CHEMISTRY

Physncal Chemlstry
Inorganic Chemistry
Organic Chemistry

‘Blocks -9-13

Dr. B.R. AMBEDKAR OPEN UNIVERSITY
. HYDERABAD
1996







Block -9

Unit - 19

Unit -20

Unit -21
Unit -22

Block - 10

Unit - 23
Unit -24

- Block - 11

Unit -25

Unit - 26

Block - 12
Unit - 27

Block - 13

Unit-28

Uhit - 29

CONTENTS
PART - C - ORGANIC CHEMISTRY
Nitrogen Chmwuﬁds

Alkyl Cyanides and Isocyanides
Nitro Compounds and Alkyal Nitrites
Amines

- Amino Acids & Proteims

Alicyclic and Heterocyclic Compounds

Alicyclic Compounds
Heterocyelic Compounds

Carbqhydrates
Carbohydrates - (Monosaccharides)

- Carbohydrates - Disaccharides and Polysaccharides

Optical “Activity

Optical Activity _

Organic Analysis

Organic Functiosial Group Analysis

Organic Structural Determination

Y

83

109

129'|'
137




P o utic gty - Q.‘-\t!..! \M . \ : . . e




'BLOCK - ¢

NITROGEN COMPOUNDS

. Organic conipounds that contain the element n
types of nitrogen compounds. Some of them are Cy
pounds, Nitrites, Nitrates, oximes and Acid hydraz;
as the derivatives of ammonia, Antines are organic

itrogen are nitrogen compounds. There are different
anideg, Isocyanides, Amines, Amides, Nitrocom-

des. Several of the above compounds are considered
bases, )

-~ . f
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'19.3 Preparation of cyanides ang isocyanides
- 194 Physica Properties '

Contents

19.0 Aims and Objestives

19.2 Nomenclatyre

19.5 " Chemical Properties
196 - Summary =

19.7 . Modet €Xamination questions C
19.8 Model ANSWErS (o check your progess ..

19.1 AIMS ANb'()BJECTIVEs_

' \\&lky[ isocyanides or isonitriles are isomers of cyanides or nitriles. These are also called
carbyamines, While fnaming these compounds ag isocyanide or as isonitid_e, their isomeric nature wigh
cyanides or nitrile is indicated. CH,CN is isomeric with methyl cyanide OF acetonitrile (CH,CN),

‘Therefore it i named as methy] isocyanide or methy! isonitrile; CH,NCis phenyl _is_ocyanidc or pheny]




TRON + KX
- Major product -

CHLCN KBy, i r v s
Methyl :
cyanide

- RNC + AgX
Major preduct =

- Meﬁlyl :
- '1so<:yna1de

Methgl
- chiofide ©

Thxs method can not ‘be ét'n'plc::y'ec'l fof-tﬁé ;’ireﬂp'aratiori o'f éi'yl'_-cyaﬁi:d_eé, as arylhahdes are ineﬁ_
a:ds nucleophilic substituion. A T e
of: amides orimxﬁncs farpish nitriles.

2 Dehydration oi‘ a
f alky! and aryl cyanides. For dehydration P,0,0r SOCI,

" This method is applicable for the preparation 0
or benzene sulphonyl chiloride are used. 1n the: dehydration of aljoximes acetic anhydride Is usead

mldes and. aldoxies: Ddchydrauon

- RCN (D_.A.=pehydmtingagemj' SR '_ o

- _-RCONH

'\.__.'\_RCH NOH ____#.__, CN+H,0

Example
 CmoNH, — CHON + HO
Acetamide ' Melhyl cyamde

S (CH (’.’0)ﬁ
- CH CH NOH I
Acelaldmmxe R

CH.,CN ¥ 1-120

o 0
___Ben"aldmmxc R Benzomtr”le

3 Carhylanune reactwn, _Carbylamme reacuon or 1socyamdc rca,cuon is convcmem method for
preparanon of 1socyamcaes In this an aliphatic.OF aromatic primary.a m;ne is rcacwd with chlorofmm m :
the presence | of alkali: This’ infact is a test for PrAMArY amme . T

__ | RNH, + CHCL + NaOH CRNC +3MaC +3H,_0

| ,'Egamp_le; S | A
CH.,NC 4 3NaCl+ 3H,0

CHNC +3NaCl * 3H,o s

CH,NH, +CHC, +3 NaOH =

CANH, +CHCI, 3NaOH -



 Check your Progress -1

How do you identify primary amines?
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19.4 PHYSICAL PROPERTIES

Alkyl cyanides have pleasant smell whercas isocyanides possess very offensive odours. Cyamdes '
" are less toxic than isocyanides, Alkyl cyanides are higher boiling liquids: Alkyl isocyanides, on the
contrary are gases or volatile liquids, ' - L '

T DR

19.5 CHEMICAL REACTIONS

., Hydrolysis: Inthe hydrolysis of cyanides ammonia is liberated and carboxylib acids fonﬁed._ Whereas
isocyanides yield amines and formic_‘acid. o '
e e
. HQor OH -
RON+2HO -, peoom 4 NH,
8 e
H.OCor OH e
CH,CN+2H,0 —  CH,COOH +NH, -

_ e 8
covio o HQoeroH L
RNC + 2HO —— ., RNH, + HCOOH

e e

H,Oor OH :
CHNC + 2HO ~— CH__,NH2_+ HCOOH
_ - C Methylamine
Check your progress - 2

What is the difference in the hydrelysis products of cyanides and isécyanidgs?' -
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o Reductlon Reducnon of iyl cyanides fumishes a primary amine, on the other tand reduction _ '
of an 1socyamde yields secondary amine. : . :

R.A, . T
RCN -eemmme = RCHZN'H2 (R.A. = Reducmg 3},em = L.lAIH orNa + alcohol of HJCaIalyst)
RNC +em-—> RNHCH,
o Secondary amine
) Example
T RA
CH,CH,CN --o--nmn’ s CH CH, CHZNH
~Ethyl cyapide - . propyl amine
RA. :
CHNC ------- —» CHNHCH,
Methyl iso Dlmelhyl am me
cyamide

3. Oxldatmn of iso c) anides: Isocyansdcs are oxidised to isocyanates. Mild oxidising agents like HgO
are effecuvc in thxs redcauon R

® @'

RN = C+Hg0 — RN=C _O+Hg
Alkyl isocyanale

Example

CHNC +HgO . — CH-N=C= 0+ Hg
Methyl iso- : ' MeLhyl isocyanate
cyanide ' _ .

4.  Reaction wtih, Gm,nard reagents Addition of grignard reagents 10 nitrides foltowed by
hydrolysis yield ketones. : o : : =

B
| HO | |
R-C =N +RMgX - R-C=NMgX —= ®),C =0
‘R
Example:_ - : o 53 |
' _ H O
_CH3C5N +CH,CH,MgBr CH, ~.(13.=NMgBr '— CH,-C=0 .
1.
- o . CH,CH, CH,CH, .
Methyl Ethyl magnesium - o : Methyl ethyl

cyanide bromide ' ‘ketone




 19.6 SUMMARY

Cyanides and isocyanides are nitrogen compourids. They are piepared in the laboratories by )

. dehydration of aldoximes and primarily amines b) carbylamine reaction c) the treatment of alkyl halides

with KON or AgCN. The chemical properties of these compounds are presented in this unit under the

headings hydrolysis, reduction, oxidation and grignard additiofi,

19.7 MODEL EXMAINATION QUESTIONS

T Answer the following in 10 lines.

- L. Giveany two methods for 1ne preparation of methyl cyanide and methyl isocyanide.

2. What reagents and conditions could be used for the following conversions? Write equations?

) CHBrwCHON b)  CHCN 10 CH, COCH,
b CHOCN to CH,C00H d)  CH,CN 0 CHCHNH,

3. How are ﬁae-fo'llowing transformations effected? Write equations?

a). CHNC W CH,NCO by CH,NC to'CH,NH,
9  CHNCt CHNHCH, @ CN)NH, to CHNC

) | Answer each of the followin g in 30 lines.

| -Hov} are nitriles and isonitriles prepared? How are they distinguished? Nustraie with suitable '
€xamples and equations? T . — ' :

19.8 MODEL ANSWERS TO CHECK YOUR PROGRESS

1{_ Priniary amines on heating with chloroform and sodivm hydroxide form isocyanides of bad -
© - offensive odour, . : '

2, On hydrolysis cyanides form corboxylic acids and ammonia where as isocyanides form primary _

- amines and formic acid.

_ Author: Dr. T, Sundara Ramayya -
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20 1 AIMS AN D OBJ ECTIVES

To fami_lari_se the student with nomenclature, slructu_res preparations a'nd'rcaé‘ti()ﬂs- of nifro

'compounds and alkyl nitrites

e '-'name nitro- compounds énd alkyI nitrites

- Once you oompletc the smdyand ocmprehensmn of the subject matter of llus umt youmnustbe able

s descnbe various laboratory mcthods of preparation of both aliphatic and arom_é_tic nitrocompounds

and alkyl mmtes

. explam the chemlcal  properties of nitrocqmi)Ounds- particularly the reduction of-'n,ir';‘rq'-ben'Ze'ne in

_ deferent medla

02 .mnionpcfﬂom, 5

0

In nitro compounds a nitro group-N ~> O is linked Lhrough its erogen atom {o a carbon atom
Accordingly we have nitroalkanes and nitro aromauc - compounds,

Nltromethane CI{3NO isa mlroa[kane

_ Nn.rebenzene. CeHyNO, 1s a mtro aromatic compound -




10

203 NOMENCLATURE

Tt nitro compounds are named by adding the prefix nitro - to the name of the hydrocarbon from
which thie nitro compound is obiained, The compound CH,CH ,NO, is derived by replacement of hydrogen
atom in ethane. Therefore it is named as nitroethane. S imilarly CH,CH (NO,) CH, is 2 - nitorjiropane and

NOZ i8 p—r_&itimolunee

204 NITROALKANES

s are classified as primary, sccondary and terdary, dependmg on fature of carbon.

" on which niifo group is present. If in a compound, the nitro group s linked 0 2 prirhary carbon (carbon

carrying at least two hydrogens), it is a primary nitro atkane, CHLCH ,CH ;NO, 1-pirobutaneis aprimary
nitro alkane. In secondary and tertiary nitro compounds, the carbon atom to which the nitrogenis linked
carries one hydrogen and no hydrogens respectively,. CH,CH ,CH NO, YCH;, 2-nitro butane is 2
secondary nitro alkane, (CHy), CNO, . 2-pitro-2, methyl-propane, is a tertiary nitro alkane. - - .

20.5 METHODS OF PREPARATION

_ cot ni_tfatiohbf‘ alkanes: Vapour phase nitration of alkanes with nitric acid yic'ldé'niw

| o -
RH + HNO, — RNO, + HO
400,

CH, + HNO, > CH,NO, + HO

. Inthe nitration of alkanes, the order of reactivity is tertiary carbon $-secondary carbon > primary
carbon. The draw backof this method of synthesis of nitroalkanes is the formation of many fission products
besides mononitro alkanes, For example, 2-methyl butane on vapour phase nitration yieldsthe following

proudcts.

CHCH(CH)CHCH, -  ONCHCH(CH)CHCH, + CH,CH (CH) CHCHNO, +.
2-Melhyl butane. 400° o . S .

(CH,), C (NO,) CH,CH, + (CH,), CHCH (NO,) CH, +CH,NO, + cmcmﬁoz; CH,CH,CH,NO, etc. "

2. Prim_ary-.ahd secondary nitroalkancsa.fc prepared by the action of KNO, or NaNO, onthe -
respective alkyl iodides or bromides in dimethyl formamide or dimethyl sulfoxide. S

RBr+ KNO, — RNO, +KBr
Example |
CH,Br+KNO, - CH,NO, +KBr

Alkyl nitrite is always'obtained as the side prod_u_ct.in this reaction.




Ll

e iealans e g b emngant i of s i hh L, s g

N - KMnO, .
R,CNH, - R,CNO,

Exainple:

(CHy, CNH,# ey, (CH), CNO,
tert, Butyl 2-Nitro-2-meihyl
amine o propane.

20.6 PHYSICAL PROPERTIES

~ Because of the formal charges associated i\.;ith_ nitro group, nitro alkanes are highly polar

‘compounds. They have high boiling points, Nitro methane is abotit 10% soluble in water, and the higher

members are insoluble,

o The nifro group is a resonance hybrid of two-equivalent s&uctures. The two nitrogen-oxygen bond -

distances in a nitro compound are identical and equal to 1.21A¢,

'+//Q'. L ¥
R”N\-. b 7 F'R‘\

+
.
. —

20.7 CHEMICAL REACTIONS

L Tautomerism and salt formation: Primary and secondary nitro atkanes exhibit tautomerism,

They exist as an equilibrium mixture of nitro and ac] forms.

Pﬂmary ni_tro_,cmnpound_

: + \,_..._...:. ¢ _

YA Nk

* Nitro form ' Aci form

Secondary nitro compound

R\CH_*N’?O | R\C_.&;_";‘/O_H

Ni&oform : ' . Aci fo;m R




: 12

'Iheac:fomofannroalkane:ssweakacld 'Ihereforepnmaryandmondﬂ‘ymn'oalkmesfoﬂn B

-~ salts with stmng bases and are soluble in- alkahes

anaryNitrOCOmpound | .
i %
R-CH= N, --vmm—.amw *H0
H - No ua
" Aci form ' Sodium salt of aci form

The anion of aci form of a nitroalkane is résonance hybrid of three structures. B

| e o . )
L e O Oty 0
| n-‘-cu—N/o-—* R—CH=N HRCH—N< |
. . 1'\9 % | o"- v
R S Naok R g o D
= + — R _
3 _S NGNS |
Secondary nitro | Sodium salt of
Compound (aci form) o aci'form

In tertiary nitro alkanes, lhe carbon hnked to nitro group doés not carry any hydmgens'.--fl‘her'efore
:hcy cannot cxlnblt tautomensm Thereforc they are msoluble in bascs ' :

. Check your progress - 1

_What are psendoncids? -

.........................

..............

."'.--....-.....-.....-....u".......-."..-".........-.".--....-.....-....u.. .......................

e LSRR e

2. Bromination:  Primary and secondary nitro alkanes undergo bromination in alkalinc.solﬁtion a-

o position.

aOH + Bry ————* NaOBt 4 HBe

RCHNO, 4 OBt ———— R-—-(i‘,H-—NOQ, + on
. Br
8 —_ H20 —_

. Tertiary nitro aikanes do not undergo bromination.




3. Reactionwith nitrous acid: Primary and secondaxy nitro compounds givew -nimsodmmuvm
~ with aitrous acid. The nitroso produ i form primary and secondary itro alkanes ar$ bhue i colour.

RCH,NO, + HNO, ——, RCH{NO)NO, s R=CNO,
_ | N i :
- N—O
- Primary - .. C-Nitroso- . Nitrolic
nitroalkane . detivative - ) acid
Qr RC=N—-0
. b
N=° .--‘ [
- R,CHNO, +HNO, — R,C (NO)NO,
; nitro alkane
1 ‘\.—“q ,?erNoz_ -!'-\'lﬂk.‘oz - No reaction

- Ritro alkane

- The nitroso"deri\_ratives of prirr_i'ai'y_nitr_aal_kanes still contain one acidic hydrogen atom. They exist
as an equilibrinm mixture of C-nitroso derivative and niirolic- acid. Therefore nitroso derivatives of

' Check your progress-2

o Wha_ﬁhapmris if a primary mitrocompound lS nitroséted;én_d_ added to NaOH sQIQtibn;?

..............

...........................................................................................................................................................................

4. Reduction of nitro alkanes: Primary, secondary and nitro alkancs on reduction give primary
. amines, ' " ' :

" RNO,+3H, > RNH, + 2H,0 (R:A. = LiAIH,; Zn HCI; Sa. HCI)
CHNO,+3H, 5 CHNH, + 20,0

o . LA, -
- (CH),CNO, + SH———  (CH),CNH, +2H,0

..........................................................

-'13;3 | ;




5. Hydrolysis; Acidcatalyssd hydrolysis of primary nitro alkanes yield carboxylic acids and salts

RCH, NO, + HC! + F,D o> ‘RCOOH + NH, OH. HCl

'Example:
' CH, COOH + NH, OH. HCI

CHCH,NO, # HCl+ H,O -~ = |
: o Acetic acid

Nitroethane
6. Nef's reaction: The salts of primary and secondary nitro alaknes are hydmlysed in H,50,t0 give
aldehydes and ketones respectively. o o :
0C.

. - * '
2RCH=NO 2N QA+2H ;504 —>

JRCHO +2Na HS0,+2H20+N20

. - + .

| 2CH3CHO+2 NaHS 04+ 2H ,0+N 20
: . + . Q' L
2R,C=N0 7 N3+ 2H2S04——
2R 2C0 +2NaH S_'O__;H—z'H 20-+N 20
.Ex,: : '_ s - } -. B .. -
ACHY 2 C=NO2Na"+2 H2504 =
2ACHy 2 CO+2ZNAHS04 ¥2H0+N20
7. Condensaiion with aldehydes and ketones: Primary and secondary nitro compounds undér.lhc
influence of a basic catalyst such as sodium ethoxide, undergo condensation reactions with carbonyl
This reaction is analogous to aldol condensation and involves the

compounds (aldehydes and ketones).
nucleophilic attack of a carbanion on the carbonyl carbon of the aldehydes and ketones.

- Thisisa Michagl condensation Whicﬁ' is abase caﬁalysed addition of activated CH group to -0, B
unsaturated nitro,carbonyl and cyanide compounds. "
(I:H2 NO,=> CH; NO,+ Et OH -
H . L - CL e
6 .
. . 1 T
s Rg ?"0 — R-C-— C_H2N02' '
OZN Hzc . .

Ve




| ROH L e
R- -CHZNOZJL R~ C~CH, NO# RO
B HO Gt o
At aczcums,

i
v

R R
R

20.8 AROMATIC NITRO COMPOUNDS -

In these compounds a nitro group is directly inked to benzene ﬁng. Nitro-bénzenc is an .impor'mnt'
member of this group of compounds. y o : L '

209 METHODS OF PREPARATION

1) N_itrht_im_:_ of aromatic hydrocarbons: Aromatic 'hydrocarbons are.nitrated (o give nitro com- .
pounds, The nitrating agent commonly used is nitration_mixtire (conc.H:S'O;.and cone, HNO, in a 1:1
volume ratie), The pitration of benzene a1 50-60° gives nitro benzene. U e .

Conc. HZSQ; L
- - _AINO,+ HO

ArH + O,NOH

| NOz“

5:‘% H N03 N .' | _

Dentngn

Nitro benzene

2. Replacement of diazonitim groups: Aryl di'azoni_um fluoro borates on treatment wth potassium
nitrite in the presence of coppper, yield nitro aromatic compounds. - :

@ 0 -
AINX + HBF, » AN, BF,+ HX
Aryl diazonium .
o fluproboate C
. AMNBEENO, - ANO +BFI4N, -

Thus benzéne diazonium fluoroborate gives nitrobenzene




N'BF,.

+K Noz v
Benzene diazonium '. ’ pitrobenzene |
ﬂuomborate ' s

3 Omdauon of aromat:c prnmary amanes. Aromatic- primary' atmines can be oxidised by
. 'mﬂuoroperaceuc acid o give: correspondmg aromauo riltro compounds. '

' CB,CO00H
ArNH1 N ATNO,

Aniline is oxldlsed by tnfuuoroperaceﬂc acid to give mtrobenzene Tnﬂuoropcraoctic aé_id is
obtained from trirluoroacetic anhydndc and hydrogen peronde R o S

NH: I N02

20 10 PHYSICAL PROPERTIES

_ Nitro aromatic hyd:ocarbcms are polar Subsmnces Nltrobcnzene is a high boiling tiquid (B.P.
208%). Itis _msoluble in water. _ : : _ -

2011 CHEMICAL REACTIONS

'k Oxidising property. Aromatic nitro compc)unds are mild oxidizing agcms Nnrobenzcne is uscd
as an oxidizing agent in the commerc:lal symhesm of vamlhn from 1soeugenol :

woewgemol * vanillin

A Electrophllic gubstitution Reactlon. N:tro (‘NO ) groupis ametadlrecung group. Itdedctivates -

“the benzene Ting towards electrophilic. substitution. Nitrobenzéne, for instance does not undergo Friedel
- Crafts reaction. It undergoes. funher nitration less readﬂy than berizene, At 100° it undergocs niration
-giving meta dmltrobmzene '



Nitrobenzene . - - Dlmtrobenzéne

3. Reductiom Aromauc nitro compounds arereduced bya wanetyofreduemg agents. The products
“of reduction depend upon the nature of the reducing agent. Nmnbenzene for instance is reduced under -

dlft‘e:ent reaction condmons to give following 1 resalts R

a) Aci'c_l medium: Reduction of nitorbenze’ne by metal and acid gives aniline.

t'i) Nentral medlum. By using zing and aqueous NH,Cl, phenythydroxyl amine is obtained from

Pbenylhydmxylamme

¢)  Strong basic med:um* Reductlon of mtrobcnzenc usmg zinc and NaOH ylclds hydfazobenzene

. Hyd_raz_obenz'ehe _ |

o d}  Reduction with complex metal. hydr;des. Reducuon of mtrobenzene by Lithium aluminiom -
N hydnde and sodium borohydnde gwes ao benzene and azoxybenzene respecnvely

s
o




Azobéniene _

=N

-

. Azoxybenzene

' 2012 USES OF NITRO COMPOUNDS

The principal usés of nitro alkanes have béen'as solvents in plasti¢ industry. They are useful as
intermediates in the synthesis of pesticides, emulsifying agents, explosives and pharmaceuticals.
CCl ,NO, chloropicrin is a powerful lachrymatdr and has been used in the tear bombs. Trinitrotoluene
(TNT) and picric acid (Trinitrophenol) are powerful-explosives. I ' ' :

' 20.13 ALKYLNITRITES

© Alkylnitrites ', RON=O are isomeric with nitroafkanes.In these compounds the nitrogen atom is
finked to a carbon atom through an oxygen atom. These may be considered as esters of-alcohols with -
nitrous acid. They are named by adding the suffix nitrite the name of alkyl group presént in the compound,
CH,ONO, is methy] nitrate, (CH,) CHON = O, is isopropyl nitrite. : '

1. Alkylnitrites are prepared by adding hydrochloric acid or sulphuric 4¢id to an aqueous solution of
sodium nitrite and alkcohol. _ . ' :
'NANO, +HCl —» NaCl + HNO,

ROH + HNO,— RON=O0+HO

 CH,CH,OH + HON =0 — CH,CHON=0+H0

2. Alkylnitrites are always obtained along with nitroalkanes in the reaction of alkyl halides with metal
nitrites. Separation of alkyl nitrites from nitroalkanes is easy because of higher bgging points of the latier.

20.14 CHEMICAL REACTIONS
On hydrolysis ﬂkyhitr‘iés gwe alcohol and "n_ii:r_ous acid.

| CHL,- ONO'+ B SCROHVHNG,




20.15 SUMMARY

20.16 © MODEL EXAMINATION QUESTIONS

I Answer each of the following in 10 lines each, -

1. Which of the following are soluble in sodium hydroxide? Give the i’easons.

a) 2-Nitro-2-methy! propane  b) 2-Nitro propane
¢) I-Nit;o propane ) _Nitrobehzenc_

2. Ilustrate by equations the products formed for the reaction of

D HNO, b Mixure 0f NaOH and Br, below 5% on _
) I-Nitropropane i) 2-Nitropropane: Hi)  2-Nitro - 2 -methylpropane

3. How are the following transforma tions effected in 3 single step?  Give the conditions.
a) Aniline to hitrobenzenc b) Nitrobenzene to aniling _
c} Nitrobenzene to m-dinitrobenzene d) Nitrobenzene 1o phenyl_hydroxylamine
e) 2-Nitropropane 1o isopropylamine, N

4, How are the following conversions effected? Give equations.

a) * 2-Nitro propane to acetone b) Nitrobenzene 1o azoxybenzene
© ¢} Nitroethane 1o acelaldehyde d) - p-Nitro wluene to p-toluidine

1I Answer each of the following in 3¢ lines

indil. HCL, B when boiled with dil, HCl gives E (C4H802) and hydroxylamine hydrochloride, E
is soluble in NaOH solution. Write the structures of the compounds A.B.CDand E, and explain
the reactions invo] ved ig the above rransformations,




2. A &imary-nit_rocompound on nitrosation forms blue coloured € -nitroso derivative and becomes
redonaddingwalkali solution. ' I L

2018 . Glossary o . ‘
< containing reactive methylene groups

(ike HCHLNO,) add 1o

1. Michael addition: Compouil
_g, {3~ unsaturated compounds (like CH,CH= CHNO, ) in presence of base catalyst.
o e
IR . oH .
CH,CH = CHNO, +H- CH,NO, » CH,- (éu . CH,NO,
| “H,NO,

2. . Nef reaction: The sodium salts of the primary and secondary nitro aikanes on treatment with
aldehydes and ketones respectively. '

sulphuric acid at O° C give
o

RCH=NO,Na+HSO, - 01 + NaSO, + HOH

c
RCHO + 12N,
o

R,C=NO,Na+H,50, = R,C=0+ 12 N;O +NaHiSO, + HOH

 Author: Dr; 1. Sundera Ramaiah
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21.1

AIMS AND OBJECTIVES |

To fam'ilia_r'ise.thé- st’udent with the nomenc_lémre, Sﬁ‘uctures ang the reactions of amineé

After an inlelasive study and undérs'tanding of véribus aspects presented in this unit you rﬁusi be
able to: i : . PR ) ]

. name different lypes of amines-
s give and describe the methods of preparation of arbmatic and aliphatic amiqe_s
. compare the basic strenghts of different .amines |
. sépa'ratea:ﬁixture_ofl", 2 & 3°.a.mines'. '
. deséribc the chemical propertiés of alhi.n&s

INTRODUCTION

21.2

- NHy - Ammonia
. . R may: be alkyl or
RoNH _ Sf;condary amine ] ~ aryl group
R3N Tertiary amine




_ Quaternary ammonium salts are tetra alkyl or (etra aryl _ammonium salts. In these the ;;_it__mg_e_n_is '
positively charged. These resemble ammonium salts in their structurés. . e o

R

[Rll\I‘ R] X

l
R

~ A gquatermary ammonium salt

313 NOMENCLATURE

The common names of amines are derived by adding the suffix amine to the name(s) of the alkyl
 group {s) attached 10 the nitrogen atom of the amine. In the TIUPAC system, amines are named as amino
derivatives of a hydrocarbon. - ' : '

Structure _ - Common name IUPAC Name

1 CHNH, . © Methly amine Amino methane
CH,CH,CHNH, propyl amine . Amino propanc
CH,NHCH,CH,CH,CH, Methyl butyl amine N-Methylamino butane

_- _CI-IJCHzCH(CH,)--l“lJ--CH,. 1 Methyl ethyl butyl amine “2(N-Methyl ethyl

: ST " CH, IR ‘ © | amino)butane

Some arematic amines

S omd @@

-Aniliné Diphenylemine, Triphenylamine

SOty 1L ST

® ©
. NMehyl N-N-Dimethyl
' apiline anfline

21.4 METHODS OF PREPARATION

1 Alkylation of ammonia with alkyl halides: Alkyl hatides react with ammonia 1o give
alkylamines. S : o .
“This is a nucleophilic displaceraent réaction in which halide is displaced.

N ® e NH
- RNH, X - RNH+NHX




4,4 -Dinitro- _.2,4-.Dinitmaniline
- chlorobenzene. :
oN ‘@'u‘“g'")z" (O)—NH;
- “NO, | NO,
Picryl chloride B

2,4,6 - Trinitro ariiline

A primary amine can react wi th excess of the alkyl halide to form the secondary.amine and finally
the tertiary amine. The tertiary amine in |

Ul may react with one more molecule of alky] halide 1o give
Quaiernary ammonium salr. : :
RNH, +RX - R,NH .
' ~-HX  Secondary amine
RNH+RX -5 RN .
i ~HX  Tertiary amine
¢ 0

- RN+RX R NX _
. Quatemary ammoniom salt

In general in the reaction of an alkyl halide with ammonia, a mixtare of primary, secondary and
tertiary amines is formed, It is difficuli in the laboratory to separate such 4 mixture.

Alkylation of ammonia using

alcoholsalso yield amines. Forexm
commercially by the reaction of 4

aple, m.ethyla:ﬁines are preapred
mmonia with methanol in the presen

ce of alumina catalyst.
- ALO,

CHLOH + NH, ——~, CHNH, + (CH.), NH + (CH)N
: Excess 4500 :

2. Reduction of nitro com

1o give primary amines, catalytic hydrogenation or reduciion with metal and aci
aluminium hyd.ridg is used for the reduction of nitro alkanes,

: R.A : _ _ o
RNO, > RNH, (RA.= Metals HC] or LIAIH, Or CayH,)

Primary amine s :
2




 Reduction of nitomethane and

NO,

@ Sn+HCL

3.

secondary and

R.A.
- RCN

—

RA.
" Methyl
. cyanide

RNC

R.A.
CHNC ~—~
Methyl
jsocyanide

Reduction of cyamdes,

tion give primary amines, whereas isonitriles on

group. Onthe other hand secondary and tertiary amides ar¢ reduced by lithium alummmm
fertiary amines respectwcly :

——

Metal + HCl on CatfH,)

fitrobenzene for gxample y1eld methy’l amine and aniline rcsplec_ti,vely.

LiAH, ! | o
H,No —— CH,NH?

NH3

6

_Anilinium ion

NHZ N

Anitie
Aniline

Nitriles and primary amides on reduc-
amines containing aN-methyl .
hydnde to give

isocyanides and amides:
reduction yield secondary

RCH, NH, RA.= Cay/H, orLiAlH,)
Primary amine -

-CH,CH, NH,

- Ethyl amine
R NHCH, -
Secondary amine

CH, NHCH,
Dimeth)rl amine

LiAlH,

N

_ Prirnary amide

CH,CONH,  ———

Acctamidc

LlAIH
ROCNHR e

Secondary -

amide

: CH._,CONHCH._,’
N-Mehtyl
Acetamrde;

RCO
Tertary .
amide

CH,CON(CH,), ——

N- Dimethy!
Acetamide

. LiAlH,
—_——

R CHNH,

Primary amine

CH, CHNH,
Ethylamine
R CHNHR
Secondary

amine

LiAlH,

CH, CHNHCH, |
Methyl ethyl
amine’

~ R i.”:HZNE‘.1
Tertiary
amine

—

LiAlH,

CH, CRN(CH,),

Dimethyl elhyl
aming




4 Reduc;ive amination of carbonyl compounds: Both aliphatic and aromatic carbonyl compounds

can be converted into amines by reductive amination, Reductive amination of aldehydes and ketones is

carried out by using ammonia or primary and secondary amines under catalytic hydrogenation conditions. . .

In place of catalyst and hydrogen, sodium cynohydridoborate may also be used. When ammonia is used
in reductive amination, Primary amine is the proudct. Secondary and tertiary amines are obtained by using
primary and secondary amines respectively, L o

- | - HyNi or
Cz0+ NH —3&—.
/77 T NeBHCN

[ oH | " H

0 - e
|y 2ot

Ex De=0 4 nig HRNOr
N

BH,CN
B4 - NS
oM - (I:H3
_£e3c—_(f--.\i Hy | -——>HL~CH—NH;
CHB ' :
o - Isopropylamine
Primary amine -
Hy/ Ni
>C=0+R NH?_‘_ or . -
| NaBH,CN
F‘-"  =Hy0 N
=C—0H ————"SCz=NR
__ _______H . _
>CHNHR

Secondary amine




LG . N
N\ = NaBh(M
Jc=0+ CHNH—

H

r CHy Ho
S
H-G-0H |—HyG—C-NH-CH3
L hHCH; |
o N.[et.hyl e"thyi amine
(Secondary amine)

>C=O+R2NH :Hr———v

NaBH3CN
- NR2} R

OH

H30H2c> o |
- HylNi
e g R

NCHY2 | NICH3)z
H3C—(—CH, CHy | »H3C— G- CHyChy
oM _H -

- N,N-Diﬁ_lethyl—N-Sec-butyl amine
- (Tertiary amine)

aromatic and aliphatic primaryamides on treatment with

5. Hofmann degradaticn of amides: Both _
Methyl amine and aniline are obtained from acetamide

Br, +NaOHgive good yield of primary amines.

TN and benzamide respectaively.
. : o

\_ - OBr
: RCONH, ——>  RNH,




CHCONH, — - CHNH,

Benzamide =~ © Aniline

6. - Gabriel phthalimide synthesis: Tn this method potassium salt of phthalimide i alkylated to give
% - N-Alkyl phthalimides. N-Alkyl_phthalimides_ on hydrolysis yield primary amines, " o

BT NHe ~— (O NE-BX Ay . M.
@<>m m“ ' :N“_L,,ﬂ“'?}rg’

0 0 O _ '\Q:H"“

- G CQE#RNHz,_ "

€00

" N-Ethyl Phthalimide ~Ethylamine
7. Schmidt reaction: Carboxylicacidscan bedirect]
of hydrozoic acid. Acetic acid an

: ycbnvertedzmtopnmaryaminesbytheacjioh '
d benzoic acid furnish methyl amine and gniline. - .
RCOOH +NaH «smeemv —SRNH;+Ch T+N; T

- ~ CHsCOOH + Ny H s CHINH, + CO, T + 851

. Example;

ok




315 PHYSICAL PROPERTIES

 Aliphatic amines are either gases of low boiling liquids, whereas armotic amines arc high boiling
liguids. Aliphatic amines are More water solubie than aromatic amines. o

1. Optical isomerism of quaternary ammonium salis: Quaternary ammonium salts, in which
nitrogen atom of the amine is bonded to four different groups exhibit optical isomerism.

?Haf | ﬁﬁa
!\"*' - S N* _
/ "'s.‘ ~ . ,o' \\ )
H.C CH.C.H; -
st A %' s _H.E,Csﬂgc._‘ CHg

Enantiomers (non-superimposable mirror images)

3. Basic strength: Alkylamines are more basic than ammonia, this is due to increase in the elecron

- density on the nitrogen by the electron-donating. inductive effect (+ T effect of the alkyl groups. The -
expected order of pasicity is R;N >RNH > RINH,> NH, . But due to solvation of u__w.conjug'ate acidof-

* the amines and steric hindarance in the amine, following is the order of basic strengthof amines in aqueous

. solution R, NH > RNH, > R;N> NH, . The electron pair on the nitrogen atom of aromatic aming is
involved in + M effect. Therefore the aromatic amines are less basic than ammonia. -

In general, amines with electron with-drawing groups attached o hitr_ogén-atdr’n are less basic than amines
carrying electron donating groups om the nitrogen atom. T

Check your progress - 1
~ Why the basic strength of methyl amine is more over that of ammonia?

.........................................................................................

.......

‘216 CHEMICAL REACTIONS

L Salt formation: Amines being basic, react with acids 1o form salts.




_ ® e
RNH,+HCL » RNH,Cl - -

_ amine
E}d!niple: :
CH,NH, +HCl - CH,NH CI :
Methyl Mehty! amine
amine hydrochliride
CAINH, + HCl oo - AINHC1
Example; .
NH'Z hHSGI
i
Am_lme o Aniline_hydrochloride
® o
~ KE,NH+HCL - RZNH Cr
'Secondary o _
amine
Example; _
: ' ' @ 6
(CH,),NH +HCI - (CHy, NH,CI
dimethy} - :
aming _ :
: R - I - ]
R,N+HCI - R,NHCl -
- Tertiaryl
amim . ) w
Example: R
. i -
- (CH,), N + HCI —> (CH,),NHCI .
Tnmethyl o L
-amine . -

Z . 'N-A!kylation:' Aminesarealkylatcd byreaction w:th afkyl halides.’l‘_hge_nd produéts of é]kylatio_n ]
of amines are quaternary ammonium salts ) o o | . |

o - RNH, ,rx - R,NH + HX

Primdry © qeondary
amine ' aming

RNH+RX - R3N+HX
Secondary Tertairy . .
amine ' amine .. S i




R,N+RX - " RNX -
Quatcmag salt

RX . RX RX ©6
RNH, —— RNHR —-» RNR, ——RNX

Primary  Secondary ~ Tertiary ~Quatemary
-amine . amine - amine salt .

3. N-Acylat:oﬁ Acylation of primary and secondary amines yields N-substituted amides.. Acxd
chlorides, acid anhydrides and sulhhponic acid chlorides are used as acylating agents. Acylauon of
primary ammes yiclds a secondary arrudc whereas that of a secondry amine give a tertiary am:de

or " N-substituted amide
- (RCO)0O

RNH, +RCOCL > RCONHR

Example:

_Anline . ’ Acetamlldc
: ' {(N-pheny! acctamide)

NH, @

| .,,csHscmgi ©

Benzoyl ' _ Benzanilide

E\‘: Hm:. H

RNH, + ArS0, Cl —  ArSO,NHR

- Arene sulphony N-substituted-
Chiondc O 'sulphonaxmde

£0,c1 80 2Nﬂr M

Methyl Benzene Sulphonyl ‘N-Methyi Benzene
amine . chloride B ' sulphonamide

' RN+RCOC1 - RCONR

CR‘CO),




| 'Ekniiiple:‘_

(CH), NH + CH, COCl >~ GH,CON (CH,),+ HCI
Dimethyl amine =~ . N, N--Dimethyl acetamide
R,NH + A1S0,Cl ————5  ArSO,NR, + HCI
N, N-Disubstituted arene
sulphonamide:
Example:

. [

x

(f’% MHsly

- "'.]“)imethylam.iné o N, N--Dimethy! benzene
' : " Sulphonamide

Acylation of amines using aromatic acid chlorides in the presence of alkali is some times referred
10 as Schotten-Baumann reaction, ' ' ' ' : ' :

- Following is the 6utliné of the procedure for the scparation of amines.




' M1xture of Prlmary, secondary and tertiary
ammes and quatemanry ammummm salts

Ether and ﬁltér

Secondary amine

4,  Reaction with HNQ, :

_of nitrous acid.

Primary amine

Primary secondary and tertiary amines cna be differen

- Quaternary Salt - Ether Solution N
® e ARNH, + R2 NH + R,N)
RNX ' _
Ether lnsolublc L - 1 Acylation with
B : . CGH_,,SO Cl
RNHSO,C,H, '+ R,NSO, c H,  +R, NHCl
Benzene sulphon Benzene sul- Hydro chloride -
‘amide of primary  phonamide of - of tertiary
amine sec-amine amine
- Extract
with ditHCl
Ether phase’ - acid extract
RNHSO CH, {insoluble in base) T ' D e
and T R,NHCI
R NSO C H, (insoluble in base) e -
_ l Extract with- Neutralise
- aqueous NaOH with NaOH -
U ' RS RN
) s tertlary amine
_Ether phase NaQH extract
o & @
RN 50, CH, RNSO, C H.Na
Evaporate ether . 1
and add H,0° A $HO
<] _ ' :
CHSOH+R,NH, " CHSO,H +RNH,
' _ Ll\\Ivequa_lise Neutralise
ith NaOH - with NaOH
' R,NH RNH,

tiated by tﬁc action




NaNO, + HCl ' g ¢ i ' o
e : —— RN Cl-——-—-_-bﬂ + N; ¢ CI
below 5°C . (Unstable)

ANH,

@ 3 @
R + H0 ———— ROH 4 H

: NaNO, + HCl g
Ar NHg —— -~ AN CJ
- below5°C.

D _ _ : B
AIN =N ——— i Ar—N=N
Diazonium ion

Aliphatic or aromatic secondary amincs react with nitrous acid o give - N-

Nitroso amines,
R,NH + HNO, ., R,N-——N =0 '[ .
: P -
- ArNHR -}-_HNO; —_——— Arfl;i—NéO f N——-'_Nitrosoarnines
| R |

Aliphatic tertiary amines react with nitrous acid o yield asalt,

5. Carbylamine reaction: Both aliphatic and aromaﬁc
- .the presence of aleoholic potassium hydroxide produce

primary amines on heaﬁ'ug with chloroform in
- stances with extremely unpleasant smell. Formation of

isocyanides. The isocyanides are volatile sub-
socyanides serves as a test for primary amines,

RNH, + CHC, + 3kon — , RNC + 3H,0 + 3k

Example ; - o . .
- CHaNH, 1 cHel; - 3k0H CHiNC + 3H,0 + 3kgy
. Methyt o % " Methyt '

amine isocyanide



AtNH, + cm:.:3 + SKOH -_-_;-Ar'ﬂc + 3H:0 '-'1-' 'sxicr |

. Amlme - Phenyl 1socyamde -
Check your progress-2
dary_gminé‘? :

rentiate @ pnmary armnc from a secon

How do you diffe:

wlth HO, give a “mixture of products.

anary ammes on oxidation
gweN ox:ldes

6. Oxidation of amines:
droxylation products and tcmary ammes

sex:ondary amines give the N- hy
_ _ o R

R
H;02 | o
R—NH ———" R-—N—OH + HO

R .

[ o

R o R *
21.7 SPECIAL REACTIONS OF AROMATIC AMINES

Followmg are Some other reactmns charactcnsue of aromallc ammcs

ortho para directing group 1t activates

amino group is
aniline for instance undergoes bromina-

bbstitution reactmns The
Like phenol

1. Electrophilic st
the benzene 1ing towards electrophilic subsmuuon

- tion to give mbromoamhne

trlbromoamllme
of amines are normally used. Acctamh

deon -

s are nitrated dlrcctly N-Acety! derivatives

38 & MiXWre of o-and p-mire acctaml:dcs




NHAC NH_AC NHAC
HN03 sto‘ LN NOj_

MNO2

Amines couple with diazonium safts 16 give azo dyes. Reaguon of amlmc with benzene diazonium-
chloride in mild acidic medium gives. ammo azobenzene :

0~a~ ~@1i@ +

Ammo azo. benzene o

: 11 Hofmann rearrangement: N-Alkylated amlmes on heanng wnh strong amds undcrgo a rearrange-
- ment. The alkyl substituent migrates to the para posmon The substituent will migrate to ortho position
~ if the para position is blocked g . :

NHR T NH,

ém@

Preparﬁ\non ol‘ N;tro amlmes (o,p and m) from benzene AWe

a) o and p Nltro amlmes _

p-nitro.aniline  o-nitroaniline ' 35




b) o - Nitro aniline

NHAC NHAC  NMAC

| M‘.’m@gmz L

O-Niroaniline
) m-_Nitro aniline
- - NO2
——— Cj NO2
| Corec HNO3 O |

m_-D_i;i_itrobenzene _

21.8 ARYL DIAZONIUM SALTS -

_ Treatment of aromalic primary amincs with nitrous acid is called diazotisation. Diazotisation of
aromatic amines resutts in the formationof aryl diazorium galts. To a solution or suspension of aromatic
primary amine in strong mineral acid, an aqueous solution of sodium nitrite is added below 5% whena

solution of ary! diazonium salt iy ot tatried.. Atyl diazonium salt is obtained. Ary! diazonium salts are
generally not isolated from the solufion. They are cxplosive substances. '

NaNO, + HCl  + —

ArNH, *A'NZCI o
08 | o L
O NdNO2 +HCL [ |
0-5° g

> Phenyldiazomium chloride

Pheny! diazonium ion is a resonance hybrid of several stractures.




' 2.9 REACTIONS
Aryldiazonium salts are reactive substances, The diazonium group can be replaced by a varicty of
groups. Diazomium salts are thus useful in the preparation of various aromatic compounds by nucleophilic

displacement of the diazonium group.

1. Replacement of diazomium nitrogen

- @) Replacement by - OH: By wéh_n_@_r_:g an adueblgs solution of d_iaz_bnium salt, the diazonium group

is replaced by-OH group and phenol is obtajned.

@ 60-800
ArN, ———— ArOH
HO -

p-Cresol is 'obla_'ined. f_rbm p-toluene diazonium salts

b) Replacement by H: Replacement of aming group of primary-amine by hydrogen, through
diazonium salt is known as deamination. The diazo group can be replaced by H by the action of
hypophosphorous acid on diazonium salts. The same result is obtained by warming solution of diazonium
salt with alcohol. ' o T o o o

&  H;PO,
o A’Na"""‘"‘”“";"-"A'H
. . _—be ) .

80
AMNZX 4 CH,CH,0H ——— s AH 4+ Ny T + HX + CH,CHO // |
g -
/ 37

-~




(S AP
B “——-) Cl+ N;-l- HX + CH.aC?HOI

o Réplacemenj@ by aryl group: Pre'paration of Biphenyls: Bipheylsare formed by the reaction
between an aryl diazenium salt and aromatic compound in the presence of a base. Aromatic compounds

carrying ring ac!*vating group undergo this reaction rcadily.

& NaOAc
AN, + ArH ———— Ar—Ar*

. For exmaple: p-methoxy biphenyl is obtained by the reaction of anisole with pheny! diazonium sait. -

4 -
N,X  OCHy
N Ny bas€

Anisole
d) Displacement by -- Cl, Br, -- 1and -CN
i) Gattermann reaction: Inthisthe aryl diazonium salt is reacted with potassium chloride, bromide

or cyaniide in the presence of copper powder, when the diazonium group is replaced by the anion of the
potassium salt. :

& Cu '
ArN, + KX —— ArX (X = Cl, Br or —CN)

~ Benzonitrile

For the dis'placcm'é"h't of diazoriium group by iodine, the catalyst, Cu is not required.

i} Sandmeyer's reaction: Preparation of aryl halide or cyanide by the action of cuprous salts,
- CX(X= Cl, Br or CN), on diazonium salts is known as Sandmeyer reaction. '
™~ @
N AN #CiX - ArX (X=ClBrorCN)
38 ; .




‘Cu' CN.

é)_ Replﬁceme_nt by F : Sheimann reaction:

Diazonium salts are first converted.into diazonium firoroborate by the action of luoroboric acid

(HBF ). Diazoniuym fluoroborate on heating decotnposes to give aryl fluoride.
2 . S A
AN, + HBF, ———— AINBF, —— > ArF + N, 1 + BF,
: Aryldiazonium
: fluoroborate
@ .
Nz Nz Br'l.

0|+ mBR, _____,‘,&3\7 - .
L @ + N T+BFy

) Replacement by - NO, group: Diazo group in aryl diazonium flu

oroborates can be replaced by NO,
- group by the action of NaNO, in the presence of Cu powder. T '
NaNO,- o £
- ArN,BF, ————> ArNO, + N1 4 BF,
Cu - . . :

2, Cdupling reactions: The diazonium ion‘is a weak electrophile and can couple only with aromatic
compounds containing very strong electron relcasing groups like - OH and amino groups. Phenols and
amines couple with aryl diazonium salis (o give dyes. R : S

Amines couple in mild acidic solution, whercas phenols in mild alkating solution,

39




40

'./_ Hnalmil |

.-N N_’-ou.

Ol
o

msid ac:dic solution

- Amines coupls in m:ld_ acidic solutmn_, whereas'phenois in mitd

alkaline solution.

3. Reducifon: Reduciton of ary} dlazomum salts with SnCl, in HCI give aryl hydrazmes Phenyl
hydrazme is obtained by the reduction of phenyl diazonium salts.

snClh, + HCl
ArN;X 4 2H, ——— s AINHNH; + HX
® o
: NHN 4.
C FontlrHcl
(O)ughodztid (O] + 1y
' Phenylhydrazine |

21.10 SUMMARY

Amines are organic bases. There are different msLhods of their preparation. They are a) alkylauon
of ammonia b) reduction of different nitrogen compounds ¢) reductive amination of carbonyl compounds:
d) Hofman degradation &) Gabriel phthalimide f} schmidt reaction. Amines form salts with mineral acids.
They undergo alkylation and acylation. A mixture of 15,2° and 3° amines can be separated by Hinsberg's
method. Primary amines undergo carbylamine test. Aromatic primary amincs undergo diazotisation and

form azodycs They also. undergo d;fferent rcplacement reactions, '

21.11 MODEL EXAMINATION QUESTIONS

A Answer each of the l‘ollowmg in 10 hnes

1. Wmc the structures of the following comp0unds and arrange them in- the mcreasmg order of
basicity. Give reasons

6] (a) Ammonia (bj aniline (¢) Methyl amine  (d) Dimethyl aming

(i) (a} Aniline (b) p-Toluidinc (c)  o-Nitroaniline
(d)  m-Nitroaniline : _

(ii) (a) . Aniline (k) p-chloro aniling (¢}  p-Nitro aniline




- PREFACE

_ This course deals with the topics in Physical, Inorganic and Organic Chemistry inlcuded in the
syllabus for the Third Year of B.Sc Course offered by the Andhra Pradesh Open University. The syllabus
is for the sake of convenience divided into Blocks, each of which comprises anomber of Units, Each Block
generally covers a specific area of the subject. The units are prepared by specialists in accordance with
aformat sodesigned as to enable the student read and understand them without much difficutly, Each unit
begins with astatement of its aites and objectives and hasat its end Model examination questions intended

- o test the students comprehension of its subject matter. Generally technical terms with which the student
may not be familiar are given at the end of each unit under the head Glossary or Appendix wherever

RECessary.

In part-A deé]ing with physical Chemistry, it is attempted to explain the i_mpoﬁant aspects of
thermodynamics, Electrochemistry, Chemical Kinetics, Surface Chemistry and Phase Rule. It is hoped
that this part will help the student to acquire the necessary knowledge in these areas,

In part-B delaing with Inorganic Chemistry efforts are made to describe the necessary aspects of
the topics on crystal structure, Chemistry of d-block elements and general principles of metallurgy. These
topics will enable the students to understand the salient features of the crysiat structure, properties and
the metallurgy of metals with special reference to transition metals. '

. Part-C (Blocks 9-13 separate book) dealing with Organic Chemistry expalins chemistry of
Nitrogen compounds, Alicyclic and Hetorocycilic compounds; Carbohydrates-to the needed extent. The
organic functional group analysis included at the end gives the student some knowledge to identify

functional groups of carbon compounds. - : '

. The University hopes that this course material will help the student to get acquainted with fairly
-~ advanced aspects of chemistry. . '







| e a
?H,CHNJZ © Cl-[_,(I)I-l]\lH.._,- “ (@ CHclfNH
a ooa e

(CH),ONH, (&) CHICH,NH, () ' (CH,), CHNH,
How is ethylamine obtained starting from the following compounds? Give equations.

(@  Ethylbromide . (b) Propionamide (c) - Nitroethane (d)  Acétonitrile

" How are the compounds in the following pairs are differentiated from cne another?

(@  Ethylamine and diethylamine (b) Aniline and N-methylaniline (c) p-Toluidine
and N, N - dimethyl p-toluidine (d) Aniline and ethylamine (¢) Trimethyl amine, NN -
dimethy laniline o _

How do the fbllowing- compounds react with benzene sulphonylchloride? Give'sqnct‘ures of the

products and indicate the solubility in alkali.

(@ Aniline (b) N-Methylaniline (¢) Triethylamine

write equations for the synthesis of aniline by the following reactions. Give the names of starting

malterials and detailed reaction conditions in each case.

" Answer each of the following in 30 lines

How is aniline prepared from benzene? How does it react with the following reagents?

@ Aceticanhydride  (b) CHCI, and alcoholic KO
(¢) Benzene sulphonylchoridc S Bromine . (e} NaNQ, + dil. HOl ao-5°C

How is benzene diazonium chloride prepared? How are the following compounds prepared fromit?
give equations. - )

(@  Fluorobenzene ()  Benzene (c)  Biphenyl (d}  Benzonitrile

" " phenol () Nitro-benzene (8)  Phenylhydrazine

How are the following converstions brought about? write equations.

(2) Aniline to p-nitro aniline {®)  Aniline to ¢-nitro aniline {©)  N-Methyl aniline
to p-toluidine (d)  Aniline to benzanilide (e)  Aniline to benzonitrile :

‘Write the structure sof all possible isomers for the compound with molecular formuyla C,H,N.Give

their names,

An organic compound A (CH,NO) when heated with dil. HCJ gave "B" (C,H,0,). B gave "C"
{CHN) on treatment with hydrozoic acid, A aiso gave 'C'by reaction with brominc in the presence
of sodium hyroxide. 'C’ on treatment with nitrous acid followed by warming the aqneous solution

gave p-cresol. Give the struclures of A.Band.C and cxplain the reaction involved in the above
mettioned transformations, : ' : L




7112 MODEL ANSWERS TO CHECK YOUR PROGRESS

' L Methyl amine is a stronger base over ammonia due to the + 1 effectof methyl group in the former:

2. Basedon carbyl aminetest. a primary amine on heating with CHC), and NaOH forms carbylaming
which possesses bad smell. s ' _ _ .

21.13 GLOSSARY_

L Carbylamine reacﬁon: Primary amines .(both-.alipl_iatic and arornauc) react with chloroform in
the presence of alcholic KOH solution to give isocyanides. ' o

RNH, + CHCl, + 3KOH - RNC +3 KCl + 3HO

2. Deamination: Removal ofan aming group of an aromatic primary amin_é isknown as deaniination
reaction. The aromatic primary amine is convericd into aryl diazonium salt and the diazonium salt
i$ treated with hypophosphorous acid or ethanol when the diazonium group is replaced by H.

3.  Hinsberg reaction: This is a method used for the separation of primary, secondary andtemary
amines. The principle involved is the reaction of benzene sulphonyl chloride with amines and the
 pature of the resulting sulphonamides. : . o

4, Gattermann reaction: The diazonium group in an aromatic diazonium salt can be replaced by
X (X = Cl, Br, or CN) by the action of potassium halide or cyanide in the prescace of copper
powder. The caialyst is not needed if X=1

Ar-N+KRXCL o= AKX +K+N,T

5.  Sandmeyer's reaction: The diazo group in an aromatic diazonium salt can be"replaée.d"byx '
(X=Cl, Br or CN) by treatment with the corresoponding cuprous salt (CuX)

@ | | ®
Ar N,+CuX —» ArX + N, T+Cu
6. Schiefnann reaction: A:fyl diazonium ﬂuoroboratcs on heating decompose {0 giiré fluorcborates.
. A
ArN,BE,+CuX -  AX+ N, T+ BF,

Author: Dr. T. Sundara Ramaiah
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# 221 AIMS AND OBJECTIVES

To explain the structure, synthesis and chemistry of amino acids, and to introduce the concept of
peptide bond and nature of proteins, : .

After completing the teading and understanding of the contents of the unit You must be able to:

. describe the names, stictures and classifiction of amino acids

. describe di_fferént methods of preparation of ¢ - amino acids

. explain the Properties of amino acids due to -NHZ, -COOH and both the groups

222 INTRODUCTION.

HaN HCsz.COOH+H3N—CH3-—C00H—)H3N~—_CH,~_——.C__—N H-CH,-COOH
: Glycin . Peptide bond:

o more than I,OQO, 000. . ; _ e

223 OCCURRENCE, STRUCTURE AND NOMENCLATURE OF AMINO <
ACIDS = L o i
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L pthalimide 2. Potassium ptbalimidate 3. Etbyl-o-bromo propionate 4. Alanine

3. Fr'om malonic ester: Mon obromo deriv'a'ti've of diethyl malonate reacts with

phthalimide o give N-phthalimido malonic ester.

potassium salt of

| o O
c00CoMs CO0CHs. @(:;,K*
Lo P, cher -'

2 CCl, | o 5
coocHy  C00%Ms

O.
N-CH (COOCyHs);
0

N-pthalimido malonic ester

Vigorous acid hydrolysis of the resulting

be alkylated by a varicty of alkyl halides.
and decarboxylation of the amino

" The ester may :
lysisof both ester group and phthalimido group,

compoundcauscs hydro
dicarboxylic acid.

o) 0

©¢N-cmcooc? T N-C (CO0C, Mgl

0 .
BE, E‘Ti:/ € (c00CHs)2 ‘%—»_R—clH— COOH -
| NH,
| 0, 0

and is a usef ul general method for

ariation of malonic ester synthesis
thesis of amino acids using this

This method is essentially a v
d yields. Some examples of the syn

the synthesis of - amino acids in oo
method are given below:




NaOC,Hy  CICH,CNOC,H, = H,0
A e = -——)HOUC—-CHg——CH—COO
SN

. NH, .
Asphartic acid (33% yield)

o D
NaOC;Hs  Ph—CH,Cl.  H,0

> > —> Fn—CH,—CH—COOH
. A | .
' NH,
Pheny! alaine (64% vield)
0
{ X nercooc),
o ' @ S
NaOCzH, ) CH;SCHgFCHgC’ H.O : :
—_— !->—$CH,—S—CH2—({3H2—CH-—002H

N'Hg
- Methionine (50% yisld)

&
I NaOCyHy CH,=CH-COOC,Hs; H,0 '
oy > — > HOOC—CHe—CHy—CH-—COOH.

_ NH,
~Glutamic acid (75% yield)

4.-  Strecker's synthesis:

In this method, an aldehyde is converted to ati o amino nitrile by action of |
hydrogen cyanide and ammon

ia. The amino nitrile is hydrolysed by mineral acids to give 0- amino acids, -

@

: ' : HyQ
R—CHO+4NH;4HCN ———> R—CH—CN ——_, R—CH—COOH
: ol S
' NH, ' NH,
Amino nitrile

- The formation ofe - amino nitrile involves condensation of the aldehyde and ammonia, and: -
addition of HCN to the resulting imine. :

R-CHO+NH, -5 R-CH=NH+HQ
: : o Imine

R-CH=NH+HCN — R--CH-CN

NE,

For example, glycine can be obtained from formaldehyde, and pheny! atanine from phenyl

acetaldeyde, (74% yield)

' 4+ - HsS04 BaO ' '
HsC=0 + NH,CN > HaN-—CH;CN ———% H,;N—CH,—COOH
: H.0 Glycine

(42% vyield) -
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CH> CHO+ NHx HCN — @— CHZGH-CN

NH
No OR,H20 M3 ,{;Hi-cw-COOH
— 1
- NH

2
3

1. Phenyl acetaldehyde 2.0 - Amino -f - Phenyl propionitrile 3. Phenyt alanine.

The methods described above are of general applicability for the synthesis of simpler amino acids.
Some of the amino acids with more complicated structures must be prepared by other methods, whicharde
beyond the scope of the present lesson. The synthetic amino acids are racemic, therefore must be resoived
into optically active components for the synthesis of peptides. '

22.5 PHYSICAL PROPERTIES OF AMINO ACIDS

Amino acids are colourless crystalline compounds. They are soluble in water, but sparingly soluble
in organic solvents. the melting points of amino acidsare generally high, and most amino acids decompose
instead of melting . Amino acids show both acidic and basic properties. In the solid phase, the Lr.spectra -
of amino acids show absorption bands at 31 30-3000cm-1 (due 10 ® NH3), 1600- 1500 c¢m-1 (due to COO®)

* and 1300-880 cm-1. Except phenylalanine, tyrosine and tryptophan, other amino acids are trasparent
ahove 250 nm, in the U.V. region. ' '

226 CHEMICAL PROPERTIES OF AMINO ACIDS

1. Reactions due to the amino group

a) The amino acids form salts with strong mineral acids like hydrochloric acid. These salts are

sparingly soluble in watcr, and the free acid may be liberaied by the addition of organic bases like

pyridine.
' e @
H, N CH,-- COOH + HCl — ClH, N -- CH,~-COOH
© Glycine | Glycine hydrochloride

b). o- Amino acids may be acetylated by reaction with acetyl chloride or'acctié'an.hjrdiide. When
benzoy! chloride is used, the corresponding benzoyl derivative is formed. Benzoyl derivative of
glycine is also known as hipuric acid. .

: - CH,COCIH (or)
(CH,C0),0 (lJl

ettt . i}

CH 3——C—~NH~—CHg—rCOOH _'

N—acetyl glycine '

Ph COC! (l)I :

7 ph—C—NH—CH;—COGH

Hipuric acid

H,N—CHy—COOH ———

c) Nitrous acid liberates nitrogen from o _ amino acids. This rcaction is the basis of 'Von-Slyke
method' for the estimation of amino acids. :

~ CHy—CH-~COOH ™|

_ . HNO, | i HyO
CH,—CH—COQH—> | 1 —— —5CH;-CH-COOH
_ HCL | N=N ! _ é,
NH, - + -l H
: Lactic acid4-N;

- Unstable diazonium salt




4 Nitrosyt Chioride (or bromide) reacts with amino acids o form chlorg {or bmmo_) acids.

' H,N--CH,-COOH4NOCI —, CI -~ CH,--COOH +

Glycine Chiloroacetic acid

€) ‘When heated witih hiydroiodic acid at 200°C, the amino group in amino acids is eliminated wigh the
formation of a fatty acid, ' :

N2+H_,'0

Ph--CH--COOH P-Ia Ph
1 ‘A

- CH;-CH,-COOH
N |

B - Phenyl Propionic acid
Reactions due to carboxylic group

'y metals. For example acopper salt of

glycine (deep blug needles)
h an aqueous solution of glycine. :
 HaN-CH-COOH + Cuo —
- H H
0. .0 N N7
- N CH,
© . CHp 4o
7\ 0 )
H “H
b) a. - A_niiﬁo acids react with alcohols in the presence of hydrogen chloride. The free ester may be
. isolated by the neutralisation of the ester h ydrochloride with sodjum Carbonate, ' '
 EN- CH,~COOH + C,HOH+HCI - Cy H.N--CH,~COOCH, 4110
_ Na,Co, ' '
i = HN-CH-CcoocH,
Ethyl ester of glycine
c} Aming acids undergo reduction with lithium aluminym hydride (LiAlH,) 0 give B - aming
- aleohols. Thus glycine is converted into § - amino ethanol, '
- ' . LiAMH, o
HN - CH,- COOH —— ., HN ~CH,-CH,011
B- Amino ethanol
d)

Amino acids react with pho_spho_rus p_entachloride

(PCL) to give acid chloride -'hydrochldrides.

CH,~-CH--COOH+PCl,
R | o
NH,
o ' Alanine

= CH,—~CH--COCI +POC|,
' a

DNH, CI -

Alanine acid chloride hydrochloride
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e)  Whenanamino acid is heated in the presence of dry barium oxide, decarboxylation occurs t0 give
: alkyl amines. -
g ' . Ba0, A .
R-CH=COOH ——— R--CH-NH,
| ~CO,

HI " Reactions due to both amine and carboxyl groups

@) The high ‘melting points, and the large dipole moment values of amino acids, their solubility in
water and insolubility in most of Lie organic solvents suggest that the amino acid exist as “Zwitter
ions". The formation of these inner salts may be visualised as due 0 intramolecular neutralisation

of the basic amino group and the acidic carboxyl group. X-ray analysis supports this view.

R—-crli—coorr - R-CH--CQO
 NH, ~oNH,

Zwitter ion

~ Inaqueous medium, the dipolar ion may be in equilibrium with its conjugate base (CB), formed
by loss of a proton, and conjugate acid (CA), formed by gain of a proton. C

. HG-) . H-&)
R—CH—COOH ——> R—CH—CO0 ——> R—CH-—CQOO0~
1 «—— | &< P
@NH; +H® ®NH; +H® NH,
Conjugate acid Dipolar ion  Conjugate base -
(CA} (DA) . (CB)

~ The position of this equilibrium depends upon the pH of the solution. In acidic solution, the
conjugate acid predominates, and in alkaline solution, the conjugate base predominates. For each amino
acid, there is a particular p'at which the conceatration of the dipolar ion is a maximum. Since the net
" charge is zero, the dipolar ion is electrically ncutral, and conscquently, in this condition, the amino acid
does not migrate when ptaced inan electsic field, This pPatwhich migration does not occur, iscalled the
njsoelectric point” (or isoionic point) of the amino acids. This point represents the p at which the solubility
of the amino acid in non-polar solvents is at a maximum, The isoelcetric point of any amino acid can be
calculated by the formula: ' S '
: &)
[H] H,N CH,CO0]
< = :
<] &)
[H,N CH,CO0]
+ )
[H,] [H,N CH, cool
K = _____________..—-——-—-'—_
@ . - )
(H,NCH, C0O01]

.. Isoelectric point of the amino acid'(pHi) = pkl+pk2
For gtycine pk, = 2.35,pk,=9.78
s pHi=235+ 9.78=606 -

When the amino acid contains Lwo amino or two éar_bokyi groups, there are several possibilities for
the structure of the dipolar ion al thé isoelectric point. In all the a-amino acids, it is the ionisation of the
o - carboxyl group that is involved, but the amino group could also be the terminal one. '

3]
HOOC~(CH,) - ?H-—COO_ ' HZNA-(CHQ‘—CHZ—COO
: : o

SNH, - NH,

~ glutamic acid Lysine




" Check.your progress -I N

 ‘What is isoelectric point?

b)  Ninhydrin reaction: Whenan aqueous solutionof an amino acid is treated with triketohydrindene -
hydrate (ninhydrin) a viglet colour is produced, E :

®, R-CH-COOH—>
+ : |‘I o
NP,

F+RCHO+ COF#3H,0
1. Ninhydrin
The violet cloured solutions show an absorption maximam at 570 nm in th U.V.region, and the

intensity of the absorption is propertional to the amount of ¢ - amine acid present. Ninhydrin is thus an
- important reagent in the identification and estimation of o-amino acids.

22:7 PEPTIDES ;-STRUCTUR_E AND NOMENCLATURE

*"We Have seen that -amino acids.contain both amino and carboxylic groups. Itis possible that the
. amino group of ene malccule and (ke carboxyl group of another molecule can undergo condensation

reaction to form an amide linkage. The resulting compound is known as a dipeplide. The dipeptide can
further react with a third molecule of amino acid o give a tripeptide, and so on.

_Ch:eck' your progress - 2
- What do you mean by a dipeptide? _
R R R O R _
- : i B -
- H,N-CH-COOH+N,H-CH-COOH s H,N-CH-C-NH-CH-CO0 S
‘ a dipeptide : o 51 .
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Peptides or polypeptides, are thus polymeric compounds containing2t0 about 50 mdmdualammo :'
acid units. The individual amino acids aré tinked through an amide bond, knwon as peptid_lebond._A linear

polypeptide will conti - 2 free-INH, group (the QO--grouy’ (the-{erﬁinal
unit), o : -

a
N-terminal unit} anda free-C

- R ol R

e i | N
H3'$/ ~c¢ R \\N'/ .\cog"
ICi) : ﬁ H _

R '
- _In

C-Terminal amino acid -

~ N-Tern nat amino acid

-+ structures are always writen with the N-terminal unit on the left, and the
refixing the N-terminal amino acid followed by other:

ly abbreviations for amino acids are used.

By convention, ;. .

C-terminal unit on the ng oL They are nzmed by P
- amino acids. While writing 105 SLCHIeES, usual
' O

® ntH  © - o
H,N--CH,--C--N-CH--CO0 glycylalanine (Gly-Ala)
- 1 .
oo
_ 0 6
® HBH 1H [ |
}gN-—CHZ--C--N--CH--C-—N--CHZ--COO g ‘ycyl phenyl alany!
- i _ glycine (Gly-phe-Gly)
CH,ph .
¢ . eo. O .
.. ® 1 o 11 -8
HBN--CHz--C—-NH—-CH-«C--NH--CH——C--NH:-CHZ--COO
' 1 o1 :
CH_ph CH,0H Glycylphenlalanyl

Serylglycine (Gly-phe-ser-Gly) -

peptides arc amphoteric compounds. since they also contain a free
They exist a3 zwitterions. Like amino acids, peptides also have

Jeast solublc in aqueous solution.

" Like the simpler amino acids,
amino group and a free carboxyl group.
isoclectric points, the P at which the peptide is

22.8 SUMMARY

building blocks of proteins. They are prepared in the laboratories by .
thesis ¢) Phthalimidomalcaic ester synihesis d)
talling substances with high melting points and
g exisl as Zwitler ions. Isoelectric point of
to any electrode on electrolysis. They
I properties duc to the presence

. o - Amino acids ar¢ the

a) amination of o - haloacids by Gabriel pthalimide syn

 suecker synthesis. @ - Amino acids ar¢ colorless crys

boiling points. They arc amphoteric substances.o. - Amino acid

* an amino acid is the p'of a solution in which it docs not migrate

exhibit the propeties of amines, carboxylic acids and also some additiona
of both -NH, and -COOH groups with in the molecules.




229 MODEL EXAMINATION QUESTIONS

I Answer each of the following in 10 lines,

1. What are amino acids? Describe any three mehods of their synthesis.

4, Discuss the properzies of amino acids due 1o the presence of both aming and éarboxyl groups.

5, What are peptides? Write the structures and names of all .lhe possible tripeptides formed from .'
glycine, alanine and serine, ' '

H An_swer eacﬁ of the following in 30 lines

1 DiécuSS tﬁe synthetic melhﬁds available for amino acids,

2 ' Discuss the physical and chprﬁical Pioperties of amino acids.

.3, . List thé namcs.and structures of essential amino acids.and discﬁss one s_ymhcsis fqr_ each. -
4, What are peptides? Discuss brief] y their Structure and nomenclature?

5. List the names and structures_of naturally occurring amino acids,

22.10 .MODEL'ANS'WERS TO CHECK YOUR PROGRESS

L Itis the p™ of a selution in which an amino acid docs not migrate to any electrode clectrolysis,

2. Carboxyl groﬁp- of an amino acid can react with the amino group of the other forming an amide

bond. This amide bond is called peptide bond and the resulting product is a dipeptide.

Author: Dr, P.S.N, Reddy
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23.1 AIMS AND OBJECTIVES

_To familiarise the student with the nomenclature, preparations, properties of cyclo-atkanes and
conformations of cyclohexane, . : B '

After a tharough study and undersla_nding of the contents of this unit, you are . -expected to:

. . be able to name different alicyclic compounds

* " describe the classification and different methods of preparation of cycloalkanes
*  explainthe reactivity of cycloalknes :
. give an account of the conformations of cjxclohcx_ane.

23.2 INTRODUCTION

~ Alicyclic compounds are cyclic aliphatic compounds. These are also known as cycloaliphatic
compounds. . In these compounds rings consistof carbon atoms. These ringsmay contain three, four, five, |
§ixX or more number of carbon atoms. Alicyclic hydrocarbons like aliphatic hydrocarbons may be further .
classified into cycloalkanes, cycloalkenes and cycloalkynes. The general formula of cycloalkanes is
C, H, . Where 'n’ is the number of carbon atmos, : o i '

233 NOMENCLATURE

In the nomenclature of alic_:yélic compourids the prefix ‘cyclo' is used. The name also indicates the
number of carbon atoms in the ring, and Number, posilion and nature of the functional groups, if any
present in the molecule. Unsubsti tuted cycloalkanes containing three, four, five, and six carbon atoms are

named as cyclopropane, cyclobutane, cyclopentane and cyclohcxane respeciively. The structurc of these
caimpounds are given below, : . '




Cycluprnpane Cyclobutane ' Cyclopentane ercl_nhexan'e
- The foliowmﬂ cxamples ﬂlustrate the nomenciamfc of aticyclic oompounds B

size of the ﬁng as follows:

'CH3'

Alicyclic compounds are cla551ﬁed according to the

L .CPCH

O,A,

4 CH CH

1) chloro cyclopropane 2) Elhyl cyc]opentahe 3) Methyl cyclohexane'
4y 1,3 - Dlmethyl cyclohexane 5) 3 Ethyl -methyl cyclopentane '

1
21
= 3
‘I . .
1 Br
o b
6 y 3
5 3 6 2
4 5 i
- 1) Cyclopentene 2) 3-FEthyl cyclupentene 3 1,3- Cyclopentadiene
clehexene. -

H 13- Cycluhexadlene %) 4-Bromocy




| _ Alu:ycl:ccompmnds are class;ﬁed accofding to SIZB ofthe ring -as folldws: _ |

- Small rings - Rings containing 3 and 4 carbons L
Regular rings - Rings containing 5,6 and 7, carbons
- . "Medium rings - Rings containing 8 10 11 carbons -
Large rings - Rings containing 12 or more carbons

234 METHOD OF PREPARATION OF CYCLOALKANES -

D

thods are available for the preparation of cycloalkanés. The choice of the method depends
of¢ ] )

. Many me;
upon the rumber of carbon atoms in the ring. Some of the very common meéthods used for the Synthesis
of cycloalkanes are given below. ' - o ' '

the synthesis of small size rings ie. cyclopropanes and cyclobttanes, For example Freunds
reaction of 1,3 dichlorg propane and 1,4 dibromo 2- methyl butane yieldscyclopropane and methyl

-~ . cyclobutane respe_ctively._ :
N - _Chsal O
P R T VP - tHy
- TcHzet - CH,
1, 3-Dichloro§rof3ane ' _ Cyclbpro;;‘ane
: .'/I'C_'HZIB". ' Z‘P. : L .
oM D e, etn—cy,
| CHECHZ-Br”. | { CHZ"*C_HZ
1’4 - i}ibrumu - 2. me!hy[_ butane. _ . i Methyl cyclobutane !

Perkin's method: When maloric ester reacts with dihaloalkanes in’the presence of sodium

ethoxide, derivatives of tycloatkanes are obtained. Reaction of ethylene dibromide with malonic

ester in the presence of sodiym cthoxide gives. I, 1 - dicarbethoxy cyclopropane. This may be

' 'hydro]yﬁ:ed to give the'conjesponding-dicarboxylic acid. Cyclopropane-1, 1-dicarboxylic acidon
. decarboxylation furnishes ¢yclopropane., ' '

CHy~Br , Na \¢2CO0C2 He 'M:OCZHS HL CO0C,H,
B C‘H:"'Bl" | Na/ \COOC H. - EtOH ‘ /C\
¢ s Y HL toocs
: . o o 4 25.
1 2 3
J'KOH
R ‘. : ' ' HC COOK
L HeC ...+ H ,CO0H 2 N S
T N e TN
L

COOH HyC _ COOK ;
1) Ethylenedibromide 2) Sodiomalonic ester 3) 1,1-dicarbethoxy cyclopropane
4) Cyclopropane L1 - dicarboxylic acid 5) cyclopropane :




CHy~CHp=-CHCl cu._-?nm-'c-m. -\

_CH
: Cl
o 'cH~cr'
- CHj ‘
" yd l cl2 o6 \
2(.:\_ hy

’ c, .
HyG—CHy—CHy—CHy—CHy —=> CHy-CH,-CH,-CH,CHy-Cl
. v .

. CH,-CHg-CHy-CH-CHg
|

oG
CH;-CHy-CH-CHz-CHs
'(lzl
ct
Cl2 |
h2 : : o

On the other haad isomeric disubstituted cycloalkénés are possible. Following arethe isomeric

dibromocytlopropanes and dibromocyclopentanes. .

& Br

Br

s B

1) 1,1 Dibromo cyclopropane 2y 1,2- Dibromocyclop'r_opané 3 L1 _-_dibromocyclopentane

: 4) 1,2~ Dibt_‘umo_cyclopentane 5.1,3 Dibromocyglbpentane' ' '
This -diéubstituled cycloglkanes exhibit three types of isomerism. .~ o

¢h differ from each other with respect o the position of a

ion isomers. For ex: 1,1-41,2- 1 3-dibromo cyclopentanes as

et

1. ~ Position isomerism: Isomers whi
reference atom oF group arc known as pasit
position isomers. .




B B

' -C_is-l,zJ-» dibromo - Trans-1,2-dibromo
cyclopropane - cyclepropane

e By

Cis-1,2 - dibromo = Trans-1,2-dibromo-
cyclopentane tyclopentane
Cis-trans isomerism is also exhibited by 1,3 - disubstituted yclopentanes.
3. Optical isomerism:, Certain disubstituted cycloalkanes, when suii’ably substituted exhibit optical
-isomerism. Trai$ 1,2-dibromo cyclopentane, for example is not symmetric. When there is'no plane of
symmetry in amolecale two non-superimposable isomcric_struc_:l_urcs, bcaﬂng-m;irror—._ima_g_q relationship,
are possible, One of these isomers rotating the plane polarized light to the right iscalled the dextrorotaiory
isomer. The other isomer rotating the plane polarized light to left is called the levo rotatory isomer.

t
'
i
|
'
|
|
|
|
b
t
(

MIRROR

'nun-sui)eri_m posable mirror images of trans - 1,2 di bromocyclcpentan_e.

Onthe other hand, cis-1,2-dibromucyclopentane po.
C,-C, bond and passing through C, bisects the molecule jn
-molecule like cis-1,2-dibromocyclopentane is optically i

ssesses a plane of éym-metry. A plane bisecting
to two identical halves. Therefore 2 symmetric
nactive,




iii) n cyéidhexane the ring may be present in twe conformations - Chair and Boat conformation. In
these conformations the C-C-C bond angles are 109°28', : :

from bond angle strain.

iv)  The chair and boat conformations of cyclohéxane are free

" Boat-Conformation of

Chair Co_nformalion of -
Cyclohexane

Cyclohexane
that cyclohexane has been obtained only - '

inteconversions of boat, and chair forms
nds, without distorting the normal

Sachse's proposal was initially discounted on the ground
in one form. In 1918 Mohr revived the idea and pointed out that

* can be accomplished in the models by rotation at C-C single bo _
tetrahedral angles. Thus the two possible forms of cyclohexane may be 50 closely equivatent in energy
content to be indistinguishable. It was Huckel who later obtained two steric forms of decalin viz. cis and

trans decalins.

Check your progress-2

Why chair form of cyclohexane is more stable over boat form?
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(i) C_onformatiohs of cyclopentane

n puckercd conformation of cyclopentane, four carbon atoms of the ring are coplanar and.the.ﬁft_h :
is pushed slightly out of plane. The puckered conformation is taken up in turn by all the ring carbons, thus
making them atl cquiva}en{Q An examination of the model of cyclopentanereveals that the hydrogen atoms '
present on any two adjacent carbon atoms which are coplanar are eclipsed. Thus there: is a.gepulsion
between the adjacent hydrogen atoms. This strain is due to repulsion between the adjacent hydrogen.

_atoms. This strain .. -y repulsion between is called Pitzer striin

H

Envelepe form of cclopentane

(i) Cnnfnrmatitins of Cyuclohexane

In the chair conformation of c"yclohc_x ange all the CH, groups ar¢ in the staggered conformation. In
C-C bonds a chair

" this conformation there is no Pitzer strain and no bond angle strain. By a lwist about
of cyclohexane is converted into another chair form through a boat form.




F= Flagpoleh yd_fogen B ="'Bt.1w spirit hydrbgén S

_ + Inboat form cyclohexane the hydrogen atoms present on C, and C_are called flag pole hydrogens. .
-and bow spirit hydrogens. The flag-pole hydrogens. are very close to each other. As result, a sort of -
_repulsion operaics between the two flag pole hydrogen atoms present on C,and C,, The flag pole-flag pole -
hydrogen repulsion makes boat conformation unstable relative to chair conformation by about 6 K. Caly

mole, Therefore at ordinary temperatures cyclohexane exists, entirely in the chair conformation.

~ Inthe chair conformation of cyclohexane two types of C-H bonds are present. The six C-H bonds
~“which are criented perpendicular to the average plane of the cyclohexane ring are kinown as axial bonds ©
- and are designated as 'a', The other six C-Hbonds which radiate from the ring making an angle of 109°.5""
-+ 1o the average plane of the ring are known as equatorial bonds and are denoted as e’ . The axial and,
- equatorial bonds are further classified as ot - and B - bonds depending upon whether these bonds are -
directed below or above the average plane of ring respectively. R -

4
elp)

a=axial ‘e =equaterial

239 SUMMARY

- Alicyclic compounds are carbocyclic compounds which exhibit the properties of aliphatic com-
pounds. Cycloalkﬁnes_cm_ be prepared by a) Freund reaction 'b) Perkin reaction ¢} Pyrolysis of
dicarboxylic acidsalts d) Dieckmann condensation ande)acyloin condensation. Alkanes andcyclokanes
- are similar in their chemical reactivity. Cyclopropane and cyclobutane undergo ring opening additions in

. order to get rid of bond angle. swrain. Sachse and Mohr proposed bond angle strain free puckered
- confofmations to cyclohexane. They are chair form and boatform.  Chair form is more stable over boat -

~form due to the repulsion between flagpole hydrogens and between bow sprit hydrogens of the latter -
~.conformer, ' _ - ' S

23.10 MODEL EXAMINATION QUESTIONS

1 _ . Answer each of the following in 10 lines

“1. Explain how cyclopropane differs from ethcne in its reactions with () cold dilute KMn,, (b) HI
. {c) Bromine_(d) Hydrogenfcatalyst, : ' .

‘2. Writo notes on Baeyer's strain theory
- E 'write__notgs-gn Sachese-Mohr theory.




1.  Discuss the generaI mctﬁdds qf preparauon ofiallcychc compouugjsa e

.’Tf‘

é

e

2. Discuss the menls  and dcmcr:ls of Bacyer‘s strain theory

3. 'Explmn the reasons for stabﬂny“of cyclohexanc. ,_.

23.11 MODEL ANSWERS TO CHECI{ YOUR PROGRESS . =

1. Cyclopropane and cyclohutanc unqcrgoglng opcnu}g acuons in ordcr 1o gct 1id of theu bcnd

angle strain.

Wit form s ofe & stable’over boat l‘erm dueito the follpwing:iwosypes.of siratmindbe lalter.
a) repnlsl nbe (ween ﬂagpﬁie hydregens by uhpscd suazﬂzbnt@em bav;,spirwhadmgens. 3

,r o a—J o
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24.1 AIMSAND»OBJECTWES .. T

s Ly

To outline&]f!g importéx‘jgf_:. synmééls"é‘ha'_ reactivity of five “membered heterocyclic systems
containing one hcfemﬁten}'«;v.iz:' pirtole, furan and Lhiophcpp. . : ' :

4

. define he&:rocyclic compounds : L

* ®© real_i’s;:_ th 1mportance of fi e mcmbcreda*]f\c;\ﬁ:;t‘t:)%yclic systems contaiﬁ"iné.éne heteroatom
'_pynole,-ftg%anﬂ'uﬁbphene P L ST L

ribe &i%izii’ﬁiﬁaﬂei:‘haracrcr; reactivity andorieniation in electrophilic: substitution reactions Gf -
pyrrole,furanand_thiophene. ' . -

R LR AN

2

242 INTRODUCTION

- Heterdeyclic compounds aré cyclic compounds with one or more heftoatoms in the ring. Atoms
of elementsiother than carbon and hydragen are called heteroatoms. The most comnon heteroatoms are
) niuogcr_ﬁg'sﬁlp_ e anid oxygen. According to this definition onemay be tempted 1o consider compounds

like ethylene oXide, succinic anhydride efc, i 1 '

. tompounds may be aromatic or Non-argmatic, T'I}cy_a;c classificd on the basis of the stze of the ring and
-the number of heteroatoms in the Fing. SRS : :

- 'Haéré’éyaia"e@iﬁduﬁﬂy te Very widely disttibuted in nabure, and they ar ésSential fo fifein
various ways. They are present in-most of the members of vitamin ‘B’ complex, in alkaloids, antibiotics,
chlorophyli, haemoglobin, plant pigments, drugs, enzymes gtc. Co '

243 FIVE MEMBERED RINGS CONTA INING ONE HETEROATOM

Pyrrole, -fia_ffz}n;'_iiliophenc are the important membcrs of the ﬁ_g\:qmgmbercd aromatic heterocyclic
compounds contaiting one heteroatom. Pyrrole rin £ system is present in chloraphy! and haemoglobin-._

- The formulae of these compounds and numbering of the ring Systemn-are given below. o
’.}!'.EE_‘-' Eealpes T -"'-"_':_' do. o o e st S X ) ; Lap Lt ]




iv’)

1. Chloroacetone p A Ethyl acetuacetalse

] Synthescs of thmphene 'I’hlophénc can B prcparcd by the follov(zmg methods.

i
) B wssing 2 mrﬂure of aéetjﬂehe iind hyﬂmgen sulplude*ovef slumina at 400"C

> 7'_ + Hz
i 4_°°° HC\:;/C”-

iiy  Thiopheneis Lommercmlly obtamed by the direct reactmn between sulphur and n-butane
" in the vapour phase .

'?:Hf_— CHy

] 65°C
- . o H3 CH3 less thas ?;..: *
4— s

In lhlS reacnon butachenc may bc used in place of I bulanc

i) Furoic ac:d on distiliation wnth banum su1ph|de. welds thi: ophene




iv). |

Paa!-Knorr-Synthwis: Th

iophene dey
I8 with Phosph '

OTUS penitas _ '

ide,




o Resonance str uctures of t‘hmphene

_ In the casc of thiophene, due to the p‘rcscncc of d-orbitals n snlphur, an extra resonance Sructure o
is possible ' ' . L

T In alithe rcsbnance stroctures given abovc thering carbons are elccuon surplus Therefore'pyﬁole, R
. furan and thiophenc.are considered - electron surplus hclerocyclcs Thcy undergo electmphlhc substi-
- wution reactions. - . _ .

' Check your pmg'ress -2

. What ns Hucke‘xs fuie*

....................................................

..............................................................................

245 ELECTROPHILIC SUBSTITUTI()N IN PYRROLE, FURAN.AND
THIOPHENE REACTIV!TY AND ORIENTAT{.)N

" These five- -mefnbered hetcrocyclcs arc much MOore rcacmc than bcnzcnc in elecwphlhc Subs:t';m_—_ o
tion reacuons Subsmulmn generallv occurs in o posmon (2 posmon} o

: - Fyran can be suiphonated by pyndme S0, rcagcm 1o give furan - 2- sulphomc ac:d-lx can be
' acetylau:d 1o give 5.acetyl furan. Pyrrole can coupic with aryl digzonium. salts and car underge Retmcr-
Ticmann, rcacuon T_hlophcnc undergoes: fncdclpcra& s acylation in 2 possuon.




- Pyri dmeSOa

(CHC010
: . L
-(c_szJlo_.SFs/o c

COCH3

- o : Furan * Boron trifluoride 1. Furan-2-sulphenic acid
*f- o B etherate B 2. 2-Acetyl Furan

® ©
CgHg-N=N Cl

| f ’ N=N-CgHg
SN |
H CHCly + KOH - |
- -—> CHO
1, 2-{Phanyaiazo) Pyrrole: 2 2-Pyr_ro|e carboka’ldehyd*e N
-+ Cghscocd _

Attack - a’f
. & 'Po.__si'!'.ion 9——?

I
Attack aft . H
1 ﬁ ) o Position 3~ ’ E 3
. . | od e
It - -

"I =more stable resonance structures I = 1ess sthhle resondnce_ Sfructares =
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251 AIMS AND OBJECTIVES

- . Aftera .thrjroug.h study and understanding this unit, Srou' must: be ablé; to:
. . class;'fy. name and elucidate the struciﬁrés of mono’saccharidcs
e descn'be .the struc_:turé of gluéose and general reactions of monosaccharidés
| . lcnglhcn and degr_adé the carbén chain of qldose; |

* . acccunt for the cyclic structures and ring size of glucose.

25.2 IN_TRODUCTION _'

- Plants prepare (+) -glucose by a process called Photosynthesis. Thousands of (+) - glicose
molecules formed in this way combine to. form cellulose, Cellulose is the Important conslituent of.

“) - Glucose, cellulose and glycogen all belong to. the class of organic Compounds called .
carbohydrates. Thus ¢arbohydrates are the ultimate source of our food. Our clothes are derived from’
cellulose €g., cotton, rayon cellylose acctate. Paper, is an impotant cellulose material, Thys carbonhy-
drates play a very vital role in our daily life. : : T :

253 DEFINITION

Cafbbdydratcs are ployhydroxyaldchydes or keiones, or su

. bstances .th'at _yiqlﬂ these on- _
: hydro'lys_is._ These generally conform (o the generat formula C, (H,0)) - hence the name qgrpq'hyd;ateg K

o (hydrates fcarbony. 3







o egliese

wglicacidis deviodof the properties

-=  CH, 0, or C,H,, O, COOH
The monocarboxylic acid

refore in glucose the carboniyl group is in the form of an aldehydic function (CH, O;) CHO
Onxidation of the above ﬁlonbcaIbOXylic monocarboxylic acid with nitric éci-d yieldsa dicarbox-yiic
acid:containing 6 carbon atoms. S ' - "
' : . HNO, o
(Canos) COCH _— ConOs or C-aHsO's {COOH)z
- o |
' The dicarboxylic acid
_ Glucose therefore contains a primary alcohotic group. In the dicérboxylic acid one of the carbéxyf
groups is obtained by the oxidation the oxidation of - CH,OH groiy,

eng o SONGNO,
HOH,C - (C,H,0)-CHO — HOOC-C,H,0,- COOH

The dicarbo_xy'lic_acid

_ | (+}" = Glucose reacts with acetic anhydride 1o give a penta éce_tatc and liberaies 5 moles of acetic
acid. This shows that there are five hydroxyl groups in‘the glicose molecule. - -

| GHOOW,+5EH00 - ¢

G}uCOSc_ ) o

6.

H,0 (OC-CH,),+ 5CH, COOH~ -

Glucose penta acetate .

G ’I'hus gluéose s a pbn!ahirilmkyaldoSe and in the molecule of g
alcaholic groups, a primary aleoheli

l_uc_osé ;l.ht_:re.;iiﬁ’ fox__;r sécom_la_ry _
€ group and an aldehydic group. I o

. HOHC- (CHOH),- CHO .

Allthe above reactions of glucose ¢an be explained starting with pentahydroxyaldehydeswcture :




\ CH;'- (CHg).-CH.

n-Hexane
5 N
Y CHOH

cH _ -
CHO - (CHOH), |
¢ o . .
(1 HOR). _ CH,0H  Glucose cyanchydrin
CH,OH S |
Glucose © Bry/He0

> (IIOOH
' . (ICHOH).. The mono carboxylic acid
CH.OH (gluconic acid) '

. HNO,

.+  COOH
 (CHOH), o
g The dicarboxylic acid
CQOOH (giucaric acid)

. {CHsC0)20
———  CHO
CHO
(CHOCOCH,),
| |

CH,0COCH, Glucose pent_aaceﬁtc

1L A Ketohexose

| (-) -Fruciose reacts with hydrogen cyanide 10 give a cynohydrin. This reaction indicates the

presence of a carbonyl group.

. HCN. |
(CH, pHc=0 —7 (C,H, 04 CLb¥r
Fructose -~ Fructose cyanonydrin
2. Pructose formsa p'emaacetate, onreaction with acetic anhydride, This indicates the presence of five -

hydroxyl groups. .

3. Thecynohydrn {formed from fructose and HCN) on hydrolysis with mineral acids gives ahydrbiy

_ ‘acid. The hydroxy acid is reduced by hydrogen iodide to give - methyl caproic acid. In this reaction the

carboxyl group in the produet i.e, - methyl caproic acid is obtianed from cyanohydsin function. The point
of linkage of - COOH group in - methyl caproic acid indicates the position of carbonyl group in fructose.

- The carbony! group in fructose is thus in 2-pésition of a straight chain containing of six carbon atoms.
. Therefore the carbonyl group is in the form of ketonic group and fructose is a pentahydroxyketone ie,a

ketohexose.




. CHoH CHOH ' 'Cion S el
- 1 " HeN i He [ o H ! o
(!3&0 ——iy HOI? CN — HO (!f,' CO0H —0y CH COOH
; i

CHOR),  (cHOm), ((l:'Hom,. -,
- CH,OH o CHOH CH,OH - CH,
Fructose Fructose cyanohydrin Hexahydroxy . o- Methyl

carboxylic acid caproic acid

_ III R Stereuisom_ers of (+) -Glocose

 (+) -Glocose is an aldohexose and contains four asymmetric carbons. Therefore sixteén- stereoi-
- somers (2° = 24 = 16) ie, eight pairs of enantiomeric structures are possible for the structure, _ "

'-(I:HO_
- "ic'HOH-
« (FHOH._
* awom
. (LHOH | | o o
K o

* indicates the asymmetric carbon atom.
All these sixteen isomers are known, Glucose, mannose, galactose are some of these,

256 CONFIGURATION OF (+) - GLUCOSE

. (+) - Glucose can have any one of 16 possible configurations. The question is, which configuration _
ithas, Emil Fischer completed his work-on the configuration of (+) - glucose and other aldohexoses in
- 1901, For this outstanding piece of work he was awarded Nobel Prize in 1902, Glyceraldehyde, CH OH-
*CHOH-CHO, has one asymmeuwic carbon atom and may exist as dextro and levo forms, Fischer

. CHO

'ci’ﬂoﬂ . . H on
‘D) glyceraldehyde . L(-glyceraldeh yde
L F“;sch.er assig'ned conﬁgurations_to (+) -gl ucose and other sugars, iaking (+) -glyderaldehyde as
. xeference, According to Fischer and Haiworth, sugars wi_th'_-QH group on the rightside in the fifih position
oron carbon atom fifth from the top (C-5} in the Fischer projection formalac, are called D-Sugars. Thus
(+) =glucose and (-} fructose are D-Sugars. ' .




"Fiéche_r'&s'signe_ii fonoﬁ'ing_c nﬁgurjétior'isié'@)-_;gmﬁqse and {-) .‘fmctdsé'."" "'_ o
| o CH20H o
Hl? o . ¢=0
" I_-IO-.-C—-_H o Ho--(l:é-H
H—-:C-—OH | - H-.-(l_l--OH
H--ki:—-on - | H-—(%--OH
‘cHOH - CHOH

D) - GIIUCQ_SB D(-) -:chtflse -

757 SOME GENERAL REACTIONS OF CARBOHYDRATES

1. Molisch test:

To a mixture of alcoholic & -Rap ol and an aqueous sofution of carbohydrate, addition of conc. '
H, SO, from the sides of the test tube, develops two layers with ared to violet ring at the junciton. Thisis
known as Moisch test-a characteristic qualitative st for carbohydrates. ' '

2. Oxidation:
~a)  Reduction of Tollens" and Fehling's Teagents:

All monosaccharides (aldoses and ketoses) are o - hydroxy carbonyl compounds. They redace
Tollens' reagent and fehling's reagents. These tests are characteristic ofo - hydroxy carbonyl
compounds, This test is not useful to differentiate between aldoses and ketoses. Further, aldoses
and ketoses undergo decomposition and {somerisation in the akaline medium employed in these -
tests. ' : .

=

p) Oxidation witli Lromine water

This reaction is useful 0 differentiate aldoses from ketoses. Bromine-water oxidises only aldoses

but not ketoses.
CHO -~ - %00
l _ :
(CHOH)n  Br/HO (CHOH)n
. —> !
CH,0H - CH,0H
* An aldose . An aldonic acid

c} Periodic acid oxidation

Periodic acid cleaves the carbon-carbon bonds in vicinal diols and o - hydroxy aldehydes and -
ketones. An aldohexose consumes five moles of HIO,. . L

sHiIO, - _
 oHC - CH- CH- CH- lCH—-CHiOH "3 HCHO+SHCOOH
OH OH OH OH - |

A pentahydroxy aldchyde
(An aldohexose) :




- Inthisreaction " five moles of formic acidand one mole of formaldehyde are formed. a-CHO group-
- adjacent to hydroxyl-bearing carbon is oxidised to give formic acid. Similarly a hydroxyl bearing carbon,
- flanked on either side by hydroxyl-bearing carbons is also oxidised to give formic acid, A primary
- alcoholic. group with an adjacent hydroxyl-bearing carbon is oxidised to give formaldehyde, .~

3. Osazone formation and epimers

Both aidoses and ketoses contain - hydroxycarbdnyl fﬁnction. They react wilh'_phenlyhj’draziné to

give osazones. Three moles o phenylhydrazine are consumed and one molecule each of aniline and
ammonia are liberated. : ' B ' ' '
CHO : o . S o
{ CH=N—NHPh - _ CHOH
CHOH _ I ' o :
I 3Ph'NH;NH; C=N—NH-Ph 3 PhANHNH, C=0
{(CHOH)n > | T
i (CHOH), +PhNHy4-NH, {CHOHY -
CH,0H | L ' I _
: _ CH,0H. ' CH,0H -
An aldose o Osazone : '

A ketose

First mole of pheny!. hydrazine reacts with the carbonyl group. The second mole oxidises the

alcholic group tocarbonyl group while itself getting reduced to aniline, The carbonyl group thus generated
.condenses with the third  mole of the reagent. ' o -

H-C=0 PhNHNH, H-C =N-NHPh PhNH NH, HC= N-NHPh PhNHNH,

L ———s ———3 | ~

-H-C-OH | -(CéHeNH; +NH,) C= o L '
: H-C-OH _ ) : '

~An aldose - J . : o

(only top two carbon atoms are shown).

CH=N-NHPh
| .
C=N-NHPh
_ . o '
o : ' Osazone
CHOH ‘4
1 PhNHNH,  CH,OH : PhNHNH, " H-CTZ=Q
. _!C=0 — ] 3 P -
b - C=N-NHPh -(CeH,NH,4NH C=N NHPh
o A Ketose . | _( o o+ _ ’). |
(only top two carbon atoms are shown) _
| | C=NNHPh

PhNHNH2 |
——  C:iNNHPh

Once the osazene is formed it is stabilised by chelation which prevents further reaction,




N Osazoné formation is not ‘only useful in the identification of carbotthydrates but also in the
* determinatinof Lﬁcir-co;aﬁguraﬁoﬁ's. For example, the two diastercomeric aldohexoses, D-glucose and D--
mannose, yield the same osazone. Osazone formation destroys the configuration about C-2 of an aldose.
Further aldohexose and ketliohexose with same configuration about C-3 to C-5 for instance D-glucose and

D-fructose, give a osazone.

CI-H'O - H(i-:N-N'H_Ph ' CH,OH
Cakow o bowawe o a0
| 3PhNHNH, ! 3PhNHNH; . |
HO-C-H —> HO-(III-H &~ HO-C-H
| _ _ _
H-C-OH H-C-OH : H-E)-’OH
| _ 1 :
H-C-OH H-C-OH o H-(\Z-OH
D-Glucose : osazone ' D-Fructose
CHO ‘
HO— —H R ‘
HO—|—H 3PhNHNH,
H—t-OH — 7
~ CH:OH
‘D-Mannose

Check your prdgresé -1
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4, Action of alkali {Lobry de Bruyn and van Ekenstein transformation)

~ D-Glucose, for inistance, on reaction with dilute solutins of weak bases eg. dil, calcivm hyd_mxide h -
yield an equilibriur m ixture of D-glucose D-mannosc and D-fructose. D-Glusose first tautomerises toan
_ enediol which can give three carbonyl forms (kctol'orms) via., D-glucose, D-mannose and D-fructose.

(%:H:.o_ | CHOH " CHO - - 'ClHZOH_
S T ([ .
H--C--OH ' C--OH HO--C--H (l:o
A _ | b
HO-C-H OH  HO-C-H ~ HO-C-H = HO--C--H
b N L == ' o o
. H-;(E--OH = H--iC'--OH A H--(i'l--OH H--C-OH == enediol
H—-(E--OH. H-C--OH - . H—-F--OH H--C--OH
_ P R _ |
CH,OH ' CH,OH 7 CHOH - CH,OH
D (+) - glucose encdiot . D(-) mannose D (-) -fructose

A strong solution of alkali on the otherhand breaks the molecule into a mixture of formaldehyde
and hydroxyacetaldchyde and other lower sugass. ' S




5. .
" The Kiliani Fischer Synthesis;
andalso in the determmauon of their configuration.

Lenglhenmg the carbon chain in aldoses

This reaction is usefui inthe synthems of hlgher mcmbers of aldoses

Following equations illustrate the synthesis of twa-epimaic' aldohexoses from aldopentose. L o

CN

! coou
" H-COH H- c OH
| H, | -H.O
HO- c H ——'->H0 c H—H-a
P— @ S
H- c O H H- c “OH
| 1
H- c OH H-C-OH -
!
CHJOH CH,OH

A aldopentose
cyanchydrin

|
C=0- " CHO
F
H- ? OH 0 Reduc- " H-C-OH
o tien - _ |
HO ? H NaHg HO-C-H
O —_ D B
H? - H-C-OH
S H-C-OH '
.. CHO ] H-.'-OH
e ko CH,OH
S HOC-H - A y-lac: CH,0H
. tone An aldohexose
H-C-OH HCN | (D-gluegse)
oo —————
: .H-C-OH CIN COCH
_ CH OH  HO-C-H ~_HO-C-H
An aldop;ntose : | H,0 - | H.C
HO:C-H—>  HO-C-fi —>
| H® [ A
. H-C-OH “H-C-OH
I |
H-C-OH H-C'OH
] g |
- CH.OH CH,OH
An aldopentose An aldonic acid
Cyanohydrin '
— T Reduciion _
C=o [ CHO
¢ - o1
o HCNI Ho-CH [ NaHg Moo
~ Aldo Pentose — - et
' HO-CI-H . HO-C:H
| .
"H-C——1 H-C-OH
. L o
: H-C-0H H-C-OH
_ | v
CH;OH' CH,0H

A Y-lactone

An aldomc acid

An aldohexose

(D mannos&) S




"The aldopentoSe_is converted into a mixture of two cyanohydrins. The cyanohydrin mixture is, .

hydrolysed to the corresponding carboxylic acids. These carboxylic acids are separated and converted

separately into ¥ - lactones. The y - lactones on reduction give aldohexoses.

6. Shortening the carbon chain of altio_ses:

Ruff's degfadation: An aldohexose can-b‘c_conver{cﬂ im'o_an' aldopentose by Ruff's degradation, The
~_ aldohexoseis oxidised to aldonic acid by bromine-walcr. Oxidation of the calciurn salt of the aldonic acid
with Fenton's reagent (ELO,/Ferric salts) yiclds an aldose with one carbon atom less.

FHO _ -?OOH .('cl;oo~)ca++ . CHO
_ i
H-C-OH H-C-OH H-C-OH HO-C-H
| Bry/H, | . CaC,4 ! H,0, 1 :
HO.C-H —-—~» HO-C-H ——& HO-C-H —— H-C-OH
| } l . | Fel+ . i
"H-C-OH H-.CIT-OH H-C-OH H-C-OH
P _ - b o
- H-(i-OH H-lIZ-OH " H-C-OH CH,OH

An aldohexose
(D-glucose)

7. Conversion of an aldese into its epimer (epimérisati'on) '

Gluconic acid - Calcium gluconate  An aldopentose

Aldoses which differ only in the orientation of -OH group at o - carbon atom are called epimers.
Interconversion of epimers is known as epimerisation. The aldose is oxidised to its acid by Br,/H,0O, the
aldonic acid is epimerised by treatment with pyridine 10 give an equilibrium mixture. Two cpimers are
separated by fractional crystallisation and the appropriate isomer is converted into ay - lactone and then

reduced by sodium amalgum to give epimeric aldose.

.CHO (EOOH
i _ _ .
‘H-C-OH H-C-OH .
1 Brz/Hs0 1 Pyridine
HO-C-H > . HO-C-H >
| _ .
H-C-OH H-(‘?-OH
[
H-C-OH -H-?-OH
i . .
CH,OH CH,0H

Epimeric aldonic acids
(This can give D-glucose
through 7-lactone) -

An aldohexose
{D-glucose)

8.  Interconversions

a) . Aldohexose (glucose ) to ketohexose (fr'uctose)

o
H-C-OH

COOH

1
HO-C-H -
{ -H,0 .
HO-C-H ——=>

! s
H-(?*OH_'. .

CH,OH -

An aldohexose is firstconverted into phenylosazone. The phenylosazone is hydrolysed to Osoﬁc,
which is reduced by zinc and acetic acid 10 give the ketohexose. Zine in glacial acetic acid medium reduces

aldehydic group in perforence to Keto group.




H—_‘(I:='o .

A Y-lactone

| T &
HO—C—H Excess - HOC—H H;O .
s I —
H~—‘—0H _ PhNHNH, H—C—OH :
b _ Y
H—C—OH H--C—OH
"CH,0H CH,OH
An aldohexose Phenylosazone
{D-glucose) o
CHO ICH;OH
I .
C- 0 _ C-0
- ' N ' F
HO—C—H Zn +CH3;COOH HO—C—H
. 1 —_— 3
H—C—OH . Reduction H-—CI:——OH
H—C—OH H—C—0H
- CH,0H CHOH
- Osone A ketohexose
S (D-fructose)
) A kétose to an aldose
?H20H - CH.OH I
C=0  Na/H CHOH .
b 2 oM ENo,
l(CHOH)s (CHOH), . T-’
] ' I :
CH,OH _ CH,OH 3
A keto hexose . Hexahydric - CH,CH
: alcohol ]l
~ CHOH -
. _
~ (CHOH),
I
CoH
COQH 0.:-C —
| CHOH  —— CHOH - O Na/Hg __!C.H.OH )
(IC_HO.H)S___ FH_OH | . H% B ({';HOH)R_'
CH.0H H—;’.L— | CH,OH
'[CHOH “An aldohexose .~
CH,OH |




'I‘he kcto hcxose is reduced-b Nang o gi ca hcxahydnc alcohol. The hexahydnc a};cohoi is

oxidised by nitric acid w0 a monocarboxylic acid {only one of the wo terminal - CH,OH groups being -

oxidised, This mono carboxylic acid is converted intoy - lactone. Reduction of the'y - -lactone by sodium

amalgum in acid medium gwes the aldohoxose Inthe. abscnce of acid medium, the reduction may goup. '

“to alcohol smge

__'25 8 CYCLIC STRUCTURE OF D {+) GLUCOSE

_ Open chmn structurc of D (+) ~g1ucosc cannot cxplam a number of reactions.

i) . D{+)- glncose does not undergo certam reactions of aldeb ydes

' D(+) glucoso reduces Tollens' and Fehling's reagents, but it gwos a nogatwe test with Sohlffs |

reagent and does not form sodium brsulphnc addition compound
Y Mutarotatmn
Glucoso when rccrysmlllscd from watcr mclis at 146°C Its aqucous soluuon shows spcciﬁc

rotation of + 112° and upon standing this value gradually chungestoa constant value of + 52°. A sample
of glucose recrystallised from pyridine melis at 150°C. Iis aqueous solutions show a specific rotation of

+19°% which steadily increases to a constant value of + 52° The change of optical rotation of a compound -

with time is called mutarotation, The glucose with higher posilive rotation +112%iscalled o -D (+)
:glucoso and the one wnh lower positive rotation (+19°% is called B-b (+) -glucose.

. Check your progress -2

. What is mutarotation?

.._u'..-...-..-.-..,--.-.-....-.............-...--...-......-.-.......--..--...-.,-.-.._.

i) D (+) -Glucose forms two lsomenc methyl D- glucosldes

" We know that aldchydes react wnh alcohols in the presence of dry HCl to form acetals. The .

aldehyde on disselving inalcohol forms an equilibrium mixture of aldehyde and hemiacetal. Hemisrptals
are unsrablc and are converted into acetals. on" in the DrEsCNCe of dry HCI and excess of alcoho

-k C+4,0H b : — o
iC:Q QT —— -CII—OCH, C e ' '-?'O.CH“ ,
o T - ockHs
An _aldehyde' . Hemiacetal : ' acetal

' ' {(unstable) . '. - (stable)

“D(+)-Glucose whon ireated with methyl alcohol and dry HCI forms methyl D-glucoside. Mcthyl- .

D-glucoside contains only one methy! group but still rescibles regular acetals in properties. It is quite
stable and docs notrevertio glucose and imcthanol. Further, two isomeric methyl-D-glucosides are formed
- in the reaction of D-glucose with methanel in the presnce of dry HCI. These arc called methyl o - D-

glucoside and methyt B-D-glucoside. Thesc giucos:dos do not exhibit mutarotation and do not reduce

Tollens' or Fchlmg § reagent.

- All thicse obscrvalions suggestacyclic structure for glucose. A cyclic structurc for glucose may bc '

- oblained by intramolecular hemiacctal formation between the aldehydic group and C,-OH {hydroxy group
w 011 & - curbon) of glucose. The configuration of D-glucose is given in the following Flscher projection. In
*c this the.-OH group on C-5 is above the plane and therefore can not interacat with the carbony! carbon. For

90 lhc formation of hcmncctalbctwoon OH group (on C- ) andihccarbonylgroupof glucose, rotanonabOuL .




C,-C, bond s rt?quu'ed “This tn‘mgs the two mlarac ng gmups in favourable orientation i.€, ins the same -
i --pla_ne Intmmolecular hemiacetal formation betweetiibe crbonyl carbon and -OH | group on C teads 10 two .

8ix nmmbered strictures called pyranose structures; They are- callcd D- glutopyranoses. “Thesedifferonly -

-in the ‘grientatin of -OH group on the ncwly crealed 28 mmeiric ccmre (C—l) The pyranose structure.in -

. whichi'the -OH group op C-1 is 1o the right is called B:- D-gluco-pyranose, and the othér one is caliéd o
=D glucopyranose These vertieal -gxide ring strucnmcs may also be written in the form of Haworth -
;'structures ‘The vertical structure is tilted in such a w way thatthe ringis ina plane perpcndlcular e that of

. . pape.r and ring Oxygen is in the upper tight hand corner of the ring, The grougs oriénted on the nghtmde;. - R

" in vemcal oxide strycture become oriented below the plane or become afpha, in the Haworth. structure, -

. ~and vice versa. The thick liries indicate that the carbon framework is eloser to the observer. Thus e - ‘D .. -
-glucopyranose and B-D- glucopyranose differ in the conﬁgurauon about €- k. In theé former the -OH oL

C-r Carbon is known as anomeric carbon; D{3) -Glucosce exists mainly as an equilibriam mixtuse of o .
."~~and B-D- Glucopyranoscs wuhavary smafllquanmyas pcnfahydroxyaldosc Matarotation of d-glicose:
¢ .duc o the conversion of one pyranose form into anothcr lhrough the ¢ Open chizin form '




- ia=P-D-Glucopyranose (Haworth structure) )
‘Tb= B -D-Glucopyranose {Conformational structure}
" Ua=a-D - Glucopyranose(Haworth structure}
b= - D- -Glucopyranosg(conformational structure)

More me:;ning_fui conformtionak snﬁciﬁfes'may bewriuen'fo@r{z -D- gluco-.pyranose andf ~D- o

. glucopyranose. These siructures clearly reveal the axial and equatorial orientation of the subsﬁnlem_s;' o
- Following arc the vertical »xide structurcs, Hawarth struciures and conformational structures for methyl - -
- o -andmethyl B-D- gluconyranosides. g o R

w—cocky | PR
H—C—OH } oo .
_ & |

: "HO-.-'(‘?-H HO ™
H—C—0H. '
uonlc?(li —
: fa - _
- wpo- m :
T pec—on 1k
R A o
Ho—¢~" \
;'Hféfdu
e
3 1.. Methyl - & - D-glucopyranoside.
.. Methyl- 8 - D-glucopyranoside. =
{ Ia = vertical oxide struclure © 7 lla= Vertical-oxide structure -
: . Ib=Haworthstucwre - - Ib=Haworth structure, -
I¢ = Conformational structure’ - Tie = Conformational structure

© . Tt can be'seen that due 0 orientaiion of atl butky groups in équzito_rial 'confonnaﬁoﬁ._'ﬁ' D-

glucopyranose is sterically more stable than the - D - giucopyranose. Thercfore the equilibrium mixtre

.contains.relatively larger amount.of B - isomer. Glucose and other aldohcxoses may. also bg expected o
be present as S-mombered rings. i.c, as furanoses. Following arc the steps involved-in-artiving at the
- furanose structures for D-glucose. - o C e _ -




-tdtag_ﬁo-.h- about .

HO“zC HOHC —

H;O"‘;"
H —

HOHzC HOHC———'.

I=a-D- Glucofuranose
H=p3-D- Glucefuranose

!

Ia = Vertical oxidc_'stuct_ure la= Verucal oxide structurc
Ib = Haworth str-ucwr'c - IIb Hawarlh sl:ructure

. _-Simlfarly pyranosc and furanose structures are pOSS‘lblc fora ketohcxose cg D-fruclose.

| S EHOH y
- - o - N - DR . G0 -

D-Fructose _
(Acyclic structure)




"o eiher side of the hydroxyl bearing carbon will occur 1o give & mixture of dicarboxylic acids. If the.
‘o and B -D-glucoses were in pyranose form, the tetra-O-methyl -D-glucose will have a free-OH group
- onC-5. Detéiination of ring size becomes a matter of finding out which carbon carried a free-OH group,

* When methyl - - D - glucoside, for instance, is treated with methylsulphate and sodium hydsoxide and-
 the product is hydrolysed by dilute hydrochloric acid, a mixture of - - tetra-O -methyl - D - glucoses -
- isobtained. In addition to.these thereexists a little of open-chain form. This open-chain tetra- O - methyl
~ -D-glucose, and o and § - tetra- O - methy] - D - glucoses contain an aldehydic group and four -OCH,
© groups. They also contain a free or unmethylated - OH group on the carbon initially involved in the

hemiacetal formation. Ifthe a-and B -D-glucose were in pyronose form there shouldbea free-OH group o

on C-5 in the tetra - O -+ methyl - D- glucose. Oxidation of 2,3.4,6 -tetra -O-methyl-D-glucose should

yield a mixture of trimethoxy ghutaric acid {five carbon containing acid). anda dimethoxy succinic acid - S

- (four carbon containing acid). The formation of dicarboxylic acids containing 4 and 5 carbon atoms oR

nitric acid oxidation of o- and B- tera- O~ methyl -D-glucoses indicates that thiere is a freee hydroxyl -

. group on C-5, and the oxidation of carbon chain has occured on the either side of hydroxyl containing
carbon. If a-and B - D - gluceses were present as . S- membered rings i.e; furanoses, a mixture of

dicarboxylic acids containing 3 and 4 carbon atoms in the carbon chain. (dimethoxy malonic acid and

- dimethoxy succinic acid respectively) should have been obtained. Actually on oxidation of & andf- - o

tetra - O- methyl-D-glucose with conc. HNO,, a mixture of dimethoxy succinic acid and trimethoxy
glutaric acid is obtained indicating the D-glucose is present in pyranose form. :

ocHy. _(CHs) $oa |
. NaoOH '

ocH, ~ dil. Hcl .

 1)pD-Glucose 2). Methyl-p - D- glucose.

- 3). Methyl — B -2.3.4,6- setra - Q- mothyl - D- glicoside

4).2,346 - Tetra - O - methiyl B-D - glucose -




?oou
“H— < —OC H3

I' : . . el - gltltl.r. P
el e T : coon - [Fta cmo-c~—a
e CH30—C—H !_!%-9- o | CHO=C=H e B IR L
' H%!fﬂ:m_ ' "-'c':'bt 10 i ?00'“
s . e %‘F_‘.'I CH,0-¢—H L
9 2346- Teﬂ“a 0= methyl D- glucose (opcn cham rnrm) '
. 6) - Ketoacid _ |
| )" Trimethoxy glutaric acid : L ‘
] 3)- Dimethoxy succinic acid. -

25.10 SUMMARY L

. Carbnhydmtcs are namral pmducts “I‘hey areopucauy active polyhydm:;y aldehydes erketanes .
lhnsesubstances which on hydrolysm give the above. Carbohydrates are ¢lassified in two wayshased L
on their nature and hydrolysis. Structures of monosaccharidés can -be established based on their simple -
‘reactions. The reactions of monosaccharides, theiri intcreonversions, epimerlsauon, extensionofcarbon -
Skeleton anddegadm:on are presented in'the form of their chemical propemcs i the unit. Variation of
speeific rotation of reducing sugars in aqueous solution with time is, called mutarotation. In order 1o

-account for all the chermcal properties of glucose, cyclxc structures werc propascd 10 i, Free glucose and
fm:mse emst a5 pyranoges

1 MO%BELEXAMINATION QUESTIONS T

L Amwer each of the followmg in 10 lmes ;

L _-_._Wme the open cham structure of D—glucose and its C-2 epumer Wnle thc open strucum: af ;he
S kﬂtohexese whlch gives the same osazone as D*glucc)sc.

_ Wnte me apen cham structure and vemcal oxndc structure, Hawoth and conformanonal fon'mliae |
Cofo- E—glucapyranose and melhyl {3 D- qucopyranos1de '

| ‘Write the structires of Al 10E obtained in Lhe followmg reactions. wme confonnanonal su'uctuzes .
whereever necessary ' . '

CH:OH+ HCI (CH)280, dit HCL Conc I-INO o
A 3 B — SC "-—J)DandE
NaOH =~ o

| -__}_._z:»glucdse
Ca Dcl“methe following

- 000 ) Empimers i) Anomers i) D-Sugars




Answer each ot‘ the followmg in 39 lmes .
Sl Formulaw the followmg conversxon wuh sunalc examples

1} -An 'aldohexose -'A kcthoxose

ivy . An aldopemose

o i)Y - Akewhexose. ey An aldohexose™ . L
"~ jiiy - -An aldehexose = . An aldopentose - '
- An aIdohexose -

.' _' 2 | - How are carbohydrates class:fied" How is the structure of an aldohcxose estabhshed‘?

C 3. o DISCI.ISS the cxpcnmental cvldence in favour of the cychc structore for D glucose. How 1sthermg .
' s:z.e dctermmed L o

4, ‘Wite notes on,

) __'.-Mutarotauon. S
- b)«. Lobryde Bruynvan Ekenstem rearrangemem
. _g)  Oxidation of aldohexoses. oo o :
: d) --"'_thamsysnthes:s S o S

_25 12 MODEL ANSWERS TO CHECK YOUR PROGRESS

. _-_f. _ '_Glucose. fructose and mannosc o form thc same Osazone due 10 thelr 1derrucal conﬁguratmn atC-

3C-43ndC5 :

| '__':'_2; - Chafigec of spemf;c fotation of sugars in aqucous solunon wlth tlme is callcd mut_aromﬁoﬁ. Itisthe -
characwnsuc pmpcrty of rcducmg Sugars _ - SRR

Author: Dr. PSN. Reddy .
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* 261 AIMS AND OBJECTIVES

-of their structural elucidation. To give an elementary idea of gccurence, structure and utility of common
. poly-saccharides viz. cellulose and starch, : ' S : '

To introduce the salient Sructural featrues of some common disaccharides and the general methods

After a detailed swudy and understanding of the contents of this unit you must be able to;.

. describe the mode of linkage of monosaccharide uni;s inreducing and nonreducing disaccharides,
. _ 'el-ucidat_e.the structures of some typical disaccharides - .suc'rose, maltose,cellobiose and iactose
. _givc the _Suuc:me and t_m‘lit'y of céllulg)se and its dervatives among polfsac;haridf,:s
_ *. o ﬁreseﬁt the structure of _sfamh - - a.mylo§e and f3- amylose |

262 INTRODUCTION

C,H,0,+ .Hzo_ T C6H1.206+'C6HI'206-

Sucrose - D-Glicose D-Fructose

' C}I 2Hnou+H20 - ZCﬁHrz-Os :

Maltose . B - D-Glucose .

ClZ H22 011 + HZO - . 2C6H1206

Cellobiose ' - D-Glucose

C_iz Hy, 0, + HO e T CsHuOs"' Cstzos B
" Lavtose - - S . D-Glucose Galactose ... .

. A monosaccharide unit, D-glucose, for instarice, may theoretically combine with another mong- -
saccharide unit by eliminating a molecule-of water 1o give adisaccharide. ' '

GE2GH,O S CLo v HO s
© D«Glucose - Adisaccharide : e ]

rs




00

If the two monosaccharide units are linked through their anomeric carbons, the resulting

. disaccharide is called non-reducing sugar. A non-reducing disaccharide does not exhibit mutarotation.

Sucrose is a non-reducing disaccharide. On the other hand, in reducing disaccharides the hydroxyl group
on the anomeric carbon of atleastone monosaccharide unitis free. Cellobiose, maltose and lactose are all
reducing sugars. In disaccharide formation the hyroxyl group on anomeric carbon of a monosaccharide
unit with the hydrogen of the -OH present on the anomeric carborn of some other carbon of the second .'

monosaccharide unit is lost as water.  Thus, disaccharides may be considered as acetals of two

monosaccharides.

263 SOME TYPICAL DISACCHARIDES

A. Sucrose: Sucrose is ssually obtianed from sugar cane. Therefore it is also known as cane sugar.
A brief account of the s TuCture elucidation of sucrose is given below. '

1)  The molecular fos nula of sucrose is CH0,,- It does not redice Tollens’ reagent or Fehlitig’s ¥
reagent. I does not exhibi. mutarotation and does not form osazone. These properties suggest that there

is no free carbonyl (aldehy«i~ oF ketonic) group i SUCTose..

| 2} ° Hydrolysisof sucrose by dilute agueous acids yields D-glucose and D-fructose inequal amounts. _

<5
R RO -
Cu__szou + Hzo "__") Cﬁ_HuOﬁ"' CsHuOﬁ
Sucrose | . D-Glucose D-Fructose

Thus, sucrose isa disaccharide. In sucrose, D- gluéose_', and D-fructose units are linked through their
anomeric hydroxyl groups. Maltase - an enzyme specific for cleavage of ¢ - glucoside linkage also

- hydrolyscs suctose. The mutarotation of D-glucose, produced on hydrolysis, i in a downward direction.

n otherwords, on hydrolysis of sucrose, D-glucose is Tiberated first. Therefore D-glucose is linked by its
a.- bond to a D-fructose unit. - ' ’

y HOH2C _ HO

N/ : NS0, N M HZC\C/
7/ Non HOZ TSN

_ Anomeric Anomeric ' Linkage b.etw‘e:en
carbon of carbonof . ' D-glucose & d-fructose
D-glucose D-fructose - - in sucrose

3) Complete methylation of sucrose followed 'by mild hydrolysis gives a mixture of 2,3.4,6 - tetra -

O - methyl - D- glucopyan0se and 134,6-tetra- O - methyl-D-fructofuranose.

Sucorse ' -
(CH,250,+ NaOH
Octa—O-méthyi sucrose
dil. HCO1
_ 3
CH;OCHs
~CHyOCHy
o - oM
| CH§ W |
“ . .
2,34 6-Tetra-O-methyl _ : S 1346- Tetra- O-methyl
D-glucopysanose - _ " D-fructofuranose

(mixture of two anomers) (mixture of two 2nomers)

R
L




. With the exception of Blycine, in all other amino acids the o -carbon ig asymmetric (attached 1o
four different &roups) and hence ali amino acids except glycine are chirgl molecules i.e, exhibif optical
isomerism, . Alt- the naturaily occurTing amino. acids have L-configuration at the asymmeétric carbon,
However, the ¢ - amino acids with L-configuration may be either dextrg Totatory or levorotatory,

S
3

!
[

i

H.ZN b

o il 3
A
X

L. amiro acids

22.4 SYNTHESIS OF o- AMING ACIDS

© Many of the amino acids can be obig; ed from protein hydrolysate, but it i more conivenient o
obtain them by synthesis. Thus allof the racemic am inoacids are synthetic and are piepared commecially,
Several general methods are known for the synthesis of o -aMmino acids. A sitable method can be chosen
keeping in view the availability of starting materials and the type of amino acig required,

1. Amination of ~halo acids: o- Halp acids are easily prepared by direct halgenation of the corre-
sponding acids (Hell-Volhard-ZeI insky reaction). Direct amination of a-hato acids using excess of am-
- monium hydroxide results in the formation of aminoacids, Th s, o —bromopmpionic acid onreaction wigh

excess of ammonium hydrdoxide gives alanine, _

Bry + —
CH;‘CHg—COOH_—-;h)CHy—CH_COOH NH, OH

PBT; ;
: Br excess
CH;—CH--COOH o
. |
NH2 Alanine

: It ammonia is not used i excess, formation of
reaction which will reduce the yield of ‘the amino acig,

“2. ' Gabriers Phthalimide synth
rivatives of an ester with i

For example, the reactio

secondary and tertiary amines is a possible side

45




L aycooH | o
| -CH-CH-"C.O_OH_ T
thyl-0-bromo propionate 4.

1, Pthatimide 2. Potassium pthalimidate 3.E
ob'rdmb derivative of diethyl malonate reacts with potassiusn salt of

Alanine

3. Froin malonic ester: Mon

phthalimide t0 give N-phthalimido malonic ester.
C00CoMs CO0CMs @:&K"
Lo P2, cwer --
L 2 CCi, | 9
J _ COO'CZHS COOCZHS

o

N-CH (COOCzHg);

o
' N-pthalimido'malonic ester.

" The ester may be alkylated by & variety of alkyl halides. Vigorous acid hydrolysis of the resulting
and decarboxylation of the amino

coﬁpoundcauses hydrolysisof both ester group and phthalimido group,
_dicarboxylic acid. | N _
0

o | A,
d:n—cmcoocj s (i:u-c (00T, Hs)2

' : - 0.

o

| L

B, N—-—E‘. (COOCZHS)Z %ﬂﬂ-(:lH_ COOH -
0 . . |

hegis and is a useful .géneral method for

malonic ester synt
the synthesis of amino acids using this

S This method is essentially a variation of
Some examples of

the synthesis of 0-- amino acids in good yiclds.
method are given below:




b

" Cis-1,2 - dibromo .~ - Trans-1,2-dibromo .
cyclopropane _ cyclopropane

Br BY | Br - H
Cis-1,2 - dibromo _ Trans-1,2-dibromo
cyclopentane cyclopenlan_e‘ .

Cis-trang isomeris:n is also exhibited byl3- disubsﬁtuled cyclopeméﬁes.-

- 3. Optical isomerism;  Certain disubstituted cycloalkanes, when suitably substituted exhibit optical
_isomerism. Tran$ 1,2-dibromo cyclopentane, for example is not symmelric. When there is no plane of
symmetry in 2 molecule two non-superimposable isomeric structures, bearing mirror-image relationship, -
are possible. One of these isomersrotating the plane polarized light 1o theright is called the dexirorotatory
~ isomer. The other isomer rotating the plane polarized light to teft is called the levo rotatory isomer, -

H H

i
t
i
|
'
|
[
|
!
!
i
1

" MIRROR

nuu-superimposable mirror images of trans - 1,2 dibromocyclopentane

s - Ontheother hand, cis-1 +2-dibromocyclopentane possesses aplane of Symmcuy. A plane bisecting
. Cl'

C,bond and passing through C, biscets the molecule into two identical halves. Therefore a symmetric
molecule like cis-1,2-dibromocyclopentane is optically inactive, '




PR EITPUR S of

Plang ot Symmetry

B. . addiiien re’ai:tions’:_ BeSidéﬂhé free-radical substitulion reactions that are characteristic of
_ cycloalkangs, small ring _compounds like cyclopropanes and cychlobutanes undergo certain addition
_reactions. During these addiﬁon-.reacﬁons the cyclic structare is ep_ened up giving aliphati(_:_compounds. _
H,/Ni CH,—CH,—CH,  Propane
> i :

at 80 % ~H H
Brg © .CH,—CHy—CH, 1,3-Dibromo
. Cyclopropang-——- > L propane
thasihtas : CCi; Br - Br
Conc. HI 'CHQ-—-CHg——'CHg' _n—Prop\rl iodide

_ - Cyclobutane also undefgoes

- pounds containing five carbons onwards do not undergo these addition reactions. *

237 BAEYER STRAIN THEORY

Tn 1885 Adelf Von Baeyer proposed a theory to account for (1) the reactivity of ¢yclopropane and
cyclobutane in addition reactions and (2) the difficulty in the preparation of macrocyclic rings. This is
known as Baeyer strain theory. In alkanes or paraffins the carben atoms form four covalent bonds with
~ other atoms and the angle between any pair of bonds is 109° 28'. Bacyer assumed that all cycloalkanes
. are planar. Based on this the C-C bond angle in cyclopropane would be 60°. Similarly in cyclobutane the
bond angle would be 90°. Thus the carbon-carbon bonds in cyclopropane and cyclobutane are bent inward
from its normal bond angle of 109° 28", This deviation of C-C-C bond angle (49°28' in cyclopropane and
" '19°28" in cyclobutae) is responsible for strain in cyclopropane and cyclobutane
molecules undergo addition reaction and relieve theirbond angle strain by ring op
thie magnitude of the deviation of bond angles in ethylenc andvarious cycloakanes
angle, and on that basis calculated angles of distortion in these molecules, .

e’_ning.Bacyercalculated

Motecale Deviation qf_ Angie Of._
bond- gngle . Strain

. 10828=0" e
.CHZZCHZ '—““—2—‘(2‘ . S84 L4

2ddition reactions but only at high temperatures. Alicyelic com-

molecules. Therefore these

from normal tetrahedral

#




2 o [
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109 28'— 120"

-5 16 (outward),

%, 109 28'—129"

_¢ 46 (outward) -
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progress- 1

c by dpane and cyclobutare undergo fing opcning reactions?
. ) L Lo o * h .

...............,.,.. .........................................

¥ MOHR THEQRY

planation for the above ( iscréepancies in Bé'eﬁfcf theory. He suggested that:

ssentially planar with TeSpect Lo the carbon atoms. .

toms are ot planar buf have puckered or non-plattar




in _cyc'ldhexane the Eihg' may be pré’sém m twé conformations - Chair and Boat conforrhation. In
_these conformations the C-C-C bond angles arg 109°28". S
 The chair and boat conformations of cyclohéxane are fr¢e'from bond angle strain. - .

W Cw

H
Bbat-Confdrmation of

Chair Conformati_on of (
' Cyclohexane

Cyclohexane

- Sachse's proposal was initially discounted on the ground that cyclohexane has been obtained only -
in one form.In 1918 Mohr revived theidea and poinied out that inteconversions of boat, and chair forms
can be accomplished in the models by rotation at C-C single bonds, without distorting the normal .
tetrahedral angles. Thus the (wo possible forms of cyclohexane may be s0 closely equivalent in energy
content to be indistinguishable: It was Huckel who later btained two steric forms of decalin viz. cis and

trans decalins.

Check your progress - 2

...................................................................................................................

..............

0] Cor’:formatiohs of cyclopentane
In puckared'conformation of c_yclopcn'tane,' four carbon atoms of the ring are coplanar and th :
- is pushed slightly out of plane. The puckered conformation ista -

 making them all cquivalent. An examination of the model of cyclopentanc reveals that the hydroge

. present on any Iwo adjacent carbon atoms which are, coplanar are eclipsed. Thus there 1S 3.1
. between the adjacent hydrogen atoms. This strain is due to repulsion between the adjacent
_atoms. This strain ..~ 0 repuision between the adjacent hydrogen aloms is called Pitzer s

e IMMT«

Envelope form of ccldp_entane _
Gy _Conftarma‘tibn’s of Cyuclohexane
In the chair conformation of cyclohexane ali the CH, groups are =~

" this cenformation there is no Pitzer strain and no bond angle sty '
of cyclohexane is converied into another chair form through a




- Invertase, an enzyme specific for the hymﬁl-ysis of - fructoside li'nkages 1n Sugars also hydrolyses

- _ Iﬁvéftase : >
CH 0, + HO ———> CH, 0+ CH, O, )
: : _ D-Glucose D-»Fructose ) preas
In sucrose, therefore, D-fructose is linked to frb-glucose, through its B - bonid, All the reactions

mentioned above suggest that sucrose is o - D- glucopyranosyl B - D- fruciofuranoside or B - D- fruc-
tofuranesyl - D- glucopyranoside. C o

. HO H

_ Sucrgse

- . In the formula of sucrose, D-fructo furanose ring is shown inverted upside down L., aniomeric
carbon is shown to left, This has been down to allow glycoside linkage involving the hydroxyl group on
* the anomeric carbon of D-glucopyranose ring and she hydroxyl group on  anomeric carbon of D-
fructofuranose ring. The structure of sucrose has also been confirmed by periodic acid oxidation studies
and synthesis. The synthesis of sucrose (R.U. Lemieiix and G. Huber, 1953) has been described as the

"Mount everest of organic chemistry”. ' o - '

Sucrose is dextrorotatory, whereas a sofution of the product of hydrolysis of sucrose (containing
equimolar amounts of D-glucose and D-fructose) is levorotatory. Due 1o. this the mixture of sugars
obtianed on hydroloysis of sucrose is calted invert sugar. . ' S '
B. Maltose: Itis obtianed by partial hydrolysis of starch. Its molecular formula is C,.H,,0,,. Hydrolysis

. of maltose with dilute meneral acids yields two moles 0f D-glucose. Maltose isa reducing sugar, exhibits -
mutarotation and forms an osazone. Maltoss is hydrolysed by the enzyme maitase, Therefore, the non-
- reducing D:glucose moiety in maltose is linked by ¢ - bond. :

Complete methylation of maltose followéd ' by hydrotysis of fesultjng octa-O;meﬂiyl_-mali:ose
- yieldsamixture of 2,3 4.6-1etra-O-methyl-D- ghicopyranose and 2,3, 6-tri-O-mcthyl- D- glucopyranose,

Maltose = :
[ (1) CHOH/HT)

U (2) (CHy)4S0,+0M

Octa-0O-mathyl - maltoée
(non-reducing)

ﬁ B | HOH\},Com_dilute;Hcr

Hipta-(}-m'ethyl-maltosd;a

' (reduci_ng)

HOH |I modera-tély conc. HCI

i
H

CH,0CHy

2346-Tewa-O-methyl - 0 236-Td-O-methyl- e
D-glncopyranose {two anomers) - o D-glucosepyranose (two anomers) S
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'Celtophane: When viscose is extruded on 10 rollers in an acid medium, thin films of cellophane:
are obtained. Cellophane is a useful packing material. . o :

Celtulosé dinitrate (proxyfin)- .

' Cellulose dinitrate is insoluble in ether and aicohol but soluble in 1:1 mixture of ether and water.
The solation is called collodion. When this is spread on a wound and the solvent allowed 10

nicknamed as new skin.

Celluloid: When a rhixturc of 'col_lodion'_and camphor is heated, a .gelati_r; is obta_ined'which

ii)
" thickens to a plastic. This plastic is called cellutoid.

© Cellulose trinitrate is called gun cotion, and is used as a propellant. -

: _g)- : Cellufose acetate

It is used in the preparation of safety glass and acetate rayon.

) ~ Safety glass is obtained by passing a solution of cellulose acetate in dcetone between two layers

of glass. This prevents the glass pieces from flying apart when shattered.

ii)  Acctafe rayon: Wtien cellulose acetate solution is forced out of a spinneret, fine filaments of
celiulose acetate are obtained. These fibtes are called acelate rayon. ' ;

C.  Starch:
The molecular formula fo. starch is (CH, O n. Hydrolysis of starch gives D-glucose in
quantitative yield. Methylation of starch produces a trimethyl derivative. This on hydrolysis produces

23 6-tri-O-mehtyl-D-glucose as the main product. Starch is hydrolysed by the enzyme digstase © gIve -

altose. Thus maltose unils are present in starch. i.e, several D-glacopyranose units are linked through
1,4,positions by a-linkages. : ' _ : :

A segment of starch molecule -

Viscosity measurments show that starch hashighly branched structure. Starch canbeseparatedinto
iwo fractions, o-amylose and B -amylose, When butanol is added to a hot colloidal solution of starch in
water and the mixuire is allowed to cool to room temparature a-amylose i$ precipitated. p-Amylose or
amylopectin is obtained by the addition of methanol to the mother liquoss. - Amylose is soluble in water

. “and gives abluecolour with iodine. - Amylose is insoluble in waier givesa violet colour with iodine. Both

the amyloses are polymers and their molecular weight depends upon the method of preparation and the

- starch used.

egvaporate, a transparent, protective film resembling skin is produced. For this reason pyroxylinis -




o

Check your progress -2

. Whati the structural differerice of starch and cellulose?

Ataarnrrarren ars B b T P

265 SUMMARY

- Disaccharides are the sugars which on hydrolysifs .give two moles of monoséccharides-.- The
methods of structural determination of the disaccharides:sucrose, maltose, cellobiose and lactose are

presented in the unit. Starch and cellulose are polysaccharides. Their uftimate hydrelysis product is.
. glucose. Cellulose in the linear polymer of glucose with 1,4-B-linkages. On partial hydrolysis it gives

cellobiose. Starch has a water soluble fraction amylose a linear polymer of glucose with 1,4-a-linkages
and a water insoluble fraction amylopectin a branched high polymer of glucose with T4and 1,6 - o—
linkages. starch on partial hydrolysis gives maltose. '

1266 MODLE EXAMINATION QUESTIONS

I Answer each of the following in 10 lines
1. -How is starch separated into two fractions?
2 Give the mﬁe of en.mz'yme (5} that hydrolyse the folliowin;g. _
) sucrose b)) maltose ¢} cellobiose dy lactose ¢} starch f) cellulose
3. What happens when sucrose is Successivély ircated wiils -..i ie following reagents? Write equations.

1 Answer each of the following in 30 lines -

L a)  Write the structures of segments of cellulose and starch. Account for the difference in their
properties. 5

b}  give a brief account of some usef ul derivativ:;%s of cellulose.

2.~ What are disaccharides? Outling the experiments that fed to the structural elucidation of sucrose.
3 What are polYéacch:ich? Qutline the experiments that helped in the elucidation of swructure of

starch and cellulose.

26.7 MODEL ANSWERS TO CHECK YOUR PROGRESS

1.  Botk maltose and cellobiose are the disaccharides of glucose. Thie former has or-1, 4-linkage and
the latter B-1,4-linkage. - ; :

. 2. - Cellulose is the linear palymerof glucose with B-Iink}qges. Starch has low molecular wei ght tlinear
polymer of glucose, amylose with o-1,4-linkages am? high molecutar wei ght branched polymer
-amylopectin with o-1, 4and 1,6 - linkages.” : ' .

Author: Dr.P.S.N. Reddy
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BLOCK 12

B OPTICAL ACTIVITY

- Optical isomerism isa branch of stercoisomerism, Those organic compounds which can rotate the
- ‘Plane of vibration of polarised light when it is passed trough them are called optically active substances.

Nicol prisrus have the ¢apacity to transform ordinary light into plane polarised light, Ordinary light has

07




Fisher projection formulae of the enantiomers of glyccraldehyde '(OHC-CH(OH-)CHIOPD, '
_"alar_iine '(HOOC-CH(_NHZ)_-.CH,) and malic acid (HOOC-CH(OH)—CHpOOH). cach containing one
* asyminetric carbon atom are given below. =~ .

CHO . CHO )
H o oM - HO- \————H
CH.OH . CH.OM
Enapusmers of glyecraldehyds
COOH L COoH
| : C . |
He —} NHe L HuN - H
T -
L ©ch, L CH;

: Enantiomers of alanine

COoH | . cOoM
i
. ! ’
H— — oK : HO— e
! |
CHCO0H i cH,COoH .
mirror

Enantiomers of malic acid

T_he isotopes, such as Hand D, arc differcat encugh to permit detectable optical isomerism. Thus,
ot-D-ethyl benzene, CHS-CH-(-D)-CéHs,'exhibils enantiomerism.

’ CiHs Cytln
Ii

H —n D—--——--—|

CHy CHz

- Enantiomers of ¢ -D-ethyl benzene -

275 MOLECULES CONTAINING TWO ASYMMETRIC CARBON ATOMS |

Natural products such as carbohydrates, alkaloids elc.coOntain two of more asymmetric carbon
atoms. When molecules contain two asymmetric carbons, both the asymmetric carbons may be attached - -
to identical groups or they may be attached to different groups. accordingly moleculcs containing twe
asymmetric carbons may be divided into molecules containing 1wo similar asymmetric carbon aloms, and
moelcules containing two dissimilar asymmetric carbon aloms.

376 MOLECULES WITH TWO SIMILAR ASYMMETRIC CARBON
ATOMS | _ |

In tartaric acid, HOOC-C (OH)-CH (OH) COOHeach asymmetric carbonis linked to the same four
geouaps i.e, -H, OH, COOH and -CH (OH) COOH groups. Thus (artaric acid is an example of compounds
with two similar asymmetric carbon atoms. In the case of tartaric acid, in all, these 1S0mers are possible-
two enantiomers (dextro and levorotalory tartaric acids)are oplically activeand the third one (mesotartaric
acid) is optically inactive. The Fisher projection formulac of enantiomers of tartaric acid and mesotartaric
acid arc given below. ' S

112




COOH LCOOH - o MR

HO

— W i L'H_‘_“_ﬂfﬁ_;q_*_OH'

e on Mo— |y

COOH P COOH
m mirror ; Y
Enantiomers of tar:ar@c acid

COOH COOH

3 _ : o
Hﬂhm—_—ihff--OH CHO———

] . or
H~—mf—--ﬁ;——*—ﬁvoH

CO0H .
v

COOH

I o |

H.

_— OH . MO—— Y
|
;: . Plane of Pt |

- T =
| Symmatey . o




I and IV enantiomers'whe';reés fIT and IV are diastereoisomers of V. Inother words, stereoisomers :
" that are not enantiomeric are called diasereoisomers. Diastereoisonters have substantiatly different = -
chemical and physical p_ropcrzics._ - ' : _

 Physical properties of tartaric acids

Tartaric acid _ - inH0O “MP.C* | Density § Solubility o
o . gllOO'ml'at__ZS"H'-zo o
1.  Dexirorotatory 1 + 1198 | 170 1.760 147

2. Levorotatory S L1198 170 | _1.760' . 147

3... Racemic N . ' - 205 1.788 . 25 -

4. Meso - - . _ - - 140 1166 120

Recemic acid has higher melting point and lower solubility than cither of its constituents.

o me-2.3 - diol, CH,CH (OH)--CH(O"H)—CH_',, is another example of compounds contaimng two
similar asymmetric carbon atoms, Uere also, a pair of enantiomers anda mesoisomer.are possible.

Chs B o CH
TP U . wo e
_ miirrof ]
Enaritiomers of butane-2,3-dio,
| CHs . ;o ~ CHy
| 'HO;-*—_—'i——-H >  HO——|-—H
'-H_m'l——;OH_ | HO ——|—— H
.iCH:; . | | o,

Mesoismher of butane 2,3-diol
Check your progress-2

What are diastereomers? S

IR PSRRPSSFEFLLERLTIL L okt A

277 MOLECULES WITH TWO DISSIMILAR SYMMETRIC CARBON

For molecules with two or more dissimitar asymmetsic carbon atoms thé:_n’tihi_ﬁer__df_ SIGICQISOMETS '

: willbe 2° (wheren= qumber of asymmetric carbon atoms). Thus for aldetetrose CHZOHCHOH-CHOH )
~..114 CHO (containing two d_issimilar asymmetric carbon atoms) four glercoisomers are possible. These four




dotcuoseare given below,

. Stereoisomers constitute two pairs of enan

SERVTER

H— __0|-|

HO——s|——it

iX

"CHy

L N

[ ——

CHy

CH,

o _‘——_——h.QH

-
&

O
X

“Erythro 'ehanh:omérs_( er,vthrés&s)
CHO 7 :

Optical isomers of! aldotetrose .

i
;
—

tiomefs.,

¥

HO——{—H

© CH,0H
Vi

CHO

—

HO~— |

—_bH

~ mirror

X
Threo enatiomers (threoses) °

. CHG

T —

H

|
i

ar . I Bre—— ——
B N - N
i

i

1

i - CHy
Ecythro enantiomers ;

; CH,
.

H

i

|

MO
Ll
ST o

threo enantionjers -

-;"'_optic_a_l isomers of 3-bromo - 2-'bﬁlano_l o

il

278 RACEMIC MIXTURES

by ¢

" A mlxtum of eq'ual'. arﬁoﬁms_of d

The projection féj‘ﬂﬁﬁ]aé-._gfffouf"stcrcc;@sdm@ig_ f

cHoH

extro and levo isdmers is called racemmic mixture. A racemic,

s optically inactive. This is duc to cancellation of the o :

5 by équal number of levorotatory molecales present in
ixture is called racemisation. . L

piical rotatory power of dextrorotatory - .
the mixture. The prg__c_,ess-ot_‘_dhlaipj_ﬁg-a' )




Resobation of racemic mixtures

' Aracemic mixture can be separated 0 give the two enantiomess in the pure state. This procossis - - 3

" called resolution of a racemic Mixture. Some of the important methods of resolution of racemic mixtures
ar'cg‘iven'bel'ow_. ST A : C _ _

@) Mechanical method: The first résolution by mechanical method was carried out by Lowis .

- other, Pasteur separated two types of crystals by hand. He found the two batches of crystals were idéntical -
except thatthey rotated the plane of polarisedlighttothe samé extentbutin oppositedi;eétion. Thisinethod
of separation is tedious and cannot be applied to ail types of racemic mixtures becatse (i) all compounds .
d6 not crystallise into readily distinguishable crystals, (i) the separation is very slow and (iii) cannotbe -
applied to liquid substances. A _ : ' ' o

fiochem; ¢l method: This method depends on the ability of living organisms 10, destory or’
S r3pidly one enantiomer. Pasteut found that d-ammonium tartarate is destroyed mare

rapidly than the I-isomer by Penicillium glaycum. Similarly it was observed by Emil Fischer that D-'
glucose Appendix-HIcanbe fermented by yeast while L-glucose isunaffected. The success of thismethod

" “therefore depends on the availability of an organism that can destroy one.of the enantiomers. Another -
disadvantage of this method is that only one of thic enantiomers ‘< recavered and the other is destroyed.

. Avery useful applicationof this techiiique is in the separation of racemic mixtures of amino acids.
In this method a racemic mixture _pf_amino acids is acylated. The. racemic mixture. of N-acyl amino acids

* 5o obtaified is subjected 10 hydrolysis in the presence of an enzyme, acylase or-amidase. This enzyme: o
_selectively hydrolyses acyl derivasive of L:amirio acid, and the N-acy] D-amino acid isunaffected. The - )

hydrolysedL-aminoacid iseasily seperated from thedcylated D-amino_aclid-.'Hydro]'ysis ofthe latier yields

pure D-amino acid:

R o lacylase” IR R
R.C-NH-CH-COOH ~—  HN + H HZN__'_—'—__—l_—_—'_NHCO_I{' R

R, R R :
~ Mix:ure of acyiderivatives’ . .

of D_{and_ L-Am_ino_ acids.  LAminascid N-sofl-D-Amino 20id )

I : h\rdmh.l.sl!.
._COOH
H : _.'N.H,

" p-Amina, ackd

¢) Diastereoisomer fractionation method: This is a chemical method and finds widest utilization. For,
* instance, a racemic mixure of lactic acid reacts with an optically pure amine (either d-or 1-isomer)to form
a mixfure of salts. These two salls are not enantiomers but are diastereoisomers. They have different
. physical properties inclnding solubilities, They may, therefore, be separated by fractional crystallisation.

Afer scparation, the salts may be neutralised by the addition of mingral acid to givg:.qpﬁ_cally-pnrg lagtic.

~acids.Inasimilar way a racemic mixture of an organic base can be resolved by usingeither ‘dhor -tanaric. .
acid, Tﬁgc.diasmomgﬁc salis can be separated and neutralised to give optically pute bases. . - -

_ Pasteur in 1848.By allowingadilute solution ofracemic sodium ammoniumtanzhjatetocrystallisc_slowl){..; R
betow. 28°C crystals of two different shapes were obiained. These crystals were mirror images of gach -




b -y
Racemic mixture of lactic acid LT e An‘enantioter of an amine

T B ey S
SRR L S S

" NH, @S‘I'LIH: . J
Diastereomeric satts
R RI

. b-—«!—-—« ab__._,. {-—-—-a + | | :

HO
H

R -+ R-
- P
NH, - : NH;

Racemic mixture of an amine An enantiomer of tartaric agid

"R' S

H_I____R ol

B RS L T IO e

- Diasterepmerid salts

Inthe tesolution of a acemic mixture of alcohols; solid diasicreq_iscmaﬁc'e’s'gr_s-_-ar@@ﬁ:_ginéaﬂbyj
-Teaction with an opticalty pufe organic acid. Separatio of the diasiereoisomeric esters by: fractional .
' tatlisation followed by _hyg‘lgolySis_gi\_re_'s-pu_'re'.e_nant'iomgfs of the alcohol, - o e

N
s

© 779 CONFIGURATION __

e sy fgraion s s Gt the araremen o i st o groups nsace st
. the.asymmetric carbori atom. Different notations are used for indicating the configuration.of organit -
. molecules, . ¢ T X or-of. org

. ‘D and L configurations: Fisclier and Rosanoff used D and. L notations to indicate the
configuration of the two enantiomers of glyceraldehyde. Fischer projection formulae are widely usedto . L
~. - show the configuration of optical isomers. The Fischet projection formulaé of the enantiomers of .

* glyceraldehyde.are given below. -~ - - . o o SR TP




" CH.OH, CH,OH

u-u:yceramenyue L (-lyceraldehyde'

lﬂboth the siructiires H and OH are on the horizontal axis, oneof the. strucmreém whlch ﬂwOH._
gmupls 1o thenght represcms glyccraldehyde of D-configuration (D-glyoeraldchydc) Theotherimrwhich
the OH groupisto the left is the configurational formitlaof L—glyceraldahyde. The netauonD and L simply
. indicate thesconfigurations of H and OH groups in the two énantiomers in a correct Fischer projecu'
- formula; The conﬁgurauonal formulae do not tell us whether an cnantiomer is dexirorotatory or levoro-

u11 acyclic culés in which the configuration atthe bottom asymmetric; centre is similax to that .

e 'dehy* '.‘and L glyceraldehyde are assigned D and L ;:onﬁguralmn respecuvdy _

+ LOOH cooH
H— ‘oH oH i S IS
CHs S G%
. Dthetic: acid i Lact.c ﬂcid'
- COBM COOH -
. H - os L HO- e H
cH aH . ca,on i
*D é‘lj’(‘f&’l‘lc scid L-Giyceric acid -

. The conﬁguration only at-a smglc asymmcmc centre is mdlcatcd accordmg to D L notation, . -
Thereforé this notation is notsatsfactory for molecules containing muluple asymmetnc ccntres ‘Also thls."'- S

- nGta'uon is dlfﬁé‘l.llt to app].y to cyclic molcculss

). R and 8 configuramns. ‘This method enabnles us o mdlcate c
g centre m ‘miolecules which, contam several asyrnmctnc atoms, -

onfiguratibn at each asymmemc o

) . For a551gn1ng Rand$ configuraion at an asymrnctnc centre, the groups aLtached to theasymmﬁtxw .
: carben are. arvangedin pnorlty sequence\based cnthe sequetice rules (Appendxx IV) Let us assimme that
the asymme,m(, carbon is linked to four groups, X Y, gand Z, and the decreasing order of priotity of these
-, proups is Z. Y, X, g .6, g is.the least priority group . Then the arrangerhent of g'r(mps at the asymmettic. .
*.carbon is viewed from the side, remote from the least priority group. Then the arrangemem of groups’

" '_thaasymmtnc carbon is viewed from the side, remote from. the least priofity grOUP, when the othier three

- groups become arranged in the form ofa steering wheel model.. If the arrangementof the: groups Z; _
X on this steering w 1 is assigned R. conﬁgur_at "

heel model i3 clockwise, the asymmemc carbo .
. (R=rectus, in latin for right). If the arrangement oflZ,Y and X is anuclockwnsc the a:.yrmnemc cagbon -

f-1s as:ﬂgned S con flgu:anon (S-s:mster in laun for left




o Clﬂck_wise'@q.uenéé . 'An‘tic'lo'ckwis'e-sequenc_e :
+Reconfiguration) S-configuration)

As an exampl Iet_us;ass_i_én coﬁﬁgliratioi_i_ in terms oféR and §, miD-g'iycqfaIdehyde. '

“1'1-‘“30“ '\
- D:Glyceraldeh yde!
Of groups on the basis of

sequence fules s OH>CHOSCHOH> K
first piority; CHO of seo

onA iy, CHLOH of i oty and s of

KT

f2OH -

| E)H '.éat}s-._éxeh_an'ge.'(jf- i-and--\fiée. vema)




S By making (wo oxchanges of pair of groups (OH exchanging the posi
a exchanging the position of CH .OH group) we geta p_;_oje;_ction_fo_rmula. :

N o

tion of CHO groupand H -

| HOF;QC —
e In the projection formula the a'rrangémﬁntﬁf-highest prierity group (OH group), s¢* _or;d.priOrits_?
§oup (CHO group) and the third priority group (CH,OH group) is clockwise. Therefore, the configua- - o
. “gonof D-glycoraldehyde isR. T a similax way the configaration a1 &:ch asymmictric carbon n D-giucose

CHO

CH,0H

D-Glucose. _
2R, 38, 4R, SR-Aldohexose)

L2710 DETERMINATION OF ABSOLUTE _;:o-N.FIG.i;RMixw_

The projection formulae of D-and L-glyéeraldehyd s are given below:

. CHO

. LHo

| D-Glyceraldehyde . ' LeGlyceraldehyde

One of these is (+) glyceraldehyde and the ottier (-

_ formuta¢, whichoneis the dextroisomer and which one is levoisomer. Finding oul
constitutes determination of absolute configuration. ~ -

{answer to this Guestion

_ - ByX-ray diffraction analysis; ‘Bijovet(1951) determined Lheabsolulemﬂ-gﬁt:aﬁon of (+)W s
- acid. Tt was shown to l}_z__i\_rc.l-,_-conﬁgpra_tipn.' This constitutes the fmSt_and.Qirect_;ge@rminaﬁoﬁ of absolute - e

~ configbration. "

) ghyceraldehyde. It is difficuit to say, fromthe .- -




- Thesefore (-) - tartaric acid musthave D-configuration

D (-) - Tartaric éCId

R 'ﬂﬁédi'dté.fconﬁguration of other compounds has been detremined ind'irecﬂy; In this, the éOnﬁgﬁ.‘

ration of a gdmpound is determined by chemicatly relating i'F to acompound of known.configuration. This _
gfdetlermination of cenfiguration.is known us chemical corrclation method. (+) _-glyceraldehyd - -

n chemically related 10 D-(-) tartaric acid whose dbsoluse configuration is already knwon. () - -

- has:been chem cud whose
S glyceraldehydezs thus ~hown to have D-configuration (Ap}pendixs\()

HO

(+) - 'gﬂyc_eraldehvde':;.é. - -) _ o

D-(-)-Tartaric acid

_A-ppeudi_x41__ o . _ y .
o Plane polai_'iSed. lrght* A beam of -ordinarjr iigh_t cons;ists:of two components viz. electric ficldand

 mmgnetic field, in mutially, perpendicular plancs. Further, 4 bean of ordinary light consists of rays of " -

- differe wavelength vibratinig in many different plancs. Thei light of a single wavelength, obtained either

- from’a special light source such as sodium lamp or by using filiers, 1s called monochromatic light. The
monochromatic Jight still consists of waves vibrating in many planes at right angels to the direction of

propﬁgmmﬁﬂww‘et,thehgm emerging from-a Nicol-pristn differs from’ the normal light in beig

‘polarised tight: The Nical prism permits passage of only thdse light waves vibrating in a specific single
aie. Nicol prissy used inpolarimetor for obtaining planc polariscd light is prepared by bisectingacrystal
cite (lccland spar), C4COy; along pue of its natural axes and by comentingtheswohatves withCanada -
rinieter: "The rotation of the plane polarised HgHtis mcasuted ina polarimcter. 1 onsiies

€ (sodium lamp), two Nicol prisms. and a twbe{10 hold the solutiofi of the optically acti




* . “thelongestchainiof carbon atoms, and 'd’ being the more oxidised group (B): 'rmckimesmdlcatctm
+ - sbove-the plane and dofted lines indicate the bonds below. the plane (Cy The circle:

compound._'ﬂ:lese are arra,ng Jight passess through'the first prism (polanmr”) and then theou
- the tube and the second prism (analyzer) and finally reaches the observer, First the polanzcr and analyzer
are"set at an angle at whlch w:th the tubc ernpty, maximum intensity of llght igseen mrcmgh thc analyzer

s
Schematic fdiagram ofa pelanmeter

1L nght source 2. Normal l1ghtbeam 3.4 polarizer 4. Polarized hghtbeam 5 Solutxon of )
' acuve compoundtS Plane of polansauon rotated 7. Angle of rolatlon 8. Analyzer

= When the dnalyzer isat ru,ht anglcs 1o lh-lS narmal posuon the lntensu,y of hgh:, will be Tniftimun
¥ Again adjust the postion of the analyzer to maximarn light and fill the tube with the solution of the sample:
. under investigation. If the substance does not affect the planc polarized light i.e, optically inactive, the
- imensity of tight reachmg the analyzer will be maximum. On the other hand if the substance rotalgs the

‘plane polarised light iie, opticaly active, the anaiyzer has to be rotated either clockwise (right Yor*

- anticlockwise (left) to see the maximuni light again. The direction (clockwme or anti-clockwise) of .

e rolatmn and Lhe anglc mrough which Lhe analyzer has been turned is called anglc of rotanon R

o Appendlxll '

. F|scher pro;ectm formulae

“While witing the correct Fischer prOJccnon formiutag of an organic compound the longcst cham af carbon o

atoms is shown on the vertical axis with the more oxidised carbon onthe top. The mher two grwpsabom L

" the. asymmetric carbon’ Become arranged on the horizomtal axis. The groups’ on the Vi
" considered 1o be below the paper plané and those on the hcnzontal axis are above the paper plane -

nw"‘c’%ﬁzb

: Pm;ccuon formulae of a amiecule in whn::h an asymmetrlc carbcm is: hnkedwfnur groups{a, b d
and x} (&) Fischer pro}ecuon formukae "The groups 'a’ and 'b' are above: the planie of the: Wrwhﬂc d
-and 'x"are below the paper plane. (T hie. Gmups 'd' and 'x' together with agymimetric carbon atom con!

-asymmetric carbon atom. The lines eandmg into

;he cuclercpresent_me bonds above the'phl%eand me_ E
Hes that jl.lsi tonch the cm: represent lhe bo ;




SO L T

e 32 BpS A 0 symnct o i ity bearngod intwo vays

) I

EHi

fope

nd ¢°hrlﬁnfati0i£ )
Comtion; Theseae s OBy andievoroaioey prers, The e p g conveyed by (4).
and (<) sotation - These rotations do 10t tell anything aby tconfiguration, Y

deh}’dewﬂhL é ati tters." Lm i;_:l@i_chte :
Ler the sigﬁs,.-_(;é);'zind_,_(;)_, rotaft )
gt sk all GOXGotoiry it have D-coniy ration and levorotatbry
Canfiguration, For insiance () -tactic aci a h@-?‘!D-_pol}fiBﬁ'ra? o and (3) Tncicacigroer.
e At hersfore describet a8 D-() acic ackd and L a) lactic avid respectively, .
o oBical laton f 3 ccpon i dogrmised by polrimeny Jost cannot b

cHO -

De)-Lactic acid (4.




Quence rnles l‘or Kand ) conﬁguratum _ SRR L '_

_ 1:1) pno my of Lhe groups attachsd w0 the asymmct:nc cairbon is ﬁxed based on the atomlc_"‘ eig
- of. the a amm ie, atom of the group thal is: d:rectly linked t0 Lhe aSymmetnc carbon

© Onder of pricrity: _:_-'1.> -Br > Cl’_:-‘ SH

gg '.Ifl’.t\'v:_&:};"'g_.l_;bn.pshave the. samc -at%m conmder
) Order of pnomy -0 OR > -0 N- R-> O- CI-I3 O H> 0 —F T
B Is topxc atoms of h:gher massnumba prccede 1hose of lowér maSS number
- Otdcr of pnonty —T > -D >H and ~CH;; CH,) CI:{3 | |

_thna mu'lulﬂe bond is prcscnt substnute an cqual number of -

.

o atoms For eg the aldchyde graup C-O is consndered as C 0~wh

S .0
- -'aﬁssigning"-prioﬁtyé"‘i‘l'lﬁs_C-Ohas h:gher pnarﬁy over ? H

R _ O‘R _

5) C is groups precede rsomenc trans groups andR groups precede isem%nc groups. ,

Appendtx_v',

. 1' \] HOH H _' o t_": iy uad’ S
l« i) anidon ) iy oxdaton
- : T . 1

COO‘H

-H‘_.«-———-—' __,_..\_\-.-— O“

.H——'—"_"Z. : m OB

mesotartaric acid




 Ordinary light has plases of vibration in alj dirtotions but polarised light has only one planc of .
' Vi'btahanepucal isomers rotate the plane of vibration of polarised light 1o the left orright, Compounds. .-

contatging asymmetric carben atoms may ol_-_.'may..hot-ez_hibj't__thic_a'i isomrism, Butcompounds withoay - .
'-;P"‘melﬁm‘en*sméésshoms@éﬁmmabf@mi-f'ro_r’i.magcsandthe'ywﬂweﬁni.tcly.eéthibiibﬁticar:_--- o

ity Such comppunds 8y Rateontain asymmetric Carbon atoms. Equimlar mixture of two optical ..

ical isomers from racemic mixmires i5;zesolution, - -

eric melfiod s the method of wide apglication,
flatom is ihdi;ated in Fisc_her':proj_ect_ipn formula
'ir_l_diCa_le--thé.CQﬁﬁ_gll_rat_ipn atasymmietsic carbon

i
i

NS

uswer each of the following in S ines

 Explain the follswing with suitable examples .
. dehyde and ji) L-tartam acid and assign R ang s
se molecules,. o e

_Answer each.of thie following in 30 Tiriee

. Whats plane polarised light? expatin the fumciios of various components in 8 polaimersr, BRI

e with suitable exaimples the difference barween opticalisorers of compounds coaiting
(2) two simitar asynimeiric carbon atons.and (b) two dissimilar asymmetric carbon aloims, -

Wha is cenﬁgurauun‘? Explamlhedlrfﬁrem conﬁgurational ;iota_tidns mvogue -
thods of resolution of'r-acén__iié_"m'iit' i

pent methods ofdcte:mmauanof absolute

arbo; ah)m with four diffmm_if‘a;_oﬁfrs or grgljpg__ﬁ'is_'ga-}led an asymmetric carb_(iy_g;_ RS

molecyles ang _m_i:ror.image_relaﬁan.in'm; other.’ .

e called d:asterccmers’{"hey p()SSeSSldenlICal strucmmm S







on. Now a days speciroscopic.

MR, ang:x







“Model exammatlon queslfons .
: Modol answers te’ check your progmss

_'i;horough study and underslandmg of thc coments of thls umt you must be ablc to

- know the ovaluauon melhodq of punty of organic compounds. _

tection of olemems in orgamc compogrnds - Lassargne test S
. ‘Hmiporance of thc ostrmauon of'; carbon h)
-orgamc compounds :

determing and unhdersiand. Lhe relatlon betwoen empmcal formulae and molccular for:mulac

% mmcthods of funcuonal group in org,amc compounds

: One of theaims of ; an orgamc chemlsnsto punfyand : b h (e st c nknown orgamc '
] Smacmro_ determmatron of an organig compound mvolvcs several stages’ sug
G 'cuon and estlmauon of clemems molecular werght datcrmxoaaon

, the. gap betwoen Lhe Lcmperature
ting complote 151cs8 than

compounds are genemlly punI‘ ed by r{:mystalilsanon Solids;that subh,me can’
tion: In spocml €ases chroamalo;_,raphm methods may be mnp}oyed for ur:f’:ﬁa‘uon.f_ L
i} well ‘defiricd: stalline Shape. Liquid’ samples ‘are. punﬁed by tracuonal' S
' ”fied by slcam dlsullauon " ' o

' IO : '()F ELEMENTS

entizilty p:esent in aH orgame compounds 1

VIost of tho orgamc compounds.comam
ygen, sulp ure, niroger and/orhalogms fiay bopr 1




o i Lassangne test. Lassa:gne st performetho dewct the pteseucc
o haiogcns in qrganic compeunds On heatmg an Organic com pozmd with sodlum mctal the

mtrb_

“withthe carbon, prescm mthecompﬂunti s converted intosodium cyamde(NaCN) Where_:as ]

o _halogens are converwd into Sﬁdlﬂm sulphxdse (NaZS) and sodiirm hahdes (NaX) respﬁcux' )}
st an organic cmnpqund is fused with sufficient quantity. of sodiv alin an: ignition

In}

' intgwater, takenina mortor, finely ground and. filtered. The filtzate shau}ébc clearand
filmte is callodsodmm fusion extract. The fus:onexuact 15 then tesl,ed fort CHFSSENCE of sod

o sodmm sulph;dc and Sodium hahdes.

- Na+C+N —>NaCN
2 Na+ S -> Na,S
Na+ X -3 NaX (Sodmm hahdc)

est i'or mtmgen' I’hc fusion ext.rao{ mahoﬂed for few mmutcs_with exwas oiferreus sulpha&? i

- then acidified with ditute sulphuric acid. Alter the addition of ferroussulphateifa bluish greerprecipi e,

-

- ishot ébtamed taw drops of sodium hydmmﬂeareadded Duridg heauhg oxidation of someof

o Fert IONS OGCUS, Farmauon ofapmssmn biue precmnateor cnlour due to ferric ferro €y

amde indicates '

thc prcsence of mtrogen in the given compound Followmg equauons explam the wst. o

FeSO x ZNaGH —~>Fe (OH);Nazsof '

Fc (OH)z +6 NaCN 5 Na [Fe(CN) ] ¥ 2 NaOH
— (Sodmm ferrocyamﬂe)

3Na LFe(CN)] + 2-1:% (504) > Fe, [ Fe N i+ 3 Na2 so |
' ' Femc Ferrccyamde .

iii) Testsfor su‘lphur {a)Ab!ackpremmmeof 1cad5ulph1de (PhS)}
- amd and a soluuon ef 1ead acetate s} the sqdmm fusmﬂ extract. T

| NaS ¥ (C}gcom Pb—)PhS $+ 2 CH,coo Na

A mxomerwst o.r-sulphur is’ 10 add one m’ twa érops of freshly prepa ol
tmpurssxde Appearance of a violet of pink ¢ colour is.a positive teSt for sxﬂpmde
ercfere for tht; prcsencc of sulphur in the orgamc compound

aZS+ ; -aai:Fe(NO)(‘:JI\!)s s
'Ehe fusu:m cxlract is: stmngly heaied wuh cﬁnc.
whict #r hatides. Then the preset
' solun(mte halﬁg nthie given com igtestt b‘?lheaddmonﬁf_sﬂv t

ound

ef & Whl’(ﬂ, pale,gée}lqw o ycnow precx ndic: -' ‘preseince: 'jchlenhe, ‘brominé




Xide an

-

s of carbondio
VeR Compound

dwater
Aarecaleulated a

 When X = Waigh of

Y = Weight of Carbon,

Estimation of nitrogen: There aTe two metlibis

Cled:and measired in 5
_Gggﬁ'is}calcdia{ed;. g

Wm0

ectedin nitromeier azf_rv(mam@ and

PXV..

: m)respec
drined in
Wt of the org@hic.'c'om

ed fr-an atmosp
hi__t_ro_m.’c_tgr._lf‘ron

6im. chloride
t-ivjt,l__y- formed in

 hydroxide and calci comresponds i the
the'combusto

N HO+ Q.

1the combustion, the perceny

Water formed. e
ﬂl'bxidé-fnrmed_ N
for 'l_he.é.\sfti'-'mé_u'_onﬁc_).fﬁiil*qgen. _
poundcontammgmll’ogﬂﬂ :
here of 'Car_bond_iox__ide_:__._-_'rhg m:.rogen £as thys . e
"1 vohume of nivogen evolved a ST, e

Feu St Vit

T




; moma hberawd is equalem 164
Nﬁa 14gmofmn'ogen__- S

i ated by € hod. A kn
: wnh uming nite d-silver nurme solﬁnon inasea lcd tube The halogd
. hatide. The pracxpnatc of silver hatide i f1l~tcrec1 wastmd whlle on ﬁlter, dned and
welghcd Thc pemcnwgc of chlafme for instancc is Latcuhwd as follows, - R

:'-'_"-Wexgm of lhe samplc ng L
- weightof sﬂve.rch}onde =W, gm.
_'Mokecular weight of AgCl= =108 '3
© 3435 govof \AgCl corrtams 35.5

Estmzattgn t}f sulplm Sulphur ptesem m a co np@uné ig: con\fcrted_ nto

o7t with amixiue of sodiutn peroxideand sodin carborale. Thg soluble sul

mmb Fiun sulphateby addinga sotutionofb pariai chlonde. Theppecmltaxe atl phater
washed; driedand weighed. From the’ weight. of BaSO obtamﬂd {x gm} from &knownw g
" me orgamc compound thc psrcentage of sulphur 15 calcuiaied o

: The, oxygen i an Qrgamc compﬂund is nat cxpcr
of oxygen ina compbuﬂd is gbtametd: indirectty. I ihe total ef the percentages of
na compaund 15 8i ignificantly less thatl 100 ‘the dlfﬁercncc is generauy {ak

ar instance, ina compound comai 1y -withy '
00 '66-1-62?):1,7 '




H, and 1713 %_nyg__er;___"__"”' ula




pmcal.formula welght (12 x 2 g-_ 1x6 +16 ;g._li__} =E4+ 6_;'41—'_ 16 .4_-":4_6- RPN '

o 'Empmoal formula weaght 46
_mmmm t‘ormula n (Empmcavf rmula)»:: n (c 0) c H

' merhods are. avallabla-.- '_r 1he: determmat: " .mtecular welghts of compoundq Depend

- mgﬁp@ ‘the nature of the: compound’ Victor Meyer's:met {Fod, Ciyoscopic (depress Jepression of fieezing point).

. or ebulhoscoplﬁ inethod (elevation of bmlmg pmnt) maybecmployed (see G urse-‘l ofx chetmstr)') .In &

+casgef amds and bases, the equivalent weight may ! bedctcnmned andmuluphed with basicity oFee i

ular weight. The molecular wexght of acids and bascs may also be detenmncd by silvcr
omplaumc sall rnethod respectwelv

+

- 23 7 FUNCTIONAL GROUP ANALYSIS

. Funcuonai groups in orgamc compounds arc delected by chemical reacnoﬁs.'iﬁ'all.m
: formauml of a precipitate, appsarance sf acoleur ordischarge of: coloar is obscrved Follow
: ,.chaxactensuc chemical tests for d1ffcrcnt [uncurmal groups; - _

L ':('i-) Tests for carbonyl compounds

o 2,4-Dm1tro phynyl hydrazone {ormatmn All aldehydcs and ketemcs zcspond pusuvcly to this reactton

< To2A- dmnmphenyl hydxazmercagcnt (5 miyadd L or 2 drops of the substance. Ifayellow: red prcc:pltate

. is formed within § minutes, the testis positive. For a sohd compound its squuon in ethanol OF dmxan is

S . _'_\used If itis- ahquld it canbcaddeddlrectly

. (a Tollens tust' To asoluuon of sitver mt:ralc (2m1) ammmucal aq sodmm_ ydrox"' e 501
L added drop by drop . wiih shaking, in 8 clean teét fube, unul ‘the precipitate of sitver OXide: 4 just
- dxssolves Thls is callﬁdTollens reagent. To-this add 30’4 cfyslals or drops of ihe ¢ mpmm ;
g neocssary Heat on sieamn bath. for § nainuies. Ifa black precnpnau: or sﬂvcr mmor is :
positives 4his te5L differenuates aldehydes from kcmncs With:the
. '-kﬁwnﬁsa_ Such as frucwse, also give pnsmve fost. -

Fehlmg ] test* To a solunon ' f 0 2 g
ixture is- heated.on’ stéam b
; _;dlfferem:atcs ahphanc aldehydcs fmm romatac 4

¢ Tol1 Ef“ of e wmpound in methyl alcohol a mn z drops yof méihﬁﬁofiéﬁ.fcm ‘chl
d@d Phenols exhtbu & vmd colm.u‘ changs o

_ Phenols are s@!ublc in strong alkah (NaOH) bul \.u_ble in ' aHCO seluuon' Phcnols' :
' _rcadily wnh hrommc-water and thus dxscharge the ;:olnur ﬁfbromme wuh evoluuem of




lt(a{e r.g?gf_mi_'

'-5_ mJ of the

reagent, shake and note the colour.

yellow io red. To a small quantiy-of -

ic prim ry amines give @'Sﬁ-vefc'ﬁbﬁ_amji@;'ms_ To

amines: Bothaliphatic and aromatic sec
01

do

heaming{(0.1 gm)asolutionof sodium ritri
e resilting yello_w_p_i;ly.sg}'t_islgnceﬁq-ﬂirrdsb

m and aleoholic KOH solution, ate addest
tofonmation of isocyanide is observed, thie

ondary amines-u-nﬁéfgdi;ie:bermgﬂnfé.'nitéoé_o'-:"' B

tein water isaddeddropwise with coal
dcgivagﬁvg)."fhg yellow 6il is mixéd w

olution alk_a_l_i'n_e. "

e dertiary amines on diazotisation give. O

compounds

_ 0.5 8m) and zinc dust (0.5 gm)’
iniates andt_‘r._lger_lin;_dé-;;es‘_;tubccopm_inin-g

e

3 on swrong heating wilh sodim

“sulphuric acid, when a red

Citrgse detvatives ag
diff

I ﬁé_}__li_hﬂs:fg"i-\:re-ﬁo'sim%t: B_d"a'kerfMul\l rkan 'tcér.
] ) and water (5 1
Toltons'reage

Cati Sodium hydroxi
2 bellets of NaOH are added anit héaied s

polout i.obiained. The colour changes to.
green solids, Primary, -

crentiated by Hinsherg's test, -

o 0.1 gim. of the o mpound, spmonium.

mi). are addod. Boil ifie mixure for few. = -

. Wablack pptorsilver mirroris formed.

L

e evolve ammonia. To 0
trongly. If ainionia is 6v¢




" ) y Baeyer S-test 2 3cryslalsor drops oft C _
L "add 2 2% aq. soln&m Gf _KMnO dIQp by drop If the pmk co

- ; I _'nccormaoundf
. :,aIso reqmres chermcal degrada molecute intosialler molechies. Idennﬁcauono
iderably: helps in. undcrslandingv th' structire of th srpléx molecyl

' ﬁﬁhcsm By

' o PUFHY. G 4
. of ;fferem etemcms of orgamc compounds are pre,semecL There are nod
- gstimation of oxygen. ‘Extraglements are detecicd b

| . }.-mber ‘Duriias: methad of kjeidahls method.. Suiphur am;l halagcns are.

'pmcal formula and molecular formula are related - E. form; x.1 = Mak: fermi-i-

* Fungt tirial groups of organic ompﬂunds ate idoitifidd by ditferen
a;huorr ] the abOve 1hc symhesm of the orgamc compound 1solated o 1h
“structre proposcd S . . S e L

Anw er each 0!‘ the !‘ullowmg in'I{F lmes

“How: are: Lhc presence of mtmgen atid halogcns m__; anorgam; _c_gm_pow '@s;gq-,.us'hg:

s oudme the Duniias. method far me esumanon of mu‘ogcn AR
L How e _haiogcns and sulphur in"an DIganic compound csumatcd’? "
' '-'empmca} formula of 8 compound dc{erm mcclr? B

W each of the foﬂowing in 30 imes

¥ ) B mngC Hand(}on_ 8 (
o2t 15gm of the substance gave O 4655 gm €O, andd: 2533 gm H,0. ] Ttsva
7 to-have 29 .. The cempound teacted-with SQtﬁum metal liberating’
: oxuianon gavc co'm ' und (B} wh:ch gwes posmve Iodof ro nies!

The pcrccmage amoumof oxyt
“of all other elcments f:ﬁm 100

"ﬁmmacal soluuon of ' ver'mtrate wnh Iuﬂc alkah 1s caned Tolr




> appi nens of u}lrawola_-. aﬂdmfmdslwctromapym the st mm




.- molecules: ‘causes electronic cxcltatmn i.e, an elegiron form bonding oF 1ol ndmg o;b;

L ofcqvalent molecules.

' ' :-.; spcctrometcr and the source of appropriate. radiation viz. LR or Uy
- analyses the relative intensitics of incident and transmitied Tightsat differont wavelcngths

' are: useful in undersl.andmg the natore of muluplc bends or con}ugauon i the. mieculcs The '_ .
cL howevcr, gwe valuablc mformalmn about the. funclronal groups S

o 25 ULTRAVIOLET SPECTROSCOPY

o o saturated molecules and sunpie elcﬁns of: nat absorbin the regular uv: and vmblc region and Lherefone..

B :'nonbondmg electrons, These oceurat 185 myuand270mp respectively: Thcabsorptmn arT85stresatls.

S Chhmmo;)hores
: -chromophorcs, Muiuplebonds suchas C=N,]

el _'compsounds

e Absroptlﬁn of radtauon cai

" depends on the wavelength of radiation’ abisorbed. Absorption o

“foy antibonding orbital, Infmrodradmtion on lhc oLhcrhand mﬂucnccsthevlbrauonal androtat

AR absmpuon spcctmm i$ oblamcd by piacm gthe compound (m lha s’ultabl_ _statci‘hct W
vzs:ble hght. "The 3pect o

_ __'absorbcd light (or transmitted hght) versus wave}englh is called an abs.oxpuonfspectrum The
- and infrared spectra are- extremely uselul in the structure ciuc:dauon of organic compound

"'.- Thc ahserpuon ofhght in LheU V and vaslble range excmcs'.. e '
* The lgcrons ina molecule will bie present in - bonding orbitals (o and 1 orhntals) 'ncn-mndlna bli&ls

N '(n-erbltals) andprobably also i a.nubondmg orbuals {o (smgma Sianed) and?: {pt starred
e By absoipuon of U.V.. vls;ble radnauon of appropnate wavelength anelecr:ron fromo‘ .5 cr_ _

_ orb;tal 1s promoied ta an empty 3 or 1: molccula.r orbital, You. have already 1egrit.in Cour :
- id:ffrcnt clect.romc uansntlons Lhat can. be enusaged ina molcculc are o- 0' 1:* i3 and _n—,, :

2 '.mqmred 1o brmg aboul lhe n'ansmon o b‘ 5>n-- 1: > . c

SOME TYPICAL APPLICA’I‘IONS ' e

In ethanc cr 0 transmon {of C- C G bond) occurs at 154 m ;.u e, in- me acuum V.1
Sumlarly in ethylene the -1 transmon (of C=C: dOuble bond) ocours at 180 sl erefure We ;

" are colorless. Two wansitions, 7= %and n- T aré possible in, formaldehyde which has ‘boid fnd

' '_m a strong. band whereas ﬁmt at 270 My is: msponsmle for a woak band.
" H,c CH,' H, c..c:}g o H—C—~0 |
Ethane L Eth‘y‘lene.__'_ H o o

G—- & transnmn ﬁ;s&' | &ﬁﬁsitiéﬁ"' ' 1;.»?: transn
(1:154 m].l) ( A= 180::11,1 "
‘Maltiple boads, such a8 C:C andCr-O wh:ch are. respons1ble for' ;

_ =N, C=8 and N=0O aré exampiles of e'the:'c"
These chmmopheres i s:rnple molecules absmb a du’ferent wavelcngth and cxptaiﬁ fhié




’ I ' L
“uncuonal groups lhat do not absorb in thc U.V. visil le rcgtun (above 200 m) hut (whcn altached '
A | system) influence’ the: absorption o chromophiores are called auxochromes.
ochfmnﬁsﬁ eause a shift in th_c absorpuoﬂ to longar wavelengih (bathochromnc shiff) and i increasethe
stansity of theabsorptmnpeak Lommon: auxoctiromic groupsare hydroxy -AMIno, mercapto groups (and
; ) ves) and ha(ogens i bonds areriot pfSSf,'nt in 1.11656 groups. Bui they all contain noanz;d'
|
|

'_ more chmmophorcs may bc prescnt in mol ’ ulas. When Lhcse groups are dlrecﬂy lmked- '
nd a.conjugdied sysiem reSuIls In ia conjugated diene two seisof doubly bonded carmrmi :
ﬂirecﬁy hnked by a smglc bOnd > C C C= C (co gugaled dlenc)

gated systems result when a. arbomcarbon double bond is du'cclly lmked by a

rchromophores. Duclo con}ugauo ,c}ec excnauonm Lhesesysﬂncsoccursreaddy-;_.

L Compound

1, 3 Buladiéhe \'¢
melacetylcne ] . 21%and 228 S
'.Crotonaldehyde | 218and 320 -
‘N-n-butyl eortanaldlmm o219
. - 1-Nitro-1 -propene A1 229a0d 235
. ": _-glyoxal AR S 195 and 463

at 203 m,u hm m can_;ugated systems Ilke amlme (230 mj.t) and bcnzophcnone
§ 10 iongcr wavﬂcngh (Flg 29 1) _ _




Flg 29“1 U V spectra of 1) Amlme and 2) benf;
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atindividugl bonds (unetion
L ihe exteit of conjugation of mul

ark T*_*Yﬂ“bj_g@%zﬁoﬂdiﬁg’;wbﬁ" inifluerice:

i ibrat'ioh&'-._am further -clds

lomisare3n-5and 3n-6 r¢ spectively. For example the
Ber of vibrations in H,0 s 3(3 X 3:6), The molecule sih

technique used in ‘the analysis of of
b masses corresponding i the o

of 2 molécu'le.'ﬁﬁfhe"n_l'}&ibér‘ 1§ in
Fimmber of vibrations possibii Bion-.
; plehe number of wibsations -
of1s are bioadly

1 ons and bending {or deformtion): ibrations. In stretch
©en two aloms increases and decreases but the:atoms

Hfied as symmetric and asymmetric sugiching

mis cha

i ibes

iges rclat
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O~H_ S?Gcm ‘)ansl

n ‘the speCtra of a 1argcrmmber of ﬁrgamc COMPo unds che
the viaues afe gwen below:: :

gene:aliy requarc less, energx and .
10 1o Sam bou Absorp! 0y

: Some: ' hat gros hose absa :
spect:mm doehs not conmm apeakatibie Ereq\_ ass:gncd toa ce:xam funci j

ot contain 'lhat funcrtonal gmap-

_ _graup is expoctcd m tkfese cempounds
atur of fhe carbonyl compound,







Frequenw ',\m

Flg‘ 29 4 lR spez:trum of Melhyi acetate

Alcohols and phenols

L thsse compnunds a’bsmpnon by DH g:ﬂoup' _resu{ls m 3 pét&:. The stretchmg vibmtions of
hydmxy gmups in d;fferem cmﬁpo‘ 5 4 'n bclow S _

Aleohols T L

M@ne}molemlar~unassocmted aicohois e e 2 35903650 em

- Intermolecutarly hydrogen - T I R
- bonded O group (chsmges on tillul.lon}

lnmmalccularly

hydmgen bonded -OH gmup (no change on dtlutmn}

.. The rnost sxgmfican Eeature is a strong ,ad Lot
. stretching. Anbm_c, strong; broad band due to C-O . ~iching appcars ini the 10007
- exactvalue dependzor 1henam’r_eof alcohoi. Typical IR specitaofa aiiphaﬂcalcohol (Sec-butyl alcohal);
ol ';-_and an ammzitic a}cohol (benzyl alcohol) are prcsemcd in t“gure.s 29 5 and 29.6.

- Y
 Aretth




* while alcohols show at 1050 - 1200 cm™,

. i)} Phenols

‘Monomolecular phenols oW C 36 cmt
~ Intermolecularly associated Pphenols o~ 3610 em??
Intramolecularly associated phenols e 3100 em™,

5 100
o 1

-0

siretch

-]

T oH stresch o .
; | | A .

A0 3200 ME0 100 2900 100 fego 1400
L Fieguency, em™

Perc_gnf' 'f_.'rai'\:misxi
. i

-

Fig. 297 1R spectru‘n:l of p - Cresol

N 4 Carbbxylic' acids o

The stretching vibrations of carbonyl and hydmxg} groups in these compounds occuf-at 1700-1725
cm? and 3520 e respectively. : ' _ '

. 1t is obvious that -CQOH group is made up of boih C=0 group and -OH group. The IR spectfum

o occurs at 2500-3000cm1, Acids show C-O streiching barid at about 1250 cm“and OH bending near 1400
em™ and 920 cm-1 {(broad). Spectra of typical acids propionic acid and o-toluic acid are presented in .

|

.. Figures 29.8 and 29.9,
‘I?!_. . 1 /f“\ o -
£ i } . [
i } f o
R ’ O~ i { i I !\.-1 / ;J
_E.w;. ’ KEreich ! ;’ P‘E / .
wl B U U0y
. - I N ] } ] = Hreieh )
W) 150G oo 00 00 [E13 1600 1403 1200 1000 0
’ Freguencw, cm ™
- Fig. 29.8 IR spectrum of Proponic acid
oy
o\ i
Sl oo _ S
§ | .\“ r/JLU ] ' e i | ‘ I - .
: 1, R -
b O—H o N '
4 j - Hretch - ) . Co o : .
el i l ! L Ny e
2000 yucy T e paen lwo

§
3
:
5

Frequency, cm™

Fig. 29.9 IR spectrum of O-toluic acid -

reflects both these structural units, For hydrogen bonded (dimeric) acids, O-H stretching band (broad) -
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Amines -

e}
the stretchmg vibrations in amines aue to N-H funciton:

3400 cm-1 and 3500 cm!
3310 3500 cm?. .

- Folowing are

Primary amine, free (two bands)
‘Secondary aming (free one “band)
theclassto Whlch the amme belongs.

and nomber dcpénd on
650-900 cm! (broad) and at 1560— '

Amines exhlbnbands whose position
d NH bending bands al

-NH stretching bands ag/entioned above an
1650 et

Besides these CN strctchmg at 1030-1230 ¢cm* {weak) for aliphatic compounds and twoat 1180-

' 1360cm (strong) for aromatic compounds,

Spectra of typical compounds; 1sobu1ylamme and N-mcthy] aniline are presented in figures 29. 10

and 29.11.

£
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-
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é .

‘;, T N— H ’

bend |

‘g N-v— C=—N"" -

LR Bend sretch

& 1 ! i i I : I ! I .
3700 I§00 2400 OO0 17 (L] 14 1X0 lm ]
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Fig. 29.10 IR spectrum of isobutyl amine

Frequency, cm’

Secondary amide, free (one band)
Sccondary amide bonded (one band) '
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R o speeh ‘.' -
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L~ .
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Fig. 29.11 TR spectrum of N-methyl anitine
) Amides '
(0 Carbonyl Stretchmg wbmtlons ' :
- Primary 1650 cm™
Secondary 1630-1680cm?
_ Tertiary 1630-1670cm’
_ ii} NH stretchmg vlbr.itmns
' Primary amine, free (1wo- bands) 3400 ¢! and 3500 cmt .
Primary amide, bonded {two bands) 3180 cm and 3350 cm™
3430 ¢cm™ '

3140 - 3320 cm™*




Amides (-CO NH.,) show absoption due to N-H stretching in the region 3050-3550 cm besides

C=O band. N-Hbending band occyrs in the region 16D0-1640cm!, Typical spectra of benzamide is shown
inFigure 2012, -~ RS real spectraof b : _

5 .
S - —— , _
9 g _ ' :
CE - A ﬂ/ﬁ' B i} .
i r"i.',J i
= Y
o - ' {'.'-w'—'*l 11
N Strétih o
] N-—H siresch : Ve
Y B _ (1626 N}
"G ’ 59 hemd
e | | | - [ 189 [ 5 b P j
000 3600 V3200 . Y500 2400 9000 " 1800 160 1400 1200 1000 500
Frcqm% ney o )
Fig. 29.12 IR spectriim of benzamide
g - Azides i

These absorb at 2120-2160 cm-1
., b} Nitro compounds

The nitro gmup__in nitro aromatic compdunds give two stron g peaksat 1300-1370 ¢cm! and 1500-
1570 cm™. In aliphatic nitrocompounds these peaks are observed at. 1370-1380 cm! and 1550-1570 cmr

! 'These are four abstoption bands in the region 1430-1670 cm' that are paiticul’arly diagnostic of aromatic’
s‘truclur_e. The absence of absorption in this region is fair assurance that the compound is not aromatic,

The region of infrared spectrum, 910-1430 cm

{1 7-11)1s particularly rich in absorption bands

and is characteristic of a compound. This region of specirum is called the finger print region. Althiough -

similar molecules show very similar specira in the region 1430-4000 cm, but they wilt have different
Spectral characteristics in the finger print region. Perhaps the most powerful function of IR Spectroscopy
is ¢stablishing conclusively the identity of two samples thathave identical spectra when determined in the

same mectign, -

© 29.8 SUMMARY

L Spectroscopy is the study of interaction of elecimmagnetic radiation with the matter. It is an
. important method of structure determination, ' .

Based on wavelength electromagnetic radiation is classified into different types.  Absorptior

- © . spectrum of a compound is a plot or graph between Io/Tt 3nd wavelengih or wave number, Absorption ¢ f
- U.V.radiation by organic molecules usually causes n-x and nt - electron iransitions. Functional groups

‘which undergo these tansitions are called chromophores. Those groups without 1 - bonds that affect the

absorption bands of chromophores are called-auxochromes. Shift of absorption to longer wavelength
region is called bathochromic shift and the opposite shift is hypsochromic shift. Based on U.V.
spectroscopy the type of conjugation in organic compounds can be determined, :

By the absorption of infrared radiation usually the ftequencies of stretching and bending vibrations

" -0fbonds getincreased. Bascd on the postions of absorpiion bands in the infrared spectrum of a compound
1t is possible 0 detect its funciional groups. In the infrared spectrom the region 910-1430-cm is called
finger print region which is characteristic of every compound. Two samples indicate the same compound

if they possess superimposable infrared spectra.
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Dr. B.R. AMBEDKAR OPEN UNIVERSITY
Faculty of Science
(Under Graduation Programme)

III YEAR
CHEMISTRY COURSE - III

Assignment - 3

. Do not copy the answer directly from any of the books -

. As far ag possible try to answer the questions independently in your own words

. If it is necessary to quote from any source give the correct reference, .

. Use your own fullscape pages for writing the assignment. o

. Leave sufficient margins for the comments of dthe evaloator. F
. Completion of this assignment normally should not take more than two hours time.

R W B e

SECTION -

Answer the following in 30 lines

Describe theree methods for the preparation of primary aminos. How does aniline redct with the
following:-

a) Acetic anhydride b} - Benzoylchloride

Discuss the open chain structure of glucose.

Describe Paal-Knorr pyrrole synthesis. Why pyrrole exhibits acidic properties.

SECTION - B

Answer the following in 10 lines
What is racemmic mixture? Give any two examples, | _ ' r
Define and explain the foliowing :
1) Zuilter ion

i) Isoelectric Point,

What are apimers and enantiomers? Give an example for cach.




_ _ Dr. B.R. AMBEDKAR OPEN UNIVERSITY
. S Faculty of Science
R ~ B.Sc. I Year 3YDC) Examination -
Model Questlom Paper

CHEMISTRY COURSE III

'I"xme .3 hours _ : _ S ' Max. Marks : 75
~ Min. Marks; 27
' SECTION A L

: Note. Answer any three of the following :-
. Each question carries 15 Marks,
~Answer the followmg in about 30 lineg

1 Explam the terms Rate Constant), ordér Iand molcculan ty of areaction. Derive an expression for -
© the rate constant of a first order reaction,

2. Describe the st'rucmral_isomerism in co-ordiriation eom‘pounts.

. Give the composition of twg i important ores of SIIVcI Describe the method of extraciion of Sllver
from one of the ores,

4. D:scuss chye Huckel theory of strong elcclrolytcs
3o ._--.stcuss the merits and demerits of Bayer's strain lheory

6. Dlscuss the cycl;c structure of D~glucose

SECTION B
Note: Answer any five of the following .-
" Each Question carrics 6 marks,
Answer the following in about 10 lines.

7.... Give the different forms in which the first law of mfm;nodynamics'can be expressed.
8 Discuss the magnetic properties of transition metals,
THRL Explain the cffecnve atomic number concept prOposcd by Sidgwick.
' IG_;;Z::.:_ - Explain the valence bond theory of metalhc bond

11, Explam the terms. Roasnng. Calcination and Smellmg
S12. Wntc the phenomcnon of Kelo Enol tantorncmsm wu.h a suuable cxmaple
. % 13. What are antino acrds’? Describe any three methods of thelr symhesm

14, o Wnte a note on gold number,

15, Wnte lhe resonancc structures of Fuman.

16.  What gre ligands? Give (heir classification,

- ..——'—---—-_.-._—' - E







Lac tose .
{'B-_anomer)

A) Cél_lulns_e:_ The molecylsy formply of cellulose j5 ('C'G'HI obs)ﬁ. It is most wx‘dely distributeq Polysac-
‘ cha:ride;-Regardless-of the urce, celluloge pag Same const'iiution, only its fine StICture varjeg. The

A . Mblecnigr weight of cellulose Tanges between », 000 ~ 800,000 (n=1300 19 5000). Acig hydrolysig of

.. cellulose 81ves a qunayj fative yieid of D-glucoge, Therefore cellulose is homoglucan’. completa Methyla.

tion, acetylation_pf fitration of cellulose resyjiq ina trisubtitution product. Thyg, ip ¢ach D-glucoge unit
- ofcelliffose there are three free hy’dmxyf groups. Fully methyl_a;cd celllose o hydrolysig yields 2,36 pi.
O-me'thyl-D-qucose. Therefore iy D-glycoge UniLs in celjyloge free'hydroxyl STOUpS are pregent in23anqd

H on :
\ﬁ\o_i

: 1
CHOH H

H - H

gives g viscous colloida] solution of cellulose xgp thate. Thig ig called visgoga, : hen viscose jg
1335

J
£

o W |

' _ forced through 4 Dinneret (a tube closed. a; one end wigh tiny orifices) into an acid Solution,

Ws are formed, These are called rayon and are ysed o Produce textileg. Rayonjs -
dretilose, - . : o L

03




s

Cib) " Cellophané: ‘When viscose is extruded on {0 roflers in an acid mediarm, thin films of celiophant:

are obtained. Cellophanc is a useful packing material.

b " Cellulose dinitfa!a '(proxylin)

N  Ceftulose dinhraie is insblublé in ether and alcohol but s_blﬁbie mll mixture of ether and w;let. :
The solaton is called coliodion. When this 18 gpread on 2 wound and the so_lvent alloWe(} 0

gvaporats, @ transpare t,protecﬁve film resembling skin 18 produced. For this reasott pyroxyhn is. -

-nickname_d 53 ewW gkin.

@  Cefuloid: ‘When 2 izure, of colodion and camphor 18 peated, @ getatin 1S obtained which
7 thickens 02 plastic. This plastic 15 calted cellutoid.

 Cellulose iniHA® 5 called gun COLOT and is used 282 propetiant.

c) Cellulase acelate

1tis nsed in the meparaudn of safety g1ass and acetal® rayon.

By gafety glass is obtained by passing 2 soluﬁon of cellulose acétate in acetone petween tWo layers
of glass. This prevents the glass pleces from flying apart when ghattered- :

) Acetate yayon: ‘When cellulose accial® sotution i forced out of 2 gpinneret, fine filaments of
" cellulose acetats art obtained. These fibres ae called acetaie rayon- - ' .

C. Starchi

The- molecular forfﬂula' fo starch 18 (CGHmOs)n.' '. Hydrolysis of starch gives D-glucose in

_ quantitative yield. Methylation of starch produces a rimethy? derivauive. This 00 hydrotysis produces

malgose. Thus rmaltose units are present in gtacch. 1.8, soveral D-.gh_xcopyranose units are tinked through

2.3 ,6-tﬂ¥0-mcht)f1-D-g1uwse as the main product. Srarch 18 1hydrolyscd by the enZyme digstase 10 give

14 ,positions'byd—linkages’.

A segment of starch motecule

Viscosity ieasutmentsshow ihatstarch hashighly pranched STUCtTe: Starch anbeséparatéd into \

{wo fractions, o-amylose and B —amylost. when butano! igaddedto 2 hot colloidal solution of starch in

water and the mixture is altowed 10 cool to room (erparaire a-amylose m.precm_xtated. B'—Amy‘lose or ‘
amylopcctin is obtained bY the addition of methanol 1O the mother 1liquors. - Amylose g soluble i waler

_"and gives ablecoloar with iodine. f- Amylose isinsolublein waier givesa violet colour with jodine. _B'oth

{he amyloses are polymers and theit molecular weight depends upon the method of preparaﬁon and the
star_chused.. T - : o .
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 UNIT27_OPTICAL ACTIVITY
' _._(.Z'ontents. |

27.1  Aims and Objectives : Co
. 272 Introduction _ . '
27.3 Optical activity o :
- 274  Molecules containing one asymmetric carbon atom
27.5 Molecules containing two asymmetric carbon atpms
27.6 Molecules with two similar arymmetric carbon atonis
277 Molecules with two dissimilar asymmetric crabon  atoms
. 27.8  Racemic mixtures - '
279 Configuration _ _
27.10 Determination of absolute configuration
27.11 Summary o : : .
27.12 Model examination- questions : o TR
'27,_13_' Model answers to check your progress : '

271 AIMS AND OBJECTIVES

To explain about plane polarised light, optically active compounds, fécemisation, resqluticm,
absolute configuration and R, S-configurational nomenclature of organic con pounds.

Aftera .détai'lcd study and understandin 2 of the contents of this unit, you are supposed to:

_ 3" - descnbe optical activity, plane polarized light and pj\olarimeier. |
3 g ST /(ﬁi'éin enantiomers and their characteristics,
T BT AR ' : ' : :
g . : _ o N S
~ @ 2 _ . find out the number and the type of optical isomers of organic compounds containing (i) one

./ asymmetric carbon (if) two similar asymmetric carbon stoms and (iii) two dissimilar asymmetric
' carbon atoms. ' : ' o

know racemisation and the methods of resolution of racemic mixtures

! realise the tmportance of D, L. and R.S notations. and the determination of absolute configuration

272 INTRODUCTION

o _kind of isomers that are different from each other only in the way the atoms are oriented in space are catled

‘active compounds,”

273 OPTICAL ACTIVITY |

ien plane polarised light is passed througha sol'u_tioné of an optically aqtivc substance, it cmerges
‘from the solution in adifferent plane (Appendix -I). The ability.of a compound to rotate the plane polarised
- light is known as pitcal activity. : . .

N .'Substa_nce's that rotate the plane polarised light to the 1i i;_ht are called déxtfdrﬁ_;tatbry (d}, and those

L rotating the plane polarised light to the left are called levorotajory (1), The angle of rotatiorn is dependent

on cancentration of the solution, temperture; solvent used, the wavelength of the light uséd and the length - -
of the light of the light path through the solution. - : S

e §




. 1o

_ L . &
The specific rotation of a sibstance, | al] A = ;

Wﬁérca = méaSured rota_tion in de_g_;eg:s_',
1= length 'o;f the polarimeter tube in decimeters _ )

E = .c_m'centr_atipn in gfams' per ml. of the solu.tion (for neat liciuids ‘' is replaced by the _ﬂen_S_i;y. of 'l_iqpid_?
g/fml) . Do .

t = temperature

A= w‘avelen_gth of light used -

The temperatu-2, solvent and the wav_eleh’gm of light should also be indicated while reporting -
specific rotation. Thus specific rotation is defined as the fotation produced by a solution cqmaining one -

- - 50 - _ C
gram/ml of a substance 1 3 1 decimeter long tube. For eg. { o] D= 66 means that the compound

'iS'WOrdtﬁ'tory and its specific rotation at 25° using sodium vapour lamp ('589.'3' nm) as the li'g_ﬁ";.'smnce.
is-66% . - ' | : : . . i
' Sometimes molecular rotation [M] is used in preference to: specific rotation.

The molecular rotation is the product of specific rotation and the molecular weight.

{-Mll = {-m | x M M —-Mol.wt. of the compound
LJdn LA S ;
. Y OO

~ vant Hoff and Le Bel related the phenomenon of optical activity of organic compounds to-the
presence of an asymmetric carbon. A retrahedral carbon atom linked to four different groups iscalled an
asymmetric carbon. Now it isknown that some compounds without an asymmetric carbon can alsoexhibit
optical activity. Further certain stereoisomers of compounds containing two or more asymmetric carbon

- atoms have been found to be optically inactive. Now it is accepted that the necessary and sufficient
-~ condition for a compound 10 exhibit optical activity is that it should exist as (wo non-superimposable

structures with mirror image relationship.

_ For instance, 2-methyl-1-butancl -HOHZC-CH(CH,)-CHZ-CHs- contains an asytmmetric carbon
(marked with asterisk), -1t is linked to four different groups viz. CH,OH,H,CH, and CH,CH, Two
stercoisomers of 2-methyl-1-butanol are possible. The Fischer projection formulae (Appendix -II) of the
two stercoisomers are given below. ' ' ' L

CH.OH H CH,OH
HC- ! ® R CHa
|
i . ; . :
cH, CH: -
] mitror 1
CHy : CHy

I ) ' i

Enantiomers of _Z-melhyi-l-butsinol

Inspection of the molecular models indicate that neither molecute is identical to the other (the two"

- motecules will not fit into the same mold), and that when gither molecule is placed before a mirror, its

reflection is identical to the other isomer. In other words I and If are two nonsuperimposable structures
with mirror image relationship. Only chiral molecules oxist as two nonsupcrimposable struciures with

mirror image relationship. Therefore, molecules of 2-methyl-1-butanol are called chiral molecules. The

structures [ and 11 are called enantiomers or optical antipodes of 2 - methyl - 1- butanol. Onc of these two




o s&ﬁﬁ;tures";gpresenis dexlmrotatory' isomer of 2methyl- 1-butanol and the other levorotatoty isomer. It is

important 1o note here that from. the structures one ¢ahnot and should not predict which of these is =

©- dextforotatory and which one is levorotatory. Enantiomers have the same physical and chemical

o propetties, they only differ in their behaviour towards plate polarized light. Even their Specific rotatian
is-exactly equal, They only differ jn the direction of rotation. Following are some important physical -

. Propetiés of the enantiomers of 2-methyl-1-butanol, . |

Physical property | d'or (+}2-methyl- 1-buianol I"ore2-methyl-1-butanol” - T

- Specific rowation - | + 5.90 o 590

1 B.p | 1289°C. b qggec
| Demsiy - 08193 1 08193

Thus ehanti‘omes rotate the planc polarized light by {equal.magnitude but in opposite driection. A

" mixture of equal amoonts of t'wo_enamiome'rs iscalleda racemic mixture, A ractmic mixture is optically
inactive; but can be resolved by suvitable methods, P o

- Asymmetric molecules may contain one or more asymmetric carbons in the structure.

. : Check your progress - 1

~What do you mean by an asymmetric carbon atom? .

U S

................................................................................................

.- 274 MOLECULES CONTAINING ONE 3AS_Y_§MMETRI_C CARBON ATOM

2-methiyl-1-butanol isan cxample of a com pourd with é‘ne asymmetric carbon atom. We have seen

such Compounds exist as dextrorotaigry and leveratatory ispmers, These isomers are also known as .

SODH L lGG:oH

I

T

| SR
" CHy [ . CH,i
S mirrar

: H—-—n—[--~—'-~_—0l‘1 . OH

Eunantiomers of Iactic afcid'_

...........................-.........................'.......-..........'-...................,.......................................-..._..




Fisher.projcction- fbrmulée_ of the enantiomers of glyccral_dehyde (OHC-CH(OH-)CI;QO}[).

~ alanine (HOOCCH(NH)»CHQ and malic acid (HOOC-CH(OI—I)ACHZCOOH), each containing one.
asymmetric carbon atom aré given below. * E 8 :

112

CeHO ! ) CHO
e o . HO——————H
1 N N
Ch., Ok CH,0H
Enanticmers of glyceraldehyds
cooH R cooH
’ i 1.
| . !
P . |
C H—— e NH; PHN— i H
i :
© CH- H CH;-
. Epantiomers of alamne
CooH i . GDOH
H |
;
o oH I HO— i
: i
| i t
CHCO0H . CH, COOH

mieTar

Enantiomers of malic acid

The isoiopes, such as H and D, are different enough to permit detectable optical isomerism, Thus,
o-D-ethy! benzene, CH,-CH-(D)-CH cxhibits enantiomerism.

& 75

T4 . . CoHs

!

H.

[

i I
+] : p——=—/
! i

cH, GHs

- Enantiomers of ot -D-ethyl benzene

27.5 MOLECULES CONTAINING TWO ASYMMETRIC CARBON ATOMS

Natural products such as carbohydrates, alkaloids etc.contain two or more asymmetric carbon
atoms. When molecules contain two asymmetric carbons, boih the asymmetric carbons may be attached
to identical groups or they may be attached 10 different groups. accordingly molecules containing twe
asymmetric carbons may be divided into molecules containing two similar asymmetric carbon atoms, and
mocleules containing two dissimilar asymmetric carbon atoms. o '

776 MOLECULES WITH TWO SIMILAR ASYMMETRIC CARBON |
ATOMS S - |

In tartaric acid, HOOC-C (OH)-CH {OH) COOH each asymmetric carbon is linked to the same four
groups i.e, -H, OH, COOH and -CH (OH) COOH groups. Thus tartaric acid is an example of compounds
with two similar asymmetric carbon atoms. In the case of tartaric acid, in all, these isomers are possible-
two cnantiomers (dextro and levorotatory tartaric acids)arc optically active and the third one (mesotartaric
acid) is opiically inactive. The Fisher projection formulac of cnantiomers of tartaric acid and mesotartaric
acid are given below. I : '
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- 1. Do not copy the answer directly from any of the books
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. @) Acetic anhydride b) . Benzoylchloride

Describe Paal-Knorr pyrrole synthesis. Why pyrrole exhibits acidic propert rs'.
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Assignment - 3

2. As far as possible try to answer the questions independently in your own words.
3. Ifit is mecessary to quote from any source give the = correct reference.
4. Use your own fullscape pages for writing the assignment,

‘5. Leave sufficient margins for the comments of dthe evaluator,

6. Completion of this assignment normally should not take more than two hours time. -

SECTION - A

Answer the following in 30 lines

Describe theree methods for the preparation of primary aminos. How doss gniline redct with the
following:- : \

Discuss the open chain structure of glucose,

SECTION - B

Answer the following in 10 lines

What is racemmic mixture? Give any two examples,
Define and explain the following :

) Zuittér ion

ii) Isoelectric Point.

What are apimers and enantiomers? Give an example for each.
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PREFACE

This course deals with the topics in Agrochemicals (Part-A) and Drugs (Part-B) which is a part
of organic chemistry included in the syllabus for the thitd year of B.Sc. course offered by the
Dr. B.R. Ambedkar Open University. The syliabus is for the sake of convenience divided into units,
cach of which comprises a number of lessons. Each unit generally covers a specific area of the
subject. The lessons are prepared by specialists in accordance with a format so designed as to enable
the student read and understand them without much difficulty. Each lesson begins with a statement
of its objective followed by a synopsis and has at its end assignment intended to test the students
comprehension of its subject matter. Generally technical terms with which the student may not be
familiar are given at the end of each unit under the head Glossary or Appendix whenever necessary.

In part-A dealing with Agrochemicals it is attempted to explain the important aspects of Plant
Nutrients, Plant disease control chemicals and plant growth hormones, environmental effects of
Agrochemicals and Pesticide formulation. It is hoped that this part will help the stadent to acquire
necessary knowledge in these areas. - '

In part-B dealing with Drugs, efforts are made to describe the necessary aspects of the topics
on Drugs from Plants, Microbes and Synthetic drugs with special reference to Analgesics,
Antimalarials, Antibacterials and Anubiotics. We have also dealt with Hormones and Vitamins in
this part. These topics will enable the student (o understand the chemisiry and the applications of
some important drugs.

The University hopes that this course material will help the student lo get acquainted with
fauly advanced aspects in chemistry of Agrochemicals and chemisiry of Drugs.
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Part - A

AGROCHEMICALS







- dlements from the soil in the combined staic called plant nutrients. Itis well established

H'dlements required by the plants are also essenti
. dbtained from soil which is deficient of the nutrients may

LOCK - 1: PLANT NUTRIENTS

food material in photosynthesis. Human beings and animals

For the manufacture of food material, plants absorb some
that most of the

al from human beings and animals. Food or fodder
lead 10 malnutrition. Thercfore the required

lant nutrients are (0 be added to the field in the form of natural or synthetic manures.

Most of the plants manufacture their
epénd on plants for their food material.
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~ AIMS AND OBJECTIVES

f fertilisers plant disease control chemicals, the processes of -

" To introduce the imporiance o _
Iness of the micronuirients o the plants.

anuifacture of some important fertilisers and the usefu

h study and understanding of the various aspects of fertilisers presented in this unit,

Af;e‘r:a'.mcrmxg
are supposed to:

remember the historical aspects of the plant nutrients,
lisers based on their action on the soil and also their sources,

% know the classification of ferti

realise the importance of the industrial manufacture of urea, ammonium sulphate, Super phosphate
i and-potassium sulphate, : :

- bear in mind the importance of the micro nutrients in plants.

2 INTRODUCTION
.. Human beings and animals depend on plants for their sustenance- Plants like animals need food
or growth and development. The food needed by plants consists of some chemical clements in a
{ombined form. These are called the plant nutrients. Most of the elements necded by the plants are also

ssential for human beings and animals. Because the humans have to depend on the plants for obtaining
the essential elements, it is necessary 10 S€& that the plants receive these elements. If the food or fodder

"Jabtained from the planis, grown in soils deficient in some of these nutrients is consumed by humans and

“Uainimals, malnutrition and retarded growth could occr.




1.3 HISTORICAL ASPECTS OF PLANT NUTRIENTS .

_ Use of manures such as farm yard manure, green manures, night soil, bones etc., for Amprovement
of the crop yield is as old as the agricultural practice by man. The ancient man practised it by experience
and observation. Later, an attempt was made to understand the scientific principles underlying: the plant
-growth by the use of various chemicals. A rationalisation of farming and soil management had thus
emerged. With the advent of the chemical research as applied to the agricultural sciences, there was a
rapid development in the understanding of the plant growth substances and the mineral nuirients. {

Theodore de Saussure and Jean Baptiste Boussingault are two prominent scientists ofighe 19th
century to-demenstrate the need of mineral nutrients for the growth of plants Tt'was shown that the
source of nitrogen for plants was the soil. Justus Von Leibig who is considered as the fither of
agricultyral chemistry showed in 1840 that plants obtain the elements calcium, potassium, sulphur and
phosphorus was the carbon source for the plants. Leibig showed the essential nature of poiassium in
plant nutrition and suggested that the depleted soil fertility has to be restored by the addition 6f some
minerals 1o obtain a good second crop. Superphosphate was introduced as a fertiliser by John B Lawes
in 1840. ' e

Gris showed that the plant disease called Chlorosis could be rectified by the use"'éf"iﬁ)h salts.
Necessity of other plant micronutrients was recognised by several researchers over a period of about one
hundred years. : Z

e il
srEdald
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1.4 ESSENTIAL PLANT NUTRIENTS

Plants need 16 clemenis for their growth.. They are carbon, hydrogen, OXYgCR,: petassium,
phosphorus nitrogen, calcium, magnesium, sulphur, zing, boron, copper, manganese, molybdenum,
chlorine and iron, Of thege, carbon, hydrogen and oxygen are called natural nutrients because these are
derived from air and water. Nitrogen, phosphorus and potassiom consumed by the plajq]? in large
quantities, are considered as primary nutrients or macro nutrients. Calcium, magnesium and'__‘__‘;',ﬂur are
called the secondary nutrients. Other elements nceded only in minute quantities are classified as

micronutrients,

1.5_CLASSIFICATION OF FERTILIZERS

On repeated cultivation, the soil 1s depleted of the plant natrients and it becomes iess predgctive.
This deficiency must be made up through addition of certain elements in order to improve the subsgquent
crop. These additives are called fertilizers. The fertilizers supplement the elements removed byfudic plants
from the soil, and maintain the PH of the soil at 7 to 8 to facilitate the optimum growth of the plangs.

Fertilisers are classified as follows on the basis of their action on the soil, S |

1.5.1 DIRECT FERTILISERS

Fertilisers that are directly absorbed by the plants from the soil eg., Nitraics, super phosphate and
ammonium saits, e

1.5.2 INDIRECT FERTILIZERS

Substances that help fertilisation hy keeping an optimum pH of the soil for plalit:-:r
eg., Limebarn yard,

1.5.3 COMPLETE FERTILIZERS

Fertilizers which provide ufl the essential nutrients such as nilrogen, phosphorus LIL

4 eg., Guano. ¥




;4_ INCOMPLETE FERTILIZERS

~ Substances which contain only one of two of the required elements. €g., Ammonium phosphate
potassium nitrate. - ' ) : : .

5. MIXED FERTILIZERS

. .These are prepared by mixing the appropriate quantities of ammonium salts, potassium salts and
sphate eic.

- FERTILIZER SOURCES
i Fertilizers aré of two different types depending on their sources : _
A) _Natural Organic and Inorganic fertilizers and (b} Artificial fertilizers :

A) Natural Organic Fertilizers : The natural fertilizers consist of piant matter obtained from
the oil cakes of cotton seed; linseed and castor seeds, farm yard manure composed of the dung of

" cows, buffaloes and sheep. Animal matter such as powdered dry fish, dried blood from slaughter
houses as well as guano consisting of birds excretions, fish bones and fish refuge form other

important natural fertilizers.

_Nataral Inorganic Fertilizers : Chile salt peter (NaNO3), Rock phosphates, wood ash
" containing about 5 percent of potash form important natural inorganic fertilizers.

B)’ Artificial Fertilizers : Based on the essential element supplied by them, these are divided
" into 3 categories. . .

. Nitrogenous fertilizers consisting of the nitrates of sodium, calcium, ammonium and potassium,
urea, ammonium sulphate and calcium cyanamide.

. Phosphatic fertilizers exemplified by the phosphaie rock, normal super phosphates, triple super
phosphate, motio and diammonium phosphaies and calcium meta phosphate. _

3. P_ot_ash ferdilizers : The important potash fertilizers are potassium nitrate (KNQ3), Potassium
* chioride (KCI) and potassium sulphate (K2504).

.17 _MANUFACTURE OF UREA

il

Urea (NHoCONH3), a white crystalline hydroscopic solid meling at 132°C with about 45 perceat

of nitrogen, is one of the best fertilizers. As urea is highly solable in water, it 1§ readily available for
absorption by the plants. Urea has a tendency to hydrolyse and lose ammonia. It is manufactured by
reacting liquid CO7 and liquid ammonia in a silver lined special vessel to get ammoniur carbamate. 5




R
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Ir6n :  Iron is a constituent of several porphyrin compounds. It occurs in cytochromes which are
kaown to play an important role in oxidative phosphorylation during respiratory electron transport and
photophosphorylation during photosynthesis, Ferredoxin, an iron containing protein helps redugtion of
carbondioxide, aimospheric nitrogen and sulphate. The root nodules of leguminous plants contain
a hacmoglobin like protein coniaining iron. Iron is well known for its catalytic role in cnzyme aclivity.
Succinic dehydrogenase, suiphite oxidase, cytochrome oxidasc, catalase and peroxidase are some of the
imporiant enzymes which contain iron. Iron is directly or indirectly involved in all the major mélabolic
processes of plants. It plays a direct rolc in the photosynthesis in which atmospheric carbondioxide is
transformed into complex organic substances, It also plays an important role in oxidative
phosphorylation and nitrogen fixation. Deficiency of iron in plants results in the disintegration of
chloroplasts and a decrease in reducing sugars and organic acids. A

1.16 MODEL ANSWERS TO CHECK YOUR PROGRESS

1. Synthetic or natural substances that are added o the field to mainiain the soil fertility are called
fertitizers. Z :

2. The elements which are requred for plants in very small quantitics are calied micronutrients, -

Author : Prof. P.§. Rao.

10




BLOCK - 2 : PLANT DISEASE CONTROL
CHEMICALS »

In agriculture crops in fest disease due to-the attack of bacteria, viruses and fungi. Insccts, birds
rodents destroy the crops. Some unwanted plants called weeds also decrcase the crop yield.

arder to avoid the above crop loss and also the decrease of crop yield a number of chemicals are used
agriculture called pesticides. They destroy selectively the pest causing organising without much loss

n
:ﬂ he host plant, animals and human beings. During the application of these chemicals onc has 1o be
fhite aware of the environmental pollution and health hazards that result due to the misuse of them. In

W country pesticides have come into application in agriculture as a part of green revelution which

@sqlted in the remendous increase of the yield of food grains..

11







{/NIT:2 ; BRIEF SURVEY OF PLANT DISEASE
: CONTROL CHEMICALS

nients
Aims and Objectives
Introduction
' Classification of pesticides
Insecticides
Fungicides

Herbicides or Weedicides
 Rodenticides
_ Plant growth regulators

Pheromones and hormones
0 Summary
1 Glossary
Model examination questions
Model answers to check YOUr pProgeess

AIMS AND OBJECTIVES

" This unit is mainly aimed to appreciate various chemical methods that are used to protect field

ps, vegetables, fruits etc., from the attack of insects, fungi, weeds, rats and other destructive organisms

d also to create an awareness of the environmental pollution and the probable health-hazards as a result
g:isuse of the chemicals that are used for the above purposes. '

Once you completcly study and understand the contents of the unit, you are expected 10 :

define and classify pesticides _

~ give-an account of inorganic and organic insecticides like halogen containing, organophosphate and
" - carbamale insecticides, . - . '
describe the biodegradability of pesticides..

narrate the insecticidal properties of plant origin insecticides pyrethrms, rotenoids and nicoting

~ discuss about the importance of fungicides, herbicides and rodenticides in agriculture.

“4 account for the role of plant growth regulating hormones, insect sterilants, insect repeliants and
Luvenile hormones in agriculture.

2.2 INTRODUCTION

It is well known that the rats and birds are cnemies of the farmers while harvesting the crops and
storing the paddy. Similarly fungi, white ants, worms, insects, cockroaches and moths etc., destroy the

food stuffs, paper and clothes efc., in the houses and therefore, certain chemicals such as napthalene balls,
D.D.T. and gammexane are used to prevent such destruction, ' ' ' ' '

While growing vegetables, fruits, the commercial crops such as wobacco, cotton and chillies and
i also the field crops such as paddy, wheat and sugar cane,plants infest certain diseases caused by the attack
- Tof the microorganisms such as bacteria, virus and fungi and insects such as grass hoppers, stem borers,
plant lice, caterpillars and beeties. In agricultural fields, along with the crops certain unwanted plants
: known as weeds or herbs also grow, consuming most of the fertilizers and water and reduce the yields of

the crops.

13
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Thus, right from the cultivation and harvesting (o storage, the menace of living orgams:m is 80
great that well over one third of the agricultural products grown by humans are consumed or desdyed.

2.3 CLASSIFICATION OF PESTICIDES

_Agricultural peSts are of different types. Some of them are micro-urganisﬁis such :ésfvirus,
bacteria and fungi. Some are wnsects and worms, with 3 not so well-developed body, Some-organisms
are with_al wcll-t_)uilt I:gogiy System. Based upon the type of pests, pesticides such as birds-and rats

the growth of the agricultural pests. Usually oné pesticide may be active against one type of pest.
Some times one pesticide may be useful to eradicate one or more types of pests. Further, all the living
organisms have a characteristic_property of adaptability by selection to environmenial. changes
including foreign chemicals, Therefore, agricultural pests also develop resistance in due course of 1ithe 1o
a particular type of pesticide. In such cases, a new type of pesticide or a combination of pesticides
has been found useful. The various pesticides have different levels of toxicity ranging from slightly
toxic 1o exiremely toxic. While using the pesticides, the toxicity level should be tolerable 1o the ihost
plants, humans and other mammals, ' : o

2.4 INSECTICIDES

The Insecticides are the chemicals used to kil insects which are harmful to field crops, vegetables
and fruits etc. Among the insect pests, they vary greatly in their habit, habitat and nature of feeding etc,
Some insects attack a number of unrelated plants, while others attack some related plant species,
Some insects live in the soil and feed on the underground part of the plant. Others live on the plant parts
above the ground and feed on the foliage of tender stems and twigs. Some insects bore inside the leaves,
stems or fruits and suck the cell sap. Further, some insects have soft-bodies, while others have hard-
bodies. Therefore, specific insecticides would be effective in each case depending upon the type of
feeding, habit or the body type of the insects, :

Relatively, a few inorganic compounds, the . metallic_salts of arsenic, flourine, sulpilnf-and
phosphorous, ar~ used as msecticides and fungicides. For example, lead arsenate (Pb HAsO4) and

calcium arsenate [Ca3 (6804)2] were frequently used as insecticides in apple orchards, cotton ficlds amd
potato crops. B




x =4.5) is used in the preparation of many pestcides which are

* Calcium polysulphide (CaS, .,

5 for controlling pests in soil, mites and insects. Because of the poisonous character of the grsenic and

fiher inorganic insecticides to man and other mammals, they are replaced by orgamc insecticides. - ,

[ - . 3
| ) ﬁ

3

i

.4}.2 ORGANIC INSECTICIDES

B ﬁ) Synthetic Organic Insecticides @ There are several synthetic organic compounds that are used as
insecticides. Based upon the chemical nature of the groups present in the insecticides, they  are¢
dadsified into (i) halogenated organic insecticides, (if) organophosphate insecticides and (iii) carbamate

Asecticides.

Halogenated Organic Insecticides

DDT and BHC are chlorinated hydrocarbons which exhibit broad insecticidal propertes.

T - (Dichloro Diphenyl Trichloroethane) -
i DDT can exist in a number of isomers, depending upon the ortho, meta and para positions of
% chloro-groups on the benzene rings, The para-para isomer {1a) is the most potent insecticide,
26 ortho-para isomer (1b) has very little insecticidal potency. The systematic name of the para isomer

BEDDT is 1, 1-bis-(p-chlorophenyl) - 2,2,2 - trichloro-ethane.

7/ \
! CH
CCl3’ [

CCl3
(1a) Ub)

DDT was first synthesised by Zeigler in Germany in 1874 and its insecticidal properties were
discovered by Paul Muller in Switzerland in 1939. Currently, the chemical has been almost eliminated
ffom the use in the Western World for the following reasons. - Many insects developed resistance (0 3
DT The residveof DDT and the degradation products of DDT were found- stored in the ' r

apimal fats. Further it was reported to cause like diseases in the mice and rats.
4

Q

:;HC (Gammexane or Lindane)

hloride or 666 (from the molecular formula CgHgClg) also exists in
und is due to its y-isomer and hence the
stablished the existance of

j BHC (2), benzene hexac
i 'geveral isomers. But the insecticidal properties of the compo
¢, gammexane (2). Itis also known as lindane, after van der Linden who &

e first four isomers.
ol

Cl
cl Cl

Ci
(2)

_ Endrin (4) and endosulphan (5) etc., are the insecticides belonging cyclopemiadiene (3) group.
‘They are highly chlorinated insecticides and very toxic to animat life, particularly 10 fish. Further,
ithey are not easily "biodegradable’. : g ]

‘Biodegradability' is the property of any synthetic chemical such as a pesticide or a detergent 0 _
undergo decomposition, to harmless artefacts in nature. The decomposition of pesticide into smatler and

harmless molecules is brought about by naturally occutring micro organisms such as bacteria.
Somectimes thcy may be decomposed by natural processes such as hydrolysis by moisture in the F

atmosphere, or photolysis by sunlight or metabolism by the bost plant.

Br. B a Acc. No3 g):_le..‘%\ 15
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cl ct Cl. ¢l

Cl

(4}

Check Your Progress - | - H
What is biodegradability?
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......................................................................................
........................................................................................
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(ii) Organophosphate Imsecticides

Maiathion (6), parathion {7), phosalene {8), mevinophos (9} and monocrotophos {10) are some of
the coinmonly used organophosphate insecticides, SR

i ? ey
-§-CH,- |
(Wh' P-S—CH—COO% (c2+l50}2 P_o@“% (CZHSO)Z i L
HRCOOCQHS ' .
(6) (7) {6}

0 . H | o H
(C*lso)sg‘O'j = L°°°H (cugo)alo-c = Lconmﬂa
H | .

3 dn,
(9) ' (10)
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- The pi:losphatc esters play an important role in many biological processes. For example, ADP
',osme dlphegphate} (11), and ATP (adenosine triphosphate} (12), are present in muscle tissues
mals. They involve in the energy storage and energy releasing processes of metabolic activities.

' Similarly, acetyl choline (14) is a chemcal present in the nerve cells in a bound state.

julation of nerve cells releases the acetyl choline, which in tarn stimulates the neighbouring nerve
£ to release once again the acetyl choline. Thus the impulses in the nerve celis are transmitted by the
se of acetyl choline. When once the impulse is transmitted, the acetyl choline will be deactivated.
: deactivation is carried out by an enzyme aceiyl cholinesterase (or cholinesterase) by hydrolysing
acegyl choline 0 choline (13). Acetyl choline exerts an exceptionally strong physiological effect. When
jf i administered into the body of an animal, it causes the contraction of muscles, convulsions and
ﬁ sive peristalis. Therefore, the inactivation of the enzyme acetyl cholinesterase, say be the use of

ticides, amounts 10 the ¢xcess release of acetyl choline in the tissues of insects and leads to the death -
insects. The organophosphate insecticides phosphorylate the active site of the enzyme acetyl

Mkélinesterase and inactivate its enzymatic action.

B R =N N

Ro-z-o—z—cmﬂ[%’ *
| | :
o WO W 2

H
D (11) & (12)
. (1)  Adenosine diphosphate (ADP) R

=H
O
H : " 1'.
-7 (12)  Adenosine triphosphate  (ATF) R=—P—0OH
i
OH

e
[CHs-l?"'—CH, CH,~-OR] CI-

CH,
(13) & (14)

(13) Choline chloride R=H

'i° (14) Acetyl choline chloride R = COCH3

Génerally the structure of an insecticide {15) of phosphorus csiers will have lower alkyl, alkoxy,

“alkylthio or alkylamino Zroups. Ong of the groups—can readily be hydrolysed and the resulting
_jphosphorus mojety is utilised for phosphorylating the enzyme cholinesterase. Thus many of the

rginopnosphate insecticides are highly toxic to mammals as well.

X
1
R,—P—Z X=0oS$
!
R, . 72 = hydrolysable group
(15) _
o Organophosphate esters are easily biodegradable. For instance, mevinophos (9) 18 degraded as
' _ i ';' (CHsO),_;-O—C sé-COOH + CHg OH
:I‘gs) .(CH?‘O)‘LL_OH + CH; COCH,, CO_OH

v

CH, COCHg + €O,
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(iii) Carbamate Insecticides -

also owe their insecticidal properties to anti-cholinesterase activity, Carbaryl (16), carbofuran (17),
aldicarb (18) etc., are some of the commonly used carbamate insecticides, The insecﬁcide,‘i‘s.’_ﬁqprgorumn

Q9
0-C-NHCH3
' | ~ CHj
‘o = N07"NCH3
O-E-NHCH3
CHg o
(16) 0 5
L (17) CH.S_%- (:H=N-O—g—iil;dl-|3
CHj3 ehts e
HC'@N 1\,
e’ 0 TH; |
¥ 19 | .

b) Insecticides of Plant Origin
Pyrethrins

Pyrethrins are esters of cyclopropane carboxylic acids and cyclopentyl alcohols, There are four
types, pyrethrin I (20}, pyrethrin I (21), cinerin I (22) and cinerin 1] (23). When the flower heads ot? the

plant Chrysanthemum cinerariaefolium are extracted with an organic soivent such as pewoleum

(20) 10 (23) *

(20)  Pyrethrin 1 R = CH3;, R'=—CH-= CHsy

(21) Pyrethrin II R = —COOCH3, R'=—_cH- CHy
(22) Cinerin 1 R = R'=—CHj

(23) Cinerin 1T R

Il

problem of persistance.

Rotenone

Rotenoids are a class of tompounds which are present in several tropical and subtropical plants.

They are used as insecticides. Rotenone {24) is one such active principle and commercially extracted froi

the roots of a plant Derris Elliptica cultivated in Malaya. This is non-toxic to humans, but highly toxi¢

18 to fish and certain insects. '




otine
Nicotine (25) is an important alkaloid present in the tobacco plant, Nicotiana Tobacurn. Nicotine
ions are used against leaf hopers and other insects.

35 FUNGICIDES
sed to control plant diseases caused by fungi. Nextio

: Fungicides are the chemicals u
the; insect pesis, attack of fungi on various field crops, vegetables and fruits is the biggest problem related

icultural pesis. OCH 3
H4CO

/cchz (2%)
(24) e

‘ Certain copper salts, particularly a mixture of copper sulphate and hydrated lime dissolved in
water (Bordeaux mixture) is used safely to control many fungal diseases of the ornamental plants,
Hvggetables and fruits. Captan (26), folpet (27) and chloranil (28) are commonly used fungicides. Folpet
137 derivative of ophthalic acid and captan (26) is that of

"“"Eté_l_trahydrophﬂlalic acid. Both of them have low toxicity towards mommals and a wide range of fungicidal
attivity. They are used on fruit crops, grapes, tomatoes, and seed dressings. Chloranil (28)appears 10 be

very good seed protectant. 0 0
N-5-CCi3 | S-CCl3
0 ' 0
(26) (27)
0
ct Cl
Cl C.I ‘28]
0]

2.6 -HERBICIDES OF WEEDICIDES

Herbicides or weedicides are the chemicals useful for preventing the growth of unwanted plants or

- therbs (weeds), either in the field crops or ornamenial plants. The problem of weeds in rigation canals,

ifarm ponds and in aquatic lands is also acuie. This has to be lackled with greater efficiency in order 10
protect the biological ecosystem and the level of the ground water-table. There are different types of.
herbicides. Based upon their mode of application, they ~are classified as pre-emergence and post-
emergence herbicides. A pre-emergence herbicide, for example, atrazine (29), is applied before the weed
i jgerminates from the seed. Such chemical should be applicd at the time of crop seeding. A post-
emergence herbicide is one that exhibits its activity by killing the weeds from seeding stage onwards.
1 Paraquat dimethyl sulphate (30) is used as a pOSi-emergence herbicide. Monuran (31} is used as a soil
. | sterilant in regions of moderate rain falls and used citrus gardens.

19




There are other biclogical methods also developed 10 control the problem of pests. For exzimple,
certain bacteriom is cultured and used to infect at the larval stage of certain insects. Similarly, weeds can
also be eradicated by using certairn type of insects or bugs.

210 SUMMARY

In this unit you have learnt about:

1. The classification of pesticides into different types based on the nature of the pest caﬁsing
organisms. S I

11 The inorganic insecticides lead arsenate, calcium arsenate and organic insecticides DDT, -BHC,
endrin, endosulphan, parathion, malathion, monocrotophos, carboryl and carbofuran, :

Hi. The insecticides of plant origin prepared for their own protection. They are pyrethrins, _roteaioids
and nicotine, _ S

tv. The importance of fungicides, herbicides and also rodenticides.
' V. The role of plant growth regulaiors in agriculture,

vi. The importance of sex attractants of insects called pheromones and furemile honnon_e@s in
agriculture.

2.11 GLOSSARY

1. Biodegradability : This is the property of a synthetic chemical to undergo dmomMion
into simpler harmless compounds by the action of micro-organisms or sun light exc. -

2. Enzymes : Enzymes are chemicals secreted in the body which are used to catalyse the metabolic
reactions. . o

3. Fungicides: Fungicides are chemicals used to kill fungi.
4. Herbicides: Herbicides are chemicals used to kill unwanted plants such as herbs or weeds, . |

5. Hormones: Hormones are chemicals secreted by ductless glands in animals which are useful to
regulate various physiological activities.

6. Insecticides: Insecticides are chemicals used to kill insects,

7. Insect attractants: They are natarally occurring pheromones or synthetic compounds used to
aftract msects for trapping or to destroy them, :

8. Insect repellents: They are the chemicals by the smell of which, insects are repelled.
9.Insect sterilants: They are chemicals used to make the insects sterile.

10. Persistance: - Itis (he property of a pesticide without undergoing biodegradation or
decomposition by a natural process.




#

Pesticides: Pesticides are chemicals used to kil various agricultural pests such as, insects, fungi,
weeds, rodents, etc.

2. Pesticide Residues: They are the chemicals related to pesticides, such as degradation products
or metabolites or pesticides found in food products and are toxic for human beings and animals.

Pheromones: Pheromones are chemicals emitted by insects 10 use them as insect signalling
agents.

. Plant growth regulators:They are the chemicals, which are used to activate or decrease the
gnzymatic activities in the metabolism of plants.

. Rodenticides: Rodenticides are chemicals used to kill rats and other rodents.

6. Soil sterilant:It is a type of pesticide used to destroy the pests such as bacteria or fungi present
iri the soil.

_ Toxicity: Toxicity is the poisonous character of certain chemicals (1oxins) which are released
by microorganisras into the host plants or animals. The term 'toxicity’ is also used in general {0
indicate poisonous character of a pesticide or a drug. :

112 MODEL EXAMINATION QUESTIONS

Answer each of the following in 10 lines.

. Define the terms pesticide, insecticide fun’f_f,icide, herbicide and rodenticide.
 Give few examples of organophosphate insecticides.

. Give an example of a rodenticide and explain how does it act on rodents.

. What are fungicides? Give their names and chemical structures.

"Answer each of the following in 30 lines,
1. Write a note on synthetic organic insccticides.
2. Explain the insecticides of plant origin.

. How are pesticides divided into different categories? Define them and give two examples for each
of the category.

_-',13 "MODEL ANSWERS TO CHECK YOUR PROGRESS

1. The property of synthetic chemicals like pesticides and detergents (o undergo decomposition in
organisms into harmiess substances is called biodegradability.

2. The chemicals secreted by some insects which function as signalling agents are calied pheromones.

Author : Dr. R. Venkateshwaralu




26

) Calcium arsenate {2} : It is formed by heatjﬁg & mixture of calcium hydroxide andéq.gs;;ilic acid.

The commercial calcium arsenate is a smixture of basic calcium arsenates and calcium hydroxide. E

6Ca (OH)2 + 4H3As04 ——— 2Cag (As04), + 12050
| O

(©) Parisgreen(3): ltisa double salt of copper acetate and copper arsenate (3), formed by boiling
a mixture of capric acetate and arsenic acid in acetic acid medium. ' R
4(CH3CO0))Cu + 2H;As0, —— Cu( AsO4), Cu( CH3C00); + 6CH3COOH
3) '
These arsenates are effective against potato beetle and for the codling moth.

i) ORGANIC CHEMICALS - ' 4
(A) Halogenated compounds : Chlorinated insecticides like DD T 4}, BHC (8), endriﬁ ete,
have been banned in Mmany parts of the world because of their low biodegradability. They enter the
human body through food chain and cagse heatth hazards,

{a} D DT -Dichioro Diphenyl Trichloroethane 4}

Paul Muller was awarded Nobel prize for the discovery of insecticidal propcrties. of ‘I:)DT
(1,1-bis (p-chlorophenyl) 2,2.2-trichloroethane DDT (4) is prepared by condensation of chlorat (5)
and mono-chlorobenzese (6) by agitating with three times their combined weights of strong sulphuric
ackd, 0O

I
CCI3 .

(6) (5) (6)

- Conc HZSO‘*—»-CI-@—?H@CI -
CCly _ B .

() '

.DDT is the major product in this condensation but niot the sole product. Asg would be expicutd,
in addition to the desired bara-para-compound (DDT), small quantities of ortho-para and ortho-ortho
compounds are also formed, Commercial DDT is a mixaure of all the above three forms. DDT (4) has a
wide spectrum of activity against different families of insects. ' .

It is effective against insects on the pea crop. Ithasa specific effect against jassides, coceinellids
and a few spacies of cutworms. DDT (4) is very slow in iis reaction uniike pyrethrem and thiocyanstes
which can immobilize insects in a few seconds, : .

The p.p-methoxy analogue of DDT is called methoxychlor (7). The method of preparation of
methoxichlor is similar to that of DDT (4). Anisole is ysed instead of ‘chlorobenzene for the
condensation,

Oy
3

CCi
(7)




Use of DDT (4) for keeping the cow houses free from flies is now suspended as significant
unts of DDT residues were detected in the milk of the cows. Methoxychlor (7) is used for this
ose as it is degraded in the body. o -

(§) BHC Benzene hexachioride (8)
oride (1,2,3.4.5.6 - hexachloro

ation of benzene. Benzene hexachl
S, E, # and ¢. Only y-isomes

even isomeric forms o, L
firmation.

It is prepared by photochlorin
has a,3,a ¢, &, € con

#do hexane) is obtained as a mixture of s
insectidal activity and is obtained in 13% yield. The y-isomer’
Cl Cl

Cl i
H_Ci-- . H

(8)
It is specific against most of the

known as lindane or gammaxane.
give a certain amount of relief against tissue borers.

| The ‘yisomer is commercially
Jernal feeders and repcated applications ¢an

(c) Dieldrin(9)
ycloheptadiene (12)

Diels-Alder reaction of cyclopemadienc (10} and acetylene (11) gives dic r
yi which 1s again subjected (0 Diels-Alder reaction with hexa chloro penta diene (13) to give aldrin (14).
'l \Epoxidation of aldri (14) with hydrogen peroxide gives dieldrin (9). : '

- o
i 4 i
CH U

St (10)

H202_b

{(9) 27




& Endo sulphan (15}

Synthesis of endosulphan or thiodan (15) consists of Diels-Alder reaction between hexa-
pentadiene (13) and 1.4-diacetoxy-2-butene {16) to give bicycloadduct {17} which. is hydiglysed 1o g
diol (18). Treatment of the diol (18) with thionyl chloride leads to endosul ),
useful for controlling aphids, caterpillars, ptant bugs and borers, -

ol .
cl -
cl CH-CH0COCH,
a T od L — '
S CH-CHPOCOCH,
(13) (16)
Ct " |
Cl CH0COCH
3 3
il cci HOH s
S CH0COCH,
o
{17)
Cl ;
S0ClIp CI
2722, |
Cl !
Cl
{15)

B. ORGANOPHOSPHOROQUS COMPOUNDS

Organophosphorous compounds have high iﬂ_s_c_c_ticidal activity and wicle_ spectrum of action,

1) Malathion (19)

used in this symhesig is prepared by heating a mixture of phosphorous pentasulphide and methano_} }_k
1 . SH
28 (20




H,CO ' Mildbase
H,co—P=8 + | - H,CO—P=5
H. COOC,H; i _
SH d__CH.COO0C:H;
]
CH,. COOCH;
(20) 2m (19)

hite flies.

jassids, thrips, caterpillars and W

1t is useful in the control of aphids,

ii) Phosolone oF Zolone {22)
sodium salt of diethyl-dithio-phosphoric acid

ure of

i Phosolone (22) is prepared by heating a Mixu _
15) and 6-chloro-N-chloromethyl-3—benzoxazolone (24). Dicﬂlyl—dithiophosphoric acid (23} is prepared
By the action of ethanol on phosphorous;pemasulphide.

H3Ca0 HC0

P,sgwsoa _A, Hsczo.ﬁ%;sﬂ

. s |
DR AR f

_a, w3 -
0CHs 0”0 cl F

(22)

tween dicthyl-chloro—phosphaie (27) and ﬁ-ketobutyri_c acid (28) in presence of sodium
acid (29 which 18 converted into acy! chioride (30). Treatment of the acid chioride
hos (26). Diemyl-chlorophosphat.c ased in this reaction is obtained

of a tertary hase.

gives monoCrotop
osphorous oxychloride and ethanol in presence

i) Monocrotophos a6

: Reaction be

ethoxide gives the
. with methylamine
by the action of ph

29
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ci 0C,H,
|

| tertiary
O=P_c1 4 2C,H.0H er— O = P—OC,H,
| base |
¢ Cl _
(27)
_ o 0 CH,
i l’\haOCgH‘,i it :
27+H_;C~~C—-CH2——C—‘—OH ——— H;,C;_.OP—O-—C:CH.COOH
i |
0 OC,H,
(28) (29)
- J,sOc:z
e} CH, 0 CH, .
it ] CH;NH, i i
Hscgo-Pao—-czc:H. CONHCH,, —— H,C,0P—0—¢ - CH.coct
_ in .
H,C,0 ' CH,CI, H;C,0 R
(26) - (30) o

35 PHEROMONES AND JEVUNILE HORMONES

Chemical agents are usefyi (o control the insect Population but most of the symheﬁc insecticides
have certain drawbacks such as (i) development of Tesistance by insects and making them ineffectjvclgwiﬂ]

Recently, sex hormones, cailed Pheromones, which regulate the growth cycles of insec_:_t.s,\have
been utilised for the insect control, Pheromones are the chemicals that are nNaturally excluded by gome
female insects 1o alract their males and are effective in very small concentrations. Dispalure (31} is one
such hormone which 18 used against £¥psy moth.” Cecropia moth Juvenile hormone (32)is an example of
a hormone which disrupts the growth cycies of moths, :

Hy

| . ,(CHz)gCHg
HC *‘-CHZ)Z-CHZ-C‘“C _

W\

(31)

HeCy M5 G 0

> \C--CH(CH2)2-—C=CH(CH2)2-C=CH-C‘-OCH3

”
H5C2 \0/ |
T G




- SUMMARY
" The main points you have swdies in this unit are :
. The classifications of insecticides based on their action on insects and their nature.

{i. The industrial preparations of lead arsenate, calcinm arsenaie, endosuiphan, matathion, parathion,
phosolone and monocrotophos.

The sex hormones of 1nsects called pheromones and also the the juvenile hormones that are used in

- modern agriculture 0 control the insect pests.

GLOSSARY

© Acaricides : Chemicals used 10 kill mites or arcachinids.
. Adjuvanis ! Materials which act as welting or spreading agents.
. Algaecides: Materials which control or prevent plant diseases caused by algae.

. Diels-Alder reaction . 1,4-Addition of a dienophile (ethylenic compounds activated by eleciron -
withdrawing groups) 0 2 conjugated diene 10 give cychc compounds. '

. Fungicides : Materials which control or prevent plant disgases caused by fungi.
. Fumigants : Gaseous state insecticides.. ' '

7 Herbicides : Materials which kill certain types of plants (weeds) without injuring the desirable
plants. :

8. Nematicides: Substances which control nematodes.

9. Rodenticides : Substances which kil rats, mice and other rodents without causing danger to
, domestic animals and man. : : -} .

MODEL EXAMINATION QUESTIONS

Answer each of the following in 10 lines.
_ Qutline the synthesis of DDT and BHC

Answer each of the t‘oilovﬁng.in 30 lines.
_ Outline the synthesis of any one of the following.
(@) Monocrotophos  (b) Malathion  {¢) Phosolone  (d} Dieldrin (&) En{_losulphan.

MODEL ANSWERS TO CHECK YOUR PROGRESS

_ Those insecticides which on application in the field are absorbed by the-plants rendering the plants
tissue toxic 1o insects which feed on them. _

_ Benzene hexachloride (BHC) has a number of geometrical isomers. .Bul\ only y-isomer has
insecticidal property. This isomct is called gammaxane Or nndane. '




UNIT4 - FUNGICIDES
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4.1 AIMS AND OBJECTIVES

To introduce a brief account of fungicides in general and (o consider the chemistry of a few o;ganic
and inorganic fungicides,
After the completion of the study and comprehension of this unit, you must be able to: L

* describe the classification of fungicides into different types.

* explain the mode of fungicidal action.

* give an account of the methods of application of fungicidcs.‘

* give the industrial methods of synthesis of captan and chloranil.

* describe the preparation of mercury fungicides HgClp, HgaCly and HgO.

4.2 INTRODUCTION

Fungicides are chemicals that inhibit or prevent fungus reproductions without kiili:jg ﬁhe
organisms. Fungicides are used in agriculture to control plant diseases and redyce crop losses and prefrém

decay of manufactured_ Or natural materiz]s,

4.3_INORGANIC AND ORGANIC FUNGICIDES
4.3.1 INORGANIC FUNGICIDES

‘ Inorganic tungicides sych as bordéaux mixture and sulphur are in yge even today, Bordeéu?x
Mixture is made by mixing a solution of copper sulphate with a suspension of lime (calcium h ydroxide).
32 Another group of inorganic fi ungicides includes Percury compounds. o




{2 ORGANIC FUNGICIDES

anic chemical used 25 a fungici

Yy

The first org;
st useful organic fungicides ar derivatives O

;] S .
N-tos-n

h RO}

. Examples are ferbam and ziram, the iron an
deb, and maneb, the sodium, zinc and manganese

tl:H NH, CS. SH
CH,. NH.CS: SH
(2)

~Other representative fungicides which are wid

de waé ditlﬁd—éarbamatc, discovered in 1

d zinc saits of dimethyl-
salts of ethylene bis (_diﬂliooarbmnic acid) (2).

ely used are captan, chlorothanil, chloramil,

934. Some of

£ dithiocarbamic acid (1).

Jithiocarbamic acid and nabam,

dichlone

A FORMULATION

- The success of fungicide often

¥ are applied as wettable powders,
icles of the most effective size. They must be mixe

he wetting agents or solvents should not degrade the fungic

dusts or emulsions. R

T

depends on the manner in which these com

d with wetting a
ide or injure the plant.

pounds are applied.

aw fungicide must be pulverised to unform
gents Of dissolved in solvenis.

15 FOLIAGE FUNGICIDES

~ This type of fungicide is applied to parts of the plants
rathier ihan cure it. Fungicides applied (o foliage fall 1nto
mycelium of which is exposed on the su

fungicides kill fungi by direct-con

In general these
issue. S

foliar discases live within the plant t

surface. Against such fungi the primary object 1
“¥tungicides are protective (known as protective fingicides)
arrival of the fungal spores. Otherwise the leaves would:
Yatk and the plant was infected, it is stitl po
the infected tissucs. Such a compound i$ usually called a

- Foliage fungicide m

_ stable chemically and resist degradation by water, XY gon,

Check Your Progress - 1

o they are inaccessible 1o the ch
s protection of the foliage

gsible in certain cascs 10 apply

ust adhere 1o the foli:ig"e d'cépiic wealheong.
carbon dioxide and sun hight.

above the ground usually to prevent disease
{wo groups. "Those used against fungi, the

rface of the teaf, for example powdery mildrews.

tact. But a large number of fungi causing
emicals applied on the
from infection. Such

and should be applied at a time prior to the

be infecied. However, if application is 100
a fungicide which will kill

n eradiction [ungicide.

They also must be sufficicntly

ey
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What'do you'mean by seed treatmient.

4.6 SEED AND SOIL TREATMENTS, Lt

" “Seeds angd seedlings are protecied dpaingt fuﬁgi in the soil by u'eatmgtheseeds ,ah;i the soi
with fungicide. Seegd treating materials mysy be safe for seeds and resists degradation by soil and
soil microorganismg. Some soil fungicides are safe £ pse on living plangs, An example is pentachioro

nitrobenzene (3) which can be drenched aroungd seedlings of cruciferous crops ang lettuce 1o profect
them against root-rotling fungi. QOther soil fungicides such as 'fOrmaldehydc (HCHO_)_ hioropicrin -

(CCLNOy  ang methyl isothiocyanate (CH3NCS) are injarious to seeds ang living pia;
volatile compounds are used before Planting, they have 5 chance (o kill the s0il fungi an
from the soil. o L

- 43)

Check Your Progress . 2
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4.7 _SYSTEMATIC FUNGICIDES

., Systematic fungicides are compounds that permeate plants 19 progecy Bew growth or to' elimifate
infections that have already occured. Since the advent of beromy} {4) and of carboxin (5) other g ve
f“.';lgfcidesﬁk?caman(6Jhave'becomeavaﬂabfe. o e |
R CO-NH-CHyCHy-CHyCHy
_}‘"NH*‘COOCHg
(4)

ey
HoC S,C"CO‘NH‘-‘-’-CSHE‘)

{(5)




T FUNGICIDAL ACTION
r.r'l.e alter thé, 'pé,l"meability .

B3 The nature of fungicidal action varies with different compounds. S0
-gtructure of the membranes within the fungus cells. Some interfere with the normal utilization
aptaholites. by, the fungus cell. Other fungicides block or impair cell respiration of the fungus.
) ' ation ot production of toXic substanges.

“hungicides act as direct {oxicants, causing accumul
f_fe’ctiveness of a fungicide may be modified by several factors, including light, humidity and

"APPLICATION METHODS

fungicide. Conventional sprayers apply 2800-4700
es uniform and adequate COVerage of the
+ blower and low-pressure, low volume

Y
yer. The mist blower uses an 4ir blast to spray droplets onto foliage. Mist blowers are useful tor
pplication 0 row CfoDs. The low-pressure

ying fungicides to trecs but are less satisfactory for al
ight machines that apply about 300 liters of concentrated spray liquid
si. These have been successfully used to protect tomatoes and
f this method is ultra low-volume

sed by funéi. The most recent refinement o
s. (Growers can protect certain crops by

applied from air crafts.

Dusters and sprayers are used to apply foliage
jlres/hectare at pressures upto 600 psi. This.equipment ensur
gicide. Recent developments in spray equipment are the mis

ioes against diseases cau
i LV} spraying, which employs special spinning cage micronizer
lying as litde as 2-8 litres of spray liquid per acre. Fungicides are also

{10 CAPTAN

. Csptan is the tre'e name of the protective fungicide, N-uichloro-mcthylthio-1-cyclohexene-l 2-
:";nmidc & - dely used foliage protection since 1949. It is prepared by reacting tetra

wophthalimide (., with trichloromethyl-sulphonylchloride (CClSCl) under basic conditions.

0
il _ w
¢ ; base
Jwsisccly =~
c |
n
mn
i
c .
W-s-coly
1]
0
{6)

7. Toushydrophthalimide 6. Captan |

has a pungent odour and is non-volatile, and insoluble in water. It is useful for treatment
of the soil or seed t0 control damping off diseases. Captan is also used as an effective germicide in soaps
- and for protection of leather against microbial deterioration. '
_ Captan is quite harmless o warm-blooded animals but harmful to fish. Contamin
* water ways and ditches must be avoided with this chemical.

ation of ponds, i
on of pon 15




Ct O

| (18) - L
Photochemical instability of chloranil is due to photolysis to the corresponding hydroquinone,
and subsequent dimerization, . : : S

As chloranil sublimes above 75°F, it disappears from the_: foilage on hot days,

4.12 MERCURY FUNGICIDES

. Persistance. in he soil and on the plant surface and toxicity o animal life the use of mercury fuigficiiles -

~ eradicant as well as protective action, « -

Inorganic and organic compounds of mercury are highly fungitoxic. They have been' nfsed
extensively in plant protection especially for seed treatment against seed-bome discases. The inorganic
compounds of mercury were. also found to possess bactericida] properties. However dued Meir

is being discouraged. The possibility of phyto toxicity has resiricted their use as foliar sprays.

The inorganic compounds of mercury such ag mercuric chloride and mercurous chloride are used
for seed treatment, Sometimes solutions of the above compounds are used for 50il drenching to eradicaie
the soil-borne pathogens. However due to residual toxicity this treatment is not considered safe, Tofruie
orchades, wounds on stem and branches are disinfected with mercuric chloride solution, '

The organic compounds of mercyry are more commonly used, for seed treatment, 'They have both

(i) Mercurous .chlof'_itﬁ: ) -_(_HgiC_lz)
a. Mercurous chloride is precipitated on addition- of chioride ions 1o a mefcury salt,
[ng]z“' + 20—y Hg Cly (White) |

b. Mercurous chioride is alsq prepared by hcatin_g__ a mixture of mercuric chloride and mercury.
HgClp + Hg — Hg>Cly |

Mercurous chioridé is long used both as an insecticide and as a fungicide fof the treatment of et
disease and against club root of brassicas and white rot of onion, o L

(ii} Mercuric chioride (Hg_Clz) or corrosive snblmate

a. Mercuric chioride is prepared by heating a solid mixture of the mercuric: sulphate and common salt.
heat o
HgS04 + 2NaCl —— HgClz d + Nazso,
b. A solution of the salt js prepared by adding hydrochloric acid o mercuric oxide.

' Mercuric chloride is used at § - 1000 dilution for sced treatment, The solution is sometimes used '
for soil drenching to cradicate soil-borne pathogens, It is a] S0 used as a wood preservative.

_._.____._._i_..._____._....____....___..._______. -




Mercm’&c Oxule HgO _ c
me other mercunc compounds 1s dunorphous It occurs m ycllow

-_Mercunc oxldo llke $0
& These two forms differ from each other only in the partlcle size.

and" red

:__The yellow form is precipitated on addluon of alkali to a solution of a mercury (Il) salt.

gg2t + 2085 — HgO L + H0
_ ' (Yellow)

| - The red form is obtained when mercury is heated in air almost 10 the boiling poini.'
" oHg + Oy —— 2HO
© (air) .

 Mercuric oxide is used as a protective seal

on bank injuries and pruning Cuts. S

%15 SUMMARY

overod in this umt are

The mam pomts you have ¢ _
r apphcauon mlso fohage systornxc ‘soe

. Classxﬁcauon of fungicides bascd on thei d a‘nt_fl_ soil
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1o _'Wme short note on the follomng
8 Fohagc fungmdes b Funglcldal action ¢) Mercury fungicides

‘Apswer each of the following in 30 lines.

1. D1scuss the chemistry of Captan.
S How is d\loraml prepared and what are its uses?

O CHECK YOUR PROGRESS

as eradlcam fum gl(:lde

'15 MODEL ANSWERS T

1 A fnngmde apphod on an mfectcd crop © remmc the fungal msease is called
befate harvesung the

ons on agriculture crops, fan‘
This process is called

fungal mfecn
es of infecting fungi.

2 In m:dex to prcvemthe auack of
des to destroy the spor

seedlings are treated with fungicl
seed treatnent. -
e - Allthor : Syed Ghouse Peeran 19
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54 Methods of weed control
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3.9  Model answers to check YOur progress

5.1

AIMS AND OBJECTIVES

]

'HERBICIDES AND RODENTICIDE




'yedforthepmposcis

ip ¢omplete the reproductive
fhibugh seed.

pility of agricuitural
hey aiso harbour insec

[he weeds is called herbicide.

adsification of weeds :

Weeds are classified, in
1als, biennials and perennials.
Annuals live and produce

giierground Smictures sach

commodites. Som
1, fungal and viral organisms.

. pletion of the life cycie and the m

cycle. Perennials live indefinitely. The ann

But perennials are propag
as rhizomes, bulbs and tubers.

¢ weeds are poisonous 10 human beings-and live stock

ceds. One of the important methods

" Therefore there is an absolute need to prevent of control w
to use chemicals 0 kill the weeds. A chemival employed 1@ destroy Or t0

one type of classification, on the basis of the ime required for the
ode of reproduction. The weeds are classified in this type as

But biennials require two years
pals and biennials multiplicate
o often vegetatively. through

their seeds in a single. growing season..
ated not only by seeds but als

WEED CONTROL

€4 METHODS OF

Weed seeds germinate earlier, the seedlings grow faster, flower
rally tackles in two ways, 1) preventive methods and 2) control methods.

aedmcnanoc is gene

ﬁeefromweedseeds,andusmg

~ Chemical methods
an be adopted guite in time,
ethods of control is easiet,

protection measures su

The applica

““{reatments ar® made 10
" the crop {Post emergence).
for obtaining results.

aquatic treatment is
© wieeds. In this control
lakes.

. Preveniive methods consist in us

Control methods involve mechani
of weed control occupy an important place these days.

Jess time consuming and lesscosily. . - ¢

These chemicals used in this me!

h use of chemicals known as W
ch as insecticidal and fungicidal sprays.

A herbicide is any chemical that kills o

i3 ER Selective herbicides remove certain weeds
a wide range of vegetation
ication of any herbicide i

application CONSISLS of treatments
the soil before emergence of the crop

Besides the two popular’
the chemicals are dissok

carlie and mature ahead of CTOps.

ing crop seeds not contaminated with weed seeds, using manure,
irrigation water not 1aden with weed seeds. : :

cal, cultural, piologicat and chermical measures.

_ Chemical weed control
and in situations whese the other methods of control fail.” The chemical

thod are called weed killers. Chemical weed CO trol in crops thus
ensure efficient utilization of

eed killers and increases the yields and

inhibits the growth of unwanted plants or weeds.
_selective herbicides remove

from certain Crops. Non
 plants differ in their susceptibilities to any special chemical.

s effected through foliage or soil weatment. The foilage
to the leaves of growing pl Soil
(Pre emergence) or afl

Tn this soil treaiment, incorporation of chemical into

made

treatments namely foliage treatment and soil treaiment, some times
used for control of submerged aquatic

. A number of chemicals are
ved or.emulsified in water in canals, ditches, ponds and
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Check Your Progress . |

What do you mean by a pre emergent weedicide?

.......................................................................
..............................................................................
..............................................................................

ST
..........................................................................

5.5 CHEMICAL CLASSIFICATION OF HERBICIDES
Often herbicides have certain similarities in thejr structural formulge, Most of them are
homologues ang analogues of 3 basic structure. Herbicides belonging to one chemical family teng o have
similar modes of action on plants and behaviour in soil, Some important types of compounds .e_inployed
as herbicides are preseated below. - : - : S
a) Substituted Benzenes R
Trichlorobenzenes ' ' ) o ST T
Methy! benzeneg (Xylenes) _ . _ '

b) Substituted phenogls
Nitrosubslimted._phenols {Dinosam)
Chloro substituted phenols (PCP)
¢) Phen‘&xy acids -
24-dichlory phenoxy acetic acig
- d) _Symmeti'ical triaiinés_
Atrazine, chlorazine
Prometone

¢} Substituted triazoles
Amitrole -

f} Substituted

. Pyrimidines -
Picloram '

2) Substituted'.ureas_ _ S - o
Buturen, Diuron, Isoproturgn L .

h) Substftuted amides and anilides
Bensulide, Butachlor

- ) -_Anilines-_and Toluidin¢s
' Benofin, Dibatali

§) Chiorates ang Borates

_ Ammonipm borate
42 Sodium chlorate




A;rsenicals
Sodium arsenale

1) Cyanamides
Calcium cyanamide

1) Thiocyanates
Ammenium thiocyanate

d popularly used herbicides belonging to the ymporiant categories

7% - Some widely known an
pefitioned above are

5 2,4-Dichloro phenoxy acetic acid (2:4-D)
§) 3- @-ChlorophenyD-1, 1-dimethyl urea (Monuron)
i) 3- (4-isopropyl phenyl)-1, 1-dymethyl urea (isoproturon) -
v) Calcium cyanamide r‘

v) Ammonium guiphamate
s are presented briefly in the following paragraphs.

Some important properties of these herbicide:

llj1 2,4-Dichlorophenoxy acetic acid
'This is popularly known as 2,4-D. The chemical structure is
Cl OCH, COOH

Cl

The ...~lecular formula is CgHgClyO3 and the molecular w
rgotouth s crystals, melting at 140°C. Tt is stable upto 50°C for at least 2 years. It is sol

ipto L6 ngOOg. at 200, Tt is more goluble in organic Hquids.

eight is 2214. It is obtained as
uble in water

ective herbicide and wanslocatable with properties of a growth promotor. It is usefﬁl

It is sel
ce control of annual and perennial broad leaf weeds, 1n cereals, sugarcan< and grass seed

n postemergen
_ Ester formulation are generally used on trf and grassland. It is very important o avoid spray
' be used as a sclution oF as wellable

L

drift. A large drop S1Z© should be used during the application. It can

i ith other herbicides such as aminotriazole and administered. the compound
Duration of residual activity in soil

undergoes degradation in soil and plants 10 form 2,4-dichloro phenol.
is about 6 weeks at 1 Kgfha. Asthe compound reacts with skin, eyes and respiratory tract of human

beings, it is essential to avoid continuous exposure.
pound. Symptomatic {reatment is 10 10
pgested.

duce vomiuing.

fic antidote is known for this com

No speci
therapy and control of circulation are su

Liver protection

1-1-dimethyl urea (Monuron)

ii) 3- (4-Chlorophenyl)

The chemical structure of the compound is

O T o
0 . o _ _
' s 43

It is chlorophenyl derivative of 1, 1-dimethyl urea.




The TUPAC name of he compound is 3- (4-chlorophenyl). ], I-dimethy! urea. It is chramoniy
KROWN as Monuron, Its irade name g Monurex. The molecular formuig and the molecijj; i

i) 3. (4-isopropyl phenyl)-1, 1-dimethy] yrea - (Ist)p_roturon)

The chemical siructyre of the compound ig

It is seen from the Structare that the ¢ompound is a derivative of urca. Iis'rade names are.'Aé'af:lon, '
Graminon ang Tolkan, The molecular formula and molecular weight are C12H13N20 and __20'6.29

Itis absorbed via rogts and leaves. It is a selective pre and poest emergence herbicide. It is hi}jhly'

useful in the pre angd Post emergence contro] of blackgrass, bent &rass, wild oats and the broad lead
weeds in winter wheay, . . o

Its formulation types include Suspension concentrate and wettable powder, It Possesses wide
compatability with other herbicides. _ : o

It undergoes enzymic and microbig] demethylation at the nitrogen. The phenyl urea is hydrol}tsf:d
to 4-isopropyl aniline, The herbicides should pe kept out of the reach of children. angd away from fobd
stuffs. No specific antidote i known for the compound. - . o

iv.  Calcium Cyanamidg

This can be claséified under 'incirganic herbicidcs._ Its formula ig CaCNz.‘ Slru¢lurally _
contpound is represented gs L

especially in humid conditiong, It is adminisiered as granules. It mixes very well with fertilizers. g is’
taken into plants angd permantively degraded. Skin and eyes must be protected from the Compound and nio -
specific antidote is known. ' - -




‘Ammonium Sulphamate

The compound is known by its trade name Ammatc,.or Amcide. Its molecular formula and
olecular weight are HgN,O3S and: 114.13 respectively. “The -chemical formula of the compound i8
H4503NH2. The compound i3 obtained as colourless odourless, hygroscopic crystals melting at

1125 < 130°C (Decomposes at 160°C).

it is very stable under siOTage conditions and corrosive to metals. The compound is readily
ions as herbicide by rapid absorption via leaves and surfaces in wood. But it

15651 used for nonselective herbicidal control of weeds on noncropped or fallow land
‘on land to be planied or in forestry. It also controls poison ivy in fruit orchards. It is highly
ompatable with other water soluble herbicides or wettable powders. It1s microbially decomposed in
¥l within 6-8 weeks. The sprayers are 10 be washed thoroughly after use and one should not inhale
pray mists. The is no specific antidote. ' ' . '

56 RODENTICIDES
A rural commodities both in the fields and In thé-s'tore -huuﬁes

by rats. Itis estimated that every year thousands of tonnes of food grains are lost due 10 this rat menace.
1t is therefore very essential that the rat population both in-the fields and store houses is 10 be effectively
controlled. Itis found by experience that many chemicals can be used for this purpose. Those chemicals
-which kill rats, when the later eat the chemicals, are known as rodenticides. These chemicals are usually

food used for such purposes is called 'bait. The bait is placed

mixed with food taken by the rats. The
in the small holes made in the ficlds or store houses. The few commonly used rodenticides are

A great menace is cansed to agricul

i Wararin
i, Zinc-Phosphide
‘i, Aluminium Phosphide

' The physical characteristics and the mode of application and action of these fodenticides are
~ described in brief in the following paragraphs.
" Check Your Progress - 2

~ Whatdo you. mean by bait?

. Warfarin
It is sold in the market by various names such as coumfane,

hame of the compound is 4-hydroxy-3- (3-0x0- _
an organic compound generally present in the plants. The chemical structure of the compound is

Zoo-coumarin etc. The chemical
1-phenyl butyl) coumarin. 1t is a derivative of coumarin,
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0~ 0

Z CH
OH _CHz‘CQ‘_CH3
Warfarin

the storage area. The bait or the chemical muyst pe kept away from food, food stuffs, (_:hildten-"imd
domegtic animals, It jg essential to avoigd contact with skin, eyes and mouth, The chemicat must be
stored away from heag and flame, :

i Zine Phosphide

In the event of incorrec or carelesy Storage, there jg 5 danger of explosion and fire hazard througjy
the ¢volution of phosphine. Care must be taken g keep the chemical away from children, domestic:
animals, food ang food stuffs,. No Specific antidote ig known, Emptying the Stomach and admi_nistrationi
of medicing] charcoal ang Oxygen help 1o 5 large extent '

_ Since it ig very harmfy] 1o human beings and domestic animals, this hgg 0 be used only in speciat
and by traineq people, ' ’ '

5.7 _SUMMARY

The main points you have studied in thig yqi are; -
1. the methods of weed conirof,
2. the classification of weedicides based on molecular structyre.
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. some imporiant properties of herbicides 2.4-D, monuron, isoproturon, calcium cyanamide and
ammonium sulphamate.

. some physical characteristics, mode of application and the action of the rodenticides warfarin,
zinc phosphide and aluminium phosphide.

.8 MODEL EXAMINATION QUESTIONS

Answer each of the following- in 10 lines.

. Discuss in brief the meaning of a 'weed’ and describe its harmful actions.
. How are herbicides classified?

. Discuss how rodenticides are applied and describe their mode of action.

Answer each of the tollowing in 30 lines.

. Describe in detail the meaning of a herbicide and describe the acton and structure of three
important herbicides.

. Discuss the meaning of a rodenticide and describe the action and siruclure of two rodenticides.

MODEL ANSWERS TO CHECK YOUR PROGRESS

A weedicide with which the soil of the field is to be wreated to prevent the germentation of the seeds
of the weeds before the emergence of the crop is called a preemergent weedicide.

9. The food material of rodents which will be mixed with a rodenticide 1o prevent the rodent menace
in agriculture 18 called the bait.

Author : Mrs. C. Sesharatnam
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LOCK - 3¢ PLANT GROWTH HORMONES,

ENVIRONMENTAL EFFECTS OF
GROCHEMICALS AND |

PESTICIDE FORMULATION

Organic compounds that play a major role in the plant growth are plant growth hormones.

me of them promote growth by cell ctongationand others byincreasing the cell division. Ethylene is
1 sponsible for fruit repending. There are some hormones that inhibit the plant growths called plant
_growth inhibitors. Bya systematic co-ordinated applicaton of these hormoncs in moderm agriculture,

‘i is possible t0 promole proper growth of the crops and achieve high yields.

Most of the people in our couniry depend on agriculture for their livelyhood. By the use of
-high yielding crop varicties, fertlizers and pesticides the agriculture produce has been tremendously
_ ,Increased in the last twenty five years. This increase is called grect revolution. There arc different

inethods of the application of pesticides called pecticide formulation. Repeated application of
grochemicals in the fields is jeading 10 cnvironmemal_pollulion. Therefore in order 10 avoid this

we have Lo encourage farmers Lo use such agrochemicals that do-not persist long and gcl biodegraded
a-short time after their application.

49







Chiorine : Many chlorine containing organic substances have been found 10 be the metabolites of
many micro organisms. However, no such compounds have been obtained from higher plants. Chlorine
is shown to play an imporiant part in oxygen evolution during the primary photo-synthetic processes.
Deficiency of chlonine leads to the wilting of the leaf blade tips.

Cobalt : Many micro organisms need cobalt for their growth and metabolism. Cobalt plays an
important role during the fixation of elemenial nitrogen by the rhizobia of the leguminous and non-
leguminous plants. It is a structural component of vitamin-B13 (Cyano cobalamine) which is essential
for the formation of inlermediates needed for mtrogen ﬁxauon Besides, cobalt plays a catalytu, role by
actwaung the enzymes.

1.13 SUMMARY

The main points you have learnt in the-unit are,
(i). The historical aspects and the importance of fertilizer in agriculture,
(it). Classification of plant nutrients into macro and micro types.
(iii). Classification of fertilisers based on their action on the soil into direct, indirect, compleie,
incomplete and mixed fertilisers. Fertilisers are also classified on the basis of their sources into
two types. They are natural and synthetic fertilizers,

(iv). The industrial manufacture of urea, ammonium sulphate, super phosphate and potassium suiphate.

(V). The importance of micronutrients in plants. These nutrients are Cu, Zn, Fe, C1 and Co.

1.14 GLOSSARY

1. Enzymes : Proteins made in the proloplasm of cells that catalyse or speed up the reactions in
them.

2. Fixation of Nitrogen: Conversion of the elemental nitrogen from the aimosphere into organic
compounds containing nitrogen.

3. Nutrient : A substance having food value, or able to be used by plants to make food.

1.15 MODEL EXAMINATION QUESTIONS

I Answer each of the following in 10 lines.

What is a fertilizer? Give the classification of the fertilizers.

How is urea manufactured? What makes urea a good ferulizer?

How is super phosphate manufaciured?

Give the method of manufacture of ammonium sulphate by the Gypsum process.

oo =

IE Answer each of the following in 30 lines.
1. What are the important functions of mitrogen in plants?
2. List the micronutricnts essential for plant growth.
3. Discuss the role of zinc and iron as micronutrienis for plants,




Iron : Iron is a constituent of several porphyrin compounds. It occurs in cytochromes which are
known to play an important role in oxidative phosphorylation during respiratory electron transport and
photophosphorylation during photosynthesis. Ferredoxin, an iron containing protein helps reduction of
carbondioxide, atmospheric nitrogen and sulphate. The root nodules of leguminous plants contain
a haemoglobin like protein containing iron. Iron is well known for its calalytic role in enzyme activity.
Succinic dehydrogenase, sulphite oxidase, cytochrome oxidase, catalase and peroxidase are some of Lhe
important enzymes which contain iron. Iron is directly or indircctly involved in all the mdjor metabolic
processes of plants. It plays a dircct role ini the photosynthesis in which atmgspheric carbondioxide is
transformed into complex organic substanccs. It also plays an- important role in oxidative
phosphorylation. and nitrogen fixation. Deficiency of iron in plants results in the disintegration of
chloroplasts and a decrease in reducing sugars and organic acids.

1.16 MODEL ANSWERS TO CHECK YOUR PROGRESS

1, Synthetic or natural substances that arc added to the ficld to maintain the soil fertility are called
fertilizers,

2. The elemenis which are required for plants in very smal} quanlities are called micronutrients.

Author : Prof. P.S. Rao.
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0 CH2 COOH

HOOC Cl
X =H (38)
(37) - X=Cl(39).

_29 PHEROMONES (SEX ATTRACTANTS) AND HORMONES

In recent years more rnodcrn methods and chemicals are used in agriculture mainly 1o protect
crops, vegetables, fruits and food. grains from the agricultural pests. Some of them are insect sterilants,
insect repellents, insect sex attractants (pheromones) and juvenile hormones.

When APO or tepa (triaziridyl phbsphme oxide) (40), is used as a sterilant for male insects,
the insects become sterile and their progony. is not developed. DMP (dlmethyl phthalate) (41) is used
as insect repellent, to repel from mfeclmg the crops.

DN ~p- N(l OCHy
_OCH;

(40) (41)

'I'here are some chemicals secreted from the body of certain insects during certain periods to use

-as insect signalling agents. For example, at the time of mating, some chemicals are released by insecls.

By the smell of these chemicals, insects of opposite sex are atiracted to participate in their courtship.

Such cnemicals are known as pheromories (insect signal agents). Bombykol (42) (1-hydroxy-trans

1-cis-12-hexadecadiene) secreted from the abdominal cells of the silkworm moth acts as sex attractant.

Usually sex pheromones are used to attract male or female insects from a distance and then they can
be trapped or made sterile by using chemical sterilants.

i2
— 10 OH

w o~ 1
(42)

Check Your Progress - 2
What are Phieromones?




Hormeones are certain chemicals secreted in the insects, animals and mammals from the ductless
glands. They are useful in varicus metabolic activities. For example, ecdysone (43), a juvenile hormone
if present in excess, it interferes with the normal life cycle of insects and prevents the insects from
reaching mature adult stage.

There are other biclogical methods also developed to conirol the problem of pests. For example,
certain bacterium is cultured and used to infect at the larval stage of certain insects. Sn'mlarly, weeds can
also be eradicated by using certain type of insects or bugs.

2.10 SUMMARY

In this unit yon have leamt about;

. The classification of pcstlmcles into different types based on the nature of the pest causing
orgamsms

ii. The inorganic insecticides lead arsenate, calcium arsenate and organic insecticides DDT, BHC,
endrin, endosulphan, parathion, malathion, monocrotophos, carboryl and carbofuran. :

ik, The insecticides of plant origin prepared for their own protection. They are pyrethrins, rotenoids
and nicotine.

iv. The importance of fungicides, herbicides and also rodenticides,
* ¥. The role of plant growth regulators in agriculture.

vi. The importance of sex attractants of insects called pheromones and furemile hormones in
agricutture.

2.11 GLOSSARY

1. Biodegradability : This is the property of a synthenc chemical to undergo decomposmon
into simpler harmless compounds by the action of micro-organisms or sun light etc;

2. Enzymes : Enzymes are chemicals secreted in the body which are used to catalyse the metabolic
reactions.

3. Fungicides: Fungicides are chemicals used to kill fungi.
4. Herbicides: Herbicides are chemicals used to kill unwanted plants such as herbs or weeds.

5. Hormones: Hormones are chemicals secreted by ductless glands in animals which are useful to
regulate various physiological activities.

6. lnsecticides: Insecticides are chemicals used to kill insects.

7. Insect attractants: They are naturaily occurring phcromones or synthetic compounds used to
afiract nsects for trapping or to destroy them.

8. Insect repellents:They are the chemicals by the smell of which, insecis are repetled.
9.Insect sterilants: They are chemicals used to make the insects sterile.

10. Persistance: : Jtis the property of a pesticide without undergoing biodegradation or
decomposition by a natural process.




UNIT-6 : ORGANIC PLANT GROWTH
HORMONES

Contents

6.1 . Aims and objectives
6.2  Inoduction

6.3  Auxins

64  Gibberelling

6.5 Cytokining

6.6 Ethylene

6.7  Plant growth inhibitors

6.8 Summary

6.9 Model examination questions

6.10 Model answers to check your progress

6.1 AIMS AND OBJECTIVES

To introduce the organic plant growth hormones dealing briefly with their importance in the
regulation of plant growth, and their isolaton.

Once you complete the study and comprehension of the contents of the anit, you are expected to

* know that there are four types of plant growth hormones auxins, glbberclhns cytokining and
ethylene,

* realise that some hormones elongate the plant cells and others promote cell division and ripen the
fruits,

* remember the structures and hormonal activity of indole acetic acid, gibberellic acid, 6 -furfuryl-
amino purine, diphenyl urea, sorbitot and ethylene,

* know that abscissic acid, naringenin, vanilic acid and azelaic acid are some plant growth
inhibitors.

6.2 INTRODUCTION

The organic compounds that are produced in very small quantities but play a decisive role in plant
growth are called plant growth hormones. Four major types of plant growth hormones are found to exist
in plants. They are i) auxins ii) gibberellins iii) cytokinins and iv) ethylenc. The auxins and
gibberellins mainly promote growth by ccmsing cell elongation while {,ytokmms sttmulate cell
division. Ethylene plays an imporiant role in plant growth development and ripening of fruits.
A delicate balance of these hormones besides other factors is needed for proper control of growth
and morphogenesis of plants.

6.3 AUXINS

It was rccognised that leaf tips produce some special substance which control plant growth.
This was termed as auxin and was identified as indole aceticacid TAA (1), Tryptophan (2) was considered
as the biogenetic precursor of IAA. After the recognition of TAA as growth regulating substance
several substances with auxin aclivity were synthesised such as indolc-3-aceto nitrile, indole 3-propionic
acid, naphthalcne acetic acid (3). 2, 4-dichloro phynoxy acetic acid (4} and 2,4,5-trichloro phynoxy
acids are widely used as selective herbicides.
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CHy=CH-COOH

N 0
H
(2)
CH,COOH OCH,COOH
L |
(3) | ¢
OCHoCOOH (&)
N OCH,COOH
§ ®

(5) (8)

6.4 GIBBERELLINS

A group of closely related compounds called gibberellins form the most important plant
hormones. The researches of the Japanese scientists (Sawada, 1912; Krosawa, 1929 and Yabuta, 1935)
led to the discovery that the fungus, Gibberella fugifuroi was responsible for the bakanae disease of
rice. The disease is characterised by unuasual elongation of seedling. They also discovered that the same
fungus which infects rice plants could also stimulate the growth of rice seedlings. The active principle of
the fungus was called 'Gibberellin' after the name of the fungus was called 'Gibberellin' after the name of
the fungus. Mitchell and Angel (1950) later showed the culture filtrate of the same fungus stimulates
bean seedlings. The pure substance isolated from the fungus (Cross, 1954) was named as Gibberellin
acid (7). The chemnical structure of this was established by Cross and his co-workers in 1961 '

All naturally occurring compounds which possess a gibbane skeleton (8) with required biological
properties arc given the generic name Gibberellins. They have also been designated a3 GA[, GA2 and so
on. Infact, GA3 is gibberellic acid. A large group of gibberellins have been discovered during the last
three decades. There are some naturally occurring substances whose chemical structures have not been
established but still show similar biological properties as Gibberellins and are termed "Gibberelline
like substances”. ' : : -

i) Gibberellins - Occurrence and Isolation : Gibberellin and gibberellin like substances
have been found to occur in all flora starting from bacteria, fungii, algae, ferns to higher plants.
They have been shown to play a decisive role in all the phases of plant growth and development
from germination of seeds to senescence. They may be in the form of free gibberellins or
bound to glucose. Only three gibberellins were exiracted from the fungus, Gibbeérellus fugikuoi.
The material is firsi extracted with methanol or n-butanol. The compounds are isolated and
purified by using chromatographic methods and counter current distribution methods. -




ii) Chemical Structure : The gibberellins are isopropenoid in nature and belong 0 a class of
compounds called the diterpenes, with 20 carbon atoms, composed: of four isoprene units.
Some of them possess only 19 carbons. All of them contain the basic structure (8) called
'gibbane' and consist of a tetracyclic system with four carbocyclic rings fused together.. The

numbering of the system is represented in the figure.
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Check Your Progress - 1
What are gibberellins?

..................................................................................
.....................................................................................
...................................................................................

.....................................................................................

6.5 CYTOKININS

In tissue culture experiments it was discovered in addition to indole acetic acid, another substance
was needed for sustained growth of the callus tissue. This substance named as Kinetin was identified as
6 furfurylamino purine (13). In plants Kinetin is never found as such although other rclated adenine
derivatives are found. They also induce cell division and are collectively called cytokinins, A few other

~ substances like diphenyl urea (14}, sorbitol (15), myo-and scyllomosuols (16, 17) are recognised as cell

division hormones.

6.6 ETHYLENE

Ethylene is an important hermene having a role in plant growth, development and ripening of
fruits. It was first found to be abundant in bananas even before ethylene was discovered it was found
that ripening fruits give off a volatile substance which accelerates the ripening of other fruits stored
nearby. In fact, many of the activities which were hitherto attributed 10 auxins are atiributed to ethylene
activity alone or in combination with auxin.

In addition to hormones several vitamins have also been used to promote plant growth,

6.7 PLANT GROWTH INHIBITORS

54

In addition to growth hormones plants produce some growth inhibitors also, Three types of
inhibitors have been recognised based on their physiological functions. These are i) dormancy inhibitors,
such as abscissic acid ABA; (18), a sesquiterpene derivative and naringenin (19) a flavanone pigment
ii) Gerrinatton inhibitors such as coumarin (20}, salicylic acid, vanilic acid (21) and ferulic acid (22) '

and azelai¢ acid, COOH. (CHQ) .COOH and iii) Extension growth inhibitors such as coumarin

and chelidonic acid (23), a y-pyrone dicarboxylic acid. Several synthetic plant growth inhibitors such
as 0— and B—naphthoxy acetic acids (5, 6) and 2, 4, 6-trichlorophenoxy acetic acids have been in use.

NH-C

l\ O NHCON

13. 6-furfusytaming Purine 14. Diphenylurea




18.
17.
20.
27,

(19) | (20}
H3c0©-CH=CH-COOH

(22)

HOOC ,C:],coou
B

0 .
(23)
Sorhitol 16. myoinositol
Scylioinositol  18. abscissic acid (ABA) 19,

Coumarin 21. Vanilic acid 22. Ferulic acid
Khelidonic acid.

Naringenin
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Check Your Progress - 2
What are plant growth mhlbuors‘?
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6.8 SUMMARY

The main peints you have studied in this unit are :
1. The role of hormones in plants and their types.
2. The representative members of auxins, gibberellins, cytokining and ethylene.
3. Plant growth inhibitors that supress the growth of plants at different stages.

6.9 MODEL EXAMINATION QUESTIONS

I. Answer each of the I‘ollo'wiﬁg in 10 lines.
1. Write a short nute on the role of plant growth hormongs.
2. Write down the structure of gibbereltic acid. and indicate its key reactions and products

IL. Answer each of the foHowing in 30 lines.
1. Write a concise account on the plant growth hormones.

6.10 M-ODEL ANSWERS TO CHECK YOUR PROGRES'S.

1. Naturally occuring biologically active organic compounds contammg the g1bbane skeleton are |
called gibberellins.

2. Hormones of plant origin or synthetic that inhibit the growth of plams are called plant growth _
inthibitors. .

Author : Prol, A.S;R. Anjaneyulu
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UNIT-7 : EFFECTS OF AGROCHEMICALS ON
THE ENVIRONMENT

Contents o
7.1  Aims and objectives
7.2 Imtroduction
7.3 Pesticide residues and their persistence
74  Environmental effects
7.5  Limits of p_t:cl:i_cide residue
76  Biodegradable pesticides
7.7 Summary
7.8 Model examination questions

7.9 Model answers to check your progress

7.1 AIMS AND OBJECTIVES

To introduce the impact of use of several agrochemicals, such as inorganic and organic fertiligers,
plant growih regulators, insecticides on the envirgnment and to highlight on the importance of
blodegradable pesticides.

Once you study and understand the contents-of this unit, you are expected 10
tealise the toxic effects of the persistant pesticides and their degraded products.,
find out the environmental effects of pesticides.

- recognise the importance of the limits of pecticidal residues.
realise the importance of biodegradable pesticides in the modem agﬂcultm_-e.

- * ¥ ¥

7.2 INTRODUCTION

+- Indiais an agricultural country, There has been increasing use of inorganic and organic fertilisers

for bringing out higher crop production along with denser spacing methods for cultivating more plants

per unit area. This led to increased agricultural produce fiuingly termed as green revolution™. Asa

- résult, more and more pest control méethods need to be employed necessntatlng increasing use of modern
symhet.Ic pesticides (insecticides, fungicides, herbicides etc.

73 PESTICIDE RESIDUES AND THEIR PERSISTENCE

Most of these substances are toxic and persist in the environment for varying periods, and in
- some cases for a few years. The duration of retention of a pesticide preparation in the environment
usually is called persistence. The persistence of a chemical depends both on physical and chemical
properties like volatility, hydrolytic stability, resistance to thé action of soil microorganisms and to
oxidation by air stability to light. In some cases they biodegrade into totally harmless substances but in
a few other cases the biodegraded products are more toxic than the parent compounds,
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. The follo:Wihg table gives some uf the insecticides and their persistence after use:

Examples ' Persistent o " Duration of
' nature - activity

Malathion, Parathion, Non-persistent 1 - 12 weeks
Methyl Parathion, Carbaryl. _
DDT, BHC, Aldrin, Endrin, Persistent 2 - 5 years
Chlordane, Heptachior
Phenyl mercury acetate Permanent Degradedio -
arsenate of lead permanent residues

Check Your Progress - 1
What do you mean by pesticidal persistence?

....................................
.................................................
................................
......................................
..................
...........................................................................

..............................................................................

7.4 ENVIRONMENTAL EFFECTS

For successful use of pesticides in agriculture it is necessary that in addition to their high
biocidal activity for various pests, the preparations should be sufficiently safe in both production and
us¢ for man, domestic animals, useful plants and beneficial insects and microorganisms. After
specific periods, plants that have been treated with any pesticide must contain only safe residual amounts
of the compound. Indiscriminate and excessive use of pesticides and other substances have led to wide-
spread detection of pesticide residues and their biodegraded products in various food products, drinking
water and air. The live stock, the human beings, the aquatic flora and fauna are affected by the toxic
effects of these substances resulting in serious health hazards and ecological imbalance. :

1) Pest-Natoral enemy equilibrivm : The first impact of the use of pesticides on environment
will be reflected - on the equilibrium existing between the insect pests and their parasites or predators.
In the rice fields, spiders are natural enemies of the insects; rice stem borers. Extensive use of BHC

for the control of rice-stem borers affect the spider population through their feeding on contaminased

prey. It was observed that the leaf and plant hoppers decreased immediately after application of either
parathion or BHC but their populations restored to original levels after three or five weeks. This
rapid build up of the insects after application of the insecticides was found 1o be due to the destruction
of the spider population which feed on both the adults and larve of the insects. Successful application
of any pesticide must supress more effectively the green leaf hopper population without affecting
their natural control agenis. .

ii) Impact on Non-target species : Together with the target pest, several non-target inscces are
also reduced. Extensive use of insecticides in rice field$ are often subject to crilicism as they also
reduce aquatic beneficial insects such as spiders, dargon flies and fircflies.




i) Impact on Aquatic organisms : The soil generally acts as a reservoir for pesticides rrom
which they degrade or gradually spread io other environments ©g. water and air. Pesticides such as
BHC and parathion and in particular, the water soluble cumpounds such as the sodium salt of PCC used
in the rice fields are translocated to the nearby lakes, irrigation canals and uitimately to rivers.

- Accumulation of these in greater concentration were found to kill and affect the fish and shell fish,

iv) Hazards to wild life : Rats are a menace on the rice fields as well as to the siored grains
and food products. Several rodenticides have ‘been in use, These highly toxic substances may indirectly
affect the canine wild life which eat the dead rats killed by the poisons. The death of swallo's and
Sparrows were reported in the fields sprayed by parathion and fenithion to treat the rice hoppers.

v) Contamination of foods and the human body : Pesticide residues come to stay on
and in food commodities o varying proportion, Consumption of the food stuffs contaminated beyond
tolerance levels may cause acute or chronic heaith hazards to live stock and human beings. High levels of
BHC isomers have been detected in the milk of caitle which were fed on rice straw and dressed grains with
residual pesticides. The pesticide residues may be accumulated in-the animals in their livers. These in

turn have affect on the human beings who depend on them for their food.

7.5 LIMITS OF PESTICIDE RESIDUE

Several physicochemical technigues have been developed to estimate the pesticide residues.
Various standards such as lethal dose, tolerance level, accepied daily intake have been fixed up. The
required laws have been enforced to stick to these standards. Lethal dose {LDsg) is the amount expressed
in mg/ke/body weight required to kill 50% of the test animals. Accepted daily intake (AD]) of a
substance is expressed in mg/kg of body weighi/day which can be consumed during an entire life with
no harm. Tolerance level of a pesticide residue is its maximum concentration that is permitted in or on
a food stuff. Different levels are specified at various stages of harvesting, storage, marketing and -
preparation of the food upto the final point of consumpfion. :

7.6  BIO-DEGRADABLE PESTICIDES

Most of the chloroorganic insecticides and pesticides like DDT, BHC, aldrin and endrin are very
resistant to the degradation by microbes and persist in nature for varying periods. It might be for the
reason that they have chemical structures which do not exist in nature. On the other hand, the several
organophosphorous insecticides undergo a very rapid hydrolysis in the environment giving ultimately
phosphoric acids with no problem of buildin g up residues. However, they are some times converted to
more 16xic substances by environment for example, parathion is readily oxidised by atmospheric
Oxygen or enzymatically to a derivative that is four times as toxic as parathion itself.

Check Your Progress - 2

Give some examples for pesticides that persisi for a long time,

.-.---;.--.--.--------,--.--.o.u---- --------------------------------------------------
......................................................................................
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Pollution free pesticides should be stable chemically but sensitive 10’ photolysis and degradation
by micro-organisms. It is supposed that the naturally occurring compounds or their derivatives are
amenable to microbial degradation and miay not pose environmental problems. For this reason, interest
in the use of natural insecticides and pesticides ¢.g., pyrethrins and cinerins from chrysanthemum
flowers, the rotenoids derived from the plant species Derris, Lonchocarpus and Tephrosia, nicotine
from the tobacco waste and the oil and the seed powder of neem has been revived and increased many
fold. For instance, the powder of. dried chrysanthemum (pyrethrum) flowers has been in use for many
centuries t0 cONtrol harmful insects. The structures of the active ingredients Pyrethrin 1 {1a) Cinerin 1
{1b) and Pyrethrin 1I (2a) and Cinerin II (2b) were established. These are primarily esters of
a Chrysanthemic acid, cyclypropane carboxylic acid (3a) or its derivative (3b) and an alcohol 4,
a substituted cyclopentenone derivative (4a or 4b). They are readily hydrolysed by alkalies and are
rapidly inactivated used in the food industry. Most of the mosquito coils in the control of mosquito
do contain pyrethroids. Several synthetic pyrethreids have been prepared in an effort 10 increase
their insecticidal activity and reduce mammalian toxicity over the natural ones, as well as to reduce
the cost of the latter. Two of these are bioresmethrin (5) and permethrin {6) which are closely related
to pyrethrin and found to be 50 times as active as pyrethrin and much less toxic. Another biodegradable
chloroorganic insecticide In use is fenvalerate (7), ©-Cyano-3-phenoxy benzyl o- (4-chloro-phenyl-
isovalerate which is an ester of - {4-chlorophenyl) isovaleric acid and m-phenoxy-o-cyano
benzylalcohol. ' : T

More modern methods of pest and insect .control insect pheromones, insect repellahts and
antifeedants. : .
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- 6. Bioresmethrin 6. Permethrin 7, Fenvalerate

7.7_SUMMARY

In this unit you have studied about :
- 1. The persistence of pesticides in agriculturel
ii. The toxic effects of the pesticides and their degraded products on the environment i.e., live stock,
human beings, the aquatic flora and fauna which result in serious health hazzards and ecological

+ i, “The pecticidal standards lethal dose, tolerence level and the accepted daily intake.

iv.’ The biodegradation of pecticides, a property that minimises the environmental poliution due to
pecticides application in agriculture. o

7.8 MODEL EXAMINATION QUESTIONS

I Answer each of the following in 10 Iines.
1. Write a short note on the pesticide residues and their persistence.

IL  Answer each of the following in 30 limes.
1. .Write a concise account on the pesticidal residues and their effect on environmental pollation.

7.5 MODEL ANSWERS TO CHECK YOUR PROGRI

b Pesticidal ﬁers_igtence is the duration of the reiention of the pecticide after into application in the
. agriculture field. _ .

2. They are DDT, BHC, endrin and aldrin. _
Author : Prof. A.5.R. Anjaneyuln. = 6]
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UNIT-8 : PESTICIDE FORMULATIONS

Contents
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8.2 Inmoduction
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8.9  Summary

810 Model examination questions
8.11 Model answers to check your progress

8.1 AIMS AND OBJECTIVES

To introduce the stdent {0 the various formulations of pesticides used mn agriculture,
Once you complete the study and comprehension of this contents of the unit, you are expected to &

4 realise the importance of the pesticide formulation i.e., the methods that bring the pesticides into
the direct contact of the pests.

* know the prominent methods of pesticide formulation dusts, wettable powders, solution
concentrates, emulsifiable oils, acrosols and sustained release formulations.

* find out the advantages and disadvantages involved in different methods of pecticide formulation.

8.2 INTRODUCTION

The success of pesticides fo control harmful insects, mites, micro-organisms and weeds depends
to a large extent on its formulation i.c., its preparation, and the conditions under which the chemical
compound is brought into contact with the pests. As the chemical compounds vary in their nature a large
number of formulations suitabie for their practical use are necessary. Several hundreds of different
formulations are being use are necessary. Several hundreds of different formulations are being employed.
The most important types of formulations are the following.

Dusts

Weunable powders

Solution concentrates
Emulsifiable oils

Aergsols

Sustained release formulations

Al ol 2

8.3 DUSTS

The insecticides are used as dusts or powders. The active ingredient is mixed with an inert diluent
and pulverised to a particle size of 3-30 p. In the grinding process, the pesticide particles are not only
distributed evenly among the particles of the diluent but give.an effective coating on them. An efficient.
dust is therefore, formed by grinding the pesticide and the diluent together rather than mixing these two
after grinding. . :




Pesticides with a well formed crystalline structare having high Iriability and lov_v plasticity

grind well and give good dusts. The grnding is made in either a ball mill or an air-jet mill. For _thc

“best preparation of a pesticide, it is necessary that, it should not_form lumps either during preparation
or storage. A suitable diluent in the proper proportion is essential to prevent lumping, _For exz_nmp]e.

pure DDT which melts above 106°C is easily ground and needs only 5 - 10% of kaohn as diluent,

But a technical grade DDT contains oily impurities, and forms coarsc aggregates and sticks to the walls of

the mills and requires 25% of kaolin as diluent. Dusts from liquid organic compounds can be easily

made by mixing the active constituent with the diluent,

The best diluents for most of the preparations used in dusting plants are hydrophobic minerals
of the talc and pyrophyllite type, which have a lamellar structure '_and adhere well to the plant foh_a_ge.
It is necessary that the diluent is chemically inert which otherwise may cal_alyze the dccomposmqn
of pesticides or effect their photochemical stability. For example, alkaline dllut?an cannot be used_m
the production of dusts from esters, as they are hydrolysed. The use of kaolin, clay and bentonite
which are hydrophilic easily cake in highly humid conditions. In such cases, hydroph_obxc compounds
such as calciumsutreate, mineral oils are added to increase the retention of powder formulation on plant.

Check Your Progress - 1
What do you mean by a diluent in the preparation of dusts?

.....................................................
.....................................................................................
....................................................................................

.......................................................................................

8.4 WETTABLE POWDERS .

Formulations in the form of Powder which on dilution with water yicld stable suspensions are
called wettable powders. Suspensions are usually more effective than dusts. The same dosage of
pesticides is more effective when sprayed on plants and other surfaces than dusted. The particles of a
suspension adhere well 1o surfaces, do not penetrate and can be washed off.

The wettable powders necd the following requirements,

1) They must be reasonabiy stable in storage and should not form cake.

2) They must be capable of forming suspensions rapidly, and take longer time for setthing of solid
particies,

3) They must spread easily over the surface of sprayed objects and retain on the sprayed surfaces for
longer time. :

The effectiveness of a wettable powder depends on Lhe dispersion of the active in gredient which
should contain not less than 80% of its particles with a size below 3. Wettable powders differ in
their method of preparation. The active ingredient, is generally used in combination with a dilucnt,

a surface active agent, and an auxtliary material. Special stickers are also, sometimes, added to them
10 increase their retention power, :
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The following table gives typical formulations of wettable powders containing 9 per cent DDT.

- Ingredients ' Composition (%)
A B C D

DDT | 90 %0 % 9
Diluent 7 6 15 6.5
Emulsifier 3 . -

* Auxiliary material - 1 . 1
Film forming material - .- 2 _
Wetting agent - - - 0.5 0.5

Effective formulations are made by using pure insecticides without  impurities and a dilaent
with low density and large sorbtive capacity. As diluents special kinds of silica gels, hydrated
aluminium oxide, calcium silicate are used. With a poor quality diluent, a surface active agent is added
which increases the sorbtive capacity of the surface.

A vartety of detergents is also used in the preparation of wettable powders. These are alkylary
ethers of polyethylene glycol poly-propylene glycol and sulfonates of a]_kali metals. :

As auxiliary materials, sodium salts of sulfonic acids, obtained by sulfonation of petroleum’

products and lignin are used. Sometimes, film forming materials such as ‘carboxymethyl cellulose,
polymers of unsaturaied alcohols, gelatin, animal glues, caseinates and salts of resin acids are used.

The wettable products are produced by grinding the active insecticide with the diluent and the
other ingredients, in a colloidal mill, in an air-jet mill or in a good ball mill. Pesticides obtained
from aqueous solutions by precipitation can be used without milling. In this case, the precipitated
and washed pesticide is mixed with the other ingredients and dried in a spray dryer. Pesticides such as
copper oxychloride, ziram, cuprous oxide are made this way. Wettable powders usually contain 70-80%
ingredient, 2-3% OP-7, 2-3% sulfite waste liquor and 5% carbomethoxy cellulose. Compositions of
a few pesticide wettable powders are given the following table : : .

Composition (Weight %)

Ingredients : '
DDT BHC Ester Dichloral
sulfonate wea
Pesticide 30 - 50 50 - 80 50-80 80
Kaolin : 455-675 14 - 47 16.5 - 47.5 15-16
Sulfite waste liquor 1.5-25 1-2 1.5-2 -

OP-7 1-2 2-4 1-1.5 4-5

55 SOLUTION CONCENTRATES

Pesticides are used in the form of solutions either in water or organic solvents depending upon

their solubility. The salts of organic acids with different bases and some organophosphorous insecticides
arc used as aqueous solutions. Disinfection of seeds with aqueous solutions of formalin and organic




mercuric compounds is widely used. This method is particularly efficient and more economzcal than
dry disinfection. For example, 15 gms. of Hg is applied for a ton of wheat seed for disinfecting it
from Granosan, while agaeous solution of ethyl-mercury phosphate coantaining only 3 gms. of Hg
per.ton gives same effect. However, wet disinfection of seed is not used. Pesticides which quickly
penetrate into plant are often applied in the form of agueous solutions.

Solutions of pesticides in organic solvents are also widely used as sprays. The most frequently
used solvents are the petroleum hydrocarbons, kerosene, mineral oils, diesel fuel and white spirit.
To increase the solubility of the pesticide in the normal inexpensive solvent, some intermediate
solvents which'have greater solubility are added. Some of these are cyclohexanone, methyl cyclo
hexanones, mesityl oxide, tetrahydrafuran, thiophene, methylethy! ketone, dimethyl carbamate, alkyl-
acetates, xylenes, chlorobenzene and other aliphatic halogenated hydrocarbons like carbon tetra chloride,
methylene chloride, dichloro ethane and trichloro and teirachloro ethylenes.

In choosing a solvent for pesticide or a mixture of pesticidcs,'b_esides the solubility, other
properties of the solvents such as phytocidal effect, flammability and toxicity for man and domestic
animals, ignition temperatures are also to be considered.

8.6 EMULSIFIABLE OILS | O |

Some pesticides, particularly many liquid pesticides are suitable for formulation as emuisifiable 4
oils or concentrates. Emulsifiable oil on dilution with water gives stable emulsion suitable for spraying :
plants and surfaces. '

The emulsive concentrates are prepared by one of the following methods :

1) An aqueous solution of the pesticide in a water-immiscible solvent is made by means of colloid
mill. Pesticides that the stable to the action of water are suilable for this preparation. Oil
emulsions of DDT, benzene hexachloride, anthracene oil are used. The concentrated emulsions are
stabilised by the addition of sulfite wasie liquor.

2) The emulsifiable concentrates of pesticides are made in miscible oils which on mixing with
water give stable emulsions. These normally consists of a pesticide, solvent and an emulsifier.
As solvents hydrocarbons or their halogenated derivatives, esters, various petroleum products,
coaltar oils and many other compounds are used. Calcium sulfonates, ethers of polyethylene and
polypropylene glycols, monoesters of sorbitol and mannitol with higher fatty acids, various soaps,
salts of naphthenic acids are used as oils.

Check Your Progress - 2 _
ﬂ What type of pesticides are suitable for formulation as emulsifiable oils?
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8.7 AEROSOLS

~ The application of pesticides in the form of aerosols is increasingly used in recent times. These
are made by the following methods. _ . 65
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1. The pesticide is burnt which on combustion sublimes and forms smokes or clouds poisonous 10 -
insects. '

2. Spraying solutions of pesticides in readily volatile solvents.
3. By mechanical atomisation of solutions of pesticides.

The best method of producing acrosols is to impregnate the pesticide with paper or other:
combustible porous materials. Besides the pesticide, the combustible smoke forming compositions
usually contain a2 combustible substance, filter, and an oxidising agent. Nitrates, nitrites, chlorates,
chromates etc. arc used as oxidising agents. Fillers include Kaotin, infusorial earth etc. saw ‘dust, waste
products from cellulose manufacture carbon, bitumen are used to maintain the necessary temperature,

8.8 SUSTAINED RELEASE FORMULATIONS

It may be necessary sometimes to use the pesticide in the form of sustained formulation.
Extremely toxic sysiemic insecticides are made in the form of gelatin capsules at the factory and placed
in the soil. The geletin gradually breaks down in the soil and the insecticide enters the soil water and
is absorbed by the plant roots. This process eliminates the contact of harmful pesticides by the workers,

89 SUMMARY

The main points you have studied in this unit are :
1. The importance of the pesticide formulation to be adopted to control the pest of a crop.

2. The prominent methods of pesticide formulation dusts, wettable powders, solution concentrates,
emulsifiable oils, aerosols and sustained release formulatigns,

3. The different roles played by diluents, emulsifiers, auxinafy materials, filin forming materiais and
wetting agents.

8.10 MODEL EXAMINATION QUESTIONS

I. Answer each of the following in 10 lines,
1. Write a short account on pesticide formulations as emulsifiable oils.
2. 'Write short notes on aerosols.

I Answer each of the following in 30 lines,
- 1. Write a concise account on the important pesticide formulations.

8.11 MODEL ANSWERS TO CHECK YOUR PROGRESS

1. A pesticide 10 be applied as a dust may form lumps during storage or preparation. To avoid this
lumping a suitable chemical is to be added as a diluent in required proportion.

2. Liquid pesticides are suitable for formulation as emulsifiable oils.

Author : Prof. A.S.R. Anjaieyulu -
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9.1 AIMS AND OBJECTIVES

To familiarise the student with a brief history of the origin of drugs of natural and synthetic origin.

After the compiete study and understanding of the contents of this unit, you are expected 10 ;

* know a preliminary account of the knowledge of the medicinal plants.

* find out the emergence of Meteria Medica and Pharmacopea in the ancient medicine.

* give an account of chemotherapy and dynthetic drugs. The importance of these in the modem
medicine. :

* describe the antibiotic age which enriched the scope of chemotherapy.

9.2 INTRODUCTION

The drugs used today in medicine are cither obtained from nature or synthesised in a laboratory.
The first, which arc, called the natural drugs are obtained from plants, animals, or mineral kingdom.
Drugs from microorganisms are the latest addition known as antibiotics.

The history of medicinal plant is as old as the history of mankind. [n the early periods, the
primitive man went in search of food,eating at random, plants or parts of planis like wbers, fruits, leaves
etc. If no harmful effects were found by eating such part of the plant, he considered it as edible and used
it as food. If by eating other actions were found, it was considercd inediblc and tried to use it as a drug
according to the action. For example, if it caused diarrohea, it was used as a purgative; if vomiting,
it was used as an emetic and if poisonous and fatal, he used it as arrow poison. The knowledge of
‘medicinal plants obtained by this irial and error was passed from one generation to the other,

9.3 KNOWLEDGE OF MEDICINAL PLANTS

The knowledge of medicinal plants in India is very old and medicinal . properties of plants are
described in Rigveda and Adharvaveda (3,500 - 1,500 B.C.) from which Ayurveda, (knowledge of life)
is developed. The Charak Sanhita dealing mostly with plants and Susrul samhita dealing with surgery
are the well known ancient treatises in Ayurveda. The antileprotic action of the chaulmoogra fruit,
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the efficacy of amila fruit as a tonic, the use of Rauwolfia serpenting, as a hypotensive drug, the bark of
Saraca indica (Ashoka) as.uterine tonic, the dried roots and stems of Withania somnifere (Aswangandha)
as sedative were known to ancient Indjans._ ’ .

__ The oldest records of medicinal plants were also found in other oriental civilizations as in China
and Mediterranean civilizations of Greek, Roman, Hebrew and Egyptian. The Chinese Emperor-scholar
Shen Nung (2735 BC) compiled a book of herbs. The antifebrile effects of Ch'ang Shang, which:has
been now: shown to contain antimalarial alkaloids was discovered by him. Similarly, he recorded’ the
drug "Ma Huang” for its diaphoretic and stimulatory effect from which ephedrine was isolatéd as the
active alkaloid by Nagai, nearly 5000 years later. The ipecacuahna root which was used for the treatment
of dysentery and diarrhoea contains the alkaloid, emetine, which even today is an important drug for
amebiasis. The "Ebers Papyrus" dated about 1500 B.C. and found in mummies gives a collection of
drugs prevalent at that time.

9.4 DEVELOPMENT OF MATERIA MEDICA AND -
PHARMACOPEA

Hippacrates (460 - 370 B.C\), the Greek Scientist was considered as the father of medicine in

the Western World. He recommended the use of metallic salts. Aristotle (384-32 B.C.), a student of
Plato and Philosopher is known for his writings on animal kingdom and Theophrastus (370-287 B.C)),
a student of Aristotle wrote about plant kingdom. Dioscordides, a physician living in the first century
A.D. described medicingal plants, some of which like Belladona, Ergot, Opium, Colchicum are nsed even
today. The Roman nawralist Galenus (131-200 A.D.) devised methods of preparation of plant and
animal drugs known as " galenicals”. He contended that herbal mixtures could provide all the essential
elements of health and that proper herb mixtures could be used to relieve all the human aiiments.
His impressions influenced the middle age civilizations, though superstitiously sometimes, for nearly
fifteen centuries, The beginnings of a "materia medica”, the necessity to maintain and assay the
"purity” of drugs and an intimation of “dosage levels” find beginnings in his work. :

Many new drugs of botanical and mineral origin came into use and several materia medicas and
Pharmacopeias were compiled in the 16th century in various countries. The active principles of
ancient herbal drugs were extracted, purified and the physiological actions of these pure drugs were
quantitatively estimated. Thus classification of botanical drugs on the basis of their biological functions
made its beginning in the 18th century. Terms like antispasmodic, antiseptic, cathartic and emetic found
their use. Efforts were initiated by organic chemists to unravel the Structures of organic compounds and
to synthesize them in the laboratory during the later part of nineteenth century,

9.5 CHEMOTHERAPY AND SYNTHETIC DRUGS

"The history of Chemotherapy falls into three phases i) the early period of empricism upto the -
discovery of salvarsan by Ehrlich and Hata in 1905 ; i) the period vpto 1935 when Domagk introduced

prontosil and iii) the modern period of sulphonamides and antibiotics, Simultaneous with the isolations
of pure drugs from the long known natural sources, drugs synthesised in the laboratory started coming up
in the late 19th century. Early syntheses were of acetanilide and salicylic acid (Kolbe 1818-1894),
antipyrine (Knorn, 1883), aspirin (Dresser, 1899) and barbital (Emil Fishcher and Mering, 1903). The
first hormone, adrenaline (Stolz, 1904) and the local anaesthetics, procaine and beryocaine (Einhorn,
1901-1904), : '

The ideas of Louis Pastenr (1822-1895) that diseases were caused by pathogenic parasites led o
the age of "Chemotherapy” or healing with chemicals. Early foundations of Chemotherapy were laid
by Paul Ehrlich (1854-1915). Dreaming on his initial Success on dye intermediates, Ehrlich was
wondering whether it would be possible 10 evolve a drug which on administration selectively attacks the
parasitic organisms that cause the specific disease, ii) to evolve a drug that works as a "magic bullet”
attacking the parasite along and not the host tissue and i) to evolve a drug that should exercise
maximum effect to bring out "Therepia Magna Sterilans” is ] i 1
single massive dosage. These ideas stimulated further developments in the field of chemotherapy and
the therapeutic dreams of Ehrlich have been realised. = ' :

A




The research activity shifted to cooperative efforts of groups of scientists and Industrial
laboratorics rather than individuals. Barger and Dale in 1909 made fundamental studies on the effect of

chemical struchire in the series of sympathomimetic amines. The discovery from Ehrlich's laboratories in
the successful use of antispirochetal arsenical 4-arsonepheny! urea (carbarsone) was found © be effective
in amebiasis and some organomercurials as diuretics. Ehrilich assigned values to the synthetic
compounds referred to as therapeutic index which indicates the ratio of maximum tolerable dose o
minimum curative dose. The made laborious search for synthetic compounds to meet the above
requirements. This led to a knowledge of the relation between chemical structure and biological effect.
The organic arsenical "Erlich’s 606" developed by him indicates that it was madg after 606 modifications
in the shemical structure. The first 40 years of this century have seen the synthesis and development of
dmgs like the trypanocidal drug, suramin, the modern antimalarjals, like chloroguine, primaquine,
amidoquine etc; some antihistaminic drugs in use, the antibacterial sulphonamide drugs, surface active
ammonium antiseptics, antituberculous thiosemicarbazones.

. Synthetic chemotherapeutic agents were found t0 be very effective against diseases of protozoal
and- spirochetal origin. They did not make much head way against bactericidal infection and use of
bacteriocidal and bacteriostatic drugs against systemic bacterial infections followed later. The discovery
by Domagk in 1932 that the red dye, 2.4-dia‘,minoazobenzcne-4—sulphonamide {Prontosil) could cure
the dangerous systemic Gram positive bacterial infections in animals and humans created tremendous
interest in this area. After the active constituent of this dyestuff was recognised as sulphanilamide,
geveral thousands of compounds having P-aminobenzene sulphonamide structure were prepared and
tested. Of course, only a few of them were accepted in medicine. '

Woods and Fildes observe in 1940 that the bacteriostatic action of sulphonamide drugs is
antagonised completely by P-aminobenzoic acid. This led to the idea that a drug should interfere with the
biological synthesis or atilization of a recognised celi metabolite. The successful use of this
antimetabolite theory resulted in the development of P-amino-salicylic acid isoniazid as antituberculous
drugs.

Check Your Progress - 1
What is chemotherapy?

............................................................

.....................................................

9.6 ANTIBIOTIC AGE

The discovery of antibiotics became the greatest boon to the mankind and enlarged the field of
chemmhe.rapy. An antibiotic is a metabolic product obtained from one living micro-c%ganism and ?’s
harmful to the other living orgamisms even in very small amounts. Although they are of recent origin
and dc\_rclopmcm, in reality, they were known for centuries. The Chinese were aware of the curative
properties of movlded curd of soya beans in boils and carbuncies. Fungus grown on shoes was said o be
used as. medicine in remote villages in India. It-was again, Louis Pastcur who recognised the curative
poteatialities of some germs in the middle of the last century. He remarked "among lower beings, even
more than among “higher animals and plants, life destroys life”. Such mutual antagenism in
microorganisms is the basis of antibiotic chemotherapy. ' '
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The discovery of the first antibiotic, penicillin, was quite accidentally made by Fleming in 1928,
He observed that a culture plate on which he planted the microorganism Staphylococcus did not show
enough growth as it should. It was found that an invisible sporebearing fungus from air had settled on
the plate earlier, grew rapidly and secreted a chemical substance which killed or prevented the growth of
Straphylococci. The spore-bearing mould was identified as Penicillium notatum and the chemical
substance it produced as penicillin, ' S R

Fleming mentioned that the crude penicillivm filterate from P.notatum. might be. useful as a
topical antiseptic. In 1930 Raisirick and his colleagues made unsuccessful atiempts to isolate and purify
the antibacterial agent present in the culture fluid of P. notatum. Fleming's suggestion received little
attention until 1946 when Florey and Chain re-examined the above filtrates and isolated a water soluble
powder of much higher antibacterial. properties and lower loxicity than.the known synthetic
chemotherapeutic agents. The powder was found to be a mixture of several compounds cailed penicillins
which were separatéd and their structures established. Penicillin was manufactured in large scale by novel
methods of fermentation and extraction techniques. The discovery of penicillins came as a boon o the
makirig, particularly to the wounded soldiers of the second world war in saving their lives, in alleviating
paid from severe injurics and in avoiding otherwise necessary amputations. This was the beginning of
the aritibiotic era. : o

Check Your Progress - 2
What are antibiotics?

........................................................................................
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An immense amount of planned research beginning with the preliminary screening of thousands
of microorganisms and their metabolic products followed which resulted in the isolation of several
important antibiotics. Some of these are the streptomycin (Waksman, 1944) a powerful tuberculostat,
from Streptomyces griseus, Chloramphenicol (Burckholder, 1947) an effective antityphoid drug, from
S. Venezuelae, the broad Spectrum antibiotics, chlortetracycline (Duggar, 1948) from 8. aureofacieus,
oxytetracycline (Finlay, Keefer, 1950) from $. rimosus and teracycline. The other useful antibiotics
obtained from cultures of strepiomyces are erythromycin {(Mc. Guire, 1952) from §. erythreus, neomycin
(Waksman, 1949) from S. fradize. ) _

9.7 SUMMARY

The main points you have swdied in thig unit are ;
i, ageneral account of the medicinal plants and ayurveda.
ii,. the development of Malaria Medica and P .
tii. the meaning of chemotherapy and its utility in medicine. - o
iy, . @general account of the antibiotics and their application in modern medicine,

9.8 MODEL EXAMINATION QUESTIONS

I Answer each of the following in 10 lines, -

1. Give a short account on the important contributions of Erlich,
2. Write a‘short note on the contribution of Chinese Emperor Shen Nung to medicinal plant.
3. Trace the early recordings of medicinal plant in Indian civilization. .




! L Answer the following in 30 lines. _ :
1. Give a brief historcal account of the r_nc_dicinal plant.

9.9 MODEL ANSWERS TO CHECK YOUR PROGRESS i
1. Chemotherapy is the curing of discascs_by using chemical substances as medicines. | |

2. Antibiotics are the metabolic products of microorganisms that are harmful to other micro
organisms even in very small quantities. : : 4

9.10 GLOSSARY

1. Protozoa: Microscopic acellular organisms ranging from plant like forms to members that feed
and behave like animals.

2. Spirochetes: Long spirally wisted unicellular bacteria surrounded by flexible wall. : \ H

3. Gram positive and Gram negative bacteria ; These are unicellular microorganisms surrounded by a
rigid, complex polysaccharide-protein cell wall. Bacteria can be divided arbitrary into two classes.
Gram-positive bacteria are those that stain blue with Gram's reagent (crystal violet and iodine) and
Gram-negative bacteria are those that do not retain these reagents but may be counterstained with
safranin or similar reagents. ' :

Author : Prof. AS.R. Anjaneyulu
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UNIT-10 : CLASSIFICATION OF DRUGS
BASED ON PHARMACOLOGICAL
ACTIVITY AND STRUCTURE -
ACTIVITY RELATIONSHIP

‘l Contents

10.1 Aims and objectives

10.2 Introduction

10.3 Classification of drugs based on pharmacological activity

16.4  Structurc-activity relationship

10.5 Mode of administration of the drug
10.6 Summary

10.7 Modél examination questions

10.8  Model answers to check your progress

10.1 AIMS AND OBJECTIVES

To introduce the student to the classification of drugs based on their pharmocological activity,
to highlight the strocture-activity relationship and o familiarise him with the mode of administration
of the drug.

After the completion of the study of this unit, you are expected to

* be able 10 classify drugs based on their pharmacological activity.
* be aware of the molecular structures of drugs and their relation with the medicinal activity.
* be well versed with the methods of adminisiration of drugs.

10.2 INTRODUCTION

Drugs are obtained cither by synthetic methods or extracted from plants. All such drugs are
classified on the basis of their pharmacological action. Structure and medicinal activily relationship
of some drugs was established and a lot is to be cxplored. The method of administration of drugs depends
on many factors. ) _ '

10.3 CLASSIFICATION OF DRUGS BASED ON
PHARMACOLOGICAL ACTIVITY

The activity principles of ancient herbal drugs were being extracied, purified and their physiological
actions quantitatively cstimated. Thus classification of natiral drugs on the basis of their biological
functions made its beginning in the cighteenth century. Terms like antispasmodic, antiseptic, cathartic
and emetic were uscd in the medical lectures of the Scottish Physician, William Cullen (1712-1790),
The advent of synthetic drugs beginning with this century, has seen in particular, ¢normons increase in
the number of drugs being used. To put the predictions about biclogical activity or therapeutical
usefulness of drugs on experimental basis, the medicinal chemist has studied experimental biology.
pharmacology, and biochemical mechanism of action of drugs in the animal and human organism.
Systematic studics in Pharmacclogy have made availabic the mode of action of drugs on the various
physiotogical mechanisms in the body, the mechanism of their therapeatic action, their acute and chronic

76 toxicity and their biochemical fale and elimination,




The pharmacological activity of a drug allows a rational basis of classification. They are thus
classified as analgesics, drugs which give relief from pain; antimalarials which act against malarial
‘parasite, antibacterials, drugs which either kill or reduce the growth of harmful bacteria, anesthetics,
drugs which produce anesthesia, insensitive to pain, hypnotics, sedatives and tranquilisers which -act on
the central nervous system and produce sedation and sleep etC.

Check Your Progress - 1
what are hypnotics?

..................................................................................

.....................................................
..................................

10.4 STRUCTURE ACTIVITY RELATIONSHIP

In the nineteenth century scveral pure drugs were isolated from the long known sources of
botanical-origin. Most of the earlier discovered drugs were alkaloids such as morphine, atropine and
quinine. ‘The organic chemists developed methods of unraveling the structures of organic compounds.

The pharmacological tests gave some ideas about their physiological propertics, such as therapeutical

usefulness, poisonous and toxic activity. Certain structural units found in_some, biclogically active

compounds were also found in other substances. having similar properties. The ideas of structure and
its relationship to activity thus found their beginning in the early period of this century.

Barger and Dale in 1909 made a fundamental study of the effect of chemical strueture in the series
of sympathomimetic amines upon their physiological action. Based on certain relationships of structure
and pharmacotogical activity, the organic chemist prepares numerous compounds with the'hope that they
might have specific therapeutic use. The millions of orgamic compounds thus made must undergo a
thorough process of pharmacological screening and clinical evaluation, first on animals and finally on
‘human beings. Only a very small percentage of them reach the statug of a drug and come into the market.
The development of a few potent synthetic drugs and some antibacterial sulphonamide drugs has been a
result of such large scale synthesis and pharmacological screening of compounds in the eatly part of

. The modification of the structure of a drug has become the new line of approach 1o prodiuce new
drugs. The hope- in doing-such exercises is to produce a better drug by reducing the toxicity and side
effects of the original unit and make improvements eic. in its solubility, volatility etc. The drug activity
may be either a) strucarally specific or b) structurally non-specific. Structuraily specific activity
appears to be dependent on the interaction of the drug with a ccllular acceptor. Af times even a minor
change in the chemical structurc may bring in serious physiological effects. 'On the other hand,
structurally non specific action appears due to accumulation of drug in vitally important part of a cell
with lipid characteristics. Specific absorption to a cellular receptor is apparently not very important in
the lagter case. . . : : _ :

_ The activity of research that led from the isolation of cocaine from the leaves of coca Erylhroxyion
coca to the discovery of local ancsthetics provides a classic example of molecular dissection approach
to drug design and synthesis on one hand and structure activity relationship on the other, It was Wohler
who discovered that a dilute solution of the alkaloid cocaine (1) produced local deadening of pain and
(his led its use as a local anaesthetic in opthalmic surgery.

Even beforc the correct structure of cocaine was established, a chance discovery was made that
simple ethyl ester of P-amino benzoic acid showed local anaesthetic activity. The simple drug,

T
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benzocaine (2) thus introduced in 1903 is still it use. Procaine (3), an ester of p-amino benzoic acid
with N,N-diethyl amino ethanol is a prototype of cacaine with basic similarities in their structure and
accepted as a good local anaesthetic. Numerous compounds were synthesised with all the possible
structaral variations of the two distinct components, the acid part and the ethanolamine part. These
studies led to some of the points regarding structure and activity relationship in anaesthetics. There are :

1) the aromatic ring of the acid can be substituted.
2) the amino group is also not-essential and it can be an ether like ethoxy group.

3) the aliphatic basic nitrogen of the side chain facks no structural demand. The n-alkyl may vary in
1ts structure, the nitrogea may become part of aring as in pyridocaine (4).

4)" incorporation of extensive branching in the side chain similarly does not decrease the
pharmacological activity.

5) the basic ester grouping was also not found necessary as the amide, procainamide (5) still showed
anaesthetic activity. This drug was.in fact proved to have a direct depresent effect on Cardiac
ventricular muscle also., : :

6) It was also found that the structure can be modified by reversing the amide to anilide with aromatic
amine and aliphatic acid,

The low structural requirements found for local anaesthetic activity does not find in other drugs.

10.5 MODE OF ADMINISTRATION OF THE DRUG

rqleqse and prolonged action.  The injections of aqueous solutions such .as penicillins. are rapidly -
distributed throughout_ the organism and eliminated aiso rapidly from kidneys. The injections are thus to
be repeated at regalar intervals to maintain therapeatically effective blood levels, '

Check Your Progress - 2
What type of drugs show prolonged action in patienis?
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The drugs are administered in the form of solutions, syrups and emulsions, tablets, powders,
ointments or lotions. The drug in the appropriate form is selecied to suit the desired mode of-action. For
tocal action as on skin, eye, ear the drug is applied at the site of action in the form of powder, ointment,
drop, lotion, gargle, lozenge etc. For systemic action the drugs are administered in several modes. They
may be administered orally in the form of powders, tablets, mixtures or capsules, where the drug is
absorbed through the alimentary canal and gastro intestinal tract. Parenteral route is used throngh
subcutaneous, intramuscular or intravenous injections if the drug is likely to be destroyed or not absorbed
from alimentary tract or when a drug is irritant in gastrointestinal tract or when an immediate action is
required or in treating an unconscious patient. By intravenous route accurate amount of drug can be put
in systemic circulation with quick action. So, over dose by this route is hazardous and cannot be
withdrawn. By intramuscular mode the drug is absorbed rapidly as the muscles offer a greater surface arca
and vascularity. It is less hazardous than the intravenous rouic. In some cases sublingual administration
of the drug is used. By this method the tablet is placed under the tongue where it is rapidly absorbed
through oral mucous membrane. This method becomes advantageous when the drug is likely 1o be
destroyed in the gastrointestinal tract. Besides those methods mentioned above some drugs need to be
administered at special sites such as cardiac muscle, bone etc. '

10.6 SUMMARY

The main points you have studied in this unit are :
i. the classification of drugs based on their pharmacological activity.
ii. the structure and medicinal activity of drugs.
iii. the methods of administration of drugs.

10.7 MODEL EXAMINATION QUESTIONS

I Answer each of the following in 10 line
1. Procaine forms the prototype of Cocaine, How do you justify the statement?
2. What are the advantages and disadvantages in the administration of a drug by intravenous method?

IL Answer each of the following in 30 lines.
1. Write a concise account on the structure-activity relationship.
2. Write a brief account on how the drugs are administered.

108 MODEL ANSWERS TO CHECK YOUR PROGRESS

1, These are the drugs which act on the central nervous system and induce sleep.

2. Fat soluble drugs, due to their accumulation in the body fat and subsequent releasc stowly, exhibit
prolonged action in patients. '

Author : Prof. A.S.R. Anjaneyuln







BLOCK - 5 : DRUGS FROM PLANTS,
MICROBES AND SYNTHETIC
DRUGS

Plants synthesise many chemicals for different purposes:. Many of them offer protection to their
parental plants. Some of those chemicals are used as drugs. But as a result of chemotherapy now a day's
synthetic drugs have wide application. In Ayurveda mostly plant materials are used as drugs whereas in
Allopathy synthetic drugs are popular. An effective method of controtling the diseases in their total
eradication than curing them after their auack. In this direction immunisation plays an important role.
Eventhough so many drugs have come into application, new diseases are making their appearance.
Almost there are no drugs to cure them. e.g., cancer and AIDS.







UNIT-11 : ANALGESICS

Contents
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1.9 Summary

11.10 Model examination questions
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11.1 AIMS AND OBJECTIVES

To introduce the student 1o the topic of analgesics and te outline the methods of Preparation and
- use of few anaigesics.

Once you completely study and understand the contents of the unit, you are expected to be well
versed with :

* an actount of analgesics and antipyreties,

th
* the industrial preparaticns of antipyrine, aspirin, paracetimol, Oxyphenbutajone, pethidine and

11.2 INTRODUCTION

Analgesics are defined as drugs that relieve pain. Analgesics selectively reduce or abolish pain
without disturbing consciousness. Anaigesics are usually divided into two classes. They are narcotic
analgesics and non-narcotic analgesics. _

11.2.1 NARCOTIC ANALGESICS

Narcotic analgesics are also know as strong analgesics, They relieve severe pain by acting
mainly on the central TCIvous sysiem, The oldest and the best narcotic analgesics are opium alkaloids.

The most active alkaloid of opium group is morphine. Narcotic analgesics provide relief from cough and
SUPress respiration. If these drugs are taken for longer periods, one needs larger and larger doses 1o obtain

Check Your Progress - }
What do you mean by drug withdrawal effects? 83
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11.2.2 NON-NARCOTIC ANALGESICS

These are mild analgesics and relieve minor pains such as head ache by acting through peripheral
mechanisms. The non-narcotic analgesics are antipyretic and antiinflammatory. Narcotic analgesics
have neither of these properties.

11.2.3 ANTIPYRETICS

Antipyretics are agents used to lower the bedy temperatire during fever, The antipyretic drugs

affect the hypothalamic centres which in turn activate the dilation of the peripheral blood vessels and
increases the rate of tespiration.  This causes the body to lose heat and subsequently lowers the body
temperature. Antipyretics have no effect on the normal body temperalure. -

Antipyretics de not affect the infectious cause of fever. Therefore, they have been replaced by
sulpha drugs, antibiotics and antimalarials which reduce fever and also attack the organisms causing
infection.

The most commonly used analgesics and antipyretics are acetyl-salicylic acid {Aspirin),
pyrazolone and aniline derivatives. The first pyrazolone derivative used was antipyrine. Later
phenylbutazane and oxyphenylbutazone were introduced, Aniline derivatives include acetanilide,
phenacetin and paracetamol. The other analgesics are pethidine and ibuprofen. '

Check Your Progress - 2
What are antipyretics? '
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11.3° ANTIPYRINE (PHENAZONE OR SEDATINE)

‘ 2,”?‘-Dim_ethyl-l-pl_lenyl—S-pyrazolone or antipyrine was introduced in the year 1884 as an
?:I:L];yrqng. Since the discovery of its analgesic properties, it has been used mainly to relieve pain "
gesic). -

Antipyrine was first made by Knorr in 1884 and this method is still used. In this method
phenylhydrazine (1) 13 condensed with ethyl acetoacetate (2) to furnish 3-Methy!-1-phenyl pyrazolone (3)

which is methylated to yield antipyrine (4).
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Antipyrine is a potent analgesic and anti-inflammatory agent. Because it is associated with a high

incidence of blood abnormalities, particularly agranuclocytosis (break down of certain white bleod cells),
this drug is now seldom used.

11.4 ASPIRIN

Although acetyl salicylic acid was discovered by Gilm in 1859, Dreser introduced it as a drug
under the trade name (Aspirin in 1899. It is one of the drugs most widely used to reduce fevers
(antipyretic) and to relieve pain (analgesic). It reduces fever by increasing the blood flow to the surface
of the body, there by promoting sweating and heat loss. Once it was thought that aspirin acted directty
on the brain, but now most authorities believe that it alters the blood flow or waler balance, thereby
reducing painful swelling and throbing. However aspirin is effective only for relieving low ntensity
pain, such as headache, or pain originating in muscles or joints, such as theumatism. It is not effective
for pains originating in internal organs.

Aspirin (6) may be prepared by acetylating salicylic acid (5) with acetic anhydride in the presence
of catalytic amount of sulphuric acid. : L

(5)

Aspirin is a white crystalline powder, odourless and slightly bitter in taste.

Some jndividuals show severe sensitivity after ingestion of aspmn resulting in decrease in
circulation of the blood and breathing difficulty.

The symptoms of mild aspirin poisoning are burning pains in the mouth, throat and abdomen,
difficulty in breathing, lethargy, vomiting, ringing in the ears and dizziness. More severe poisoming leads
1o delirium fever, sweating, incoordination, coma, convulsions, cyanosis (blueness of the skin), failure of
kidneys and respiratory function and death. . . S :

_ Concentrated solutions of aspirin and other salicylates can dissolve the tissues. High doses of
aspirin cause bleeding ulcers through attack of the siomach wall.
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11.5 PARACETAMOL (ACETAMINOPHEN)

In the year 1949, it was discovered tiat both phenacetin and acetanilide are converted in the body w
paracetamol. This led to the introduction of this compound as a replacement for phenacetin.
Paracetamol, the acetyl derivative of p-aminophenol, is the most commonly used antipyretic.

Paracetamol is prepared starting froni chlorobenzene. Chloro-benzene (7) is nitrated to obtain p-
chloro nitrobenzene (8) which is converted 1o p-nitrophenol (9) by hcating with alcoholic potassium
hydroxide. p-Nitrophenol is reduced to p-aminophenol (10) with sodium sulphide. Alternatively, -
nitrosation of phenol (11) give p-nitrosophenol (12), which is reduced with sodium hydrosulphide to yield
p-amino-phenol (10). p-Aminophenol is acetylated with acetic anhydride to form paracetamol (13).

Cl ct
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OH OH NHCOCH3.
' ( : (13)
Na;$ @ CHyC0)0
NO o '
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Paracetamol is an analgesic and antipyretic with low amiinﬂammatory activity. In contrast To
phenacetin and acetanilide, paracetamol causes little or no methemoglobinemia (a disease 1_n-wh1ch the -
blood pigment haemoglobin is unable to function in respiration, after prolonged use). Heavy dosage of

" paracetamol may damage the liver and kidneys.




11.6 OXYPHENBUTAZONE-(1-p-HYDROXYPHENYL-2-
PHENYL-4-BUTYL- 3,5-DIOXOPYRAZOLIDINE)

Structural modifications of pyrazolone analgesics (Eg. antipyrine) has resulied in the introduction
of oxyphenbutazone. n-Butyl malonic ester (14), is condensed with 1-p-benzyloxyphenyl-2-phenyl
hydrazine (15) in the presence of sodium ethoxide 1o yield 1-p-benzyloxy-phenyl-2-phenyl-4-butyl-3, 5-
dioxopyrazolidine (16) which on treatment with Raney nickel gives oxyphenbutazone 7).
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Although, oxyphenbutazone was used as an effective drug for gout, thenmatic féver, arthrit is for
several years, it is being discontinued due to some toxic side effects. -

11.7 PETHIDINE

¥

It is known by several names Tike mcpcrédme dérmierol, dolantol, dolantin ot isonipecaine.
Pethidine was introdiced in 1939. The compound exhibited marked analgesic properties.

Methyl bis (2-chloro ethyl) amine (18) is coﬁdénééd with benzyl-cyanamide (19) in the presence
of sodamide. The resulting nitrile (20} is hydrolysed and esterified to yield pethidine (21}
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As bis chioroethylamine (18) is highly lachrymatory alternative synthesis involving alkylation
of benzyl cyanide with 2-chloroethyl vinyl ether is developed Alkytation of benzyl cyanide with
2-chloro ethyl vinyl ether (22) followed by hydrolysis gives an intermediate (23), which on treatment
with phosphorous pentachloride and methylamine forms nitrile (20). The nitrile on hydrolysis
followed by esterification yields pethidine (21).

_ Pethidine has been used to lessen the severity of withdrawal symptoms of the morphine addicis,
although pethidine itsellf might cause addiction.

118 IBUPROFEN

Thuprofen or 2- (4-isobutylphenyl)-propionic acid is widely used as an aniinflammatory agent.
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] o Isobutylbenzene (25) is subjected to photochemical reaction with ethyl a-bromopropionate (26)
in the presence of zinc chloride. This reaction results in the formation of an ester (27} which on
hydrolysis gives ibuprofen (24).

Synthesis of Ibuprofen siarts with Friedel-Crafts reaction on Isobutyl benzene (25) with acetic
anhydride to form p-isobutyl acetophenone (28). Condensation of the acetophenone (28) with iso chloro-
acetate in the presence of sodium ethoxide gives a cyclic ether (29). Treatment of the cyclic ether with
aqueous sodium hydroxide gives an aldehyde, (30) which on oxidation leads to ibuprofen.

' Tbuprofen is as effective as aspirin in smaller doses and is tolerated by patients who suffer from
dyspepsia.

11.9 SUMMARY
" Wou have studied the following in this unit.
i. A general account of analgesics and antipyretics.
if, The classification of analgesics into two Lypes i.e. narcotic and non-narcotic analgesics.

iii. The industrial methods of synthesis of antipyrine, aspirin, p-acetamol, oxyphenbutazone,
pethidine and ibuprofen.

11.10 MODEL EXAMINATION QUESTIONS

L Answer each of the following in 10 lines.

Write a note on antipyretics.

Give the synthesis of antipyrine. . .

Describe the various steps involved in the preparation of paracetamol from chlorobenzene.
How is oxjrphe_nbu:azone prepared?

What are the withdrawal effects of the narcotic analgesics?

VoA W N

1L Answer each of the following in 30 lines. i
Describe important methods of preparing pethidine.
2. Outline the synthesis of ibuprofen.

ot
.

_11.11 MODEL ANSWERS TO CHECK YOUR PROGRESS

1. The after effects of the addictive drugs i.e., severe pain, sweating, salvation, hyperventilaton,
. restlessness and confusion are called the drug withdrawal effects.

2. Antipyraties are the drugs which reduce the body temperature during fever. They do not havé any
effect on the normal body temperature. :

Author : Dr. Syed Ghouse Peeran %
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UNIT-12 : HYPNOTICS, SEDATIVES AND
TRANQUILISERS

Contents
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12.1 AIMS AND OBJECTIVES

To introduce the student to the terms hyprotics, sedatives, l:ranthsers and barbiturates, their uses
and abuses,

After the completion of this study of the unit, you must be able to :

* descri e the sedatives and hypnotics.
* give the structures of some barbiturates and the synthes:s of barbltal
* . remember some tranquilizers and describe the synthesis of diazepam

12.2 INTRODUCTION

There are a number of drugs that affect the nervous systém. Some of them relieve tension, some
have quitening effect and others mduce sleep. -

12.3 SEDATIVES AND HYPNOTICS

Sedatives are Organic substanccs which induce 2 quieting effect followed by relaxation and rest.
They usually do not induce sleep. These are generally used for reducing excitement. On the other hand,
hypnotics induce sleep where the sleeplessness. is-due to pain or itching. . Usually both sedative and
hypnotic properties are exhibited by the same drug. A small dose of the drug may act as a sedative while
in a larger dose, the same drug may act as a hypnotic. Sedatives are used in conditions of neurosis and
hypertension and other heart troubles. - Use of hypnotic drugs depends on the type of sleeplessness.
Sedative and hypnotic agents are frcquently used in psychiatry and also for preanesthetic medication.
Prolonged use of these drugs resulis-in habituation and dependence.

Sedatives and hypnotics can be grouped under three heads : i) barbiturates, ii) non-barbiturates
and iii) minor tranquilisers,




. \
R B R0
Check Your Progress - 1
Differentiate sedatives from hypnotics?

.........................................................................................

12.4 BARBITURATES

Barbiturates, the most frequently used sedative-hypnotic drugs, are the derivatives of barbitaric acid
(1). This is the cyclic ureide, malonyl urea which can e_xist as a keto form (1) or an enol form (2).

Unsubstituted barbituric acid does not possess any hypnotic properties. Substitution at 5 in the
barbituric acid by alkyl groups imparis sedative-hypnotic propertics 1o the compound. The duration of

their physiological effect depends on the substitution pattern. Some important barbiturates are given in
table-12.1. These are classified on the basis of the duration of their action.

" Barbituric acid derivative are widely used where sleep is needed-under conditions of anxiety, tension
associated with hypertension. Barbiturates are also used as anticonvulsant drugs. Some of them are aiso
used as anaesthetics for surgical operations of short duration. ' :

Barbiturates have adverse effects on alcoholics and patients’ with respiratory difficulties.
Barbiturates lead to addiction in some patients.

12.5 PREPARATION OF BARBITAL
(5,5-DIETHYL BARBITURIC ACID) (3) :

Barbital, one of the long acting Barbiturates is prepared starting from malonic ester. Dialkylation
of malonic ester is carried out in two stages introducing one alkyl group at a time. Condensation of
diethy! malonic ester with urea yields Barbital. '

00CHg H

/0% 1 NaocHg 52 /00

HyC 2o C
2.’C2H53l‘ _ H/\

|
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" HC CO0CoH
1.Nﬂ0C2H5 5 2\ / 275
2.GHBr /c\
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. | .H
0 Na
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———2 3l |
2ZriNCoNy 52N ¢
HsC2 0

H
HCL g 0 \rO
> H(; NH
HsC2 5
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12.6 TRANQUILIZERS

Tranquilizers are substances which relieve anxiety and tension without producing sedation,
Benzodiazepines diazepam (4), Chloro-diazepoxide (5) and oxazepam (6) belong to this category. '

Check Your Progress - 2 -
What are tranquilizers?

.......................................................................................

12.7 DIAZEPAM

. Diazepam (7-Chiloro 1,3-dihydro- 1-methyl-5-phenyl-2H-1, 4-benzodiazepin-2-one) (4) is prepared
as follows: p-chioroaniline (7).is treated with benzoyl chloride using zinc chloride as the condensing
agent to get 2-benzoyl 4-chloro anilinc (8). Tosylation of (8) followed by weatment with dimethyl
sulphate under alkaline conditions yields 2-(methylaming)-S-chloro benzophenone (9). This on treatment
with chioro acetyl chioride gives the chloroketone (10} which on reaction with methanolic ammonia

gives diazepam (4).

Diazepam, a colourless and odourless crystailine compound melting at 131°G, is readily soluble
in chloroform and ethanol but very sparin gly soluble in water.

Diazepam is particularly useful in relief of tension and anxiety caused on alcohol withdrawal,
It is also used as an adjunct in the therapy of skeletal muscle spasms and convulsive disorders.




c‘ -. ZHClz ct”
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12.8 SUMMARY

The main points you have studied in this unit are :
Y a general account of sedatives and hypnotics.
i stractures of somie barbiturates and the synthesis of barbital.
jii, an account of tranquilizers and the synthesis of diazepamn.

129 MODEL EXAMINATION QUESTIONS

L Answer each of the following in 10 lines.
1 Give the synthesis of Amobarbital.
2. Name four important barbiturates?

I  Answer the following in 30 lines.
1. .Outtine the synthesis of diazepam.
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12.10 MODEL ANSWERS TO CHECK YOUR PROGRESS

»

L. Sedatives are the drugs that induce quietness followed by relaxation and rest. Hypnotics induce
sleep. Same drug in a smaller dose can be a sedative, in a larger dose a hypnotic.

L

2. Tranguilizers are the drugs that relieve the individual from anxicty and tension without producing
any sedation.

Author : Prof. P.S. Rao
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13.8 Glossary

13.1 AIMS AND OBJECTIVES

To give brief outline of malarial discase and {0 familiarise the drugs available for this discase and
their synthesis. :

Ongce you go through the contents of this wmit, you are expected o,
know a general account of malaria and the natural antimalarials used in the earlier . days.

* be able to give a general account and synthesis of the antimalarials of 8-aminogquinolines,
4-aminoquinolines, acridine derivatives and biguanide derivative series.

13.2 INTRODUCTION

- Malaria is one of the most widéspread infectious diseases and a major problem in several tropical
countries. The disease is a protozo an infection caused by four protozoan organisms of the genus
Plasmodium viz. P. falciparum, P.vivax, P.malarige and P.ovale. Parasites of these species
reproduce a sexually in the red blood cells (RBC) and other cells of the human body and sexuaally in the
mosquito. Wwhen an infected mosquito bites a human being, sporozoites are injected into the human
body. The sporuzoites develop into a mature tssue called merozoites in the liver. During this primary
development stage (8-12 days), symptoms of the disease will not appear. The infected cells rupture
and release merozoites into the blood stream. The young merozoites called trophozoites penetrate into the
red blood cells and muitiply until red blood cells rupture liberating merozoites. The perpetual
production and release of 4 sexual forms of parasie are responsible for the malaria. The secondary
tissue forms are believed to be responsible for relapse of malaria, Some of the daughier merozoites of the
red blood cells which cannot be reproduced asexually are called gametocytes. When a mosquito bites
a human being, the gametocyLes enter the insect where they are converted into sporozoites and set
further stage of infection. In P.falciparum infection relapses do not occur as the secondary tissue
forms are not present in this parasite. '

Check Your Progress - 1
How mosquitos spread malaria?

.......................................................................................
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......................................................................................

.....................................................................................

Immunity, developed by persons living in malarial regions for generations, makes malarial attacks
less severe anq more susceptlb!e. to chemotherapeutic treatment. Infection due to P falciparum produces
malariza of malignant nature and Hnmunity faceors also do not heip. '

Natural Antimalarials :

inchona bark in various forms was used as a femecl'y for malaria in ancient times, The medicinal

C
value of the Cinchona bark was found to be due to the presence of quinoline group of alkaloids, quinine
(1), cinchonine (2) etc.

CH=CHy
HOHC” N
R
N/ (DR =H

In Chinese medicine, the root of Dichroa febrifuga was used an antimalarial for centuries.
The antimalarial activity of the root is due to the presence of the active principle, febrifugine (3).

0 HO

N-CH-CO-CHa A\
AT

(3)

Quinine is again pmminencc, because of its effectiveness, against, P.falciparaum strains resistant
to chloroquine. Quinine (1) brings clinical cure in both P.vivax a dn P.falciparum.

Check Your Progress - 2
How cinchona back is able to function as an antimalarial?

13.4_SYNTHETIC ANTIMALARIALS

13.4.1 8-AMINOQUINOLINES

Shortage of quinine in World War I necessitated search for synthetic substitutes. The observation
of Gultam and Ehrlich, that methylene blue (4) had some chemotherapeutic value against malaria had
led to the synthesis of aminoquinolines. The first drug of this group is pamagquin (5). '




(H3C)oN S S)( C"'s’z | g)

P. vivax and P. falciparam and gametocytes of all

8-Aminoguinolines are highly active against 1
or draw back of 8-aminoquinolines for therapeutic

the four plasmodia species that infect man. The maj
utility is their toxicity. The toxic symptoms include anorexia, nausea, ¢

abdominal pain and cramps, chestpain and weakness.

" 1. Synthesis of Pamaquin (Plasmbquin) (5)

Pamaquin (5) is prepared by condensation of 8—amino-6-methoxy quinoline (6) with 4-chloro-

N, N-diethylpentylamine (7).

o+ cn—'c‘H—(cuzlg'Ntcz'ng
CHy

(7

-~
N
HN-CH-{CHZ I NIC2H92
CH (5)

2. Synthesis of 8-amino-6-methoxy quinoline (6)

8-Amino-6-methoxy quinoline (6) is prepared through reaction of 4-amino-3-nitro anisole (8)
with glycerol in the presence of sulphuric:acid and nitrobenzene (Skraup synthesis) followed by
reduction of the resulting product (9). 4-Arino-3-nitrd-anisole (8) is obtained by nitration of N-acetyl-p-
anisidine (10) and subsequént hydrolysis of the intermediate, 4-N-acetyl-3-nitro anisole (11).

OCH .
: 3 ?HZOH Conc.HpS0O,
-+ CHOH , ekl
NOp- 2
H3C0 : \ Hz_/Ni' :
- '
N
NOz

(8)

yanosis, epigastric distress,
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NHCOCH3
{(10)

3. Synthesis of 4-chloro-N, N-diethyl pentylamine (7)

Treatment of monosodium derivative of acetoacetic ester with 2-chloro-1-N » N-diethylarninoethane
followed by ketonic hydrolysis of the product (12) with dilute sulphuric acid gives 5-N, N-diethylamo-2-
pentanone (13). This on reduction with sodium and ethanol gives alcohol (14), which on treatment with
SOCI; results in the formation of (7). . )

NaéC,i—is

CHSCOCH,COOC,H,+CICH,CH,N(C,H,) s
Acetoaceticester ' ' - CHLCH N{C,H,),
N |
ﬁ CH3°C0'CH—'COOCQH5
(12)
A | H,0%
CH300((103|';9)3N (CaHs)g
Na+4 CoH,OH | . socl,
_—-————-'—.—_-—:h CHSCH(CHB)sN{CEH5)2—+ CHSICH-{CHQ)SN(CQHQ)Q
H Cl

(14) : S (7)

13.4.2 4-AMINOQUINOLINES

The presence of quinoline nucleus in antimalarial drugs prompted syntheses of this group of
‘compounds. The most prominent amongst these are chloroquin (15} and amodiaquin (16).

4-Aminoquinolines act against the asexual blood forms of all species of Plasmodia that cause
human malaria. Their toxicity is very low, but therapeutic doses may cause mild and transient headache,
visual and gastrointestinal disturbances. ' :

1. Synthesis of chloroquin (15) _
Chloroquin (15) is prepared by condensation of 4,7-dichloroquinoline (17) with 4-N, N-diethyl
98  amino-1-methylbutyl amine (18) (Novaldiamine). _




+ HN-CH-+C HlgNICHg,
CHy -
(18)
chy

I
HN-CH—lCHz’gN(Czl'-Is)z

=

T N (15)

ct N

2. Synthesis of 4,7-dichloroquinolin‘e amn '

Condensation of m-chloroaniline (19) with ethoxymethylene malonate (20) followed Dy
cyclisation of the product (21) by heating in dowtherm (a high beiling solvent) yields the ester (22).
Hydrolysis of the esier (22) gives 7-chloro-4-quinolino! (23), which on treatment with phosphorous

oxychloride furnishes 4, 7-dichloroguinoline an.

e
: M:'z ingO“U'l':(cooc‘zﬂs

 Ethoxymethylene malonate is obtained by heating 2 mixture of malonic ester, ethylorthoformate '
andaoeﬁcanhydridehprmnceoffusedzincclﬂoride. -
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CH(COOC,H,), + HC(OC,H,), + 2(CH,C0Y,0

A ] ZnCi,
CBHS_O_CH=CIE-CQOC',H5_+ 2CHaCO0C H, + 2CH;COOH
COOC,H,
(20}

3. Synthesis of 4-N, N-diethylaminﬂ-l-methyi-butylamine (18) {Novaldiamine)

Reductive amination of 5-N, N-diethylamino-2-pentanone (13) gives novaldiamine (18).

‘NHS
NHg |
CHoCOCH ,CH,CH,N(C,H, ), - > CHyCH(CH,)aN(CoH,),
. Ha/Raney Nickel
(13) (18)

13.4.3 ACRIDINE DERIVATIVES

The most prominent drug belonging to this group is Mepacri.ne {Atebrin, Quinacrine) @7. htis
prepared by condensation of 3, 9-dichloro-7-methoxy acridine (28) with 4-N, N-diethyl amino methyl
butyl amine (Novaldiam ine) (18). _ ' .

Synthesis of 3, 9-dichloro-?-methoxyacridine {28)

Condensation of 2,4-dichloro benzoic acid (29) and p-anisidine (30) gives 5-chloro-4,-methoxy
diphenyl amine-2-carboxylic acid (3 1) which on ring closure followed by chlorination of the product with
POCH; yield 3,9~dichlom-?-methoxy acridine (28). '

+ HZN (lIH(CHz)g N{CoHg)y

o CHj _
(18} .

(l:H3 S
HN-CH~{CHy)3-N(CyHg),




BLOCK - 4 : HISTORICAL ASPECTS AND
CLASSIFICATION OF DRUGS

Ancient man used to cure his diseases by unsystematic methods. He was using the materials of
plant, animal and mineral origin which he had learnt from trial and error methods. Subsequently the
emergence of chemotherapy developed medicine systematically in a short time. Paul Ehrlich and Domagk
initiated this development. Collective efforts of the researchers all over the world led to the determination,
of the structure activity relationship and consequently a number of synthetic drugs were prepared. An
ideal drug should be stable at room temperature, dissolve in water, be able to be administered orally, have
no side etfects, be able to cure many diseases, g0 to all the cells of the body and be available at a cheaper
rate. But no drug has all the above qualities. Subsequent discovery of antibiotics was a boon to
mankind. Pencillin is the first antibiotic discovered by Alexander Fleming in 1828 A.D. Later on a
number of antibiotics were discovered which led to the antibiotic age.
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Mepacrine (27) has almost been superceded 'by other antimalarials becanse of its bitter taste and
side effects such as producing yellow colour to the skin and eyes, nausea eic.

13.4.4 BIGUANIDE DERIVATIVES

_ Paludrin (32) (chlorogpanide or Proguanil) is a highly active antimalarial, prepared by coupling
p-chlorobenzene diazonium chloride (33) with cyanoguanidine (34) and then treating the.product (35)
with isopropylamine in the presence of copper sulphate. '

Other antimalarials include pyrimidine derivatives like pyrimethamine, sulphonamides like
sulphadoxin, sulphomethoxines etc. .

- ®o M
ct N2Cl + HpN=C-NHCN
(34)

(33) NH
—— NH-C-NHCN
S (35) |
Cu 504 - INIH - IIH .
—_— (] NH-C~NH~C-NH-CH(CH3 ),
(CH:,)ZCHNHQ - "

(32)

101




162

13.5 SUMMARY

it

iii.

You have learnt the following in this unit.
The tropical disease malaria and the microorganisis responsible for this disease.
The antimalarial nature of the alkaloids of cinchona bark.

The methods of synthesis of the antimalarialg of the series 8-amino-quinolines, 4-aminoguinolines,
acridine derivatives and biguanide derivatives.

13.6 MODEL EXAMINATION QUESTIONS

I

11,

Answer each of the following in 10 lines.

. Outune the synthesis of any one of the following antimalarials.

(a) Pamaquin (b) Chloroyuin {c) Mepacrine (d) Paludrin.
How do you prepare 6-methoxy quinoline by skraup synthesis?

Answer each of the following in 30 lines.

. Write a brief account of how malaria is induced in human beings. Name some important

antimalarials of natural and synthetic origin. Give synthesis of any one antimalarial drug.

13.7 MODEL ANSWERS TO CHECK YOUR PROGRESS

1,

2,

Mosquitos receive gametocytes when they bite malaria patients. These develop into sporozoits in
them which are in turn transfered into healthy- individuals by the mosquito bite and thereby the
disease is spread by the mosquitos.

Due to the presence of the alkaloids quinone and cinchonine, cinchona bark exhibits the
antimalarial property.

13.8 GLOSSARY

1. Dowtherm : It is an eutectic mixture containing 26.5% of diphenyl and 73.5% of diphenyl ether,

2.

boiling at 258°.

Mannich reaction ; Reaction of aclive methylene compounds (eg. carbonyl compounds with -
a-hydrogens) or phenols with formaldehyde-and ammonia or primary or secondary amine to afford
B-amino carbonyl compounds or substituted amino derivatives of phenols.

a) CH3COCH3 + HCHO + (CyHs),NH —— CH3COCH;N (CaHs),

OH
b) ¢ HCHO # (CyHglNH ——ms

CHoN(CoHgl2
HN2 S)and/or




3. Skraup synthesis : This is a general method used for the synthesis of quinoline and its
derivatives. It consists of heating a mixture of primary aromatic amine with at least one free ortho
position, with glycerol, conc. sulphuric acid, nitrobenzene and ferrous sulphate. The first step is
conversion of glycerol to acraldehyde, which then undergoes nucleophilic addition with the amine
to give dihydroquinoline which is oxidised to quinoline by nitrobenzene. Violent nature of this
reaction is supressed in the presence of ferric sulphate.

CH,OH CHy
I ]
CHOH — CH

[

CH,OH HO
H (0
~ ]
[ _ + (I%H —————
NHz CHy

Xy (o] ~
-

N N

H

4. Sporozeite : The male and female parasite forms unite to form a fertilised ovam (OQocyst).
The mature Qocyst divides into a numerous small nuciein. Each nucleus gets surrounded by a little
cytoplasm. This is known as sporozoite.

Autnors : Prof. D. Bhaskar Reddy

Dr. T. Sundararamaiah
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14.1 AIMS AND OBJECTIVES

To enable you to understand the term antibacterials and also to differentiate them from the other
drugs such as antibiotics etc.

After a thorough study of this unit, you must be able 1o

* describe the discovery of Prontocil, the advantage and disadvantages of sulpha drugs over
antibiotics as antibacterials . :

* present the structure and activity relationship of suipha drugs.

* give the methods of synthesis of sulpha drugs sulphadiazine, sulphamethoxazole and trimethoprim.

14.2 INTRODUCTION

Antibacterials are the chemicals nsed for the treatment of certain diseases caused by bacterial
infections. For example , sulphanilamide and its rélated compounds known as ‘Sulpha drugs’ are used
in the treatment of bacillary dysentery, pneumonia, and many other bacterial infections. There are also
other chemicals produced by microorganisms, such as penicillins, tetracyclines eic., which are used to
combat bacterial infections. They are known as antibiotics. As antibacierials, the suipha drugs have
certain advantages and disadvantages over antibiotics. Emergence of resistant bacteria and
hypersensitization to the host are some of the problems met with the sulpha drugs. But they are effective
in drug action, inexpensive, quite safe and free of superinfection problems of the antibiotics. Therefore,
they are continued as antibacterials since more than four decades. :

143 THE SULPHA DRUGS

Domagk (1934) discovered thata red dye prontosil (2.4-diamino-azobenzene-4-sulphonamide) (1)
had a curative effect against bacterial infections in animals and in.man. Later, a research team at the
Pasteur Institute in Paris established that the curative effect of the dye stuff was due to sulphanilamide (2),
which could be readily formed from the dye. This led to the discovery of several sulpha drugs. The
prefix ‘suipha’ is used to designate the group 'sulphanilamide’. '

Check Your Progress - 1
What is Prontocil?
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The sulphanilamide (p-aminobenzene sulphonamide) (2) and its derivatives have great antibacterials
activity. Sulphonamide itself is active against infections caused by Streptococci, Gonococei and
Pneumcocci. The greatest danger with sulphonamides is the crystal formation of acetylated sulphonamide

 in the kidney. Therefore, more solyble sulphonamide drugs are now developed. These derivatives have
substituents on the nitrogen atom of the sulphonamido group and also the amifo group. Substituents on

“the amide group of sulphanilamide are called N!-substituents and substituents of the amino group are

called N4-substituents. For example, in sulphadiazine (4), pyrimidine (3} nucleus is present on
sulphamido nitrogen atom:

Solubility of the sulphonamides, their protein binding nature, the pathway of metabolism, and
mechanism, of elimination determine the toxicity, half-life period and effectiveness of the sulphonamide
drugs. The sulpha drugs prevent the synthesis of folic acid (5) from p-aminobenzoic acid (6) in bacteria.
Folic acid is a growth factor for bacteria. The depression of folic acid metabolism to a lesser degree

~in.bacteria than in human beings, is responsible for the antibacterial activity of the sulpha drigs.

B
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Check Your Progress - 2
How sulpha drugs function as aniibacierials?

.....................................
................................................

Some of the antibacterials other thdn antibiotics, such as suiphadiazine, sulphamethoxazole and
trimethoprim and their syntheses are described below. B

14.4 SULPHADIAZINE

The chemical name of sulphadiazine (4) is 4-amino-N-2-pyrimidinyl benzene-sulphonamide, with -
molecular formula C1gHoN4O2S. It is a crystalline compound, m.p. 252-6°C, used as an antibacterial
against infections caused by several bacteria, such as Bacillus, Clostridium Streptococcus, Genococcus,
Plague etc. '

)

- 0 '
\ /) NH-S NCH
o N _ o

Sulphadiazine (4) can be prepared by the condensalion of p-acetyl amino bcnicn‘e sulphonjl
chloride and 2-amino pyrimidine (8) followed by hydrolysis. The intermediate p-acetyl aminobenzene
sulphonyl chloride (7) is synthesised by the sulphonation reaction between acetanilide (9) and

chiorosuiphonic acid (10). )
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2- Ammopynmldc (8) can be prcpared by treating isocystasine (11) with POCI3- CiS0O3H to get
2—ammo 6-chloro pyrimidine (12) which is then subjected to catalytic reductive dechlorination,

NH> NH2

N’I§N AN

: POCI1,~CILS
I W - (@
OoH ' Cl

1) | (12)
NH2
Zn dust _ N)‘\“N
NH3"N0HC03 w
{8)

-In general pyramidine derivatives can be prepared by the condensation of a 1,3-dicarbonyl
compound or a potential 1,3- dicarbonyl compound and an amidine derivative in presence of a base.
For example, isocystasine (11) may be prepared from glyoxalicester and guanidine n presence of a base
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14.5 SULPHAMETHOXAZOLE

The chemical name of sulphamethoxazole (13) is 4-amine-N-5-methyl-3-isoxazolyl) benzene
sulponamide, with molecular formula C1pH;1N303S. It is a crystalline powder m.p. 170-3°C, and used
as an antibacterial, especially in chronic urinary tract infections. :

0 ,
| o Ny CHy

{13)

Sulphamethoxazole (13) can be synthesised by the condensation of 3-amino-5-methyl isoxazole
(14) and p-acetyl aminobenzene sulphonyl ¢hlori@e (7) in pyridine and then followed by hydrolysis.

M (14)

0
Hy-C - '%—CI‘?NII ]

o

ct

O

. 0 AN

Pyndine CH3—E-HN~@§‘HNW

0 N_

| | 0

| ~ © |
e T

N\~ ~CH

(13)

o

3

The intermediate 3-amino-5-methyl] isoxazole (14) can be prepared by the reaction of dimethyl
oxalate (15), accione (16) and hydroxylamine hydrochloride (17). The resulting methyl 5-methyl
isoxazole-3-carboxylate {18) is treated with ammonia to obtain the corresponding amide {19). Thus, the
5-methyl isoxazole-3-carboxamide (19) is subjected to Hofmann reaction by treating it with sodium
hypochlorite to get the required intermediate (14). The mechanism of the reaction is uncertain but the
sequence may be given as follows.
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(14)

14.6 TRIMETHOPRIM

The chemical name of trimethoprim is S-[(3,4,5)-trimethoxy phenyl methyI] 2,4-pyrimidine
diamine (20). 1t is a bitter crystalline compound m.p. 199-2030C, with molecular formula,
C14H13N403. This belongs 10 2,4-diamino pyrimide type of heterocyclic compound, having
antimalarial and antibacteria] activity,

H3C0 NN
OCH3 NH>
(20)

Trimethoprim (20) can be prepared by the condensation of 3.4,5-trimethoxy benzaldehyde (24)
with the intermediate moipholinopropionitrile (23) as shown in the scheme-1, Addition of morpholine
21) to acrylonitrile (22) produces morpholino propionitrile (23). The intermediate condenses with
trimethoxy benzaldehyde (24) in presence of NaOMe (25) and aniline (26) 10 yield 2-(3,4.5 -trimethoxy
benzyl-3-anilinopr'op-3-enyl nitrite (27). This will react with guanidine nitrae (28) to produce
trimethoprim (20).
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UNIT-15 : ANTIBIOTICS
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15.1 AIMS AND OBJECTIVES

To introduce the student 1o a brief account of the antibiotics, the mode of the preparation of some '
important antibiotics, their structures and applications.

After a thorough study of this unit, you must be able to :

* define and give a brief account of discovery and general characteristics of antibiotics.

present the mode of action and the bacterial resistance of antibiotics.

* describe the production, isolation, structure and applications of penicillins, streptomycin,
chloramphenicol and tetracyclines,

¥*

15.2 INTRODUCTION

15.2.1 HISTORICAL

The development of antibiotic drugs is one of the major advances in chemotherapy. The
introduction of the antibiotic has not onty influenced the practice of medicine, but are finding applications
in animal nutrition, agriculture and food processing industries. Diseases thought to be incurable a century
ago have been treated successfully with antibiotics. This is true of disease of childhood, pneumonia,
dysentery, typhoid, and typhus fevers, plague and cholera, tuberculosis and other infectious discases caused

112 by bacteria, fungi and protozoa,




Prior 10 1939 a small group of drugs like antitoxins, antisera and vaccine preparations provided
a limited degree of conirol over systemic microbial infections. The value of these preparations was
largely prophylactic. They were of little use once the infection was established in the host. The drugs,
active against bacterial infections in the blood. stream, were not available tifl sulphonamide drugs were
introduced, :

In 1Y38, Florey, Chain and their colleagues were investigating the chemotherapeutic potentialities
of the enzyme lysozyme. This enzyme has the property of lysing bacteria in viiro. However, this
substance gave disappointing results in vivo. Therefore Florey and Chain decided to examine a substance
called penicillin, isolated by Sir Alexander Fleming from a mould cutture (Penicitlium notatum) in 1929,
and found it has the property of lysing bacteria. The discovery of other antibiotics now in use has been
the result of an immense amount of planned research. It began with the preliminary screening of
thousands of microorganisms and their metabolic products. As a result more than 20 antibiotics are
known so far. Some important antibiotics and the year of their discovery is shown below.

Antibiotic Year of discovery
Penicillins 1929
Streptomycin 1944
Chloramphenicol 1947
Chloratetracyciine 1948
Oxytetracycline ' 1950
Tetracycline : 1953

15.2.2 DEFINITION AND CHARACTERISTICS OF ANTIBIOTICS

During 1942, Waksman defined antibiouc as a chemical substance, produced by micro-
organisms that interfered with the growth and multiplication of other organisins. But there is increasing
tendency to expand the définition to cover all the microbial substances derived from microbes as well as
from plants and animal tissues. As the synthesis of antibiotics like penicillin, chloramphenicol,
tetracyclines and several other antibiotics have been developed in the Iaboratory, the above definition
seems not to be satisfactory. Yet the original definition is retained, because majority of the antibiotics
are produced by micro-organisms.

Anubiotics vary greatly in their chemical structure. They comprise of carbohydrates, polypeptides
polyketides etc., \

The antimicrobial action of antibiotic is selective. Some organisms are affected by antibiotics
and others are not affected at alt or only to a limited degree. Each antibiotic is characterised by a
specific range of activity against different organisms. Some have a broad spectrum. They are active
against various bacteria belonging to both gram-positive and gram-negative bacteria. Others have narrow

spectrum. They are active largely upon members of a specific group of microbes, such as gram-positive
bacteria or gram-negative bacteria, acid fast bacteria or yeast like organisims.

Check Your Progress - 1
What do you mean by broad spectrum antibiotics?

......................................................
T T T
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15.2.3 MODE OF ACTION AND BACTERIAL RESISTANCE

Antibiotics are largely bacteriostatic agents. They inhibit the growth of sensitive organisms
without destroying them. Some also have marked bactericidal or bacteriolytic propertics. They act upon
bacteria by interfering with their capacity to absorb and assimilate nutrients and 1o synthesize cell
substances. They also affect various enzyme systems and pacterial cell division,

Many bacteria adapt themselves 10 the effect of antibiotics upon continued contact with them,
ieading to the development of resistance. There are two possible explanations for the development of
bacterial resistance; either there is a sponiancous mutation of the bacterial culture or there 1s a gradual
killing of the sensitive cells within a culture by the antibiotic and the remaining cells develop into a new
strain. ' :

The degree to which resistance develops varies with each antibiotic. Fortunately a culture of an
organism that has become resistant to one antibiotic still may remain sensitive (o others. In order to
prevent the development of resistance, combination of antibiotics, such as penicillins and streptomycin

often are used. Antibiotics also may be combined with synthetic compounds as in the treatment of
tuberculosis. '

Check Your Progress - 2
‘What is bacterial resistance?

.....................................................................................

15.3 PENICILLINS

In 1929 Fleming found that a micro-organism, known as Penicillium notatum inhibits the
growth and multiplication of certain bacteria. This observation of antibiosis {anti means against and
bio means life) of Penicillium notatum Jed Florey and his colleagues 1o discover the medical potentialities
of the organism. They suggested that the biological activity of the organism is due to the presence of a
group of organic compounds, named as penicillins., : '

15.3.1 PRODUCTION AND ISOLATION

Penicitlins.are produced cdmmcrcially by Lhe fermentalion process. Various cuiture methods have
been developed for the production of penicillins on a large scale, Onc such method is submerged culture
method. '

The composition of the medium in this process is 2% crude laclosc, 4-5% corn steep hiquor,
small amount of citric acid and calcium carbonate. The containers are long horizontal drums provided
with means of rotation, heating and cooling. The medium is inoculated with the mould and the
fermentation is carried on for two or three days. During this period the temperature is maintained at
149C. Under these conditions, Peniciflium notatum grows in bulk and the concentration (0.1 mg. t0 0.2
mg/cc) of penicillin is obtained. ¥ has been observed that the additions of zinc as a catalyst increases the
yield of penicillin by 0.2-0.3 mg/cc. -




Nrmr the clt_aa{ solution (filtrate) coniatning penicitlin is protected from contamination, Ascptic
handiing, chilling and addition of an antiseptic is essential at this stage. The cooled filtrate is acidified

with _phos?horic_acid and the pH is maintaimed at 2-3, Penicillin can be extracted from the agqucous
solution with various organic solvents immiscible with water such as ether and chloroform,

'conditionsl the concentrated solution of purified penicillin sait is allowed to fun through asbestos. This
absorbs_ MICro organisms and pyrogens. Finally it is biologically standardised before putting for sale.
T_he acavity of penicillins is expressed in oxford units. The smallest amount of penicillin which, when
gissobg;ed 1:{ lse?j cc of m;:at extract broth completely inhibits the growth of Staphyloccus aurens, invitro

as been ¢ one oxiord unit. The number of oxford unit corresponds to 1 mg. of the pure sodium
Ppenicillins is listed below., ' b & : pure sodium

Name ' ~ Oxford wnit in 1 mg. of
__ pure sodium salt-

Benzylpenicillin . ' 1,667

p-Hydroxy benzyl penisillin 906

n-Amyl penicillin 1,500

2-pentenyl penicﬂﬁn 1,600

n-Heptylpenicillin ' ' 2,300

1532 VARIOUS PENICILLINS

The material obtained by fermentation method is a mixture of several peniciliins. They can be
. represented by the molecular formula CoH104N2SR. They have a very similar properties. All
~ penicillins have a common nucleus but differ in the nature of side-chain R. They are named by using
prefixes indicating the nature of side chain R.. Some penicillins are listed below.

Chemical name : Other names — . Sit_le. chain R
Pent-2-énylpenicillin PenicillinF | —CHyCH = CHCH,CHs
Bonzylpenicillin ~ penicillin —CHyCeHs -
n-Amyl penicillin - . Dihydro-F-Penicillin —(CHy), CH;
n-Heptyl Penicillin Penicillin-K B —(cHp), cHy
Phenoxymethyl Pcnicil!iz_l Penicillin-v —CH20C6H5 K

p-Hydroxybenzy! Penicillin Penicillin-X —CHCgH4OH (1:4)

Commercial preparation of penicillin will contain one or more of the. above penicillins in various
proportions. The type of penicillin that will be formed in a particular fermentation depends upon the
mould strain and the culture method employed. It has been found that the addition of varions compounds
to the calture medium increases the yield of penicillins. For example the addition of phen ylacetic acid,
phenylacetamide and phenylethylamine etc. (i.e., compounds containing a.benzyl group CgHsCHy—)
to the culture medium increases the total yield of penicillins and also the proportion of benzylpenicillin,
Similarly the addition of compounds containing p-hydroxy benzyl group to the culture medium
increases the proportion of p-hydroxybenzyl penicillin, On the other hand the addition of various
compounds to the culture medium, a number of 'unnatural’ penicillins have been prepared. 115




15.3.3 STRUCTURE AND APPLICATIONS

All penicillins are monocarboxylic acids. Among all the penicillins benzyl penicillin has been

' investigated in detail. Both physical and chemical methods have been used to derive the structure of

benzylpenicillin. Itis shown 1o contain a B-lactam structure anid can be represented by the structure.

R‘CONH-(IZH—H%’S\? oY)
¢0— N——CH-COOH

Ra-CH,CgHs
M

. For thg commercial producuon of benzyl penicillin, fermentation method is employed as it is
superior over Lhe synthetic methods.

E_’efaicillin is very effective against gram-positive bacteria, but not against other Micro-organisms.
Hence it 15 called a narrow spectrum antibiotic. Broad spectrum antibiotics like chloramphenicol and
tetracyclins are effective against a wide variety of organisms.

Penicillin has proved 1o be very effective for the eatment of pneumonia, diphtheria, scarlet
fever, child birth fever, rehumatic fever, wound infections, gonorrhea, syphilis and many other diseases.

Although penicillin is least toxic of all the antibacterial drugs, allergic effects are common when it
is given for a long period for the treatment of asthina and eczema. o '

15.4 STREPTOMYCIN

Streptomycin was discovered by Waksmanin 1944 and struciure cluqidaté_d in 1948. Streptomycin
was isolated from the cultures of Streptomyces griseus, : L

15.4.1 PRODUCTION AND ISOLATION

For the manufacture of streptomycin, surface culture method was first employed but it is sCON
replaced by submerged culture method as in penicitlin. In addition to other constituents the culture
medium must contain protein materials such as soyabean meal and cotton-seed meal for better growth
of the organism. The culture medium is inoculated with the organism Streptomyccs griseus and
maintained at 25°C for three days. During the process an antifoaming agent is added to the medium and
sterile acration is employed. In the early stages of growth, Streptomyces griseus is susceptible for
attach by a virus-like agent called actinophage. Therefore, maintenance of sterility is essential for
the process. During the fermentation, the reaction medinm changes from acidic to basic staté. The point
of highest alkalinity; i.e., pH 8210 8.6, corresponds. to the highest streptomycin production. The
yield of streptomycin can be increased by irradiating the culture solution by X-rays or ultraviolet light..

After fermentation, the mycelium and other waste products are separated by filtration.
Streptomycin is recovered from the filtrate either by absorpiion on charcoal or on base exchange resins
and elution with dilute aqueous Or ethanolic mineral acid. Pure form of streptomycin is obtained as
sulphate or a crystalline double salt of calcium chloride. - ' o

 Since st_rc_ptomycin is administered by injection, the final sample must be steritized and free

from impurities. For this the purified crystalline salt of streptomycin is redissolved to get 25% solution
which is freed from impurities, passed through seiltz filter and freeze dried. S L




15.4.2 PROPERTIES AND STRUCTURE
Streptomycin is a colourless solid. Tt is a strong base. It is soluble in water and is leavo-rotatory.

The molecule of sweptomycin (2) is built up of three units namely streptose (1), N-methyl-L-
glucosamine (11), and streptidine (III) as shown below.

H

OHC

| CHyp
HO

HO A 0o1lo
WG HacHN
OH H

(2)

Unit I and II, together is known as streptobiosamine, The. streptose unit is neither isolated from
the degradation products of streptomycin nor synthesized. Its structure is derived from reactions of §
streptomycin. The other units namely streptidine and N-methyl-L-glucosamine have been isolated. Their
structures are elucidated and confirmed by synthesis, '

1543 APPLICATIONS

Streptomycin is active against gram-negative bacteria. This observation was highly encouraging
since penicillins and sulphonamide drugs are chiefly effective against gram-positive bacieria.

Streptomycin is specially emptoyed for the treatment of tuberculosis. It has also been used in the
treatment of babonic plague and influenzal meningitis caused by Haemophiius influenzea. Among the
side effects, it causes irreversible deafness. '

155 CHLORAMPHENICOL

Chloramphenicol was isolaied indepcndemly by the research groups of Ehrich and Carter. The
trade name of chloramphenicol is chloromycetin. Chloramphenicol is produced by an organism
called Streptomyces venezuelae. This type of actinomycetes are oblained from the soil samples near

Venezuela,

This is the simplest antibiotic for which practical synthesis have been devised. It was originally
prepared by fermentation process. ' "

15.5.1 SYNTHESIS OF CHLORAMPHENICOL

Bromination of p-nitroacetophenone (3) gives p-nitrobromoacetophcnone (4}, which on reaction
with hexamethylenetetramine yields the complex (5). The complex is hydrolysed 10 p-nitro-amino-acetoe-
phenone hydrochloride (6) by means of concentrated hydrochloric acid. The amino group is next
acetylated with acetic anhydride to give p-nitroacetamido-acetophenone (7) which on trcatment with

117




. formaldehyde undergoes hydroxymethylation and forms p-nitro-(1-acetamide-2-hyaroxy) propicphenone
(8). This is subjected to a Meerwein-Pondorf-Verley reduction to give racemic threo-2-acetamido-1-p-
nitrophenyipropane-1,3-diot (9). It is contaminated with a small amount of the erythro isomer (10). The
amine (11) is resolved with optically active, D-camphorsuiphonic acid t the threo isomer (12) which 5
reaction with methyl dichloroacetate yields chloramphenicol (13).

OZN@COCH3 22 N @cocnzar (CHsN

(3) (4)
| CoHgOH -
s (1
(CHyC0)20 . HCHO
~ TNa OAc OZNCOC“?NH“ aqNaRC03
. '_5-: . {7)
: NHAc [
. - licgh chohat
02 NCO'CH'C"’-* (CHylp CHOH
- ® |
7\ H NHAC | ~HO NHAc |
o G+ o o
- T DOHH N\ _ H H
{9y (10)
Threo : Erythro
]i) 80%7e HCI
. |ii}NaOH
- _-b'-l'f:ng Resolution | |
0! . C-C~CHyOH ———————= D-Threo isemer
[ .
- ™—"HO H 2y -

)

CHO CO CHelp £ ff HcomeHc
| #0 N ¢~C-CHpOH

—/ HO H

- (=)= Chloromycetin
| (13} |
D~—(--)-threo-2-Dichlore acetamido- 1-p-nitropheny! propane-1,3-dicl.
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: ‘Chloramphenicol, a colourless ﬁcﬁtral solid, is bitter in taste. It is taken orally, in the form of
capsules and solution,

15.5.2 APPLICATIONS

Chloramphenicol is active against a variety of pathogenic organisms as thosc causing typhoid
fever, bacillary dysentery, urinary tract infection, respiratory infection, ecular and otic infection
meningitis and rickettsial infection, ' ' '

15.6 TETRACYCLINES

terramycin. Terramycin derives its name from the Latin word Terra for "soil'. Of the three antibiotics

tetracycline has the simplest structure, but was infact discovered last. Tetracycline was prepared from

chlortetracycline by replacing the halogen with hydrogen in a simple catalytic hydrogenation.

15.6.1 PRODUCTION AND STRUCTURE

For the productio of these antibiatics submetged culture method similar to those used-for the
productiomof peniciliins and streptomyen was nsed.

All the three antibiotics contam the hydronapthacene skeleton. The structure of these dnﬁbio;ics

.('14) has been elucidated by alkaline, acid and reductive degradative studies. Chlortetracycline differs from

oxytetracycline in having a chlorine aiom on the ring D of the hydronaphthacene skeleton and in lacking
the second hydroxyl group on the B ring. The third member of the group, teiracycline has hydrogen in

place of chlorine in chlortetracycline. The structure of the three antibiotics is represented as shown

below. : 1
RHL OGH R NiCHgh
' . OH
CONHz
(14)
Chlortetracycling :  R=H R=Cl
Oxytetracycline o R=0H, R'=H
Tetracycling : R=H, R=H

Tetracyclines are broad spectrum antibiotics of great therapeutic value and low toxicities,
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15.7 SUMMARY

You have learnt the following in this unit.
i. - Definition, a brief account and general characteristics of antibiotics.
ii. The method of action of antibiotics on bacteria and bacterial resistance against antibiotics.

iii. The description of production, isolation, structure and applications of penicillins, streptomycin,
chioramphenicol and tetracyclines.

158 MODEL EXAMINATION QUESTIONS

I Answer each of the following in 10 lines.
1. Write the different natural penicillins and give their common names.
2. Give the structural formula of terramycin.
3. Give the structural formula of streptomycin.

T Amswer each of the following in 30 lines.
1. How is penicillin produced on a large scale and isolated?
9. Describe the synthesis of chioramphenicol.
3. Give an account of the production and isolation of streptomycin.,

159 MODEL ANSWERS TO CHECK YOUR PROGRESS _

1. Those antibiotics. which are active against different disease causing bacteria i.e., gram +ve and
gram -ve bacteria are called broad spectrum antibiotics..
eg. : tetracyclines.

2. Due to the continuous use of a drug against a particular disease, the concerned disease causing
bacteria develops tolerence against the drug, calied bacterial resistance and the drug becomes less
effective. In such .cases, combination of drugs will be effective in curing the diseases.

15.10 GLOSSARY

1. In vitro +  Outside the body

2. Invivo : Inside the body

3. Gram positive and Gram . These are bacteria classified according to their reaction © a
negative bacteria ) differential strain known as Gram-strain.

4. Buctericidal '+ "'Bacteria killing

5. Bacteriolytic :  Bacteria dissolving

6.. Mycelium . A waster product formed during the growth of Micro-Organisms.

7. Pyrogens - Fever producing organisms.

8. Com steep liquor _ : Water used for sieeping maize in maize stai'cﬁ producticn.

120 ' Author : Dr, Syed Ghouse Peeran




UNIT-16 : ANTIDIABETICS

Contents
16.1 Aims and objectives | L
16.2 Introduction

16.3  Oral hypoglycemic drugs

164 Chlorpropamide
16.5 Tolbutamide

16.6 Summary
16.7 Model examination questions

16.8 Model answers to check your Progress

16.1 AIMS AND OBJECTIVES

To introduce the students to the pancreatic hormone, insulin and the consequences of its deficiency,
to make them understand the usefulness of insulin treaiment and more generally the use of oral
hypoglycemic drugs namely chlorpropamide and tolbutamide.

- After a thorough study of this unit, you must be able to :

* describe the role of pancreatic hormone insulin in the utilisation of glucose,
* give an account and synthesis of oral hypoglycemic drugs chiorpropar. - and tolbutamide,

16.2 INTRODUCTION

In the body, glucose is either used as a fuel for production of energy or is converted into glycogen,
which is a less soluble polymer of glucose. In either case insulin is needed. When the supply of insulin
% is inadequate, a disease known as Diabetes mellitus results. The concentration of glucosé in the body
' fluids increases and when the blood glucose level exceeds a ceriain point, the glucose is excreted

through kidneys. The condition in which excess glucose is present in the blood is called hyperglycemia.

called glycosuria. Continued glycosuria results in the depression of the Tunctions-of the brain, muscle
and other tissues. If not treated promptly, several other complications may arise leading to coma
followed by death.

Administration of insulin or insulin preparations at regular intervals in the desired doses would
control this disease. Fall in the blood sugar level is called hypoglycemala and the chemical substance
which perform this function are called the hypoglycemic agenis. Insulin is the ideal natural
hypoglycemic agent. It is extracted from the pancreas of the beef, sheep, whale or pig and is a
polypeptide. (See Unit - 20).. Severa! insulin preparations arc in use. They differ principally from
cach other in their solubility and duration of action. Insulin is usually administercd subcutancously.
It can not be administered orally because it gets degraded by the enzymes present in the gastrointesiinal
tract,

Check Your Progress - 1

Differentiate hyperglycemia from hypoglycemia? 121
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16.3 ORAL HYPOGLYCEMIC DRUGS

Besides insulin, several other substances were also shown to possess hypoglycemic activity.
Several of these compounds belong to the class of benzene sulphonyl ureas represenied by the general
formula (1), Chlorpropamide belong to this group of compounds. .

R ﬁ-ﬂH-—E-NH-—R"
| 0
(1)

_ The other hypoglycemic compounds belong to the fonnamldmyl amino ureas of the biguanide
group. Phenformin hydrochloride (2) belongs Lo this class.

. ©
[@- CHQ-CHz-NH-C—N —Nl-lz o
e | 1 @NHz NH

(2}

Check Your Progress - 2
‘What are hypoglycemic drugs?
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16.4 CHLORPROPAMIDE

4-Chloro-N-[(Propylaminocarbonyl)] benzene sulphonamide. It causes the release of
insulin from the beta cells of the islets of the Langerhans. It is useful in the treatment of mild,

uncomplicated cases of diabetes méllitus.

o
c.@'ﬁ;.m.emu,-w,-cu,
0

(3)

Synthesis : Treatment of Chlorobenzene (4) with chlorosulphonic acid gives p-chlorobenzene
de (5} with ammonia vields pchlorobenzene sulphonamide

sulphonyl chloride (5). Treatment of the chiori
yanate (7} yields chlorpropamide 3

(6). Reaction of the suilphonamide (6} and propyl isoc
hite crystalline powder melting at 125-129°C. It is insoluble in water bue

Chlorpropamide (3) is a w
soluble in alcohol

o Cl imcl @ 50_2Cl

(4) (5)
(6)

cna{ﬂgfnz-nco - (3)

16.5 TOLBUTAMIDE

;['N-(butylamina carbonyl)] 4-methyl benzene sulphonamide,

' e

e o
-NH-E-NH-Chy- CHy=CHa— 1y

6
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Check Your Progress - 2
‘What are the main symptoms of dysentery?

.....................................................................................

17.3 ANTIDYSENTERY AGENTS

The following drugs are in use in the reatment of dysentery.
a) Iodochlorhydroxyquin
b} Metronidazole
¢} Tinidazole
a) Iodochlorhydroxyquin

One of the earlier drugs used in the amoebic infections is iodochlorhydroxyquin (5-chloro-7-iodo-
8-quinolino). It is a quinoline derivative synthesised from halogenation of 8-hydroxyquinoline with

iodine trichloride.
OH OH
8 N, 1 N.
7 PN AN
+ ICly ——
. /1 <
3
s ct
8-Hydroxyquinoline Toda-chlorhydroxyquin.

This drug is being removed from the market as it is known to damage the optical nerves.

b) Metronidazole

Nitration of the 2-methylimidazole gives 2-methyl-5-nitro imidazole, which on treaiment with
ethylene oxide yields metronidazole. The starting material, 2-methyl-imidazole, is prepared by the
reaction of ethylene diamine with acetic acid or ethanol in the presence of platinum catalysts or from

condensation of glyoxal, acetatdehydc and ammonia.

Ho—NH
/C 7 ¢ HgOH or CH3COOH 7 N
H,C A "C,\}‘CH
[N Pt N 3
NHp H

A

_ _,_ _
HNO4 N E:‘tjz .
0N $ CH3 '
H
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02N"\/N-\ CHy
c':Hz-cnz-o_H i

CHO CH, —N
L+ 2NHy + | --—+</_ »\
CHO | CHO N“"CHy

¢) Tinidazole : [I-(2-Elhylsulfonyl) ethy_l;z-fnethyl-s-nitroimidazule]

‘Alkylation of 2-methyl~5-niu'0imidazole with-ﬁ:~‘\rqmoeﬂ1yl sulphide gives ethyl [2-(2-methy]-5-
nitro-1-imidazole) ethyl sulphide, which on oxidation with sudium hypochlorite yields tinidazole,

on /E\cu + Br=CHy-CHy~SnChHy=Chy
N 3

N NaoCl [Q' ' |
— "0'2N‘</_N‘)‘C_H3 oKy oy

i : -k —CMoe
CHp-CHp=S-CHp~CH3 ~ CHp—CHp- ﬁ, CHy-Chy

17.4 SUMMARY

You have smdied the folldwing in this unit
1. The root cause of dysentery, its methods of sprcading_, Sympioms and its methods of curing,

2. The methods of synthesis of antidysentery agents 'iodochlorhydroiyquin, mitronidazole and
: tinidazole

17.5 MODEL EX_AMINATIO_N QUESTIONS

1. Answer the following in 10 Ilipes,
1. How do you synthesize metronida2ole from 2-methy! imidazole?

1. Starting from 2-methyl-5-nitro imidazole, write the steps involved in the synthesis of tinidazole?

2.. Write a brief note on antidysentery agents,

1. It spreads through oral ronte and contaminated food. Excreta of infected individuals is the source of
the disease and flies are the mechanical carriers, '

2. The Symptoms are dehydration of the body with the result of loss of water and sals particularly
potassinm leakness and if j¢ is prolonged it may lead 1o death,

Author : Dr. K. Rama Sul_lba Reddy 127
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UNIT-18 : ANTIALLERGIC AGENTS
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18.9 Glossary

18.1 AIMS AND OBJECTIVES

To introduce the student to the nature of allergic reactions and disease, chemical mediators released
in allergic reaction and some important antiallergic drugs.

Once you complete the study of the contents af this unit, you are expected 10

* define allergens, antibodies and chemical mediators.
explain the role of antiallergic agents.
* give the methods of synthesis of antiallergents ephedrene and chlorpheniramine maleate.

18.2 INTRODUCTION

Body does not toleraie the interaction of some foreign materials called allergens. In order to
counter and destroy allergens, body secretes some chemicals which actaally produce the allergic
symptoms. The materials used to block the above chemical mediators are called antiallergic agents. .

183 NATURE OF ALLERGY AND CHEMICAL MEDIATORS

Allergy can be defined as a condition in which the body develops sensitivity to foreign material
resulting in tissue injury. The foreign materials, known to contain allergens, include pollens, mounlds,
animal dander, insecticides, certain food materials and drugs. The allergens are macromolecules like
proteins, polysaccharides, lipids or small molecules, which are also termed as antigens or immunogens.
In response 1o the atiack by an antigen, the body stimulates its defence mechanism and produces
antibodies. The antibodies are proteins which interact with antigens. The interaction initiates a chain of
events resulting in the rupture of the cell walls, which Jeads to the release of many chemicals known as
chemical mediators. Some of the mediators are histamine and serotonin. Histamine is the most
important of the mediator implicated in producing allergic symptoms such as asthma, coniact dermatitis,

hay fever etc.

Check Your Progress - 1

' 'What are allergens?

......................................................................................

.......................................................................................

.....................................................................................




Fig. 19.1 Heart (Longitudinal Section)

1. Aorta (To head and pody) 2. Semilumininar Vaive

3. Pulmonary Vein (from lungs) 4. Left ativm-

5. Bicuspid Valve 6. Muscle

7. Left Ventricle 8. Tendon supporting Valve

9. Right Ventricle. 10. Tricuspid Valve

11, Right atrium 12. Vena Cava (From head and body)

13. Pulmonary artery to lungs
artery becomes obstructed by an internal bigod clot, there is a reduction of the

If the coronary
blqod ﬂov_v: T{w heart muscle is thus deprived of Oxygen thereby affecting the ventricalar contraction,
This condition is called the coronary thrombosis and is ofien fatal. This is the familiar heart-attack.

Check Your Progress - 1
What is coronary thrombosis or heart attack?

........................................................................................
...-......-'...--.....-..-;o.-.-...---co-.c--|- .......................................

.......................................

.......................................................................................

There is another condition known as arteriosclerosis. This arises because of the deposition of
fatty matter on the inner lining of the arteries resuiting in a decrease in their internal diameier.

This restricts the blood flow and consequently the discase, 129
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Anti-allergic agents that block some of the actions of histamine are called antihistamines.

18.4 ASTHMA

One of the most common aliergic disorders is asthma, characterised by difficulty in breathing,
wheezing and tightness in the chest. During breathing, the air has to enter the lungs through small
holes in the chest called bronchioles. When the allergen enters the lungs from the air, allergic reaction
develops which result in swelling of the muscles containing bronchioles. Consequently the bronchioles
become smaller and smaller and obstruct free flow of air in the lungs. Asthma is aggrevated by secondary
factors like change of temperature, bumidity, exposure (0 noxious fumes (chemicals; paints, waxes €{c.),
emotional stress and some physiclogical changes in women:like puberty, menstruation, pregnancy and
menopause. . ' : .

.....................................................................................
.....................................................................................
T O AR AR R LR S

.....................................................................................

As it is difficult to prevent the allergens from the environment, drug treatment is necessary 0
relieve the allergic patient. Some of the drugs used in the treatment of allergy are : ' .

a) Ephedrine
by Salbutamol
¢) Chlorpheniramine maleate

a)} D{(—) Ephedrine : (1-pheny1-2—melhylamino-1-propanol)

- H H
- A
HsCe— C —C — CHa
N [
130 OH NHCH3




o D{—) Ephedripe is an alkaloid present in the genus Ephedra. It is one of the most iniportant
- constituents of the Chinese drug, Ma Haung, used in the treatment of bronchial asthma’and hayfever.

Fqur different stercoisomers are possible for ephedrine as two asymmetric centres are present.

fHa CH,
H——?—-—NHCHS H—'(I:—'NHCHS
| | |
CGHE . . ) C&H o )
D (-} ephedrine e T
(naturally occu- L (;) P=-ephedrine
. fring) _ _

The (+) W-ephedrine also occurs in nature and possesses the pharmacological property. The
‘F-isomer could be substantially converted to (—) ephedrine by boiling with dil. hydrochloric aicd.

Synthesis : Sugar is fermented through the action of enzyme carboligase of yeast in the presence of
benzaldehyde to obtain (—) phenyl-acetylcarbinol. Phenylacetylcarbinol is reacted with methylamine
and the product is reduced catalytically by means of activated aluminium or platinurn 1o cbtain ephedrine.

' o Fermentation_ _
Benzaldehyde Sucrose carboligase
.' from yeast
| Ho CH; NH |
_ 1 8 ; _
OH
~Phenylacety! Carbinof
H - H H
. | Hg/Al or Pt E ‘
' C,Hs—C—C—CH_g———-)C‘Hg—_c"-?—'cl'ls
. 1
' 0[11 N I'I\IH
|
CH, <

D {(—) Ephedrin

b) Salbutamol
~ - Salbutamol is an antiasthmatic drug belonging to the ethanolamine group.
c) Chlorpheniramiﬁe maleate
2,1 p-Chloroacetophenone condensed with formaldehyde and dimethylamine to obtain ketoamine

(13) (Mannich reaction). Subsequent reaction of the Amine (13) with pyridy! lithium followed by
acid treatment of the product (14) and hydrogenation with Raney Nickel gives chlorpheniramine,

Chlorpheniraiine maleate is prepared by treating chloropheniramine with maleic acid or anhydride, 131




18.6 SUMMARY

You have studied the following in this umt - -
1. _Definitions and explanation of allergens, antibodies, chemical mediators and antiallergy agents.
2. The method of prevention of allergy by antiallergy agents.

3. The methods of Symhesié of antiallergents ephedrine and chlorpheniramine maleate.

18.7 MODEL EXAMINATION QUESTIONS

I Answer each of the following in 10 lines.
1. What are the stereoisomers possible for ephedrine?
5. What is allergy? Mention three diséases associated with allergy?

1L Answer the following in 30 lines.
1. Write the steps involved in the synthesis of chlorpheniramine.

18.8 MODEL ANSWERS TO CHECK YOUR PROGRESS

1. Those foreign materials against which the body develops sensitivity resulting in tissue injury are
called allergens.
eg : Pollen, moulds, insecticides etc.

5 When the allergens enter the jungs, the muscles of the branchioles swell and become patients free
flow of air is obstructed and breathing becomes difficull. :

18.9 GLOSSARY

1. Tissue - Aggregate of similar cells

2. Mould : _Flubby growth on the food matter

3. Dander . A form of dandruff

4. Dermatitis : A skin disease ,
5. Hayfcver' - Trritation of the throat, nose eic. with headache

Author : Dr. K. Rama Subba Reddy
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UNIT-19 : CARDIOVASCULAR DRUGS AND

CNS STIMULANTS
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19.2.2 Drugs
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19.3.1 Introduction
1932 Caffeine

194 'Snmmary
19.5 Model examination questions

19.6 Model answers to check your progress

19.1 AIMS AND OBJECTIVES

To introduce the student to the drugs that affect the heart and blood vessels; the nature of the
Central Nervous System (CNS) in controlling and co-ordinating the body and the chemical agents used
in the stimulation of the Central Nervous System. _

After a thorough study of this unit, you myst be able to - .

* describe the cardiovascular diseases which are connected 1o heart and blood vessels,

* give an account of the role of heart and blood vessels in the body functions and increase of blood
pressure, hypertension.

* present the methods of synthesis of propranol  =nd methyl DOPA,

* remember an account of CNS stimulants. '

* describe the synthesis of caffeine.

19.2 CARDIOVASCULAR DRUGS .

19.2.1 INTRODUCTION

The discase associated with heart and the blood vessels are called cardiovascular diseases. The
drugs that are used directly or indirectly to bring about cardiovascular actions are called the
cardiovascular drugs. For example, drugs which bring about an increase or decrease (hypertensive drugs)
in blood pressure, stimulate the heart or the coronary dilators come under this category.

a) The Heart : The heart is a2 muscular blood pumping organ situated in the thorax. It consists of
four chambers (Fig. 18.1). The upper chambers are called the atria and are relatively thin walled.
. They receive the blood from the veins. The lower chambers are called the ventricles. Oxygenated blood
from the lungs enters thé left atrium through the pulmonary vein vena cava. The atria have openings
into their corresponding ventricles through large apertures with non-return valves. The ventricles are
thick walled and muscular, The walls of the left ventricles arc 3 to 4 times thicker than those of the right
ventricle. This is so because it has to pump the blood all round the body through the aorta. The right
ventricle pumps biood to the lungs through the pulmonary artery. The muscle of the atria and the
ventricles is supplied with oxygenated blood from the coronary ariery. This branches out from aorta,
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* Check Your .PAi"ogr'es_s_ -2
What is artesclerosis? '

............................
--------------------------------------------------------------
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b) Blood Pressure : The heart has to maintain a relatively high blood pressure in the circulatory
system. This is because the atmospheric pressure compresses the tissues and consequently the flow of
blood is affected. . This must be overcome. The blood pressure varies with (a) the region of the
circulatory system i.c., the artery or vein. (b) the phase of the heart beat (diastole or cystole) and
{c) the physiclogical condition of the body. The pressure in the arteries during cystole is usually
around 120 mm of Hg and the pressure during diastole is about 75 mm of Hg. However both of them
vary with age from one person to another. The blood pressure is regulated by the reflex nervous
mechanism of the heart. An increase in the blood pressure is called hypertension. o

19.2.2 - DRUGS

Antihypertensive dmgs are used in the treatment of hypertenéion. ?-ropranolol (1) and
chiorothiazide (2) are used to treat moderate hypertension. More severe hypertension is generally reated
with guanethidine (3) or methyl DOPA {4) in combination with a diuretic. _ _ L

0~CHp~CHOH-CHy-NH-CHI{CH3), 0. .0
SO ¢ ¢ AN
_ cl NZ
) NH R

{2)

CHyCH-NH-CoNH,

N HQ | o
M
. . HO- CHz-(lZ-COOH

(3) {4)

(a) Propranolol (1) : Propranclol (1) is 1-(Isopropylamino)-3-'(1—napthy‘lbxy)-Z-pr_opan’gl.
Treatment of a-naphthol with epichloro hydxin (5) yields the glycidic ether (6) which on reaction with
isopropylamine (7) yields propranolot (1). . _ L

OH

- NHp

H -—‘-IH—CHzcr”“ B,
: 2\0}(5) . ‘59—-*_

| TCHglpCANRy -
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Propranolol (1) is a colourless, crystalline compound melting at 161°C, It has a bitter taste. It
dissolves in water and alcohol but is slightly soluble it chloroform. .

' (b) Methyl DOPA (4) : The laevo_rotatpry enantiomer of ‘methyl DOPA is physiologically

' synthesis) gives the substituted hydanioin (10) which on atkaline hydrolysis leads 1o the acid (1n.
Demethylation of the acid (11) followed by resolution using o-methyl benzylamine gives (—) Methyl
DOPA (4). - '

HaCO Heo .
, CHYCOOC /N :
Do OIS0 oy

(8) (9)

ATL S
2 Pyridine
NH 3.Resolution

_(-11_}

- .. Methyl DOPA is a colourless, microcrystalline compound melting above 290°C, It is sparingly
soluble in water and alcohol, S ' _ o '

o Vertigo, nausea, headache and diarrhoea are some of the side effects encouniered with the use of
Methyl DOPA as an antihyperiensive drug.

193" CNS STIMULANTS

19.3.1 INTRODUCTION

: . Human body is an..eiiremely coinp_licated structure made of sdme 5,000 billion cells. In order
to enable this large structure to' survive hazards of its cn\_r_ironment,.iqdjvidual cells Kave become

The drugs which enhance the: -CNS_gcéiif}ty are called CN§ stimulants. They are employed in the
treatment -of mental depression. The word ‘analeptics’ is used to substances which act directly and
stimulate the respiratory centre in the medulla of the brain, DR

They are used to increase the Fale ‘of respiration in a dcpres_s_ion caused by carbon dioxide
accumulation in the body. o

. " Earlier naturally occuring alkaloids such as strychning: were “uséd as CNS stimulants.
Currently methy! derivatives of xanthine, (12) like caffeine, (13) theophylline (14} 'are commonly used.
Caffeine is more active and’ widely used alkaloid in the workl. In the usiial doses of 60-200 mg,
caffeine may lessen faieigue and increase mental alertness, Ii stimulates the respiratory centre and
therefore used as analeptic also. Caffejne is used in conjunction-with aspirin in various headache
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19.3.2 CAFFEINE

Caffeine (13) is found in coffee and tea to the extent of 1-3%. Theobromine, (15) an alkaloid
obtained from Cocoa husks, is methylated by dimethy! suiphate and sodium hydroxide to yield caffeine.

| o CH e Y CH
M ! 3 ‘ H3C\/9K (13
N I > (CHEJZSOI. N (‘5
/ : '
0’1\::1' V2 T G
: i
CHy | . CHy
(15) (13)

It is interesting to note that theobromine is almost devoid of stimulating activity. It appears that
1-methyl group on the xanthine nucleus is essential for CNS stimulant activity.

Modified Traube's method

Methyl urea (19) is condensed with ethyl carboxamido-acetate (20) in the presence of a base
like sodamide to yicld a diamide (21), which undergoes cyclisation ¢ pyrimidone derivative (22).
Reaction of Nitrous acid on (22) yields a nitroso compound (23) which is reduced to the diamine (24).
Condensation with formic acid converts the diamine into 3-methyl-xanthine (25), which on methylation

with dimethyl sulphate and alkali gives rise to Caffeine. This method, developed originally by Traube,
is used for commercial production, :

0% NH b VL
Hy thy
19) - 20 (21)
Q a
HN)\JL N I 0
~H0 o‘l\N NHg OJ\r‘q NH5
)
{22) (23)
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lcn3.)2‘_so4—n- Caffeine
“Alkali

'19.4 SUMMARY

- You have studied the following in this unit.
1. Cardiovascular diseases blood pressure and heart attack.
2. The functions of the heart and blood vessels in the body.
3. The methods of synthesis of cardiovascular drugs propronolol and methyl DOPA.,
4. An account of CNS stimulanis and the synthesis of caffeine.

19.5 MODEL EXAMINATION QUESTIONS

I.- - “Answer each of the following in 10 tines.
. How is ﬁfopronolol-_Synﬂlesiscd? S .
2. Write some natural sourees of caffeines. How is theobromine converted into caffeine?

pra—y

I Answer each of the following in 30 lines:
1. Write the various steps involved in the manufacture of caffeine from methyl urea?
2. (i) What are the.various xanthine derivatives used as CNS Stimutants?
(ii) Mow do you synthesise Methyl Dopa from 3, 4 dimethoxy benzyl cyanide?

19.6 MODEL ANSWERS TO CHECK YOUR PROGRESS

1If thé_aftefy which supplies blood to the heart muscles called caronary artery gets closed partly or
completely by blood dot or some other obstacle like fat deposit, oxygen supply will be cut off affecting
the ventricular contraction expansion. This condition is called caronary thrombosis or heart attack.

2. This is a vascular disease in which the faity material deposits on the internal walks of the arteries,
Thereby it restricts the blood flow and consequently leads to blood pressure and heart attack.

i 'Au.lhor_”: . Dr. K. Rama’ Subba Reddy
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20.1 AIMS AND OBJECTIVES

To introduce the student to the nature of leprosy and drugs used for the treaiment of leprosy.
After a thorough study of this unit, you must be in a position to:

*  give a general account of leprosy.
* describe the methods of synthests of Dapsone and Clofajimine.

20.2 INTRODUCTION

Leprosy or Hansen's diseasc is one of the man's oldest afflictions. Mycobacterium leproe,
responsible for human leprosy is difficulty accessible to chemotherapeutic agents as the bacteria are
encapsulated with Lipoid sheath which is hard o penetrate. The disease provides a remarkable example of
adaption of an infectious organism to a host. The organism is sransmitted from one victim to another
without any appearance of recognisable symptoms. Even when the disease is advanced, the person is
often unaware of its presence, because the early lesions are painless. Though leprosy is a communicable
disease it has a very low attack rate even in the heavily infected communities. Children ar¢ more
susceptible to this discase.-Much of the leprosy seen in adults is the result of exposure in the childhood.

Check Your Progress - 1
Why it is difficult to cure leprosy by using antibacterials?

........................................................................................

.....................................................................................

A R I I SO I R LI I U AL AL T AL S

20.3 ANTILEPROTIC AGENTS

- Chaulmoogra oil, an oldest remedy for leprosy is obtained from the plant species Hydnocarpus
kur;.n. I_L is an yellow or brownish yellow liquid applied exiernally on the skin. The syntheiic
antileprotic agents are dapsonc and clofazimine. Therapy with these agents requires treatment for several
months.




Check Your Progress - 2
What are antileprotic agents?

R e LR L I T T

------------------------

e A T

...................................................................

20.3.1 DAPSONE

Dapsone is bis (4-aminop

hcnyl)-sulp_hone. Itisa light' yéllow crystalline solid sparingly soluble
in water, : :

Reaction of two molecules of p-chloronitrobenzene (2) and sodtum sulphide leads 1o bis-(p-
nitrophenyl)-suiphide (6), which is oxidised with sodium hypochlorite o the sulphone (7). Reduction of
nitro groups with stannous chloride and hydrochloric acid yields-dapsone (5),
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20.3.2 CLOFAZIMINE

Clofazimine is a recent drug used in the treatment of loprody Reaction of o-nitrochloro-

benzene (8) with p-chloroaniline (9), in the presence of potassium carbonate furnishes the nitroaniline
(10}, which on reduction leads to N-(p—chlor_ophenyl)—o»phenylcne diamine (11). Condensation of two
moles of the diamine (11) under oxidative influence of ferric chloride affords phenazine derivative (12).
Treatment of the phenazine (12) with isopropyl amine completes the synthesis to yield clofazimine (13).

o |
@C' . 1. K5C03
NO, 2 HCl

(8) NH3 .
¢ (9) ¢!
NH NH
@ Reduction
AR
(10) (1)
o
(:j:uuz - O SR
e LN e
I oadits e o
N NH-'@a
| Y 12y
/

HaN-HC L
\CH N N-CH
_CHy O  cHy
= .N/ NKH

20.4 SUMMARY

You have studied the following in this unit . ..

1. A general account of the bacterial infection leprosy.
2. The methods of synthesis of antileprotic agents i)apsone and Clofazimiﬁé.




205 MODEL EXAMINATION QUESTIONS

L " Answer the following in 10 lines.
1. Write various steps involved in the synthesis of clofazimine.
2. Sulphone derivatives are used as leprostatic agents. What are the derivatives and how they,are
" synthesised?
II.  Answer the following in 30 flines.
1. "Write a brief note on Antileprotic Agents.

' 20.6 MODEL ANSWERS TO CHECK YOUR PROGRESS

L. 1t is 50 because the infecting bacteria Mycobacteria Leproe gets énéaj;sulié.éd with a lipid sheath
which is hard to penetrate for amtibacterials or antibiotics.

2 The drugs with which the patients are treated for months together for leprosy cure are -called
antticprolic agents. - Col s o

14}
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UNIT-21 : ANTHELMINTICS

Contents

21.1 -Aims and objectives
212 Introduction

21.3  Anthelmintics

214  Antifilarials

21.5 Summary

21.6 Model examination questions

21.7 Model answers to check your progress
21.8 Glossary

211 AIMS AND OBJECTIVES

To acquaint the student with the disease helminthiasis, nature and canses of the infection and some
common drugs used for the treatment.

After the compleiion of the study and compréhension of the contents of the unit, you are
expected 10 '

give a general account of helminthiasis.

describe the synthesis of the antihelmintic, mebendazole.

give an account of filariasis. :

present the method of synthesis of an antifilarial diethyl carbamazine citrate.

& * %

21.2° INTRODUCTION

Helminthiasis is a worm infection involving parasitization with cestodes (tape wormis), nematodes
{(round worms) and trematodes (flukes). The infection is more prevalent in areas where there 1s poor
sanitation, poor family hygine, crowded living conditions and malnutrition. The infection might last the
entire life of a man, as the worms are scverely parasitic. In addition, these diseases present serious
economic problems to the animal industry, wherein every class of domestic animal is vulneratle to a
large number of parasitic worm infections. About one third of human race suffers from helminth disease
of which large number are multiple infections. Though the infection is usually associated with
tropical regions, the disease is also present in the cold countries.

Check Your Progress - 1
In which type of localities helminthiasis is very common?

.................................................................................




contaminated by human and animal cxcrement, infected food and water. The filarial worms require
arthropod vectors, such as blood sucking mosquitoes, which transmit the parasitc trom one host to
another. The womns depend upon the host for permaneni existence. Worms and their eggs or larva must
have some method of gaining access 10 the body of the host. Helminth off or larve may not produce
immediate infection. Depending upon the type of worms, a period ranging from a few hours i months is
necessary before the symptoms show up. Sudden onset of edema of the upper eyelids is one of the early
characteristic signs. This may be followed by subconjuctival and retinal haemorrhage, pain and
photophobia, Other Systems include muscle soreness and pain, thirst, profuse sweating, fever, chills,
weakness. Before preventive measuics are taken to arrest parasitic infections knowledge about nature of
the worm is essential.

21.3 ANTHELMINTICS

The antheimintics arc the drugs used in the trcatment of helminthiasis, They are 1oxic
-compounds acting direcily on the parasite. They act against intestinal helminths, kill, sterilize or
paralyse the worms so thag they lose hold on the intestinal mucosa.

Check Your Progress - 2
What are anthelmintics?

.............................
.........................................................
..........................
.............................................................
...................................................................

........................
................................................................

Mebendazole : :

It is a broad spectrom anthelmintic, especially usefulin the treatment of human whipworm
infections. The drug is also effective against many other nematodes and cestodes as well. Mebendazole
probably acts by irreversibly blocking glucose uptake by nematodes in colon.

Synthesis :  Aniline is heated with benzoyl chioride in presence of zinc chloride to obtain the benzoyl
derivative (1). Nitration of (1) yields 4-benzoyt-2-nitro-aniline {2). Reduction of (2) with cither SnCly
or Pd/C yields an orthophenylene diamine (3}, which undergocs condensation with S-methyl thiourea

{4) with methyl-chloroformate,
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21.4 ANTIFILARIALS

Several round worms live in soil and water. They causc diseases to the plants and animals. Some
of them are know tocause disease in humans also. One such disease 13 filariasis caused in humans by
various species of filarial worms, especially Wuchereria bancrofi. The larvae {called the m'icrofilariae)
inhabit certain species of mosquitoes and enter the human body whern the mosquito bites a man. It
inhabits the lymphatic vessel and makes its appearance in great numbers during night ume. The worm
~ Causes inflammation and thickening of the tissues, In some cascs overgrowth of the affected tissues
results in severe deformation, condition known as elephantiasis. The mosquito host may be any species
belonging o the Aedes, Culex, Mansonia or Anopheles groups. Therefore, checking the growth of the
mosquitoes 1s obviously an important easure for controlling the disease. Drugs which are capable of
ridding the body of the parasitic worms are called anthelmintic drugs. Several classes of compounds are
used as anthelmintics. Among them are the chlorinated hydrocarbons, phenols and their derivatives, dyes,

piperazines and their derivatives, antimalarial compounds, various heterocyclic systems, alkaloids and
related natural products. '

Diethyl carbamazine citrate : N, N-Diethyl-4-methyl- 1-piperazine carboxamide dihydrogen
citrate (6), is useful in the treatment of filariasis and tropical gosinophilia.

Ty <)
. \@H CHyC
(HColy N~E-N N:CH 'HO-EZOOH-
i
3 cHcoom

(6)
_ Piperazine (7) is acylated with diethy} carbamoyl chloride followed by mcihylation atﬁN-;iosiﬁon
with formaldehyde and formic acid. The purified compound is treated with an equimolecular guaniity of

citric acid. .
7\  (CHehNCOCI 0™\
HN  NH CHehN *(Cz“s’z""c'“'“ NH
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Diethylcarbamazine citrate, a colourless, crystalline compound with a m.p. 136-141°C,
hygroscopic and is highly soluble in water. I is very effective in clearing the Wuchereria bancrofti
infection.

21.5 SUMMARY

You have studied the following in this unir.
1. General fedtures of the infection helminthiasis.
2. Synthesis of anthelmintic, mebendazole.

3. An account of the filariasis and the synthesis of antifilarial diethyl carbomazine citrate.

21.6 MODEL EXAMINATION QUESTIONS

I Answer each of the following in 10 lines.
1. What is helminthiasis? What are its sympioms and causes?
2. Write briefly how mebendazole is manufaciured?

Ii. Answer the following in 30 lines,
1. Write a brief account on anthélmintics.

21.7_MODEL ANSWERS TO CHECK YOUR PROGRESS

1. This infection is more prevalent in areas of poor sanitation, paor family hygine, crowded living
conditions and malnutrition. :

2. The drugs used to cure helm inthiasis are calfcd anthelntintics.

21.8 GLOSSARY

1. Parasite * An organism that lives in or on another organism angd derives substance
from it wirhout rendering it any service in return. .
2. Infection ¢ Tointroduce péﬂ}ogerLic (producing disease) organism into,
3. Conjunctival : Related to front portion of the eye.
4, Retina : Sensitive layer of the eye.
- 5. Haemorrhage Discharge of blood ftom the blood vessels,
6. Photophobia :  Shrinking from light,

Author : Dr. K. Rama Subba Reddy
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UNIT-22 : HORMONES

~Centents

22.1 Aims and objectives
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'22.3 Thyroid

22.4 Reproductive organs
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227 Oxytocin _
228 Adronal glands o .
229 Panchreas |
22.10 Summary

22.11 Model examination questions

272.12 Model answers 10 check your progress

22.13 Glossary

221 AIMS AND OBJECTIVES

To introduce the student to the ductless glands in the body and t0 their secretions namely the
hormones: to make them appreciate the variety in the chemical nawre of the hormones and their
physiological function. :

Once you complete the study of the contents of this unit, you roust be able to

describe the endocrine glands, thetr position in the body and the hormones secreted by them. -
give the metabolic role of thyroxine and its synthesis. : :
present the role of sex hormones secreted by reproductive organs.

elucidate the structure of oestrone. _ _

describe the role of the hormones of pituitory gland.

give an account of adrenal glands and their hormones.

realise the physiotogical role of insulin secreted by islets of langerhan of pancreas.

¥ ¥ % * % ¥ *

22.2 INTRODUCTION

Many of the metabolic processes in the body are regulated by the secretion of chemicals from
some special glands. These glands are called the ductless glands or endocrine glands. As their name
indicates, they do not have any ducts or openings and the secretions from them are directly introduced
into the blood stream as the blood passes through the glands. These chemicals which are secreted in
the endocrine glands are called ‘hormones’ meaning ‘chemical messengers'. They are thus circalated
throughout the body. When they reach the appropriate part of the body, they cause certain effects to take
place. The hormones control longterm changes such as rate of growth, rate of activity and sexual
maturity. The hormones, when they pass through the liver they are converted into inactive
compounds and arc excreted through the kidneys. The duration of the hormonal activity is thus regulated
by the liver. The position of some of the important endocrine glands in the body are shown in Fig. 22.1
Table 22.1 gives a lisi of the major endocrine glands and their secretions.




i 5

TFig. 21.1
I Plwiarygland 3 ypiq gland 3. Pancreas

4. Adrcnal gland 3. Ovary _ _ 6. Testis

22.3 THYROID

The thyroid gland is situated in the throat, in front of the wind pipe. It js the largest of the
endocrine glands and weiglts about 30 &ms., in man. It produces thyroxine, an iodine COntaining
hormone. In young animals the hormone controls the rate of growth and development. Thus thyroxine
brings about meiamorphosis in tadpoles. In adult humans, thyroxine influences the rate of chemical
activity, parficularly respiration, Too litle of thyroid activity leads to over-wej ght and sluggishness and
too much causes thinness and over activity. Enlargement of the thyroid is known as goitre, Deficiency
of thyroxine in infants causes a mental deficiency called cretinism. This can be controlled by the
administration of thyroxine, :

Tl ! |
| Hoo@cweﬂ—cwﬂ
Nl
1 |

When thyroxine is treated with nitrous acid, a yellow colour deepened. When cooled and rendered
alkaline with ammonia, it gave a red colour. This colour réaction is characteristic of phenols with iodine
atoms in both ortho positions,
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Synthesis of thyroxine

A number of methods are available for the synthesis of thyroxine. The following synthesis is due
to Harringion and his co-workers,

P-Nitroaniline (8) was iodinated with iodine to get the di-iodo derivative (9) which was subjected to
a Sandmayer rcaction yiclding 3.4,5-triiodon; trobenzene (10). Treatment of this compound with
p-methoxy phenol and potassium carbonate in butanone gives the diiodo derivative (11). Reduction of the
nitro group followed by diazotisation and reatment with. cuprous Cyanide furnishes the nitrile (13).
Stephen reduction of the nitrile yields the aldehyde (14) which Wwas converted into the azlacione (15).
Reduction of the lactone (15) with hydrogen iodine and red phosphorous gives diiodo (+) thyronine which
on treatment with iodine in concentrated anvmonia yields () thyroxine.,

mu@woz.&g,&ﬂ_“ %Ifmﬁﬂct |

8 1 (g

ﬂwmlggaxy phorol P |
2 nbgicne S HBCOO /_\ NO;

1 | )
(19) 1 (11)]
1.SnCh/HCL Nol
2. Dinzotisatic” FBCO 20{

02)?

CQCN :

NH CH,-COOH

I .
N | cho. Lo-cgHs
H3C0 NQOAC/AQO'

(14) 1

H;co@n _l HI/P
L s) 6+
q |
Ho CHy- cH.coom 2/ Ny ¢,
: T i : "“HZ ROCQmIC
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Resolution of the racemic product leads to the naturally occuring thyroxine belonging to the
L-series.

"22.4 REPRODUCTIVE ORGANS

The ovary produces several hormones. These are called the Oestrogens. Of these, Oestrone (16)
and Oestradiol - 17 (17) are most potent. The oestrogens control the female secondary sex characteristics
at puberty. They cause the lining of the uterus (© thicken just before an ovum is released. In some
mammals cesiradiol puts the female 'on heat' 1o’ get ready to mate with the male. Progestcrons (18) is
another hormone which supports the pregnancy. If pregnancy does not OCcur, its secretion ceases after a
few days. : '

Testosterone (19} is the male sex hormone produced by the testis. Tt promotes the development of
the masculine secondary sex characteriscs. :

(18]

Check Your Progress - 1
What is the role of testosterone?

........................................................
...........................................
............................................

........................................................................

22.5 OESTRONE

Butcnandt and Doisy isolated oestronc ihdepe@ldehlly in 1926 from the urine of ﬁfé’gn’ant women.,
Oestrone is optically active and is dexiro rotatory, it melts at 259°C. [t has a molecular formula
Cy1gH2202. It contains a phenolic hydroxyl and a kelonic function. Catalytc hydrogenation of the




2. Sulpha drugs function ag antibacterialg by preventing the synthesis of folic acig, 4 growth factor jp
bacteria, from Para amino benzoijc acid (PABA). Therefore sulpha drugs are bacteriostatic and
not bacteriocidal.

Antibiogics Antibiorics are produced by microorganisms, that can inhjpj the growth of
other microorganisms Oreven destroy them - : .

An!ibacreria!.s‘ for Antimicrobigt drugs) . Antibacterialg are chemicalg that can inhibit the growth or
destroy the bacteria that cayge infections 1o human beings.

Bacterig - These are unicellular MICroorganisms Surrounded by 5 rigid complex polysaccharide.
Protein cell wajj, Bacterid can he divided arbitrarily jnge two classes, Gram-positive bacteria are those
that stain blue with Gram's reagent (crystal violet and iodine} ang Gramnegativc bacteria are those that do
not retain thege reagents bug may be countersigned wigh safranin or gimyjlar reagents.

Rosenmund redyciiy, * The reduction of acig chiorides to aldehygeg by poisoned pailagi um on barjym
sulphaie catalygstg, '

Author : py, R Venkateswarly
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UNIT-15 : ANTIBIOTICS
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152 Introduction
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151 AIMS AND OBJECTIVES

To introduce the student to 3 brief account of the antibiotics, the mode of the pteparation of some
jmportant antibiotics, their sructures and applications.

After a thorough study of this unit, you must be able to @

* define and give 3 brief account of discovery and general haracteristics Of antibiotics.
» .presentthe mode of action and the pacterial resistance of antibiotics.

* describe the production, isolation, Structure and applications of penicillins, streptomycin,
chloramphenicol and tetracyclines. .

153 INTRODUCTION |

15.2.1 HISTORICAL

The development of antibiotic drugs is one of the major advances in chemotherapy. The
introduction of the antibiotic has not only influenced the practice of medicine, but are finding applications
_ in animal nutrigon, agriculture and food processing industries. Diseases thought to be incurable a century
ago have been weated successfully with antibiotics. X0is is true of disease of childhood, pneumonia,

dysentery, typhoid, and typhus fevers, plague and cholera, tuberculosis and other infectious diseases cansed
112 by bacteria, fungi and protozoa.




compound gives an octahydro derivatives containing two hydroxy! groups. The presence of a phenolic
hydroxyl indicates a benzene ring in the molecule. Wolff-Kishner reduction of o¢strone methyl ether (20;
followed by selenium dehydrogenation yields 7-methoxy 1,.2-cyclo pentenophenanthrene 21).

Thus the position of the phenolic hydroxyl was fixed in ring-A. Oestroné was thus shown to be 2
steroid in nature. The position of the ketone functions was shown by the following sequence of
reactions. Oestrone methyl ether (20) was treated with methy! magnesium iodide to yield the carbinol
(21) which on dehydration with potassium hydrogen sulphate gave the dehydration product {22}
which underwent a rearrangement during dehydration. Catalytic reduction of the cyclopentane (22)
yielded the cyclopentane (23) which on selenium dehydrogenation gave 7-methoxy 3,3-dimethy!
1 ,2-cyc10pcntcnophcnamhrene (24). a

1. Wolf#Kishner reduction
2 Selenium dehydrogenation
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The molecule of beef insulin is made up of 777 atoms, the molecular formula being
C254H277N5507555. The ingulin molecule belongs to the Category of peptides where the building

URits are the aming acids attached through a peptide bond.. The tota1 nomber of aming acids present i
insulin molecuyle js 51. Of the 24 natraj L-amino acids, 17 amino acids are present in insulin,

22.10 SUMMARY

You have learnt the following in this umit, .

4. The role of pftujtary gland hormones in the body.
5. An account of adrenal gland hormones and their role in the body,

6. The role of insulin secreted by islets of langerhang of pancreas, -

2211 _MODEL EXAMINATION QUESTIONS

L Answer each of the following in 10 Iines,
!. What are hormones? Explain therr Importance in human body.
2. What are endocrine glands? Name any two of them and the hormones secregeq by them.
3. Write the. physiological role of : '
a) Thyroxine b} Oestrone ) Insulin and d) Oxytocin

Ir. Answer each of the following in 3¢ lines,
1. Write a brief account of the pepiide hotmone, Ingylin,
2. OQutline the iota] Synthesis of (+) Thyroxine,
3. Write a note on sex hormones,
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2213 GLOSSARY

1. The bold lines and the broken lines in the steroidal structures sindicate whether the functional
groups are above (B) or below (¢} the average plane of the molecule.

4. The following abbreviations are used for the or-amino acids.

Ala ; Alanine Arg . Arginine

Asn : Aspargine Cy-S-5-Cy : Cystine

Gln : Glutamic acid Gln . Gluamine

Gly : Glycine His .- Histidine

llew : Isoleucine . Len 1 Leucine :
Lys : Lysine Phe . Phenyl alanine . . %
Pro : Proline Ser :  Serine

Thr : Thronine Tyr - Tyrosine

val : Valine

3. Ppeptide bond : The carboxylic group of onec-amino acid is combined with the a-amino group of -
another o-amino acid (1e., —CO-—NH—).

4. ACTH: Adreno cortico trophic hormone.

Author : Prof. P.S. Rao
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UNIT-23 ; VITAMINS

Contents
23.1 Aims and objectives
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23.7 Other vitaming

23.8 Summary

23.9 Model examination questions
23.10 Mouel answers to check your progress

23.11 Glossary

23.1 AIMS AND OBJECTIVES

To introduce to the student the value of food, the importance of Vitamins in the food, the
Chemistry of the Vitamins and the deficiency diseases.

Once you complete the study of this unit, you must be able to :

give a general account of vitamins, their sources and deficiency diseases.
remember the structures of vilamins A, B1.B3, Bg, C Pantothenic acid, folic acid, biotin and

a-tocopherol,
* describe the methads of syithesis of vitamin A and C,

23.2 INTRODUC TION

The food is useful for €nergy, growth and replacement, The food is broken down in cells during
respiraton, Energy is thus provided for the vital functions of the body. . It helps the {ormation of
protoplasm and thug contributes 1o the growth of the cells and tissnes, 1 helps 1o replace the cells that
die. It also contributes to the repair of the damaged body tissues and wounds. Thege requirements are
met with by the go called "body builders', They are proteins, fats and carbohydrates, the chemical

Necessary vitamin in the diet. Thus unlike hormones which are produced in the body itself, the vitaming
must be supplied from an outside source. Sources of some mportan( vi amins together with the diseases
and the symptoms caused by lack of them are given in Table-23.1




Nicotinic acid (34) and nicotinamide (35) are the human pellagra preventing factor.

| N COOH N CONH»
-~ -~

N N

{34) (35)

Vitamin B12 (Cyanocobalamine) is the antipernicious anaemia factor. 1t was isolated from the
liver extract. It is a very complex molecule. Other members of the R-complex group of vitamins include

para amino benzoic acid, myo inositol, choline, carnitine and lipoic acid.
Vitamin D

Vitamin D group has four vitamin Dy, D2, D3 and Das. They control calcium and phosphate
metabolism in the body. They are necessary for bone formation. Their deficiency leads to a disease called
rickets. Abnormal bone formation, soft bones with swollen ends are the symptoms of this QISease. Cod -
liver oil, creams and egg yolk are rich in vitamin . D. Natural. fat present below the skin changes into v

vitamin D on irradiation to sun light. The structure of vitamin D7 is given below.

Structure of vitamin Do

Eight compounds, collectively called the tocdpherbls form- the vitamin E group. Of these the
a-tocopherol (36} is the most potent as the antisterility factor. 1t occurs in the wheat germ oil.

e % CH3  CHy CHy, /CH3'
(e~ LH-(ch R gtH (e CH
HO “cHy
CHy (36)

vitamins K1 (37) and K2 form the vitamin K group of vitamins which ar¢ anti haemorragic.
They occur in the leafy vegetables like spinach, aifalfa and carrols. :
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The vitamins are broadly classified based on their solubility characteristics as the fa soluble and
water soluble vitamins, Vitamins A, E, D and K are the fat soluble while vitamins of the B group and
vitamin-C belong to the water solubie group.

8 Isolation : The liver ails of the fishes are chosen for the isolation of this vitamin. The ofl is
saponified. The unsaponifiable mater contains vitamins A and D along with other sterols, The mixture
is dissolved in methyl alcohol and chilled to -60°C. The sterols Crystallise out leaving vitamin A in
the mother liguor. Further, purification of the vitamin is effected by chromatographic techniques or
by fractional distillation under very high vacuum, :

+ Pure vitamin A melts a¢ 64°C. It is insoluble in water but readily dissolves in organic solvents,
With antimony trichloride in chloroform solution, it gives a bright blue colour with an absorption
maximum at 620 nm. This is called the Carri-Price reaction with conc. H280y4 it produces a violet
colour, The vitamin is destroyed by aerial oxidation, :

Check Your Progress - 1
What is retinol? What are its sources?

b) Synthesis : The Structure assigned ¢ vitamin-A was confirmed by several syntheses. The
fqllowing method, described by Isler and his co-workers is adopted for the commercial production of
vitamin A, The intermediates (5) and (5), Prepared respectively from B- ionone and methyl viny}
ketone were coupled and converted to vitamin A {4).
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Trace of Iy

--—1-—""‘"'"-.'
in Benzene

{1somerisation}

All -trans iscmef

CHZOAC.__ Deacetylotion

23.5 VITAMIN - B -GROUP

About 9 vitamins are included under the vitamin B group of compounds. These are water soluble
and take part in reversible oxidation reduction reactions and form part of various co-enzymes. The
B group vitamins are universally required by all organisms from the unicellular protozoa to the
animals and plants.

1. Vitamin - B2 (Thiamine Ot Anuerine)

Loss of appetite, Beri-Beri are the common deficiency symptoms of this vitamin. People
eating the polished rice asually suffer from the deficiency of this vitamin because the vitamin i$ lost
during the rice polishing. The deficiency can be rectified by using hand pounded and par boiled rice. It
occurs widely in nature.. The richest sources are rice polishings, yeast, eggs and liver as well as green
jeafy vegetables. S : S

Isolation : Rice: polishings are first extracted with acidified water at pH 4.5. The aqueous
solution containing the vitamin is treated with Fuller's earth into which the vitamin 18 adsorbed.
The Euller's earth adsorbate is treated with a solution of quinine sulphate when quinine displaces the
vitamin. After removal of excess of quinine by neutralisation, the vitamin is precipitated with silver
nitrate at pH 7.5. The decomposition of the silver salt regenerates the vitamin. Final purification of
the vitamin is effected as thiamine chloride ‘hydrochloride by crystallisation from alcohol. Thiamine
chioride hydrochloride hemihydrate melts. at 248-2500C. 1t is soluble in water and alcohol and is
fairly stable to heat. .

Structure ; The structure determination of thiamine is based on the following data.

) Thiamine chloride hydrochloride tras 2 molecular formula C12H18ClaN4OS.
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S~ CHy~CH, 0H
(7)

+

NH

- (9}
2, Vitamin . B¢ (Pyridoxine}

. It gives a blood req colouration wiih ferrous sulphate Suggesting that it has a carboxyl group in
the 2-position of the pyridin

e mucleus. Thys the partial formula of the product would be

(), e
- / -
N

CoOH L-och,




36 VITAMIN - C_(ASCORBIC ACID)

This vitamin is also known as ‘antiscorbutic factor’. Scurvy is the sailors’ disease in the days of
sail. The main symploms of the discase are weakness in joints and spongy ums. It responds quickly to
treatment with ascorbic acid.

a) Occurence @ vitamin C occurs in.fresh vegetables like spinach, cauliflower and cabbage and
fruits such as lemons, tomatoes and pine apple. _ L .

b) Isolation : The vitamin was originally isolated in quantity from the Hungarian Paprikas by
Szent-Gyorgyi. Now a days all the vitamin C is produced ob 2 commexcial scale by synthetic methods.

Pure ascorbic acid is colourless, crysialline solid, m.p. 192°C, [a]D + 24°.

.................................................................................

.........................................................................

.....................................................................................

.......................................................................................

¢) Synthesis Ascorbic acid is now synthesised by several methods. The following method is one
of the carliest by Haworth and Hirst. L-Lyxose (26) on reatiment with phenyihydrazine forms an osazone
which on hydrolysis with hydrochloric acid gives L-xyloson¢ 27. Treaument of (27) with aqueous
potassium cyanide in nitrogen atmosphere yields pseudoascorbic acid (29) via the intermediate B-keto
cyanide (28). Treatment of the acid (29) with HClyields L-ascorbicacid (25}, - '

CHO . CHO | Luon |
u-!—on 1. CHNUNH, . C=0  Aq.KCN | - § o
pjuo  ———7 H — | B—4=OR

(CaCly) E
uo-L-p 2. he Ko—{-H in N | HO=}H |

CH,OM CHOM -

(26) - (2n . (28)
HaO COOH g%, HClat 45-50°% 26 H [ o™
- : - ' ts -
— éHOH e —— E-—OH
e a7 e .
&so : T !!,-OH
H—|—oH 1 pejort ..H,Z
HO—|—H - HO-{-H (26)
HeOH | CHyOH

(29)
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23.7 OTHER VITAMINS .

_ | QH; (CHOM ), ¢ X
H3C N 13--“2@

(30)

Pantothenic acig (31) a chick antidermatitis factor, occurs in liver, kidney and yeag;,

CH,4
I
HOH,C-C-CHOM. co.ny, CH,
_ I
CH,

-CH,-COOH

It occurs in yeast, spinach_\et_c. Biotin (Vitamin H) (33) is important for-the . growth of the
animals. It gccurs in yeast, egg yolk and liver, ' :




733_SUMMARY

. . . -
You have _s_ty@i_ed the following in this unit.

1. A general account of vitamins. The food material which contains the vitamins and the vitamin
deficiency discases. .

2. The molecular structures of vitamins A, B, B2, Bé. C, pantothcnic acid, folic acid, biotin and
o-tocophenol.

3. The methods of synthesis Of vitamins A and C.

239  MODEL EXAMINATION ‘QUESTIONS

1. Amswer each of the following jn 10 lines.

1. Write down the structure of Vitamin-Bj. How is it synthesized?
2. How i the structurs of By'is determined?

1.  Answer each of the following in 30 Jines.

Outline the structure elucidation of pyridoxin.
Outline the synthesis of ascorbicacid. A
Give a brief account of riboflavin, folic acid, biotin and vitamin-Kj.

W e

23.10 MODEL ANSWERS TO CHECK YOUR PROGRESS

1. Vitamin - A is called retinol. Its sources are liver fats of grass fed animals and flesh green.
vegetables such as cabbage, green peas, lettuce and carrols.

2. Deficiency of vitamin-C leads to the decrease of disease fesistance, weakness in joints and spongy
gums. Finally it results in a disease called scurvy. :

73.11 GLOSSARY

Coenzymes : Enzymes usually have active sites in them constructed by functional groups which are
non-proteinous in character. Such pon-proteinous organic molecules aré called
coenzymes. They could be separated from the enzymes by physical methods.

: Authm: " Pprof. PS. Rao
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Note

. Note

Dr B.R. AMBEDKAR OPEN UNIVERSITY
FACULTY OF SCIENCE |
(Undergraduate Programme)
I YEAR

CHEMISTRY COURSE - IV

Section - A

'+ Answer only three of the following.

EadlquesmnwneslSmatks
Answer the following in 30 lines.

What are Pesticides and Herbicides? Discuss (he wise and structures of any four of each of them.
What is meant by Allergy. Metmion reasons for the same. Discassmeprepmﬁon.ahd structures

of any three anti alergic agents.

. Explain the terms »Cardio-Vascular drugs” and "CNS Stimmulants”.

Give examples and strucutres of any two of them.

. WhatareendocrngiandS? Name any four of them. -

Wmmwmomsaecretedbymem.

Name any thre¢ vitamines. : \ :
Givcmsuwwesmduseswhatdeﬁeciemesarecausedbymeirabseme?

What are fertlizers. How ase synthetic fertilizers clarifies?
Give the preparation of any tWo inorganic fer_tilizers.'

Sectio.n. -B

. Answer any five of the following.
question carvies 6 marks.
Answer the following in about 10 lines

_ Give the preparation of any synthetic insectcide.
‘Name any rodenticide, give its chemical formulae and uses.
.- Whatis a Weedicide? Give its uses.

Give the names and chemical formulas of two plant growth harmones.

. Explain the difference between a sedative and an Analgesic. Give one example for cach.

What are the drugs used to control diabetics? Give the chemical structures.

. 'What is meant by pharmacological activity of a drug.

. Name two antipyretics and give their chemical SHUCIUTES.

Give the synthesis of any oné antimalarial.

Name any two antibiotics and give their uses.
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Assignment - 1
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1.
2.
3,

Do not copy the answers directly from any of the books.

As far as possible ¥ 10 answer questions independently in your OwWR words.
1f it is necessary 10 quote from any source, give the correct reference.

Use your OWn pages for writing the assignment.

Leave sufficient margins for the comments of the &V aluaior.

Completion of this assignment should not take more than two hours time.

SECTION - A

Answer the following in 30 Jines.

. What are cardio vascular drugs and CNS stimmulants. Give examples. -,

Explain the lerms Endo Crime Glands' and "Harmones'. Give an account of harmones secreted by
different endocrine gl_ands.

What are the functions of Viamins? Givea derailed of the vitamins and their need.

SECTION - B

Answer the following in 10 lines.
Give the structural formulas of (esramycin and chlorompheniéol.
What is helminthiasis and what are its symptoms and causes?

Write the structures of methyl dopa and pyridoxine.
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22.9 PANCREAS

This is a leaf like gland attache to the small intestine. It contains cells that secrete digestive
juices. A second type of cells called the b-cells of the islets of the Langerhans control the use of sugar in
the body. The hormone responsible for this is insulin. It determines the amounts of sugar to be
fzonvcrl.ed into glycogen and to be oxidised for energy. Insulin accelerates the conversion of blood sugar
into glycogen in the liver, promotes the uptake of glucose from the blood by the body cells and
increases the protein synthesis in some cells. The imyproper production of sufficient insulin leads

1o diabetes. The bleod glucose Jevel of a diabetic is not effectively regulated.

Check Your Progress - 2
What happens if the pancreas does not secrete sufficient amount of insulin?

Isolation of insulin : Insalin is commercially prepared from the pancreas of ox and the pig. The fresh
glands are minced at a low temperature and soaked in acidified aqueous alcohol. The extract i separated
by centrifugation and made alkaline with ammonia (pH 8). Itis filtered and the filtrate reacidified and
evaporated in vacuum. The separated fat is filtered reacidified and evaporated in vacuum. The separated
fat is filtered off. The filtrate is treated with 25 percent sodium chloride solution when insulin
separates Out. Purification of insulin is effected by precipitating it at its isoelectric point at pH 5.
The zinc salt of the hormone may be obtained in a crystalline form.

Crystaliine insulin melts with decomposition at 2330C. 1t is optically active and leaevo
rotatory. 1t is soluble in acids and alkalies but sparingly soluble in most other solvents. :

Structure of Insulin :  The structur® of insulin was investigated by Sanger and co-workers for 10 years
and finally solved in 1954 It is the simplest protein which can be obtained in 2 pure. form.
Chemically different insulines elaborated by Ox, Pig, Fish, humans differ from one another in their
composition, but they show similar action.
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The molecule of beef insulin is made up of 777 atoms, the molecular formula being
C254H277N5507555. The insulin molecule belongs to the category of peptides where the building
units are the amino acids attached through a peptide bond.. The total number of amino acids present in
insulin molecule is 51. Of the 24 natural I.-amino acids, 17 amino acids are present in insulin.

: Insulin contained two chains, the A chain with 21 amine acids and the B chain with 30 amino
acids. Chain A was shown to have a disulphide bridge and is linked to the B chain by two disulphide
bonds. The strycture assigned 1o human insulin is shown in Fig. 21.2. Human and sheep insulins
were synihesized. Sanger was awarded the Naobel prize in chemistry for his remarkable work on insolin.

22.10  SUMMARY

You have learnt the following in this unit. .
1. The positions of endocrine glands in the body and hormones secreted by them.
* 2. The metabolic role p_layéd by thyroxine and its chemical synthesis.

.- 3. The role of the sex hormones secreted by reproductive organs and elucidation of the structure of
oesirone, : : _ :

4. The role of p}wi!ary gland hormones in the bod.y.
3. An account of adrenal gland hormones and their role in the body.

6. The role of insulin secreted by islets of langerhans of pancreas,

22.11 MODEL EXAMINATION QUESTIONS

L Answer each of the foilowing in 10 lines,
1. What are hormones? Explain their importance in human body.
2. What are endocrine glands? Name any two of them and the hormones secreted by them,

3, Write the. physiological role of : .
a) Thyroxine  b) Oestrone ¢) Insulin and d) Oxytocin

I Answer each of the following in 30 lines.

' 1. Write a brief account of the peptide hormone, Insulin,
2. Outline the total synthesis of (+) Thyroxine. _
3. Write a noie on sex hormones,

2212 MODEL ANSWERS TO CHECK YOUR PROGRESS

1. Testosterone is the male sex hormone produced by testes. It is responsible for the development of
the masculine secondary sex characteristics, - : '

2. Glucose is not effectivély utilised by the body and it results in a disease called diabetes.
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