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compounds - Scott's rlle * solvent effects.
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Vibrationai iiequencies ot- aikanes, alkenes, aikynes, aromatic compounds,
aicoltols, ethers, phenols, atnines, acids, esters, & amides.

Effect of hydrogen bonding & solvent eflects on
Fermiresonance.

absorption freque,rcies

Molecular ion peak - Base peak - merastabie peak - nitrogen rute - Mc, Lafferty
r€arrangenlent * isoiopic peaks - fiagmentaticn pattern of organic ionpounds.

Unit II
rH-NMR-'3c * NMR, oRD & c,D

- 'l**R - principles of NMR - Chcmical sl:ilr - spin - spin coupling delta & tall
values of aiiphatic, olefinic, aklehydic, aromatic, carboxylic, enolic, pirrrolir, alcogolic
protons.

Chemical exchange - deuteration * simpiification of conrplex spectra - double
resonance * shift reagents.

''C Ntrnx - chemical shift & coupling constants of aliphatic, aromatie & carbonyl
carbons.

ORD & CD - Principle - Types of ORD curves - u, haloketone rule - octant rule
- applications of these in the determination of configuration & confonnqtion of simple
monocyclic & bicyclic ketones.

{Jnit III Terpenes :

Structure and Synthesis of c, piRene, zingiberene, r-bisaboiene a, - santonine,
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It is possible in molecules to have electronic excitation due to an electrontransition from the highest occupied (rloMo) molecular orbital to the lowest unoccupiedmolecular orbital (LUMO), by absorption oi right energy. Three such rransitions cannormally occur

l) o.+ o*
(bonding o M.O to antibonding o* M.O)

'l'his transition occurs in the high energy far-UV region at around 150 nm,possible in saturated organic molecules.

2) n+n*
(bonding r M.O to antibonding n* M.O)

This transition occurs in a relatively lower energy but still in &e far-Uvregion at around 170 - 185 nm, observed in unsaturated groups such as C = C, C = O etc,with high intensity.

3) n+r*
(non-bonding M,O to an antibonding r* M.O)

This transition occurs in rnolecules with lone pairs of electrons prwnt in
non bonding molecular orbitals, involving the lowest energy possible for uny electronic
transition, in the uv- region (280 nm). However rhe inteniity of this transition is verypoor due to the forbidden nature olthis transition. J -
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(comrnon electronic tansitions observed ia organic arolecures; -
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effbcting co{ugation in the *nsaturated systern. A conjugated diene, for example 1,3 -
butadiene absorbs at 217 rim and a conjugated keti:ne at around 22A nm, with a shift of
nearly 30 nm to the higher wavelength region. This portion of the molecule which is
responsible fur lhe LIV absori:tion is called a chromophqlg.

(e.g).. 
r\l

C=C-_-C =L',/i C=C-C=O etc.
,/l

I

Ih* additior;al i1*iibie ir*nd prcs*ni in ihe con;ugated system has shitted

th* wavele:tgihs ci absorpticn (,, n:ax) tc a higher iegion and is called a red shift or
baiheqhrorr:ic tltj-fj. Cruups suoh as an aikyl, halide etc attached to the chromophore can

alsc causc a r*ri shift. *r*r:ps such as -.- OR, idtL, NRa etc when attached ta the

i;hrcn:erpli*r* c:A:r aiso cause batirocirronric shift ihr*ugh invclv*rnenl of iheir lone pairs

* | el*c tr* i:rl i r: c u *j ugatl* ::, ; r-r il ;; I i ci :ii;L.j;iil'on1*q.

"*l:.;i"-l'i i.",'abs.;ryri,;r: l: silifi*d:*r.l'ar.l.: a sh*rt*r rvav*length it is

*aiied a biue shiil *r *:p:tel.r,:rrg=ail*. ic.g) i max of aniiine ehanges fiom 280 nm to

'i*;:i nrr wiren acidifieo- dr:t: ti: ioss o; Ione pairs cver niir+gen.

UXseetrgs
Abs*ryti*:l *f, ii1.' iight bv nri:le+aics cr,:;sing ei*ctronie transitions, is

g*vtm*S. b.., ihe B**r ** L,t*;l.,r:d's i*'*;

lcrg {is ;' I} ,' g1i r.',,ir*rc ii:g {i,r I Ii is eail*d ahs*rb*n**, is being th*
ir;i;ide&t iiglii-iat':nsity ;::T* I" ii:s iniensity i,f the transiilitted light" e is called the
*hseryi:vitye':: ii;*'inu;::;,*:"rr.fi:Jii,rii coef$eis:':i. *nd C and ! are r.h* coilcentration of the

sblute sarnple and length of the s*ri':ple respe;:ti',;*iy.

Yv?rq:': ;ilo*ipiivrty is piolter3 ;;gai:is: 
"L!re w:icoiengths *f' absarption, the

*'v' ;j;i.ilu.-,. ipuC'.i;i., . -:*i.:r.
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The spectrum appears in the form of a band and not lines or peaks, as a
single electronic transition is superimposed by a number of simultaneous vibrational and
rotational transitions. For a UV spectrum bsth the l. max, the wavelength of maximum
absorption as well as t max, the maximum intensity of absorption, are significant. The
intensity of absorption can be enhanced by attaching an auxochrome. This effect is
called hyperchromic effect. The decrease in intensity of absorption by certain groups
which causes distortion of the geometry of the molecule, is called hlpochromic effect.
The R * band of keto groups in aldehydes and ketones due to n -+ r* transition, has a

very low intensity (e *u, - l0'), whereas the K-band due to r -) r* transition is highly
intensE (u n** * l0o). In contrast, the R-band appears at a higher L ** (280 * 320 nm)
compared to lower values for the K-band (210 - 240 nm).

Solvent Effect
It has been observed that the L max is very much allected by the polarity

of the solvent. The n I fi* transition is shifted to shorter wavelengths and the r + r*
band appears at longer 1. max, since there is a greater stabilization of the nonbonding
orbitals in polar solvents entering into hydrogen bonding, hence an increase of energy for
the n -+ n* transition. The n* orbital is also more stabilized compared to a n orbital
hence a decrease of energy for a n -> r* transition.

Non polar
medium Polar

Calculation of X, max

Conjugated dienes

Conjugation of a double bond (C = C, C = O etc) has been found to be the

singie largest factor affecting the l,max of an olefinic or a keto B[oup, apart from the

attached auxochromes. The presence of these factors have an additive effect on the

lmax, since each factor contributes by a cerlain increment. This facilitates calculation of
l.max of cyclic as well as acyclic polyene systems, following certain empirical rules

formulated by Woodward and Fieser.

1. Conjugated dienes have a base value of 215 nm, but homo-annular dienes absorb

2. Each alkyl substituent attached to the chromophorc contributes 5 nm. Ring
residues can also be heated as alkyl groups.

fi*fi*

Non polar
Polar
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4.
Each extended ccnj*gation contributes 30 nrn"
An exccyclic double bond contributes 5 nm.
Auxochromes such as lralogen anri oR contributes 5 nm, wher4is an sR functioncontributes 30 nm and NR2 group 60 nrn. 

-'' ":-l=" err *\

Based on these rules the }'max of the Ibliowing compounds could be calculated.

CI

= ? I5 Ease 'eiue :253
fr:*:rr*o aaxulc.r dic::e)

ext,':nuje*;cnrjr:galii:n :3C
rir:e rrsii:.u*s 5:.5 : Z-i

3 Ex:c:yeiic iauble b,:nds :i5

I{

= 2i5 nr:r

l;

= 353 nru Base value

{}

v,,F<a,r*r^:
\

Base vplr.l*

*xf***ai{ fi}rrjri.**t}*n = 30
4 aikyi grtuir = 20
{.:r* *r::ttrii;ule f'or OFI, Ci eie irorai -;s -;

ilas* vaiue
i'h*tirr! annuiar <iine)

*;<ter:dcci c$ryugarion - tJ
ihomo annuiar diae)

extended conjugaiion = g
3 ring residues = l5nm 3 ring residues = lSnmI ex*cyclic dc'uble bond = j nm I exocyclic double bond ='5 nm

}.max . = 273 nrlt . i,max = 235 nm

A cis and tra*s di*ne also dif{br ir.g) trans stilbene absorbs at Lrnax{3*5xrn} e**rrrared ro cis {ZS3 ;)"

:323nm

?he ruies ar€'/ery heipful to clisiinguish between similar ccmpou*ds usingIjv specirrislrup-!'. The f,aiiowi::g parrs aiiibr i,:"lil*rr Liv spegr-r:ni, as their.?, rcax eredif?*reat" ;*--r^\--\*- i Irlr- I I 4i-+'^"n?1-"/t i i I,, 1-."/t i i I

ii i 'i I-*!-"n--r{)
"=.41--' *-r.-. t'



' The Woodward - Fieser rules enable the calculation of l" max for the
intense :r *t tl* transitions and not for the longer Lmax of n -> n* transitions which areweek.

:. ll,[*ss ,

The calculation is sirnilar to that of the conjugatec! polyenes, but depending on thenature of the carbonyl group' the position of the rub"rtitu*nt an<i the size or tr,, ring, thevalue changes marginaliy. The *i** *oy be summarized as under:

l' A base value of 215 nm, forall acyclic as well as cyclic (6 membered) ketones.
Base value isZ0Z nm fbr 5 membered ring ketones.

When t*,o riouble bsnds are in Cis pc,sition, 40 nm is to be added.
wJren an aikyl group or ring residue is at c,,B or y position, 10,12 orlT nm
respcctivel)i are aCded. r\ikoxy groups at these posirions contribute 35,30 0r
l Tnn'i. l{ydrox,vi groups c.rnrributc 35,30 and 30 respectively.
A 

91 It cr ai:ci p positi*n contribute 15 and 1? nrn u,hereas a Br contributes 25,
anC 30 nrn resp*ctir,*iy.

';. An rxocyclic dor:ble bcnd ccnhibutes 5 nm.
8' 'q f] - substituenl like l:'iRz rr $R will contribute 95 ancl B5 rlm respectively.

An applicaii*n of UV spectroscopy to distinguish between the followingprirs of iscmsric k+torrrs is iliustrated as uncJer.

a

.,
J.

4.
5

cl
Base value = 215

2 p sub =21
I exocyclic = 5

L max :244 nm
extended conjugation = 30

Base value
Cis diene

p-subs

Y+25sub
I max

(i.

and

= 215
=40

=12
=54
= 351



(In a systsm of. cross conjugation, the more substituted chromophore results in the
spectrum)

The above two spectra are hence drastically different, and the molecules
could be easily distinguished. Similarly, an u,, p unsaturated Cis and tran acids are
distinguished by the UV spectrum, since the trans always absorbs at a higher l, max than
the Cis. Trans cinarnic acid absorbs at272 nm and cis form, at 268 nm.
Aromatic Belrzenoids

thracene

log e

I I t-T-l, 200 250 300 350 400
(uv fine spectrum of benzene and anthracene)

The UV absorption spectra of bcnzenoid compounds have a fine structure,
well rnarked in the vapour phase, but in the iiquid phase and in polar solvent it is less
apparent. When substituted by alkyl groups i max siightly increases due to hyper
conjugation but electron releasing OH, NH2, OR erc, not only enhance the 1, max, but
also destroy the fine structure. Benzene has absorptions at 184,229,234,239,243,249,
254,260 and 268 nm in ethanol with the intensity steadily increasing and then decreasing
as in the diagram, with a fine srructure. The E + rf transition results in an intense band
(K band) but below the UV region, The fine spectrum is due to the B band resulting from
the superposition of vibrational absorption with elechonic absorption. An n -+ a* band
called R band appeers at a high l" max with low intensity.

Scott's Rules for l" max calculation of acylbenzene derivatives are as
given below.

x

.l: o X=H-aldehyde
X=OH-acid

X=OR-ester
X:R-ketone

l. The base value is246 nm when X is an alkyl group (ie) for a ketone
2. When X is H, (ie, for an aldehyde), it is 250 nm.

I

\N



F*sition t( *}1,CR CI Br NlIz NRr o(,
Orthc
Meta
Para

+3
-fJ

*10

1

,!<

0
U

l(}

"}&

'1t
I -,"

t3
l3
58

2A

20
85

11

20
75

For an acir! or an esier, fhe base value is 230 nm
For auxoehrorn*s suhstitutrd at the o,rn and p-position, the incrernents are
t+buiated:

are given as under: 
Applicatir:ns of seott's rules lor substitutcd carbbnyl compounds

cocHs
I

3.
4.

ntLI
Base Value = 24{s

P-Clsubst = l(i

Er
Base value :230
P-Brsubst= i5

i max = 256 nnt 1" max =-7?5rt

In a condensed system like anthracene where 3 benzene rings are fused
together, thb absorption is shifted to longer wavelength (i * 400 nm), near the visible
regiory hence the molecule appears slighilv coisured. Higher analogues of benzene ars
still intensely coloured. (e.g) naphthaeene, t max is 480 nrn anr! yellow in caloui, but
pantacene,'l max is 580 nm appsars as blue,

In disubstitutecl berrzenus, when a - M g!'oEtp is para to a * M group, therc
is consid*rablc etrift erf 3". rnax, *vsr rn*rs thax lhc surn of th*ir individual shi&s" (aniline
in m*thanCIl?3* nm and for s:itr,;henesn€ i. rcax is 268 nrni" (c.gJ p-Nitro aniline, the K
band appear at I max 38! nni, ihe sp*ctra of o* & p- nitro aniiine are similar but vastly
different (?, max * 280 nr"u). Thus the p-niun anilins appears yellow coloured sinee the
abscrption is *car the vislble region.

I



Heterocvctric Compnunds

The {JV spectrum of heterocyclic ccmpounds also give a weak R-band(n-+a*) due to the presence of lane pairs ov'er the heieroatom, apart from an intense B-band (n+t*)' The S-mernbered hetero aromatics form these two bands comparable tocyclopentadiene.

Compound nm B* baud {e max nm R-band {e max
Cyciopentadiene

Furan
Pyncle
Thiophene
Pyridine
?-hydroxy pyridine

200 (10,000)

200 (10,00)
?rig (6700)
23 1(7 100)
2s7 {Zisa}
2_10 {10,000)
239 (14,000

238 (3400)

252 (1)
240 (30c
270 (1.s)
270 (450)
2e5 (6300i

]he .sreclrum of pyridine is similar to thrt of benzene. The B-band is

:1f :;" 11:: : jf:: :l * I:1:'{ o r p v'r"idine .' ;.ii;; ;; ;;;;i#ffi;t,,.ffi;
:f^-i:_Y'g:.s:1 

b?odhg. wi rh rhe lone i airs on rhe l, 
"..* 

-* 

"*' A; ;;Iffi ;;r'# l;
,:?"jj::::i1l_'f"uutoqption in 2.-hvdroxv and 4-hycrr*x.rpyridine is atkjbured ro rhe*xislen*e ofpyridone sirustures, due to tautomerisorn. , tlelta

ic, alcrH
,/AH a.Noro-*--sillrq%\4'

/-*

\r
bn

>-
=r-

I Sr84itgn srE cro&leoP Y

Absorptiori of infrared radiaticns by moiecules is enough to causevibrations in a chemicai band. The frequency of "ib.;;i* ; *#rr'rrr. ,u*. as thefrequency cf absorption. stretching of a Lona rrqui.rs more energy than bending hencethe strstching fiequencies are higher than rhe Lending fd;;;?i*!.-trn* stretchingfrequencies normally appear in thi 4000 - 1+30 c#i rlgion, compared to rhe bendingfrequenci*s at 1430 - 9i0 t*-'. This^ smaller region is composed of a variety ofabsorption peaks very characteristic of different molefules, in the same way as the fingerpriets of persons. For this reason this region is called nnger print region.

H

10



Yibrafional Cquplilre (Fermi Resonance)

ApaH from the sfretehing frequency anil bending fr:equency of absorption
for a pailicular bond, new frequencies of absorption iiave been observed for a number of
molecules, duc to vibratianal coupling between two borrds of nearly the same vibrational
frequency. \Yhen the fundanrcnial stretching vibrariun ol a bond couples with the
oYsrtone of another vibrationai liequency resonance interactiol ilccurs resulting in the
formation of two new absorptiorr bands of almost equai intensity at siightly diff.rrnt
regions of absorption" This phenomemon is called F'ermi Reso$anee.- fi;s may be
illustrated as foliows. For an aldehyde, C * lI stretching absorption appears as a doublet
at 2820 and 2720 cm-'. This is ciue to rssonance .oupling between C * H stretching
(furrdamental at 3100 cm'r,) and C - I1 tJefonnation {benciilig at about I400 cm'r; ;;;;;;
at {2 x 1400) = 2E00 cm-I. Fermi resonance has also been observecl in cyclic ketones,
lactones, acid anliydrides, carbondioxide, in clj2 * cli3 groups ete.

ABplications of IR Spegtrosiooy

IR absorption frequencies are characteristic cf vari*us functional group$.
llence IR spectrum is r.ery useful in the identification of functional groups.

Eydrqcarbons (alkanes, alkanes and alkynes)

Alkanes have the C - H stretching at 296A - 2850 cm-' whereas the
alkenes absorb at a higher vaiue of 3100 - 3000 cm'' compared ro a still irigher
absorpiion of 3300 cm-i for alk;.nes. The C - C absoqption occurs at 1300 - 900 cm',, C
= C near 166? * 1640 sm"r and rhe C = C at 2200 crx'r.

Conjugated dienes (syrnmetrieai) (eg: 1,3-butadiene) absorb at 1600 crn-l
and those withaui a centre of symmetry eg: l,-1 pentadiene absorbs at 1650-1600 cm'I.
Cumuiative dienes eg: C = C = Cil2 absorb at 2000-1900 cm'r due to C = C = fl .
asyrnmelrie stretehing.

' The C'H bcnding.frequencies iC-Ho.r) also differ lbr alkanes, aikenes anC
a!ky::es being 1485 - I340 cm-r, g70 - 700 crn'! and 650 * 6!0 cm't respectively. In
geni'dimethyl groups (e.g) in isopropyl group, C - H,rrr is noticeci as a strong doublet cf
equa! intensity at (13S5 - 1380 cm'r) and (1370 - i365 cm'i).This cculd be distinguished
by a tert,,butyl group bhere the C-H. def is observed as a doublet in the regionltSg5*
1385 cm-t) and another near i 370 crn-!.

The cis anC trans olefins are also distinguished by their C - H bending
frequencies at 700 cm-t ancl around 9?0 cm'l respectively:.

11



trans

H

CH:

,/"t
\

\

'l'he aronratic hydrocarbons are distinguished from the aliphatic ones from
thevariationsin theirC- H stretching(3050- 3000cm-';, C c srr. {lfso* 1450
cm-i) and ttre C - H def. (900-700 cm'r)"

Alcolrols and Phenols

(e.gi Cis -2-butene

cHr cHr
\/

C=C
/\

HH

-2-butene.

C_

Tirey exhibit a variable but intenss barlo in the region 3700 - 3500 i;rn-r due to
free O * H stretching anri O-H;*i is obsen"ed al 1420 - 1320 cm-l O - H. Another strong
absorption is notieed ai 1260-1000 cr*"l, due ta C - O str*tching. C*upling between C *
O and C - C slr. vibrations weakens &is band. Fr;r benzyl alcohol, O - H str
(interrnolecular hydrogen bonded) is found at 3300 cm-l and the C - O str. is observed at
lSiT cnr"r. in phenot (e.g) p-hydrcxyacetophenone, free O -- H str is observEd at 3600
cnr-' iu iliiute CCl4 solution, but hydrogen bonded O * H str. is found at 3100 cm'' for a

neat sample, A phenol anel an aromatic alcohol are better distinguished from their O - H
def. frequenci*s obscrved at l36S cnr-land 1208crn'rrespectiveiy. fne OH str. is strongly
aft"ected by hydrogen bonding as wel.i as the polarity- i:f th* solvent.

Llygirqgs$ &q,I{!irlr 
= 

$olv_er t Effectl

At high ccrrceniiuiiuns of alcr-ihols and pi,cnols, intermolccular hydrogen
b*nding is maximum hence the absolption is broadened and the absorpiion frequency is
l*wered. For ihe same reason, the polar solvents also strift the OH absorption to lower
fi'equeneies ar 35?0 - 345'3 crrr-'. However, it is cone*:itration dependent, since the
ititrt:r:n,:iecirla;'iiydr*gen b*nding get$ ieriuced, at lower *$nsenkations when diluted by
an inert sclvel:t. Intre*rolecular hydrog*n tanding al:a reduces OFI sfi. but is not
ailecl*ri elue 1o dilution by a:ry s.-rivent. Fienee the IR sfledtra of alcohols and phottols
maks a ciear distinction between interrnolecular and intraxroiecular hydrogen bonding.

CH3
(OH str. 3A77)

Net afi'er;ted on dilution

r&'-i :tr) G1 ',)n\7 H \-/ \-';:-Y'i
(OH str" 3333 cm-ii

Aileeted due to dilution

12



IR spectra also make it possible to distinguish between primary,

:frffiT:,,,:ll fff,? *.,|,*ji; 
since &eir c - o uJ.,"hins i,*q*.;;; dirrer. rhey

PrimaryalcoholsC-Ostr (i) 1350_ i250

secondaryarcohorsc-osrr [ii';jfit,rr-
rertiaryarcohorsc-0srr [ii';JJ1o,r,o
Ethers (ii)- Ii5o

The c - c stretching frequency in ethers is similar ro that ot'hydraearb<.rns. Butthey are most'characreriz-o uy ir',. i - o - c sir. io. ,u,o*red ariphatic ethers il isobservcd in rhe range l20s - I i24 cm-r, due ro "ryil;;c sketehing.

(e.g) CH3.CHz.CH:.CH: - O:- CHu.CHz.CFia.CHr

Methyl C - H srr. ar 2960 cm-r
C * H def. at l37Z cm-l

Asym. C-O str. at I 124 cm-r

For, aromatic as wer! as c, F = unsaaurated ethers, a strons asym. str. isobseffed at lzTs - r20s cm''. fJ'ie increase in str. is due to

cH2 = cH -o'* cH2R<> cHa - cH = o - ?n, resonacs interaerron of rhe ianepairs\JU- G
with the o &t onr. For aniscie, Colis -,rJ*r"to- C * o str. is obs*rved at 1245 e::r.i.

The gyclic elthers show norrr,al C - o sir. abso:ption for 6 * rr;*rnberedrings but for smaller rings the frequency of abscrpticn decrease du* tc riecreas* irr e,uyrnsEetching.

CP{honvt Co{npounds

' Compcunds such as aldehy<ies, ketones, carbcxylic aeiils, acid clilorides,esters' amides and anhydrides show a chaiacteristic inr*nse absorption in the regiun It50- 1950 due to c = ostretching. The absorption nulu.n.y u*ry much depends up*ei thenatue qf groups attached io the C = C group.
Rr\ R;&R2=atkyl -ketone

D 7Y=o Rr=alkylR,IH-aldehyde
\2 / Rr = alkyl R2 = Nl{2 _ amide

Rs = alkyl Ri = CI&. * ester

l3



Generally, an eleotron releasing alkyl group weakens the C = O bond,

hence ketones absorb .ilo*.t frequencies, than other carbonyl compounds. (e.g)

Acetone
Acetaldehyde
Acetic acid
Ethyl acetate
Acetyl chloride

DO\ll
C

- 1718 cn,-r

- 1745 cnr-r

- 1725 pm-r

- 1742 cm'r
- 1820 cm-r

When electron wirhdrawing groups are attached to the C = O group, as in

an acid chloride, the force constant increases along the C = O bond, thereby increasing

the absorption frequenc Y.

When the carbonyl.group is attached to an aromatic, or conjugated system,

or to a group such as NHz (amid.1 or - OR (ester), 1M effect becomes predominant,

thereby t..i.urrt the force constant and the absofrition frequency' However the

electronegativity of such groups enhances the absorption.

n
o"
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I

R

Howevor, in aromatic esters, the lone pairs of eiectrons from the aryl

oxyge& enter into resonance with the aryl group and the C = O 6'roup is free, hence C =

O absorption moves to a higher frequency.
oil C,,t_-c.. -il I{ 6-k/-U

l) Carboxvlic ^4.eids

At high concentration, carboxylic acids exist as dimers

hydrogen bonding.
r//\ b, @
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As a result, the normat o - H str. as well as the c = o str. frequencies areconsiderably reciuced' The o - H str. for the dimers is ou-r"*eo at 3300 - 2500 cm-, as abroad intense band' A free. o - H str. (-:izo r*"ti, o"u"o*.d only in the case of a verydilute solution in non porar. sorvents :, i1 uupou pr,*. when hydrogen bonding isminimized' similarly for a dimer, the c = o sti. is oLr.*.,r only ar l72a * i706 crn-r.The c = o str' is reduced further in the case of intramolecular hydrogen bonding asobserved in salicytic acid at 1665 cm'r.
conjugated acids, absorb u! u slightry rower frequency compared tosaturated acids, lbr the monomer as well as the dimlr. Foi'r*u*ple, the c is and the transform of cinnamic acid dilfer in absorption due ,o .on:ug.tion as well as difrerence insteric repulsion' Hence the c is form iras a higher rr*qi*i.y of absorption compared to

CoHs*C-l{
fi

HOOC_C-H
C=Ostr" i705crn'r

CoHs-C*H
il

H-C*c00r{
i 680 cm-t

Identical values have been observed for the mareic and fumaric acids.

Apal irom the carbonyl and OH str., two bands are obseryed for C - Ostr. and o - H banding near (i320 - riro cm-r; and fiuo-l;;;;;ir.rp.rur.rr.
For carboxyiate anions' an aslrnmetric as well as symmetric stretchinggive rise ro two bands near (t660 - r550 cm'rju"o rq00,r-i;;r;;.;i;;;-""

-.O

-cf o
b""

(ii) EElSfo and Lactones

Saturatcd, aliphatic esters have an intense band due to C = O str., in theregion 1750 - 1735 cm"r. Compared to the cr,p unsaturated as well as the benzoate estersat a lower frequency of 1730 * i715, in c,vclic esrers or lactones absorption depends onej :i'.t of the ring 
1s 

well as conjugation. 8-lxctones absorb in the same region as thatof aliphatic eslers' But in smalleilaitones, the large strain in the ring enhances the forceconstant of the C = O bond.

Ao
\AO

1745 cm-l
( 6- lactone)

1720 cm.l 1770 cm-r l?50 cm-r
(cr,F - unsat) (y - Iactone) ( tr,F - unsat)
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The C * 0 str. vibration aiso exhibits a strong band at 1300 - 1000 cm-l.

Saturated esters absorb very intensely at 1210 - 1 163 cm-I. Esters of aromatic acids have

this absorprion at a higheriegion, 1310 - 1250 cm'r. This absorption in lactones occurs

at1250-lllicm'r.

dunines

Two weak bands are observed, one near 3500 cm-land another near 3400

crnl for primary amines due to free N - H str. (aslmmetrical.and symmetrical). But

secondary aminis show a single weak band at 3350 - 3310 cm'r, and tertiary amines do

not absorb in this regions for went of N * H group. Similar to alcohols and phenols, the

N .- li str. in armines are also inilucnced by solvent effects. Hydrogen bonding shifts the

frequency of absorytion to lou,er values, as the associated N - H bands are weaker, but

sharper than the 0 - [I bands.

, Arornatic amines exhibit N - H str. at higher frequencies compared to

their aliphetic counierPartrs.

(e.g) A simple aliprratic amine

ie"g) eH3 (crlr? NH2 - I{yedrogen bonded N - H sn. at 3365 crnr and 3290 crn'r

An aromati* amine " 345CI cn:-1 ar:d 3390 cm- i

ie.gi anili*e

N - H ciei'. frequency is observed at 1650 - 1580 c*'t, io general for

aliphatic as wEll as ar*metic amines.

Aiipiratic and aromaric arnines are distinguished by their C - N sr'

obs3rved in the region I250 - 1020 cnr'l and 1342 - lh66c*'t retpectively.

"4 itr:tit$

Ali primary amides exhibit tws N - H sk. vibrations due to the aslmrnetric and

syn:meil*e stretching and secort,.lary amides show *ne in the region 3500 - 3000 cm'l'
'Nc*r l*j** iSti.,i"t, N - i{ bending frequenciss are also cbserved forthese amides' A

strong absorption also occurs drre ,ot = O str. for all amides near l?00 * 1600 cm'r'

However, the absolption frequencies depend very mulh on the physical siate as well as

the solvent polarity,'since rhe.degree of hydrogen bonding differs'

SolvgnllElfect - Hl'drogen 4$ndins

Boiir, the N - H as weil as tlle C = O absorptiun frequencies are significantly

a ifu*te<i b3' h-vdr*g*n bondi:"rg.

15
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[-R'=H-Primary I
t*'= alkyl- secondary J

In dilute solution of non polar solvents, the free N - H asymmetric and

symmetric stretching vibration correspond to 3520 cm'l and 3400 cm-r., but in solids and

samples at high conientration, the absorptions are reduced to 3350 cm'r and 3180 cm'l
due to strong hydrogen bonding.

The N - H def. frequency is observed at 1655 * 1620 for solids and in
dilute solutions it occurs at a Iower irequency of 1620 * 1590 cm'l. In concentrated

solution of polar solvents multiple bands are observed due to free as well as bonded

N-Hdef.

"I'he C =O stretching frequency is observed at 1650 in the solid state. But
in dilute solution of non polar solvents it is sirifted to higher frequency (1690 cm'';. But

the C = O str. values are generally lower in arnides compared to other carbonyl

compounds, (> i700) as the C = 0 sir. is weakened due to resonance effect.

*\ Hz 
<+ \./*''

t.
The te(. anrides are however, not affected by tfre physical state, since

there is no possibility of hydrogen bonding.

But they are in{luenced by polar hydroxylic solvents, as the C = O group

enters into hydrogen bonding with the solvent. Accordingly N, N-diethyl acetamide

absorbs at lM7 cm-l in dioxane (non polar) and at l6 l5 cm-' in methanol.

MASS SPECTROMIITR-Y

When molecules are bombarded with a beam of electrons, they are broken

up into different types of positively charged fragments, each baving a definite mass by

rirurge ratio (m/e)..,Most of these fragments. are found singly charged. The intensity of
each ion is a meadure of their relative abundance. A mass spectrum results, when the

N
g,/p

L7



relative i,tensities.of r''arious ions (with reftrcnce to intensity of the most strbre ion), ispiotted against their m/e value' The most srabie ion gives the rnost intense peak, calledthe btse Peak Tt base peak ito.r,gneo a value oiloaw intensity and all other ionsare assigned intensities reririve to that If th* lr"** ,u*t. 
""

An important aspcct of,mass spectrum is that it enables the calculation ofmolecular lormula of the giucn otgoni. molecule fiom the molecular ion peak which isfomied as ioilows: when u-n oi*ru?.'i*t ,, srruck *il;; erecrron beam, an ere*ron isrenroved firsr ro iorm a morecurar io,, inf;, ,"ffi;,.,J*ut..ot.r weight.M_--)M @. + e

The peak for*ied eorrespoiic,n* ,*1i moreeuiar weighr of the parcnr molecule is calledihe rnolecular ion peak' This niolecular,.ion peak qMs peak) itself may form the basepeak if it constitulcs the firost srabls in,r rbnxeri. lto**uer, other ions are also fcrmedj|ffi|f,t upon the moele orrrag*renr-$;;;;;]'*6."*"" (e.g) rn rhe mass specrnrit:

CsHsClI: - ; **[Curirctt, lg{M=92) L r" 
l--') 

)' ,

-i{ " i 
- (111".'=921*Ivi*Pea}<

,v .si {-,,l{:CHz 
i=*M _l peakL- )

(mle=c)13
sieble peak u':ti: r:1e = 9i ai:d co::stitures the base p*aktlie inolcci:la: ir:'pc:k (ni ! : = gZ) intcnsit;v is fbund t* be

Baye Feak (rn/* =

tlt* iivi- - l) p,rak is rhe ::.iost
v,ith I 00% inrcnsir;. iv.herr:s
rrnly arcrin,J 70%

1**

OSeas* 
Peak (nr/e = 9ti

;
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Isotopic Pcaks

In mass spectrum, M*' peak is not the peak eorresponding to. maximum

mass, since (M + l) and (M + 2) peaks are also lormed depending on the isotopic

abundance of the elements present. 
-Th*r. 

are called isotopiq!gAL$' For example' when

bromine is prese*t in the niolecule,. the (M + 2) peak is founcl to be aimost as intense as

the morecurar ion p;;[ ri,-,r" grti isoiope has'a relarive natural abi-rndance of 98%'

similarly, tM + 2) inr*,",nity is. aiso affected due to the presence of chlorine, oxygen and

ililiiil';taliri, f ii'"il'$,- ;r* u r*rrt;"e abundanie of 32.s% (with 113 of the Ir{*

intensityi {}.Ia,rb anrt 4.40% respccti'.'eiv. I-lence an {M + 2} peak in bromobeTene

corresp+nils tc CoHslrii o, cuurnrl1" jn be,rzenesulphonylchloride the (-M + 2) may

corrcspond to CoflsSi CiO;, i*fLS-Ctt'Or or CotlsSozibCl or Cali:DrSOzCl eic' But the

{&{ + l) peak i*tensify is not considerabte Cue ic the lox.' natural ab*ndane e of Cr} or I{2

l'r'A,t'"il.i, ir i.og%,O.A$o/oanO c.0+% respcctively' compared to the abundance of

Cl', H' or o!r'takcn ss 100%.

liuwever, tiia (M + i) peak in*.erlsrty is aflecrcd morc considerably' by the

sre$ence of niti*g*n and suipl'rrrr in the molecule, uu N's isotope has a relative abundance

[;ffi;,J sir"r** 0.?$9/r. Tc a lesser exrend, ir is :rls,--, alrecred by dcuterium isotope

iiei 1.0ii14 ai:r:ndance, anri the {M + 1) pe*H intcnsily is due .to the following in

Nitrobenzene such as CollaDNOl, and CuffrU'tOr" This enables the calculation sf the

int*nsiryof th* is*topic peaks' (ie; (lv{ r- 1} anei {lt'{ +2) peaks'

ti of {M + l} ile:rk lPtegll]!}

= l.i x n,.rnrber of C atorns + 0'36 x nurrtber of N alorns + (0'78 x number

ci'S atcnrs il'th3 (h{ r 2) intensrry exceeds 4"2)

*,,. r:[ {h{ + ?} Pcak Intt[;-ritIi-:- j:-i j=:--iJ"+

= (i.1x nur;rber of C atorirs)7 l20a 't 0.20x number of o atoms'

Nitrogen Rule

Presence of nitrogen in the moiecule can be ascertained using nitrogen

rule. lt siates tiiat a molecule of ,ren numbered molecular weight shouid contain no

nitrogen or even numbere.J nitrogen and if the moiecular weight is-odd' it should contain

ori,J number of nitrogen atoms. Fo, ,*frf", tf,. molecular niass of aniline' Cai{sNHe' is

otld (93), hence it contains odd *umber of nitrogen'

Determina ti gn qlFlolecul qr &Ig@

Foranorganicsubstancewithmclecularweight205,.the.M+tandM
+ 2 peak intensities ** it"46 and f .+O ,rtp*ctively' Sincelt has odd molecular weight'

19
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there can be odd number of nitrogen atom1. Hence, (M + t) intensity may be = l0xl.l +1x0'36 = I I '36 from the ur i z intensity, pr.r.n., of surphur and harogens are ruredout' Hence, (M + 2) = {10x r.\2 /2a0* 0.2Oxnumber of oxygen. since M + 2 = r.4, itaccounts for 4 oxygen. Therefore M +j rll_t:l:iry = (l;;i.i)?;;.il: i,a. n*n* tr,.proposed molecular formula should be CroH*NOo'= 20;.

Therefore rhe molecutu, ror*utrii],d be CroHzNo+ = 205.

patrern of the #ff:'tcular 
formula must be further supporte<l' by the fragmenrarion

R1\
- t-bu, t 

CI
[til

Identification of the molecular ion peak is the key to the determination ofmolecular structure' By reducing the energy of the bornbarding electron, the intensitiesof all but the h'f' peak are reduJed thereby increasing the relating inrensity of the Mn.peak' The most stable molecular ions are tiole of pui*rv aromatic systems fogowed byeonjugated systems and'cyclic systems. The folloJing;oirt* are helpful for predictingproniinent peaks.

a ivfs' peak is rcla.tively higher for straiglit chain molecules and decreases withincrease of branching. BJt in a homoiogou, ,..i.r, the height decreases withincreasE of molecular weight.r Fragmentation starts at thJcarbon which is more substituted and the

a) (eci

t-bu r_but ( i-- -1"

Ri * c _ ou__>lo, * cleo$_ n il " l t ; 'i
Rii t h.,, ,i

s
= .9H

C - C bond next to
heteroatom, provicling
b) (ee)

a hectroatom is usually
resonalice stabili:ation.

4t

I

R',. t,
\CIC-OH
/

Rll'
cleaved, Ieaving the charge over the

2A

l

i

i

i
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-,))p*-J9 R,-. = B*_' R,-B=q
1Rr = H aldehyde) (m/e 29 for aldehyde) (R' = cHr mle 43,in acetyl groups)

r - bond in aliphatic or alicyclic systems favour the formation of (a) stabtre allylic
carbonium ion gr (b) stable conjugated tliene and in aromatic rystem (c) t-hey
prefer the formation of a resorunce stabilized benzyl cation or a tropylium ion.

a) (e.g)

CH, = CH - CHz - R --.>C,,F-*, - CHz - R
I

*Jn, 
- cH: cHz

K]--)t:
b)O-'ffim:-

r\cd:d*d--ffi'

a) ,-\ OQ-H
( ,H 'f\

HzC/ \ CH, CH,

lq l-_-* ll 
- 

+nzo +
CH2 I 911, CHz

(benzyl)

(mle = 9l )
(ropylium)

r cleavage most often results in the elimination of small stable neutral molecules,
such as Hzo.in alcohois (M - l8 peak and M - ethylene & Hzo), co and
ethylene in diphatic ketones CO in phenols HzS in merciptans (M - 34 peak) etc.

(e.g)

[n]-
2l



,rr]Ina - (28 +

L Peak

s
$

-_H>
c)

(n - butylacohol)
M=mle=73

ruu-e = 77

.CH2OH

-Hr ,

rn/e = i08
(Benzyl alcoholi

OH ,'^\

Lei
rrle 55

+
-,'

ol,T iit:l I.t I
I}1 
i

RJI_/
CH,

ll
CHz

I uic
ilIttt
I riJc
I
I

I

il,{c L,afferty
*
rearTangemcn

ai a --H. *,r{.- og
ls, { iin'bL.Ptr

ilFr;
"^,'*

d.:t

t
!

I
tv

*>0*t@
m/e = 107 mle = 79

mr-e 66
(M - 28)

In aldehydes, ketones, acids,esters, amides, nitriles as

wel! as in eertain alkyl substituted aromatic compounds and in certa:n alker:es, a

promixlent peak is formed due t* the f'orrnation of rnolecular ion, through a rearrangennent

knownag@!,T'h:sproe*eeIsthrougltt}reforrnatis}nofasix
rnernbered cyclic transition state in the above moiecules, but with a y - hydrogeR, as

revealed try the following exannples.

R=H-aldehyde
R = alkyl or aryl - ketone

Lt
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b) ,H,/v Ie

u\,JJ
C[

(Pentene *l)

c).,19 -]9

ffi,!eI,'.
H

o0H
I

c''y't-*
(m I 244 in aldehydes prominent)

During 
-the rearrangernent, the q, - B bond cleaves, Ieading to the

elimination of a neutral molecule (olefin), with the formation of a prominent peak which
fomr the base peak most often.

H

)

l:;uru*il-'
\r, nt\.r,

(m/z al)

-=* 
+ 

JJe
,/

(

(

H)
(n - propylbenzene)

(mlza2)

(m I z =92)

-1CI -l +
H lr OH lo OH

(or) I

-19q11**,s, f
\9Ao ,,("

N d-tr,
'x3gr*;

CI,

(or) |

\, H,{c\.", ,,('-*",
(m/2 74) (mtz se)

e)
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In certain molecules with
double Mclafferty rearrangement has been observed.
(e.e)

more than one T - H, a

1el' o.OH 
H._> I' ^)

ur{"*

c0G
ooH
l+

HrC/ \r,
(rrrr? 58i

Mettst$ble Penk

If a molecular ion (M*). or & fragrn*nt (mr*i accelerated in a ma$s
'spectrorneter, before the ion breaks down, then it may decompose into another ion ( m2)
and a neutral fragment (m3). The new ion (m2) continues to get accelerated and is
recorded as a metastable ion corresponding io a mass mt, with iaw intensity.

Tiris ion is called a metastable ion. This weak broad peak doesn't have an
integral value. A metastable ion has a very short lile time of about l${sec.

nrr@ --*;,, Ei2a +-m3

m* = m22i m1

exaati:les: eci,r:siite-**+ GY 
nYt* -l

\-/ cH
{ntT e5z}

li h{ass spectrum ofl P-anisidnie shows a rrrets stable peak at 94.8. T}ris may be
interpreted as follows:

_le
lo

ir:fz i23)

t
I

I
I

r!,
Y

CHz

ll
CHz

6
s

a
mlz 108 + 911,

{m = i5}
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m*=(108)2=94.8
123

{3nce 1 9H, group shourd have been losr from the parenr molecure.
1) - Mass spectrurn of toruene shows a merastabre peak at 46.4.
fragr,nentation pattern may be as under:

FH, -t o 9H,--H'Cy€@ @
A possible

(m/z 9l ) gn/z 65)
+

m* =l 2 = 46.4 HC = CH

9l 
r (m=26)

A nrolecule.of acet,vlene must i:avs been lost from a tropylium cation
{mlz9l) to fnrm a cyclopentadieny! .uiion with m/z 65.
3).This isopropyl phenyl thioether with molecular formula cg HrzS grae rszy gave metastable peaks at mlz 123,79.6 and 54. r and orher peaks at r37, fiI,77,66, 65 and 43.lrVhen m* = 123, if nray be <Jue to

I52o *> 137@ + i5., since m* = 0j?z = lZ3
152

similarly m* = 79.6 may be due to

tsZe *-> I l0s + 42"" m* = ql#)t = ?9.6

amd :"n* = 54" I nray be due to

li0 
-> 

77 
* + 33., m* =l7J), = 54.1

il0
The above metastable peaks are helpfui to identify the neutral fragments

l*:.:{ during fragmentation, viz. A possible rnethyl group cH3 (m = I5), a possible
(CHrhC. g'roup {m = 42) and a [!gc group (m = 33).

******

(nlz92)
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Xt{}' r s ry. fts,eq ry hq l,fl;q$}$ s m3 p q. s P Eg}r K* ge* rr
A.ll nueir:i having .spin qua*tum t:"rmber {I} greati:r than eera b*t with mass

*un.rbsr otld, hav;e a char*cteristic nuclear spin a*d behnve like tiny bar magnets'

Fiyrlrogen nucleus wirh i * i"! a*d mass tlrintbor o+j'J, lvhcn placed in aR *xtt*t*al mag:lcti';

fiEldean trke up (Zf;, li *umb*rcf *ri*ntaiioiis itj' tur'orienta{iorls, on*: aligning with

th* applieil fiel,i anJ ih,; orhur *pposing thr il*ld. lYhile *iigni::g, *r r:ppci;ing' drc truciri

spi* ailong the :ruillc,al' .rxis, like a pie**ssirug tr;p a*ci the nuclei are i:r fwo riiffb:"ent

enerSy staiel u', r1:<-::'**"
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I"he magnetic momenr. (p),,Bhor magnetcn (Bp) being constant for aItue leus, it is possibie. to se-lect the regioir or uuuo.pti;;l* the radio frequency region, bycit*rrging the magnetic frel'1. In practice trrr *ugn.iic field is kept constant at 14,000qaiis'c orZl,000 gausl and the sample.(Proton) is-exposed to a steadilj.r,unging radiollequency whiel: resuits in nmr absorption in tie r.gi* io MH, or 90 MHrrespectively.A sharp signal is reccreieci as spectrum when ,".ooinr. occurs due to the inducernent of{":*erf,v transition upwards or downwards between the two populations of the spinningnuclei.

Cltriuical Sirift

'l'he preeessiorral frequency of all protons is not the same even for a
t'ilnli'1nt appliecl n:agnetie iield, since it depends mainly upon the chemical and electronic
*r;vrr{'ii1!nslit of the ttucleus. The hydrogen nuclsur is rt i.tAed to somo extsnt by the
sun'*uncing election cloud which varies with the t5pe of proton heid in different
uftq'ir*:1rnsnts. The environment is decided by the foll#ing factors. (1) Inductive effect
{?,} :ili*lding eifect (3) Anisotropic effectr iql Solvent eifects. Foi instance, when a
i:ir:{}il is attr,c}red to an electr*negative hetero atom, the electron cloud is removed from
the vicinity rii'ths proton and it is subjected to less shielding. In.certain molecules, the
sfuieLiing eauses the generaticn of a seeondary magnetic field due to the circulation of the
eieetron cloud around a particular proton. mis reJults is variation in absorption positions
cf rJift'crent hydrogen nuclei.

Ttie difference in absorption position between a particular proton in a
given m*lecule and a relerence proton in chosen molecule is tenned as chemical shift. It
is also a nleasure af the extent of shieiding on a given proton, compared to the protons ina n::rgneticallit isotropic molecule like tetra methyf silane (TMS). When the umr
'ji'J':1riin1 r''f a given molecule is recorded in the pr.rrn.. of an intemal standard (TMS),
[]1'i '1ir51iri:iruii pi]silion of nicsi of the protons is found to be away from the referencep{t}iirr;:rl TMS' I'he protor"rs in most of the organio molecules ur".uid to be deshielded,
e{'inlFard tn that of T&{S.. 

-When 
a prerton absor-bs very near the TMS proton, it is called

'rri rrpiiu:ld shit't whereas if it is awiy from the rrras sienar, iiir . o"fidria ,uit. The
cneriricais1iiltvaluesofcliflerentprotonsareexprsssedin6units.

s 1/::iiies

s" = {T, * yrrurs) / yo. \Mhere y* and }p,a5 aro the frequency of absorption of
tiir-' respeclivc protons in Hz and yo is the operating rr"q,r*nry of th, inrt u*.nt in MH2.
lJr* ri velues are lound in a eonvenient form in ppir urit, b.t,"een 0 and 10, for most of
the i;rctons' However, the values ean be higher in r..t"i, cases. The spectrum of benzylalcoiroi is illustrated as under.
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CeHs

TMS

\f\A^r\n AAr

6 Value
r Values

Ths l'MS signal is found at 6 = 0, is used as the intemal starrdard. The use;

of TMS has also oth()r advantages. It is chenrically in*rt, hense does not interfere wi"{fa

the sample. Since it is volatile, the sample could be easily recovered.
CHr

I

-, $i-.rtt{l i }CH,
CH:

(TlvlS)

The magneticaliy isotropie netur€ of the Ti'{S orotons, r::akE them *ne eif

the rnost highly shieided. The substa::ce is also solu"nle in mosi organic solvents and

easily rrriscible with the sample. The TivIS signal does nct interfere with the spectrurn, as

it is tbund at the *xlreme position with 6 = C.

r Vallies
Tlie *he.*:rcal shilt is also expressed in terms of r which l*s a very low value for

a deshiE!,i*<$ i:r*t*n nntS high .+alue for shicldr*d prot*ns. It ie *btslneqf fr*st th* & va}**s

subtraeted ttrim i0. r = l0 - 5

Twre of Frot*n Cl:ereleel shift

Srt*.t-d -lipilti- (I${,

76
34

iU
0

h d',

LI
5 4 3 2 i 'il
5 6 7 I 91u

*"**.;
tt
I

-CHzX (X is a halogen)
H-C=C-H

)C: CH
R= OH
CHO

G'u

0.5 * 1.5

2-4
1.s - 3.5

4.5 - 5.5
2-5
9- r0

6-*

i-l{*r{{

8-6
8.5 - 6.5

5.5 - 4.5
8-s
t-u
i!.** t

LU



RCOOH

Gron
(enol) t=ClI-Or{

Unlike reference molecule TMS, the

behaviour. Diamagnetic and paramagnstic anisotropic
cerrrin molecules.

Alkenes

0to-2

6ta -2
*5 to -7

protons are not isotropic
effects 

.have 
been observed

l0- 12

4*12

15-17

tn
in

Secondary
magnetic field

tt{ He

The x electrons of thE olefinic system are caused to circulate under the

influence of the appiied field and generate a secondary magnetic field. Certain regions of
the molEcule (caibon atoms) experience diamagnetic an isotropic effect since the

generated magnetic field opposes the applied magnetic field. But the regions occupied by

il atsms experience a paramagnetic anisotropic effect due to the reinforci.ng of the

generated magnetic fieltl with the applied field, hence a downfield shift noticed in the

nmr spectrum.

Aromatic Compounels
Aromatic protons experience a similar effect (ring current effect) as in

olefins, since the protons occupy a region where they experience a paramagnetic

anisotropic eflect, dr" to reinforiing of the secondary magnetic field with the applied

magnetic field. A downfield shift is noticed-
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Aldchydes

The aldehydic protons also,experience an abnormal deshielding effect.The effect is felt at the pioton which occupies a position at rtre deshielding region of rheinduced magrretic fierd" Hen.. u puru*agnetic deshierding effect is noticed

I l'n"
Ac*tylenes

The acetylenie protons experience an effbct different from that of olefinic pr€toRs,sinee the protons are placed i,, u poririon where ,rl'oi**raing effeet is most felt at themclccule' Ti:e a.ei1q9n. density is present in a cylindrical form which generates asecondary magneiic fietri in the 
-presence 

of 0,, **i**ul magnetic n.io, ,*rulting in<liamagnetic anisotropic effecr, t.ni, uurorption in the upfierd region.

rr0

Aliphatlc (Saturated)

Tire pretons attacher.l ta a saturaied carbon behaves very close ro TMSprotons' since they are attached to a more electropositive earbon compared to either anolefinic o' un utttytenic carbcn 
-lrtlr*or*r, 

they ur. *ugn.tically isotropic in character,henee no secondary shielding o, a.rf.,i.lding is observed.

Solvent Effects

Aprotic scrrvcnts such as ccr+, cDCr3, D20 and (cD3)2s0 are commonryus*d while recording tire spectrurn" Howe'er" th; il; spectnrrn mr-asared is markeryaffected by tire type of so!vent useil sinee poiu,tty-#tlr* uotu**t u;rn a!r*r rhe 6 values,
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especially through hydrogen bonding. Hence the OH, COOH as well as NH and SH

compounds give nmr signals over a w'ide range of 6 values (e.g) ROH absorbs at 6 = 2 -
5 and phoH at 4 - 12. 'Ihese protons at higher concsnrration show strong intermolecular

hydrogen bonding which redutes the eleckon cloud around the protons shifting towards

the more electronegative atom. Similarly enolic proton of p - diketones absorb at higher

values (6 = l5 * l7) since they are intra molecularly hydrogen bonded, but the values do

not change with change of concentration. Carboxylic acids also show strong deshielding

effecrs t"t i.t persists even in very dilute solution, (S = 10 - 12) existing as a dimer.

o+'l+l''l\il-tt- CR\-CHl
Ph

(enols)

//a/l//#/1\
R*C C.R

\n!\\\\\\\\o/
(Carboxylic acid)

Spin-Spin Coupling

The number of nmr signals for a given compound is significant since it

gives the various types of protons present. The peak area of each sigrral can indicete the

iurnber of protons of eactr tipe. Ho*r"rr the number of neighbourin-S protons attached

to a carbon can be ascertained from the splitting Paltenr of the signal, observed in

molecules having different tlpes of protons.

Consider rhe molecule CIzCH - CHzCtr. Thc CH signal is found to h a

trplet and the Ct{2 protons appear as a doublet'

The splitting of the signals could be explained as follows: The two spin

orientations of the cH protn are found to couple with the signal from the CHz protons'

This coupling can lead to a net increasc or deciease in magnetic field expcrienced by the

proton, depending on whether it is

t.r.t :l CIzCH - CH?CI
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..._ I

(Signal from ClI2 Prorons) 

-. 

. (opposed)V

(aliened) 
4

I

(spin orientation of the CH

aligned or opposed with the apptied n"ra. uell:TXJharf of rhe CH2 protons expenencea sliglrt downlleld shift and the other half an up ral ,t in thereby producing a doublet ofpeak area or intensity of I : l.

Similarly the spin'oricntations of the ClH2 protons eoupie wirh the signal

f,X 
the neighbouring, cH proton in three diflerent ways leading tc * r,i,l triplet as

faonriea 
nera

(signal tionr CH
proton)

tt
.,- {Af

| 
-{4\ 

N
tl

(up field)

(un changed)

(rio;,,n field) l*,,,*
field

rhis phcnomeen ",,"T;- ;:" ;,ffi :: ffi:":,,, the spinorierttations of the neighbouring proton or prorons, leariingto a splii ln the or:rrespondingsignils is termed spinlspin-spiiiti,rg or spiri-spi* *Luplire. Foliowing the above splittingpatterns, a molecule tike cHCl, .aI-rr'can give *iuon*u of l:3:ii inrensity for cHprotolr' and a l: I doublet for the cll3 profns. rirnru it could u* g;n*.ulized thatsplitring nmr signals could lcad to a niultrplet or rn l-:) iin*s +*"l,ere n is the number ofneighbor:rifig [rrolon$' Flcvvever the sp!itting n.rur.-uub;*.t to ti-:e fi:liawing c*nr{itions.

(l) signals of neighbouring protons do not split if the protons have the same chemical(a,s) (a,s)
shift (e.a) CH3 . CUi. Here oniy a singlet (s) is obtained"

(2) signals of neighbouring protons experiences split if rhey hav* different E values. (e"a)

CI{r. CI{2. CI.I2CI

(a,0 (b,nr) (c,t)

Thus' the cHt protons are a triplet (a,t), the cH:cl protons are also a triplet (c,t),but the cH2 protons give a multiplet of rz rinlr'or. to tr,, split first by the methyl protonsinto a qudrrerr and each Iine further rpiit int" u trip[;;;. two cl{zcr prorons.
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(3) Diasteriotopic protolls artachcd tcr

split eaclr ulh*r lirllorviirg tlrc (n +
L:ri:'l )i ) tt.

the sarne nucicus give difl'crent signals and they
l) rulr--, cvot though thcy are attached to the same

(c.a) Cloi Is 
_

{:ll.--'

Thc nnrr spectrunr o{'a
nrultiplicitic:l ls utrder, tltc Clll |)1.{)tt)lls
(8 lines) arrd tlre OII protons a rripltr.

Iteat sanrple of ctlianol shows the expected spin
bcing triplct, CH2 protons as a doublet of quartctt

Ci-ir

-//\ r-t..- t
\

I { (a,d)

II (Lr,d)

Or,,,1,1..r; (-'rriisi::ir 
L

'l'irc cllectivcttess oi coupling bctrveen ricighbouring protons dcpcnds
upoll iilcirdiifcrcnce in clterrtical :;liiti. 'l'he ruagnitutle nf coupling is cxpres.seci in tcnns
of'J in I-12. \\'hcn tlre sigrtal lrotl a proton is splii intr: quarlct by rhc neigirbouring rnethyl
protons, thc J could bc gi.,,cn as bclorv

r,* *r,-rr rbr .",,,,1;:; 
n;::IJ,,:;;",;?,,ffi:"il, 

1i,:':j;: :H:ll'T[[' ;-*
(J = I I - l9 ) is strongcr cornpared to cis coupling (J:5 * l1)

Chrrrrical Ixch:rrrgc

1a



lir;rvuver air lti,;)ri:-: :-;l-riii;)iir cuniiriiling acidic irnl;Lrritics is lbund to givc
iire usit.ri curii;iiii1 iirr i'1i.r ii). i;rii i;,; ('il; i)rriolis alu l!(lLlLuri tu a !luaftutt and tlfe Oll
protol)s givr; a sl:arit stnglei, 'i'hr:, i,; lre;iii.sc, tiic CIII pr()loils at'c Ii() lr)ilgcr able to slllit
thc u:;ual quat1d1. ion;;coi rlrii:. kr r..riii>iiriq rvirir (.'1lr |)r'utr)ir, unrj titc ()1i protort is also ltot
split hy titc ('i i', 1:ir,,l,rns, i i,; i)ii pioi.onr; ar'* itit.lct'r,oiill lLil:i..1 clre rrtical c.rcirttttgc rvitlt
ncighLrt.ruring rr,i,i*uLlius, ar',ii i1i;r r.sult. tilc;r, do iiot residc loi-a loiiger tiilic .,vith a

perticrillr r)x):l!ri .rlirrri. ii;, -,- :,i,' ,-1t) Iii)t ilJ','c sulllcienl tiruc ttl oltscrvs tlrc sllilt-
orictttlti0tts ill'ti:c ltr:illtlr,;.:: i:r' i i I irt{)r.r)it:;.

i:t Oil,, -' i:t (ii li' lrt Ollii + l:t Oll,,

:;rL,..il iir.r cxclrrngi) is lirnituJ, but acidis irtrl;trritie.s catalysc

I)ru teri u lrt l', xc ii :.itr ge

\\Iircir i., lu.,', -: l\,r:) \,1 i-,,() aic liscij as solvelrt lbr taking Ilrltr speclt'uttt of a
san)pie ol'.ilcul;..ri, lliu e i'iu.:i i: :,.r,ril,:r 1rr liiai. ul'rapirl cllcrnical cxcltaltgc catalyscd by
lciLL'l'lrc Oll irroli;irS r.,r'r r:,:,i,li" i..':ii,rntcd r':y [) atonls, arld the original OII signal is

lost. IJut a rlc\v sigr"i.ll iipirurrs at 3i'(,',-ind tiilit rrgion (3 - 5) duc to thc lbrntation ol'II-O-
D molccule. Vloi'covel a dcul,:i"iilni nLrcleu.r hls nruch sn)aller nragrtctic t'itutttcttt thatt a

prr;tort, hence rto si3rtal is <-,bscrler.i.

Ir(itl {) I) ;.,*--j-Z liOD.II -O- D()

[]rc circrttical
cnols. rr iricii

"i'i,i:t ts ti \'r-'.', i
phenol.s e ic contliining actir c I I

nlcals to dctcet t,ie 1't'u.;urrj. ,,l'
as u'cil as alcirlirlls, lrlrertrtls eic.

,.:i.' 'l lri:; is lrLi; iir cli-boxylic acids, 1;hettols, clrols etc but irt
r,,ir'; 1.. ... -iri.;r'ii' :ir,i,.rr:'l;i [-,r.r;1.] eJ, liic exclt.rttge is sltlil' atld

,.,, i-.,..,;;...; io Cul ui'i'lire (-tli sigrrals irt alcohols,
.i':(,r,r:j lirr.i alsr,. lr-t sinrl,.lili, thc s[)cctrur)1. T]ris is also a

re le iir u tttuilt,'. iciie groul)s in f ) -jikctottcs, [] - kcto cstcr

Sirntrl!ifi c:rtiurt ril rt iti t" 5ir. i' i r' i1 ilr

I) Doublc l{csurt:riic*

\\'ircir a plr)i.(jii is 5rii)jeclcri tr.l ti,,rublc inuriiation ic. irradiatitrg tire protoll
lirst rvith rhe c;J;cl'atirrg radiu ii.crlLrr:nc5 of'tlrc inslr,lr,e r,t. and llten using a ttruclt slrongt-r
beant ol'cxact i)',-:.111L'11.r'. ii,u l;.,.i1'rrs L:untcS irlto lesrlitarico i\'"icc and is called clouble
rcsonerlcc. 'llic uncru,)' tr;rn>ili,, ,; ,rc ..;o rapi.i tlilt tlrc iiliiiritc of alty particular spin
strtc is too sllori. l"o rinJcr'gr; cr.,ir1;iinl riitn a truiglibouLing pr'(rion. Since tlte tinte nccricd

to undergo spin * syrin ci;iri;lirrr r.li1 bcconrcs vcry sntlil alicr doublc resotrance due to
incrcase irt rate o1'nuclcar trlnsitit;,rr, et)j.l|rlirr : is not yrossihlc \\ rth a nciglrboLrriltg protott.

In otlrcr rvords, ilrc irroccsi; t.rl:tliilrill(, in"udla., ,rr iclding to doublc rcsonartc0 causcs spitl



'Jecotrl;ittil. 'i'lris tctiutteltte is relv risrrlirl tirl srtrrpiili'iir:1 I' c..rrnplie :rtcJ rirrtr spcctl-uln b),
cl'l e. i i rr;l Jccr iirl;l i I r 11 o I' I sltec i li cJ pr'() t()n.

("trisiiie r tl,': ill \I1l{ spcctr r;rrr r;i' Iiu"tili'lrl u'itil l2 linc ol' 3 clulrlcts.
Ilru:1tC. ll.,;;i :;i.,),tti)iiu::1.'.1 ir., ii,- ll,gttrJl e\)ii;ilr;I r,l ilr-: ljitJ...ir,,,l(i;S:,.1. i>;.iit.! C.

(67,1 ll,
,,1t, t7.3)

*.-Z.l::"

,lr1^'l. JLrr ,ii.,'
I J!

/r tir\ t',1'1 ,/\'iIy'i..r', I ,Jf \-***
Noirrirrl sl)octrunl
( ll linus)

( /.,: t I lr
.)ul't
<-->\"
t'' /tii

) t **^r-^

.ruirbic ir radiate-tl
r I'

a llllL:),

'l ltc c llt utritt is,.triije,[eii tl ri'ririric ln'at]iiti.,n i.:,,lri,_r liie e,.;l.ici 1r.;i1 i,itltcy c;l'absclrlttiolt ol-
thlt llroitiri jl l,,l.iiit(.)il ir) ili j ti()rit,.'j llc.i iir:ric\ l;-.:llii ui lii.l iit..irr:iiici)t (60 l\,1llr). l'l:c
uitti;;liti:1 uileet ol'iiic |)ir;i,,;r ili Ir;:;i li;:r.i rioir :,;riir si)ilt L()Lii)lirrg iS 1)OS.Si[)lC Otlly
bcttvcuii proLoits u anil l;. r"usultirtg irr l sinrpl,; -i Iiirc s;;cct.r'rrrrr. 'l'lrc proccss is sricccssful
il'tlrc.'hcrrric:..1 ';l,ifl betri'ccn llie criulriirru. Prt;iorrs is ol'tlre ortler ol' I ppru. Whcn it is
lcsS llr,,rr I P1:rr,, i;lirer.ict:lini(lues al'() erirl)lO),cd.
2) Slrii't li,eugrnts

'lite tintr si,)ee ii'11 ol'certliir olgiiiric riioiccrile., ;.r:'u currrple.r and it is vcry
di{'llerilt to iilr.rrlili,ilrr'ltclrk:;. rrs tlr,:r,:rr.e u elose rirlltrirlet. lircse 1;caks can bc tjialatcd
attd llr:lieJ iplrrt o\ul rr rriJe range ol li'cclrrcricies str tlrat ilrc sl)ecrrLlut is sirtrplilrcd to a
flrst ordcr spcLrlrtirlr ri'hcrr: thc s1;iiuing oi'ihe rrririril;lcts i.s *cll tlcllircd. 'l'lris shifting or
s[)r'catiiiiu tll'tlrc lil;sorltliun 1)lrtl.crrr is aecorrrlllislrcd ir-r,tirc usc iil'organo lanthanidc
corttplurcs ol'r/i7;iralovl ri;ellreite (Dl'1,1), irclttaTiuoruJrlrrcthyl r.,cturru r/ionc (iiOD) aird
,,lec;.y'1rior.o /tr:i,.1lin': i/irrrte (lilii)) u'iilr cnolic [] -.lilictoncs;. 'l-hese c()rnplcxcs arc solublc
in ('('li ltlt.i ttsctl ls lirll-t,tielier'.rteLi to uvr:id signlls l'r'trrn tlrr:sc ligilrds.
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\Yircn I( = t-bu th.c reagent is calicd iiu (DPtvl)j. Whcn I{ - CIF'7 the

reeucllt is utlicil liu (l;Oti)r. \i';,;i: it - (l:Fs anil thc t-tru group is also rcplaccd by C2l;.5,

the rcagent is calicd [iu (i;ill))1.

C-'orrsirier tli,: cornplcx spcctruilt of tlre nrolcculs

(lllr- Clir - Cii2 - CIIr - CII:- {:ll12 - C:llrOII. Or:ly thc'g'signal is interpretable in a
.t I triucii r-lfu

durvit licld rcgion, all othcr signals having rnclgcd in to nrultiplct nraking it almost

ittipossiblc to iritctpret. l.lpon addition o1'Ilu (DI)M): , tirc iniiividual signals arc founcl

sprcad allart rvith rcspect to ths 1'1,{S signal thercby lacilitlting easy intcrprctation.

--JJh-*,---,},[-a(rvitir shift rcagent) Trrts

OII
(a-f)

CIJ,
(g)

no shift rcagcrrt)

lllcclr:: uisrrr of Shift

"l'hc grcater thc concentration, grcater is the distancs ol'separation betwcen
thc signals. 'l"hc unpaircd elccl.rons in the parantagnctic Eu (ll l) ion is transf'erred
thrr.rugh tltc irrtcrvening bonds to tirc protons ol'tlre orgarric ntolccule (alcolrol, amine,
kctone, aldehyde, ethers, csters etc). The spinning electron thus gencratcs secondary
magnctic llu'ltls tltrough spacc art)ur)d the protons, shiliing thcir signals dorvntield.

c rr - NN,ilt

Siruilar to lryJrogcn rtuclci, a Cl3 nuclcus lus a spin nunrb er, | = ll2,
hcttcc ttiagrtetic in ctraractcr. By cxerting a suitablc cxtcrnal nragnetic field, it must be
possiblc to bri;rg thc nuclci into nuclcar rnlgnctic rssonance. I"lowever, the naturai
abunilancc of tlris carborr isotoJre bi:ing only l.l9'u, (corlplred to 99.8o/o in I{l nuclei), and
tlic tnagrtctic nionrent only onc lbunh of IIl, thc sigrurls arc lcss intense and weaker.
Flencc, larger anrount of sanrple.s are rcquired when thc sensitivity of the signal is
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cttltsticcd sc\'cral tirncs by the surttnratiorl ol'se ve-ru| signals using a tcchliq,c callccl
Cottlllutcr Avcraging ol 'l'ransicnts (CAI'), also kno*,n as Digitil Signi l Avcraging
(DSA)' [jut tl:c rcsulting sl)cctrrir]r is c:onrplcx duc to 1l) thc cqupling Ir.tru..,., tnJttl
rtuclii attrcircJ trr tltc (-'i'j t:r,clcus, anJ (21 rlie long ranS]e corrpling Cl-f-- C - ll' o,1JCi,
- C C - IIl. nraking it ciillicult lirr^arry intcrpreiitinri 'l'h* pxrlricnr is srill conrpticatotl
duc io tlte iarsc.l Values lirr tlie Cii ll coupling (l I0-i2rJlt;,). 'l'hcse riifiiculties arc
ovcr,.onlc by tirc lblkrrving clccou;tlirrg proccsscs.

(l) tlro:rtl li:rrrrl - Noisc llrcorrliliug
'l'hc Cl:r - Il coupling is clirrrinatcd by doulrlr-r irradiati<ln ol'all protons at

tltcir re.sotultice h'ctluettcics. A decoupling signal havilrg all thc lll liecluclcies argund
100.\,1llz is use.l lo ibrnr a ru.lio fi'crluency rrt-risc. 'l'his icsults irr a s6ar.p s.ngte lile lbr
all tlrc,difllrclrt tvPcs ol'carL:on in the nrolcculc. 'l'his spccrrum lias tlie advaritagc 9f all
tltc ('" - llc,rupling.S r.ernovcd ri'ilh an enhancciuent o1'tiie individual pcak hciglrts, but
*'i ili ihc di s:itivlrrle rlr: ot' t r i',, cr) t.lI l i rr it irrlilrntat ion.

2) Off - Rcsonancc Dccoupling

A sinrplilicd spcctrunr but with CllJ - lI coupling inlbrnlation, can bc
aclricvcd by olt sctting using a high-power proton clccoupler by about 2AO0 Hz upl'ield of
do*'nficld ll'ont the proton li'cclucncy of'thc l'l\{S. Conscclucrlrly cn inconrplctc collapse
o1'thc nlultiplicitv rcsul(s rvith tlrc lorrg rangc coupling lost conrplctcly, rctaining thc
coupling due to thc pr'otor)s dircctly attached to tlrc C'r. hence a mcthyl signal appcars as
a qurflet, the nrethylene signal as a triplct and a llicthynirr carbon (CI{) as a doublet. A
quarlcmary carbon tvill appcar as a singlct.

Chenricnl Strift - Cl3rrr,,r

l'IIS is uscd as tltc irttcrnal rclersnce as in III nhrr. A conrparison of Cll -
II dccoupled spcctrunr rvith thc oll'rcsonancc dccouplccl spcctrurn gives the follorving
inforrnation.

l. l'lrc nurnber of cach type of carbon atonrs r

2. l-lre rrulrrl;cr ol'prol,r.rirs il'rrry, attlclrcd to cach carboir arrd

3. 'l'lrc functional groui:s containing carbon atonts

I:or most
clrbonyl carborr antl the
bclorv.

ol tlre ilrgrnic conrpounds,
tup fi,:l.l rrrr:tlt,r'i carlron irr

thc 6 varics bctwccn the down liclcl
thc range zero to 220 ppnr, as given
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'li;c sltLe i.il'lt.,rrii.i,.,.iiii,r; i:- il;c JuirtirlJiit 1iu:tt)t'dctcrntiniltg titc circrnical

shili. A slituri.rtcd cui)(,rr (),1'' ll r ir.li.'.',1) rri::;u;bs iii tlii l,iglr u;rliclJ anJ i.ir] utlsaturatcd
, . ' ']e ..rbon (Sl'-) j;r tiic tL;i',;illul.i ic,:ir)n. .,\rr SI' lri briilizeJ clrbon itas irttcntlciliatc

absorlrtitiir, ,,\ll clrb.;it-i i .r: \\e ll :ls :i;'trrir;rli, u.libt,,i.; ll-.sotb irt tlrc lar dori'tillclJ, rluc ttr

clcctrrr lrtillrtir it't, COn:ii,i,'r'.rli,,ll:'. Sill;slrtiriir.rrt u[;rtt alkl'l grotrl) otl tl]c carl)ollyl carboll
'rr i I't-rrur') C.lli:,cs tlil u;lllclJ sllilt.

(c.g1 ,,\ccttxic ril,.iliirs at 2()'-l |prrt.

,\celi;;:ltuti(iiii rl)r;orbs at 196 1:lpitr.

r\cci:,l.leli''.ic rt I99 pl;rn.

IJ-, l;'

(iiiulrlirr g (.r,r::,tirrrt iJ )

('uuiiirrrLl i;.l,rr':r:-iti")rl r,,'glur',,iinq (''r -'iil, is observci.j iri tlrc ol'l'rcs()nancc

JecuupliilLt sl)uuirull). It ir,ii,,l, ,,,i.1\\ir-ll l1(.i ;.ili,.j JlLr Ji,,. irrcrclsittg rVitlt llic S character

ol'litc (l - ii i:.,ii.1, lts \\'L:jl ::l i..;., :i:; ,;Lll;.;iilr;;;i.,rt l-,r ui-;l.i'trit ri illlJraii'ing grtlups. Clll *

ll coupling alsrr c.rfcnrls up til 3 ncighbouring CII LionJs, tlte value dccrcasirtg rvith

irrcrcasirrg.lirt,,,,.., iu a s.rtrrr.r,ieJ ciiriiri nirrginjli'..)rtl -5 to 60 Ilz. C'''.- Clr coupling is

l)Lrt usuiill) 9|sc;ic.l, lie,:tilr.jc ()i'lhc lorv pr,.ilrability'.r1't*'rl acljlcci)t (llr atollls ill a singlc

rrrulcculc, tlrc aburrilaJrcc ,-)i'Clr b.irtg very low.

I \ i/''. , -.i'rI (0ilt)) rrrid (lir.'rrlrir I)itlrroisltr (CI))

r\ pllriu p,.;ir:ii,,r.l lirllrt (rr';r'e) rruy bc cortsidcrcd to be rttldc up of'a

ril,lrt- circulully IX)loriz-e(l \\'lve anr.l a lcft-circtillrly ptii:rri,.eri \\'avc' 'l'hc clcciric vL-ctors

-i, :l (

(' : i

t \ i i I ti

('(ro H

('ll()

Q;!sl-L-llr:Lrit
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'l'hc pherrorrrenun 01'Cotton effect nray lvell be studied through

observation ofioptical rotatory dispersion of a chiral mc'lecule, especially ketones, sittce

they readily absorb in the ultraviolet region and Cotton eflect occurs only near the U.V.

absorption tna.xi nt uln.

Types of OIU) Curves altd tlitir r\pplicatiolr

(1) Flain Curvcs

For ctrnrpourrds lhat absorb < 200nm (far U.V.) no Clotton effect is

observed but a plain curve is lbrnred sho*,ing arl incrcesc of tlptical rtlfrtion with

decrease of wavelength, definecl by Drude equation [a] = k I (?',2 - i2n) \\4rere ]' is the

wave length at which specilic rotation [a] is noticed and io conesponds to the

wavelength close to the lJ.V ni:sorption nraximum. It'is obscn,ed that the specific
rotations near the low'er end of the cule arc scveral ordcr:s higher than near the D line of
sodium. Flence rneasuretltenls r:f l*] coulti be rnade with lcss arrd lcss antount of the

substance at the lowcr rvavelength region, and the sniall changes in concentrations could
be more readily followed. (e.g) a - cholestanc anci 5 - cholestane rotations difibr by less

than l0% near the D line of sodium but the diffurence is by a factor of 2 at 300 nm.

Plain cunes are useful to decidc whctiicr a nrolccule is a reccnlate or
optically actiie. (e.g) the dcgradation proiluct of vitarnin llrz does not show any
apprcciable rotation near thc f) line, but a consideialrle rotation at 365nnr.

cII2 .CHz . COOIi

o

lo]sae * 0

[cr]:or: -165

Hence the molecule.is not a racemate, since a racernate will rernain inactive at all
wavelcngths.

Plain curves trave also bcen used to make conl'igurationai assignments.
(e.g) In a - (Iodophenoxy) propionic acids, ;,.c dcxtl'or*latory m and I'-- ft,rdoisomens

Att4.

HrC

o



liavc tlte satttc cottliguratit;rr as thut of thc lcvs1p1x1i11"y () * isorlrcs, ar thc D Iine ol.sudiur:t, as inlerrcri Ii.rir tlrc, slraPe ol'tlrc.u,rr..- ii,,i'ii;", have tle sa.1Lr rotation bclowJl0 nnt' si*cc l0r tlte levoro,r,rri' o - isonrus, tlrc cur-!,L'crosscs thc zcro axis at 310 nrnrvhcn inl'ct'siutt t'rccurs. z\ll titr-:se tiicls are appariiut Ir.,r, tirs cu've.s.show,.

,-'----. .{)CIJ - ilo()lieJi
cl 13

('i')

ial
(J

(-)

{r,,.,...,i... : 
l'l:riti cirt'r'c's ll.ri'c l-.eert i'outtii rrsciiri itr Lrt:i;t'n-tinlng ti.r(: cxlL,rlt ttf he!ixI()i;,,iiilrril .lii :r ;;itlyitclrrir!l ci:::ir. In scilv.ulll.t tylricli ,*tarJ t6e lbrnrafion of.iittriir[oiecular lly,lrt;gcn boni]ing, tlie peptirics liavc a randull uo,for.ration ancl theyobcy Drudc cqulrticllt to giVc a nl,,rull plairr curve. But i,r t;rlicr solve*ts, rvliic6 pcr,rit

:ffi:':H:lar 
hyclrugcrt trttttils, thcrc in ruorc lrclical lbriii as shorvn by a conrl:lex typc

2) ,tnornlilrrrs cli.!rves-(sirrurc *r,c c'orton EIjet;t or siirgrc - r,c cotton Iffcct):

Whelt a ntolcculc givcs art absorption n:axirilunl ircar tht: i max region itshou's Cotton cllect.. \virilc allprlaching ttrc region oi' Cotttln cllcct liorl lorgerwavulcrlgth il'a peak is li:r'rrrcd lirst, it is caltc.l puri-itiu* (-lottor: *lli:ct and il.a trough isfbnncd lirst it is :rcgativc ('orron ellcct.

(+)

3il0 5{i0 60(J

25i)

IuJi)

(-)

'l-iic 
Poiilt of inl.ci'scctiort ar i.iic z-crtr l.ris,.is iounil corrc:;pond t5 tlc l" nrax of absoryrionin the uv rcgiotl, and the lowest linrit of absorption lbr such conrpands showing cotton

effcct is - 220 nrtt. Nornrally saturatccl kctoncs e.xhibit typical'."u",, .,ruct, as the

jll

rrrcta

oltho

pcak

cottoll

cottorr eff'cct

trouglr

I

I

I
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l';ii tlnt tiric i,r it -i i i + ii:rirsitir)n is Ilot slrol)q ctlt-rugit to

rgrlicll rotutir)r) irt tirc regioti. (u.g) 3 cltol0staltottc

, , .t,,.,:;-ii:i lit--:,tcl'rt i.ris at l,r5 trilt',iiticlt is also liie r- tltlt::
; r.iloii:.; ;i (:ilj:;ii.:;lt'"' iiili;ruitt CLll\U, tii,.:t'C ll'
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,: r..,,.,s.rri er,i:i:li i;:'l'iiu;ii iL,l'\u tll()irgir ri'itir pOsitirc
, . , rrl.:rlrii..i, r'ririjel-rii;', riilii tirtl OiI gt'r)Lll)s, u'ltctt

\\ i,,,,id ()l(l) c,iivc \\'rs lL)LrriJ to be sirni]ar to that r-11'a l2
,.: ili: tr:iiilllirri) t)l lli; cuii e sp(JItdillg Ol I grotrp.
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r\rr irilcr e siilig i:.rlrirlrle of invcrsitrn of' cotton c1.lcci, is noticcti ri'lrile
;rii-,,iitriciii\I iii,:,: , :ri ('; l)()sil.ioli iir J - ciirilcstarti.,rtc, 1'liis pl'icrx)ltntent)tt
;l.,;,i;.;i1i.;'.:, i,i ,..,,, :,1:)tlilvl ,.tir)i.ri)ii in:;ilr,il:lt'trluicculus.
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ir*i;rtul iri uic detcnniriation o:

3) llultiltlc Curlull Itl'cct Cur.r.,s

\'''ii:rt Ilti) t;;'l]lui- i'lV ltl;stii.iriiuir tr.ir:ii:; rcsult, niultiplc cotton cllcctt:':t;t ate trlisetted (e g) ',i:'lr;sict't.rirs r.i il corjLrs.iieri kulonc giving abst:rptiop .*iuc to n-' iL iij\l i' - ' ;' ' Il'ijl'iiir,il. 1i-:,.e liie e Lii'i'c,; i.ii'c Cr)l]ti)iu;r attt! cl ilircult to intcrprct
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tri] -il;ii iiru t,lttt ),40A 5()U {iUiJ
iiil-q - lullokgtorrc ltLrIc

,.... ,.,r littroductiotr r,ri'ali tr - halogcir lricrt. i)rrot.inc) sullstitucnt in a alicdic

Ill'11:|'.,i']'l':.1'lt 
tiv as ricll as llt ebsoiltion by nrore rtran 20 unirs, if the halogen is inI'llu;r\llll pr-)Sllrrril For cxlitllrle iri clrclr.rlrcxnnonc, thc uv absprptirlp is shiltecl 6y 2Z nnr*ltctt 'r clrlotillc is iiitrodLicctj ar ilic a, axirl po.sition, sincc it lacilitarcs a srrongeroverllp o1'the r clcctrotts tll'thc cllbunl'l group ivith tlrc lonc pairs ol. the halogcn. Thell{ rirsorlltitltl also itlct'cltscs by 27 r,,',"-' t'i,. Io incr..-lsc in C: O stretchi.g carrsc.l by
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dipolar rcpulsic:n r,vhilt ni.

position will lcad t<l a lirjld
absorplion.

th* arial position.
eftcct rvhich rcduces

Ilrq,scnce of halogen at thc cquatorial
thc stretching, resulting in a dccrcase in

/ ir
/ u*-' --*1"

"/.r i

,r'rrt 
I

l/ ". ::
( ax iel h;..rloc..,clt,lrexiirr()ri( ) ( equatorial halo cyclohcxanotte)

Con'cspondii':g diranr,c:i iiave becn obstrved in ORD t alucs, at thc
presf,ncc of a hrlogcn in thr axial on,:ntation, rcsulting in inversion of cottott el-fect.

I'Iorvever, the inversion of cott<;n c!^fect dcpends on the position, conliguration and
confornution of the haltiketo;i;. 'l'iris rrray be statcd in the l'ornr of a rule (Axial
haloketone ruic)

"Wtren the irak:gcrl atonl is vicwed along thc C = O group rvhich fornts
the head of the chair forni r:{'tir,; cyclohexanc ring, il' it fails on the lell ol' the line of
vicrv, the conrpound will excil a negative cotton ellcct and it on the right, a positive
cotton eflect".

Applicetitin l'f Axialhalokrtr;n* It ule

'fhc rule is hclpful to arrive at the position, configuration or conlbnnation
of a halokctonc residue in any nrolcculc, if two of thesc factors arc known.

Conforrnation of 3 - nre thvl ci,clohcxanone

(*t) *3 - nictliyl c1'cloircxanone has a configuration rvhich on chlorinatiort
gives a ntixture of two cr:nfigirrational isonrers. [lich of these rnay exist in two
conlbtmations. T'hc conligr:rational isomcr-q are {bund to be A (trans) and B (Cis) of 2-
chloro - 5 * methyl cyclohcxanonc, where thc chlorinc is axial

(trans)

Cis
(2a, 5e)

(2a, 5a)
t'
I

in nr,.,',flllo,u* llI

,l
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ir\r)

lrrrts

(2c, 5c)

t/

2e,5a)

(B')

lrt clctattc'trtcCiut:r, tite moleculc is ibund to htve negative cotton etTect.
iicricc tire 2 - cjrlrii '- 5 - r:r-ill; I c,r.'irrhcxarrone shoulil have the configuration A and not
I), sittcc accor,ling to axial iialokctonc rule, thc halclgen is talling to th;left of view al6ng
titc carbonvl groull. l'he otiD curve in nrethanol meclium is ibund to have positive
colli)r1 cllcct, sincc tlre dilxirl cotifotLrtcr shoukl havc chungcd ovcr to the rliequatorial
form rvirich is niore stabilizcd being predominant.

IS

in rncthant-rl rrrcdium

Iliri,.'e , ['.' il'li;ig llic
nrolccuie, it is possible tu prcdict tlie

0ct;: nt l{ulc

1":osition of thc subsl.ittrcnt aud coufiguration of the
confornration of a molecule.

'i'iris is att ctttl;iricrl rule rvl:icir prcdicts the sign of cotton effect for a
ttittttl;cr ol kr'toitcs {iorn thci r struclri rc, confi gir ration artri conformation.

n 0 , aeu I PlaneA l-. f,--il-J, .

:_l _
PlaneB i I i .o::\L//:\::tTaia

i

I

(Rear Octants)

'l'he ntolecule is oricntcil in such a way that the thrce orthogonal planes A,
Ilartd [.] prss lhrough t]re molcculc. I'lauc A passcs tlrrougli Ca and the carbonyl oxygen.
Plan Il is horizontal passing through C,, R' anci L2. plane C is passing midway through
the C = O axis. J'he molecule is vierved through the C : O axis, while the various parts
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'l llu tlcianL i''.1 l; :,1.,:l:; t1:.rl ti;; ..ili;'-stilrictti'; ol'iilc lliclclic kct"rlles' ll"illg in

tire 1ar Ii;ri,ri ii.r.!it tit:1 ;ri.i. i;r i:l;llur ie lt il. t :t;rl.-' ; lliisiliVe cott()l) ct'luci' $'licrca:

tlrrr:;c iir tli* i;.r;-iclci-lcti 1i )i ar,,i iiic ilir uirilti iigtrt titr; ill:'rK'-'a ttcgaiive L('tLt)il cl'leei'

Suhstiliir'l:., llriiill3;1l1iri;'li:c;.,,,l,iiirllc aris du tlot cuitiri'butc ttr tlte cUtttlll ci'icct' aritl

sui-rstiitrc;ir.; ii :,lrVir-i,,r,r, ii;e 1,.::ri,.rCl!iil. "*iii iil'c ju:;i \)i';).r:iiLr-'eI't cut ttt liitlsc i, the

ii';l rrr'l.ri,i:.

I;rrr tlre c1r-itrlrcxarruirc r;rolccrrlc in thc dilgr;il:, tltc uxial substituertts ilr

I{;, en.i all tii; sttb:;tilit-'ills iri l't' tttukc u []u''iti\ e corttributiotl rvltcrcas tlrc axiai

subs;tituctrt-< iit 1,2 arlil ail tl:c suir:;fituerll:; irt l(t, tttakc a Ilcgatil'e cottlributiott'

SubstitLrcrrrs iir (-r, iall o,r grilr,-^,,\ lrril lltc c,.1Lt;rtorial su[.,stituettt itt I{2 artd l'2 lall oil

,'1.,,,'ll !','i ,..r.rri,;L Iil.ri -':!,,. .t ,':,ir,,1i,);i 1'.) -i)il.\)ii di';.Lt.
,,l.lll- 

r !r trl.lr

Ap1:lic:rtions

'l'iic lr;ti.,licetisils i. I'tltc rLtie t;in ,rc iliiisri'iicJ llunr tllc lirllorvirlg c,rartiplcs, tur

predict Iite crrltorr c1'1r'ct as *'ull :js to {lctci'lt:itre tltc conliguratiolt attd c0ttlilrtttati0n'

l) u -.\rial ClilurU (lt'cl,rllcriiilr,rlc

r\p1>i-t.ing tlrc trci.;iirt i rrle to rr - a.rili clrloro c;'clolre.xartOtte ttroleculc,

s1',,rs tlrat t5e 9rri,v substilLr.iil at tlre tr - ari:rl pr.t:;ititrir lills oll tllc Il; and it slrould cxcrl

a p()sitive cotton cl'lict. 'l'iris hls:.ils,.r ber:n cstat;lishcd using thc aria! ltaiokcttrnc rulc.

IIcnce, axlal liriukctottc ruie ilt i.i r';;)*uiJl casc ill'uctllllt rulc,

oi' tiie nloiceuic {srr"l-'sliiir jiils} l;.tii

errrl;t1' tt'il.'l'l:1,; titc rc:il. i;i:iii;'rl:r i

di s,i ;trsioir t:1- ;.ilc l i'rt:1ci: t ii'.'.

2) Cunligurrtii;it oi (+) lt rtis - I {i - irietlr.l'l - 2

'i iie lii;l;t:liti ) c,tltll':irratiirii of'tlris
tiorrr thc sign trl'ct)ttutl el'ii'"t ut'tiic tltulccule'

i:rt1 rlil'lirclil ,JLrl;1t1l:). Nr>ptialiy titc li'gp1. octilllls aic

:irlJ iltq :rrii-isiituct"'.:;. '.'.1,i':h ulttiJc thc triltic:il roti''r'r

- decalurte

bicyclic Irtolccule could bc cstablishcd

1

t__
b

CiI\

,/'r/o'

CIIT
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wltclr tile urr;riirjillLll.i()lt ()i tilc r:;,ileculc in tt'lris as iri,.licaicii in thc iiiagra,r tirc (lrrr
,i:ij.i:':.li;ii,:.;.;i:;:l is irr 1;il',.i,'., i:;:iJe nlr.iilo rio ciriitr.ii.,i;ti,rr. ii,",.',uri'ttrc,,ts (.s, czal)J L'(, i;i;irig crliutorialll'attaclrcd to C),r,_ai-c irr [lrc ultl,er lcri ociarrt (l-, itr thc originaldiagranl). 'l lrcf iliake lttlsitivc rriirrLii-rutir.)l) [() cott11ri .,rlL.ct. I:rircr.ipicrrtal 

'alucs alsoitttli''',Ic tl;lt (-r) ii-rr:s * !() rtictlivl -- 2 -- clccrltrrro lrrs r.r ij\)siti\,o c,.lttorr clll:ct. iicrcctltc give rl coiliiqllt'll'Li()ll l'cili',-'ricnts tirs al.rsoluLc cuuilgiiiiitiorr o!'tirc gii,c. rr,lcculc.

3) ('rlll'l;l'rl::i;l;il ti' (+) --l -' i;ii.t,..: I ('.r tli;titr:i::(,i!r

['r r.n.I \:'^r
)/

//(/\t
\t

o
3 -cquatorial

---\ i.,'- \ i''
,!

iltlt,r.. )
':'r"

ii
U

3 - axill

a<--

'l ii'' ':iVcti lijt'lr'\'l:i.' .,l,tlt l{ conlii,liri'utirtit curt c:.rist in thc a.riel ptctltyl oreqLr:rlori:l ttiutil\i c.;tiiilt'ltllil.iott. ()ir .rPPIicetit;n ol'oct:lnt r-ulc, tlrr: a.xial prct51,l grouplalls t-rrl tlre uPP'r'riglrt octarrt (ic.) ii3 i.n rirc oi'i,.rinll clra5rrui, licrrcc s6ould lra'c.cgativc
l"lt'..1 

cilct't',,liiit tlic etlutil.rial c()ir{ol'rirsr shi,uld Lr.,.:1l,,siril,e cotto, cllcot, sircs t5csuLtr'l'IuutlI l'til:;'ir tlt.c trPircr lcii (ic) I-3 irr tlie uligii;;rl ,.iiag;apr. Ilo'ic'cr, tlro,roloculc
]:,::::l:]'::u, 

,,,1, ri'iir,, rric c.rrroi'incr rrus rirc 3 * rlrcir)yr group ar trrc c-quaroriarol'lclllllii()i), l;'-'it'.'e lirc ctlLtlriot-ial l,inn 1;rcdorrrinetcs irr tlrc 
".1,,itiir.iu,1 

,rixturc ar,d tlrccutlli'tlticr ti'iilt irrr.l;riivc cL)i.l(j,rr r-:,i'i e ,ji is tho lll'e doittisapl cgiilbrittt:r.

Solr,.,r.l l'rolrlcrr:s
i) r\it ot'3ritlic cotirlrou;i.l (l;llr,o absorbs ut 2-l-1 i,rtr (Irirax 15,000),280 ltril ()Jnrax

1,5()i)) lril''i at 3lli rlrrr ()-inl.r,20). It glvc a ucgative ioclolbr.rn tcst. It shorvs tholi;ikrii irrg ilt absi,rr piirr.:i: -r()3 7, 2:i2i, 27 17, i7r,u, r ryti, ijl ,:;;;.,,-,:i.' M;;
f,i)\:ur; r.ii:r :iiVus lr,, '," .. i\;i,,-i il,7? und 5 L Iiiciitily ille rilolcculc.

Suli.. iuir:
'l'hc l.l\i si)rcl,:'ul d:itl lirc i..rie lti'c ,lr'a, al.o,.ilrti,.: riirq.'i'hc llt atrsull;1io1, ut 3037 cnr-r intiicics the arriitatic C-ll str. I-his isft'iilrer ci;ili;ril'i 'uy tile I)i'cscric,i ili'n]irss s1;cctra! lincs lt 7[i arrd 77 (nrlz).clue to thcLrcrlitii:r: riirg. .,1.5 lhr.: Irrolc.:til,.: il,ri,;;i,i eils\\,el.ioJril()riti tust, llter.o is no Cil-rCO _group.'l'lic s$cirtlt carbott lrtay bc irt tlic ibnu of a carbclnyl grou1.r, a,d 1:ossibly an aldclyclc
l'ol'r:.'l-lrcrt 

thc UV abso'ptiirrt ,t',214 nur,rust bc thcl - n',,.u,r.itio,, jg0 
',r 4uc ro, ->x trarrsrrrur. 'r'lic 32ii rr, abs.ri1lti,.,ray bc tire I(_baird.

CI I.

iI

l{ * is0rrir'i
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'i'iie 
irre,;cri,":c oi t iii.i tirii;p is conilnricd lry the iii ai;surption at

thc doublet at 2iil5 and27l7 cnr"i LlEuegjfgt1fAkul,r is ilcnz .'l'iic ntass sitlectrunt niai' bc ilrlcrprctcd considcrirrg tite nr/z

l70tJ cnr-r. anil

valucs:

ntiz.l0(t

f €CIIr CIIr . Clllr . C = Oo

). mlz 7l

\1c. IicJ*a;l;tnicrrl 9ll I

(-ii. - ,, iu,,,
mlz6A

+ cthylcnc

mh.,78 rnit.77 rtlz.5l

2) Arl orgultic tttoiecltie C.itnt.l, sirorvs riil l.)V alr.sorption ncar or bcyond 200 nnr,
lR absoqrtiotts are sivcn. at 1720 (shaqr) arrd 3000 * 2900 (broacl) apart lronr
2960,2872 and 1"190 cnr-1. N'lass spccrral lincs arc obscn'cd at rn/z.88,7t,60,45
arrd .ll. ldcntifl, tiic irrolccirlc and intcrprct. tirc data.

Su l:i tiun:
'l'hc abscrtcc o1'any LjV absorptitx indicltcs thcrc is no conjugation in the

ntolsculc. 'l'hc ltrolccule ntust bu. aliph;itic sincc tltcrc is a possibility of a CI13 group in
thc ntolcculc dtre to a doublet in thc Ii( spcctnrnr at 2960 and 2872 crn't, characteristil oi
a Ctlj group. -l-he 

absorptii)i) .lt l-l9U cnr'r, is riur: to C'-li dcl-. l'l.le possible structurc of
thc molcculc is:

('r Ir . Cllr . cll: (cto:ll)
'i'iic cerb,.itrt'l lrinctii.,ri Ilray Irc in tlrc.fulrrr ol'a CIOOII group. 'fhis is

suppo(od by tlie llt abstxption at 3000 * 2900 cm'l due ro Oll str. and thc possible
catlrorryl absorirtiott at 1720 c,n-'. 'l'l,c rnass spcctral tJata lurthcr conllnns thc structure.

cl ll

I

Iv

.c.ltr . cr l2--c-0t I

it
()

nr/z 83
> CIIr- Cll--Cllr

o

nt/z 43

c;oorr
ntlz 45

H
nr/z 88
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3) r\n organic crirrrpound (-lol lr,Nor gave tl)e lollori,ing spcclral .lara:
tjV - 2S0 nrn (Inra.x (\6()\))

I:t 1460 (slrr'p), Jil3-{, i585, I510, I360. 1320 arrd 7.1t) cnr'i;
nrrir-- 6= 12, il{ (broarl, singlct), 6 : 7.39 - 7 2s,4li (r:nsy.rnnrctrical).
Identil'y t irr-: ri rolcculc.

Suli.r tiur:
'l'ir,-r tlltllccttie cilrtt.aills tn arornlltic ring;-r!.;i-;i;,.r,il ,)r,:15a ijV <jata and the

C"lllibsoi';:lit;ii t-rl ji.r.r.),.^,i"'. I-irc SitrU cnt' ,,i..r.,,i;riiiri,:r,,.i;c liriu1o a ()ll group, It is
supPorted by the nnir (0, i2). 'l'hc sharp pcak ol"Uil nray'rrc cigc tr: iltra-molecular H-
bondirrg wilh s,:,11.i,": o!tir:r i.i,i'or.iit.

'ii;c Lr*s;,';1ii.r:strical 1;atterrt of tiic airlinatic pri)toii!; shows that another
8roup, probabl;, a l{itr.o 8t-()rii) i.s rtiaciied to,tlrc riitg;rt tirr.: ilrtho position as indicated by
thc ll{ absorl:tions al i58.i anri l5i0 cni'1. 't'i,e 

11i".tt:it cJatas c;,;rtjrm the following
strucl u rc,

_- ()

ll'lil
{i
i:
ii

i\. l
,.,

.11

I

I

I

i

I

0

I

-L

-/ -'--

(",

**-l**'^
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LIrtlt IIt

h'*i*{ffl HSt DS

Introductiorr:
"l'liey ari; a giriuit 1,tl lttir:i.,.zr',,t;:,, t1"'^tt::,1,1't I)rcsctll irt tlrc usselltiSl ltiis t:btairled ii"()ilf

plant kingclonr. lrrrtiall'3'tiit,'t(ti";.'t-c,'lt{i1cs rv"is tt.sed to reicr lirc.sc compclLlncls. "hlnes'"

usu:rlly rclcr to Lnlsatuiat*Jri i;i,riroi;rlrr,ris rlld du rrot includc othcr Itrnctional groups likc

allh;,dcs, kctarrs cic. Brrt lliu crinrpclnricls *btaincd Iit-xu csSctrtial oiis ntay cotttain clne or

ntorc of thuse tinrclionul gr()up:i. Sti tn enconrpass ali such cornponents irtto onc lilld thc

tenn Terl;tuuiris is ''rs;d.

Any rr;itriral ptrrtlt,si. ,-,1:i;ii;;J 1\;;ni plants rvhich u;lon tiremtal deccttrlirositiull

givcs isoprcrlc as ()i')i; 6{'tl- ,0,,,',!J,",ut,s 11',t7, 1;", classificd as a tctpenoid. \Vallacli(1887)
termed this i:r;h;rviors *1" L\it: ii;lltr,il plirlit ttiatcrials as isoprcttc rlrlc. Ingtlld( 1925)

pointcrl oui thc I)rcsrtrL'r trt 'iru;ii trl t,,rii' fusion in nlost of thc'l'crpenoids
('l'lie suhstitutcd carbc,n sids is tlre licrd and tl're unsubstitutcd sidc is thc tail ol'thc
isoprune).'l'his is icnncrl '"t:i t1:'-t'i,,1 isr-rltrcric rule.'l'hc iatler is only a guiding principle
arrivirrg at thc stri^rctures o["'l"crp*;rr:ids. Lil course niarly cxceptiolts are also therc.

'l'erpcnuirls are c ias:;i ilcd
thcrn^

Nc e,l*

Isol:ropcnc irriits
I
3

4

5

6

,
/

-L--ti\- .1'"-,- >*-
ISOPRENE UNIT

on thc basi.s of

I;onnula

C'trtlltr,
(i 

1 5l"l2a

C:ollr:
C:strl+l
("rrri I

thu rturnber ol-isoprcn.: units prescrtt it

Classiiication

i!1tini:tcrpcnoid
*{csquutcrircnoirl
I)iterpe noid
Sesterterpcnoid
'1";'itcrpunoid



'l'erpc,oids 
;irLr risuariy isoiars,.t {roni tircir :iaiurai

disi;iitrtirln..\rib.\c(iusnlly nur"rilc.j it;r.rlugh Il.lctitirral tjisriiiliriiii.
sourccs using Steanl

I;li' tire rcneral shuriur.c ciricidatiorr
lil ol I i\1.Sc uiganic clrcriiislr"r, iesst;ri,*. L

lll:i','lilSt-r bi ilSi.ri irf thu St, t:i.liji.r_t r:jii,:i,il:tirrl

lcanrcrs nray look in unit
spcctror]tctric tcchniqucs

ui tcri,crruitls, tiru
.l V. ll<,i'! ir i ri. l'r i;rss
oi'lc,1rcri.,li.i".

Froti.' ;'tttalYtic;rl dita tlrc nt.lccular {irrnrrrle ol';;-p1,.ile \\,irs iirund to bc C161116.
sincc it,takcs up onl nrrile ot'hr0ininc [(] iilil I clilrrrir11itlc,.l-l)ircric shoultl contain oncilorrl,lc boud. ll:c srlr:r.;lcrl hvtlrJcarit0n li;r r;rirl:.: i.-.,,111;;i, ci)l_t.clip0nds tr> Cnll2rf_2, thC
$ellr-'Ixl l'ortltulir l0r iottiPi.,trii.ls t'itii 1ii'ii rirgs, IIe,rcc rr--1iu,enc slrrrulcl bc biuy,clic.

'l'his 
is ;r bicvcli. nioirL)turpurroid. It occours

lirrns.

(L-l)iil.iiJ ()ti lrLalrl,,.,rii,,r,i:tt Ctitln0liC
slr;(itire i:; airtl.i;, krrur,,ll il-_ lsi-i)illcol has a
secunii rirrg'/( S r r rcc ir-1:i rre;.rr i.,; li i r lc I i c;.

Ir]iarrolic
Cl -prrretie

irr tLiiireiliinc oiis in both (-) ancl (-)

sLrllriruric iciii lirrirrs u-tcrpcnoi, rvhosc
six rncnrl:clcd ring. Iloiv to itlcntily the

l-i2so.r

Ii->p\.,_

_!-c, tt-' -_'\

r cl-tcrpincol , an alchohol. So
, lricyclic ring flormation. This

fi-r)rrlcriq rs a liyJrucarr;.ri It undcrgoes rrydrati'ir to givc
thc carbon rvirh the hydroxy'r c,rc).p may u. i,vrrrvetJ irlrrrc
givcs rise tci lr.rtrr p()ssibic .;trrrctui..l.;.

-l'--(.-*, ,,, ,
-.t-

--- ----r

.< * -i- [.. R-1--,ga Li I c, L

I t"
l(

(r I

5l

{-'i-*l'iirrri*,



T"
,l

'{'iv;."tii,:;!1riits.,i,irl, i...t;;,i,.:irb.;aJ tiiilgs lrid trr'o structurcs rvith thrce

nrclibcrcci tirirrgs arc pr.rssiLrii; !,f rrri;tiri'* II can bc rriadil-v ruicii out otl thc basis of IJrcdl's

rule.(Accorciing to tiiis ruic, a iiiirii.ilu bond cattrtot tcitrritiatc at tlie point of I'usion of

snr:rll size ri,rgs, Lrecausc oi"rirrg sirain)" l'his leai'cs ti:rec structllres in thc fray.

llaeycr( I E96) iliawc.l tliat thc srcrind riirg is iLur lttcrttbcred lit>rtt thc litllowing

resctions.

r:-pirtenr: Li:; r:li"id:iiiiii .\,''ttii icto alkalirre potassiurti pcril]sllgeliatc givcs pincne

glycol. 'i'lic glycoi rvheli wai'ilr\rd *,irh alkalinc permanganatc ftintts pinonic acid. T'hese

tru;,, proclucts arc rluc to tire duirblc bortd prcscnt in d-1linclle. Oll trcatmcttt rvith alkaline

h1,1,.rbronritc, pin<xtic aciti uiidcrgloes iodolbrnt rcactiott to givc a saturatcd dicrrboxy'lic

o.i,j. Th. latrcr acid on bror:rination followcd by baryta trcatllrcnt and oxidation gives cis'

Irorpipic acid. lgain & Sclililiturri iiii:lrboxyclic acid.'l'he nrolccular lontlull oIcis-norpinic

re iri is Callr:();.

Colsi{crir,g tlio prc.;,J;icc oi' two carboxyiic aciris ar:d a gclll- dimcthyl

grtiirp.(fornratir.rrr ol'a-terl,inei;i).'Ihe potcntiat stlucturc of the ilorpinic acid can be

wriucp as (Ci[): C]qllr((lOzil):. if tirc nrctliyl groups and the carboxyl groups are

consiclerc.l as substitucnts, tlir:ii tlrc lbrrnula bccottrcs C,r[Ia, which corresponds to a

cyclobutane dorivative . Sr-r n,.rr-1,,,,ic acicJ is probably a dinrethyl cyciobutanedicarboxylic

o.i,t. t,, turn, pinic acitl cuL,lJ tir.:i.:l.rre be a cyclobutatte dcrivutivc witlt onc side * chain

of -CHzCOzll. All the abovc rcrctioits can bc lorrttuiatcd iI we assume thc structure ol

a-pinene as (X),

(?

l
I
,
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i

t\
r \\j
i.lrrl/r-l\-' i ..,/\:,/-*/

i :/. ALI<,ALIt.iE.\
1( M vrO4 

-7

Br,"t

pt,\{tc. Ac r:>

fCIal'l

i >r- I -----7\'--]---'-^-\ oH

,.cqH
S-- 7oz.v Ba-(ott)zi+i *\;Arr^.--)

---COzl-l

Q>-.c:sr-r

,< 

C).IENL
Ptr.{oAl/c 4ctD

I'laO13rr-

-- Ct+15'15

/"cc"H
f-'- f-o;r l]
l,-Ni
\-l

ci.* - N(JRpt Nt tc A(: I D

'l'hc posirion of tlrc doublc boncl is cortllrnrcJ as follows: Oxidation ol the

adilition pro,.lucr tirrmcrl by the adrlition of diazoacctic cstcr to d-pincnc gives

(-l; tricafuoxylic aciil. 'l'his confirnrs that the position of double bond is in bctwccn

C: and C1 arld ttot itt bctrvcctt C3 lrril C*.

@o
Ni- \rcH-COaEb

7*-PlrqENE-

COe!'l

--i-R\cARr3oxYUt6
Ac il>

7.ct=a{l
---f.{ 

= I\l Io_l -Na,

-)

1{ clc
c-+

tlar: Ar.kAuliE ('o F%H*G;""--- ($i
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rri
,Ir--<

/ Ni::: I
I

[:
)\l

a - P lhlEl{L

- nu\ r\---LU.t:L(-

\

,/Cl'[
CH;

:l

G(bH
tF^--
;\

{"_u2 t-l

\ - t- q)
FU -f- *-t

:-zr"lF

\-- coel.J

C6 -Tl<lcA RBeTqY Llc' AC \D

I;irrall;, lirt-. strircturc til',.i-1;iltcrrc lrar; lieeu conlrrrrtcd by its synthcsis.'fliis
sy'utircsis invt>lvcs lirur stages.

i Synthusis of non-pittic aciil(Ker,l929)
ii Synthcsis o!'pinic acicl ll'rtrn ttor- pinic acid (Cuha cral 193'1). * '*'' n

iii Svrrlircsis til'trans-piitotiic a,.:id li'ont 1:inic acid.(l{ao.I913).
iv Synthcsis ol'i-i-princnu li"oru trarts-pinortic acid(lluzicka 1970 -74).

('lhc linul part ol'tirc s1'rrthcsis has alrcady bccn clottc by ltuzicka using pirtonic' acid

obtaincd lionr ii-pincnc. 'l'hc teital synthesis rvas delayed bccause of thc dclay in the

syntlrcsi:i ol' rr,;r-p inic aciii)

a, $:::tl:g$rilrrrei:xrui-&[L
* g,:L Ci-J

+ I\1f{J t-J.C

\.coerl-
i'; LY A NOACETA-IE

e-O$JJ)EtJs ATl0$

a6. -t-.Ut-g = '
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c. 'fran$*inonic acid est.er tcr ct-pinene:

ttct"lr COB EL.

-

caEl:
EICNA .,+-

-ffJrr i;' rv'\* -?'*--cozEl:
6ln gI" Pi6rlc.t 6n1.ycr prc r3i-eR

rl
t ,LC'IA , n in -r\.r^ it-XMnrO4lzlOc\ ( \eHC ---- '-y

-_-+ L>^ ti* ry5ri/uce
rn-t) -}P'\cQail

uv^, '

I
^ r^ II 1l) Na . - r?rnrr -\

at\COrE k S tect< rvtAtl N co r'rlE NS ATto t'i . ( Y'

b^-- ca-.,v'. 4,hL - i\ydrolyEu,

Li.r NH^0\ 1-f 
l"iiia ,&[f, ,,,r^d.- + 5- piurarre

rri) rHJ/ q, ,Jjfi'ffiucsd
P{ e6"8tt}1.a"

ZINCII}EITENEi

This occoprs ip tlic (-) i'orrn in gingcr oil. Frtn elcnrental analysis and molecular

u,cigirt determination the nrolccuiar lormula of this conipound wss lound to be Cl:l{ul'

Oir catuly'tic hyiirolrcnation zingiberene gives hexahyilrozingiberene. This shows

tltc prcscncc uf tlrlcc douirl',: birltils.

J'hus the saturated hydrocarbon fornrula i'or zirtgibcrcnc (Cli5l'lza+6i{ = Cisl-lru) is

<iel-rcient crf 2li aton"ls to thc acyclic paraflin analciguc. Ilcrlc* lttust be monocyclic.

Sutliunr alcghol rciluction of zingibcrcirc givcs rlihydro;ringiberene. So probably

tw. of thc tir:uble bon1s x1g t'LrtrjttlrtiO. ':iiis is cantirtned by the lact ziirgiberene



e.rhibits opticll c.raltalirir \\Jl-i.r::s dihydrozirrgibcrcnc does rto( ftrrrn an adduct with
ttialcic arthydritlc. 'l'hc inrax for z,ingiberenc is 260 rrrrn. 'l'his valuc is grcatcr than
25irtlln. tlic t::rse valuc iilr lruiiir.xinnular diens. So z-inqibcrcnc i.l)ust conrain a cisoiiX
diclc syste,n.

Zirrrliircrclrc on ()2,-orlr)l'1:5i5 givcs acctoltc, lacvulic acid attd succinic acii.
Ilis:ibolcnc llso lonrts thcsc lrrrirlucts during ozonolysis. So it appcars probablc that
z-iir,;i'ue rcnc auti tlistli>olcne iravc tlrc sanre carbort ske le [on.

Oxi..lation ol'dilr1'.irtlzirtgibcrcrte (l) rvitir penuangi.rnete givcs a kcto dicaboxylic
aci'1, (i11ll:oUs (ll), u'hich, ort oxiiiaticln rvith soiiiunr li,v1>obronritc lorrns a tricarboxylic
aci.l, Clrllrxo6 (lll),'l'hus (li) rnust contain a rnctllylketone (ClljCO -) group, and so, if
(l) be tsSUnrcii as tlle si.iriiiriru ol'iiihydrozingibcrcnc, tirc ii-rrgriing oxidation reactions
clrt [.,c ibrrrrulllcrl ls li;li.ni s.

--)

LI) Lr) ts)
'l'lie pi.rsitiorts ol'thc coitjii.,rrteil tiiiiil:lc bonds arc arrivcd at as lollows.

Zingibcrcnc lbrnrs an aclduct with nrcthylacctylcnedicarboxylate (whiclr rvas not
isolutcd), tire adduct on py'rolyr;is lornrs 1,6 - dinrcthylocta -3,6-dienc and nrethyl-4-
nrcthylphthalatc. -l'lre fonnution of thcsc proclucts can bc explained if we assunle the
folloivirrg sl.ruc t urc lbr Zir rglibcrcnc.

A-_>+
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1, il -Dimeil iylocta-3,0* d ierie

I;inell1, its structurc lms bccn cunlln:rcrJ
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{ -rrrsAlrQLEN0

"fhis rccorirs in rhe oil olmynh and other esserrtial oils.
I;ror:r cicn:ental an:rlysis artrj molecular weiglirt deteultination the molecular

fbirnula of .; -i.risairlccuc r.r,as iiiilnd ro C15H2a.

Catalytic hyrirotenatior: of rl-Bisabolene gives a hexahy<lrr: derivative. This
sug!1,'rsrs thc prcsence oIthrcc iiouble bonds in y-t]isai:olcle .

'fhe saturalcrl hyiirocarhr;it furnula for rhis conrpound is 2 hyclrogen atoms
cicf ilci*,rtrt ol tlic con'espt"xi,.ling acyclic parallin ani,ioguc. Ilence y-bisabolene shoul,J be
rnonocyciic. fhc double bonds arc not conjugatecl is svitlent fiom the fact that there is no
ttv li':soryrtitin abovc 225tr:nt artd there is no apprer:iablc molal exaltation also. The
struoi.urc of irisaboicnc is an'ived ai lroni thc fbllor.ving set of rcactions.

Dchydration oIni.:r',rlidtrl ;ives a mixturc of cy.- and p- farnesenes. Tiris rnixture on
trcllrncttt u,ith lormic aciiJ gives a moncr;yclic sesqriiterpenoid. The latter gives
bisai:olene trihycirochloridc rvhen combineC with hirdrochloride, Trearment of the
trih;,'drochloridc rvith sodium acctatc in acetic acid produces bisabolcne. Based on this,
t'hrcc strtrctlrrcs can bc r,r,riitcn lor blsabolene( I io lll),since all three woul<l givc the same
bisabol0nc tri hl,d.rochlori cl e.

i{uzicka et al ( 19:,)) s}rc*.crl that synthetic and natural bisabolenc consisted
mainly of the y-isomel (llI), since on ozonol3rsis,bisabolilrle gave acetone, laevulic acid
and a smali antouttt of succinic acid. Structure(lil) could explain the formation of these
proilircts.

d - Br 54 rIDLA t\]6

, nf rt'\\-.

F*n,sABoLLniE
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'I* ersn ri

,\r,
oL6f\16

Structure II is ruied out on the basis of non-foniration of formaldehyde from bisabolene
durirrg ozonolysis.

Scmrnler and Rosenberg established the position of the third double bond.
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L..,'.1 t1l/.;-i\ut:\</' '\

*tdnan I\\tAv r tvl I
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* rlnfi* ,CtlvL

,t: ',\ 'i..: :- ! .t,.tt A\._Lil' .: Cvrdi..1 lgW)

A
'lalli'.\ L

Q -wserseLsNE

-L'|sis 
rs,.:;ttt175;fi \'itlitlus species af Art*rnesra {louncl in Asia). It is widely useil i,

r::r::,:ir,:irie as *n unll:lcii:rutz'tic {it1';x:; r,b* 1l*rv*r to exp*l inteslinal .rvfir.nrs).

l:;'"srit *.l,urrtLt1i.'J1: *:,i1'!ai's a*d fi1*l*c*lixt'\qeiy,ht ri*terminati*n nrolecular lbrnrula
i-,;'::,)-t;iil'\1tt't1::i.,h,) v;;Jt i"ttit,t;7 Lt:;"1:* i)tsll,lafil, Sa6toi::e is f*un<l to be a lactone, $ince on
t:'','.ri:'ti*nl with all;t:rli iL gi,.':::; r, ls'"ii,r*xy acid, Sanlcnic aci{(B). inl'rarcd spectntm showcrl
ii i'"t i:': a 1-1'**itsr,c" t)';', c'"t',ai'.{tic hyrlrogenation it forms a tetrahydro clerivativc, indicating
I"i t* rrcrrncc ti f' tr:;* ili: r:l; I * L:<;nil i;.

i;ri:*: L.JV ai:s*r3il.i** spectrum ()"rnax.:rrr:l("|irli] lt rr,n5 foun{ to bc an

t4{n

t

*-*-:+*

Zirre riust disrillatt*n at
:iv*aii anrcanf r:f i ,4 ^ dimetltyl-
sk*i i:1nir in *ant oztint.

santunint gives
7-ruplttlt*L This

;"1i1

#

ry,$xn*c.7zetr1

*+ l4q

I rr

1,4-dim*tllylnaplrthalens,propene a:id a

indicat*s the pr*sence ol'a naphtholene
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Sar-tt,.,rni:-1 ,:xiirr* tli r';ii;:;tiri:; gives seiltuiiitriin*-Cc" C iltr reaction with tlitrous

acirl gives hypos;rnloilin (D) tillough rsarrangenlent z\ii titcse rcactions can be

frlrmJlate<j if rve assr.lrlte the sl.iilr:ii:re iilsattto:iiti to be (r-r)'

-l:"t\- 7^x.
!a/\ l! \

,rll
L \_./--- /
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s 7(ra- Azu-4- c
C,eH

1B -r

'r1 r'{0e
*-*------)

(- t:,J

The structure of hyposanronint was establisheil as foikllvs. Santouin ort oxidalion with

pennanganate gir*t 3,6-riinrcrl:ylphthalic acirl (lf)' rvhcn hcated with ethanolic

iry.trortiuric acid,ln; gives a n'iirture of tr,,'o isotncric acicls, diirydrosantinic acid (F)

which. on hcating rvith bat'iuni Lytl"itxide, give the hydrocarbon(G).

B6lh hlpgsantonirl as wcll as ciihy.irosantinic acid on oxidation with iodine in acetic

acitl give sintinic acid(ll). 'l ire latter on heating ri ith bariurn hydroxide also givcs (G)'
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J.ire lbiltlrvittg reactitilis $'erc al.s0 carriccl out r)lt santr:nin(Aj. santonin on
redr jctioll $'itit irvdroiodic acii-i and pliospirorus uives s{inionous acitl(l). Catalyticrc'ir:;li0n o{'s;rtronin givus a icrrah;,{1.o dcrir,;itivc ijlir.eduction ol-olfinic Loncls) ancl a
ltexahydro de rivirtivc (K) (r'cJuctiun of both olcllrric bonris ancl kcts gr.o,p).

('-oi1ii)'lil,.i 1J/ tr:l .'1.-ltilit'-'ii:i.'il rcdrrclion gir,cs ilirrx,,,ictr.l hydrosantgnirt(l') antl tltis olt sclcniurt: distiilarion gavc 7 - cth1,l * l- nrcthylnaphrhalcnc(N.1).
Ci:r:rpt>ttt:il (K) iirrnis thu r;ii:;c l:,,'Ji,,rcarbitii ri ltcir tli:irilicd ivriir scieniunr.

Satttrr;tiit ()tl trs:ii.;licrtt ri ith col.l iirr::ing iry,iri:cilit;ric aciii uricerwent a
ll'll.1i):lgtrlllt'rl1 lo i.liVc de:;l:trrlrrilrr:;:lntonin (lJ)..,\li tltcsc i.ca.iioits i:r:: bc tbrrrulate<J as
{ir I I r: r'.'s .
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'i' ct i {tdi', l,:z tl al * u xi';l :t t't t r 1" i i t i" :, L'" { Ll J11i11 X i v C s

i:*i::i'ui tn iirhtr-' ilic purriiittti tti' alrgitlar :nciiryi
5,y;ri:iciris i1i' '3;.;1,1", (l) ;rrii ti;1,

(O). f ire {orlration o1' tire ialtcr w'as

gruup" wiricir was coniirmed by thc

fl.+L.

-**-iH q

h;:s b;cn ic;nllrncd by its syrttliesis.

r,1
r i)'Arroi i"uC.lStr!
**^**-_*-t?

fihilit * tCIr_

''$$ra
(i,ltacrfiiaaxo-

t.r- ) td,t
)al-t

Tr":O R&CIi{tL ActDs
4- + F- der*naral

. ititiTl{l A{l}n

It is a tricT-clic ditery:r:noid, rvhose m*l*cular {brmula from elenrental analysisrvas
four:ii tu hc (;oll3s01

Ccnr,ral rcactions indic:rt* it to be a monocarlroxylic acid. l'he carboxylic acid
gr"ilti) is vcry rliJllcult tu r:st,;ri{i'ur,il hcncc thr carboxylic acid group must be attached to
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a t-.r-iari,clri;iiri. 1t is sr;)l),.)i1.o.i Lli,'the lact tiiai abiciic:ir-:id cr.'olves carbon nloiloxidc
vvlrcrr *,anircti *'itit att suipiiut"ic lcid.

On cltlli,tic ltt'tilcrrcruiiion. this givcs tetraltvilrrtabictic acid,C:r,ll-r.l0:. Thus

abi,:tic aciri curiiliins trvtr tluubic trrrrrds. Agairr sittcc thc parettt iryclrocarbon is CreFlu

(rcgarding the carboxyl gLt:Lrp as a strbstitllcnt group), abictic acid is tricyclic.

'l'lic du,ublc bc,ritis are in coniugatiol is n'irlcrrl liortr t]rc Iact that it absorbs at

I _l S ni rir.

r\i>ie ric lcid on dcir,r .tlu..';r:iIion ri,it]r sLrlFhtir (r'c:itcrL-,crg). gave rctcnc.

.)
lD

ABrerrc AclD
u-\t03.'r. l I

rJr_r;11 vr toli.r,t

IJy oxiclativc dcgraclation rclcnc \vas slro,,vn tti i;i; I-nrcthyl-7-isopropyl-
plrcnantlrrcne and the strucl.ure \vas lrttcr conijrnrcd by syntitcsis.'l'licrelorc abietic acid

rnust contain thc lblloiving carbort skclclort.

During tire lbrrtration o1'rrjtcne thcrc is a loss in trvo carbon atotr:s, It is known
that during sulphur dchydrogcnatictn carboxylic acid group and angular nrcthyl group can

be eliminatcd. So it is rctrsr,.nebie to assuile tliat t'!rc two carbotr atonrs lost have bcr"-n

originally tiie carboxyl groulran.i'ln angular mctltrvl grollll"
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6-f r'na L c-H Il^
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tir l,te"sti { VtL

Synihesis ol'l{cteue :

LLd I

L u--;)

$uccinig-

-\alh.1 ,\ti..1.e /
pI cis

M. t{.i 
" ,,

H*p

ti,r rrl JP \
(ir,"ili

pe

R E'i-P xc
I)ertttangatratc tt;<.idltiun oi'abictic acid gi',,cs a nrixture of trvo tricarboxylic acids,

C11'f{11,O1,(13) and Cr:llrr,Ori(C). 'l'hcv upon sclcnium dehydrogcnation respectively gave
m-xylet:c arrd henrincllitc (1,2,3 - trinrethyl bcnzcnc). If we assunle loss in 3 carbon
atottts in both tiic cuscs, thc t*,o n:cLiil'l grr)ups in (t)) and (C) nrust bc in thc nr-prisition.
furtltsrntore, sittce (13) and (C)) cach contain thc mcthyl groLrp originally present in abietic
acicl (position 4).rcids {l})and ({i; nrust conrain ring (A) of abictic acid,

'l'his suggcsts thcrclbre that an angular methyl group at position 10, since
it can Llc cxpectcd lo bc tlr-'ciirninated frtrnr tiris position during selenium
cicltydr'ugcn:rti,itt ol'abielic rri:itl, (tlris liJ-rrrc-th','l is rlctl ttr thc -1-rrrcthvl group).

Acid (t3) wlicn hcateii ri,ith con. sulphuric acid cviilvcd [*,o nroles of carbon
rnonoxidc,indicaing tirat trvo carboxylic acid group arc attlchcd to tertiary carbon atonts :

the nrost likely posit,ion of rhis is position 4, in abicric acid.

Assunring tlre skeleton ot;rbietic acid to be (A) and also the assumptions madc are
corrcct the rcactions can bc lirnnulatcd as lirliorvs:
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-l^"^'
$cc.s1
G),

I rSev

+

\o=H
\ r\)

,si Lir",lr ol' ca rbrtxvl
Ituzir:ka cr ri.

}rA- xyttria

l-r()ul) al ltri.sititrn.l irr lilrieric lci.l

!{av,i t*t$\herre

(assunred abovc) was

?cs

@w*w
RlawarrgLtnenb

$j -'E-'
tlilCyllz,birt;.*

I"lclnlorctcnc contains onc carbon atorlr nlorc than rstene and on oxicJation rvith
alkalinc potitssium lerricyanidc qivcs phcnantlircnc * t,7 * cticarboxylic acicl. 'l'hc sanrc
pro'Juct is obtainable fionr rcrene urrijcr sinrilar condiriclns.
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| \.)i iji)r.:::".: t...:,, ,.;ljl i..-,-,;,ii,.r;i,ri; Lliiliing 1)lilef ilf()L:ttctS gXVt
l;ii:; sug'l*:iiii tii,rr. (iilr diirrbis borrcl i.s in riris ti. 'l'irougir abietic acia
,'' ilil lri;.ici; ;:;,i.',;.ii';ri *,li)()\c iirrr i) (-. it i:s irrrt J cir."iiri clicnu-r;ucausu,

1t

1; J

tliii ij\' .;itre t., i:;lli
rr ,,r.i.i l,u i.' i : ,,, ,..,

iiil t,;i;,;-.ti, ii ,:i i,i,-
irt',..r.rt,',-'> '-o i- , i'. ...

lrbr:rrr. "llrc rriirrirnilnl lJ\I vaiuc liir lurnroannLllar diene
ii:; dtiirhlc boriJ.s niust bc lransoid in naturc

l,;.irri;i ili:ir, ir,i e.rpllirictl by rlrc lact tliat abictic acid
,:r ;;t lt;iii,:il:r)\'c i(;ti " (..

-l'iie 
;;i';i,,.rl;ic i:i;:;i;;'i,li i,i' ;i;u ti*rrl;;; i..;;;di i,iif i_,c al ?:[i artd ii: i.i. irurtircr

eviii:ttcc lr;r liic:,u 1.rirsi1;'.ri,* is;ri'ii.r,ii;.i iil; lii* i;.t ritil itr tlrr oxiiiatii)n ol'allictic acid iri
giVe ilcrtis iiil .iir,l {r'i iii i'.i:iil; ir,,:-.'1, is iiiiliri. iiiigs ii atid f: ale opcrlcd.'l'his car't l)c
rciiiiiil, c.iirlli;,uii i;;ti','il r;ri,;s t-l ,,,.j (.'cllCii ii;i'v,r;:..r r"ii:r.ii;i; i;.iriJ.

.!r rr llrrsis: {Iittl:l"i "St,1l.l
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lilO:;\'N'l'l IESIS OIr ,^r [-1i,,^rL{)iDS

,,rr,CC=H

lliosyntlicsis of alkaloicls dcscribcs
lon;rcd in naturc (in plants, til' coursc).lt
invulvcd in tlre sylrthcsis.

13irs1'rtirctic appr.acir iir''rvcs thc brcak up of thc
Il-orn q'hic!i tlie corupourirl colrlil lilr:usibly be ,lerir,.,J.

Thc alkaloids are gc.c*ily classific..i r-r, the basis
prc:;cllt in thcnr.'l'hus u,c hcvc,

i) Quinoline Alkaloids -----ex. euininc
ii) Pyrrolidinc .,\lkaloitls ----ex. Cocaine

iii) lnColc alkaloiclc ----c.x. t.yscrgic acid
i t')

'fhcre are somc alkaloi<Js rvhich arc classificd on thc brsis
cx;*ngrlcs PIIINAN'l'lll(ENE Ar-KALoIDS; tlicsc alkaloicls
tlrc products during dchydrogcnations.

the actual pathivays i,r,hcrcby ths alkalide arc
also statr:s thc individual stcps u,hich are

conrplex structurc irito units

of tirc lrctcrocyclic nuclcus

of thcir rcactions. '['hus lirr
give nlrcnantlirsne as one of

'l'ilus tltc alkaloiris havc a grcat divcrsity of structurc. So it is inrp.ssible to
devcli'ip tittll' otic patit$'ay l'i;r rlie bi,..isy'ntliesis oi alkali-ri.ls. As a rcsult nrany pathways
have bccn proposcd, each orte accounting for thc biosynthcsis of a nurnber of alkaloicls ol'
rclrtcd slructurc.

I'he rllost corniutlrtly posulated stcps in biosyrthcsis are the extra skclctal
proccssss likc oxidatio., hydrolr.'rrltio., dchytlrati'n etc.

. l'he biosynthctic tcchniqucs involve the usc of isotopic labelling to trace t6o
actual patltrva,l's in biosynthcsis. 'l'hc starting cornpounds invariibly ip t5ese sy,thcscs arc
the substanccs whiclt arc procluccd in the organisnr itscll. Sonrc cxanrples in alkaloicl
biosynthcsis are givcn bclorv:
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'i'lie i--io:;;'';i.;tclic ciriivcl':jii)1i lj'altrir:rl rcids intit aii:liriiiis irrr,',.riys
rcaclionJ. Sur: r,:,.ri' tircl'll lre,

': :,;ci;t-lltr'ril.liic.iii rii';ir1.i.^t,"iiriric rcsuits iii tiiu iirril':l-li;r,r; ill"::r; ;lltitir;.
- .. ii,:, '.^i) -=-+ li.';: . .i i , . ..

.,\ii:, .::.,iii;i.;

iri i:ui'tir::ii..il: t;I'Sciiii'i ':; i,.:r . j
I{t-ll {0 ,- ltiii i, i{('ii=Nl('

ii::llelr;rict; rJ;cLiorr-ic.i,.ji;;i: irr ilic fi;rrrraiii;n u,'a ri u:rierlrlry Sciriri"s basc

::i.rio t i:.l.rril __b i,lii .- c.il: r- li:i)

ir') uxidative coupriing i)l'l)ircr(iis rritir tirc iiuigr ol'oxii.iisi;rg agcr)rs.
13iosyntliesis ol'son re clilsccs ol'aikalords arc gir cn ilclorv.

1'ryptt'ryrhan is bcii;vcil to h
alkalciiils. Secrlluganin is [,ciicvc.1 ttr
l,o,vrll;iii, a rr::turll icr'i;e nui,i, r', irii:li i:;

AH'

Mt,.VALOltlc Ac lD

LCCr,a rut N

'l'hc bios!'rrtlietic proccss lb: ciuinirre n"ray be given as Ibllo*,s:

HO-_.,

lt,/. L
\)ar' \-

6rn\r''r/ l,,ro
H

TRYPTAMI^IE

c thc prccLrrsor li:r thc biosyrrthesis ol' cinchona
, bc anclther prccursor. 'l'he lattcr is obtaincd lronr
)iir)wn lo bc dcrivcd ii'trnt N1e valonic acid. Tirus,
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'l'hc pl'ccr'rrsol's lirr this group <if alkaloid-s inclucie orpithine, N-rncth,vlpur,eaci'c, I{ygri,e ctc. I{orvever, in this .0..,-)-[c. o;;;;r.'gave ri.se ro(tropine l:rbelc'i 

" q-1.hlso sl.,r'tiri,g.)ljiii l\:]ncrh.ylpurrcsr:inc (labcled), NFI2N(CI-12){'sNIi''cll.r, l)f1)rluced 1.,1:i,',. ,rirli'l!N:'cllr.'l'liis.ir,rbl;rlr.,, thc lact tliat thc,itrogenatonl itl tlrc alkaloid is derivecl iiorn the aririnoacicl precursor. A possible biosynthcticprtl:w'ay is,
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Tyrosine

COar4e

aicoPL

ECetoIIi{E

PI'IENAN'|HR IlNE ALKALOIT)S

1'hc opiunr alkaoicls arc beli*,cci to be biosl'nthesizcd front thc alkaloid

Reticuline. Reticuline can be dcrived frorn Norlaudano.soline. The latter lcads to the

alkaloids, 'Ilrebaine, Codiene ;,ind lvlorphine, through oxidative coupling.Traccr

expurinrcnts indicatc the ion:ratir-rn ol NiirlauiJanosolirtc liom Tyrosine. The biosynthetic

process ntay thus be formlated as follpws,

coP-H

H2----l"Y'o * Hffiftuo
'tioAJ/ *,^ y,c&

DoP4P11rt5 e.4 - Dl BvoRoEYPHENYL-

OH

Ar4p-

WY Cn|,tlNE

COCAINE

NORU,rl..tCA r'lr$tilE

Acerauoa-Hyat

REn CL|LI ilE
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tr. .,,irrt'jl;ffXl Prorlrii't r','iri-'lr {)ii .sclcnir.rn ,.lir;rillirirrr gi'cs l)icl'.s lrl,iirocar.[-ir)n rnii!.

Gerlcrally thcy arc obtainabl.; ll'riiu the uns;rpurrriliablc lrurtio.,l'iars a,cl oiis.f,: :tiresis ol' [)icl,s lrlrjr.oclrr.irolr
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DtEurs HyrDFtocA'R-r3oNso' tite charactcrisl'ic Icaturc of a stcroid is tlic prescncc of prehydroplrcnanthi*rr
skclcton.

1aIJ

+
5



iJuiirrc 3,;irrg tr: tl;,:;rciir:ri :;liliclurai clucidation t.ristcruiils, lct us have a look at

tirc lollowing rvirich lnay irc Liseilll in the structure elucitiarion of steroids. Structure

ciu,-'idetir.rl 6i' s;.er9ids gr 1ir:-ri :rxiLler ar]!' natural irrr.;dtrct is usually dr:lic through

o.t: teiivc r-lcrlrrr.ieriilns. Sct:raiirilt cl'steroidinl kctutics ii'*nt ttthci" oxidation products is

<Jii:rcult, as borir thc steri:iilei kctones as weli as l.ircir ticrivativcs are soluirle in cther. In

ord,:r tit (r\.c:c()r'ric tlris i)rr)blLrril two rcagcnts have becn developcd by Girard,

i) C:rard- 'l' ii) Cirard - I'.

Grirrd - l':

Ef ,,lit- t 
H^coac b + rq He- N n" *3.->

c4 E';Ci.l

P *iou

fbe'.t-.r1-u-NuxAa
G;itrE"nd

ruq-Nt{z 3+
Ebohl

_T

Girirci - P:

lr-\,,, ./ \-i,'

i.i:/ + tr,1i"-.c%.Lt ,+
,

Gbr
@a,LJe

(airis-r.cl * ?

Since tlle reagcnt is polrr, it's dcrivativcs arc also likely to be polar. So will be

insuiublc in cthcr and hcncc cau bc scparatcd casiiy froln ollicr oxidation products.

UeitqL,rr.

cH5

,n3 
, ttlt

(.$.rt)tr\-^*o
>'rd{'--L::o,'a--
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'l'iiis has '"liofirolvtic"lai)irrity torvarrls liacmoglobin) aciion ald rupturrs thc blood
corpuscles.Ch o ies{.erol prevcrr rs I hi s homol y1i c acri ori

i:i'hen diqitolin is addcci io a steroiri suspcndcii in water, i:l adtJition complex
snluble in p1'r'idine is; abtrincd. Or: addins ethcr tothis, thc digitonin gets precipitated and
the steroid can be recovorL:Ll as iis cihereal solution, Evaporation of cither may give ihc
stcroid' ]'liis is chai'acteiistic oi'3ii-OiI groups irrespcctivc of rhe ciinformatinal nature
and f usion ol the r:ings (AiI3).

vl,

t*J'*-.)

Cb,rtfr-i;lt"'"*'f rpicrr,o&xht.#

?--"-.5/t--
(: Sidnch'aix-

i*)""'ur .D
C CIpnc'9J'?li rrt F.Pdcry'roshYtC

Steroidal ring systerns:
f ire BlCl and CllD rirrg fusions in stcroirls alc rrans. This nlakes the steroidal

systcfiis ligid. tlut the ring A/B fusion can be cis or trans. 'l'his rvill have a dircct bearing
on the reactiviiy of'stcrols. rs Llic 3 * ir;,droxyl can bc cirlicr axi:ii or equatorial. It can be
cxcrirplificd i"ry taking thc lollori ilg c..:aniplcs.

Consi<ici lhe above cquilibriunr mixtures. In the llrst case, the equilibrium will be
shiii;d ni,lre torvards cholcstanoi. In the othcr, it rvill be shifted rnore towards
epicoprostanol. This is because in cholestarrol and epicopr:ostanol the hyilroxyl group is
equatoriai. 'l'ilis is to bc expccfi:il, since in cyclolicxane ring systenrs the equatorial
isi,rlrrs ilre rnorc stlblc thr,r: Lirc lxill (1,3-non-bondcd inte-ractions)

Dn,elopntent C ii:icro tecl:ti riucs:
Tlie ant,ttttrt of stcroirls obtainable from natural sources are of the or<ler of micro

granrs. It nray be difficuit to adopt conventional mcthocJs for the analysis of them. This
neccssitatcrl tirc clcvelopmcnt of nricro techniques.

i_>
{.{**d

r')
K

ttttet{
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Afr g tLlgr-nq$ y- l- erry,Jr i,
prescpcc ,.;i'trirlLiiur :1*ii;.,i gt{)rips is a st-rccilii lcatitre associated rvitir stcrtlitis.

'['itc;.irrgtrlur llrctirvl groltl-1s;le ilirl';lrs'll' irl cottl'igtti'atiut'r'

P roteqtl n glaiii-r-et-i-t.t g 1l i'i.itl : I 1 l

'l'[e collrplurity r,i'thu :Lr;'i;rial nuclcus and thc ])l'cscl]cc of cight asyntlttctric

centers in the nucleus ol'a satui'nirii stcroidal nuclcus arc rcspol)siblc lbr thc developtnctrt

ol' a.:livatitrg ar rtJ prrltcut iilg gi"Lili fii, iLr thui r s1'tltlicsis'

Norttenclniure :

Ck;r;at stcrt;idai s.\,s{!jir,:i *'ith rinc Aiii lirsit;n trans arc givcn tlte nortttal

thu:; rvc iravc citlc**ttnol (;1,'ii iir:;ion tratts).'i'lle stcrui ri'itii t'ing;\il) fusion cis is

as coprostanol rtr epicliolest;iitti, iliil iir bile lcirl noittcrtcllttrre tltc rcvcrsc is truc.

acicls with i"irrg i\lll lusion *is ri iji ;l::r e iit; tloitllll tllliitc. -l'lttts

Cirolanic acid (ring Ail-i tusion cis)

Ailoclioianio acid (rir;g A/i3 lusion tr:rns).

tsarbier - Wie l;rnd:lggfid,ilitr; l$]I)i
Stepping elor,",n of a clrboxy,iic acid by ortc carirott ltortt is thc basis o{ IIWD. It is

clotte ls lirilou's.

i)
ii)

EroH I Ho
R.cHacHRcoaH

[h0s -* lqLH +4 R-Cii**{
co) '

M e i s-clrer * rv i el tl- de graii lrl i r: rr i N'{ W Dl :

Stepping dor,r'tt of' a carbiixylic acid by thrcc

csssrlce of MWD. f'he scirurttc runs as lbllorvs:

EAlL"'ijicolbo

oht 
?t

R-cHa-cuz*t rPk 
r

Y"*

Itanle,
knorvn
i.e bile

QeH=$r^sczEt t-*-B-
L|'l<a;.*1

/?L
o7,Hzf,a+ ) R-cHz-cFl=t - P^

*HeCI

P,i."e O

flgr.rzoPttE t'loN E

carbon atoltls at a strotch is thc
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R:tt^cu* c-l*2fs2H

p"fiJyq61 {*tv
7t!:, {'\^l

-'1--1"1.1- \- r ,r-,
l\ ai-

F4iry1f,e*-*
*c$we

ph
* * P,{*

b;^-

ffi*{-rfC-}t***bl rC

Bh-

/F.t"
\-#

8/L\

P,{IT
#/
* HBrt

R-cH: ctt-cH = *'lfA#, R.ccrH +

CI IOLE.S'TEIT()I-

Soiirce :

occurs li'cc {tr} as fatty acids i, thc brain and

Color ltc;icrions : SALKOW:jKtr I{IA(.TION
\Yhcn c.*,sulphurir: ;icid is arJricd to a chl*r'i*r.nr

cr:lour is produccd in the chh:rofbrnr laycr.

LIIB[lth'{ANN BLJI{CIir\RD f{tiAC'l'iON: When a chkirolorm solulion of cholcsrrol is
added to a ntixt.ure of con. Sulphuric acid ar:il acctic anhydriclc a green colour is
developcd.

R"**scneClUCqzEL-

4aXH1So4*------*
*HeC}

h{BS \ r J{*
$ 0' n,, 'i'*"o'';^" R-ctl*- c H* cH =f rpl

n [fu{.c- g'fsPi:ulion \PL

,H-COalI + Plt.Co

2.6

spinal cord uf catrlu.

solutron of cholcstrol, a red
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Corr:,titutiun:
i; Frorn elertcnt;.tl arr:ilt'sis and rnolccular wcii:lit detenrination tlic ntoiccuiar

iornrui;r oI'chlrlcst.:;'tl rvi:s ihund tr: be C::ll.rr,O.
ii; (:tlI*rliiilin trio.ride r;riil.,tii;il sli it gives l kttot:c. s() r'llir.\i crililuiii a ;.,r:coiliiari

aicuiruiic ri:r)iil).
iii) On r:atalitic rcilur:tion it t:ll"cs uir (inil lrrole of ltydrogcn anrl so ulust contaiit t ns

doublc irr-urrl.

ir') On sclinirun irydrti{tr;;rtir:n it gives Diels's hy'drocarlton.

rl
1--r€

_--*)

t.{ Y-}RocARBoN

@
I+l

nlsthods have lirrl bccn uscd ntucit lilr structurc
proposcd thc lbliorving structure.

YaE
I

?-1

F.{1"- c.,

G:L*obfi^ot, Il_ >) 5ac'c

c[R] gENE

Al a tirrrc, lvhcrr grlr3..'sicll

elucidation, Wl:eland anil \\:indaus

r{0'

ISut X-ray nleasurcnrcnts by Bcrnal havc sho*,n thc nroleculc to bc long and thin.
l"he structurc of cholcstcrol has bcen cclnfirnrcd by oxidative stuCics and inter

conversiorts, rvircrc it is convcrtc,.i inttl cornpounds of knorvrl structurc.
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j)1: r :iiIcsi rrrt ! tn cliriI:r Ir !r.: ur-!iij
x\\/riting part strLrcturos arc permittcd in narural proCucts c6c-pristry,

tQDNrt-/ Ou
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-_le-clPF€'-<I.I.RNE

i* ag.fclu

lAoo'' 'Lovl
u.cr Socfa'---' -IoH-6-- e{

nc r-i' L.LL) H:t f A

- c-l to -.il

CHOLANIC ACLl)
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iiii,i trrilliltic li, tirr-IIirr,l:rlrilrrerr*
[Jccause ot'their cdili*nru.rtional naturc, tiic llrrec hydr-rxvi gr'ou]rs in cirtriic acicJ

It;rvc ililler"ili'; reactiviti,.'l')lc ir;',.irr'rxyl groups at posirion 3 is cqurl.orial Whcreas the
otlt;r tw'o Itr"rl;'rtxvls arc;11i:ii. Arr':r:rt lhe 7 & l2-hvclrox.,,!s. 12-axial hyr.iroxyi group ir,
irrr',iivuil in li-b*riJi11g rviiir tlic:;i,ir clrrin cariruxyl groi.rt].'lhus ihe cni,iroilrricni ol.thc
thret lr-viirox-vis arc dillerent. iJri'r:u:i,i tircir crn,irt)rinrcnts lre tiii.lL.rcnt, thcir reac:lons arc
al.s', dillercnt.

rtlf IVrl
I
t

ii
i-Jit

bu
i-i- Lr, ,'-lir..,q

Oxidlrtitrir ol-alcohols is l rcaction in i,'hich a, slrl hybritliscrl carbon is cilnvcrtcd
itrt,r spl-ir1'britiiscil. ic it u'iil Icl.i to stcric rclicl'or sr.'r'ic accclcration. ht cyclohcxanc
systetlls it is this lucior, uliiclr nrakcs thc axial aicolrols ntorc rcactivc tiran cquati.rrial in
suclt s;'slciris.;\tttottg tirc t',irr:rrill liydroxyl at 7 & 12, the laltcr is involvctJ in Il-
[:tirrdirtq rvitlt tlrc sirle clr:riir C:rri,,'rr.,'!. IIcncc thc 7(a) *Oll rcects lastcr than tirc l2-u -
ist"'rrtcr. 

-l'hc 
lcast r.eactive or:c is tirc cquatorial hydroxvl.'l'lrus tlrc order of reactivity of

thc tlrrcc hyclroxl'ls is,

7(a;:,1 2(a):.3111.

i\cct,v'llti,,rt is a rclctit.,i r ri'hiclt incrcascs tlrc sizc rlf tirc group. ie. steriC
rctiiijliiun. Ni;iirilii,'iit a c;'el.;ilc\;:iie systcilis, tlic isoriiers react rastcr than thcir axial
coutttcrpal'ts. So thc ordcr of rcacliv'ity of thc thrce hydroxyls torv:rrds acetylation is

3(c) >7(r)> l2(a)

(Agrirl, siircc tlrc l2-hydro,r1'l is lrydrogen hondcd to rhc siiie chain carboxyl, the
7(u ji;rorrr*r rrlicls lirstcr tl::rr: ll:* l2(li) isonrer.

Norv rvc cln forntulrt'J tiris convcrsion snroothly as lbllou.s, now thc sclcctivc
oxiii;rtiott o{'I2-Oi{ is achicvctl, tlre othcr t$'o hy.lroxyls can bc dcprotectccl and
rctttuvcd.'l'hc stclls involvcJ irt tlrc conversion r.rl'clutlic acid to cliolanic acicl rnay be
rcpcatcd on tliis kcto acid.

-- -F
t I t ttCtt-l
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CYo3 t ol
S ;il e c-l'r,ri^ Ottctc,'r t c;n

ALls:Hc:l,-4 xriC Act!

5.'l-lrc structttrll skClctrlli ril'cliille :rte ru'l is lurtlrcr t'cve ;'rlctl ls ltliiorr S I

i) l'osition ol'double bor:d and hyiiro'xyl group'

ii) Conligtlr:rt it;tt tlI' hydroxyl'groitp'
iii) Siz.e of variotrs rirtgs i:t cholestcrol '

ir') Nurlibcr artcl pusitiut:s t'ri'liltgular ll)cth)'l gtotrl)s

v) 'l'lte ttaturc artd positiort of sid': chain

vi) Finaily tire totai synrircsis tif'cholcstcrol (thc lirst syltthcsis of cholcstcrol irt

thcluboratorytookabtitttZi'5'ttt*toaccu'l'pli';itbccauscofthcconrlllcxitytll'
the nroleculc)

i) llrisitititt uIrlottble lriit'it lrttil lrrrlrurt'l l't'rittll
'l'hc follorvi,U *li"it* .*;,lmb..n ,1r,l. otr cholcsrcrol' l'he rvindaus keto

acid obtaipccl is subjecterl t0 (llctrtttlsttsctt tctiuctiott alri tlrc product subjcctcd tg llWD

t*,ice. J.lre trriril BwD ca*r..t bc tl.*e on trrc aciil ririr,cd .'lthis is bccause it has becn

tbuld to bc a tcrtiary carboxylic acid fronr its dil'llcult cstcrillcation'

at(orgu)s .ve)
oo\-Q*

- HrO

o'C;.4

Zi-Hq \
*

e6n,tlcrt

cho,hrJP'Pt

82
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a

'l'its curiro.xylic uciil i:ioLtl) w.us obta.iireri by iiiu o.r:irjarion ol.a kcto groul) at thatp,sition : 'l'he kcto grotri) i. irr"* j,r., bcc,.ot rri,,.J rr."i,: oxidalio, or.hydroxyr group ar

ll[::lll;]:,1[:1]ll:'ii,:i.i':'ili{il}i:I*,,i;1,,1 bc 3 ,,rs ;;;;ii;,, o,.hy,,roxy,

I

I

O nz-pl-
*,S
--) CvO.'

-$)

r'.it io ir

Pr,cbcfr':r1 s'i
3-oli 'i,

r-IY
'i,;-^\--' l:-r-)

ct DAzrierul
,\

ptt'-'Lr'vlFo
'l'lrc ilil:rr.luctir)il ()l- u

is a euttclusivc p;1;.,1tirat tlrc

P<Ui.rji;rr u l' riu r : Ll_:_lZg!, j"

Acxcl^h lAc (r.l co[.HNos 
ll'crOt viny{rc }rilirJirr

-

(ttl r,r!- Hafre /

CH5r,! Bru

ol' tlrr: plrcnantlrrcnc nucleus
in cholcstcrol.

+ -M€-r"^t p r,r.*.!5 )rX.lxo aabavr

ne s' ir:cthyl group ar posilioir 7
grt'rsition ol'h1,i11..rrrl gr9ult is 3
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w,^rx

-llr,:Ji,rrc"''l-"irtelirt'tlti:r1;;riJll"ollcdcrivltivc"l'hisprovcsilt0

be a (-.likct\)l)c. ()ii trxiti.rtiirtr it ;:i'':'- 'r tctrlcitLror;lic aciJ *'it' sa,lc llulll'cr of carbtl,

atollls.'l'ltis sil.iris tlilt liic t*'i ':rl'";lil-g""';'s ule il) rrro tlil'lcrclrr rings' ( lhd they bcctl

i* tii : ri*il. tire ri tlic ,ri;.lir.t r',,i.;l.l L;ut" I J'tt"fl'ixy'lic lciJ *'itli lcsscr'untbcr of carbcltt

ato,ls, i. t'is cuse). ('ritt',.L.,iicJ r.'".,ti'u givcs u siat-'lc kcto acitl 'St'r it lllust bs citlter a

i or, I kett,-eciJ. llrrt it is \ iiris bc';,' ilitcrrcil lionr thc pi'ritluzollc derivative"I'hesc

relr'titltts clrtr hc li'rnrtrlatc''l iit'r'":'

'ur.tlrcr,clrs 
clli,l,r,,re rol 61 oi)pcrl3ucr oxidltiiln givcs a kctotlc rvlticlt rvas

lirurr.l ttr [rc cr'rtr.iirrlalc\l, ic, tlie ti'riil''1si"".i """'t'irrttl 
ci-l.j,g'Iu""l]ris is possiblc o.ly

ir.th:.iou're [,.rir,.r is lrrauu,i i;r ircr,v"i*r 5 arr.l 6.'irris rr;;li i..ou,',, for thc for'tatiort o(

thc (-tlikct..)lld 3s u'cll ls tire c''ii]ti:l 3tcJ cnolle'

,,) Cyo3

IJ"1

(\_"\
,x_;,



'l'tiis is i)lr)1. r{l [r,y thc ltydrtix-1'llirurt srtrr.llcs tione ()u Cholcstrol.
ll1'di'ux,ri..t.r,ri rii'ciioicsii.,i gir'.'s li trio[.'l'lrc triol cuul,i ire urriS,.liacctylatcd.'l'lrus onc
ui'ii:; iiy'.llilr','l rrir)ul) is t,:rli.:r'r,.i i:is :rt:rin is lrrissi[ilc r;itii: il'll:u tloublc bortd is placcil
ilr irui;i'ccrr 5 arrrl b.
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'l'hi:; aci..l r^'as itelrtcrl rl'itlt ucciii lrriiit'dridc tu lirlnr a lrctoric.'l'irc corriiguralion gt't6c gs
-- (':rl.iltt.r.-vl is i:i;rtsiilcrcii iu ire ii,:r:l . irt orcler lor iuci..ini:ilirir.rrr to occur tlic colriiguration
ol"lri'.lroxyl gruui; also sltiiril.l bc bcta.'l'his is lrorv thc cuniiguratiop ol 5ydr,x1.i gr,up is
il'ru'.1.'l'l'ie i':it-ititrs possitric crrrriirrrnalions an..l tlieir irrrpact ol lactorisition ha'e bccr.l
titrp, icteri tl)()\,c.

Siaqpitluiqus_r r ngutt-C]t il lr.' jlld
'l-o llrrtl tltc sizc oivli'ious rirrgs in clrolcstrol tlrc Ibllorv,irrg prdcedure is atlopted.i,i Sclectivc oPertirrg ol-a pui'ticular ring Lr-r give a rlicarboxylic acid. -l'[is 

is dope
bY rerrroving an-\' clsilv oxidi.sabrc qroul) lbund in othcr ii,rg..

ii) r\Plrlicatiott ol'ilirnc'.'; rule c.r) lhe tiicarbo.r,riic aci,.l rv'ill throrv lighr on t6c
siz-u ul'tirrt rirrii.

ie 1,4 and 1,5 -diceriro.rylic acid on hciiinii r,,,.ill gir,e a cyclic anhyclriclc
tr'ltcrcas 1,6 attd 1,7 - r.liclrl:oxylic lciris on heatirrg ri'ill givc-a ci,clii kctonc llss by
(rirC Cl-il'tx)i't.

Ottc scrioLrs disadvarttagc herc is tlic Ulanc's rulc lails in cascs whcre the
lwo catl)urr'l groups arc atl:it'.:lrc..i to trr'r-r,Jiill'rcnt rirrgs. In sircir cascs thcir heavy
liiutll sllts:rre l:clte.l .

!lizc uf riiri, ,\:

iir u.- irL I

--'iu->tl*,
LL) Ui -^/)

Ac: O

1 ^ \ HQ(\v) . A
cl olu-ljnJ t a\diclobttl

a. tr 6 - cliccloxgii LOtu'd

C0rt, H il05 rr.-. fl.tu \

to)
\-{ c.t

'l irc llrst sci.l lbrrncd a cyclie
'l'hus the lirsl onc lnust bc a
acid, l'l:irs tire size ol ring r\ is

ketoric. 'l'he sccond acid
1,6-dicarboxylic acitl ancl
six-nrcnrbe rc.l.

a^^

fornrcd a cyclic anhydride .

tlic lattcr a 1,5-dicarboxylic

,, SczO-.->/)
o -t

^^t*5 
o("t t(P
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l-]ascrl tllt tlte abovc obscrvations ring Il in cholcstcrol is also lbund to be s"1:'-

rrrcnrbcrc.i,

Sizr of rirrg C:
('hulcstcrol dot:s nut c*-rrtlain any casily oxi..lisablc lunctional groups in

rinil C'. So *'c huvc to depend on thc studics donc on chcrlic aciil only. (The s:rucrural
rcl:rtrorrsltip bctu'ccn cholc.;tcrol an,..l cholic acicl lurs alrcady bcen cstablishcd.)

'2kl

nrroH

r-15-=->
Rc.luu po';'tf No ,4, .

c no L*ha^^ ' bl - Seco -
d(car.bor.rh. 

od

cr c^J c-Q"Lc K&fok{

di ati l.L/

87

Si.ri:l[.111ll!

1Li.; X^ [ uorc

ii; tuu" l{NC3 I

A -Ls-

.,.-- i t:, !a

rz.*kefochofonic
Clcic/ '



F{r{03
--- - -*->

((r)

tr(;"
|jq,,
lit"
I

.i. :,

.rii i,-'')r''

a

Ii
,l

I

I

t .1.,1 tl ^l f. !

)'.i.2 - j;t,.i t"

'T" 
-:.-? ->

criat itlsi

Aqa
--**;---')

,.. n t\:.XA,.rC Ir tt-^s Y r^t! Ja\tf

({.

G^^ o.^l, rcl.rid(
So ring c irr cholcsr,cr'i rs .r]:it; i'r;r,er iil bu six-rtrcr,bcrcrl.
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' cholarric .r.'r,i ,,rj sLrr,(dSsivc. riwD(trrricc),arkarine rrllxrbromiteoxidation,again tlwD li,liuw,:.i l.;;i en[,i;i1i.,rl givss a iticarboxylic acid. l-his {irrnrcd ac)'clic anliydritle <irt llcarirlg r"1ili l'-"' ' ilnhyiJii,Jc. Thus ring D in cholestcrol is [ourrdto bc {i ve-rncintrcrcd.
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ill:ii;i i:ii tirc rilrg cilrb0t)s
t\\o call)0ll atonls. 'l'hcsc

I)()sitioi)s ol' thc stcroidal
riiicicus ol' cholc.stcrol. lJut

i't,.;:liItL: I i';tii! ii jlti. l.it.,ijll : _:-i,rrijlS:
\', i;,;t l],; ll,,:. _, i.. ,..., r,ii Ji.ii;,,.i iit iiic rl.:c

\\c;e f)riI i.otciilcl. ilrere *lis i,,iiiiij ttr be :i s]ttlr"l.ar.c ul
ci.ri ,]r)r) i,hiiliS \'. e ru [!)[irrii t, i:c I)re:;cnt i;r i]re arririilr
sk: i:tti.. 'llr,ii gircs allc:r:,i lir c i..sitii),s Iilr iir.;rrr iri tlic
*'ere {iruirr.l t, i;u ilicse,r iit ir()siti(,ns i0 arrrl iJ as lirlloil.s.

t- ' ,.,.r1,, i

r: '-'..

,-"-^-..1,_--"-- ..... 
) \

,tltl"f c,A---l
L'Ji'''.;lr-,.r.4 k"b

, 'L i...,-.." i{L, 'J- {.) ,,.i,-r
. 'i '|v;-.

-l-

(l-Lii .i a 3o- carlb g\bc
Crtt_d

\r? - $i wt.c-l\( p &enna.\^.UVe)u.

'l'lrc \Vindaus li.clo l:cirl olitaitrcJ b1' oilcning rirrg r\ ul'cholcstcrol p1
('l,"iultctisr.:n l;r(lrictrr.rrr rli\us a c.iii)irxl,iic aci,.l..l'llls,,.il .r,ilrc sutljcctcd to tlWI)
tiiri''' lri icc. 'i iic r.csuitiii,l ir!iJ \\,rs iirurrtl tu iiu te iiiar\, irr rratur.c bccuusc oi. its
rlii'tlcrrll t:;li'tillc:rtitiir. -i i,-' ii;i::r;\' i:;iil|c tii'iltc c;lli;0rriic licitl is attriilutcd t() lirc
lli'Cii'll(C ol lt;t :rlti.ltilir i ili:.',1,.. i t,, .-, lli llt-i i.\):;;:irll).

t.1', - an(trl:r.r' rrre thvl grrll:): lrclcr priirt rrunrbrr 5(i;i)l .

'l'lrc ctittbililtltic tiui:riricJ [)]'thc ti;.lening ot'rinri l) in clrtllsstcrgl op sc
dei, ..lroqcnlt;\)rr qiVe.i 1.2- dirrrurlrvlpltenar:ti,,.*,,..- -l lic lorrrration ol- tttc ltttsr is
pu.sr;iblr: oni.r, ii'tlrc lltuular rncthvl group is pr.cscrrt at Cr.r and not at. (.rr(llarJ it bccn
at ('1;. l.ii.:ti sc ,iclrvdlitge nltiorr r,, ,,irl.l liave gii crr l-lrctli1l-1tlre rrlrrtlrcpc eltly)
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,) :.-iJlr'r i,l.i;ll,_li.llii,;;; ..,. , ii.: ,_l

ii) Jl;"iirur:ct:lttiott t-':1',,lcJ'iiric bonci-i in tlic siic chain anci thc oiircr ursi.ituratediulrcii.riial gr()Lllj:; i,i u:,.., r.
t')i, i,;j..*,.,..i.,i;ili.,,l.
ivi ]ixPulr;i,ri ,l'eiisii,t' ;;,iirii"i.s;ri;ic grr;Li1;s if prc.scrt aio,*4 u,irlr otlcr groups.l

f .:r"t rlitrrr.i: liritl llos;ijri: [LiilUf!.U:
oxidatilr. ui'ciiirur cltoicstcroi or iis accr.iitc givcs a Kctonc rcm,isccnt irrstircil tii' llriliii'iisoiic.r., i ki:, ,:t;{ Sriiuii ir; Liscri as oitc ,i. lire t,.i.s uscd ibri'i -i'iillilii'r;: r'r'di)il;'." ". , tt , ' ,,',.:ir). :r,,, iii.: :;i.ic .:illiirr is i;r:iiu:i.ci ti; t;r.;itiai, iriliiii:-1 iisuire.r,vi ,licicr:s iic. ii c..r;i)(i;r iJf()riiJi 

r/urru!(-t1

(_ortr.cr.sii,rr ril'clrt:i;:;i,;:icrrl lr) c()l)l.osiJr,ic anri cLi i.; l)ii;)g of cerbon atortrs cloflc oiic:li,laltic acid sidc citaili :lii1l siilii'i;nal supirori io rriis Iuct (rel-cr poi,t,u,ibcr.s 4 and5)

r\i! thc slel',i'i:r (rlr i'''-r tlr:ir)'rirogcrurtion gil,c Dicl's hyrlrocarbon as one ofllic ilt'uiiucl':s' 
'l irc laitcr ur-iillli;r:; e rrritiryi-grr;up at"pi:siri0n 17. corrcsponcling to tliecli,lestcrol ttrtclcils' 'l'hcy 

ttirt-r' li': clLre"to"rlcgra,irii.,,, ur sicc cJrai, i.to a methyliil",Ltp at tlt0t y:oi;itiorr: j,orritii:,rr l7 i.s aJso sil,.plrrt..,.l irj"ui.t",r.c obtaipcd fi.crrn X-raypl:i;lograplis and suriiicc jl j;ir illcasiir.ancllis.

l]t;,;:::;:cal 
ct'ide;i;r liir ,r;r aliacirurcnr,t'ihc side e liairr at pt-rsirion t7 is given

5f]-clttlla|iic iiciri rtr..', bc i-rbtainc..l by thc o.riJation o1'5fi - c6olcstanr,. 50 -cl;"ianic aciti ntay als0 l;c oltlaiii,:.j b.v tirc o-ritiiririn r,i'deu.xycholic acici lirlloli,eci bya cleinuictlsctt reducti'.,,. 'iltus the side chai, in cholcstcrol a,d clcoxycholic acicl arcin tjtc sattic 1;usit'ion. I'Jolv tiur;:l'elltilis acicl can also bc corrvcrtcr] i,to I2 - kero - 5p- cliul:riric at:i.l *,]ricii,ir iir,.i,;i,r i,r 32A0 4, il;;;,rI,-.r r,rrt c,.bo, clioxitic Lo tbr'rdcltydroilorcholcttc' I'ltis, u'itctr iiistiilo.l u,irli selcniur:r Iirrnrs 20-rncthylcholanthrene.-l-l:c 
structurc uf tiiti l;riicr' is kii.wn by its oxiciaiiun to 5,6-clir,etl ryl-1,2-br":izantilracill;ll()11e, t:]'i:11, itt tui'ri, givcs on liirthcr o.rir.ilr.i0n, antlrraquinonc - 1,2,5,6- tctracarb'rxylic acid' l;ji:;llly thr: structlu'c of 20 - nrcl.hylch,la,tlue,e las bee'cottfirt;tctl by its s1'ntilu:;i:;. 'i'lir iirrcgoing facts can b.explai,cd only if the sicleclr:iirr in cholc.stcrol is irr ptisiiir.,rr ti il,ur,

CvO.,.__:__)
(0)
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Irinlriiy the slrttcttlrc of'the cholcstcrol is coriill-nrcd by its sy,r.hcsis. "l-hesy,thcsis dcscribccl lterc is that rvhich *as clo,re iry'lvou.trr,r.a ct al. The nuclcus of.cltolc'stclol ir:r's eiglrt as,r'ttirrrclric.-c,riers.'fhat nrcans 256 optically active fonns arepossiblc.'l'o sy,llir:sise tir'; birl.i,ir:ill,v acti'c,,,,; ii;. ii,l,iri., is prcscnt in trrc a,inralki*grio,i)' lot oi stcrc'cltcttrical :r,ti rcgi.chcnrical .o,.,rrors arc to bc appliecl. Flcrcgtlcs the syrtthcsis olchoiosrcrt:I. 
o---'rv'r'rvsr v'rrtrulr drs tu D!: ap[

SYr\ I-l I FI.SIS:

l'hc starti'g r,arcriar Ibr this sy,trrcsis ,anrcry, 4 _ nrethoxy_2,stoluaqui,orc was preparcrl fi'urrr 2- ,rcthoxy -p-cresor as r'ilo*,s:

g, lHcf- 
*&67u'

_-*__> | L/ I'cfuo-A,'-\li2
\-/ \

FQC[3 "]\'arts

-=';>-\-\ oA,T'Tt-rP

was a racemate resolved by rcduction ol t'c kctone with sodium(+) .for,r o1' 3p-oII is scparatect. I(coxicriscd by oppenauerrcsultirrg kctonr'' is rcducccj with I j: _ ltt.
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ESre::e : Synthesis I
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Synthesis II: (llughes eral)
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i'*/y$ .4rr*aCl, ' aV"-J.

1r) ;in.-r.,Ilf / f1,1

Lri) 1v 03 Co)
s-ou b J)c'o

Cholesterol to progesterone :

r*.1Acro/laonc
3 -oH li 3--ok

cho&,-jinol (il Bnr o.dditio,r

ti)?i""1 ELOH
A

(i I Ae, ,H"So,-q8.ttot.

g0i*#,*^HHla-----.s 

I

A(or-4i23!,f,la,x"B cr.r-Rua -wA BuuM R€rqENT
Dut-e-\tetiovt

[Side chain oxidation takcs placc at all thc branching points giving difl'erent products]

Bile Acitls
'l'hey occur as antides of giycine (NI'l2ClI:CO2ll) or taurine (NI-l?-CI-l2CI{2SOll{)

atttl arc lound in bile, a sccrction of liver.( Ex) glycocht,!ic acid (glycine + chclic acid )taurocholic acid (taurine + cholic acid). The bile acids are prescnt as their soclium salts
and they act as crnulsilying agcnts in the intestinal tract. -l'ircy lattcr action makes the lats,
rvhich arc \vater irlsolublc into soluble and thercby Irelj in rheir absorption in thc
intcstinal tract.

;\bout tw'enty bile acids havc bccn foirnrl in naturc. they arc nrostly thc
hydroxyl derivativcs ol5{3 and 5cr - cholanic acitjs

Alrf t^,ri.rn ci
Sp" c-["ola*ie <i-d

. .-ClLl
Lr) Lox

?vob ct'i o* 31 C,.o- L.to'-,-

-

G.) *Wdsh 4 \f* ujaxl& '

t.rl': r-ilLu+ | rxr
- (-C:}{ *-) - cr}o

.3I g,,*ro*.
iiGu*i--Ik'rJ
rulGyL a.'*) ,l-.r5 rt*

I \--l I
/A\--z\

Pro3rllfiru'rr
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The positions of thc hydroxyl groups arc any one or nrore of the following:
3,6,7,1l,l2 arrd 23, Alnrost all tirc hydroxyl groups are 'cl' in configuration. Some of the
nrore inrpurtant bilc acicls arc:

Narrre

Cholic acid

Deoxychoiic acid

[,ithoclrolic acid

Chenodeso.x;,clru I ic acid
cr -l Iydroxycholic acid

I'lt,tlroxvl grouns
3u,7a,12a
3a, l2u
1_..
-) (r

3cr, J tx

3a,6a

Source
Man, Ox
Man, Ox
It{an, Ox
lr.{an, Ox, I{en

Pig
Ily selcctive protcction and oxidation of hydroxyl groups in cholic acid all

but a - hydroxycholic acid can be obtained. Fcr cx

bo.rl

PROS'ti\CLANDINS
'l-hcy arc chiefiy presertt in human seminal plasnra anil shccp vesicular gland.s.

1'hey also occur in a nunrbcr of'tissues incrutling prn.r.rr, lungs, brain, kidncy etc.

Structural cl:rssifi cation :

o

]A"J
fct

&r &(A) (B )

AJ,.,Al
L )) lil 

tE)
-,AJ. (r)

Prostantlic aciil: This has no homronai activity. Thev are ctividcd into 6 major classes.

70
pro 6f6rnoic f\cid

$,.r.0 /VII

Itohot-,;'r tJ $.'*

^'":,.itl,*l.gk
chotic oc^l
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In every scrics,r.hcrc are thrce typcs of compouncls. For eg IrGEl pcllz &pGEl &
PGFT,PCF: &PGFI etc.

In all the conlpounds the side chain is the san1e. 1,2,3 contain respectively I ,2,3 -double
bonds. l'he following 6 prostaglandins are consiclered as prostaglipclins and these are the
one isolatcd lronr natural source.

a

oq ?&El

oO**r=,

I
bH

-
OH

btl

P(at r

PqE8,

AH P6Ftd-

cr.t{

FGFr o-

of PGE2 and PGFf2 a -
rate of 0.05 mg/min. has

g'l

fTw*'r
trW

ag FqFgd-

Norprostaglandins and homoprostrglanclins are not biogically acrive.

Biological Pr0llertics

PGE: lowers B.P.PGF2 cr - raises B.p. Low closes
stimulatcs contraction of the utcrus. Infusion of pGEz at rhe
becn lbund to inducc dclivcry wirhin a lerv hours.

Prostaglandins are used in the prevention of pepric ulccrs. An aeroscl preparation
of PCErcan improve inflow by relaxing the smooth muscles of the bronchial tubes.

l'lre infusion of PGEr and PGAI produces an increase in the 1low of urine andsodiunr ions. This indicatcs thrt prostaglandin in thc bocly hclp to regulate t5e blood
pressure. Experiments have shorvn that pcAr can lower blooci pr.r.u...

PGEI has bcen found effective in widening the nasal passages by constriction of
the blood vcssels.

l0l

o
th

AY"'\=v,fI I A+"utu
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Structure elucidation of PGEI. IrGFJcr. PGETB :
Both i'GE1 and PGFI fonn monoesters with alcohols indicating the presence of

the carboxyl group. When I'CEI and PGFI c[ - are reducecl with Adams catalyst in (pto2y
ethanol ,rvc gct dihydro PG[1and PGFI. The clihydro dcrivativcs do not have the IR
bands in thc rcgion 960 - 970 cnr -1.'fhis shorvs the absr;rrce of tlic trans double bonds.

Both PGEr and PGFI c lbrnr acylatcd dcrivatives with p-nitrobenzoyl

chloridc.PCEr & PGFI contain 2&3 -Oll groups rcpcctively. The IR specr.runr of PGE1

showed two carbolryl absorptions onc at 5.87i.r(1700 - 1725 cm-l)end the other at5.77yt

(740 - 1750 cm'r). 'l'he lirst one corresponds to carbonyl absorption of the carboxylic

acid group and the latter due y'=O group to which corresponris to cyclopentane

carboxyl. Ilcnce I,CEr has a cyclopcntanone ring.

'l'he relatiorrship betivecrt I'}CIi; and PCFl c[ was cstablished by tho formation of
the lattcr on reduction ol thc fornrc-r rvith Nallllr ic PCEr on NaBHa reduction gives
PCFI a. 'l'his reaction involved the rcduction of the keto group in PGEr and also gives
rise to a sccond reaction product of l'}GE1. when PGEr is subjected to CrOt oxidation.
Suberic acid was obtained in high yield HOOC(CII2)6 COOH. This shows thar six
unsubstitutcd methylenic groups are present in the chain.

oxidltive ozonolysis of the methyl ester acetate fo pCEr gave
0 -acctoxyheptanoic acid

HO2C-CH-(CHz)rCI,tr

I

OAC.

'this indicates that seven other carbon atoms are present with the following
structurs.

=CH-CH-(CH z)a CHg
I

OH

The abovc 7-carbon chain nuy be directly bound to rhe ring through the double bond or
attached 'irr a - CH = group and that one of the carboxyl groups in the suberic acid
originates from the ring carbon.

Pcriodate-pernanganate oxidation of the trimethyl ether of the methyl ester of
PGFI o followed by lrlass spectral analysis of the fragments isolated by gas
chromltography revealed the fornration of a cyclopentane carboxylic acid derivative.
This indicates that the double bond is disubstituted and placed atleast one carbon away
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fiom the ring' 'i'his further suggests that ths carboxyl g.roup of the suberic acicl mustthercforc origirare from the 5 - mcmbcred ring and the zff hir*;[;;t, pGEr musralso be prescnt in thc ring.

Front the above discussiorts it is clear that I)cE1 is a cyctopentanonc derivativecorttaining two sidc chains w'ith carbon atoms 7&8 an<i rhe clouble bond anJ;;;';;;;hydroxyls in thc Cs chain.

Wlrcn PCEr was tr.,,,.d with alkali (0.5 N NaOII) it gave a compound found tobe identical rvith PGRr (LIV 278mm). The acylated nrerhyl ester of pGBr give onoxidativc ozonolysis, sttbcric acirJ monomcthyl est., r, succinic acid and
G -acct..).\ylrcptanoic acid.

PGB1 5>Ho 
2t)(CH2)6 COOMe + HozC (CH2)CO2H

+ CH3(CHil+ -CH - Co2H
I

OAc

(i'e) all but one o[ the catbon atoms of PCEr are accounted fcr. fhe fiormation ofsuccinic acid shorved that 2 v'icinal methytene groups are prescnt in the 5 mcmbered ringand accordingly the carbon atoms carrying iide chains and the keto group must be
adjaccnt. Now two arternate structures ..n uidrawn for pGB1.

rl

f1,^-tr-.f-.r.o.n'-\A('-zV
OH (3

lf PCU1 has srrucrure (y) rhen on
ketodicarboxylic acid. Since rhis
structurc of IrGBr. Now the llartial

lf we esrablish the p,osition of the
PGliland hencc PGFl are esrablished.

oxidation it would have given a eleven carbon y _

acid was not formed structure (X) should be the
structure of I)CEr can be written as

second hydroxyl group then the structure of
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The sccond hydroxyl group is in the cyclopentanc ring and four positions are
availablc. The 30 - nature is exclucled by acetlation experiments and hence only two
positions are lcli rvith. The placerncnt of the - OII group at the 2 carbon atom cr - to the
kcto gruup rvas also ruled out by thc Irilure of I'}GEs as wcll as I'CF1 to undergo oxidation
with lllon or Pb(OAc)q. IItnce 1he second-OIi group should be at B -position w. r. to
the carbonyl and hence the structures of PGE, and PGIrl are

'l'he B-.ketol structrtrc for I'}CE1 is also supporterl by the iact that on treatmerrt
with wcak alkali or acetic anhydride it gives the G, p-unsaturated ketone PGAr which
rciirrangcs to PCIIl w'ith str_:ng blse.
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t*l N osloc
Rvov,aitto.\'ror.r o-f o.ltrirro fn ur+.

WJ

Uiq s r5N

- t+RY
\1'L) HoAc / t-t^O

uy{vo\r* .+ 'e;"d^^o +

&-P-atickit-'
l

..,,(gH^) bcoal'l

C5' l{ 11

tlaBH* + MeQl,
X..,.,L.u^)6chH

w$|l!ya=zc5t{11rrrl_t bf.f

Stereochenristrv:
'l'hc I'GI;' cotnpoutrds are lravitig the nrexinrurn numbcr of asymmetric centres ie

5.'fhcse are Cs, Cl, Cu, Cr2, & Crs.
I'cE compounds have 4 asynrnrctric ccntres at cr, Crr crz & crs.

Reduction of PGEr with NaBI Ia givcs a mixure of PGFr c and pCFr p which are
epinleric at Cq. The absolute configuration of PGF1 $ has been examined by S.Abraham
ctal by X-ray crysrallography.

From the study of X-ray cry'stallograpy of tri-p-bronrclbcnzoate of the nrethyl ester
of PCFl pAbrahanr rcprescnrcd thc str of pGFl pas

,qO$n'ii

conscquently the structurc of IrGI:'r and pGEr can be written easily.
dH

al""'..r^'1"'ca*'r
*p*'$-"ffi"r,
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The absolute congfiguration of these prostaglandins has also been determined by
chenrical methods.

oxidative ozonolysis of the acetoxymethyl ester of pGEr gave
2-acetoxyheptanoic acid.This on hydrolysis with alkali gave 2-hydroxy-heptanoic
acid."l'his compares with a relcrence compound of 2(s)- hydroxyheptanic acid . Hence the
conl'iguration at C15 is S.

'['!rc dcrivation of thc absolute conliguration at C;1 depended on the results of
model biosynthctic cxpcriments (The enz)rme system present in the vesicular glands of
shcep which converts all cis-8,11,14-eicosatrienoic acid into PCEr was allowed to react
rvith ll-cis , l4-cis- eicosadicnoic acid whcn I l-hydroxy- i2-trans -14 - cis-eicosa-
dienoic acid resulted.)

afi cia - g ttr\t+ - ucll3o'ttr"i llnoic alts

'l'he ll-hydroxy-12-trans -14-cis-eicosa-dienoic acid ws shown to have R-configuration
at Cr r by comparison with standard conpounds.

'l'his C1 position corrcsponds to C11-position in PGEr also and hence the
conliguration at Cs r is It.

'l'ltc stereochenristry at Cs & Cs2 wes deduced fronr OI{D data as Cs-Cr and Crz 0.
['Gt]r is lacvorotatory and shows a strong negative. C.E. at about 300nm. This can be

explaincd when the carbonyl and side chain is cr-oricnted and the methyl end side chain is

Soricnted. All the naturally occuring protaglandins have the same absolute configuration
at the asynmetric centres,

C'
C,)

Crr
Crz
Crs

VITAMINS
General Information:

In addition to oxygen, water, protcins, fats, carbohydrates and cerlain inorganic
salts, a number of organic compounds arc also necessary for the life , growth and health
of animals (including man). l'hese compounds are known as the accessory dietary factors
or vitrrnins and are onl-v necessary in very small amounts.

Fr0
R

R
R
R

S

IrrCt

R

S

R
R
S
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Our body cannol syttltesizc vitamins (cxccption vitanrin D - which nray be
produced in the skin by irradiation of sterols), so have to be supplemented in 1bod.

Vitanrins arc arbitrarily classificd inlo the'lat soluble group'(Vitaniins A,D,E
and K)and the 'water.-soluble group'. (the reminder of the vitaminr ;. ]thuugh the water
- soluble vitamins have ditl'crcnt chemical structure, their chenrical reactions are
common in o':r* feature ie. Tiiey all take pan in reversible oxirjation - reduction processes
in the body. 'l'hus they lorm a parr of various co - enz).mes.

In,llodUction:
It occurs free as csters in fats,growth in animals and hclps to build resistance

towards discascs.Dellciencv of vitamin A1 can lead to night blindness. prolonged
deficiency of it nray lead to xcrophthaatmia (hardening of rhe cornea) Carotcnoi6s are
converted into vitamin /\1 in the intestinat mucosa and fceding experiments showed that
the potency of o - and y carotencs is half that of B - carotene. This provitamin nature of
q,- carotene lcd to the suggcstiott that vitamin Ar is half of the ntoleculeso[p- carotene.

Structure elucidation:
From elcnrental analysis and molecular weight deternrination the molecular

formula of vitamin A1 was found to be CzoHloO

Vitamin A1 on catal;'tic h1',.lrorenation gives perhyclro vitanrin Ar (CzoHaoO). this
shows that vitamin A1 contains a hydroxyl group indicated by its ester formation with p-
nitrobenzoic acid. Hence the parcnt hydrocarbon of vitanrin A1 is Czol{a.O and
consequently the molecule contains one ring.

Ozonolysis of vitrmin A1 produces are molecule of geronic acid per molecule of
vitamin A1. this indicates the presence of a cr-ionone nucleus in the molecule .

Permanganate oxidation of Vitamin Ar gives acetic acid. This suggests the
presence of some -C(CHr)=$oups in the chain.

All the loregoing facts are in consonance wirh the suggestion that vitaminAs is
half the p - carorene structure.

Vitamin Ar 
-on 

heating with ethanolic hydrogen chloride forms compound II.
The latter on dehydrogenation with selenium forms io - ai*.thyl - naphtha[ene (lll).
The above reactions can be formulated as follows, if we assume structure (l) for vitamin
A1 (Heilbron et al).
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Hct',

tlaPH Erotl

(r:
G) (tru

rLorl

Itpl

\"I,
* 'lt'*n # 

e*yg ) Na+()xH3

liir cx=*r
Liti, Hao

ii3&94 ezurfu
Tn ce oJ 11,

C+Ho '

A1

Karrer synthesised pcrhydrovitamin A1 from $-ionone, rvhich was found to be
identical with the compound obtained byreducing vitanrinAl. This synthesis is given as
an evidence to support the structure assigned to viiamin A1 . Finally its structure has been
confirmcd by the synthesis of vitamin Ar itself.

Synthesis I (Isler etal)

I

-+ 
us'rffi
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Synthesis II (Van Dorp etal)

'sY"t6* *3' EJfl-E*b:rr o* al'"!, )
i

fia qirxaNq/HoI
t j -=;____>\r- 

- Lr\) cl.t=Cll
e-uelrX{rXclo - r.ia/ x u.
lng1.o.n Orte

ti.r Eb\8.

tii,: \__)_

ft*o-/-r\ffi*-ffi..H2cH
Vitamin-B complex
Introduction:

This complex includcs ail the water soiuble viranrins lound in ycast,livcr,rice
polishing etc. This group contains a vitamin knorvn as I)1, w,hich is destioyed by heat.
various compounds, most of which are sl.ablc to heat, known as 82 complex.

Bt (thiamine (or) aneurin
The absence of tltis causes beribcri in r:ran and this vitarnin is thc antineuritic

factor (hence thc natrte aneurin) Rice polishings, yeast and eggs are rich source of this
vitamin.

i) The molccular formula of thianrine chloridc hydrochlorir]e was found to be
CrzHrrN+CI:OS

ii) When treated with a solution of sodiunr sulphite saturated with sulpher dioxi6e
at room temp, it is clcaved into trvo compounds, I & II. The structure of this
vitamin is cstablished by a study of the struiturcs of these two con:pounds.

CtZHt6N4Cl2oS + Na2SC3 9:a, c6HgNoS + C6H9N3o3S+ 2Nact

rll
It was found to be basic and the nitrogen tertiary (because it does not react
with nitrous acid)
The prese,ce of one hydroxyl group was established lrom
monochloro compound with hydrogen chloride. uv studics r

the side chain.
The sulphur atom ws lound to be in the
further conlirmed by thc los.s of sulphur
solution.

ii i)

ir)

v)

L the formation of
indicate it to be in

thiazole ring from UV studies. This is
while treating with alkaline plumbite

ll0



vi) Conrpound (l) an oxidation with nitric acid givcs an acid which was found to
be 4-methylthiazolc-5-carboxylic acid(lll). ln. structure of which has been
confirnred by its synthc.sis.

til Cor,t&u,loiiov

rLLi) uydrc

irnio{onrn'.atotiJq
c o^oQ')

d - f5r o rr'too.qfo c<rhc'erJ'fl'l
, ,^r.Ol. )

N--#Hl
\nA.*,,

g

. l'hus conlpound (l) has a structure sinrilar to (lll).'l'he fonnula difference
bctwccn (l)&(llt) is otle of the sicle chains ie, subsritucnr at C5 in compound (lll).

Irrottl the difttrcnce in rtrolccular lbrlrula bcrrvecn (l) and llti; ie,C2t{5O-, we
can u,rite trvo possiblc structures for (l) ie(lV) & (V).

On oxidation eithcr o1' these compouncls coulcl bc convertecl to compound
(lll).Cr:nrpound (l) is optically irtactive ani docsn't givc iotloforrn rcaction.Hence thc
correct structrlre for (1) is structurc (lV).

.NH !to\/rl5

(r- '"lL*.

^U.:cu2oH
(g)

,Ctta

Tt-;[-.;r{. crir
(.3 I

Synthesis:

c-4,

N--r1tH5
U-,g\r^.eHeoH

r I)
Structure of Cortrpound II
!) Analytical data indicate rhe molecular fornrula to bc c6l-IeN:orS.ii) on heating with sodium hydroxide it yielcts sodium ,r1phut., indicating thc

prcscnce of a sulphonic acid group in conrpound(ll). It also forms sulphuric acid,
when hcated with watcr undcr pressure at 2000 C.
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iii) On reaction with nitrous acid it gives a ntonohydroxy derivative indicating the
pressure of an amino group. The above reaction is slow indicating that compound
(ll) has an antidine structurc.

HCI

1500c
CoHrNuO+S + NH3

Conrpound (ll) on heating with hydrogen chloride under pressure yields ammonia
and cornpound (Vl). The UV spectrum of VI is very similar to that of 6-
hydroxypyrirnidine" So compound (ll) is probably a 6-aminopyrimidine
derivativc.
Sodium and liquid amnronia reduction of (ll) gives 6-amino-2,5-
dinrcthylpyrimidine. lt was confirmed by the conrparison ol its UV spectrum with
that of synthetic corlpounds. This ws furthcr confinncd by its synthesis.

iu)

v)

,NHz.,,r(.*u t.-

Acat-as"i dirte-

vi) Sincc tlte amino group is found to be free, thc sulphonic acid group may be
attachcd to e ither of the tw,o nrcthyl groups.

vii) Sodium and liquid rtntnronia reduction of thiamine gives compound (VII), which
was found to be 6.anrino-5-aminornethyl-2rnctirylpyrinridine by comparing the
spectrum of synthet,c compounds.[t rvas further confirmed by its synthesis.

Cl.I \( ) HO Ac -Hc 0

ELqq. No.O Et_
tflas -----)

Aa! u

6rl;Yr-i ts-
fzYq>rrCn.c.ie

"*(;.J(l *'*"
Acet-anridirro

EILOxvh Ll\i{tg^^[- -
+',r-"d^^.vlt;Q,

I'hus in conrpound (VII), there is an amino group instead of the sulphopic acid
group in (ll). flence the sulphonic acid group in (II) is attached to the methyl lroup at
position 5 and thus (ll) can be represented as below which is proved by its synthesis.

!-^ t i,r hoxo
tui) 

--+LL() l''lrlru
rp.\ -t}H#o#

us^Ir #'"S

(ii) l-lR-Pd-6

A-aYYdvto -5-c{N1o -
i-",otn/p-/uda;'tc

g

tt2



'l'hianrine docsnot contain sulphonic acid group hut the hyclrolylic product (lI)
obt:rined by treating the vitanrin rvith sodiunr sulphite conrains sulphonic acid group. That
mcrns ths carbon carrying the sulphonic acid group nrust'be 16s.point of linkage to the'
nroleculc(l).

'l'o accouttl. li;r thc lirrnration of(VII), [r'ugnrcnt (ll)ntustbe linkcd to the nitrogen
atol)l of fragmcnt(l).ln this position, thc nitrogen atonr of the thieolc ring is in a
quatcrnary state, and so accounts fur thc chloridc hydrocholr:ridc of thianrine, Had (ll)
bcctt connectcd to (l) thrrugh a carbon atom of thc lattcr, it woulcl not bc casy to aecount
lbr thc rcady lrssion ot' this carbon, carbon boncl by nrcans of sodium and liquid
ammonia, nor for thc lact that thianrine docs not foinr a dihydrochloride; Thus'the
chloridc hydrocliloridc ol' tlriarninc is

_e

6ct C!'\3

YC
uj:-l' cH{}HzOtt

ct\qohi& J"^J"tx€+&1ri{*
ahj"o."n-"'.n

fhis structure has bcen confirnrcd by s).nrhcsis (lVillianr etal)

Svnthesi.r : a).Svntlresis ol' nvrirrridine unit(l I)

$grn\Gori3 : a gJlilu6,sfu or3 flrirniditu \^*^f G)

,.aLev 
+ HcoeEb t'la' > (t*'u

( -_ ,,4'- ccsEk
\oE[;'

Errei"i;C.r*r,"'"Et,aoEL. 
HB\qi-.r PocIr..- tol

q u ,r u tt5/ erO U ug|.t/

tlHa
Cl{s'C=rrt}l
n/

NaOEl:

?o
eBt
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Vitamin Bz (or) Riboflavin (or) Lpctoflavin:

F*t (ct{c t{ ) a' ctl"OH

rrrrrrrducrion: 
$ro(KJ:

It is a bright yellow porvdcr, shorving a grcen fluorcsccnce. It is nccessary lor
grorvth and hetlth and is rvidcly distributed in nature. Eg.yeast, green vegetables, milk,
meat etc. It occur.s frce or as the phosphate, or joined to specific proteins to form
enzymcs. Cltentically, vitaniin R3 is closcly related to the yellow rvater-soluble pigments
known as llavins(isoalloxazincs), and sincc it was first isolated lronr milk, vitamin 82 is
also knorvn as lactollavin.

Structure elucida(iorl:
Fronr analytical data thc nrolccular lbrmula was lbund to be CtzljzoNrOo.

'fhc silver salt of riboflavin on acctylation givcs a tetraacetate indicating the
prescnce of I'our hydroxyl groups in it.

1-he presorce of a prirnary hydroxyl group is inlerred by the lcad tetraacctatc
oxidation, which gives tbrmaldehydc.

Ncgative rcaclion with nitrous acid prccludes the prescncc of a primary amino
8roup.

Alkaline hydrolysis ol'thc vitanrin gives urea indicating [hc presence .

of -NH-C-NH group. Thc othcr trvo nitrogen atoms are tertiary in nature.
il
o

Irradiation of thc vitanrin under alkaline conditions yield lumiflavin
(lumilactoflavin) or photof'lavin. Irradiation of the sanre uncler acid or neutral conditions
afford lumichrome. 'l'he structurc of the vitanrin is derived from tlre structures of these
two photolysis producrs.

Structu re of Lumiflavitrj

l14



Kuhn througlr a series of synthetic reactions indicatcd the presence of two methyl
groups in compound (lll). Thus conipound (lll) was identifiecl to be N - methyl - 4,5 -
dian:ino-O-Xylcnc.

Synthesis of Lumi flavin:

Nil5f 6rolt 'hrof'Hi-jio{::>
ugv-\-2\,.r,1. JTY,HI'

# E^vS

tl.r NaJo*

tLt) t!- P.l

r.[l t

Thus the structuc of II and hydrolysis rcaction's of it can be confirrnccl as follows:

M',,ur*=.,;.ad:-"

xr.,.cu ,rbw" * forH
rgzr\z\t1 cHc

: Lr) tt.
Since lumif]avirt on hyclrolysis gives liagnrent (l) and a molecule of urea, the formcr
could be 6,7,9 - trinrethylisoalloxazine (6,7,9 - trimetlrylflavin)

;€(hr
Lurui.flauL o

lllle

NH2

Ple

(T) . L
Since (l) is a 0 - kcto acid ol'(li), it can be reprcsentcd as below.

iyt

- coz rus
t'le*Yar*f"

uc1\- tl" COaH,:r

lr6

(r)

.( r,

[n]o
H4y



'*YOY:}^Y" :u),O|i+^c/"li\,4#u e-*: 
n*-/V\

t Artc {a-trr,r.r aV*s16u)

or..--,ltit-4io
+l I

oy'yun
o

$.u:u$rp:fI-.1, tul"ll.lui"8 I e i.

frrucliiiion oi ribr-rllavin in'acid solution gives iumichrome. Sequences of
sturiy sinrilar to ths above lcarl to the conclusiou that lurnichrome is
tj,i*cii ri:eth yl a i I oxazine.

rao*ito>uz.;; *G^^cl"'*
C&xilb o"Ia ro{^.c^.. u9 l.-,4*

xn-L+iiirtxJ-

lr5$ ?
-N

,..|11. a

1{--_\ a

"r3-

i'ii'.;r r,:,; tirritii:,iLcir,; ir, iuntillavin rvitir a hydrogcn ator-n instead of a methyl group at

1)tlsttit;ii i1 '{,,i

Sicje clgin:
-_--- ffi reaction mixture from which lurnichromc was isolatcd gavc positive reaction

for a pentose sugar. So the side chain is a sugar having fivc carbon atoms' 
.

Zererviil.inofls' method shows that riboflavin has five active hyclrogen atoms'

Since gle activc hydrogcp atour is prcscnt on thc Nl of lumiilavin, the rest four active

liyrir.ogcn ,rtonis m,"ist t,e Jrresetrt in the sirle cirain in the form of four hydroxyl groups'

i,c;id tctraacetate oxidation of riboflavin givcs fornraldchyde. So one of the

hyriroxyi groulls niusi be present as a terntinal - CitzOtt group. Furthermore riboflavin

forn;s u,.ii;*,,1rro1tylidenc derivative with acctolle, two 1,2-glycollic systems must be

pruscnl in the side chain(riboflavin)
The abuvi; points lead to the following structure of thc sidc chain of riboflavin'

-cl 12-(cri(oH))i - CHzOH

ThLrsr.ibol1avincanbewrittenasbe1ow.'x2Ccr1oH)3.CHaol\

IW1-51o\y't'"
r+.e,-\*t{A}fxH

a

Tlreactualnatuie",u;ffisitiorr9wasproverlbysynthesis.

*Yo
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Svnlhesis (Kulrlr ctnl):

vYM*'*
gcA',ANo*

t i I cou/e^^aafort

c Ho - cc* ou) ruteoH 
-----s'
1u2 l.l1-RI

I-c-l rch ryt
(xl

r,)"XF; H'too,

a
al.Loxa^^

ltiboflavirr

Introduction:

. It is actually a ccr-rnbination ol'pyridoxinc, pyridoxyl, and pyridoxamine. 1'hey are
itttcrc<ltrvcrtible in the lbrrn of tlrcir pirosphatcs.'fnit is obtaincd from rice bran and
yeast. It cures dennatitis in rats.

Structure elucidation :
Analytical data indicate the molccular fornrula of rhc conrpound to be CrtIr rNOr.Pyridoxine bchaves like a weak basc .

From zerewittinolfs acti,,'c hydrogen dcternrination, the vitamin was found to
have tltrce activc hydrogcrrs.

Color reaction with fcrric chloride and nronorncthyl ether formation wirh
diazornethanc point to the prescnce of a phenolic hydroxyl. T'his is furrher confirmed by
its UV spectrum ancl was sirnitar to that of p- hydioxypyridine. The UV spectrum also
indicates the prcscnce of a pyricline nucleus in pyricloxine.-

9Y ct P ox tt'l E

'l'hc above monomcthylcthcr,
(i) Iorrus a diacctate rvith acetic
alcoholic groups.

anhydride ini.licating the prcsence of two

(ii) is unaffected by lcad tetraacetate indicating that they arc nor on ad.jacent
carbon atoms.
(iii) on carel'ul oxidation with alkaline pennanganate, gives a meth6xy pyridine

tricarboxylic acid (CeHzNOz). The laiter give-s a blool - red color with ferrous

Q IgoF LAV IN
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sulphate a reaction charactcristic of pyridine - 2 - carboxylic acid' Thus one

of the three acidic groups in the tiicarboxylic acid nlust be in the second

position' 
.r ir ..,irh ort crine n, a mole of carbondioxide

iv)usual oxiclation of it with alkaline pelrnanganate gtves I

and an anhydritlc. Tlic lornration r:f anhydrid: indicates them to be at o--

positions. The dicarboxylic acid obtaincd by the hydrolysis of this anhydride

doesn't answer the color tcst with lcrrous iulphate' That means ' the second

carboxylic acid group is lost during decarboxylation'

o eta

tm)

From Kuhn - Roth estimation, it was found to have one c-Me group' Since

pyridoxine methyl ether has on. *.rt1o*y una alcoholic groups' two carboxylic acid

groups of the tricorboxylic acid must.be derivcd from trvo alcoti-otic groups (-CH2OH)

and one from the methyl group. Thus thc lollowing structures are possible for the

pyridoxine and its corresportding niethyl ether'

rttrnilorine
oulriioxt''.ur -
l,{r.wyxtr*

lr9zc

(*)

The two possible structures for pyridoxine'

Thecorrectstructureforpyridoxinewasfoundoutasfollows:
Barium permanganate oxidation or nronomethyl ether of the vitamin gives a

dicarboxylic acid. ThiJ form, un uJydtide *itf' acetic anhydride and also gives a

fluorescent dye with resorcinol trgg;;;; that .the 
carboxyl groups.are ortho to each

othcr. Again, it doesn't give colou, ,rurion with ferrout uutptlutt indicating that the

carboxyl groups are not ortt o to the "i,*.;- 
Hence the dicarbbxylic acid may have the

structure (l) or (ll)

LOzt)

uqcy&ocr5
\Acu,

R Q:l'l;
R = 

I1Q:

toD
cH5

!lc
b

LI) G)
The positions of the two carboxylic groups correspond to the two alcoholic groups

in pyridoxine. Kuhn found rhat acid (D;;tled with rhe synthetic dicarboxylic acid

from +- methoxy - 3 - methylisoquinoline'

ll9

HqC



OM€

.-*_--+
14 tr"*,O"*1

I

Hence the correcl structlrre for the dicarboxylic acid is (I)and thus pyridoxine
must be (lll) which may explain all the reactions.

CTIAOAC
l-".,oaa

nl >.,
bL:y!

Fllaorl {r'0il1
uoHX\*y/u 

"*.*^tLl I .-_)
*r.tAoHa

(0) i' 
latxotioe

V rcpr*O+

io
\r.r,

,lraoAc
ol4s

zur'\ctl5

C
,[z cHJ

rriowov*r\6"f {.\tg}t

% gfck ox^'^r
" 

f' rr-,ttra-. P*ruura^^t^h 
E

v
(r)

Synthesis I
._ ^_,- cuacEr

u 
1 n. .f" +i y*rri.olirr. *.r,5* HN05 /Acego^\--lrl ;ffi*nrv\,"

Cy anoo.uk*'nt t thO 
a _Jrf.auro,u

.,^ fr4zoau 9n^ot.f pa, PhoEt

:]ffiH#?:S#to\fi:tr-
'*tfl:
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Synthesis ll (Harris etal)

;$
Although pyridoxine has vitamin acri,y'';t-,t .:,.;i,ds sLrlls.lqLiepily sliowl by Snelletal that the related compouncls pyicloxal ,,ri pfido*online and more active thanpyridoxine ' Iiurthermor., it tuot .tiollished that thlse co,rpouncls were produced by ratsfr1lt ingested pyridoxine. Thus pyridoxine, pyricloxai antl pyridoxarnine are nowcollcctively referred t. as vitamin Bi. they or. p.od,.rced as f,rll;*.1

FHeod

"Yt*'o'
tlfA'[l'l

Pyar*.ou^^l

{rtcrO

ELQ.C\ -*Ht Pvl

i P.Or-, Ero\-cug
Go/,n 

---) 
H-qolii

Eru;:l *-s\D' "{
xt- fonn*f $u- alan^^p

tlc!" I ero tt

l,lrrOr (or)

(vrv,04

PyRrnoxruE

NHB/ MeoH

Introduction :

Mainly lbund in citrous fi'uitslike lemons, orarlges ctc aird grecn vegetables likecabbage, beans and tontatoes .The deficiency of ttris ,,ila-rrrin oallsesl.u*y in infants andadults.

Most of the animals can synthesize vitanrin C themselves aud thcrefore, they havenot to depertd upon the.external supply. But human beings; monkeys and pigs are unableto synthesize this vitamin ancl trenclldey have to depend upon cxrernal supply.

SHeoAc-*rfuloAc

r!.4'l
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Constitutian of Ascqrbic Acid:

The nrolecular fi.lrl:rula ol'asc,orbic acid fronr analytical cJata rva.s iirund
be CoIluoo.

'l'he presence clf a Keto-enol system in this vitan:in is cviiiencecl as {irllorvs:

o
Lt r

I

ozontilysis rif ascorbic acid takes prace r.vithout protlucing lragment.s,

i,dicating that it co.rai,s one doublc bo,d (i, a cyclic ring)

Acts as a strong rcducing agent.

Violct ctlloration lvith lortic chloriile shorvs thc pruscnce ol'an enolic-OH

gr()up. 
\

Irornrs phenyl hydrazone ! /=O, with phenylhydrazinc.

Negative schill's tcst precludcs tile prcscncc ol'alclehytlic grclup.

i)

ii)

ii i)

iu)

v)

C6 HeO5

Aacovbic. Acid

(OzH
l+
h.ozH

H (o)
foat+
l-oH

-l
[u*,*

Prt,*^en gc o f cu]roxr.l glrl 
i j.1.rg

I'his docs not give e ll'ervcscct,cc with bicarbonatc, but fornrs nronosoclio, potassio
derivatives, indicating tlrat it may contain -"CouH group but not iiec.

Itiature of tlre cnrbon skelr:ton:
Ascorbic acid ntay contoin a four carbon systei:r joinc,J to a tw,o carbon systcm by

a two carbort syslent by a double bond.ic C-C=C-C-C-i, is evidcnccc] by the ftttclwing
scqucllce o1'reactiotls. O,r.i.Jatiott rvith aciditlcd pcnrransuratc givcs o*"1i. aci,J and l,-
throonic acid (trihydroxybutyric acid)

l'he lattcr acid on furlher oxitration vieids D-tarraric acici

(0)

oxatic Acid uaotl

L--tLnsorti c'A dd' o-lbrlanis
Acid

'I'he skelcton given above may bc confirrned by thc following facts:
i) Ozonolysis o1' ascor"bic acid takcs place *ithout proclucing fragments,

indicating tite;tresence of only one double bond in ascorbic ac]d.
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ii) Ascorbic acid, rvhctr boiled with hyclrochloric acid gives a quantitative
yicld of furfuraldehyde. This reaction rcscmbles the conversion of an
aldopcntose int.o furlural. 1'herc{bre, sinrilar to alclopentose, ascorbic acid
must contain atleast 5 carbon atoms in a straight chain and also that there
are a nunrber of hydroxyl groups prescnt in it.

66tle O6

Prcscnce of h1'droxyl groups:
i) Oxidation rvith iodine in alkali yields clehyclroascorbic acid, CoHoOo which
catt bc rcduccd back to ascorbic acid by passing hydrogcn sulphidc gas into it.

l2lalkali

c6H6o6 

= 
c6H6o6

'I'he abovc reactions in conrbination with,
i) Violct colouration of ascorbic acid rvith lerric chloride (characteristic of enolic

groups) attd ft;nnation oi'dimethyl derivative rvith diazomethanc indicates the
presence of two enolic hydroxyl groups in ascorbic acid.

ii) Dehydroabsorbic acid does not give enolic reactions but forms an osazone with
phcnylhydrazinc indicating that trvo carboxyl groups are present adjacent to
each other.

Thus, the reversible oxiclation may be explained by writing the part structure of ascorbic
acid as(l)

Hct

--;:-)
Bo;f,^9

?r
t=t
t
Lf)

[-"..
8-ou
I

I
q

&

rAl"[k"li

-)

12HaO

a

l,ott
fuu

lcl
t
f

iii)The above dimethyl derivative may be further methylated with methyl iodide
in thc prcsence of dry silver oxide, which indicates tlie presence of two more
alcoholic groups in ascorbic acid.
iv)Lead tetraacetate oxidation of the dirnethyl ethcr of ascorbic acid gives
lormaldehyde as one of the products. This suggests the presence of two adjacent
hydroxyls in the ether, one of which is primary.

$.uon 
cq + allao

- eHao

o

o

t23



1"" +

v)'l'hc abovc lact is (ulii:ur conijrnled by acetonicle
with acctrinc,

vi)l;ornratiott ol tctraacuittc, tctri.lrrrethyl dcrivatives confirm the prescnce of total
Iilur hyrlnr.r.,.i gi'nrr1:L jir a,;l..rrhic acid.

Presence of llctonc rilru:
Dchydroascorl;ic ;ie iij (t,i;i;ri,;.il l;y thc lodine/alkali oxidation of ascorbic acict)

1vlich is neutral attd hcltrr,'cs ;r..; rlrr: lxclsne of a monobasic hydroxy acid. Also
dehydroascorbic acid ott t'ctltii;l.iurt rvilh hydrogen sulphide is reconierlecl into ascorbic
acid.

As tlre'above oxidatiott 'i'ctlrrction process is carried out with mild reagents, it
leads to the conclusion tltat asculi;ic acid like its oxidarion product dehydroiscorbic
acid(which is a lactonc) is a luctonr: and tlot an acid.

Again, tlie salt fornring propcrty of ascorbic acid may be attributed to an cnol
group; thc prcsencc of rvhiclr has alrcacly bccn proved.

As all rhe preccilirlg rcactions arc charactcristic of a -hydroxykctones, it means
that ascorbic acid nrusl cor]tairr ari rr- -irydroxykctcine grouping.

cHao

fornration ol'the above cther

f '1,;irbu"oH

,., r -.a,\rrr.' L! 'l L/,4

I

rr-d -crn
L=o
I

Reolu.c,L3 *

I
C-ou Ia iatt<rti d.=.o..-li-_?zI

&-os -ZH] |

I

u*^^)r;^de -^i *i"" ?:o
colaJt t^itt' Ftda

Sod.iru,.r lr^Dq.A\i

*o'.** |**,aQ
,\ot,rr.A;"an,^-(

t24

)d

on the basis of tlrc atror.c thc rcversiblc oxidation of ascorbic acid may be written
as follows: cc)-----t

* J*.,, j
P d*.,,r I

-J -l
I

.j,
*- t.

HaS

r"co
I
cc)
I

o
I
II

I
I
I



On the basis of all the foregoing facts, the structurs of ascorbic acid may be either
of the following two structures.

rc-{ 
I p^:

r,lJ_-l
t{o

o. f -Lcfa,*l Q)

Size of lactorre rinp:
The size of the lactone ring has been found to be u -on the basi*of the following facts.

a) Rate of 'hydrolysis of dehydroascorbic acid is comparable to a

u - lactone.
b) IR of ascorbic acid shows a band at r757cm't. The compound

thcrefore, nrust bc a u -lactone.
c) Ozonolysis of the tctramethyl derivative of ascorbic acid yields a neutral

compound (lV), which has the same number of carbon atoms showing a
ring system.

The compound (lV), when hydrolysed with barium hydroxide solution, yields
oxalic acid (having two carboxyl groups) and 3,4-dimethyl-L-threonic acid (V) (having
one carboxylic group). The formation of three carboxylic groups on ozonolysis clearly
demonstrates that the starting compound is a lactone.

l'urther compound (lV) (or) (V) may be converted into an amide with methanolic
ammonia,(VI).

'fhe latter contpound responcls to Wcerman's te'st in which the amide of 3,4-
dimethyl-L-thrednic acid, on treatment with alkaline sodium trypoctrlorite, yields an
aldchyde and sodium cyanate.

cH2oll
a- d-&.f*r($)

$gi RcHo + Nacr,lr)

foil}t^

fno 
H

R

Nh0c(
[-oro I
L["i

The for Had it
becn 6- it would have yielded 2,4-di-O-methyl-L-threonic acid.

On the basis of structure(ll), the foregoing reactions may be explained as follows:
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Vitarnin I)

Introduction :

viurnrirl D3 is also callccl as [:rgocalcilcrol. It is a ,rolccular conrpound ofcalcilcrcol artcl lu.tistcrol.(Fornrcrlj the ,ion',. calcifltol or viranrin I) 1 was used for thcactivc compound)' ]'he natural 
"itanrin D obrai.att. to,r-, Cocl-livcr uit i, slightlydiflerent ltom crgocalcilcrol and is nanrcd as vitanrin Dj.The vitanrin D, obtainable bythe irradiarion of 22,23_diltydrocrgosterot is callctj a.s vitantin D.r. All ttrcse vitanrin D,havc a,ti rachitic properties.'l'ltey"are esscntial fbr bonc formaticln. l'he function of thisvitrr,in i. the body is ro conrror ric carciurn u,r,J pl;o;;hi*rs nrctaborism.

Corrstitulion:
Thc nrorecular lorrnura lionr a'arl.ticar data rvas rbu,cr to be czirlr.rso. Thisforn:ula is the sanle as tlrat lor .rgor,.rol,. rhcrc by, inclicating that vitanrin D2 anclergostcrol are isontcrs to each otlter. i't ir i, also conllmrecl by the fact that the irradiation

lJ',::,r;;r.::ol 
(l) ivith UV rigrrr f icrds a mixrurc orpruJu.ts rronr which pure viramin D2

h./

rr r,,as lbrnrecr ,,, ,lll."i,l:::"0"uffi,x1,:ll:i,,3;n givcs a kerone.In'adiation products r.r {' crgostcrol

A? \
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Y
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Er.qo,:\f:"fc' did c.lro.irr
p.u- - eSoc*lci'i.nJ
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Nalure of tlrc sitle chain:
oru,r[ffiF 

. ergocarciferor produces among orhcr products,methylisopropylacetaldchy<Jc. This shows thai the side chain in borh vitamin Dz andergosterol are the same' Forrnation of isopropyto..tui,t.tryde is p.ssible, only if the sidechain is prcscnt as,

,-,^*i,ali-t.oP ract 
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These facts suggest that in ergocalcilerol ring'B' is open between Ce & Cro and

that (lll) arises by scission of the molecule at a double bond in position 5,6 and can be an

cr, p *unsaturatcrl aldchycle only if there is a double bond at 7,8 (these double bonds are

also present in ergosterol). The isolation of the ketone (lV) confirms the presence of the

double bond at 7,8. Thus thc positions of three bonds are fixed.

The tburth double bpnd is fixed as follows:
Ozonolysis of vitamin D2 givcs fornialdchyde (V) as one of the products. This

shows the presence of arr exocyclic methylene group, and the presence of this group at

Cro is in keeping with the opcning of ring B at 9, 10.

/l
Conrplctc hyiirogcnation of crgocatcifcrol givcs octahydroergocalcilerol,

Czrllszo. This indicates the prcsencc of lbur double bonds in it, on arc of which is

present in the side chain.

I'hc parent hyclrocarbon ol ergocalcil'erol, C2sll52, being 6 hydrogen atoms

deficicnt to tirc comcsponding acyclic parallin analogue should be tricyclic. fhis is

supported by rhe fact that crgocalcifcrol on selcnium dchydrogenation doesn't produce

Diel's hydrocarbon.

Since vitarnin D2 is tricyclic naturally the qucstion ariscs which onc of the rings in

ergosterol is opcn.

l'hc following reactions of crgocalcil'erol may be readily explaincd, if we assume

structure (ll) lor crgocalcilcrol.

Chromiurn trioxide oxidation oI vitanrin D2 givcs an cr, p - unsaturated aldehyde

(lll) and a ketone (lV)

'f[c abscnce of hyclroxl,l group and the carbon content of (lll) indicate the

absencc oIriltg A.
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Isolation ol- thc kctoacid(Vl) confirnrs the presencc of <ioubte bonds ar positions
7,8 and C::.:1. The position ol'the latter double bond is confirnred by the isotation of
mcth y'l i spropyl acctaldehyde.

Structure (ll) {br crgocalcilerol is also supporrcd by rhe formarion of VIII
obtained by cortverting thc acctalc of'r'itamin Dz into'rire corresponding malcic anhydride
adduct, which in turn is cortvertecl into the dicarboxylic acid. Thc structure of lVtit; has
been confirmcd by rhc isolation of compounds (lX) to (Xtt).

t.() Ac2- o
-f)

tr n36c-r,.lc-r. t ur{ t tt'} t"t^bt 
\dndfq'cli) uba*%u 

r,

S. ndlc

rxi> (r) ta)
The fbrnration of 2,3-dinreth'ylnaphthalcne (lX), is in keeping with the fact that

carboxyl groups sotnctimes give rise to methyl groups as selenium'dehydrogenation.

Similarly, thc formation of naphthalene (X) and naphthalenc *2-carboxylic acid
(XI) shows the prescnce of rings (A) ancl (B) in (VIII).

Catalvtic reduction of(Vlll) (to rcduce rhe double bond in rhe side-chain only),
lollorvcd by ozonolysis, gives (XIl).l'hus the ibrmarion of rhesc compounds (lX) to tXif l
establishes the structure of (VIII) and shows that the double bondi are at 5,6,10,19 &
7,8.(The presence of the two double bonds at 5,6 & 7,9 gives rise. to the possibility of
various geometrical isonreric forms for ergocalciferol.
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Introduction:
Vitanrin E

'l'he tcnn'vitamin Il'rc{'crs to a group of closely relatcd compounds which occur
naturally and which are, to dillcrerrt degrccs, anti-sterility factors, Eight compounds,
collectivciy callcd tocophcrols, have becn characterized.

'l'he nrain sourcc o{' a- & 0- rocopherol is whcat gcrnl oil. Thc
v -compound is obtained from the cotton secd oil.

Dcficicncy ol' this vitarnin causes i)Sterility, ii)blood anaenria (increase irr
wBC)

cH:>

( r.)
Oxidation of B-tocopherol with chromium trioxide gives the same lactone

(Czrtlooz) as that obtaincd from cx -tocopherol.
Thus the only diflerence betrvcen the two tocopherols is that the s -compound has

one more methyl group in the benzcne ring tharr the B.l-lence the latter is,

ut'\3

Clg Hg>

Ul.) P --r"oLofbJ

g1{:
tr1\I5
rrff\ou

Fta=\9
oH3

t!)

€Pi - t^4}<-Jci+a.dP
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'l-his 
h;.rs bccn corrllrrni:,.1 by s;,nthcsis.

y:locqpllwal

This is isomcric with thc [] -compouncl.f'he only rlifrcrence bctrvcep thc B and thev-isonrers is thc position of the riicthyl group in thc b*i,r.,.," ring.(lix) when heated withhydroiodic acicl, trre v-is.nrer gives o-xytoqrlnol. l-rrus v_ tocopheror is,

Hetrce' o-tocophsrol is cirlrcr a clrrornurr (or) counrar.an dcrivativc. According toFernltolz' the oxidatiott protlttcts ure bcst c.rplli,ccl on trrc b.rsis ol'thc clrronran structure.This has been supporled by UV spectra of c_tocopherol.

Synlhesis I (Snrirh eral)

%Vttb|{=3
+)
BY\ig

*d:, p -To*T!*',-P

Pqq[ bn'o*^i"t'

L.) PR's b\-Alo.u=
--i l\Jr

Gi) lrg crgo^fcHacuz MS Bv
cH5 (f l

Pb ?H= FHe0 {- dc - [t!)r-tu- qgr,;r-t ,lJtcHr)s-ct.rccr{+->

r,rc- -t.*-'ouapu=3 YnYuoX
*r.r\"-'J \crbH=

cH3 CH3

(t) d - ToeoPt^*rl

oH

Auo

MoY\,oa-ul'ak {
?-o;p,lr=*r

Htstu

\{OAC
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B --l'ocoPhr:rol
'l:hc lornrula tlil'lercnce belrvcctt u -& li -toctiphcrt,ls

{ata i1<licate thc tttolecullr lorrltula tll Ct -ttlcopherol to bc

absrltlltirrtt it 293nrrt.

p -'focop6crol ott thcrtttal dcconrpositiorl givcs trinrethylquinol(l) and heating

rvith hydroioJic acid givcs 1l-x.vlcrroI(II)

'l'his lattcr cornpound was sho$'tr to bs an optically activc saturated lactone' This

Iactole was slurrvtr to bc dcrived lroni a v- hyclroxy acid irl tr'irich thc hydroxyl group is

tcrtiar.y ([X) t]rc acid lactoniscii irnrncdiatcly its salt u'as acidificd, and also could not be

oxidised to a kero acid.'l'lrus the structure of this lactonc nray be written as follows:

S1'rrthcsis I I

7,3,5 -

-,,5 D
in.. u^rtv,f.il-r*,

is -CII: as the analYtical

C:xli+O:.lt shorvs an UV

Oxidation of ct -tocoPlicrol

kctone (lll).

R,.

-'tt"T5' 
'utne* 

Rt r-Rt = t4 craba'J

sccrarc with chronriuni trioxidc lbrms an acid (ll) and

Rz

o,J-.r.-c,r,-f Ctrcr,
--- toj

Kuhn'lloth oxidatiort ilttiicatcs the prcsence

the natural products contain the isoprcne unit, Fcrn

for acid(ll).

Q,u Hoz0a

(!l

t32

crbHr3coctl +

( rii)

of three C-Me grouPs. Since most of
holz proposcd thc following structure
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Thc evidence so lar obtained indicates thc prcscnce crf a substitutcd bcnzcne ring
and a long sitle chain in cr -tocophcrol.When the nronoctlrers ol'duroquinol were oxidized
with silver ttitratc solution the action took plecc lar nrorc slorvly than ior cr -tocopherol
when oxidizcd undcr the same conditions.

I:urtltcrtttorc, wlrcrcas thc lornrer conrpounds rvcrc oxidiz-cd to durocluinonc, thc
lattcr colttpouttd gavc a rcd oil rvhich appearcd to iravc approxinrate ly the sanre nrolccular
weiglrt as tr -l,ocopherol. Sincc duroquinone is not split oll' dirring this oxidation, it
suggests that the side cliain is cor:rrcctcd to the amnratic rirrg by a carbon bond as wcll as
an ethcr link.

B - toco:llrrrol

Constitution:
Anlly'tical data indicate the nrolccular lbrnrula cil'u - tocoplrcrol to bc Czelltgo:.

When cr-tocophcrol is hcated at 350"C, duroquinol is obtaincd. On thc otherhand whcn
heatcd with seleniunt, ct- tocopherol fornrs duroquinone. Irinally rvhcn hcatcd with
hydroiodic acid, <p - cunrcnol is obtained.

3s6c

O
J, *1

*

t1r-.**oro{

oll

-A-
-LoL.T\

ol.l

suqFruJ

o( - ibcyp r.-rJ

4(
o

Dr,.rfo1 |4 11r'"X

'l-hc fornration of these products suggest that c - tocopherol is the monoethcr of
duroquinol, thc possibility that it nright be a dicthcr \r'as rulcd out by the fact that cr -
tocopherol fornrs an allophanate, which indicates the presence of one free hydroxyl
group. This was confirmed by the lact that thc U.V. spectrunr of cc -tocophcrol showed
the presence of a hydroxyl group and that it was pherrolic.
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I-lclwcvcr, tlris monocther structure was shou'n to bc incorrect by the fact that the
U.V. spcctra of various ttronoctlters of duroquincl \\,crc dilTercnt fi'om that of
cr - tocophcrol.

Chrontiurtr tri<lxidc oxidatiurr of u- tocophcrol givcs dinrcthyhnalcic anhydride
and a compound. Czrl-la6Oz (l).

1?

c2gvssl, oot, Y) + c11 Haqoa

to.l 
/ 

^{
U

€1{z

-$-.|r"-,fu'
;.t9-r\c1!r'r73

G) - , -TocoPI''tJ

Svntlresis:

F&- ;Pf="u { -rccol'r^!'I'd

To',ooobo'.i$* I*Y*o-xgC,cliurv
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Thernral reaclions - photoclrenrical reactions
'l'hc total t:nt:rgy ol'a nrolccule is a surn of clcctrorric, i,ibr:ltional, rotational and

translational crtcrgies ol'it. Thc Iirst threc arc quantisecl ie their values can increase only
in discretc qualrtitics. l'hc last one is not quanrised.

For any reactant to go to product it has to cross sontc energy barrier, which is
callcd as the activatiort cnergy. 1'he encrgy of the molecules will have a distribution ie.
Sonrc nrnlsculcs will have high energy, sonle medium energy & some low energy. Only
nrolcculcs, wltosc cncrgy is ovcr and above thc activation cnergy {or a parricular reaction
will go to the product

acti(Ii.,v.r-
e*-'?U.

R*;l.cHotr. co- orclinc.E

The energy of the moiecules may be increased so that it can cross the energy
barrier. This can be done in two ways

(i) 'l'hermal encrgy
(ii) Photochemical er.:ergy

Thernral energy
l'he nrolccules vibrate cvcn at absolute zero. As tcrnperature increases, the higher

vibrational levels get populated. At still higher temperature, enough vibrational energy
ntay bc absorbed to bring about rupture of a bond. Tlre mininrum eriergy required to do
this is knorvn as tlre bond dis.sociation energy, "l'his energy may vary dcpending upon the
atonls involvcd and the nature of the bond. 1'ypical bond dissociation energies are I0l
Kcal/nrole for thc C-lt bond in nrcthane and 83 Kcal/mole lbr rhc C-C boncl in ethane.

Photocherrrical E'rergy
I{ere the molecules are excited using electromagnetic radiations. The energy of

thc radiation dcpcnds on the rvavelength of it. tl:h l, E= is the energy per molecule, h is
planck's constatrt and i is tne frequency of radiation. Say for example, the energy of
light of I Kcal/mole corresponds to radiation of w,avelengrh 286000A"

=uI_ _._-

=l_1
E

,l
o)
A
?
trt
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lL,sn"lcm = 353cnr'l

28(:,0004"

('l'he ticqu.,t.y i attd rvavclength tl arc inverscly related)

Wlren t5c molecules absorb thc radiation in tlrc lR region, the higher vibrational

levels are populatccl. Similarly rvith rhe absorption ol UV light excitations in the

electronic levels takc place.

Absorption 9f light provi<Ies thc nrcans ol'introducing varying amounts of energy

into a molecule . Clcarly, the introduction of such cnergy will have prolbund effects on

ths molocculc. Irhotoctrcnrisrry is rhe stucly ol' thc cheniistry of elcctronically excited

molecul es produced by thc absorptiort r-rl' clec tromagnctic rad iat ion.

Thernral cxcitation ald photochcmical excitation provide two complementary

mcthods oI introducilg encrgy into nrolcculcs. And thc cxcited nroleculcs undergo

various reactions <icpcnding upon the anlount of energy absorbed.

Allon'cd alrd furtliddett lr:tttsititttts
In absorption ol' liglrt, clcctronic transitions which involvc a change in

multiplicity arc forbidden. N'lost organic ruolcculcs have singlet ground states(all

elecrrons paired). l'hus absoqrtion of light results in singlet-singlet electronic transitions.

T'ransitions involving singlct-singlet (or) vice-versa involve changc in multiplicity. Hence

are forbiddcn transitiotts.
Jablorrski's Diasrant
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Jablonski c!iagranr slttlwing the electronic transitions bctlvccn excited and ground
states.

h i,'=11',orcscence 
;

VCI= vibrational cascadc
ISC:lntersystem crossing
IC=lntenral Clonversion

h rl= Absor?tion ot'light

h i, = phosphorcsccncc

'l'ile verit-rus photochcntical proccsses involved in thc absorption of light
ltt0lgcttil;sissliou,ttirrtIrcJublori:;kiiliagrarrr.

Elcctronic trattsitiorts are consiclcrcd to bc ra1>id rvith respect to the frequcncy of
vibrltion artd thus should occur rvithout changc in molccular gcornctry (Franck - Condon
principle) If the energy of thc photon absorbcd by tho nroiccule is sliglitl.v exccss of that
rcquircd to cxcite thc tttolecule lronr the ground elcctronic statc(S,, in ihe figure), the
excess cnergy rvill appr:ar as vibratiortal cxcitation in the uppcr cxcircd state.

In solution, tlterntal equilibration of the excited nrolcculc with its cnvironment
will be vcry rapid'Convcrsion of uppcr excited singlet starcs to thc Iorvcst cxcitcd singlct

i11,. lS,]".i: also quitc rapitl. Itatc constants for this proccss are of the order of l0rt iir to
''Scc-'. l'his cottvcrsion is gcnerally a nonradiative proccss. An cxception to this is the
observcd Sz to So transition of azulcnc. 

:

Convcrisotl of Sr state to thc grouncl statc(Sg) is soincwhat slower.Typical
lluorcsccnce (ie. Ernission of Iight fronr S1 with rsturn to So) ratc constants for oiganic
ntolecules arc 107 to I08 Scc'l . t'nir means that thc lile ttin're of cvcn the longest-lived
lowcst excitcd singlct state is very short.lnvcrsion of spin in an excitcd state(lSC) leads
ultimately to thc lorvcst cnergy triplet state(Tr).lSC rates aro of the order of 108 io l0l0
sec''. Typical phosphorescL'ncc (cnrission of light frclnr f1 with rcturn to 56 ) rate
constants arc lrJu to l0i scc'1.'l'i,* ltrrvest triplct statc(Ts) thus has a lifetinre greater than

l0'l ::.. 
'l'he longcr li{'etime of ttre tow-lying tripiei't;;;;;qr"r*"-"r the spin-

lbrbiddcn transition (Ts to Se).lteactions of excited statcs in solutlon usually involve
eithcr the Sr or T1 states bccause of their longcr lifctinrcs. 'flic l'act that T1 it.i.r have a
lil'etirne lOa (or ntore) times that of the Sr state strongly favours the T1 state in
internrolec ul ar rcactions. ,'-.

PIIOTOCIItrNlIS]IITY OF CYCLOIIE)LlDIENONES
The prinrary photochemical reaction of a dicnone is convcrsion into a cyclopropyl

ketone. This is ternrcd a Tyre A reaction and involvcs rhe rupture of the Cr-Cs bond wiih
formation of ncw bonds bctween Cz-Ca and Cl- Cs.
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'l'lris rcactiorl sequcncc is also gcncral fclr cyclohcxcnones and it is then termcd a

Typc I) rclutiort.

The rcaction can be founally rcprcscntcd as a 2 + 2 cyclcladdition rcaction
irtvolvirrg thc aclclition of trvo pi-elcctrons to two signra-elcctrons, viz a 16r+e2]
cycloaddition. Thc quantunl yield of the unsensitiscd and acctophenone-sensitised
reoctions of 4,4-diphcnylcyclohc.radicnone to givc 6,6-diphenylbicyclo[3,1,0]-hex-3-enc-
2-onc, are rvithin cxpcrinrcntal cn'or, idc-ntical (0 = 0.85+0.81 rr..spectively).

The idortity of quantunr yicld suggests that both reactions involve the same
excitcd triplct state, rcflccting an c[l'icicnt intcrsystcrn crossing (S1 to T1) in the
unscnsitised rcaction.
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1'ltc suggcstcd tttccltanisttt i,volves c-r-Cs bonding lior:: the excited tripletstatc(ll) to (lll)'ln this t,cchattisnr, tlrc excitatinn-.,r.rgy gri,ecl in going tiorn the G.s.(l),to thc cxcitc'l triplct sl,atc(ll), is Iost alrcr ('j-L'5 L";;ru (ili), ro give the zwitterion(lv),
,l#i'il"tscquently 

,.orrr,',g., (o the protlucr 6,6-tJipicnyl-bicyclo[3,10]-hex-3-ene-2-

.r,.r"nr1l.i,ll:il l'.,g;lJ,.,.;I,,f:,ur. 
o| thesc ciienone rcarrans,ement is the degree or

l'h o t trse lr si tisa t i orr
Ilxcitation ol'a ground statc ntolecule during photolysis, by cncrgy transfer fronrattotltcr excited spccies. is ternted as photclsensitisaltion. rhe deactivation of the excitedspL'cies is ternrctl clucnclrirrg . '

l'lre scnsitiscr irt tlre grotrncl state absorbs cncrgy-(plrclrochcmical) to go to thee'rcitcd singlct state' Irr,rtr t"licre it urrclergoes ISC to .r".it..l triplet state.(the cfficiencyof the ISC varies ft'onl .sensitiser to sensitiser),This cxcited triplet state energy istransferred to thc ground state acceptor. This ,..rit, irr the acceptor going to the excite6triplct singlet statc' liom whcre it' undcrgoes chenrical rcactions, rvhile the sensitisercol'llcs to the ground statc' l'he process Is. again ancl 
-again 

repeated to continue theprocess ol'phoroscnsitisation. [,horoscnsitirotio,i.u,, ;;;;.,rily represented as,

; b.F
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S.rtt' . C 1t) A?*-" b,$" l4V) rsc > 3-i-r (4 1)

Drr L11 ) -h ts\,$ C1r) Dp"(tv) r ASr Uv)
D1 C-11) + Ae., t{V) 7 Dp"C4t) + Ar, C11)

Da^ =- .}ovtoru $vor-! Z.\a\f-r/o
$e,- : .I) ovr-oY C* elc,-ltd ,x;^alal- ab^k .2

.'D t' I : f) o rvr.ar C ux c^\rl Cn pA"f- 'a\ '"u )

^p'/ 
a,Euf Ar, = {myrl :*F"/L?tr

To understand thc process of photosensitisation \ve may consider lrere two typical
examplcs.

(i) photochernical excitation of butadiene with and without a sensitiser.
(ii) Photochemical cis-trans isomerisation ofcis-& trans-stilbenes.

Butadiene gives dift'crent products on photociremical excitation, with and without
benzophcnone.

For photosensitisaton to be elfective the E1(donor) nrust be atleast greater by 5

Kcal/mole than E1 (acceptor)

The photochcmical cxcitation of butadiene can be representcd as follows:
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' f'hc'cnergy dillcrcnc:e bctween the excired singlet & triplet states is very high in
thc case of butadicnc (120 & 60 rcspcctively).As o r"oult no ISC is to be expectcd in this
case.'l"his results in only valencc isi:mcrisation giving bicyclo[1.1.0] butane[lV] ancl
cyclobutencIV].

Whercas whcn thc photochcrnical cxcitation is tJonc in the presencc of
benzophenoncr a sensitizer, the situation beconrcs cliffcrcnt. Since the energy dil'ference
betrvcen the excitcd singlet and triplct states oIbcnzophenone is only 5 Kcil/mole, there
is cflrcicnt lSC, giving ahttost 100',; excired triplct of bcpzophepone.'l'he triplet excite<l
state of butadienc ltas an energy of 60Kcal/rnole.So excitation of butadiene takes place
readily by the scnsitiser lcading to the fcrrnration of dimeric products.

.v

--r'\w+
ci8- + H-*-
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pk.co
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Eur"_l

tP**[l 
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Comparison of the UV absorption spectra of benzophenone and l,J- butadiene
shorved that 366 nm iight will be absorbed only by bcnzophenone(Absorption of LJV
liglrt by butadicne > 25A nm is negligible). Transl'er of singlet energy from excited
singlet benzophcnonc to 1,3-butadicnc is not possiblc as the I3s, (benzophenone) is much
lower than [:51 (butadicne)

Cis-trans I sonrerisation
Cis-trans isonrerisation can be carried out(usually in solution) by irradiation alonc

or in the prescncc of a sensitiser or catalvst.

In general, bccause of steric effects the cis-isomcr has a higher energy content
than the trans in the ground strtc, anC this also (usually) the case fur corresponding
excited strtcs.

Bccausc of the longcr steric el-fccts, the molar absoptility of the cis-isomer is less
than that of thc trans, As a rcsult, thc population of the trans excited state is grr.ater than
that of the cis.'l'hese excited states can come to their respective ground states. Alternatcly
cis*(1"1) and trans*(T1) beconrc irrterconve(ible.

In thc abovc convcrsion cis -to- trans is favourable. Neverthetess, rhe overatl
procr'ss favours the trans-'-cis-irrtcrconversion. l'he rcasons arc,

rdr, c

'*e TI\o^,,
^-I-

Pl^ohc\*0,',^";-c"-{/ 
ctl -w,'^'A

'gf,prna.lzr,r.X 
"Ci cn r"

photochemical cis-trans isomcrisation

i) the population of the trans is greater than cis
ii) cis-cist transition is difficult to achieve compared to trans-transr
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Alicr sontctinrc, an equilib:-iurn is reachecl. At :his strgc, rlrc cis-trans ratio
rcnuining collslant, no nrattcr lrow nruch longcr tl'rc irradiation is continued. This
condition callcd a photostationary state, is inctr:pendent of rvhich isonrcr is thc starting
ntaterial artd alrvays contaitts prcdontinantly thc cis-isoprcr. 'l'hc actual ratio of thc ci.s-
truns f.rnrs of course dclle.ds ui)o.r a nunrtrcr of factors.

Ex. Solvcnt. teinpcraturc, nature of thc scnsitiscr ctc.

It the irradiation wavclength wsre IllrerctJ to allorv orrly or:c isorncr in a nrixture
to ahsorb radiation, conlplctc cottvcrsion to the otficr isoprcr q,oulcl occur.'l'his is callcd as
optical punrping.

ln ths cis-trans isontcrisation of stilbcnc. anorher triplct is bclicvecl to be
involved. wirich is intcnlrcdiatc in cllcrgy bc'tu,ccn thc cis anrl trarrs-triplct.s. 1'his triplet
stlltc. usually a fclrbiddctl trrnsition, can bc rc:rclrcd clirccrly liop: t5e grduntl statc. I{cncc
callcd a phantonr triplct.

IIbcnz'cl1:hcnotlc is uscd as thc scnsitiscr tlrc rnc'chulrisnr can be writtcp as,

erP,h, T,,g 8,4,-+ F^4,

rib ml^t o] 
ir 

t cA - PI,,nCil'

*- 
Pln.COt$ +

6,)

,'U I
t'd
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NORRISIt TYPE, T & II'PRQCESSES

I.hc study of the rrt il to .t Norris' T'ype I and

ll processe.s, dcpcndillg ul)ol) the luture of clcavage of the kctot]cs' If thcy urrdergo

cleavirge.bctwccn the 
"carbonyl 

carb<lrr and thc alpira carbott, thctt it is reerred to as

Norrish TyPc I reactions.

lf thc clcavage takcs place altcr the translcr of a ganrtna-hyclrogcn to the carbonyl

thcrr it is refencd to as Norrish Tlpe ll reaction'

Ketones havc trvo rca,Jily acccssible electronic transitions i.e. t'1 - r1.' & t' to n+'

Out of this rhc n * r: "*.i,"J"t 
t. i. inlport.nt bccause,.they arc *':l^i':::.reactive

ffi;;^''.*Jir"o states(less ,.r.tir.-olJ l.ng-lived)' Thrr'1' r' cxcitcd state of the

kctt-rnc with a singly'occupied n-orbital may bc represcrrtcd as follows:

Rr

R/ 
0

144



NAITRISH TYPE 1

]]hisischaracte'i'"uuy@ofrhgcarbonyI-carbonbondtogive
acyl and an alkyl radical rvhiclt cart undergo stabi[zation by one oltrhe following rout;s.

hi
lioi,

{r' 'l'hc alk;'l radical llls}'abstru;'r art alpha-lr1,drogcn, to fi.unr a kctcpe apci alkane.
I(Cll:CIIr+I{2CI{CII =C=O t

( thc ftrrnration of the kctenc intcrnrcdiare nray be established by trapping it as the
carboxylic acid or cstcr derivativc with *latcr or mcthanol as 

-nucleophilic

specics).

b' 'l'hc acyl radical tttly undergo ciecarbonylation ro give CO and an alkyl radical.
l'he lattcr may- rccombine to give an ,ikr,," or lbnn an alkene and alkane by
intranrolecular hydrogcn abstraction.

R - c \{2- c H5 cl'12- c'l-12- R

R-clJz-clt3 + Rct'l tsllj
z R.c u^C il.

c' Intcrnrolecular Il-abstraction by the acyl raclical fronr the alkyl raciical to give an
aldchyde and an alksnc.

Itc:l tzct tl+ a*, Iz -{r{itz ----+ i{cr r = cflz +R2cHCHzcHo
ll

o
'fhough 

th_e condcnsed phase photolysis of 2,2 -clinicrhyl heptan - 3 -oneillustrates both N.T.l and N.T II processes, here the type i pror.r, is discussed.

In the N.1'. I proccss thcre is a prcfcrcncc for cleavage of the bond linking the
carbonyl group to the more highly alkylaied carbon.

Pis?r ?!onh,$1Iron
AA.k^rL+ Aax^*t

A,,l- +.o4-
^nLY ^a-W--+

fi :7 t''.=c +
Me3C-e - B*q 

$/\o3Gg

fi -Bt
o

rBu
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T'his is a result of the rclative bond <iissociarion ener.gies of thc C,C bonds anclthe stabilities of the re sultant frec ra<iicals. In this example, cleavage of the cz-cl bond to

:l::"li:l:::,^"rv 
butvl rarJicai, rvhich is more srabre than rhe alteniarive primary buryrraotcal occurs.

studied with triplet quencircrs, such as pcnta -1,3-ciene have shown that in thisreaction the type I process occurs li'onr both the iingler and triplct e.xcited states.o
il sl&rl

MejC - C- Ilu--> N{ct,..CIJu --+ McjCI-l+BuCI,lO+CHz:CMez+others

Thc type I alpha - cleavagc eatt be foilowecl by Cccarbonylation to give CO and aradical' The presencc ol'sucit rarlical intcrnrcdiates is rca<Jily dcrironstratcdil,photolysis
of a mixture o{.kctor:es rvlriclr gii'c pruducts {l'onr nrixccl raclical rcconrbination.

h i Ph2cH_cHPh2

Phrcil - cH2ph+co
+

PhcH2- CH2Ph

1-he photochemistry of saturatcd cyclic carbonyl compouncls is denionstratecl bythe N'T. I proccss involving the initial clcavage of a carbon- carbonyl bopcl.

The resultant diradical follows the coursc of acyclic carbonyl.

PhzcH - C- chPh, )lt(ol
PhcH2-f -cHrPtl

o

')(
(c

CH2 
-C=O

CHa 

- 
CHr

cH2 
- 

c4o
h? ,/__) -^")q

CH: _ CH:.

a' lnlrantolecuiar alplia - hvrJrogen ab:;traction by thc tcrnrinal alkyl raclical to
produce a kclcl,e. In tlrc casc rvhcrc n =0, ketcne and ethylene are formed.

o

p'r{ -c! 

---+ 

\r^4( 
= c=o

\'\
' cHr 

- cHi - crh 
- cxr
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b. I'h.todccarbonylation tt-r givc Co, an arkerrc a,r!/ or a cycric arkanc.

CHa- C l{.
7.. r (Lur;*-L,;o '4*j3o,",^i,* \

fn^---il,_.- tf,li +cc

Lt{^L,' / \u.-.i.tcH^-c'ti i3L", ,rv_) v%44 
i\%k,,rr. ' (!rrl".., t\ 

I

Lu =cH.
II)tralllolccular lr,rdrogelt ab.straction by tlrc carbt-rnyl curbun atorll to givc anunsaturatcd aldchycis.

/c117*:=o fr^-
\ \"--\er'l^-cua' \tt=

'l'lrc vapour phase photorysis of cycrohcxaronc atrbrcrs prod
paths b and c.

t&) - fx" iu.
U +c0

cHo

CHa '

ucts liorn both

of
Alr>U.^\.,,' 

Jtc.l

857. tl'/,

oI,!

0 U" ry'--r(',.uo
1'hc photolysis of 2,2,6,6-tetramcrhvlcyclohexanone was found to in

botlr Sr and T1 excitcd sratcs.

ffir*ry.ifurgW
volve

3'/, 17,
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For curbottyl cotrtpouttds contained in rncdiunr sizcd rings, intramolecular
I I- transfe r reactions can lcacl to bicyclic proclucts. In thc fonrrati"on of trans - , -
hydroxydecalin from cyclodccanone, a concertcd Transannular hydrogen transfcr
with ring closurc rvould bc gconretrically highly unl'avourable, consequently a
diradical internrediatc witlr its more favourable geonrctry, appears to be rnorc likcly.

,9.?

-)

H 33
l'hc vapour phasc dircct phol,olysis of cyclobutanone

pltutt-rcl ci rrr i natit-rr r arrd plru tudecurbonylation.

m
H

o^, 
7 CH' -

-< N co

[], Y - unsaturatcd ketoncs, in adclition to undcrgoing the nonnal photochemicat
rcactions of saturatcd ketones (cyclobutanol fornration and decarbonylation), undergo
carbonyl nrigration by a [1,3] shift and form cyclopropylkerones (path b) by a
rcrction analogous to thc di - n nrcthane rearrxngement of 1,4 - clienes.

of

ol't

m
1, it
givcs products

2

A
cH-O + CH2=C_I*

+ CH^=CL{-n4,e t

\1rno
C)

3?7 oxe-t-",rng

llll oL r-ill-orh

?577.
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R coMerV
?onn 

e, R

\rH n
Solution phase photolysis of 4 * ntcthylpcnt - 4-cnc-2-onc givcs as the nrajor

product, thc cyclobutanol.'l'hc rcac(ion procccds li'onr thc singlct or fronr an

cxcecdinglv .short livcd triplct statc, thc quantunr yicld bcing conrparable with those

lor saturatcil kctones but grcatur tlran thosc lbr conjugatcll kctoncs.

OH

f i" A? ?H s',.
NdS 

->*l*
',4L

:-.}

,"f
-> L1

5+ /.
\,.

*)

o

$,rrc8.Me
00

,"t{}C -!

-+ ,/. *lr,vts+etc
ts'/.

NOI(RISII TYPE II

The reaction procceds frorn the cxcited singlct statc.For aryl and alkyl ketones
both reaction to givc cyclobutantrls and clcavagc to lbrnr alkcne attd an enol(wh.ich
isorncrizcs to a nrethylkctone) are thought to procccd by way of a triplct which leads

toa 1,4-diradical.

"l'he diradical ntay, ol coursc, reyen to starting material by rc - abstraction of
hydrogen by the ganlma-carbon radical.

t49

coMQ.
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R.

tnY
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1'he galllnla- hydrogert tra,sfer occurs through a i.tramolccular cyclic six_mernbcred T.S.. Ex N.tf II ruactio, of 5,5 - oii"u*r,hcxan -_ 2 _o.e giving, r_dcutcro- accruno ulrg 2 . a.u,".r1,i.i;cne. i.riis rransil.r or rrytlrogc, i, trre n T.excited statc occurs, to the locarizcd, harf - ntt"J, nl urbitar of the oxygen atomwhich lies in thc noclal planc uf ti.r" n-_ bond.

For aryl alkyl kcto.cs thc eiectron rclcasi,g^p-nrctlryr a,d p-nrcthoxy substituentsdccrsase llte rate cottstint ancl cluuntu,I yicla-ro. ryfl- rr clcavagc. Following thistrcnd p - hydroxy, P - arttino and. p - phcnyl sutstitucrrts inhibit the reactionctlrtrplctcly' This eli'cct is thouglrt to be a ,o,rr.qu"n.l"uf un i,crcrsc in i,rportanceof the fi --rt' tripret as it becor:r.J to*., in cncrgy ir;;. , n. r.riprcr state.

fTu
o,rffo,

)t

o-yct.n

lo"/rlP Ari:/.
' R97

The rate of radical rccotnbination to give cyclobuta'ols co,rpared with alpha,bcta -bond crcavage is ofrc, a"p"na.n, on arpha-substitution.

while the for,rati,tt'f thc T.S for cyclisatio, of a 1,4 diraclical inter:necliate onlyrequircs,verlap or,ilr? radical centerq c-c bonJcl.*;. rcquircs thc radical centers

:I:J:r:]iJlap 
with the boncr u,ui"-.going .t.uuug"-or l?**n bcrow for one possibre

+ fiu*
LHz

S*l'rlil6*k.--______--_-
Rr = Rz : l/
R1 : H- Ra :
Rl = Rz =1vr.e

xaliw,,,
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'l'hc nragnitudc of the rcsultant cclipsing inrcractions, prinrarily atong the Cr-C:

bortd.will be grcatest tor clinrinal,ion . rvith substituents at Cz, acJjacenr to tl-.,. carbonyl
grorrp arl incrcase in thc nragnitude of tlrese cclipsing intcractions w.ill favour
cyilisation by rvay of rhe non- planar 1,4 - <lira<iical.

PAl' ti IINO-BI.]C I I t RT,ACTI ON

The lonnation of oxctancs by photocycloadclition of aldclryclcs an6 ketones
olcfins is knorvn as Patcrno -Buclri reaction. EX Acldition oi-- acetophenone to
nrethyl-2 butenc. 

-l'hc 
oxctane is lormed 'ia the diratrical(A).

Internrediatc (A) is ttrorc strblc than thc othcr possiblc dirailicals (C to E). l'he
forrttation of nrajor cycloaddition product nray be prcciicted on rhe basis of the most
stable biradical intcnnediate.

Apart froltr the abovc lbur cxpecte,j products, non-oxetane products are also
produced.

Ccrtcraliy kctonc.s which undcrgo plrotoclrcrnicll reducrion tlirr:ugh the triplet add
snroothly to olcfins. It has bcen suggested that the rcactive state in oxetanc formation
is thc triplet state of the carbonyl conrponcnt just as it is in photorecluction of
bcnz"ophenonc.

Sidc products dcrivcd lionr rcactions (clinrcrization, lor cxample) of the olefin
sub.siratc sonlctinlss conrpetc *,ith or e\:cn coritllletely supprcss thc Patenro-Buchi
reactions. l'hese sidc products rcsult lbrm contact translcr ol' the energy lrom the
triplct excited srare of the carbonyl conrpound ro thc <llefin. Thi; may be
sclrcnralically represcnted as lollorvs:

to
2-

lsl



.1"'+ A

---;^ 
53 Crsc)

.{^+ r--l----->*"E]
I]nergy transler from thc carbonyl conrponent to thc olefin places a tunclamental

limit ort the gcrtcrally of the Patcrno-Buchi reaction. Intrarnolecular paterno-Buchi
rcactions havc evr:n bccn obscrvcd.

ror exanrple S-hexcn - 2 --one gives oxabicycrohcxanc.

PERICYCI,IC REACTIONS
In 1965 Woodward-llollhrann puUtit[.<'r-u *i*-of papcrs which lonncd the

is for pcricyclic rcactions.

*,-F fi,*
?HcHz_ cH.

t52

D

tD

3
h 1' A fro&"G L sid.a- ruq-"'obloru)

$= Ca;r,bor"'/ Cor"^g"",,^^J. A =accelrh.rf GUl;;
Excitation of thc carbonyl compound (D) proctuces an excitsd singlet state which

undergoes intcrsystcrn crossirtg giving the loiv * lying triplc-t cxcitc-<l state. Energy
transfcr then occut's on cttllisiorr (thc collisio,r.rni scction rnay be largcr tha' thc
molecular dianrctcr ) with thc ole 1ln. 1'hc triplct cxcitcd statc of rhe olcfin then reacts.

1'he probabiliry of thc r'ncrgy transfer in a collision clcpcnds heavily on thc
relativc triplet encrgics of tltc carbonyl conrpound ancJ thc olcl'in. Whcn the triplet
energics ol thc donor attd acceptor are sirnilai, encrgy transfcr occurs but at such rate
othcr proccsscs ( lirr cxa rnp I e pho rocl,cl oacl<J i tion ) cin co nrpctc.

n^
,+\V

Flt"c t:
Di w,.c,rrg 

"1r.rr
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Wlr:rt are pcric.yclic reactions?

ILcactiolrs in which the pcri eO, p.ni.ipatc irr sonlc sort of a cyclic nrarrner ol
the participating alomic orbitals arc called as pericyclic reactiorrs

\}'lirt arc pcri e lcctrons?
l-hc clectrons prcscnr in tlrc Llighcst Occupicd lv{olcculer

peri clcctrons.

Whar is a IlOtrlo? Ilow tu idenrify rhar?
llol\{O is thc higlrcst occupicd nrolecular orbital. Jusr

valcncc shclls, thc molccules hevc tlrc ntolccular orbitals.
Irr gcneral 'n' nunlbcr of atr-rrnic orbitals *,ill givc risc t,;

orbitals.

Orbital are callcd as thc

like thc atonrs havc tlrc

'lr' nunrbcr ol' nrolccular

Ilr,ru' do \i'e gclleratc the rrrulecular orbitals?
l'hc ntoiccular rrrbitals are obtained by the lateral ovcrlap ol'thc unhybridiscd 'p'

orbitals of thc carbon alonrs I)rcscnt in thc 11- systclns.ic.w'c are conSidcring the
conjugaturl s)'stc,ll of ntl- btiriJs lirr tlie construction of rr;clccultr orbitals.

Wc can pictorially rcpreser)t the gcncration of I1- nrolccular orbitals tionr 'p'
orbitals. Wc start with thc sinrplest I-l- systenl narncly cthylenc and go up stcp by stcp.

E T*.lLU e-rE I5\J1-A-I. r E NE

What do u'e obscrve in the 1\{.O.S?

a) 'l'he odd nurnbcrctl IUOS(?,,q-r, &3 erc) irrcsJrectivc of thc systenl arc synmetric
al thc cnds.

b) The cvcn nunrbcrcd trlOS(qr,?0,?6 ctc) incspccrive of the systenls are
alrtis.l,rnrnctric at thc cnds.

c) An important I'cature is the odd numbcred systcnrs. For a borrd to bc fornrcd rvs
nccd evett numbcr <lf orbitals. So one of the orbitals will rcnrain non-bonding. l:irr
the construction of NIOS rvc nccd conjugated systcrn of 'p' orbitals.

3

&&E Se&€
AuuY 1-
System

r53
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Ilow can the odd nurrrbercd systenrs beconre conjugated?
l'his is possible only if the syslenr is corrjugatcd.-Conjugat,ion is possible onty if

the systern is any one of thc following: a) o ior,o,, b)an inion c)a tree radical. For
e,xanrplc, allylsy'stcru carr [;c rui)rc.sctitcd as

/G.o, wtv
61\

()
l;t

:

Irt drau'irlg thc NIOS syrrtnrctry should bc prcscrvcd ie. wc shoul{ have the sign
distributions in a systenrltic rnanncr. So in dra*,ing the evcn numbered MOS of odd
nurrtbcrcd systcnls, the nriddlc orbital is kept vacant. ie therc is po sign put on it.(please
make surc, it is only a positivc and negative sign anrJ it has nothing Io Oo with positive
chargc or neg:rtivc chargc.

^ $ach il- bond has two rl- electrons. So fonu the number of n -bonds, the number
ol n'e s, call bc found out. Just like lilling thc atonric oruitals rvith electrons, we havc
to Illl up tlrc IUOS with tltcsc ll -clcctrons. l'hc follo*'ing prt-rccdurc is a4optcd for this
pur,pose.

i) Each N'Io can acconlnrodatc a nraxinrunr of only 2 clcctrons.ii) Ilcfore filling a high energy orbital the low cncrgy orbiral should be
complctcly Illlcd.

iii) Under photr-lchcrrric::t conclitions pronrotion of r:ne electron takes place' Iionr the IIoMo to rlrc LUM0 arong the rcaction co-ordinate.
For example for butadiene wc have 4 clcctrons.(2it bonds. So 2 x24)

A.
+
,t,

 .

Itt

,4.

0
/\

ilt

o

dt - b*ds = + rlulnrrnd

6.

nAt
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lJccause it has two ft -bonds which are conjugated.ie 4 .p' orbitals are in conjugation, 4

N'loS are possible. Applying rhe abtrvc rule u'e t,.u. t' ,,( ,( ,,t o.l, this .or* ?.,

una f 2 are occupied. Which is the highest occupied orbital? lt is f 2. So in rhis case the

ItoMo i. ?,.

Norv what are thc orbitals which are unoccupied? ?rr rna ?0. grt which is the

llrst lorvcst unoccupicd orbital'l tr is ?3.

So lbr thc butadiene systr:nl undcr therrnal conditions 8., i. thc IIOMO & ?, is the
LU,\1O.

Irt tltc case of odd numbcrcd systcms dcpcnding upon 1hc nature of the system the
total nunrber oIelectrons rr,ill vary.

For cxaniplc, allyl systenr.
alli'l cation = 2tl elcctrons * Q = 2 .(')t
allyl anion = 2t1 elcctrons *2 electrons from the ncgative change:4"O t
allyl frec radical = 2nB clectrons +l clcctron frorn thc frcc radical=3()t
For the allyl systcm the elcctron Iill up rvill bc as lollorvs

ntlyt cation: t' +t 4t

Atlyl anion ' 
qi '?i q':

Ailyl tree radical , qi ' ?1: ?:

For the allyl cation undcr thcrmal conditiorrs &, i, the IIOMO o,ra ?2 is thc

LUN'{O. I?or tlic allyl anion under thcnnal conditions ?, l, the }'IOMO unO ?3 is thc

LUMO. For the allyl frce radical under thermal conditions ?, i, th. FIOMO una ?3 is the
LUMO.

So now we have an idca as to how to construct an MO lbr a I-l -systenr and to
idcntify the IIOMO & LUMO.'l'he clcctrons prcsent in I-IOMO bcconrcs the peri electron
for that system. Fronr the nunrbcr of clectrons and frnm thc nature of the systenl we can
prcdict the IIOMO & LUMO for a given system evcn without drawing the IUOs. Wc
have noted early how thc pcri clcctrons participate in pcricyclic rcactions.
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2.Cycloaddition reaction
Cyclic arldition of cnes or

called as cycloaddition reaction.
(Ex) The sinrplcst reacrion is rhe
cyclic addition of onc cthylcne to

what are tire characterisric fcutures of triese reacti,,s?a) Ilithcr ilte re aslattt or Pruriuct (.lr) both the rcactant and protiuct nray be anullsaturatcd systenr.
b) A 'signra' bonil is formed or scissoncd and a 'pi' bond is consume6 orgcncrated.
c) The electrorlic reorganisation takcs place in some sort of a cyclic manncrot rhe participaring atonric orbirals.
d) All thcse reactions arc reversible in nature.e) 1'hey cann eirhcr be catarysed nor influencecr by acid or base.0 They are concerted reattions ie.thcy Jo,rot involve the formation ofinterrlediatcs.

florv nrany t-vpes of pericyclic reactions are there a'd wlat are tley?'l'hcre arc titrce typcs of peric;.clic reactions
a) Elcctrocl,clic reacrit_rn
b) Cycloaddition reacrion
c) Slgmatropic rcamangernent

unsaturated compc;unds to give a cyclic product is

cycloaddition of one ethylene to another ethylene (or)
another ethylcnc to give cyclobutane.

.h?
+l If____ I I

%eabrnto.,.e

n tt&Q.g:ns

t
E tu.j{a^^,
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3. Siglrraln;pic ltcarrairgr,lrirrr t

Nligration uf an at()ill ()r ,trulrp liorn onc cnd
callcd as signratrrtpic rearran gcnt crit 

"

oi'tiie puly,cnc to thc othcr cnd is

^ar 
h?

<__ l4
r/=-s(Jl*\:-

uj'a
Corryer.satiolt oI orbital Svnrnre tn:

A striking fcaturc ,.rl t]rcsc rc;rctions i.s tire ir iirgir ilcqrec oi slcrcospccit'icity. For
examplc, unJcr pltotriclrcnricll Cr)ntlrli,.rnS,lr.i.5, ttuns- (l) hcxa-2,.1-dienc (tl) on
cyclisati0n givcs only cis-J."1-iliirreihvlcyclobLrrcric.siruilerly traris, cis, trans-octa-2,4.6-
trienc (lll) urldcr siltrilar coit.jitions un cy'cli.r;l.i,ln gires urrly tlir:rcthylcl,clohcxa-l,J-
diene(lV).

Whcn cyclisatirln ol'this latter suustr;tc is ci'lected thcrnirlly, cis-5,6-trans- 5,6
dinrcthylcyck-rhexa-1,3-tliune (V) is pnrduced in conrrrst r.o thc photochcrnically inducecl
cyclisation in wlrich the lruns- rii*lrhyl isorncr i:; rbtairre J.

R"

t

/Y4<;-
.t \ 

\- --Zlrrla \ -
( lr)

(-E)

-{^,,+
<<-_-_

A
t---

'r'^e.-

f ?..l' d/n^ -

Lli )
C-\.:. '

IV

It''w-|-r,
1..4

-'1
tt te

'l'his remarkable
during pcricyclic

stereospecificity is attributcd
reactions.

to thc convcrtii.rn ol' orbital symmetries
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florv nrany nrethods are availahle to explain these reacti,,s.j
There are four methods avairabrc io cxprain thcsc rcactio,s.

ii) Conser-v'ation ol'orbita! syrr:mcntr-v nrcthocl(Woodwarci-l,lo{Imann)

iii) Perlurbcrl fulolccular Orbirai i\,lcthod (ur)
PMo method (rr*cker, Mobius and Zimnlernia,,)

iv) Generalisecl Woi:dr,.,;rrd-lloftmann rule

Fil{O Nletlrod
llere the strcss is giv*n lirr ll:c highcsr occupicd nrolecular orbital (FIoMO) andthe lorvest unoccupi cr.l ntolcc u Iar orl; i raI1LLJlt,l O1.

First wc can consitlcr lltc elcctnrr:vclic rcaction <rf butaelicnc to cyclobutcnc. What
do w'e observc in this reacrioir'.r J iic r',;acra.t has trvo fr bo.ds

rr m(tlll
cjclott^'la"{

and thc product has oltc rcorganiseri ri-bontl ancl one 6-bond. IIorv to convert a fi bonclinto a 6- bond' Actuallywhat is happening here is the'p'-orbitals of t5e ti- systenr thatare presettt at the two en<is are ntarie to fornr the 6- bon.l or 6- orbitals. I;or a n- orbitalto become a 6- orbital, wc ltave tr: r*latc th c'p'orbital of thc II- sl,stcrn tlrrough 90., i.c.bring it horizontally. This we can cio in two ways.(i)both the encl orbitals can be rotated inthe same direction (clockrvise or anrictockwise)'il,;ugl; ,F.-'il* 
-ir-.ojr.,i 

as conrotation.

ffiOE
coN Ro-rATl o)'.1

(ii) one of..the orbitals is rotatccl clockwise
through 900.This is called as di.s roration.

\Vhat are the1,?
i)Frontier lvlolcc ular (Jrb i ra I jVlerhod

i;MO merhod (FLlKIil
(or)

DIs RO-T_.cTION

and the othcr anticlockrvisc of course both
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Norv ue catt discuss ltorv tlre actuat c-r'clisaticn is taliing ul:rce?
l'he nrolcculc butatlient: has 2tt- bond.s.'l'hat nlcans,fr."yr,,rnr_,lrr o elcctrons

'rlre clectrcnic cclnfigurarion of Butadienc (crounci state 6r c.Si = t, (, ?,i q:

II()I,l0 (C..S ) ol'butaclicr,. =?,
()

LLJM0 (G.S.) ot'butadicrrc =-[ l

{ Iru.t.^Aiertq

Eiacbncric_

a3ctobr^\6- 6ovrdn5 qrvafLa)

cqt X
Yott^lLr t:

o/
S.

Bu-"1d,'.3 &i b uno'[i."'

"Con rotatary closure of butadicne
whcreas the dis rotator), closure of thc
contlitiolts."

Arti b *",J;c
J

Ar','ti tr^..1l5
aw o3tcv)

,,5it u.qf(clr

\Yhat is a bolrtiing arral,'l
What is arr antil.rondilig array?

When orbitals of samc sign arc brought toge-thcr it is callccl as a bonding array.
Wlren orbitals of oppositc sign alc brouglrt togcthcr it is callcd or on oniibonding array.

In thc case of cyclisation oI butaclicnc to cl,clobutcnc thc con rotatory closurc
gives a borrding array and tirc dis rotatory closurc givcs an antibonclirrg array.That nlcans
the lbrntcr pathrvay is syr:rrnctry allorved an<i thc latter synr,lrcntry foibidcten. l'hc
fo!iowing conclusion can bc nradc out of it.

to cyclobutane is a sylnnrctry allowcd process
sarne is synrnrctry lbrbidden undcr thennal

Norv rvhrt rvill happcn uudcr Photochcnrica! conditions?
Undcr photochcnricrl conditions pronrotion ol' onc clcctron

IIOiVIO to LUMO ic.liom ?r tu ?, in this casc. So tirc clccrronic

bur:rdicnc undcr photochcnrical conclirions rvoulcl b. q.1 ql f'rfl
'I-hercforc Flolvlo (E.s) of butaclicne-?3 LUMo (E.s) of butaclicne-?r

takcs place front

configuration of

/l, 11 r.tO .CftCfV<;uC

Y+X ,rrc'(541\^6dior
W(9i-. -:e(58xe :
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Ph'

N0rv \\'e can cottsi,"icr tire
ocircrrtic;l uunditions (r.lr'7 u.xcitcd

clclisari.lrr oi' t':;iu.j;cllc
statc cuitriitiolis.

irl cycltlirutclrc urrtjer

\'Jli/>

\ ru t-attoi t
.V tu.ctYc'.lta-c

nj d{?lui\it8 AJ't(^ft
1-----r=

Ur.\ ^6D
Ar'$ib*dw{ '{'LY"1o!

3qv".r',.tlt^1 .{o rubidJ'*'",.

:lu, rr,c Ai"Y i r'^. tu "'l

v*
,\)cre

(;on rotatory closure of irutadiene to c)'ciobutene is s1'nutictry lbrbiddcn bccause

it lr:rds to an aritrbondi:rg arra\, u'hcrcas thlt ol'tlie sanie via disrotatory closure is

syrltntetry ailorr,'cd as it lcads to a bonding arra)' utiJcr pltotocltctnical conditions.

[;or the c1'clisation reactiun involving hcxatrienc to cl.ckrhexadiene sinrilarly we
v

can tlnd thc liOIvlO unde r tire rnral condition to be ? 3 and undcr 1:hotochcmical condition

to l',c ?1. r\s *ith butadiene \\'c can drarv the IION'{O under tlierrttal & photochcmical
cor;;itions iiriJ ljnd tlic prcfcrred nrethod of rotation(cyclisation) G.S.electronic

v.atri er, c = 1', \'rfi qi ftt f?

oJcbirt"-\e"!
Bc"r&*3 &\Yc\'i

5'1r*r"''i** c"i!'o ;,c'
i"'.it!crltctr

8J-uci-':"\c. -
tu-d(ti5^^^Jalt t^1 '

::1J

q&t\&xAJi.e^^r

A'nkib"*dL3
5'1r.,tl".ftr5

a^^t,
&'biu"{r^'

B6y.d..*3 -1}*j
S.trvnr""S.\ allc^rrr4

r60
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Cyclisatior: of hexatricne to cyclohexadiene vil con roration is symmetry
forbidden under thcrnral conditions as it leads to an antibonding array.\Wrercas the samc
via tiisrotation is synlnletry allowed as it lcads to a bonrling an'ay.

[Jniicr photochernical conditions pronrotion of' one ciccrron lakes place from

IIOl,lO to L[]NiO. ie. lrorn ?: to ?0. The E.S. clcctroi:ic c*nliguration of hexatricnc=

q1?''drd-qig" 
cyclisario* of rhis molccure under pholochc*ical conilirions may be

cotts i.lcrcJ

AY\A,3
ct-t-tp,cej

e--e
/'t

lJ\ /*\,--

,ry"'-Y/.\ lV"\ /^
C=}<eGT\'

An.*[t b*rir" 3 ANr**

s^j.^^*&G11 .Jav bidde'^

Con rotatary ciosure of hr,:xatriene to cyciohcxa,-licne under photochcmical
cor.rditions is syrnmcntry allorvcd as it ieads to a bonding ai.rav.whereas the disrotatory
closrrrc of tlic sante under similar conditions is sy'mrnctry lbrhidden as it leads to an
antibonding arra)'.

\\'h:it do rvc otrserve in the alrove tlvo examplcs?
rvhcnevsr thc cncl orbital synrnretries happened to b; antisyn:metric the preferred

mode of cyclisltion is con rotalir.rn. Again whcncver the cnd crbital syrnmetrics are
ant;synlmetric, the prelerred niode of cyclisation is disrr.rlltion.

l"his dillercnt nrodrs of cyclisations under dilTcrent conditions (say
thcrma l/photoc hemical) wi l l a flcct tlie stercoclicni i stry o1' the prod ucts lbrmed.

ltrow are we to relate the nrode of cyclisation and ster.cochernistry?
Take the example ofl 2,4-hexadiene (or) I,4-dirncthylbrutadii:ne.
CIl"1- CII: CII - CII: CI1 - CHt

In tliis cxantpie though thcre are 6 carbon atoms, only 4 carboir etoms are in conjugation
ie.the re erc orrly 4 MOS that can be rvritten for the mol*cule.

16i

Corl ./
rLnY"h*J/



The total nunrber of electrons for this system is 4eos. The ground state electronic

configuration ol'rliis molecule ,, ?i ti ?i?':
I{OMO(G.S) of butadienc syster, = f ,
LUI\,lO (C.S) of buradienc system:$ j

Since the I"IOM0 is an even numbered M.O., the end orbitals symmetries will be
antisymnictric.l;ronr our c.rperience abovc this should lead to con rotation

l{}ryW3:

Borr.dLo
J

S7 vrnm^otrrj
^-aL^;.qa . ],i:ilt ;1' 

4-d imethYr'

1r- Hor4o (&.s ) q 
"r4--l.axac\ievr.-q

Co"rL
,ntc[a]iott..

Under photochemical conditions pronrotion of one electron takes place from
Hoi\lo to LUItlo ie. frorn &: to ?r.Th.r.fore the excited srate clectronic configuration
olthe 2,4- hexadiene is,

* qlr',q,i

In this casc the HOMO i, ? r, which is an odd numbcred wave function. Again
frnm our experience the odcl numbered systems will cyclise via dis rotation.

Thus \4'e can say that the occupied orbital of high energy decides the
stcreochem i stry o I the prod uc ts lormed during el ec trocycl ic reactr:ons.

n^-f-=
ELa-ctr9wtl I I

\4r\Ra^^^8olb. | |) 3 Ls+. ---latlD u 3 i..i.r eltq

1$',t

^ eo,wi%Orl- t+^tsrrofd'.,'\ A{2

6I



So fir, we have considcrcd systems rvith even numbcrecl MOS ie. butadiene,
hexatricnc etc.

\Vhrt about the 6dd-numbcred systenrs?
For odci numbered systcms also rve follo'ov the sanre proccdure as w13 6id fur the

evetl numbered systerns. Their products will be slighrly difiercnt in tire sense, they may
cotttain a nott-bonding orbital rvith or without eleci.clns (allyl systenr) (or) a cqnjugateci
ionic or radical species(pcntaclienyl systcm),Depeniling upon the reactanrs, tle products
ntay bc a catiotlallion llrcc raclical. is. a cationioreactait will give a cationic product and
so on.
Eg. Allyl cation a-t cyclcipropyl cation

/'. -,@

Qo,{)r>1 --J a \^.0^- b^ufi-l clbitor.

The G.S' electronic configuration of allyl cation is 412 4r.u 4tn (as allyl cation has
only the trvo rl clcctrons). Thus the ljoMo (G.s) of allyl is 42 and'that of LUMO is
?r.Nuw thc cyclisarion olrhis carion nray be artcmptccl.

a

Lcru,. {Yu'*,?.T,,r.Y
rr-cl-Jion / \O.s *

{ \i'fdrc^^ '

The cyclisation of allyl cation to cyclopropyl cation is a symmetry allowed
process undcr thermal condition, via dis rotation, because it learls to a bonding array.
Whercas the same process is synrmctry forbidden via con rotation. This is a (4n+i;
electron system similar to 1,3,5- hexatriene.llere also we get the same result.

:----+Jt---

R tirctroruc dq./t)\ a _._" \e'6C,o 
^ffi^*db4 .*r'p.e;A1"r,t*t y:y B.^\ aYYay

s.f-*^r\ yb\d.Ao* \r^^dt\ aQfu*re{
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Under pltotochemical conriitions promotion of one electron takes place iionr
I'lOrlo to I-Lih1t) ie. lrom ?, to ?, i,.r this casc. The excitecl state electronic
coni;guration o1'ally,l cation is,

,-l ..1 
70(r (: *:

'l'hc iI(i.\lO ot'eil1Ieurioir rI:.:jI i.s I:
l"he LLilVI0 ol'allyl carion (H.S) is 4:
1'liis cyclisation nray trc attcnrptgd as alJuve.

cnr \; 1lci.^o C e,S , )

\ -l "q( crli"r

\si& 
nr't-,.ii.,.''

*to3 Arutr'Pc' rcii,''q c'J \lx{

&*w 4 
"?-*^r^a f;' b' Jl{"

1'lrc cyclis:ttiort ol alll'l c;riicir to c),cloprop1,l crliilrl is a synrrnctry alloweclproccss via ccin rotetion, uitdcr pirotochcnric:al condiiions, bccause it leads to a bol6ingalTay' \!'trercas that of thc satttc s)'r)inrctry is forbiddcn via clis rolation, under similar
conditions, as it Ieads to an antibonding array.

For lllyl atliott /free raclical cyclisation proccss can be writtsn as before.

I;or pclttadienyl systuni, oul of thc two n- honds onc will bc used for ring closure(6- bond formation)'"1'he other ciouble bonrl conjugatcs with rhe cation/anion/free radicalto producc an allyl sysrem in thc cycropcntcnyl systenr. ( r 6 bond ; ;, ;lrri;ystem).

,,,-\
((\\\ /*lolr:

16:l

,l* Yi-&tu\nr-
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'
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I-iccti.rn
Systenr

llut {or this evcryhing elsc is the same fcrr thc pcntarlicnyl systcnr.
So, we can now rvrite the orbital syrnmetry rules corrceriiing thr'elcctrocyclic reaciion.

i
I
I

cf iit,$AIlIlt't'IoN
I;or any addition rorction to takc piacu a cionor ari.i arr crucuptor arc nscessary.

Here donor is lirc M.O. rviricir cln dtinatc tlre cicctrons & tirc acccptor is the h'I.O. which
accrpls thc clcctruns. Naturally in c1'cltladditiriirs, uiie nii.,lucuic lus to play rhc roll of a
drxior and the othcr an acccptor. Wliich orbital can acL as a dclnor? l"he onc which can
part ii.ith the clectrons readily. i.e. IION{O whicli orbital will act as an acceptor?'l'he one

rvliiclr is unuccupicd. The natural ciroice is LUllO. So, Ibr cycloaddition rcactions, we

have tu considur the IIOMO lbr one rnolccule and l-Uid() icrr rhc otlrer.

"['he sinrplest cyclorddition rcaction is th* tildili*n uf one ethylcne to anothcr
rthl'lene to give cyclobutane .

ri ft J,r*l ht
F=J 

L_---_l 
L:.I"bi'to-r

er\,b.'"r

i
I

i

'fhis reaction is possible only under photoclien:ical conilitions, To undcrstand this,
u,u rrdcJ to hrve a look al the dil{erent rnotjes ol'c3',:lo*ddiiion, just likc thc dillcrent
modcs of cyclisation (in ei*ctrocyclic reactions)"The "p" oriritais are dump-bell shaped.

During cycloadilition (i) the lorver lobc of onr n:r;lcculc and ilrc upper lobe of another
n:ol*cule r:ray inleract to lonn a bond. This r'-'c c;ll as'$upra'nrrlde of addition (ii) the

lorvcr lobe/uppcr lobe ol one molecule nlay interact ri,ith the lowcr lobe/upper lobe

respcctively of the second rnolecuie.'i"iiis *'e call as 'antara' nttide of addition.

in cycloadditions two sigma bonds arc irrrmed, unlike are sigma bond in
electrocyciic rcactions. This gives rise to thrce possibilities rvirich rnay be pictorially
rcpresented as bclow,

--l --*-;--.-*l
h'Y

aiiowedailorvcd

Drs

Con

i

I

i

i

I
I

I
I

I

I

4n

4n+2
T-

I

I

I

t
t
I
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C'om

cthvlenc is.

ing back

ei r!
t' the dinrcri'sari.n 

'f cthyiene, the G.s. erectronic conirguration <ii-

lt0Lt(XC.S,) of erhytcne is { 
1

l-Lji\,1() (G.S.1 ot-erhvlcnc is ? 2Because the oth.-r reactattt is also an ethyrcnc nrolccule, ttrc Iloi\{o & LUN,to arr: Iikclyto Lre the same. Let us see what happens when one ethyrene arids to the other.

\, ilo r.tu L A,s ) d cl^,g JLl,tE[i^l, lr#r.^-k

.&t ?*2 Lu no Ccn,S; { a^*\Ll,.*\r,5fu*o\r"to*I*

* ln writi,g the lob.,

lffi::,:L::[:*',: :l:]fi]'l:.?:"f::::: 'i? "o,irf ,no* r,re supra.supra modu,tvl: cr*'cr i t i s p.ssi b r c. r1 gr i :r ri;- ;il;; ;ffi ffi yr:l"il, :T.l:f:il:f, ffiX:minus signs are thcre to diticrentiate the uppc. onJ io**r lobes of the ,p, 
orbital.Depcnding on our ne,.jd we ,"oy,*n *;tH pius sig,r;;;;,lr* sig, whire 6rawing the

i" -":ll$l,-"ffi::lai"rution normallv -;e start wirh plus sign to represenr

when the Iobes ol thc two ntolecules nrecr on one sicle we see bonding array an<lthe other side a,ti-bonrling' so tr.,*',lirrcrisarion or'.,{r.ne cannot take pracc via thc
;::i:;U:,i:Jiill;'"tara) process under tt,.,n,,l ;;,;;;;1",' consicler rhe .ther oprii,n,

(''t.

, ) A"'tro':rt'r. -.Su-y&: -
f5c""rrl,""3
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otr syntrnetry consiclerations the supra-antara process is ().K. ie. 0n both sidcs weget bonding arrangement. But ethyiene is a snrall mtiecule. so gcornetricai constraintswili prcvcnt this disnrcrisation taking place under thermai conciiti;s. 'rirat is *rry we saythat thc dimerisation of ethylene is nlt at ail possibre un<icr rhcrmal conciitions.
'l'he rcaction 

, 
uncier photochcnrical condition is slightly ijiffbrcnt fromclcctrtlcyclic reactio,"lhis is bccruse hcre w'c have atleast two reactants instearl of one inthc case tlf electrocyclic reaction. For encrgy transfcr to take place, we consider onemolccule under thernlal or G.s. concJitions airo tne other molecule undcr photochemical(or) l:'S' conditions. Ijor both thc rcactants we can have IIoMo & LUMO under boththcmral/photochemical co.ditions' This gives risc to four possibilities. Let us considerreacta,rs .,\ & ll i'teract to give the products. Then thc possibiiities are,

Reactlnt A
HOMO (G,S) +
LTJMO (G.S) +
IIOMO (E.S) +
r.uMo (E.S) +

'fo avoid cttrbarrlsst)rcnts tvc consiclcr tirat possibility in lvhrch the HoMo(E.S) isconsidered for thc smaller among the two reaclants.(why should it be like that? For
lllccylc like cthylene we can have only rwo M.o.s. In such a situation wo cannot haveLUIUO (E's) for cthylene. For this we wuld neeci a third M.o, which is out of question asfar as ethylene is concerned)

Whet about the photodinraisaf ion of ettrylene?

Iteactant B
LUMO (E.S)
Hoivlo (E.s)
LUMO (G.S)
r{oMo (G.S)

T'hc interacting lobes in the supraboncis
side.As a rcsult tite photodirncrisation olethylene

have bonding arrangements an either
is sct to takc place.

Front what wc have learnt so far, it is clear that thc dimerisatioir of ethylene ispossible only under photochenrical conditions

'l'hc E.S. elcctronic configurarion oi crhyrene morccure i, ?1 U . so rhe HoMo
(ll.S) ol' rhe cxcircri erhy,lcnc l, ? r. ttr.
I-UMO. (Thcrc are only trvo B-eletrons
unoccuprietl undcr thermal conclitions)

other cthylcnc in rhe G.S will liave ?z as rhe

in ethylene. l-hat goes to fill up ?,.So &, i,
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The cyclcxrddition of etii.viene t* entadicne may bc considered.

// lt
/',/ I ilr' 1lI -r" iiL
\=

&**'*
,\

**sd;?

. 1' .

\r3 - Irv'I t>'r3 t dr't"-'-
*-\'iJ4u":,**:;

Tire C 5. cl*r:tr*nic {.1'.{ifi{;:t "t*1\i1
*? -0

thylcne ir (, fz.
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ormulate this cycloadditirn.

of butadiene is and that of

LUMO (G.S) of ethylene may be taken

r,*riq,:

I h'9') + b**d1r^''r
!i ,"" li 0!''\0 
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The cyclcadtlition at *thyl*r:e ttr butadiene is a slmmetry allowed Drocess under
hemrrl condiiions via supra-supra nrodc as it leaiJs to bonding-boncling arrangement.

Thc selectian rules lbr the eycloaddition reactions can be given ds below:
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Signrafropic rcarran gerr rent

In nrigration of an ator11 or group from one end of the poiyene to the other end is
callcd rs sin:atroDic rearrengcrncnt. The sigmatropic rcaction given as [ij] "i" relers to
the initiation point aud'J" relbrs to the tenninus. The signratropic order is given as (i+j1.
Thus for a a[1,3]-sigmatropic rcaction thc ortlcr of the reaction is i+3=4. In a way the
signr:rtropic order refcrs to thc number of clsctrons actually involved in the reaction.

,"v
ln copc rcarrangement.both cntls of the bond are attachcci in n'ew positions in the

product. The cope rearrangenrcut is an exanrplc of 'a signratropic rcarrangentent of order

[3,3]. Sigrnatropic rcairangcurcnt of this type involvcs the movernent of a sigma bond
across two parts of a irolycne systcrn. So the numbers of both termini are inclicated.

Thus nrigration in thc 1,5-pentadicnyl systcm below is a [3,3] sigmatropic
rearrangenrcnt (copc rearrangcnrent).

'-47rl
II

tn
--Clt=CH

A ar 1,r?

<_r

!>t\

3H

!",
**

af
/)L 3,V) - Si3r"""'-"'t'rq?tc

I-t!-ev_l\_il_,\{gra,."s^^Jr

We can use the HOIUO-LUMO approach to analyse the symmetry characteristics
of sigrnatropic rearrangcnrents. In sciting up the requisite frontier orbitals it is the sigma
bond undcrgoing clcav:.rgc separutcsrhomolytically into tu,o lree radicals. The reader has

to bear in mind that this is only a conceptual approach for the analysis and does not
represcr.rt the actual concerted process.

Thougir the cleavage has taken place, we say that the bonding character is

niaintained, bctrvcen thc'"tlvo scparatcd sigrna orbitals", throughout the migration
proccss. If we donot imagine Iike this, it would be difficult for us to explain the
stereochcmistry of this reaction.
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For a [I,5]-shift of a hydrogen atom, the pentadienyl system should tbr:n thepentsdienyl radical by the homorytic cleavage of the migrating c-H bond.

crlz
\,,

=:C1.1

H

4u*
bu
z

113-'
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r. ,l r'
tiO Vrnr:V,ti.i1C

-rH "r.{,c-H* \,
\r-=(

?,e^^\:^ d\.sry| vr-dicr"t

+

5

pa^f adi a,^! ,

IIOMOLYTIC
Norv the homolytic cleevagc of the C-FI bond has given rise to a pentadienyl

radical. f'he eleotronic configurarion for therentadienyl raclical (G.S) ,. qi qig,'rq,lftr,
so the OMO (G.S) of pentadienyl radical ," Br.l, is an ocld numbered wave function and
hence the end orbitals will be s;T nmetric. Since tire entl orbitals are symmetric themigration can take placc m the same side of the pi -system, which we refer assuprafacial mi gration.

Bo\&4,^13
*"^"aJ.

The dotted lines indicate the bonding character (though they are supposed to bescprratcd)

Since tlle migration termitrus has the same symmetry as the migrating atom, these
[1,5]-shift is an allowed process. supraracialy under th;r;1 ,"ralir"ri. 

-*'. t *-"" LrrvDv

Now electronic reorganisation takes place to give the new set of pi -bonds.

chl' H\_.. I

''cEl- c 
El - c3-cH= 

@risinat Numberin$

The G.S. elecrronic configuration of an ailyl radicar is 4r2 422 4f

^r ^ ,/
Cx&?,Vcyt.
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"l'he I"IOMO (G.S) of allyl radical is 4:. l"his is an e'en numbercd M.O. So the cnd

orbitals will be antisyntnletric. As a result the migration of hydrogen or the same fhce of'
the pi *system is not possiblc naturally the migration has to take place on to the bottom
lobe.

!'r t-ir. *..r,'w I i c.. l{

"\1u.v:o' m. }till^r*r..._-{
i'\".., j ..

,$''" i r,? -i'1\*'riJ _,."A;' ,i.,*,I,...-...ii....".:t*-ar? 
cJ,,- n..*_ 

\ " 'ilrr"ii*'- 8. . t r*,u1u,: ''

,ei^qi ,fyt;-

Such a migration of the atom from one facc of the pi *systcnt to the other, is

tcnned as antarafacial. Thus feir a [,3]-shilt tlre allowed mode of migration is

anrarafacial. This would be geometrically difficult lor a concerted reaction and is not an

experimentalty observed process. When an alkyl group migrates, an additional aspect of
stereochernistry must be considcred. This is becausc thc migrating hydrogen is

cnvisioncd with a splrnetrical ls orbital, the pathway of carborr migration involves

electrons in a 'p' orbital. Orbital synlnretry can be maintained by using either the same or

opposite lobes of this 'p' orbital in bond breaking and bond making.
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Pathway(a) is caiicri as sr:pralacial nrigratior.:. ln parhrvay(b) thcre is invcrsion of
thc n'rigrating carbetn (to lacilitat* boncl lbrmarion). 1'holgh the nrigration is supralaciai
(i.e same fbce of the pi-systenr) the nligraling carbi:n u,lJcrgoes inversion. So thc tota!
n:irlraliory pr()cqss is tcrlr:cd as ant*taiacial.

'fhc thcrrnai isomcris:tii:ir ul- enrio-ir-accro.rylrit:io[-i.2,0j-hcpt-2-ene ro exo-5-
acctoxy bicycle[2.2.1.] he;;r-?-*nr i:; un exlr.pie al'this ccrcg{}ry.

)t il&- 6 * Xe*cr^rr-^c,.rrjo -
f* 5.2 - c .) JJi-- i - 

".^ 
t -;:xo- S-/.rtax^< ,ij.c1lj.t, -

L:.2.1.i- )*il'- !* i"rrr'

,"{

b
;>

l'hc rcarrailgcllti:llt, irou,cvcr prccc*rls rvith irrversion at the carbon atom that
moves. 'l'his inversion is s!:orvn i;3, a dcntcrir:m labeling experimcnt. The translormation
with inversiqrrt is allorveii bt:causc irrversion penlitJ smooth cvcrlap ol thc carbon

undergoing lnversiott with rlie IiOivlo( ?r; uf rlir: tlrrcc-carbon unit, an allyl rariical.

'.* iT---\ !r*y3{ric-d| \ --.-_---
fiI--ot/ t:t:'.u314 '

o *lf\aa..
H ''

/-_\ :N,-l
f"i' r"

l"{ i{

?r"r- r+o,,ro (G..r; #"$n,
,'1*--\ t'ri'1tu.L;^r{

-----------> st_--q 'Jffi,,r* dl*,--B*,?''i$,?Iff"" ";_*'#
el.ott.""*ie

e

rr-r-ol Srrni-l.rtis n

t-,1t lL

I
/t

fu""



{Lcnguet _ Iliggins}
Principle:

The symmetry clements characteristics of the reectants are preserved or conservedthroughour tire process and rvill be lbund in the products aiso.

unlike the prel'ious m.ethod, where we concentrated only on the HoMo-LUMo,this method takes itt tt,e, orbitals inro ur.ornt. It not only examines the orbitals of thereactant polyend but also considers the orbitals ;i il product. This consideration of theo.rbitals of the product leads to a situation where it is 6oo*i which reactant'orbital givesrlse to a spccific product orbital. Such a ,.pr.r",r,or;;r known u, u 
"oo*tation 

diagramand lhc whole mcthod relics on a cousideratio,: or rrre t as:c synlmetry of the prod,uct andthe reactant orbitals' The tasic thing, therefore, a, ti" success of the approach is thatthere is no net change in the ,y*rr.ty of the o.bitut, in *o,ring from the reactant to theprorltrct or vice versa' Thus fir a reaction to be concerted it mus( take place with theconservation of orbital symnretry.

Precisely fr:r tlic sanlc rcason we canriot drarv correlation diagrams for asigrnatropic reaction, because symrnetry is not maintaincd throughout the reaction,although it does appear in the trrnritlon state. The starting material, for example, does nothave S or cz symnietry present in the transiiion statc.(For consideration of symmetry oforbitals' in correlation ctiig.am, we take into accou"i lrly two s).mmetry operations.ofirnportance, eir'her a mirror prane (m or o) or 
" 

,*o-iurJ axis (c2) rerationship.

For the construction of the correlation diagram it is essential to have thesymmetries of all the orbitals with respect to mirrorpline and cz axis of s)rmmetry.
*/** Since the end orbitais of all odd numbered wave functions are symmetric at the

;:l;,i:11.'i[3.1:"0 
to a n orbital. This is po.siut" u.cause we preserye symmetry in

\)

o-*
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Again thc rnrl orbitals *f all even numbsrcd rvave lunctions are antisynntetric at

thc ends, they citrrcspond to a 11* orbital.

Qrbita! svgrri:strl' rui{ri fiir rl}$.corrstrultion-g,f cnrrelation diagram:
1" Amangc tlic reactaiii :iilJ ;;rojLict r:ri:itais in increasing orcicr of energy along the

reacti{.)n co-rlrdiantc

'.)"

Assign syntrnctry elcnrcnts w.r.to m or C2 symrnetry as the case nlay be to the

rcac tr.inl antl prr:iluct rirbi tu 1s.

Drrw cCIirclation lines Lrr:trvrcn crbitals lying as close as possible along the

reactiort co-0rditraie"
Eaclr nrrlccular i:rbital c:ru acconnloCate a maxinium of 2 clectrons only.

Ilclor.: Iilling I liigh *ncrg'y'r:rbital. tlic iorv energy orbital must be compleiely
llllcd.
Non,, i{' tl:r *xpcctti anil acturl orbital sy'mmctries (including clectronic

contigirrltion) of thc rcactatrt and praduct orbitals comslate with cach other, then

the rcacrion is said tu be sylntnetry allorved. If the orbital symmetries do not

cgirclatc rvith each other, thcn the reactiorl is said to be s1.nrmetry ftlrbidden.

Uncier pholocheilical cr:nJiti{rns, pronrotion of one electron takes place lrom the

t {ONI{) to LIJN,l0 along tirc lcaction co-ordinate (L:oth on t}lc reactant and product

side s)

l'trr. "l-.S. tr:rr thu disrotation resembles that ol a mirror plane and that of con

rotation rcscnrblcs Cl slrlntctry. So while constructing corre lation diagrams lbr

disroiation *'c consider ntirror pl;:ne slmmetry for the reactant and product orbitals.

Sinrilrrrly fur con rotrtion rrc consiJer Cl s)'n1nlctry lor thc reactant and product orbitals'

With this basic idca, \!'c cait construct the ccrr.-lation diagram lor the electrocyclic

anri cyclo:.rdditiorr reactions.

Wc can consider the dis rotatory closure of butadiene to cyclobutene. The reactant

grbitrls *.. f ,. $"r,fl,3 an{i t'0.'l'lr* procluct orbitals ur. S,?.r1c1. (or) n,?rt.'1(or) fl*,

6*" 1tn clectrocyclic reactions the cycliscd product invariably has a n'system either

conjugated or sirnpie. Of coursc in an aliyt systcm we rvill have only a non-bonding

orbir:rl and not a i-l- systcm. For sinrplicity, lve consicler thc molecular orbitals i,e. $,,?.,
ctc CIf thc Il- systcm rathcr than thc fl-bond themselves, In order to differentiate between

thc rsactairt h4OS anii thc MOS rvhich are embcddcd in the product orbitals' the lattcr is

givcn a sufiix, clcpcnding on tilc li-systenr. For cxample in cyclobutene we have [,(")

,rO Ir(e], bccausc the tt-svstcm is e:hylene. In cyclohexarlicne rve have ?,,0,,f ,,0,, ?,10,

and !..r(h) bccause rhc pi-sysicm is butadiene. Similarly lor cycloctatriene there are 9.r,(n)

$r(h) $r(H) $o(h) Q-r(rr) una ?6(h) L'ccause the pi- system is hexatriene'

a

t+.

5.

6.

7.

114



qud&
ao

r-. QAdvt
tr)

(it r)
*,966g

Rca.ct<r"J- crbit-atr* Prul,,^r-t crbi L*.L

6:-i(
A (->A
,t  \)r -s A. \\ ?l'--- ./

)<-/\
n//' \ .,

1J

,{^^"PUjet Lo."'rX.oh,* &.a4.\r,,r* Sr ,&

\d:*,,tr*r 1,L-r.t*iiir,l- h JldrbrJ**

G' ,9. *d,L&noi!d*

rr-r-,:,c!i,r*k ul-'pl|...L

l.Lut Lt L u

'l !L ,-i ,q

_Jt, -

tl,rr-{+1.rfr^.F,c"u +)l
prr&cl r,nbitais

,LLI,
C. 4,cU '16(*) o.Y 

"

^ 2 t sx-FclGJ)
.\ ia 'ke(t) 4reJ" c-x

qo.t"r^l)

'l'he cxpccted and actual orbital symmetrics of the reactant and procluct orbitals
symnletries of the reactanI and product orbitals do not coi-relatc lvith each other. So the

1]:::^i"1, 
c,losure of butaciiene to cycloburenc is a synrrnerry forbidden process undertl)cnli.ll cundrtrons.

- UnJcr ph.tochemical concritions, pronrotion of one
I{O,l\iO ro LU.ir{O ie. Frorn ?z to ?: on the reacrant sicle and
product side. Thus the excitcd statc electronic configuration of

Product Orbitals

6 ?,r.r' ?r,ri 6'nq.*p)

5?rt.r'?,,r' 5 *o 
qucruar;

'l'he cxpected and actual tlrbital synmetries of the reactant and product orbitalscorrcllte rvitlt eaclt othsr. So thc cyclisation ot'butacliene to cyclobutenc is a symmetry
allowed process undsr photochemical conditions.

clcctron takes place front

fror, &,i"1to f ,1.1 on thc

Iteactant Orbitals

Y ,,\"|4,,?oo
-do-
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'fhe same correiatiorr ciiagram can be used for con rotation
of thc orbitals. rvc have to use the C: s,vmmetry.

We shali consider next, the cyclisation of hexatriene to

react:int orbitals ur* [,,fr, f .,, [0, ?, ona 4o and thc product
9QOf ztur. [.,1uy, Ir1nland 6*

f kctronic Corrfi guration

"Cr"" i-* q'-iqrru*c'is".*dc (}i C.a1n'vorub,ion
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Thc exllected and actual orbital symmetries of the reactant and product orbitals do

not corrglate with each other. So thc cyclisation of hexatriene to cyclohexadiene is a

synrrnctry forbiddcn process under thcnnal conditions via con rotation.

but lor the symmetry

cyclohexadiene. I'he
o

orbitals are O, [,1u;,
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[-;nder pirotochenricri ccllr]iriol'rs pron:oriuu oI' {.nu tjrcc.u-cn

J.^,10 to LUI"1{J. i,c. lion: }. r, ?. *l,,ng r}rc rcactant sitic u,.,.i {.r,0,,

,;rt;duct sidc, 'l'hus tlre excitcd state electronic configurarion of

takcs

to ?3

piace fion:

(hr along thc

rfr-auh:*J;. u\'
cll\\/\,r.:

't, .+^ Y. L- L.-| 'L 'J l(, (5

-- rlu -

'J\ L,r-u

L,"rL

Tl]e uxpected artd aclual orbital synrllretrics cf tlir: rcactiint anil product orbitals
correlate willi cach othcr. So thc cyclisation ol hexatr"icite ti., cyclohexacline is sym:netry
allowed un.lcr photochcn:ical coi:,.litions via cr;n rotalion.

Similarly rvitlt rcspcct to tttin'or plane s)Tninciry tlic ci;rrelation diagram can be
drarrn tbr the above reactir:n, we gct thc sanrc rcsult r',,ilh the corrclation diagrarn methoci
as \\.,,r did in I;&tO nterho,J.
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L;,rth tirc cascs llic con'cirition dirgf;rnr r', ill bc thc sante lor all the three
(crl;ou./ anirrn,iil:c r';i.ii.-:rl). -l 

irc oi:li' u;r'lcrclrcc is tire ntrnrber of e lectrons.

Corlt:l :i I i tiIr ti i rr ltrn iris [r;r gvcli;:i tJdiI iqin

IIerc rvc shall considcr trvo cycloaddtiolt rcactions, one for thc 4n electron
category and thc othcr lor tlic 4n*2 elcctron catcgory. Ir,cr the lornrer we shali consider
the dinrerisation of ethylcne to give cyclobutanc and lbr the lattcr the lamous DAI{
bcl*'ecit butadicnc and cthylenc is consiiicrcd. Unlike the elcciroc),'clic reaction, here
sigma bonds arc to be formcd. in the construction clf thc correlation diagram for the
dirncrisation of ethylene, a lbrv extra points aro tc be consiclcrcrj.

.tll
,,,i.,.
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(i) since both the reacting molecules are the same, we cannot distinguish th
orbitals of one rtloiccuic rvith other for energy consicierations. So what wervili do is, wc rvill consiclcr the orbital inrJiacrions of both the ethylene
molecules bclbrc and after tlirnerisation.

(ii) Bccause of the high svnrmetric nature of both the reacrants and prociuct,
we will consider trvo nrirror planes, one veilical and thc other horizontal.

The n- lv{os([r) of both tire ethylene can inreract in a bonciing rnanncr( bonding -r bondinu boncling ic. IIr) anci anribonclirr[ ,runn.,( bondirig + bondi;-;--;ftibonding i.e. n2). Sinriiarly tire bonciilg ancl
aniiboncling interactiot:s of the II* MOs 1t2) of'both thc etliylenc can give risc tofll altd tla respectively. T'his orCcr of cnergy is to be cxpected, considering thcir
basic status of bonding and antibonding nature.

Out of [hc two sigiua bortds tlte one rvhich is low,cr in cncrgy comes frorn
the bonding sct of orbitais and the other from the antibonding scr oiorbitals.
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'l-lie expcctcd ariii actL:tl uibital svnrnrsrries bciirrc anci aiit:r cliinerisation
dU rttrl cr-rrrcllic ii'irlt sacir o[lrer. So thc diiricrisatir;n t;i-etirylcnc l.o c,v,clobutanc is
a synlnlctry tbrbiddcll proccss utriicr tircrnral coniiitions via s-s pro."rr.

- Urltier ;;ltotocllcrnical conditions pronioticin o1' onc clcctron takcs placcIl',r, IIoi\,1o to t,tjxlo i.e. frorn Ii: to Ii: on the rcactant siric and
52 to 51* ,rl tltc producr sitie . So tiic cxcited siaie cicctr-rrnic coniiguration.

llel'ort, rl i irrt'rislrt iolr

-

after dilrrerisu(ion
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'l'hc cxpectcr.l and lctual orbiral si,rrrnretries ircibre and alter dimersation

correlatc rvillt clclt Otitcr. So thc tlirneris:rtion of' ctir;,lclrc lo cyclobutanc is a
syllltllctry ailorvcd proccss ultCcr l)hotocllcrnical conilitions yia s-s process.

In thc cycloaddition rcactiott betrvccn butaJicnc ancl cthl,lcnc we consider
only drc vcrtical mirror plane symmctry. 'l'his is bccausc here we are 4caling u,ith
tri ir di [lL'rcltt rnolcculcs.

/1 \< t'-
liLUAd.lti^t

['ihc nlolcculc for vriiich synlnlctr.v is considcrci] rvill bc sSown witS its lr{Os
wliilc the othcr molccule rvill bc clrawn plain. J-hus rvlren we consider thc MOs of
butadicnc the cth,vlene rvill bc 1;rai.iy writtcn and vicc-vcrsa.

As with the dinrerisation of cthylcnc one sigrna bonri comcs lrorr the
btrrrding sct and thc othcr from an antiboriding sct.]

dc-
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'l'lic cxllcctcd and aclual orbital s),nu11ctrics of the rcactant orbitals andprrt:luct orl:ital correlatc rvith cach othcr. So thc ci,cloadditio, of cthylc,e to
butadienc l'o give cyclohcxctte is a syllrnretry alloivcd proccss under thcrmal
cor)ditiorls via s-s proccss,'l'liis is a casg of nqi+ Ir2s

Undcr photochuniical con,Jitions pronrol.ion ol orle clectron takes place
frc,nt Ilolt'{o to LUMo i.e. fron: ?r1nl tu ?:tr,r alo.g tirc rcactant sidc and liomAO
? r1.1 to ?:r.r along thc prr-lduct sidc. 'fhus the excitcd state elcctronic
conligurlticr: ol'
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'l'he cxpectsd and acliial orbital svnlnxrtries ol'the rc;ictant anci pro4uct
riri::ilais iitl llot corr0iaic n'ilir r"'r;ir i-riircr'. TLc ci cJu;ilriiliurt of etiryie.s ic-)
br..:rJicrrc id givc c\.cii;he.r,;iic is a si,ii,.itiri-iji ii;i-bir.irjcn.p,r.ocos; uitilel
pliotochernical conriititrns via s-s process.
I{eie too, \\'o gct rlis senrc r;;u;1.; i.i:j \\'e diil lvilir rrrc i:;rlo nierliuij"

ll r;Slt*l - Uolli us llet ll.r:ii

Iil tllis nlelltoil, in applying thc crlbitll :ii,rrlrllulry pr inciplc \vr aro not
coticcntcd'uviilt ground st;rles, but with transition slatcs, i.e'uve do r:ot examir:e the
nrr-ilcculli .;l'i-,ital.s tireiiirclr ur , i-';t lithcr tliu 'l)' orbitals bulore tlrey ovcrlap to
II: ;, i ll-i* nti:l','c.;I lrr or.l,ii.,l,-.

Arranile the P-orbitr!s ir; r row. Assig:r signs in thc best nlanner possible
for overlap. Sucir a s€t of orbiills arc cailed as basis scts. In investigating the
possibility of a concerncd rcaclioir, *c pur tlrc ltusis scts int.o tirc positir:n thcy
u.i-',lld occuir-v in tlle transiiir:u statc. *'c loe,k lor silln invcrsions in thc T.S. If
tlicie arc zcro or everl llumbcr of sign invcrsicns, thcl'are callcd as I'lrrckel
systclrs. i\n,.l if tltcre arc o.l,J numbcr of si::n ilvcrsions, thcv arc callcd as
ll{iiilius systcrus(Sirtlilar 1o }1i;Lius strip, tire o:rc-si,-icil sur.tace, nrat}rematical
ntc,Jcl. It can iic cirtaineri'Lry givitrg a tr,,,i"t[ t;l'lliU" to a rlriir oi'prpcr aud join thc
ends).

Norv thc orbital s):ntilrL:iry nrles can bc prcJicred as loiiorvs.

A thermal pcricyclic reactiori inr'<llving a I{uckel system is allowed only if
the total nu;lbcr of clectrons i:; 4n*2, A thernial pcricyclis rcaction involving a
},{r;i,ius syslcirl is alioii,cJ oriiy if thc tui+l nuiuL,ur oi' cicctrons is 4n. For
photochernical reactions thcsc rules are re.,,crsed,
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,.;.,,,rr,11 
csc rulcs arc givcn on thc basis of rhe statcnrcnts givcn by trre foilowing

II IJCKEI,:
A cyclic planar conjugared polyene with 4n_r_2 slccrrons wili be arcnraric.

llollius:
Sl,stcnrs with.in clcctrr;n.s w,ill be arontatic, if.tlie_i,havc odd nocies.

Zirnnrernra rr rr:
A tlrerrnal pcricyciic change

aliorved.
'l'iris orbital syr.nrne try rulc

pericyclic reactions.

Electrocvclic reactiolr :
Cyclisltion of butaclicnc to cyclobutene

Disrotatory closurc of butadiene
process undcr photochcntical conclitions,
(Zcro node, 4n clcctrons, Iluckel sysl,cnr)

lcading to arornatic 'l'.S. will be syntntetry

nlay bc applied to thc lhrce ciasscs ol.

zero node
I-luckel Systcrn

4n+2 electrons
Antiaromatic T.S.
Photochcnrically al lowcd

to cyclobutene is a symmetry allowecl
because it leads to an antiaromatic 1..S.

/ oxhi

\-r
l; -ar^to.Jicr-o \ct$r.r\6^r

I rrodc
Ivlobirrs Systcnr
4 clcctrons
Aritrnatic T.S
'l'hcrnra 

I I y al I orvc.j

con rotlttlry closure of butaclicne to cyclobutcnc is a symmetry allowcdproccss undcr tltcrrttal conclitions, becauso it lcads to an aronraric T.S.(odd mode,4n electrons, Mobius systcrrr).
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Cvcloaddition I{eac{ion

Thc cvcloaddition of eth-vlene to butadiene to givc cyciohexene may be
given as lollows:

The cycloaddition of cth;'lcne to butadienc via S-S process is symmetry
allowcd under lhcrnral conditions, becausc it leads to an aromatic T.S. (The total
nunrber of nodes is zero node, 4n+2 elcctrons, I-luckcl syslern, Aroniatic T"S.)

?[r-0 lur"""b& S un,fuJ ^ fi?r,a + ?-!,\o " &-:u l,ud{

l.rurckJ. sVilA
4h + z 

"fo,f 
.t r"*

Anoru,rbiq T, S.

T1.r,1\"",ri!-,y "tl"*"d .

The cycloaddition of cthylene to butadiene via S-A process :s symmetry
allowed under plrotochcnrical conditions, bccausc it leads to an antiaromatic
T.S(Total number of nodes is l, 4n*2 clcctrons, tv{obius syste m, antiaromatic
T.S.)

A.a.\q}rA-

I uod0,

Tolal t\^.*t^{/L "l \n"4$ t
frtc6w5 S,Xdr^-

U

Arrrru,'lic T,S .

\_/
qj&fuxa-a

r.\'t-r '.
:,j-ri/q'ry

*tY

zalcl\Q-p1-,'z*;'D
\^ti, tU O u^.1, .

S'-,d al'J'rtr"* '

5"ft1A-
roarj u"&

tu)u+L rLY*A2

; 4!'.+z /r*'*l
. ?Urh ute.Jrsth "L'Lou'*/
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Siglrir lrooic Rearrangenrrrr t

I( rI-S'**r R\z= V
,-{9'

r?' ,/ vo
(*{',

z.q-o u,,t.,d.t 
.

4 xl.qckn;ws

t-tr^.t j S'y,s\r-"
Arr,bi.rrr*,Sic iS

1,3-suprafacial migration
photochemical condition, 6.."ur.
zero node, Huckel systenr.)

1,3-antarafacial migration is
conditions bccause it leaJs to an
system).

pi^rlach!^d *Ut r-l

#.{,ti^^r no&
UJd
A. O

4 dltckw,r,'A

ttobir^r fitlft*
AcuM^AI(c '?' S '

IesLu"AiIg dJlwed

.is. a . symmetry allowcd process underlt leads to an antiaromatic T.S.(4 electrons,

a symmetry allowed process under thermal
aromatic T.S. (4 electrons,l node, Mobius
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Ft r; i::cu la r iieafra lr *,;,: ;:: I : i is

trrilroductiolt:
iicllerally in a icat-:'iiligcllrcnl rcacriorr J gr()ui) rl\]\,us ii'oil onc alunl io arrothcr irr

the same ntoiccule. Iv{ost oi thcse migrations rakc piace fionl onc arunl rc an adjacsilt onL
(called i,2-sholis), but sonlc arc ove r longcr ciistlnccs.

'l'hc nrigration can be of thrcc tyres
a) Nuclcuphilic (or) attiottotropic rcarrangcmcnt (hcre the nrigrating group moves

r,"'itli iis e lcctron pair).
b) lilcctrophilic or cationotropic rcarrangcnicnts (hcrt: thc rnigrating group movcs

s,ithout il.s clcctron peir).
c) Irrcc rudical rcan'llngcnrents (herc thc lnigratirrg group nrovcs with one elcctron

ottlY).

Rcactions rvhich follow cyclic transition statcs cJtt not lell untlcr thcsc catcgories.
Depcnding upon thc nature of thc migrating group, uncler cach catcgory, iheir ability

to move frottr otre atom to anothcr in the nrolccule rnay vary. This ability of tne migrating
group itt a rcarratlgelltcllt rcactioir is refcrrccl to as thc nrigratory aptitujc of groupi. t't-,is
wc sliull discuss as and wltcrt rv'e procccd with tlrc nrcchrnisnrs ol various rearrangcnleuts.
l"his is bccausc the nrigratory aptitude of a group discusscci lor one rcaction may not be
applicablc as it is lor anothcr rcactitrrr.

Wagner-[Icern,ein Rearrangenreu t:
p- alkyl (or) aryl substituted (espccially di or tri substitutcd) alcohols on treatment

rvith lcid undcrgo a rcalrar)rlcilrcnt, calIecl Wagncr-N{ccru,cin rcamangcmcnt.
Wagner-N{eetwein rearrangenlcnts wcre first <iiscovcred in tlie bicyclic tcrpenes (ex)

Ho
--------)

NOrubortvuev..d

The lcaving group nced not always be rvatcr, but can bc any dcparting species
whose loss crcatcs a carbocation

ftra%(ev U+;H,cl g"
. bH'

Nt."pdfii{ d,JrtuJ"

9H-r
cda--|{H -CHs
?- lqqlqQ - br,,l-- ? - a-rur

l8s



Initial ionisation gives a prin:arv
cartl,rniunr iiln. 'l'lic lattcr lclscs a pr()ioll to

carboniunr ion, ivhiclt rcarranges to a tcrtiarv
givc the olcflir (saytzeif s rulc).

fu, r
t,t$-C--cvU:J

I

cHa

r}p(,t)
\

r-)
I r\L/

-ll-*-->

QHz ^ttr
^'juc-;-{tl-ri
tH=

J

CHx
l!

--+ 
CHa-4-t-.i r**-l -.1

v

is thc conversiorr of tricyclic
inllucncc of Lcw,is acids, like

A(da

Aiar^a*hru
-r ,,^<1clo C5.z.t. ct,J-&.or*

reo
P.o\..t rr-.\tr,ucr"^.o

t)n5.4 - 'iat-..e.r^^il# J o.l"-J t"ta

\vagncr-N{ ccnvci n rcarrargcnlcrlt is usual ly nucl coph i I ic in nature.
i)rotoratit-rrs olalkc.cs cail arso lcacl to wivllt as irithc following case.

".{1.-=",

Atdc.

r-la fn o.

{:= rt-t-c'l<H,
m4

-H0 [c; ) \- ^/cqs4- L--L-' V ..r,

|.4aUI__+ nn1__ds_cHr

l"le

I
I86

\:"';cHs
A-e-/

'l'he dircction o1-rcarratlgcntcrtt is usually towards thc n:ost stable carbocation, whichis tertiary > sccottdary > prir:rary. 'l'hc tcrrir "Wagncr-lv{ecrw,ei, rcarrangcmcnt is notprcci':c. Soltte usc it tt-r rcll'r to tltc pinacol-pinacolnc Lrrrrr,g.,rr.,r,. Surr. rr'* i, only whcn
an alcoltr'll is cotlvcrted 

1o 
a rearrangecl olefin. Nanrctkin rcarrangcnrcnt is usc6 to rcfer to

thc nrigrati.rn ola ructhyl gruup (in r--rpcnc chcnrisrry).

An i,rportarrt applicatio. ,:f tlris rcarrangc.tc,t
hydrocarbons into adamanta.c a,d its ,lcrivati'cs, ufrdcr thc
AlCli and a sntall anroun[ ol'initiator.



I'his rclatively read.v rearrangemcnt can be a nuissance in the prcparative additionot'a'''irls' cg' trl-vdrogcn halides to alkenes, (or) in their acid catalysed hydration. Mixe<iprodijcts that arc dilljcult Io separate may resuit or, in unfavourable cases, practically noneof thc desired product nray bc obtained.

l)enrj url uv rearrt rrgcrneut:
Rearrangements involving the carbocation fbrmed by the cliazotisation ofarl anri.c is cailed a.s Derr:janov. rearrangement. Eg. cyclobutylamine andcyclt:,,ropylrnelhylarnine give simiiar nrixtures oi thc trvo alcohols on trcatment withnitrous acid.

fbfu-F*u&Fou
In tlie lbrntcr case rirrg cotttraction, producing a ring that is one carbon smallertlran liie origirral.
ln thc latter case a positive chargc is placcd on a carbon cx,- to an alicl,clic ring.This Ieads to ring c:rpansion.
'l'he nerv carbocatiort, attd the old orle, may then give products by combinationwith a nuclcophilc (e.g) the arcorrols shown abovc); oi by eriminarion.

E[*=. >-ts4 F,E
Bael,cr - Villigcr Oxidation:

l'hc oxidltiort of a kct<lttc to cstcr by treatnrent with peracids, in the presence ofacid catalysts, is called as Baeycr-villiger o^iootion, Hy.irog"n peroxide, perbenzoic orperacetic acid nray^be usetl. But pcroxytrifluoroacctic acicl *,ith dirodium hydrogenphosl;hate has bccn.found to be a good reagcnt. l'he reaction is rapid and clean, giving highyiclds of product. The following iithe mechanisnr lor this reacti.n.

lP

fla
* f-oO-H

ek-Ril
O
/l

- Phcco"
-*_,

r6
R_C-R

An

*H0
----)

PhC%H___)

t

PL-

R_o-t_R
oH
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Evidence:
l.Wiien bc::z*phennr,re-'ni] rves subjecied to this rcactiorr, it gave €ster entirc!y

labci:ii iir the cal'l:*ilyl (ixi'il';n, wil.h none in thc alkoxy oxygcfi.

2.Carbon-14 iscrt*pc-rilcct sturiics on acetophenone sho*'cd ihe aryi migrarion in the
rlie Llclcritrining sle;r. 'i-iris d!:i:rr)nslratcs thrt n:igration of ar.yi group is concefied with
dcparture of OCOph (lt is hardly iikely that migration would be the slow stcp if the leaving
group dtparted first tc givc anion rvith a p*sitive charge on an o.\ygcn a[om, *'hich wouid
be a irighly un:-i:ibls s1:ccies) I"urther a chiral It' is lound to nrigrare with its configuration
uncharige d.

For unsyinrr:cii-icai k,;t,ri:is ihe approxiniate orilcr of niigration is tertiary
a! kyl>seconiiary ai i.;.;, I. ;ir, l:'i: ri rrii.iry a I kvi >rncthyi.

The rnigrating abilit,v oi ar;;l groups is increascd by clectron-cionating and decreased
by c i':ctron- lvi t!rdrarvii"r g substi tu*::ts.

Onc use{irl applicatior: oi lhis reaction is the prcl>aratiolr of lactones from cyclic
kctulr cs.

T.AVORS KI RE;{I{ti,IIi G E }1 E N 1':
cr* iialo keiones *hen hcaied w'ith aikoxitie ions give rearranged estcrs, This

reeciion is knoii:: as lavorski rcarrangerrent,

Rf
-i")ez(*q-+- B.^ + -"#E'

Jt t -/r\ -}. ilv \-!,

R,
* -+ fo-c*J-e"rll0R

if hytlro,'lirtrc ioil is used then tlic product is an aciri ancj not ester. Cyclic c( - halo
ke tonr:s uncJer sinriilr corriliriurrs give prciiucts r',,ith ring contraction.

,,z^>"-rj- a
[+L. + oii' 

-*+P *cc-*
Labeling expcrimcnts ivitir thc kctonc labcled with Cl.1 at the chlorinated carbon,

shori'cd half oi the labeicd e arbon at C., in the ester and the othcr half at Clp . This suggests
the intcrv'ention of a symmetrical int*niiecliate in which C* ancl Cp are equivalent, So a
possible mechanisni lor rhe above obscnation is as fullorvs:
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DI ENONE.PI IENOL ITEARII.\NGEJ\{ENT:
p'disubstituted cyclohexacJicnonc on acid treatnrcnt give a phenol derivative, withthc r:iigration of one of the substituent to the meta-position.

PH
-luJg-, 6*s d-R(

The driving force in this rcaction is of course, aronratisation of the dienone. Thedienone nuclcus enlbedcled in othcr conipouncls can also undergo this rearrangement.

Di- n -I\iEI'IIANE or ZINIMERI\{AN REARRANGE,I\{ENT
In this reaction a 1,4'diene is converteci into a vinylcyclopropane under theinflucnce ollight, A di-n-nrctlianc unit involves a saturatecl carbon atom directly

attachcd to trvo sitcs of unsaturation.(E.g) 1,4-pcntadic.c.
7

i^;s' jL* 
,ATi; (",, ,

5

tLry h, foth,Ae^^4 / \ ' +ut 5* s

Pcnta 1,4-'diene.and its alkyl derivatives possess isolated alkenic chromophoreswhich do not absorb liqht abov. i00*n . Hence only thc triplet-scnsitised reactions of
tltesc tttulcculcs havc bcctt sxarrrinccl. In acldition to viirylcyclopropane formarion fhe diene

pO

->

a4-

,%,

189



C) C)

can undcrgo a s),Tlnlctry-ailiiwctl phoiocliernical. [ii As + ii 4.rs] intrarnoiecuiar

cycloaddition to givc a :ic-vcic Il- l-01 pcntane .

Drrcci photolysis oi :,3-ilimelhyl i,1,5,5-tetra phenylpenta-1,4-diene has beeri

lound to give the vinvlcyclopropatte as the soie primary photoproduct-

'l:
fir'?|t

-+
?t^

'llUr
,^P,

,1

P\ 1! pip}\

? rlrIl
----1/E

pV\
\l I

?h

?4

With different substituents at Cr & Cs, trvo reaction routes(path (a) and path (b))

bccome possible. l{owever lsr this substrate the rcanangernent occurs cxclusively by

parh(a) to give l,l-dimethyl-2,2-diphenyl-3-(2,2-dimcthyl) vinylcyclopropane. This

regiospecific proccss reuslts froni c!cavage of the three mcntbered ring of diradical towards

the isopropyl radical (l,atir (a)) rathcr than towarcJs the nu.rre stable diphenylmethyl radical

(Path (b).

Regiospecificity may bc dcllned as exclusive reaction at one region of the molecule

as opposed to an altemrtive rcgion.

|/t{-

-\?
*_-.).

5 BrtOH,,-1\
HtL- me

'Pt^.

FaJLC 1.')

a
Pt
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rvk
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tvlt-
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FI\Lt&) laIrtQ

Iil

,)< {'i
tvle- ,1 tvli pt

For. E.g. barrclcnc(bici,clo[2.2.2]-ocratricnc) rcarrar.rgcs
ntolccule whiclr undergocs rapid valence bonil tautorr:crisnr. The
thougitt to lcillorv a stepwisc fashion.

ph *?> Hd
\ -i44,K

, /\
^, ---:, ,/ \Y^ *-+_\*i(.a.

Iror each substrate, clcavage of thc cyclopropanc diradical occurs towarcls what is
corrsiilercd to bc the lnore clcctroir-rich centrc.

l'he abovc aryl substitutcd dicnes undcrgo Zinrnrcrnran rearrangcmcnt in the
singl.'t excitcd statc but arc rccovcrcd unchangcd whcn subjectccl to sclisitisecl photolysis.
I-lowever, when one of the alkenic $oups carrics dissinrilar tcrnrinal substitusnts, triplet
scnsitisatirllt rcsults in obscrvable gconrctrical isonrcrisation. Rcarrangcmcnt occurs on
dii'cct irrldiation, but without alkcnc isomcrisation.'l-hus rclclion liom t5c Sr statc is both
regiospccific and stcrcospccific.

The di-n- ntethane rearrarlgenlent proccecls by a singlct nrcchanism for acyclic
and monocyclic systenls whilst the triplet sensitisecl reactions 6f thc diencs usually r.rult in
geonretrical isorlerisation 13icyclic 1,4-dicncs also undergo this rcaction but via a triplet &
not a sirlglct proccss.

p1.,,

to scnribullvalene,
sensitised proccss

a

is

ll,t

l9l

---}.

Iti.g

p r,\

tor-
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Stevens Rearran gclucut :

Itcan'lngcnrcnt of a quatcnrary arnmoniunr salt, containing an electron
withdrawing group on onc of thc carbons attached to thc nitrogen atom, with a strong base

is called as Stcvcns rearrar)gcrncr)t.
'l'hc nrechanism lirr this rc:r.-tion is givcn ri'ith an errly cxanrplc knorvn,

Piil-cH* lf;zcH'
p/ \ r'ta

The evidenccs for the proposcd rncchanism arc

a) thc arrangenlent docs not procccd rcadiiy when thc bcnzoyl group is replaced by a
phcn.vl or alkyl group, thcsc bcing rcl:itivcly incllcctivc in "hbilizing " the hydrogens as an

adjaccnt mcthylcnc group.
b) although the rcaction is acceleratcd by a base a lirnit is rcached when slightly

morc than one cquivalent is addcd, at which point virtually all of the substrate has been
convcrted to its conjugatc basc ( the Zwitter ion, above)

d) whert the rcarrangcnrent is carried out on the optically active ammonium ion,

below, the cr-phcnylethyl {rroup migrates with rctention of configuration. This
indicates that thc ncrv C-C bond is fornred and the old C'N bond breaks on the

sanre side of C* .
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oti , ?,f,,-q-cH -cx - PJ" (Rehriun)

--7 ii i f
o Notqo

Irinally the rearrangcntcnt is retarded by incorporarion of crr.crron-attracfing
substituertts (-Cl, NO2 etc) into thc bcnzoy'l group. This is bccause thcse substiruents lower
thc rlectron dcnsitv at thc n,:qrrive ly charged attacking carbol:.

SO}I}1 ELET-I IAUSE R REARTL\NG E]!1 EN T :
l'his reaction is a SNi'-ty'pc analog (internai nuclcoplrilic subsritution with allylic

rearrallgctnent) ol the Stcvcns rearrangen)ent. When benzyltrinrethyhmmonium salts are
treated with sodamide in liquid amnronia, it fonns a bcnzyl tcrtiary amine, it can be further
alkylatcd and the product again subjected to the reanangcrnent. This process can bc
ctlntinucd arounJ the ring untilan orrho position is blockcd. l'he nrechanism is,

-lr-
(,]ycr'"{*, xrr..GiL)J t't '^"')-\-/' (\fnli,:L

.\"-;.'"?'^
\r(r)

1f,-,-reu-fa,l'*Ji I

\-/, -, '*5
\_+ /

1'he bcnzyl hydrogen is nrost acidic and is the one that first loses a proton to give
thc rliJc (l), hori'evur ylidc (ll) which is prescnt in snrallcr arnount, is the species that
undergo ihc rcanangcrtrent, shifting the cquilibrium in its luvour. This rnechanism is an
exarrrple of a [2, 3]-sigrnatropic rearrangcnlcni.

Thc reanangement can be done with various groups present in the ring. The
rcaction is nriist oftcn carricd out with three mcthyi groups on the nitrogcn, but other
groups can also be used.

,rNR^ -+ oc;,_u_

Stevens rearrangement is a

possible, the Stcvens is favoured at
tcmpe ratures.

competing process. \\rhcn both reanangemcnts are

high temperatures and the Sommelet Hauser at low

Free Radicjrls
A lree radical nray be defincd as a specics that contain one or nrore unpairecl

electrons. Because they contain rinpaireel elcctrons (one or morc), there is a net moment
and are paranragnetic.
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Free raiiicals can bc deiei;',ed from magnctic suscepribility rneasuremenrs. For this
a large concentration of thenr is required. Another important merhod is electron spin
resonance (csr) (or) electrrtn paralliagnctic rcsonance (epr) method.

Yet another magnetic tcchnique is CIDNP(Chenrically Induced Dynamic Nuclcar
polai-ization)

If an nmr spectrum is taken during the course of a reaction, certain signals may be
enhartccd cither in thc positive or ncgative dircction; others may be reduced. This type ofl
bcir:.:r'ir:ur founci itt a reaction is callcJ CIDNP. ,,\nd it mcans tlnt at least a ponion of the
product rvas ibrnred via the intcnnediacy of a free radic.al.

The stability ordcr of frcc radicals is tertiary ) secondary > primary, which is
sinrilar to the stability of carbocations.

.r .lntr., 1'I./\-u-..{Jttl'{ !l

y r-l
I

? r r) _|l--.O-
\-.} l\ \, +\/lt

HU
.-'.+i

If resonance is possible as in bcnzylic allylic, triphenylmethyl free radicals, the
stability of the free radicals incrc;rses. They are nlore stable than their alkyl radicals, but
have transicnt cxistcnce. llo*'evcr tlie triphcnylnrcthyl and similar radicals are Stable
enough to exist in solution at roonr tcmpcrature. But are in equilibrium with the dimeric
fonrr.

The conceniraticln cf triphenylnrcthyl radical in benzene solution is about 2o/o at
room tcmperature. For ntany ycers it was assumed that ph:Co, the first stable free radical
li11eu'tt, dinrcriz"-d to hcxrphcnyl,.:thanc (ph3C-Cph3), but UV & nnrr showcd its structure to
be as given below,

?,L

'r.+,flF"(':p"l^-

Although triphenylnrethyl- typc radicals are stabiliscd by resonance, the major cause
of stabiiity is attributed to steric hindrance to dinterisation and not rcsonance.

l'hcre are two possible structures for simple alkyl radicals. They might have sp2

bonding, in rvhich casc the structurc rvould be planar with the odd electron in a 'p' orbital.
Altemately, the bonding nright be spl, rvhich would require a pyranridal structuie and the

ocld eiectron is to be placed in an sp3 orbital. Esr spectra of CH3 and other simple alkyl
radicals as wcll as othcr evidcnccs iniiicate tlirt thesc radicals have planar structure.

1.ti1



Fort::sliot: o{'fiec raiiicais at bricigchcad carbons }roinr trl rire iact that oyrami<iai
structurcs are not irnpossiclc. But are lornred iess rcarjiiv lhan rhe open chain iree radicals.
In sunt, tlie availalrle eviiicnce iniiicatcs that thougir sinrpie alkvl lrec radicals prel'cr a

pllnrr or nerr-planar shlltc, the cneruv diffel'cncc bcr*,ccn a planar and a pyrar::iria! liec
ratlical is not grcat,

'< ..:2
o /C--''
sf a:xdil*J

;------) 
r' qle(-6o

--a

*""T. t*
€?3 \L;sa^ge-!.

Irurnration & fatc u[ frcc mtiicals:
L Cas phasc dccornposition of acylpcroxidcs

tr-nrpcraturcs can ltroduce frcc radicals.

t{-c-o-o-c-R o ,ltltoo

& azo cor:rpounds at high enough

r(c-o
ll

o

RN = NI{

2. Photochcmical cleavage of chlorine and kctoncs may be cffccted using a light of
600 to 300 nrnr

iricl: > 2cl

hi
R-C_ii--|>R_C +R

lj vapour phasc lloo
3. ltadicals oncc lornrcd may brcak down to othcr ficc radicals (or) conrbinc with

othcr n:olecules to gcneratc ncw frcc radicals.

Eg. Decornposition of benzoate frce radical forrncci by the clcavage of benzoyl
peroxide.
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ii

Phc -c' > Ph + co,,

(ii) 1'he phcnyl frce radical rnay add to olefins to produce new iiee raciicals.

,'
[:th; icrre

4.Kolbc's clcctrolysis of aqucous solution oI potassiunr salts of carboxylic acids
producc frse radicals.

Ikctrolysis

RCOOK RCOO + K
(aqucous)

r\t tlrc anttde,

lltl
o-eo

R_C-O ____-----f R_c*o

o

ll -e

R-C-6'-> Bo +CO,

R+|{---->R_it
At the cathotie :

oe
K *c 

-> 

K
2K +2llzo 

-) 

2KOH + Hzl
Reactions: I

l,Ccnerally thc radical rcactions involve thrce stcps
a)Generation b)Propagation c)Tennination

l'o illustratc this wc may consider thc photochcmical chlorination of methane

Cl2+hl --*-+ 2Cl Initiation
)

cl + glrr ---) crrr + HCI I

Ctl3 + Cl2--) Ci i3cl +Cl' t Propagation

r96
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cii. = cl---------) cil:cl I

t

2CIIr 

-> 

CII: - Ctlji Tennination- -7

2Ct *---| Cl:

)

2. The radicals can undergo dispropo(ionation as a means of tcrntination.

2CI Ir - CI Ir 
--) 

CIIr - CI l3 -16; tl, = CI'l:

There are lour principal propagation reactions, of which the first two are most common.

l.Abstraction of anothcr atom or group, usually a hydrogen atom

R +R-IJ-}R_II+I{

2. Addition to a nrultiple bond.

R' + -C =q- R-t-L'I I It
Thc radical lornrcd here rnay add to anothcr doublc bond ctc. This is onc of the chief

nrechsnisms for polymeri sction rclctions.

3.Dccomposition :

This may be illustrated by the dcconrposition of thc benzoxy free radical.

pr,-f-c' -+ P{ + cc.t

4. I{crnangcmcnt:
Substratcs like neopentyl systerns can undcrgo rcarrangemcnt of the initial free

radical to form a more stablc frce radical.

l{g R-g-t'tleR

,t
&

R
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tsesidcs ii:csc rclc:tiorts. ircc radicals nra,r'be oxidiseri to carbocarions (or) rcciuceti to
CarL:mions

ItAtil'()i\ RltAc'f I ON
Thc reaction irlvolvirtg tire nitric oxide migrarion procluccd by thc photoiysis oi'

orglrnic nitritcs is called as Ilarlort rcaction. In thc alkoxy ra,licai produccri ciuring
photulysis -i - hydrogert nrigration, if thcrc is onc, takcs place. The nitric oxicie combines
with this n$v alkoxy radical to proriucc nitroso aicohol, nitrosoclimers oxinre (rn protic
solvcnts) etc. l'itcse are titc ci:aructcristics oi iiarton rcaction. it can be scnemaricaliy

R-cH--crle-cHa-cq-cNo 4, 
> n- JrylO-&r-.qc + uc

NO

R- c'u- u.i^- o.r2- c Hr c;{ <JC ,J
{R,- CH -crr- C1{; Cti^Ol-l

.io'o ,i \
NcH v'rv'r \

R-8-cH:-cHx.-ClLoH

/^\-

H clcqcHJseu o -# :ti H R ( c %x H2 c H

gO

Likc thc Norrish typc II rcaction, thc intranrolccular I,5-hydrogcp transfer to the
alkoxy rldical ittvolves a si.x-tttenrl,'clcd cyclic transition state structurc, as dernonstrated by
thc plrtttolysis of a scrics of ro-phenyl alkyl nitritcs.

"Un'uiL'"ff-_,\;-*f-,)I
*#p"o -r,r.rn-#"fi -(. e'rH 

U --> ri (' ->"il \, ---+

funcitonalising rhe angular methyl groups of
nitritc in protic solvcnts, lornrs the alcloxinre

0
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Ullnianrt rcaction:
'i-l-rc con,piing oi- arvl halicies with coppcr is calied r-he Uilmann roacticn. This

rcacti()n is used lo preprre boiil syinmetrical anci unsynrmstricai biaryls. trVhen a mixlure of
two .:ificrent aryl haiicies is riscd thcre are threc possible products, but olten oniy one is

obtrirreJ. Iror c>:aniple, picri,l chloritie and iodobcnzcne gavc only 2,4,6- trinitrobiphenyl.
Oticn aryl iodides are used as iodine is a good leaving group.

'l'lic nrcchririsnr o{-this rcaction is not knou'n ir,itlt certli:rty.

Stcrr I : Arl -i- Cu --------i, .\rCu
".,til. ,l, AJ ___i i\ir\r

'fhc spccics rcpresenteJ as r\r'Cu nray not actually it:rvc lliis st,rucl-urc, but some kind
of a cornplcx is I'ornrcd. it is unlikcly that step I involvcs tirc gcrtcraticn of frce radicals.

Stcp ll rlay wcll Lrc a nuclcophilic attack by Arcu or Arl.

IIUNSI)I ICKII It TIE,\C]'tON

ilCDD,'\g i Blz ***-*) Xfu - tli.+ t''":3t

Prcparation of alkyl iraliilcs by the reactic,n of'a silver salt of a carboxylic acid &

brgprinc is crllccl Iiunsclicckcr rcuction. This is a rvay of dccreasing the iength of a earbon

chrili by t.rrte unit.

Since pure silver salts are riilficult lo prepare, alterr;ativc meihods may also be

usc(1. Sogtc arc (i) trcatnlent of thalliunr (l) earbcxylatcs (rvi:ich are easy to prcpare and

puriiy) ivirh brc,nrine. (ii) treiltnlent of carboxl'lic acids rviti: iead tetraacetate and halide

,rr, ({li', }Jr' L)r l;) {jii) rcacticn of ilie acids ivith lead tetraacetate and N-

chlorosuccininrit.ic, rvhich rivcs seu:ondary & tcrriary h:lidcs in gooct )'leids, but nct

prinr11ry or pIe11'l (ir,) rhe ,.rg1ion bci*'ccr-l an aclltteroxiJs anii CuCl2, CuBrz or Culz (v)

ircarrnent oi'acyl cirloridcs rvith a soiliunr salt of N-hydroxy -pyliciinc-2-thione in CClq'

l'hc n-rcchanisr:r of thc i lunsiiiecker rcaction is bclievcd to be as foilows:

sh-r, It*

$€y z

s\* 3

slri.4
sVf s

RcooAq f
i)

O-n*nv,r y v/\
rAu

Rcoo'

R'+ RCoox

R'+x'

xa -** R-f;-c-x + A6X

-.-+ ft,coog" +- x' ia',iiLiahol)

-+ 

('"{- CCa

--'-) Rx * RCco' L?ro9a3o'bio!

*---> Rx lTenwua'1itrlr;
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Among the evidencc lor the mechanism is that optical activit,v at R is lost. If R is
neopcntyl, there is no realrangsmsnt, which would cenainlv happen with a carbocation.
Furthermore, the formation of R-R, one olthe side products, is-consistant with a free-
radical mechanism.

HOFMANN.LAFFLER FREYTAG REACTION:

Q-eh- ck-cU-cukry o' _ Fto . ,^u ,a-* R-u - c[cH;ctt2NuR/

H/-,'
R{.nrl

k,
A striking leature in this rcaction is that tlrey serv'e to introduce functionality at a

position renrote from luncticlnal groults already present.

When N-haloamines in *'hich onc of the alkyl group has a hydrogen in the 4 or 5
position are heated with sulphuric acid, py,rrolidines oipi-peridines are lbrmed.

The first step ol the reaction is a rearrangement, with the halogen migrating from
the nitrogen to the 4 or 5 position of the alkyl gioup and in the secort step ring closure
takes place.

R- clleCH"CH^cHa N R' RC}F u,tfiuRl^'3 |
C}

,^
e!stO,cl

--+ 
Rcrie(ct{^)rNU R' + Cj' C}n*L-ia}i ar?)

q-.(:u^]:. n-/ulu:-cf a

6,ilrtu" /rr^''o 
il Bu'o

RqHcH^elLe*$u*' + RellzcHecqcH^{t^*'

R-U- cHacttzc*oRl" R' + R cq0rp$? *

L P'opo.3ati crn)

I

J--t=-

******
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UNiT - V
RE.4G flri:.3 IN ORGANIC SYIiTiiflSIS

Co;:rpler lnrt:il hvtlrides:
ivl;:liy' cornplcx tnctailic hydridcs rcduce varicus lunctional groups.

versatilc rcagcnt is lithiun: alurninium hydridc(LAI{) 'fhis rcduces rnost
groups' but dor;s not nornlally re.lucc thc olcllpic boncl. A1 usual ltaturc of this
its reJ,ctio, of tlic carboril,l groLrp r.o primary alc<ih'l.

The mtisr
lunctional
reagent is

u_i A t l-la---{r\o >' -cHacl-l

--LCQ2H

- ccN l-12

E'3 ' ."8hlrrr,r= 
->B*$ cR,cHo)*ItH* bry

)u",a
coa R / -cocQ- 

Li AQ tl3 
-cHzoH

Li A0 Ll+, _ c. \-r:oH
/:

I{cductions rr'it}r lah arc usuilly carric.l ouI in cthernll solutions.

Sodiunr borohydridc is insolublc in ethcr so an cthanolic solution of it is used to
rcilr,:rc carbon;'l contpounCs. One inrportant cxccption to lhis is carbonyl group. It does
not nornrally rcduce estcrs, but rcduction to primary alcohol cap often be effected by use
of a large cxccss of rcagcnt in rne lhanol.

l'hc rcduction of the carbonyl group by LAI{ or Nallllr occurs in a stepwise
mf,nner; cach step involving hydridc ion transfcr.

rPe -r
br[u* atnj-+ n ru-cr(g

CRrcHc;,at"u -U:9
Crcr.ri o)4 A0 t-r@, 4 R2cH cH

The nature of thc solvcnt and the presence of othcr conrpounds aflbct the reducing
powe r of LAI L E.g. LAI-I and alunriniunr chloricle in cthcr fornr AI[I:, Alil2cl or AI[lCIr
according to the proportion of rcagents used. Hcnce thc rcducing powcr of the rcagent
will depend on rvhich onc is actually prescnt. AII are rnildcr rcducing agents than LAH.
E.g. LAII - AICIi does not reduce alkyl halidcs. Sinrilarly LAH in pyridine, when
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allo*'c,J to stand u,ill reducc a curbonyl group but not a clrbonl'l or carbalkoxy group.
l'lrus LAII can be uscd as a rnildcr reducirrg agent.

tlul sor.iiurri borolliiiride -alunriniuiri cirloriiie {in dicthylene giycol dimcth.yi
ether, i.e digiynrc) is rnore rcactive than sodiurn boroirydrirle itsclf.

It is nontrally possiblc to rcducc aldehydes and ketones selectively with thcse
reagoirts in prcsencc of a varicty othcr functional groups.

rir4Ll ^
J2 .q.cLi,, =:ct.r-clt = ctt - ci'lc L-tr\Lrr4 

ch.:cH-cii:cH{H"cH
u a Lgf)' /'

No.ilSii*

fr ,-t\.n ri

a) Nac3Hr ( r-r
Y* 

cttsoH 
uvoc=EL-

."ilI _l\l M €_

(Vr=.r*( i", !$+ 0H, =cH-cHcH 
cH:

C4N c}l:c HzCllaCFl O -ila&Ir^ 0J qlut,,.ctlzcllao tJ

arro"".{

e o q-1}[5n- r\!4.ttu4>

6bcrj
P/"cuoH c-t+2BL

l-here arc sonre exccptions to the gcncral rule that olefinic double bonds are not
attackcd by li1'dr ide rcducing agcnts.

Q-,X. plr-cl1=Cli-CHO
PLcurCH2CH20H

Li f\ i H4. *,
C.txcL*51

3f c, -a"ttdl
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In such cases selective reduction of carbonyl groun can be clfected by trowering
the t,:mpcrature of ieduction.

pJt - cu = ul -cH o |.hBH4LcrJ y,10lb- 
pt^c* :(l.t_ cH20H

-!-\ftr1. - tdc
/

LAII modified by the addition of copper (i) iodide is an eflective reagent for the
reduction ofopcn-chain conjugated cnones to the saturared ketones.

FH=
c Hs*CH =Cgegpl=

Ct{_
LiA( Ha u,rl '2

::lrg tqth2Ll'l cocl]3
Tt{ F, coc

Similarly a nunrbcr oIrcagcnts dcrived from sodium borohydride by replacement
of one or more of the hydrogen atoms by other goups has been developed in order to
achicve morc sqlcctive reduction.

p/^ - .(1", cH,By ffi pr, -c( 1IH _CH.
s

Organocopper intermediates are an useful tool in the hands of an organic chemist.

This rcagcnt assumed importance fronr the conjugate addition of G.R. to o, p -

unslturated ketoncs i.c. in prcsenc0 of cu(i) salts conjugatc addition is favoured with

R ^,,*y 
Pvud'''td'- W ct'trc\l=cu-?*nu

cHg-cH=Ul-L-.-.D {/*ra 
bu

t'dnt pm*ucl-ry 
'ru*c* 

er.{a fi-ctt
o

Mechuric stuclics pointed to a very rapid rcaction by an organo copper intermediate
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I{l r + Cr.r1l) -> I{Cu+Li+
2RI-i+ Cu(l) -> RlCuLi+Li+
3Rl-i-'lCu(i) -> RrCul-iz-r-Li+

1'he specics fro:r: thc 2:! niorc ratio arc known as cuprates
usel"ui slnthetic reagcnts. In :;orurion lithium dimethyl cuprate
51c;]2, but the prccise stliructure of rire rcagcr:t is not k orrn. It
four nrcthyl g*ups attached to a rctrahcciran o|metal atonrs.

and have been the most
cxists as a dimcr[Licu
is often representeC as

./*w
,,L{. i*\u,
'i' I }'\qb/;.

'1'he tcnlperature of preparation ancl solvcnt have noticeable influcnce on
reactiviiv of thc cupriitss' "l'lie ntost ger.leral rlescription of the organo cuprate reagents is
ihat ihe"y arc cxrr,iruel"y rcactil'e nucreophiles at soricarbon centers.

'l-he mtrsi charastc-ristic rtlclions disphcernent of halides and sulphonates c, p -
unselurated ketones at both spi an.i sp: carbon, aliylc displacement, cpoxide ring opening
cernjugate addition to cr, p - unsaturated carbony'l conrpouuil and adiiitions to acctylenes.

Corc,v anrJ iiosn*r discovereil that lithium dirnethyl cupratc could replace iodine
or brorttine by methyl in a varicty of cornpouncls including aryl and vinyl halides. This
method of rcnlac*mer.'- of hrlidc by alkyl is much nrore iatiifactory und g.n.rul than
displ:rcerlent by Crugnarci or lithium rcage nts.

.+- h4ezC,tr tf
CH.>

(9or-;
F,lr.- cFl:cr1 * t3ru+-f,la€/rt-i -> ph-cu =cll- c-tL

Lst r-)

Altyl;c halidcs givc usuaily borh sN2 and s52, products although RCu BF3, is
reportecl to rive ncarl.y cornpletely thc Sp2 protiuct.

Al!','l acera.les urrciergo dispracenrcnr with airyric shift.

6,'-=
\-*"-l

2M



C FL = C/CHSA\

Hc --"-0., 
r;+tcrcr,zrr.n= + i'\ep. e,ul.i 

---+.rg.gE3"-ccH=)=cHs3 .r ( gc;r.)
O

Proparg-vlic acctates, halides and sulfonates react to give subsrantiai annount of
allertts, resulting lrom attack at the acctvlenic bond with shilt Ji an eiectron pair.

PA-( ,*l:g-cH-CsHrt + cHscr^-li B-r- n<€,*'rT --------->

Saturatcd epoxides are opened in good leld by lithium dimcthyl cuprate.

c|rcur-d\ + I'ler 0uLi . ) q{rrH^-iH-cHe*15(ss,

OH

Mtz Cr.r LL + c,.t :o/"u3-' *-LV cus--, .b"4;.tb ulc H5

d"/ '' *'5 
oH

Epoxides having vinyl substituents undergo attack by the reagent at the double
bond with a co,comitanr shili of the double bond and ring opening.n

t_Fo + M{.urli -}
flc'

cb(cH2x%ti l5
Phg

UaliAe SuUsllg|rq!

&.f r

curcchLur -+

l'lezurLi 

-+
ft.'2u.
Vr\clbg

efu Gtte)6$ar

o
il

o-)&,o
rVJ
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!*S>o-^-H
",!- -\CH:,Gfi=ii %

Displacenrertt of allylie acetat cs

c+Hg =cH - oEI:

l-hcse reactions are generaily eonsidcrcd tr: be dircct displacement rcactions on

tire substratc.l'hc ovcrtll rcaciion consists of trvo steps. First an oxidative addition to lhe

nret:rl in rvhich the col,pcr;rcrs as r nucicophile. l'his is lbllou'cd by nrigration of one of
thc rlkyl group iionr coppcr

tr!.*'._
,/*--\ l-i C_:..t,1..1C1*,

( )'*-<: Ar 

----->
\-=:r'

Ketoncs front rcid chloridcs

Cupratcs lronr C.lt.s rcact *'itit all.vlic acetals to give vinyl cthers.

'l'hc coiijugate additi,-ln rcactiriiis prob,ably occur by an ,i(') transfcr ntechanism.
"l'hc products crl'the electron translcr stcp nrust combinc lastcr than they diflusc apirt so

no il'ce radicals are gencraicd. 'fhe intemrudiacy of a radical anion species can be

dctcctecl in spccial cascs by tiouble bond isomcrizltion or rcarrangement.

lt*

n

Fl,r-t- d I k-rr).,: gr1$?l,J f,LJ

ctix
-lHIcu

f.v
1t

) ?lt-[- c Cril
5

C+Hg\8. * oli,Ct\=cri-tt"i lcnr)z

R-x + ni. *,rt.e

eutPTb#,1>

1: .. R-R' + R'cuxR-r-x+
R'
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tch+ 
^rrJtrI{arur ti f }=c,

I rP1

f c-r-t3)cl Lr +

^t4\r 
( CH.it*+tr-c;.-rl'ul t];s'e

\ \. ',/\
--) 

- 'r 
C;h5

'r
LE* 

tees)
t ur)scrt 

=cH 
rceccH=)s

(_

criacoCcvla)s +

I-]r-ith thc doublc boitcl isornerizatir:n anrl cl,clopropanc ring opcning can beaccounted for by a radical anion intcrnte<Jiatc.
Conjrrg:ite acctl'lenic cstcrs re:rct.rcrclily into cupratc rcrgcnts, with sy-, additionbcing the kinctically preferreci nrocic of adclition.

?
C2t 15

Prior to protonolysiS, thc proclucts of conjugatc acJiJition to upsaturatccl carbonylcotl:'rovnd5 arc cttolatcs, and, tlicrcforc potcntial niclcopliilcs. A useful elaboration ofthe conjugate addition is to conrbine it with an alkylation *tri.t, can add a sccond organicgroup' l'his is donc by taking advantage of the nucleophilicity of the enolateintcnlrdilte .

r) Cl'la=CH Mg Brr

Ur I * PBU!
zlx\ p-v o

/ )1--7r'

,A/ --\ ctlzi'

f.oHg)*u[ | ctlc=Gcozvra --) ryJ-t%CHEc4t$ \ t+

'{-t'-cHait.l^ -H\ro*./
e]5o'^cqeql5
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I-DA
I-DA is gcnerated b1'tlrc adtiition o1'n-butyliithiurn to rjiisr;propvlamine.

It is a vcry strong base, i,et is suificieniiy bulky so as "Lo Dc reiaiiveii.
nonnrrclcophilic - a ieature that is inrporlant in reducing nurnber <lf side reactions. It is
uscd to gct cnolates, which are essential for alkylation.

Enolates are lormed by dcprotonation of the carbort CI - to
rcsuliing anrion usually has thc negativc charge on thc oxygcrl
enolate)

t'') 1.r ' . 0l-r
n fl / Lr L { 

^' 
,,r)^ !'il-r *-+ D l

R-i-CHl T i1- t'/x ' / R-C"-CV';
An unsynrnrctrical dialky'lkctonc carl lornr two rcgioisorncric

de prtitonatiort

8.rCH '- [-cH.R
, no Fg ^1. ae t

' r: ) RzC=d: ckb{? L0') R cuJ' =ctt 
R

In ordcr to cxploit fully thc synthctic potcntial of cnolatc ions, some control over
the r."liosclcctivity of thcir lonnation is rcquired. Whilc, in most cases, it is not possile

to dircct dcprotonation so as to {brm onc enolatc lo the exclusion of the other,
expcrimental conditions can be chosen which rvill providc a reasonable excess of the

dcsircil regioisorncr.(So thlt wc nlry undcrstand lhe reesons why a particular set of
expcrinrcntal conditions lcads to the prelcrcntial fornration of onc enolate whilc a

diflcrcnt set leads to the othcr].

J-he conrposition of the cnolate nrixturc nray be govcrned by kinetic or
themrodynrnric factors. In thc lomrer case, the product composition is favoured by the
relative rates ol two conrl;cting proton- abstraction reactions. The enolate ratio is
govcnrcd by kinctic control.

&o

l^,Aruv t

R"p:q:cu2Ra 
c,o*

Ra0t'l-t:CH R

@

Rxz'

Bri
4>

a carbonyl group( the

atom i.e. exists as an

rl
n+ (i'Pr lzN

olates onen

0

Rrct't- [,- cH"R' +

tAl
--4 

4

tBl ,tr,o

U
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On tire otherlranC. if cnolales A&ts can irc intercor,ver-reii ruoicliv. ceuitriilriurn cari
be ustlblishcri and the product compostition will retlcct the rciaiive thennodynamic
stability of thc cnolates. l'he enoirte ratio is governed by therrnodynarnic control.

ztr 4]
,L,l LIlr

t,V
1l ^ rr ,{)

rlrtii-c-c-i't2 K

Rd7/ R C =C-ctlzR
t **'/ @ Ti*

+ i) r*r lV r- +
rt- \* V"

\ R2cLi-.|=cr+

- 
i-I

La-, - K _

LCJ
r>lt\

rr"lh -.
l^ t

"ic#t_[

lly ailjusling the conditions undcnvirich a:r cnolate i:ri,;.lurg is fornrcd lrom a

kctone, it is possiblc to cstablish cither kinetic or thcn oilynamic control. Ideal

conditions forkinetic control of enolatc lornralioir are tliose in *'irich tlie ileprotonation is
rapirl.quantitative and irreversible.

This coniiition is approached cxpcrinrcniaiiy by using a vcry strong base such as

LDA or I')hrCLi in an aprotic solr'tnt in the absence olexcc:;s kc'uonc.

Lithiunr as the courrtcrion is bctter than sadiunr or potassiurn for rcgioselectivc
gencr':rtion of the kinctic cnolate. i)rotic sc;iver:ts pr()urcls crtolatc equilibration by
allo"r'ing protonation- dcpltrtonation path ways to cperalc cn tlte ison:eric cnolate.

Excess kctonc sccnts to catalyse equilibration in niuch the sanr* rvay by actiirg as a

proton s0urcc.

Conditions of kinetic control usuaily la',"'our the iess-substitutcd enolate. The
principal reason lbr this result is that rcm,:val oi the lcss hincicrcd hydrogen is more
rapi.l. lor steris rcasorls, tirlri rcnroval oi nrore hindercd protor:s, And this more rapid
reaction lcads to the less substituted enolates(LDA or PhlCLi).

tt t, tt'trr,1-*r'ct t vl [3 '

l{ (-
a

il
.J{ -

)
i

r'(J'{
l

( )

(....i"tic r;crrL r"l Cx'a'2
p,f r3 C l-i ,/ :;i r'". *1 .,li:j 1u1'l)

'l trr,rtvrrrvlSrro.ruic Cr''tr'l rck (- t 'C 
'

P.trsC. r-i/ c1';L.L va\-i u :* ,t"*
P l\r-ttec^c. d.1 Ji.'(cI 4t '<rj r"'f

i,.r li Hc- t:
^fY\ .5Ylt J* t I

ZV

9,1 t
c-#

1'r\- \\li
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T,c. C rtorl/ lr"rrr)

c
ll

P(*\Ii
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\-/
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C
4 * r-u -.:U2 -"1\

r. 
c tF5-c' ,a, - 8= q x\l z,11.c 

Cr_:oo/ frlF)

{,

Cs
CcHty {-,,0{"k J

.q u*^V

- c'_ r\2*(: I 13 . ,*>
' (,

.f

yr /- *'.----.'.rt_a 
,,

K.C (Liw.irs t2,2,t,,L- tilic^r*ulr...{._ -r . 
=

* \:i |,^u.e*, i t ,a ul---'a'' ,) I 3
1. . (' . (t.] ,*L; L,r q^^* ; u* f \ rldi\ &

lJ' .:'f' .clelc-t'> 1a,;J-m,.:. ) 8-at I l-

on tlrc otherhand, at cquilrbriuln it is usually rhc nroru- substitutcd cnolate is thedottrinartt spccics' l'hc stabiliry of c-c ,loubic bonds incrcasc rvirh increasingsubstitution' And it is this subsritrie'nr cflcct that lcads ro thc grcarcr stabilityolthe nrorcsubslitutcd cnolate.

Kinetic dcprotonation of'o, 0 - unsaturatcd kctoncs usually occurs prelerentialy
adjacent [o t]re carborryl group. Thc clectron- rvithdrar'ing inductive eflect ol thccarbortl'l group is probably rc.sposiblc lor thc Iustcr ratc ol'cleprotor)ation at this position.

klt*:qLiG
TI.{ F

'\. -./u" 
h.t\ 

- ,/'''u"' />--=\< ,)*\
\-\ ' z_ -c/lt1', ,t' E .l_ 3
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H-r '-f ',--'13 > --,1' --t
tn'
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Undcr conditions of thermoily,rnric controi it is the enciate corresoonding to
dcprotonrtion of thc i carbon atoln wtricrr is present in grcatcr anrou,ts.

CH=...,, a , ?*. *=-}=:" -l-. n= *olu.r 
Qla:g*c5 = C-c r!

ij ,i n; ;"r3 ; ^ l*=* ei,
-nro;rcv ;^,oL[ Llu.ovt Sf"-tL;

1'lrc alkylatiorl of rclativcll acidic subsra,ccs such as p- dikctoncs, B -kcto estersand cstcrs of nralonic acid can be carried out in alcoholis solvcnrs using mctal alkoxidesas bascs' 1'hc preseltce of two clc;tron-wirhdran,i,rg ,utrr,irucnts lavours lbrniation of asin"lle cnolatc b;'rctttoval cila protuir ll'onr tirc clrbon situercd betrvech thenr. Alkylationthett occurs by an s512 proceis.l'hc alkylating og.ni, urrrt be a rcactive one towardsnuclcophilic displacenrent. Pritttery halijes uni ,uiron.t"r;-.rp. allylic and benzylic onesarr'lhe best alkylating agcnts.2'substratcs usualry givc poor r.o nrotrcrate y,iercis bccauseof cornpeti,g climinatiori. 3'haricres give onry eti'.,iiat;on pro,iu.tr.

Rrllioselcclivc E nulltc ..\l lr1.l:r ti ui: :

!,c. fi . ,,- ?ori* ?'"f)qUi' Y\ PAcr.B' tV\-^?L'\-, ------) t ;
o

rc,A r. r petrgr 
q o)\ ]:"0,i'\\g.V\fth V

AT./ \ LIA t,\.A art

' ,j 
-->.- 

\ )+
\- -. ,, TH F, -f Bt L*l

-) 
tt\

B'a-C+rr:Bru

ln t'ne prcscnce of vcry strollg bases such as an alkyllitiriunr, potassiunr orsodiumanr:ile' or litiunr 
'Ji-isopropylimirlc, i,3-clicarbo,1,l co,rpou,ris may be convcrtea to theirdia,io,s by scquc,tial ticprotonation. For exanr1.,t., i.rriiu,r of bcrzoyl-acetone withLDA lcads llrsr ro rhe

2n



/>, tf ,L/ \,

PA-!-.H:-[-ctt" Ps'io a
fi,,-t=.'"i - E- Ci'i*i1\

i

P(:$,e f 
.ac

cnol:te gcncratcd by dcprot()nltion ol'tlrc rnclhylcnc group bctrvecn thc two carbonyl
groups. A sccon.l cquivalcnt ol basc can dcltrotoonate the methyl group to give a

dienolate .

L}A

i t1F

cPi*i& A LIA
l),tt -t= CH - 8- cF\3 l;tr>

c * <rl <3L1i -.. t!{-c.=c-l-l .
I

av

R--{ :Ct't 7
tc;e

A - a!. ruf;i[-to,r

-,'='''r{o Et'Ov'/-- I

P{.-b =Crl -L=cHe

Alkylation reactions occur at thc nrore basic enolatc functiort.

ri>r i(:',. neli(sg-ir." Y
Pr..-E =cH -t =cd,

e cH3cttzl

@ *u&
LDA can be uscd hir th{r u- aik;'lation of carboxylic

dinre 'rrllic anions, 1'hus,

R- i 1'1 -- cc)2vl ljP'a > Flc.r.rcc-rlt-r l:il5(Z/ -rrt r: ,i, -r-r4 tr-

C) r',Lcur=cr.\-.rlra
tt- -i:---'t: t't- <'- rl- 1>'f'A) r-f(l) *r' L.,orr''

Oxf i,.-n Vs clrl;i;n as the site of alk_r,latiun :

[nolate anions are anrbiclcnt nuclcoptrilcs. Alkl,lation
oxygcn.

P/,\- 8-.*r E - c HzcHzcHa

acids, first by forming a

6 ,cP>*i(Y'r\\- _-y'
R,,,^_*.**r--<Jr*i (1,

n)ay occur at carbon or

+ R,'r

t R'x

o
e-3 -cu2R'

?r<'
R-C::Cl-l'-
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Sincc lnost of the ncgative charge of an enolate is on the oxygen atonr, it mightbc cxpectcJ that o-alkylarion .u'oultl clonrinate. i\ number of factois-othcr than chargedcnsit-vcan inlcn'cncc to ailcct tirc cio alkylation ratio. ilorvcvci-, it is nornrailypossiblcto 'i'reci the alk-ylation of etrolatcs low'ard cirbon in syntirctically useful arnounls.

o-aikvi:rrion w'ill bc nrost protiourlccii when tlrc cnolatc ion is nrost irec. w.irenthc ;;otassiunr salt ot' AAE is rrcarcd with erhyl suphate in the polar alrotic solvcnthexa.nrethyl pho.sphoric triami<1e(rJlv{pA, o=i,ixlcilr):)r, the major producr, is o_alkylatcd' In 'l'lll', wherc' ion pliring occurs, all of the procluct is C-alkytated. In t-biit:iiiol w'licrc Ar\L alrion is lr,:rrrleti tu tl,a solvent, again orly C-alkylati<in is obscvcrd.

nLl> -i\(_!, [ \.:_j

C :13- t *c(-t.- ('C-.{Ll-'- -{

EbO'.= r r. r. v
c-'1,,)'=CH 

- cc2et 1-

HMPA . 33'/
L- Bu..Fa>rcV a -r.
-rH tr o'/.

. *-,-8- ct-i .- CCzGk

Lr\s7, CT^r. .riaLk *( )
9.t',. ( 6 7.

9+t C tt
t, )
t1 )

alkyl p- tolucne
ilighcr c/o rarios arc observed with arkyr halicie than wirh

sulplionatcs.
Lcal'ing group cllects uir rlic ratio of C- to o- alkylation arc customarilycorrelatcd w'r'to tlis ltard-soli acid-basc(llSAIl) ratiorralc. of tire two nuclcophilic sitesin an ettolltc ion, oxygcn is harilcr tiian carbon. Nuclcophilic substitution rcactions of theSx2 llpe procccd best whcn thc nuclcophile and ttrc lcaving group are either both hard orboth soft' Cr-rnscqucntly, ctliyl iociide, with the u.ry ,oli icaving group iodiclc, rcactsprelcrentially u'ith tlic softer carbon site rather tiian the hardcr oxygen. oxygen-cottt:iining lcaYing groups (p- tolt:enc sulphonarc and stilrute) arc hard, and alkylatingagcilis dcrivcd iiorri tltettt rcact lastcr w'ith rhc harcicr nuclcophilic sitc(Oxygen) of thcenolrte.

.Hs-!LH-co2El:

i"lf,'l PA_--_,
a

t uru-E-*l-CozE{:
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bo'r.
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illore basic enolalcs exiiribit gcncraliy sinrilar behaviour. The socjium enolaie oi'

is.rbutl,rophelopc reacts u'itli elirS'l-bronride ip dimcth.rxy'etltaiic to give fivc times as

much C-alkylation as O-aiky'iatit;tt'

i' irricl. .,\ie cJrl i:tar:inrizc iirc antount of 0-alky'ilition tltrough the use oi'an eiryi-

p-toiucne sullonate in a poiar aprotic solvcrtt. Wc can maxinrizo rhe amourit oi' C-

alkylation by using an aikl'l ioclide irt a non-polar (crr) hycirogcn boniiing soivent'

Cyclizltion of enolate anions by intrantolccuiar rrucieophilic substitution is

subject to an clsrncnt of stcrctr elccrroriic control which dctertliines whether C-or O-

alki,lation occurs. 'l'his can bc iliustratcii by rl..e lbllorvinu rcactiotts'

-Y-'-"4>J\
-/---

LDA
2-t ti.:u

r--D A -.7
gttfi-\-

wScp tirc rilg to bc cl,oscd is six-nutttbercd c-aikylation occurs. Instead if it is

fivc-nutttbcrcd tircn O-alkylatioll occurs'

ions oflcr opportunities for both C-l O- alkylations

(.> <:_-+

In this case, C-alky'lation is burdcned

destroyed as C-alkylation procccJs.

cnergetically by the fact that aronraticity is

O

U

ef'.
r.{

'hcnoxidcpe

o
<\*" _ *tJQ.,R.-x

l'he clicct of solvcnt in thc sitc of alkylation is givcn by the tbllowing reactions'

----) 16ro"\AT
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cHsc=N

lz

.$A'1.'Y .1ol',e(\
PjntH-I':n / b{'

cn^\-r
,J\r,r -t*..,|'nr{H

\/>

,6YaYccl{AR
--./^t--'

rr

q"ir1.)

r\cctor,itrile can bc deprotonatcd proi'ided relativcly sirong non- nucleophitric
bascs such as LDA, arc uscd. l'hc lithio dcrivativc can be alkylated at the carbon.

L- D/.\

---9. L( Cr{zC =N-f-t-l E'
(i) g/ 

>
LcL > t<e-oSi CQ

tve 
= 

,di 4] CH ,_CHa c- 1{:. C- hl

l'hc a.l,litiorl ol e stcr citolrrtcs to tlic carbony,l group of a, p -unsaturated kcrones
cltt be llrster thrn corliugrtc aJriititrl. Cor5ugatc aridition letds to the stable product. And
is canicd out undcr conditions of cquilibriunt control,

Lc itr.)rcH cqc H,

/oti
G tr-Lc = i-.-ccH=

Srrlrilar u - alky'lati,.>n olclrboxylic acids via dianions, aronratic acids can also be
nr,;i hr,lstcd.

cH:r q': G'Pvlui
--------)
ILLI R x

(i.Pr);NLi rcduce only thc halogcn of V- haloketones lcaving the carbonyl group
IN [JCt.

C-alkylrtion via dianiorts of carboxy'lic acids can bc achicved using LDA.

P{ciit
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(c tto),_c H Ct.u t + ^, TitFi'.i(L l'i i ,*
;*r ? 4 i'-i.cK

PLIH+SIS'
I i-l p? (CH*) C-ClL'll-1

\ Jln t r:l
L- ti^Cll' uu'

F*lLi
1a\ "11- 1*fi9 i]> 

,-ir\;.
t)/

\ ' liir \'
t.
c F=Lt 

",r -c4 H9 -

Alkylidcnc sulfurancs with two alkyl subsritucnts at thc carbon ailjlccnt t,sulphur are vcry unstable and are bcst obtairicrJ usinu I.DA. Bccausc ol'rircir iirsrabiliiy
thc:':c di3l1ylyli,1s shuuld be uscri inrmeiliately alrcr rhly ha'c been prepareil.

l*.- r {.-ia 
-i,/:i- i i

a

i 7,'i

i ij, ,-
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.{)Li
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r r'''
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\'
rLl^

g.r.1.,-litn g

/-;
P.[r 1;ic ur

---G\t*
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\ A;-.,1,

r}CC
A ncuri"tl deh;-drating agcnt useil i, t** preparation

is -('o:ll rcact rradiry withinrines in rhc prescnce o{'aciri
prcc:ipitati*g iitiiti solulion. 'l.hc 

Jrrohahlc mcchanism is:

,C
^^*C/
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O /'"\
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RN=C.* N H R
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c Hzc {= /D r-r p1 JDvc:

r"rlg rL 93 n1----->> ,.) , ) 6 i l Cl c,
,, r,a.*' [:'{r:-td : c r'.1€2* l:":q;'

.DMe-' 
"*-T<-L -s(-r

(-cL ) l-{ :- C_

,IQ

)

_ u, | \L,i-

cl' pulSpeptidcs. Thc rcagent
& D(-C, a disubstiturcd urea
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'I'his tcchrlioue is uscd in VlcrifielC solid-phase pci;rir1c siniiresis. This rricthoci is
suil:ibie only ftlr st.ct:wise -cvnlhesis of peptidcs, lbr carboxvi-icnlinating pepiiiics are
raj, :.tized b.y tiicse proccdul'us.

r.,V Of

f!.\- tr\-,l lr1^6l**;-*.re al 'Pa*-ci

r?-c--Ntl-cl{-.,j/"\' :!., l*, ,.I / 
' 

coz.K

R- fr*"-c = ri R
a NtlR

.R-r.:r.l-E-. *,, e +-

D e-(:__) P.rerurr-i LQ-, n
( qz tl| FoLT^-&r;r.-^ xqtk)

DCC is uscd in tirc oxidation of nroleculcs that arc scnsitive to more powcrful
oxi.ir:nts. l'his is done by contbining DIUSO-DCC first. Thcn this intcmiediatc rcacts
with the alcolrol to convert it into a ketone. A ntajor part of the driving force fbr the
rcagcltt is dcrived lront thc convcrsion of the diinridc to a urca, rvith fomtation of an
anli,le clrbtini'1. 1'lre rcactirrii is,

A
fl-N 1=/\,L-\

cd
,lu 

" "^Pl'na

II R rn
HU'

FJ RnH-g=ruq

e b-d#u
Itt\,cn.ired14[

.. ^r ,CHEQ"c;c+'e:- ti l. + RNHCON}f R RZCO t Mea,3
ti qHz
\--tP

DCC can be used for thc cstcrificltion of -CO2ll.

Q-c-or{ + Dcc- rl

a
R-$-f + t?'nh=c= NR/ E:o R'= c6Htt

R,CH CH-I

R-q- O*C= r.tH R'l!t,@L,, NH R
-H0
\--i RccoR

f,{|l R
I

..'-C\
U:U}'R

Rzcti-O-p1ftu'

l.l_cH3 '
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R-u- 7et{
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'l'o lbnn anhydrides

Z Rccc r-i

Aldoxirrrss can be clchydratcii tcr

conditions using DCC irr pre scncc of l.,tjN

Iionr orriinar,v carboxirlic aciris DCC can be uscd.

'?r r^ ,r't:s {o rn\ n + L{^C
U\YLU?\'

Diazokutortcs (Arndt-[:isl,r:rt) can be prcparcd ll'ortr carboxylic acid &
diazornethanc using DC'C

I(COOIi + C II:N: ITCOCIiN?
-ll:O

nitriles (norrnally
n n 2+.d L U IOI]S.

R-c= N

AC:O is uscd) undcr mild

R-q=N-ct-l
1

,l
t,1

3 cc,.

't'il I }I IiTI IYLSI LYt. I(iiii i)il

frirncthylsilyl ctlicrs ol alcohols arc convencd to iodidcs by reaction with
trinr,-'1[yl5ilyl ioJidc. "l'hi.s trailslbrrnation can bc carried out by in situ gcncration

Ro$rl,ret t Y115,4i7 + Ri t w5$i0$; v'Vg

of trinrcthylsilyl iodidc lionr trinrcthylsilyl cirloride and socliurn iodiric. 'fhe silyl erhers
are t':rsily prcp:rred lronr alcolrols by rcaction with trinrcr]rylsilylchloriclc in pyridine. 1'he
metlrod appcars to be quitc gcncral ancl good yielcis havebcen reported foi't". 2u,3" &
bcnzylic alcoirols. Sccortdary systcn:s rcact with prcdonrinant invcrsion of configuration.

tf+ e,ti{HccH")scH:
T\

[S f z. o ?l\:d- 
oLot-t--u')

[3i. C'lycti (c',t^lr iH: tr$
CSi rrle3

Nuctcophilic cleavagc of C-O borrds in ethers & esters
The clcavagc by nuclcophilic substituticln of C-O bonrls in cthcrs or in esters is

frcqtrcntly a dcsirablc synthctic translornration. Thc objcctive may be to remove a
tenlpJrary blocking group or in the case of cstcrs, fur exarnple, to liberate a carboxyl
Sroup undcr Ironhydrolytic conditions. '[he classical cthcr cteavage reactions involving
con'hydrogcn halides are nruch too strcnuous for most polylunctionalised molecules.

2r8



Sor:re ntiidcr rcascnts in this linc are boron tribromitie ancl boron trifluoride irr rhe
prrr.ence oi'iiirois.

Triniethylsilyl iodidc cleavcs methyl cthcrs in a period of a few hours at room
tent:)erature. Ilenzyl & t-butvl systents are cleaved very rapidl), whereas secondary
syslcnls react over l0-50 hours. Tlte reaction prcsumably procceds via an initially formed
oxonium intermediate.

q_o_R r }r\as,sif R*8- R + Ta
t

$ime 3

----+ R-o-,dima5 + RI6)
R-C-R

I

,e[' vle 
=

t-r+I"

The directiott ol clcrvagc in unsl,rnmetrical ethers is determincd by the relative
casc o[ 0-ll bond brcaking by either Sp2(nrcthyl, etc) or SNl(t-butyl etc) processes.
Trirncthylsilyl iodide is rather cxpcnsive and is also difficult to store & handle. So,
allcrnative proccdurcs which gencrate the reagent in situ fronr othcr sources have becn
repurtcd. In thc prescncc of an ether, the cleavage reaction proceeds as the trimethylsilyl
iodide is gcnerated.

razr $i cj- t NeI cHscN> Msg,di

MarI2

+ Nac{

+ ?1"7

($l5btl{ts le
R-8-cR/ t J"
Rcoo $ ma s

)n
t:,r

I

T
Pr"'di Mau +

'l'rimcthylsilyl iodide also elfects rapid cleavage of esters. The first products
formed are trirnethylsilyl esters but these are hydrolyzed on cxposurc to water.

(J
^ lt rl{-c-cR

0

1 Me5$i I

R-U*o--divto3 + Hzc

-R5 :

->--+
Benzyl, methyl & t-butyl esters are rapidly cleaved, but secondary esters react

more slowly. In the case of the rbutyl esters, the initial silylation is followed by a rapid
ionization to the t-butyl cation.

Rcca\-l + It4e3BioH

2t9



2.3-dichloro-5.6-dicyanobenzoqui none
It is a nrild oxidizing agcnrl used

Saturatr,:d alcofiols arc lcii ulai'icctcd.

(DDQ}
for the oxidation of allylic alcohols.

Oxtiidation of kettiitcs xiih ori,.iizing agcnls likc CCI: crc lcad io rupture of rhe
bonds adjrccnt to the carbonyl {roup *'iih tlie iormation of carboxylic acids controlled
rnethods of oxidetiort L:ading io u, p - unsaluratcd ketones arc s,r:rthetically inrportant.

One such rcagent is the dichlorodicyanclbenzoquinone,

33{i"
. --+,

,) I C'(.),u., \ 00\^G.{^f ,

0\i0

Fcr the conversion
can be used as solutions in

xl
VIL* cf130i"{5 .000+

c
rln

P;..-8-c,H:cH;

ol cyclohcxcncs or cyclohcxadicnc to bcnzcne derivativcs it
boilirig bernzene.

13p,*Zaag.__+
Sooc

_*--?

oD -.,?ftil
CH

( v .u ^ruo,**j.-u f* Sk- Y'i uJ)

22A

n;i
$/'-j

n: -.a .+lIY\i'
ii
lil J

A,/

Ct nr*€K,
c;"' tN

r \.J, -.,iLrt 5
1i'

*.

c.-..6-+
v'- \.'-lIt{

H



hit, 'cli

H5 
- t'{o

*_+

l+

O

- rt6

-_}}

N f5€^^Leus

N@

ch''

r.. .. [n {rrt^ Pf- "-ti" PA-CIJ= cH - c H o'
:xu 

mror)moh A,fi
tuC&*

111aLt

1-X, ii ()-r?.-{-ttPhz C.VV.,loi + ii tl\43 crArlc

;1^i.* - c H -cHc {df- pr.- 11 
^,..-cH =* -uffd*\,. g A- @r' *T*

Ph-cH :cH *Uir0Aru -e" pheu=cH_c-H (a e,r)*
Aru = DD q rt^tlo-x 

uo/1ro hr^ *. ,= .l - o u n

o/?h

@':-
pt{

**$y'"r
cga.rA..eru

oH

-\

0I

0



[.x.I-
plrci."iacCcC.H:,

-\-^\ ccuc{-i,
iI I' oco cija

T;',(4,
r--^--, -*).
t" - i9vLl-,$",n-i{

'*{r-*x

irou {#pn*cH o) 
uAf.o 

Vlz
'"t

;;1

Uses:

l'his is a spccific rcducir:g agcnt towards carbonl group. So it can be usccl for
reducing aldchydes & kctoncs containing sonle trthcr rcducible group, suclr as a double
bond, a nitro or an cstcr group rv}:ich are not recJuced under these conditions.

(R*ctt c)vAQ,+ sH:"c *s-&. H^S$ 3 R2c lt o tl + Aa-CoU)s

Ao ci.Rat*ffiiu

INlc:CI-lOl:Al Alri r]rirriun]_isoproporide

It nlny be prepared i:y hcating the anhycirous alcohol with amalgamated
alurr:iniunr in thc prcsence of a trace of CCI+ as catalyst.

rfla

ME

cn;prl=cH cilzcH

ff*n
A{&, ii (]),

.\;- ?, AV{

anfit".1u^novt(

a) Cruoby( *Q"*f.rf cHscli:gg-cr\ 6

{,t o-Nitn *^;i e"fr-(,' ffi*o' (:2
o

,2 \
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II cchan is nr:

,..AL{'BO)P. r*: tfi r ;
O'rj. />. 

' -t;- '.--'flt (,t'PtQ,!
itJ r r.J I

R-!" ^ >; i?"C," ,^, -T C ir=CC c-3
\ -v ; /^_\

'.i* . ./'.\.'.
' 1.r - '''< :.

': crjcLc- 6 -h'u^t-Lr:t4't T' 3

- 
Ap-(C *t e,) z + 3 c t-{ scccl-ls

;\ltrrrrirritrnr t-btrloxitlc is prcparccl by thc acrion of ,,\l-llg on the t-but-vl alcohol intlrc presc'cc ol'traccs ol'carbon rlrrachloridc wlrich acts as a catalyst.

3 Ma aC*CH+A(---+ 6&rG0)4{ + 3/^dz
It is a crrulyst in Oppenauer oxidation.

Lex)Iqe qH-cH2-cLl5 @p, cH3c6 cHzcH3
v1

cl-i i,n aaluwrGHa

Sr,ii thesis of 2-e tlr;,lcyclolre xarronc

QH

ff"" ar".
t&CveucJ=

aA
[)

Ir
o

(o)of unsrrrrr.rcir arcohqls (as it docs not affcct trrc crouhrc bond)

CH=.Ct1-ct-{=C[i'-C}H=Q-ct-l=CI..l2A8Lt.rr1C),-' -r AH lu= -f*"**B,g,r.
,6-r'{{.fry *3r5 /V - ocVatvi p-^rs - 7- ay

OdZ- g-ctl = ctl- C-H = C-Ctl = cllz
D &u=

O -nnc-tn/* s,S,T- ecl.o"tvie-^.S - 2-orre .

a
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Pli'f lrl ItSON OL E Ir I N S't'NTI I ESIS

'l'lris is a ntodiiicd \Vittigs rui.rction, instcad of phospirtirous hcrc siiicon is uscd.
In tiris rcactiotr Mc:SiOiI is elinrinateci {ionr a B - }rydroxyalkvlrrirnethyisilane, This by"-
pro.luct is ntorc volatile than thi: triphcny'lohosphinc oxide iWitri::s reactionr\.

in this rcaci;cli both cis & trans oieiincs can bc obtained liom the
hydLoxysil:ric, depcnding on huri' rlr ciirnination is cll-cctcd.

l,lan'):,
" t *Li

"^ U- a/!Jri+

.v\

-.5
'' t) )4l\ /'

rl ,/\ "_-\&u _ Lb Crr..(.i.u rl
\4st\

C:,: ll 7

Thr srhelne runs :rs I'ullou,i:
cr- cltlorosilancs forttt u- sill'l carbauious on rcaction rvith nlagnesium or lithium.

'fhcse carbatriotts rcadily rcact riith carbonyl corripounds, lbnning lithio clcrivatives of
B - l:vdro"ysilancs. The lattcr cliininatc thc trirrrethy,lsill'loxy group spontancously in
TllF solution to givc olcfins in good yicld.

''4<b,dr cr{^ PJ.- 
c+ Hg u 

,

\ ?r" 13! r*c,

rA-ct4?.14

, l-l

n/r
-L\ 

I

a pt,.
4+Y,

TT{E]:A

-P/r,\.
F

Ph/
Me3,di o

r CI-5CHC --.*-> lr !s7::*e1*" c,4
,,/,, \^,,
u-5 t{{ Lh3

t-l
/ 11 \u\,\_t0 Llcrr^cr ,St-prl1q[g

)
L-rr5

n t-l-
t l-,- y'\--f\'5

'-_ _/
,,/'...---...- \/ -\i_J

( >l{-rJ1

P.LtcO?,L ,

--=)'.
-€tGfi-- pz-"t-altC

c-3sL

p4€5 $;C'dr Mas

Lvctati ls b ?q - Ptu'Lv*tU

f b c4a,r- be- u/"C \r, Fnsf ")u- (, P - u^ xd,,iacld,l'

94GvL '

Me=rs[cHP.i.JI
L'r,

cll ^snv......-?t r'(5
?h,L-luph

/\L+l
^wti HsO

I-\
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Meg $i -cl\}cc'EL
LeH rr)^il l*r

l*L| r
^tes-

-tia:

r.iqr.Siti'i-ccaEft
,'

.i
i*i

TI4F \
----'--
-?8"+ i;'e

[Cec:J

,{d
ilr3'Ci{ 

r-

,f,9-
\Pfu

f-#rr{.5
n{t{

8s F 1'.,
-* ^*? ,/ \r

*''9s.:ltffir '\\
\--r"* {4

l-. *

Cs Ftl

r rrr CH
u.l

K H Tl"tF'
{

lStr" *[i*r^^ofu*'

*\*Jcgu+

.,r#*\s

/'----*-C:tr CO2E'""
it\,1 w7.

Strained alkcncs likc, allcnes, cyclcipropcrics can L''e prc*arcd by elinrination from

[]- halogcnrrsilancs, using Iluoridc ron .

lVhcn ortiinarily cflectcd Peterson rcactiori givcs a ;riixiure of Cis & trans *

olefins. "l^he actual elimination however is liighlv sli:rc,.:;elr:r:li','c. Sc with a pure

diast,:reoisonrcr ol thc hydroxysilane e linrination ean bc ccntrrillcd to give ciiher th* Cis
or titu trans oicfin.

c{ C:
Y413r\ \- eH, JbqH-q,

/!<v"/\ t
,/

}"a

Cr HT

al,a
nl *. ,^t-!-l-- t\ ! L-l-L r trl It+' \ ll,,lr.- o -_fiia

F-L--_-
?l\u' 59 7'

d*,1
/-i:i
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b4ef

,*(.=*\,

BF= qlhi,rali*---+
c t{^C{2"

A,r} *Ir

L3 tl

H

*-*/......".-\
\

A rr l-i C i rr,.rr.ajicur, 1 L?.H -,' *l\, T

C9+ T, cl,t )
The diaster

epoxysila,cs by rllli:::*ic.0.- lrvclr.xvsilanes are ob

fnfiffi #f ff l;]g;,;u*:ulii*ir:ffi ]';,i,,i:::ll.;l,f;
,rn,,,.,ft?i,;T;;';Tii'.:l,ixlf*'. furnishes a ,rcrr,od for thc srcreoserecrive

''\.-*,, H

,r,(;\.*n,
,&,*= clt-t,

CC= u +). cu.i-i

ttt".tn
* ,d* *tic

t4,.-CjG\O3tl*?-->

=H+

r^^-dC6H a(/ 1a

ut** 
/trlt

,Srfl*= /e\1l-l',,1)*--(, r, r{
c3 t'{} ts H 4

(crttr)fur-; Hr .orr
6lt,,1" +'fo$'.!--1,,,,-t
* T *'C cll q t"u 

* , t {irru*:1" ,, )
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1 - A Lk r'r""( .+ i I alu-s to,,.,r- l>t- ^.uo-.rlr- ),.- CL 'l-LC,
J,

,!")Q,c =cit -r::!.3=5 n----,"'|fii'i€5
r r4apt:Ck; j/- \ i-i
ki,rrLrqsr^._ ^'- v'('r r\

'{.'. . a

1Lc; tril=:il.\

i).r:=cdirk: !*:sl

%"**1,

rl
f1
\/t_*./

/'!ftt-{l\.-4{,1r rr[^ 
,),l(
./..*- \,dj,nn 

=
TIrc Pctcrstllt reaction iras becn used to prcpare kctcne thioacetais byreacliotl of alduhydcs lor) kctoncs rvith 2-iirhi..:-2-trinrcrhylsilyl-1,3-tlithia'e. T'5c lattcr

carr lie rcadily ol_.tained 1ionr I,3_ditliianc.

The kere*e thioacctals arc useful synthetic irterr,criiates.
On h'i'Jrolysis tl:r'y gir.'c crrbox),lic aciris (llJ{iCO-->rutrcficouH) &firlloncd by hyLlrolysis gircs aldchy'dcs, aikyiation beibre lrydroly.sis icaiis to ketones.

P4r ,S*f t{) Radroct-ir,r,r
)=)'.

Ah/ \., / -------*->p-J fr) UyctrotS*,* ':lPcHc

sljl-lililull DIOXIDE (rirst of arl it is uscd as arl
1e32)

Prc;irratir.rn : Plcparcd by iicaiing stronglv in air in
dioridc as a catalyst,

1To /.,)

oxidizing agcnt by I{.L.Riley in

thc prcscnce r:f traces of nitrogen

fluoride over selenium & silica contained in

? $CrFet $iC*+$e---7 $eO*+a $0*t '9; 
%

,** + *z **> 
'S*Oe

2) tly passing the vapcur of'suipiruryi
a gl:rs.s vesscl.
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As a Catalvstt
St,[)2 c:-ltalr,,scs t]ie trans hvtlriixyiation by Ii:0: ol sonre unsaluratcd comnuunds.

. /1.) r I

H.-_ /tuz,d,iiitit
H /'\ cczfr

1: c\ rrl ;,rtai-_4i-p€UA

;^b- nur^n#

Ca Fl
Czt4

YIQ;,I -1a,tbo..ui c quC

> ") t- -Ta,"jadc
11ckl ?2

A

cj t-{

0
i\{ethl'l [,ithiurrr:

R. i?C F{
MqLi --jI&.3* +s"c RR

Mcthyl lithiurn can be uscd lbr the syrnmctricrl coupling ol allylic or bcnzylic
alcohols.'l'hc rlcohols are trcatcd rvith nrcLhyl Iithiuni anO'i'lCtl at -78'C wirh alil,lic
alctilrols, a tttixtureof products is produced ie norrnal & rcarrangcd allylic products,

Nlcthyl lithium is uscd to gct alkencs lionr ailyi alcohols i.e. the alcohol is
coul;Ic,l rvitlr a ttti:turc of N{e Li, Cul & R|i(iirhiunr aikoxy alkylcuprates) in presence of
N-methy! - N- phenylamiontriphenylphosphonium ioclide,

ut\li
r; l-i

n.
14 .eJ lQ-. r rf cr/

-r. Afi [l\A4a)L{- C i-\

It catal 1.'scs the o.r idation o i' c yc lol:e.ranol.

r-ir.ro3 |*.g^,/Yo-r)'^ U 
(ol+A.titr. Aci{
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oi }tt^/ 
Jo,tr, 

aw"da

uiuyt.trl.$ 
- u.saturatcd acids can bc preparcd by carbonation if an ate complex of a

e,t -e/
f,
L--

?T Tffi-G R*c-i=C-q
V*opNH Ma pi,l*.o n-l

')r.c qr
It * FH I- , n In3L +?,k 

---;Ci.{Bfi +lJl j
AIky'l a,d aryllitltiunl con:pounds can be son'ericd ro i.,anrines by treatmentwith nrcthoxyanrine and rncrhyl tirhium in erher at * TgoC
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t? xiu.
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rtAHNrr{G sYryTnESrs

lntroduction:
The terlt synthesis may be defined as a series of reactions carefuliy chosen tobring about the dcsired transflornlrii,r,, in the highest field and the shortest time.

The lessons of many failures and a few successes have taught the organicche,rist that a haphazarcl or uninformed approach to a synthesis is llmost alwaysdoorned' So, only the most carcful and meticulous plans laid on a foundation ofknowledge and facts rvill irelp olc to get the dcsired compound. In some respects organiccitetrtist is like a sculptor. Just as the soulptor builils intrigue and enthrailing structureswith his raw nlaterials, the organic chemist also ti"ies to build complex and exotic organicmolecules with the herp of his ra."v materiars and a few chor., .;;;;;;.- -

Fle're in this, we are goiirg to see a glirnpse of the basic tenets of organicsynthesis' Given the magnitude oiorganic s;nthes]s, e'cn this would be a difficult task tocont:rin it in a srnall space. Lct us unlild tlic things o,re after anotlier.

Syn t hon -synthctic Equivalents:
For the synLiresi*r of a givcn a cCImpound a number of routes may be available inview of the wide variety of organic reactions and reagents placed at the disposable of anorganic chcmist' So otte has to nrake an analysis ,niluy-out a plan for the synthesis. Atern, which will be rnost uscful ft;r the discussion of synthctic analysis and planning, iss]'ntl'ron' Now, whai is a synthon? It rcfers to a structu.ol urit which has the potential forsome specific sylthetic opcralion (or) an i,icalized fragment, usually a cation or ananiott, resul{'ing frotrt a discortnection. lv{ay or may not be an intermediate in thecorrcsponding reaction. Consider the follolving: J

a
-r-----{tol

rypc7-\-.--r

P* rrcc-tyta\^i,k'] I

,-^\(Dlol
Ma6 /-.---)' 

rTT

our search for the identification of potential structural units (synthons) for thistarget molecule giv'es atlrast two possibitiu.r (Path a & b). The two nig*.nt, I & Ii arepossible synthorts for lire constmcticn of the target molecule (and not III & rU. Becausefrom our knowledge of chemical rcactienr, it ls *urj to get an acyl cation from acid

--'\- (?ICI {-
VlzD-^-''---,,

C)

EL
.17

c
,[I-..

Jr_

es

CI**--_\-

L
----/

.'r7a



ciilorides. By using the "Unpolurlg" tcchniquc, we can rticiiiy access a carbanion in an

arurr..rtic nuclcus.

Thc seconcl pathrvay introiiuccs nuclcophilic carbort at tire carbonylcarbon. 'Ihis is
niit a vialble propilsition, as tlie carl:on is attachcd to an eiectrophilic oxygen. SO it can

not act as a good structural unit lbr this target molecuie. Obviously I and II are the

syntlions for the construction of p-acylanisole. These fragtncnts may or ntay not be

invt;l',,cd in tlie reaction, but can help us to work out the rcagents to use. Ilcre as it
haltpcns, II and not l, is an intennediate in the synthesis. Whcn thc analysis is complete,

the syntholts ntust be replaccd by rclgcnts for practical usc. For an anionic synthon, the

reag,:iri is oltcn tlrc corrcsl.lon..ling hyJrocarbon. For a catiotric s1,'rtthon thc targct is oitcn

the corrcsponding halide.

-)

.t-\
O

rl C

€t[
r..A)"

MjJo,-l -7
,3y rt\I,ior,l,6 Reagan\i'

The rnrthematical symbol " e" is uscd to placc of thc word impliss. This arrow

is di::rinct lronr thc arrow we normally use (-fto rcprcscnt a chentical transformation'
'l'hc 

1;rocerss is callcd "disconncction" and the fragnrcnts "Syrthons" .

Thc rcagents used to gct "Sy,nthons" are called as synthetic equivalents" ie. in a
chenricai translorntation it is thcse reagcnts that actually participatc in the reaction and

not necessarily the synthons.

In the above exanrple thc acid chloridc is thc synthctic equivalcnt for the acyl

cation. Similarly for the anion, the hydrocarbon nucleus, anisole, is the synthetic

cquivalent.
Again lor the nrolecule , t{CI l(CO2R')2,

I{(') (clcctrophilc) ancl 
0CH1CO2lt')2 (nucleophile) may be the syrthons.Their respective

syntirctic equivalents will be RX(halicle) and CI{2(C0R')2. 'l'hus we can represent this as

tbllows

233



RcHCco^R )a--*+ Re uri( (%R' )a
E,bcbvc, f ,u.tt r..J i,r c{-c.u yt^"-Lr

C 'F'-yr,r.tRcrrE )
r?. x c llpCCCrq ),

L,t 1\ ii,,^-q.t I c

I;or Ir:()re inli:r'rr:alitltt abi>ut 's'/nthor:s and.svnthctic ec;uir,ricrt.s see rei-erence g anci ii.
Ke;, I rr t crrn ed ia t e _ I(ela r, .,\;rpr.o:lc h :

Sonrclirrrcs clurirrg thc'rjeli_;rrlrtivc ri,ork cif a natural substance, a key substanccntay bc obtairlcd' I;r.trt rhc kcl fub.tr,,cc llrc sy',trrcsis of tr:c natural'nratcriar nray bcaccornplisircd"l'his typc of synili.tic nrcrho<J ir ,i.,n.J rs ..r(cray 
a1:proacrr,, to syrrhesis.

II',,,:l:;iXH:;;t"[:,]:f ,..,t,,,,,.c rir:nr conrn,crciarry avaiiaur.',ot*,iors may

systc.ratic degrarjlti.n uf cai,phor gave canrlrrri;ric acici. .l-. establi.sh thc;:::iliil::;:Y:l?::Jifil' rrris ircgratjarion, iu,,,pi,*i. acid i.s ...onu..,.cr ro canrphor
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Thc camphoric acid obtained was resolvecl and lound to be identical with the

naturar substance. Thus the sy,thesis of camphoric acirJ completed the synthesis of

cantp'h91.
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\ _-,/
n
C
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gc|CJEV Neur l-

t",rt.ml*;
Co*der,.,Sab'i or

.yry%cf-.-fly,l l$[* nq,,li,
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H,3T

a
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>

Et i.il t+CI

Co*r.r'p'hc:tl-C
hu,'c,t
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Linear & Convergcnt s-r,rith+sis :'l'he nrolccular si:tr has a prominent role to play in the design ofl syntheticscqurrlce" (ireatcr ti:c size of' ri'ic n,,r;lcc,ule ,I.;i; ;;;ot.i *lll be the number of steps.our aim shoulcl be ta g*t ilte rni:st d*;,e in nrlnirruni,runrb*.- of steps anrl in the highestyicld' l'hr:s a t$'o siep svnti:rjsis *i'2-meriryi-3-plr";ti;opanol is achieved in 6g%overallylel'i whercas c sev*n ntci) si"nth*sis 
. ol estro.e, t(.T.*ot. sex hormone, is achieved in8'5o'{' overall vield' oi"e*urse tire synrhesis ri'rhe taite;..*;';;;;;',;;"re railoring.

\\rlr;.rt are ih* I)1"'riilr.ls.ri'a long syrthetic sciremeJ The prospccts are notcncaur*gitrg' corisiiJ*r a Jive stri: s)'nrhcsis eaJir invorl,ing g5olo overali yield. rn practiceone cannol hope tci hai,e all thcsu iraciii;ns in a particular sequ*nce. Even if one succeedsin stirching tlicse rsrcirr.,*s ti)iieii,", rr,* o"*r.,iitia -,,, o- onry 44,%.J,o overcomc thisdilliculty the synlhssis may i;i carricri ,ur irr p.;rii;. ;:c. consrrucr rwo rarge chunks of a
;::l:::hl;:if '-', a*d thcn j,:iri ri,urr: to errivc ar rhe r"iesirerr skereto,. ir,i, *uy we can

'l'hc arivantage of il:c sccoirii schcrrre may be il!uslratecl as follows: Thelrr": step synthesis cach yiclii,rg [i:ilr" overall yieki n:ay-be first linked in u lin.o. fashion,thcn in a cotlvergcnt ntartllcr- trirst procceiuic can alford r"rs only a 44o/qoverall yieldwhereas rhe srcond one wiil enr*ir us wirh szqa oveiaril]i.,0.

++ 7" ov-u\pqT krdq,

In summary, lhree fa*tors rjecicle tlic ovcrall yicliJl in any synthetic plan. They are,i. St;rr:ing niaterial
ii. hiunti:er ol'sicg;s
iii. Typ; of reacrir:.s prop.seti uncrer each scircrrie.

T.UNCTIONAT, CROUP INTI,IICONVERS TONS:
Synthesis of a contpound at tinr.s rnay rcquire multistep transformationsinvolving simplc reaclions' In thes,r reaciions the functional group in a molecule may beconvcrted into ancther' J'licti ihc iatter may be reconvefied into the for-mer. In betweenma,v chenrical trrns|unttarions ntay uke ilace. ro ao these things one should have avast nremory and ai1 exteflsivc knorviedge oichemir* l.urtionr.

consjdcr the fbllawing transforniations (it is the final phase of synthesis ofthesesquiteqpenoidlor:gilolcnc). a

,\n }f5/,fl .:Br.
'\ \57'

C 1s7: D-)-+ E
e5 7.*-+

La- -J .<*

r.
t

-*+$

. '*,
^ \b!o/1 -*) B \3*y,**> c Bs%.__-> E

s5%
---.-+ tr

s5?
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i) t- t a,1-tl n
cL) i..lel]a KCfi

cil) c,.cfffi..
C) {, i .ior,-"t ic rt-

I
I,

^Jtr rl Ll=,Li

,@Py
I

Lc-rrriftlrcLeNE
In the above transformation, we are to removc the dithior s,roup usingwolff-Kishner reduction. If we leave the carbonvi g;p as it is, it may also have beenremoved' To prevent this it is reduced firsr ro r, ;.;;;i. Then worff - Kishner reducrionis done' Thc reoxidation of the alcohol restores itr. t .to group. The latter is thensubjectcd to further chemical reactions r..airg 1" Lngifolene. This interconversionindicated is just a tip. of the ice-berg only, only-**p*ri*ni. and wide reading will helpone to make trre functionar group intJr-conversions ui .ur..

Anothcr aspect in synthesis is most of the carbon-carbon bond lormingreac:iions do not give the desired 
. 
runrtior.l group.Furlher functional grouptransforntations (or) conversions are imminent in rort?rrr,, ,.r.r.'a"l-.rp,ion to thisis thc carbon-carbon bond forming reactions urirg lioliJ's e!ectrolysis technique.

Activating gr0up:
Groups which activate reaction at a particular site are referred to as activatinggro'rrs' In the construction of the forowing bicycric t.,on, (A), from the cycrohexanonederivative (B)' ths carbometho*yl group lends-assistance to the carbbxyl group in thegeneration of the desired catbunionic), ihereby i.;;iiori"g rhe Michael addition ro rakeplacc at the desired position. \ -

237



C*ew1A

,/1,{)
C-;\6rt::*,/

l. t't s

I Icrc tlrc carbonrcliro;ii, ;rnr.i

t[te carbon llankcd by thesc ::lr]rips.
to gri'c " anguiar nictityls", r, irich is
easily. 'l^hus it couid bc uscri {irr rlr,:
the l(obinson ;\nnciation scilirci:*.:.

:.LeF\a CC)rM*
ir 

'^ {f1 fr*rrffi^:;iiikpL{i
r,h-ql--,, 'A c''2--/"

L '3' ?f -cu3 Lc )

carbonyl groups ilctivatc tirc irydrogcns attached to
I;iirthcr 1he carbontctlioxy group can bc nranipulatcd
a rarity to achir.c. I1-utrrvanted could be knockcd out

pur?osc oi'actii,ation or preparati<ln. This in cff'cct is

Ncrnrally a doublc iionricd olcfinic conrpound undcrgocs clectrophilic
substitiition. [3ut rviteu it i.s iri coirjugatiorr *,ith a carboxylic group, the lavoured acidition
is 'nuclcopltilic'at tlic bct;r-i:ai'bon rv.r.to the crrbonyl group.'l'his is the principle of
cyai"rocLhylatiott '.llere again tlrc prcscncc o{' cyai}o group, an clcctron withdraiving
group dirccts thc ait:rck ol" lhe r:u,;leophilc to the bc{.a carbon rv.r.to thc cyanidc group.
'l-hu:i lhc conjLrqatcd ciirb*ir,.,l ar:r-l c1,;119 sroLlps activatc thc bcta carbon rv.r.to their
placcnrort.

Protr:cting /Blticking Cro ups
During tltc cuL:r'sc of an organic sy'ntiicsis \\,e nray have to cmploy

polyfunctiottal nlolcculss. lrt sucir cil:;es, thc proposcd rcactions shouid not intcrfcre with
othcr lutictional grolrps, tl:l:r tl:* onc dcsircd. If such a possibility is fearcd, then it's
bcttcr to lend protcction to thcur. 'I'hc group so servcs is knor,-n as a protecting or
blocking group (sec lbr:t norc)*.

* lri',)nt ths stand paint til tl:e Iunctit-rnal groups, thcse groups lend protection to them
from the attack of tlic rsagcnts, accorclingly tirey arc ternrcd as protecting groups. When
they occupy ring carbons, t:specilily in aroniatic nuclei, they biock thc entry of the
reagcnts to that particular carbort. licuce arc callcd blockir:g groups.Of coursc this
concept is valid only uncler ccrtain cnvironnrcnts. Since a group that serves the abovc
purposc ultdcr aikaline conditions nray not be ablc to do so undcr acid medium. l'his is
bcclrrse deprot.cction might se t ii:.

Both the nonrcttclalurcs are ernploycd throughout thc litcrature, of coursc, onc at a
time.

\Yhat is a protecting grcupl
"A protccting groull is

lunctional group, witirstarrd thc
r.iiic i:: rvhich should prcvcnt erosion ol ths particular
prr:poscd rcaction conditions, at thc samc tinrc should be
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in a positiotl to be rcnloved a.t the desirccl sta{e." 'l nus in Shechan,s synthesis ofpcriicillin, thc atttitio groLID itl atitiiioacctal (i.c. lhe sra:'iirlg r:raturiai fbr tnis s;v-nthesisi, isprotcctcri ,rviiir phthaiimicjo grour) in ordcr ro prcvcni scji-coniiensatiorr of thEalrli:toacctal anri tirc 
.acicl 

group is protectcci as irs t-butyi ester, a group which is acioscr:'itivc' base in'qettsitive ani are rctnovetl at a conr,eniL:nt stage iater in the svnthesis.

Shechan'.s sl,trthes!s (Irh thalinri do

C

^c l'l c€{ }*',i,---1z -.CC.b;31,

p/..:cHa- c*iH --cH* ./S\,..

oi-'L'--|,,
o

Sheelran's s1'nthesis (lrhthalinriclo derivative)

-cr-l-cHcl-rlt
Ccob Bx

\N-iii-Ci"'!Zz No.OAq
coaH ,3H

"s 
,"li ef Jr* ut"!.c'io{.o

C)

#tr ! n,, ./"\ /c't(yr/,_[J;,il*],],;"_
o

-S-
rJql.tg!-t,n c{ ' X

ccoktlr( ht ri llt -- ccoH

Prtccurcc- NFr *[,, 

- ?{'nY
coobBLr ruU _---6t.t

1i; NaHa

LcL; a1 . tlcl

P 1",.o cl'l2COe,
.-_)

N et-3

i. rr c-(
.\
Li. Pu '

- 
cOcH o
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fhe sy:nlhcsis of the penicillin is so plarurcd that majority of the c - c bond
ftinning processes are incorporated in thc starling stage itself. It in effect is like

thc convergcltl. schenre ol synl.l:csis. The morc labile beta-hctunr Unit is introduced only
at tlie final stage to facilitate the synthcsis.

t-Butylphthalimidomalonaldchydc is first conilcnsed rvith penicillamime
hyriiochloricle in thc prcsence of sodiurn acctate, to yicld the corresponding amil.
I{ydrazenolysis of it followed by treatment r,vith aq. HCI affords the free amine
hydrochloride ie the amino group is protected, s.ince no nlore protcction is needed at this
stage.

Thc necessary R-groups to gcncrate various pencillins are inlroduced at this stage.

I{aving constructed the skclston, thc closurc of the synthcsis a compound with reactive
and sensitive groupings was given birth to in the laboratory by the proper grading and
masking of the functional groups. Indecd in some instances, the proper choice of the
functional group nrasking rvili nrake the difference betrvecrl success and failure in a

syntbcsis.

During the side chain oxidation of cholesterol (in ordcr to access the nature of the
side chain) the hy<lroxyl group is given protection by means of acetylation. Acetyl ester
sustains thc rigr:rousness of CrOl oxidation.

Ch0s

Lo) ',

fic0
.ltdl-act{yfc},ofaruc

'ac,-d

Aco

choA-r*la'',^d{ aCab
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tl' dcs.irud--the acetyl sroup
:r,: i t] . i:-- j'

direcrion.

cen bc washcd o11 by .sinrniv l,.,iiiirt rvilir aclrreoilslsuiohunc
i ,. "l 

1

onc s{eguoi r:ther along t}re rvay to thc tJcsiinarior: (.rlrc il-10
'^...-.lrrtirr i;"r-eJrlqig il.ith thc c()lisltdLtitilr r)l'riirg r\,1.

l-i-','a .:"- 
"' 

-.' i '"

ol'C-13-angular methyl at

irr: gu_[ar nrethyl',.is norma I I y

Syiighcscs ol' many'steioids'involve t}rd inrru:ilricilbn

. l.'..l.bi'r l{.tl.tnlc by y,1tlizul$ tiie, ac,tivatrng abr litl' o i' ('- 1 7 carbo:rvl group. Act.ivation
i5 1;,,'rsiblc bot)r at,C-li antl C-16 poiitions.;Sa'l*.rir. aclivation ar C-13 isachicved by
blociiing the active mcthylcnic site at C-16 with lurfural. Thus C-13 angular is introciuceri
tp;!1q;ry1iitlt$s,isiqlitgstdstcrono*:tht-..pr.inloryscx hofitr,rnf of rnirl,:.

'firu targct is achieve,.l try.u,rvciling tliu'iniliall;'fornrcil nitro compound into
acctaniido der-i.yativt. The acetarnido group is O-, P-riirectiqg,ljkg ,the ,merhyl. When
furtlicr nitrati6ii is attcnrprcd ri ith this clisubstiturcd ticrivat'ivc a' conipetition ensues
betri',:en the trvo_gro'tiX.rs,.i,g...nletf;yi and acetarnido. The acctalnieJo group.rvirls the.battle,
by irspowcrfiil mesonicric effeqt uhich tar uirtr,ciglis tire i:rduciiv.e cfl'cct of the nlethyt.
This lorccs th.q tritro gryffp to enie,r the 

'nr-pusition 
rv"r.rc nrerlrylanil "o: , w.r.to the

acctrntido group. The fir1etsllii ir r.:bnrplishcJ tr;,l,nocki;rg olf the acetamid"o group.

- .,..,-ln.thls S:1:S 
acelami,Jo grcup not only proicctcJ (L,lock.-'d) the p-position w.r.to the

mell:y'l torvartii further'nitra*ion, but also hclpetl in rire nitration process to the desired
il ...!. I

l
il-

T-{.-at., AU trl,.r!

,,.:-,i;;:,[9lt€"!iltlcp:::!ligr:p-,{olegitl+glb.leisking group$ nray e!'err scrve the:'pu'rpose of
agtiliiliatk,aS: itrrt.l.igpr€par.,riLion of nr-ni.lrotohicne.. ,,,, ' : r i : i. i :' ir

"l'he rnethyl group is ortho-, para-dirccting in clr:ctrcphilic substitution reactions.
[{!1r+1itlq'b-qgift:,atr-, c.lcetropirilic substitution,,essentially cntct's cither'o- or p. to the

l]lg.tl l'1. Tlip:..llaligr,,isi pteferrcd.svcr'dic fornicr on stcric,916unds. Practically one carmot

bllp g.-tegcl ntr&i'{rgtqluen q,w ith an unh e I p i ng methyl gro u p.

"i.i-l.r:i,ri
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J'he use of prctecting groups in synthescs, have niadc synthetic sclectivity
possiblc w'hcre none existcd bcfirre. rhus the synthesis of polypeptidc is gne of
selectivity in the conslruction t',f tlte polypcptide chain ratlcr than onc of the molecular
arcll I lcclure.

There are as man)' pft:tecting groups as there arc functional groups. Ol.tcn thcpropcr choicc of fu.nctional grou;r masking will nrake thc clifibrsnce bctwcen success andfailure in a syrthesis.

stereoselective probtenrs of gcometricat and optical isomerisnr:
(stc reochenrist ry):

So Iar we have been conccntrating very heavily on the Iogistics and schcduling offunctional groups d.uring organic s}"r;rhcsis. Bit rvc cannot hope to neglcct thc problem ofstcric crowding and geomctrical arid optical isomerisms.

stcric crowcling will have a direct bearing on somc ol the rcactions. l-hus firrexarrlplc, cholestan -2-one failed to undergo tce-talisation whereas cholcstan- 3- oneund*rgoes kr:talisatiort to the extent or rc:yr. This piece of infonnation is uscc todistinguish berwcen the two kctr:,cs. trvhy the rornrer fairect,

l(eta,t 4 chstcsh*^ - 2"- o^r

t*n*i
kgbal * tb'Q''s\a^^-
3 -onl
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Y{*r.
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while the lattc'r ketone formed ketal (to sonrc cxtcnt atlearrt) ? Thc answer is to be f,ounti
in the severe 1,3 * non - bondcd inleraction betrveen nrctlioxyl o{'t}re ketal ,and Cru -

angLilar nrcthyi group, in the t-rrst isonrcr, wtrich is somcwirat less in the sccond one. fhe
second isomer has,iniy reduced 1,3 non-bonded interaci;ftrts, bctrvcen methoxyl and
hydrogen atoms.

Next comes thc problenr of geonrctrical isornerisr:i. r"ltirillril can be cxercised with
less eflort if tltc r:taterial involvcd is cyclic. If acyclic. our lahour bcconres manyiclld. The
rcii:: )n is not lar to scek; its simply because tirc acyclic crirr.ipou[ds have no fixeci
conformations unlike their cyclic counterparts. Some generalrzations can be made in this
dircction but onc has to facc thc problcnr individualiy dcpcndirrg on the nratcrial at hand.

Catalytic rcductions generally lead to cis-isonrcrs. fhe initial step is the
adsolption of thc unsaturatcd cornpound on the surlacc o[ thc catalyst lbllowed by
ad,l:tion of h1,ilro*"n lronr thc bottonr face. Acyclic cis-olcfins are obtaincd normally by
redircing the corresponding acetylenic compound using Lindlar's catalyst. l'he rcduction
stops with the olclinic stagc. 'l'hus the lact that triplc bonds arc reduced to double bonds
f'rst,:r than double bonds thcrnsclves are reduccd is bcing exploited in the synthcsis of
vitarnin-A.

r{3
\{a

=c*cEr !u*#r- H--cH - oEk

c{13

LIere BaSO.r uscd in Lindlar's catalyst acts a catalytic poison slorving the catalytic
activity, thus prcventing furthcr reduction of the olefin. Chernical reductions being
rarl(lonr will gcncrate both cis- & trans -isomers.

Another important aspcct of the sl,nthcsis is the problcrn of optical isomcrism. If a

targ,:t molcculc has 'n' chiral centers, thcre are 2n stcrcoisomcrs possible theorctically.
Even with one or two chiral centers, the probleni of isomer separation can be a serious

obstacle to the snlooth flow of synthcsis. So it is bcttcr to think ahcad before we leap.

1-his problcnl carl bc a nianagcablc onc providcd one uscs optically activc starting
matcrials. Many modem syntheses begin with one stcrcoisorner of a naturally occurring
matcrial such as terpr:ne, a carbohydrate or an amino acid.

Thcre are two aspects of the problems associated with oprical isomerisnt that one

has to cncountcr, in synthesis.

3
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tira I i r-c,,rfr.:r'el r.reJ ec,tive

dlo
d:a6s:o rDle go i; e

First, cielelin-1,6-diottc is conrlertcd to the ketoiie;:'(X}throufh,a sequinte of
ttl::,liY,:.,it9Ja!i|1ii.T 

31d..a]iylic methylation. Selective ketaiisation is possible because
the'rilphri bcrli-'c:rbonyl is'lcss'i,-i:,-1i'y'elowhrds:aciilit rcag,eirts. 

', l.' .- ----

.

Lithium alurninur;i rri-i-bLitoxy
developrncnt control, i.e. wijl help fi:nn

irydricle reduction
lns !;iuatorial alcohol

will result in product
in predominant amount.
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;'riii :'r\d4:;iilt'rri;it 
"inr,, "r,'i., siir,:,:*iirim*r'';i'ii,; iesiied prociuct iJ,r::lio:e, iit 1,ncccssary to tlesigr: 3 -r;'i,, -.".s ,i.:rt i'ill yi*id only that isonrer. Ip sucn cases lr rs

ge {tb

..^.i^i,_.i,, , Soditrln btiroi;i;ori.ic,o..litliiunr ilorofi;rilridc rcductio* g[ cyqlic ketones
usul[ly lqud to tlic.nrore strblc cilr:rLuliai isoincr, whcrcas LI2.p, ieciuction.in acid medigmgivcs iiie 'less si:,bie axr.rl rs.*iui Irius rcJui,io,, ;4.;.;i,;;;;i;^;ith NaBI{a or

liPJLrgi',9rt,.1l:jrltlilil El3hle.tqtir'1i,1! !sgrirel .Plherg$, ttt!.qctill,tyis,lhe,lp1ter.gives the

,i*l3l llY,q,li"l, Ii liin*rly sribsriiuivJ ,!iir,gcnerite rlvb o,prigSi'ji,qn gil,,,o ifriq.i4l!+ngEb+!,;:1t1.bcg0ttu,.iilc.J,rtrgi''etlru,pr,:ri:n.erioitc....:

r-. j_ j:::: ,^ -,:1, ,j,]Yl'?I .iil,o#,,ryuqiyi,95, o{ 
r4syl}rr}qll:ip ,,qgn}itr:'rrr" *a;.gli*q,, ,rlr;,-lffiilpDcloillr._q,lp gltai'.rcte]: Wc rtccJ tiiurc rcsqaigt arrd rcsrructurirlg of,o11n schedsle, For

exantple, thc syritliesis ot 6-(tretal-ti.ioro*y-S,5,q-ib,era),tri,riciiiylltroor-l-ariulon*i,ftqp
octalirt-1,6-dio:rc-. 'fhis kctune c*;itains onl.y one asymrnetri, ,orbon atom, i.e. ailorition
9' l-i'e desireil ti,.j [,io\ii.0i Ljiir.ur,i,: ,iiree riiiral ceirtrcs. i.c. two more are creatcd. one at
position 6 anrl liru ottrer:3t |,o!irli)lr iu. Li lact we may end with cight rn;oii6;"h;:'i\r.
can schctnatically rgp!.!..i.:cld$tq tlru,i'etically possible siereoisonr.r, u-* follows, _ "

-"; .:'i'=, I:- "'. -: =-''"



Instcrd, if catalytic hydrogcnation is'sought the axiai isoni.:r pretlominatcs thc sccne, i.e.
kinetic control. Thus we are able to get the diastcrcoisorncr (A) over (ll) by proper choice
of the rcducing agent.

(C) over (D) during catalytic reduction. it is done as hrllorvs.

l<obBrr.fn4el

3*^^7t"*{r$ c
r\ QL,l*c u^.uff.,,tah'cm

tvrtg\.a.fir,u + -l*r/" b6,^d'.

Hr.C@Jr

-----+Quantrtative 
-

HO AC

After thc rcduction of C6-ketone, the function of kctal is ovcr, the presence
of u'l;ich in subsequent steps will provide no furlhcr uscful scrvice. Also it will hinder the
saturation of the double bond. Removal of a protecting group at the earlicst convenisnt
stage is gcnerally the best policy.

During the hydrogenation step the presencc olangular methyl group (beta-
facc) lorces the hydrogen to attack from the alpha-face ,preventing the poisibility of
stcrc.:isotncrs. 'I'hus a selcctive rcduction is made pclssible. The net outcomc of this
synthcsis is a stereoselective, stercorational route.

ln the forcgoing example we are forccd to tailor our synthesis sequence
with the procision of an artist. F.r.rt i;: ecrtain reactions, like the Dicls-Alder reaction, we
may be able to excrcise coui; u,i ovcr I ':eration of upto four chiral centres at one time as
in thc following cxample.

rlrl
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1.1 ATy-*--*---+

Sontctitttcs it u'ill tirit be po.ssible to control a synthesis so that only rhe ciesirecl
stereoisomerc is produccd hecau:;c a nrcthod lliat will accomplish that goal is lacking. ln
suclt a casc tllc ncxt bcst solution i:; to preJriirt tlic nrixturc of isonrers anii scparatc the
desi;ed isonrcr.

Scparation or rcstllutioit of tht raccmic ciiC pr<-r,,lucts can bc aciricvctl through
scvci.al nleans' 'l'o. cite an cxantpic, wc can corrsiiicr tllc scparation of alpha- &'bcia-
fbrrns of gluctlse lionr a solution of it. CIucose, in solurii;n is present as an equilibr-ium
mixlurc of thc alpha- & beta ibrrls. 'l'he position of the cquiIbriurn dcpcncls oniy siightly
otl s:lvcnt' \\Iircn a solutiott ol'giuco,se in ethanol is conccntrarcd ths less solubie alpha-
isontcrs cr;'stallizcs lirsl, and this rJisturbs the equilibrium so that ntorc of t6at form is
producctl in solutiort. l"his lvili crystaliize again, antl so on. Clrystals olentirely one forrn
bciilg 0lrtaitted in this \\'a','. II'ilrc s:nrs is carricd out ir: pyriciinc solvcnt, thcn the bcta-
lorlu will crystallize out in prelcrcnce to rhc alpha -'hrrnr ald t5e process will bc
rcpc:rtcd as hcltrrc.

Itrtruductiolr:
II I'TROSYNTI{ETIC ANALYSIS

To achicvc stlccess in any synthcsis. it is better to r.vork the problcrn
backrvards stcp by step to contmercially available starting nratcrials. It in elfect ismaking
a lbrw'ard leap in the choscn built-in track. I-his typc of approach to synthesis is refsnecl
t0 as retr0$;.nthctic analysi.s.

'i.hc slructure ol'thc targct nrolcculc can be i-ornraily diviclccl into trvo parts:
i. It's caritor.r skclcton
ii. Functional groups locateci on the skelclon.

CAIII]ON Sl(iiI"ETON:
In any syllthcsis , tlie structuro of thc conrplex molecule can be brokcn

down to sntaller units- the synthons *fiom which it must te possible to reconstruct thc
skelcton by Iinking thesc snrallcr units. Such construction reactions form the central
l1cNc s)-steln ol alrl' syrthtsis d';sign. 'l'hus dre synthcsis of methylcyclgpenta -2.5-6ioiie
may bc thought of lrom sinrple precursors by working the targct lrlojccule backwar4s (A
to C).

^rlF- r, :1
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I*4

l

,3

dr-

CI
lt

_"t\rtI]Ii il
\ -)",". {.:(i

rj

g*,

=I-J

aH5(}

246

o



sincc the carbon carrying merhyr group is an ;rctive merhyrelic group, it ispossible for the target molecule to have beericonsrrucred fi'onr 2,5 --ey,clopentar1ione andmethyl itldide in the presence of sodium ethoxitie. c'ompounrl B couid have been formed

ll'.::1,.'j"tl1ral 
claisen ccnilensation betrveen an active nrcrhylenic gi.oup and carbonyl oi.

..,. , . Since lunctioral groups are generaiiy thc link li:r the clrnsti-Lrction of carbonsL'J;ilt)n' tlic tttoleculc C can bc broken clowr: into a -?+2 urrit i.e. D & [. Compoun<i Ecnulil Lrc obtained by HYZ reaction of aceric acicl, srliich is coinmerciatty available.
Ct.inpound D & E unite to lornr C.

Ccinrpound ? r1l bc lurrher fragnrenred ai ihe carbonyl
ancj D coukl bc oi:tained by thc dirr-ct rcaciion ol'l- d,L c ibiL:*.*i

lunctron to gii,e F & G
by CrC.l oxiciarion.

l)It
----\l\t/
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tli. Cvcu crido.Lir'r

macie a simpler one inr,olving gr,,:lltc!I
obtrir;cd cither in the: market or nrade in

cHrtvtS I
J-

FI
CHa cH C

f*
"l

Tl.iris the secrlir:gly diificult synthesis, has been
oione I three carbon units rvhich coulcl be easily
the Iaboratory.

tIU\CTI O}JAL CITLIUI'S :

Functional groups are Iocatcd at specific places on the target skeletonwhich can tcli us wha.t reactions might be useci,ln o,,,, cl*rig, ibr a successful slnthcsistlic c0nstruction reactions nortnallylenre arou:':,:l the carbon at*ms b*aring iirilctiona!
groups. since functional grcups can be alrered in :::any r,,,ays at nn* ..rr*i*iniiocatie,n and

e,\r'l-
, w*tr_*-

BCI

rrtt[l.H; cHz

f\v
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even removed altogether, its location, more than the actual nature of it in the target
molecule is to be our prime concern. Another important thing is, a f,unctional group canseld"m be introduced if there are only hytlrogen atoms already present on the carbon
atom in question.

Keeping this two points in mind, i.e. skeleton & functional groups, we must break
the target molecule-step by step to lcnd sub-targets till arrive at commercially available
starting materials. The process may produce *ny possibilities, and we must use our
chen:ical knowledge of the individual stcps to selecitlie best route among them.



. -Bisabolene

-

I

is a sesquitcrpcrnoicl. It has a cyclohcxene nuclcus in it. So rhe disconnecrion oj'thc.moleculc may be attemptecl at thc bon<l connecting iie ring rnernber atom to r.he siciechain and we get

l--/

,or

;,P\
\(z) /l
..\

molecules (l) and (2). Thcse two can combine to give i -Bisabolene.
l'he two molecules can be furthcr disconnectccl to commercially available startingmaterials.

l\Iolicule l:
This being a cyclohexane nucleus, wc can think of a way of constructing themolecule through Diels-Alder reacrion.

ry" ?K+
t{-) t3)

C
ll
firl
cHz
L4_>

The ketone (4) can be obtained by rhe decomposition of diazoacetaldehyde.
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CH-= cH Li
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Through functional group interconversions (FGI) compound (2) can be brought
dor''n to (8), contpound (8) can be dismantlcd at thc C-C bond connecting the two
methylenic groups (one is an active methylcne and the other an allyl methyiene) The
result, acctonc(9) and the allylic comi:ound (10) are obtained. Compound(10) through

fCI (l l) ancl nuclcophiclic adctirion gives (12) anrl acetone. The molecule i -Bisabolene
can be reconstructed from acetone.

( z-l (6)
/\--) oa + .-!u*

Lg (r o_)

FGT

trr
Bist
CLI
It
ct'ia

lsoprenc(3) can be obtaincd by the Grignard rcacrion of mcthylvinvlketone with
nrcihyl magttesium bronride, followed by dchydration. l'he fcrrmer,rni. prepared by the
aldol condensation bctrveen lbrnraldehyde and acetone lollowed by hearing.

,
(

/\
:\ CHa*C-CH=CL\2 + tHlroBo*-- r I tE)

/t

N1t;lccule'2:
'fhis wittigs rcagcnt can bc disconnccted as follou,s,

Lrll
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The retrosynthetic anarysis of thc molecule may be done as follows:
The side chain double bond is cis in orientation. The Iatter can be obtained by theLincllar's reduction of the triple bond. The side chain is adjacent to the carbonyl carbon

and also an olefinic carbon. So a Grignard reaction may be attempted on an g -diketone
followed by dehydration. The a -diktone can be produced through a Dieckmann reaction,
hydrolysis, followed by selenium dioxide oxidaiion. we may attempt the disconnection
of the molecule (13).

A + ug:c',{rr --}}-, AB}-+A
,,\

i*o7Hem l<cl.I^* 
^

[tr* i,i*roorrlol&
tl)
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I I otttogc rtcu us h.Vdrogr n ati on *f 'ra rrsition nretal cornple.'res :

i\ nte tll coruplcx is nrade rip of the nretal and certain ions and molecules, called
ligands (from thc Latin, ligare, to bind), that are held by it.Each ligand (L) is bon<led to
thc metal by thc ovcrlap of an ernpty orbital on the rnetai rvith a filled orbital on the
litl:,'iJ.

If thc ligand rnolccules have atonls with more than one electron pair to bind (or)
shrr"e, they arc called as bidentatc, tridentatc etc.(that is to say, "two-toothed," "three-
iooihed" ctc). 13inding of this type is called Chelation (Greek:Chele, claw)

Thcse ligands takc no dircct part in thc reaction that is being catalyzerJ, but their
prejencc on thc mctal is absoluteiy necessary. Likc substitucnts in an organic molecule,
ligands can - through their elcctronic (or) stcric effect, rheir lipophiiicity (or) their
chirality-hclp to deternrine the course of reacrion. They srabilize the cbmplex, modify its
rcaL:ti!'ity nrake it solublc in organic solvents, antl can evcn bring about itercoselectivity
in the product fornted.

We can explain the catalytic activities of these nrctal complcxes by taking the
cxanrple of Wilkinson's Catalyst. It is nothing but tris(triphenylphospirine)
chlororhodiurn (l), RhCl(PPhl)r. This is a rvidcly usecl catalyst for homogeneous
h1'Jroge nation.

The catalytic processes involving this catalyst may be given as follows:
First, in solution the conrplex is believed to exchrng. ,er*rsibly one phosphine

lor a loosely held solvent nroleculc.
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PhePr ,?vn*
\^,{
/FJ,' + '*olue,',,h./ \.

?rs? 
- ':r-

at this pcint, b*th reacrtanis ar* 'uondeii to
hydrogenation ta oce Lir. 'fhe trtro irydlogen atoms are
altcr the otl"icr, in two scparatc steps,

Pha}r.. ,$0.ue*"
\ .i{,-----) RJ.t--*_ 1'rZ\

g\"-d t* ,l ,, 'j"t '\_t

l-lius tlic c;italyst is br*irght lirto contact rvitil thc rcactrnls, the alkcne andtnt'itcullr hydr"ogen. i:i tirr nuxt .ctri), iire complcx firrms a clili),-drido conrplcx.
RhlllCl(Pl'lrl) l. In tl:is pr*L'.;s titc met*l uses one of its pair ol.tr.t,,rrr, *hile it itsell'
being oxidizcJ ii: ihe rliodiur;:iiiii sraic.

3oQ.ve,*rr

,Z
T'^8

X\J?\il^

" rlt" r?'.A
:-*---**S

?v'
cawryQ*x

l'he irvo hyrirogeri aii.)rls gct ltt::cheti to the ,rctal, scparately.
In tilc ncxl step, the ulkcnt enters tirc co-ordination sphcre, piobably by rcplacipg

ihc solvettt ntolccule' l"his is clirtte i:y the cvcrlap of thc li-clcctrons with the cmpty
orbiial ol'the mcral.
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rhocliunt, and tire stage is sct for
translencd to tire definic carbun one
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Opc ot' thc hycirogcn atonts nrigrate to thc olefinic carbon. Sinrultaneously a

mctal-alkyl bond ic lornted with the other olcfinic carbon'

n-! f
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I
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{c- 14
I
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c a riro tt.

i:inaliy the second hydrogcn nrigratcs

t"1

fronr tlrc mctal to thc sccond olelrnic

?lrP.- ,,earQr;cvr't-

\f +,1)-5-u
Pha?/ \c " t 1

rh^P 1VII
R,L\- - Q- C-ti

li I r

?^f i

';---i.
ff

a0L,t

I'he hydrogcnati.Jn is conrplcte and the alkanc lcaves thc co-ordination sphere

while the solvcnt enters the co-ordinrrion sphcre. 'I'hus once again thc catalyst is rcady to

begin its cataiytic activitY.

l'5e oycrall ellcct nray bc tcrnrccl as " s)'ntphoria" i.e. the reacting atoms are

bcing hcltl in thc propcr positions lbr the reaction to occur.

Bclgrc going to the stcreocitomical aspects of honrogenuous hydrogenation, lct us

consirier one nlorc ippiication o[ thc transition nletal contpiexcs in organic chemistry i.e'

tltc "oXo" proccss' 
The oXo nrocess

This is an important nrethod of making alcohols on a large scale.ln the presence

of rhe proper caralyst, alkenes rcact rvith iarbon ntonoxide and hydrogen to yield

aldchydcs.

>:( +co*He,qbkg tf"
a^ a[A*u'j&
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1-he aldhydcs upon reduction give primary alcohols.
l'he catarvst used for this purpori is.ociacarbonytai.ourrt, co2(co)s. It can bepr,:lared by tire rcaction of nrctallic cotalt with carbon m.noxicle.

'l'hc following steps arc bcrici,cd to bc i,.r,orved in the oxo proccss.In lhe lirst step thc cataly'st rcrcts with hy<Jrogcn to lorm the hydrido complex,coll(co)a, thc activc cataly;st. The active catalyst]r roiuut. in hydrocarbons.Thus thisreaction also bcconrcs a casc orhomogene.us hyrlrogenation.

z Co I I CO --*--+

o
Ir

oC. ,*', ,rco
\r / \^/

oe --tc"-'qi-co
,/ \ / \

oQ' \e' \ co
ll
o

c0

CO
cr.. 

.1,

+ ttr )L-u
c"/T

Cp.
Hy d rd o -li-oco.b l*f,Co b ctr/-

Next, the alkcnc rcpiaccs one tnolcculc r:f carbon monoxicle to form a n-complex.

i' *to\ ^(",h.=,(,Co -H - 
-Cr- / \)u-u G ,Vcrar'*o{'T^ wv 

oc/ )H-
At tltis point, the alkcne, carbon monoxide and a hydrogen are held together bycobrlt' as Iigands' Next' a.h.vdrogen nrigratcs lronr the active catalyst to one of the definiccarbon atonrs'l-hc other dcfiniciarborisimultaneouily ru*r, a metal alkyl with cobalt.This acquircs an additionar nrorccure,f carbon nrono*i,r..
The key step is to follow ncxt i.e. the second olefinic carbon migrates to thecarbon of one of the carbon monoxide ligands. In this step a carbon- carbon bond isfomrcd' The carbonyl group gets insert.d b.t*..n the metal atom and the olefiniccarbon.
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. Notv h1'drogen is a-brorbed to form a dihydrido complex. One of these hydrogens
migrates to carbon of the c:o group to fonn an aldehyde molecule, whieh leaves the co-
ordination sphere of the regenerated catalyst.

\
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to-v. I I*-***) oc--+ c" -c-c-u+ Il
l.,
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o,^ r&1d,5;o

Achire Ghtt^t:
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Stereochemistry of homogeneous hydrogenation :
Dirstereoseleetivity :

Stereochemically different geometric isomers yield stereochemically different
products' ie. the reaction is not only stereoselective but also stereospecifrc. This is
refered to as diastereoselccti vity.

(Ex) When the deuteration of maleic acid and funraric acid are done using
wilkinson's catalyst they give respectively the meso -(2,3-D) butane dioic acid and dl-
(2,3-D2) bulane dioic acid. From this it is evident that the hydrogenation process
invr:ivingthervilkinson'scateiystisstereoselectiv1ySYN.Tlrus

'top - jacq.

addi'trr^a

v1a 
u"\ 

\ ,8***J rr

cc)

0()
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0c*+ Co**g r/t\
I

CO

' FozAH-J-sr+D
bor+,
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This ol;served overall s1,n addition is explained as lollows:
The dilrydrido complex hrving the olefin in the co-ordination sphere is considered

(see Homogeneous hydrogcnation- Transition metal complexes).

H

[1];P., i\ 
RJ,

?,bl \H

The rnetal and a hydrogen simultaneousiy attach to the olefinic carbon at the T.S.
as indicated above. Because of the juxtaposition of metal and hydrogen: they are bonded
to r:rch other in the reactlnt-this addition of the trvo atoms necessarily on geonletric
grcluttJs, takes place to the same face of the double bond. 'l'his step thus involves syn-
addition.

In the next step, the hydrogen migrates from rbe metal to carbon, and in doing this
attaches itsclf to the same face of carbon that was attached to the metal. That is, thlre is
front-side attack leading to retention of configuration about the carbon. The alternative,
backsi,le attack is irnpossible, again on geomctric grounds; the hydrogen is held near the
front-side of carbon by the metal, wrriih in the t.s. ir boniled to Loth hydrogen and
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P'u6F ,SoQuaflh

?\r
'Ihe overall addition of hydrogen to the olcfinic bond thus becomes "SYN".

Sl*reochernis{rv of honrogenr{rur hvdrogenation:
In:ru t i tsei ecti vit1, :

An irnnorlant applii:rtion rif homr)gencous hydrogenation using Wilkinson's
cltllyst is scl,:clivc preprr"rticn of one enantiomer ie. enantioselectivity. Amino acids
har; thc gencral formula,

$cP
e

Hbfr4\u
R

L*, Arnwua

-+

.rr. 0 H
ffr-i1 I\, I

)r-i?\{ Lr

}(

"fhc anrino acids have a chiral centre. Preparation of amino acids from an optically
inactive substrats and optically inactive reagents, leads to an equal amount of the two
enantiomers, that is, racemic modification. But naturally occurring amino acids that help
build amino acids are optically active and have the absolute configuration,

So, to prepare a synthetic protein, one needs to start with amino acids that are
optically active and of the correct configuration. For this we need a synthesis of amino
acids that yields directly only one enantiomer- an enantioselective synthesis. To achieve
this, optically active ligands must be attached to the Wilkinson's catalyst. For example,

H
+r-r -F+-h)

o*tt-rC

ti
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c l{" *c H * ct-l,l"^r r' -.r
tt
Fri.'z P?h L

Cilr- eH - cttr-? H -cH3

bPtv PPv''

CHrCH -4H*CH3
lltt

PPhZ PPh,

"|

3.

4.

5.

6.

7.

8.

t, 2.{\t* 3* yVrr"^1Lylus y,+;,,,ro) pnrlo*o

Lor, PRoPHos

x,3* Bi^ C ai y l,a'*Q fl*f'&db ^t"*P
L0Y) CHIrtA{"Hos.

,t, q -Bis ( djf ln"y (. 
y t^xf t;'a; 

P 
b"tu,,^t,

(c'? dt(tltJ PH0S .

Theqe are bidentate ligands, and chelate with rhodium to give optically active catalysts.
Using these chiral catalysts amino acids and other compornds have been prepared *ith u
high degree of enantioselecrivity.

The enantioselectivity nray be inserted in trvo ways.
(i) l.here could be prefercntial binding of the metal to one of the faces of the

alkene rather thnn the other. ie. one diastereoisomeric n-complex is
lormed in prelcrence to another.

(ii) Iloth lt'complexes may be formed, but one reacts preferentially over the
other.

Just which enantiomer is obtainetl can be controlled by the choice of
configuration of the chiral ligand: (R)-prophos, for example, gives amino acids of the
natirral, L-configuration, (s, s)- chiraphos gives amino acids of the opposite
corr,iguration.
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Question Pattern
Marks: 1OO

SECTION - A (5x5=25 Marks)
Answer any FIVE out of EIGHT.

SECTION - B (5x15 = 75 Marks)
Answer any FIVE out of EIGHT.
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