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Ab&m--The Ramam optica? activity spectra of fZR, 3R) (tb and (ZS, 3s) (-)-tm& acid. (2R, 3R) (t~e~y~ 
~ntc, (2R 3R) ~-)_23-Wa~diol and (ZS, 3s) (+bdibenz~yl tartark adid art presented. A large couplet u about 
NOem-’ in tbc fint thnc mokcules, which prolmbly originates in deformations of a chirai s!n~ctural unit, mi&t 
serve as an iadicator of coaformatkn and absolute conf@atioa 

A small dilfenncc in the intensity of Raman scattering 
from chiral molecules in right and left circufariy 
polarixed incident Wt provides a measure of ~~~~ 
optical activity.‘4 At this car!y stage in the development 
of the subject it is of interest to compare the Raman 
optical activity spectra of series of related compounds to 
see what common features emerge: here the spectra of 
tart& acid and a few related mokctdes arc presented. It 
is gratifying that ti mokcuk instrumental in cstablish- 
ing the conc42pt of molecular chiraiity shows a striking 
Raman optical activity spectrum rcfkcting both its con- 
formation and absolute configuration. 

The instrument used has been described prWiiWy.” Tht 
sampks wsn run as near saturaled soiutions as aeat liquids. The 
instwncntd conditions were as follows: k.w wavekngtb 
48&8nm, her power 4 W. slit width IOcm-‘, scan speed 
1 cm%in~‘. As beforq2’ only the depokrized Raman circatar 
iateasity sum cr;” t ISL) and ditference (I,” - laL) spectra bctweca 
100 and 2oMfcm-’ were recorded, the diUe*ntz spectra beii 
pnrtntedoo.asclle~islincPr~uchdccvleNpoCbUt 

In all of the mokcuks studied, ~~oiec~~ H- 
bondii is expected to be aa important factor in deter- 
mining which of the three rotational conformers that can 
exist for each mokcuk is preferrcd.9 However, in- 
tramokcukr hydrogen bonding will not necessarily be 
tbc dominant factor because, at the very high sampk 
concentrations used in these mcasutements, inter- 
molecular associations might be overwhelming. Un- 
fortunately, Raman optical activity instruments are not 
yet sticiently sensitive for measurements to be made at 
high dilution (unless the resonance Raman phenomenon 
is involved). 

Ftgun! 1 shows the Raman optical activity spectra of 
(UL 3R) (+h and (2S3S (+tartaric acid in water. 
There is good relkction symmetry between the spectra 
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of the two optical isomers. The simplicity of the Raman 
and Rarnan optical activity spectra indicates that one of 
the threG possibk staggered conformations 1, 2 and 3 
(which refer to the (2R,3R) (+tisomer) dominates at 
room temperature. This is consistent with an NMR 
coupling constant of the hvo vicinal protc 8 of 3 Hz, 
indicating that the two protons arc gauche as in con- 
formers 1 and 3;” however, the NMR results alone 
cannot distinguish between 1 and 3. Both the Raman aud 
Raman optical activity spectra wcrc essentiaffy un- 
changed when the tart&c acid was dissolved in 
me&no1 and ~~c~yis~ho~e, indicating that no 
conformation change was induced. 

Fm 2 shows the Raman optical activity spectrum of 
(2R3R) (tldimethyl tartrate dihrtcd with a small 
amount of water. The relative compkxity of the Raman 
spectrum, together with the rather weak Raman optical 
activity compared with tartaric acid, indicates that two or 
more of the conformers 4. 5 and 6 arc present in 
significant proportions. unfortunately, expcrimcntal 
ditEcuItks prevented mcasurcmeut of the NMR coup&g 
constant of the two vicinal protons. 

Ftre 3 shows the Raman optical activity spectrum of 
neat (2R,3R) (+2,3_butancdiol. Again the relative 

compkxity of the Raman spectrum and the rather weak 
optical activity indicates that two or more of the con- 
formers 7,8 and 9 arc present in significant proportions. 
The NMR coupling constant of the two vicinal protons 
was found to be about 6.3 Hz, indicating a mixture of ah 
three conformers. Since a coupling constant of about 
8.5Hz is expected for 8,” this conformer might be 
present in the largest proportion. 

Figure 4 shows the Raman optical activity spectrum of 
(2s. 3s) (tjdiinroyl tart& acid in methanol. Now the 
relative simphcity of the Rfunan spectrum &caring in 
mind the complexity of the groups present) and the 
strong &man optical activity indicates that one of the 
conformers 10, 11 and 12 dominates. Again the NMR 
coupling constant of the two vicinal protons could not be 
IDCUd. 

A striking feature in the Raman optical activity spcc- 
burn of tartaric acid is a couplet associated with an 
unpokrizd Raman band at about 470 cm-’ aud a weakly 
polari& Raman band at about 52Ocm-‘. Similar cou- 
pkts appear iu this region in dimethyl tartrate and in 
23butanrdiol. Two i&a& bands in this region in liquid 
ethylepc stycoi have been assigned to in-phase and out- 
of-phase combinations of the two in-pknc c-c-0 
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Fii 4. Tbc depolmrized lhnao circular intcority sum and dil?eren~~ spectra of (2.9.3~) (+)dibeazoyl tutuic rid 

in olethmnol. 

deformations.” In 2, 3. S, 6, 8 and 9 the O-C-C-O 
unit constitutes a twisted, highly chiral structure, and 
coupling between the in-phase and out-of-phase 
combinations of the two deformations is expected to 
generate a Raman optical activity coupkt from which the 
absolute contiguration can be deduced if the in-phase and 
outqf-phase bands can be idcnti6ed.“~” Since this 
coupkt has the same relative signs in (2~,3R) (+b 
tartaric acid, (2R 3R) (+)dimcthyl tartrate and (2R. 3R) 
(-~2,3-butauediol we could speculate that conformers 
3.6lad8uensponsibkbeccwse.ifweassumethptthe 
lower-frequency compoucnt arises from UK in-phase 
combination, tbc aasuciatai negative Raman optical 
activity indicates a kft-handcd twist in the 0-C-C-0 
structun.2)~1J One di5culty with this argument is that 
tbeRamanbandarisingfromthein-phaecombination 
shouid be pokriz.cd, yet the lower-frequency component 
is unpokri.z&t. Also scvexal other m&s of vi&ration 

could be involved in tbcsc Raman optical activity fca- 
tures. For example, C-C-C-C deformations occur in this 
rcgiun;” also contributions from the out-of-plane 
hydro8cn bonded O-H deformation, which becomes a 
torsion in the absence of H-bundii,‘J have been 
ascriitoinfra&ba&at65Oaad33Ocm-‘inliquid 
ethyknc glyc~l.‘~ So it must be stressed that much more 
data is rquircd on model sbuctures before such 
arguments can be applied with confidence. 

Discussion of the remaining Raman optical activity 
features, particularly the large conservative couplets that 
extend thruughuut the spcctlum of diinzoyl tar&c 
acid, will be postponed until further data arc availabk 
for comparison. But it should be apparent that Raman 
optical activity is a powerful new method for studyin 
the stereochemistry of chini mokcuks that can exist in 
several conformers on account of internal rotation: for 
example, once the Raman bands in a mokcuk such as 
Mark acid have been properly assigned, knowin the 
absolute co&uration it should be possible to distinguish 
between conformers such as 1.2 and 3. In another 
related example of Raman optical activity in confor- 
mational studies, couplets in bands origin&g in carbon- 
halogen stretching modes in I-halo-2-methylbut were 
ascribed to rotational conformers with opposite chirali- 
ties.’ 
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