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Abstnrt--The 0. and B-proton magnct~c resonances of ~.chloro- and cl-bro~B-methox~.~.p~n~lprop~~. 
pknonc have ken asvgncd hy compariwn with ~hc qxcrra of the corresponding o~dcuteroderiuative~. 

The o-proton solvent shift\ induced by acetone and DMSO rclarive IO CCI. are al\o reported. The elTcct of 

\olvcnt change% wcm\ IO be comparrblc with the present Ggnments 

In the course of studies on the chlorination of ben- 

zylidenacetophenone in methanol.’ WC suggested that the 

a-proton rcsonancec of R.R-SS- and R.S-S.R - a - 
chloro - j3 - mcthoxy - B - phenylpropiophenone appear 
at higher field than those for the @-protons. However, we 
now report NMR results which demand a reverse of rhe 

earlier assignments. 
When the a-hydrogen is replaced by deutcrium. the 

doublets in the region 4.7%4.85 ppm in the spectra of 
H.H-S.S- (la) and R.S-S.R - Q - chloro - @ - mcthoxy - 
@ - phenylpropiophcnonc (lb). and U.H-S,S- (21) and 
H.S-S.H - n - bromo - B - mcthoxy - j3 - phcnyl- 

propiophcnonc (Zb) in Ccl, (Table I) are replaced by 
singlets. whereas those at lower field disappear. 

II was also noticed that the change of solvent from 

acetone IO Ccl,’ (Table I) causes the signals due IO the 

a-protons of the compounds la and lb IO move by 
O.uM.32 ppm IO higher field. 

In order to ICSI the generality of this observation. the 
NMR spectra of a number of a halo - /3 - methox) - 
carbonyl compounds in Ccl,. were compared with those 

obtained in acetone-& and DMSO-&. 
When CCL is replaced by acetone-&. the a-proton 

resonances in the spectra of 2a and 2b move downfield 
by 0.42 and 0.39 ppm respectively. whereas the positions 

of the signals due IO the b-protons remain virtually 

unchanged. A change from (‘Cl, IO DMSO-d, solution 
causes the resonance\ arising from the o-protons IO 

move downfield by 0.68 and 0.63 ppm respectively. 
whereas those for the p-protons undergo only small 
shifts (Table I). 

The NMR data of Table I also show that the signals 

from the B-protons of la and lb in CCI,. acetone-d, or 
DMSO-d, occur al co. 4.8O-tHS ppm. whilst on the other 
hand. the solvent shifts for the a-protons are similar m 

sirr and magnitude IO those observed for 21 and 2b. 
A similar solvent-dependence was observed when the 

NMR spectra of methyl R.R-S..S- (3s) and methyl R.S- 
S.K - a - chloro - /3 - methoxy - @ - phenylpropionatc 
(34). and methyl R.R-S..S- Ma) and methyl R.S-S.R - Q - 
bromo - B mcthoxy - 13 - phenylpropionate (4b) in CU.+ 
were compared with ~hosc in acetone-d, and in DMSO- 
6. The doublets ascribed IO the a-protons undergo 
downfield shifts on changing from CCI, IO acetone. hut 
those for the B-protons are much less affected (Table I). 

‘The chemtcal \hifr\ for the (I. and B.protons were awgned 
by companson wrh earher assignrrxntr.’ ’ 

In DMSO solution, the Q- and b-protons become 

equivalent and give rise IO a singlet in the region 4.60- 
4.6Xppm. showing that the effect on the @-protons is 

much smaller than that on the a-protons. These changes 
arc in reasonably good agreement with the relative mag- 
nitude of the shifts observed in the a-proton resonances 

of ethyl Q chloro - @ - hydroxy - /3 - phenylpropionates 
when Ccl, is replaced by DMSO-& as solvent.’ 

The small dependence of the Jab on the solvent 
change indicates that the solvent shifts cannot be ex- 
plained in terms of conformational changes as an im- 

porlanl faCtOr.’ 

It appears then that the position of the a-proton 

resonance is considerably more sensitive IO a change of 
solvent than that of the /3-proton. shifting downfield 

markedly on going from and “inert” solvent such as CCI, 

IO acetone and DMSO. 
II is significant that the a-protons are deshielded in 

H-bond forming solvents. There is good evidence Ihal 

solvents such as acetone and DMSO show a tendency IO 
associate with solu~cs containing acidic protons.’ On the 
other hand, it is well known that the CO group activates 

the hydrogcns on an adjacent merhylene group and that 
substitution of an electron-attracting halogen for one 

a-hydrogen increases the acidity of the remaining 

hydrogen.” The observed base-catalysed hydrogencx- 

change on carbon a to the CO is a consequence of the 
acidity of these hydrogens.‘ Furthermore. the isomerisa- 
lion of CO compounds with an assymmetric a-C atom 
under basic conditions has also been ascribed IO the 

acidic character of the a-hydrogen.’ 
The pure diastereoisomeric forms of the compounds 

studied here were all shown to be readily equilibrated IO 

a mixture of the corresponding H.H-S.S and KS-S.U 
isomers with methanol in the presence of a small 
concentration of sodium melhoxide. which provides 

cvidcnce for the acidity of the hydrogen at a-position. 

Thus. the observed solvent shifts could be interpreted as 
resulting from participation of the proton in inrer- 
molecular bonding with the oxygen of the solvent mole- 
cules as shown below: 
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Table I. SMR ytcclral dala of R.R-S.S. and R..S-S.R-(‘.H.CHO~(eC‘HXC‘OR 
(chcmlcal shifts in 6 [ppm]; TVS as mlcrnal reference; coupling con\tanlx m Hz) 

Chcmtcal \hifr\ 
R X S&en1 I5omcr J 

Arom. H.’ H”’ OMC 

CCL R.R-S..S 7.253 25 :; 4.U 3 xl 10.0 

R.S-S.R 4.78 3 32 9.R 

Hr Acetone-d. R.R-S.S 7..3&8.35 Lil 484 3.14 100 

R s_SR 5 74 4.az 3.25 10.0 

DMSO-d, R:x-.i.S 

R..S-S.R 

7.224.3a 5 72 4.M 301 9.8 

!.%I 484 3.1x 9.6 

C*H, 
(‘(‘I. R.R-SS 7 I!-&14 5.14 J.R! 3.15 9s 

R..S-S.R ( 3. 4.uO 3.28 f.R 

Cl .Accroned R.R-S.S 7.lQ.M 5.44 4 x5 3.12 10.0 
RS_FR 

R:R-i.S 

S.62 4.R.c 3 !! 7x 

I)YSO-d, 7.IM1.3C 5.116 4 IV 3.00 10 0 

RS-S.R 6oo 4.85 3.15 X.0 

(‘(‘I. R.R-.S.S 7 35 4.16 4.60 3.18 98 

R.S-S.R 7.32 4.24 4.62 3.26 7.2 

R-R-SS 
Br Acclone-d, RS_SR 

. * 
7.3x 4.3x 4.62 3.18 9.R 

7.35 4 45 4.M 3.25 7 4 

DMSOI R.R-S.S 7 4s 4.60” 464r 3.14 0 

RS-S.R 7.40 4.60” 4.60” 3.20 0 

OMC 

(‘Cl. R.R-S.S 736 4.10 4.46 3.25 10.0 

RS-.S.R 7.32 4 MI 4.50 330 7.R 

(‘I Acelowd. R.R-S.S 7 42 4.32 4.54 3.IR 9.n 

R.S-S.R 7.40 4.35 4.60 3.24 7x 

DMSOd R.R-S.S 7 45 4.68” 4.6fP 325 0 

RS-.S.R 7.42 4.w 4w 3.30 0 

‘Doublets unlc\$ o~hcrwse stated. ‘Sin&r\. 

This solute-solvent association would lead to a 
deshielding of the a-proton and to the observed downti- 
eld shifts. 

The larger deshielding effect in DYSO compared with 
that in acetone is probably due to the stronger solvating 

ability of the former solvent. This fact might be taken as 
another indication of the postulated H-bonding solvation. 

Inspection of ‘Table I also shows that the values of the 
downfield displacements induced by DMSO in the Q- 
protons of I. 2. 3 and 4 (a and b respectively) arc 0.72 

and 0.70. 0.68 and 0.63. 0.58 and 0.48. and 0.44 and 

036ppm. respectively. Although these variations in the 
solvent shifts may be p,artly due to configurational fac- 

tors.’ the relative sensitivities of the a-proton resonances 

to the solvent change 5ccmt to be in qualitative 
agreement with the electron-attracting ability of the Q- 

carbon, namely, 
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which may be taken as a measure of the relative 
acidities. 

Further evidence for the relatively small reponsc of 
the p-proton resonances to solvent change comes from 

Ubcsc dUicrence\ should hc smaller m a ICIS polar solvent 
ruch a\ acetone. and might be overshadoucd h! a po\\ible 
cwntcrbalancinp iniluence of rhc am factor 

comparison of the spectral data of a.adibromo. ~.a- 
dichloro- and a-bromo-a-chloro-@-methoxy-&phcnyl- 

propiophenone in (:(‘I,. acetone-d, and DMSOd. As can 

he seen in Table 2 the &proton signals arc only slightly 

affected. 

We conclude therefore that these solvent shifts might 
be used to differentiate between the a- and /3-proton 

signals of CO compounds. ‘This assumption. however, 

requires confirmation on a larger number of examples 
and this work is in progress. 

Tahk 2. NMR \pcc~r~l data of C.H,(‘HOMcCXYCoC.H, 
(chcmlcal shafts in b(ppm]: TMS as internal reference) 

Chemical shifts 
x Y Sc)lvcnl 

Arom. H. OMC 

CCL 7.25-8.35 con 3.30 

Rr Hr Acetone.& 7 ?!-8 30 5 05 3 ?R 

INSO.& 7.ztL8 32 c.14 3 28 

(‘Cl, 7 I?420 !.I? 3.22 

Cl Cl .Acclone~& 7.lW.?o ! IO 3 25 

DMSO.& 7.05-C I8 5.14 3.25 

(‘(‘I. 7.!M.!R 5.20 330. 

5 I6 3.3n” 

Hr Cl Acetone-d 7 lf-8.3! 5.25 3 ?F 

5 IS 3.34” 

INS&L 7.1%X 3n 
5.26 3w 

5.16 3.x6’ 

‘R.R-S.S isomer; “R-S-.S.R isomer. 



Solvcn~ shifts in rhc E;MR spectra of o.halo-B-merhox~-c;~n~l compounds 1161 

-Al. 

The SMR spectra were obtained with a Varian AMID in- 
strument wuh a probe temperature of ca 35’. Ckmlcal shifts 

wcrc measured in ppm (6) from TVS as internal standard ‘The 

snlurrons m the variou\ sol\cnls were IO?+ ullvol 

The R.R-S.S- and R.S-S.R-o~halo~~-mrrh~~x~~ca~~~n~i 
(‘mtptmnd~ ucrc prepared h! halopcnabon of rhc .rppropri.rrc 

o.8.unsalurared ketone or ester. according IO the reported 

procedure ’ o.o-f)c’c-hlon~.~.mrfh(~x~.~.ph~~/p~~p;~~ph~~n~ 
U;IS prepared b) rcacrbn of a.chloro.8.mcrhox)-B.phcn~l~ 
propiophcnonc to 001 mole) wlrh r-bury1 h~pochlorlre 
10.0025 mok) In !&OH (20 ml1 conlainmg 0 OU! mok of SaOMc 

at room tern. After 10 mm. ok mixture was poured into uater 
and extracted with CHCI, The extract %a\ washed ulrh warcr. 
drrcd over HgSO. and c\aporatcd under reduced prcs\urc. =.a 
fMn]mo fi mnhoxy B . phen!_/pn,pi,phtnonr u’a\ prepared 
from Q hromo B methox) fl phcnylpropmphcnone 

(0.001 mole) hy treatment with hrommc 10.005 mole) m M&H 
conlaming NaOMc (!C ml; O.OO!.C mole) After IC mm al room 
temp rhc mixture was poured Inlo waler and uorked.up a\ 

described ahote Stmilar lrea!menr of a chloro fl mcthox! 
B phcnylproptophcnonc ga\e .I mixture of R.RS.S and R.S- 
S.R hromo D chloro . &3 mrrhoxy p phmyl. 
propwphownt. The mixture was then dtsrolved in II& pc. 
rrokum (h p M) and chromatographcd on silica gel 0nc of 

the isomers was eluted with a mlxrurc of hencenc and light 
petroleum t I. 1). The other t\omer was cluted with knrcnc and 
chloroform (I : I I. The contiguratbnal a\\tgnmenl of the\c 

isomer\ was h;c\ed on comparison of the MB and MC0 chcmlcal 
shifts with ~hosc for rhc o halo . f3 . methoxy . 6 phcnyl. 

proplophcnoncs. 
fiyurlbrlrr~on ww rronr 1’0 .I ~ln of 0 0025 molt of the ap. 

propriale R.R-S.S o halo fl . merhoxy . fl . phcnjl- 
proplophenonc in 5fcOH 150 ml, ua\ added a \oln of (1 ~1s mole 

of EaOMc m CO ml SlcOH The mixture wa\ allowed IO \rand for 
30 mm at room temp.. and then poured into water and extracted 

with CHCI,. The cxrract was washed wrrh waler and evaporated 

under reduced prc\sure ‘The EMR spectrum of rhc residue was 

measured duccrl). 
‘Ihe cquilihrahon\ of methyl H.U-S.S (I halo B mcrhox) 
fi . phcnyl propionarcs were carried out analogously cxccp~ 

that 0 (IO! mole of VaO\lc ua\ u\ed n Ikutcro o halo . 4. 
merhoxy . fi . phenylproptophcnone\ tR.R-S.S and R.S-S.R 
respecrlvel)) were ohtamed In a clmdar manner IO rhar descnkd 
for the equdihrarron rcaclKm\ cxccpl Iha! MeOf) was used in 
place of M&H. The dia\tcrcoi\omers were \eparatcd in lhc 
usual manner. and the confipurarK)ns assigned by comparison of 

the chcmlcal \hlfrs of ~hc fl.hydrogcns and ~hc OMc groups wtrh 
lhox for the a-hydrogen compound\. 
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