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THE principal physical methods available at
present to find the configuration of a carboxylic acid are
(1) by determining the pKk value of the acid (1), and (ii)
by finding the C-0-stretching frequency of its methyl ester
in the IR spectrum (2). The former requires special instru-
ments and experience in the technique and the latter is
limited to compounds in which acetates and other inter-
fering esters are absent,and the carboxylic acid was part
of a gen-dimethyl group. We are presenting an alternate
wethod for the same, by using the shielding and deshielding
effect of the carboxyl group in PMR spectroscopy.

It has been observed in a few ceses (3) that a carb-
oxylic acid or its ester shields a methyl group which has a
1,3-diaxial relation with f{t. We argued that like other
electronegative groups as, hydroxyl, halogens etc.(4), the
carboxylic acid anion should be able to deshield the same
methyl group. Accordingly, when the PMR spectra of the
sodium salts of podocarpic acid (V) and abietic acid (VIII)
were determined in pyridine solution, it was found that the
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former anion deshields its Clo-methyl group by 23 cps when
compared to the same clo-nothyl signal in podocarpic acid
in carbon tetrachloride solution,whereas the latter anion
under the same condition showed no such significant effect.
But since the sodium salts of many other acids were found
insoluble in pyridine, it was thought that the acid itself
in pyridine solution should exist largely as the anion and
hence should exert the same effect. Spectra of the acids
in pyridine solution showed that this assumption was correct
although the extent of deshielding was somewhat reduced.

To avoid solvent effects, spectra of the acids and their
methyl esters were both taken in pyridine solution, and in
addition, spectra of the esters were also recorded in chlo~+
roform and benzene solutions. The signals of the C4 and
clo-nethyl groups found, in ten different axial and equa-
torial acids in pyridine solution, and in their esters in
pyridine, chloroform and benzene solutions are given in
Tables 1 to 3.

In the case of the axial acids (I, III, V and VII)
it 1is found that the clo-Me which has a 1,3-diaxial rela-
tion with the c4-carboxy1 group suffers a deshielding of
17 cps when the ester is changed to the acid anion (columns
e and g). Under the same conditions, the equatorial acids
(II, IV, VI and VIII) which has no such relation,shows only
a deshielding of ~ 4 cps, thus leaving a net deshielding
effect of~ 13 cps for the axial ester. Comparison of the
spectra of otherwise equivalent pairs as I and II or III
and IV, or V and VI show that the C10
lded by ~- 12 cps by the axial carboxylic ester in chloro-
form solution (column a) and about 6 c¢ps in pyridine solu-
tion (column e). Hence, that in pyridine solution the
carboxylic acid anion apparently moves this methyl signal
downfield by ~ 17 cps would mean, that the actual deshield-
ing caused by the anion on the C,o-methyl is ~ 7 cps (13-8),
from its normal position in pyridine. Thus the advantage
of the present method over the simple shielding effect

-methyl group is shie-



3641

No. 41

8 g% e4 S*ab 88 1% S'69 1’44
o8 ¥ oL L 539 82 0L | g0
$°g8 € | g'cL 8% $'sL #w | g'eL L8
€8 g8 T <4 89 g6t gL £
ow-?0 |en-%Ty | o=y |ew-OTp | oi-¥y | an-0Tn| ep-Pp | ey-0T,
q 8 ¥ 8 i ol q ®
sutpraAd ouTpTaAd suszusq WIoJOIOTUD
uy prow up 28358 1Ayjew ) punodwo)
343 UltA PeAtesqo §3J7Us  TESTWeYD
1 ®76VL




No. 41

3642

+2%0u
A\
68 ¥ S°08 oS G*08 =0l :i 4 SL 0s
08 99 69 S°6¥ 99 (51 4 oL 2i4
c°68 | S°¥L G°6L T S°8L G*L9 | §°94 g al
=0t 4] €8 ¥ 99 8°89 99 Ll G°29
ok-"o [ok-OTo| on-P5 | en-CTn| oYy | ow-OTp| eu-Po| ew-CTp
Y 3 J ] P o q ®
euTptTaLd euazueq WIOJOIOTYD
eurprIAid owd
Ut PIoT up Jde38e  [Ayjem
punodmo)
oYyl U3rA  peasesqo §3JTuUs TEOTReY)
2 §EvL




3643

No. 41

+SUTI 8Y3 UT UOTIBINIBEUN JBYIO JO OUOX JO sdoussaxd eyl Aq DPOIBTITA ©Qq PTNOM

SeTqQ¥L Y3 UT q@ puB ® 03 payedmodo ‘p puB O SUWMIOO UT POAIISQO §3083J8 JULATOS oYL
suopyRopUTIWOD Suilurdmooo® ‘urares ‘Y (®(g)
eousIe oI ‘oAT1EATIOP ToulSouom B ¢YI ‘pPTo® oT730Iq® ‘IIIA ‘q(g) eousiejeua .olﬂon.:mx 03 P33 -
-BTea PTO® B ‘Typ PTO® OTIOTqROIPAUSD ‘IA (pyo® ordawoopod ‘p ((TOET) OPOT ‘B °®IOV “WIUD
*ATeH ‘uvylBUBAMSTA'N PUB AUyJBIBEBYIIBL D" g ‘TaryowputaAcp y*l ‘uyjsurdop °m*Y ‘pyo® oTulTBATOd
CAT ¢(TOET) S0Z ‘ZT UOIpOUBEJIIa] ‘UOSSTIND °pn PUB Jodepeq *J ‘prequoy ‘Jesweey °r ‘prow
s1TTOTURD ‘III ¢(BGET) 8ZpE °D0F ‘weud 'r ‘pasyotadpn W*f pue Surd'r*l ‘Surl°g'd ‘PEo® OT00T3
-syuTA ‘1T ¢(GGET) LITT 005 WOUD °T ‘BUTY°p*] PU® UOspop*HC ‘Bury*a*d ‘pro® oyuedsoEnoa ‘1
+dnoag TLxoqreo TeTJ03EMbe ,y, PUB TBIX® S93BOTPUT ,V,
*0J8Z S® oUBTTSTLyjewsJajal wolxy sdo uy pepiode aJge sTeudys oyl
*UeATS s3UBATOS U3 U UCTINTOF 0T UT Jdo30mwola3deds (g-y UBTJIEBA B UO USY®]} 6Jem BIjdeds yWd

0o%) | (d%) (%) (8%) O%) | (dp) (%) (9%)
g°8g g°s9 o5 S°9% G°Eg 154 8¢ Sy v
X
Am._”o..vov Am._”w. #ov ( m._”o.&ov m.ﬁw. wov
28°08| 8L 69°89 24 L9°%9 Ly |69°G°G9 1€
oi-"o | on-OTo| en-Po| ok-OTo| ew-Yo| ew-To| sw-¥n| en-To |
q 3 J ) P o q €
ouTPTIAd aurpraAd auszZuaq mIC JOIOTYD X1
ut pPIo® uy Je3se TLujewm
MY  UITM peaAtesqo §3JTUs TB2TWOUD
€ gV




3644 No. 4l

observed before (3) is that this normal position is not
required to be found by reducing the carboxylic acid to a
methyl group or by conmparing it with an equivalent cdmpound
which has no axial carboxyl group, to ascertain whether the
carboxyl group actually shields a methyl group (compare
e.g. VII and VIII, in column a or e and e to 2).

I'here is no direct physical nor simple cheaical
method at present, to find whether a carbon bearing a car-
boxyl group also bears a methyl group on it. In the PgR
spectra in QDCI3, this methyl group is deshielded by~ 20 cps
when compared to the compound in which the carboxyl group
is reduced to a methyl group (3). UBut this can be brought
about by the paramacgnetic anisotropy of a carbonyl group
as well [e.g. in l-keto cholestane, the C)o-methyl is de~
shielded by 21 e¢ps (5) when compared to its signal in cho-
lestane]. Conjugated double bond or other adjacent elec~
tronegative groups can also effect such deshielding. We
have now found a direct method to find the presence of
this methyl group. If the spectra of the acid and its
ester are taken in pyridine solution, one finds that this
methyl group undergoes a uniform downfield shift of~1C eps
in the former due to the pclar effect of the anion (compare
columns f and h),.

'The Tatles also reveal a simple method to find the
conformation of this methyl szroup. In the axial esters
(1, 111, V and VII), where the C4 methyl group is equato-
rial, we find a consistent shielding of its signal by~ 3 cps
when we chanre the solvent Irom chloroform to benzene
(columns b and d), whereas in the equatorial esters (II,
IV, VI and VITI), where the C,-Me is axial, it is a similar
deshielding that is experienced. Interestingly, this
effect i3 the opnosite of what has beeir obzerved with res-
pect to a methyl adjacent to a ketone (6),

Thus, by the present asethods ovne can find whether
a carbon bearing a carboxyl group also holds a methyl

group on it, and 1f so, what the conformation of this
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methyl group is. From this, the conformation of the car-
boxyl can be readily deduced, and if the carboxyl group is
axial and at C4, we car find whether the C1C methyl group
is in a 1,3-diaxial relation with it. If it is so, then
the A/% rings are trans, and if not they are cis.

That these are applicable to carboxyl groups in
other positions also, is shown by compounds (IX) and (X).
In (X), it is interesting to find that though the methyl
groups at C4 are not attached to the carbon bearing the
carboxyl, btut are only under its influence, still they
follow the same type of shielding and deshieiding effects
(in chloroform and benzene) accordinsg to whether the methyl
is equatorial or axial. The high deshielding of 33 cps for
the Clo-He,while going from the ester to the acid in pyri-
dine in(IX),which has two carboxylic acid groups in eclip-
sing positions with the Clﬂ-Me, shows that the effect is
additive. The Tables also show that while changing the
solvent from chloroform to hbhenzene or pyridine, the signal
of the ClU-Me appears to move downfield with axial esters
(except T, which will be dealt with in the full paper) and
upfield with the ecuatorial esters, with the result that
the shielding effert is considerably reduced in these sol-
vents (Compare I1I and IV, or V and VI in column a, and
¢ and e). This should probably be relate? either to the
change of orientation (or increased polarization) of the
carboxyl group with change of solvent, or the orientation
of the aromatic sulvent molecules on the carboxyl group.
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Vlunavalli, P.R, Jefleries, R,F.Bible, I.K.Walker, Sukh Dev
and H. Linde fPor some of the samples. One of us (N.K.V.)
is indebted tu the C.5.1.7, India, for a Junior Research
Fellowship.



3646

No. 4l

REFERENCES

P.F, Sommer, C. Pascual, V,P.Arya and W.Simon,
Helv. Chim.Acta 46, 1734 (1963).

S.
a)

b)

c)

Y.
T.

Bory and M. Fetizon, Bull. Soc. Chimi 570(1964).

A.H.,Kapadi and Sukh Dev, Tetrahedron Letters
1171 (1964);
C.A, Henrick and P.R, Jefferies, Aust. J. Chem,
17, 915 (1964);

T, Mayasuka, Chemn. & Pharm, Bull. Japan, 12,
744(1964),

Kawazo, Y. Sato, ii. Natsume, H. Hasegawa,
Okamoto and K. Tsuda, Chem., & fharm, Bull.Japan,

1c, 338 (1962); E.R, Malinowski, M.S.Manhas, G.H.
Muller and A.K.Bose, Tetrahedron Letters, 1161(1963);

K.

Tori and K. Kuriyama, Chem, & Ind. 1525 (1963).

R.F, Zurcher, Helv. Chim. Acta, 44, 1380(1961).
N.S, Bhacca and D.H. Williams, Tetrahedron Letters

3127(1964).




