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Since the authors’ publications on the tables and
figures for elucidation of ¥C NMR spectra, a number
of papers concerning *C NMR have been reported,
and more elaborate graphic representation of chemical
shifts covering both the data already processed by us
and subsequently accumulated informations is needed.
Here we present more detailed charts for methyl
carbon chemical shifts.

As 13C NMR chemical shifts are greatly influenced
by neighboring atoms, it is found better that the
methyls are firstly classified in terms of substituents at
a position and then each of the a substituents is sub-
divided into 8 and 7 substituent,

The relationship between methyl carbon chemical
shifts and the sorts of a substituents is schematically
shown. The shifts range from —5 to 65 ppm (from
TMS) except halogen containing compounds. In case
where a substituents are sp® carbons, methyls which
are attached to methylene resonate at higher field
than those attached to the methine or quaternary
carbon. There is a tendency that electronegative
a substituent lowers the resonance field of methyl
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carbons.
When a substituents are -CH,-, —ICH~ and —IC—,
!

there are tendencies that the effects of 8 substituent of
sp® carbons are reversed to that of a.

The 7 substituent effects are shown in a figure.

In case of olefins as a substituents the methyls reso-
nate at 8 to 28 ppm. The resonance field of ¢is and
trans isomers are never overlapped, and this figure
must be valuable for assignment of these kinds of spectra.

Methylamines range from 26 to 48 ppm and the
relationship between chemical shifts and substituent
species is nearly similar to the case where « substituents

are -CH,y-, -C|1H— and —é—.
Data of methoxyl comp:aunds are listed.
(Received Feb. 6, 1975)
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Fig. 1 Schematic representation of the first clas-

sification system for carbonyl compounds
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Fig. 2 Schematic representation of the second classification system for
esters, carboxylic acids and amides
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Fig. 2R L 51T, WTFhOoRIMNTEVWTD a,
B-TEIFME AWM X b BEBAlIC D 5.
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164.5 ppm & HEHIEBEBRIC D 5.
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Fig. 3 Second and further subdivision chart of 3C chemical shifts of
carbonyl carbons for esters

] Blank implies no cited data in the chemical shift regions. The figures in
parentheses denote the numbers of data cited.
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BEY 7 M5, Zh/NEBCRT 3ROV TA
CXBHROLDEEZLNS.

a, BALL D sp* RFELEFT ORI, xFx 7
W {(170~175.5)ppm} & xF iz 2 5ob {(171~174)
ppm} CiCirBEL7c. WE & BRSO RBERHNT
LREVERE Y7 bL, »FINZZXF VT BAET
wBE % {F T3 (cholic acid ester) (T & {ERBEY 7 b
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Fig. 4 Second and further subdivision chart of 13C chemical shifts of
carbonyl carbon for carboxylic acids
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Fig. 5 Second and further subdivision chart of 3C chemical shifts of
carbonyl carbons for amides
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Graphic representation of C-13 NMR chemical
shifts (VII); The chemical shifts of carbonyl
carbons for esters, carboxylic acids and amides.
Shigeyuki TaNaka*l, Shozo Topa*?, Chikakiyo
NagaTa*3, Kenzoh Kanoura*4, Shigeru HasHIMOTO*S,
Ichiro Nacova*®, Kiyoshi Musaa*? and Kazuo
YamacucHI*® (*!Department of Industrial Chemistry,
Faculty of Engineering, University of Tokyo, 7-3-1,
Hongo, Bunkyo-ku, Tokyo; **Department of Agricul-
tural Chemistry, Faculty of Agriculture, University of
Tokyo, 1-1-1, Yayoi, Bunkyo-ku, Tokyo; **Depart-
ment of Industrial Chemistry, Shibaura Institute of
Technology, 3-9-14, Shibaura, Minato-ku, Tokyo;
*dNational Institute of Hygienic Science, 1-18-1,
Kamiyoga, Setagaya-ku, Tokyo; *5Lion Fat & Oil Ltd.,
7-13-12, Hirai, Edogawa-ku, Tokyo; *$Asahi Chemical
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*7Asahi Denka Co. Ltd., 7-1, Higashiogu, Arakawa-ku,
Tokyo; *3Kyowa Hakko Kogyo Co. Ltd., 3-6-6,
Asahi-machi, Machida—shi, Tokyo)

The BC chemical shifts of carbonyl carbons are
greatly influenced by neighbouring functional groups
and the resonance signals appear at the low-field range
in all sorts of organic compounds. Previously, the
authors reported the graphic representation of the
chemical shifts of carbonyl compounds in the 2nd
paper in this series. More detailed charts of carbonyl

KAGAKU Vol. 24 (1975)

carbons in esters, carboxylic acids and amides are
presented here.

The chemical shifts (from TMS) for carbonyl carbons
in esters, carboxylic acids and amides lie in the ranges,
163 to 179 ppm, 161 to 186 ppm and 151 to 180 ppm
respectively, but the values for some triazol derivatives
are found at higher field, 140 ppm region (Figs. 3 to 5).

In methyl esters of benzoic acids, the chemical
shifts of carbonyl carbons for compounds with the
electron-withdrawing substituents resonate at the
higher field with respect to the shift of benzoic acid,
while the electron-donating substituents result in the
lower field shift (Fig. 3). The same tendency in
chemical shift is observed for the a-substituted com-
pounds in uracils (Fig. 5).

In a,B-unsaturated carboxylic acids, in which halogen
atoms are bonded to the a-carbon, the resonances for
the carbonyl carbons are gradually shifted to higher
field in the order of I, Br and Cl (Fig. 4), while the
order is reversed for acid halides in which the halogen
atoms are bonded directly to the carbonyl carbon.

The carbonyl carbons of cis-isomers in esters and
carboxylic acids resonate at higher field than that of
trans-isomer by (1.5~5) ppm, and it is considered to
be due to the effect of steric compression between the

oxygen atom of the carbonyl group and the substituents.
(Received Mar. 3, 1975)
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