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SUBSTITUENT EFFECTS IN “"C NMR SPECTROSCOPY
METHYL, ETHYL, 2-PROPYL AND 2-METHYL-2-PROPYI! CARBOXYLATES
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Abstract—The "'C chemical shifts of 28 carboxylic esters have been determined by high-resolution NMR
spectroscopy with the aid of proton decoupling. A linear relationship is shown to exist between the '*C chemical
shifts of the carbinyl carbon (C-1) of the esters and the pK,, values of the acids from which they are derived. Thisisa
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consequence of the polar character of the -C-OCOR bond. Similarly, if the carboxyl group is kept constant, but the
alcoholic part of the ester is varied from primary to secondary and tertiary alcohols, the esterification effect on C-1
can be correlated with the increasing stability of the +§ charge on the carbinyl carbon. The smallest esterification
effect at C-1 (1.3 ppm, relative to the parent alcohol) is observed for methyl pivalate (pK. 5.03 for the parent acid).
and the highest effect (17.7 ppm) for 2-methy!l-2-propy! trichloroacetate (pK, 0.70). In contrast, the C-2 esterification
effect has been found to be essentially constant (-3.8 = 0.7 ppm), which is in agreement only with a conformation of
the ester group in which the carbinyl carbon is cis with respect to the CO group.

"C NMR spectra of many carboxylates, varying either the
acid or the alcoholic part alone, are well known. Previous
CMR studies have focused on acetates of various simple
alcohols' and hydroxylated natural products.” However,
in cases where the acidic part was varied in esters of
methanol, no esterification effect at C-2 could be investi-
gated.* Methyl acetate, phenylacetate, chloro-, dichloro-
and trichloro-acetate have been studied, showing the
esterification effect at C-1 to be less than S ppm.’ In sharp
contrast, a later investigation of fourteen methyi esters
(including the previous ones of Ref. 3) claimed a C-1
effect as large as 43.2ppm.‘ The present study was
undertaken to resolve this discrepancy.

"C chemical shifts of 28 carboxylic esters are summar-
ized in Table 1, along with the effects produced by
replacing the OH group with various carboxyl groups.
Local polarization of the surrounding solvent molecules
by the electric dipole of the solute can make a considera-
ble contribution to "C chemical shifts." To keep the
solvent effect constant in our investigation, the "’C
spectra for all compounds listed in Table 1 were recorded
under similar conditions in deuterochloroform, even if the
shifts for some of these compounds were available in the
literature. Changes in electron density near the carbinyl
carbon can be estimated from the pK, values of the
parent acids of the esters, which range from 0 to 5.

The resonances reported in Table 1 for esters of
methanol clearly support an upper bound of approxi-
mately 5 ppm for the C-1 esterification effect. The higher
published values® appear to result from an interchange of
the assignments for C-1 and the alkyl carbon in di- and
tri-chloroacetate.

The C-1 esterification effects in methyl, ethyl and
2-propyl esters are small in contrast to 2-methyl-2-propy!
esters. The observed C-1 effect upon substitution of an
acetoxyl for an OH group in primary or secondary
alcohols (~3 ppm), in contrast to tertiary alcohols
(~11 ppm), has been correlated by Christl et al., with
other steric effects on "’C shifts,' assuming that the ester
group is in conformation A (Fig. 1). However, an X-ray
crystallographic investigation of delphisine hydroch-
loride,” results obtained for simple carboxylic esters from
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studies of dipole moments,” IR spectra® and an
electron diffraction investigation,” have all demonstrated
that the ester group is nearly planar and is in conformation
B. The conclusion from these studies seems to be that
aliphatic esters do not manifest the free rotation about the
carbony! carbon-ether oxygen bond that is necessary for
a y-interaction shown in conformation A. An explanation
of this behavior is the resonance energy (about
20 kcal/mole'®) of the simple esters, which suggests that
the conjugation of the carbonyl double bond with the
unshared electron pairs of the ether O atom must be
important. Conformation A is found only in 8- and
€-lactones where the ring makes conformation B impossi-
ble. The explanation of the C-1 esterification effect must
be found elsewhere.

Our investigation includes methyl, ethyl, 2-propyl and
2-methyl-2-propyl esters of seven different acids, chosen
to cover a wide range of pK, values. The ionic character
of the carbinyl carbon—ether oxygen bond is thus varied
systematically, allowing a separation of steric and reso-
nance influences on the C-1 effect. An essentially linear
relationship exists between "*C chemical shifts of the
carbinyl carbon (C-1) of the esters and the pK, values of
the acids from which they are derived. Free rotation can
occur around the carbinyl carbon—ether oxygen bond, and
the C-2 esterification effect will originate either in steric
compression by the CO group (in conformation B) or the
alkyl group (in conformation A). The C-2 esterification
effect (-3.8+0.7 ppm) is essentially constant with the
changing of the alkyl part (R) of the carboxyl group,
suggesting that the steric compression results from the
carbonyl rather than the altkyl group.
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Table 1. "C shiftst of some methyl, ethyl, 2-propyl and 2-methyl- 2-propyl carboxylates
1
12
R-CO-OCH, R-CO-OCHCH, )
pK_of the
Re =) co ® porent acld R* -1 c-2 co R
CICHyly  51.501.3) 178.8  34.7(s), 27.3@} 5.08 C(CHy)y  62.13.1) 21,7(«3.6) 177.9  38.4(), 27.2(q)
CH, s1.50.3) 1M.3 20.6 4.75 CH, 67.53.5)  21.8(-3.5)  170.4 214
132.8(d), 130.2()
CoHs $1.90.7) 1669 po'coy agae 47 CHy 48.24.2)  N.%-3.4) 1859 :322(‘31' }32;;’{;’;
PNOCH, 2.82.8) e 3036880k 54 FNOLH, 69.7(5.7)  21.8(:3.5)  lsbp 130.46), 136.36),
7(d), 123.56 130.5(d}, 123.4(d)
CHCI :B.02.8) 178 0.7 2.85 CHCI  70.06.0)  21.60-3.7) 1667 a3
CHCly 54.24.00 1858 8.1 1.48 CHCly V7.9 21.4(-3.9) 18,0 64,7
cCh 55.7(5.5  1&.3 89.6 0.7¢ cChy 740100 212641 1613 0.3
12 L2
R-CO-OCH,CH, R-CO-OC(CHy)
R c-1 -2 [ole} R R* [} -2 co R
ClCHy) 80.202.4) 14.2(~4.0) 178.4  38.74), 27.2(q) CCH, 79.4{10.4) 27.9(-3.4) 177.8  39.2%s), 27 .2(q)
cHy £0.302.5) 14.2(~4.0) 176.9 21.0 CHy ac.igrny 28.1(-3.2} 170.4 2.5
y 132.76), 130.8x) | cm 07017 28.2 132.3(d), 132.14),
CHy 0B 143639 tesa ol L] G arny 28230 1658 12950, 128,16
g 150.50), 135.90), | ~NO,C,H, 82.5(13.5)  28.0{-3. 1%0.34), 137.46),
PNOLH, G0N 143639 leas (-3 1SRN INOCH, B.503.5) 28033 186 130700 17973q)
CHCI  R3WS) L) 1874 a0 CHCI  82.913.9) 27.%-3.4)  168.2 9.9
CHCL  @.7(5.9)  13.9(.3) 1845 4.4 CHCl  84.9015.9)  27.403.7) 1633 654
cch G507 145 1689 %0.0 ccy 86.707.7)  27.4(-3.9)  140.2 %.9

+1n ppm downfield relative to TMS. The parenthetical values are esterification effects relative to the parent alcohol:a

minus sign denotes an upfield change on substitution.

*The "C resonance occurs for methanol at 50.2, for ethanol at 57.8 and 18.2, for 2-propanol at 64.0 and 25.3 and for 2-

methyl-2-propanol at 69.0 and 31.3 ppm.

EXPERIMENTAL

YC spectra were determined at 25.03 MHz in the Fourier mode
using 2 JEOL-PFT-100 spectrometer in conjunction with an EC-
100-20K memory computer. The spectrometer features a
deuterium lock system, a JNM-SD-HC random noise (2500 Hz
band-width) proton decoupler, and JNM-DP-1 digital pulse prog-
rammer. Spectra of the compounds were determined in ~1 molar
deuterochloroform solution (which also provided the lock signal)
with 5% TMS added as internal reference. All samples were
contained in precision ground 10 mm o.d. tubes. The spectrometer
was used in the crosscoil configuration. On the average, a 12 us
pulse, corresponding to an approximate tilt angle of 45° was
employed. For the average spectral width of 5000 Hz the delay
between pulses was 3 sec.
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