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Abstract: Populations and free-energy differences for Ehand Z conformations ofS-methyl, cyclopropyl,
isopropyl, and cyclopentyl thioformate were determined by low-temperdtliNdMR spectroscopy, and free-
energy barriers of 10.63 and 11.84 kcal/mol were obtained for interconversigranfl Z conformations of
Smethyl thioformate at-52.4 °C. Populations and free-energy differences were also determined at room
temperature by usin§C NMR for a series of N-substituted formamides awdyclopropylacetamide in 1%
solutions in CBRCIl,/CH,Cl,. In both sets of compounds, electron-withdrawing groups attached to sulfur or
nitrogen appear to favor tHe conformations. The electronegativities of the groups are taken to increase in
the order methyk vinyl ~ phenyl~ cyclopropyl< hydrogen< ethynyl. Data from the literature are discussed

in these terms, including tHe—Z energy differences for formic acid and its ethynyl, vinyl, and methyl esters.

The amide and ester groups are of fundamental importancethat theE isomers of esters are destabilized by dipadipole
in biological systems and in organic chemistry. The general interactions, as indicated by the dipole moments of formic acid
preferencéof esters and related compounds for Zheonforma- (E, 3.79 D;Z, 1.420 D)° and this effect undoubtedly accounts
tion can be partially understood in terms of steric interactions for a large part of the preference of esters forZlmnformation.
when R is large, as repulsion between R and sRould A detailed NMR study of the effects of solvent polarity and
temperature on thE—Z conformational equilibria ofert-butyl

o o] formate has been reportédThe effect of solvent on thE—Z
(':' I R energy difference has also been calculated by using reaction
/N v LN ) field theory and the spherical cavity approximatiofzor methyl
R ): R X formate, the free-energy difference was reduced from 5.16 kcal/
R mol in the gas phase to 1.66 kcal/mol for a dielectric constant
of 35.9 (acetonitrile). The difference for methyl acetate was
X=0 1-E 1-2 similarly reduced from 8.51 to 5.24 kcal/mol.
X=S 2-F 2.7 Other effects have been proposed to contribute toBh&
energy differences of esters, and two of those will be mentioned
o o here. “Aromaticity” has been suggestetd stabilize theZ
(':' H L' R conformations; for example, ilZf-methyl formate, the carbonyl
R” \N/ R N’ 7z bond, an “ether” oxygen lone-pair, andratype orbital of
| ) the methyl group would each contribute two electrons to the
R’ H aromatic sextet, as shown below. Another effect suggested
. - contribute to the preference for teconformation in esters is
destabilize thé& conformation, particularly when'Rs also large. '
Steric effects are reversed for esters of formic acid because the o °
formyl hydrogen is smaller than the carbonyl oxygen. This is ./O O\'
showr? by the E—Z free-energy differences for methyl, ethyl, H=C SC=—H
isopropyl, andtert-butyl formate in 50:50 acetords—DMF 0 0/
(2.15, 1.67, 1.36, and 0.48 kcal/mol). Although theonfor- O

mation is favored in each case, the formate esters with larger

groups have increasing amounts of theonformation. Steric ) ) - , . .,
interactions should favor the isomer for methyl formate, but & dominant hyperconjugative interaction between an “ether

the population of this conformation at83 °C in a favorable (3) Huisgen, R.; Ott, HTetrahedron1959 6, 253.
solvent is only 0.3%. It has been recognized for some fithe (4) Wiberg, K. B.; Laidig, K. E.J. Am. Chem. Sod.987 109, 5935.
(5) Hocking, W. H.Z. Naturforsch 1976 31A 1113.

(1) For reviews, see: (a) Exner, O.Tine Chemistry of Double-Bonded (6) Jung, M. E.; Gervay, Jetrahedron Lett1990,31, 4685.
Functional Groups;Patai, S., Ed.; Interscience: London, 1977; p I. (b) (7) Wiberg, K. B.; Wong, M. W.J. Am. Chem. S0d 993 115 1078.
Jones, G. I. L.; Owen, N. LJ. Mol. Struct 1973 18, 1. (c) Eliel, E. L.; (8) Epiotis, N. D.; Cherry, W. R.; Shaik, S.; Yates, R. L.; Bernardi, F.
Wilen, S. H.Stereochemistry of Organic CompounWéiley-Interscience: Top. Curr. Chem1977, 70, 1.
New York, 1994; pp 618621. (9) Larson, J. R.; Epiotis, N. D.; Bernardi, . Am. Chem. Sod 978

(2) Grindley, T. B.Tetrahedron Lett1982 23, 1757. 100, 5713.
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oxygen lone pair and* of the carbonyl group, which is
maximized in the antiperiplanar arrangement of these orbitals.
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column containing 20% DC 200 on 80/100 mesh chromosorb P; mp
46—48 °C (lit. mp, 44-4892 and 54°C'%). 13C peaks for a 1%

Some observations indicate that factors other than steric Slution in CRCI/CHCI; at 6 171.49, 23.26, 22.90, and 6.57 were

interactions may be important for determining the relative
populations ok isomers for different esters. For example, high-
level ab initio calculations indicatethat the gas-phasgé—Z
energy difference is about 1 kcal/mol higher in methyl formate
than in formic acid, although the relative sizes of the acidic
hydrogen and methyl group should change the energy differ-
ences in the opposite direction. Amides in solution show a
similar, though less pronounced, preference fordteenforma-
tion, and N-methylformamide has 11.1% of tHe isomer in
dilute solution in CHCIl,. Again, steric interactions should favor
the E conformation. Cyclic, intermolecular hydrogen bonding
in amides, even in dilute solutioA8js a possible complication
and could favor th& conformation of formamides, as discussed
later in greater detail.

We have used dynamic NMR spectroscopy to study the
possibility that esters, thiol acids, and thiol esters, with groups
such as vinyl, phenyl, or hydrogen, which could not provide a
pair of electrons to complete an “aromatic” sextet in the
conformations, would have enhanced populations of Ehe
isomers. The conformational equilibria f&phenyl thiofor-
mate!! phenyl formaté? vinyl formatel3 thioacetic acid? and
dithioacetic aciéP could be rationalized in terms of an effect
of this type. The ethynyl group also could not support an
aromatic sextet in th& conformation, and afE—Z energy
difference of only 1.7 kcal/mol was estimatédor ethynyl
formate by ab initio calculations. This difference is lower than

assigned to th& isomer, and the smaller peaks from theonformation
were observed at 175.08, 24.66, 21.28, and 8.35. TEeonforma-
tions of amides generally absorb at higher frequency in the carbonyl
region of the®*C spectra than th& conformations®

Alkyl Thioformates. S-Cyclopropyl thioformate was prepared from
cyclopropyl mercaptah and formic anhydridé? H NMR spectrum
(acetoneds): 0 10.41 (s, formyl H),0 2.28 (m, ring CH),0 1.13 (m,
2H), 6 0.650 (m, 2H). 13C NMR: ¢ 192.21 (G=0), 8.93 (CH), 7.69
(CHp). The®*C and'H shifts for S-cyclopropyl thioformate are similar
to those for the corresponding positionsSicyclopropyl thioacetaté!
except that the CH and GHFC shifts of the thioacetate have apparently
been transposed. The spectra ofS-cyclopropyl thioformate show
traces of other peaks, which probably account for the slightly elevated
carbon in the C,H analysis: calculated foHgOS: C, 47.03; H, 5.92.
Found: C, 47.63; H, 6.34. The other thioformate esters were prepared
from the mercaptan and a mixture of formic acid and acetic anhy-
dride?425> SMethyl thioformate retained a small amount®methyl
thioacetate after several distillations.

13C andH NMR spectra were recorded on a General Electric GN-
300 wide-bore NMR spectrometer, operating at a frequency of 75.58
MHz for carbons and 300.52 MHz for proton&3C spectra of amides
were taken, using a 20 mm probe, for dilute solutions in 50:50-CH
Cl/CD.Cl, (1% v/v except for formanilide and-cyclopropylacetamide,
which were 1 wt %/v). T; was estimated for each amide by the
inversion-recovery method. A tip angle of 8&nd a pulse-repetition
period of at least 4.9; (11—-30 s) were used for the amides. Other
parameters were as follows: sweep widH1,9000 Hz; line broadening,
3 Hz; data size, 64K; number of acquisitions, 5@8BA.000.

Spectra ofS-cyclopropy! thioformate were taken for an 8% solution

expected, based on the small size of the ethynyl group, andiy acetoness, and concentrations for the other thioformate esters were
suggests that an explanation other than aromaticity may be1s%. A5 mm probe was used, with a pulse width and tip angle of 4.2

responsible for the larger amounts &f conformations in
compounds with Ras vinyl, phenyl, hydrogen, or ethynyl. In
the present work, th&—Z free-energy difference was deter-
mined for methyl thioformate and was found to be larger than
that for thioformic acid-” Also, a cyclopropyl group attached
to sulfur or nitrogen was found to give a larger amount of the
E conformation for thioformate esters or amides than for other
simple secondary alkyl groups. The electron-withdrawing
ability of R’ is proposed to affect thE/Z ratio of 1, 2, and3,

in addition to the known steric effects.

Experimental Section

Amides. The following substituted formamides were purchased from
the indicated vendorsN-methyl andN-phenyl, Aldrich Chemical Co.;
N-ethyl andN-tert-butyl, Fluka ChemicalN-propyl, Chemica Alta, Ltd.,
Edmonton, Alberta, Canaday-isopropyl, Dixon Fine Chemicals,
Canada. A pure sample ®f-vinylformamide was provided by Air
Products and Chemicals, IncN-Cyclopropyl, N-cyclobutyl, and
N-cyclopentylformamide were synthesized by refluxing a mixture of
ethyl formate and the corresponding amifiand purified by distillation.
N-Cyclopropylacetamide was prepared by treatmerg-ethy! thioac-
etate with cyclopropylamine, followed by distillation, recrystallization
from hexane, and preparative gas chromatography, using'ax144

(10) Suzuki, I.; Tsuboi, M.; Shimanouchi, T.; MizushimaSpectrochim.
Acta196Q 16, 471.

(11) Noe, E. A.; Sanders, T.; Garahi, M.; Hosseini, H.; YoungJR.
Am. Chem. Sod 985 107, 4785.

(12) Mark, H. L.; Baker, T.; Noe, E. AJ. Am. Chem. Sod 989 111,
6551.

(13) Mark, H. L.; Noe, E. AJ. Org. Chem1989 54, 1781.

(14) Noe, E. A.J. Am. Chem. S0d.977, 99, 2803, 7400.

(15) Rajab, A. M.; Noe, E. AJ. Am. Chem. S0d.990,112 4697.

(16) Stang, P. J.; Kitamura, T.; Arif, A. M.; Karni, M.; Apeloig, Y.
Am. Chem. So0d 990,112, 374.

(17) Kalinowski, H. O.; Hocking, W. H.; Winnewisser, B. B. Chem.
Research (S)1978 260.

(18) Nakanishi, H.; Roberts, J. @rg. Magn. Reson1981, 15, 7.

us and 458 for *H and 5.0us and 45 for carbon. A pulse-repetition
period d 8 s was used for bottH and*3C spectra. The data size was
64K, and the number of acquisitions was 15®0 for *H and 350+

50 for 13C. Temperatures were measured with a copgenstantan
thermocouple, as described previoulyRate constants and populations

of 6% and 94% forSmethyl thioformate at coalescence were
determined by comparison of calculated and experimental spectra on
the monitor of the NMR spectrometer. Program GEMXCH, a part of
the spectrometer’s operating system, GEM, was used for the calculated
spectra. The rate constants and temperature were used in the Eyring
equation to obtain the free-energy barriers.

Results and Discussion

The influence of different groups'mn 1 on the conforma-
tional equilibria will be a combination of the steric effects noted
earlier and any electronic effects. A plot of tke-Z energy
differences for formic acid and several of its esters versus the
axial—equatorial free-energy differences for cyclohexanes sub-
stituted by R gave a straight line whetert-butyl was not
included, and a similar plot versus another measure of steric
size also gave a straight line when phenyl was excldded.

(19) (a) Paquette, L. A.; Malpass, J. R.; Krow, G.JRAmM. Chem. Soc.
197Q 92, 1980. (b) Bouzoubaa, M.; Leclerc, G.; Rakhit, S.; Andermann,
G.J. Med. Chem1985 28, 896.

(20) Dorman, D. E.; Bovey, F. Al. Org. Chem1973 38, 1719.

(21) Block, E.; Schwan, A.; Dixon, D. Al. Am. Chem. S0d.992 114,
3492,

(22) Muramatsu, |.; Itoi, M.; Tsuji, M.; Hagitani, ABull. Chem. Soc.
Jpn. 1964 37, 756.

(23) Chemical shifts ofy 30.08 and 10.26 were reportédor the CH
and CH; carbons of cyclopropyl thioacetate, respectively. The acetyl methyl
shifts for a series of 8 thiol esters were found to appear in the region
30.0 to 31.2: Hall, C. M.; Wemple, J. Org. Chem1977, 42, 2118.

(24) Stevens, W.; Es. A. vaRecl. Tra. Chim 1964 83, 863.

(25) Bax, P. C.; Holsboer, D. H.; van Der Veek, A. P. Recl. Tra.
Chim 1971, 90, 562.

(26) Pawar, D. M.; Noe, E. AJ. Am. Chem. S0d.996 118 12821.
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Table 1. E—Z Energy Differences for Formic Acid and Some
Esters

Pawar et al.

Table 3. Populations and Free-Energy Differences for Thioformic

Acid and Esters, HCOSR

energy
diff solvent
compd (kcal/mol) or phase method ref
methyl formate 6.03 b MP3/6-31G**//6-31G* c
vinyl formate 4.7 b MP2/6-31G*//6-31G* d
formic acid 5.48 b MP3/6-31G**//6-31G* c
ethynyl formate 17 b MP3/6-31G*//6-31G* d
methyl formate 5.59 b MP3/6-31HG**//6-31G* ¢
formic acid 4.6% b MP3/6-31HG**//6-31G* ¢
methyl formate 5.1%6 b MP2/6-3H-G**//6-31G*  f
methyl formate 1.66 g MP2/6-31G**//6-31G*  f
methyl formate 2.1% h dynamic NMR i
formic acid 3.90 b microwave j
vinyl formate 0.95 k dynamic NMR |
phenyl formate 0.438 k dynamic NMR m
phenyl formate 0.60 n dynamic NMR o]
tert-butyl formate 0.48 h dynamic NMR i
tert-butyl formate 0.59 k dynamic NMR m

2 Electronic energies from ab initio calculatiosGas phase’ Ref-
erence 49 Reference 162 Free-energy differencéReference 79 Cal-
culated for a dielectric constant of 35.9 (acetonitrife}:1 acetoneds
and DMF." Reference 2.Reference 53:1 acetaldehyde/acetone.
' Reference 13" Reference 127 1:1:2 CD,Cl/CBrRCHCIF/CRCl,.

° Reference 27.

Table 2. Axial—Equatorial Free-Energy Differences for Several
Substituted Cyclohexanes

group AG?® (kcal/mol) ref
tert-butyl 4R 28
phenyl 2.7 29
isopropy! 221 30
ethyl 1.79 28
methyl 1.74 31
vinyl 1.49 32
ethynyl 0.41 33

a AH®, from molecular mechanics.

SeveralE—Z energy differences are summarized in Table 1,
and axiat-equatorial energy differences for substituted cyclo-
hexanes are listed in Table 2. The authors concRideght

differences in thé=/Z ratios were caused by steric interactions,
with no significant contribution from any electronic effects.

temp Pg? AG°
R solvent  (°C) (%)  (kcal/mol) ref
hydrogen b -113 52.5 —0.03 17
methyl b —81.2 106 1.57 this work
methyl c —86.0 3.0 1.29 this work
methyl d —84.8 3.1 1.29 this work
cyclopropyl c -96.1 29.3 0.31 this work
isopropy! c —96.9 6.5 0.93 this work
cyclopentyl c —96.3 7.1 0.90 this work
tert-butyl c —105 18 0.51 36
phenyl e —-104 40 0.13 11

a Populations of thé& isomers, determined by integration of proton
NMR spectra® CD,Cl,. ¢ Acetoneds. ¢ 1:1 DMF and acetonds. ¢2:1
CHCIR/CHCIL,F.

comparison with the values for methyl, ethyl, isopropyl, and
tert-butyl esters. The value of 0.43 kcal/mol repottetbr
phenyl formate in 3:1 acetaldehyde/acetdgelemonstrates the
importance of dielectric constant for this compound, and in the
more-polar acetonds/DMF mixture used by Grindley,the
difference could be expected to be even smaller. Eh&
energy differences uséfor formic acid and phenyl formate
are clearly too high, and the graphs actually demonstrate the
existence of a significant electronic effect that favors Ehe
conformations when R it is hydrogen and Rs hydrogen or
phenyl.

Allinger et al35 have surveyed the experimental work on the
E—Z energy differences in formic acid and methyl formate, and
the parameters chosen for their MM3 force field give these
differences as 3.98 and 4.75 kcal/mol, respectively. In thiol
acids and thiol esters, the differences in energy are generally
smaller for the two conformations than for the corresponding
carboxylic acids and esters, but the effects of changirapBear
to be qualitatively similar in2 and 1. Thioacetic acid was
showri* to have 25% of th& conformation, and the population
of this conformation of thioformic acid in CD,Cl, was later
reported to be 52.5%, corresponding to a free-energy difference
of —0.03 kcal/mol (Table 3). The formyl hydrogen signal at
higher frequency was assigriédo the E conformation, which
is consistent with our results for thioformate esters; on the basis

However, the graphs use energy differences determined in theof the solvent dependence of the conformational equilibria for

gas phase (for formic acid)in a 1:1 mixture of acetonds and
DMF (methyl, ethyl, isopropyl, andert-butyl formate)? and

Smethyl thioformate an&tert-butyl thioformate, the chemical
shifts of the formyl hydrogens and carbonyl carbons are both

in a second, less-polar solvent consisting of a 1:1:2 mixture of at higher frequency for th& isomers. In a later study of

CD,Cl,, CBrRCHCIF, and CECl, (phenyl formate}’ As
described earlier, the free-energy differences for Ehaend Z
conformations of methyl formate were calculated be 5.16

thioformic acid, proton chemical shifts were assigned incorrectly
to E andZ conformations.
An E—Z free-energy difference of 1.57 kcal/mol was

and 1.66 kcal/mol in the gas phase and for a solution in determined in this work by dynamic NMR spectroscopy for

acetonitrile ¢ = 35.90), respectively. The dielectric constants
of acetone and DMF at 22C are 21.0 and 26.4® (av, 23.7

Smethyl thioformate in CBCl,. As expected, the difference
is larger for this thiol ester than for the thiol acid. The series

D), and will be higher at the slow-exchange temperature used S-cyclopropyl thioformate (29.3% in acetoneds), Siisopropyl

by Grindley? Similarly, the free-energy difference of 0.60 kcal/
mol for phenyl format& in the graph will be too high for

(27) Bredikhin, A. A.; Chernov, P. P.; Klochkov, V. V.; Vereschagin,
A. N. Izv. Akad. Nauk. SSSR, Ser. Khib988,1552.

(28) van de Graf, B.; Baas, J. M. A.; Wepster, B. Recl. Tra. Chim.
Pays-Basl978 97, 268.

(29) Squillacote, M. E.; Neth, J. M. Am. Chem. S0d 987, 109, 198.

(30) Booth, H.; Everett, J. Rl. Chem. Soc., Perkin Trans188Q 255.

(31) Booth, H.; Everett, J. R. Chem. Soc., Chem. Comm876,276.

(32) Buchanan, G. WCan. J. Chem1982, 60, 2908.

(33) Jenson, F. R.; Bushweller, C. H.; Beck, B. H.Am. Chem. Soc
1969 91, 344.

(34) (a) Reichardt, CAngew. Chem., Int. Ed. Engl965 4, 29. (b)
Reichardt, CSobents and Seknts Effects in Organic Chemistry, 2nd;ed.
Verlag: Weinhein, 1988. Cited in ref 6.

thioformate (6.5%E), andS-cyclopentyl thioformate (7.1%)
shows the effect of a cyclopropyl group in enhancing the
populations of thee isomers. The free-energy barriers deter-
mined for interconversion d& andZ conformations o5-methyl
thioformate in acetoneés solution (10.63 and 11.84 kcal/mol
at —52.4°C) are somewhat larger than the values reported for
methyl formate in 1:1 acetorgyDMF (7.97 and 9.93 kcal/
mol at —53 °C) 2

(35) Allinger, N. L.; Zhu, Z.-Q. S.; Chen, KI. Am. Chem. Sod 992
114, 6120.

(36) Noe, E. A.; Sanders, T.; Badelle, F.; Douyon,JLAm. Chem. Soc
1983 105 5918.

(37) Lazaar, K. I.; Bauer, S. Hl. Chem. Physl1985 83, 85.
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Table 4. Populations and Free-Energy Differences for
N-Substituted Formamides, HCONHR, at Room Temperature

R Pe? (%) AG® (kcal/mol) temp {C)
methyl 111 1.22 21.4
vinyl 32.7 0.42 21.4
ethyl 16.8 0.93 20.8
propyl 17.0 0.93 21.3
cyclopropyl 35.3 0.35 21.0
isopropy! 195 0.83 21.7
cyclopentyl 19.9 0.81 21.2
cyclobutyl 24.6 0.65 225
phenyl 44.1 0.14 21.4
tert-butyl 42.6 0.17 21.6

2 Determined by integration of th€C carbonyl carbon signals; the
high-frequency signal was assigned to thisomer?° Solutions were
1% v/v in CH,CIl,/CD.CI, except for formanilide, which was 1% wi/v.

The conformations of formamides also suggest an electronic
effect of the R group in3 on the conformational equilibria.
Several NMR studies of conformational equilibria in secondary
amides have been publish&e38but neat liquids or concen-
trated solutions have generally been used, andEfzeratios
can be sensitive to concentrations. Populations=pff¢grma-
nilide were show?#¢by NMR to increase from 27% to 55% as
the concentrations of CDgsolutions were decreased form 52.5
to 1.5 mol %. A detailed IR and dipole-moment stiftipf
formanilide in carbon tetrachloride at various concentrations

showed that polymeric hydrogen bonding decreased at lower

concentrations, but hydrogen bonding in cyclic dimers ofghe
conformation persisted at much lower concentrations. At a
concentration of 0.008 M, th& conformation of formanilide
was found to be favored by 0.6200.06 kcal/mol by measuring
the intensity ratios for the NH stretching bands of the
monomers for a series of temperatures. A gas-phase study o
formanilide using vibrationally resolved electronic spectra
obtained by resonant two-photon ionization in a supersonic jet
expansion concludétithat the population of thE conformation
was only 6.5% at+100 °C, corresponding to an energy
difference of 2.5 kcal/mol for the two conformations at this
temperature. On the other hand, a microwave sfuofyN-tert-
butylformamide indicated that th&conformation was favored

J. Am. Chem. Soc., Vol. 120, No. R11Bb8

N-substituted derivatives of acetamides generally have small
populations of theE isomers, due to steric effectsN-
Methylacetamide has been repoffetb have 2.3 and 7% of
this conformation fo 1 M solutions in CDZ and water,
respectively. On the basis of steric interactions orily,
cyclopropylacetamide would be expected to hkessof the E
isomer tharN-methylacetamide, but instead, the population of
the E conformation in a 1% CRECl,/CH,Cl» solution was found
in this work to be much larger (15.4%N-Vinylacetamide was
reported® to show signals only for th& conformation in the
13C NMR spectrum. This result was not expected, based on
our spectra foN-cyclopropylacetamide.

From Table 1, th&e—Z energy differences for formic acid
esters decrease in the order R methyl > vinyl > ethynyl.
This is opposite the order expected from the relative sizes of
the groups (Table 2), and demonstrates the importance of one
or more electronic effects. The hybridization of carbon in the
corresponding hydrocarbongHRchanges from sito sp to sp
in the series, suggesting that the electron-withdrawing abffities
of the groups may be important in enhancing the populations
of theE isomers. The smalt—Z energy difference for ethynyl
formaté® is particularly noteworthy; the increase in percent s
character on going from $po sp is more than twice the increase
resulting from a change from %o sp?. If the electronegativity
of R may be important in affecting the conformational equilibria
in 1, then this effect for cycloprop$? and phenyl should be
similar to that of vinyl, and the electronegativity of hydrogen
relative to methyl, vinyl, and ethynyl is of interest.

In most organic chemistry texts, carbon is listed as having a
higher electronegativity than hydrogen (e.g, C, 2.5 and H,%2.1).
However, evidence that the-& bonds in methane and ethylene

f@re polarized in the direction™®1~ and in acetylene as G+

has been reported. Thus, it is likely that electronegativity
increases in the order Gk CH, = CH <H < HC = C. The
smallerE—Z energy difference for formic acid than for methyl
formate would then be related to the greater electronegativity
for hydrogen than for methyl.

The electronegativities of'Rn 1 could affect the energies
of conformations in several ways, including changes in the

by about 0.24 kcal/mol in the gas phase, which is close to the dipole moments and bond andiesf the compounds. For the
value found by us in an NMR study of a 1% solution in £D  groups considered here, changes in the hyperconjugation
Cl, (Table 4). It should be noted that hydrogen bonding, interactions of the ORbond witho* of RC and C=O may be
particularly for the cyclic dimer, may occur at the concentrations important. Weinhol@ has noted that the strongest (vicinal)
of 1% v/v or w/v used to collect the data of Tablé%and if bond—antibond interactions occur between A-polar bonds and
this occurs, populations of the isomers could be enhanced L-polar antibonds. A (“axial’) and L (“ligand”) indicate atoms
for the amides. The trends observed by changihm® may of a general A-L bond in which A lies on the rotor axis, as
still be useful. shown below. The A,L pair is described as “A-polar” if A is

A comparison ofN-cyclopropyl, N-isopropyl, andN-cyclo- more electronegative than L and “L-polar” if L is more
pentylformamides (35.3, 19.5, and 19.9%) indicates less
stabilization of theZ conformation by the cyclopropyl group.
Other relevant comparisons includevinyl- and N-ethylfor-
mamide (32.7 and 16.8%) and N-tert-butylformamide and
formanilide. The populations for the latter two compounds are
similar (42.6 and 44.1%), but the phenyl group is smaller
thantert-butyl (Table 2).

(38) Representative studies include: (a) Dorie, J.; Gouesnard, J. P.;
Mechin, N. N.; Martin, G. JOrg. Magn. Resorll98Q 13, 126. (b) Llinares,
J.; Faure, R.; Vincent, E. &pectrosc. Lett1981, 14, 423. (c) Nishiyama,
T.; Nagata, K.; Yamada, H.echnol. Rep. Kansai Uni 1983 24, 159. (d)
Kirsh, Y. E.; Kalninsh, K. K.; Pestov, D. V.; Shatalov, G. V.; Kuznetsov,
V. A.; Krylov, A. V. Zh. Fiz. Khim 1996 70, 865. (e) Bourn, A. J. R,;
Gillies, D. G.; Randall, E. WTetrahedronl964 20, 1811. (f) Drakenberg,
T.; Forsen, SJ. Chem. Soc., Chem. Commu®71, 1404.

(39) Manea, V. P.; Wilson, K. J.; Cable, J. R.Am. Chem. S0d.997,
119 2033.
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electronegative than A. A lone pair of electrons will then be
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ativity of groups on sulfur or nitrogen. Electron-withdrawing

an extreme example of an A-polarized “bond”. In an ester, the groups inl, 2, and3 could affect theE/Z ratio in several ways,

OR bond will also be an A-polar bond if'Rs a simple alkyl
group. As the electronegativity of'Rs increased, the bond
will become less A-polar, and this will change the bend
antibond interactions involving this orbital. It is not known at
this time which conformation or Z, will be favored by the
o—ao* interactions witho as the ORbond. Electron-withdraw-
ing groups Rmay also change the hybridization for the lone
pair on the “ether” oxygen, which would affect its ability to
interact witho* of RC and C=0.

Conclusions
Although the possibility that aromaticity may stabilize the

conformations of compounds such as methyl formate is not

excluded, this explanation does not predict the smdlle?Z
energy difference of ethynyl formatérelative to vinyl formate.

In addition to known steric effects, the electronegativity 6f R
in an ester RCER' appears to be important, with electron-
withdrawing groups favoring thE conformation. Electroneg-
ativity is taken to increase in the order methylinyl~ phenyl

~ cyclopropyl < hydrogen< ethynyl. Thiol esters3) and
amides B) also seem to be affected similarly by the electroneg-

some of which may not have been identified, and it is not
possible at this time to determine which of these are responsible
for increasing the populations of tleconformations. A recent
book describing a new theory of chemical bonding includes a
chapter titled “Why ‘Crowded’ Rotational Isomers End Up
Being Global Minima”, which is of interest in connection with
the conformational preferences of these compounds. Carbon
and hydrogen do not differ greatly in electronegativity, and the
direction of polarity for the &H bonds in methane and other
compounds is not firmly established. In the book cited above,
the C-H bond in methane is taken to be polarized in the
direction CH™.
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