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The anti-gauche conformational distribution with respect to the CH,—CH, bond
in a series of N, N’-dimethyl-N, N'-di(thio)acyl-1,2-diaminoethanes has been stud-
ied using the sum of the %/ values obtained from the °C satellite spectra in the
'H NMR spectra, and in one case, using a “mixed” amide-thioamide, from the 'H
NMR spectrum. It was concluded that the dominance of ZZ forms with respect to
the (thio)amide bonds is not entirely due to a strong stabilization of the gauche
forms except for the N,N'-diformyl compounds. Molecular mechanics calcula-
tions (MM2) predict stabilization of the ZZ, gauche form by dipole-dipole attrac-
tion but also indicate the general importance of non-bonded interactions in
determining the conformational equilibria. The solvent dependence of the equi-
libria was studied by measurements in CDCl, and acetone-ds, and a general
decrease in population of the ZZ form with increasing solvent polarity was
observed; however, the effect of solvent on the anti-gauche equilibria was less
clear-cut.

In a previous paper,' the composition of a num-
ber of N,N'-dimethyl-N, N'-diacyl-1,2-diamino-
ethanes and thio analogues in terms of the config-
uration (EE, EZ, or ZZ) with respect to the
C—N partial double bond of the (thio)amide
groups was analyzed on the basis of ‘H NMR
spectra, and the general preponderance of the
ZZ isomers and the low population of the EE
forms was rationalized by molecular mechanics
calculations, using the Allinger MM1 force field,?
on two representative diacyl compounds. The
preponderance of the ZZ forms was explained by
a combination of steric and dipole attraction ef-
fects, which also favoured the gauche over the
anti form.

As a continuation and extension of the earlier
work we now present the results of a study in
which direct experimental evidence concerning
the conformational distribution in the CH,~CH,
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scribed in Ref. 1 (1-4 and 6-8), together with a
“mixed” amide-thioamide (5) with two EZ forms
(designated E°ZS and ESZ°).

Results from *C NMR measurements and mole-
cular mechanics calculations using an improved
force field (MM2)® are also included.

Experimental

Preparations. The methods used to prepare com-
pounds 1-4 and 6-8 are described in Ref. 1.
N-Acetyl-N'-thioacetyl-N ,N'-dimethyl-1,2-diami-
noethane (5) was obtained by reaction of 4 with
one equiv. of Mel in acetone/ether to give the
mono-methiodide of 4 as a colourless, non-crys-
talline material. Reaction of this with an excess of
10 % aqueous NaHCO,; at 50°C led to evolution
of MeSH and the formation of a colourless, non-
crystalline product, from which 5 was obtained as

colourless prisms, m.p. 77-78°C, in 50 % yield
after chromatography on silica with toluene as
the mobile phase. The purity of the product was
ascertained by TLC, and its identity follows from
the 'H and *C NMR spectra (vide infra).

'H and ®C NMR spectra were recorded with
Bruker WM-250 and Varian XI-300 pulsed FT
spectrometers operating at 250.1 and 299.9 MHz
for 'H and at 62.9 and 75.4 MHz for *C, respec-
tively, and at ambient temperature (ca. 300 K).
The 2D 'H-®C NMR correlation (Fig. 1) was ob-
tained by using the standard Varian HETCOR
software. The populations (p) of the ZZ, EZ and
EE forms were determined by integration of the
'H NMR spectrum (Fig. 1, top).

Molecular mechanics calculations on compounds
1, 3, 4 and 5 were performed using the Allinger
1977 force field, with non-standard parameters

Table 1. Populations (mole fractions) of the conformers about the C(X)—N bond (p) and of the anti form about

the CH,—CH, bond (n,) at 303 K.

Compound Solvent? ZZ EZ EE
P N° n, p N n, p N n,
1 C 0.42 1048 0.00 0.46 1022 0.00 0.12 11.30 0.1
A 0.25 10.60 0.02 0.50 0.25 13.90 046
2 (o} 0.73 0.24 1280 0.31 0.03
A 1169 0.16
3 (o} 0.56 12.06 0.21 0.22 0.22 1297 0.34
A 1462 0.56
4 C 0.68 13.68 0.43 0.30 13.19 0.37 0.02
A 0.34 1352 0.41 0.48 1401 048 0.07 13.70  0.43
5 C 0.60 13.18 0.36 0.15° 1343 040 = 0.05
0209 1343 0.40
A 0.40 1257 0.28 0.25° 13.92 046 0.08 1245 0.27
0.27¢ 1355 0.41
6 C 0.58 0.39 0.03
A 0.24 10.78 0.04 0.41 13.41 0.39 0.35 11.88 0.19
7 C 1456 0.55
A 0.31 13.85 0.45 0.63 1415 049 0.06
8 ce 070 1352 0.41 0.20 0.10
A 10.23 0.00

3C = CDCl,, A = (CD,),CO. °N=J+J' (Hz). °E®ZS. 9ESZ°. °In a paper published after Ref. 1, Cirrincione et
al.® reported only one rotamer (>95 %) for 8 in CDCl,, which they originally assigned as the EE form. After
discussions between the research groups it was agreed that our earlier results were correct, and our new
measurements in this study essentially confirm these views.
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for the amide group taken from Ref. 1 and for the
thioamide group from Ref. 4. Several starting
geometries were constructed for each molecule
using the program MOLBUILD,* with the option
of constructing conformational energy maps us-
ing simultaneous rigid rotations about the two
CH,—N bonds.

Results

The 'H chemical shifts of compounds 1-4 and 6-8
in CDCl, have been reported previously.! 'H
NMR spectra also recorded in acetone-d, for the
purpose of studying the effect of a more polar
solvent on the conformer distribution. Rather
small solvent effects on the chemical shifts were
observed (=0.1 ppm on going from CDCIl,; to
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acetone-dg), whereas the effects on the confor-
mational distribution with respect to the (thio)
amide bond (ZZ, EZ and EE; slow rotation at
ambient temperature) were notable (Table 1).
We have attempted to obtain a measure of the
time-averaged conformer distribution with re-
spect to the central C—C bond (anti-gauche) from
the vicinal coupling constants obtainable, in prin-
ciple, from the ®*CH, satellites in the 'H NMR
spectra. However, this attempt was hampered
by the degeneracy observed for the AA'BB'X
systems. For most of the systems, the *CH, satel-
lite signals were close to triplets. Nevertheless, it
was possible in most cases to estimate, with some

* For the unsymmetrical compound 5, directly from the
'H spectrum.

Table 2. 'H and *C NMR chemical shifts (ppm) for the C—N rotamers of compounds 3, 4 and 5.

Compd.  Solvent Nucl. Form CH,C CH,N CH,N C=0 C=S
o s* O S o S

3 CDCl, o] 2z 21.82 36.50 44.47 170.98
EZ(E)® 2097 33.49 48.05 170.70
EZ2)® 21.82 37.70 46.60 170.92
EE 21.01 33.93 48.99 170.18

4 CDCl, o] V74 33.21 41.04 50.70 201.00
EZ(E) 32.20 42.60 50.02 200.71
EZ(2) 33.21 41.76 53.27 201.42
EE 31.97 43.0 52.1 ¢

5 CDCl, H zz 205 260 310 332 367 4.20
E°ZS 214 264 300 329 370 4.11
ESZ° 210 269 3.04 347 356 3.80
EE c c c c c c c

(CD,),CO H 2z 196 253 307 332 362 4.15
E°Z8 205 260 291 338 368 4.17
ESZ° 203 262 308 341 359 3.82
EE ¢ 264 ° 342 372 397
CDCl, o] 2z 21.86 33.24 37.14 40.59 43.63 52.40 171.29 200.69

E°Z8 21.21 33.18 3358 41.76 46.20 53.80 170.84 201.00
ESZ° 21.77 31.93 37.72 4261 46.26 51.91 171.11 200.40
EE 20.98 °© c ¢ 48.70 5259 © e

DMA? CDCl, o] 21.4 34.8° 169.6

37.¢'
DMTA?  CDCl, 3 328 44.0° 198.7
423"

aDenotes the amide and thioamide part of the molecule. *Denotes the E and Z parts of the molecule. °Signals
not observed due to low intensity or overlap. ‘N,N-dimethylacetamide, data from Ref. 8. °cis to the C=0
(C=S) group. 'trans to the C=0 (C=S) group. 9N,N-dimethylthioacetamide, data from Ref. 8.
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Fig. 1. 2D 'H-"3C correlation spectrum of 5 in CDCl,, showing the 'H and "*C spectra in the horizontal and
vertical directions, respectively, as well as the cross peaks for the ZZ, E°Z° and ESZ° forms.

approximation, the conformational distribution
on the basis of the measurable sum of the vicinal
coupling constants (N = J + J') following the
procedure of Abraham and Gatti.” The results
are shown in Table 1.

For the newly synthesized “mixed” amide-
thioamide 5, the 'H NMR chemical shifts in
CDCl, and (CD,), CO, as well as the *C NMR
chemical shifts in CDCl;, are shown in Table 2
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together with ®C NMR chemical shifts for the
diamide 3 and the dithioamide 4. The assignment
of the 'H and C NMR chemical shifts was as-
sisted by comparison with the previously pub-
lished data' and by consideration of signal in-
tensities. For compound 5, the assignment was
confirmed by a two-dimensional heteronuclear
NMR correlation (Fig. 1).

The MM2 calculations predict 56 energy min-
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Table 3. Calculated minimum energies, dihedral angles and dipole moments for 1, 3, 4 and 5 (dielectric
constant = 1.5). The lowest minima for each form are given.

Compound Conformation Energy/kd mol~!  w¥deg 0,%deg 0,%deg ubD
1 y/4 441 + 64 -85 -85 3.1
55.6 180 —81 +82 0.0

EZ 55.1 +176 -82 -83 6.5

55.5 +179 -82 +81 4.7

EE 57.8 +178 -82 -82 2.7

57.9 180 -82 +82 0.0

3 2z 56.3 + 67 -85 -85 23
65.4 +179 —-82 -82 0.1

EZ 67.2 +179 —-82 -81 6.3

68.5 -179 —-82 +79 55

EE 69.3 180 -79 +79 0.0

70.9 -174 -80 -79 09

4 2z 67.6 + 74 -90 -90 3.3
68.4 -179 —-83 -83 0.1

EZ 711 +179 -78 +82 5.7

713 -178 -80 -85 6.7

EE 715 180 -78 +77 0.0

73.1 -175 -80 -80 14

5 2z 61.6 + 70 -83 -91 29
66.9 -179 -82 +83 0.4

ESZS 70.1 —-176 -82 -84 6.4

70.2 +179 -81 +82 5.6

ESZ° 68.5 180 -81 -78 6.6

69.4 -179 -82 - +77 5.6

EE 70.4 180 —-80 +77 0.5

721 -175 -81 =79 1.3

a8N—CH,—CH,—N dihedral angle. °CH,—CH,—~N—C(=Y) dihedral angle. In 5, 0, refers to the amide and 6, to

the thioamide part.

ima for each of the EE, EZ and ZZ forms for 1,
3, 4 and 5. The energies and dihedral angles for
the two lowest minima for each form are given in
Table 3.

The results obtained for 1 and 3 differ to some
extent from those obtained with the MM1 force
field.! While the latter indicated a gauche con-
former as the most stable EE and EZ form, we
now find the anti forms to be favoured by 8-20 kJ
mol~!. Only for the ZZ form is a gauche con-
former found to be the most stable one (Fig. 2),
its energy being 9 kJ mol~! below that of the next
most stable, which is an anti conformer. The ZZ

forms are still predicted to be more stable than
the EZ and EE forms, which are of similar en-

ergy.

Discussion

The results reported in Table 1 show that in the
low-polarity solvent (CDCI,) the following order
of populations of the conformations with respect
to the (thio)amide bond is generally observed:

P(ZZ) > p(ZE) > p(EE)
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Fig. 2. Stereo-view of the calculated most stable conformer of the ZZ form of 5.

The dominance of the ZZ form is stronger for the
bis-thioamides than for the corresponding di-
amides.

The conformational distribution (anti-gauche)
about the ethane bond, as deduced from NMR
spectra, is rather complicated and does not al-
ways correspond to general dominance of the
gauche form as suggested on the basis of MM1
calculations for 1 and 3.! For the ZZ forms in
CDCl,;, the amount of the anti conformer in-
creases with the size of the R group (13— 8)
as well as on replacement of O by S (3—>5—4).
This is probably due to R—C/C=X, R-C/R-C
and C=X/C=Y repulsive interactions. In keep-
ing with this interpretation, the MM2 calculations
predict a progressive destabilization of the ZZ,
gauche forms with respect to the anti form in the
series 1, 3, 5, 4, the anti-gauche energy differ-
ences being 11, 9, 5 and 1 kJ mol ™!, respectively.

In the more polar solvent (acetone-d), the
amounts of EZ and EE forms generally increase
at the expense of the ZZ form, the conforma-
tional distribution being shifted towards the sta-
tistical distribution. On the other hand, the ZZ,
gauche form is stabilized relative to the ZZ, anti
form by increased solvent polarity for 4, 5 and
especially 8, but not for 3. For the EZ forms, the
anti-gauche equilibrium does not seem to be seri-
ously affected by the solvent.

Solvent polarity may affect the conformational
equilibria in several ways. According to the MM2
calculations, the ZZ, gauche forms are stabilized
by dipole-dipole attractions of ca. 3 kJ mol™'. As
shown in Ref. 1, these diminish with increasing
dielectric constant of the medium. On the other
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hand, the ZZ, gauche form and the EZ, anti
forms have higher dipole moments than the ZZ,
anti and EE, anti forms, and should be more
stabilized by polar solvents. However, individual
solvation of the thioamide groups, especially in
the anti forms, and quadrupolar solute-solvent
interactions may also play a role and perhaps
explain the increasing population of EE forms
with increasing solvent polarity.

It may seem futile to search for some stereo-
chemical dependence of the *C chemical shifts,
considering the complexity of the conformational
equilibria. However, it seems as if the *C chem-
ical shifts are more sensitive to conformational
changes about the (thio)amide bond than about
the CH,—CH, bond. Thus, the d. values (Table
2) for the CH;—C and CH;N methyl carbons in 3
as well as in the amide part in 5 are close (within
+ 1.5 ppm) to those measured for N, N-dimethy-
lacetamide (DMA in Table 2), and the same is
true for the resonances of the thioamide groups
in 4 and § with respect to those of N, N-dimeth-
ylthioacetamide (DMTA in Table 2).® The tend-
ency of the CH;N and CH,N carbons to resonate
at higher field (up to 3-4 ppm) when cis-oriented
than when trans-oriented with respect to the ox-
ygen atom was also generally observed in our
systems. The opposite trend, somewhat weaker
(1-2 ppm), was observed for the dithioamide 4
and for the thioamide part of 5, and is also seen
for dimethylthioacetamide.?

Conclusion. The analysis of the NMR spectra
shows that except for the formyl derivative (1),
the dominance of the ZZ forms is not exclusively



or even predominantly due to a large stabilization
of the gauche conformation. MM2 calculations
suggest that the ZZ, gauche forms are stabilized
by dipole-dipole interactions, but that non-
bonded interactions play the most important role
in determining the conformational equilibria.
The latter prediction is clearly corroborated by
the experimental results.

Increasing solvent polarity increases the pro-
portion of EZ and EE forms at the expense of the
ZZ forms, but the effects on the anti-gauche equi-
libria are less clear-cut.
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