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The cmr spectra of the title compounds have been obtained and the resonances assigned by classical
means. Coupling of the imino proton to C-5 is observed to be smaller than that to C-4. A very large downfield
shift due to substitution of a carbonyl sulfur at C-4 is observed. The nmr assignments are shown to be self-

consistent throughout the series.

J. Heterocyclic Chem., 19, 1137 (1982).

Introduction.

The 1-substituted 5-imino-3-phenyl-4-thioxo-2-imidazol-
idinones, III, have been shown to be important inter-
mediates in the reactions of the isocyanates of 1l-cyano-
thioformanilide to form 1,3-disubstituted 1H-imidazo-
[4,5-b]quinoxalin-2(3H)-ones. In addition, 1-aryl-5-imino-3-
phenyl-2,4-imidazolidinediones, (II), and the correspon-
ding imidazolidinetriones, (I), can be prepared from
l-cyanoformanilide (1). The present paper reports the cmr
chemical shift data for these intermediates.
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Results and Discussion.

The chemical shift data are presented in Table I for all
compounds involved in the present study.

The assignments are based on similarities and dif-
ferences in the cmr spectra produced by changes in the R
group on N(1). The simplest spectra to begin with are
those of I, where R is phenyl and then move to the series
containing R = -CH,CH, and n-butyl. In the case of Ia,
the symmetry of the molecule allows a very clear assign-
ment to be made based on the position and size of the
peaks in the aromatic region of the spectrum. The peaks at
126.5 and 129.0 ppm are assigned to the beta and gamma
carbons, respectively, in the phenyl rings. The gamma
assignment is the result of the known insensitivity of the
meta carbon to substituent effects in the spectra of
substituted benzene compounds (2). The peaks at 130.4
and 128.6 ppm are assigned to the alpha and delta car-
bons, respectively, of the phenyl rings. The peak at 130.4

ppm is small, compared to the beta and gamma peaks in-
dicating a longer T, and suggesting a bridgehead carbon.
This peak also remains a broadened singlet in coupled
spectra. The remaining two peaks at 156.0 and 152.2 ppm
are assigned to the heterocyclic ring C-4,5 and C-2 posi-
tions, respectively. Because of symmetry, the C-4,5 peak is
expected to be twice as large as C-2, which is observed.
Having made these assignments, assigning the peaks in
IIa and Illa is reasonably straightforward.

Based on the assumption that the N(3) phenyl group will
be least affected by changes at C-5 in Ila, the peaks at
130.9, 126.6, 128.8, and 128.5 ppm are assigned to the
alpha, beta, gamma, and delta carbons, respectively.
These peaks also reflect the intensities expected from sym-
metry. In addition, comparison (later) with the f and g
series which have only one phenyl ring show that these
assignments are self-consistent. Then the remaining four
peaks in the aromatic region are assigned as given in
Table I based on intensity, the appearance of the coupled
spectrum and the general insensitivity of meta carbons to
substituent effects. In the heterocyclic ring, C-2 is ex-
pected to remain relatively unchanged and so the peak at
152.7 ppm is assigned to that carbon. In addition, C-4
should also be only minimally affected by replacement of
the carbonyl oxygen by an imino nitrogen at C-5 and so
the peak at 155.2 pm is assigned to C-4. The remaining
peak at 151.8 ppm is much taller than the other two in the
decoupled spectrum, indicating a shorter relaxation time,
which is consistent with the presence of the proton on the
imino nitrogen at that carbon. In addition, the coupled
spectrum showes a doublet at that position in which J =
5.5 Hz. It should be mentioned that the resonance peak for
the C-4 position also shows a doublet in coupled spectra
and the coupling constant is 11.3 Hz. That the more

remote carbon should have a larger coupling constant is
not unique, in fact, quite common, since in the case of
thiete sulfone, for example, the couplings of the hydrogen
on carbon two to carbons three and four are 2.0 and 9.3
Hz, respectively (3). In the present work, where coupling is
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Table I «

Carbon-13 NMR Chemical Shift Data (a)

Compound C-5 C-4 C-2 alpha  beta gamma delta
Ia 156.0 1560 152.2 1304 1265 1290 1286
Ila 151.8 155.2 1527 1309 1266 1288 1285
Ila 1540 1824 1534 1331 1274 1289 129.7
Ib (1559 155.8) 152.1 130.3 1265 129.0 128.7
IIb 1514 155.0 1525 1309 1266 1289 1285
b 153.7 1823 1533 1331 1275 1290 1293
Ie (156.1 156.0) 1523 1304 1265 1289 128.6
Ile 151.8 1551 1527 1309 1266 1288 1283
e 1542 1825 1535 1332 1275 1290 129.1
I1d 151.3 1549 1524 130.7 1266 1289 1285
111d 153.6 1823 1532 1331 1275 129.1 1293
Ie 1564 1564 1524 130.7 1267 129.1 1286
1le 151.6 1553 1525 1309 1266 1288 1284
Ille 1536 1826 153.3 133.1 1275 (1289) 129.2
It (156.8 156.3) 1531 1305 1264 1289 1284
11f 151.1 1554 1532 1309 1265 128.7 1282
Ig 157.0 1563 1533 1305 1264 1288 1284
g 153.6 1827 1543 1331 1274 1289 129.

R-1 R-2 R-3 R-4 R-5 R-6 CH, CH,
alpha  beta gamma delta  gamma beta

1304 1265 129.0 1286 129.0 126.5 — —
1321 1270 1287 1278 1287 1270 — —
1323 1269 1286 1279 1286 1269 — —
129.2 1282 1291 1332 129.1 1282 — —
1308 1286 1287 1322 1287 1286 — —
131.3 1287 1288 1324 1288 1287 - —

1278 1263 1294 1383 1294 1263 — 20.7

1295 1268 129.1 1373 129.1 1268 - 20.7

@1298 1268 1291 1375 129.1 1268 - 20.7
1334 1266 1327 127.7 1302 1256 - —
133.7 1267 1327 127.7 1304 1257 — -

1295 136.6 1296 1288 131.0 126.7 - 17.6

130.5 136.6 1288 1288 130.5 1264 — 17.6

131.2 1364 (129.0) (129.0) 130.7 126.6 — 175

— — — — — - 33.8 13.0

— — — — — - 34.1 12.7

— — — — — — NCH, = 385

CH, =296

CH, =194

CH, =135

—_ — — — — — NCH, = 40.0

CH, = 29.

CH, =194

CH, =135

(a) All shifts are reported relative to TMS. Some ambiguity remains in the assignment of peaks within the parentheses.

observed between the proton on the imino nitrogen and
heterocyclic ring carbons, the coupling observed at C-5 is
invariably smaller than the coupling at C-4, whether a
sulfur atom has been substituted for oxygen on C-4 or not.
The peak at 151.8 ppm is assigned to C-5. Finally, in Illa,
the aromatic ring assignments were made very much as
before with only slight differences in chemical shifts noted
for each resonance position. With the replacement of the
carbonyl oxygen with a carbonyl sulfur at C-4, however,
both C-4 and C-5 show effects. The most dramatic is at C-4
where this replacement produces a 27.2 ppm downfield
shift. This is quite dramatic but the large effect in the ring
is also seen in the shift of C-5 and alpha of the N(3) phenyl
ring. Here, a downfield shift of 2.2 ppm is seen. This is
similar to a downfield shift of 1.7 ppm for the alpha car-
bon in the neighboring N(1) phenyl ring when an imino
nitrogen is substituted for the carbonyl oxygen at C-5 in
Ila.

Consider, next, the compounds If and IIf. Peak
assignments in these compounds are entirely similar to the
previous assignments. Compounds Ig and Illg also show
the same trends as la and Illa, including the large
downfield shift produced by the introduction of the sulfur
atom.

Because the only structural changes in the b and ¢ series
involve para substitution of -Cl and -CH, in the N(1)
phenyl ring, comparison of the data for the a series to
these two should point out typical substituent effects in
the N(1) phenyl ring. Thus, based on data for
chlorobenzene and toluene (4), peak assignments can be
made. From Table I, one can find that direct substitution
of -Cl produces an average downfield shift of about 4.5
ppm at C-4 in the N(1) ring compared to 6.2 ppm at C-1 in
chlorobenzene (4). The effect on the carbon para to the
-Cl, alpha in the N(1) ring, is an average upfield shift of 1.2
ppm and at the carbon meta to the substitution, beta in
the N(1) ring, the effect is an average downfield shift of 1.7
ppm. Including the very small ortho effect, these average
shifts are consistent with the listed data for
chlorobenzene. Similarly, substitution of -CH; at the C-4
postion in the N(1) ring causes a downfield shift of 9.6 ppm
(average) at that carbon. The alpha carbon in that ring
shifts upfield by an average of 2.6 ppm. These values com-
pare well with the expected substituent effects.

It should also be noted that the same trends in the
heterocyclic ring carbon shifts exist in the b and c series as
exist in the other three series presented above. Especially
noteworthy are the dramatic effects which result from
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substitution of a carbonyl sulfur for the carbonyl oxygen
at C-4 and the long-range shift noted at the alpha carbon
in the N(3) ring in each case. An inspection of Table I will
show matching trends in each set of compounds which
tend to support the assignments already made.

The assignment of the heterocyclic ring carbons is aid-
ed by the shorter relaxation time which is observed (by
smaller peaks) for C-5 whenever an imino nitrogen is pre-
sent as opposed to a carbonyl oxygen. Thus, the peak at
153.7 ppm can definitely be assigned to C-5 in IIIb even
though C-2 (153.3 ppm) is very close by. This same spectral
effect is used in assigning C-5 in the spectrum of Illc.

The remaining two sets of compounds (d and e) are a bit
more complex because of the lack of symmetry in the N(1)
ring and the additional resonances produced thereby. The
carbons in the N(1) ring are labeled R-1 through R-6 as
shown in the structural diagram above for the d and e
series. Assignments in the N(3) phenyl ring and the hetero-
cyclic ring are straightforward throughout, as before. In
the Cl-substituted ring, in IId and IIId, the directly
substituted carbon, R-3, is at 132.7 ppm, about 4.0 ppm
downfield from the parent (I1a). This assignment is made,
not only from expected substituent effects but from the
fact that this peak has smaller intensity indicating a
bridgehead carbon and that it remains a broadened
singlet without decoupling. Positions ortho to the -Cl
substitution, R-2 and R-4, are seen to move upfield slightly
and those meta, R-1 and R-5, are seen to move downfield
appropriately (between 1.3 and 1.8 ppm). The position
para to the -Cl substitution moves upfield by an average of
1.3 ppm, very similar to the shifts observed in b. In fact,
although other assignments could be made, those given in
Table I are all consistent, not only with literature values
but with b.

Not all assignments in the e series are unambiguous but
there are some interesting results and observations to be
made. In the spectrum of le, however, aside from the
heterocyclic ring peaks whose assignments are obvious,
the peaks at 136.6, 130.7, and 129.5 ppm are all small in-
dicating that they are to be assigned to ipso carbons. The
assignment of the peak at 130.7 ppm to alpha in the N(3)
ring is done, primarily by comparison to the other I com-
pounds in the present study. Thus, comparing the alpha
positions in the N(3) ring of Ie, ITe, and IIle with all other
series, the similarities are obvious. It is also fairly clear
that the peak at 136.6 ppm should be assigned to R-2
because of the assignments for R-4 in Ic, Ilc, and Illc (also
methyl substituted) and comparing with R-2 in Ia, in
which the typical 9 ppm downfield effect of direct substitu-
tion by methyl is observed. This leaves the peak at 129.5
ppm to be assigned to R-1 by elimination. The position of
this peak implies (upon comparing Ia) that methyl substi-
tion at R-2 produces an upfield shift of 0.9 ppm. Ortho
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substituent effects in toluene are downfield by 0.6 ppm
and we are lead to the inescapable conclusion that other
effects must be at work here. Nor is this the only assign-
ment which requires disregarding substituent effects in
toluene.

Continuing to assign peaks from those in the spectrum,
the two peaks at 129.1 and 126.7 ppm are large, indicating
that these should be assigned to gamma and beta in the
N(3) ring, respectively.That leaves four small peaks (131.0,
129.6, 128.8, and 128.6 ppm) to be assigned to five unique
carbons. However, the large peak at 126.7 ppm is a bit too
large to be simply assigned to the beta carbons alone. The
peak at 126.7 ppm has an area of 7.48 while the peak at
129.1 ppm is only 5.25. The peak at 131.0 ppm assigned to
a singlet ring carbon has an area of 2.57 and, added
together, the double peak at 129.1 ppm and the single
peak at 131.0 ppm combine to give a total area (for 3 car-
bons) of 7.82. This compares very favorably with the 7.48
area of the peak at 126.7 ppm, lending strong support for
placing the fifth single-carbon peak required at that pos-
tion. Electronic integration was not used here because of
the closeness of the peaks and the significant overlap
resulting. The peak at 131.0 ppm was chosen as the arch-
type single carbon intensity because it is the most isolated
peak available and belongs to a carbon having a directly
bonded proton.

Thus, it remains to assign delta in the N(3) ring, R-3,
R-4, R-5, and R-6 to the five unassigned peaks. In these
cases, the small differences between peaks leave the as-
signments ambiguous. The peak at 128.6 ppm is assigned
to delta of the N(3) ring because it coincides with the un-
equivocally assigned delta peak for the N(3) ring in Ia. The
remaining assignments are made as follows: the peaks at
129.6, 128.8, and 126.7 ppm are assigned to R-3, R-4, and
R-6, respectively, giving substituent shifts of +0.6, +0.2,
and +0.2 ppm, respectively (derived from Ia). These can
be compared to the toluene substituent shifts of +0.6,
+0.3, and +0.3 ppm, respectively. Finally, the peak at
131.0 ppm is assigned to R-5, para to the methyl substi-
tuent, even though the substituent shift is +2.0 ppm
(derived from Ia) which is exactly opposite to the predicted
substituent shift of —0.3 ppm.

In assigning the peaks in the spectra for Ile and Ille, it
is immediately apparent that some peaks must mask
others since there are not enough separated resonances to
account for all unique carbons. Thus, the very large peak
at 128.8 ppm in the spectrum for Ile assumes an impor-
tance beyond being the position for the gamma carbon in
th N(3) ring. By assigning the readily distinguishable
peaks based on previously applied rules and by com-
parison with le, all resonances can be assigned as listed in
Table I except R-3 and R-4. Measuring the area of the
128.8 ppm peak, it is found to be 21.7. The resonance at
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130.5 ppm (comprising a single carbon resonance) has an
area of about 5.62. By dividing the area of one by the
other the peak at 128.8 ppm is found to represent about 4
carbons. Thus, one is justified in assigning the remaining
two single carbon positions to that resonance, those being
R-3 and R-4.

Assignments in Ille can proceed in an entirely
equivalent manner as above, including the assignment of
R-3 and R-4. However, because the peaks at 128.9 and
129.0 ppm reflect intensities characteristic of two carbons
and because they overlap significantly, the assignments
given in Table I are ambiguous. Other ambiguous
assignments are given in Table I and labeled with paren-
theses.

Conclusions.

Substitution of a carbonyl oxygen with the electronical-
ly equivalent imino nitrogen at C-5 produces an upfield
shift, on the average, of 4.7 ppm at that carbon and a
downfield shift of 1.5 ppm at the alpha carbon of the N(1)
ring. Substitution of the carbonyl oxygen with a carbonyl
sulfur at C-4 causes a very dramatic downfield shift. The
average shift produced by this substitution is 27.3 ppm at
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C-4 and 2.24 ppm, 2.26 ppm, and 0.78 ppm at C-5, alpha of
the N(3) ring, and C-2, respectively.

EXPERIMENTAL

All cmr spectra were obtained from compounds supplied by Professor
E. Paul Papadopoulos (Chemistry Department, University of New
Mexico) on a Varian XL-100 nmr spectrometer utilizing the gated
decoupling capability of the Nicolet TT-100 FT system (5). Samples were
dissolved in DMSO and all chemical shifts are reported relative to TMS
based on a shift difference of 40.4 ppm between DMSO and TMS.
Measurements were made at normal probe temperature (29°) and on
saturated samples. Generally, spectral data were gathered under slightly
saturating conditions with a pulse angle of about 30° and an interpulse
delay of 1.36 s. The sweep width was + 3000 Hz utilizing the Quadrature

. Phase Detection method for most spectra.
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