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Summary 

The 'H-NMR spectra of 2-(nitromethy1idene)pyrrolidine (7), l-methy1-2-(nitrome- 
thy1idene)imidazolidine (10) and 3-(nitromethy1idene)tetrahydrothiazine (1 1) in CDC1, 
and (CDJ,SO indicate that these compounds have the intramolecularly H-bonded 
structures (2)-7, (E)-10 and (2)-11 while the N-methyl derivative 8 of 7 is (E)-configu- 
rated in both solvents. 1 -Benzylamino-l-(methylthio)-2-nitroethylene (13), an acylic 
model, has the H-bonded configuration (E)-13 in CDC1, and in (CD,),SO. 2-(Nitrome- 
thy1idene)thiazolidine (3) has the (E)-configuration in CDC1, but exists in (CD,),SO as 
a mixture of (2)- and (E)-isomers with the former predominating. Both species are 
detected to varying proportions in a mixture of the two solvents. "N-NMR spectros- 
copy of 3 ruled out unambiguously the nitronic acid structure 6 and the nitromethyle- 
neimine structure 5. The N-methyl derivative 4 of 3 is (Z)-configurated in (CD,),SO. 
Comparison of the olefinic proton shifts of (2)-3 and (2)-4 with those of analogues 
and also of 1,1-bis(methylthio)-2-nitroethylene (12) shows decreased conjugation of the 
lone pair of electrons of the ring N-atom in (2)-3 and (2)-4. This is also supported by 
T - N M R  studies. Plausible explanations for the phenomenon are offered by postu- 
lating that the ring N-atoms are pyramidal in (2)-3 and (2)-4 and planar in other 
cases or, alternatively, that the conjugated nitroenamine system gets twisted due to 
steric interaction between the NO,-group and the ring S-atom. Single-crystal X-ray 
studies of 3 and 8 show that the former exists in the (Z)-configuration and the latter in 
(E)-configuration; the ring N-atom in the former has slightly more pyramidal charac- 
ter than in the latter. 
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1. Introduction. - In our earlier reports on the 'H-NMR spectra of l-amino- 
cycloalkenes [2], 1-amino-2-nitro- (l), and 1,l -diamino-2-nitroethylenes (2) [3], we have 
established a correlation between the chemical shifts of the H-C(2) and C(2) nuclei 
with the reactivities of the enamines. Parallel studies on the 13C [4] and I5N [5]  chemical 
shifts of 1 -aminocycloalkenes largely corroborated our findings. In an extension of our 
investigations to the 'H- and I3C-NMR spectra of 2-(nitromethylidme)-heterocycles 3, 
4, 7-11, and two acyclic nitroethylenes 13 and 14, we have found solvent-dependent 
( E ) - t ( Z )  transformation rather uniquely in 34) and present in this paper results of our 
enquiry into the causes of the phenomenon. We have also used I5N-NMR spectroscopy 
to study the nitroenamine-iminonitronic acid tautomerism. 

1 (€)-3 R = H  (2)-3 R=H 
(€)-4 R=CH3 (2)-4 R=CH3 

5 6 (2)-7 R = H  ( 4 - 7  R = H  
(2)-8 RzCH3 (€)-8 R=CH3 

(€)- I4 (2)-14 15 I 6  

2. 'H- and I3C-NMR Studies. - The 'H-NMR spectra of the compounds mentioned 
were run in CDCI, and (CD,),SO or in mixtures of the two; the chemical shifts are 
reported in Table 1. Only 3 exhibited a significant change in the chemical shift of the 
vinyl proton upon changing the solvent from CDC1, to (CD,),SO. Other regions of the 
spectrum also registered some changes. 

4, For use of I3C-NMR in determining the configuration of aliphatic enamines see 161. 
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Before an explanation can be sought for these changes on the basis of ( E ) - + ( Z )  
isomerism, we considered the possibility of 3 existing as 5 or 6 in (CD,),SO. The ab- 
sence of a two-proton singlet for a CH,-group readily ruled out 5. Compound 6 was 
also rejected for several reasons. Compounds 3 and 6 are related to each other by a 
nitroenamine-iminonitronic acid tautomerism (Scheme). The nitroenamine with a free 
NH-group would have structures with intramolecular H-bonding in solvents like 
CDCl, with a low dielectric constant. This has been shown to be the case with 1-(tert- 
butylamino)-2-nitro- 1-propene from chemical-shift considerations [7] and l-anilino-l- 
(methylthio)-2-nitroethylene from NOE experiments [8]. The IR spectra of 3 and 7 in 
CHCl, in fact showed a highly chelated NH or OH absorption, which both A and B 
would possess. The latter could be ruled out with certainty in the case of 11 and 13 
because the a-protons exhibited an unmistakable coupling with N H  both in CDCl, and 
in (CD,),SO which was suppressed by addition of D,O. Since the chemical shifts of the 
vinylic proton in compounds 3,7  and 9 in CDCI, were comparable to that of in 11, by 
extrapolation, nitronic-acid structures could be ruled out for these. However, in the 
'H-NMR spectra of these compounds, we could not detect any coupling of the a-pro- 
tons with the NH-proton. We tentatively ascribe this to an unfavourable dihedral 
angle for coupling in these cases. In this context, such a coupling is not apparent in 
2-pyrrolidine [9], and in cyclopentene the coupling of the vinylic with the alicyclic 
proton is 0.5 Hz [lo]. In CDC1,-solution, one can thus assign the intramolecularly 
H-bonded nitroenamine structure with the (Z)-configuration to 7 and 11, and the 
(E)-configuration to 3, 10 and 13. The nitronic-acid structure 6 for 3 was further firmly 
ruled out by detailed "N-NMR and X-ray studies (vide infra). 

Comparison of the 'H-NMR spectra of 7 and 8 in CDCI, shows a pronounced 
deshielding of the y-protons in the latter (Ad = 0.65 ppm). Since 7 was deduced to have 
the H-bonded (Z)-configuration, 8 must exist in the (,!?)-configuration in CDCI,. This 
has been confirmed by X-ray studies (uide infua) . The situation is similar in (CD,),SO. 
The chemical shifts of the vinylic proton in (2)-7 (6.65 ppm in CDCl,) and (E)-8 (6.62 
ppm) are, however, not significantly different. This has a parallel in the case of ethyl 
p-(methy1amino)crotonate wherein the chemical shifts of the olefinic proton have been 
observed to differ only by 0.1 ppm for the (E)- and (Z)-isomers in CDCI,. In 
(CD,),SO, they have identical chemical shifts [ I  13. It is clear that in such molecules an 
(E)/(Z)-change does not necessarily have to generate differences in the 8-values of 
their vinylic protons. 

For compound 9, the question of (E) -+(Z)  isomerisation does not arise. In CDCl,, 
10 exists almost certainly in the (E)-configuration owing to the energy gained by steric 
release of the N-CH, . . .NO, interaction ((Z)-isomer) and intramolecular H-bonding. 
The same geometry perhaps persists in (CD,),SO since there is no deshielding of the 
CH,-group. For the same reasons, 11 has the (Z)-configuration in both solvents. 
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The 'H-NMR spectrum of 13 in CDCl, showed only one species with the vinyl 
proton as a singlet at 6.60, the benzylic CH,-protons as a doublet at 4.63 and the 
S-CH,-group as a singlet at 2.44 ppm. The I3C-NMR spectrum in the same solvent 
gave rise to only one set of signals, confirming the presence of a single species. This, 
together with the facts mentioned earlier, indicated the (E)-configuration for 13. The 
same species persists in (CD,),SO alone or mixed with CDCI,. There was no evidence 
for the presence of (2)-13. Compound 14, the N-methyl derivative of 13, exists as only 
one species in the two solvents, probably (2)-14. 

We can now consider the interesting solvent-dependent behaviour of 3. We have 
argued earlier that in CDCl,, 3 exists as a single species, the (E)-isomer with intramo- 
lecular H-bonding. In mixtures of CDCl, and (CD,),SO, two species were simulta- 
neously observed, with two distinct sets of signals arising for the three types of C- 
bound protons and the NH-proton, the most explicit signals being due to the vinyl 
protons at about 7.16-7.11 and 6.69-6.74 ppm. The intensity of the former (and associ- 
ated high-field multiplets) increased at the expense of the latter with increasing propor- 
tions of (CD,),SO. In freshly prepared solution of 3 in some samples of 100% 
(CD,),SO, we had a single signal for the vinylic proton at 7.02 ppm (cf. 6.75 for (E)-3 
in CDCl,) as a slightly broadened singlet, This was recognized as being due probably to 
a rapidly equilibrating mixture of (2)-3 and (E)-3 with the former predominating, 
since upon keeping the solution for some time, the spectrum displayed two separate 
broadened singlets for the olefinic proton, one at 7.07 ((2)-3) and the other at 6.75 
ppm ((E)-3) in the approximate ratio of 3 4 : l .  In solutions of 3 in some other samples 
of (CD,),SO, the olefinic signals displayed an intermediate equilibrium composition. 
All these spectra showed two broadened triplet signals in the CH,-region, whereas 
explicit and partially overlapping signals for the two species were seen in mixtures of 
CDCI, and (CD,),SOS). Other possibilities such as 5 and 6 have been ruled out already 
for the new species showing the olefinic signal at 7.07 ppm. The higher polarity of 
(CD,),SO must aid the disruption of the intramolecular H-bonding in (E)-3 in favour 
of intermolecular bonding. The isomers (2)-3 and (E)-3 were present in the ratio of 1 :3  
in (CD,),CO with a dielectric constant between those of CDCl, and (CD,),SO; predict- 
ably in dioxane, with a low dielectric constant, only the (E)-isomer was visible. Com- 
pound 4 was not available to us, but the 'H-NMR spectrum in (CD,),S06) showed the 
olefinic proton to have about the same chemical shift (7.15 ppm) as 3. It is quite likely 
that 3 exists in the (Z)-configuration in this solvent. 

While solvent-dependent (E)/(Z)-isomerisation of enamines is known [7], 3 presents 
an interesting case for two reasons: first, (2)-3 (and (2)-4) show a more deshielded 
olefinic proton (less enaminic) in the 'H-NMR spectrum compared to (E)-8 which has 
the same geometry (> N- trans to NO,); second, 3 alone exhibits (E)/(Z)-isomerism 
while similar compounds like 7, 10 and 11 and the acyclic analogues 13 and 14 do not. 
With respect to the first point, one must consider the contribution, if any, of the 
S-atom in 3 and 4. Interestingly, the chemical shifts of the vinyl proton in 1-nitro- 
propene (7.0 ppm) [12] and the bis(methy1thio) compound 12 (7.12 ppm) are about the 

5,  

6 ,  

This phenomenon was also noted in the "C-NMR spectrum. We feel that differences in moisture content 
may influence the equilibrium and the rate of exchange. 
We thank Dr. J.  E. Powell, Shell Development Co., California, for the spectrum. 
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same, indicating that the S-atom has little donor effect in this case, a manifestation of 
reversed polarity [ 131. Furthermore, the ortho- and para-protons of thioanisole do not 
show any upfield shift relative to benzene [14]. Thus, actually compared to the situa- 
tion in compounds 7-11 and 13 and 14 the lone pair of electrons on the N-atom in 
(2)-3 and (2)-4 has decreased interaction with the double bond. One explanation for 
this could be that owing to steric interference between the S-atom and the NO,-group, 
the double bond in (2)-3 and (2)-4 gets 'twisted'; such twisting has been postulated for 
15 [15]. Although the steric requirement of an S-atom is less than that of a CH,-group 
[16], after an inspection of CPK space filling models it is clear that there is considerable 
strain in the 2-methylenethiazolidine ring, but also that the steric interaction between 
the NO2-group and the S-atom is more severe than between the NO,-group and the two 
CH,-H-atoms. This is so since the 0-atom of the NO,-group can assume a staggered 
conformation relative to the two y-CH,-H-atoms, which is not possible in the sulfur 
case. On this basis, (2)-4 may have a more twisted double bond than (E)-8. An alter- 
native or additional explanation would be that the N-atom in (2)-3 and (2)-4 exists in 
a pyramidal state, with the lone pair unable to conjugate effectively with the z-elec- 
trons of the double bond. Such a proposal has been made for the N-atom of the 
aziridine ring in 16 [17]. Dreiding models indicate that the strain introduced in a thiazo- 
lidine ring having an sp2-hybridized C(2)-atom, by the small valence angle of an S- 
atom, is relieved better by having a pyramidal rather than a planar N-atom. In the 
penicillin molecule, it is known that the N-atom is pyramidal unlike in the 'naked' 
8-lactam [l8]. Some simple enamines have also been shown to have a pyramidal N- 
atom in the solid state [19]. 

Table 2. "C Chemical Shifts (6, [ppm]) 

Corn- Solvent C(a 1 C@) C ( Y )  =C(W 
pound 

3 CDC13 + (CD,),SO 48.4 ( Z )  29.2 - 108.2 ( Z )  
50.9 ( E )  104.4 ( E )  

7 CDCll + (CD&SO 47.0 18.8 29.8 103.5 ( Z )  
55.6 20.0 34.3 108.1 ( E )  

(CDJ2SO 49.6 29.6 107.0 

9 CDCl, +(CD,),SO 43.2 43.2 ~ 96.1 ( E )  
6 (CDd2SO 

13 CDCI, 48.5 ~ 107.0 ( E )  
47.5 ~ - 106.7 ( E )  (CD3)2S0 

14 CDC1, 59.3 113.3 (21) 

Others 
I -C= 

169.8 ( Z )  
165.3 ( E )  
168.9 
161.0 
164.4 33.7 (NMe) 
160.6 
") 14.6 (SMe) 
164.7 13.9 @Me) 
166.7 17.9 @Me) 

41.9 (NMe) 

3, Not observed. 

The decreased interaction of the N-atom with the double bond in (2)-3 is sup- 
ported by the ',C-NMR spectral data (Table 2). The spectrum of 3 could not be run in 
CDCI, alone, but a study of the spectrum in (CD3),S0 and in a CDCl,/(CD,),SO 
mixture enabled us to assign the signals in (E)-3 and (2)-3 using relative intensities of 
proton signals as a guideline. The data show that in (2)-3 the olefinic C-atoms are 
deshielded, the a-C-atom is shielded and the /?-C-atom unaffected compared to the 
situation in (E)-3 .  
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In (E)-3 ,  but not ( 2 ) - 3 ,  the N-atom may be forced to be nearly planar to permit 
H-bonding, with a consequent upfield shift of the olefinic proton. However, the net 
energy difference between the (E)-isomer with a planar N-atom and the (Z)-'  isomer 
with a pyramidal N-atom must be small enough to allow a solvent like (CD,),SO to 
disrupt the former in favour of the latter. A possible explanation for the second point 
raised earlier would be that in the case of 7, 10, 11 and 13 the H-bonded structures are 
considerably more stable than the alternative ones with NH and NO, in a trans-rela- 
tion and are, therefore, unperturbed by solvents of high dielectric constant7). 

3. "N-NMR Studies of 3. - In a carefully dried solvent mixture of (CD,),SO/CDCl, 
(1:2, v/v) at 25", 40.5 MHz (9.4 T), and under conditions of gated 'H-decoupling, 3 
shows two I5N-signals of comparable intensities at -264.1 and -275.4 ppm. The signals 
are inverted, i.e. NOE-enhanced, and their chemical shifts are in very good agreement 
with enaminic C=C-NH N-atoms [5] [20]. These signals support the conclusions 
drawn from the 'H-NMR spectrum in the same solvent mixture (Cf. Table 1) and 
prove the presence of (Z)-3 and (E)-3.  While signals for the NO,-group did not appear 
under these experimental conditions, they were observed, however, when inverse-gated 
decoupling for NOE suppression was applied, as two resonances of comparable inten- 
sities at -11.7 and -11.3 ppm (29"), typical shielding values for NO,-groups [21]. In 
(CD,),SO-solution at 20.3 MHz one NO,-signal at -1 1 .O ppm and one NH-signal at 
-271 ppm were observed allowing an assignment to isomer ( 2 ) - 3 ,  the major compo- 
nent (80%) in this solvent. 

It is important to note that signals for a biligant N-atom (-N=), as required for the 
nitronic-acid form 6 or the nitroinethyleneimine 5, have never been observed in the 
expected range between -60 and -120 ppm. This result rules out structures 5 and 6 
and confirms the enaminic structure 3. 

4. Discussion of X-Ray Structure Analyses. - The X-ray data of 3 (Fig. I ,  Tables 
3-6) show (2)-configuration, and those of compound 8 (Fig.2, Tables 7-9) show 
(E)-configuration in the solid state. The former is preserved to the extent of nearly 
80% in (CD,),SO-solution; but evidently the switchover to (E)-3  is very fast and com- 
plete when dissolved in CDCI,, because NMR spectra run within minutes of dissolu- 
tion show no detectable level of ( 2 ) - 3 .  

Data on 3 and 8 show that in both the conformation of the five-membered ring is 
essentially the same with C,-symmetry passing through C(2) and the midpoint of the 
C(4)-C(5) bond (Tables 5 and 9) .  In 3, the plane through C(4), C(2) and H(l) shows 
N(3) to be off by -0.153 A. This is significant, although the position of H(l) is less 
precisely determined than that of the other atoms. A more reliable indication of pyra- 
midal character is obtained from the fact that from the plane through C(4), N(3) and 
C(2), H(l)  is off by 0.372 A. In 8, from the plane through C(5), C(2) and C(6), N(1) is 
off by -0.074 A. It is difficult to decide whether in fact there is significantly more 
pyramidality at N(3) in 3 compared to N(1) in 8, although this would explain qualitati- 

') It can be argued that in the case of 7, 10, 11, and 13, diastereomeric isomers are indeed formed in 
(CD,)>SO but are not perceived because chemical shifts of olefinic and other protons are totally or almost 
completely coincidental. This can be ruled out by the fact that their ' k - N M R  spectra (more sensitive to 
(E)/(Z)-isomerism) in mixtures of CDCI3 and (CD,),SO showed only one set of signals and thus the 
preseucc of only one species. 
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c (5) 

Fig. I .  A prrspective view oj' the molecule 3 
viewed down 'a'-uxis 

Fig. 2. A persprtive view of rhr tnolerule 8 
viewed down 'a'-a.ris 

vely the 'H-NMR observations (see above). In 3, C(6) is essentially in the plane 
through S, C(2) and N(3) while in 8, C(7) is out of the plane through N(1), C(2) and 
C(3) by about 0.064 A. 

In 3, the C(2)=C(6) bond (1.405(5) pi> and in 8 the C(2)=C(7) bond (1.357(8) A) 
are both significantly longer than the normal C=C bond of ethylene (1.336(2) A) [22] 
[23] indicating that there is some degree of delocalization. The lengths of the 
C(2)-N(3) (1.317(4) A) and C(6)-N(7) (1.342(5) A) bonds in 3 and the N(l)-C(2) 
(1.318(7) A) and C(7)-N(8) (1.377(7) A) bonds in 8 are considerably shorter than the 
normal values for such bonds [24]. 

While we have not been able to obtain unequivocal facts to explain the NMR data 
of 3 in (CD,),SO vis-a-vis 8 and other enamines in this study, it does appear possible 
that in polar solvents N(3) in 3 does indeed have some pyramidal nature. Another 
difference between the structures of 3 and 8 can be observed in the significant out-of- 
plane torsion (7") of the NO,-group in 3 (c f  Tables 5 and 9). If this torsion, reflecting 
the steric interaction between the NO,-group and the S-atom, persists in the solution 
structure, an influence on the chemical shift of the olefinic proton in 3 may also be 
expected. 

H-atom positions for 8, anisotropic temperature factors for 3 and 8, and structure- 
factor tables can be obtained from one of the authors on request (K .  V.). 

We are thankful to Mrs. S . J .  Sheuoy for the synthesis of some enamines. This work has been supported by 
the Swiss Nutionul Scimce Foundation. 

Experimental Part 

Generul. The 'H- dnd "C-NMK spectra were measured on a Rruker WH-PO Fourier-transform NMR 
spectrometer using 10-20% wjv solutions at a probe temperature of 30 f 1"; resonances were measured at 90 
MHz for 'H and 22.63 MHz for "C using the broad-hand decoupling technique. Chemical shifts are quoted in 
ppm downfield from TMS internal reference and "C-values are correct to +:0.06 ppm. "N-NMR spectra were 
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measured on a Varian XL-200 (20.2 MHz) and a Bruker AM-400-wb spectrometer (40.5 MHz). Chemical shifts 
are referred to CH,N02 as an external standard in a capiliary. 

X-Ray Structure Analysis of 3. Suitable crystals of the compound were grown from EtOH-solution’). 
Crystal dara: C4H,N,02S, space group C2/c, a = 8.821(2), b = 10.884(2), c = 12.870(2) A, p = 95.6(1)”, 
V = 1229.7 A3, D, = 1.40 Mg/m3 (KI/H,O), D, = 1.44 Mg/m3, 2 = 8, CuKa, 1, = 1.5418 A. A crystal of size 
0.2 x 0.4 x 0.5 mm was used for data collection. Preliminary Wrissenberg photographs indicated the crystal to 
be monoclinic, space group either C2/c or Cc. Intensity measurements and accurate cell parameters were ob- 
tained by least squares from the settings of 23 reflections measured on an EnraflNonius C A D 4  automatic four 
circle diffractometer with Ni-monochromated CuKa (A = 1.5418 A) radiation. The distribution of E-values 
showed clearly a centric distribution. 841 reflections were considered observed (I p 3a(i)) and corrected for 
Loreniz and polarization effects. The structure was solved by direct methods using MULTAN-80 1251. All 
H-atoms were located from a difference Fourier synthesis. Weighted anisotropic (isotropic for H-atoms) full 
matrix least-squares refinement using SHELX-76 system [26] converged at R = 0.071 ; W(lF,I-IFJ)* minimized 
where W = 11.4923/(a2(F) + 0.0002)F0~z). The atom H(6) was not refined in the final stages of refinement. The 
shift/e.s.d. was of the order of z 0.005 8,. A final difference map showed no significant residual electron 
density. 

Final positional and thermal parameters are given in Table 3 ,  bond distances and angles in Table 4, and the 
torsion angles in Table 5. The crystal structure is stabilized by intermolecular H-bonding of N-H. . ‘0. There is 
also a weak C-H. . .O interaction (Tuble 6) [27]. Some of the significant intra- and intermolecular contacts 
(less than 3.5 A) are also given in Table 6. There is a short intramolecular contact S .  . ‘ 0  of 2.685 8, [28]. Fig. 1 
shows the perspective view of the molecule down ‘u’-axis [28]. 

H2 

H”;t- f ,H6.  
Table 3. X-Ray Structure Analysis of 3: Final (Fractional) Coordinates ( x lo4) 
fbr Non-H-Atoms and ( x lo3) for H-Atoms, isotropic Equivalent Temperature 
Faciors ( x 102),/or Non-H-Atoms of the Form U,, [A2] = 5H ’I 

I 1, 
jT,C,U,a~a~a,. a,, and Isotropic Temperature Factors ( x 10’) U,,,,for H- 

Atoms (E.S.d’s in parenthesis) (21-3 

Atom xla ylb zjc ue, [AZ] 

sO/N\OO 

S(1) 9178 ( I )  1041 (1) 5698 (1) 5.04 (0.05) 
C(2) 8608 (4) 2217 (3) 6466 (2) 3.81 (0.10) 
“3) 9148 (3) 3299 (2) 6231 (2) 4.51 (0.09) 

C(5) 10391 (5) 2073 (4) 5032 (4) 5.77 (0.15) 
C(6) 7672 (4) 2068 ( 3 )  7280 (2) 4.32 (0.11) 
“7) 7179 (4) 961 (2) 7558 (2) 4.50 (0.10) 
O(8) 7414 (4) 25 (2) 7051 (2) 6.42 (0.09) 
o(9) 6469 (4) 872 (3) 8360 (2) 6.62 (0.11) 

C(4) 9989 (4) 3366 (3) 5313 (3) 4.57 (0.12) 

x /a  ylb zjc UlS0 [A2] 
H(1) 855 ( 5 )  404 (3) 656 (3) 5.5 (1.1) 
H(2) 946 (5) 355 (4) 475 (4) 8.5 (1.6) 
H(3) 1082 (13) 307 (1 0) 573 (8) 34.9 (7.0) 
H(4) 1056 (5) 200 (4) 435 (3) 6.3 (1.2) 
H(5) 1129 (8) 206 (6) 535 (5) 11.8 (2.2) 
H(6) 733 (0) 284 (0) 783 (0) 9.3 (0.0) 

’) A sample crystallized from a large volume of CH2C1, was found to be identical with the one from EtOH: 
m.p., mixed m.p., IR (Nujol), NMR (fresh (CD,),SO solution). 
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Table 4. Bond Lengths [A] and Angles ["I for Nan-H-Atoms and H-Atoms in 3 (E.S.d.'s in parenthesis) 

C(5)-S(l)-C(2) 
S( I)-C(2)-N(3) 
C(2)-N(3)-C(4) 
N(3)-C(4)-C(5) 
C(4)-C(5)-S( 1) 
C(2)-C(6)-N(7) 
C(6)-N(7)-0(8) 
C(b)-N(7)-0(9) 
0(8)-N(7)-0(9) 
N(3)-C(2)-C(6) 
S( 1)-C(2)-C(6) 

1.722 (3) 
1.317 (4) 
1.457 (4) 
1.504 ( 5 )  
1.823 (4) 
1.405 ( 5 )  
1.342 ( 5 )  

91.7 (2) 
113.6 (2) 
117.1 (3) 
107.4 (3) 
107.4 (3) 
122.2 (3) 
121.5 (3) 
119.2 (3) 
119.3 (3) 
121.8 (3) 
124.6 (2) 

N(7)-0(8) 
N(7)-0(9) 
~ ( 3 ) - ~ ( 1  1 
C(4)-H(2) 
C(4)-H(3) 

C(5)-H(5) 
C(5)-H(4) 

C(6)-H(6) 

H( l)-N(3)-C(2) 
H( l)-N(3)-C(4) 
H(2)-C(4)-N(3) 
H(2)-C(4)-C(5) 
H(3)-C(4)-N(.3) 
H(3)-C(4)-C(5) 
H(2)-C(4)-H(3) 
H(4)-C(5)-C(4) 
H( 4)-C(5)-S( 1) 
H(5)-C(5)-S(l) 
H(5)-C(5)-C(4) 
H( 5)-C(5)-H(4) 
H(b)-C(b)-C(2) 
H(b)-C(b)-N(7) 

1.239 (4) 
1.263 (4) 
1.08 (4) 
0.85 (4) 
0.93 (9) 
0.91 (4) 
0.85 (6) 
1.15 (3) 

112 (2) 
126 ( 2 )  
115(4) 
98 (3) 
87 (7) 
68 (7) 

157 (8) 
112(3) 
124 (3) 
109 (4) 

103 ( 5 )  
126 (3) 
112(3) 

97 (4) 

Table 5. Some lmportant Torsion Angles ["I in 3 

C(5)-S( I)-C(2)-N(3) 
S( I)-C(Z)-N(3)-C(4) 
C(2)-N(3)-C(4)-C(5) - 

C(4)-C(S)-S( 1)-C(2) - 
N(3)-C(4)-C(5)-S( 1) 

S( l)-C(2)-C(6)-N(7) 

4.1 (3) 
6.2 (4) 

15.5 (4) 
16.9 (4) 
12.3 (3) 
2.6 (5) 

N(3)4(2)-C(b)-N(7) -176.6 (3) 
C(2)-C(b)-N(7)-0( 8) -6.5 ( 5 )  
C(2)-C'(6)-N(7)-0(9) 173.0 (3) 
C(5)-S(l)-C(2)-C(b) -175.2 (3) 
C(b)-C(2)-N(3)-C(4) -174.5 (3) 

Table 6. H-Bond Purumeters in 3 und lntrumoiecukur C'ontuct ( i 3.5 A) 
H-Bond D . . . A [ A ]  H . . . A [ A ]  D-H[A] H-D. . .A["]  D-H. . .A["]  Symmetry 

code 

N(3)-H(l). . .0(9) '  2.911 (4) 1.99 (4) 1.08 (4) 26 (2) 141 (3) I: % - x  
% + y  

C(6)-H(6). . .0(8)' 3.331 (4) 2.39 ( 2 )  1.15 (3) 30 (2) 137 ( 3 )  I :  % - x  
Y2 + y 

% - Z  

% - 2 

lntrumoiecuiur contact 

S(1). . .0(8)  2.68 ( 5 )  [A] 

X-Ray Structure Anaiysis of' 8. Suitablc crystals of the compound were grown from EtOH-solution. The 
X-ray structure determination is based on the data collected on a three-circle diffractorneter designed and 
constructed at the Bhuhhu Atomic Research Centre, Bombay. Crystui dutrr: C,H,,N,O,, space group, P2,lc, 
Z = 4, u = 6.023(4) A, h = 15.851(6) A, c = 7.447(4) A, = 106.9(3)", V == 680.2 A3, D, = 1.36 Mg/m' (K1/ 
H20),  0, = 1.39 Mg/m', MoKol, 1 = 0.7107 A. 
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The study was carried out essentially as on compound 3. The structure was solved by direct methods using 
MULTAN-80 [25]. Refinement of non-H-atoms anisotropically (isotropic for H-atoms) with 809 observed re- 
flections ( I ?  3 d ( I ) )  using unit weights through SHELX-76 [26] gave an R-value of 0.1100. The parameter 
shift/e.s.d. was of the order of o 0.001 A. A final difference map showed no significant residual electron density. 

Final positional and thermal parameters are given in Table 7. Bond distances and angles are given in Table 
8 and torsion angles in Table Y. A perspective view of the molecule viewed down ‘a’ axis is shown in Fig.2 [29]. 

H’ 84$: i3  I .  

Table 7. X-Ray Structure Analysis of 8: Final (Fractional) Coordinates 
( x lo4) for Nan-H-Atoms und Isotropic Equivalent Temperature Factors 
( X  lo2) for Non-H-Atoms of the Form 

UeY [A2] = jZ,L,U,a:a,*a,. a, (E.S.d.’s in parenthesis) 

H7 

gH ‘H ti‘ I 
(€1-8 

C~/H ’ ’  

!30/N\0’0 1 

Atom xla Ylb zlc Lkq [A2] 
N(1) 5390 (9) -1539 (3) 1795 (7) 5.03 (0.18) 
C(2) 5333 (10) -740 (4) 2264 (8) 4.51 (0.20) 
C(3) 7699 (1 1) -471 (4) 3469 (9) 5.28 (0.24) 
(74) 8984 (13) -1313 (5) 3977 (1 1) 6.36 (0.27) 
(35) 7685 (12) -1914 ( 5 )  2474 (1 2) 5.98 (0.28) 
C(6) 3588 (14) -1995 ( 5 )  498 (12) 6.21 (0.28) 
(27) 3398 (10) -261 (4) 1600 (9) 4.83 (0.21) 
N(8) 3338 (9) 578 (3) 2063 (7) 5.18 (0.19) 
o(9) 5043 (8) 956 (3) 3067 (7) 6.88 (0.20) 
W 0 )  1495 (8) 954 (3) 1371 (7) 6.61 (0.18) 

Table 8. Bond Lengths [A] and Angles [“I in 8 (E.S.d.’s in parenthesis) 

N( 1 )-C(2) 1.318 (7) N(l)-C(6) 1.422 (8) 
C(2)-C(3) 1.507 (8) c ( w c ( 7 )  1.357 (8) 
C(3)-C(4) 1.534 (9) C(7)-N(8) 1.377 (7) 
C(4)-C(5) 1.504 (10) N(WO(9) 1.235 (6) 
C(j)-N(l) 1.453 (8) N(8)-0( 10) 1.232 (6) 

C(5)-N( 1)-C(6) 119.3 (6) C(2)-C(3)-C(4) 102.9 (6) 
C(5)-N( 1)-C(2) 113.3 (5) C(3)-C(4)-C(5) 104.5 ( 5 )  
C(6)-N( 1)-C(2) 126.5 (6) C(4)-C(5)-N( 1) 103.7 (6) 
N( I)-C(2)-C(3) 109.6 (5) C(2)-C(7)-N(8) 122.1 (6) 
N( l)-C(Z)-C(7) 121.8 (5) C(7)-N(8)-0(9) 122.8 ( 5 )  
C(3)-C(2)-C(7) 128.4 (6) C(7)-N(8)-0( 10) 116.7 ( 5 )  

O( 10)-N(8)-0(9) 120.5 (6) 

Table 9. Some Important Torsion Angles I”] in 8 (E.S.d.’s in parenthesis) 

C(5)-N( I )-C(2)-C(3) 2.9 (7) C(7)-C(2)-C(3)-C(4) 

C(6)-N(l)-C(2)-C(7) 4.0 (10) C(2)-C(3)-C(4)-C(5) 

C(6)-N( I)-C(2)-C(3) -172.2 (6) N( I)-C(2)-C(7)-N(8) 
C(5)-N(l)-C(2)-C(7) 173.3 (6) C(3)-C(2)-C(7)-N(8) 

C(2)-N( l)-C(5)-C(4) 17.3 (8) C(3)-C(4)-C(5)-N( 1) 
C(6)-N(I)-C(5)-C(4) -172.6 (6) C(2)-C(7)-N(8)-0(9) 
N( I)-C(Z)-C(3)-C(4) -12.4 (7) C(2)-C(7)-N(8)-0( 10) 

171.7 (7) 
-179.0 (6) 

-3.6 (10) 
22.0 (7) 

-23.7 (7) 
1.9 (10) 

179.6 (6) 
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