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Abstract. M r =  402.42, orthorhombic, P21212 ~, a = 
8.453 (5), b- -20.905 (8), c =  10.570 (3)A, V =  
1868 (1) A 3, Z = 4, D , , =  1.432 (2), Dx= 
1.431 Mgm -3, 2(Cu Ket)= 1.5418 A, # =  1.85 mm -], 
F(000)=840,  T = 2 9 3 K ,  final R = 0 . 0 5 5  for 1316 
observed reflections. The glycosyl torsion angle is 
--107.2 °, and the furanose-ring conformation is C(4')- 
endo-O(4')-exo (4To). The cyano fragment is sig- 
nificantly non-linear [C(4)-C(6)-N(6)  175.9 °] and 
C(6)-N(6) stacks parallel to the benzene ring. The 
crystal structure is stabilized solely by van der Waals 
contacts. 

Introduction. The present analysis is one of a series of 
crystal structure studies of nucleosides containing the 
imidazole ring. The title compound is a cyclic nucleo- 
side linked between the imidazole and furanose rings 
through C(5') instead of C(2') which was previously 
reported (Sugio, Kitamura, Mizuno, Ikehara & Tomita, 
1984). The conformation influenced by such a cy- 
clization has been studied and compared with those 
found in related nucleosides. 

Experimental. Colorless prismatic crystals from water- 
ethanol at room temperature. Crystal 0.2 x 0.2 x 
0.15 mm. D,, by flotation. Cell dimensions by least- 
squares refinement of 18 reflections with 20 = 34-72 °. 
Rigaku AFC-3 automated diffractometer, Ni-filtered 
Cu Kct radiation, 28ma x -- 120 °, 0---28 scan technique. 
Of 1640 independent reflections (0 < h < 9, 0 < k < 23, 
0 < l  < 11), 1320 had lEvi > 3tr(Fo). Three standard 
reflections (200, 040, 002) monitored after every 50 
reflections showed 1.4 (6)% intensity fluctuation 
throughout data collection. Intensities corrected for 
Lorentz and polarization factors but not for absorption. 
Direct methods (MUL TAN78; Main, Hull, Lessinger, 
Germain, Declercq & Woolfson, 1978). Positional and 
anisotropic thermal parameters for all non-H atoms 
refined by block-diagonal least squares (HBLSV; 
Ashida, 1979). ~w(IFol-klFcl) 2 minimized with 
w= [tr2(Fo) + 0.04901Fol + 0.00091Fo12]-L All H 
atoms located on a difference Fourier map; their 
positional parameters included in refinement with a 
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fixed isotropic thermal parameter of 4.0/~ 2. Four 
intense low-angle reflections (020, 012, 140, 150) 
affected by secondary extinction and excluded. Final R 
and wR for 1316 reflections 0.055 and 0.067, respec- 
tively. S for 326 parameters (nine for each non-H atom, 
four for each H atom, an overall scale and an overall 
thermal parameter) is 1.058. (A/o)av=O.051, (A/ 
iX)max=0.453 for non-H atoms. A p = - 0 . 1 9  to 
0 . 2 2 e A  -3, no other significant features observed. 
Atomic scattering factors from International Tables for 
X-ray Crystallography (1974). Calculations performed 
on an ACOS 900 computer at the CrystaUographic 
Research Center, Institute for Protein Research, Osaka 
University. 

Diseusslon. Final atomic coordinates for non-H atoms 
with their e.s.d.'s are given in Table 1, and bond 
distances and angles in Table 2.* A perspective view of 
the molecule is shown in Fig. 1. Although the hybrid 
orbital of N(5) is sp 2, dihedral angles [N(1) -C(5) -  
N(5)--S(1)= 105.3(6) and N(1)--C(5)-N(5)--C(5') 
= - 6 4 . 5  (8) °] suggest that the N(5) lone-pair axis is 
nearly perpendicular to the normal of the imidazole 
plane as was seen in a bulky substituted non-cyclic 
imidazole nucleoside (Kitamura, Mizuno, Sugio, 
Okabe, Ikehara & Tomita, 1983). 

* Lists of structure factors, anisotropic thermal parameters and 
H-atom coordinates have been deposited with the British Library 
Lending Division as Supplementary Publication No. SUP 39494 
(11 pp.). Copies may be obtained through The Executive Secretary, 
International Union of Crystallography, 5 Abbey Square, Chester 
CHI 2HU, England. 
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Fig. 1. Perspective drawing of the molecule (Johnson, 1976). 
Thermal ellipsoids correspond to 30% probability surfaces. 
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Table 1. Final positional and equivalent isotropic 
thermal parametersfor the non-H atoms with e.s.d.'s in 

x 
N(1) 0.9806 (6) 
C(2) 1.0759 (8) 
i~I(3) 1.1822 (7) 
C(4) 1.1606 (8) 
C(5) 1.0326 (7) 
N(5) 0.9602 (6) 
C(6) 1.2666 (9) 
N(6) 1.3575 (9) 
S(1) 0.8449 (2) 
O(11) 0.7615 (6) 
O(12) 0.7606 (6) 
C(l 1) 0.9742 (7) 
C(12) 1.0638 (9) 
C(13) 1.165 (l) 
C(14) 1.176 (1) 
C(15) 1.087 (1) 
C(16) 0.984 (I) 
C(l') 0.8747 (8) 
C(2') 0.7081 (7) 
O(2') 0.6007 (6) 
C(3') 0.7047 (8) 
0(3') 0.6201 (6) 
C(4') 0.8787 (8) 
0(4') 0.9412 (5) 
C(5') 0.9679 (8) 
C(6') 0.5187 (8) 
C(7') 0.3632 (9) 
C(8') 0.4977 (2) 

Table 2. Bond distances (A) and angles (o)for  the 
non-H atoms 

The cyano fragment C(4)-C(6)-N(6)  is signifi- 
cantly non-linear (175.9°); C(6)-N(6) stacks parallel 
to the benzene ring at a distance of 3.22 A. 

The seven-membered ring formed by cyclization 
takes the chair conformation as found for 8,5'-cyclo- 
nucleosides (Tomita, Nishida, Fujiwara & Ikehara, 
1970; Asai, Anzai, Suzuki & Iwasaki, 1973; Sugio, 
Mizuno, Kitamura, Hamada, Ikehara & Tomita, 1983) 
with N(5) located over the center of the furanose ring. 

The glycosyl torsion angle C(2)-N(1)-C(1')-O(4')  
is -107 .2 (7)  °. The furanose ring is in the twist 
conformation, C(4')-endo-O(4')-exo (4To) , with P =  
244.0 ° and rm= 22.8 °, defined by Altona & Sun- 
daralingam (1972). This conformation is widely ob- 
served in cyclonucleosides which possess the seven- 
membered ring system (e.g. Sugio, Mizuno, Kitamura, 
Hamada, Ikehara & Tomita, 1983, Yamagata, 
Fukumoto, Fujii, Tomita, Maruyama & Honjo, 1983). 
Because of distortions caused by the attached iso- 
propylidene group, the r m value is apparently smaller 
than that found in 8,5'-O-cyclo-A (42 °) (Sugio, 
Mizuno, Kitamura, Hamada, Ikehara & Tomita, 1983) 
and in 6,5'-O-cyclo-C (44 °) (Yamagata, Fukumoto, 
Fujii, Tomita, Maruyama & Honjo, 1983) which have 
no protecting group on the sugar moiety. 

The crystal structure is stabilized solely by van der 
Waals contacts, having no hydrogen bonding or base 
stacking (see Fig. 2). 

parentheses N(1)-C(2) 1.371 (9) N(1)-C(5) 1.363 (8) 
Beq = ]~.l~jfltj(avaj). N(I)-C(I ')  1.467 (9) C(2)-N(3) 1.295 (9) 

N(3)-C(4) 1.385 (9) C(4)-C(5) 1.381 (9) 
y z Beq(/~ 2) C(4)-C(6) 1.42 (I) C(5)-N(5) 1.387 (8) 

-0.0583 (2) 0.7578 (5) 2.93 (4) N(5)-S(I) 1.655 (5) N(5)-C(5') 1.484 (8) 
-0.0648 (3) 0.8620 (6) 3.41 (6) C(6)--N(6) 1.14 (1) S(I)-O(1 I) 1.432 (5) 
-0.0203 (3) 0.8680 (5) 3.99 (5) S(I)-O(12) 1.430 (5) S(I)-C(I 1) 1.764 (7) 

0.0158 (3) 0.7595 (6) 3.30 (6) C(11)-C(12) 1.39 (1) C(11)-C(16) 1.37 (1) 
-0.0065 (3) 0.6914 (6) 2.85 (5) C(12)-C(13) 1.39 (1) C(13)-C(14) 1.37 (1) 

0.0116 (2) 0.5792 (5) 2.79 (4) C(14)-C(15) 1.37 (1) C(15)-C(16) 1.37 (I) 
0.0658 (4) 0.7255 (8) 4.57 (7) C(1')-O(4') 1.428 (8) C(1')-C(2') 1.53 (1) 
0.1044 (4) 0.7035 (8) 7.05 (9) O(4')-C(4') 1.440 (8) C(2')--O(2') 1.420 (8) 
0.0755 (l) 0.5846 (2) 2.87 (1) C(2')-C(3') 1.55 (1) O(2')-C(6') 1.437 (9) 
0.0762 (2) 0.4667 (4) 4.22 (5) C(3')-O(3') 1.428 (9) C(3')-C(4') 1.53 (1) 
0.0737 (2) 0.7018 (4) 4.02 (4) O(3')-C(6') 1.412 (8) C(4')-C(5') 1.521 (9) 
0.1417 (3) 0.5900 (6) 2.97 (5) C(6')-C(7') 1.53 (1) C(6')-C(8') 1.48 (I) 
0.1559 (3) 0.4834 (7) 3.79 (6) C(2)-N(1)-C(5) 107.6 (5) C(13)-C(14)-C(15) 120.4 (9) 
0.2078 (3) 0.4904 (8) 4-94 (8) C(2)-N(I)--C(I') 125.5 (5) C(14)-C(15)-C(16) 120.2 (9) 
0.2434 (4) 0.5987 (8) 5.43 (9) C(5)-N(1)-C(I') 124.7 (5) C(I 1)-C(16)-C(15) 118.9 (8) 
0.2282 (4) 0.7028 (8) 5.9 (1) N(1)-C(E)-N(3) 112.1 (6) N(1)-C(1')-O(4') 108.6 (5) 
0.1773 (3) 0.6988 (7) 4.34 (8) C(2)-N(3)-C(4) 105.0 (6) N(1)-C(I')-C(2') 115.8 (5) 

-0.1077 (3) 0.7074 (6) 3.07 (5) N(3)-C(4)-C(5) 110.6 (6) O(4')-C(1')-C(2') 105.4 (5) 
-0.0854 (3) 0.6721 (6) 3.02 (6) N(3)-C(4)-C(6) 121.8 (6) C(1')-O(4')-C(4') 107.5 (5) 
-0.1347 (2) 0.7064 (4) 4.43 (5) C(5)-C(4)-C(6) 127.6 (6) C(1')-C(2')-O(2') 107.8 (5) 
-0.0847 (3) 0.5258 (6) 3.33 (6) N(1)-C(5)-C(4) 104.6 (6) C(1')-C(2')-C(3') 105.3 (5) 
-0.1416 (2) 0.4942 (4) 4.16 (5) N(1)-C(5)-N(5) 121.0 (6) O(2')-C(2')-C(3') 104.5 (5) 
-0.0948 (3) 0.4901 (6) 3.17 (6) C(4)-C(5)-N(5) 134.4 (6) C(2')--O(2')-C(6') 109.7 (5) 
-0.1322 (2) 0.5930 (4) 3.35 (4) C(5)-N(5)-S(1) 116.8 (4) C(2')-C(3')-O(3') 103.6 (5) 
-0.0325 (3) 0.4693 (6) 3.02 (6) C(5)-N(5)-C(5') 118.7 (5) C(2')--C(3')-C(4') 103.1 (6) 
-0.1571 (3) 0.5958 (7) 3.62 (6) S(1)-N(5)--C(5') 123.7 (4) O(3')-C(3')-C(4') 108.0 (6) 
-0.1202 (4) 0.583 (1) 6.2 (1) C(4)-C(6)-N(6) 175.9 (9) C(3')-O(3')-C(6') 108.5 (5) 
-0.2274 (4) 0.6042 (9) 6.21 (9) N(5)-S(I)-O(I 1) 105.6 (3) O(4')-C(4')-C(3') 103.9 (5) 

N(5)-S(1)-O(12) 107.6 (3) O(4')--C(4')--C(5') 113.1 (5) 
N(5)-S(1)-C(I 1) 105.6 (3) C(3')-C(4')-C(5') 113.2 (6) 
O(11)-S(1)-O(12) 120.6 (3) N(5)-C(5')-C(4') 113.4 (5) 
O(11)-S(I)-C(I 1) 109.0 (3) O(2')--C(6')-O(3') 104.5 (5) 
O(12)-S(I)-C(I 1) 107.5 (3) O(2')-C(6')-C(7') 108.6 (6) 
S(1)-C(I 1)-C(12) 118.6 (5) O(2')-C(6')-C(8') 109.4 (6) 
S(1)-C(I 1)-C(16) 119.3 (6) O(3')-C(6')-C(7') 109.9 (6) 
C(12)-C(11)-C(16) 122.1 (7) O(3')-C(6')-C(8') 110.2(6) 
C(11)-C(12)-C(13) 117.5 (7) C(7')-C(6')-C(8') 113.7 (7) 
C(12)-C(13)-C(14) 120.9 (8) 

Fig. 2. Crystal structure viewed down the a axis (Johnson, 1976). 

References 
ALTONA, C. ~, SUNDARALINGAM~ M. (1972). J. Am. Chem. Soc. 94, 

8205-8212. 
ASAI, K., ANZAI, K., SUZUKI, S. & IWASAKI, H. (1973). Chem. Lett. 

pp. 1197-2000. 
ASHIDA, T. (1979). HBLSV. The Universal Crystallographic 

Computing System-Osaka. Library of Programs, Computing 
Center, Osaka Univ. 

International Tables for X-ray Crystallography (1974). Vol. IV. 
Birmingham: Kynoch Press. 



1610 C IsH 18N405S 

JOHNSON, C. K. (1976). ORTEPII. Report ORNL-5138. Oak 
Ridge National Laboratory, Tennessee. 

KITAMURA, K., Mlztmo, H., SUGIO, S., OKABE, N., IKEHARA, M. & 
TOMITA, K. (1983). Acta Cryst. C39, 1551-1553. 

MAIN, P., HULL, S. E., LESSINGER, L., GERMAIN, G., DECLERCQ, 
J.-P. & WOOLFSON, M. M. (1978). MULTAN78. A System of 
Computer Programs for the Automatic Solution of Crystal 
Structures from X-ray Diffraction Data. Univs. of York, 
England, and Louvain, Belgium. 

SUGIO, S., KITAMURA, K., MIZUNO, H., IKEHARA, M. & TOMITA, K. 
(1984). Acta Cryst. C40, 186-188. 

SUGIO, S., MIZUNO, H., KITAMURA, K., HAMADA, K., IKEHARA, M. 
& TOMITA, K. (1983). Acta Cryst. C39, 745-747. 

TOMITA, K., NISHIDA, T., FUJIWARA, T. & IKEHARA, i .  (1970). 
Biochem. Biophys. Res. Commun. 41, 1043-1047. 

YAMAGATA, Y., FUKUMOTO, S., FUJII, S., TOMITA, K., MARUYAMA, 
T. & HONJO, M. (1983). Acta Cryst. C39, 407-409. 

Acta Cryst. (1984). C40, 1610-1612 

Structure of N-[Bis(methylthio)m ethylene]cinnamamide, C 12 H13 N OS2 

BY NIRUPA U. KAMATH AND K. VENKATESAN 

Department of  Organic Chemistry, Indian Institute of  Science, Bangalore 560 012, India 

(Received 10 January 1984; accepted I 1 May 1984) 

Abstract. M r = 251.34, monoclinic, P21/n, a = 
14.626 (3), b =  7.144 (1), c =  11.996 (2)& t =  
90.03 (2) °, V =  1253.4 (6) A a, Z = 4, Dm= 1.326 (3), 
D x = 1 . 3 3 1 ( 3 ) g c m  -3, MoK~t, )t = 0.7107 A, /~= 
3.51 cm -~, F(000) = 528.0, T--  293 K, R -- 3.5% for 
1455 significant reflections. Of particular interest is an 
intramolecular attractive interaction between the sulphur 
and oxygen atoms with an S...O distance of 
2.658 (3)A, in which the oxygen atom appears to act 
as a nucleophile. 

Introduction. The existing programme in our laboratory 
to study the molecular geometry of push-pull ethylenes 
by X-ray structural analysis (Adhikesavalu, Kamath & 
Venkatesan, 1983) included a study of 3,3-bis(methyl- 
thio)-2-nitro-2-propene- 1-nitrile (Kamath & Ven- 
katesan, 1984) where we observed that even with a 
combination of weak donors [bis(methylthio) group] 
and weak acceptors (nitro and cyano groups) the C - C  
double-bond length [1.377 (3)A] indicated a small 
degree of polarization. Interested in the possible 
push-pull character of the C=N double bond we 
decided to study the title compound where the donor 
groups remain the same, but the acceptor groups are 
replaced by a cinnamoyl group. Another point of 
interest is the synthetic potential of this compound and 
those of other N-[bis(alkylthio)methylene]acylamides 
which react with a wide range of nucleophilic com- 
pounds and therefore present new possibilities in the 
synthesis of heterocycles (Augustin, Richter & Salas, 
1980). 

The X-ray crystallographic investigations revealed a 
noteworthy structural feature in the geometry of this 
molecule which has a bivalent S atom as part of a 
five-membered hetero ring closed by an intramolecular 

S.. .O interaction. The compound was kindly provided 
by Dr Monica Richter, Martin-Luther University, 
Halle-Wittenberg. 

Experimental. Single crystals grown from methanol by 
slow evaporation. D m by flotation in KI solution. 
Crystal approximately 0.6 × 0.3 x 0.5 mm. Pre- 
liminary Weissenberg photographs indicated crystal to 
be monoclinic. Nonius CAD-4 diffractometer; lattice 
parameters refined by least-squares fit to settings of 23 
accurately centred reflections. Intensity data collected 
using monochromated MoKct radiation, scan speed 
1° rain-t, 0max = 23 °. Three standard reflections (910, 
060, 524) showed only statistical variation within _+2%. 
1891 reflections collected, 1455 significant, 
IFol >_ 3e(IFol). No correction for absorption, h - 1 5 -  
16, k 0-7, l 0-13. Structure solved by direct methods 
using MULTAN80 (Main, Fiske, Hull, Lessinger, 
Germain, Declercq & Woolfson, 1980). Full-matrix 
refinement of scale factor, positional and anisotropic 
thermal parameters (isotropic for H, located from 
difference map), R = 0 . 0 3 5 ,  Rw=0.041,  S - -3 .42 ;  
~w(IFol - IFcl) 2 minimized, w = 3.981/e2(F). 
SHELX76 (Sheldrick, 1976) used for full-matrix 
refinement. A/cr for non-hydrogen atoms ~0.005; final 
difference Fourier synthesis featureless. Atomic scatter- 
ing factors from International Tables for  X-ray 
Crystallography (1974).* 

* Lists of structure factors, anisotropic thermal parameters, 
H-atom parameters and bond lengths and angles involving H have 
been deposited with the British Library Lending Division as 
Supplementary Publication No. SUP 39483 (14 pp.). Copies may be 
obtained through The Executive Secretary, International Union of 
Crystallography, 5 Abbey Square, Chester CH 1 2HU, England. 
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