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The Crystal Structure of Dimethyl 
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The stereochemistry of an unusual bicyclic system containing sulfur (C12H17NO4S) has been established 
by single-crystal X-ray analysis. The compound crystallizes in the monoclinic space group P21/c, with 
a =  11.076 + 0.002, b = 8.341 + 0.002, c= 14.799 + 0"003 A and fl= 103.07 + 0.10 °. There are four molecules 
per unit cell. The 2148 X-ray intensities were collected on an automatic diffractometer and were refined 
by least-squares methods on F values to an agreement value, R, of 0-053. The structure was solved by 
the symbolic-addition procedure. The molecule contains a seven-membered ring, made up of two essen- 
tially planar segments which are bridged by the sulfur atom. The X-ray analysis showed that the ester 
group on C(7) is trans to the sulfur bridge. 
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Introduction 

When the dihydropyridine (I) is treated with potassium 
hydrosulfide, it rearranges to form a bicyclic system 
containing sulfur (IV). The mechanism put  forth for 
the reaction (Ashby & Eisner, 1967) involves an inter- 
mediate azepine derivative (II) reacting with the S H -  ion 
to give (III), which then undergoes internal Michael  
addit ion to give (IV). 
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Table 1. Crystal data 

Molecular formula C12H17NOaS 
Molecular weight 271.33 
Habit Colorless rectangular prism 
Crystal size ~(0.38 x 0.31 x 0"11 mm) 
Space group P21/c 

a 11.076 + 0-002/~ 
b 8.341 + 0.002 
c 14-799 + 0.003 
,8 103.07+0.10 ° 

Molecules per unit cell 4 
Density (calculated) 1.35 g.cm-3 
No. of independent 

reflections 2148 
Radiation Cu K~ (1.5418/~,) 

Ni filter. 

Ashby & Eisner predicted that the ester group on 
C(7) was trans to the sulfur bridge; however, some 
nuclear magnetic resonance indications and certain 
chemical reactions involving (IV) seemed to favor a 
cis configuration for the ester group (see references in 
Eisner, Haq, Fl ippen & Karle,  1971). The X-ray study 
was undertaken to establish the stereochemistry of the 
molecule, and it showed the ester group to be trans to 
the sulfur bridge. 

Experimental 

The crystals used in the X-ray analysis were provided 
by Professor U. Eisner of  Howard University. Inten- 

Fig. 1. A stereodrawing of the molecule including the refined positions of the hydrogen atoms. 
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sity data were collected at room temperature on a four- 
circle computer-controlled automatic diffractometer 
using the 0-20 technique with a 2.0 ° + 20(~2)-20(e0 scan 
over 20. Physical quantities for this molecule are listed 
in Table 1. Lorentz and polarization corrections were 
applied, and normalized structure factor magnitudes 
]E] as well as structure factor magnitudes ]FI were 
derived. 

The structure was solved using the symbolic addi- 
tion procedure for centrosymmetric crystals (Karle & 
Karle, 1963, 1966). The implementation of the L 
formula was facilitated by means of a computer pro- 
gram written by R. D. Gilardi of this laboratory. 

The structure was refined using full-matrix least- 
squares methods (Busing, Martin & Levy, 1962) with 
the weighting function: 1/W=l.O+(IFo]/35) 2, which 
was suggested by a statistical examination of the least- 
squares discrepancies. This weighting function was 
used for all the data; no reflections were considered 

Table 2 (cont.) 
(b) Hydrogen atoms 

(The hydrogen-atom thermal parameters were not refined" each 
was assigned the thermal parameters of its adjoining atom.) 

x y z 

H(N2) 0"1566 (31) 0"2587 (43) 0"3461 (24) 
H(5) 0"2821 (33) 0-3957 (48) 0"0785 (26) 
H(6a) 0-4462 (36) 0.2518 (52) 0.1514 (26) 
H(6b) 0.3400 (36) 0.1101 (54) 0.1317 (28) 
H(7) 0.4834 (34) 0.2161 (44) 0.3068 (26) 
H(10a) 0-3884 (45) 0.8484 (54) 0.5069 (36) 
H(10b) 0-2514 (47) 0-8894 (54) 0-4308 (33) 
H(10c) 0-3515 (46) 0.7873 (58) 0.4032 (36) 
H(12a) -0.0740 (43) 0.1100 (63)  -0-0955 (29) 
H(12b) -0-2068 (44) 0"1336 (61)  -0.0562 (28) 
H(I 2¢) - 0.1324 (42) 0.2874 (63) - 0-0950 (30) 
H(13a) 0.3052 (39) 0-4723 (53) 0.4229 (27) 
H(13b) 0.4472 (41) 0.4160 (50) 0.4148 (26) 
H(13c) 0.3510 (37) 0.2921 (53) 0.4552 (28) 
H(14a) -0.0116 (33) 0.1361 (53) 0.2854 (28) 
H(14b) -0.0478 (34) 0.0982 (57) 0-1750 (27) 
H(14c) -0.0738 (37) 0.2607 (57) 0.2092 (28) 

unobserved. The function minimized was ~(Fo-Fc) 2, 
and the atomic scattering factors used were those listed 
in International Tables for X-ray Crystallography (1962). 
No absorption corrections were applied due to the low 
value for the linear absorption coefficient (/~=22.12 
cm-2) and the small size of the crystal. All the hydro- 
gen atoms were located in a difference map and their 
positions were refined. The final R value for the full 
set of data was 0.053. Table 2 lists the coordinates and 
thermal parameters of each atom. The observed and 
calculated structure factors are compared in Table 3. 

Discussion 

The stereoconfiguration of the molecule is illustrated 
in Fig. 1 and shows the ester group on C(7) to be trans 
to the sulfur bridge. The seven-membered ring consists 
of two segments, both of which are essentially planar. 
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Fig.2. Bond distances and angles. Standard deviations esti- 
mated from the least-squares refinement are _+ 0.002 - 0.003 ,~ 
(S-C and C-N bonds), _+0.002-0.004 A (C-O and C-C 
bonds), and + 0.1-0.2 ° for the angles. 

1971; Gilardi & Karle, 1971) in which the methoxy 
groups adopt this same cis orientation with respect to 
neighboring phenyl or quinoidal rings. In this molecule, 
the C(12)-O(17) and C(10)-O(15) distances are 2.64 
and 2.68 A, respectively, compared to C-C separations 
of 2.77-2.82 A, in the molecules referred to above. 

The bond distances and angles are illustrated in Fig. 2. 
The O(17)-C(11)-C(4)-C(3)-N(2) system is somewhat 
conjugated as evidenced by the shortening of the 
C(11)-C(4) and C(3)-N(2) single bonds (see Fig. 2). 
Due to the planarity of the system, consisting of seg- 
ment I plus the ester group on C(4) and C(14), there are 
some close intramolecular C . . . O  approaches: 
O(18)...C(14)=2.75.A,, O(17)...C(5)=2.77 A,, and 
O(17)...C(12)=2.64A_. However, there is some 
repulsion between the ester group and the methyl 
carbon atom [C(14)], which is illustrated by the C(11)- 
C(4)-C(3) and C(4)-C(3)-C(14) angles: 125.8 (+0.1) 
and 126.8 (+0.1) ° respectively. The ester group on 
C(7) is not coplanar with segment II but is at an angle 

Fig. 3. A stereodrawing of the packing of the molecules, showing the hydrogen bonding. It is viewed looking down the b axis 
with c-+ and 31'. 

Segment I, formed by atoms C(5)-C(4)-C(3)-N(2)- 
C(1), is planar to within + 0.007 A_; segment II, formed 
by atoms C(1)-C(7)-C(6)-C(5), is planar to within 
+0.032 A. The dihedral angle between the segments 
is 66.5 ° . The sulfur atom bridges the two segments, 
forming a six-membered ring and a five-membered 
ring both in the envelope conformation. The ester 
groups on C(4) and C(14) are virtually coplanar with 
segment I (+0.017 A). 

The ester group on C(4) is planar (+ 0-007 A) and 
the ester group on C(7) is essentially planar ( + 0.029 A). 
In both cases, the methoxy groups have adopted a 
preferred orientation with respect to the remainder of 
the ester group. The methyl carbon atom turns toward 
the shorter bond (C=O) and rotates to minimize 
methyl hydrogen interaction with the rest of the ester 
group. One hydrogen atom is coplanar with, but direct- 
ed away from, the double bond, while the other two 
are staggered above and below the plane of the ester 
group. The hydrogen atoms were readily located in a 
difference map and are illustrated in Fig. 1. A similar 
situation has been noted in several aromatic methoxy 
compounds (Karle & Karle, 1968; Yonemitsu, Nakai, 
Kanaoka, Karle & Witkop, 1969; Karle & Karle, 

of 69"6 ° to it, and the O(16)-C(13) distance is 3.09 A. 
There is one intermolecular hydrogen bond between 

N(2) and O(17) (see Fig. 2). Fig. 3 illustrates the pack- 
ing of the molecules and shows that the molecules are 
linked into infinite chains, along the e direction, by the 
hydrogen bond. The closest intermolecular approaches 
(other than the hydrogen bond) are O(15)-C(12), 
3.20 .A,; O(16)-O(16), 3.55 .A,; C(11)-C(12), 3.71 A,. 
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