
HIROKI AKUTSU et al. 993 

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: ASl194). Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CH! 2HU, England. 
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propane ring. The increase in the C--C bridge distance 
in compound (I) is most likely due to steric effects 
resulting from the additional methyl substituents. 

Comment 
The ideal bond distances for c),clobutane and cyclo- 
propane rings are 1.54 and 1.51 A, respectively (Wilson, 
1992). A search of the Cambridge Structural Database 
(Allen, Kennard & Taylor, 1983) revealed 14 structures 
with the same bicyclic ring system as that found in 
compound (I) and 31 structures with the same bicyclic 
ring system as that found in compound (II). 

A A O2N" ~N NCNO2 O2N N N NO~ 

H 3 C ~  "CH3 H3C~Z~CH3 

(I) (ll) 

In all but two of the structures similar to compound 
(I), the zero-brio'dged bond was longer than the expected 
value of 1.54 A [the mean bond length was 1.558 (4)oA 
and the range of observed values was 1.525-1.583 A]. 
There is, however, no correlation of this bond length 
with the electronegativity of the substituents on the 
bridged C atoms. In compound (I), the bridge distance 
(i.e. C1--C5) is 1.571 (4)A (Fig. 1). Here, and in the 
related compounds, the bond length increase is most 
likely due to steric effects. In the opposing cyclobutane 
C--C distance involving unbridged C atoms, where 
strain due to crowding is less likely, the electronegativity 
of the substituents is well correlated with the bond 
distance. 

In comjgound (II), the C1--C5 bond distance is 
1.507 (5)A, which is consistent with the expected value 
(Fig. 2). In the 31 similar structures found in the 
Cambridge Structural Database, the mean C---C brid~ge 
distance was 1.513 (4)A and the range 1.464-1.561 A. 
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Abstract 
The title compounds, C7HIoN405, (I), and C6H8N405, 
(II), each consist of a five-membered ring fused to 
a smaller ring. In compound (I), the C- -C bridging 
bond distance [1.571 (4)A] is longer than the expected 
distance of 1.54 A for a C---C bond in a cyclobutane 
ring. In compound (II), however, the corresponding C - -  
C bridging bond distance [1.507(5).&J is consistent 
with the expected bond length (1.51 A) in a cyclo- 
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O(4A)~ ~O(3) " ~3 )  ? O(2A) 

O(4B) ~ I ~ O(2B) 

c4 
Fig. 1. View of compound (I) showing the labeling of the non-H 

atoms. Displacement ellipsoids are shown at 20% probability levels 
and H atoms are drawn as small circles of arbitrary radii. 
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Fig. 2. View of compound (II) showing the labeling of the non-H 
atoms. Displacement ellipsoids are shown at 20% probability levels 
and H atoms are drawn as small circles of arbitrary radii. 

T h e  angle  b e t w e e n  the leas t -squares  p lanes  of  the two  c~ 
C~A 

near ly  p lanar  r ings [r.m.s. dev ia t ions  of  fitted a toms N2 
f rom the leas t -squares  p lanes  are 0 .007 and 0 .024 ,~, N~  
for  c o m p o u n d  (I) and 0.00 and 0.047 ]k for  c o m p o u n d  o ~  O2B 
(II)] is 113 .9(1)  ° in c o m p o u n d  (I) and  108 .2 (2)  ° in c3 
c o m p o u n d  (II). These  values  are cons is ten t  wi th  the o3 
va lues  obse rved  in the 14 s t ructures  s imi lar  to (I) and the r,:4 N4A 
31 s t ructures  s imi lar  to (II), w h e r e  the m e a n  value  for O4A 
the angle  b e t w e e n  the the fused  cyc lobu tane  and cyc lo -  o48 

c5 
pen tane  r ings was  found  to be 116 (3) ° and that for  the C5A 
angle  b e t w e e n  the c y c l o p r o p a n e  and c y c l o p e n t a n e  r ings c6 
was  111 (3) °. c7 

Experimental 
Compounds (I) and (II) were prepared according to the method 
of Gagnon & Zajac (1996). 

Compound (I) 
Crystal data 

C7HIoN405 Mo K a  radiation 
Mr = 230.19 A = 0.71073 ,~, 
Orthorhombic Cell parameters from 25 
P2~ 212~ reflections 
a = 5.934 (2) ,4, 0 = 13.29-17.96 ° 
b = 9.237 (2) A # = 0.137 m m - l  
c = 17.512 (5) .~ T = 293 (2) K 
V = 959.9 (5)/~3 Clear prism 
Z = 4 0.62 x 0.25 x 0.15 mm 
Dx = 1.593 Mg m -3 Colorless 
Dm not measured 

Data collection 
Siemens R3m/V diffractom- 

eter 
0/20 scans 
Absorption correction: 

none 
1050 measured reflections 
1014 independent reflections 
866 observed reflections 

[I > 2o'(/)1 

Rint = 0.0098 
0max = 25.04 ° 
h = 0 ---' 7 
k = 0 ---~ 11 
l =  0--~ 20 
3 standard reflections 

monitored every 97 
reflections 

random variation of 1.5% 

Refinement 
Refinement on F 2 
R(F) = 0.0333 
wR(F 2) = 0.0904 
S = 1.071 
1014 reflections 
145 parameters 
H atoms riding; C - - H  0.96 

for CH3 and 0.97 ,~, for 
CH2 

w= 1/[a2(F}) + (0.0517P) 2 
+ 0.0948P] 

where P = (F, 2, + 2F,?)/3 
( A / i f ) m a x  = 0.001 
Z~Pmax = 0.135 e ~,- 3 
Apmin = -0.191 e /~-3 
Atomic scattering factors 

from International Tables 
for Co'stallography (1992, 
Vol. C, Tables 4.2.6.8 and 
6.1.1.4) 

Table  1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (fC-) for  (I) 

Ueq = (1/3)E,EjUijaTaTai.a j. 

x ~' 
-0 .3134 (4) 0.4052 (3) 
-0 .2248 (6) 0.4260 (3) 
-0 .1702 (4) 0.3061 (2) 
-0.1665 (5) 0.1586 (3) 
-0.0449 (5) 0.0807 (3) 
-0.2830 (4) 0.1224 (2) 
-0.1003 (4) 0.3559 (3) 
0.0071 (4) 0.2939 (2) 

-0.1801 (4) 0.4984 (2) 
-0.1875 (5) 0.5771 (3) 
-0.0622 (5) 0.5412 (3) 
-0.3201 (5) 0.6775 (2) 
-0.3203 (5) 0.5427 (3) 
-0.2430 (7) 0.6844 (3) 
-0.5750 (5) 0.5180 (3) 
-0.5696 (5) 0.3853 (3) 

0.16664 (14) 
0.24757 14) 
0.12258 12) 
0.14015 15) 
0.10335 15) 
0.19406 ~ 13 ) 
0.05025 , 15 ) 
0.00368 , 12) 
0.04900 12} 

-0.02011 13) 
-0.07003 12} 
-0.02069 13} 

0.11386, 141 
0.1475 (2) 
0.1025 (2) 
0.1553 (2) 

Ucq 
0.0341 (6) 
0.0527 (8) 
0.0381 (5) 
0.0485 (6) 
0.0754 (8) 
0.0640 (7) 
0.0351 (6) 
0.0522 (6) 
0.0408 (6) 
0.0518 (7) 
0.0782 (8) 
0.0656 (7) 
0.0363 (6) 
0.0570 (9) 
0.0476 (7) 
0.0432 (7) 

Table 2. Selected geometric 
C I - - N 2  1.468 (3) 
C I - - C I A  1.524 (3) 
C 1 ---C7 1.544 (4) 
C I - - C 5  1.571 (4) 
N2--N2A 1.396 (3) 
N2--C3 1.410 (3) 
N2A--O2A 1.206 (3) 
N2A--O2B 1.217 (3) 
C3---O3 1.183 (3) 

N2---C I - - C  IA 111.6 (2) 
N2---C I ~ C 7  115.3 (2) 
C1A~C I---C7 118.3 (2) 
N2--C 1~C5 102.1 (2) 
C IA--C 1---C5 117.1 (2) 
C 7 ~ C  1---C5 89.7 (2) 
N4---C5--CSA 111.9 (2) 

Compound (II) 
Crystal data 

C6HsN40.s 
M, = 216.16 
Monoclinic 
P21/c 
a = 7.3060 (10) ,~ 
b = 10.830 (2) A, 
c = 11.525 (2) 
/3 = 91.30 (2) ° 
V = 911.7 (3) .~3 
Z = 4  
D, = 1.575 Mg m -3 
O,,, not measured 

parameters (A, o) for  (1) 
C3--N4 1.399(4) 
N4--NaA 1.413(3) 
N4--42"5 1.466 (3) 
N4A---O4A I. 194 (3) 
N4A---O4B 1.216 (3) 
C5--C5A 1.507 (4) 
C5--C6 1.541 (4) 
Cry--C7 1.534 (4) 

N4---C5---C6 114.5 (2) 
C5A~C5---C6 118.5 (3) 
N ~ - C 5 - - C  1 102.5 (2) 
C5A~C5---C 1 117.6 (2) 
C6-- -C5~C I 89.0 (2) 
C7---C6---C5 91.2 (2) 
C ~ 7 ~  1 90.2 (2) 

Mo Ka radiation 
A = 0.71073 ,~, 
Cell parameters from 25 

reflections 
0 = 10.0-17.0 ° 
p = 0.138 mm -1 
T = 293 (2) K 
Clear rod 
0.40 x 0.05 x 0.05 mm 
Colorless 
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Data collection 
Siemens R3m/V diffractom- 

eter 
0/20 scans 
Absorption correction: 

none 
1810 measured reflections 
1621 independent  reflections 
971 observed reflections 

[I > 2o-(/)] 

Refinement 

Refinement  on F 2 
R(F) = 0.0547 
wR(F 2) = 0.1526 
S = 1.032 
1621 reflections 
136 parameters  
H atoms riding; C - - H  0.96 

for CH3 and 0.97 ~, for 
CH2 

R,o~ = 0.0096 
0max = 25.08 ° 
h = 0---+ 8 
k = 0 ---, 12 
1 = - 1 3  ---, 13 
3 standard reflections 

moni tored every 97 
reflections 

linear decay of  2.8% 

w = l/[o-2(F,, 2) + (0.0542P) 2 

+ 0.6288P] 
where  P = (Fo e + 2F,?)/3 

(z~/o-)max = 0.001 
Apmax = 0.265 e ,~-3 
Apmin = - 0 . 2 4 7  e ]~-3 
Atomic scattering factors 

from International Tables 
for Crystallography ( 1992, 
Vol. C, Tables 4.2.6.8 and 
6.1.1.4) 

T a b l e  3. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (,~2 ) for (H) 

Ueq = (1 /3)~ ,~ jUi ja ;  a 7 ai.aj. 

x y Z Ueq 
C I 0.7650 (4) 0.2613 (3) 0.9270 (3) 0.0447 (9) 
C IA 0.8368 (5) 0.3875 (4) 0.8975 (4) 0.0623 (12) 
N2 0.5676 (4) 0.2505 (3) 0.9352 (3) 0.0454 (8) 
N2A 0.4702 (5) 0.3219 (3) 1.0147 (3) 0.0563 (9) 
O2A 0.5631 (4) 0.3823 (3) 1.0819 (3) 0.0736 (9) 
O2B 0.3043 (4) 0.3205 (3) 1.0058 (3) 0.0845 (1 I) 
C3 0.4966 (5) 0.1355 (3) 0.8996 (3) 0.0448 (9) 
03 0.3492 (3) 0.0934 (3) 0.9163 (2) 0.0589 (8) 
N4 0.6466 (4) 0.0810 (3) 0.8447 (3) 0.0424 (7) 
N4A 0.6488 (5) -0.0473 (3) 0.8245 (3) 0.0525 (8) 
O4A 0.5023 (4) -0.1002 (3) 0.8158 (3) 0.0711 (9) 
O4B 0.7999 (4) -0.0925 (3) 0.8167 (3) 0.0736 (9) 
C5 0.8185 (5) 0.1468 (3) 0.8617 (3) 0.0435 (9) 
C5A 0.9476 (5) 0.1506 (4) 0.7617 (4) 0.0644(12) 
C6 0.8759 (5) 0.1623 (3) 0.9871 (3J 0.0481 (9) 

Tab l e  4. Selected geometric parameters (,4, o) for  (II) 
CI--N2 1.452 (4) C3--O3 
C 1--C6 1.504 (5) C3--N4 
C1--C1A 1.506 (5) N4--N4A 
C I--C5 1.507 (5) N ~ 5  
N2--N2A 1.405 (4) N4A--O4B 
N2----C3 1.406 (5) N4A--O4A 
N2A--O2A 1.210 (4) C5---C5A 
N2A--O2B 1.214 (4) C5--C6 

N 2 ~  I--C6 116.0 (3) N4--C5--C6 
N2---CI~IA 116.1 (3) C5A---C5~6 
Cfy---C I ~C  I A 124.3 (3) N4--C5--C 1 
N2--C1 ~ 5  103.6 (3) C5A~-C5~ 1 
C ~ 1 - - C 5  60.0 (2) C 6 - - C 5 ~  I 
CIA---CI~5 122.6(3) C 1--C6---C5 
N4--C5~5A 117.7 (3) 

.189 (41 

.407 (4) 

.409 (4) 

.454 (4) 

.213 (4) 

.216(4) 

.506 (5) 

.506 (5) 

13.9 (3) 
24.5 (3) 
03.7 (3) 

122.3 (3) 
59.9 (2) 
60.1 (2) 

For both compounds ,  data collection: SHELXTL-Plus (Shel- 
drick, 1991); cell refinement:  SHELXTL-Plus; data reduc- 
tion: SHELXTL-Plus; program(s)  used to solve structures: 
SHELXS86 (Sheldrick, 1990); program(s)  used to refine 
structures: SHELXL93 (Sheldrick, 1993); molecular  graphics: 
SHELXTL-PIus; software used to prepare material for publi- 
cation: SHELXTL-PIus. 

T h i s  r e s e a r c h  w a s  s u p p o r t e d  in par t  b y  the  O f f i c e  o f  

N a v a l  R e s e a r c h  a n d  the  N a v a l  R e s e a r c h  L a b o r a t o r y .  

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: FGI098). Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CHI 2HU, England. 
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Abstract  

T h e  m o l e c u l a r  g e o m e t r y  o f  a m a j o r  m e t a b o l i t e ,  

C I 4 H I 9 N O S ,  o f  a p o t e n t  a n t i - a r r h y t h m i c  d rug ,  7 - b e n z y l -  

3 - t h i a - 7 - a z a b i c y c l o [ 3 . 3 . 1 ] n o n a n e  ( B R B - I - 2 8 ) ,  has  b e e n  
d e t e r m i n e d  b y  X - r a y  d i f f r ac t i on .  T h e  3 , 7 - d i h e t e r o  bi-  

c y c l i c  s y s t e m  o f  t he  s u l f o x i d e  m o l e c u l e  a d o p t s  a c h a i r -  

c h a i r  c o n f o r m a t i o n  l ike  tha t  o f  the  HCIO4  salt  o f  

the  B R B - I - 2 8  m o l e c u l e .  T h e  S . - . N  c o n t a c t  d i s t a n c e  

o f  2 .863  (2),~, in t he  p r e s e n t  m o l e c u l e  is s i g n i f i c a n t l y  

s h o r t e r  t han  tha t  f o u n d  in the  c rys t a l  s t r u c t u r e  o f  its 

p r e c u r s o r  [3 .038  (4),4,] .  T h e  o v e r a l l  m o l e c u l e  p o s s e s s e s  

p s e u d o - m i r r o r  s y m m e t r y .  
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