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S = 1.05 
3260 reflections 
244 parameters 
H atoms treated by a 

mixture of independent 
and constrained refinement 

(A/O')max < 0.001 
Apmax = 0.44 e ] k  -3 
Z~Pmin = - 0 . 3 0  e /~-3 
Extinction correction: none 
Scattering factors from 
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Data collection: SMART (Bruker, 1996). Cell refinement: 
SMART. Data reduction: SHELXTL (Sheldrick, 1997). Pro- 
gram(s) used to solve structure: SHELXTL. Program(s) used 
to refine structure: SHELXTL. Molecular graphics: SHELXTL. 
Software used to prepare material for publication: SHELXTL. 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: BK1433). Services for accessing these 
data are described at the back of the journal. 
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Abstract 
A racemic mixture of the title compound, C12HIsNO3, 
crystallizes in the chiral, monoclinic space group P2~, 
with one enantiomerically related pair of molecules per 
asymmetric unit. This mode of crystallization is ex- 
tremely rare. The molecules pack to form several close 
C - - H . . . O  interactions. Interestingly, while the confor- 
mations of the individual rings in the two molecules 
are very similar, the overall molecular conformation is 
different. 

Comment 
Kryptoracemic crystallization, a term coined by Bernal 
et al. (1996), describes the phenomenon of a race- 
mate crystallizing into a chiral space group where the 
contents of the asymmetric unit constitute a racemic 
mixture. Kryptoracemic crystallization is similar to con- 
glomerate crystallization in that a racemic compound 
forms chiral crystals. However, in conglomerate crystal- 
lization, which has been estimated to occur with a fre- 
quency of 5-10% (Jacques et al., 1981), the racemate 
spontaneously resolves into a mixture of crystals of the 
pure enantiomers. Judging by the number of known ex- 
amples, kryptoracemic crystallization occurs much less 
frequently (Bernal et al., 1996). However, many of the 
examples of organic molecules forming kryptoracemic 
crystals identified by Bernal et al. (1996) were incor- 
rectly characterized as such. Those that are true krypto- 
racemates are reported by Furberg & Hassel (1950), 
Mostad et al. (1975), Schouwstra (1973), Baert et al. 
(1978), Bigoli et al. (1981) and Furusaki et al. (1982). 

In the title compound, (I), molecules of alternating 
chirality stack in columns along the c axis. Within 

o o 

(1) 

a column, molecules are connected by a series of 
C- -H. - -O hydrogen bonds. Adjacent columns related 
by an a-axis translation are also hydrogen-bonded 
resulting in a two-dimensional C- -H. - -O hydrogen- 
bonding network perpendicular to the b axis. Three of 

02' 4' 

ClOJ 
( ~ O 1 0  

Fig. I. View of molecule I showing thc atom-labeling scheme. 
Displacement ellipsoids are scaled to the 50% probability level. 
H atoms are drawn to an arbitrary scale. 
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the four  c a r b o n y l - O  a toms  are i n v o l v e d  in this hyd ro -  
g e n - b o n d i n g  scheme .  T h e  four th  c a r b o n y l - O  a tom,  02 'A  
o f  m o l e c u l e  2, is 3 .254 (2),4, f r om N1 o f  m o l e c u l e  1. 
This  O . . . N  vec to r  is a p p r o x i m a t e l y  p e r p e n d i c u l a r  to the 
p lane  def ined  by the three  a toms  b o u n d  to N1.  

The  s e v e n - m e m b e r e d  azep ine  r ings  each  a s s u m e  

a c o n f o r m a t i o n  i n t e rmed ia t e  b e t w e e n  a cha i r  and a 
twis t  cha i r ,  wh i l e  the l ac t am r ings  are  in the e n v e l o p e  
con fo rma t ion .  Fig.  2 shows  the superpos i t ion  o f  azep ine  
r ing a toms  o f  m o l e c u l e  2 on to  the equ iva l en t  a toms  
o f  an inver ted  m o l e c u l e  1. T h e  m a j o r  d i f f e rence  in 
c o n f o r m a t i o n  is in the or ien ta t ion  o f  the l ac t am-r ing  
a toms.  

f 
! 

/ /  

~ . .  ~ ~ i I 

- - - - I  

Fig. 2. Fit by least-squares of atoms of the azepine ring of molecule 
1 (dashed lines) to the equivalent atoms of molecule 2 (solid lines) 
illustrating the conformational differences. For the purposes of this 
comparison, the configuration of molecule 1 was inverted. 

Experimental 

The structure of the title compound was undertaken as part of 
a project aimed at the synthesis of Stemona alkaloids, such 
as (+)-croomine (Martin & Barr, 1996), using the vinylogous 
Mannich reaction. Full details of the synthetic procedures have 
been reported elsewhere (Martin & Bur, 1997). 

Crystal data 

CI2HIsNO3 Mo Ko~ radiation 
Mr = 221.25 A = 0.71073,4, 
Monoclinic Cell parameters from 51 
P2~ reflections 
a = 9.153 (1) ,4, 0 = 12.2-12.5 ° 
b = 11.495 (1) ,~, ~z = 0.098 m m -  
c = 10.277 (1) ,~, T = 183 (2) K 
/3 = 93.161 (4) ° Cut triangular prism 
V =  1079.6 (2) ~3 0.7 x 0.6 × 0.5 mm 
Z = 4 Colorless 
Dx = 1.361 Mg m -3 
Dm not measured 

Data collection 
Siemens P4 diffractometer 
w scans 
Absorption correction: none 
5988 measured reflections 
3526 independent reflections 
3263 reflections with 

I > 2or(/) 
Rim = 0.017 

0max = 30 ° 
h =  - 1 2 - - , 8  
k = - I  --, 16 
1 = - 1 4 - - - ,  14 
3 standard reflections 

every 75 reflections 
intensity decay: < 1% 

Refinement 

Refinement on F 2 
R[F 2 > 2cr(F2)] = 0.034 
wR(F 2) = 0.082 
S =  1.01 
3526 reflections 
406 parameters 
H atoms treated by a 

mixture of independent 
and constrained refinement 

w = 1/[cr2(Fo 2) + (0.0418P) 2 
+ 0.2386P] 

where P = (Fo 2 + 2F,2)/3 

(m/o')max = - 0 . 0 1 2  
Apmax = 0.262 e ,~-3 
Apmin = -0 .168  e ,&-3 
Extinction correction: 

SHELXL 
Extinction coefficient: 

0.042 (3) 
Scattering factors from 
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Table  1. Selected torsion angles (o) 

N I--C2---C3---C4 
C2---C3~C4---C5 
C3------C4---C5 ~C6 
C4---C5--C6--C7 
C5~C6---C7--N 1 
C6--C7--N I--C2 
C7--N I----C2--C3 

Molecule I Molecule 2t 
-74.7 (3) 58.3 (3) [5.9 (13)1 

76.9 (31 -88.0 (3) [-63.6 (7)] 
-58.4 (3) 68.2 (2) 

64.9 (2) -56.0 (2) 
-79.0 (2) 67.7 (2) 

50.3 (2) -72.0 (3) 1-93.5 (7)] 
18.8 (3) 15.3 (4) [66.5 (11)] 

t The values involving C2B are in square brackets. 

The absolute configuration could not be determined from the 
X-ray results. One atom of the azepine ring of molecule 2 
was found to be disordered about two positions representing 
different conformations of the seven-membered ring. The 
site occupancy factors for the two atoms, C2A and C2B, 
were refined while refining a common isotropic displacement 
parameter. The site occupancy factor for C2A refined to 
76 (1)% and the site occupancy factors were subsequently 
fixed. C2A was then refined anisotropically. H atoms on C2A 
were calculated in idealized positions. No H atoms were 
calculated for C2B. All other H atoms were located in a 
difference electron-density map and refined isotropically. The 
C - - H  bond lengths ranged from 0.91 (3) to 1.11 (3)A. 

Data collection: XSCANS (Siemens, 1994). Cell refinement: 
XSCANS. Data reduction: XSCANS. Program(s) used to solve 
structure: XS in SHELXTL-Plus (Sheldrick, 1994). Program(s) 
used to refine structure: XL in SHELXTL-Plus. Molecular 
graphics: XP in SHELXTL-Plus. 

F u n d i n g  for  this w o r k  was  p r o v i d e d  by the Rober t  A. 
W e l c h  F o u n d a t i o n  and  the  Na t iona l  Inst i tute  o f  Heal th .  

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: FR1145). Services for accessing these 
data are described at the back of the journal. 
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O atom in the transition state. This suggested that 
preferred orientations at a- and/or /3-C atoms might 
determine whether or not a given compound under- 
went pyrolysis. Accordingly, structure determinations 
were planned for the N-alkyl-N,N-disulfonimide com- 
pounds tested. We have reported the structure of the 
non-reactive compound N,N-bis(p-nitrophenylsulfonyl)- 
phenethylamine (Curtis & Pavkovic, 1983). Now we 
wish to report the structure of the reactive cyclohexyl- 
amine derivative, (I), which forms cyclohexene upon 
pyrolysis. 

o /;---k ° ]  

(I) 

Selected bond distances and angles are listed in 
Table 1. Fig. 1 shows a diagram of the molecule. The 
central feature in this structure is the nearly planar 
grouping of the amine-N atom and the three atoms 
bonded to it. The N is bonded to two S and a tertiary 
C atom from the cyclohexyl group. The N atom is 
0.10 (4) ,~, out of the plane defined by its bonded atoms. 

N,N-Bis(p-nitrophenylsulfonyl)cyclohexyl-  
amine 
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Abstract 
The title compound (C18H19N308S2) undergoes pyro- 
lytic reaction to yield cyclohexene and N,N,-bis(p- 
nitrophenylsulfonyl)amine without rearrangement. Non- 
bonded contacts between oxygen and/3-carbon H atoms 
were thought to be important in the reaction mechanism, 
but distances were found to be very similar to those 
present in a derivative which does not undergo pyrolysis. 

© 
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Fig. !. An ORTEPIII molecular structure diagram showing non-H 
atoms at 50% probability. Short non-bonded contacts between O 
and a-  and ~-C H atoms are shown as dashed lines. 

Comment 
N,N-Disulfonimide derivatives of certain alkyl amines 
stere©selectively pyrolyze to form alkenes in high 
yields and without skeletal rearrangement (Curtis et 
al., 1981). The reaction only occurs when the o~-C 
atom on the parent amine is tertiary. A mechanism 
was proposed that involved a /3-H atom linked to an 
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Bond distances from each S to like target atoms are 
the same in both cases and comparable angles about 
S are very similar. However, orientations about S--N 
bonds for S-bonded p-nitrophenyl groups are decidedly 
different as shown by torsion angles of -82.9(1) ° 
for C1--N1--S1--C13 and -117.8(1) ° for C1- -N1- -  
$2--C7. Least-squares planes of the two phenyl rings 
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