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Table 1. Fractional atomic coordinates and equivalent 
isotropic thermal parameters (A 2) 

Ueq= 1 * * ~ ~']i~-~jUija i a) ai.aj. 

y Z Ueq 
0.0000 0.0000 0.044 (1) 

(1) 0.1510 (1) 0.8800 (1) 0.040 (1) 
(8) 0.2585 (I0) 0.7969 (3) 0.058 (3) 
(8) 0.3256 (9) 0.7458 (3) 0.086 (3) 
(9) 0.3781 (10) 0.9364 (3) 0.056 (3) 
(9) 0.5218 (7) 0.9720 (3) 0.085 (4) 
(8) 0.2717 (9) 0.8676 (3) 0.054 (3) 
(6) 0.3474 (8) 0.8584 (3) 0.076 (3) 
(9) --0.1007 (11) 0.8390 (3) 0.058 (4) 
(8) --0.2528 (8) 0.8135 (3) 0.083 (3) 
(8) 0.0083 (9) 0.9062 (3) 0.049 (3) 
(7) --0.0809 (8) 0.9212 (3) 0.066 (3) 

x 
rlgl 0.000o 
Mnl 0.8145 
C1 0.6810 
O1 0.5967 
C2 0.7599 
02 0.7271 
C3 1.0673 
03 1.2240 
C4 0.8944 
04 0.9455 
C5 0.5827 
05 0.4400 

Table 
Hgl--Mnl 
Mnl--C1 
Mnl--C2 

Mnl--Hgl~Mnla 
Hgl--Mnl--C1 
HgI--Mnl--C2 

2. Geometric parameters ( A,, o) 
2.614 (1) Mnl--C3 1.837 (5) 
1.829 (6) MnI--C4 1.853 (6) 
1.830 (6) Mnl--C5 1.855 (5) 

1 8 0 . 0  Hgl--Mnl--C3 85.6 (2) 
179.0 (2) Hgl--Mnl--C4 85.6 (2) 
83.4 (2) Hgl--Mnl--C5 84.8 (2) 

V = 755.4(2) A 3 
Z = 2  
Dx = 2.596 Mg m -3 

Pr i sm 
0.21 x 0.18 x 0.15 mm 
Yellow 

Data collection 
Siemens R3m/V diffractome- 

ter 
w-20 scans 
Absorption correction: 

empirical via ¢ scans 
Tram = 0.14, Tmax = 0.41 

3934 measured reflections 
1749 independent reflections 
1491 observed reflections 

['F>4a(F)] 

Rint = 0.019 
0m~ = 27.5 ° 
h = - 8 ~ 8  
k = 0 ~ 8  
l = 0 4 2 5  
3 standard reflections 

monitored every 400 
reflections 

intensity variation: 0% 

Refinement 
Refinement on F 
Final R = 0.027 
wR = 0.029 
S = 1.543 
1491 reflections 
107 parameters 
Calculated weights 

w=I/[E2(F)+0.0001F 2] 
(A/o%ax = 0.001 

Apm~x = 0.85 e/~k -3 
A m  = -0.88 e .A, -3 
Atomic scattering factors 

from SHELXTL-Plus 
(Sheldrick, 1990) 

Data collection, all cal- 
culations and graphics: 
SHELXTL-PIus. 

The structure was refined by full-matrix least squares with 
SHELXTL-Plus. All atoms were assigned anisotropic displace- 
ment parameters in the refinement. 

Lists of structure factors, anisotropic thermal parameters and complete 
geometry have been deposited with the British Library Document Sup- 
ply Centre as Supplementary Publication No. SUP 55174 (11 pp.). 
Copies may be obtained through The Technical Editor, International 
Union of Crystallography, 5 Abbey Square, Chester CH1 2HU, Eng- 
land. [CIF reference: NA1007] 

0108-2701/92/091710-03 $06.00 

References 
Clegg, W. & Wheatley, P. J. (1971). J. Chem. Soc. A, pp. 3572-3574. 
Giide, W. & Weiss, E. (1981). Angew. Chem. 93, 796-797. 
Jaitner, P. E., Peringer, P., Huttner, G. & Zolnai, L. (1981). Transition 

Met. Chem. 6, 86-90. 
Katcher, M. L. & Simon, G. L. (1972). Inorg. Chem. 11, 1651-1657. 
Kuzmina, L. G., Ginzburg, A. G. G., Struchkov, Yu. T. & Kursanov, D. 

N. (1983). J. Organomet. Chem. 253, 329-337. 
Mirsky, K. (1978). In Computing in Crystallography, edited by H. 

Schenk, R. Olthof-Hazekamp, H. van Koningsveld & G. C. Bassi, 
pp. 169-182. Delft Univ. Press. 

Onaka, S., Kondo, Y., Yamashita, M., Tatematsu, Y., Kato, Y., Goto, M. 
& Ito, T. (1985). Inorg. Chem. 24, 1070-1076. 

Sheldrick, G. M. (1990). SHELXTL-Plus. Structure Determination Soft- 
ware Programs. Siemens Analytical X-ray Instruments, Inc., Madi- 
son, Wisconsin, USA. 

Williams, D. E. (1983). PCK83. Crystal molecular packing analysis pro- 
gram. QCPE Program No. 481, Univ. of Indiana, Indiana, USA. 

Acta Cryst. (1992). C48, 1710-1712 

trans-l,3-Bis(diphenylphosphinoyl)cyclo- 
hexane 

i r r s u o  MOROOKA, TAKESm HASHIMOTO, HIDEKI MAETA, 
TAKASm MATSUMOTO, KEISUKE SUZUKI AND 

SrlIOERU OrmA 

Department of Chemistry, Faculty of Science and Tech- 
nology, Keio University, Hiyoshi 3-14-1, Kohoku-ku, 
Yokohama 223, Japan 

(Received 26 March 1992; accepted 3 June 1992) 

Abstract 

The relative configuration of the two diphenylphos- 
phinoyl groups was determined as trans by X-ray struc- 
ture analysis. The cyclohexane ring has a chair conforma- 
tion with one diphenylphosphinoyl group in an equatorial 
position and the other in an axial position. 

Comment  

As part of synthetic studies of the Lewis acid-promoted 
double addition reactions of secondary phosphines with 
a,tS-unsaturated aldehydes and ketones, the title com- 
pound (1) was obtained from diphenylphosphine and 2- 
cyclohexenone in the presence of catalytic amounts of 
NbCI5 and stoichiometric BF3.OEt2 (Hashimoto, Maeta, 
Matsumoto, Morooka, Ohba & Suzuki, 1992). Its melt- 
ing point is 555-556 K ; N M R  and IR data are given 
in Hashimoto et al. (1992). The O1--P1--C1--H(C1)  
and O2--P2--C3--H(C3)  torsion angles are nearly 180 °. 
There is an imbalance in the P - - C - - C  bond angles for the 
Ph groups of 4.7(2)-7.3(2) °, which may be the result of 
non-bonded H. . .H  repulsions. The H atoms of C1, C8 
and C 18 and those of C3, C24 and C26 are arranged in 

© 1992 International Union of Crystallography 
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/ 
C20 ? , ~ C 2 1  q 
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Fig. 1. The molecular structure with thermal ellipsoids at 10% probabil- 
ity level. H atoms are represented by circles of  radius 0.1 A. 

approximately equilateral triangles with H.- .H distances 
ranging from 2.35(5) to 2.60(3) A. 

O'~PPh2 

~ 
, ,OPPh2 

II 
O 

Experimental 
Crystal data 

C3oH3oO2P2 
Mr = 484 .5  
Tric l inic  
PT 
a = 11.476 (1) ,/k 
b = 13.177 ( 1 ) / ~  
c = 9 .267  (1) ,/k 
a = 106.19 (1) ° 
/3 = 96 .38  (1) ° 
7 = 96 .00  (1) ° 
V = 1323.9 (2) .~3 

Z = 2  

Data collection 
R i g a k u  A F C - 5  four -c i rc le  

d i f f r ac tome te r  

0 - 2 0  scans  
A b s o r p t i o n  correc t ion:  

n o n e  
6361  m e a s u r e d  re f lec t ions  
6 0 5 9  i n d e p e n d e n t  re f lec t ions  
3 8 6 6  o b s e r v e d  re f lec t ions  

[IFol>3~(IFol)l 

(1) 

Dx --- 1.215 M g  m - 3  

M o  Ka rad ia t ion  
A = 0 . 7 1 0 7 3 / k  
Cel l  p a r a m e t e r s  f r o m  38 

re f lec t ions  
0 = 1 2 - 1 5  ° 
/.t = 0 .183  H H n  - 1  

T = 299  K 
P r i sm 
0.45 x 0 .40  x 0 .26  m m  
C o l o u r l e s s  

Rim ffi 0 .012  

0m~ = 27.5  ° 
h = 0 - - *  14 
k = - 1 7 - ' ,  16 
I = - 1 2  --~ 11 
5 s t andard  ref lec t ions  

m o n i t o r e d  e v e r y  100 
re f lec t ions  

in tens i ty  var ia t ion:  1% 

Refinement 

R e f i n e m e n t  on  F 
Final  R = 0 .046  

wR = 0 .037  
S = 2 .787  
3 8 6 6  re f lec t ions  

427  p a r a m e t e r s  
All  H - a t o m  p a r a m e t e r s  re- 

fined 
Calculated weights, w=lfir 

(m/tr)m~x = 0.115 
Apm,x = 0 .241 e ~ - 3  
Apmi~ ffi - 0 . 2 9 6  e ] k  -3  

A t o m i c  sca t te r ing  fac tors  
f r o m  International Tables 
for X-ray Crystallogra- 
phy (1974,  Vol. IV, Tab le  

2 .2B)  

Table 1. Fractional atomic coordinates and equivalent 
isotropic thermal parameters (A 2) 

1 . . . .  • • . . Ueq = g~,2yUija i a) a,.a). 

x y z u~ 
Pl 0.12729 (6) 0.25541 (5) 0.31258 (8) 0.0376 (3) 
P2 0.30505 (6) 0.64368 (5) 0.46583 (8) 0.0386 (3) 
Ol --0.0029 (2) 0.2198 (1) 0.2794 (2) 0.0495 (9) 
02 0.3919 (2) 0.5884 (1) 0.3759 (2) 0.050 (1) 
C1 0.1697 (2) 0.3870 (2) 0.2926 (3) 0.036 (1) 
C2 0.1244 (3) 0.4719 (2) 0.4146 (3) 0.038 (1) 
C3 0.1501 (2) 0.5849 (2) 0.4006 (3) 0.039 (1) 
C4 0.1077 (3) 0.5877 (3) 0.2377 (4) 0.053 (2) 
C5 0.1519 (3) 0.5016 (3) 0.1176 (4) 0.056 (2) 
C6 0.1195 (3) 0.3910 (2) 0.1343 (3) 0.050 (2) 
C7 0.2069 (2) 0.1659 (2) 0.1878 (3) 0.041 (1) 
C8 0.3276 (3) 0.1850 (3) 0.1870 (4) 0.059 (2) 
C9 0.3825 (4) 0.1142 (3) 0.0874 (5) 0.077 (2) 
C10 0.3192 (4) 0.0245 (3) -0.0123 (5) 0.086 (3) 
Cll  0.2013 (4) 0.0041 (4) -0.0136 (5) 0.110 (3) 
C12 0.1447 (3) 0.0755 (3) 0.0858 (4) 0.083 (2) 
C13 0.1861 (2) 0.2610 (2) 0.5045 (3) 0.040 (1) 
C14 0.1157 (3) 0.2116 (2) 0.5844 (4) 0.057 (2) 
C15 0.1587 (5) 0.2129 (3) 0.7314 (4) 0.075 (2) 
C16 0.2704 (4) 0.2618 (3) 0.7962 (5) 0.077 (2) 
C17 0.3408 (4) 0.3128 (3) 0.7210 (4) 0.073 (2) 
C18 0.2986 (3) 0.3114 (3) 0.5740 (4) 0.058 (2) 
C19 0.3326 (2) 0.6451 (2) 0.6623 (3) 0.039 (1) 
C20 0.4285 (3) 0.5969 (2) 0.7041 (4) 0.049 (2) 
C21 0.4550 (3) 0.5954 (3) 0.8532 (4) 0.063 (2) 
C22 0.3876 (3) 0.6392 (3) 0.9585 (4) 0.070 (2) 
C23 0.2907 (3) 0.6863 (3) 0.9195 (4) 0.070 (2) 
C24 0.2639 (3) 0.6880 (3) 0.7706 (4) 0.057 (2) 
C25 0.3076 (3) 0.7804 (2) 0.4618 (3) 0.043 (1) 
C26 0.2322 (3) 0.8467 (3) 0.5301 (4) 0.070 (2) 
C27 0.2341 (4) 0.9490 (3) 0.5156 (6) 0.094 (3) 
C28 0.3107 (5) 0.9829 (4) 0.4305 (6) 0.104 (3) 
C29 0.3858 (5) 0.9189 (4) 0.3620 (5) 0.100 (3) 
C30 0.3861 (4) 0.8174 (3) 0.3788 (4) 0.072 (2) 

Table 2. Geometric parameters (A, o) 
Pl--O1 1.489 (2) P2--O2 1.489 (2) 
P1--CI 1.817 (3) P2--C3 1.827 (3) 
P1--C7 1.807 (3) P2--C19 1.807 (3) 
P1--CI3 1.809 (3) P'2--C25 1.810 (3) 

O1--P1--C1 113.5 (1) PI--C1--C2 110.1 (2) 
OI--PI- -C7 112.0 (1) P1--CI--C6 110.3 (2) 
O1--P1--C13 111.5 (1) P2--C3--C2 112.7 (2) 
CI--P1--C7 106.2 (1) P2--C3--C4 112.2 (2) 
CI--P1--C13 106.6 (1) P1--C7--C8 123.5 (2) 
C7--P1--C13 106.6 (1) P1--C7--C12 118.6 (2) 
O2--P2--C3 115.2 (1) P1--C13--C14 118.3 (2) 
O2--P2--C19 111.6 (1) P1--C13--C18 123.0 (2) 
O2--P2--C25 112.2 (1) P2--C19--C20 117.0 (2) 
C3--P2--C19 105.3 (1) P2--C19--C24 124.3 (2) 
C3--P'2--C25 104.0 (1) P2--C25--C26 123.4 (3) 
C19--P2--C25 107.9 (1) P2--C25--C30 117.6 (2) 

P r o g r a m ( s )  u s e d  to s o l v e  s t ructure:  Xtal3.0 SIMPEL, GENTAN 
(Hal l  & S tewar t ,  1990).  P r o g r a m ( s )  u s e d  to  ref ine  s t ructure :  
Xtal3.0 CRYLSQ (Hal l  & Stewar t ,  1990).  M o l e c u l a r  graphics :  
Xtal3.0 ORTEP (Hal l  & Stewar t ,  1990).  S o f t w a r e  u s e d  to pre-  
pa re  mater ia l  for  pub l ica t ion :  Xtal3.0 BONDLA, CIFIO (Hal l  & 

Stewar t ,  1990).  

Lists of  structure factors, anisotropic thermal parameters, H-atom coor- 
dinates and complete geometry have been deposited with the British Li- 
brary Document Supply Centre as Supplementary Publication No. SUP 
55206 (18 pp.). Copies may be obtained through The Technical Editor, 
International Union of  Crystallography, 5 Abbey Square, Chester CH1 
2HU, England. [CIF reference: AS 1010] 
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Abstract 

The crystal structure of the monohydrate of oxatomide, 
1-{ 3- [4-(diphenylmethyl)- 1-piperazinyl]propyl }- 1,3-di- 
hydro-2H-benzimidazol-2-one, has been determined at 
100 K. The oxatomide molecule adopts an extended con- 
formation with a planar benzimidazolone fragment. The 
water molecule has a cohesive function, connecting three 
oxatomide molecules by intermolecular hydrogen bonds. 

Comment  

Oxatomide (1) is a potent broad-scale anti-allergic drug 
by virtue of its inhibition of both the release and the ac- 
tion of allergic mediators (Awouters et aL, 1977). The 
structure analysis of oxatomide was carded out as part 
of an investigation into the biologically active conforma- 
tion of certain Hi-histamine-receptor agonists and antag- 
onists (Richards, Brogden, Heel, Speight & Avery, 1984). 
A comparison of the crystal structure conformation with 
conformations obtained by molecular modelling of the ac- 
tive site could provide more insight into the actions of 
pharmaceuticals at the molecular level. The two central 
torsion angles in the propyl residue, N 2 - - C 8 - - C 9 - - C  10 
and C8- -C9- -C10- -N3 ,  are 178.0(3) and 169.2(3) ° re- 
spectively, resulting in an extended conformation rather 
than a folded one. The benzimidazolone moiety is planar 
and rotated through 78.8(3) ° with respect to the almost 
planar C 8 - - C 9 - - C 1 0 - - N 3  chain. The piperazine ring 

0108-2701/92/091712-02506.00 

Fig. 1. View (Johnson, 1976) of oxatomide monohydrate showing the 
labelling of the non-H atoms. Thermal ellipsoids are shown at the 50% 
probability level and H atoms are drawn as small circles of arbitrary 
radius. 

has a chair conformation, with the substituents on both N 
atoms in equatorial positions. All hydrogen bonds are in- 
termolecular. The cohesive role of water in the hydrogen- 
bond framework is embodied by its interaction as a donor 
to the O1 atom of the carbonyl group of an oxatomide 
residue at (x, y, z) and to N3 in the piperazine ring of 
a residue at (1/2-x,  1/2+y, 1/2-z), and as an acceptor 
of a hydrogen bond donated by N1- -H  of the residue at 
(1/2-x,  1/2-y, l-z).  The donor-acceptor distances are 
2.801(3), 2.846(4) and 2.756(4) A respectively, and the 
donor-hydrogen-acceptor angles are 173(5), 176(4) and 
169(4) ° . 

o 

N ~ " ~ N ~ N ~  

(1) 

Experimental  
Crystal data 

C27H30N40.H20 
Mr = 444.58 
Monoclinic 
C2/c 
a = 31.1173 (16) A 
b = 8.9219 (6) A 
c = 19.0721 (14)A 
/3 -- 112.853 (5) ° 
V ffi 4879.3 (6) A 3 
Z--8  
Dx = 1.210 Mg m -3 
Mo Ka radiation 

Data collection 
Enraf-Nonius CAD-4 

diffractometer 
w120 scans 
4793 measured reflections 
4353 independent reflections 
3OO5 observed reflections 

[/>2.5o'(/)] 
Rint ffi 0.0409 

A = 0.71073 A. 
Cell parameters from 25 

reflections 
0 -- 10.84-17.66 ° 
/z = 0.73 mm -I 
T = 100K 
Platelet 
0.55 x 0.20 x 0.15 mm 
Colourless 
Crystal source: Janssen Phar- 

maceutica, Beerse, Bel- 
gium 

0~x = 25.37 ° 
h = -34  ~ 35 
k = - 1 0 - +  0 
l = -22  ---, 0 
3 standard reflections 

frequency: 60 min 
intensity variation: 1.2% 
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