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Fig. 3. Liaison hydrog~ne (distances en A) dans la N-(ph~nyl-I 
&hyl)-ac&amide. 

I1 semble done que la cristallisation du rac+mique est 
principalement conditionnbe par des raisons d'empile- 
ment st+rique des mol6cules au sein de la maille 
cristalline. On peut d'ailleurs signaler que la recherche 
d'~ventuelles interactions st~r6os~lectives entre 
mol+cules homo- ou h6tbrochirales en solution par 
spectroscopie infrarouge et r6sonance magn+tique 
nucl6aire protonique n'a donn6 aucun r6sultat positif 
(r+sultats non publi+s). Il est alors probable que les 
agr6gats homochiraux par liaison hydrog6ne pr6sents 
dans le cristal se forment lors du processus m6me de 
cristallisation. 

Ce travail a &6 support+ financi+rement par l'Action 
th6matique programm6e N ° 3322 'Structures chirales 
1977' du CNRS. 

toutes les molecules ont des configurations identiques et 
on passe d'une file ~. l'autre ~t l'aide d'axes h~lico'idaux. 
Dans le compo~ +tudi6 ici, deux fles contigu~s se 
d6duisent par un centre de sym~trie. 

La structure cristalline de la N-(ph6nyl-1 ~thyl)-iso- 
butyramide rac6mique montre que les mol6cules homo- 
chirales sont associbes par liaisons hydrog~ne en files 
parall~les ~t l'axe b. La disposition des cycles aromati- 
ques ne laisse pr~voir l'existence d'aucune interaction 
du type 'stacking'. Deux mol+cules +nantiom+res 
n'6changent entre cues que des interactions du type van 
der Waals. 
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A b s t r a c t  

C22H42NO+.I - is orthorhombic, space group Pbca, 
with a -- 10.00 (1), b = 46.28 (3), c = 10.31 (1) A, 
Z = 8. The final R -- 7.84% for 812 observed counter 
amplitudes. C, N and O atoms were assigned isotropic, 
the I- ion anisotropic, temperature factors. The acetyl- 
choline-like moiety of the cation has an unusual 

* Part xII: Chananont & Hamor (1978). 

0567-7408/80/010099-04501.00 

geometry, with the C ( = O ) - O - C - C  grouping syn- 
clinal, and O - C - C - N  + antiplanar. 

Introduct ion  

Many derivatives of acetylcholine incorporating ring 
substituents in the acyl group and larger groups on the 
N atom act as competitive antagonists of acetylcholine 
at the parasympathetic postganglionic receptor (Bar- 
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low, 1964). The title compound  has an anticholinergic 
activity of  ca 30% of that  of  hyoscine ethiodide 
(Barlow, Franks ,  Pearson & Butt, 1972); it differs f rom 
other anticholinergic substances of  this general type, 
whose crystal  s tructures have been determined, in that  
neither of  the two ring substituents in the acyl group is 
a romat ic  in character .  

weighting scheme was w = 1/a2(F) where o(F) is the 
s tandard  deviation in the observed amplitudes based on 
counting statistics. The final atomic coordinates  and 
thermal parameters  are listed in Table 1. 

Computa t ions  were carried out on the Birmingham 
University I C L  1906A computer  with S H E L X  (Shel- 
drick, 1975). 

Experimental 

Small irregular crystals  were obtained f rom 2- 
butanone.  The space group and preliminary lattice 
constants  were obtained from photographs  (Cu Ka 
radiation).  The intensities of  the reflexions fell off  
rapidly with increasing Bragg angle and it became clear 
that  they would be of  poor  quality. However ,  as the 
main interest in this s tructure lay in the overall 
conformat ion  of  the cation (1) ra ther  than in its precise 
dimensions,  it was decided to proceed with the analysis.  

0 6 H 1 1 \  -i- 
fCH-CO-O-CH2-CH 2- NEt3 

Cell, 

(1) 

Intensities and final lattice parameters were 
measured with a Stoe two-circle computer-controlled 
diffractometer and graphite-monochromated Mo Ka 
radiation, 2 = 0.71069 A, by the o)-scan technique. 
With the crystal set up about x, reflexions were scanned 
in the range 0.10 < sin 8/2 < 0.54 ,/k -~ and of these, 
812, with I > 2.5 a(I),  were used in the analysis. The 
scan rate was 0.6 ° rain -1 and 30 s background counts 
were taken at each end of the scan. 

Crystal data 

C22H42NO~'.I -, M r = 479 .5 ,  or thorhombic ,  a = 
10.00 (1), b = 4 6 . 2 8  (3), c = 10.31 ( 1 ) A ,  U =  4771 ,Ik 3, 
Z = 8, D e = 1.335 Mg m -3, F(000)  = 2000;  systematic  
absences:  Okl, k odd; hOl, l odd; h/c0, h odd; space 
group Pbca; M o K a  radiation,  p (Mo  Ka) = 1.248 
mm-~. 

Determination of the Structure 

The structure was solved by Pat te rson and Fourier  
methods and refined by full-matrix least squares.  The I -  
ion was allowed to vibrate anisotropically but the 
lighter a toms (C, N and O) were refined with isotropic 
tempera ture  factors.  H a toms were not considered. In 
the final cycle all calculated shifts were <0.2 t r  and R 
was 7 .84% for the 812 observed amplitudes.* The 

* A list of structure factors has been deposited with the British 
Library Lending Division as Supplementary Publication No. SUP 
34787 (6 pp.). Copies may be obtained through The Executive 
Secretary, International Union of Crystallography, 5 Abbey 
Square, Chester CH 1 2HU, England. 

Results and discussion 

The conformat ion  of  the cation and the a tom number-  
ing are shown in Fig. 1. Table 2 contains molecular  

Table 1. Fractional atomic coordinates ( x l 0 4 )  and 
temperature factors (x  103) 

x y z U (A 2) 

C(1) 2807 (26) 576 (5) 7297 (28) 43 (8) 
C(2) 4027 (26) 367 (5) 7330 (26) 43 (8) 
C(3) 3744 (27) 94 (5) 8195 (27) 50 (9) 
C(4) 3460 (27) 189 (5) 9606 (27) 55 (9) 
C(5) 2146 (24) 402 (5) 9599 (25) 43 (8) 
C(6) 2465 (28) 681 (6) 8735 (29) 50 (8) 
C(7) 3761 (22) 808 (5) 5224 (27) 42 (7) 
C(8) 4191 (33) 1115 (6) 4667 (36) 88 (12) 
C(9) 4943 (44) 1054 (5) 3275 (28) 74 (9) 
C(10) 4058 (31) 869 (7) 2304 (31) 70 (9) 
C(l 1) 3707 (36) 573 (7) 2976 (29) 74 (10) 
C(12) 2906 (26) 630 (6) 4275 (27) 50 (9) 
C(13) 3211 (23) 870 (5) 6585 (23) 32 (7) 
C(14) 1978 (28) 1047 (6) 6500 (27) 45 (8) 
C(15) 1059 (26) 1516 (6) 6947 (26) 46 (8) 
C(16) 1073 (31) 1652 (6) 5531 (28) 53 (10) 
C(17) 177 (37) 1992 (7) 4010 (25) 69 (9) 
C(18) -966 (34) 2210 (7) 3691 (30) 68 (10) 
C(19) 171 (41) 2126 (6) 6386 (27) 70 (10) 
C(20) 1449 (38) 2267 (8) 6385 (34) 85 (11) 
C(21) -1429 (31) 1742 (7) 5649 (28) 53 (10) 
C(22) -1681 (36) 1490(8) 4740(43) 111 (13) 
N -64 (27) 1885 (4) 5393 (17) 57 (6) 
O(1) 2171 (18) 1314 (4) 6951 (17) 56 (6) 
0(2) 901 (19) 971 (4) 6032 (17) 54 (5) 
I -114 (2) 3048 (0.4) 5144 (2) * 

* Anisotropic temperature factors: 

Utl U22 U33 Ut2 U~3 U23 
79 (l) 71 (1) 61 (1) 7 (2) - 8  (2) 9 (2) 

:,~ 

Cl :~ 

cf 

Fig. 1. Stereoscopic view of the cation (1). 
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Table 2. Molecular dimensions 

(a) Bond lengths (A) 

C(1)-C(2) 
C(2)-C(3) 
C(3)-C(4) 
C(4)-C(5) 
C(5)-C(6) 
C(6)-C(1) 
C(1)-C(13) 
C(7)-C(13) 
c(7)-c(8) 
c(8)-c(9) 
C(9)-C (10) 
C(IO)-C(I 1) 
C(I 1)-C(12) 

.56(3) 
• 57 (3) 
• 55 (3) 
• 64 (4) 
• 60 (3) 
• 60 (4) 
• 59 (3) 
• 53 (3) 
• 59 (4) 
• 64 (4) 
• 59 (4) 

1.58 (4) 
1.58 (4) 

(b) Selected non-bonded distances 

N...O(1) 3.82 
N...C(14) 4.53 
N...O(2) 4.39 
N...C(13) 5.86 

(c) Bond angles (°) 

C(6)-C(1)-C(2) 110 (2) C(14)-C(13)-C(1) 107 (2) 
C(13)-C(1)-C(2) 110 (2) C(14)-C(13)-C(7) I10 (2) 
C(13)-C(1)-C(6) 103 (2) O(1)-C(14)-C(13) 112 (2) 
C(3)-C(2)-C(1) 112 (2) O(2)-C(14)-C(13) 126 (2) 
C(4)-C(3)-C(2) 110 (2) O(2)-C(14)-O(1) 122 (2) 
C(5)-C(4)-C(3) 108 (2) O(l)-C(15)-C(16) 104 (2) 
C(6)-C(5)-C(4) 109 (2) N-C(16)-C(15) 110 (2) 
C(5)-C(6)-C(1) 108 (2) N-C(17)-C(18) 107 (3) 
C(12)-C(7)-C(8) 113 (2) N-C(19)-C(20) 118 (3) 
C(13)-C(7)-C(8) 105 (2) N-C(21)-C(22) liE (3) 
C(13)--C(7)-C(12) 119 (2) C(17)-N-C(16) 101 (2) 
C(9)-C(8)-C(7) 106 (2) C(19)-N-C(16) 109 (2) 
C(10)-C(9)-C(8) 113 (3) C(19)-N-C(17) 111 (2) 
C(I I)-C(10)-C(9) 108 (2) C(21)-N-C(16) 109 (2) 
C(12)-C(1 l)-C(10) ll0 (3) C(2 I)-N-C(17) 116 (2) 
C(I 1)-C(12)-C(7) 110(2) C(21)-N-C(19) ll0 (2) 
C(7)-C(13)-C(1) III (2) C(15)-O(1)-C(14) 119 (2) 

C(12)-C(7) 1.54 (3) 
C(13)-C(14) 1.48 (3) 
C(14)-O(1) 1.33 (3) 
C(14)-O(2) 1.23 (3) 
O(1)-C(15) 1-45 (3) 
C(15)-C(16) 1.59 (3) 
C(16)-N 1.57 (3) 
N-C(17) 1.53 (3) 
C(17)-C(18) 1.56 (4) 
N-C(19) 1.53 (3) 
C(19)-C(20) 1-43 (5) 
N-C(21) 1.54 (4) 
C(21)-C(22) 1.52 (4) 

(A); mean e.s.d. 0.09 A 

N.. .  centre of ring 8.33 
C(1)-(6) 

N. . .  centre of ring 6.63 
C(7)-(12) 

(d) Selected torsion angles (°); mean e.s.d. 3 ° 
Also present in the crystal are the centrosymmetrically related rotamers 
with torsion angles of opposite sign. 

C(2)-C(1)-C(I 3)-C(14) 176 C(10)-C(11)-C(12)-C(7) -61 
C(6)--C(l)-C ( 13)-C(14) -68  C(1 I)-C(12)-C(7)-C(8) 60 
C(8)-C(7)-C(13)-C(14) 65 C(12)-C(7)-C(8)-C(9) -55 
C(I 2)-C(7)-C(13)-C(14) -63 C(13)-C(7)-C(8)-C(9) 174 
C(2)-C(1)-C(13)-C(7) 56 C(13)-C(7)-C(12)-C(11) -176 
C(6)-C(1)-C(13)-C(7) 172 C(1)-C(I 3)-C(14)-O(1) 129 
C(1)-C(13)-C(7)-C(8) -177 C(1)-C(13)-C(14)-O(2) -54  
C(I)-C(I  3)-C(7)-C(12) 55 C(7)-C(13)-C(14)-O(1) -111 
C(1)-C(2)-C(3)-C(4) -61 C(7)-C(13)-C(14)-O(2) 66 
C(2)-C(3)-C(4)-C(5) 60 C(I 3)-C(14)-O(1)-C(15) 180 
C(3)-C(4)-C(5)-C(6) -61 O(2)-C(14)-O(1)-C(15) 3 
C(4)-C(5)-C(6)-C(1) 60 C(14)-O(1)-C(15)-C(16) -85 
C(5)-C(6)-C(1)-C(2) -59 O(1)-C(15)-C(16)-N -178 
C(6)-C(1)-C(2)-C(3) 59 C(15)--C(16)-N-C(17) 178 
C(13)-C(1)-C(2)-C(3) 172 C(15)-C(16)-N-C(19) 60 
C(13)-C(1)-C(6)-C(5) -176 C(15)-C(16)-N-C(21) -59 
C(7)-C(8)-C(9)-C(10) 54 C(16)-N-C(17)-C(18) 175 
C(8)-C(9)-C(10)-C(1 I) -58 C(16)-N-C(19)-C(20) 54 
C(9)-C(10)-C(I 1)-C(12) 60 C(16)-N-C(21)-C(22) -57 

dimensions and the results of mean-plane calculations 
are in Table 3. 

The two cyclohexyl rings are in the chair confor- 
mation and C(13) is substituted equatorially with 
respect to both rings. Ring torsion angles are 59-61 °, 
mean 60 °, and 54-61 °, mean 58 °, for the two rings. 

Table 3. Mean-plane calculations 

(a) Deviations (A) of  atoms from least-squares planes; e.s.d.'s are 
ca 0.03 A. In the equations of  the planes, x, y and z are fractional 
coordinates relative to the cell axes. 

Plane (i): C(1)-(6) 

- 7 . 8 7 6 x -  2 2 . 6 6 2 y -  3.856z = - 6 . 5 8 2  

C(I)  - 0 . 2 5  C(2) 0.25 C(3) - 0 . 2 6  
C(4) 0.27 C(5) - 0 . 2 8  C(6) 0.27 

Plane (ii): C(7)-(12) 

- 8 . 3 9 4 x  + 23.279y - 2.123z = - 2 . 1 4 2  

C(7) 0.24 C(8) - 0 . 2 3  C(9) 0.25 
C(10) - 0 . 2 7  C(I1)  0.27 C(12) - 0 . 2 6  

Plane (iii): C(13)-(15), O(1), 0(2)  

2.847x + 1 4 . 6 2 5 y -  9.331z = - 3 . 9 5 8  

C(13) 0.00 C(14) 0.01 C(15) 0.01 
O(1) - 0 . 0 1  O(2) - 0 . 0 1  C(1) 1.21 
C(7) - 1 . 3 4  N - 1 . 6 6  

(b) Interplanar angles (°);  e.s.d.'s are ca 2 ° 

(i)-(ii) 61 (ii)-(iii) 
(i)-(iii) 88 

84 

The ester group C(13)-(15) ,  O(1), 0(2)  is planar to 
within _+0.01 A and adopts the antiplanar confor- 
mation typical of esters [torsion angle C ( 1 3 ) - C ( 1 4 ) -  
O(1)-C(15) ,  180°]. The arrangement about 
O(1)-C(15)  is synclinal [torsion angle C ( 1 4 ) - O ( 1 ) -  
C(15)-C(16) ,  ¥ 85 °] and about C(15)-C(16)  anti- 
planar [torsion angle O ( 1 ) - C ( 1 5 ) - C ( 1 6 ) - N  +, ¥ 
178 o ]. The antiplanar conformation about 
C(15)-C(16)  is unusual; almost invariably in crystal 
structures of compounds containing an acetylcholine- 
like C - C ( - - O ) - O - C - C - N  + chain the O - C - C - N  + 
torsion angle is within the range 60-100 ° (Baker, 
Chothia, Pauling & Petcher, 1971). The synclinal 
conformation about O(1)-C(15)  is also unexpected, 
since in compounds of this type, with an open-chain 
actylcholine-like system, the conformation about this 
bond is normally antiplanar (Guy & Hamor, 1974a), 
although a similar arrangement is observed in acetyl- 
choline bromide (Svinning & Sorum, 1975). The 
arrangement about the C - N  + bonds deviates only 
slightly from the ideally staggered conformation (Table 
2d). 

A somewhat similar geometry is, however, found in 
the hydrochloride of the anticholinergic thiol ester 
thiphenamil (Ouy & Hamor, 1974b). Here the cor- 
responding torsion angles C ( 1 3 ) - C ( 1 4 ) - S - C ( 1 5 ) ,  
C ( 1 4 ) - S - C ( 1 5 ) - C ( 1 6 )  and S - C ( 1 5 ) - C ( 1 6 ) - N  + 
are +174, 7-82, 7-174 ° , respectively. The similarity 
extends also to the conformation about C(13)-C(14) ,  
torsion angles C ( 1 ) - C ( 1 3 ) - C ( 1 4 ) - O ( 1 )  or S and 
C ( 7 ) - C ( 1 3 ) - C ( 1 4 ) - O ( 1 )  [S] being +129 and ¥111 ° 
in (I) and _+147 and ¥86.5  ° in thiphenamil hydro- 
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Fig. 2. The contents of the unit cell projected along e. Circles 
denote iodide ions. 

Table 4. The shorter intermolecular contacts (A) 
excluding hydrogen atoms; e.s.d.'s are ca 0.08 A 

None of the individual bond lengths differs significantly 
from standard values. The C - O  bonds of the ester 
group also agree to within the limits of experimental 
error with expected values. 

The packing is shown in Fig. 2, and the shorter 
intermolecular contacts are in Table 4. None of these is 
shorter than the sum of the van der Waals radii. The 
closest contact involving the I- ion is 3 .90/~ to C(21) 
of the cation at ½ + x, ½ - y, 1 - z. 

I thank Dr R. B. Barlow for supplying the sample, 
the University of Birmingham for funds to purchase the 
diffractometer, and the staff of the Computer Centre 
for their assistance. 

C(2 I)...O(1 i) 3 . 4 6  0(2)...C(13 I) 3.67 
C(20)...C(18") 3.54 C(21)...C(15 ~) 3.68 
C(4)...C(4 m) 3 . 6 3  C(22)...O(1 ~) 3.69 
C(22)...C(10 Iv) 3 . 6 4  O(2)...C(6 ~) 3.70 

Symmetry code 

(i) -½ + x,y ,  1½-- z 
(ii) ½+x, ½ - y ,  1 - - z  

(iii) I - x, - y ,  2 - z 
(iv) -½ + x, y, ½ -  z 

chloride. The orientation of the ring substituents about 
C(1) -C(13)  and C(7) -C(13)  is, however, different, 
although in both structures they are steeply inclined to 
one another and to the plane of the ester moiety. 

C(sp3)-C(sp 3) lengths range from 1.43 (5) to 
1.64 (4) A, mean 1.57 A, and the four C - N  + lengths 
are in the range 1.53 (3)-1.57 (3) A, mean 1-54 A. 
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Abstract 

The crystal structure of 3-(p-chlorophenyl)-3a-methyl- 
4-oxo- 5,6,6a-triphenyl-3 a,4-dihydrocyclopenta [ 2,3-d] - 
isoxazoline, C3~H22C1NO 2, has been determined from 
three-dimensional data, measured with an automated 
Philips PW 1100 single-crystal diffractometer (915 
independent non-zero reflexions). The cell constants, 
obtained by least-squares calculations from direct 0- 
value measurements on the diffractometer, are a = 

0567- 7408/80/010102-06501.00 

14.0021 (2), b = 10.6218 (10), c = 9.5188 (8 ) /~ ,a  = 
64.89 (1), f l =  101.62 (1),), = 100.68 (1) °, Z -- 2; the 
space group is Pi .  The structure was solved by direct 
phase determination with MULTAN.  The positional 
and vibrational parameters, with anisotropic tem- 
perature factors for the non-hydrogen atoms, were 
refined by full-matrix least-squares calculations to a 
final R = 0.097. The molecule of the compound has a 
cyclopentenone-isoxazoline structure. To the two 
central five-membered isoxazoline and cyclopentenone 

© 1980 International Union of Crystallography 


