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O( l)-C( I)-C (2)-C (3) 
C(1)-C(2)-C(3)-C(4) 
C(2)-C(3)-C(4)-0(1) 
C (3)-C (4)-O( 1)-C(1) 
C(4)-O(1)-C(1)-C(2) 
O (2)-C ( 1)-O( I)-C (4) 
0(2)-C( l)-C (2)-0(3) 
0(2)-C(1)-C(2)-C(3) 
0(2)-C(1)-C(2)-C(5) 

Table 4. Torsion angles (o) 

4.1 (6) c(5)-c(2)-c(1)-0(1) 117.9 (5) c(2)-0(3)-c(6)-0(4) -2.4 (7) 
4.9 (5) c(5)-c(2)-c(3)-c(4) 123.3 (5) 0(3)-c(2)-c(3)-0(5) 2.7 (6) 

-11.9 (6) c(5)-c(2)-c(3)-0(5) -117.3 (5) c(1)-c(2)-c(3)-0(5) 124.4 (4) 
15.7 (7) c(5)-c(2)-0)3)-0(6) -165.4 (4) 0(1)-c(4)-c(3)-0(5) 133.3 (5) 
12.5 (7) c(1)-c(2)-0(3)-c(6) -47.7 (6) c(2)-c(3)-0(5)-c(8) 93.4 (5) 

171.6 (6) C(3)-C(2)-0(3)-C(6) 69.6 (5) c(4)-c(3)-O(5)-c(8) -150.9 (5) 
-57.7 (7) 0(1)-c(1)-c(2)-0(3) 126.5 (5) c(3)-0(5)-c(8)-0(6) -2.3 (7) 
179.9 (5) c(4)-c(3)-c(2)-0(3) 116.7 (5) c(3)-0(5)-c(8)-c(9) 175.8 (4) 
57.8 (7) c(2)-0(3)-c(6)-c(7) 177.3 (4) 

agreement with the PMR spectrum interpretation. The 
cis configuration is consistent with the generally 
accepted criterion that the trans isomers are less stable 
than the cis. 

The packing of the molecules in the crystal is due 
solely to van der Waals interactions. Intermolecular 
contacts do not show evidence for hydrogen bonds or 
distances significantly shorter than the sum of the van 
der Waals radii. 

The authors thank Professor J. M. Viguera for 
suggesting the study and supplying the crystals. We 
also thank the X-ray Department of the Instituto 
Rocasolano CSIC and Dr F. H. Cano for collecting 
the diffractometric data and Professor A. L6pez Castro 
for reading the manuscript and for valuable dis- 
cussions. The present work is part of a wider research 
project supported by the Government through the 
Comision Asesora de Investigaci6n Cientifica y 
T6cnica. 
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Chlorhydrate de Chloro-4 Ac6,toph~none-O-(tert-butylamino-3 hydroxy-2 propyl)oxime 
(IPS 345) 
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Abstract. C15H24CIN202+.CI -, monoclinic, P2Jn,  
Z =  4, a = 15.051 (2), b = 9.020 (1), c = 15.305 (2) 
A, f l=  115.52(1) °, V =  1869.74 A 3. The structure 
was solved by direct methods from three-dimensional 
X-ray data and refined by a least-squares procedure to 
R = 0.052 for 3669 structure amplitudes. Hydrogen 

0567-7408/80/071715-04501.00 

bonds and van der Waals contacts are responsible for 
crystalline cohesion. 

Introduction. L'IPS 345 appartient fi une nouvelle s~rie 
de drogues fi activit~ fl bloquante (Imbs, Miesch, 
Schwartz, Velly, Leclerc, Mann & Wermuth, 1977; 
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Tableau 1. Coordonn~es r~duites des atomes 

Les coordonn+es des atomes non-hydrog+ne ont 6t6 multipli+es 
par 104 et celles des atomes d'hydrog6ne par 103. 

x y z 

C(1) 6997 (4) 1429 (6) 8132 (4) 
C(2) 6210 (4) 2381 (6) 7754 (4) 
C(3) 5653 (5) 2519 (8) 6749 (4) 
C(4) 5933 (5) 1689 (8) 6156 (4) 
C(5) 6710 (5) 727 (8) 6506 (5) 
C(6) 7249 (5) 597 (8) 7503 (5) 
C(7) 7570 (4) 1282 (7) 9204 (4) 
C(8) 8028 (7) -160 (9) 9650 (5) 
N(9) 7605 (3) 2434 (5) 9694 (3) 
O(12) 8116 (3) 2160 (5) 10703 (3) 
C(13) 8190 (4) 3499 (7) 11219 (4) 
C(14) 7194 (4) 4057 (6) 11103 (4) 
O(15) 7399 (3) 5354 (5) 11682 (3) 
C(16) 6676 (4) 2892 (7) 11450 (4) 
N(17) 5638 (3) 3377 (5) 11177 (3) 
C(18) 5100 (5) 2623 (7) 11674 (5) 
C(19) 4043 (5) 3275 (8) 11204 (6) 
C(20) 5592 (7) 2988 (11) 12756 (5) 
C(2 I) 5082 (6) 949 (8) 11499 (6) 
C1(40) 5249 (2) 1873 (3) 4896 (1) 
C1(23) 4566 (1) 3076 (2) 8921 (1) 
H(20) 601 (4) 297 (5) 823 (3) 
H(30) 508 (3) 323 (6) 648 (3) 
H(50) 690 (3) 13 (5) 608 (3) 
H(60) 784 (4) -13 (6) 779 (4) 
H(80) 790 (4) -106 (5) 914 (3) 
H(81) 811 (4) -34  (6) 1034 (4) 
H(82) 867 (3) --0 (6) 991 (4) 
H(130) 862 (3) 330 (5) 1196 (3) 
H(131) 850 (3) 432 (5) 1095 (3) 
H(140) 675 (3) 429 (5) 1035 (3) 
H(150) 681 (4) 590 (6) 1163 (4) 
H(160) 666 (3) 189 (5) 1109 (3) 
H(161) 703 (3) 278 (5) 1215 (3) 
H(170) 561 (3) 440 (5) 1129 (3) 
H(171) 526 (3) 324 (5) 1047 (3) 
H(190) 377 (3) 299 (5) 1061 (3) 
H(191) 412 (3) 432 (5) 1138 (3) 
H(192) 372 (3) 300 (5) 1166 (3) 
H(200) 555 (3) 393 (5) 1275 (3) 
H(201) 521 (4) 240 (5) 1300 (3) 
H(202) 619 (4) 246 (6) 1301 (4) 
H(210) 461 (3) 35 (6) 1172 (3) 
H(211) 530(3) 68(5) 1169(3) 
H(212) 477 (4) 86 (5) 1075 (4) 

CI 
40 

82 8) 80 
H 7 ~ 1~o 

H 
20 C 8 "O15  170 171 210 

H H H211 
H I 12 I . .  ~ ~' 211 H 

,.1~ U + ,.., . "  30 I /% /O 
~13/%" ~16/17~18/%" ~'H212 

H ' 3 " C < c  1 ~ N 9  C / C C. ~n202 
I I H H 140H H ! C. "-n 

4C '~r IC6~H 130 131 160 161 C19 %~H / ~" \ H 201 
H ! ~ /  60 190H H,-, 20°  

H 191'=L 

50 CI23 

Fig. 1. Num~rotation de la mol+cule. 

Leclerc, Mann, Wermuth, Bieth & Schwartz, 1977). La 
structure d'un compos~ voisin, fluor6none-O-(tert- 
butylamino-3 hydroxy-2 propyl)oxime (IPS 339), a 6t~ 
pr~c6demment d6crite (Carpy, Gadret, Leger, Wer- 
muth & Leclerc, 1979). 

Le chlorhydrate d'IPS 345 cristallise sous forme de 
prismes par +vaporation lente d'une solution chlor- 
hydrique aqueuse. Les diagrammes de Bragg et de 
Weissenberg ont permis de d&erminer la sym&rie 
monoclinique et ont conduit au groupe spatial P21/n. 
Les valeurs approch+es des param&res cristallins ont 
+t~ pr6cis~es lors des mesures sur diffractom~tre 
automatique Nonius CAD-4. Sur 3669 r~flexions 
mesur+es, 1437 ont +t+ observ6es. Les intensit6s ont &6 
corrig6es par le facteur de Lorentz-polarisation; 
aucune correction d'absorption n'a 6t+ faite. Les 
m+thodes directes utilisant le programme MULTAN 
(Germain, Main & Woolfson, 1970) suivies de s~ries de 
Fourier ont r6v~l+ les atomes non-hydrog+ne. 

Un premier calcul de F,. avec ces atomes conduisait/l 
un facteur R = 0,40. L'affinement de la structure par la 
m&hode des moindres carr+s a 6t+ conduit de la faqon 
suivante: 

-Affinement avec agitation thermique isotrope sur 
les atomes non-hydrog~ne: apr+s cinq cycles R = 0,15. 

-Affinement avec agitation thermique anisotrope 
sur ces m~mes atomes: apr+s cinq cycles R = 0,075. 

-Localisation des atomes d'hydrog6ne par fonction 
difference de Cochran. 

-Affinement avec agitation thermique anisotrope 
sur les atomes non-hydrog6ne et isotrope sur les H: 
R = 0,052.* 

La molecule est repr~sent6e sur la Fig. 1. 

Discussion. Les coordonn6es r6duites des atomes 
accompagn6es de leurs 6carts types sont rassembl~es 
dans le Tableau 1; les distances et les angles inter- 
atomiques sont regroup6s dans les Tableaux 2 et 3 
respectivement. 

* Les listes des facteurs de structure et des facteurs d'agitation 
thermique ont 6t~ d~pos6es au d6p6t d'archives de la British Library 
Lending Division (Supplementary Publication No. SUP 35197: 
27 pp.). On peut en obtenir des copies en s'adressant &: The 
Executive Secretary, International Union of Crystallography, 5 
Abbey Square, Chester CH 1 2HU, Angleterre. 

CH 3 
I 

R~ I R 2 R C 7 _ 3 ,-.. 
. ~ .  !~,~ ~.~l  I"~ "u121,421A. 

f ,o "~ '4 "g  A "a . ,  N . ~ ~ .',< ~-, .. . . 

CI "  v 1.269 

Fig. 2. Principaux angles di~dres et distances interatomiques 
[valeurs th~oriques: C(1)-C(7) 1,525; N(9)-O(12) 1,46; 
C(7)-N(9) 1,32; O(12)-C(13) 1,47 A] au voisinage du 
groupement oxime. 
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Tableau 2. Distances interatomiques (,~) 

C(1)-C(2) 
C(1)-C(6) 
C(1)-C(7) 
C(2)-C(3) 
C(2)--H(20) 
C(3)-C(4) 
C(3)-H(30) 
C(4)-C(5) 
C(4)-C1(40) 
C(5)-C(6) 
C(5)-H(50) 
C(6)--H(60) 
C(7)-C(8) 
C(7)-N(9) 
C(8)-H(80) 
C(8)-H(81) 
C(8)-H(82) 
N(9)--O(12) 
O(12)-C(13) 
C(13)-C(14) 
C(13)-H(130) 
C(13)-H(131) 

1,37 (I) C(14)-O(15) 1,418 (9) 
1,40 (1) C(14)-C(16) 1,53 (4) 
1,49 (l) C(14)--H(140) 1,07 (5) 
1,40 (l) O(15)-n(150) 0,99 (6) 
1,05 (6) C(16)--N(17) 1,497 (9) 
1,38 (l) C(16)-n(160) 1,05 (6) 
1,01 (6) C(16)-n(161) 0,97 (6) 
1,36 (1) N(17)--C(18) 1,494 (9) 
1,754 (8) N(17)-H(170) 0,95 (5) 
1,39 (1) N(17)-H(171) 0,99 (5) 
0,99 (6) C(18)-C(20) 1,55 (l) 
1,03 (6) C(18)-C(21) 1,53 (1) 
1,49 (l) C(18)-C(19) 1,53 (1) 
1,269 (9) C(20)-H(200) 0,86 (5) 
1,08 (6) C(20)-H(201) 0,97 (6) 
1,02 (6) C(20)-H(202) 1,04 (6) 
0,89 (6) C(21)-H(210) 0,85 (6) 
1,414 (7) C(21)-H(211) 0,97 (6) 
1,421 (8) C(21)-H(212) 0,94 (7) 
1,52 (I) C(19)-H(190) 1,06 (6) 
1,05 (5) C(19)-H(191) 0,88 (6) 
1,05 (6) C(19)-H(192) 1,04 (6) 

Tableau 3. Angles interatomiques (o) 

C(2)-C(1)-C(6) 119,4 (6) O(15)--C(14)-H(140) 112 (3) 
C(2)-C(1)-C(7) 119,9 (6) C(16)-C(14)-H(140) 109 (3) 
C(6)-C(1)-C(7) 120,7 (6) C(14)-O(15)--n(150) 115 (4) 
C(1)-C(2)-C(3) 120,8 (6) C(14)-C(16)-N(17) 109,3 (6) 
C(I)-C(2)-H(20) l l9 (3) C(14)-C(16)-U(160) 108 (3) 
C(3)-C(2)-H(20) 121 (3) C(14)-C(16)-H(161) 109 (3) 
C(2)-C(3)-C(4) 117,9 (7) N(17)-C(16)-H(160) 109 (3) 
C(2)-C(3)-H(30) 120 (3) N(17)-C(16)-H(161) 110 (3) 
C(4)-C(3)-H(30) 122 (3) H(140)-C(16)-H(161) 111 (5) 
C(3)-C(4)-C(5) 123,0 (7) C(16)-N(17)-C(18) 117,2 (5) 
C(3)-C(4)-C1(40) 118,2 (6) C(16)-N(17)-H(170) 111 (3) 
C(5)-C(4)-C1(40) 118,8 (6) C(16)-N(17)--H(171) 107 (3) 
C(4)-C(5)-C(6) 118,3 (7) C(18)-N(17)-H(170) 106 (3) 
C(4)-C(5)-H(50) 123 (3) C(18)-N(17)-H(171) 109 (3) 
C(6)-C(5)-H(50) 119 (3) H(170)-N(17)-H(171) 106 (4) 
C(1)-C(6)-C(5) 120,6 (7) N(17)-C(18)-C(20) 105,4 (6) 
C(1)-C(6)-H(60) 119 (4) N(17)-C(18)-C(21) 109,9 (7) 
C(5)-C(6)-H(60) 120 (4) N(17)-C(18)-C(19) 109,4 (6) 
C(1)-C(7)-C(8) 120,7 (6) C(20)-C(18)-C(21) 109,7 (7) 
C(1)-C(7)-N(9) 115,7 (6) C(20)-C(18)-C(19) 110,9 (7) 
C(8)-C(7)-N(9) 123,5 (7) C(21)-C(18)-C(19) 111,5 (7) 
C(7)-C(8)-H(80) 115 (3) C(18)-C(20)-H(200) 107 (4) 
C(7)-C(8)-H(81) 116 (4) C(18)-C(20)-H(201) 105 (3) 
C(7)-C(8)-H(82) 105 (4) C(18)-C(20)-H(202) 107 (3) 
H(80)-C(8)-H(81) 122 (5) H(200)-C(20)-H(201) 122 (5) 
H(80)-C(8)-H(82) 105 (5) H(200)-C(20)-H(202) 120 (5) 
H(81)-C(8)-H(82) 88 (5) H(201)-C(20)-H(202) 95 (5) 
C(7)-N(9)-O(12) 111,4 (5) C(18)-C(21)-H(210) 102 (4) 
N(9)-O(12)-C(13) 109,3 (5) C(18)-C(21)-H(211) 102 (4) 
O(12)-C(13)-C(14) 112,6 (6) C(18)-C(21)-H(212) 105 (4) 
O(12)-C(13)-H(130) 108(3) H(210)-C(21)-H(211) 120(5) 
O(12)-C(13)-H(131) 109 (3) H(210)-C(21)-H(212) 124 (6) 

Fig. 3. Projection OR TEP (Johnson, 1965) de la structure. 

8- ° I C hx lygree e 

, 12 U _  ; ! Cydbr°g;n e 

i _ _ _ 

Fig. 4. Projection (001) de la structure. 

Tableau 4. Liaisons hydrogOne et contacts  de van der 
Waals 

Code de sym&rie: (i) x,y,z; (ii) .~ + 1, ~ + 1, k + 2; (iii) x + ½, ) + ½, 
Z+½. 

Liaisons hydrog6ne 

C1(231)..-N(17 t) 3,121 (6)A C1(23~)...H(171 ~) 
C1(23+) .. .O(15 t~) 3,038 (6) C1(231)...H(150 H) 
C1(23+) -. .N(17 ~+) 3,211 (5) C1(23~)...H(170 H) 

C1(23~) .. • H(171+)-N(I 7 +) 174,0 (1,2) ° 
C1(23~) • • • H(150t~)-O(15 H) 162,0 (1,3) 
C1(23~) -- • H(170H)--N(17 H) 162,0 (1,2) 

2,14 (6) A 
2,08 (5) 
2,30 (5) 

Les valeurs des angles di6dres (Fig. 2), R~ = 30 (1), 
R 2 = 183 (1) et R 3 = 183 (1) °, ainsi que celles des 
distances C (1 ) -C  (7), C (7 ) -C  (9), N(9)--O(12) sont en 
accord avec une d61ocalisation des ~lectrons n du cycle 
jusqu'fi l'atome O(12). Ce ph6nom6ne se retrouve 
6galement dans la mol6cule voisine d'IPS 339. Les 
angles di6dres R+ [ N ( 9 ) - O ( 1 2 ) - C ( 1 3 ) - C ( 1 4 ) ]  = 
294 ° et R 5 [O(12)-C(13)- -C(14)-C(16)]  = 302 ° 
indiquent qu'fi partir du carbone C(13) la cha3ne 

Contact de van der Waals inf6rieur fi 3,5 A 

O(12~)-C(3 lij) 3,449 (9) A 

se replie; cette conformation est illustr+e par la Fig. 3, 
qui repr6sente la projection OR TEP de la mol6cule. 
L'IPS 339 poss+de 6galement cette m~me conformation; 
or ces deux mol6cules poss~dent la m~me facult+ de 
se fixer sur les 'r6cepteurs fl' de l'organisme. 
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Remarquons enfin que la cohesion cristalline est 
assur+e par trois liaisons hydrog+ne dans lesquelles l'ion 
CI- est engag6 et par contacts de van der Waals (Fig. 
4, Tableau 4). 
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Abstract. CI9H23NO2, Mr=297"40,  orthorhombic, 
Pbcn, a = 15.941 (3), b = 9.739 (3), c = 22.094 (2)/~, 
Z = 8, D m = 1. 145 (flotation in KI solution at 296 K), 
D c = 1.152 Mg m -3, #(Cu K a ) =  0.552 mm-L Final 
R = 0.058 and Rw= 0-059 for 2143 observed reflex- 
ions. The two five-membered rings are cis fused as 
expected from the conformational preferences of the 
n.n* excited states of a,fl-unsaturated ketones. Inter- 
molecular N - H . . . O  hydrogen bonds link the 
molecules into chains along b. 

Introduction. The cycloaddition by photochemical 
reaction with dienes was studied extensively and proved 
to be important in the synthesis of alkaloids (Wiesner, 
Sanchez, Atwal & Lee, 1977). The crystal structure of 
a model compound of this reaction, obtained from an 
a,fl-unsaturated ketone and an allene, and comprising 
two six-membered rings, was reported by Ahmed & 
Przybylska (1978). In addition, it was desirable to 
determine the stereochemistry of a tricyclic adduct 
containing two five-membered rings. The present 
phenylcarbamate derivative (I) was crystallized from 
n-hexane in the form of colourless prisms (m.p. 
366-367 K). CHz, 

~ O--i--NH--~ 

CH2 (I) 

t NRCC publication No. 18353. The numbering in the title is 
according to IUPAC conventions and differs from that used 
throughout the text. 
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The space group was determined from the systematic 
absences in precession photographs, and all the other 
X-ray measurements were carried out on a Picker 
diffractometer with Ni-filtered Cu radiation 
12(K~ll)= 1.54050, 2(K~2)= 1-54434 ~,] and a 
crystal 0.39 × 0.39 x 0.22 mm mounted along b. The 
cell parameters were derived from the angular settings 
of four reflexions (20= 58 to 100 °) and their equiva- 
lents measured at 20 and - 2 0  with a narrow slit at a 
take-off angle of 1.5 ° . The integrated intensities were 
obtained with the 0-20 scan procedure at a 20 speed of 
2 ° rain -1, while the background was measured for 20 s 
at the start and end of each scan. The 20 scan range 
was between 2.0 and 3.0 °. Two reflexions measured at 
regular intervals showed small variations within _+3% 
of their mean values. Within the 20 limit of 130 ° there 
were 2908 independent reflexions of which 2143 (74%) 
were observed with significant counts above back- 
ground. The intensities were corrected for background, 
Lorentz and polarization effects, but not for ab- 
sorption. 

The phases of 640 reflexions with I EI > 1.20 were 
determined by the symbolic-addition procedure (Karle 
& Karle, 1963), and the corresponding E map 
identified the positions of the 22 non-hydrogen atoms. 
After partial refinement, 22 of the 23 H atoms were 
located from a difference map. The missing H atom 
could not be observed even in the final difference map 
probably because of some minor disorder in the 
position of its parent C (2). 

Refinement was by block-diagonal least squares, 
where ~ w ( F  o - Fc) 2 was minimized and w = 
{1 + [(IFol - 20)/40]2} -1 in the final stages. Two 
very strong reflexions (302 and 212) showing extinction 
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