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ester (3) and 1-vinylcyclopentene (4), as shown 
below. The synthetic complexity involved translates 
into a compound containing six contiguous asym- 
metric centres, whose complete structure elucidation 
can only be obtained by single-crystal X-ray diffrac- 
tion. Furthermore, this structure determination is 
also necessary for planning the most appropriate 
sequence of reactions that will lead to the desired 
final product (2). 
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The hydroxycyclohexenone ring is in a sofa con- 
formation with the methylated ring-junction C atom 
out of the plane. The fused cyclopropane ring forces 
the central cyclohexane ring into a half-chair confor- 
mation. The cyclopentane ring is in an envelope 
conformation with C(12) 0.521 (5) A out of the plane 
through the other four atoms. 

Abstract 

Methyl 14,14-dibromo-4-hydroxy-6-isopropyl-3-me- 
thyl-7-oxotetracyclo[ 11.1.0.03"8.09": 3]tetradec-5-ene-8 - 
carboxylate, CzoH26Br204, adopts an overall hemi- 
spherical conformation with the three major rings all 
having cis ring fusion and the cyclopropane ring 
pointing outward from the hemisphere. 

Comment 

Compound (1) forms part of a many-step sequence 
of reactions in the projected synthesis of methyl 
homodaphniphylate (2), a Daphniphyllum alkaloid of 
considerable structural, biological and synthetic 
interest (Yamamura, 1986). Compound (1) was pre- 
pared from thymoquinone-2-carboxylate methyl 
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C ( 1 3 ) % C ( 1 4 )  

C(12)tk"~ I 0(1) 

c(20) 

)0(2) 

Fig. 1. Projection of C2oH26Br204; atoms C(2), C(3) and C(4), 
which are not labeled, make a six-membered ring with C(5), 
C(6) and C(7); C(]7), also unlabeled and behind this ring, is a 
substituent at C(4). 50% probability thermal ellipsoids are 
shown. 

Acta Crystallographica Section C 
ISSN 0108-2701 ©1994 



E. E. CASTELLANO, T. J. BROCKSOM AND M. A. CESCHI 125 

Experimental 
Crystal data 

C20H26Br204 
Mr = 490.25 

Monoc l in i c  

e21/n 

a = 11.090 (1) A 
b = 8.672 (1) A, 

c = 20.699 (2) 

/3 = 94.79 (1)° 

V = 1983.6 (6) A 3 

Z = 4  

D,~ = 1.64 M g  m -3 

Cu Ka radia t ion 
A = 1.5418 ,~, 
Cell parameters from 23 

reflections 
0 = 17-37  ° 
# = 5.41 m m  -~ 
T--- 292 K 
Irregular  
0.25 × 0.20 × 0.18 m m  
Colour less  
Crysta l  source:  f rom ethyl  

acetate 

Data collection 

E n r a f - N o n i u s  C A D - 4  
d i f f rac tomete r  

w/20 scans  

Absorp t ion  correct ion:  
empir ica l  ( DIFABS; 
Walker  & Stuart ,  1983) 

Tmin = 0.67, Tma× = 1.55 
3043 measured reflections 
2876 independent reflections 
2553 observed  ref lect ions 

[1 > 3o(/)1 

Refinement 

Ref inemen t  on F 
R = 0.042 
wR = 0.049 
S = 2.64 
2553 ref lect ions 
236 parameters  
w = [a2(lFol) 

+ 0.00041Fo 12] - I  

Rint = 0 . 0 6 1  

0max = 60 ° 
h = - 12 ~ 12 
k = 0---+ 9 
l = 0 - - - , 2 3  
1 s tandard  ref lect ion 

f requency:  30 min  
in tensi ty  variat ion:  ± 1.0% 

(Z~k/O')max = 0.001 

mpmax = 0.45 e A -3 
mpmin = -0.67 e A -3 
Extinction correction: none 
Atomic  scat ter ing fac- 

tors f rom SHELX76 
(Sheldrick,  1976) 

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

= 4Ei~jl3iTai.a j. Beq .~ 

x y z Beq 
Br(l) 0.7937 (1) 0.1879 (1) 0.4598 (1) 3.40 (2) 
Br(2) 0.6047 (1) 0.3497 (1) 0.3613 (1) 4.21 (2) 
O(1) 1.0992 (3) 0.5315 (4) 0.2764 (2) 3.7 (1) 
0(2) 1.1056 (3) -0.0893 (4) 0.2880 (2) 4.0 (1) 
0(3) 1.2215 (3) 0.3614 (4) 0.4432 (1) 3.5 (1) 
0(4) 1.3052 (3) 0.3377 (4) 0.3489 (2) 3.4 (1) 
C(I) 0.9944 (3) 0.4001 (5) 0.3901 (2) 1.9 (1) 
C(2) 1.0873 (3) 0.3191 (4) 0.3490 (2) 1.7 (1) 
C(3) 1.0861 (3) 0.3932 (5) 0.2804 (2) 2.0 (1) 
C(4) 1.0778 (4) 0.2966 (5) 0.2219 (2) 2.5 (1) 
C(5) 1.1054 (4) 0.1494 (6) 0.2282 (2) 3.0 (2) 
C(6) 1.1328 (4) 0.0685 (5) 0.2919 (2) 2.8 (1) 
C(7) 1.0604 (3) 0.1397 (5) 0.3449 (2) 2.0 (1) 
C(8) 0.9228 (3) 0.1078 (5) 0.3254 (2) 2.3 (1) 
C(9) 0.8349 (3) 0.2391 (5) 0.3207 (2) 2.1 (1) 
C(10) 0.7707 (3) 0.2901 (5) 0.3783 (2) 2.1 (1) 
C(I 1) 0.8687 (3) 0.3932 (5) 0.3537 (2) 1.8 (1) 
C(12) 0.8409 (4) 0.5518 (5) 0.3275 (2) 3.2 (1) 

C(13) 0.9011 (5) 0.6578 (6) 
C(14) 1.0146 (4) 0.5722 (5) 
C(15) 1.2163 (4) 0.3408 (5) 
C(16) 1.3419 (5) 0.3719 (9) 
C(17) 1.0460 (4) 0.3770 (6) 
C(18) 1.1024 (6) 0.299 (1) 
C(19) 0.9106 (5) 0.3916 (7) 
C(20) 1.1009 (4) 0.0575 (5) 

Table 2. Geometric 
Br(I)--C(10) 1.904 (4) 
O(1)--C(3) 1.212 (5) 
O(3)--C(15) 1.337 (5) 
O(4)--C(15) 1.210 (5) 
C(I)--C(ll) 1.529 (5) 
C(2)--C(3) 1.558 (5) 
C(2)--C(15) 1.523 (6) 
C(4)--C(5) 1.317 (7) 
C(5)--C(6) 1.502 (6) 
C(7)--C(8) 1.570 (6) 
C(8)--C(9) 1.497 (6) 
C(9)--C( 11 ) 1.533 (6) 
C(I 1)--C(12) 1.501 (6) 
C( 13)--C(14) 1.527 (7) 
C( 17)--C(19) 1.510 (7) 

C(15)--O(3)--C(16) 116.3 (4) 
C(2)--C(1)--C(14) 117.5 (3) 
C(1)--C(2)--C(3) 110.9 (3) 
C(1)--C(2)--C(15) 111.3 (3) 
C(3)--C(2)--C(15) 104.9 (3) 
O(1)--C(3)--C(2) 118.6 (4) 
C(2)--C(3)--C(4) 120.8 (3) 
C(3)--C(4)--C(17) 116.8 (4) 
C(4)--C(5)--C(6) 124.6 ,, .!.) 
O(2)--C(6)--C(7) 108.0 (3) 
C(2)--C(7)--C(6) 108.9 (3) 
C(2)--C(7)--C(20) 111.6 (3) 
C(6)--C(7)--C(20) 107.3 (3) 
C(7)--C(8)--C(9) 119.8 (3) 
C(8)--C(9)--C(11) 120.0 (3) 
Br(1)--C(10)--Br(2) 110.1 (2) 
Br(I)--C(10)--C(I 1) 121.4(3) 
Br(2)--C(10)--C(I 1) 118.7 (3) 
C(I)--C(11)--C(9) 115.6(3) 
C(1)--C(11)--C(12) 107.1 (3) 
C(9)--C(11)--C(12) 127.1 (3) 
C(11)--C(12)--C(13) 103.7 (4) 
C(1)--C(14)--C(13) 107.0 (4) 
O(3)--C(15)--C(2) 112.5 (3) 
C(4)--C(17)--C(18) 112.6 (4) 
C(18)--C(17)--C(19) 110.8 (5) 

0.3789 (3) 4.8 (2) 
0.4059(2) 3.0 (1) 
0.3790(2) 2.3(1) 
0.4766 (3) 5.4 (2) 
0.1583 (2) 3.5 (2) 
0.1017 (3) 6.8 (3) 
0.1445 (3) 4.6 (2) 
0.4091(2) 3.3(1) 

parameters (A, °) 
Br(2)--C(10) 1.916 (4) 
O(2)--C(6) 1.402 (5) 
O(3)--C(16) 1.454 (6) 
C(1)--C(2) 1.557 (5) 
C(1)--C(14) 1.540 (6) 
C(2)--C(7) 1.585 (6) 
C(3)--C(4) 1.469 (6) 
C(4)--C(17) 1.505 (6) 
C(6)--C(7) 1.542 (6) 
C(7)--C(20) 1.541 (6) 
C(9)--C(10) 1.505 (5) 
C(10)--C(I 1) 1.527 (5) 
C(12)--C(13) 1.518 (8) 
C(17)--C(18) 1.531 (8) 

C(2)--C(I)--C(I 1) 109.3 (3) 
C(I 1)--C(1)--C(14) 104.7(3) 
C(1)--C(2)--C(7) 110.0 (3) 
C(3)--C(2)--C(7) 111.6 (3) 
C(7)--C(2)--C(15) 108.0 (3) 
O(1)--C(3)--C(4) 120.5 (4) 
C(3)--C(4)--C(5) 118.2 (4) 
C(5)--C(4)--C(17) 124.8 (4) 
O(2)--C(6)--C(5) 112.2 (4) 
C(5)--C(6)--C(7) 111.0 (4) 
C(2)--C(7)--C(8) 111.2 (3) 
C(6)--C(7)--C(8) 107.4 (3) 
C(8)--C(7)--C(20) 110.3 (3) 
C(8)--C(9)--C(10) 121.4 (3) 
C(10)--C(9)--C(I 1) 60.3 (3) 
Br(I)--C(10)--C(9) 121.9 (3) 
Br(2)--C(10)--C(9) 116.4 (3) 
C(9)--C(10)--C(I 1) 60.7 (3) 
C(I)--C(I I)--C(10) 120.2 (3) 
C(9)--C(11)--C(10) 58.9 (2) 
C(10)--C(I 1)--C(12) 121.8(3) 
C(12)--C(13)--C(14) 105.3 (4) 
O(3)--C(15)--O(4) 123.0 (4) 
O(4)--C(15)--C(2) 124.4 (4) 
C(4)--C(17)--C(19) 111.2 (4) 

Data  were  cor rec ted  for  Lp  and  absorp t ion  effects .  The  s t ructure  

was  so lved  by direct  methods .  H a toms  were  found  by differ-  
ence  syn thes i s  and  inc luded  as f ixed cont r ibutors  wi th  an overal l  
isotropic t empera tu re  factor  that ref ined to U~o -- 0 .064 (3) A 2. 
P rog rams  used were:  SHELXS86 (Sheldr ick,  1986), SHELX76 
(Sheldr ick ,  1976) and  ORTEP (Johnson,  1965). The  re f inement  
was  by b lock-mat r ix  leas t -squares  methods .  Mos t  o f  the calcu-  
la t ions were  p e r f o r m e d  on a VAX 6420 compu te r  at the Inst i tuto 
de Fisica e Q u i m i c a  de Silo Carlos.  

This work has received partial support from FAPESE 
CNPq, CAPES and FINEE 

Lists of structure factors, anisotropic thermal parameters and H-atom co- 
ordinates have been deposited with the British Library Document Supply 
Centre as Supplementary Publication No. SUP 71425 (17 pp.). Copies 
may be obtained through The Technical Editor, International Union of 
Crystallography, 5 Abbey Square, Chester CH 1 2HU, England. [CIF ref- 
erence: HA 1055] 
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Structure of 4-Chlorochalcone 

LI ZHENGDONG AND SU GENBO 

tuted chalcones.  The title c o m p o u n d  is one o f  them,  
which happens  to crystall ize in a cen t rosymmet r i c  
space g roup  and  therefore  has no non l inea r  optical  
propert ies .  This has been conf i rmed by second 
h a r m o n i c  genera t ion  ( S H G )  efficiency m e a s u r e m e n t s  
on a p o w d e r  sample  using the m e t h o d  of  K u r t z  & 
Perry  (1968). 

_HI I _~!  HS H] 

HIII~) I,,Z a,' - H7 1"12 - C2'~H I CLI ~ ' '  

Fig. 1. The molecular structure of the title compound. 
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Abstract 
The title c o m p o u n d ,  3 - (4-ch lorophenyl ) - l -phenyl -2-  
p r o p e n - l - o n e ,  C]sHI~CIO,  has a tors ion angle o f  7.1 ° 
for O ( 1 ) - - C ( 9 ) - - C ( 8 ) - - - C ( 7 )  o f  the 2 - p r o p e n - l - o n e  
moiety.  H a t o m s  in the centra l  p r o p e n o n e  g r o u p  are 
trans and  the d ihedra l  angle between the phenyl  rings 
is 14.34 ° . 

Comment 
The final a tomic  coord ina tes  and  thermal  p a r a m e t e r s  
are given in Table  1, bond  lengths and  angles are  
listed in Table  2 and  several leas t -squares  planes  are 
given in Table  3. The  molecu la r  conf igura t ion  and  
the pack ing  of  molecules  in unit  cell are shown in 
Figs. 1 and  2, respectively. 

The tors ion angle for  O(1) - - -C(9) - - -C(8) - -C(7)  o f  
the C2H2CO g roup  is 7.1 °. The  H a t o m s  are trans in 
the - - C - - C - -  par t .  The  d ihedra l  angles between 
phenyl  rings and  O ( 1 ) - - C ( 9 ) - - - C ( 8 ) - - C ( 7 )  are 14.3, 
16.3 and  12.3 °, respectively. It is significant tha t  
con juga t ion  in the title c o m p o u n d  is bet ter  than  in 
4 - b r o m o c h a l c o n e  (Li, Pa & Su, 1992). 

The  cha lcone  derivat ives  are newly developed 
organic  crystals  with non l inear  optical  coefficients 
(F ichou,  W a t a n a b e ,  T a k e d a ,  Miya ta ,  G o t o  & 
N a k a y a m a ,  1988). In o rder  to explore  the rela- 
t ionship between their  s t ruc ture  and  non l inear  
optical  proper t ies ,  we synthesized a series o f  substi-  
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B 

Fig. 2. The packing of the title compound in the unit cell. 

Experimental 
Crystal data 

C]sH11CIO Dx --- 1.340 Mg m -3 
Mr = 242.70 Mo Ks radiation 
Monoclinic A = 0.71069 ,~, 
P21/c Cell parameters from 20 

reflections 
a = 8.211 (2) ,~, 0 -- 6.5-11 ° 
b -- 5.869 (2)/~, 
c 25.291 (5) A /~ = 0.293 mm-]  

= T-- 294 K 
/3 = 99.18 ° Plate 
V = 1203.1 (5) ,~3 1.0 × 0.5 × 0.1 mm 
Z -- 4 Colourless 

Data collection 
Rigaku MSC]AFC-5R 1264 observed reflections 

diffractometer [I > 3or(/)] 
w-20 scans  0max = 25 ° 
Absorption correction: h = 0 ~ 10 

empirical based on ~b k -- 0 ~ 7 
scans (DIFABS; Walker l -- - 3 0  ~ 30 
& Stuart, 1983) 3 standard reflections 
Tmi, = 0.737, Tmax = monitored every 250 
1.341 reflections 

2498 measured reflections intensity variation: 0.1% 
2328 independent reflections 
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