
1646 - C12H6C140  

overlap between the adjacent molecules, which can also 
have some effect on the twist angle between the phenyl 
tings, as in 2,2',3,4',5'-pentachloro-4-methoxybiphenyl 
(Rissanen, Valkonen & Mannila, 1988). There are no 
intermolecular contacts shorter than the sums of the 
van der Waals radii. 

The authors thank Dr Tarmo Humppi for synthe- 
sizing the compound. 

References 

BENJAMINS, H., DAR, H. F. & CHANDLER, W. D. (1974). Can. J. 
Chem. 52, 3297-3302. 

BERNDT, A. F., COREY, E. R. & GUCK, M. D. (1981). Acta Cryst. 
B37, 1294-1296. 

EDLUND, U. & NORSTR6M, A. (1977). Org. Magn. Reson. 9, 
196-202. 

FRENZ, B. A. (1978). The Enraf-Nonius CAD-4 SDP - A 
Real-Time System for Concurrent X-ray Data Collection and 
Crystal Structure Solution. In Computing in Crystallography, 
edited by H. SCHENK, R. OLTHOF-HAZEKAMP, H VAN 
KONn,~GSVELD & G. C. BASSI, pp. 64-71. Delft Univ. Press. 

GARA, A., ANDERSSON, K., NtLSSON, C.-A. & NORSTR6M, A. 
(1981). Chemosphere, 10, 365-390. 

GREGSON, R. P. & DALY, J. J. (1982). Aust. J. Chem. 35, 649-657. 
International Tables for X-ray Crystallography (1974). Vol. IV. 

Birmingham: Kynoch Press. (Present distributor Kluwer 
Academic Publishers, Dordrecht.) 

JOHNSON, C. K. (1976). ORTEPII. Report ORNL-5138. Oak 
Ridge National Laboratory, Tennessee, USA. 

LEHMANN, P. A. (1972). J. Med. Chem. 15, 404. 
MAIN, P., FISKE, S. J., HULL, S. E., LESSINGER, L., GERMAIN, G., 

DECLERCQ, J.-P. & WOOLFSON, M. M. (1982). MULTANI 1/82. 
A System of Computer Programs for the Automatic Solution of 
Crystal Structures from X-ray Diffraction Data. Univs. of York, 
England, and Louvain, Belgium. 

MOTHERWELL, W. O. S. (1978). PLUTO78. Program for plotting 
crystal and molecular structures. Univ. of Cambridge, England. 

NILSSON, C.-A., NORSTROM, /L, HANSSON, M. & ANDERSSON, K. 
(1977). Chemosphere, 9, 599-607. 

NORSTR6M, A., ANDERSSON, K. & RAI'PE, C. (1976). 
Chemosphere, 1, 21-24. 

PAASIVmrA, J., TARnANEN, J. & SOmXF.U, J. (1986). 
Chemosphere, 15, 1429-1433. 

RmSA_~EN, K., VALKONEN, J. & MAr~mA, B. (1988). Acta Cryst. 
C44, 682-684. 

SINGH, P. & McKn,~rEY, J. D. (1980). Acta Cryst. B36, 210-212. 
WALKER, N. & STUART, D. (1983). Acta Cryst. A39, 158-166. 

Acta Cryst. (1988). C44, 1646-1648 

F u n e t i o n a l i z e d  H y d r o c a r b o n s  with C o n d e n s e d  R i n g  Ske le tons .  I. 
Tr ieye lo [7 .4 .0 .02 '6] tr ideeane  Ske le ton  

BY AND~ G. MICHEL,* MARTIN PROULX AND NADn~m MICH~L-D~.WEZ 

Laboratoire de Chimie Structurale, Universitd de Sherbrooke, Sherbrooke (Qudbec), Canada J1K 2R I 

(Received 9 September 1987; accepted 17 May 1988) 

Abstract. Dimethyl 1,2-cis- 1,9-trans- 11 -benzyl- 
oxymethyl-2-methoxymethoxy- 1 -methyltricyclo [ 7.4.0.- 
02'6]tridec-7-ene-4,4-dicarboxylate, C28H3sOT, Mr 
= 486.57, triclinic, Pi ,  a = 12.822 (2), b = 
15.560(1), c = 6 . 5 8 5 1 ( 7 ) A ,  a =  85.73 (1), f l=  
96.42(1), 7 =  98"26 (1)% V = 1 2 8 9 . 7 1 A  3, D x =  
1.253Mgm -3, Z = 2 ,  2(MoK~) 0.71069A, /z= 
0.0924 mm -1, F(000)= 524, room temperature, final 
R =0.043 for 4285 observed reflexions. The title 
compound possesses a condensed ring skeleton closely 
related to the B, C, and D rings of steroid-like 
molecules. Ring B adopts a chair conformation with the 
methyl group axial at C(1), ring C has a boat 
conformation owing to the double bond between 
C(7)-C(8) and ring D has a p-envelope conformation, 
with the benzyloxymethyl group equatorial at C(11). 
The relative stereochemistry is trans for the BC 
junction, syn for the orientation of the methyl and 

* To whom correspondence should be addressed. 

0108-2701/88/091646-03 $03.00 

methoxymethyl groups, and trans for the CD junction 
(T-S-T). 

E E L/E ~ E  

( 1 ) (2) 

~ E 

(3) 
Fig. 1. Molecular schemes (X = OCH2OCH3, Y = CH2OCH2C6Hs, 

E = COOCH3). 

© 1988 International Union of Crystallography 



ANDRE G. MICHEL, MARTIN PROULX AND NADINE MICHEL-DEWEZ 1647 

Introduction. This work is part of a more general study 
on the conformational properties of tricyclic molecules 
obtained from transannular Diels-Alder reaction (Beat- 
tig, Dallaire, Pitteloud & Deslongchamps, 1987; Beat- 
tig, Marinier, Pitteloud & Deslongchamps, 1987) on 
13-membered macrocyclic trienes. The transannular 
Diels-Alder reaction on a macrocyclic triene seems a 
powerful strategy for the construction of complex 
polycyclic molecules among which many natural- 
product structures are known (Tokuyama, Daly & 
Witkop, 1969; Birch, Richards, Smith, Harris & 
Whalley, 1959). The title compound (3) was obtained 
as one of the major products of the macrocyclization of 
the allylic chloride (1) (B6rub6 & Deslongchamps, 

Table 1. Fractional coordinates (x 104) and equivalent 
B values for nonhydrogen atoms with e.s.d.'s in 

parentheses 
lit 

Beq = ~X! Yj Ut ja t  a]  a t. aj. 

x y z Beq(A 2) 
C(l) 2593 (i) 5460 (1) 9605 (3) 2.64 
C(2) 2334 (1) 4446 (1) 9322 (3) 2-65 
C(3) 2012 (1) 3819 (1) 11137 (3) 3.11 
C(4) 2309 (1) 2917 (1) 10677 (3) 2.81 
C(5) 2927 (1) 3097 (1) 8740 (3) 3.12 
C(6) 3309 (1) 4065 (1) 8780 (3) 2.63 
C(7) 3782 (1) 4576 (1) 7010 (3) 3.08 
C(8) 4003 (1) 5422 (I) 7205 (3) 3-14 
C(9) 3770 (1) 5769 (1) 9148 (3) 2.73 
C(10) 4068 (1) 6747 (1) 9287 (3) 3.23 
C(II)  3909 (I) 7052 (I) 11375 (3) 3.31 
C(12) 2822 (1) 6684 (1) 12077 (3) 3.68 
C(13) 2526 (1) 5705 (1) 11812 (3) 3.22 
C(14) 1852 (1) 5960 (1) 8108 (3) 3-56 
C(15) 4107 (2) 8041 (1) 11364 (3) 3.90 
O(16) 3348 (1) 8371 (I) 9879 (2) 4.08 
C(17) 3566 (2) 9274 (1) 9351 (3) 4-26 
C(18) 2844 (2) 9487 (1) 7484 (3) 3.65 
C(19) 2271 (2) 10180 (1) 7405 (3) 4-72 
C(20) 1615 (2) 10372 (2) 5675 (4) 5.94 
C(21) 1530 (2) 9879 (2) 4000 (4) 5.84 
C(22) 2096 (2) 9185 (2) 4074 (3) 5.26 
C(23) 2746 (2) 8995 (1) 5793 (3) 4.49 
0(24) 1575 (1) 4277 (1) 7538 (2) 3.30 
C(25) 485 (2) 4203 (I) 7754 (3) 4.19 
0(26) 11 (1) 3337 (1) 7866 (2) 4.64 
C(27) -68 (2) 2943 (2) 5948 (4) 5.95 
C(28) 1355 (I) 2219 (1) 10337 (3) 3.31 
0(29) 1199 (1) 1736 (1) 8969 (2) 4.51 
0(30) 716 (1) 2198 (1) 11822 (2) 4-13 
C(31) -289 (2) 1623 (2) 11555 (4) 5.38 
C(32) 3062 (1) 2583 (1) 12431 (3) 3.30 
0(33) 3544 (i) 3002 (I) 13755 (2) 5.58 
0(34) 3191 (1) 1762 (1) 12215 (2) 4.65 
C(35) 3964 (2) 1402 (2) 13691 (4) 5.58 

Table 2. Bond lengths (A) and bond angles (°) with 
e.s.d.'s in parentheses 

C(1)-C(2) 1.585 (2) C(12)-C(13) 1-535 (3) 
C(1)-C(9) 1.573 (2) C(15)-O(16) 1.423 (2) 
C(I)-C(13) 1.545 (3) O(16)-C(17) 1.418 (2) 
C(1)---C(14) i.539 (3) C(17)-C(18) 1.500 (3) 
C(2)-C(3) 1.541 (2) C(18)-C(19) 1.386 (3) 
C(2)-C(6) i.545 (3) C(18)-C(23) 1.382 (3) 
C(2)-O(24) 1.453 (2) C(19)-C(20) 1.379 (3) 
C(3)-C(4) 1.564 (3) C(20)-C(21) 1.376 (4) 
C(4)-C(5) 1.563 (3) C(21)-C(22) !.380 (4) 
C(4)-C(28) 1.523 (2) C(22)-C(23) 1-369 (3) 
C(4)-C(32) 1.530 (3) O(24)-C(25) 1.407 (2) 
C(5)-C(6) 1.517 (2) C(25)-O(26) 1.397 (2) 
C(6)-C(7) 1.496 (2) O(26)-C(27) 1.43 ! (3) 
C(7)-C(8) 1.318 (3) C(28)-O(29) 1.198 (2) 
C(8)-C(9) 1.501 (3) C(28)-O(30) 1.341 (2) 
C(9)--C(10) i.522 (3) O(30)---C(3 !) 1.460 (2) 
C(10)-C(I I) 1.532 (3) C(32)-O(33) 1.191 (2) 
C(I i)-C(12) 1.535 (3) C(32)-O(34) 1.333 (2) 
C(I 1)--C(15) !.523 (3) O(34)-C(35) 1.450 (3) 

C(2)-C(1)-C(9) 108.5 (!) C(10)-C(I 1)--C(12) i 12-8 (i) 
C(2)-C(!)-C(13) i13.3 (1) C(10)-C(l 1)-C(15) 110.4 (2) 
C(2)-C(1)-C(14) 110.6 (I) C(12)-C(1 !)-C(15) 111.8 (2) 
C(9)-C(!)-C(14) 109-0 (1) C(I 1)-C(12)-C(13) 113.3 (!) 
C(13)-C(1)-C(14) 109.5 (1) C(1)-C(13)-C(12) 112.6 (1) 
C(1)-C(2)-C(3) 120.1 (l) C(11)-C(15)-O(16) 107.8 (l) 
C(1)-C(2)-C(6) 111.7 (1) C(15)-O(16)-C(17) 114.7 (1) 
C(1)-C(2)-O(24) 110.4 (I) O(16)-C(17)-C(18) 108.4 (!) 
C(3)-C(2)-C(6) 100-5 (1) C(17)-C(18)-C(19) 121.1 (2) 
C(3)-C(2)-O(24) 109.8 (1) C(17)---C(18)-C(23) 120.3 (2) 
C(6)--C(2)-O(24) 102.7 (1) C(19)-C(18)-C(23) 118.6 (2) 
C(2)-C(3)-C(4) 105.7 (1) C(18)-C(19)-C(20) 120-5 (2) 
C(3)-C(4)-C(5) 105-4 (1) C(19)-C(20)-C(21) 120.2 (2) 
C(3)--C(4)-C(28) 113.6 (1) C(20)-C(21)-C(22) 119.5 (2) 
C(3)-C(4)-C(32) l lO.7 (1) C(21)-C(22)-C(23) 120.3 (2) 
C(5)-C(4)-C(28) I l l .4  (I) C(18)-C(23)-C(22) 120.9 (2) 
C(5)-C(4)-C(32) 107.7 (i) C(2)-0(24)-C(25) 119. l (2) 
C(28)-C(4)-C(32) 107.9 (1) 0(24)-C(25)-0(26) 112.1 (2) 
C(4)-C(5)-C(6) 102.4 (l) C(25)-0(26)-C(27) 112.4 (2) 
C(2)-C(6)-C(5) 103.4 (I) C(4)-C(28)-0(29) 125.5 (2) 
C(2)-C(6)-C(7) I I 1-O (1) C(4)-C(28)-0(30) ! I0.6 (1) 
C(5)-C(6)-C(7) 122.2 (2) 0(29)-C(28)-0(30) 123.9 (2) 
C(6)-C(7)-C(8) 115.3 (2) C(28)-0(30)-C(31) i16.1 (1) 
C(7)-C(8)-C(9) 117.7 (2) C(4)-C(32)-0(33) 125.9 (2) 
C(1)-C(9)-C(8) I l l .5  (i) C(4)-C(32)-0(34) I I I  .3 (I) 
C(I)-C(9)-C(IO) I I !.8 (l) 0(33)-C(32)-0(34) 122.5 (2) 
C(8)-C(9)-C(i0) 114.8 (1) C(32)-0(34)-C(35) 116. l (l) 
C(9)-C(IO)--C(I l) 112-5 (2) 

1987). This reaction was described as a transannular 
Diels-Alder reaction of compound (2). It was expected 
that the trans-trans diene and cis dienophile of (2) 
would give two different tricycles having T - S - T  and 
C - S - C  stereochemistry. The present crystallographic 
study was undertaken to determine the exact con- 
formation of (3), expected to be the T - S - T  isomer. The 
molecular formulae for (1), (2) and (3) are given in 
Fig. 1. 

 0cr ' 
c 1 ~ C 2 3  c14 'qP-'~&6 

c28 

C15 ~ ' 1 ~ o  C 9 - -  ~"'C.6 CSt, ~ _ 

0 3 3 0 ~  034 
v C35, 

Fig. 2. PLUTO perspective view and atom numbering. 

Experimental. Crystal 0.30 x 0.32 x 0.23 mm; 
Enraf-Nonius CAD-4 diffractometer; graphite-mono- 
chromatized Mo K~ radiation; lattice parameters deter- 
mined from 25 medium-angle reflexions; 0 < h < 17, 
-21  < k < 2 0 ,  - 8 < 1 < 8 ;  one standard reflexion 
monitored every 80 reflexions without significant 
deviation; 6835 unique measured reflexions; 4285 
observed with F _> 2tr(F); structure solved by direct 
methods with MULTAN80 (Main, Fiske, Hull, Les- 
singer, Germain, Declercq & Woolfson, 1980); molec- 
ular illustration drawn using PLUTO (Motherwell & 
Clegg, 1978); Y w(AF) 2 minimized; max. A/tr (for 
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non-H atoms)= 0.46; max. and min. electron densities 
in final difference map 0.10 and -0 .12  e A-a; H atoms 
calculated and kept unrefined for the last two cycles; all 
non-H atoms refined anisotropically; R = 0.043; wR 
= 0.040; block-diagonal least-squares refinement using 
XTAL (Stewart & Hall, 1985). 

Discussion. Table 1 gives the atomic coordinates of the 
structure shown in Fig. 2.* Bond lengths and angles are 
given in Table 2. Ring B adopts a 'chair' conformation 
with C(9) 0.6 A above and C(12) 0.7 A below the 
least-squares plane of C(1), C(13), C( l l )  and C(10). 
The middle ring C adopts a boat-like conformation with 
C (9) and C (6), respectively, 0.61 and 0.63 A above the 
least-squares plane of C(1), C(2), C(7) and C(8). Ring 
D can be described as a ]?-envelope similar to the other 
five-membered rings found in ~ polycyclic structures 
(Cox, Mkandawire & Mallinson, 1981; Pr6cigoux, 
Busetta & Geoffre, 1981; Pr6cigoux, Leroy & Geoffre, 
1980). The BC and CD junctions are both trans, and 
the methyl and methoxymethoxy groups are syn, 
leading to the trans-syn-trans stereochemistry. Such a 

* Lists of structure factors, anisotropic thermal parameters, 
H-atom parameters and torsion angles have been deposited with the 
British Library Document Supply Centre as Supplementary 
Publication No. SUP 51042 (60 pp.). Copies may be obtained 
through The Executive Secretary, International Union of Crystal- 
lography, 5 Abbey Square, Chester CH 1 2HU, England. 

conformation for the major isomer obtained by trans- 
annular Diels-Alder reaction is compatible with a 
boat-like transition state wherein the C ring would 
adopt a boat conformation. 
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Structure o f  1 O, 11 -g-Hydro-9-dimethylsulfido-7,8-diearba-nido-undeeaborane(11) 

BY JILL COWIE, EWAN J. M. HAMILTON, JILL C. V. LAURIE AND ALAN J. WELCH 

Department of Chemistry, University of Edinburgh, Edinburgh EH9 3J J, Scotland 

(Received 7 March 1988; accepted 10 May 1988) 

Abstract. C4HITBgS , M r =  194.53, triclinic, Pi ,  a 
=8.7912 (14), b =  12.093 (5), c =  12.5617 (19)A, a 
= 107.53 (3), /?= 101,019 (13), y= 106..10 (3) °, V 
= 1167.2 (8) A 3, z = 4, D x = 1.107 Mg m -3, Mo Ka, 
2 = 0.71069 A; g = 0.213 mm -~, F(000) = 408, 

291 K, R =0.0480 for 3580 observed reflections. 
There are two crystaUographically independent mole- 
cules in the asymmetric fraction of the unit cell, which 
differ in respect of the torsion about the B(9)--S bond. 
The g-H atom bridges the B(10) ,B(l l )  connectivity 
asymmetrically, favouring B(10), the less positively 
charged boron [average g-H-B(10) 1.165, average 
#,H-B(11) 1.35 A]. 

0108-2701/88/091648-03503.00 

Introduction. The synthesis of the title compound (1) 
was reported ten years ago (Plesek, Janousek & 
Hermanek, 1978). Spectroscopic study indicated that 
the SMe 2 unit was bound to B(9) of the nido- 
icosahedral {7,8-C2B9} polyhedron, but the position of 
the bridging H atom (shown to be either 9,10 or 10,11 
bridging) was not unambiguously determined. 

We are interested in (1) as a precursor of [9- 
SMe2-nido-7,8-C2BgHlo]-, a monoanionic carbaborane 
fully analogous to the ubiquitous [C5H5]- ligand. Since 
the position of the g-H atom in (1) may be important in 
the formation and structure of metal complexes of its 
anion, we have undertaken the present study. 

© 1988 international Union of Crystallography 


