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Synthesis and X-Ray Crystal Structure of 0,O-Bicyclohexyl-1,l'-diyl 
Thiosulphite' 

By DAVID N. HARPP* and KOSTA STELIOU 
(Department of Chemistry, McGill University, Montreal, PQ, Canada H3A 2K6) 

and CLAIR J. CHEER* 
(Department of Chemistry, University of Rhode Island, Kingston, RI 0288 1) 

Summary The first X-ray crystal structure determination 
of a thiosulphite 00'-diester is reported. 

THE branch-bonded sulphur species (1) were initially con- 
sidered as structures for the disulphides (2) and trisulphides 
( 3 ) 2  and have been suggested as reactive intermediates in 
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various organosulphur  transformation^.^ Other branch- 
bonded species have been r e p ~ r t e d . ~ - ~  In the case of the 
thiosulphite 00'-diesters (lb) a small number have been 
synthesized, but are reportedlo to decompose a t  room 
temperature or in the light. 

We here report the isolation and first crystal structure 
of a thiosulphite 00'-diester. When the diol (5 )  was 
treated with the sulphur-transfer reagent bisbenzamidazol- 
1-yl sulphide in CC14, a 50% yield of the thiosulphite 00'- 
diester (6) was obtained. The compound melts a t  100- 
101 "C with decomposition and subsequent evolution of a 
gas a t  150 "C. Elemental analysis, exact mass measure- 

0 

-N< = benzimidazol-1-yl 

ment, and the 13C spectrum were consistent with structure 

Crystal data : C12H2002S2, monoclinic, space group P2,/c, 
a = 9-482(5), b = 11-979(9), c = 11.822(8) A, /I = 
100.218(1)", 2 = 4, D,  = 1.308, DO = 1.32 g ~ m - ~  (flota- 
tion). Data were collected on a Picker FACS-I diffracto- 
meter using graphite monochromated Mo-K, radiation. 
1366 Independent reflections with F >30 F2 were collected 
with 5" < 28 < 50" and considered observed. The structure 
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was solved using a combination of direct methods and The Figure shows the structure of the thiosulphite 00'- 
difference Fourier syntheses Least-squares refinement diester (6) The two cyclohexyl-rings are both in the chair 
gave a final R value of 0-073 t conformation, staggered from one another causing the 

00'-diester ring to be significantly twisted The O( 1)C( 1)- 
C(7)0(2) dihedral angle is 37 8" The S(l)-S(2) bond 
makes an angle of 28 0" with the O(l)S(2)0(1)  plane and 
the O(l)-S(2)-0(2) bond angle is 94.3(2)" The S(l)-S(2) 
bond distance is 1.901(2) A and is directed in what may be 
considered a quasi-axial position from the twisted, five- 
membered thiosulphite ring 

The S-S bond length ( 1  901 A) is of considerable interest 
in this molecule Other information on branch-bonded 
S-S distances comes from S, itself (1  89 if),ll S 2 0  (1.884 A),12 
a microwave analysis of the S,F, structure (1.86 thio- 
sulphinylamines (4a) ( 1  898 A),8 and (4b) (1.908 A) All 
these values are considerably below that for an ordinary 
disulphide (2 02-2 06 A)13 and imply significant double 
bond character in the branch-bonded linkage 
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FIGURE (Recezved, 21st Aprzl, 1980, COWL 401 ) 

t The atomic co ordinates for this work are available on request from the Director of the Cambridge Crystallographic Data Centre 
Any request should be accompanied by the full literature University Chemical Laboratory, Lensfield Road Cambridge CB2 1 EW 

citation for this communication 

1 For Part 38 in the Series Organic Sulphur Chemistry, see D N Harpp D k Ash and R A Smith, J Org Chem , 1980, 45, 
in the press 

2 A Baroni, Attz Accad Naz Lzncez, C1 Scz F z s ,  M a t  N u t ,  Rend 1931, 14 28 S Bezzi Gazz Chzm Ital 1935 65 693 0 
Foss in 'Organic Sulfur Compounds,' Vol I, ed N Kharasch, Pergamon Press, New York, 1961, p 75 

"a) A Senning, Angew C h e m ,  I n t  E d  E n @ ,  1979, 18, 941 (b) I W J Still, S K Hasan and K Turnbull Can J Chern, 
1978, 56, 1423, (c) R D Baechler and S K Daley, Tetrahedron Lett 1978, 101 (d) R D Baechler S K Daley B Daly and K 
McGlynn, Tetrahedron L e t t ,  1978 105 (e) B I Stepanov, V ka Rodionov and T A Chibisoka Z h  Org K h z m  1974, 10, 79, (f) 
R D Baechler J P Hummel and K Mislow, J A m  Chem Soc , 1973, 95 4442, (g) G Hoefle and J E Baldwin J A m  Chepz. 
Soc , 1971, 93, 6307, (h) B K Tidd, I n t  J Sulfur Chem , 1971, C6, 101 S Safe and A Taylor J Chem Soc Chem Cornmun , 1970, 
432 

4 R L Kuczkowski, J Am Chem SOC 1964, 86 3617 (la) 
5 D H R Barton and M J Robson J Chem Soc , Perkzn Trans  1, 1974, 1245 (4a) 
Y Inagaki, T Hosogar, R Okazaki, and N Inamoto, Bull Chem Soc J p n  , 1980 53, 205 (4a) 

7 Y G Shermolovich, V V Vasilev, and L N Markovskii Z h  Org KhLrn, 1977, 13, 727 (4a) 
* F Iwasaki, Acta Crystallogr Sect B ,  1979, 35 2099 (4a) 
* T Chivers, R T Oakley, A W Cordes, and P Swepston, J Chem Soc , Chem Commun , 1980, 35 (4b) 
10 Q E Thompson, M M Crutchfield, and M W Dietrich, J Org Chem , 1965, 30, 2696 
l1 S C Abrahams, Acta Crystallogr , 1955, 8, 661 
l2 D J Meschi and R J Meyers, 1 Mol Spectrosc , 1959, 3 409 
13 N L Allinger, M J Hickey, and J Kao J A m  Chem Soc , 1976, 98, 2741, 0 Foss, A d v  lnorg Chem Radzochem , 1960 2, 

237 




