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Abstract 
The relative stereochemistry of the substituents of the 
oxetanone ring in the title compound, C26H5203Si2, 
prepared by the highly diastereoselective [2+2] cyclo- 
addition of a silylketene and a 3-alkoxy-substituted 
aldehyde, has been established. 

Comment 
In 1965, Shchukovskaya and co-workers (Shchukov- 
skaya, Pal'chik & Lazarev, 1965) first prepared the 
remarkably stable (trimethylsilyl)ketene [(2), R 2 = H] 
and Zaitseva, Vinokurova & Baukov (1975) later 
showed that it undergoes [2+2] cycloaddition to benz- 
aldehyde in the presence of boron trifluoride etherate 
to give 3-(trimethylsilyl)oxetanones (Pommier & Pons, 
1993). 

0 
tBuMe2SiO R 1 ~ ' ' ] j  O + 2~ x 

R SiMe 3 

(1) (2) 

tBuMe2SiO 10..~O tBuMe2SiO O--~  O 

. , ~  ,4~,,,,SiMe3 + R I , ~ , , , , , , ~ .  " SiMe3 
RI'27~'"I H ~2 H R 2 

(3a) (3b) 

During a synthesis of the pancreatic lipase inhibitor 
tetrahydrolipstatin, Pommier, Pons, Kocienski & Wong 
(1994) found high 1,3-asymmetric induction in the 
analogous cycloaddition of n-hexyl(trimethylsilyl)ketene 
[(2), R 2 = C6H13] to the (R)-3-[(tert-butyldimethylsilyl)- 
oxy]tetradecanal [(1), R I = CI1H23]. Four diastereo- 
isomers were generated in the ratio 80:10:8:2, in which 
the two major isomers having S stereochemlstry at C-4 
were assigned the structures (3a) (80%) and (3b) (10%). 
The relative stereochemistry at C-4 was determined 
from NMR experiments and chemical correlation, but 
the stereochemistry at C-3 could only be inferred from 
a sequence of subsequent transformations. 

We now report that the [2+2] cycloaddition of the 
silylketene (2) (R 2 - C6H13) to the racemic aldehyde (1) 
(R 1 = C6HII), catalyzed by ethylaluminium dichloride, 
is also highly efficient and diastereoselective leading 
to only two diastereoisomers, rac-(3a) and rac-(3b) 
(9:1), according to high-field IH NMR analysis of the 
crude reaction mixture. The major isomer, rac-(3a), 
is crystalline (m.p. 359-361 K) and its relative stereo- 
chemistry was determined by X-ray crystallography. The 
structure (Fig. l) was refined with anisotropic non- 
H atoms [isotropic for C(14)-C(19)] and shows the 
expected planar four-membered ring. As noted with 
related ring systems, the C--O bond adjacent to the 
C~----O bond [1.381 (8),~] is shorter than the other 
ring C- -O distance [ 1.495 (7) A]. The structure of (3a) 
confirms the sense of 1,3-asymmetric induction in the 
Lewis acid-catalyzed [2+2] cycloaddition of alkylsilyl- 
ketenes to 3-alkoxy-substituted aldehydes (Pommier, 
Pons & Kocienski, 1995; Zemribo & Romo, 1995) and 
establishes for the first time the relative stereochemistry 
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at C-3 of  the oxetanone ring. In addition, we have shown 
that n-hexyl( t r imethyls i lyl)ketene [(2), R 2 = C6H13], like 
the parent ( t r imethylsi lyl)ketene [(2), R 2 = HI, exhibits 
a strong bias in favour of a cis orientation between the 
t r imethylsi lyl  group and the aldehyde substituent in the 
oxetanone products. With the stereochemical  ambigui ty  
at C-3 now removed, further efforts are underway to 
establish the mechanism of the [2+2] cycloaddition. 

Orthorhombic 
Pbca 
a = 23.953 (3) ,~, 
b = 22.097 (3) ,~ 
c = 11.477 (4) ,~ 
V-- 6075 (2) .~3 
Z = 8  
D~ = 1.025 Mg m -3 
Dm not measured 

Cell parameters from 20 
reflections 

0 = 19.0-20.7 ° 
# = 0.138 mm -~ 
T= 150K 
Needle 
0.80 x 0.25 x 0.10 mm 
Colourless 

c(51 
- ' ~  0(3) 

C ( 3 ~ t C ( 1  ) 0 ~ ~  ~Sl(])¢u~ ~C(12) 
~[~C(7) (~ 'C(9)  ~ '~10) ~_.~C( 11 ) 

~ ~ S i ( 2 ) ~  O(1) H(15) C(15)('-~ ' ~  C(14) - - ~ - ~  

C(21) ~ C(17) q . _ ~  C(16) 

Fig. I. The molecular structure of C26H5203Si2 showing the atom- 
labelling scheme, with displacement ellipsoids drawn at the 40% 
probability level. H atoms, except for H(15), are excluded for 
clarity. 

Data collection 
Rigaku AFC-7S diffractom- 

eter 
o;/20 scans 
Absorption correction: 

~, scan (North, Phillips 
& Mathews, 1968) 
Train = 0.910, Tma~ = 
1.000 

5941 measured reflections 
5941 independent reflections 

Refinement 

Refinement on F 
R = 0.0591 
wR = 0.0510 
S = 2.301 
2020 reflections 
250 parameters 
H-atom parameters not 

refined 
W = l/o'2(F) 

2020 observed reflections 
[I > 3o-(/)] 

Omax = 25 ° 
h =  0- - ,  28 
k =  0--~ 26 
1 = - 1 3  --~ 0 
3 standard reflections 

monitored every 150 
reflections 

intensity decay: 0.99% 

(Z~/O')max = 0.0325 
Apmax = 0.56 e ,~-3 
Apmin = -0 .34 e ,~-3 
Extinction correction: none 
Atomic scattering factors 

from International Tables 
for X-ray Crystallography 
(1974, Vol. IV) 

E x p e r i m e n t a l  

A solution of racemic 3-[(tert-butyldimethylsilyl)oxy]-3-cyclo- 
hexylpropanal [rac-(1), R I = CoHI), 0.270g, 1.0mmol] 
in dry diethyl ether (20m l) was cooled to 223 K under 
nitrogen. Ethylaluminium dichloride (1.3 ml of a 1 M solu- 
tion in toluene) was added dropwise keeping the tempera- 
ture below 233 K. The mixture was stirred for 5 min before si(I) Si(2) adding n-hexyl(trimethylsilyl)ketene [(2), R 2 = C6HI3, 0.257 g, 0(I) 
1.3 mmol] in diethyl ether (2 ml). The reaction mixture was 0(2) 
allowed to warm gradually to 248 K over 1 h, whereupon the 0(3) 
cooling bath was removed and water (10 ml) added with rapid c(I) 

C(2) stirring. The organic layer was separated, washed with water C(3) 
(2 x 10 ml) and dried over MgSO4. After removing the sol- c(4) 
vents in vacuo, the residue was purified by column chromatog- c(5) 
raphy [silica gel, diethyl ether-hexanes eluent (1:99 v/v)] to c(67 
give a mixture of rac-(3a) and rac-(3b) (0.380 g, 0.81 mmol, c(7) 

C(87 
81%) as a colourless oil. The major diastereoisomer, rac-(3a), c(9) 
crystallized from ethanol to give a solid (m.p. 359-361 K); c(1o) 
IR (film): 1805cm -1 (C==O); IH NMR (270MHz, CDCI3): C(ll) 
64.62(1H, dd, J= 11.6, 1.9 Hz), 3.73-3.66 (1H, m), 1.95-1.05 c(12) 

C(13) 
(23H, m), 0.91 (9H, s), 0.89 (3H, distorted t, J = 6.8 Hz), 0.22 c(14) 
(s, 9H), 0.08 and 0.07 (3H each, s). Analysis found: C 66.44, c(15) 
H 11.15%; C26H5203Si2 requires C 66.60, H 11.18%. c(16) 

C(17) 
C(18) 
C(19) 
C(20) 
C(21 ) 
C(22) 

Crystal data 

C26H5203Si2 Mo Ka radiation 
Mr = 468.87 A = 0.71069 ,~, 

Table 1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (,~2) 

Uiso for C(14) to C(l 9); Ueq = ( I/3)Ei ~j Uija 7 a~ ai.ay for all others. 

x y Z Uiso/Ueq 
0.31544 (8) 0.04592 (8) 0.7783 (2) 0.0293 (5) 
0.56087 (8) -0.12219 (8) 0.7294 (2) 0.0328 (6) 
0.5217 (2) -0.0653 (2) 0.7721 (4) 0.030(I) 
0.4083 (2) -0.0060 (2) 0.5526 (4) 0.036 (2) 
0.3220 (2) 0.0184 (2) 0.4813 (4) 0.047 (2) 
0.5543 (2) 0.0390 (3) 0.7530 (6) 0.030 (2) 
0.5532 (3) 0.0528 (3) 0.8826 (6) 0.039 (2) 
0.5985 (3) 0.0983 (3) 0.9156 (6) 0.048 (3) 
0.5932 (3) 0.1561 (4) 0.8427 (8) 0.059 (3) 
0.5949 (3) 0.1420 (3) 0.7144 (8) 0.047 (3) 
0.5495 (3) 0.0968 (3) 0.6823 (6) 0.036 (2) 
0.5115 (3) -0.0082 (3) 0.7163 (6) 0.028 (2) 
0.4512 (3) 0.0087 (3) 0.7456 (6) 0.032 (2) 
0.4100 (3) -0.0278 (3) 0.6759 (6) 0.031 (2) 
0.3460 (3) -0.0173 (3) 0.6846 (6) 0.028 (2) 
0.3196 (3) 0.0249 (3) 0.9343 (6) 0.048 (3) 
0.2411 (3) 0.0541 (3) 0.7343 (6) 0.042 (2) 
0.3510 (3) 0.1198 (3) 0.7520 (7) 0.047 (2) 
0.3122 (3) -0.0764 (3) 0.7007 (6) 0.039 (2) 
0.3184 (3) -0.1224 (3) 0.6026 (6) 0.043 (2) 
0.2855 (3) -0.1808 (3) 0.6255 (7) 0.059 (2) 
0.2864 (3) -0.2240 (3) 0.5245 (7) 0.060 (2) 
0.2485 (4) -0.2803 (4) 0.5527 (8) 0.089 (3) 
0.2499 (5) -0.3231 (5) 0.4603 (10) 0.143 (5) 
0.3510 (3) 0.0008 (3) 0.5576 (6) 0.033 (2) 
0.6362 (37 -0.1052 (3) 0.7547 (77 0.054 (3) 
0.5496 (3) -0.1388 (3) 0.5732 (6) 0.051 (3) 
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C(23) 0.5387 (3) -0.1857 (3) 0.8237 (6) 0.044 (3) 
C(24) 0.5538 (4) -0.1733 (3) 0.9520 (7) 0.069 (3) 
C(25) 0.4744 (4) -0.1944 (4) 0.8144 (8) 0.086 (4) 
C(26) 0.5668 (4) -0.2455 (3) 0.7870 (7) 0.075 (3) 
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1,3-Diphenyl-4-irnidazoline-2-thione 

Table 2. Selected geometric parameters (,~, o) 
Si(I)---C(10) 1.909 (7) O(1)--C(7) 1.437 (7) 
Si(I)---C(I I) 1.852 (7) O(2)---C(9) 1.495 (7) 
Si(I)---C(12) 1.859 (7) O(2)----C(20) 1.381 (8) 
Si(I)----C(13) 1.867 (7) O(3)---C(20) 1.184 (8) 
Si(2)---O(1) 1.643 (4) C(8)---C(9) 1.505 (9) 
Si(2)---C(21) 1.866 (7) C(9)--C(10) 1.554 (8) 
Si(2)------C(22) 1.850 (7) C(10)---C(14) 1.549 (8) 
Si(2)---C(23) 1.850 (7) C(10)----C(20) 1.517 (9) 

Si(2)---O(1)----C(7) 129.6 (4) Si(I)--C(10)---C(20) 112.3 (5) 
C(9)---O(2)---C(20) 91.4 (5) C(9)--C(I 0)--C(14) 113.4 (5) 
O(2)---C(9)----C(8) 110.4 (5) C(9)---C(10)--C(20) 84.3 (5) 
O(2)----C(9)--C(10) 89.1 (5) C(14)---C(10)---C(20) 112.2 (6) 
C(8)----C(9)---C(10) 122.1 (5) O(2)---C(20)--O(3) 126.1 (7) 
Si(I)--C(10)---C(9) 121.7 (4) O(2)--C(20)---C(I0) 95.1 (6) 
Si(I)--C(10)---C(14) 110.4 (4) O(3)---C(20)--C(I 0) 138.7 (8) 

Data collection: MSC/AFC Diffractometer Control Soft- 
ware (Molecular Structure Corporation, 1988). Cell refine- 
ment: MSCIAFC Diffractometer Control Software. Data re- 
duction: TEXSAN (Molecular Structure Corporation, 1995). 
Program(s) used to solve structure: direct methods using 
SHELXS86 (Sheldrick, 1990). Program(s) used to refine 
structure: TEXSAN. Molecular  graphics: ORTEPII (Johnson, 
1976). 

The authors would like to thank the EPSRC for 
support (BP) and for funds to purchase the X-ray 
diffractometer. 

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: NA1256). Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CH1 2HU, England. 

PHILIP J. Cox, '~ BINDI SOHAL, b GRAHAM G. S~LERN, b 
STEVE W .  LOVE b AND NORMAN SHANKLAND b 

°School of Pharmacy, The Robert Gordon University, 
Schoolhill, Aberdeen AB9 1FR, Scotland, and °Department 
of Pharmaceutical Sciences, University of Strathclyde, 
204 George St, Glasgow G1 1X~, Scotland. E-mail: 
paspjc @pharmacy. rg u. ac. uk 

(Received 26 June 1996; accepted 6 September 1996) 

Abstract 

In the title compound, 1,3-diphenyl-l,3-dihydro-2H- 
imidazole-2-thione, C15H12N2S, the two phenyl rings 
are inclined at an angle of 71.9 (1)° with respect to one 
another. 

Comment 

The compounds methimazole (l-methyl-4-imidazoline- 
2-thione) and carbimazole (1-methyl-3-ethylcarboxyl- 
ate-4-imidazoline-2-thione) are well known for their use 
in the treatment of hyperthyroidism (Reynolds, 1993). 
They block the production of thyroid hormones by in- 
hibiting the enzyme thyroid peroxidase. In doing so, 
they become oxidized and these oxidized species are 
thought to be responsible for adverse effects observed 
in patients (Karkhanis & Field, 1985). 1,3-Diphenyl- 
4-imidazoline-2-thione, (I), is one of a series of com- 
pounds synthesized for the purpose of investigating the 
oxidation of thioimidazoles (Sohal, 1996). 

H H 
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(I) 

In the molecule, the two phenyl rings are inclined 
at angles of 52.0 (1) and 61.6 (1) ° with respect to the 
central ring, and at an angle of 71.9 (1) ° with respect 
to one another. This conformation is also shown by the 
torsion angles about N1--C4 and N2--C10 (Table 2). 
The C2==C3 [1.332 (4) ,4,] and C I = S  [1.671 (3) A] 
double bonds are both normal. A search using QUEST 
(Allen & Kennard, 1993) on structures with R values 
less than 10% shows average S==C bond lengths 
of 1.67 (5)A, for over 5079 hits and 1.71 (3),4, for 
the 98 hits containing similar imidazole rings with 
exocyclic S==C bonds. In-plane bending is present at 
the C1 position, where the endocyclic valence angle is 
103.8 (2)" and the two exocyclic angles are 127.5 (2) 
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