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Dimethyldioxirane efficiently oxidises tricarbonylchromium(0) complexes of sulfenyl substituted arenes to  
tricarbonylchromium(0) complexes of sulfinyl substituted arenes: ortho substituted complexes are oxidised with high 
diastereoselectivity and determination of the relative stereochemistry of the oxidation products by inter alia an X-ray 
crystal structure analysis of tricarbonyl[y6-l-( tert-butylsulfinyl)-2-methoxybenzene]chromium(O) (2bx) revealed that 
oxidations of methylsulfenyl and tert-butylsulfenyl substituted complexes proceed to  give complementary 
diastereoisomers. 

For over two decades, there has been considerable interest in 
the application of tricarbonyl(+arene)chromium(O) com- 
plexes to problems encountered in organic synthesis.' 
Recently, a substantial proportion of research in this area has 
been directed towards the discovery and exploitation of 
reactions of tricarbonyl(rfj-arene)chromium(O) complexes 
that proceed with high diastereoselectivity,2 and the design 
and implementation of efficient routes to enantiomerically 
pure complexes.3 We are currently interested in the synthesis 
of transition metal complexes of sulfinyl substituted ligands as 
a result of our recent observations that the sulfinyl substituted 
oxoalkenes [RS(O)CH=CHC(Me)=O; R = But, Ph] and the 

sulfinyl substituted alkene PhS(O)CH=CH;! form dia- 
stereomerically pure iron carbonyl complexes when treated 
with sources of tricarbonyliron(0) and tetracarbonyliron(0) 
respectively .435 In order to increase our knowledge of how 
sulfinyl substituted ligands interact with metal carbonyl 
groups, we wished to synthesise tricarbonylchromium(0) 
complexes of sulfinyl substituted arenes. In view of the 
considerable interest in the stereochemical properties of 
tricarbonyl(q6-arene)chromium(O) complexes referred to 
above, and the widespread use of sulfinyl substituents to 
control the chemical and stereochemical outcome of organic 
reactions,6 we were somewhat surprised to find that, to the 
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Fig. 1 Relative orientations of the two chiral elements in sulfinyl 
substituted complexes 2 looking down the S-C bond in the plane of the 
arene ring 

best of our knowledge , tricarbonylchromium(0) complexes of 
sulfinyl substituted arenes are to date unknown.? We thus 
report herein that tricarbonylchromium(0) complexes of 
sulfenyl substituted arenes may be oxidised efficiently and 
diastereoselectively to tricarbonylchromium(0) complexes of 
sulfinyl substituted arenes. 

Initial efforts to form a tricarbonylchromium(0) complex of 
a sulfinyl substituted arene focused on direct complexation of 
2-methoxy-l-(methylsulfinyl)benzene l a  under a range of 
conditions used routinely for the formation of tricarbonyl(q6- 
arene)chromium(O) complexes. The results were mostly 
disappointing; reacting arene la with [Cr(CO)6]8 or 
[Cr(C0)3(pyridine)#' gave none of the required complex, 
whilst treating la  with tricarbonyl(q6-naphtha1ene)chro- 
mium(0)lO or [Cr(C0)3(MeCN)3]11 gave only trace amounts 
of the sulfinyl complex 2a. When the reaction using 
[Cr(CO)3(MeCN)3] was performed on a relatively large scale, 
however, it did prove possible to isolate and characterise$ 
fully the required sulfinyl complex 2a. Examination of the 1H 
NMR spectrum of the crude product mixture indicated that 
only one diastereoisomer had formed in the reaction and an 
X-ray crystal structure analysis of the isolated complex 
revealed that its relative stereochemistry was as indicated by 
structure X in Fig. 1 (R1 = Me, R2 = OMe). 

As the yield of sulfinyl complex 2a was both poor and 
capricious, an alternative route to tricarbonylchromium(0) 
complexes of sulfinyl substituted arenes was sought. It has 
been known for some time that sulfenyl substituted arenes 
readily form tricarbonylchromium(0) complexes,12 and so 
oxidation of sulfenyl substituents was proposed as a poten- 
tially much more efficient route to tricarbonylchromium(0) 
complexes of sulfinyl substituted arenes. Thus sulfide 3a was 
converted to its tricarbonylchromium(0) complex 4a in 89% 
yield by heating it with [Cr(CO)6].§ Oxidation of complex 4a 
with 1.1 equiv. of either rn-chloroperbenzoic acid (mCPBA) , 
tert-butyl hydroperoxidel3 or 2-hydroperoxy-2-methoxypro- 
panel4 gave, in the former two cases, a mixture of sulfide 

7 A complex observed during a study of the use of dimethyldioxirane 
for decomplexing tricarbonyl(q6-arene)chromium(O) complexes was 
assigned as tricarbonyl(q6-methylsulfinylbenzene)chromium(O) on 
the basis of its 1H NMR spectrum alone.7 
$ The novel sulfinyl substituted complexes 2ax, 2ay, 2bx, ~ C Y ,  2dx, 
2em and 2f, and the novel sulfenyl substituted complexes 4a-e all 
gave satisfactory microanalytical, IR, 1H NMR, l3C NMR and mass 
spectral data. 

Q The sulfenyl substituted complexes 4a-f were synthesised in 71-96% 
yield by heating with [Cr(CO)6] in either dioxane at 100 "C for 40-67 h 
or 10 : 1 Bu20-tetrahydrofuran at 135 "C for 14.5 h. 

n 

Fig. 2 Molecular structure of one of the pair of crystallographically 
independent molecules of complex 2bx (C14H16Cr05S). Selected 
bond lengths (A) and bond angles (") (values in square brackets refer 
to the second independent molecule): Cr-C(l) 2.210(5) [2.218(5)], 
Cr-C(2) 2.255(5) [2.273(5)], Cr-C(3) 2.232(5) [2.240(5)], Cr-C(4) 
2.180(6) [2.183(6)], Cr-C(5) 2.217(5) [2.209(6)], Cr-C(6) 2.174(5) 
[ 2.180( 5)], C( 1 )-C( 2) 1.421 (7) [ 1.414( 7)], C( 2)-C( 3) 1.400( 7) 
[ 1.406(7)], C( 3)-C(4) 1.396(8) [ 1.389(8)], C(4)-C(5) 1.398( 8) 
[ 1.400(8)], C(5)-C(6) 1.400(8) [ 1.391(8)], C(6)-C( 1) 1.389(7) 
[1.399(7)], C( 1)-S( 1) 1.813(5) [ 1.811( 5 ) ] ,  S( 1)-O( 1) 1.479(4) 
[ 1.493(4), S(l)-C(7) 1.850(5) [ 1.847(5)], C(2)-0(2) 1.347(6) 
[ 1.343(7)], 0(2)-C(8) 1.454(6) [ 1.432(7)]; C(7)-S( 1)-O( 1) 105.4(2) 
[ 105.4( 2)], C( 7)-S (1 )-C( 1) 10 1.7(2) [ 102.6( 2)], O( 1 )-S( 1)-C( 1) 
104.6(2) [ 104.6(2)], S( 1)-C( 1)-C(2) 121.8(4) [ 121.7(4)], C( l)-C(2)- 
O( 2) 1 16.1 (4) [ 1 16.4(4)], C( 2)-0 (2)-C(8) 117.2( 4) [ 118.0(4)]. 

ligand 3a and the organic sulfoxide la,  or in the latter case, a 
mixture of starting sulfide complex 4a and decomplexed ligand 
3a. Attention then turned to dimethyldioxirane,15 a reagent 
which has rapidly been accepted as a useful mild oxidant for 
many organic transformations,16 including the oxidation of 
sulfides to sulfoxides,~7 and which is beginning to prove useful 
for organometallic transformations.18 Pleasingly, oxidation of 
sulfide complex 4a with 1.1 equiv. of dimethyldioxirane led to 
the formation of the required sulfoxide complex 2a in good 
yield. Examination of the crude product by 1H NMR 
spectroscopy indicated that the two possible diastereoisomers 
of 2a had been formed in a ratio of 93 : 7. Comparison of this 
spectrum with the 1H NMR data of the complex obtained by 
direct complexation revealed that the complex obtained 
previously was the minor diastereoisomer in the product 
mixture obtained by oxidation.1 Thus the major diastereo- 
isomer obtained by oxidation was assigned the relative 
stereochemistry indicated by structure Y in Fig. 1 (R1 = Me, 
R2 = OMe), Crystallisation of the crude product mixture from 
acetone-hexane gave diastereoisomerically and analytically 
pure sulfoxide complex (2ay) in 80% yield (Table 1, Entry 1). 

7 lH and 13C NMR data of sulfinyl substituted complexes 2ax and 2ay: 
bH (2ax) 2.79 [3H, s, S(0)CH3], 3.82 (3H, s,  OCH3), 5.01 (lH, t ,  
J 6 Hz, H-5), 5.02 (lH, d, J 6 Hz, H-3), 5.57 (lH, t, J 6 Hz, H-4), and 
6.19 (lH, d , J 6  Hz, H-6); aH (2ay) 2.93 [3H, s, S(0)CH3], 3.83 (3H, s,  
OCH3), 4.90 (lH, t, 3 6  Hz, H-5), 5.01 ( lH,  d, J 5  Hz, H-3), 5.75 ( lH,  
t, J 6Hz, H-4) and 6.34 (lH, d, J 6Hz, H-6); aC (2ax) 42.7 
[S(0)CH3], 56.3 (OCH3), 71.6, 83.8, 88.1, 93.8 (C-3-C-6), 101.5 
(C-1), 140.2 (C-2) and 230.8 (GO);  6c (C2ay) 46.9 [S(O)CH3], 56.3 

and 231.4 (GO).  
(OCH3), 70.9, 81.4, 94.3, 95.6 (C-3-C-6), 106.6 (C-1), 139.8 ((2-2) 
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Table 1 Oxidation of sulfenyl substituted complexes 4 to sulfinyl substituted complexes 2" 

Ratio of Yield of 
S u 1 f i d e Sulfoxide diastereoisomers diastereoisomer(s) 

Entry complex4 R1 R* R3 complex 2 formed (X : Y) indicated (% ) 

1 a Me OMe H a 7:93 
2 b But OMe H b 298 : a 2  
3 C Me Me H C 10 : 90 
4 d But Me H d 298 : <2 
5 e Me H OMe e 50 : 50 
6 f Me H H f d a  

a The experimental details for Entry 4 represent a typical oxidation procedure: the sulfenyl substituted complex 4d (0.127 g, 0.4 mmol) 
was dissolved in nitrogen-saturated acetone (10 ml) and cooled to -78 "C under a nitrogen atmosphere. Dimethyldioxiranels (6.4 ml of a 
0.075 moll-1 solution in acetone, 1.2 equiv.) was diluted with nitrogen-saturated acetone (5 ml), cooled to -78 "C and added very slowly 
dropwise via a cannula to the yellow solution of 4d. After the addition was complete, the reaction mixture was stirred for 15 min at -78 "C 
and then for 1 h at room temp. Removal of the solvent from the resulting slightly cloudy yellow product mixture gave a yellow-pale green solid, a 
small portion of which was analysed by lH NMR spectroscopy. Dichloromethane was added to the solid and the mixture was filtered through 
Kieselguhr. Recrystallisation from dichloromethane-light petroleum (b .p. 60-80 "C) gave yellow crystals of the sulfinyl substituted complex 2d 
(0.123 g, 92%). 

In order to determine whether or not the diastereoisomeric 
ratio of 93:7 observed in the oxidation of the sulfenyl 
substituted complex 4a to the sulfinyl substituted complex 2a 
could be improved significantly by increasing the size of the 
alkyl group R1 of the sulfenyl substituent, the tert-butylsul- 
fenyl complex 4b was synthesised and then oxidised using 
dimethyldioxirane. Examination of the crude product 
obtained from the oxidation indicated that the diastereo- 
isomeric ratio of sulfoxide products was 2 9 8  : S2. Subsequent 
crystallisation of the crude product gave pure sulfinyl substi- 
tuted complex 2b in 77% yield (Table 1, Entry 2). Interest- 
ingly, an X-ray crystal structure analysis11 of one of the yellow 
crystals revealed that the relative stereochemistry of the major 
diastereoisomer obtained by oxidation of complex 4b corre- 
sponded with stereochemistry X in Fig. 1 (R1 = But, R* = 
OMe) (see Fig. 2). Therefore oxidation of the methylsulfenyl 
substituted complex 4a and the tert-butylsulfenyl substituted 
complex 4b had proceeded with complementary selectivity to 
give predominantly diastereoisomers Y and X respectively. 
Similar results were obtained when the methoxy substituent 
(R2 = OMe) was replaced by a methyl group (R2 = Me). Thus 
inspection of the spectroscopic data of the major diastereo- 
isomers obtained from the products generated by oxidising the 
methylsulfenyl substituted complex 4c and the tert-butylsul- 
fenyl substituted complex 4d indicated that they were dia- 
stereoisomers Y and X respectively (Table l, Entries 3 and 4). 

An explanation for the dramatic difference in dia- 
stereoselectivity between the methylsulfenyl substituted com- 

11 Crystal data for (2bx): CI4Hl6Cr05S, M = 348.3, monoclinic, a = 
12.658(7), b = 15.544(11), c = 16.172(10) A, (3 = 100.61(2)", V = 
3128(3) A3, space group E 1 / n ,  2 = 8, D, = 1.480 Mg m-3, p = 
0.881 mm-1. Data were measured on a Siemens P4PC diffractometer 
with Mo-Ka radiation ( h  = 0.71073 A) using o scans. The structure 
was solved by direct methods and refined anisotropically using 
absorption corrected data to give R = 0.053, R ,  = 0.050 for 3710 
independent observed reflections [IFol > 30(lF0J), 28 S 50'1. Atomic 
coordinates, bond lengths and angles, and thermal parameters have 
been deposited at the Cambridge Crystallographic Data Centre. See 
Notice to Authors, Issue No. 1. 
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Fig. 3 Proposed origin of the complementary diastereoselectivity 
observed for oxidation of the methylsulfenyl and tert-butylsulfenyl 
substituted complexes 

plexes and the tert-butylsulfenyl substituted complexes is 
illustrated in Fig. 3. When R1 = Me, eclipsing interactions 
between R1 and the hydrogen ortho to the sulfenyl group are 
inconsequential and so the methylsulfenyl substituted com- 
plex can adopt conformation A in which one of the sulfur lone 
pairs is exposed on the ex0 face of the complex. Oxidation of 
this lone pair leads to diastereoisomer Y. When R1 = But, 
however, eclipsing interactions between the tert-butyl group 
and the ortho hydrogen, the R2 substituent and the tricar- 
bonylchromium(0) fragment, restrict the tert-butylsulfenyl 
substituent to conformation B in which neither of the sulfur 
lone pairs are on the ex0 face of the complex. Consequently 
the dioxirane is forced to approach the endo face of the 
complex past the least sterically demanding ortho substituent 
to give diastereoisomer X. 
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Moret6, Tetrahedron Lett., 1992, 33,3021; S. Wolowiec and J. K. 
Kochi, Znorg. Chem., 1991,30, 1215. 

Finally, oxidation of the meta substituted sulfenyl complex 
4e was found to proceed unselectively (Table 1, Entry 5 ) ,  and 
oxidation of tricarbonyl(v6-thioanisole)chromium(O) 4P2 
proceeded efficiently to give a 93% yield of 2f (Table 1, 
Entry 6). 

The authors thank the SERC and the ICI Strategic 
Research Fund for financial support. 

Received, 2nd March 1993; Com. 3/01230A 

References 
M. Uemura, in Advances in Metal-Organic Chemistry, ed. L. S. 
Liebeskind, JAI Press Ltd, Greenwich, 1991, vol. 2, pp. 195-245. 
See, for example, M. Uemura, T. Minami, M. Shiro and Y. 
Hayashi, J. Org. Chem., 1992, 57, 5590; S. G. Davies, T.  J. 
Donohoe and J. M. J. Williams, Pure Appl. Chem., 1992,64,379; 
C. Mukai, W. J. Cho, I. J. Kim, M. Kido and M. Hanaoka, 
Tetrahedron, 1991, 47, 3007; S. G. Davies and M. R. Shipton, 
Synlett, 1991,25; C. Mukai, W. J. Cho, I. J. Kim and M. Hanaoka, 
Tetrahedron Lett., 1990, 31, 6893; S. Colonna, A. Manfredi, A. 
Solladik-Cavallo and S. Quazzotti, Tetrahedron Lett., 1990, 31, 
6185; S. G. Davies and C. L. Goodfellow, J. Chem. SOC., Perkin 
Trans. 1 ,  1990, 393. 
See for example, A. Alexakis, P. Mangeney, I. Marek, F. 
Rose-Munch, E. Rose, A. Semra and F. Robert, J. Am. Chem. 
SOC., 1992, 114, 8288; E. P. Kundig, R. Liu and A. Ripa, Helv. 
Chim. Acta, 1992,75,2657; B. MalCzkeux, G. Jaouen, J. Salaun, 
J. A. S. Howell, M. G.  Palin, P. McArdle, M. O’Gara and D. 
Cunningham, Tetrahedron: Asymmetry, 1992, 3, 375; L. A. 
Bromley, S .  G. Davies and C. L. Goodfellow, Tetrahedron: 
Asymmetry, 1991, 2, 139; A. Solladie-Cavallo, in Advances in 
Metal-Organic Chemistry, ed. L. S. Liebeskind, JAI Press Ltd, 
Greenwich, 1989, vol. 1, pp. 99-133. 


