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Abstract Osmium tetroxi& catal!d oxiahtion of ssdj& containing okjhs in the presence of the chiral 
Ligandr (DHQD)2PiWL and (DHQJ~FFUL rmdted in the cbemosekctive oxidation of the C-C ahbk 
bond rather than oxiahion at s-u/fir. The enantiosekctivity is &pena%nt on the substhution pattern of the 
ok$n and ranges jiom 6148%. The AD can be pmjmned in the presence of the disulfidc and 1,3-aWianc 

jibnctionalgrol6ps, a&o. 

The ever increasing scope of the osmium tetroxide/cinchona alkaloid catalyzed asymmetric 

dihydroxylation (AD) of alkenes depends, in large part, on its functional group tolerance.1 Here we 

report the catalytic AD of olefins possessing the sulfide, disulfide and 1,3-dithiane groups. 

Sulfides are selectively oxidized to sulfoxides2 by an array of reagents including peracetic acid,3 

sodium metaperiodate,4 and manganese dioxide.~ Further oxidation of the sulkides to sulfones is slow, 

allowing isolation of the sulfoxides. In contrast, permanganate ion or osmium tetroxide (OsO4) oxidize 

sulfoxides to sulfones rapidly, but react slowly with sulfides.6 Recently, the dean conversion of sulfides 

to s&ones using catalytic 0s04 and N-merhylmorpholine-N-axide (NMO) as the terminal oxidant has 

been rePorted. These reactions appear to require a tertiary amine and show moderate7a to good7b 

selectivity for sulfur oxidation vervra al&n oxidation. 

Standard asymmetric dihydroxylations8 of sulfide containing 01ekr.s (entries 1-5) gave the corre- 

sponding sulfide-dials (l-5) in good yields and good to excellent enantiomeric excesses (cc)? A 1,3- 

dithianelu (entry 6) and a disultide (entry 7) also reacted at the double bonds rather than the sulfur 

atoms with good chemical and stereo yields.rr 

Benzyl St&de under standard AD conditions (room temperature, 24 h) produced a mixture of 

starting stide (92%) and combined sulfoxide and sulfbne (8%), suggesting rhat sulfides oxidize slowly 

under AD conditions. While a catalytic amount (1 mol%) of alkaloid ligand is sufKcient to accelerate 

olefin dihydroxylation greatly.13 it appears insufkient to bring about sultide oxidation.14 

In summary, we have found that in olefins containing sulfide, 1,3dithiane or disuEde units, the 

sulfur containing functional group is signifkandy less reactive than C-C double bonds towatd osmium 
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Table. Chemoselective AD of Olefinic Sulfides. 
Entry Substratea PdUCt” Yield6 eec ~onfig.d 

OH 

Ph 0S 
+ 

Ph 

1 OH 

OH 
Ph,,S 

+ 
Ph 

0” 

ph& 

OH 

3 OH 
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4 bH 

PH 
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75% 98% 

72% 98% 

68% 84% 

74% 98% 

87% 61% 

78% 97% 

80% 95% de 

2S,3R 

2S.3R 

2.S 3R 

3R4R 

2R 

2.X 3R 

IR, 2s. 
7S, 8R 

~Spectroscopic data is listed in ref. Il. b Yields arc for isolated products. c Theee’s of the products 
were determined using chinal column HPLC (l-6) and the de of 7 was determined by NMR: (retcn- 
tion time of major enantiomer in italics) 1: Chiralcel OD-H, h = 254 nm, 2.5% isopropanol/hexane, 
1 rnL/mim 52.8 min, 57.3 min; 2: Chirakel OB, x = 254 nm, 10% isopropanol/hexane, 1 mUmin: 
25.5 mitt, 30.9 min; 3: Chin&e1 OD-H, h = 254 nm, 5.0% isopropanov hexane, 1 mL/min: 13.1 
min, 16.5 min; 4: Chiralcel OD-H, h = 254 nm, 2.5% isopropanollhexane, 1 mL/min: 39.6 min. 
44.4 min; 5: Chiralcek OG, k = 254 nm, 5.0% isopropanol/hexane. 1 mUmin: 39.2 min, 44.7 min; 
6: Chiralcel OD-H, h = 254 nm, 10% isopropanol/hexanc, 1 mUmin: IZO min, 26.3 min. BAR 
configurations are based on our mnemonic (for which there have been no exceptions to date for 
pro&&al olefins). eAD-mix a [(DHQ)z-PHAL] was used for this entry. 
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tetroxide in the presence of the chiral ligands pI-IAL(DHQD)z and PHAL(DHC&.l’5 Tbe dihydroxyia- 

tion products are formed selectively and the yields and enantioselectivities are good to excellent. 

This work was supported by the NationaI Institutes of Health (GM-28~84). PrJrr thanks the National 

Science Foundation for a Postdoctoral Fellowship (CHEZ-9002 184). 
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TypicaI AD reactions are run as follows: dissolve 1 mmol of ok&n in 10 mL of 1: 1 &BuOHIHzO 

and cool to 0 “C. Add AD-mix /? (1.5 g, Aldrich) and stir at 0 “C until complete (may take several 

days}. (AD-mix cz [(DH~2-P~] used for entry 5, ally1 phenyl sulfide.) Add NazSO3 until two 
clear phases form and no further gas is evolved. Separate phases, extract aqueous with ethyl acetate 
(3 x 10 mL), then wash owics with brine. Flash chromatograph on silica gel with hexane/ethyi 

acetate. The disulfide reaction was not trcatcd with Na2S03. 
Phenyl cinnamyl sulfone and the diol derived from osmylation of its C-C double bond were inde- 
pendently synthesized. These compounds were not observed in the crude reaction mixture of tbe 

AD of phenyl cinnamyl sulfide, as judged by TLC. 

Because u$unsaturatcd aldchydes have not proven good substrates for the AD reaction, the high 
enantioselectivity with &is dithiane substrate is promising. Aldehydes protected as ace-tab have also 
been shown to be good substrates for the asymmetric dihydroxylation reaction: see Lohray, B.B.; 
Kalantar, T.H.; Kim, B-M.; Park, C.Y.; Shibita, T.; Wai, J.S.M.; Sharpless, K-B. Teeabedmn LCE 

1989 30,204l. 
Data for compounds 1-7. 1: II-I NMR (acetone-& 67.3 {m. lOH), 4.75 (m, lH), 4.53 (d,]= 
4.5, lH), 4.25 (d,]- 5.4, lH), 3.82 ( m, lHf, 3.13 (dd,J= 13.4,3= 4.3, lH), 2.89 (dd,I= 13.4, 

/= 7.5,lI-I) ppm; 13C{1H) NMR (acetone-c& 6 143.1, 137.8, 129.G, 129.1, 128.7, 128.0, 127.6, 
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12. 

13. 
14. 

15. 

126.3, 75.9, 75.1, 37.3 ppm; HRMS (FAB) expected 283.0769 (M + Na+), observed 283.0769; 
[dD = -2.81” (C 1.10 EtCEQ, mp 71-72 OC; 2: lH NMR (acetoneaS7.3 (m, lOH), 4.64 (m, 
lI-0, 4.43 (d,l= 4.5, 1% 4.07 (d,J- 5.0, lH), 3.70 (m, 3H), 2.53 (dd,J- 13.8,j= 6.4, IH), 
2.36 (dd, f = 13.7, J- 7.6, iH) ppm; 13C(‘H] NMR (acetone-& 3 142.2, 139.7, 129.7, 129.0, 
128.7, 127.9, 127.6, 127.4,76.2,75-g, 36.7, 35.0 ppm; HRMS (FAB) expected 297.0925 (M + 
Na+), observed 297.0917 la10 = -40.0” (c 1.06, EtOH), mp 62-64 “C; 3: IH NMR (CDCls) 6 
7.30 (m, 5H); 3.20 (m, 2Hf; 3.15 (dd,f= 15.6, 4.6, 1H); 3.01 (dd,J= 7.9, 3.7, IH); 2.91 (s, 
2H), 1.48 (m, 4H); 0.89 (t, J= 7.0,3H) ppm; ‘3Cf1H1 NMR (CDCI3) S 135.1, 129.9, 126.5, 
72.5, 71.7, 38.2,35.7, 18.8, 13.9 ppm; [ct]~ = -8.85” (c 1.04, EtOH), mp 69-70 “C; 4: 1H NMR 
(CDC13) 6 7.40 (m, 4H); 7.15 (t, /= 7.0, 1 I-I); 3.53 ( m, 1H); 3.28 (m, LH); 3.03 (m, 4H); 1.75 
(m, 2H); 1.40 (m, 1H); 0.93 (t,J= 7.4, 3H) ppm; WIlH) NMR (CDC13) 6 136.1, 129, 128.8, 
125.9,72.6, 32.7, 29.9, 26.2,9.86 ppm; [a]~ = -55.ia (c 1.04, EtOH), oil; 5 1H NMR,(CDCl$ 
67.3 (m, 5H); 3.68 (m, 2H); 3.50 (m, 1I-I); 3.00 (m, 2H) ppm; 13CIlH) NMR (CDCI3) S 134.8, 
129.9, 129.0, 126.7, 69.8, 65.0, 37.6 ppm; HRMS (FAB) expected 207.0456 (M + Na+), 
observed 207.0464; [aID = -11.2O (c 1 .OO, EtOH), mp 64-65 ‘C;12 6: 1H NMR (CDCl3) S 7.20 
(m, 5H); 4.94 (d,]= 14.3, ‘IH); 3.85 ( m, 1I-I); 3.78 (d,J= 6.0, H-I); 2.80 (m, 6H); 1.90 (m, 2H) 
ppm; r3CI’H] NMR (CDCl3) 6 140.9, 128,4. 127.9, 126.4, 77.1, 73.1, 47.8, 28.2. 27.4, 25.3 
ppm; HRMS (FAB) expected 388.9646 (M + Cs+), observed 388.9646; fa]D = -20.4 (c 1.09, 
EtOH), mp 88-89 *C; 7: iH NMR fCDCl3) 67.25-7.35 (m, lOH), 4.53 (d.f= 6.3,2H), 3.92 
(ddd,_J= 8.9, 5.6, 3.6, ZH), 3.50 (s, 2H), 3.34 {s, 2H), 2.74 (dd,/= 14.0, 3_6,2H), 2.63 (dd,]= 
14.0, 8.3, 2H) ppm; ‘3C{‘H) NMR (CDCI,) & 140.2, 128.6, 128.5, 126.8, 76.2, 74.4, 42.1, 
ppm; HRMS (FAB) expected 389.0857 (M + Na+), observed 389.0860; [~x]D = +58.8’ (~2.0, 
EtOH); oil. 
RecrystaIlization from benzene gives enatiopure 5, mp 89-90 OC, [oipd = -20.7’ (c 1.0 EtOH): 
Fujisawa, T.; Itoh, T.; Nakai, M.; Sato, T. Tehahcdron Lm: 1985,26; 771. 
Kolb, H.C.; Andenison, P.G.; Sharpless, K.B.J Am. Chcm Sot. 1994, IZa, 1278. 
Sulfide oxidation is rapid in the presence of stoichiomehc amounts of cinchona alkaloid ligand 
(King, S.B. and Sh arpleas, K.B. unpublished results), ~-Me~ylmo~holine is known net to 
cataIyxe the osmylation of olelins (Jacobsen, E.N., Mark& I.E. and SharpIess, KB. ~pub~~h~ 
results). 
The reader wiB no doubt be wondering what the difference is between these osmium-based oxida- 
tion systems which so affcx*i the preference for ok&in vs. sulfide oxidation or vin tiema A mecha- 
nistic rational for this selectivity dichotomy is still elusive, so for the present, we must be content 
with its synthetic utility which is clear enough. 
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