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Alwtraet: Arylsultides containing an enantiotnerically pan?. oxazoline in the @to-position have been oxidised lo 
the corresponding sulfoxides with a variety of reagents. When the oxazoliae unit contains 9 4-hydroxymethyl 
group, good levels of diasle~ontrol have been obtained using mCPBA (964) or t-butylbydroperoxide and 
titanium tetraisopropoxide (97:3) as the oxidant. This diasterecconbol provides an effective example of 1,6- 
asymmelric induction. 

The asymmetric synthesis of sulfoxides by substrate controll and by reagent control* has received 
considerable attention recently. Enantiomerically pure sulfoxides have been exploited in a variety of asymmetric 
reactions, including; Diels Alder reactions.3 aldol reactions.4 and other carbon-carbon bond forming reactions.5 
Our interests lay in the application of enantiomerically pure sulfoxides as ligands for asymmetric catalysis, and 
recently, there have been examples of sulfoxides as 1igands.e 

Ohta and co-workers have reported the diastereoselective oxidation of the arylsulfide 1 to the sulfoxide 2 
with up to 78% diastereomeric excess.7 

Herein we report the diastereosclcctive oxidation of arylsulfides with an oxazoline moiety as an alternative 
enantiomerically pure orrho-substituent. Treatment of the valinol-derived oxazolines 3a and 3bg with the 
oxidants indicated in Table 1 afforded the corresponding sulfoxides 4a/Sa and 4b/5b with moderate levels of 
diaste~selectivity. 

iPr iPr 

R=Me 3a R=Me 4a (Rs) 
To1 36 To1 4b (Rs) 

R = Me 5a (S,) 

To1 5b (S,) 

7111 



7112 

Table 1: Diastereoselective Oxidations of Arylsulfides 3a and 3b 

Sulfide Conditions Product 

3a mCPBA, CHCls -78 “C. 1.25hr 4a:Sa 

3a NaI04 MeOH / Hz0 (1: 1). 0 “C, lhr 4a:Sa 
3a NaBOs* 4H,O, AcOH, 20 OC, 16hr 4a:Sa 

3a MMPP, EtOH / HZ0 (l:l), 50 “C!, 1Shr 4a:Sa 
3a tBuOOH, Ti(OiPr), CH$l,, -20 “C, 24hr 4a:Sa 

3a tBuOOH, Ti(Oipr), (+)-DET CH,Cl,, -20 OC, 24hr 4a:5a 
3a tBuOOH, Ti(OiPr), (-)-DET CH,Cl,, -20 OC, 24hr 4a:5a 
3a tBuOOH, VO(acac)2, CH,Cl,, -20 ‘C, 24hr 4a:Sa 

3b mCPBA, CHCls -78 “C, 1 hr 4b:5b 

*Ratios were determined by capilliary gc using a BP1 column (SGE) 

30:70 

65:35 

41:59 

38:62 

48:52 

X9:11 

37:63 

8515 

28:72 

Yield (%) 

94 

91 

94 
90 
38 

19 
19 
77 

57 

The sulfide 3a was oxidised in good yields but with low selectivity by mCPBA.8 NaIO4.9 NaBO$o and 

magnesium monoperoxyphthalate (MMPP).t 1 Lower yields were obtained using t-butylhydroperoxide with 

either titanium tetmisopropoxide or vanadyl acetylacetonate promoters, although in the latter case a reasonable 

selectivity is obtained in the formation of sulfoxide 4a. The use of a titanium reagent modified by (R,R)-(+)- 

DET affords the product 4a with good diastereoselectivity with the (R)-stereochemistry at sulfur 

predominating,~ whereas the use of (S.S)-(-)-DET represents affords the other diastereomer 5a albeit with a 
lower selectivity. 

The two sulfoxide diastereomers 4b and 5b were prepared by an independent method, as follows: 

Treatment of the 2-phenyloxazoline 612 with BuLi followed by quenching with the (R)-sulfinate 7 afforded 

sulfoxide 4b (assuming an inversion mechanism).13 Similarly, quenching with the (S)-suifinate 8 afforded the 

other sulfoxide diastereomer 5b. 
The assignment of stereochemistry for diastereomers 4a and 5a is based tentatively on analogy with 4b 

and 5b (compare the diastereoselectivities obtained with mCPBA) and also on the fact that the Kagan method of 

oxidation with (R.R)-(+)-DET modified titanium reagents generally affords the (R)-stereochemistry of product 

in the oxidation of arylalkylsulfides.2c 

7 8 

The hydroxy group has been shown by other research groups to direct the oxidation of sulfides to 
sulfoxides.l4 We therefore examined the oxidation of the 4-hydroxymethyl substituted oxazolines 9a-et2 to the 

corresponding sulfoxides lOa-c and lla-c. We were pleased to find that the oxidations were often highly 

diastereoselective, as indicated in Table 2. 
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lOI + 

Ph Ph Ph 

EH,~H 

R=K ;"b 
R=Me 10a R=Me 

To1 9c A! EC l?!! 

Table 2: Diastereoselective Oxidations of Atyl sulfides 9a, 9b and 9c 

Sulfide 

9a 

9s 

9a 

9a 

9a 

9a 

9b 

9b 

9c 

Conditions 

mCPBA, MeOH -70 “C, 1.2% 

mCPBA, CHCls -70 OC, lhr 

mCPBA, Hexane/CHCls (3~1) -70 “C, lhr 

tBuoOH, VO(aca+, CH,CI,, -20 *C, 3hr 

tBuOOH, Ti(OiPr), CH$&, -20 “C, 24hr 

tBuoOH, Ti(OiPr), L-DET, CH2C12, -20 OC, 24hr 

mCPBA, CHCls -65 OC, 2hr 

tBuOOH, VO(aca&, CH2C12, -20 OC, 4hr 

mCPBA, CHCl, -20 OC, lhr 

Product Ratio Yield (%) 

10a:lla" 57:43 76 

1Oa:lla 87:13 78 

lOa:lla 96:4 76 

1Oa:lla 87:13 85 

10a:lla 97:3 41 

1Oa:lla 99:l 32 

10b:llbb 83:17 94 

lob: lib 79:21 15 

10c:llca 80:20 90 

5 

??H*~H 
lla 

::: 

a Ratio detetmined by hplc using a bondapak Cl 8 column (acetoniuile/water) 
b Ratio determined by inspection of the ‘H NMR spectra 

The diastereoselectivity of the mCPBA oxidation of sulfide 9a was seen to increase dramatically on 

changing from a protic to an aprotic solvent, and to increase still further on reducing the polarity of the solvent. 
This suggests that hydrogen bonding between the hydroxyl group and the mCP3A is important for high levels 

of selectivity.15 The t-butylhydroperoxide and titanium promoted oxidation of sulfide 9a was highly 
diastereoselective, and the diastereoselectivity could be enhanced still further by the use of an (R,R)-(+)-DET 

modified titanium reagent. We believe that the high level of Id-asymmetric induction that we observe is made 

possible by the combined effect of the hydroxy group and oxazoline nitrogen both of which associate with the 
incoming reagent, providing more organisation in the transition state than is possible in the absence of the 

hydroxy group. 
One of the sulfoxide diastereomers llc was prepared independently as follows: Oxazoline 12 was 

protected as the TBDMS ether, ottho-lithiated and quenched with the (Ss)-sulfinate, and the silyl protecting 

group removed to afford the (Ss)-sulfoxide llc by inversion at sulfur. The relative stereochemistry of the 
corresponding sulfoxides lOa, lOb,lla and lib was again tentatively assigned by analogy. 

Q I 1. TBDMSCI, lmidazole 
2. BuLi 

0 
I 

0 

I 
N 3- 

Ph 3’ YMenthyl % 
S+ 

I Ph 

L S+ 
S 
EH~~H 

Tol’ *‘?I To]’ ‘0- 
N s- 

: 

12 4. Bu,NF llc %H20H 
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In conclusion, we have shown that enantlomerically pure oxazolines are able to direct the oxidation of 
sulfides to sulfoxides with reasonable levels of diastereocontrol.16 When the hydroxymethyl-substituted 

oxazoline 9a was treated with t-butylhydroperoxide and titanium tetraisopropoxide, the diastereocontrol was 

very high (97:3), and this diastereoselectivity could be enhanced still further by the co-operative effect of (R,R)- 

(+)-DET We will report the use of oxazoline/sulfoxide systems as ligands for asymmetric catalysis in due 

course. 

1. (a) K. M. Poss, S. T. Chao, E. M. Gordon, P. J. McCann, D. P. Santafianos, S. C. Traeger, R. K. 

Varma and W. N. Washburn, Tetrahedron Len., 1994,35, 3461. (b) R. Breitschuh and D. Seebach, 
Synthesis, 1992. 1170. 

2. (a) F. A. Davis, R. T. Reddy. W. Han, P. J. Carroll, J. Am. Chem. Sot., 1992, 114, 1428. (b) H. 

Holland, Chem. Rev., 198888.473. (c) S. H. Zhao, 0. Samuel, and H. B. Kagan, Tetrahedron, 1987, 

43, 5135. (d) F. Di Furia, G. Modena and R. Seraglia, Synthesis, 1984, 325. (e) N. Komatsu, M. 

Hashizume, T. Sugita and S. Uemura, J. Org. Chem., 1993.58.4529. (f) M. Palucki, P. Hanson and E. 

N. Jacobsen, Tetrahedron Lett., 1992,33, 7111. (g) K. Noda, N. Hosoya, K. Yanai. R. Irie and T. 

Katsuki, Tetrahedron Lett.. 1994,35, 1887. 

3. 

4. 

(a) I. Alonso. J. C. Carretero and J. L. Garcia Ruano, J. Org. Chem., 1993, Se, 3231. (b) G. H. Posner 

and W. Harrison, J. Chem. Sot., Chem. Commun., 1985, 1786. 

For example, see: R. J. Butlin, I. D. Linney. D. J. C&her, M. F. Mahon, K. C. Molloy and M. Wills, J. 

Chem. Sot., Perkin Trans. I, 1993, 1581. 

5. 

6. 

For a review on the applications of enantiomerically pure sulfoxides to C-C bond formation, see; A. J. 

Walker, Tetrahedron: Asymmetry, 1992,3,961. 

For use as ligands in the Fe(III) catalysed Diels Alder reaction, see; N. Khiar, I. Femandez and F. Alcudia, 

Tetrahedron Left., 1993.34.123. For use as catalysts in the addition of diethylzinc to benzaldehyde, see; 

M. C. Carreiio, J. L. Garcia Ruano. M. C. Maestro and L. M. Martin Cabrejas, Tetrahedron: Asymmetry, 

1993, 4, 727. 

7. M. Shimazal& M. Takahashi, H. Komatsu, A. Ohta, K. Kajii and Y. Kcdama, Synthesis, 1992,555 

8. L. A. Carpino and H-W. Chen, J. Am. Chem. Sot., 1979, 101, 390. 

9. N. J. Leonard and C. R. Johnson, J. Org. Chem.. 1962,27,282. 

Acknowledgments: We thank the SERC for a studentship (to JFB) and Zcncca for additional support 

References aud Notes: 

10. A, McKillop and J. A. Tarben, Tetrahedron Left., 1983,24, 1505. 

11. P. Brougham, M. S. Cooper, D. A. Cummerson, H. Heaney and N. Thompson, Synthesis, 1987,1015. 

12. Gxazolines were prepared from the corresponding nitriles, according to literature methods. C. Bolm, K. 

Weickhardt, M. Zehnder and T. Ranff, Chem. Ber., 1991, 124. 1173. J. V. Allen, G. J. Dawson, C. G. 

Frost and J. M. J. Williams, Tetrahedron, 1994.50, 799. 

13. K. K. Andcrsen, W. Gaffield, N. E. Papanikolaou, J. W. Foley and R. I. Perkins, J. Am. Chem. Sot., 

1964.86, 5637 

14. (a) W. Ando and L. Huang, Terruhedron Left., 1986,27, 3391. (b) S-M. Hung, D-S. Lee, T-K. Yang, 

Tetrahedron: Asymmerry, 1990, 1, 873. (c) Y. Arai, M. Matsui, T. Koizumi and M. Shiro. J. Org. 

Chem., 1991.56. 1983. For a review on directed reactions, see; (d) A. H. Hoveyda, D. A. Evans and G. 

C. Fu, Chem. Rev., 1993, 93, 1307. 

15. The methyl ether of 9a was prepared, but oxidation with mCPBA afforded ~10% diastereoselectivity. 

16. For a recent review on the use of oxazolines for the diastexcocontrol of a variety of reactions, see: T. G. 

Gant and A. I. Meyers, Tetrahedron, 1994,50,2297. 

(Received in UK 1 July 1994; accepted 29 JuIy 1994) 


