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. : o Psmiun‘?2i have also been successfully used to catalyse
Abstract: Enantioselective copper-catalysed oxidation of ary

benzyl sulfides yields enantioenriched sulfoxides (up to 81% ee)'?r?ymmemc sulfide oxidation.
modest yield. This is the highest enantioselectivity reported usingGopper has received relatively little attention in metal-
copper catalyst in _enantios_e_lective §ulfide oxidation. The enhan(@itawsed asymmetric sulfide oxidation. A copper—salen
ment of t_he _enantloselectlvny of this method through the use EBmpIex was used by Cross to oxidise thioanisole but
additives is discussed. enantioselectivity was limited (14% €&}Iglesias, using
Key_words: asymmetric catalysis, oxidation, copper, sulfoxidesy different ligand to form the copper-catalyst complex, re-
Schiff bases ported better enantioselectivity for the oxidation of thio-
anisole (<30% e€f® Kraemer et al. also investigated

) ) ] ) copper-catalysed asymmetric sulfide oxidation using
Enantiopure sulfoxides are widely used in asymmetrighiral copper—salen complexes but reported the catalyst
synthesis both as building blocks and pharmaceutic@mplex used was inactiV&. In comparison to other
agents. Accordingly, the preparation of enantiopurémetal catalysts used for asymmetric sulfide oxidation, the
sulfoxides has been the focus of considerable researgdactivity and enantioselectivity of copper catalysts are
The principal routes to prepare enantiopure sulfoxides agglly modest; Iglesias speculated that this may be due to

i) the substitution of a chiral precursor and ii) the asymne fact the formation of the copper-oxo oxidising species
metric oxidation of a prochiral sulfide. is kinetically unfavourablé®

The preparation of enantiopure sulfoxides through thRecently we have reported that vanadyl Schiff base
substitution of chiral precursors was first reported byomplexes can be successfully used for both asymmetric
Andersen in the 1960%Despite the high yields of enan-syfide oxidation and the kinetic resolution of sulfoxides,
tiopure sulfoxides obtained using this methodology, thearticularly for aryl benzyl sulfides and sulfoxidés.
scope of the methodology is curtailed by the difficulExtension of this methodology using copper instead of
preparation and limited availability of suitable chiral;anadium to form the Schiff base complex was explored.

precursors. The development of chiral precursors thﬁt ial experiments were based on our recent report of
possess two leaving groups has extended the scope of Higal exp . : . P
vanadium-catalysed asymmetric sulfide oxidaticem-

methodology. loying coppe(ll) acetylacetonate ral a Schiff base
Asymmetric sulfide oxidation has attracted considerab|gjand 1 developed by Ansdhand indicated that modest
interest as a route to enantiopure sulfoxides. Very effisymmetric induction was occurring (Table 1, entries 1—
cient biological sulfide oxidations have been reporteg) in agreement with previous reports. Optimisation of the
using both whole cell systems and isolated enzymeseaction established that the best catalyst loading was 4
Metal-free asymmetric sulfide oxidation has been repofip|os ligand and 2 mol% copper acetylacetonate relative
ed using oxaziridinésand hydroperoxidesMetal-cataly-  to the sulfide, while the optimum amount of oxidant was
sed asymmetric sulfide oxidation is the most popular roufe1 equivalents. No increase in either selectivity or yield
to enantiopure sulfoxides. Kagaand Moden&indepen- \as observed using more than 1.1 equivalents &, H
dently reported a very efficient titanium-mediated SUlfldQ’he optimum temperature was found to be room temper-
oxidation based on the Sharpless asymmetric epoxidatigfire and optimum reaction time was found to be 16
procedure. Further investigations improved the scope apgurs. A significant improvement in enantioselectivity
utility of this titanium-mediated oxidatichFollowing a was observed using carbon tetrachloride as the solvent in-
report of vanadium-catalysed asymmetric sulfide oxidatead of dichloromethane (Table 1, entry 7). A number of
tion under very mild condition$considerable investiga- |igands were screened to see if they would give better re-
tions have taken place into vanadium Schiff basgits tharl. Ligand2®was found to be the best ligand for
catalysed sulfide oxidatiort$.Manganesé&® iron,'*>*?¢  his oxidation (Table 1, entries 8 and 9). LigaBes were
niobium;?¢ zirconium;* tungstert? molybdenun¥"and  aiso investigated but resulted in lower enantioselectivity

than that observed fd. Utilising the optimised condi-
YNLETT 2007. No. 1 150115 tions for the preparation of a range of sulfoxides yielded
/S\dvanced ogﬁn’e pﬂbligétﬁ)gn:%g.oeg())?ﬂ the following results (Table 1, entries 10-20).
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Tablel Copper-Catalysed Asymmetric Sulfide Oxidation

| Br Cl
i ] Br i ] i )l | |
OH N OH N OH N

OH N OH N
HO HO HO HO HO
1 2 3 4 5
ligand (4.0 mol%)
Cu(acac), (2.0 mol%) Tl)
rONF 30% H,0, (1.1 equiv) R SR
6 rt,16 h 7

Entry 6 R 24 7 Solvent Ligand 6:72 Yield (%)° ee (%,R)°

1 6a 4-FCGH, Ph 7a CH,CI, 1 67:33 31 14

2 6b 4-BrCH, Ph 7b CH,C, 1 68:32 29 13

3 6c 4-FGH, 4-FGH, 7c CH,Cl, 1 —d 19 17

4 6d Ph Ph 7d CH,CI, 1 72:28 22 22

5 6d Ph Ph 7d MeCN 1 74:26 34 12

6 6d Ph Ph 7d CHCl, 1 70:30 27 29

7 6d Ph Ph 7d CCl, 1 75:25 22 43

8 6d Ph Ph 7d CH.Cl, 2 53:47 34 33

9 6d Ph Ph 7d CCl, 2 26:74 27 61
10 6a 4-FCGH, Ph 7a CCl, 2 71:29 13 39
11 6b 4-BrCgH, Ph 7b CCl, 2 80:20 23 30
12 6c 4-FGH, 4-FGH, 7c ccl, 2 —d 18 47
13 6d Ph Ph 7d CCl, 2 26:74 27 61
14 6e 4-MeOGH, Ph 7e ccl, 2 63:37 17 39
15 6f 2-MeOGH, Ph f CCl, 2 57:43 29 79
16 69 4-MeGH, 4-MeOGH, 79 ccl, 2 47:53 42 27
17 6h 4-MeGH, 3-MeOGH, 7h ccl, 2 67:33 22 41
18 6i 4-MeGH, 4-FCH, 7i ccl, 2 63:37 32 48
19 6j 4-MeGH, 4-CICH, 7] ccl, 2 56:44 37 51
20 6k 4-MeGH, Ph 7k ccl, 2 46:54 38 55

2 Ratio of6:7 determined byH NMR analysis of the crude product.

b Yield of 7 after purification.

¢ Determined by HPLC analysis on chiral column (Daicel Chiracel OD-H); absolute configuration determined by goRPla@nretetion
times to those of enantiopure sulfoxides prepared using Andersen Methbehfoabsolute configuration determined by comparison of
specific rotation values fofb,d,k to known literature values (see experimental section)dae—g proposed configuration based on HPLC
elution order and the direction of the specific rotations.

4 Not determined byH NMR due to signal overlap.

While moderate enantioselectivity was observed, the linmdicated the reactivity of copper was pé#rEvidence

ited amount of sulfoxide formed was disappointing. Theder product inhibition of the oxidation was seen, presum-
results are in agreement with previous results reportadlly through complexation of the sulfoxide to the copper
using copper in asymmetric sulfide oxidation, whiclktatalyst. Significantly, the substitution patterns on the aryl
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benzyl sulfoxides are seen to have an influence on tiibe use of additives has resulted in the enhancement of
enantioselectivity of the oxidation. For example an intesome asymmetric sulfide oxidatiott§1">*¥Bolm report-
esting trend is observed for the oxidation6efand6f ed a significant enhancement in the efficiency of iron
(Table 1, entries 14 and 15). It would seem that the ma8ehiff base catalysed sulfide oxidation in the presence of
sterically demandingprtho-methoxy-substituted sulfide 4-methoxybenzoic acid or its lithium s&it.

6f is oxidised with greater enantioselectivity than the cofyg g ch improvement was observed carrying out this

responding para-substituted  sulfide6e. Similarly the  ,yiqation in the presence of 4-methoxybenzoic acid and it
meta-methoxy-substitutedsh is oxidised with greater \,, 14 seem that this additive may only be beneficial
enantioselectivity thaiég (Table 1, entries 16 and 17),\yhen ysing an iron-based catalyst as it has also been
though the effect of substitution on the benzyl substituepdorted ineffective in vanadium Schiff base catalysed
is not as significant as that observed when the substitugR, ymetric sulfide oxidatiorié.Iglesias carried out his

is on the aryl ring adjacent to the sulfur as@e@nd6f.  onner catalysed asymmetric sulfide oxidations in the
These results indicate steric hindrance may play a crugghsence of 4-methylmorpholintoxide (NMO)13b

rqle in this o>'<idation, §uggesting that using stericallymo was used as an additive in a manganese-catalysed
hindered Schiff base ligands such as those used Qyfige oxidation as it was believed to stabilise the

Berkesset/® Katsuki™ and more recently by Jeong el\vin(V)=0 complex?° Carrying out the above oxidation in

al'’® may give superior results to those obtained UsifRge presence of NMO resulted in an improvement in the
ligand2. yield of sulfoxide and in nearly all cases, an improvement

in enantioselectivity also (Table 2, entries 1 and 4-14).

Table2 Copper-Catalysed Asymmetric Sulfide Oxidation in the Presence of Additives

ligand 2 (4.0 mol%)
Cu(acac); (2.0 mol%)

additive
6 7
30% H,0; (1.1 equiv)
CCly, rt.,, 16 h
Entry 6 R 24 7 Additive? 6:7° Yield (%) ee (%,R)?
1 6d Ph Ph 7d NMO 43:57 44 60
2 6d Ph Ph 7d DMSC® 54:46 25 62
3 6d Ph Ph 7d lonic liquidf 43:57 21 71
4 6a 4-FGH, Ph 7a NMO 71:29 21 40
5 6b 4-BrCgH, Ph 7b NMO 72:28 20 37
6 6C 4-FCH, 4-FCH, 7c NMO - 26 52
7 6e 4-MeOGH, Ph 7e NMO 35:65 45 44
8 6l 3-MeOGH, Ph 7l NMO 44:56 42 69
9 6f 2-MeOGH, Ph 7* NMO 43:57 49 81
10 69 4-MeGH, 4-MeOGH, 79 NMO 45:55 27 38
11 6h 4-MeGH, 3-MeOGH, 7h NMO 68:32 14 47
12 6i 4-MeGH, 4-FGH, 7i NMO 48:52 29 65
13 6j 4-MeGH, 4-CICH, 7] NMO 57:43 26 50
14 6k 4-MeGH, Ph 7k NMO 45:55 33 57

a2.5 mol% of the additive used, added before the addition of the oxidant.

b Ratio of6: 7 determined byH NMR analysis of the crude product.

¢ Yield of 7 after purification.

d Determined by HPLC analysis on chiral column (Daicel Chiracel OD-H); absolute configuratomided by comparing HPLC retion
times to those of enantiopure sulfoxides prepared using Andersen MethieHfoabsolute configuration determined by comparison of
specific rotation values forb and7d, to known literature values (see experimental section)dgre—g,l proposed configuration based on
HPLC elution order and the direction of the specific rotations.

€10.0 mol% of the DMSO used, added before the addition of the oxidant.

£10.0 mol% of the ionic liquid (1-butyl-3-methylimidazolium hexafluorophosphate) used, added before the addition of the oxidant

9 Not determined byH NMR due to signal overlap.
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The use of dimethyl sulfoxide (DMSO) as an additivéample temperature control was maintained using a Julabo F25-
resulted in a slight improvement in enantioselectivitj)c/)'\/t_ Ilmm(esgigjgo gg:ulator.BReEullz? szle(/%_ Fl)rck))cesfsted or(l a Dell
(Table 2, entry 2) while using the ionic liquid, 1-butyl-3-OPUp'ex using B10 ight =01 Winah sottware (version
methylimidazolium hexafluorophosphate, as an additi\{%mber 1.00.01). The units afare 10 deg crfig . Absolute con-

b

. . . . . .Jigurations were assigned by the comparison of the specific rota-
resulted in a further improvement in the enantioselectiViiyns with the literature datal,d,g,i—) or comparison of HPLC

of the oxidation (Table 2, entry 3). retention times with enantiopure samples of known configuration
Again, introducing a methoxy substituent into the ar)ﬂ?')' Notably, the direction of the specific rotations were in com-

ring showed interesting trends with the enantioselectivi&ete agreement with literature values, however, the magnitudes

. - aried somewhat.

increasing as the methoxy group moves frompira to _ _ _

meta to ortho positions (Table 2, entries 7-9). EnantiopuSulfoxides7a,# 7c* and 7e** have been previously reported in
rities of up to 81% ee can be achieved albeit in mode;%femlc form only. Sulfoxide3b,d,g,i—k have been reported in

. ‘Bhantioenriched forr®? Sulfoxides?f,h,| have not been previousl|
yield (Table 2, entry 9). Presumably, a copper—Schi ported. P Y

base—oxo complex mediates this oxidation, however, no

investigation was undertaken to establish the nature amngbical Experimental Procedure

structure of this complex. Cop%elg(”t)t acectiylf?cektonatf _(2_r-g (TéJ,ZZ-O rzfg%) \lf(\)l/a)s a(édgg ltO a
. round-bottomed flask containi .2 mg, 4.0 mol%) an

The V?S_Q'IS reported a}bove reflect the highest enant@'mL). The resulting solution was stirredgat r.t. for 5 min, and then

selectivities to date in copper-catalysed asymmetricsolution o6 (1 mmol) in CCJ (1 mL) was added. After 5 min stir-

sulfide oxidation. While the results obtained using thisng at r.t. NMO (3 mg, 2.5 mol%) was added to the reaction mix-

method are modest in comparison to other establishetke and after stirring for a further 5 min at r.$G4(0.11 mL, 30%,

asymmetric sulfide oxidation methods, critically nol-1 mmol) was added in one portion, dropwise to the solution. The

sulfone formation occurs under these conditions. Ovei 2action mixture was then stirred at r.t. for a further 16 h. Thgn, H

L . . . (5 mL) was added and the phases separated; the organic layer was
oxidation leading to sulfone formation often accomMpanies, . o4 with KO (2x 5 mL) and brine (5 mL), dried, and concen-

asymmetric sulfide oxidation. In some cases the formatiq@ed at reduced pressure to give the crude product. The réti of
of the sulfone may be the result of kinetic resolutiom the crude product was determinedtByNMR. The product was
which can enhance the overall enantioselectivity of thmurified by column chromatography on silica gel (6:4, hexane—
oxidation!*?! However, the presence of sulfone in thé&tOAc).

crude product can make isolation of the pure sulfoxide te- ) 2
dious. Sulfone formation also impacts deleteriously on tig)-(*)-Benzyl-4-fluorophenyl Sulfoxide (7a, Table2, Entry 4)

overall vield of the oxidation. Usina an achiral liqand it i rude product contained a mixture of sulfide and sulfoxide (71:29).
v i xidation. Ing ! '9 : I.%’urification by chromatography afforded the product as a white

possible to use this methodology for the chemoselecti¥giig (49 mg, 21%, 40% ee).

preparation of racemic sulfoxides. Furthermore, the senﬁiﬂ- NMR: & = 3.90-4.02 (1 H, A of ABgJ = 12.5 Hz, one of

tivity of the asymmetric sulfide oxidation to the precis%ocml 4.08-4.21 (1 H, B of ABq] = 12.5 Hz, one of SOCH
structure of the aryl benzyl sulfide is indicative of signifig g2_g.99 (2 H, m, ArH), 7.11 (2 H,X= 8.5 Hz, ArH), 7.21-7.39
cant ligand—substrate interactions in the transition stgieH, m, ArH). HPLC1, (R) = 34.5 mintg (S) = 39.9 min [Chiracel
for the oxidation. Therefore, improvement of this metho®D-H; flow rate 1.0 mL mirt; hexane-2-PrOH (98:2); 20 °C];
either through ligand modification or the screening dplo”°+60 € 0.19, acetone).

further additives could lead to enhanced enantioselecti%_ +)-Benzvl-4-b henvl Sulfoxide (7b. Table 2. Ent
coupled with high chemoselectivity for sulfoxide forma-5)14b( )-Benzyl-4-bromophenyl Sulfoxide (7b, Table 2, Entry

tion. Crude product contained a mixture of sulfide and sulfoxide (72:28).
Purification by chromatography afforded the product as a white

Chemicals and solvents were purchased from commercial suppliidlid (59 mg, 20%, 37% ee).

Sulfides6a—c and6e- were prepared by treatment of an excess dH NMR: § = 3.90-4.02 (1 H, A of ABgJ = 12.6 Hz, one of
thiolate anion with the appropriate benzyl halide. SulBdewas SOCH,), 4.05-4.16 (1 H, B of ABg] = 12.6 Hz, one of SOCHj{
purchased from Aldrich. For thin-layer chromatography (TLC)6.94-7.01 (2 H, m, ArH), 7.15-7.35 (5 H, m, ArH), 7.51-7.61 (2 H,
Merck 60 F254 silica gel plates were used and compounds were wi; ArH). HPLC:tg (R) = 44.4 mintg (S = 50.1 min [Chiracel OD-
sualised by UV. Solvents were distilled before dseNMR (300  H; flow rate 0.5 mL mint; hexane—2-PrOH (94:6); 10 °Cl]p%°
MHz) and'*C NMR (75.5 MHz) spectra were recorded on a Bruker39.6 ¢ 0.37, CHC)); lit. 14b: [0]p?° —65 € 0.2, CHC}) for S
AVANCE300 at 20 °C using CDghs solvent. Chemical shifts are >99% ee.

given in ppm relative to TMS as the internal standard. Coupling

constantsJ) are reported in Hz. Mass spectra were recorded on(R)-(+)-4-Fluor obenzyl-4-fluor ophenyl Sulfoxide (7c, Table 2,
Waters/Micromass LCT Premier Time of Flight spectrometer (ESEntry 6)%

and a Waters/Micromass Quattron Micro triple quadrupole spe€rude product contained a mixture of sulfide and sulfoxide. Purifi-
trometer (ESI). Chiral HPLC was performed with a Waters 600Eation by chromatography afforded the product as a white solid (65
System Controller and a Waters 996 Photodiode Array Detector apg, 26%, 52% ee).

erating a Chiralpak OD-H column from Daicel Chemical Industrieg; \vR: s = 4.00 (2 H, s, SOCH), 6.89-6.97 (4 H, m, ArH), 7.12—
Ltd., eluting withn-hexane and 2-PrOH. Specific rotations were re; 5, (2 H, m, ArH), 7_’30’_7_39 (2 H, m, ArH). HP’LQ’:(R) :’34_5
corded on a Perkin Elmer 341 polarimeter, at 20 °C in the solveq{ﬁn’ t, (S = 39.9 min [Chiracel OD-H; flow rate 1.0 mL mip

indicated. The sodium D-line (589 nm) was used unless otherwi s 2Y- 90 © 20 4
indicated. Samples were analysed in a 1 mL dual-walled, thermﬁ)&ixane 2-PrOH (98:2); 20 °ChIp™ +46.7 € 0.38, acetone).

statted glass cell (PE part number: 631136) of path length 10 cm.
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(R)-(+)-Benzyl-phenyl Sulfoxide (7d, Table 2, Entry 1)* 'H NMR: § =2.40 (3 H, s, ArCH), 3.79 (3 H, s, OC}), 3.97-4.05
Crude product contained a mixture of sulfide and sulfoxide (43:571 H, A of ABqg,J = 12.7 Hz, one of SOCH 4.18-4.24 (1 H, B of
Purification by chromatography afforded the product as a whi#Bq, J = 12.7 Hz, one of SOCH{ 6.78 (2 H, dJ = 8.7 Hz, ArH),
solid (95 mg, 44%, 60% ee). 6.91 (2 H, dJ=8.7 Hz, ArH), 7.17-7.32 (4 H, m, ArH). HPLG:
'H NMR: § = 3.95-4.05 (1 H, A of ABgJ = 12.5 Hz, one of (R)=33-4minf (9 =41.0 min [Chiracel OD-H; flow rate 0.5 mL
SOCH,), 4.05-4.15 (1 H, B of ABg] = 12.5 Hz, one of SOCH ~ MiN 1 hexane—2-PrOH (90:10); 10 °C¥](?°31.9 £ 0.26, CHC));

6.96-7.01 (2 H, m, ArH), 7.22-7.29 (3 H, m, ArH), 7.36—7.48 (5 Hit- 14b: [0]o*° —87 € 0.2, CHCY) for S>99% ee.
m, ArH). HPLC:t; (R) = 28.0 mintg (S) = 34.6 min [Chiracel OD- .
H: flow rate 1.0 L mirk: hexane.-2-ProH (98:2): 20 °CR]L?° (R)-(+)-3-M ethoxybenzyl-p-tolyl Sulfoxide (7h, Table 2, Entry

+98.8 € 0.25, acetone); lit. 14bu],* ~135.9 ¢ 0.49, acetone) for 1Y)
S= gloc/o ce. acetone): | b ¢ - acetone) for Crude product contained a mixture of sulfide and sulfoxide (68:32).

Purification by chromatography afforded the product as a white

(R)-(+)-Benzyl-4-methoxyphenyl Sulfoxide (7e, Table 2, Entry solid (36 mg, 14%, 47% ee).

7= Anal. Calcd (%) for GH,c0,S: C, 69.20; H, 6.19; S, 12.32. Found:
Crude product contained a mixture of sulfide and sulfoxide (35:65}, 68.89; H, 6.33; S, 12.2tH NMR: § = 2.39 (3 H, s, ArCk), 3.70
Purification by chromatography afforded the product as a whif® H, s, OCH), 3.90-3.98 (1 H, A of ABgJ = 12.5 Hz, one of
solid (111 mg, 45%, 44% ee). SOCH,), 4.05-4.12 (1 H, B of ABq] = 12.5 Hz, one of SOCH

1H NMR: § = 3.85 (3 H, s, OCﬁ, 3.92-3.99 (l H, A of ABqJ - 6.50 (l H, br S, ArH), 6.61 (1 H, d,= 7.5, ArH), 6.79-6.86 (l H,
12.5 Hz, one of SOCH, 4.09-4.15 (1 H, B of ABq) = 12.5 Hz, M: ArH), 7.12-7.33 (5 H, m, ArHJ*C NMR: § = 21.8 (ArCH),
one of SOCH), 6.89—7.02 (4 H, m, ArH), 7.21-7.33 (4 H, m, ArH).22:6 (OCH), 64.3 (SOCH), 114.7 (CH,), 115.7 (CH,), 123.1
HPLC: ts (R) = 54.9 min/tx (9 = 64.2 min [Chiracel OD-H; flow (CHa): 124.9 (CHL), 129.7 (CH,), 130.0 (aromatic Cj), 131.2

e 1.0 L it herane 5-PrOH (08.2: 20 con #1319 6 (Car): 140.1 (Gugq), 142.1 (Geig), 159.9 (Gq). ESI-MS:miz =
0.28 aceTonre“)'.  hexane-2-ProH (98:2); Wb € 261 M + HF. ESEHRMS: miz talcd for G, SO, [M + HJ*

261.0949; found: 261.0941. HPLG:(S) = 45.3 mints (R) = 62.8
R)-(+)-B |-3-meth henvl Sulfoxide (7. Table 2. Ent min [Chiracel OD-H; fow rate 1.0 mL mir; hexane—2-PrOH
é))( )-Benzyl-3-methoxypheny! Sulfoxide (71, Table2, Entry g 5">0 c]: 11,20 +109 € 0.41, acetone).

Crude product contained a mixture of sulfide and sulfoxide (44:56,
Purification by chromatography afforded the product as a Whi12)14b

lid (103 42%, 69% .
solid ( ma. > bee) Crude product contained a mixture of sulfide and sulfoxide (48:52).
Anal. Calcd (%) for GH,,0,S: C, 68.28; H, 5.73; S, 13.02. Found:pyrification by chromatography afforded the product as a white
C,68.09; H,5.87; S, 12.9H NMR: 5 =3.70 (3H, s, OC, 3.96—  solid (72 mg, 29%, 65% ee).
208 H, Aol ABA =125 Ha, O OTSOGH A0 412 (LI 3 NMR: 5= 2.40 (3 H, 5, CB, 3.99 (2 H, 5, SOCH, 6.94 (4 H

0 ,J=12.5Hz, one o .87-7. , m, ArH), : \ ’ S g y
7_21_7.33 (4 H m ATH). 13¢ NMC‘?;: § = 55.5 ((OCH) 635) d,J=7.0 Hz, ArH), 7.23-7.29 (4 H, m, AI’H). HPLQ(R) =34.6

. 4 min, tg (S = 40.3 min [Chiracel OD-H; flow rate 0.5 mL min

(SOCH), 108.4 (CH), 116.5 (CH,), 118.1 (CH,), 1282 (CH), 15 proH (93:7); 10 °ClyJp® +71.5 € 0.35, CHCJ); lit
1285 (CH,), 129.1 (Gyq), 129.7 (CH,), 1304 (CH), 1441 7 01270100 €04, CHCY for Sz 71% e6, . It
(Car): 160.1 (Gy(g), ONe G, not seen. ESI-MSwz = 247 [M + - Blo “ = rLoee
H]*. ESI-HRMS: nvz calcd for G,H,,SO, [M + H]*: 247.0790; . .
found 247.0784. HPLCty (S = 41.6 mint; (R) = 47.3 min (R (*)-4-Chlorobenzyl-p-tolyl Sulfoxide (7}, Table2, Entry

; . : oy 13)1°
Chiracel OD-H; flow rate 1.0 mL mity hexane—2-PrOH (98:2); . . i .
[20 °CJ: [0]p® +73.5 € 0.17, acetone). ( ) Crude product contained a mixture of sulfide and sulfoxide (57:43).

Purification by chromatography afforded the product as a white sol-

(R)-(+)-Benzyl-2-methoxyphenyl Sulfoxide (7f, Table 2, Entry  1d (69 Mg, 26%, 50% ee).

9 'H NMR: § =2.40 (3 H, s, Ck}, 3.98 (2 H, s, SOC}), 6.90 (2 H,
Crude product contained a mixture of sulfide and sulfoxide (43:54, J 6.5, ArH), 7.18-7.30 (6 H, m, ArH). HPL®; (R) = 34.5 min,
Purification by chromatography afforded the product as a whitg (S) = 40.9 min [Chiracel OD-H; flow rate 0.5 mL minhexane—
solid (121 mg, 49%, 81% ee). 2-PrOH (93:7); 10 °C]; d]p?° +89.4 € 0.26, acetone); lit. 14b:

Anal. Calcd (%) for GH,,0,S: C, 68.26: H, 5.73; S, 13.02. Found:[#1o* ~140 € 0.5, CHCJ) for S>99% ee.
7.85; H,5.77; S, 12.634 NMR: 5 = 3.88 (3 H 92—
¢, 67.85:H,5.77; S, 12.634 0=388 (3, s OCY, 3.9 (R)-(+)-Benzyl-p-tolyl Sulfoxide (7k, Table 2, Entry 14)™

4.02 (1 H, A of ABgJ =12.8 Hz, one of SOCH 4.20-4.30 (1 H, - ] ' .
B of ABg, J = 12.8 Hz, one of SOCH 6.90 (1 H, dJJ = 7.8, ArH), Crude product contained a mixture of sulfide and sulfoxide (45:55).

7.02-7.08 (3 H, m, ArH), 7.20—7.27 (3 H, m, ArH), 7.38-7.46 (2 I_Eurification b); chro(r)natography afforded the product as a white sol-
m, ArH). C NMR: § = 56.2 (OCH), 60.0 (SOCH), 110.7 (CH,), 'd (76 mg, 33%, 57% ee).

121.8 (CH,), 126.2 (CH,), 128.3 (CH,), 128.6 (CH,), 130.5 *H NMR:§=2.40 (3 H, s, ArCk), 3.94-4.02 (1 H, A of ABq] =
(Carq), 130.7 (CH,), 132.4 (CH,), 155.5 (Gyq), One G, not  12.5Hz, SOCH), 4.05-4.15 (1 H, B of ABq] = 12.5 Hz, SOCB),
seen. ESI-MSm/z = 247 [M + H}. ESI-HRMS:m/z calcd for  6.92—7.02 (2 H, m, ArH), 7.15-7.35 (7 H, m, ArH). HPLC(R) =
C1sH.1,SO, [M + H]*: 247.0793; found: 247.0784. HPLG: (S =  44.4 min,tgz (S) = 51.9 min [Chiracel OD-H; flow rate 1.0 mL
34.0 min,t; (R) = 39.0 min [Chiracel OD-H; flow rate 1.0 mL min™; hexane—2-PrOH (98:2); 20 °Cly]p?° +69.6 € 0.23, ace-
min; hexane—2-PrOH (98:2); 20 °Cy]p2° +351 €0.32, CHCJ).  tone); lit. 14b: §],2°—235.2 ¢ 0.7, acetone) fd6>99% ee.

)-(+)-4-Fluor obenzyl-p-tolyl Sulfoxide (7i, Table 2, Entry

(R)-(+)-4-M ethoxybenzyl-p-tolyl Sulfoxide (7g, Table 2, Entry
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