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Asymmetric Synthesis of Chiral Sulfoxides and Sulfinimines by using N-Sulfinylsultam
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Abstract : Bornane-10,2-sultam 1 is stereoselectively converted by DMAP-assisted sulfinylation to
diastereomerically pure (2R)-N-[(R)-p-tolylsulfinyl]-bornane-10,2-sultam 2 in 77% yield. The crystalline
sulfinylating agent 2 reacts with a variety of nucleophiles to afford sulfoxides 3 and sulfinimines 5 in
excellent yields and enantioselectivities. © 1997 Elsevier Science Ltd.

Over the last 20 years, chiral sulfoxides have received considerable attention as key intermediates in efficient
asymmetric synthesis3. The synthesis of optically active sulfoxides, originally proposed by Gilman42 then
developed by Andersen?0:C and Solladié4d, is based on the reaction of the diastereomerically pure (-)-(S)-
menthyl p-toluenesulfinate with Grignard reagents. Following the same strategy, other chiral auxiliaries have
been later developed, e.g. 2-phenylcyclohcxanol5, diacetone-D-glucose6 or oxazolidinones’. Double transfer
of the sulfinyl moiety using chiral sulfites® or oxathiazolidine-S-oxide9 has also been reported. Finally,
asymmetric oxidation of sulfides with chiral oxidizing agentslo or in a few cases with enzymes%’11
represents an attractive alternative.

We describe here a new chiral sulfinyl transfer agent derived from the versatile bornane-10,2-sultam
112, Thus, N-{p-tolylsulfinyl]-bornane-10,2-suitam 2 was readily synthesised on a gram scale via DMAP-
assisted sulfinylation of sultam 1 as a 6.2:1 mixture of diastereomers. Crystallisation of the mixture from
ether/hexane afforded pure and stable 2-(R) in 77 % yield13714a15. The absolute configuration (R) at the suifur
centre in the major diastereomer was established by X-ray crystallography (Figure D16, The
diastereoselectivity was proved to be controlled by kinetic factors. Indeed, treating one equivalent of pure
minor diastereomer 2-(S) with a 1:1 mixture of sultam 1 and DMAP gave no epimerisation at the sulfur centre
after 4 h at r.t.. In contrast, sulfinylation of sultam 1, by using n-Buli (-78°C) instead of DMAP, led to a 1:1
mixture of diastereomers 2. When diastereomerically pure 2-(R) was submitted to 0.1 equivalent of n-BuLi
and sultam 1 in THF at - 78°C, complete epimerisation at the sulfur chiral centre was observed in less than 5
min, indicating that the reaction is now under thermodynamic control.
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Figure 1 : X-ray of N-[(R)-p-tolylsulfinyl]-bornane-10,2-sultam 2

The reagent 2-(R) reacted rapidly at low temperature with a variety of Grignard or Reformatsky reagents
giving high yields (>79%) of enantiomerically pure sulfoxides 3 (e.e. 296% , Table I).
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Table 1 : Synthesis of Optically Active p-tolylsulfoxides 3 from Sulfinamide 2
RM Sulfoxides 3 Sultam 1
Yield (%] [0 (CHCly) ce® (%) Yield (%]
MeMgBr 93 +155® 99 (R) 91
PrMgCl 92 +182© 99 (R) 91
nBuMgCl 97 +180© 97 (R) 94
benzyIMgCl 91 +238 >99 (R) 93
vinyMgCl 95 +455(9) 96 (R) 95
(Z)-1-propenylMgBr 80 +363 99 (R) 92
(E)-1-propenylMgBr 79 +55 96 (B 95
2-propenylMgBr 90 +122 >99 (R) 92
allyMgCl 9 +198® >99 (R) 98
2-thienylMgBr 89 +147 99 (8) 91
3-furylIMgBr 89 +102 99 (8) 91
1-pentyny!MgBr 85 +89 >98 (R) 93
BrCH2COOMBu / Zn 83 +142®) >99 (R) 93

(a) Determined by chiral HPLC (b) EtOH (c) Acetone

As expected, inversion occurred at the sulfur centre in agreement with a SN2 type mechanism3a.¢.f _ In
addition, the bornane-10,2-sultam 1 was easily recovered in high yield (291%) by chromatography or
crystallisation.

In order to evaluate the potential of this new chiral sulfinylating reagent 2, we examined its utility for
preparing enantiopure sulfinimines 5. The latter are, for example, useful precursors in the synthesis of
enantiomerically pure amines and o- and f-amino acid derivatives17. To date, the method of choice for
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obtaining chiral sulfinimines is based on the displacement of Andersen’s sulfinate with lithium
bis(trimethylsilyl)amide (LiHMDS) followed by condensation with aryl or o, f-~unsaturated aldehydes (Davis
method) 18, Nevertheless, reactions with enolisable aldehydes afford only low yields of sulfinimines.

Our results (Table 2) show that this drawback can be circumvented by a modification of the Davis
procedure. Indeed, extensive experimentation revealed that enolisable aldehydes could be converted into
enantiomerically pure sulfinimines 5 (e.e. 299.5%) in good yields (65-73%), if one equivalent of water was
added to the sulfinylated HMDS 4 prior to the addition of the aldehyde (Method A: entries 1, 5, 6, N9
Interestingly, if these conditions were used with benzaldehyde, sulfinimine could not be detected (entry 3). On
the other hand, non-enolisable aldehydes are easily converted to sulfinimines according to Davis procedure
(Method B : entries 4, 8)18.
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Table 2 : Synthesis of Optically Active (S)-Sulfinimines 5§ from Sulfinamide 2
Entry Aldehydes Method Sulfinimines § Sultam 1
Yield [%] {odp (CHCLy) ee® (%] Yield [%]
1 n-BuCHO A 73 +302 >99.5 87
2 n-BuCHO B 0 90
3 PhCHO A 0 84
4 PhCHO B 84 +112 >99.5 89
5 i-PrCHO A 65 +299 >99.5 89
6 CyclohexylCHO A 67 +221 >99.5 88
7 (E)-CH3CH=CHCHO A 70 +620 >99.5 86
8 (E)-PhCH=CHCHO B 74 +350 98 85
Method A: i) 1 eq. H20 in THF, - 78°C ii) 1.1 eq. RCHO, - 20°C to 5°C (a) Determined by chiral HPLC

Method B: i) 1.1 eq. RCHO, - 20°C ii) 2 eq. CsF, - 20°C tor.t.

In conclusion, we have developed a new crystalline chiral sulfinylating agent 2 which reacts with
Grignard or Reformatsky reagents giving high yields of enantiomerically pure sulfoxides 3. Furthermore, the
reagent 2 reacts with both enolisable or non-enolisable aldehydes, under specific conditions, to afford aryl and
alkyl sulfinimines S in good yields and enantioselectivities.
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All attempts to prepare 2 by oxidation of the N-(p-tolylthio)bornane-10,2-sultam showed poor diastereoselectivity.
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General procedure for the preparation of sulfinimines starting from enolisable aldehydes (Method A)

To a solution of 2-(R) (50 mg, 0.142 mmol) in THF (1.5 mL) at -78°C was slowly added a 1 M hexane solution of LIHMDS
(156ml, 0.156 mmol). The clear solution was stirred at -78°C for 1 h and 1 equiv. of water was added (solution of 100 pl water
in 1 ml of THF). The temperature was raised to -20°C, the mixture was stirred for 10 min and 1.1 equiv. of the freshly distilled
aldehyde was added. The reaction was stirred for 2-3 h and the temperature slowly raised to 5°C. The mixture was filtered on

celite, concentrated in vacuo and the resultant oil was purified by FC on silica gel.
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