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Abstract

A one-pot method for the asymmetric synthesis of tert-butanesulfinyl-protected amines is described. The ketones
2 are condensed with (R)-tert-butanesulfinamide 1 and the zerr-butanesulfinyl imine intermediates reduced in situ
with NaBH, to afford the sulfinamides 4 in 66-86% yield and with drs from 90:10 to 97:3 for both aryl alkyl and
dialkyl ketones. Ti(OEt), serves as both a water scavenger and catalyst for imine condensation, and as a Lewis acid
that provides enhanced reduction rates and dr. © 1999 Elsevier Science Ltd. All rights reserved.

o-Branched amines are key elements of many potent and selective pharmaceuticals, asymmetric
catalysts and materials such as unnatural biopolymers. One of the most versatile approaches towards the
synthesis of &-branched amines is the reductive amination of ketones. However, with few exceptions,'
the methods that have been reported for the asymmetric reduction of ketimines provide access to only a
limited set of «-branched amine products.® Furthermore, these methods generally require isolation of
the ketimine intermediate prior to the reduction step. Herein we report the first general one-pot method
for the asymmetric synthesis of pre-protected &-branched amines by the Ti(OEt);-mediated NaBH,
reduction of N-tert-butanesulfinyl ketimines, which are generated in situ from tert-butanesulfinamide
1 and the corresponding ketones.
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Table 1
Reductions of sulfinyl ketimine 3a

9 ? ?
S. N/ reductant S. + N N
H H
3a (Rs, H)'4ﬂ (Rs.- S)-4a
reductant solvent additive temperature yield dr
Na(OAc);BH THF n 42 95:5°
Na(CN)BH; THF CH;CO;H nt 77 87:13"
Toluene Ti(OEt), 1 34 75:25*
NaBH, THF rn 83 91:9°
THF -48°C 83 92:8°
THF Ti(OEt) -48 °C 97 96:4°
LiBH, THF Ti(OEt), -48 °C 75 86:14°

“ Diastereoselection determined by GC analysis of (R)- and (S)-MTPA derivatives formed after sulfiny! cleavage of the crude
product (ref. 7). ¥ Diastereoselection determined by HPLC analysis of the sulfinamide product.

Enantiopure sulfinamide 1 is easily and inexpensively prepared in two steps and in 71-75% overall
yield from tert-butyl disulfide.* Direct condensation of fert-butanesulfinamide 1 with a wide array of
aldehydes and ketones provides tert-butanesulfinyl imines 33 to which nucleophiles®’ add in high yields
and with excellent diastereocontrol (Scheme 1). Significantly, primary amines can be easily liberated
from the sulfinamide products 4 by treatment with methanolic acid.®

While highly enantioenriched &-substituted amines can be prepared by the 1,2-addition of Grignard
reagents to fert-butanesulfinyl aldimines (3, R!=H), the reduction of tert-butanesulfinyl ketimines (3,
R!=alkyl) is clearly a complementary and useful method. First, for many synthetic targets a ketone
precursor is more readily accessible than the aldehyde and Grignard precursors. Second, the sulfinyl
moiety should activate the C=N bond towards the 1,2-addition of mild reducing agents, which would
allow for the synthesis of amines with functionality that is incompatible with Grignard reagents. Although
the asymmetric reduction of sulfinyl imines has previously been explored,’ the small number of sulfinyl
ketimines that were previously synthetically accessible limited these studies. Moreover, the reductants
(DIBAL, 9-BBN, LiAlH,) that were observed to provide the highest stereoselectivities are not compatible
with a variety of functionalities, such as nitriles, esters, or certain alkenes. Previous to our work, the
reduction of rert-butanesulfinyl ketimines had not been investigated.

We began by evaluating the reduction of sulfinyl imine 3a with several mild and inexpensive reducing
agents (Table 1). At room temperature, NaBH, provided the best yield and diastereoselectivity. It was
found that the addition of Ti(OEt)4 improved the dr and greatly enhanced the rate of reduction. As a
result, when the reaction was performed at —48°C, in the presence of Ti(OEt)4, the sulfinamide product
was isolated in 97% yield with a 96:4 dr.

Our interest in incorporating Ti(OEt)4 in the reduction of imine 3a stemmed from its role as Lewis acid
and water scavenger in the condensation of ketones with 1 (Scheme 1). The reduction could therefore
potentially be performed without the isolation of the ketimine intermediate. Indeed, condensation of 1
with acetophenone (1.2 equiv., 65°C), followed by in situ reduction with NaBH4 at —48°C afforded the
sulfinamide 4a in 78% yield and with 96:4 dr, identical to the dr for the reduction of pure sulfinyl imine
3a (Table 2, entry 2a).
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Table 2
Reductive amination of ketones with sulfinamide 1
2\ , A" _THF.T(OEY, 60-75°C C-S) /R\1
A( NH, o)\ g2 then NaBHj, -48 °C ﬁ/ N7 R
1 2 a4
ketone 2 R R? EIZ° time® (h)  product®®  yield drf

2a Me Ph 10 4a 78 96:4
2b Me i-Pr 3 4b 66 97:3
2 Me Bu 5:1 3 4c 82 83:17
2d Me i-Bu 6:1 14 4d 74 92:8
2e Bu i-Pr s 4e 77 92:¢
2f Me Bn 5:1 6 4f 86 90:10
2g Me p-NCPh 7 4g 82 96:4
2h Me (E)-CH=CHPh  3:1 24 4h 76 90:10

“Refers to the E/Z ratio of isolated fert-butanesulfinyl imine intermediates as determined by 'H NMR. ® Time for reduction to
go to completion. © Sample characterization of sulfinamides d¢ and 4g is provided (ref. 10). 9 Absolute configuration determined by
correlation with known amines. * Diastereoselection determined by GC analysis of (R)- and (5)-MTPA derivatives formed after sulfinyl
cleavage of the crude product (ref. 7)./ Obtained with 3 equiv of Ti(OEt), and reduction at -20 °C.

The generality of the Ti(OEt)4-mediated one-pot reductive amination was then investigated. 10 Ketones
2b-2h were condensed with tert-butanesulfinamide 1 by heating in THF and Ti(OEt)4 (2 equiv.). Upon
completion, the reaction mixture was cooled to —48°C and added to a solution of NaBH,4 in THF, also at
—48°C. This method was found to be general for both alkyl aryl and dialkyl ketones. The sulfinamides
4b-4h were obtained in yields ranging from 66 to 86%. The diastereoselectivity was also high, ranging
from 90:10 to 97:3, except for the reductive amination of the most demanding substrate, methyl butyl
ketone (2c), which still proceeded with 83:17 dr despite the similar steric size of the methyl and butyl
substituents.

The rate of reduction is highly substrate-dependent, but most reductions went to completion in 3-24 h.
One exception was the reductive amination of isopropyl butyl ketone 2e. Under the standard conditions,
the reduction did not proceed to completion even after 48 hours. By using 3 equiv. of Ti(OEt); and
performing the reduction at —20°C, sulfinamide 4e was isolated after 5 h in 77% yield and with 92:8 dr
(Table 2).

Interestingly, the diastereoselectivities for the reductive aminations of ketones 2d, 2f, and 2h were
higher than the E/Z ratio of the isolated sulfinyl ketimine intermediates. For example, the sulfinamide
4h was obtained in a 90:10 diastereomeric ratio, whereas the sulfinyl imine intermediate was isolated
as a 3:1 mixture of E/Z isomers (!H NMR in CDCl3). This enhancement of the dr of the sulfinamide
over the E/Z ratio of the sulfinimine has also been observed in the 1,2-addition of organolithiums to
tert-butanesulfinyl ketimines.

Notably, the reductive amination of the highly enolizable ketone 2f afforded sulfinamide 4f in 86%
yield with 90:10 dr. Moreover, the reduction is quite chemoselective under these conditions. The
reductive amination of the (E)-,B-unsaturated ketone 2h gave only the 1,2-adduct, in 76% yield. This
is significant, as NaBHy4 has been observed to reduce o,B-unsaturated ketones to give a mixture of 1,2-
and 1,4-adducts!! and Grignard additions to o, B-unsaturated tert-butanesulfinyl aldimines proceeds with
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competing 1,2- and 1,4-addition.'?> Also, no reduction of the nitrile functionality was detected in the
reductive amination of 4-acetyl benzonitrile 2g, which proceeded in 82% yield.

This protocol represents the first general one-pot method for the asymmetric synthesis of pre-
protected o-substituted amines from ketones. A wide variety of ketones can be condensed with rert-
butanesulfinamide 1 in the presence of Ti(OEt)4, and the resulting tert-butanesulfinyl ketimines were
reduced in situ with NaBHy to afford tert-butanesulfinyl-protected amines. The Ti(OEt)4 serves as a water
scavenger and catalyst for imine condensation, and as a Lewis acid that provides enhanced reduction rates
and drs. Not only aromatic but also aliphatic, acyclic ketones can be reductively aminated in good yields
and with high diastereoselectivity. In addition, this procedure is compatible with other functionalities
present in the molecule, such as nitriles and double bonds conjugated to the imine.
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