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ASYMMETRIC SYNTHESIS USING SULFINIMINES

(THIOOXIME S-OXIDES)

FRANKLIN A. DAVIS,*t PADMA S. PORTONOVO.t RAJARATHNAM E.

REDDY,* G. VENKAT REDDYt AND PING ZHOU*

^Department of Chemistry, Temple University, Philadelphia, PA 19122 and

^Department of Chemistry, Drexel University, Philadelphia, PA 19104

Abstract: The addition of diethylaluminum cyanide and the lithium enolate
of methyl a-bromoacetate to sulfinimines (thiooxime S-oxides) is highly
diastereoselective affording a-amino nitriles and N-sulfinylaziridines,
respectively. Hydrolysis of the a-amino nitriles gives a-amino acids in high
ee, while hydrolysis of N-sulfinylaziridine carboxylic acids give p-hydroxy-
a-amino acids. The latter compounds were transformed into (+)-
thiamphenicol, a broad spectrum antibiotic and sphingosine, an important
component of the sphingolipids.

KEYWORDS: Sulfinimines, a-amino acids, N-sulfinylaziridine 2-carboxylic
acids, p-hydroxy-a-amino acids.

INTRODUCTION

Chiral nonracemic amines containing nitrogen attached to a stereogenic

carbon are ubiquitous in nature. Prominent examples include protein and nonprotein

a- and p-amino acids.^ In addition, these compounds serve as important chiral

building blocks for the asymmetric construction of many pharmacologically active

materials. Although the diastereoselective addition of organometallic reagents (MZ)

to the C-N double bond of chiral imines is an attractive approach for the asymmetric

construction of amine derivatives, it is problematic for a number of reasons (Scheme

I).3 First, the poor electrophilicity of imines often results in either no reaction or

competitive reduction and/or coupling. With enolizable, aliphatic imines a-

deprotonation generates azaenolates which undergo undesirable reactions. Secondly,

when the imine exists as a synlanti mixture of isomers, selective addition of the
291
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organometallic reagent is difficult and de's are low. Finally, if primary amines are

the objective, the auxiliary needs to be removed without destroying or epimerizing

the product.

Scheme 1

2F

MZ 1
syn/anti

By using chiral nonracemic sulfinimines (thiooxime S-oxides 1) these

problems are avoided. Sulfinimines are chiral ammonia imine building blocks

because nucleophilic addition across the C-N bond affords a sulfinamide 2 which on

cleavage furnishes primary amine 3 containing a new stereogenic center (Scheme 2).

The application of 1, derived from aliphatic and aromatic aldehydes, in highly

diastereoselective asymmetric syntheses of a-amino acids,4-5 N-sulfinyl cw-aziridine

2-carboxylic acids,6 p-amino acids,7,8.9.10 the taxol C-13 side chain8 and its

fluorinated analog11 has recently been described by us. In these additions the N-

sulfinyl auxiliary activates the C-N bond to such an extent that most nucleophiles are

readily added and competitive enolization with aliphatic substrates is avoided. Since

the N-sulfinyl group is a powerful stereodirecting group, high diastereoselectivities

result. Furthermore, because easily separable diastereoisomers are produced in this

"chiral auxiliary" based asymmetric synthesis, mild acid catalyzed hydrolysis then

affords the enantiomerically pure product 3. Importantly, epimerization of the

product is not detected in the hydrolysis process.

Scheme 2

O, >• R1

Sulfinimine

M"z o, / B1

p-TorS"N'
H

Sulfinamide

H+

SYNTHESIS AND PROPERTIES OF SULFINIMINES

The first examples of sulfinimines 1 were reported by us in 1974 and

prepared by oxidation of a sulfenimine (ArS-N=CR2) with m-CPBA.12-13 C-Aryl
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ASYMMETRIC SYNTHESIS USING SULFINIMINES 293

sulfinimines are solids, whereas the C-alkyl species tend to be oils. Although the

barrier to nitrogen inversion in ketone derived 1 is low (17 kcal/mole), the

corresponding aldehyde derivatives exist exclusively in the E geometry.14 On

heating (80-100 °C, 24 h) N-alkylidenearene sulfinimines 1 (R1 = H, R2 = Ar)

undergo syn elimination to furnish the valuable and elusive sulfenic acid

(ArSOH).13-15

The first enantiomerically pure sulfinimines 5 were obtained by Cinquini et

al., in modest yield, by reaction of metalloketimines with the "Andersen" reagent, (-

)-L-menthyl (5)-p-toluenesulfinate (4) (Scheme 3).16-17 In a related method

enantiopure sulfinimines were prepared from a metalloketimine and a sulfinamide.18

However, these Andersen-type syntheses are limited in scope because the

metalloketimines are generated by reaction of organolithium or Grignard reagents

with an aromatic benzonitrile. This means that the more versatile aliphatic and

aromatic aldehyde derived derivatives, e.g. R ^ H and Ph * alkyl, are unavailable by

this methodology.1^"18

Scheme 3

R.
\

Ph

*: R
5=NM s ^

(20-70%) P-Tolyl N Ph
(R*H)

t
• PhCN + RM (M = Mg, Li)

A more general route, which provides access to the previously unavailable

aldehyde-derived sulfinimines 7a-b, is the asymmetric oxidation of sulfenimines 6

(Scheme 4).1 9 We accomplished this with the N-(phenylsulfonyl)(3,3-

dichlorocamphoryl)oxaziridines (+)- and (-)-8, asymmetric oxidizing reagents

developed in our laboratory for the asymmetric oxidation of sulfides to sulfoxides.20

A simple crystallization from n-hexane upgrades the ee's of 7 from 88-90% to greater

than 97% ee.19 Because the relative and absolute configurations of the oxaziridine

ring control the absolute stereochemistry of the product, either enantiomer can be

generated by selection of the appropriate reagent; thus (-)-8 gave (-)-(i?)-7 and (+)-8

gave (+)-(5)-7. Furthermore, the sulfonimine by-product 9 can easily be isolated in

high yield for recycling. However, this oxidation procedure is also limited, such that

if the sulfinimine 7 is noncrystalline, as is true of most aliphatic examples, it cannot

be up-graded to >95% ee by crystallization.
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Scheme 4

Ar" " N Ph-X

6a,Ar = Ph, R = H
b,Ar=Ph,X=o-MeO, R = H
c,Ar = p-to!yl, X = H, R = Me

(82-95%)

88-90% ee

>97% ee 'J Crystallization

PhSO2N

Importantly, aliphatic and aromatic aldehyde derived sulfinimines 12 are

available enantiomerically pure via a one-pot procedure directly from the aldehyde

(Scheme 5). In this protocol we treat the Andersen reagent 4 with lithium

bis(trimethylsilyl)amide (LiHMDS) to give an intermediate

bis(trimethylsilyl)sulfinamide 10, followed by reaction with the aldehyde and CsF or

KF at -78 °C.9'21 Some examples are given in Table 1. The reaction mechanism

probably involves attack of a fluoride ion generated silylamide anion 11 at the

carbonyl group of the aldehyde followed by a Peterson-type Olefination reaction. If

Scheme 5

p-Tolyr

LiN(SiMe3)2

-78 °C
V

p-TolyK N-SiMe3

SiMe3

10

RCHO

CsForKF p-Tolyr

(>96% ee)

the reaction mixture is warmed to room temperature prior to quenching, poor yields

of 12 from aliphatic aldehydes result. Base catalyzed aldol-type reactions, caused by

the lithium menthoxide by-product are probably responsible for these results. The

menthol auxiliary is isolated in good to excellent yield for recycling. Menthyl p-
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ASYMMETRIC SYNTHESIS USING SULFINIMINES 295

toluenesulfinate (4), a widely used chiral sulfinyl building block,22 is commercially

available in both enantiomeric forms or can be prepared on a large scale using

Posner's Organic Syntheses procedure.23*24

Table 1:

Asymmetric Synthesis of Sulfinimines 12 from Aldehydes. •

Aldehyde (R =) % Isolated Yield of Sulfinimine 12

78a

84b

70c

77a

CH3CH2CH2- 64a

(CH3)3C-

a) Ref.9,21. b) Ref. 25. c) Ref. 10. d) Ref. 5.

APPLICATIONS OF SULFINIMINES

Asymmetric Synthesis of a-Amino Acids.

The occurrence of protein and non-protein a-amino acids in biological

systems and their exceptional utility as chiral .building blocks underlies the

importance of improved methods for their synthesis in enantiopure form.1 This is

particularly true for nonproteinogenic or "unnatural" amino acids as their

incorporation into peptides can lead to improved bioactivity and stability.

Of the many methods used to prepare a-amino acids the asymmetric Strecker

synthesis should hold particular prominence because of its simplicity.26 However,

the auxiliary controlled nucleophilic addition of cyanide or its equivalent to optically

active imines is problematic for several reasons. First, the diastereoselectivity, with

rare exception, is mostly modest (22-60% de), although fractionation can often be

used to give a diastereomerically pure product.26 Second, removal of the chiral
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auxiliary without destroying or epimerizing the a-amino acid is frequently a

problem.

Initial attempts to add common cyanide sources (KCN, TMSCN, etc.) to

sulfinimine (5)-12 were unsuccessful.4 However, diethylaluminum cyanide

(Et2AlCN), a commercially available reagent introduced by Nagata and co-works,27

adds to 12 to give a-amino nitriles (Ss,S)-13 and (Ss,R)-13 in good yield (Scheme

6). Unfortunately the diastereoselectivity, as observed in other asymmetric Strecker

syntheses, is modest, never exceeding 40%. Formation of the major product, (Ss,S)-

13, is consistent with complexation of Et2AlCN with the sulfinyl oxygen activating

the imine for intramolecular cyanide addition via chair-like transition state TS-1.

The diastereoisomers 13 are readily separable by flash chromatography.

Scheme 6

Et2AICN

V T
(36-42% de)

Et2AICN/R'OH

(82-86% de)

F f ^ C O ' Or

(84-90%)

NH3
+

pA -
rl 0U2

V
A r ^ S ^ H

FT^CN

(SS,S)-13

major product

VAr NH
or 1

F f ^ C N

(Ss,fl)-13

El-Pfl— C.\\ R

TS-1

1

6NHCI

(70-86%)

Ar = p-Tolyl, R1 = /-PrOH

Significantly, addition of ethyl alkoxy aluminum cyanide [Et(R'O)AlCN],

prepared by treatment of Et2AlCN with isopropyl alcohol (R'OH), to (S)-12 results in

a dramatic improvement in the diastereoselectivity; e.g. from 36-42% to 82-86%

(Scheme 6).5 Simple crystallization of the amino nitriles affords a

diastereomerically pure product (>96% de) in good yield. The enhanced de's are

attributed to the reduced Lewis acidity of Et(R'O)AlCN vs. Et2AlCN which makes it

more selective. Finally, acid catalyzed hydrolysis of the diastereomerically pure a-

amino nitrile (S$,S)-13 not only removes the sulfinyl auxiliary, but hydrolyzes the

nitrile affording the enantiomerically pure (>95%) a-amino acids 14. Importantly,

racemization of the sensitive aryl glycines was not detected. Some examples are

given in Scheme 7.
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Scheme 7

MeO
:o2- ^-? "co2-

(S)-Phenylglycine (80%) (S)-p-Fluorophenylglycine (70%) (S)-p-Methoxyphenylglycine (86%;

CO2'

(S)-a-Propenylg!ycine (75%) (S)-Leucine (82%) (S)-M_eucine (78%)

cis-N-Sulfinylaziridine-2-CarboxyIic Acids.

Enantiomerically pure aziridines serve as versatile intermediates for the

asymmetric synthesis of many biologically active materials (e.g., alkaloids, p-

lactams, amino acids) because they undergo highly regio- and stereocontrolled ring

opening reactions with nucleophiles.28-29 This is particularly true for aziridine-2-

carboxylic acids, which, upon ring opening, afford (3-substituted a-amino acids.3^

cis-Aziridine-2-carboxylic acids, precursors of the syn-p-hydroxy-a-amino acid

structural unit found in many bioactive compounds, are difficult to prepare in

enantiomerically pure form. In this regard we developed a Darzens-type

Scheme 8
O-Me

OLi

-78 °C

R = a) Ph, b ) p-MeSPh, c) ^

H y( H

S(O)-Tolyl-p

(2S,3S)-15

R =

H

r
CO2Me

^ H
S(O)-Tolyl-p

(2S,3R)-16

15/16 % Yield

Ph

p-MeSPh

Me2CH

97:3

99:1

99:1

65

60

64

condensation involving addition of the lithium enolate of methyl brdmoacetate to

sulfinimines 12, affording enantiopure cis-N-(p-toluenesulfinyl)-2-carbomethoxy-

aziridines 15 (Scheme 8).6a
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Aziridine ring opening requires activation at nitrogen, and many activating

groups have been studied. N-Tosyl activation often affords superior reactivity and

regiospecificity. However, attempts to tosylate IH 3-arylaziridine-2-carboxylic

esters, lead predominantly to ring opened products.31 In contrast, our approach

installs this key activating group prior to ring opening by oxidation of 15a and 15c

with m-CPBA affording 17 in excellent yield (Scheme 9).6 Transfer hydrogenation

of 17a afforded the (5)-phenylalanine derivative 18, and acid-catalyzed hydrolysis at

100 °C (24 h) gave the phenylserine derivative 19 as an 84:16 mixture of

diastereoisomers. Under similar conditions 17c was unreactive but gave the formate

ester 19 as a single isomer on heating with 98% formic acid.6

Scheme 9

;O2Me

S(0)-Tolyl-p

(+)-15a: R = Ph
c: R = /-Pr

(95%) H N H
Ts

17

O2Me HCO2H, Pd(0)

EtOH, 70 °C
(89%)

NHTs

0.1 equiv. TFA, 60%
100°C(89%)

or HCO2H,100°C(63%)

Ft
iO2Me

NHTs

(2S,3fl)-19a,X = H

c,X = HCO

Although Rapoport et. al. have developed methodologies for removal of the

sulfonamide group in hydroxy amino acids the conditions are often harsh.32 One of

the advantages of the N-sulfinyl auxiliary is that it can be removed under

comparatively mild conditions. Thus treatment of 15a andl5c with 5 equiv. of TFA

Scheme 10

R :O2Me 5 equiv TFA

S(0)-Tolyl-p

= Ph
c: R = /-Pr

50% acetone/H2O
(80-85%)

O2Me

H

50% TFA/MeCN
)H

45°C,6h(71%)

:o2Me

NH2

(2S,3R)-(+)21
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ASYMMETRIC SYNTHESIS USING SULFINIMINES 299

in aqueous acetone afforded lH-aziridines 20a and 20c in 83 and 80 percent yield,

respectively (Scheme 10). On the other hand heating 15a at 45 °C in 50% aqueous

TFA gives a 71% yield of .r>?j-p-phenylserine derivative 21 as a 93:7 mixture of

diastereoisomers.

Asymmetric Synthesis of (+)-ThiamphenicoI.

(+)-Thiamphenicol (24) is a broad spectrum synthetic antibacterial agent used

in the animal health industry (Scheme 11). The precursor of 24 is threo-(lR-2R)-(-)-

l-[(4-methylthio)phenyl-l,3-propanediol (23) whose manufacture involves a multi-

step sequence ending with its resolution. As outlined in Scheme 11, key

intermediate 23 is prepared in two steps in 81% overall yield from readily available

N-sulfinylaziridine-2-carboxylic acid (-)-15b.33 This protocol avoids the wasteful

resolution of racemic 23 used in earlier procedures. Conversion of 2-amino-l,3-

propanediol (-)-23 into (+)-thiamphenicol (24) is straight forward involving

treatment with dichloroacetyl chloride and oxidation with m-CPBA.

Scheme 11

3 eq. LiAIH4
OH

p-To!yr°>o

(2S,3S)-(-)-15b

II 1 • •

(87%) H

(2S,3S)-(+)-22

1) C!2CHCOCl/Et3N (94%) r u Q O

2) m-CPBA (88%) OH3bU;

TsOH/H2O

(93%)

6H
OH

(+)-24, thiamphenicol

Ar= p-MeSPh

Asymmetric D-erythro- and L-f/ireo-Sphingosine.

Sphingosine [ery//iro-(-)-2-amino-D-4(E)-octadecene-l,3-diol (25a)] is the

major constituent of the lipid backbone of the sphingolipids (e.g. ceramides,

cerebrosides, sphingomyelins, gangliosides and glycosphingolipids).34 The

sphingolipids are important membrane components that play crucial roles in cell

recognition events such as growth, differentiation, the immune response35 and as

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
0
7
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1



300 F. A. DAVIS, P. S. PORTONOVO, R. E. REDDY, G. V REDDY, P. ZHOU

receptors for HIV binding in cells lacking the CD4 receptor.36 Furthermore, all of

the sphingosine enantiomers; e.g. 25b, are reported to be potent inhibitors of protein

kinase C (PKC)37 as well as stimulators of DNA synthesis and cell proliferation.38

OH

D-e/y//7ro-Sphingosine-25a

OH

L-threo-Sphingosine-25b

Synthesis of the less common L-threo sphingosine 25b by the protocol

outlined in Scheme 12 requires aziridine (2Z?,37?)-(-)-2639 and would appear to be

straightforward However, reduction with lithium aluminum hydride (LAH) and

other reducing reagents gave the corresponding aziridine methanol in low yield (ca

30%) and hydrolysis (TSOH/H2O) gave an inseparable mixture of stereo- and

regioisomeric aminodiols.. On the other hand, treatment of (-)-26 in

acetone/TFA/H2O gave p-hydroxy-a-amino acid (-)-27 as a single isomer in 72%
Scheme 12

p-Tolyk >O

H2

eryihro-25a

•=f * N COzMe

(2fl,3fl)-(-)-26:
R = /7-C13H27

OH

(0-27

OH

thre&25b

CF3C(O)NH CF3C(O)NH

OH

(0-28

(a) 50% aqueous TFA/acetone, 72%; (b) TFAA/CH2CI2, 59%; (c)
LiBH4/MeOH, 80%; (d) LiBH4/MeOH, 71%; (e) K2CO3/EtOH, 75%; (f)
Ac2O/pyr., 100%.

yield. Reduction of (-)-27 with LiBH4 gave L-(-)-threo sphingosine (25b) in 80%
yield/™

Selectivity in aziridine ring-opening depends on the ring substituents, the

activating group on nitrogen and the reaction conditions because competitive Sfjl

and SN2 processes are involved. Since anti-selectivity generally predominates, it

would appear impossible to obtain the naturally occurring D-(-)-ery//iro-sphingosine

25a as the major isomer from cis-aziridine (-)-26. Remarkably, treatment of (-)-26
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with trifluoroacetic anhydride (TFAA) in CH2CI2 at 35 °C resulted in an 88:12

mixture of erythro- and threo-28 which were separated by radial chromatography to

give the major isomer in 59% yield.40 Formation of erythro-28 from cis-26 requires

the highly unusual attack of the nucleophile from the same side as the departing

amino group. While details of this transformation are at present unclear, we suggest

that activated sulfoxide complex 30, well precedent in the Pummerer rearrangement

of sulfoxides,41 undergoes a stereospecific [3,3]-sigmatropic rearrangement of the

trifluoromethyl acetoxy group to a developing carbocation or ion pair 31. The

aziridine N-activating group which promotes this type of ring-opening is the amino-

sulfonium salt.

30 31

Reduction of (-)-28 with UBH4 to give (-)-29 in 71% and hydrolysis with

aqueous K2CO3/EtOH afforded ery//iro-(-)-sphingosine 25a in 75% yield and was

identical in all respects with an authentic sample.
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