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Simply mixing amino alcohol A and thiol in toluene and TFA provided the corresponding amino sulfide B in excellent chemical yield and
diastereoselectivity. A double Sy2 process initiated by O-5 participation of the neighboring N-carbamate group was advanced to explain the

overall retention of configuration at the chiral benzylic center.

Chiral benzyl sulfides have been found in a number of
medicinally important compounds, such as diltiazéRigure
1) and SKF 104353, efcThe chiral vicinal amino sulfide,
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Figure 1.

on the other hand, has been used as chiral ligand in
enantioselective synthe$ind is a key structural unit found
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in an ecteinascidine family marine alkaloid, an important
class of anticancer agents isolated from the Caribbean
tunicateEcteinascidia turbinatéd.

The nucleophilic substitution at the benzylic position by
a thiol is difficult to control stereoselectively due to the
possible concurrent occurrence of bothlSand &2 pro-
cesse$.Excellent diastereoselectivity was observed only in
cases wherein the access of the nucleophile was anchimeri-
cally assistetlor conformationally biased, as, for example,
in a polycyclic or in a bridged ring systefhAlternatively,
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Michael addition of arenethiols t@,5-unsaturated carbonyl of 3 and 4 (1.1 equiv relative ta3) at 0 °C for 10 min
compounds has been reported to give excellent diastereoprovided the sulfidé in 95% yield after the reintroduction
and enantioselectivity An elegant enantioselective conden- of the N-Boc function. The concentration was found to be
sation of configurationally labilex-thiobenzyllithium with an important factor that governs the diastereoseletivity of
electrophile has recently been developéd. this reaction. While a de of 6/1 in favor of thsyn-

A neighboring group participation could bypass the stereoisomer (vide infra) was obtained at 0.03 M, it decreased
trigonal planar carbenium ion intermediate and give rise to to 3/1 when the reaction was performed at 0.3 M. These
stereocontrolled substitution products via a doublg@ S results are indicative of the interplay between a simple
process? In the case off-amino alcohols, stereoselective nucleophilic substitution and a doublgZSprocess via the
transformation via aziridinium and aziridine intermediates participation of the N-carbamate function. Even better
is well documented? We report herein a diastereoselective diastereoselectivity (10/1) was observed when the thiolation
synthesis of amino sulfide and provide evidences for the was performed on did@ under otherwise identical conditions.
formation of an iminocarbonate intermediate by way of the  The reaction conditions developed were found to be quite
O-5 participation of the vicinaN-carbamaté3 general, and various thiols including cysteine derivatives are

While working on the hydrolysis of compourgi** we effective reaction partners (Figure 2). The relative stereo-
found that treatment of its methanol solution with aqueous

function at the benzylic position (yiekt 40%, de= 10/1).
Although the transformation itself can be understood on the

. . . . SR
solvolysis basis, a process involvimg+3 and/orO-5 par- QMe Mes/\f
ticipation of the vicinalN-carbamate can also be advanced, NHBOH
leading to a stereoselective process. This assumption together 0 o o
with our interests in the synthesis of chiral amino sulfides -0 s -0
prompted us to examine the thiolation of amino @alsing
6-acetoxyhexanethiol (4) as a sterically nonbiased nucleo- 5b R = CHy(CH,)4,COOMe, 99%
phile (Scheme 1). After a brief survey of reaction conditions, S¢ R = CH,COOE:, 85%
sdR= , NHCbz 80%
COOMe
Scheme 1 SeR= NHCbz O J/
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chemistry of5 was determined to bgynby comparing the
OMe g~~~0AC coupling constant (¥ 8—10 Hz) with that of the starting
material as well as the related sulfide derived from pseudo-
OH e . .
NHBoc ephedriné® This stereochemical assignment was further
0\_0 5a corroborated by NMR analysis of thiomorpholinong) (

obtained fronmbc under classic conditions (i. TFA; ii. toluene,
2-hydroxypyridine). The benzylic proton resonanced at
4.53 ppm with a coupling constant of 9.1 Hz clearly indicated
2i) toluene-TFA (v/iv= 1/1),4, ¢ = 0.03 M 0°C; ii) BocO, the trans-diequatorial orientation of the 1-aryl and the
NaHCGQ, THF. 2-hydroxymethyl groups and hence thn-stereochemistry
of 5c¢. Thus, thiolation occurred with overall retention of
trifluoroacetic acid (TFA) was found to be the acid of choice. configuration at the benzylic position. The high diastereo-
Thus, simply stirring a tolueneTFA (v/v = 1/1) solution selectivity observed made theBprocess unlikely and is

in line with a double §2 process via neighboring group
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The 2,4-dimethoxyphenyl-substituted amino di®) par-
ticipates as well in this process. It is interesting to note that
even with sterically hinderetbrt-butylthiol, the correspond-
ing sulfide9b (Figure 3) can still be isolated in reasonably

OH OH
OMeXR OH .
XR O Pr'o

NHBoc

NHBoc MeO ’
O'Pr
10

MeO

8 XR=0OH
9a XR = SCH,COOMe, 51%, de = 10/1
9h XR =SB, 43%, de = 10/1

Figure 3.

good yield. On the other hand, compouh@ lacking the
o-methoxy substituent did not react with the thiol and only
deprotection of theN-Boc function was observed under
identical conditions. The requirement of @methoxy group

for thiolation is tentatively attributed to its inductive effect
arising from the close proximity of the electronegative
oxygen to the reaction center and is also in accord with the
double $2 rather than Gl process® Taft and co-workers

have demonstrated that the inductive effect dominates over

the resonance effect fartho substituents by a factor of
nearly two to one, while fopara substituents the reverse is
truel’

It is reasonable to hypothesize the neighboring group
participation in view of the excellent diastereoselectivity

obtained in such an acyclic system. Nevertheless, it is unclear

whether theN-Boc was removed before or after the introduc-
tion of the thiol unit!® Indeed, the ring opening oiN-
unprotected aziridine by thiol in the presence of Lewis acid
is known?® To clarify this point, theN-Cbz derivativell
was synthesized. Reaction di with methyl thioglycolate
(12) under the standard conditions provided the sulfide
again in excellent diastereoselectivity (Scheme 2).
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Starting from11, two reaction manifolds via eithét-3
(path a, Scheme 3) @-5 participation (path b) of the vicinal

Scheme 3
b

0
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N-carbamate leading to aziridiig and iminocarbonate salt
15, respectively, can be envisaged. Ring opening4br

15 by thiol via a second & process then accounts for the
overall retention of configuration at the benzylic position.
We favored the pathway b based on the following arguments.
First of all, the formation of the five-membered ring is
kinetically and thermodynamically favored over the three-
membered counterpart for both the entropy and the enthalpy
factors. Indeed, ring closure ™-2-bromoethylbenzamide
with methoxide gave exclusively the 2-oxazolifégven
though it is known thailN-attack leading to the aziridine
should be favored with an ionized (basic conditions) amide
group?* Second, control experiments showed that formation
of the 2-oxazolidinone froni6 is extremely facile. Thus,
treatment of a dichloromethane solution I8 with triflic
anhydride (T$O) in the presence of 2,6-lutidine provided
directly the 2-oxazolidinon&7 whose stereochemistry was
determined to beR,5Sfrom detailed NMR studies (Scheme
4)22 Even more relevant, treatment of a dichloromethane
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solution of18 with pTsOH providedl9 in about 75% yield
after acylation of the primary alcoh&lNo trace amount of
N-Boc aziridine was isolable from the reaction mixture under
these conditions. Although these considerations did not
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preclude the possibility of aziridine intermediald, they In conclusion, we developed a stereoselective thiolation

are supportive of the iminocarbonate intermeditien the process of a vicinal amino alcohol via an iminocarbonate

present thiolation reaction. The preferential attack of thiol intermediate. To the best of our knowledge, it is the first

at the benzylic position rather than the C-2 positionléf  example wherein the iminocarbonate was used as a transient

can be explained on the basis of the HSAB princifle. aziridine equivalent for the introduction of thio unit with
The potential application of the present synthesis of chiral retention of configuratiof®

aminosulfide is illustrated in Scheme 5. Thus, condensation
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