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STEREOSPECIFIC DISPLACEMENT OF SULFUR FROM CHIRAL CENTERS.
ACTIVATION VIA THIAPHOSPHONIUM SALTS.
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Summary: The first general method for direct displacement of sulfur from chiral carbon centers
has been developed. Chiral mercaptans are readily converted to the corresponding thiaphospho-
nium salts by treatment with t-butyl hypochlorite and hexamethylphosphorous triamide. Metathesis
with ammonium hexafluorophosphate provides stable, isolable, crystalline salts which undergo
clean nucleophilic diplacement with a variety of heteroatom and carbon based nucleophiles,
affording products in which the stereochemistry has been inverted.

Organosulfur chemistry has played an important role in the development of new synthetic
methodology for controlling selective carbon-carbon bond formation and the introduction of
various functionality.?2 Chiral sulfoxides have been employed to transfer chirality from sulfur
to adjacent carbon centers,3 however, this methodology has been limited by the inability to
stereospecifically remove the sulfur auxiliary from the chiral carbon center which has been
created. We have developed mild, efficient and general methodology for activating chiral
carbon-sulfur bonds towards nucleophilic diplacement with a variety of nucleophiles, in order to
effectively elaborate molecules into which chirality has been introduced.

We have found that mercaptans can be converted easily to the corresponding thiaphosphonium
salts® by successive treatment with t-butyl hypochlorite and tris-{dimethylamino)phosphine,
followed by metathesis with ammonium hexafluorophosphate or sodium tetrafluoroborate (eq. 1).2

These thiaphosphonium salts readily dissolve in organic solvents (e.g. THF, CHpClp, DMF) and in

most instances, cleanly participate in nucleophilic displacement reactions.6
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The displacement reactions’ occur for a variety of primary and secondary thiaphosphonium
salts, proceeding with inversion of stereochemistry. For example, phthalimide cleanly dis-
places tris-(dimethylamino)phosphine sulfide from the (5)-2-octyl salt, providing (R)-2-phthal-
imidooctane (eq 1), A broad range of other nucleophiles participate in this displacement
reaction, including halides, thiocarboxylate anions, stabilized carbanions, and certain copper

and hydride reagents. Representative displacement reactions are presented in Table I.

Table 1
H ® Nuc
){s— P(NMe, ), Nue WH
R, R, ' R,
. . Aab
Entry R1 R2 Nucleophile Yield (%)

1 Ph H Phthalimide 79

2 C7H1s H 83

3 CgHq3 CH3 79 (66C)

4 cyclohexyl <15

5 Ph H Br~ 98

6 C7Hqs H 96

7 CeHq3 CHs3 88

8 cyclohexyl <15

9 COoEL H 95
10 C7Hqs H N3~ 79¢
1 Ph H —CH(CO2EL) 68
12 C7Hq5 H 72
13 CgHi3 CHs 81 (55¢)d
14 Ph H MepCul i 93
15 C7Hys H 77
16 Ph H LiBH, 81
17 C7H4s H 28
18 C7Hys H CH3COS~ 89¢

dyields were determined by gpc unless otherwise noted.
ba11 products were correlated with authentic material.
Clsolated yields. 9See footnote #8.
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Several entries in Table 1 warrant additional comment. The cyclohexylthiaphosphonium salt
gave lower yields of displacement products due to competing elimination. Efficient displacement
reactions at carbon with organometallic reagents were limited to MeCu and MepCuli. More
elaborate alkyl, aryl or vinyl copper reagents and the higher order, mixed cuprates RpCu(CN)Lip
all participated preferentially in sulfenylation reactions (XEQE.EEEEE)‘ LiBH, was the most
effective hydride reagent. More reactive hydride reagents (LiEt3BH) resulted in rapid formation
of (MepN)3P=S, but provided poor yields of displacement products.

fhese thiaphosphonium salts manifest apparent electrophilic reactivity at three contiguous
sites, as illustrated in Scheme I. In addition to the desired displacement mode (path a) 1in
which nucleophilic attack occurs at carbon, we have observed formation of sulfides and phosphine
(path b) for reactive nucleophiles such as alkyl lithium reagents, and formation of the original
mercaptans (path c) for reactions involving fluoride, cyanide, alkoxides or ketone enolates as
nucleophiles. Path b may involve direct sulfenylation of the alkyl lithium nucleophiles, or may
proceed via attack at phosphorus, generating a phosphorane intermediate? which suffers reduc-
tive elimination to form sulfide. It is likely that path ¢ also involves the intermediacy of a

phosphorane, which subsequently expels mercaptide.10

Scheme |
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Current efforts are focusing on elucidation of mechanistic aspects of these reactions and
on exploitation of this methodology in asymmetric synthesis of important chiral molecules.
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Corfield and Tripett (Reference 4b) reported that treatment of Et—S—ﬁPh; with tolyl
lithium gave both Et-S-Ph and £t-S-Tolyl, implicating an intermediate phospharane in this
process.

Barton and co-workers (D. H. R. Barton, D. P, Manly and D. A. Widdowson, J. Chem. Soc.
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