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ABSTRACT

1-Lithio-1-(diethoxvphosphorvl)methyl wmethvl sul-
fide 1-Li was reacted with diphenyl disulfide in a tet-
rahvdrofuran solution to give predominantly diethyl
methvlthio(phenylthio)methylphosphonate 2 accom-
panied by a small amount of diethyl bis-
(phenylthio)methyl phosphonate 3. The latter was the
main product when the reaction was performed in
the absence of the solvent. The formation of 3 was
explained through the desulfenylation of the tran-
siently  formed  diethyl  methylthiobis(phenyl-
thio)methylphosphonate 4 with lithium benzene-
thiolate and confirmed by *'P NMR measurements at
low temperature.

INTRODUCTION

Among the rich family of sulfenylating com-
pounds, organic disulfides are convenient reagents
frequently used to introduce an alkyl-, allyl-, or
arylsulfenyl group into an a-activated position of
an appropriate molecule [2,3]. The main charac-
teristic of the sulfenylation reaction is a fast pro-
ton migration from the sulfenylation product to an
anionic substrate due to a greater acidity of the
former. Therefore, in a typical sulfenylation reac-
tion, only a half amount of a substrate is usually
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consumed (Equation 1). In order to perform the
sulfenylation reaction efficiently, one has to apply
short reaction times, low reaction temperatures, or
appropriate experimental procedures involving a
sequential addition of substrates in a proper ratio.
From the mechanistic point of view, it is interest-
ing to point out that, according to some literature
suggestions, exhaustively sulfenylated products may
be formed in this reaction. However, they are de-
stroyed by the nucleophilic thiolate attack at the
sulfur atom [4,5] (Equation 2).

SR
!
EWG-?H(R1) + EWG-CHR!) ===
?R
=== EWG-CH,R") + EWG-CI2R1
Met
SR RISH™T
EWG-CRIR3) EWG-CH(R2)(R3) (2)

EWG - electronwithdrawing group

(C=0, COOR, RSO2, efc)

The latter reaction was assumed to take place
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in the desulfenylation of carbonyl sulfides [6] and
a,a’-disulfonyl dithioacetals [7].

Due to the great synthetic value of a-sulfeny-
lated phosphonates [8], some time ago, we elabo-
rated a convenient synthesis of a-sulfenylated
phosphonates starting from a-unsubstituted phos-
phonates and organic disulfides [9]. Depending on
the experimental procedure and the ratio of re-
agents, we were able to obtain either a-phosphoryl
sulfides or a-phosphoryl dithioacetals. However, the
formation of a-phosphoryl trithioorthoformates as
exhaustively sulfenvlated products has never been
observed [10,11]). Now, we have reinvestigated this
reaction and would like to present evidence for the
intermediate formation of such species.

RESULTS AND DISCUSSION

A careful reinvestigation of the sulfenylation re-
action of 1-Li with diphenyl disulfide (1/#-BuLi/
PhSSPh = 1/2/1.5) [9] revealed that the carrving
out of the reaction in a tetrahvdrofuran solution,
followed by quenching (NH,Cl or HCI, aqueous so-
lutions), evaporation of the solvents, and further
chromatographic purification afforded diethyl
methylthio(phenylthio)-methylphosphonate 2 in 70—
90% vield accompanied bv a small amount (5-20%)
of bis(phenylthio)methyvlphosphonate 3 (Scheme 1,
Procedure A).

However, a change of the workup procedure,
i.e., evaporation of the solvents prior to acidifica-
tion (NH,CI, aqueous solution), resulted in the for-
mation of 3 as the main reaction product (Scheme
1, Procedure B). The other compounds found in the
crude reaction mixture were the following: 1, 2,
unreacted PhSSPh, PhSH (resulting from PhSLi +
H;07), n-BuSPh (resulting from PhSSPh + #n-Buli),
and PhSSMe. Detection of the latter unsymmetri-
cal disulfide deserves special attention, since its
presence in the reaction mixture, in combination
with the formation of 3, might confirm the antic-
ipated attack of lithium benzenethiolate at the sul-

fur atom of the methylthio group in the interme-
diate bis(phenylthio)methylthiomethylphosphonate
4 (Scheme 2).

Theoretically, unsymmetrical methyl phenyl
disulfide could also arise from the nucleophilic
thiolate attack at the sulfur atom in 1 or 2.
Such a reaction would require formation of
(EtO),P(O)CH,Li or (EtO),P(O)CH(Li)SPh, respec-
tively, which however are much worse leaving
groups than (EtO),P(O)C(Li)(SPh),(3-Li), expected
from such an attack on 4.

Moreover, the thiolate attack on 2 should be
faster than a-proton exchange between 1-Li and 2,
otherwise it would have to occur on the lithiated
species 2-Li, which is less probable from the point
of view of energetics considerations. To check this
possibility, 2 was reacted with the PhSSPh/PhSLi
reagent system (prepared from PhSH and n-BulLi)
in a very concentrated THF solution at room tem-
perature, but, even after 1.5 h reflux, we did not
find 3 in the reaction mixture. Therefore, we think
that the reasonable explanation of the formation
of 3 rests on the desulfenvlation by lithium ben-
zenethiolate of the transiently formed 4 as a prod-
uct of the exhaustive sulfenvlation of 2 with di-
phenyl disulfide (Scheme 3).

A second mechanistic possibility involves the
retro-Stevens rearrangement of the hindered 4 to
give the stericallyv released ylide 5 [11], followed
by its reaction with lithium benzenethiolate to give
3-Li and PhSSMe (Scheme 3).

In order to confirm the transient formation of
4 and its subsequent desulfenylation, *'P NMR
monitoring at low temperature was employed (see
the Experimental section). The a-phosphoryl tri-
thioorthoester 4 was synthesized at —50°C from 2-
Li and phenylsulfenyl chloride under the free lith-
ium benzenethiolate conditions in order to avoid
a spontaneous desulfenylation (Scheme 4).

The *'P NMR chemical shift, § = 15.6, attrib-
uted to 4 remained in good accord with the range
of the chemical shifts, § = 14.68-17.30, observed

A) 1.NH4CI/H20
2. evaporation

———— » (EtO)LP-CHESMeXSPh) + 3

o 2 (70-90%) (5-20%)
i PhSSPh
CEtO)zp-CIH-SMe
Li B) 1. evaporation
Li 2 . NH4CIH20
> (EtORLPCHEPh), +2
3 (60-70%) (10%)

SCHEME 1
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Li
l
(EtO)ZII,’-C(SMe)(SPh) + PhSSPh —»
© 2-Li
— [(EtO)zllr-C(SMe)(SPh)z + PhSLi] —»

O
4

B (EtO)zlfrcli(SPh)z + PhSSMe
OlLi

3-Li
SCHEME 2

for other a-phosphorvl trithioorthoesters [12]. Upon
treatment of 4 so formed with lithium benzene-
thiolate, its signal at 6 = 15.6 disappeared, and two
signals of the a-lithio derivatives 3-Li (major) and
2-Li (minor) arose in the spectrum. This result al-
lows us to conclude that the thiolate attack may
occur both at the PhS and MeS sulfur atoms; how-

/SPh
(EtO);WP-C\—SPh + PhSLi
é SMe

4 3-Li

PhSLi \ > o+

PhSSMe
SMe

4 ——->(EtO)2P-é|-§_Ph
O SPh

SCHEME 3

0
SMe  phsc il SMe
EtOLPC—SPh ———» | EtO)PC—SPh
\Li -LiCl SPh

2-Li 4

3=41.1 ppm 5=15.6 ppm

PhSLi
—  EtO)PCSPh
-PhSSMe Li

ever, the former remains predominant, especially
in the absence (or in the presence of a limited
amount) of tetrahydrofuran. The major pathway of
desulfenvlation of 4 may be explained in terms of
a direct attack at the methylthio sulfur atom to give
3-Li as a better stabilized leaving group. This re-
sult fits well with the previously reported desily-
lation reaction of (EtO),P(O)C(SiMe;)(SMe), by a
thiolate anion occurring at the silicon atom and
affording (EtO),P{(O)C(Li}(SMe), [13].

In summary, this article describes desulfeny-
lation of the transiently formed trithioorthofor-
mate moiety C(SR); in 4 by lithium benzenethiol-
ate in the absence of solvent, which can be
considered as an extension of the earlier known or
postulated desulfenvlations of the sulfide C-SR [6]
and the dithioacetal C(SR), [4-7] moieties by
thiolates in solution.

EXPERIMENTAL

The reagent grade tetrahvdrofuran was kept over
solid KOH and distilled from lithium aluminum
hydride. '"H NMR spectra were recorded with a
R12B Perkin-Elmer (60 MHz), a Tesla 35487C (80
MHz), or a Bruker MSL (300 MHz) spectrometer.
The *'P NMR spectra were obtained with a Jeol
JNM-C-60H (24.3 MHz) or a Bruker HFX-72 (36.4
MHz) spectrometer using 85% H;PO; as the exter-
nal standard. The *'P NMR measurements at low
temperatures were performed using a Bruker MSL
300 (121.49 MHz), 10 mm NMR tubes, and a mix-
ture of THF/THF-d; in a ratio 10:1 as a solvent.
MS spectra were recorded on a LKB 2091 mass
spectrometer connected to a gas chromatograph.
Column chromatography was done on 60 Merck
silica gel (70-230 mesh) using a gradient of ben-
zene/acetone as eluent.

Diethyl Methylthio(phenylthio)-
methylphosphonate 2

This compound was prepared according to Ref. [9].
A careful column chromatography of the crude re-
action product gave 2 (70-90%, n, = 1.5510; Ref.
[9]: 1.5526) and 3 (5-20%, np = 1.5798; Ref. [9]:
1.5819).

SCHEME 4
SPh

3-Li
5=38.8 ppm
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Diethyl Bis(phenylthio)methylphosphonate 3

To a stirred solution of 1 (1.90 g, 0.01 mol) in tet-
rahydrofuran (25 mL), a solution of n-butyllithium
(0.011 mol) in n-hexane was added dropwise under
nitrogen at —60°C. The solution was stirred at this
temperature for 10 minutes, and then a solution of
diphenyl disulfide (2.18 g, 0.01 mol) in tetrahydro-
furan (10 mL) was added. After 15 minutes of stir-
ring, the reaction mixture was treated with a so-
lution of n-butyllithium (0.0055 mol) in n-hexane
and, after an additional 10 minutes, with a solu-
tion of diphenyl disulfide (1.09 g, 0.005 mol) in tet-
rahydrofuran (8 mL). The mixture was stirred for
10 minutes and warmed to room temperature. Sol-
vents were evaporated using a vacuum rotoevap-
orator (water bath, 30-40°C) and, to the residue,
CH,Cl, and a saturated aqueous solution of NH,Cli
were added. The organic layer was washed with
water, dried over MgSQ,, filtered, and evaporated
to give a crude product, which was purified either
by distillation or column chromatography. Ac-
cording to GC/MS, spectroscopic techniques, and
comparison with original samples, the crude prod-
uct contained the following nonphosphorus com-
pounds: PhSH [m/z: 110 (M™; 100), 109(53), 84(25),
77(23)); MeSSPh [m/z: 136 (M~; 100), 141(61),
109(40)]); n-BuSPh [m/z: 166 (M™; 72), 123(43),
110(100)}; PhSSPh [r12/z 218 (M™; 100), 109(71)]; and
the compounds containing phosphorus: 1 (6%), 2
(10%), 3 (75%). Column chromatography afforded
3 in 60-72%; yield (1.8-22 g). Distillation (~200°C/
0.1 Torr) of a crude sample (2.65 g) gave two frac-
tions: 1.13 g (I) and 0.78 g (II) of which the latter
contained pure 3 (n5 = 1.5825; Ref. [9]; 1.5819).

P NMR Measurements at Low Temperatures

To a solution of 2 (45 mg, 0.147 mmol) in THF a
stoichiometric amount of n-BuLi was added at
~50°C. A signal due to 2 at 6 = 19.1 disappeared
and a new signal of 2-Li at 8 = 41.1 appeared in
the spectrum. The addition of stoichiometric
amounts of phenyl sulfenyl chloride caused dis-
appearance of the signal due to 2-Li and appear-
ance of a new signal at § = 15.6, which was at-
tributed to the a-phosphoryl trithioorthoester 4.
Upon addition of lithium benzenethiolate (pre-
pared from PhSH and »n-BulLi at —50°C), the latter

signal disappeared and two signals at § = 41.1 (mi-
nor) due to 2-Li and 6 = 38.8 (major) due to 3-Li
appeared in the spectrum. The final hydrolysis of
the reaction mixture revealed two signals at § =
19.11 and 6 = 19.3 attributed to 2 and 3, respec-
tively.
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