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Reactions of alkyl diphenylphosphinates Ph,P(=X)YCHRIR? (X, Y=0,S) with organolithiums and Grignard
reagents afforded different types of products depending on the combination of X and Y. When Y=O, the rea-
gents (R3M) mainly attacked the phosphorus atom to give Ph,P(=X)R3 and R!R2CHO~ irrespective of X, while,
when X=Y=S, the reaction occurred exclusively at the ester sulfur atom, Sx2(S), to give R3SCHRR? and

[Ph,PS]-.

When the X=0O and Y=S, a Wittig type rearrangement of a carbanion [Ph,P(=O)SCRR?]~ was
observed along with attacks on the phosphorus (major) and the sulfur (minor) atoms.

Reactions with some other

nucleophiles (hydride, amide and alkoxide ions) are also described.

Substitution on the phosphoryl group with Grignard
reagents!) and organolithiums® has been used as a
synthetic method. However, there seems to be no
report on the reaction of alkyl diphenylphosphinates
and related thio esters (1—4) with organolithiums or
Grignard reagents.

Ph,P-Y-R 1: X=Y=0
2: X=8, Y=0

3: X=0, Y=S8
4: X=Y=S

The esters (1—4) have four reaction centers towards
nucleophile, the phosphorus, Y atoms, and the a-carbon
and a-hydrogen atoms of the R group. In the course
of an investigation on the reactions of the esters (1—4)
with some nucleophiles, we found two types of novel
reactions in the case of Y=S (3 and 4), viz., Wittig
type rearrangement and Sy2 attack on the sulfur atom
(Sx2 (S)).®» This paper gives detailed results of the
investigation.

Reactions of 1 (X=Y=0). Reactions of di-
phenylphosphinate esters (1) with nucleophiles such as
butyl- and phenyllithiums, sodium hydride, and potas-
sium f-butoxide were carried out in tetrahydrofuran

(THF) under nitrogen. The results are summarized
in Table 1.

HO
Ph,P-O-R + R’Li —> Ph,P-R’ + ROLi —» ROH

g a: R’"=Bu O I Mel

1  b:R=Ph 5 —— ROCH,
The formation of (1-methylbutyl)diphenylphosphine

oxide (6) is attributed to methylation of butyldiphenyl-

phosphine oxide (5a) initially formed by methyl iodide

in the presence of excess butyllithium.

BuLi e
—> Ph,P-GHCH,CH,CH,
I
o)

Ph,P-CH,CH,CH,CH,
I

5a

Mel
—, Ph,P—CHCH,CH,CH,

I
O CH,
6

The formation of bis(diphenylmethyl) ether in the
case of diphenylmethyl ester might be due to S32
attack on the a-carbon atom by diphenylmethoxide
anion produced in the reaction. In the reaction with
sodium hydride, benzophenone is considered to be
formed in the following ways, [Ph,PO]~ being isolated
as diphenylphosphinic acid because of the easy oxida-
tion during the work-up.

B:
Ph,P-O-CHPh, —
|

)
Ph,P-O-CPh, — [Ph,PO]- ++ Ph,CO

(0] Wittig 1
. Ph,P—CPh,

rearr. " l
O O-

The following example of Wittig type rearrangement
has been reported.®

A,P(O)OCH,Ph + BuLi ——

&)
A,P(O)OCHPh —— A,P(O)CHPhO-
A=MeO, EtO, Me,N

TaeLe 1. Reacrions oF 1 witH NucLEOPHILES (Nu) v THF

ion
R Nu t§£;°t228) oS Product (%)
PhCH, BuLi®» —78 0.5 6 (60)2
Ph,CH BuLi® —78 0.5 6 (59),» ROMe (77)
PhLi —78 0.5 5b (50), ROH (55)
NaH r.t. 6.0 Ph,P(O)OH (51), ROH (trace)
Ph,CO (59)
t-BuOK® r.t. 0.5 Ph,P(O)O-¢-Bu (19)

ROMe (73),» ROR (14)

a) The reaction mixture was treated with methyl iodide.

b) Methylated product,
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Examples of §42(C) reaction has also been reported
in the case of phosphate esters with Grignard reagents.5
However, no reaction of this type was detected in the
present system, i.e., diphenylphosphinate esters with
organolithiums.

(RO),P(O)OR + PhMgBr —— (RO),P(O)O- + R-Ph

The low yield of ¢-butyl diphenylphosphinates in the
reaction with potassium {-butoxide is attributed to the
easy Syl type hydrolysis on silica gel column during
the work-up.

Therefore, the main reaction modes in 1 are S§32
(P) and Sg2(C) reactions.
 Reactions of 2 (X=S, Y=0). The results of
the reaction of O-alkyl diphenylphosphinothioates (2)
with butyllithium are shown in the following scheme.

—78°C, 0.5h
Ph,POR ~s ROLi + Ph,PCH,CH,CH,CH,
I BuLi, THF
S l H*
2 ROH
R=Me - —
R=PhCH, —_— 739%,
R =Ph,CH 76, 749,
BuLi
— Ph,P—CHCH,CH,CH,
Mel I
S Me
R=Me 419, (at 0°C)

Thus, Sx2(P) pathway occurs mainly.
Reaction of 3 (X=0, Y=3S). The results are
given in Table 2.
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BuM BuLi
Ph,P-SCH,R’ —— Ph,P-Bu ——» Ph,P-CHCH,CH,CH,

I Mel [
(@) (@) O Me
3 5a 6
a: R'"=H Mel
b: R’—Ph —> Ph,P—CMeR’
T I
O SMe
7

Formation of («-methylthioalkyl)diphenylphosphine
oxide (7) is the first example of Wittig type rearrange-
ment in 3.

B: e B:
3 —> Ph,P-SCHR” — Ph,P—CHR’ —

I .
o O S-
]

Ph,P—CR’) — 7
0L
Formation of benzyl methyl sulfide and methyldi-

phenylphosphine oxide from 3b is attributed to methyla-

tion of «-toluenethiolate anion and [Ph,PO]~ produced
by 832(P) and S42(S) pathway, respectively. The

latter is of the same type as that in the reactions of 4

described below.

Thus, the main pathway is Sy2(P) accompanied by
Sy2(8).

Reactions of 4 (X=Y=S). Reactions of diphenyl-
phosphinodithioate esters (4) with butyllithium or
butylmagnesium chloride were carried out in THF at
—78 °C or under reflux. The reaction mixture was

TasLe 2. Reactions oF 3 wrtH NucLEopHILEs (Nu) v THF

R’ Nu e ool Product (%)
H BuMgCl refl. 0.1 5a (93)»

BuLi —78 0.5 5a (48)

LiN(e-CgHyy)s —78 0.5 7a (12)
Ph BuLi® —78 0.5 6 (57), Thb (11)

Ph,P(O)Me (14), PhCH,SMe (54)

a) The reaction mixture was treated with methyl iodide.

b) Mp 93.0—94.5°C (lit,'9 95°C).

TasLe 3. REACTIONS OF 4 WITH BUTYLLITHIUM AND BUTYLMAGNESIUM CHLORIDE FOLLOWED
By METHYLATION (1N THE)

R M ey (o Product (%)

Me Li —78 0.5 10 (100)

MgCl refl. 0.5 10 (47)
Ph Li —78 0.5 10 (94), 9 (95)V

MgCl refl. 0.5 10 (35)», recovered 4 (48)P
PhCH, Li —78 0.5 10 (84), 9 (39)

MgCl refl. 0.5 10 (10),» recovered 4 (74)™
CH,=CHCH, Li —78 0.5 10 (62)
t-Bu Li —78 1/6 18 (trace),

Ph,P(S)CHMe-n-C;H, (main),
Ph,P(S)SMe (minor)

a) Determined by GLC unless noted otherwise.

b) Isolated by DCC.
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then treated with methyl iodide. The results are

summarized in Table 3.

Ph,P-SR + BuM — [Ph,PS]M + BuSR
M=Li, MgCl 8 9

Mel
> Ph,P(S)Me
10

The results show that the reactions of 4 with butyl-
lithium in THF at —78 °C were fast, giving diphenyl-
phosphinothioylide (8) and butyl sulfides (9) selectively
in excellent yields. Thus, the reactions are utilized in
preparation of unsymmetrical sulfides.®)

On the other hand, the reactions with Grignard
reagents were very slow. Phenylmagnesium bromide
in particular did not react with methyl, phenyl, and
benzyl esters to an appreciable extent even in refluxing
THF for 3 h.

The reactions are the first example of $y2(S) reaction
in 4. Since methyl diphenylphosphinodithioate is
prepared easily and in a high yield from the Friedel-
Crafts reaction of benzene and phosphorus pentasulfide
followed by refluxing with methanol,” the reaction of
methyl diphenylphosphinodithioate with butyllithium
is used as a new method for preparation of 8.

The S32(S) reaction did not occur in the case of f-
butyl ester, because of steric hindrance, the reaction
proceeding via E2 and Sy2(P) pathways as follows:

E2
Ph,P(S)-S-#-Bu + BuLi — CH,=CMe, + Ph,P(S)S~

Mel
— Ph,P(S)SMe

Sn2(P)
> Ph,P(S)CH,CH,CH,CH,
BuLi
—— Ph,P(S)CH-n-Pr
Mel I

Me

The formation of 8 was also indicated by means of
31P.NMR as shown below.

BuM BuM
Ph,P-SR — [Ph,PS]M «— Ph,P-H
THF

| THF |
S
Op Op Op
R =Me —64.2 M=Li —20.7 —20.8
Ph —64.8 MgCl —14.3
PhCH, —62.9
Et —62.4

CH,-CHCH, —62.4

In each case, the signal was observed at the same
position, i.e., at —20.7 or —14.3 ppm depending on
M=Li or MgCl, respectively.®)

In the reaction of allyl ester with butylmagnesium
chloride, the signal due to Ph,P(S)SMgCl at —58.6
ppm was detected, indicating the existence of Sy2(C)
pathway.

Evidence for S\2(S) Mechanism in 4. The follow-
ing three pathways are possible for the formation of
8 and 9.
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Ph,P(S)-S-CH,R + BuM

| ¢ ;

o b S
Ph,P(S)-SCHR _O_, Ph,P(S)CHRS- LPha?S]

1 a) ______/ \\
' BuM © H,0

[Ph,PS]- + RCHS —> RCH-S-Bu —— RCH,SBu
8 9

Paths a) and b) involve the formation of the corres-
ponding a-carbanion in the first step, followed by direct
elimination of thioaldehyde (path a)) or by the Wittig
type rearrangement followed by elimination (path b)),
Path c) is a direct attack on the sulfur atom of 4 (§42(S)
reaction). Paths a) and b) are ruled out in view of
the following: 1) the reaction did not require two
molar amounts of BuM, the yield of methyldiphenyl-
phosphine sulfide (10) being 97 and 1009, in the re-
actions of an equimolar and two molar amounts of
butyllithium with methyl ester, respectively, 2) even
phenyl ester reacted quantitatively in spite of the
absence of a-hydrogen atom, and 3) reaction of benzyl
ester with an equimolar amount of butyllithium at
—78 °C afforded benzyl butyl sulfide containing no
deuterium atom after quenching with D,O (by MS and
NMR).

Thus, it can be concluded that the formation of 8
and 9 takes place through S32(S) mechanism (path c)).

Reason for the Differences in Reaction Modes. In
the case of 1 and 2 (Y=O), the main path is Sy2(P)
reaction. On the other hand, in the case of 4 (X=Y=
S), Sx2(S) reaction occurs selectively, and in the case
of 3 (X=0, Y=S), the Sy2(P) pathway occurs along
with Sg2(S).

The fact that organometalloids R'M attack Y only
when Y=S is explained in terms of the possible involve-
ment of A as an intermediate (or transition state), since
such a structure is impossible in the case of oxygen,
Sx2(P) process being considered to occur irrespective
of X when Y=0.

Rl
| o0 )
Ph,P-S-R  Ph,P-S-R « Ph,P-5-R < Ph,P-S-R
| © ! I |
X X X X-
A B c

Canonical structures such as B and C having a positive
charge on sulfur may also make some contribution in
the ground state of 4, making the formation of A possi-
ble.

No $42(S) reaction was found to occur in the reac-
tion of butyllithium with S-alkyl O,0-diethyl dithio-
phosphate, in which the following resonance structures
are possible.

@
EtOy

D
wp PO P-S-R

——— P-S-R &
EtO/ ||
S

EtO\

EtO/ |
S

EtO. ) EtO. @
L \]5@: S-R & P=-S-R
EtO/ |
S
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Since the contribution of dn-pn interaction in the S—P
bond is considered to be smaller than that in O-P
bond, S§y2(S) pathway cannot take place, since the
ester sulfur atom does not carry such a positive charge
as in 4 to accept organometalloids. The following re-
action®) might support the above interpretation.

(EtO)zf-S-Et + EtI —— EtO-P(SEt), + EtI
I
(0]

It has been shown that the organolithiums possess a
larger thiophilicity than the Grignard reagents, as
indicated in the reactions with thioketones!® and with
2 - nitrosoimino - 2,3 - dihydrobenzothiazoles.'" The re-
sults we obtained are in line with these facts.

The observation that 3 (X=0, Y=S) undergoes
both $y2(P) and Sy2(S) in contrast to the exclusive
occurrence of Sy2(S) in 4 (X=Y=S) is easily under-
standable in view of the well-known greater electro-
philic reactivity of phosphinyl group than that of a
thiophosphinyl group. For example, diphenylphos-
phinic chloride undergoes hydrolysis more easily than
diphenylphosphinothioic chloride. Similarly, S-benzyl
diphenylphosphinothioate undergoes hydrolysis more
easily than benzyl diphenylphosphinodithioate (see
Experimental).

Experimental

31P-NMR spectra were measured with a Hitachi R-20B-R-
204 PB spectrometer using 85%, phosphoric acid as an exter-
nal standard.

Materials. S-Methyl,® S-benzyl,!®» O-methyl,'®» O-
benzyl diphenylphosphinothioates,® and ¢-butyl diphen-
ylphosphinodithioate” were prepared by the reported meth-
ods.

Methyl Diphenylphosphinodithioate. A mixture of sodium
hydroxide (20g, 0.5 mol) and diphenylphosphinodithioic
acid (105 g, 0.42 mol) in THF (300 ml) was stirred at room
temperature for 1h. Methyl iodide (60g, 0.42 mol) was
added and the mixture was stirred at room temperature for
1 h. The reaction mixture was washed with water and extra-
cted with benzene. After removal of the solvent from the
dried extract, the residue was recrystallized from ethanol,
mp 86—87 °C (lit,” 82—83 °C), yield 98 g (88%).

Diphenylmethyl Diphenylphosphinate. A mixture of di-
phenylphosphinic chloride (17.3 g, 73 mmol), diphenylme-
thanol (22.7 g, 123 mmol) and triethylamine (12 ml) in THF
(80 ml) was refluxed for 2h. The reaction mixture was
treated similarly. Mp 138—139 °C (from 2-propanol), yield
20.6 g (73%). NMR (CDCl,): 6 6.60 (d, 1H, Jpoca=11
Hz, CH), 7.42 (s, 10H, 2Ph), and 7.30-8.10 (m, 10H, 2P-
Ph); 38P-NMR (THF): 6p—29.5 ppm.

Benzyl Diphenylphosphinate. A mixture of diphenylpho-
sphinic chloride (1.86 g, 79 mmol) and benzyl alcohol (20
ml) in THF (80 ml) was stirred for 1 h. The reaction mixture
was washed with 109% aqueous sodium hydrogencarbonate
and extracted with benzene. After removal of the solvent
from the dried extract, the residue was recrystallized from
ether, mp 82.5—83.5 °C, yield 17.1g (71%). NMR (CD-
Cly): 8 4.95 (d, 2H, Jpocr=7 Hz, OCH,), 7.22 (s, 5H, Ph),
and 7.20—8.00 (m, 10H, 2P-Ph).

Found: C, 74.15; H, 5.65%.
74.02; H, 5.56%,.

O-Diphenylmethyl Diphenylphosphinothioate. To a mixture
of diphenylmethanol (10 g, 54 mmol) and sodium (1g, 43

Caled for G H;,0,P: C,
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mmol) in THF (40 ml) was added diphenylphosphinothioic
chloride (11.0 g, 45 mmol) in THF (50 ml), and the reaction
mixture was treated in the usual way, mp 97—98 °C (from
ethanol), yield 13.9g (95%). IR (KBr): 980 (P-O) and
640 cm~! (P=S); NMR (CDCl,): ¢ 6.75 (d, 1H, Jpocu=
13 Hz, CH), 7.20 (s, 10H, 2Ph), and 7.10—7.95 (m, 10H,
2P-Ph); 3P-NMR (THF): 6p—82.1 ppm.

Found: G, 75.06; H, 5.25; S, 8.139%.
OPS: G, 74.98; H, 5.29; S, 8.019%.

Benzyl Diphenylphosphinodithioate. To a mixture of di-
phenylphosphinodithioic acid (48 g, 0.19 mol) and sodium
(4.6 g, 0.2 mol) in THF (200 ml) was added benzyl bromide
(34.2 g, 0.2 mol), and the mixture was stirred for 3 h. After
the usual work-up, the reaction mixture was subjected to
column chromatography with CHCI, to give colorless viscous
oil, yield 56 g (86%), which could not be distilled. NMR
(CDCl3): 6 4.05 (d, 2H, Jpsen=13 Hz, CH,), 7.05 (s, 5H,
Ph), and 7.15—8.05 (m, 10H, 2P-Ph); 3'P-NMR (THF):
6p—62.9 ppm.

Found: C, 66.98; H, 5.06; S, 18.819%,.
PS,: G, 67.03; H, 5.03; S, 18.849%,.

Phenyl Diphenylphosphinodithioate. To a mixture of ben-
zenethiol (10 ml) and sodium (2.5 g, 0.11 mol) in THF (30
ml) was added diphenylphosphinothioic chloride (24 g, 0.095
mol), and the reaction mixture was stirred for 3 h. After
the usual work-up, the product was distilled in vacus, bp 229
°C/0.1 mmHg, mp 57—59 °C (from ethanol), yield 24 g
(77%). 3P-NMR (THF): dp—64.8 ppm.

Found: C, 66.14; H, 4.50; S, 19.579%,.
PS,: G, 66.23; H, 4.63; S, 19.65%,.

Ethyl Diphenylphosphinodithioate. To a mixture of diphe-
nylphosphinodithioic acid (50 g, 0.2 mol) and sodium hydro-
xide (8 g, 0.2 mol) in THF (150 ml) was added ethyl bromide
(15 ml) under stirring at room temperature and the mixture
was stirred for 1 h. The usual work-up afforded the ester
(46 g, 83%), bp 166 °C/0.2 mmHg (lit,”» 166—167 °C/0.3
mmHg).

Allyl Diphenylphosphinodithioate. To a mixture of di-
phenylphosphinodithioic acid (29g, 0.12 mol) and sodium
hydroxide (6 g, 0.15 mol) in THF (100 ml) was added allyl
bromide (10 ml), and the mixture was stirred for 3 h at room
temperature. The usual work-up gave the ester (27 g, 809,),
bp 160 °C/0.04 mmHg. NMR (CCl,): & 3.55 (dd, 2H,
Jescn=13 Hz, CH,), 4.7—6.0 (m, 3H, CH=CH,), and 7.2—
8.2 (m, 10H, 2P-Ph); 3'P-NMR (THF): 6p—62.4 ppm.

Found: G, 62.32; H, 4.92%,. QCalcd for C;;H,;PS,: C,
62.02; H, 5.21%,.

Reactions of 1 with Nucleophiles. Only some typical
examples are described. Reactions were carried out under
nitrogen or argon.

Reaction of Benzyl Diphenylphosphinate with Butyllithium.
Butyllithium (3 mmol) in hexane (2 ml) was added to the
ester (0.795 g, 2.6 mmol) in THF (30 ml) at —78 °C and
the mixture was stirred at this temperature for 0.5 h. After
addition of methyl iodide (I ml), the reaction mixture was
warmed to room temperature, washed with water, and ex-
tracted with chloroform. After removal of the solvent from
the dried extract, the residue was subjected to dry column
chromatography (DCC) (SiO,, MeCO,Et) to give 6
(0.419 g, 60%,), mp 86—88 °C (from ether). NMR (CCl,):
8 0.87 (t, 3H, Me), 1.17 (dd, Jecom=14Hz, Jun=7 Hz,
3H, Me), 1.27—1.70 (m, 4H, 2CH,), 2.05—2.50 (m, 1H,
CH), and 7.20—7.90 (m, 10H, 2P-Ph).

Found: G, 75.22; H, 7.61%,. Calcd for C,;H,,OP: C,
74.98; H, 7.71%,.

Reaction of Diphenylmethyl Diphenylphosphinate with Sodium
Hydride. Sodium hydride (0.157g, 6.5 mmol) was

Calcd for CysH,p-

Calcd for C,gH;q~

Calcd for CH,;-
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added to the ester (0.247 g, 0.64 mmol) in THF (15 ml) at
room temperature, and the mixture was stirred for 6 h. After
addition of methanol (1 ml), the mixture was acidified with
dil. hydrochloric acid and extracted with benzene. Removal
of benzene from the extract gave 71 mg (51%,) of diphenyl-
phosphinic acid and oily material, the latter being separated
with DCC (SiO,, CHCl,; then SiO,, hexane) to give benzo-
phenone(69 mg, 59%,) and diphenylmethanol (trace) which
were identified by IR and NMR.

Reaction of O-Methyl Diphenylphosphinothioate with Butyllithium.
Butyllithium (10.9 mmol) in hexane (7 ml) was added to a
solution of the ester (1.467 g, 5.9 mmol) in THF (30 ml) at
0 °C and the mixture was stirred for 1 h. After addition of
methyl iodide (1 ml), the mixture was stirred for 3 h. After
the usual work-up, recrystallization of the residue from 2-
propanol twice gave 0.699 g (41%) of (1-methylbutyl)diphe-
nylphosphine sulfide, mp 114—115°C. IR (KBr): 1430,
1105 (P-Ph), and 605 cm—* (P=S); NMR (CDCl,): ¢ 0.85
(t, 3H, Jgr=7Hz, Me), 1.15 (dd, 3H, Jecon=19 Hz,
Jun=7Hz, Me), 1.35—1.65 (m, 4H, 2CH,), 2.50—2.90
(m, 1H, CH), and 7.35—8.10 (m, 10H, 2P-Ph); MS: m/e
288 (M+, 7%), 218 (Ph,P+SH, 100), and 185 (Ph,P+, 25).

Found: C, 70.84; H, 7.44; S, 11.12%,. Calcd for C,,-
H,,SP: C, 70.80; H, 7.34; S, 11.12%.

Reaction of S-Methyl Diphenylphosphinothioate with Lithium Di-
cyclohexylamide. Butyllithium (12.5 mmol) in hexane (8
ml) was added to dicyclohexylamine (2.28 g, 12.6 mmol)
in THF (25 ml) at —78 °C and the mixture was stirred at
this temperature for 0.5h. S-Methyl diphenylphosphino-
thioate (1.74 g, 7.0 mmol) in THF (25 ml) was then added to
the mixture and the mixture was stirred at the same tempera-
ture for 0.5 h. After addition of methyl iodide (2 ml), the
reaction mixture was warmed to room temperature, washed
with aqueous citric acid, and extracted with benzene. The
extract was dried, evaporated, and subjected to DCC (SiO,,
AcOEt) to give 0.229 g (129%) of 7a, mp 185—187 °C (from
ether). IR (KBr): 1438, 1120(P-Ph), and 1198 cm~! (P=0);
NMR (CDCla): 6 1.54 (dd, 3H, JPCCH= 14 HZ, JHH=7 HZ,
Me), 2.73 (S, 3H, SMC), 3.83 (dq, lH, JPCH: 14 HZ, JHI'I:
7 Hz, CH-P), and 7.40—8.10 (m, 10H, 2P-Ph); MS: m/e
276 (M*, 7%), 230 (M+—SCH,, 100), and 202 (Ph,PtOH,
78).

Found: G, 64.93; H, 5.66%.
65.20; H, 6.20%.

Reaction of S-Benzyl Diphenylphosphinothioate with Butyllithium.
Butyllithium (2.0 mmol). in hexane (1.3 ml) was added to
the ester (0.354 g, 1.1 mmol) in THF (15 ml) at —78 °C and
the mixture was stirred at this temperature for 0.5 h. Methyl
iodide (0.5 ml) was added to the mixture at —78 °C. The
temperature was then raised to room temperature. The
reaction mixture was washed with water and extracted with
chloroform. DCGC (SiO,, CCl,) of the dried extract gave
benzyl methyl sulfide (81 mg, 549,), methyldiphenylphosph-
ine oxide (32 mg, 14%), 6 (168 mg, 579%,) (by IR and NMR),
and oily 7b (42 mg, 11%,).

7b: NMR (CDCl,): é 1.85 (d, 3H, Jpcou=14 Hz, Me),
2.03 (s, 3H, SMe), 7.13 (s, 5H, Ph), and 7.22—8.10 (m, 10H,
2P-Ph).

Found: C, 71.48; H, 6.14; S, 9.03%. - Galcd for C,,H,,-
QPS: G, 71.56; H, 6.01; S, 9.10%,.

. Reaction of Phenyl Diphenylphosphinodithioate with Butyllithium.
Butyllithium (4.5 mmol) in hexane (3 ml) was added to a
solution of the ester (0.496 g, 1.5 mmol) in THF (10 ml) at
— 78 °C and the mixture was stirred at this temperature for
0.5 h. After addition of methyl iodide (0.5 ml) at —78 °C,
the mixture was stirred at room temperature for 0.5 h and
determined by gas chromatography (GLGC, at 210 °C, H 523

Calcd for C;H,,0OP3: G,
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column). The yield of 10 was 949%. DCC (SiO,, CCl,)
of the reaction mixture after the usual work-up gave butyi
phenyl sulfide (0.240 g, 95%) (by IR ard NMR).

Reaction of Benzyl Diphenylphosphinodithioate with Butyllithium
Followed by Treatment with D,0. A mixture of butylli-
thium (1.5 mmol) in hexane (1 ml) and the ester (1.06g,
3.1 mmol) in THF (15 ml) was treated in a similar way to
that above and the reaction mixture was quenched with D,O
(0.1 ml). DCC (SiO,, CHCl,) gave 0.25g (1.4 mmol) of
benzyl butyl sulfide. NMR (CDClL): CgH; : CH,—n-Pr=
5.3 : 2.0 (as average value of five measurements). MS: m/e
180 (M+): 181 (M++1): 182 (M++42)=100:15:7 (calcd:
100 : 14 : 5).

Alkaline Hydrolysis. 7) Benzyl Diphenylphosphinodithio-
ate: The ester (1.295 g, 3.8 mmol) was stirred with 109
aqueous sodium hydroxide (30 ml) at 80 °C for 6 h. The
reaction mixture was extracted with chloroform to remove
unchanged ester. The extract was acidified with hydroch-
loric acid and extracted with chloroform. Evaporation of
the dried extract gave diphenylphosphinothioic acid (11 mg,
19,), which was identified by IR.

2) S-Benzyl Diphenylphosphinothioate: The ester (0.512 g,
1.6 mmol) was treated in a similar way to that above with
109% aqueous sodium hydroxide (20 ml). The reaction prod-
ucts were diphenylphosphinic acid (0.304 g, 899%) and o-
toluenethiol (72 mg, 37%) (by IR and NMR).

References

1) K. D. Berlin and G. B. Butler, J. Am. Chem. Soc., 82,
2712 (1960); K. D. Berlin and R. U. Pagilagan, J. Org.
Chem., 32, 129 (1967); O. Korpium, R. A. Lewis, ]J.
Chickos, and K. Mislow, J. Am. Chem. Soc., 90, 4842 (1968).

2) J.L. Willams, Chem. Ind. (London), 1957, 235.

3) Preliminary report: K. Goda, R. Okazaki, K. Akiba,
and N. Inamoto, Teirahedron Lett., 1976, 181.

4) G. Sturtz and B. Corbel, C. R. Acad. Sci., Ser. C, 276,
1807 (1973); G. Sturtz and B. Corbel, ibid., 277, 395 (1973);
P. Savignac, M. Dreux, and Y. Lecroux, Tetrahedron Lett.,
1974, 2651.

5) K.D. Berlin and M. E. Peterson, J. Org. Chem., 32,
125 (1967); K. D. Berlin and R. U. Pagilagon, ibid., 32, 129
(1967).

6) K. Goda and N. Inamoto, Chem. Lett., 1975, 1009;
K. Goda, F. Hanafusa, and N. Inamoto, Bull. Chem. Soc. Jpn.,
in press.

7) a) W.A. Higgins, P. W. Vogel, and W. G. Craig, J.
Am. Chem. Soc., 77, 1864 (1955); b) T. R. Hopkins and
P. W. Vogel, ibid., 78, 4447 (1956).

8) K. Goda, H. Gomi, M. Yoshifuji, and N. Inamoto,
Bull. Chem. Soc. Jpn., 50, 545 (1977).

9) P. Pistschmuka, Zh. Fiz. Khim., 44, 1406 (1912); Chem.
Abstr., 1, 1581 (1913).

10) P. Beck and J. W. Worley, J. Am. Chem. Soc., 94, 597
(1972) ; E. Schaumann and W. Walter, Chem. Ber., 107, 3562
(1974).

“11) K. Akiba, M. Hisaoka, and N. Inamoto, Chem. Lett.,
1974, 1267; M. Hisaoka, K. Akiba, and N. Inamoto, Bull.
Chem. Soc. Jpn., 48, 3274 (1975).

12) T. A. Mastryukova, T. A. Melent'eva, and M. I.
Kabachnik, Zh. Obshch. Khim., 35, 1197 (1965) ; Chem. Abstr.,
63, 11605 (1965).

"13) K. Issleib and H. Ochme, Z. Anorg. Allg. Chem., 343,
268 (1966); R. S. Davidson, J. Chem. Soc., C, 1967, 2131.

14) W. Kuchen and H. Buchwald, Chem. Ber., 92, 227

(1959). :

15) Formation of such a dianion (RR’C-S-) has been
reported in the following papers: D. Seebach and K.-H.
Geiss, Angew. Chem. Int. Ed. Engl., 13, 202 (1974); Y. Minoura
and S. Tsuboi, J. Org. Chem., 37, 2064 (1972).





