Polydentate Ligands Containing Phosphorus, III [1]
Synthesis and Nuclear Magnetic Resonance Studies of Some Unsymmetrical
Potentially Tridentate Phosphine Chalcogenide Ligands
Samuel 0 . Grim*, Larry C. Satek, and J. Dale Mitchell
Department of Chemistry, University of Maryland College Park, MD 20742, U. S. A.
and
Department of Chemistry, City of London Polytechnic, 31 Jewry Street, London E C 3 N 2 E Y , U. K .
Z. Naturforsch. 35b, 832-837 (1980); received March 12, 1980
Polydentate Ligands, Phosphorus Chalcogenides,

31P

NMR Spectra

The synthesis via the useful lithium reagent intermediate, (CeH5) 2 P(S)CH 2 Li, is reported
for eight compounds of the type [(C6Hs) 2 P(X)][R 2 P(X)] 2 CH, where R is methyl or phenyl
and X is an electron pair, oxygen, or sulfur in various combinations. Two related compounds with three and four phosphorus atoms, respectively, per molecule have also been
prepared from the same lithium reagent. Tris(diphenylthiophosphoryl)methane has three
equivalent phosphorus atoms as indicated by the room temperature phosphorus-31 NMR
spectrum, but at reduced temperature a favored conformation exists which has two
equivalent phosphorus atoms and a unique one. Other phosphorus-31 and proton NMR
data are reported.
In an earlier study [2, 3] of compounds of the type
(C6Hs) 2 P(S)CH 2 PR 2 , which were synthesized via reaction of (C 6 H 5 )2P(S)CH 2 Li [4] and R2PC1, it was found
that the product obtained depends on the manner of
addition of the two reactants. Namely, if the phosphinous chloride is placed in the pot and the diphenylthiophosphorylmethyllithium is added slowly,
then the anticipated (C6H5) 2 P(S)CH 2 PR 2 is formed.
However, if the lithium reagent is in the pot, and
therefore in excess during the reaction with diphenylphosphinous chloride, the series of reactions shown
takes place reproducibly in moderate yield.
Ph 2 P(S)CH 2 Li + Ph 2 PCl
Ph 2 P(S)CH 2 PPh 2 + LiCl

(1)
(2)

Ph 2 P(S)CHLiPPh 2 + Ph 2 PCl ->
Ph 2 P(S)CH(PPh 2 ) 2 + LiCl

(3)

This latter reaction results in an unusual compound
which has three phosphorus atoms attached to the
same carbon and whose derivatives and analogues
might have interesting and unusual properties as
chelating ligands. Earlier accounts of similar compounds have been reported by Issleib and Abicht [5]
and Karsch [6]. This paper reports some investigations of the synthesis and NMR properties of this
type of compound and of the reactions of the
* Reprint requests to Prof. S. O. Grim.
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Table I. Compounds of the type
[Ph 2 P(X)][R 2 1 P(Y)][R 2 2 P(Z)]CH and
pounds.
Compound
1

2
3
4

5
6
7
8

Ph 2 P(S)CH 2 PPh 2 + Ph 2 P(S)CH 2 Li ->
Ph 2 P(S)CHLiPPh 2 + Ph 2 P(S)CH 3

versatile lithium reagent, (CeH5)2P(S)CH2Li. The
compounds are listed in Table I.
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[Ph 2 P(S)CH 2 ] 2 PPh
[Ph 2 P(S)CH 2 ] 3 P
ep = electron pair.

The reaction scheme (equations (1-3)) can be
carried out on a 0.2 molar scale (of diphenylthiophosphorylmethyllithium) to give better than 6 0 %
yield of pure product, Ph 2 P(S)CH(PPh 2 )2. The
compound is conveniently identified by its distinctive phosphorus-31 nuclear magnetic resonance
(NMR) spectrum, which is a triplet downfield and a
doublet upfield (intensity ratio of 1:2, respectively)
of the 8 5 % H 3 P 0 4 reference (Table II). The 31 P
chemical shifts are in the range expected for tertiary
phosphine sulphides and tertiary phosphines, respectively [3]. Treatment of Ph 2 P(S)CH(PPh 2 ) 2 with
two equivalents of sulfur in boiling toluene produces
[Ph 2 P(S)] 3 CH [5], which is characterized by an
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Table II.

31P

Compound
1
2
3
4
5

NMR Data».
<5p(S)Ph2

46.3
43.6
41.9
44.1

t
d
s
dd b

39.3 t
39.3 d b

6
7

<5pph2

<5P(S)Me2

Ö other

—10.4 s
—12.9 d
— 9.7 t
—

7.8 dd

2Jpp [Hz]
62
49

43.7 dd b
40.1 d
45.4 d b

J P-P(S)Me 2
Jp-P(S)Ph2
JP(S)-P(S)

4.3
— 25.1 dd

Jp-P(S)Ph 2
Jp-P(S)Me 2
</P(S)-P(S)

8

39.8 d b

9

38.5 d
38.5 d

10
a
b

46.4 d b

= 90b
= 24b
= 6

43.0 t b
— 42.2 t
— 44.7 q

Jp(0)-P(S)Me2
Jp(0)-P(S)Ph2
JP(S)-P(S)

= 57 b
=

=
=
=
=

26b

0
6
6
0

62
62

Positive chemical shifts are in ppm downfield from 85% H3PO4; s, singlet; d, doublet; t, triplet; and q, quartet.
These assignments are tentative, but see the text for the rationale for making the assignments.

expected singlet in the 31 P spectrum and the expected quartet (<5, 6.04 p p m ; 2JP(S)CH, 16.5 Hz) in
the methine region of the proton N M R spectrum.
An accurate-scale space-filling molecular model of
this compound indicates quite extreme steric
crowding of the phenyl groups and sulfur atoms
about the central carbon atom. In fact, the model
is stable only if the six benzene rings are all parallel
to the three-fold axis of the trigonal pyramid formed
by the carbon and three phosphorus atoms. Rotation
about the phosphorus central carbon bond is thus
restricted. With such restricted rotation there
would be conformational isomers with (a) all three
sulfur aligned in one direction along the three-fold
axis and (b) two sulfur atoms pointing in one
direction along the three-fold axis with the other
sulfur in the opposite direction. At room temperature, the 31 P NMR spectrum of [Ph 2 P(S)] 3 CH (4)
is a singlet (d, 41.9 ppm). At 5 °C the spectrum
remains a singlet but broadens slightly. At — 5 °C,
two peaks appear at 47.4 ppm and 39.2 ppm in the
ratio of 1:2. The weighted average of these two
peaks is 41.9 ppm. The coalescence temperature is
approximately 0 °C and the two peaks remain
essentially unchanged upon cooling to — 7 5 °C. N o
phosphorus-phosphorus coupling is observed. Therefore, the implications drawn from molecular models
seem to be substantiated; viz., that there is restricted rotation about the methine carbonphosphorus bond in [Ph2P(S)]3CH and that the
stable conformation has nonequivalent phosphorus

atoms. An X-ray crystallographic study would be
of interest here to determine the preferred solid
state configuration of the molecule.
The acidic nature of protons on carbons alpha to a
phosphoryl or thiophosphoryl group is well known
[7-9]. Indeed, equation (2) represents such an acidbase competition between two types of protons alpha
to thiophosphoryl groups. Further, the acidity of
the methylene protons in Ph 2 P(S)CH 2 P(S)Ph 2 is
greater than that of the methyl protons of
Ph2P(S)CH3 in analogous fashion to an aliphatic
ketone compared with a /3-diketone. It was therefore anticipated that the methine proton of 4 should
be significantly more acidic than either of the proton
types in the thiophosphoryl compounds cited above,
simply b y reason of the cumulative effect of three
adjacent thiophosphoryl groups. However, we have
been unable to obtain conclusive evidence for the
potential anion resulting from reaction of 4 with
bases. Some of the bases that have been tried are
w-butyllithium in tetrahydrofuran (THF) solution
in the cold and also at room temperature, sodium
methoxide, and lithium diisopropylamide. Color
changes (from colorless to yellow or orange) result
when w-BuLi is added to 4. Subsequent quenching
of these solutions with D 2 0 , results in the recovery
of 4 with a proton attached to the methine carbon as
ascertained by the proton NMR spectrum. It was
found that the deep orange solutions resulted when
traces of excess elemental sulfur remained in 4.
When 4 is rigorously purified to remove the sulfur

834

S. O. Grim et al.•Poly dentate Ligands Containing Phosphorus 834

then the w-BuLi reaction produces a straw colored
solution. W e speculate that the color change upon
addition of n-BuLi to 4 is due to complex formation
between the two, in much the same way as donor
solvents such as T H F and tetramethylethylenediamine (TMED) complex with lithium reagents
although we have no further evidence on this point.
The apparent steric effect of the six phenyl groups
in 4 against free rotation of the methine carbonphosphorus bonds led us to the synthesis of some
analogous compounds in which two or four of the
phenyl groups are replaced by the considerably
smaller methyl groups. Additionally, this would
lead to unsymmetrical (i.e., containing nonequivalent phosphorus atoms) compounds containing three
phosphorus atoms per molecule which would extend
and complement our earlier studies on unsymmetrical bis-phosphorus ligands [3, 10, 11]. These
would be of interest because of their potentially
ambidentate and polydentate behavior as ligands
as well as vehicles for the study of phosphorusphosphorus coupling constants.
In general, these were not prepared by reactions
( l ) - ( 3 ) but were produced by lithiation of the
methylene group of a disulphide, e.g.,
Ph 2 P(S)CH 2 P(S)R 2 , with w-BuLi, followed b y
reaction with a phosphinous chloride. For example,
[Ph 2 P(S)][Me 2 P(S)][Me 2 P]CH (7), was synthesized
via Ph 2 P(S )CHLiP(S )Me2 by the addition of
Me 2 PCl. Addition of sulfur to 7 produced
[Ph 2 P(S)][Me 2 P(S)] 2 CH (6). Handling of 7 in air
accidentally produced the oxide,
[Ph 2 P(S)][Me 2 P(S)][Me 2 P(0)]CH (8). Both 7 and 8
have three unique phosphorus atoms per molecule
and thus also contain a chiral carbon. No attempt
was made to resolve the enantiomers. None of these
compounds with methyl groups showed any change
in the 31 P N M R spectra upon cooling. Apparently
rotation about the P-central carbon bonds are
relatively unrestricted.
The addition of Ph 2 P(S)CH 2 Li to PhPCl 2 formed
[Ph 2 P(S)CH 2 ] 2 PPh (9) and addition of the same
lithium reagent to PC13 resulted in [Ph 2 P(S)CH 2 ] 3 P.
The latter compound is conveniently identified b y
its 31 P N M R spectrum, which has a high field
quartet (relative intensity, 1) due to the phosphine
group and low field doublet (relative intensity, 3)
due to the phosphine sulfides. This potential ligand
is of the tripod type [12] which if fully coordinated
would be quadridentate with five-membered chelate

rings. The coordination chemistry of these ligands
is currently being investigated.
The siP NMR data are given in Table II. The
assignments for compounds 1-4, 6, 9 and 10 are
straightforward. In the 31 P spectrum of 5, the
upfield doublet of doublets is assigned to the Ph 2 Pgroup. The furthest downfield (44.1 ppm) phosphine
sulfide doublet of doublets has P - P coupling constants of 24 Hz and 6 Hz. The other phosphine
sulfide doublet of doublets (43.7 ppm) has P - P
coupling constants of 90 Hz and 6 Hz. Thus, we
assign the coupling between Ph 2 P(S) and Me 2 P(S)
as 6 Hz which is in the small range expected for
2JPP between two four-coordinate phosphorus atoms
[3]. The assignments of the two remaining coupling
constants, i.e., 2 Jp h i p_ P h j P ( S ) and 2«/phap-Me2P(S)> and
therefore the associated phosphine chemical shifts,
are based on the coupling constants given in
Table I I I for Ph 2 P(S)CHQPPh 2 . When Q is H,
2 jp_p ( s) is 76 Hz. If Q is electron donating, such as
methyl or neopentyl, then 2 Jp_p (S) is larger than
76 Hz, viz. 95 and 115 Hz, respectively. When Q is
electron withdrawing as for the remaining compounds in the Table, 2Jp_p(S) is smaller than 76 Hz.
W e therefore assign 2</ph,p-Ph,P(S) a s 24 Hz and the
remaining coupling constant, 2</ph,p->ie2P(S)as 90 Hz.
Table I I I .
Q

31P

NMR data in Ph 2 P(S)CHQPPh 2 .
<5P(S) [ppm]

Ha
40.1
CH 3 a
51.8
CH 2 C(CH 3 ) 3 b 56.0
c
PPh 2
46.3
P(Se)Ph 2 d
43.6
P(S)Ph 2 c
43.6
P(S)Me 2 c ca. 44

<5P [ppm]

2JP(S)-p

— 28.0
— 13.0
— 4.1
— 12.9
— 8.7
— 9.7
— 7.8

76
95
115
62
57
49
24 (or 90)e

[Hz]

a Ref. 3; b S. O. Grim and S. Nittolo, unpublished
results; c this work; d S. O. Grim and E. D. Walton,
unpublished results; e see discussion for rationale
behind the assignment.

For
compound
7, the upfield resonance
(—25.1 ppm) is assigned unequivocally to the phosphino group. The Ph 2 P(S)- and the Me 2 P(S)-groups
are assigned to the 39.3 ppm and the 45.4 ppm
signals, respectively. The assignments are based on
the observation that the chemical shifts of Me 2 P(S)
groups are usually deshielded from Ph 2 P(S)-groups
and that similar Ph 2 P(S)-groups in this study occur
at about 39 ppm. For compound 8, the assignments
are Ph 2 P(S) (39.8 ppm), Me 2 P(S) (46.4 ppm) and
Me 2 P(0) (43.0 ppm). These are made because phos-
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phine oxide chemical shifts are almost always
shielded with respect to the analogous phosphine
sulfides [13] and because it is reasonable that
2^P(S)-P(S) — 0 as in compound 6 which means that
the Me2P(0)-group is a triplet and the phosphine
sulfide resonances are each doublets, in agreement
with the observed spectrum. It should be pointed
out that these tentative assignments could be
confirmed by appropriate double resonance experiments which we are unequipped to perform at
present.
Proton NMR data are given in Table IV. In each
case, the assignments for the methyl, methylene
and methine protons are reasonably straightforward.
Generally, 2Jph2pcH is often zero or very small, as
has been well documented previously [14]. Compound 5 [Ph 2 P(S)][Me 2 P(S)][Ph 2 P]CH, has diastereotopic methyl groups by virtue of the central
carbon atom being chiral. As a consequence, the
phenyl groups on each of the two remaining phosphorus atoms are diastereotopic also, which would
lead to four unique phenyl groups in the 13 C spectrum
of the compound. W e have not attempted to sort
out this spectrum however.

Experimental Section
Phosphorus-31 NMR spectra were obtained with
a Varian XL-100 Fourier Transform spectrometer
equipped with a Nicolet Multi-Observe Nuclei
Accessory (MONA) unit operating at 40.5 MHz
using broad-band proton decoupling. Samples were
generally contained in spinning 10 mm tubes with
a mixture of CH2C12:CDC13 (1:1 or 2 : 1 ) as the
solvent system, with a 1 mm capillary tube containing 8 5 % H3PO4 as reference concentrically
inserted in the larger tube. The CH2C12 was used to
enhance solubility and the CDCI3 was used for the
internal 2 H lock.
Proton data were obtained on the same instrument operating at 100 MHz as well as at 60 MHz
with a Varian A-60A or EM-360 spectrometer with
tetramethylsilane (TMS) as the reference. All chemical shifts are reported as positive if deshielded from
the reference.
Microanalyses were furnished
Kasler, University of Maryland.

by

Dr.

Franz

Triphenylphosphine (Maybridge), Ph 2 PCl (Aidrich), PhPCl 2 (Aldrich), and PC13 (Fisher) were used
as obtained from the commercial sources. PI13PS
[17], Ph 2 PCH 2 PPh 2 [18], Me2PCl [19],
Ph 2 P(S)CH 2 P(S)Ph 2 [17] and Ph 2 P(S)CH 2 P(S)Me 2
[3, 7] were synthesized by literature methods.

Table IV. Proton NMR data.
Compound

CH or CH2
6 [ppm]

1
2

4.16 s
4.81 d

3

5.46 dt

CH3
Ö [ppm]

J [Hz]
O
«/Ph 2 P(S)CH

=

Jph 2 PCH

6.04 q
4.60 dd

4
5

</Ph 2 P(S)CH

=

J Ph 2 PCH

=

«/Ph 2 P(S)CH

—

JPh2P(S)CH

=

</Me 2 P(S)CH

-

Jph 2 PCH

4.11 dt

6

«/Ph 2 P(S)CH
JMe2P(S)CH

A, 3.67 ddd b JHACHB

9

B, 2.95 dd b

=

=
=

JPh2P(S)CHA

=

«/PhjPCHA

=

JHACHB

=

«/Ph 2 P(S)CHB

=

J Ph:PCH

10

3.64 d

J Ph 2 P(S)CH
«/PhjPCH

a
b

J [Hz]

=

9.6
0
15.7
2.9
16.5
12.1
17.4
0
11.7
15.4
14.2
13.6
1.3
14.2
13.2
0
12.2
0

A, 1.61 d a
B, 1.45 d

13.0
12.6

A, 1.97 d b
B, 1.89 d

12.1
12.0

CEHS
ö [ppm]
6.7-7.5
6.8-7.4
7.7-7.9
6.8-7.4
7.7-8.1
7.0-7.3, 7.7-7.9
7.1-8.4

7.8-8.3
7.1-7.9

7.2-7.4, 7.7-8.0

The methyl groups of 5 are diastereotopic since the phosphorus carrying these methyls is attached to a chiral
carbon.
The methyl groups of 6 and the methylene groups of 9 are diastereotopic analogous to the isopropyl methyl
groups [15] of PhPi-Pr 2 or the methylene groups of PhP(CH 2 Ph) 2 [16].
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Tris(diphenylphosphino)methane

(1)

This compound was prepared via the method of
Issleib and Abicht [5] by lithiation of bis(diphenylphosphino)methane with CH^Li in tetramethylethylenediamine (TMED) and E t 2 0 followed by
reaction with PI12PCI. Colorless crystals, m.p. 173
to 175 °C (lit. [5]: 176-178°), were produced in 6 2 %
yield.
Bis( diphenylphosphino ) diphenylthiophosphorylmethane (2)
This compound was prepared by the method of
equations (1-3). In a 1 1 three necked flask equipped
with a N 2 inlet, mechanical stirrer, and pressureequalizing dropping funnel, 0.200 ml of
Ph 2 P(S)CH 2 Li [2, 4] was prepared from 58.9 g
(0.20 mol) of Ph 3 PS and 125 ml of 1.60 M MeLi.
Over a period of 3 h, 36.1ml (44.1 g, 0.200 mol)
of PI12PCI diluted with 200 ml of E t 2 0 was added
to the Ph 2 P(S)CH 2 Li solution at ambient T. The
color of the solution changed during the progress of
the reaction from deep red to yellow. The viscous
mixture was stirred overnight in an N2 atmosphere
and then concentrated to an oil by rotary evaporation. The oil was dissolved in 500 ml of CH2CI2 and
extracted with 3 X 100 ml portions of deoxygenated
H2O to remove the LiCI. After drying over Na2S0 4 ,
the yellow solution was concentrated to a thick
paste. A 31 P N M R spectrum of the paste showed
the presence of II as well as Pli2P(S)Me and
Ph 2 P(S)CH 2 PPh 2 . Anhydrous E t O H was added to
the crude mixture and the oil began to crystallize
upon heating. The colorless crystals, m.p. 224 to
227 °C, weighed 39.9 g (66% yield) and were shown
to be pure II by 31 P NMR. The 31 P NMR spectrum
of the concentrated supernatant liquid exhibited
only peaks due to Ph 2 P(S)Me and Ph 2 P(S)CH 2 PPh 2 .
Compound 2 is only very slightly soluble in hot
EtOH. It is moderately soluble in CHCI3 and can be
conveniently recrystallized from a CH2C12: hexane
solution.
Analysis for C31H3lP3S
Calcd
C 73.99
Found C 73.94

(600,63)
H 5.20 P 15.47,
H 5.47 P 15.20.

Tris(diphenylthiophosphoryl)methane

(4)

This compound was prepared under N2 from 3 g
(5 mmol) of 2 and 0.32 g (10 mmol) of S in 50 ml of
refluxing toluene for 18 h. After removing the
solvent, the residue was recrystallized from 15 ml
of CH2CI2 by the addition of 20 ml of hexane and
cooling to 0 °C. Addition of Et20 to the filtrate
produced a second crop of pure crystals. It should
be emphasized that the long reflux time is required
otherwise incomplete sulfurization will occur and a
mixture of 3 and 4 will result. Use of excess S in the
reaction results in product contaminated with S.
4, m.p. 230 °C (lit. [5]: 220-223 °C) was produced
in 8 7 % yield.

Analysis for C3-,H31P3S3
(664,75)
Calcd
C 66.85 H 4.70 P 13.98,
Found C 67.05 H 5.00 P 13.70.
Bis( diphenylthiophosphoryl)
methane (3)

diphenylphosphino-

Ph 2 P(S)CH 2 P(S)Ph 2 (20.0 g, 45 mmol) in 250 ml
of dry tetrahydrofuran (THF) was cooled under
N 2 to — 7 8 °C and treated with w-BuLi (50 mmol)
in Et20 solution b y addition from a syringe in
small aliquots over a 15 min period. The white
precipitate which formed was stirred for 30 min and
then allowed to warm to room T, whereupon the
precipitate dissolved. PI12PCI (9.6 ml,
ll-8g,
54 mmol) in 30 ml of T H F was added dropwise
with rapid stirring to the anion and stirring was
continued for 4 h. Removal of the solvents and
trituration of the residue produced 23 g of crude
product which proved by 31 P N M R to be about 2/3
of the desired product. Column chromatography
(silica gel, 30 cm x 4 cm) in 4 g batches with
CH2CI2: toluene (20:80 by volume) produced 12.5 g
(44%) of 3, m . p . 199-200 °C.
Analysis for C37H31P3S2
(632,69)
Calcd
C 70.24 H 4.94 P 14.69,
Found C 70.34 H 4.94 P 14.50.
( Dimethylthiophosphoryl) ( diphenylthiophosphoryl )(diphenylphosphino)methane
(5)
This compound was prepared in a manner similar
to 3 from Ph 2 P(S)CH 2 P(S)Me 2 [3,7] (1.6 g, 4.9 mmol),
35 ml of THF, and 5.6 mmol of w-BuLi. After formation of the anion, [Ph 2 P(S)CHP(S)Me 2 ]-, at — 7 8 °C,
PI12PCI (1.0 ml, 1.2 g, 5.6 mmol) was added at room
T and stirred overnight. After removal of the
solvents, addition of 40 ml of E t O H induced
crystallization. The crystals were dissolved in
CH2CI2 and the solution was extracted with
2 x 25 ml of H 2 0 and then dried over Na 2 S0 4 .
Addition of 40 ml of MeOH produced crystals of
pure 5, m.p. 178-179 °C, in 5 0 % yield.
Analysis for C21HMP3S2
(508,55)
Calcd
C 63.77 H 5.35 P 18.27,
Found C 63.48 H 5.29 P 18.15.
( Dimethylphosphino ) (dimethylthiophosphoryl )(diphenylthiophosphoryl)methane
(7) and
( dimethylphosphoryl) ( dimethylthiophosphoryl )(diphenylthiophosphoryl)methane
(8)
7 was synthesized as described above using 10.1 g
(3.1 mmol) of Ph 2 P(S)CH 2 P(S)Me 2 , 120 ml of THF,
and 3.4 mmol of r?-BuLi followed by addition of
Me 2 PCl [19] (4.5 ml, 6.9 mmol, a two-fold excess)
and stirring for 9 h. The yield of 7 was 10.6 g (88%).
Upon standing in a screw cap bottle for several days,
the solid 7 was completely air oxidized to 8, m.p.
224-226 °C.

S. O. Grim et al. • Poly dentate Ligands Containing Phosphorus
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for CnH2ZP3S2

Calcd
Found

C 50.99
C 50.35

(400,41)

H 5.79
H 5.96

P 23.21,
P 23.50.

Bis( dimethylthiophosphoryl )diphenylthiophosphorylmethane (6)
6 was prepared by reaction of 9.0 g (22 mmol) of 7
with 0.69 g (22 mmol) of S in 50 ml of refluxing
toluene under N 2 for 3 h. The crude solid was
chromatographed on a 30 cm x 4 cm silica gel
column with acetone: CH2CI2 (2:98 by volume).
The yield of 6, m.p. 231-232 °C was 7.0 g (77%).
Analysis for CnH23P3S3 (416.47)
Calcd
C 49.03 H 5.57 P 22.31,
Found C 49.30 H 5.72 P 22.22.
Bis( diphenylthiophorylmethyl )phenylphosphine (9)
Ph2P(S)CH2Li (0.20 mol) was prepared as described earlier and then transferred under N2 to a
dropping funnel on another reaction flask in which
had been placed 0.10 mol of PhPCL and 150 ml of
Et20. The Li reagent was added slowly (over about
4 h) at room T to the rapidly stirred phosphonous
chloride solution. After complete addition, the
mixture was stirred for an additional 10 h. The
solvents were removed by rotary evaporation and
the resulting viscous reddish-yellow oil was dissolved
in 150 ml of CH2CI2 and then extracted with
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3 X 100 ml portions of deoxygenated H2O. After
drying over Na2SC>4, the concentrated solution was
chromatographed (neutral alumina) with CH2CI2 as
eluent. The resulting yellow oil was dissolved in
CH2CI2: EtOH and stirred overnight. 9 slowly
precipitated from the solution to give 5.8 g (10%),
m.p. 134-136 °C.
Analysis for C32H29P3S2
(570,62)
Calcd
C 67.36 H5.12 P 16.28,
Found C 67.54 H 5.42 P 15.99.
Tris(diphenylthiophosphorylmethyl)phosphine
(10)
The compound was prepared analogously to 9
from 0.20 mol of Ph 2 P(S)CH 2 Li and 0.067 mol of
PCI3. After chromatography, 10 was recrystallized
from CH2CI2: hexane to give 7.0 g (15%) of colorless
crystals, m.p. 257-259 °C.
Analysis for C3QH36P4S3
(724,79)
Calcd
C 64.63 H 5.01 P 17.09,
Found C 64.42 H 5.01 P 16.80.
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