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\We have shownl!-2 that triphenyvlphosphine oxide reacts with alkylithium reagents

as shown below.
(CeH5);PO + RCH,Li -~ (CgH),P(O)CH,Li +~ CH,

The mechanism of this reaction was demonstrated to involve a very rapid exchange
step followed by a slower, but still rapid, metalation reaction:

{CgH),PO + RCH,Li - (C,H,),P(O)CH.R + CH,Li
(CsH.P{OJCHLR + CgH,Li - (CoH,) P{O)CH(R)Li = CH,

An investigation of the action of alkvllithium reagents on triphenviphosphine
suliide (TPPS} has revealed that under proper conditions a similar sequence of
exchange followed by metalation leads to (x-lithioalkvlldiphenylphosphine sulfides.

{CeHPS + RCH,Li - {C,H,),Pi{SICH,R — CgH,Li

(CeH).P(SICHLR & CH,Li— (C;H,).P(SICH{R)Li - C.H,

\Vhen a slurry of TPPS in ether was treated with ethereal methyvlithium, no
visible reaction cccurred. Analvsis of a hydrolyvzed aliquot of this reaction mixture
showed that it contained no benzene. However, addition of tetrahyvdrofuran (THF)
to such an ethereal reaction mixture immediately produced a deep red, homogeneous
solution which gave a positive Gilman Color Test I3. In subsequent preparative
reactions an ether—-THF reaction medium was used. Treatment of such (C,H;),P(S)-
CH.Li-containing solutions with hydrobromic acid, solid Dry Ice and triphenyltin
chloride gave (CH,).P(S)CH, (74°%5). (CcHy).P(S)ICH,COOH (39%) and (C,H;).P(S)-
CH.Sn(CgH,). (7495) respectively. In all cases the benzene vield was nearly quantita-
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tive. A similar reaction occurred between ethyllithinm and TPPS. In diethyl ether
a reddish-brown solution containing suspended solid was formed, but after 3 h the
benzere vield was only 129,. Addition of THF immediatelyv gave a deep red, homo-
geneous solution, which after 10 min contained benzen:: (8.4%) and gave a positive
Gilman Color Test I. Using an ether-THF reaction medi*:: 1, the {C.H;) .P(S)CH(CH,) L1
tormed was converted to (C.H;).P({SIC.H; (789;,) and (C4H,).P(S)CH(CH;)5n(C.Hj;) 5
{6271 Benzene vields were 80-go?,.

If these TPPS reactions proceeded by the exchange-metalation mechanism found
for the analogous triphenviphosphine oxide reactions, then the intermediacy of
pheavillithium, Jormed in the exchange step, should be demonstrable experimentally.
This was indeed the case. Thus addition of one molar equivalent of ethvHithium to
one moiar equivalent of TPPS was followcd by auenching with D.O after 5 min. Mass
spectrographic analvsis of the benzene produced in 872, vieitd showed that the benzene
contained 139, monodeuteriobenzene. A parz:iel experiment carried out to determine
the extent of conversion by quenching with triphenyltin chloride tave benzene (4395),
tetraphenvitin (399;), ethvldiphenviphosphine sulfide (11°,} and (C,H;).P{S)ICH(CH ;}-
SniCsH;l; (32751, A similar experiment with the molar ratio C,H;LyTPPS = 3, again
quenching with D.Q after 5 min, gave benzene in 889, vield containing 8§2°;, mono-
deuteriobenzene. Quenching such a reaction mixture, after the same elapsed time,
with triphenvitin chloride, resulted in tenzene {8°}), tetraphenvltin {77%.}, ethvl-
triphenvitin {2¢°,: and {C.H;1.PiSICH{CH;Sn{CH 32 {77%). The yield of phenyl-
lithiom present after 5 min in the 3 C.HLi — 1 TPPS reaction was checked in-
depeadentlyv by quenching the reaction mixture with trimethylchlorosilane. Benzene
was formed in 129, vield and trimethviphenyilsilane in 8§39 vield.

As in the case of the triphenviphosphine oxide experiments® the similarity of
the reactions

PS = 3 C.H;Li—-_D2:0 _

and

(CaH L PSIC,H, — 2 CLH L — CH M- D0

was demonstrated. In both reactions the benzene 1solated after the mixture had been
quenched with DLO following a reaction time of 5 min contained a high content of
deuterichenzene (S22 in the first reaction, 869, in the second}. These results and the
high vield of benzene in the 1:1 experimen? suggest that here also the initial exchange
reaction is rapid and the metalation reaction 1s the siow step.

The deuteriobenzene and tetraphenyltin yvields cited above are considerably
higher than the vields of these products obtained in similar reactions with triphenyl-
phosphine oxide. Thus it appears that the metalation of an alkyvldiphenylphosphine
sulfide is considerably slower than that of an alkvidiphenviphosphine oxide. This was
conirmed in the case of (CH;1.P(S)CH, vs. (CgH;),P{O}CH;. Ethereal solutions of
methyvldiphenyviphosphine sulfide were ireated rapidly with one molar equivalent of
phenvilithivm, and the reaction mixtures were quenched in D,0O. Quenching after
2z min gave Lz2nzene which contained 73°;, CHD (., only 27°, metalation had
occurred!. Quenching another such mixture after 5 min gave benzene contalning
489, C.,H.D, and still another treated witk D.O after S min gave benzene containing
11°%, C,H,D. In a control experiment methyvidiphenylphosphine oxide was completely
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metalated after 2z min, 7.c., the benzene collected was 1009, C¢H,. Since the metalation
of methyvldiphenviphosphine sulfide praceeded readily in ether, the THF required in
the RCH,Li-TPPS reaction apparently is necessary only for completion of the ex-
change reaction; it may be that there is a solubility factor involved. The lower re-
activity of an alkylphosphine sulfide toward organolithium reagents is not surprising
if one considers the lower polarity of the P-S bond and thus the lower reactivity
(i.c., acidity) of an z-hvdrogen atom in an alkylphosphine sulfide as compared to
an alkyIphosphine oxide.

As in the case of the RCH,Li—{C.H;),PO reaction, there is no evidence which
allows one to sav whether the RCH,Li-TPPS exchange step proceeds via a P(V)
intermediate or via an Sx2 displacement at phosphorus.

The reactions described above constitute a convenient svnthesis of organo-
functional phosphine sulfides based on triphenylphosphine sulfide, which is easily
prepared from commerciallv available triphenylphosphine.

EXPERIMENTAL
Genzcral coinmtents

All experiments involving organolithium reagents were carried out in an atmosphere
of preouried nitrogen. Melting points are uncorrected. All benzene yields were

calculated using quantitative gas chromatography with toluene as an internal
standard. The colunins used were Dow Corning 710 Silicone Fluid or General Electric
SE-30 Grease on Chromasorb W, with helium as carrier gas. Normal operating condi-
tions were: S0-109° jacket temperature, 1¢ p.s.i. helium, znd 70° preheater tempera-
ture. The benzen= was collected by preparztive scale gas chromatography and analyzed
for C,;H.D content by mass spectrometry using a CEC, Model 21-130, mass spectro-
meter. Typical operating conditions were 20 and voltage setting = 250. Microanalyses
were performed by Dr. 5. M. Nacy (ML I.--) and bv the Schwarzkopf Microanalytical
Laboratoryv, \WWoodside, N Y.

Preparation of alkvilithizon reagents
g=g

Methyl- andd erhyvilithium were prepared from the corresponding bromide and lithium
wire in ether; the latter, prepared at 0°, was used within 3 h after its preparation. All
solutions were standardized by the double titration method of Gilman* using 1,2-di-
bromoethane in place of benzyl chloride.

Prepararion of phosphine sulfjides

‘friphenyi-, ctavidiphenvl-, and methyldiphenylphosphine sulfides were prepared by
adding a slight excess of sublimed sulfur to a solution of the respective phosphine
in benzene. (CgH;),PS: m.p. 1611627 (lit.3 m.p. 1617). (CHj)o(C.H)PS: m.p. 65667
(iit.5 m.p. 65-667). (CsH;)(CH)PS: b.p. 162-163°/0.4 mm, nf 1.6503 (Iit."' b.p.
1S1°/1.5 mm, 2§ 1.6515); infrarcd spectrum, CHCl, solution, principal bands: 3020,
7930 1486, 1430, 1400, 1303, 1285, 1105, 885, 680 cm~!. {Found: C, 67.20; H, 5.73;
S, 13.G3. C;.H,.PS caled.: C, 67.22; H, 5.64; 5, 13.80%.)

Etiv IGlpth\‘lphO>phlne was prepared as follows: A solution of 88 g (0.40 mole)
of dxphcnvlchloropho~ph1ne in 400 ml of ether was treated with 360 ml of r.IxT NV
{0.40 mole) ethyvllithium in ether. The addition was dropwise at such a rate so as to
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maintain reflux. A white solid precipitated alinost immediately. After the addition,
stirting was continued for 2 h and the mixture was left to stand overnight. The
resuiting brown ether laver was carefully decanted under nitrogen to a separate
flask and distiled. It gave 78 g of pale vellow distillate, b.p. 110-121°/0.45 mm.
A second distillation gave a colorl&b distillate, 73 g (8595}, b.p. 104°f0o_45 mm, which
was stored under nitrogen. The reporied® b.p. for ethyidiphenyilphospiire is 1837 at
22 Am.

Methyidiphenvlphosphine was prepared vsing the same procedure as in the
preparation of ethyvldiphenviphosphine. The vield was £6°;, b.p. 10S8-110°/0.15 mi:..
The reported?® b.p. for methyvidiphenviphospiidne is 120-122°%/0.15 mm.

Reactiorns of TPPS with sscthyllithinm

(x} Preparation of (CoH 5)sP(S)CH.S1:(CH ;). TPPS (7.9 g; 26.8 mmoles) in 50 mi
of diethyl ether and 25 ! of THF was treated with 26.8 minoles of 7.55 X\ methvl-
lithium in ether. The mixture was stirred for 1 h and the resulting amber solution was
treated witi: 9.6 g {25 mmoles) of triphenyltin chloride in 40 ml of THF. Stirring was
continued for 3 h. The mixture was filtered and the filtrate concentrated under vacuum
to a veilow oil. The oil was dissoived in benzene, and ammonia was passed through the
solution for 2 h. Filtrztion, conrentration of the filtrate under vacuum, and addition
of heptane precipitated 10.§ g (74°,) of white crystals, m.p. 170-173°. Recryvstalliza-
tion from benzene-hrntane gave 7.3 g {5075} of white crystals, m.p. 174-176°, whose
infrared spectrum {3 Br pellet) showed principal absorpiion bands at 3050, 1153, 1333,
1425, 1100, 1073, 1045, 1060, 773, 730 and 725 cm~!. (Found: C, 63.81: H, 17G;
P, 5.33. C;;H..PSSn caled.: C, 61.05; H, 1.065; P, 5-33%,-:

{2} Preparation of (CoH 3 P(SICH.CONH. TPPS (14.7 g; 50 mmoles) in 75 mi of
diethyvl ether and 25 ml of THF was treated with 50 mmoles of methyvlithium in ether
and stirred for 2 h. The resulting red solution waus quickls poured onto excess Dry- Ice.
After the suspensien had warmed to roem temperature, 100 mi of water was added
and the aqueous iaver was made acidic with conc. HCIL The eatire reaction mixture
was contentrated ender varuum and the residue was extracted with warm benzene.
The berzene extracts were dried over anhvdrons magnesium sulfate. Addition of
<yvclohexane precipitated a white solid; m.p. 186-139°. 6.6 g {48°,.; Two recristal-
lizations from henzene gave 5.3 £/38.5°,%; m.p. 193— 103 z. A\eportcd“’ m.p. 18g-190°
for {carboximethvljdiphenviphosphine sulfide. lts infrared spectrum. {KBr peilet}
showed principal absorption at 1700, 1480, 1430, 1300, 1130, 1100, Sﬁc, So3, 745
and 677 cm2. {Found: C, 60.58; H,1.1; S, 11.45; neutral. equiv., 276.3. ¢, ;H,,O,PS
caled .z €, 60.86; H, £.7.1: S, 11.63°,; neutral eguiv., 256.32.)

(3) Preparation of ({CH ) .P(SY¥CH ;. A suspension of .35 g (25 mmoles) of TPPS
in 35 ml of cther and I5 mI of THF was treated dropwise with 16.32 mi of 1.53 YV
{25 mmoles} methylitkium in etner. The resuiring deep red, homogeneous solution
was stirred for 6 h at room temperature and quenched with 25 ml of water. The
organic phase was fcund to contain 22.7 mmeoies {91°,) of benzene. The entire mixture
then was concentrated under vacuum to an aqueous slurry. The residue was extracted
twice with 30 ml of ether. The ether extracts were dried over magnesium sulfate.
Filtration and removal of the ether under vacuum gave an opaque, oilyv residue.
Disti}latzon gave 4.3 g {(74°5} of colerless, viscous distillate; b.p. 155-157 /0.2 mm,

 1.61499. Its infrared spectrum was i1dentical to that of authentic {CH;).F{SICH,.
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Reactions of TPPS with ethyilithium

(x; Preparation of (CsH;)2P(S)CH(CH;)Sn(CgH;s);- A suspension of 147 g (50
mimoles} of TPPS in 25 ml of THF and 50 ml of ether was treated dropwiss over 1/, h
with 34.5 ml of 1.45 .V ethyllithium in ether. The resulting deep red, homogeneous
solution was stirred for 1 h and then quenched with 19.3 g (50 mmoles) of triphenyltin
chloride in 30 ml of THF. The color of the reaction mixture faded slightly and a white
solid precipitated. The resulting mixture was stirred for 6 h at room temperature
and then heated at reflux for 7 h. The mixture was found to contain 779 of the theore-
tical yield of benzene. Then 25 ml of KF solution was added and the mixture was
stirred for 30 min and then filtered. The filtrate was dried over magnesium sulfate and
filtered. Removal of the solvent on a rotary evaporator gave a dark brown, viscous
residue. Attempts to crystallize from CH,OH-EtOAc or CHCl;-heptane were not
successful. Addition of benzene to the brown oil and standing, gave brown crystals
which were removed by filtration. Concentration of the filtrate and addition of more
benzene gave more crystals. The total vield of light vellow solid was 21 g, m.p.
218-2257. Two recrystallizations from chloroform gave 18 g {60°;) of white, crystal-
line soiid, m._p. 229~230°, whose infrared spectrum (chloroform solution) showea major
absorption at 3020, 1483, 1438, 1428, 1100, 1075, 1020, 1000 and 6Go cm~. (Found:
C, 6447; H, 4.90; S, 5.14. C..H,,PSSn caled.: C, 53.56; H. 1.01; S, 5.30%,.)

(2) Preparaiion of (C5H ) .P(S)CaH 5. A suspension of 7.35 g {=5 mmoies) of TPPS
in 35 ml of ether and 15 m! of THF was treated dropwise over ca. 20 min with 17.75 ml
of 1.41.V (25 mmoles) ethyllithium in ether. The resulting deep red, homogeneous
mixture was stirred for 5 h, cooled, and quenched with 20 ml of water. The organic
phase contained 2z.2 mmecie {8G°.) of benzene. The organic phrse was decanted and
the residue was extracted with ether. The organic lavers were combined and dried
over anhyvdrous magnesium sulfate. Filtration and removal of solvent under vacuum
gave a brown, oily residue. Extraction with ether and chilling the extracts gave white
crystais, m.p. 064-06°. Additional crystals were recovered from the fiitrate by con-
centrating and cooling. The total vield was 1.8 g (73°,) of white crystals, m.p.
64-66°. A mixed melting point with authentic {CgH;).P{SIC.H; was not depressed.

DO aquenching experimeits

(1) C.H L/ TPPS = 1. A slurrv of 7.4 g (25 mmoles) TPPS in 20 m! ether ard
0o ml THF was treated rapidly with 25 mmoles of ethyllithium in ether. The resulting
reddish-brown homogeneous solution was stirred for 5 min, cooled and guenched with
10 ml of I,0. Analyvsis of the organic phase sho.ved that it contained 879, of the
iheoretical sield of benzene. The benzene contained 432; monodenteriobenzene.

Repeating the reaction and quenching with triphenvitin chloride gave a pale
vellow solution and a -white precipitate. The solution contained 1.9 mmecles (4895)
of benzene. The mixiure was treated with 10 ml of KF solution, filtered and the
residue extracted with hot benzene. Cooling the benzene extracts precipitated 1.2 g
(9.S mmoles; 39°;) of tetraphenyvitin, m.p. 223-226°. A mixed melting point with
authentic tetraphenyvitin was not depressed. The filtrate from the first fiitration was
dried over magnesium sulfate and concentrated under vacuum to a vellow, oilv
residue. Extraction with ether and cooling the extracts gave 2.71 g (1T mmoles; 44°,)
of ethvidiphenviphosphine sulfide as white crystals, m.p. 63-65°. A mixed melting
point witk authentic ethyldiphenyvlphosphine sulfide was not depressed. The ether-
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inscluble oil was crystallized irom benzene to give 4.8 g (32%)) of (CcH,j.P(S)-
CH(CH,)5a({CH;);, m.p. 224-227°. A mixed melting poirt with authentic material
was not depressed.

{2) C.HLi/Tr PPS = 3. The previous experiments were repeited using 25 mmoles
ci TPPS and 75 mmoles of ethyllithium. Quenching withD.O after 5 min gave benzene
in 887 vield wkich contained 829, C;H.D. Quenching with triphenvltin chloride
{75 mmoles} gave: benzene (32;), tetraphenyltin (77 2.} ; ethvitriphenyitin (209;,) ; and
(CsHy) s P{S)CH(CH)SniCH, ) (7775)-

(3) Compditive meialation of ethvidiphenylphospinne sulfidz. A solution of ethvi-
diphenviphosphine sulfide (2.46 g; 10 mmuoles) in 25 ml of etaer and 5 ml of THEF was
treated very rapidly with a mixtu-e of 9 nl of 1.17 V" (10 mnioles) phenyllithium and
13.5 ml of 1.52 ¥ (20 mmoles) ethyllithium in ether. The resulting amber solution
wes stirred for 5 min and quenchea with D,O. Analysis of the benzegne formed {geo})
showed that it contained $6°, monodestericbenzene.

(4) Mctaiation rates: (CeHJ)P(S)CHy vs. (CoH).PIOCH,;. Four separate ex-
periments were run using ro m:moles of phosphine oxide or sulfide in 25 ml of ether
and 10 mmoles of phenvllithium in ether (added rapidly over za. 10 sec). Three
reactions were carried out with the sulfide and one with the oxide. The sulfide reaction
mixtures were quenched independently with D.O after 2 min, 5 min and S min and
the oxide reaction mixture was quenched after 2 min. The results are shown below.

Timz &efore 9, CoH.D
Gueenci 231 Bostzenz

2 min 73

{C,H ;L PiS;CH, \ 5 mgn 1S
t S min . X1

!;CGHSE:P{O}CI’I;; 2 min o

Trimeilivichiorosiice cuenching expertizzest

g (25 mmoles} of TPPS in 10 ml of ether and 10 mi of THI was
treated as rapidlx as possible with 51 ml of 1.47 N {75 mmoles) ethyvilithium in ether.
The resulting reddish-brown, homogencous solution wasstirred for 5 min and quenched
with S.30 g {79 mmoles} of trimethvichlorosilane in 25 ml of ether. The colaor of the
reaction mixture faded ropidly and a white solié precipitated. The solution was
analvzed by gas chromatography using Dow Corning 710 Silicone Fluid on firebrick
at 2007, znd found to contain 2.gS mmoles (129;) of benzene and zo0.7 mmoles {§3%,)
of trimsthvlphenvisilane. Collection of & sample of the trimethviphenyvisilane by
preparative scale gas chromatography gave a colorless liquid, »5 1.4887. Reported??
7y 1.4883. Its infrared spoctrum was identical to that of authentic trimethylphenyi-
silane.
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SUMMARY

~

The reaction of triphenyiphosphine sulfide with methyvl- and ethyilithium in ether—
THF mixtures resalted in (C H,),P(S)CH,Liand (CgH,;),P(S)CH(CH)Li respeciively,
which were characterized by hydrolysis, carbonation and reaction with triphenyltin
chloride. Evidence is presented to show that the mechanisn: of formation of {x-lithio-
alkvl)diphenviphosphine sulfides by this route proceeds by an initial, very rapid
exchange reaction which gives an alkvldiphenvinhosphine sulfide and phenyllithium.
The latter then metalates the alkvidiphenyvlphosphine sulfide to give the observed

reagents in a subsequent slower step.
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