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The isolation of optically active phosphines has recently been reported
by three different groups (1,2,5). Our method (1) consisted of the prepera~
tion and resolution of the methyl-2-cyanoethyl-n-butylbenzylphosphonium D(-)
apd L{+)-dibenzoylhydrogentartrates (1) and subsequent decomposition of these
sslts by the action (h) of sodium methoxide in refluxing methanol to produce
both enantiomorphs of methyl-n-butylbensylphosphine (II). The purest ssmples
of the phosphines (II) exhibited [k ] values of +24#2° and -28¢2°, respec-
tively (c, 2.9 in benzene). However, the ssmples used in the resctions de-

scribed below had specific rotations of 11329,
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The optically sctive phosphines were converted to the optically sctive
methyl-n-butylbeazylphosphine sulfides (III) by reactions with three differ-
ent sources of sulfur. The results are sumsarized in Table 1.

TABIE 1

Resctions of Optically active Methyl-m-butylbenzylphosphine (II)

with Verious Sources of Sulfur

Methyl-a-butylbenzyl- Source of Sulfur Methyl-n-butylbenzyl-
phosphine [.(]27- 1+2° phosphine sulfide, [o(];.,
(+) Cyclchexene sulfide +7.2 * 1.2
(=) Cyclohexene sulfide -6.1
(+) Monstomic Sulfur +7.1
+) Octatomic Sulfur +6.9
(=) Octatomic Sulfur -T.1

The mechenism of the resction of cis- snd trens-2-butene episulfide
with triphenylphosphine has been shown by Demney and Boskin (5) to be stereo-
specific with respect to formation of the olefins. Thus, the cis-episulfide
gave triphenylphosphine sulfide snd pure cis-2-butene, and the trens-epi-
sulfide gave the pure trans-2-butene. These and other dsta provided by
Denney and Boskin sre consistent with e mechanism involving synchromous for-
mation of the phosphine sulfide and olefin by direct nucleophilic displace-
ment of the phosphine on the sulfur atom of the episulfide, This mechsnism
would be consistent with the formation of (+) and (-) - III with retention
of coufiguration of the phosphorus atom. Alsc, resction of gpticelly active
II with monatomic sulfur (6) would be expected to give III with retention of
configuration of the phosphorus.

The kinetics of the reaction of triphenylphosphine with octatomic sulfur
hes besn studied by Bartlett and Meguerian (6). The results were consistent

with a mechanlsm in which the rate-determining step of the reaction is atteck
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of the puosphine oa s sulfur stcm of the eight-membered sulfur ring to give
a dipolar intermediste in which the phosphorus bears a formal positive charge
snd the terminal sulfur atom of the Sg opea chain a formal negstive charge.
This dipolar intermediate is then degrasded, by attack of sdditional trimi—
phosphine molecules, into triphenylphosphine sulfide and nev dipolsr imter-
mediates with successively shorter sulfur chains bonded to phosphorus,

Since the reaction of optically active methyl-n-butylbenzylphosphine
(1II) with octatemic swlfur gives the phosphine sulfide III baving the seme
rotation as the samples produced by reaction of II with cyclohexems episul-
fide and monatomic sulfur, respectively, snd on the basis of the argumsents
cited sbove that the latter reactions procesd with retention of the configu-
ration of the phosphorus atom, it mey be concluded that the resction of
optically sctive II with octatomic sulfur also proceeds vith reteation of
configuration of the phosphorus atom, This result is of theoretical interest
because it indicgtes that the dipolar intermediates of wype IV do not exist
in equilibrium with cyclic tautomers of type V. If such cyclic taxtomers
had been formed, it is bighly probeble that the phosphine sulfide III even-
tually produced would have been lergely or completely recemic. This follows
from the srguments of Westheimer snd Haske (7) regarding the sterecchemistry
of mucleophilic displacements on phosphorus snd from our demoastratiom (8) of
such principles as applied to the formation of intermediate cyclic derive-
tives in which phosphorus is pentacovalent. Specifically, in the Rypoths-
tical equilibrium smong species of types IV end V, a cycle IV VIV would
ceuse ilnversion of the coanfiguration of the phosphorus if it attained, 1a V,
the trigonal bipyremidal configuration by basal attack of the negatively
charged sulfur atom of IV, send if there were subsequent basal depaxrture of
the sulfur st the other end of the chain. In like menner, inversion of the
configuration of phosphorus would result by spical atteck and spical depar-
ture of sulfur (s distinct possibility with a lerge sulfur chain), On the
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contraxy, spical atteck and basel depsrture of sulfur, or vice verss, would
lead to reteantion of configuration of the phosphorus, as would any transfor-
sations by way of a cyclic intermediate of type V in vhich the square pyrs-
midal configuration of phosphorus is involved. All of these possible path-
ways for the cycle IV-) V-3 IV would probebly be importsnt if the equilibrie
among species of types IV and V were operative, and this would cause the
phosphine sulfide III eventually formed to be largely racemic., The fact that
resction of optically active II with octatomic sulfur tekes plece with reten-
tion of configuration of the phosphorus atom therefore provides s strong
srgument that no equilibration emong species of types IV and V occurs in

these resctions.
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The synthesis of rascemic methyl—&-cyamethyl—g—butylbeuylphosphonim
iodide was accomplished by two different spprosches. The first vas s suitable
modification of the procedure developed by Grayson, Keough and Johnson (4)
for the synthesis of asymetrically substituted phosphonium salts. The second
uwethod made use of an eppropriate application of the procedure of Bailey,
Buckler snd Marktscheffel (9,10) to prepsre racemic methyl-n-butylbenzylphos-
paine (II) from n~butyldichlorophosphine (11) es the principel starting
material. In a new application of the familiar cyanoethylation resctionm, II
wes treated with equivalent amounts of acrylonitrile and emmonium iodide in
acetonitrile solution to give methyl- 4 -cyanoethyl-n-butylbenzylphosphonium
iodide in 83% yield. The resolution of this salt vwas effected by the pro-
cedure of Kumii, Venderwerf and McEwen (12). The diestereoiscmeric dibenzoyl-
hydrogen tertrate salts were crystallized meny times from ebsolute l-propanol
and exhibited the following properties: (+)-methyl-4-cyanoethyl-n-butyl-



No.7 Reactions of optically active methyl-n-butylbenzylphosphine 363
with cyclohexene episulfide and with sulfur

benzylphosphonium D{-)-dibenzoylhydrogen tartrate, m.p. 127.0-127.8° (dec.),
[k 15 ~69° (¢, 2.072 in methanol); (-)-metiyl- 2-cyancetiyl-g-butylbenzyl-
phosphonium L{+)-dibensoylhydrogen tartrate, m.p. 128.9-129.1° (dee.), [ ]:'
+ 67° (¢, 2.002 in methanoll. Waen either of these salts vas heated under
reflux for two hours with a seven-fold excess of sodium methoxide in sbsolute
methanol, water added, the methanol removed by distillation and the residme
extracted with benzens, all of these cperstions being carried out in a mitro-
gen atmosphere, optically active II wvas found in the beazens solutiocn. The
reactions of optically active II with the various sources of sulfur listed im
Teble 1 were carried out im benzene solution. The concentration of the phos-
phine veas determimed by treatment of an aligquet with ethyl ijodide and cellec-
tion of the ethiodide salt. Satisfectory anslyses were cbiained for all new
compounds reported ia this comsmnication.
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