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Bis(2-hydroxyethyl)methyiphosphine ivdrochloride rencts with SOCL i CHCL 1o give bis2-chloroethy -

viethyldichlorophosphorane.

collzeqlientt: trausfer of oxyvgen fronm 8 to P, followed by chlorination of the phosphouyt gronp.

Thix reactioun is considered to proceed initially rie a cvelie transition <tate, with

Sabs=eqiient

chlorination of the 2-hydroxyethyl gronps vields the phosphorane which is rapidly hyvdrolyzed 1o bis(2-chloro-
etliyhymethylphosphine oxide. The oxide ¢t lose Cl~ die to neighboring group participation of the phosphioryt
nxvgell, alld sibsequentt base-assisted proton removal resilts i1 the formation of (2-chloroethivhmethylvinyl-

pho=pliine oxide.

Bis(2-chluroethyDuethylphosphiie oxide exhibited 1o “‘ninstard-like’ activity on boue niar-

row, but there was slight inhibition of a transplanted mnrie ependymoblastoma (in C3H miire) at dosex of 1000

nig ‘kg.

In 2 reeent communication from this laboratory,
the synthesis  of  bis(2-chloroethyl)ymethylphosphine
hydrochloride (HP2-HCI, 2) was reported.  However,
the Tack of “mustard-like” activity and the unexpect-
edly rapid tranformations of this product in chemical
systems prompted further investigation.  Irom this ve-
search it now appears that instead of the expected
mustard, bis(2-ehloroethyl)methyidichlorophosphorane
(6) was the produet which was actually isolated.
This paper deseribes the experimental basis for this
observation and the synthesis and biological evaluation
of bis(2-benzoxyvethyl)methyiphosphine (3) and the
phosphorns  analog of nitromin, bis(2-chloroethyl)-
methylphosphine oxide (7).

Discussion and Chemical Results.—In the prepara-
tion of nitrogen and sulfur mustards, the final step in
the reaction sequence usually involves the chlorination
of 2-hydroxyethyl groups. This has been frequently
accomplished by use of thiouyl chloride and this re-
agent was used in the attempted preparation of 2.

The chemieal transformations of the nitrogen analogs
of such compounds are well documented? with the in-
termediate formation of the highly reactive eyvelie
azividininm ion.  There is ample evidence that tri-
alent phosphorus in such systems acts as a4 neighbor-
ing group in similar intramoleeular displacement re-
acetions.?

It has been recently postulated® that the phosphorus
analog of the aziridinium ion, the highly labile phospho-
nincvelopropane, is formed as an intermediate in the
thermal decomposition of 2-substitited ethyldiphenyl-
phosphines (XCH,CH,) P(CgH;)..

Ou thiz basis it was assumed that under agueous
conditions, the ultimate hydrolysis praduet of the free
phosphine  CH3P(CH,CH,CL), would be bis(2-hy-

(1) ) This researelr was supparted by grants itom e Join AL Rlartfhord
Fonndatba, lne., the U, 8. Atomie Energzy Commission (AT-(30-1) 3267).
asl e UL 8. Pablie Mealtl Service (CA-07368 and NB-04312). () Paper
11: D Cosmidd, AL 1L Soloway, and R, W, Tarner, J. Med, Chem., 9, 380
(14667, i) Ty wlonn rerquests Inr reprints slinuld be directed: 1Departinent
ol Medierral Chemistry, Colleze of Pharmaey, Nortlieastern University,
Brwinn, Mass, 02113,

i2) () Wo L 1 Ross, “Biolngieal Alkylating Agents”” Butterwortlo aml
(. Ladl, Lomdon, 1963; () C. Golumbie, 1. 8. Fruton, and M, Bergmann,
J. vy, Chenee, 11, 518 (1946); () G, R. Peitit, 1. AL Seltepani, and R. A.
1Hidl, s, J. Chen., 43, 1792 11065); o) . L. Levins and 4. B. Papanas-
cossion, . Adm, Chem. Sor., 87, 826 (1965).

i3) e C, 11,8, Nitelienek and F. G, Mann, J. Chen. Soe., 1081 (105383
il Wo Hlewereon and 1. R, Watson, 10/, 1490 11962): ie) M. M. Racdad
L 1L Borowirz, amwl 11, CL Gilllam., J. Oy, Chem,, 28, 1565 (146:3)

(1 R.W, Torner awd AL 1. Sidoway, 16idd., 830, 4031 (11965).

Bix(2-benzoxyethvhiuethylphosphile appears to be devoid of mustard-like netivity.

droxyethylmethyiphosphine (1). However, the only
compound isolated from the addition of oxvgen-free
water (in a nitrogen atmosgpherc) to the presumed bis-
(2-chloroethyDmethyiphosphine hydrochloride (2) was
a low-melting, hygroscopic solid, identified as bis-
(2-chloroethyDmethylphosphine oxide (7). This ve-
action oceurs extremely rapidly as noted by changes in
the nmr spectrum following the addition of deuterium
oxide to a deuteriochloroform solutian of 2.

This observation raized =erious questions as to the
validity of 2 arising from the ehlorination of the hydro-
chloride of 1. The nature of the produet obtained
from this reaction is depeadent upon both temperature
and the molar ratio of SOCl used.  In order to obtain a
solid product it is essential ta use at least a twofold ex-
cess of BOCl, otherwise intractable vellow syrups and
pastes are formed, This indicated that possibiy the
phosphorus in this hydrochloride, ns well as the hy-
droxyl groups, was reacting with SOCh. In ovder to
determine whether this were the case, tii-n-butyl-
phosphine aud its hydrochloride were treated with
varving amounts of SOCI i chloroform solutionw.
With a phasphine-thionyl ehloride molar ratio of 1:2,:
highly Tabile solid was isolated in high vield with prop-
erties very similar to the reported HIP2 hvdroehloride. '
This is tri-n-butvldichiorophosphorane  Diring the
course of this reaction sulfur preeipitated which was
also observed in the attempted synthesis of HI’2 from
the phosphine hyvdrochloride.  With a 1:1 molar vatio
of reactants, only oils were obtained which showed no
band in the ir whieh could be attributable to the phos-
phoryvl group (P’==0).% These oils and the solid tri-n-
butyldichlorophosphorane  reacted  with  oxyvgen-free
water to formi tri-n-butyvlphosphine oxide.®  As ad-
ditional support. for the strueture of the ehlorophos-
phorane was the formation of tri-e-butylmethoxy-
phosphonium tetraphenylborate from the reaction of
the chlorophosphorane with sodium tetraphenylborate
i methanol.  In contrast, tri-p-butyiphosphine hydro-
chloride formed tri-n-butylphosphoniam  tetraphenyl-
barate.

Brief mention is made by Poshkus, et al.’ that tri-

130 iy Do Issleitc and W, Seidel, £, A,wrg. Allgewn. Chem., 288, 201
(1056); by N M. Frazier, R, VP, Niebwm, asd . (1 Sisler, Inmy. Chem.., 3,
23 116,

iy (UON. R Ruo, “Clendieal Appdicalions o0 Inlrared Speetoereopy.”
V\ewdemie Press ITne,, New Yock, N Y. 1063, p 920

sy AL CD Posbikioes, I T Heeweln ared Lo (g, S, A Chom, Sae,, 80,
AD22 P 1Y aES),
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phenyiphosphine reacts with SOCL; to form the phos-
phine oxide and an oil which was presumed to be tri-
phenyldichlorophosphorane. Horner and Nickel had
also found® that the oxide was formed in high yield
from triphenyiphosphine and benzenesulfonyl chloride.
Additionally there have been recent reports on the re-
action of tertiary phosphines with SO, and with di-
methyl sulfoxide.® However, no work has been re-
ported previously on the oxidation of tertiary phos-
phine hydrohalides by such sulfur-containing com-
pounds. Studies involving the transfer of oxygen
and/or chlorine from such compound to phosphites,'!
phosphorus halides,® and phosphine oxides!? have been
the subject of numerous papers. The facile chlo-
rination of these compounds and tertiary phosphines is
further supported by their ability to abstract halogen
from halogenated solvents under suitable conditions.!®
In order to account for the produets arising from the
reaction of SOCI; with tertiary phosphines or their hy-
drochlorides, a cyelic transition state is postulated as
an intermediate 5 analogous to the one proposed for the
oxidation of tertiary phosphines by dimethyl sulfox-
ide ™ and by 80..% The over-all mechanism shown in
Scheme I is based upon the fact that tertiary phos-
phines may be readily liberated from their hydro-
chlorvide salts by oxygen-free water!® and that these
weak bases may complex with SOCI; forming salt-like
structures'* (sulfur dichloride is also capable of ex-
hibiting this behavior's). The cyclic transition state
5 forming from the complex 4 is the means by which
oxvgen is transfered from sulfur to phosphorus, In

(8) L. Horner and H. Nickel. dnn., 897, 20 (1955).

() B. C. 8mith and G. H. Smith, J. Chem. Soc., 5516 (1065).

(10) (a) 8. K. Ray, R. A. Shaw, and B. C. Smith, ¥uture, 196, 372 (1962);
(b) E. H. Amonoo-Neizer, 3, K. Ray, R. A, Shaw, and B. C. Smith, J. Chem.
Soc.. 4296, 6250 (1965).

(11) (a) A, C, Poshkus and J. E. Herwel, J. dm. Chem. Soc., 79, 42435,
6227 (1957); (1) C. Borecki, J. Michalski, and 8. Musierowicz, J. Chem.
Soc., 4081 (1958); (c) A. C. Poshkus and J. E. Herwell, J. dm. Chem. Soc.,
84, 555 (1962); (d) J. Michalski, M. Mikolajezyk, and A. Skowroviska,
Chem. Ind, (London), 1053 (1962); (e} A. W. Frank and C. F. Bavanauckas,
J. Org. Chem., 31, 872 (1966).

(12) (a) G. M. Kosolapoff, **Organopliosphorus Compounds,”” John Wiley
and Sons, Ine., New York, N. Y., 1958, pp 60 and 101; (b) L. Goubeau and
R. Baumgartner, Z. Elektrochem., 64, 598 (1960).

(13} (a) F. Ramirez and N. McKelvie, J. Am. Chem. Soc., 79, 5829
(1957}; (b) R. Rabinowitz and R. Marcus, thid., 84, 1312 (1962); (c) F.
Ramirez, N. B, Desai, and N. McKelvie, ibid., 84, 1745 (1962);: (d) A. J.
Burn and J. 1. G, Cadogan, J. Chem. Soc., 5788 (1963).

{14) L. F. Jounson and T. H. Norris, JJ. Am. Chem. Soc.. 79, 1584 (1957).

i15) (a)y 8. N. Nabi anld M. A, Khalequu, J. Chem. Soc., 3626 (1965);
by 5. N. Nali and M. 3. Amin, 1ol 4, 1018 (1968).

6

thiz scheme sulfur dichloride is postulated as ocewring
and the bright vellow coloration of the reaction mix-
ture is support for this assumption. The phosphine
oxide formed may be readily chlorinated to the corre-
sponding dichlorophosphorane!®® by SOCl, with the
elimination of 8SO.. This is analogous to the splitting
out. of 8O, in the reaction of sulfoxides with SOCI,.'

An entirely similar series of reactions occurs in the
chlorination of the hydrochloride of 1. Additionally,
however, the aleoholic funections are replaced by halo-
gens. The over-all sequence is presented in Scheme I1
and accounts for the direct formation of the phosphine
oxide 7 when less than 4 moles of SOCI, are used per
mole of 1. In this reaction, it is postulated that the
first step involves the formation of trialkyldichloro-
phosphorane whose structure, according to recent
studies,?.12.17 is a quasi-phosphonium one. This salt
undergoes an intramolecular cyelization in which the
aleoholic funetion displaces the halogen bound to
phosphorus.  The replacement of a halogen by aun
alkoxyl group in the preparation of derivatives of tri-
alkyldichlorophosphoranes in aleoholic solution'® is
support for this type of intramolecular transformation.

The bis(2-chloroethyl)methyldichlorophosphorane 6
svnthesized by various steps in Scheme II is readily hy-
drolyzed by water to form 7, the phosphorus analog of
nitromin. This compound is stable under acidic con-
ditions but undergoes elimination in alkaline solutions.
Such a facile liberation of chloride ion may be explained
by the neighboring-group participation of the phos-
phoryl oxygen as shown in Scheme II. The nucleo-
philic character of the phosphoryl group is well docu-
mented'®*® and a base-initiated ring opening of the
oxaphosphetidine (8) could then give the vinylphos-
phine oxide (9). This compound also appeared to be
formed in part in the attempted purification of 7 by
vacuum distillation. This is in marked contrast with
the reported stability of (2-bromoethyl)dimethyl-

{16) F. G. Bordwell and B. M, Pitt, J. Am. Chem. Soc., 77, 572 (1955).

(17) (a) R. Baumgartner, W. Sarvodny, and J. Goubeau, Z. Anorg.
Allgem. Chem., 188, 171 (1864); (b) G. A. Wiley and W. R. Stine, Tetra-
hedron Letters, 2321 (1967).

(18) G. A. Wiley. B. M. Rein, and R. L. Hershikowitz, ibid., 2509 (1964).

(19) R. G. Laugllin, /. Org. Chem., 27, 1005 (1962).

{20y (a) H. J. Harwnod and D. W, Grisley, /. 4m. Chem. Soc., 82, 423
(1960); (b) M. Green and R. F. Mudson, Pywe. Chem, Soc., 217 (1962):
() J. J. Managle and J. V. Mengenhauser, J. Org. Chem., 31, 2321 (1966).
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phosphine oxide.”!  Additionally, the phosphonium
tetruphenylborate salts containing the 2-chloroethyl
group appear to be unstable losing hydrogen chloride
on prolonged storage at room temperature or more
apidly at clevated temperatures forming the corre-
sponding vinyl compound (10). Such an elimination
reaction normally requires an hydrogen acceptor. for
initiation.22?®  Possibly the tetraphenviborate anion
acts in this capaeity.

Attempts to prepare HP2 by the reduction of the
oxide with trichlorosilane** were unsuccessful.®  How-
ever, to synthesize a phosphorus analog closer to HN2
in 1ts chemical and biological properties, bis(2-benz-
oxyvethyl)ymethylphosphine (I1T) has now been prepared.

Biological Results.-——As one means of assessing the
“mustard-like’" activity of these phosphorus compounds.
their effect upon the bone marrow elements i white
Swiss Albino mice? was determined.  In contrast with
the results observed® with HN2) doses of 7 as high as
1000 mg/kg produced no signiticant deleterious effects
on bone marrow.  This result is not surprising in view
of the failures to reduce the oxide to the parent phos-
phine by chemieal means.  Conseqnently  biological
reduction of sueh a compound would 1ot be expeeted,
i contrast to its nitrogen counterpart.  Doses higher

1) R K. Scenek and Y. ¥, Shealy, J. Mol Chem., 8, 414 (1966).

122) R. Rabinowitz, A. C. Menry, amwl R. Marcus, ./, Molymer Sri., It AL
3. 1055 (1965).

(13) V. T. Keonglt and M. Graysan, J. Org. Chem., 29, 631 11061).

1) 11 Iritzelee, U, Hasserodt, and 1. Worte, Chene. Ber., 98, 171 (1u63).

{21) The ir spectrumn ol the prodiet still showed a strong pliosplioryt
alsurption, and an elernental analysis showed a loss of elilorine. This could
trte Dre to the presence in 7 nf a site other than the phospliorns Leing availalle
Usr iwldride fan transfer from tle silicon (1. Herner and W. D). Balzer, Tetro-
herlron Letters, 1157 (196f)), namely the potentially positive 8-carbon atom.
Somewliat analozons transfers, (rom phospliorus ta carlon, have recently
lieen postulates] fur canversion of the gronp XCPH (X = halozen) by a
modeaplile (3) ta NCPB (. Goblwlhite amd 1. G. Rowsell, J. Am. Chem.
Swe., 88, 3571 (13606)).

(261 V. 1. Mark, V. Mivazaki. R N, Kjelliers, A, H,
1. Baker, Swyvg. Guoernl. Ohbstel., 116, 133 (18631,

Soloway, amd WL

than 1000 mg/kg were lethal within 2 hir afterinjection.

It has been reported that trialkyldihalogenophos-
phoranes and trialkylphosphine oxides do inhibit the
growth of Ehrlich ascites mouse carcinoma.”  In ad-
dition, the observed fornmation of a vinyl-substituted
phosphine oxide from 7 (Scheme II) indicates that po-
tential alkylating characteristies are still present (¢/f.
vinvl sulfones®).  Ou this basiz, 7 was tested for activ-
ity against a transplanted murine ependymoblastonia.
This test svstemn has been used for the evaluation of
clineally useful alkviating agents.** Tu comparizon
with the growth of untreated controls, 7 at a level of
1000 mg,/ kg ip showed a slight inhibitory effect on the
sixth day following injection.  However, subsequently,
the growth pattern rveverted to that of the untreated
animals.

Bis(2-henzoxyvethyl)methylphosphine
hibited no “mustard-like” effect on bone marrow after
intraperitoneal doses as great as 300 mg/ kg, Intra-
venous injeetions of 50 mg/kg and higher produced
violent convulsions prior to death.  Failure of =uch
compoimnds to aet as alkyvlating agents cven at these
levels would appear to support the contention that
triatkyIphosphines are readily oxidized under e viro
conditions to theiv corresponding oxides, the Iatter
being devoid of appreciable alkylating activity.

(3) also ex-

Experimental Section®

Bis(2-chloroethyl)methyldichlorophosphorane (6).—L'o a colon-

{17y M. Siering, Avzreinttel-Joarch., 10, 229 (1960).

128) . (. Price, Arn. N. 17, (Lol Sedl, 68, 663 (1948).

23) A, M. Soloway. V. 11, Mark, E. G. Dukat, and R. N. Kjelllwerg, Cvi-
rer Chemothern py Rept., 86, 1 11464).

£301 Analvses were perlormed by Sclowarzknff Microanalytical Labora-
tories, New Yark, N. Y., and Dr. 5. M. Nazy, Mierochemival Lalvratory,
Massaclusens Inseicare ol Terhimodogy, Camlridge, Mass. M reaclhons
were rarcie] put ander N oexeept in Hps ease of aic-stalde maceeials, A

et ires Points ave eorreetm],
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less, stirred sispension of 1 (37.7 g, 0.22 mol) in CH,Cl; (300 ml)
at —10°, SOCl (51.8 g, 0.44 mol) in CH,Cl, (100 ml) was added
dropwise over 1 hr. A pale yellow emulsion resulted and the
stirred reaction mixture was first allowed to attain room tem-
perature (1 hr) and then was gently refluxed for 4 hr. The
restiltant clear yellow solution was filtered to remove a small
amolunt of colloidal § and concentrated at 20° (10 mn1) to a pale
vellow =yrup (42.0 g) with an ir spectrum identical with bis(2-
chloroethyl)methylphosphine oxide (7). This weight corresponds
to a quantitative conversion to 7. To a CHCl; solution (300 ml)
of thix syrup (34.9, 0.18 mol) at —10° was added dropwise
with stirring over a 1-hr period SOCl, (48.7 g, 0.41 mol) iu CHCl,
(120 ml). The mixture was heated to 42° for 2.5 hr. The pale
brown solution was councentrated at 20° (10 mm) to give 6 as a
highly labile whi'e flocenlent solid (26.0 g, 57%), mp 110-112°
(sealed tube). 7This same prodict was formed i 719, yield by
the reaction of 1 (0.18 mol) with SOCL, (0.73 mol) in CHCl; at
50°; umr (CDCly), 8 4.03 (m, 82, CH,CH,Cl), 3.07 ppm (d,
2.8 J = 14 Hz, CH;P). Anal. Caled for C;HuCLP: C, 24.60;
H, 4.56; Cl, 58.14; P, 12.70. Fouud: C, 24.62; H, 4.68; Cl,
535.00, 52.70, 49.90, 48.10; P, 12.80. The results of the analysis
for chlorine were variable and cousisteutly low. The highest
valile was obtained ou a freshly prepared saniple and subsequent
valiles from aged specintens. 7The reasou may be ascribed to
the extreme instability of the phosphorane when exposed to the
atmosphere.

Bis(2-chloroethyl )methylmethoxyphosphonium Tetraphenyl-
borate (11a).—The dropwise addition of a methanolic solution
of sodinm tetraphenylborate (3.26 g, 0.0095 mcl) to 6 (2.0 g,
0.0082 mol) in MeOH resulted in the immediate precipitation of
11a (1.0 g, 23%). The product was recrystallized fron1 MeOH
to give white prisms of 11a: mp 134-135°; ir (Nujol), 1065,
1060 em~! (POCH;). dAnal. Caled for CyuHyuBCLOP: C,
68.80; H, 6.56; B, 2.08; Cl, 13.55; P, 5.94. Found: C, 68.66;
H, 6.35; B, 2.10; Cl, 13.50; P, 5.91.

Repeated attenipty at recrystallization resulted in dark brown
oils as the only produets.  Decomposition was also effected by
warming the =olid at 60° overnight. The use of IEtOH as the
solvent for the reaction of 6 with sodium tetraphenylborate
vielded bis(2-chloroethyl)methylethoxyphosphonium tetraphenyl-
borate (11b) as a microerystalline solid: mp 128.5-129.5°;
ir (Nujol), 1045, 1020 ¢m~! (POC.H;).  dnal. Caled for CyHss-
BCLOP: C, 69.33; H, 6.76;: B, 2.02; Cl, 13.20; P, 5.79.
Found: C, 60.42; H, 6.80; B, 2.14; Cl, 12.50; P, 5.41. The
low vahie found for the per cent chlorine may be due at least
in part to the instability of 11b and its conversion, by heating
at 60° overnight, to 2-chloroethylmethylethoxyvinylphosphonium
tetraphenylborate (10): mp 133-136°; ir (Nujol), 1600 cm™!
(CH=CH,). dnal. Caled for CuyH;;BCIOP: C, 74.33; H,
7.04; B, 21.16; CI, 7.09. Fouud: C, 73.88; H, 7.08; B, 2.29;
Cl, 6.75.

Bis(2-hydroxyethyl)methylmethoxyphosphonium Tetraphenyl-
borate (12).—To a stirred suspension of 1 (17.7 g, 0.10 mol) in
75 mt of CHCl; at —10° was added dropwise over 1 hr 49.0 g
of SOCL, (0.41 mot) i 50 ml of dry CHCl;. A thick, vellow paste
separated from which gas evolution continued over a 2-hr period.
The solvent was decanted and the paste was dissolved in MeOH
(150 ml). To this solution 25 mi of 3 N HCI was added to ensure
the phosphine’s existing as the hydrochloride. The mixture was
filtered and concentrated at 25° (0.1 mn1) to a pale vellow syrup
(17.4 g). An aliguot (2.4 g) in 50 mi of MeOH was converted
to the tetraphenylborate salt (12) ou the addition of sodinm
tetraphenylborate (3.9 g) in 50 ml of MeOH. The prodiect was
recrystallized from MeOIT to give white needles: nip 130-131°;
ir (N1jol), 1050 em~! (POCH;).  Anal. (CyoHssBOsP): C, 74.00;
11, 7.47; B, 2.23; P, 6.38. Found: C, 73.81; H, 7.42; B, 2.40,
P, 6.94.

Bis(2-chlorcethy!)methylphosphine Oxide (7).—To a stirred,
ice-cold solution of the phosphorane (6) (187 g, 0.077 mol) in
250 ml of CHCl;, oxygen-free HoO (40 ml, 2.20 mol) was added
dropwise over 10 min. HCI was evolved in a vigorous, exothermic
reaction. After stirring for 30 min, the pale yellow organic
layer was separated from the aqueous phase (see below), filtered,
and dried (Na:SOs). Removal of the solvent at 25° (0.1 mm)
vielded a light brown oil (9.55 g, 6697) which crystallized below
0°. Sublimation at 50-55° (0.1 mm) gave an analytical sample
of 7 as colorless, hydroscopic needles; mp 57.5-58.5° (sealed
tube); ir (Nujol), 1170 em ™! (P=0); umr (CDCL), s 3.86
(t, 4,/ = 12 Hz, P(O)CH,CH,Cl, aud J = 7.5 Hz, CH,CH.Cl),
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2.35 (t, 4, J = 11 Hy, P(O)CH;). Anal. Caled for C;H, CLOP):
C, 31.77; H, 5.87; Cl, 37.50; P, 16.38. Fouud: C, 31.92; H,
5.97; Cl, 37.59; P, 16.74.

The aqueous phase contained a mixture of 7 and 2-chloroethyl-
methylvinylphosphine (9) as shown by analysis, ir, and umr.
This vinyl compound was also forned in the attempted distilla-
tion of 7 or in its treatnient with base.

Bis(2-benzoxyethy!)methylphosphine (3).—To a stirred suspen-
sion of 1 (29.9 g, 0.173 mol) in Et,O (300 ml) at —10°, a 139,
aqueotis solution of NaOH (10.4 g, 0.26 mol) was added dropwise
over a 20-min period. To the stirred, colorless emulsion which
formed, BzCl (53.5 g, 0.38 mol) was added dropwise at 0°.
The time of addition was 40 min and then the solution was stirred
for an additional 90 min. Excess aqueous NaOH (143 g) was
added to the pale yellow emulsion and the ether was separated
and dried (K.C0Q;). The solution was separated and the solvent
was removed nnder reduced pressure (0.1 mm) at 25° giving.3
as a slightly cloudy, yellow-green syvrup (41.4 g, 699,): nmr
(CDCly), 5 8.06 (m, 4, pheuyl ortho protous), 7.47 (m, 6, phenyl
meta/para protous), 4.33 (t, 3.9, J = 9 Hz, PCCH, and J = 7.5
Hz, PCH.CH:), 1.99 (¢, 4.10, J = 1.5 Hs, PCH,CH,), aud 1.20
ppm (d, 3, J = 3.0 Hz, PCH;).

The phosphile was characterized by a gquantitative couversion
to its methiodide. Recrystallization (Me,CO) afforded needles,
mp 169.5-170.5°. Anal. Caled for CoH.IOP: C, 49.37; H,
497, 1, 26.10; P, 6.38. Fouud: C, 49.46; H, 5.06; 1, 25.88;
P, 6.15. The iodide was readily replaced by the tetraphenyl-
borate anion aud the prodict yielded needles from Me,CO-
MeOH; mp 153-155° Anal. Caled for CuHuBOP: C, 77.80;
H, 6.53; B, 1.59; P, 4.56. Found: C, 78.34; H, 6.64; B, 1.83;
P, 4.61.

The phosphine could be converted to its hydrochloride by the
passage of dry HCI through a solutiou of 3 in CH;Cl.. Treatment
of the hydrochloride with water regenerated the phosphine
(as shownt by nmr). Hydrolysis of 3 oceurred partially by 57
oxygen-free aqueotis NalCO; at 68° (4 hr), yieldiug a mixture of
benzoic  acid, 3, and 2-beuzoxyethyl-2-hydroxyethylmethyl-
phosphitie. The latter, au oil, was characterived by conversion
through the methiodide to the correspouding tetraphenylborate

salt, mp 163-165° (prisms from MeOH). dnal. Caled for
Cy;:HoBO;P:  C, 77.33; H, 7.02; B, 1.89; P, 5.39. Fouud:

C, 77.36; H, 7.55; B, 1.90; P, 5.63.

Tri-n-butylphosphonium Tetraphenytborate.—DDry HC! was
bubbled through a solution of tri-n-butylphosphine (5.0 g, 0.025
mol) in 80 ml of CHCl; at 0° for 15 min. Evacuation at 23°
(0.1 mm) afforded a hygroscopic viscous syrup (6.8 g, correspond-
ing to the dihydrochloride). Reaction with sodium tetraphenyl-
borate in MeOH yielded the phosphonium salt (67%) which gave
needles from MeOH, mp 114° sharp. dnal. Caled for CagHyg-
BP): C, 82.74; I, 9.25; P, 5.94. Found: C, 82.57; H, 9.33;
P, 5.53.

Tri-n-butylmethoxyphosphonium Tetraphenylborate.—SOCI,
(17.9 g, 0.15 mol) in CHCl; (100 ml) was added to tri-n-butyl-
phosphine (10.1 g, 0.05 mol) in CHCl; (160 ml) at 0° over a 63-
min period. The pale yellow, cloudy solution was heated to
reflux for 3 hr, cooled, and filtered. Yellow crystals separated
from solution upon concentration at 35° (15 mm). Addition of
CHCl; and reevacuation was repeated twice more and the resnli-
ing solid was then washed with dry hexane. The product, tri-
n-butyldichlorophosphorane (12b) (13.5 g, 1009;), was a highly
labile white solid, mp 133-135° (sealed tube). This compound
reacted with sodium tetraphenylborate in MeOH to yield the
phosphoninm salt (33%) which was recrystallized from MeOH
to give white needles: mp 133° sharp; ir (Nujol), 1068, 1055
em~! (POCHy). Anal. Caled for CuHiBOP: C, 80.39; 1,
0.14; B, 1.97; P, 5.60. Fouund: C, 80.24; M, 0.20; B, 2.26;
P, 5.66.
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