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Bis(2-hydroxyethyl)methylphosphine hydrochloride reacts with SOCL in CHCly 1o give bist2-chloroethyl)-

methyldichlorophosphorane.

consequent transfer of oxygen from 8 to P, followed by chlorination of the phosphonyl group.

This reaction i= considered to proceed initially via a evelie transition state, with

Sab=eguient

chlorination of the 2-hydroxyvethyl groups vields the phosphorane which ix rapidly hydrolyvzed to biz(2-chloro-
ethyDmethylphosphine oxide. The oxide can lose C1~ due to neighboring group participation of the phosphoryl
oxvgen, and subsequent base-assisted proton removal results in the formation of (2-chloroethyl)methylvinyl-

phosphine oxide.

Bis(2-chloroethyl)methylphosphine oxide exhibited no “mustard-like’ activity on bone mar-

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

mg kg,

In o reecent communieation from this laboratory,!®
the synthesis  of  bis(2-chloroethyl)methylphosphine
hydrochloride (HP2-HCI, 2) was reported.  However,
the lack of “mustard-like” activity and the unexpect-
edly rapid tranformations of this produet in chemical
svstems prompted further investigation.  Irom this re-
search it now appears that instead of the expected
mustard, bis(2-chloroethyl)methyldichlorophosphorane
(6) was the product which was actually isolated.
This paper deseribes the experimental basis for this
observation and the synthesis und biological evaluation
of bis(2-benzoxyvethyl)methylphosphine (3) and the
phosphorus  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 reaetion sequence usually involves the chlorination
of 2-hydroxyvethyl groups. This has been frequently
accomplished by use of thionyl ehloride and this re-
agent was used in the attempted preparation of 2.

The chemical transformations of the nitrogen analogs
of such eompounds are well documented? with the in-
termediate formation of the highly reactive ceyvelic
aziridinium ion.  There is ample evidence that tri-
alent phosphorus in such svstems acts as a neighbor-
ing group in similar intramolecular displacement re-
actions.?

It has been recently postulated* that the phosphorus
analog of the aziridinium ion, the highly labile phospho-
ninceyvelopropane, is formed as an intermediate in the
thermal decomposition of 2-substituted ethyldiphenyl-
phosphines (XCH,CH.) P(CeHs)o.

On this basis it was assumed that under aqueous
conditions, the ultimate hydrolysis product of the free
phosphine  CH3P(CH,CH,CL)y would be bis(2-hy-

(1) (a) This research was supported hy grants (rom the John A, Hartford
Foundation, lue., the U, S, Atomie Energy Commission (AT-(30-1) 3267).
and the U 8. Publie Health Service (CA-07368 and NB-04512). (h) Paper
I1: D). C.smith, A, H, Soloway, and R, W, Turner, J. Med, Chem., 9, 360
(19667, {¢) To whom requests for reprints should be directed: Department
of Medicinal Chemistry, College of Pharmacy, Northeastern University,
Boston, Mass, 02113,

(2) fa) W, O Ross, “'Biological Alkyvlating Agents,”” Butterworth and
(o, Ltd., London, 1962; (b) C, Golumbie, J. 8. Fruton, and M. Bergmann,
J. Ory. Chem., 11, 518 (1946); () G. R. Pettit, J. A, Seltepani, and R. A.
LML Can. J. Chem., 48, 1792 (1865); D) P. L. Levins and Z. B. Papanas-
tassiou, J. Am. Chem. Sor., 87, 826 (1963).

3) (ay O ML 8, Hiteheoek and Fo G, Mann, J. Chen, Noe,, 2081 (19581
by W, Hewertson and H. R. Watson, thid,, 1480 (1962); () ML M. Raubut
(1. B, Borowitz, and H. C. Giltham. .J. Org. Chem., 28, 2565 (196:3)

(1 B.W, Turner and A, H. Soloway, ibid., 30, 4031 (1965).

Bis(2-benzoxyethvlimethylphosphine appears to be devoid of mustard-like activity.

droxyethyDmethvlphosphine (1). However, the only
compound isolated from the addition of oxyvgen-free
water (in a nitrogen atmosphere) to the presumed bis-
(2-chlorvethyl)methylphosphine hydrochloride (2) wus
a low-melting, hyvgroscopic =olid, identified as bis-
(2-chloroethyl)methylphosphine oxide (7). This re-
action oceurs extremely rapidly as noted by changes in
the nmr spectrum following the addition of deuterium
oxide to a deuteriochloroform solution of 2.

This observation raised serious questions as to the
validity of 2 arising from the chlorination of the hydro-
chloride of 1. The nature of the produet obtuined
from this reaction is depedent upon both temperature
and the molar ratio of SOCL used.  In order to obtain o
solid product it i essential to use at least a twofold ex-
cess of SOCL, otherwise intractable vellow syrups and
pastes are formed. This indicated that possibly the
phosphorus in this hydrochloride, as well ax the hy-
droxy] groups, wus reacting with SOCL. In order to
determine whether this were the ecase, tri-n-butyl-
phosphine and its hydrochloride were treated with
varving amounts of SOCl, in chloroform  solution.
With a phosphine-thionyl chioride molar ratio of 1:2, 2
highly labile solid was isolated in high vield with prop-
erties very similar to the reported HIP2 hydrochloride. ™
This is tri-n-butvidichlorophosphorane.”  During the
course of this reaction sulfur precipitated which was
also observed in the attempted syvnthesis of HP2 from
the phosphine hydrochloride.  With a 1:1 molar ratio
of reactants, only oils were obtained which showed no
band in the ir whieh could be attributable to the phos-
phorvl group (P==0).% These oils and the solid tri-n-
butyldichlorophosphorane reacted with oxygen-free
water to form  tri-n-butyviphosphine oxide’  As ad-
ditional =upport for the structure of the chlorophos-
phorane was the formation of tri-n-butylmethoxy-
phosphonium tetraphenylborate from the reaction of
the chlorophosphorane with sodium tetraphenylborate
in methanol.  In contrast, tri-n-butyiphosphine hydro-
chloride formed tri-n-butyiphosphoniam tetraphenyl-
borute.

Brief mention 1= made by Poshkus, et al. that fri-

(3 tar D. Lssleib and W. Seidel, Z. Arnory. Allgem. Chem., 288, 201
(1956): () = E. Frazier. B. P. Nielsen, and 1. 1. Sister, Tnorg, Chem.. 3,
292 (1964).

i (LON. K. Rao, “Chemieal Applications of Infrared Spectroscopy.”
Vendemiec Press Ine., New York, N. Y. 1963, p 202,

(T AL Posbikus, JL T Herweh, and Lo Vo tlas o, A Cloom, Sae., 80,
HO22 11YAS),
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+ —HCl
(CH,P(H)R,CL-
1, R = CH.CH,0H +HC
2, R = CH,CH,CI
3, R = CH,CH:00CCsH;

CH,P(O)R; + SCl,
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—>  (CH,P(R)SOCHCI -
4

N\

AY

(CILP(R)OSCHICI-

80Cl, —80 —> & + S0,

—80.

(CILP(RYOSOCHCl = ——>  (CIL,P(R)CHCL-

phenylphosphine reacts with SOCI, to form the phos-
phine oxide and an oil which was presumed to be tri-
phenyldichlorophosphorane, Horner and XNickel had
also founds that the oxide was formed in high yield
from triphenylphosphine and benzenesulfonyl chloride.
Additionally there have been recent reports on the re-
action of tertiary phosphines with 80,° 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 SOCl with tertiary phosphines or their hy-
drochlorides, a cyeclic 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 80,2 The over-all mechanism shown in
Scheme I is based upon the fact that tertiary phos-
phines may be readily liberated from their hydro-
chloride 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®). 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, Ann., 897, 20 (1955).

(9) B. C. Smith and G. H. $mith, J. Chem. Soc., 5516 (1965).

(10) (a) S. K. Ray, R. A. Shaw, and B. C. Smith, Nature, 196, 372 (1962);
(hy E. H. Amonoo-Neizer, 3. K. Ray, R. A. Shaw, and B. C. Smith, J. Chem.
Soc., 4206, 6250 (1965).

(11) (a) A. C. Poshkus and J. E. Herweh, J. Am. Chem. Soc., T9, 4245,
6227 (1957); (h) C. Borecki, J. Michalski, and 8. Musierowicz, J. Chem.
Soc., 1081 (1958); (e) A. C. Poshkus and J. E. Herweh, J. Am. Chem. Soc.,
84, 555 (1962); (d) J. Michalski, M. Mikolajczyk, and A. Skowroviska,
Chem, Ind. (London), 1053 (1962); (e) A. W. Frank and C. F. Bavanauckas,
J. Org. Chem., 81, 872 (1966).

(12) (a) G, M. Kosolapoff, **‘Organophosphorus 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); (1) R. Rabinowitz and R. Marcus, ihid., 84, 1312 (1962); (c¢) F.
Ramirez, N. B, Desai, and N. McKelvie, i6id., 84, 1745 (1962); (d) 4. J.
Burn and J. I. G, Cadogan, J. Chem. Soc., 5788 (1963).

(14) L. F. Johnson and T. H. Norris, J. Am. Chem. Soc.. 79, 1584 (1957).

(15) (a) 8. N. Nabi and M. A. Khaleque, J. Chem. Soc., 3626 (1965);
(h) 8. N. Nabi and M. 3. Amin, /bid., 4, 1018 (1966).

6

this scheme sulfur dichloride is postulated as oceurring
and the bright yellow 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 S8O0CI, with the
elimination of 8Q.. This is analogous to the splitting
out of 80, in the reaction of sulfoxides with SOCL.

An entirely similar series of reactions occurs in the
chlorination of the hydrochloride of 1. Additionally,
however, the aleoholic functions are replaced by halo-
gens. The over-all sequence is presented in Scheme 1I
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,52.12.17 ig a quasi-phosphonium one. This salt
undergoes an intramolecular cyelization in which the
alcoholic function displaces the halogen bound to
phosphorus.  The replacement of a halogen by an
alkoxyl group in the preparation of derivatives of tri-
alkyldichlorophosphoranes in aleoholic solution's is
support for this type of intramolecular transformation,

The bis(2-chloroethyl)methyldichlorophosphorane 6
synthesized 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., TT, 572 (1955).

(17) (a) R. Baumgartner, W. Sarvodny, and J. Goubeau, Z. Anorg.
Allgem. Chem., 188, 171 (1964); (b) G. A. Wiley and W. R. Stine, Teira-
hedron Letters, 2321 (1967).

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

(19) R. G. Laughlin, J. Org. Chem., 27, 1005 (1962).

(20) (a) H. J. Harwood and D. W, Grisley, J. 4m. Chem. Soc., 83, 423
(1960): (b) M. Green and R. F. Hudson, ’roc. Chem. Soc., 217 (1962):
(¢y J. J. Monagle and J. V. Mengenhauser, J. Org. Chem., 81, 2321 (1966).
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phosphine oxide.?’  Additionally, the phosphonium
tetraphenylborate 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 aecceptor. for
initiation.?*2®  Possibly the tetraphenvlborate anion
acts in this capacity.

Attempts to prepare HP2 by the reduction of the
oxide with trichlorosilane? were unsuccessful.®  How-
ever, to svnthesize a phosphorus analog closer to HN2
in its chemical and biological properties, bis(2-benz-
oxyethylymethylphosphine (ITI) 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 in 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 chemical means.  Consequently  biological
reduction of such & compound would not be expeeted,
in contrast to its nitrogen counterpart.  Doses higher
1213 R, F.Struek and Y. ¥. Shealy, J. Med. Chem,, 8, 114 (1966).

) R. Rabinowitz, A. C. Henry, and R. Marcus, J. Polymer Seci., Part .
3, 2055 (1965).

23) P. T. Keough and M. Grayvson, JJ, Org, Chem,, 29, 631 (1964),

(24) H. Fritzehe, U, Hasserodt, and I'. Korte, Chem. Ber., 98, 171 (19635).

(25) The ir spectrum of the product still showed a strong phosphory!
absorption, and an elemental analysis showed a loss of chlorine. This eould
he due to the presencein T of a site other than the pliosphorus being available
for hydride ion transfer from the silicon (L.. Herner and W. >, Balzer, Tetra-
hedron Leiters, 1157 (1465)), namely the potentially positive g-carbon atom.
Somewhat analogous transfers, from phosphorus to carbon, have recently
heen postulated for conversion of the group XCPH (X = halogen) by a
nuecleophile (B) to HOPB (M. Goldwhite and D. G. Rowsell, J. Am. Clhem.
Soc., 88, 3572 (1066)).

(26) V. H. Mark, Y. Mivazaki. R. N, Kjellberg, AL H.
H. Baker. Sury. Gyneenl. Obstet., 116, 232 (14630,

Soloway, and W,

than 1000 mg/ kg were lethal within 2 hr afterinjeetion,

[t has been reported that trialkyldihalogenophos-
phoranes and trialkylphosphine oxides do inhibit the
growth of Ehrlich ascites mouse carcinoma.”  In ad-
dition, the observed formation of a vinvl-substituted
phosphine oxide from 7 (Scheme II) indicates that po-
tential alkylating characteristies are still present (¢/.
vinyl sulfones®).  On this basix, 7 was tested for netiv-
ity against a transplanted murine ependymoblastoma.
This test system hax been used for the evaluation of
clinically: useful alkyvlating agents.?* In comparison
with the growth of untreated controls, 7 at a level of
1000 meg,/ kg ip showed u slight inhibitory effect on the
sixth day following injection.  However, subsequently.
the growth pattern reverted to that of the untreated
animals,

Bis(2-benzoxyethyvlymethylphosphine (3)  also ex-
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. Iailure of such
compounds to aet ax alkvlating agents even at these
levels would appear to support the contention that
trinlkylphosphines are readily oxidized under n viro
conditions to thelr corresponding oxides, the latter
being devoid of appreciable alkylating activity.

Experimental Section*

Bis(2-chloroethyl)methyldichlorophosphorane (6).—To a color-

(27) M. Siering, Arzneimittel-Forsch., 10, 229 (1960).

(28 . (L Price, Aur. N Y, dead, Sel., 68, 663 (1958).

(29) A. H. Soloway. V. H, Mark, E. G. Dukat, and R. N. Kjellberz, (-
cer Chemotherapy Rept., 86, 1 11464).

(30) Analyses were periormed by Schwarzkoff Microanalytical Labora-
tories, New York, N. Y., and Dr. 5. M. Nagy. Microchemical Laboratory,
MU reactions

Aassachusetts Imstitute of Technology, Cambridge, Mass.
were carried ont nnder N except in the case of air-~table materials, A\l
melting points are corrected.
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less, stirred suspension of 1 (37.7 g, .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
resultant clear yellow solution was filtered to remove a small
amount of colloidal & and concentrated at 20° (10 mm) to a pale
yvellow syrup (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 CHCI; solution (300 ml)
of this 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) in CHCl;
(120 ml). The mixture wax heated to 42° for 2.5 hr. The pale
brown solution was concentrated at 20° (10 mm) to give 6 as a
highly labile whi'e flocculent solid (26.0 g, 579 ), mp 110-112°
(sealed tube). This same product was formed in 719, vield by
the reaction of 1 (0.18 mol) with SOCI; (0.73 mol) in CHCI; at
50°; nmr (CDCly), 5 4.03 (m, 82, CH,CH,Cl), 3.07 ppm (d,
2.8, J = 14 Hz, CH;P). Anal. Caled for C;H,,CLP: C, 24.60;
H, 4.56; Cl, 38.14; P, 12.70. Found: C, 24.62; H, 4.68; Cl,
55.00, 52.70, 40.90, 48.10; P, 12.80. The results of the analysis
for chlorine were variable and consistently low. The highest
value was obtained on a freshly prepared sample and subsequent
values from aged specimens. The reason may be ascribed to
the extreme ins!ability of the phosphorane when exposed to the
atmosphere.

Bis(2-chloroethyl ) methylmethoxyphosphonium Tetraphenyl-
borate (11a).—The dropwise addition of a methanolic solution
of sodium tetraphenylborate (3.26 g, 0.0095 mcl) to 6 (2.0 g,
0.0082 mol) in MeOH resulted in the immediate precipitation of
1la (1.0 g, 239;). The product was recrystallized from MeOH
to give white prisms of 11a: mp 134-135°; ir (Nujol), 1063,
1060 em~t (POCH;). Anal. Caled for CiHuBCLOP: C,
68.80; H, 6.56; B, 2.08; Cl, 13.55; P, 5.94. Found: C, 68.66;
H, 6.33; B, 2.10; Cl, 13.50; P, 5.01,

Repeated attempts at recrystallization resulted in dark brown
oils as the only products. Decomposition was also effected by
warming the solid at 60° overnight. The use of EtOH as the
solvent for the reaction of 6 with sodium tetraphenylborate
vielded bis(2-chloroethyl)methylethoxyphosphonium tetraphenyl-
borate (11b) as a microcrystalline solid: mp 128.5-129.5°;
ir (Nujol), 10453, 1020 em~! (POC:H;). Anal. Caled for CaHge-
BCLOP: C, 69.33; H, 6.76; B, 2.02; Cl, 13.20; P, 5.79.
Found: C, 69.42; H, 6.80; B, 2.14; CI, 12.50; P, 5.41. The
low value 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 CyH;;BCIOP: C, 74.33; H,
7.04; B, 21.16; Cl, 7.09. Found: 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 ml of CHCl; at —10° was added dropwise over 1 hr 49.0 g
of SOCL (0.41 mol) in 50 ml of dry CHCl;. A thick, yellow 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 m! of 3 ¥ HCI was added to ensure
the phosphine’s existing as the hydrochloride. The mixture was
filtered and concentrated at 23° (0.1 mm) to a pale yellow syrup
(17.4 g). An aliquot (2.4 g) in 50 ml of MeOH was converted
to the tetraphenylborate salt (12) on the addition of sodium
tetraphenylborate (3.9 g) in 50 ml of MeOH. The product was
recrystallized from MeOH to give white needles: mp 130-131°;
ir (Nujol), 1050 em~! (POCH;). Anal. (CyoH3BOsP): C, 74.00;
1, 7.47; B, 2.23; P, 6.38. Found: C, 73.81: M, 7.42; B, 2.40;
P, 6.94.

Bis(2-chlorcethyl)methyiphosphine Oxide (7).—To a stirred,
ice-cold solution of the phosphorane (6) (187 g, 0.077 mol) in
250 ml of CHCl;, oxygen-free H.O (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:SO;). Removal of the solvent at 25° (0.1 mm)
yielded a light brown oil (9.55 g, 669 ) which crystallized below
0°. Sublimation at 50-35° (0.1 mm) gave an analytical sample
of 7 as colorless, hydroscopic needles; mp 57.5-58.5° (sealed
tube); 1r (Nujol), 1170 em~! (P==0); nmr (CDCly), § 3.86
(t, 4, J = 12 Hz, P(O)CH,CH,C), and J = 7.5 Hz, CH,CH,Cl),

Puosprorus MusTarps, III
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2.35 (t, 4, J = 11 Hz, P(O)CH;). Anal. Caled for C:H, CLOP):
C, 31.77; H, 5.87; Cl, 37.50; P, 16.38. Found: 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 nmr.
This vinyl compound was also formed in the attempted distilla-
tion of 7 or in its treatment with base.

Bis(2-benzoxyethyl)methylphosphine (3).—To a stirred suspen-
sion of 1 (29.9 g, 0.173 mol) in EtO (300 ml) at —10°, a 139,
aqueous 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 (533.5 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.CO;). The solution was separated and the solvent
was removed under reduced pressure (0.1 mm) at 25° giving.3
as a slightly cloudy, yellow-green syrup (41.4 g, 699 ): nmr
(CDCly), 8 8.06 (m, 4, phenyl ortho protons), 7.47 (m, 6, phenyl
mela/para protons), 4.53 (1, 3.9, J = 9 Hz, PCCH, and J = 7.5
Hz, PCH.CH.), 1.99 (¢, 4.10, J = 1.5 Hz, PCH,CH,), and 1.20
ppm (d, 3, J = 3.0 Hz, PCHj).

The phosphine was characterized by a quantitative conversion
to its methiodide. Recrystallization (Me,CO) afforded needles,
mp 169.3-170.5°.  Anal. Caled for CyHulOP: C, 49.37; H,
4.97: 1, 26.10; P, 6.38. Found: C, 49.46; H, 5.06; I, 25.88;
P, 6.15. The iodide was readily replaced by the tetraphenyl-
borate anion and the product yielded needles from Me,CO-
MeOH; mp 153-155°. Anal. Caled for C4HyuBOP: C, 77.89;
H, 6.53; B, 1.39; 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 solution of 3 in CH,Cl.. Treatment
of the hydrochloride with water regenerated the phosphine
(as shown by nmr). Hydrolysis of 3 occurred partially by 59
oxygen-free aqueous NaHCO; at 68° (4 hr), yielding a mixture of
benzoic - acid, 3, and 2-benzoxyethyl-2-hydroxyvethylmethyl-
phosphine. The latter, an oil, was characterized by conversion
through the methiodide to the corresponding tetraphenylborate
salt, mp 163-165° (prisms from MeOH). Anal. Caled for
CyHWBOsP: C, 77.33; H, 7.02; B, 1.89; P, 5.39. Found:
C, 77.36; H, 7.55; B, 1.90; P, 5.83.

Tri-n-butylphosphonium Tetraphenylborate.—1Dry HCl 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 hygroseopie viscous syrup (6.8 g, correspond-
ing to the dihydrochloride). Reaction with sodium tetraphenyl-
borate in MeOH yielded the phosphonium salt (679 ) which gave
needles from MeOH, mp 114° sharp. Anal. Caled for CyeHas-
BP): C, 82.74; H, 9.25; P, 5.94. Found: C, 82.57; H, 9.33;
P, 5.53.

Tri-n-butylmethoxyphosphonium Tetraphenylborate.—SOC]I,
(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 653-
min period. The puale yellow, cloudy solution was heated to
reflux for 3 hr, cooled, and filtered. Yellow crystals separated
from solution upon concentration at 33° (15 mm). Addition of
CHCJ; and reevacuation was repeated twice more and the result-
ing solid was then washed with dry hexane. The produet, tri-
n-butyldichlorophosphorane (12b) (13.5 g, 1009;), was a highly
labile white solid, mp 133-1353° (sealed tube). This compound
reacted with sodium tetraphenylborate in MeOH to yield the
phosphonium salt (339 ) which was recrystallized from MeOH
to give white needles: mp 133° sharp; ir (Nujol), 1068, 1055
em ™! (POCH3). Anal. Caled for CyHBOP: C, 80.39: H,
9.14; B, 1.97; P, 5.60. Found: C, 80.24; H, 9.20; B, 2.26;
P, 5.66.
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