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Bis(2-hydroxyethyl)methylphosphiiie hydrochloride reads with SOCb. in C'HC1;I to give bis(2-chloroethyl )-
methyldichlorophosphoi'ane. This reaction is considered to proceed initially ria a cyclic transition stale, with 
consequent transfer of oxygen from S to P, followed by chlorination of the phosphonyl group. Subsequent 
chlorination of the 2-hydroxyethyl groups yields the phosphorane which is rapidly hydrolyzed to bis(2-chloro-
ethyl)methylphosphine oxide. The oxide can lose CI" due to neighboring group participation of the phosphoryl 
oxygen, and subsequent base-assisted proton removal results in the formation of (2-chloroethyl)methylvinyl-
phosphine oxide. Bis(2-ehloroethyl)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 doses of 1000 
mg kg. Bis(2-benzoxyelhyr)mefhylphosphine appears to be devoid of mustard-like activity. 

Ill a recent communication from this laboratory,11 ' 
the synthesis of bis(2-chloroethyl)methylphosphine 
hydrochloride (HP2-HC1, 2) was reported. However, 
the lack of "mustard- l ike" activity and the unexpect­
edly rapid tranformations of this product in chemical 
systems prompted further investigation. From this re­
search it now appears tha t instead of the expected 
mustard, bis(2-chloroethyl)methyldichlorophosphorane 
(6) was the product which was actually isolated. 
This paper describes the experimental basis for this 
observation and the synthesis and biological evaluation 
of bis(2-benzoxyethyl)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 reaction sequence usually involves the chlorination 
of 2-hydroxyethyl groups. This has been frequently 
accomplished by use of thionyl chloride and this re­
agent was used in the a t tempted preparation of 2. 

The chemical transformations of the nitrogen analogs 
of such compounds are well documented2 with the in­
termediate formation of the highly reactive cyclic 
aziridinium ion. There is ample evidence tha t tri-
valent phosphorus in such systems acts as a neighbor­
ing group in similar intramolecular displacement re­
actions.3 

It has been recently postulated4 that the phosphorus 
analog of the aziridinium ion, the highly labile phospho-
niacyclopropane, is formed as an intermediate in the 
thermal decomposition of 2-substituted ethvkliphenvl-
phosphines (XCH 2 CH,)P(C a H,) , . 

On this basis it was assumed that under aqueous 
conditions, the ult imate hvdrolvsis product of the free 
phosphine CH:,P(CH.,OH'2OL)2 would be bis(2-hy-

( 1) ia > This research was s u p p o r t e d Ly g r a n t s from t ho J o h n A. H a r t f o r d 
Founda t i on , Inc . , the U. S. Atomic E n e r g y Commiss ion (AT- (30- l ) 3267). 
ami the V. S. Publ ic Hea l th Service (CA-07368 a n d NB-04512) . 0 0 P a p e r 
I I : 1). ( ' . Smi th . A. II . Soloway, and R. W. Tu rne r , ./. .Veil. Chem., 9, 360 
t 1900j. ifl To whom requests for repr in t s should lie d i rec ted : D e p a r t m e n t 
of Medicinal C h e m i s t r y . College of P h a r m a c y , N o r t h e a s t e r n Univers i ty , 
Huston, Mass . 0211"). 

|2) ia) \Y. ( ' . ,1. Ross, "Biological Alkyla t ing Agen t s , " B u t t e r w o r t h and 
Co, Ltd., London, 1962; (li) C. Golumhic , ,L S. F r u t o n , and M . B e r g m a n n . 
./. Ory. Chem., 1 1 , ")18 (1946): (cj CI. R. Pe t t i t , J, A. Sel tepani , a n d R. A. 
Hill, C<i„. ./. Chem., 43 , 1792 (1965); id) P. I.. Levins a n d Z. B. P a p a n a s -
tassiou, ./. Am. Chem. Sat-., 87, 826 (196o>. 

t.H) (a) C. II . S, Hi tchcock and F. G, M a n n , ./. Chem. Soe.. 2081 ( l l l . W : 
tl,) \V. l i ewer t son ami II . R. Watson , ihui., 1490 U 9 6 2 ) ; t.c) M . M. Rauhu t 
C H. Horowitz, and II . ( ' . Oi l lham. ./. I)r,i. (them., 28, 2565 (1903) 

(1) I! W, T u r n e r and A. H. Soloway. ibid., 30, 4031 ( 1965). 

droxyethyl)me1hylphosphine (1). However, the only 
compound isolated from the addition of oxygen-free 
water (in a nitrogen atmosphere) to the presumed bis-
(2-chloroethyl)methylphosphine hydrochloride (2) was 
a low-melting, hygroscopic solid, identified as bis-
(2-chloroethyl)methylphosphine oxide (7). This re­
action occurs 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 product obtained 
from this reaction is depe ideiit upon both temperature 
and the molar ratio of SOCb used. In order to obtain a 
solid product it is essential to use at least a twofold ex­
cess of SOCL, otherwise intractable yellow syrups and 
pastes arc formed. This indicated that possibly the 
phosphorus in this hydrochloride, as well as the hy­
droxy] groups, was reacting with SOCb. In order to 
determine whether this were the case, t rwi-butyl-
phosphine and its hydrochloride were treated with 
varying amounts of SOCb in chloroform solution. 
With a phosphine--thionyl chloride molar ratio of 1:2, a 
highly labile solid was isolated in high yield with prop­
erties very similar to the reported H P 2 hydrochloride.11. 

This is tri-//-butyldichlorophosphorane.6 During the 
course of this reaction sulfur precipitated which was 
also observed in the a t tempted synthesis 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 which could be at t r ibutable to the phos­
phoryl group (P=—()).''' These oils and the solid t rw i -
butyldichlorophosphorane reacted with oxygen-free 
water to form tri-zi-butylphosphine oxide.5 As ad­
ditional support, for the structure of the chlorophos-
phorane was the formation of tri-/j-butylmethoxy-
phosphonium tetraphenylborate from the reaction of 
the chlorophosphorane with sodium tetraphenylborate 
in methanol. In contrast, tri-N-butylphosphine hydro­
chloride formed tri-//-butylphospho:)Lim tetraphenyl­
borate. 

Brief mention is made by l'oshkus, et at.,7 that 1ri-

(.->) mi » . Issleil, and \V. Seidel, Z. Anury. Atlijem. Chem., 288, 201 
tlU.iO): ll>) S. K. Frazier , R. P. Nielsen, a-id 11. II. Sisler, lnory. Chem.. 3. 
292 11964). 

nit C. N. R. Rao. "Chemica l Appl i ca t ion , ol Infrared Spec t ro scopy . " 
Academic Press Inc. , Xew Vork, X. V. 1903, p 292. 

i7 ' A. C. PoshkiM, .1. !•:, I le rweh. ami L. F. Ha..-, ,/. . I in. Chem. S,„ ., 80, 
5022 i 19,"St. 
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phenylphosphine reacts with SOCI2 to form the phos-
phine oxide and an oil which was presumed to be tri-
phenyldichlorophosphorane. Horner and Nickel had 
also found8 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 SO29 and with di­
methyl sulfoxide.10 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,11 

phosphorus halides,10 and phosphine oxides12 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.13 

In order to account for the products arising from the 
reaction of SOCI2 with tertiary phosphines or their hy­
drochlorides, a cyclic transition state is postulated as 
an intermediate 5 analogous to the one proposed for the 
oxidation of tertiary phosphines by dimethyl sulfox­
ide and bv S02.9 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 water11' and that these 
weak bases may complex with SOCl2 forming salt-like 
structures14 (sulfur dichloride is also capable of ex­
hibiting this behavior15). The cyclic transition state 
5 forming from the complex 4 is the means by which 
oxygen is transfered from sulfur to phosphorus. In 

(8) L. Horner and H. Nickel, Ann.., 897, 20 (1955). 
(9) B. C. Smith and G. H. Smith, J. Chem. Soc, 5516 (1965). 
(10) (a) S. K. Ray, R. A. Shaw, and B. C. Smith, Nature. 196, 372 (1962); 

(li) E. H. Amonoo-Neizer, S. K. Ray, R. A. Shaw, and B. C. Smith, J. Chem. 
Soc.. 4296, 6250 (1965). 

(11) (a) A. C. Poshkus and J. E. Herweh, ./. Am. Chem. Soc. 79, 4245, 
6227 (1957); (b) C. Borecki, J. Michalski, and S. Musierowicz, J. Chem. 
Soc, 4081 (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, Inc., 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, ibid., 84, 1312 (1962); (c) F. 
Ramirez, N. B. Desai, and N. McKelvie, ibid., 84, 1745 (1962); (d) A. 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) S. N. Nal>i and M. A. Khaleuue, ./. Chem. Soc, 3626 (1965); 

(li) S. N. Nabi and M. S. Amin, ibid.. A. 1018 (1966). 

this scheme sulfur dichloride is postulated as occurring 
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 dichlorophosphorane12b by SOCI2 with the 
elimination of S02- This is analogous to the splitting 
out of S02 in the reaction of sulfoxides with S0C12.

16 

An entirely similar series of reactions occurs in the 
chlorination of the hydrochloride of 1. Additionally, 
however, the alcoholic functions are replaced by halo­
gens. The over-all sequence is presented in Scheme II 
and accounts for the direct formation of the phosphine 
oxide 7 when less than 4 moles of SOCl2 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,511'12b'17 is a quasi-phosphonium one. This salt 
undergoes an intramolecular cyclization 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 alcoholic solution18 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
mented19'10 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 co'itrast 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. 

AUgem. Chem., 133, 171 (1964); (b) G. A. Wiley and W. R. Stine, Tetra­
hedron Letters, 2321 (1967). 

(18) G. A. Wiley, B. M. Rein, and R. L. Hershkowitz, ibid., 2509 (1964). 
(19) R. G. Laughlin, ,/. Org. Chem., 27, 1005 (1962). 
(20) (a) H. J. Harwood and D. W. Grisley, ./. Am. Chem. Soc. 82, 423 

(1960); (b) M. Green and R. F. Hudson, l'roc Chem. Soc. 217 (1962): 
(c) J. J. Monagle and J. V. Mengenhauser, J. Org. Chem., 31, 2321 (1966). 
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])hojsphine oxide.-1 Additionally, the phosphonium 
tetraphenylborate .salts containing the 2-chloroethyl 
group appear to be unstable losing hydrogen chloride 
on prolonged storage a t room temperature or more 
rapidly at elevated temperatures forming the corre­
sponding vinyl compound (10). Such an elimination 
reaction normally requires an hydrogen acceptor- for 
initiation.22 '23 Possibly the tetraphenylborate anion 
acts in this capacity. 

At tempts to prepare HP2 by the reduction of the 
oxide with trichlorosilane24 were unsuccessful.23 How­
ever, to synthesize a phosphorus analog closer to H X 2 
in its chemical and biological properties, bis(2-benz-
oxyethyl)methylphosphine (III) has now been prepared. 

Biological Results.—As one means of assessing the 
"mustard-l ike" activity of these phosphorus compounds, 
their effect upon the bone marrow elements in white 
Swiss Albino mice26 was determined. In contrast with 
the results observed26 with HX2, doses of 7 as high as 
1000 mg/kg produced no significant 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 a compound would not be expected, 
in contrast to its nitrogen counterpart . Doses higher 

(21) R. F . S t ruck and V. F . Shealy , ./ . Mail. Ci,tm., 9, 411 (19««). 
(22) 11. Rab inowi tz . A. (*. Henry , and R. M a r c u s , ./, l'ol))mer Sri.. 1'nrt A. 

3 , 205.5 (1965). 
(23) P. T . Keough and M . Grayson , ./. Org. Chum.. 29, 631 (1964). 
(24) H. Fr i tzche , U. Hasse rod t , a n d F. Kor te , Chem. Ber., 98 , 171 (1965). 
(25) T h e ir s p e c t r u m of t he p roduc t still showed a s t rong phosphory! 

absorp t ion , a n d an e lementa l analys is showed a loss of chlor ine . Th i s could 
lie due to t he presence in 7 of a s i te o the r t h a n tlie p h o s p h o r u s being avai lab le 
lor hyd r ide ion t ransfer from the silicon (L. Herner a n d VY. D. Balzer , Tetra-
hnlroti Letter*. 1157 (1965)), name ly t he po ten t ia l ly pos i t ive 0-carbon a t o m . 
Somewha t ana logous t ransfers , from phosphorus to carbon, h a v e recent ly 
been pos tu l a t ed for conversion of t he g roup X C P H (X = halogen) by a 
nucleophi le (B) to H T P B (H. Go ldwhi t e and I). G. Rowsell, . / . Arn. Chem. 
.Sue, 88 , 3.572 (1966)) . 

(26) V. II. M a r k , Y. Miyazak i . R. X, Kjellbcrg. A. H. Solowuy, and W. 
II . Baker , Sum. <hl»rrnl. 0h4H.. 116, 232 (1963). 

I!HCH2CTI,C1)2)B <Ct,l\ ., 
11a, I! = Oil, 

b, II - ('.11:, 

than 1000 mg kg were lethal within 2 hr after injection. 
It has been reported that trialkyldihalogenophos-

phoranes and trialkylphosphine oxides do inhibit the 
growth of Ehrlich ascites mouse carcinoma.27 In ad­
dition, the observed formation of a vinyl-substituted 
phosphine oxide from 7 (Scheme II) indicates that po­
tential alkylating characteristics are still present ((/. 
vinyl sulfones28). On this basis, 7 was tested for activ­
ity against a transplanted murine ependymoblastoma. 
This test system has been used for the evaluation of 
clinically useful alkylating agents.2'J In compaiison 
with the growth of untreated controls, 7 at a level of 
1000 mg/kg ip showed a slight inhibitory effect. o:i the 
sixth day following injection. However, subsequently, 
the growth pattern reverted to that of the untreated 
animals. 

Bis(2-benzoxyethyl)methylphosphine (3) also ex­
hibited no "mustard-l ike" effect on bone marrow after 
intraperitoneal doses as great as 300 mg/kg. Intra­
venous injections of ">() m g ' k g and higher produced 
violent convulsions prior to death. Failure of such 
compounds to act as alkylating agents even at these 
levels would appear to support the contention that 
trialkylphosphines are readily oxidized under in riri> 
conditions to their corresponding oxides, the latter 
being devoid of appreciable alkylating activity. 

Experimental Section"' 

Bis(2-chloroethyl)methyIdichlorophosphorane (6).—To a colnr-

(27) H. Siering, Arzneimittel-For^rh.. 10, 229 (1960). 
(.28) C. O. Pr ice . An,,. \ . V. Ara.l. Sri.. 68, 663 (1958). 
(29) A. 11. Soloway. V. H. M a r k , E . (5. I h i k a t , a n d R. N . Kjellbcrg, Cn„-

rer Chernotherapu Kept., 36, 1 (1964). 
30) Analyses were pe r to rmed by Schwarzkoff Mie roana ly t i ca l Labora­

tories, Xew York, N . Y., anil Dr. S. M. Xagy . Microchemical l .aborat >r,\ , 
Massachuse t t s I n s t i t u t e ol Technology, Cambr idge , Mass . All r e a c l i m s 
wrre car r ied out unde r \ except in t he case of a i r - s tah le ma te r i a l s . Ml 
mel t ing po in t s a rc correct,M1. 
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less, stirred .suspension of 1 (37.7 g, 0.22 mol) in CH2C12 (300 ml) 
at - 1 0 ° , SOCL (51.8 g, 0.44 mol) in CH2C12 (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 S and concentrated at 20° (10 mm) to a pale 
yellow 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 CHC13 solution (300 ml) 
of this syrup (34.9, 0.18 mol) at —10° was added dropwise 
with stirring over a 1-hr period SOCl2 (48.7 g, 0.41 mol) in CHC13 

(120 ml). The mixture was heated to 42° for 2..i 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, 57%), mp 110-112° 
(sealed tube). This same product was formed in 7 1 % vield by 
the reaction of 1 (0.18 mol) with SOCL (0.73 mol) in CHC13 at 
50°; limr (CDC13), 5 4.03 (m, 8.2, CH,CHiC\), 3.07 ppm (d, 
2.8, J = 14 Hz, CHiP). Anal. Calcd for CsHnCUP: C, 24.60; 
H, 4.56; CI, 58.14; P, 12.70. Pound: C, 24.62; H, 4.68; CI, 
55.00, 52.70, 49.90, 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 instability of the phosphorane when exposed to the 
atmosphere. 

Bis( 2-chloroethyI )methylmethoxyphosphoniiam 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 
11a (1.0 g, 23%). The product was recrystallized from MeOH 
to give white prisms of 11a: mp 134-135°; ir (Xujol), 1065, 
1060 cm"1 (POCH3). Anal. Calcd for C30HMBC12OP: C, 
68.80; H, 6.56; B, 2.08; CI, 13.55; P, 5.94. Found: C, 68.66; 
H, 6.55; B, 2.10; CI, 13.50; P, 5.91. 

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 
yielded bis( 2-chloroethyl )methylethoxyphosphonium tetraphenyl­
borate ( l i b ) as a microcrvstalline solid: mp 128.5-129.5°; 
ir (Xujol), 1045, 1020 cm"1 (POC,H,-,). Anal. Calcd for C3iH36-
BCl2OP: C, 69.33: H, 6.76; B, 2.02: CI, 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 l i b and its conversion, by heating 
at 60° overnight, to 2-chIoroethylmethylethoxyvinylphosphonium 
tetraphenylborate (10): mp 133-136°; ir (Xujol), 1600 cm"1 

( C H = C H 2 ) . Anal. Calcd for C31H35BC10P: C, 74.33; H, 
7.04; B, 21.16; CI, 7.09. Found: C, 73.88; H, 7.08; B, 2.29; 
CI, 6.75. 

Bis( 2-hydroxyethyl )methy]methoxyphosphonium Tetraphenyl­
borate (12).—To a stirred suspension of 1 (17.7 g, 0.10 mol) in 
75 ml of CHC13 at —10° was added dropwise over 1 hr 49.0 g 
of SOCl2 (0.41 mol) in 50 ml of dry CHC13. 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 ml of 3 Ar HC1 was added to ensure 
the phosphine's existing as the hydrochloride. The mixture was 
filtered and concentrated at 25° (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 (Xujol), 1050 cm- 1 (POCH3). Anal. (C3oH36B03P): C, 74.00; 
11,7.47; B, 2.23: P, 6.38. Found: C, 73.81; IT, 7.42; B, 2.40; 
P, 6.94. 

Bis(2-chloroethyl)methylphosphine Oxide (7).—To a stirred, 
ice-cold solution of the phosphorane (6) (18.7 g, 0.077 mol) in 
250 ml of CHC13, oxygen-free H 2 0 (40 ml, 2.20 mol) was added 
dropwise over 10 min. HC1 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 (Xa2S04). Removal of the solvent at 25° (0.1 mm) 
yielded a light brown oil (9.55 g, 66%) which crystallized below 
0°. kSublimation at 50-55° (0.1 mm) gave an analytical sample 
of 7 as colorless, hydroscopic needles; mp 57.5-58.5° (sealed 
tube); ir (Xujol), 1170 c m ' 1 ( P = 0 ) ; nmr (CDC13), 5 3.86 
(t, 4, J = 12 Hz, P(0)CH 2C# 2C1, and J = 7.5 Hz, CH2C//2C1), 

2.35 (t, 4, J = 11 Hz, P(0)CH 3 ) . Anal. Calcd for C3HUC120P): 
C, 31.77; H, 5.87; CI, 37.50; P, 16.38. Found: C, 31.92; H, 
5.97; CI, 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 E t 2 0 (300 ml) at - 1 0 ° , a 13%, 
aqueous solution of XaOH (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 XaOH (143 g) was 
added to the pale yellow emulsion and the ether was separated 
and dried (K2C03). 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, 69%): nmr 
(CDCls), 5 8.06 (m,"4, phenyl ortho protons), 7.47 (m, 6, phenyl 
meta/para protons), 4.53 (t, 3.9, J = 9 Hz, PCCH, and J = 7.5 
Hz, PCH,Cff2), 1.99 (t, 4.10, J = 1.5 Hz, PC# 2CH 2) , and 1.20 
ppm (d, 3, J = 3.0 Hz, PCi/3) . 

The phosphine was characterized by a quantitative conversion 
to its methiodide. Recrystallization (Me2CO) afforded needles, 
mp 169.5-170.5°. Ami Calcd for C,oH,4I04P: C, 49.37; H, 
4.97; I, 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 Me2CO-
MeOH; mp 153-155°. Anal. Calcd for C44HMBO4P: C, 77.89; 
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 HC1 through a solution of 3 in CH2C1>. Treatment 
of the hydrochloride with water regenerated the phosphine 
(as shown by nmr). Hydrolysis of 3 occurred partially by 5% 
oxygen-free aqueous XaHC0 3 at 68° (4 hr), yielding a mixture of 
benzoic acid, 3, and 2-benzoxyethyl-2-hydroxyethylmethyl-
phosphine. The latter, an oil, was characterized by conversion 
through the methiodide to the corresponding tetraphenylborate 
salt, mp 163-165° (prisms from MeOH). Anal. Calcd for 
C3,H4oB03P: C, 77.33; H, 7.02; B, 1.89; P, 5.39. Found: 
C, 77.36; H, 7.55; B, 1.90; P, 5.63. 

Tri-re-butylphosphonium Tetraphenylborate.—Dry HC1 was 
bubbled through a solution of tri-ra-butylphosphine (5.0 g, 0.025 
mol) in 80 ml of CHC13 at 0° for 15 min. Evacuation at 25° 
(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. Anal. Calcd for C36H48-
BP): C, 82.74; H, 9.25; P, 5.94. Found: C, 82.57; H, 9.33; 
P, 5.53. 

Tri-w-butylmethoxyphosphonium Tetraphenylborate.—SOCl2 

(17.9 g, 0.15 mol) in CHC13 (100 ml) was added to tri-n-butyl-
phosphine (10.1 g, 0.05 mol) in CHCL (160 ml) at 0° over a 65-
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 
CHC13 and reevacuation was repeated twice more and the result­
ing solid was then washed with dry hexane. The product, tri-
re-butyldichlorophosphorane (12b) (13.5 g, 100%), was a highly 
labile white solid, mp 133-135° (sealed tube). This compound 
reacted with sodium tetraphenylborate in MeOH to yield the 
phosphonium salt (33%) which was recrystallized from MeOH 
to give white needles: mp 133° sharp; ir (Xujol), 1068, 1055 
cm"1 (POCH3). Anal. Calcd for C3,H3„BOP: 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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