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p1ienylphos;phine rcact,s with SOCl, to form the phos- 
phine oxide arid an oil which was presumed to  be tri- 
phenyldichlorophosphorarie. Horner and Sickel had 
also found8 that t8he oxide was formed in high yield 
from t,riphenylphosphine arid berizenesulforiyl chloride. 
Additionally there have been recent reports on the re- 
action of t,ertiary phosphines with SO?9 and with di- 
methyl sulfoxide.'O However, no work has been re- 
ported previously on the oxidat.ion of tertiary phos- 
phine hydrohalides by such sulfur-containing com- 
pounds. Studies involving the transfer of oxygen 
and/or chlorine from such compound t'o phosphites, 'l  
phosphorus halides, lo and phosphine oxides12 have been 
the subject of numerous papers. The facile chlo- 
rinat,ion of these compounds and t'ertiary phosphines is 
further supported by their ability to abst'ract halogen 
from halogenated solvents under suitable conditions. l a  

I n  order to account' for the products arising from the 
reaction of SOC1, with tertiary phosphines or their hy- 
drochlorides, a cyclic t'ransition stat8e is post'ulated as 
an  intermediate 5 analogous to the one proposed for the 
oxidation of tertiary phosphines by dimethyl sulfox- 
ide (l') and by S02.9 The over-all mechanism shown in 
Scheme I is based upon t'he fact that  tertiary phos- 
phines may be readily liberated from their hydro- 
chloride salts by oxygen-free water1" and that these 
weak bases may complex with SOC1, forming salt-like 
 structure^'^ (sulfur dichloride is also capable of ex- 
hibiting this behavior's). The cyclic transition st'ate 
5 forming from the complex 4 is the means by which 
oxygen is transfered from sulfur to  phosphorus. I n  
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this schenie 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 dichlorophosphorane'2b by SOCL with the 
elimination of SOs. This is analogous to the splitting 
out of SOz in the reaction of sulfoxides with SOCl2.l6 

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 I1 
and accounts for the direct formation of the phosphine 
oxide 7 when less than 4 moles of SOC1, are used per 
mole of 1. I n  this reaction, it is postulated that the 
first step iiivolves the formation of trialkyldichloro- 
phosphorane whose structure, according to recent 
studies,ja l Z b , l 7  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 
alkoxy1 group in the preparation of derivative5 of tri- 
alliyldichlorophosphoraIies in alcoholic solution'8 i i  
support for this type of intramolecular transformation. 

The his(%-chloroethy1)methyldichlorophosphorane 6 
synthesized by various steps in Scheme I1 is readily hy- 
drolyzed by water to form 7, the phosphorus analog of 
riitromin. 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 11. The nucleo- 
philic character of the phosphoryl group is well docu- 
m e ~ i t e d ' ~ , ~ ~  and a base-initiated ring opening of the 
oxaphosplietidine (8) could then give the ~'iiiylphos- 
phiiie oxide (9). This compound also appeared to  be 
formed in part in the attempted purification of 7 b! 
vacuum distillation. This is in marked coiitrast with 
the reported stabilit? of (2-bromoethy1)dimethyl- 
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lebs, stirred suspension of 1 (37 .7  g, 0.22 mol) in CI-lpClz (300 ml) 
a t  - loo, SOC1, (51.8 g, 0.44 mol) in CI12Clz (100 ml) was added 
dropwi.se over 1 hr. A pale yellow emulsion resulted and the 
stirred reaction mixture was first allowed to attain room tem- 
peratrue (1 hr )  and then was gently refluxed for 4 hr. The 
resiiltant clear yellow solution was filtered to remove a small 
amoiint of colloidal R and concentrated at  20" (10 mm) to  a pale 
yellow syriip (42.0 g)  with an ir spectriim identical with bis(2- 
chloi,oethyl)inethylpho~phine oxide (7). This weight, corresponds 
to a qiiantitative conversion to 7. To a CHCI, solution (300 ml) 
of this syrrip (34.9, 0.18 mol) at - 10' was added dropwise 
with stiuiiig over a 1-hr period SOCl, (48.7 g, 0.41 mol) iii CHC1:j 
(120 nil). The mixtiire wa$ heated to 42" for 2.5 hr. The pale 
browii wliitioii was coiiceiitrated at 20" (10 mm) to give 6 as a 
highly labile whi'e floccnleiit solid (26.0 g, *57%)) mp 110-112' 
(sealed tribe). This same prudiict was formed in 71% yield by 
the reactioii of 1 (0.18 niol) with SOC1, (0.73 mol) in CWClr at  
. X " ;  iimr (Cl)C13), 6 4.03 (m, 8.2, CH2CHX1), 3.07 ppm (d,  

€1, 4.56; C1, ,58.14: P, 12.70. Fo~und: C, 24.62; H, 4.68; C1, 
,~.1.00, 52.70, 40.90, 48.10; P, 12.80. The results of the analysis 
for chlorilie were variahle aiid coiisisteiitly low. The highest' 
valrie was obtaiiied o i i  a frebhly prepared sample arid subsequent 
valiies f rom aged speciineiic. The reasoli may be ascribed t'o 
the extreme iiis!ability of the phosphoraiie wheii exposed to the 
at  niohphere. 

Bis(2-chloroethy1)methylmethoxyphosphonium Tetraphenyl- 
borate (lla).-The dropwise addition of a methanolic solution 
of sodiiim tetraphenylborate (3.26 g, 0.009.5 mc 1) to 6 (2 .0  g, 
0.00fU mol) in 11eOH rehiilted in the immediate precipitation of 
l l a  (1.0 g, 2:3r;). tallized from MeOH 
to give white prisms of I l a :  mp 134- ': ir (Siijol), 106.5, 
1060 cm-1 (POCH3). rind.  Calcd for CmH,,BCl,OP: C, 
68.80; H, 6.36; B, 2.08; C1, 13.55; P, 5.94. Fotuid: C, 68.66; 
11, 6.55; B, 2.10; C1, 13.50; P, 5.81. 

Repeated attempts tallization resiilted in dark bmvn 
oil+ as the only prodri ecomposition was also eflected by 
warming the solid at might. The use of EtOH as the 
solvent for the yeaction of 6 with sodium tetraphenylborate 
yielded bis( 2-ch1oroethyl)methyIethoxyphosphonium tetraphenyl- 
borate ( l l b )  as a microcrystalline solid: mp 128..5-129..5"; 
ir (Xiijol), 104,5, 1020 cn1-l (POC?H,). dna l .  Calcd for C31H36- 
BClnOP: C, 69.33; 13, 6.76; B, 2.02; CI, 13.20; P, c5.79. 
Forind: C, 69.42; H, 6.80; B, 2.14; CI, 12.50: P, 5.41. The 
low valiie found for the per cent chlorine may be due at least 
in part to the instability of l l b  and its conversion, by heating 
at 60" overnight, to 2-chloroethylmethylethoxyvinylphosphonium 
tetraphenylborate (10) : mp 13:3-136'; ir (Si i jo l ) ,  1600 cm-' 

7.04: B, 21.16; C1, 7 .09 .  Foruid: C, 73.88: H, 7.08; B, 2.29; 
C1, 6.73. 

Bis( 2-hydroxyethyl)methylmethoxyphosphonium Tetraphenyl- 
borate (12).-To a stirred suapension of 1 (17.7 g, 0.10 mol) in 
7.5 nil of CHCI, at - 10' war added dropwise over 1 hr 4'3.0 g 
of WClr  (0.41 mol) i n  . iO nil I J f  dry CIICI,. A thick, yellow- paste 
separated from which gas evoliition continued over a 2-hr period. 
The solvent was decanted and the paste was dissolved in MeOH 
(1.50 mi). To this soliition 25 ml of 3 .\- HC1 was added to ensure 
t>he phosphine's existing as the hydrochloride. The mixture was 
filtered and runcentrated at 2,jo (0.1 mm) to a pale yellow syrup 
(17.4 9). An aliqiiot (2.4 g) in 30 nil of AIeOH was converted 
l o  the teti,apheiiylboidte salt (12)  o i i  the addition of sodiirm 
teli,Hpheii\rlhoiare (3.9 g)  iii . iO ml of 11eOII. The prodiict was 

nip 130-131"; 
ir ( S i i j o l j ,  1030 cm-' (POC1l:j). .ins/. (C&ssBOaP): C, 74.00; 
11, 7.47; B, 2.23: P, 6.38. Foillid: C, 73.81: TI, 7.42; B, 2.40; 
P, 6.94. 

Bis( 2-ch1oroethyl)methyIphosphine Oxide (7).-To a btirred, 
ive-cold soliition of the phusphorane ( 6 )  (18.7 g, 0.077 mol) in 
2.50 nil of CHCI,, 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?SOa). Removal of the solvent a t  25' (0.1 mm) 
yielded a light brown oil (9.35 g, 66%) which crystallized below 
0'. Sitblimation at 30-55" (0.1 mm) gave an analytical sample 
of 7 as colorless, hydroscopic needles; mp 57.5-58.5" (sealed 
tiihe): ii, (Xirjol), lliO cm-' (P=O); iimr (CDCl,)) 6 3.86 

2.8, J = 14 Hz, CHsP). .id. Calcd for C:]HilCl,P: C, 24.60; 

- -  

The product war; re 

(CIl=CIIz). -1nai. Calcd for CjiHssBClOP: C, 74.33; H, 

tallized f rom 3IeOIl t o  give white needles: 

( t ,  4, J = 12 ~ I z ,  P(O)CH,CHICI, sild J = 7.5 Hz, CH,CH2Cl), 

2.33 ( t ,  4, J = 11 Hz, P(O)CHs). And.  Calcd for C;H~IC~,OP):  
C, 31.77; H, 5.87; C1, 37.50; P, 16.38. Fowid: C, 31.92; H, 
3.97; C1, 37.59; P, 16.74. 

The aqueous phase contaiiied a mixture of 7 and 2-chloroethyl- 
methylvinylphosphine (9) as shown by ana 
This vinyl compound was also formed in the 
tioii of 7 or in its treatment with base. 

Bis(2-benzoxyethyl)methyIphosphine (3).-To a stirred siispen- 
sion of 1 (29.9 g, 0.173 mol) in Eta0 (300 ml) a t  -loo, a 130/;, 
aqueous solution of NaO1-I (10.4 g, 0.26 mol) was added dropwise 
over a 20-miii period. To the stirred, colorless emiilsion which 
formed, BzCl (53.3 g, 0.38 niol) was added dropwibe a t  0". 
The time of addition was 40 min and then the solution was stirred 
for an additional 90 min. Excess aqueous SaOH (143 g) was 
added to the pale yellow emulsion and the ether was separated 
and dried ( K n C 0 3 ) .  The solution was separated and the solvent 
mas removed under reduced pressure (0.1 mm) at 2.5" giving.3 
as a slightly cloudy, yellow-green syrup (41.4 g, 69%):  nmr 
(Cl)Cl3), 6 8.06 (m,  4, phenyl ortho protons), 7.47 (m, 6, phenyl 
metalpara protoiisj, 4.53 ( t ,  3.9, J = 9 Hz, PCCH,  and J = 7.3 
Hz, PCH,?CH,), 1.99 ( t ,  4.10, J = l..i Hz, PCHKH,),  and 1.20 
ppm (d,  3, J = 3.0 IIz,  PCH,). 

ed by a qiiaiititative coiiversioii 
to its methiodide. It t,ioii ( l lezCO) afforded needles, 
mp 169.3-170.t50. .-1 for C.30H,4104P: C, 49.37; H, 
4.97; I, 26.10: P, 6.38. Fonud: C, 49.46: H, 5.06; I, 23.88; 
P, 6.1.5. The iodide was readily replaced by the tetrapheiiyl- 
borate niiioii aiid the product, yielded needles from Me2CO- 
XeOH; nip 133-155'. .Ins/. Calcd for C,H4,B04P: C, 77.89; 
H, 6..53; B, 1.59; P, 4..56. C, 78.34; H, 6.64; B, 1.83; 
P, 4.61. 

The phosphine could be convert>ed to its hydrochloride by t,he 
passage of dry HC1 through a solutioii of 3 in CH,CL1. Treatment 
of the hj-drochloride with water regenerated the phosphine 
(as showii by nmr). Hydrolysis of 3 occiirred partially by 5% 
oxygen-free aqiieoiis NaHCO3 at  68" (4 hr), yielding a mixture of 
beiizoic acid, 3, mid 2-beiizox~~ethyI-2-hydroxyethylmethyl- 
phosphine. The latter, an oil, was characterized by conversion 
through the methiodide to the correspoiidiiig tetraphenylborate 
salt, mp 163-16.5" (pribms from MeOH). d n d .  Calcd for 
C3iH40BOsP: C, 77.33;  H, 7.02; B, 1.89; P, 5.39. Found: 
C, 77 .36;  H, 7 . 5 5 ;  B, 1.90; P, 3.63. 

Tri-n-butylphosphonium Tetrapheny1borate.-1)ry €IC1 was 
bubbled through a solution of tri-n-butylphosphine (5.0 g, 0.025 
mol) in 80 ml of CHCI, at 0" for 13 min. Evacuation at 25" 
(0.1 mm) afforded a hygroscopic viscous up (6.8 g, correspond- 
ing to the dihydrochloride). Reaction with sodium tetraphenyl- 
borate in MeOH yielded the phobphoniiim halt (679;) which gave 
needles from JIeOH, mp 114' sharp. Anal. Calcd for C36H4,- 
BP) :  C, 8'2.74; H, 9.23; P, 5.94. Foruid: C, 82.37; H, 9.33; 
P, 6.53.  

Tri-n-butylmethoxyphosphonium Tetraphenylborate.-SOC12 
(17.9 g, 0.15 mol) in CHCI, (100 ml) was added to tri-n-britgl- 
phosphine (10.1 g, 0.03 mol) in CHC13 (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 iipon concentration at  3-5" (15 mm). Addition of 
CHCI, and reevacuation was repeated twice more and the resnlt- 
ing solid was then washed with dry hexane. The product, tri- 
n-b~ityldichlorophosphorane (12b) (13.5 g, lOO?) ,  was a highly 
labile white solid, mp 133-13;' (sealed tube). This compound 
reacted with sodiiim tetrapheiiylborate Me011 to  yield the 
phosphoiiiiim salt ( 3 3 5 )  which was re .tallized from MeOH 
to give white needles: nip 133' sharp; ir (Siijol), 1068, 1035 
cam-' (POCH,). .lna/. Calcd for C3;H;oBOP: C, 80.39: 11, 
9.14; B, 1.97; P, 5.60. Foiiiid: C, 80.24; 11, 9.20: B, 2.26; 
P, 5.66. 

The phosphiiie was 
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