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Uaract--cydic phosphorochbridarca and phcnylphosphonata baaed on the lJ,?AbqW+ 
pholanc and 1,3$4iox+osphorinanc ring syuanl. undergo ring ck!avye wbco txaed with 
phenylmagwsiurn hlidcs. to yield a+hydruxyalkyl diphenytphorphinic aten, and ukiumWy, 
triphatyiphoqkc oxide. In the cut of the snwkr ring. dipkaylphaaphink acid ir a major 
prodwl of the reaction. Ponibk mahankN for thw reactions UC diaxuod. 

NUCLEOPHUC displacements at phosphorus of halogen or akoxy (aryloxy) groups 
by Grignard reagents is a well-established procedure for the formation of bonds 
between phosphorus and carbon .* The great diffcrcncc in reactivity of five- and six- 
membered ring csterS of phosphorus acids towards nuckophilic reagent9 and the lack 
of information on the bchaviour of such esters to organometalk reagents prompted 
our investigations. Our original concern was with the conversion of the cyclic phob 
phorochloridates (I) to the corresponding phenyl phosphonates (II). This reaction 
was chosen since the phosphonates are already authenticatcd,4 and very convenient 
preparations of the phosphorochloridatcs have also been described.‘ We here report 
our preliminary results. 

The results of our initial experiments rendered it nccessaq to make a re-investiga- 
tion of the reactions between phcnyl Grignard reagents and diethyl phosphoro- 
chloridate and the corresponding phosphorofluoridate. Diethyl phosphorochloridatc 
and pheaylmagncsium bromide react to yield diethy phenyIphosphonate and tri- 
phenytphosphine oxide, the relative amounts of these depending on the ratio of re(Lc- 
tank The formatioa of one or the other product is independent of the manner of 
addition, i.e. normal or inverse. Aazording to Saunders and Simpson,’ dialkyl (Et, 
i-R, cycle-C,Hd phosphorofluoridatcs and phcoylmagncsium bromide give only 
dialkyl phcnylphosphonatc, even upon normal addition of acid fluoride to Grignard 
reagent. We have now found that both diethyl phosphorochloridate and phosphoro- 
fluoridate’give large amounts of triphenylphosphiae oxide when treated with phenyl- 
magnesium bromide under conditions comparable to those used by Saunders and 
Simpson. We have also observed differences in the reactivity of phenylmagna 
sium chloride and phenylmagncsium bromide towards diethyl phosphorochloridate, 

’ Fall III: R. s. Edmunbon. Terde~otl21,2379 (196s). 
* K. D. Bertin. T. H. Austin, hf. Pekrson and M. Nagabhm Toplu in Phosphorus Chmmy 

Vol. t; p. 17. bcaxicnca. N.Y. (1964). 
‘ For reviews see R. S. f5dmundson. Chem. & II&. 1770 (1962); Cox, J. R. jo., and 0. B. v, 

ckm. Reu. 64,317 (1964). 
’ A. D. F. Toy, U.S. 2.382.622 Chrm. Abstr. 40,604 (1946). 
L R. S. Edmundson. Glum. & Ind. 1828 (1962). 
a B. C. Snunden and P. Simpson. J. Ckm. Sot. 33Sl. 34&l (1963). 
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although it is appreciated that in some experiments these differences may be due to 
differences in tcmperaturc of reaction. Addition of 3 M of phenylmagnesium chloride 
in tetrahydrofuran (THF) to diethyl phosphorochloridate gave diethyl phenylphos- 
phonate (51%) and triphenylphosphinc oxide (22%) as compared to yields of 28% 
and 19 % respectively of the same products when an identical molar ratio of phenyl- 
magnesium bromide in ether was used. 

/ 
CH,- 

iCT,). 

<‘H ,- 

1 

HO.(CH&OF( : O).Ph, 
III 

HOCH,CH,OP(:O)(OH-)f’h 
IV 

These results suggested to us that a chloro Grignard reagent might be preferable 
to the bromide for the conversion I -+ 11. It is evident however that this simple 
displacement is complicated by a further, fast, ring-opening reaction. 

Addition of 2chloro-2-oxo-1,3,2dioxaphospholane (I; n = 0) to either 3 M of 
phenylmagnesium chloride in THF, or 2 M or 3 M of phenylmagnesium bromide in 
THF at below room temperature, gives a mixture of products from which 2-hydroxy- 
ethyl diphcnylphosphinate’ (III; n = 2) may be isolated. Some formation of tri- 
phenylphosphine oxide was also noted, but 2-oxo-tphenyl-I ,3,2dioxaphospholane 
(II; n = 0) could not be isolated. This was not unexpected since the latter ester 
readily hydrolyses under aqueous conditions at room temperature to the acid (IV) 
characterized as its cyclohexylammonium salt. Attempts to obtain the phosphonate 
(II ; n = 0) by anhydrous work- up procedures have so far been unsuccessful. In 
contrast, 2chloro-2-oxo-1,3,2dioxaphosphorinane (1; n = 1) yielded 38 % of the 
corresponding phenylphosphonate (II; n = 1) accompanied by some 3-hydroxy- 
propyl diphenylphosphinate’ (III; n = 3) when 2 M of Grignard reagent and an 
aqueous work-up procedure were employed. 

Table 1 summarizes the results of experiments in which the two phenylphospho- 
nates were employed as co-reactants with Grignard reagents. 2Uxo-2-phenyl-I ,3,2- 
dioxaphospholane reacts with low ratios of either phenylmagnesium chloride or 
bromide to give primarily 2-hydroxyethyl diphenylphosphinate and diphenylphos- 
phinic acid. When higher ratios of reagent to ester are used, diphenylphosphinic acid 
becomes noticeably absent, and the formation of triphenylphosphine oxide is observed 
at the expense of either (or both) of diphenylphosphinic acid and 2-hydroxyethyl 
diphenylphosphinate. For both phenylphosphonates, the yield of o-hydroxyalkyl 
diphenylphosphinate is greatest with the ratio of reagent to ester at between 1 and 2 
to I. 

We tentatively suggest that the conversion of 2-oxo-2-phenyl-1,3,2dioxaphos- 
pholane to the various isolated products takes place via the pathways indicated in the 
chart. 

The highly polarized phosphoryl bond (in the sense P+-O-) is rendered even more 
polarized upon complexing with Grignard reagent. While no reports of the isolation 

’ t%ructure conilmud by indepcndcnt rpthcsb. For details. see Exptl. 
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of such complexes involving Grignard reagents have been found in the literature, 
nevertheless the powerful complexing ability of the phosphor-y1 group in phosphates, 
pyrophosphates, phosphonates and phosphine oxides is well known? The complex cv) 
then gives the phosphorane-type (VI). Alternatively, the latter could be produced by 
addition of the Grignard reagent across the phosphoryl bond. Under aqueous 
conditions, i.e. upon work-up, the hydroxy phosphorane (VII) would then undergo the 
indicated transformation to 2-hydroxycthyl diphenylphosphinate. Ramirez er u/.‘*‘O 
have postulated similar mechanisms to account for the formation of cyclic phosphates 

4 Ii,0 , 

4 
0, ,@-H 
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R’ R’ R’ 

on treatment of 2,2,2-trialkoxy-1.3.2dioxaphospholanes with water, and for the ring 
opening observed in other reactions. It is unlikely that triphenylphosphine oxide is 
formed by a concerted attack of two molecules of Grignard reagent RMgX upon one 

@ The literature on tributyl phospbte u a solvent for meti ions is far too extensive IO quote. 
Of mon rtkvana here is the comploring power of phoaphonrtu, see e.g. M. J. Frutr. W. 
Gerrard, R. Twaits, 1. Inq. nuclear Chem. 2S, 637 (1963): T. H. Siddall. 1. Inorg. nuclear 
Ckm. 25, 883 (I%3), md of phoephinc oxides, see e.g. J. R. Pm&r and C. V. Bu&s, 1. hoa. 
nuclear Chum. 27,883 (l%S) md wrs immediately following. 

* F. Ramk Pure and Appl. Chem. 9, 337 (1964). 
I* F. Runircz, 0. P. Modm. C. P. Smith. J. Awwr. Ckm. Sot. 87.670 (l%S). 
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of the cyclic phenylphosphonate, nor, as was demonstrated, is it formed from the 
hydroxyethyl diphenylphosphinatc. It would therefore appear that further nudeophilic 
attack by Grignard reagent upon the intermediate (VI) must lead to ring opening and 
the formation of the pcntacovalent state (VIII), which in aqueous medium, proceeds 
to ethylene glycol and triphenylphosphine oxide via the intermediate (IX). 

A mechanism for the formation of 2-hydroxyethyl diphenylphosphinate by a SK2 
type of reaction cannot at this stage be excluded, and would presumably proceed via a 
bipyramidal transition state, but the same mechanism cannot be applied to the forma- 
tion of triphenylphosphine oxide. 

An interesting feature of the second series of experiments involviog 2sxo-2- 
phenyl-1-,3,2dioxaphosphorinane, is that diphenylphosphinic acid was never 
detected among the reaction products. Diphenylphosphinic acid was shown not to 
arise from 2-hydroxyethyl- or 3-hydroxypropyl diphenylphosphinates under the 
conditions employed in the work-up procedure. When 3-hydroxypropyl diphcnyl- 
phosphinate was treated with except phenyhnagnesium bromide in THF under 
conditions identical to those used for the cyclic esters, some 10% of diphenylphos- 
phinic acid was isolated, and the balance of unreacted ester was recovered. Triphenyl- 
phosphine oxide was not detected in this experiment, nor was it when 2-hydroxyethyl 
diphenylphosphinate was similarly treated. Some ester was here also recovered, but 
diphcnylphosphinic acid was obtained in much greater yield (49%). Evidently, the 
spatial relationship between OH and P==O groups would appear to be of some 
UXlSHpCnce. Mechanisms involving cyclic transitions states may be formulated for 
this reaction which is receiving further attention. 

A number of observations still remain to be explained. Thus it is not at present 
apparent how diphenylphosphinic acid is so readily produced from 2-oxo-2-phenyl- 
1,3,2dioxaphospholanc, but not from the corresponding 1,3,2dioxaphosphorinane. 
In spite of the ready formation of the acid from its 2-hydroxyethyl ester on treatment 
of the latter with a Grignard reagent, 2-hydroxycthyl diphenylphosphinate is presumed 
not to be present until the reaction mixture is hydrolyscd, and we can therefore only 
assume a further reaction probably involving the intermediate (VI). 1,3.2-Dioxa- 
phosphorinane rings arc normally considerably more stable than I ,3,2dioxaphos- 
pholane systems. Evidently, if our postulated mechanism is correct, the transformation 
of the complex (X) into 3-hydroxypropyl diphenylphosphinate is not prevented by 
the enhanced stability of the six-membered ring. 

CH,- 
/ 

C\H. (XIII (n-9 

CH,- 

2-Hydroxyethyl diphenylphosphinate is easily hydrolyscd by alkali to diphenyl- 
phosphinic acid. We are exploring the overall reaction sequence with a view to the 
synthesis of mixed diarylphosphinic acids. 



T
A

B
IJ

! I
 

M
ol

ar
 R

at
io

’ 

-Y
’ 

G
ri

g
n

u
d

 
G

ri
g

n
ar

d
 

re
ag

en
t 

E
st

er
 

P
ro

d
u

ct
s 

0n
o

ks
) 

w
w

’c
 

‘t
p

%
“t

 
es

te
r 

0l
w

la
) 

P
h

C
O

,H
 

P
h

,p
o

 
PW

O
PH

 
Ph

,P
(O

)O
(C

H
,b

O
H

 

n
-2

 
-2

 

Q
 

/O
 

P
b

M
g

C
l 

1 
0.

10
0 

A
b

se
n

t 
as

al
t 

m
xa

lr 
R

ts
cn

r 
i5

 

(I
 

O
/p

bh
 

2 3
 

0.
07

5 
0~

10
0 

0.
18

4 
M

xa
lt 

0.
00

38
 

0G
O

1r
 

00
14

2 
A

tit
 

om
61

 
f 

Ph
M

g&
 

1 
0.

10
0 

A
b¶

tM
 

A
ba

al
t 

00
16

5 
0.

01
17

 
3 

0.
10

0 
Q

oo
41

 
O

-0
01

09
 

A
bX

lN
 

O
ao

42
 

! 
-. 

-~
-_

__
_-

--
. 

--
--

-. 
-..

 
. 

n
-3

 

C
 9

 
P p

 
P

w
F

l 

10
. 

O
M

S
 

A
b

vn
t 

A
b

se
n

t 
A

bs
en

t 
00

13
0 

! 

0’
 

‘P
h 

2 3 
0~

10
0 

00
75

 
00

53
 

0.
02

1 
@

O
S9

 
A

b
se

n
t 

A
b

rm
l 

A
bx

a 
00

18
8 

00
10

9 

4 
0.

07
5 

0.
03

7 
A

kn
t 

A
bW

X
bl

 
W

M
gB

r 
3 

0,
10

0 
00

62
 

A
bs

zn
t 

f 
l
 “l

n
va

sc
” 

ad
d

it
io

n
 

u
n

la
s 

o
th

er
w

is
e 

st
at

ed
 

2 

* 
“D

ir
ec

t”
 

ad
d

it
io

n
 

’ 
!~

X
W

 
u

n
ra

ct
al

 
p

h
o

sp
h

o
n

at
c 

is
o

la
te

d
 

’ 
E

st
ilN

te
d

 
‘D

ew
te

d
 

by
 T

L
C

 

__
. 

- 
._

._
._

._
__

..”
 



208 R. S. w and J. 0. L. Wuoutv 

EXPERIMENTAL 

All solns. of Grignard vts were prepared and transferred under N. Reactions were rub 
scqucntly carried out under the same Ptmasphae. All evaporations wem carried out k wcuo at 
55”. THF was dried by retluring over Na. distillation from frcah Na, follomd by storrgc ovu. and 
distillation from K as required. other solvents were dried by conventional means. Organic extracts 
were dried over Na,SG,. Mps are uncorrected. Pet. ether had b.p. 6o-80”. 

TLC employed diiso-R ether-AcOH (3:2) as solvent using Kcisclgcl PT245/366 u support. 
Spots were indicated by a combination of UV light (indicating triphcnylphosphioe oxide) and a 
spray of I in EtOHii followed by fluomain in EtOH. The brown spots produced by hydroxyalkyl 
diphenylphosphinic esters am less intense in colour, develop more slowly and fade mom rapidly than 
that produced by triphenylphosphine oxide. 

Reaction bmveen diethylphosphomchlori&te andphmyl Gr@wrd rcqmrr 

(a) Usiq phcnylmqncsium bromide. Normal addition of dicthyl phoephorochloridatc (9.0 g) in 
ether (25 ml) to the Grignard reagent from Mg (3.75 g, 3M) and bromobauenc (24.6 g, 3M) in ether 
(60 ml) during IS min. followed by rclluxing for 3 hr, yielded diethyl phenylphosphonate (2.4 g) and 
ttiphenylphosphinc oxide (2.8 g). 

Inverse addition of I cquiv of PhMgBr to dicthyl phosphorochloridate under othcnwire identical 
conditions yielded dicthyl phcnylphosphonatc (2.7 g) only. 

(b) Us& phenylmqnesium &for&. Normal addition of dicthyl phosphorochloridatc (21.6 g) 
in THF (40 ml) to the Grignard reagent from Mg (5.2 g) and chlorobcnznc (22.8 g. I M) in THF 
(60 ml) during IS min. followed by mfluxing for 15 min. and working up in the usual way gave diethyl 
phcnylphosphonatc (6.6 g) and triphcnylphosphine oxide (1.0 g). Inverse addition in the same ratio 
to diethyl phosphorochloridate (23.0 g) gave dicthyl phcnylphosphonate (12.7 g) and triphenyl- 
phosphine oxide (2.3 g). 

Innme addition of PhMgBr (2M) to dicthyl phosphorochloridate (35.0 g) in THF gave dicthyl 
phenylphosphonatc (23.7 g-26.8 g) and triphcnylphosphine oxide (2.0 g). When the molar ratio of 
reagent to substrate was 3: I, invtmc reaction on dicthyl phosphorochloridate (22.0 g) gave diethyl 
phenylphosphonate (7.6 g) and triphcnylphosphinc oxide (33 g). 

Rraction bctwccn dicfhyl phosphorofuoridatc and phcnyl Gr&nard reagents 

Addition of dicthyl phosphorotluoridatc (7.5 g) in ether (25 ml) to the Grignard Mgent from Mg 
(3.6g) and bromobcrutne (24Og. 3M) in ether (6Oml) at room temp. followed by rclluxing for 
30 min. gave triphenylphosphine oxide (7.0 g). 

Using the same quantities, but inverse order of addition, the products were diethyl phenyl- 
phosphonatc (I.5 g) and triphenylphosphine oxide (3.2 g). 

2-Chloro-2-oxo-l.3.2dioxaphospholwu. b.p. 84-88”/0.3 mm, w prepared in 63% yield as 
dcscribcd pmviously.’ 

2-Chloro-2_oxo-1,3,2-dioxaphosphorLe, b.p. 138”/@5 mm, was obtained in 70% yield by the 
same method.* 

&actions between cyclic phosphorochloridates and Gr@ard rcqenrs 

(a) Use 2-ch&ro-2~xo- 1.3.2-dioxaphospholanr. The Grignard reagent from Mg (5.2 g) and 
bromobcnunc (31.4 g. 2M) in THF (130 ml) WP) added dropwise to the acid chloride (14.25 g. 
1 M) in THF (50 ml) stirred at < - If during IS min. The Grignard reagent soln. was washed into 
the reaction tlask with more THF so that the final volume of solvent wu #x) ml. The mixture was 
allowed to come to room temp (ca. 1.5 hr) and then poured on to powdered CO, under ether and 
the whok allowed to come to room temp. The solvent was removed, and the residue taken up in 
CHCI, (100 ml). washed with 05N HCI. then with sat KHCQ 4.8nally with water, and then dried. 
Evaporation of the organic phase left a residue (7.45 g) which was cry%alliasd from benzene to give 
a solid m.p. ca. 60’ (5.0 g). On rcpcatcd recrystallization of this from bcnzentpct. ether, the m.p. 
was raised to 103-104”, and the product was identical (m.p.. mixed m.p.. IR spstrum) with authentic 

ii C. W. Stanley. J. Chromot. 16,467 (1964). 
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2-hydroxyethyl diphcnylphosphinatc. The KHCOI soln was acidified IO yield betuok acid (ykld of 
crude acid, 13.4 g). 

In a similar cxpaimtnt using 3M of PhMgBr in THP (100 ml) with a total. final solvent volume 
of 280 ml, the yield of Zhydroxyethyl diphcnytphosphinatc was la3 g (407’. Recovery of 2M of 
bcnzoic acid was practically quantitative. In neither experiment was triphenylphnaphine oxide 
detected by TLC. 

In a second series of experiments, PhMgCl was used under eutntially the same experimental 
conditions. When 1 M of Grignard reagent was added, and the CO,-treated reaction product taken 
up in CHCI, (300 ml). The soln was washed with water, dried and cvaporatcd. A gummy r&due was 
obtained which oo treatment with cyclohcxylaminc yielded the cyclol~xylammonium salt of 2- 
hydroxycthyl phcnylphosphonic acid, m.p. 222” (from PtOH). identical with an authentic sample. 
Traces of triphenylphosphinc oxide were detected by TLC. 

Iovcrsc addition of 3M of PhMgCl in a total final volume of 200 ml gave, after the same work-up 
procedum. a pale yeUow liquid (12.6 g) which partially crystallized. The components of the mixture 
could not satisfactorily be separated by filtration, and hence the whole was recrystalliud from bcnxcnc 
giving 2-hydroxycthyl diphcnylphosphinatc (6.9 g) shown to bc pure by TLC. Evaporation of the 
mother liquors yielded an oil which was shown by TLC to contain triphcnylphosphinc oxide. 

(b) 2-Chlore2-oxo-l.3.2-dtixophosphorinonc. The inverse addition of the Grignard magcnt 
from Mg (2.6 g) and chlorobenzenc (11 .zS, 1 M) in THF (70 ml) to the phosphorochlotidatc (I S.6 g) 
in THF (4Oml) during 20min at between -20” and -IO”, was carried out. The final soln was 
poured on to CO, under ether. Evaporation of the mixture. acidification. extraction with CHCI, was 
followed by extraction of the CHCI, soln with KHCO, aq. and drying of the organic layer. Evapora- 
tion of this gave a liquid (3 g) which on distillation gave 2-oxo-2-phcnyl-1,3,2-dioxaphosphorin, 
b.p. 172’/0.6 mm, (I.3 g. 7%). Traces of Ehydroxypropyl diphcnylphosphinatc were detested by 
TLC of the residues. but diphenylphosphinic acid was absent. 

When the amount of Grignard reagent was doubled under otherwise identical conditions, 5.9 
(300,:) of the cyclic phenylphosphonate wcrc obtained. The residue from the distillation contained 
diphcnylphosphinic acid and 3-hydroxypropyl diphcnylphosphinatc in approximately qual (ttaaz) 
amounts. 

ZHyCtoxyc~hyI dipiunylphosphina~c. Diphcnylphosphinic chloride (I 58 g) in THF (50 ml) was 
added dropwise to ethyknc gfycol (4.1s g) and pyridine (5.3 g) in THF (SO ml). The mixture was 
mfluxed 1.5 hr. cooled. filtered, the filtrate evaporated. and the residue (23 g) crystallimd from 
bcnztnc-pet. ether to yield hygroscopic. 2-hydroxyethyl diphenylphosphinatc m.p. 91-9s’. Repeated 
recrystallization of the ester from the sang solvent, followed by drying in wcyo over P.0, raised the. 
m.p. to 1035-104~5”. (Found: C. 64.3; H. 5.S; P. 1205. C,,H,,O,P requires: C, 64.4; H. 5.4; 
P. 11.85%. v,,,.x 3395 (OH), I205 (P-O) cm-‘.) 

Hydrolysis of 2-oxn-2-phtnyl-1,3,2_dioxophospholant. The solid ester dissolwzd rapidly when 
placed in water at room tcmp to give an acid soln. Neutralization with cyclohcxylaminc and cvapora- 
tion gave the cyclohcxylammonium salt of 2-hydroxyethyl phcnylphosphonic acid, m.p. 222” (from 
EtOH). (Found: C. 558; H. 8.1; P. 10.2. C,,H,NO,P rquira: C, 598; H, 8.0; P. 10.3%) 

3-HyCtoxypropyl &phtnylphosphirwft. The crude compound, prepared aa in the case of the 
hydroxycthyl ester, was taken up in bcnzem. and the soln washed with water and dried. Distillation 
gave the desired ester. (13.0 g) b.p. 203-210”/0~1~~7 mm, m.p. 82-84” (from bcnzcnc). (Found: 
C. 65.0; H, 6.3. C,,H,,O,P rquircs: C. 65.1; H. 6.2% vrn.x 3420 (OH), 1203 (P=O)cm-I.) 

2-OxcF2-phtnyl-l,3.2-dioxaphosphol. Addition of cthyknc glycol with pyridinc (2 quin) to 
phcnylphosphonic dichloride in benztnc at room temp. followed by filtration and distillation gave 
4749% of the daired cater. Slightly lower yields wcrc obtained when the pyridinc was omitted. 
irmapectin of the presence or absence of solvent. The pun ester had b.p. ISZ-ISSo/@ mm, e 
I.5358 (lit.* b.p. 210”/67 mm), v~.. 1273 (P-O), 1077. 1043 (P--(T-C)C~-~. 

2-Oxo-2-phtnyl- 1.3.2-dioxophosphorinant. Thk was prepared in essentially the same way as the 
corresponding dioxaphospholane. In the prcscna of pyridinc, the yield of ester. b.p. 17&174°/Ol 
mm, m.p. 33”. nz 1.5369, was 30%. In the abscna of pyridinc. and using benzene as solvent, 
addition of trimethylene glycol to pbcnylphosphonic dichloride gave 50-n’/. of the cyclic cater. 
rrnaI I260 (br) cp=O), 1032, 1060 (br) (Pa) cm-i. 
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Iteadon bellwcn cyclic phmylplrorphonate~ and phcnylmrppnuiLun houdu 

The gmral procedure finally adopted W~II as follows: The Grignard soln prcpued from dtk 
bromobcnzenc or chlorobcnznc and Mg in THF (MU-170 ml, including washings of the residual 
metal) wu added dropwis with stirring during 1 S-20 min. to a soln of the phosphonatc (@ IO00 or 
WSM) in THF (75 ml) at - 30 to - 15”. the final reaction volume being 230-280 ml. The reaction 
flask and contents were allowed to come to room temp during I hr. and the mixture then rcfluxed 
for 075 hr. cookd and poured on to Co, under ether. The solvent was removed by evaporation in 
wuy). and the residue t&en up in CHCI, (200 ml), washed with 05N HCl(2 x 100 ml), sat KHCO, 
4 (2 x 100 ml). water, and then dried. 

The tlltcrcd CHCI, extract was evaporated to give an oil which slowly crystalked, and which 
was rsryrtaked from benzene to yield 2-hydroxyethyl diphenytphosphinatc or 3-hydroxypropyl 
diphcnylphosphinatc, and triphenylphosphine oxide. 

The KHCO, washings were aciditkl to give impure betic acid. estimated after further reayrtd- 
libation from water, or diphcnylphosphinic acid. The latter wss duuactcrizcd as the cydobcxyl- 
ammonium salt, m.p. US-237” (from benzene-pet. ether). (Found: N, 4.4. CUHUNOIP quiru: 
N, 4.45 %.) 

The tuulu obtained in thin series of cxperimcntr arc UllllIllorizbd in Table 1. 

Rracrion ktwen %hy&oxyerhyl dtphcnyipho@inatr andphenyItqnafum bromi& 

To the Grignard ragcnt prepared from bromobcnzene (1.0 g) and Mg (@25 g) in THF (30 ml) 
was added Zhydroxycthyl diphenylphoaphinate (2.3 g) in THF (30 ml) and the mixture rCalabd for 
1.5 hr. cooled and poured on to solid CO, under ether. Working up the product in the usual way 
gave diphenylphosphink acid (@95 g. 44%) end 1.2 g of the original ester was rccovcM. 

TLC indicated the absence of triphcnylphosphinc oxide in the crude product. 

Reacrion bcfwem 3-hydroxypropyl a7phmylphosphlnarc amdphenyl~siwn bromi& 

To the Grignard teagent pmpared = in the previous cxpaimcnt, was added 3-hydroxypropyl 
diphcnylphosphinatc (2.4 g) in THF and the mixture was rcfluxed for 1.5 hr. when a white ppt 
gradually formed. A further cquivaknt of the same Grignard reagent was added and the mixture 
again rcfluxcd. During OS hr. the ppt gradually disappeared. Working up the final soln gave 
diphenylphosphinic acid (Q2 g). Unattacked ester was recovered quantitatively. TLC indicated the 
rbsclKe of triphcnylphosphinc oxide. 

Acrion of acid and aLkali on rhe o-h@oxycllkyl dipheny@hosphinates 

Each es& (lag) in CHCI, (500) wan wprhsd with @SN HCI (2 x 500). sat UK-O, 4 
(2 x 50 ml) and water. The CHCI, wm dried and evaporated. In each case. the ester was recovered 
quantitatively. 

Hydi0lysi.s of 2-hy&oxyrrhyl alphenylphosphinatr. The est~ (045 g) wan wamd with 2N NaOH 
until dissolved. Tho cookd solution was acidikd. and the precipitated solid -talked from 
aqueous EtOH. The yield of diphcnylphosphinic acid m.p. 19&191’. was 0.25 g (67%). 


