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Abstract—Crystalline ketophosphonium bromides have been isolated as intermediates in the reactions of trineo-
pentyl phosphite, dineopenty! phenylphosphonite, and neopenty! diphenylphosphinite with a-bromoacetophenone.
Thermal decomposition in solution occurs in each case to yield neopentyl bromide and the corresponding Arbuzov
product only. Rearrangement to the Perkow intermediate or product does not occur. An identifiable Perkow
intermediate was separated from the reaction of neopentyl diphenylphosphinite with a-chloroacetophenone at 0°
and was shown to yield neopentyl chloride and the corresponding Perkow product by a first-order process in
chloroform (t12 ca 40 min at 33°). It is suggested that the betaine formed by initial attack of phosphorus at the
carbonyl carbon atom may be a common first intermediate in reactions that yield both Arbuzov and Perkow

products.

The reactions of trialkyl phosphites with a-halogeno-
carbonyl compounds yield either ketophosphonates
(Arbuzov reaction) or vinyl phosphates (Perkow reac-
tion), according to the halogen present and the reaction
conditions.”> Other phosphorus(Ill) esters behave
similarly.” In general it is believed that the Arbuzov
product 4 results from initial attack by phosphorus at the
a-carbon atom, whereas the Perkow product 7 is formed
by initial attack at the carbonyl carbon atom, followéd by
mi§ration of phosphorus from carbon to oxygen (Scheme
1)

Recent kinetic studies on the reactions of trimethyl
phosphite with substitutéd a-halogenoacetophenones
indicate, however, that a common first intermediate may
be involved in both reaction pathways.® The possibility
of initial attack by phosphorus at the a-halogeno sub-

stituent to form a halogenophosphonium-enolate ion-pair
(8), which then rearranges to yield the Arbuzov and
Perkow intermediates and products (Scheme 2), was
previously discounted, although there is now good
evidence that attack at halogen may occur in the
reactions of phosphorus(III) esters with
a.a - dibromoacetophenones, a - bromo - « - phenyl-
acetophenones, and a-bromoacetophenones that are
sterically hindered to attack at the carbonyl centre.%” It
has also been suggested elsewhere® that the ketophos-
phonium intermediate (3) could give rise to both Arbuzov
and Perkow products, the latter being formed after rear-
rangement via a four-membered cyclic phosphorane (9).

The only intermediates that have been observed
directly in reactions of these types occur during the
Perkow reaction of chloral with triethyl phosphite or
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ethyl ethylene phosphite and give rise to high field
3PNMR signals (8-41 to —42ppm).° These inter-
mediates appear to be 2:1 adducts 10 (R=Et or CH;;
R'=Et) resulting from reaction of the intermediate

betaine, (RO),(R'O)PCH(CCL,)0™, with a second mole-
cule of chloral, although the betaine itself and the viny-
loxyphosphonium intermediate to which it is assumed to
rearrange before yielding the vinyl phosphate have not
been identified.

RESULTS AND DISCUSSION

We now report the first examples of ketophosphonium
and vinyloxy-phosphonium halides to be isolated as in-
termediates in the reactions of phosphorus(IIl) esters
with a-halogenocarbonyl compounds.'® Trineopentyl
phosphite, dineopentyl phenylphosphonite, and neopen-
tyl diphenylphosphinite each underwent reaction with
a-bromoacetophenone in acetone, chloroform, or ether to
yield the corresponding ketophosphonium bromides (11-
13) which were separated as crystalline solids, washed
with anhydrous ether, dried in vacuo, and identified by
elemental analysis and NMR spectroscopy. NMR spec-
troscopic data for the isolated intermediates and for their
products of decomposition are shown in Table 1. Al-
though the *'P and "H NMR spectra of reactant mixtures
showed in each case that both Arbuzov and Perkow
routes were followed (Table 2) it was only the more
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stable Arbuzov intermediates that were precipitated by
the removal of solvent and addition of ether.

The rates of formation of the intermediates and their
stabilities increased as alkoxy groups were replaced by
phenyl,""! neopentyloxy(phenacyl)diphenylphosphonium
bromide (13) being sufficiently stable for X-ray crystal
structure determination to be possible.'> Even trineo-
pentyloxy(phenacyl)phosphonium bromide (11) could be
stored under anhydrous ether for several days without
significant change. The compounds were also surpris-
ingly resistant to attack by atmospheric moisture.

Decomposition of the ketophosphonium bromides in
deuterochloroform or in acetone-ds occurred by Sn2-
cleavage of the alkyl-oxygen bond (Scheme 3) to give
neopentyl bromide and the corresponding Arbuzov
products (15-17), characterized in each case by a doublet
in the "H NMR spectrum (J 15-22 Hz) due to the phos-
phorus-bonded CH, group; no signals indicative of vinyl
protons were detectable. Even in acetone-acetic acid
mixtures, in which trineopentyl phosphite and a-bromo-
acetophenone were shown to give dineopentyl 1-phenyl-
vinyl phosphate (18) as the major product, trineopen-
tyloxy(phenacy!)phosphonium bromide gave only the
ketophosphonate (19). Similar results were also obtained
in acetonitrile containing an equimolar quantity of tetra-n-
butylammonium chloride, no Perkow product being
formed. Rearrangement of the Arbuzov intermediate to
give the Perkow product by way of a cyclic phosphorane

R'

COPh —> RBr + 0=P-CH,COPh

R"
15 - 17

[R* = R" = RO(11,15); R' = RO, R' = Ph(12,16); R' = R" = Ph(L3,17) ;R=Me,CCH,]

Scheme 3.
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Table 1. NMR data for Arbuzov and Perkow intermediates and products

Structure 2 31

4 13 S (ppm) 3 (e}

8 (ppm) Mo C CH 0P CH,-P CH =C rh POCH PCH
(RO} 3&:3200% Br” 11 + 41,0 1.02(8)  4.35(a)  5.74(4) - 7.3-8.4(m} 4.8 18.3
ph?(omzcazcopn Br” 12 + 67.1 1.07(8)  4.34mB  5.99(®) - 7.2-8.4(m) B 158
pn2§(omm2coph Br” 13 + 68,3 0.99(s) 4.15{d)  6.25(d) - 7.2-8,3(m) 4,2 12.6
phzﬁtomocucnz)m ey 14 + 55.9 0.98(s)  4.04{&) - 5.48(x} 7.3-8.2(m} 4.8 -
(RO) ,P(0) CB,COPR 15 +19.0  0.86(s) 3.72()  3.65(a) - 7.2-8.1m 4.8 22.8
PhP (0) (OR) CH,COPh 16 +32.1 o.81(m  3.52m 377808 - 7.3-8,3(m) £ S
Ph,P (0) CH,COPh 17 +28.2 - - 4,14¢4) - 7.38,5 (m) - 15.6
(RO} ,P (0)OC( ;¢H, }Ph 18 - 1.0 0.95(s)  3.78(4) - 5,30(=) 7.2-8,1{m} 4.8 -
PhP(0) (OR)OC(:CH,) Ph i9 +15.0 0.89(s}  3.77(8 - 5.19(4) 7.2-8,2(m} 5.1 -
Ph,P{O}OC(1CH,) Ph 20 + 29,7 - - - 5.15{n} 7.2-8.2(m} - -
2R = me,ccn,. Poowlet of A patterns: 6(H,) 4.42, 5(8,) 4.26 ppm, Tap 800 Tpominy 4400 Tpooniay 441 H.

[
2 complex overlapping signals consisting of a doublet of AB patterns (CH 0P}, G(HA) 3.67, MBB) 3,37 ppe,

Jh& 8.9, JPOCQ(A) 8.1, JPOCE(B) 4.8 Bz, and a doublet of doublets tca,py, 8(8“) 3,79, 5(33) 3.74 ppe, Jug O

18.4, 390(:8 o 17.5 Bz, The cxzp signal could be rexcved and hence identified by shaking with DO

Tpoca (A p)

for several hours.

(AI—SBIpAwIU wintvoydsoydisen))
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Table 2. Reaction products and intermediates observed during the interaction of phosphorus(lIl) esters with
a-halogenoacetophenones®

Reaction Unreacted Arbuzov Perkow
Bster— Halide time ester Int. Prod. it Prod.
) 'ty ) 9] Y )
(r0) P mcocazszi 0.92 3 15 23 o 31
- - 23.5 o 5 4 o a6
(RO) moocuprd 168 o ° 74 ° 26
(r0) P PhCoCa Br™ 1.33 o ) o o 100
(r0) P Phoocu, 12 2.5 2 ) o o 98
PhP(OR), mcm:azxaxE £ 2 4 o o 57
PhP(OR) , Phoocu, c12 £ ° o o o 100
Ph_POR PhoocH Br 0.25 8 68 ) 10 13
Ph,POR Phcocu, 12 0.17 20 0 o 35 45
2 At room temperature. 2R = weccu,. £ 1n cocl,. 41 acetone-dg; product

composition based on integration of proton-coupled 3

signal due to the a-mz

because of deuterium-exchange.

acid-d (10%). Final product, ép

£ In a mixture of acetone-d

~7.2 ppm (quintet).

1P n.m.r. spectrum; the la

of the ketophosphonate slowly disappears in this solvent

6 (90%) and acetic

During the first 2 min of

reaction an initial signal at 6P -7.4 was quickly replaced by the product signal

at 69 -7.2 and is tentatively assigned to the vinyloxyphosphonium species

(Perkow intermediate). £ Spectrum recorded immediately after mixing.

intermediate (9)® or other route is therefore excluded under
the conditions of these experiments."

Perkow intermediates are evidently less stable. Thus
the reactions of trineopentyl phosphite and of dineopen-
tyl phenylphosphonite in CDCl; with a-chloroaceto-
phenone gave only the corresponding Perkow products
(18,19), the intermediates not being detectable at any
stage (Table 2). A Perkow intermediate was nevertheless
detected in the reaction of neopentyl diphenyl-
phosphinite with a-chloroacetophenone and was
separated as a solid product after reaction in chloroform
at —5 to 0° by evaporation of the chloroform and the
addition of dry ether. The intermediate (14) could be
stored below 0° in the absence of moisture but it
decomposed to yield 1-phenylvinyl diphenylphosphinate
(20) when redissolved in deuterochloroform (ty,ca
40 min at 33°). As in the decomposition of the keto-
phosphonium bromides, the exclusive formation of neo-
pentyl halide is indicative of Sn2-type dealkylation
(Scheme 4)."

Ph

Ph cH
CH 2

| g 2 Ve
¥Rl -0-c < —> RCl + o=p-o-c\

| ph

Ph Fh Ph

4 T

Scheme 4.

In the reaction of trineopentyl phosphite with a-
bromoacetophenone the vinyl phosphate (18) was seen to
be the major product in the initial stages of the reaction
but the product ratio changed in favour of the keto-
phosphonate (15) as the reaction proceeded and the
ketophosphonate (as expected) was ultimately the major
product. This effect results from the greater stability of
the Arbuzov intermediate (11) (only noticeable in the
reactions of sterically hindered esters such as neopentyl),
so that the concentration of this intermediate builds up
initially whilst the Perkow route proceeds more rapidly
to products.

The overall results, together with previous kinetic
studies,” are consistent with a reaction scheme in which
the Arbuzov and Perkow products are formed by parallel
pathways from a common first intermediate (21) (Scheme
5).

The identity of such an intermediate® is still not clear
although the ketophosphonium halide and the halogeno-
phosphonium-enolate ion pair’ can be excluded in the
examples that we have investigated. A possible candidate
is the betaine 5; this could then yield the Arbuzov
product by 1,2-migration of the phosphite moiety to the
a-carbon atom or the Perkow product by intramolecular
rearrangement as previously described.® A similar 1,2-
migration of phosphorus has been reported in the
decomposition of the diazo derivative 21, either thermally
or in the presence of acid, to yield the ketophosphonate
22 in 90% yield (Scheme 6)."*

Evidence for betaine formation in the Perkow reaction
has been provided by various workers,**’ and it has
been assumed that it is the O-protonated betaine which
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undergoes dealkylation to yield a-hydroxyphosphonate
when trialkyl phosphites react with a-halogenocarbonyl
compounds in acid conditions.*

Hammett plots for the parallel formation of Perkow
and Arbuzov products in the reactions of trimethyl
phosphite with substituted a-bromoacetophenones (p =
1.36 in toluene at 70°)° are consistent with initial attack at
carbonyl carbon. For the pure Perkow reactions of
trimethyl phosphite with substituted a-
chloroacetophenones under similar conditions, the p
value is 1.62.> A similar difference has previously been
reported for the Perkow reactions in benzene (44.%°) of
triethyl phosphite with a-bromoisobutyrophenone (p =
1.89) and with a-chloroisobutyrophenone (p =2.37), for
which rate-determining attack of the phosphite at car-
bonyl carbon was proposed.'® Significantly lower p
values are associated with Sy2 displacement of bromide
from the a-carbon atom of a-bromoacetophenones, e.g.
+0.44 for reaction with triphenylphosphine and +0.30 for
reaction with pyridine in nitromethane at 34.9°."

EXPERIMENTAL

Trineopentyl phosphite, dineopentyl phenylphosphonite, and
neopentyl diphenylphosphinite were prepared as described.!®
a-Chloroacetophenone and a-bromoacetophenone were obtained
commercially. *PNMR spectroscopy was caried out on a
Varian CFT-20 spectrometer operating at 32.4 MHz. 'H and
BCNMR spectra were recorded on Perkin-Elmer R12B
(60 MHz) and Jeol 100 MHz instruments. Chemical shifts are
given reiative to 85% HsPO,’'P) and to TMS ('H and "C)
(downfield positive). Reactions in NMR tubes were monitored at
ambient temperature after adding equivalent quantities of the
a-halogenoketones to solutions (ca 20% w/v) of the phos-
phorus(III) esters in the specified solvents (Table 2). Quantitative
data are based on continuous wave 'H NMR spectroscopy.

Isolation of intermediates
(a) From trineopenty! phosphite and a-bromoacetophenone.

Solutions of trineopentyl phosphite (3.0 g, 10.2 mmol) in acetone
(2cm’) and a-bromoacetophenone (2.5g, 12.6 mmol) in acetone
(6 cm®) were mixed at room temperature. After 1.5 h the acetone
was removed under reduced pressure and anhydrous ether was
added. The white crystalline product that was precipitated was
filtered off, washed with ether, and dried in vacuo to give
trineopentyloxy(phenacyl)phosphonium bromide (11) (0.6 g, 12%)
(Found: C, 56.8; H. 8.1. C;3HoBrO.P requires: C, 56.2; H, 8.2%),
m.p. (sealed tube) 85-86°, 8, (CDCl3) + 41 ppm, 8y (CDCls) 1.02
(s, MesC), 4.35 (d, CH,0P, Jpocu 4.8 Hz), 5.74 (d, CHP, Jpcu
18.3Hz), 7.3-84 (m, Ar). In a similar preparation, trineopentyl
phosphite (3.3g, 11.3mmol) and a-bromoacetophenone (2.5g,
12.6 mmol) were allowed to interact for 3h. After removal of
acetone and the addition of ether, the mixture was first cooled to
0° and then maintained at 16° overnight to yield crystals of the
same intermediate 11 (1.1g, 20%) (Found: Br, 16.2. Calc for
CHBrO4P:Br, 16.3%), m.p. (sealed tube) 83-84°,

(b) From dineopentyl phenylphosphonite and «-bromoaceto-
phenone. a-Bromoacetophenone (2.6g, 13.1mmol} in ether
(25cm®) was added with stirring to dineopentyl phenyl-
phosphonite (3.7g, 13.1 mmol) in ether (1 cm’) at 16°, Crystals
started to separate after 10 min and were collected as two crops
which were washed with ether and dried in vacuo: (a) 0.7 g, m.p.
(sealed tube) 122° (after 1.5h); (b) 1.3g, mp (sealed tube) 122°
(after a further 18h). The combined product was identified as
dineopentyloxy(phenacyl)phenylphosphonium bromide (12) (total
yield 2.0 g, 32%) (Found: C, 59.2; H, 7.1; Br, 16.4. C24H3BrOsP
requires: C, 59.9; H, 7.1; Br, 16.6%), 8,(CDCly)+67.1ppm,
8u(CDCl3) 1.07 (s, MesC), 4.34 [d AB, CH,0P, 8(H,) 4.42, 5(Hp)
4.26, Ju 8.0. JPOCH(A) 4.0, Jpocu(a) 4.1 HZ], 599 (d, CHzP. Jpcu
156 Hz), 7.2 - 8.4 (m, Ar).

(c) From neopentyl diphenylphosphinite and a-bromoaceto-
phenone. a-Bromoacetophenone (1.5g, 7.5 mmol) in the mini-
mum of dry acetone (5cm’) was added dropwise to neopentyl
diphenylphosphinite (2.0 g, 7.35 mmol) with cooling in ice-water
(the reaction is strongly exothermic). After 1S min the crystals
which had separated were filtered off and washed with dry ether
to give neopentyloxy(phenacyl)diphenylphosphonium bromide
(13) (1.36 g, 39%) (Found: C, 63.1; H, 6.0; Br, 16.0. C2sH2sBrO,P
requires: C, 64.0; H, 6.0; Br, 17.0%), mp (sealed tube) 146-148°C,
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8,(CDCl)) +68.3ppm, 8u (CDCl3) 0.9 (s, MexC), 4.15 (d,
CH:0P, Jpocu 4.2 Hz), 6.25 (d, CH2P, Jpcy 12.6 Hz), 7.2-8.5 (m,
Ar). A second crop of crystals (0.23 g) m.p. (sealed tube) 153°C,
had identical spectral properties. In a similar preparation with
chloroform (4.5 cm®) as the solvent, a-bromoacetophenone, (1.4 g,
7.04mmol) and neopentyl diphenylphosphinite (1.95g,
7.17 mmol) yielded a precipitate which after 3 h was filtered off,
washed with ether, and dried to give white crystals of the same
intermediate (13) containing 1 molecule of chloroform of crystal-
lisation (2.4g, 58%) (Found: C, 53.1; H, 5.1. CxHxCl3BrO;P
requires: C, 52.8; H, 4.9%), mp (sealed tube? 135-136°C (143°C
after recrystallisation from CHCl;). The 'HNMR spectrum
(CDCl3) showed an additional peak, §7.2 (1H), assigned to
CHCls.

(d) From neopentyl diphenylphosphinite and a-chloroaceto-
phenone. a-Chloroacetophenone (1.13g, 7.31 mmol) in chloro-
form (2.5cm®) was added slowly with shaking at -5 to 0° to
neopenty! diphenylphosphinite (2.0g, 7.35 mmol). The mixture
was then concentrated under reduced pressure and dry ether
(15 cm®) added. The oily product that separated was washed with
ether by decantation and stored under ether at - 6°C for two
days when it solidified. The product was characterised by NMR
as neopentyloxydiphenyl-1-phenylvinyloxyphosphonium chloride
(14), 5,(CDCl3)+55.9ppm, 8y (CDCl;) 098 (MesC, s), 4.04
(CH0P, d, Jpocu 4.8 Hz), 5.48 (CH=C, m), containing minor
quantities of unreacted a«-chloroacetophenone (84.6, s) and
acetophenone (52.58, s), the latter probably arising from
hydrolysis of the phosphonium salt. Further purification was not
possible.

Thermal decomposition of intermediates

(a) Arbuzov intermediates. Trineopentyloxy(phenacyl)phos-
phonium bromide (11) was dissolved in (i) acetone-ds, (ii) CD:CN
containing tetra-n-butylammonium chioride (1 mol. equiv.), (iii) a
mixture of acetone-ds (90%) and acetic acid-d (10%), and (iv)
deuterochloroform. Decomposition at room temperature occur-
red in each case during several hours to give the ketophos-
phonate (15), 8, + 184 to +19.9ppm, and neopentyl bromide
{8 1.02(s), 3.25(s)] only. Dineopentyloxy(phenacyl)phenyl-
phosphonium bromide (12) and neopentyloxy
(phenacyl)diphenylphosphonium bromide (13) were stable over
a long period of time in CDCl; at room temperature. On
heating the solutions in sealed tubes (0.5 h at 100°) both decom-
posed completely, 12 to give the ketophosphinate (16) and 13 to
give the phosphine oxide (17) as the only phosphorus-containing
products. Neopentyl bromide was also formed in each case.

(b) Perkow intermediate. The decomposition of neopentyloxy-
diphenyl-1-phenylvinyloxyphosphonium chloride (14) in CDCls
was monitored at 33° by following the replacement of 'H NMR
signals at §5.48 (CH,=C, m) and 4.04 (Me;CCHa, d) by signals at
85.15 (CH2=C, m) of the vinyl phosphinate (20) and at 83.26
(CH;, s) of neopentyl chloride [80.96(s), 3.26(s)] (tip=ca
40 min).

Isolation and characterization of Arbuzov products (15-17)

(a) Trineopentyl phosphite (8.76g, 30 mmol) in acetonitrile
(15 cm’) was added dropwise to a solution of a-bromo-
acetophenone (3.97 g, 20 mmol) in acetonitrile (15cm’) at reflux
temperature. The mixture was heated under refiux for a further
period of 4h, after which the solvent was removed under
reduced pressure and the residue was distilled to yield dineopen-
tyl phenacylphosphonate (15) (3.18 g, 47%) (Found: C, 63.5; H,
8.95. C1sHO04P requires: C, 63.5; H, 8.6%), b.p. 149-150° at
0.04 mm Hg, n5 1.4983, 8, (CDCly)+ 19.0 ppm, 8x (CDCl3) 0.86
(MesC, s, 18H), 3.72 (CH,0P, d, 4H, Jpocu 4.8 Hz), 3.65 (CH.P, d,
2H, Jpcu 22.8 Hz), 7.50 (Ar, m, 3H), 8.04 (Ar, m, 2H), 6o(CDCly)
25.89 (CHs), 32.00 (MesC, d, Jpocc 7.3 Hz), 37.86 (PCH», d, Jpc
129.4 Hz), 75.84 (CH,0P, d, Jpoc 7.4 Hz), 128.49, 128.95, 133.45,
136.58 (Ar), 191.43 (CO, d, Jpcc 6.7 Hz), m/z 340 (42%, M), 201
(100%), IR vc.o, 1680, vpao 1270, vpoc 1050, 1010cm ™.

(b) Dineopentyloxy(phenacyl)phenylphosphonium bromide (12;
1.2g, 2.5mmol) in CDCl3 (4cm® was heated (0.5h) in three
sealed NMR tubes at 100-105°. Evaporation of the volatile com-
ponents from the combined products then left a white solid

IMRE PETNEHAZY et al.

(0.7g) which was recrystallised from diethyl ether/petroleum
(b.p. 40-60° to give white needles of neopentyl
phenacyl(phenyl)phosphinate (16; 0.48 g, 58%) (Found: C, 68.8;
H, 7.1. CisH30sP requires: C, 69.1; H, 7.0%), m.p. 82-83°, §,
(CDCl) +32.1 ppm, 6u (CDCl;) 0.81 (MesC, s, 9H), 3.52
(CH;OP, d AB, AVAB 18 HZ, JAB 89, JPOCH(A) 5.1, Jpocu(a, 4.8 HZ)
(overlapping with 3.77 (PCHa, dd, Avag 3Hz, Jas O, Jpoch
18.4, Jpocuy 17.5 Hz) (4H total), 7.3-8.3 (Ar, m, 10H), m/z 330
(10%, M™), 261 (100%), IR (KBr disc) vceo 1667, vpag 1219, vpoc
1031cm™,

(¢) Neopentyloxy(phenacyl)diphenylphosphonium  bromide
(13; 0.66g, l.4mmol) in deuterochloroform (4.5 cm?)
was heated (0.5h) in three sealed NMR tubes at 100-105°.
Evaporation of the volatile components under reduced pressure
then left a white solid residue of phenacyl(diphenyl)phosphine
oxide (11> (0.4 g, 89%), 5, (CDCh)+28.2 ppm, 8y 4.14 (CH2P,
d, Jpcu 15.6 Hz, 2H), 7.3-8.5 (Ar, m, 15H), m/z 320 (27%, M").
201 (100%), IR (KBr disc) vc-o 1680, vpao 1184 (Iit.® 1190) cm™.
The product was recrystallised from chloroform/diethy! ether to
give fine white needles of 17 (Found: C, 75.5; H, 5.5. Calc for
CxHpO:P:C, 75.0; H, 535%), m:p. 138-140° (1it™® mp 140-
140.5°).

Isolation and characterization of Perkow products (18-20)

(a) Trineopentyl phosphite (8.76g, 30 mmol) in benzene
(15cm”) was added dropwise to a solution of a-chloroaceto-
phenone (3.09g, 20 mmol) in benzene (15 cm}) at reflux tem-
perature. The mixture was heated under reflux for a further period
of 12h, after which the solvent was removed under reduced
pressure and the residue was distilled to give dineopentyl-1-
phenylvinyl phosphate (18; 5.51¢, 81%) (Found: C, 63.5; H, 9.2.
Ci1sH2904P reth’lires: C, 63.5; H, 8.6%), b.p. 145-146° at
0.15 mmHg, np™ 1.4773, 8, (CDCL) - 7.0 ppm, 84 (CDCl3) 0.95
(MesC, s, 18H), 3.78 (CH:0, d, 4H, Jeocu 4.8 Hz), 5.30 (CH=C,
m, 2H), 7.34 (Ar, m, 3H), 7.48 (Ar, m, 2H), 8¢ (CDCl;) 25.97
(CHj). 32.17 (MesC, d. Jpocc 8.5Hz), 77.55 (CH,OP, d. Jeoc
6.1 Hz), 97.49 (CHx=. d. Jpocc 3.8Hz), 125.19, 128.35, 129.04,
134.32 (Ar), 152.38 (0~C=, d. Jpoc 7.3 Hz, m/z 340 (10%, M*), 199
(100%), IR vcc 1630, vpo 1280, vpoc 1060, 1020 cm ™",

(b) a-Chloroacetophenone (5.56g, 36.0 mmol) in dry chloro-
form (15 cm”) was added dropwise to a stirred solution of dineo-
pentyl phenylphosphonite (10.5 g, 37.2 mmol) in dry chloroform
(8 cm’) at 0 to 5°. The mixture was then stirred at 25° (1h) and
left to stand at room temperature for 48 h. Solvent was then
removed under reduced pressure to leave a liquid residue (11.5g)
which was distilled to give neopentyl I-phenylvinyl phenyl-
phosphonate (19) (2.0 g, 17%) (Found: C, 69.1; H, 7.0. C1yH10,P
requires: C, 69.1; H, 7.0%), b.p. 184-190° at 0. mmHg, n}
1.5420, 8p (CDCl3) + 15.0 ppm, 8u (CDCly) 0.89 (Me, s, 9H), 3.77
CH:0, d, 2H, Jpocu 5.1 Hz), 5.19 (CH=C, d, 2H), 7.2-8.2 (Ar, m,
10H), m/z 330 (9%, M*), 105 (100%), IR vc.c 1622, vpo 1260,
vpoc 990-1040(br.) cm™".

(c) a-Chloroacetophenone (2.25g, 14.6 mmol) in dry chloro-
form (4cm®) was added quickly with stirring to neopentyl
diphenylphosphinite (4.0g, 14.7 mmol) at —25°. The white vis-
cous product was diluted with diethy! ether (25 cm®), warmed to
room temperature, and left for 24 h. Removal of solvent under
reduced pressure yielded a viscous residue which slowly sol-
idified on standin¥. Distillation then gave 1-phenylvinyl
diphenylphosphinate' (1.4 g, 30%) (Found: C, 75.3; H, 5.4. Calc
for CoH1702P:C, 75.0; H, 5.4%), b.p. 190-194° at 0.1 mmHg,
m.p. 77-78°, & (CDCls) +29.7 ppm, 8 (CDCl3) 5.15 (CH=C, m,
2H), 7.2-8.2 (Ar, m, 15H), m/z 320 (21%, M"*), 201 (100%), IR
(KBr disc) veac 1622, vpao 1225, vpoc 1029, 1005, 90 cm™.

REFERENCES AND NOTES

'Part III. H. R. Hudson, A. Kow and J. C. Roberts, J. Chem. Soc.
Perkin IT paper 3/066 (1983).

2A. N. Pudovik, Zhur. Obshch. Khim. 28, 2173 (1955); Idem,
Doklady Akad. Nauk S.S.S.R. 108, 735 (1955).

*A. N. Pudovik and V. P. Ayer'yanova, Zhur. Obshch. Khim. 26,
1426 (1956); B. A. Arbuzov, N. A. Polezhaeva, V. S. Vino-
gradova and A. K. Shamsutdinova, Izvest. Akad. Nauk S.S.S.R.,
Ser. Khim. 669 (1965).



Quasiphosphonium intermediates—1V"

‘P. A Chophard, V. M. Clark, R. F. Hudson, and A. J. Kirby,
Tetmhedron 21, 1961 (1965).

1L Petnehazy, G. Szakal and L. Toke, 1st. Actes Cong. Int.
Composes Phosphores, 555 (1977); L. Toke, . Petnehdzy and
G. Szakal, J. Chem. Res. (S) 155 (1978).

°l. ). Borowitz, A. Firstenberg, E. W. R. Casper and R. K.
Crouch, Phosphorus 301 (1972); I. J. Borowitz and R. K.
Crouch Ibid. 209 (1973).

A Koziara, B. Mlotkowska, P.. Majewski, B. Sledzinski and A.
Zwierzak, Pol. J. Chem. 55, 339 (1981); B. Mlotkowska, P
Majewski, A. Koziara, A. Zwierzak and B. Sledzinski, Ibid. S8,
631 (1981).

®D. Marquading, F. Ramirez, 1. Ugi and P. Gillespie, Angew.
Chem Int. Edn. 12, 91 (1973).

%], F. Allen and O. H. Johnson, J. Am. Chem. Soc. 77, 2871
(1955); T. Kh. Gazizov, Yu. 1. Sudarev, E. 1. Gol'dfarb and A.
N. Pudovik, Zh. Obshchei Khim. 46, 924 (1976); A. N. Pudovik,
T. Kh. Gazizov, V. I. Kovalenko, A. P. Pashinkin and Yu. 1.
Sudarev Dokl. Akad. Nauk S.S.S.R. 228, 1115 (1976).

L. Toke, 1. Petnehazy, G. Szakél, H. R. Hudson, L. Powroznyk
and C. J. Cooksey, Phosphorus Chemistry ACS Symp. Ser. 171,
L. D. Quin and J. Verkade (Eds.), 513 (1981).

4235

K. Henrick, H. R. Hudson and A. Kow, J. C. S. Chem.
Commun. 226 (1980).

K. Henrick, H. R. Hudson, L. Powroznyk and L. S. Shaw,
unpublished work.

The results confirm an earlier conclusion (Ref. 4) based on the
apparent formation of a ketophosphonium perchlorate in the
presence of silver perchlorate. Our current investigations sug-
gest, however, that the reaction takes a different course under
these conditions.

"Although Sn2-type cleavage of the alkyl-oxygen bond occurs,
reactions of this type follow first-order kinetics in chloroform
in accord with rate-determining collapse of the phosphonium-
hallde ion-patr {Ref. 1).

A. N. Pudovik and R. D. Gareev, Zhur. Obshch. Khim. 48, 22

(19795).

' J. Borowitz, S. Firstenberg, G. B. Borowitz and D.
Schuessler J. Am. Chem. Soc. 94, 1623 (1972).

l J. Borowitz and H. Parnes, J. Org. Chem. 32, 3560 (1967).

4. R. Hudson, R. G. Rees and J. E. Weekes, J. C. S. Perkin I
982 (1974).

%1 J. Borowitz, K. C. Yee and R. K. Crouch, J. Org. Chem. 38,
1713 (1973), and cited references.



