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Reactions of [Ph,POIM with benzaldehyde gave benzyl benzoate and benzyldiphenylphosphine oxide (3) in
the case of M=Na, 3, «-hydroxybenzyldiphenylphosphine oxide, benzyl alcohol, benzoin and benzil in the case of M=

MgCl, and 3 in the case of M=ZnCl.

Reactions of [Ph,PX]M with p-benzoquinone gave 2,5-dihydroxyphenyl-

diphenylphosphine oxide or sulfide and p-hydroxyphenyl diphenylphosphinate in the cases X=0, S and M=Li,
MgCl, Al, and 1,4-phenylene bis(diphenylphosphinate) or bis(diphenylphosphinothioate) in the cases X=0O, S and

M-=FeCl.

The formation of [Ph,PX]M (X=0O, S; M-=Li, Na,
MgCl) was reported in the preceding paper,! reactions
of [Ph,PO]Li or [Ph,PSIM (M=Li, MgCl) with benz-
aldehyde giving a-hydroxybenzyldiphenylphosphine
oxide or sulfide in good yields.

This paper describes the effects of metals on reactions
of [Ph,PO]M with benzaldehyde, and those on the
reactions of [Ph,PX]M (X=0, S) with p-benzoquinone.

Reactions with Benzaldehyde. When sodium di-
phenylphosphinylide (2a) prepared from diphenyl-
phosphinyl chloride (1a) and two equivalents of sodium
in tetrahydrofuran (THF) was allowed to react with
benzaldehyde for 24 hr at room temperature and then
for 2 hr at the refluxing temperature, benzyl benzoate
(65%) and benzyldiphenylphosphine oxide (3) (7%)
were obtained, instead of a-hydroxybenzyldiphenyl-
phosphine oxide (4).

PhCHO
Ph,P(O)CI + 2Na —> [Ph,POJNa ———
1a 2a
Ph,P(O)CH,Ph + PhCO,CH,Ph
3

A similar reaction of diphenylphosphinylmagnesium
chloride (5a) with benzaldehyde gave 4 in only 69,
yield, together with 3 (19,), benzyl alcohol (30%),
benzoin (5%) and benzil (99%,).

[Ph,PO]MgCI + PhCHO — 3 + Ph,P(O)CHPh-OH
5a 4

+ PhCH,OH + PhCOCHOHPh + PhCOCOPh

The reaction of diphenylphosphinylzinc chloride (6a)
with benzaldehyde gave only 89, of 3 as an isolated
product.

Formation of 3 is explicable by the deoxygenation of
intermediate anion (7) by diphenylphosphinylide anion
as follows.

[Ph,POJ-
[Ph,PO]- + PhCHO = Ph,P(O)CHPh-O- ——
7
- H*
Ph,P(0)O- + Ph,P(O)CHPh — 3

8

The driving force may be due to the formation of sta-
bilized anion (8).

In the case of 5a, 3 was formed in a trace amount,
the normal product (4) being also obtained. The
result is attributable to the fact that the concentration of
free anion (7) in this case was lower than that in the
case of 2a, due to the formation of the covalent mag-

The reaction mechanisms have been discussed.

nesium derivative of 7.

The formation of benzyl alcohol and benzoate is
explained by an intermolecular hydride shift from 7 to
benzaldehyde to give benzyloxide anion and benz-
oyldiphenylphosphine oxide (9). The mechanism is
analogous to that in the Cannizzaro reaction.

Ph,P(O)CHPh-O- + PhCHO
7
—> Ph,P(O)COPh + PhCH,O-
9 / N\ H
/ N
[Ph,PO]- + PhCOOCH,Ph PhCH,OH

In the case of 5a benzyl alcohol is produced due to a
low concentration of free benzyloxide anion. However,
in the case of 2a, benzyl benzoate is formed through
attack of free benzyloxide anion on the carbon atom
of the carbonyl group in 9, since diphenylphosphinylide
anion is considered to be a good leaving group on the
basis of the following decomposition.?)

OH-
Ph,P(O)CH,0H —— Ph,P(O)CH,0~
— [Ph,PO]- + CH,O

The formation of benzoin is considered to be analo-
gous to benzoin condensation, indicating that diphenyl-
phosphinylide anien behaves in a similar way to that of
eyanide anion.

- PhCHO
PhCH-PPh, —> Ph-C-PPh, — — PhC(OH)-CHPh-O-
Lol Ll
O- 0 HO O
7 10
— Ph-C(O-)-CHPh-OH —> PhCOCHOHPh

1|>(0) Ph,

P(O)Ph, + [Ph,PO]-

Benzil is formed through an attack of the anion (10)
on the carbonyl carbon atom of 9.

Ph-C-P(O)Ph, + PhCOP(O)Ph, — PhC(OH)—CPh-O-

OH 9 P(O)Ph, P(O)Ph,
10
—» PhC(OH)-COPh + [Ph,PO]-
P(O)Ph,
—> Ph-G(O-)-COPh —> PhCOCOPh + [Ph,PO]-
P(O)Ph,
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An analogous formation of benzoin has recently
been reported.®)

n-BuLi
(RO),P(0)OCH,Ph — >

—— [(RO),PO]- + PhCHO
(RO)zP(O)(I]H-Ph — }

- (RO),P(0)-CPh-O-
O- n-BuLi
O_

I H,0
- (RO),P(0)-CPh-CHPh-O- ——> PhCOCHOHPh

In conclusion, since the formation of 7 is reversible,
long reaction time results in the formation of several
abnormal products. The products depend on the ex-
tent of ionic character of the initial addition product (7),
which depends on metal in [Ph,PO]M.

Reactions  with  p-Benzoquinone. Reactions of
[Ph,PX]M (X=O, S) with p-benzoquinone were
carried out at room temperature in THEF.

OH
. 1
[Ph,PXIM + 0:< >fo - Ph2P~/\"
= I
5, M=MgCl a, X=0 X )
11, M=Li b, X=S 2
15, M=al®)

+ thP—O—<_>—OH + HO—<_>—OH
" = —
X 13 14

The reaction of lithium diphenylphosphinylide (11a)
gave  2,5-dihydroxyphenyldiphenylphosphine  oxide
(12a) (209%,), p-hydroxyphenyl diphenylphosphinate
(13a) (189,) and hydroquinone (14) (339%,).

The reaction of da gave 179, of 12a, 179, of 14,
and 89, of magnesium diphenylphosphinate.

The reaction of 15a gave 89, of 13a, 209, of 14 and
compounds containing aluminum as the main product.
A similar reaction of 15b gave 99, of 13a and similar
aluminum-containing products as main products. The
formation of 13a indicates desulfurization during the
course of the preparation of 15b.) The above
aluminum-containing compounds are considered to be
a mixture of aluminum chelate of 12 and aluminum
diphenylphosphinate, but attempts to isolate 12 were
unsuccessful.

Reaction of 11b gave also 309, of 12b.

A reaction mixture of diphenylphosphinyl (1a) or
diphenylphosphinothioyl chloride (1b) with reduced
iron powder in THF reacted with p-benzoquinone to
give 1,4-phenylene bis(diphenylphosphinate) (17a) or
bis(diphenylphosphinothioate) (17b) by considerably
fast reaction in 78 or 799, yield, respectively.

2 Ph,P(X)Cl + 2Fe — 2 [Ph,PX]FeCl

1 a X=0 16
b, X=S§
16 + oz<=>:o — thP(X)O-<—>—OP(X)Ph2

17

Solutions of 16 were pale green and the 'H-NMR
spectra could be measured without difficulty. Thus,
the iron atom in 16 is considered to be bivalent.

Compounds 12 are considered to be formed through

Koshiro Gopa, Hideyuki Gomi, Masaaki Yosuiruji, and Naoki INamoTo

[Vol. 47, No. 10

a nucleophilic addition to quinone nucleus, since di-
phenylphosphine oxide and sulfide give 12a% and 12b
with p-benzoquinone, respectively. It is noteworthy
that 12b is formed in a better yield in the absence of
any base than in the presence of base, isolation being
very easy.

The formation of 13 and 14 is considered to be due to
electron transfer mechanism.

[Ph,PX]- + 0=<z>=o — [Ph,PX]-

+ -o-{;>-o— N thP(X)—O—<;>—O— s
0L 3o 00

2H*
+ -O—< >—O— — 14

However, the following direct addition to the oxygen
atom of quinone cannot be ruled out for the formation
of 13.

[Ph,PX]- + 0=<Z>=o

H#-
N thP(X)-0-< >-o— — 13

Since 16 did not react with benzyl chloride, acetal-
dehyde, diethyl disulfide, olefins, dienes, and naphtha-
lene, it does not have an anionic character and does
not generate free radicals under similar conditions.

Moreover, 16a reacted with air to give iron diphenyl-
phosphinate, which gave diphenylphosphinic acid after
alkaline hydrolysis. It is suggested that the reactions
proceed through an coordinate complex between 16
and quinone in a homolytic fashion without formation
of free radicals.

Experimental

All melting and boiling points are uncorrected. IR and
mass spectra were measured with a Hitachi EPI-G2 spectro-
photometer and a Hitachi RMU-6L mass spectrometer,
respectively. H-NMR spectra were measured with Hitachi
R-20B and R-24 spectrometers, using TMS as an internal
standard. 3'P-NMR spectra were measured with Hitachi
R-20-R-204-P and R-20B-R-204-PB spectrometers, using
859, phosphoric acid as an external standard.

Starting materials were prepared as described previously.!
All the reactions were carried out under nitrogen.

Reactions of Benzaldehyde. a) With [Ph,PO]Na (2a):
A solution of 2a was prepared from 2.27 g (9.6 mmol) of
diphenylphosphinyl chloride (la) and 0.47 g (20 mg atom)
of sodium metal in 14 ml of THF at room temperature for
24 hr. To the filtrate was added 2.39 g (23 mmol) of benz-
aldehyde. The mixture was stirred for 24 hr at room tem-
perature and then refluxed for 2 hr. The reaction mixture
was poured into water and extracted with ether. The dried
extract was evaporated and the residue was separated by
dry column chromatography (DCC) on silica gel with ether
to give 0.187 g (7%) of benzyldiphenylphosphine oxide (3)
and 1.55g (65%) of benzyl benzoate which was identified
by the IR spectrum.

3: mp 190—192 °C (from ethanol) (lit,® 192—193 °C);
NMR (CDCl): & 3.6 (d, Jecn 13.8 Hz, 2H, PCH,), 7.15
(s, 5H, Ph), and 7.35—7.9 (m, 10H, 2Ph).
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b) With [Ph,POIMgCl (5a): A mixture of 2.97 g (12.6
mmol) of 1la and 0.568 mg (23.7 mg atom) of magnesium in
THF (32 ml) was stirred at room temperature for 1 hr and
then refluxed for 1hr. To the filtrate was added 2.13 g
(20 mmol) of benzaldehyde and the mixture was treated
similarly. Separation by DCC gave 0.64 g (30%,) of benzyl
alcohol, 0.112 g (5%,) of benzoin, 0.197 g (99,) of benuzil,
which were identified by the IR spectra, 0.227 g (6%) of
o-hydroxybenzyldiphenylphosphine oxide, mp 172—174 °C
(lit,2» 176 °C), and 34 mg (1%) of 3, mp 190—192 °C, which
were identified by the IR and NMR spectra.

¢) With [PhyPOlZnCl (6a): A mixture of 1.47 g (6.2
mmol) of 1la and 0.954 g (15 mg atom) of zinc dust in 15 ml
of THF was stirred at room temperature for 24 hr. To the
solution was added 2.32 g (22 mmol) of benzaldehyde. The
mixture was stirred for 24 hr at room temperature and then
refluxed for 2 hr. After removal of unchanged zinc dust and
THF, the residue was crystallized to give 0.813 g (60%) of
diphenylphosphinic acid and 0.149 g (8%,) of 3, successively.

Reactions of p-Benzoquinone. a) With [Ph,PO\Li (11a):
A solution of 11a was prepared from 1.53 g (6.5 mmol) of 1a
and 0.19 g (27 mg atom) of lithium metal in 15 ml of THF
by stirring for 3 hr at room temperature and then heating
for 1 hr, and decanted under nitrogen. To the solution was
added 0.562 g (5.2 mmol) of p-benzoquinone in 15 ml of THF
and the mixture was allowed to stand overnight. The re-
sulting blue solution was poured into water, acidified with 2M
hydrochloric acid, and extracted with chloroform and ethyl
acetate, successively. The ethyl acetate extracts gave 0.19
g (33%) of hydroquinone (14) after evaporation, which was
identified by comparison of IR and tlc with those of an
authentic sample. The chloroform extracts were chromato-
graphed on silica gel with chloroform to give two crystalline
compounds. One was recrystallized twice from 959, ethanol
to give 12a, mp 218—220°C, yield 0.341g (20%). IR
(KBr): 3150 (OH) and 1140 cm~! (P=0O); Mass: m/e 310
(MH).

Found: C, 69.93; H, 5.06%.
C, 69.67; H, 4.87%.

The other was recrystallized from benzene-methanol to
give 13a, mp 190—192 °C, yield 0.267 g (18%); IR (KBr):
3200 (OH) and 1218 cm™! (P=0O); NMR (CDCl;): ¢ 6.75
(9, J 9Hz, 4H) and 7.4—8.2 (m, 10H).

Found: C, 69.92; H, 4.85%. Calcd for C,;H,;0,P:
C, 69.67; H, 4.87%.

b) With [Ph,PO1MgCl (5a): A solution of 5a, prepared
from 1.50 g (6.3 mmol) of la and 0.257 g (11 mg atom) of
magnesium in 15 ml of THF, was added to 0.545 g (5 mmol)
of p-benzoquinone in THF (15 ml) and stirred for 14 hr at
room temperature. The resulting greenish precipitates turn-
ed brown in the air. The precipitates were added to 2 M
hydrochloric acid, but were not completely soluble. A small
amount of methanol was then added for complete dissolution
and the reaction mixture was treated with DCC on silica
gel with ether. Each fraction was extracted with methanol
to give 0.342 g (179%) of 12a, 94 mg (17%) of 14, mp 172—
173 °C (identified by tlc and IR), and 0.124g (8%) of
magnesium salt, mp> 300 °C, which was dissolved in 109,
NaOH solution and neutralized with hydrochloric acid to
give diphenylphosphinic acid after extraction with chloroform.

¢) With [Ph,PO)al (15a): A solution of 15a, prepared
from 1.65 g (7.0 mmol) of la, 0.263 g (9.7 mg atom) of alu-
minum foil and 54 mg (0.2 mmol) of mercuric chloride in
15 ml of THF by heating for 6 hr, was added to 0.932 g (8.6
mmol) of p-benzoquinone in 15 ml of THF. The reaction
mixture was chromatographed on silica gel after filtration to
give 0,134 g (89%) of 13a and 0,183 g (20%) of 14. The

Calcd for C,gH;;0,P:
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precipitates  (1.33 g) contained aluminum which was dif-
ficult to remove.

d) With [Ph,PSlal (15b): A solution of 15b, prepared
from 1.89 g (7.5 mmol) of 1b, 0.435 g (16 mg atom) of alu-
minum foil and 54 mg (0.2 mmol) of mercuric chloride in
15ml of THF by heating for 3 hr, was added to 0.693 g
(6.4 mmol) of p-benzoquinone in 15 ml of THF, and stirred
for 15 hr at room temperature. After filtration of precipi-
tates, the filtrate was chromatographed to give 47 mg (0.4
mmol) of recovered quinone and 0.221g (99%) of 13a.
The precipitates (1.26 g) contained aluminum.

e) With Diphenylphosphine Sulfide: A mixture of 1.64g
(7.5 mmol) of the sulfide and 0.97 g (9.0 mmol) of p-benzo-
quinone in 50 ml of THF was stirred for one day at room tem-
perature. After evaporation, a dark brown tarry substance
was subjected to DCC on silica gel with chloroform to afford
1.71 g (70%) of 12b, which was further purified by column
chromatography on alumina with ethanol and recrystallized
from ethanol-n-hexane, mp 148—149 °C. IR (KBr): 3320,
3275 (OH), and 640 cm~! (P=S); NMR (CDCl;): ¢ 6.12
(s, 1H, OH), 6.22 (d, Jecon 14.4 Hz, 1H), 6.8—6.9 (m, 2H),
7.2—7.85 (m, 10H, 2Ph), and 9.07 (s, 1H, OH); ¢, (CHCI,):
—37.2 ppm; Mass: mfe 326 (MT).

Found: G, 66.30; H, 4.599,. Calcd for C,;H,;O0,PS:
C, 66.25; H, 4.639,.

f) With [Ph,PSILi (11b): To a solution of 11b pre-
pared from diphenylphosphine sulfide (1.44 g, 6.6 mmol) in
THF (50 ml) and =-butyllithium (7.7 mmol) was added
dropwise 0.81 g (7.5 mmol) of p-benzoquinone in 20 ml of
THF with stirring, and the mixture was stirred for one day
at room temperature. After removal of THF, the residue
was treated with 2 M hydrochloric acid, and extracted with
chloroform. Removal of the chloroform from the dried
extract gave a tarry product, which was subjected to column
chromatography with ethyl acetate to give 0.646 g (30%,) of
12b. Crude 12b was purified by DCC on silica gel with
ether and recrystallized from chloroform-n-hexane, mp 155—
157 °C. The NMR, IR, and mass spectral data were identi-
cal with those of a sample obtained in ¢).

g) With [Ph,PO]FeCl (16a): A mixture of 1.48 g (6.3
mmol) of 1a and 0.30 g (5.4 mg atom) of reduced iron powder
in 15 ml of THF was stirred overnight. To the solution was
added 0.338 g (3.1 mmol) of p-benzoquinone in 15 ml of THF
and stirred for 30 min at room temperature. The resulting
precipitates were filtered off. The filtrate was again filtered
through alumina to remove diphenylphosphinic acid and
the filtrate was evaporated. The residue was treated with

ether. Insoluble part (17a) was recrystallized from 2-pro-
panol, mp 210—212 °C, yield 1.24g (78%). IR (KBr):
1235 (P=0), 1180 (Ph-O), and 920 cm~! (P-O); NMR

(CDCl): 67.25 (s, 4H) and 7.5—8.2 (m, 20H); 6, (CHCI,):
—30.5 ppm.

Found: C, 70.38; H, 4.589%,.
G, 70.56; H, 4.74%,.

The precipitates (0.287 g) were insoluble in organic sol-
vents. When the precipitates were dissolved in 109, NaOH
solution and neutralized with hydrochloric acid, diphenyl-
phosphinic acid was obtained.

k) With [Ph,PS1FeCl (16b): A reaction mixture of 1.55
g (6.1 mmol) of 1b and 0.270 g (4.7 mg atom) of reduced iron
powder in 15 ml of THF was added to 0.254 g (2.3 mmol) of
quinone in 15 ml of THF and 1.00 g (79%) of 17b was ob-
tained, mp 220—221°C (from 2-propanol). IR (KBr):
1170 (C-0O), 1120 (P-Ph), 900 (P-O), and 550 cm~! (P=S);
NMR (CDCl,): 6 6.9 (s, 4H) and 7.35—8.2 (m, 20H).

Found: G, 66.20; H, 4.229,. Calcd for C4H,,0,P,S,:
C, 66.41; H, 4.46%.

Caled for C3,H,,0,P,:
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