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Abstract —The major product of the reaction of benzyl chloride with red phosphorus in the system con-
centrated aqueous KOldioxanephase-transfer catalyst (426°C, Ar) is tribenzylphosphine oxide (yield up

to 61%). Under similar conditions, phosphorylation of benzyl chloride with white phosphorus occurs dif-
ferently, yielding dibenzylphosphine oxide as major product. Conditions are found for preparative synthesis
of dibenzylphosphine from phosphine and benzyl chloride in the system-R®3$O.

It was reported previously that red phosphorugonditions (9695°C, 3 h, molar ratio red phosphorus:
reacts with benzyl chloride in superbasic media of théenzyl chloride = 5: 1, system concentrated aqueous
type alkali metal hydroxidenonhydroxyl solvent KOH-dioxanebenzyltriethylammonium chloride).
(DMSO) or under conditions of phase-transfer catalDibenzylphosphine oxidd was isolated as by-prod-
ysis at elevated temperatures {IBC°C) to give as uct (yield 12%, see table, run no. 1). The conversion
major product tribenzylphosphine oxide (yield up toof red phosphorus in the process is quantitative.
30%; here and hereinafter, yield based on the amount H
of benzyl chloride taken) and also minor amounts KOH/H,0 /
of tribenzylphosphine and tetrabenzylphosphoniuntn ¥ PRCHCI —g2mres (PhCH)3P=0 + (PhCH) R (1)
chloride [2, 3]. Phosphorylation of benzyl chloride I I S
with the system PEKOH-DMSO-H,O at elevated o ,
pressure yields benzylphosphine [4], whereas the same When benzyl chloride is phosphorylated with the
reaction performed at atmospheric pressure gave df@me agents at a lower temperature (at 8&C and
benzylphosphine oxide in 50% vyield, with dibenzyl-especially at 4345°C), the conversion of red phos-

phosphine detected as intermediate *b NMR [5]. phorus notice_ably decreases _(to 63 and 37%, respec-
tively); the yield of the reaction products decreased

To extend the possibilities of preparing 0rgano-y s, “|n these experiments, along with phosphine

phosphorus compounds from elemental phosphoryg;qjes| and 11, we also isolated benzylphosphinic

and benzyl chloride and to obtain additional informa iy treatment of the aqueous layer with HCI; see
tion on the comparative reactivity of red and white

: . X | le, run nos. 2 an .
phosphorus in reactions with electrophiles (theséabe un nos and 3)

reactions attract growing researchers’ attention as a

: ; : With white phosph , 10, 11], -
new convenient route to organic phosphines and pho fth white phosphorus, as expected [10, 11], ben

§'y| chloride reacts more actively than with red phos-

pﬂinel oxidesf[gll]),l Wlil cpdntinu_ertlj sltudyinglphr?s- phorus: The conversion of white phosphorus and the
phorylation of benzyl chloride with elemental phos-i5| vield of phosphine oxidesand Il and of potas-

phorus and phosphine in the presence of a strong ba%‘?um salts of benzylphosphonic and dibenzylphos-

We found that tribenzylphosphine oxidecan be phinic acids (identified in the form of the correspond-
prepared in a yield of up to 61% under relatively milding acidslll and V) are virtually quantitative, even
at mild reaction conditions (4315 and 606-65°C).
The major product of phosphorylation of benzyl chlo-
1 For communication XV, see [1]. ride with white phosphorus is secondary phosphine
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Phosphorylation of benzyl chloride with elemental phosphorus under the conditions of phase-transfer &atalysis

Run Elemental PhCH,CI, | Temperature, Yield of compounds, % Phosphorus
no. [phosphorus, mmal mmol °C | " I © NE conversion, %
1 P, 100 20 90-95 61 12 d d 100
2 P, 33 6.6 60-65 46 12 11 d 63
3 P, 33 6.5 43-45 29 1 3 d 37
4¢ P, 325 6.5 90-95 23 36 6 34 100
5° P, 36 7.2 60-65 35 48 10 3 100
6° P, 31.7 6.3 43-45 27 46 24 2 100
78 Py, 29 6.5 60-65 Traces 39 17 12 100

@ In run no. 1, we took 625 mmol oKOH, 15 ml of H,0, 0.5 g of benzyltriethylammonium chloride, and 40 ml of dioxane; in
run nos. 27, 208 mmol ofKOH, 5 ml of H,O, 0.17 g of benzyltriethylammonium chloride, and 20 ml of dioxane; heating time
3 h.? Based on the amount of benzyl chloride tak&hcids Ill andIV were isolated from the reaction mixture after acidification
of the aqueous layer with HCH Is not formed.€ In run nos. 47, the product yields were calculated from > NMR spectra.

f Benzene (20 ml) was taken instead of dioxane.

oxidell (see table, run nos.-4). Similar results were actions of red and white phosphorus with 4-methoxy-
obtained previously in a comparative study of the rebenzyl chloride [12].

I I ]
Py + PhCHCI o 20, | 4 +[PhCH;P(OK)2+ (PhCI—DzPOKJ
| |
2
HCI/H,0 @)
0 0
PhCHP(OH), + (PhCH,),POH
1 v

When reaction (2) is performed in benzene (one ophosphorylation of organyl halides [1, 2, 12] and
the best solvents for white phosphorus), the phosphoweakly electrophilic alkenes [6, 8, 13].

ylation selectivity increases. Under these conditions, . . .
virtually no tertiary phosphine oxidk is formed, but "Id'he predominant formation of secondary phlosphme
the total yield ofll -IV somewhat decreases (to 68%;OXI ell in reaction (2) may be due to easier cleavage
see table, run no. 7, cf. run no. 5), of the P-P bonds in a strained tetrahedral molecule of
; ; white phosphorus, compared to a macromolecule of
red phosphorus, and hence to higher concentration of
l|50Iyphosphinite and phosphinte ions in the case of

phosphorus were performed in an inert atmosphe hosphorylation of benzyl chloride with white phos-

. . horus. This conclusion is also consistent with exclu-
Ar), the major products were four-coordinate phos-.. ; . .
E)hgrus comg)ourl?ds: phosphine oxidesand II ar?d sive formation of the mono- and diphosphorylation

otassium salts of benzvl- and dibenzviohosphini roducts in the reaction of benzyl chloride with white
gcitgss_s.llfhe igrtses%onb;ngyber?zj-,ddli)t?engyl?-,O:rl?d trif hosphorus in benzene, i.e., a higher concentration of
benzylphosphines were detected in the reaction mixV-Vh'te phosphorus in this solvent also promotes faster
tures byS'P NMR, but as minor products. This fact cleavage of the P bonds and results in higher con-
’ ' entration of phosphinite anions.

suggests that reactions (1) and (2) mainly involve not
polyphosphide but polyphosphinite anions generated Phosphine generated together with hydrogen from
from elemental phosphorus in the presence of a baseed phosphorus and KOH in the wateluene solvent

by analogy with the previously reported schemes ofystem does not noticeably react with benzyl chloride

Despite the fact that all the steps of experiments o
phosphorylation of benzyl chloride with elemental

RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol. 75 No.5 2005



686 TROFIMQV et al.

under the conditions of reactions (1) and (2). At thewere dried over potassium carbonate, and the solvent
same time, phosphorylation of benzyl chloride withwas removed. Thé'P NMR spectrum of the residue
the system phosphirEOH-DMSO in the presence (1.42 g) contained the signals bf(40.1 ppm) andl

of a small amount of water allows, under appropriat€35.5 ppm,l\]pH 468 Hz) in 91 : 9 ratio. The product
conditions, preparation of dibenzylphosphifeand was washed with benzene 3 ml), and the residue
dibenzylphosphine oxidél in 32 and 22% vyields, was reprecipitated from chloroform into ether and
respectively. The reaction is performed by vigorouslywacuum-dried to obtain 1.26 g of phosphine oxide
passing phosphine through a heated{(46°C) KOH- mp 216-217C (mp 212213C [2]). IR spectrum,y,
DMSO-H,O suspension with simultaneous slowcmi™: 1190 (P=0).'H NMR spectrum (CDG)), 8,
addition of benzyl chloride. Phosphinewas isolated ppm: 3.03 d (6H, CH 2JF,H 13.6 Hz), 7.27 m (15H,
from the reaction mixture by extraction with hexanePh). Found, %: C 78.87; H 6.57; P 9.63,,8,,0P.
followed by vacuum fractionation: Calculated, %: C 78.73; H 6.61; P 9.67.

PhCH,CI The benzene extracts were combined, the solvent
KOH/DMSO (PhCHp),PH +11 3) was removed, and the residue was reprecipitated from
v benzene into hexane and vacuum-dried to obtain
0.14 g of ll, mp 106-107°C (hexane) (mp 10€
1]). IR spectrumy, cnt: 2320 (PH), 1190 (P=0).

PHy

The key step of reaction (3) is, apparently, th
formation of phosphide anions from phosphine unde

the action of a superstrong base (K@GmMSO): H NMR spectrum (CDG), 8, ppm: 3.16 d.d (4H,
CH,, %35, 15.3 Hz), 6.96 d.t (1H, PH\J,,, 468 Hz),
Ph, KOWDMSO oy, PRCHCI |\, ) 7.27 m (1OH, Ph). Found, %: C 72.87; H 657; P
KOH/DMSO 13.63. G,H,sOP. Calculated, %: C 73.03; H 6.57,
The subsequent oxidation & in the presence of P 13.45.
DMSO or traces of air yields phosphine oxidlk, The aqueous phase was acidified with HCI to pH 5
which is prone to further oxidation and readily trans-and extracted with chloroform; the chloroform extracts
forms into dibenzylphosphinic acitV in air. were dried over magnesium sulfate, and the solvent

Thus, direct reactions of benzyl chloride with ele-Was distilled off. The white crystalline residue (0.19 g)
mental phosphorus and phosphine in the presence &¢nsisted, according to thied and *'P NMR spectra,
strong bases allow easy formation of theRCbond ©f 20%1 and 80%ll . Pure compounds (0.04 g) and
and preparation of promising organophosphorus conil (0.14 g) were isolated as described above. Yields
pounds. In particular, tribenzylphosphine oxide wa$f Phosphine oxide$ andll 1.30 (61%) and 0.28 g
successfully used in the HornéWittig reaction for (12%), respectively.
the synthesis of substituted alkenes of various struc- Benzylphosphinic acid Ill (see table, run no. 2).
tures [10, 14-17]. This phosphine oxide also proved Water (15 ml) was added dropwise with stirring to a
to be an effective fireproofing agent for polyvinyl mixture of 1.03 g of red phosphorus, 0.83 g of benzyl

chloride plastisols [18, 19]. chloride, 0.17 g of benzyltriethylammonium chloride,
and 11.7 g of KOH in 20 ml of dioxane. The mixture
EXPERIMENTAL was heated for 3 h at 6065°C. After cooling, the

aqueous-dioxane layer was analyzed ¥ NMR
The IR spectra were recorded on a Specord IR-7gpectroscopy. Tha'P NMR spectrum &, ppm) con-
device. The'H and **P NMR spectra were taken on tained the following signals (in parentheses are rela-
a Bruker DPX-400 spectrometer, internal referenceye intensities, % of the total) belonging, apparently,
HMDS, solvent CDCJ. Phosphine in the form of {5 penzylphosphine, phosphing, benzylphosphine
a mixture with hydrogen was generated according @yide, potassium benzylphosphonate and benzylphos-
[20]. All the experiments were performed in an 'nertphinate, and phosphine oxidéis and |, respectively:

atmosphere (Ar). ~122.06 t {Joy 193 Hz, 15%),-47.78 d {Jg,
Tribenzylphosphine oxide | and dibenzylphos- 195 Hz, 8%), 12.70 tl(]PH 475 Hz, 5%), 31.1 d"(py
phine oxide Il (see table, run no. 1). Water (15 ml) 521 Hz, 3.5%), 33.90 s (8%), 35.5 dJg, 468 Hz,
was added dropwise with stirring to a mixture of 3.1 g18%), and 43.68 s (56%). This mixture was diluted
of red phosphorus, 2.53 g of benzyl chloride, 0.5 g ofvith water, and the unchanged phosphorus was fil-
benzyltriethylammonium chloride, and 35 g of KOH tered off and dried in air; 0.37 g of phosphorus was
in 40 ml of dioxane. The mixture was heated for 3 hrecovered (63% conversion). The filtrate was extracted
at 90-95°C and, after cooling, diluted with water and with chloroform, the chloroform extracts were dried
extracted with chloroform. The chloroform extractsover potassium carbonate, and the solvent was dis-
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tilled off. The residue (0.45 g), according to tA#  128-130°C (1 mm Hg).'H NMR spectrum (CDG)),
NMR spectrum, contained phosphine oxideandIl &, ppm: 2.96 d (4H, CkP, 2Jp, 2.8 Hz), 7.257.49 m

in a 78:22 ratio. These products were isolated aélOH, GHg). *'P NMR spectrum (CDG): &,
described above; yields 0.32 (46%) and 0.09 g (12%);47.9 ppm tJPH 196 Hz). The lower layer was di-
respectively. The aqueous layer was acidified witHuted with water and extracted with chloroform, the
HCI to pH 5 and extracted with chloroform, the ex-extracts were washed with water and dried over potas-
tracts were dried over magnesium sulfate, and thsium hydroxide, and the solvent was distilled oOff.
solvent was distilled off to obtain 0.12 g (11%) of Phosphine oxidél was obtained; yield 2.55 g (22%).
acid Ill , mp 165-166°C (hot water) (mp 165166°C

[22]). *H NMR spectrum (RO), 5, ppm: 3.59 d (2H, REFERENCES

CH,, 2Jp; 18.2 Hz), 7.75 m (5H, Ph), 13.19 s (2H,

OH). 3P NMR spectrum (CDG): & 33.8 ppm. 1. Trofimov, B.A., Malysheva, S.F., Sukhov, B.G., Gu-
Found, %: C 48.87; H 5.57; P 17.63,,0,P. Cal- sarova, N.K., Afonin, A.V., Shaikhudinova, S.I.,
culated, %: C 48.85: H 5.27: P 18.00. Kazantseva, T.l., Belogorlova, N.A., Kuimov, V.A,,
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