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SYNTHESIS

Novel Approach to the Synthesis of Alkoxycarbonylmethyl- and Bis(alkoxycarbonyl-
methyl)phosphine Oxides Based on a Reformatsky-Type Reaction
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A new procedure for the preparation of alkoxycarbonylmethyl- and
bis(alkoxycarbonylmethyl)phosphine oxides is described, which
consists of a Reformatsky-type reaction between chlorophosphines
or dichlorophosphines and alkyl bromoacetates in the presence of
zing, followed by oxidation.

In connection with our studies on the enzyme-mediated
preparation of optically active heteroorganic compounds
having a single chiral centre at the heteroatom,':? we
became interested in the synthesis of a new type of pro-
chiral substrate, namely bis(alkoxycarbonylmethyl)phos-
phine oxides 3. An inspection of the literature revealed
only a few papers devoted to the preparation of these
type of compounds.? Lutsenko3* and others3®° treated
phosphorus trichloride or dichlorophosphines with alkyl
trialkylstannylacetates 1 and obtained appropriate phos-
phines 2 which were subsequently oxidized to phosphine
oxides 3.
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However, stannyl derivatives are quite unpleasant and
difficult to handle due to their toxicity. Moreover, syn-
thesis of 1 is based on a troublesome reaction of tri-
alkylalkoxystannanes with ketene* and the weight of
trialkylchlorostannanes formed as byproducts in the ab-
ove reaction is equal to or even higher than the weight
of the final products. All these reasons prompted us to
look for another general and more convenient approach
to the preparation of compounds 3.

We turned our attention to the Reformatsky-type reac-
tion by which alkyl trimethylsilylacetates can be obtained
from alkyl bromoacetates and chlorotrimethylsilane in
the presence of zinc dust,’ in the hope that it could be
adapted to our purposes;® our assumption was correct
and the synthesis of the desired phosphine oxides 3 could
be accomplished applying the procedure described.

A mixture of an appropriate dichlorophosphine and two
equivalents of an alkyl bromoacetate is refluxed in ben-
zene in the presence of two equivalents of zinc dust. Some
crystals of iodine are usually added to initiate the reac-
tion. It is crucial for the reaction to maintain fully an-
hydrous conditions (see Experimental) and to employ
vigorous stirring. After refluxing for about four hours

the zinc dissolves almost completely and an insoluble,
thick oily product appears on the bottom of the flask,
which is probably a complex of zinc halides and phos-
phines 2. In this way the phosphines are protected from
subsequent reactions such as oxidation by air or quater-
nization. However, attempts to isolate free phosphines 2
have so far been unsuccessful, because after decomposi-
tion of the complex by adding water, they react quite
rapidly with the remaining bromoacetate to produce
phosphonium salts 4 (the salt 4a has been isolated and
characterized; see Table).

For this reason, phosphines 2 were oxidized in situ by
adding a solution of hydrogen peroxide in an alcohol to
the reaction mixture. In the case of 2e, tert-butyl hydro-
peroxide was used as oxidizing agent in order to avoid
hydrolysis of the butoxy group. Phosphine oxides 3 ob-
tained in this way are finally isolated and purified by
column chromatography or distillation.

benzene
R-PCly + 2BrCHCO2R! + 2Zn TR p(CH,COLR 1]
2

1

BrCHzCOiV Hy0,
a R=Ph, R1-Me ® or t-BuOOH
b R=Ph, RI=Et R-P(CH2CO2R1)3B
¢ R=Ft, R1=Me 4 o
d R=Et, R1=Ft RH

A u .
e R=n-BuO, R1=Me (8 2(;02R )7

Scheme 2

The same procedure applied to monochlorophosphines
results in the formation of monoalkoxycarbonylmethyl-
phosphine oxides 5 and the corresponding phosphonium
salts 7.

PhpPCl + BrCH2C02Me + Zn—— [ PhoPCH2CO2R1]
5

BrCHzCOzi/I/ l H,05

0
@
PhyP(CH2CO2Me)BY  phoBCH,COMe

Scheme 3 7 6

It is interesting to note that phosphine oxides 3 exhibit
very characteristic electron impact (EI) mass spectra. In
all cases (except for, 3e), the most abundant peaks are
phosphacations R-P(O)-OR' (10). Their composition
has been established by peak matching in the case of 3a
(m/eqyunq = 155.0279; for C;H O,P m/e . = 155.0262)
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Table. Alkoxycarbonylmethylphosphine Oxides 6, Bis(alkoxycarbonylmethyl)phosphine Oxides 3 and Phosphonium Salts 4 and 7

Product Yield mp or 3Ip NMR 'H {!3C} NMR MS
(%) bp(°C) [d] é, J (Hz) [m/e]
PhP(O)(CH,CO,Me), 64 102-104 28.9 3.41(d, 4H, Jy p = 1525, CH,), 3.56 (s, 270 [M*], 239 [M*-OMe], 207
3a 6H,CH,),7.45-7.75 (m, 5H, Ph), {37.65 [239-HOMe], 197  [M*-
(d, Jpc =63, CH,), 52.5 (s), 128-132  H,CO,Me], 155 [PhP(O)OMe]*
(Ph), 166.6 (d, Jp ¢ = 4.6, CO)}
PhP(O)(CH,CO,Et), 64  semisolid 29.0 1.14 (t, 6H, Jy » = 7.4, CH,), 339 (d, 29.8 [M*], 253 [M*-OEt], 211
3b 4H, Jy,=1524, CH,P), 41 (q, 4H, [M*-CH,CO,Ef], -~ 169
CH,CH,), 7.4-7.9 (m, 5H, Ph) [PhP(O)OE{]*, 141 [PhP(O)OH]*
EtP(O)(CH,CO,Me), 45 56-59 41.5 1.23 (dt, 3H, Jy g =17.76, Jyp =18.77, 222 [M™*], 191 [M*-OMe], 149
3¢ CH,CH,), 197 (dq, 2H, Jqp,=12, [M*-CH,CO,Me), 107
CH,CH,), 3.13 (ABX, 4H, J,, =15, [EtP(O)OMe]", 161, 151
CH,P), 373 (s, 6H, CH,0), {5.0 (.
Joc = 5.57, CH,CH,), 21.97 (d, Jp.c =
70.86, CH,CH,), 354 (d, Jp = 58.4,
CH,P), 5249 (s, CH,0), 166.75 (d,
Jpc =33, CO)}
EtP(0)(CH,CO,Et), 48 ol ) 112 (dt, 3H, Jyu =776, Jyp =18.76, 250 [M*], 205 [M*-OEt], 163
3d CH,CH,P), 115 (t, 6H, Jy =715 [M*-CH,CO,Et], 121
CH,CH,0), 1.88 (dq, 2H, Jy,=12, [EtP(O)OEt]*, 93 [EtPO,H]*
CH,CH,P), 3.0 (ABX, 4H, Jy, =15,
PCH,CO), 4.06 (q, 4H, CH,0)
BuOP(O)(CH,CO,Me¢), 62  (80/ 38.7 0.85(t, 3H, CH,CH,), 1.2-14 and 1.5~ 266 M* +1], 211
3e 0.4 Torr) 1.61 (m, 4H, CH,), 31 (d, 4H, Jy,= [(HO),P(CH,CO,Me),]*, 179
18.1, CH,P), 3.67 (d, 6H, Yy, , = 0.45, [HOP(O)CH,CO,Me]", 95
OCHS,), 4.03 (q, 2H, CH,0) [HOP(O)OMe] *
Ph,P(0)CH,CO,Me 63 9397 274 348 (d, 2H, Jy p = 14.7, CH,), 3.54 (s,  274[M*], 232 [Ph,PO,Me]*, 217
6 3H, CH,), 7.4-7.9 (m, 14H, Ph) [Ph,PO,]*, 201 [Ph,PO,]*, 155
[PhP(O)OMe]*, 77 [Ph]*
[Ph,P(CH,CO,Me),]*Br~ 68  150-152 20.9 3.58 (s, 6H, CH,), 5.22 (d, 4H, Jy,= FAB (+ve): 331 [cation] FAB
7 13.64, CH,), 7.6-8.1 (m, 14H, Ph) (—ve): 4109 [M*-1], 490.8
[M* 4+ Br 1]
[PhP(CH,CO,Me);]*Br~ - 125-129 21.8 3.71(s,9H,CH,),4.88 (d,6H, J, , = 14, 327 [PhP(CH,CO,Me);]*
4a CH,), 7.5-7.8 and 8.15-8.3 (m, 3H, Ph)

and 3b (m/egy,,q = 169.0419; for C;H,,0,P m/e . =
169.0418). Moreover, observation of metastable peaks
proved that they were daughter peaks of phosphacations
8 or 9. Such fragmentation seems more likely when one
assumes a rearrangement involving an initial isomeriza-
tion of cations 8 to their enol ester analogues 9 followed
by an alkyl group migration and extrusion of ketene via
a six-membered transition state. An alternative direct
migration of the whole alkoxy group in 8 seems less
probable, due to the energetically less favored four-mem-
bered transition state.

All substrates were commercially available. NMR spectra were re-
corded in CDCIlj; on a Briiker 200 MHz spectrometer. Mass spectra
were recorded on a Finnigan MAT-95 spectrometer. Melting points
were uncorrected. Column chromatography: silica gel 60 (70-230
mesh Merck). Satisfactory microanalyses were obtained for com-
pounds 3a, 3c—e, 6, 4a (C+ 0.5, H+0.3, P+ 0.4) and for 3b, 7
H+03,P+0.2).

Alkoxycarbonylmethylphosphine Oxides 6 and Bis(alkoxycarbonyl-
methyl)phosphine Oxides 3; General Procedure:

Benzene (30 mL) and zinc dust (1.308 g, 0.02 mol) were placed in
a 100 mL three-neck round-bottom flask equipped with a mecha-
nical stirrer, dropping funnel and condenser arranged for distilla-
tion. To ensure dryness, some benzene (~ 5 mL) was distilled off.
The condenser was replaced by a reflux condenser with a CaCl,
tube. A solution of an alkyl bromoacetate (0.02 mol) and a dichlo-
rophosphine (0.01 mol for the synthesis of 3) or chlorophosphine
(0.02 mol for the synthesis of 6) in dry benzene (5 mL) and dry
Et,O (5 mL) was slowly added to the mixture under gentle reflux.

0
I R -
Phl>(CHzc02R1)2 RO7,

9 crc=0®
ol
3 CH,CO,R1

-CH»=C=0
_

a R1=Me m/e=270 a m/e=239
b R1=Et m/e=298 b m/e=253
Rl
\
0 ch 19
B ey >c-0 P}J’t /é=CH2
+ 0 (6]
R
8 9
a m/e=197
b m/e=211
l -CHp=C=0
0
Il
Ph-P-OR1
)
10
a m/e=155
Scheme 4 b m/e=169
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During the addition, a crystal of I, was added to initiate the reaction
(the brown colour of iodine disappeared almost immediately). After
the additions, the mixture was very vigorously stirred and refluxed
until the zinc had dissolved (~ 4 h). An insoluble thick oil separated
onto the bottom. The mixture was cooled to r.t. and 30 % hydrogen
peroxide (1.5 mL) in 10 mL of methanol or ethanol (depending on
R!) was added dropwise, and stirring was continued for the next
30 min. In the case of 3e, fert-butyl hydroperoxide (80 % solution
in di-zert-butyl peroxide, 1.12 mL) was added instead. Finally, brine
(slightly acidified with HCI) and CHCl, (ca. 40 mL) were added to
collect all the organic products in the lower layer. The layers were
scparated and the aq layer was extracted with chloroform
(3 x10mL). The combined organic layers were first washed with
sodium sulfate(IV) (for 3e) or sodium thiosulfate to remove the rest
of oxidation agents (or sometimes free bromine), and then with
water and dried (MgSO,). After evaporation, the crude products
were purified by column chromatography (for 3a—3d) using a chlo-
roform/methanol gradient as eluent, or by distillation (for 3e). For
analytical purposes, the crystalline products were additionally crys-
tallized from benzene.
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