Synthesis of Phosphine Oxides

such cases the aromatic ring becomes electron deficient
and may act as an acceptor in charge-transfer complexa-
tion. Whether or not this effect, with dioxane acting as
donor, accounts for the large dipole moments of these
molecules is problematical.

Early in this study it was speculated that an enolized
form of the imide might be stabilized by intramolecular
hydrogen bonding in 3-fluorophthalimide and 3-nitro-
phthalimide. There is no chemical evidence for such enol-
ization, however, and concurrent ultraviolet and infrared
studies by one of us (L. Y. S.) failed to reveal any spectral
evidence for it. Construction of models3# of the enol forms
showed that the enol hydrogen cannot be properly orient-
ed to permit hydrogen bonding, either to a fluorine atom
or to a nitro group in the 3 position.
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Synthesis of Phosphine Oxides from Phosphorus Esters and Alkyl Halides
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Procedures are presented by which phosphorus esters (phosphates, phosphonates, and phosphinates) may be
converted to phosphine oxides by reduction with either sodium bis(2-methoxyethoxy)aluminum hydride or so-
dium aluminum diethyl dihydride followed by addition of an appropriate primary or secondary alkyl halide.
Yields are generally comparable to those obtained using a Grignard approach to the same conversions, but the
procedures described offer the advantages of greater convenience and experimental simplicity. A number of ex-
amples of the synthetic method are presented including the preparations of the phosphorus-containing hetero-
cycles, 1-phenylphospholane 1-oxide, and 1-phenylphosphorinane 1-oxide.

Only a few general approaches to the syntheses of phos-
phine oxides exist. The Arbuzov reaction of an alkyl ha-
lide with an ester of a phosphinous acid,* while giving re-
spectable yields of phosphine oxides, is often rendered in-
feasible by the difficulty in obtaining the necessary phos-
phinate. Alkaline hydrolysis of quaternary phosphonium
salts® likewise is only useful if an appropriate phosphoni-
um salt is readily available. The reaction of Grignard re-
agents with various phosphorus esters® is generally more
viable than the above methods, but it too has some disad-
vantages: there is an extra step, the synthesis of the Gri-
gnard reagent, and this reagent usually must be employed
in large excess in the reaction with the phosphorus
ester. 8.7

We would like to report a new general procedure for the
synthesis of phosphine oxides using the aluminum hydride

reagents NaAlH3;(CH,CHaz). and NaAlH,(O-
CH,CH3;0CH3;)s. Since some workers have encountered
difficulties in attempting to carry out reactions with par-
ticular Grignard reagents or particular leaving groups on
phosphorus, this new procedure complements the proce-
dure using Grignard reagents. The procedure involves ini-
tial reaction of a phosphorus ester (phosphate, phospho-
nate, or phosphinate) with one of these two aluminum hy-
dride regents to form an intermediate which subsequently
reacts with an alkyl halide to form new carbon-phospho-
rus bonds. In Scheme I, R’ may be alkyl or aryl, and R”’
may be a primary or secondary alkyl halide.

Results and Discussion

Addition of either NaAlHo(CH;CHjz)s or NaAlHz(O-
CH.CH20CHj3): to a solution of a phosphinate
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Scheme 1
" , nNaAlH,L, ” “ ,
(ROLPRy,, g RVPRY,,, + nNaX

RR’P(O)OR’’ in tetrahydrofuran in a 1:1 molar ratio gives
the evolution of 1 molar equiv of hydrogen gas. Subse-
quent addition of an alkyl halide to this solution gives an
opaque reaction mixture which, upon hydrolysis, yields a
phosphine oxide (Scheme I). A number of examples of
such reactions using phosphinates, phosphonates, and
phosphates as starting materials are given in the Experi-
mental Section. Yields range from 11 to 52% of isolated
products. Additional examples have been reported else-
where.8

Scheme II

CH,),
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RPCH,(CH,),CH,X ——————— CH, CH,

OR’ NaAlH, L >P\/
(If ¥ 0O R
RP(OR"), + XCH,CH,),CH,X

The procedure is an especially convenient route to cer-
tain types of phosphorus-containing heterocycles, as
shown in Scheme II. Both phosphorinanes (n = 3) and
phospholanes (n = 2) have been prepared by these ap-
proaches.

Scheme IT1
O 0] 0
| I |

- - 1R”"X
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H,0
0

I + -
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This general behavior is consistent with a mechanism,
as shown in Scheme III, involving an intermediate sodium
alkylarylphosphine oxide, analogous to the sodium dial-
kylphosphates used in the Michaelis-Becker reaction.®
After initial displacement of alkoxide with hydride, a sec-
ond hydride, acting as a base, removes the new, relatively
acidic proton on phosphorus, forming the sodium dialkyl-
phosphine oxide. There is a precedent for both this and
the subsequent step in the reaction of R(R’O)P(O)H with
R”7-X and sodium hydride in dimethylformamide to give
RR'O)P(O)R”’.19 Once formed, the sodium dialkyl-
phosphine oxide would be expected to react with the alkyl
halide in a nucleophilic substitution to give phosphine
oxide and sodium halide. Reactions involving attack by
R(R’O)P(0O)Na on alkyl halides to give phosphinates!?
and by RR’P(O)Na to give phosphine oxides,? for exam-
ple, are known.

The mechanism is further supported by the following
experiment. Quenching a reaction mixture of NaAlH2(O-
CH,CH,0CHyj;)2 and a phosphinate with HoO gave secon-
dary phosphine oxide such as that proposed as an inter-
mediate above, and reaction of this secondary phosphine
oxide with additional reducing agent, followed by addition
of an alkyl halide, gave phosphine oxide (see Scheme III).

The tremendous influence exerted by the cation in the
alkylation chemistry of enolates!® suggests that the sodi-
um cation of these aluminum hydride reagents is neces-
sary for the success of the phosphorus anion alkylation
reaction. It is known that phosphorus esters, when treated
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with LiAlH,4, are generally reduced all the way to the
phosphine.'* The reaction can be stopped at the hydro-
gen phosphine oxide by conducting the reaction at 0°,15
and treatment at this stage with an aklyl halide gives at
least some alkylation as shown by examining a crude reac-
tion mixture by mmr spectroscopy. In our hands this
LiAlH4 reaction is impractical as a synthetic route to
phosphine oxides. It is because the reaction with sodium
aluminum hydride proceeds completely to the sodium
phosphorus anion and is stable at that point toward fur-
ther reductionl® that the new reaction is synthetically fea-
sible.

Scheme IV

I
?l) RR"POR’
RP(OR"), — 0
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The sequence of events leading to dialkylation of a
phosphonate to yield phosphine oxide (Scheme IV) is not
so readily apparent. In our hands, many attempts to pre-
pare phosphinates from phosphonates, by controlling stoi-
chiometry and reaction conditions, have led only to a mix-
ture of phosphine oxide (dialkylation) and starting mate-
rial.1? Addition of 1 molar equiv of aluminum hydride re-
agent to a phosphonate gave hydrogen evolution as usual.
When bubbling had ceased, 1 molar equiv of alkyl halide
was added, and precipitation of sodium halide was imme-
diately noted, but no further evolution of gas was ob-
served. Work-up of the reaction after a reaction time suf-
ficient to give 90% of the theoretical amount of sodium
halide gave a 25% yield of the dialkylated product and
some starting material but no monoalkylated phosphi-
nate. This evidence suggests that the phosphinate is not
even formed as an intermediate, since no hydrogen evolu-
tion is observed after addition of the alkyl halide. At-
tempts to isolate an intermediate, by hydrolyzing the
reaction mixture instead of adding alky! halide, gave no
recovery of any organic-soluble phosphorus-containing
species.

The chief advantages of the new method are the ready
availability and reasonable cost of the starting materials
and the experimental simplicity of the one-pot reaction.
All the solutions involved in the reaction are homogenous
and easily handled. The work-up is simple and fast, and
the conditions are very mild. In contrast to the Grignard
synthesis, the new reaction generally proceeds with a 1:1
molar ratio of reactants, although reaction time can be
cut down by using a 2-3 molar excess of alkyl halide.
Yields are similar to those obtained in the Grignard pro-
cedure.

The chief disadvantage of the procedure is the extreme-
ly unpleasant odor encountered, presumably due to the
presence of some reduced phosphorus species in the reac-
tion mixture. Even with the precaution of conducting all
aspects of the reaction in the hood, it is practically impos-
sible to prevent some spread of the odor.

The Grignard procedure remains the method of choice
in the preparation of optically active phosphine oxides.
Attempts to convert an optically active menthyl phosphi-
nate, prepared following the procedure of Mislow,” to an
optically active phosphine oxide, led to racemized prod-
uct. Racemization could be occurring either during the
initial reduction, via stereomutation of the presumed in-
termediate phosphorane 1 (analogous to that proposed to
explain racemization of recovered starting material in the
LiAlH, reduction of phosphine oxides)'® or after forma-
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tion of the phosphine oxide.!® The present results cannot
distinguish among these possibilities.

O—menthyl _
Ph,, | ]

P—H P
Me” | 0/ \‘O
O—AILH Na* \
1 2

The aluminum hydride reaction failed to give alkylation
with tert-butyl bromide, giving, after work-up, the phos-
phinic acid of the starting phosphinate. Attempted alkyla-
tion of 1l-ethoxy-1-oxo-3-methyl-3-phospholene!® (2) gave
no isolable phosphorus compound. Since several similar
saturated phosphorus esters alkylated cleanly, it is likely
that the carbon-carbon double bond is interfering in the
phospholene reaction.

Attempts to alkylate a cyclic four-membered ring phos-
phinate were complicated by a great amount of apparent
polymerization. It may be that strain in the ring renders
the intermediate anion especially unstable. This may also
be a factor in the failure of the phospholene reaction,
since it appears to be a general rule that a double bond in
a phosphorus-containing five-membered ring increases the
strain in the ring,20

Although most of the examples described in the Experi-
mental Section use NaAlH:(OCH;CH>;OCH3)2 as the re-
ducing agent, the reagent of choice in these reactions
seems to be NaAlHs(CH2CHj),. While it is much more
sensitive to air than the NaAlH(OCH2CH;0CHj3),, with
respectful handling the former presents no danger and
bestows the definite- advantage of a cleaner hydrolysis
mixture. Hydrolysis of NaAlH>(OCH;CH,0OCH3), reac-
tions gives high-boiling 2-methoxyethanol, which must
generally be removed by vacuum distillation at some
point. The hydrolysis of NaAlHo(CH;CHg); reactions
gives ethane gas, so that removal of volatile solvents after
filtration of aluminum salts gives relatively uncontaminat-
ed product directly. Yields of final product, whenever di-
rect comparisons have been made, are unaffected by
choice of aluminum hydride reagent.

Experimental Section

General Methods. Microanalyses were performed by the Mi-
croanalytical Laboratory, Department of Chemistry, University of
California, Berkeley, Calif. Proton nmr spectra were measured
using either a Varian T-60 or A-60A spectrometer, with CCly or
CDCl; as solvent and tetramethylsilane as internal standard, un-
less otherwise specified. Hydrogen gas was detected using a Con-
solidated Model 21-103¢c mass spectrometer. Accurate mass mea-
surements were determined on a Consolidated Model 21-110B
double-focusing high-resolution spectrometer. Melting points are
uncorrected.

Materials. Sodium bis(2-methoxyethoxy)aluminum hydride, a
70% solution in benzene, was obtained from Fastman. Sodium
aluminum diethy! dihydride, a 25% solution in toluene, was pur-
chased from the Ethyl Corp., Baton Rouge, La. Methyl methyl-
phenylphosphinate -was the generous gift of Dr. J. A. Virgilio,
University of California, Berkeley. Diethyl benzylphosphonate,
diethyl phenylphosphonite, and triethyl phosphate were pur-
chased from Aldrich Chemical Co. Diethyl phenylphosphonate
was prepared by esterification of phenylphosphonic dichloride
(Aldrich) by the method of Kosolopoff and Huber.2!

Aluminum Hydride Reductions—General Procedures. All the
aluminum hydride reactions were run under a nitrogen atmo-
sphere. It most cases no special precautions were taken to dry
glassware or solvents, since a slight excess of reducing agent effec-
tively removed water from the reaction. In some of the high-dilu-
tion cyclization reactions, however, the tetrahydrofuran (THF)
solvent was dried by several hours of heating at reflux over lithi-
um aluminum hydride followed by distillation from LiAlH, di-
rectly into a previously dried flask.

Both aluminum hydride reagents, NaAlH(OCH,CH>OCHs3)s
and NaAlH2(CH,CHj3),, have a tendency to lose potency over a
period of time after they are first opened. Satisfactory results
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were obtained by assuming freshly opened reagents to be of the
strength indicated on the bottle. The strength of old reagent can
be determined in a number of ways. Titration with a proton
source such as methanol, with collection of evolved hydrogen gas,
is one means. In most cases, a convenient alternative is to assume
that the reagent is at its maximum strength, and use it in the
reaction with the phosphorus ester. After initial addition is com-
plete, but before adding the alkyl halide, a small aliquot of re-
duced ester can be worked up as discussed below; an nmr spec-
trum of the crude oil will indicate the amount of unreacted phos-
phorus ester. Comparison of the integrated area of the remaining
ester protons with some other protons in the molecule gives an in-
dication of the amount of unreacted phosphorus ester, and thus
the amount of additional reagent necessary. Finally, since neither
reagent is very reactive toward alkyl halides?? or the product
phosphine oxides, there is no harm in using more hydride reagent
than necessary.

Hydrolysis is generally accomplished by adding water in small
increments to the stirring reaction mixture at 25°. In reactions in
which NaAlH;(CH2CHg)s is the reducing agent, precautions
should be taken to avoid the consequences of frothing due to the
evolution of ethane. A reaction flask two-three times the volume
of the solvent used allows plenty of room for frothing. Near the
end of hydrolysis the aluminum salts polymerize and the solution
becomes very viscous. Addition of a little more water and contin-
ued stirring returns the mixture to a lower viscosity. At this point
the hydrolyzed mixture is filtered, and the aluminum salts are
washed with CHCls. Occasionally a second filtration is necessary
toremove all the aluminum salts.

When NaAlHz(OCH>CH2OCHj3) is used, it is necessary to
evaporate the oily residue in vacuo to remove the high-boiling hy-
drolysis product, 2-methoxyethanol. Alternatively, this can be re-
moved as the forerun of a fractional distillation.

Benzylmethylphenylphosphine Oxide. To a stirred solution of
1.60 g (9.4 mmol) of methyl methylphenylphosphinate in 150 ml
of THF at 65° was added dropwise over a period of 25 min a solu-
tion of 11.3 mmol of NaAlH2(OCH2CH;0CHj3);2 in 50 ml of THF.
Vigorous bubbling due to the evolution of hydrogen, detected in
one case by a mass spectrometric analysis, occurred throughout
the addition. When all the hydride solution had been added, stir-
ring was continued several minutes until bubbling stopped; then
a solution of 1.42 g (11.3 mmol) of benzyl chloride in 15 ml of THF
was added. The solution, which became cloudy with NaCl after
several minutes, was stirred at 65° for 3 hr. Hydrolysis of the stir-
ring reaction mixture at 25° with a minimum amount of water
(1~2 ml), followed by filtration (and a wash of the aluminum salts
with 50 ml of CHCl3, which was added to the filtrate) and remov-
al of solvent, left an' impure white solid which, upon crystalliza-
tion from hexane-benzene, gave 1.13 g (52% yield based on phos-
phinate) - of benzylmethylphenylphosphine oxide, mp 136-141°
(lit.2% 148-149°). Recrystallization raised the melting point range
to 142-144°, In an analogous reaction in which the NaAlHz(O-
CH2CH,0CHjg)e was replaced by NaAlH;(CHRCHj)g, virtually
the same yield of this product was obtained. The nmr spectrum
showed peaks at 6 1.52 (3 H, d, Jpcy = 13 Hz), 3.21 (2 H, d, Jocu
=15Hz), 7.11 (6 H, broad s), and 7.40 (5 H, m).

Ethylmethylphenylphosphine Oxide. Using the same general
procedure as in the preparation above, but with toluene as sol-
vent, 6.2 g (0.0365 mol) of methyl methylphenylphosphinate, 12
ml (0.043 mol) of NaAlH(OCH;CH3;0CHj), solution, and 8 ml
(0.107 mol) of ethyl bromide were allowed to react; the reaction
mixture was heated at 55-60° for 17 hr. Hydrolysis, filtration, and
removal of solvent left a crude oil which, upon fractional distilla-
tion, gave 2.47 g (40.5% yield) of ethylmethylphenylphosphine
oxide, bp 110-112° (0.3 mm). The product was characterized by
accurate mass measurement of its parent ion: caled for
CoH130P, 168.0724; found, 168.0724. The nmr spectrum showed
peaks at 6 1.06 (3 H, m), 1.73 (3 H, d, Jpcy = 13 Hz), ~1.83 (2
H, m), and 7.64 (5 H, m).

Dibutylbenzylphosphine Oxide. To 10.25 g (0.045 mol) of di-
ethyl benzylphosphonate in THF was added 15.6 g (0.054 mol) of
NaAlH2(OCH2CH20CHj3)s solution. After bubbling had ceased,
12.3 g (0.09 mol) of n-butyl bromide was added, and the cloudy
reaction mixture was stirred at 55° under Nj for 10 hr. The oil ob-
tained on work up was fractionally distilled to give 1.0 g of start-
ing phosphonate, bp 108-111° (0.3 mm), and 1.72 g of dibutylben-
zylphosphine oxide, bp 145-154° (0.4 mm). This corresponds to a
17% yield based on unrecovered phosphonate. The phosphine
oxide was crystallized from petroleum ether, giving long needles,
mp 57-60°. The product was analyzed by accurate mass measure-
ment of its mass spectral parent ion: caled for C;5H250P,
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252.1690; found, 252.1693. The nmr spectrum showed peaks at ¢
091 (6 H, t,J = 6 Hz), 1.53 (12 H, m), 3.14 (2 H, d, J = 15 Hz),
and 7.28 (6 H, s).

Dibutylphenylphosphine Oxide. Using 8.0 g (0.037 mol) of di-
ethyl phenylphosphonate, 13 g (0.045 mol) of NaAlHz(O-
CH;CH3;0OCHg)s solution, and 10.5 g (0.076 mol) of n-butyl bro-
mide, 1.25 g of dibutylphenylphosphine oxide was prepared by
the same procedure as that used for benzyldibutylphosphine
oxide. This corresponds to a 23% yield of phosphine oxide, based
on unrecovered phosphonate: bp 147-150° (0.7 mm); mp 50-52°.
The product was analyzed by accurate mass measurement of its
mass spectral parent ion: caled for C14H230P, 238.1509; found,
238.1515. The mmr spectrum showed peaks at § 0.90 6 H, t, J =
6Hz), 1.66 (12 H, m), and 7.65 (5 H, m}).

1-Phenylphosphorinane 1-Oxide. A 250-ml round-bottom flask
containing 100 g (0.43 mol) of 1,5-dibromopentane was fitted with
a reflux condenser, on top of which was placed a pressure-equaliz-
ing addition funnel containing 21.5 g (0.109 mol) of diethyl
phenylphosphonite. With stirring at 150-155° under nitrogen, the
phosphonite was added dropwise over a period of 30 min, and
stirring at 150° was continued for an additional 15 min. The ex-
cess dibromide was removed by vacuum distillation. A solution of
the residue in CCly was cooled for 6 hr, giving a clear supernatant
over a thick oil. The supernatant was concentrated to-give 22 g of
95% pure ethyl (5-bromopentyl)phenylphosphinate, as judged by
nmr spectroscopy. The nmr showed peaks at § 1.29 B H, t, J = 7
Hzj, 1.73 (8 H, m), 3.39 (2 H, m), 3.97 (2 H, m), and 7.62 (56 H,
m).
The phosphinate decomposed with evolution of ethyl bromide
on attempted vacuum distillation, but this partially purified oil
was sufficiently pure for the subsequent synthesis.

A three-neck, 2-1. round-bottom flask was fitted with two pres-
sure-equalizing addition funnels and a mechanical stirrer. In one
funnel was placed a solution of 10.6 g (0.033 mol) of the above-
prepared phosphinate in 90 ml of THF, and in the other 10.6 g
(0.037 mol) of NaAlH,(OCH,CH3,OCHg)2 solution in 90 ml of
THF. These reactants were added simultaneously over a period of
1 hr to 500 ml of refluxing THF. The reaction mixture was heated
at reflux for an additional hour, then stirred at room temperature
for 6 hr. Work-up gave 7.7 g of oil, which upon fractional distilla-
tion started to sublime in the condenser after several forerun frac-
tions were collected. The distillation residue was transferred at
this point to a sublimation apparatus, and 1.80 g (28% yield) of
1-phenylphosphorinane 1-oxide was collected: bp 141° (0.2 mm);
mp 125-127° [lit. bp 140° (1.0 mm); mp 130°].2* The nmr spec-
trum showed peaks at 4 1,92 (10 H, m) and 7.72 (5 H, m).

1-Phenylphospholane 1-Oxide. Using a procedure analogous to
the synthesis of ethyl (5-bromopentyl)phenylphosphinate, 35 g of
diethyl phenylphosphonite and a fourfold excess of 1,4-dibromo-
butane were converted to 38 g of 90-95% pure ethyl (4-bromo-
butyl)phenylphosphinate, a yield of ca. 75%. The nmr spectrum
showed peaks at 6 1.25 (3 H, t, J = 7 Hz), 1.92 (CH, m), 3.39 (2
H, m), 3.95 (2 H, m), and 7.64 (5 H, m). This ester was not fur-
ther characterized and was used directly in thie next step of the
synthesis,

The ester was treated with NaAlH(OCH2CH2OCH3)2 as in the
above procedure to give a 27% yield of 1-phenylphospholane 1-
oxide, bp 140-150° (0.3 mm) [lit. bp 99-100° (0.15 mm)].?2 The
nmr spectrum showed peaks atd 1.95 (8 H, m) and 7.71 (5 H, m).

Ethyl (3-Bromopropyl)phenylphosphinate. Using 50.5 (0.255
mol) of diethyl phenylphosphonite and 250 g (1.24 mol) of 1,3-
dibromopropane, 56 g (76% yield based on phosphonite) of ethyl
(3-bromopropyl)phenylphosphinate was prepared by a Michaelis-
Arbuzov reaction analogous to that used to prepare ethyl (5-bro-
mopentyl)phenylphosphinate. The nmr spectrum showed peaks
at$ 1.23 3 H, t,J = 7 Hz), 2.07 (4 H, m), 3.45 (2 H, m), 3.94 (2
H, m), and 7.83 (5 H, m). The mass spectral parent ion was accu-
rately mass measured: caled for C11H167°BrO2P, 290.0062; found,
290.0048. This product was further characterized as described
below.

2-Phenyl-1,2-oxaphospholane 2-Oxide. In order to character-
ize ethyl (3-bromopropyl)phenylphosphinate, which like similar
compounds was too thermally unstable to be purified by distilla-
tion, 18 g (0.062 mol) of the slightly impure ester was heated at
200° for 1 hr. The residue was vacuum distilled to give 6.5 g (0.036
mol, 58% yield) of 2-phenyl-1,2-oxaphospholane 2-oxide, bp 157°
(0.7 mm). Anal. Caled for CoH1105P: C, 59.40; H, 6.05; P, 17.03.
Found: C, 59.26: H, 5.98; P, 16.96. The nmr spectrum showed
peaks at § 2.10 (4 H, m), 4.38 (2 H, m), and 7.58 (5 H, m).

Attempted Synthesis of 1-Phenylphosphetane 1-Oxide. This
reaction was carried out starting with ethyl (3-bromopropylphen-
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ylphosphinate) exactly analogous to the procedure used to pre-
pare 1-phenylphosphorinane 1-oxide, with the exception that the
addition time was decreased to 45 min and the period of subse-
quent reflux was decreased to 45 min. After the usual work-up, a
viscous oil was obtained which did not distil at 0.35 mm up to a
temperature of 210°,

Isopropylmethylphenylphosphine Oxide. To 3.2 g (0.019 mol)
of methyl methylphenylphosphinate in 5 ml of benzene at room
temperature was added 18.4 ml of NaAlH>(OCH2CH,0CHs)z so-
lution. Isopropyl bromide (7 g, 0.057 mol) was added, after bub-
bling had ceased, in 5 ml of benzene and the solution was heated
at reflux for 3 hr. The standard work-up followed by distillation
gave 0.56 g (16.5% yield) of isopropylmethylphenylphosphine
oxide, bp 88-91° (0.1 mm). The product was analyzed by accurate
mass measurement of its parent ion: caled for CioHi150P,
182.0862; found, 182.0863. The nmr spectrum showed peaks at §
1.06 (6 H, m), 1.63 (3 H, d, Jpcy = 13 Hz), ~1.75 (1 H, m), and
7.67 (5 H, m).

Tribenzylphosphine Oxide. A solution of 3.8 g (0.021 mol) of
triethyl phosphate and 13.2 g (0.105 mol) of benzyl chloride in 5
ml of dry benzene was heated at reflux under Ng, and to this stir-
ring solution was added 61 ml of NaAlH2(OCH2CH2OCHg)s solu-
tion over a period of 2 hr, after which heating at reflux was con-
tinued 14 more hr. The cooled reaction mixture was added to 300
ml of ether, and the ether solution was slowly hydrolyzed giving
insoluble aluminum salts. The supernatant was reduced to an oil
which was crystallized from ether-pentane to give 1.0 g (15.5%
yield) of tribenzylphosphine oxide, mp 211-214° [lit. 213°24
214°25], The nmr spectrum showed peaks at 6 3.08 (6 H, d, Jpcu
= 14 Hz) and 7.28 (15 H, broad s).

Methylphenylphosphine Oxide. To a solution of 3.5 g (0.021
mol) of methyl methylphenylphosphinate in 35 ml of THF at 0°
was added dropwise over a 10-min period a solution of 7.4 g of
NaAlH2(OCH2,CH;0OCH3)2 solution in 10 ml of THF. After bub-
bling stopped, the mixture was hydrolyzed as usual and distilled,
giving 1.38 g (51.5% yield) of methylphenylphosphine oxide, bp
93-102° (0.2 mm). Accurate mass measurement of the mass spec-
tral parent ion confirmed its composition: caled for C;HgOP,
140.0391; found, 140.0395. The proton nmr spectrum showed
peaks até 1.92 (3 H, d of d, JpCH =15 HZ, JHPCH =5 HZ), 7.58 (5
H, m),and 7.72 (1 H, d of q, Jpu = 478 Hz, Jypcy = 5 Hz).

Benzylmethylphenylphosphine Oxide from Methylphenyl-
phosphine Oxide. To 1.60 g (0.012 mo}l) of methylphenylphos-
phine oxide in 25 ml of THF at 25° was added 2.14 g of NaAl-
Hy(OCH2CH20CH3)e solution in 10 ml of THF. After bubbling
had ceased, 3.1 g (0.025 mol) of benzyl chloride was added and
the solution was stirred overnight. Work-up as usual gave 1.43 g
(51% yield) of benzylmethylphenylphosphine oxide, which had
identical spectral properties with those of the previously isolated
material.

Attempted Synthesis of Optically Active Benzylmethylphen-
ylphosphine Oxide. (S)-(—)-Menthyl methylphenylphosphinate
was prepared following the procedure of Mislow and coworkers,”
[a]?%p —98.7° compared to the literature value of —94°. A solution
of 1.0 g (0.0034 mol) of this ester in 20 ml of THF was stirred vig-
orously at 35°, and to this stirring solution was added over a 45-
min period a solution of 1.0 g of NaAlH,(OCH,CH,0CHs)2 solu-
tion in 20 ml of THF. Stirring was continued 15 min, after which
was added at 30° 0.9 g (0.007 mol) of benzyl chloride. This reac-
tion mixture was stirred at 25° for 43 hr and then worked up as
usual. The product was recrystallized from benzene-hexane to
give 0.256 g of (44% yield) benzylmethylphenylphosphine oxide,
mp 136-140°, [¢]2%p —8.0° in MeOH, which should be compared
to Mislow's value for (R)-(+)-benzylmethylphenylphosphine
oxide of +51°. It is concluded that the phosphine oxide obtained
was essentially racemized, perhaps completely, since the small
optical rotation may be due to contamination by (—)-menthol
expected as a side product.

Registry No.—NaAlH2(CH2CHj)o,' 17836-88-3; NaAlH2(O-
CH2CH20CHj)s, 21608-56-0; benzylmethylphenylphosphine oxide,
33838-34-5; methyl methylphenylphosphinate, 6389-79-3; ethyl-
methylphenylphosphine oxide, 7309-49-1; ethyl bromide, 74-96-4;
diethyl benzylphosphonate, 1080-32-6; dibutylbenzylphosphine
oxide, 4042-81-3; n-butyl bromide, 109-65-9; dibutylphenylphos-
phine oxide, 10557-66-1; diethyl phenylphosphonate, 1754-49-0;
1-phenylphosphorinane 1-oxide, 4963-95-5; 1,5-dibromopentane,
111-24-0; ethyl (5-bromopenty!)phenylphosphinate, 51065-60-2;
1-phenylphospholane 1-oxide, 4963-91-1; 1,4-dibromobutane, 110-
52-1; ethyl (4-bromobutyl)phenylphosphinate, 51065-81-7; ethyl
(3-bromopropyl)phenylphosphinate, 51065-82-8; 1,3-dibromoptro-
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pane, 109-64-8; 2-phenyl-1,2-oxaphospholane 2-oxide, 16324-19-9;
isopropylmethylphenylphosphine oxide, 36032-81-2; isopropyl bro-
mide, 75-26-3;-tribenzylphosphine oxide, 4538-55-0; triethyl phos-
phate, 78-40-0; benzyl chloride, 100-44-7; methylphenylphosphine
oxide, 19315-13-0; (S)-(—)-menthyl methylphenylphosphinate,
16934-92-2; (£)-benzylmethylphenylphosphine oxide, 51153-50-5.

References and Notes

(1) Acknowledgment is made to the donors of the Petroleum Re-
search Fund, administered by the American Chemical Soci-
ety, for support of this research.

(2) For a preliminary communication, see R. B. Wetzel and.G.
L. Kenyon, J. Amer. Chem. Soc., 94, 1774 (1972).

(3) Address correspondence to this author at the Department of
Pharmaceutical Chemistry, School of Pharmacy.

(4) A. E. Arbusov, J. Russ. Phys. Chem. Soc.,. 42, 395 (1910);
Chem. Abstr., 5, 1397 (1911); A. E. Arbusov and K. V. Niko-
norov. Zh. Obshch. Khim., 18, 2008 (1948); Chem. Abstr.,
43, 3801 (1949).

{5) N. Collie, J. Chem. Soc.; 42, 724 (1881); W. E. McEwen, K.
F. Kumii, A. Blade-Font, M. Zanger, and C. A. Vanderwerf,
J. Amer. Chem. Soc., 86, 2378 (1964).

(6) K. D. Berlin, T. Austin, M. Peterson,
hushanam, Top. Phosphorus Chem., 1,17 (1965).

(7) O. Korpium, A. Lewis, J. Chickos, and K. Mislow, J. Amer.
Chem. Soc., 80, 4842 (1968).

) T.H.Chanand K. T. Nwe, Tetrahedron Lett., 3601 (1973).

(9) A. Michaelis and T. Becker, Ber., 30, 1003 (1897}.

} W. B. Farnham, R. K. Murray, Jr., and K. Mislow, J. Amer.

Chem. Soc., 92, 5809 (1970).

(11) G. M. Kosolopoff, J. Amer. Chem. Soc., 72, 4292 (1950).

and M. Nagab-

J. Org. Chem., Vol. 39, No. 11, 1974 1535

(12) A. K. Hoffman and A. G. Tesch, J. Amer. Chem. Soc., 81,
5519 (1959).

(13) H. D. Zook and W. L. Gumby, J. Amer. Chem. Soc., 82,
1386 (1960).

{14) L. Horner and H. Hoffman, Chem. Ber., 91, 1583 (1958).

(15) T. L. Emmick and R. L. Letsinger, J. Amer. Chem. Soc., 90,
3459 (1968).

(16) In one experiment the conversion of methyl methylphenyl-

phosphinate to benzylmethylphenylphosphine oxide (see Ex-

perimental Section) was carried out with the modification

that the phosphinate was added to the NaAlH,{O-

CH,CH,0CH3),  solution, followed, after bubbling had

ceased, with addition of benzyl chloride, to give a 43% yield

of the phosphine oxide.

Similarly, Chan and Nwe® have recently reported obtaining

an anomalous product in an attempt to convert an open-

chain phosphonate to a cyclic phosphinate.

(18) R. Tang and K. Mislow, J. Amer. Chem. Soc., 91, 5645
(1969).

(19) N. K. Bliznyuk, Z. N. Kvasha, and A. F. Kolomiets, J. Gen.
Chem. USSR, 37, 1726 (1967).

(20) R. Kluger and F. H. Westheimer, J. Amer. Chem. Soc., 91,
4143 (1969).

(21) G. M. Kosolopoff and W. F. Huber, J. Amer. Chem. =Soc.,
69, 2020 (1947).

(22) Eastman Organic Chemical Bulletin, Vol. 42, No. 3, Kodak
Publication No. JJ60-703, Rochester, N. Y., 1970, p 1.

(23) J. Meisenheimer, J. Casper, M. Horing, W.
Lichtenstadt, and W. Samuel, Justus Liebigs Ann.
449, 213 (1926).

(24) J. H. Davies, J. D. Downer, and P. Kirby, J. Chem. Soc. C.,
245 (1966).

(25) F. Fleissner, Ber., 13, 1665 (1880).

=
3

Lauter, L.
Chem.,

Two Syntheses of Optically Pure (1R,2R)-1,2-Dimethylcyclopentane

W. C. M. C. Kokke* and Frans A. Varkevisser
Department of Theoretical Organic Chemistry, University of Leiden, P.O. Box 75, Leiden, The Netherlands

Received January 19, 1973

Three syntheses of trans-1,2-dimethylcyclopentane are described, viz., two syntheses of (1R,2R)-1,2-dimethyl-
cyclopentane (trans-12 = 20) and one of the racemic hydrocarbon. In the first synthesis (+)-pulegone was con-
verted into (3R)-2,3-dimethylcyclopentanone, whose semicarbazone on Wolff reduction afforded a mixture of
trans-12 and cis-1,2-dimethylcyclopentane (cis-12). Formation of cis-12 cannot be prevented because epimeriza-
tion occurs during Wolff reductions of semicarbazones of a-alky! ketones, In the second synthesis the title com-
pound (20) was prepared from resolved 4-cyclohexene-1,2-dicarboxylic acid. One of the steps in this route was the
LiAlH4 reduction of (1R,2R)-4-cyclohexene-1,2-dimethanol ditosylate. Use of N-methylmorpholine instead of THF
as a solvent saved labor and increased the yield considerably. 20 was found to have [a]p —51.5° (CHCls), in dis-
agreement with a literature value of ~35.2°. Racemic 2,3-dimethylcyclohexanone was used for the preparation of

racemic 1 (and 2) via 2,3-dimethylcyclopentanone.

Recently optically active trans-1,2-dimethylcyclopen-
tane has been discovered in a crude oil.! The specific
rotation found was 5.8° but a theoretical estimate made
many years ago in this department resulted in a much
higher value.? Therefore it became of interest to synthe-
size this substance. When we had completed the synthesis
from (+)-pulegone (Scheme I) we became aware of a
paper by Hill, et al.,3 which we had overlooked before. In
their work on the absolute configuration of the antibioti-
cum sarcomycin they also prepared trans-1,2-dimethylcy-
clopentane from (+)-pulegone, but by a route different
from ours. Taking absolute values, the angle of rotation
we found was 45% higher than the highest value reported
by Hill.3 Therefore it became of importance to follow a
second route to the same substance. The absolute configu-
rations of the compounds are depicted in the schemes.*

The route we chose was an obvious extension of a syn-
thesis used by Walborsky, et al.,® for the determination of
the absolute configuration of resolved 4-cyclohexene-1,2-
dicarboxylic acid (Scheme II). Both syntheses led to com-
pounds with nearly identical values of the angle of rota-
tion. Therefore it can be stated that the specific rotation

of optically pure (1R,2R)-1,2-dimethylcyclopentane is
[alb —51.5° (CHCly).

Dimethylcyclopentane from Pulegone (Scheme I).
Pulegone was hydrolyzed to give 3-methylcyclohexanone.
The 6 position in this ketone was blocked by condensation
with benzaldehyde, yielding «-benzylidene ketone.® Meth-
ylation of this compound gave a mixture of mono- and di-
methylated product, together with unreacted «-benzyli-
dene ketone. Oxidation of this mixture and decarboxyla-
tion of the acids obtained yielded a mixture of 3-methyl-
cyclopentanone, 2,3-dimethylcyclopentanone, and 2,2,3-
trimethylcyclopentanone. The ketones were separated by
distillation. The semicarbazone of 2,3-dimethylcyclopen-
tanone gave on Wolff reduction a mixture of optically ac-
tive and meso dimethylcyclopentane (83.3:16.7). Correct-
ed to chemical purity, trans-1,2-dimethylcyclopentane
showed [alp —51.2° (CHCl;). Hill® reported [a]p —35.2°
(CHCls). In the course of this investigation it became also
of interest to study possible epimerization during Wolff-
Kishner reductions. The results are described in the Ex-
perimental Section.

Dimethyleyelopentane from 4-Cyclohexene-1,2-dicar-



