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Some Syntheses of Optically Active

Phosphorus Compoundsl

K. DARRELL BERLIN and DONALD B. BURPO'

Department 01 Chemistry, Oklahoma State Unlvenlty, Stillwater

The synthesis of optically active phosphorus compounds for the most
part has been limited to those chemicals which contain an asymmetric
phosphorus atom. Those compounds which do not contain an asymmetric
phosphorus atom include (-)-menthyl- and (-)-bomyl P, P-diethyl 2­
phosphonopropionate (Tomoskozi, 1966) and (- ) -menthyl dlphenylphos­
phinate (Lewis, Korpiun and Mislow, 1967). The latter was not well char­
acterized In the report of Lewis, Korplun and Mislow (1967). Several
optically active organophosphorus compounds were synthesized which do
not contain an asymmetric phosphorus atom. Condensations of diphenyl­
phosphlnyl chloride (1) with either an amine, an alcohol, or a sodium
alkoxide were Investigated. The reactions Involve formation ot a P-N or
P.-O bond via nucleophilic displacement on phosphorus by an oxygen or
IUtrogen atom.

Two equivalents of optically active primary ainltie pet one equivalent
of 1 were utilized in the synthesis of three amides ot dlphenylpho8phlDlc
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acid. TIle 80dlum aJkoxI_ at (-) -menthol and (-) -bomeol were pre­
pared IIDce

+

2IU'fHs + (c.B.).P(O)CI -+ RN'HP(O) (C.u.>s + RNH" C1
1

e.tmtleaUon at the alcohol with 1 wu dlfflcult. Triethylamine was UBed

ROB + Na -+ RONa + O.6H,

RONa + 1 -+ ROP(O) (c.u.), + NaCl
U aD add 8C&venger In the eater Iynthesis from (-) -2-methyl-1-butanol
and 1.

ROB + 1 + (CH,CHs)~ -+ ROP(O) (CeH,), + (CH,CH,),NH, C1
Durtna' addJtJon of 1 to an optically active amine In ether, the amide

and hydrochloride ot the amine began to precipitate. In the workup of
the reaction mixture, the IOlid precipitate was washed with water to dis­
80Jve the Ionic .salt. The residue was then recrystalllzed to give pure
amide.

After reaction of 1 with an alkoxlde, the slight excess of 1 was re­
moved by extraction with aqueous sodium bicarbonate. Steam c:Ustillatlon
proved Wleful u a means for removing the unreacted (-) -menthol or
(-) ·bomeol.

The hydrochloride of triethylamine was separated from the reactlon
mixture by ttJtratJon. Then the excess (-) -2-methyl-l-butanol and tri­
ethylamlne were removed from the ester by evaporation using high vac­
uum.

The optically active products were as tollows: <+)-N-(a-methyl·
beJulyl) diphenylpbosphJnic amide (2), (+)-N- (a-methylphenethyl) di­
phenylpholphlnlc amide (a) , (-) -N- [a- (l-naphthyl) ethyl]diphenylphos­
phillie amide (f), (-) -menthyl dlphenylph08phinate <&'), ( - ) -bomyl di·
pbenylpboaphJnate (I), and (+)-2-methyl-l-butyl dlphenylphosphinate
(7) i Me Table I.

I.R. and N.M.R. spectra, specltlc rotations, and elemental analyses of
the products were WJed for ident1tication purposes. These analyses sup­
port the expected eater or amide structures. N.M.R. peaks for the NH
proton 1D the amides are centered at 3 8.38-3.80 (broad multiplet). Like­
wi8e. a multiplet at ca. 3 8.89-5.14 is observed for the single methine pro­
toll 1D the amidel. Each of the amides also gives doublets in the range of
a 1.21-1." With coupltng constants of ca. 5.2-6.5 cpa for the methyl group.

H
I 0
: t

H3C-'C --NHP(C6Hs )2
I
I
I
C6H5

(+)-I-(a-Mt~1bens71)dipheDTlpbo8pb1n1camide (2)

[0]23.5 a +33 S·
D •
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OR,
I 0
: t

H-.c-IHP(C6Hs)a
••I
CHaCtHs

or

(+)-I-(cr-Mth71pheneti\Yl)d1phenylphosph1n1c amide (3)

(-)-J;- [o-(1-naphthyl)eth71]diphenylphosphinic amide (4)

(-)--.ntJ\yl dipheD71pbosphinate (S)

[~15.5 • -73 O·
D •
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(- )-bornyl diphenylphosphinate (6)

9H3 0
: f

H-- C--CH20P(C6HSh
I

•I
C2Hs

(+)-2-methyl-l-butyl diphenylphosphinate (7)

125

The OCH proton in 6 and .. gives a multiplet at a 4.23 and 3 4.81, re­
spectively. The 0CHs protons in '1 produce a triplet at a 8.84 (J=l5.9
cps). The three methyl groups in i give rise to doublets at a O.l5l5 (J=8.8
cps), 0.88 (J=7.0 cps), and 0.83 (J=l5.0 cps) while the three methyl
groups in .. yield stnglets at a 0.73, 0.82 and 0.87. The two methyl groups
in '1 overlap in the spectrum and appear at ca. a 1.00 and 0.90 (J=3.0 cps),
respectively.

Specific rotations of chloroform solutions containing the starlmg
materials leading to 2-'1 were +315.8°, +38.2°, +41.8°, --44.7°, -20.8°,
and --l5.330

, respectively. Those for 2-7 in chloroform were +88.5°,
+19.8°, -44.80, -73.0°, -14.3°, and +4.18°, respectively. It shoUld be
noted that the signs of specific rotation for the organophosphorus pro­
ducts, f and 'J, are opposite to those for the corresponding amine and alco­
hol. The reversals of sign suggest that (in theM compoundl) some mole­
CUlar conformations may be preferred over the corresponding enanttomertc
conformations. Brewster (19l59) predicted, on the bu1s of a sterle require­
ment Increase, that a change in the alp of optical rotation would be
observed for the following modeL
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II>n size A II. B, - rotation

m>n size A > S, + rotation

(CH2 )mCH3
f
I

•
B_C --(CH2 )nCH3

I
I
I

A

Tbe above configuration la comparable with those for (-) -2-methyl-l-bu­
tanoJ and '1 and a ..milar ateric situation and change in sign is observed.

CH3
I
I
t

CHJCH~C--H
I
I
I
CH2 0H

1
eH, 3

I
I

ClbCH2-C~H

: 0
I t
CH2 0P(C 6Hs h

7

ExPmIMENTAL

AtlCllrflcGI metA0cf.9-The I.R. spectra were determined using a Beek­
man IR-6A apectrometer and potassium bromide pellets. The N.M.R.
apectra were recorded on a Varian A-60 high-resolution spectrometer
with tetramethylmlane u the internal standard in CDCI. solutions. The
optical rotations were obtained with a Model 80 universal high-precision
polarimeter manufactured by O. C. RUdolph and Sons, Caldwell, New
Jeney. The BOlvent wu Certified A.e.S. chloroform sold by Fisher Sclen­
Me Company.

Prepato&tt 01 (+ )-N-(crJletAylbeuyl)d'PJ&etaylpAoaophinic amide (I)
-4 IOO-ml 8-necked fluk equipped with a magnetic stirring bar, addt­
Uoa twmeI. condeIUIer. and thermometer was charged with a solution ot
1.110 C (0.0J88 mole) of (+ )-crmethylbenzylamine in 160 ml of anhydrous
(drled over LIJlde A molecular steve) ether. Dlphenylphosphlnyl chloride
(1) (a.U •• 0.01" mole) in 15 ml of anhydrous ether was added dropwise
at 8UCh a rate .. to cause gentle bolling of the solvent. The addition re­
quired 10 min. The I'MCtion mixture was then boned (:u C) for 6 hr
after which the amide and hydrochloride of the amine were removed from
tbe ether by ftltratlcm. Th1I eoUd residue was waahed with four l25-rol
portloDa of water. RecryatalllzaUon of the remainlng solid from ethanOl­
water (2:1) pve loa g (11.7%) of" mp 192-193 C.

£ 01 (-)-.etltA" DtpAMyz"I&oap"itlate(6)- A 500-ml flask
... wJtIl aalmmendon thermometer, nitrogen inlet tube. meehan-
leal . • &4tdltlon tuDIlel. condenser, and drying tube (CaC!s). An oil
bath- ... p1acecI around the reaction flask. Sodlum (2.76 g; 0.12 mole),
11.•• (0.10 mole) ot (-)-m8llthol. and GO ml of toluene'were stirred vtg­
0I'0UI1y tor ., hr wbUe the on bath temperature was held at 100-105 C.
After u.e mixture cooled to room temperature, the unreacted chUDk of
llOdlum ... removed mechaDlca11y. Next 21.0 g (0.11 mole) of dlpheny~-
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phosphlnyl chloride In 50 ml toluene was added dropwise to the aodlum
alkoxlde with extemal cooling. After the 15--min addition, the mixture
w88 boiled at 85 C for " hr, cooled, extracted with 200 ml of 5% sodium
bicarbonate, and washed with water. Steam distillation of the organic
layer was performed until about 1.5 liters of distulate had been collected
in order to remove the unreacted menthol. The nonvolatile organic real­
due wu extracted with ethyl ether. The ether solution was dried (MgSO.)
and then evaporated. After a small amount of "-hexane was added to
the residual oil, cooling in a dry ice-acetone bath caused soUdification.
RecrystalUzation from "-hexane gave 18.25 g (51.2%) of 6, mp 12-18 C.

Preparation 01 C+)-.-Mefhyl-l-butyl Dipheftylphoaph'nate (7)-The
apparatus used was the same as that for," Compound 1 (88.1 g; 0.288
mole) in 100 ml of anhydrous (Linde SA molecular sieve) ether was
added dropwise to 4S.0 g (0.425 mole) of triethylamine and 30.0 g (0.840
mole) of (-) -2-methyl-1-butanol in 300 mt of anhydrous ether. The tem­
perature rose from 25 to 30 C during the SO-min addition. After the mix­
ture was boiled at 39 C for S hr, the triethylamine hydrochloride was fil­
tered from the ether solution. The soUd salt was washed " times with
100 ml of boiling ether. After combining all the ether portions, the solu­
tion was concentrated. The oil was then heated gradually up to 90 C
under high vacuum in order to remove the excess triethylamlne and al­
cohol. Cooling of the oil caused soUdification. Crystallization from ether­
petroleum ether (1:5) yielded 1; 35.1 g (43.1%).
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