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Abstract—The first synthesis of an optically active 1-phenylphospholane-2-carboxylic acid–borane complex and a 1-phenylphos-
phorinane-2-carboxylic acid–borane complex, which are proline and pipecolic acid phosphorous analogues, has been accom-
plished. The key to the synthesis is the enantioselective deprotonation accompanied with diastereoselective carboxylation. © 2001
Elsevier Science Ltd. All rights reserved.

Catalytic asymmetric synthesis has been developed to
meet the increasing need for optically active com-
pounds, particularly biologically important chiral com-
pounds in the pharmaceutical fields. In this area the
development of new efficient chiral ligands for metal-
catalyzed asymmetric reactions has received much
attention.

On the other hand, chiral bidentate ligands derived
from proline have been shown to be highly efficient
ligands in many asymmetric reactions1 and have
revealed that the rigid bicyclo[3.3.0]systems created by
the metal–ligand chelate complexes play very important
roles for high enantioselectivity.2 If the rigid bi-
cyclo[3.3.0]systems were applied to transition metals
(soft metals), the categories of applied asymmetric reac-
tions are expected to spread widely. Therefore, we
initiated investigation of the synthesis of proline phos-
phorous analogues and their application to transition
metal-catalyzed asymmetric reactions. We herein report
that the enantioselective synthesis of the proline phos-
phorous analogue using sec-butyllithium and (−)-
sparteine has been achieved and that a pipecolic acid
phosphorous analogue has also been synthesized.

Enantioselective deprotonation at the �-position of the
phosphorous atom in phosphine–borane complexes3

was examined as a synthetic strategy for the prepara-
tion of the proline phosphorous analogue. For the
synthesis, it was also necessary to control diastereo-
selectivity of the stereogenic centers created at the
�-position of the phosphorous atom and at the phos-
phorous atom itself.

The reaction of the 1,4-Grignard compound of 1,4-
dibromobutane with dichlorophenylphosphine4 fol-
lowed by protection using borane–tetrahydrofuran5

constituted 1-phenylphospholane–borane (1) (Scheme
1). The proline phosphorous analogue was synthesized
by dry-ice quenching after the enantioselective deproto-
nation of 1 using sec-butyllithium and (−)-sparteine6 as
a chiral source. At this stage, it was found that a subtle
difference in the reaction conditions drastically affected
the enantioselectivity of the product. The effects of the
reaction conditions of the enantioselective deprotona-
tion using sec-butyllithium and (−)-sparteine are shown
in Table 1.

Scheme 1.* Corresponding author.
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Table 1. Carboxylic acid formation via enantioselective deprotonation of 1

(−)-Sparteine (equiv.) Conditions Yield (%) trans/cisd ee (%, trans)eEntrya s-BuLi (equiv.)

1.0 −78°C, 3 h1 241.0 3.0 83
2 1.5 1.5 −78°C, 3 h 62 2.2 32

1.5 0°C, 2 h 76 1.53 341.5
1.5 0°C, 3 h 591.5 1.54 55

1.55 1.5 0°C, 4 h 48 1.6 85
1.5 0°C, 6 h 456 1.51.5 87
1.5 rt, 2 h 411.5 2.07 92

1.28b 1.2 0°C, 4 h 52 3.1 75
1.0 25°C, 8 h9c 551.0 4.0 92

a 0.50 mmol scale.
b 5.0 mmol scale.
c 25 mmol scale.
d Determined by 1H NMR analysis after conversion to the corresponding methyl ester by treatment with TMSCHN2.
e Determined by chiral HPLC analysis on Chiracel AD after conversion to the corresponding methyl ester by treatment with TMSCHN2.

As a result of optimization, use of equal equivalents of
the substrate (1), sec-butyllithium, and (−)-sparteine
showed high enantioselectivity7 but low yield (entry 1),
while excess use of sec-butyllithium showed high yield
but low enantioselectivity (entry 2). It was revealed that
excess use of sec-butyllithium at higher temperature
improved the results. Thus, dry-ice quenching at −78°C
after 1.5 equiv. of sec-butyllithium and (−)-sparteine
were added and the mixture was stirred at 0°C for 4–6
h or at room temperature for 2 h achieved high enan-
tioselectivity (entry 4–6). In a large-scale synthesis, on
the other hand, the conditions optimized in the small-
scale experiments did not satisfy enantioselectivity and
minor tuning of the reaction conditions was needed
(entries 8 and 9). In this case, the precise control of
reaction temperature (25°C) was found to be effective,
and satisfactory yield, diastereoselectivity, and enan-
tioselectivity were obtained (entry 9).

The five-membered ring frame of 1-phenylphospho-
lane–borane (1) was thought to be flip-flexible and the
flexibility might induce low selectivity, while the six-
membered ring flame was thought to be more rigidly
stable due to a chair conformation. Therefore, we next
decided to investigate enantioselective deprotonation of
a six-membered ring system.

The synthesis of 1-phenylphosphorinane–borane (3)
was related to that of 1; namely, the reaction of the bis
Grignard reagent of 1,5-dibromopentane with
dichlorophenylphosphine8 followed by protection using
borane–tetrahydrofuran5 gave 3 (Scheme 2).

As a result of optimization of the enantioselective
deprotonation–carboxylation of 3 (Table 2), use of
equal equivalents of the substrate (3), sec-butyllithium,
and (−)-sparteine showed high enantioselectivity with a
moderate yield (entry 1), while excess use of sec-butyl-
lithium did not show significant decrease of the enan-

tioselectivity, different from a similar reaction of 1.
Interestingly, diastereoselectivity was higher than that
in the reaction of 1 as expected. Finally, in a 5 mmol-
scale synthesis, high yield, diastereoselectivity, and
enantioselectivity were obtained (entry 6).

Direct recrystallization of the enantiomerically enriched
products enhanced the enantiomeric excess and the
diastereomer ratio (Scheme 3).

The absolute configurations of 2 and 4 were determined
by X-ray analysis of the menthyl ester of 2 and the
quinidine salt of 4.

In conclusion, the first syntheses of 1-phenylphospho-
lane-2-carboxylic acid–borane complex (2) and 1-
phenylphosphorinane-2-carboxylic acid–borane
complex (4), which are proline phosphorous and
pipecolic acid phosphorous analogues, have been
accomplished.9 These compounds are expected to be
important key skeletons for development of novel chiral
phosphine ligands. Synthesis of these chiral ligands as
well as their application to catalytic asymmetric synthe-
sis are now in progress.

Experimental procedure for the synthesis of 2:

To a stirred solution of substrate 1 (4.5 g, 25 mmol)
and (−)-sparteine (5.8 mL, 25 mmol) in ether (100 mL)

Scheme 2.
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Table 2. Carboxylic acid formation via enantioselective deprotonation of 3

Entrya (−)-Sparteine (equiv.)s-BuLi (equiv.) Conditions Yield (%) trans/cisc ee (%, trans)d

1.0 −78°C, 3 h1 401.0 18 90
1.5 −78°C, 3 h 64 14 812 3.0
1.5 −78°C, 1 h 651.5 7.13 80

1.54 1.5 −78°C, 3 h 57 36 83
1.55 −78°C, 6 h1.5 36 8.1 89
1.2 −78°C, 3 h 79 7.4 761.26b

a 0.50 mmol scale.
b 5.0 mmol scale.
c Determined by 1H NMR analysis after conversion to the corresponding methyl ester by treatment with TMSCHN2.
d Determined by chiral HPLC analysis on Chiracel AD after conversion to the corresponding methyl ester by treatment with TMSCHN2.

Scheme 3.
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