J. Am. Chem.

P-Chiral Bis(trialkylphosphine) Ligands and Their
Use in Highly Enantioselective Hydrogenation
Reactions

Tsuneo Imamoto;* Junko Watanabg Y oshiyuki Wada!
Hideki Masudd, Hironari Yamadd, Hideyuki Tsuruta,
Satoru Matsukawaand Kentaro Yamaguchi

Department of Chemistry, Faculty of Science and
Chemical Analysis Center, Chiba Umirsity
Yayoi-cho, Inage-ku, Chiba 263-8522, Japan

Material R & D Laboratories, Ogawa and Co., Ltd.
Shoo-cho, Katsuta, Okayama 709-4321, Japan

Receied October 1, 1997

Optically active phosphines play a most important role as the
chiral ligands in various metal-catalyzed asymmetric reactions,

and numerous chiral phosphines have been designed and syn-

thesized over the past three decaddgsmong them, some P-chiral
phosphines such aRR)-1,2-bis[-methoxyphenyl)phenylphos-
phino]ethane (DIPAMP) were landmark discoveries at an early
stage in the history of asymmetric hydrogenation reactiéns.
Thereafter, however, relatively less attention has been paid to
P-chiral phosphine ligands in the field of asymmetric catalysis.
This is largely ascribed not only to the synthetic difficulty of
highly enantiomerically enriched P-chiral phosphines but also to
the fact that this class of phosphines, especially diaryl- and
triarylphosphines, are configurationally unstable and gradually
racemize at high temperatures.

On the other hand, optically active trialkylphosphines are
known to hardly racemize even at considerably high temperéture.
On the basis of this fact, we designed a new class of P-chiral
phosphine ligands, 1,2-bis(alkylmethylphosphino)ethanes (alkyl
= tert-butyl, 1,1-diethylpropyl, 1-adamantyl, cyclopentyl, cyclo-
hexyl) (abbreviated as BisP*) (Figure 1)An important feature
of these ligands is that a bulky alkyl group and the smallest alkyl
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group (methyl group) are bonded to each phosphorus atom. The
ligands would form five-membere@,-symmetric chelates, and
this imposed asymmetric environment might lead to high enan-
tioselectivity in asymmetric reactions. It is also anticipated that
these electron-rich trialkylphosphine ligands provide very high
catalytic efficiencies in transition-metal-catalyzed homogeneous
hydrogenation8?

The preparation of the designed P-chiral phosphine ligands and
their Rh-complexes has been accomplished using phosphine
boranes as the intermediates (Schem¥ Jgvans et al. reported
that aryldimethylphosphine boranes were subjected to enantio-
selective deprotonation by &BuLi—(—)-sparteine complex,
followed by oxidative coupling using Cu(OPjy)to afford C,-
symmetric bisphosphine boranes in excellent enantiomeric ex-
cesses (ee), but they did not describe the reactions of alkyldi-
methylphosphine boranés. We applied their method to alkyl-
dimethylphosphine borands—e which were synthesized in one
pot from phosphorus trichloride. The reactionslaf-c afforded
highly enantiomerically enriche€,-symmetric bisphosphines
2a—c along with minor amounts of the meso diastereoriers.
On the other hand, compoundsl and 1e provided the corre-
spondingC,-symmetric product2d and 2e with relatively low
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The enantioselectivity of the reduction was reported to be 22% ee.
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Figure 2. ORTEP drawing of rhodium complex [RI&E)-3a)(nbd)]BF,
(4a): the NBD and the BFF anion are omitted for clarity.

enantiomeric purity® Enantiomerically pur@a—e were obtained
by direct recrystallization of the crude products or by recrystal-
lization after removal of the meso diastereomers by HPLC or
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Table 1. Rh-Catalyzed Enantioselective Hydrogenation of
o-(Acylamino)acrylic Derivatives (Eq 1)

cat. cat.

en- pre- sub- sol- %ee en- pre- sub- sol- % ee

try2 cursor strate vent (configf try2 cursor strate vent (configl
1 4a 5a MeOH 99.9(R) 12 4b 5h MeOH 20.B(R
2 4a 5b MeOH 984(R) 13 4c 5a MeOH 99.9(R)
3 4a 5c MeOH 97.7(R) 14 4c 5b MeOH 98.6(R)
4 4a 5d MeOH 959(R) 15 4c 5g MeOH >99.9(R)
5 4a 5e MeOH 99.8(R) 16 4c 5h MeOH 824(R)
6 4a 5f MeOH 97.3(R) 17 4d 5a MeOH 43.06(R
7 4a 53 MeOH 98.B(R) 18 4d 5h MeOH 93.0(R
8 4a  5h MeOH 83.6(R) 19 4e 5a MeOH 47.2(R)
9 4a  5h C¢Hg 84.9(R) 20 4e 5h MeOH 89.3(R)
10 4a 5i CeHs 55.F(R 21 4e 5 MeOH 90.9(R
11 4b 5a MeOH 94.7 (R

a3 Reactions were carried out at room temperature and an initial H
pressure of 2 atm (for substratéa—g) or 6 atm (for substrateSh
and5i) using the catalyst precursoréa—e) (0.2 mol %).° Absolute
configurations were confirmed by comparison of sign of optical rotation
and chiral HPLC or GC elution order, with configurationally defined

flash chromatography. Subsequent removal of the boranato groupexamples® The ee (%) values were determined by HPLC using a Daicel

was difficult by our conventional methd&-*even with the use

of highly reactive cyclic amines such as 1,4-diazabicyclo[2.2.2]-
octane or pyrrolidine. An alternative method developed by
McKinstry and Livinghouse was found to be effective for this
transformatiort* Thus, the reactions with trifluoromethane-
sulfonic acid in toluene or tetrafluoroboric acid in dichloro-
methane, followed by treatment with aqueous KOH gCR,
provided the desired bisphosphirgs-ein high yields!® These
bisphosphines were converted to the cationic Rh compkxes

by the reactions with [Rh(nbgBF..

The crystal structure of rhodium complda was determined
by single-crystal X-ray analysi§. The ORTEP drawing shown
in Figure 2 clearly confirms the expect&-symmetric environ-
ment, where the bulkytert-butyl groups occupy the quasi-

Chiral OJ columnd The ee (%) values were determined by HPLC using
a Daicel Chiral OJ column on the corresponding methyl es&tEhe
ee (%) values were determined by HPLC using a Daicel Chiral OD-H
column.f The ee (%) values were determined by HPLC using a Daicel
Chiral OD-H column on the corresponding methyl estefhe ee (%)
values were determined by chiral capillary GC using Chrompack’s
Chiral4-Val column (25 m).
at room temperature and an initiak lgressure of 2 atm in the
presence of the catalyst (0.2 mol %). The reactions proceeded
rapidly and were complete within 0:2 h. On the other hand,
the S-disubstituted onest and5i) required a higher Hpressure
(6 atm) and a longer time (R4 h) for completion of the
reactions. These results are summarized in Table 1.

It is noted that catalyst precursofs—c exhibited excellent
enantioselectivity in the hydrogenations gfmonosubstituted

equatorial positions and the methyl groups are located at the quasierivatives angs-unsubstituted one (entries-7, 11, and 13-

axial positions to form d-chelate structure.
For the purpose of comparison, the rhodium complebese

were employed as the catalyst precursors in asymmetric hydro-

genation ofa-(acylamino)acrylic derivatives including-disub-
stituted ones (eq 1). The reductions @fmonosubstituted

R1
- COOR®

NHCOR*

R'=H, RZ = Ph, R® = Me, R* = Me
R'=H,R?=Ph,R®=H, R*=Me

R'=H, R?=Ph, R®= Me, R*= Ph
R'=H,R?=Ph,R®=H,R*=Ph

R' = H, R? = 3-Me0-4-AcOCgH3, R® = Me, R* = Me
R = H, R? = 3-Me0-4-AcOCgH3, R® = H, R* = Me
R'=H, R?=H, R®=Me, R*= Me

R, R? = (CH,)s-, R® = Me, R* = Me

R' = Me, RZ = Me, R®= Me, R* = Me

R’
Rh-catalyst 3
+ Hy ___y_> R2J\'/COOR M

NHCOR*
Sa:
5b:
5¢:
5d:
Se:
5f :
5g:
5h:
5i :

derivatives ba—f) andf-unsubstituted ones@) were carried out

(12) For example, the reaction df afforded C,-symmetric producla
(67%, >99% ee) and the meso diastereomer (13%). Enantiomerically pure
2a was obtained by direct recrystallization of the crude product containing
the meso diastereomer from hot toluene one or two times.

(13) For example, the reaction &fl afforded C,-symmetric produc@d
(46%, 75% ee) accompanied by the meso diastereomer (29%).
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15). However, use of these catalysts in the reactiong-oF
substituted derivatives resulted in disappointingly low enantio-
selectivity (entries 810, 12, and 16). On the other hantt

and 4e afforded low enantioselectivities in the reduction of the
B-monosubstituted derivatives (entries 17 and 19). Surprisingly,
these catalysts were effective for thedisubstituted derivatives

to provide remarkably high enantioselectivity up to 93.0% ee
(entries 18, 20, and 21J. The “steric matching” between the
ligands Bd and 3¢) and the substrate olefins is considered
responsible for these results.

In summary, we have prepared a new class of P-chiral
phosphine ligands, 1,2-bis(alkylmethylphosphino)ethaBas- (
€). The resulting Rh catalystsa—e are highly reactive, facilitat-
ing the reduction ofi-(acylamino)acrylic derivatives in excellent
enantioselectivity. Further applications of these ligands to other
catalytic asymmetric reactions are in progress in our laboratory.
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