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Synthesis of 2, 2'-Bis(diphenylphosphino)-1, 1'-binaphthyl (BINAP), an Atrop-

isomeric Chiral Bis(triaryl)phosphine, and Its Use in the Rhodium(I)-Catalyzed

Asymmetric Hydrogenation of a{Acylamindacrylic Acids

Sir:

Synthesis of well-designed phosphine ligands is crucial to develop efficient
asymmetric catalysis by chiral transition metal complexes. 1 We have prepared
2, 2'-bis(diphenylphosphino)-1, 1'-binaphthyl (1, hereafter abbreviated to BINAP),

a new axially dissymmetric bis(triaryl)phosphine. 8

As outlined in Scheme I, racemic BINAP was first synthesized and then
the optical resolution h;:ﬁee& achievedi@sing the chiral Pd(II) complex 4}"3
through fractional recrystallization of the diastereomers of 5. =g This
method allows the ready preparation of both enantiomers of a new typ;! of
diphosphine, BINAP, in an optically pure state.

The molecular structure of [Rh((+)-binap)(norbornadiene) ] 0104 has been
determined by the X-ray crystal structure analysis. 2 The absolute configuration-
of the dextrorotatory diphosphine ligand was found to be R. Perspective drawing

of the complex is shown in Figure 1. The rhodium(I) atom has nearly square

Figure 1
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planar coordination and is surrounded by two phosphorus atoms and two C=C
bonds of norbornadiene. The seven-membered chelate ring is fixed to the A -
skew-boat conformation Ja.nd this dissymmetry determines the orientation of the
four phenyl rings on the phosphorus atoms. These phenyl rings are arrayed

in an alternating edge-face manner as was observed for the Rh(I) complex of

1, 2-bis[(o-methoxyphenyl) phenylphosphino ] ethane. 8 The two double bonds of
norbornadiene are not perpendicular to the P(1)—Rh—P(2) planeg but are tilted
14. 6° and 16.1° from the normal to this plane. The angle between the least-
squares planes through the two naphthyl groups is 74.3°.

With optically pure BINAP in hand, we have examined the asymmetric
hydrogenation of a»@cylamino)acrylic acid derivatives catalyzed by its Rh(I)
complexes. When a solution of [Rh((S)-binap)(norbornadiene)] C1O 4 [f(§)“§]
in methanol was exposed to atmospheric pressure of hydrogen at room temper-
ature, exactly 2.0 mol of hydrogen per Rh atom was taken up to give norbornane
and two Rh complexes, (§}-1§ and (§)-§ (,ga:: 9:1 ratio) (Scheme II).Q The
major, methanol-soluble complex (§)-H, isolated as deep red prisms, loses
methanol in vacuo at room temperature to produce an air-sensitive complex
(s)- 'Fb,g which reverts to (S)- 72 in methanol solut1on. The minor Rh complex

0
(S)-8 is methanoljinsoluble and has been isolated as brown crystalline solid. 1

A
Scheme 1
[Rh(s)-binap)norbornadiene)]clo, + 2H; i:%?ﬂ_ﬂ-
(5)-6
" y CgHs
CeHslz y P
P~__+_,0CH; N (CgHs)z P—CP;'
P’Rh\OCH ClOg + Rh h 2C10, + norbornane
3
(CeHsly M @—P P (CeHs)z
CeHs
(s)-7a
(s)-8
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The BINAP-incorporated Rh complex 7a as well as the methanol-iree
complex Tb serves as an excellent catalyst for the asymmetric hydrogenation
of prochiral a-%cylsuningacrylic acids or esters. Some examples are given
in Table 1. Since both (E)-HJ- and (§)-{-}-BINAP ligands are accessible,

Table I

one can obtain both enantiomers of hydrogenation products by choosing
handedness of the ligand chirality. The optical yield of the reduction of the

(E)- a—(\penzmmdf:mnarmc acid was among the highest ever reported. 19

4}; us-ua]lzm: wer concentration of the substrate resulted in higher optical yield.
For inst e, the hydrogenation using 0.013 M ethanolic solution of (Z)-a-
(benzamidgeinnamic acid and the catalyst (R)-7b (0.7 mol %) gave the optically
pure product, whereas the reaction with the 0.15 M solution of the olefinic
substré.te afforded the hydrogenation product in only 62% ee. In the hydrogenation
of (Z.)-a-fnenzamid(jcinnamic acid, higher initial hydrogen pressure resulted

in lower optical yield (96—100% at 1 atm vs. T1% at 50 atm). The original

Rh complex § or the methanol-insoluble species 8, though containing chiral
BINAP ligand(s), has proved to be poor asmymmetric catalyst; attempted
hydrogenation of (_Z)-a-(benzamidc}cinnamic acid with these catalysts under the
standard conditions gave the amino acid derivative in 38 and 26% ee, respectively.

The present catalytic hydrogenation aided with a chiral BINAP ligand

appears to be initiated by coordination of an olefinic substrate to Rh atom

rather than rhodium hydride formation. 3!'P NMR study13 indeed indicates

that the asymmetric reduction is proceeding mainly by the unsaturate mechanism,
first postulated by Halpern. Alyifsln The spectrum of a 0.006 M solution (low
concentration usually employed in the highly asymmetric hydrogenation) of the
chiral Rh complex (§}~'§H in methanol with a 12gmolar excess of methyl (Z)-a-
Cbenzamidc}:innamate at -50 °C exhibited a sharp, rhodium-coupled AB quartet
at § 32.4 (JRh P = 168 Hz, iP-P =42 Hz) and 21.0 (iRh-P = 162 Hz) due to
the tetré:rjcoordmate Rh(I) complex containing the bidentate diphosphine, (S)-
BINAP, and the olefinic substrate (chelate coordination via C=C and oxygen

of amide carbomnyl). 18 Here the occurrence of a single set of eight-line signals
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(within the limits of NMR detection) demonstrates that only one of two possible
diastereomers exists in the solution. This indicates that the BINAP-coordi-
nated Rh(I) complex hasc‘{rer}' high ability of enantioface differentiation, although
this might not necessar?ly be the criterion for the efficiency of the asymmetric
reaction. L Finally it should be pointed out that under some particular
conditions Rh(I) complexes containing two olefinic substrates may participate
in the catalytic hydrogenation. When the isolated 1:2 complexlﬁ of {—S-)_.?.lf and
{g)-cr-@enzamido):immmic acid was allowed to stir under hydrogen atmosphere
in methanol containing 4.4 molar excess of the olefinic substrate, N-benzoyl-
(R)-phenylalanine was formed in only 71% ee. Such/?)henomenon__is consistent
with the marked concentration effect on the optical yields in the hydrogenations.
Thus the catalytic hydrogenation system contains a variety of catalysts and
coordination complexes which behave differently in asymmetric reactions. In
order to achieve a high optical yield, therefore, efforts are to be exerted to conirol

the conditions so that a selected species leading to high stereoselectivity is created.

Acknowledgments. We thank Professor S. Otsuka and Dr. K. Tani for

valuable suggestions regarding the optical resolution procedure. We also
thank Dr. W. S. Knowles of Monsanto Co. for informing us the value of optical

rotation of pure N-benzoyl-3-(4-hydroxy-3-methoxyphenyl)-(S)-alanine.
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Figure 1. Molecular structure c;f [Rh((R)=(+) ;¢ o~binap)(norbornadiene) 7.
Selected interatomic distances (A): Rh—P(1), 2.305 (1); Rh—P(2), 2.321 (1);
P(1)—C(1), 1.836 (5); P(2)—C(20), 1.844 (5); P(1)—C(21), 1.814 (5); P(1)—
C(27), 1.828 (5); P(2)—C(33), 1.831 (8); P(2)—C(39), 1.810 (6); C(10)—C(11),
1.508 (7); Rh- - -H(C26), 2.79 (5); Rh---H(C40), 2.85 (5); Rh---H(C32),

3.61 (6); Rh-++«H(C38), 3.44 (5). Selected bond angles (deg): P(1)—Rh—P(2),
91.82 (5); Rh—P(1)—C(1), 113.60 (16); Rh—P(2)—C(20), 117.88 (16); P(1)—
C(1)—C(10), 122.99 (35); P(2)—C(20)—C(11), 120.84 (36); C(1)—C(10)—C(11),
123.72 (44); C(20)—C(11)—C(10), 123.25 (42).
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Table I. Asymmetric Hydrogenation of e-Acylamincacrylic Acids Catalyzed by the Rh-BINAP Compl ar—a

absolute optical purity
substrate catalyst product contign % yield % Big
H\ 'G/ = (EJ-?-E N-benzoylphenyl- 2 L ps
cH  NHCOCH, (Rjsyy,  Sanine s 97 100
CH, COOH
% Ppecl )-qs A DIOYIBheRy: s 03 a7s
u” wmcoc ol - €
H'\C=C/C HB -1 N-benzoylphenyl- B L 23
Csl'g \N'HCOCSHS (®-7a alanine methyl ester s 97 92
H COOH
e N-acetylphenyl-
AC=C (58)-Ta St R a9 84
Cc.H NHCOCH CED
L] 3
H_ _.COOH N-benzoyl-3-(4-hydroxy-
c=C. (8)-Tb 3-methoxyphenyl)- R 97 79
NHCOC H, = alanine
HO oOcH
= c< (8)-7b  N-benzoylalanine B o7 98
NHCOC H,

675

2 The reaction was generally run with 0.5=1.0 mmol of substrate in 20—30 mL ethanol (or THF for configu-
rationally labile E substrates) at room temperature for 48 h under an initial hydrogen pressure of 3—4 atm.
EC!pi:ica.l yields were ::B.lculated with respect to the following values of the optically pure compounds: N-
hanmyl-(R]-phenyla.lanine, [rr] 1i41.8° (c1, CH OH}(mthentic sample, prepared); N-benzoyl-(S)-phenyl-
alanine {E]D -41.4 *{c 1, CH OH}(auﬂ'lem::lc Bample, prepared); N-benzoyl-(S)-phenylalanine methyl ester,
[::']:D -45.3 °{c 1, C H OH}(Siﬂﬁu D.; Kagan, H. B. J. Organomet. Chem. 19?6, 114, 325); N-acetyl-(R)-
phenylalanine, [nr] -42 1°(c 1, CH OHl(authentic sample, prepared); N-benzoyl-3-(4-hydroxy-3-methoxy-
phmyll (S)-alanine, [ﬂ'}:D5 -28.5 °(c 1, CH 2OH)(nowles, W. 8. private communication); N-| -benzoyl-(3)-alanine,
[a]D + 26.7 ° (¢ 1, 0.1N NaOHMauthentic s&mple. prepared). —Hydrogenation was carried out in THF.
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ORD, and UV spectira of the BINAP ligand and compared the results with the
classic work of Mislow. Unfortunately, however, the spectra of the axially
dissymmetric phosphine arg complicated and do not allow easgy assignment
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complex 9 is intermediate between those of iree and Rh complexed phosphine
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Abstract for Chem. Abstr.

Synthesis of 2,2'-Bis(diphenylphosphino)-1, 1!-binaphthyl (BINAP), an Atrop-

isomeric Chiral Bis(triaryl)phosphine, and Its Use in the Rhodium(I)-Catalyzed

Asymmetric Hydrogenation of a{Acylamindacrylic Acids

Miyashita, A.; Yasuda, A.; Takaya, H.; Toriumi, K.; Ito, T.; Souchi, T.;

Noyori, R. (Chemical Materials Center and Division of Applied Molecular

Science, Institute for Molecular Science, Okazaki 444, Japan, and Department

of Chemistry, Nagoya University, Chikusa, Nagoya 464, Japan)

The title axially dissymmetric chiral diphosphines, (R)-(+)-1 and (S)-(-)-1,
have been prepared by optical resolution of racemic 1 which was syntimesized
starting from 2,2'-dihydroxy-1,1'-binaphthyl. The absolute configuration of
BINAP has been determined by the X-ray crystallographic analysis of [Rh{(R)-
(+-1 (norbornadiene) ] C10 4 The asymmetric hydrogenation of a-acylamino-
acrylic acids catalyzed by the BINAP—Rh(I) complexes gives the corresponding
amino acids in high optical purity. Factors controlling the enantioselectivity

and mechanistic aspects are examined on the basis of the g "'P NMR measurement.

P(CsHs)2
P{CgHs)z

(RI-(+)-1 (5)-(=)=1

Image sources

Noyori Private Archive: Figs. A.9.-A.24.
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