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ABSTRACT

O

X= H, 5-, 6-, or 7-CH30, 7-F, 5,7'(CH3)2, 4,4-(CH3)2

chiral Ru cat

_—_—

OH

30

92-99% ee

chiral Ru cat = trans-RuCly(binap)(1,4-diamine)

A combined system of a RuCly(binap)(1,4-diamine) complex and t-C4HsOK in i-C3H;OH catalyzes enantioselective hydrogenation of various
1-tetralone derivatives and some methylated 2-cyclohexenones. Hydrogenation of 2-methyl-1-tetralone under dynamic kinetic resolution gives

the cis alcohol with high ee.

Chiral diphosphine/1,2-diamireRuX, complexes (X=
anionic ligand) combined with® or withouf an alkaline base

T Nagoya University.
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(1) Noyori, R.; Ohkuma, TAngew. Chem., Int. E®001, 40, 40—-73.

(2) BINAP = 2,2-bis(diphenylphosphino)-1:binaphthyl. ToIBINAP
= 2,2-bis(di-4-tolylphosphino)-1,1binaphthyl. XyIBINAP = 2,2-bis(di-
3,5-xylylphosphino)-1,tbinaphthyl. DAIPEN= 1,1-di(4-anisyl)-2-isopro-
pyl-1,2-ethylenediamine. DPEN 1,2-diphenylethylenediamine.

(3) (@) Ohkuma, T.; Ooka, H.; Hashiguchi, S.; lkariya, T.; NoyoriJR.
Am. Chem. S0d 995 117, 2675-2676. (b) Ohkuma, T.; Doucet, H.; Pham,

in i-CsH;OH effect rapid, enantioselective hydrogenation of
simple, unfunctionalized aryl® heteroaryt, alkenyl 3>-d.94-6
and certain aliphatic ketonés.

Our recent mechanistic study revealed thegtophenone
the simplest aromatic ketone, is reduced with an tt&8es
RuH;(binap)(1,2-diamine) intermediate via a six-membered
pericyclic transition staté Because the ketone enantiofaces
are differentiated on the chiral molecular surface of the
saturated Rukicomplex, suitable combination of the catalyst

T.; Mikami, K.; Korenaga, T.; Terada, M.; Noyori, R. Am. Chem. Soc
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and substrate is necessary for high efficiency. The enanti-
oselectivity and reaction rate are affected by subtle changes
in electronic and steric parameters of the Ru complexes and
ketones. No universal chiral catalysts exist because of the
structural diversity of ketonic substrates. Thus, hydrogenation
of 1-tetralonesl has remained very slow and poorly

375. (6) Ohkuma, T.; Koizumi, M.; Miiz, K.; Hilt, G.; Kabuto, C.; Noyori,
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Table 1. Asymmetric Hydrogenation of 1-Tetralon&g)?

conditions (R)-2a
Ru catalyst H; time yield ee
no. S/cP solvent® [atm]  [h] [%]d  [%]d
(S,R)-3a 11 000 A 9 3 99.9 90
(S,R)-3b 10008 A 8 12 98 89
(S.R)-3c 3000 A 9 8 72 99
(S.R)-3c 3000 B 9 8 99.6 99
(S.R)-3c 11 000f B 50 17 99.8 98

aUnless otherwise stated, reactions were conducted using 3.0 mmol of
1a (1.0 M) in solvent containing arS(R) Ru catalyst and-C4sHgOK (8—
20 mM) at 25°C. b Substrate/catalyst molar rati®Solvent: A= i-CsH7OH;
B = 3:1i-CgH;0H—t-C4HoOH. 4 Determined by chiral GC analysi&[t-
C4HoOK] = 100 mM. f Reaction using 11.5 mmol dfa

enantioselective. We here report that replacement of con-
ventional 1,2-diamine ligands by certain chiral 1,4-diamines
can solve this difficult probler A chiral RuChk(binap)(1,4-
diamine)t-C4HsOK combined system promotes hydrogena-
tion of ketonesdl with a substrate to catalyst molar ratio (S/
C) as high as 55 000 to afford chiral 1-tetral@sn up to
99% ee and high yield.

(2R 3R,4R,5R)-3,4-O-Isopropylidenehexane-2,5-diamine
[(R)-IPHAN], a chiral 1,4-diamine, was synthesized from
natural (R,3R4R,5R)-mannitol. Treatment of the known
(25354S59-3,4-O-isopropylidenehexane-2,5-diol bismethane-
sulfonaté® with NaN; in DMF (4 equiv, 50°C) followed
by hydrogenation on 5% Pd/C in methanol (25, 1 atm
H,) gave R)-IPHAN in 59% yield (see Supporting Informa-
tion). (2539)-2,3-O-Isopropylidenebutane-1,4-diamin&J{
IPBAN] is obtainable from diethylR R)-tartrate according
to the literaturé? transRuCh[(S-tolbinap][(R)-iphan] [SR)-
3a] was prepared in 50% isolated yield by reaction of
oligomeric RuCj[(9-tolbinap](dmf}!?and 1.1 equiv of R)-
IPHAN in DMF (25°C, 15 h). The®'P{H} NMR spectrum
showing a singlet at 44.3 ppm indicatedtmns-RuCh
geometry3¢ Other diphosphine/1,4-diamirdRu complexes
(SR)-3b—d were synthesized by similar procedures.

First, the reactivity and stereoselectivity of the chiral Ru
complexes3 were tested by using parent 1-tetralofe)(as
substrate (Table 1). TheSEXyIBINAP/(R)-IPHAN—Ru
complex [E§R)-3c] was found to exhibit the highest enan-
tioselectivity in reaction ofla. Thus whenla was hydro-

(8) Asymmetric hydrogenation dfa, giving 2ain 95% ee and 88% yield,
was achieved with a BINAPIr complex with an achiral amino phosphine
under harsh conditions and with a rather high catalyst loading $30atm,
90 °C, 75 h, S/C= 190-230). Zhang, H.; Taketomi, T.; Yoshizumi, T;
Kumobayashi, H.; Akutagawa, S.; Mashima, K.; TakayaJHAm. Chem.
Soc 1993 115 3318-3319.

(9) Transfer hydrogenation dfa catalyzed by a chiral Ru complex in a
formic acid—(C,Hs)sN mixture gave2ain 99% ee and quantitatively but
only with S/C= 200. Fuijii, A.; Hashiguchi, S.; Uematsu, N.; lkariya, T.;
Noyori, R.J. Am. Chem. Sod996 118 2521-2522.

(10) (a) Yan, Y.-Y.; RajanBabu, T. VJ. Org. Chem200Q 65, 900—
906. (b) Li, W.; Zhang, XJ. Org. Chem200Q 65, 5871-5874.

(11) (a) Kim, D.-K.; Kim, G.; Gam, J.; Cho, Y.-B.; Kim, H.-T.; Tai,
J.-H.; Kim, K. H.; Hong, W.-S.; Park, J.-@. Med. Chem1994 37, 1471-
1485. (b) Shainyan, B. A.; Ustinov, M. V.; Bel'skii, V. K.; Nindakova, L.
0. Russ. J. Org. Chen2002 38, 112-117.
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1993 71, 1-13.

2682

Scheme 1
O OH
Ho
l@ij chiral Ru cat
X — X
6
5 4
1 2
a. X=H e X=7-F
b: X =5-CHgO f: X =5,7-(CHg),
¢: X =6-CHgO g: X =4,4-(CHy),
d: X =7-CHs0
SOrLys:
\ |/ ><
p” | \
OO AI'2 Cl Hg

(S,R)-3a: Ar = 4-CHyCgHy; R = CHg
(S,R)-3b: Ar = 4-CHaCgHa; R = H
(S,R)-3c: Ar= 3,5-(CH3)206H3; R= CH3

(S,R)-3d: Ar=CgHs; R =CHj
o] OH o] OH
Uﬁi L) C@ C1)
(@] O
4 5 6 7
R3 R3

a: R1=R3=CH3,R2=H
b: R'=R®=H, R?=CH,

genated with $R)-3c in a 3:1 mixture ofi-C3H,OH and
t-C4HoOH under 50 atm of KH(S/C= 11 000, fla] = 1.0

M, [t-C4HoOK] = 20 mM, 25°C, 17 h), R)-2awas obtained

in 98% ee and 99.8% vyield. The reaction proceeded even at
9 atm. The less congested Ru complex@R)3aand SR)-

3b hydrogenated a faster but less stereoselectively, giving
(R)-2ain ca. 90% ee and quantitative yiel@®{TolBINAP/
(9-IPBAN-based Ru complex, a diastereomer §Rj-3b,
exhibited a comparable activity in the hydrogenatioriaf

to form (R)-2ain 85% ee, where the absolute configuration
of the 1,4-diamine was relatively unimportant. However, the
combination of §-ToIBINAP and simple 1,4-butanediamine
led to a low reactivity (11% yieldRin 52% ee, S/G= 1000,

9 atm, 25°C, 2 h), suggesting that the acetonide ring on the
diamine backbone contributes to the stability of the catalytic
species. 1-Tetraloneld) is not a simple analogue of
acetophenone. Although acetophenone was best hydroge-
nated with RuCJ(9-xylbinap][(S-daipen} (ketone/Rut
C4sHgOK = 1000:1:20, 9 atm K 25 °C, 14 h), giving R)-
1-phenylethanol in 99% ee and 100% yiéldeaction of
the structurally rigid, cyclic ketongawith the same complex
and the same reaction conditions affordegZain only 30%

ee and 15% vyield. On the other han&R)-3c, the best
catalyst forla (Table 1), smoothly hydrogenated acetophe-
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s such as potent hypnotic and antimycotic agents and empomil

Table 2. Asymmetric Hydrogenation of Cyclic Ketorfes inhibitors14 Hydrogenation of 4,5,6,7-tetrahydrobenzofuran-
4-one @) with (SR)-3agave R)-5in 96% ee quantitatively

conditions alcohol without saturation of the furan ring (Table 2Attempted

ketone Ru catalyst base time yield ee hydrogenation of highly base-sensitive 1-chromanone and

no. no. S/C® [mM] [h]  no.  [%]° [%]° 1-indanone resulted in complex mixturés.

1a¢ (SR)»-3c 3000 10 8 (R)-2a 996 99 Hydrogenation of racemic 2-methyl-1-tetralone:J{6]

1b (SR)-3a 10000 20 2 (R)-2b 100 98 with (SR)-3d under the basic, protic conditions[[= 1.0

1be (SR)-3a 55000 20 14 (R)-2b 100 98 M in i-C3H;OH, [t-C4H,OK] = 15 mM, ketone/Ru/base

1lc (SR)-3a 1000 50 13 (R)-2c 98 92 10 000:1:100, 258C, 9 atm) proceeded via dynamic kinetic

ld?  (SR)}3c 3300 20 8 (R}2d 100 9 resolutiot®17to afford (1R,2R)-7 in 87% ee and 97% vyield

led (SR)-3c 3000 20 8 (R)-2e 100  98f (cistrans = 98.6:1.4).

i (S.Ry3d 3300 30 2 (R2f 999 o Certain alkylated 2-cyclohexenones behave similarly to

1g (SR)-3a 12000 20 18 (R)-2g 99.9 93 ;

4 (SR)-3a 12000 20 14 (R}5 98 96 1-tetralones. For example, 2,4,4-trimethyl-2-cyclohexenone

6 (SR)-3d 10000 16 16 (R,R)}-7 979 87 (8a) was hydrogenated witl§[R)-3a (S/C= 10 000, 9 atm,

8a (S,R)-3a 10000 20 7 (R-9a 995 96 25°C, 7 h) to give the chiral allylic alcohoR)-9ain 96%

8b (R,S)-3b 1000 20 8 (S)9b 100" 80 eei®leaving the olefinic bond intact. Reaction of the simpler

aUnless otherwise stated, reactions were conducted using 3.0 mmol of 3-Methyl-2-cyclohexenonedf) with (R,S-3b gave (S)9b
ketone (0.5-1.0 M) in i-CsH,OH containing a chiral Ru catalyst and  in 80% eé® and 98% yield, accompanied by 2% of a fully
t-C4HgOK at 25°C under 9 atm of bl ® Substrate/catalyst molar ratio. saturated alcohol
¢Determined by chiral GC analysi$in a 3:1 i-C3H;OH—t-C4HoOH . ’ . .
mixture. ¢ Reaction using 11.3 g (63.9 mmol) db. Determined after The chiral BINAP/1,4-diamineRu catalysts enable the

conversion to the acetatécisitrans = 98.6:1.4." Contaminated by 2% of enantioselective hydrogenation of a series of 1-tetralones and
&-methyleyclohexanol. analogues with a low catalyst loading (S#C1000-55 000).

The reason for the high efficiency of the 1,4-diamine ligands
none to give therR alcohol in 77% ee. Most notably, the remains unclear. It might be ascribed to the increased
reaction of acetophenone afd using §R)-3b under the flexibility of the resulting seven-membered Ru chelate ring,
same conditions (Table 1) displayed an opposite sense ofin comparison to the five-membered ring formed with 1,2-
asymmetric induction, givinggj-1-phenylethanol in 81% ee  diamines, or the structural change in reactive Ru hydride
and R)-2a and 89% ee, respectively. species. It should be emphasized that the newly devised

A series of 1-tetralone derivativésvas hydrogenated with ~ catalysts are not substitutes for the previously found BINAP/
high enantioselectivity as shown in Table 2. Here, one must 1,2-diamine-Ru catalysts. Because these have different
carefully choose the precataly&tiepending on the substitu- characteristics, both are used complementarily, depending
tion pattern. In most case&CsH,OH served as the best on the ketone structures.
solvent, while a 3:1 mixture afCsH,OH andt-C,H,OH gave
higher yield for the reaction catalyzed 3¢ with an S/C
ratio of >3000. Hydrogenation of 5-methoxy-1-tetraloi®)
with (SR)-3a andt-C,HyOK proceeded smoothly with an
S/C of 55 000 icCsH;OH, 9 atm, 14 h) to giveR)-2b in
98% ee'® With the same catalyst, the 6-methoxy ketdree
was hydrogenated slowly, as a result of the electron-donating
para substituent, to giveRj-2c in 92% ee. The 7-methoxy-
and 7-fluoro-1-tetraloneld andle were hydrogenated with

(SR)-3c in excellent enantioselectivity=(99:1). Electronic Supporting Information Available: Preparative methods
properties of the C(7) substituents did not affect the rate and gng properties of a chiral 1,4-diamine, IPHAN, and Ru
enantioselectivity. The 5,7- and 4,4-dimethyl ketoriéand  complexes3. Procedures of hydrogenation of the cyclic
1g, were quantitatively hydrogenated withR)-3d and GR)- ketones, GC behavior of alcoholic products, aafh[values

3a, respectively, in good enantioselectivity. Thus, we recom- anq absolute configuration determination procedure for chiral

mend the Ru comple&c for hydrogenation of unsubstituted  ajcohols. This material is available free of charge via the
and 7-substituted 1-tetralones and the compkefor reaction Internet at http://pubs.acs.org.

of the 4-, 5-, and 6-substituted derivatives. The com3iéx
is the best for reaction dff. None of these tetralones were
efficiently hydrogenated with the conventional BINAP/1,2-(15) Rung2-BH,)(diphosphine)(L 4-diamine) complexes could not be
diamine complexes. The resulting chiral 1-tetral@lsare used because of their instability. For the RyHBH_)(diphosphine)(1,2-

; ; ; ; ; diamine) complex, see refs 6 and 7.
useful intermediates for the synthesis of bioactive compounds (16) Noyori, R- Tokunaga, M.: Kitamura, Mull. Chem. Soc. Jp 995
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