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Chiral RuCh(diphosphine)(1,2-diamine) complexesatalyze
rapid, highly productive asymmetric hydrogenation of simple
ketones in 2-propanol containing an alkaline base such as KOH,
KO-i-C3Hy, or KO-t-C4Hq.2 A range of chiral alcohols is accessible
in high enantiomeric purity from aromatic, heteroaromatic, and
olefinic ketones by this method. Since the discovery of this
procedure in 1995,and more recently, as its high practicality
became recognizedye have been encouraged to develop a robust

(pre)catalyst that promotes the enantioselective reaction under base-

free conditions. Here we disclose useful chiral Ru complexes that
meet this demand. The asymmetric hydrogenation using a newly
devised RuH{!-BH,)(binap)(1,2-diamine) complex proceeds with-
out any base, with a high substrate/catalyst molar ratio (S/C), up
to 100 000, and with a-34 M substrate concentration in 2-propanol.
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The requisite chiral catalyst can be synthesized in a straightfor-
ward fashion. RuG|(R)-tolbinap][(R,R-dpen}-> and 25 mol equiv
of NaBH, were dissolved in a 1:1 benzerethanol mixture, and
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Figure 1. ORTEP drawing of R,RB-1. Selected distances (A) and bond
angles (deg): RuH1 1.52(5), Ru-H2 1.74(7), Ru-P1 2.219(3), RttP2
2.233(3), Ru-N1 2.140(8), Re-N2 2.163(8), B-H2 1.32(7); HE-Ru—

H2 172(3), P+Ru—P2 91.9(1), N+ Ru—N2 76.9(3). Only the ruthenium-
and borohydrides, and amino and methine protons of DPEN are shown.

the solution was stirred at 6% for 5 min and at 25C for 30 min
and then evaporated. Extraction of the residue with benzene
followed by concentration gave Rubf¢BH,)[(R)-tolbinap][(R,R-
dpen] [R,RR-1] as a yellow solid in a quantitative yield, dec 164
°C. Recrystallization from a THFhexane mixture gaveR(RR-
1-THF-n-CgH14. Single-crystal X-ray analysis (Figure 1) revealed
that the BH anion is bound to the Ru center in gahfashiorf and

is located trans to the hydride. THe){ToIBINAP and R,R-DPEN
ligands are accommodated in the same Ru plane and hdve a
conformation. The RaH bond length, 1.52(5) A, is very shdft,
whereas the RuHBH; length, 1.74(7) A, is rather long. The BH
ligand is further supported in the complex through -BHN
hydrogen bonds (1.8 and 2.0 A). A benzefesolution of R,RR-1
gavedP{H} NMR signals at 71.2 and 75.2 ppm (AB quartit,p

= 41.4 Hz), and aAH signal for Ru-H at 6 —13.60 (triplet,Jy—p

= 22.4 Hz). The BH moiety gave a broad signal at—0.79 in
tolueneds at room temperature, suggesting its fluxional behavior.
Its IR spectrum in toluene showed a characteristie-Rustretching
band® at 1862 (s) cm! and B—H stretching bands at 2317 (s)
cm~1 as well as BH deformation frequencies at 1092 (s) and 1080
(s) cntL. In the same manner, various RufHBH,) complexes
including S,S%2 and S,RRB-2 were synthesized from the corre-
sponding RuGl precursors. The new Rthydride complexes are
relatively stable. They can be quickly weighed in open air and stored
for a long time in an argon-sealed bottle belev80 °C, although
preparation directly prior to use is preferable.
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Table 1. Asymmetric Hydrogenation of Ketones Catalyzed by 8a] was hydrogenated withSRR-2 (S/C = 2000), theR enanti-
trans-RuH(y'-BH24)(binap)(dpen)* omer was consumed 28 times faster than wasSttsmmer. Thus,
alcohol after 53% conversion, unreacte§-8ain 91% ee was recovered,
Ketone Ru cat sich time,h  %yield  %eed  confige together with (R,2R)-9a, in 85% ee. More importantly, enantiomers
3 (RRR-1__ 100000 6 99.9 82 S of 2-methoxycyclohexanon@lf) can be discriminated by a factor
3 (SS9-2 100000 7 100 99 R of 38. Thus, hydrogenation of the racemate wi{8g-2 afforded,
3 (S89-2 2000 12 99.9 97 R at 53% conversion,R)-8b (94% ee, 42% isolated yield), and
3 (889-2 4000 12 99.9 99 R (1R,29-9b (91% ee, 50% isolated yield). No trans alcohol was
ig gggg ‘21888 ig 188 357) gk detected. The chirak-alkoxy ketone $)-8b is a key intermediate
5 (S59-2 2000 14 99 99 R for the synthesis of the potent antibacterial sanfetrif&t.
6 (559-2 4000 12 100 97 R This alkaline base-free procedure using the new chiral Ru
7 (S89-2 4000 16 95 99 R complexes substantially expands the scope of asymmetric hydro-

genation of ketones. In the presence of an alkaline base, these

a2 Unless otherwise stated, reactions were conducted at 8 atm af H complexes are more reactive than the standard RugBhplexeg:7

23—25°C using a 1.6-2.0 M ketone solution in 2-propanol containing a

Ru catalyst? Substrate/catalyst molar rativ.GC or'H NMR analysis?

Chiral GC or HPLC analysis$ Determined by the sign of rotatioh. Acknowledgment. MK., !(.M.,.and G.H. thank the ‘]S.’PS,
Reaction using 102 g a in 100 mL of 2-propanol (3.4 M)¢ Reaction Fellowships. This work was financially supported by grants-in-aid
temperature was increased to 3B by the heat of reactioff. At 45 °Cl from the Ministry of Education, Culture, Sports, Science, and

At 1 atm of H. 1 Diastereomeric exces$.See Supporting Information. Technology of Japan (Nos. 07CE2004, 13440188, and 13024239)
and the Sumitomo Foundation.

These complexes showed an excellent catalytic efficiency without ) ] ] ]
addition of any base. When a 3.4 M solution of acetophen@e ( Supportlng Information Available: Prepare_ltlve methods_ and
(102 g) in 2-propanol (106 mL) containing63-2 (9.0 mg, S/C properties ofl and 2, procedure for asymr.neFrlc hydrogenation of
= 100 000) was stirred under 8 atm of bt 45°C for 7 hin a 1-L ketones (PDF) and an X-ray crystallographic file (CIF) of complex
stainless steel autoclaveR)(1-phenylethanol was obtained quan- This material is available free of charge via the Internet at http://
titatively in 99% eé® Addition of 0.014 M KO#-C4Hg increased pubs.acs.org.
the catalytic activity by an order of magnitude, completing the References
hydrogenation o8 in 45 min under otherwise identical conditions

: 0 ~ _ ; (1) Doucet, H.; Ohkuma, T.; Murata, K.; Yokozawa, T.; Kozawa, M.;
(Rin 99% ee). The standard qu.014.|v| KO+-C4Hg-combined Katayama, E.. England, A. F.. Ikariya, T-. Noyori, Rngew. Chem.. Int.
system required 2.5 h for the completion. Ed. 1998 37, 1703-1707.

i i (2) Noyori, R.; Ohkuma, TAngew. Chem., Int. E®2001, 40, 40—73.
As shown in Table 1, this method also demonstrated excellent (3) Ohkuma, T.. Ooka. H.: Hashiguchi. S.: Ikariya, T.: Noyori, J.Am.

performance in hydrogenation of some base-sensitive ketones. The Chem. So0cl1995 117, 2675-2676.

keto benzoateta and its hydrogenation product undergo ready  (4) Although this problem was partly solved by utilizing®0;, the reaction
. . L . . became much slower than that with the strong Base.
transesterification under our earlier conditions using KCyHg in (5) TOIBINAP = 2,2-bis(di-4-tolylphosphino)-1ibinaphthyl. XylBINAP=
2-propanol. The new base-free procedure effected hydrogenation Ziﬁ-FIS(dé-_&S:XylylphOSphIHO)-lilblnaphthyl- DPEN= 1,2-diphenyl-
. P € enediamine.
of 2.0 M 4ain 2-propanol containinggS9-2 (S/C = 4000) to (6) (a) Holar, D. G Hughes, A. N.: Hui, B. Can. J. Chem1976 54,

give only the ethyl R)-4-(1-hydroxyethyl)benzoate in 99% ee in 320-328. (b) Yoshida, T.; Adachi, T.; Ueda, T.; Akao, H.; Tanaka, T.;

; ; ; . B : Goto, F.Inorg. Chim. Actal995 231, 95-101.
0
100% yl(_ald, and W|thogt _cor_ltamlnatlon c_)f the isopropy! e%FEIms (7) Survey of more than 20 crystal structures of RuH(phosphine) complexes
feature is most beneficial in the reaction of some precious keto recorded in the Cambridge Crystallographic Data Base indicates that the

" Ru—H bond length is normally about 1.6 A, with some exceptions.
esters. In the presence 05%9-2, the R keto ester4b was (8) Use of aglassreaction vessel should be avoided to obtain a high catalytic

hydrogenated in 2-propanol to thR,R)-hydroxy ester with 97% activity in hydrogenation with an S/G5000. Reaction temperature of
de quantitatively, and without transesterification. 45 °C was necessary to achieve a turnover number as high as 100 000 in
C7 . . hydrogenation of8 catalyzed by2. 1 is more reactive, achieving a high
Hydrogenation of the ketdRj-glycidyl ether5 with (SSS-2 gave catalytic activity without heating. _ _
the R R alcohol with 99% de in 99% vyield, leaving the base-labile  (9) Hydrogenation ofiawith trans RUCh[(S)-xylbinap][(S)-daipen] and KO-

. . i, . t-C4Ho In 2-propanol (fa] = 2.0 M, 4a:Ru:base= 2000:1:8, 8 atm, 25
epoxy ring?® nghly base'sens!t'VQg'ame ketone6 can be ) °C, 12 h) gave a 36:64 mixture of the hydroxy ethyl ester and the isopropyl
hydrogenated without any special precautions. Thus, the reaction ester (bothR in 99% ee, 100% vyield). DAIPEN= 1,1-di(4-anisyl)-2-
i 1.0 M 2-propanol solution & and §S9-2 gave theR isopropyl-1,2-ethylenediamine.
using a 1.0 M 2-propanol . =92 4d _ (10) Hydrogenation ob with a RuCh/KO-t-C4Hs catalyst gave the desired
amino alcohol in 97% ee in 100% yield, which is convertible to w alc%hol in only 59% yier|1d aﬁcompanieclll by various bypc;oducts. |
; a s A11 _ KN 11) Robertson, D. W.; Krushinski, J. H.; Fuller, R. W.; Leander, JJ.Med.
the antidepressanR)-fluoxetine? _No trgce of 1-phenyl 1 propanc_nl Chem 1988 31 1412-1417 and references therein,
was detecteé? 3-Nonen-2-one7) is a highly base-sensitive acyclic (12) Earlier, even strictly controlled conditions gave 2% of this compound,
iza i i which arose fromp-elimination of dimethylamine followed by double
ketone, prone to polymerlze |q the presence of an alkaline base. hydrogenation. See: Ohkuma, T.. Ishii, D.: Takeno, H.. NoyoriJR.
However, hydrogenation of using §S3-2 as catalyst occurred Am. Chem. So00Q 122, 6510-6511.
i i i i i 0, i 0, (13) Ohkuma, T.; Ooka, H.; Yamakawa, M.; Ikariya, T.; Noyori, R.Org.
e_asny, resulting in theR allylic a_llcohol in 9_9/0 ee and |n_95/o Chem 1696 61 4872 4873
yield. The substrate concentration, 2.0 M in 2-propanol, is much (14) matsumoto, T.; Murayama, T.; Mitsuhashi, S.; MiuraT&trahedron Lett

higher than the 0.1 M used in the earlier metfiod. 15 }\1999 40;0_'4}3':5046. VL Ki \BUIL Cherm. Soc. Jor995 68
The original procedure is useful for stereoselective hydrogenation (15) Noyari. R.. Tokunaga, M., Kitamura, NBull. Chem. Soc. Jpri995 68,
of a-substituted ketonés 14 via dynamic kinetic resolutio (16) Rﬁssi, T.; Marchioro, C.; Paio, A.; Thomas, R. J.; Zarantonelld, ©rg.
; " P, ; Chem 1997, 62, 1653-1661.
However, pecau§e of the b‘?s'c conditions, itis unS_UIta_lble for aqcess (17) RuHCI(binap)(dpen) acts as an excellent catalyst in the presence of a strong
to the configurationally labile ketones. Now the kinetic resolution base. See: Abdur-Rashid, K.; Lough, A. J.; Morris, ROdganometallics
of such ketones is possible due to a very small degree of 2001, 20, 1047-1049.

racemization, if any. When racemic 2-isopropylcyclohexanoiig-[( JA026136+
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