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Chiral propargylic alcohols are useful building blocks for the
synthesis of various biologically activand structurally interest-
ing compoundg. Compounds of this important class had been
prepared by stoichiometric asymmetric reduction of acetylenic
ketones with chirally modified metal hydridésreductive
cleavage of chiral acetylenic acetélsnantioselective alkyny-
lation of aldehyde$,or enzymatic transformatiofhsntil Corey
and Parker developed the catalytic asymmetric hydroboration
of a,3-ynones with chiral oxazaborolidinésAlthough asym-
metric hydrogenation would be the most straightforward ap-
proach, none of the currently available catalyst systems can
convert o, -acetylenic ketones to propargylic alcohols in a
chemoselective and enantioselective mafinelere, we describe
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the first asymmetritransfer hydrogenatioof acetylenic ketones
using chiral Ru(ll) catalysts and 2-propanol as the hydrogen
donor? This method allows highly selective reduction of
structurally diverse acetylenic ketones to propargylic alcohols
of high enantiomeric purity leaving the=€C bond intact (eq

1).

chiral Ru catalyst
(CH3),CHOH "

g:R' = n-C4Hg; R? = CH(CHg),

h:R' = Si(CHg); R? = CHy

it R' = Si(CHg)3; R? = n-C4Hg

j: R = Si(CHg)s; R? = n-CsHy4

k: R' = Si(CHg)3; R? = CH(CHa),

a: R' = CgHs; R? = CH,4

b: R = CgHg; R% = C,Hs

c: R' = CgHs; R? = CH(CHs),
d: R' = CgHs; R? = c-CgH1;
e: R' = CgHs; R? = C(CHg)s
f: R' = n-C4Hg; R? = CHy4

a: nf-arene = mesitylene
b: nP-arene = p-cymene

OH OH
Z Z
NHCbz NHCbz

o
NHCbz
(S)-6 (35,48)-7 (8R.45)-7

A search for the appropriate conditions usitey known as
a difficult substraté? revealed that the chiral 16-electron Ru
complexes3!! are excellent catalysts for the carbonyl-selective
asymmetric reduction with 2-propanol (method A). The asym-
metric reaction, normally with a 0.btL M 2-propanol solution
of the ketone, proceeds under neutral conditions at room
temperature with a substrate/catalyst molar ratio (S/C) of-100
200, or even 1000 in certain cases, givitein up to 98% ee
(enantiomeric excess) and #09% yield. The Ru catalys3
can be conveniently generatigdsitu by mixing the 18-electron
precursorst and KOH in a 1:1.2 molar ratio (method B)or
simply [RuCk(n%-arene)j (5), (1529)- or (1R,2R)-N-(p-toluene-
sulfonyl)-1,2-diphenylethylenediamine, and KOH in 2-propanol
(Ru:diamine:KOH= 1:1:2.5) (method C), only if a ketonic
substrate is insensitive to the KOH treatment. The mesitylene
andp-cymene complexe3a and3b worked equally well, while
the former was somewhat more reactive. A combined catalyst
system consisting of [Rugll;8-Cs(CHz)s)] 2, (1S,29)-2-(methyl-
amino)-1,2-diphenylethanol, and KOH (Ru:amino alcohol:KOH
= 1:1:2.5) is also usable (method ).

Various achiral acetylenic ketonésan be reduced to chiral
propargylic alcohol2 in good yields!* Table 1 lists some
examples. The ee values are consistently high regardless of
the bulkiness of Rsubstituents from methifito tert-butyl. Both
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Table 1. Asymmetric Transfer Hydrogenation of3-Acetylenic (3R,49-7 in >99% ee and>97% vyield. Thus, the carbonyl
Ketones Catalyzed by Chiral Ruthenium(ll) Complexes diastereofaces ing-6 are efficiently differentiated by the
Ru catalyst produc chirality of the Ru template, while the adjacent nitrogen-

substituted stereogenic center does not play any significant role.

substrate _complex methbdtime () yield (%) ee (%) config The reaction of racemi6 in 2-propanol containingR,R-3b

la (593a A 20 87 98 S (S/C= 100) indicated that th& enantiomer is four times more
12 am gggg ﬁ 38 >gi gz; g reactive than th& isomer.

1a(5 M) (S’S-3b A an 58 04 S 2-Propano| is the best hydrogen donqr. Aptempted reductlon
1a (S:S-4a B 4 ~99 97 s using a 2 M solution oflain a 1:1 formic acid/triethylamine
la(lM) (S,34a B 63 99 95 S mixture'® containing §9-4b (S/C = 200, THF, 28°C, 20 h)

la (S,94b B 18 94 96 S gave §)-2ain 91% ee but only 55% yield. Similarly, reaction
la 5 C 18 >99 98 S of 1g (S/C = 100) afforded §-2gin 97% ee and 60% vyield.

la ¥ C 18 90 97 S The success of the asymmetric reaction in 2-propanol relies
la § D 18 93 %0 S on the appropriate chiral structures of the Ru complexes,
12 g'gflg E 1§ gg 3; g mechanism-based functional group discriminaﬂéallowing

1d (S:s-4a B 13 ~99 08 S the selective saturation of the carbonyl group, and suitable
1e (S.9-4a Bk 13 84 98 s thermodynamic and kinetic parameters. Hydrogen transfer
1f (S.94a B 6 70 98 S between secondary alcohols and ketones is reversible. Fortu-
19 (S.94a B 6 90 >99 S nately, in comparison to the reduction of aromatic ketdAes,
1g(1M) (S,94a B 13 85 99 S the ynone/ynol thermodynamic balance that limits the product
1h (5.9-3b A 12 >99 9 S yield favors the reduced form more. Thus, the reaction using
ilh gggg ﬁ g >988 gg g a lM (not 0.1 M) 2-propanol solution dfa catalyzed by $9)-

1 (M) (S’s_3b AK 12 99 04 s 4a (method B, S/Qz 200) gave?2a in up to 99% yield.

1 RR3b A 15 98 9 R Furthermore, reduction dfacatalyzed by §9-3b afforded §-

1k (5,93 A 12 >99 99l g 2ain 94% ee, even when the reaction was conducted with a

substrate concentration as highaM (S/C= 200). This ee

2 Unless otherwise specified, the reaction was carried out 4C28 ; 0 ; ; : ;
using a 0.1 M solution of the Ketone in 2-propanol with S#C200. value is lower than 97% obtained with a 0.1 M solution but is

bMethod A, 1:3 = 200:1; method B1:4:KOH = 200:1:1.2; method  Still Synthetically useful.

C, 1:5:(15,29-N-(p-toluenesulfonyl)-1,2-diphenylethylenediamine:KOH A separate structural study revealed the cause of the catalyst
= 200:0.5:1:2.5; method D1:5:(1S,29)-2-(methylamino)-1,2-diphen- deactivation. Treatment o8(3-3b with a 1 M solution ofla
ylethanol:KOH= 200:0.5:1:2.5¢ Isolated yield after flash chroma-  in 2-propanol (ketone/Ru= 10, 28 °C, 12 h) produced the
tography on silica gel! HPLC analysis using a Daicel Chiralcel OD orange-yellow complex§S)-8, mp 160-162 °C dec, in 88%

column unless otherwise specifidDetermined by the sign of rotation isolated vyield. The structure ofS(3-8 posessing theR
of the isolated product.;-arene= mesitylene 9 5°-arene= p-cymene. )

h y6-arene= hexamethylbenzenéDetermined after conversion to the

methyl §-2-(benzoyloxy)-3-methylbutyratéDetermined after conver-

sion to the methyl §-O-benzoylhexahydromandelateS/C = 100. @ Ts X © X
I Capillary GLC using a Chrompack Cp-Cyclodextfir236-M-19 o NS \/ i NN I _
column."HPLC analysis of the corresponding 3,5-dinitrobenzoate /Ru' /Ru‘\
using a Chiralcel OD-H column.S/C = 1000.° HPLC analysis of N Z H

the corresponding benzoate using a Chiralcel OJ-R coldibeter- He oj/i\@
mined after hydrolysis to§)- or (R)-1-octyn-3-ol.9HPLC using two (5,98 (5,9-9
Chiralpak AD columns.

configuration at Ru was confirmed by X-ray crystallographic
analysis. The 16-electron compleg9-3bliadehydrogenates
2-propanol, giving the 18-electron Ru hydride intermedi&i8){

9, which is responsible for carbonyl reduction of the ynone.

aryl- and alkylethynyl ketones serve as good substrates.
Although unsubstituted ethynyl ketones are not usable, the
silylated compounds are reduced easily under neutral conditions

i 11
with the preformed catalys@* The precursor of the lower The hydride complex, however, partly undergoes irreversible

side chain unit of prostaglandin or (R)-2j,*> of high . . . .
enantiomeric purity Ean begpreparti)gy thi(s Znejthod. Hc?wever, gddmon across the triple bond to result in the catalytically

the starting materials should be carefully purified, because inactive a!rt]enylr]p%mplgxﬁst)-S. This ts'dt(.a reac(:;mn b”ect(r)]mis h
terminal acetylenes are strong inhibitors of this catalytic reaction. S€OUS With & high substrateé concentration. Overal, the hig

The asymmetric transfer hydrogenation of acetylenic ketones F:atalync efﬂmency, er!antloselectlwty, and operational conven-
with a preexisting stereogenic center leads to diastereomeric'¢"¢€ atre t(_)btam(fad with 0.1 (Sﬁ2€ 200) o Il M (S/C= 100
propargylic alcohols. When the chiral ketor-6 with 98% concentrations ot an ynone in 2-propanol.

ee was reduced with 2-propanol containifgR-3b (S/C = Acknowledgment. We thank Professors Shin-ichi Inoue (Aichi
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mmol) in 2-propanol (50 mL) was stirred under argon at°@8for 20 h. i ;
The reaction mixture was then concentrated under reduced pressure. Théhe transfer hydrogenation, HPLC or GLC behavior, aab [values

residue was subjected to flash chromatography on silica gel (3:1 hexane/Of the products and data of single-crystal X-ray analysisSS)(8 (34

ethyl acetate) to affordgj-2b (731 mg, 100% yield) in 97% eea]p® pages). See any current masthead page for ordering and Internet access
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