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Et3NHtH2P02".1,5H20 as a hydrogen donor.
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Abstract. Using Et3NH*tH2PO3".1.5 H2O as a hydrogen donor, the RuCl2(Ph3P)3,
RuCl2(PPh3)3/ C and BINAP-Ru proved highly active catalysts for transfer hydrogenation of
ketones under milder conditions than other hydrogen donors. 2-Methyl-, 2-chloro-, 2-(ethoxy-
carbonyl)cyclohexanones and -cyclopentanones were reduced to the less stable axial alcohols in
excellent diastereoisomeric excess (de: 90-100%), and the carbonyl group of o,B-unsaturated ketones
was selectively reduced, in contrast with other hydrogen donors the C=C bond was reduced.
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The complex RuCl2(Ph3P)3 (I) has been reported as good catalyst for olefin reduction but poor for
carbonyl reduction with molecular hydrogen!2 or hydrogen donors1b-f, Recently we have reported using
Et3NH+H2PO2-,1.5H20 (A) as a hydrogen donor, however (I) is a highly active catalyst for ketone reduction
but its lifetime is short1D, we now find that this disadvantage can be overcome by using RuCl2(Ph3P)3/C
(II) 2, while maintaining the same chemo-and stereoselectivity as using (I) (Table 2). In this study we have
investigated chemoselective and diastereoselective reduction with A as a hydrogen donor and I, IT and BINAP-
Ru (IIT) as catalysts in the reaction condition in the presence or absence of a solvent, and compared the results
with other hydrogen donors such as HCO2Nalc, HCOpHIde, 2-propanollf’ Et3N/HCO2H (B) and molecular
hydrogenla.3a

The catalyst III is more reactive than I (Table 2), and this explains why we have found with B, I was
unable to catalyze olefin reduction! but Brown and Brunner have reported with B, III could catalyze to reduce
olefin1h; Both I, IT and 111 gave the same result for chemoselective reduction of o,f-unsaturated ketones
(Table 1) and diastereoselective reduction of o-substituted cyclohexanones (Table 2). The chemoselectivity is
affected by steric and electronic factors: Cyclohexanone was selectively reduced in the presence of 2-
methylcyclohexanone, but 2-Chlorocyclohexanone was selectively reduced in the presence of cyclohexanone
and methylcyclohexanone. Similar to Bianchini's reports with [(PP3)RuH(Hz)]BPh4(IV)li and iridium
complexes (VI) 1), benzylideneacetone gave unsaturated alcohol (98.5-100% selectivity by III and I), chalcon
gave a mixture of saturated and unsaturated alcohols. But overreduction of unsaturated. alcohol or saturated.
ketone to saturated alcohol have not been found (Table 1). This fact can be explained by assuming that there is
competition between transfer hydrogenation and decomposition of H3PO? to H2 and H3PO3 1k,

RuCl,(PhsP), or BINAP-Ru
unsat. substrate HaPOz, Ho0 Hz + HsPO3 (1)

After about 2 hours the catalysts I and ITI become less active, the decomposition of H3PO? to H2 and

RuCl,(PhyP); or BINAP-Ru

Sat. substrate + H3PO3
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Table 1: Chemoselective reduction catalyzed by RuCI2(Ph3P)3 and (R)-BINAP-Ru (IT) and Et3N /
HCO2H,n H20 and Et3NH*tH2PO3-,1.5 HO as the hydrogen donors with or without a solvent (a),

Entry  Substrates Products (yield %)
PhCH=CHCOPh PhCH=CHCOPh  PhCH2CH2COPh  PhCH=CHCHOHPh
1 (b1) (40% ) (40% ) (20%)
2 (b2) (43%) (472%) (9.8%)
3 (c1) (68% ) (32%) (0% )
4 (c2) (64% ) (30.7% ) (0%)
S (d (10%) (13%) (7%) ()
PhCH=CHCOCH3 PhCH=CHCOCH3 PhCH2CH2COCH3 PhCH=CHCHOHCH3
6 (b1) (27%) (0% ) (71%) (8)
7 (b2) (34% ) (1%) (65% )
8 (cy) (82%) (18%) (0%)
9 (c2) (84%) (122%) (3.8%)
10 (@) (30% ) (0%) (70%)

(a) Ref 4; (b) EisNHYH,PO7", 1.5 H20 without a solvent: (b1) 0.03 mmol RuCl(Ph3P)3 , (b2) 0.018 mmol (R)-BINAP-Ru
(c) EsNHYHCO2", n H20 without a solvent at 75°C: (c1) 0.03 mmol RuCl2(Ph3P)3, (c2) 0.018 mmol (R)-BINAP-Ru; (d)
Et3NH* HpPOy~,1.5 H20 in ethanol, 0.03 mmol RuCla(Ph3P)3; (f) PACHOEtCH=CHPh(70%) ; (g) PhACH=CHCH=CH?(2%).

H3PO3 is a predominant reaction therefore overreduction of saturated ketone or unsaturated alcohol to saturated
alcohols can not occur and the system offers a higher chemoselectivity. Unlike the catalysts IV or V, aldehydes
are catalytic poisons 1ij, we now find that a mixture of benzaldyde and acetophenone in the presence or absence
of EtOH solvent gives only benzyl alcohol (100%) while acetophenone remaines unchanged (100%).

It has been reported that I can catalyze to reduce ketones with formic acidle, 2-propan011f, HCO Nalk
and B as hydrogen donors, but for the reduction of o,B-unsaturated ketones the C=C bond was selectively
reduced!f.d.l. In contrast, with A the carbonyl group was selectively reduced by I and ITI (Table 1). To the best
of our knowledge, this is the first case in which I and III catalyze selectively the transfer hydrogenation of
carbonyl group, similar to the RuCl2(Ph3P)3/NH2(CH2)2NH2/KOH system with dihydrogenla. This fact can
be explained by assuming that E;3NH*tH2PO2" converted to Et3NH+tH2PO3" which gives the hydrogen
bonding with the carbonyl oxygen, therefore the carbonyl group is selectively reduced.

o}
RuCl,(Ph;P; R)-BINAP-R RuCl,(Ph3P).
O/\r _RuCly(PhsP)s or () uo/si A O,\)\(z)

EtNHH,PO; 1.5 H,0 PhCH,O H or HCO,H or ET;NH*HCO, "

The diastereoselective reduction of a-substituted cyclohexanones and cyclopentanones is dependent on the
hydrogen sources.: Methylcyclohexanone gave a mixture of methylcyclohexanols (cis/trans: 64/36 with 2-
propanol and 62/38 with (B). With A, the complexes I and III catalyze transfer hydrogenation of 2-methyl-, 2-
chloro-, 2-(ethoxycarbonyl)cyclohexanones and -cyclopentanones to less stable axial alcohols in excellent
diastereoisomeric excess (de: 90-100%), there is no remarkable difference of diastereoselectivity when the
reaction can be performed in the presence or absence of a solvent (Table 2), but in the presence of alcoholic
solvent, transesterification is a dominant reaction: the reduction of 2-(methoxycarbonyl)cyclopentanone in EtOH
solvent gave 2-(ethoxycarbonyl)cyclopentanone (98%) It is surprising that I, IT and both (R) or (S) BINAP-
Ru catalyze to reduce ethyl-or methyl-2-oxopentanecarboxylate to only cis 2-hydroxycyclopentanecarboxylate
and by-product of decarboxylation (cyclopentanone), this finding is contrary to Noyori's report. This difference
can be exghajned by fact that Noyori performed the reaction under a high pressure of hydrogen32.

2 H
O_eCOzCHgARuClz(PhQP)a or (R) -BINAP-Ru ? COsCHs3 (R)-BINAP-Ru +CO2CHg (3)
Et;NH*H,PO,",1.5H,0 .
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Table 2: Diastereoselective reduction of a-substituted cyclohexanones and cyclopentanones catalyzed by
RuCl2(Ph3P)3/C with EINH*H2PO>",1.5H20 as a hydrogen donor in the absence of a solvent 2,

Entry Substrate Conversion Products (yields)
1 [?:( 75 &
(96% ) g (4% )
2 " inEtOH ® 38 " (97% ) (3%)
3 " (c) 52 " (95% ) " (5%)
4 " EzN /HCOoH () 32 " (62% ) " (38%)
5 72 H

(99%) g(l%)

6 ? o 98 % \ é
(e) (92.6% ) Oﬂ (4.9%) (25%)

" (©) 95 " (97%) " (3%) " (trace)
8 " EBN/HCOH@ 51 " (45%) " (16%) " (39%)
& o ¥ S P O
(e) (99% ) OA(O%) (1%)
10 " (© 94 " (98%) " (2%) " (trace)
1 &COzEl 48 &oﬁ OH ot 6
(78%) Oﬂ (3%) (19%)
12 " in EtOH ®) 56 " (97.5%) " (25%) " (0%)
13 " in EtOH ® 62 . (81%) " (2%) " (17%)
14 " EBN/HCOH@ 35 " (26%) " (11%) " (63%)
15 &Ochs 41 &02% é
(80%)@ O (trace) \/ (20%)
16 " in MeOH®) 52 (97%) (trace) "(3%)
17 " (c) 74 " (84%) " (trace) "(16% )
18 " in MeOH® 63 " (81%)) (trace) " (19%)
19 " EyN/HCOH@ 31 " (0%) " (trace) " (100%)

% H L[T=T7
20 %3 99.5% ) OH  (0.5%)

21 @F-} 86 H
L7 {0%)
(67/33)4‘0 %b“”%’ On - (3%) JY)H

(a) Ref. 4; (b) RuCla(Ph3P)3 (0.03 mmol) and 4 mi of EtOH, MeOH used as solvents; (c) (R)-BINAP-Ru (0.03
mmol) without a solvent; (d) RuCla(Ph3P)3 (0.03 mmol) with EtsNH*HCO,.nH,0 at 75°C without a solvent;
(e) RuClz(Ph3P)3 (0.06 mmol) without a solvent; (f) (R)-BINAP-Ru (0.03 mmol) in EtOH or MeOH as solvents;
(g) By GLC (Supelcowax column) there is a peak at tr:15.40 min and 13C-NMR (APT;75 MHz; CDCl3): § 49.4
(C1-H), 73.61 (C2-OH) auributed to cis isomer; No peak tg: 18.04 min and 13C-NMR: § 52.6 (C1-H), 76.1(Ca-
OH) to trans isomer ; (h) GC analysis of (L) Lactic Acid O-acetyl ester: 60.9% of (1R,2S) and 40.1% of (18,2R).
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Enantiosclectivity is similar to results of ketone reduction with 2-propanol as a hydrogen donor reported
by Genet3b. With A as a hydrogen donor, (R)-BINAP-Ru catalyzed transfer hydrogenation of ethyl 4-
chloroacetoacetate to 3-hydroxy-4-chlorobutyrate in almost quantitative yield with S/R ratio: 69731, and methyl-
2-oxopentanecarboxylate to cis-2-hydroxycyclopentanecarboxylate with (1R,2S) / (1S,2R) ratio : 60.9/40.1 .
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