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Abstract 

[R,S:R,S]-Bis[2-[I-(dimethylanfino)ethyl]ferrocenyl] dichalcogenides, (R,S)-{[ECsH~CHMe(NMe2)~-e(CsHs) h (E = S, Se, Te), act 
as chiral ligands for Rh(l)-catalyzed asymmetric transfer hydrogenation of alkyl aryl ketones using a diphenylsilane/methanol system to 
give the conesponding alcohols in fair to good yields with moderate enanfiomeric excess (22-95% ee). The transfer of hyd~mgen from 
methanol to the resultant alcohol is confirmed by experiment using deuterated methanol (MeOD), and a new catalytic system containing 
Rh-hydride species is proposed. In the well-known 2-propanol/base system, the stereoselection is not satisfactm3, for Rh(l)-, h(1)- and 
Ru(ll)-catalyzed reactions using these ligands. 
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1. Introduction 

In a transition metal-catalyzed enanfioselective hy- 
drogenation of ketones, that of simple ketones lacking 
secondary coordinating functional groups is known to 
be difficult to attain high enantiomeric excess (ee) 
compared with that of functionalized ketones (see for 
example [1]; very recently Noyori and coworkers [2] 
reported highly enantioselective hydrogenation of sim- 
ple ketones by a mtbenium(lI) complex). Recently, 
some complexes of Rh and Ir with chiral nitrogen 
ligands were shown to work as fair [3] to good [4] 
catalysts for this purpose via transfer hydrogenation 
using a 2-pmpanol/base system, and yet higher temper- 
atures and basic conditions were necessary in these 
cases. Quite recently, an excellent system for highly 
enantioselective asymmetric transfer hydrogenation of 
simple ketones was developed using the new chiral 
Ru(ll) complex and formic acid/triethylamine [5] or 
2-propanol/KOH [6]. As another approach, an effective 
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enantioselective asymmetric hydrosilylation and subse- 
qnent hydrolysis were developed for the reduction of 
unfunctionalized ketoues [7]. We reported recently that 
[ R,S; R,S]-bis[2-[ 1-(dimethylamino)ethyl]ferrocenyl] 
dichalcogenides, (R,S)-{[ECsH3CHMe(NMe,)]Fe- 
(CsHs)} 2 (E = S 1, Se 2, Te 3), acted efficiently as 
chiral figands for the Rh(1)-catalyzed asymmetric hy- 
drosilylation of unfuncfionalized alkyl aryl ketones with 
diphenylsilane in tetrahydrofuran [8,9]. When the reac- 
tion was carried out in methanol as solvent, it gave 
directly a chiral alcohol, not a hydrosflylated compound. 
Close examination revealed that the reaction proceeded 
via a transfer hydrogenation pathway under very mild 
and neutral conditions, not via hydrogenation by evolved 
hydrogen and also not via hydrosilylation by some 
silane species. Although ee values of the resultant 
alcohols are yet moderate, our finding seems to present 
a new catalytic asymmetric transfer hydrogenation sys- 
tem since the combination of dipbenylsilane and 
methanol is so far known only to give hydrogen under 
the employed conditions [ 10,11]. Transfer hydrogena- 
tion using the well-known 2-propanol/base system was 
also examined in the presence of an Rh(l), h(1) or 



Ru(II) complex and a dichalcogenide 1, 2 or 3. Typical 
results of  these reactions are reported here (paper partly 
presented at the 68th Annual Meet. of  the Chemical 
Society of  Japan, Nagoya, October 1994, Abstr. p. 27 
and at the 6th Int. Kyoto Conf. on New Aspects of 
OrgaJffc Chemistry, Kyoto, November 1994, Abstr. p. 
192). 

2. Results and  discussion 
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Table 1 
Asymmetric transfer hydrogenation of acetophenone catalyzed by 
Rh(D-(]-6)" 
Run Ligand Reaction condition l-Phenylethanol (R) 

2.1. Rhodium(D-catalyzed asymmetric transfer hydro- 
genation of ketones using diphenylsilane and methanol 
as a new hydrogen source 

The chiral dichalcogenides 1 - 3  and the chiral dise- 
lenides without an amino group, such as 4 and 5 
(Scheme 1), were prepared by the reported method 
[8,9,12-14]. The reduction of  acetophenone in the pres- 
ence of  these chiral ligands was first examined under a 
variety of  conditions. A methanol (1 mi) solution of  
[Rlgcod)Cl] 2 (0.025mmol; 2.5 tool%; cod = cycloocta- 
1,5-diene) and the chiral diselenide 2 (0.05mmol; 
5 mol%) was stirred at room temperature for I h under 
argon and then a diphenylsilane (1.5 mmol) was added. 
Shortly afterwards, a vigorous gas evolution was ob- 
served in the dark red solution. The solution was cooled 
to 0°(3, acetophenone ( l .0mmol)  in methanol (I ml) 
added and the resulting mixture stirred at 0°(3 for an 
appropriate time. The chiral l-phenylethanol was ob- 
tained in good chemical yield and moderate ee together 
with diphenyldimethoxysilane Ph2Si(OMe)2 . The ee 
values were determined by HPLC using Dalcel Chiral- 
cel OB, OD and OJ columns. Typical results and reac- 
tion conditions are summarized in Table 1 (Scheme 2). 
Higher enantioselectivity was observed at lower temper- 
ature (48% ee at 0°C and 32% ee at 25 °C), but the 
reaction did not proceed at - 2 0 ° C .  In other alcohols, 

OH 

(R.S)- H~zMe  

1 (E,=S) 
= (E.Se) 
3 (E=Te) 

p-tol NMe z 

O ~ S  • IR.,,~- p-~ol IRoS)-PPFA 

5 e 

Scheme !. 

Solvent Temperature (°C)/ GLC yield ee 
time (h) (%) (%) 

I 2 MeOH 0/70 46 48 
2 2 MeOH 25/70 50 32 
3 b 2 MeOH 25/70 3 - -  
4 2 EtOH 0/70 0 - -  
5 2 i PrOH 0/70 0 - -  
6 1 MeOH 0/40 56 10 
7 3 MeOH 0/40 72 27 
8 4 MeOH 0/40 < 10 - -  
9 5 MeOH 25 / 120 0 - -  
8 6 MeOH 0/40 < 10 - -  
9 Ph3P M e O H  0/40 < 10 - -  
10 c 2 MeOH 0/70 0 - -  
11 d 2 MeOH 0/70 0 - -  

a All reactions were carried out in the presence of [Rh(cod)CI] 2 
(2.5mo1%) and 2 (5mo1%) with acetophenone (l.0mmol) and 
diphenylsilane (i .5 mmol) in alcohol (2 ml). 
b [Rh(cod)2]BF 4 (5.0mo1%) was used instead of [Rh(cod)CI] 2. 
c [ir(cod)Ci]2 (2.5mo1%) was used instead of [Rh(cod)Ci]  2 
(2.5 mol%). 
d [Ru(cod)CI2]" (5.0mo1%) was used instead of [Rh(cod)CI] 2 
(2.5 mol%). 

such as ethanol and 2-propanol, the reaction did not 
proceed at all. The compounds 1 and 3 could also be 
used as ligands, but they were less effective for stereo- 
selection than 2; 10% ee and 27% ee respectively. 
When the diselenides 4 and $, phosphine ligands such 
as (R,S)-[2-[(l-dimethylamino)ethyl]ferrocenyl] diphen- 
ylphosphine (6; (R,S)-PPFA) [15] and PPh 3 were used 
in place of  1 -3  as ligands, the transfer hydrogenation 
did not occur at all. The result shows another utility of  
our chiral diferrocenyl dichalcogenides. However, the 
reaction did not proceed at all when the Rh(D complex 
was replaced by corresponding It(I) and Ru(II) com- 
plexes such as [h~cod)Cl] 2 and [Ru(cod)Cl 2 ], (see Table 
1). 

Next, we applied this Rh(I)-catalyzed reaction system 
using 2 to a variety of  alkyl aryl ketones (Table 2). The 
product yield was much dependent on the nature of  the 
alkyl and aryl groups. It decreased in order of  bulkiness 
of  the alkyl group as expected; Me (46%) > Et (28%) 
> 'Bu (11%): the introduction of  an electron-withdraw- 
ing group such as NO 2 (92%) and Cl (51%) to an aryl 
group or the use of  a thienyl group (100%) increased 
the yield, while the introduction of  an electron-releasing 
group such as p-Me or p-MeO inhibited the reaction 
completely. The enantioselectivity was generally mod- 

$mol% 
Aryo tR~coe)C~.,cr,~=,==~ Ar.~n Ar.,~n 

R*ph=SiH= MeOH,0"C • I.~'~OH + Hd~'H + Phe.~(OMeh 

Scheme 2. 



E Nishibayashi et al. /Journal of Organometallic Chemistry 531 (1997) 13-18 

Table 2 
Asymmetric transfer hydrogenation of alkyl aryl ketones catalyzed by 
Rh(D-(2) = 

Run Ketone Time Product (R) 
Ar R (h) GLC yield ee 

(%) (%) 

I Ph Me 
2 Ph Et 
3 Ph CH2CI 
4 ~ Ph CO 2 Me 
5 Ph tBu 
6 indanone o 
7 p-NO2C6H 4 Me 
8 p-CIC6H 4 Me 
9 p-CH3C6H 4 Me 
l0 p-CH3OC6H 4 Me 
I i 2-naphthyl Me 
12 2-thienyl Me 

70 46 48 
40 28 31 
70 68 25 b 
25 95 41 

170 !1 95 
|70 15 d 31 
50 92 d 25 • 
70 51 22 b 
70 0 
70 0 
70 24 37 b 
70 100 43 

= All reactions were carried out in the presence of [Rh(cod)CI] 2 
(2.5mo1%) and 2 (5mo1%) with alkyl aryl ketone (i.0mmol) and 
diphenylsilane (I.5nunol) in MeOH (2ml) at O°C. 
b The absolute configuration of the product is S. 
c At 25oc. 
d Isolated yield. 

The absolute configuration of the product is not determined. 

Itie•'1erurn 55% 
5 rno~= 

P , . . ~ C H = .  P~S~H2 (n.(co~)cqz.2 P , ~ c ~ : =  
0 MeOD' 0 qC' 72 n' OH 

Scheme 4. 

crate (22-48% ee), 95% ee in the case of 2,2-dimethyl- 
pmpiophenone being the highest. This tendency was the 
same as that in the case of asymmetric hydrosilylafion 
using chiral diferrocenyl dichalcogenides as ligands 
[8,9]. 

The reduction seems to proceed as follows. The first 
step is the ligand exchange of cyclonctadiene on the 
Rh(I) complex with dichalcogenide. In the second step, 
a resultant Rh(1)-dichalcogenide complex catalyzes the 
reaction of diphenylsilane with methanol to generate 
hydrogen and methoxydiphenyisilane. It is known that 
Rh(l) compounds catalyze such reactions (Scheme 3(i)) 
[10,11]. Then, the Rh(l) complex transfers hydrogen of 
methoxydiphenylsilane and /o r  methanol to the car- 
bonyl compound enantioselectively (Scheme 3(ii)). We 
confirmed separately that the reduction did not proceed 
at all with I arm hydrogen in place of diphenylsilane, 
even in the presence of 2. The presence of methoxy- 
diphenyisilane and the absence of hydrosilylated prod- 
uct such as ArCH(R)OSiHPh 2 were also confirmed. It 
is worth noting that the reduction did not proceed when 
ethanol or 2-propanul was used as solvent, probably 
because the rhodium(l) complex cannot catalyze the 
reaction between diphenylsilane and ethanol or 2-pro- 

Ph~=SiHz ~- MeOH cat. Rh . Ph2Si(OMe]H + I't 2 (i) 

ArCOR + Ph=Si(OMe)H + MeOH 

cat. Rh ArCH(CH)R *. ph'r~Si(OMe)= (ii) 

Scheme 3. 

panol at lower temperatures such as 0 -25°C as de- 
scribed so far [10]. When acetophenone was treated in 
deuterated methanol (MeOD), nearly equal mnocm~ of 
deuterated and non-deuterated (at carbon) l-phenyi- 
ethanols were obtained (Scheme 4), the result indicating 
that the introduced hydrogen in this reduction comes 
from both methanol and diphenylsilane. We also con- 
fwrned separately that deuterium exchange between 
diphenylsilane and deuterated methanol to give species 
such as Ph2Si(OMe)D did not occur under the present 
reaction conditions. These facts clearly exclude the 
intervention of a hydrosilylation pathway. Considering 
these results we propose a new catalytic cycle for 
transfer hydrogenation, using diphenylsilmae and 
methanol as hydrogen source, in which an Rh-~kide 
species (A) [3] might be involved as shown in Scheme 
5, though we do not have any direct evidence for the 
presence of such species. A detailed mechanism for the 
formation of A from the species having an O - R h  bond 
(B), Ph2Si(OMe)H and methanol is not yet known. To 
the best of  our knowledge, this is the first example of  
transfer hydrogenation of ketones using diphenylsilane 
and methanol as hydrogen source (hydrogenation of  
alkenes and alkynes using diphenylsilane and methanol 
in the presence of palladimn catalyst was reported, in 
which an evolved hydrogen acted as a reactant [16]). In 
addition, this Rh(1)-catalyzed system could be 
to the asymmetric reduction of ketones. 

Scheme 5. 
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1 moP/, 2.2. Rhodium(D-, iridium(l)-, and ruthenium(ll)-cata- ~.,]l,.c~b + CI-~,~CI-~ Id+l.~'or3 PlI,,~CH3 +CHa ell3 
lyzed asymmetric transfer hydrogenxMon of alkyl aryl o oN ~ ' ~  ~ ~ 
ketones using 2-propanol and base 

M = Rh. lror Ru 

Scheme 6. In the studies of asymmetric tr_a~isfer hydrogenation, 
the 2-propanol/base [3,4] and formic acid/triethyi- 
amine [5,17] systems have so far been used as a source 
of hydrogen. We also examined the transition metal- 
catalyzed asymmetric transfer hydrogenation of simple 
ketones by using a 2-propanol/base system in the 
presence of a catalytic amount of chiral ligands 1-3.  

A typical procedure using acetophenone as substrate 
was as follows. A 2-propanol ( I r a  l) solution of 
[Rh(cod)Cl] 2 (0.005 retool; 0.5 moi%) and ,he diselenide 
2 (0.01 retool; I tool%) was stirred at 80°C for 15min 
under argon. Acetophenone ( l .0mmol)  in 2-propanol 
(1 ml) was then added and the mixture stirred at 80°C 
for another 15 rain. The solid NaOH (8 mg, 0.20mmoi) 
was then added portionwise and the mixture further 
stirred at 80 °C for I h. The chiral l-phenylethanoi was 
obtained in good chemical yield and moderate ee. The 
ee values were determined by HPLC using Daicel 
Chiralcei columns as described above. The reacdon was 
also carried out in the presence of [Ir(cod)Cl] 2 or 
[Ru(cod)Cl2] . as catalyst. Typical results and reaction 
conditions are summarized in Table 3 (Scheme 6). 
Although the enatioselectivity was not satisfactory in all 
cases, a suitable combination of transition metal and 
dichalcogenide was important for stereoselection. With 
the rhodium complex ([Rh(cod)Cl]2), the diselenide 2 

Table 3 
Asymmetric transfer hydrogenation of acetophenone catalyzed by 
Rh( l ) - ,  Ix(1)- or  R u ( I I ) - ( l - 3 )  a 

Run Metal Ligand Time (h) I-Phenylethanol (R) 
GLC yield (%) ee (%) 

I Rh  b 2 I 65 27 
2 Rh b 2 ~ 1.5 41 33 
3 Rh b 2 2 d 30 14 
4 Rh b 2 10 c 100 7 
5 Rh b I I 0 - -  
6 Rh b 3 I 43 13 
7 Ir t 2 I 47 32 
8 Ir f I I 0 
9 Ir f 3 I 40 35 
l 0  Ru  g 2 c 2 32 18 
I I Ru  g 2 I c 4 4  27  
12 Ru f; I I ~ 51 15 
13 Ru  g 3 I ~ 4 8  29  

All reactions were carried out in the presence of metal catalyst 
(0.5mo1%) and 1-3 (lmol%) with NaOH (20mo1%) and aceto- 
~henone (I.Ommol) in iPrOH (2ml) at 80oc (reflux). 
[Rh(cod)Cl],. 

c 2 (0.5mo1%) was used. 
d iPrOH (I ml) was used. 

iPrOH (4ml) was used. 
t [lr(cod)Ci]2" 

[Ru(cod)CI2 ]n. 

was better than other dichalcogenides, while with the 
iridium complex ([lr(cod)Cl] 2) and ruthenium complex 
([Ru(cod)Cl2] . )  [18], the ditelluride 3 was slightly bet- 
ter than others. Application to other alkyi aryi ketones 
such as propiophenone, indanone and t-butyl phenyl 
ketone resulted in a lower product yield (6-38%) and 
lower stereoselectivity (0-22% ee). On hydrosilylation 
[8,9] using these dichalcogenides as chiral ligands, the 
absolute configuration of the resultant alcohols was 
completely opposite in Rh and k cases. However, in 
this transfer hydrogenation the configuration of the 
produced alcohol was the same in all cases. 

3. Experimental  section 

'H NMR spectra were recorded on a Jeol GSX-270 
(270MHz) spectrometer as solutions in CDCI 3. GLC 
analyses were performed on a Hitachi 163 instrument 
(1 m X 3 mm stainless steel column packed with 20% 
EGSS on Shimalite) and a Shimadzu GC-14A instru- 
ment (25m HiCap-CBP-10-S25 capillary column) with 
flame-ionization detectors and N 2 as carrier gas. Col- 
umn chromatographies on Al203 and SiO 2 were per- 
formed with ICN Alumina N, Akt. I and with Wakogel 
C-300 (hexane and hexane/ethyl acetate as eluents) 
respectively. All the solvents were distilled from Call  2 
or LiAIH4 and stored over 4 A molecular sieves under 
nitrogen. The chiral diferrocenyl dichalcogendies (1-3)  
were prepared by the reported method from the chiral 
N,N-dimethyl-l-ferrocenylethylamines [13,14]. The 
other chiral diferrocenyl diselenides (4 and 5) were 
prepared by following the literature method [9]. The 
chiral PPFA [2-(l-dimethylaminoethyl)ferrecenyl]-di- 
phenylphosphine (6) was prepared by the Hayashi pro- 
cedure [15,19]. All the starting ketones, resultant alco- 
hols and deuterium compounds are known compounds 
and commercially available. 

3.1. General procedure for asymmetric transfer hydro- 
genation of ketones with rhodium(I) complex and chiral 
ligand using diphenylsilane and methanol as hydrogen 
source 

In a 20 ml rouod-bottomed flask were placed a metal 
complex (0.025 mmol) and a chiral figand (0.05 mmol) 
under argon. Anhydrous MeOH ( l .0ml)  was added, and 
the mixture was then magnetically stirred at room tem- 
perature for I h. After the reaction flask was dipped in a 



F. Nishibayashi et al. / Journal of Orfanometallic Chemistry 531 (1997) 13-18 

thermomgulated bath at O°C, diphenylsilane (1.5 mmol) 
was added. After gas evolution ceased, the ketone 
~l.0mmol) in MeOH ( l .0nd)  was slowly added by 
syringe. The reaction mixture was kept at 0*¢2 for an 
appropriate time. For the work-up, the reaction mixture 
was extracted with brine (50ml) and diethyl ether (3 x 
50ml), For GLC analyses, 1,2-diphenylethane was 
added as internal standard. For isolation, the extract was 
dried over anhydrous MgSO4, concentrated under re- 
duced pressure by an aspirator, and then distilled in 
vacuum by Kugelrohr to give the corresponding alcohol 
together with the unreacted starting ketone. Dimethoxy- 
diphenylsilane was left in the residue. The ee value and 
the configuration of  the alcohols of  the distillate were 
determined by HPLC on Daicei Chiralcel OJ, OD, OB 
and OF columns (2-propanol/hexane as eluent). 

3.2. General procedure for  asymmetric transfer hydro- 
genation of  ketones with rhodium(l), iridinmff), and 
ruthenium(ll) complex and chiral ligand using 2-pro- 
panol and NaOH 

In a 20 ml round-hottomed flask were placed a metal 
complex (0.005 mmol) and a chiral iigand (0.01 mmol) 
under argon. Anhydrous 2-pmpanol (! .0  ml) was added, 
and the mixture was then mgnet ica l ly  stined at reflux 
temperature for 15n~n. After the addition of  accto- 
phenone ( l .0mmol)  in anhydrous 2-pmpanol ( l .0ml) ,  
the reaction mixture was stirred at reflux temperature 
for 15rain. Then the sofid NaOH (8mg, 0.20retool) 
was added portionwise and the mixture stirred at 80°C 
for I h. For the work-up, 1 N HC! aq. (5 ml) and then 
brine (50 ml) were added to the reaction mixture and the 
mixture was extracted with diethyl ether (3 × 50m l). 
The analysis and determination of  the products were 
carried out as described above. 

3.3. The reaction o f  diphenylsilane with methanol and 
deuterated methanol 

Diphenylsilane (1.5 mmol) was added to the chilled 
mixture (at 0°C) of  [P,h(cod)Cl] 2 (0.025mmoi), the 
chiral diselenide 2 (0.05mmol), deuterated methanol 
(1 mmol) and anhydrous diethyl ether (1 ml) under ni- 
trogen and the mixture was stirred for 5-10rain  [10]. A 
similar reaction was also carried out using methanol. ' H 
NMR analysis of  the Kugelrohr distillation product (ca. 
0.15g; 2 0 0 ° C / 5 - 1 0 m m H g )  revealed the presence of  
Ph2Si(OMe)H [tH NMR: 8 3.61 ( -OMe) ,  5.39 (Si-H)] 
and showed that the ratio of  peak area of  two signals 
[3:1] was almost the same in both cases, suggesting no 
deuterium incorporation in the case of  MeOD. 

3. 4. Analysis o f  the deuterium distribution 

The deuterium distribution in l-phenylethanol was 
evaluated by comparison of  the integral intensity of  the 

17 

methine proton with the intensity of  the phenyl and 
methyl protons. 
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