
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 24 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Coordination Chemistry
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713455674

Enantioselective Dehydrogenation of Racemic 1-Phenylethanol by Some
New Ruthenium(II) Chiral Phosphine Complexes
Katsutoshi Ohkuboa; Takayuki Shojia; Kohji Yoshinagaa

a Department of Synthetic Chemistry, Faculty of Engineering, Kumamoto University, Kumamoto,
Japan

To cite this Article Ohkubo, Katsutoshi , Shoji, Takayuki and Yoshinaga, Kohji(1978) 'Enantioselective Dehydrogenation of
Racemic 1-Phenylethanol by Some New Ruthenium(II) Chiral Phosphine Complexes', Journal of Coordination
Chemistry, 7: 4, 257 — 260
To link to this Article: DOI: 10.1080/00958977808079921
URL: http://dx.doi.org/10.1080/00958977808079921

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713455674
http://dx.doi.org/10.1080/00958977808079921
http://www.informaworld.com/terms-and-conditions-of-access.pdf


J. Coord. Chem 
1978, V O ~ .  7, PP. 257- 260 

0 Gordon and Breach Science Publishers Ltd., 1978 
Printed in Great Britain 

SHORT COMMUNICATION 
Enantioselective Dehydrogenation of Racemic 1-Phenylethanol by 

Some New Ruthenium(I1) Chiral Phosphine Complexes 

KATSUTOSHI OHKUBO, TAKAYUKI SHOJI, and KOHJI YOSHINAGA 

Department of Synthetic Chemistry, Faculty of Engineering, 
Kumamoto Universiry, Kumamoto 860, Japan 

(Received October IS, 1976; in final form June 21, 1977) 

Key Words: Asymmetric Dehydrogenation of 1-Phenylethanol by Chiral Ruthenium(l1) Complexes. 

INTRODUCTION 

Ruthenium(I1) triphenylphosphine complexes are 
known to  catalyze the transfer hydrogenation of 
olefins by primary or secondary carbinols:' 

RR'CHOH + ) = < 
RuClz(PPh3)3 or R U H ~ ( F P ~ ~ ) ~  

> 

RR'C = o t >CHCI-( (1) 

When the above reaction is carried out with Ru(I1) 
chiral phosphine complexes, an enantioselective 
dehydrogenation of racemic RR'CHOH could be 
expected. 

The present authors report, here, on the enantio- 
selective dehydrogenation of racemic 1 -phenylethanol, 
I, by isolated crystalline Ru(1I) chiral phosphine 
complexes' of RuClz ((-)-~-ampp)~ (PPh3 1, 

((-)-~-ampp)z(PPh3), R u C l z ( ( + ) - b m ~ ~ ) ~  9 

RuClz((-)-pmpp), , and R~~Cl,((-)-diop)~ (note 
Table I) or by R ~ C l ~ ( ( t ) - n m d p ) ~  and RuBrz((+)- 
n r n d ~ ) ~  (nmdp = neomenthyldiphenylphosphine) 
prepared in situ from R U C ~ ~ ( P P ~ ~ ) ~  (and/or RuBrz - 
(PPh3)3) and nmdp. 

The enantioselective dehydrogenation of 1 by the 
above chiral Ru(I1) complexes at 120-190°C in the 
presence of benzylideneacetone resulted in the 
appreciably predominant consumption of one of the 
enantiomers with an almost quantitative formation 
of acetophenone. The enantioselectivity was very 
low but reproducible, and the optical purity (O.P.) 
of I obtained by fractional distillation without any 
contaminants possessing the optical rotation 

increased with increasing conversion (Conv.); obeying 
a pseudo-first-order rate law reflected in almost 
constant kR/ks ratio under Conv. 70% (see Table I): 

R-(+)-I kR 
*a1 Ru(I1) complex 

NRR'C = o (2) 
olefin S-(-)-I 

where each rate constant was evaluated by 
kR = (ln[R],/[R])/t = -(ln(lOO-Conv.)(lOO - 
0.P.)/104)/t ks = (ln[S] ,/[S])/t = -(ln(l00- 
Conv.Xl00 + o . ~ . ) / i o ~ ) / t  (t: reaction time). 
The results of a representative series of the 
experiments are shown in Table I .  There was no 
regularity between the selection of the R or S 
isomer and the optical rotation (t or -) of the 
complex or the chiral phosphine, and the magnitude 
of the enantioselectivity (defined by kR/ks) showed 
no direct correlation with the dehydrogenation rate 
and the molecular rotation ([a] M) of the complex 
or the p h ~ s p h i n e . ~  These facts may imply that the 
reaction course and the coordination distance of 
RR'CHOH toward a complex in Reaction(3c) are not 
systematically constant. However, it can be said that 
the unsaturated additive of benzylideneacetone 
substantially increases the selectivity, in comparison 
with the results of the dehydrogenation of I without 
olefins, via the induced asymmetry4 shown by the 
intermediate 11 in Reaction(3b). In this respect, 
the hydrogenation of benzylideneacetophenone by 
I with RuC12((t)-nmdp), or that of 2-ethylhexyl- 
methacrylate by 1 with R ~ ~ C l ~ ( ( - ) - d i o p ) ~  at 180°C 
under the same conditions as in Table I resulted in 
kRlk, = 1.27 (O.P. = 2.01% at Conv. = 17.3%) and 
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k,/ks = 1.175 (O.P. = 6.15% at Gonv. = 53.4%), 
respectively. At any rate, it is notable from the linear 
Arrhenius-dependence of each rate constant (kR or 
ks )  being kept constant during the reaction that the 
smaller enthalpy of activation (AHR or AH$ for the 
R or S isomer respectively), which almost corresponds 
to that for the rate-limiting step of the a-carbon- 
bound hydrogen abstraction by the complex in 
Rea~tion(3d),~ requires more negative entrophy of 
activation (Ask or AS$) and that the order of the 
difference between the AH& and AH; values, 
RuC12 ((-)-o-ampp)z (PPh,)" RuBr2 ((+)-nmdp), >- 
R~Cl~((+)-nmdp)~~RuCl~((-)-pmpp)~>RuCl~- 
( (+) -bm~p)~ >Ru2 C14 ((-)-diop)3 >RuClz ((-)- 
p-ampp)2(PPh3), is well reflected in that of the 
difference between the A S i  and AS; values. Namely, 
an isokinetic relationship (linear relation between 
AH* and AS*) can be realized if one plots the 
parameters each other. From the latter fact men- 
tioned above, the increase in the difference of the 
Ask and ASg values substantially elevates that of 
the AH& and AH; values with a linear correlation 
between AAS*(= ASk-ASi) and AAH*(= AHk- 
AH:). It is deduced, therefore, that the enantio- 
selective process in Reaction(3c) might be 
controlled by steric factors (reflected in AS*) 
compensating electronic ones (reflected in AH*). 

-H' 
11 t RR'CHOH- 

X H R '  
[RR'CHO---RU ; I ] 111 ( 3 ~ )  

'CHR~ 

rate-limiting step' 
I11 + 

H+6 [RR'C-0- Ru-- CHR' CH2 RZ ] - RR'C = 0 + 

R'CH2CHzR2 t Ru (3d) 

Interestingly, the enantioselectivity tends to  decrease 
with elevating the reaction temperature except the 
case of the in situ prepared complexes, which, on the 
contrary, tend to increase the selectivity at the lower 
temperature. This is presumably related to the 
equilibrium in Reaction(3a); that is, the temperature 
elevation promotes an increase in the concentrations 
of the active complex (RuClZ L:)5 and the free 
phosphine which is able30 make a new chiral ligand 
of a phosphobetain (R',PCH(Ph)CH=C(Me)o) by 
the reaction with such unsaturated ketones as 
benzylideneacetone.' In fact, the addition of 
(+)-nmdp into R U C ~ ~ ( P P ~ ~ ) ~  monotonically 
increased the selectivity until the excess phosphine 
([(+)-nmdp] O /  [RuC12(PPh3), ]0>6)  prevents the 
formation of the active RuClz ((+)-nmdp)2 through 
the change of the equilibrium toward the formation 
of the less active RuClz((+)-nmdp), (Table 11). In the 
case of the reaction with RuClz ((+)-nmdp), 
(prepared from [(+)-nmdp] O / [ R U C ~ ~ ( P P ~ ~ ) ~ ]  = 6), 
the temperature elevation promotes the accumulation 
of the excess free phosphine and makes the inter- 
action of the intermediate iI with I less rigid at  the 
transition state of Reaction(3c). 

TABLE I1 
The effect of (+)-nmdp concentration on the enantioselection of I by the in situ prepared 

RuCl, ((+)-nmdp), with benzylideneacetonea 

0 
1.5 
3.0 
6.0 
9.0 
12.0 

3.5 40.9 0 0 4.69 4.69 1.00 
5.0 41.6 0.131 1.40 3.67 3.51 1.05 
5.0 36.4 0.989 1.88 2.62 2.4 1 1.09 
5.0 38.2 1.199 2.28 2.80 2.55 1.19 
5.0 48.5 1.500 2.86 3.85 - 3.53 1.09 
5.0 52.4 1.310 2.50 4.26 3.98 1.01 

aReaction temperature = 180'C and [benzylideneacetone] , / [ I ]  = 0.84. 
b[RuCl, (PPh,), ] = 8.0 mM. 
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The detailed investigation of these circumstances 
of the temperature effect is now in progress in 
connection with the enhancement of the enantio- 
selectivity by the use of more bulky carbinols and 
effective Ru(l1) chiral phosphine complexes. 
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