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PREFACE

The works in this thesis were carried out under the guid-

ances of Professor Katsutoshi- Ohkubo at Faculty of Engineering

of Kumamoto University from 1975 to 1980, and of Professor

Taketoshi- Kito at Faculty of Engineering of Kyushu Institute of

Technology from 19Bl- to l-983.

The objects of the work are to develop effective processes

and chiral catalysts to obtain optically active compounds.

The author believes that the work will be able to contrib-

ute to the development in a field of catalytic asymmetric

reaction by transition metal complexes.

Kohji Yoshinaga

Faculty of Engineering,

Kyushu Institute of Technology

October,1984
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INTRODUCT10N

Optically active compounds are of growing importance in up-

to-date organic chemistry. In order to obtain the compounds,

the reagents or the media to be used are required to contain at

Ieast one center of asymmetry as chiral source. Therefore, prep-

aration of optically active compounds by means of the asymmetric

synthesis or the optical resolution utj-Li-zing chiral catalyst,

in which chiral source is able to create a larger amount of the

compounds, is most effective and practical.

In this regard, the enantio-differentiating reaction cata-

lyzed by chiral transition metal complexes has received consider-

able attention, since the asymmetric hydrogenation of prochiral

olefins by rhodium(I) chiral phosphine complexes has been first

reported by Knowl""1) and Hornor2) in 1968, independently.

Asymmetric induction by the transition metal complexes, especial-

1y rhodium(t) chiral phosphine ones, it-t the hydrogenation of

prochiral olefins has been extensively investigated, and great

effort in the development of efficient chiral Iigands has suc-

cessfully enable to produce optically active amino acid deriva-

tives with over 95% enantiomerj-c excess in the hydrogenation of

dehydro-amino acid derivati,ru=.3) Recently, much attention has

also been paid to interesting type of asymmetric syntheses with

chiral organometallic compounds, such as the cyclopropanation by

chiral cobalt(II) or nickel(II) .ornplu*.s,4) the Grignard cross-

coupling reaction by chiral nickel(II) or paltadium(II) complex-

€S,5) and the allylic rearrangement by chiral ruthenium(II) or

rhodium(I ) corpl.*et.6)
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Enantiomer-differentiating reaction (kinetic resol-ution) of

racemates with chiral catalyst, another type of asymmetric reac-

tion, can be used as a method of obtaini-ng optically active

compounds. However, there have been only limited investigati-ons

on this type of reaction, even though enantiomer-differentiating

epoxidation of racemic allylic alcohols by chiral titanium(IV)

complex with extreme high enantio-selection has been recentl-y

reported by Sharpl""".7)

On the other hand, optically active alcohols as significant

starting materials have been recognized. For exampl€, Mukaiyama8)

has developed an efficient and convenient conversion of chiral

alcohols to the corresponding amines, thiols, or halides by the

reaction with 2-halopyridinium or 2-halobenzothiazolium compounds.

In many cases, the asymmetric hydrogenation of ketones by rhodi-

um(I) chiral phosphine complexes afforded optically active alco-

hols with Iow yield and low enantiomeric excess, although high

enantio-selection has been attained in noncatalytic reduction of

ketones with chiral organo-lithium hydride complexg) anO chiral

organo-aluminium complex, tO)o" catalytic hydrosilylation by rho-

dium(I) chiral phosphine complexes.lr)

Part l- describes the kinetic resolution of racemic alcohol-s

in the dehydrogenation of secondary ones by ruthenium(lf) chiral

phosphine complexes (Chapter 1 and 2) and by rhodium(I) chiral

phosphine complexes (Chapter 3), in the intramolecular hydrogen

transfer of a racemic unsaturated alcohol by chiral ruthenium(II)

and rhodium(I) complexes (Chapter 4), and in the dehydration of

a racemic 1,3-diol by chiral- rhodium(III) complexes (Chapter 5).

Part 2 describes the asymmetric hydrogenation by chiral
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transition metal complexes, which has been investigated with the

intenti-on of developing practical processes and catalysts. In

Chapter 6 is presented asymmetric transfer hydrogenation of pro-

chiral olefins by alcohols with ruthenium(II) chiral phosphine

complexes. The author has also investigated the kinetics of the

reaction to elucidate its mechanism (Chapter 7). Furthermore,

asymmetric hydrogenation of prochiral ketones by homogeneous and

heterogeneous chiral rhodium(I) complexes (Chapter B), and of

prochiral esters by cobalt(II) and nickel(II) chiral phosphine

complexes (Chapter 9) have also been investigated.

-3-
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PAR丁  1

KINETIC RESOLUTION OF RACEMIC ALCOHOLS

BY CHIRAL RUTHENIUM AND RHODIUM COMPLEXES



CHAPTER ENANT10MER― DIFFERENTIATING DEHYDROGENAT10N OF

SECONDARY ALCOHOLS BY RUTHENIUM(II)CHIRAL

MONOPHOSPHttNE COMPLEXES

1- l- Introduc tion

Asymmetric hydrogenation of prochiral olefins catalyzed by

rhodium(I) chiral phosphine complexes, a procedure originally
1)

developed in 1968, has been extensively investigated. A num-

ber of chiral phosphines were synthesized to examine their

effectiveness for the asymmetric induction in terms of their

structural effect on the optical purity of the hydrogenated prod-

ucts. In an early stage, chiral monophosphine having an asymmet-

ric phosphorus atom, various and bulky ligands, such as (+)-o-
2)

methoxyphenylcyclohexylmethylphenylphosphine, were shown to be

more efficient in the rhodium(I) complex-catalyzed asymmetric

hydrogenation of dehydro-amino acid derivatives than ones con-

taining chiral carbon atoms in the ligands, such as (+)-neo-

"\menthyl diphenylphosphine . "'

The author has prepared some ruthenium(ff) chiral monophos-

phine complexes, and examined their enantiomer-differentiating

ability for the dehydrogenation of racemic secondary alcohols.

It is also discussed that how the enantio-selective ability of

the ruthenium complexes depends on the structure of the chiral

Iigand and unsaturated additives, and on reaction temperature.

L-2 
. 
Experimental

Measurements.

Elemental analyses were carried out with YanagimotO MT-2
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1H wltn spectra were recorded on JEOL MH-1OO. Gas-chromato-

graphic measurements were made with Ilitachi 063 equipped with a

1-m column packed with Tween 80 on Celite 545. Optical rota-

tions were measured with a Union Pt4-1Ol- digital polarimeter.

Materials.

Ruthenium trichloride trihydrate (RuCI3.3H2O) was commer-

cially available. Dichlorotris ( triphenylphosphine )ruthenium( ff )

( RuCl .( een, ) . ) and dichlorote trakis ( tripfrenylphosphine ) ruthenium
ZJJ

(II) (RuCI.(eeho),) were prepared according to the literaturezJ4

method.4)

Racemic alcohols were distllled before use. Unsaturated

compounds for the dehydrogenatlon of alcohols were used after

recrystallization or distillation.

Preparation of OpticalIy Active Phosphines.

(+)-NeomenthyLdiphenylphosphine (nmdp). According to

the method reported by Morri"on,3) ants phosphi.ne was synthe-

sized from Z-menthyl chloride and sodium diphenylphosphide

,), rit.3)t"]3. +e4.4o

(c L.26. CH^CI ).---2--2"

H3C~‐
く
(II)》

‐
く
:i:亀

H3C‐‐
く
(1

0H

Scheme 1.
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( + ) -BenzyLmethyLphenyLpho sphine (bmpp) . Starting from

phenyldichlorophosphine, (s )p- (- )-menthyl methylphenylphosphi-

nate was first prepared along the route 1n Scheme 2; t"]3t -93.5'
(c o.5, c6"6), rit.s) ;o1es-eo -g4o (c 1-3, aunu). (+)-Benzyl-

methylphenylphosphine oxide was given by the reaction of the

phosphinate with benzyl magnesium chloride in benzene; t.]Oto

+5o.32' (c l-, cH3oH), rit.6' ["] 
23-26 +5L.4o (c 1-3, CH3oH).

The oxide was reduced by trichlorosilane in the presence of tri-

ethylamine to give (+)-benzylmethylphenylphosphine, which was

immediately supplied for the preparation of the chiral ruthenium

complex because of extreme air sensitivity.

―
―
↓

PC・
5

0
::

7‐
CH3

°CH3

0
::

P― CH
:

Cl

Resolution

3--

C6H5CH2     Cl

°~CH3° C6H4  Br

p~CH3°C6H4  Br

C3H7      Br

Scheme 2.

◎ 謝2壁粍 ◎中町2ム◎

o
ll*
P-CH
I
OMen

(S)P― (… )

↓RMgx

◎
1lCH3‐
lli;コ
ーーー→〉 〈

([]〉
卜
ioCH3

r)ii -Z -Men thol
f' _ arrt
lJ
OMen
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( - )-o-MethoryphengLmethyLphenyLphosphine (o-amPP), ( - )-p-

methorgphenyLmethyLpherLyLphosphine (p-ampp), and ( - )-propyL-

methyLphengLphosphine (pmpp ) . In a simifar manner described

above, these chiral phosph:'-nes were synthesized by the reduction

of corresponding chiral phosphine oxides, (-)-o-methoxyphenyl-

methylphenyrphosphine oxide t t"]3o -19.3 " (c o.46, CH3OH) ) ,

(-)-p-methoxyphenylmethylphenylphosphine oxide f ["]So -9. 96"
A\

(c o.53, cHaoH); lit.o' ["]22-24 -9.8' (r 1-3, cH3oH)), and (+)-

propylmethylphenylphosphine oxide ( t"];O +i-6.3" (c O.45, CH'OH);

1it.6' [o] 
22-24 +L7o (c 1-3, CH3OH)) respectively, which were

also immediately supplied for the preparation of the chiral

ruthenium cornplexes.

Preparation of Chiral Ruthenium Connplexes.

DichLorotri s ( ( + ) -benzyLmethyLphenyLphosphine ) ruthenium ( I I ) .

Two grams (f.0 mmol) of RuC12(PPh3)3 was suspended in hexane

(roo cm3) containing (+)-benzylmethylphenylphosphine (1.5 g,

7.O mmol). The suspension was refluxed for 6 h in a nitrogen at-

mosphere to give dark yellow crystals (r.o d.7 ) Rft"" the

crystals were thoroughly washed with hexane, and dried in uacLLo,

glving Rucl2( (+)-bmpp)s , 1H NMR (cDC13) 6=t.60 (3H, broad),

3.45 ( 2H, broad) , and 6 .3o-7 .37 ( l-oH, m); tr]3o -oB5 o (e o.1,

C6l{6 ) . Found: C, 62. 01-; H, 5.64i Cl, 8.6L%. Calcd fot CorHqSCLz

PaRu: C, 61.92; H, 5.57; C1, B.70%.

DichLor.obis ( ( - ) -o-methorgphenyLmethyLphenyLphosphine ) ( tri-

pheny Lpho sphi.ne ) r,ut heniun ( I I ), dichl onob i s ( ( - ) -p -methorypheny L-

methyLphenylphosphine ) ( tt'iphenyLphosphine ) ruthenium ( I I ), and

dichLor.otris ( ( - )-pr.opyLmethyLphenyLphosphine ) ruthenium ( I I ) .

-9-



These complexes were prepared from RuCl2(PPh3)3 and respective

phosphines in the same manner described above. Analytical

characterizations of the complexes are as follows.

Rucl 2((-)-o-ampp)r(PPha): yerlow crystal; 1H rulan (cDC13) 6=

L.54 (6H, broad), g.75 (6H, s), and 6 .2O-7.3O (331-{, m); tr]3O

-2600' (c O.1, C6H6 ) . Found: C, 61. BO; H, 5.L4i Cl, 7 .82%.

Calcd for C I
+OHaSCt2O2P3Rtt 

C, 6L.74; H, 5.03i Cl, 7.94%.

Ftucr z((-)-p-ampp)r(eerra): dark brown crystal; 1H rutlIR (cDc13)

6=1.65 (6H, broad), 3.75 (6H, s), and 6 .35-7.45 (ssH, m); t*]3o
-26.7o (c O.1, C6H6). Found: C, 6L.L7; H, 5.38; CI, 7.7L%.

Calcd for COUt,OratrOrPrRu: C, 6L.74; H, 5. 03; Cl, 7 .94%.

RuCI 2((-)-pmpp)s: pale yellow crystal; 1H Nun (CDC13) 6=

o.Bo (6H, broad), L.77 (4H, broad), and 7.ro-7.30 (5H, m); tr]fro
+260" (c O.1, C6H6). Found: C, 53.82; H, 6.57; Cl; l-O.35%.

CaIcd for CaOH45ClrPaRu: C, 53.74; H, 6.77; Cl, 1,O.58%.

Since the complex from RuCl2(PPh3)3 and (+)-nmdp was unable

to be isolated, ruthenium-(+)-nmdp complexes were prepared in

situ to supply for the dehydrogenation of alcohols directly.

Reaction Procedure and Analyses.

A typical reaction was carried out as foll-ows. The chiral

ruthenium complex (O. f0 mmol ) was charged into a two-neck flask

(SO cr3) with a condenser and a nltrogen inlet. The flask was

purged with nitrogen Bas, and then 1-phenylethanol (fO g, 82

mmol) and benzylideneacetone ( tO g, 69 mmol) was put into it.

The reaction temperature was controlled within +1 oC. After the

desired conversion of the reaction was attained, the unreacted

alcohol was fracti-onal-lv distilled under a reduced pressure and

-10-



subjected to optical rotation measurement. rn the dehydrogena-

tion of achiral alcohols such as benzyl alcohol with the ruthe-

nlum chiral phosphine complexes, it was confirmed that distilled

alcohols were never contaminated with any optically active com-

pounds such as the chiral ruthenium complex, chiral ligand, and

their decomposed products. I4easurement of the optical rotation

for the al-cohol enriched with one enantiomer was repeated four

times and the average value thus obtained was employed to deter-

mine its optical purity.

1-3 Results and Discussion

Characteristic Features of Enantio-se.lective Dehydrogenation of

Racemic Alcohols.

In principle, the progress of the reaction during the ki-

netic resolution always brings about the elevation of the opti-

cal purity of the unreacted substrate, as shown in Fig. 1,

which is produced in a straight manner from the following equa-

tion;

k-rt

ks

ｎ１
１

一
ｔ

( [R] o/ [R] ) ln(1-C)(1--o.P. )
(1)

ｎ１
１

一
ｔ

( [s] o/[s] )
tn(r-c)(1+o.P. )

starting from the equation for first-order kinetics; -d[n]/ot=t<*x

[n], and -d[S]/ot=xr[S]. Where C is the fraction of consumption

of racemates, O.P. (opticat purity of the unreacted substrate)

is %O.P./LOO, R and S are enantiomers, the square brackets signi-
fy thd concentration, and subscript zero represents the initial
state. Thus, the optical purity of the unreacted substrate is
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an inadequate estimate for enantio-selectivity in the kj-netic

resolution. The relative rate-constant ratio (kR/kS) of three

variables in Fig. 1 is appreciably independent on the reaction

time, so that it can be used as a measure of the extent of

enantio-selectivitv.

When the dehydrogenation of 1-phenylethanol (A) by the

chiral ruthenium(ff) complexes was carried out at 1BO'C with or

without benzylideneacetone as hydrogen donor, the optical purity

of unreacted l- enriched with the (nt-(+) or (s)-(-)-enantiomer

monotonously i-ncreased with increasing in conversion of the

alcoho]. Plots of In[R]ol[nJ and rn[S]oZ[sJ calculated from Equa-

tion (1) against the reaction time showed a good linear rela-

tionship (fig. 2), indicating to obey'pseudo-first-order rate

law, which was also reflected in the constant kR/kS ratio during

the reaction. Therefore, the extent of enantio-selectivitv j-n

the present reaction can be defined by the ratio of the rate

constant for each enantiomer.

100

80

60

kR/ kS = 20
10

2

1.5

1.2

20 40 60

Conversionr/t

０４

“
＼
・
Ａ
・Ｏ

Fig. l-. Relation between

the relative rate ratio

and the optical purity of

unreacted alcohol.
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Fig. 2. Plots of reaction time us. tn[n]o/[n] or rn[s]o/[S],

and kp/kg for the dehydrogenation of l, by Ru(II)-(+)-nmdp

complexat IBO"Cwith (O,O,o) orwithout (A,1,r) benzyl-

ideneacetone.

(+ )-nmdp/Ruct2( eerra ) 3=6 ; Rucl2 (pph3 )3,

without the olef in, respecti-vely.

2 or B mmol Om-3 with or

In the case of the dehydrogenation of ! without hydrogen

acceptor, the enantio-selectivity is very low (t<*/t<r=l-. OO3-

1.OO4) Uut reproducible wi-th the products consisted of aceto-

phenone (AP)(45-48 mol/o), racemic and meso bis(l-phenylethyl)

ether (PEE)(ZZ-Zq mol%), ethylbenzene (11-15 moL%), and styrene

(+-s rnoL%).

The addition of a hydrogen acceptor such as benzylidene-

acetone tA the reaction svstem showed a considerable increase in
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o■efin/A■ cOhO■

1.5

Fig. 3. Effects of mole ratio of benzylideneacetone /L on

enantio-selectivity (O) and optical purity (O) in the dehy-

drogenation of I OV Ru(II)-(+)-nmdp cbmplex at 1BO'C for 5 h.

Rucrr(eerra)ar 8 mmor dm-3; (+)-nmdp/nuc12(PPh3)3=6. conv. (%),

AP (moL%), PEE (noT%): A(19.4, 42.o, 47.3); B(36.7, 85.6, Lo.2);

c(38.2, 95.7, trace); D(38.5, 96.4, trace); E(37.o, 93.2, trace).

the reaction rate and the enantio-selectivity (Fig. 3), but

these reduced somewhat in the excess olefin concentration. In

this reaction system, formation of the byproducts, especially

PEE, was remarkably decreased with increasing amount of the

additive, and AP was preferentially produced with comprizing

over 95 mol% of the products in the reaction with the ratio of

benzylideneacetone/1>O. 84 (fig. 3) . Probably, the enhancement

of the enantio-selectivity due to addition of the unsaturated

compound is attributable to the promotion of the dehydrogenation

of I to AP with the enantio-differentiating process by the

ruthenium complex (discussed later).

∽
〓
＼
∝
〓

“
＼
．
Ａ
．
Ｏ
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Tab1e 1. Enantio-selective Abilities of Ru(II) Chiral phosphine

Complexes in the Dehydrogenation of 1 with Benzylideneac.to.,.")

Complex Time

h

Conv        OoP.b)  kR/kS

%           %

RuCl2(PPh3)3- 5 38.2 2.2A 1.1O
( + ) -nmdp

RuCrr( (-)-o-ampp)e 1_4 38.1 1.30 1_.06
( pprr^ )J

RuClr((+)-bmpp)a 9 49.3 o.9o l_.o3

Rucr 2((- )-pmpp)s 3 4o.5 o.24 1.o1

RuCl z((- )-p-ampp), 5 63. s o.3T o.993
( PPh3 )

a) Benzylideneacetone / !=O.g+; the reaction temperature, 1BO"C;

the ruthenium complex, 8 mmol dm-3 ex(:ept for RuCI z((-)-pmpp)g
(4 mmor or-3).

b) Calculated from the specific rotation for the (S)-(-)-alcohol;
2? :.o (- ) t.7 r.., /.r \ B)

["]O" -52.5" (c 2.27, CHru-2t.

Enantio― selective Ability Of chiral Ruthenium(II)Complexes.

The dehydrogenatlon of t by chiral ruthenium(II)complexes i

was carried out at 180° C in the presence of benzylideneacetone.

Results are shown in Table l.  The enantio― selectivity was sub―

stantially dependent on the structure of the chiral phosphine,

and in the following order: RuC12(PPh3)3~(+)~nmdp>RuC12((~)~ο ―

ampp)2(PPh3)>RuC12((十 )―bmpp)3>RuC12((~)~pmpp)3>RuC12((~)~′ ―ampp)2    ｀

(PPh3)・   The chiral phosphine p9sseSSing different and bulky

substituents seems to be effic■ ent.

-15-
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(+)― nmdP/RuC12(PPh3)3

Fig. 4. Effects of mole ratio of

catalytic activity (kR, O ; kr, O )

(ko/ko, o ) in the dehydrogenation11 D'

Reaction conditions were the same

zyl ideneace tone / 1 =O . 84.

The enantio-selective abilitv of

(十 )―nmdp/R1912(PPh3)3 °n

and enantio_selectiv■ ly

of l by Ru(II)― (十 )一 nmdp complex.

as in Fig. 3, except for benト

the most effective RuClr-

(2a)

)-nmdp) +

(+ )-nmdp 

-

(PPh3)a-(+)-nmdp complex, however, considerably suffered the

concentration effect of (十 )一nmdp, and the selective ability was

the greatest around (十 )一 nmdp/RuC12(PPh3)3=6 (Fig。  4).  This phe_

nomenone is presumably relevant to the following equiliblium in

the reaction system:

RuC12(PPh3)3~ RuC12(PPh3)2 +    PPh3

RuC12(PPh3)2+nl■ l―nmdp〔」彗lL≧三≧ RuC12(PPh3 X←

師Lo l■ l_nmdp ttRuC12(ltl~nmdp)2+師―a

(n-3) (+)-nmdpRuC12((十 )一 nmdp)3

-16-
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In the case of n=(+)-nmdp/nuCf2(PPh3)g.6, the presence of (+)-

nmdp in the coordination sphere of RuCIr(eefra)a Oecreases the

dehydnolyzing ability of RuClr(eefra)3 with diminution of the

reaction rate, and the ligand exchange between PPh3 and (+)-nmdp

which results in the formation of RuCl2(eena)((+)-nmdp), RuCIr-

((+)-nmdO), ana/or RuCl2((+)-nmdp)a, also gives rise to a retarda-

tion of the reaction because the ruthenium(II) complexes possess-

ing (+)-nmdp ligand are catalyticalty less active than RuCtr-

(eefra)r. On the contrary, the formation of ruthenium(tt) com-

plexes involving (+)-nmdp ligand elevates the enantio-selectivi-

ty, and at n=6 the amount of RuClt((+)-nmdp), seems to become

largest among the chiral ruthenium complexes.

hlith excess concentration of (+)-nmdp (n>6), the selectivi-

ty was lowered by increasing the (+)-nmdp concentration. The

excess free phosphine presumably changes the above equili-blia

through the promotion of RuCIr((+)-nmdp), formation, and the

selectivity is lowered by increasing of the concentration of cat-

alyti-calIy inactive RuCl 2( ( + ).-nmdp ) a. In such situation, the

reaction rate increased again, probably owing to increasing bas-

icity of the reaction system by the free phosphine. This

basicity effect on tlre rate enhancement is directly related to

the contribution of bases to the dissociation of the oxygen-

bound hydrogen of alcohol as proton in Reaction (3a) or (4b).

-H+
RR'CHOH + (nu) -------+ [nn

RR'cHoH + H++ [nn'cHo-

iCHO― (Ru)]

―(Ru)
(Ru)]―      (RR'CH)2°

(3a)

十  H2°   (3b)

Where (Ru) denotes catalytically active species.

-17-



Effects of Hydrogen Acceptors.

In the present reaction, the enantio-selectivity was affect-

ed by the concentration of hydrogen acceptor with respect to the

alcohol (fig. 3). The low olefin concentration presumably pre-

vents the intermediate InR'cHo-(nu)] from converting into

RR'C=O and the ruthenium hydride complex (Ru-H) because of the

lack of the hydrogen acceptor, and it promotes PEE formation in

Reaction (3a) and (Su). As also shown in Fig. 3, the gradual in-

crease in olefin concentration makes PEE/AP ratio smaller uia

hydrogen transfer from the alcohol to the olefin in Reaction (Sa)

and (aU1 (see l-ater), and results in higher enantio-selectivity.

However, the excess concentration of olefin suppresses the selec-

tivity, probably through a blocking of the active site of the

complex by the olefin. In fact, the reaction rate increased

monotonously up to benzylideneacetone/!=1.26, but it decreased

in excess olefin concentration; (tfre olefin/1; 1O4ka, 1O4kr)=(o;

t.2L, l-.19), (O.qZ; 2.6L, 2.47), (O.e+; 2.80, 2.55), (1.26; 2.85,

2.56), and (r.OA; 2.64, 2.5O). under the condition shown in Fig.3.

The enantio-selectivity was also found to vary from olefin

to olefin. Representative results of the dehydrogenation of 
,1,

by the ruthenium-(+)-nmdp complex are shown in Table 2. There

are possible explanation concerning the structural effect of

hydrogen acceptors on the selectivity: (a) the type of the hydro-

gen acceptor affects the equlliblium of the complex (for example

the distribution of RuCl, (eefra ) ( (+ )-nmdp ) , RuCI, ( (+ )-nmdp)2, and

RuCl2((+)-nmdp)a in Reaction (Za) and (eU11, and causes differ-

ent s'electivity, and (b) the coordination of the hydrogen accep-

tor to the chiral ruthenium complex gives rise to a new chiral

fie1d.

-18-



Table 2. Enantio-selectivity Change in the Dehydrogenation of J
\

by Hydrogen Acceptorsa/

No. Hydrogen
acceptor

Temp Time Conv np kn/ks
Oc %%

Benzylidene-
acetophenone

Benzylidene-
acetone

tz,ans -Sti Ibene

Ethyl cinnamate

Dodecyl meth-
acrylate

2-Ethylhexyl
methacrylate

Hexyl meth-
acrylate

Secobarbi tal

None

1_80

190

1_95

r_6 5

L70

1_BO

190

1BO

195

r_65

r-80

1_BO

1-70

1_90

1BO

1BO

r_6 5

r_Bo

I
B

B

5

q

5

5

8

tt

8

B

5

5

5

5

９

　

７

　

８

L7 .3
46.4
BL.2

TB.7

27.'g

38. 2

60. 3

26.2
4L.B

7.6
36. 1_

34.2

L4. O

36.7

L3 .7

18.9

1_1_.3

L9.4

2.01,

4.3L
4.79

L. L7

r.70
2. 28

2. tL

o.10
o. 05

o. 09

o. r_o

o.L2

o. 2B

1.63

o. L4

o.72

o.07
o. 04

L .24
1. 15

1. 06

L.L2
1.1_t_

r_. 10

1. 05

L.04
1.OO

2̂

L.02
1.Or_

1.OO,

L.04
1,.07

L.02

1. 06

1.Or_

1. 01

８

　

９

a) catalyst, RucIr(eerra)a-(+ )-nmdp complex; the ruthenium

complex, B mmol dm-3; (+)-nmdp/RuClr(eena)3=6; Hydrogen

accePtor/L=O.eq.
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RlCH=CHR2

RRiC=0

(Ru)

―H+
RRlCHOH 

―

H十

一

(4a)

(4b)nlcHrcurn2 + (Ru)

Such effect of the hydrogen acceptor on the selectivity

was observed in the case of the dehydrogenation of racemic alco-

hols by Ru^CI . ( (- )-diop )^ (diop=2,3-0 -isopropylidene-1, 4-bis(oi-" 2 4" ''3
phenylphosphino)-2,3-butanediol) ; e.9., k*/kr=1. 1-1 for benzyl-

ideneacetone, 1.06 for 2-ethylhexyl methacry■ ate, and l。 03 in

the absence of olefin (see chapter 2)。 11) From this, explana―

tion (b)seems plausible,  even though the induced asymmetry of

olefins coordinated with platinum(I工 )chiral amine complexes has

been confirmed only at the temperatures much lower than 160 tO

195° C in the present experiment;12,13)that is, newly formed

asymmetric center in the intermediate 2 might not be completely

diminished υづα epimerization13)at a temperature range of 160 to

195° C.

Among hydrogen acceptors employed, two unsaturated ketones

of benzylideneacetone and benzylideneacetophenone were most ef―

fective in terms of the enhancement of the selectivity.  Hё nce,

one could propose that, with deliberately chosen acceptors, the

-20-



Table 3. Enantiomer-differentiation of Secondary Alcohol" 
:"

RuCl, (eeq )3 -(+)-nmdp Complex with Benzylideneacetophenonea/

No。 iCHOH

OcR:

ＲＲ

　

Ｒ

Temp Time Conv 0.P.b) kR/kS

%%

MePh10

EtPh11

Me12 PhCH2

160

170

180

190

170

180

190

170

180

190

7

6

5

2

7

5

3

12

6

4

26.2

34.3

47.3

41.5

26.3

38。 7

36.4

31.1

27.4

39。 9

1.60

1.54

1.74

1.37

1.37

0.82

1.00

0.09

0.07

0.09

1.11

1.08

1。 05

1。 05

1。 09

1.03

1.05

0。 995

0.993

0。 994

a)

b)

Mole ratio of (十 )―nmdp/RuC12(PPh3)3' 3; RuC12(PPh3)3' 8  mmol

dm-3; benzylideneacetone/alcOhol=1.

Calculated from the specific rotation: [α ]37-20 +40°  (0 5,

C6H6)f° r (R)― (十 )―PhCH(Et)9H;15)[α ]65 _20.2° (θ  5, C2H5° C2H5)

for (P)― (― )PhCH2CH(Me)OH.16)

corresponding phosphobetaine can be expected to form in the reac-

tion of the above ketones with the chiral tiganO.14) Especiatly

in the case of the in situ prepared complex, the phosphobetaine
T

(R"3PCH(Ph)CH=C(R)O-) is then bound to the ruthenium complex as

a new chiral ligand. The unsaturated esters such as the meth-

acryl.ates, except 2-ethylhexyl.methacrylate which possesses an

asymmetric carbon atom, were relatively less effective, probably

because negatively charged oxygen of the ester binds to the

-21-



ruthenium complex and disturbs the coordination of the chiral

Iigand in the case of the in situ prepared Ru(II) complex.

The free proton participation in Reaction (+U1 has already

been confirmed in the transfer hydrogenation of benzylideneaceto-
1n)

phenone by l-phenylethanol with Ruclr(eerra)3. -"' Through Reac-

tion (aa) and (+u), the abstraction of g-carbon-bound hydrogen

by the ruthenium complex is the rate-determining "t.p.1O)
The structural change of alcohol (RR'CHOH: R, Rt=Ph, lle; Ph,

Et: phctt^. Ue) varied the reaction rate and the enantio-selectiv-' z'
ity (faUte 3). The selectivity order was not simply reflected

in the bulkiness of the substituents.

Activation Parameter Relationships.

The enantio-selectivity was also dependent on the reaction

temperature and raised by lowering the temperature (Table 2 and

3). presumably, lower temperature makes the interaction among

the species in Reaction (qa) and (+O) more stronger. The tem-

perature dependence of the reaction rate in the reaction was

expressed by l-inear Arrhenius relationship for each enantiomer.

A typical example is shown in Fig. 5.

Ｈ
‐
０
＼
∽
ｙ
　
Ｃ
Ｈ
　
　
】
０
　
　
“
〓
　
Ｃ
Ｈ

―■0。 0

―■0.5

-11。 0

-II. 5

Fig. 5. Arrhenius Plots in

the dehydrogenatlon of 1 bY

Ru(If )-(+ )-nmdp comPlex with

benzylideneacetone. R, O; S, O

Reaction conditions were the

same as in Fig. 3.

2.20 2.25

to3 /'t/x-L
2.L5 2.30
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NotabIy, the activation parameters thus obtained, which re-

flect those for the rate determining process j-n Reaction (4b),

bore isokinetic relationship; that 1s, the smalfer 6fi* values
I

for one of enantiomers always required negatively larger AST

values (nig. 6). In view of the fact that the AHOT (for (R)-

enantiomer) 
"nA AH"+ (for (^9)-enantiomer) values are different

from each other and require dlfferent AS+ (As"+ ano nsr+ ro" re-

spective (r?) and (S)-enantiomer) values in the isokinetic rela-

tion, the coordination distance between the carbonyl oxygen and

the Ru metal center in the following transition state might be

different between enantiomers:

+
The shorter coordination distance probably makes the AHr value

+smaller, requiring the negati-vely larger ASr va1ue. If this is

true, the difference tna#) between lH,,+ and AHo* values might.t(,D

have a correlation with the difference (AAS+) between ASof and
r1

I
ASo- values. In this regard, there is a linear correlation be-

J ++tween the AAHr and AASr values with intercept zero (nig.7).

This correl-ation strongly suggests the enantiomer-differentiat-
-Iing process controlled by steric factors (reflected by AS- )

I

which compensate electronic ones (reftected by Afff ); the hydro-

gen migration from RR'CHOH to the complex might simultaneously

occur in the different coordination distance between the

enantiomers.
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Fig。  6

Table 2

Fig。  7

same as

60

Isokinetic relationshipo  Numbers are the same as in

and 3.  R,o; S,△ ・

Correlation between △△H十  五nd △△s+. Numbers are the

in Table 2 and 3.

L-4 Summary

Kinetic resolution of racemic secondary alcohols in the

dehydrogenation with ruthenium(ff ) chiral monophosphine complex-

es was studied. The magnitude of enantj-o-selectivity was

substantially dependent on the structure of the chiral phosphine

ligand, the equiliblium of the complex in the reaction system,

the asymmetry induced by unsaturated species, and reaction

tempebature. The linear isokinetic relationship was exhibited

between AH+ and AS* values obtained for each enantiomer. There

ll

06
10

-24-



was also a rinear correlation between the differences of the

above activation parameters for the enanti_omers. These

rel-ationships led to an assumption that the enantiomer-

differentiating process was controlled by the difference in

coordination distance of each enantiomer to the chiral- complex.
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CHAPTER  2   ENANTIOMER― DIFFERENTIATING DEHYDROGENATION OF

SECONDARY ALCOHOLS BY A BINUCLEAR RUTHENIUM(II)

CHIRAL DIPHOSPHINE COMPLEX

2-L Introduction

A chiral diphosphine of (+) or (-)-2,3-O-Lsopropylidene-

1 , 4-bis ( diphenylphosphino )- 2, 3-butanediol ( Oiop ) , first reported
r -r\by Kagan'') in L972, has been accepted as an efficient chiral

ligand for rhodium(I)17 ) anO ruthenium(ff;18,L9) complexes cata-

lyzed asymmetric hydrogenation of olefins, for rhodium(I)

complex cata1yzed asmmetric hydrosilylation of ketones,2O,2L)

and for nickel(II) complex catalyzed asymmetric Grignard cross-
22 )j)coupling.-- ' -'

Therefore, the author has examined the catalytic efficien-

cy of a binuclear ruthenium(ff)-(-)-diop complex, Ru2CL4((-)-

diop)a, in the enantiomer-differentiating dehydrogenation of

racemic secondary alcohols with or without unsaturated com-

pounds as hydrogen donor.

2-2 Experimental

l4easurements.
1EIemental analyses, records of H NMR spectra, gas-chromato-

graphic analyses and optical rotation measurements were carried

out with the same instruments described in Chapter l-.

t'{aterial-s.

Racemic alcohols were distill-ed before use. Unsaturated

compounds for the dehydrogenation of al-cohols v/ere used after

-26-



recrystallization or distillation.

The chiral diphosphine of (-)-diop was prepared by Kagan's
rz\

method-" (Scheme 1). The chiral phosphines of (-)-o-methoxy-

phenylmethylphenylphosphine (o-ampp ), ( - ) -propylmethylphenylphos-
phine (pmpp), and (+)-benzylmethylphenylphosphine (Umpp) were

synthesized accord.i-ng to Mislow's method.6 ) (+ )-weomenthyldi-

phenylphosphine (nmdp ) was made by means of the method of
^\<lMorrison,"' and ruthenium(ff)-(+)-nmdp complex was prepared in

situ from RuClr(eefra)a and (+)-nmdp. The binuclear ruthenium

complex, RurClo((-)-diop)3, was prepared by James' methodlB) and

the other comprexes, Ruct2( (-)-o-ampp)r(eerrt)a, Rucl 2((-)-pmpp)s
and RuCI2( (+)-bmpp)g, were made accordi-ng to the phosphine ex-

change method.T) Characterrzation of RurCI 4((-)-diop)a is as

forrows, 1H wtun (cDCr3) 6=0.86 (6H, broad), 1,.s7 (1,2H, broad),

3.02 (6H, broad), 6.98 (2OH, m), and 7.18 (+oH, m)i IR (Csr),318

"rn 
1 (nu-Cf ;. Found: C, 60.78; H, s.T8; cl, 7.58%. Calcd for

CggHgOCl qOOPARuT: C, 60.72; H, 5.22i Cl , 7.2&.

H

H

C° 2Et +
H

lt

与
)

〕t

H

」♭  TsCl
H

C°
2Et (Me)2C(°

Мe)2

Scheme 1

CH2°TS

-27-
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Reaction Procedure and Analvses.

The dehydrogenatlon of secondary alcohol by the ruthenium

(II) chiral phosphine complex was carried out in a two-neck fiask
?(50 cm") without solvents at L2O-195'C under nitrogen atmosphere

in the absence or in the presence of hydrogen acceptor. After

a desired conversion of the reaction was obtained, the unreacted

aLcohol was fractionally distilled under reduced pressure and

the distillate was subjected to the optical rotation measurement.

In the dehyhdrogenation of achiral- alcohols such as benzyl alco-

hol with chiral ruthenium complexes at LzO-l95oC, the distilled

alcohols were confirmed to include no optically active contam-

i-nants. In order to determine the optical purity of the alcohol,

average value of the optical rotations measured four times was

used as the observed one. The distrj-bution of the reaction prod-

ucts was monitored by gas-chromatographic analyses, and some

products such as the racemic or meso bis(1-phenylethyl) ether

were identified by 1H 
wtutn after their fractional collection by

gas-chromatography.

2-3 Results and Discussion

Propriety to Pseudo-first-order Rate Law.

Dehydrogenation of 1-phenylethano1 (l) by RurCt 4((-)-diop)a
was carried out in the presence of benzylideneacetone as hydro-

gen acceptor at 165oC. Results are shown in Table 1. The opti-
ca1 purity of the unreacted alcohol increased with increasing in

the conversj-on of 1-, and the reaction obeyed pseudo-first-order

rate law up to 65% conversion; rate constans, kR and k' calculat-
ed from the following Equations (fa) and (1b) for each

-28-



Table l.  Enantio― selective DehydrogenatiOn of t by Ru2C14((~)~diop)3

with Benzylideneacetone at 165。 C

Time    Conv    ―
[α ]:3  。。P。     106kR   l°

6ks   kR/kS   Product/mol%

Ｉ

Ｄ
Ｏ

ｌ

h       %       °       %       s~l     s~1 AP    PEE    S,B

2      23.0    0.46    0。 88    37.5    35。 1    1。 07   98.9    1.l  trace

3      32.7    0.65    1.24    37.8    35.5    1。 06   83.6   15.5   0。 9

4      41。 0    0。 92    1.75    37.9    35。 4    1.07   87.0   12.3   0。 7

6      54。 9    1.28    2.44    38.0    35。 7    1.06   88.0   11.4   0。 6

8      65.3    1.49    2.84    37.8    35.8    1.06   88.4   11.2   0.4

a) Catalyst, 2 mmol clm-r; alcohol, 83.4 mmol; olefin, 68.4 mmol.

b) calculated from the specific ro'bationr t"]33 -52.5. (e z.?-7, cH2cl2) for
(s )-enantlor.".B)

c) AP: acetophenone; PEE: bis(t-prrenylethyl) ether; S,B: styrene and ethyl-
benzene.



enantiomer, were invariable for the reaction period of B h, and

its ratio (kR/kS), which reflects the enantio-selectivi-ty in the

present reaction, also unchanged virtually.

kR=

kS=

Where [n] and [s] mean respective concentrations of (R) and (s)-

enantiomer, the subscript zero represents the initial state, C

is the fraction of conversion of the racemate, and O.P. (optical

purity of the unreacted alcohol) Ls %O.P./LOO.

As indicated in Table 1, the present chiral ruthenium com-

plex produced acetophenone (AP) as the. main dehydrogenation prod-

uct of J, with quantitative saturation of hydrogen acceptor, but

small amounts of racemic and meso bis(l-phenylethyl) ether (pEE)

were also detected, together with traces of styrene and ethyl-

benzene.

Efficiency of (-)-diop as Chiral Ligand.

In order to establish the actual efficiency of (-)-diop as

a chiral ligand of the ruthenium(If) complex in comparison with

other chiral phosphine llgands, the dehydrogenation of l-phenyl-

1--propanol was examined in the presence of benzylideneaceto-

phenone at 165.C with RurClo((-)-diop)a, and RuClZ((-)-o-ampp)r-

(PPh^), Rucr^( (-)-pmpp)^, Rucl^( (+)-bmpp)^, and Rucl^(PPh^)^-
3 Z J Z J Z J J

(+)-nmdp complex (prepared in situ). Results are tisted in

Table 2. Although the enantio-selective ability of RurCf4((-)-

diop)r'complex is not directly compared with those of the other.J

mononuclear complexes, among the complexes to be tested,
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[R]。 /[R]

[Sl。 /[司

ln(1-C)(1-0.P。 )

ln(1-C)(1+0.P。 )

(la)

(lb)
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Table 2. Enantio-selective Dehydrogenation of 1_-Phenyl-1-

propanol by Chiral Ruthenium(II) Complexes with Benzylidene-

acetophenone at 165'Ca)

Complex Time Conv o.P.b) kR/kS

Rurc14((-)-diop)a 24 s6.B 11.o i-.3o

RuCI z((-)-o*ampp), 78 s1.B o.O9 1.OO
(PPh3)3

Rucl z((-)-pmpp).1 3 4o.s o.24 1.o1

Rucl ,((+)-bmpp)s To 26.3 r-.36 i-.og

Rucr2(pph3)3- c) 72 59.i- o.51 1.oi-
( + ) -nmdp

a) Catalyst, 4 mmol dm-3 except for RurCI4((-)-diop)a (2 mmol

Om-3 ); a1cohol, 83.4 mmol; olefin, 68.4 mmol.

b)Calcu1atedfromthespecificrotation..L7_2o: ["]i' 
Lv +4O.O" (c s,

coHo) for (a)-(+ )-enantiorer. 15)

c) Prepared in situ (mole ratio of Rucrr(eena)"/(+)-nmdp, L/4).

(-)-diop Iigand substantially brought about the highest selectiv-

ity in the enantiomer-differentiation of the aIcohol. Probably

the high enantio-selectivity of the ruthenium-(-)-diop complex

is attributable to its conformational rigidity due to the seven-

membered chelate structure, ?s compared with other ruthenium(II)

chiral monophosphine complexes.

%%
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TabIe 3. Effect of Hydrogen Acceptors on Enantio-selectivity in

the Dehydrogenation of 1 by RurClO((-)-dioO)a")

No. Hydrogen acceptor Temp Time Conv 0.P. kR/kS

%%Oc

Benzyl ideneaceto-
phenone

Benzyl ideneacetone

ιrα 4s― Stilbene

Ethyl cj-nnamate

2-Ethylhexyl

methacrylate

None   、

α一Methylcrotonicb)

acid

150

170

180

190

120

130

150

170

180

190

170

180

190

170

180

190

170

180

190

165

22

14

8

5

34

24

6

10

10

10

5

5

4

5

5

4

8

7

6

8

23.5

23.9

37.9

48.4

18.5

35。 9

27.1

12.9

20.3

28.3

22.8

28.8

37.9

37.4

53.4

72.4

11.6

15,7

21.1

65.4

0.34    1。 02

0.34    1。 02

1.03    1.04

3.37    1.11

0.29    1.03

0。 62    1.03

0.58    1.03

0.71    1.08

1.18    1.10

2.76    1.18

1.14    1.09

1.28    1。 08

2。 74    1.13

5.68    1。 28

6.15    1.17

4.27    1.07

0.120   1.02

0.243   1.02

0.294   1.03

4.85    1.09

ａ

　

　

ｂ

Reaction conditions were

The enantiomeric excess

(R)-enantiomer was 2I%.

the sarne as in Table 1.

of a-methylbutyric acid enriched with

-33-



Table 4.

1-Phenyl

Hydrogen

Enantiomer-di

-L-propanol by
^\

Acceptoro /

fferentiating Dehydrogenation of

RurC14((-)-diop)a in the Presence of

Hydrogen acceptor Temp Time Conv 0.P。 kR/kS

%%hOc

Benzyl idenaceto-
phenone

Benzyl ideneacetone

165

175

165

24

11

8

56.8

75.7

56.3

11.0   1

14.1   1

2.52   1

.30

.22

.03

a) Reaction conditions were the same as in Table 1

on the basis of Explanation (a).

On the other hand, Explanation (b) seems plausible because

asymmetric centers induced by the coordination of olefins to

chiral metal complexes (uiz., Platinum-chiral- amine complexes)

have arready been reported.L2'L3) orthough, ir the case of the

platinum amine complexes, Reaction (2) has been established only

at temperature much lower than L2O-195"C, the newly formed asym-

metric centers in the intermediate 2 might not be completely dis-

appeare d. uia epimerization ,1'2,]-3) u.r"r, in the present tempera-

ture range. The possibility of Reaction (2) is supported by the

fact that s-methylcrotonic acid used as a prochiral hydrogen

acceptor instead of achiral olefins was converted into a chiral

speci.es ( (n)-(-)-ttleCgzCH(tqe)CO2H) with enantiomeric excess of

2L% in the dehydrogenation of J by RurCI 4((-)-diop)a at 165oC,

and simultaneously (S)-(- )-f wa's obtained with the O.p. of 4.85%

(at 68.4% conversion).
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rn connecti-on with the above effect of hydrogen acceptors

on enantio-selectivity, change in the type of racemlc alcohol

also affected the magnitude of the selectivity to a substantial

extent (tabte 4).

Reaction Mechanism.

If the induced asymmetry in the intermediate 2 plays an

important role in the enhancement of enantio-selectivity, the co-

ordination of the hydrogen acceptor to the chiral comprex is re-
quired before the coordination of the alcohol to the complex can

proceed. rn this regard, an increase in the concentration of a

hydrogen acceptor with respect to that of the alcohol resulted

in a monotonous increase in the reac.tion rate up to the more

ratio of orefin/alcohol=1, but excess concentration of olefin

retarded the reacti.on rate (rig. i"). This probably implies that

an increase in the olefin concentration raises the concentrati-on

of the intermedLate 2, which, in turn, reacts with the alcohol

in following way;

-H+
RR ' CHOH -----+

「
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―
―
Ｉ
Ｊ

ｌ

　

２

Ｒ
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Ｈ

　
　
Ｈ

姜

ｃ

・
―‐

ｃ

キ

ｕＲ

一
０ＨＣＲ

ｒ

ｌ

Ｒ
」

2     +

Л
「
ョ

Ｒ
２
ＨＣ

１

ＲＨ
モ
【
）一ｕ

Ｒ
一一

０
〓
ＣＲＲ

Ｆ
Ｉ

Ｉ

Ｌ↓

「
―
―
―
Ｉ
Ｊ

Ｒ

Ｆ
Ｉ
ド
」

iC=0-― (lu)_lll:
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(Ru)RRiCキ 0 n 1cu 
zcl 2R2
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Fig. 1. Effects of mole ratio of benzyrideneacetone/!on reac-

tion rate (kR, O ; kg, O ) and enantio-selectivity (kR/kS, o ) in
the dehydrogenation of ! bv Rurcr4((-)-diop), (2 mmol dm-3) at
l-65"C. Conv. (%) , Ap (moL%) , pEE (noL%): A(45.7, 35.2 , 64.4); B

(zs.o, 97.4, trace); C(28.4, 98.8, trace); D(18.2, 98.3, trace)

In the case of using excess of olefin, its shietding of the

active site of the intermediate 2 depresses the reacti-on between

the intermediate 2 and the alcohol in Reaction (4). The reac-

tion between the intermediate 2 and the alcohol starts uia the

deprotonation of alcohol. The deprotonation process, comparable

with rate-determinlng step, can be explained by rate enhance-

ment with addition of a base I the dehydrogenation of ethanol by

lRurcra(PEt2Ph)u] cr is acceterated by potassium hydroxide,g) and

the transfer hydrogenation of benzyrideneacetophenone by phcH-

(t{e)o-Na+ with Rucrr(eeh.;, is markedly accelerated as compared

-36-



with a similar reaction including PhCH(tut. )oH.1o)

Ac tivat ion-parame te r Re lationships .

The rate of dehydrogenation of the alcohol by the ruthenium

(fr1-(-)-diop complex is al-so dependent on reaction temperature

between the enantiomers, and enantio-selectivity comes to be af-

fected by the temperature (Table 3). Temperature dependence of

the rate constant for each enantiomer can be expressed by the

linear Arrhenius rerationship (nig. z); the activation parame-
-LIters (AHr and AST) obtained for a series of experiments shown in

Table 3, which reflect those for the rate-determining hydrogen

abstraction process in Reaction (4), exhibited an isokinetic

relati-onship, that is, the smaller 69* values for one of enantio-

mers always require larger negative AS* vatues (Fig. 3). Such an
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-11.0

5

l QRA3

2.L5 2.20

Lo3 /'t/x-L

Typical Arrhenius plo,s.  kR‐

An isokinetic relationship.

R,o;S,△ .

20         40

△s十/ ca■ m01 ・ K~1

○ ; ks,● .

Numbers are the same as ■n

Fig. 2.

Fig。  3.

Table 3

2-Ethylhexyl
methacrylate

t ran s-Sti Ibene
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Fig. 4. Correlation between
]-L

AAHr and AASr. Numbers are

the same as in Table 3.

2      4      6

△△s+/ ca■  m。■ l K l

isokinetic relatlonship indicates that the electronic factors
+reflecting in AHr are compensated by the steric factors reflect-

l. -l-ing in ASr. Hence, the difference in AHT between the (R ) and
fl-

(s)-enantiomers (AHRt and AH5T respectively) leads to the idea

that the coordination distance between the oxygen and the ruthe-

nium metal in the transition state might be different between
l-

the enantiomers; the shorter coordination distance makes the AHf
+values smaller, while it makes negative AS' ones larger. If

this is true, the difference between Auo+ and AH"# values, AAH+,

IKJ
is correlated with that between AS*tand ASrf (for (R) and (S)-

+enantiomer respectively) values, AASr. In this respect, there
tl

is a linear correlationship between AAHt and AASf values with

the intercept of zero (Fig. 4). It may be deduced, therefore,

that coordination of the alcohol to the chiral ruthenium complex

occurs at a different coordination distance between the enantio-

mers under asymmetric circumstances , uiz. , stereochemical influ-

ence of chiral ligand.
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2-4 Summary

The asymmetrlc dehydrogenation of racemic alcohols by Rr2-

CI4((-)-Oiop)a was investigated with or without hydrogen accep-

tors at LzO-l-95'C. The magnitude of enantio-selectivity was sub-

stantially affected by the structure of the alcohots and hydro-

gen acceptors, and by reaction temperature. The activation
JTparameters (lHT and AST) obtained from the linear Arrhenius

dependence of reaction rate constants for each enantiomer bore

an isokinetic relationship, and the differences in the parame-

ters of the enanti-omers ( Am{ and AAS* ) also showed a satisfacto-

ry linear correlationship between them.
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CHAPTER ENANTIOMER― DIFFERENTIATING DEHYDROGENAT10N OF A

SECONDARY ALCOHOL BY RHODIUM(I)CHIRAL PHOSPHINE

COMPLEXES

3-1 Introduction

Rhodium(I) complexes possessing chiral phosphine Iigand

have been widely utili-zed as enantio-selective catalyst in asym-
-t\

metric reaction, such as asymmetric hydrogenation'/ or hydro-
^n 

\

formylatLonat) of prochiral- olefins, and asymmeric hydrosilyla-

tion of ketones.2l-'28) However, there have been no reports on

the chiral rhodium(I) complexes utilLzed in the kinetic resolu-

tion of racemates.

This Chapter describes the enantiomer-differentiating dehy-

drogenation of racemic l-phenylethanol (l) in the presence of

unsaturated specLes by in situ prepared rhodium(I)-(+)-neomen-

thyldiphenylphosphine (nmdp ) or rhodium(I )- ( -)-2, 3-O-isopropyl-

i dene- 1- , 4-bi s ( Oipfrenylphosphino ) - 2 , 3-butanediol ( Oiop ) compl exe s .

Characteristic features of the chiral rhodium(I) complexes in

the reaction is shown with respect to the dependence of cataly-

ti-c enantio-selectivity on the concentration of chiral phosphine

and of unsaturated additives, and on reaction temperature.

3-2 Experimental

Measurements.

Records of 1H NMR spectra, gas-chromatographic analyses and

optical rotation measurements were carried out with the same

instruments described in Chapter 1.
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Materials.

The alcohol of 1 was distilled before use.

compounds were supplied for the dehydrogenation

after distillation or recrystallization.

Unsaturated

of the alcohol

Chiral phosphines of (+)-nmdp and (-)-diop were synthesized

according to Morrison's3) and Kagan'=17) methods, respectivery.

Rhodium( I ) complexes, [nnCf (CzHl 
Zl z and RhH( (- )-diop ) , were pre-

pared by means of the methods of C""*""29) and Cullu.r,30) "u"o."-
tively. The chiral rhodium(I)-(+)-nmdp and rhodium(I)-(-)-Oiop

comprexes were prepared zn situ from [nnct(czHq)zJz and respec-

tive phosphines; the more ratios of (+)-nmdp/[Rhcr(czHq)zJz and

(- )-diop/lnfrC t(CZHq) ZJ Z were 6 and 3, respectively, with some

exceptions noticed in this Chapter.

Reaction Procedure and Analyses.

The dehydrogenation of 1- by the rhodium chiral phosphine

complexes was carried out in a two-neck fl-ask (SO cm3) without

solvent at 1-60-l-90'C under nitrogen atmosphere. After a desired

conversion of the reaction was'obtai-ned, the unreacted alcohot

was fractionally distilled under reduced pressure and then the

distillate was subjected to optical rotation measurement. In

the dehydrogenation of benzyl alcohol, achiral a1cohol, with the

chiral rhodium (I) complexes at 1BO.C, j-t was confirmed that the

distilled alcohol included no optically active contaminants. To

determlne the optical purity of the alcohol, the average value

of the optical rotations measured four times was used as observ-

ed one.. The distribution of reection products was monitored by

gas-chromatography, and the products were identified by lH 
wtqn

after their fractional collection by gas-chromatography.
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3-3 Results and Discussion

Propriety to Pseudo-first-order Rate Law.

When the dehydrogenation of racemic 1 by the rhodium(I)-(+)-

nmdp complex was carried out at IBOoC in the presence of benzyl-

ideneacetone as hydrogen acceptor, the optical purity (O.e.; of

unreacted 1 enriched with (S)-(-)-enantiomer increased with

increasing in conversion of ! (Table 1). It was shown that the

reaction obeyed pseudo-first-order rate law; rate constants, kn

and k* calculated from the following Equations (1a) and (f_b)

for each enatiomer, where almost invariable for the reaction

period of 36 h. The ratios (kR/kS), which reflect the enantio-

sel-ectivity in the present reaction, were also constant

virtual-l-v.

kR=

ks=

１

一
ｔ

　

ｌ

一ｔ

一
　

　

　

　

一

一　

　

　

　

〓

・

一
ｔ

　

・

一
ｔ

ln[R]。 /[R]= ln(1-C)(1-0.P。 )

ln(1-C)(1+0.P。 )lnES]。/ES]

(la)

(lb)

Where [n] and [S] mean respective concentrations of (p ) and (s )-
enanti-omer, the subscript zero represents the initial state, C

is the fraction of conversion of the racemate, and O.p. is

%o.P . / 1,OO.

As shown in Table L, products of the present reaction

mainly consisted of acetophenone (AP) and racemic and meso bis(1-
phenylethyl) ether (pnn) togetfrer with a small amount of styrene

and ethylbenzene, including saturated product of the hydrogen

acceptor.
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Table 1. Enantio-selective Dehydrogenation of 1 by Rh(f)-(+)-nmdp Comptex

with Benzylideneacetone at 1BO"C a)

Time   Conv    ―
[α ]:3   6.P.b)  1。

6kR   l° 6ks    kR/kS   Products/mol%C)
》

h    %     °      %     s~l    s~1 AP    PEE   ST   EB

8     6.1     0.188    0.358   2.32    2。 08     1.11   75.6  16.8  6.0  1.6

19    14.3     0.224    0.427   2.32    2。 19     1.06   64.5  30。 0  3.2  2.3

o0    21.6     0.363    0.691   2.31    2.18     1.06   79.8  17.6  1.4  1.2

36    25.2     0.516    0.983   2.32    2.17     1.07   79。 9  17.9  1.9  0.3

a)Catalyst was prepared づη stt夕  from [RhCl(C2H4)2]2 (5 mmol dm~3)and (+)一

nmdp (30 mmol dm~3); 1, 83.5 mmol; olefin, 68.5 mmol.

b)Calculated from the specific rotation;[α ]:3 _52.5°  (θ  2.27, CH2C12)f° r

(S)― (― )― enantiOmer.8)

c)AP: acetophenone, PEE: bis(1-phenylethyl)ether, ST: styrene, EB: ethyl―

benzene.



Concentration Effects of (+)-nmdp.

Enantio-selective abilities of in situ prepared chiral

rhodium(I) complexes, which were very 1ow but reproducible, were

dependent on the concentration of the chiral phosphine. Figure l-

indicates concentration effects of (+)-nmdp on the selectivity

of the rhodium(I)-(+)-nmdp complex in the dehydrogenation of !
with benzylideneacetone at l-BO'C. The selectivity monotonously

increased up to the mole ratio of (+)-nmdp/[nncf(Crrlr);a, and

thereafter, decreased gradually with increasing in (+)-nmdp con-

centration. Maximum selectivity obtained with (+)-nmdp/[nfrCf-

(CZHq)Z)Zo 6 may be related to the formation of active chlorine-

bridged dimer species of [nnCf((+)-nmdO)2)2 probably uza follow-

ing equi IibI ir-,t; 30 )

fnrrcr (c2H4) 
27 z
+  6 (十 )―nmdp

[RhCl((+)一 nmdp)2]2 2 (+)-nmdp

2 RhCl((十 )―nmdp)3

Effects of Hydrogen Acceptors.

The enantio-sel-ectivity was also dependent on the concentra-

tion of unsaturated additives as hydrogen acceptor. As shown in

Fig. 2, addition of benzylideneacetone to the reaction system

resulted in an enhancement of enantio-selectivity and apprecia-

bly suppressed PEE formation. In the absence of the additive,

PEE predominantly formed, and consequently the enantio-selectiv-

ity became lower through the consumption of J tithout enantio-

selection. Although the olefin suppressed PEE formation through

hydrogen transfer from 1 to the olefi-n, PEE formation still

(2)
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1.10

1.08

1.06

1.04

■.02

1.00

Fig. 1-. Effects of mole ratio of (+)-nmdp/[nrrcl ("r^l r), on

reaction rate (kR, O; ks, O ) and on enantio-selectivity (kR/kS, E )

in the dehydrogenatj.on "f: 
(eS.s mmol) by Rh(I)-(+)-nmdp com-

plex with benzyl j.deneacetone (68.5 mmol ) at 1BO'C.

[nncr (czHq)r]r, 5 mmor dm-3.

occurred even in an excess concentration of the olefin. Thus,

the reaction incl-udes competitive processes of AP and PEE forma-

tions, ds shown in a proposed mechanism in Scheme L, where (Ru)

denotes actj-ve chiral rhodium(I) species. Intermediates of ?
and 3, which possess newly formed asymmetric center, contribute

to an enhancement of the enantio-selection of : during Reaction

(3b). The deprotonation and protonation processes, Reaction (3b)

and (SO1 respectiveJ-y, have been reported in the transfer hydro-

genation of benzylideneacetophenone by deuterated L with RuCIo-

(PPh3)r,'o) *n... the abstraction of o-carbon-nou.l nya"og.. ly

the complex is the rate-determining "t"p.1O)
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1.10

1.08

1。 06

1.02

1.00

2.28      2`45

2,92

0.822

0 0.4 0.6 I.2
Olef inlAlcohol

Fig. 2. Effects of mole ratio of benzylideneacetone /.1 on

enantio-selectivity in the dehydrogenation of ! by Rh(I)-(+)-

nmdp complex at LBOoC.

Concentrations of the catalyst and i- were the same as in Table l-.

Values are the mole ratio of AP/PEE in the products.

Change in the structure of unsaturated additives varied the

magnitude of enantio-selectivity (taUte 2). This indicates that

olefins as hydrogen acceptors play an important role in enhance-

ment of the selectivity by suppression of PEE formation and by

the creation of asymmetric center through coordination to the

chiral rhodium(I ) complex.l-2' l-3)

The effect of olefin to be tested at 1BO"C on increasing of

the selecti-vity is the following order: benzylideneacetophenone>

benzyl i dene ace tone > t n an s - sti lbene> e thyl c innamate> hexyl me thac ry-

late. Such an order of the effect of additives on the selectivi-

ty elevation was just the same as in the dehydrogenation of 1
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Table 2.  Effect of

the DehydrogenatiOn

Hydrogen Acceptors on Enantio― selectivity

of l by Rhodium(I)― (+)一 nmdp Complexa)

■ n

No. Hydrogen acceptor Temp Time Conv 0.P. kR/kS

%Oc

Benzyl ideneacetone

Benzylideneaceto―

phenone

trαηs― Stilbene

Ethyl cinnamate

Hexyl methacrylate

h'\
BenzyI ideneacetone"'

None

160

170

180

190

170

180

195

170

180

195

170

180

195

170

180

195

140

160

170

170

180

190

36

30

30

20

38

30

30

48

30

30

48

30

23

43

30

26

24

24

24

30

30

22

7.9

10。 9

18.5

22.5

11.1

12.4

41.6

5.0

6.4

19。 1

9.5

11。 0

28.8

8.9

23.2

70.6

27.2

38.9

41.1

12.1

29。 4

45.1

0.512   1.14

0.613  1.11

0.743   1.08

0.827   1。 07

0.521   1.09

0.631   1.10

1。 084   1.04

0.231  1.09

0.147   1.05

0.200   1.02

0.098   1.02

0。 066   1.01

0。 082   1。 01

0.072   1.02

0。 059   1◆ 01

0。 000   1.00

0.033   1.002

0.291   1.008

0.041   1.002

0。 133   1.02

0.048   1.003

0.091   1.003

ａ
　
　
・Ｄ

Reaction conditions were the same

RhH((-)-oiop) was used instead of

as in Table 1.

the Rh(I )- (+ )-nmdp complex.
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亀
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Ph(Me)C=0 + RCH2CH2R: 十 (Rh)+ PhCH(Me)OH  (3d)

(PhCH(Me))2° H2° (3e)

Scheme 1.

catalyzed by the Ru(工 I)― (+)―nmdp complex in the presence of the

same olfins.24) The bulky Substituent of Olefins seems to be

more effective for the selectivity elevation, and it is also

taken into consideration that remarkable effect of the unsaturat―

ed ketones on enantio― Selectivity is due to the formation of a

bulky chiral ligand of                    
十

〕 phosphobetaine (R'3PCH(Ph)CH=C(R)0~)frOm

the ketone and chiral ligand (R!3P)°
14) Th? ph°Sphobetaine is

capable of behaving as an asymmetrically effective ligand instead

Of (十 )―nmdp.

Effects of Added Base.

Inorganic bases accelerate hydrogen transfer from alcohol

to undaturated speci.",31) "nd 
this basicity effect has already

been observed in the transfer hydrogenation of

-48-



Table 3.  Basicity Effect of 2,5-Xylidine on Enantio― selectivity in the

Dehydrogenation of 
と by Rh(I)― (十 )―nmdp and Rh(I)― (一 )一 diop Complexes at 180。 Ca)

r"nmnl aw 2,5-Xylidine Conv O.p. to6ko to6t<, kR/kS Ap pEEvvrltlJtvA

mmol %     %     s~l    s~1 mmol mmol

Rh(I)― (十 )―nmdp       0         18.4   0.67   1.95   1.82   1.06   7.82  3.43

50         40。 7   0.67   4.98   4.77   1。 02  32.9   trace

Rh(I)― (一 )― diop       O―
ヽ

０
１

73.3   0。 05  12.2   12.2    1。 00  26.1   32.2

36。 0   0.04   4。 13   4。 13   1。 00  29。 5   trace

48.7   0.69   6.23   6.10   1.02  35。 8   3.79

39。 4   0.26   4.65   4.60   1。 01  32.O   trace

25

50

100

a) Reaction period was 30 h and other conditions were the same as in Table L.

The Rh(r)-(-)-diop complex was prepared in situ from [nnCr(CzHl2)z (5 mmol

dm-r) and (-)-aiop (15 mmol dm-"). Benzylideneacetone was used as an

unsaturated addltive.
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benzylideneacetophenone with PhCH(t{e )d I{a' catalyzed by RuCl, -
(pph3

rn\
)".'"' In the present reaction, effect of 2,S-xytidine on

enantio-selectivity in the dehydrogenation of I by Rh(f)-(+)-

nmdp and Rh(I)-(-)-diop complexes wi-th benzylideneacetone was

investigated. 2,5-XyIidine caused AP to dominate PEE completely,

changing the reaction rate and the selectivity (tante 3). How-

ever, the rate and the selectivity did not vary consistently

with the 2,5-xylidine concentration, so that such a basicity

effect is not simple; the base is capable of participating in

both protonation and deprotonation steps, and in changing the

catalytic activity of the chiral rhodium(I) complex. At any

rate, the basicity effect was observed i-n present asymmetric

catalysls of the chiral rhodium(I) complexes.

Ac t ivat ion-pararne ter Re I ationships .

The enantio-selectivity decreased with elevating tempera-

ture in spite of increasing of conversion of 1- (tabte 2).

-12.5

-13.0

…13.5

Fig. 3. Typical Arrhenius

plots in the dehydrogenation

of I by Rh(I)-(+)-nmdp com-

pIex. Hydrogen acceptor was

benzylideneacetone and other

conditions were the same as

in Table 2. kR, O ; kr, O.

-14.0

2.20 2.25

to3 Tryy-r

―■4.5

2.L5 2.30
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Isokinetic relationship.

。 R,0;S,△ ・

Correlation between △△H十

in Table 2.

■         2

△△s十/ ca■ m01 l K l
80

Fig.

Table

Fig。

same

・
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・
　

　

Ｓ
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５

　

　

ａ

Numbers are the same as in

and AAS{. Numbers are the

Presumably, higher temperature lowers the magnitude of induced

asymmetry in the intermediate 2 owing to epimeri zatLon,L2'1'3)

and makes the interaction between the catalvst and the reactants

Iess strong so as to diminish enantio-"ur""ar.rrr".

Each rate constnat (kR °r ks)Satisfied the Arrhenius rela―

tionship in the range of 170-195° C (Fig。  3), suggesting that the

reaction course or mechan■ sm rema■ ns unchanged in the tempera―

ture range.

It 1s noteworthy that an isokinetic relationship is observ-

ed be'tween the activation parameters, AH+ and AS+, which reflect

rate-determining step during the dehydrogenation of the alcohol

-51-



(fig. q). This implies that steric factor compensates for actl-

vation barrier in hydrogen transfer from the alcohol to the

olefin by the rhodium(I) complex, that iS, the shorter the co-

ordination distance between o,-carbon-bound oxygen and rhodium

metal center in the intermediate 3 makes the easier the abstrac-

tion of o-carbon-bound hydrogen of the alkoxide-rhodium complex.
T

Further, it 1s found out that the difference, AAHT, of acti-
vation enthalpy between enantiomers is li-nearly proportional to
the difference, AAS+, of activation entropy through that of the

I

origin (fig. 5). The enthalpy difference AAHT exhibits activa-

tion barrier between enantiomers during hydrogen transfer in the

intermediate 3. Therefore, it is suggested that enantio-selec-

tion of ! is controlled by coordination distance in the alkoxide-

rhodium(I) complex (intermediate 3) for each enantiomer.

3-4 Summary

Asymmetric dehydrogenation of 1-phenylethanol by in situ

prepared Rh(I)-(+)-nmdp and Rh(I)-(-)-A:-op complex was investi-

gated with or without unsaturated additives. Enantio-selectivi-

ty was dependent on the concentration of chiral phosphine and un-

saturated additives, on basicity of the reaction system, or the

structure of unsaturated additives, and on reaction temperature.

Isokinetic relationship was observed between activation parame-
+++ters AH'and AS', and it was found out that the difference, AAH[,

in activation enthalpies between (B) and (S)-alcohol was propor-

tional to the corresponding entropy difference, AAS+.

-52-



CHAPTER ENANTIOMER-DIFFERENTIATING INTRAMOLECULAR HYDROGEN

TRANSFER OF AN UNSATURATED ALCOHOL BY RUTHENIUM(II)

AND RHODIUM(I) CHIRAL PHOSPHINE COMPLEXES

4-I Introduction

Ruthenium(If) and rhodium(I) chiral phosphine complexes

have been reported to be catalytically active for enantiomer-

differentiating dehydrogenation of racemic secondary alcohols

with intermolecular hydrogen transfer between alcohols and

L1.33 czr\
olefins -'e-' There have, however, so far been no reports

on kinetic resolution of alcohols by means of intramolecular

hydrogen transfer with chiral transition metal compJ-exes as cata-

1ysts. An unsaturated alcohol has both hydrogen donor and accep-

tor groups per s€ t so that the hydrogen transfer is expected to

proceed easily and efficiently under mild condition.

This Chapter describes on enantiomer-differentiating intra-

molecular hydrogen transfer of an unsaturated alcohol, l--buten-

3-ol (l), by ruthenium(tI) and rhodium(I) chiral phosphine

complexes.

4-2 Experimental

Materials.

The alcohol (l) was distilled before use. The chiral-

phosphines of (+)-neomenthyldiphenylphosphine (.rmop),3) (-)-e, g-

6l - i sopropyl i dene- 1, 4-b i s ( Aipnenytphosphino ) - 2, 3-but anediol
, 1'7\ A\(Oiop),- " (+)-benzylmethylphenylphosphine (bmpp),"' and (-)-o-

methoxyphenylmethylphenylphosphine (r-ampp;6) were synthesized
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according to the Iiterature methods, respectively. Preparation

or fnncL(C.H )z)z and RurCr4((-)-diop)a were done by Crame"'"29)

and Jamet'18) r.thods, respectively. Complexes of RuClr( (+)-

Umpp)g and RuCl- r(o-amgO )r(eena) were prepared by the phosphine

exchange method.T)

Reaction Procedure and Anal-yses.

A typical reaction was run as follows. A mixture of l

(q.t E, sB.3 mmor), [nrrcr (czllz)z (B.o mg, 2.4xLo-2 mmor) and

(-)-diop (zo.r ng, q.zxIo2 mmol) was put into a flask (so 
"r3),

purged with nitrogen prior to use. The flask was controlled at

70'C. After the given reaction period, unreacted L was separat-

ed by fractional distill-ation from the mixture, and the distil-
late was supplied for the measurement of optical rotation with

a high sensitive digital polarimeter (Union PM-101). Reaction

products were analyzed by a gas-chromatograph (Hitachi 063),

using a 2-m column packed with Tween BO on Celite 545 at BO'C.

4-3 Results and Discussion

When the intramolecular hydrogen transfer of : by in situ
prepared Rh(I)-(-)-diop copmlex was carried out at BOoC, the

optical purity (O.P. ) of the unreacted l-_ enriched with (s)-

enantiomer increased with increasing in conversion of the alco-

hol (tante 1). It is obvious from Fig. 1 that the reaction

obeys pseudo-first-order rate law, and the ratios of rate con-

stants for enantiomers (kR/kS), which reflect the enantio-seIec-

tivity in the present reaction, are virtually constant; k- and k-

values were calculated from the following equations.
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Table l.  Dependence of Optical Purity on Conversion of la)

聖  聖  」  ピ
h         %        o         %

1.5        6.0        0.130      0.38

3.5       13.0        0.296      0.87

5.0      18.0       0.312     0.92

6.0       21.9        0.369      1.09

a)Catalyst, づη stt“ prepared Rh(I)― (― )― diop complex from

[RhCl(C2H4)2]2 (4 mmol dm~3)and (― )― diop (8 mmol dm~3);

reaction temperature, 80° C。

b)Calculated from the specific rotat｀ ion;[α ]6°  +33.9°  (neat)

for (3)― (+)-1.35)

n*=t rn[n]o/[n]=-f r''r(r-c;1r-o.e.) (1a)

n.=t rn[s]o/[s]=-f r,'r(1-c)(r+o.p.) (ro;

Where [n] and [S] mean respective concentrations of (n) and (s)-
enantiomer, subscript zero represents the initial state, C is

the fraction of conversion of the racemate, and O.P. is

%o.P . / LOO.

In present reaction, the extent of intermolecular reaction,

uiz. , hydrogen transfer from L to L, was found to be very small

in comparison with the intramolecular one, and 2-butanone (more

than 91 moL% in the products) was never produced through the

reaction of 2-butanol with l-buten-3-on under the present reac-

tion condi ti-on.
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Fig。  1.  Plots Of reaction

time υs. ln[R]。 /[R] (0)or

ln[S]。 /ES3(△ ), and kR/kS

values (口 )。  Reaction condi―

tions were the same as ■n

Table l.

0              0

C百
2=CHじ
CH3や  2 CH3ぎ C2H5 (2)

1.2

1.1

1。 0

0。 9

∽
ｙ
＼
“
ｙ

0。 4

0.3

0。 2

0.■

0

4

Time/h

(P)―

(s)-1

１

″

0
il

CH3CC2H5

0H
:

CH3CHC2H5 +

In Table 2, the results of the intramolecular hydrogen

transfer of J by various ruthenium(II) and rhodium(I) chiral
phosphine complexes are listed. The ruthenium(II) compJ-exes ex-

hibited high catalytic activity as compared with the rhodium(I)

complexes, as weII as the ruthenium ones in the asymmetric hydro*

gen tansfer of racemic alcohols to olefins.ll'33'34) The highest

enantio-selectivity (X"/t<r=f.21; was brought about by RurCl o((-)-l4

diop)a at 7OoC. The ruthenium(II) and rhodium(I) complexes with

bulky chiral diphosphine of (-)-diop resulted in high enantio-

selectlvity more than those containing the chiral monophosphine.

Probably, a bulky and rigid chelate structure of Ru(II)-(-)-diop

or Rh(I)-(-)-di-op complex is favolable for the enantio-selection

through steric interaction during the hydrogen transfer.

Intra.
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Table 2. Asymmetric Intramolecular Hydrogen Transfer of 1 by

Ru(II) and Rh(I) Chiral Phosphine Complexesa)

No. Complex Concn
---........-"
mmol dm "

Temp Time Conv 0.P. kR/kS

%%Oc

Ru-(+)-nmdp 8

RuC12((十 )―

bmpp)3

RuC12((~)~ο ―

ampp)2(PPh3)

Ru2C14((~)~

di° p)3

Rh― (十 )一nmdp

Rh― (― )― diop

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

０

７

８

９

７

８

９

７

８

９

７

８

９

７

８

９

７

８

９

4

10

10

9.0

5.0

1.3

8。 0

4。 0

1.5

10.0

5.0

4.0｀

3.0

3.0

2.0

30.0

18.0

10。 0

6.0

4.0

4.0

37.4

48.6

53.7

16.1

15.0

9。 2

7.8

9.8

11.9

10.8

20.6

30.8

8。 9

9。 2

7.7

9.4

14.7

29.6

0.55

0.16

1.15

0。 97

0.59

0.40

0。 12

0.13

0.29

1。 06

1.09

1.70

0.18

0.34

0.17

0.57

1.28

1.38

1.02

1.02

1.03

0。 898

0.930

0.921

0.971

0。 975

0。 955

0.829

0.910

0.912

1。 04

1.07

1.04

1.12

1.18

1.08

a) Ru-(+)-nmdp complex was prepared in situ from RuCIr(PPh3)3 (e

mml dm-3) and (+)-nmdp (48 mmot dr-3), Rh-(+)-nmdp and Rh-(-)-

d:-op complexes from [nrrcr (CzHl 2)z (5 mmol dm-3) and

(+)-nmdp (3o mmol dm-3) and (-)-diop (1o mmol dm-3),

respectively.
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Ru2cl4 ( (-) -diop) l

Inrtcr tcraot r],
(-) -diop

2.7s 2.80 2.85 2.90

to3 /r/x-L

Fig. 2. Typical example of Arrhenius plots. h,O; kS,A.

Although the k./k, ratio was also dependent on the reaction

temperature, each rate constant, kR or k' for the enantiomer

satisfied linear Arrhenius relations (Fig. 2). Activation para-.
tl

meters, AHf and AST, obtained for each enantiomer of 1 bore an

isokinetic relationship with the larger AHf values always requir-

ing negatively Iarger AS* val-ues. Similar isokinetic relation-

ship has been observed for the intermolecular hydrogen transfer

from racemic secondary alcohols to olefins, and interpreted by

compensating effect of steric factors on electronic ones in the

rate-determining step of an abstraction of the hydrogen bound

to ot-carbon atom in the ruthenium-alkoxide intermediate.ll-'34)

For the present reaction, therefore, the following mechanism

can be acceptable for establishing isokinetic relationship;
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H十

(M)~CH 2CH2C° CH3]→

0
::

CH3CCH2CH3 + (M)(2)

where (M) denotes active species. The deprotonation and the

protonation processes have been established for the case of in-

termol-ecular hydrogen transfer from alcohols to olefins by RuCIr-
1n)(PPhr)..^"'Presumably, the difference in the coordination dis-. J-J

tance of each enantiomer to the chiral complex is reflected in
.+lthose'in AHT and ASt vatues of the enantiomers.

Furthermore, it is noteworthy that the differences of
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the activation parameters (anH*=nH-+ - AH^+ and AAS+=nS-1 As^+)
HSRb

between enanti-omers show a linear correl-ation through the origin

without any appreciable difference between the ruthenium(II) and

rhodium(I) complexes (nig. 4). Such a correlation suggests that

enantio-differentiating process is controlled by steric factor

(uiz., the coordination distance in the alkoxide complex inter-

mediate), to compensate electronic one.

4-4 Summary

Asymmetric intramolecular hydrogen transfer of racemic 1-

buten-3-ol by ruthenium(II) and rhodium(I) chiral phosphine com-

plexes was studied. The enantio-selectivity was affected by the

structure of chiral phosphine. The highest selectivity (t<"/t<r=

1,.2L) was obtained in the RurClO((-)-AioO)r-cataLyzed reaction
++at 7OoC. The activation parameters (nHt and AS | ) exhibited an

isokinetic relationship, and the difference in the parameters

for each enantiomer (UH* ano AlSf ) showed a satisfactory tinear

correlation between them
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CHAPTER ENANTIOMER― DIFFERENTIATING DEHYDRATION OF A

l,3-DIOL BY RHODIUM(III)CHIRAL PHOSPHINE COMPLEXES

5-1 Introduction

Whj-Ie the dehydration of 1,3-diols with sul-furic acid has

been reported to give the unsaturated alcohols or aldehydes, or
2A\ethers,""' a system of RhCl, and triphenylphosphine has been

found to be an effective catalyst for the selective one-step

conversion of l- ,3-diols into monoketorr.".37 )

Therefore, the author has examined the application of the

catalytic reaction to the enantiomer-differentiation of racemic

L,3-butanediol by the use of RhC1.-chiral phosphine complexes.

5-2 Experimental

Materials.

Rhodium trichlorlde trihydrate (RhC13. 3H2O) was commercial-

Iy available. l-,3-Butanediol-. and phenol were distilled before

use. (- )- 2,3-O-Isopropylidene- L, -bi.s ( diphenylphosphino )-2,3-

butanediol (aiop;17) and (+)-neomenthyldiphenylphosphine (nmop)3)

were prepared according to the Iiterature methods, respectively.

Reaction Procedure and Analyses.

A typical reaction was run as follows. A mixture of 6 g

(OA.Z mmol) of 1,3-butanediol, O.132 g (O.SO mmol) of RhC13.3H2O

and o.L62 e (o.so mmol) of (+)-nmdp was put into a flask (so cm3)

purged with nitrogen previously. The flask was controlled at

7O"C. After the desired reaction period, the unreacted diol was
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separated by fractional distillation from the mixture, and sup-

plied for the optical rotation measurement with a high sensitive

digital polarimeter (Union PM-LOl-). Reaction products were ana-

lyzed with Hitachi 063 gas-chromatograph, equipped with a 1-m

column packed with Tween 80 on Celite 545.

5-3 Results and Discussiorr

Various ruthenium(ft) and rhodium(I) chiral phosphine com-

plexes were examined as a catalyst for the asymmetric dehydra-

tion of 1,3-butanediol in the presence of phenol, which was add-

ed in order to homogenize the reaction system. Complexes of

[nncr (c 
zHq) r)r-t*, Rhcr(pph3)3-t*, Ructa-L*' Ruclr(eerrr)3-t*,

and RuZCL4((-)-Oiop;a (L*=chiral phosphine) showed markedly Iow

or negligible activity at BOoC, but only RhCta-chiral phosphine

complexes had remarkable catalytic activity.

When the reaction of the diol by the rhodium(IlI) complexes

was carried out at 7O-9O"C, the unreacted diol was found to be

optically active and enriched.with (n)-(-)-enantiomer in the

reaction by the Rh(III)-(+)-nmdp complex and with (S)-(+)-enan-

tiomer in the reaction by Rh(III)-(-)-diop complex. The optical

purity (O.P.) of the diol increased with increasing in conver-

sion (Table l-). As indicated in Fig. 1, the reaction obeyed

pseudo-first-order rate 1aw, and rate constant rati.os (kR/kS)

for each enantiomer, reflecting enantio-selectivity in the pre-

sent reaction, were constant virtually.

( R ) - (- ) -CH3CH (OH )CHTCH2OH ０

＝

( s ) - ( + ) -cHacH(oH )cH2cH2oH
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Table 1. Dependence of Optical Purity on Conversion of

1 , 3-Butanediola )

Complex Temp Time Conv
[α]:3 o. P.b )

%%Oc

RhC13~(十 )―nmdp

RhC13~(~)~diop

80

80

80

90

90

90

12

24

48

10

18

30

17.6

33.3

56.1

12.8

20.9

33.4

-0.170

-0。 179

-0.350

+0.056

+O.098

+0,108

0。 90

0.95

1.86

0.30

0.52

0.57

a)

b)

RhC13, 72 mmol dm-3; mole ratio of' the

the diol, 9.6 mol dm-3.

Calculated from the specific rotation;

C^H-OH) ror the (F)-(-)-diol-.z5

phosphine/RhC13' 1/1・

[αコ63 _18.8。  (θ  4,

2-Butanone

ducts, and

equations.

was always formed

kn and k, values

in more than 98 moL%

were evaluated by the

in the pro-

fol lowing

x"= frntnl o/[n]

r<r= f rn[s] o/tsJ

ln(1-C)(1-0.P。 )

ln(1-C)(1+O.P。 )

１

一ｔ

　

ｌ

一ｔ

一　

　

　

　

一

一一　

　

　

　

〓

(2a)

(2b)

Where [n] and tS] mean respective concentrations of (,?) and (s)-

enantiomer, the subscript zero represents the initj-aI state, C

is the fraction of conversion of the racemate, and O.P. is

%o.P .'/ too.
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of reaction time υS. lnIRl。 /[R] (0)or

)' and kR/kS ratio (口 ).

tions were the same as in Table l.

As Fig. 1 indicates, the monophosphine of (+)-nmdp was a

more effective chiral Iigand than the diphosphine of (-)-ai-op in

the system of RhCaa-t*, in terms of dehydration activity and

enantio-selectivity. Mole ratio of the phosphine to RhCI3 also

affected the dehyration rate and the selectivity. In the case

of Rh(III)-(+)-nmdp system, an increase in (+)-nmdp/RhCl3 ratio

accelerated the dehydration rate up to the ratio:O.5, but remark-

ably diminished the rate with monotonous elevation of enantlo-

selectivity (fig. 2). Probably, the rate drop in high (+)-nmdp

concentration is attributable to neutraLization of the positive

charge of the rhodium metal center due to the coordination of

the phosphine to the complex. In fact, the decrease in oxida-

tion number of rhodium metal center in the complex resulted in
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Fig. 2. Effects of (+)-nmdp/Rhcl" mole ratio on dehydration

rate (na, O; kr, A) and on enantio-selectivity (nr/n*, O ).

Reaction conditions were the same as in Table 1.

Table 2.  Dependence of

of RhC13~(+)~nmdp (1:1)

Enantio-selectivity on the Concentration

Comptex and Reaction Temperatr".")

Concn

mmol dm

Temp
●c

Time Conv 0。 P. kS/kR
-3

%%

36

72

72

72

144

80

80

90

95

80

48

24

18

16

24

17.7

33.3

28。 1

27.2

63.0

0.21

0。 95

0。 92

0.57

4.53

1.02

1.05

1.06

1.04

1.10

a) dm-3.The diol , 9.6 mol
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lowering the catal-ytic ac tivi ty remarkably; the system of InfrCf -

(CZHq)r)r-t* or RhCf(PPhg)3-L* showed negligibty low activity.

In relation to above phenomena, it is also noteworthy that

an increase in amount of RhCI3-(+)-nmdp (f:f) accelerated the

dehydration rate monotonously with increasing enantio-selectivi-

ty (faUle 2). Therefore, magnitude of the selectivity is not

directly related to the dehydration rate. On the other hand,

elevation of reaction temperature from 70"C to 95"C increased

the dehydration rate, but did not change the selectivity so

markedly (fante 2).

5-4 Summary

Asymmetric dehydration of racemic l-,3-butanediol to 2-butan-

one by RhCI^-chiral phosphine complexes was studied. Catalytic
J

activity and enantio-selectivity were affected by the mole ratio

of chiral phosphine to RhCla, by the concentration of the catal-

yst, and by reaction temperature. The maximum enantio-selectiv-

ity of kR/ks=L.l-1 was obtained.
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PART  2

ASYMMETRIC HYDROGENAT10N

BY CHIRAL TRANSIT10N METAL COMPLEXES



CHAPTER ASYMMETRIC TRANSFER HYDROGENAT10N OF UNSATURATED

ACIDS AND ESTERS BY ALCOHOLS WITH BINUCLEAR

RUTHENIUM(II)CHIRAL DIPHOSPHINE COMPLEXES

6-1 fntroduction

since ruthenium(rr) chirar phosphine complexes have been

effectlve catalysts for enantiomer-differentiating dehydrogena-

tion of racemic secondary alcohols in the presence of unsaturat-
ed compounds,I,2) tfr" author has investigated the catal-ytic effi-
ciency of the chiral ruthenium complexes for transfer hydrogena-

tion of prochiral olefins by alcohols, to examine the asymmetric

hydrogenation without molecular hydrogen.

Rl   R2

,C=C(:。
2R3

R2

RRiCHOH 

―

 R lCH2も H(c。

2R3 +  RR'C=0

(1)

This Chapter describes effects of chirality and bulkiness
of substituent groups in reactants on the extent of asymmetric

induction in the transfer hydrogenation of prochiral unsaturated

acids and esters by alcohols with RuC12(PPh3)3 °r Ru2C14((十 )― Or

(― )― diop)3 (di° p=2,3-θ―isopropylidene-1,4-bis(diphenylphosphinO)_

2,3-butanediol).

6-2 Experimental

Material s .

('+) or (-)-oi-op and Rurclo( (+) or (-)-diop)a were prepared

by Kagan's3 ) and James , 4) methods, respectively . 1-,2*o-Iso-
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propylidene-, L, 2; 5, 6-0-diisopropylidene-, l, 2-O-cyclohexylidene-

and L,2;5, 6-6-dicyclohexylidene-s-D-glucofuranose were synthe-

sized by the methods reported.5'6) Several c-methylcrotonates

( t-phenylethyl, o- (ethoxycarbonyl )benzyl, ( 1R, 2R ) -1, 2-bis ( ethoxy -

carbonyl)-2-hydroxyethyl, and Z-menthyl esters) were prepared uia

the reaction of cr-methylcrotonoyl chloride with corresponding

hydroxy compounds (t-pnenylethanol, ethyl mandelate, diethyl
(2R,3R )-tartrate, and Z-menthol, respectively). AIcohoIs, pro-

chiral acids, and esters were distilled or recrystallized

before use.

Transfer Hydrogenation.

A mixture of prochiral olefin and alcohol was allowed to

react in the presence of the chiral ruthenium complex in a test

tube at the glven temperature under nitrogen atmosphere. The

reaction mixture was refluxed in a 1O% NaoH-methanol solution,

and the insoluble catalyst was separated from the solution by

filtration. The filtrate was washed with water, acidified with

dilute HCI solution in the range of pH 3-4, and extracted wi.th

ether. The etherial phase was washed with water, dried over

magnesium sulfate, and then evaporated to dryness. The unreact-

ed prochiral olefin and hydrogenated product were identified by

gas-chromatographic analysis (Yanagimoto G-l-BO) at L7O"C using a

l--m column packed wi th |s% EGA on uniport B or 1H wttR ( 1oo MHz,

JEOL MH-1OO) method. The optical rotation of the hydrogenated

products was measured with a high sensitj-ve Union PM-l-Ol- digital

polarimeter.
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6-3 Results and Discussion

Hydrogenation of Unsaturated carboxylic Acids and Esters.

Asymmetric reduction of the carbon-carbon double bond in
prochlral o,$-unsaturated mono- and di-carboxylic acids by

benzyl alcohol or p,-methoxybenzyl alcohol was first carried out

with Rurcro((-)-oiop)s. The results are summarized in Tabre 1.

The optical purities of hydrogenated products for the unsaturat-
ed mono-carboxyric acids were relativery high as compared with
those for the unsaturated di-carboxyric acids. The carboxyr

groups might hinder asymmetrically favorable coordination of the

carbon-carbon double bond in the substrate to the chiral ruthe-
nium(II) complex in the step of asymm.etric induction.

rt is al-so noteworthy that optical- purities of saturated
products derived from o-methylcrotonic acid or s-methylcinnamic
acid (16.4 and 15.4%, respectively) are higher than the reported
values (maxima 6.9 and L.s%, respectivery) for the transfer
hydrogenation of the same species with HoRuo(co)B((-)-oiop;, at
120'C by 2-propanol, indoline,' and diox 

^n" 
.')

Asymmetric transfer hydrogenation of a series of esters of

o-methylcrotonic acid by benzyl alcohol- or 1-phenyrethanoL was

carrled out with the Ru(rr)-(-)-diop complex. The results are

shown in Table 2. The ester derivatives of o-methylcrotonic acid.,

as compared with o-methylcrotonic acid itself, were easily hydro_

genated to give the corresponding hydrogenated products with
very low optical purities, which decreased with increasing bulki-

ness of the ester groups. The bulky ester moiety might decrease

the extent of asymmetric induction considerably by suppressing

approach of the ester to the chiral catalyst durlng
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Table l.  Asymmetric Transfer Hydrogenation of

unsaturated Carboxylic Acids by Benzyl AlcOh01

Ru2C14((~)~diop)3 at 180° Ca)

Prochiral

with

Substrate Time Yield [α]D 0.P.b)

%%

CH3、

c=c   H3
/  ＼
H       C° 2H

C6H5c=c   H3

/  ＼
H      C° 2H

/C° 2H
CH2 C＼

cH2C°
2H

"ort \ ,/"^s
C=C

H/ \aoon

10 -1.99

-3.29

-0.86

-0.59

16.4

15。 9

6.1

3.4

6 36

31

9

a)Catalyst, 4 mmol dm~3; 。lefin, 40 mmol; alcohol, 80 mmol.

b)Calculated with respect to the following values of optically

pure acids:[α
]:3 +12.17°  (ο  5, C2H5°H)f° r (S)― (+)―CH3CH2CH~

(CH3)C° 2H;8)[α ]:5 +20.68。  (neat)for (S)― (十 )―C6H5CH2CH(CH3)~

C°2H;9)[d]:° +16.88。 (ο 2.16,C2H5° H)f° r(R)― (十 )―CH3CH~

(C° 2H)CH2C° 2H;1°
)[α
]60 -17.27・  (σ  5, C2H5°H)f° r (S)― (― )―H02~

CCH2CH(CH3)C°
2H・

11)
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Table 4. Asymmetric Transfer

Esters by Achiral and Racemic

of α一MethylcrotOnic Acid and lts

Ru2C14((~)~diop)3 at 190。 ca)

Hydrogenation

Alcohols with

Alcohol CH3CH=C(CH3)C°
2R

R

Time Yield

%
[α ]:3 0。 P.b)

%

Confn

０

５

３

７

１

３

０

５

９

４

５

９

８

１

３

５

４

４

１

１

８

５

９

７

８

４

５

５

５

０

４

３

２

４

５

８

８

１

　

　

２

―

ヽ

い
―

C^ H. CH^OH
o3t

c6HscH(cH3)oH

p-CHgOC6H4CH2OH

H

CH3

C2H5

C4H9

C6H5CH2

H

HC)

CH3

C2H5

C4H9

C6H5CH2

H

Hd)

-1.39

+0.22

+0.28

+0。 28

+0。 20

-3.21

-2.21

-1.21

-1.19

-0.90

-1。 02

-1.35

+1。 25

11。 4

1。 8

2.3

2.3

1.7

26.4

18.2

10。 0

9。 8

7.4

8.4

11.1

10.3

R

S

S

S

S

R

R

R

R

R

R

R

S

a) Rurcl4((-)-diop)a, 4 mmol dm-r; alcohol, 67 mmor; orefin, 33 mmol

cal purlties of saturated esters calculated for o-methylbutyric acid

from the esters by base hydrolysis. C) Reaction temperature, i,7OoC.

( (+)-diop)" was used.

b)Opti―

obtained

d)Ru2C14~



enantio-di f fe rentiating process .

The extent of asymmetric induction is also affected by the

structure of hydrogen donor. Such an achiral alcohol "= O".r"a

alcohol resulted in a low magnitude of asymmetric induction than

l-phenylethanol in the hydrogenation of o-methylcrotonic acid.

Although benzyl alcohol- gave saturated esters enriched with (S )-

enanti-omer, racemic 1-phenylethanol afforded products enriched

with the antipode with higher optical purity.

When a hydrogen transfer is effected with the Ru(II)-(-)-

diop complex from alcohol to such an unsaturated acid as

q-methylcrotonic acid, the reaction is considered to proceed uia

two courses I and II specified in Scheme l-. In Course I, a par-

tial esterification of the saturated acid is followed by reduc-

tion of the carbon-carbon double bond of the unsaturated acid.

and in Course II, an unsaturated ester is formed before the cor-

responding acid is hydrogenated by alcohol in the presence of

the Ru(II) complex. In order to elucidate which course is pre-

dominant in the asymmetric transfer hydrogenation of unsaturated

acid, the time dependences of chemical yields of products in the

Ru(II)-(-)-Oiop complex catal-yzed transfer hydrogenation of

s-methylcrotonic acid and 1--phenylethyl o-methylcrotonate by

l-phenylethanol were determined.

As shown in Fig. 1, o-methylcrotonic acid was hydrogenated

smoothly by l--phenylethanol with a sma1l extent of esterifica-

tion of the unsaturated acid, and the rates of hydrogen transfer

from 1--phenylethanol to o-methylcrotonoic acid and to 1-phenyl-

ethyl'q-methylcrotonate did not differ distinctly from each

other. Strictly speaking, the hydrogenation of o-methylcrotonic
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acid was accompanied by a rate drop due to the slow esterifica-

tion of the acid. Thus, the chiral Ru(II) complex-catalyzed

reaction of a-methylcrotonic acid with l-phenylethanol proceeds

mainly uia Course I with formation of o-methylbutyric acid as a

main product.

On the other hand, esterification of o-methylcrotonic acid

by benzyl alcohol was relatively rapid, and benzyl o-m€thylcroto-
nate was easily reduced to benzyl o,-methylbutyrate. From the

gradual decrease in yield of o-methylbutyric acid after the reac-

tion perlod of 2 h (Fig. 2), it is evident that the saturated

ester is produced from c-methylbutyric acid uia Course I, and

that benzyl or-methylbutyrate is formed from o-methylcrotonic

acid and benzyl alcohol uiaboth Courses I and If; the latter

path seems predominant. it should be stressed that in the trans-

fer hydrogenation of o-methylcrotonate with benzyl alcohol or L-

phenylethanol, Do hydrolysis of unsaturated or saturated esters

was observed. Thus, the difference in reactivity between the

hydrogen donors affected the transfer hydrogenation process,

a1low.ing 1--phenylethanol to give higher optical purity (L8.2%)

than that (LL.4%) obtained with benzyl alcohol in the
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Fig. 1. Changes of product yields with time in the transfer

hydrogenation of c-methylcrotonic acid (3.O mot dm-3) by 1-

phenylethanor (s.B mot dm-3) with RurcJ-o( (-)-oiop)a (q.o mmor

or-3) at 19o.c.

Product: cr-methylbutyric acid ( O )' 1--phenylethyl o-methylbutyrate

( A), 1-phenylethyl s-methylcrotonate ( O ); 1-phenylethyl

o-methylbutyrate ( A) obtained with 1--phenylethyl a-methylcroto-

nate (2.3 mol dm-3) and l--phenylethanol (4.7 moL dm-3) at 19o'c.

Fig. 2. Changes of product yields with time in the transfer

hydrogenation of o-methylcrotonic acid (e.g mo1 dm-3) by benzyl

alcohol (7.o mol dm-3) with Rurclo( (-)-oiop)a (q.o mmor dm-3) at

19OoC.

Product: a-methylbutyric acid ( O ), benzyl o-methylbutyrate ( A ) ,

benzyl o-methylcrotonate ( O ); benzyl a-methylbutyrate ( A )

obtained with benzyl o-methylcrotonate ( 1.5 mol dm-3 ) and benzyl

alcohol (6.8 mol om-3) at 19ooc.
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hydrogenation of s-methylcrotonic acid (Table 2). Since the

saturated product from benzyl o-methytcrotonate had considerably

low optical purity (L.7%) and contained the prevailing (^9)-enan-

tiomer, opposite to the predominant enantiomer found in the reac-

tion of q,-methylcrotonic acid with benzyl alcohol_, the easy

esterification of o,-methylcrotonj-c acid by benzyl alcohol is

taken to be responsible for the decrease in optical purity of

the saturated product.

For the present reaction the effective asymmetric induction

by racemic 1-phenylethanol was actually observed, and this is

attributable to chiral circumstances enriched with one specific

enantiomer of the unreacted alcohol. In fact, in the transfer

hydrogenation of o-methylcrotonic acid o" its esters by racemic

1-phenylethanol, enanti-omer-differentiation of the alcohol was

observed, and the optically active unreacted alcohol (maximum

e.e. 4.2%) could be separated; the prevailing enantiomer was

(S)-isomer in the case of the nu(tI)-(-)-diop complex and (A)-

isomer in the case of the R"(JI)-(+)-diop complex. One of the

enantiomers of 1-phenylethanol might contribute to the asymmet-

rj-c induction through coordi-nation to the chiral Ru(II) complex.

Hydrogenation of cr-Methylcrotonic Acid by Chiral AlcohoIs.

Since the chirality of hydrogen donors was expected to

affect the extent of asymmetric induction in the transfer hydro-

genation of unsaturated species with the chiral Ru(II) complex,

a reaction of o-methylcrotonic acid with chiral alcohol was

carried out as follows; (1) an asymmetric transfer hydrogenation

using o-D-glucofuranose derivatlves as chiral alcohols with
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Table 3. Asymmetric Transfer Hydrogenation of a-Methylcrotonic Acid by Chiral
Alcohols with Ruclr(eftrg)g ".d Rurclo( (+) or (-)-ai.op)a at 160oca/

Rlcoholb ) Catalyst Yield
「
[α ]:3 0.P.

%

×8Q
RuC1 2(PPh3)3

Ru2C1 4((~)~diop)3

Ru 2C1 4((十 )一 diOp)3

RuC1 2(PPh3)3

Ru2C14((~)~diop)3

Ru2C14((+)~diop)3

RuC1 2(PPh3)3

Ru 2C14((~)~diop)3

Ru2C14((十 )― diOp)3

RuC12(PP'3)3

Ru2C14((~)~diop)3

７

７

６

８

４

３

５

２

７

９

３

１

１

１

　

　

　

　

１

0.81

1.57

0。 77

1.08

2.74

-0.47

0.37

0。 90

0.15

0。 04

0.23

6.7

12.9

6.4

8。 9

22.4

3.9

3.1

7.4

1.2

0.3

1。 9

０

　

０

―

∞

〇

―

a)

b)

RuC12(PPh3)3' 2.5

40 mmol; alcohol,

Products der■ ved

mmol dm

40 mmol

from the

_?"; RurClO( (+) or (-)-diop)a, I.25 mmot dm-r; olefin,
1n diphenyl ether (3OO cm3); reaction time, L2 h,

glucofuranose derlvatives were not investigated.



an achiral cataryst Rucr2(pph3)3, and (2) a double asymmetric

transfer hydrogenation by the chiral hydrogen donors with a

chiral catalyst Ru^CI.( (+) or (-)-Oiop)r. Results are Iisted in
Table 3.

In the case of the transfer hydrogenation of s-methylcroto-
nic acid with a chiral alcohol and Ruclr(eena)a, optically
active s-methylbutyric acid (O.S-A.9% e.e.) was produced with
the prevailing (R)-enantiomer, and the use of 1-,2;s,6-0-diiso-
propylidene- and L,2-o-isopropylidene-s-o-grucofuranose gave

rise to higher optical purities (6.7-8.9%) than those (O.3_g.L%)

obtained with 1", 2;5,6-o-dicyclohexyridene- and L,2-o-cyclohexyr-
i dene -o -D - gI uc o furano se

In the double asymmetric reaction with the chiral alcohol
and RuoCf"((-)-diop)., the Ru(II) complex substantially increas-I 4 -'J'

ed the optical purity of s-methyrbutyric acid enriched with (F )-
enantiomer with a maxi-mum optical purity of 22.5% in the case of
1,,2-o-isopropyridene-a-D-glucofuranose. However, the Ru(rr)-(+)-
diop comprex gave a lower opti,cal purity of the saturated pro-
duct than that obtained with RuCl, {eena )a, and changed prevailing
enantiomer in the product from (R)-isomer to (S)-isomer in the

case of L, 2-0-isopropylidene-o-o-glucofuranose.

At any rate, the chiral alcohols (c-o-glucofuranose deriva-
tives) contributed to enhancing the extent of asymmetric induc-

tion, even though the maximum optical purity of 22.5% Ls rower

than that (26.4%) attained with l-phenytethanot.

Hydrogenation of o-Methylcrotonate Including Racemic or Chiral
Ester Groups.

In the present transfer hydrogenatj_on, double asymmetric
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lable 4. Asymmetric Transfer Hydrogenation of

nates Including Racemic or Chiral Ester Groups

ethanol with Ru^C1, ( (- )-diop )^ at tgO'Ca)
J

c -Me thylc roto-

by l-Phenyl-

CH3CH=C(CH3)C° 2R
R

Time Yield 0.P.

%%

1-PhenyIethyI

c- ( Ethoxycarbonyl )

benzyl

(rR, 2n )-1, 2-bis (ethoxy-
carbonyl ) - Z-nyaroxye thyl
Z-menthyl

１

　

３

７

　

９

０

　

９

１ +0。 10

-1.88

-0.41

-0.23

+0.06

0.8

15.4

1.1

1.9

0.6

4 80

9

12b)

４

　

３

３

　

４

a) Catalyst, 4 mmol dm-3; alcohol, 67 mmol; ester, 33 mmol.

b) RurClO( (+)-diop)a was used.

induction, including diastereo-face differentiation of unsaturat-

ed esters by a chiral catalsyt, can also be expected by the use

of the esters containing chiral carbon atoms in the ester moiety,

chiral alcohol, and the Ru( II ) complex.

When an asymmetric transfer hydrogenation of racemic or

optically active c-methylcrotonate by l-phenylethanol was effect
ed with the Ru(rr)-(-)-aiop comprex, no effective double asymmet-

ric inducti.on was rearized (ranle q); opticar purities of hydro-

genated products were low (maximum e.e. 1,5.4%). presumably,

steric bulkiness of the ester group i-n the substrates decreases

enantio-differentiating ability of the chiral Ru(II) complex

through inhibition of the substrate coordination to the complex.
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Reaction Mechanism

It is obvious that the present asymmetric hydrogen transfer

from an alcohol to unsaturated substrate is effected by the coor-

dination of both the reactants to the Ru(II) complex. From the

fact that chirality of the alcohol sustantially affects the

extent of asymmetric induction by the Ru(II)-(+) or (-)-diop

catalyst, the asymmetric induction can be expected in the proc-

ess of coordination of an olefin to the unisolable ruthenium-

alkoxide complex (uiz. , the steric approach control over enantio-

face differentiation ),t2) which has previously been formed from

the active ruthenium species and the alcohol.

As for the catalytically active species, RuCfr((+) or (-)-

diop) (!) has been suggested as the plausible species by tt" *t"
1")

analysis of RurCl4( (- )-aiop )s; ^"' RuCl, ( (- )-oiop;, simultaneous-

Iy formed seems inactive for the present reaction due to the

lack of aotive sites.

Therefore, the present transfer hydrogenation is consi-dered

to proceed along the catalytic cycle in Scheme 2, where the par-

ticipation of HCI in the step of coordi-nation of the alcohol to

the species 1 and of the elimination of the hydrogenated product
ta\

has been proposed by Sasson- " in the transfer hydrogenation of

unsaturated ketones by alcohols with RuClt(PPh3)3. Ruthenium-

a1kyl complexes 4a and 5a are more plausible than complexes Y
and :9 in the light of the contribution of d-n conjugation be-

tween the ruthenium metal and carbonyl group to stabilization.l5)

6-4 Summary

Asymmetric transfer hydrogenation of prochiral unsaturated
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acids and esters by alcohols was carried out with RuC12(PPh3)3

or Ru2C14((十 )Or (― )一 diOp)3 at 160-190° C.  The optical purity

(3.4-16.4%)Of the hydrogenated acids obtained with PhCH2° H and

Ru2C14((~)~diOp)3 Was in the order: MeCH=C(Me)C02H>PhCH=C(Me)C02H>

CH2=C(CH2C°
2H)C° 2H>H° 2CH=C(Me)co2H・

  In the transfer hydrogena―

tion Of MeCH=C(Me)C92R by PhCH2° H °r (PS)― PhCH(Me)OH at 190° C,

the extent of asymmetric induction_of Ru2C14((~)~diOp)4 (1・ 7-

11.4% e.eo With PhCH2° H and 7.4-18.2% e.eo with (PS)一 PhCH(Me)OH)

decreased with increasing bulkiness of group R and was not

enhanced by the introduction of any groups R containing chiral

carbon atoms into esters (maximum e.e. 15.4% ).  The Change of

hydrogen donors from PhCH2° H t°  (PS)― PhCH(Me)OH appreciably

increased the optical purity of the hydrogenated acids and

esters, and the chiral α―D―gluCofuranose derivatives afforded

Optically active products, even with achiral RuC12(PPh3)3・
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CHAPTER KINETIC STUDY ON ASYMMETRIC TRANSFER HYDROGENAT10N

OF UNSATURATED ACIDS AND ESTERS BY ALCOHOLS WttTH A

BINUCLEAR RUTHENttUM(II)CHIRAL DIPHOSPHINE COMPLEX

7-L Introduction

Ruthenium chiral phosphine complexes have hitherto been the

object of only limited investigation in asymmetric reaction,

although some examples of asymmetric hydrogenation of olefins by.

ruthenium(Ir) chirar phosphine comprexes have been documented.4' 16)

In this respect, ds described in previous Chapters, a bi-

nuclear ruthenium(rr) chiral diphosphine complex, RurClo((+) or

( - ) -diop ) a ( diop=2, 3- O-isopropylidene-.1, 4-b1-s ( dipnenylphosphino )-

2,3-butanediol), has been an efficient catalyst for enantiomer-

differentiating dehydrogenation of racemic secondary alcoholsl )

and for asymmetric transfer hydrogenation of prochiral olefins .L7 )

However, the mechanism of asymmetric transfer hydrogenation has

not been elucidated, even though there are some kinetic studies

on the transfer hydrogenation of olefins or aldehydes by hydro-

gen donors (alcohols, indote, or dioxane) with RhCI(pprr ) -18),,3, 3,
Rucl, ( PPh3 ) , ,'o ) o" RuH, ( PPh3 )a . 

t' )

Therefore, the author has investigated the mechanism of Rur-

CL4((-)-Oiop)a-catalyzed asymmetric transfer hydrogenation of

unsaturated acids and esters by alcohols.

7-2 Experimental

Materibls.

The binuclear ruthenium(rI) complex of Ru.rC1, ( (-)-Aiop)a
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was prepared according to the literature method.4) 1-phenyl-

ethyr o-methylcrotonate was obtained by the reaction of l-phenyl-

ethanol with o-methylcrotonoyl chl-oride, and deuterated benzyl

alcohols (CUH5CD2OD, C6H5CD2OH, and CUHUCH2OD) were prepared by

the reported metnod.20) Other commercially available organic

materials were fracti.onally distilled or recystallLzed before

use.

Kinetic Run.

A typical example of transfer hydrogenati-on was run as

following procedure. A mixture of the ruthenium complex (5 mg,

-?2.7xLO ' mmol ), 1-phenylethanol (t.SZ g, L2.9 mmol ) and o-methyl-

crotonic acid (O.eO g, 2.O mmol) was.put into each of five test

tubes in nitrogen atmosphere, and total volume was made by di-

phenyl ether to 2.5 cm3. These tubes was sealed and heated in

a silicon bath controlled at 15O+1oC for 1O, 20,30, 40 and 6O

min, respectively. The amounts of unreacted substrate and hydro-

genated product were determined by gas-chromatographic analysis

using a 1-m column packed with 15% EGA on Uniport B (Yanagimoto

c-l8o) or 1oo MHz 1H mqn (;nol MH-1oo) anatysis.

Transfer Hydrogenation by Deuterated Benzyl Alcohol.

A typical example of the reaction was run as followso  A

mixtire of α―methylcrotonic acid (0.54 g, 5.4 mmol), C6H5CD2° H

(1.61 g, 14.6 mmol)and the ruthenium complex (19.8 mg, 10.7

mm01)was put into a test tube in nitrogen atmosphere, and this

tube was sealed and heated for 12 h at 190。 C.  The deuterium

distrttbutiOn Of reduced products was determ■ ned by means of  lH

NMR (100 MHz).
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31P NMR Spectrum。

31P NMR spectrum of Ru2C14((~)~diop)3 in′
―dichlorobenzene

was recorded on 」EOL FX-100 in 10 mm― tube at 40.32 MHz with the

external standard of 85% H3P°
4 in D2° °

7-3 Results and Discussion

Rate Dependence on the Concentration of Catalyst, Alcohol, and

Unsaturated Substrate.

As indicated by typical time-yield curves for the present

RurClO( (-)-dj-op)a-catalyzed transfer hydrogenation in Fig. 1,

conversion of the unsatul'ated substrate to the hydrogenated prod-

uct is linear with time during initial stage. When o-methyl-

crotonic acid was used as a hydrogen acceptor, the reaction pro-

ceeded stoichiometrically up to more than 20% conversion at tem-

perature below 19O.C, but thereafter some of the hydrogen donor

was consumed by esterification reaction with the saturated acid;

the extent of esterification between such an alcohol as l-phenyl-

ethanol and the unsaturated aeid was negligibly small, especial-

ly during the initial stage. Initial reaction rate (rr), deriv-

ed from linear part of the time-yield curve, was directly propor-

tional to the concentration of the ruthenj-um(II) complex and to

that of the hydrogen donor (nig. e and 3). The first-order de-

pendence of the reaction rate on the concentration of RurCl4((-)-

diop)a and that of the hydrogen donor suggests that RurClO((-)-

diop)a itself changes into a catalytically active species, to

which. one molecule of hydrogen donor coordinates for reaction.

Although a linear dependence of reaction rate on the
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Fig. L. Typical time-yieId curves for RurCf4((-)-diop)a (r.O

mmol dm " ) catalyzed transfer hydrogenation of o-methylcrotonic

acid (o.63 mol dm-3) (O ) at 15o'C, and 1--phenyrethyl o-methyr-

crotonate (o.s mol drn-3) ( O) at 165.C by 1-phenyrethanol (z.o

mol dm ") in Ph2O.

Fig. 2. Dependence of initial rate ("i ) on the concentration of
RurClO((-)-Oiop;a in the transfer hydrogenation of a-methylcroto-

nic acid (o.Bo mol dm-3) by 1-phenylethanor (7.s mor or-3; at

150.C, and of l-phenylethyl o-methylcrotonate (O.5 mol dm-3) at

1-65.C by l-phenylethanol (6.S mot dm-3) in Ph2O.

Symbols are the sarne as in Fig. 1.

concentration of hydrogen acceptor was observed in the case of

an unsaturated ester, 1-phenyrethyl o-methylcrotonate, the ini-

tial rate was reduced with increasing in concentration of the un-

saturated acid, and a linear relationship between I/ri and the

concentration of the unsaturated acid was established, with a

0
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Fig. 3. Dependence of initial rate ("i ) on the concentration

of l--phenyrethanol in RurCr 4((-)-diop)o (r.o mmor dm-3) cataLyz-

ed transfer hydrogenation of q,-methylcrotonic acid (O.B mol O.-3)

at l-50'C, and of 1-phenylethyl o-methylcrotonate (O.S mot At-3)

at 165oC in PhrO.

Symbols are the same as in Fig. 1.

positive intercept on the vertical axis (nig. 4). The unsaturat-

ed acid coordinates to the ruthenium(II) complex easily and

strongly, as compared with the unsaturated ester, which might

retard the coordination of hydrogen donor uia shielding of the

active coordination site of the catalyst.

Rate Dependence of Added (-)-diop Concentration and Reaction

Temperature.

Addition of (-)-Oiop to the reaction system lowered the

initlal rate, and the plots of L/ri us. added (-)-diop

0

0

0
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in RuoC1,( (-)-oiop)o (r.o mmol dm-3) catalyzed transfer hydroge-14-J

nation of q-methylcrotonic acid at 150.C, and of l-phenylethyl

o-methylcrotonate at 1-65.C by 1-phenylethranol (Z.O mot dm-3) in
Ph2o.

Symbols are the same as in Fig. 1-.

concentration tend towards a straight line with a positive inter-

cept (fig. 5). The coordination of added (-)-diop to catalyti-

cally active species, which wiII be discussed later, makes the

catalyst i-nactive, but coordination strength of (-)-diop is not

very much larger than that of hydrogen donor or acceptor, dS can

be seen from the rate decrease on addition of (-)-diop (fig. 4).

The initial rate was also influenced by reaction temperature

(raO-2OO'C), and the plots of ln(r,) us. L/T gave Linear

Arrhenius relationships for the hydrogenation of the unsaturated

acid and ester (fig. 6). Therefore, the reaction proceeds
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Fig. 5. Dependence of initial rate ("i) on the concentration of

added (-)-diop in the Rurcl 4((-)-aiop')a (r.o mmol dm-3 ) catalyz-

ed transfer hydrogenatlon of o-methylcrotonic acid (O.B mot Ot-3)

at l-5OoC, and of 1-phenylethyl o,-methylcrotonate (O.5 mol Ot-3)

at 19o.C by l--phenyrethanol (7.5 mol dm-3) in Ph2o.

Symbols are the same as in Fig. 1.

Fig. 6. Plots of In "i us. L/.T for the RurCl A((-)-diop), (r.O

mmol dm-3 ) catalyzed transfer hydrogenation of ot-methylcrotonic

acid, and of 1-phenylethyl g-methylcrotonate by l--phenylethanol :

(7.4 mol dm-3) in Ph2o.

Symbols are the sarne as in Fig. 1.

the same mechanism in the temperature range of 14O-2OOoC without

structure change in catalytically active species. With regard

to activation pararneters, the activation energy ET, enthalpy of

activitio., 6gt, and entropy of activation AS+ were evaluated as

22.8 (23.9) kcal mol-1, 22.o (23.1-) kcal mol-1, and -'J-3.7 (-18.9)
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Scheme 1.

(Ru)

cal mol-1 ta1 fo" the Ru^CI , ( (- )-diop ) --catal yzed transfer
24.,

hydrogenation of o-methylcrotonic acid ( f-pfrenylethyl cr-methyl-

crotonate) by 1--phenylethanol.' Al-though the transfer hydrogena-

tion of bulky unsaturated ester required a slightJ-y larger acti-

vation energy as compared with that of the unsaturated acid, the

reaction is considered to procesQ uia the process shown in

Scheme L, where (Ru) denotes a catalytically active species; the

participation of H+ in the reaction process has been confirmed
1A\by Sasson.'-l

Generation of Catalytically Active Species.

It is necessary here to discuss the catalytically active

species formed from the binuclear ruthenium(II) diphosphine
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-10°C

25'C

70-■00°C

L,I

20406080 -20   -40

ppm

Fig. 7. 31" oltuR spectrum of Rurcl4((-)-diop)a.

comprex, RurClo( (-)-diop)s. The 31, xo/In spectrum of RurC14( (-)-

diop)a at -1O"C showed six different peaks, one due to free (-)-

diop (-2q.6 ppm) and five others denoted by a (B.q PPm, doublet

Jpp=28.1 Hz), b (21-.o PPm, doublet, Jpp=28-1' Hz), c (29.7 PPm,

doublet, J""=35.4 Hz), d (SZ.q PPm, doublet, J"r=35.4 Hz), and e

(Oz.A PPm, triplet, Jpp=33.9 Hz), in the ratio of 1.5:1:3:3:1:4,

as shown in Fig. 7.

Si-nce the remarkable difference in the chemical shifts (a-b

3O6 Hz, b-c 351- Hz, and c-d 31O Hz) does not correspond to the
)1 -)a\usual P-P coupling (Jpp=25-4O Hz);" rv' there is no Ru-P coupl-

ing. The chemical shifts indicate the mixture of relative

stable five or six-coordinate ruthenium(II) complexes generated

from Ru^C1,((-)-diop)^ uia the equiliblium reaction shown in
t4J

Scheme 2, where the coordination of one solvent molecule to
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the five coordinated ruthenium(II) complexes is assumed. Since

peaks c, d, and e change into broad signal (Sf.O ppm) on raising

temperature from -1O to 7OoC, they can be assigned to (-)-diop

in RurCr4( (-)-oiop)r, bridged (-)-oiop in RurCl 4((- )-diop)a, and

terminal (-)-diop in RurCl4((-)-diop)a, respectively, and peaks

a and b could well be those of (-)-diop in two stable isomers of

RuCl 2((-)-diop ) (tetrahedral or square planar) .

Thus, three different ruthenium(Il) complexes, RuCl2( (-)-

diop), Rucr2( (-)-diop)r, and Rurc14( (-)-oi.op)r, can be produced

from RuTCIO((-)-diop)O as shown in Reactions (Ia-Ic).
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RurC14( (-)-diop)a

RurClo( (-)-Oiop)a

RurClo( (-)-aiop)a

一一
2 RuCl z((-)-diop) + (-)-oiop (la)

RurClo((-)-oiop), + (-)-oi-op (ro;

RuClr((-)-aiop), + RuCIr((-)-diop) (rc;
一一
-----:,
--

The unstable four-coordinate complexes might include solvent as

ligand. The catalytically active species RuCIr((-)-aiop) is

then generated uia Reaction (1a) or (1c).

Reaction Mechanism.

If catalytically active RuClr((-)-aiop) complex 1s generat-

ed uia Reaction (1a), the mechanism shown in Scheme 3 can be con-

sidered, where cat=Ru2Cl4( (-)-diop)a, L=(-)-Oiop, R=catdlytical-

1y active RuCl2((-)-diop), S=uDsaturated substrate, and D=alco-

hot. From the material balance: fcat]o=([cat] + [nJ + [n.S] +

1/2 cat
K2' s

R.S
K3' s \ R'szＲ

↑

＝

＝

釧

Ｒ．

nslo
Ik^ \y

D O >R\

Scheme 3.

Product

"=ks[n.s][t-J + k6[R.o][s]=(ksK2 + koK+)(Kr[cat]/tL) lt[o][s] (za1

[n.ol + [n.srJ )/z=fcatf + [cat]l(r + rrlsl + ro[oJ + KrKr[s]2)*

different ways. The case [cat].<[cat]!(r + K2[S] + ro[o1 +

_l-(\ /4'LL))2, the rate equation (2a) can be rewritten in two
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r=2 (ksK2 + koKq) [cat] o[sl[o] Z f i + r, [sJ

rr[sJ + xo[o3 + rrx.[sJ'){^, /alrJ1\ U.e., ([nJ + [n.s] * [n.o]*
[n' S 2)) / Z.< [cat] ) gives the equation ( 2c ) . A1 though the fl rst

order dependence of r. on [cat]O is explained not by equations

(za\ and (Zc; but (zo), Iinear relation between t/ri and [t] is

not recognized from any equations (Za-Zc) . Therefore, Scheme 3

can be discarded as unacceptable.

KeKg[s]2)(Kr/qlr})" (i.e.,( tnl + [n.s]

[cat] ) gives the equation ( zu;, and the

r=(kuK, + koKql[s] tol (r, [catJ otLt)l\

+ [n.o] + gn.sr) )/z>>

case [catJ>>[cat]l(r +

+ ro[o1 + KzKs[s]2) (zo)

(2c)

K3' S   
、 RoS2

Product

If catalytically active RuC12((~)~diop)complex is formed

in Reaction (lc), the mechanism can be expressed as in scheme 4,

where cat=Ru2C14((~)~diOp)3' A=RuC12((~)~diop)2' R=RuC12((~)~

diop), S=unsaturated substrate, and D=alcohol.

cat   Kl, 
一A 
、 R

ヽ

K2' S

S

RoS

Scheme 4.

The rate equation derived from stationary-state assumption

applied to [n.S] and tn.o] is (3a). From the relation of

k5

r=k5[R・ S][D] + k6[R・ D][S]

=Kl(k5K2+k6K4)[Cat3[SIED3/EAl

-97-
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[cat]。 =ECat] 十 [R] 十 [RoS] + [R・ 5] 十 [R・ S] =([A] + Kl + KlK2ES]

十 KlK4[DE tt KlK2K3ES]2)[cat]/EA], the rate equation can be re―

written as (3b)。   When the substrate S is unsaturated acid such

r=(ksK2 + koK+) [cat]olsJlof tf [a]Zr, + 1 + rr[sJ + ro[oJ +

xrrrIsl2 )

as α―methy■ croton■ c ac■ d,

and [S] requires EA]/Kl +

[Cat]十 二R3+[R・ D3<<[RoS]

is (3c), where k'=(k5K2 +

r=k]ECat]。[D3/(1+K3[SI)

the linear relationship between t/rl

1 + ro[o3..rr[sJ + rrr.[s12 (i.e.,
+ [n'S r]), so that the rate equation

koK+ ) /t<r.

(3b)

(3c)

Where the substrate is an unsaturated ester such as 1-phen-

ylethyl a-methylcrotonate, the linear relation between "i and

[s] requires [e]/rr + 1>>K2[s] + ro[o1 + KrK.[s]2 (i.e., fcat]
+ [n]rr[n.s-l + [n.o] + [n'srJ), so that the rate equation can be

expressed as (3d), where k"=k5K2 + kUKO. Both rate equations (Sc

and 3d) reflect linear relations of r. us. [cat]O and "i us. [O].

r=k"ECat3。 ES]EDコ /(EA]/Kl+1) (3d)

In order to discuss the effect of addition of (-)-diop on

the reaction rate, it is necessary to rewrite Scheme 4 as Scheme

5, where L=(-)-oiop, A=RuCl Z((- )-diop)r, and B=RuC12( (-)-oiop)t

but with different structure from A.

The rate equation of Scheme 5 is given as (4). Since this

satisfies the linear relation between t/rt and [t ] in addition

to other linear relations mentioned above, the mechanism of the

present reaction can be expressed by Scheme 5.

-98-



KL

―L

cat   Kl, 
一A 
、

ヽ

(or B)

K2' S  
、

ヽ

S

Scheme 5.

卜も

Ａ
　
洲
＝
＝
＝
＝
Ｌ
ν
　
Ｒ R・ S

+ Product

r=(ksK2 + kuKo)fcat]o[sJlo)tt[n]/rr * xr[r,3 + K2[s] +

ro[o1 + 
^ens[s]21

(4)

Isotope Effects.

In order to define the reaction mechanism more precisely,

Ru^Cl, ( (- )-diop)^-catalyzed transfer hydrogenation of o,-methyl-24-J
crotonic acid by a deuterated benzyl- alcohol (PhCD2OD) was exam-

ined at 19OoC. The reaction rate "P i" lower than that ("iH) in
NHthe same reactlon with PhCH2OH, and the val-ue of r." /ri (2.4)

i-ndicated the occurrence of rate-determining abstraction of the

hydrogen bound to o,-carbon of the hydrogen donodr by the ruthe-

nium(II) complex cataryst, &s suggested previor"ty.14) Such an

isotope effect was also observed in the transfer hydrogenation

of a-methylcrotonic and a-methylcinnamic acids and/or their

esters (tabte 1-). It is noteworthy that the deuterated hydrogen

donor.PhCD2OH resulted in a predominance of deuterium distribu-

tlon in MeCDHCH(Me)CO2R or PhCDLICH(Me)CO2R (R=H or Et) rather

than in MeCHTCD (Me )CO2R or PhCHTCD (tqe )CO2R. This suggests the
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Table 1. Transfer Hydrogenation of Unsaturated Acids and Esters by Deuterated

Benzyl AlcohoIs wlth RurClO((-)-Oiop)a at 19O.Ca)

Unsaturated
spec i-e s

Alcoholb ) Time Yield Deuterium di stribution/mo1%
Methine ( CD ) Methylene ( CDH )%

６

８

１

０

０

７

３

３

４

１

１

１

　

　

４

４

１

２

２

３

４

４

４

４

４

２

１

１

　

　

　

２

２

２

２

１

Ｉ

Ｐ
Ｏ

Ｏ

Ｉ

MeCH=C (Me )COrn

MeCH=C (Me )CO,Et

PhCH=C (Me )CO,H

PhCH=C(Me)COrEt

PhcH2oD

PhcD2oH

PhcH2oD

PhcD2oH

PhcH2oH

PhcH2oD

PhcD2oH

PhcD2oD

PhcH2oD

75

B9

54

47

32

25

1J

z/

25

52

20

84

0

18

91

96

27

a) RurClo((-)-diop)3, 5.o mmol dm 3; unsaturated species, 2.5 mol drn-3 in the

alcohol.

b) Deuterium contents of alcohols were PhCH2OD (98%), PhCD2OH (8I%), and

PhCD2OH (BI% in CD, ) .



preferential formatlon of [efrcoO-(Ru)-C(ue)-(Co2R)CDHR'] (R=Me

or Ph) as intermediate (cf . lj i. Scheme 1), which might be

stabilized by n-conjugation of (Ru)-COrn UonO.15) On the other

hand, deuterated products MeCDHCH(Me)COrR and PhCDHCH(lte)COrn

were also observed to the extent of IB-22%, even in the case

when PhCH^OD was used. This is attributable to irreversible
I

formation of PhcDHoH from phcHroD uia Rurclo((-)-aiop)a-cataLyz-

ed intramolecular hydrogen-deuterium exchange in the deuterium

source. When PhCH2OD was heated at 19O.C for 6 h in the pres-

ence of RurCl4( (-)-diop)a (5.7 mol drn-3), 29% of the deuterium

was exchanged, with the formation of benzaldehyde and dibenzyl

ether.

With regard to the enantio-differentiating process in the

present reaction, there are two possible steps, uiz., (a) selec-

tlon of one face or the other during the coordination of a pro-

chiral unsaturated substrate to the ruthenium(ff) compJ-ex, and

(b) enantio-selective product development during the protonation

of a o-type Ru(II)-substrate complex (fa in Scheme t-). If the

former process is acceptable, the bulky substituent of the

ester group in the substrate would hinder the approach of the

substrate to the Ru(II) complex so as to decrease the extent of

asymmetric induction. In the RurClO( (-)-OioR)a-catalyzed trans-

fer hydrogenation of MeCH=C(Me)COrR (R=H, M€, Et, Bu, PhCH2, and

PhCH(ue;1 by l-phenylethanol at 190'C, the enantiomeric excess

of the saturated product decreased in the order R=H>Me>EtsBu>

PhCH2>PhCH(Me) (tabte 2 in Chapter 6). Therefore, selection of

enantio-face ptays a predominant role in the asymmetric induc-

tion process of the present reaction.
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7-4 Summary

Kinetic investigati-on of RurCl 4((- )-diop)a-catalyzed trans-

fer hydrogenation of unsaturated acids and esters by al-cohols

indicated that the catalytically active RuCl2((-)-diop complex

generated from the RurCf 4( 
(- )-Oiop )a <==- RuCla ( (- )-Oiop; +

RuCl2( (-)-diop), reaction offered optically active hydrogenated

products uia the reaction of hydrogen acceptor and RuCt2((-)-

diop)(nydrogen donor) complex, and hydrogen donor and RuCt2((-)-

diop)(hydrogen acceptor) complex. 31P NMR analysis of RurClo-

((-)-diop)a in solution also suggested the possibility of RuClr-

((-)-Oiop) formation. The enantio-differentiating process was

also discussed on the basis of isotopic effects observed in the

RurClO( (- )-Oiop )a-cataLyzed reaction'between deuterated benzyl

alcohol and unsaturated species.
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CHAPTER  8   ASYMMETRIC HYDROGENAT10N OF KETONES BY HOMOGENEOUS

AND HETEROGENEOuS RHODIUM(I)CHIRAL PHOSPHINE

CATALYTIC SYSTEMS

B-1 Introduction

The most effective method for obtaining optically active

alcohols, instead of the kinetic resolution of racemic alcohols

as described in previous Chapters, is the asymmetric hydrogena-

tion of prochiral ketones with chiral catalyst. However, high

enantio-selection has not been attained in the asymmetric reac-

tion by cationic25-29) and neutral30-34) rhodium chirar phos-

phine complexes. Exceptionally, tutarX634) has reported that the

addition of triethylamine to [nftCt(norbornadiene)]2-( +)-2,3-o-

i sopropyl idene- L , 4-bis ( Oipnenylphosphino ) - 2 , 3-butanedio I ( diop )

catalytic system has brought about the increment of the enanti-o-

meric excess (54-84%) of products. It has also been suggested
?q 

"A\by Tani"v'vv' that diop-type chiral tetraalkyldiphosphines,

being strong electron donating ligand, are excellent chiral ones

in the rhodium complex cataLyzed hydrogenation of ketones.

On the other hand, there are only limited reports on the

heterogeneous asymmetric hydrogenation of carbonyl compounds by

the use of modified-Raney nickel catalyst with chiral
?'7 

"R) 
eo zn\compounds,u' ' 

uu t and alkaloid-Pt/AI203 catalyst. rJ 
' 
av /

On the practical viewpoint, the author has investigated the

homogeneous and heterogeneous asymmetric hydrogenation of ke-

tones.by rhodium(I) chiral phosphine complexes, prepared in situ

from fnncL(czH4)zf z and (-)-oiop, or (+)-r,2-bis(diphenyl-
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phosphino)propane (prophos), and by polystyrene-supported rhodi-

um(t)-diop complex. It is discussed how to effect on catalytic

activity and enantio-selectivity for the mole ratio of rhodium

to chiral phosphine i-n the homogeneous system, and the pore size

and the structure of polystyrene carrier in the heterogeneous

system.

B-2 Experimental

Materials.

Prochiral ketones were distilled before use. Styrene-di-

vinylbenzene poJ-ymers to be used were Amberlite XAD-? (ABL-1)

and Amberlite XAD-4 (ABL-2) of Orugang Co. Ltd.; pore sizes of

them were 90 A and 50 A, respectively.

Chiral phosphines, (-)-diop and (+)-prophos, were

zed by Kagan's3) and Fryzuk's41) methods, respectively

(CZHA)2)Z was prepared by the method of the literature

Catalyst Preparation.

ABL-1-suppot,ted Rh( I )- ( - ) -diop (nfr-Oiop/ABL-1 ).

synthesi-

. [nncr-

.42)

Chiral

diphosphine ((-)-Oiop; moiety was introduced to ABL-1- according

to the procedure of K"g"rr,43) as shown in Scheme 1-. Rh-diop/ABL-

l was prepared by stirring of the phosphinated ABL-1 and [nfrCf-

(CZH4)ZlZ in benzene at room temperature for 24 h under nitrogen

atmosphere, and then separated by filtration, followed by wash-

ing with benzene thoroughry and drying in uacuo. The amount of

supported-rhodium was O.47 mg-atom/g-resin, evaluated by the

difference in the quantity between the charged [nfrCl (C2Hl Z)z
and dissolved one 1n the fil-trate, which were determined by

- I \Jq_



Po I ystyrene

H‐
‐

―

H

H29   9H2

Ts0   0Ts

SnC14

DMSO

一
NaHC03

H

~CH2CH~

CH2Cl

0  0
H‐

‐

―

H

H29   9H2

Ph2P   PPh2

~CH2CH~

H+

一

H

HO

HO

LiPPh2

Scheme 1.

a spectroscopic method at 5OOnm (e=485O).

ABL-2-suppot,ted Rh( I )-( - ) -diop (nfr-oiop /ABL-?). ThiS

polymer complex was prepared by the same method as Rh-diop/ABL-1.

The amount of the supported rhodium was O.38 mg-atom/g-resin.

Noncross-Linked poLystynene-supported Rh( I ) - ( - ) -diop (nfr-

diOp/PST). A mixture of freshly distilled styrene (3O 
"r3),

azobLs(isobutyronitrile ) (O. SS g;, and L,L,2,Z-tetrachloroethane

( fOO cm3 ) was vigorously stirred at SO.C for 2 h under nitrogen

stream. The solution poured into methanol to precipitate the

polystyrene. The resulting solid was filtered, washed with

CH0

~CH2fH~
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methanol, and dried Ln uacuo. Number average molecular weight

by vapour pressure method was 33OO. Introdution of chiral- phos-

phi-ne moiety to the polymer, and successive coordinatj-on to rhodi-

um complex were undergone by the same method as described above.

The amount of the supported rhodium was O.54 mg-atom/g-resi-n.

Hydrogenation Procedure and Analyses.

In the case of atmospheric hydrogenation, fnfrCf (CzHl z)z
and the chiral phosphine were put into a two-neck flask (SO c*3)

in an oil bath. The flask was purged with nitrogen thoroughly,

a mixture of the substrate (s.r3) and ethanol (z 
"t3) was charg-

ed in it. The reaction was run under bubling of hydrogen pre-

saturated with ethanol. The reaction .product was analyzed by

gas-chromatography, using a 1-m column packed with Tween 80 on

Uniport B. The optical purity of the product was determined

from the optical rotation measured with a high sensitive digital

polarimeter ( Union PM-1O1- ) .

Hydrogenation under applied hydrogen pressure was camied

out in a pressure gJ-ass tube (5O cm3), or in an autoclave.

B*3 Results and discussion

Homogeneous Hydrogenation.

It has been known that the enantio-selection decreases with

elevating hydrogen pressure to be applied in asymmetric hydroge-

nation of prochiral olefins, such as (o-acylamino)cinnamic acid

derivatives, by rhodium chiral diphosphine complexes, in spite

of accelerationof the hydrogenation ,^t".44) Thus, the asymmet-

ric hydrogenation of acetophenone was carried out under an
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Fig. l-. Effects of chiral diphosphine/rhodium mole ratio on

yield and optical purity of the product in the hydrogenation of

acetophenone by Rh(I)-(+)-prophos (O) and Rh(I)-(-)-diop (O)

complexes (O.Og mmol) at 5OoC for 1OO h in ethanol.

The optical purity was calculated with respect to the rotation

of pure (s)-(-)-1--phenylethanol r tolSt -s2.5o (c 2.27, CH2CI ,).ot)

atmospheric hydrogen pressure at 50oC by in situ prepared Rh(I)-

(+)-prophos and Rh(I)-(-)-Aiop complexes from [nrrCr (C2Ha)2)2 and

the respective phosphine. Results are shown in Fig.1-.

In both reaction systems, the product was 1-phenylethanol

on1y, enriched with (S)-(-)-enantiomer, and hydrogenation rates

decreased with increasing in the diphosphine/rhodium ratio,

whereas optical purity of the alcohol was also dependent on the

mole ratio. In Rh(I)-(-)-diop complex catal-yzed reaction, the
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rhodium complex of (-)-diop/R =3/1 gave the alcohol with maximum

optical purity of 28%. In the Rh(I)-(+)-prophos complex catalyz-

ed reaction, the optical purity of the al-cohol monotonously in-

creased with the (+)-propfros/nh ratio to attain the highest

value of 44% with the mole ratio of 5/1. Although such an en-

hancement of the asymmetric induction due to added phosphine to

the reaction system has al-so been observed uy ttt""t633) in the

asymmetric hydrogenation of acetophenone with in situ prepared

[nrrc r ( norbornadiene ) ] 2- 
( s )-( - )-benzyrmethylpheny]phosphine complex,

the reason for this enhancement has been not clarified yet.

The chiral diphosphine of (+)-prophos, forming the rigid

five-membered chelate rhodium complex, is a more excellent ligand

than (+) or (-)-diop in terms of the enantio-selecti-on in rhodi-

um(t) complex catalyzed asymmetric hydrogenation of prochiral

enamide .4'J"46'47) For this reason, the difference in the

enantio-selection has been attributable to the difference in

conformational rigidity and in the P-Rh-P bond angle of the com-

plex formed, and in the steric interaction between the substrate

and the diphosphine.48'49) Furthermore, as for the catalytically

active species in the rhodium diphosphine complex catalyzed

hydrogenation, Rhcl(diphosphine) has proposed in the systern of

[nrrcr (monoore tin) ,J, and diphosphin";50) [nrrcr ( (+ )-diop )] +Ct-

from fnrrc L(Cz1l 2J2 and (+)-oiop.51) In the present reaction,

however, the difference in effects of added phosphine between

(-)-Oi-op and (+)-prophos can not be related to structural dif-

ference in plausible catarytically active species, Rhct(diphos-

phine) or lnrr(diphosphfne)]*C1-, between them. presumably, this

difference is caused bv chiral circumstance due to the Dresence
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Table 1. Asymmetric Hydrogenation

and Rh(I)-(+)-prophos Complexes at

Hydrogen Pressurea)

of Ketones by Rh(I)-(-)-Oi-op

50oC under Atmospheri-c

Ketone Ligand Time Yield o. P.b )

%%

C6H5C° CH3

C6H5C° C2H5

C6H5C° CH(CH3)2

C6H13C°CH3

( + ) -prophos
( - ) -aiop
( + ) -prophos
( - ) -aiop
( + ) -prophos
( - ) -diop
( - ) -diop

100

100

105

104

153

153

102

6.7

5。 1

3.3

3.4

n.d.

ned.

4.3

24.3

27.5

9.4

9.5

5.7

a) [nrrcl-(c2l/-4)r)r, o.09 mmol; ketone, 3 cm3; ethanol, 2 cm3;

(mo1/m01)・diphosphine/Rh=3/1

b)Calculated with respect to the

pure alcohol;[α]37-20 +40。 00

phenyl-1-propano129)and [α]60

(s)― (― )-2-octanol.30)

fo1lowing values of optical

(c 5, C6H6)f° r (P)― (十 )-1-

+11.9。  (σ  6, C2H5°H)f° r

of excess chiral phosphine in the coordination sphere of the

active species.

The enantio-selectivity was also dependent on the structure

of ketone, and decreased with increasing in bulkiness of alkyl

group; phenyl isopropyl ketone was not hydrogenated in detect-

able extent (faUte 1). However, ketones containing a phenyl

group'brought about higher enantj-o-selectivity than the alkyl

ketone ( 2-octanone ) , suggesting that phenyl group plays
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important rol-e for the enantio-face differentiation of prochiral

ketone by the rhodium(I) complex. Probably, the steric interac-

tion involving electron-repulsion among phenyl groups of the

substrate and of the chiraL phosphine is favorable for asymmet-

ric induction during the enantio-differentiating coordj_nation to

the chiral rhodium complex.

Heterogeneous Hydrogenation.

Since the hydrogenation of acetophenone by polystyrene-

supported chiral rhodium complexes, Rh-diop/PST, Rh-diop /ABL-L,

and Rh-diop/ABL-?, scarcely proceeded under an atmospheric hydro-

gen pressure, the reaction was carried out at the pressure of 4
akgfcm'. Results are shown in Table 2.

Hydrogenation activities of these catalysts decreased in

the following order; Rh-diop/ABL-1>Rh-diop /pSr>Rh-diop / egt-2.

The order is not consisted with that of amount of rhodium

supported, but the catalytic activity is dependent on pore size

and frame work of the polystyrene. Markedly low activity of Rh-

diop /ABL-2 can be ascribed to limiting diffusion of the sub*

strate in small pore (average 50 ;,) of the catalyst.

In this reaction system, polymer-supported complexes gave

1--phenylethanoL only, enriched with (,9)-enantiomer, and enantio-

selectivities of the catalysts also varied with the structure of

the polymer, decreasing in the order of Rh-diop/PST>Rh-diep /lnr-

1>Rh-diop/ABL-2. Noncross-linked structure of the polystyrene

showed the effective asymmetric induction for the hydrogenation

of ketone.

At any rate, both catalytic activities and enantio-
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TabIe 2. Asymmetric Hydrogenation of Acetophenone by Poly-

styrene-supported Rh( I )-diop Complexesa)

Catalyst Solvent Temp
●c

Yield 0.P.

%%

Rh― diop/PST

Rh― dlop/ABL-1

(reusing)

Rh― dlop/ABL-2

(+0.5 (― )一 diOp)

(+3 (― )― diOp)

C6H6

C6H6

C6H6

C6H6

C6H6

C2H5°H

(CH3)2CH° H

c2H5oH

C6H6

25

25

25

25

50

50

50

50

50

11

50

34

3

44

37

35

2

9

7.7

3.7

2.2

1.2

1.2

6.1

2.2

ned.

1.8

a) Catalyst, O.2 g; acetophenone, 3 cm3; solvent, 2 cm3;

initial Hz pressure, 4 kg/cmz; reaction time, 27 h.

selectivities of supported rhodium complexes were markedly lower

than those of in situ prepared.Rh(I)-(-)-diop and Rh(I)-(+)-

prophos complexes. Such a decrease in catalytic activity and

selectivity due to the immobilization of rhodium chiral complex

on polymer has also observed in the asymmetric hydrogenation of

o-methylstyrene and 2-ethyl-1-he*ene,43) and of the asymmetric

hydrofomylation of styre.r..54) Ho*".r"", the use of copolymer of

2-hydroxyethyl methacrylate and styrene, ot the polystyrene in-

corporated chiral secondary alcohol moiety has scarcely Iowered

not only the catalytic activity, but the enantio-selectivity for

the asymmetric hydrogenation of prochiral enamid"";55'56)
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Table 3. Asymmetric

supported Rh( I )-diop

Hydrogenation of Ketones by Polystyrene-
^\Comolexeso /

Ketone Catalyst Yield o. P.b )

%%

C6H5C° CH3

C6H5C°C2H5

CH3C°C2H5

CH3C°C3H7

CH3C°C4H9

CH3C°C6H13

Rh― diop/ABL-2

Rh-diop /ABL-L
Rh-(-)-oiopc)

98

(42)

73

(0.4)

48

(1.5)

55

(3.9)

66

56

47

1.9

(1.2)

2.5

(n.d。 )

5.2

(n.d。 )

6.2

(ned。 )

6.5

6.8

9.1

a)

b)

C)

Catalyst, 0.2 g; ketone, 3 cm3; ethanol, 2 cm3; initial H2

pressure, 60 kg/cm2; temperature, 500C. Values in parentheses

are those obtained under initial pressure 4 kg/cm2.

Calculated with respect to the fO1lowing values of optically

pure alcohols;[α ]:° +13.830 (neat)fOr (S)― (十 )-2-butanol;8)

[呵 D+13.9。 (neat)for(s)― (+)… 2-pentanol;35)[α]D+10.7。

(neat)fOr (S)― (十 )-2-hexanol.36)

The homogeneous catalyst づη sづ ι夕 prepared from  [RhCl(C2H4)2]2

(0.5 mmol)and (_)― diop (1.O mmol).
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details on these catalytic behaviors are unknown yet.

The reuse of Rh-diop/ABL-I, which was separated from the

reaction mixture by filtration, washed with benzene, and dried
in uacuo, resulted in the rowering of about 40% in the yi-eld and

optical purity of the product (Table 2).

(-)-Diop addition of only one-half equivalent to the sup-

ported rhodium suppressed the hydrogenation of acetophenone con-

siderably (Tabl-e 2), as compared with those in the case of homo-

geneous reactions. Excess (-)-Aiop close to the coordination

sphere of the supported-rhodium complex is seemed to prevent the

substrate from approaching to the complex.

In the hydrogenation of ketones by Rh-diop/ABL-2, the rate

decreased in the following order: CUHUCOCH3>C6H5COC2H5>CH3COC6H13>

CH3COC4H'>CH3COC3HZ>CH3COC2H5. The order is the same as that in

the homogeneous reaction; ketones possessing a phenyl group or

a long alkyl group is easily reduced. The ordering in the magni-

tude of enantio-selection is CH3COC6H13>CH3COC+HgtCH3COC3H7tC6H5-

COC2H5>C6H5COCH3, which is in.the reverse one in the homogeneous

reaction. These results suggests that the manner of the interac-

tion between the substrate and the rhodium metal- center in the

supported-complex differs from that in the homogeneous system,

even though alcohols produced enriched with (S)-enantiomer i.n

both systems. The rate in the hydrogenation of Z-octanone with

Rh-diop/ABL-I under hi-gher hydrogen pressure (60 kg/cm2) was com-

parable to that with Rh-diop /ABL-?, indicating that the hydroge-

nation rate was independent on the pore size of the polymer.

This implies that the hydrogen pressure changes the magnitude or

the manner of the interaction between the substrate and
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the catalyst in the heterogeneous reaction.

B-4 Summary

Asymmetric hydrogenation of prochiral ketones was carried

out by the use of homogeneous rhodium chiral diphosphine complex-

es (in situ prepared from [nnCr(CzHq)r), and (-)-diop, and (+)-

prophos) and heterogeneous polystyrene-supported rhodium-(-)-

diop complex. The homogeneous catalytic system containing

excess chiral phosphine showed high enantio-selectivity, and the

maximum optical purity of 44% was observed in the hydrogenation

of acetophenone by the rhodium-(+)-prophos system ((+)-prophos/

Rh=5/1). The activity and the selectivity of the heterogeneous

catalyst, which were appreciably affected by the pore size and

the framework of polymer support, were lower than those of homo-

geneous catalyst. The contribution of catalytically active spe-

cies to the present hydrogenati-on was found to be different in

the homogeneous and heterogeneous catalytic system, probably

because of the difference in .the asymmetric circumstances

between two catalytic systems.
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CHAPTER ASYMMETRIC HYDROGENAT10N OF UNSATURATED ESTERS

BY COBALT(II)AND NICKEL(II)CHIRAL DIPHOSPHINE

COMPLEXES

9-1 Introduction

Successful development in asymmetric homogeneous hydrogena-

tion of olefins catalyzed by chiral rhodium(I) complexes has

made possible to give excellent enantio-selectivity. Neverthe-

less, chiral first-row transition metal complexes, which have

been the object of only Iimited investigation in the asymmetric

hytlrogenation,59'60) ""u also required in a viewpoit of practi-

cal asymmetric synthesis of optically. active compounds.

In this chapter, the author describes the catalytic fea-

tures of cobalt(II) and nickel(II) chiral diphosphine complexes

for the asymmetric hydrogenation of prochiral unsaturated esters.

9-2 Experimental

Materials.

Prochiral esters were distilled before use. The chiral

diphoshine of ( - ) -2, 3- O-isopropyl idene- 1, 4-bi s ( dipfrenylphosphino ) -

2,3-butanediol (diop) was synthesizetl by Kaganrs method.3) The

isolable cobalt compJ-ex, CoCl2( (-)-diop), was prepared by reflux-

ing the ethanolic solution (go cr3) of CoCl2 (2 il and (-)-diop

(f.S g) for 2 h in a nitrogen atmosphere; the blue crystal sepa-

rated on cooling at OoC: mp 2O7-21-3'C; IR (CsI): 3OB and 345 "t-1
(cocr)). Found: C, 59.05; H, 5.L4%; M+,627. Calcd for CarHszCLz

OrPrCo: C, 59.25; H, 5.L4%; NI, 627. The nickel complex,
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NiC12((-)-Oiop), was prepared in a similar manner, noncrystaLLiz-

ing from the solution on cooling, the ethanol sol-ution was evapo-

rated to dryness. The resulting solid was washed with ether,

and dissolved in benzene. The solution was filtered, and evapo-

rated to give pale yellow crystals: mp 165-L73'C (decomp); IR

(CsI ) : 3O8 .rn-1(broad, NiCl ). Found: C, 57.63; H, 5.66%; a

molecular ion was undetectable in mass-spectroscopy. Calcd for

agr"gealrOrPrNi ; C, 59.27; H, 5.L5%; l'q, 626.

Reaction Procedure and Analyses.

The hydrogenation of prochiral esters (e cm3) by cobalt(II)-

(-)-Oiop or nickel(II)-(-)-diop complex (O.fO mmol) was carried

out in an autoclave under initial hydrogen pressure of 50 kg/cm2.

The reaction mixture was hydrolyzed by refluxing in 1O% NaOH-

methanol solution to obtain the saturated acid, which was suppli-

ed to the optical rotatlon measurement. The product was identi-

fied and determined by lH NMR (rOO MHz, JEOL MH-1OO) and by gas-

chromatography (using a 3-m column packed with NPGS + HaPOO on

Uniport B ) .

g-3 Results and Discussion

The cobalt(II)-(-)-diop and nickel(II)-(-)-Aiop complexes

isolated or prepared in situ were able to catalyze the hydrogena-

tion of unsaturated esters such as methyl or ethyl o-methylcroto-

nate at BO-IOO'C slowly, but did not exhibit catalytic ability

for the reduction of bulky unsaturated acids and esters such as

o-(acethylamino )cinnamlc acid derivatives.
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rn Table L, results j-n the hydrogenation of ethyl o-rn€thyJ--

crotonate by co(rr)-(-)-diop and Ni(rr)-(-)-diop comptexes with
or without amine at BO-1OO"C are summarj-zed. Although the rates

were extremely low in both catalytic reactions, addition of tri-

ethylamine to the reaction systems resulted in enhancement of

the hydrogenation rate and the optical purity (o.e.; of the prod-

uct. The maximum o.P. was obtained in the reaction by the cata-

lytic system of in situ prepared co(rr)-(-)-diop complex and

Et2N (Co/Et.N=L/2). It has been reported that the addition of aJJ

small amount of tri'ethylamine to the reaction system has increas-

ed the enantio-selectivity in the asymmetric hydrogenation of

olefinic acids such as o-(acyramino)cinnamic acid by rhodium(r)

chiral phosphine complexer.63) tr,is enhancement has been pro-

posed to be attributable to favorable alternation in the predom-

inant reaction pathway for the effective asymmetric induction

due to the generation of the carboxylate anion from the sub-

strate by the added amine. However, no effects of added amine

for the ester of methyl o-(acetylamino )cinnamate have been ob-

se",re.i.63) Therefore, the observed effects of added triethyl-

amj-ne on the rate and the selectivity in the present reaction :

may be due to improvement of the stereochemistry requirement in

the coordination sphere of the chiral complex. Presumably, the

addition of triethylamine induces the formation of catalytically

active species, expressed as HMCt((-)-Oiop)(ft"lt) (M=Co or Ni);

)一 diop)

)一diop)

MC12(

HMCl(

where

十

　

　

　

十

一　

　

　

一

Et3N tt H2~~)HMCl(

Et3N 

一

HMCl(

(― )― dlop)十  Et3NHCl

(― )― diop)(Et3N)

The putative complex ofM indicates Co(II)Or Nl(II).
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Table l-. Asymmetric Hydrogenation of Ethyt o-Methylcrotonate

by Transition Metal-(-)-diop Complexes with or without Aminea)

Catalytic system Temp Time   Yield
r-\o. P."/
%%Oc

C°C12/(~)~diop

C°C12/(~)~diop

C°C12/(~)~diop +

C°C12/(~)~diop + 2

C°C12/(~)~diop + 4

C°C12/(~)~diop + 2

PhCH(Me)NH2

C°C12((~)~diop)+ 2

NiC12/(~)~diop

NiC12/(~)~diop + 2

NiC12((~)~diop)+ 2

Et3N

Et3N

Et3N

(+)一

Et3N

Et3N

Et3N

100

80

80

80

80

80

80

80

80

80

25

50

50

50

96

22

22

22

22

22

22

22

22

22

72

32

22

22

20

trace
q

t7

9

6

6

trace

L2

7

3B

20

29

3.6(R)

n.d.

7.4(R)

11.7(R)

0.8(R)

9.3(S)

11.5(R)

n.d.

8.4(R)

10.0(R)

1.7(R)

2.7(R)

2.6(R)

7.5(R)

[RhCl(C2H4)2]2/(~)~diop

Ru2C14((~)~diOp)3

Ru2C14((~)~diop)3 +  Et3N

Ru2C14((~)~diop)3 + 2 Et3N

a) The catalytic system expressed as MC12/(~)~diop + n Et3N (M=

Co or Ni) inv01Ves a mixture of づη Sづ ιtt prepared Co(II)or

Ni(II)― (― )― diop complex (MC12=(~)~diop=0.16 mmol)and Et3N

(n x O。 16 mmol)。

Calculated w■ th regard to α―methylcroton■ c ac■ d;[α]:4

+12717・  (θ  5。 12, C2H5° H)f° r the (S)…ac id;62)configuration of

b)

the product in parentheses.
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HMCI( (-)-dion) (ntrm) probably exhibits the enantio-face selec-

tion of the prochiral substrate more efficiently than MCl2((-)-

diop) per se during r-complex formation from HMCt((-)-Oiop)(EtrN)

and the substrate. In this regard, the use of a bulky chiral

amine, (+)-C6H5CH(CHa)*2, instead of triethylamine decreased

the rate and the selectivity, but resulted in the change of'the

prevai-Iing configuration of the product from (R)-enantiomer to

the antipode, indicating that the chirality of the adduct affect-

ed the asymmetric inductlon of the catalyst. However, the ex-

cess of triethylamine (Et3N/MCL2r2) decreased the rate and the

selectivity considerabty.

It is also noteworthy that enantio-selectivites of Co(II)-

(-)-di.op and Ni(ff;-(-)-diop complexes are higher than those of

Rh(I)-(-)-diop complex prepared in situ and RurCf4((-)-diop)a

with or without triethylamine, i;1 spite of low hydrogenation

activities.

From Table 2, it is obvious that the enantio-selectivity of

in situ prepared Co(II)-(-)-diop complex is affected by the

bulkiness of the ester moiety in the substrate. The bulky

substituent decreased the hydrogenation rate, but the order of

the selectivity was not in accordance with that of the bulkiness

of the ester moiety. The small methyl substltuent brought about

the change of the predominant enantiomer in the product from

(F)-isomer to (,S)-one, and Z-menthyl substituent clearly exhibit-

ed its chirality effect for the asymmetric induction of the

Co(II)-(-)-diop-EtaN system, even in uneasy complexation between

the catalytic system and the bulky subs{rate.
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Table 2. Asymmetric Hydrogenation of c-Methylcrotonates by

in situ Prepared Co(II)-(-)-Ai-op Complex at BO.C in the

Presence of Triethylaminea)

MeCH=C (me )CO^nI
R

Time Yield o. P.b )

%%

Me

Et

Bu

Z-Menthyl

22

22

22

36

2t 4.s(s)

L7 11-.7(R)

6 6.3(R)

5 1_1.4(R)

a) CoClr=(-)-diop=O.16 mmol and EtaN=O.32 mmol.

b) Configuration of the products in parentheses.

9-4 Summary

Catalytic efficiency of chiral cobalt(II) and nickel(II)

complexes containing (-)-Oiop for asymmetric hydrogenation of

unsaturated esters was studied. Addition of amine to the reac-

tion system resulted in the enhancement of hydrogenatlon rate

and enantio-selectivity, which were also affected by bulkiness

of ester moiety. The maximum optical purity was LL.7% in the

hydrogenation of ethyl o,-methylcrotonate by the catalytic system

of CoCr^-(- )-diop-Et^N (Colamine=L/2) .z3
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CONCLUSION

The purposes of this research are to study effective kinet-

ic resolution with chiral catalyst to obtain optically active

alcohols, and to develop practical procedures and effective

chiral catalysts in asymmetric hydrogenation.

In Part l- the kinetic resolution of racemic secondary alco-

hols with chiral ruthenium and rhodium complexes is described.

Ruthenium(II) and rhodium(I) chiral phosphine complexes cataLyz-

ed the enantiomer-differentiating dehydrogenation of secondary

alcohols, and their enantio-selectivities were dependent on

concentration and structure of the phosphines and unsaturated hy-

drogen acceptors. The complexes also exhibited catalytic ability

for the enantiomer-differentiating intramolecular hydrogen trans-

fer of racemic 1-buten-3-ol to 2-butanone. Furthermore, the

system of RhCI, and a chiral phosphine was able to catalyze the

enantiomer-differentiating dehydration of racemic 1, 3-butanediol

to 2-butanone. Enantio-selectivities in the reactions were

relatively 1ow. Probably, moderately high reaction temperature

(70-2OO.C) results in low selectivity, and therefore kinetic

resolution of a racemate with low-temperature catalytic process

is expected to become a more effective procedure.

In Part 2 catalytic asymmetric hydrogenation is described.

Ruthenium(II) chiral phosphine complexes efficiently catalyzed

asymmetrlc transfer hydrogenation of olefinic acids and esters

by a1-cohols; the maximum enantiomeric excess was found to be 26%.

Kinetic study on the reaction showed that the asymmetry was

induced by enantio-face selectlon during the coordination of
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the olefin to the chiral ruthenium complex. OpticalIy active

alcohols (maximum enantiomeric excess of 44%) was obtained in

the asymmetric hydrogenation of ketones by homogeneous or hetero-

geneous (polystyrene-supported) rhodium(t) chiral diphosphine

complexes. Furthermore, cobalt(II) and nickel (II) chiral

phosphine complexes catalyzed the asymmetric hydrogenation of

olefinic esters; the maximum enantiomeric excess of t2% was

obtained. The author hopes further study to bring forth more

efficient catalysts in the asymmetric hydrogenation, especially

by using first-row transition metal complexes, for practical

application.

The author expects that the results obtained in this thesis

would develop further works for praciicat production of optical-

ly active compounds uti-Iizing chiral catalysts.
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