This article was downloaded by:

On: 23 January 2011

Access details: Access Details: Free Access
Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

vmeeumene | Journal of Coordination Chemistry

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

ENANTIOSELECTIVE DEHYDROGENATION OF RACEMIC 1-

o | PHENYLETHANOL BY RHODIUM(I) CHIRAL PHOSPHINE COMPLEXES
o o Katsutoshi Ohkubo®; Tsutomu Ohgushi®; Kohji Yoshinaga®

i Lag S * Department of Synthetic Chemistry, Faculty of Engineering, Kumamoto University, Kumamoto,

st " ";. Japan

- L

KK

- o * [ - EI.I
1 &

To cite this Article Ohkubo, Katsutoshi , Ohgushi, Tsutomu and Yoshinaga, Kohji(1979) 'ENANTIOSELECTIVE

DEHYDROGENATION OF RACEMIC 1-PHENYLETHANOL BY RHODIUM(I) CHIRAL PHOSPHINE COMPLEXES',
Journal of Coordination Chemistry, 8: 4, 195 — 200

To link to this Article: DOI: 10.1080/00958977908076497
URL: http://dx.doi.org/10.1080/00958977908076497

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informworld.confterns-and-conditions-of-access. pdf

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

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with prinary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or danmges whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713455674
http://dx.doi.org/10.1080/00958977908076497
http://www.informaworld.com/terms-and-conditions-of-access.pdf

20: 50 23 January 2011

Downl oaded At:

J. Coord. Chem. © Gordon and Breach Science Publishers Ltd., 1979
1979, Vol. 8, pp. 195-200 Printed in Great Britain

ENANTIOSELECTIVE DEHYDROGENATION OF RACEMIC
1-PHENYLETHANOL BY RHODIUM(I) CHIRAL PHOSPHINE
COMPLEXES

KATSUTOSHI OHKUBO,T TSUTOMU OHGUSHI, and KOHJI YOSHINAGA

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

(Received August 25, 1977, in final form April 3, 1978)

The enantioselective dehydrogenation of 1-phenylethanol by in situ prepared RhCl ((+)-NMDP), or

RhCI ((~)-DIOP) (NMDP = neomenthyldiphenylphosphine and DIOP = 2,2-dimethyl-4,5-bis(diphenylphosphino-
methyl)-1,3-dioxolane) was investigated with and without unsaturated additives. The selectivity was dependent on
(a) the concentrations of the chiral phosphine and unsaturated additive, (b) the product distribution, (¢) the
basicity of the reaction system, (d) the structure of the unsaturated additive, and (e) the reaction temperature. The
last two factors, respectively, play a predominant role in the introduction of molecular asymmetry to the Rh(I)
complex and in the enhancement of the enantioselective interaction at lower temperature,

KEY WORDS: Asymmetric dehydrogenation by Chiral Rh(I) complexes.

INTRODUCTION kR

R-(+)-PhCH(Me)OH Rh(D)-L*
The enantio-differentiating reaction with chiral kg >—————>
: $-(—)-PhCH(Me)OH RCHCHR

phosphine complexes of transition metals, especially

those of rhodium(I), have recently received consider- 0
able attention in the asymmetric hydrogenation’ 3 I
or hydroformilation* of prochiral olefins and in the PhCMe + RCH,CH, R’ (1)
asymmetric hydrosilylation of ketones.>*® Indeed,
rhodium(I) complexes possessing such chiral phos- (L* =(+)-NMDP or (-)-DIOP)
phine ligands as o-anisylcyclohexylmethylphosphine
and 2,2-dimethyl-4,5-bis(diphenylphosphinomethyl)- where kR and kg denote the pseudo-first-order rate
1,3-dioxolane (DIOP) are efficient catalysts for the constants.
above reactions of asymmetric synthesis.?> However, The present authors report, here, the enantio-
transition-metal chiral phosphine complexes have selective dehydrogenation of (1)-l-phenylethanol by
hitherto been the objects of only limited investigation in situ prepared RhCl((+)-NMDP); or RhCl((-)-
in terms of their utilization for the kinetic¢ resolution DIOP) in the presence or absence of unsaturated
of organic or inorganic racemates. In our laboratory, additives. The enantioselective ability of the chiral
in situ prepared rhodium(1)-(—)-DIOP or rhodium(T)- Rh(T) complexes was found to be dependent on the
(+)-NMDP (NMDP = neomenthyldiphenylphosphine) reaction conditions, so that we noticed how the
was found to catalyze the kinetic resolution of (%)-1- enantjoselectivity was influenced by the concentra-
phenylethanol during the transfer hydrogenation of tion or structure of the chiral phosphine and of
unsaturated species (RCHCHR') such as benzylidene- unsaturated additives, and by the reaction
acetone by the alcohol. temperature.

EXPERIMENTAL

Complexes and Reaction Procedure

- The (+)-NMDP and (—)-DIOP were prepared
+Correspondence should be addressed to the first author. according to the usual methods described pre-
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viously.”"® The asymmetric dehydrogenation of
freshly distilled (£)-1-phenylethanol was carried out
at 160—190°C in a N, atmosphere with RhCl((+)-
NMDP), or RhCl1((—)-DIOP) prepared in situ from
the chiral phosphine ((+)-NMDP or (—)-DIOP) and
(RhCI(Cy Ha)z ), .*''° The mole ratio of (+)-NMDP/
(RhCI(C, Hy)2), or (—)-DIOP/(RhCY(C; Ha), ). was
6 or 3 respectively with some exceptions noticed in
this paper. The unreacted 1-phenylethanol was
obtained by fractional distillation from the reaction
mixture and its optical rotation was measured with
a UNION PM--101 polarimeter, The above distilled
1-phenylethanol was confirmed to include no
optically active contaminants; the dehydrogenation
of optically inactive alcohols such as benzyl alcohol
with the present chiral Rh(I) complexes under the
same conditions resulted in no optically active
contaminants in the distilled alcohol recovered from
the reaction mixture. The product distributions were
followed by gas chromatographic analysis to deter-
mine the conversion of the alcohol.

RESULTS AND DISCUSSION

Concentration Effect of Ligands and Additives on
Enantioselectivity

When the asymmetric dehydrogenation of (%)-1-
phenylethanol (I) catalyzed by RhCI((+)-NMDP),
or RhCl((—)-DIOP) was carried out at 160—190°C
with or without unsaturated additives, the optical
purity (O.P.) of unreacted I enriched in the S<{—)
enantiomer increased monotonically with increasing
conversion (Conv.); A typical example is the
dehydrogenation of 1 by RhCI((+)-NMDP); in the
presence of benzylideneacetone (Table I). The
reaction obeys a pseudo-first-order rate law, reflected
in almost constant kg and kg values which can be
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FIGURE 1  Pseudo-first-order relationship of the present

reaction (reaction conditions are shown in Table I).

evaluated as:

kg =1n([R]o/[R])/t={1n(10*/
(100-Conv.)(100—-0.PY)} /t (2a)

ks =1n([S]o/[S])/t= {1n(10%/
(100-Conv.)(100+0.P))} /t  (2b)

where [R], and [S], =respective initial concentra-
tions of R-(+) and S{-) enantiomers of I; Conv./100
=1([R] + [SD/([R]o + [S]o); O.P./100=([S] —
[RD/([R] + [S]); t =reaction time.

The dehydrogenation products of the present
reaction mainly consisted of acetophenone (AP) and
racemic or meso bis(1-phenylethyl) ether (PEE: ' H
NMR(CDCl,) § 1.46(d, 6H, J = 6.4 Hz), 4.25(q, 2H,

TABLE I
Optical purity and product distribution in the dehydrogenation of I (83.5 mmol) by RhCl((+)-NMDP), (5 mM)
with benzylideneacetone (68.5 mmol) at 180°C2

b

Products (mol %)°©

Time  Conv. -[a]P 0.P. 10°kR 10°kg

(hr) (%) (deg.) (%) (sec’h) (sec™) kr/ks AP PEE ST EB
8 6.14 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 32 23

30 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

aRhCl((\*)-NMDP)3 was prepared in situ from (RhCH(C, H,),), = 5 mM and (+)-NMDP = 30 mM.

(@] D-52.5° (c 2.27, CH,C1,).*

Cap= acetophenone; PEE = bis(1-phenylethyl) ether; ST = styrene; EB = ethylbenzene,
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J=6.4 Hz), 7.29(s, 10H) and § 1.40(d,6H,J =

6.4 Hz), 4.25(q, 2H,1=6.4 Hz), 7.31(s, 10H); small
amounts of a dehydrogenation product (styrene) and
hydrogenation product of styrene (ethylbenzene)
were also detected.

The enantioselective ability (defined by kg /kg) of
the present in situ prepared chiral Rh(I) complexes,
which was very low but reproducible, was found to
be dependent on the concentration of the chiral
phosphine or the unsaturated additive. Figure 2
indicates the concentration effect of (+)-NMDP on
the selectivity of RhCI((+)-NMDP); in the dehydro-
genation of I with benzylideneacetone at 180°C. The
selectivity increased monotonically up to
[(+)-NMDP] /[(RhCI(C; H,),), ] =6 and, thereafter,
decreased gradually with increasing (+)-NMDP
concentration. The maximum selectivity found
around [(+)-NMDP] /[(RhCI(C; Hy); ), ] =6 may be
related to the formation of an active chlorine-bridged
dimer of (RhCl{((+)-NMDP), ),!? probably via the
following equilibrium:

(RhCI(C;Hy), )2 + 4(+)-NMDP ——
(RhCI((+)-NMDP), ), +2(+)-NMDP =—
2RLCI((+)}NMDP); (3)

The increase of (+)-NMDP with respect to (RhCl-
(C,H,),), elevated the enantioselectivity through
the formation of (RhCl((+)-NMDP), ), which, on
the contrary, resulted in a lower dehydrogenation
rate because of its less activity than (RhC1(C,H,4), ),
per se. However, the excess concentration of

(+)-NMDP ([(+)-NMDP] /(RhCi(C, H,),). 1> 6),
which promotes the formation of five-coordinated
RhCI((+)-NMDP),, depressed the selectivity
appreciably.

The selectivity was also dependent on the product
distribution and decreased with the increase of the
side reaction products with respect to the main
product of AP. Such a product distribution, which is
reflected in [AP] /[PEE], was appreciably affected
by the concentration of unsaturated additive
(RCHCHR') with respect to that of I (Figure 3); In
the absence of RCHCHR', the PEE formation was
accelerated, and the enantioselection of I became
lower through the consumption of I without direct
enantioselection. Although RCHCHR' suspends the
PEE formation through hydrogen transfer from I to
RCHCHR', the PEE formation still occurred even in
an excess concentration of RCHCHR/, so that the
present reaction includes the competitive processes
of AP and PEE formations, as shown in the speculative
mechanism in Scheme I where (Rh) denotes the
active chiral Rh(I) complex. The intermediates of [II]
and [III], which possess a newly formed asymmetric
field when R#H and R'#H, contributes to an
enhancement of the enantioselection of I during
Reaction (4B). The deprotonation and protonation
processes (Reactions (4b) and (4d) respectively)
have been confirmed in the transfer hydrogenation of
benzylideneacetophenone by deuterated I with
RuCl, (PPh3)s,' 2 where the abstraction of the
a-carbon-bound hydrogen by the com?lex in
Reaction (4c) is the rate-limiting step.'

(RY
(Rh) + RCHCHR' == RCH=——CHR' [1I] (4a)
* %*
*
_-CHR
[11] + 2PhCH(Me)OH —— [PhCH(Me)O——(RH) ] [HI] + PhCH(Me)OH, " (4b)
“~CHR'
*
te-limiting st .
] ———— ", [Ph(Me)C—O——(Rh)~CHRCH, R'] [IV] (4<)
[vi Ph(Me)C=0 + RCH, CH, R’ + (Rh) + PhCH(Me)OH (4d)
Me)OH, "
PhCH(Me)OH, -

(PhCH(Me)), 0 + [II] (4e)

SCHEME I
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(sec”)

Camdply/ LIRNCI(CoH, ) 5) 50

FIGURE 2  Effect of nmdp concentration on the selectivity
([(RhCI(C, H,),), ], =5 mM; [benzylideneacetone], /
[1], =0.84; Temp. = 180°C).

Asymmetry Formed by Unsaturated Additives

Unsaturated additives (RCHCHR') as hydrogen
acceptors play an important role in the enhancement
of the selectivity by changing the product distribution
and by the introduction of an asymmetric field
through their coordination to the chiral Rh(l)
complex in Reaction (4a). In fact, changing the
structures of RCHCHR' results in a variation in the
magnitude of the selectivity without affecting the
product distribution ([AP] /] PEE]). The effect of

RCHCHR' tested on the selectivity augment follows
the order, benzylideneacetophenone>benzylidene-
acetone > trans-stilbene >ethyl cinnamate >hexyl
methacrylate (Table IT). Such an order of the additive
effect on the selectivity elevation was just the same
as in the RuCl, ((+)-NMDP);-catalyzed dehydro-
genation of I in the presence of the same additives."
The bulky substituents (R and R’ in RCHCHR")
seem to be more effective for selectivity elevation,
and it is also taken into consideration that the
remarkable effect of the unsaturated ketones on the
selectivity is due to the formation of a bulky chiral
ligand of phosphobetaine (R} PCH(Ph)CH C(R)0)
from the ketone and the chiral ligand (R3P).!* The
phosphobetaine is capable of behaving as an optically
effective ligand instead of (+)-NMDP,

Basicity Effect on Enantioselectivity

Inorganic bases accelerate hydrogen transfer from
alcohols to unsaturated species,'® and this basicity
effect has already been recognized in the transfer
hydrogenation of benzylideneacetophenone by
PhCH(Me)O™Na™ with RuCl, (PPh3);.'? In the
present study, the effect of 2,5-xylidine on the
enantioselectivity of I in the presence of RhCl((+)-
NMDP); (or RhCl((—)-DIOP)) and benzylidene-
acetone was investigated. 2,5-Xylidine caused AP to
dominate PEE completely, changing the reaction
rate and the selectivity (Table IIT). However, the
dehydrogenation 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 fo the chiral Rh(I) complex. At any rate, the
basicity effect was observed in the present
asymmetric catalysis of the chiral Rh(I) complexes.

TABLE II
Effect of unsaturated additives (RCHCHR') on the enantioselectivity in the dehydrogenation of I catalyzed
by RhCl{(+)-NMDP), at 180°C for 30 hr?

Conv. ~lelp O.P. 10°kR 10%kg AP PEE
RCHCHR’ (%) (deg.) (%) (sec™!) (sec’!) kRr/ks (mmol) {mmol
none 294 0.025 0.048 4.02, 4.01, 1.00, 6.17 7.50
PhCHCHCOMe 18.4 0.354 0.675 1.95, 1.82 1.064 7.82 3.43
PhCHCHCOPh 12.4 0.331 0.631 1.28, 1.17, 1.10, 7.82 0.56
trans-PhCHCHPh 6.4 0.077 0.147 0.62, 0.59, 1.04 3.87 0.73
PhCHCHCOOMe 11.0 0.035 0.066 1.08, 1.07, 1.01, 8.52 trace
HCHC(Me)COOC  H,, 23.2 0.031 0.059 2.45, 244, 1.00, 16.78 1.37

3 Reaction conditions were the same as in Table 1.
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TABLE III
Basicity effect of 2,5-xylidine on the enantioselectivity in the dehydrogenation of I by RhCl((+)-NMDP),
or RhCl((-)-DIOP) at 180°C for 30 hr?

2,5-xylidine Conv, O.P. 10°kR 10kg AP PEE

Complex (mM) (%) (%) (sec’!) (sec’t) kRr/ks (mmol) (mmol)
RhCL((+)-NMDP), 0 18.4 0.67, 1.95, 1.82, 1.06 7.82 3.43
50 40.7 0.67, 4.89, 4.77, 1.02, 32.9 trace
RhC1((-)-DIOP) 0 73.3 0.05, 12.2, 12.2, 1.00, 26.1 322
25 36.0 0.04, 413, 4.13, 1.00, 29.5 trace
50 48.7 0.69, 6.23, 6.10, 1.02, 35.8 3.79
100 39.4 0.26, 4.65, 4.60, 1.01, 32.0 trace

4The reaction conditions were the same as in Table I, and RhCl((—)-DIOP) was prepared in situ from (RhCl(C,H,),), =5 mM
and (—)-DIOP =15 mM. Benzylideneacetone was used as an unsaturated additive.

Temperature Effect on Enantioselectivity

The temperature effect on the selectivity will be
discussed by taking notice of the dehydrogenation of
1 by the in situ prepared RhCl((+)-NMDP); with or
without benzylideneacetone. As can be seen from
Table IV, the selectivity (kg /ks) substantially

2.45
(23.4

2.92 (18.7) -

kp/kg

0.822 (29.4)

N n A i

0 20 40 60 80 T00
[PhCHCHCOMe ] (mmol)

FIGURE 3  Concentration effect of an unsaturated additive
(PhCHCHCOMe) on the selectivity ((nmdp] , /[(RhCl-
(C,H,),), 1, =6; [1] =83.5 mM; Temp. = 180°C; Time =

30 hr. Values and those in parentheses are [AP]/[PEE] and
Conv. (%) respectively).

decreased with elevating temperature in spite of an
increase in the conversion of I without any consider-
able change in the product distribution, even though
such a conversion-increase results in the enhancement
of the optical purity of I (see Table I). Presumably,
the higher temperature lowers the magnitude of the
induced asymmetry of benzylideneacetone by the
epimerization or mutarotation'®!? and makes the
interaction between the catalyst and the reactants
less rigid so as to diminish the selectivity.

It is noteworthy that each rate constant (kg or
kg) satisfies the Arrhenius relationship (Figure 4) and
that the activation-energy difference of 0.87 kcal/mol

-12.0
Q: R
o:
-12.5 F
n
@ -13.0 F
»
%)
~
{=]
13.5 |
-
Q
o
%
c
-14.0
-14.5 L 1 -

235 2.20 2.25 2.30
1037 (o

FIGURE 4  Arrhenius dependence of kR and kg (rate-
constant values are specified in Table V).
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TABLE IV
Temperature effect on the enantioselectivity in the dehydrogenation of I by RhCl((+)-NMDP),
with or without benzylideneacetone?

Temp. Time Conv. O.P. 10%kR 10°kg AP PEE
Run® coO (hr) (%) (%) (sec™t) (sec™') kr/ks (mmol) (mmol)
1 170 30 12.1 0.13, 1.21, 1.18; 1.02, 4.01 2.44
2 190 22 45.1 0.09 7.57, 7.54, 1.00, 6.39 10.14
3 160 36 7.9 0.51, 0.67, 0.59, 1.13, 2.17 0.67
4 170 30 10.9 0.61, 1.13, 1.01, 1.11, 6.10 1.29
S 180 30 18.5 0.74, 1.96, 1.82, 1.07, 9.74 2.52
6 190 20 22.5 0.82, 3.64, 341, 1.06, 13.13 2.38

3 Reaction conditions were the same as in Table I except (RhC1(C,H,),), =10 mM in Runs 3-6.
Runs 1-2 exclude benzylideneacetone, and Runs 3—6 include benzylideneacetone.

(22.38 kcal/mol for R-(+)-1 and 23.25 kcal/mol for
S-(—)-I) in the presence of benzylideneacetone is
undoubtedly larger than that (0.36 kcal/mol) in the
absence of the unsaturated ketone (37.39 kcal/mol
for R-(+)-I and 37.75 kcal/mol for S-(—)-I). Thus,

the unsaturated additive substantially contributes to
the separation of the activation barriers in the present
reaction. The activation-energy difference is probably
caused by the difference in the coordination of each
enantiomer of I to the chiral complex. This is
reflected in the difference of AS¥ (—37.99 e.u. for
R«{+)-1 and —36.23 e.u. for S{(—)-I) and/or AHF
(21.49 kcal/mol for R-(+)-I and 22.36 kcal/mol for
S-(—)-D).
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