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Introduction

In recent years, there has been a large number of

what are called standard preparations, such as asymmet-

ric hydrogenation using asymmetric reduction catalysts

typified by BINAP and methods using enzymatic hydrol-

ysis, that are reliable from an industrial point of view for

the synthesis of optically active secondary alcohols. Fur-

thermore, there are many producers of pharmaceutical

intermediates that cite optically active secondary alco-

hols as an area of strength. On the other hand, there is a

focus on the synthesis of optically active tertiary alco-

hols as a field where there are few standard industrial

preparations and for which organic synthesis is

extremely challenging from an academic point of view.

Since optically active tertiary alcohols cannot be syn-

thesized by asymmetric hydrogenation when asymmet-

ric synthesis is presumed, asymmetric carbon-carbon

bonds must be constructed. However, ketones, which

are sterically difficult to recognize must be used as the

electrophilic agent for their construction instead of

aldehydes, which are easily recognized. However, even

though the construction of asymmetric carbon-carbon

bonds with aldehydes is an important academic field in

current organic chemistry and many researchers are

studying it day in and day out, there are not many

industrially reliable preparation methods at present,

and there are even fewer asymmetric reactions that can

be used industrially.

Under these circumstances, we assumed that as

challenging as this field is, it was a technical area that

should be targeted in the field of pharmaceutical inter-

mediates, which will become increasingly competitive

in the future. So we decided to carry out the develop-

ment of a method for synthesizing pharmaceutical

intermediates for which the key is the construction of

optically active tertiary alcohols. In this paper, we will

introduce the development of a method for synthesiz-

ing intermediates for medicines for treating frequent

urination as an example of this.

Research on Synthesizing Intermediates of

“Optically Active Oxybutynin” for Drugs for

Treating Frequent Urination

1. History of Development

Oxybutynin hydrochloride is a urological drug devel-

oped by Hoechst Marion Roussel (currently Sanofi-

Aventis), and it is sold in Japan under the product

name Pollakisu®. This is a racemic compound, but the

optically active substance (S)-oxybutynin is positioned

as a racemic switch product, and we were interested in

a method for synthesizing its optically active tertiary

alcohol (S)-CHPGA (Fig. 1).

Synthesis of Pharmaceutical
Intermediates Aiming at 
Construction of Optically Active
Tertiary Alcohols as a Key 
Technology

We are developing novel synthetic methods of pharmaceutical intermediates aiming at construction of opti-
cally active tertiary alcohols. Now, we have found that the tetrasubstituted carbon center was easily constructed
by the L-proline catalyzed direct asymmetric aldol reaction between cyclohexanone and ethyl phenylglyoxy-
late, which gave the corresponding aldol adduct in good yield with excellent diastereo- and enatioselectivity.
Herein, we also report a practical synthetic route of (S)-CHPGA as a key intermediate for the preparation of
(S)-Oxybutynin.
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yield by reacting cyclohexene and ethyl benzoyl for-

mate in the presence of titanium tetrachloride, that is, a

carbonyl-ene reaction (Fig. 3).2) There are many exam-

ples of Ene reactions with internal olefin nucleophilic

reagents and intramolecular Ene reactions, but not

many examples of intermolecular reactions with inter-

nal olefins as the nucleophilic reagent are known. We

examined this reaction with aluminum chloride, ferric

chloride, zirconium tetrachloride and various Lewis

acids up through lanthanoid Lewis acids such as ytter-

bium triflate, but the titanium tetrachloride we selected

originally gave the best results. This reaction was veri-

fied as a process that is sufficient for industrial applica-

tion by carrying out plant tests later.

3. Synthesis of Optically Active CHPGA

The optical resolution of racemic compounds is a

reliable method, but since half of the optical isomers

are discarded, it cannot be said to be a desirable

method from the standpoint of costs and green chem-

istry. Combination with a racemization recovery sys-

tem can be considered, but in these systems, there is a

drop in the purity in the racemization process, so it is

difficult to construct a sufficient recovery system.

Therefore, we investigated asymmetric synthesis for

directly obtaining the optically active compound. First,

we will introduce the synthesis methods already

known, including the latest results in the following.

(1) Existing Methods Using Asymmetric Synthesis

and Their Characteristics

(i) Diastereoselective Addition Reaction Using Asym-

metric Auxiliary Groups (Fig. 4)3)

Expensive asymmetric auxiliary groups must be

used quantitatively, and when ethyl benzoyl formate is

added, the diastereoselectivity is not all that high.

(ii) Method Using Dioxolone Derived from Optically

Active Mandelic Acid (Fig. 5)4), 5)

This uses Seebach’s self-renewing diastereoselective

2. Synthesis of CHPGA Racemic Compound

Various methods have been proposed for synthesiz-

ing (S)-CHPGA besides optical resolution of the

racemic compound, but there have been many prob-

lems such as the need for ultra-low temperature reac-

tions. Therefore, we first presumed optical resolution,

and carried out research on efficient synthesis of the

racemic compound. The Grignard reaction shown in

Fig. 2 is a typical method for synthesizing the CHPGA

racemic compound.1) However, since there is a nucle-

ophilic attack on the sterically crowded carbonyl car-

bon by the secondary halide Grignard reagent, there

are complications at the ester sites with the addition of

the Grignard reagent in addition to giving rise to a

reduction reaction, and this has not been a method

with satisfactory yield and purity. As a result of various

investigations targeting a solution for this problem, we

found that an adduct could be obtained with a good

Fig. 1 (S)-CHPGA as an intermediate of (S)-Oxy-
butynin
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ever, there is a need for separate adjustments to the

asymmetric catalyst for industrial use, and in addition,

the toxicity is high and comparatively expensive

Trimethylsilyl cyanide (TMSCN) must be used.

(2) Our Approach to Synthesizing Optically Active

Compounds

(i) Asymmetric Ene Reaction Tests

We also carried out racemic compound synthesis

using Ene reactions, and initially we looked for possibil-

ities for Ene reactions. First we used a BINOL-TiCl210)

compound, which was developed by Professor Mikami

at Tokyo Institute of Technology and has become the

standard for asymmetric Ene reactions, and carried out

investigations under various conditions without making

any progress at all (Fig. 8). At the time, almost no

examples of the progress of asymmetric Ene reactions

on ketones were known,11) but recently, Prof. Mikami

et al. published an example of a catalytic asymmetric

Ene additive reaction progressing on the ketone with a

good yield through the use of a cationic palladium com-

plex having Lewis acid properties (Fig. 9),12) so we

tried using that asymmetric catalyst. However, while

the reaction for extremely electron deficient ketones,

such as methyl trifluoroacetyl formate certainly pro-

gressed, the reaction for methyl benzoyl formate with a

1,1-methyl benzoyl formate di-substituted olefin such as

methylenecyclohexane as the nucleophilic reagent did

not progress, to say nothing of there being absolutely

no progress in the reaction with internal olefins (Fig.

10). To improve the electron attraction of the ester

parts, we investigated changing to hexafluoro isopropyl

ester and to increase the cationic properties of the cata-

lyst, changing to SEGPHOS ligands instead of BINAP

ligands, but the results were the same.

aldol reaction.6) The use of comparatively inexpensive

optically active mandelic acid as the raw material is

attractive, but obtaining good diastereoselectivity

requires an ultra-low temperature of –78°C, and pro-

ductivity is difficult.

(iii)Method using Sharpless Asymmetric Dihydoxyla-

tion (Fig. 6)7)

Highly toxic osmium tetroxide is used. The asym-

metric yield is not always satisfactory in this case.

(iv) Methods Using Asymmetric Cyanosilylation 

(Fig. 7)8), 9)

This method was recently reported by the group of

Tokyo University Professor Shibazaki et al., and it

achieves catalytic asymmetric cyanosilylation of

ketones, which has been difficult up to this point. How-

Fig. 5 Seebach’s diastereoselective aldol reaction  
using chiral mandelic acid derivatives
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Thus, at present, the hurdles for catalytic asymmet-

ric Ene reactions for ethyl benzoyl formate derivatives

are very high, and additionally, having determined the

inevitability of the cost for the catalyst being high, we

decided to shift to investigations of other methods,

even though we had developed a provisional asymmet-

ric catalyst. 

(ii) Use of the Inexpensive Catalyst “L-Proline”

At the beginning of 2000, there was a report by List,

Barbas et al. of a direct asymmetric aldol reaction13)

using Proline (Fig. 11), and in addition, there were

reports, one after another from MacMillan et al. of an

asymmetric Diels-Alder14) reaction using a simple

asymmetric organic catalyst derived from an amino

acid, of an asymmetric dipolar addition reaction,15) and

of an asymmetric Friedel-Crafts reaction16) (Fig. 12).

At the time, an asymmetric catalyst meant an organic

metal complex having asymmetric ligands if no particu-

lar limits were put on it, but their reports changed the

concept of asymmetric catalysts that had been held up

to that time. There were several reports of asymmetric

organic catalysts that did not contain metals before

their reports,17)–19) but they were extremely limited,

and the possibilities were not always suggested. Con-

versely, their reports truly suggested the possibilities

for asymmetric organocatalysis, and the actual develop-

ment afterwards was startling with a large research

area being spoken of.20)–22) At present, “asymmetric

organocatalysis” has typically come to be defined in a

form that includes the field of asymmetric phase-trans-

fer catalysis,24) the development of which has been

Fig. 11 Proline catalyzed asymmetric direct aldol 
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startling, starting from the opportunity of asymmetric

phase-transfer catalysts23) designed by Kyoto Universi-

ty Professor Maruoka et al.

Among the asymmetric organic catalysts, Proline is

inexpensive and has a simple structure, but, even com-

pared with similar amino acids, it was recognized to be

a specifically acting, high performance catalyst in sub-

sequent research.25) However, since it is an organic cat-

alyst, the reactivity is, of course, poor, and it is limited

to aldehydes such as benzaldehyde. As far as we know,

there has only been an example for keto-malonic acid

ester, which is an extremely electron deficient ketone,

reported.26)

Thus, it can be assumed that if an additive reaction

progresses provisionally for ethyl benzoyl formate, we

can expect high selectivity. In our previous investiga-

tion of the Ene reaction, we recognized that ethyl ben-

zoyl formate is a good acceptor, so we thought that

even though there are no reported examples up to that

point, it merited investigation and decided to conduct

tests.

As a result, we found that production with good

yields was only obtained when DMSO was used as a

solvent. Furthermore, the product had a selectivity

greater than predicted with a diastereomer ratio

greater than 20:1 and an optical purity of 96% ee (Table

1). This reaction is the first example of a direct asym-

metric aldol reaction for ethyl benzoyl formate using an

organic catalyst. As a result of subsequent investiga-

tions into the range of applicability for this reaction, we

found that the yield and selectivity improved even fur-

ther with methyl ester. Furthermore, we found that

there was good reactivity for ethyl benzoyl formate

without substitutions or with electron withdrawing

group substitutions, but with ethyl benzoyl formate

with electron donating group substitutions, the selec-

tivity was as good as before, but the reactivity dropped.

Furthermore, cyclohexanone was the best nucleophilic

reagent, and cyclopentanone and acetone resulted in a

reduction in selectivity (Table 2).

We initially tried Wolff-Kishner reduction for deriv-

ing (S)-CHPGA from the aldol adduct obtained, but it

was accompanied by the elimination of hydroxyl

groups, and good results were not obtained. As a result

of examining various possibilities, we found smooth

progress in borane reduction of the ketone and the

elimination reaction through the action of LiCl in DMF

for a mesylate where hydroxyl groups have been mesy-

lated. By reducing, hydrolyzing and recrystallizing the

olefins obtained in this manner by normal methods it is

possible to derive (S)-CHPGA (greater than 99% ee)

with a good yield (Fig. 13).

As described above, we found a direct asymmetric

aldol reaction for cyclohexanone and ethyl benzoyl for-

mate using inexpensive L-Proline as the catalyst as a

simple method for synthesizing optically active tertiary

alcohols, and we showed that (S)-CHPGA, which is a

key intermediate for (S)-oxybutynin, can be derived

from the aldol adduct obtained by industrial prepara-

tion methods. This reaction can easily construct a tetra-
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Table 2 The scope of the proline catalyzed direct 
asymmetric aldol reaction between cyclo-
hexanone and phenylglyoxylate
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the key technology is the construction of optically

active tertiary alcohols, and are building up a record.

Finally, we would like to thank Professor Keiji

Maruoka and Dr. Taichi Kano of the Graduate School

of Kyoto University and Professor Koichi Mikami of

the Graduate School of Tokyo Institute of Technology,

who gave us helpful advice for carrying out this

research.
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