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Synthesis of pharmaceutical intermediates
aiming at construction of optically active
tertiary alcohols as a key technology
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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 (§)-CHPGA as a key intermediate for the preparation of

(8)-Oxybutynin.

gooo

ooooOoo0oz20000000000C000DAO
BINAPOOOOOOODOOOOOODOOODOOOO
uboocoOooocooooobOOoobOOobobOOoonoon
uboocoOooocooooobOOoobOOobobOOoonoon
ooooooooooz200000000000A0
oboooOooocooooobOOoobOOobobOOooon
oo0os3oooooooooobooooooboOoooon
oboooOooocooooobOOoobOOobobOOooon
oboocoOoooooooobOOoobOOoboOoOoonoon
goooocoooooobooooo

gooboosooooooooooooooooon
oboocoOoooooooobOOoobOOoboOoOoonoon
goobOobooooooobOooooboobboooo
oboocoOoooooooobOOoobOOoboOoOoonoon
oboocoOoooooooobOOoobOOoboOoOoonoon
oboocoOoooooooobOOoobOOoboOoOoonoon
obooboooooooobOOoobOOobobOOooon
obooboooooooobOOoobOOobobOOooon
obooboooooooobOOoobOOobobOOooon

oooo 2005-1

gooboboooobobbboooobbbboo
goobbboooooboboboooobobbbooo
gobooboobbooboobbooboon

goboboooobboobooooobboood
gooboboooobobbboooobbbboo
goobobbooooobobbooooobobbbooo
o0Ooo3fdopo0oopDUoooooooooogoon
gooboboooobobbboooobbbbo
gooboboooobobbboooobbbbo
goboobogo

gdbobuooooboaobobboodabbooon
gooo

10o0o0ood

0OO00000O000O0 Hoechst Marion Rousselld
OO0 Sanofi-Aventis0 D0 0000000000000
O0oO0®0000000000000000000O0
godbooobooboooobooooooooood
®-0000000000000ooooooOooDOoon
000D00DO000o0o0ooOoooOoo3000o0a

27



ooob3fioobooooo0oooobooooUoobooUUbUobUuDbDo

0
HQ _\\\l\\()H

(0}
HO \l\\o/\/NEIZ

(9)-Oxybutynin (9)-CHPGA
BGEE  (5)-CHPGA as an intermediate of (S)-Oxy-
butynin
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BEEW  Conventional synthesis of racemic CHPGA
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BGEEEN  Synthesis of racemic CHPGA by carbonyl-
ene reaction
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PEEHEN  Seebach’s diastereoselective aldol reaction
using chiral mandelic acid derivatives

Ph3P+CH31‘
n- BLILI

cat. 0sO4, cat. (DHQ)2-PHAL
KsFe(CN)s, K2CO3

| WOH

OH
92%ee after recrystallization (twice).

(COCl)z, DMSO, EtsN NaClOz2, NaH2PO4

2
CHzClz, -78°C

BGEENE  sharpless asymmetric dihydoxylation

X
cat. GA(O7Pr)3
HO | WOH
CN

TMSCN, EtCN, —40°C, 40h
94%ee

2-methyl-2-butene, +BuOH/H20

1) DIBAL-H NaClOz, NaH2PO4

> WOH 2

2) HCl aq./THF HO 2-methyl-2-butene, +BuOH/H20

Shibazaki’s asymmetric cyanosilylation
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No reaction '

PGEEEN  Asymmetric ene approach using Mikami's
BINOL-TiClz catalyst
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BEEEEN Dicationic palladium (1) comlexes cata-
lyzed asymmetric ene reactions
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No reaction

IEEELN Asymmetric ene approach using dicationic
palladium(I) catalyst
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IEEEEN Proline catalyzed asymmetric direct aldol
reaction

Diels-Alder
Re

y . ACHO
cal a )
X A)kﬁ MeOH/H:0 -

la. HX=HCI 72~90% 83~90%ee
1b: HX=HClO4
1c: HX=CF3CO2H

[3+2] nitron cycloaddition ,
) ~.
0 cat. 1b N—Q

VA .

SNt + —_— w .

o Rz;/\)kH MeNOz/H20 R S) 'Rs
66~98% CHO

90~99%ee

Friedel-Crafts alkylation
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N N CHO
)

THF/ H20

68~90% Ro
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Re Rs

BEEEFE MacMillan’s enantioselective organocata-
Iytic reactions
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1:1 55 Proline catalyzed asymmetric construction
of a tetrasubstituted carbon center

Q‘C()zH

0 0 O HO  COsFt
H (30 mol%)
N CO2Et
é y Solvent, rt
entry  solvent time Yield? dr % ee
(major)

1 neat 4d 15% >20/1 96%

2 CHCI3 4d 15% >20/1 97%

3 THF 4d 10% >20/1 97%

4 MeOH 4d 35% >20/1 88%

5 Toluene 4d <10% — —

6 DMF 4d 28% >20/1 96%

7 DMSO 7d 75% >20/1 96%
8 NMP 4d 24% >20/1 96%
9 Dioxane 4d <10% >20/1 97%
10 Sulfolane 4d 12% >20/1 95%

a) Determined by 'H-NMR, b) Isolated Yield

k15378 The scope of the proline catalyzed direct
asymmetric aldol reaction between cyclo-
hexanone and phenylglyoxylate

0 0 i 0 HO, COR?
~ (30 mol%) >
) COR®
RR pMsO,rt3d K K X
entry R! R R X  Yield dr kee
(major)
1 —(CHz)3- Me H 89% >20/1  98%
2 —(CH2)3~ Et Me 45%  >20/1  >99%
3 —(CH2)3~ Et CFs  >99% >20/1 97%
4 —(CH2)3~ Et Cl 95% >20/1 96%
5 H H Me H 92% — 9%
6 —(CH2)2~ Me H 89% 85/15  41%
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L())H
CO2Et H 50 mol%
DMSO

81% dr >20/1, 96%ee

HO
OMs™= COsEt COEL
1) BH3 P l) LiCl/DMF
—_—
2)MsCl/EtsN 2) He, Pd/ C
81%

HO, ,CO2H
1) NaOH 2) HCI P

B
3) Recrystallization

83% >99%ee

IEEEEN A practical synthesis of (S)-CHPGA via an
organocatalytic asymmetric construction
of a tetrasubstituted carbon center
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BEEEIN Key intermediates for the preparation of
antifungal agents
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