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Abstract

An optically active 1-hydroxymethyl-substituted tetrahydroisoquinoline alkaloBkcélycotominel, was
conveniently synthesized by using catalytic asymmetric hydrogenation of 1-benzyloxymethyl-3,4-dihydro-6,7-
dimethoxyisoquinolineés with 0.5 mol % of an iridium(l) complex of§)-BINAP in the presence of 3,4,5,6-
tetrafluorophthalimide. © 1998 Elsevier Science Ltd. All rights reserved.

Development of the methods for enantioselective or diastereoselective synthesis of optically active 1-
substituted 1,2,3,4-tetrahydroisoquinolines has been an important subject in synthetic organic chemistry,
since most naturally occurring tetrahydroisoquinolines and their derivatives are optically active and have
marked physiological activiti€svhich are commonly different from those of their antipodes. Most of the
traditional synthetic methods are based on the procedures employing a stoichiometric amount of chiral
building blocks, auxiliaries, or reagents; for example, the Pictet-Spengler conderisatioleophilic
or electrophilic introduction of carbon units into 1-position of dihydro- or tetrahydroisoquindlines,
and asymmetric (or diastereoselective) reduction of dihydroisoquinolines with chiral (or achiral) hy-
dride reagents (Scheme @ )Although catalytic asymmetric syntheses are much more efficient than
stoichiometric ones for the preparation of optically active isoquinolines, very few methods using chiral
catalysts have been developed. After the pioneering works by Kaayah Achiwa® Noyori and co-
workers developed an efficient catalytic procedure for their preparation by reduction of cyclic enamides
with Ru-BINAP complexe$. A more direct and efficient method for the preparation is the catalytic
asymmetric hydrogenation of 1-substituted dihydroisoquinolines, and several new methods have recently
been developed by ourselves, Buchwald, Noyori, and Kang employing BCPM or BINAP—Ir—phthalimide
complexes? a chiral titanocene complé, chiral N-sulfonated diamine—Ru complexes (hydrogen
source: formic acid}? and thiazazincolidine complexes (hydrogen sources)Bfirespectively.

* Corresponding author. E-mail: morimtt@ys2.u-shizuoka-ken.ac.jp

0957-4166/98/$19.00 © 1998 Elsevier Science Ltd. All rights reserved.
PIl: S0957-4166(97)00635-6



184 T. Morimoto et al. / TetrahedronAsymmetry9 (1998) 183-187

—_———
R ZN - NH Mo : NH

R', R"= alkyl H
R RZalkyl, aralkyl R SoH
(S)-tetrahydroisoquinolines

(S)-calycotomine 1
Scheme 1.

(9-(+)-Calycotominel, a 1,2,3,4-tetrahydroisoquinoline bearing a 1-hydroxymethyl group, whose
absolute configuration is different from that of many other 1-substituted tetrahydroisoquinoline alkaloids,
is a base constituent @alycotome spinoshink. and some other planté. The absolute configuration
of the naturally occurring calycotomiriewas determined by its conversion to &)-6alsolidineN-tosyl
derivative which was correlated with the antipodfg¢rm) derived from the knownSgj-salsolidinet®
Enantioselective syntheses &){ or (S-calycotominel and its derivatives have been investigated by
employing the Pictet-Spengler condensationR)tdlyceraldehydéd 16 or (2R)-N-glyoxyloylbornane-
10,2-sultard’ with dopamine hydrochloride and catalytic reduction of a chiral dihydroisoquinoline
derived from D-ribonolacton® However, to our knowledge, catalytic asymmetric synthesis bés
not been reported. We report herein an efficient enantioselective syntheSjscafy(cotominel using
catalytic asymmetric hydrogenation with a catalyst system of a BINAP—Ir—phthalimide complex as a key
step.

As mentioned above, we reported a convenient method for the enantioselective synthesis of several
naturally occurring tetrahydroisoquinolines by catalytic asymmetric hydrogenation with Ir complexes of
(2S549)-BCPM and §)-BINAP in the presence of phthalimidé$ Since (5,4S)-BCPM and §)-BINAP
were found to show @-enantioselectivity in the hydrogenation of 1-alkyl (or aralkyl)-substituted
dihydroisoquinolines, we employed the antipod®;BINAP to gain §)-calycotominel whose absolute
configuration corresponds to that of the otheR)talkyl (or aralkyl) derivatives. Initially, asymmetric
hydrogenation of ethyl 3,4-dihydro-6,7-dimethoxyisoquinoline-1-carboxy2ateas carried out with a
BINAP (or BCPM)-Ir—phthalimide complex catalyst under 100 atm of hydrogen, but unfortunately,
the reaction proceeded only slowly to give an almost racemic hydrogenation p@d8cheme 2).
Asymmetric hydrosilylation of2 with diphenylsilane and several chiral Rh-complex catalysts gave
unsatisfactory results also.

MeO . ) MeO
asymmetric hydrogenation
N > NH !
MeO 7 MeO r
COOEt 3 COOEt
Scheme 2.

Therefore, we employed a 1-benzyloxymethyl-substituted dihydroisoquin6lasea substrate. The
synthetic route ofl via 6 is described in Scheme 3. 3,4-Dimethoxyphenethylanfineas acylated
with benzyloxyacetyl chloride in the presence 0fGOs in a two phase system of ether and water,
affording the corresponding amide (95%). The Bischer—Napieralski reaction of the ambldy
heating with POG in toluene gave 1-benzyloxymethyl-3,4-dihydro-6,7-dimethoxyisoquinofiria
77% isolated yield. Asymmetric hydrogenation of the dihydroisoquinobne/as carried out in a
mixed solvent of MeOH-toluene with 0.5 mol% of aR){BINAP-Ir(I) complex in the presence of
a phthalimide (1 mol%) under 100 atm of hydrod€mA better enantioselectivity was obtained with
3,4,5,6-tetrafluorophthalimide (86% ee) in comparison with phthalimide (75% ee). The hydrogenation
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product, §-1-benzyloxymethyl-1,2,3,4-tetrahydro-6,7-dimethoxyisoquinolihevas isolated in 85%

yield by silica gel chromatography. Hydrogenolysis of ebenzyl group was difficult with Pd on
carbon (1 atm k) in EtOH, but could be accomplished with a Pd(QHpatalyst in a mixed solvent
system of EtOH:AcOH (10:1), yielding naturab)¢calycotominel (86% ee) in high yield?-21 without

AcOH, partial racemization occurred. Recrystallization from toluene increased the enantiomeric purity
to 96% ee. Palladium black using HCOOH as a hydrogen source was less active, affording a lower yield
of the product than the Pd(Ofigatalyst (1).

Meoj@/\ BnOCH ,COCI MeO POCI 3
—_—T
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(R)-BINAP-Ir(l)-F-phthalimide j@:/\l
N >
MeO 7 2-5°C in toluene-MeOH MeO Y NH
CH 20Bn S/C = 200 , CH ,0Bn
77% 85%, 86% ee
Hz (1 atm)
Pd(OH) »-C Meom
EtOH-AcOH MeO NH
SoH
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Scheme 3.

Asymmetric hydrogenation of 1-[3-(benzyloxy)propyl]-3,4-dihydro-6,7-dimethoxyisoquin8linas
also performed under similar conditions usir)-BINAP and parabanic acid (as an additive), leading
to the corresponding tetrahydroisoquinolifevith 89% ee (estimated to 18 in a quantitative yield
(Scheme 4).

Ho (100 atm)
MeO (S)-BINAP-Ir(l)-parabanic acid o MeO
MeO N 2-5°C in toluene-MeOH l MeO NH
(CH2) 30Bn S/C =200 o (CH>) 30Bn
99%, 89% ee
Scheme 4.

Thus we developed a convenient method for the enantioselective syntheSjscafycotomine em-
ploying asymmetric hydrogenation with aR){BINAP—Ir—tetrafluorophthalimide complex as a key reac-
tion. Since optically active calycotomine or its derivative is known to be a useful synthetic intermediate
of other isoquinoline alkaloid$d:16 further application of this procedure to asymmetric synthesis of
naturally occurring compounds is in progress.
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