ORGANIC
LETTERS

Formal Total Synthesis of ( —)-Emetine Vol 8 No. 7

Using Catalytic Asymmetric Allylation of 12951297
Cyclic Imines as a Key Step

Takashi Itoh,* Michiko Miyazaki, Hiromi Fukuoka, Kazuhiro Nagata, and
Akio Ohsawa

School of Pharmaceutical Sciences, Showa University, 1-5-8 Hatanodai,
Shinagawa-ku, Tokyo 142-8555, Japan

itoh-t@pharm.showa-u.ac.jp

Received December 14, 2005

ABSTRACT

1) CuCl, (R)-tol-BINAP (10 mol %) MeO
TBAT (10 mol %)
MeO A~ Si(OMe)s MeO MeO
THF, t-BuOH, rt, under Ar
2N MeO
MeO 2) (-}-dibenzoyl-Ltartaric acid
recrystallization 67%, 97% ee | (-)-emetine
MeO
OMe
Catalytic asymmetric allylation of 3,4-dihydro-6,7-dimethoxyisoquinoline was carried out using allyltrimethoxysilane in the presence of Cu(l)
and tol-BINAP. The allyl adduct thus obtained was transformed to a chiral synthetic intermediate for ( —)-emetine in good yield. The procedure

was applied to the total synthesis of  ent-emetine.

Isoquinoline alkaloidshave long attracted much attention underwent diastereoselective addition with allyltributyltin and
due to their biological activities, which involve recent silyl enol ethers to give 1-substituted tetrahydroisoquinoline
discoveries fon-glucosidaseand Parkinson’s disead#lost derivatives in a stereoselective manhefhese results
of these compounds have a common characteristic in theirprompted us to investigate a catalytic process for the reaction,
structures; that is, they have a chiral center at the C-1 positionand it was found that 3,4-dihydro-6,7-dimethoxyisoquinoline
of the isoquinoline nucleus. Thus, the formation of the chiral (1) was a substrate for the addition of allyltrimethoxysilane
center is a crucial step for general synthetic methods of in the presence of a catalytic amount of Cu(l) salt and a
isoquinoline alkaloids. chiral phosphine ligand to give 1-allyl-1,2,3,4-tetrahydro-
There are, however, only a few methtddor constructing ~ 6,7-dimethoxyisoquinoline (2) in good yield and moderate

a chiral 1-substituted tetrahydroisoquinoline nucleus in high stereoselectivity. The enantiomeric excess was further in-
stereoselectivity. creased by recrystallization in the presence of dibenzoyl

In the course of our research for the asymmetric synthesistartaric acid to afford a pure enantiomer. The allyl adduct
of isoquinoline alkaloids, we have found thiitacyliso- thus obtained was transformed to a key intermediate for the

quinolinium salts with a chiral center in the acyl group total synthesis of{)-emetine in short steps, and teet-
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emetine was synthesized by the same method. This paper With a practical amount of compoun® in hand, we
describes these results. decided to functionalize the obtained allyl group. After the
Although there are a few papers on the catalytic asym- protection of an amino group @f reaction of3 with various
metric allylation of imines$, there has been no report monosubstituted alkenes using the second-generation Grubbs’
concerning the catalytic allylation of cyclic imin&#lthough catalyst was carried out, and it was found that the cross-
Yamamoto et al. recently reported a general method for the metathesis products were obtained in high yields and good
allylation of various kinds of imines, they showed the stereoselectivity® Without the Boc protecting group, the
incompatibility of cyclic imines to their reaction systéfh.  metathesis reaction did not proceed.
Recently, a new allylation reaction of ketones and aldehydes By using the ethyl acrylate, sufficient stereoselectivity was

has been published by Shibasaki efalsing allyltrimethox-  gptained to give an adequate amount of a functionaligd (
ysilane and a catalytic amount of Cu(l) salt. We applied their zjkene derivativet (Scheme 1).

reaction system to the allylation of 6,7-dimethoxy-3,4-
dihydroisoquinoline and found that the reaction proceeded
in a stereoselective manner as shown in Table 1.

Scheme 1
] MeO MeO
Ny (Boc)20, CHoCl
N7~ “ 2
Table 1 MeO HY rt, under Ar
CuCl-Chiral Ligand (10 mol %) 2 | 96%

TBAT (10 mol %)

. M o
MeO ~.-Si(OMe);3(2.0 equiv) Mes-NTN-MeS
P Clo Ph
MeO solvent, -BuOH, rt, under Ar Me CI’RIuﬂ MeO
1 PCys MeO
yield of ee of 212 CO,Et
entry solvent chiral ligand time 2 (%) (%) CHaCly, reflux
1 THF 0L . under Ar, 88%
2 THF (R)-tol-BINAP 1d 91 71(S)
3 THF (R)-BINAP 1d 35 71(S)
4 THF  (R,R)-DIPAMP 1d 78 5 The deprotection of followed by Michael addition ob
2 EI;II; Egﬁﬁf;?ﬁ; HOS 13 gi ié Eg; with methyl vinyl ketone afforded aN-(3-oxobutyl) deriva-
7 ether  (R)-tol-BINAP 1d 37 47 (S) tive, which was then cyclized t6 in a completely diaste-
8  dioxane (R)-tol-BINAP 1d 35 67 (S) reoselective manner (Scheme 2). In our first plan, the acetyl

group would be transformed to the corresponding ethyl group
according to the reported meth&dhut our attempt to reduce
Various phosphine derivatives were investigated as chiral the keto group to giv& resulted in a very low yield under
ligands, and it was found that tol-BINAP in THF at room Vvarious conditiong?
temperature afforded the best result for the present reaction. Thus, we changed the synthetic procedure as follows
The yield of2 was lowered to 21% by the reaction at XD (Scheme 3). Although Michael addition of acrolein to
without an increase of the ee, and the reaction did not proceedccompoundbs resulted in a complex mixture of the products,
at 0 °C. Other allylation reagents such as allyltributyltin  slowing the addition of acrolein considerably improved the
afforded a racemic product. Although the stereoselectivity reaction yield to a practical level. That is, the addition of
is moderate, this is the first example that a cyclic imine is acrolein to5 over 5 h followed by treatment with pyrrolidine
adopted as a catalytic allylation reaction. afforded a ring-closing produétin good yield and complete
The product2 thus obtained was treated with-)- stereoselectivity. Although the compou8dvas obtained at
dibenzoylt-tartaric acid to form a mixture of the diastere- first as its epimer at the C-3 position (according to emetine
omeric salts, which was recrystallized from acetonitril’H  numbering), the epimeric compound rapidly isomerized to

(20:1) to give optically pur@ (97% ee) in 67% yield based 8 under the reaction conditions. The formyl derivat8aus
on the starting materiat.
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Scheme 2
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2) pyrrolidine 99.1% ee
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92% in 2 steps

EtO,C
[o]'85=+96.7
(c 0.48, CHClI3)

MeO

reduction

obtained underwent the Wittig reaction with methyltri-

phenylphosphonium bromide followed by treatment with

methanol to give alken®. A catalytic hydrogenation dd
resulted in the formation of compourid, which was re-

ported by Tietz& as an intermediate for the synthesis of
(—)-emetine. Thus, the stereoselectivity of the present

method gives a better way of obtaining the important
intermediatel0, which can also be transformed to several
alkaloids such as psychotrifeand tubulosiné®

The final stage of the total synthesis of)temetine (11)
was accomplished according to Tietze's meffiod three
steps (Scheme 4).

Scheme 4
Ph TS
, Cl
3 TR
1) AlMe3 RU
P N Cymene
Ha
10+
HCO,H/EtsN

Using the present procedure, we obtaireu-emetine

reaction was proved to be consistent with that of the natural (()-emetine) in overall yield of 8.5% fromiand (S)-tol-

product.

In our synthesis, the overall yield 40 was 21.5% in 8
steps from the starting materidl. Since the reported
synthesi¥ afforded10in 3.2% yield via 12 steps, the present

Scheme 3

(0]
1) \)LH’ CH2C|2 MeO
rt, under Ar
5 MeO
2) pyrrolidine
THF, rt, under Ar
84% in 2 steps

1) PhaPCH3Br
0.98 M LiPh, THF

2) work up with MeOH
57%

H,, Pdic ~ MeO

e —
MeOH
87%

MeO
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BINAP.

In this paper, we have described asymmetric formal total
synthesis of (—)-emetine and the synthesis-bj-émetine
in a completely stereoselective manner. In the key step,
catalytic allylation was carried out to introduce an allyl group
at the C-1 position of the isoquinoline nucleus using tol-
BINAP as a chiral source. The application of the allyl adduct
2 to the total synthesis of other isoquinoline alkaloids and
the biological activity ofent-emetine are now under inves-
tigation.

Supporting Information Available: Detailed experi-
mental procedures and spectral data for all new compounds.
This material is available free of charge via the Internet at
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