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ABSTRACT

Three-component reactions with  ortho -alkynylbenzaldehydes, primary amines, and pronucleophiles (Nu-H), such as CHCI
1,2-dihydroisoquinoline derivatives in good to high yields in the absence of any catalysts under mild reaction conditions.

3, proceeded to give

The multicomponent reaction is one of the most efficient of pronucleophiles t@-alkynylarylaldimines:® On the way
synthetic methods for organic moleculeBhe strategy offers  to explore the scope of this reaction, we tried to prepare imine
significant advantages over classical step-by-step approachesompound3a from o-ethynylbenzaldehydga and aniline,
allowing the formation of several bonds and the construction as a substrate having a terminal alkynyl group. However, to
of complex molecular architectures from simple precursors our surprise, when the reaction was carried out at room
in a single synthetic operation without the need for isolation temperature in CHGlin the presence of MS4A for 1 d, we
of intermediates. In this paper, we wish to report a novel found that not only the desired iminga but also 1,2-

synthetic method of 1,2-dihydroisoquinoline derivativs
via the three-component reaction usioglkynylbenzalde-
hydesl, primary amines, and pronucleophiles (Nu-H) under
mild reaction conditionsvithout any catalyst¢Scheme 1).
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Recently, we developed the AgOTf-catalyzed syntheses

of 1,2-dihydroisoquinoline skeletons by the direct addition
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dihydroisoquinoline derivativB@awere produced. Therefore,
we kept monitoring the reaction and finalBa disappeared
after one more day and we obtain2d in 91% vyield as a
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difference in the reaction time (entries 1 and 2). This result
suggests that the rate-determining step of this reaction has
no relationship to the concentration of the Ckldlherefore,

we decided to use GJ€l, as a solvent for diminishing the
amount of pronucleophile (i.e. CH&I To know the general-

Scheme 2

1a H rm,2d ity of this reaction, we next examined the reactions using
el Bh various kinds of amines instead of aniline. Wigeanisidine
3 Ph SN was used, the reaction proceeded smoothly and the corre-
NTF T sponding prqducﬂb was obtained ilj 91% yield (entry 3).
F H Although p-trifluoromethylphenylamine can be used for the
2a 91% 3a 0% present reaction, the reaction was sluggish and 6 d were

needed for completion (entry 4). It was found that the
reactions with aliphatic amines proceeded faster than those
sole product (Scheme 2). This result clearly indicated that with aromatic amines (entries-5). The reaction proceeded
(1) 2a was formed from3a, (2) chloroform worked as a  well even with sterically bulkytert-butylamine (entry 8).
pronucleophile unexpectedly, and (3) the 1,2-dihydroiso- To know whether MS4A is essential or not, we conducted
quinoline framework was constructed without any catalysts, the reaction in the absence of MS4A. Although the reaction
such as AgOTf. Although chloroform is known to work as needed longer time for completion, the desired produagt

a useful nucleophile toward various kinds of electrophiles \yas obtained in high yield even without MS4A (entry 9).
in organic synthesis, relatively strong bases have beenThis result suggests that MS4A promotes the imine formation

employed: Therefore, this result prompted us to investigate from aldehydelaand amines as a dehydrating agent, but it
this three-component reaction under several conditions andjs not essential for the construction of dihydroisoquinoline
results are summarized in Table 1. When chloroform was frameworks.

When the reaction was examined with use of CR@ider
the same reaction conditions, the deuterated prodta

Table 1. Three-Component Reactions witla, Amines, and

Chlorofornt CClg
CHO CCls N-Ph
MS4A
@K + RNH, + CHCl; ——— > Nk Z
\\ H CHzclz _ D d-2a
1a 2 . . . . .
was obtained in 89% vyield in which D content was 98%
reaction yield and no deuterium was found in other carbons of the product.
entry R time (d) 2 (%) On the basis of this result, we proposed the reaction
1e Ph 9 2a 91 mechanism as shown in Scheme 3. At the beginning, the
2 Ph 2 2a 87
3 p-MeOCgH,4 1.5 2b 91
4 p-CF306H4 6 2c 76
5 PhCH, 0.8 2d 72 Scheme 3
6 CH,=CHCH, 0.4 2e 89 CHO Sy R R
7 C4Ho 0.3 of 77 RNH, ©Q
—_— —_— =
8 +-C4Hy 0.5 2g 96 X -H0 x z
9d t-C4Ho 1.2 2g 93 a H 5 H 4 )
, . . . . . H-CClg
aReactions were carried out witha (1 equiv), amine (1 equiv), and Cl30_

CHClI; (5 equiv) in the presence of MS4A in GBI, at room temperature
unless otherwise mentionetlisolated yields® Reaction was conducted in
CHCl; as a solvent instead of GBI,. 4 Reaction was performed without
MS4A.

j CCly

* R R
SR .
— N — N
Z =
2

5

used as a solvenga was obtained in 91% yield as shown
in Scheme 2 (entry 1). Even when the reaction was carried. . . -
out with only 5 equiv of chloroform in CbCl,, 2a was |m|ne3would_bt_a formed fromla and amine. Nucleophilic
obtained as well in 87% yield (entry 2). Interestingly, both attack of the imine nitrogen to the alkyne would form the

reactions needed 2 d for completion and there was no twitterionic salt 4, which _would be stabilized by the
resonance effect. Abstraction of a proton from chloroform

(4) For recent examples with CHCAs a nucleophile, see: (a) Seigal,
B. A.; Fajardo, C.; Snapper, M. lJ. Am. Chem. So2005,127, 16329—
16332. (b) Habay, S. A.; Schafmeister, C.@&g. Lett.2004,6, 3369—
3371. (c) Aggarwal, V. K.; Mereu, AJ. Org. Chem.2000, 65, 7211—
7212 and references therein.
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by the anionic part of4 would occur to generate the
intermediates. The subsequent attack ofsCt to 5 would
produce2.6 One might think of another possibility that amine
might promote the reaction by abstraction of a proton from
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chloroform and the resulting counteranion 4Ct) would
work as a nucleophile. However, if the reaction proceeds
along this mechanism in the deuteration experimeat,
should be produced predominantly oekPabecausé has

proton and deuterium on the nitrogen atom in a 2:1 ratio as
shown in Scheme 4. Since the deuteration experiment was

Scheme 4
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carried out with 1 equiv of aniline againgg, it might be
possible to consider that most of the aniline would react with
lato form imine 3a and only the remaining small amount
of aniline might work as a catalyst. In that case, due to the
formation of the deuterated aniline (Ph}DPwhich would

be formed by repeating the abstraction of deuterium from
CDCls, selective formation ofl-2a might be possible. To

check whether this mechanism is acceptable or not, we

examined the deuteration experiment using 2 equiv of aniline.
Although D content was slightly decreased to 9582awas

obtained selectively in 81% yield and these results support

our proposed mechanism as shown in Scheme 3.

To explore the scope of the present reaction, we examined

reactions using other pronucleophiles instead of GHsTich

as nitromethane, dimethyl malonate, and phenylacetylene
All of reactions using these pronucleophiles completed within
2 d at room temperature and the corresponding products
2h—j, were obtained in 78%, 59%, and 72% yields,
respectively.

Ph
NO, MeO,C.__CO,Me Il
PP NP PP
S S Z
2h 2i 2

We next examined the three-component reaction using

sponding produc2k was obtained in 83% yield. The reaction
of 1c, having a phenyl group, also ga®lan 89% yield under
similar conditions (7C°C for 0.8 d) (Scheme 5).

Scheme 5
CHO NH CCly
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X
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1b: R = C4Hg 2k: R=C4Hg 83%
1¢: R=Ph 21: R=Ph 89%

The obtained products would be useful as precursors of
tetrahydroisoquinoline alkaloids.For instance,2b was
converted tdB in 76% yield in two steps (Scheme 6).

Scheme 6
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An efficient and atom economical synthetic method of 1,2-
dihydroisoquinoline derivativezhas been developed through
the three-component process, i@-alkynylbenzaldehydes
1, primary aliphatic or aromatic amines, and pronucleophiles,
which involves an interesting mechanistic aspect. It is
obvious that the present reaction is a simple and environ-
mentally benign preparation method because neither catalysts
nor any highly reactive reagents are needed. In particular,
the noncatalyzed self-constructiondfvas observed in the
reactions usinda by just mixing three components at room
temperature. The obtained products are known to be versatile
intermediates for various kinds of bioactive compounds, such
as tetrahydroisoquinoline alkaloids. Further studies to elu-
cidate the mechanism of this reaction and to extend the scope
of synthetic utility are in progress in our laboratory.

Supporting Information Available: Spectroscopic and
analytical data forza—| and 8, and the procedure for the
synthesis oR and8. This material is available free of charge
via the Internet at http://pubs.acs.org.
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(5) Larock and co-workers have reported the palladium-catalyzed
synthetic methods of isoquinolines usiogalkynylarylaldimines, having a
tert-butyl group on the nitrogen atom, see: (a) Huang, Q.; Larock, R. C.
Org. Chem2003,68, 980—988. (b) Dai, G.; Larock, R. @. Org. Chem.
2003,68, 920—928. (c) Dai, G.; Larock, R. Q. Org. Chem2002, 67,
7042—7047. (d) Huang, Q.; Hunter, J. A.; Larock, R.X.Org. Chem.
2002,67, 3437—3444. (e) Roesch, K. R.; Larock, R. X.0rg. Chem.
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2001,66, 8042—8051. (g) Roesch, K. R.; Larock, R.Q¢g. Lett.1999,1,

substrates having substituents at the terminus of the alkyness3—556.

part. When the reaction dfb, having a butyl group, was
carried out with allylamine and chloroform in GEl, at room

(6) Addition of chloroform to quaternary protoberberine alkaloids was
reported, see: Marek, R.; S&fova, P.; Hulova, D.; Marek, J.; Dostal, J.;
Sklend, V. J. Nat. Prod.2003,66, 481—486.

temperature, the reaction was very sluggish and only a trace  (7) For reviews, see: (a) Chrzanowska, M.; Rozwadowska, NCH2m.

amount of product was obtained. However, the reaction
proceeded in (CkCl), at 70°C for 0.9 d and the corre-
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Rev.2004,104, 3341—-3370. (b) Bentley, K. ViNat. Prod. Rep2004,21,
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