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Direct Mannich and Nitro-Mannich Reactions
with Non-Activated Imines: AgOTf-Catalyzed
Addition of Pronucleophiles to ortho-Alkynylaryl
Aldimines Leading to 1,2-Dihydroisoquinolines

Naoki Asao,* Salprima Yudha S., Tsutomu Nogami,
and Yoshinori Yamamoto

The Lewis acid and/or transition-metal-catalyzed addition of
carbon nucleophiles to imines is one of the most important
methods for the preparation of nitrogen-containing organic
compounds.!'! In particular, the direct addition of carbon
pronucleophiles to imines in the presence of catalysts is highly
desirable as it represents an atom-economical approach.
Previously, we reported the first example of the transition-
metal-catalyzed direct addition of malononitrile derivatives
and simple ketones, such as acetone, to activated imines
[Eq. (1)].”

This transformation is useful for synthesizing amines and
amino acid derivatives. However, activated imines that bear
an electron-withdrawing group on the imine nitrogen atom
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have to be used as a substrate to induce the addition of
pronucleophiles. Although direct Mannich-type reactions of
activated ketones and malonates® and direct nitro-Mannich
(aza-Henry) reactions catalyzed by metals and Brgnsted acids
were reported recently,™ activated imines were also required
in these cases. Herein, we report new direct Mannich and
nitro-Mannich reactions of non-activated imines; AgOTf-
catalyzed addition of carbon pronucleophiles to ortho-alky-
nylaryl aldimines 1 produces 1,2-dihydroisoquinoline deriva-
tives 2 in good to high yields (Table 1).”! Treatment of 1a
(R!=R?=Ph) with nitromethane (2 equiv) in the presence of
AgOTf (3 mol%) in (CH,Cl), at 80°C for 1.5h gave 1-
nitromethyl-2,3-diphenyl-1,2-dihydro-isoquinoline (2a) in

Table 1: Direct addition of pronucleophiles to 1.7

X .R' Nu
N cat. Lewis acid _R!
+ H-Nu ——— N
™ ) ¥

R R
1 2

Entry 1 R R? Lewis Nu-H 2 Yield
acid [96]®

1 1a Ph  Ph AgOTf CH;NO, 2a 85
2 la Ph Ph Cu(OTf), CH,NO, 2a 79
3 la Ph  Ph AuCl CH,NO, 2a 1
44 1b CH, Ph AgOTf CH;NO, 2b 56
1c PhCH, Ph AgOTf CH,NO, 2¢ 58

6 1d Ph  CH, AgOTf CH,NO, 2d 72
7 le Ph 1-cCeH, AgOTF CH;NO, 2e 80
8 1a Ph  Ph AgOTf CH,CH,NO, 2f 729
9 Ta Ph Ph AgOTf acac 2g 77
10 la Ph  Ph AgOTf CH,(CO,Me), 2h 80
11 la Ph  Ph AgOTf CH,(CN), 2i 84
120 1a Ph Ph AgOTf acetone 2j 80
13 1a Ph Ph [Rh(cod) (PPh;),PF] CH;CN 2k 61

[a] The reaction was carried out using 1 (1 equiv) and pronucleophiles
(2 equiv) in the presence of Lewis acid (3 mol %) in (CH,Cl), at 80°C within
6 h unless otherwise noted. [b] Yields of isolated products. [c] The reaction
was carried out at 60°C. [d] d.r. 84:16. [e] The reaction was carried out in
acetone as a solvent at 70°C. [f] The reaction was conducted with [Rh(cod)-
(PPh;),PFg] catalyst (2 mol%) using CH,CN as a solvent. 1-cCgHy=1-
cyclohexenyl; Tf=trifluoromethanesulfonyl; cod =1,5-cyclooctadiene.

85% yield (Table 1, entry 1). On the other hand, the reaction
of benzylidene phenylamine, which bears no alkynyl group at
the proximal position, under similar conditions did not give
the corresponding addition product, and the starting material
was recovered in 81 % yield. This result clearly showed that
the ortho-alkynyl group of la is essential for the present
direct addition of nitromethane to the imine moiety. Besides
AgOTf, Cu(OTf), was a suitable catalyst for the present
reaction while the AuCl-catalyzed reaction gave 2a in only
1% yield (Table 1, entries 2-3). Other starting materials 1b-e
were suitable for this reaction, and the corresponding
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products 2b-e were obtained in moderate to high yields
(Table 1, entries 4-7). The reaction of 1a with nitroethane
gave 2f as a mixture of diastercomers (d.r. 84:16, stereo-
chemistry not determined; Table 1, entry 8). The reaction of
1a with other pronucleophiles that bear activated methylene
groups proceeded smoothly, and the corresponding dihydroi-
soquinoline derivatives 2g-i were obtained in moderate to
high yields (Table 1, entries 9-11). The reaction of 1a with
acetone (2 equiv) gave 2j in a low yield. However, when
acetone was used as the solvent, the direct addition proceeded
smoothly, and 2j was obtained in 80% yield (Tablel,
entry 12). The reaction with CH;CN proceeded in a low
yield, even when the reaction was carried out in CH;CN;
however, when [Rh(cod)(PPh;),PF,] was used as catalyst
instead of AgOT(, the corresponding product 2k was
obtained in 61 % yield (Table 1, entry 13).

Interestingly, the direct pronucleophile addition could
also be applied to the pyridine derivative 1f; treatment with
nitromethane gave the naphthyridine derivative 21 in 75%
yield [Eq. (2)].

x. .Ph NO,
X N~
cat. AgOTf
| . + CH3NO, BadiALEG N
N |
Ph N Ph
1f 21

To clarify the mechanism of the process, we examined the
reaction of 1a with AgOTI in the absence of any pronucleo-
philes. Treatment of 1a with AgOTf (1 equiv) in CH,Cl,
followed by addition of TEOH gave a crude material, which
was recrystallized from a mixture of hexane and EtOH to give
isoquinolinium salt 3 in 86 % yield [Eq. (3)].1%!

X, .Ph
N 1. AgOTS S-Ph o
xR 2. TfOH A pp O
Ph
1a 3

This result clearly indicates that at the beginning of the
cyclization the triple bond coordinates to the Lewis acid, as
shown in 4 (Scheme 1). Subsequent attack of the nitrogen
atom at the electron-deficient triple bond leads to the
isoquinolinium intermediate 5. The addition of aci-nitro-
methane 6, which is derived from nitromethane, gives the
product 2 via 7. As shown in Table 1, the AuCl-catalyzed
reaction gave 2a in a very low yield. Indeed, when 1a was
treated with AuCl (1 equiv) under similar reaction conditions
as shown in Equation (3), the isoquinolinium salt 3 was
obtained in 10 % yield, which indicates that the formation of
the isoquinolinium intermediate 5 is a key step in the present
reaction.

Because the 1,2-dihydroisoquinoline derivatives 2 were
produced unexpectedly easily from 1, we were interested in
whether the terminal alkynes 8 could be used as a pronu-
cleophile. The results are summarized in Table 2. The reaction
of 1a with phenylacetylene 8a under the similar reaction
conditions as those given in Table 1 afforded 1-phenylethynyl-
1,2-dihydroisoquinoline derivative 9a in 93 % yield. Analo-
gously, the reaction proceeded smoothly with aliphatic
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Scheme 1. Proposed mechanism for the AgOTf-catalyzed direct addi-
tion of nitromethane to 1a.

Table 2: Direct addition of terminal alkynes 8 to 1.9

R3
SR It
N 5 __ _cat AgOTf
+ RR= —m— R
_ N
2
1 R 8 7 R2
9
Entry 1 R' R? 8 R? 9 Yield [96]"®
1 Tla Ph Ph 8a Ph 9a 93
2 1a Ph Ph 8b  C,H, 9b 90
3 1a  Ph Ph 8c COft 9c 86
4 1b C,H, Ph 8a Ph 9d 42
5 Tc PhCH, Ph 8a Ph 9e 70
6 1f Al Ph 8a Ph 9f 70
7 1d  Ph CH, 8a Ph 9g 58

[a] The reaction was carried out with 1 (1 equiv) and terminal alkynes 8
(1.2 equiv) in the presence of AgOTf (3 mol %) in (CH,Cl), at 80 °Cwithin
6 h. [b] Yields of isolated products.

alkynes, such as hexyne (8b), and even with ethyl propanoate
(8¢), and the products 9b and 9¢, respectively, were obtained
in high yields (Table 2, entries 2 and 3). Not only 1a but also
the other substrates 1b, ¢, and f, which have alkyl groups on
the nitrogen atom of the imine moiety, were suitable for the
present reaction (Table 2, entries 4-6). The reaction of 1d,
which has a butyl group at the end of the alkynyl group, with
8a also gave 9¢g in 58 % yield (Table 2, entry 7). Interestingly,
the reaction of 1g with phenylacetylene (8a) gave the 3,4,5,6-
tetrahydrobenzo[f]isoquinoline derivative 9h in 62% yield
[Eq. (4)]. Several methods for direct addition of terminal
alkynes to imine compounds have been reported.”® How-
ever, the direct addition of alkynes to benzylidene phenyl-
amine, which bears no alkynyl group at the proximal position,
did not proceed at all under the present reaction conditions.

www.angewandte.de

Chemie

5663


http://www.angewandte.de

Zuschriften

This result again indicates that the presence of an ortho-
alkynyl group is essential for the imine addition, and the
formation of the isoquinolinium intermediate S is a key step.

We are now in a position to synthesize functionalized 1,2-
dihydroisoquinoline skeletons through the direct addition of
various carbon pronucleophiles to ortho-alkynylaryl aldi-
mines. Even without the use of the usual activated imines that
bear an electron-withdrawing group, the addition to imines
proceeded well, probably due to the formation of the reactive
isoquinolinium intermediates 5 insitu. In general, the 1,2-
dihydroisoquinoline framework can be constructed by
nucleophilic addition to isoquinolinium salts, which are
derived from the corresponding isoquinolines by acylation
or alkylation.”] Evidently, the present reaction proceeded
without such activation, and the current transformation
provides an alternative method for the construction of 1,2-
dihydroisoquinolines.'” Further studies to elucidate the
precise mechanism of this reaction and to extend the scope
of its synthetic utility are in progress in our laboratory.™"
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