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Letters
The synthesis of indolo- and pyrrolo[2,1-a]isoquinolines
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Abstract—The synthesis of fused isoquinolines from N-benzyl protected indoles and pyrroles is described. For example, treatment of
t-butyl-2-(2-formyl-3,4-dihydro-1-naphthalenyl)-3-methyl-1H-indole-1-carboxylate with KOBut in DMF provided 14-methyl-8-
phenylbenzo[h]indolo[2,1-a]isoquinoline in good yield. Analogous N-benzylpyrrole precursors could similarly be cyclized to give
pyrrolo[2,1-a]isoquinolines.
� 2003 Elsevier Ltd. All rights reserved.
The synthesis of isoquinolines and tetrahydroisoquinol-
ines as well as their derivatives has occupied scientists
for decades. The interest in these compounds is largely
owing to their biological properties.1–4 For example,
papaverine 1 is a well-known isoquinoline alkaloid that
is a prescription vasodilator (Fig. 1). The chemistry and
biology of the related compounds, the tetrahydroiso-
quinolines, has recently been reviewed.5 Furthermore,
compounds that have featured in our work are the
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Figure 1. Examples of isoquinolines.
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naphthylisoquinolines,6 of which compound 2 is an
example.7–10

Examples of additional rings fused to the isoquinoline
nucleus are also found in Nature, for example, the
dibenzopyrrocoline alkaloid cryptaustoline 3.11 Syn-
thetic compounds of this type are also documented to
show biological activity. For example, compound 4
shows steroid hormone receptor binding affinity.12 As a
result, new methods to synthesize these types of mole-
cules and their fused analogues are needed.

During the course of our work on the synthesis of
benzo- and naphtho-fused carbazoles13 we had reason to
synthesize the N-benzyl protected indole 514 from
the Boc-protected indole 6 (Scheme 1). Reaction of 6
with n-BuLi and trimethyl borate followed by work-up
with aqueous acid afforded boronic acid 7, which was
only stable if kept in a diethyl ether solution after work-
up. Boronic acid 7 was then reacted with dihydro-
naphthalene 8 in the presence of catalytic Pd(PPh3)4
under Suzuki coupling reaction conditions to afford the
desired coupled product 9.15 Exposure of 9 to the Lewis
acid AlCl3 yielded the intermediate deprotected indole,
treatment of which with benzyl bromide gave the
required benzyl-protected 5.

Utilizing our well-developed reaction conditions16;17 for
the formation of aromatic rings (KOBut, hm, DMF,
80 �C), we treated 5 in this manner. However none of the
expected naphtho[a]carbazole 10a was isolated, but
isoquinoline 10b was obtained instead.18 Clearly the
base is abstracting an N-benzyl proton and the resulting
anion is condensing with the electrophilic aldehyde to
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Scheme 2. Reagents and conditions: (i) (a) NBS, CCl4, 3 h, 98%; (b) aq

NaOH, BnBr, 66%; (ii) 10% Pd(PPh3)4, aq Na2CO3/DME, 64%; (iii)

KOBut, DMF, hm, 80 �C, 15a, 26%, 15b, 74%; (iv) 15b, 15mol%

TsOH, CH2Cl2, rt, 24 h, 79%.
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Scheme 3. Reagents and conditions: (i) 10% Pd(PPh3)4, aq Na2CO3/

DME, 19a, 82%, 19b, 52%; (ii) KOBut, DMF, hm, 80 �C, 20a, 56%, 20b,

23%; (iii) R¼Me, 15mol% TsOH, CH2Cl2, rt, 24 h, 21a, 74%; (iv)

R¼H, KOBut, DMF, 80 �C, 21b, 68%.
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Scheme 1. Reagents and conditions: (i) (a) n-BuLi, THF, )78 �C, (b)
B(OMe)3, THF, )78 �C, (c) H3O

þ, extract into Et2O; (ii) 10%

Pd(PPh3)4, aq Na2CO3/DME, (Et2O removed by bubbling N2 through

reaction mixture), 96% (two steps); (iii) (a) AlCl3, CH2Cl2, rt, 2 h,
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afford the fused isoquinoline 10b after aromatization of
the putative dihydronaphthalene intermediate.

We decided to test the generality of this reaction by
synthesizing a number of indole and pyrrole analogues.
As a first step we realized that an obvious extension to
this methodology would be to exchange the functional
groups of the substrates required for the coupling
reaction. Therefore bromoindole 12 was synthesized
using published chemistry from commercially available
3-methylindole 11.19 Suzuki coupling of 12 with the
commercially available boronic acid 13 gave the desired
precursor 14 on which to attempt the ring forming
reaction (Scheme 2). Exposure of 14 to KOBut in DMF
and a light source afforded the ring-closed alcohols 15a
and 15b as diastereoisomers (�1:3 ratio). The major
diastereoisomer was shown to be 15b by nOe spectro-
scopy. Exposure of 15b to 15mol% TsOH afforded the
dibenzopyrrocoline 16 in very good yield.

As a next step, we thought it would be useful to see if the
same type of chemistry could be performed on pyrrole
derivatives. The synthesis of the required bromopyrrole
17 was achieved using literature procedures.20;21 Suzuki
coupling of this with either the boronic acid 13 or the
aldehyde equivalent 18 resulted in the formation of both
desired precursors 19a (R¼Me) and 19b (R¼H).
Exposure of 19a to KOBut in DMF afforded a diaste-
reomeric mixture of alcohols 20a and 20b (ratio �2.5:1).
The major product 20b was dehydrated under acidic
conditions to give the desired product 21a.

At this stage, we decided to attempt these reactions in
the absence of light. Subjecting substrate 5 to the same
reaction conditions as described before but without the
light source resulted in the formation of the identical
product 10b in a similar yield. In the same manner when
19b was treated with KOBut in the absence of light, 21b
was produced, presumably by way of the analogous
alcohol (Scheme 3).

In conclusion, we have been able to synthesize both
indolo- and pyrrolo[2,1-a]isoquinolines starting from
simple N-benzylated indoles or pyrroles that possess a
suitable substituent on C-2 of the indole nucleus. We are
currently looking at ways to utilize this methodology for
the synthesis of isoquinoline or dibenzopyrrocoline
natural products.
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