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1-(2-Furyl)-3,4-dihydroisoquinolines, easily prepared from readily available phenethylamines, undergo
tandem alkylation/[4+2]-cycloaddition with allyl halides. The reaction proceeds via 2-allyl-1-furyl-3,4-
dihydroisoquinolinium salt formation and subsequent intramolecular exo-Diels–Alder reaction of furan
with the allyl fragment (IMDAF reaction). The adducts formed include the basic structural element of
the isoindolo[1,2-a]isoquinoline alkaloids jamtine and hirsutine.

� 2010 Elsevier Ltd. All rights reserved.
The isoindolo[1,2-a]isoquinoline skeleton is a common hetero-
cyclic fragment produced by various medicinal plants. For exam-
ple, the shrubs Cocculus hirsutus (L.) and Berberis darwinii Hook
contain the alkaloids jamtine1 and hirsutine,2 respectively. Due
to their biological properties, both these alkaloids are the focus
of synthetic organic chemistry. The first synthesis of (±)-jamtine
via a tandem thionium/N-acyliminium ion cyclization of a difficult
to prepare enamido sulfoxide precursor was reported by Padwa’s
research group in 2002.3 Simpkins4 later proposed the synthesis
of (+)-jamtine using difficult to access chiral lithium amide bases.

Following our studies on intramolecular Diels–Alder furan (IM-
DAF) reactions,5 we recently reported a novel approach to the con-
struction of the isoindolo[1,2-a]isoquinoline skeleton from readily
available 1-(2-furyl)tetrahydroisoquinolines 1,6 in which the IM-
DAF reaction was used as the key step of this process. Reduction
of the amide group of 4 for assembling the jamtine core became
a problematic task because it requires a strong base such as a metal
hydride which causes undesirable side processes. To avoid this
problem we first had to alkylate the same precursor 1 with allyl
bromide followed by thermal [4+2]-cycloaddition of the allyl frag-
ment to the furan ring in the intermediate N-alkyl derivative 2 to
obtain the desired isoindolo[1,2-a]isoquinoline 3.
ll rights reserved.

v).
Surprisingly, it was found that derivatives 2 did not undergo the
intramolecular Diels–Alder cyclization even at 160 �C,7 or in the
presence of various Lewis acid catalysts (Scheme 1).

An elegant solution to this problem was found unexpectedly by
studying the N-alkylation reaction of 1-furyl-3,4-dihydroisoquino-
line6,8 (5a) and allyl bromide at room temperature in acetonitrile.
To our delight the alkylation proceeded in satisfactory yield afford-
ing the stable adduct 7a.9

Evidently, the iminium salt 6a, which was formed during
the first stage, underwent a spontaneous IMDAF reaction to form
the target isoindolo[1,2-a]isoquinolinium salts 7a in one pot
(Scheme 2).

It is worth noting that the cycloaddition shows high diastere-
oselectivity, giving only the exo-adduct 7a.

To the best our knowledge, this is the first example of the suc-
cessful implementation of an IMDAF reaction of furfurylamines
containing a positively charged nitrogen atom. There are only a
few early reports on the possibility of intramolecular cyclization
of quaternary ammonium N-furfuryl-N-allyliminium salts.10 More-
over, the chemical structures of the synthesized adducts were not
confirmed by spectral methods.

Taking into consideration that intramolecular [4+2]-cycloaddi-
tions of N-alkenylfurfurylamines are extremely sensitive to steric
and electronic effects in the dienophile moiety,4 the influence of
the nature of the substituents on the diene and in the dienophile
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moiety of intermediate 6 on the reaction conditions, time and yield
were investigated (Table 1).

It was found that both donor and acceptor substituents (R2) on
the allylic moiety impeded the Diels–Alder reaction and reduced
appreciably the yields of the desired salts 7c–f (considerable poly-
merization occurred in these cases). This can be explained by the
steric hindrance. It was thus necessary to boil intermediates 6 for
2–5 h in acetonitrile or isopropanol.

Most probably, in view of the steric hindrance, the tandem
alkylation/[4+2]-cycloaddition was not successful in the case of
the reactions of 5a,b with cinnamoyl chloride. Instead N-alkyl
derivatives similar to 6 were isolated.

The influence of substituent R1 was less dramatic. 1-Furyl-3,4-
dihydroisoquinolines 5g–i, with both donor and acceptor substitu-
ents (R1 = H, Ar, Hal) on the furan core underwent the IMDAF reac-
tion leading to epoxyisoindolo[1,2-a]isoquinolinium salts 7 in good
yields.

It is interesting to note that reduction of salts 7a,b using sodium
cyanoborohydride led to isoindolo[1,2-a]isoquinolines 8a,b in
Table 1
Yields and melting points of hexahydro-10,12a-epoxyisoindolo[1,2-a]isoquinolinium
salts 7

Product X Hal R1 R2 Mpa (�C) Yield (%)

7a H Br H H 161–162 59
7b OMe Br H H 159–161 54
7c H I H Me 178–180 17
7d OMe I H Me 184–185 10
7e H I H Cl 182–183 13
7f OMe I H Cl 176–178 11
7g H Br Br H 109–110 55
7h OMe Br Br H 141 86
7i H Br 2-NO2C6H4 H 170–172 22

a All salts melt with decomposition; recrystallization of the salts was accom-
plished from an EtOAc/EtOH mixture.

Figure 1. Molecular structure of iodide 7c. Thermal ellipsoids are shown at the 50%
probability level.
moderate yields (Scheme 3), while the use of sodium borohydride
gave rise to unsatisfactory results (LiAlH4 was not used in view of
the low solubility of the salts in ethers). Hydrogenation products 7
proved to be unstable to heating (140 �C) and underwent retrodi-
ene decomposition to form N-allylamines 9 (detected by LC–MS).

Treatment of salts 7 with excess of Grignard reagent allowed
introduction of an alkyl radical at the 12b-position of the jamtine
core (for example, compound 10a in Scheme 3).
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The NMR data of 8a-R2-substituted adducts 7c–f were not suf-
ficient to elucidate unambiguously their structures. In particular,
NMR spectroscopy was not able to determine the orientation
(exo- or endo-) of the 8a-Me (8a-Cl) group relative to the oxygen
bridge. This problem was solved by X-ray diffraction analysis of ad-
duct 7c (Fig. 1).11

The cation of compound 7c possesses three asymmetric centers
at the C8a, C10 and C12a carbon atoms and can potentially exist as
four diastereomers. Single crystal X-ray data revealed that the
crystal of 7c was racemic and consists of enantiomeric pairs with
the following relative configurations of the stereogenic centers:
rac-8aR*,10R*,12aR*.

In summary, we have developed a new strategy for the synthe-
sis of hexahydro-10,12a-epoxyisoindolo[1,2-a]isoquinolinium ha-
lides, which were easily prepared by a one-pot N-alkylation/
intramolecular Diels–Alder cascade from readily available allyl ha-
lides and 1-(2-furyl)dihydroisoquinolines. This strategy is intended
to permit future access to the alkaloids nuevamine, jamtine, hirsu-
tine and their derivatives by introducing appropriate substituents
at the beginning of the syntheses.
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