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Hydroarylation of bicyclic, unsaturated dicarboximides:
access to aryl-substituted, bridged perhydroisoindoles
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Abstract

The C–C coupling of the two bicyclic, unsaturated dicarboximides 6 and 8 with aryl and hetaryl halides gave under reductive Heck
conditions the 5-substituted N-phenylbicyclo[2.2.1]heptane-2,3-dicarboximides 7 and 9. Reduction of these imides opens a new access to
the bridged perhydroisoindole derivatives 12 and 14 with prospective biological activity.
� 2008 Elsevier Ltd. All rights reserved.
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N-Substituted imides, such as maleimides 1,1 isohemat-
inic acids 22 and especially bicyclic derivatives such as tan-
dospirone 3 derivatives3,4 (Fig. 1) are known for their
broad spectrum of pharmacological properties, thus show-
ing antibiotic, fungicidal, analgesic, anxiolytic, and cyto-
static effects.
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Fig. 1. Maleimides 1, isohematinic acids 2 and tandospirone 3.
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Derivatives of the exo-5,6-dehydronorcantharidin 5

(Fig. 2) are also pharmacologically active.5 Norcantharidin
shows a comparable activity with cantharidin 4 (Fig. 2)
which is the major effective ingredient in pharmaceuticals
for the treatment of certain malignant tumors in China.
Compound 5 has been widely employed in clinical practice,
as it is less toxic and much easier to synthesize.6,7 Further-
more, in connection with an additional imide unit this type
of structure has recently become a topic in heterocyclic
chemistry because of its anti-tumor, anti-virus, analgesic,
sedative, and fungicidal activities.7

We therefore became interested in the synthesis of bio-
active cantharidin analogues that represent aryl-modified
bicyclic imide systems, too. We first synthesized endo-N-
phenylbicyclo[2.2.1]hept-5-ene-2,3-dicarboximide 6 from
cyclopentadiene and N-phenylmaleimide and exo-N-
phenyl-7-oxa-bicyclo[2.2.1]hept-5-ene-2,3-dicarboximide, 8
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Fig. 2. Cantharidin 4 and exo-5,6-dehydronor-cantharidin 5.
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Fig. 3. Alkyl substituted perhydroisoindoles 10 and 11.

Table 1
Selected 1H NMR data for compounds 7a–d
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Ar

5n

7a 7b 7c 7d

H7a 1.64–1.67, d 1.68–1.72, d 1.69–1.80, m 1.64–1.67, d
H7s 1.94–1.98, dt 1.95–2.05, m 1.69–1.80, m 1.88–1.91, dt
H1 3.00–3.08, m 3.02, br s 3.13–3.15, d 2.95–2.97, br d
H4 3.00–3.08, m 3.02, br s 3.00–3.03, br d 3.00–3.05, m
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from furan and N-phenylmaleimide as starting compounds
according to the literature.8,9

Kaufmann and co-workers have a long-standing experi-
ence in palladium-catalyzed hydroarylation10 and domino
reactions of heterobicyclic and tricyclic systems11 toward
bioactive compounds such as epibatidine12 and ana-
logues,13 diazanorbornanes14 and N-aminoimides.15 In
reductive arylation reactions triphenylarsine has proved
to be superior to triphenylphosphine and carbenes as
ligands in both selectivity and yield.12

Treatment of 6 with iodobenzene, 2-iodothiophene, o-
chloroiodobenzene and p-chloroiodobenzene under reduc-
tive Heck conditions16 gave the pure products 7a–d after
chromatographic separation on silica gel as single dias-
tereomers in isolated yields of 51–89%17 (Scheme 1). The
stereochemistry was inferred from their NMR spectra
including diagnostic spin–spin interactions.

The exo-position of the C-5 substituent was confirmed
by the fact that H5 showed no significant interaction with
H1 but did show a cross-peak as a result of W-coupling
to H7-syn. The geminal protons on C-6 were identified by
vicinal coupling to H1 and W-coupling to H3-exo, respec-
tively. In addition, Table 1 shows selected 1H NMR data
of the hydroarylation products 7a–d.

The same reductive Heck arylation conditions were suc-
cessfully applied to the reaction of 8 with iodobenzene, 2-
iodothiophene, 4-chloro-1-iodobenzene, 2,4-dichloro-1-
iodobenzene, and 2-chloro-5-iodopyridine to give the new
exo-arylated heterocycles 9a–f in good yields after chro-
matographic separation18 (Scheme 2). Again, a characteris-
tic coupling pattern between the bridgehead and the H5

and H6 protons appeared in the 1H NMR spectra. Addi-
tionally, H–H COSY spectra showed cross peaks between
H2 and H3 and between H5 and H6, respectively.

In addition to the 13C NMR and FTIR spectral data
which were in agreement with the proposed structures,
the mass spectra of all new compounds showed the
expected molecular ion peaks.

A number of structurally related bicyclic amines have
proved to be useful in the treatment of physiologically or
drug induced psychosis or dyskinesia in mammals.19 Per-
hydroisoindoles are selective sigma receptor antagonists,
and have a low potential for movement disorder side effects
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associated with typical antipsychotic agents.20,21 Some di-
alkylaminoalkyl perhydroisoindole derivatives, being simi-
lar to 10 and 11, are also displaying hypotensive activities
(Fig. 3). The compounds were prepared by reduction of
the corresponding imides.22,23 Thus, it also seemed interest-
ing to obtain perhydroisoindoles from new 5,6-dehydro-
norcantharidin derivatives.

As a part of our continuing study to obtain new perhyd-
roisoindole derivatives, we reduced compounds 7a,b,d
using an excess of LiAlH4 in refluxing diethyl ether. After
regular workup the crude product was purified by column
chromatography to yield 12a,b,d in 50–60% (Scheme 3).
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The structural identification of the new reduced
compounds 12a,b,d succeeded.24 In the FTIR spectra the
characteristic C@O band (1702–1710 cm�1) of 7a,b,d was
absent. NMR and MS/EI spectra were also in agreement
with the proposed structures.

Additionally, we tried the reduction of 9a,b by LiAlH4

under the same reaction conditions. Yields were very low
after workup, though, probably due to opening of the oxy-
gen bridge. Therefore, we first reduced precursor 8 at room
temperature (2 h), then worked up at 0 �C by dropwise
addition of ethyl acetate, and then water. The crude prod-
uct was purified by column chromatography (SiO2, hexane/
ethyl acetate 1:2) to yield 13 in 84%. Reductive arylation of
13 with iodobenzene and 2-iodothiophene under Heck con-
ditions gave the pure products 14a,b after chromatographic
separation on silica in isolated yields of 50% and 37%,
respectively25 (Scheme 4).

In conclusion, in the presence of triphenylarsine as a
ligand, the palladium-catalyzed hydroarylation of the
easily accessible tricyclic N-phenyl derivatives of the unsat-
urated imides 6 and 8 has been proven to be a
stereoselective, versatile, and high-yield approach for the
synthesis of aryl and heteroaryl derivatives. Our results
have also demonstrated that the reductive access to aryl-
substituted bridged perhydroisoindoles will be useful for
the construction of novel heterocycles of potential pharma-
cological interest.
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13C NMR (100 MHz, CDCl3 d): 32.2; 39.6; 40.3; 42.4; 43.2; 44.5; 47.9;
49.5; 49.6; 113.9; 117.1; 125.7; 127.6; 128.6; 129.5; 147.7; 149.2. MS
(EI, 70 eV): 289 (M+); 144; 106; 77. Compound (12b): Yellow oil,
(50% from hexane/ethyl acetate (2:1)), 1H NMR (400 MHz, CDCl3
d): 1.43–1.47 (m, 2H, H10a and H10b); 1.71–1.75 (d, J = 10.00 Hz, 1H,
H9x); 2.04–2.13 (dt, J = 2.46; 12.15 Hz, 1H, H9n); 2.35 (br s, 1H, H1);
2.43–2.45 (br d, J = 4.53 Hz, 1H, H7); 2.64–2.83 (m, 2H, H2 and H6);
3.12–3.17 (AB, J = 8.48 Hz, 2H, H5); 3.37–3.41 (dd, J = 5.22; 9.57
1H, H8n); 3.74–3.78 (d, J = 11.6 Hz, 1H, H3); 3.97–4.00 (d,
J = 8.93 Hz, 1H, H3); 6.69 (m, 1H, ar); 6.75–6.76 (d, J = 3.44 Hz,
1H, ar); 6.83–6.92 (m, 1H, ar); 7.05–7.11 (m, 2H, ar); 7.14–7.28 (m,
3H, ar). 13C NMR (100 MHz, CDCl3 d): 30.1; 34.2; 36.2; 40.6; 42.1;
42.9; 44.2; 47.2; 48.6; 114.0; 117.6; 122.5; 122.6; 126.5; 127.6; 129.2;
130.4; 148.7; 152.5. MS (EI, 70 eV): 295 (M+); 211; 179; 165; 149; 110;
83. Compound (12c): Yellow oil, (50% from hexane/ethyl acetate
(2:1)), 1H NMR (250 MHz, CDCl3 d): 1.45–1.53 (m, 2H, H10a and
H10b), 1.72–1.75 (d, J = 9.45 Hz, 1H, H9x), 2.02–2.10 (m, 1H, H9n),
2.30 (br s, 1H, H1), 2.35–2.42 (m, 1H, H7), 2.65–2.79 (m, 2H, H2 and
H6), 2.87–2.91 (AB, J = 10 Hz, 2H, H5), 2.95–3.02 (dd, J = 5.10;
8.68 Hz, 1H, H8n), 3.50–3.53 (d, J = 11.5 Hz, 1H, H3), 3.57–3.60 (d,
J = 11.6 Hz, 1H, H3), 6.68–6.74 (m, 3H, ar), 7.05–7.10 (d,
J = 12.50 Hz, 2H, ar), 7.15–7.25 (m, 4H, ar). 13C NMR (62.5 MHz,
CDCl3 d): 30.2; 31.7; 38.8; 39.7; 41.8; 42.6; 43.9; 48.9; 49.1; 113.3;
116.6; 125.2; 127.8; 128.1; 128.2; 128.8; 145.3; 148.4. MS (EI, 70 eV):
323 (M+); 289; 213; 172; 136; 96; 77.

25. Compound (14a). Colorless crystals, mp 142 �C (47% from hexane/
ethyl acetate (1:2)), 1H NMR (400 MHz, CDCl3 d): 1.68–1.73 (m, 1H,
H9n); 1.99–2.03 (dd, J = 9.27; 12.69 Hz, 1H, H9x); 2.62–2.64 (m, 2H,
H2 and H3); 2.80–2.83 (m, 1H, H8n); 2.87–2.90 (AB, J = 4.88 Hz, 2H,
H5); 3.55–3.64 (td, J = 10.74; 18.06 Hz, 2H, H3); 4.22 (s, 1H, H1);
4.43–4.45 (d, J = 4.50 Hz, 1H, H7); 6.52–6.55 (dd, J = 7.82; 8.78 Hz,
2H, ar); 6.62–6.64 (m, 1H, ar); 7.10–7.11 (m, 2H, ar); 7.12–7.13 (m,
2H, ar); 7.18–7.19 (m, 2H, ar); 7.21–7.22 (m, 1H, ar). 13C NMR
(100 MHz, CDCl3 d): 40.5; 47.5; 48.1; 48.7; 53.1; 54.0; 81.1; 87.2;
113.3–117.2; 126.5; 127.5–128.7; 129.3–129.6; 130.2; 131.7–132.4;
146.3; 148.6. GC–MS (EI, 70 eV): 291 (M+); 172; 144; 91; 77.
Compound (14b). Colorless crystals, mp 149 �C (37% from hexane/
ethyl acetate (1:2)), 1H NMR (400 MHz, CDCl3 d): 1.80–1.82 (m, 1H,
H9n); 2.02–2.04 (dd, J = 8.78; 13.05 Hz, 1H, H9x); 2.59–2.65 (td,
J = 5.85; 8.30 Hz, 2H, H2 and H6); 2.84–2.89 (m, 2H, H3); 3.18–3.21
(dd, J = 5.05; 9.12 Hz, 1H, H8n); 3.59–3.64 (td, J = 3.06; 7.20 Hz, 2H,
H5); 4.25 (s, 1H, H1); 4.46–4.47 (d, J = 5.37 Hz, 1H, H7); 6.51–6.55
(dd, J = 7.85; 8.82 Hz, 2H, ar); 6.63–6.64 (m, 2H, ar); 6.67–6.78 (m,
1H, ar); 6.81–6.82 (m, 2H, ar); 7.03–7.05 (m, 1H, ar). 13C NMR
(100 MHz, CDCl3 d): 40.9; 43.0; 47.9; 48.0; 53.8; 54.0; 80.9; 87.5;
113.8; 117.2; 123.4–123.7; 126.7; 128.4–128.0; 129.2–129.0; 148.5;
149.5. GC–MS (EI, 70 eV): 297 (M+); 184; 144; 83; 77.
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