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An efficient synthesis of substituted azolopyrimidines such
as pyrido[3′,2′:4,5]pyrrolo[1,2-c]pyrimidines, pyrimido[1,6-
a]indoles, benzo[4,5]imidazo-[1,2-c]pyrimidines, an imidazo-
[1,2-c]pyrimidine, and pyrazolo[1,5-c]pyrimidines is de-
scribed. The method involves the reaction of N-protected
bromomethylazoles and tosylmethyl isocyanide (TosMIC)
derivatives in nonanhydrous media. The study of the reac-
tion conditions shows that the method is only successful
under phase-transfer conditions (CH2Cl2/30% aq NaOH)
using benzyltriethylammonium chloride as a catalyst.

Since the introduction of tosylmethyl isocyanide
(TosMIC) by van Leusen,1 this class of reagent has been
extensively used in azole chemistry,2 mainly in reactions
with activated carbon-carbon double bonds (pyrrole
synthesis)3 and carbon-heteroatom double bonds (ox-
azole4 and imidazole5 synthesis).

In the course of our studies on the total synthesis of
variolin B6 and some analogues, we reported a new
synthesis of pyrido[3′,2′:4,5]pyrrolo[1,2-c]pyrimidine, which
is the heterocyclic core of the variolin family of marine
alkaloids. The synthesis is based on an unprecedented
reaction between a methyl carbamate-protected 2-(bro-

momethyl)pyrrolo[2,3-b]pyridine and TosMIC under
phase-transfer conditions7 (Scheme 1). The mechanism
proposed for this new heterocyclization involves initial
nucleophilic substitution of TosMIC followed by intramo-
lecular transfer of the methoxycarbonyl protecting group.
Subsequent attack of the pyrrole nitrogen on the isocya-
nide group would lead to cyclization, and 1,2-elimination
of p-toluenesulfinic acid would afford the azolopyrimidine
derivative.

The ease with which TosMIC reagents react with
different bromomethylazoles presents new opportunities
for expanding TosMIC chemistry for the synthesis of
azines, a use that remains almost unexplored.8 Described
herein are the results of a study that has culminated in
the development of a process for the efficient synthesis
of substituted azolopyrimidines under phase-transfer
catalysis conditions using bromomethyl azoles and dif-
ferent TosMIC derivatives.

The heterocyclization reaction leading to the pyrimi-
dine nucleus shown in Scheme 1 allowed efficient access
to different azolopyrimidines, including the tricyclic core
of variolins. However, this approach suffers from the
drawback associated with the ease of deprotection of the
azole under the phase-transfer conditions used, which
leads in some cases to low or moderate yields of the
azolopyrimidine system.9 On the other hand, phase-
transfer conditions are necessary for successful hetero-
cyclization since we proved that under different homo-
geneous conditions, TosMIC suffers a competitive double
alkylation with the formation of unstable products 12
(Scheme 2).

We envisaged that the use of TosMIC derivatives10

would avoid the formation of these undesired products
resulting from consecutive alkylation, thus facilitating
the isolation of the monoalkylated compound 14 (Scheme
3). Compound 14 could then be transformed into the
substituted azolopyrimidine by deprotection of the azole
and subsequent cyclization. Initial studies using 1a and

* To whom correspondence should be addressed. Fax: 34-91-
8854660.

(1) (a) van Leusen, A. M.; Strating, J. Quart. Rep. Sulfur. Chem.
1970, 5, 67-78. (b) van Leusen, A. M.; Boerma, G. J. M.; Helmholdt,
R. B.; Siderius, H.; Strating, J. Tetrahedron Lett. 1972, 2367-2368.

(2) (a) For recent short reviews, see: Addie, M. S.; Taylor, R. J. K.
J. Chem. Soc., Perkin Trans. 1 2000, 527-531. (b) Collins, I. J. Chem.
Soc., Perkin Trans. 1 2000, 2845-2861. (c) Gilchrist, T. L. J. Chem.
Soc., Perkin Trans. 1 2001, 2491-2515.

(3) (a) van Leusen, A. M.; Siderius, H.; Hoogenboom, B. E.; van
Leusen, D. Tetrahedron Lett. 1972, 5337-5340. (b) van Leusen, D.;
van Echten, E.; van Leusen, A. M. J. Org. Chem. 1992, 57, 2245-49.
(c) Dell’Erba, C.; Giglio, A.; Mugnoli, A.; Novi, M.; Petrillo, P.; Stagnaro,
P. Tetrahedron 1995, 51, 5181-5192. (d) ten Have, I. R.; Leusink, F.
R.; Leusen, A. M. Synthesis 1996, 871-876. (e) Radma Krishna, P.;
Ramana Reddy, V. V.; Sharma, G. V. M. Synlett 2003, 1619-1622.

(4) (a) van Leusen, A. M.; Hoogenboom, B. E.; Siderius, H. Tetra-
hedron Lett. 1972, 2369-2372. (b) van Nispen, S. P. J. M.; Mensink,
C.; van Leusen, A, M. Tetrahedron Lett. 1980, 21, 3723-3726. (c)
Hundscheid, F. J. A.; Tandon, V. K.; Rouwette, P. H. F. M.; van Leusen,
A. M. Tetrahedron 1987, 43, 5073-5088. (d) Lamberth, C. J. Prakt.
Chem. 1998, 340, 483-485. (e) Kulkarni, B. A.; Ganesan, A. Tetrahe-
dron Lett. 1999, 30, 5633-5636.

(5) (a) van Leusen, A. M.; Oldenziel, O. H. Tetrahedron Lett. 1972,
2373-2374. (b) van Leusen, A. M.; Schut, J. Tetrahedron Lett. 1976,
285-288. (c) van Leusen, A. M.; Wildeman, J.; Oldenziel, O. H. J. Org.
Chem. 1977, 42, 1153-1159. (d) van Leusen, A. M. Lect. Heterocycl.
Chem. 1980, 5, S-111-S-122. (e) ten Have, I. R.; Huismana, M.;
Meetsma, A.; van Leusen, A. M. Tetrahedron 1997, 53, 11355-11368.
(f) Sisko, J.; Kassick, A. J.; Mellinger, M.; Filan, J. J.; Allen, A.; Olsen,
M. A. J. Org. Chem. 2000, 65, 1516-1524. (g) Chen, B.-C.; Bednarz,
M. S.; Zhao, R.; Sundeen, J. E.; Chen, P.; Shen, Z.; Skoumbourdis, A.
P.; Barrish, J. C. Tetrahedron Lett. 2000, 41, 5453-5456. (h) Chen,
P.; Barrish, J. C.; Iwanowicz, E.; Lin, J.; Bednarz, M. S.; Chen, B.-C.
Tetrahedron Lett. 2001, 42, 4293-4295.

(6) (a) Perry, N. B.; Ettouati, L.; Litaudon, M.; Blunt, J. W.; Munro,
M. H. G.; Parkin, S.; Hope, H. Tetrahedron 1994, 50, 3987-3992. (b)
Trimurtuhu, G.; Faulkner, D. J.; Perry, N. B.; Ettouati, L.; Litaudon,
M.; Blunt, J. W.; Munro, M. H. G.; Jameson, G. B. Tetrahedron 1994,
50, 3993-4000.

(7) Mendiola, J.; Minguez, J. M.; Alvarez-Builla, J.; Vaquero, J. J.
Org. Lett. 2000, 2, 3253-3256.

(8) (a) Mı́nguez, J. M.; Vaquero, J. J.; Garcı́a-Navio, J. L.; Alvarez-
Builla, J. Tetrahedron Lett. 1996, 37, 4263-4266. (b) Minguez, J. M.;
Vaquero, J. J.; Alvarez-Builla, J.; Castaño, O.; Andrés, J. L. J. Org.
Chem. 1999, 64, 7788-7801.

(9) Mendiola, J.; Baeza, A.; Alvarez-Builla, J.; Vaquero, J. J. J. Org.
Chem. 2004, 69, 4974-4983.

(10) (a) van Leusen, A. M.; Possel, O. Tetrahedron Lett. 1975, 3487-
3488. (b) Sasaki, H.; Nakagawa, H.; Khuhara, M.; Kitagawa, T. Chem.
Lett. 1988, 1531-1534. (c) DiSanto, R.; Costi, R.; Massa, S.; Artico,
M. Synth. Commun. 1995, 25, 795-802.

10.1021/jo050029r CCC: $30.25 © 2005 American Chemical Society
J. Org. Chem. 2005, 70, 4879-4882 4879Published on Web 05/13/2005



1b showed that in homogeneous conditions (Et3N/THF,
NaOMe/MeOH), these bromomethyl derivatives did not
react with R-methyl-R′-tosylmethyl isocyanide (6a), and
extensive decomposition of both reactants was observed
at room temperature and at 0 °C. It was therefore decided
to re-examine the phase-transfer conditions used in the
reaction of TosMIC with these substrates,9 despite the
fact that several previously described procedures employ-
ing substituted TosMIC reagents required anhydrous
conditions.10b,c The attempted reaction of 1c under phase-
transfer conditions failed using different catalysts [tet-
rabutylammonium iodide (TBAI), benzyltriethylammo-
nium chloride (TEBACl), tricaprylylmethylammonium
chloride (Aliquat), tributylmethylammonium chloride]
and biphasic media (NaOH/CH2Cl2, MeCN/K2CO3), with
deprotection and concomitant decomposition of the aza-
indole derivative observed. In contrast, 3-bromo-2-bro-
momethyl-1-methoxycarbonylpyrrolo[2,3-b]pyridine (1a)
did react with 6a in the presence of TEBACl or tributyl-
methylammonium chloride in a liquid-liquid biphasic
medium.

The structure of reaction product was unambiguously
established by two-dimensional NMR (gHMQC) to be

5-bromo-7-methylpyrido[3′,2′:4,5]pyrrolo[1,2-c]pyrimi-
dine (7a). This product is presumably formed by nucleo-
philic displacement of the bromo substituent, in situ
deprotection of the azole under the basic conditions,
cyclization, and, finally, 1,2-elimination of p-toluene-
sulfinic acid (Scheme 3).

To optimize the synthesis of 7a, different catalysts and
reaction conditions were examined (Table 1). Results also
showed decomposition of both reactants under homoge-
neous conditions (entries 1 and 2). A lack of reactivity
was also observed in the presence of catalysts such as
TBAI (entries 9 and 10) and tricaprylmethylammonium
chloride (Aliquat) (entry 7), with deprotection of the azole
being observed after prolonged heating (24 h, 40 °C). Em-
ploying TEBACl (20%) at room temperature in CH2Cl2/
NaOH resulted in the formation of 7a with 83% isolated
yield (entry 4). Reducing the catalyst loading (entry 3)
or changing the solvent (entry 6) resulted in a significant
decrease in the yield. Increasing the temperature (40 °C)
had little effect on the yield (83 vs 82%, entry 5). Under
the same conditions, TEBACl proved to be a better
catalyst than tributylmethylammonium chloride (entry
8). Finally, the use of TBACl resulted in the formation
of traces of the heterocyclization product (entry 11).

These results indicate that the structure of the qua-
ternary ammonium cation (quat) seems to be crucial for
the success of the reaction. Thus, the most lipophilic
quats, the Aliquat, and the tetrabutylammonium cation
(TBA) are ineffective as phase-transfer catalysts. Chang-
ing the counterion in the TBA quat [iodide (TBAI) or
chloride (TBACl)] was also unsuccessful, thus discarding
the possibility that the lack of reactivity in the presence
of the catalyst could be due to the effect of the iodide
counterion (e.g., decomposition of the TosMIC reagent or
“catalyst poisoning” by association with the quat in the
organic phase11). On the other hand, smaller and more
hydrophilic cations such as tributylmethylammonium
and benzyltriethylammonium (TEBA) clearly facilitate
the reaction of 1a and 6a. This behavior could be
explained assuming an interfacial mechanism12 for the
nucleophilic substitution reaction under the PTC/OH
conditions used for the formation of 7a.

(11) For examples, see: (a) Herriott, A.; Picker, D. Tetrahedron Lett.
1972, 4521-4524. (b) Freedman, H.; Dubois, R. Tetrahedron Lett. 1975,
3251-3254. (c) Gorgues, A.; LeCoq, A. Tetrahedron Lett. 1976, 4723-
4724. (d) Halpern, M.; Sasson, Y.; Rabinovitz, M. J. Org. Chem. 1983,
48, 1022-1025.

SCHEME 1

SCHEME 2

SCHEME 3

TABLE 1. Synthesis of 7a in Homogeneous and
Phase-Transfer Catalysis Conditions

entry catalysta conditionsb yield %

1 MeOH/NaOMe
2 NEt3/THF
3 TEBACl (10%) 40 °C, 4 h 62
4 TEBACl (20%) rt, 4 h 83
5 TEBACl (20%) 40 °C, 4 h 82
6 TEBACl (20%) CHCl3, 60 °C 40
7 Aliquat (20%) rt, 4 h
8 MeBu3NCl (20%) rt, 4 h 70
9 TBAI (20%) rt, 4 h

10 TBAI (20%) 40 °C, 4 h
11 TBACl (20%) 40 °C, 4 h traces

a TBAI(Cl), tetrabutylammonium iodide (chloride); TEBACl,
benzyltriethylammonium chloride. b General conditions, unless
otherwise indicated: CH2Cl2/NaOH (30% aq).
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The presence of an electron-withdrawing substituent
in the C3 position of 1 also seems to be crucial to the
success of this heterocyclization reaction. Thus, while 1a
(R ) Br) afforded the tricyclic derivatives 7a in high yield

(83%), 1d (R ) Ph) gave the corresponding heterocycliza-
tion compound 7g in only 36% yield under the optimal
conditions used for the synthesis of 7a (Scheme 3).
Apparently, the bromo substituent has a double effect,
facilitating nucleophilic substitution and enhancing the
stability of the deprotected bromomethylazole intermedi-
ate toward the reaction conditions (C-3-unsubstituted

(12) For a discussion of the extraction and interfacial mechanisms
in PTC, see: Rabinovitz, M.; Cohen, Y.; Halpern, M. Angew. Chem.,
Int. Ed. Engl. 1986, 25, 960-970.

TABLE 2. Heterocyclizations with Bromomethylazoles (1-5) and TosMIC Derivatives 6

a CH2Cl2/NaOH (30% aq)/TEBACl (20%).
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pyrrolo[2,3-b]pyridines are prone to decomposition under
basic conditions9,13).

The optimal conditions found for the heterocyclization
to give 7a were successfully applied to the reaction of 1a
and different TosMIC derivatives 6b-f (Table 2, entries
2-6). The 7-substituted 5-bromopyrido[3′,2′:4,5]pyrrolo-
[1,2-c]pyrimidines 7b-f were obtained with yields rang-
ing from 30 to 73%. The resistance of the substrate to
deprotection under the phase-transfer conditions is cru-
cial for the success of the reaction. Thus, the low yields
obtained in the reaction of 1a and R-isopropyl-R′-tosyl-
methyl isocyanide (6d) are associated with the lower
reactivity of this TosMIC derivative toward the azole,
with extensive deprotection and decomposition of 1a
observed.

The success of this heterocyclization led us to study
the general scope of this reaction. Therefore, in addition
to 2-bromomethyl-7-azaindole (1a), a range of different
azoles were tested in an attempt to explore the behavior
of different heterocycles in this cyclization reaction.
Indole 2, benzimidazole 3, imidazole 4, and 3-methyl-
pyrazole derivatives 5 were reacted with the same Tos-
MIC derivatives used with 7-azaindole 1a. The results
are summarized in Table 2 and indicate that the reac-
tions of 3-bromo-2-bromomethyl-1-methoxycarbonylin-
dole (2) also proceeded in moderate yields. It is worth
noting that initial attempts to carry out the reactions
with 2 at room temperature failed and that a tempera-
ture of 40 °C was found to be optimal for the success of
these reactions. The only exception to this trend was the
tosylmethyl isocyanide derivative 6d, which afforded 8d
in only 30% yield after 24 h at -10 °C. The 3-substituted
5-bromopyrimido[1,6-a]indoles (8a-f), obtained from the
reaction of 2 and 6a-f, are shown in Table 2 (entries
7-12).

The reactivities of 2-bromomethyl-1-methoxycarbon-
ylbenzimidazole (3) and 2-bromomethyl-1-methoxycar-
bonylimidazole (4) toward TosMIC derivatives 6a-f are
similar to each other but clearly different from those
observed for bromomethylindole and bromomethyl-aza-
indole. Both azoles 3 and 4 are prone to deprotection
either at 40 °C or room temperature and only reacted
with R-allyl-R′-tosylmethyl isocyanide (6c) at 0 °C, af-
fording the 3-(1-propenyl)benzo[4,5]imidazo[1,2-c]pyri-
midine (9a) and 7-(2-propenyl)imidazo[1,2-c]pyrimidine
(10a) in 63 and 25% yields, respectively. The difference
in yield between 9a and 10a is associated with the faster
deprotection of 4 when compared with 3 under the phase-
transfer conditions. Structural data for 9a and 10a
showed that the heterocyclization process with 3 is
accompanied by isomerization of the allylic moiety to give
the vinylic heterocycle 9a, while in the case of 10a this
isomerization was not observed under reaction conditions.
The higher acidity of the allylic protons in 9a when
compared with those in 10a likely accounts for the
different behavior of both compounds toward isomeriza-
tion. In fact, 10a slowly isomerizes to the corresponding
vinylic derivative in a basic solution at room temperature.

Finally, 4-bromo-5-bromomethyl-1-methoxycarbonyl-3-
methylpyrazole (5) showed behavior similar to that found
for 1a and 2. In this case, the yield of the 3-bromo-2,5-
dimethylpyrazolo[1,5-c]pyrimidine (11a) was lower than
those obtained for 7a and 8a, and the reaction with 6f
failed. The yields for the series of pyrazolo[1,5-c]pyrim-
idines 11b-e are similar to those obtained with bicyclic
substrates 1a and 2. In summary, the reaction of 2-bro-
momethylazoles and TosMIC derivatives under phase-
transfer conditions (CH2Cl2/30% aq NaOH), using TE-
BACl as a catalyst, allowed the preparation of substituted
azolopyrimidines. The products obtained included pyrido-
[3′,2′:4,5]pyrrolo[1,2-c]pyrimidines, which contain the
ring system present in the variolin alkaloids. Further
studies on the application of this heterocyclization method
in the synthesis of variolin B analogues are currently in
progress.

Experimental Section
General. TosMIC derivates 6a-e were prepared following

the general procedure described by van Leusen.10a Compound
6f was also prepared following this general procedure. The
bromomethyl azoles 1-5 were prepared following the method
described in ref 9.

R-(2-Bromobenzyl)-R′-tosylmethyl Isocyanide (6f). A mix-
ture of TosMIC (976 mg, 5 mmol), 1-bromo-2-bromomethylben-
zene (2.5 g, 10 mmol), and Bu4NI (1 mmol) in CH2Cl2 (10 mL)
and 30% NaOH (10 mL) was vigorously stirred for 5 h at room
temperature. Water (50 mL) was added, and the reaction
mixture was extracted with CH2Cl2, dried over MgSO4, and
concentrated in vacuo. Extraction of the residue with cold ether
and removal the solvent in vacuo yielded 6f (1.13 g, 62%) as a
white solid: mp 113-115 °C; IR (KBr) 3061, 2937, 2137, 1593,
1329, 1149 cm-1; 1H NMR (300 MHz, CDCl3) δ 7.90 (d, 2H, J )
8.2 Hz), 7.54 (m, 1H), 7.43 (d, 2H, J ) 8.2 Hz), 7.2-7.3 (m, 3H),
4.85 (dd, 1H, J ) 11,4 and 3.1 Hz), 3.83 (dd, 1H, J ) 13,7 and
3.1 Hz), 3.05 (dd, 1H, J ) 13.7 and 11.4 Hz), 2.48 (s, 3H); 13C
NMR (75 MHz CDCl3) δ 146.7, 133.1, 132.4, 131.3, 130.2, 129.9,
129.6, 127.9, 127.2, 126.5, 124.2, 38.1, 35.4, 21.9; MS (EI) m/z
(relative intensity) 363, 365 [34, 34 (M+)], 284 (29), 210 (21),
208 (21), 155 (27), 129 (57), 91 (100), 63 (18). Anal. Calcd for
C16H14BrNO2S: C, 52.76; H, 3.87; N, 3.85. Found: C, 52.83; H,
3.72; N, 3.98.

Synthesis of Azolopyrimidines 7-11. General Proce-
dure. A mixture of the bromomethylazole (1-5) (0.29 mmol),
the TosMIC derivative 6a-f (0.32 mmol), and TEBACl (13 mg,
0.06 mmol) in CH2Cl2 (3 mL) and 30% NaOH (3 mL) was stirred
at the indicated temperature for 4-24 h. The reaction mixture
was poured into water and extracted with CH2Cl2. The organic
phase was washed with brine, dried (Na2SO4), and concentrated
under reduced pressure to give a crude product, which was
chromatographed on silica gel to yield pure compounds 7-11.
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