
Subscriber access provided by American Chemical Society

Journal of Combinatorial Chemistry is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036

Report

Preparation of 2,7-Diaminosubstituted-[1,2,4]triazolo[1,5-a]pyrimidine-
6-Carbonitriles by Solid-Phase Synthesis

Cullen L. Cavallaro, Lalgudi S. Harikrishnan, Feng Chi, Dharmpal Dodd, and Ashok Purandare
J. Comb. Chem., 2008, 10 (1), 28-30• DOI: 10.1021/cc700161r • Publication Date (Web): 10 November 2007

Downloaded from http://pubs.acs.org on March 25, 2009

More About This Article

Additional resources and features associated with this article are available within the HTML version:

• Supporting Information
• Links to the 1 articles that cite this article, as of the time of this article download
• Access to high resolution figures
• Links to articles and content related to this article
• Copyright permission to reproduce figures and/or text from this article

http://pubs.acs.org/doi/full/10.1021/cc700161r


Preparation of 2,7-Diaminosubstituted-
[1,2,4]triazolo[1,5-a]pyrimidine-6-Carboni-
triles by Solid-Phase Synthesis

Cullen L. Cavallaro,* Lalgudi S. Harikrishnan, Feng Chi,
Dharmpal Dodd, and Ashok Purandare

Bristol-Myers Squibb R & D, Route 206 and ProVinceline
Road, Princeton, New Jersey 08540

ReceiVed September 27, 2007
The biological importance of 1,2,4-triazolo[1,5-a]pyrim-

idines is well documented. Over the years, various substituted
derivatives of these heterocycles have shown utility against
a range of biological targets.1 For example, they have
demonstrated activity against malaria2 and bronchospasm3

and shown activity as coronary vasodilators,4,5 antihyper-
tensive agents,5 leishmanicides,6,7 antibiotics,8 adenosine A2a

antagonists,9 immunosuppressants,10 antitumor agents,11 fun-
gicides,12 xanthine oxidase inhibitors,13 and phosphodi-
esterase inhibitors.14 Although these papers describe 1,2,4-
triazolo[1,5-a]pyrimidines with a number of substitution
patterns, elaboration of this particular heterocyclic core has
not been exhaustive. Herein, we disclose compounds con-
taining a novel variation of this heterocycle, namely, 2,7-
diamino-[1,2,4]triazolo[1,5-a]pyrimidine-6-carbonitriles, syn-
thesized by a solid-phase route. This approach is efficient
and can potentially be used for the creation of combinatorial
libraries based on the novel core structure.

Previous routes1 to 1,2,4-triazolo[1,5-a]pyrimidines have
primarily taken advantage of a solution phase reaction
between 1,2,4-triazoles and myriad biselectrophiles2,15 or,
more recently, by using a multicomponent variation of this
reaction.16 We have taken a similar approach for the ring
closure by condensing ethyl(ethoxymethylene)cyanoacetate
with resin-bound diamino-1,2,4-triazoles. The resin-based
approach detailed below provides a convenient route for
library synthesis and eliminates the need for the purification
of multiple intermediates.

The solid phase synthesis that was undertaken began with
PL-FMP resin 1 (see Scheme 1), which was treated with
sodium triacetoxyborohydride and a primary amine to
provide resin 2. Loadings were determined by benzoylation,
cleavage, and gravimetric analysis, as well as by elemental
analysis of the resin-bound intermediates. The amine resins
2 were treated with diphenoxycyanoimidate to give the
corresponding phenyl isourea resin 3. The progress of this
reaction was monitored by LC-MS analysis of the cleaved
intermediate, which was observed with a 4-hydroxy-2-
methoxyphenyl substituent resulting from cleavage at the
resin backbone instead of directly at the linker. Isourea resin
3 was treated with a benzoylation mixture, cleaved, and
analyzed to ensure that there was no unreacted resin 2

remaining. Resin 3 was then cyclized with hydrazine to
triazole resin 417 and was also monitored by LC-MS analysis
of the cleaved intermediate.

Michael addition of aminotriazole resin 4 to ethyl-
(ethoxymethylene)cyanoacetate in the presence of acetic acid
gave the resin bound Michael adduct 5. The reaction was
checked by cleavage of the intermediate and subsequent LC-
MS analysis. It was observed that thorough washing of the
resin was critical to remove polymeric impurities. Initial
attempts to cyclize resin 5 with DMAP, DBU, or NaOMe
were completely unsuccessful, even with heating at temper-
atures up to 100 °C. The cyclization of resin 5 was finally
accomplished with potassium bis(trimethylsilyl)amide (KH-
MDS) in DMF at 100 °C to obtain the resin-bound
triazolopyrimidinone 6. Elevated temperature and strong base
were required to push the reaction to completion because a
significant amount of 5 still remained when KHMDS was
employed at lower temperatures. Progress was monitored by
LC-MS analysis of cleaved samples, and it was noted that
the cleaved intermediate was not stable to methanolic TFA.
Thus, it was necessary to cleave the intermediate with TFA
and evaporate it to dryness prior to LC-MS analysis in
methanol-containing mobile phases.

Treatment of resin 6 with phosphorus oxychloride in
pyridine gave the resin-bound chlorotriazolopyrimidine 7.
The chlorine was then displaced by heating intermediate 7
in NMP with amines at 80 °C to obtain the resin-bound
diamino triazolopyrimidines 8. Both reactions were moni-
tored by LC-MS analysis of the cleaved materials. Cleavage
of resin 8 was accomplished by treatment with 30% TFA in
DCM, thus providing the liberated triazolopyrimidines 9.

The isolated yields of some representative compounds are
shown in Table 1. All final products were purified by reverse-
phase preparative HPLC. The isolated yields for these
samples ranged from 7 to 25% for seven linear steps from
the amine resin 2. Yields are comparable when R1 is an alkyl
or benzyl amine.

Prior research on these heterocycles has shown that there
are four possible regiochemical outcomes for the formation
of the pyrimidine ring by this route. Literature precedents
suggest that the exocyclic nitrogen of the triazole16,18 will
react first with the enol ether portion of the biselectrophile19

and that ring closure will occur at N-2 of the triazole to
provide the 1,2,4-triazolo[1,5-a]pyrimidine. Although the
annulation is expected to occur by condensation with the
ester,15c,20 it should be noted that under certain conditions
amino products resulting from addition to the nitrile have
been reported.7,20 Further support for the [1,5-a]-structures
can also be found in observations that the [4,3-a]-isomers
readily rearrange to the [1,5-a]-compounds;18,21,22 therefore,
any of the former isomer that is created should be converted
to the latter.

In support of the first step of the pyrimidine formation,
we were able to cleave resin 5a (R1 ) CH2CH2OMe) and
isolate the product. Mass spectral data for the intermediate
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supports displacement of an ethoxy group, and IR data
obtained for resin 5a confirmed the presence of the cyano
substituent. However, IR data for the cleaved material lacked
the definitive CN stretch, and H NMR data supported
structure 5a′. This leads one to speculate that the resin-bound
material could be a mixture of 5a and 5a′ that is conver-
ted to 5a′ under the acidic cleavage conditions. Reactions at

the nitrile for this ring system have been reported under acidic
conditions.7,20

Formation of triazolopyrimidinone 6a was confirmed by
the MS data and was consistent with the loss of an ethoxy
group from 5. As mentioned above, the initial failed attempts
to cyclize this intermediate eventually necessitated the use
of strongly basic conditions. This may be, at least in part,
the result of the presence of 5a′. Formation of the desired
product from this intermediate would require retrocyclization
to the nitrile and reclosure of the ring.

To show that the final products synthesized by the solid-
phase route were the expected regioisomers, further structural
work was undertaken. Because these compounds lack dif-
ferentiating protons that can be used for a definitive structural
assignment by 1H NMR,16a structures were determined by
comparison of UV absorption23 and 13C NMR data23b,24,25

with that presented in the literature for several closely related
analogs. As expected, the data for the methoxyethyl com-
pound 6a supported the assignment of the 1,2,4-triazolo[1,5-
a]pyrimidine regioisomer shown. It displayed a downfield
resonance in the 13C NMR at 161.1 ppm, which agrees with
related compounds in the literature, 23b,24 and UV absorptions
at 233 and 298 nm, also in agreement with literature
values.23b,26 Data for the 4-chlorobenzyl analog 6b also
supported this assignment, with UV absorptions at 237 and
297 nm and a downfield resonance in the 13C NMR at 163.8
ppm.

In conclusion, a robust solid-phase method has been
developed that provides access to 2,7-diamino-[1,2,4]tria-
zolo[1,5-a]pyrimidine-6-carbonitriles. Furthermore, this meth-
odology is amenable to library generation and is tolerant to
various substitutions at the 2- and 7-positions. Spectroscopic
data confirms that the products formed were 1,2,4-tria-
zolo[1,5-a]pyrimidines. We continue to pursue the synthesis
of combinatorial libraries based upon this chemistry, which
will be disclosed separately.

Acknowledgment. We would like to thank Sharon Cal-
lahan and Sarah Traeger for NMR assistance, Peter Tidswell,
Marianne Vath, Scott LaPaglia, Katy van Kirk, Art Miller,
and Ruhui Qiu for providing analytical and purification
support, and Rajeev Bhide for his careful observations and
helpful discussions.

Supporting Information Available. General procedures
for library synthesis and spectral data for key compounds.
This information is available free of charge via the Internet
at http: //pubs.acs.org.

References and Notes

(1) Fischer, G. AdV. Heterocycl. Chem. 1993, 57, 81–138.
(2) Werbel, L. M.; Elslager, E. F.; Chu, V. P. J. Heterocycl. Chem.

1973, 10, 631–635.
(3) Davies, G. E. J. Pharm. Pharmacol. 1973, 25, 681–689.
(4) Tenor, E.; Ludwig, R. Pharmazie 1971, 26, 534–539.
(5) Sato, Y.; Shimoji, Y.; Fujita, H.; Nishino, H.; Mizuno, H.;

Kobayashi, S.; Kumakura, S. J. Med. Chem. 1980, 23, 927–
937.

(6) Ram, V. J.; Srivastava, P.; Singh, S. K.; Kandpal, M.;
Tekwani, B. L. Bioorg. Med. Chem. Lett. 1997, 7, 1087–1090.

(7) Ram, V. J. Ind. J. Chem., Sect. B 1988, 27B, 825–829.

Scheme 1. Solid-Phase Synthesis of
1,2,4-Triazolo[1,5-a]pyrimidinesa

a Reagents and conditions: (i) R1NH2, DMF, NaBH(OAc)3, cat. AcOH;
(ii) DIEA, DMAP, NMP, 75°C; (iii) N2H4, NMP, 75°C; (iv) 70% AcOH/
NMP, 98°C; (v) potassium bis(trimethylsilyl)amide (0.5 M in toluene),
DMF, RT for 3 h, then 100°C; (vi) POCl3, pyridine, DCE, RT for 15 min,
then 80°C; (vii) R2R3NH, NMP, 80°C; (viii) 30% TFA/DCE; R1 )
MeOCH2CH2 for a and 4-ClPhCH2 for b.

Table 1. Yields for Some Representative
1,2,4-Triazolo[1,5-a]pyrimidines
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