
Journal of Molecular Structure 987 (2011) 13–24
Contents lists available at ScienceDirect

Journal of Molecular Structure

journal homepage: www.elsevier .com/ locate /molst ruc
Synthesis of [1,2,4]-triazolo[1,5-a]pyrimidines by Dimroth rearrangement
of [1,2,4]-triazolo[4,3-a]pyrimidines: A theoretical and NMR study

Antonio Salgado a,⇑, Carmen Varela a, Ana María García Collazo a, Fernando García b, Paolo Pevarello a,
Ibon Alkorta c, José Elguero c

a Department of Medicinal Chemistry, Centro Nacional de Investigaciones Oncológicas (CNIO), Melchor Fernández Almagro, 3, E-28029 Madrid, Spain
b Department of Proteomics, Centro Nacional de Investigaciones Oncológicas (CNIO), Melchor Fernández Almagro, 3, E-28029 Madrid, Spain
c Instituto de Química Médica, CSIC, Juan de la Cierva, 3, E-28006 Madrid, Spain

a r t i c l e i n f o a b s t r a c t
Article history:
Received 23 September 2010
Received in revised form 17 November 2010
Accepted 17 November 2010
Available online 28 November 2010

Keywords:
[1,2,4]-triazolo-[1,5-a]pyrimidine
[1,2,4]-triazolo-[4,3-a]pyrimidine
Dimroth rearrangement
ANRORC mechanism
DFT
0022-2860/$ - see front matter � 2010 Elsevier B.V. A
doi:10.1016/j.molstruc.2010.11.054

⇑ Corresponding author.
E-mail address: asalgado@cnio.es (A. Salgado).
Novel [1,2,4]-triazolo-[1,5-a]pyrimidine derivatives were prepared by oxidative cyclization of suitable N-
benzylidene-N0-pyrimidin-2-yl hydrazine precursors, followed by a Dimroth rearrangement. Reaction of
6-bromo-[1,2,4]-triazolo-[4,3-a]pyrimidines with aliphatic amines under microwave irradiation gave the
unexpected 5-amino compounds from an ANRORC-type mechanism. Full NMR and HRMS characteriza-
tion was done for all the obtained compounds. DFT calculations of absolute shielding permitted to predict
1H, 13C and 15N chemical shifts, which were in good agreement with the experimental ones. Theoretical
studies at the B3LYP/6-311++G(d,p) level corroborated that [1,2,4]-triazolo-[1,5-a]pyrimidines were
more stable than their [4,3-a] counterparts.

� 2010 Elsevier B.V. All rights reserved.
1. Introduction

Although there is almost no heterocycle devoid of biological
properties, the [1,2,4]-triazolo-[1,5-a]pyrimidine ring (I, Fig. 1) [1–
6] is particularly interesting because its closeness to purines (II) [7].

Compounds I have found wide application as ligands in coordi-
nation chemistry [8–11] and also in agriculture and in medicinal
chemistry. Since the Fischer review contains much information till
2008 [5], we will report here only 2009 and 2010 references. Two
very important herbicides, Flumetsulam and Metosulam, belong to
the class of sulam herbicides showing acetohydroxyacid synthase
inhibitor properties [12–14]. Other [1,2,4]-triazolo[1,5-a]pyrimi-
dines with antiparasitic [15], antimicrobial [16] and anticancer
[17,18] activities are well documented. Essramycin is the first anti-
biotic with a [1,2,4]-triazolo[1,5-a]pyrimidine skeleton [19,20].

We will report in this paper the synthesis and the characteriza-
tion by NMR and theoretical calculations of a series of new [1,2,4]-
triazolo[1,5-a]pyrimidines. Although the procedure we have used
is said to afford [1,2,4]-triazolo[4,3-a]pyrimidines, our NMR and
theoretical study will prove that a formal Dimroth rearrangement
has also occurred and the isolated products belong to the [1,5-a]
series. This kind of rearrangement has been described previously
[21–24].
ll rights reserved.
2. Results and discussion

2.1. Synthesis

There are several ways to prepare [1,2,4]-triazolo[1,5-a]pyrimi-
dines [2]. We have used the method represented in Scheme 1 for a
general case.

The first step is the formation of hydrazone IV that cyclizes with
oxidation to [1,2,4]-triazolo[4,3-a]pyrimidine V and, in some cases
depending on the experimental conditions, this last compound
rearranges to [1,2,4]-triazolo[1,5-a]pyrimidines VI. The accepted
mechanism of Dimroth rearrangement involves covalent hydration
(VII), ring opening (VIII), 1,2,4-triazole rotation (IX), ring closure
(X) and dehydration to VI.

The fact that [4,3-a] isomer XI transforms into the [1,5-a] one
XII is related to the stability of the addition products of 1,2,4-tria-
zole on carbonyl compounds: the addition occurs by the lone pair
of one of the sp2 nitrogen atoms (Scheme 2). Always, the 1-substi-
tuted isomer XIV is much more stable than the 4-substituted one
XIII [25,26], for the same reasons that in 1,2,4-triazoles the 1H-tau-
tomer XVI is much more stable than the 4H one XV [27].

The syntheses carried out in this work are shown in Scheme 3
starting from 2-chloro-5-bromopyrimidine (1) we prepared hydra-
zine 2 which was condensed with substituted benzaldehydes to af-
ford hydrazones 3. The cyclization of hydrazones 3a–d to [1,2,4]-
triazolo[4,3-a]pyrimidines 4a–d was accomplished with IPh(OAc)2

http://dx.doi.org/10.1016/j.molstruc.2010.11.054
mailto:asalgado@cnio.es
http://dx.doi.org/10.1016/j.molstruc.2010.11.054
http://www.sciencedirect.com/science/journal/00222860
http://www.elsevier.com/locate/molstruc
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Fig. 1. Structure of the [1,2,4]-triazolo[1,5-a]pyrimidine ring system (I).
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Scheme 1. The synthesis of [1,2,4]-triazolo[1,5-a]pyrimidines VI from 2-hydrazinopyrimidine (III) and the accepted mechanism of the Dimroth rearrangement.
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Scheme 2. Equilibria of isomers and tautomers in the [1,2,4]-triazole series.
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[28]. Reaction of the 6-bromo[1,2,4]-triazolo[1,5-a]pyrimidines
4a–c with alkyl amines gave compounds 5a–c. Compound 5a
was demethylated by reaction with BBr3 to yield the hydroxy
derivative 5d. Most remarkable is the transformation upon MW
irradiation of the bromo derivative 4d and an aliphatic amine into
the 7-amino derivatives 5e–g. The fact that the substitution took
place in the adjacent position of the leaving group is known as
the van der Plas’ ANRORC process [29–31].

2.2. Experimental NMR results

The cyclization of hydrazones 3a–d is said to give [1,2,4]-triaz-
olo[4,3-a]pyrimidine derivatives [28]. Yet we have reported a sim-
ilar reaction in which a [1,2,4]-triazolo[1,5-a]pyrimidine resulted
without isolation of the [4,3-a] isomer [32]. In our hands, com-
pounds 4a–d were found to be [1,2,4]-triazolo[4,3-a]pyrimidines,
as confirmed by their NMR data. For 4d, the 13C NMR spectrum
gave a signal at 145.2 ppm, assigned at the triazole C-2 atom.
The magnitude of this chemical shift is very characteristic of
[1,2,4]-triazolo[4,3-a]pyrimidines. Moreover, a 15N resonance at
�197.7 ppm (N-4) was clearly ‘‘pyrrole-like’’ and quite similar in
magnitude to that of other [1,2,4]-triazolo[4,3-a]pyrimidines.
Additionally, in a 1D NOESY experiment, irradiation at 9.24 ppm
(H-5) gave NOE response to H-2 and H-6 of the 3,4-dimethoxy-
phenyl at C-3 (7.46 and 7.47 ppm, respectively). All these indicated
that 4d belonged to the [1,2,4]-triazolo[4,3-a]pyrimidine series.

On the other hand, we found that compounds 5a–g were
[1,2,4]-triazolo[1,5-a]pyrimidines, as corroborated by their 1H,
13C and 15N NMR and HRMS data. In particular, for 5a, three 15N
signals at �104.0, �115.8 and �153.0 ppm were respectively as-
signed to N-8, N-3 and N-4. These measured chemical shifts were
quite close in magnitude to those reported for other similar
[1,2,4]-triazolo[1,5-a]pyrimidines [32], and thus signal assignment
could be made by direct comparison. N-3 and N-8 are ‘‘pyrimidine-
like’’ atoms, whereas N-4 is of the ‘‘pyrrole-like’’ class, coming to
resonance at a higher field. As with other [1,2,4]-triazolo[1,5-
a]pyrimidines, the measured d 15N value for N-4 is noticeably large
if compared to a pure pyrrole compound, this being due to the
presence of the adjacent N-3 atom. All 1H and 13C resonances were
assigned on the basis of COSY, 1H–13C HSQC and HMBC results.
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Additionally, 1D NOESY experiments on 5a irradiating at H-5
(8.36 ppm) did not show NOE interaction with the aryl substituent
on the triazole moiety, as it would have been expected should 5a
have belonged to the [4,3-a] series. Furthermore, the large 13C
chemical shift of the C-2 atom (163.4 ppm) is very characteristic
of [1,2,4]-triazolo[1,5-a]pyrimidines, as for the [4,3-a] counterparts
the triazole carbon atom (C-3 in this case) is known to come to res-
onance at noticeably higher field. All these evidences supported
the [1,2,4]-triazolo[1,5-a]pyrimidine structure of 5a. The same
conclusions were drawn for 5b–d.

For compounds 5e–g, the 1H, 13C and 15N chemical shifts of the
pyrimidine CH’s were substantially different from those of 5a–d.
For 5g, one of the pyrimidine CH’s came to resonance at
8.31 ppm (1H) and 153.6 ppm (13C). These values were in accor-
dance to an aromatic CH next to a nitrogen atom, such as C-7 in
the [1,2,4]-triazolo[1,5-a]pyrimidine scaffold. Yet the other pyrim-
idine CH came to resonance at a remarkable high field (6.47 and
88.6 ppm), this in clear contrast to 5a–d. Besides, and more rele-
vant, the coupling constant for those two hydrogen atoms was
far too large for a meta relationship, as seen with compounds
5a–d. The encountered values (5.4 Hz for 5g) were more consistent
with an ortho relationship. Additionally, in a 1D NOESY experiment
on 5g, irradiation at 6.47 ppm showed NOE interaction with the
vicinal pyrimidine hydrogen (8.31 ppm) and with the peripheral
2-methoxyethyl amino substituent (3.61 and 8.22 ppm). On the
other hand, irradiation at the other pyrimidine hydrogen
(8.31 ppm) only gave NOE with that at 6.47 ppm. It was thus de-
duced that compounds 5e–g had the alkyl amino substituent at po-
sition C-5 rather than at C-6. The comparatively low chemical shift
values for 6-CH was presumably due to the presence of an amino
group linked to the vicinal carbon atom. Other differences with
compounds 5a–d accrued from the 1H–15N HMBC experiments.
Three aromatic 15N chemical shift values could be measured for
compound 5g, namely at �130.0, �148.6 and �170.4 ppm. On
the basis of HMBC information, these signals were respectively as-
signed to N-8, N-3 and N-4. The fact that N-4, clearly a ‘‘pyrrole-
like’’ nitrogen atom, was comparatively deshielded could be ex-
plained by the presence of the adjacent N-3, again supporting the
[1,2,4]-triazolo[1,5-a]pyrimidine structure of 5g. It is interesting
to note that no NOE interaction was observed with the dimethoxy-
phenyl substituent upon irradiation at the 2-methoxyethyl amino
group at C-5 (3.61 ppm), which further supported the [1,2,4]-triaz-
olo[1,5-a]pyrimidine core of 5g.

2.3. Theoretical calculations

2.3.1. Energies
The closely related [1,2,4]-triazolo[4,3-c]pyrimidine rearrange-

ment to [1,2,4]-triazolo[1,5-c]pyrimidine has been studied theoret-
ically at the B3LYP/6-31G(d,p) level [33]. Different mechanisms



Table 1
Total energy (hartree) and relative energy (kJ mol�1) of the [1,2,4]-triazolo[1,5-
a]pyrimidine, 5a–g, and the (hypothetical) [1,2,4]-triazolo[4,3-a]pyrimidine isomers,
5a–g bis, calculated at the B3LYP/6-311++G(d,p) computational level.

Etotal Etotal Erel

5a �1182.76734 5a bis �1182.74411 61.0
5b �1007.25372 5b bis �1007.23010 62.0
5c �2076.81820 5c bis �2076.79460 62.0
5d �1143.45840 5d bis �1143.43480 62.0
5e �1198.25572 5e bis �1198.23250 61.0
5f �1045.58642 5f bis �1045.56315 61.1
5g �1120.80942 5g bis �1120.78643 60.4

Table 2
Total energy (hartree) and relative energy (kJ mol�1) of the [1,2,4]-triazolo[4,3-
a]pyrimidine, 4a–d, and their [1,2,4]-triazolo[1,5-a]pyrimidine counterparts, 4a–d
bis, calculated at the B3LYP/6-311++G(d,p) computational level.

Etotal Etotal Erel

4a �3331.21619 4a bis �3331.24031 63.34
4b �3405.29446 4b bis �3405.31894 64.29
4c �3369.34943 4c bis �3369.37137 57.60
4d �3445.76584 4d bis �3445.79199 68.65
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(neutral, acidic and basic), including solvent effects, were explored.
The authors conclude that the Dimroth rearrangement occurs by
an ANRORC mechanism. At the B3LYP/6-311++G(d,p) level, the
three equilibriums of Scheme 2 correspond to the right side iso-
mers (or tautomers) being more stable than the left ones: XI
48.4 kJ mol�1, XIII 50.1 kJ mol�1 and XV 28.5 kJ mol�1. The last va-
lue is close to that reported previously, 21 kJ mol�1.
Fig. 2. Optimized geometries and atom numbering of com
Similar results are obtained for molecules 5a–g, prepared here,
being the [1,5-a] isomer more stable than the [4,3-a] between 60
and 62 kJ mol�1, as shown in Table 1. The same is done for 6-bromo
derivatives 4a–d (Table 2). Again, the [1,5-a] isomers are more sta-
ble than the [4,3-a] counterparts between 57 and 69 kJ mol�1.

2.3.2. Absolute shieldings
The optimized geometries and atom numbering of molecules

5a–g are shown in Figs. 2–4. Absolute shieldings (r) were calcu-
lated within GIAO methodologies. Predicted 1H, 13C and 15N NMR
chemical shifts were calculated from Eqs. (1)–(3),
respectively.[34,35]

d1H ¼ 31:0—0:97 � rð1HÞ ðreference TMS;0:00 ppmÞ ð1Þ

d13C ¼ 175:7—0:963 � rð13CÞ ðreference TMS;0:00 ppmÞ ð2Þ

d15N¼�152—0:946 �rð15NÞ ðreference ext:neat MeNO2;0:00ppmÞ
ð3Þ

Theoretical and experimental chemical shifts for 5a–g are
shown in Tables 3–9. Theoretical data for the hypothetical [4,3-a]
isomer of 5a (5a bis) are shown in Table 3 for comparison. It can
be seen that calculated 13C and 15N chemical shifts for the
[1,2,4]-triazolo[1,5-a]pyrimidine isomer geometry are very much
alike to those measured, whereas large differences with calculated
chemical shifts for 5a bis are observed. For instance, the predicted
chemical shift for C-2 is 165.2 ppm for the [1,5-a] isomer, and
143.9 ppm for C-3 of the [4,3-a], being the experimental value
163.4 ppm. Additionally, the theoretical 15N chemical shifts for
the [1,5-a] structure 5a are �116.0, �154.4 and �96.0 ppm for
N-3, N-4 and N-8, respectively, and �31.2 �56.2 and �87.3 ppm
pound 5a and its tentative [4,3-a] counterpart 5a bis.



Fig. 3. Optimized geometries and atom numbering of compounds 5b–d.

Fig. 4. Optimized geometries and atom numbering of compounds 5e–g.
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for the [4,3-a] counterpart (5a bis). Again, the measured 15N chem-
ical shifts (�115.8, �153.0 and �104.0 ppm) corroborated the
[1,2,4]-triazolo[1,5-a] pyrimidine structure of 5a. Then, as shown
in Tables 4–6, concordance between theoretical and experimental
NMR data supported the structure of molecules 5b–d. It is interest-
ing to note that, according to our theoretical data, the steric repul-
sion between H-5 and H-2 of the phenyl substituent in the
hypothetical [4,3-a] derivatives (5a bis to 5d bis) would force a



Table 3
Measured chemical shifts of compound 5a, and absolute shieldings and calculated chemical shifts for the [1,5-a] and the (hypothetical) [4,3-a] structures.

Atom number Atom position Calc. shielding d (calc.) Atom number Atom position Calc. shielding d (calc.) d (exp.)

Predicted for [1,2,4]-triazolo[1,5-a]pyrimidine scaffold Predicted for [1,2,4]-triazolo[4,3-a]pyrimidine scaffold
1 N-1 0.73 �152.7 1 N-1 �100.95 �56.2 �153
2 C-2 10.9 165.2 2 N-2 �127.25 �31.2 163.4
3 N-3 �37.9 �116.0 3 C-3 33.02 143.9 �115.8
4 N-4 2.58 �154.4 4 N-4 59.39 �208.4 n.d.
5 C-5 66.25 111.9 5 C-5 75.13 103.3 114.2
6 C-6 43.78 133.5 6 C-6 43.99 133.3 135.5
7 C-7 33.9 143.1 7 C-7 34.42 142.6 148.2
8 N-8 �58.96 �96.0 8 N-8 �68.21 �87.3 �104
9 C-8a 24.4 152.2 9 C-8a 24.99 151.6 150.5

10 H-7 23.63 8.1 10 H-7 23.71 8.0 8.57
11 H-5 23.94 7.8 11 H-5 24.21 7.6 8.36
12 Ph C-1 52.63 125.0 12 Ph C-1 55.79 122.0 123.8
13 Ph C-2 50.14 127.4 13 Ph C-2 45.06 132.3 128.1
14 Ph C-6 47.23 130.2 14 Ph C-6 53.39 124.3 128.1
15 Ph H-6 23.08 8.6 15 Ph H-6 23.62 8.1 8.05
16 Ph H-4 23.36 8.3 16 Ph H-4 24.26 7.5 8.05
17 Ph C-5 71.53 106.8 17 Ph C-5 58.43 119.4 114.5
18 Ph C-3 61.05 116.9 18 Ph C-3 72.36 106.0 114.5
19 Ph H-5 25.22 6.5 19 Ph H-5 24.54 7.2 7.06
20 Ph H-3 24.83 6.9 20 Ph H-3 25.18 6.6 7.06
21 Ph C-4 14.07 162.2 21 Ph C-4 15.28 161.0 160.9
22 OCH3

216.15 22 OCH3
215.85

23 OCH3
126.89 53.5 23 OCH3

127.21 53.2 55.7

24 OCH3
28.22 3.6 24 OCH3

28.23 3.6 3.82

25 OCH3
28.22 3.6 25 OCH3

28.25 3.6 3.82

26 OCH3
27.83 4.0 26 OCH3

27.78 4.1 3.82

27 C-6-NH 172.3 -315.5 27 C-6-NH 170.28 �313.6 �281.4

28 C-6-NH 28.99 2.9 28 C-6-NH 28.93 2.9

29 NHCH2
131.37 49.2 29 NHCH2

131.42 49.1 46.2

30 NHCH2
27.66 4.2 30 NHCH2

27.69 4.1 4.31

31 NHCH2
28.18 3.7 31 NHCH2

28.36 3.5 4.31

32 Bn C-1 43.28 134.0 32 Bn C-1 43.8 133.5 134.9
33 Bn C-2 46.15 131.3 33 Bn C-2 46.25 131.2 129.6
34 Bn C-6 46.82 130.6 34 Bn C-6 47.26 130.2 129.6
35 Bn H-2 24.14 7.6 35 Bn H-2 24.09 7.6 7.49
36 Bn H-6 24.44 7.3 36 Bn H-6 24.47 7.3 7.49
37 Bn C-3 61.51 116.5 37 Bn C-3 61.5 116.5 115.2
38 Bn C-5 62.68 115.3 38 Bn C-5 62.76 115.3 115.2
39 Bn H-3 24.63 7.1 39 Bn H-3 24.68 7.1 7.19
40 Bn H-5 24.72 7.0 40 Bn H-5 24.81 6.9 7.19
41 Bn C-4 10.66 165.4 41 Bn C-4 10.06 166.0 161.5
42 F 285.88 42 F 285.72
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ca. 30� rotation of the phenyl ring located in position C-3 of the
triazolopyrimidine scaffold. On the other hand, in the compounds
of the [1,5-a] series (5a–d) the two aromatic systems are coplanar.

The same agreement between theoretical and experimental
data was also seen in the 5-amino derivatives 5e–g (Tables 7–9),
again proving that the proposed structures are correct. It should
be taken into account that experimental chemical shifts corre-
spond to the average of many conformers existing in the liquid
state, whereas calculations are done for a unique (frozen) geome-
try. This fact could also contribute to the observed minor differ-
ences between calculated and measured data. It must be added
that the position of substitution has little effect on the geometry
of the pyridine ring, as the largest bond distance differences were
found between the C6–C7 atoms, being their value 1.43 Å for 5a–d
and 1.41 Å for 5e–g.

We also calculated theoretical chemical shifts for the bromode-
rivative 4d and for its hypothetical [1,5-a] isomer 4d bis (Table 10).
Their optimized geometries and atom numbering are shown in
Fig. 5. High agreement between measured 13C and 15N chemical
shifts and those predicted for the [4,3-a] isomer was met, thus sup-
porting the [1,2,4]-triazolo[4,3-a]pyrimidine structure of 4d. It
must be said, however, that a large disagreement between the the-
oretical and the experimental chemical shifts of C-6 was seen (calc.
124.9 ppm, exp. 105.8 ppm). Such data disparity has been reported
to occur with carbon atoms with a bromine atom attached to them
[36].

3. Conclusion

The structures of novel 5-amino and 6-amino-[1,2,4]-triazol-
o[1,5-a]pyrimidines were fully corroborated by their NMR and
MS data. Distinctive 13C and 15N signal patterns were seen for each
class of compounds. The preparation of the 5-substituted deriva-
tives 5e–g under microwave irradiation was rationalized by an AN-
RORC-type mechanism. The experimental NMR chemical shifts of
compounds 5a–g were in good agreement with those predicted
from GIAO calculations.

4. Experimental

4.1. General

NMR spectra were recorded in a Bruker AVANCE 700 spectrom-
eter or in a Bruker AVANCE II 300 spectrometer, respectively fitted
with a QXI 700 MHz S4 probe (operating at 700.13 MHz,
176.05 MHz or 70.94 MHz as the 1H, 13C and 15N frequencies)



Table 4
Absolute shieldings, calculated and measured chemical shifts of compound 5b.

Atom number Atom position Calc. shielding d (calc.) d (exp.)

1 N-1 �0.82 �151.2 n.d.
2 C-2 12.31 163.8 162
3 N-3 �40.64 �113.4 �112.6
4 N-4 1.71 �153.6 �152.1
5 C-5 67.63 110.6 113.9
6 C-6 43.25 134.1 137
7 C-7 34.11 142.9 149.4
8 N-8 �60.17 �94.9 �102.7
9 C-8a 25.17 151.5 151.3

10 H-7 23.6 8.1 8.6
11 H-5 24.11 7.6 8.43
12 Ph C-1 44.88 132.5 132
13 Ph C-6 47.24 130.2 130.9
14 Ph C-2 47.83 129.6 126
15 Ph H-6 23.15 8.5 8.36
16 Ph H-2 22.55 9.1 8.67
17 Ph C-5 50.52 127.0 129.6
18 Ph H-5 24.28 7.4 7.68
19 Ph C-4 48.06 129.4 129.7
20 Ph H-4 23.26 8.4 8.06
21 Ph C-3 41.03 136.2 137.6
22 COCH3

�19.39 194.4 198.2

23 COCH3
�298.49

24 COCH3
155.34 26.1 27.3

25 COCH3
29.03 2.8 2.66

26 COCH3
29.03 2.8 2.66

27 COCH3
29.69 2.2 2.66

28 C-6-NH 179.58 �322.4 �318.6

29 C-6-NH 28.69 3.2

30 NH–CH2
130.96 49.6 48.2

31 NH–CH2
29.84 2.1 2.92

32 NH–CH2
28.45 3.4 2.92

33 CH 169.22 12.7 10.2

34 CH 31.01 0.9 1.12

35 (CH2)2
176.84 5.4 3.9

36 (CH2)2
31.01 0.9 0.53

37 (CH2)2
31.55 0.4 0.27

38 (CH2)2
178.1 4.2 3.9

39 (CH2)2
31.33 0.6 0.53

40 (CH2)2
31.64 0.3 0.27

Table 5
Absolute shieldings, calculated and measured chemical shifts of compound 5c.

Atom number Atom position Calc. shielding d (calc.) d (exp.)

1 N-1 �5.55 �146.7 n.d.
2 C-2 11.69 164.4 162
3 N-3 �43.8 �110.4 n.d.
4 N-4 2.05 �153.9 �151.9
5 C-5 66.04 112.1 114.3
6 C-6 43.18 134.1 136.2
7 C-7 32.78 144.1 148.5
8 N-8 �62.34 �92.8 �101.8
9 C-8a 24.74 151.9 151.3

10 H-7 23.52 8.2 8.64
11 H-5 23.96 7.8 8.42
12 Ph C-1 40.07 137.1 135.2
13 Ph C-2 52.29 125.3 126.7
14 Ph C-6 49.69 127.8 126.7
15 Ph H-2 23.21 8.5 8.23
16 Ph H-6 23.03 8.7 8.23
17 Ph C-3 46.2 131.2 130.2
18 Ph C-5 46.66 130.8 130.2
19 Ph H-3 23.41 8.3 8.06
20 Ph H-5 23.53 8.2 8.06
21 Ph C-4 48.93 128.6 132.4
22 COOH 12.08 164.1 167.6

23 COOH �72.75

24 COOH 126.22

25 COOH 26.24 5.5 13.1

26 C-6-NH 173.17 �316.3 �321.4

27 C-6-NH 28.9 3.0 6.99

28 NHCH2
131.87 48.7 45.7

29 NHCH2
27.7 4.1 4.37

30 NHCH2
28.29 3.6 4.37

31 Bn C-1 40.26 136.9 140.1
32 Bn C-2 46.31 131.1 129.9
33 Bn C-6 50.63 126.9 128.4
34 Bn H-2 24.09 7.6 7.73
35 Bn H-6 24.7 7.0 7.44
36 Bn C-3 34.21 142.8 130.1
37 Bn C-5 47.07 130.4 131
38 Bn H-5 24.43 7.3 7.64
39 Bn C-4 34.84 142.1 131.2
40 Bn 4-Cl 678.58
41 Bn 3-Cl 675.1
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and with a QNP 300 MHz S2 probe (operating at 300.13 MHz or
75.47 MHz as the 1H and 13C frequencies). All spectra were re-
corded at 25 �C. Chemical shifts are given as referred to external
TMS (1H and 13C, 0.00 ppm) or external neat MeNO2 (15N,
0.00 ppm). The 1H 90� hard pulse was calculated for every sample.
No loss of signal resolution due to tentative aggregation effects was
observed in the concentration range used here. A standard Bruker
hmbcgplpndqf pulse sequence was used for the 1H–13C and 1H–15N
HMBC experiments. The spectral sizes for the 1H–13C HMBC exper-
iments were 8389.26 Hz (11.98 ppm) � 39062.50 Hz (221.86 ppm)
with 128 increments in f1 and 16 transients per increment (total
experiment time 45 min). Delays were adjusted for one-bond
(1JHC) couplings of 145 Hz and multiple-bond (nJHC) couplings of
10 Hz. The 1H–15N HMBC experiments were done in duplicate,
with delays adjusted for one-bond (1JHN) couplings of 90 Hz and
multiple-bond (nJHN) couplings of either 8 Hz or 3 Hz. In both cases
the spectral sizes were 8389.26 Hz (11.98 ppm) � 39062.50 Hz
(550.4 ppm) with 512 increments in f1 and 32 transients per incre-
ment (total experiment time 6 h 28 min). All HMBC spectra were
presented in magnitude mode. All NMR data were processed with
the MestReNova software (version 6.1.1-6384, Mestrelab Research
S. L., Santiago de Compostela, Spain). ESI+ high resolution mass
spectra (HRMS) were obtained with a Bruker Daltonics maXis
UHR-TOF system. 5-Bromo-2-chloro pyrimidine was purchased
from AK Scientific Inc. (Mountain View, CA, USA) and was used
as supplied. All other reagents and solvents were of analytical
grade and were used as supplied.
4.2. 5-Bromo-2-hydrazinopyrimidine (2)

5-Bromo-2-chloropyrimidine (1, 2.0 g, 10.34 mmol, 1.0 eq) was
suspended in abs. EtOH (15 mL) at RT, and hydrazine hydrate
(1.51 mL, 31.02 mmol, 3 eq) was added in one portion. The white
suspension was refluxed (95 �C) for 1.5 h, cooled to RT and the sol-
vent was evaporated. Column chromatography (silica, 5–20%
MeOH in dichloromethane) afforded 5-bromo-2-hydrazino-pyrim-
idine (2, 1.36 g, 70%) as a white solid. 1H NMR (300 MHz, DMSO-d6)
d 8.47 (s, 1H), 8.40 (s, 2H), 4.19 (s, 2H).
4.3. (E)-2-(4-Methoxybenzylidene)-1-(5-bromopyrimidin-2-
yl)hydrazine (3a)

5-Bromo-2-hydrazinopyrimidine (2, 0.18 g, 0.95 mmol, 1.0 eq)
and 4-methoxybenzaldehyde (0.12 mL, 1.00 mmol, 1.05 eq) were
suspended in abs. EtOH (5 mL), and stirred for 2 h at RT. Solvent
evaporation and column chromatography (silica, 0–10% MeOH
in dichloromethane) gave (E)-2-(4-methoxybenzylidene)-1-(5-
bromopyrimidin-2-yl)hydrazine (3a, 240 mg, 82%) as a beige solid.



Table 6
Absolute shieldings, calculated and measured chemical shifts of compound 5d.

Atom number Atom position Calc. shielding d (calc.) d (exp.)

1 N-1 0.86 �152.8 n.d.
2 C-2 11.18 164.9 163.1
3 N-3 �37.72 �116.2 �116
4 N-4 2.62 �154.5 �152.6
5 C-5 66.31 111.8 114.5
6 C-6 43.69 133.6 135.3
7 C-7 33.87 143.1 148.5
8 N-8 �59.12 �95.9 �103.4
9 C-8a 24.49 152.1 151.1

10 H-7 23.62 8.1 8.54
11 H-5 23.95 7.8 8.34
12 Ph C-1 52.57 125.1 122.1
13 Ph C-2 49.31 128.2 128.2
14 Ph C-6 47.05 130.4 128.2
15 Ph H-2 23.34 8.4 7.94
16 Ph H-6 23.19 8.5 7.94
17 Ph C-3 63.8 114.3 115.9
18 Ph C-5 66.75 111.4 115.9
19 Ph H-3 24.82 6.9 6.87
20 Ph H-5 25.35 6.4 6.87
21 Ph C-4 17.54 158.8 159.6
22 Ph 4-OH 202.46

23 Ph 4-OH 27.98 3.9

24 C-6-NH 172.14 �315.4 �320.8

25 C-6-NH 28.99 2.9

26 NHCH2
131.39 49.2 46.3

27 NHCH2
27.67 4.2 4.3

28 NHCH2
28.19 3.7 4.3

29 Bn C-1 43.34 134.0 134.6
30 Bn C-2 46.1 131.3 129.9
31 Bn C-6 46.79 130.6 129.9
32 Bn H-2 24.15 7.6 7.48
33 Bn H-6 24.44 7.3 7.48
34 Bn C-3 61.48 116.5 115.8
35 Bn C-5 62.64 115.4 115.8
36 Bn H-3 24.63 7.1 7.19
37 Bn H-5 24.71 7.0 7.19
38 Bn C-4 10.64 165.5 161.6
39 F 285.81

Table 7
Absolute shieldings, calculated and measured chemical shifts of compound 5e.

Atom number Atom position Calc. shielding d (calc.) d (exp.)

1 N-1 0.66 �152.6 �154.4
2 C-2 12.3 163.9 163.2
3 N-3 �13.75 �139.0 n.d.
4 N-4 22.6 �173.4 �170
5 C-5 32.73 144.2 147.7
6 C-6 94.3 84.9 89.1
7 C-7 25.38 151.3 152.8
8 N-8 �19.61 �133.4 n.d.
9 C-8a 20.94 155.5 156.4

10 H-7 23.48 8.2 8.33
11 H-6 26.13 5.7 6.6
12 Ph C-1 47.68 129.8 124.1
13 Ph C-6 54.9 122.8 120.4
14 Ph C-2 51.07 126.5 110.4
15 Ph H-6 23.71 8.0 7.84
16 Ph H-2 23.3 8.4 7.77
17 Ph C-5 54.51 123.2 112.0
18 Ph H-5 24.71 7.0 7.12
19 Ph C-3 20.82 155.7 149.2
20 Ph C-4 18.94 157.5 151.1
21 Ph 3-OCH3

257.01

22 Ph 3-OCH3
121.48 58.7 56.1

23 Ph 3-OCH3
28.27 3.6 3.88

24 Ph 3-OCH3
27.84 4.0 3.88

25 Ph 3-OCH3
27.5 4.3 3.88

26 Ph 4-OCH3
251.85

27 Ph 4-OCH3
121.47 58.7 56.0

28 Ph 4-OCH3
28.46 3.4 3.84

29 Ph 4-OCH3
27.97 3.9 3.84

30 Ph 4-OCH3
27.14 4.7 3.84

31 C-6-NH 148.14 �292.6 n.d.

32 C-6-NH 26.35

33 NHCH 130.24 50.3 49.2

34 NHCH 28.59 3.3 3.88

35 CHCH2
146.01 35.1 32.2

36 CHCH2
146.77 34.4 32.2

37 CHCH2
30.36 1.6 1.86

38 CHCH2
29.81 2.1 1.86

39 CHCH2
30.21 1.7 1.86

40 CHCH2
30.14 1.8 1.86

41 CH2O 114.87 65.1 66.8

42 CH2O 113.4 66.5 66.8

43 CH2O 27.96 3.9 3.88

44 CH2O 28.49 3.4 3.46

45 CH2O 27.9 3.9 3.88

46 CH2O 28.42 3.4 3.46

47 CH2O 268.7
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1H NMR (300 MHz, CDCl3) d 9.10 (s, 1H), 8.47 (s, 2H), 7.97 (s, 1H),
7.71 (d, J = 8.5 Hz, 2H), 6.92 (d, J = 8.8 Hz, 2H), 3.86 (s, 3H).

4.4. (E)-2-(3-Acetylbenzylidene)-1-(5-bromopyrimidin-2-
yl)hydrazine (3b)

5-Bromo-2-hydrazinopyrimidine (2, 0.35 g, 1.85 mmol, 1.0 eq)
and 3-acetylbenzaldehyde (0.288 g, 1.94 mmol, 1.05 eq) sus-
pended in abs. EtOH (7 mL) and stirred at RT for 4 h. The yellow
suspension was evaporated. Column chromatography (silica, 0–
10% MeOH in dichloromethane) afforded (E)-2-(3-acetylbenzylid-
ene)-1-(5-bromopyrimidin-2-yl)hydrazine (3b, 472 mg, 80%) as a
pale yellow solid. 1H NMR (300 MHz, DMSO-d6) d 11.61 (s, 1H),
8.64–8.60 (m, 3H), 8.21 (d, J = 10.4 Hz, 2H), 7.99–7.87 (m, 2H),
7.57 (t, J = 7.7 Hz, 1H), 2.62 (s, 3H).

4.5. (E)-2-(4-Carboxybenzylidene)-1-(5-bromopyrimidin-2-
yl)hydrazine (3c)

5-Bromo-2-hydrazino-pyrimidine (2, 0.35 g, 1.85 mmol, 1.0 eq)
and 4-carboxybenzaldehyde (0.292 g, 1.94 mmol, 1.05 eq) were
suspended in abs. EtOH (7 mL), and stirred for 5 h at RT. (E)-2-(4-
carboxybenzylidene)-1-(5-bromopyrimidin-2-yl)hydrazine (3c,
assumed 100%) was obtained after solvent evaporation and was
used without further treatment. 1H NMR (300 MHz, DMSO-d6) d
11.91 (s, 1H), 8.87 (s, 2H), 8.68 (s, 2H), 8.46 (s, 1H), 8.21 (m, 3H),
8.03 (d, J = 8.2 Hz, 2H), 7.77 (d, J = 8.2 Hz, 2H).
4.6. (E)-2-(3,4-Dimethoxybenzylidene)-1-(5-bromopyrimidin-2-
yl)hydrazine (3d)

5-Bromo-2-hydrazino-pyrimidine (2, 3.25 g, 17.19 mmol,
1.0 eq) and 3,4-dimethoxy-benzaldehyde (3.0 g, 18.05 mmol,
1.05 eq) were suspended in abs. EtOH (50 mL), stirred at RT for
5 h and then refluxed for 2 h. Evaporation of the solvent gave (E)-
2-(3,4-dimethoxybenzylidene)-1-(5-bromopyrimidin-2-yl)hydra-
zine (3d, 5.9 g, assumed 100%) as a pale yellow solid. 1H NMR
(300 MHz, DMSO-d6) d 11.33 (s, 1H), 8.56 (d, J = 0.8 Hz, 1H), 8.08
(s, 1H), 7.26 (s, 1H), 7.14 (d, J = 8.2 Hz, 1H), 6.99 (d, J = 8.2 Hz,
1H), 3.80 (s, 3H), 3.79 (s, 3H).
4.7. 6-Bromo-2-(4-methoxyphenyl)-[1,2,4]triazolo[4,3-a]pyrimidine
(4a)

To compound 3a (0.24 g, 0.78 mmol, 1.0 eq, dissolved in 5 mL
dichloromethane), iodobenzene diacetate (0.252 g, 0.78 mmol,



Table 8
Absolute shieldings, calculated and measured chemical shifts of compound 5f.

Atom number Atom position Calc. shielding d (calc.) d (exp.)

1 N-1 0.91 �152.86 n.d.
2 C-2 12.25 163.90 163.2
3 N-3 �14.18 �138.54 �149.4
4 N-4 23.01 �173.84 �170.5
5 C-5 32.01 144.87 148.4
6 C-6 94.11 85.07 88.7
7 C-7 25.3 151.34 154.4
8 N-8 �19.52 �133.48 �129.9
9 C-8a 21.06 155.42 156.6

10 H-7 23.48 8.22 8.3
11 H-6 26.18 5.61 6.42
12 Ph C-1 47.51 129.95 124.1
13 Ph C-6 54.78 122.95 120.2
14 Ph C-2 51.31 126.29 110.4
15 Ph H-6 23.71 8.00 7.82
16 Ph H-2 23.27 8.43 7.76
17 Ph C-5 54.62 123.10 112.2
18 Ph H-5 24.71 7.03 7.12
19 Ph C-3 21 155.48 149.0
20 Ph C-4 19.47 156.95 150.9
21 Ph 3-OCH3

257.16

22 Ph 3-OCH3
121.01 59.17 56.0

23 Ph 3-OCH3
28.33 3.52 3.87

24 Ph 3-OCH3
27.92 3.92 3.87

25 Ph 3-OCH3
27.67 4.16 3.87

26 Ph 4-OCH3
251.23

27 Ph 4-OCH3
121.71 58.49 56.0

28 Ph 4-OCH3
28.47 3.38 3.83

29 Ph 4-OCH3 28 3.84 3.83
30 Ph 4-OCH3

27.22 4.60 3.83

31 C-6-NH 162.64 �306.35 �293

32 C-6-NH 26.42

33 NHCH2
135.53 45.18 43.8

34 NHCH2
28.8 3.06 3.38

35 NHCH2
28.84 3.03 3.38

36 CH2CH3
156.47 25.02 21.9

37 CH2CH3
30.03 1.87 1.67

38 CH2CH3
30.05 1.85 1.67

39 CH2CH3
170.7 11.32 11.7

40 CH2CH3
30.86 1.07 0.94

41 CH2CH3
30.6 1.32 0.94

42 CH2CH3
30.84 1.09 0.94

Table 9
Absolute shieldings, calculated and measured chemical shifts of compound 5g.

Atom number Atom position Calc. shielding d (calc.) d (exp.)

1 N-1 0.94 �152.89 n.d.
2 C-2 12.28 163.87 163.4
3 N-3 �13.45 �139.24 �148.6
4 N-4 22.19 �173.06 �170.4
5 C-5 31.39 145.47 148.5
6 C-6 93.46 85.70 89.1
7 C-7 25.04 151.59 153.9
8 N-8 �20.68 �132.37 �130
9 C-8a 21.19 155.29 156.6

10 H-7 23.43 8.27 8.31
11 H-6 26.04 5.74 6.48
12 Ph C-1 47.58 129.88 123.7
13 Ph C-6 54.91 122.82 120.3
14 Ph C-2 51.05 126.54 110.5
15 Ph H-6 23.73 7.98 7.82
16 Ph H-2 23.31 8.39 7.76
17 Ph C-5 54.52 123.20 112.0
18 Ph H-5 24.69 7.05 7.13
19 Ph C-3 20.62 155.84 149.2
20 Ph C-4 19.01 157.39 151.0
21 Ph 3-OCH3

257.24

22 Ph 3-OCH3
121.33 58.86 56.0

23 Ph 3-OCH3
28.29 3.56 3.88

24 Ph 3-OCH3
27.85 3.99 3.88

25 Ph 3-OCH3
27.52 4.31 3.88

26 Ph 4-OCH3
251.94

27 Ph 4-OCH3
121.67 58.53 56.0

28 Ph 4-OCH3
28.44 3.41 3.84

29 Ph 4-OCH3
27.94 3.90 3.84

30 Ph 4-OCH3
27.14 4.67 3.84

31 C-6-NH 170.58 �313.88 �297.7

32 C-6-NH 26.59

33 NHCH2
138.69 42.14 41.9

34 NHCH2
28.32 3.53 3.61

35 NHCH2
28.48 3.37 3.61

36 CH2OCH3
109.13 70.61 70.4

37 CH2OCH3
28.18 3.67 3.6

38 CH2OCH3
28.26 3.59 3.6

39 CH2OCH3
298.99

40 CH2OCH3
122.46 57.77 57.8

41 CH2OCH3
28.13 3.71 3.28

42 CH2OCH3
28.59 3.27 3.28

43 CH2OCH3
28.58 3.28 3.28
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1.0 eq) was added in one portion. The mixture was stirred for 15 h
at RT and the solvent was evaporated. The residue was triturated
with Et2O (4 mL) and filtered to give 6-bromo-2-(4-methoxy-
phenyl)-[1,2,4]triazolo[4,3-a]pyrimidine (4a, 190 mg, 80%) as a
beige solid. 1H NMR (300 MHz, DMSO-d6) d 9.20 (d, J = 1.9 Hz,
1H), 8.78 (d, J = 1.9 Hz, 1H), 7.88 (d, J = 8.5 Hz, 2H), 7.17 (d,
J = 8.5 Hz, 2H), 3.86 (s, 3H). 13C NMR (75 MHz, DMSO-d6) d
160.76, 155.08, 152.01, 145.07, 132.57, 129.73, 117.95, 114.65,
105.72, 55.39.
4.8. 6-Bromo-2-(3-acetylphenyl)-[1,2,4]triazolo[4,3-a]pyrimidine (4b)

Compound 3b (0.59 g, 1.85 mmol, 1.0 eq) was suspended in
dichloromethane (10 mL), and iodobenzene diacetate (0.595 g,
1.85 mmol, 1.0 eq) was added in one portion. The reaction mixture
was stirred at RT for 20 min and the solvent was evaporated. The
residue was triturated with diethyl ether (10 mL) and filtered to
give 6-bromo-2-(3-acetylphenyl)-[1,2,4]triazolo[1,5-a]pyrimidine
(4b, 500 mg, 80%) as a beige solid. 1H NMR (300 MHz, CDCl3) d
8.76–8.67 (m, 2H), 8.42 (s, 1H), 8.19 (d, J = 8.0 Hz, 1H), 8.09 (d,
J = 7.7 Hz, 1H), 7.77 (t, J = 7.7 Hz, 1H), 2.72 (s, 3H).
4.9. 6-Bromo-2-(4-carboxyphenyl)-[1,2,4]triazolo[4,3-a]pyrimidine
(4c)

Compound 3c (0.4 g, 1.25 mmol, 1.0 eq) and iodobenzene diac-
etate (0.4 g, 1.25 mmol, 1.0 eq) were suspended in dichlorometh-
ane (10 mL) and stirred at RT for 4 days. Solvent evaporation and
trituration with diethyl ether (10 mL) gave 6-bromo-2-(4-carboxy-
phenyl)-[1,2,4]triazolo[4,3-a]pyrimidine (4c, 360 mg, 91%) as a
beige solid. 1H NMR (300 MHz, DMSO-d6) d 13.21 (s, 1H), 9.37 (d,
J = 2.2 Hz, 1H), 8.85 (d, J = 2.2 Hz, 1H), 8.32–7.91 (m, 4H).
4.10. 6-Bromo-2-(3,4-dimethoxyphenyl)-[1,2,4]triazolo[4,3-
a]pyrimidine (4d)

Compound 3d (5.9 g, 17.50 mmol, 1.0 eq) and iodobenzene
diacetate (5.64 g, 17.50 mmol, 1.0 eq) were suspended in dichloro-
methane (50 mL). The reaction mixture was stirred for 1 h at RT
and the solvent was evaporated. The residue was triturated with
petroleum ether (15 mL) and filtered. The resulting dark orange so-
lid was purified by column chromatography (silica, 2–15% MeOH in



Table 10
Measured chemical shifts of compound 4d, and absolute shieldings and calculated chemical shifts for the (hypothetical) [1,5-a] and the [4,3-a] structures.

Atom number Atom position Calc. shielding d (calc.) Atom number Atom position Calc. shielding d (calc.) d (exp.)

Predicted for [1,2,4]-triazolo[1,5-a]pyrimidine Predicted for [1,2,4]-triazolo[4,3-a]pyrimidine
1 C 22.0004 154.51 1 C 24.8177 151.80 152.03
2 N �56.9111 �98.16 2 N �66.6936 �88.91 �98.5
3 C 25.5077 151.14 3 C 27.9889 148.75 155.16
4 C 55.042 122.69 4 C 52.7038 124.95 105.76
5 C 44.5512 132.80 5 C 49.386 128.14 132.71
6 N �3.7091 �148.49 6 N 51.5286 �200.75 �197.7
7 Br 2044.3337 7 Br 2037.3843
8 N �36.6435 �117.34 8 C 33.4134 143.52 145.23
9 C 7.9035 168.09 9 N �130.6203 �28.43 n.d.

10 N 0.2463 �152.23 10 N �99.7456 �57.64 �51.3
11 C 58.5271 119.34 11 C 50.6469 126.93 121.1
12 C 55.2783 122.47 12 C 57.2031 120.61 117.93
13 C 70.997 107.33 13 C 67.8124 110.40 112.01
14 C 23.9362 152.65 14 C 21.9826 154.53 150.54
15 C 26.1332 150.53 15 C 26.5614 150.12 149.08
16 C 68.2544 109.97 16 C 58.697 119.17 111.57
17 O 221.9033 17 O 224.8474
18 C 127.9291 52.50 18 C 126.9326 53.46 55.72
19 O 228.2694 19 O 247.4952
20 C 127.6883 52.74 20 C 122.5707 57.66 55.77
21 H 23.2897 8.41 21 H 23.4667 8.24 8.8
22 H 23.2076 8.49 22 H 23.236 8.46 9.24
23 H 23.729 7.98 23 H 23.8079 7.91 7.47
24 H 25.2658 6.49 24 H 24.8851 6.86 7.18
25 H 23.9152 7.80 25 H 24.5165 7.22 7.46
26 H 27.6808 4.15 26 H 27.6994 4.13 3.87
27 H 28.2438 3.60 27 H 28.0043 3.84 3.87
28 H 28.2432 3.60 28 H 28.1387 3.71 3.87
29 H 27.7423 4.09 29 H 28.015 3.83 3.87
30 H 28.1575 3.69 30 H 28.5926 3.27 3.87
31 H 28.1576 3.69 31 H 27.2273 4.59 3.87

Fig. 5. Optimized geometries and atom numbering of compound 4d and its tentative isomer 4d bis.
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dichloromethane) to give 6-bromo-2-(3,4-dimethoxyphenyl)-
[1,2,4]triazolo[4,3-a]pyrimidine (4d, 5.86 g, assumed 100%) as a
yellow solid. 1H NMR (700 MHz, DMSO-d6) d 9.24 (d, J = 2.2 Hz,
1H), 8.80 (d, J = 2.1 Hz, 1H), 7.47 (dd, J = 8.2, 1.8 Hz, 1H), 7.46 (d,
J = 1.6 Hz, 1H), 7.18 (d, J = 8.3 Hz, 1H), 3.87 (s, 6H). 13C NMR
(75 MHz, DMSO-d6) d 155.16, 152.03, 150.54, 149.08, 145.23,
132.71, 121.10, 117.93, 112.00, 111.57, 105.76, 55.72, 55.67. 15N
NMR (70 MHz, DMSO-d6): as in Table 10. HRMS (ESI+):
C13H11BrN4Oþ2 requires m/z 334.0065; C13H12BrN4Oþ2 (M+H)+ re-
quires m/z 335.0138; found m/z 335.0147.

4.11. N-(4-Fluorobenzyl)-2-(4-methoxyphenyl)-[1,2,4]triazolo[1,5-
a]pyrimidin-6-amine (5a)

Compound 4a (170 mg, 0.56 mmol, 1 eq) and 4-fluorobenzyl-
amine (0.7 mL, 6.12 mmol) were heated at 100 �C for 10 min. After
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cooling down to RT, dichloromethane (10 mL) was added and ex-
cess 4-fluorobenzylamine hydrochloride was removed by filtra-
tion. The filtrate was evaporated and chromatographed (silica, 5–
10% MeOH in dichloromethane). N-(4-fluorobenzyl)-2-(4-meth-
oxy-phenyl)-[1,2,4]triazolo[1,5-a]pyrimidin-6-amine (5a, 36 mg,
19%) was obtained as a white solid. 1H NMR (700 MHz, DMSO-
d6) d 8.56 (s, 1H), 8.36 (s, 1H), 8.05 (d, J = 7.7 Hz, 1H), 7.57–7.42
(m, 2H), 7.19 (t, J = 8.3 Hz, 2H), 7.06 (d, J = 8.3 Hz, 2H), 6.78 (t,
J = 5.1 Hz, 1H), 4.31 (d, J = 5.4 Hz, 2H), 3.82 (s, 3H). 13C NMR
(75 MHz, DMSO-d6) d 162.5, 161.4 (1JC–F = 242 Hz), 160.7, 150.60,
148.12, 135.61, 134.4 (4JC–F = 2.6 Hz), 129.7 (3JC–F = 8.3 Hz), 127.9,
123.4, 115.3 (2JC–F = 20.9 Hz), 114.3, 114.0, 55.3, 45.9. 15N NMR
(70 MHz, DMSO-d6): as in Table 3. HRMS (ESI+): C19H16FN5O+ re-
quires m/z 349.1333; C19H17FN5O+ (M+H+)+ requires m/z
350.1411; found m/z 350.1435

4.12. N-(Cyclopropylmethyl)-2-(3-acetylphenyl)-[1,2,4]triazolo[1,5-
a]pyrimidin-6-amine (5b)

Compound 4b (500 mg, 1.58 mmol, 1 eq) and cyclopropanem-
ethylamine (0.8 mL, 9.24 mmol) were stirred at RT for 30 min. Re-
moval of excess amine by evaporation and purification by column
chromatography (silica, 2–10% MeOH in dichloromethane) gave N-
(cyclopropylmethyl)-2-(3-acetylphenyl)-[1,2,4]triazolo[1,5-a]pyr-
imidin-6-amine (5b, 80 mg, 17%) as a pale yellow solid. 1H NMR
(700 MHz, DMSO-d6) d 8.67 (s, 1H), 8.60 (s, 1H), 8.43 (s, 1H), 8.36
(d, J = 7.7 Hz, 1H), 8.06 (d, J = 7.2 Hz, 1H), 7.68 (t, J = 7.5 Hz, 1H),
6.34 (s, 1H), 2.92 (d, J = 6.6 Hz, 2H), 2.66 (s, 3H), 1.12 (s, 1H), 0.53
(d, J = 7.2 Hz, 2H), 0.27 (d, J = 3.6 Hz, 2H). 13C NMR (75 MHz,
DMSO-d6) d 197.6, 161.4, 150.4, 148.7, 137.3, 136. 5, 131.4,
130.6, 129.5, 129.4, 125.6, 113.2, 47.7, 26.8, 10.0, 3.6. 15N NMR
(70 MHz, DMSO-d6): as in Table 4. HRMS (ESI+): C17H17N5O+ re-
quires m/z 307.1428; C17H18N5O+ (M+H)+ requires m/z 308.1506;
found m/z 308.1528.

4.13. N-(3,4-Dichlorobenzyl)-2-(4-carboxyphenyl)-[1,2,4]triazolo[1,5-
a]pyrimidin-6-amine (5c)

Compound 4c (360 mg, 1.13 mmol, 1 eq) and 3,4-dichloroben-
zylamine (0.7 mL, 5.31 mmol) were heated at 100 �C for 1 h. Excess
amine was removed by evaporation and residue was purified by
column chromatography (silica, 5–15% MeOH in dichlorometh-
ane). N-(3,4-Dichlorobenzyl)-2-(4-carboxyphenyl)-[1,2,4]triazol-
o[1,5-a]pyrimidin-6-amine (5c, 30 mg, 6%) was obtained as a
yellow solid. 1H NMR (700 MHz, DMSO-d6) d 13.08 (s, 1H), 8.63
(s, 1H), 8.43 (s, 1H), 8.23 (d, J = 6.6 Hz, 2H), 8.06 (d, J = 6.0 Hz,
2H), 7.73 (s, 1H), 7.62 (d, J = 7.7 Hz, 1H), 7.44 (d, J = 7.7 Hz, 1H),
6.99 (s, 1H), 4.37 (s, 2H). 13C NMR (75 MHz, DMSO-d6) d 166.9,
161.4, 150.6, 148.9, 139.6, 135.7, 134.774, 131.770, 131.1, 130.6,
129.9, 129.6, 129.6, 127.9, 126.3, 113.9, 45.2. 15N NMR (70 MHz,
DMSO-d6): as in Table 5. HRMS (ESI+): C19H13Cl2N5Oþ2 requires
m/z 413.0441; C19H14Cl2N5Oþ2 (M+H)+ requires m/z 414.0519;
found m/z 414.0534

4.14. N-(4-Fluorobenzyl)-2-(4-hydroxyphenyl)-[1,2,4]triazolo[1,5-
a]pyrimidin-6-amine (5d)

Compound 5a (110 mg, 0.32 mmol, 1.0 eq) was suspended in
dichloromethane (4 mL) and boron tribromide (2.2 mL of a 1 M
solution in dichloromethane, 2.2 mmol) was added dropwise at
RT. The reaction mixture was stirred for 2.5 h at RT, MeOH
(5 mL) was slowly added and the mixture was stirred for additional
30 min. The solvent was evaporated and the residue was purified
by column chromatography (silica, 2–10% MeOH in dichlorometh-
ane). N-(4-Fluorobenzyl)-2-(4-hydroxyphenyl)-[1,2,4]triazolo[1,5-
a]pyrimidin-6-amine (5d, 38 mg, 36%) was obtained as a pale
yellow solid. 1H NMR (700 MHz, DMSO-d6) d 9.84 (s, 1H), 8.54 (s,
1H), 8.34 (s, 1H), 7.94 (d, J = 8.3 Hz, 2H), 7.48 (s, 2H), 7.19 (t,
J = 8.3 Hz, 2H), 6.87 (d, J = 8.3 Hz, 2H), 6.75 (s, 1H), 4.30 (d,
J = 5.4 Hz, 2H). 13C NMR (75 MHz, DMSO-d6) d 162.9, 161.4 (1JC-
F = 243 Hz), 159.1, 150.6, 147.8, 135.4, 134.4 (4JC–F = 2.8 Hz),
129.7 (3JC–F = 7.7 Hz), 127.9, 121.8, 115. 6, 115.2 (2JC–F = 21.5 Hz),
114.0, 45.8. 15N NMR (70 MHz, DMSO-d6): as in Table 6. HRMS
(ESI+): C18H14FN5O+ requires m/z 335.1177; C18H15FN5O+ (M+H)+

requires m/z 336.1255; found m/z 336.1290.

4.15. N-(Tetrahydro-2H-pyran-4-yl)-2-(3,4-dimethoxyphenyl)-
[1,2,4]triazolo[1,5-a]pyrimidin-5-amine (5e)

Compound 4d (200 mg, 0.60 mmol, 1.0 eq) and 4-aminotetra-
hydropyrane (241 mg, 2.39 mmol, 4 eq) were dissolved in TFE
(1.5 mL) and the reaction mixture was irradiated under microwave
conditions (200 W, 170 �C, 30 min). N-(Pyran-4-yl)-2-(3,4-dime-
thoxyphenyl)-[1,2,4]triazolo[1,5-a]pyrimidin-5-amine (5e, 38 mg,
18%) was obtained as a white solid after purification by column
chromatography (silica, 4–10% MeOH in dichloromethane). 1H
NMR (700 MHz, DMSO-d6) d 8.33 (s, 1H), 8.22 (s, 1H), 7.84 (s,
1H), 7.77 (s, 1H), 7.12 (s, 1H), 6.60 (s, 1H), 3.93 (s, 3H), 3.88 (s,
3H), 3.84 (s, 3H), 3.46 (s, 2H), 1.86 (s, 4H). 13C NMR (75 MHz,
DMSO-d6) d 162.9, 156.0, 153.0, 150.7, 148.8, 147.0, 123.1, 120.1,
111.7, 110.1, 89.0, 66.0, 55.6, 55.5, 48.8, 31.7. 15N NMR (70 MHz,
DMSO-d6): as in Table 7. HRMS (ESI+): C18H21N5Oþ3 requires m/z
355.1639; C18H22N5Oþ3 (M+H)+ requires m/z 356.1717; found m/z
356.1779.

4.16. N-Propyl-2-(3,4-dimethoxyphenyl)-[1,2,4]triazolo[1,5-
a]pyrimidin-5-amine (5f)

Compound 4d (300 mg, 0.90 mmol, 1.0 eq) and propylamine
(0.294 mL, 3.58 mmol, 4 eq) were dissolved in TFE (2 mL). The
reaction mixture was irradiated under microwave conditions
(200 W, 170 �C, 30 min) and the solvent was removed by evapora-
tion. The residue was purified by column chromatography (silica,
4–10% MeOH in dichloromethane). N-(Propyl)-2-(3,4-dimethoxy-
phenyl)-[1,2,4]triazolo[1,5-a]pyrimidin-5-amine (5f, 33 mg, 12%)
was obtained as a beige solid. 1H NMR (700 MHz, DMSO-d6) d
8.30 (d, J = 5.4 Hz, 2H), 7.82 (d, J = 8.3 Hz, 1H), 7.76 (s, 1H), 7.12
(d, J = 8.3 Hz, 1H), 6.42 (d, J = 4.8 Hz, 1H), 3.87 (s, 3H), 3.84 (s,
3H), 3.39 (d, J = 6.6 Hz, 2H), 1.67 (dd, J = 14.3, 7.2 Hz, 2H), 0.94 (t,
J = 7.2 Hz, 3H). 13C NMR (75 MHz, DMSO-d6) d 162.9, 156.4,
153.6, 150.6, 148.8, 147.7, 123.4, 119.9, 111.7, 109.9, 88.3, 55.6,
55.5, 43.3, 21.7, 11.1. 15N NMR (70 MHz, DMSO-d6): as in Table 8.
HRMS (ESI+): C16H19N5Oþ2 requires m/z 313.1533; C16H20N5Oþ2
(M+H)+ requires m/z 314.1611; found m/z 314.1679.

4.17. N-(2-Methoxyethyl)-2-(3,4-dimethoxyphenyl)-
[1,2,4]triazolo[1,5-a]pyrimidin-5-amine (5g)

Compound 4d (300 mg, 0.90 mmol, 1.0 eq) and 2-methoxyeth-
ylamine (0.31 mL, 3.58 mmol, 4 eq) were dissolved in TFE (2 mL).
The mixture was irradiated under microwave conditions (200 W,
170 �C, 30 min). Column chromatography (silica, 4–10% MeOH in
dichloromethane) gave N-(2-methoxyethyl)-2-(3,4-dimethoxy-
phenyl)-[1,2,4]triazolo[1,5-a]pyrimidin-5-amine (5g, 95 mg, 32%)
as a pale yellow solid. 1H NMR (700 MHz, DMSO-d6) d 8.31 (d,
J = 5.4 Hz, 1H), 8.21 (s, 1H), 7.82 (d, J = 8.3 Hz, 1H), 7.76 (s, 1H),
7.12 (d, J = 8.3 Hz, 1H), 6.47 (d, J = 5.4 Hz, 1H), 3.87 (s, 3H), 3.84
(s, 3H), 3.61 (dd, J = 11.9, 4.2 Hz, 5H), 3.28 (s, 1H). 13C NMR
(75 MHz, DMSO-d6) d 163.0, 156.3, 153.60, 150.6, 148.8, 147.8,
123.3, 119.9, 111.7, 109.9, 88.6, 70.1, 58.1, 55.6, 55.5, 41.5. 15N
NMR (70 MHz, DMSO-d6): as in Table 9. HRMS (ESI+):
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C16H19N5Oþ3 requires m/z 329.1482; C16H20N5Oþ3 (M+H)+ requires
m/z 330.1561; found m/z 330.1589.

4.18. Computational details

The geometries of all molecules have been fully optimized with
the DFT B3LYP [37] computational method and the 6-31G(d) basis
set [38]. Frequency calculations have been carried out at the same
computational level to verify that the structures obtained corre-
spond to energetic minima. A further optimization has been car-
ried out at the B3LYP/6-311++G(d,p) level [39]. These geometries
have been used for the calculations of the absolute chemical shiel-
dings with the GIAO method [40] and the B3LYP/6-311++G(d,p)
computational level. All the calculations have been carried out
with the Gaussian-03 package [41].
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