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43 A microwave-assisted approach for the regioselective synthesis of functionalized 6-
(aryldiazenyl)pyrazolo[1,5-a]pyrimidin-7-amines from the cyclization of 3-oxo-2-(2-
48 arylhydrazinylidene)butanenitriles ~ with ~ 5-amino-1H-pyrazoles under solvent-free
50 conditions has been developed. This methodology was distinguished by its broad substrate
scope, operational simplicity, high atom economy and high-yielding without requiring
55 chromatographic purification. In addition, an efficient and versatile palladium-catalyzed

57 reductive azo cleavage is disclosed for the synthesis of diverse heteroaromatic 1,2-
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diamines, a valuable synthetic building block to develop new fused heteroaromatic systems.
As synthetic example, several substituted pyrazolo[5,1-b]purines were synthesized in yields
up to 96% by using microwave irradiation in the cyclocondensation of these 1,2-diamines
with orthoesters.

Keywords: Azocompounds, microwave chemistry, pyrazolo[5,1-b]purines, pyrazolo[1,5-

alpyrimidines, reductive azo cleavage

Introduction
Analysis of database of U.S. FDA approved drugs reveals that 59% of unique small-
molecule drugs contain a nitrogen heterocycle.' In recent years, purine-fused tricyclic and
polycyclic derivatives have attracted considerable attention because of their valuable
biological activities, medicinal properties and special conjugated structures.” Although
great endeavors have been devoted to the synthesis of purine-fused polycyclic derivatives
and imidazo[2,1-b]purines, the development of new routes for the preparation of
structurally diverse pyrazolo[5,1-b]purines still remains as an important and challenging
goal for the chemists, due to few existing reports of its synthesis involving several reaction
steps (Figure 1).
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imidazo[2,1-b]purine  pyrazolo[5,1-b]purine [1,2,4]triazolo[5,1-b]purine tetrazolo[5,1-b]purine

Figure 1. The most common type of azolo[b]purines

On the other hand, heterocyclic-fused pyrimidine represents one of the most prominent

classes of privileged scaffolds in the field of drugs and pharmaceutical.> During the last
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decade, the synthesis of pyrazolo[1,5-a]|pyrimidine derivatives and the investigation of their
chemical and biological behavior has gained more importance due to pharmaceutical
reasons.” For example, the hypnotic drug Zaleplon (I), the anticancer agent Dinaciclib (II)
and the fungicide Pyrazophos (III) have this structural motif of pyrazolo[1,5-a]pyrimidine

(examples highlighted in blue, Figure 2).’
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Figure 2. Examples of pyrazolo[1,5-a]pyrimidine drugs

In parallel to medicinal chemistry, recent discoveries in material sciences have proved that
pyrazolo[ 1,5-a]pyrimidines containing an arylazo or hetarylazo group are useful synthetic
intermediates in the dyestuff industry.® Consequently, synthetic methodologies for
synthesis of novel pyrazolo[1,5-a]pyrimidine derivatives are of particular interest to
organic and medicinal chemists. The importance of pyrazolo[1,5-a]pyrimidine scaffold has
led to the development of various methods for its synthesis. Most of them involve the
condensation reaction between aminopyrazoles and 1,3-bis-electrophilic reagents, such as
1,2-allenic ketones,7 enaminones,8 enaminonitriles,9 B-ketonitriles,m 1,3-dicarbonyl
compounds,'' and o,B-unsaturated carbonyl compounds.'? Therefore, further research is
required to develop event more efficient methods to access to diversely functionalized

pyrazolo[ 1,5-a]pyrimidines.
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Currently, microwave-assisted organic synthesis (MAOS) and transformations using
greener reaction media for the synthesis of drugs and biologically active molecules has
proved to be efficient and environmentally benign due to its simplicity in operation, short
reaction times, and clean product formation leading to better yields, selectivities and easier
work-up.*'* An example of such methodology can be found in our recently reported
imination/intramolecular nucleophilic addition work towards the synthesis of 6-
(phenyldiazenyl)pyrazolo[1,5-a]pyrimidin-7-amine from ‘3-amino-2-phenyldiazenylbut-2-
enenitrile’ with 5-amino-3-phenyl-1H-pyrazole as 1,3-N,N-bis-nucleophile (Scheme 1a)."
Unambiguous proof of structure and regioselectivity was achieved by single-crystal X-ray
diffraction analysis. In that report, we used a domestic microwave oven to obtain an
efficient conversion to the desired product. However, most major scientific journals not
longer accept manuscripts wherein domestic ovens have been described as heating sources,
since there are many scientific arguments to be made for using dedicated microwave
reactors instead of domestic ovens such as possibility of stirring, continuous power output,
excellent parameter control, possibility of convenient solvent superheating and safety under
high pressure/temperature conditions. Inspired by these earlier studies, and our continuing

® we envisioned that microwave-assisted

interest in the synthesis of N-heterocycles,
reaction of 2-arylhydrazinylidene-3-oxobutanenitrile with 5-amino-1H-pyrazole might
generate an imine intermediate A, which could undergo intramolecular cyclization with
pyrazole moiety. In consequence, leading to the formation of 6-(aryldiazenyl)pyrazolo[1,5-

alpyrimidin-7-amine by using a microwave reactor instead of the domestic oven (Scheme

1b).
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Scheme 1. Strategy for the Synthesis of Pyrazolo[1,5-a]pyrimidin-7-amines

(a) Previous work

Ph Ph
NC Z “Me H ? N |N — ‘
\ — S
N,,N Domestic HzN)\/kMe Y €
\ .
Bh Microwave Oven N N & |
Ph X-ray ﬁ
(b) This work i 4
R1 R1 R1
2 BN 3N B
NC N~ "NH, ‘NI N N,
| Me H H) | N N
N Me A !
HN” Dedicated N=— H,N Me
Ar Microwave Reactor ~ N N
HN N*
L Ar A _ Ar

Results and discussion

At the beginning, aniline derivatives la—c were diazotised to give the corresponding
aromatic diazonium salts which underwent a coupling reaction with 3-aminobut-2-
enenitrile (2) to afford the arylazo-dyes in good yields (Scheme 2). Several decades before
Elnagdi et al. reported that these derivatives exist mainly in the hydrazone-imine form 4’
using analysis of their IR, UV and polarographic data.”'” However, we have confirmed by
accurate mass measurements that the enamine group of these azo dyes was completely
hydrolyzed under those diazotization conditions. Consequently, the structure of these dyes
should have the tautomeric forms enol-keto 3/3” instead of enamine-imine 4/4°, suggesting
that future papers should be reported according to our new results (see Supporting
Information for details). The IR, HRMS and NMR spectroscopical data for all the arylazo-
dyes 3/3’ are presented in the Experimental Section. '"H NMR spectra of dyes 3/3’ recorded

at 25 °C in CDCIl; show a double set of signals, confirming that these dyes were obtained as
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mixtures of their corresponding azo-enol 3 and hydrazone-keto 3’ tautomers (Scheme 2). In
general, the tautomeric enol (=CH—OH) and hydrazone (=N-NH-) protons appear as broad
singlet signal at 14.69-14.97 ppm and 9.20-9.44 ppm, respectively. In all cases, the azo-
enol form 3 was the major tautomer in solution with the following ratios 3/3’a (69:31),
3/3’b (83:17) and 3/3’¢ (71:29) (see Supporting Information for details). Notably, the IR
data reveal the absence of the azo group band at 1454 cm™, which indicated that these dyes
could exist in the hydrazone-keto form in the solid state. The structure of compound 3’a
was solved by single-crystal X-ray diffraction analysis,'® showing that in the solid state the
dyes exist in the hydrazone-keto form 3’ and E configuration as the only stereochemical
isomer. It is well-known that the applications of azo-dyes depend on the optical and
physical properties of their tautomeric forms, azo or hydrazone."” For example, the
hydrazone form is often commercially preferred because it was found to be rendered higher

photoconductivity to dual-layer photoreceptors.*’

Scheme 2. Tautomeric Forms of Arylazo-dyes: Azo-enol and Hydrazone-keto
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To continue our exploratory study, 3-oxo-2-(2-phenylhydrazinylidene)butanenitrile (3’a)

and 5-amino-3-methyl-1H-pyrazole (5a) were prepared and probed as model substrates for
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cyclization reactions (Table 1). Initially, we performed the optimization by varying the
solvent and testing the effect of conventional heating versus microwave irradiation. Heating
to reflux an equimolar mixture of 3’a and Sa in anhydrous ethanol or toluene for 24 h did
not lead to the desired product 6a (Table 1, entries 1-2). To our delight, the use of high
boiling solvents such as DMSO gave 6a in 39% isolated yield as the only detectable
regioisomer (Table 1, entry 3). A slightly higher yield of 6a (43%) was achieved when
DMF was used as solvent (Table 1, entry 4). Interestingly, we found out that higher
temperatures favor the formation of pyrazolo[1,5-a]pyrimidin-7-amine 6a, similarly to our
previous work on the solvent-free synthesis of cyclopentapyrazolo[1,5-a]pyrimidines.''®
The use of microwave irradiation to reach higher temperature (180 °C) under solvent-free
conditions was performed with a 1:1 mixture of 3a’ and 5a, and after 4 min of reaction in a
sealed tube, we were pleased to find that the pyrazolo[1,5-a]pyrimidin-7-amine 6a was
obtained with high purity and nearly quantitative yield by simple collection with cold
ethanol (Table 1, entry 5). The overall eco-compatibility of the process is highlighted.
Reaction times below 4 min led to lesser yields of desired compound 6a (Table 1, entries
6—7). Alternatively, we also carry out the reaction under conventional heating in fusion
with acceptable results (Table 1, entries 8-9), and also under microwave irradiation using
solvent. The formation of product 6a was observed with ethanol in poor yield, whereas with
DMEF the reaction proceed in good isolated yield (Table 1 entries 10-12). For the reaction
with ethanol was not possible to increase the temperature above 140 °C due to system
overpressure. Finally, in the reactions with DMF there is a complete conversion of the

reactants, however, the crude must be isolated by a liquid-liquid extraction.
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Table 1. Optimization of the Reaction Conditions for the Preparation of Pyrazolo[1,5-

a]pyrimidine”

I
NC .
W)L >_>\ solvent t N |N
+
NH, T (°C) HZN&)\Me

Ph N

N$
3a 5a Ph 6a
Entry Solvent T (°C) Time Yield

(%)

1 EtOH  80° 24 h —

2 PhMe  110° 24 h -

3 DMSO  140° 24 h 39
4 DMF  140° 24h 43
54 - 180 4min 91
6° - 180 3min 77
74 - 180 2min 60
8¢ - 180 10 min 55
9 - 180 20min 52
10/’ EtOH 150 4min 8

1Y DMF 180 4min 61
12/ DMF 180 10 min 63

“Reaction conditions: 3’a (0.50 mmol) and 5a (0.50 mmol). ” Isolated yield. ¢ Conventional
heating. “ Run in 10 mL sealed tubes at a power of 300 W in the absence of solvent. °
Conventional heating with a sand bath without solvent (fusion procedure). /Run in 10 mL

sealed tubes at a power of 300 W in anhydrous solvent (2 mL).

With these optimized conditions, we set to explore the substrate scope using 2-
arylhydrazinyliden-3-oxobutanenitriles (3’a—c¢) and a variety of 5-amino-1H-pyrazoles (5a—
h). The results are reported in Table 2. A wide variety of pyrazolo[1,5-a]pyrimidines 6a—q
were obtained in good to excellent yields in a regioselective manner, without requiring

chromatographic purification. In general, the reaction of 2-arylhydrazinyliden-3-
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oxobutanenitriles (3’) with 5-amino-1H-pyrazoles (5) containing diverse substituents
attached to the carbon atom of the pyrazole ring, proceeded efficiently to give the cyclized
products 6 in up to 94% yield, which clearly indicated the low electronic influence of the
substituents on the reactivity. Notably, this method allows the preparation of a
polyfunctional pyrazolo[1,5-a]pyrimidine scaffold containing the amino and aryldiazenyl
groups. Therefore, these hetarylazo derivatives could be used as intermediates for the
synthesis of biologically active N-fused heteroaromatic compounds. The structures of the
novel synthesized compounds 6a-q were determined by NMR and these result correlate
with our previous work in the synthesis and characterization of 6¢, by both NMR and X-ray
crystallography.15 In this synthetic work, we have placed a strong emphasis on sustainable
chemistry which resulted in a protocol where: (a) no purification is required, (b) water is
produced as unique byproduct, (c) the reaction time is very short, and in general (d) the

process is highly efficient.

Table 2. Microwave-assisted Synthesis of Densely Substituted Pyrazolo[1,5-a]pyrimidines”

R‘]
o 4
NC\HL N ) N
Me
| >—) 180°C 4w |
H'}rN ’ " NH; 4m|n HoN N Me
Ar N“ N
3 5 Ar 6
Entry 3’ (Ar) 5(R" Product Yield
(%)’

1 Ph Me 6a 86
2 Ph t-Bu 6b 94
3 Ph Ph 6¢ 85
4 Ph 4-MeOCcHy4 6d 78
5 Ph 4-MeCcHy 6e 79
6 Ph 4-CICc¢Hy of 80
7 Ph 4-O,NCgHy 6g 87
8 2-M€C6H4 Me 6h 91
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9 2-MeCeHy -Bu 6i 85
10 2-MeCcHy 4-MeOCsHy 6j 76
11 2-MeCeHy 4-MeCeHy 6k 83
12 2-MeCeHy 4-C1C¢H4 61 78
13 2-MGC6H4 4-BI‘C6H4 6m 72
14 3,5-(Me),CeH; Me 6n 92
15 3,5-(Me),Cs¢Hs  4-MeOCgHy 60 70
16 3,5-(Me),Cs¢Hs  4-MeCgHy 6p 88
17 3,5-(Me),CeH; ~ 4-CICH, 6q 91

“The reactions were carried out with 0.5 mmol of each reaction partner at 180 °C in sealed
tubes under microwave irradiation; see Experimental Section for details. bIsolated yield.

On the basis of the aforementioned results and literature precedents,”'®

a plausible
mechanism was proposed for the generation of the pyrazolo[1,5-a]pyrimidin-7-amines, as
depicted in Scheme 3. It starts with the condensation of B-ketonitrile 3’ with exocyclic
amino group of the pyrazole 5 to form the imine intermediate 7. An intramolecular
nucleophilic attack by the NH group of the pyrazole on the nitrile carbon atom occurs to
form the cyclized intermediate 8. Finally, the tautomerization of the hydrazone-imine

intermediate 8 to the stable azo-enamine tautomer would explain the formation of 6 as the

only product.

Scheme 3. Plausible Mechanism for the Formation of Pyrazolo[1,5-a]pyrimidin-7-amines 6

R! _ _ _ _
>/—§\ R! R! R!
5 NS = 7 y
H 2 HN, _ N_ \ N, \
NS N N~ °N N~ N
o) e [ | g
NG = | = \ Me | =— HNT G Me | — > H,N Me
m)LMe v/ N H(,\'l*,N N//N
_N HN | |
3 HE - A 7 L A8 Ar 6
r

hydrazone derivative azo derivative
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Recently, pyridone and pyrimidine derivatives have attracted considerable interest as N-

6,19
*7¢ Moreover, the

heterocyclic intermediates for the preparation of hetarylazo dyes.
applications of azo-dyes are strongly dependent on the photophysical properties of azo-
hydrazone tautomerism (i.e. as structures 6 or 8 respectively, see Scheme 3). The above
observations have motivated us to carry out a preliminary studies of the solvatochromic
properties for all azo-dyes 6a-q in various organic solvents with different dipole moment
parameters (see Supporting Information, Table 1). The absorption spectra of those 6-
(aryldiazenyl)pyrazolo[1,5-a]pyrimidin-7-amines 6a-q were studied in the range of 200—
800 nm, in organic solvents with different dipole moment parameters (e,) such as polar-
aprotic: DMF (36.7); polar-protic: EtOH (24.5); and non-polar: CH,Cl, (8.93). We found
that the absorption spectra of these hetarylazo dyes indicated a regular variation with the
polarity of solvents. In general, the red-shifting (bathochromic shift) of A,,x ocurrs with the
increase of dipole moment parameters (¢,) of the solvents. Nevertheless, the phenomenon is
different in the case of dichloromethane which can be explained by interactions between
the chlorine atoms and the hetarylazo dyes."*

Once 7-amino-6-(aryldiazenyl)pyrazolo[1,5-a]pyrimidines 6 were obtained and due to the
importance of 1,2-diamines as synthetic intermediate of pharmacologically active
heterocyclic compounds, we developed an operationally simple method to convert the 6-
aryldiazenyl group of 6 in an 6-amino group in order to generate the 1,2-diamine
functionality. To justify the use of derivatives 6 as strategic intermediates to 6,7-diamino
derivatives 9, we refer to our previous work where the nitrosation of 2,5-
dimethylpyrazolo[1,5-a]pyrimidin-7-amine 7 and subsequent reduction of the nitroso

group, produced the undesired 3,7-diamine 8 instead of the 6,7-diamine 9 (Scheme 4a).’
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Those results can be explained by the better nucleophilicity at the C-3 position due to the
high electronic density of the m-excedent pyrazole ring. Therefore, we planned the
palladium-catalyzed reductive cleavage of azocompounds 6 in order to reach the desire

heteroaromatic 1,2-diamine scaffold (Scheme 4b).

Scheme 4. Selective Amination in 7-Aminopyrazolo[1,5-a]pyrimidines

(a) Selective 3-Amination by Nitrosation/Reduction (Portilla et al.)

NH, Me
)1 i, NaNO,, H,SO, >\j\ >j\
N\N N 0-5°C
| ii. Pd/C, NoH,.H o
A . y IN2114.112
HzN)\s/kMe reflux, 3 h )\/k HN7Y . Me
7 8 (80%)
selective not observed

amination at C-3

(b) Controlled 6-Amination via 6-Phenyldiazenyl Intermediates (this work)

R! R
I O3
. reduction N
N IN ............ > N |N + PhNH2
HZN)ﬁ/kMe HNT Y “Me
, NH
N’N 2
Ph 6 9
controlled

amination at C-6

Gratifyingly, we found that the reductive azo bond cleavage was achieved at 60 °C under
an H, atmosphere at ambient pressure using Pd/C as catalyst in ethanol, giving the expected
heteroaromatic 1,2-diamine 9a in 90% yield with the full recovery of aniline (Scheme 5).
Pleasingly, the overall synthesis of pyrazolo[1,5-a]pyrimidine-6,7-diamines (9) was shown
to be efficient in the presence of various substituents such as methyl, #-butyl and phenyl

groups at pyrazole ring (9a—c, Scheme 5). It is important to emphasize that aniline is
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recovered as the unique byproduct, the reaction is carried out in relatively low
temperatures, and in the absence of acids. Therefore, this method is attractive and
advantageous in organic synthesis to obtain 1,2-diamines. In addition, this is a new
methodology not reported up to now that allows the efficient access to these heteroaromatic

building blocks.

Scheme 5. Reductive Cleavage of Azocompounds into Heteroaromatic 1,2-Diamines by

Pd/C-H, system.”

R! R!
/] »‘)\ NH,
N>~;\)\N 10% Pd/C (5 wt %) N~N \ N
I H, (1 atm) | +
X > X
HzN)\/kMe EtOH, 60 °C, 24 h HzN)\(LMe
NH
NN 2
Ph 6 9 1a
Me Ph
I . I
NN NN NN
HZN)ﬁ/kMe HZN)\(kMe HZN)ﬁ/kMe
NH, NH, NH,
9a (90%) 9b (92%) 9c (88%)

“ Reaction conditions: hetarylazo dye 6 (2.0 mmol) and 10% Pd/C (5 wt %) under an H,

atmosphere at ambient pressure in EtOH (10.0 mL) at 60 °C for 24 h.

Subsequently, we examined the synthesis of bioactive N-heterocycles from those
heteroaromatic 1,2-diamines 9. Although great endeavors have been devoted to the
synthesis of purine-fused polycyclic derivatives, the structural diversity of azolo derivatives

is still very limited.”* Given the need for developing efficient and expeditious methods to
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prepare structurally diverse purine-fused tricyclic derivatives, the synthesis of
multisubstituted pyrazolo[5,1-b]purines was tried. As shown in the Scheme 6, the
microwave-assisted cyclocondensation of pyrazolo[1,5-a]pyrimidine-6,7-diamines 9 with
various orthoesters 10 provided the desired products 11a—e in good to excellent yields (81—
96%). To further evaluate the scope of this methodology, additional studies are currently
underway to expand the range of 5-amino-1H-azoles containing triazole, imidazole and
pyrrole ring, as well as to study the synthesis of 1,4-diazepine derivatives via the

cyclocondensation of pyrazolo[1,5-a]pyrimidine-6,7-diamines 9 with 1,3-bis-electrophiles.

Scheme 6. Novel Approach to Substituted Pyrazolo[5,1-b]purines®”

R']

N>~/\\)\ R3‘o 110-120 °C (uW) N>/\\)\
N N 2 u N
< tRy KR ~
H,N Me (Y min
NH, >/N
9 10 R2
Me
&1 N N ] N ]
N“ N N7 N N

1
1
I
Yz\
t

11a (88%)° 11b (91%)° 11c (96%)° 11d (81%)? 11e (84%)?

“ Reaction conditions: heteroaromatic 1,2-diamine 9 (0.5 mmol) and orthoester 10 (0.6

mmol); see Supporting Information for detail. ? Isolated yields are shown. © Reaction

performed at 110 °C for 5 min. ¢ Reaction performed at 120 °C for 10 min.
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Conclusions

In summary, the 1,3-bis-electrophiles a-arylhydrazinylidene-f-ketonitriles were
characterized by spectroscopic analysis and single-crystal X-ray diffraction analysis, which
evidence the hydrazone-keto tautomer 3’ as the predominant form in the solid state whereas
in solution the azo-enol tautomer 3 is the major form. Notably, we have developed a
regioselective solvent-free microwave-assisted reaction to prepare functionalized
pyrazolo[ 1,5-a]pyrimidin-7-amines containing an aryldiazenyl group in good to excellent
yields with the formation of two new C—N bonds in one step, by reacting 5-amino-1H-
pyrazoles and 2-(2-arylhydrazinylidene)-3-oxobutanenitriles. In addition, it is important to
mention that this reaction is environmentally sustainable and highly atom economical,
producing water as the unique byproduct under solvent-free conditions. Furthermore, we
have successfully developed a palladium-catalyzed reductive cleavage method at ambient
pressure of hetarylazo compounds, affording pyrazolo[1,5-a]pyrimidine-6,7-diamines in
good vyields. Pleasingly, the pyrazolo[1,5-a]pyrimidine-6,7-diamine products readily
engage in cyclocondensation reactions with various orthoesters for the synthesis of
structurally diverse pyrazolo[5,1-b]purines in yields up to 96% by using microwave
irradiation. Notably, these tricyclic derivatives were obtained in four reaction steps
(diazotization/cyclization/reduction/cyclization) starting from aniline in 60-70% overall
yield. This methodology constitutes a new approach to generate tricyclic heteroaromatic
systems and we expect that post-modification strategies could be useful in medicinal

chemistry towards the synthesis of novel drug candidates.
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EXPERIMENTAL SECTION

General Information. All reagents were purchased from commercial sources and used
without further purification, unless otherwise noted. All starting materials were weighed
and handled in air at room temperature. The reactions were monitored by TLC visualized
by UV lamp (254 nm or 365 nm) and/or with p-anisaldehyde and H,SO4 in EtOH. Column
chromatography was performed on silica gel (70-230 mesh). Reactions under microwave
irradiation were performed in oven-dried 10.0 mL sealable Pyrex tubes equipped with a
Teflon coated stirring bar (obtained from CEM). All reactions under microwave irradiation
(v = 2.45 GHz) were performed in a CEM Discover 1-300W system equipped with a built-
in pressure measurement sensor. NMR spectra were recorded at 400 MHz (‘H) and 100
MHz ("*C) at 298 K using tetramethylsilane (0 ppm) as the internal reference. NMR
spectroscopic data were recorded in CDCl; or [Dg]DMSO using as internal standards the
residual non-deuteriated signal for '"H NMR and the deuteriated solvent signal for *C NMR
spectroscopy. DEPT spectra were used for the assignment of carbon signals. Chemical
shifts (0) are given in ppm and coupling constants (J) are given in Hz. The following
abbreviations are used for multiplicities: s = singlet, d = doublet, t = triplet, q = quartet, dd
= doublet of doublets, and m = multiplet. Melting points were collected using a capillary
melting point apparatus and are uncorrected. IR spectra were recorded on a FT-IR
spectrophotometer using KBr discs. Spectra are reported in frequency of absorption in cm™,
and only selected resonances are reported. Mass spectra were recorded with a spectrometer
(with a direct inlet probe) operating at 70 eV. High-resolution mass spectra (HRMS) were
recorded using a Q-TOF spectrometer via electrospray ionization (ESI). UV-Vis absorption

spectra were recorded in 1 cm cuvettes. Crystallographic data were recorded on a
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diffractometer using graphite-monochromated Mo Ko radiation (A= 0.71073 A). Structures
were solved by direct methods in SHELXS-97. Compounds 3/3” and § were prepared by

protocols reported in the literature.''™

General Procedure for the Synthesis of 2-(2-Arylhydrazinylidene)-3-oxo-butanenitrile
3’. A solution of the aniline derivate la-¢ (20.0 mmol) was cooled at 0-5 °C and
concentrated hydrochloric acid (20.0 mL) was slowly added. An aqueous solution of
sodium nitrite (20.0 mmol in 10.0 mL of water) was added slowly into the cooled stirred
aniline-hydrochloride solution. 3-Aminobut-2-enenitrile (2, 20.0 mmol) and sodium acetate
(4.0 g, 48.0 mmol) was dissolved in 10.0 mL of 50% aqueous ethanol. The solution was
placed in an ice bath to cool it to 0—5 °C. To this solution, the diazotized solution was added
slowly with constant stirring for 30 min. The pH of the mixture was maintained at 5-6 by
adding an aqueous solution of sodium acetate (4%). A bright yellow color precipitation was
started to appear. The reaction mixture was stirred at room temperature for additional 2 h.
The resulting precipitate was filtered, washed with cold water, dried and recrystallized from

ethanol-water to give the pure compound as a mixture of the tautomeric forms 3/3’.

3-Oxo0-2-(2-phenylhydrazinylidene)butanenitrile 3’a. Following the general procedure, the
reaction of aniline (1a, 1.82 mL, 20.0 mmol) and 3-aminobut-2-enenitrile (2, 1642 mg, 20.0
mmol) afforded desired product as a yellow solid (3292 mg, 88 %) and as mixtures of azo-
enol and hydrazone-keto tautomers (69:31 ratio) after silica gel purification. M.p 159-161
°C (amorphous) (Lit. 168 °C).'” Recrystallization of 3’a from methanol afforded crystalline

yellow prisms suitable for X-ray diffraction analysis.'® FTIR: v = 3229 (N-H), 3060, 2213
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(C=N), 1644 (C=0), 1540 (N=C) cm’'. Azo-enol tautomer 3a: 'H NMR (CDCls, 400
MHz): 6= 2.50 (s, 3H), 7.21-7.45 (m, 5H), 14.75 (br s, 1H, O-H) ppm. “C{'H} NMR
(CDCls, 100 MHz): 6= 28.1 (CH3), 112.0 (C), 116.5 (CH), 117.1 (C), 126.9 (CH), 129.7
(CH), 140.5 (C), 194.1 (C) ppm. Hydrazone-keto tautomer 3’a: 'H NMR (CDCl;, 400
MHz): & = 2.50 (s, 3H), 7.21-7.45 (m, 5H), 9.44 (br s, 1H, N-H) ppm. “C{'H} NMR
(CDCls, 100 MHz): 6= 24.5 (CH3), 109.7 (C), 115.7 (CH), 117.1 (C), 125.8 (CH), 129.8
(CH), 140.3 (C), 191.8 (C) ppm. HRMS (ESI+): caled. For CoH;oN;O" 188.0824 [M +

H]"; found 188.0824. These NMR data matched previously reported data.'’

3-Oxo-2-(ortho-tolylhydrazinylidene)butanenitrile 3°b. Following the general procedure,
the reaction of ortho-methylaniline (1b, 2.14 mL, 20.0 mmol) and 3-aminobut-2-enenitrile
(2, 1642 mg, 20.0 mmol) afforded desired product as an orange solid (3338 mg, 83 %) and
as mixtures of azo-enol and hydrazone-keto tautomers (83:17 ratio) after silica gel
purification. M.p 112—114 °C (amorphous) (Lit. 151 °C).'" FTIR: v = 3242 (N-H), 3075,
2217 (C=N), 1640 (C=0), 1533 (N=C) cm'. 4zo-enol tautomer 3b: "H NMR (CDCls, 400
MHz): 6=2.38 (s, 3H), 2.52 (s, 3H), 7.12-7.32 (m, 3H), 7.74 (d, J = 7.5 Hz, 1H), 14.97 (br
s, 1H, O-H) ppm. “C{'H} NMR (CDCl;, 100 MHz): 6 = 16.7 (CH3), 28.0 (CH3), 112.6
(C), 115.5 (CH), 117.2 (C), 125.6 (C), 126.8 (CH), 127.7 (CH), 131.0 (CH), 138.8 (C),
194.1 (C) ppm. Hydrazone-keto tautomer 3’b: '"H NMR (CDCls, 400 MHz): 6= 2.41 (s,
3H), 2.50 (s, 3H), 7.12-7.32 (m, 3H), 7.55 (d, J = 7.5 Hz, 1H), 9.20 (br s, 1H, N-H) ppm.
BC{'H} NMR (CDCl;, 100 MHz): § = 16.6 (CHs), 24.5 (CHs), 109.6 (C), 115.6 (CH),

116.7 (C), 124.3 (C), 125.6 (CH), 127.7 (CH), 131.4 (CH), 138.7 (C), 191.7 (C) ppm.
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HRMS (ESI+): caled. for C;1Ho2N3O' 202.0980 [M + H]™; found 202.0988. These NMR

data matched previously reported data.'’

3-Oxo-2-(2,6-dimethylphenylhydrazinylidene)butanenitrile 3’c. Following the general
procedure, the reaction of 3,5-dimethylaniline (1¢, 2.49 mL, 20.0 mmol) and 3-aminobut-2-
enenitrile (2, 1642 mg, 20.0 mmol) afforded desired compound as an orange solid (3657
mg, 85 %) and as mixtures of azo-enol and hydrazone-keto tautomers (71:29 ratio) after
silica gel purification. M.p 153-156 °C (amorphous). FTIR: v = 3215 (N-H), 3066, 2215
(C=N), 1651 (C=0), 1528 (N=C) cm. Azo-enol tautomer 3c: '"H NMR (CDCls;, 400
MHz): 6= 2.33 (s, 6H), 2.48 (s, 3H), 6.88 (s, 1H), 7.02 (s, 2H), 14.69 (br s, 1H, O-H) ppm.
BC{'H} NMR (CDCl;, 100 MHz): § = 21.2 (CHs), 28.0 (CHs), 111.6 (C), 114.3 (CH),
117.3 (C), 128.9 (CH), 139.7 (C), 140.4 (C), 194.0 (C) ppm. Hydrazone-keto tautomer 3’c:
'H NMR (CDCls, 400 MHz): & = 2.35 (s, 6H), 2.50 (s, 3H), 6.85 (s, 1H), 6.95 (s, 2H), 9.40
(br s, 1H, N-H) ppm. “C{'H} NMR (CDCl;, 100 MHz): § = 21.3 (CH;), 24.6 (CH3),
113.1 (C), 113.6 (CH), 115.3 (C), 127.7 (CH), 139.8 (C), 140.5 (C), 192.0 (C) ppm. HRMS

(ESI+): caled. for C1oH4N3O" 216.1137 [M + H]'; found 216.1145.

General Procedure for the Synthesis of 2-Substituted-7-amino-6-(aryldiazenyl)-5-
methylpyrazolo[1,5-a]pyrimidines 6a—s: A mixture of 2-(2-arylhydrazinylidene)-3-oxo-
butanenitrile (3’a—c, 0.5 mmol) and 5-amino-1H-pirazole (Sa—j, 0.5 mmol) was irradiated
with microwaves at 180-220 °C for 4 min in a sealed tube containing a Teflon-coated

magnetic stirring bar. The resulting reaction mixture was cooled to 55 °C, and the
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precipitated product formed upon the addition of cold ethanol (2.0 mL) was filtered off,

washed and dried to give the pure product 6.

(E)-7-Amino-2,5-dimethyl-6-(phenyldiazenyl)pyrazolo[1,5-a] pyrimidine 6a. The general
procedure at 180 °C for 4 min with 3’a (94 mg, 0.50 mmol) and 5a (49 mg, 0.50 mmol)
afforded product 6a as a yellow solid (114 mg, 86 %). M.p. 231-233 °C (amorphous).
FTIR (KBr): v = 3274 (N-H), 1623 (C=N), 1454 (N=N) cm”. '"H NMR (400 MHz,
[D6]DMSO): 6=2.41 (s, 3H), 2.73 (s, 3H), 6.24 (s, 1H), 7.41 (t, J=7.3 Hz,1H), 7.52 (t,J =
7.5 Hz, 2H), 7.83 (d, J = 7.5 Hz, 2H), 9.11 (br s, 1H), 10.25 (br s, 1H) ppm. *C{'H} NMR
(100 MHz, [Dg]DMSO): 6 = 13.7 (CH3), 21.1 (CHs), 95.3 (CH), 116.3 (C), 120.7 (CH),
128.6 (CH), 128.6 (CH), 138.9 (C), 147.6 (C), 152.1 (C), 155.4 (C), 160.0 (C) ppm. HRMS

(EST+): caled. for C14H;sNg" 267.1358 [M + H]'; found 267.1387.

(E)-7-Amino-2-tert-butyl-5-methyl-6-(phenyldiazenyl)pyrazolo[1,5-a]pyrimidine 6b. The
general procedure at 180 °C for 4 min with 3’a (100 mg, 0.53 mmol) and Sb (74 mg, 0.53
mmol) afforded product 6b as a yellow solid (154 mg, 94 %). M.p. 152-154 °C
(amorphous). FTIR (KBr): v = 3229 (N-H), 1616 (C=N), 1485 (N=N) cm™". "H NMR (400
MHz, [Dg]DMSO): 6= 1.38 (s, 9H), 2.75 (s, 3H), 6.35 (s, 1H), 7.42 (t, J = 7.5 Hz, 1H),
7.54 (t, J = 7.5 Hz, 2H), 7.84 (d, J = 7.7 Hz, 2H), 8.70 (br s, 1H), 10.23 (br s, 1H) ppm.
BC{'H} NMR (100 MHz, [D¢]DMSO): §= 21.1 (CHs), 29.4 (CH3), 32.1 (C), 92.2 (CH),
115.9 (C), 120.7 (CH), 128.5 (CH), 128.6 (CH), 138.9 (C), 147.3 (C), 152.1 (C), 159.8 (C),

168.3 (C) ppm. HRMS (ESI+): caled. for Ci7HaNg' 309.1828 [M + H]'; found 309.1846.
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(E)-7-Amino-5-methyl-2-phenyl-6-(phenyldiazenyl)pyrazolo[1,5-a]pyrimidine ~ 6c.  The
general procedure at 180 °C for 4 min with 3’a (97 mg, 0.52 mmol) and 5¢ (83 mg, 0.52
mmol) afforded product 6¢ as a yellow—orange solid (145 mg, 85 %). M.p. 152—-154 °C
(amorphous). Recrystallization of this material from N,N-dimethylformamide afforded
orange crystals suitable for X-ray diffraction analysis.[IS] FTIR (KBr): v = 3381 (N-H),
1618 (C=N), 1457 (N=N) cm™. '"H NMR (400 MHz, [Ds]DMSO): 5= 2.78 (s, 3H), 6.93 (s,
1H), 7.41-7.56 (m, 6H), 7.86 (d, J= 7.5 Hz, 2H), 8.08 (d, J = 7.5 Hz, 2H), 9.00 (br s, 1H),
10.28 (br s, 1H) ppm. “C{'H} NMR (100 MHz, [D¢]DMSO): 6= 21.2 (CH;), 92.7 (CH),
116.8 (C), 120.8 (CH), 125.8 (CH), 128.0 (CH), 128.5 (CH), 128.6 (CH), 128.7 (CH),
132.0 (C), 139.0 (C), 148.0 (C), 152.1 (C), 156.2 (C), 160.4 (C) ppm. HRMS (ESI+): calcd.

for C1oH7Ng" 329.1515 [M + H]"; found 329.1540.

(E)-7-Amino-2-(4-methoxyphenyl)-5-methyl-6-(phenyldiazenyl)pyrazolo[ 1,5-a] pyrimidine

6d. The general procedure at 180 °C for 4 min with 3’a (95 mg, 0.51 mmol) and 5d (94 mg,
0.50 mmol) afforded product 6d as a yellow solid (140 mg, 78 %). M.p. 250-252 °C
(amorphous). FTIR (KBr): v = 3442 (N-H), 1619 (C=N), 1453 (N=N) cm™". '"H NMR (400
MHz, [Dg]DMSO): 6 = 2.78 (s, 3H), 3.83 (s, 3H), 6.72 (s, 1H), 7.03 (d, J = 8.1 Hz, 2H),
7.40 (t, J=7.4 Hz, 1H), 7.51 (t, J = 7.4 Hz, 2H), 7.80 (d, J = 7.5 Hz, 2H), 7.95 (d, J = 8.1
Hz, 2H), 9.22 (br s, 2H) ppm. “C{'H} NMR (100 MHz, [D¢]DMSO): 6= 21.0 (CHs), 54.7
(OCHs), 92.1 (CH), 113.8 (CH), 116.7 (C), 120.7 (CH), 124.6 (C), 127.1 (CH), 128.4 (CH),
128.6 (CH), 138.9 (C), 147.9 (C), 152.1 (C), 156.1 (C), 159.9 (C), 160.1 (C) ppm. MS (70
eV, EI): m/z (%) = 358 (100) [M]", 341 (10), 226 (16). HRMS: calcd. for CyH;sNsO"

358.1542 [M]"; found 358.1548.
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(E)-7-Amino-5-methyl-2-(4-methylphenyl)-6-(phenyldiazenyl)pyrazolo[1,5-a] pyrimidine

6e. The general procedure at 180 °C for 4 min with 3’a (90 mg, 0.48 mmol) and Se (83 mg,
0.48 mmol) afforded product 6e as a yellow solid (130 mg, 79 %). M.p. 214-216 °C
(amorphous). FTIR (KBr): v = 3391 (N-H), 1617 (C=N), 1451 (N=N) cm™". "H NMR (400
MHz, [D¢]DMSO): 6= 2.37 (s, 3H), 2.77 (s, 3H), 6.89 (s, 1H), 7.31 (d, J = 8.0 Hz, 2H),
7.43 (t,J=7.2 Hz, 1H), 7.54 (t, J = 7.2 Hz, 2H), 7.87 (d, J = 7.3 Hz, 2H), 7.98 (d, /= 8.0
Hz, 2H), 9.02 (br s, 1H), 10.27 (br s, 1H) ppm. *C{'H} NMR (100 MHz, [D¢]DMSO): 6=
20.9 (CHs), 22.0 (CHs), 93.0 (CH), 116.9 (C), 121.4 (CH), 126.2 (CH), 129.2 (CH x 2),
129.3 (CH), 129.4 (C), 138.7 (C), 139.4 (C), 148.3 (C), 152.3 (C), 156.4 (C), 160.9 (C)
ppm. MS (70 eV, EI): m/z (%) = 342 (100) [M], 237 (18), 210 (13), 77 (11). HRMS: calcd.

for CooHgNg ' 342.1593 [M]"; found 342.1591.

(E)-7-Amino-2-(4-chlorophenyl)-5-methyl-6-(phenyldiazenyl)pyrazolo[1,5-a] pyrimidine 6f.
The general procedure at 180 °C for 4 min with 3’a (98 mg, 0.52 mmol) and 5f (100 mg,
0.52 mmol) afforded product 6f as a yellow—orange solid (151 mg, 80 %). M.p. 259-260
°C (amorphous). FTIR (KBr): v = 3437 (N-H), 1616 (C=N), 1448 (N=N) cm™. 'H NMR
(400 MHz, [Ds]DMSO): 6= 2.79 (s, 3H), 6.81 (s, 1H), 7.41 (t, J= 7.4 Hz, 1H), 7.48-7.53
(m, 4H), 7.81 (d, J = 7.4 Hz, 2H), 8.03 (d, J = 8.0 Hz, 2H), 9.27 (br s, 2H) ppm. “C{'H}
NMR (100 MHz, [Dg]DMSO): 6 = 21.0 (CH3), 92.7 (CH), 116.8 (C), 120.7 (CH), 127.3
(CH), 128.0 (CH), 128.4 (CH), 128.5 (CH), 130.9 (C), 133.3 (C), 138.8 (C), 148.0 (C),

152.1 (C), 154.9 (C), 160.4 (C) ppm. MS (70 eV, EI): m/z (%) = 364/362 (32/100) [M]",
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259/257 (8/22), 232/230 (8/23), 77 (11). HRMS: calcd. for C19H;sCINg  362.1047 [M]';

found 362.1050.

(E)-7-Amino-5-methyl-2-(4-nitrophenyl)-6-(phenyldiazenyl)pyrazolo[1,5-a]pyrimidine 6g.
The general procedure at 180 °C for 4 min with 3’a (100 mg, 0.53 mmol) and 5g (106 mg,
0.52 mmol) afforded product 6g as a yellow solid (169 mg, 87 %). M.p. 288-290 °C
(amorphous). FTIR (KBr): v = 3419 (N-H), 1617 (C=N), 1534 (NO,), 1453 (N=N), 1353
(NO,) cm™. "H NMR (400 MHz, [Ds]DMSO): &= 2.80 (s, 3H), 6.95 (s, 1H), 7.42 (t, J =
7.5 Hz, 1H), 7.52 (t, J = 7.3 Hz, 2H), 7.82 (d, J = 7.3 Hz, 2H), 8.23-8.32 (m, 4H), 9.34 (br
s, 2H) ppm. “C{'H} NMR (100 MHz, [D¢]DMSO): 6= 21.0 (CHs), 93.6 (CH), 115.8 (C),
120.8 (CH), 123.0 (CH), 126.6 (CH), 128.4 (CH), 128.7 (CH), 138.0 (C), 138.8 (C), 147.3
(C), 148.1 (C), 152.1 (C), 153.6 (C), 160.7 (C) ppm. MS (70 eV, El): m/z (%) = 373 (100)
[M]", 356 (15), 241 (21), 77 (29). HRMS: calcd. for CjoH;sN;0," 373.1287 [M]"; found
373.1279.

(E)-7-Amino-2,5-dimethyl-6-(2-methylphenyldiazenyl)pyrazolo[1,5-a] pyrimidine 6h. The
general procedure at 180 °C for 4 min with 3’b (100 mg, 0.50 mmol) and 5a (49 mg, 0.50
mmol) afforded product 6h as a yellow solid (127 mg, 91 %). M.p. 189-190 °C
(amorphous). FTIR (KBr): v = 3421 (N-H), 1599 (C=N), 1436 (N=N) cm™". "H NMR (400
MHz, [Dg]DMSO): 6= 2.39 (s, 3H), 2.54 (s, 3H), 2.73 (s, 3H), 6.23 (s, 1H), 7.29-7.31 (m,
2H), 7.36-7.38 (m, 1H), 7.61-7.63 (m, 1H), 9.26 (br s, 1H), 10.17 (br s, 1H) ppm. *C{'H}
NMR (100 MHz, [D¢]DMSO): 6 = 14.4 (CH3), 17.8 (CH3), 21.8 (CH3), 95.9 (CH), 114.9
(CH), 117.2 (C), 126.7 (CH), 129.0 (C), 131.1 (CH), 134.4 (CH), 139.4 (C), 147.8 (C),

150.2 (C), 155.9 (C), 160.5 (C) ppm. MS (70 eV, EI): m/z (%) = 280 (100) [M]", 175 (21),
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148 (31), 91 (49). HRMS (ESI+): caled. for C;sH;7Ng 281.1515 [M + H]"; found

281.1514.

(E)-7-Amino-2-tert-butyl-5-methyl-6-(2-methylphenyldiazenyl)pyrazolo[ 1,5-a] pyrimidine

6i. The general procedure at 180 °C for 4 min with 3’b (104 mg, 0.52 mmol) and Sb (72
mg, 0.52 mmol) afforded product 6i as a yellow—orange solid (142 mg, 85 %). M.p. 86—88
°C (amorphous). FTIR (KBr): v = 3435 (N-H), 1612 (C=N), 1523 (N=N) cm™". "H NMR
(400 MHz, CDCl3): 6= 1.39 (s, 9H), 2.62 (s, 3H), 2.93 (s, 3H), 6.34 (s, 1H), 7.24-7.34 (m,
4H), 7.69-7.71 (m, 1H), 10.41 (br s, 1H) ppm. “C{'H} NMR (100 MHz, CDCl;): 5= 18.4
(CH3), 21.7 (CH3), 30.1 (CHs), 33.1 (C), 93.2 (CH), 115.4 (CH), 117.8 (C), 126.8 (CH),
129.5 (CH), 131.1 (CH), 134.9 (C), 139.2 (C), 139.7 (C), 150.7 (C), 161.3 (C), 169.8 (C)
ppm. MS (70 eV, EI): m/z (%) = 322 (100) [M]", 307 (30), 265 (18), 203 (43), 91 (38).

HRMS (ESI+): caled. for CigHy3Ng™ 323.1984 [M + H]'; found 323.2004.

(E)-7-Amino-2-(4-methoxyphenyl)-5-methyl-6-(2-methylphenyldiazenyl)pyrazolo[1, 5-

alpyrimidine 6j. The general procedure at 180 °C for 4 min with 3’b (100 mg, 0.50 mmol)
and 5d (95 mg, 0.50 mmol) afforded product 6j as a yellow solid (141 mg, 76 %). M.p.
251-252 °C (amorphous). FTIR (KBr): v = 3395 (N-H), 1606 (C=N), 1456 (N=N) cm™". 'H
NMR (400 MHz, [D¢]DMSO): 6 = 2.60 (s, 3H), 2.80 (s, 3H), 3.84 (s, 3H), 6.72 (s, 1H),
7.04 (d, J = 8.0 Hz, 2H), 7.29-7.38 (m, 3H), 7.61-7.63 (m, 1H), 7.95 (d, J = 8.0 Hz, 2H),
9.28 (br s, 2H) ppm. *C{'H} NMR (100 MHz, [Ds]DMSO): 6= 16.9 (CH3), 21.0 (CH3),
54.7 (CH3), 92.1 (CH), 113.7 (CH), 115.0 (CH), 117.3 (C), 124.6 (C), 125.9 (CH), 127.1

(CH), 128.3 (CH), 130.3 (CH), 133.5 (C), 138.9 (C), 147.9 (C), 150.3 (C), 156.1 (C), 159.8
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(C), 160.0 (C) ppm. MS (70 eV, EI): m/z (%) = 372 (100) [M]’, 357 (20), 355 (18), 253
(23), 226 (22), 91 (11). HRMS (ESI#+): caled. for CaHaNgO' 373.1777 [M + H]"; found

373.1795.

(E)-7-Amino-5-methyl-2-(4-methylphenyl)-6-(2-methylphenyldiazenyl)pyrazolo[1,5-

alpyrimidine 6k. The general procedure at 180 °C for 4 min with 3’b (110 mg, 0.55 mmol)
and 5e (95 mg, 0.55 mmol) afforded product 6k as a yellow—orange solid (162 mg, 83 %).
M.p. 242-244 °C (amorphous). FTIR (KBr): v = 3421 (N-H), 1613 (C=N), 1456 (N=N)
cm™. "H NMR (400 MHz, [Ds]DMSO): 5= 2.38 (s, 3H), 2.61 (s, 3H), 2.80 (s, 3H), 6.77 (s,
1H), 7.27-7.38 (m, 5H), 7.61-7.64 (m, 1H), 7.92 (d, J = 8.0 Hz, 2H), 9.31 (br s, 2H) ppm.
BC{'H} NMR (100 MHz, [Ds]DMSO): 5= 16.9 (CH3), 20.0 (CH3), 21.0 (CH3), 92.4 (CH),
115.0 (CH), 117.3 (C), 125.6 (CH), 125.9 (CH), 128.3 (CH), 128.5 (CH), 129.4 (C), 130.4
(CH), 133.6 (C), 138.0 (C), 139.0 (C), 147.9 (C), 150.3 (C), 156.3 (C), 160.1 (C) ppm. MS
(70 eV, EI): m/z (%) = 356 (100) [M]", 341 (21), 237 (27), 210 (20), 91 (17). HRMS

(EST+): caled. for Co1HaNg" 357.1828 [M + H]'; found 357.1836.

(E)-7-Amino-2-(4-chlorophenyl)-5-methyl-6-(2-methylphenyldiazenyl)pyrazolo[1, 5-

alpyrimidine 6l. The general procedure at 180 °C for 4 min with 3’b (105 mg, 0.52 mmol)
and 5f (101 mg, 0.52 mmol) afforded product 6l as a yellow—orange solid (152 mg, 78 %).
M.p. 284-286 °C (amorphous). FTIR (KBr): v = 3446 (N-H), 1610 (C=N), 1450 (N=N)
cm’. "H NMR (400 MHz, [D¢]DMSO): &= 2.60 (s, 3H), 2.82 (s, 3H), 6.84 (s, 1H), 7.30—
7.40 (m, 3H), 7.53 (d, J = 8.5 Hz, 2H), 7.61-7.65 (m, 1H), 8.05 (d, J = 8.5 Hz, 2H), 9.31

(br s, 2H) ppm. “C{'H} NMR (100 MHz, [D¢]DMSO): §= 16.9 (CHs), 21.1 (CH3), 92.7
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(CH), 115.0 (CH), 117.7 (C), 126.0 (CH), 127.3 (CH), 128.0 (CH), 128.4 (CH), 128.9 (C),
130.4 (CH), 133.3 (C), 133.6 (C), 139.5 (C), 148.0 (C), 153.4 (C), 158.5 (C), 162.8 (C)
ppm. MS (70 eV, EI): m/z (%) = 378/376 (33/100) [M]", 363/361 (8/25), 359 (16), 259/257
(9/20), 232/230 (9/24), 91 (18). HRMS (ESI+): calcd. for C,0H sCINg" 377.1281 [M + H]';

found 377.1303.

(E)-7-Amino-2-(4-bromophenyl)-5-methyl-6-(2-methylphenyldiazenyl)pyrazolo[1, 5-

alpyrimidine 6m. The general procedure at 180 °C for 4 min with 3’b (108 mg, 0.54 mmol)
and 5h (128 mg, 0.54 mmol) afforded product 6m as a yellow—orange solid (163 mg, 72
%). M.p. 289-290 °C (amorphous). FTIR (KBr): v = 3439 (N-H), 1619 (C=N), 1452
(N=N) cm™. '"H NMR (400 MHz, [Ds]DMSO): 5= 2.60 (s, 3H), 2.80 (s, 3H), 6.82 (s, 1H),
7.29-7.38 (m, 3H), 7.60-7.64 (m, 1H), 7.65 (d, J = 8.6 Hz, 2H), 7.96 (d, J = 8.6 Hz, 2H),
9.31 (br s, 2H) ppm. *C{'H} NMR (100 MHz, [D¢]DMSO): &= 16.9 (CHs), 21.0 (CHa),
92.7 (CH), 115.0 (CH), 117.4 (C), 121.7 (C), 126.0 (CH), 127.6 (CH), 128.4 (CH), 130.4
(CH), 130.9 (CH), 131.2 (C), 133.6 (C), 138.9 (C), 148.0 (C), 150.3 (C), 154.9 (C), 160.3
(C) ppm. MS (70 eV, EI): m/z (%) = 422/420 (94/100) [M]", 393/391 (12/13), 303/301
(26/27), 276/274 (19/21), 91 (21). HRMS (ESI+): calcd. for Co0H sBrNg™ 421.0776 [M +

H]"; found 421.0794.

(E)-7-Amino-2,5-dimethyl-6-(3,5-dimethylphenyldiazenyl)pyrazolo[1,5-a] pyrimidine  6n.
The general procedure at 180 °C for 4 min with 3’¢ (108 mg, 0.50 mmol) and 5a (49 mg,
0.50 mmol) afforded product 6n as a yellow solid (135 mg, 92 %). M.p. 265-267 °C

(amorphous). FTIR (KBr): v = 3308 (N-H), 1619, 8 (C=N), 1498 (N=N) cm™. '"H NMR
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(400 MHz, CDCls): 6= 2.40 (s, 6H), 2.46 (s, 3H), 2.88 (s, 3H), 6.21 (s, 1H), 7.04 (br s,
2H), 7.40 (s, 2H), 10.44 (br s, 1H) ppm. “C{'H} NMR (100 MHz, CDCls): 6= 14.7 (CHs),
21.3 (CH3), 22.1 (CH3), 96.3 (CH), 117.1 (C), 119.4 (CH), 131.2 (CH), 138.8 (C), 139.2
(C), 148.2 (C), 152.7 (C), 156.7 (C), 161.6 (C) ppm. MS (70 eV, EI): m/z (%) = 294 (100)
[M]", 279 (25), 265 (28), 161 (38), 134 (19). HRMS: calcd. for Ci¢H gNs™ 294.1593 [M]";

found 294.1591.

(E)-7-Amino-2-(4-methoxyphenyl)-5-methyl-6-(3,5-dimethylphenyldiazenyl)pyrazolo[1,5-

alpyrimidine 60. The general procedure at 180 °C for 4 min with 3’c (110 mg, 0.51 mmol)
and 5d (96 mg, 0.51 mmol) afforded product 60 as a yellow solid (138 mg, 70 %). M.p.
265-266 °C (amorphous). FTIR (KBr): v = 3245 (N-H), 1617 (C=N), 1505 (N=N) cm’™.
'H NMR (400 MHz, [Ds]DMSO): 5= 2.39 (s, 6H), 2.79 (s, 3H), 3.85 (s, 3H), 6.72 (s, 1H),
7.04-7.07 (m, 3H), 7.43 (s, 2H), 7.97 (d, J = 8.0 Hz, 2H), 9.20 (br s, 2H) ppm. “C{'H}
NMR (100 MHz, [Dg]DMSO): 6= 20.0 (CH3), 20.9 (CHs), 54.7 (OCH3), 92.0 (CH), 113.8
(CH), 116.6 (C), 118.5 (CH), 124.6 (C), 127.1 (CH), 130.0 (CH), 137.7 (C), 138.9 (C),
148.2 (C), 152.3 (C), 156.1 (C), 159.9 (C), 160.0 (C) ppm. MS (70 eV, El): m/z (%) = 386
(100) [M]", 371 (25), 105 (72), 77 (52). HRMS (ESI+): caled. for C5,H,3NO" 387.1933 [M

+ H]"; found 387.1950.

(E)-7-Amino-5-methyl-2-(4-methylphenyl)-6-(3,5-dimethylphenyldiazenyl)pyrazolo[1, 5-
alpyrimidine 6p. The general procedure at 180 °C for 4 min with 3’¢ (118 mg, 0.55 mmol)
and 5e (95 mg, 0.55 mmol) afforded product 6p as a yellow—orange solid (179 mg, 88 %).

M.p. 227-229 °C (amorphous). FTIR (KBr): v = 3301 (N-H), 1614 (C=N), 1497 (N=N)
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cm’. "H NMR (400 MHz, [D¢]DMSO): 5= 2.40 (s, 9H), 2.81 (s, 3H), 6.71 (s, 1H), 7.08 (s,
1H), 7.30 (d, J = 7.6 Hz, 2H), 7.42 (s, 2H), 7.90 (d, J = 7.6 Hz, 2H), 9.03 (br s, 2H) ppm.
BC{'H} NMR (100 MHz, [Ds]DMSO): 6= 19.6 (CH3), 20.6 (CH3), 21.5 (CH3), 92.1 (CH),
116.6 (C), 118.2 (CH), 125.5 (CH), 128.2 (CH), 129.7 (CH), 130.8 (C), 137.5 (C), 137.8
(C), 138.7 (C), 148.4 (C), 152.3 (C), 156.2 (C), 159.8 (C) ppm. HRMS (ESI+): calcd. for

Cx»H»3Ng' 371.1984 [M + H]"; found 371.1995.

(E)-7-Amino-2-(4-chlorophenyl)-5-methyl-6-(3,5-dimethylphenyldiazenyl)pyrazolo[1, 5-

alpyrimidine 6q. The general procedure at 180 °C for 4 min with 3¢ (114 mg, 0.53 mmol)
and 5f (103 mg, 0.53 mmol) afforded product 6q as a yellow solid (188 mg, 91 %). M.p.
254-256 °C (amorphous). FTIR (KBr): v = 3301 (N=H), 1610 (C=N), 1502 (N=N) cm".
'H NMR (400 MHz, [Ds]DMSO): 5= 2.39 (s, 6H), 2.81 (s, 3H), 6.78 (s, 1H), 7.08 (s, 1H),
7.43 (s, 2H), 7.51 (d, J = 8.5 Hz, 2H), 8.03 (d, J = 8.5 Hz, 2H), 9.11 (br s, 2H) ppm.
BC{'H} NMR (100 MHz, [D¢]DMSO): §= 19.8 (CH3), 20.7 (CH3), 92.4 (CH), 116.7 (C),
118.3 (CH), 127.2 (CH), 127.8 (CH), 129.9 (CH), 130.8 (C), 133.2 (C), 137.6 (C), 138.7
(C), 147.9 (C), 152.2 (C), 154.8 (C), 160.1 (C) ppm. MS (70 eV, EI): m/z (%) = 391/389
(27/63) [M]", 376/374 (14/35), 105 (100), 77 (89). HRMS (ESI+): caled. for Cy HyoCINg"

391.1438 [M + H]'; found 391.1457.

General Procedure for the Synthesis of 2-Substituted-5-methylpyrazolo[1,5-
alpyrimidine-6,7-diamines 9: A solution of 6-(aryldiazenyl)pyrazolo[1,5-a]pyrimidin-7-
amine (6, 2.0 mmol) in EtOH (10.0 mL) was treated with 10% Pd/C (5 wt % of substrate).

The reaction mixture was vigorously stirred and heated at 60 °C under an H, atmosphere at
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ambient pressure for 24 h. After the reaction was cooled to room temperature, the reaction
mixture was filtered through a Celite pad and washed with EtOH (2 x 5.0 mL). The filtrate
was evaporated under reduced pressure, and the residue was purified by column
chromatography on silica gel (eluent: CH,Cl,/MeOH = 15:1-20:1) to give the desired

heteroaromatic 1,2-diamine 9.

2,5-Dimethylpyrazolo[1,5-a]pyrimidine-6,7-diamine 9a. Following the general procedure,
the reaction of (£)-2,5-dimethyl-6-(phenyldiazenyl)pyrazolo[ 1,5-a]pyrimidin-7-amine (6a,
700 mg, 2.6 mmol) and 10% Pd/C (35 mg) in 10.0 mL of EtOH at 60 °C for 24 h,
compound 9a was obtained as a white solid (419 mg, 90 %) after silica gel purification
(CH,Cl/MeOH = 20:1). M.p. 165-166 °C (amorphous). 'H NMR (400 MHz, CDCly): 6=
2.44 (br s, 2H), 2.45 (s, 3H), 2.50 (s, 3H), 5.80 (br s, 2H), 6.13 (s, 1H) ppm. “C{'H} NMR
(100 MHz, CDCls): 6= 14.5 (CH3), 21.5 (CHs), 93.3 (CH), 105.7 (C), 142.6 (C), 147.1 (C),
154.0 (C), 154.2 (C) ppm. HRMS (ESI+): calcd. for CgHoNs™ 178.1093 [M + H]"; found

178.1087.

2-(tert-Butyl)-5-methylpyrazolo[1,5-a] pyrimidine-6,7-diamine 9b. Following the general
procedure, the reaction of (E)-2-(tert-butyl)-5-methyl-6-(phenyldiazenyl)pyrazolo[1,5-
alpyrimidin-7-amine (6b, 620 mg, 2.0 mmol) and 10% Pd/C (31 mg) in 10.0 mL of EtOH
at 60 °C for 24 h, compound 9b was obtained as a white solid (405 mg, 92 %) after silica
gel purification (CH,Cl,/MeOH = 20:1). M.p. 215-217 °C (amorphous). 'H NMR (400
MHz, CDClL): 6= 1.37 (s, 9H), 2.48 (s, 3H), 3.03 (br s, 2H), 6.00 (br s, 2H), 6.17 (s, 1H)

ppm. “C{'H} NMR (100 MHz, CDCl;): 6= 21.1 (CHs), 30.4 (CH3), 32.8 (C), 89.7 (CH),
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105.7 (C), 142.7 (C), 146.2 (C), 153.1 (C), 167.3 (C) ppm. HRMS (ESI+): calcd. for

C1HisNs 220.1562 [M + H]'; found 220.1580.

5-Methyl-2-phenylpyrazolo[1,5-a]pyrimidine-6,7-diamine  9c. Following the general
procedure, the reaction of (E)-5-methyl-2-phenyl-6-(phenyldiazenyl)pyrazolo[1,5-
alpyrimidin-7-amine (6¢, 700 mg, 2.1 mmol) and 10% Pd/C (35 mg) in 10.0 mL of EtOH
at 60 °C for 24 h, compound 9c¢ was obtained as a white solid (448 mg, 88 %) after silica
gel purification (CH,Cl,/MeOH = 15:1). M.p. 158-159 °C (amorphous). 'H NMR (400
MHz, [Dg]DMSO): 6=2.38 (s, 3H), 3.85 (br s, 2H), 6.63 (s, 1H), 7.10 (br s, 2H), 7.35 (t, J
=7.5 Hz, 1H), 7.45 (t, J= 7.7 Hz, 2H), 8.01 (d, J = 7.5 Hz, 2H) ppm. “C{'H} NMR (100
MHz, [D¢]DMSO): 6= 21.0 (CHj3), 88.6 (CH), 110.6 (C), 125.7 (CH), 128.0 (CH), 128.4
(CH), 133.5 (C), 136.8 (C), 144.9 (C), 148.2 (C), 152.4 (C) ppm. HRMS (ESI+): caled. for

C13H14Ns 240.1249 [M + H]"; found 240.1258.

General Procedure for the Synthesis of Substituted Pyrazolo[S,1-b]purines 11: A
mixture of heteroaromatic 1,2-diamine 9 (0.5 mmol) and orthoester 10 (0.6 mmol) was
irradiated with microwaves at 110-120 °C for 5-10 min in a sealed tube containing a
Teflon-coated magnetic stirring bar. The resulting reaction mixture was cooled to 55 °C by
airflow, and directly purified by column chromatography on silica gel (eluent:

CH,Cl,/MeOH = 15:1-25:1) to give the pure product 11.

4,7-Dimethyl-1H-pyrazolo[5,1-b]purine 11a. Following the general procedure at 110 °C

for 5 min for the reaction with 2,5-dimethylpyrazolo[1,5-a]pyrimidine-6,7-diamine (9a, 90
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mg, 0.51 mmol) and trimethyl orthoformate (10a, 112 uL, 1.02 mmol), compound 11a was
obtained as a white solid (84 mg, 88 %) after silica gel purification (CH,Cl,/MeOH = 15:1).
M.p. > 300 °C (amorphous). 'H NMR (400 MHz, [Ds]DMSO): &= 2.44 (s, 3H), 2.70 (s,
3H), 6.34 (s, 1H), 8.18 (s, 1H), 13.10 (br s, 1H) ppm. “C{'H} NMR (100 MHz,
[D6]DMSO): 6 = 13.3 (CH3), 19.6 (CH3), 94.1 (CH), 116.8 (C), 139.5 (CH), 141.8 (C),
146.2 (C), 147.0 (C), 150.7 (C) ppm. HRMS (ESI+): caled. for CoH (N5 188.0936 [M +

H]"; found 188.0934.

7-(tert-Butyl)-4-methyl-1H-pyrazolo[5, 1-b]purine 11b. Following the general procedure at
110 °C for 5 min for the reaction with 2-(tert-butyl)-5-methylpyrazolo[1,5-a]pyrimidine-
6,7-diamine (9b, 110 mg, 0.50 mmol) and trimethyl orthoformate (10a, 114 uL, 1.04
mmol), compound 11b was obtained as a white solid (104 mg, 91 %) after silica gel
purification (CH,Cl,/MeOH = 20:1). M.p. >300 °C (amorphous). 'H NMR (400 MHz,
CDCl3): 6= 1.35 (s, 9H), 2.79 (s, 3H), 6.52 (s, 1H), 8.28 (s, 1H), 14.71 (br s, 1H) ppm.
BC{'H} NMR (100 MHz, CDCLs): 6= 21.2 (CHs), 30.6 (CHs), 32.8 (C), 92.9 (CH), 117.2
(C), 140.4 (CH), 142.2 (C), 147.4 (C), 147.6 (C), 166.2 (C) ppm. HRMS (ESI+): calcd. for

C1oH16Ns™ 230.1406 [M + H]"; found 230.1414.

4-Methyl-7-phenyl-1H-pyrazolo[5, 1-b] purine 11c. Following the general procedure at 110
°C for 5 min for the reaction with S5-methyl-2-phenylpyrazolo[1,5-a]pyrimidine-6,7-
diamine (9¢, 120 mg, 0.50 mmol) and trimethyl orthoformate (10a, 107 uL, 0.98 mmol),
compound 11c¢ was obtained as a white solid (120 mg, 96 %) after silica gel purification

(CH,Cl,/MeOH = 25:1). M.p. 297-298 °C (amorphous). 'H NMR (400 MHz, [Ds]DMSO):
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5=2.72 (s, 3H), 7.10 (s, 1H), 7.38 (t, J = 7.5 Hz, 1H), 7.48 (t, J= 7.7 Hz, 2H), 8.05 (d, J =
7.5 Hz, 2H), 8.44 (s, 1H), 13.78 (br s, 1H) ppm. *C{'H} NMR (100 MHz, [Ds]DMSO): &
=20.7 (CH3), 92.7 (CH), 117.0 (C), 125.8 (CH), 128.2 (CH), 128.7 (CH), 133.2 (C), 141.3
(CH), 142.0 (C), 147.4 (C), 147.7 (C), 152.7 (C) ppm. HRMS (ESI+): calcd. for Cj4H;oNs"

250.1093 [M + H]"; found 250.1100.

7-(tert-Butyl)-2,4-dimethyl-1H-pyrazolo[5, 1-b] purine 11d. Following the general procedure
at 120 °C for 10 min for the reaction with 2-(tert-butyl)-5-methylpyrazolo[1,5-
a]pyrimidine-6,7-diamine (9b, 110 mg, 0.50 mmol) and triethyl orthoacetate (10b, 111 pL,
0.61 mmol), compound 11d was obtained as a white solid (98 mg, 81 %) after silica gel
purification (CH,Cl,/MeOH = 25:1). M.p. 118-119 °C (amorphous). 'H NMR (400 MHz,
CDCl3): 6 = 1.34 (s, 9H), 2.56 (s, 3H), 2.70 (s, 3H), 6.45 (s, 1H) ppm, NH is absent.
BC{'H} NMR (100 MHz, CDCl;): 6= 15.1 (CH3), 20.7 (CH3), 30.5 (CHs), 32.8 (C), 91.9
(CH), 117.4 (C), 143.0 (C), 146.2 (C), 146.9 (C), 152.2 (C), 166.3 (C) ppm. HRMS (ESI+):

calcd. for C13H;sNs™ 244.1562 [M + H]"; found 244.1590.

7-(tert-Butyl)-2-ethyl-4-methyl-1H-pyrazolo[5, 1-b]purine 1le. Following the general
procedure at 120 °C for 10 min for the reaction with 2-(fert-butyl)-5-methylpyrazolo[1,5-
a]pyrimidine-6,7-diamine (9b, 100 mg, 0.46 mmol) and triethyl orthopropionate (10c, 111
pL, 0.55 mmol), compound 11e was obtained as a white solid (99 mg, 84 %) after silica gel
purification (CH,Cl,/MeOH = 25:1). M.p. 113-114 °C (amorphous). 'H NMR (400 MHz,
CDCL): 6=1.19 (t, J = 7.1 Hz, 3H), 1.32 (s, 9H), 2.69 (s, 3H), 2.89 (q, J = 7.1 Hz, 2H),

6.44 (s, 1H) ppm, NH is absent “C{'H} NMR (100 MHz, CDClL): § = 11.9 (CH3), 20.7
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(CHs), 22.6 (CHa), 30.5 (CHs), 32.8 (C), 91.8 (CH), 117.1 (C), 143.2 (C), 146.4 (C), 146.7
(C), 157.4 (C), 166.2 (C) ppm. HRMS (ESI+): caled. for C14HaoNs™ 258.1719 [M + H]';

found 258.1730.

ASSOCIATED CONTENT
Supporting Information
CIF for compound 3’a, and copies of 'H and 13C{IH} NMR spectra for all compounds.

This material is available free of charge via the Internet at http://pubs.acs.org/.

AUTOR INFORMATION
Corresponding Author

*E-mail; jportill@uniandes.edu.co

Author Contributions

}J.-C.C and D.E. contributed equally to this work.

Notes

The authors declare no competing financial interest.

ACKNOWLEDGEMENTS

The authors are grateful for the financial support from Universidad de los Andes,
Colombian Institute for Science and Research (COLCIENCIAS), Universidad de Jaén and
the Consejeria de Economia, Innovacion y Ciencia (Junta de Andalucia, Spain). We thank

Edwin Guevara (Universidad de los Andes) for acquiring the mass spectra.

ACS Paragon Plus Environment



©CoO~NOUTA,WNPE

The Journal of Organic Chemistry Page 34 of 38

REFERENCES

(1)
2)

Vitaku, E.; Smith, D. T.; Njardarson, J. T. J. Med. Chem. 2014, 57, 10257-10274.

For biological activities and previous syntheses of imidazo[2,1-b]purines, see: (a)
Khazanchi, R.; Yu, P.-L.; Johnson, F. J. Org. Chem. 1993, 58, 2552-2556; (b) Hotejsi,
K.; Andrei, G.; Clercq, E.; Snoeck, R.; Pohl, R.; Holy, A. Bioorg. Med. Chem. 2006,
14, 8057-8065; (c) Sharon, E.; Lévesque, S. A.; Munkonda, M. N.; Sévigny, J.; Ecke,
D.; Reiser, G.; Fischer, B. ChemBioChem. 2006, 7, 1361-1374; (d) Zhao, L.; Christov,
P.; Kozekov, L. D.; Pence, M. G.; Pallan, P. S.; Rizzo, C. J.; Egli, M.; Guengerich, F. P.
Angew. Chem. Int. Ed. 2012, 51, 5466-5469; (e) Xie, M.-S.; Chu, Z.-L.; Niu, H.-Y;
Qu, G.-R.; Guo, H.-M. J. Org. Chem. 2014, 79, 1093-1099. For previous syntheses of
pyrazolo[5,1-b]purines, see: (f) Hibi, S.; Hoshino, Y.; Yoshiuchi, T.; Shin, K
Kikuchi, K.; Soejima, M.; Tabata, M.; Takahashi, Y.; Shibata, H.; Hida, T.; Hirakawa,
T.; Ino. M. U.S. Pat. Appl. Publ. (2003) US 200378277 Al. For previous syntheses of
[1,2,4]triazolo[5,1-b]purines, see: (g) Savateev, K. V.; Ulomsky, E. N.; Borisov, S. S.;
Voinkov, E. K.; Fedotov, V. V.; Rusinov, V. L. Chem. Heterocycl. Compd. 2014, 50,

880-887.

(3) For reviews on fused nitrogen heterocycles with pyrimidine, see: (a) Walker, S. R.;

(4)

Carter, E. J.; Huff, B. C.; Morris, J. C. Chem. Rev. 2009, 109, 3080-3098; (b) Lebreton,
J.; Escudier, J.-M.; Arzel, L.; Len, C. Chem. Rev. 2010, 110, 3371-3418; (c¢) Schenone,
S.; Radi, M.; Musumeci, F.; Brullo, C.; Botta, M. Chem. Rev. 2014, 114, 7189-7238;
(d) Coen, L. M.; Heugebaert, T. S. A.; Garcia, D.; Stevens, C. V. Chem. Rev. 2016,
116, 80-139.

(a) Ivachtchenko, A. V.; Golovina, E. S.; Kadieva, M. G.; Kysil, V. M.; Mitkin, O. D;

Tkachenko, S. E.; Okun, I. M. J. Med. Chem. 2011, 54, 8161-8173; (b) Damont, A.;

ACS Paragon Plus Environment



Page 35 of 38

©CoO~NOUTA,WNPE

The Journal of Organic Chemistry

Médran-Navarrete, V.; Cacheux, F.; Kuhnast, B.; Pottier, G.; Bernards, N.; Marguet,
F.; Puech, F.; Boisgard, R.; Doll¢, F. J. Med. Chem. 2015, 58, 7449-7464.

(5) (a) Castillo-Sanchez, J.; Aguilera-del Real, A.; Rodriguez-Sanchez, M.; Valverde-
Garcia, A. J. Agric. Food Chem. 2000, 48, 2991-2994; (b) Sanna, E.; Busonero, F.;
Talani, G.; Carta, M.; Massa, F.; Peis, M.; Maciocco, E.; Biggio, G. Eur. J. Pharmacol.
2002, 451, 103-110; (c¢) Martin, M. P.; Olesen, S. H.; Georg, G. L.; Schonbrunn, E.
ACS Chem. Biol. 2013, 8, 2360-2365; (d) Phillipson, L. J.; Segal, D. H.; Nero, T. L.;
Parker, M. W.; Wan, S. S.; Silva, M.; Guthridge, M. A.; Wei, A. H.; Burns, C. J.
Bioorg. Med. Chem. Lett. 2015, 23, 6280-6296.

(6) For pyrazolo[1,5-a]pyrimidine derivatives containing a hetarylazo group, see: (a) Tsai,
P. C.; Wang, L. J. Dyes Pigm. 2007, 74, 578-584; (b) Tsai, P. C.; Wang, 1. J. Dyes
Pigm. 2008, 76, 575-581. For pyrazolo[1,5-a]pyrimidine derivatives containing an
arylazo group, see: (c¢) Tsai, P. C.; Wang, 1. J. Dyes Pigm. 2005, 64, 259-264; (d)
Sayed, A. Z.; Aboul-Fetouh, M. S.; Nassar, H. S. J. Mol. Struct. 2012, 1010, 146-151.

(7) Zhang, X.; Song, Y.; Gao, L.; Guo, X.; Fan, X. Org. Biomol. Chem. 2014, 12, 2099-
2107.

(8) (a) Al-Omran, F.; El-Khair, A. A. J. Heterocyclic Chem. 2005, 42, 307-312; (b) Ming,
L.; Shuwen, W.; Lirong, W.; Huazheng, Y.; Xiuli, Z. J. Heterocyclic Chem. 2005, 42,
925-930; (c) Khalil, K. D.; Al-Matar, H. M.; Al-Dorri, D. M.; Elnagdi, M. H.
Tetrahedron. 2009, 65, 9421-9427; (d) Abdel-Aziz, H. A.; Saleh, T. S.; El-Zahabi, H.
S. A. Arch. Pharm. Chem. Life Sci. 2010, 343, 24-30.

(9) (a) Elmaati, T. M. A.; El-Taweel, F. M. A. J. Chin. Chem. Soc. 2003, 50, 413-418; (b)
Ivachtchenko, A. V.; Golovina, E. S.; Kadieva, M. G.; Kysil, V. M.; Mitkin, O. D.;

Tkachenko, S. E.; Okun, I. M. J. Med. Chem. 2011, 54, 8161-8173.

ACS Paragon Plus Environment



©CoO~NOUTA,WNPE

The Journal of Organic Chemistry Page 36 of 38

(10) Abdel-Razik, H. H.; Fadda, A. A. Synth. Commun. 2001, 31, 3547-3556.

(11) (a) Almansa, C.; de Arriba, A. F.; Cavalcanti, F. L.; Gémez, L. A.; Miralles, A.;
Merlos, M.; Garcia-Rafanell, J.; Forn, J. J. Med. Chem. 2001, 44, 350-361; (b) Yin, L.;
Liebscher, J. Synthesis 2004, 14, 2329-2334; (c¢) Gregg, B. T.; Tymoshenko, D. O.;
Razzano, D. A.; Johnson, M. R. J. Med. Chem. 2007, 9, 507-512; (d) Portilla, J.;
Quiroga, J.; Nogueras, M.; Cobo, J. Tetrahedron. 2012, 68, 988-994; (e) Saikia, P.;
Gogoi, S.; Boruah, R. C. J. Org. Chem. 2015, 80, 6885-6889.

(12) (a) Quiroga, J.; Portilla, J.; Abonia, R.; Insuasty, B.; Nogueras, M.; Cobo, J.
Tetrahedron Lett. 2007, 48, 6352-6355; (b) Quiroga, J.; Portilla, J.; Abonia, R.;
Insuasty, B.; Nogueras, M.; Cobo, J. Tetrahedron Lett. 2008, 49, 6254-6256.

(13) For reviews on microwave-assisted organic synthesis (MAOS), see: (a) Kappe, C. O.
Angew. Chem. Int. Ed. 2004, 43, 6250-6284; (b) Kappe, C. O. Chem. Soc. Rev. 2008,
37, 1127-1139; (c) Polshettiwar, V.; Varma, R. S. Acc. Chem. Res. 2008, 41, 629-639.

(14) For recent representative examples, see: (a) Dallinger, D.; Kappe, C. O. Chem. Rev.
2007, 107, 2563-2591; (b) Savateev, K. V.; Ulomsky, E. N.; Borisov, S. S.; Voinkov,
E. K.; Fedotov, V. V.; Rusinov, V. L. Chem. Heterocycl. Compd. 2014, 50, 880-887;
(c) Kattimani, P. P.; Kamble, R. R.; Meti, G. Y. RSC Adv. 2015, 5, 29447-29455; (d)
Fu, L.; Zhang, J.-J.; Hu, J.-D.; Xun, Z.; Wang, J.-J.; Huang, Z.-B.; Shi, D.-Q. Green.
Chem. 2015, 17, 1535-1545; (¢) Jha, A. K.; Jain, N. Chem. Commun. 2016, 52, 1831.

(15) Portilla, J.; Estupifian, D.; Cobo, J.; Glidewell, C. Acta Cryst. 2010, C66, 0133-0136.

(16) (a) Castillo, J.-C.; Quiroga, J.; Abonia, R.; Rodriguez, J.; Coquerel, Y. Org. Lett. 2015,
17, 3374-3377; (b) Orrego-Hernandez, J.; Cobo, J.; Portilla, J. Eur. J. Org. Chem.
2015, 23, 5064-5069; (c) Castillo, J.-C.; Quiroga, J.; Rodriguez, J.; Coquerel, Y. Eur.

J. Org. Chem. 2016, 11, 1994-1999; (d) Castillo, J.-C.; Orrego-Hernéndez, J.; Portilla,

ACS Paragon Plus Environment



Page 37 of 38

©CoO~NOUTA,WNPE

The Journal of Organic Chemistry

J. Eur. J. Org. Chem. 2016, 22, 3824-3835; (e) Orrego-Hernandez, J.; Nufiez-Dallos,
N.; Portilla, J. Talanta 2016, 152, 432-437.

(17) Elnagdi, M. H.; Sallam, M. M. M.; Fahmy, H. M.; Ibrahim, S. A.-M.; Elias, M. A. M.
HCA. 1976, 59, 551-557.

(18) The Crystallographic Information File for 3’a is included in the Supporting
Information.

(19) Formation of the hydrazone-keto tautomer, see: (a) Elnagdi, M. H.; Abdelrazek, F.
M.; Ibrahim, N. S.; Erian, A. W. Tetrahedron 1989, 45, 3597-3604; (b) Al-Mousawi,
S. M.;. Moustafa, M. S. Beilstein J. Org. Chem. 2007, 3, 1-4; (c) Debnath, D.; Roy, S.;
Li, B.-H.; Lin, C.H.; Misra, T. K. Spectrochim. Acta A Mol. Biomol. Spectrosc. 2015,
140, 185-197; (d) Maggio, B.; Raffa, D.; Raimondi, M. V.; Cascioferro, S.; Plescia, F.;
Schillaci, D.; Cusimano, M. G.; Leonchiks, A.; Zhulenkovs, D.; Basile, L.; Daidone,
G. Molecules 2016, 21, 1-14.

(20) Karpicz, R.; Gulbinas, V.; Undzenas, A. J. Chin. Chem. Soc. 2000, 47, 589-595.

(21) Portilla, J.; Quiroga, J.; Torre, J. M.; Cobo, J.; Low, J. N.; Glidewell, C. Acta Cryst.
2006, C62, 0521-0524.

(22) (a) Liu, M.; Xu, M.; Lee, J. K. J. Org. Chem. 2008, 73, 5907-5914; (b) Qu, G.-R.;
Liang, L.; Niu, H.-Y.; Rao, W.-H.; Guo, H.-M.; Fossey, J. S. Org. Lett. 2012, 14,
4494-4497; (c) Li, R.-L.; Liang, L.; Xie, M.-S.; Qu, G.-R.; Niu, H.-Y.; Guo, H.-M. J.
Org. Chem. 2014, 79, 3665-3670.

(23) Noncommercially available 3-aryl-5-amino-1H-pyrazoles were prepared according to
the procedures described in: (a) Nenaidenko, V. G.; Golubinskii, I. V.; Lenkova, O. N.;

Shastin, A. V.; Balenkova, E. S. Russ. J. Org. Chem. 2004, 40, 1518-1520; (b) Bagley,

ACS Paragon Plus Environment



©CoO~NOUTA,WNPE

The Journal of Organic Chemistry

M. C.; Davis, T.; Dix, M. C.; Widdowson, C. S.; Kipling, D. Org. Biomol. Chem.
2006, 4, 4158-4164.

(24) Sheldrick, G. M. Acta Cryst. 2008, 464, 112-122.

ACS Paragon Plus Environment

Page 38 of 38



