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ABSTRACT: The efficient acid catalytic synthesis of pyraZ8|d-d]pyrimidine was
developed by treating H:pyrazol-5-ylN,N-dimethylformamidine with various
aminating agents including N,O-bis(trimethylsilyl)hydroxylamine
(NHSiMe3(OSiMes)),  cyanamide  (NEC=N),  hydroxylamine  (NHOH),
methoxyamine (NBDMe), hydrazine (NENH,), and urea (NEC(O)NH,) in acidic
solution at reflux. Based on the experimental tescyanamide (NBHC=N) and
methanesulfonic acid were indicated the best amigatgent and acid mediated
solvent. On the other hands, the reactivity tengemas involved the activity of
original leaving species graftingon the aminating agents, such
as —OH, —-OMe, —OSiMe—-NH,, —OSiMg, —C(O)NH,, and —&N, in acid catalytic

heterocyclic reaction.



INTRODUCTION

Pyrazolo[3,4d]pyrimidines have attracted attention as potentiaigs or
molecular tools:’® Some recently reported synthetic methods for tiass of
compounds are included functionalized barbituic ~ dAti
1-phenyl-8H, 7H-pyrazolo[3,4d]pyrimidine dithiones? or
pyrazolo[3,4-d]pyrimidin-4-one¥’ and intramolecular heterocyclization  of
5-amino-1-(2-hydroxy-2-phenylethyl)Htpyrazole carboxylic acid or
5-amino-4-cyano-pyrazolés.However, most of the methods are not straightfodwa
and troublesome for preparation of starting maleribherefore, we have previously
also designed the convenient synthetic routes wuaebl5-aminopyrazoles with
Vilsmeier reagents to construct pyrazolo[8]gyrimidine core structures via the
directed intramolecular heterocyclizattbn or the sequential intermolecular
heterocyclization with hexamethyldisilazane (NH(®#) under neutralization/basic
reaction condition (Figure 1J.Based on the above observations, we found most of
approach were dangerous exothermic reaction. Assaltr we planned to develop a
efficient acid catalystic method for synthesis ofrgzolo[3,4d]pyrimidines by
treating H-pyrazol-5-ylN,N-dimethylformamidines with aminating agent undeg th
acidic solution (Figure 1).

At first, we estimated H-pyrazol-5-ylN,N-dimethylformamidine with a series
of aminating equivalent agents includiny,O-bis(trimethylsilyl)hydroxylamine
(NHSiMe3(OSiMes)),  cyanamide  (NEC=N),  hydroxylamine  (NHOH),
methoxyamine (NEDMe), hydrazine (NBENH>), and urea (NBC(O)NH,) under the
different acid mediated solutiorFortunately, we successfully found cyanamide
(NH>C=N) and methanesulfonic acid were respectively iaidid the best aminating

agent and acid mediated solvent for synthesizinge thdesired



pyrazolo[3,4d]pyrimidine products.
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Figure 1. The published one-pot cascade reaction and ati@ytic synthesis of

pyrazolo[3,4d]pyrimidines.

RESULTS AND DISCUSSION

In view of our previous investigation experiencevilsmeier-Haack reagetft*’
we estimated H-pyrazol-5-yIN,N-dimethylformamidine® were respectively
important starting materials for the new designgdttesis. On the other hands,
cyanamides (NEC=N) were available versatile aminating intermediateprecursors
for synthesis of widely heterocyclic compourid& Therefore, we initiated our study
to explore the possibility of the amination cyctipa reaction between
1H-pyrazol-5-ylIN,N-dimethylformamidinela and cyanamides (NJ@=N). Table 1
presents the typical amination cyclization study #@acting the model starting
material H-Pyrazol-5-yIN,N-dimethylformamidinela with cyanamide (NBC=N,
3.0 equiv) in presence of a series of acidic medgilutions (2.0 mL), such as
agueous HCI solution (5%, 10%, and 35%), acetid &cOH), trifluoroacetic acid
(TFA), methanesulfonic acid, ar@toluenesulfonic acid at reflux for 3.0-5.0 h. The
corresponding pyrazolo[3dlpyrimidine product2a were afforded from ~32% to
82% vyields (Table 1, entries 1-7). Based on thetrobrexperimental result, the

promoted reactivity tendency of acid mediated suivevas methanesulfonic acid >
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35% HClaq) > TFA > p-toluenesulfonic acid > 10% Hgdy> 5% HClaq) >AcOH. The

result was also revealed the Brgnsted-Lowry aciglyigc heterocyclization was

favorable carried out in strong acid reaction ctadi

Table 1. The amination study for synthesis of pyrazolopydmes in the different of

acid mediated solvents

NMe2
PR NZ N
N~ "H NHXY, Solvents L
0O > Ph—N
Ph—r\!)j—/{ X = H or SiMe; N=
N= H Y = CN, NH,, OH, OMe, OSiMe; Ph
Ph
1a 2a
Entry Solvent Aminating Agents  Equivyields (%) of2a
1 5% HClaq) NH,C=N 3 32
2 10% HClaq) NH>.C=N 3 43
3 35% HClaq) NH,C=N 3 62
4 AcOH NH,C=N 3 6
5 TFA NH.C=N 3 52
6 p-Toluenesulfonic acid NEC=N 3 46
7 Methanesulfonic acid N}C=N 3 83
8 Methanesulfonic acid N}C=N 4 81
9 Methanesulfonic acid N#C=N 2 61
10 Methanesulfonic acid N}C=N 1 27
11 Methanesulfonic acid N#DH 3 26
12 Methanesulfonic acid N}DMe 3 75
13 Methanesulfonic acid N#NH, 3 37
14 Methanesulfonic acid NHC=0)NH, 3 A
15 Methanesulfonic acid NHSIMEOSiMe;) 3 73

#not-detectable.



For the further optimization, we tried to use théfedent equivalent of
cyanamide (NHC=N) including 1.0, 2.0, 3.0, and 4.0 equivalent anteu The
corresponding isolated yields of pyrazolo[8lJgyrimidine productla were obtained
in 27-83% vyields, especially for 3.0 equivalentdNdf,C=N in 83% vyield (Table 1,
entries 7-10). Based on the experimental resultpeleeved the 3.0 equivalent of

NH,C=N is the suitable amount in our reaction condition.

Next, we investgated a range of aminating equitalagents including
N,O-bis(trimethylsilyl)hydroxylamine (NHSIMgOSiMe;)), cyanamide (NEC=N),
hydroxylamine (NHOH), methoxyamine (NkDMe), hydrazine (NkENH,), and urea
(NH2C(O)NH,) in the same reaction condition (Table 1, entriesxd 11-15). Among
of aminting agents be able to afford the correspangyrazolo[3,4-d]pyrimidine
product2a,® except for urea. Note that cyanamide @8HN) can provide the best
result in 83% vyield and the reactivity order was EN > NHSiIMg(OSiMe;) >
NH,OMe > NH:NH, -NH,0OH >> NH,C(O)NH; (Table 1, entries 7 and 11-15). As a
result, the reactivity tendency was involved thévig of original leaving species
grafting on the aminating agents in acid catalytic heterlizgtton reaction. Several
control experiments were conducted that the bdisibte procedure for synthesis of
pyrazolo[3,4d]pyrimidines was involved the treatment of
1H-pyrazol-5-ylN,N-dimethylformamidinela with 3.0 equivalent of NEC=N in
methanesulfonic acid solution at reflux for 3.0-6.0/hen the aminating cyclization
reaction was completed, the resulting mixture wawrked-up and purified by
chromatography. The corresponding pyrazolofpl#imidine product 2a was

obtained in 83% vyield (Table 1).

Application of the reliable standard procedure to

1H-pyrazol-5-ylN,N-dimethylformamidineslb— bearing variousN-1 substituents,
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including o-, m, p-Me-Ph, o-, m, p-CI-Ph, p-Br-Ph, p-OMe-Ph,and p-NO»-Ph, the
aminating cyclization proceeded smoothly to give e thcorresponding
pyrazolo[3,4-d]pyrimidines 2b— in 63-83% yields (Table 2). Al of
pyrazolo[3,4-d]pyrimidinea- were characterized by spectroscopic methods, the
physical properties and spectroscopic charactesistwere consistent with our
previously published dafa.

Table 2. The results of synthesis of pyrazolopyrimidines nfro

1H-pyrazol-5-ylN,N-dimethylformamidines with cyanamide (NEEN)

NMe,
N
N~ s NH,C=N _ S
X-NTX CH3SO3H, at reflux for 3~5 h X‘N\N/
N={ H Ph
Ph
1a-j za_j
S.M. X Products Yields of2a+ (%)
la Ph 2a 83
1b o-Me-Ph 2b 63
1c m-Me-Ph 2C 73
1d p-Me-Ph 2d 79
le 0-ClI-Ph 2e 70
1f m-Cl-Ph 2f 68
1g p-Cl-Ph 29 81
1h p-Br-Ph 2h 71
1i p-OMe-Ph 2i 78
1j p-NO2-Ph 2] 68

A plausible mechanism for synthesis of pyrazolof@@yrimidines was depicted

in Scheme 1. Preliminarily, H-pyrazol-5-yIN,N-dimethylformamidinesla- was



effectively initiated by Bregnsted-Lowry methanesuit acid to form the activate
sulfonamide cation intermediaté Subsequently, the aminating agent cyanamide
(NH.C=N) was added to happen the nucleophilic attackowgatds intermediat@
affording an active cyanimino specids Due to the strength driving force by the
excellent leaving-group ability in quaternary ammuom cation moiety, the
intramolecular cyclization was effectively occur@ad the de-cyanating reaction took
place by nucleophile (ex. Water or excess cyangmidegive the corresponding
pyrazolo[3,4-d]pyrimidine product®a— were obtained from 63% to 83% yields. On
the other hands, dicyanamide and cyanic acid coeltbrmed as the side-produtis.
Notably, dicyanamide and urea were able be idextifn aqueous layer by LC-MS
analysis technique. Urea may come from the hydi®lgé excess cyanamide under

acidic mediaté??’ Therefore, this result provided the specific primfthe proposed

mechanism.
NM62
N)\H N4\|N
O = X
X-N" NH,C=N > X-N
N= H CH3SO3H N=
Ph Ph
1a-j 2a-j
CH3SO3H HN(CN)2
+ NH,C=N + HOCN
H,0
+ H,O or NH,C=N
+ C=N
N/ H 2SN
A\NCN Cyclization “ |N‘)
X=N" \ X=N]
N= H NHMe, N=
Ph Ph
3 4

Scheme 1 Theplausible mechanism for the newly developed actdlgiic synthesis
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of pyrazolo[3,4d]pyrimidines.

CONCLUSIONS

We have successfully developed new Brgnsted-Lowveig aatalytic synthesis of
pyrazolo[3,4d]pyrimidines, involving the subsequent iminatiorgtdrocyclization,

and aromation three steps. Based on the contratriemental results, cyanamide
(NH2,C=N) was the best aminating agent. Furthermore, #yeheterocyclic reaction
was catalyzed by methanesulfonic acid to vyield theorresponding

pyrazolo[3,4d]pyrimidine products in moderate yields.
EXPERIMENTAL SECTION

General Procedure All chemicals were reagent grade and used ashpsed. All
reactions were carried out under nitrogen atmosphed monitored by TLC analysis.
Flash column chromatography purification of compigiwas carried out by gradient
elution using hexanes in ethyl acetate (EA) unketberwise statedH NMR were
recorded at 400 or 500 MHz aitt NMR recorded at 100 or 125 MHz, respectively,
in CDClz, CD30D, andDMSO-ds as solvent. The standard abbreviations s, d,andj,

m refer to singlet, doublet, triplet, quartet, amalltiplet, respectively. Coupling
constant J), whenever discernible, have been reported inlkfzared spectra (IR)
were recorded as neat solutions or solids; and rspsstra were recorded using
electron impact or electrospray ionization techegjurhe wavenumbers reported are
referenced to the polystyrene 1601 tmbsorption. High-resolution mass spectra

were obtained by means of a JEOL JMS-HX110 masdrepeeter.

Standard Procedure for Synthesis of Pyrazolo[3,4}pyrimidines (2a—j). The
reliable procedure involved the treatment of

1H-pyrazol-5-ylN,N-dimethylformamidines a4, 1.0 equiv) with 3.0 equivalent of



various aminating agents including N,O-bis(trimethylsilyl)hydroxylamine
(NHSiMe3(OSiMe3)), cyanamide  (NHC=N), hydroxylamine  (NHOH,),
methoxyamine (NBEOMe), hydrazine (NBNH,), or urea (NHC(O)NH,) in
methanesulfonic acid solution (2 mL) at reflux &5 h. When the reaction was
completed (monitored by TLC), the resulting mixtwas added to water (15 mL) and
extracted with dichloromethane (15 mL x 2). Theamig extracts were washed with
saturate sodium bicarbonate (15 mL x 2), dried oMySQ, filtered, and
concentrated under reduced pressure. The residugosowas purified by column
chromatography (EtOAnfhexane as eluent) on silica gel to give the cpoeding
pyrazolo[3,4d]pyrimidines productsda) in 63—83% yields.
1,3-Diphenyl-1H-pyrazolo[3,4-d]pyrimidine (2a).** A solution of
1H-pyrazol-5-ylN,N-dimethylformamidine la (159mg, 0.50 mmol, 1.0 eyuand
cyanamide (63.1 mg 1.5 mmol, 3.0 equiv) was stimethethanesulfonic acid (2.0mL)
at reflux for 3-5 h. The reaction mixture was tiveorked-up, and the residue was
purified by chromatography on silica gel to giverg@@a in 83% vyield (111 mg).
Light-yellow solid; mp 157-158°C (hexane—EtOAt) ;NMR (CDCk, 500 MHz):&
7.37-7.40 (1H, m, Af), 7.49-7.52(1H, m, ArH), 7.55—7.58(4H, m,H 8.05 (2H,
d, J = 7.5 Hz, AH), 8.27-8.29 (2H, m, ArH), 9.15 (1H, s), 9.58 (13}, °C NMR
(125 MHz, CDC4): § 114.0, 121.5 (2 x C), 127.2, 127.4 (2 x C), 142.3 C), 129.9,
131.0, 138.2, 145.6, 151.6, 153.0, 154.1; IR (KBS77, 1558, 1501, 1418, 1364,
1219, 1090 cit. EIMS m/z: 272 (M, 100), 273 (19), 271 (32), 142 (12), 77 (30), 51
(10).

1-(2-Methylphenyl)-3-phenyl-1H-pyrazolo[3,4-d]pyrimidine (2b).*® A solution of
1H-pyrazol-5-ylN,N-dimethylformamidinelb (116 mg, 0.50 mmol, 1.0 equiv), and
cyanamide (63.1 mg 1.5 mmol, 3.0 equiv) was stimethethanesulfonic acid (2.0mL)

at reflux for 3-5 h. The reaction mixture was tiveorked-up, and the residue was
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purified by chromatography on silica gel to givergp@b in 63% vyield (90.2 mg).
Light-yellow solid; mp 140-141°C (hexane—EtOAt) NMR (CDCk, 400 MHz):&
2.49 (3H, s, €3), 7.42-7.51(1H, m, At), 7.48-7.46(1H, m, At), 7.55-7.58 (3H, m,
ArH), 8.06-8.11 (4H, m, Af), 9.13 (1H, s), 9.51 (1H, s}°*C NMR (100 MHz,
CDCL): § 21.63, 114.19, 118.77, 122.18, 127.42 (2 x C), I&7129.24 (2 x C),
129.62, 131.56, 138.39, 139.33, 144.92, 152.80,3B53155.61. IR (KBr): 1634,
1609, 1585, 1557, 1493, 1364, 1229, 1098, 1085.d&RIMS m/z: 286 (M, 100),
287 (20), 285 (25), 272 (17), 271 (10), 156 (10YB2), 77 (30), 65 (12).
1-(3-Methylphenyl)-3-phenyl-1H-pyrazolo[3,4-d]pyrimidine (2c).*® A solution of
1H-pyrazol-5-ylN,N-dimethylformamidinelc (116 mg, 0.50 mmol, 1.0 equiv), and
cyanamide (63.1 mg 1.5 mmol, 3.0 equiv) was stimethethanesulfonic acid (2.0mL)
at reflux for 3-5 h. The reaction mixture was tiveorked-up, and the residue was
purified by chromatography on silica gel to giverg@@c in 73% yield (104 mg).
Yellow solid; mp 81-82°C (hexane—EtOAdH NMR (CDCk, 400 MHz):8 2.47 (3H,
s, CHs), 7.15 (1H, dJ = 6.8 Hz, AH), 7.39-7.48 (2H, m, At), 7.51-7.55 (2H, m,
ArH), 8.02-8.09 (4H, m, At), 9.10 (1H, s) , 9.46 (1H, s}°C NMR (100 MHz,
CDCl3): 6 21.56, 114.07, 118.57, 121.96, 127.29 (2 x C),827128.95, 129.11 (2 x
C), 129.49, 131.44, 138.31, 139.19, 144.73, 152163,18, 155.46; IR (KBr): 1662,
1611, 1584, 1558, 1493, 1477, 1364, 1315, 12294,11896 cm'. EIMS m/z: 286
(M*, 100), 287 (20), 285 (24), 77 (16).
1-(4-Methylphenyl)-3-phenyl-1H-pyrazolo[3,4-d]pyrimidine (2d).*® A solution of
1H-pyrazol-5-ylN,N-dimethylformamidineld (116 mg, 0.50 mmol, 1.0 equiv), and
cyanamide (63.1 mg 1.5 mmol, 3.0 equiv) was stimethethanesulfonic acid (2.0mL)
at reflux for 3-5 h. The reaction mixture was tiveorked-up, and the residue was
purified by chromatography on silica gel to givergp@d in 79% vyield (113mg).
Yellow solid; mp 133-135°C (hexane—EtOAY NMR (CDCk, 400 MHz):§ 2.41
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(3H, s, GH3), 7.34 (2H, dJ = 8.4 Hz, AH), 7.46 —7.50 (3H, m, At), 8.04 (2H, dJ =
8.4 Hz, AH), 8.13 (2H, dJ = 8.4 Hz, AH), 9.09 (1H, s), 9.46 (1H, s}3C NMR
(100 MHz, CDC4): § 21.11, 114.09, 121.51 (2 x C), 127.38 (2 x C),.2292 x C),
129.56, 129.80 (2 x C), 131.60, 136.05, 136.83,744152.76, 153.15, 155.53; IR
(KBr): 1589, 1557, 1513, 1474, 1364, 1265, 122188L6m~. EIMS m/z: 286 (M,
100), 287 (21), 285 (28), 77 (14).
1-(2-Chlorophenyl)-3-phenyl-H-pyrazolo[3,4-d]pyrimidine (2e).*® A solution of
1H-pyrazol-5-ylN,N-dimethylformamidinele (176 mg, 0.50 mmol, 1.0 equiv), and
cyanamide (63.1 mg 1.5 mmol, 3.0 equiv) was stimethethanesulfonic acid (2.0mL)
at reflux for 3-5 h. The reaction mixture was tiveorked-up, and the residue was
purified by chromatography on silica gel to giver@@e in 70% yield (107 mg).
Yellow solid; mp 136-138°C (hexane—EtOACH NMR (CDCk, 400 MHz): &
7.44-7.49 (3H, m, Afl), 7.52—7.55 (2H, m, At), 7.60—7.63 (2H, m, At), 8.03-8.05
(2H, m, AH), 9.07 (1H, s), 9.53 (1H, SF*C NMR (125 MHz, CDGJ): 5 112.9, 127.3
(2 x C), 127.6, 129.1 (2 x C), 129.6 (2 x C), 132.& C), 131.3, 132.1, 134.6, 145.6,
152.8, 154.4, 155.8; IR (KBr): 1582, 1557, 1495231223, 1161, 1086 cmEIMS
m/z: 306 (M, 74), 308 (M + 2, 25), 307 (16), 272 (20), 271 (100), 195 (194 (12),
111 (17), 90 (14), 77 (79), 75 (21), 63 (12), 58)(2
1-(3-Chlorophenyl)-3-phenyl-H-pyrazolo[3,4-d]pyrimidine (2f).*® A solution of
1H-pyrazol-5-ylN,N-dimethylformamidinelf (176 mg, 0.50 mmol, 1.0 equiv), and
cyanamide (63.1 mg 1.5 mmol, 3.0 equiv) was stimethethanesulfonic acid (2.0mL)
at reflux for 3-5 h. The reaction mixture was tiveorked-up, and the residue was
purified by chromatography on silica gel to giverg@f in 68% yield (104 mg).
White solid; mp 180-182°C (hexane—EtOABY; NMR (CDCk, 400 MHz):5 7.31
(1H, d,J = 8.0 Hz, AH), 7.45-7.58 (4H, m, At), 8.04 (2H, dJ = 7.6 Hz, AH),
8.32-8.43 (2H, m, Af), 9.14 (1H, s), 9.50 (1H, s¥*C NMR (100 MHz, CDGJ): &
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114.46, 118.82, 121.10, 126.63, 127.42 (2 x C).2R92 x C), 129.86, 130.22,
134.96, 139.59, 145.39, 152.90, 153.60, 155.75KRr): 1585, 1489, 1404, 1368,
1213, 1132, 1092 cth EIMS m/z: 306 (M, 100), 308 (M+ 2, 34), 307 (28), 305
(25), 77 (26).

1-(4-Chlorophenyl)-3-phenyl-H-pyrazolo[3,4-d]pyrimidine (2g).*® A solution of
1H-pyrazol-5-ylIN,N-dimethylformamidinelg (176 mg, 0.50 mmol, 1.0 equiv), and
cyanamide (63.1 mg 1.5 mmol, 3.0 equiv) was stimethethanesulfonic acid (2.0mL)
at reflux for 3-5 h. The reaction mixture was thiveorked-up, and the residue was
purified by chromatography on silica gel to givergp@g in 81% yield (124 mg).
Yellow solid; mp 149-151°C (hexane—-EtOA¢H NMR (CDCk, 500 MHz): &
7.48-7.51 (3H, m, Af)), 7.54—7.57 (2H, m, At), 8.03 (2H, d,J = 8.0 Hz, AH), 8.32
(2H, d,J = 9.0 Hz, AH), 9.12 (1H, s), 9.49 (1H, s}°C NMR (125 MHz, CDGJ):
$114.3,122.2 (2 x C), 127.4 (2 x C), 129.2 (2 x129.3 (2 x C), 129.8, 131.2, 132.1,
137.1, 145.2, 152.9, 153.3, 155.6; IR (KBr): 158355, 1499, 1406, 1265, 1219,
1084 cm®. EIMS m/z: 306 (M, 100), 308 (M + 2, 31), 307 (24), 305 (20), 296 (14),
294 (31), 159 (11), 91 (28), 77 (26).
1-(4-Bromophenyl)-3-phenyl-H-pyrazolo[3,4-d]pyrimidine (2h).*® A solution of
1H-pyrazol-5-ylN,N-dimethylformamidinelh (199 mg, 0.50 mmol, 1.0 equiv), and
cyanamide (63.1 mg 1.5 mmol, 3.0 equiv) was stimethethanesulfonic acid (2.0mL)
at reflux for 3-5 h. The reaction mixture was tiveorked-up, and the residue was
purified by chromatography on silica gel to giverep@h in 71% yield (125 mg).
White solid; mp 177-178°C (hexane—EtOA&4 NMR (CDCk, 500 MHz): &
7.49-7.2 (1H, m, Ad), 7.55-7.58 (2H, m, At), 7.65-7.67 (2H, dd) = 1.5, 1.5
Hz,ArH), 8.04-8.05 (2H, dd] = 1, 1 Hz , AH), 8.27-8.29 (2H, dd] = 1, 1 Hz, AH),
9.13 (1H, s), 9.49 (1H, s3*C NMR (125 MHz, CDG)): § 114.4, 120.0, 122.5 (2 x C),

127.4 (2 x C), 129.3 (2 x C), 129.8, 131.2, 132.% C), 137.7, 145.3, 152.9, 153.4,

-12 -



155.7; IR (KBr): 3030, 2920, 1572, 1551, 1488, 140316, 1072 cl. EIMS m/z:
350 (M, 5), 352 (M + 2, 5), 319 (22), 318 (100), 317 (36), 303 (L75 (15), 274
(20), 262 (11), 248 (10), 246 (10), 186 (18), 148)( 116 (10), 104 (10), 84 (12), 83
(15), 77 (60), 51 (13).

1-(4-Methoxylphenyl)-3-phenyl-H-pyrazolo[3,4-d]pyrimidine (2i).*° A solution of
1H-pyrazol-5-ylN,N-dimethylformamidineli (174 mg, 0.50 mmol, 1.0 equiv), and
cyanamide (63.1 mg 1.5 mmol, 3.0 equiv) was stimethethanesulfonic acid (2.0mL)
at reflux for 3-5 h. The reaction mixture was tiveorked-up, and the residue was
purified by chromatography on silica gel to givere@@i in 78% yield (118 mg).
Brown solid; mp 167-168°C (hexane—EtOAt}t NMR (CDCk, 400 MHz):5 3.87
(1H, s, OGHs), 7.05 (2H, dJ = 8.0 Hz, AH), 7.34 (1H, tJ = 7.5 Hz, AH), 7.54 (2H,

t, J= 8.0, AH), 7.98 (2H, dJ = 8.0, AH), 8.28 (2H, dJ = 8.0, AH), 9.09 (1H, s),
9.44 (1H, s)*C NMR (125 MHz, CDGJ): & 55.35, 114.57 (2 x C), 121.26 (2 x C),
123.99, 126.61, 126.78, 128.61 (2 x C), 129.14 (€)x 129.39, 138.49, 144.74,
152.66, 155.42, 160.71. IR (KBr): 1643, 1587, 156497, 1402, 1368, 1215, 1130,
1074. EIMS m/z: 302 (M, 100), 303 (21), 301 (17), 287 (18), 258 (11),(&7), 51
(12).

1-(4-Nitrophenyl)-3-phenyl-1H-pyrazolo[3,4-d]pyrimidine  (2j). A solution of
1H-pyrazol-5-ylN,N-dimethylformamidineli (182 mg, 0.50 mmol, 1.0 equiv), and
cyanamide (63.1 mg 1.5 mmol, 3.0 equiv) was stimeahethanesulfonic acid (2.0mL)
at reflux for 3-5 h. The reaction mixture was theorked-up, and the residue was
purified by chromatography on silica gel to giverg@i in 68% vyield (108 mg).
Brown solid; mp 182-184°C (hexane—EtOA¢H NMR (CDCk, 400 MHz): &
7.55-7.61 (3H, m, At), 8.06 (2H, d, A, J= 7.2 Hz, AH), 8.41 (2H, d,J = 8.4 Hz,
ArH), 8.74 (2H, dd,) = 8.4 Hz,J = 2 Hz AH), 9.19 (1H, s), 9.54 (1H, s)°C NMR

(100 MHz, CDC4): § 115.06, 120.42 (2 x C), 124.99 (2 x C), 127.5% (), 129.38
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(2 x C), 130.31, 130.71, 143.58, 145.26, 146.58,0% 154.39, 156.00; IR (KBr):
1596, 1561, 1516, 1503, 1408, 1335, 1213, 11101 108~ EIMS m/z: 317 (M,
100), 318 (20), 287 (10), 168 (10), 77 (24); HRM&@. for GsH1:NsO,: 317.0913;

Found: 317.0909.
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Efficient Acid Catalytic Synthesis of Pyrazolopyrimidines from
1H-Pyrazol-5-yl-N,N-dimethylformamidines with Cyanamide
Shuo-En Tsai, Wan-Ping Yen, Ching-Chun Tseng, Jum-Xie, Min-Yu Liou,
Yi-Ting, Li, Naoto Uramaru, Fung Fuh Wohg

NMe
J\ 2 New development acid catalytic synthesis method N“>N
N~ "H =
a NH,C=N . s
Ar—N" X methanesulfonic acid, at reflux Ar—NN/
N= H w
w
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