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Abstract-A regioselective synthesis wascarried out of 7-trifluoromethylpyrazolo[1,5-a]pyrimidines by
reaction of 3(5)aminopyrazoles with 1,3-diketones containing CF3 group. The characteristicchemical shifts
wereestablished for C5 and C7 atoms of the pyrimidinering and ofsubstituents thereof in the1H, 13C, and19F
NMR spectra of pyrazolo[1,5-a]pyrimidines.

3(5)-Aminopyrazoles are widely applied to pre-
paration of various polycyclic nitrogen-containing
heterocycles [235]. However the rules governing the
reactions between 3(5)-aminopyrazoles and nonsym-
metrical dielectrophiles yielding regioisomers of
pyrazolo[1,5-a]pyrimidines [339} are poorly studied,
and definite proofs of the regiostructure of com-
pounds obtained are seldomgiven. Note that the
unambiguous proof of the regiostructure of the
heterocycles formed is not an easytask.Just in a few
works was independently obtained every regioisomer
of pyrazolo[1,5-a]pyrimidines [1, 6,10], and in [1,

10] were reported unambiguous proofs of their
structure based on1H and13C NMR spectra.

In the present study we investigated reactions of
substituted 3(5)-aminopyrazolesIa3h with trifluoro-
methyl-containing 1,3-diketonesIIa 3c. The structure
of pyrazolo[1,5-a]pyrimidines obtained was
determined from the1H, 19F, and13C NMR spectra.

The reaction of 3(5)aminopyrazolesIb3h with
1,1,1-trifluoropentane-2,4-dione (IIc ) in ethanol gave
rise to two isomeric pyrazolopyrimidines,IIIb 3h,
and IVb 3h (Tables 1, 2).

Scheme.

I, III 3VI , R1 = XC6H4, R2 = H: X = 4-t-Bu (a), 4-Me (b), H (c), 4-Br (d), 4-Cl (e), 3-Br (f); R2 = Ph, R1 = H
(g), Me (h); R3 =Me (IIIb 3h, IVb3h), Ph (Va3h), t-Bu (VIc, d, f ). II , R3 = Me (a), Ph (b), t-Bu (c).

Compounds IIIb/IVb IIIc/IVc IIId/IVd IIIe/IVe IIIf/IVf IIIg/IVg IIIh/IVh
Isomers ratio, % 75/25 70/30 79/21 85/15 69/31 97/3 92/8

ÄÄÄÄÄÄÄÄÄÄ
* For communication I see[1].
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Boiling in acetic acid and fusion of the reagents
provides only pyrazolopyrimidinesIIIb 3h.

The determination of the regiostructure of pyrazol-
pyrimidines IIIb 3h and IVb 3h is based on compari-
son of the chemical shifts of protons and carbons
belonging to pyrimidine ring and methyl groups in
the 1H and 13C NMR spectra with the corresponding
characteristic chemical shifts observed previously in
the NMR spectra of model 2-phenylpyrazolo[1,5-a]-
pyrimidines: 5-methyl- (VII ) [10], 7-methyl- (VIII )
[10], 7-methyl-6-ethoxycarbonyl- (IX ) [1], 5,7-di-
methyl- (X) [1, 10]: C5CH3 (d ~2.632.7 ppm,dC ~24
and~158 ppm ), C7CH3 (d ~2.832.9 ppm,dC ~17 and
~147 ppm ).

The comparison of the chemical shifts in the1H
and 13C NMR spectra of the model compounds
VII 3X (Table 3) and of pyrazolopyrimidinesIIIb 3h
andIVb 3h (Tables 1, 2) shows that the proton signals
in the 2.6432.70 ppmregion and carbon signals at
~25 and~158 ppm correspond to C5CH3 group of
pyrazolopyrimidinesIIIb 3h, and the resonances at
2.8932.91 and~17.2, ~147.5 ppmbelong to C7CH3
group of pyrazolopyrimidinesIVb 3h.

The above analysis of the characteristics of1H and
13C NMR spectra from the isomeric pyrazolo-
pyrimidines IIIb 3h, IVb 3h showed that the reaction
of aminopyrazolesIb3h with 1,1,1-trifluoropentane-
2,4-dione affords in ethanol predominantly and in
acetic acid and at fusion solelyIIIb 3h isomers with
trifluoromethyl group located in7 position.

The assignment of carbon signal from CF3 group
and from C5 and C7 atoms at the CF3 group of
pyrazolopyrimidinesIIIb 3h, IVc, (Table 1, 2) is easy
since they appear as characteristic quartets with the
coupling constantsJ(C3F) ~280 Hz andJ(C3CF3)
~37 Hz respectively. The comparison of the
13C NMR spectra of compoundsIIIb 3h, IVc with
that of a model compound 5,7-dimethyl-2-phenyl-
pyrazolo[1,5-a]pyrimidine (XI ) revealed that intro-

duction of the trifluoromethyl group in positions5
and7 respectively changeddC5

Ä
(7)CF3 by 10312 ppm,

whereas the effect on the chemical shift of C7
Ä

(5)CF3
from the pyrimidine ring was small.Besides the
chemical shifts of the carbon atoms of the isomeric
pyrazolopyrimidinesIIIb 3h, IVc are well consistent
with those of the model symmetrical 5,7-bis(trifluoro-
methyl)-2-phenylpyrazolo[1,5-a]pyrimidine (XI ),
dC, ppm: 145.5 q (C5Ä CF3, JCF 37.0 Hz), 135.1 q
(C7
Ä CF3, JCF 38.5 Hz) (Table 3).

Thus the observed signals of C5 and C7 atoms
from pyrimidine ring at CF3 group in pyrazolopyr-
imidines IIIb 3h, IVc, XI in the 13C NMR spectra
appear as characteristic quartets with considerably
different chemical shifts: C5

Ä CF33dC ~147 ppm,
C7
Ä CF33dC ~134 ppm.

The cyclocondensation of substituted aminopyr-
azoles Ia3h with 4-phenyl-1,1,1-trifluorobutane-2,4-
dione by boiling in acetic acid ot by fusion also gives
rise to a single isomer of pyrazolopyrimidines. The
regiostructure of compoundsVa3h obtained was
proved by 13C NMR spectra with the use of the
previously assigned characteristic signals of theipso-
atoms in the phenylring (C5CÄ

ipso, dC ~136 ppm,
C7CÄ

ipso, dC ~131 ppm) [1, 10], and also by
comparison of the chemical shifts of C5 and C7 atoms
with those of the characteristic signals C7

Ä CF3, C5
Ä CF3

(Table 2). The presence of the characteristic quartet
CCÄ F3 at d ~134 ppm and of signal Cipso of the
phenyl group atdC 136 ppm permits an unambiguous
assignment of the compounds obtained to the 7-tri-
fluoromethyl-5-phenyl-containing isomersVa3h.



Table 1. Yields, melting points,1H NMR spectra, andelemental analyses of pyrazolopyrimidinesIII 3 VI, XI
ÄÄÄÄÄÂÄÄÄÄÂÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄ
Compd.³Yield,³ mp, oC ³ 1H NMR, d, ppm (CDCl3) ³ Found, % ³

Formula
³ Calculated, %

³ ³ ³ ÃÄÄÄÄÄÂÄÄÄÄ´ ÃÄÄÄÄÂÄÄÄÄÄno.
³

%a

³ ³ ³ C ³ H ³ ³ C ³ H
ÄÄÄÄÄÅÄÄÄÄÅÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÅÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÅÄÄÄÄÄ
IIIb ³ 82 ³ 167.5 ³2.42 s (3H, CH3C

6H4), 2.67 s (3H, C5CH3), 6.97 s (C3H), 6.98 s (C6H),³ 61.90³ 4.21³ C15H12F3N3 ³62.02³ 4.15
³ ³ ³7.2737.94 m (4H, C6H4) ³ ³ ³ ³ ³

IIIc ³ 84 ³ 179.53180 ³2.64 s (C5CH3), 6.97 s (2H, C3H, C6H), 7.4838.05 m (5H, Ph) ³ 60.59³ 3.77³ C14H10F3N3 ³60.65³ 3.63
IIId ³ 83 ³ 1883189 ³2.69 s (3H, C5CH3), 6.95 s (1H, C3H), 7.01 s (1H, C6H), 7.5737.90 m³ 47.00³ 2.60³ C14H9BrF3N3 ³47.21³ 2.55

³ ³ ³(4H, C6H4) ³ ³ ³ ³ ³
IIIe ³ 85 ³ 184.53185 ³2.68 s (3H, C5CH3), 6.94 s (1H, C3H), 7.01 s (1H, C6H), 7.4237.96 m³ 53.90³ 2.99³ C14H9C1F3N3 ³53.95³ 2.91

³ ³ ³(4H, C6H4) ³ ³ ³ ³ ³
IIIf ³ 86 ³ 1593160 ³2.68 s (3H, C5CH3), 6.97 s (1H, C3H), 7.05 s (1H, C6H), 7.3438.16 m³ 47.25³ 2.60³ C14H9BrF3N3 ³47.21³ 2.55

³ ³ ³(4H, C6H4) ³ ³ ³ ³ ³
IIIg b ³ 83 ³ 116 ³2.75 s (3H, C5CH3), 7.07 s (1H, C6H), 7.2538.10 m (5H, Ph), 8.51 s³ 60.45³ 3.75³ C14H10F3N3 ³60.65³3.63

³ ³ ³(1H, C3H) ³ ³ ³ ³ ³
IIIh b ³ 84 ³ 1263127 ³ 2.67 s (6H, C2CH3, C5CH3), 7.00 s (1H, C6H), 7.3637.71 m (5H, Ph)³ 62.10³ 4.20³ C15H12F3N3 ³62.02³ 4.15
IVc ³ c ³ c ³2.89 s (3H, C7CH3), 6.95 s (1H, C3H), 7.14 s (1H, C6H), 7.5037.98 m³ 60.53³ 3.71³ C14H10F3N3 ³60.65³ 3.63

³ ³ ³(5H, Ph) ³ ³ ³ ³ ³
Va ³ 83 ³ 137.5 ³1.40 s (9H, 3CH3), 7.14 s (1H, C3H), 7.57 s (1H, C6H), 7.493 ³ 69.72³ 5.22³ C23H20F3N3 ³69.86³ 5.10

³ ³ ³8.18 m (9H, Ar) ³ ³ ³ ³ ³
Vb ³ 85 ³ 1653166 ³2.44 s (3H, CH3), 7.13 s (1H, C3H), 7.57 s (1H, C6H), 7.2538.19 m (9H, Ar)³ 67.78³ 4.15³ C20H14F3N3 ³67.98³ 3.99
Vc ³ 87 ³ 150 ³7.10 s (1H, C3H), 7.62 s (1H, C6H), 7.5638.18 m (10H, Ar) ³ 67.50³ 3.71³ C19H12F3N3 ³67.26³ 3.56
Vd ³ 88 ³ 1763178 ³ 7.10 s (1H, C3H), 7.62 s (1H, C6H), 7.5438.14 m (9H, Ar) ³ 54.42³ 2.77³ C19H11BrF3N3 ³54.57³ 2.65
Ve ³ 87 ³154.53156.5³7.11 s (1H, C3H), 7.61 s (1H, C6H), 7.3738.20 m (9H, Ar) ³ 60.95³ 3.10³ C19H11ClF3N3 ³61.06³ 2.97
Vf ³ 87 ³ 1693170 ³7.10 s (1H, C3H), 7.62 s (1H, C6H), 7.3238.20 m (9H, Ar) ³ 54.39³ 2.85³ C19H11BrF3N3 ³54.57³ 2.65
Vgb ³ 85 ³ 2013202 ³7.62 s (1H, C6H), 8.55 s (1H, C2H), 7.3038.29 m (10H, Ar) ³ 67.28³ 3.62³ C19H12F3N3 ³67.26³ 3.56
Vhb ³ 85 ³ 1333135 ³2.72 s (3H, C2CH3), 7.60 s (1H, C6H), 7.3038.29 m (10H, Ar) ³ 67.83³ 4.15³ C20Hi4F3N3³67.98³3.99
VIc ³ 78 ³ 94.5396 ³1.45 (9H,t-Bu), 7.03 s (1H, C3H), 7.23 s (1H, C6H), 7.4938.05 m (5H, Ph)³ 63.52³ 5.09³ C17H16F3N3 ³63.94³ 5.05
VId ³ 79 ³ 93 ³1.46 (9H,t-Bu), 7.03 s (1H, C3H), 7.23 s (1H, C6H), 7.5437.96 m (4H, Ar)³ 51.20³ 3.85³ C17H15BrF3N3 ³51.26³ 3.80
VIh ³ 81 ³115.53117.5³1.45 s (9H,t-Bu),2.74 s (3H, C2CH3), 7.21 s (1H, C6H), 7.3037.89 m (5H, Ph)³ 64.80³ 5.50³ C18H13F3N3 ³ 64.86³ 5.44
XI ³ 75 ³ 1283129 ³7.36 s (1H, C3H), 7.45 s (1H, C6H),7.4738.09 m (5H, Ph) ³ 50.25³ 2.43³ C14H7F6N3 ³50.77³ 2.11
ÄÄÄÄÄÁÄÄÄÄÁÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÁÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÁÄÄÄÄÄ
a Yields of compoundsIIIb 3h (procedure b) andVa3h (procedure c) were not optimized.
b CompoundsIIIg, IIIh, Vh, Vg contain a phenyl group in position 4.
c CompoundsIVb 3h were identified in mixtureswith compoundsIIIb 3h. Chemical shifts in1H NMR spectra of compoundsVb, IVd 3h, d, ppm, (IVb ): 2.44 s

(3H, CH3C6H4), 2.94 s (3H,C7CH3), 7.00 s (1H, C3H), 7.15 s (1H, C6H), 7.3038.10 m (4H, Ar);(IVd): 2.92 s(3H, C7CH3), 7.02 s (1H, C3H), 7.13 s (1H, C6H),
7.5037.90 m (4H, Ar); (IVf ): 2.94 s (3H, C7CH3), 7.03 s (1H, C3H), 7.14 s (1H, C6H), 7.4038.00 m (4H, Ar); (IVe): 2.95 s (3H, C7CH3), 7.04 s (1H, C3H),
7.16 s (1H, C6H), 7.3038.26 m (4H, Ar); (IVa3c): 2 .90 s (3H, C7CH3), 7.07 s (1H, C3H), 7.2238.14 m (5H, Ar), 8.60 s (1H, CH); (IVh ): 2.74 s (3H, C2CH3), 2 .90
s (3H, C7CH3), 7.00 s (1H, C3H), 7.3037.80 m (5H, Ar).



Table 2. 13C NMR Spectra (dC, ppm) pirazolo[1,5-a]pirimidines (III 3VI ) in CDCl3
ÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÂÄÄÄÄÂÄÄÄÂÄÄÄÄÄÂÄÄÄÄÄÂÄÄÄÄÄÂÄÄÄÄÄÄÂÄÄÄÄÄÄÂÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄ
Compd.no.³ R1 ³ R3 ³ R4 ³ C2 ³ C3 ³ C3a ³ C5 ³ c6a ³ c76b ³ Ar ³ 5-R ³ g-Rc

ÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÅÄÄÄÄÅÄÄÄÅÄÄÄÄÄÅÄÄÄÄÄÅÄÄÄÄÄÅÄÄÄÄÄÄÅÄÄÄÄÄÄÅÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄ
IIIb ³4-CH3C6H4³CH3 ³CF3³157.73³93.85 ³150.91³158.28 ³106.91 ³133.87³21.76, 127.08, 129.87, ³25.28 ³119.92

³ ³ ³ ³ ³ ³ ³ ³ ³ ³139.77 ³ ³
³ ³ ³ ³ ³ ³ ³ ³ ³ ³ ³ ³

IIIc ³Ph ³CH3 ³CF3³156.9 ³93.4 ³150.1 ³157.7 ³106.4 ³133.08³126.4, 128.4, 129.0,131.9³24.6 ³119.15
³ ³ ³ ³ ³ ³ ³ ³ ³ ³ ³ ³

IIIc d ³Ph ³CH3 ³CF3³155.9 ³93.6 ³150.1 ³159.4 ³108.4 ³131.75³126.4, 129.0, 129.5,131.9³24.53 ³119.50
³ ³ ³ ³ ³ ³ ³ ³ ³ ³ ³ ³

IIId ³4-BrC6H4 ³CH3 ³CF3³156.39³94.09 ³150.94³158.69 ³107.36 ³133.88³123.92, 128.64, 131.60, ³25.34 ³119.82
³ ³ ³ ³ ³ ³ ³ ³ ³ ³132.32 ³ ³
³ ³ ³ ³ ³ ³ ³ ³ ³ ³ ³ ³

IIIe ³4-ClC6H4 ³CH3 ³CF3³156.36³94.09 ³150.94³158.66 ³107.32 ³133.88³128.37, 129.36, 131.16, ³25.32 ³119.82
³ ³ ³ ³ ³ ³ ³ ³ ³ ³135.63 ³ ³
³ ³ ³ ³ ³ ³ ³ ³ ³ ³ ³ ³

IIIf ³3-BrCgH4 ³CH3 ³CF3³155.99³94.37 ³150.89³158.76 ³107.52 ³133.94³123.34, 125.76, 130.02, ³25.35 ³119.81
³ ³ ³ ³ ³ ³ ³ ³ ³ ³130.69, 132.59, 134.75 ³ ³
³ ³ ³ ³ ³ ³ ³ ³ ³ ³ ³ ³

IIIg ³He ³CH3 ³CF3³143.28³110.69³145.03³157.96 ³106.93 ³133.37³126.23, 126.43, 128.44, ³24.64 ³119.27
³ ³ ³ ³ ³ ³ ³ ³ ³ ³130.86 ³ ³³ ³ ³ ³ ³ ³ ³ ³ ³ ³ ³ ³

IIIh ³Mee ³CH3 ³CF3³154.29³110.35³147.12³158.37 ³106.87 ³133.47³127.18, 128.95, ³25.43, 14.71 ³119.97
³ ³ ³ ³ ³ ³ ³ ³ ³ ³129.52, 131.98 ³ ³³ ³ ³ ³ ³ ³ ³ ³ ³ ³ ³ ³

IVc e ³Ph ³CF3 ³CH3³157.00³95.01 ³148.00³146.04 ³102.69 ³147.54³126.36, 128.40, 129.06, ³120.48 q [J (5-CF3)³17.21
³ ³ ³ ³ ³ ³ ³ ³ ³ ³131.94 ³277.8 Hz] ³³ ³ ³ ³ ³ ³ ³ ³ ³ ³ ³ ³

Va ³4-(CH3)3C ³C6H5 ³CF3³158.25³95.09 ³151.21³155.50 ³103.63 ³134.45³126.18, 127.01, 129.87, ³Cipso 127.59, 129.52,³120.07
³C6H4 ³ ³ ³ ³ ³ ³ ³ ³ ³153.07 ³131.34, 136.61 ³³ ³ ³ ³ ³ ³ ³ ³ ³ ³ ³ ³

Vb ³4-CH3C6H4³C6H5 ³CF3³158.15³95.00 ³151.20³155.50 ³103.63 ³134.85³21.81, 127.11,127.60 ³Cipso 127.60, 129.50,³120.10
³ ³ ³ ³ ³ ³ ³ ³ ³ ³129.92, 139.87 ³131.33, 136.80 ³³ ³ ³ ³ ³ ³ ³ ³ ³ ³ ³ ³

Vc ³Ph ³C6H5 ³CF3³156.16³94.46 ³150.48³155.09 ³103.32 ³133.71³123.28, 127.91, 130.77, ³Cipso 126.86, 128.81,³119.21
³ ³ ³ ³ ³ ³ ³ ³ ³ ³1131.62 ³131.62, 135.82 ³³ ³ ³ ³ ³ ³ ³ ³ ³ ³ ³ ³

Vd ³4-BrC6H4 ³C6H5 ³CF3³156.91³95.20 ³151.23³155.83 ³104.10 ³134.50³28.65, 124.03,132.04 ³Cipso 127/62, 129.55,³118.97
³ ³ ³ ³ ³ ³ ³ ³ ³ ³132.37 ³131.51, 136.58 ³

ÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÁÄÄÄÄÁÄÄÄÁÄÄÄÄÄÁÄÄÄÄÄÁÄÄÄÄÄÁÄÄÄÄÄÄÁÄÄÄÄÄÄÁÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄ



Table 2. (Contd.)
ÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÂÄÄÄÄÄÄÂÄÄÄÂÄÄÄÄÄÂÄÄÄÄÄÂÄÄÄÄÄÂÄÄÄÄÄÄÂÄÄÄÄÄÄÂÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄ
Compd.no.³ R1 ³ R3 ³ R4 ³ C2 ³ C3 ³ C3a ³ C5 ³ c6a ³ c76b ³ Ar ³ 5-R ³ g-Rc

ÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÅÄÄÄÄÄÄÅÄÄÄÅÄÄÄÄÄÅÄÄÄÄÄÅÄÄÄÄÄÅÄÄÄÄÄÄÅÄÄÄÄÄÄÅÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄ
Vd ³4-ClC6H4 ³C6H5 ³CF3³156.88³95.22 ³151.23³155.82 ³104.05 ³134.49³128.41, 129.43, 131.12³Cipso 127.62, 129.55,³118.87

³ ³ ³ ³ ³ ³ ³ ³ ³ ³135.75 ³131.52, 136.60 ³
Ve ³3-BrC6H4 ³C6H5 ³CF3³156.47³95.49 ³151.17³155.87 ³104.21 ³134.54³123.38, 125.76, 130.04³Cipso 127.63, 129.55,³118.91

³ ³ ³ ³ ³ ³ ³ ³ ³ ³130.72, 132.66, 134.70³131.53, 136.54 ³
Vac ³He ³C6H5 ³CF3³144.41³112.57³145.97³155.44 ³104.02 ³134.85³127.01, 127.25, 129.84³Cipso 127.70, 129.55,³118.97

³ ³ ³ ³ ³ ³ ³ ³ ³ ³131.66 ³131.58, 136.46 ³
Vh ³Mee ³C6H5 ³CF3³154.76³111.36³147.29³155.17 ³103.29 ³134.19³14.95 (C2CH3), 127.13, ³Cipso 127.61, 129.47,³120.14

³ ³ ³ ³ ³ ³ ³ ³ ³ ³128.02, 128.95, 132.09³131.34, 136.66 ³
VIc ³Ph ³C(CH3)3³CF3³157.59³94.56 ³150.57³168.83 ³103.68 ³134.08³127.16, 129.19, 129.60,³29.77, 38.95 ³120.10

³ ³ ³ ³ ³ ³ ³ ³ ³ ³132.86 ³ ³
VId ³4-BrC6H4 ³C(CH3)3³CF3³156.38³94.52 ³150.59³169.10 ³103.96 ³134.08³123.82, 128.64, 131.83,³29.76, 39.00 ³120.01

³ ³ ³ ³ ³ ³ ³ ³ ³ ³132.35 ³ ³
VIh ³Med ³C(CH3)3³CF3³154.13³110.16³146.57³168.58 ³103.38 ³133.65³126.82, 128.82, 129.20,³29.77, 39.07 ³120.15

³ ³ ³ ³ ³ ³ ³ ³ ³ ³132.34 ³ ³
ÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÁÄÄÄÄÄÄÁÄÄÄÁÄÄÄÄÄÁÄÄÄÄÄÁÄÄÄÄÄÁÄÄÄÄÄÄÁÄÄÄÄÄÄÁÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄ
a Quartet,coupling constants for compoundsIIIa 3h JCF 2.8 Hz, for compoundsVa3h JCF 3.3 Hz.
b Quartet,coupling constantsJCF 37338.5 Hz.
c Quartet,coupling constantsJCF 274.8 Hz.
d Solvent DMSO-d6.
e R2 = Ph.
f 13C NMR spectra of compoundsIVb, d3h were not registered because of low content of the isomer in the reactionmixture.

Table 3. 13C NMR spectra (dC, ppm) of model pyrazolo[l,5-a]pyrimidines (VII 3XI ) in CDCl3
ÄÄÄÄÄÄÄÄÂÄÄÄÄÂÄÄÄÄÄÂÄÄÄÂÄÄÄÄÄÂÄÄÄÄÄÂÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÄ
Compd.no.³ R1 ³ R3 ³ R4 ³ C2 ³ C3 ³ C3a ³ C5 ³ c6a ³ c76b ³ Ar ³ 5-R ³ g-Rc

ÄÄÄÄÄÄÄÄÅÄÄÄÄÅÄÄÄÄÄÅÄÄÄÅÄÄÄÄÄÅÄÄÄÄÄÅÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄ
VII [10] ³C6H5 ³ H ³CH3³155.68³93.65 ³149.98³148.57 ³107.40 ³146.03 ³126.60, 128.75,³ ³ 17.24

³ ³ ³ ³ ³ ³ ³ ³ ³ ³128.89, 133.05 ³ ³
VIII [10] ³C6H5 ³ CH3 ³ H ³156.05³92.22 ³149.05³158.68 ³108.39 ³133.84 ³126.13, 128.43,³ ³ 24.45

³ ³ ³ ³ ³ ³ ³ ³ ³ ³128.59, 132.49 ³ ³
IX ³C6H5 ³ H ³CH3³151.68³95.21 ³150.12³158.06 ³110.75 ³150.27 ³127.09, 129.20,³ ³ 15.46

³ ³ ³ ³ ³ ³ ³ ³ ³ ³129.73, 132.76 ³ ³
X ³ H ³ CH3 ³CH3³155.55³92.51 ³149.66³158.30 ³108.29 ³145.17 ³126.51, 128.70,³ 24.60 ³ 17.04

³ ³ ³ ³ ³ ³ ³ ³ ³ ³128.73, 133.22 ³ ³
XI ³C6H5 ³ CF3 ³CF3³159.19³96.76 ³149.31³145.48 q (Jcp³101.76 q.q³135.09 q³126.94, 128.91,³ 120.10 q ³ 118.93 q

³ ³ ³ ³ ³ ³ ³37.0) ³(Jcp< 2) ³(Jcp38.5) ³130.07, 131.12 ³ (Jcp 275.4) ³ (Jcp 275.4)
ÄÄÄÄÄÄÄÄÁÄÄÄÄÁÄÄÄÄÄÁÄÄÄÁÄÄÄÄÄÁÄÄÄÄÄÁÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄ
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Even a bulkytert-butyl group does not hamper the
regioselectivity of the cyclocondensation of amino-
pyrazolesIc, d, f with 5,5-dimethyl-1,1,1-trifluoro-
methylhexane-2,4-dione, and as a result of the reac-
tion arise substituted 5-tert-butyl-7-trifluoromethyl-
pyrazolo[1,5-a]pyrimidinesVIc, d, f, d (C7

Ä CF3)
133.4 ppm (Table 2).

The analysis of19F NMR spectra of pyrazolo-
pyrimidines IIIc, IVc, Vc, VIc, XI showed that the
chemical shifts of fluorine atomsfrom the groups
C5CF3Ä and C7CF3Ä are quite similar and are not
characteristic (dFC7CF3 365.64 IIIc , 365.50 Vc,
365.54 ppmVIc , dF C5CF3 365.02 IVc , dF C5CF3Ä
and C7CF3Ä of model compoundXI 365.03 and
365.82 ppm respectively).

The analysis of datafrom Tables 2, 3 revealed the
characteristic chemical shifts of the regioisomeric
pyrazolopyrimidines, especially those in the
13C NMR spectra,that permit unambiguous assign-
ment of isomerstructure.

d, ppm d, ppm

C5

Ä CH3 ~158.5 C7

Ä CH3 147.5
C5

Ä CF3 146.0 C7

Ä CF3 ~133.5
C5CHÄ 3 ~25.0 C7CHÄ 3 17.2

C5

Ä C ipso(Ph) 155.7 C7

Ä Cipso(Ph) 146.0
C5CÄ

ipso(Ph) ~136.5 C7CÄ
ipso(Ph) ~131.0

Note that since the nitrogen atom in the
3C5(R)=N3 group is more electronegative than the
nitrogen from the = C7(R)3N < group of the pyr-
azolo[1,5-a]pyrimidines then the C5 atom is less
shielded than C7 and therefore the former has a larger
chemical shift in the13C NMR spectra. Consequently
the carbon atoms of the methyl and trifluoromethyl
groups and also ipso-atoms of the phenyl groups
attached to C5 atom (in compoundsIIIb 3h, Va3h) are
locatedmore downfield than the signals of thesame
groups linked to C7 atom {compoundIVc , model
compounds (Table 3), and datafrom [1, 10]}
(Table 1). It is not correct to extend this statement to
the protons of the methyl group and fluorine atoms
of the trifluoromethyl group of the pyrazolo[1,5-a]-
pyrimidines. This invalid assumption in [8, 9] led to
erroneous conclusions on regiostructure of trifluoro-
methyl-containing pyrazolopyrimidines synthesized
in that study.

Thus significant alterations in the structure of the
trifluoromethyl-containing 1,3-diketoneIIa 3c [R3 =
Me, Ph, t-Bu, R4 = CF3] and aminopyrazoleIa3h
(the presence of a bulky phenyl group in3 or 4
position) did not affect theregioisomeric structure of

the reactionproduct.AminopyrazolesIa3h react with
1,3-diketonesIIa 3c in acetic acid or at fusion giving
rise to a single isomer in virtually quantitative
yield. This pyrazolo[1,5-a] pyrimidinecontains the
trifluoromethyl group in 7 position.

EXPERIMENTAL

1H and 13C NMR spectra were registered on
spectrometers Bruker AM-500, Bruker DPX300,
Bruker WP-200(500, 300, 200 and 125.74,75.47,
50.3 MHzrespectively),19F NMR spectra on spectro-
meter Bruker AM-500 (470.6MHz, hexafluoro-
butadiene reference).CDCl3 and DMSO-d6 were used
as solvents.

3(5)-AminopyrazolesIa3h were prepared accord-
ing to procedures from[11, 12], compoundIX as in
[13]. The preparation procedure forfluoro-containing
1,3-diketonesIIa 3c was takenfrom [14].

Pyrazolo[1,5-a]pyrimidines. (a) Equimolar
amounts of compoundsI and II dissolved in ethanol
were mixed at 18320oC, and then heated at reflux for
234 h. The ethanol was distilled off at reduced pres-
sure, and thecompounds obtained were recrystallized
from ethanol.

(b) Equimolar amounts of compoundsI and II
dissolved in acetic acid were mixed at 18320oC, and
then heated at reflux for 234 h. The acetic acid was
distilled off at reducedpressure, and thecompounds
obtained were recrystallized from ethanol.

(c) Equimolar amounts of compoundsI and II
were mixed and heated at 160oC till the end of the
reaction (TLC monitoring). Theproducts were re-
crystallized from ethanol.
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