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Abstract—A regioselective synthesis wasarried out of 7-trifluoromethylpyrazolo[1,5-a]pyrimidines by
reaction of 3(5)aminopyrazoles with 1,3-diketones containing @Bup. The characteristichemical shifts
wereestablished for €and C atoms of the pyrimidinging and ofsubstituents thereof in thié, °C, and'°F
NMR spectra of pyrazolo[1,5-a]pyrimidines.

3(5)-Aminopyrazoles are widely applied to pre-10] were reported unambiguous proofs of their
paration of various polycyclic nitrogen-containing structure based otH and**C NMR spectra.
heterocycles [25]. However the rules governing the
reactions between 3(5)-aminopyrazoles and nonsym-
metrical dielectrophiles yielding regioisomers of
pyrazolo[1,5-a]pyrimidines [} are poorly studied,

In the present study we investigated reactions of
bstituted 3(5)-aminopyrazolda-h with trifluoro-
methyl-containing 1,3-diketond$a-c. The structure

e , f  pyrazolo[1,5-a]pyrimidines  obtained  was
and definite proofs of the regiostructure of com-© : 19 13
pounds obtained are seldogiven. Note that the determined from theH, ™F, and™C NMR spectra.
unambiguous proof of the regiostructure of the The reaction of 3(5)aminopyrazoledb-h with
heterocycles formed is not an easygk.Just in a few 1,1,1-trifluoropentane-2,4-dionélg) in ethanol gave
works was independently obtained every regioisomerise to two isomeric pyrazolopyrimidined]ib -h,
of pyrazolo[1,5-a]pyrimidines [1, 610], and in [1, and IVb-h (Tables 1, 2).
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I, Il -VI, R*= XCgH, R*= H: X = 4+tBu (a), 4-Me (), H (), 4-Br (d), 4-Cl (), 3-Br (f); R>= Ph, R = H
(g), Me (n); R*=Me (lllb -h, IVb-h), Ph (a-h), t-Bu (VIc, d, f). Il, R® = Me (@), Ph (), t-Bu ().

Compounds b/1Vb llic/Ve llld/1vd llle/IVe HIf/vE lllg/1Vg HIh/1Vh
Isomers ratio, % 75/25 70/30 79/21 85/15 69/31 97/3 92/8
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AMINOAZOLES IN HETEROCYCLES SYNTHESIS: II. 853

Boiling in acetic acid anq _fusion of the reagentsduction of the trifluoromethyl group in positions
provides only pyrazolopyrimidinei$ib -h. and7 respectively changedC™" CF; by 10-12 ppm,

The determination of the regiostructure of pyrazol-Whereas the effect on the chemical shift ofCCF,
pyrimidinesllb -h and Vb -h is based on compari- oM the pyrimidine ring was smallBesides the
son of the chemical shifts of protons and carbon$hemical shifts of the carbon atoms of the isomeric
belonging to pyrimidine ring and methyl groups in pyrazolopyrimidineslllb -h, IVc are well consistent
the 'H and 1*C NMR spectra with the corresponding with those of the model symmetrlce_ll 5,7-b|s(tr|fluoro_
characteristic chemical shifts observed previously iﬁnethyl)-g-phenylpyra&c:)lo[l,S-a]pyr|m|dme X(),
the NMR spectra of model 2-phenylpyrazolo[1,5-a]-5c;, PPM: 145.5 q (CF3, Jop 37.0 Hz), 135.1 q
pyrimidines: 5-methyl- Il ) [10], 7-methyl- ill ) ~ (C'CFs Jor 38.5 Hz) (Table 3).
[10], 7-methyl-6-ethoxycarbonyl-IX) [1], 5,7-di-

_ Ph. 246 Ph N CF
methyl- (X) [1, 10]: C°CH, (8 ~2.6-2.7 ppm,5 ~24 ™Y 577 N Y63
and~158 ppm ), CCH; (6 ~2.8-2.9 ppm,5- ~17 and N—/N /133 | N—N T47 )
~147 ppm ). CF, ~ s

24.8 lc IVe

Ph N ’ Ph N
146.0 WO iss 3 T Y53
17.2 N—/N.~ N—/N.=
' 1452 135.1
VII VIII 17.3 CF3
X XI
Ph N
Y:r B Thus the observed signals of°@nd C atoms
NN COCH, from pyrimidine ring at Ck group in pyrazolopyr-
1546 imidines Illb -h, Ve, XI in the 13C NMR spectra
IX appear as characteristic quartets with considerably

different chemical shifts: C°CF;-5. ~147 ppm,
The comparison of the chemical shifts in thd ~ C'CF;-5. ~134 ppm.

and C NMR spectra of the model compounds . . .
S ~ The cyclocondensation of substituted aminopyr-
VIl =X (Table 3) and of pyrazolopyrimidineib =h azolesla-h with 4-phenyl-1,1,1-trifluorobutane-2,4-

andIVb-h (Tables 1, 2) shows that the proton signals ae . . ) ;
in the 2.642.70 ppmregion and carbon signals at dione by boiling in acetic acid ot by fusion also gives

25 and~158 ppm correspond to SCH, group of rise to a single isomer of pyrazolopyrimidines. The
~ ~ 3

pyrazolopyrimidinesllib -h, and the resonances at reglostructulrae of compoundS/a'—h obtained was
proved by °C NMR spectra with the use of the
2.89-2.91 and~17.2,~147.5 ppmbelong to C?CH3 . . o :
roup of pvrazoloovrimidines\Vb -h previously assigned characteristic signals of ifiso-
group ot py by ' atoms in the phenyking (C°CP°, 5. ~136 ppm,
The above analysis of the characteristicsldfand C'CP®°, §. ~131 ppm) [1, 10], and also by
13C NMR spectra from the isomeric pyrazolo- comparison of the chemical shifts of@nd C atoms
pyrimidines lllb -h, Vb -h showed that the reaction with those of the characteristic signal$@F,;, C°CF,
of aminopyrazoledb-h with 1,1,1-trifluoropentane- (Table 2). The presence of the characteristic quartet
2,4-dione affords in ethanol predominantly and inCCF; at § ~134 ppm and of signal &° of the
acetic acid and at fusion solelib -h isomers with  phenyl group at. 136 ppm permits an unambiguous
trifluoromethyl group located i@ position. assignment of the compounds obtained to the 7-tri-

The assic%nment of carbon signal from Croup fluoromethyl-5-phenyl-containing isomerga-h.

and from and C atoms at the CF group of 1373 135.8
pyrazolopyrimidinedllb -h, IVc, (Table 1, 2) is easy .
since they appear as characteristic quartets with the B N B Nx
coupling constants)(C-F) ~280 Hz andJ(C-CF;) N—N_ A N—N_.~
~37 Hz respectively. The comparison of the 1312~—]146.0

13C NMR spectra of compoundtib -h, IVc with
that of a model compound 5,7-dimethyl-2-phenyl-
pyrazolo[1,5-a]pyrimidine XI) revealed that intro- XI11 Ve
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Table 1. Yields, melting points'H NMR spectra, an@lemental analyses of pyrazolopyrimidinds- VI, XI

Compd.Yield,, mp, °C 'H NMR, 3, ppm (CDCL) Found, % Calculated, %
no. % Formula
C H C H

llib 82 167.5 |2.42 s (3H, CHC®H4), 2.67 s (3H, C5CH), 6.97 s (CH), 6.98 s (CH),| 61.90| 4.21| C,H,,F.N, [62.02| 4.15
7.27-7.94 m (4H, GH,)

lllic 84 | 179.5180 |2.64s (CCH,)), 6.97s (2H,CH, C°H), 7.488.05 m (5H, Ph) | 60.59| 3.77| C,H,F:N, [60.65/ 3.63

ld 83 | 188189 |2.69 s (3H, CCH,), 6.95 s (1H, CH), 7.01 s (1H, €H), 7.57-7.90 m | 47.00| 2.60| C,H,BrF.N, |47.21| 2.55
(4H, GH.)

llle 85 | 184.5185 |2.68 s (3H, CCH,), 6.94 s (1H, CH), 7.01 s (1H, CH), 7.42-7.96 m | 53.90| 2.99 | C,H.C,F:N, [53.95| 2.91
(4H, CH,)

1 86 | 159-160 |2.68 s (3H, CCH,), 6.97 s (1H, CH), 7.05 s (1H, CH), 7.34-8.16 m | 47.25| 2.60| C,H,BrF.N, |47.21| 2.55
(4H, CH4)

g ® 83 116 2.75 s (3H, CCH,), 7.07 s (1H, CH), 7.258.10 m (5H, Ph), 8.51 § 60.45| 3.75| C,H,JF.N, |60.65|3.63
(1H, CH)

HNh® | 84 | 126-127 | 2.67 s (6H, GCH,;, C°CH,), 7.00 s (1H, CH), 7.36-7.71 m (5H, Ph)| 62.10| 4.20| C,H,,F;.N, |62.02| 4.15

Ve ¢ ¢ 2.89 s (3H, C7CH), 6.95 s (1H, CH), 7.14 s (1H, €H), 7.50-7.98 m | 60.53| 3.71| C,H,F:N, |60.65| 3.63
(5H, Ph)

Va 83 137.5 |1.40 s (9H, 3CH), 7.14 s (1H, CH), 7.57 s (1H, C€H), 7.49 | 69.72| 5.22| C,H,F.N, [69.86| 5.10
8.18 m (9H, Ar)

Vb 85 | 165-166 |2.44s(3H,CH),7.13s(1H,CH),7.57s (1H,CH),7.25-8.19m(9H, Ar)| 67.78| 4.15| C,H,,F.N, |67.98/ 3.99

Ve 87 150 710 s (1H, GH), 7.62 s (1H, CéH), 7.56-8.18 m (10H, Ar) | 67.50| 3.71| C,H,,F.N, |67.26| 3.56

vd 88 | 176-178 | 7.10 s (1H, CH), 7.62 s (1H, CH), 7.54-8.14 m (9H, Ar) | 54.42| 2.77| C,H,,BrF,N, |54.57| 2.65

Ve 87 |154.5156.5|7.11 s (1H, CH), 7.61 s (1H, ¢éH), 7.37-8.20 m (9H, Ar) | 60.95| 3.10| C,H,,CIF,N, |61.06| 2.97

Vf 87 | 169-170 |7.10 s (1H, CH), 7.62 s (1H, ¢H), 7.328.20 m (9H, Ar) | 54.39| 2.85| C,H,,BrF,N, |54.57| 2.65

Vol 85 | 201-202 |7.62 s (1H, CGH), 8.55 s (1H, GH), 7.30-8.29 m (10H, Ar) | 67.28| 3.62| C,H,,F.N, |67.26| 3.56

Vh® 85 133-135 [2.72 s (3H, GCH3), 7.60 s (1H, €H), 7.30-8.29 m (10H, Ar) | 67.83| 4.15| C20Hi4F3N3 |67.98(3.99

Vic 78 | 94596 |1.45 (9Ht-Bu), 7.03s (1H,CH), 7.23s (1H,H), 7.49-8.05m(5H, Ph) 63.52| 5.09| C,H,,F:.N, |63.94| 5.05

vid 79 93 1.46 (9H-Bu), 7.03s (1H, CH), 7.23s (1H, H), 7.54-7.96 m (4H, Ar)| 51.20| 3.85| C,,H,.BrF.N, |51.26| 3.80

Vih 81 |115.5-117.5|1.45s(9H1-Bu),2.74s(3H, GCH,), 7.21s (1H, ¢H), 7.30-7.89m (5H, Ph) 64.80 | 5.50| C,H,.F:.N, | 64.86 5.44

Xl 75 | 128129 |7.36 s (1H, CH), 7.45 s (1H, CH),7.47-8.09 m (5H, Ph) | 50.25| 2.43| C,H,F,N; |50.77| 2.11

2 Yields of compoundsllb -h (procedure b) an¥a-h (procedure c) were not optimized.
® Compounddlig, Illh, Vh, Vg contain a phenyl group in position 4.

$S<8
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¢ CompoundslVb-h were identified in mixturesvith compoundsiiib -h. Chemical shifts in"*H NMR spectra of compoundgb, IVd-h, 8, ppm, (Vb): 2.44 s
(8H, CH;CH,), 2.94 s (3H,C7CH,), 7.00 s (1H, CH), 7.15 s (1H, CH), 7.30-8.10 m (4H, Ar);(IVd): 2.92 s(3H, C7CH,), 7.02 s (1H, CH), 7.13 s (1H, éH),
7.50-7.90 m (4H, Ar); (Vf): 2.94 s (38H, GCH,), 7.03 s (1H, GH), 7.14 s (1H, ¢H), 7.40-8.00 m (4H, Ar); {Ve): 2.95 s (3H, CCH,), 7.04 s (1H, CH),
7.16 s (1H, GH), 7.30-8.26 m (4H, Ar); (Va—c): 2 .90 s (3H, CCH,), 7.07 s (1H, GH), 7.22-8.14 m (5H, Ar), 8.60 s (1H, CH);\¥h): 2.74 s (3H, GCH,), 2 .90
s (3H, C7CHy), 7.00 s (1H, GH), 7.30-7.80 m (5H, Ar).



100C 9 ON LE 'IOA  AYLSINAHD DINVODIO HO TVNINOI NVISSOA

Table 2. *C NMR SpectradC, ppm) pirazolo[1,5-a]pirimidinedI{ -VI) in CDCl,

Compd.no. R RR|R| C c? c® (ox c® c'e® Ar 5-R y-R°

b 4-CH,C,H, |CH, |CF, |157.73]|93.85 |150.91|158.28 [106.91 |133.87|21.76, 127.08, 129.87, |[25.28 119.92
139.77

lllc Ph CH, |CF,|156.9 |93.4 [150.1 |157.7 |106.4 |(133.08[126.4, 128.4, 129.0131.9/24.6 119.15

llic Ph CH, |CF,|155.9 |93.6 |[150.1 [159.4 |108.4 [131.75/126.4, 129.0, 129.5131.9/24.53 119.50

lid 4-BrCH, |CH, |CF,|156.39/94.09 |150.94|158.69 [107.36 |133.88|123.92, 128.64, 131.60, |25.34 119.82
132.32

llle 4-CICH, |CH, |CF,|156.36/94.09 |150.94|158.66 |107.32 |133.88|128.37, 129.36, 131.16, |[25.32 119.82
135.63

1 3-BrCgH4 |CH, |CF, |155.99(94.37 [150.89|158.76 |107.52 |133.94|123.34, 125.76, 130.02, [25.35 119.81
130.69, 132.59, 134.75

lllg He CH, |CF,|143.28/110.69|145.03[157.96 |106.93 [133.37|126.23, 126.43, 128.44, |24.64 119.27
130.86

lllh Me® CH, |CF,|154.29/110.35(147.12|158.37 |106.87 [133.47|127.18, 128.95, 25.43, 14.71 119.97
129.52, 131.98

\V/o Ph CF, |CH,|157.00/95.01 [148.00{146.04 |102.69 [147.54/126.36, 128.40, 129.06, [120.48 q J (5-CF)|17.21
131.94 277.8 Hz]

Va 4-(CH,)3C |C,H; |CF, [158.25/95.09 |151.21|155.50 [103.63 |134.45|126.18, 127.01, 129.87, |C"* 127.59, 129.52,120.07

CeH, 153.07 131.34, 136.61

Vb 4-CH,C;H, |C;Hs |CF, [158.15/95.00 |151.20|155.50 [103.63 |134.85/21.81, 127.11,127.60 C"*° 127.60, 129.50,120.10
129.92, 139.87 131.33, 136.80

Ve Ph C¢Hs |CF, |156.16/94.46 [150.48[155.09 |103.32 [133.71]/123.28, 127.91, 130.77, |C"* 126.86, 128.81,119.21
1131.62 131.62, 135.82

vd 4-BrCH, |CgHs |CF, [156.91/95.20 |151.23|155.83 [104.10 |134.50|28.65, 124.03,132.04 CP*° 127/62, 129.55,118.97

132.37

131.51, 136.58

T SISHHINAS SHTIOADOYALAH NI SHTOZVONIANV
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Table 2. (Contd.)

Compd.no| R! R R"| ¢ c? c® (ox c® c'e® Ar 5-R y-R°
vd 4-CICH, | CHs CF, |156.88(95.22 |151.23|155.82 |104.05 |134.49|128.41, 129.43, 131.12|CP*127.62, 129.55,118.87
135.75 131.52, 136.60
Ve 3-BrC;H, | CgHs CF, |156.47(95.49 |151.17|155.87 |104.21 |134.54|123.38, 125.76, 130.04|CP*127.63, 129.55,118.91
130.72, 132.66, 134.70|131.53, 136.54
va‘ H® CeHs CF, |144.41|112.57|145.97|155.44 |104.02 |134.85|127.01, 127.25, 129.84|CP*127.70, 129.55,118.97
131.66 131.58, 136.46
Vh Me® CeHs CF, |154.76(111.36/147.29{155.17 |103.29 |134.19{14.95 (GCH,), 127.13, |CP*127.61, 129.47,120.14
128.02, 128.95, 132.09|131.34, 136.66
Vic Ph C(CH,); |CF; |157.59|94.56 |150.57|168.83 |103.68 |134.08(127.16, 129.19, 129.60)29.77, 38.95 120.10
132.86
vid 4-BrCH, |C(CH,); |CF; |156.38|94.52 [150.59(169.10 |103.96 |134.08|123.82, 128.64, 131.83)29.76, 39.00 120.01
132.35
Vih Me? C(CH,); |[CF; |154.13|110.16(146.57|168.58 |103.38 |133.65[126.82, 128.82, 129.20)29.77, 39.07 120.15
132.34
# Quartet,coupling constants for compoundi$a -h J.- 2.8 Hz, for compound¥a-h J.r 3.3 Hz.
® Quartet,coupling constantd. 37-38.5 Hz.
¢ Quartet,coupling constantd.r 274.8 Hz.
4 Solvent DMSO#d,
® R’ = Ph.
" 13C NMR spectra of compound¥b, d-h were not registered because of low content of the isomer in the reantidaore.
Table 3. **C NMR spectradC, ppm) of model pyrazolo[l,5-a]pyrimidinesvV{l -XI) in CDCl,
Compd.no| R' RR |RY| C? c? c® (ox c® c'e® Ar 5-R y-R°
VIl [10] |CgHs H |[CH,|155.68{93.65 [149.98|148.57 107.40 146.03 |126.60, 128.75, 17.24
128.89, 133.05
VIl [10] |CeHs | CH; | H |156.05{92.22 |149.05|158.68 108.39 133.84 |[126.13, 128.43, 24.45
128.59, 132.49
IX CeHs H |[CH,;|151.68{95.21 [150.12|158.06 110.75 150.27 |127.09, 129.20, 15.46
129.73, 132.76
X H CH, |CH;|155.55|92.51 |149.66(158.30 108.29 145.17 |126.51, 128.70, 24.60 17.04
128.73, 133.22
Xl CiHs | CF, |CF;[159.19(96.76 [149.31(145.48 q {.,|101.76 q.q|135.09 q|126.94, 128.91, 120.10 ¢ 118.93 ¢
37.0) (Jep< 2)  [(J38.5) |130.07, 131.12 (Jep 275.4) (Jep 275.4)

968
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AMINOAZOLES IN HETEROCYCLES SYNTHESIS: II.

Even a bulkytert-butyl group does not hamper the

regioselectivity of the cyclocondensation of amino-

pyrazoleslc, d, f with 5,5-dimethyl-1,1,1-trifluoro-

857

the reactiorproduct.Aminopyrazoleda-h react with
1,3-diketonedla-c in acetic acid or at fusion giving
rise to a single isomer in virtually quantitative

methylhexane-2,4-dione, and as a result of the reagdeld. This pyrazolo[1,5-a] pyrimidineontains the

tion arise substituted tert-butyl-7-trifluoromethyl-
pyrazolo[1,5-a]pyrimidinesVic, d, f, & (C'CF,)
133.4 ppm(Table 2).

The analysis of'® NMR spectra of pyrazolo-
pyrimidinesllic, IVc, Vc, Vic, XI showed that the
chemical shifts of fluorine atomé$rom the groups
C°CF, and C?C_F37 are quite similar and are not
characteristic §C CF35 -65.64 llic, -65.50 Vc,
-65.54 ppmVic, 8¢ C°CF; -65.02 IVc, 6z C°CF,
and C7C_F3 of model compoundXl -65.03 and
-65.82 ppm respectively).

The analysis of datrom Tables 2, 3 revealed the

characteristic chemical shifts of the regioisomeric
the

13C NMR spectra,that permit unambiguous assign-

pyrazolopyrimidines, especially those in

ment of isomerstructure.

5, ppm 5, ppm
C°CH, ~158.5 CCH, 147.5
C°CF, 146.0 CCF, ~133.5
C°CH, ~25.0 CCH, 17.2
C°C"™°(Ph) 155.7 C CP°(Ph) 146.0
C°C™°(Ph)  ~136.5 CCP®(Ph)  ~131.0

Note that since the nitrogen atom

trifluoromethyl group in7 position.
EXPERIMENTAL

H and ¥)C NMR spectra were registered on
spectrometers Bruker AM-500, Bruker DPX300,
Bruker WP-200(500, 300, 200 and 125.745.47,
50.3 MHzrespectively) 1®F NMR spectra on spectro-
meter Bruker AM-500 (470.6MHz, hexafluoro-
butadiene reference.DCl; and DMSOéd; were used
as solvents.

3(5)-Aminopyrazoleda-h were prepared accord-
ing to procedures fronpll, 12], compoundlX as in
[13]. The preparation procedure fluoro-containing
1,3-diketoneslla-c was takenfrom [14].

Pyrazolo[1,5-a]pyrimidines. (a)  Equimolar
amounts of compoundsand Il dissolved in ethanol
were mixed at 1820°C, and then heated at reflux for
2-4 h. The ethanol was distilled off at reduced pres-
sure, and theompounds obtained were recrystallized
from ethanol.

(b) Equimolar amounts of compoundsand Il
dissolved in acetic acid were mixed at-P8°C, and
then heated at reflux for-2 h. The acetic acid was

in the distilled off at reducedbressure, and theompounds

~C%(R)=N- group is more electronegative than theobtained were recrystallized from ethanol.

nitrogen from the =C(R)-N< group of the pyr-
azolo[1,5-a]pyrimidines then the °Catom is less

(c) Equimolar amounts of compounds and Il

shielded than €and therefore the former has a largerere mixed and heated at T€D till the end of the
chemical shift in the-*C NMR spectra. Consequently réaction (TLC monitoring). Theproducts were re-
the carbon atoms of the methyl and trifluoromethyicrystallized from ethanol.

groups and also ipso-atoms of the phenyl groups

attached to €atom (in compoundglb -h, Va-h) are
locatedmore downfield than the signals of tlsame
groups linked to ¢ atom {compoundIVc, model
compounds (Table 3), and dataom [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-diketontla-c [R® =
Me, Ph,t-Bu, R* = CF,] and aminopyrazolda-h
(the presence of a bulky phenyl group $or 4
position) did not affect theegioisomeric structure of
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