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The 'H and "*C nmr resonances of pyrazolo{1,5-b][1,2,4]triazine (1) were assigned and the structure of its
2,3-dimethyl derivative 2 was determined using X-ray crystallography.
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Introduction.

We have synthesized in our laboratories several
derivatives of the previously unknown pyrazolo[1,5-b}-
(1,2,4]triazine ring system [1]. The 'H and *C nmr
resonances of the parent compound 1 and several
derivatives 2-4 were assigned employing 2D C-H chemical
shift correlation experiments. The X-ray crystal structure
of the 2,3-dimethyl derivative 2 was determined and com-
pared to that reported for imidazo[1,2-b][1,2,4]triazine (6),
a closely related analog [2] (Figure 1).

6
R 3N s HN_ ! 2
2NN - N 2 RN N
//L\\;>>__— : "J\\\;>>3
H X =/ 7 =
R 2 N7 8 . HN "5 4
1
5
1 R' = R = R’ = §
1 2 3 1
2 R-H,R-R-CH3 N 8§ 7
12 Ny
3 R' = H, R? = R’ = ph [Qé
3y =
4 R - ph, R' = R = cH NTo s
4
6

Figure 1. Compounds prepared and numbering system.

Results and Discussion. 'H and *C-NMR Studies.

The 'H nmr spectrum of the parent compound 1 in
deuteriochloroform at 80 MHz consists of four doublets
resonating at § 8.41 (J = 1.8 Hz),8.31 (J = 1.8 Hz),8.25(J
= 2.6 Hz) and 6.87 ppm (J = 2.6 Hz). Since the coupling
constant (J) between the resonances H7 and H8 of 2 and 3
is 2.6 Hz (Table 1), we are able to assign the doublets at
8.25 ppm (J = 2.6 Hz) and 6.87 ppm (J = 2.6 Hz) to the
H7 and H8 protons. By analogy with other 1-substituted
pyrazole derivatives [3], the resonances at 6 8.25 and 6.87
ppm are assigned respectively to H7 (alpha to nitrogen)
and H8 (beta to nitrogen). The two remaining doublets
must be due to the H2 and H3 protons. Long range spin-
spin coupling between protons separated by five or six
bonds and situated on different rings of polynuclear
systems have been reported [4,5]. A very small coupling (J
<1 Hz) was observed between H7 and the resonance at &
8.31 ppm, however, assignment of the resonances at § 8.31

ppm and § 8.41 ppm was finally completed employing a
direct 1H-13C COSY experiment optimized for multiple
bond coupling constants (MB-HETCOR) [6). Since the

H2-13C8a spin system was likely to have a three bond
coupling constant larger than the four bond coupling con-
stant of the H3-13C8a spin system [7], the COSY experi-
ment would exhibit crosspeaks between H2 and C8a but
not between H3 and C8a. Figure 2 shows a portion of the
2D-spectrum obtained using the MB-HETCOR experi-
ment. Not all 1 bond 'H-'*C correlations were suppressed,
however, there is a cross peak present at the point 8.41
ppm, 141.7 ppm (C8a), indicating the 8.41 ppm proton
resonance should be assigned to H2, thus assigning the
8.31 ppm resonance to H3. The 'H nmr data of com-
pounds 1-5 are summarized in Table 1.
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Figure 2. Shows a segment of the 2D MB-HETCOR spectrum of com-
pound 1. A one-dimensional slice of the F, dimension (*H) through 141.7
ppm is shown above the 2D spectrum. A projection of the F, (*C) dimen-
sion is shown below.

A proton decoupled **C nmr spectrum of compound 1 in
deuteriochloroform shows five carbon resonances at &
142.8, 141.7, 140.9, 136.5 and 97.8 ppm. The low intensity
resonance at § 141.7 ppm was assigned to the quaternary
carbon, C8a [8]. Comparison with the spectra obtained for
1,5-diaminopyrazole (3) and three 2,3-disubstituted
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Table 1

'H and '*C NMR Data for Compounds 1-5

Compound 1H NMR (deuteriochloroform, TMS int) ppm 13C NMR (deuteriochloroform) ppm [a]
No.
1 6.87 (d, 1H, H8, Iy, = 2.6 H), 825 (d, 1H, H7, I, 5 = 26 Hz,  97.8(C8, 'Icyy = 183.2 Hz, "Iy = 9.2 Ha), 1409 (2, fs
I, 1Hz), 83 (d, 1H, H3, J5, = 18 Hz), 8.41 (4, 1, H2, I3 189.7 Hz, "o = 9:1 Ha), 1365 (C3, Yo = 189.4 Hz, Yy =
- 1.8 Hz) 12.6 Hz), 142.8 (C7, "y = 188.9 Hz, 2y = 4.7 Ha), 141.7
(C8a, Quat C)
2 2.60 (s, 3H, CH,), 2.61 (s, 3H, CH,3), 6.63 (d, 1H, H8, Jg7 = 19.75 (CH,), 22.53 (CH,), 95.79, 140.23, 141.23, 145.81
2.6 Hz), 8.05 (d, 1H, H7, J; 4 = 2.6 Hz) (Quat C), 151.45 (Quat.C)
3 6.88 (d, 1H, H8, Jg; = 2.6 Hz), 7.5 (m, 10H, benzene protons), 97.31, 128.20, 129.60, 134.71 (Quat C), 136.74 (Quat C),
827 (d, 1H, H7, J;5 = 2.6 Hz) 140.36 (Quat C), 141.26, 146.96 (Quat C), 150.72 (Quat C)
4 2.5 (s, 6H, CH,), 7.0 (s, 1H, H7), 8.0-7.5 (m, 5H, benzene 19.74 (CH,), 22.56 (CH,), 92.08, 126.28, 128.80, 132.40
protons (Quat C), 141.67 (Quat C), 145.48 (Quat C), 151.45 (Quat Q),
152.53 (Quat C)
5 5.0 (br s, 2H, C-NH,), 5.8 (br s, 2H, N-NH,), 5.35 (d, 1H, H4, 8.35 (C4), 133.99 (C5), 144.83 (C3)
J43=2.0H2),70@, 1H,H3,J3,=20Hz 9
[a] All proton decoupled except for compound 1.
pyrazolo[1,5-6)1,2,4]triazines 2-4 (Table 1) allowed the Table 2
direct assignment of C7(6 142.8 nd C 7. 5
g. . ( ppm) 2 8(697.8 me) Crystallographic Data
No conclusive assignment of C2 and C3 could be obtained
from the fully coupled spectra of the available pyrazolo- Molecular formula C,HgN,
triazines 1-4. Since the 'H nmr resonances were fully )
. . . . Molecular Weight 148.2
assigned, 2D C-H chemical shift correlation spectroscopy
[9,10] was employed to complete the '*C assignments. Space group Monoclinic P2,/c
This 2DFT experiment provides a means of correlati
. P Provice . . ne Calculated density (p) 1.32 glem®
the chemical shifts of C-nuclei with the chemical shifts of
the directly attached protons. From the matrix we were Cell dimensions a="7362QA
able to correlate the 'H nmr resonance at 6 8.41 ppm (H2) b = 6.944()A
H c=14615(DA
to the carbon resonance at 6 140.9 ppm, and the 'H nmr B =91.52 (1) deg.
resonance at § 8.31 ppm (H3) to the carbon resonance at 6 Z=4 s
136.5 ppm, thus assigning both the C2 and C3 *C v =7469A
resonances. The assignment of C7 was confirmed by cor- Unweighted agreement factor (R,) 0.046
relation of the 'H nmr resonance at 6 8.25 ppm (H7) with .
the carbon resonance at § 142.8 ppm. See Table 1 for com- Weighted agreement factor (Ry) 1Rl
plete *C chemical shift and coupling constant data for Factor including unobs. data 0.089
compounds 1-4.
Esd of obs. of unit weight 1.52
X-Ray Crystallographic Studies [11]. Convergence, largest shift B30

The crystals of 2,3-dimethylpyrazolo[1,5-b][1,2,4]triazine
2, are monoclinic with space group P2 /c. Details of the
X-ray crystallographic analysis and unit cell are given in
the Experimental Section and in Table 2.

High peak in final diff. map 0.21 (5) e/A3

An Ortep plot of the X-ray crystallographic structure of
a typical molecule in & unit cell of 2 is shown in Figure 3.



Jul-Aug 1989

Figure 3. An Ortep plot of compound 2 shown with 50% probability
ellipsoids.

The bond distances and angles are indicated in Figure
4. In Table 3 the bond lengths are compared with the cor-
responding values in imidazo[1,2-b][1,2,4]triazine (6) [2].

Figure 4. The bond lengths and bond angles of compound 2. Numbers
in parentheses are estimated standard deviations in the least significant
digits.

Direct comparison between bonds of similar character
shows that the only considerable difference involves the
C(2)-C(3) bond (1.439A) in compound 2, which is longer
than the corresponding C(3)-C(2) bond (1.408A) in com-
pound 6, the difference between N5-C8a (1.372A) in 2
and N8-C4a (1.404A) in (6) is also noteworthy.

Compound 2 is a planar molecule and its plane is
described by the following equation:

Plane 1: 0.9488X + 0.0995Y-0.3122Z = -0.7517A.
The largest deviation from the plane is -0.011 A for C(8).
There are no abnormally short contacts between molecules
in the unit cell.
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Table 3
Comparison of Bond Lengths Between Pyrazolo[1,5-b][1,2,4]triazine 2
and Imidazo[1,2-b][1,2,4]triazine 6

Pyrazolo[1,5-b][1,2,4]triazine Imidazo(1,2-5][1,2,4]triazine
2 6

Bond ) Length (A) Bond Length (&)
N(1)-CQ2) 1.302(2) N(4)-C(3) 1.313(6)
C@2)-C(3) 1.439(2) C(3)-C(2) 1.408(11)
C(3)-N4) 1.307(2) CQ)-N(1) 1.312(7)
N@)-N(5) 1.345(2) N(1)-N(8) 1.350(5)
N(5)-C(8a) 1.372(2) N(8)-C(4a) 1.404(10)
C(82)-C(8) 1.376(3) C(42)-N(5) 1.320(6)
C(8)-C(7) 1.377(3) N(5)-C(6) 1.370¢7)
C(7)-N(6) 1.341(2) C(6)-C(7) 1.364(8)
N(6)-N(5) 1.343(2) C(7)-N(@) 1.375(7)
N(1)-C(8a) 1.360(2) N(4)-C(4a) 1.341(6)

Numbers in parentheses are estimated standard deviations in the least
significant digits.

EXPERIMENTAL

The pyrazolotriazines were prepared as previously described
[1]. Routine nmr spectroscopy was performed on a Varian FT 80
nmr spectrometer. High field 'H and '*C nmr spectra were
recorded with a Nicolet NT 300 WB spectrometer.

X-Ray Crystallographic Analysis.

A pale yellow needle-like crystal of compound 2 having the ap-
proximate dimensions of 0.10 x 0.15 x 0.40 mm was analyzed.
X-Ray intensities were measured on an Enraf-Nonius CAD4 com-
puter controlled kappa axis diffractometer equipped with a
graphite crystal, incident beam monochromator. Using CuKo
radiation (\ = 1.54184A), cell constants and an orientation
matrix were obtained from least-squares refinement, using the
setting angles of 25 reflections in the range 9<#<2l1°,
measured by the computer controlled diagonal slit method of
centering. As a check on crystal quality, omega scans of several
intense reflections were measured; the width at half-height was
0.20° with a take-off angle of 2.8°, indicating good crystal quali-
ty. The data was collected at a temperature of 23 + 1° using the
w- technique. The scan rate varied from 2 to 20°/min (in omega).
Data were collected to a maximum 26 of 150.0°. The scan range
(in degrees) was determined as a function of @ to correct for
separation of the Ko doublet, the scan width was calculated as
follows: 0 scan width = 0.7 + 0.300 tan 6.

A total of 1730 reflections were collected, of which 1534 were
unique and not systematically absent. As a check on crystal and
electronic stability, 3 representative reflections were measured
every 41 minutes. A systemic drop in the intensities of these
reflections was noted with a total loss of intensity of 11.9%. A
linear decay correction was applied. The correction factors on I
ranged from 1.00 to 1.14 with an average value of 1.06. Lorentz
and polarisation corrections were applied to the data. The linear
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absorption coefficient is 7.2 cm™ for CuK radiation. No absorp-
tion correction was made. A secondary extinction correction was
applied [12]. The final coefficient, refined in least-squares, was
3.5 x 107° (in absolute units). A summary of the crystal data is
given in Table 2.

The structure was solved by direct methods. A total of 10
atoms were located from the first E-map. The remaining atoms
were located in succeeding difference Fourier syntheses.
Hydrogen atoms were located and their positions and isotropic
thermal parameters were refined. The structure was refined in
full matrix least-squares where the function minimized was
Iw(|Fo|-|Fc| }* and the weight w is defined as 4Fo%0® (Fo?).
The standard deviation on intensities, o(Fo3), is defined as
follows: o® (Fo%) = [S* (C + RB) + (pFo?PYLp?* where S is the
scan rate, C is the total integrated peak count, R is the ratio of
scan time to background counting time, B is the total back-
ground count, Lp is the Lorentz-polarisation factor, and the
parameter p is a factor introduced to downweight intense reflec-
tions. Here p was set to 0.050. Scattering factors were taken from
Cromer and Weber [13]. Anomalous dispersion effects were in-
cluded in Fc [14], the values of AF' and AF"” were those of

Cromer [15]. Only the 959 reflections having intensities greater
than 3.0 times their standard deviations were used in the refine-
ments. The final cycle of refinement included 133 variable
parameters and converged (largest parameter shift was 0.06 times
its esd) with unweighed and weighed agreement factors of R, =
L|Fo|-|Fc|/E|Fe| = 0.046 and R, = SQRT
(Ew( |Fo|-|Fc| P/Zw Fo?) = 0.060.

The standard deviation of an observation of unit weight was
1.52. The highest peak in the final differences Fourier had a
height of 0.21 e/ A®, with an estimated error based on AF [16] of
0.05. Plots of Ew( |Fo|-|Fc| )? versus |Fo|, reflection order in
data collection, scan §/\ and various classes of indices showed no
unusual trends.

All calculations were performed on a PDP-11/60 based
TEXRAY [17] system which includes the Enraf-Nonius SDP and
proprietary crystallographic software of Molecular Structure Cor-
poration.

Supplementary Material Available.

Complete X-rate data on compound (2) are available upon re-
quest from the author (DRS) including tables of fractional atomic
coordinates for non-hydrogen atoms, thermal parameters, bond
lengths, bond angles, intermolecular contacts, mean planes and
torsion angles.
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