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Quantitative Gas-Solid Diazotization of 3-Aminopyrazolo|3,4-b]pyridine
Derivatives and Azo Dye Syntheses by Means of Solid-Solid Reactions
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Gas-solid and solid-solid techniques allow for waste-free
quantitative syntheses and coupling reactions of the hetero-
cyclic diazonium salts 2. The solid-state diazotization of 1a
with gaseous NO, has been mechanistically investigated by
atomic force microscopy (AFM). Azo couplings are achieved
in quantitative yields by cautious co-grinding of the solid di-
azonium salt 2a with five (thio)barbituric acids, six acetoacet-
anilides (these couplings are followed by internal cyclization
in solid-state cascades), f-naphthol, and 2,6-dimethylphenol.

The solid diazonium salt 2a is quantitatively coupled with
three solid anilines to give the tautomeric triazenes 16. The
structures of the products were established with IR, NMR and
mass spectroscopy, while the tautomeric properties of the
compounds were judged by density functional calculations
at the B3LYP/6-31G* and BLYP/6-31G** levels.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2003)

Introduction

Solid diazonium nitrates are quantitatively obtained by
the action of gaseous NO, on solid anilines.!'-*! These re-
acted quantitatively in solid-state diazo couplings.!:! The
considerable biological activity of fused pyrazolesi*~> and
the excellent dyeing properties of pyrazolylazo
derivatives!®~®! prompted us to explore the solid-state syn-
thesis of 3-aminopyrazolo[3,4-b]pyridine diazonium salts
and their solid-state couplings with barbituric acids, ace-
toacetanilides, B-naphthol, 2,6-dimethylphenol, and ani-
lines. Unlike the corresponding solution reactions, the fa-
vorable properties of solid-state reactions were expected to
give quantitative yields and thus avoid or minimize wastes
and save resources. We report on the realization of these
expectations in numerous cases.

Results

Solid-State Diazotizations

The quantitative diazotizations of solid aromatic amines
with NO, gas are most versatile.[''>?! Further applications
are the diazotizations of 3-aminopyrazolo[3,4-b]pyridine
derivatives 1a and 1b,['°7!21 which quantitatively give the
monohydrates of the diazonium nitrates 2a and 2b without
nitrosation at the NH group of the pyrazole ring
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(Scheme 1). The solid compounds 2a and 2b can safely be
handled at room temperature, but they explode upon melt-
ing at 133 or 143 °C and for safety reasons they should
not be exposed to mechanical shock or ball-milled or
ground at sharp edges. Their versatility derives from the
easy accessibility of 1 from acetylacetone, hydrazine and
cyanacetamide.1°7 121 The water of hydration in 2 does not
interfere with the solid-state coupling reactions and so was
not removed.
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Scheme 1. Quantitative gas-solid synthesis of stable diazonium ni-
trate hydrates 2 by treatment of 1 with gaseous NO,.

Previous reports discussed only formula 2.1'31 However,
3-diazopyrazolo[3,4-b]pyridines 2['4 should be formulated
as equilibrium mixtures with the proton at the pyrazole-N
(2) and at the pyridine-N (2'). Semiempirical PM3 calcu-
lations predict the structure 2a to be 5 kcal-mol ! less stable
than 2a’. DFT calculations (B3LYP/6—31G*), however,
predict 2a to be more stable than 2a’ by the minute amount
of 0.53 kcal'mol™! (the energy difference is more pro-
nounced if the methyl groups are omitted: 2.90 kcal‘mol ™).
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The tautomeric preference in the crystal lattice is hard to
assess without an X-ray crystal structure determination.
The solid diazonium salts 2 are stable and can be stored at
room temperature. Their typical diazonium bands in the IR
are found at 2207 and 2208 cm ™.

Mechanistic Investigation of Diazotization by AFM
(Atomic Force Microscopy)

Gas-solid reactions are still not common practice and
have yet to find due coverage in textbooks. It is therefore
important to establish the solid-state character of the gas-
solid diazotizations of 1 at the nanoscopic level, in particu-
lar as no crystal structural data for predictions of the feasi-
bility of the required molecular migrations within the crys-
tall'! are available in this case. AFM is able to distinguish
the three-step solid-state mechanism (phase rebuilding,
phase transformation, and disintegration)">~!'” from pos-
sible intermediate nanoscopic melting,[!”! although this
would stop the reaction in most cases.'>~ 17 Short treat-
ment of 1a on the main face of its single crystal (laths) with
20% NO, in air gave large mountains and deep craters with
strong structuring that were stable upon repeated measure-
ments (Figure 1).

100.000 nm

i)

Figure 1. AFM topographies of 1a (top; the y direction is parallel
to the long crystal axis) on its main face and (bottom) after appli-
cation of 5 mL of 20% NO, from ca. 1 cm distance for 60 s, show-
ing the result of successful phase transformation into the lattice
of 2a
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Evidently, the reaction was so rapid and efficient that we
already see the result of the second step, the phase trans-
formation. The phase rebuilding stage (which requires mo-
lecular migrations within the original crystal)['3] can only
be detected under more moderate conditions (10% NO, for
2 X 15 s) (Figure 2). The initially rather flat surface is im-
mediately changed upon application of the NO,. The sur-
face features do not align along the surface imperfections
but form isolated craters with walls and volcano-like ele-
vations around them (Figure 2, b). These become more uni-
form upon further reaction (Figure 2, c¢) and, finally, the
phase rebuilding is followed by phase transformation (into
the product lattice of 2a) with the sudden formation of
much larger features in Figure 2, d. The lower height of the
features than of those in Figure 1 indicates some influence
of moisture in the multiple gas applications. The crystal dis-
integration is thus confirmed by preparative runs in the ab-
sence of moisture, when a fine powder is obtained. Clearly,
we have favorable crystal packing in 1a, and this justifies
the hope that 2a may also be reactive in solid-state reac-
tions.

a) fresh b)

30ml .30s

Figure 2. 10 um AFM topographies on the main surface of 1a; a)
fresh; b), c), d) after application of 10% NO, at ca. 1 cm distance
in two, four, and six portions from a syringe at the amounts and
total interaction times given; the z values are 50 nm for a) and
200 nm for b), ¢), and d)

Solid-State Azo Coupling between 2a and Barbituric Acids,
Acetoacetanilides, f-Naphthol, and 2,6-Dimethylphenol

Careful co-grinding of crystalline 2a with (thio)barbi-
turic acids 3a—e gives quantitative yields of the tautomeric
“S-arylazobarbituric acids’ 5. The formation of the salts 4
was waste-free and the free bases 5 were quantitatively ob-
tained by treatment with gaseous trimethylamine and wash-
ing with water. The chemical structures of the compounds

Eur. J. Org. Chem. 2003, 1545—1551
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Scheme 2. Quantitative solid-state couplings of 2a with (thio)barbi-
turic acids

were confirmed by their IR, UV/Vis, NMR, MS, and
HRMS spectra.

The 5/5' tautomerism is clearly dominated by the barbi-
turic acid moiety, and DFT calculations performed for re-
lated compounds in ref.?! have the H-bridged hydrazono
tautomer so much in favor over the azo form (> 13
kcal'mol ™) that there cannot be any doubt that the molec-
ular structure must be represented by 5 and not by 5'.

The azo coupling between 2a and the open-chain C—H
acidic acetoacetanilide derivatives 6a—e did not stop at the
salts 7, but these cyclized directly to afford compounds 8 in
an interesting solid-state cascadel'®!] to give the hetero-
cyclic salts 8a—e in waste-free fashion. The free pyridopyra-
zolo-triazines 9a—e can be obtained from these in quanti-
tative yield by the action of base. The pyrido[2’,3":3,4]pyra-
zolo[5,1-c]triazine structure 9% was established on the
basis of the spectroscopic data. The IR spectra clearly indi-
cate the lack of acetyl group absorptions in the Vv =
1710—1715 cm ™! range and show the amide carbonyl group
absorption (1698—1662 cm™!). Furthermore, the MS and
HRMS spectra corroborate the loss of water upon cycliza-
tion, and the other data (see Exp. Sect.) also support the
structure 9. The mild conditions for the cyclization with
elimination in the crystal are indeed remarkable. These re-
actions are further examples of quantitative solid-state cas-
cades with their extraordinary high atom economy and sus-
tainability.[!3:1]

Molecules with the heterocyclic system of 9 have been
used as disperse dyes (for polyester, polyamide, acrylic fib-
ers),['?l as antibacterial agents,>!1 and as fungicides.?”) Our
waste-free route to this system may therefore be of practi-
cal importance.

The C-couplings of solid diazonium salts 2 are not re-
stricted to C-H acidic B-dicarbonyl compounds. The solid-
state azo coupling between 2a and B-naphthol or 2,6-di-
methylphenol is preparatively useful and the “azo” dyes 11
or 13 are obtained in quantitative yield after neutralization
(Scheme 4 and 9).
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Scheme 3. Quantitative solid-state couplings and solid-state in situ
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Scheme 4. Quantitative solid-state coupling between 2a and B-
naphthol 10
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Scheme 5. Quantitative solid-state coupling between 2a and 2,6-
dimethylphenol 12

The products 11 and 13 are characterized by their IR,
MS, HRMS, and NMR spectra (see Exp. Sect.). According
to DFT calculations at the B3LYP/6—31G* level, the hy-
drazono tautomer 11 is favored over 11’ by 2.1 kcal'mol !
As major entropy differences and crystal lattice effects are
not to be expected here, this result should secure the for-
mula 11. In the case of 13, however, the azo tautomer is
found to be more stable than the hydrazono tautomer 13’
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by 3.6 kcal'mol~!. It cannot be gauged whether this also
holds for the crystalline state, because the lattice energy dif-
ferences are not easily predictable. A previous analysis of
closely related systems!?®! did not consider ab initio DFT
calculations.

Solid-State N-Coupling of 2a with Anilines

The success in the synthesis of variousl,3-diaryltriazenes
in ref.?! prompted us also to make use of the advantages of
solid-state reactions for the synthesis of 1-heteroaryl-3-aryl-
triazenes 16 from 2a. Again, quantitative yields (of the salts
15) were obtained by co-grinding of the anilines 14a—c¢ with
2a, and the free triazenes 16 were quantitatively obtained
from their salts by neutralization (Scheme 6).
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Scheme 6. Quantitative solid-state syntheses of the tautomeric tri-
azenes 16/16’

The molecular structures 16 and 16’ are almost energeti-
cally equivalent according to DFT (B3LYP/6—31G*) calcu-
lations: the model 16 (R = H) is better by only 0.32, 16a’
is better by only 0.05, and 16c¢ is better by only 0.18
kcal'mol~!. Unfortunately, the calculated azo bond fre-
quencies (BLYP/6—31G**) also do not allow for distinction
by IR spectroscopy. Clearly, almost 1:1 equilibria would be
assumed in solution, and the tautomerism in the crystal
would require a full X-ray crystal structure determination.

Interestingly, unlike 1,3-bisaryltriazenes,[!l the derivatives
16/16’ are stable in dilute methanol solution, so reliable
UV/Vis spectra can be easily recorded. The A, values
(368—370 nm) and high ¢ values point to the extended con-
jugation.

Discussion

Waste-free solid-state diazotizations and reactions of
solid diazonium salts are very versatile and sustainable.
They have now been extended to a highly complex hetero-
cyclic system of practical importance. Numerous reactions
of the diazonium salt 2a have been successfully and quanti-
tatively executed. Even cascade reactions were quantitative
in the crystal. All of these reactions can be safely executed
when precautionary measures are closely followed. Numer-
ous derivatives with an interesting heterocyclic backbone
are now easily and quantitatively obtained in stoichiometric
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runs. There can be no doubt that further extensions of this
solid-state diazotization and coupling should be also useful
for further heteroaromatic primary amines, because the
techniques are very simple and permissive if the safety hints
are fully acknowledged. Starting with pure reagents no pu-
rifying workup is required, and that feature is the most im-
portant advantage of the new technique for synthetic pur-
poses. The formation of salts in this paper occurred with
100% yield in waste-free fashion. The neutralization of the
salts with base does, of course, produce some inevitable wa-
ste in the form of salt solutions, but these do not constitute
a major drawback, as the salts are only formed in stoichio-
metric quantities and with lowest environmental risk. The
high atom economies and resource savings cannot be re-
ached or topped by other techniques of syntheses, even if
some minute solubility of the neutral products in water may
require removal of very minor amounts of dissolved mate-
rial from the salt solutions.

Experimental Section

Caution: Grinding of large amounts of solid diazonium salts may
be hazardous to health. Solid diazonium salts explode upon being
heated to their melting points and they are shock-sensitive (ham-
mer and anvil test). Precautions should therefore be taken when
handling these compounds. All reactions described here tend to be
exothermic and must be properly slowed down as described in or-
der to remove the heat of reaction efficiently. Solid diazonium salts
must not be ground in mortars with sharp edges but only cau-
tiously in agate mortars and pestles with smooth surfaces. In order
to avoid any risk of explosion, we never used ball mills for grinding
solid diazonium salts. No problems were experienced if the exper-
imental conditions in this work were strictly followed. For violently
reacting crystal mixtures, the single components should be ground
separately, then carefully mixed, and left for reaction, during which
ultrasound from room temperature cleaning baths may be applied.

The success of reaction was monitored by FT-IR spectroscopy in
KBr. After disappearance of the diazonium band, the reaction time
was extended by at least 10% to ensure completion of the process.
The purity of the products was verified by thin layer chromatogra-
phy, m.p. and '"H NMR spectroscopy. The product yields were de-
termined by weight. The experimental error was judged to be *=1%.
The solid-state!">°) and AFMI3~171 techniques have been de-
scribed in detail elsewhere. Surface scraping was avoided,!'>~!7 and
all supermicroscopic images were stable for at least 10 scans. Single
crystals of 1a were obtained from ethanol by slow evaporation. The
size of the crystals used for Figure 1 and 2 was 3.3 X 0.4 X 0.05
mm?. Diluted NO, gas in air was applied to the mounted single
crystal by syringe from a distance of ca. 1 cm under a hood. After
the specified exposure time, the gas was flushed away with a stream
of air.

Vacuum tightness is essential in preparative gas-solid reactions,
leakages must be sealed prior to the reaction. The NMR spectra
('3C in bb mode) were recorded with a Bruker WP 300, UV/ Vis
spectra with a Perkin—Elmer Lambda 551 S, FT-IR spectra with
a Perkin—Elmer 1720-X (not all frequencies are reported) and mass
spectra with a Finnigan MAT212 instrument. B3LYP (basis set
6—31G*) and BLYP (basis set 6—31G**) DFT calculations with
full geometry optimization were performed with the program TI-
TAN, version 1.01, from Wavefunction, Inc., Irvine (USA).

Eur. J Org. Chem. 2003, 1545—1551
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Diazotization Procedure for 4,6-Dimethyl-1H-pyrazolo|3,4-b]pyri-
dine-3-diazonium Nitrate Hydrate Derivatives 2: Compound 1
(2.00 mmol) was placed under vacuum in a 250 mL flask and then
exposed to NO, (360 mg, 7.8 mmol) at 0.7 bar for 6 h at room
temperature with occasional careful shaking. The excess gas was
recovered from a trap at 77 K.

2a-H,0: Yield 508 mg (100%); m.p. 143 °C (exploded). IR (KBr):
v = 3338, 3060, 2207 (N=N"), 1636 (C=N), 1527, 1408, 1386,
1350, 1299, 1209, 1135, 1086, 1028, 954, 833 cm~!. '"H NMR
(D,0): & = 2.75 (s, 6 H), 7.50 (s, 1 H) ppm. 3C NMR (D20): § =
18.81, 20.39, 105.84, 118.58, 124.45, 124.87, 150.43, 156.60 ppm.

2b-H,0: Yield 666 mg (100%); m.p. 133 °C (exploded). IR (KBr):
v = 3460, 2932, 2208 (N=N™), 1627 (C=N), 1593, 1430, 1385,
1301, 1134, 1092, 1038, 1006, 837, 720 cm '. 'H NMR
(CF3COOD): § = 2.80 (s, 2 CH3) ppm. '*C NMR (CF;COOD):
& = 21.14, 25.74, 112.93, 118.22, 125.71, 147.32, 149.77, 162.02
ppm.

Solid-State Preparation of 5-{(4,6-Dimethyl-1H-pyrazolo|3,4-b]pyri-
din-3-yl)hydrazono}pyrimidine-2,4,6(1H,3H,5H)-triones Sa—c and
-2-thioxo-pyrimidine-4,6(1H,3H,5H)-diones S5d—e: The (thio)-
barbituric acid derivative 3 (1.00 mmol) was ground in an agate
mortar. 4,6-Dimethyl-1H-pyrazolo[3,4-b]pyridine-3-diazonium ni-
trate hydrate 2 (1.00 mmol) was added and co-ground in five por-
tions for 10 min each. The mixture was transferred to a 100 mL
flask (by use of a horn-spoon and pencil), which was then evacu-
ated. The mixture was exposed to (CH3);N (0.5 bar) for 12h at
room temperature. After condensation of the gas into a remote trap
at 77 K, the trimethylammonium nitrate was washed away with
water (20 mL) and the residual solid was dried.

5-{(4,6-Dimethyl-1H-pyrazolo|[3,4-b]pyridin-3-yl)hydrazono}-
pyrimidine-2,4,6(1H,3H,5H)-trione (5a): Light yellow crystals; yield
301 mg (100%); m.p. > 300 °C. IR (KBr): v = 1730, 1699, 1651,
1599, 1533, 1494, 1427, 1365, 1308, 1253, 1197, 1156, 885, 836,
807 cm L. UV (CH30H): Apax (8) = 381 (14200) nm. 'H NMR
([D6]DMSO): 6 = 2.40 (s, 3 H), 2.60 (s, 3 H), 6.80 (s, 1 H), 11.20
(s, NH), 11.40 (s, NH), 13.30 (s, NH), 14.45 (s, NH) ppm. 13C
NMR ([Dg]DMSO): & = 20.43, 24.13, 104.20, 118.56, 119.02,
142.05, 142.44, 149.74, 152.47, 159.33, 159.68, 162.52 ppm. MS:
mlz (%) = 301 (100) [M*], 273 (18), 256 (20), 230 (14), 202 (24),
187 (18), 161 (20), 147 (34), 132 (37), 106 (18), 77 (20). HRMS
calced. for C,H;;N;O5: 301.0923; found 301.0913.

1,3-Dimethyl-5-{(4,6-dimethyl-1H-pyrazolo|3,4-b|pyridin-3-yl)-
hydrazono}pyrimidine-2,4,6(1H,3H,5H)-trione (5b): Light yellow
crystals; 330 mg (100%); m.p. > 300 °C. IR (KBr): v = 1675, 1624,
1583, 1537, 1445, 1375, 1302, 1216, 1158, 1088, 1054, 864, 847,
741 cm~!. UV (CH30H): Apay (8) = 376 (18800) nm. '"H NMR
(CF;COOD): 6 = 2.95 (s, 3 H), 3.05 (s, 3 H), 3.50 (s, 3 H), 3.55 (s,
3 H), 7.40 (s, 1 H) ppm. '*C NMR (CF;COOD): § = 21.67, 22.05,
29.62, 30.91, 110.78, 122.69, 123.57, 144.48, 145.76, 153.89, 160.36,
161.26, 162.84, 163.66 ppm. MS: m/z (%) = 329 (100) [M*], 301
(18), 244 (4), 216 (4), 187 (38), 161 (30), 147 (38), 132 (38), 104 (10),
77 (10). HRMS caled. for C4H;5N;05: 329.1236; found 329.1232.

5-{(4,6-Dimethyl-1 H-pyrazolo|3,4-b]pyridin-3-yl)hydrazono}-1,3-di-
phenyl-pyrimidine-2,4,6(1 H,3H,5H)-trione (5c): Light yellow crys-
tals: 453 mg (100%); m.p. > 300 °C. IR (KBr): ¥ = 1730, 1693,
1635, 1536, 1490, 1445, 1385, 1300, 1223, 1102, 942, 834, 759, 694
cm~ !, UV (CH30H): Ama (8) = 371 (19000) nm. 'H NMR
(CF5COOD): 8 = 3.00 (s, 3 H), 3.10 (s, 3 H), 7.50 (br. s, 5 H), 7.65
(br. s, 6 H) ppm. *C NMR (CF;COOD): § = 19.91, 21.32, 110.42,
121.54, 121.77 (2 C), 128.68 (4 C), 130.88 (4 C), 131.52 (2 O),
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132.50, 133.60, 143.13, 144.38, 152.84, 157.52, 159.78, 162.34 ppm.
MS: milz (%) = 453 (100) [M*], 425 (6), 306 (18), 257 (22), 214
(8), 187 (24), 147 (8), 132 (22), 119 (18), 77 (8). HRMS calcd. for
Ca4H oN;05: 453.1549; found 453.1547.

5-{(4,6-Dimethyl-1H-pyrazolo|3,4-b]pyridin-3-yl)hydrazono}-2-
thioxopyrimidine-4,6(1H,3H,5H)-dione  (5d): Brown crystals;
311 mg (98%); m.p. > 300 °C. IR (KBr): v = 1681, 1651, 1603,
1532, 1439, 1328, 1252, 1215, 1161, 1135, 1077, 876, 834, 799, 773
cm~!. UV (CH3;0H): Al (6) = 384 (22800) nm. 'H NMR
(CF;COOD): 6 = 2.95 (s, 3 H), 3.10 (s, 3 H), 7.40 (s, 1 H) ppm.
13C NMR (CF;COOD): § = 19.99, 21.70, 110.01, 120.41, 121.42,
142.04, 144.12, 156.37, 158.56, 159.66, 160.23, 174.84 ppm. MS: m/
z (%) = 317 (100) [M "], 219 (18), 187 (20), 179 (36), 162 (82), 147
(72), 132 (26), 119 (18), 77 (16). HRMS calcd. for C,,H;;N;0,S:
317.0694; found 329.0450.

1,3-Diethyl-5-{(4,6-dimethyl-1 H-pyrazolo|3,4-b]pyridin-3-yl)hydra-
zono}-2-thioxopyrimidine-4,6(1 H,3H,5 H)-dione (Se): Orange crys-
tals; 370 mg (99%); m.p. > 300 °C. IR (KBr): ¥ = 1699, 1636, 1606,
1532, 1466, 1417, 1390, 1310, 1270, 1235, 1157, 1101, 909, 870, 810,
754 em~!. UV (CH30H): A,y () = 383 (26600) nm. '"H NMR
(CF;COOD): 6 = 1.35(t, J = 7Hz, 6 H), 2.95 (s, 3 H), 3.05 (s, 3
H), 4.60 (q, J = 7Hz, 2 H), 4.61 (q, / = 7Hz, 2 H), 7.35 (s, | H)
ppm. 3C NMR (CF;COOD): § = 11.68 (2 C), 20.21, 21.11, 43.77,
45.04, 109.22, 120.68, 122.20, 143.06, 143.28, 157.03, 158.26,
158.98, 159.64, 176.12 ppm. MS: m/z (%) = 373 (100) [M*], 340
(18), 242 (8), 212 (8), 187 (48), 162 (8), 132 (18), 106 (6), 86 (14).
HRMS calcd. for C;H;9N-0,S: 373.1320; found 373.1321.

Solid-State Preparation of Pyrido[2',3':3,4]-1 H-pyrazolo|5,1-c]-
[1,2,4]triazine Derivatives (9): The acetoacetanilide derivative 6
(2.00 mmol) was ground in an agate mortar. 4,6-Dimethyl-1H-pyr-
azolo[3,4-b]pyridine-3-diazonium nitrate hydrate 2a (2.00 mmol)
was added and co-ground in five portions for 10 min each. The
mixture was transferred to a 100 mL flask, which was then evacu-
ated. The mixture was exposed to (CHj3);N (0.5 bar) for 12 h at
room temperature. After condensation of the gas into a remote trap
at 77 K, the trimethylammonium nitrate was washed away with
water (20 mL) and the residual solid dried.

Compound 9a: Yield 664 mg (100%); m.p. 273 °C. IR (KBr): ¥V =
3344, 1690, 1613, 1595, 1535, 1445, 1314, 1190, 1109 cm™'. 'H
NMR (CDCly): § = 2.80 (s, 3 H), 3.10 (s, 3 H), 3.55 (s, 3 H), 7.15
(pseudo-t, 1 H), 7.20 (s, 1 H), 7.35 (pseudo-t, 2 H), 7.75 (pseudo-
d, 2 H), 10.30 (br. s, NH) ppm. '3C NMR (CDCls): § = 13.89,
19.31, 25.78, 105.20, 119.86 (2 C), 121.36, 124.79, 129.10 (2 C),
136.68, 137.32, 138.57, 144.82, 145.00, 160.58, 161.53, 166.17 ppm.
MS: m/z (%) = 332 (100) [M*], 315 (44), 262 (4), 240 (44), 198 (6),
186 (48), 166 (6), 144 (6), 131 (28), 93 (14), 77 (16). HRMS calcd.
for CsH¢NgO: 332.1385; found 332.1386.

Compound 9b: Yield 684 mg (99%); m.p. 286 °C. IR (KBr): v =
3343, 3087, 1682, 1657, 1592, 1531, 1406, 1313, 1198, 1140, 951,
816 cm~!. '"H NMR (CDCI5/CF;COOH): § = 2.40 (s, 3 H), 3.05
(s, 3 H), 3.40 (s, 3 H), 3.55 (s, 3 H), 7.25 (pseudo-d, 2 H), 7.50
(pseudo-d, 2 H), 7.60 (s, 1 H), 10.30 (s, NH) ppm. 3C NMR
(CDCI,/CF;COOD): § = 14.06, 20.64, 20.86, 21.05, 109.12, 121.22,
122.19 (2 ©), 130.14 (2 C), 132.61, 137.49, 140.63, 142.06, 145.24,
151.09, 160.30, 160.47, 201.55 ppm. MS: m/z (%) = 346 (100) [M '],
329 (20), 276 (4), 240 (10), 186 (24), 173 (4), 144 (6), 131 (8), 107
(12), 67(8). HRMS caled. for C;oH;gNgO: 346.1542; found
346.1533.

Compound 9¢: Yield 715 mg (99%); m.p. 254 °C. IR (KBr): v =
3335, 3150, 2969, 1677, 1662, 1595, 1533, 1514, 1413, 1369, 1312,
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1251, 1183, 1107, 846 cm™'. 'TH NMR (CDCI5/CF;COOH): § =
3.00 (s, 3 H), 3.30 (s, 3 H), 3.55 (s, 3 H), 3.80 (s, 3 H), 6.90 (pseudo-
d, 2 H), 7.50 (s, 1 H), 7.55 (pseudo-d, 2 H), 10.10 (br. s, NH) ppm.
MS: m/z (%) = 362 (100) [M*], 330 (6), 240 (12), 186 (25), 123
(13). HRMS calcd. for C19H sNgO,: 362.1491; found 362.1492.

Compound 9d: Yield 754 mg (100%); m.p. > 300 °C. IR (KBr): v =
3341, 3065, 1698, 1608, 1592, 1510, 1408, 1370, 1341, 1313, 1183,
1111, 1052, 857, 752, 669 cm~!. '"H NMR (CDCIs/CF;COOH):
& = 3.05 (s, 3 H), 3.35 (s, 3 H), 3.55 (s, 3 H), 7.50 (s, 1 H), 7.90
(pseudo-d, 2 H), 8.20 (pseudo-d, 2 H), 10.55 (br. s, NH) ppm. MS:
miz (%) = 377 (100) [M*], 314 (12), 240 (36), 186 (21), 131 (38),
67 (22). HRMS calcd. for CgH5N;O5: 377.1236; found 377.1237.

Compound 9e: Yield 822 mg (100%); m.p. > 300 °C. IR: ¥ = 3138,
3092, 1662, 1593, 1521, 1487, 1396, 1358, 1294, 1258, 1199, 1148,
1081, 956, 916, 820, 777 cm~'. 'H NMR (CDCls/CF;COOH): § =
3.05 (s, 3 H), 3.35 (s, 3 H), 3.55 (s, 3 H), 7.40—7.60 (m, 5 H), 10.35
(br. s, NH) ppm. MS: m/z (%) = 412 (100) [M*], 410 (98) [M"],
314 (60), 240 (60), 186 (58), 131 (54). HRMS caled. for
CysH,5s”BrNO: 410.0490; found 410.0486. HRMS caled. for
CgH 5% BrNgO: 412.0470; found 412.0469.

Compound 9f: Yield 732 mg (100%); m.p. 300 °C. IR (KBr): v =
3135, 3095, 1662, 1592, 1526, 1489, 1402, 1359, 1312, 1256, 1195,
1148, 1082, 1012, 951, 918 cm~!'. 'H NMR (CDCIls/CF;COOH):
8 =3.05 (s, 3 H), 3.30 (s, 3 H), 3.55 (s, 3 H), 7.30 (pseudo-d, 2 H),
7.50 (s, 1 H), 7.60 (pseudo-d, 2 H), 10.20 (br. s, NH) ppm. MS: m/
z (%) = 367 (25) [M '], 366 (100) [M "], 349 (12), 314 (37), 240 (50),
198 (4), 186 (48), 157 (4), 144 (12), 131 (41), 104 (17), 77 (10), 67
(22). HRMS calcd. for C;gH,;sCINgO: 366.0995; found 366.0996.

Coupling between 2a and the Phenols 10 and 12: B-Naphthol (10,
432 mg, 3.00mmol) or 2,6-dimethylphenol (12, 336 mg,
3.00 mmol) was ground in an agate mortar. 4,6-Dimethyl-1H-pyra-
zolo[3,4-b]pyridine-3-diazonium nitrate hydrate 2a (762 mg,
3.00 mmol) was added in five portions and co-ground for 10 min.
After transfer of the incompletely reacted mixture to a test tube
and application of ultrasound (from a cleaning bath) overnight the
diazonium band in the IR had disappeared. The solid material was
washed with 0.5 N NaOH (20 mL) and cold water and dried.

Naphthalene-1,2-dione 1-|(4,6-dimethyl-1H-pyrazolo|3,4-b|pyridin-3-
yDhydrazone] (11):% Dark red crystals: (950 mg, 100%); m.p. 312
°C (after dec. from ca. 200 °C). IR (KBr): v = 1613, 1595, 1511,
1450, 1412, 1379, 1304, 1250, 1208, 1184, 1148, 1107, 826, 765, 616
cm~!'. '"H NMR (orange solution in CF;COOD): § = 2.80 (s, 3 H),
2.95 (s, 3 H), 6.60 (m, 1Ar-H), 7.15 (m, 1Ar-H), 7.40 (m, 3Ar-H),
7.75 (m, 1Ar-H), 8.35 (m, 1Ar-H). MS: m/z (%) = 317 (88) [M*],
288 (100), 260 (63), 233 (4), 156 (6), 147 (8), 143 (32), 128 (34), 115
(63), 77 (18). HRMS caled. for C;gH;sNsO: 317.1276; found
317.1278.

4-{(4,6-Dimethyl-1H-pyrazolo|3,4-b]pyridin-3-yl)diazenyl}-2,6-di-
methylphenol (13): Glossy, light brown crystals, yield 870 mg (98%);
m.p. 278 °C (dec.). IR (KBr): ¥ = 1614, 1592, 1480, 1440, 1382,
1297, 1266, 1237, 1208, 1122, 1027, 888, 810 cm~'. 'H NMR
(blood-red solution in CF;COOD): 6 = 2.51 (s, 6 H), 3.08 (s, 3 H),
3.17 (s, 3 H), 7.69 (s, 1 H), 8.18 (s, 2 H) ppm. 3C NMR
(CF5COOD): 6 = 15.03 (2 C), 19.91, 20.13, 115.46, 123.33, 128.28
(2 C), 130.62 (2 C), 138.32, 144.16, 149.86, 157.74, 160.44, 166.99
ppm. MS: m/z (%) = 295 (100) [M™*], 267 (44), 240 (16), 146 (5),
121 (96), 91 (22), 77 (24). HRMS calcd. for C;¢H;7NsO: 295.1433;
found 295.1434.

Synthesis of (4,6-Dimethyl-1H-pyrazolo|3,4-b]|pyridin-3-yl)aryltri-
azenes (16): Substituted solid anilines (1.00 mmol) were ground in
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an agate mortar. The diazonium nitrate hydrate 2a (1.00 mmol) was
then added in five portions and co-ground for 10 min. The mixture
was transferred to a 100 mL flask, which was then evacuated. The
mixture was exposed to (CH;3);N (0.5 bar) for 12 h at room tem-
perature. After condensation of the gas into a remote trap at 77 K,
the trimethylammonium nitrate was washed away with water
(20 mL) and the residual solid was dried.

4,6-Dimethyl-3-[3-(4-methylphenyl)triaz-1-enyl]-1 H-pyrazolo|3,4-b]-
pyridine (16a): Orange crystals, yield 280 mg (100%); m.p. 173 °C.
IR (KBr): v = 3150, 3093, 2986, 2921, 1613, 1532, 1425, 1296,
1253, 1194, 1148, 833 cm™ . UV (CH30H): Apax (€) = 370 (19300)
nm. '"H NMR (CDCls): § = 2.20 (s, 3 H), 2.40 (s, 3 H), 2.50 (s, 3
H), 6.75 (s, 1 H), 7.05 (pseudo-d, 2 H), 7.15 (pseudo-d, 2 H), 12.35
(s, 1 NH), 13.05 (s, 1 NH) ppm. '3C NMR (CDCls): § = 19.72,
20.33, 24.08, 106.55, 114.32, 118.35, 129.75 (3 C), 131.51, 139.02,
142.19, 150.98, 152.61, 158.11 ppm. MS: m/z (Vo) = 280 (M™*,4),
252 (86), 236 (4), 223 (4), 174 (8), 162 (36), 146 (20), 119 (76),
107 (60), 91 (100), 65 (28). HRMS caled. for C;sHcNg: 280.1436;
found 280.1436.

3-(4-Bromophenyl)-1-(4,6-dimethyl-1H-pyrazolo|3,4-b]pyridin-3-yl)-
triazene (16b): Yellow crystals: 345 mg (100%); m.p. 191 °C. IR
(KBr): v = 3140, 3080, 2977, 2932, 1598, 1524, 1488, 1428, 1288,
1250, 1195, 1174, 1153, 1070, 830 cm™!. UV (CH3;0H): Apay (€) =
368 (20400) nm. "H NMR (CDCl5/CF;COOD): § = 2.85 (s, 3 H),
290 (s, 3 H), 7.25 (s, 1 H), 8.05 (d, 2 H), 8.30 (d, 2 H) ppm.
13C NMR (CDCI5/CF;COOD): & = 19.29, 19.87, 107.07, 111.20,
119.35, 132.61 (2 C), 135.90 (2 C), 141.18, 142.91, 147.75, 158.71,
161.67 ppm. MS: m/z (%) = 346 (4) [M*], 344 (4) [M '], 318 (62),
316 (64), 238 (5), 236 (5), 185 (55), 183 (55), 157 (98), 155 (100), 146
(38), 119 (26), 106 (16), 78 (32). HRMS calcd. for C4H;5”°BrNg:
344.0385; found 344.0386. HRMS caled. for C;4H;;%'BrNg:
346.0365; found 346.0368.

1-(4,6-Dimethyl-1 H-pyrazolo|3,4-b]pyridin-3-yl)-3-(4-chlorophenyl)-
triazene (16c¢): Yellow crystals, yield 300 mg (100%); m.p. 184 °C.
IR: v = 3142, 3088, 2984, 2934, 1601, 1526, 1493, 1430, 1285, 1250,
1194, 1172, 1154, 1090, 831 cm™!. UV (CH30H): Ay (8) = 369
(26300) nm. "H NMR (CDCl5/CF;COOD): § = 2.80 (s, 3 H), 2.95
(s, 3 H), 7.25 (s, 1 H), 7.85 (d, 2 H), 8.40 (d, 2 H) ppm. 13C NMR
(CDCI/CF;COOD): 6 = 19.33, 19.85, 107.02, 110.52, 119.71,
132.81 (2 C), 133.11 (2 C), 142.41, 147.66, 151.95, 158.99, 161.41
ppm. MS: m/z (%) = 300 (M*,6), 272 (98), 237 (4), 174 (52), 162
(74), 139 (92), 111 (100), 78 (26). HRMS calcd. for C;4H;3CINg:
300.0890; found 300.0893.
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