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Abstract

In a regiospecific 1,3-dipolar cycloaddition of 2-
diazopropane (2) to 2-methyl-6-phenylpyridazin-3(2H)-
one (1) the primary cycloadduct 3 and rearranged NH,NH-
dihydro cycloadduct 4 were isolated. They were transfor-
med, dependent on the reaction conditions into 1,2-di-
azepine derivative 5, 4-isopropyl substituted pyridazine
derivative 6, diazabicyclo/4.1.0/heptenone derivative
7, and pyrazolo/3,4-d/pyridazine derivative 8. 1,5-
Sigmatropic rearrangements were observed, when 8 was
heated in PPA or concentrated sulphuric acid to give
pyrazolo/3,4-d/pyridazine derivatives 10 and 11, and a
pyrazole derivative 13.

It has been reported that a regiospecific 1,3-dipolar cycloaddition
of 2-diazopropane (2) to 2-methyl-6-phenylpyridazin-3(2H)-one (1) results
in the formation of the primary cycloadduct 3, which is unstable and ther-
mally decomposes into a mixture of three products, 1,2-diazepine deriva-
tive 5, 4-isopropyl substituted pyridazine derivative 6 and diazabicyclo
/4.1.0/heptenone derivative 7. The primaryv cycloadduct has been apparently
isolated, however, no spectroscopic and analytical data are given in the
paper.1

We found this report surprising in view of some other studies and our
experiences in the field of 1,3-dipolar cvcloadditions of diazoalkanes

to pyridazines and bicyclic azolo- and azinopyridazines. Namely, in most
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cases the corresponding pyrazolo/3,4-d/pyridazines are the major, if not
the only productsz-e, and their structures have been in some instances

confirmed by X-ray analysesg’10

. According to this, we decided to rein-
vestigate the reaction mentioned above in order to find the reaction con-
ditions for formation of pyrazolo/3,4-d/pyridazine derivative 8.

We repeated the 1,3-dipolar cycloaddition of 2-diazopropane (2} to
2-methyl-6-phenylpyridazin-3(2H)-one (1) under esentially the same con-
ditions as described in lit.l, and found that the same products are formed.
However, in different solvents and at various temperatures the distribu-
tion of the products was strongly dependent on the solvent. The primary
cycloadduct (3) could be isolated in analytically pure form at temperatu-
res below 0°C due to its relatively low solubility in diethyl ether. At
room temperature, the secondary reactions were observed in which 3 trans-
formed in three different ways. In the presence of an acid, the isomeri-
zation of 3 into NH,NH-dihydro species 4 took place, dehydrogenation (oxi-
dation) in the presence of oxygen from the air produced 3H-pyrazolo/3,4-d/
pyridazine derivative 8, while elimination of a molecule of nitrogen from
the pyrazole part of the molecule, followed by rearrangement, gave a mix-
ture of 5, 6 and 7. This latter transformation was carried out in diffe-
rent solvents at 18°C under essentially the same reaction conditions. In
more polar solvents, such as DMF, methanol and ethanol, in the presence of
air 3 was dehydrogenated guantitatively into 8, in propanol a mixture of
4 and 8 was formed, while in less polar solvents the yields of 5, 6, and
7 were increased. In hydroxylic solvents also some starting material was
recovered unchanged due to faster decomposition of 2-diazopropane (2). For
example, in methanol 2-diazopropane was decomposed in 10 minutes. At 18%¢
the reactions were finished in 70 - 85 minutes, while at —30°C in diethyl
ether the reaction was finished in 24 hours. The formation and ratios
among products are summarized in Table 1. According to these experiments
4 was isolated in analytically pure form from acetone in 54 % yield, while
8 was the only product in DMF.

Both dihydro intermediates 3 and 4 are thermally unstable. They de-
compose vigorously at temperatures above 90°C. In chloroform at room tem-
perature the decomposition of 3 required two days, while in refluxing to-
luene, it took only two minutes. We studied this decomposition in more
detail. The results are summarized in Table 2. In general, one can con-
clude that in most cases a mixture of 5, 6, and 7 was formed, while in
hydroxylic solvents also 4 and 8 were formed. By transformation of 3
in the solid state by heating above its melting point 5, 6, and 7 were

formed in approximately eguimolar amounts, in nonpolar solvents, such as
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benzene, toluene and dioxane, 5 was the main product, in more polar sol-
vents, such as DMF and DMSO, 6 was the major product, while the formation
of 7 was in thermal transformations always only the minor product. 1,2-
Dihydro derivative 4 thermally more stable. It can be purified by crystal-
lization. However, by heating in DMF elimination of methane, which was
observed, when the reaction was followed by lH nmr technique, took place
to afford 9.

Oxidation of 3 and 4 could be achieved with a variety of oxidizing
agents, such as oxygen from air and bromine. The simplest method is oxi-
dation by air in the presence of a base. Under these conditions the trans-
formation is practically quantitative to give 8 as the only product. On
the other hand, catalytic hydrogenation of 8 over Pd/C produced 4 as the
only dihydro product.

When 8 was heated in PPA or in concentrated sulfuric acid at 100°c,
the 1,5-sigmatropic rearrangement of one of the methyl groups was observed.
In PPA two products 10 and 11 were isolated in 41 % and 43 % yield, res-
pectively. In concentrated sulfuric acid 10 and 13 were formed in 12 $ and
88 % yield, respectively. The compounds 10 and 11 are formed in 1,5-sigma-
tropic rearrangements of one of the methyl groups taking place either in
clockwise or anticlockwise direction around the pyrazole part of the
molecule, analogous to the rearrangement observed in the 3H-pyrazole
seriesll. The formation of 13 can be explained in the following way. Na-
mely, the compound 1l can be regarded as a cyclic hydrazide-hydrazone,
which is hydrolyzed to give the intermediate 12, followed by decarboxy-
lation to give 13, the structure of which was confirmed by an independent
synthesis from 15. In these processes only one i.e. 10, of the two possible
N-methyl substituted isomers is formed. The structure of this compound was
determined in the following manner. Methylation of 9 with DMFDMA gave a
mixture of 14 and 10. The phenyl group of 14 appears in the 1y nmr spec-
trum as a broad singlet at ¢ = 7.44 ppm, due to the steric hindrance, while
the phenyl group in 10 shows two multiplets at 6 = 7.20 - 7.50 ppm and § =
8.10-8.35 ppm, indicating the coplanarity of the phenyl group with the rest

of the molecule. This is further supported by coupling constants in l3C

nmr spectra. Namely, the C7a in 14 appears as a quartet, JC -Nl—CH3 =
7.0 Hz, while for the C7a in 10 only a singlet was observed.

Since the bicyclic pyrazolo/3,4-d/pyridazine derivative 8 in a new
compound isolated in this reaction, its structure was confirmed by X-ray
analysis (Fig. 1, Table 6). Since this compound is formed from the cyclo-
adducts 3 or 4, their structures must be as shown on the Scheme 1, and

consequently, it confirms also the structures of 5, 6 and 7.
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Table 1. The formation of products in the reaction of 1 with 2

in various solvents.

Products |%|a)
Solvent
1 4 El ] 7 8

DMF - - - - - 100
MeOH®’ 65 - - - - 35
EtOH 14 - - - - 86
l-propanol 10 13 - - - 77
2-propanol 7 16 - - - 62
acetone - 60 - 15 - 34
acetonitrile - - 13 17 8 62
dioxane - - 45 31 12 11
dioxane/water (4:1) 20 24 13 7 2 35
ethyl acetate - - 48 35 12 6
methylene chloride - - 69 22 9 -
benzene - - 61 27 12 -
g;determined by 14 nmr technique

decomposition of 2 in this solvent is very fast (v 10 min).

Table 2 The formation of products of by thermal decomposition
of 3
Products”
4 3 5 I 8
- s (~ 90°C) - 37 35 28 -
benzene reflux, 30 min. - 58 24 18 -
toluene reflux, 10 min. - 52 27 21 -
dioxane reflux, 10 min. - 52 32 16 -
DMF reflux, 15 min. - 26 62 12 -
DMSO 115°C, 5 min. 9 17 68 6 -
DMF/HZO (1:1) reflux, 5 min, 31 25 35 6
MeOH reflux, 30 min. 36 21 23 6 13

a)
determined

by 4 nmr technique
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EXPERIMENTAL

Melting points were determined on a Kofler hot stage microscope.
y and 13C nmr spectra were recorded on a JEOL FX 90Q FT spectrometer
with TMS as internal standard. Elemental analyses for C, H, and N were
obtained on a Perkin-Elmer CHN Analyser 240 C, The reactions were followed

by tlc (DC Fertigplatten Kieselgel 60 F E. Merck, and a mixture of

254’
chloroform/methanol, 10:1, as solvent). The following compounds were pre-
pared according to the procedures described in literature: 2~-methyl-6-

phenylpyridazin-3(2H)-one (_l_)12 and 2-diazopropane (2)13.

Reaction of 1 with 2 in diethyl ether at room temperature. The formation

of 7-phenyl-2,4,4-trimethyl~2,4-dihydro-3H-1,2-diazepin-3-one (5), 4-iso-

propyl-2-methyl-6-phenyl-pyridazin-3(2H)-one (6), and 3,7,7-trimethyl-5-
phenyl-3,4-diazabicyclo/4.1.0/hept-4-en-2-one (7).

To a solution of 1 (931 mg, 0.005 mole)in diethyl ether (20 ml) a
solution of 2-diazopropane (2) prepared from acetone hydrazone (3 g) in di-
ethyl ether (10 ml) was added. The mixture was left at room temperature
until the excess of diazopropane decomposed (approx. 12 hours). The reac-
tion mixture was evaporated in vacuo and the oily residue was separated
by flash chromatography (Kieselgel 60, 0.40-0.063 mm, E.Merck, and benzene/
diethyl ether, 50:1, as solvent) to give, after evaporation of the solvent,
5 (615 mg, 54 3) as the first component, mp 57-58°C, lit.! mp 53%, 1it.
56-57°C, 'H nmr (CDC1,): & 1.19 (s, 6H, 4,4-diMe), 3.58 (s, 3H, 2-Me), 5.98
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(d, 1H) and 6.34 (4, 1H) (H.,H.), 7.20-7.85 (m, 5H, 7-Ph), J =10.5 Hz.
5’76 H.,Hg

Anal. Caled. for C,,H (N.O: C, 73.66) H, 7.06; N, 12.27.°Found: C,
73.43; H, 7.34; N, 12.21.

The second component was the compound 6 (400 mg, 35 %), liquid;
H nmr (CDCly): 6 1.27 (4, 6H, CHMe,), 3.29 (h, lH, CHMe,), 3.85 (s, 3H,
2-Me), 7.25-7.90 (m, 6H, Hg and 6-Ph), J,. = 7.1 Hz.

Anal. Calcd for C ,H,  N,O: C, 73.66; H,? 7.06; N, 12.27. Found:

C, 73.42; H, 7.12; N, 12.29.

1

2

Further elution of the colomn with diethyl ether gave, after evapo-
ration of the solvent, 7 contaminated with traces of 6. The compound
(160 mg, 14 %) was obtained in pure form by flash chromatography (Kiesel-
gel 60, 0.40~0.63 mm, E.Merck, and mixture of diethyl ether/petroleum
ether/diethylamine 72:24:1, as solvent), mp 140-141% (ethanol/water),
1it.! mp 1319, 1it.1% mp 140-141°C; ¥ nmr (CpCl,): 6 0.92 (s, 3H,
7-Me ), 1.44 (s, 3H, 7-Me ), 2.07 (4, 1H) and 2.30 (4, 1H), (Hl' H6)’

exo endo
3.44 (s, 3H, 3-Me), 7.20-7.80 (m, 5H, 5-Ph), JH H = 7.5 Hz.
1
Anal. Calcd. for C14H16N20: C, 73.66; H, 7%06? N, 12.27. Found:

C, 73.59; H, 7.20; N, 12,33.

Reaction of 1 with 2 in diethyl ether at -30°C.

7-Phenyl-3,3,5-trimethyl-3a-7a-dihydro-3H-pyrazolo/3,4-d/pyridazin-4 (5H) ~

one (3).

To a solution of 1 (931 mg, 0.005 mole) in methylene chloride (5 ml)
a2 solution of diazopropane, prepared from acetone hydrazone (6 g) in di-
ethyl ether (20 ml) was added at -30°C and the mixture was left at this
temperature in refrigerator for 24 hours. The precipitate was then col-
lected by filtration and washed with cold diethyl ether to give 3 (870 mg,
68 %), analytically pure, mp 90—92°C; MS m/e 256 (M+, 1.2 %), 288 (24.1 %),
200 (63.8 %), 187 (100 %). 4 nmr (CDCl3): § 1.13 (s, 3H, 3—Meendo), 1.72
(s, 3H, 3—Meexo), 3.45 (s, 3H, 5-Me), 2.66 (4, 1H, H3a), 6.11 (4, 1H,
H7a), 7.20-7.55 (m, 3H, Hy, Hyoo HS,), 7.90-8.30 (m, 2H, Hyvs HG’)' J3a,7a=
12.0 Hz.

Anal. Calcd. for C. ,H N, O: C, 65.61; H, 6.29; N, 21.86. Found:

1471674
C, 65.58; H, 6.29; N, 21.81.

7—Pheny1—3,3,S—trimethyl—l,2-dihydro—3H—pyrazolo/3,4-d/pyridazin—4(SH)—

one (4).

Method A: To a suspension of 3 )512 mg, 0.002 mole) in methanol
(20 ml) concentrated hydrochloric acid (37 %, 1 ml) was added dropwise
at 0°c. After 2-3 minutes a clear solution resulted and the isomerization
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was finished after 15 minutes by stirring at room temperature. The reac-
tion mixture was evaporated in vacuo. The dry residue was dissolved in
water (10 ml) and adjusted to pH=7 with aqueous sodium hydrogen carbonate
solution (5 %) to give 4 (486 mg, 95 %), mp 173-177°C (from toluene); MS
m/e 256 (M%, 11.5 %), 241 (M - Me, 100 %); 'H nmr (CDCl,): 6 1.53 (s, 6H,
3,3-diMe), 3.81 (s, 3H, 5-Me), 5.0 (br s, 2H, NH, NH), 7.30-7.90 (m, SH,
Ph).

Anal. Calcd. for C14H16N4O: C, 65.61; H, 6.29; N, 21.86. Found:
C, 65.613 H, 6.273 N, 21.80,

Method B: To a solution of 1 (931 mg, 0.005 mole) in acetone (25 ml)
a solution of 2, prepared from acetone hydrazone (3 g) in diethyl ether
(20 ml) was added, and the reaction mixture was left in the refrigerator
at -30°C for 12 hours. The precipitate was collected by filtration to
give 4 (680 mg, 54 %), mp 173-177°C (from toluene).

Method C: To a solution of 8 (1014 mg, 0.004 mole) in methanol (30 ml)
Pd/C (5 %, 150 mg) was added and the mixture was hydrogenated at normal
pressure for 3 hours. The filtrate was evaporated in vacuo, the dry re-
sidue was dissolved in water and adjusted to pH=7 with sodium hydrogen
carbonate (5 %). The precipitate was collected by filtration to give 4
(656 mg, 64 %) mp 173-177°C (from toluene).

7-Phenyl-3,3,5~trimethyl-3H-pyrazolo/3,4-d/pyridazin-4 (SH)-one (8).

To a solution of 1 (931 mg, 0.005 mole) in DMF (10 ml) a solution of
2, prepared from acetone hydrazone (3.0 g) in diethyl ether (20 ml),was
added and the mixture was left for 12 hours at room temperature. The sol-
vent was evaporated in vacuo and the solid residue was washed with water
to give 8 (1.27 g, quant.), mp 151-153°C (ethanol); MS m/e 254 (M+);
' nmr (CDC1): ¢ 1.68 (s, 6H, 3,3-diMe), 3.91 (s, 3 H, 5-Me), 7.30-7.60
(m, 34, Hy,, H,,, Hg,), 8.10-8.40 (m, 2H, H,,, He,).

Anal. Calcd. for C14H14N40: C, 66.13; H, 5.55; N, 22.03. Found:
C, 66.25; H, 5.61; N, 22.22.

Thermal decomposition of 3. General procedure.

The solid sample of 3 (512 mg, 0.002 mole) was heated in a glass tube
in an o0il bath at the temperature above its mp (~ 95°C), or in an apropri-
ate solvent under reflux for 5-30 minutes. The solvent was evaporated in
vacuo and the composition of the products was determined by 1H nmr tech-

nique. The results are summarized in the Table 2.
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Thermal decomposition of 4. 3,5-dimethyl-7-phenyl-1H-pyrazolo/3,4-4d/

pyridazin-4 (5H)-one (9).
A solution of 4 (512 mg, 0.002 mole) in DMF (3 ml) was heated under

reflux for 30 minutes. To the cold solution water (10 ml) was added and

the precipitate was collected by filtration and washed with cold water
(3 ml) to give (345 mg, 72 %), mp 281-282 °¢ (methanol); MS m/e 240 M+,

9
1N0 2)Y . lu nmy (DMCN-A Y. & 2
4V Sy o funl (R ¥yt 1) \-AGI . o &

7.70 (m, 3H, H3,, H4,, HS')' 8.10-8.45 (m, 2H, H2" H6,).

Anal. Calcd. for C13H12N4O: C, 64.99; H, 5.03; N, 23.32. Found:

C, 65.00; H, 5.05; N, 23,13.

71 (e IH F=Ma) I 76 (e Yy S5=-Mo) 7 A40-
«./1 \S, 34, 3-Me), 3.7/t (s, 2n, >-MNe) /.40

’

Oxidation of 3 into 8

a) With oxygen in the presence of a base.

To a stirred suspension of 3 (256 mg, 0.001 mole) in methanol (5 ml)
a solution of sodium hydroxide (1 M, 1 ml) was added. From the resulting
orange-red solution the product 8 started to crystallize after 5 minutes.
The stirring was continued for 30 minutes, during this time the solution
became greenish., Water (5 ml) was added to the mixture and the precipi-
tate was collected by filtration to give 8 (242 mg, 95 %).

b} A degassed solution of 3 (128 mg, 0.0005 mole) in methanol (5 ml and

a degassed solution of potassium hydroxide in methanol (1M, 1 ml) were
mixed under vacuum in a closed system. The solution immediately turned
red, and this colour persisted under exclusion of oxygen at least for

24 hours at room temperature. When the air was introduced into the reac-
tion flask, the solution turned greenish and after 10 minutes the color-
less crystals started to precipitate. Water (5 ml) was added to the mix-
ture and the precipitate was collected by filtration to give 8 (115 mg,
90 %).

c) with bromine

To a solution of 3 (256 mg, 0.001 mole) in methylene chloride (2 ml)
a solution of bromine (160 mg) in methylene chloride (2 ml) was added drop-
wise and the mixture was stirred at room temperature for 30 minutes. The
volatile components were evaporated in vacuo, water (10 ml) was added to
the residue, followed by addition of ammonia (conc.aqueous solution, 3 ml).
The precipitate was collected by filtration to give 8 (185 mg, 73 %).

Oxidation of 4 into 8.

a) with oxygen in the presence of a base

To a stirred solution of 4 (256 mg, 0.001 mole) in methanol (5 ml) a
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solution of potassium hydroxide (1 M, 1 ml) was added and the stirring
into greenish in approximately 15 minutes. Water (5 ml) was added and
the crystals were collected by filtration to give 8 (242 mg, 95 %).

b) with bromine

To a stirred solution of 4 (256 mg, 0.001 mole) in acetic acid (2 ml)
a solution of bromine (160 mg) in acetic acid (2 ml) was added dropwise.
The stirring was continued for 30 minutes at room temperature. The vola-
tile components were evaporated in vacuo. Water (10 ml) was added to dry
residue followed by addition of ammonia (conc. aqueous solution, 3 ml)
and the precipitate was collected by filtration to give 8 240 mg, 95 %).

Reaction of 8 in polyphosphoric acid. 7-Phenyl-2,3,5-trimethyl-2H-pyra-
zolo/3,4-d/pyridazin-4 (5H) -one (10) and 7-Phenyl-3,3a,5-trimethyl-3aH-
pyrazolo/3,4~-d/pyridazin-4 (5H)-one (11).

A mixture of 8 (508 mg, 0.002 mole) and polyphosphoric acid (5 g)
was heated at 100°C for 30 minutes. After cooling, water (20 ml) was
added and the mixture was neutralized with aqueous solution of potassium
hydroxide (5 %). Red precipitate (470 mg) was collected by filtration to
give a mixture of two components, separated by flash chromatography (Kie-
selgel 60, 0.40-0.063 mm, E.Merck). The first component was eluted with
diethyl ether and gave, after evaporation of the solvent in vacuo, 11
(220 mg, 43 %), mp 171-176°C (n-heptane); MS m/e 254 (M', 100 %); 'H nmr
(CDC13): § 1.83 (s, 3H, 3a-Me), 2.40 (s, 3H, 3-Me), 3.84 (s, 3H, 5-Me),
7.48 (br s, S5H, Ph).

Anal. Calcd. for C14H14N4O: C, 66.13; H, 5.55; N, 22.03. Found:

C, 65.94; H, 5.60; N, 22.07.

Further elution with diethyl ether gave, after evaporation of the
solvent in vacuo, 10 (210 mg, 41 %), mp 143-144°%C (n-heptane). The ir
spectrum of the compound is identical with the spectrum of the compound
prepared from 9 and DMFDMA.

Reaction of 8 in concentrated sulphuric acid. 7-Phenyl-2,3,5-trimethyl-

2H-pyrazolo/3,4-d/pyridazin-4(5H)-one (10) and 3-Benzoyl-4,5-dimethyl-1H-
pyrazole (13).

A mixture of § (508 mg, 0.002 mole) and concentrated sulphuric acid

(2 ml) was heated for 5 minutes at 100°C. During this time the colour of
the solution changed from red to yellow. After cooling, crushed ice (20 g)
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was added to the reaction mixture and the solution was neutralized with
aqueous solution of potassium hydroxide (5 %). The precipitate was col-
lected by filtration and washed with ice-cold water to give 415 mg of the
mixture of 13 (88 %) and 10 (12 3%). The compounds were identified by 1y

nmr technique by addition of samples of authentic compounds.

7—Phenyl—2-3.S-trimethvl—2H—Dyrazolo/3-4—d/pyridazin (SH)-one (10) and

2 i=i i =l = g2 ]

7-Phenyl-1,3,5-trimethyl-1H-pyrazolo/3,4-d/pyridazin~4 (5H)-one (14).

A mixture of 9 (240 mg, 0.001 mole) and DMFDMA (0.25 ml) in toluene
(2.5 ml) was heated under reflux for 15 minutes. The volatile components
were evaporated in vacuo, to give a mixture of two compounds separated by
flash chromatography (Kieselgel 60, 0.40-0.063 mm, E.Merck). The first
component was eluted with diethyl ether, which gave, after evaporation
of the solvent in vacuo, 14 (58 mg, 23 %), mp 180-184°C (n—heptane); MS

m/e 154 (MY, 100 ¢); 'H nmr (CDCl,): § 2.65 (s, 3H, 3-Me), 3.53 (s, 3H,

1-Me), 3.79 (s, 3H, 5-Me), 7.44 (br s, 5H, Ph). *°C nmr (CDC1): & 158.4
3

(C4, br s), 147.0 (C7a, d, JCMe(l) = 7 Hz), 137.7 (C3a' br s), 136.1 (C7,

m), 134.0, 129.7i 129.2, 128.8 (Ph), 114.6 (Cy, q, “Jgyo 3y = 3 H2), 38.6

(2- or S-Me, q, "J.y = 141 Hz), 38.4 (5- or 2-Me, q, 1JCH = 141 Hz),

12.7 (3-Me, q, '3, = 128 Hz).

Anal. Calcd. for C14H14N4O Cc, 66.13; H, 5.55; N, 22.03. Found:

C, 66.30; H, 5.64; N, 22.24,
The second component was eluted with methanol, which gave, after evapo-
ration of the solvent in vacuo 10 (195 mg, 77 %), mp 143-144°C (cyclohe-
xane); MS m/e 254 (M, 100 %); H nmr (CDCl;): & 2.67 (s, 3H, 3-Me), 3.76
(s, 3H) and 3.87 (s, 3H) (2-Me and 5-Me), 7.20-7.50 (m, 3H, H3,, H
8.10-8.35 (m, 2H, Hy,, Hg,). 1°C nmr (CDC1,): 6§ 158.9 (C,, a, 13
2 Hz), 143.9 (C,_, s), 139.9 (C, , m), 138.9 (C,, t, 17
134.2, 129.2, 128.3, 127.9 (Ph), ll3.f (C3, a, 2JCMe(3) = 3 Hz), 38.% (2-
Me, q, "Jo, = 14 Hz), 37.1 (5-Me, q, "J., = 142 Hz), 10.4 (3-Me, q, Iy =
130.5 Hz).

Anal. Calcd. for C,  ,H ,N,O: C, 66.13; H, 5.55; N, 22.03. Found:

1471474
C, 66.01; H, 5.75; N, 22.21.

4'! Hsl)l

CMe (5)
CH(1') = 3 Hz),

3-Benzoyl-4,5-dimethyl-1H-pyrazole (13).
15

A mixture of 15 (400 mg, 0.002 mole) and concentrated sulphuric
acid (2 ml) was heated for two minutes at 100°C. After cooling, crushed
ice (20 g) was added and the resulting solution neutralized with aqueous

solution of potassium hydroxide (5 %). The precipitate was collected by
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filtration to give 13 (360 mg, 90 %), mp 131-134°C (n-heptane); MS m/e
200 (%, 96 %)3 'H nmr (CDC1,): 6 2.08 (s, 3H) and 2.15 (s, 3H) (4-Me,
5-Me), 7.15-7.50 (m, 3H, Hy,, H,,, Hg,) 7.75-8.10 (m, 2H, H,,,, Heodo
10.7 (br s, NH).

Anal. Calcd. for C12H12N2
C, 71.90; H, 6.23; N, 13.84.

5’

O: C, 71.98; H, 6.04; N, 13.99. Found:

X-Ray Analysis

The molecular structure was determined by single crystal structure
analysis. Enraf-Nonius CAD-4 diffractometer and graphite-monochromated
MoKa radiation (A = 0,71069 R) were used. Precise unit-cell dimension
were obtained by least squares from the 8 values of 104 moderately high-
order reflections centered with diffractometer in the range 10%<6<15°
value » = 0,70926 g at 293(1) K. Integrated intensities were
ax 25°, Crystal stabi-

lity was monitored by periodically measuring three standard reflections

using Mol(cx1

measured in the reciprocal hemisphere k<O up to O

every 240 reflections; there was no evidence of crystal deterioration.
The space group was determined from systematic absences. o(I) based on
counting statistics, intensities greater than 2.5 o(I) were considered

as observed. A summary of the crystal data and data collection parameters
is given in Table 3. Intensities were corrected for background and change
in the standards, and converted to structure amplitudes after applying
Lorentz and polarization corrections. No absorption correction was made.

The structure was solved in a routine way by direct method with

MULTAN80l6
phase (|E|>1.20) resulted in initial coordinates for all nonhydrogen

. E map with the highest combined figure of merit, using 232

atoms. Positions of hydrogen atoms were partly calculated partly were got
from difference map. Atomic scattering factors for neutral O, N anc C
atoms were taken from 17, for H atoms from 18. Dispersion correction for
0, N and C19 was used. A full-matrix least squares refinement with aniso-
tropic temperature factors for nonhydrogen atoms and isotropic ones for
hydrogen atoms using empirical weighting function proceeded to R = 0.045.
A summary of refinement parameters is presented in Table 4.

All calculations were performed on the DEC-10 computer at RCU
Ljubljana with the XRAY—7620 system of crystallographic programs.

A view of the molecule with the numbering of atoms is shown in Fig.l,
final atomic coordinates and equivalent isotropic thermal parameters for
nonhydrogen atoms are given in Table 5 and interatomic bond lenghts and
angles are given in Table 6.21 All nonhydrogen atoms but C(31) are in 4c

special position on a mirror plane resulting a planar molecule. The cry-
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stal consists of a van der Waals packing of monomeric units without

significantly short intermolecular contacts.

The mean C - C bond of 1.377(8) ® and C - C - C angle of 120(1)° in
the phenyl ring correspond to usual data. The N - C bond lengths are in
the range from 1.480(4) to 1.304(3) %, from single- to double-bond length.
N(1) - C(8) of 1.445(4) & and N(5) -~ C(4) of 1.381(4) R are intermediate

woeon ocina
between sing

double-~bond distance

1.257(4) £ is a pe

termediate between single- and double-bond lengths.

Table 3. Crvstal and data collection summary
Empirical formula C14H14N4O
Formula weight 254,29
Crystal system orthorhombic
Space group Pnma No.: 62
Temperature (K) 293(1)
Unit cell

a (&) 20.699(4)

b 6.961(1)

c 8.898(2)
vVolume (83) 1282.1
z 4
F (000) 536
Dx(gcm_3) 1.317
i (MoKa) (em™ 1) 0.817
Size of crystal (mm) 0.4 x 0.4 x 0.6
Scan method w - 26
8 hax (deg) 25

26 scan width (deq)

)

Maximum scan time (s)

Scan rate (degmin_

Aperture (mm)
Background

Reference reflections
Intensity decrease (%)
Measured reflections
Averaged reflections
Mean discrepancy on I (%)
Observed reflections

Unobserved reflections

0.8 + 0.4tgse

min 2.0, max 20.1
40

2.4 + 0.9tgse

1/4 of the scan time at
each of the scan limit

129, 03793, 402
1.4

4832

1235
4.2

802

433
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Table 4. Refinement parameters
Scale factor 0.949
Number of contributing reflections (m) 904
Number of variables (n) 146
m/n ratio 6.2
Weighting function empirical
w = Wg - Wy
We(IF,1<4.0) = (IFg1/4.0)30
We(4.0<|Fg1<12.0) = 1.0
We(12.0<[Fgl) = (12.0/1F 1) "3
Wy (5ing<0.27) = (sin8/0.27)2:0
W;(0.27<sin<0.35) = 1.0
W (0.35<sin6) = (0.35/sing)%-0
[L(AF)2/(m-n)]"/2 0.3564
R 0.045
R, 0.045
Average shift/error 0.03
Maximum shift/error 0.30 (U H(74))
Final difference map
Boga, (eR™3) 0.18
Bogi, (ed™) -0.24

Table 5. Final Fractional Coordinates (x104) and Equivalent Isotropic
Temperature Factors, U (32x103) of Nonhydrogen Atoms

eq

X y z Ueq
N(1) 89(1) 2500 1166(3) 67(2)
N(2) 376(1) 2500 -79(3) 75(2)
C(3) 1087(2) 2500 96(3) 62(2)
C(31) 1352(2) 4304(4) -658(3) 80(2)
C(4) 1718(1) 2500 2678(3) 63(2)
0 2281(1) 2500 2240(3) 102(2)
N(5) 1569(1) 2500 4192(3) 56(1)
C(51) 2090(2) 2500 5297(5) 81(3)
N(6) 973(1) 2500 4807(2) 49(1)
C(7) 464(1) 2500 3945(3) 44(1)

c(71) =171(1) 2500 4726(3) 44(1)



C(72) -194(1)
C(73) -773(2)
C(74) -1349(2)
C(75) -1332(2)
C(76) -748(1)
C(8) 562(1)
C(9%) 11 1)
Table 6. Bond Lengths and

Bond lengths (K)

N(1) - N(2)
N(1) - C(8)
N(2) - C(3)
C(3) - C(9)
C(3) - C(31)
C(9) - C(4)
C(9) - C(8)
C(4) - N(5)
C(4) - O

N(5) - N(6)

Bond angles (°)

C(8)-N(1)-N(2)
N(1)-N(2)-C(3)
N(2)-C(3)-C(9)
N(2)-C(3)-C(31)
C(31)-C(3)-C(9)
C(31)-C(3)-C(31)"
C(3)-C(9)-C(4)
C(3)-C(9)-C(8)
C(4)-C(9)-C(8)
C(9)-C(4)-N(5)
€(9)-C(4)-0
N(5)-C(4)-0
C(4)-N(5)-N(6)
C(4)-N(5)-C(51)
N(6)~-N(5)-C(51)

Pyrazolo/3,4-p/pyridazine derivatives

.257(4)
L445(4)
.480(4)
.483(4)
.525(4)
.420(4)
.345(4)
.381(4)
.229(4)
.349(3)

O i i S

109.1(2)
112.2(3)
101.7(2)
108.1(2)
113.7(2)
110.8(3)
131.0(3)
107.9(2)
121.1(3)
112.5(2)
126.1(3)
121.4(3)
126.8(2)
119.5(2)
113.7(2)

Angles for Nonhydrogen Atoms

6280(3)
7028(4)
6255(4)
4722(4)
3954(4)

N(5) - C(51)
N(6) - C(7)
C(7) - C(8)
C(7) - C(71)

C(71) - C(72)
C(72) - C(73)
C(73) - C(74)
C(74) - C(75)
C(75) - c(76)
C(76) - C(71)

N(5)-N(6)-C(7)
N(6)-C(7)-C(8)
N(6)-C(7)-C(71)
C(8)-C(7)-C(71)
C(7)-C(8)-N(1)
C(7)-C(8)-C(9)
N(1)-C(8)-C(9)
C(7)-C(71)-C(72)
C(7)-C(71)-C(76)
C(76)-C(71)-C(72)
C(71)-C(72)-C(73)
C(72)-C(73)-C(74)
C(73)-C(74)-C(75)
C(74)-C(75)-C(76)
C(75)-C(76)-C(71)

T e I | (i I (Y

120.
117.
116.
126.
129.

121

121
121

120

.459(5)
.304(3)
.425(4)
.487(4)
.384(4)
.371(5)
.376(5)
.365(5)
.388(5)
.378(4)

0(2)
8(2)
1(2)
1(2)
1(2)

.8(2)
109.
119.
122.
117.

1(2)
9(2)
2(2)
9(3)

.0(3)
.0(3)
118.
120.

5(3)
9(3)

.6(3)
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