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Bis(indazol-3-ol) derivatives (5, 30-38) were prepared by alkyla-
tion of 3-alkoxyindazoles with a,w-dibromides, followed by re-
moval of the O-protecting groups. These compounds were subse-
quently evaluated as inhibitors of biocrystallization of ferriproto-
porphyrin IX (heme) to hemozoin, a Plasmodium detoxification

Introduction

In recent years, we have developed different methods of the
synthesis of indazoles,"™ indoles,” cinnolines® and quinoxa-
lines.”? Some of these compounds have shown interesting
properties as cytostatic drugs®™® and/or antiparasitic agents
against Trypanosoma cruzi*® and Trichomonas vaginalis *°

In silico investigations followed by the synthesis and screen-
ing of the predicted active compounds as inhibitors of biomin-
eralization (or more appropriately, biocrystallization) of ferripro-
toporphyrin IX (heme) to hemozoin,"” led to the discovery of
indazole 5, and its potential as an antimalarial drug."™ 1,1"-(o-
Xylylene)bis(indazol-3-ol) (5) had previously been obtained in
low yield (24 %) as a by-product in the preparation of the cyto-
static agent 4 starting from 5-nitroindazolol (1) and o,a/-dibro-
mo-o-xylene (2) (Scheme 1).?
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Scheme 1. Reported synthesis of compound 5. Reagents and conditions:
a) K,CO,, acetone, reflux, 5 h.
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specific process. Most bis(5-nitroindazol-3-ols) were good inhibi-
tors, however, a denitro analogue (38), the intermediate bis(3-al-
koxyindazoles) (15-29) as well as bis(indazolin-3-ones) (39-42)
were not active, showing the importance of the NO, and OH
groups in the inhibition process.

Malaria, mainly caused by the protozoan Plasmodium falcipa-
rum, is one of the most deadly diseases in the world, affecting
400-500 million people and causing 1-2 million deaths each
year. Plasmodium ingest and digest large amounts of hemo-
globin within their digestive vacuole at the intraerythrocytic
stage, in order to obtain the amino acids needed to synthesize
their own proteins. After cleavage of the peptidic chain, the re-
maining ferriprotoporphyrin IX is toxic and it is converted
through a Plasmodium specific biocrystallization process into
the inert pigment called hemozoin (3-hematin). Chloroquine, a
known antimalarial agent hypothesized to act by inhibiting the
detoxification of heme,">'¥ has been the mainstay of antima-
larial treatments for decades but, the emergence of resistant
parasites in the early 1960 s has seriously limited its efficacy. It
is generally assumed that this same mechanism, i.e., the pre-
vention of hemozoin formation leading to enhanced heme
toxicity, also mediates the antimalarial activities of some chlor-
oquine analogues, antifungal imidazoles, xanthones, porphyr-
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ins, acridines, etc., as well as that of methylene blue and some
related phenothiazines."® Much of the current efforts against
malaria are directed towards the identification of new targets
and drugs, but the therapeutic void produced by the develop-
ment of resistance to chloroquine, and related analogues, has
not yet been filled satisfactorily.™

Results and Discussion

Owing to the therapeutic potential of compound 5, we first at-
tempted to improve the efficacy of the synthesis shown in
Scheme 1. We carried out modifications in reaction tempera-
ture, solvents, molecular ratios of reagents, etc., however, no
improvement in yield was achieved; in all cases, the intramo-
lecular cyclization of the 1-substituted indazolol intermediate 3
to the fused derivative 4 is preferred over reaction with a
second molecule of compound 1 to yield o-xylylenebis(inda-
zol-3-ol) (5).

This led us to develop a different method for the prepara-
tion of compound 5 and several analogues carrying different
linker moieties between the two indazole systems. The synthe-
sis was based on the alkylation of 3-alkoxyindazole derivatives
8-10, a reaction that is known to afford 3-alkoxy-1-alkylinda-
zoles exclusively.">'® The 3-alkoxy analogues of compound 3,
such as the expected intermediates 14 are not able to undergo
intramolecular cyclization (Scheme 3). 3-Alkoxyindazoles 8-10
were prepared, together with the corresponding 2-alkylindazo-
linones 11-13, respectively, by treatment of 1-(ethoxycarbon-
yliindazolols 6 and 7 with the corresponding alkyl halides,
followed by removal of 1-protecting group as previously
described (Scheme 2).B1>17
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8 R=Bn,Y=NO, 11 R=Bn, Y =NO,
6 Y =NO, 9 R=Me, Y =NO, 12 R=Me, Y =NO,
7 Y=H 10R=Me,Y=H 13 R=Me, Y =H

Scheme 2. Synthesis of 3-alkoxyindazoles 8-10 and the corresponding 2-al-
kylindazolin-3-ones 11-13. Reagents and conditions: a) K,CO; or Cs,CO;, ace-
tone, reflux, 24 h, and then KOH, EtOH, RT, 1 h.

Alkylation of compounds 8-10 with the required a,w-dibro-
mides afforded bis(3-alkoxyindazole) derivatives 15-29 in good
yields (Scheme 3). In the synthesis of 1,1"-ethylenebis(3-me-
thoxyindazole) 25, the 1-(2-bromoethyl)indazole intermediate
14 (R=CH;, Y=NO,, Z=[CH,],) underwent partial hydrogen
bromide elimination to afford the corresponding 3-methoxy-1-
vinyl derivative as a by-product; consequently, some starting
material 9 remained unreacted in this process.

We have previously described the sensitivity of 3-(benzyloxy)-
indazoles to acids;®** treatment of compounds 15-19 with hy-
drobromic acid afforded the corresponding indazol-3-ols 5,
30-33. Analogously, we have found that 3-methoxy substitut-

ChemMedChem 20009, 4, 78 -87

© 2009 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

OR OR
Y. Y.
\ L \
T =
H N\Z B
8-10 14
aJ&-m
OR RO
P 3\ 333 Y
6 oN N\
7 N\Z/N e
15-29

Jb
OH HO
Y- { ) Y
N\Z/N

5,30-38
R=Bn R=Me R=Me
z Y=NO,Y=NO, Y=H Y=NO,Y=H
15 20 29 5 38
16 21 - 30 -
17 22 - 31 -
18 23 - 32 -
H,C
/@\ 19 24 - 33 -
NS
H,C~ "N” “CH,
[CHL, - 25 - 34 -
[CH,l4 - 26 - 35 -
[CH,]5 - 27 - 36 -
[CH_ls - 28 - 37 -

Scheme 3. Synthesis of 1,1"-hydrocarbylenebisindazole derivatives 5, 15-29
and 30-38. Reagents and conditions: a) K,CO,, acetone, reflux, 3-24 h; b)
48% aq HBr, reflux, 1-3 h.

ed indazoles, like the corresponding methoxy-substituted pyra-
zoles,"® can also be cleaved with hydrobromic acid. Following
this method, we have prepared compounds 5, 30-33, polyme-
thylenebis(indazol-3-ols) 34-37, and o-xylylene derivative 38, a
denitro analogue of the lead compound 5. Additionally, start-
ing from 2-substituted indazolinones 11 and 12 and the corre-
sponding a,w-dibromides, we also prepared bis(indazolin-3-
one) derivatives 39-42 (Scheme 4). According to the literature
data, alkylation of the 2-substituted indazolin-3-ones affords
only the corresponding 1,2-disubstituted derivatives. &'>'¢

The prepared indazoles were tested as inhibitors of ferri-

protoporphyrin IX biocrystallization;™" hydrocarbylenebis(indazol-
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Scheme 4. Synthesis of 1,1"-hydrocarbylenebis(indazolin-3-ones) 39-42. Re-
agents and conditions: a) K,CO,, acetone, reflux, 10-20 h.

3-ols) (30-33, 36, 37) were, in most cases, more active than
the control (chloroquine diphosphate, IC;,=28 um), but similar
in activity to that of the lead compound 5 (Table 1). Only ethyl-

Table 1. Activity of hydrocarbylenebis(indazol-3-ols) 5 and 30-38 on the
ferriprotoporphyrin IX biocrystallization inhibition test (FBIT).>*!

Compound 1Cso (UM) Compound 1Cso (LM)
5 11+4 34 > 1000
30 2146 35 -
31 20+5 36 22+4
32 12+3 37 14+5
33 21+4 38 > 1000

[a] Chloroquine difosfate: IC5o=2846 um. [b] The assayed bis(3-alkoxyin-
dazoles) (15, 16, 19, 20-24, 27 and 28) and bis(indazolin-3-ones) (42) are
not active (IC5o> 1000 um). [c] Compound 35 could not be tested due to
solubility issues.

ene derivative 34 and o-xylylene derivative 38 were inactive,
while tetramethylenebis(indazol-3-ol) (35) could not be evalu-
ated owing to low solubility. The 3-benzyloxyindazoles (15, 16
and 19), 3-methoxyindazoles (20-24, 27 and 28) and bis(inda-
zolin-3-one) 42 were all inactive, indicating the importance of
the acidic (ionizable) 3-OH group of the indazolol moiety to
biological activity. In fact, both OH groups, i. e. the bis(indazol-
3-ol) structure, play a crucial role in the activity of the mole-
cule, as simple 1-substituted 5-nitroindazol-3-ols show only
very weak inhibitory activity [e. g. the chloro analogue of inter-
mediate 3 (IC;,=1.65 mm), related to bisindazolol 5 or 1-(4-
chlorobutyl)indazolol 43 (IC;,=1.91 mm), related to bisinda-
zolol 35] or are inactive [e. g. the “half-analogue” of bisindazo-
lol 33, 1-(2-picolyl)indazolol 44 (IC;,>5 mm)]."”

The biological activity of these compounds may be derived
from their interaction with ferriprotoporphyrin IX, preventing
biocrystallization to hemozoin. It is possible that the interac-
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1 R=H,Y=NO, 48R =Me, Y = NO,
43 R=[CH,],Cl, Y =NO, 47R=Me, Y =H
44 R = 2-picolyl, Y =NO, 48R =Bn,Y =NO,
45 R=H,Y=H 49R=Bn,Y=H

tion of bisindazololate bidentate ligands with the porphyrin
iron hinders the interactions necessary for biocrystallization, i.e.
the reciprocal bonds of Fe** with the propionate of an adja-
cent heme to yield dimers, which in turn form chains linked by
hydrogen bonds in the crystal structure;'? st-m interactions be-
tween indazole and porphyrin rings, similar to those postulat-
ed for chloroquine-heme complexes, must also be taken into
consideration.">?”

It is probably that derivative 34 is not an appropriate ligand
since the ethylene linker chain is too short to provide an ade-
quate distance between the two indazololate moieties. Addi-
tionally, it seems that an appropriate pK, value is also very im-
portant for interaction of indazol-3-ols with heme. In fact, we
suspected that the 5-nitroindazol-3-ol moiety present in the
active compounds 5, 30--33, 36 and 37 was more acidic than
the corresponding indazol-3-ol unit present only in the inactive
compound 38.2" In order to clarify this point, we undertook,
as reported for related indazolols,*?? a potentiometric deter-
mination of pK, values for compounds 5 and 38 as well as
those of the simple analogues 1 and 45-49; owing to the very
low solubility of the nitroindazolols and the bisindazolols 5
and 38 in water, measurements in a dimethyl sulfoxide/water
2:1 (v/v) mixture were also carried out for comparative purpos-
es. According to the results gathered in Table 2, pK, values for
1-substituted 5-nitroindazol-3-ols in dimethyl sulfoxide/water
are ~2 units lower than those of the corresponding 5-H ana-
logues (pairs 5/38, 46/47 and 48/49, respectively). pK, values
of indazolols in water are ~1-2 units lower than those ob-
served in the dimethyl sulfoxide/water mixture but, despite
the incomplete results, it is evident that 5-NO, derivatives are

Table 2. pK, values of compounds 1, 5, 38 and 45-49 measured by po-
tentiometric titration at 25°C.

Compound pK, PK,
(H,0) [(CH,),SO/H,0 2:1 (v/v)]
1 6.07£0.03 7.02+0.02
5 -t 8.0440.03"
38 el 10.03 4+ 0.04"!
45 8.21+0.03¢ 10.27 +£0.03
46 5.98+0.05 7.98+0.03
47 7.60+0.03 9.85-+0.03
48 @ 7.85+0.04
49 7.44+0.0319 9.86+0.02

Literature values; 7.21.%2

[a] Compound insoluble in water, pK, could not be measured by poten-
tiometric titration in this solvent. [b] Only one inflection point observed
in the titration curves, pK, value given is the average of the expected and
close pK,, and pK,, values. [c] Literature value; 8.044-0.02," 8.28. *? [d]
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still more acidic than the corresponding 5-H analogues
(ApK,=-2.14 and -1.62 for the pairs 1/45 and 46/47, respec-
tively).

Theoretical and experimental studies, similar to those carried
out on the complexes of antimalarial drugs or other ligands
with porphyrins,?®? directed to better understanding of the
interaction of the bisindazolols with ferriprotoporphyrin IX are
planned for the near future.

Finally, compounds 5, 32 and 37 were tested for in vivo anti-
malarial activity in mouse by the classical 4 day suppressive
test against Plasmodium berghei (ANKA strain),*” but none of
them showed activity at the evaluated doses (100 and
50 mgkg~day"). The acidic properties (pK, ~6) of the prepared
bis(5-nitroindazol-3-ols), suggest that they are ionized at phys-
iological pH, leading to poor pharmacokinetic properties in
mice, and potentially preventing the passage of these mole-
cules through the four membranes that lock up the “active
site”, i.e., the digestive vacuole of intraerythrocytic parasites.
The synthesis of some 3-0,3'-O-diprotected 1,1’-hydrocarbyle-
nebis(indazol-3-ols), neutral (nonionizable) and labile prodrugs
of the active compounds, is being carried out in order to
circumvent this problem.

Conclusions

According to a FBIT method, 1,1"-hydrocarbylenebis(indazol-3-
ols) are good inhibitors of biocrystallization of heme to hemo-
zoin. A 5-NO, group, imparting an appropriate pK, value (~6)
to the indazolol moieties, seems essential for activity. On the
other hand, the activities of most 5-nitro derivatives are similar
or higher than that of chloroquine, showing that a broad
range of aliphatic or aromatic chains are effective as linkers of
the two indazolol moieties; only ethylene chain seems to be
too short to allow an adequate interaction of the compound
with heme. However, further work is needed to understand
the mechanism of heme biocrystallization inhibition, and to
convert these products into useful antimalarial drugs.

Experimental Section

General methods: Melting points were determined using a Stuart
Scientific melting point apparatus SMP3. 'H (300, 400 or 500 MHz)
and "C (75, 100 or 125 MHz) NMR spectra were recorded on a
Varian Unity 300, Bruker Avance 300, Varian Inova 400 or Varian
System 500 spectrometer, the latter was equipped with a HCN cold
probe. The chemical shifts are reported relative to TMS (6 scale),
and corrected against the residual solvent signal [(CD,),SO: d,=
2.49 ppm, 6.=39.50 ppm; C;DsN ([Dslpyridine): 6,=8.71 ppm (2-
and 6-H), 6.=149.90 ppm (C-2 and -6)]. J values are given in Hz
The assignments have been performed by means of different 1D
and 2D standard experiments (NOE, gCOSY, gHSQC and gHMBCQ).
Most NMR spectra were recorded at room temperature (~20°C),
however, owing to solubility problems, some spectra were record-
ed at elevated temperatures (60-80°C) as indicated. Numbering
used in the description of NMR spectra is given in Scheme 3. Elec-
tron impact (El) and electrospray (ES+) mass spectra were obtained
at 70 eV on a Hewlett Packard 5973 MSD spectrometer or on a
Hewlett Packard 1100 MSD spectrometer, respectively. DC-Alufolien
silica gel 60 PF,s, (Merck, layer thickness 0.2 mm) was used for TLC,
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and silica gel 60 (Merck, particle size 0.040-0.063 mm) for flash
column chromatography. Microanalyses were performed by the
Departamento de Andlisis, Centro de Quimica Organica “Manuel
Lora Tamayo”, CSIC, Madrid (Spain). Potentiometric titrations were
carried out with a Metrohm 654 pH meter. Ferriprotoporphyrin IX
biocrystallization inhibition test (FBIT)"" and in vivo activity against
Plasmodium berghei (ANKA strain) in mice® were carried out ac-
cording to the respective literature procedures. The animal experi-
ments were carried out in accordance with the guidelines pub-
lished by the European Council (86/609ED), and controlled in Spain
by Royal Decree (223/1988, March 14), on the protection of ani-
mals used for experimental and other scientific purposes. 'H and
3C NMR spectra of the prepared 1-substituted indazol-3-ols (5, 30-
38), 3-alkoxy-1-alkylindazoles (15-29) and 1,2-disubstituted indazo-
lin-3-ones (39-42) are in agreement with the data previously re-
ported for related compounds.”** Owing to atropisomerism, pro-
tons of NCH, groups of biphenyl derivatives 18, 23 and 32 are dia-
stereotopic; they have been distinguished in the description of
spectra as H, and Hg.

Preparation of 1-ethoxycarbonyl-1H-indazol-3-ol (7): Ethyl chloro-
formate (5.53 g, 51 mmol) was slowly added to a suspension of 1H-
indazol-3-ol (or 3-indazolinone) (6.71 g, 50 mmol) in pyridine
(35 mL), and the reaction mixture was stirred for 30 min at RT.
After addition of further ethyl chloroformate (~1 mL), the reaction
was stirred for 30 min and then poured into water (400 mL) and
stored in the refrigerator overnight. The precipitate was collected
by filtration, washed with water (200 mL) and acetone (3x50 mL),
and then air dried to give the title compound, which was used
without further purification. Yield: 8.87 g (86%); mp: 195-197°C
(AcOH) (lit. 193°C;" lit. 198-201°C*?).

Preparation of 3-benzyloxy-5-nitroindazole (8) and 2-benzyl-5-
nitroindazolinone (11): A mixture of 1-ethoxycarbonyl-5-nitroinda-
zolol 6 (7.54 g, 30 mmol), K,CO, (4429, 32 mmol) and BnBr
(5.47 g, 32 mmol) in acetone (500 mL) was refluxed while stirring
for 24 h and then evaporated to dryness. KOH in EtOH (0.4 N,
90 mL) was added to the residue and the solution was stirred for
1 h at RT and then evaporated to dryness. After addition of water
(250 mL) to the residue, the insoluble material was collected by fil-
tration, washed with water and air dried; the resultant solid was a
mixture (84/12/4 molar ratio; 80/15/5 weight ratio) of the 3-benzy-
loxy derivative 8 and the corresponding 1,2-dibenzylindazolinone
and 1-benzyl-3-benzyloxyindazole. We have previously reported
the isolation of pure compound 8 from this mixture by preparative
TLC;®! when larger quantities of compound are involved, column
chromatography (chloroform/acetone, 20:1) or recrystallization
(AcOH) is more convenient. In fact, the mixture can be used direct-
ly in the following step since the by-products do not react and are
easily removed during the workup. On the other hand, after collec-
tion of crude compound 8, the basic filtrate was extracted with
chloroform (3x50 mL) and then acidified (pH 4) with AcOH; the
precipitate was collected by filtration, washed with water and air
dried to give 2-benzylindazolinone 11 without the need for further
purification.

3-Benzyloxy-5-nitro-1H-indazole (8): Yield: 2.42 g (30 %; recrystalli-
zation, two crops); 3.39g (42%, by column chromatography;
0.59 g of 1,2-dibenzyl-5-nitroindazolinone® and 0.16 g of 1-benzyl-
3-benzyloxy-5-nitroindazole® were also obtained); Ry =0.22 (com-
pound 8), 0.35 (1,2-dibenzyl derivative), 0.70 (1-benzyl-3-benzyloxy
derivative) (chloroform/acetone, 20:1); mp: 148-150°C (AcOH) (lit.
148-150°C.7).
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2-Benzyl-5-nitro-1,2-dihydro-3H-indazol-3-one (11): Yield: 3.80 g
(47 %); mp: 209-211°C (1-propanol) (lit. 210-212°C?),

Preparation of 3-methoxy-5-nitroindazole (9) and 2-methyl-5-ni-
troindazolinone (12): Prepared as described for analogues 8 and
11, starting from 1-ethoxycarbonyl-5-nitroindazolol (6)® (7.54 g,
30 mmol), K,CO; or Cs,CO; (32 mmol) and excess Mel (6 mL) in ace-
tone (500 mL). The corresponding 3-methoxy derivative 9 was iso-
lated by filtration, washed with water, etc., and used without the
need for further purification. The basic filtrate was treated as
before and afforded 2-methylindazolinone 12 as pure material.

3-Methoxy-5-nitro-1H-indazole (9): Yield: 2.14g (37%) (using
K,CO,), 2.84 g (49%) (using Cs,CO;); mp: 223-225°C (1-propanol).
'H NMR [300 MHz, (CD5),SO1: 6=12.70 (1H, br s, NH), 8.49 (1H, d,
J=22,4-H), 814 (1H, dd, J=9.3, J=2.2, 6-H), 7.51 (1H, d, J=9.3,
7-H), 4.03 ppm (3H, s, CH;); *C NMR [75 MHz, (CD5),SO]: 6 = 158.28
(C-3), 143.19 (C-7a), 140.27 (C-5), 121.98 (C-6), 117.33 (C-4), 110.84
(C-7), 110.22 (C-3a), 56.30 ppm (CH;); MS (El): m/z (%): 193 (MY,
100), 178 (11), 163 (13), 147 (19), 119 (23), 92 (14). Anal. calcd. for
CgH;N;0; (193.16): C, 49.74; H, 3.65; N, 21.75. Found: C, 49.86; H,
3.71; N, 21.59.

2-Methyl-5-nitro-1,2-dihydro-3H-indazol-3-one (12): Yield: 3.24 g
(56%) (using K,CO,), 2.67 g (46%) (using Cs,CO;); mp: 264-267 °C
(decomp) (1-propanol). '"H NMR [300 MHz, (CD,),SO]: 6 =12.04 (1H,
br s, NH), 845 (1H, d, /=22, 4-H), 8.25 (1H, dd, J=9.2, J=2.2, 6-
H), 739 (1H, d, J=9.2, 7-H), 346 ppm (3H, s, CH;); "*CNMR
[75 MHz, (CD5),SO]: 6=158.35 (C-3), 145.53 (C-7a), 140.35 (C-5),
125.72 (C-6), 120.30 (C-4), 114.47 (C-3a), 111.87 (C-7), 30.58 ppm
(CH,); MS (ED): m/z (%): 193 (M™*, 100), 165 (8), 147 (27), 119 (9), 104
(8). Anal. calcd. for CgH,N;0; (193.16): C, 49.74; H, 3.65; N, 21.75.
Found: C, 49.50; H, 3.67; N, 21.62.

Preparation of 3-methoxyindazole (10) and 2-methylindazoli-
none (13): Prepared as described for analogues 8 and 11, starting
from 1-(ethoxycarbonyl)indazolol (7) (6.18 g, 30 mmol), K,CO,
(4.42 g, 32 mmol) and excess Mel (6 mL) in acetone (500 mL). After
treatment with KOH and evaporation to dryness as described,
water (20 mL) was added; the insoluble material was collected by
filtration, washed with water (3x10 mL) and air dried to give pure
3-methoxyindazole (10). The basic filtrate was concentrated to
10 mL, acidified with AcOH (pH 5) and stored in the refrigerator
overnight. The precipitate was collected by filtration, washed with
cold 5% ag AcOH (2x5 mL) and air dried to give pure indazol-3-
one (13); concentration of the filtrate afforded a second crop of
crystals.

3-Methoxy-1H-indazole (10): Yield: 1.29 g (29%); mp: 103-104°C
(2-propanol/water) (lit. 104-105 °CI'™),

2-Methyl-1,2-dihydro-3H-indazol-3-one (13): Yield: 3.02 g (68%);
mp: 198-205°C (decomp) (water) (lit. 192-200°C (decomp);" lit.
207-214°C%),

Preparation of bis(3-alkoxyindazole) derivatives 15-29: A mix-
ture of the required 3-alkoxyindazole (8, 9 or 10) (3.00 mmol), the
corresponding dibromo derivative (1.52 mmol) and K,CO; (0.80 g,
excess) in acetone (40 mL) was refluxed for 3-4 h (for 15-24) or
24 h (for 25-29). The mixture was then evaporated to dryness and
the residue triturated with EtOH (5 mL). In each case, the insoluble
material was collected by filtration, washed with EtOH (2x5 mL)
and water (3x50 mL) and air dried to give the desired derivative.

82 www.chemmedchem.org

© 2009 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

V. J. Ardn, A. R. Martinez-Ferndndez et al.

In the preparation of compound 25, the EtOH extract of the crude
reaction material was evaporated to dryness, and the obtained
mixture (153 mg) was separated by flash column chromatography;
elution with chloroform afforded 3-methoxy-5-nitro-1-vinyl-1H-in-
dazole (82 mg, 12%) and further elution with a chloroform/MeOH
mixture (50:1) gave the unreacted starting 3-methoxyindazole 9
(56 mg, 10%).

1,1’-(o-Xylylene)bis(3-benzyloxy-5-nitro-1H-indazole) (15): Yield:
0.89g (93%); mp: 176-177°C (2-butanone). 'H NMR [300 MHz,
(CD,),SO]: 0=8.55 (2H, d, J=2.1, 4- and 4'-H), 8.20 (2H, dd, /=93,
J=2.1, 6- and 6"-H), 7.74 (2H, d, /=93, 7- and 7’-H), 7.48 (4H, m,
Bn 2- and 6-H), 7.33 (6H, m, Bn 3-, 4- and 5-H), 7.18 (2H, m, 4"-
and 5”-H), 6.84 (2H, m, 3""- and 6"-H), 5.81 (4H, s, NCH,), 5.38 ppm
(4H, s, OCH,); ®CNMR [125 MHz, (CD,),SOl: 6=156.92 (C-3 and
-3'), 142.83 (C-7a and -7'a), 140.71 (C-5 and -5'), 136.16 (Bn C-1),
134.86 (C-1” and -2"), 128.43 (Bn C-3 and -5), 128.22 (two over-
lapped signals; Bn C-2, -4 and -6), 128.06 (C-4” and -5"), 127.86 (C-
3” and 6"), 122.57 (C-6 and -6'), 117.76 (C-4 and -4), 111.24 (C-3a
and -3'a), 110.50 (C-7 and -7'), 70.65 (OCH,), 49.48 ppm (NCH,); MS
(EN): m/z (%): 549 (IM—Bn]*, 18), 370 (9), 280 (100), 264 (5), 234 (13),
91 (87). Anal. calcd. for C3H,NgOg (640.64): C, 67.49; H, 4.41; N,
13.12. Found: C, 67.23; H, 4.59; N, 12.95.

1,1’-(m-Xylylene)bis(3-benzyloxy-5-nitro-1H-indazole) (16): Yield:
0.90 g (94%); mp: 140-142°C (ethyl acetate). '"H NMR [300 MHz,
(CD,),SO]: 6=8.40 (2H, d, J=2.1, 4- and 4'-H), 8.07 (2H, dd, /=93,
J=2.1, 6- and 6-H), 7.61 (2H, d, J=9.3, 7- and 7"-H), 7.47 (4H, m,
Bn 2- and 6-H), 7.36 (6H, m, Bn 3-, 4- and 5-H), 7.30 (1H, t, J=7.1,
5"-H), 7.18 (2H, d, J=7.1, 4’- and 6"-H), 6.52 (1H, s, 2"-H), 5.50
(4H, s, NCH,), 5.29 ppm (4H, s, OCH,); *C NMR [75 MHz, (CD5),SOI:
0=156.78 (C-3 and -3'), 142.60 (C-7a and -7'a), 140.42 (C-5 and -5),
137.43 (C-1" and -3"), 136.04 (Bn C-1), 128.87 (C-5"), 128.36 (Bn C-3
and -5), 128.14 (Bn C-4), 128.04 (Bn C-2 and -6), 126.37 (C-4” and
-6"), 124.77 (C-2"), 122.16 (C-6 and -6), 117.37 (C-4 and -4'), 110.95
(C-3a and -3’a), 110.14 (C-7 and -7'), 70.51 (OCH,), 51.43 ppm
(NCH,); MS (ES+): m/z (%): 1303 ([2M+Nal®, 8), 663 (IM+Nal*, 75),
641 (IM+H]*, 100). Anal. calcd. for C5HsNgOg (640.64): C, 67.49; H,
4.41; N, 13.12. Found: C, 67.22; H, 4.17; N, 13.22.

1,1’-(p-Xylylene)bis(3-benzyloxy-5-nitro-1H-indazole) (17): Yield:
0.88 g (92%); mp: 211-213°C (nitromethane). '"H NMR [300 MHz,
(CD,),S01: 6=8.53 (2H, d, J=2.2, 4- and 4'-H), 8.19 (2H, dd, J=9.5,
J=22, 6- and 6'-H), 7.80 (2H, d, /=9.5, 7- and 7’-H), 7.50 (4H, m,
Bn 2- and 6-H), 7.32 (6H, m, Bn 3-, 4- and 5-H), 7.14 (4H, s, 2"'-, 3"-,
5”- and 6”-H), 5.52 (4H, s, NCH,), 5.40 ppm (4H, s, OCH,); *C NMR
[75 MHz, (CD,),SO]: 6 =156.83 (C-3 and -3'), 142.58 (C-7a and -7'a),
140.63 (C-5 and -5), 136.33 and 136.18 (C-1” and -4”, and Bn C-1),
12832 (Bn C-3 and -5), 128.17 (Bn C-2 and -6), 128.06 (Bn C-4),
127.56 (C-2”, -3", -5 and -6"'), 122.40 (C-6 and -6'), 117.61 (C-4 and
-4’), 111.26 (C-3a and -3'a), 11042 (C-7 and -7'), 70.57 (OCH,),
51.38 ppm (NCH,); MS (ES+): m/z (%): 663 (IM+Nal*, 25), 641 (IM
HI*, 75), 105 (100). Anal. calcd. for C3H,gNsOg (640.64): C, 67.49; H,
4.41; N, 13.12. Found: C, 67.57; H, 4.36; N, 13.29.

1,1’-[(2,2'-Biphenyldiyl)bismethylenelbis(3-benzyloxy-5-nitro-1H-
indazole) (18): Yield: 0.95 g (88%); mp: 193-195°C (2-butanone).
'H NMR [300 MHz, (CD,),SOl: 6=8.45 (2H, d, J=2.0, 4- and 4'-H),
8.02 (2H, dd, /=93, J=2.0, 6- and 6"-H), 7.40 (4H, m, Bn 2- and 6-
H), 7.28 (10H, m, 4”-, 5”-, 4”- and 5"-H, and Bn 3-, 4- and 5-H),
7.15(2H, d, J=9.3, 7- and 7'-H), 7.09 (4H, m, 3"-, 6"-, 3"’and 6"'-H),
5.28 (4H, s, OCH,), 5.26 (2H, d, J=-15.9, NCH,), 5.14 ppm (2H, d,
J=-15.9, NCH;); *C NMR [75 MHz, (CD,),S0]: 6=156.81 (C-3 and
-3), 142,59 (C-7a and -7'a), 140.34 (C-5 and -5'), 138.80 (C-2” and
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-2"""), 136.04 (Bn C-1), 134.22 (C-1” and -1""), 129.89 and 128.66 (C-
3”,-6",-3"" and -6'"), 128.32 (two overlapped signals; Bn C-2, -3, -5
and -6), 128.16 (Bn C-4), 128.03 and 127.82 (C-4”, -5", -4"” and -5""),
122.09 (C-6 and -6'), 117.45 (C-4 and -4’), 110.85 (C-3a and -3'a),
109.80 (C-7 and -7'), 70.51 (OCH,), 49.92 ppm (NCH,); MS (ES+):
m/z (%): 739 (IM+Na]t, 34), 717 (IM+H]I*, 100). Anal. calcd. for
CoH5NgOg (716.74): C, 70.38; H, 4.50; N, 11.73. Found: C, 70.15; H,
4.67; N, 11.62.

1,1’-[(2,6-Pyridinediyl)bismethylene]bis(3-benzyloxy-5-nitro-1H-
indazole) (19): Yield: 0.71 g (74%); mp: 142-144°C (EtOH). 'H NMR
[300 MHz, (CD5),S0]: 6=8.32 (2H, d, J=2.1, 4- and 4’-H), 7.94 (2H,
dd, /=93, J=2.1, 6- and 6-H), 7.77 (1H, t, J=7.8, 4"-H), 7.47 (4H,
m, Bn 2- and 6-H), 7.36 (8H, m, 7- and 7’-H, and Bn 3-, 4- and 5-H),
7.19 (2H, d, J=7.8, 3"- and 5"-H), 5.54 (4H, s, NCH,), 5.27 ppm (4H,
s, OCH,); CNMR [75 MHz, (CD,),S0]: 6=156.64 (C-3 and -3'),
155.75 (C-2” and -6"), 143.17 (C-7a and -7'a), 140.15 (C-5 and -5'),
137.99 (C-4"), 136.14 (Bn C-1), 128.39 (Bn C-3 and -5), 128.15 (Bn C-
4), 128.09 (Bn C-2 and -6), 121.77 (C-6 and -6'), 120.65 (C-3” and
-5"), 117.17 (C-4 and -4'), 110.71 (C-3a and -3'a), 110.32 (C-7 and
-7), 7043 (OCH,), 53.03 ppm (NCH,); MS (ES+): m/z (%): 664
(IM+Nal*, 20), 642 (IM+H]T, 100). Anal. calcd. for C3H,,N,Oq4
(641.63): C, 65.52; H, 4.24; N, 15.28. Found: C, 65.59; H, 4.11; N,
15.02.

1,1’-(o-Xylylene)bis(3-methoxy-5-nitro-1H-indazole) (20): Yield:
0.70 g (96%); mp: 224-225°C (nitromethane). 'H NMR [300 MHz,
(CD,),SO1: 6=8.51 (2H, d, J=2.2, 4- and 4-H), 8.20 2H, dd, /=94,
J=2.2, 6- and 6'-H), 7.72 (2H, d, /=94, 7- and 7"-H), 7.18 (2H, m,
4"- and 5”-H), 6.80 (2H, m, 3”- and 6"”-H), 5.82 (4H, s, CH,),
4.03 ppm (6H, s, CH,); *C NMR [75 MHz, (CD,),SO]: 6 =157.78 (C-3
and -3'), 142,94 (C-7a and -7'a), 140.66 (C-5 and -5'), 134.75 (C-1"
and -2"), 128.02 (C-4” and -5"), 127.73 (C-3"” and -6"), 122.51 (C-6
and -6'), 117.65 (C-4 and -4'), 111.05 (C-3a and -3'a), 110.38 (C-7 and
-7'), 56.61 (CH;), 49.43 ppm (CH,); MS (El): m/z (%): 473 (IM—Me]",
27), 294 (43), 280 (100), 264 (6), 248 (28), 234 (30), 218 (9), 206 (8),
104 (15). Anal. calcd. for C,,H,NgO; (488.45): C, 59.01; H, 4.13; N,
17.21. Found: C, 59.30; H, 4.22; N, 16.95.

1,1-(m-Xylylene)bis(3-methoxy-5-nitro-1H-indazole) (21): Yield:
0.69g (94%); mp: 209-210°C (2-butanone). 'H NMR [300 MHz,
(CD,),SO]: 6=8.38 (2H, d, J=2.1, 4- and 4'-H), 8.10 (2H, dd, /=93,
J=2.1, 6- and 6-H), 7.53 (2H, d, J/=9.3, 7- and 7"-H), 7.33 (1H, t,
J=73,5"-H), 7.20 (2H, d, J=7.3, 4”- and 6"-H), 5.94 (1H, s, 2"-H),
548 (4H, s, CH,), 3.86ppm (6H, s, CHy); *CNMR [100 MHz,
(CD,),S0]: 6=157.45 (C-3 and -3'), 142.83 (C-7a and -7'a), 140.39
(C-5 and -5'), 137.60 (C-1"” and -3"), 128.86 (C-5"), 125.95 (C-4” and
-6"'), 123.26 (C-2"), 122.16 (C-6 and -6), 117.42 (C-4 and -4), 110.62
(C-3a and -3'a), 110.17 (C-7 and -7’), 56.39 (CH,), 51.23 ppm (CH,);
MS (El): m/z (%): 488 (IMI*, 100), 458 (5), 427 (5), 311 (7), 296 (73),
280 (21), 249 (28), 104 (39). Anal. calcd. for C,,H,NsO, (488.45): C,
59.01; H, 4.13; N, 17.21. Found: C, 59.23; H, 4.41; N, 17.43.

1,1’-(p-Xylylene)bis(3-methoxy-5-nitro-1H-indazole) (22): Yield:
0.69g (94%); mp: 275-277°C (nitromethane). '"H NMR [300 MHz,
(CD,),SOl1: 6=8.49 (2H, d, J/=2.0, 4- and 4'-H), 8.17 (2H, dd, /=94,
J=20, 6- and 6-H), 7.73 (2H, d, J=9.4, 7- and 7-H), 7.18 (4H, s,
2"-, 3"-, 5”- and 6"-H), 549 (4H, s, CH,), 4.02 ppm (6H, s, CH,);
BCNMR (125 MHz, C,DsN): 6=158.62 (C-3 and -3'), 143.19 (C-7a
and -7'a), 141.33 (C-5 and -5'), 137.10 (C-1" and -4"), 128.21 (C-2",
-3”, -5" and -6"), 122.78 (C-6 and -6'), 118.59 (C-4 and -4), 112.29
(C-3a and -3a), 109.75 (C-7 and -7'), 56.63 (CH,), 52.32 ppm (CH,);
MS (El): m/z (%): 488 ([M]*, 100), 458 (6), 296 (90), 281 (100), 250
(33), 235 (21), 179 (6), 118 (5), 104 (78). Anal. calcd. for C,,H,,NsOs
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(488.45): C, 59.01; H, 4.13; N, 17.21. Found: C, 59.17; H, 3.95; N,
17.39.

1,1-[(2,2'-Biphenyldiyl)bismethylenelbis(3-methoxy-5-nitro-1H-
indazole) (23): Yield: 0.79 g (93%); mp: 162-164°C (2-butanone).
'H NMR [300 MHz, (CD,),SO]: 6=8.40 (2H, d, J=2.2, 4- and 4-H),
8.00 (2H, dd, J=9.3, J=2.2, 6- and 6'-H), 7.30 (4H, m, 4"-, 5"-, 4""-
and 5-H), 7.12 (4H, m, 3"-, 6”-, 3""and 6"’-H), 7.09 (2H, d, J=9.3,
7- and 7’-H), 5.29 (2H, d, J=-15.7, NCH,), 5.20 (2H, d, J=-15.7,
NCHg), 3.93 ppm (6H, s, CHs); ®CNMR [100 MHz, (CD,),SOl: 0=
157.64 (C-3 and -3), 142.61 (C-7a and -7'a), 140.24 (C-5 and -5'),
138.82 (C-2" and -2""), 134.24 (C-1" and -1""), 129.99 and 128.75 (C-
3", -6", -3 and -6""), 128.07 and 127.82 (C-4", -5”, 4"’ and -5""),
122.04 (C-6 and -6'), 117.38 (C-4 and -4'), 110.58 (C-3a and -3'a),
109.70 (C-7 and -7'), 56.47 (CH;), 49.88 ppm (CH,); MS (El): m/z (%):
564 (IMI*, 4), 549 (IM—Mel*, 80), 371 (24), 356 (100), 339 (10), 324
(10), 310 (28), 294 (8), 206 (19), 179 (68), 165 (27), 160 (19), 152 (4),
103 (4). Anal. calcd. for C3oH,uNgOg (564.55): C, 63.82; H, 4.28; N,
14.89. Found: C, 64.02; H, 4.27; N, 14.68.

1,1’-[(2,6-Pyridinediyl)bismethylene]bis(3-methoxy-5-nitro-1H-in-
dazole) (24): Yield: 0.70g (95%); mp: 164-166°C (2-butanone).
'H NMR [300 MHz, (CD,),SO]: §=8.27 (2H, d, J=2.0, 4- and 4'-H),
7.97 2H, dd, J=9.5, J/=2.0, 6- and 6"-H), 7.79 (1H, t, J=7.8, 4"-H),
7.29 2H, d, /=9.5, 7- and 7’-H), 7.23 (2H, d, J=7.8, 3"- and 5"-H),
551 (4H, s, CH,), 3.84ppm (6H, s, CHy); *CNMR [100 MHz,
(CD4),SOI1: 6=157.16 (C-3 and -3’), 155.61 (C-2" and -6"), 143.20 (C-
7a and -7'a), 140.01 (C-5 and -5'), 137.85 (C-4"), 121.58 (C-6 and
-6'), 120.50 (C-3” and -5"), 117.19 (C-4 and -4), 110.37 (C-3a and
-3'a), 110.26 (C-7 and -7’), 56.28 (CH,), 52.79 ppm (CH,); MS (El): m/z
(%): 489 (IMI*, 100), 459 (10), 428 (17), 312 (20), 251 (11), 220 (9),
206 (83), 193 (9), 160 (38), 105 (12). Anal. calcd. for CyHioN,0q
(489.44): C, 56.44; H, 3.91; N, 20.03. Found: C, 56.69; H, 3.67; N,
19.85.

1,1-Ethylenebis(3-methoxy-5-nitro-1H-indazole)  (25):  Yield:
0.38g (61%); mp: 247-250°C (nitromethane). 'H NMR [300 MHz,
(CD,),SOl: 0=8.28 (2H, d, J=2.0, 4- and 4'-H), 8.00 (2H, dd, /=93,
J=20, 6- and 6’-H), 7.26 (2H, d, J=9.3, 7- and 7’-H), 4.69 (4H, s,
1”- and 2-H), 3.92 ppm (6H, s, CH;); *C NMR [75 MHz, (CD,),SO,
80°Cl: 0=157.54 (C-3 and -3'), 142.73 (C-7a and -7'a), 140.16 (C-5
and -5'), 121.28 (C-6 and -6'), 116.47 (C-4 and -4'), 110.74 (C-3a and
-3'a), 109.22 (C-7 and -7’), 56.05 (CH,), 47.18 ppm (C-1" and -2");
MS (El): m/z (%): 412 (IM]*, 8), 219 (68), 206 (100), 193 (28), 160
(43), 131 (3), 117 (3), 103 (5). Anal. calcd. for C,gH;sNgO¢ (412.36): C,
52.43; H, 3.91; N, 20.38. Found: C, 52.39; H, 3.94; N, 20.62.

1,1’-Tetramethylenebis(3-methoxy-5-nitro-1H-indazole) (26):
Yield: 0.60g (91%); mp: 221-223°C (nitromethane). 'H NMR
[300 MHz, (CD,),SOl: 6=8.47 (2H, d, J=2.1, 4- and 4’-H), 8.16 (2H,
dd, /=93, J=2.1, 6- and 6'-H), 7.69 (2H, d, J=9.3, 7- and 7"-H),
4.30 (4H, br s, 1”- and 4”-H), 3.98 (6H, s, CH;), 1.75 ppm (4H, br s,
2"~ and 3”-H); *C NMR (75 MHz, C;D;sN, 70°C): 6 =158.55 (C-3 and
-3'), 143.17 (C-7a and -7'a), 141.53 (C-5 and -5), 122.47 (C-6 and
-6), 118.47 (C-4 and -4), 112.09 (C-3a and -3'a), 109.40 (C-7 and -7'),
56.63 (CH;), 48.51 (C-1" and -4"), 26.97 ppm (C-2" and -3"); MS (El):
m/z (%): 440 (MI*, 2), 425 (IM—Mel*, 47), 246 (2), 232 (19), 221
(12), 220 (10), 219 (12), 206 (100), 190 (10), 174 (7), 160 (41), 123
(10), 111 (10), 109 (10), 97 (11). Anal. calcd. for CyoH,N;Og (440.41):
C, 54.54; H, 4.58; N, 19.08. Found: C, 54.50; H, 4.67; N, 18.82.

1,1’-Pentamethylenebis(3-methoxy-5-nitro-1H-indazole) (27):

Yield: 0.63g (92%); mp: 221-223°C (nitromethane). 'H NMR
[300 MHz, (CD,),SOl: 6=8.41 (2H, d, J=2.1, 4- and 4-H), 8.08 (2H,
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dd, J=9.3, J=2.1, 6- and 6'-H), 7.57 (2H, d, J=9.3, 7- and 7'-H),
422 (4H,t, J=6.6, 1"- and 5"-H), 3.99 (6H, s, CH,), 1.80 (4H, m, 2"-
and 4”-H), 1.15 ppm (2H, m, 3”-H); *C NMR (75 MHz, C,D;N, 80°C):
0=158.53 (C-3 and -3'), 143.18 (C-7a and -7'a), 141.54 (C-5 and -5),
12242 (C-6 and -6'), 118.42 (C-4 and -4'), 112.07 (C-3a and -3'a),
109.34 (C-7 and -7'), 56.63 (CH,), 48.81 (C-1" and -5"), 29.20 (C-2"
and -4"), 24.35 ppm (C-3"); MS (El): m/z (%): 454 (IMI*, 7), 439
(IM—Me]™, 48), 260 (3), 246 (10), 232 (4), 230 (5), 206 (100), 193 (5),
190 (4), 160 (33), 103 (4). Anal. calcd. for C;H,,N;O4 (454.44): C,
55.50; H, 4.88; N, 18.49. Found: C, 55.60; H, 4.61; N, 18.65.

1,1-Hexamethylenebis(3-methoxy-5-nitro-1H-indazole) (28):
Yield: 0.67g (95%); mp: 227-229°C (nitromethane). 'H NMR
[500 MHz, (CD,),SOJ: 6=8.42 (2H, d, J=2.0, 4- and 4’-H), 8.13 (2H,
dd, J=9.3, J=2.0, 6- and 6'-H), 7.62 (2H, d, J=9.3, 7- and 7'-H),
421 (4H, t, J=6.3, 1"- and 6"-H), 3.97 (6H, s, CH;), 1.71 (4H, br s,
2"- and 5"-H), 1.16 ppm (4H, br s, 3’- and 4"-H); "C NMR
[125 MHz, (CD,),SOl: 6=157.36 (C-3 and -3'), 142.42 (C-7a and
-7'a), 140.14 (C-5 and -5'), 122.00 (C-6 and -6'), 117.61 (C-4 and -4'),
110.30 (C-3a and -3'a), 110.06 (C-7 and -7'), 56.49 (CH,), 48.05 (C-1"
and -6"), 28.88 (C-2” and -5"), 25.70 ppm (C-3" and -4"); MS (El):
m/z (%): 468 (IMIY, 1), 453 (IM—Me]*, 5), 206 (100), 192 (5), 176 (4),
160 (23), 103 (3); MS (ES+): m/z (%): 491 (IM+Nal*, 73), 469 (IM
H]*, 100). Anal. calcd. for Cy,H,,NsO; (468.46): C, 56.40; H, 5.16; N,
17.94. Found: C, 56.51; H, 5.39; N, 17.69.

1,1’-(o-Xylylene)bis(3-methoxy-1H-indazole) (29): Yield: 0.51g
(85%); mp: 118-119°C (1-propanol). '"H NMR [300 MHz, (CD,),SOI:
0=7.63 2H, d, J=7.8, 4- and 4-H), 7.51 (2H, d, /=85, 7- and 7'-
H), 7.37 (2H, dd, /=85, J=7.0, 6- and 6-H), 7.11 (2H, m, 4’- and
5"-H), 7.06 (2H, dd, J=7.8, J=7.0, 5- and 5-H), 6.70 (2H, m, 3"-
and 6"-H), 571 (4H, s, CH,), 4.00 ppm (6H, s, CHs); "*CNMR
[75 MHz, (CD,),SO]: 6 =155.77 (C-3 and -3'), 141.62 (C-7a and -7'a),
135.61 (C-1” and -2"), 127.53 (C-6 and -6'), 127.39 (C-4” and -5"),
127.27 (C-3” and -6"), 119.49 (C-4 and -4'), 119.35 (C-5 and -5),
111.65 (C-3a and -3'a), 109.50 (C-7 and -7'), 55.97 (CH.), 48.82 ppm
(CH,); MS (El): m/z (%): 398 (IMT, 1), 383 (IM—Me]*, 44), 366 (5),
249 (60), 235 (100), 219 (15), 104 (14). Anal. calcd. for C,,H,,N,O,
(398.46): C, 72.34; H, 5.57; N, 14.06. Found: C, 72.43; H, 5.71; N,
14.15.

3-Methoxy-5-nitro-1-vinyl-1H-indazole: Mp: 127-129°C (EtOH).
'H NMR [300 MHz, (CD),SOl: 6=8.45 (1H, d, J=2.2, 4-H), 8.25 (1H,
dd, J=93, /=22, 6-H), 7.92 (1H, d, /=93, 7-H), 7.62 (1H, dd, J=
14.9,/=8.8, 1"-H), 5.47 (1H, d, /=149, 2"-H,.,,), 483 (1H, d, J=8.8,
2-Hg), 410 ppm (3H, s, CH;); *CNMR [75 MHz, (CD,),SOl: 6=
158.85 (C-3), 141.34 and 141.16 (C-5 and -7a), 129.41 (C-1'), 123.18
(C-6), 11717 (C-4), 11230 (C-3a), 11033 (C-7), 97.48 (C-2),
56.68 ppm (CH,); MS (El): m/z (%): 219 (IMI*, 100), 204 (21), 189 (7),
173 (23), 158 (7), 116 (7), 102 (10). Anal. calcd. for C;sHoN;O;
(219.20): C, 54.79; H, 4.14; N, 19.17. Found: C, 54.60; H, 3.97; N,
18.93.

Preparation of bis(indazol-3-ol) derivatives 5 and 30-38: A sus-
pension of the required 3-alkoxyindazole (1.00 mmol) in 48% aq
HBr (10 mL) was refluxed for 2-3 h (from 15-19) or 1 h (from 20--
29). The reaction was cooled, and water was added (30 mL). The
precipitate was collected by filtration, washed with water (3x
20 mL) and EtOH (3x 10 mL) and air dried to give the desired inda-
zolol. The crystalline solids obtained through recrystallization (DMF
or DMF/water) retained DMF, however, in most cases residual DMF
could be removed after several days of heating under vacuum at
120°C. For compound 34, the DMF could not be completely re-
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moved, a solvated crystal structure corresponding to 34x0.25
DMF was obtained.

1,1'-(o-Xylylene)bis(5-nitro-1H-indazol-3-ol) (5): Yield: 428 mg
(93%) (from 15), 451 mg (98%) (from 20); mp: 308-311°C
(decomp) (DMF/water) [lit. 302-305°C (decomp)®]. 'H NMR: ref.;”
3C NMR [100 MHz, (CD,),SOl: 6 =156.71 (C-3 and -3'), 142.35 (C-7a
and -7'a), 140.17 (C-5 and -5'), 135.02 (C-1" and -2"), 127.94 (C-3",
-4", -5" and -6"), 122.00 (C-6 and -6'), 118.69 (C-4 and -4'), 111.76
(C-3a and -3'a), 110.12 (C-7 and -7’), 49.09 ppm (CH,); MS (El): m/z
(%): 460 (IM]™, 5), 443 (4), 426 (4), 280 (100), 264 (9), 249 (17), 234
(40), 205 (20), 179 (29), 149 (17), 104 (28), 91 (20), 78 (18).

1,1’-(m-Xylylene)bis(5-nitro-1H-indazol-3-ol) (30): Yield: 419 mg
(91%) (from 16), 447 mg (97%) (from 21); mp: 325-328°C
(decomp) (DMF/water). "H NMR [300 MHz, (CD,),SOJ: 6 =11.43 (2H,
br s, OH), 8.60 (2H, d, J=2.1, 4- and 4'-H), 8.08 (2H, dd, J=9.3, J=
2.1, 6- and 6’-H), 7.61 (2H, d, J=9.3, 7- and 7’-H), 7.27 (1H, t, J=
7.6, 5”-H), 712 (2H, d, J=7.6, 4'- and 6"-H), 6.83 (1H, s, 2"-H),
5.41 ppm (4H, s, CH,); >*C NMR [75 MHz, (CD,),50]: 6 =156.56 (C-3
and -3'), 142.19 (C-7a and -7'a), 139.97 (C-5 and -5'), 137.56 (C-1"
and -3"), 128.84 (C-5"), 126.58 (C-4” and -6"), 125.75 (C-2"), 121.76
(C-6 and -6'), 118.49 (C-4 and -4'), 111.64 (C-3a and -3'a), 109.92 (C-
7 and -7'), 51.30 ppm (CH,); MS (El): m/z (%): 460 (IM1T, 39), 444 (4),
430 (9), 296 (13), 282 (100), 236 (51), 179 (23), 148 (23), 133 (11),
119 (24), 104 (55), 91 (13), 78 (24); MS (ES+): m/z (%): 483
(IM+NaJ*, 57), 461 (IM+HI*, 100). Anal. calcd. for C,H;sNsOg
(460.40): C, 57.39; H, 3.50; N, 18.25. Found: C, 57.30; H, 3.67; N,
17.99.

1,1’-(p-Xylylene)bis(5-nitro-1H-indazol-3-ol) (31): Yield: 437 mg
(95%) (from 17), 451 mg (98%) (from 22); mp:>340°C (darkening
is observed from ~320°C but a clear melting or decomposition
point cannot be determined) (DMF). 'H NMR [300 MHz, (CD,),SOI:
0=11.50 (2H, br s, OH), 8.62 (2H, d, J=2.0, 4- and 4-H), 8.13 (2H,
dd, J=9.5, J=2.0, 6- and 6'-H), 7.73 (2H, d, J=9.5, 7- and 7"-H),
7.17 (4H, s, 2", 3", 5”- and 6"-H), 5.42 ppm (4H, s, CH,); *C NMR
[75 MHz, (CD,),SOl: 6 =156.58 (C-3 and -3'), 142.12 (C-7a and -7a),
140.04 (C-5 and -5'), 136.50 (C-1” and -4"), 127.76 (C-2", -3", -5"
and -6"), 121.88 (C-6 and -6'), 118.57 (C-4 and -4'), 111.72 (C-3a and
-3’a), 110.08 (C-7 and -7'), 51.20 ppm (CH,); MS (El): m/z (%): 460
(IMI*, 14), 297 (15), 282 (72), 265 (14), 236 (15), 179 (35), 149 (29),
133 (19), 119 (30), 104 (63), 84 (72), 66 (100). Anal. calcd. for
C,,H16NeO; (460.40): C, 57.39; H, 3.50; N, 18.25. Found: C, 57.41; H,
3.73; N, 18.27.

1,1’-[(2,2'-Biphenyldiyl)bismethylenelbis(5-nitro-1H-indazol-3-ol)
(32): Yield: 526 mg (98 %) (from 18), 520 mg (97 %) (from 23); mp:
308-311°C (decomp) (DMF/water). 'H NMR [300 MHz, (CD,),SOl:
0=11.50 (2H, s, OH), 8.60 (2H, d, J=2.2, 4- and 4'-H), 7.99 (2H, dd,
J=9.3, J=22, 6- and 6-H), 7.20 (4H, m, 4"-, 5”-, 4"- and 5"'-H),
7.16 (2H, d, J=9.3, 7- and 7-H), 7.02 (4H, m, 3"'-, 6"”-, 3""- and 6""-
H), 5.21 (2H, d, J=-15.6, NCH,), 5.11 ppm (2H, d, J=-15.6, NCH,);
3CNMR [75 MHz, (CD,),S0%: 6=156.70 (C-3 and -3’), 142.30 (C-7a
and -7'a), 139.84 (C-5 and -5'), 138.75 (C-2” and -2'"), 134.33 (C-1”
and -1"), 129.59 and 128.63 (C-3", -6"”, -3 and -6""), 127.86 and
127.56 (C-4", -5”, -4 and -5""), 121.55 (C-6 and -6'), 118.32 (C-4
and -4), 111.27 (C-3a and -3'a), 109.45 (C-7 and -7’), 49.50 ppm
(CH,); MS (El): m/z (%): 536 (IM]™, 6), 519 (8), 356 (23), 341 (18), 310
(8), 235 (22), 192 (22), 179 (100), 165 (62), 146 (17), 133 (7), 105 (8),
91 (8), 76 (9). Anal. calcd. for CgH,N:Og (536.50): C, 62.68; H, 3.76;
N, 15.66. Found: C, 62.57; H, 3.67; N, 15.62.

1,1’-[(2,6-Pyridinediyl)bismethylene]bis(5-nitro-1H-indazol-3-ol)
(33): Yield: 447 mg (97%) (from 19 or 24); mp: 286-288°C
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(decomp) (DMF/water). '"H NMR [300 MHz, (CD5),SOl: 6=11.40 (2H,
br s, OH), 8.57 (2H, d, J=2.1, 4- and 4-H), 8.00 (2H, dd, /=93, J=
2.1, 6- and 6-H), 7.72 (1H, t, J=7.6, 4"-H), 7.48 (2H, d, /=93, 7-
and 7’-H), 7.06 (2H, d, J/=7.6, 3"- and 5"”-H), 5.46 ppm (4H, s, CH,);
3CNMR [75 MHz, (CD,),SO]: 6=156.56 (C-3 and -3'), 156.11 (C-2"
and -6"), 142.69 (C-7a and -7'a), 139.88 (C-5 and -5'), 138.06 (C-4"),
121.55 (C-6 and -6'), 120.77 (C-3” and -5"), 118.32 (C-4 and -4'),
111.58 (C-3a and -3'a), 110.17 (C-7 and -7'), 53.17 ppm (CH,); MS
(E): m/z (%): 461 (IM]*, 68), 298 (26), 284 (83), 266 (13), 252 (14),
236 (26), 219 (16), 207 (9), 192 (27), 179 (100), 164 (35), 149 (68),
133 (44), 121 (73), 106 (85), 91 (48), 78 (54). Anal. calcd. for
C,HisN,04 (461.39): C, 54.67; H, 3.28; N, 21.25. Found: C, 54.53; H,
3.57; N, 21.51.

1,1’-Ethylenebis(5-nitro-1H-indazol-3-ol) (34): Yield: 373 mg
(97 %) (from 25); mp:>340°C (darkening is observed from ~300°C
but a clear melting or decomposition point cannot be determined)
(DMF/water). "H NMR [300 MHz, (CD,),SO]: 6 =11.42 (2H, br s, OH),
845 (2H, d, /=22, 4- and 4-H), 7.93 (0.25H, s, DMF CHO), 7.91
(2H, dd, J=9.3, J=2.2, 6- and 6-H), 7.10 (2H, d, J=9.3, 7- and 7'-
H), 4.59 (4H, s, 1”- and 2"-H), 2.87 (0.75H, s) and 2.71 ppm (0.75H,
s) (DMF CH;); *C NMR [75 MHz, (CD,),SOl: 6 =162.33 (DMF CHO),
156.81 (C-3 and -3), 142.39 (C-7a and -7'a), 139.70 (C-5 and -5),
121.27 (C-6 and -6), 118.21 (C-4 and -4'), 111.65 (C-3a and -3'a),
109.24 (C-7 and -7'), 47.61 (C-1” and -2"), 35.79 and 30.77 ppm
(DMF CH,); MS (El): m/z (%): 384 (IMI*, 15), 354 (6), 206 (53), 192
(100), 179 (21), 162 (19), 146 (54), 133 (9), 118 (7), 105 (10), 91 (14),
75 (15). Anal. calcd. for C;¢H,,NgO¢x0.25 DMF (402.58): C, 49.97; H,
3.44; N, 21.75. Found: C, 49.70; H, 3.57; N, 21.82.

1,1’-Tetramethylenebis(5-nitro-1H-indazol-3-ol) (35): Yield:
408 mg (99 %) (from 26); mp:>340°C (darkening is observed from
~300°C but a clear melting or decomposition point cannot be de-
termined) (DMF/water). "H NMR [300 MHz, (CD,),SOl: 6 =11.41 (2H,
br s, OH), 8.62 (2H, d, /=2.2, 4- and 4'-H), 8.10 (2H, dd, J=9.5, J=
2.2, 6-and 6'-H), 7.63 (2H, d, J=9.5, 7- and 7'-H), 4.23 (4H, br s, 1"~
and 4’-H), 1.71 ppm (4H, br s, 2”- and 3”-H); *C NMR [75 MHz,
(CD,),SOl: 6=156.23 (C-3 and -3'), 141.85 (C-7a and -7'a), 139.75
(C-5 and -5'), 121.44 (C-6 and -6'), 118.46 (C-4 and -4), 111.21 (C-3a
and -3'a), 109.70 (C-7 and -7'), 47.30 (C-1" and -4"), 26.24 ppm (C-
2" and -3"); MS (El): m/z (%): 412 ([M1*, 16), 396 (9), 395 (9), 382 (6),
322 (7), 278 (15), 248 (19), 232 (59), 220 (21), 203 (38), 192 (100),
179 (65), 162 (28), 146 (66), 131 (39), 119 (27), 105 (38), 91 (38), 75
(43). Anal. calcd. for C,gH,NOg (412.36): C, 52.43; H, 3.91; N, 20.38.
Found: C, 52.30; H, 3.76; N, 20.61.

1,1-Pentamethylenebis(5-nitro-1H-indazol-3-ol)  (36):  Yield:
418 mg (98%) (from 27); mp: 294-297°C (decomp) (DMF/water).
'H NMR [300 MHz, (CD5),SOl: 6=11.33 (2H, br s, OH), 8.58 (2H, d,
J=2.1, 4- and 4-H), 8.03 (2H, dd, J=9.4, J=2.1, 6- and 6'-H), 7.52
(2H, d, J=9.4, 7- and 7’-H), 4.15 (4H, t, J=6.6, 1"- and 5"-H), 1.75
(4H, m, 2”- and 4"-H), 1.10 ppm (2H, m, 3"-H); *C NMR [75 MHz,
(CD,),S01: 6=156.32 (C-3 and -3'), 141.95 (C-7a and -7'a), 139.64
(C-5 and -5'), 121.43 (C-6 and -6'), 118.54 (C-4 and -4'), 111.09 (C-3a
and -3'a), 109.74 (C-7 and -7'), 47.63 (C-1” and -5"), 28.76 (C-2” and
-4""), 23.31 ppm (C-3"); MS (El): m/z (%): 426 (IM]T, 24), 409 (6), 396
(8), 246 (38), 132 (14), 218 (11), 203 (10), 192 (100), 179 (14), 162
(19), 146 (59), 134 (7), 119 (7), 118 (7), 105 (7), 91 (12), 76 (12). Anal.
calcd. for CygH;gNgO; (426.38): C, 53.52; H, 4.26; N, 19.71. Found: C,
53.51; H, 4.32; N, 19.50.

1,1-Hexamethylenebis(5-nitro-1H-indazol-3-ol) (37): Yield:

427 mg (97 %) (from 28); mp: 303-306°C (decomp) (DMF/water).
'H NMR [300 MHz, (CD5),SOl: 6=11.39 (2H, br s, OH), 8.62 (2H, d,
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J=2.1, 4- and 4’-H), 8.09 (2H, dd, J=9.3, J=2.1, 6- and 6'-H), 7.57
(2H, d, J=9.3, 7- and 7’-H), 4.16 (4H, t, J=6.6, 1"- and 6"-H), 1.70
(4H, br m, 2”- and 5"-H), 1.18 ppm (4H, br s, 3”- and 4"-H);
3CNMR [75 MHz, (CD,),S0]: 6 =156.35 (C-3 and -3’), 141.92 (C-7a
and -7'a), 139.70 (C-5 and -5'), 121.53 (C-6 and -6'), 118.65 (C-4 and
-4’), 111.15 (C-3a and -3a), 109.76 (C-7 and -7’), 47.67 (C-1" and
-6""), 28.88 (C-2” and -5"), 25.59 ppm (C-3” and -4"); MS (EI): m/z
(%): 440 ([M]*, 18), 410 (6), 278 (13), 260 (17), 248 (12), 232 (30),
226 (33), 206 (20), 192 (100), 179 (41), 162 (26), 149 (82), 146 (55),
131 (33), 121 (22), 105 (87), 91 (33), 73 (94). Anal. calcd. for
Cy0H20NeOs (440.41): C, 54.54; H, 4.58; N, 19.08. Found: C, 54.71; H,
4.67; N, 18.88.

1,1’-(o-Xylylene)bis(1H-indazol-3-ol) (38): Yield: 356 mg (96%)
(from 29), mp: 280-284°C (decomp) (DMF/water). 'HNMR
[300 MHz, (CD,),SOl: 6 =10.75 (2H, br s, OH), 7.65 (2H, d, J=7.9, 4-
and 4’-H), 7.45 (2H, d, /=85, 7- and 7’-H), 7.31 (2H, dd, /=85, J=
6.9, 6- and 6'-H), 7.12 (2H, m, 4"- and 5"-H), 7.00 (2H, dd, J=7.9,
J=6.9, 5- and 5-H), 6.77 (2H, m, 3”- and 6"-H), 5.55 ppm (4H, s,
CH,); *C NMR [75 MHz, (CD,),SO]: 6 =154.48 (C-3 and -3'), 141.30
(C-7a and -7’a), 135.94 (C-1" and -2"), 127.84 (C-3"” and -6"), 127.44
(C-4" and -5"), 127.16 (C-6 and -6'), 120.20 (C-4 and -4'), 118.85 (C-5
and -5), 112.47 (C-3a and -3'a), 109.40 (C-7 and -7'), 48.73 ppm
(CH,); MS (El): m/z (%): 370 (M1, 12), 235 (100), 219 (8), 206 (10),
180 (5), 165 (7), 104 (15), 77 (13). Anal. calcd. for C,,HgN,O,
(370.40): C, 71.34; H, 4.90; N, 15.13. Found: C, 71.53; H, 4.97; N,
15.02.

Preparation of bis(indazolin-3-one) derivatives 39-42: A mixture
of the required 2-substituted indazolinone (11 or 12) (3.00 mmol),
the corresponding dibromo derivative (1.54 mmol) and K,CO,
(0.80 g, excess) in acetone (20 mL) was refluxed until consumption
of the starting indazolinone (~10-20 h). The reaction mixture was
allowed to reach RT and the precipitate was collected by filtration,
washed with acetone (3x5mL) and water (3x50mL), and air
dried to afford the title derivatives.

1,1’-(o-Xylylene)bis(2-benzyl-5-nitro-1,2-dihydro-3H-indazol-3-
one) (39): Yield: 884 mg (92%); mp: 234-236°C (nitromethane).
'H NMR [300 MHz, (CD,),SOl: 6=8.62 (2H,d, /=22, 4- and 4-H),
8.39 (2H, dd, J=9.3, J=2.2, 6- and 6"-H), 7.35 (2H, d, J=9.3, 7- and
7'-H), 7.18 (6H, m, Bn 3-, 4- and 5-H), 7.07 (2H, m, 4”- and 5"-H),
7.01 (4H, m, Bn 2- and 6-H), 6.44 (2H, m, 3”- and 6"-H), 5.30 (4H, s,
1”- and 2”-CH,), 5.06 ppm (4H, s, Bn CH,); *CNMR [75 MHz,
(CD,),SO1: d=160.55 (C-3 and -3'), 148.49 (C-7a and -7'a), 141.48
(C-5 and -5'), 135.71 (Bn C-1), 132.97 (C-1” and -2"), 128.62 (Bn C-3
and -5), 127.99 (C-4” and -5"), 127.78 (Bn C-4), 127.61 (C-6 and -6),
126.98 (Bn C-2 and -6), 126.20 (C-3” and -6"), 120.85 (C-4 and -4),
115.23 (C-3a and -3'a), 111.50 (C-7 and -7'), 47.77 (1"- and 2"-CH,),
45.06 ppm (Bn CH,); MS (ES+): m/z (%): 1281 ([2M+HI*, 33), 641
(IM+H]*, 100). Anal. calcd. for CigH,sNgOg (640.64): C, 67.49; H, 4.41;
N, 13.12. Found: C, 67.67; H, 4.23; N, 13.01.

1,1’-(o-Xylylene)bis(2-methyl-5-nitro-1,2-dihydro-3H-indazol-3-

one) (40): Yield: 535 mg (73%); mp: 284-287°C (decomp) (nitro-
methane). 'H NMR [300 MHz, (CD;),50]: 6=8.56 (2H, d, /=23, 4-
and 4’-H), 8.41 (2H, dd, J=9.3, J=2.3, 6- and 6'-H), 7.61 (2H, d, J=
9.3, 7- and 7’-H), 7.15 (2H, m, 4”- and 5"-H), 6.54 (2H, m, 3"- and
6"-H), 5.65 (4H, s, CH,), 3.39 ppm (6H, s, CH,); *CNMR [75 MHz,
(CD,),SO1: 6=159.58 (C-3 and -3'), 147.05 (C-7a and -7'a), 140.96
(C-5 and -5'), 133.34 (C-1” and -2"), 128.10 (C-4" and -5"), 127.18
(C-6 and -6), 125.47 (C-3"” and -6"), 120.61 (C-4 and -4'), 114.80 (C-
3a and -3'a), 110.88 (C-7 and -7'), 46.80 (CH,), 29.16 ppm (CH,); MS
(ES4): m/z (%): 999 ([2M~+Nal*, 53), 511 (IM+Na]*, 80), 489 (M
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HI*, 100). Anal. calcd. for C,,H,N¢Og (488.45): C, 59.01; H, 4.13; N,
17.21. Found: C, 59.29; H, 3.87; N, 17.42.

1,1’-(m-Xylylene)bis(2-methyl-5-nitro-1,2-dihydro-3H-indazol-3-
one) (41): Yield: 601 mg (82%); mp: 285-288°C (decomp) (nitro-
methane). 'H NMR [300 MHz, (CD,),SOl: =835 (2H, d, J=2.1, 4-
and 4'-H), 8.23 (2H, dd, /=9.3, J=2.1, 6- and 6"-H), 7.67 (2H, d, J=
9.3, 7- and 7"-H), 7.24 (1H, t, J=7.3, 5”-H), 7.11 (2H, d, J=7.3, 4"-
and 6"-H), 6.59 (1H, s, 2"-H), 5.30 (4H, s, CH,), 3.27 ppm (6H, s,
CH,); *CNMR [75 MHz, (CD,),SOl: 6=160.12 (C-3 and -3'), 147.68
(C-7a and -7a), 141.06 (C-5 and -5), 135.22 (C-1” and -3"), 129.14
(C-5"), 127.47 (C-4” and -6"), 126.75 (C-6 and -6'), 125.48 (C-2"),
120.12 (C-4 and -4), 115.46 (C-3a and -3'a), 111.63 (C-7 and -7'),
49.37 (CH,), 29.09 ppm (CHs); MS (ES+): m/z (%): 999 (2M+Na]™,
59), 511 (IM+Na]*, 53), 489 (IM+HI*, 100). Anal. calcd. for
C,4H,0N6O; (488.45): C, 59.01; H, 4.13; N, 17.21. Found: C, 58.77; H,
4.37; N, 17.50.

1,1-(p-Xylylene)bis(2-methyl-5-nitro-1,2-dihydro-3H-indazol-3-
one) (42): Yield: 593 mg (81%); mp: 295-298°C (decomp) (nitro-
methane). "H NMR [300 MHz, (CD,),SOl: 6=8.40 (2H, d, J=23, 4-
and 4’-H), 8.33 (2H, dd, J=9.1, J=2.3, 6- and 6"-H), 7.78 (2H, d, J=
9.1, 7- and 7’-H), 7.01 (4H, s, 2"-, 3"-, 5”- and 6"-H), 5.30 (4H, s,
CH,), 3.35ppm (6H, s, CH;); *CNMR [125 MHz, (CD,),SO]: 0=
160.43 (C-3 and -3'), 148.15 (C-7a and -7'a), 141.32 (C-5 and -5'),
134.69 (C-1" and -4”), 127.90 (C-2", -3, -5" and -6"), 127.01 (C-6
and -6'), 120.31 (C-4 and -4), 115.85 (C-3a and -3'a), 112.17 (C-7
and -7'), 4949 (CH,), 29.34 ppm (CH;); MS (ES+): m/z (%): 999
(I2M+NaJt, 38), 511 (IM+Na]*, 64), 489 (IM+HI*, 100), 247 (100).
Anal. calcd. for C,,H,,NsO¢ (488.45): C, 59.01; H, 4.13; N, 17.21.
Found: C, 59.29; H, 4.19; N, 17.22.

Determination of pK, values: Typically, 100-200 mL of 0.5-1 mm
solutions of indazolols in water or dimethyl sulfoxide/water (2:1 v/v)
containing 0.15 M NaCl for constant ionic strength, were titrated by
addition of 20-50 pL aliquots of 50-100 mm aq NaOH. Titration ex-
periments were carried out in triplicate at 254 0.5°C for each inda-
zolol. The experimental data (pH vs. volume of titrant solution, ~60
points) were analyzed with the CurTiPot software,?® with interpola-
tion of 300 points and a degree of smoothing of 60-70%, to afford
the pK, values (Table 2).
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