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Abstract—Reactions of 1,6-disubstituted 3,4-dihydroxy-2,4-hexadiene-1,6-diones with hydrazine hydrate or
hydrochloride afforded heterocyclization products, 'dhfpyrazoles. The chemoselective reaction of
1,6-diaryl-3,4-dihydroxy-2,4-hexadiene-1,6-diones with arylhydrazines gaeeto 1,1,5,5-tetraaryl-3,3-
bipyrazoles and 1,5-diaryl-3-aroylacetylpyrazoles. The specific structural features of the pyrazole derivatives
obtained are discussed. Some pyrazsleswbacteriostatic and antileukemic activity.

Some terminally substituted,3,4,6-tetraketoneks into the reaction. The structure of most pyrazoles was
were established to react with hydrazinghenyl- established without application of the spectral
hydrazine, and p-nitrophenylhydrazine vyielding methods and thus up till now was not very convinc-
isomeric symmetrical with respect to the interringing. In all the studies mentioned fA1] the reaction
bond G-C® and nonsymmetrical bipyrazolds and mechanisms were not considered.

Il [2-11]. In some cases were also isolated mono- The published data suggest that thimary

cyclic products, 3-acylpyrazoleslV [4, 11], or o . : A
mixtures of compounds and IV [4] (Scheme 1). %ucleophlllc attack of hydrazines is not selective: It is

Y irected both at the external carbonyl group®€0
It was assumed that the direction of the proces : .
depended only on the amount of hydrazine Erough f the B-diketo fragment and at the internal carbonyl

34-0 of the a-oxounit in the initial tetraketones
I [4, 8, 11]. Asevidence of the chemoselectivity in
reaction of 1,3,4,6-tetraketonesith hydrazines is
R ,  considered formation in some casesisémer mix-
= /N\N/R tures of pyrazoles (see.g.,[4]). This fact may be
z/N\I\/I =L understood in a way as patrticipation in the reaction of
R I R one among the tautomeric forms df3,4,6-tetra-
ketones AC (Scheme 2) that are present in the solu-
tions of the compounds [1, 12] (as unambiguously
shows X-ray diffraction analysis in the solid state

exists only chelatestructure B [1, 1317]).

Scheme 1.

— +

R! R?
0 0 M/
g \Rz R Some bipyrazolesll found application as ad-
| 11| ditives to scintillators [6] and in synthesis of heat-
0 O resistant polymers [10].Also short communica-

tions appeared on biological activity of pyrazoliés

R'= Me, Et, Ar, Het; B = H, CHs, 4-NO,CH,.

* . .
For communication Il sed1].

and IV [11, 18]. The practicabpplications of these
products generated by reactions af3,4,6-tetra-
ketones, and requirement of new isomeric pyrazoles
with new structures stimulated further studies of
reactions between tetracarbonyl synthoihs and
hydrazines. We investigated reactions of 1,6-disub-
stituted 3,4-dihydroxy-2,4-hexadiene-1,6-diones
(la-f) with hydrazine hydrate or hydrochloride in
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Scheme 2.
O’
B
R = AIk R = Alk, Ar R= Ar
Scheme 3.
oto R
R~ |  NaHy H,00r NH, 2HCI WQN;(N/H
Ol._H/O H/N\N R
Ia—e IMa—e

R = CH; (a), CHs (b), 4-CHCeH, (c), 2,4-(CH),CcH; (d), 4-CIGH, (), 4-FGH, (f).

Scheme 4.
Ar! 2
1:2 = N\N/Ar
No? X
O/HO Arz/ N = Arl
Ar' s 'A Ar'NHNH, Ig—n
Iy
ol-. S ~H,0
H 0—H
Ib—f 11 Ar' Arl—# o)
N N 4
Ar Ar!
E

IIa—d

Il, Ar? = CgHs, Art= CgHs (), 4-CH,CeH, (h), 2,4-(CH,),CqH; (i), 4-CIGH, (i), 4-FCH, (K); Ar> = 2-CH,CH,,
Ar = CH 0, 4- CICBH4 (m); Ar* = CH,, Ar’> = 4-HOOCGH, (n); IV, Ar* = CH,, Ar’® = CH; (a),
2-CH,C,H, (b);Arlz 4-CICH,, Ar?= 2-CH,CH, (c); Ar* = C,Hs, Ar’= 4-HOOCGH, (d).

ethanol, dioxane, omcetic acid. The reaction pro- products that basing on spectral data were assigned
ceeds atshort boiling of reagents mixture and dis- structures 1,15,5'-tetraaryl-3,3-bipyrazoles g -n)
regarding the ratio of the latter provides 5- and 3-aroyl-1,5-diarylpyrazoles IMa-d) [18-21]
substituted 3,3bipyrazoledla-f [18-21] (Scheme 3). (Scheme 4).

5,5'-Diaryl-substituted bipyrazoleib -f form in high Yields, meltingpoints, andelemental analyses of
yields, from 80 t091%, but theyield of compound compoundslla-n andIVa-d are given in Table 1,
lla with methyl groups in5 and5' positions is con- and their spectral characteristics are listed in Table 2.
siderablylower, only 48%, due tonotabletarring in ~ The constants of the known compounida, g, IVa

the reaction mixture characteristic of nucleophilicare consistent with the published data-42 6]
reactions with 2,5-dihydroxy-3,5-octadiene-2,7-dione(Table 1).

(1a). Unlike the reaction with hydrazine the treating |n the IR spectra of compoundls are observed the
of 1,6-diaryl-3,4-dihydroxy-2,4-hexadiene-1,6-dionespands at 16171590 and 15801543 cmt* correspond-
(Ib-f) with equimolar amount or with double excessing to vibrations of C=C and C=N bonds in the
of phenyl-, o-tolyl- or p-carboxyphenylhydrazine after pyrazole and benzemnéngs. These bands are in good
short boiling of the reagent mixture iacetic acid agreement with the published data for the known
depending on the reagents ratio afforded two reactiobipyrazoles [8,11].
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1488 SHIRONINA et al.

Table 1. Yields, melting points, and elementahalyses of pyrazoldta-n, Va-d

Compd. Yield 2 mp, °C Found, % Cormula Calculated, %
no. % (decomp.) c Y N (Hig) c H N (Hig)
lla® 48 278-279 59.69| 6.52 33.80 CgH N, 59.24| 6.21 | 34.54
lIb 91 320-321 75.14| 5.37 18.94 CgHiN, 75.50| 4.93 | 19.57
lic 80 >320 76.13| 6.29 18.17 C,oH1sN, 76.41| 5.77 | 17.82
lld 85 255-256 76.86| 6.31 16.75 C,,H,.N, 77.16| 6.48 | 16.36
lle 85 >320 61.20| 3.85 15.36 C,gH.,CLN, 60.86| 3.41 | 15.77

(20.27) (19.96)

Inf 80 >320 66.47| 4.23 16.92 C,gH1FN, 67.08| 3.75 | 17.38

(12.79)

llg® 68 233-234 81.84| 4.77 13.12 CsoH.N, 82.17| 5.06 | 12.78
IIh 50 217-218 82.51| 6.12 11.78 CaHoeN, 82.38| 5.62 | 12.01
I 61 283-284 83.07| 5.75 11.64 CsHsN, 82.56| 6.11 | 11.33
Ij 50 234-235 71.39| 4.41 10.68 CsoH,CLN, 71.01| 3.97 | 11.04

(14.25) (13.97)

Ik 42 204-205 75.22| 4.86 11.32 CsoHo0FN, 75.94| 4.25 | 11.81

(8.01)

1 44 233-234 82.77| 5.90 12.34 CaHoeN, 82.38| 5.62 | 12.01

IIm 48 271-272 72.13| 4.66 10.71 CsH,.CILN, 71.78| 4.52 | 10.46
(13.59) (13.24)

lIn 35 >300 72.68| 4.49 11.05 Cs,H,.N,0, 72.99| 4.21 | 10.64
IvVa“ 53 162-163 79.34| 4.70 8.31 C,,H.sN,O, 78.67| 4.95 7.65
IVb 47 169-170 79.36| 5.71 7.12 C,H,N,0O, 78.93| 5.30 7.36
IVc 40 175-176 66.46| 3.78 5.84 C,H.:CIL,N,0, 66.83| 4.04 6.23

(15.49) (15.78)

Ivd 61 183-184 73.27| 4.63 7.25 C,H.N,0O, 73.16| 4.42 6.83

2 Yield of compoundsla-f is given for preparation by reaction of tetraketomesith hydrazinehydrate.
® mp 286C [3].

° Yield 73% [6], mp 232 [2], 233 [4], 231C [6].

4 mp 164166.5C [4].

In the 'H NMR spectra of bipyrazolel recorded characteristics of bipyrazoleda and lld are in a
in DMSO-d, alongside the signals from the protonssatisfactory agreement withtH NMR prediction
of substituents in5 and 5' positions (Table 2) spectra calculated along the software ACD/Labs
appeared in a weak field a6.58-7.05 ppm a (see EXPERIMENTAL). Certain discrepancies
resonance from the methine prottmtated in4 posi- between the experimental and predictidd NMR
tion of the pyrazolering. spectra (in the experimental spectrum the signal of
methine proton is shifted upfield as compared with
the predicted spectrum, and tpeak of theproton at
the pyrrole nitrogen of the ring is on the contrary
Ishifted more downfield than in the predicted
spectrum) may be due to solvation in DMSO solu-
tion.

The signal at6.29 ppm from G“%H in the
'H NMR spectrum of compoundla lacking con-
jugated benzendngs is an exception. In the spectra
of compounddlb -f appears also a broadened signa
of the proton attached to the nitrogen atom of pyr-
azolering (13.10-13.45 ppm); thesignal disappears
on addition of deutereted acetic acid GIDOD. In In the mass spectrum of bipyrazdié are present
the spectrum of bipyrazolda this signal is observed a molecular ion peak of maximumtensity, fragment
in a stronger field, at 12.68pm. Theother signals ion peaks, for instance, that of nitrile Fn(z 259),
save that of NHgroup of the ring are noaffected that of 3-pyrazole Gri/z233), andalso peaks of ions
with addition of deuteroacetiacid. The spectral derived from these fragmentions, e.g., of nitrile
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Table 2. 'H NMR spectra of pyrazoleda-e, g-i, k-m, IVa-d in solutions in DMSO#

Compd.no Chemical shift, 3, ppm
lla 2.23 s (6H, CH), 6.29 s (2H, CH),12.68 br.s (2H, NH)
lIb 6.59 s (2H, CH), 6.927.80 m (10H arom), 13.10,13.37 br.s (2H, NH)
lic 2.30 s (6H, CH), 6.58 s (2H, CH), 7.007.75 m (8H arom), 13.3013.45 br.s (2H, NH)
Iid 2.32 s (6H, 0-CH,), 2.42 s (6H, p-CHy), 6.76 s (2H, CH),7.11, 7.42 m (6Harom), 13.12, 13.25 br.s(2H, NH)
ld*? 2.32 s (6H, 0-CH,), 2.43 s (6H,pP-CHy), 6.77 s (2H, CH),7.08, 7.11, 7.13, 7.42, 7.45 (6ldrom)
lle 6.65 s (2H, CH), 7.05/.85 m (8H arom), 13.3013.42 br.s (2H, NH)
lig 7.01 s (2H, CH), 7.197.50 m (20H arom)
IIh 2.32 s (6H, CH), 7.06 s (2H, CH), 7.177.41 m (18H arom)
Il 2.28 s (6H, CH), 2.50 s (6H, CH), 6.95 s (2H, CH), 7.037.28 m (16H arom)
Ik 7.03 s (2H, CH), 7.267.42 m (18H arom)
Il 2.03 s (6H, CH), 7.01 s (2H, CH), 7.15/.58 m (18H arom)
IIm 1.96 s (6H, CH), 7.05 s (2H, CH), 7.28/.51 m (16H arom)
IVa 4.80 s (2H, CH, form D°, 40%), 7.02 s (1H, CH of pyrazole), 7.15 ¢ (1H, Cldrm E°, 60%), 7.257.68,
8.02-8.08 (15H arom), 16.45br.s (1H, OH, form E)
IVb 1.96 s (3H, CH), 7.01 s (1H, CH), 7.167.95 m (14H arom)
IVc 1.93 s (3H, CH), 6.95 s (1H, CH), 7.228.14 m (12H arom)
Ivd 6.93 s (1H, CH), 7.257.96 m (14H arom), 12.73 s (1H, OH)

3 Spectrum registered in a mixturBMSO-ds-CD,COOD, internal referencdMS. ® See Scheme 4.

fragments [GH;C=N-C¢H,CH5-2]" (m/z 194) and Since in the mass spectrum of compoutid are
[CeHsC=N]o (M/z 103). These data fully confirm the present peaks of fragment ions F and G wiifz 259
structure of compounddl obtained and are well and 233, anchlso a peak oN-o-tolylbenzonitrile ion
consistent with the known data on fragmentation of(m/z 194) the possible isomeric structures with axial
pyrazole derivatives at electron impaf22]. symmetry along the &C® bond of 2,2,5,5tetra-

CeHs

CENT' + rej
jected.
X 3

|
CH,CH;-2

F

aryl-3,3-bipyrazoles VIl and nonsymmetrical bi-
pyrazoleslll (R! = R? = Ar, Scheme 1) should be

Analysis of spectra of mass-ion series [24] of
é6H CH.-2 bipyrazolesll shows that as a rule the most abundant
43 . -
G are the ions of the first andecond homologous
groups including pyrazole and nitil®ns. Thehigh

CeHs

This set of fragmentons, first of allions [1/2M]o  selectivity of fragmentationN = 1 or 2), high or

formed from bipyrazoledl, permits to exclude the
alternative structures pyridazino[4¢Bsyridazines

maximum intensity of the molecular ion peak along-
side with low intensity of the fragment ions of

V andVI (Scheme 5) althougtheir formation could PYrazole, theselectiverupture of the NN bond in the
not have been considered improbable basing on théng, thestability of the corresponding pyrazoiens,
published data[23].

all these data are in conformity with published data

on pyrazole derivatives decomposition under electron

impact[22, 25] andalso evidence theorrect assign-

Scheme 5. ment of the structure to compounds.
IF 1 Ar’ In the IR spectra of pyrazold¥ is present a broad
Ar _ /N\N’R Ar ~-Ny Ar }{\ absorption band at low frequencies corresponding to
N 1\'1 | 1\'1 N A Il‘I stretching vibrations of carbonyl 9roups in t'Bedi-
R’ N Ar N \1\\1 ;! ketone moiety in the 1620565 cm™ region evidenc-
& Ar’ ing that in the solid state in the molecule exists an
vV VI VII OH-chelate cycle with an intramolecular hydrogen
bond of -O-H---O=C< type (form E)[26]. Yet in
R = H, Ar. the 'H NMR spectrum of compountVa recorded in
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DMSO-d; solution alongside the methine proton dienol chainform of 1,3,4,6-tetraketones B inteac-
signal of the enolized benzoylacetyl fragment attion with nucleophileq18, 21, 30]. Inreaction with
7.15 ppm and théoroadened signal of the hydroxy hydrazine takes part just the dienol tautomer B of
proton from enol atLl6.45 ppmappears also the CH 1,3,4,,6-tetraketones and not the ring fornpt@sent
group signal at4.80 ppm(Table 2) indicating that in the solution. In the lattercase the nucleophilic
both keto-enoform E andp-diketone tautomer D are attack of hydrazine should be directed at theafom
present in the solution; the fraction of the latterof the ring that according to thguantum-chemical
amounts to40%. calculations is the most probable site for attack in the
nucleophilic reactions with charge and orbital control
where the substrates are 2-hydroxy-2,3-dihydro-3-
furans [31]. The formation of monopyrazol¥ and
not the alternative compound8ll, VII, or IX
unambiguously proves the proposed reaction scheme.

The spectral data indicate that compounids
cannot have astructure of 3-aroylmethyl-1,6-diaryl-
1H-4-pyridazinones\(lll ); their formation could not
be excluded apriori (Scheme 6).Thus in the IR
spectra of compound®/ no carbonyl group bands
appear at higher frequencies than 1610 gowever It should be mentioned that in tHéi NMR spectra
according to published data the absorption band off a number of initial 1,3,4,6-tetraketonéswhose
carbonyl C=0 stretching vibrations in the IR spectra spectra were measured for the first time we revealed
of 1H-4-pyridazinones VIII is observed at the several tautomeric forms in equilibrium. For instance,
frequency no less than 1616 thj27] and most often in the spectrum of solution of 4,5-dihydroxy-3,5-
at 16391630 cm? [27-29]. octadiene-2,7-dionelg) in DMSO-d; are present

4 forms (Scheme 2): a dienol chaiform B (R =

In the mass spectrum of compound/c are . -

present the peaks of the fragment i@RCICH,-C= CHy), 36%, ring form 2-hydroxy-2,3-dihydro-3-

furanone C (R =CH), 59%, and twominor chain
N-CgH,CHz-2]" (m/z 228, 230), that are not _ . :
consistent with a structure of the correspondin automers: detected for thefirst time ketoenol H

: R = CHy), 4%, and traces of keto form A (R =
o- aroylacetyl-1,3-diarylpyrazoldX ) (Scheme 6). (CH3), abcs))utO.G%. However in deuterochloro(form

the spectrum of compound la is significantly less

Scheme 6. ; . C o
complicated: the predominant form is dienol B (R =
R 0 0O 0 CHjy), 96%, and aminor isomer A (R = CH), 4%
Z Ryl | (see EXPERIMENTAL).
N \ R
Al N NN
HO/ Ar Ar H
IX 0O O
R )

Besides in thespectrum were lacking Eeaks of ions
[4-CIC4H,CO-CH,CO-C=N-CzH,CH3-2] (m{rz R = CH, 2,4-(CH),CiH..
298, 300) and [4-ClIGH,~C=N-NHC¢H,CH-2]
(m/z 243, 245) that wouldform at fragmentation of 4 NMR spectrum in DMSQd; of 1,3,4,6-tetra-

the corresponding derivativéeX. ketone Id containing two o,p-dimethylphenyl sub-
Apparently the reaction of 1,6-disubstituted Stituents at both ends of the chain showed the pres-
3,4-dihydroxy-2,4-hexadiene-1,6-diones |~ with ~ ence of only twatautomers: dienol form B [R =2,4-

hydrazine and arylhydrazines occurs regioselectivel{CH3),C¢H3)], 10%, andprevailing cyclic semiacetal
with primary addition of the latter toenolized C [R = 2,4-(CH),CgH3], 90% (Scheme 2). The
carbonyl group = CG-O-H or =C*-O-H with equal spectrum of compoundd demonstrated the absence
probability when in positiond and 6 of bichelate B of the chain ketondorm A [R = 2,4-(CH;),CgH,]

are the same substituents REurther the arising and monoenol H [R =2,4(CH,;),C¢Hz]. The spectra
monoenhydrazinocarbonyl intermediate undergoesre consistent with the known data on the presence in
heterocyclization into the corresponding 3-acyl deriv-DMSO solutions of 1,6-disubstituted,3,4,6-tetra-
atives of pyrazolelV or in the presence of excess ketones of open-chain and cyclic tautomers with pre-
hydrazine into bipyrazole$l . This scheme is fully valence of the latter [1, 1232]. However in contrast
consistent with the current views on involving the to the above mentioned example in deuterochloroform
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the 'H NMR spectrum showed the presence of thewater solution of sodium carbonate tilleutral. The

sole dienol tautomer B (seEXPERIMENTAL) also

solvent was evaporated titlryness, the residue was

in agreement with the published data on the spectra akcrystallized from ethanol. We obtained colorless

1,6-diaryl-1,3,4,6-tetraketones [32].

Preliminary studies indicate that bipyrazolés
possess bacteriostatic activity with respect
Staphylococcus aurousnd Escherichia coli[18, 30].
Bipyrazoleslib, d, e, gwere tested for antitumor and
anti-AIDS activity. A pronounced antileukemic
activity was revealed in compourid .

EXPERIMENTAL

IR spectra of compounds$ andIV were recorded
on spectrophotometergR-20, Specord M-80, and
Phillips Analytical PU9716 IR from mulls in mineral
oil. 'HNMR spectra of compounds Il , andIV were
registered on spectrometers RYa-2310 (BHz),
Bruker AM-300 and Varian VXP-300 (300 MHz)
from solutions in deuterochloroform, DMS@)-or a
mixture of DMSO#dg with CDCl,. Internal reference
TMS or HMDS. *C NMR spectra of compounds
were measured on JEOL EX90AT-NMR instru-
ment at operating frequency 22, 30 MHz from solu-
tions in DMSO. Mass spectra of compounds Il ,
and IV were obtained on Kratos MS-30 instrumen
(Great Britain) in direct inputmode, emission cur-
rent 1000 mA, ionizing electrons energy 70 eV,
evaporator temperature 12I60°C. The prediction

t

to

crystals of compounda. Yield 5 g (29%). mp 119
120°C (publ.: 126-121°C [3, 4, 34], 123C [37]).
'H NMR spectrum (CDG)), 5, ppm: 2.25 s (6H,
CH,), 3.93 s [4H, CH, keto form A, 4%(Scheme?)],
6.38 s (2H, CHenol form B,96%), 13.85br.s (2H,
OH, form B).*H NMR spectrum (DMSGd,), 5, ppm:
2.17 s [3H, éCH3, form C (Scheme?)], 2.22 s (6H,
CHs, form B), 2.28 s(3H, CH,COCH,, form C),
2.78 d, 2.90 d (2H, CKCOCH,, 2J 14.0 Hz, form
C, 59%), 3.88 s (1H, CH form A, ~0.6%),3.97 s
[1H, CH,, form H, 4% (Scheme6)], 5.39 s (1H,
C*H, form C), 6.23 1H, CH, form H), 6.37 s(1H,
CH, form B, 36%), 7.63 s (1H, @DH), form C).
Mass spectrumm/z (1., %) (peaks presented have
lef > 2%): 170 (3)Mo, 142 (2) M-CO, 127 (17)
[M-CH,COJ", 109 (2) M-CH,CO-H,0J,, 86 (3),
85 (100) [CHCOCH,C=0]", 71 (2), 69 (8)
[O=C=CH-C=0]", 55 (6), 53 (3), 45 (2), 43
[CH,COJ", 41 (10), 40 (29), 33 (28). The fragment-
ation character of compounth under the electron
impact is well consistent with the known scheme of
degradation of 1,6-diaryl-1,3,4,6-tetraketones under
such conditiong38]. Found, %: C 56.47; Hb.92.
CgH;0,. Calculated, %: &6.79; H 6.23.

1,6-Bis(2,4-dimethylphenyl)-3,4-dihydroxy-2,4-
hexadiene-1,6-dione(ld). To 100 ml of methanol

NMR spectra were constructed with the use of awvas added by small portions 4.80.2 mmol) of

routine from ACD/Labs Software Co (Toronto,
Canada, http://www.acdlabs.com). Thalculations

sodium,then methanol was distilled off till ngness,

the sodium methylate was ground into powder and

did not take into account the solvation effects. Thecharged into a flat-bottorflask, and 150 ml of ether
homogeneity of compounds was proved by TLC onwas addedhereto. Then atooling andstirring was

Silufol UV-254 plates,eluent benzenetheracetone,
10:9:1, development in iodin@apor. Theknown
initial 1,3,4,6-tetraketones 4@ were prepared by

added dropwise a mixture af4.6 g (0.1 mol) of
diethyl oxalate and29.6 g (0.2 mol) of 2',4'-di-
methylacetophenone. On the next day the dry residue

Claisen condensation of methyl ketones with diethylas thoroughly mixed with 100 ml of hot water and

oxalate in the presence of sodium ethylate [1, 2, 6
33-36].

4,5-Dihydroxy-3,5-octadiene-2,7-dione (la).To
100 ml of methanol preliminary distilled from sodium
metal was added by portions 4.6@.2 mmol) of sod-

at stirring concn. HCl wasdded till pH 34. The
precipitate was washed with water and ethanol and
recrystallized from dioxane. Yield9.6 g §56%). mp
160-161°C (publ.: 169170°C [35]). "H NMR

spectrum (CDQC)), 8, ppm: 2.37 s (6H,0-CH,),

ium, then methanol was distilled off tidiryness, and 2.58 s (6H,p-CH5), 6.88 s (2H, CH), 7.12's, 7.27 s,
to sodium methylate thus obtained was added 150 mf-62 s, 7.66 s (6H arom), 15.43 s (2H, OH); 100%

of anhydrous ethyether.Then at cooling andtirring
was added dropwise a mixture #.6 g (0.1mol) of
diethyl oxalate andl1.6 g (0.2mol) of acetone. On

of dienol form B (Scheme 2).H NMR spectrum
(DMSO-dy), 6, ppm: 2.22 s, 2.30 s, 2.33 s, 2.39 s,
2.50 s (12H, 4CH), 3.47 d, 3.69 d [2H, CHCOAr,

the next day the solid residue was dissolved in 40 mfJ 17.5 Hz, form C(Scheme2)], 5.97 s (1H, CH,

of water, and by portionsvhile stirring wasadded
10% aqueous hydrochloric acid till pH-8. The reac-
tion product was extracted into etherx(80 ml), the

form C, 90%), 6.91 s (1H, CHform B, 10%),
7.06s,7.11s,7.13s,7.17s,7.45s,7.485s,7.69 s,
7.72 s (6H arom), 7.86r.s (1H, GOH, form C).

extracts were combined, and washed with a saturated,,H,,0,.
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1,6-Bis(-fluorophenyl)-3,4-dihydroxy-2,4-
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133.38t4.7,134.23t0.2,135.09t2.5, 135.28+5.8,

hexadiene-1,6-dione (If)was prepared as compound 137.0740.6, 141.44+1.5 (C arom), 139.184.9

Id. Yield 16.2 g (49%). mp 20405°C. H NMR

spectrum (DMSGdg), 8, ppm: 3.52 d, 3.85 d [2H,
CH,COAr, 2] 16.0 Hz, form C(Scheme2)], 6.37 s
(1H, C*H, form C, 77%), 7.267.40 s, 7.868.03 s
(9H, CH, 8H arom). GgH;,F,0,.

5,5'-Disubstituted 3,3-bipyrazoles lla-f.
Generalprocedure. To a solution @f.004 mol of an
appropriate 1,3,4,6-tetraketoria-f in 30-70 ml of
dioxane, ethanol, oacetic acid was added atirring

0.2 ml (nearly 1 equiv) or 0.5 ml (excess) of 70%

water solution of hydrazine 00.84 g (0.008mmol)

of hydrazine hydrochloride, and the mixture was

boiled for 16-20 min. Theprecipitate was filtered off
and recrystallized from dioxaneacetic acid, or

benzene; or the solvent was evaporated, and the

residue was recrystallized fromlioxane or benzene.

5,5'-Dimethyl-3,3'-bipyrazole (lla). Yield 0.3 g
548%). mp 27827%C (decomp.)publ.: 286C [3]).
H NMR spectrum (DMSQdg), 6, ppm: 2.23 s (6H,
CH,), 6.29 s (2H, CH),12.68 br.s (2H, NH).
Further aregiven for comparison the data of predic-
tion 'H NMR spectrum,8, ppm: 2.33 s (6H, CH),
6.11 s (2H, CH),11.88br.s (2H, NH).'°C predic-
tion spectrum,dc, ppm: 11.82:1.7 (CHy), 11.99+
2.1 (CH,), 103.72:3.3 (C), 103.83:3.3 (C"),
140.13+4.5 (C), 140.50:1.0 (C), 145.98:12.7
(C®), 147.01 £6.1 (C).

5,5'-Bis(p-tolyl)-3,3'-bipyrazole (lic). Yield 1 g
(80%). mp>320°C (decomp.).X*.C NMR spectrum
(DMSO-dy), 8¢, ppm: 20.65 (CH)), 99.24 (¢, C*),

125.00, 126.80, 127.86, 128.47, 129.47, 136.08C*),

(C arom), 137.10 (& C®), 141.20 (G, C°).

5,5'-Bis(2,4-dimethylphenyl)-3, 3-bipyrazole
glld). Yield 1.15 g (85%). mp 25856°C (decomp).
H NMR spectrum (DMSQdg), 6, ppm: 2.32 s (6H,
0-CH,), 2.42 s (6H,p-CH,), 6.76 s (2H, CH),
7.11 m, 7.42 m (6H arom), 13.1Br.s, 13.25br.s
(2H, NH). Further aregiven for comparison the data
of predictioan NMR spectrumg, ppm: 2.32 s (6H,
0-CH,), 2.36 s (6H,p-CH,), 6.97 s, 7.06 s, 7.09 s,
7.41 s, 7.52 s (6H arom), 7.95 s (2H*H), 8.68
br.s (2H, NH).**C NMR spectrum (DMSQd), 8,
ppm: 20.52 (CH), 102.50 (¢, C*), 126.12, 128.07,
131.86 (C arom), 134.93 (CC?), 137.22 (G, C°).
Further aregiven for comparison the data of predic-
tion *C NMR spectrum, 5., ppm: 19.43-0.6,
20.90£0.1, 20.93t0.3 (CHZ), 101.03t3.2,
107.92+3.0 (C', C*), 125.06:0.4, 127.45+0.3,
129.20t0.5,130.16t0.6,130.58+1.2,132.18t1.6,

(C3), 145.55r2.4 (C), 146.18:12.7 (C), 148.03¢
2.5 (C). Mass spectrum,m/z (lep %) (peaks
presented have,,> 5%): 343 (23) [M+1]", 342
(97) Mo, 341 (21), 226 (5), 19815) [I], 171 (25)
[1/2M]* [J], 170 (6), 163 (9), 156 (12), 154 (6), 151
(5), 148 (8), 146 (16), 145100) [1/2M-C=N]*, 144
(43) [L/2M-HCN]Jo, 143 (10), 142 (7), 141 (11), 131
(23), 130 (70) [1/2M-C=N-CH,]*, 129 (10)
[1/2M-HCN-CH,]*, 128 (14), 127 (7), 117 (8), 116
(9), 114 (16), 105 (8) [2,4-(CH,CeH4l*, 103 (6),
91 (8), 88 (13), 79 (6), 77 (12).

+

C=NH

N’N
2,4-(CH;),CH; ILI

I

+

N’
2,4-(CH;),CgH; ILI
J

5,5'-Bis(p-chlorophenyl)-3,3-bipyrazole (lIf).
Yield 1.2 g(85%). mp>320°C (decomp.). IRspec-
trum, v, cm & 3220 (NH), 1617, 1565, 1533, 1495,
1465, 1382, 1351, 1168, 1102, 1057, 978, 834, 793.
13C NMR spectrum (DMSQd): 100.08 (¢, C*),
126.92, 127.88, 128.85, 129.24, 132.15, 135.90
(C arom), 141.45 (& C*), 143.16 (C, C°). Further
are given for comparison the data of prediction
13C NMR spectrum,., ppm: 100.68 (¢), 107.22
125.55, 128.14, 128.18, 129.64, 130.50,
131.52, 132.55, 136.01 (C arom), 143.483%}C
145.38 (G), 145.66 (C), 146.87 (C). Mass
spectrum,m/z (1o, %): 359 (4) M+4]o, 358 (15)
[(M+4)-H]*, 357 (14) M+2]*, 356 (72)
[(M+2)-H]*, 355 (31)Mo, 354 (100) M-H]*, 345
(2), 343 (5), 341 (6), 325 (6), 322 (2), 320 (7), 293
(3), 291 (13), 230 (1), 228 (3), 226 (9), 224 (6), 181
(4), 179 (3) [1/2W+2)]", 177 (6) [L/M]*, 164 (3),
162 (6), 153 (6), 150 (3), 148 (6), 146 (9), 139 (6),
138 (12), 131(9), 127 (9), 119 (7), 113 (8), 111 (9)
[p-CICgH,]*, 106 (6), 105 (12), 102 (9), 101 (6), 91
(11), 89 (7), 77 (6), 711) [CsHs]*, 74 (8), 69 (18),
57 (16), 56 (11), 55 (9), 51 (11), 50 (6).

1,1'-5,5'-Tetraaryl-3,3'-bipyrasoles llg-n).
Generalprocedure. To a solution d@f.002 mol of an
appropriate 1,3,4,6-tetraketoite-f in 20 ml of acetic
acid was added0.004 mol of phenylhydrazine,
o-tolylhydrazine, or p-carboxyphenylhydrazine, and
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the mixture was boiled for-8.0 min. Theprecipitate
was filtered off and recrystallized frorbenzene or a
mixture dioxanehexane, 1:1.

1,1',5,5-Tetraphenyl-3,3'-bipyrazole (Ilg)
Yield 0.6 g (68%) mp 233234C (decomp.).
spectrum,v, cmt; 1592, 1543, 1497, 1445, Mass
spectrum,m/z (1., %) (peaks presented havg, >
5%): 439 (27) [M+1]", 438 (77) Mo, 437 (29)

[M-1]", 334 (18) M- CH5—HCN]+, 219 (18)
[1/2M]+ [J], 204 (5), 192 (7), 190 (7), 18@30)
+ C=N Tt
N
CeHs I|\I CcH N’N
CH s
5 CH,CH-o
K L
=+
—|+ C=0
X X
cHl N cHy”
CH,CHso CH;
M N

[CeHsC=N-CHe*, 165 (11), 152 (5), 116 (5),
105 (6) [GHCH= NH]o, 102 (6), 91 (9), 89 (11),
78 (9), 77 (100) [GHe", 65 (5), 51 (38).

1,1'-Bis(o-tolyl)-5,5'-diphenyl-3,3'-bipyrazole
(111). Yield 0.4 g (44%). mp 233234C (decomp.).
Mass spectrumm/z (1o, %) (peaks presented have
Lo > 5%) 466 (100) Mo, 259 (10)[L], 233 (17)
[1/2M]7 [M], 194 (11) [CBHSC N-CgH,CH5-0]",

128 (10) [GH.C=C-C=NH]*, 105 (24) p-
CH,CeH,NI*, 103 (6) [GHsC=NJo, 91 (20)
[0-CHLCeH,*

3-Aroylacetyl-1,5-diarylpyrazoles 1Va-d.
Generalprocedure. To a solution 0d.002 mol of
1,3,4,6-triketondb or le in 20 ml of acetic acid was
added 0.002 mol of phenylhydrazinep-tolylhydr-
azine, orp-carboxyphenylhydrazine, and the mixture
was boiled for 510 min. Theprecipitate was filtered
off and recrystallized fronbenzene or amixture di-
oxane-hexane, 1:1.

3-Benzoylacetyl-1,5-diphenylpyrazole (IVa).
Yield 0.38 g (53%). mp 16263’C (publ.: 164
166.5C [4]). Mass spectrumm/z (l,o, %) (peaks
presented havé,, > 5%): 439 (5), 438(21), 437
(8), pyrazole Ilg impurity that we failed to separate
from the main product; 36717) [M+1]", 366 (65)
Mo, 365 (10) M-1]", 338 (19) M-COJ", 337 (17)
[M-CO-H]*, 297 (6) M-O=C=CH-C=0]",
289 (5) C§H5] 248 (26), 247 (100)
[M-C¢HsCOCH,]™ [N], 237 (6), 236 (13), 220 (6)
[O], 219 (12) [P], 218 (5), 193 (6), 180(16)

COMPOUNDS: IV. 1493
[CeHsC=N-C¢Hg]",
(11), 105(94) [CBHSC or,

77 (74) [GHg™.

165 (7), 131 (6), 116 (14), 106
104 (8), 89 (8), 78 (7),

H
J\ IS
CH” N cH; N
C¢H; CeHs
0 p
c=0 * +
X [ %
n-CICH, N n-CICH; N
C,H,CHs-0 CH,CHyo
Q S

1-0-Tolyl-3-(p-chlorobenzoylacetyl)-5p-
chlorophenylpyrazole (IVc). Yield 0.35 g (40%).
mp 175-176°C. Mass spectrumm/z (I, %) (peaks
presented havé, > 5%): 452(10), 450 (51), 448
(73) (peaksratio 14:70:100) Mo, 311 (17), 309
(45) M- p—CIC6 4COJ", 297 (16), 295(50) [M-p-
CICgH,COCH,]* [C], 269 (6), 267(15) [R], 230 (7),

228 (11) p-ClCeH,~C=N-CeH,CHz-0]", 183 (36),
181 (100) p-CICeH cocwc ol 141 (21), 139
(63) [p-CICH,-C=0]", 113 ®), 111 (21)

[p-CICeH,", 69 (57) [O=C=CH-C=0]".

The authors are grateful to Maybridge Chemical
Company (Great Britain) for assistance in recording
and interpretation of some IR and NMdpectra.
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