REACTION OF 2-AROYL~1-CYCLOHEXANONES
AND THEIR 6~-AMINO DERIVATIVES WITH HYDRAZINES

Ya. Ya. Ozol, E. E. Liepin'sh, UDC 547,779
and G. Ya. Dubur

The reaction of 2-aroyl-1-cyclohexanones and their amino derivatives with hydrazines
gives substituted 4,5,6,7-tetrahydroindazoles. '

Continuing our research on amino derivatives of cycloalkanones [1, 2], we have studied methods for
the synthesis of indazole derivatives from them. Aminoindazoles with a nitrogen-containing substituent in
the 3 position have analgetic and antiphlogistic properties [3, 4], and polyfunctional tetrahydroindazoles
are also physiologically active [5, 6].

Like other B-diketones [7], 2-aroyl-1-cyclohexanones and their 6-amino derivatives (I) react with
hydrazine and arylhydrazines with closing of a five-membered ring to give 4,5,6,7-tetrahydroindazoles II
(II1). The results of elementary analysis and the IR and PMR spectral data confirm the general structure
of IT (IlI). The absorption of carbonyl groups and hydrazone C =N bonds is absent in the region of double-
bond absorption in the IR spectra of the cyclization products; only several compounds obtained in the re-
action with 2,4~dinitrophenylhydrazine (Table 1), in which there are evidently admixtures of hydrazones,
constitute exceptions to this. A broad maximum at ~ 1600 cm™!, which is related to the absorption of the
indazole and aromatic rings [8], is observed in the spectra of II (I1I).

Indazoles II (III) with an amino group in the ring form salts with one or two molecules of hydrogen
chloride, while compounds without an amine residue give salts with only one molecule of hydrogen chloride,
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Cyclization of I with phenylhydrazine may lead to two isomeric tetrahydroindazoles (I and III). A
diamagnetic shift of the resonance signals of the H, and Hj protons is observed on passing from nitrogen~
unsubstituted indazoles IIa-i to compounds having a phenyl substituent attached to the nitrogen atom (IIj-1)
(Table 2). This may be explained by the anisotropic effect of the adjacent Ny~phenyl grouping. Where '
there are two phenyl groupings in the 2 and 3 positions of the indazole ring. Dreiding models show that
steric interactions that lead to their primarily parallel orientation and, consequently, to a diamagnetic
contribution to the shielding of the H, and Hﬁ protons arise between them., Consequently, the reaction
of T with phenylhydrazine leads to compounds with structure Il rather than structure II,

The low chemical shift of the H, protons in derivatives Ila~i (7.5-7.8 ppm) is noteworthy, whereas
for indazoles with a phenyl substituent attached to the N, atom (IIlj~) the resonance of these protons is

Institute of Organic Synthesis, Academy of Sciences of the Latvian SSR, Riga. Translated from
Khimiya Geterotsiklicheskikh Soedinenii, No, 11, pp. 1545-1549, November, 1975. Original article sub-
mitted December 25, 1974.

©1976 Plenum Publishing Corporation, 227 West 17th Street, New York, N.Y. 10011. No part of this publication may be reproduced,
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming,
recording or otherwise, without written permission of the publisher. A copy of this article is available from the publisher for $15.00.

1315



TABLE 1. 3-Aryl-4,5,6,7-tetrahydroindazoles (I, III)

Com- . ' Empirical Found, % Calculated, % IR spectra, v, cm=! 5
pound R R RY |mp, c*«i formula c ‘ N lN ‘Cl c s | n | |1890-1800 28003600 §
i ! cm™" region cm”T region| o~
Iib H H cl 129 | CisHiNoCl 665] 5,4 1119152/ 67,1 5,6|120{152| ~1600 [2850, 2950, |43
_ 3080
I1b-HCI | H H Cl | 264—266| CiHNoClo  |58,3] 5,3 10,4|27,1| 58.0f 5,2 10,4/ 26,3 -
e H H OCHs| 78 | CiHiNeO 734 69122 736] 7,1 [ 123 ~1600 3230 31
llc-HC! | H i OCH, | 268—269 | C.;HiN:OCl  |629] 6,7|10,4| 12,4]635| 6,5 | 10.6] 13,4 -
1d H N(CHa)s H T159 | CisHaNa 76375149 1768| 82149 1600, 1605 13290 36
11d-2HC1| H N{CHy)s M 1236—238 CiHasNoCle  {610( 7,1 [ 11,9]20.0{61.6] 7,6 | 11,7/ 21,0 -
lle H N(CHp)s o} 183 | CiaHnNiCl 68,7 7.1 | 13,4| 11,868,4] 7,0{133|112] ~1590 gggg 2950, |22
1le-HC1 | 11 N(CHy)s Cl | 255—256| CisHaNsCly  |56.7| 6,4 10,8]27.2{55,6] 6,2 | 10,8} 27,4 —
1f H N{CHy)s OCHy| 170 | CisHasNaO 740{ 8,1 1135 73,3 8,1 1135 ~1610 {3240 36
T -2HCl| H N(CHy)s OCH; | 224226 CiH#NOClL | 59.8] 7,3 10,9] 182/ 50,4} 7,1 | 109 1.8.4 —
1ig H N(CH,CHp),0 | H 178 | CHaNiO 73,2 7.8|149 21|75\ 148 | ~1600 2950, 3070, |31
3280
g -HCL| 1 N(CH.CHp),0 | H 296228 | CiHnN,OCl  |633] 69 13,1) 11,3/63,8| 69 | 13,1] 11,1 -
lih H N(CH,CHy);0 | Cl 176 | CuHwNOCl (648 661127 11,9{64.2| 6,3 13.2{11,1] ~1600 [2870, 2950, |41
2980, 3300
IIh-HCI | H N(CH,CHa):0 | Cl | 220~222| CyHyN,OCL  [56.8] 6,5]11,320,2{57.6! 6,0 11,5/20,0 -
i H N{CH.CH),0 | OCHy | 154 | CisHaNsO, 16,3 7.5]22.8 69,01 74| 134 ~ 1600, 1620 gggg 2050, |36
11i -2HCY H N(CH;CHz):0 | OCH; | 2122141 CgHuN;OCl, | 55,6| 66 |10.2(17,2/36,0| 6,5 109} 18.3 -
11, CeHls H H 136 | CopHaNs 80,8 7.9|11,4 80,6| 7.6 | 11,7 ~ 1600 14
ik CHs N(CHys ol 147 | CyHuNoCI 73,7} 8,71109) 99/736] 67107 90| ~1600 [2870, 2040 |38
e CoHs N{(CHy)s OCHs | 12 | CuHaN;0 766] 7.8 (11,3 77,5|7,5 | 10,8 1600, 1615 19
Him CeH: H OCHs | 125 | CyoHwN,0 78.7| 6,7| 9.2 789(6,6 | 9,2 1590, 1610 58
iin C.H; H H 105 | CiHieN, 83,0] 64107 832]6,6 | 10,2 ~ 1600 54
11 HCl| C;H, H H 169—171 | CoHsN,Cl 735] 621 9,0/123|734|62 | 9,0{11,4 —
o CeHa(NOa1s | H H 186 | CioHeN:Os 63.1] 48148 62,644 | 154 ~ 1610 64
lip Cods N(CH.CH):0 | 1 133 ] CyHpsNaO 767 7.0 ] 115 76,870 | 11,7 ~1600 {2860, 2050 |24
lip-HC! | Calls N(CHCH,),0 | H 247—248 | CosHaN,OC1  {70.8] 6,6|10,8]10,0{69,8/ 6,6 | 10,6 9,0 —
g | Cetls N(CHCH)0 | OCHy | 134 | CosHayiNoO: 73.2] 69108 74,0{7,0 {108 ~1610  |2850, 2900 |38
2955, 3020,
11ig-HCI | Catls N(CHyCH) 0 | OCH; | 172173 CyyHusNaOCl 66,5 7.01 92| 96(67.7(66 | 99| 83 05 -
Hir Csl13(NO) ! N(CH,CHg)gO | OCH, | 105107 | CyiHosN5Os 61.3| 58 146 60,1152 | 146 ~ 1610, 1680 3338 2050, |56
i11s CoHs H ol 133 | CuHuNoCI 742| 56| 9.2|12:4{739]55 | 91115 ~ 1600 gggg. 2940, |30
1115 -HCl | CsHs t Gl J1T2074] CulleN,Ch  |655] 52 7.7)20.1166,1{5,2 | 8.1/20,5 ' —
it Cetla(NO), | I ¢l 180 | CieHyuN,0Cl  [57.3] 37|137| 9,1157,2{38 | 140 89] ~1610 |2870, 2940, |58
. , 2960. 3070

*The indazoles were crystallized from ethanol or purified by precipitation from hydrochloric acid solution

by the addition of ammonium hydroxide; the hydrochlorides were crystallized from absolute ethanol with
the addition of ether.
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TABLE 2. Parameters of the PMR Spectra of 3-Aryltetrahydro-
indazoles (II, III)

Corn- Chemical shifts, §, ppm
pound | con |con — ot [Gru | Ho | Hp | R R | =
ITa | 2,60 2,0—1,6 2,60 { 7,60 | 7,20 11,0 — 720
IIb | 2,57 1,8—15 2,57 { 7,50 | 7,22 10,9 — —
IIc | 2,56 1,8—1,5 2,56 | 740 | 6,70 10,6 — 3,70
I1d | 2,60 20—1,5 396 | 7,80 | 7,3 10,0 2,57 (NCHos) 7.30
150 (CCH,)
Ile | 2,60 2,0—15 3901t 772 7,33 11,0 2,55 (NCHy) —
1,50 (CCHy)
Iif | 2,60 21—186 380 | 758 | 6,84 10.0 2,50 (NCHy) 3,73
- 1150 (CCH,)
lig 2,67 2,116 372 { 7,70 | 7.26 10,9 2,50 (NCHjy) 7.30
3,50 (OCHa)
ITh| 2,60 2.0—1,6 385 762 | 7,30 11,0 2,67 (NCHy) —
3,60 (OCH,)
i | 2,60 2,1—1,6 3,88 | 763 691 10,6 2,58 (NCHy) 3,80
3.65 (OCHy)
11j | 2,57 2,0—1,6 2,80 | 7.20 | 7,20 7,20 — 7,20
ik | 2,46 2,1—1,6 3,741 720 | 7,03 7,18 2,68 (NCHjy) —
1,50 (CCHoy)
Iz | 245 2,1—1,6 3741 7,03 672 7,18 2,73 (NCHy) 3.74
1,50 (CCHy)

shifted to strong field (7.03-7.2 ppm). These differences apparently should be explained by the equilibrium
II =" III for indazole derivatives with a hydrogen atom attached to the nitrogen atom and by the appearance
of averaged signals of forms II and III with pronounced predominance of tautomeric forms II. The aniso-
tropy of the C3=N, double bond and the unshared pair of electrons attached to the N, nitrogen in form II
should make an appreciable paramagnetic contribution to the shielding of the H, protons of the aryl ring
as compared with that observed for form III. A comparison of the chemical shifts of the C; protons for

IIa and IIJj also indicates the importance of these anisotropic contributions. The resonance of this group
is shifted to weak field when there is a C =N double bond in the IIfj molecule.

EXPERIMENTAL

The PMR spectra of 10% solutions of the compounds in CDCl; were recorded with a Perkin—Elmer
R~12A spectrometer (60 MHz). The internal standard was tetramethylsilane. The IR spectra of Nujol or
hexachlorobutadiene suspensions of the compounds were recorded with a UR~10 spectrometer.

3~Phenyl-4,5,6,7-tetrahydroindazole (IIa). A mixture of 4.04 g (0.02 mole) of 2-benzoyl-1~cyclo-
hexanone, 1 g of hydrazine hydrate, and 1 ml of concentrated H,SO, was refluxed in 50 ml of absolute etha-
nol for 5 h, after which the mixture was poured into water, and the pH was brought up to 9-10 by the addi~
tion of ammonium hydroxide. After 4 h, the resulting precipitate was separated and crystallized from
ethanol to give 2.2 g (55%) of a product with mp 126°. Found: N 14.3%. Cy3H;,N,. Calculated: N 14.1%.
IR spectrum: 1600, 3080, 3150, and 3200 cm™!,

Hydrochloride (IIa*HCl). The hydrochloride was obtained by saturation of a solution of 1la in ether—
benzene with hydirogen chloride. The precipitated salt was separated and crystallized from absolute etha-
nol with the addition of ether to give a colorless substance with mp 244-245° (dec.); the salt was soluble in
water. Found: C 65.9; H 6.4; N 11.9; Cl 14.6%. C,3H;;N,*HCL, Calculated: C 66.5; H 6.4; N 11,9; C1 15,1%,

The properties of the remaining substances, which were similarly synthesized, are presented in
Table 1.
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