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The react ion of 2 -a roy l - l - cyc lohexanones  and their  amino derivat ives with hydrazines 
gives substituted 4,5,6,7- te t rahydroindazoles .  

Continuing our  r e s e a r c h  on amino derivat ives  of cycloalkanones [1, 2], we have studied methods for 
the synthesis  of indazole derivatives f rom them. Aminoindazoles with a ni trogen-containing substituent in 
the 3 position have analgetic and antiphlogistic proper t ies  [3, 4], and polyfunctional te t rahydroindazoles  
are  also physiologically active [5, 6]. 

Like other fl-diketones [7], 2 -a roy l - l - cyc lohexanones  and thei r  6-amino derivatives (I) react  with 
hydrazine and ary lhydraz ines  with closing of a f ive-membered  ring to give 4,5,6,7- te t rahydroindazoles  II 
(III). The resul ts  of e lementary  analysis  and the IR and PMR spectral  data confirm the general  s t ruc ture  
of II (III). The absorption of carbonyl groups and hydrazone C = N bonds is absent in the region of double- 
bond absorption in the IR spect ra  of the cyclizat ion products;  only several  compounds obtained in the r e -  
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 -1, which is related to the absorption of the 
indazole and aromat ic  r ings [8], is observed in the spec t ra  of II (III). 

Indazoles II (III) with an amino group in the ring fo rm 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 i somer ic  te t rahydroindazoles  (II and III). A 
diamagnetic shift of the resonance signals of the H~ and Hfi protons is observed on passing f rom ni t rogen-  
unsubstituted indazoles IIa-i  to compounds having a phenyl substituent attached to the nitrogen atom ( I I I j - / )  
(Table 2). This may be explained by the anisotropic effect of the adjacent N2-phenyl grouping. Where 
there  are  two phenyl groupings in the 2 and 3 positions of the indazole ring. Dreiding models show that 
s ter ic  interact ions that lead to the i r  p r imar i ly  paral lel  orientation and, consequently, to a diamagnetic 
contribution to the shielding of the H a and Hfl protons a r i se  between them. Consequently, the react ion 
of I with phenylhydrazine leads to compounds with s t ruc ture  IH ra ther  than s t ructure  II. 

The low chemical shift of the H a protons in derivatives IIa-i (7.5-7.8 ppm) is noteworthy, whereas 
for  indazoles with a phenyl substituent attached to the N 2 atom (IIIj-/) the resonance of these protons is 
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TABLE I.  3-Aryl-4,5,6 ,7- te t rahydroindazoles  (71, III) 

C o m -  
pound 

Itb H 

lib .HC1 H 

Ilc It 

I lc- HCI t1 

lid H 

Ild .2HCI H 

I le H 

lie .HCI tl 

Ill H 

IIf.2HCi H 

IIg H 

IIg ,HCI It 

I lb. [I 

llh,HCI fl 

1Ii H 

lIi .2HCI H 

IIIj. C6H8 

[IIk Calls 

t i l l  C~}1~ 

l l lm I C~H~ 

IIIn. HCI C6Hs 

111o i C sl-I,~,(NO~) ~ 

Iflp i C~Hs 

IItp-ItCI Cstt~ 

I I Iq Csl'ls 

IIIq. HCI CsiIs 

l l l r  

I l ls  

IIIs .HCI 

It l t  

R' 

ti 

H 

H 

tl 

N {CIt~)8 

NiCH=)s 

N {Ctt=)s 

N(CH=)s 

N(Clt:)s 

N (CH~)s 

N IC I-I~CH~) =O 

N (C H._,CI-I ~) =O 

N (CH=CH:)=O 

N {Ct-t=CHs) ~O 

N (CH:CHs}_oO 

N tCH~Ct-ID ~O 

i 

R" i rap, ~ * 
l 

I 129 

OCHa 

OCHa 212-214 

Empirical 
formula 

CtaI-t~aN~Cl 

C~aII,4N=CIa 

C,4H,~N20 

C~4H~TN=OCI 

C,8H=aNa 

C]~HssNaCI~ 

C,sH=~NaCI 

C,sH24NaCIa 

C,9H2sNaO 

C,~H~TNaOCI~ 

C~rH~,NaO 

C~TH=2NaOCI 

C,7H~sNaOCI 

C 7H2,NaOCI2 

C]sH23NaO2 

ClsHasNaOaCla 

Found, % Calculated, % 

1500-1800 
cm -I regior 

IR spectra, u, cm -t  .~ 

2800-3600 "~ 
cm "t region 

~1600 

~1600 

1600, 1605 

~1590 

~1610 

~1600 

~1600 

H 

N(Ct{2}5 

X(Cffu)s 

1t 

1t 

tt 

H 

X {C f]sCIl:)) ..,O 

X ICtt2Ct-I~) ~O 

N {CItaCH:)~O 

X {CI-t._,CIt~) 20 

CslI3{NO2)~ NtCH2C[ID20 
E 
, 

C6Hs I [1 

1 
Cst% [ 11 

I 
Cslls(NO~)~ i 11 

H 

CI 

OCH3 

OCH3 

H 

H 

H 

I1 

H 

OCH3 

OCHa 

OCH~ 

CI 

CI 

Cl 

136 

147 

ll2 

125 

105 

169--171 

186 

133 

247--248 

134 

172--172 

t05--107 

133 

172.-17.~ 

180 

C=4H27Na 

Ce4H2aNaCI 

C2~H29NaO 

C2oH2oN20 

C,sH,sN~ 

CIsH,pN=CI 

C~sH,~N~O4 

C~aH25NaO 

C23H~NaOC1 

Cs~H~rNaO~ 

C~4H2sNaO2CI 

C24H2sNsO6 

C~pH,rN2CI 

C;9 t:8N2CI2 

C~tt~5N404C1 

~1600,1620 

~1600 

~1600 

1600,1615 

1590,1610 

~1600 

~16t0  

~1600 

~1610 

~1610,168{ 

N1600 

el,,  lc, C H N I C1 

~1610 

2850, 2950, 43 
3080 

]230 31 

~290 36 

2860, 2950, 22 
3250 

3240 36 

2950, 3070, 31 
3280 

2870, 2950, 41 
2980, 3300 

2875. 2950, 36 
3260 

i 
14 

2870, 2940 38 

19 

58 

!54 

64 

2860. 2950 24 

2850, 2900 38 
2955, 3020. 
3060 

2850, 2950, 56 
3020 

2870, 2940, 30 
3080 

2870, 2940, 58 
2960. 3070 

* T h e  i n d a z o l e s  w e r e  c r y s t a l l i z e d  f r o m  e t h a n o l  o r  p u r i f i e d  b y  p r e c i p i t a t i o n  f r o m  h y d r o c h l o r i c  a c i d  s o l u t i o n  

b y  t h e  a d d i t i o n  o f  a m m o n i u m  h y d r o x i d e ;  t h e  h y d r o c h l o r i d e s  w e r e  c r y s t a l l i z e d  f r o m  a b s o l u t e  e t h a n o l  w i t h  

t h e  a d d i t i o n  o f  e t h e r .  
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TABLE 2. P a r a m e t e r s  of the PMR Spectra of 3 -Ary l te t rahydro-  
indazoles (II, III) 

Com- 
pound 

IIa 
IIb 
IIc 
lid 

IIe 

IIf 

IIg 

IIh 

IIi 

IlIj 
IIIk 

IIIl 

C~- H 

2,60 
2,57 
2,56 
2,60 

2;60 

2,60 

2,67 

2,60 

2,60 

2,57 
2,45 

2,45 

Cs-H - -  C,s-H 

2,0--I,6 
1 , 8 - -  i ,5 
1,8 - -  1,5 
2,0--I,5 

2,0--1,5 

2,1--1,6 

2,1--1,6 

2,0-- 1,5 

2,I--1,6 

2,0--1,6 
2,1--1,6 

2,1--1,6 

CT-H 

2,60 
2,57 
2,56 
3,96 

3,90 

3,80 

3,72! 

3,85: 

3,88 

2,80 
3,74~ 

3,74 

Chemical shifts, 6, ppm 
Hcz H,~ R 

7,60 7,20 
7,50 7,22 
7,40 6,70 
7,80 7,3 

7,72 7,33 

7.58 6,84 

7,70 7.26 

7,62 7,30 

7,63 ' 6,9[ 

7,20 7,20 
7,20 [ 7,03 

7,03 [ 6,72 

R' 

m 

2,57 (NCHe) 
1,50 (CCH2) 
2,55 (NCH2) 
1,50 (CCH2) 
2,50 (NCH2) 
1,50 (CCH2) 
2,50 (NCH2) 
3,50 (OCH~) 
2,57 (NCH2) 
3,60 (OCH2) 
2,58 (NCH2) 
3,65 (OCH2) 

2,68 (NCt-t2) 
1,50 (CCH2) 
2,73 (NCH=) 
1,50 (CCHD 

R" 

7,20 

3,70 
7,30 

3,73 

7,30 

3,80 

7,20 

3.74 

shifted to strong field (7.03-7.2 ppm). These differences apparently should be explained by the equilibrium 
II ~ III for  indazole derivat ives 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 tau tomer ic  forms II. The aniso- 
t ropy of the C3=N 2 double bond and the unshared pa i r  of electrons attached to the N 2 nitrogen in form II 
should make an appreciable paramagnet ic  contribution to the shielding of the H a protons of the aryl  ring 
as compared with that observed for form III. A compar ison of the chemical shifts of the C7 protons for  
IIa and IIIj also indicates the importance of these anisotropic contributions. The resonance of this group 
is shifted to weak field when there  is a C = N 1 double bond in the IIIj molecule.  

E X P E R I M E N T A L  

The PMR spect ra  of 10% solutions of the compounds in CDC13 were recorded with a P e r k i n - E l m e r  
R-12A spec t romete r  (60 MHz). The internal standard was te t ramethyls i lane.  The IR spec t ra  of Nu]ol or  
hexachlorobutadiene suspensions of the compounds were recorded with a UR-10 spec t romete r .  

3-Phenyl-4 ,5 ,6 ,7- te t rahydroindazole  (IIa)o A mixture of 4.04 g (0.02 mole) of 2 -benzoy l - l - eyc lo -  
hexanone, 1 g of hydrazine hydrate, and 1 ml of concentrated H2SO 4 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 result ing precipi ta te  was separated and crys ta l l ized f rom 
ethanol to give 2.2 g (55%) of a product  with nap 126 ~ Found: N 14.3%. C13HI4N 2. Calculated: N 14.1%. 
IR spec t rum:  1600, 3080, 3150, and 3200 em -1. 

Hydrochloride {IIa" HC1). The hydrochloride was obtained by saturat ion of a solution of IIa in e t h e r -  
benzene with hydrogen chloride.  The precipi tated salt was separated and crys ta l l ized f rom absolute etha- 
nol with the addition of ether to give a color less  substance with mp 244-245 ~ (dec.); the salt was soluble in 
water.  Found: C 65.9; H 6.4; N 11.9; C1 14.6%. Ct3Ht4N2"HC1. Calculated: C 66.5; H 6~ N 11.9; C1 15.1% 

The proper t ies  of the remaining substances,  which were s imi lar ly  synthesized,  are  presented in 
Table t. 
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