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Abstract - Treatment of 2,3-dihydro-9-phenyl-lH.9H- 
pyrazolo[1,2-~lindazoles with alkyl iodides followed by 

heating with potassium hydroxide solution gave l-alkyl-6- 

phenyl-1,2,3.4-tetrahydro-1,5-ben~odia~oin (A) and - 
2-(3-alkylaminopropylamino)benzophenones (Bl through the - 
4-alkyl and the 10-alkyl quaternary salts of 2 ,  respectively. - 

Aeberli and ~oulihan' reported that the N-N bond cleavaged products were 

2 obtainable in the Hofmann degradation of bridgehead hydrazine rings, as 

exemplified below. 

We previously prepared a number of 2,3-dihydro-1H-pyrazolo[ l ,2-~l indazol ium 

salts 5 with an aim to develop drugs of bronchodilating a~tivities.~ The 

corresponding 9~-pyrazolo[l,Z-alindaeole ) readily obtainable from 1 is surely - 
one of the desirable systems for the study of the Hofmann degradation of 

bridgehead hydrazine rings. We chose three 9-phenyl derivatives o f 2  (2. Lb 
and 2c) and investigated their alkylation with alkyl iodides and the reactions - 
of the resulting quaternary salts with potassium hydroxide. 

Reduction of 2,3-dihydro-7-methyl-9-phenyl-1H-pyrazolo[1,2-~lindazolium bromide 

(lb) with excess sodium borohydride in methanol gave 2,3-dihydro-7-methyl-9- 
N 

phenyl-lH,9~-pyrazolo[l,2-~~indazole (2) in 48% yield. The structure of ?_b was 

established by analytical and spectral (MS and PMRI data (see experimental 



section). In a similar manner, 2a and 2c were obtained from la and lc, - ,., - -./ 
respectively (Table I). 

Table 1.  2.3-Dihydro-lH,9H-pyraz010 (1.2-4 indszolcs - - 

No R I  Yield (?61 rnp (.C) 

5 H 60 73-74 (hexanel 

2_b CHI 48 79-80 (heranel 

2_c CI  84 114 (MeOHl'  

Treatment of $ with ethyl iodide in refluxing acetone for 1 h gave a mixture of 

2,3-dihydro-4-ethyl-7-methyl-9-phenyl-1H,9H-pyrazolo[l,2-glindazolium iodide 13) - 
and 2,3-dihydr0-l0-ethyl-7-methyl-9-phenyl-1H.9H-pyrazolo~l,2-~lindazolium 

iodide ( 4 )  with the former predominating. The complete separation of this 
Fy 

mixture into 3 and 4 by means of silica gel chromatography was not successful, - 
but the respective pure samples could be obtained by recrystallization from 

ethanol-ether of each of the separated two fractions. The 9-proton and the 

9-carbon o f 2  appeared as a singlet at 6 5.72 and as a doublet at 6 72.32, 

respectively, in the PMR and CMR spectra. On the other hand, the 9-carbon of 4 
A. 

appeared as a doublet at 6 82.11 and the 9-proton signal could not be clearly 

characterized owing to overlapping with aromatic proton signals. The proton 

signals of 4 were shifted fairly downfield as compared with those of2, - 
indicating that3is the 4-ethyl derivative a n d 2  is the 10-ethyl one. 1 

When the mixture o f 3  a n d 4  ohtained from the above-mentioned reaction was 

directly treated with potassium hydroxide solution in refluxing methanol for 1 h 

afforded l-ethyl-8-methyl-6-phenyl-1,2,3,4-tetrahydo-l,5-benzodiazocine (51 and - 
2-(3-ethylaminopropylaminol-5-methylbenzophenone (3 in 65 and 19% yields, 
respectively. The structures of 5 andLwere established by the elemental -., 
analyses and the spectral examinations (see experimental section). Further it 

was confirmed that each of the pure quaternary salts, 3 and 2 gave 5 and 6 as ../ - V 

the respective sole product, on treatment with potassium hydroxide. Thus, it 

was disclosed that ethylation of 2b occurred at both the 4- and the - 
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10-pos i t ions ,  and t h e  4-ethyl d e r i v a t i v e  3 gave on ly  t h e  b e n z o d i a z o c i n e 3  and 

t h e  10-e thyl  d e r i v a t i v e L p r o d u c e d  on ly  t h e  aminobenzophenone~.  

Et 
H 

N(CH2)sNEt 

HIC H3cq 
5 - 6 - 

I n  a s i m i l a r  manner, La, ?_b and LC were a l k y l a t e d  wi th  a l k y l  i o d i d e s ,  and t h e  

r e s p e c t i v e  mixtures  of qua te rna ry  s a l t s  were d i r e c t l y  sub jec ted  t o  t h e  Hofmann 

degrada t ion  wi th  ho t  potassium hydroxide i n  methanol. I n  a l l  c a s e s ,  both  t h e  

corresponding benzodiazocines E) and aminobenzophenones e) were obta ined i n  

f a i r l y  good y i e l d s  (Table 11). 

Tab le  11. React ions o f  qua te rnary  s a l t s  o f  $,$ and w i t h  KOH s o l u t i o n  

A 
Run RI R Y i e l d ( % )  

1 CI M e  28 

2 1 nPr 60 

3 Me Me 52 

4 I Et 65 

5 H Me 47 

6 1 Et 64 

Amounts o f 2  a n d 3  are d i r e c t l y  p r o p o r t i o n a l  t o  those  o f  t h e  4-alkyl and t h e  

10-a lkyl  qua te rna ry  s a l t s  of 2 ,  and t h e  r e s u l t s  shown i n  Table I1 i n d i c a t e  t h a t  
Q 



the ratio A/B is fairly affected by both the electronic and the steric factors. 

Apparently, alkylation at N4 is accelerated by the increasing of the 

electron-density of N4 (runs 1. 3 and 5). As for steric aspect, the 

alkylation at N4 is more favorable than that at NI0 independent of the 

nature or the 7-substituent R1 (runs 1 and 2, 3 and 4, and 5 and 6). 

The formation of b o t h 3  a n d B  involves the elimination of the 9-proton. In the 

reaction of the 4-alkyl quaternary salts, the usual elimination of the 0-proton 

and the fission of the N-N bond occurr to give benzodiazocines ( A ) .  On the - 
other hand, in the reaction of the 10-alkyl quaternary salt, the 

aminobenzophenone (01 arises from the N-N bond fission and the elimination of - 
the 6-hydrogen, that is, a conjugated Hofmann elimination. Products resulted 

from the fission of N -C3 or NI0-C1 bond were not detected at all. 4 

EXPERIMENTAL 

All melting pointsare uncorrected. NMR and CMR spectra were obtained on a 

Ritachi RB-24 spectrometer and a SEOL SUN-FXZOO, respectively, with 

tetramethylsilane as an internal standard. Mass spectra were recorded on a 

Shimadzu LKB-9000 instrument. Infrared spectra were measured on a Hitachi 

260-30 infrared spectrophotometer. 
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2,3-Dihydro-7-methyl-9-phenyl-1H,9H-pyrazolo[l,2-glindazole (2b) - A 
solution of 2,3-dihydro-7-methyl-9-phenyl-1~-~~razolol,2-lindazolium bromide 

b ,  10 g) and NaBH4 (4.5 gl in MeOH (200 ml) was stirred at room temperature 

for 1 h. The reactants were concentrated in vacuo and the residue was extracted 

with benzene. The extract was washed with H 0, dried over Na2S04 and 2 

concentrated in vacuo to give 3.65 g 148%) of 2. An analytical sample, mp 79- 
8ooc, was prepared by recrystallization from hexane. Anal. Calcd for 

C17H18N2: C, 81.56; H, 7.25; N, 11.19. Found: C, 81.56; H, 7.26; N, 

11.25. MS m/z: 250(~+). NMR (CDCl31 6: 1.80-2.37 (ZH, m, Hz), 2.27 (3H. 

s ,  CH31, 2.50-3.17 (ZH, m, H or H3), 3.47 (ZH, t, H1 or H3), 5.25 1 

(1H. s, Hgl, 6.5-7.4 (8H. m, Ar-H). 

In a similar manner, 2a and 2c were obtained from la and lc respectively (Table ,., - +d - ' 
I). 

2,3-Dihydro-4-ethyl-7-methyl-9-phenyl-1H,9H-pyrazolo[l,2-~lindazolium iodide ( 3 )  

and 2,3-Dihydro-lO-ethyl-7-methyl-9-phenyl-1H,9~-p~razo10[1,2-alinda~0lium 

iodied (41 - A mixture of 3 (10.14 gl, EtI (9.36 g) and acetone (100 mll 
was stirred under reflux for 1 h. The reaction mixture was cooled with ice and 

the precipitates were filtered to give a mixture (9.30 g) of( and A. The 

mixture was chromatographed on silica gel with MeOH-CHC13 (0.03-0.1 : 1, V/Vl 

to give 3 (6.40 g) a n d 2  10.30 g), but they could not be separated completely. - 
An analytical sample o f 2 ,  mp 160-161PC, was prepared by recrystallization from 

EtOH-ether. a. Calcd for Cl9HZ31N2: C, 56.17; H, 5.71; N, 6.89. 

Found: C, 56.30; H, 5.63; N, 6.81. NMR (CDC13) 6: 1.30 (3H, t, -CH2CE3), 

2.38 (3H. s ,  -CH3), 2.60-3.10 IZH, m, H2), 3.68-5.06 (6H, overlapping 

multiplets, HI, H3, Cg2CH31, 5.72 IlH, s ,  Hgl, 6.90-8.12 (8H. m, 

Ar-H). CMR (CDCl31 6: 9.89 lq), 21.42 (q), 27.52 It), 51.81 (t), 62.13 (tl, 

70.18 (t), 72.32 (d), 117.78, 125.41, 128.52, 129.07, 131.33, 134.97, 137.21, 

138.53, 142.50. 

An analytical sample of A, mp 174-175'C, was prepared by recrystallization from 

EtOH-ether. Anal. Calcd for ClgH231N2: C, 56.17; H 5.71; N, 6.89. Found: 

C, 56.28; H, 5.74; N, 6.79. NMR (CDC13) 6: 1.28 (3H, t, -CH2CIf31, 2.32 

(3H, s ,  -CH3), 2.40-2.90 12H, m, HZ), 3.14-4.80 16H, overlapping multiplets, 

H1, H3, -Cg2CH3), 6.90-7.85(9H, m, Ar-H, H g )  CMR ICDC13) 6: 10.01 



(q), 20.93 (q), 25.57 (t), 53.40 It), 54.99 (t), 60.84 (t), 81.11 Id], 112.41, 

125.29, 126.57, 129.38, 131.03, 131.39, 135.56, 143.78. 

1,8-Dimethy1-6-pheny1-1,2,3,4-tetrahydro-1,5-bnodiocine (5) and 

2-(3-Ethylaminopropylamino)-5-methylbenzophenone (6) - A mixture of @ (2.50 

gl, EtI (2.34 g) and acetone (20 ml) was stirred under reflux for 1 h. Ether 

(25 ml) was added to the reactants to deposite precipitate which was filtered 

and washed with several portions of ether. The precipitate was dissolved in 

MeOH (20 ml) and KOH (2.5 g) in H20 (10 ml) was added and the mixture was 

refluxed for 1 h. The reaction mixture was concentrated in vacuo and the 

residue was extracted with benzene. The extract was washed with H20, dried 

over Na2S04 and concentrated in vacuo pressure. The residue was 

chromatographed on silica gel with CHC13 and 10% MeOH-CHC13 to give 

successively2 11.80 g, 65%) a n d 2  (0.55 g, 19%). An analytical sample of?, mp 

100-10l0C, was prepared by recrystallization from hexane. Anal. Calcd for 
CI9Hz2N2: C, 81.97; H, 7.97; N, 10.06. Found: C, 81.71; H, 8.01; N, 9.95. 

IRlKBr) cm-': 1620 (-C=N). MS m/z: 278 (M'). NMR (CDC13) 6: 1.19 (3H, t, 

-CH CH ) ,  1.50-1.95 12H, m, H3), 2.10 13H. X, -CH3), 2.90-4.08 16H, 2 -3 

overlapping multiplets, -CH2CH3, H2, H41, 6.60-7.68 (8H, m, Ar-HI. CMR 

1CDCl3) 6: 12.82 (q), 19.93 (q), 22.49 (t), 46.45 (t), 47.34 (t), 49.69 (t), 

114.39, 120.55, 124.40, 127.88, 129.04, 131.18, 132.91, 142.93, 147.41, 171.16 

(Sl . 
6 was a yellow oil. IR (neat) cm-l: 1620 (-C=O). MS m/z: 296 (M+). NMR ,./ 
(CDC13) 6: 1.10 (3H, t, -CH2CH3), 1.20 (lH, br, -CH2Ng-Et), 1.65-2.20 

(2H, t, -CH2CH2CH2-), 2.13 (3H, s, -CH3), 2.50-2.90 (4H, m, 

-C_H2NHC_H2-I, 3.15-3.45 (2H, m, Ph-NHCH2-1, 6.60-7.65 (8H, m, Ar-H), 8.40 

(lH, br, Ph-NH-1. CMR (CDC13) 6: 20.13 (q), 29.34 It), 36.42 lq), 40.93 (tl, 

49.66 (t), 116.0 , 117.03, 122.40, 127.96, 128.87, 130.52, 134.98, 136.07, 

140.65, 149.93, 199.05. 

ProductLwas transformed to crystalline oxalate, mp 22gPC (MeOH). &@. Calcd 

for C21H26N205: C, 65.27; H, 6.78; N, 7.25. Found: C, 64.97; H, 6.73; 

N, 7.21. 

In a similar manner, La, 2b and LC were successively treated with alkyl iodides - 
and hot aq. KOH to give corresponding benzodiazocines (A) and aminobenzophenones - 
181 (Table 11). 
Z 
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