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The reac t ion  of 2-e thoxycarbonyl -3-ketoquinucl id ine  with a ry lhydraz ines  has been examined 
It  is shown that  the f i r s t  s tage in the reac t ion  is  the fo rmat ion  of 2 -e thoxycarbonyl -3- ( f l -  
arylhydrazino)-A2-dehydroquinucl idines ,  which are  then conver ted  into 2 - a r y l - 3 - h y d r o x y -  
pyrazolo[4,  3-b]quinuclidines (III). The O - m e t h y l -  and O-benzoyl -  der iva t ives  of III have been 
synthe siz ed. 

The synthes is  of 3-hydroxypyrazolo[4 ,  3-b]quinuclidine and i ts  1 -methy l  der iva t ive  (A) by the r e a c -  
tion of 2-e thoxycarbonyl -3-ketoquinucl id ine  (I) with hydrazine hydrate  and with methylhydraz ine  has been 
desc r ibed  in a p rev ious  communica t ion  [1]. 

N 
I 

A OH 

R= H, CH 3 

In continuation of th is  work, we have synthes izedpyrazoloquinuel id ines  with a ry l  subst i tuents  in the 
pyrazo le  moiety,  and we have inves t igated the s t ruc tu re  and some reac t ions  of these compounds.  
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It  has been noted p rev ious ly  [1] that  the f i r s t  stage in the reac t ion  of the ke toes t e r  II with hydrazine 
hydrate  and a lkylhydraz ines  is the fo rmat ion  of hydraz ides  of 3-ke toquinuel id ine-2-carboxyl ic  acid. In con-  
t r a s t ,  I r e a c t s  with a ry lhydraz ines ,  at room t e m p e r a t u r e  or  at 80 ~ to give the hydrazones .  According to 
the i r  IR spec t ra  (obtained in Vasel ine  oil on a UR-10 spec t romete r ) ,  these  compounds a r e  2 -e thoxycarbonyl -  
3 - (p-a ry lhydraz ino) -A2-dehydroquinuc l id ines  (II). They exhibit cha r ac t e r i s t i c  absorpt ion  bands in the 3130- 
3300 cm- I  region due to the NH bonds of the hydrazine  moiety ,  bands at 1658-1653 em-1 due to the e s t e r  
earbonyl ,  and bands at 1590 c m - t  a t t r ibuted to C=C mult iple  bonds. 

In compounds I Ia -e ,  the o c c u r r e n c e  of the enehydrazine r a the r  than the hydrazone s t ruc tu re  is appa-  
rent ly  the r e su l t  of a gain in energy  on pass ing  to the conjugated sys t em.  
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Fur the r  heating of the enehydraz ines  II in xylene with azeot ropic  dist i l lat ion resu l t ed  in the e l iminat ion 
of a molecule  of alcohol, with the format ion  of 2 -a ry l -3 -hydroxypyrazo lo [4 ,  3-b]quinuclidines (III). The l a t -  
t e r  were  also fo rmed  d i rec t ly  f rom the ke toes t e r  I and a ry lhydraz ines  under  analogous conditions. The 
s t ruc tu re  of I I Ia -c  follows f rom their  IR spec t ra ,  which a re  genera l ly  s i m i l a r  for  all three  compounds.  
Amide carbonyl  bands a re  absent,  while absorpt ion occu r s  at 1590-1635 cm- i ,  a t t r ibutable  to the s y s t e m  
of double bonds, and a broad  hydroxyl  band with assoc ia ted  hydrogen bonds, at 2100-2500 c m - l .  The s t r u c -  
ture  of III  as  de r iva t ives  of 5- r a t h e r  than 3 -hydroxypyrazo le s  is  due apparent ly  to the following fac to rs .  
In 2-ary lpyrazoloquinucl id ines  (HI), fo rmed  f r o m  the enehydraz ines  II, the N-a ry l  group is adjacent to the 
C=O, and the single hydrogen a tom in the pyrazo le  moie ty  of the molecule  conver t s  the oxo group to the 
enol, which is  then stabil ized by i n t e rmo lecu l a r  associat ion,  resul t ing  in the es tab l i shment  of s t ruc tu re  III, 
having exocycl ic  double bonds with r e s pec t  to the quinuclidine r ing.  When no N-subst i tuent  is p resen t  on 
the ni t rogen adjacent  to the carbonyl  group, the enol f o r m  occur s  in the 3 -hydroxypyrazo le  s t ruc tu re  (A), 
with a different,  the rmodynamica l ly  m o r e  favorable ,  disposi t ion of the double bonds with r e s p e c t  to the 
quinuclidine r ing.  

The 2 -a ry l -3 -hydroxypyrazo lo [4 ,  3-b]quinuclidines (III) were methyla ted  and benzoylated to give the 
O-me thy l -  (IV) and O-benzoyl -  (V) der iva t ives .  In the IR spec t rum of IV, absorpt ion in the mult iple  bond 
region coincided with that for  unmethylated III. The spec t r a  of the benzoyl  de r iva t ives  (V) exhibited vinyl 
e s t e r  c a r b o n y l b a n d s - C  =C-OCOC6H~(1750 , 1752, and 1765 cm-~), wMch es tab l i shed  unambiguously the 
s t ruc tu re  of these  compounds.  

It  is noteworthy that  acylat ion and alkylation of III  was faci l i ta ted in alkaline media,  which provided 
the conditions for  convers ion  of HI into the anion. On the other  hand, the reac t iv i ty  of the OH group in the 
absence of alkali  was reduced,  and on boiling III  with aeety l  chloride,  no acetylat ion occurred ,  s ta r t ing  
m a t e r i a l  HI being isola ted f rom the reac t ion  mix tu re .  

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

2-Ethoxycarbonyl-3-( /~-phenylhydrazino)-A2-dehydroquinucl idine (IIa). Five g r a m s  (25 mmole)  of 
2-e thoxycarbonyl-3-ketoquinucl id ine  (I), 3 g (27.8 mmole)  of phenylhydrazine,  and 30 ml  of dry  benzene 
were  boiled fo r  5 h. The prec ip i ta te  which was obtained on cooling was f i l te red  off and washed with benzene 
to give 4.5 g of IIa.  Evaporat ion of the m o t he r  l iquors  afforded a fu r the r  1.87 g, overa l l  yield 6.37 g (87%), 
mp 138-140 ~ ( f rom aqueous dioxane). Found: C 66.59; H 7.20; N 14.39%. C16H2iN302. Calculated: C 66.87; 
H 7.36; N 14.63%. Hydrochloride,  co lo r l e s s  c ry s t a l s  {from ethanol), mp 173-174 ~ Found" C 59.53; H 6.77; 
C1 11.16; N 12.69%. CI6H21N302 �9 HC1. Calculated: C 59.47; H 6.8; C1 10.97; N 12.95%. 

2-Ethoxycarbonyl-3-( f l -p- to ly lhydrazino)-A2-dehydroquinucl id ine  (IIb). A port ion of I [3.35 g (17 
mmole)] ,  2.1 g (17 mmole)  of p- to ly lhydrazine ,  and 30 ml  of dry ethanol were kept for  48 h at r oom t e m -  
p e r a t u r e .  The prec ip i ta te  was f i l te red  off and washed with acetone to give 2.48 g (48%) of lib as co lo r l e s s  
c rys ta l s ,  mp 149-151 ~ Found: C 67.42; H 7.50; N 14.23%. C17H23N302. Calculated: C 67.75; H 7.69; N 13.94%. 

2-Ethoxycarbonyl-3-( f i -p-methoxyphenylhydrazino)-A2-dehydroquinucl id ine  (I!c) w a s  obtained s i m i -  
l a r ly  to IIb, f rom 1.97 g (10 mmole)  of I and 2.2 g i15 mmole)  of p-methoxyphenylhydraz ine  in 30 ml  of dry 
ethanol.  Yield 1.8 g (56%), c o l o r l e s s  c rys ta l s ,  mp 142-144 ~ Found: C 63.96; H 7.22; N 13.53%. CI?H23N303. 
Calculated:  C 64.33; H 7.30; N 13.25%. 

2-Phenyl -3-hydroxypyrazo lo[4 ,  3-b]quinuclidine (IIIa). A port ion of I [5 g (25 mmole)] ,  5.4 g (50 
mmole)]  of phenylhydrazine,  and 50 m l  of xylene were  boiled in a Dean and Stark appara tus  for  20 h. The 
xylene was then r emoved  in vacuo, and the res idue  was t r i t u ra t ed  with e ther  to afford 6.12 g (87%) of IIIa 
co lo r l e s s  c rys t a l s ,  mp 254-256 ~ (from water) .  Found: C 69.49; H 6.10; N 17.27%. Cl~H15N30. Calculated:  
C 69.68; H 6.02; N 17.41%. Hydrochlor ide ,  co lo r l e s s  c r y s t a l s  mp 192-194 ~ ( f rom alcohol). Found: C 60.40; 
H 5.67; C1 13.03; N 15.33%. C14H15N~O �9 HC1. Calculated: C 60.54; H 5.81; C1 12.76; N 15.13%. 

2 -p -To ly l -3 -hydroxypyrazo lo [4 ,  3-b]quinuclidine !IIIb). A por t ion of I [17.5 g (89 mmole)] ,  10.82 g 
(89 mmole)  of p- to ly lhydrazine ,  and 100 ml  of xylene were  boiled for  15 h, with azeotropic  disti l lation, g iv-  
ing 9.3 g (41%) of IIIb, mp 246-248 ~ ( f romdioxane) .Found:  C 70.32; H 6.83; N 16.57%. C15H17N30. Calculated: 
C 70.56; H 6.71; N 15.49%. Hydrochlor ide,  co lo r l e s s  c rys ta l s ,  mp 235-236 ~ (from aqueous ethanol). Found: 
C1 12.00; N 14.49%. C~sH~TN30 �9 HC1. Calculated: C1 12.15; N 14.40%. 
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2-(p-Methoxyphenyl ) -3-hydroxypyrazolo l [4 ,  3-b[quinuclidine (IIIc). Obtained s imi l a r ly  to IIIb, f rom 
3 g (15 mmole)  of I and 3 g (22 mmole )  of p -methoxyphenylhydraz ine  in 50 ml  of xylene,  Yield 1.93 g (46.7%) 
mp 223-224 ~ (from benzene).  Found: C 66.69; H 6.57; N 15.49%. CisH17N302. Calculated 66.40; H 6 31; 
N 15.48%. Hydrochlor ide  IIIb, mp 225-226 ~ (from ethanol). Found: C1 11.50; N 13.87%. CIsHi7N302 "HC1. 
Calculated: C1 11.51; N 13.65%. 

2 -Pheny l -3 -methoxypyrazo lo [4 ,  3-b]quinuelidine (IVa). A por t ion of IIIa hydrochlor ide  [4.65 g (16.7 
mmole)] ,  2.15 g (16.7 mmole)  of d imethyl  sulfate,  1.34 g (33.5 mmole)  of sodium hydroxide,  15 ml  of water ,  
and 50 ml  of ethanol were  boiled fo r  18 h. The solution was evaporated,  and the res idua l  oil was t r ea t ed  
with an alcoholic solution of hydrogen chlor ide.  The p rec ip i t a te  was f i l te red  off, dried,  and boiled with 
anhydrous ethanol.  F r o m  the alcoholic solution there  was obtained 1 g (20.5%) of IVa hydrochlor ide  as 
co lo r l e s s  c rys ta l s ,  mp 199-200 ~ (from ethanol).  Found: C 61.62; H 6.18; C1 12.53; N 14.47%. C~sHITN30 �9 
HC1. Calculated: C 61.73; H 6.22; C1 12.15; N 14.40%. 

2 - (p -To ly l ) -3 -methoxypyrazo lo l [4 ,  3-b]quinuclidine (IVb). A por t ion of IIIb[2 g (7.5 mmole)] ,  0.99 g 
(7.8 mmole) of d imethylsulfa te ,  0.31 g (7.8 mmole) of sodium hydroxide,  5 ml of water ,  and 15 ml of ethanol 
were  t r ea t ed  as descr ibed  in the p rev ious  p repa ra t ion ,  to give 0.75 g (31.4%) of Wb hydrochlor ide  as  co lo r -  
l e s s  c ry s t a l s ,  mp 212-213 ~ ( f rom ethanol). Found: C 62.66; H 6.43; C1 11.24; N 13.58%. C16H19N30. Cal-  
culated: C 62.84; H 6.59%; C1 11.59; N 13.74%. 

2- (p-Methoxyphenyl ) -3-methoxypyrazolo[4 ,  3-b]quinuclidine (IVc). F r o m  2 g (7.1 mmole)  of IIIc, 
0.93 g (7.4 mmole)  of d imethyl  sulfate, 0.3 g (7.5 mmole)  of sodium hydroxide, 5 ml  of water,  and 15 ml  of 
ethanol, there  was obtained 0.8 g {34%) of IVc hydrochloride,  co lo r l e s s  c rys t a l s ,  mp 202-204 ~ {from ethanol). 
Found: C 59.59; H 6.20; C1 10.94; N 13.00%. C16H19N302 �9 HC1. Calculated: C 59.73; H 6.27; C1 11.01; N 13.06%. 

2 -Pheny l -3 -benzoy loxypyrazo lo [4 ,  3-b]quinuclidine (Va). To a solution of 1.8 g (7.5 mmole)  of IIIa in 
7 ml  (7.5 mmole)  of 1 N aqueous sodium hydroxide was added at 2-5 ~ 1.05 g (7.5 mmole)  of benzoyl  chlo-  
r ide .  The mix tu re  was s t i r r e d  for  1 h, and the p rec ip i ta te  was f i l te red  off and r e c r y s t a l l i z e d  f r o m  ethyl 
ace ta te  to give 0.5 g (19.5%) of Va, mp 184-186 ~ Found: C 72.84; H 5.57; N 12.31%. C21H19N302. Calculated: 
C 73.02; H 5.54; N 12.16%. 

S imi la r ly  were  obtained: 2- (p- to ly l ) -3-benzoyloxypyrazolo[4 ,  3-b]quinuelidine (Vb), mp 179-181 ~ ( f rom 
ethyl  acetate) .  Found: C 73.38; H 6.06; N 11.41%. C22H21N302. Calculated: C 73.52; H 5.89; N 11.63%; 2-(p-  
methoxyphenyl ) -3-benzoyloxypyrazolo[4 ,  3-b]quinuclidine (Vc), mp 192-193 ~ (from benzene).  Found: C 70.47; 
H 5.67; N 11.30%. C22H2~N303. Calculated:  C 70.38; H 5.59; N 11.19%. 
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