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The peculiar i t ies  of the F ischer  cyclization of cyclohexanone 4-pyr idylhydrazone and the 
formation of 5,6, 7, 8 - t e t r ahyd ro -y -ca rbo l ine ,  4-aminopyridine,  4-ethylaminopyridine,  4-  
pyridone,  and 2-(4-pyr idyl) -3 ,3a ,4 ,5 ,6 ,7-hexahydroindazole-3-spi rocyclohexane under the 
conditions of this react ion are  examined. In the case of I, as also for the i somer ic  2- 
pyr idylhydrazones ,  ca ta lys ts  can be ar ranged in the following order  with respec t  to their  
ability to increase  the yield of the normal  indolyzation product:  cuprous cMoride 
sulfosal icyclic  acid < polyphosphoric acid < p-toluenesulfonic acid < zinc chloride.  It 
was establ ished that the indolyzation of I proceeds a l s o  without acid catalysts  under the 
influence of sodium ethoxide. 

In previous papers of this ser ies  [1-3], it was demonst ra ted  that the cha rac te r  of the t ransformat ions  
and the yields of products in the cyclizat ion of cyclohexanone 2-pyr idylhydrazone and its analogs, subst i -  
tuted in the pyridine rIng, depend to a considerable  degree on the nature of the catalyst .  Cyclization p r o c -  
esses  involving the pyridine r ing ni t rogen are  one of the principal  side react ions in this case [4]. In addi- 
tion, sys temat ic  investigations of the F ischer  cyclization of cyclohexanone 4-pyr idylhydrazone (I), for 
which side react ions  of this type are  impossible ,  have not been made.  Only the cycl izat ion of I in the p r e s -  
ence of zinc chloride,  without any indication of the yield of the result ing 5 ,6 ,7 ,8 - te t rahydro-~-carbo l ine  (II) 
[5], and the thermal  indelyzation of I, which gives technical-grade II in 95~ yield [6], have been descr ibed 
in the l i t e ra ture .  
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In the present  paper,  we have examined the peculiar i t ies  of the cyclization of I as compared  with the 
cyclizat ion of cyclohexanone 2-pyrJdylhydrazone and have studied the effect of various catalysts  - s t rong 
minera l  acids (hydrochloric and polyphosphoric),  organic sulfonic acids (p-toluenesulfonic and sulfosal icyl-  
ic), Lewis acids (zinc chloride and cuprous chloride),  and a catalyst  of alkaline cha rac te r  (sodium ethoxide) 

- on this react ion.  We also examined the thermal  Indolyzation of I in the absence of a catalyst .  All of the 
react ions  of I were ca r r i ed  out under the same conditions as those used in the case of cyclohexanone 2- 
pyr idylhydrazone [1]: 4 h refluxing in hydrochlor ic  acid, 7 min at 180 ~ with polyphosphoric acid, 7 rain at 
190 ~ with p-toluenesulfonic acid and sulfosalicylic acid, and 7 min at 240 ~ with Lewis acids.  The thermal  
indolyzation of I was accomplished in 18 h in refluxing diethylene glycol,  while the react ion with sodium 
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TABLE 1. Yields of Products  of the Transformat ions  of Cyclo-  
hexanone 4-Pyr idylhydrazone  (I) as a Function of the Nature of 
the Catalysts  

C a t a l y s t  ........... 
H 

Zinc chloride 
Cuprous chloride 
Cone. HC1 
Polyp_hosphodc acid 
p- TSluene~ulfonic acid 
~ulfosalicylic acid 
Sodium eahoxide 
Thermal indolyzation 

95.6 
42 
47 
49 
65,7 
40 
42 
83 

.......... Vmd,__~o . . . . . . . . . . .  

IIIa  

5~,s 

41 
32 
37 
5 
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TABLE 2. 
Pyr idylhydrazones  I and VI-X 

i Hydrazone 
Catalyst i 1 [ Vl Vll viii 

Zinc chloride 95,0 75 1O0 1O0 
p- Toluene~ulfonic acid 65,7 72 85 98 
PolyphosDhoric acid I 49 62 73 67,3 
Sul~dsali~ylic acid i I 40 , 51,6 59,6 60.1 
Cuprous c l l l o r i d e  i 42 i 50,6 63 54,5 

Yields of Tet rahydrocarbol ines  in the Cyclization of 

IX X 

98 100 
93,6 81 
71,3 8t,7 
77,9 69 
42,6 56,6 

ethoxide was accomplished at 240 ~ in 7 rain. The yields of substances,  determined by gas-l iquid c h r o m a -  
tography, were moni tored by means of the resul ts  of preparat ive  isolation of the compounds (Table 1). 

The comparat ive  yields of te t rahydrocarbol ine  derivatives in the cyclization of I, of cyclohexanone 
2-pyridylhydrazone (VI), and of 6-methyl -  (VII), 5-methyl -  (VIII), 6 -ch loro-  (IX), and 5 -ch lo ro -2 -pyr idy l -  
hydrazone (X)of cyclohexanone [1-3] are  presented in Table 2. 

As seen f rom Tables 1 and 2, the relat ive activities of the catalysts  remain  fundamentally the same,  
in the case  of cyclohexanone 4-pyr idylhydrazone (I), as in the cyclization of the various 2-pyridylhydrazones 
(VI-X). The greates t  yields of normal  indolyzation products are  observed with excess zinc chloride.  The 
use of p-toluenesulfonic acid reduces  the yields somewhat.  The success ive  transi t ion to polyphosphoric 
acid, sulfosalicylic acid, and cuprous chloride increases  the yields of side products.  

As in the case of 2-pyridylhydrazones~ the reduced capacity of the pyridine ring of I for react ion 
with electrophil ic  agents is manifested by the necess i ty  to use high tempera tures  to c a r r y  out the react ion.  
Thus, for example, in the react ion of I with cuprous chloride,  reducing the tempera ture  f rom 240 to 160 ~ 
even on prolonged heating (3 h), was responsible for the isolation of 98% of the unchanged start ing I. 

A charac te r i s t i c  difference between the 2-pyridylhydrazones and the 4-pyr idylhydrazones  is the dif-  
f e r en t  distances between the pyridine nitrogen and the hydrazone grouping in the molecules  of these com-  
pounds. The cyclization p rocesses  with participation of the pyridine nitrogen that are charac te r i s t i c  for 
2-pyridylhydrazones [1,4] are s te r ica l ly  impossible in the case of I. Side products of a different cha rac te r  
are  therefore  rea l ized for 4-pyr idylhydrazones  (I). 

One should f i rs t  of all note the formation of 4-aminopyridine (IIIa) under the influence of different 
ca ta lys ts .  The formation of the la t ter  is associated with cleavage of the N - N  bond without the subsequent 
semidine r ea r rangement  that is n e c e s s a r y  for  normal  indolyzation, which is hindered by the electron den- 
si ty deficit on the carbon atoms of the pyridine ring.  The yields of IIIa vary  f rom 2~c during thermal  in- 
dolyzation* to 54.5% when cuprous chloride is used. In all cases ,  raising the tempera ture  shifts the p r o c -  
ess to favor 4-aminopyridine (IIIa). Thus, for example, the yield of Ilia at 190 ~ and 250 ~ respect ively,  is 
37~ and 71% with sulfosalicylic acid. The amounts of ]] decrease  simultaneously f rom 40 to 14%. In the 
case of p-toluenesulfcuic acid, the yield of IIIa increased f rom 32 to 70% as the tempera ture  was ra ised  
f rom 190 ~ to 245 ~ while the yield of II decreased  f rom 65.7 to 23%. 

* The formation of IIIa in the thermal  indolyzation of I was not detected in [6]. 
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Fig. 1 ; Mass spec t rum of 2- (4-pyridyl)-3,3a,4,5,6,7-hexahydro" 
indazole -3 -spi rocyclohexane.  

A second side product,  which is formed in the indolyzation of I with organic sulfonic acids of hydro-  
chloric  acid, is 4-pyridone (IV). The yields of IV vary  f rom 2.5 to 33%, depend p r imar i ly  on the nature of 
the catalyst ,  and undergo little change as the reaction tempera ture  is varied over broad l imits.  

Finally, a third side product in the cyclization of I in 0oncentrated hydrochlor ic  acid or in the p r e s -  
ence of sulfosal icyl ic  acid is a substance that contains two cyclohexyl groups and apparently has the 2-(4-  
pyr idyl ) -3 ,3a ,4 ,5 ,6 ,7-hexahydroindazole-3-spi rocyclohexane (V) s t ruc tu re .  The yields of V are 7-9%. The 
process  involved in the development of this compound is s imi lar  to the "anomalous" F ischer  reaction in the 
cyclohexanone 2-pyr idylhydrazone se r ies ,  which leads to 1-cyclohexyl-  7 ,8 ,9 ,10-te t rahydro-1H-benzo [e]- 
pyr ido[2 ,1 -c ] -as - t r i az ine  [4]. The difference consis ts  only in the fact that the formation of a new ring in I 
proceeds withou~ the participation of the spatial ly f a r - r emoved  pyridine nitrogen but occurs  exclusively 
through the hydrazone side chain. 

Compounds IIIa, IV, and V were  isolated in the pure form by means of column chromatography.  Com-  
pounds IIIa and IV were identified by means of genuine samples of, respect ively,  4-aminopyridine and 4- 
pyridone f rom mixed melting points and IR spec t ra .  The s t ruc ture  of V is in agreement  with the IR, UV, 
PMR, and mass - spec t roscop ic  data. The IR spec t rum of this compound contains an intense band at 1590 
cm -1, which is charac te r i s t i c  for C = C  and C = N  double bonds, and absorption is absent in the region of 
NH bands.  In the UV spect rum,  k m a  x is found at 275 nm (loge 4.29). Two doublets of the fi and a p ro -  
tons of a 4-monosubst i tuted pyridine ring appear dist inctly in the PMR spect rum at 7.17 ppm (2H) and 8.07 
ppm (2H). In addition to these signals,  the PMR spect rum contains only a complex multiplet of cyclohexane 
protons at 1.4-3.2 ppm (19H). An intense molecular  ion peak with mass  number  269 is observed in the 
mass  spec t rum of V. Other intense peaks with m / e  226 and 213 are charac te r i s t i c  for fragments  formed 
f rom the molecular  ions due to disintegration of the cyclohexane rings,  and their  origin is confirmed by the 
presence  of metastable  t ransi t ions .  Fur ther  fragmentation of the molecule leads to the formation of pa r -  
t icles with m / e  78, cha rac te r i s t i c  for the pyridine ring, with subsequente jec t ion  of HCN and formation of 
a f ragment  with m / e  51 (Fig. 1). 

Interest ing resul ts  were obtained in the indolyzation of I in the presence  of sodium ethoxide. The 
formation of 5 ,6 ,7 ,8 - t e t r ahydro -y -ca rbo l ine  (II) in this case demonst ra tes  that, despite the general ly  ac-  
cepted opinion [7], the part icipation of acid ca ta lys ts  in the F ischer  react ion is not compulsory .  It should 
be noted that, in addition to II and IIIa, 4-ethylaminopyridine (iIIb), the s t ructure  of which was confirmed by 
direct  compar ison with an authentic sample obtained by al ternative synthesis f rom pyridylpyridinium di- 
chloride and ethylamine, is obtained in the react ion of I with sodium ethoxide. The formation of IIIb can be 
represen ted  as the resul t  of attack of I by sodium ethoxide, during which the ethyl group of the ethoxide r e -  
acts with a more  nucleophilic nitrogen of the NH group, while the ONe grouping is tied up by the more  e lec-  
trophilic nitrogen attached to the double bond of the side chain of the hydrazone.  Subsequent redistribution 
of the electron density in the fou r -membered  transit ion state leads to cleavage of the N - N  bond of the mole-  
cule under attack and of the C - O  bond of the alkoxide to produce IIIb. 

t l 5 C 7 9 N a  
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Reducing the t e m p e r a t u r e  of the r eac t ion  of I with C2HsONa to 210 ~ for  1.5 h leads  to an i n c r e a s e  in 
the yie ld  of II to 62% with a s imul taneous  d e c r e a s e  in the yie ld  of IIIa to 3~ and of IIIb to 13~c. Under these  
condi t ions,  about 21% of the s t a r t i ng  I is  r e c o v e r e d  unchanged. The use of a roma t i c  a ldehydes  (benzalde-  
hyde or  cumaldehyde)  ins tead  of cyclohexanone and the ca rbony l  component  makes  i t  poss ib le  to d i r ec t  the 
reac t ion  exc lus ive ly  to favor  the format ion of IIIb [8]. 

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

4 - P y r i d y l h y d r a z i n e .  A 7.7-g (33 mmole)  sample  of py r idy lpyr id in ium d ich lor ide  was mixed with 10 
ml  (200 mmole)  of hydraz ine  hydra te ,  and the mix ture  was al lowed to stand at room t e m p e r a t u r e  for  18 h. 
It was then re f luxed  for 7 h and cooled.  A tota l  of 50 ml  of 20~ aqueous sodium hydroxide  was added, and 
the mix ture  was i m m e d i a t e l y  ex t r ac t ed  r epea ted ly  with ch lo ro fo rm.  The ex t r ac t  was d r i e d  with po ta s s ium 
carbona te ,  the solvent  was removed  by vacuum evapora t ion ,  and the r e s idua l  4 - py r i dy l hyd r a z i ne  was d i s -  
t i l l ed  to give 2.8 g (76.5%) of a product  with bp 188-188.5 ~ (17 ram) and mp 30 ~ 

Cyclohexanone 4 - P y r i d y l h y d r a z o n e  (I). A 2.6-ml (26.5 mmole)  sample  of cyclohexanone was added to 
2.8 g (26 mmole)  of 4 -py r idy lhyd raz ine ,  and the mix ture  was s t i r r e d  for 2-3 min until  a homogeneous mass  
fo rmed .  In the p r o c e s s ,  the r eac t ion  mix tu re  wa rmed  up and th ickened.  The resu l t ing  I was washed with 
50 ml of wate r  to give 4.52 g (93%) of c o l o r l e s s  c r y s t a l s  with mp 168-169 ~ 

5 , 6 , 7 , 8 - T e t r a h y d r o - y - c a r b o l i n e  (II). A mix tu re  of 1 g (5,3 mmole)  of I and 2 g (14 mmole)  of zinc 
ch lo r ide  was heated at  240 ~ for  7 rain. The mix tu re  was d i s so lved  in 100 ml of hot wa te r  and made a lkal ine  
to pH 9 with sodium hydroxide .  Compound II was ex t r ac t ed  with ch lo ro fo rm,  and the ch lo ro fo rm e x t r ac t  
was d r i ed  with po tass ium carbona te  and vacuum-evapora ted  to give 0.85 g (95%) of II with mp 269 ~ A c c o r d -  
ing to ga s - l i qu id  ch romatography ,  the product  has one peak with a re tent ion  t ime  of 17 rain. Found: C 
76.69; H 6.95; N 16.18%. CllHl2N2. Calcula ted:  C 76.71; H 7.02; N 16.27~c. 

React ion of I with p-Toluenesul fonic  Acid .  A mix ture  of 2 g (10.6 mmole)  of I and 3.4 g (20 mmole)  
of p- to luenesul fonic  acid was heated at 190 ~ for 7 min,  cooled,  and  d i s so lved  in 50 ml of 18% hydroch lo r ic  
ac id .  The acid  solution was made a lkal ine  to pH 9 with 20% aqueous sodium hydroxide .  The resu l t ing  l igh t -  
brown p rec ip i t a t e  was ex t r ac t ed  with ch lo ro fo rm.  The solution was d r i ed  and vacuum-evapora ted ,  and the 
r e s idue  was ch romatographed  with a column f i l led with a luminum oxide (d 2 cm,  h 54 cm) .  The column was 
washed with 400 ml  of heptane,  a f te r  which elution with 600 ml of e ther  gave 0.29 g (29%) of IIIa with mp 
168 ~ . Elution with 300 ml  of methanol  then gave 1.03 g (57~ of II with mp 269 ~ 

R e a c t i ~  of I with Hydrochlor ic  Acid .  A 2-g (10.6 mmole)  sample  of I was d i s so lved  in 30 ml  of con-  
cen t r a t ed  HC1, and the solution was ref luxed for  4 h. The cooled solution was made a lkal ine  to pH 9 with 
20% aqueous sodium hydroxide and ex t r ac t ed  with ch lo ro fo rm.  The e x t r a c t  was d r i ed  with po ta s s ium c a r -  
bonate and evapora ted ,  and the r e s idue  was ch romatographed  with a column f i l led  with aluminum oxide (d 
2 cm,  h 54 cm).  Elution in i t ia l ly  with 100 ml of e ther  gave 0.06 g of I l ia  with admix tu res  of o ther  s ide  p r o d -  
uc ts ,  while subsequent  elution with 250 ml of e t h e r - m e t h a n o l  (1:1) gave 0.24 g (25~) of 4 -pyr idone  (IV) 
with mp 148 ~ . Subsequent elution with 300 ml of methanol  gave 0.73 g (41%) of II with mp 269 ~ 

React ion of I with Sul fosa l icy l ic  Acid .  A mix ture  of 4 g (21.2 mmole)  of I and 8 g (42 mmole)  of su l fo-  
s a l i cy l i c  ac id  was heated at  190 ~ for  7 rain.  The reac t ion  m a s s  was worked up as  in the e xpe r i m e n t  involv-  
ing the r eac t ion  of I with p- to luenesul fonic  acid.  The r e s idue  was ch romatographed  with a column f i l led 
with a luminum oxide (d 2 cm,  h 60 cm) with moni tor ing  by gas - l i qu id  ch romatography .  The column was 
eluted with 500 ml of b e n z e n e - i s o p r o p y l  a lcohol  (15 �9 1), and the V - e n r i c he d  f rac t ion was se l ec t ed .  E v a p o r a -  
t ion of the e lua te  gave 0.45 g of a mix tu re  of subs tances ,  which was again subjec ted  to ch roma tog raph i c  
separa t ion  with a column f i l led  with aluminum oxide (d 1 cm,  h 40 cm).  Elution with 600 ml of e ther  gave 
0.38 g (7~ of V as an oi ly subs tance  that  was quite soluble  in e the r ,  a lcohols ,  and ch lo ro fo rm and only 
s l ight ly  soluble in benzene and heptane;  n~ 1.3900. Found: C 75.80; H 8.56; N 15.68%. CITH~3N 3. Ca l cu -  
la ted:  C 75.83; H 8.55; N 15.61%. 

4-Ethylaminopyridine (IIlb). A mixture of 4 g ('I 7 mmole) of pyridylpyridinium dichloride and 2 g (25 
mmole) of ethylamine hydroehloride was heated at 175 ~ for 3 h, cooled, and made alkaline with 20% aqueous 
sodium hydroxide. Compound IIIb was extracted with chloroform, and the extract was dried with potassium 
carbonate and evaporated. The residue was vacuum-distilled with collection of the fraction with bp 110-112 ~ 

* The synthes i s  of I f rom 4 -py r idy lhyd raz ine  hydroch lo r ide  and cyclohexanone in the p r e s e n c e  of sodium 
ace ta te  in 70% yie ld  is  de sc r ibed  in [5]. 
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(2 mm) to give 0.62 g (29~ of color less  c rys ta l s  of IIIb with mp 98-99 ~ (from cyclohexane). The product 
was quite soluble in water ,  alcohol, benzene, chloroform,  and ethyl acetate and only slightly soluble in hex- 
ane and cyclohexane.  Found: C 68.86; H 8.10; N 22.59~c. CTHIoN2. Calculated: C 68.85; H 8.20; N 22.95%. 

Reaction of I with Sodium Ethoxide. A 1-g (5.3 mmole) sample of I was mixed with 0.6 g (9 mmole) of 
f reshly  p repared  sodium ethoxide, and the mixture was heated at 240 ~ for 7 rain. It was then cooled and dis-  
solved in 50 ml of water .  The basic substances were extracted with chloroform,  and the ch loroform ex-  
t r ac t  was dried with potass ium carbonate and vacuum evaporated.  The res idue (0.76 g) was t r i tura ted  with 
20 ml of 50% aqueous alcohol, after which it was rec rys ta l l i zed  f rom 40 ml of 80% alcohol to give 0.48 g 
(28%) of II with mp 269 ~ . The 50% aqueous alcohol mother  liquor was vacuum evaporated,  and the residue 

was distilled at 110-112 ~ (2 ram) to give 0.19 g (29%) of 4-ethylaminopyridine (]lib) with mp 98-99 ~ (from 
cyclohexane).  This product did not depress  the melting point of the sample of IIIb descr ibed above, and the 
]:R spec t ra  and retention t imes in gas- l iquid chromatography were in agreement .  

Cumaldehyde 4-Pyr idy lhydrazone .  A 2-g (18 mmole) sample of 4-pyr idylhydrazine was mixed with 
2.8 ml (18.5 mmole) of cumaldehyde, and the mixture was allowed to stand at room tempera ture  for 30 rain. 
The thickened react ion mass  was crys ta l l ized  f rom 25~c aqueous methanol to give 4.13 g (94%) of a sub-  
stance with mp 187-188 ~ Found: C 74.99; H 6.99; N 17.58%. C15HtTN 3. Calculated: C 75.28; H 7.16; N 
17.55%. 

Reaction of Cumaldehyde 4-Pyr idy lhydrazone  with Sodium Ethoxide. A 0.7-g sample of cumaldehyde 
4-pyr idylhydrazone was added to 0.3 g (45 mmole) of f reshly  prepared  sodium ethoxide, and the mixture 
was heated at 240 ~ for 20 rain. It was then cooled, and 50 ml of ether  and 5 ml of water were added. The 
mixture  was acidified to p H I  with hydrochlor ic  acid, and cumaldehyde oxime was extracted with ether.  
The ether  extract  was dried with potassium carbonate,  the solvent was removed by distillation, and the 
residue was sublimed at 95 ~ and a res idual  p r e s s u r e  of 3 mm to give 0.28 g (60~ of the syn-oxime with 
mp 112 ~ Found: C 73.87; H 8.51; N 8.25~. C10HI3NO. Calculated: C 73.59; H 8.03; N 8.59~c. This prod-  
uct did not depress  the melt ing point of a genuine sample [9]. The ~queous acid solution remaining after  
extract ion with ether was made alkaline to pH 9 and extracted with ch loroform.  The ch loroform extract  
was dried with potass ium carbonate and vacuum-evaporated to give 0.18 g (63~c) of IIIb with mp 98-99 ~ . 

The react ion products were studied by gas chromatography with a Pye-Unicam ser ies  104 ch romato -  
graph with a flame ionization detector .  A 2.1-m by 4-mm column filled with 10% SE-30 silicone e las tomer  
on si lanized diatomite (100-120 mesh) was used.  The nitrogen flow rate  was 29 m I / m i n ,  with p rogrammed 
tempera tu res  f rom 160 to 245 ~ an initial period of 5 rain, and a t empera tu re  r i se  of 32 d e g / m i n .  The r e -  
tention t imes  (in minutes) were  as follows: 1 for I, 17 for II, 4.2 for IHa, 6.3 for HIb, 15 for IV, and 40 
for V. 

The IR spec t ra  of mineral-oi l  suspensions were recorded  with a UR-10 spect rophotometer .  The UV 
spec t ra  of ethanol solutions were recorded  with an EPS-3 spect rophotometer .  The PMR spect ra  of CD3OD 
solutions were recorded  with a JNM-4H-100 spec t romete r  (100 MHz) with te t ramethyls i lane as the internal 
s tandard.  The mass  spec t ra  were recorded  with an MKh-1303 spec t romete r  with an ionizing voltage of 50 
eV. We thank N. P .  Kostyuchenko, Yu. I. Pomeran t sev ,  and E. M. Peres len i  for their  ass is tance in con-  
ducting the spec t ra l  invest igat ions.  
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