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The effect  has been studied of the nature of the substituent (methyl ,  chloro,  nitro group) on the F i scher  
cycl izat ion of 5-subst i tuted p y r i d - 2 - y l - h y d r a z o n e s  of eyclohexanone under the action of different catalysts:  
Lewis  acids and strong mineral  and arylsulfonic  acids.  

In previous communicat ions  [1, 2] we have descr ibed the effect of different cata lys ts  on the F ischer  cyclization of 
py r id -2 -y l -hydrazones  and also the case where the reac t ion  proceeds  "anomalously" with formation of der ivat ives  of 
sym- t r iazo lo- [4 ,  3-a]pyridine and of pyrido-[2,  1 - c ] - a s y m - t r i a z i n e .  At the same t ime it was shown that introduction of 
a methyl group into posit ion 6 of the pyr id ine  nucleus  enabled the process  to be directed towards "normal"  F ischer  
react ion products and led to an inc rease  in the i r  yield. 

In this communicat ion the effect on the course of the F i sche r  react ion of subst i tuents  in position 5 of the pyridine 
nucleus of py r id -2 -y l -hydrazones  of cyclohexanone (III) is examined. In a s i m i l a r  way to the 6-methyl  group, the 
e lec t ron-donat ing  methyl radical  in posit ion 5 of the pyridine molecule shifts the p rocess  toward formation of a 
"normal"  F i sche r  react ion product,  i . e . ,  a der ivat ive  of 5, 6, 7, 8- te t rahydro-cc-carbol ine  (IV). 
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R=aS-CH3; b5-Cl; c5-NO~;dH; e6-CH~ X=CI, Br 

Also as seen from the table, changing from the 6-methyl  to the 5-methyl  der ivat ive of cyclohexanone 
pyr idylhydrazone considerably faci l i tates the course  of the F i sche r  react ion where Lewis acids were used as catalysts .  

Catalyst 

Zinc chloride 
Cuprous chlor ide  
Boron tr i f luor idc  
Cone HCI 
Polyphosphorie acid 
Sulfosalieylic acid 
p-Toluenesulfonie acid 

Yields of F i scher  React ion Products 

Precursor 

nld ! hie 
Reaction 

~did ) IVe Ve 1Vd (Vie) 

- -  - -  26  - -  

4Y 
22.8 
27.6 ~" 

~2 (a~.6) I ~6.: (26,8) 
62 78 - -  
7251'6 ~- [ 59.685 

Illa ItIb 
roducts 

IVa Va IVb 
(Via) 

42,2 29 
43,5 ~6. 
21.8 3 ~ .3  
67.4 ( ~ 6 )  29 
67.3 81.7 
60. I 69 
98 81 

Vb 
(Wb) 

37* 
I8.9 

(45,5) 

*Reaction product: 5.chloro-2-aminopyridine (Vnb). 

*Posit ions of substituent are indicated in accordance with the numbering in I. 
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The effect of a chlorine atom in posi t ion 5 of the pyridine nucleus is more  complex than the effect of an alkyl 
substi tuent.  Apparently in this case the halogen causes  a s t ronger  change in the basici ty  of the pyr idine nitrogen and in 
the s tabi l i ty  of the bonds in the hydrazine par t  of the molecule.  These changes appear to the greates t  extent in 
react ions  catalyzed by Lewis acids. As seen from the table, with boron t r i f luor ide  etherate  in acetic acid, the main 
react ion product is a der ivat ive  of 5, 6, 7, 8- te t rahydro-c~-carbol ine  IVb. With cuprous chloride the formation of 2- 
amino-5-ch loropyr id ine  (VIIb) occurs ,  i .e . ,  there is cleavage of the N--N bond of the hydrazone, which did not take 
place in the previous  reac t ions  that we ca r r i ed  out with pyr id -2 -y l -hydrazones .  The 5, 6, 7, 8 - t e t r ahyd ro -~ -ca rbo l ine  
der ivat ive (IVb) was not detected among the react ion products by paper chromatography. In order  to monitor  the 
course  of the react ion and the purity of the products,  descending paper chromatography was used, the mobile phase 
being light petroleum. Below are given the Rf values  of the compounds (in brackets  the color of the complex with 
Dragendorff ' s  reagent): IIIa, 0.91 (yellow); IIIb, 0.86 (brown); IVa, 0.58 (orange); IVb, 0.62 (orange); Va, 0.00 
(orange); Vb, 0.00 (orange); Via, 0.99 (orange); VIb, 0.98 (orange). On UV i r rad ia i ion  IIIa and IIIb absorbed, and the 
other compounds had a blue luminescence .  

In the case of react ions  with such strong organic and mine ra l  acids as p-toluenesulfonic,  polyphosphoric, and 
others,  changing from the 6-methyl  to the 5-methyl  and then to the 5-chloro der ivat ives  of cyclohexanone pyr id -2-  
ylhydrazone did not mate r ia l ly  effect the yield of the F i scher  cyclizat ion products.  

Completely different  resu l t s  were observed on introducing into the pyridine molecule a s t rong e lec t ron-accept ing  
substi tuent ,  the ni t ro  group, ai posit ion 5. As was expected, the ni t ro  group, sharply decreas ing  the e lec t ron density 
on the carbon atoms of the pyridine nucleus,  made the "normal" F ischer  reaction,  which involves electrophi l ic  
substi tution,  impossible .  Therefore  with cyclohexanone 5 -n i t ropyr id -2-y lhydrazone  IIIc the formation of a der ivat ive 
of 5, 6, 7, 8 - h y d r o - ~ - c a r b o l i n e  (IVc) was not observed even with such a s t rong catalyst  as p- toluenesulfonic  acid. The 
sole react ion product, isolated in 5% yield, was 5 -n i t ro -2 -aminopyr id ine  (VIIc). 

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

5-Methylpyr id-2-y lhydraz ine  (IIa). A mixture  of 66.35 g (0.38 mole) of 2 -b romo-5-methy lpyr id ine  (Ia, X = Br) 
and 173 ml (3.5 mole) of hydrazine hydrate was boiled for 6 hr until  there  was complete mutual  solubil i ty of the layers .  
After cooling, 100 ml of ether  was added. The ethereal  layer  was separated and the aqueous layer  was extracted with 
ether.  The combined ext rac ts  were dried with magnes ium sulfate and concentrated to afford 40.5 g (86%) of IIa as 
co lor less  c rys ta l s  with mp 67-68 ~ C (from light petroleum).  The compound had poor solubil i ty in light pet roleum and 
good solubil i ty in other organic solvents  and was insoluble in water. Found, %: C 58.30; H 7.06; N 34.08. Calculated 
for C6HgN3, %: C 58.51; H 7.36; N 34.13. 

5 -Chloropyr id -2-y lhydraz iae  (IIb). 1.3 g (0.01 mole) of 2, 5-diehloropyr idine  (Ib, X = C1) and 13 ml (0.26 mole) of 
hydrazine  hydrate were boiled for 3 hr. After working-up by the method descr ibed above, 0.92 g (73%) of IIb was 
obtained as co lor less  c rys ta l s ,  mp 123-125 ~ C (from benzene). The compound had poor solubil i ty in benzene and light 
pe t ro leum and good solubili ty in other organic solvents and was insoluble in water. Found, %: C 41.80; H 4.34; 
C1 25.03; N 29.26. Calculated, C~H~C1N3, ~g C 41.81; H 4.21; C1 24.72; N 29.28. 

Cyclohexanone 5 -methy lpyr id -2-y lhydrazone  (IIIa). To 0.64 g (5.7 mM) of IIa was added 0.6 mI (6.1 mM) of 
cyclohexanone. The react ion mass  heated up and became homogeneous. After standing 30 rain it was distil led: bp 
150 ~ C (2 ram). Yield 1.15 g (quantitative). Colorless c rys ta l s ,  mp 56-57 ~ C (from light petroleum). The compound 
had good solubil i ty in the usual  organic solvents  and poor solubil i ty in water. Found, I%: C 71.04; H 8.39; N 20.65. 
Calculated for C12H1~N3, %: C 70.89; H 8.43; N 20.68. 

Cyclohexanone 5 -ch loropyr id -2-y lhydrazone  (IIIb), was prepared s imi lar ly .  The yield of IIIb was quantitative. 
Colorless crys ta ls ,  mp 54-55 ~ C, bp 160 ~ C (3 ram). The compound had good solubil i ty in organic solvents and poor 
solubil i ty in water.  Found, %: C 59.20; H 6.15; C1 15.55; N 18.46. Calculated for CnH14C1N3, ~: C 59.04; H 6.31; 
C1 15.87; N 18.78. 

Cyclohexanone 5 -n i t ropyr id -2 -y lhydrazone  (IIIc). A solution of 0.1 g (0.65 raM) of 5 -n i t ropyr id -2 -y lhydraz ine  
(IIc) and 0.1 ml (0.97 mM) of cyclohexanone in 10 ml of ethanol was boiled for 3 rain, cooled, and evaporated under  
vacuum. 0.15 g (100%) of IIIc was obtained as yellow crys ta l s  mp 127 ~ C (from hexane). The compound had good 
solubil i ty in alcohol, acetone, and chloroform and poor solubil i ty in benzene and hexane, and was insoluble in water.  
Found, %~ C 56.69; H 6.20; N 23.68. Calculated for CllHlr %: C 56.39; H 6.02; N 23.92. 
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3-Methyl-5,  6, 7, 8- te t rahydro-c~-carbol ine  (tVa). A) A t~nixture of 1 g (5.4 mM)of IIIa and 1.8 g (10,5 raM) of p- 
toluenesulfonic acid was heated in 10 rain to 180 ~ C. An exothermic react ion occurred and the t empera ture  rose to 
210 ~ C. After cooling, 10 mi of a 50% potass ium hydroxide solution was added to the react ion mixture ,  and extract ion 
with e ther  gave 0.5 g of IVa, mp 209-210 ~ C. The aqueous mother  l iquor  was additionally extracted with chloroform, ~ 
the compound was purif ied by chromatography on a column of a lumina  (diameter  2.2 cm, height 58 cm), and eluted with 
500 ml  of ether.  0.4 g of IVa was obtained, mp 211 ~ C. Total yield of IVa, 0.9 g (98 %). Colorless  c rys ta l s ,  nap 211 ~ C 
(from ethyl acetate). The compound had good solubi l i ty  in chloroform, acetone, and alcohol and much poorer  solubil i ty 
in ether,  benzene, and ethyl acetate, and it was insoluble in water. Found, %: C 77.10; H 7.48; N 15.16. Calculated for 
Cj2H~N2, %: C 77.38; H 7.58; N 15.04. The hydrochloride of IVa formed color less  c rys ta l s ,  mp 259 ~ C (from ethanolwith 
acetone). The compound had good solubility- in alcohol and water  but poor solubil i ty in acetone, benzene,  and ethyl 
acetate. Found, %~" C 64,50; H 6.95; CI 15.99; N 12.37. Calculated for C12H14N 2" HCI, ~0: C 64.70; H 6.79; CI 15.93; 
N 12.58. 

B) A mixture  of i g (5.4 mM) of IIIa and the polyphosphoric acid prepared from 0.9 ml of H3PO4 and 1.4 g of P205 
was heated to 180 ~ C and was worked up as in the previous exper iment .  Yield of IVa, 0.62 g (67.3%). 

C) In a s im i l a r  exper iment ,  f rom 2 g (10.8 raM) of IIIa and 3.4 g (15.6 mM) of sulfosal ieyl ic  acid (react ion 

t empera tu re  170 ~ C) the yield of IVa was 1.1 g (60.1%): 

D) By heating 1 g (5.4 raM) of IIIa with 0.01 g of freshly p repared  cuprous chloride for 30 rain at 230 ~ C 0.4 g 

(43.5% t of IVa was obtained. 

E) 0.98 g (4.8 mM) of IIIa and 0.01 g of zinc chloride were heated 30 rain at 270 ~ C; 0.38 g (42.2%) IVa was 

obtained. 

3 -Methy l -~ -ca rbo l ine  (VIIIa). One g ram (5.4 mM) of IVa and 2 g of pal ladium were heated for 30 min at 270 ~ C. 
After cooling, the reac t ion  mixture  was dissolved in chloroform; the pal ladium was fi l tered off, the chloroform 
dist i l led off, the res idue  was sublimed under vacuum. 0.67 g (68.5%) of VIIIa was obtained as color less  c rys ta l s ,  mp 
269-270 ~ C (from ethyl acetate). The compound had good solubility" in hot alcohol and chloroform and poor solubil i ty in 
cold alcohol, chloroform, and benzene,  and was insoluble in hexmue and water.  Found, %: C 79.27; H 5.80; N 15.18. 
Calculated for Q2H10N2, %: C 79.09; H 5.53; N 15.38. The hydrochlor ide of VIIta formed color less  crys ta ls ,  mp 258-  
260 ~ C. It was readi ly  soluble in water,  poorly soluble in organic solvents.  Found, %: CI' 15.95. Calculated for 

Q2H~0N2. HC1, %: C1 16.23, 

3 -Dimethyl - sym- t r iazo to[4~3-a lpyr id ine  (Va),~ A) A mixture  of i g (5.4 raM) of IIIa, 0.7 g of boron t r i f luor ide  
e therate ,  and 30 ml  of glacial  acetic acid was heated in a sealed g lass  tube for 6 hr  at 200 ~ C. The reac t ion  mixture  
was concentrated,  the res idue  was made alkaline with 50% potass ium hydroxide solution and was extracted with 
chloroform, and the extract  was dried with potass ium carbonate evaporated under vacuum. The res idue was 
t r an s f e r r ed  to a column of a lumina  (d i ame te r  2.2 cm, height 58 cm), and eluted with 1.5 I of e ther  to afford 0.2 g 
(21.8%) of iVa. After the separa t ion  of the IVa, elut ion was continued with chloroform. F rom 1.5 t of chloroform 
eluate was obtained 0.48 g (66.3%) of Va as color less  c rys ta l s ,  mp 1410 C (from benzene). The compound did not 
depress  the mel t ing point on admixture  with a known sample  of Va [1]. 

B) A solution of 0,7 g (3.8 raM) of IIa in 20 ml of glacial  acetic acid was boiled for 9 hr. and then the react ion 
mixture  was evaporated in vacuum. The res idue was made a ika l inewi th  50% potass ium hydroxide solution and 
extracted with chloroform. The extract ,  dr ied with sodium sulfate, was evaporated under  vacuum 0.78 g (93%) Va was 
obtained, mp and mixed mp with a sample of Va, 140-141 ~ C [6]. 

2-CycIohexyl -9-methyl -3 ,  4, 5, 6- te t rahydro-2H-benz[e]pyrido[2,  1 - c ] - a sym- t r i azLue  (Via). Five grams (2.46 
raM) IIIa was boiled for 4 hr with 125 ml of conc HC1. After cooling, the react ion mixture  was made alkaline with 
ammonia.  The precipi ta te  was f i l tered off and washed with ether  and chloroform. 1.8 g o'f IVa was obtained. The 
aqueous alkal ine solution and the e ther  and chloroform after the separat ion of the IVa were combined. After the 
separa t ion  of the layers ,  the alkaline solution was additionally extracted with ether.  For  purif icat ion the substance 
was chromatographed on a column of a lumina  (diameter  4 cm~ height 57 cm) and eluted with 2.7 l of light petroleum. 
0.93 g (26.6%) of Via was obtained as color less  c rys ta l s  mp 98-99 ~ C (from heptane). The substance had goodsotubil i ty 
in benzene, acetone, and chloroform much poorer  solubil i ty in heptane, light petroleum, and alcohol, and it was 
insoluble in water.  Found, ~: C 75.93; H 9.04; N 14.91. Calculated for CtsH25N3, %: C 76.28; H 8.89; N 14.83. On 
subsequent  elut ion of the column with 1.25 1 of ether  an additional 1.46 g of IVa were obtained. Total yield of IVa, 
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3.26 g (67.4~o). 

3 -Chloro-5 ,  6, 7, 8 - t e t r a h y d r o - ~ - c a r b o l i n e  (IVb). A) A mixture  of 1 g (4.5 mM) of IIIb and 1.64 g (9.5 raM) of p- 
toluenesulfonic acid was heated to 180 ~ C. The t e m p e r a t u r e  rose  sharply to 210 ~ C. After  cooling, the react ion mass  
was d issolved in 20 ml of 17% HC1, and the solution was f i l tered and made alkaline with ammonia.  The prec ip i ta te  of 
IVb was f i l te red  off and dr ied  in a i r ;  yield, 0.75 g (81%) as co lo r l e s s  c rys t a l s  mp 215-216 ~ C (from ethyl acetate).  The 
substance had good solubil i ty in alcohol, e ther ,  acetone, and chloroform,  less  good in benzene and ethyl acetate  and 
poor solubili ty in light pe t ro leum,  and it was insoluble in water .  Found, %: C 63.82; H 5.12; C1 16.92; N 13.55. 
Calculated for CnHllCIN 2, %: C 63.91; H 5.36; CI 17.17; N 13.55. 

B) A mixture  of 1 g (4.5 raM) of IIIb and the polyphosphoric acid prepared  f rom 1.27 g of P205 and 0.83 ml of 
H3PO 4 was heated to 210 ~ C and worked up as in the previous  exper iment .  Yield of IVb: 0.76 g (81.7%), mp 215-216 ~ C. 

C) In a s i m i l a r  exper iment ,  f rom 1 g (4.5 raM) of IIIb and 1.55 g (7.5 raM) of su l fosa l icyl ic  acid ( react ion 
t e m p e r a t u r e  170 ~ C) the yield of IVb was 0.64 g (69~o). 

D) 1 g (4.5 raM) of IIIb was heated with 0.01 g of zinc chlor ide for 30 min at 270 ~ C. The reac t ion  mixture  was 
d isso lved  in 5 ml of ch loroform and chromatographed on a column of alumina (d iameter  2.2 cm, height 58 cm). It was 
eluted with 500 ml e ther .  Yield of IVb 0.27 g (297o). 

React ion of IIIb with cuprous chloride.  A mixture  of 1 g (4.5 raM) of IIIb and 0.01 g of cuprous chloride was 
heated for 20 rain at 250 ~ C. The reac t ion  m a s s  was d issolved in 30 ml of ch loroform and chromatographed on a 
column of a lumina (d iameter  2.2 cm, height 58 cm), being eluted with 500 ml of ether ,  to give 0.3 g of a yellow 
crys ta l l ine  substance which did not give a hydrochlor ide,  did not develop a color  with the Dragendor~ff reagent ,and  was 
not studied fur ther .  On subsequent elution with 2.25 l of ether ,  0.35 g of a white c rys ta l l ine  substance with mp 110 ~ C 
was obtained. After  repeated chromaiography on alumina and elution with a mix ture  (1 : 1) of e ther  and light pe t ro leum,  
0.21 g (37%) of pure 2 -amino-5 -ch lo ropyr id ine  (VIIb) was obtained, mp 133-135 ~ C. Admixed with a known sample  it 
gave no depress ion  in mel t ing  point. 

React ion of IIIc with p- to luenesulfonic  acid. Five g rams  (21.4 mM) of IIIc and 7.8 g (45 raM) of p- to luenesulfonic  
acid were  heated to 180 ~ C. A vigorous  reac t ion  occur red  with considerable  res inif icat ion.  After cooling, the react ion 
mass  was d issolved in 2 I of 17% HC1. The carbonized prec ip i ta te  was separa ted  off and the solution was made 
alkaline with ammonia.  The base (0.84 g) which separa ted  out was ext rac ted  with ch loroform,and  purif ied by 
chromatography on alumina, being eluted with 1.75 l of chloroform.  0.14 g (5 %) of 2 -amino-5 -n i t ropyr id ine  (VIIc)was 
obtained. The compound did not dep res s  the mel t ing point of a known sample.  

2 -Cyc lohexy l -9 -ch lo ro -3 ,  4, 5, 6- te t rahydro-2H-benz[e]pyr ido[2 ,  1 - c ] - a s y m - t r i a z i n e  (VIb). A mixture  of 5 g 
(22.4 rnM) of IIIb and 115 ml of conc HC1 was boiled for 5 hr, cooled,and f i l tered.  The f i l t ra te  was made alkaline with 
ammonia  and ext rac ted  with chloroform.  The ch loroform solution was chromatographed on alumina (diameter  of 
column 4 cm, height 57 cm) and eluted with 1 l of e ther  to afford 1.64 g (45.5%) of VIb as co lo r l e s s  c rys ta l s  with mp 
112.5-113.5 ~ C (from heptane). The substance had good solubili ty in acetone, benzene, ch loroform,  and ethyl acetate  
and poor solubil i ty in hexane, and it was insoluble in water .  Found, ~ C 67.37; H 7.19; C1 11.93; N 14.00. Calculated 
for C17H22C1N3, %: C 67.19; H 7.30; C1 11.68; N 13.83. On fur ther  elution of the column with 1.5 I of e t h e r - l i g h t  
pe t ro leum (1: 1), 1.27 g (29%) of IVb was obtained with mp 215-216 ~ C. The substance did not depress  the melt ing 
point of a known sample  of IVb. 

3 - M e t h y l - 6 - c h l o r o - s y m - t r i a z o l o [ 4 ,  3 -a ]pyr id ine  (Vb). A) One gram (7 raM) of IIb with 30 ml  of glacial  acet ic  acid 
was boiled for 9 hr, concentra ted under vacuum, made alkaline with 50% potass ium hydroxide solution, and ext rac ted  
with choroform.  After  r emova l  of the solvent, 1.14 g (100%) of Vb was obtained as co lo r l e s s  c rys ta l s  with mp 131-  
132 ~ C (from benzene). The compound had good solubil i ty in chloroform,  acetone, alcohol, hot benzene,  and poor 
solubil i ty in l ight pe t ro leum and water .  Found, %: C 50.23; H 3.62; C1 21.48; N 24.84. Calculated for CyH6CIN3, %: 
C 50.15; H 3.61; C1 21.17; N 25.07. 

B) A mixture  of 1 g (4.5 raM) of IIIb, 0.64 g of boron t r i f luor ide  e therate ,  and 30 ml of glacial  acet ic  acid was 
heated for 6 hr  in a sealed tube at 200 ~ C. The reac t ion  mass  was concentrated and the res idue  was made alkaline with 
50% potass ium hydroxide solution, ex t rac ted  with chloroform,  and chromatographed on a column of alumina (d iameter  
2.2 cm, height 58 cm); 0.5 l of e ther  eluted 0.17 g (18.3%) of IVb, mp 215-216 ~ C; the following 2 l of e ther  gave 0.44 g 
(57.3%) of Vb. 
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