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REINVESTIGATION OF A CYCLIZATION REACTION OF 2-HYDRAZINO-3- 

(11 -PYRROL-1 -YL IPYRIDINE 

Norton P. Peet* and Shyam Sunder 

M e r r e l l  Dow Research I n s t i t u t e ,  Ind ianapo l is  Center 

9550 Z i o n s v i l l e  Road, Indianapol is,  Indiana 46268-0470, U.S.A. 

Abst rac t  - The reac t i on  o f  2-hydrazino-3-(I!-pyrrol-I-yllpyridine (31 w i t h  acety l -  

acetone a f f o rds  2-(3.5-dimethyl-1~-pyrazol-l-yl1-3-(1~-pyrrol-l-y11pyridine ( L l  

r a the r  than 3,5-dimethyl-lO-(1~pyrrol-l-yl)pyrido[2,l-l,2,4ltriazepine (51, as 

prev ious ly  reported. 

A recent r e p o r t  by Lancelot ,  g dl.' decribes the synthesis o f  2-hydrazino-3-(I!-pyrrol-I-yll- 

py r i d i ne  (31 from 2-chloro-3-aminopyridine, as shown i n  Schene I, and i t s  c y c l i z a t i o n  w i t h  acet ic 

anhydride t o  g ive  t r i a z o l o p y r i d i n e  4. Also repor ted was the c y c l i z a t i o n  o f  3 w i t h  acetylacetone 

t o  a f f o rd  3,5-dimethyl-lO-(1~-pyrrol-l-yl~pyrido[2l-l,2,4ltriazepine (51. We have 

re invest iga ted t h i s  l a t t e r  t rans format ion  and found i t  t o  be i n  e r r o r .  The product of t h i s  

c y c l i z a t i o n  i s ,  instead. 2-(3.5-dimethyl-1~-pyrazol-1-yll-3-(1~-pyrrol-l-yllpyridine Ill. 

1 The repor ted synthesis o f  3 was repeated as show i n  Scheme I. We found t h a t  the  condensation 

product o f  3 and acetylacetone was i d e n t i c a l  t o  the displacement product obtained by t r e a t i n g  

2-chloro-3-(11-pyrrol-1-yllpyridine (2) w i t h  the  anion der ived from I&-3.5-dimethylpyrazole (6 ) .  
Thus, the product o f  both o f  these react ions  i s  py razo l y l py r i d i ne  I .  The s t e r i c  i n t e r a c t i o n  o f  

the two o r tho  aromatic subst i tuents  i n  l must be considerable. 

We have recen t l y  shown t h a t  2-hydraz ino-4- (4-n i t ropheny l l th ia ro le  reacts  w i t h  1.3-diketones t o  

g ive  2-pyrazoly l th iazoles,2 r a t h e r  than th iazo lo t r i azep ines  as prev ious ly  reported.) A very 

recent a r t i c l e ,  descr ib ing  the c y c l i z a t i o n  of 4-hydrazino[llbenzothieno[2,3-~lpyrrolo[1.2-~l- 

pyrazine t o  1.3-dimethy1~11benzothieno~2~,3':5,61pyrr010~1',2~:1,2~~yrazin0~3,4-~~-1,2.4- 

t r i a ~ e ~ i n e , ~  must a lso  be i n  e r ro r .  This c y c l i z a t i o n  must produce a  pyrazoly lpyrazine, instead. 



Scheme I 
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An a d d i t i o n a l  t rans format ion  descr ibed by Lance lo t ,  g dl.' i s  shown i n  Scheme ! I .  C y c l i l a t i o n  

of 2-chloro-3-(2-cyano-I!-pyrrol-I-yllpyridine (8) w i t h  hydrazine hydra te  r e p o r t e d l y  gave fused 

t r i a z e p i n e  2. Since t r i a z e p i n e  syntheses o f t e n  f a i l  when t h e  p o t e n t i a l  f o r  t h e  fo rmat ion  of 

smal ler  r i n g  s i z e s  e ~ i s t s , ~  we envisioned fused pyraz ine  11 as a poss ib le  product  o f  t h e  reac t ion  

Scheme I1 



o f  I! w i t h  hydrazine hydrate. Pyrazine 11 could r e s u l t  from intermediate 10, which would, i n  

tu rn ,  der ive  from i n i t i a l  i n t e r a c t i o n  of hydrazine hydrate w i t h  the  cyan0 group ra the r  than the 

2-posi t ion o f  pyr id ine .  Compound 11 i s  isomeric w i t h  9 and would be d i f f i c u l t  t o  spectro- 

scop ica l ly  d i s t i ngu i sh  from t r i azep ine  9. Thus, we s e t  out  t o  prepare hydrazinopyrazine 11 i n  

order t o  compare i t s  proper t ies  v i t h  those repor ted f o r  aminotriazepine 9. 

A precursor t o  11, ch loro  compound 18, has Previously been prepared by several r o ~ t e s . ~  One of 

these routes  invo lved aminolysis of 2 i n  an autoclave (methanolic ammonia, 100 'C, 5 h l  t o  

produce 2-amino-3-(1~-pyrrol-l-~l~p~ridine (16).  Amino compound 16 was then cyc l i zed  t o  17 wi th  

phosgene, and was converted t o  18 w i t h  phosphorous oxychlor ide and pyr id ine .  

When we t rea ted  ch loro  compound 2 w i t h  methanolic amnonia i n  a sealed tube (260 'C. 4 h), on ly  a 

n e g l i g i b l e  amount o f  16 was produced. Thus, we prepared 16 by the a l t e rna te  rou te  shown i n  

Scheme 111, i n  which we prepared the f l uo ro  analog o f  2 (E),  which was more suscept ib le  t o  

aminolysis. Treatment o f  2-chloro-3-nitropyridine (121 v i t h  potassium f l u o r i d e  i n  

dimethylformarnide gave 2-fluoro-3-nitropyridine (131, which was hydrogenated t o  the corresponding 

amino compound 2. 2-F1uoro-3-(1~-pyrrol-l-yl~pyridine (151 was then elaborated from 14 w i t h  

2.5-dimethoxytetrahydrofuran. Aminolysis o f  15 i n  a sealed tube gave 16. I n  our hands. 

c y c l i z a t i o n  o f  16 t o  17 was most e f f i c i e n t l y  accomplished v i t h  neat e t h y l  chloroformate. Chloro 

compound 18, which was prepared from 17 and phosphorous oxychlor ide,  was converted t o  hydrazino 

compound w i t h  hydrazine hydrate. 

1 The mel t ing  p o i n t  repor ted f o r  9 i s  215 'C. wh i le  1 does not mel t  up t o  300 'C. 'H nmr spect ra l  

1 data repor ted f o r  2 are q u i t e  d i f f e r e n t  from t h a t  which we recorded f o r  1. Thus, we conclude 

t h a t  s t ruc tu re  9 must be cor rec t ,  and t h a t  i n i t i a l  i n t e r a c t i o n  o f  hydrazine w i t h  8 occurs a t  the 

2-posi t ion.  

EXPERIMENTAL 

A l l  me l t ing  po in t s  are uncorrected. The i r  spectra were recorded w i t h  Perkin-Elmer Model 7278 

and Model 1310 spectrophotometers, nmr spectra w i t h  Perkin-Elmer R-32 (90 MHz), Varian EM-360A 

and Varian XL-300 (mul t inuc lear  probe1 spectrometers, and mass spectra v i t h  a Finnigan gclms 

Model 4023 (e lec t ron  impact and chemical i on i za t i on )  mass spectrometer. Combustion analyses f o r  

C, H and N were performed by Mer re l l  Don Ana ly t ica l  Laborator ies.  C inc innat i ,  Ohio. 
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Scheme Ill 
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2-Chloro-3-(1%-pyrrol-1-y1)pyridine (2). A s o l u t i o n  o f  24.5 g (0.190 m l )  o f  3-amino-2-chloro- 

p y r i d i n e  (1) and 33.0 g (0.250 mo l l  of  2.5-dimethoxytetrahydrofuran i n  100 ml of  a c e t i c  a c i d  

was heated a t  r e f l u x  f o r  1 h. The s o l u t i o n  was d i l u t e d  w i t h  water and ex t r ac ted  w i t h  methylene 

ch l o r i de .  The combined e x t r a c t s  were washed t w i c e  w i t h  water, d r i e d  (sodium s u l f a t e )  and 

concentrated.  The r e s u l t i n g  v iscous l i q u i d  was p u r i f i e d  by Kugelrohr d i s t i l l a t i o n  [lit.' bp 154 

'C (0.05 mm)l t o  g i ve  17.0 g (50%) o f  2; 'H nmr (DMSO-d6) 6 8.40 (dd, l H ,  C6-H), 7.87 (dd, lH, 

C4-H), 7.50 (dd, l H ,  C5-HI, 7.02 (dd, 2H, C2'-H and C5'-H), 6.27 (dd, 2H, C3'-H and C4'-HI ;  ms 

(100 eV, chemical i on i za t i on ,  methane) 179 (M' + I ) ,  207 (M+ +29), 219 (M+ t 4 1 ) .  

2-Hydrazino-3-(1%-pyrrol-1-y1)pyridine ( 3 ) .  A s o l u t i o n  of  7.60 g (42.6 m o l )  o f  i i n  50 rnl o f  

hydrazine hydra te  was heated a t  r e f l u x  f o r  4 h. The s o l u t i o n  was concentrated and p a r t i t i o n e d  

between water and chloroform. The organic l a y e r  was d r i e d  (sodium s u l f a t e )  and concentrated,  and 

the  r e s u l t i n g  v iscous l i q u i d  was p u r i f i e d  by Kugelrohr d i s t i l l a t i o n  flit.' mp 74 'C) t o  g i v e  6.11 

1 
g (82%) o f  3; H nmr (CDC13) 6 8.10 (dd, l H ,  C6-H), 7.36 (dd, lH, C4-H), 6.90 (dd, ZH, C2'-H and 

C5'-HI, 6.70 (dd, lH, C5-H), 6.47 ( b r  s, IH, NH), 6.23 (dd, 2H, C3'-H and C4'-HI, 4.12 ( b r  s, 2H, 

NH2); ms (100 eV, chemical i non i za t i on ,  methane) 175 (M+ + l ) .  

2-(2,4-Oimethyl-1~-pyrazol-l-yl)-3-(1~-pyrrol-l-yl)pyridine (L). A. From 2. To 1.0 g (45 mmol) 

o f  sodium hydr ide ,  prepared f rom 1.8 g of  60% sodium hydr ide  d ispersed i n  minera l  o i l  by washing 

w i t h  hexane, was added a s o l u t i o n  o f  2.88 g (30.0 rnrnol) o f  2.4-dimethyl-1l-pyrazole i n  30 ml o f  

dimethylformamide. A f t e r  5 min of  s t i r r i n g .  4.47 g (25.0 mmol) of  2 was added and the  s o l u t i o n  

was heated a t  140 "C f o r  18 h. Evaporat ion o f  the  dimethylformamide l e f t  5.20 g o f  v iscous 

l i q u i d  which was p u r i f i e d  by d i s t i l l a t i o n  t o  p rov i de  4.20 g (70%) o f  L, bp 145 'C a t  0.3 mn; i r  

(neat )  1570, 1555, 1490. 1330 and 720 c 6 ' ;  'H nmr (OMSO-d6) 6 8.48 (dd. lH, C6-HI, 8.08 (dd. 1H. 

C4-H), 7.63 (dd, IH, C5-HI. 6.55 (dd, 2H, p y r r o l y l  C2-H and C5-H), 6.10 fdd, 2H, p y r r o l y l  C3-H 

and C4-H), 5.91 (s,  lH, py razo l y l  C3-H), 2.13 (s,  3H, CH3), 1.80 (s ,  3H, CH3); ms (100 eV, 

chemical i o n i z a t i o n ,  methane) 239 (M' + I ) .  267 (M+ +29), 279 (M+ c41);  Anal. Calcd. f o r  Cl4HI4N4: 

C. 70.56; H, 5.92; N. 23.51. Found: C. 70.26; H. 5.85; N. 23.10. 

B. From 3. A s o l u t i o n  o f  3.07 g (17.6 mnol) of  2 and 2.00 g (19.9 m o l )  o f  ace ty lace tone i n  30 - 
ml o f  a c e t i c  a c i d  was heated a t  r e f l u x  f o r  1.5 h. The a c e t i c  a c i d  and excess acety lacetone were 

removed b y  d i s t i l l a t i o n  and t h e  r es i due  was p a r t i t i o n e d  between water and methylene ch l o r i de .  

The organ ic  l a y e r  was d r i e d  (sodium s u l f a t e )  and concentrated,  and t h e  r es i dua l  o i l  was f u r t he r  

1 
concentrated under vacuum a t  80 'C t o  leave 4.01 g (94%) o f  L, whose i r  and H nmr spec t ra  were 

i d e n t i c a l  t o  those o f  prepared i n  Pa r t  A. 
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2-Fluoro-3-ni t ropyr id ine ( G I .  To a s o l u t i o n  o f  12.3 g 177.6 m o l l  o f  2-chloro-3-ni t ropyr id ine 

1121 i n  30 ml o f  dimethylformamide a t  120 'C was added 9 g o f  anhydrous potassium f luor ide.  

A f te r  6 h a t  150 'C the mix ture  was poured onto i ce .  The aqueous so lu t i on  was saturated w i t h  

sodium ch lo r i de  and s t e a m d i s t i l l e d .  The d i s t i l l a t e  was ex t rac ted w i t h  e ther  and the combined 

ex t rac ts  were d r i e d  (sodium su l f a te )  and concentrated t o  a ye l l ow  o i l .  Kugelrohr d i s t i l l a t i o n  a t  

7 1 
85 "C (ca. 1 ml gave 8.01 g (73%) of 13 [lit. bp 109-109.5 'C (10 mmll; H nmr (COCl31 6 

8.70-8.30 (m, 2H. C4-H and C6-HI. 7.43 (dd. 1H. C5-HI. 

3-Amino-2-fluoropyridine (14). A so lu t i on  o f  6.00 g (42.2 m o l l  o f  13 was hydrogenated i n  a P a r r  

apparatus a t  E. 50 p.s.i. f o r  0.5 h i n  the  presence o f  10% PdlC. The c a t a l y s t  was removed by 

f i l t r a t i o n  and the concentrated f i l t r a t e  was p u r i f i e d  by f l ash  chromatography (600 ml dry volume 

8 s i l i c a  gel; 9:1::CHC13:CH30Hl t o  g ive  4.08 g (86%) o f  14 as a c lear .  co lo r l ess  o i l  [lit. bp 
1 116-117 *C (24 mmll; H nnr (COCl31 6 7.52-7.48 (m, IH, C6-HI, 7.17-7.09 lm, lH, C4-HI, 6.99-6.93 

(m. lH, C5-HI. 4.10 Is,  2H. NH21; ms 1100 eV. chemical i on i za t i on ,  methane) 113 (M' + I ) ,  141 IM' 

+29), 153 (M' +411. 

2-Fluoro-3-(IF-pyrrol-1-yllpyridine (151. A so lu t i on  o f  11.0 g (97.8 m o l l  o f  14 and 13.2 g 

(0.100 m l l  o f  2.5-dirnethoxytetrahydrofuran i n  30 ml o f  ace t i c  ac id  was heated a t  r e f l u x  f o r  1 h. 

The so lu t i on  was concentrated and the residue was p a r t i t i o n e d  between methylene ch lo r i de  and 

water. A b lack,  i nso lub le  s o l i d  was remved  by f i l t r a t i o n  and t h e  organic l aye r  was d r i ed  

(sodium su l f a te )  and concentrated. Kugelrohr d i s t i l l a t i o n  a t  85 'C (ca. 1 ml gave 7.68 g 14811 

o f  15 as a ye l low o i l ;  'H nmr (CDCl31 6 8.00-7.80 (m, 1H, C6-HI, 7.80-7.43 Im, lH, C4-HI, 

7.23-7.03 lm, 1H. CS-HI, 7.03-6.83 In, 2H, C2'-H and C5'-HI, 6.33-6.17 lm, 2H, C3'-H and C4'-HI; 

ms 170 eV, e lec t ron  impact1 !/A 162 lmolecular ion) ;  Anal. Calcd. f o r  C9H7FN2: C. 66.66; H. 4.35; 

N. 17.27. Found: C. 66.66; H. 4.39; N. 17.19. 

2-Amino-3-11~-pyrrol-l-yl~pyridine (16). Two so lu t ions  each o f  3.8 g (23.4 m m l l  o f  15 i n  100 m l  

of methanol saturated w i t h  ammonia i n  sealed glass tubes were heated a t  260 'C f o r  23 h. The 

contents of the  tubes were f i l t e r e d  t o  remove a small amun t  o f  p a r t i c u l a t e  matter and the 

f i l t r a t e  was concentrated t o  a small volume and cooled. The r e s u l t i n g  c r y s t a l l i n e  s o l i d  was 

6 
co l lec ted and r e c r y s t a l l i z e d  from ethanol  t o  g ive  4.70 g (63%) o f  16, mp 104-105 'C ( l i t .  mp 72 

' C l ;  i r I N u j o l I  3460 and 3280 (NH21. 1630 (C=Nl cm-l; 'H nmr (OMSO-d61 6 7.98 ldd. lH, C6-HI, 

7.39 (dd. 1H, C4-HI. 6.94 (dd, 2H. C2'-H and C5'-HI, 6.67 ldd. 1H. C5-HI, 6.26 (dd. 2H. C3'-H and 

9 C4'-HI; ms (100 eV, chemical i on i za t i on .  methane) 160 (M' + I ) .  188 (M+ +29). 200 IM+ +411; ,rial. 

Calcd. for  CgHgN3: C, 67.90; H, 5.70; N, 26.40. Found: C. 67.75; H, 5.72; N. 26.43. 



5.6-Dihydro-6-oxopyridoC2.3-~lpyrroloC1.2-alpyrazine (17). A mix ture  o f  500 mg (3.14 mmol) of 16 
and 10 ml of e t h y l  chloroformate was heated a t  r e f l u x  f o r  1 h. The mix ture  was cooled and the 

yel low s o l i d  was co l lec ted.  washed w i t h  ether and d r i ed  t o  g ive  410 mg (70%) of crude z. 
Recrys ta l l i za t i on  from methanol a f fo rded pure 17 as a wh i te  so l id ,  mp > 300 'C ( l i t . 6  mp 275 'C); 

ir (Nu jo l )  1680 (C-0) cn- l ;  'H nmr (DMSO-d6) 6 11.7 (s, 1H. NH). 8.48 (dd. 1H. C1-H). 8.28 (dd. 

lH, C3-H). 8.25 (dd, lH, C9-H). 7.29 (dd, lH, C2-HI, 7.07 (dd. lH, C7-H). 6.74 (dd. lH, C8-H); ms 

(70 eV, e lec t ron  impact) 185 (molecular i o n ) ;  Anal. Calcd. fo r  C10H7N30: C, 64.86; H, 3.81; 

N, 22.69. Found: C. 64.60; H, 3.86; N.22.52. 

6-Chloropyrido[2,3-~pyrrolo[l,2-alpyrazine (181. A mix ture  o f  460 mg (2.48 mmol) of 17 and 25 

ml of phosphorous oxychlor ide was heated a t  r e f l u x  f o r  1.5 h. The so lu t i on  was concentrated t o  

dryness and the residue was p a r t i t i o n e d  between water and methylene ch lor ide .  The organic l aye r  

was washed w i t h  sodium hydrogen carbonate, d r i ed  (sodium s u l f a t e )  and concentrated t o  g ive  500 mg 

(99%) of 2, mp 254-255 'C (dec) (ethanol) ;  'H nmr (DMSO-d6) 6 8.92 (dd, lH, C1-H), 8.80-8.72 (m,  

2H. C3-H and C9-H), 7.77 (dd, lH, CZ-HI, 7.22 (dd, lH, C7-HI, 7.11 (dd, l H ,  C8-H); ms (100 eV, 

chemical i on i za t i on ,  methane) 204 (M+ + I ) ,  232 (M+ +29), 244 (M+ t41 ) ;  Anal. Calcd. fo r  

C10H6C1N3: C. 58.98; H. 2.97; N. 20.63. Found: C. 58.76; H. 3.00; N. 20.63. 

6-Hydrazinopyridol2,3-~lpyrroloC1,2-~lpyrazine Monohydrate (11).  A mix ture  o f  230 mg (1.13 m o l )  

of 2. 130 mg (2.59 mmol) of hydrazine monohydrate and 25 ml o f  ethanol  was heated a t  r e f l u x  f o r  

2 h. The mix ture  was cooled and the s o l i d  was co l lec ted,  washed w i th  e ther  and d r i ed  t o  g i ve  194 

mg (79%) of 11. mp > 300 'C; 'H nmr (DMSO-d6) 6 8.45 (dd. 1H. Cl-H), 8.37 (dd. 1H. C3-H). 8.27 

(dd, l H ,  C9-HI, 7.22 (dd. 1H. CZ-H), 7.09 (dd, 1H. C7-H), s. 6.8 (very  broad signal .  1H. NH), 

6.76 (dd, 1H. C8-HI, E. 3.6 ( ve ry  broad signal .  4H. NH2 and H20); ms (100 eV, chemical 

ion iza t ion ,  methane) 200 (M+ +I). 228 ( M ~  +29), 240 (M+ t41 ) .  E. Calcd. f o r  c ~ ~ H ~ N ~  H ~ O :  C. 

55.29; H, 5.10; N, 32.24. Found: C, 54.91; H, 4.55; N, 31.97. 

REFFERENCES AND NOTES 

1. J.-C. Lancelot. D. Laduree. H. E. Kashef and M. Robba. Heterocycles. 1985. 23. 909. 

2. N. P. Peet and S. Sunder, J. Heterocycl ic %., 1986, 23, 593. 

3. B. V. Alaka, D. Patnaik and M. K. Rout, J. I nd ian  Chem. Soc., 1982, 2, 1168. 

4. H. E. Kashef, S. Rault. J.-C. Lancelot  and M. Robba. J. Heterocycl ic e., 1986. 2, 161. 

5. J. W. H. Watthey. J. Stanton and N. P. Peet, Heterocyc l ic  Compounds. 1984. 43. Pt .  2. 719. 

6. J.-C. Lancelot. D. Laduree and M. Robba, Chem. Pharm. Bull.. 1985. 2. 3122. 



HETEROCYCLES, Vol. 24, No. 1 1 ,  1986 

7. G. C. F inger  and L. D. S t a r r ,  J .  @. Chem. Soc., 1959, 2, 2674. 

8. G .  C. F inger ,  L. D. S t a r r ,  A.  Roe and W. J. Link,  J .  Org. Chem., 1962, 27, 3965. 

1  
9. The H nmr spectrum we r e p o r t  fo r  16 d i f f e r s  s u b s t a n t i a l l y  from t h a t  repor ted  f o r  6 by  

Lancelot .  Laduree and Robba. 6  

Received, 1st August, 1986 


