
bonylindolizines (VII-IX) was accomplished by the HUckel MO method with the use of the 
standard Pullman parameters. 
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SYNTHESIS OF 6-ALKYLTHIOIMIDAZO[I,2-a]PYRIDINES 

Ya. L. Gol'dfarb, F. M. Stoyanovich, 
M. A. Marakatkina, and G. I. Gorushkina 

UDC 547.785.5'825 

A number of 6-alkylthio(and sulfonyl)-substituted imidazo[l,2-a]pyridines were 
synthesized by the reaction of 5-alkylthio- and 5-alkylsulfonyl-2-aminopyridines 
with m-bromoacetophenone and e-chlorocyclohexanone in order to search for new 
compounds that have fungicidal activity. 5-Alkylthio-2-aminopyridines were ob- 
tained from the double salt of 5-mercapto-2-aminopyridine with SnCI2 and HCI by 
reaction with alkyl halides or tert-C4H~OH and 75% HzSO~. 5-tert-Butylthio-2- 
aminopyridine was oxidized by means of KMnO~ to 5-tert-butylsulfonyl-2-aminopyri- 
dine. A double salt was synthesized from 2-aminopyridine-5-sulfonie acid. 

It has been shown [i] that 3-alkylthio-substituted imidazo[l,2-a]pyridines have signif- 
icant fungicidal activity. In our search for more effective compounds of this series we 
decided to synthesize 6-alkylthioimidazo[l,2-a]pyridines with an alkylthio group in the 
pyridine ring rather than in the imidazole ring. 

Our attempts to replace the bromine atom in 6-bromo-2-phenylimidazo[l,2-a]pyridine by 
an alkylthio group through the Grignard reaction (by the action of Mg or EtMgBr) or by ex- 
change with Li and by the action of BuLi under various conditions were unsuccessful. In 
most cases the starting bromo compound was recovered. We were able to solve this problem by 
a different method, viz., by starting from 2-amino-5-alkylthiopyridines. The key compound -- 
2-amino-5-mercaptopyridine (I) was obtained in the form of a double salt with SnCI2 and HCI 
from 2-aminopyridine-5-sulfonic acid. We were unable to obtain 2-amino-5-mercaptopyridine 
in the base form from salt I. 5,5'-Bis(2-aminopyridy!) disulfide (VIII) was obtained by the 
action of iodine in an alkaline medium on salt I. 

5-Alkylthio-2-aminopyridines (II-IV, Table i) were obtained by alkylation of salt I 
with alkyl halides in the presence of alkali. Very small amounts of dialkylated products 
were formed along with sulfides II-IV; the former were detected by thin-layer chromatography 
(TLC). In one case this product was isolated and characterized by conversion to the pierate. 
Its structure can be tentatively expressed by formula V. The indicated impurities are dif- 
ficult to separate, but their presence does not prevent the use of sulfides II-IV for the 
preparation of 6-alkylthioimidazo[l,2-a]pyridines. 

N. D. Zelinskii Institute of Organic Chemistry, Academy of Sciences of the USSR, Mos, 
cow 117913. Translated from Khimiya Geterotsiklicheskikh Soedinenii, No. 5, pp. 634-638, 
May, 1979. Original article submitted May 29, 1978. 
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I. PCI5 

~'N~"'N H2 N|if Sn CI.,.IICI NH2 NI 
I 

! R 
l i l l y  V / \  

N H 2 ~  "/ ~ ' - . N  H 2 "--.NY\N H2 "Z,.N~',- N H ~ 

VIII VI VII 

II, v R=C2Hul I l l  R~C3HT; Iv R=C4|| 9 

The synthesis of a tertiary sulfide -- 5-tert-butylthio-2-aminopyridine (VI) -- was also 
realized starting from salt I but in this case by reaction with tert-C4HgOH and 75% sulfuric 
acid by the method in [2]. Sulfide VI was oxidized by means of KMn04 in acetic'acid to 5- 
tert-butylsulfonyl-2-aminopyridine (VII). 

2-Phenyl-6-alkylthioimidazo[l,2-a]pyridines (IX-XII) were synthesized by reaction of 
amino sulfides II-IV and VI with m-bromoacetophenone, while 2,3-tetramethylene-6-alkylthio- 
imidazo[l,2-a]pyridines (XIII-XVII)were obtained by heating amines If-IV, VI, and VII with 
excess a-chlorocyclohexanone without a solvent [3] at 180-200~ 

C6H 5 

[X-Xll XIII-XVII 

IX R:-C2tts; X R=tz-C:3Hv: XI R=n-C~Hg; XII R=t-C4Hg; XIII RI=C2HsS; 
XIVR'=n-C31IzS;XV R'=n-C4HgS;XVI Rt=t-C,IIIgS;XVII R'=t-C4tbSO~ 

The yields and constants of the synthesized compounds are presented in Tables 2-4. 
Their structures, which follow from the method of synthesis, find confirmation in the spec- 
tral data presented in the experimental section. 

It is interesting to note that the oxidation of sulfide XVI under various conditions 
leads to 5-tert-butylsulfonyl-2-aminopyridine (VII) rather than to sulfone XVII. This sort 
of behavior of imidazo[l,2-a]pyridines toward oxidizing agents has been previously observed 
[4]. Thus sulfonyl-substituted imidazo[l,2-]pyridines cannot be prepared by oxidation of 
the corresponding sulfides but only from the sulfonyl derivatives of aminopyridine. 

TABLE i. 5-Alkylthio-2-aminopyridines 

COIn 
pound 

II 
III 

IV 

VI 

mp, "C (crys- 
tallization 
solvent) 

20* 
51--51,5 

(hexane-- ether) 
53,5--54,5 

(hexane--ether) 
85,0--85,5 t 

(hexane) 

Found,  % 

c ii S 

54,4 6,5 20,5 
57,3 7,0 18,7 

59,2 7,6 17,5 

59,2 7,7 17,8 

Empirical 
formula 

CTHmN2S 
C8|It2N~S 

CgHI4N2S 

C9[I14N2S 

Calc., % 

C tI S 

54,5 6,5 20,8 
57,1 7,2 19,1 

59,3 7,7 17,6 

59,3 7,7 17,6 

Yield, 
% 

63 
39 

52 

75 

*This compound had bp 166-169~ (15 mm); its picrate had mp 
238-240~ (alcohol). Found: N 18.1%. CTHzoN2S'C6HsNsOT. 
Calculated: N 18.3%. 
tThe hydrochloride had mp 142-143~ (benzene). Found: 
C 49.3; H 6.9; C1 16.3%. CgHI~N2S'HCI. Calculated: C 49.4; 
H 6.9; CI 16.2%. 
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TABLE 2. Hydrobromides of 2-Phenyl-6-RS-imidazo[l,2-a]pyri- 
dines 

C o m -  
pound 

IX 
X 

XI 
XII 

rap, ~ 

241 243 
238 240 
203--204,5 
265--267 

Found, % 

clHIB Is 

56,31 5.4 21,61 8,7 
56;3] 513 22,31 8,9 

I 
formulal~ Calc., % Empirical 

I 
CIsHI4N2S.HBr 53,71 4,5 23,8 9,6 l 
CIGHmN2S-HBr 55,01 4,9 22,91 9,2 
CITHI8N2S �9 HBr 56,21 5,3 22,0 8 8 
C17HjsN2S.HBr 56,21 5,3 22,0 818 

Yield, 
% 

56 
70 
46 
61 

TABLE 3. 

Corn-  
pound 

IX 
X 

XII 

2-Phenyl-6-RS-imidazo [ i, 2-a ] pyridines 

mp, "C 

135 -136 
106.5--107.5 

151 152 

Found. % 

cIHIs 
71,0 I 5,6 I 12,4 72,1 6,2 11,8 
72,1 6,4 11,5 

TABLE 4. Hydrochlorides of 
[ I, 2-a ] pyridines 

-I Corn mp, ~ (crys- Found, % 
tallization 

pound{ solvent) c n Cl [ 

183 184 158,2 ]6,4] 13,4 
dioxane + alcohol)[ | 1 
�9 176---177 ..]59 3|6,6| 12,5 
aioxanc+alcohou] ' I I 

t57--t59 t6o,617,2f, 1,7 
~4ioxane + alcohol)] | ] 

205--206,5 t60,617,1 t ! 1.6 
Cdioxa,   / / I  

XIII 

XIV 

XV 

XVI 

Empirical ] Calc., % 
formula [ c ] H 

C,sH,4N2S 1 70,9 t 5,5 C,6Ht6N2S 71,6 6,0 
C~7[I18NaS 72.3 6,4 

12,6 
11,9 
11,3 

2,3-Tetramethylene-6-R:-imidazo - 

Empirical 
formula 

Calc., % ) I Yield 
% 

C It CI S 

z,1111,91,o,  I 

12,1 CIaH~6N2S �9 HCI 

C~4I ImN2S �9 HCI 

C,sII2oN~S �9 HCt 

EXPERIMENTAL 

The melting points were determined with a Boetius apparatus. Thin-layer chromatography 
(TLC) was carried out on a loose layer of AIaOa with elution by benzene--alcohol (9:1). The 
PMR spectra of the compounds were recorded with a DA-60-1L spectrometer (60 MHz) with hexa- 
methyldisiloxane as the internal standard; the chemical shifts are presented on the ~ scale 
relative to tetramethylsilane. 

Double Salt of 2-Amino-5-mercaptopyridine (I). A ground mixture of 22.6 g (0.13 mole) 
of 2-aminopyridine-5-sulfonic acid [5] and 36 g (0.17 mole) of PCI5 was heated for 4 h in 
the presence of a few drops of POCIa on an oil bath at 120-130~ after which the temperature 
was lowered to room temperature and 144 ml of concentrated HCI and 57 g of granulated tin 
were added. After the resulting vigorous reaction, during which cooling was necessary, the 
mixture was heated on a boiling-water bath for I h. The hot mixture was then filtered 
through a glass filter; and the crystalline precipitate that formed when the filtrate was 
cooled was separated, squeezed on the filter, and washed with ether to give 35.4 g (83%) of 
2-amino-5-mercaptopyridine in the form of a double salt with SnCIz and HCI (I) with mp 265- 
2670C. Found: C 16.6; H 2.0; CI 30.1; S 9.1%. CsH6N2S'SnCIa'HCI. Calculated: C 17.0; 
H 2.0; CI 30.3; S 9.1%. 

5~Ethylthio-2-aminopyridine (II). A 10.9-g (0.07 mole) sample of ethyl iodide was 
added in the course of 2 h to a suspension of 21.1 g (0.06 mole) of salt I in 50 ml of a 
30% alcohol solution of KOH, and the mixture was refluxed for 18 h. It was then diluted 
with i00 ml of water and extracted repeatedly with ether and benzene. The extract was washed 
successively with a 10% solution of NaOH and water and dried over KOH granules. The residue 
that remained after removal of the solvent was distilled twice to give 6.5 g of sulfide II 
with bp 166-169~ (15 ram), which, according to the TLC data, contained small amounts of 5- 
ethylthio-N-ethylpyridoneimine (V). Column chromatography on Al=O3 (elution with ether) 
yielded sulfide II, with mp 20~ and pyridoneimine V (2.8% of the theoretical value). The 
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picrate had mp 129-130~ (from alcohol). Found: N 16.7; S 7.4%. CgH, 4NzS'C~HsN3OT. Cal- 
culated: N 17.0; S 7.8%. Sulfides III and IV were obtained by a method similar to that 
used to prepare sulfide II (Table I). 

5-tert-Butylthio-2-aminopyridine (VI). A 23-mi sample of tert-butyl alcohol was added 
at 0~ to a mixture of 79 ml of concentrated HaSO~ and 45 ml of water; after 30 min at the 
same temperature, 52.8 g (0.15 mole) of salt I was added, and the mixture was stirred at 
0~ for 30 min and at 20~ for 18 h. It was then diluted with 500 ml of water and extracted 
with ether. The aqueous solution was neutralized with sodium carbonate, and the mixture was 
made alkaline with 40% NaOH and extracted with ether and chloroform. The combined extracts 
were dried, and the solvents were removed in vacuo to give 21 g (75%) of 5-tert-butylthio-2- 
aminopyridine (VI) with mp 85-85.5=C (from hexane) (Table i). 

5-tert-Butylsulfonzi-2-aminopyridine (VII). A solution of 33.2 g (0.21 mole) of KMnO~ 
in 1660 ml of water was added with stirring at 20~ in the course of 1.5 h to a solution of 
22.1 g (0.12 mole) of sulfide VI in 85 ml of acetic acid, and stirring was continued for 
another 25 h. The mixture was then treated with 250 ml of alcohol and heated to the boiling 
point. The resulting precipitate was removed by filtration, and the filtrate was extracted 
repeatedly with ether and chloroform. The extract was evaporated to give ii g (72%) of 5- 
tert-butylsulfonyl-2-aminopyridine (VII) with mp 190-191~ [after sublimination at 200~ 
(i0 mm) and reerystallization from benzene]. Found: C 50.6; H 6.5; S 15.0%. CgH,~NaOzS. 
Calculated: C 50.4; H 6.5; S 15.0%. 

5,5'-Bis(2-aminopyridyl) Disulfide (VIII). A total of 20 ml of 10% NaOH solution was 
added to 3.6 g (10..2 mmole) of salt I, the mixture was filtered, 1.3 g (5.1 mmole) of finely 
ground iodine was added, and the mixture was allowed to stand at 20~ for 3 days. The re- 
sulting precipitate was removed by filtration and reerystallized from alcohol to give 0.45 g 
(36%) of disulfide Vlll with mp 189-190~ Found: C 47.9; H 3.9; S 25.2%. C,oH,oN4Sa. 
Calculated: C 48.0; H 4.0; S 25.6%. 

Hydrobromides of 2-phenyl-6-alkylthioimidazo[l,2-a]pyridines (IX-XII). A 0.l-mole sam- 
ple of the amino sulfide (II-IV, VI) was heated with 0.i mole of ~-bromoacetophenone by re- 
fluxing in alcohol solution for Ii h, after which the mixture was cooled and the resulting 
precipitate was removed by filtration and recrystallized from alcohol. The yields and con- 
stants of the resulting hydrobromides of IX-XII are presented in Table 2. The bases (IXa- 
XIIa) were obtained by treatment of the hydrobromides with 10% NaOH solution, extraction 
with ether, and subsequent crystallization from alcohol (Table 3). 

Hydr0ehlorides of 2,3-Tetramethylene-6-alkylthioimidazo[l,2-a]pyridines (XIII-XVI). A 
0.l-mole sample of ~-chlorocyclohexanone was added with stirring and maintenance of the tem- 
perature at 190~ to 0.1 mole of the amine (II-IV, VI). After maintenance at this tempera- 
ture for i0 min, the melt was cooled and recrystallized from a suitable solvent. The yields 
and constants of the compounds obtained are presented in Table 4. 

2,3-Tetramethylene-6-tert-butylthioimidazo[l,2-a]pyridine (XVIa) This compound, with 
mp 173~ (from aqueous alcohol), was obtained after brief heating of the hydrochloride of 
XVI with 20% NaOH solution and extraction with benzene. Found: C 69.1; H 7.9; S 12.3%. 
C,bHaoNaS. Calculated: C 69.2; H 7.7; S 12.3%. PMR spectrum (CD,OD): 1.27 s (9H, t-Bu); 
1.93 m (4H); 2.75 m [4H, (CHa)~]; 7.20 q (IH, 8-H); 8.09 t ppm. (IH, 5-H); JT,, = 9.4; 
J5,7 = 1.7; Jb,, = 1.2 Hz. 

2,3-Tetramethylene-6-tert-butylsulfogylimidazo[l,2-a]pyridine (XV!!). A 19.8-g (0.15 
mole) sample of a-chlorocyclohexanone was added gradually at 185-190~ to 10.7 g (0.05 mole) 
of sulfone VII, and the mixture was stirred at this temperature for 10 min. It was then 
cooled and dissolved in dilute HCI, and the acid solution was washed several times with 
ether, made alkaline, and saturated with potassium carbonate. The resulting precipitate was 
removed by filtration and crystallized twice from benzene to give 7.2 g (49%) of imidazopyr- 
idine XVII with mp 191.5-192.50C. Found: C61.6; H 7.0; S 10.9%. C,sHaoNaOaS. Calculated: 
C 61.6; H 6.9; S 11.0%. PMR spectrum (CD3OD): 1.33 s (9H, t-Bu); 1.95 m (4H), 2.80 m [4H, 
(CH2)4]; 7.48 (IH, 7-H); 7.57 (IH, 8-H); 8.55 ppm (IH, 5-H); J,,, = 9.35; Js,7 = 1.6; Jb,, = 
1.2 Hz. The pierate had mp 248-249~ (from alcohol). Found: N 13.6%. C,bHaoNaOaS'C,H3Ns07. 
Calculated: N 13.4%. 

Oxidation of Sulfide XVI to 2-Amino-5-tert-butylsulfonylpyridine (VII). A 1.5-g (5.8 
n~ole) sample of sulfide XVI in 60 ml of CH3COOH was shaken at 20~ with 2.25 g (14.2 mmole) 
of KMnO4 in 90 ml of water for 20 h, after which alcohol was added, and the mixture was 
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heated to the boiling point. The precipitated MnO2 was removed by filtration, and the fil- 
trate was made alkaline and extracted with ether. The residue remaining after removal of the 
solvent consisted of starting XVI and sulfone VII (TLC). Several crystallizations from ben- 
zene yielded sulfone VII with mp 186-187.5~ which was identical to an authentic sample ac- 
cording to the result of a mixed-melting-point determination and its chromatographic charac- 
teristics. 

i. 

. 
3. 
4. 
5. 
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CYCLOADDITION OF AZODICARBOXYLIC ACID ESTERS TO VINYLPYRIDINES 

P. B. Terent'ev, V. G. Kartsev, 
I. K. Yakushenko, L. N. Prostakova, 
A. N. Kost, and I. P. Gloriozov 

IYDC 547.83'852:542.955 

The reaction of methyl or ethyl esters of azodicarboxylic acid with 3-, 4-, 5-, 
or 6-alkyl-2-vinylpyridines proceeds via the scheme of the diane synthesis with 
the participation of the pseuodcarbodiene system of vinylpyridines and leads to 
the formation of 1,2,3,4-tetrahydro-5-azacinnollne derivatives. In addition to 
these "monoadducts," 4-[N,N'-bis(methoxycarbonyl)hydrazino] derivatives are formed 
in large amounts. The structures of all of the reaction products were proved by 
the IR, UV, PMR, and mass spectra. The possibility of the application of the 
computational methods of MO perturbation theory for the prediction of the prob- 
ability of the formation of various regioisomers is demonstrated. 

2-Vinylpyridines, like styrene [i, 2], are capable of undergoing 1,4-cycloaddition with 
N-phenyl-l,3,4-triazollne-2,5-dlone to give the 5-azacinnollne system [3]. In experiments 
with 2-(l-alkoxyvinyl)pyridines [4] it was found that methyl and ethyl azodicarboxylates 
(Ia, b) give both cycloaddition products and vinyl substitution products; this is probably a 
consequence of the increased nucleophilicity of the terminal methylene carbon atom owing to 
the strong +M effect of the alkoxy group. We therefore investigated the reaction of esters 
Ia, b with unsubstituted 2-vinylpyridine (IIa) and with its isomeric alkyl(hetaryl)-substi- 
tuted derivatives (IIb-i) and observed that the reaction proceeds only via a 1,4-cycloaddi- 
tion scheme in all cases. 

In the case of this reaction pathway one might have expected the addition of ester I to 
both the C=C--C=C - and --C=C--C=N - pseudodiene systems of vinyl pyridine: 

I 

OOR 

A ~ ~ NJN\co0 R 
i 
coo R 

Zi E., = 3s, I / m o l e  
COOR 
I 

B . ~N/COOR 

A E..~ = .~s.7 J / m o l e  

M. V. Lomonosov Moscow State University, Moscow 117234. Translated from Khimiya 
Geterotsiklicheskikh Soedinenii, No. 5, pp. 639-647, May, 1979. Original article submitted 
July ii, 1978. 
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