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mixture was stirred for 1.5 h at ambient temperature, diluted with 
water, and filtered. The gummy filter cake was recrystallized from 
ether to give 78 g (56%) of yellow, crystalline solid ir (KBr) 3300 (NH) 
and 1150-1200 cm-l (CF3); NMR (MezSO-ds) 7.5-8.5 (7, CH=) and 
9.67 ppm (2,"). 

Registry No.-2 (X = H; RF = CF3), 59872-52-5; 2 (X = H; RF = 
C3F7), 736-62-9; 3 (X = H; RF = CF3), 54820-21-2; 3 (X = H; RF 
CzF5), 54820-24-5; 3 (X = H; RF = C3F7), 59872-53-6; 3 (X = 2-F; RF 
= CF3), 59872-54-7; 3 (X = 4-C1; RF = CF3), 59872-55-8; 3 (X = 4-C1; 
RF = CzF5), 59872-56-9; 3 (X = 4-C1; RF = C3F7), 59872-57-0; 3 (X = 
3,4-c12; RF =;CF3), 59872-58-1; 3 (X = 3-CF3; RF = CF3), 59872-59-2; 
3 (X = 3-CH3; RF = CF3), 59872-60-5; 3 (X 4-CH3; RF = CF3), 
59872-61-6; 3 [X = 3,4-(CH3)2; RF = CF31, 59872-62-7; 3 [X = 3,5- 
(CH3)2; RF = CF3], 59872-63-8; 3 [X = 3,5-(CH3)2-4-C1; RF = CFB], 
59872-64-9; 3 [X = 4-C(CH3)3; RF = CF3],59872-65-0; 3 (X 4-NO2; 
RF CF3), 59872-66-1; 3 (X = 3,4-CH=CHCH=CH; RF = CF3), 
59872-67-2; 7 (X = H; RF = CF3), 54820-22-3; 7 (X = H; RF = CzFtj), 
59872-68-3; 7 (X = H; RF = C3F7), 59872-69-4; 7 (X = 2-F; RF CF3), 
59872-70-7; 7 (X = 4-C1; RF = CF3), 59872-71-8; 7 (X 4-C1; RF = 
CzFs), 59872-72-9; 7 (X = 4-C1; RF = C3F7), 59872-73-0; 7 (X = 3,4-c12; 
RF = CF3), 59872-74-1; 7 (X = 3-CF3; RF = CF3), 59872-75-2; 7 (X = 
3-CH3; RF = CF3), 59872-76-3; 7 (X = 4-CH3; RF = CF3), 59872-77-4; 
7 [X = 3,4-(CH3)2; RF = CH3], 59872-78-5; 7 [X = 3,5-(CH&; RF = 
CF3], 59872-79-6; 7 [X = 3,5-(CH3)2-4-C1; RF = CFs], 59872-80-9; 7 
[X = 4-C(CH&; RF = CF3],59872-81-0; 7 (X 4-NO2; RF = CF3), 
59872-82-1; 7 (X = 3,4-CH=CHCH=CH; RF = CF3), 59872-83-2; 10 
(X = H), 613-94-5; 10 (X = 2-F), 446-24-2; 10 (X = 4-C1), 536-40-3; 

10 (X = 3-CH3), 13050-47-0; 10 [X = 3,5-(CH&], 27389-49-7; 10 [X 
= 4-C(CH3)3], 43100-38-5; 10 (X = 2-C1), 5814-05-1; 10 (X = 3,4-C12), 
28036-91-1; 10 (X = 4-NO2), 636-97-5; 10 (X = 3-CF3), 22227-25-4; 
10 [X = 3,5-(CF&], 26107-82-4; 10 (X = 3,4-CH=CHCH=CH), 
39627-84-4; hydrazine, 302-01-2; methylhydrazine, 60-34-4; 1,2- 
dimethylhydrazine, 540-73-8; trifluoroacetaldehyde, 75-90-1; pen- 
tafluoropropionaldehyde methyl hemiacetal, 59872-84-3; heptaflu- 
orobutyraldehyde ethyl hemiacetal, 356-26-3; trifluoroacetyl chloride, 
354-32-5; benzalhydrazone, 5281-18-5; heptafluorobutyric acid hy- 
drazide, 1515-05-5; benzaldehyde, 100-52-7. 

References and Notes 
P. F. Wiley, "The Chemistry of Heterocyclic Compounds, the 1,2,3- and 
1,2,4-Triazines, Tetrazines and Pentazines", A. Weissberger, Ed., Inter- 
science, New York, N.Y., 1956, Chapter V. 
V. P. Wystrach, "Heterocyclic Compounds", Vol. 8, R. C. Elderfield, Ed., 
Wiley, New York, N.Y., 1967, Chapter II. 
R. Stolle, J. Prakt. Chem., 88, 464 (1903); 73, 277 (1906). 
R. Stolle and Thoma, J. Prakt Chem., 73, 288 (1906). 
R. Stolle and A. Weindel, J. Prakt. Chem., 74, 550 (1906). 
A. Bambach and R. Stolle, J. Prakt. Chem., 74, 13 (1906). 
R. Stolle, J. Prakt. Chem., 85, 386 (1912). 
W. T. Flowers, D. R. Taylor, A. E. Tipping, and C. N. Wright, J. Chem. 
C. 1986 11971b. 

SOC. 

(9) F.'Helwerth and R. Stolle, Ber., 47, 1132 (1914). 
(IO) R. Stolle and A. Netz, Ber., 55, 2197 (1922). 
(11) P. G. Ugrymov, J. Gen. Chem. USSR(€ng/. Trans/.), 29, 4050 (1959). 
(12) R. Fusco and S .  Rossi, Ann. Chim. (Rome), 50, 277 (1960). 
(13) J. K. O'Hailoran and F. L. Scott, J. Chem. SOC. D, 426 (1971). 
114) P. A. Cashell, A. F. Hegartz, and F. L. Scott, Tetrahedron Len., 4767 

(1971). 

Smiles Rearrangement of 2-Tetrazolylthio-3-aminopyridines 

Henry W. Altland 

Research Laboratories, Eastman Kodak Company, Rochester, New York 14650 

Jteceived March 26,1976 

The Smiles rearrangement of 2-tetrazolylthio-3-aminopyridines 1 that contain alkyl and aralkyl substituents on 
the tetrazole moiety occurs under acidic conditions in refluxing ethanol to yield 2-mercapto-3-tetrazolylaminopyri- 
dines 2. Under the same conditions, hydrazoic acid is eliminated to yield the corresponding 2-anilinothiazolo[5,4- 
blpyridine 3 when the tetrazole moiety contains an aryl group. The synthesis of the 2-tetrazolylthio-3-aminopyri- 
dines and a plausible mechanism for both the Smiles rearrangement and the 2-anilinothiazolo[5,4-b]pyridine for- 
mation are discussed. Structure proofs for a 2-mercapto-3-tetrazolylaminopyridine and a 2-anilinothiazolo[5,4-b] - 
pyridine are presented. Rearrangements involving a migrating tetrazole ring and a new example of the collapse of 
a Smiles rearrangement cyclic transition state to form a new heterocyclic ring are demonstrated. 

The  Smiles rearrangement is an  intramolecular nuceo- 
philic aromatic substitution.lJ The  scope of this reaction in- 
creases as more papers describing this rearrangement of a 
diversity of molecular systems are being published. Smiles 
recognized that certain diaryl sulfides undergo an intramo- 
lecular nucleophilic reorganization under alkaline conditions.3 
Since then, extensive investigations of these isomerizations 
of diaryl sulfides have been pursued.l Later, Maki extended 
the study of the Smiles rearrangement to  phenylpyridyl sul- 
fides4 and to dipyridyl  sulfide^.^ Rodig et al. then showed that 
this rearrangement of dipyridyl sulfides can occur under acidic 
as well as basic conditions.6 This transformation of certain 
heterocyclic sulfides followed by ring closure has led to  some 
interesting tricyclic ring  system^.^,^ Smiles-type rearrange- 
ments in which the migrating aryl ring loses a molecular 
fragment while the cyclic transition state forms a new ring 
have been r e p ~ r t e d . ~ J ~  The  cyclic transition state for this 
rearrangement, however, has also been trapped as a stable 
cyclic Meisenheimer complex.ll Thus far, few examples of 
Smiles rearrangements of migrating aryl groups containing 
more than one heteroatom have appeared.8-10J2-14 

This paper describes the  successful acid-promoted Smiles 

I 3 HCl 
Ar 

1 

rearrangement of 2-tetrazolythio-3-aminopyridines 1 to the 
corresponding 2-mercapto-3-tetrazolylaminopyridines 2 
(reaction 1). Furthermore, when the R substituent is an aryl 
group, the elimination of hydrazoic acid occurred under the 
same acidic conditions to  form the corresponding 2-anili- 
nothiazolo[5,4-b]pyridine 3 (reaction 2 ) .  Previously, an at- 
tempted Smiles rearrangement of a phenyltetrazolyl thiohy- 
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Table I. lmsubstituted 5-Mercaptotetrazoles 
N-N 

N" I' k H  

I 
R 

Registry no. R Yield, % MP, "C Lit. mp, "C 

13183-79-4 CH3 60 121-122 125-12615 

4277 0-7 1-8 n-C,H, 70 37-38 40-4116 
15217-53-5 CZH, 54 45-46 5015 

7 62 4-3 3 - 1 CH,=CHCH, 28 66-67 6915 
33898-72-5 C6H5CH2 48 141-142 144" 
59888-15-2 C,H,CH,CH,G 34 100-101b 
14331-22-7 1 -Naphthyl 41 148-149 155-160" 

1544-79-2 4-FC6 H, 25 155-156 154-1 5515 
(1 Gave a satisfactory C, H, N analysis. b Crystallized from ethyl ether-ligroin (bp 30-60 "C). 

Table 11. 2-Tetrazolylthio-34tropyridines Table 111. 2-Tetrazolylthio-3-aminopyridines 

Registry no. R Yield, % Mp, "Cas b 

59888-16-3 CH3 88 184-185 
59888-17-4 C,Hs 82 163-164 
59938-98-6 n-C,H, 63 81-82 
59888-18-5 CH,=CHCH, 76 125-126 

81 138-1 39 
84 111-112 

59888-19-6 C6HSCH2 

59888-22-1 1-Naphthyl 96 200-201d 
59888-23-2 4-FC6H, 70 1 8 9-1 9 Od 

59 8 8 8-2 0-9 C,H,CH,CH, 
59888-21-0 C6HP 60 17 6-177d 

a All compounds were crystallized at least once from etha- 
nol except the n-butyl compound which was crystallized 
from ethyl acetate. b All compounds gave satisfactory C, H, 
N analyses except as noted. CAnal. Calcd for C,,H,N,O,S: 
C, 48.0; H, 2.7; N, 28.0. Found: C, 47.7; H, 2.6; N, 28.5. 
d Decomposed while melting. 

drazonate resulted in a cleavage reaction to yield l-phenyl- 
5-mercaptotetrazole.14 

A series of 2-tetrazolylthio-3-aminopyridines was prepared 
according to  Scheme I. The 1-substituted 5-mercaptotetra- 

Scheme I 

I 
R 
4 

t 
RN=C=S + NaN, 

R 
1 

zoles 4 were prepared by refluxing the appropriately substi- 
tuted isothiocyanates with excess sodium azide in aqueous 
solution (Table I). These mercaptotetrazoles, with 1 equiv of 
sodium methoxide in methanol solution, readily condensed 

k 
Yield, Meth- 

Registry no. R % Mp, "C oda,b 

59888-24-3 
59888-25-4 
59888-26-5 
59888-27-6 
59888-28-7 
59888-29-8 
59888-30-1 
59888-31-2 
59888-32-3 

54C 124-125 
23d 77-78 
46d 108-109 

CH,=CHCH, 55f 66-67 
C 6 H S C H 2  1 6d 14 0-1 4 1 
C,H,CH,CH, 55d 133-134 

32C 135-136g 
1-Naphthyl 39d 149-1508 
4-FC6H, 29C 131-133  

CH, 
CZHS 
n-C,H,e 

C 6 H S  

a See text, b All compounds gave satisfactory C, H, N 
analyses except as noted. c Crystallization from ethanol. 
d Crystallization from ethyl acetate. e Anal. Calcd for Clo- 
H,,N6S: C, 48.0;H, 5.6;N,  33.6. Found: C, 47.5; H, 5.5; 
N, 33.4. fcrystallized from ethyl ether. g Decomposed 
while melting. 

with 2-chloro-3-nitropyridine under reflux conditions to give 
the corresponding 2-tetrazolylthio-3-nitropyridines 5 as pale 
yellow crystalline solids (Table 11). Reduction of the nitro 
group to  the amino group was achieved either by treatment 
with tin(I1) chloride in concentrated hydrochloric acid 
(method A) or by catalytic hydrogenation using 10% palla- 
dium/charcoal in ethanol (method B). Table I11 summarizes 
the 2-tetrazolylthio-3-aminopyridines obtained by both 
methods. 

Experimental conditions under which the Smiles rear- 
rangement of 1 occurred were then sought. When 1 (R = CeH5) 
was refluxed in absolute ethanol, only unchanged starting 
material was recovered. When this 2-tetrazolylthio-3-ami- 
nopyridine was refluxed in ethanol that contained a few drops 
of hydrochloric acid, however, 2-anilinothiazolo[5,4-b]pyri- 
dine 3 (Ar = CeHb) was isolated (as its hydrochloride) instead 
of the exected 2-mercapto-3-tetrazolylaminopyridine 2 (R = 
CeH5). When 1 (R = CeH5) was refluxed in ethanolic potas- 
sium hydroxide, the same bicyclic compound was found. The 
acid-promoted reaction appeared to be much cleaner and gave 
higher yields of product. 

The rest of the compounds in Table I11 were subjected to  
the same acidic reaction conditions to  determine the gener- 
ality of this thiazolopyridine synthesis. When R was an aryl 
group, the corresponding 2-anilinothiazolopyridine 3 was 
formed (Table IV). When R was an alkyl or an aralkyl group, 
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Table IV. 2-Anilinothiazolo [ 5,4-b ]pyridine@ 

Registry no. Ar Yield, 7% Mp, "C 
~~ ~ ~~ 

8 4b 18 0-1 8 1 
209-210 

59888-34-5 1-Naphthyl 54b 1 7  4-17 5 

5 99 2 2 -5 1-9 C 6 H 5  
59888-33-4 4-FC6H, 5 OC 

a All compounds gave satisfactory C, H, N analyses. 
b Crystallized from ethyl acetate. CCrystallized from etha- 
nol. 

the normal Smiles rearrangement occurred since the isomeric 
2-mercapto-3-tetrazolylaminopyridine 2 was formed (Table 
VI. 

Discussion 
A reasonable mechanism (Scheme 11), involving a common 

intermediate 6, may be proposed for the two divergent reac- 

Scheme I1 
NH, H+ 

I 1  .c1- 
NJ 
I R I 

R 

It 

SHC1 R I 
R 

6 

tion pathways exhibited by the 2-tetrazolylthio-3-aminopy- 
ridines in refluxing ethanolic hydrochloric acid. The elimi- 
nation of hydrazoic acid from the proposed spiro intermediate 
6 is probably dependent on the ability of the R substituent to  
stabilize either the free radical or more likely the charged 
species that  results. When R is an alkyl or an aralkyl substit- 
uent, the transition state energy required for path B is ap- 
parently quite high, and path A, which leads to  the normal 
Smiles rearrangement product, is favored. When R is an aryl 
substituent, the transition state energy for path B is lowered 
enough so that  this pathway predominates. A diradical 
species, resulting after the elimination of hydrazoic acid, 
cannot be definitely excluded a t  this time. 

When 1 (R = C6H5) was refluxed in ethanolic hydrochloric 
acid for 18 h, the hydrochloride salt of 3 was the principal 
product. The filtrate, after removal of this precipitated 3 HC1, 
was found by mass spectrometry to  consist of additional 3 HC1 
plus a molecular ion with mle 270. By comparing the frag- 
mentation pattern of this ion with that  of pure 1 (R = C6H5), 
an unequivocal assignment of this species to either 1 or 2 could 
not be made. Whether the normal Smiles rearrangement (1 - 2) may occur to a small extent when 1 (R = aryl) is 
subjected to these acidic reaction conditions is currently being 
investigated. 

When 1 (R = CH3) was refluxed in ethanolic hydrochloric 

Table V. 2-Mercapto-3-tetrazolylaminopyridines 

H I 
R 

Yield, % Mp, ' C a , b  Registry no. R 
4 6C 217-218 

9e 201-202 

59888-38-9 CH,=CHCH2 3 7e 191-192 
5 Oe 21 0-21 1 
60f 208-209 

59888-35-6 CH, 
59888-36-7 C 2 W  
59888-37-8 n-C,H, 3 4e 190-191 

59888-39-0 C6H5CH2 
59888-40-3 C6H5CH,CH, 
a All compounds melted with decomposition. b All com- 

pounds gave satisfactory C, H, N analyses except as noted. 
CCrystallized from absolute ethanol. d Anal. Calcd for 
C,H,,N,S: C, 43.2; H, 4.5; N, 37.8. Found: C, 43.6; H, 
4.6; N, 38.3. ecrystallized from ethyl acetate. fcrystallized 
from ethyl acetate-ethanol. 

acid for 18 h, 2 (R = CH3) was the major product (>95%) 
found by mass spectrometry. 

Evidence for the Smiles rearrangement to  structure 7 when 
1 (R = CH3) was refluxed in ethanolic hydrochloric acid has 
been obtained. The 2-mercapto group of 7 was easily con- 
verted to its thiomethyl ether 8 with iodomethane and sodium 

H H 

H I 
CH 

7 8 ( 3) 

methoxide in refluxing methanol (reaction 3). The thiomethyl 
carbon of 8 exhibited a I3C NMR resonance a t  6 12.828 ppm.18 
Furthermore, the 13C NMR spectrum of 8 showed a resonance 
for the N-methyl carbon a t  6 32.549 ppm.lg The 13C NMR 
spectrum of 7 showed a resonance a t  6 166.166 ppm which was 
assigned to the 2-thionecarbon atom,18 while the N-methyl 
carbon resonated a t  6 32.369 ppm. The 2-carbon atom reso- 
nance of 7 was shifted upfield to 6 153.699 or 153.219 ppm (one 
value was for C-2, the other for C-7) in compound 8. These 
values strongly suggested that  2 exists in the pyridine- 
2( 1H)-thione form rather than in the tautomeric thiol form 
2a. For comparative purposes, the I3C NMR spectrum of 1 (R 

R R 
2 2a 

= CH3) revealed a C-2 resonance at 6 149.862 ppm and an 
N-methyl carbon resonance a t  6 34.108 ppm. 

Thiazolopyridine structure 3 was firmly established by an 
independent synthesis (reaction 4).20a3b The thiazolopyridines 
3 (Ar = C6H5) obtained by the two different routes (reactions 
2 and 4) were identical in all respects. 
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Conclusions 

2-Tetrazolylthio-3-aminopyridines 1 that contain alkyl or 
aralkyl substituents on the tetrazole moiety undergo the 
normal Smiles rearrangement to 2-mercapto-3-tetrazolyl- 
aminopyridines 2 in refluxing ethanolic hydrochloric acid. The 
2-tetrazolylthio-3-aminopyridines studied that contain aryl 
groups on the tetrazole eliminate hydrazoic acid under these 
acidic conditions to yield 2-anilinothiazolo[5,4-b]pyridines 
3. These different reaction pathways are probably due to the 
stability of spiro intermediate 6. The elimination of hydrazoic 
acid from this spiro intermediate is a new example of a Smiles 
rearrangement cyclic transition state that loses a molecular 
fragment to form a new heterocyclic ring. Furthermore, a 
successful Smiles rearrangement involving a migrating 
tetrazolyl ring has been demonstrated. 

The Smiles rearrangement of other systems that have 
heterocyclic rings containing at least two heteroatoms is 
currently being investigated. 

Experimental Section2* 
Materials. l-Phenyl-5-mercapto-lH-tetrazole, phenyl isothio- 

cyanate, methyl isothiocyanate, ethyl isothiocyanate, n-butyl iso- 
thiocyanate, allyl isothiocyanate, benzyl isothiocyanate, 2-phenethyl 
isothiocyanate, and 1-naphthyl isothiocyanate were Eastman grade 
compounds. The other compounds, 4-fluorophenyl isothiocyanate, 
2-chloro-3-nitropyridine, and 2-chloro-3-aminopyridine, were ob- 
tained from the Aldrich Chemical Co. 

General Mercaptotetrazole (4) Synthesis15 Illustrated for 
l-(2-Phenethyl)-5-mercapto-lH-tetrazole. A stirred aqueous 
mixture (400 ml) of 2-phenethyl isothiocyanate (40.8 g, 0.250 mol) and 
sodium azide (24.4 g, 0.375 mol) was refluxed for 6 h. When cool, this 
aqueous mixture was extracted with two portions of diethyl ether. 
With ice cooling, the aqueous phase was carefully acidified with 
concentrated hydrochloric acid, and was then extracted with two 
portions of diethyl ether. The combined ether extract was washed with 
distilled water, dried over magnesium sulfate, and the solvent was 
removed under reduced pressure. The residual colorless solid was 
crystallized from ethyl ether-ligroin (bp 30-60 "C) to 17.5 g (34%) of 
colorless crystals. The mercaptotetrazoles described in this paper are 
presented in Table I. 

Representative 2-Tetrazolylthio-3-nitropyridine (5) Synthesis 
Illustrated for 2-[5-[1-(2-Phenethyl)-lH-tetrazolyl]thio]-3- 
nitropyridine. To a stirred methanol solution (100 ml) of 142-  
phenethy1)-5-mercapto-lH-tetrazole (10.0 g, 0.0485 mol) and sodium 
methoxide (2.6 g, 0.0485 mol) was added 2-chloro-3-nitropyridine (7.7 
g, 0.0485 mol). The resultant stirred solution was refluxed for 16 hand 
the methanol was removed from the cooled mixture under reduced 
pressure. The residue was partitioned between chloroform and dis- 
tilled water, and the chloroform extract was dried over magnesium 
sulfate, After the solvent was removed under reduced pressure, the 
residual yellow solid was crystallized from ethanol to yield 13.4 g (84%) 
of pale yellow prisms. Analytical data for the 2-tetrazolylthio-3-ni- 
tropyridines discussed in this paper are summarized in Table 11. 

Representative 2-Tetrazolylthio-3-aminopyridine ( 1) Syn- 
thesis Illustrated for 2-[5-[1-(2-Phenethyl)-1H-tetrazolyl]- 
thiol-3-aminopyridine (Metho& A). To a stirred concentrated 
hydrochloric acid solution (55 ml) of SnClz.2HzO (41.3 g, 0.183 mol) 
was added the corresponding 2-tetrazolylthio-3-nitropyridine (12.0 
g, 0.0366 mol) over a 2-h period. The temperature of the stirred mix- 
ture was never allowed to exceed 50 "C. This stirred mixture was kept 
at ambient temperature for 21 h and then was transferred to a 2-1. 
Erlenmeyer flask. Distilled water (50 ml) and chloroform (200 ml) 
were added to this mixture, and the resultant slurry was made alkaline 
with sodium carbonate (1 equiv) and concentrated ammonium hy- 
droxide. After the suspension was removed by filtration through a 
fritted flask filter, the filtrate was extracted with two portions of 
chloroform, and the combined chloroform extract was washed with 
a small amount of distilled water. The chloroform extract was then 
dried over magnesium sulfate. After the solvent was removed under 
reduced pressure, the residual solid was crystallized from ethyl acetate 
to yield 6.0 g (55%) of colorless needles (Table 111). 

Representative 2-Tetrazolylthio-3-aminopyridine (I)  Syn- 
thesis Illustrated for 2-[5-(l-Phenyl-lH-tetrazolyl)thi0]-3- 
aminopyridine (Method B). A mixture of the corresponding 2- 
tetrazolylthio-3-nitropyridine (10.5 g, 0.035 mol) and 10% palla- 
dium/charcoal (3 g) in ethanol (200 ml) was treated with hydrogen 

(3 atm) at  ambient temperature for 30 h. The catalyst was removed 
by filtration and the filtrate was concentrated to ca. one-half volume. 
The precipitated colorless, silky needles were collected and dried, yield 
3.0 g, 32% (Table 111). 

Representative 2-Mercapto-~3-tetrazolylaminopyridine (2) 
or 2-Anilinothiazolo[5,4- blpyridine (3) Synthesis Illustrated for 
2-Mercapto-3-[5-[ l-(2-Phenethyl)-lH-tetrazolyl]amino]- 
pyridine. A stirred solution of the corresponding O-tetrazolylthio- 
3-aminopyridine (4.0 g, 0.0134 mol) and concentrated hydrochloric 
acid (IO ml) in ethanol (100 ml) was refluxed for 18 h. After the coled 
solution was concentrated to ca. one-half volume and the concentrate 
was chilled for 66 h, the precipitated yellow solid was collected by 
filtration and washed with ethanol. This solid was partitioned between 
dilute ammonium hydroxide and chloroform. After the chloroform 
extract was washed with distilled water and the extract was dried over 
magnesium sulfate, the solvent was removed under reduced pressure. 
The crystalline residue was crystallized from ethyl acetate-ethanol 
to yield 2.4 g (60%) of pale yellow prisms. The 2-mercapto-3-tetra- 
zolylaminopyridines and the 2-anilinothiazolo(5,4-b]pyridines dis- 
cussed in this paper are listed respectively in Tables V and IV. 

2-Methylthio-3-[ 5 4  I-methyl-lH-tetrazolyl)amino]pyridine 
Hydriodide ( 8 ) .  To a stirred suspension of 2-mercapto-3-[5-(1- 
methyl-1H-tetrazolyl)amino]pyridine (2.1 g, 0.01 mol) and sodium 
methoxide (0.54 g, 0.01 mol) in methanol (25 ml) was added iodo- 
methane (1.4 g, 0.01 mol). This stirred suspension was refluxed for 
66 h and, after cooling, the methanol was removed under reduced 
pressure. The residue was suspended in hot ethanol and undissolved 
solid was removed by filtration. A crystalline solid separated from the 
chilled filtrate: yield 0.3 g (9%); mp 184-185 "C dec; MS m/e 222 

NCHB), 7.22 (dd, J 31 9,9 Hz, 1 H), 7.80 (dd, J N 9,2 Hz, 1 H), and 

(NCHB), 153.219 and 153.699 (C-2, C-7 carbons). 
Anal. Calcd for CsH1JN&3: C, 27.4; H, 3.1; N, 24.0. Found: C, 27.5; 

H, 3.2; N, 23.9. 
Independent Synthesis of 2-Anilinothiazolo[5,4-b]pyridine.20b 

A stirred mixture of 2-chloro-3-aminopyridine (2.0 g, 0.016 mol) and 
phenyl isothiocyanate (2.2 g, 0.016 mol) was refluxed in ethanol (15 
ml) for 18 h. After the resultant yellow suspension was chilled, the 
solid was collected and dried, yield 2.4 g (57%) of the hydrochloride. 
The base was liberated with aqueous sodium bicarbonate and was 
crystallized from ethyl acetate, mp 179-180 "C. A mixture melting 
point with a sample obtained by the elimination of hydrazoic acid 
from the appropriate 2-tetrazolylthio-3-aminopyridine (vide supra) 
was undepressed. 
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(CBHiiIN@ - HI); 'H NMR 6 2.53 (s, 3 H, -SCH3), 3.92 (9, 3 H, 

8.37 (dd, J 6, 2 Hz, 1 H); 13C NMR 6 12.828 (-SCHs), 32.549 

Registry No.-S,59888-41-4; phenethyl isothiocyanate, 2257-09-2; 
2-chloro-3-nitropyridine, 5470-18-8; 2-chloro-3-aminopyridine, 
6298-19-7; phenyl isothiocyanate, 103-72-0. 
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Benzo[b]thiophenes are prepared in one step from cinnamic acids, hydrocinnamic acids, or certain ketones plus 
thionyl chloride and pyridine. Para-substituted cinnamic acids gave rise to benzo[b]thiophenes in 41-69% yields 
together with a-chlorocinnamic acid derivatives. 3-Substituted 3-phenylpropanoic acids gave 3-aryl- or -alkyl ben- 
zo[b]thiophenes in 77% (3-H) to 16% (3-CH3) yield; in the latter case, uncyclized sulfenyl chloride was also found. 
Ketones of the type PhCHzCHzCOR gave benzo[b]thiophenes in 52% (R = Ph) and 68% (R = tert-butyl) yields. 
An alternative two-step synthesis from 3-substituted 3-phenylpropanoic acids via cyclization of sulfenyl chloride 
11 furnished benzo[b]thiophenes in 61% (3-H) and 66% (3-CH3) yields, but only 2-chloro-1-phenylinden-3-one (13) 
and l-oxoindeno[2,3-d]benzo[b]thiophene (14) in 12 and 63% yields, respectively (3-Ph). The indenones were also 
prepared by Friedel-Crafts cyclization of the sulfenyl chlorides derived from cinnamic acids. 

Among a number of synthetic methods known314 for the 
preparation of benzo[b] thiophenes, cyclodehydration of aryl 
sulfides (for example, arylthio acetones, eq 1) is the most 

R" axR R 2% R,/q&-JRt I 
R (1) 

1 2 
common and widely practiced method. Thia method unam- 
biguously affords 5- and 7-substituted benzo[b]thiophenes 
from para- and ortho-substituted phenyl sulfides, respectively, 
but  mixtures of 4- and 6-substituted benzo[b]thiophenes re- 
sult from meta-substituted starting materials. In this method, 
preparation of starting materials usually requires a several- 
step sequence of reactions. 

On the other hand, as evident from a previous paper,5 if the 
reaction of thionyl chloride with cinnamic acids or 3-aryl- 
propanoic acids can be generally applied, i t  would furnish 4- 
and 6-substituted benzo[b]thiophenes from ortho- and 
para-substituted starting materials, respectively, and 5- and 
7-substituted benzo[b]thiophenes from meta-substituted 
starting materials. Thus the reaction would offer a convenient 
method for the preparation of benzo[b]thiophenes not only 
by supplementing the cyclodehydration methods, but also by 
being a one-step synthesis. We now describe a synthetic ap- 
plication of the thionyl chloride reaction to  the preparation 
of benzo[b] thiophenes.6 

Results and Discussion 
Direct Synthesis of Benzo[ blthiophenes from Cin- 

namic Acids, 3-Phenylpropanoic Acids, and Certain 3- 
Phenyl 1-Substituted 2-Propanones. As described in a 
preceding paper,5 cinnamic acid (3a) furnished the benzo[b]- 
thiophene 4a in 69% yield when treated with an excess of 
thionyl chloride and a catalytic amount of pyridine at 120-125 
"C. 

3 

4 5 
Yield of 4,% 

a,X = H Y  C1 69 
b,X = CH,;Y = C1 60.7 
c, X CH3; Y = OCH, 40.5 
d,X = OCH,; Y = OCH, 47.5 
e, X = NO,; Y = OCH, 46 

Similarly p-methylcinnamic acid (3b) gave benzo[b]thio- 
phene 4b in 60.7% yield and the methyl ester 4c in 40.5% yield. 
p-Methoxy- (3d) and p-nitrocinnamic acids (3e) furnished 
benzo[b]thiophenes 4d and 4e in 47.5 and 46% yield, respec- 
tively. The structures of 4a-e were assigned by spectroscopic 
data and elemental analyses. No attempt was made to  maxi- 
mize the yields of these products. 

Common by-products for the reactions of the acid 3a to 3d 
were a-chlorocinnamic acid derivatives 5. The reaction of 3e 
did not give 5e, but methyl a,/?-dichloro-4-nitrocinnamate and 
methyl 4-nitrobenzoate as minor products. Another minor 
product from the reaction of 3d was the benzo[b] thiophene 
6 which, isolated in 0.7% yield, showed no carbonyl absorption 

6 


