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A method for the synthesis of 1,2-dihydro-3-aryl-6-(perfluoroalkyl)-1,2,4,5-tetrazines, 8, from which 3-aryl-6- 
(perfluoroalkyl)-1,2,4,5-tetrazines, 9, are obtained by oxidation has been developed. Treatment of a variety of aro- 
ylhydrazides, IO, with perfluorinated aliphatic aldehydes (or their hydrates or hemiacetals) gave 2-(1-hydroxyper- 
fluoroalkyl)aroylhydrazides, 11, from which perfluorinated aliphatic aldehyde aroylhydrazones, 1, were produced 
by dehydration. Treatment of both 11 and 1 with thionyl chloride produced l-aryl-l-chloro-4-(perfluoroalkyl)az- 
ines, 3, which on treatment with chlorine in carbon tetrachloride or glacial acetic acid afforded l-aryl-1,4-dichloro- 
4-(perfluoroalkyl)azines, 7. Reaction of 7 with hydrazine hydrate, methylhydrazine, and 1,2-dimethylhydrazine 
gave the title compounds (8). 

Most of the monocyclic s-tetrazines reported in the litera- 
ture are symmetrically disubstituted compounds.132 Unsym- 
metrically substituted s-tetrazines are considerably more 
difficult to synthesize, and there are no methods of synthesis 
tha t  are common for all types. Symmetrical 3,6-diaryl-s- 
tetrazines are available from the  reaction of hydrazine with 
1,4-diaryl-l,4-dichloroazines, derived from diaroylhydrazines 
by treatment with phosphorus pentachloride,3-6 or by chlo- 
rination of diarylazines.7 Here the 1,2-dihydro-s-tetrazines 
are the primary products from which the s-tetrazines are 
obtained by oxidation. We have now examined approaches 
to  the synthesis of 3-aryl-6-(perfluoroalkyl)-s-tetrazines, 9, 
by way of perfluorinated aliphatic aldehyde aroylhydrazones, 
1, and aromatic aldehyde perfluoroalkanoylhydrazines, 2. 

Resul ts  and Discussion 
Of the four potential approaches to  l-aryl-l,4-dichloro- 

4-(perfluoroalkyl)azines, 7, from acylated aldehyde hydra- 
zones, 1 and 2, only the first one (path a)  has been successful 
in our hands. The applicability of the other three (path b, c, 
and d) appears to  be limited. For example, attempted chlo- 
rination of 1 (X = H; RF = CF3) in glacial acetic acid failed to  
give detectable amounts of 4 (X = H; RF = CF3) after several 
hours a t  35 "C. When 2 (X = H; RF = C3F7) was treated with 
refluxing thionyl chloride containing a small amount of di- 
methylformamide, the desired chloroazine, 5 (X = H; RF = 

to  separate from by-products. Chlorination of 2 (X = H; RF 
= CF3) in glacial acetic acid a t  45 "C gave a-chlorobenzalda- 
zine (86%); a t  65 "C, the only product isolated was benzal 
chloride (42%). 

In view of the apparent insensitivity of aroylhydrazones, 
1, toward chlorine and the sensitivity toward both chlorine 
and thionyl chloride of hydrazones 2, i t  was surprising tha t  
treatment of the 1 compounds with refluxing thionyl chloride 
gave chloroazines of general structure 3 in good yields and of 
acceptable purity (SO-90%). 

For the conversion of 3 into 1,4-dichloroazines, 7, chlorin- 
ation in glacial acetic acid or carbon tetrachloride proved 
satisfactory and gave the desired compounds in good yields 
(54-100%) and acceptable purity (SO-90%) as highly viscous, 
reactive amber oils. In light of the reactivity of the key inter- 
mediates, 7, no at tempt  was made to  distill them; character- 
ization and determination of purity was by NMR and thin 
layer chromatography. Depending on the nature of the sub- 
stituent on the benzene ring, the time required for complete 
chlorination varied widely both in glacial acetic acid and 
carbon tetrachloride. Electronegative substituents on phenyl 
increased the period, e.g., 2-5 h were required for unsubsti- 
tuted and alkyl-substituted 3, whereas 12 days were needed 
for 3 (X = 3-CF3) a t  ambient temperature. Progress of chlo- 
rinations could be followed by thin layer charomatography. 

In one instance, the  chlorination procedure led to  an 
was indeed formed in 10-15% yield, but  w reaction, l-chloro-l-(3,5-dimethylphenyl)'- 
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Table I. 1,2-Dihydro-3-aryl-6-(perfluoroalkyl)-1,2,4,5-tetrazines, 8, a and 3-Aryl-6-(perfluoroalkyl)-1,2,4,5-tetrazines, 
90 

8 9 

% Molecular % Molecular 
X R1 R2 RF yield Mp, "C formula Registry no. yield Mp, "C formula Registry no. 

H H H CF3 95 159-161 CgH7F3N4 54820-09-6 81 154-156 CgH5F3N4 56349-37-2 
H H CH3 CF3 33 133-136 C10HgF3N4 59872-85-4 
H CH3 CH3 CF3 32 75-78 CllHllF3N4 59872-86-5 
H H H CzF5 79 161-163 C10H7F5N4 54820-10-9 51 117-120 C ~ O H ~ F ~ N ~  56349-40-7 
H H H C3F7 80 162-164 CllH7F7N4 54820-11-0 42 87-89 CllH5F7N4 56349-38-3 
2-F H H CF3 33 155-157 CgH6F4N4 59872-87-6 21 68-71 CgH4F4N4 59872-91-2 
4-C1 H H CF3 5 175-177 CgH6ClFaN4 54820-17-6 10 92-94 CgH4ClF3N4' 56349-44-1 
4-C1 H H C2F5 8 157-159 CloHsClFbN4 59872-88-7 90 84-86 C10H4ClF5N4 59872-92-3 
4-C1 H H C3F7 47 140-143 CllH8ClF7N4 59872-89-8 92 62-64 CllH4ClF7N4 59872-93-4 
3,4-c12 H H CF3 4 90-92 CgH3C12F3N4 56349-46-3 
3-CF3 H H CF3 10 132-134 CloHsFsN4 54820-13-2 
3-CH3 H H CF3 73 116-120 C10HgFsN4 54820-12-1 30 64-66 C ~ O H ~ F ~ N ~  56349-39-4 
4-CH3 H H CF3 67 188-191 C10HgF3N4 54820-15-4 90 152-154 C ~ O H ~ F ~ N ~  56349-42-9 
3,4-(CH3)2 H H CF3 94 149-152 CllHllF3N4 54820-18-7 28 65-67 CllHgF3N4 56349-45-2 
3,5-(CH3)~ H H CF3 22 125-128 CllHgF3N4 56349-48-5 
3,5-(CH3)2,4-C1 H H CF3 20 '197-200 C ~ ~ H ~ O C I F ~ N ~ ~  54820-14-3 12 133-135 C11H8C1F3N4d 56349-41-8 
4-C(CH3)3 H H CF3 81 116-119 C13H15F3N4 54820-16-5 62 73-75 C I ~ H I ~ F ~ N ~  56349-43-0 
4-NO2 H H CF3 3 129-131 CgH4F3N502 56349-47-4 
3,4-CH= H H CF3 56 203-205 C13HgF3N4 59872-90-1 27 189-192 C I ~ H ~ F ~ N ~  59872-94-5 

CHCH=CH 
All compounds were analyzed for C, H, and N. Except where noted, the results obtained were within 2~0.4% of the calculated values. 

Nitrogen: calcd, 21.5; found, 18.9. Carbon: calcd, 45.4; found 44.4. Carbon: calcd, 45.8; found, 45.2. 

4-(trifluoromethyl)azine, 3 [X = 3,5-(CH3)2; RF = CF31, being 
converted, at 55 "C, rather easily into 1-(4-chloro-3,5-di- 
methylphenyl)-1,4-dichloro-4-(trifluoromethyl)azine, 7 [X 
= 4-C1-3,5-(CH3)2; RF = CFs]. However, chlorination a t  am- 
bient temperature proceeded smoothly to  give 7 [X = 3,5- 
(CH3)2; RF = CF3] in quantitative yield. 

Both 1-chloro- and 1,4-dichloro-1,4-diarylazines have been 
used as starting materials in heterocyclic s y n t h e ~ i s a ' ~  and the 
mechanism of the nucleophilic substitution has been studied 
in detail.14 We found tha t  dichloroazines, 7, also reacted, a t  
0 "C, in ethanol with hydrazine, methylhydrazine, and 1,2- 
dimethylhydrazine. Under these conditions, 1,2-dihydro-2- 
aryl-6- (perfluoroalkyl) - 1,2,4,5-tetrazines, 8, were formed and 
isolated as tan to  light yellow crystalline solids. Yields were 
generally satisfactory depending on the purity of the precursor 
1,4-dichloroazine, 7. The 1,2-dihydro-s-tetrazines so prepared 
are listed in Table I. 

Unambiguous proof of the 1,2-dihydro-s-tetrazine struc- 
ture, 8, for the reaction products of 7 with hydrazine lies in 
their conversion by oxidation into the orange to  purple-red 
s-tetrazines, 9. In the present work, oxidation was conve- 

9 
niently and rapidly accomplished by the dropwise addition 
a t  0-25 OC of an  aqueous solution of sodium nitrite or ferric 
chloride to  a stirred solution containing 8 in water or ethanol, 
or alternatively, with hydrogen peroxide in acetic acid. The  
results of the oxidations are summarized in Table I. 

Table 11. 2 4  l-Hydroxy-2,2,2-trifluoroethyl)- 
benzoylhydrazides, 11 a 

Molecular 
X % yield Mp, "C formula Registry no. 

89 
100 
94 
85 
76 
65 
89 
95 

169-171 
125-128 
162-164 
132-134 
200-203 
184-187 
185-188 
162-165 

54820-19-8 
59872-95-6 
59872-96-7 
59872-97-8 
59872-98-9 
59872-99-0 
59888-80-1 
59873-00-6 

a Satisfactory analytical data were obtained for all compounds 
listed in this table (&0.4% for C, H, and N). b With decomposition 
(dehydration) I 

Exper imen ta l  Section 

Materials. Trifluoroacetaldehyde hydrate, pentafluoropropion- 
aldehyde methyl hemiacetal, heptafluorobutyraldehyde ethyl hem- 
iacetal, and trifluoroacetyl chloride were obtained commercially. 

Perfluorinated aliphatic aldehyde aroylhydrazones, 1, were pre- 
pared by the following route. In this synthesis, a hydrazide, 10 (pre- 
pared by literature procedures), was allowed to react with a perfluo- 
rinated aldehyde, RF-CHO (or its hydrate or hemiacetal), to give 11 

A 

10 
OH 

1 
0 

D ! ! N H h H - - C H - - R ,  - 1 
X 

11 
from which 1 was obtained by dehydration. The products, 11 and 1, 
so obtained are listed in Tables I1 and 111, respectively. 
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Table 111. Perfluorinated Aliphatic Aldehyde Aroylhydrazones, 1" 

RF % yield MP, "C Molecular formula Registry no. X 

H CF3 67 191-193 CgH7F3N20 54820-20-1 
H C2F5 81 150- 152 CioH7FdW 54820-23-4 
H C3F7 80 118-120 CiiH7F7NzO 583-14-2 
2-F CF3 100 170-172 CgHsF4N20 59873-01-7 
4-C1 CF3 80 203-205 CgH6ClF3N20 59873-02-8 
4-C1 C2F5 88 171-173 CioH6ClF5N20 59873-03-9 

138-140 CiiH6C1F7N20 59873-04-0 
3-CH3 CF3 100 151-153 CioHgF3N20 59873-05-1 
3,5-(CH3)2 CF3 61 185-188 CiiHiiF3N20 59873-06-2 
4-C(CH3)3 CF3 45 208-210 C13Hi5F3N20 59873-07-3 
2 x 1  CF3 82 190-192 CgH6ClF3NzO 59873-08-4 

168-170 CgH5C12F3N20 59872-47-8 
4-NO2 CF3 86 240-242 C9H6F3N303 59872-48-9 
3-CF3 CF3 93 138-141 CioH6F6Nz0 59872-49-0 
3,5-(CF3)2 CF3 56 204-207 CiiH5FgN20 59872-50-3 
3,4-CH=CHCH=CH CF3 100 208-210 CidW"N20 59872-51-4 

4-C1 C3F7 83 

3,4-C12 CF3 97 

a Satisfactory analytical data were obtained for all compounds listed in this table (&0.4% for C, H, and N). 

Benzaldehyde Trifluoroacktylhydrazone, 2 (X = H RF = CF8). 
This compound was prepared in 2096 yield from benzalhydrazone and 
trifluoroacetyl chloride in tetrahydrofuran (-20 "C) containing 1 
molar equiv of triethylamine, mp 132-135 "C. 

Anal. Calcd for C ~ H ~ F ~ N Z O :  C, 50.8; H, 3.2; N, 13.0. Found: C, 50.5; 
H, 3.4; N, 13.1. 

Benzaldehyde Heptafluorobutyrylhydrazone, 2 (X = H, RF 
= C3F7). This compound was prepared in 96% yield from heptafluo- 
robutyric acid hydrazide (mp 75-77 "C) and benzaldehyde in ethanol 
containing several drops of concentrated hydrochloric acid and had 
mp 95-98 OC. 

Anal. Calcd for CllH7F7N20: C, 41.8; H, 2.2; N, 8.9. Found: C, 41.9; 
H, 2.2; N, 8.7. 

The general procedures used for the steps 11 -.+ 1 -. 3 -. 7 -. 8 -. 
9 are illustrated using two examples. 
1,2-Dihydro-3-phenyl-6-(trifluoromethyl)-l,2,4,5-tetrazine, 

8 (R1, R2, X = H;PF = CF3). A. 2b(l-Hydroxy-2,2,Z-trifluo- 
roethyl)benzhydrazide, 11 (X = H; RF = CF3). To a warm (55 QC) 
solution containing 110 g (0.81 mol) of benzhydrazide in 600 ml of 
water was added with stirring 99.6 g (0.86 mol) of trifluoroacetal- 
dehyde hydrate, causing a white solid to precipitate almost instan- 
taneously. The stirred reaction mixture then was heated to 80-90 "C 
for 1 h, cooled to room temperature, and filtered to give 128 g of col- 
orless solid. Concentration of the filtrate to dryriess gave 30.6 g of 
additional solid. The total product, 169.4 g (89%), was a colorless solid: 
ir (KBr) 3100 (NH), 1650 (C=O), and 1150-1200 cm-l (CF3). 

B. Trifluoroacetaldehyde Benzoylhydrazone, 1 (X = H RF = 
CF3). A slurry of 168.6 g (0.72 mol) of 11 (X = H; RF = CF3) in 600 ml 
of thionyl chloride was stirred at  room temperature until evolution 
of gases (HCl + SOz) has ceased (about 0.5 h). The reaction mixture 
was concentrated under reduced pressure and the residual solid was 
recrystallized from methanol to give 104.5 g (67%) of colorless, crys- 
talline solid: ir (KBr) 3370 and 3140 (NH), 1640 (C=N, C=O), and 
1230 cm-l (CF3). 

C. l-Chloro-l-phenyl-4-(trifluoromethyl)azine, 3 (X = H, RF 
= CF& A solution containing 120 g (0.52 mol) of 1 (X = H; RF = CF3) 
in 250 ml of thionyl chloride was refluxed for 18 h and concentrated 
under reduced pressure. The residual amber liquid was distilled to 
give 99.5 g (83%) of amber liquid: bp 70-72 OC (0.5 mm); ir, no ap- 
parent C=O or NH; 1000 (C=) and 1180 cm-l (CF3); NMR (CDC13) 
7.5 (4, CH=) and 8.0 ppm (2, CH=); mass spectrum (70 eV) m/e 234 
(M+), 199 (M+ - C1, base peak), 165 (M+ - CF3), 138 - 
C(Cl)N+], 129 (M+ - CF3 - HCl), 104, 103 (CsH&=N+), 89 
(CsHsC+), 69 (CF3+). 

Anal. Calcd for CgH&lF3Nz: C1,15.2. Found: C1,15.4. 
D. 1,4-Dichloro-l-phenyl-4-(trifluoromethyl)azine, 7 (X = H 

RF = CF3). Chlorine, 51.2 g (0.72 mol), was passed gradually over a 
period of 5 h into a solution of 169 g (0.72 mol) of 3 (X = H; RF = CF3) 
in 500 ml of glacial acetic acid. The temperature of the mixture rose 
to 50 "C. Concentration of the reaction mixture gave an oil that was 
dissolved in methylene chloride and washed with cold aqueous sodium 
bicarbonate and then with water. After drying, the solution was 
concentrated and the residual liquid was distilled to give 135 g (70%) 
of light red liquid: bp 66-68 "C (0.05 mm); ir (CHzC12) 1640 (C=N), 
1600, 1590, 1500, and 1460 (aromatic), 1220 (CFs), and 760 cm-I 

(C-Cl); NMR (CDC13) 7.4-8.2 ppm (CH=); mass spectrum (70 eV) 
m/e 268 (M+), 233 (M+ - Cl), 197 (M+ - ZHCl), 138 [C6H5 - 
C(Cl)N+], 103 (CsH&=N+, base peak), 89 (CsHbC+), 69 (CF3+), 36 
(HCP), 20 (HF+). 

Anal. Calcd for CgH&lzF3N2: C1, 25.4. Found: C1, 24.8. 
When this reaction was carried out in carbon tetrachloride, at  25 

"C and 60 h, saturated with chlorine, the yield was 91%. 
E. Preparation of 8 (Rl, R2, X = H RF = CF3). To a solution of 

13.5 g (0.05 mol) of 7 (X = H; RF = CFa) in 100 ml of ethanol was 
added at  0-5 "C with stirring 5.1 g (0.15 mol) of 95% hydrazine. The 
mixture was stirred a t  room temperature for 3 h, then concentrated 
under reduced pressure, and the residue was washed with water and 
filtered. Recrystallization of the residual solid from benzene gave 10.5 
g (95%) of yellow crystalline solid; ir (KBr) 3300 (NH), 1700,1650, and 
1585 (C=), and 1150 cm-l (CF3); NMR (MezSO-de) 7.2-7.9 (5, m, 
CH=) and 9.27 and 9.40 ppm (2, NH); mass spectrum (70 eV) m/e 
228 (M+). 
3-Phenyl-6-(trifluoromethyl)-1,2,4,5-tetrazine, 9 (X = H; RF 

= CF3). A solution of 90 g (0.56 mol) of ferric chloride in 250 ml of 
water was added to a warm (40 "C) solution of 68 g (0.3 mol) of 8 (R1, 
R2, X = H; RF = CFB) in 350 ml of ethanol and 175 ml of water. The 
mixture was briefly heated to 80 OC, then cooled and filtered. Re- 
crystallization of the filter cake from hexane-ether (1:l) gave 54 g 
(81%) of red crystalline solid ir (CHzC12) 1600,1450 (C=), 1320,1200, 
1170, and 1140 cm-l (CF3); NMR (CDC13) 7.5-7.85 (3, CH=) and 
8.8-9.3 ppm (2, CH=). 
1,2-Dihydro-3-(2-naphthyl)-6-(trifluoromethyl)-l,2,4,5-tet- 

razine, 8 (R1, R2 = H; X = 3,4-(CH=CHCH=CH); RF = CF3). A. 
Trifluoroacetaldehyde 2-Naphthoylhydrazone, 1 (X = 3,4- 
(CH=CHCH=CH); RF = CF3). A mixture containing 93 g (0.5 mol) 
of 2-naphthoic acid hydrazide, 116 g (1.0 mol) of trifluoroacetaldehyde 
hydrate, and 5 drops of concentrated sulfuric acid in 400 ml of ethanol 
was refluxed for 20 h. The solvent was removed and the residue was 
washed well with ether, filtered, and dried to give 134 g (100%) of a 
colorless solid ir (KBr) 3240 (NH) and 1660 cm-l (C=O); NMR 
(MezSO-ds) 7.5-8.5 (8, CH=) and 12.55 ppm (1, NH). 

B. l-Chloro-l-(2-naphthyl)-4-(trifluoromethyl)azine, 3 (X = 
3,4-(CH=CHCH=CH); RF = CF3). A solution of 133 g (0.5 mol) of 
the hydrazone prepared under A and 10 drops of dimethylformamide 
in 500 g of thionyl chloride was refluxed for 5 h, and then concentrated 
under reduced pressure. The residue was dissolved in ether, washed 
with water, dried, and concentrated. The residual yellow oil, 144 g 
(loo%), crystallized on standing. 

Anal. Calcd for C13HsClF3Nz: C1,12.5. Found: C1,12.1. 
C. 1,4-Dichloro-l-(2-naphthyl)-4-(trifluoromethyl)azine, 7 

(X = 3,4-(CH=CHCH=CH); RF = CF3). Chlorine, 40 g (0.56 mol), 
was introduced into a stirred solution containing 142.5 g (0.50 mol) 
of the chloroazine prepared under B in 300 ml of carbon tetrachloride. 
After 2 h, the solvent and excess of chlorine were removed under re- 
duced pressure leaving 159 g (99%) of yellow syrup. 

Anal. Calcd for C ~ ~ H ~ C ~ Z F ~ N Z :  C1, 22.3. Found: C1,23.2. 
D. Preparation of 8 (R1, R2 = H, X = 3,4-(CH=CHCH=CH); 

X = CF3). To a stirred and cooled (0 " C )  solution of 159 g (0.5 mol) 
of the dichloroazine prepared under C in 300 ml of ethanol was added 
dropwise (about 20 min) 51 g (1.5 mol) of 95% hydrazine. The reaction 
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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. 
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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. 

T h e  Smiles rearrangement is a n  intramolecular nuceo- 
philic aromatic substitution.lJ T h e  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 t o  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 t o  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 ~  T h e  cyclic transition s ta te  for this 
rearrangement, however, has also been t rapped 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 t h e  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 t o  form the  corresponding 2-anili- 
nothiazolo[5,4-b]pyridine 3 (reaction 2 ) .  Previously, an at- 
tempted Smiles rearrangement of a phenyltetrazolyl thiohy- 


