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SYNTHESIS AND REACTIONS OF AZIDOPOLYBROMOPYRIDINES 
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A. F. Pavlenko, and V. P. Kukhar' 

UDC 547.822.5 

Azido derivatives of organic compounds are interesting and highly reactive reagents. 
Recently the chemistry of aromatic azides, and particularly that of azldotetrafluoro(chloro)- 
pyridlnes, has been intensively studied [1-3]. Seeking to synthesize 4-azido-2,3,5,6-tetra- 
bromopyridine (I), we have examined the reaction of pentabromopyridine with sodium azide in 
DMSO. We found that at 20~ the attack of azide ion is directed exclusively at position 4 
and compound (I) is formed quantitatively. We verified the absence of the isomeric product 
by TLC and established the position of substitution of the bromine atom by independent syn- 
thesis of azide (I) by substitution of azido for the methylsulfonyl group in 4-methylsul- 
fonyl-2,3,5,6-tetrabromopyridine. Reaction of pentabromopyridine with excess sodium azide 
at 20~ forms 2,4,6-triazido-3,5-dibromopyridine (II). Azides (I) and (II) are stable in 
the dark at room temperature, melt without exploding or decomposing, and decompose at 150- 
155~ with evolution of nitrogen. 

Thermal decomposition of aromatic azldes is known to generate nitrenes, which are 
capable either of conversion to primary amines or of insertion into the C-nH bond of hydro- 
carbons. Consequently we subjected azide (I) to thermolysis in N,N-dimethylaniline at a 
temperature close to its decomposition point. Analysis by gas--llquid chromatography (GLC) 
identified the major thermolysis product as 4-amino-2,3,5,6-tetrabromopyridine (llI). When 
heated in excess cyclohexene, azide (I) gave an oily product with the formula C:,H,oBr4Na, 
which could have three possible structures: 
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The IR and PMR parameters unequivocally support structure B, i.e., 4-(l-cyclohexenyl)amino- 
2,3,5,6-tetrabromopyridlne (IV). After several hours enamine (IV) crystallized and the IR 
and PMR spectra of the crystalline product now lacked the band and signal of the NH group, 
which had been replaced by a band and signals typical of structure C, implying the isomeriza- 
tion of enamine (IV) to 4-cyclohexylideneamino-2,3,5,6-tetrabromopyrldlne (V). Since the 
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reaction of compound (I) with cyclohexene was carried ouc at a temperature below the decompo- 
sltion point of azide (1), the reaction apparently involves the initial addition of the azido 
group to the double bond to form the unstable trlazoline intermediate D [3], which eliminates 
nitrogen and gives betalne E. This is converted to enamine B by proton migration from the 
u-carbon to nitrogen. In time enamine B is converted to the thermodynamically more stable 
imine (V). The formation of Imine (V) rather than aziridlne A, which can be prepared by re- 
action of phenyl azlde with cyclohexene [4], seems to be the consequence not only of the 
presence of the bulky bromine atoms in positions 3 and 5, which hinder the formation of the 
three-membered ring, but also of the presence of the electron-acceptlng tetrabromopyrldlne 
residue, which withdraws electron density from the exocycllc nitrogen a~om (structure E) and 
promotes proton abstraction from the neighboring carbon atom rather than inhibiting it as 
would be the case with phenyl. 

R/N..,.N%N R-- 

D E 

R =2,3,5,6-tetrabromo-4-pyndyl 

Prolonged h e a t i n g  of az lde  (1) in  cyclohexane and t o luene  does not  gene ra t e  the  r e a c t i v e  
tetrabromopyridylnltrene intermediate, which supports the suggested ionic mechanism for the 
reaction of azide (I) with cyclohexene. 

Reduction of compound (I) with llthlum aluminum hydride is exothermal and forms amine 
( I n ) .  

#~zide (I) readily undergoes the Staudinger reaction with trlphenylphosphlne, triethyl 
phosphlte, and triphenyl phosphite. The reaction with trlphenylphosphine proceeds via the 
relatively stable 4-(trlphenylphosphazldo)-2,3,5,6-tetrabromopyrldlne (Vl), which at I18~ 
evolves nitrogen and is converted to the hlgh-meltlng 4-triphenylphosphazenyl-2,3,5,6-cetra- 
bromopyridlne (VII). In the pure form phosphazlde (VI) is stable for several days at --5~ 
while it becomes colorless after several hours heating in ethereal solution, implying the 
conversion of phosphazlde (VI) to compound (VII). The IN spectrum shows over a period of 
time the reduction to zero of the intensity of the 258 nm maximum of phosphazlde (VI) and 
the appearance and concomitant intensification of two bands at 230 and 294 nm typical of com- 
pound (VII)~ Azide (I) reacts so rapidly with triethyl and trlphenyl phosphite in ether that 
the phosphazldes cannot be detected; since the resulting phosphazenyl compounds are viscous 
liqulds we hydrolyzed them with 5% HCI to the 2,3,5,6-tetrabromo-4-pyrldyl amldophosphate 
esters (VIII) and (IX). 
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The reaction of azlde (II) with trlethyl phosphite at room temperature involves two of the 
azldo groups and forms an oily phosphazenyl compound, which we converted to 4-azldo-2,6-bls- 
(diethoxyphosphinylamine)-3,5-dlbromopyrldlne (X) by hydrolysis with 5% HCI. We verified 
the position of the phosphinyl groups from the PMR spectrum, in which the signals of the 
ethoxy protons are accompanied by one slnglet at 2.52 ppm due to the NH protons. The pres- 
ence of only one singlet implies that the NH groups are positioned symmetrically, i.e., in 
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TABLE i. Properties of the Synthetic Compounds 

~ o m  o 

pound 

I 
II 

IV 

VI 
VII 

\.'Ill 

IX 

X 

XI 

mp, ~ 

122--123 a 
85 --86 a 

168-.- 170 a 

118 (decomp) h 
205--206 b 

IR spectrum, 

em -1 

2125, 2157 (Ns) 
2125, 2t60 (Ns) 
1670 (C--C), 

2875 ( C l l ) ,  
3280 (Nil) 

2880 (CH), 1665 
(C=N) 

Found, % 

N 8r P 

12,7 35 - -  

38,7 4,6 
5,6 ;5,~ 

5,7 ~5,~ 

7,8 6,C 
4,2 ~ 7~ 
5,0 5,( 

4,,I 

14,6 lO,[ 

7,3 12,( 

Formula 

i 

CsBr~N~ 
CsBr~N,o 
C.}tloBr4N2 

CnlII,IBqN2 

C2sHIsBr4N4P 
C=3tt15Br4N2P 

Calculated.  
% 

N B r  P 

i 

12 81 732 
38.9 ~ 44,4 
517 65,~: 

5,7 65,~ 

8,0 45,~ 

4,41 
14,5: 

7,2 

200--201 c 1250 
2925. 
(CH), 
(NIl) 

207--208 c 1265 
2860, 
(Crl), 

(P=.O), 
2980 
3120 

(P=,O), 
2930 
3080 

CgHIIBr~N2OsP 

L~,711 nBr.,X.20:J ~" 

177--.178 e 

bp 
(O, lmml 

218.--223 c 

(Nit) 
1250 (P=O) ,  

2143 (Ns). 
2860, 2930. 
2980 (CI I), 
3120 (NI..I) 

;CI,H22Br2N6Otl)2 

C:31]~BrzN40.d'.~ 

Yield 
% 

98 
97 
99 

99 

81 
74 
69 

83 

51 

96 

aFrom ethenol, bFrom ether. CFrom benzene, dFound: C 31.7; 
H 1.7%. Calculated: C 31.8; H 1.7%. 

positions 2 and 6. The IR spectrum of compound (X) has an intense band of the remaining 
azido group at 2140 cm-*. When azide (If) is heated, all three azido groups react with tri- 
ethyl phosphite to form 2,4,6-~rls(triethoxyphosphazenyl)-3,5-dlbromopyridine (El), whose IR 
spectrum lacks the azldo band. 

EXPERIMENTAL 

Spectra were recorded on: IR: a UR-20 in KBr tablets and CCI~ solutions; UV: a Specord 
UV-vis, in ethanol; PMR: a Tesla BS-487B (80 MBz), at room temperature in CCI~, external 
standard hexamethyldisiloxane (HMDS). The GLC analyses were carried out on a Tsvet-4 chro- 
matograph with SE-30 siloxane polymer on Chromosorb W. The injector temperature was 350=C. 
The properties of the synthetic compounds are summarized in Table i. 

4-Azldo-2,3,5,6-tetrabromopyridine (I). A. To a solution of pentabromopyrldlne (2.5 g, 
5.2 mmole) in DMSO (60 ml) was added sodium azlde (0.34 g, 5.2 mmole). The mixture was 
stirred at 20~ for 5 h and then poured into water (i00 ml). The yield was 2.3 g. 

B. The compound was prepared in the same way from 2,3,5,6-tetrabromo-4-pyrldyl methyl 
sulfone. The yield was quantitative. 

2,4,6-Triazido-3,5-dibromopyridine (II) was prepared in the same way as (I) using a 1:3 
reactant ratio and reaction time 15 h. 

4-Amino-2,3,5,6-tetrabromopyridine (III). A. Azide (I) (0.87 g, 2 rm~ole) was refluxed 
in anhydrous ether (i00 ml) with lithium aluminum hydride (0.07 g, 2 mmole) for 3 h. The 
mixture was then filtered and the solvent was removed under vacuum. The yield was 0.52 g 
(64%), mp 236-238~ (decomposition; from ethanol). Literature [5]: mp 237-239~ (decomposi- 
tion). 

B. A mixture of azide (I) (0.43 g, 1 mmole) and dlmethylaniline (5 ml) was heated at 
165-170~ for 4 h. The reaction mixture was diluted with heptane (150 ml), precipitating 
amine (III) (0.15 g, 36%), mp 237-2390C. 

4-(l-Cyclohexenyl)amino-2,3,5,6-tetrabromopyridine (IV). A mixture of azide (1) (0.44 
g, i mmole) and cyclohexene (i0 ml) was refluxed for 8h. The excess cyclohexene was stripped 
off under vaccum; the residue contained the oily product. The yield was 0.48 g. PMR 
spectrum, 6:6.1 (t, IH, C=CH), 4.5 (s, IH, NH), 2.3 ppm, (m, 8H). 
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4-Cyclohexylideneamlno-2,3,5,6-tetrebromopyridine (V). The oily enamine  (IV) was con- 
vetted to the crystalline amine (V) over a period of 5 h at 20~ PMR spectrum, 8:2.6 [t, 
4H, (CH,),C,-N], 2~35 ppm (m, 6H). 

4-(Triphenylphosphazldo)-2,3,5,6-tetrabromopyridine (VI). To a solution of azide (I) 
(0.22 g, 0.51 mmole) in ether (15 ml) at --10~ was added triphenylphosphine (0.13 g, 0.5 
mmole). The mixture was stirred at --10~ for 30 min. The remaining orange precipitate was 
filtered off. The yield was 0.28 g. UV spectrum, lma x (log ~): 258 nm (4.24). 

4-Triphenylphosphazenyl-2,3,5,6-tetrabromopyridine (VII). A mixture of azide (1) (0.44 
g, 1 mmole) end triphenylphosphine (0.26 g, 1 mmole) in ether (30 ml) was refluxed for 4 h. 
The yield was 0.5 g. UV spectrum, ime x (log r 230 (3.95), 294 nm (4.49). 

Diethyl 2,3,5,6-Tetrebromo-4-pyrldyl Amidophosphate (VIII). To a solution of azide (I) 
(0.6 g, 1.37 mmole) in ether (25 ml) was added triethyl phosphite (0.23 g, 1.38 mmole). The 
solution instantly became colored and an exothermal reaction started with evolution of nitro- 
gen. After a few minutes the color was discharged. The ether was removed under vacuum end 
the residual oily product was hydrolyzed with 5% HC1 (30 ml). After 6 h the precipitate was 
filtered off. The yield was 0.52 g. 

Diphenyl 2,3,5,6-Tetrebromo-4-pyridyl amidophosphate (IX) was prepared from azide (I) 
end triphen~ylpHosphite in the same way as (viii). 

4-Azido-2,6-bis(diethoxyphosphinylamine)-3,5-dibromopyridine (X). To a solution of 
ezide (II) (0.36 g, 1 mmole) in ether (50 mi) was added triethyl phosphite (0.55 g, 3.3 
mmole). The mixture was kept at 20~ for 12 h. The product was isolated in the same way 
as (VIII). The yield was 0.35 g. PMR spectrum, 8:3.87 (q, CHa), 2.52 (s, NH), 1.0 ppm (t, 
CHs) in (CDs),CO. 

2,4,6-Tris(triethoxyphosphazenyl)-3,5-dibromopyridine (XI). To a solution of azide (II) 
(l.1 g, 3 m mole) in ether (50 ml) was added triethyl phosphite (1.6 g, 9.6 mmole). The mix- 
ture was refluxed for 6 h. The yield was 2.27 g nD'" 1.5272. 
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