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Aryl azides Lcontaining alkynyl or alkenyl group as di- 

polarophile were prepared and thermally decomposed in benzene. 

Azides 2 - 3 2  gave the corresponding 1,3-cycloadducts, fused-ring 

l,2,3-triazoles &-g, while bridgehead nitrogen aziri2ines 2 and 
12, were obtained from 2 and Lf, probably via unstable A2-1,2,3- 
triazol ines. 

In spite of a large number of studies on intemolecular 1,3-dipolar cyclo- 

additions, the intramolecular ones are not yet extensively investigated. Only 

few intramolecular cycloaddi tions have been reported on a1 kenyl and/or a1 kynyl 
2 . . .  

nitrones,' azomethinimines, nltr~llmlnes,~ and a ~ i d e s . ~  As seen in these ex- 

amples, the intramolecular cycloaddition of a properly functionalized 1,3-di- 

poles provides a useful route for the preparation of fused heterocycles. In 
5 addition, Hall, et al. have demonstrated that an intramolecular 1,3-dipolar 

cycloaddition of the azido group to the carbonyl function is involved in the 

formation of 3-phenylanthranils from 2-azidobenzophenones. 



Therefore, we planned t o  i nves t i ga te  the in t ramolecu la r  cyc loadd i t ions  o f  

azides where the azido and a l kyny l  o r  a lkeny l  groups are connected through an 

aromatic r i n g ,  and here wish t o  r epo r t  our f ind ings.  A f te r  the  c m p l e t i o n  of 

t h i s  work,6 we learned t h a t  s i m i l a r  reac t ions  have been recen t l y  repor ted  by 

Fusco and h i s  co-worke~-s .~  

Azides L w e r e  prepared from the corresponding nitrobenzenes 1, which were 

obtained by the reac t ion  o f  o-n i t rophenol  o r  o-n i t roth iophenol  w i t h  p ropargy l i c  

o r  a l l y l i c  bromides, as shown i n  Scheme 1. The y i e l d s ,  physical  and spec t ra l  

data o f  new nitrobenzenes ?, an i l i ne8  2, and azides 3,8 are g iven i n  Table 1. 

NO2 Fe, i n  0 a N H 2  i ) d i a z o t i z a t i o n  

X-R b o i l i n g  AcOH X-R i i )  NaN3 X-R 

a: X-0, R= CH2CrCH; b: X=O, R= CH2CrCPh; 2: X=S, R= CH2CiCH: - 
d: X=S, R=CH2CeCPh; e: X=O, R= CH2CH=CHPh; f :  X=O, R= - - 

Scheme 1 

Azides 2 ,  w i t h  the exception o f  &, were p u r i f i e d  by chromatography over 

s i l i c a  gel  us ing benzene as e luent .  On chromatography, &was p a r t i a l l y  con- 

ver ted i n t o  dimer ,4+ and t r i a z o l e  & (see l a t e r ) .  The s t r uc tu re  o f  $, mp 97- 

98.5', was deduced oh the basis o f  the fo l low ing  evidence. Ir v::: cm-' : 3240, 

2100; nmr (CDC13) 6: 2.55 ( lH, t,cCK, 5.3 Hz), 4.75 (2H, d, OCH$E, J=3 Hz), 

5.37 (2H, s, OC%), 6.9.-8.0 (8H, m, aromatic protons) ,  8.30 ( lH, s, =CHJ; mass 

m/e 346 (R'), 318 (M' - N2). 

I n  add i t ion ,  i t  has been found t h a t  the cyc loadd i t ion  o f  phenyl azide t o  

phenyl propargyl e ther  gave 1-phenyl-4-phenoxymethyl-l,2,3-triazole G ) ,  mp 

89.5-90.5', i n  61% y i e l d  [nmr (CDC13) 6: 5.28 (2H, s, OCS), 6.9-7.8 (IOH, 
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Table 1 Compounds 1, L a n d  5 

Compound Y i e l d  Mp., OC 

X (Bp., OC/mm) 

Nmr, 6 ppn! (J, Hzla 

2.28(1H, t, ZCK, J=3), 3.7(2H, d, C 3 ,  J=3), 

7.2-8.3(4H, m, aromat ic  p ro tons)  

3.75(2H, s, C b )  , 7.26, 7.5-8.3(5H, s, and 

4H, m, aromat ic  protons)b 

1.5-2.3(6H, m, C h ) ,  4.8(1H, m, 3CL), 5.5- 

6.1(2H, m, =CK), 6.7-8.0(4H, m, aromat ic  

protons ) b  

2.2(1H, t, ECK, J=3), 3.42(2H, d, C b ,  J=3), 
4.24(2H, b r ,  N h ) ,  6.5-7.6(4H, m, aromat ic  

p ro tons)  

3.65(2H, s, C h ) ,  4.35(2H, b r ,  N 3 ) ,  6.5- 

7.6(4H, m, aromat ic  p ro tons)  

1.5-2.2(6H, m, C 3 ) ,  3.6(2H, b r ,  N%), 4.65 

( IF ,  m, SCH), 5.83(2H, m, =CK), 6.3-6.8(4H, 

aromat ic  p ro tons)b  

2.2(1H, t, zCK, J=3), 3.52(2H, d, C b ) ,  7.0- 
8.1(4H, m, aromat ic  p ro tons)  

3.8(2H, s, Cb), 6.9-7.6(9H, m, aromat ic  
p ro tons)  

1.3-2.4(6H, m, CQ), 4.7(1H, m, :'CL), 5.88 

(2H, m, =CK), 6.6-7.3(4H, m, aromat ic  

p ro tons)  

a ~ n t e r n a l  standard: TMS. Unless o therw ise  prov ided,  t h e  spec t ra  were measured 

C i n  CDC13. b ~ e a s u r e d  i n  CC14. I n  t h e  i r  spectrum a s t rong  band appered i n  

the  r e g i o n  2100-2140 cm-1. 



Scheme 2 

m, aromatic protons) ,  8.02 ( lH,  s, =CH)]. T r iazo le  2 was i d e n t i c a l  w i t h  an au- 

t hen t i c  saniple prepared from 1-phenyl-4-bromomethyl-1,2,3-triazole ( j i ) ,  mp 120.5- 

121.5', which was converted i n t o  the  known 4-methyl d e r i v a t i v e  2 ,  mp 81-82' 

( l i t . ' m p  81°), as depicted i n  Scheme 2.'' i: nrnr (CDC13) 6 4.64 (211, s, C b ) ,  

7.3-7.8 (5H, m, aromatic protons) ,  e.01 (lH, s, =CK). 

When azide 2 was heated i n  b o i l i n g  benzene f o r  6 h r  u n t i l  the  s t a r t i n g  

ma te r i a l  was consumed, the expected 1,3-cycloadduct & was obtained i n  good 

y i e l d .  Under s i m i l a r  cond i t ions ,  azides 2-3 gave the corresponding 1,3-cyclo. 

adducts, t r i a z o l e s  Lb-kd, respec t ive ly .  
N=N 

The reac t i on  times, and y i e l d s ,  physical  a: X-0, R-H 

and spec t ra l  data are g iven i n  Table 2. k: X-0, R=Ph 

The s t ruc tu res  o f  a l l  &were confirmed - n 
c: X=S,  R=H * - 

on the basis o f  t h e i r  spec t ra l  data. N 8 d: X = S ,  R-Ph 
,-d 
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5.4(2H, s, C k ) ,  6.9-7.4, 7.9-8.: 

(3H and lH,  m, aromat ic  p ro tons)  

7.63(1H, s, =CH) 

5.55(2H, s, C B ) ,  7.0-8.2(9H, m, 

aromat ic  p ro tons)  

4.1(2H, s, C k ) ,  7.6(1H, s, =CK). 
7.2-7.5, 8.0-8.3(3H and lti, m, 

aromat ic  p ro tons)  

Table 2 Decomposition o f  Azides 3- 

Azide Time 
h r  

- 
( 7.3(4H, m, aromat ic  protons)b 

156-157 

86-87 
7 

(74 ) 

40-41 

"ease peak. b~ double doub le t  (Hb) a t  6 2.92 changed t o  a doub le t  w i t h  

5.7.5 Hz when i r r a d i a t e d  a t  6 4.8. Thus, Jab'5 and Jbc=7.5 Hz. 

? 

Product  

4.25(2H, s, C2), 7.2-8.3(9ti, m, 
aromat ic  p ro tons)  

2 .?1(1H,m,b) ,  3.24(1H,d,!&, 

J=3.5), 4.32(2ti, d, OCb,  J=3), 

6.7-7.8(9H, m, aromat ic  p ro tons)  

1.0-2.4(6H, m, C k ) ,  2.45-2.7(1H, 
m, %), 2.92(1H, dd, &, 5=5 and 

7.51, 4.55-5.0(1H, m, &-), 6.6- 

On the  o t h e r  hand, thermal decomposit ion o f  az ides 8 and &f i n  b o i l i n g  

benzene f o r  6  and 20 h r  a f fo rded  t h e  a z i r i d i n e  d e r i v a t i v e s  97 and 10, respec- 

t i v e l y .  The y i e l d s ,  phys ica l  and s p e c t r a l  data of the  products  a r e  a l s o  g i v e n  

i n  Table 2. The s p e c t r a l  da ta  suppor t  w e l l  the  assigned s t r u c t u r e s .  The ob- 

served va lue (Jab=3.5 Hz) of t h e  v i v i n a l  coup l ing  cons tan t  f o r  a z i r i d i n e  r i n g  

p ro tons  o f 2  compares t o  t rans -coup l ing  g iven  i n  t h e  l i t e r a t u r e .  11 

Y i e l d  Mp. 
% OC 

Nmr(CDC13), 6 ppm (J ,  Hz) 



An inspec t ion  of Oreiding models ind ica tes  t h a t  a  con f igura t ion  pJ i n  

which th ree  hydrogens Ha, Hb and Hc are s i t ua ted  c i s  each other ,  i s  poss ib le  

f o r  the s t r uc tu re  of E. I t  has been repor ted  t h a t  i n  1 - a l k y l a z i r i d i n e  the  

value o f  c i s - v i c i n a l  coupl ing constant  f o r  two protons a n t i  t o  the  a l k y l  group 

( Jc i s -an t i  ) i s  about 5.3 HZ.'' As shown i n  Table 2, the  v i c i n a l  coupl ing 

constant, Jab, i n  g i s  5  Hz. 

Treatment of J+Q w i t h  hydroch lo r ic  a c i d  i n  ethanol a t  room temperature gave 

the hexahydrophenoxazine JJ,, mp 84-84.5', i n  46.5% y i e l d  [ ir 4![ cm-' : 3400; 

nmr (CDC13) 6: 1.4-2.5 (61.1, m, C%), 3.19 ( IH ,  dd, 2Cti), 

4.05 ( lH, m,$CK), 4.45 (ZH, m, 3CK and NK), 6.4-7.0 (4H, 

m, aromatic protons) ;  mass m/e 223, 225 (N', r e l .  i n t e n s i -  

t y  3 : l ) I .  

On the basis of the  formation o f  t r i a z o l e s  3 and o f  

the r e s u l t s  of thermal decomposition o f  ~ ~ - 1 , 2 , 3 - t r i a z o l i n e s , ~ ~  the  format ion 

o f  a z i r i d i n e s  2 and J$ can be expla ined by an i n i t i a l  in t ramolecu la r  1,3-cyclo- 

add i t i on  t o  form t r i a z o l i n e s ,  fo l lowed by the concurrent e l im ina t i on  o f  n i t r o -  

gen. 
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