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Most of our  recent  r e s e a r c h  has been devoted to the synthesis  and chemis t ry  of f ive- ,  s ix- ,  and seven-  
membered  he terocycles  containing three  adjacent ni t rogen atoms: 1 ,2 ,3- t r iazoles ,  1 ,2 ,3- t r iaz ines ,  and 
1 ,P,3- t r iazepines ,  Special attention was di rected to the i r  convers ion to o ther  he terocycl ic  sys tems .  

Although these t r i azahe te roeyc les  are  of in teres t  in themse lves ,  our  r e s e a r c h  arose  as a resul t  of 
at tempts to c rea te  th ree  types of react ive  compounds: dehydrogenated aromat ic  sys tems ,  1H-azi r ines ,  
and azacyclobutadiene (azete) der ivat ives  (I, II). The last  two types are  s imi la r  to cyclobutadiene and ben- 
zocyclobutadiene - highly react ive ant iaromat ic  carbocycles  - and are  the s implest  47r-electron ni t rogen-  
containing he terocycl ic  sys tems .  Heterocycl ic  analogs of this sor t  which, despite a number  of ea r ly  a t -  
tempts  [1] to obtain them, are  still  unknown, will have great  theore t ica l  and synthetic value. 

_T 

Of the very small number of published papers on the preparation of azetes, the method in [2], which 
was based on reverse Diels-Alder reactions of IT[ and IV, is of interest. A certain amount of dimethyl 
phthalate was obtained from diester HI, but methoxydimethylazete was not detected. Compound IV was also 
converted to dimethyl phathalate, but the azetine, which might have given strictly the azete on subsequent 
elimination,  was not obtained. 
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We decided to commence our  r e s ea r ch  with a study of benzazete (II), feeling that it would be e a s i e r  
to obtain it and that it would be stabil ized by the benzene ring. Our synthesis  was based on the following 
facts,  c i s ,c i s - l ,4 -Dieyanobutadiene  (VI) is the stable product of a number  of reactions in which o -d in i t r eno-  
benzene (V) formal ly  part ic ipates:  oxidation of o-phenylenediamine [3, 4] or  2-aminobenzotr iazole  [5] and 
the rma l  decomposition of o-diazidobenzene [6]. In contras t  to this,  c i s , c i s -oc t a -3 ,5 -d i ene - l , 7 -d iyne  (VII) 
is unstable and is readi ly  cycl tzed to benzocyelobutadiene [7]. In this connection, par t ic les  of the o -n i t r eno-  
phenylcarbene (VIII) type seem of great  interest ,  inasmuch as they may be cycl ized to give the requ i red  
benzazete (II) o r  may  be cleaved to give cyanoacetylene IX. The eyanoacetylene In turn  may be thermal ly  
or  photochemically cyel ized in analogy with diacetylene VII to benzazete II. 

The apparent p r e c u r s o r  of the carbenoni t rene  of the VIII type is the corresponding diazoazide (for ex -  
ample,  XI). It was found that X is obtained with cer ta in  difficulties,  inasmuch as the usual synthesis  of 
azidohydrazone X from ketone and hydrazine in hot ethanol In the p resence  of acetic acid gave 3 -methy l -  
Indazole in ve ry  high yield.  This usual but smooth and, apparently,  general  react ion is a good method for  

Liverpool  Universi ty,  England. Trans la ted  f rom Khimiya Geterots ikl icheskikh Soedinenii, No. 6, pp. 
723-736, June, 1974. Original ar t ic le  submitted October  12, 1973. 

�9 1975 Plenum Publishing Corporation, 227 West 17th Street, New York, N. Y. 10011. No part of  this publication may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 
recording or otherwise, without written permission o f  the publisher. A copy o f  this article is available from the publisher for $15.00. 

629 



vt__J 

i~ wl-'3 

C CN CN 

the p repara t ion  of indazoles and is worthy of fu r ther  study. However ,  azidohydrazone X can be obtained 
f rom the azidoketone and hydrazine at room t e m p e r a t u r e  in the p resence  of iodine as a ca ta lys t .  Diazo-  
azide XI, which was conver ted  to 4-methylbenzot r iaz ine  (XII) in high yield by t h e r m a l  decomposi t ion in hot 
benzene, was obtained by oxidation of the hydrazone with m e r c u r i c  oxide. Thus,  only one mole r a t h e r  than 
two moles  of ni trogen was spli t  out, but this resul t  is ,  never the les s ,  in teres t ing,  inasmuch as s imple  a r o -  
mat ic  1 ,2 ,3- t r iaz ines  are  cur ren t ly  a lmos t  unknown [8]. The decomposi t ion of the diazoazide under  more  
seve re  conditions led to unidentified mix tu re s .  When the methy l  group in diazoazide XI was rep laced  by a 
hydrogen atom, the dtazoazide proved to be unstable ,  and a t tempts  to replace  it by a phenyl group were  un-  
successfu l  because cycl izat ion to 3-phenylindazole could not be avoided. 

CH 3 CH 3 CH 3 
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Oxidation of readi ly  access ib le  o -aminohydrazones  XlII (R =CH3, C6H5) [9] with lead t e t r aace t a t e  in 
methylene chloride at room t e m p e r a t u r e  proved to be a s i m p l e r  method for  the p repa ra t ion  of the t r i az ines .  
In this case ,  t r i az ines  XIV were  obtained in modera t e  yields along with the cor responding  o - a c e t a m i d o -  
ketones .  

R R 

NH 2 
xll__A x i__~v 

Another approach to the synthes is  of compounds with the s t o i c h i o m e t r y o f a  carbenoni t rene  was based 
on the resu l t s  of our invest igat ion of the oxidation of 1-and 2 -aminobenza t r i azo le s  [5]. The f i r s t  of these  
compounds gave the 1-ni t rene ,  which, on spli t t ing out two moles  of ni trogen,  was conver ted  to dehydroben-  
zene; the second compound gave the 2-ni t rene ,  which spli t  out one mole  of ni trogen to give dicyanobutadiene 
VI. The analogous oxidation of 1-  and 2-aminoindazoles  should have led to l~-ni t renes  XV and XVI, which 
would undergo cleavage to give, r e spec t ive ly ,  dehydrobenzene and (or) benzazete  (H) and benzazete  and (or) 
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However,  aminoindazoles  XVH and XVIII [10] a re  oxidized ve ry  rapidly by lead t e t r aace t a t e  under  
mild conditions, to give benzotr iaz ines  XIV in high yie lds .  They a re  poss ib ly  fo rmed  f rom the in te rmedia te  
n i t renes  with r ing expansion.  
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The above- indica ted  methods for  the p repa ra t ion  of benzot r iaz ines  a re  inapplicable when 1R =H, and 
the oxidation of unsubst i tuted N-aminoindazole  leads to benzotr iazine  XIV (R =H) only when absolute ly  no 
nucleophilic reagents  are  p r e sen t .  It is not s u r p r i s i n g  that  the C 4 a tom in benzotr iazine  is ve ry  e l e c t r o -  
philic and that  benzotr iazine XIV is hydrated at the 3, 4 bond to give o-aminobenza ldehyde .  

Yet another  method for  the synthes is  of benzot r iaz ines ,  which also includes r e a r r a n g e m e n t  of n i t renes ,  
is based on the oxidation of 1-  and 3-aminoquinazolones  XIX and XX. In this case  the benzot r iaz ines  a re  

H 2 ~  H,~ H 

N = N - N H  2 NH 2 

possibly formed from the nitrenes by r ing expansion with subsequent spl i t t ing out of carbon monoxide (eom~ 
pare XXI and X~TDo 
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This  type of reac t ion  was f i r s t  obse rved  in the monocycl ic  s e r i e s  during the oxidative t r a n s f o r m a t i o n  
of 1 - amino -2 -py r idones  to pyr idaz ines  [11]. A s i m i l a r  t r a n s f o r m a t i o n  of 1-aminoquinoxalones  XXI to benzo-  
1 ,2 ,4 - t r i az ines  XXII is a lso  known [12]. This  sequence of aminat ion and oxidation reac t ions  is a t empt ing  
method for  the synthes is  of 1 ,2 ,4 - t r i az ines  f rom the read i ly  access ib le  s t a r t ing  reagen ts .  
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In the attempt to obtain carbenonitrenes VIII  f rom indazolonitrenes XV and XVI, the reaction conditions 
were  evidently insufficiently s eve re  to bring about spli t t ing off of ni t rogen up to the point of r ing expansion 
to give benzot r iaz ines .  Thus we should have obtained indazoloni t renes  under  cons iderably  m o r e  s eve re  
conditions, under  which, however ,  i n t r amolecu l a r  t r a n s f o r m a t i o n s  would have been suppressed .  Ins tan tan-  
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eous pyro lys i s  in the vapo r  phase seemed  ideal for  this purpose ,  and prev ious  invest igat ions [13]provided 
a basis  for  a s suming  that  sulfoximides XXIH are  suitable for  py ro lys i s .  The oxidation of 2-aminoindazoles  
(XVII, R =H, CH 3) with lead t e t r aace t a t e  in the p resence  of dimethyl  sulfoxide (DMSO) actual ly  gave su l -  
foximldes XXIII. The tying up of the ni t rene p reven ted  compet i t ive  r ing expansion to a t r i az ine .  At 450~ 
(0.01 mm)  these  sulfoximides ,  as a s sumed ,  were  pyro ly t ica l ly  f r agmented  to DMSO, ni trogen,  and con jec -  
tura l ly ,  to a ca rbenoni t rene ,  which underwent  r ing expansion to give a cyanoacetylene  (XXIV, R =H, CH3). 
However ,  these  cyanoacety lenes  a re  m o r e  s i m i l a r  to biscyanides  VI than to b isacetylene  VII and do not 
undergo eycl iza t ion to benzazete  de r iva t ives .  The cyanoacety lenes  were  subjected to t h e r m a l  and photo- 
chemica l  action under  var ious  conditions in the p r e sence  of nucleophiles  and dienes,  which might  have r e -  
cated with the benzazetes  if  they had formed.  
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Attention was the re fo re  d i rec ted  to another  source  of pyrolyt ic  genera t ion of ca rbeneoni t renes  - to 
benzotr iaz ines  t hemse lves ,  f rom which it was n e c e s s a r y  to r emove  a ni t rogen molecule .  

R 

N 

• 

However,  the f i r s t  exper iment  showed that t r i az ines  XIV are  readi ly  c leaved at re la t ive ly  low te rn-  
p e r a t u r e s  (450-500~ to give dehydrobenzene and, consequently,  diphenylene in yields  up to 60%, However ,  
when this reac t ion  was applied to pyridine in o r d e r  to obtain the d i f f i cu l t - to -p repa re  diazadiphenyIene it 
was found that N 2 can be spli t  out se lec t ive ly ,  The py ro lys i s  of pyr ido t r iaz ine  XXV gave 2 - c y a n o - 6 - m e t h y l -  
pyridine as a resu l t  of spli t t ing out of N 2 and migra t ion  of a hydrogen a tom,  The f ragmenta t ion  of benzo-  

~ N ~ N H ,  - -  ~L~N, IN _ _  H3C I ~  CN 

XXV 
t r iaz ine probably occurs by means of successive spl i t t ing out of N 2 and I~CN. We therefore made a par -  
t i cu la r l y  thorough investigation [14] of the pyro lys is  of benzotriazines, par t i cu la r ly  of 4-phenylbenzotriazine 
.(XXVI), at 400-450 ~ At temperatures above 450 ~ the chief product was diphenylene, but at 420 ~ as a re -  
sult of the pyro lys i s  we obtained a b r i g h t - r e d  oil containing 20%dlphenylene, 15% 9-phenylacr idine (XXIX), 
5%unchanged benzotr iazine XXVI, and 60%of a product  that  we cons idered  to be the f i r s t  t rue  azete  d e r -  
ivative - red 2-phenylbenzazete  XXVII. 
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Somewhat unexpectedly, the la t ter  proved to be stable at - 80 ~ but was converted on heating to room 
temperature to a pale-yel low dimer (XXV[I) of 2-phenylbenzazete (50%, based on the start ing benzotr ia-  
zine). 

The quantitat ive convers ion  of this d i m e r  to 9-phenylacr idine ( thermal ly  or  by t r e a t m e n t  with a hot 
alcohol solution of hydrochlor ic  acid} is in ag reemen t  with al~ of the four poss ib le  angular  d imer ic  s t r u c -  
t u re s  of the XXVIII type,  which are  s i m i l a r  to those fo rmed  f rom benzocyclobutadiene.  Two l inear  d imer ic  
s t ruc tu re s  - d i b e n z o - l , 2 -  and d i b e n z o - l , 5 - d i a z o e i n e -  would also be poss ible ,  but the l a t t e r  is excluded 
by compar i son  with a known sample  [15], and the f i r s t  is incompitable  with the convers ion  to 9 -pheny lac r id -  
ineo The 9-phenylacr idine fo rmed as a resu l t  of the pyro lys i s  can a lso  be obtained by react ion  of the benza -  
zete with dehydrobenzene.  

A fu r the r  conf i rmat ion  of the fact that  the red compound in the pyro lyza te  is aze te  XXVII is offered 
by its e x t r e m e l y  rapid reac t ion  (with decolorizat ion)  with nucleophilic reagents  and conjugated dienes when 
they are  introduced d i rec t ly  into the cold pyro lyza te  at - 4 0  ~ o r  at lower  t e m p e r a t u r e s ~  Thus XXVII r e -  
acts  instantaneously with dilute sulfur ic  acid in t e t r ahydro fu ran  (THF) to give o-amtnobenzophenone (50%} 
or  with diphenylhydrazine in THF to give o-aminobenzophenone phenylhydrazone (60%).o* 

C6H 5 C6H5 

_XXVll HzX ~ N H  TM ~ N ~  < 
2 

X=O~NNHC6H 5 
* The yields  a re  given for  the s ta r t ing  t r i az ine ,  and, consequently,  we a re  dealing here  with a lmos t  quan-  
t i ta t ive convers ion  of azete  XXVII. 
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Like benzocyclobutadiene, azete i ~ I  readily undergoes cyoloaddition with various dienes, and this 
opens up broad possibilities for the synthesis of new heterocyclie systems.  Thus it reacts with 1,3-diphenyl- 
isobenzofuranto give adduct XXX (55%) with a four-membered azetine ring. However, the strained azetine 
ring is relatively easily cleaved [16]. For example, reaction with cyclopentadiene leads to amino alcohol 
XXXI (35%), which is formed by hydration of the Die l s -Alder  adduct during chromatographic treatment.  

~ ~  XXVII 

- -  C6H5 
• X• 

Tetraphenylcyclopentadienone and 3,6-diaryltetrazines also give cycloadducts, which are converted 
to benzazocine XXXII (50%) or  benzetriazocine XXXIII (Ar =2-pyridyl) as a result  of splitting out of CO and 
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N2, respectively. 

Cycloaddition to benzazete XXVII was also observed with some 1,3-dipoles. Thus XXVII reacts with 
diazomethane to give 3-phenylindole in very low yield, possibly through splitting out of N 2 from the initial 
adduct. However, the adduct formed with 4-methylbenzonitrile oxide, viz., oxadiazoline XXXIV, was ob- 
tained in 50%yield. Adduct XXXIV underwent a new rearrangement to give benzimidazole XXXV in high 
yield on heating in solution or during chromatography. The weakening of the strain of the azetine ring, the 
weakness of the O - N  bond, and the stability of the resulting benzophenone carbonyl group possibly promote 
this rearrangement .  An iminonitrene side chain, cyclization with the participation of which subsequently 
gives benzimidazole XXXV, is formed simultaneously with this carbonyl group. 
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Like benzocyclobutadiene, 2-phenylbenzazete XXVII is almost (or completely) unreactive with dieno- 
philes such as alkenes, alkynes, and enamines. Dimerization and the possible reaction with dehydrobenzene 
mentioned above constitute exceptions to this. 

2-Phenylbenzazete proved to be relatively stable: it remained unchanged at - 50  ~ for a long time. We 
decided to attempt to synthesize azetes with grea ter  stability by weakening the antiaromatic character  of 
the four-membered ring by increasing the electron density in the imine bond or by the introduction of an- 
other condensed benzene ring. The former  was achieved as a resul tofpyrolys is  of 4-(p-methoxyphenyl)- 
benzotriazine, which formed 2-(p-methoxyphenyl)azete. Mthough it underwent the same transformations 
as the 2-phenyl derivative (XXVII), it was considerably more stable in solution and reacted appreciably 
more slowly with tetraphenylcyclopentadiene and diphenylisobenzofuran. 

Stabilization by condensation with a benzene ring was convincingly demonstrated during the flash pyro- 
lysis of 4-phenyl-l,2,3-naphtho[2,3-b]triazine (XXXVIII). It gave 2-phenylnaphtho[2,3-b]azete (XXXVI) as 
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an o r a n g e - r e d  crys ta l l ine  substance that was stable for  severa l  hours  at room t e m p e r a t u r e ,  even when it 
had acces s  to the a i r .  Azete XXXVI v e r y  readi ly  d imer i ze s  in solution, and, like the benzazetes ,  r eac t s  
with nucleophilic reagents  and dienes.  The yie lds  of adducts dec rease  as the length o f t i m e t h a t  azeteXXXV1 
is s tored  p r i o r  to the reac t ion  is increased .  This  azete  can be compared  with the analogous carbocyc l ic  
compound (XXXVII), which can also be isolated [17]. 

The facts  set  forth above consti tute a lmos t  indisputable evidence that we have synthesized aze tes  for  
the f i r s t  t ime ,  and we hope that they will find sufficient applicat ion in the c h e m i s t r y  of he terocycl ic  s y s -  
t em.  

The following port ion of our  pape r  is devoted to r e s e a r c h  with s e v e n - m e m b e r e d l , 2 , 3 - t r i a z e p i n e s .  
These  here tofore  unknown he te rocyc les  were  requi red  for  the synthes is  of specia l  dehydrogenated a roma t i c  
compounds.  Very  little is p resen t ly  known about non-or tho-dehydrogena ted  a romat i c  s y s t e m s .  We have 

XXXVI XXXVII 

6H5 i ~ . . . ~  H5 " C6H5 

. " ?, 

H XXXVIIi" 

shown [18, 19] that  o-dehydrobenzene  der iva t ives  add s t e rospec i f i ca l ly  to dienes,  while , m e t a " - d e h y d r o -  
genated 1,8-dehydronaphthalene adds s t e rospec i f i ca l ly  to monoenes  [20]. This  difference was explained by 
the fact that  dehydrobenzene has a s y m m e t r i c a l  higher  filled MO (XXXIX), while 1,8-dehydronaphthalene 
has an a n t i s y m m e t r i c a l  MO (X-L) [21]. F u r t h e r m o r e ,  Hoffmann [21] has pred ic ted  that 4 ,5-dehydrophenan-  
threne (XLI) and 2 ,2 ' -dehydrodiphenyl  will have s y m m e t r i c a l  h igher  filled MOs. Consequently,  these  c o m -  
pounds will add to dienes in the 1, 4 posit ion, which is c o n t r a r y  to the conclusion that can be drawn f rom 
s imple  s t e r eoehemica l  cons idera t ions .  To obtain these  compounds by the chosen method,  we needed amino-  
t r i azep ines  XLII and XLIII.  We decided to begin with the synthes is  of the la t ter ,  inasmuch as the s ta r t ing  

XXXIX XL 
XL~ 

~NH 2 ~ ~NH2 

XL.J_._J XCtl_...J 

compounds for  its p repa ra t ion  were  more  access ib le  and, in addition, the probabi l i ty  of the fo rmat ion  of a 
s e v e n - m e m b e r e d  r ing in this m o r e  flexible sys t em was higher .  Dibenzo[d~f] - l ,2 ,3- t r iazepine  (XLVII), 
which, like acycl ic  d ia ry l t r i az ines ,  might have proved  to be unstable and poss ib ly  nonplanar  and nonaro -  
mat ic  (or even an t ia romat ic  with an 8v-e lec t ron  sys tem) ,  was n e c e s s a r y  for  the aminat ion and oxidation. 

The p r e c u r s o r  of t r i azep ine  XLVII is 2 ,2 ' -diaminodiphenyl ,  which can be in t r amolecu la r ly  cyel ized 
to a t r i azep ine  on diazot tzat ion [22, 23]. However,  the diazot izat ion proved  to be e x t r e m e l y  complex,  and 
we were  unable to isolate  a t r i azep ine ,  although it is poss ib ly  an in te rmedia te .  (See scheme  on following 
page .) 

Diazotization in dilute HC1 gave al l  of the products  shown in the scheme above.  Carbazole  was ob-  
tained in high yield by diazot izat ion in 5 N HC1 or  50%acetic acid.  Aprot ic  diazot izat ion with pentyl  n i t r i te  
in ref luxing benzene gave iminobenzocinnolininm ylld XLIV, which is an i s o m e r  of t r i azep ine  XLVII. A 
1 4 - m e m b e r e d  cyclic b is t r iaz ine  (XLV) was obtained in ref luxing methylene chloride containing cata lyt ic  
amounts of hydrogen chlor ide.  

At tempts  to faci l i ta te  the fo rmat ion  and inc rease  the s tabi l i ty  of the t r i azep ine  s t e reoohemicaUy by 
means  of r emova l  of the a rom a t i c  r ings  f rom coplanar i ty  by means  of 6,6'  subst i tuents  and also by means  
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of inc reas ing  the angles between the bonds in the s e v e n - m e m b e r e d  ring, linking the 6 and 6' posi t ions  through 
the carbonyl  group, and a t tempts  to synthes ize  the m o r e  stable N-subs t i tu ted  t r i azep ine  f rom m o n o - N - s u b -  
sti tuted dIaminodiphenyl were  unsuccessfu l .  We then turned to the p repa ra t ion  of the t r i azep ine  by f o r m a -  
tion of a C - N  bond r a t he r  than an N - N  bond, just  as in all  of the p reced ing  reac t ions .  

After  s e v e r a l  unsuccessfu l  a t t empts ,  we a r r i v e  at the conclusion that  this  can be achieved by t e t r a -  
azot izat ion of diaminodiphenyl and subsequent  t r e a t m e n t  with ammonia .  This would lead to l inear  t r i az ine  
XLVIII in which the nucleophilic side chain may  rep lace  the diazonium group to give a t r i azep ine  ring. Of 
course ,  cycl izat ion of the t r i az ine  to give XLIX is also poss ib le ,  but the l a t t e r  will readi ly  split  out n i t ro -  
gen to give t r i azep ine  XLVII. This  method proved  to be e x t r e m e l y  successfu l ,  t r i azep ine  XLVII (a s table 
l ight-yel low crys ta l l ine  substance with mp 100 ~ was obtained in 75%yield by t e t r aazo t i za t ion  of d iamino-  
diphenyl in dilute HC1 at 0 ~ with subsequent  ca re fu l  a lkal izat ion with ammonia  at 0% A t e t r azon ium b o r o -  

~ :~+ NH3 ~L~N= N__NH2 ~N 

XLVIII XLVII 

~ N~--N=N-- H 
N #N 

XLIX 
f luoride,  which gave a t r i azep ine  on t r e a t m e n t  with NH 3 [23], has also been isola ted.  

After  isolat ion of the t r i azep ine  and invest igat ion of its p rope r t i e s ,  it became  poss ib le  to explain the 
complexi ty  of the diazot izat ion of 2 ,2 ' -d iaminodiphenyl .  On gentle heating in benzene,  the t r i azep ine  was 
conver ted  quanti tat ively to ylid XLIV, but in 5 N HC1 or  50% acet ic  acid it gave a quanti tat ive yield of c a r -  
bazole .  However ,  the t r i azep ine  can be obtained in m o r e  acidic med ia  (concentrated HC1 or  50%H2SO4) , in 
which it apparent ly  ex i s t s  as a s table dication (LI). The fo rmat ion  of all  of the products  of diazot izat ion 
of diaminodiphenyl can be explained by r e a r r a n g e m e n t  of t r i azep ine  XLVII to ylid XLIV o r  by reac t ion  of 
aminodiazonium sal t  L with the ylid to give aminoazide  XLVI and benzocinnoline,  and a lso  by o ther  r e -  
act ions indicated in the s cheme .  (See scheme  on following page.) The IR spec t rum of t r i azep ine  XLVII 
does not contain the c h a r a c t e r i s t i c  band of the diazonium g roup ,  although its chemica l  p rope r t i e s ,  as in-  
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X L W  ~ X L V  

~,~ ~ N H  2 

dicated below in the scheme, are primari ly propert ies of the diazo compound. It also couples with fl-naph- 
thol to give an azo dye. 

The triazepine ring was not disrupted during N-methylation of the lithium salt, but it cannot be pre-  
served when functional groups are introduced. Thus,for example, reaction with benzoyl chloride and ethyl 
chloroformate gave ring-opening products of the LII type. 

NHCO2R - -  XLVI I  ~ N - - N H  2 -t- 

L I I  LIII 

In particular,  we were unable to isolate N-amino compound LIII, although it is also formed during 
amination. The triazepine does not react with chloramine or  with O-(2,4-dinitrophenyl)hydroxylamine. 
Hydroxylamine--O-sulfonic acid gives aminoazide XLVI in high yield, while aminoazide R'-LVI (30%) and 
N-aminocarbazole LIII (40%) are formed on treatment of the lithium salt with O-(mesitylsulfonyl)hydro- 
xylamine. Both of these products can be formed from N-aminotriazepine XLIII during ring opening to give 
a diazonium-hydrazine ion pair, in which replacement of the nitrogen can lead to LIII, while intramole- 
cular nitrogen t ransfer  can lead to XLVI (in analogy with the intermolecular reaction between diazonium 
ions and hydrazines). 

The research on dibenzo[d~f]-l,2,3-triazepine (XLVII) also proved to be of value in another respect.  
As already pointed out, when this triazepine is heated in benzene it rearranges to give N-iminobenzocin- 
nolinium ylid XLIV. This ylid was also obtained directly by reaction of 2,2,-diaminodiphenyl with pentyl 
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nitr i te  in refluxing benzene and subsequent  aminat ion.  The mechan i sm of the X L V I I - X L I V t r a n s f o r m a t i o n  
was par t ia l ly  elucidated by means  of l~N. The ylid and its N-subs t i tu ted  der iva t ives  (LV, R =Me, i t ,  MeCO, 
PhCO, MeO2C , EtO2C , and ArSO2) const i tute examples  of the r a r e  47r - e l e c t r o n  1 ,3-dipolar  s y s t e m s  wi th th ree  n i -  
t rogen a toms (LIV). Huisgen [24] has p roposed tha t  they be cal led az imines  and has predic ted  1 ,3-d ipola r  
cycloaddition reac t ions  for  them (see a lso  
have as yet been unsuccessfu l  [26, 27]. 

~ N . ~  - - , , ~  

25]). At tempts  to demons t ra t e  this cycloaddit ion with az imines  

I 

LIV 

~'NR L-'V ~ ~''N\~R 

However ,  az imines  of the LVI type reac t  exo the rma l ly  with dimethyl  and diethyl a c e t y l e n e d i c a r b o x y -  
la tes  inbenzene  or  d imethy l fo rmamide  (DMF) at room t e m p e r a t u r e  to give quanti tat ive yields  of 1 : 1 ad~lucts. 
The green  colora t ion of these compounds p resupposes  that they are  not the or iginal  1 ,3-d ipolar  adducts 
(LVH) but r a t h e r  azomethine imines  (LVIII). This  s t ruc tu re  is comple te ly  conf i rmed by the spec t r a l  data, 
which are  s i m i l a r  for  the independently synthes ized [28] s i m p l e r  azomethine ylid (LIX). 

i ~  ~ %  co~c.~ ~ co~cH~ 
II _1 ,~,  U / ] . §  3 N CH302C--C.~C--CO2CH 3 ~ N  \ \  Y ~N~ Y 

H . . _ - -  - I I " ) - - c o o c . o ~  I II. !1. 
N" , L N . ~ , . /  - - ~ .N m 

f 'T  co~c~H5 L . ~ _ _  
LV._.~ LV l._JI LVIII 

The format ion  of LVIII is weighty proof  in favor  of the initial  1 ,3-d ipolar  cycloaddit ion of az imine  LIV 
with subsequent r ing opening of labile t r iazol ine  LVII to give the cons iderab ly  m o r e  s table  azomethine (LVIH). 
This  is a r a r e  example  of r e t r o - l , 5 - d i p o l a r  cycl izat ion.  

We have prev ious ly  obse rved  a s i m i l a r  chain of reac t ions  with benzocinnoline N-oxide (LX), although 
the react ion  occu r r ed  under  cons iderably  m o r e  seve re  conditions and gave p o o r e r  yie lds .  The products  

U.o- 
LX LXI 

of the reac t ion  of LXI are  also obtained as a resu l t  of 1 ,3-d ipolar  cyeloaddit ion with subsequent r e t r o - l , 5 -  
dipolar  cycl tzat lon.  We feel  that  this react ion  is the f i r s t  example  of the manifes ta t ion  of 1,3-dipole p r o -  
pe r t i e s  by an azoxy compound. 

The azomethine [mines (LVIII) ment ioned above may  act as 1,3(47r)-, 1,~(67r)-, o r  even 1,7(8~)-dipoles.  
In actual i ty ,  they reac t  with acetylenic  e s t e r s  to give s y m m e t r i c a l  1 : 2 adducts (LXII) [29]. Thus the r e -  
action p roceeds  p r i m a r i l y  in the di rect ion of (67r+ 27r)-cycloaddition, which is not fo rmal ly  allowed, and the 

CO2R 

~ C O 2 R  CO2•CO2 R 

LXII 

next p r o c e s s  is poss ibly:  
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The formation of adducts LXII is an example of the extremely rare 1,5-dipolar cycloaddition reac-  
tion. Their  structures were confirmed by their  spectroscopic propert ies.  The symmetry of adducts LXII 
follows from the identical character  of the products of the reaction of the starting azimine (LXI) initially 
with one mole of dimethyl acetylenedicarboxylate and then with diethyl aeetylenedicarboxylate and vice 
versa.  Their structures were also confirmed by means of x - ray  crystallography.* 

In contrast to the widely known and diverse 1,3-dlpolar cycloaddition reactions, reactions similar  
to the 1,5-dipolar cycloaddition reaction described above have received practically no study. The factthat 
these reactions may be extremely general in character  is confirmed by the properties of 2-substituted 
naphthotriazines of the LXIII type [30]. The slow addition of acetylenic es te rs  to LXIII in refiuxing o-di-  
chlorobenzene gave 2-methylacenaphthotriazines LXIV in 30-40%yields. 1 , i l -Dtpoiar  (12~r+ 27r) cycload- 
dttion apparently occurs initially and is followed by spontaneous dehydrogenation. 

CH 3 ~Hs CHs 
I+ I+ 

N~_.N'-.N - NIN'~.N N~'N"~ N - 

LXIII I..X IV 

N ~ "~N-- 

LXV LXVI 

In conformity with this, the reactions proceeded better and gave higher yields in the presence of sul- 
fur. Cyclic sulfodilmide LXV reacts similarly, although the dipolar C - S - C  system (LXVI) acts only as 
a 1,3-dipole [31, 32]. Cycloaddition processes of this sort open up wide synthetic possibilities with the 
participation of vinylogs of dipolar systems containing more than four ~ electrons.  
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