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Abstract This review describes the recent advances i n  the chemistry of 

heteroepins, espec ia l ly  the thermal ly and photochemically induced react ions 

o f  1H-arepine, 1H-1.2-diazepines and 1.3-oxazepine der iva t ives  as wel l  as 

the synthesis of these hetercyc l ic  compounds. 

In t roduct ion  

Conjugated seven-membered heterocyc l ic  compounds are general ly ca l l ed  heteroepins. A la rge 

number of heteroepins i s  so fa r  known, e.g., oxepin (2). azepine (3) ,  and th iep in  (4), etc., which 

cootain one heteroatom, and diazepine (5)  and oxazepine (6). etc . ,  which contain two heteroatoms. 

The heteroepins containing three heteroatoms are a lso  kpqwn. A l l  these compounds have 8"-electrons 

i n  t h e i r  r ings  and are i soe lec t ron ic  w i t h  the cycloheptatr ienyl ide anion (1). Recently, hetero- 

c y c l i c  POlYeneS have been roughly c l ass i f i ed  i n t o  two categories, i .e . ,  aromatic and ant i -aromat ic 

ccnnounds.Z) According t o  t h i s  device, heteroepins belong t o  a c lass of compounds containing 

4nn-electrons i n  the (4n-1)-membered r i n g .  On the other hand, furan (8). pyr ro le  ( 9 ) ,  thiophen 

(10). pyrarole (11). and oxazale (12), which are five-membered analogs corresponding t o  heteroepins 

(1) 2 (6 )  and isoe lec t ron ic  w i t h  the cyclopentadienide anion (7), belong t o  a c lass o f  compounds 

containing (4n+2)n-electrons i n  the (4n+l)-membered r i n g .  These five-membered heterocycles have 

been extensively studied as aromatic compounds for a long per iod  and have become the basis of 

the modern heterocyc l ic  chemistry and the organic prec is ion  industry.  On the contrary, the h i s to ry  

of the heteroepin chemistry i s  r e l a t i v e l y  new, and espec ia l ly  the studies on monocyclic heteroepins 

were s tar ted around 1960 .~ )  



Scheme 1 

The c h a r a c t e r i s t i c  po i n t s  of the  heteroepins are t h a t  the  lone-pa i r  e lec t rons  on the  hetero- 

atom are l o c a l i z e d  and the  double bonds of them are a l t e rna t i ng .  I f  the  molecules possess plane 

s t ruc tu res ,  they should show the  ant i -aromat ic character  due t o  En-electrons. However, t h i s  

character  has n o t  been c l e a r l y  observed i n  the heteroepins except 1H-azepine. These molecules have 

a boat s t r uc tu re  and behave l i k e  c y c l i c  polyenes such as cyc lohepta t r iene  and cyclooctatetraene.  

Therefore, var ious k inds of  in t ramolecu la r  c y c l i z a t i o n  and in te rmolecu la r  cyc loadd i t ion  reac t ions  

can be expected al though e l e c t r o p h i l i c  and nuc leoph i l i c  subs t i t u t i on  reac t ions  observed i n  aromatic 

compounds are no t  expected t o  occur eas i l y .  For these reasons, t h i s  paper describes mainly photo- 

chemical ly  and thermal ly  induced c y c l i z a t i o n  and cyc loadd i t ion  reac t ions  o f  the  heteroepins. 

I n  o rder  t o  understand the  heteroepin chemistry we l l ,  the  fo l low ing  po in t s  should be noted. 

One po in t  i s  t h a t  the r e a c t i v i t i e s  o f  the  heteroepins are compared w i t h  those of cycloheptatr iene 

o r  cyclooctatetraene as we l l  as the  corresponding five-membered heterocycles. Another p o i n t  i s  t o  

consider whether the v a r i e t y  of heteroatoms in f luences  the  r e a c t i v i t i e s  of the  heteroepins o r  not .  

The r e a c t i v i t y  o r  i n s t a b i l i t y  a r i s i n g  from the  func t iona l  groups such as v i n y l  ethers o r  enamines 

i n  the  heteroepin r i n g  should be noted espec ia l l y  under i o n i c  condi t ions.  I t  i s  o f  i n t e r e s t  

t o  note the  di f ference i n  the  chemical behavior between 1H-azepines (3a) and 2H- and 3H-azepines 

(14 and 15). It i s  a l so  i n t e r e s t i n g  t o  consider the differences i n  chemical b m a v i o r  between 

1.2-isomers (5, 18) and 1,3-isomers (6, 16) i n  diazepines and oxazepins. I n  the  heteroepins shown 

i n  schemes 1 and 2, there  are unknown compounds such as t h i e p i n  (4), 1.2-oxazepine (18) and 

1,4-oxazepine (19) .  



Scheme 2 

It i s  noteworthy, furthermore, t o  discuss the heteroepin chemistry from the standpoint of 

biochemical and pharmaceutical i n t e r e s t  i n  add i t ion  t o  organic chemistry. Benzene oxide (ZN), a 

valence isomer o f  oxepin (2), i s  an important intermediate i n  the conversion of aromatic compounds 

i n t o  phenols i n  vivo. I n  addi t ion,  (2N) i s  considered t o  make bonds w i th  DNA o r  RNA because o f  i t s  

h igh r e a c t i v i t y  and thus (2N) i s  of strong i n t e r e s t  i n  connection w i t h  c e l l t o x i n  and carcinogenic 

a ~ t i v i t y . ~ )  There i s  one theory t h a t  der iva t ives  of oxepin and homooxepin (20) take p a r t  i n  the 

biosynthesis o f  a f ~ a t o x i n . e t c . ~ )  A l a rge  number of benzene-condensed der iva t ives  o f  azepines and 

diazepines have b io log ica l  ac t i v i t i es .6a '  Diazepines (22) having a skeleton o f  1,3-dihydro-5- 

arylbezodiazepine-2-one are we l l  known as t ranqu i l l i zers . ' )  The va r i e t y  of the heteroepin 

s t ruc ture  seems t o  st imulate fu r ther  studies on apply ing them. 

(2N) (20) Y - N, CH 121- 
Z = 0, S, NU R = H, a l ky l ,  etc. 

(21) Y = halogen, NO2. e t c .  

Scheme 3 (22) 
In t h i s  review we wish t o  describe c h i e f l y  the heteroepins containing one or two heteroatoms 

i n  order t o  keep i t  t o  a reasonable s ize.  There are some reviews concerning them. 8 % l l )  

These reviews, however, have been published before 1970 and ,  therefore, the present review covers 

the works t ha t  have been reported since 1970. The reviews concerning oxepins and th iep ins  have 

been recent ly  reported by ~ u r a t a l ~ ) a n d  .Ierina,lzb)and so we have el iminated these heterocycles 

chemistry i n  t h i s  a r t i c l e  except f o r  comparisons w i t h  other heteroepins. We have a lso  l e f t  ou t  

b o r e ~ i n s l ~ ~ ' a n d  s i l e p i n ~ ~ * ~ ~ ~ ) w h i c h  contain boron and s i l i con ,  respect ively,  i n  the seven-membered 

r ing,  but instead showed only t h e i r  references here. 

I. Molecular s t ruc tures  and physical propert ies 
P 

We have pointed out  t h a t  the heteroepins behave l i k e  c y c l i c  polyenes. We wish t o  invest iga te  

here t h e i r  m l e c u l a r  s t ruc tures  and physical propert ies.  According t o  SCF-MO ca lcu la t ions  reported 



by Dewar, t h e  resonance energ ies,  bond leng ths ,  and n - e l e c t r o n  d e n s i t i e s  o f  heteroepins a r e  

ob ta ined  as shown i n  scheme 4.14) It i s  c l e a r  t h a t  a  s i n g l e  bond and a double bond a r e  a l t e r n a -  

t i v e l y  l o c a l i z e d  and t h e  bond l e n g t h s  a r e  i n  accord w i t h  those o f  po lyenes.  Resonance energ ies 

(ER) a re  smal l  b u t  nega t i ve  values i n  1H-azepine (3a)  and t h i e p i n  ( 4 )  a l though  oxepin ( 2 )  has a 

n e a r l y  zero value. Judging f rom these values, i t  can be expected t h a t  a l l  o f  them a re  nonaromatic 

compounds w i t h  h i g h  r e a c t i v i t i e s .  I t  can be p r e d i c t e d  f rom t h e  d e t a i l e d  i n v e s t i g a t i o n  o f  these 

values, however, t h a t  oxep in  ( 2 )  i s  s l i g h t l y  more s t a b l e  than 1H-azepine (3a)  and t h i e p i n  ( 4 ) .  

Scheme 4 Bond leng th ,  n - e l e c t r o n  dens i t y ,  and resonance energy o f  ( 1 )  and i t s  hetero-analogs.  

Resu l t s  o f  t h e  X-ray c r y s t a l l o g r a p h i c  analyses o f  1H-azepine d e r i v a t i v e  (3e ) , l bJ  1H-1.2- 

d iazep ine  d e r i v a t i v e  (5e) ,16)and oxarepine d e r i v a t i v e  (23 )17)a re  shown i n  Table 1. a l though  t h e r e  

i s  no r e p o r t  on oxepins.  Comparison o f  (3e)  and (5e)  w i t h  Dewar's c a l c u l a t i o n  seem t o  i n d i c a t e  

t h e  f o l l o w i n g  i m p o r t a n t  fac ts .  ( i )  A l l  these he te roep ins  have a boa t  fo rm and c l e a r l y  show bond- 

a l t e r n a t i o n .  ( i i )  I n  mono- and d i -azep ines  a l o n e - p a i r  o f  e l e c t r o n s  on t h e  n i t r o g e n  atom i s  

l o c a t e d  a t  t h e  endo p o s i t i o n  and t o  some e x t e n t  has sp2 charac te r .  As t h e  e l e c t r o n  w i thd raw ing  

Proper ty  of t h e  N-subs t i tuen t  becomes weak (e.g., when an a r y l s u l f o n y l  group changes t o  an a l koxy -  

carbonyl  group) ,  t h e  d e v i a t i o n  of t h e  r i n g  from a p lane becomes l a r g e r  and t h e  C4-C5 double bond 

becomes longer .  ( i i i )  I n  1H-1 ,2-d iarepines t h e  im ine  double bond i s  l o c a l i z e d  and t h e  buta-  

d iene framework i s  s l i g h t l y  s t a b i l i z e d  by t h e  resonance. 
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Table I X-ray Crystal lographic Analyses of Heteroepins Der ivat ives 

The measurement o f  the pmr spectra o f  the heteroepins i s  a useful  method t o  invest iga te  

the extent of t h e i r  aromat ic i ty.  The pmr spectra o f  a la rge number o f  heteroepin der iva t ives  

have been reported and the chemical s h i f t  of t yp i ca l  compounds i s  shown i n  Table 11, i nd i ca t i ng  

t h a t  the r i n g  protons are located i n  the region o f  o l e f i n i c  protons. S im i l a r l y  t o  t h a t  of the 

X-ray c rys ta l lograph ic  analyses t h i s  r e s u l t  ind ica tes  t ha t  the heteroepins belong t o  a c lass of 

c y c l i c  po lyo le f ins .  For a comparison, the pmr spectrum of benzene oxide (ZN) i s  a lso  exh ib i ted  

i n  Table 11, i nd i ca t i ng  t h a t  a-protons appear a t  f a i r l y  h igh f i e l ds .  The 13c nmr spectrum i s  

useful fo r  the invest iga t ion  o f  the equ i l ib r ium between oxepin ( 2 )  and benzene oxide (ZN). 

The a-carbon signal  o f  ( 2 )  appears a t  141.8 ppm, whereas tha t  o f  (ZN) appears a t  56.6ppm.18) 

Table I 1  Pmr Spectra of Several Heteroepin Der ivat ives.  

( 5 4  

6 1 . V  
27.6' 

1.447A 
1.255 
1.460 
1.326 
1.436 
1.333 
1.428 

Compounds 

01 

P 
N o r  O ( 1 ) - N o r  C ( 2 )  
C or N ( 2 ) - C  or N (3)  
C or N ( 3 ) - C ( 4 )  
C (4) -C (5)  
C ( 5 ) - C  (6) 
C ( 6 ) C  (7) 
C ( 7 ) - N  or O(1) 

Furthermore, the temperature dependence of the nmr spectra i s  ava i lab le  f o r  the thermodynamic 

studies of the equ i l ib r ium between the heteroepins and the norcaradiene structures, e.g., the 

equ i l ib r ium between oxepin and benzene oxide,lg)or the charac ter iza t ion  of degenerate isomerizat ion 

and invers ion observed i n  3.4-diaranorcaradienes (~5).~') It i s  a lso  useful f o r  the ca l cu la t i on  

(3e) 

51.8' 

28.1' 

i . 4 3 A  
1.38 
1.44 
1.34 
1.46 
1.37 
1.45 



of the  k i n e t i c  parameters of t h e  e q u i l i b r i u m  between two norcacadienes (25111, 25N2). 20) 

(25C,) (25C,) (25N,) 

Scheme 5 E=CO,R 

E l e c t r o n  spectroscopy ! ues as a method f o r  t h e  i n v e s t i g a t i o n  o f  the  e l e c t r o n i c  s t a t e s  i n  

heteroepins.  UV spec t ra  o f  the  t y p i c a l  examples a r e  shown i n  Table 111. The UV spectrum o f  ( 2 )  

i s  q u i t e  d i f f e r e n t  from t h a t  o f  ( z N ) . ' ~ )  I n  t h e  UV spec t ra  of azepines, a smal l  absorp t ion  band 

observeda t  , 300 nm disappears o n t h e  i n t r o d u c t i o n  of s u b s t i t u e n t s  a t  t h e  C2 and C, p o s i t i o n s  

as shown i n  (26) ,  o r  of an e l e c t r o n  w i thdraw ing  s u b s t i t u e n t  such as t h e  a r y l s u l f o n y l  group a t  t h e  

N1 p o s i t i o n  as shown i n  (30) .  Therefore, t h i s  absorp t ion  may a r i s e  from the  i n t e r a c t i o n  between 

the  N1 l o n e - p a i r  and n -e lec t rons .8e)  

Table 111 UV Spectra o f  Heteroepin Der i va t i ves .  
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2. Valence bond i s o m e r i z a t i o n  
" A v V w " " " . " p  

Valence bond i s o m e r i z a t i o n  and i t s  a t tendan t  reac t ions  such as r i n g  opening and rearrangement 

r e a c t i o n s  a r e  fo rma l l y  summarized i n  scheme 6 us ing  general formulas. Path [I] shows t h e r m a l l y  

a l lowed i s o m e r i r a t i o n s  between t h e  heteroepins and the  norcaradiene s t r u c t u r e s ,  and pa th  [21 

shows t h e  photochemical ly  a l lowed e q u i l i b r i u m  between the  he te roep ins  and t h e  b icyc lo[3.2.0]  
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heptadiene der iva t ives .  Both path [I] and [21 are often observed i n  the react ions of  the  hetero- 

epins. lsomerizat ions t o  quadricyclane structures,  path [31, and t o  valene type isomers, 

path 141, are also known. Path [3] i s  a :"?a + 12.3 + n2a) Process, where t he  C2-C4, C5-C6, and 

C3-C6 bonds are newly f o m d .  Path 151 would give cross-type isomers. As examples of  r i n g  con- 

t r ac t i on ,  are given paths [K] and [71 i n  which a f i ve-  and a three-membered r i n g  are formed, 

respect ive ly .  These r i n g  contract ions can be explained e i t h e r  by a 1,3- o r  by a 1.5- s h i f t  o f  

the  C - X  bond. I n  addi t ion,  path [a] i nvo l v i ng  the formation o f  a six-membered r i n g  by a 1,2- 

carbon s h i f t  can be fo rmal ly  considered. I n  t h i s  case, a carbene mchanism should be taken i n t o  

account i n  order t o  match t he  balance o f  the  electrons involved i n  t h i s  react ion.  Rearrangements 

of  the  norcaradiene system are  found i n  a 1,5-carbon s h i f t  ca l l ed  a walk ing process path [91 and 

a 1,3-carbon s h i f t  g i v i ng  the  norbornadiene system path [ lo] .  Ring opening react ions i n  the  

norcaradiene lead t o  the  aromat i r ing  processes shown i n  paths 1111 and 1121, the l a t t e r  imply ing 

e l im ina t i on  of  a funct ional  group X. Path [ I 3 1  from the  norbornadiene system and path 1151 from 

the bicyclol3.2.0lheptadiene system can be postulated as r i n g  cleavage reac t ion  t o  give cyclo-  

X =O,S,NR,etc. 

Scheme 6 Possible valence isomerizat ions and re l a ted  react ions o f  heteroepin der iva t ives  



pentadiene and acetylene der iva t ives .  Path [ I 61  showing the equ i l ib r ium between the quadricyclane 

system and the norbornadiene system i s  we l l  known as a photochemical react ion.  Besides path [161, 

path [17] g i v i nq  cyclopentadiene der iva t ives  and [ I 81  affording fulvenes can be forma1:y considered, 

the former invo lv ing  the rupture of the three o-bonds o f  the quadricyclane structures and the 

l a t t e r  i nvo l v i ng  the rupture of the two o-bonds of the cross type isomer obtained by path [5]. 

I n  the case o f  X=NH, furthermore, the isomerizations caused by a 1,3-, a 1,5-, and a 1,7-hydrogen 

s h i f t ,  path [ZO], would be possible.  

One may have a doubt whether these paths shown i n  scheme 6 ac tua l l y  e x i s t  because f a i r l y  

bold suggestions are involved. However, most o f  the paths have been found more o r  less i n  the 

published reports.  These paths seem t o  have a pa t i cu la r  s igni f icance when viewed from the 

revers ib le  react ions because they may be useful  f o r  the  synthet ic  design of heteroepins and 

hetero-norcaradiene der ivat ives.  We would l i k e  t o  explain concrete examples hereinafter.  

2.1 Syntheses o f  heteroepinr using valence bond i samr i za t i ons  

I n  ea r l y  days of the heteroepin .chemistry ( p r i o r  t o  ca. 1965), syntheses of benzazepine and 

benzodiazepine der iva t ives  were attempted from the viewpoint o f  pharmaceutical i n t e r e s t .  

Relat ing t o  these topics, in teres ted readers should r e f e r  t o  the reviews w r i t t e n  by ~ o ~ ~ , ~ ~ )  

~ a k a s e , ~ ~ ) ~ t e r n b a c h , ~ ) ~ o s o w s k ~ , ~ ~ ) ~ l o y d ? ~ )  and ~aspararek!~'  Since 1960, new synthet ic  methods 

using valence bond isornerization invo lv ing  cyc l i za t i on  o r  cycloaddi t ion reaction4 have appeared. 

Vogel's oxepin synthesisSb)and Hafner's azepine synthesissa)are given as these examples. 

I n  1966 ~ a n e k o ' O ~ ' ~ ) a n d  ~ u c h a r d t ' ~ ~ ) s y n t h e s i z e d  po lysubst i tu ted 1,3-oxazepines by the photoreac- 

t i o n  of aromatic N-oxides. Prinzbach reported the synthesis o f  oxepin2')and azepinezZ)using the 

thermal r i n g  opening react ions of the quadricyclane system. Since 1968, i n te res t i ng  synthet ic  

methods o f  1.2-diazepines using the photoreactions o f  pyridinium-N-ylides have been successively ' 

rgported by ~ t r e i t h , ' ~ )  ~asak i , ' ~ )and  ~ n i e c k u s , ~ ~ ~ ) e t  a l . .  The synthesis of a diazanorcaradiene 

system reported by Maier i n  1965 '~~)and tha t  o f  5H-1,2-diazepines reported by Sauer using add i t ion  

react ion of tetrazines are a lso  noteworthy.26) The l a t t e r  i s  p a r t i c u l a r l y  i n te res t i ng  because 

t h i s  method i s  ava i lab le  f o r  the syntheses of several der iva t ives  o f  azepines, diazepines, and 

tr iazepines. Mukai's method t o  prepare 1.3-oxarepines using the photochemical r i n g  opening of the 

bicyclo[3.2.0]heptadiene system i s  worth-while because i t  i s  the only method f o r  the synthesis 

of mono-substituted 1 , 3 - 0 x a z e ~ i n e s . ~ ~ )  Although a la rge number o f  heteroepins have been synthe- 

sized besides those descrived above, the explanation of these examples w i l l  be l e f t  out and only 

the synthet ic paths along w i t h  the references are represented by chemical formulas i n  order t o  

keep t h i s  review t o  a reasonable s ize.  The c lass i f i ca t i on  i s  done according t o  the ways o f  

Scheme 6. 
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2.1.1 Synthet ic  Paths v i a  The i lorcaradiene System. (Path [I] i n  Scheme 6 )  

( A )  v i a  Benzene Oxides 

Scheme 7 

(8 )  v i a  Benzene lmines and T h e i r  Analogs 

Scheme 8 



( C )  Photoreactions o f  Aromatic Amine N-Oxides 

Scheme 9 

<D) Photoreactions o f  Aromatic Arnine N-yl ides 

X 9e .  50 )  

I 
Y  

Y = C N , C O R  or CO,R 
non 
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R A r i n g  : benzene, p y r i d i n e ,  thiophene, furan 

R and RZ = e l e c t r o n  donating group (Me, OMe, NEtz,etc. )  

R = Me o r  COOR 

Scheme 1 0  

( E )  v i a  Azanorcaradienes Resu l t ing  from Cycloaddit ion Reactions 

Scheme 11 



2.1.2 Synthetic Methods v i a  The Bicyclo[3.2.0]heptadiene System (path [ i] in Scheme 6) 

Scheme 12 

2.1.3 Synthetic Methods via The quadricyclane System (path 131 in Scheme 6) 

Scheme 13 
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2.1.4 Other Synthet ic  Methods 

( A )  v i a  The Valene System 

Scheme 14 

( B )  v i a  Path [ 71  i n  Scheme 6 

76 ) 
CL base 

Scheme 15 



(C) v i a  Paths [8] and [20] i n  Scheme 6 

Scheme 16 

2.2 Problems w i t h  the norcaradiene system 

2.3.1 S t a b i l i t y  o f  the norcaradiene system 

There are several problems w i t h  the  valence bond isomer i ra t ion  between the cyc lohepta t r iene  

system (C-form) and the norcaradiene system (N-form), whether o r  no t  a heteroatom i s  contained i n  

the r i ng .  There are some reviews dea l ing  w i t h  t h i s  problem. ~ a i e r ' ~ ) a n d  ~ o d a ~ ~ ) d i s c u s s e d  mainly 

the  corresponding carbon compounds. 'logelabland ~ a ~ u e t t e ~ ~ ~ d e a l t  w i t h  the  heteroepins. 

Two fac to rs  governing these isomerizat ions can be supposed, i.e.. subs t i tuen t  ef fect  and 

s t r u c t u r a l  ef fect .  Typical  examples are as fo l lows.  Oxepin (27C) i s  more s t ab le  than benzene 

oxide (27N) because o f  the s t e r i c  e f f e c t  o f  the  methyl groups. On the  contrary,  (2811) i s  more 

s tab le  than (28C) because o f  the  conjugat ion o f  the phenyl groups and the  e l ec t r on i c  e f f e c t  o f  the  

methoxycarbonyl groups. The t i gh ten inp  e f f e c t  due t o  the methylene chain observed i n  (29) and 

(31). and l oss  o f  naphthalene resonance i n  (31) are important  f ac to r s  i n  each case. Benzene ox ide  

(32N) i s  more s tab le  than (32C) due t o  the  i n s t a b i l i t y  o f  the  cyclobutadiene m i e t y  i n  (32C). 



Scheme 17 

I n  Scheme 17, we would l i k e  t o  compare the  equ i l i b r i um  between valence isomers i o  oxepins, 

azepines and cycloheptatr ienes w i t h  each other.  Compounds (29). (33).  and (34) a l l  e x i s t  i n  the 

N-form due t o  the  strong t igh tness  by th ree  methylenes. When the number o f  the  methylene chain 

i s  four, the  t igh tness  becomes weaker and thus, i n  (35) and (36) the C-form i s  dominant. 

On the  o ther  hand, oxepin (37) possessing f o u r  methylenes s t i l l  has the  N-form as a s t ab le  form. 

When the methylene chain becomes f ive,  the equ i l i b r i um  between the N- and C-forms takes place, 

as observed i n  oxepin (30). N-Tosyl-IH-azepine (38) has the  N-form and the  C-form i n  a r a t i o  of 

3:97, wh i l e  the corresponding oxepin (28) e x i s t s  exc l us i ve l y  i n  the   form.*^) Despi te the  B- 

phenyl and y-methoxycarbonyl subs t i tuen ts  which are recognized t o  s t a b i l i z e  the  N-fwm, the 



hep ta t r i enes  possessing a cyano group a t  t h e  C7-pos i t i on  o r  t h r e e  phenyl groups a t  t h e  C2, C5, and 

C,-position t a k e  t h e  N-form as s t a b l e  s t r u c t u r e .  These exper imenta l  f a c t s  i n d i c a t e  t h a t  i n  t h e  

e q u i l i b r i u m  between t h e  C-form and t h e  N-form, t h e  tendency t o  occupy t h e  N-form increases i n  t h e  

o r d e r  of oxepins > c y c l o h e p t a t r i e n e s  . 1H-azepines. 4,5-Dimethoxycarbonylazepine (40)  possessing a 

carbonyl  s u b s t i t u e n t  on t h e  n i t rogen-atom r e a c t s  a t  t h e  C4-C5 bond w i t h  diazomethane t o  g i v e  an 

adduct (41)  (Scheme 18). I n  c o n t r a s t ,  azepine (40)  possessing a t o s y l  group r e a c t s  from t h e  

N-form t o  g i v e  a 2 : l  adduct (42)  as a major  product .  The f o r m a t i o n  o f  (42)  g i v e s  an i n d i r e c t  

p r o o f  o f  t h e  presence o f  (40N) a l though  (40N) cou ld  n o t  be s p e c t r o s c o p i c a l l y  observed. 
84, 85) 

T h i s  r e s u l t  i n d i c a t e s  t h a t  a  t o s y l  group s t a b i l i z e r  t h e  N-system more than  a carbonyl  group, which 

i s  i n  accord w i t h  Hoffrnann's t h e o r e t i c a l  suggestionR6) " t h e  i n t r o d u c t i o n  of e l e c t r o n  w i thd raw ing  

groups i n t o  t h e  C,-position s t a b i l i z e s  t h e  N-system." 

Scheme 18 

Next we w ish  t o  d i scuss  t h e  e q u i l i b r i u m  between t h e  C-form and N-form o f  o x e ~ i n  (2C1, 

1H-azepin (3C). and c y c l o h e p t a t r i e n e  (43C) on t h e  bas is  o f  t h e  Extended ~ k k e l  MO c a l c u l a t i o n  

r e p o r t e d  by s toh re rR7)  as shown i n  Scheme 19. In t h i s  Scheme t h e  arrows show t h e  s t a b i l i z i n g  

d i r e c t i o n  and t h e  va lues over  t h e  arrows i n d i c a t e  t h e  enerqy d i f f e r e n c e .  

(44N)  (45C) 

Scheme 19 
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At ten t i on  should be given t o  the important  r o l e  of  the  lone-pa i r  o f  e lec t rons  on the n i t r o -  

gen-atom i n  azepine (3C). lihen the  e lec t rons  are loca ted  a t  the exo pos i t i on ,  the  N-form i s  more 

stable,  whereas i n  the  case of  the  endo pos i t ion ,  the  C-form becomes mare stable.  This idea seems 

t o  be co r rec t  because there  i s  an experimental f a c t  t h a t  i n  the  deuterium exchange o f  the  C,-po- 

s i t i o n  of  (43C). the  ex0 pro ton  i s  dominantly exchanged.") As shown i n  Scheme 19, t h i s  calcu- 

l a t i o n  revea ls  t h a t  the  s t a b i l i t y  of the  norcaradiene form increases i n  the o rder  o f  oxepin , 
cyc lohepta t r iene  > 1H-azepine, support ing the experimental r e s u l t s  descr ibed before. This calcu- 

l a t i o n  a l so  ind ica tes  t h a t  i n  the  protonated s ta te  the  oxepins and azepines take the  ti-form (44N) 

and (45N), respec t ive ly ,  as the  s t ab le  s t ruc tu re .  However, i t  i s  d i f f i c u l t  t o  prove exper imental ly  

the  correctness of  t h i s  ca l cu l a t i on  because both oxepins and azepines are unstable t o  acid.  I n  

t h i s  connection, there  i s  an i n t e r e s t i n g  r epo r t  (see Scheme 20). I n  ap ro t i c  solvents, N-methyl- 

azepine d e r i v a t i v e  (46) i s  reduced t o  g i ve  the  seven-membered arnine (47), wh i l e  i n  p r o t i c  solvents, 

a benzene d e r i v a t i v e  (48) i s  obtained.a9) This f ac t  can be r a t i o n a l i z e d  by consider ing t h a t  the 

p ro tonat ion  make the equ i l i b r i um  t o  (46H) which becomes an intermediate o f  the  reac t ion .  

On the  o ther  hand, t h i ep i ns  s t r ong l y  tend t o  l ose  s u l f u r  t o  g ive the corresponding benrtue 

de r i va t i ves  v i a  thianorcaradienes.12) Therefore, unsubs t i tu ted  t h i e p i n  (4) has never been ob- 

ta ined and even a d e r i v a t i v e  (49). the  f i r s t  i d e n t i f i e d  monocyclfc th iep ine ,  was no t  i s o l a t e d  due 

t o  the  ready s u l f u r  e l i m i n a t i ~ n . ~ ~ )  I n  con t ras t  t o  t h i ep i ns ,  t h i e p i n  sulfone (50) i s  i s o l a t e d  as 

s tab le  c r y s t a l s  and i s  shown t o  e x i s t  as a t r i e n e  form (50C) f rom i t s  UV and NMR spectrum. 91) 

The de ta i l ed  X-ray ana lys is  ind ica tes ,  however, t h a t  a l though (50) takes the  boat  form as expected, 

there  i s  a small con t r i bu t i on  f rom a de loca l i zed  s t r uc tu re  (500). 92) 



The fo l low ing  reason f o r  t h e  h igh  s t a b i l i t y  of t h e  sul fone can be g iven  besides t h e  c o n t r i b u t i o n  

of (500). The e q u i l i b r i u m  between t h e  t r i e n e  form (50C) and t h e  norcaradiene form (50N) l i e s  

t o  (50C). Furthermore, t h e  s u l f u r  d i o x i d e  e l i m i n a t i o n  r e q u i r e s  more a c t i v a t i o n  energy than the  

s u l f u r  e l i m i n a t i o n .  

1,3-Oxazepine (24)  and 1H-1.2-diazepine (5)  e x i s t  as the  t r i e n e  form and the  ex is tence  of 

the  norcaradiene form has never been i d e n t i f i e d  even by spectroscopic methods. However, t h e  f a c t  

t h a t  2-phenyl- 3-hydroxypyridinegl)and 2-alkoxyaminopyridinegC)are r e a d i l y  ob ta ined  by the rmo lys is  

o r  the  r e a c t i o n  w i t h  a c i d  proves i n d i r e c t l y  the  presence o f  (24N) and (5N) (see Scheme 21) .  

Scheme 21 

Next we would l i k e  t o  e x p l a i n  the  problems concerning 3,4-d iamnorcaradienes and t h e i r  

valence isomers i n  Scheme 22. The syntheses o f  these compounds a r e  r e l a t i v e l y  easy. 

For example, 4H-1.2-diazepines (52C) have been ob ta ined  by t h e  r e a c t i o n  o f  p y r y l i u m  s a l t s  (51) 

w i t h  hydrazine . Diazo-compounds such as (53)  and (54)  have been ob ta ined  by the  method 

descr ibed  i n  s e c t i o n  2.2. There i s  a l a r g e  number of r e p o r t s  concerning the  valence i somer iza t ions  

o f  these compounds. It should be noted here t h a t  the  d i r e c t i o n  o f  t h e  e q u i l i b r i u m  i n  the  

d iazepine ( 5 ~ ) ' ~ ) i s  q u i t e  d i f f e r e n t  f rom t h a t  i n  (53) .  'Ob) The former has t h e  t r i e n e  form as 

the  s t a b l e  one, w h i l e  t h e  l a t t e r  takes t h e  norcaradiene form. Th is  can be c l e a r l y  exp la ined  by 

cons ider ing  t h a t  t h e  C-N bond energy (145 kcal /mol)  i s  l a r g e r  than the  N=N bond energy (92 kca l /  

mol) and t h i s  d i f f e r e n c e  overcomes t h e  energy disadvantage (ca. 15 kcal /mol)  a t t r i b u t e d  t o  the  

energy d i f f e r e n c e  between the  C-form and the  N-form. The uns tab le  t r i e n e  form i s  regarded as an - 
intermed ia te  i n  the  endo-ex0 i s o m e r i z a t i o n  occur ing  a t  170-18D°C (53N-endo - 53N-exo). 20b) 
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Scheme 22 

T h i s  k i n d  o f  t h e n a l  i s o m e r i r a t i o n  has been a l s o  s t u d i e d  i n  5H-1.2-diazepine d e r i v a t i v e s  

(54)  i n  which t h e  a c t i v a t i o n  parameters f o r  t h e  thermal  e q u i l i b r i u m  (N1 t N2, topomer i za t ion )  

were ob ta ined  (Ea-15.3 f 0.1 Kcal/mol, asZ--0.16 f 0.34 e ~ ) . ~ ~ )  It was c l a r i f i e d ,  fur thermore,  

t h a t  t h e  r i n g  i n v e r s i o n  (C1 f C2) between t h e  t r i e n e  forms (54C) i s  i n v o l v e d  i n  t h i s  topomeriza. 

t i o n  and t h e  r a t e  determing s t e p  i s  t h i s  r i n g  i n v e r s i o n  i n s t e a d  of t h e  va lence i s o m e r i z a t i o n .  

2.2.2 Walking r e a c t i o n s  

Wi th  r e g a r d  t o  t h e  r e a c t i o n s  of t h e  norcaradienes,  a wa lk ing  process i s  o f  p a r t i c u l a r  

i n t e r e s t .  T h i s  r e a c t i o n  has a l r e a d y  been in t roduced  i n  pa th  [9 ]  shown i n  Scheme 6 and i n  

s e c t i o n  2.2.1.29,30340941,42s55) The wa lk ing  r e a c t i o n  o f  a cyc lopropane r i n g  on t h e  carbon 

s k e l e t o n  i s  w e l l  known as t h e  B e r s o n - W i l l c o t t  rearrangement.93' I n  a d d i t i o n ,  t h e  wa lk ing  r e a c t i o n  

o f  an ox i rane lO)and  an a z i r i d i n e  r i n g S 5 ) i s  a l s o  known. As shown i n  Schene 23, hetero[Z.ZImeta- 

cyclophane-1,9-diene (55)  upon h e a t i n g  a f f o r d s  pyrene d e r i v a t i v e s  (56).94) Azepine (36)  rear- 

ranges t o  an isomer (57)  by the rmo lys is  a t  1 8 0 ~ ~ . ~ ' )  These r e a c t i o n s  can be exp la ined  by t h e  

wa lk ing  o f  a h e t e r o  three-membered r i n g  i n  t h e  norcaradiene form (55N) or  (36N) p o s t u l a t e d  as 

in te rmed ia tes .  T h i s  k i n d  o f  wa lk ing  r e a c t i o n s  i s  bo th  t h e r m a l l y  and pho tochemica l l y  a l l owed  from 

t h e  s tandpo in t  o f  the o r b i t a l  symnetry  r u l @ .  Cyclohexadienyl  o r b i t a l s  m3 and m4 shown i n  ( 55 )  

shou ld  be considered as t h e  f r o n t i e r  o r b i t a l s  t o  e x p l a i n  these r e a c t i o n s .  I n  m3 t h e  s tereochemis-  

t r y  o f  t h e  r e a r r a n g i n g  atom i s  r e t e n t i o n  ( V i b o t  mechanism), whereas i n  i t  i s  i n v e r s i o n  

( S l i t e r  mechanism). Z imerman e t  a l .  have found, i n  f a c t ,  t h a t  t h e  i s o m e r i r a t i o n  of (59) t o  (60) 

occurs  n o t  o n l y  as a t h e n a l  r e a c t i ~ n ~ ~ ' ~ ~ ' b u t  a l s o  as a photochemical one.") Matsuura e t .  a l .  

have found a photochemical N-wa lk ing ' reac ton  o f  (61)  t o  (62N) g i v i n g  t r i a z e p i n e  ( 6 ~ ) . ' ~ )  



Scheme 23 

One of ou r  i n t e r e s t s  i n  connec t ion  w i t h  these w a l k i n g  processes i s  t h e  d i f f e r e n c e  between 

oxarepines and d iazep ines  (see Scheme 24). As desc r ibed  i n  s e c t i o n  2.2.1, i t  i s  w e l l  known t h a t  

p y r i d i n e  N-oxide (63)  af fords a good y i e l d  of 1.3-oxazepine (65 ) .  upon i r r a d i a t i o n ,  i n  which t h e  

wa lk ing  process of oxanorcaradiene (64N) t o  (65N) i s  i n v o l v e d .  Tile l ,2-oxazepines i n  genera l  

appear t o  be in te rmed ia tes  and t h e r e  i s  o n l y  one example f o r  t h e  1.2-oxazepines i s o l a t e d ,  which 

i s  d~benzo-[c,f]-1.2-oxarepine (66 )  repor ted  by K a n e k ~ . " ~ )  The w a l k ~ n g  r e a c t i o n  of t h e  c o i r e s -  

ponding norcaradlene (66N) t o  t h e  isomers (67N) and (68N) i s  found i n  t h e  Pho to reac t ion  o f  

acr id ine-10-ox ide.  '"' I n  t h i s  connect ion,  i t  i s  i n t e r e s t i n g  t o  i n v e s t i g a t e  k h e t h e r  1 ,&ox- 

azenine (701 rearranqes t o  1.3-oxazepine (65)  a l though  no monomeric 1,4-oxazepine i s  known. 

Con t ra ry  t o  1,2-oxazeoines, 1H-1,Z-diarepines ( 5 )  a r e  r e a d i l y  ob ta ined  by t h e  pho to reac t ion  of 

1 - i r n i n o p y r i d ~ n i u m  y l i d e s  (69)  as desc r ibed  i n  s e c t i o n  2.2.1.gc) A l though t h e  i n t e r v e n t i o n  of 

azanorcaradienes (5N) i s  presumed, t h e  wa lk ing  r e a c t i o n  t o  1H-1,3-diazepine (16N) i s  i n  genera l  

d i f f i c u l t .  Recently, Moore e t  a l .  have found a novel  r e a c t i o n ,  i n  which 1,Z-diazepines (71)  

rearranges t o  1 , 3 - d i a z q i n e s  (72 ) .  lo'b) T h i s  r e a c t i o n  was considered t o  r e q u i r e  t h e  wa lk ing  of 

n i t r o g e n  on d iazanorcaradiene.  However, then i t  seems t o  proceed v i a  a s t a b l e  i o n i c  i n t e r m e d i a t e  

(73)  r a t h e r  than by a concer ted mechanism because d iazepines c o n t a i n i n g  no a c e t y l  group do n o t  
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Scheme 24-1 

undergo t h i s  r e a c t i o n .  More r e c e n t l y ,  Tsuchiya e t  a l .  have found t h a t  t h e n o l y s i s  of t h e  It l -1,2- 

d iazep ines  (74)  hav ing  an e l e c t r o n - d o n a t i n g  s u b s t i t u e n t  i n  t h e  4- or  6 - p o s i t i o n  a f f o r d s  t h e .  

corresponding 1.3-diazepine d e r i v a t i v e s  (75)  by t h e  wa lk ing  process o f  an a z i r i d i n e  r i n g  v i a  (74N) 

and ( ~ s N ) . ~ ~ ~ )  I r r a d i a t i o n  of i s o q u i n o l i n i u m  y l i d e  (76 )  q i v e s  1.3-benzodiazepines (77 )  i n  which 

in te rmed ia tes  (78) and (77N) a r e  a l s o  suggested. 55c) When t h i e n o p y r i l i u m  y l i d e s  1791 a r e  i r r a d i -  
55d) 

a ted ,  t h e  correspondinq 1.2- (80) and 1.3-diazepine d e r i v a t i v e s  (81 )  a r e  obtained(Scheme 24-11). 



S i m i l a r l y ,  p h o t o l y s i s  of p y r i d i n i u m  y l i d e s ,  (82 )  o r  (831, condensed w i t h  thiophene, furan,  and 

p y r r o l e  a f f o r d s  t h e  corresponding 1,3-d iazepine d e r i v a t i v e s  such as (84)  and (85)  v i a  t h e  w a l k i n g  

process. 55b) I n  t h e  r e a c t i o n  paths such as [ l o ] ,  1111, and 1121 i n  Scheme 6, which a l l  i n v o l v e  

t h e  norcaradienes,  t h e  f ragmenta t ion  and rearrangement r e a c t i o n s  should n o t  be over looked.  It i s  

noteworthy t h a t  arornat izat ions exemp l i f i ed  by paths [ll] and [12] a r e  o f t e n  observed, whereas 

r e a c t i o n s  v i a  pa th  [ll] a r e  r a r e l y  found. 
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2.3 Valence bond isomer iza t ion  w i t h  the  bicyclo[3.2.0]heptadiene sjstern 

The o r b i t a l  symnetry r u l e  p red i c t s  t h a t  the cyc lohepta t r iene  s t r uc tu re  i s  thermal ly  conver t i -  

b l e  t o  the  norcaradiene s t r uc tu re  and photochemically t o  the  bicyclo[3.2.0]heptadiene s t ruc tu re .  

I n  fact ,  a l a rge  number o i  heteroepins undergo (2 t2 )  ~ ~ ~ l i Z a t i 0 n  r eac t i on  upon i r r a d i a t i o n  t o  g i ve  

the  b i c y c l i c  compounds. Concerning these reac t ions ,  a t t e n t i o n  should be paid t o  the  f o l l ow ing  

po in ts .  ( i )  When there  are two p o s s i b i l i t i e s  f o r  the  d i r e c t i o n  o f  r i n g  c losure,  p e r i - s e l e c t i v i t y  

o f t en  appears. ( i ~ )  The r i n g  opening reac t ions  r e v e r t i n g  t o  the  heteroepins are thermal ly  f o r -  

bidden, but  they take place a t  r e l a t i v e l y  lower temperatures compared w i t h  the corresponding 

hydrocarbons. This may be a t t r i b u t e d  t o  the  lone-pa i r  o f  e lec t rons  on a heteroatom. 

( i i i )  When the r i n g  c losure  products a re  photochemically o r  thermal ly  unstable, they s u f f e r  

secondary reac t ion .  For example, path [ I 5 1  i n  Scheme 6 described i n  sec t ion  2.1 i s  one o f  the 

usua l l y  encountered reac t ions .  In add i t ion ,  new reac t ions  such as an aza-di-n-methane rearrange- 

ment have recen t l y  been reported.  Keeping these po in t s  i n  mind, we wish t o  discuss the  (2+2) 

type reac t ions  according t o  the  s t r uc tu re  of the  substrates i n  Schemes 25, 26 and 27. 

2.3.1 Examples i n  oxepins and azepines 

I t  has been found t h a t  the  photoreact ions of oxepin de r i va t i ves  (2)1°')and ( ~ 6 ) ~ ~ ~ ) a f f o r d i n g  

(E7) and (85) are dependent on the  wavelength and the y i e l d s  a re  h igher using the l i g h t  w i t h  

wavelength above 310 nm. A s i m i l a r  type of r eac t i on  has been observed i n  the  photoreact ion o f  

1-benzothiepins (89). 1039104)where the  r eac t i on  g i v i n g  (90) i s  much slower than t h a t  of the  

corresponding 1-benzoxepins. Th is  may be expla ined by the  lower n-bond order  of  the 

butadiene skeleton of  1-benzothiepin. I r r a d i a t i o n  of 2 - m e t h y l - 1 ~ - ~ ~ ~ ~ i ~ ~  (91 ) s e l e c t i v e l y  gives 

a r i n g  c losure  product  (92) because o f  the s t e r i c  i n t e r a c t i o n  between the methyl group and the  

N-subst i tuent .  I n  con t ras t ,  i n  the case o f  3-methyl (93) and 4-methyl d e r i v a t i v e  (94). two 

products (95) and (96) are obtained i n  a r a t i o  o f  1 : ] . Io4)  Benzazepine de r i va t i ves  (97) 

undergo the  s i m i l a r  photochemical c y c l i z a t i o n  t o  (93) which r e v e r t  t o  (97) on heating. 7) 

I r r a d i a t i o n  of 3H-arepine d e r i v a t i v e  (99) a f f o rds  on ly  one isomer (100) w i thout  the  formation of 

another isomer ( 1 0 1 ) . ~ ~ ~ )  Th is  i s  i n  sharp cont ras t  t o  the  photo- r ing  c losure  o f  l -ethoxycyclo-  

hepta t r iene  (102). i n  which the  r i n o  c l o s u r e  occurs a t  the C1 and C4-posit ions. This reason may 

be a t t r i b u t e d  t o  the  iner tness  o f  the  amidine group (N=C-NMe2) o r  the im ida te  group (N=C-OR). 

When the r eac t i on  s i t e  i s  l im i t ed ,  however, the C=N bond takes p a r t  i n  the  photoreact ion.  

For instance, d i  hydro-compound (103) gives a b i c y c l  i c  compound (104) which i m d i a t e l y  undergoes 

secondary react ions t o  g ive  (105) and (106). 107) 



Scheme 25 

2.3.2 Examples i n  d iazepines 

P h o t o c y c l i z a t i o n  r e a c t i o n s  of 1H-, 3H- and 411-1,2-diazepine d e r i v a t i v e s  a r e  descr ibed here. 

The photochemical r i n g  c losure  o f  1H-1,Z-diazepine (107) shows t h e  r e g i o s e l e c t i v i t y  and g ives o n l y  

a product  (108) w i t h o u t  the  format ion of (109) i n v o l v i n g  the  p a r t i c i p a t i o n  o f  the  C=N bond.55y108) 

However, when the  r e a c t i o n  s i t e s  a r e  l i m i t e d  as i n  the  case o f  dihydro-compounds such as (110) and 
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(11.1), the C'N bond takes pa r t  i n  the photoreaction t o  give (112) and (113), respect ively.  109) 

It i s  of i n t e r e s t  t o  note t ha t  the N-substituent e f f e c t  o f  the ketone (110) appears opposite t o  

tha t  o f  the alcohol (111) i n  the photoreaction. Namely, i n  (110) the e lec t ron donating groups 

accelerate the r i n g  closure, whereas i n  (111) the electron withdrawing groups do so. This fac t  

wy be explained by considering a polar exc i ted  s ta te  such as (114) i n  the former and the n-n* 

exc i t a t i on  of the C=M bond i n  the l a t t e r .  I r r a d i a t i o n  o f  N-methyl-3,5,7-triphenyl-l,2-diazepine 

(115) a f fo rds  tl-methylpyrazole (116) i n  82% y i e l d  which i s  formed by e l iminat ion  o f  phenylacetylene 

from the i n i t i a l l y  formed r i n g  c losure product ( 1 1 7 ) . ~ ~ ~ )  I n  the photochemical react ions o f  

3H- ( 1 1 8 ) ~ ~ ' , ~ ~ ~ ) a n d  4H-1.2-diazepine ( 1 1 9 ) , ~ ' ~ ) t h e  r i n g  closure t o  azo compounds (120) and (121) 

does not occur and instead, the c losure t o  (122) and (123). thermdynamical ly s tab le  compounds, 

occurs. Benzo-1,P-diazepines (124) give the s im i l a r  products (125) upon i r rad ia t ion . '13)  On the 

other hand, upon i r r a d i a t i o n  o f  5H-2,3-benzodiazepine (126). the double bonds o f  the benzene r i n g  

remains unchanged and instead, an azo bond i s  formed. However, intermediate (127) i s  too unstable 

t o  be i so la ted  and eas i l y  e l  i r ~ i na tes  ni t rogen to  g ive  an indene de r i va t i ve  (128) .77) 1,3-Di- 

azepines (129) undergo the photochemical (2 t2)  cycloaddi t ion wi thout the p a r t i c i p a t i o n  o f  the C=N 

bond t o  give b i c y c l i c  compounds (130) which reve r t  t o  (129) upon heating.55a) I n  contrast ,  i r r a d i -  

a t i on  o f  benzo-l,3-diazepines (131) resu l ted  i n  the r i n g  c losure inc lud ing the C-N bond t o  produce 

intermediate (133), which then converted i n t o  indene (132) w i t h  the e l iminat ion  of ~ ~ 1 1 . ~ ~ ~ ' ~ )  

Recently, i t  has been found tha t  1,2-diazabicyclo~3.2.01heptadiene (134) undergoes a photorear- 

rangement w i t h  a remarkable ske le ta l  change t o  give diazepine (135). This react ion  i s  ca l l ed  an 

azs-di-n-methane rearrangement. Sens i t i z ing  and quenching experiments c l a r i f i e d  t ha t  the 

react ion  takes place from the t r i p l e t  state.  

2.3.3 Examples i n  the 1.3-oxazepines 

Dif ferent from the polysubst i tuted 1,3-oxazepines, the mnosubst i tu ted de r i va t i ve  (24) under- 

goes a r i n g  closure react ion  upon i r r ad ia t i on ,  where the d i rec t i on  se lec t i v i t y , i s  observed, and a 

b icyc l  i c  compound (136) i s  obtained without the p a r t i c i p a t i o n  o f  the C-N bond.'15) Compound (136) 

reverts t o  (24) on i r r a d i a t i o n  w i t h  the shorter wavelength l i g h t .  I n  contrast ,  benz-1,3-oxazepine 

(137) af fords are t ine  (138) because the benzene r i n g  i s  not involved i n  the react ion  diene.'16) 

Photolysis o f  the N-oxide o f  a l ka lo id  papaverine a f fo rds  benzo-1.3-oxazepine (140), benzofuranes 

(141) and (142). where r i n g  closure product i s  regarded as an intermediate. 117) 
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2.4 Rearrangement and r i n g  opening reac t ions  accompanied by valence bond isomerizat ions 

The valence bond isomerizat ion,  the r e l a t e d  rearrangement, and the  r i n g  opening reac t ions  a re  

summarized i n  sec t i on  2.1 (Scheme 6).  I n  the previous sect ions,  the aromat izat ion path, [Ill and 

[12], and the acety lene e l im ina t i on  path [ I 5 1  have been described. The paths t h a t  have no t  been 

expla ined are comprised of paths 1161, [17], [ la ] ,  and [ I 9 1  dea l ing  w i t h  the  rearrangement t o  

five-membered r i n g  compounds, and path [20] dea l ing  w i t h  the hydrogen s h i f t  observed i n  the  

arepine. These oaths are expla ined i n  t h e  fo l low ing  two sect ions.  

2.4.1 Rearranaement t o  fu lvene and Dvr ro le  de r i va t i ves  

As descr ibed i n  sec t ion  2.2.3, oxepin (145) was syn thes~zed  by the thermolysis of  oxaquadri- 

cyclane (144) which was obtained by the  i r r a d i a t i o n  of 7-oxanorbornadiene (143). Compounds (143) 

and (144) g i ve  6-hydroxyfulvene (146) and another oxepin (147) upon t r e a t i n g  w i t h  Rh(1) o r  P t ( I 1 )  

c o r n o l e ~ , ~ ~ ~ ' ~ ) o r  i r r a d i a t i o n  i n  the  presence of  iodine.69c) The reac t i on  mechanism i s  shown i n  

Scheme 28. -', 
As shown i n  Scheme 29. i n  the  presence of  e l ec t r on  withdrawing groups such as cyano 'r 

carbonyl groups, 1H-azepines ( 148) and 049 ) e a s i l y  rearrange upon heat ing  t o  b-aminofulvene 

de r i va t i ves  (150) and (151). r e s p e c t i ~ e l y . ~ ~ ' ~ ~ ~ ~ ~ ' ~ '  There are several  proposals r e l a t i n g  t o  the 

mechanism of t h i s  rearrangement and two explanat ions a re  described i n  Scheme 29. One invo lves  

118) an i o n i c  s t r uc tu re  (152) as an intermediateZ0)and the  o ther  invo lves  a br idged s t r uc tu re  (153). 



1146) 

Scheme 28 

T i le r~ l !o l ys i s  of 3H-1,2-diazepines (15.1) g i v e s  pyrazoles (155) by r i n g  c o n t r a c t i o n .  120) 

Upon t r e a t i n g  w i t h  Fe2(C0)9, 1H-1.2-diazepines ( 5 )  a l s o  undergo rearranqement t o  g i v e  p y r r o l e s  

( 1 5 6 ) . 1 2 1  Both heat-  and l i g h t - i n d u c e d  rearrangements o f  3~-1,2-benzo-(157)  and p y r i d o d i -  

azeplnes (158) l e a d  t o  3 -v iny l i ndazo les ,  (159) and (1601, fused w i t h  p y r i d i n e  r i n g s .  
81,122) 

It should be noted t h a t  t h e  the rmo lys is  occurs i n  s tepwise manner v i a  d i r a d i c a l  i n t e r m e d i a t e  

(161). whereas t h e  p h o t o l y s i s  takes  p l a c e  i n  concer ted manner g i v i n g  t rans - indazo le .  122) 

On t h e  o t h e r  hand, Tsuchiya e t  a l .  have found t h a t  3H-1,2- th ienodiarepines (162a.b) show d i f f e r e n t  

behavior  t o  l i g h t  and heat .  Thus, p h o t o l y s i s  o f  (162a) a f f o r d s  t h e  corresponding condensed 

3 - v i n y l p y r a z o l e s  (163 ) ,  whereas t h e  the rmo lys is  g i v e s  t h e  t h i e n y l p y r a z o l e s  (164)  v i a  a  [1,5]- 

hydrogen s h i f t  f o l l o w e d  by a  [1,3]-carbon s h i f t .  
122b) 
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Scheme 29 

Matsuura e t . a l .  have d iscoLer6d t h a t  the rmo lys is  of 1.2,4- t r iazepine d e r i v a t i v e s  (165) a f f o r d s  

p y r i m i d i n e  (166) .  im idazo le  (167) .  and N-subs t i tu ted  py razo le  (168) as major  products and c l a r i f i e d  

t h e  mechanism by us ing  d e u t e r i u m - l a b e l l i n g  experiments.S4b) The sumnary i s  shown i n  Scheme 30. 

Ph,_,NR 

CDO CDO 
\ 

I I DO D D 
+ RND DCH RN DCH 

Ph Ph A N-N APh P h h - N A P h  
7- 

D 
Ph 

Scheme 30 

As t o  the  1.3-oxazepines, te t rapheny l  s u b s t i t u t e d  d e r i v a t i v e s  (1691, upon h e a t i n g  a t  240°C 

r e a d i l y  rearrange t o  p y r r o l e  d e r i v a t i v e  (170) .  Since N-benzoylpyrro le d e r i v a t i v e s  a r e  known t o  

rearrange t h e r m a l l y  t o  t h e  o- and 8-benzoyl p y r r o l e s ,  t h e  mechanism shown i n  Scheme 31 i s  p o s t u l a t e d  

f o r  t h e  format ion of benroy lpy r ro les ;  i t  i n v o l v e s  ( i )  the  format ion o f  (171) by a 1.3-carbon s h i f t ,  

( i i )  t h e  f o r m t i o n  o f  (172) by a 1.5-carbon s h i f t  fo l lowed by a r i n g  c l o s u r e  t o  (173), ( i i i )  the  

format ion o f  (172) v i a  quadr i cyc lane  (175). and ( i v )  t h e  fo rmat ion  o f  (171) v i a  the  cross s t r u c t u r e  

(176) .  



Mukai et al. reported that mechanism (ii) and (iii) can be excluded because thermolyses of (169a) 

and (169b) give the s a m  product (173);') The path (iv) seems to be more plausible than the path 

(i) because the formation of N-formyl indene (177) from benzo-l,3-oxazepine (178) can be explained, 

by path (iv), but net by (i). In addition, the fact that an isomer (179), possessing a structure 

similar to that of (178). is stable under the same conditions seems to support the correctness of 

the path (iv), because the rearrangement of (179) to (180) requires loss of the benzene resonance 

in contrast to the case of (178). Tsuchiya et al. also pointed out that irradiation of 3H-benzo- 

diazepin (181) produces vinyl benzopyrazole (183) whose precursor is considered to be the cross 

structure intermediate (182). 124) 

m L m - @ / N - d / N  

N = N  N-N ' N H 

Scheme 31 
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2.4.2 Proton shift in the aiepine derivatives 

When N-ethoxycarbonyl-1H-azepine (3c) was hydrolyzed with alkali to give 1H-arepine (3a). 

the product immediately isomerized to 3H-alepine ( 1 4 1 . ~ ~ )  Oewar's MO calculation reveals that (14) 

is 9.11 kcallmol more stable than (3a).14) I n  contrast, there exists an example for the rearrange- 

ment of 3H-diazepine (184) to 1H-diazepine (185).'~) These reactions are available for the judge- 

ment of the thermodynamical stability in the alepine system.81) The following reactions are re- 

garded as examples of this kind of proton shift, the reversible reaction between (186) and (187). 
60-62.125) 

and the isomerizetion of (188).~') Some other related.examples are shown in Scheme 32, 

i.e., methylation or benzoyletion of 4H-1.2-diazepine (189),lZ6)amination of 1H-l,5-benzodiazepine 

(190),~~~~)synthesis of 3-substituted benzodiarepine (192) from N-oxide ( 1 9 1 1 , ~ ~ ~ ~ ) a n d  the ene 

reaction of benzazepine ( 1 9 3 ) . ~ ~ )  For details of them, the references should be referred to. 

/ 1 
COR Me 

11891 

R R R 

&*&Klekx N=N N-N N-N 

"\ " $ H 
0" 

NH, NH. a13 a:$l: 
H NH, 

Scheme 32 



3, Interrnolec- 
P 

The heteroepins undergo cyc loadd i t ion  react ions w i t h  unsaturated molecules because they behave 

l i k e  c y c l i c  polyenes possessing boat form. The problem po in t s  o f  these reac t ions  are t h a t  the  

heteroepins possess a l o t  o f  r eac t i on  s i t e s  and can behave as monoene, diene, and t r iene ,  according 

t o  the  k ind  o f  reactants.  I t  i s  a l so  poss ib le  f o r  them undergo the  cyc loadd i t ion  r eac t i on  as the 

norcaradiene f o n .  It i s  of i n t e r e s t ,  furthermore, t o  consider how the  inc luded heteroatom i n f l u -  

ences these reac t ions .  Before going i n t o  de ta i l s ,  we wish t o  int roduce the  poss ib le  types of cyclo-  

add i t i on  react ions i n  Scheme 33. Monoenes (M) and dienes (D) are shown as the  reactants i n  t h i s  

Scheme. Although (M) i s  described as ethylene and (D) as a cyclopentadiene form, they should be ex- 

tended t o  o ther  mu l t ipe  bonds, i n c l ud i ng  t r i p l e  bonds o r  heteroatorns. 

Scheme 33 Add i t ion  Reactions o f  the Heteroepins w i t h  Monoenes (M) and Dienes (D) 

3.1 Reaction as dienes; (4+2) cyc loadd i t ion  r eac t i on  

I n  the t h e n a l  cyc loadd i t ion  r eac t i on  of heteroepins, they have the  most oppor tun i ty  t o  

behave as dienes. As shown i n  Scheme 34. oxepin (2 )  undergoes cyc loadd i t ion  r eac t i on  w i t h  many 

dienophi les through benzene oxide (2N). For example, i t  reacts w i t h  maleic anhydride, dimethyl 

acety lenedicarboxylate (DMAD),and azodicarboxyl ic  d i es te r  t o  g ive  ( 4 t2 )  adducts (194). (195), 
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and (196), respect ively. 'Z8 '  Reaction of 4.5-dimethyloxepin (197) w i t h  azodicarboxyl ic  d i es te r  

g ives the s i m i l a r  adduct ( 1 9 8 ) ! ~ ~ ~ ) w h e r e a s  2.6-dimethyloxepin (199) reac ts  as the t r i e n e  form 

t o  g ive  the  adduct (200) which r e a d i l y  isomeri res t o  (201) by the  Claisen rearrangement. 129b) 

Reaction of oxepins (202) w i t h  N-methyl t r iazol inedione i s  a lso  affected by subst i tuents.  i n  which 

on ly  the 2,6-disubst i tuted oxepins (203) reac t  as the  t r i e n e  form. 130) These subs t i tuen t  e f fec ts  

can be r a t i o n a l i z e d  by the idea t h a t  2.6-disubst i tuted oxepins take the t r i e n e  form ( 2 0 2 ~ )  as 

the s tab le  one and there  i s  l i t t l e  con t r i bu t i on  of the benzene oxide s t r uc tu re  (202N) i n  them. 

Benzoxepin (205) reac ts  w i t h  tetracyanoethylene (TCNE) through the  t r i e n e  s t r uc tu re  t o  g i ve  an 

adduct (206). l3 ' )  On the o ther  hand, N-alkoxycarbonyl-1H-azepine (3c)  does no t  r eac t  w i t h  maleic 

anhydride, DMAD, and so ~ n , ' ~ ~ ) b u t  i t  reacts w i t h  st ronger d ienophi les such as TCNE, N-phenyl- 

maleimide, and 4-phenyl-1.2.4-triazoline-3.5-dione (PTAD) t o  g i ve  adducts (207). (208). and 

The cyc loadd i t ion  r eac t i on  o f  N-ethoxycarbonyl-1H-1.2-diazepine (5c)  i s  s i m i l a r  

t o  those of (3c)  because i t  does no t  r eac t  w i t h  maleic anhydride and DMAD etc. ,  wh i l e  i t  reac ts  

w i t h  st ronger d ienophi les such as TCNE and PTAO t o  g ive Oiels-Alder type adducts (210) and (211), 

and ( 2 1 2 ) . ~ ~ , ~ ~ , ~ ~ ~ )  The l H - l , ? - d i ~ Z e ~ i ~ ~  d e r i v a t i v e  (213) undergoes a d imer iza t ion  r eac t i on  t o  

g i ve  a (4+2) adduct (214) i n  the  presence of ac i d  ca ta l ys t  such as boron t r i f l u o r i d e  o r  

135) t r i f l u o r o a e e t i c  acid.  

Po lysubs t i tu ted  1.3-oxazepine, which are r e a d i l y  synthesized, are i n e r t  t o  cyc loadd i t ion  

reactions.96) 2-Phenyl d e r i v a t i v e  (24) does no t  a lso  r eac t  w i t h  maleic anhydride, DIIED, and TCt!E, 

bu t  i t  reac ts  w i t h  PTAD t o  g i ve  a (4+2) adduct (215). 136) 3.4-Diazanorcaradiene (216) reac ts  w i t h  

benzyne t o  g ive  a (4+2) adduct (217) which i m e d i a t e l y  e l im ina tes  n i t r ogen  t o  g ive  (218). The ad- 

d i t i o n  r eac t i on  o f  (216) serves as a new method f o r  the  synthesis o f  t r o p i l i d e n e  de r i va t i ves  tecause 

(216) a lso  reac ts  w i t h  acetylenes w i t h  l oss  o f  n i t rogen.  13') I t  should be noted t h a t  the  D ie ls -  

Alder reac t ions  descr ibed above occur exc lus ive ly  a t  the  2,5-posi t ion (4,7-posi t ion)  o f  the 

heteroepins 

3.2 Reaction as monoenes; (2+2), (2 r4 )  o r  (€4) cyc loadd i t ion  reac t ions  

As shown i n  Scheme 35, photodimer izat ion of dibenzazepine (219) t o  g ive  (220) i s  known as an 

example of (2+2) cyc loadd i t ion  reactions.138) Although t h i s  k ind  o f  r eac t i on  i s  i n  general 

thermal ly  forbidden, 1H-1.2-diazepines (5)  r eac t  w i t h  ketenes v i a  an i o n i c  intermediate (221) 

t o  g ive  adducts (222). 139a) This r eac t i on  i s  ava i l ab l e  fo r  the synthesis of bicyclo[5.2.01- 

compounds (223) which are i n t e r e s t i n g  as cephalosporin analogues. 139b) 3,4-Diazanorcaradiene 
20b) 

(224) undergoes a ( 2 t2 t2 )  add i t i on  reac t ions  w i t h  two equivalents o f  DMAD t o  g ive  (225). 

Compound (224) a lso  undergoes an i o n i c  reac t ion  w i t h  TCNE v i a  an intermediate (226) t o  g ive  (227). 

instead of a cyc loadd i t ion  reac t ion .  
20b) 
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Scheme 35 

There are a large number of examples in wnicn tne hetrroeplns behave as drc~iophilrs in tile 

Diels-Alder reaction. Cyclopentadienes, cyclopentadienones, a-pyrones, isobenzofuran, and 1.3- 

dipolar reagents.etc. are known as reacting dienes. Examples 'of these reactions will be discussed 

below. 

( A )  Oxepins 

Oxepin (2) undergoes cycloaddition reactions at the C4-C5 bond with a cyclopentadienone 

derivative118)acd a 1,2,4,5-tetrazine derivativel4l)to give (228) and (229), respectively. 

It is noteworthy that (2) does not react through benzene oxide structure (2N). It seems interest- 

ing, furthermore, that (228) undergoes neither the Cope rearrangement nor a decarbonylation 

reaction, and instead reverts to (2) at 150'C. 

'? 



( 0 )  1H-Arepines 

1H-Azepine (3c )  undergoes c y c l o a d d i t i o n  reac t ions  w i t h  cyclopentadienone ( 2 3 0 ) , ' ~ ~ )  

cyc lopentadiene ( 2 3 1 ) , ~ ~ ~ ) i s o b e n z o f u r a n  ( 2 3 ~ ) , ' ~ ~ ) a n d  o-pyrone ( ~ 3 3 ) ' ~ ~ ) t o  g i v e  1 : 1 adducts 

(234)-(237) .  It should be n o t e d  t h a t  i n  a l l  cases, p e r i - s e l e c t i v i t y  i s  observed, i n  which the  

r e a c t i o n  s i t e  i s  the  C - C  bond of (3c ) .  I n  t h e  r e a c t i o n  w i t h  (230) ,  an i n i t i a l l y  formed adduct 4 5 

(234) undergoes t h e  Cope rearrangement t o  a f f o r d  another ( 4 t 2 )  adduct (238). 144) The r e a c t i o n  w i t h  

phenylcyclone (239) i s  q u i t e  s i m i l a r  t o  t h a t  w i t h  ( 2 3 0 ) . ' ~ ~ )  Furthermore, the  azepine (3c )  under- 

goes a c y c l o a d d i t i o n  r e a c t i o n  w i t h  diazomethane, i n  which t h e r e  a r e  two r e a c t i o n  s i t e s ,  i .e . .  t h e  

C4-C5double bond o f  (3c )  and the  C2-C3 double bond of (3N) as descr ibed i n  Scheme 18. 

(240) 

(C) 1H-1,2-Oiazepines 

Scheme 36 

As shown i n  Srheme 36, the  c y c l o a d d i t i o ?  r e a c t i o n  of 1H-1,2-diazepines ( 5 )  i s  s i m i l a r  t o  

those of 1H-azepines (3c )  except i n  t h e  r e a c t i o n  w i t h  o-pyrone c a r b o x y l i c  e s t e r  i n  which, w i t h o u t  

the  i s o l a t i o n  of a (2+4) adduct (237). decarboxy la t ion  occurs t o  g i v e  benzodiazepine (240) i n  

low ~ i e 1 d . l ~ ~ )  As shown i n  Scheme 37, N-phenylsulfonyl-1H-1,Z-diazepine (5e)  undergoes an 



146a) 
a d d i t i o n  r e a c t i o n  w i t h  diazomethane a t  t h e  C -C bond t o  g i v e  a 1 : 1 adduct (241). 

4  5 
N - ~ t h a x y c a r b o n y l  d e r i v a t i v e  ( 5 c )  r e a c t s  w i t h  d iazoisopropane t o  a f f o r d  adducts (242) and ( 2 4 3 ) .  

146) 

Upon h e a t i n g  o f  (242). l o s s  of n i t r o g e n  leads  t o  homodiazepine (244) i n  good y i e l d .  Th is  r e a c t i o n  

i s  i n t e r e s t i n g  f rom t h e  s y n t h e t i c  s tandpo in t .  S t r e i t h  e t .  a l .  have r e c e n t l y  found t h a t  m t r i l e  

ox ides  r e a c t  p e r i - s e l e c t i v e l y  w i t h  t h e  1H-1,2-diarepines ( 5 )  t o  g i v e  a 1  : 1 adduct  (245)  a long 

w i t h  a 1 : 2 adduct ( ~ 4 6 ) . ' ~ ~ )  Tosy lmethy l  i s o c ~ a m d e  r e a c t s  w i t h  t h e  d iazep ines  (5) t o  af ford 

p y r r o l o d i a z e p i n e s  (247) .  148) 

Scheme 37 

(D )  \ l ,3-Oxazepines 

2-Pl:oliyl-l,3-oxarepine (24 )  r e a c t s  w i t i t  cyc lopentadienone (230)  t o  g i v e  a ( 2 t 4 )  adduct  (248) 

whichundergoes t h e  Cope rearrangement t o  a f f o r d  a ( 4 t 2 )  adduct (249)  i n  good y i e l d .  The i n i t i a l  

a d d i t i c n  w l t h  (230) occurs a t  t h e  C6-C7 bond o f  ( 2 4 ) .  144) 



Now we w ish  t o  d iscuss t h e  p e r i -  and s t e r e o - s e l e c t i v i t y  observed i n  t h e  c y c l o a d d i t i o n  

r e a c t i o n s  o f  oxep in  ( 2 ) ,  azepine ( 3 c ) ,  d iazep ine  (Sc) ,  and oxazepine (24 )  w i t h  dienone (230) .  

Because (230)  i s  an e l e c t r o n  d e f f i c i e n t  d iene  and t h e  heteroepins a re  regarded as e l e c t r o n  

donat ing d ~ e n o p h i l e s ,  these a d d i t i o n  r e a c t i o n s  a re  understandable i n  terms of t h e  inve rse  

C i e l s - A l d e r  r e a c t i o n s .  Therefore,  these r e a c t i o n s  f o l l o w  t h e  i n t e r a c t i o n  between t h e  HOMO o f  

t h e  he te roep ins  and t h e  LUMO o f  t h e  dienone (230)  as shown i n  Scheme 38. In t h e  t r a n s i t i o n  

s ta te ,  t h e  o r b i t a l s  o f  t h e  C2-C3 (C6-C,) bond and t h e  C4-C5 bond o f  t h e  heteroepins have t h e  

bonding over lap  w i t h  t h a t  o f  t h e  C2-C5 bond of (230), i n d i c a t i n g  t h a t  bo th  A and B a r e  p o s s i b l e  

t r a n s i t i o n  s t a t e s .  It i s  conceivable,  fu r the rmore ,  t h a t  t h e  fo rmat ion  of t h e  endo adducts i s  

dominant because o f  t h e  presence o f  t h e  0 - o r b i t a l  i n t e r a c t i o n  shown i n  A and 0.  

(250) 

Scheme 38 

It should be noted here t h a t  o n l y  2-phenyl-1,3-oxazepine r e a c t s  a t  t h e  C -C bond ( A ) ,  6  7 
whereas t h r e e  o t h e r  he te roep ins  r e a c t  a t  t h e  C4-C5 bond ( R ) .  The s e l e c t i v i t y  o f  t h e  c y c l o a d d i t i o n  

of dienone (230) t o  c y c l o h e p t a t r i e n e  i s  s i m i l a r  t o  t h e  case of t h e  1,3-oxazepine. The X-ray ana- 

l y s e s  desc r ibed  before show t h a t  these he te rocp ins  take  t h e  boa t  con fo rmat ion  and t h a t  t h e r e  i s  n o t  

much d i f f e r e n c e  concern ing t h e  s te reochemis t ry  and t h e  bond l e n g t h s  i n  them. T h e r e f v e ,  e l e c t r o n i c  

f a c t o r s  may he t h e  most i m p o r t a n t  and f u r t h e r  s t u d i e s  are expected t o  c l a r i f y  these  p o i n t s .  

Next we would l i k e  t o  d iscuss t h e  r e a c t i o n  o f  heteroepins w i t h  a-pyrones i n  Scheme 38 an t h e  

bas is  of t h e  recen t  s t u d i e s  o f  ~ n a s t a s s i o u l ~ ~ ) a n d  ~ i d a . ' ~ ~ )  At tempts t o  o b t a i n  t h e  adduct  (250)  
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f r o m  he te roep ins  and a-PYrone have been UnSuCCeSSful. I ns tead ,  f inastass iou synthesized (252)  

and (253) u s i n g  t h e  thermal  a d d i t i o n  r e a c t i o n  o f  a-pyrone w i t h  bicyclo[3.2.0]heptadienes (251) 

which a r e  r e a d i l y  ob ta ined  by i r r a d i a t i o n  of t h e  h e t e r o e p i n ~ . ~ ~ ~ )  Th is  method i s  un ique w i t h  t h e  

idea  t h a t  t h e  r e a c t i n g  double bond was a c t i v a t e d  by t h e  i n c o r p o r a t i o n  i n t o  a smal l  n n g .  

On t h e  o t h e r  hand, I i d a  at tempted t h e  a d d i t i o n  r e a c t i o n  o f  t h e  he te roep ins  and a-pyrone s u b s t i t u t e d  

by an e l e c t r o n e g a t i v e  a l koxycarbony l  group which a c t i v a t e s  t h e  d iene.  As desc r ibed  a l r e a d y  i n  

Scheme 36, ( 2 t 4 )  adducts of t h e  he te roep ins  w i t h  o - ~ y r o n e s  a r e  o b t a i n e d  a l though  t h e  y i e l d s  a r e  

poor. These f a c t s  i n d i c a t e  t h a t  t h i s  i s  an i n v e r s e  e l e c t r o n  demand D i e l s - A l d e r  r e a c t i o n ,  i n  which 

t h e  i n t e r a c t i o n  between t h e  LUMO of t h e  0-pyrones and t h e  HOMO o f  t h e  he te roep ines  i s  impor tan t .  

3 .3 React ion as t r i e n e s ;  (6+2), (6+4), and (6+6) c y c l o a d d i t i o n  r e a c t i o n s  

As desc r ibed  i n  s e c t i o n  3.1, t h e  c y c l o a d d i t i o n  r e a c t i o n  of 1H-azepines appears g e n e r a l l y  as a  

(412) t ype .  When s u b s t i t u t e d  a t  t h e  C3- and C6-posi t ions,  however, t h e  azepines undergo (6+2) 

a d d i t i o n  r e a c t i o n s  ma in ly  because of s t e r i c  h indrance (Scheme 391. Thus, 3 , 6 - d i s u b s t i t u t e d  

azepines (254)  r e a c t  w i t h  TCNE t o  g i v e  adducts (255)  and t h e  y i e l d s  a r e  b e t t e r  when R i s  t - b u t Y l  

than  methy l .35 )  Because ( 6 t 2 )  a d d i t i o n s  a r e  t h e r m a l l y  f o r b ~ d d e n ,  t h e y  proceed stepwise v i a  an 

i o n i c  i n t e r m e d i a t e  l i k e  (2561. The ( 6 t 2 )  adduct  (255)  rearranges t o  the (4+2) adduct (257)  upon 

hea t ing  a t  140°C, i n  which (256)  m i g h t  be a  p o s s i b l e  i n te rmed ia te .  It i s  o f  i n t e r e s t  t o  no te  t h a t  

t h e  ( 4 t 2 )  c y c l o a d d i t i o n  i s  i n  c o m p e t i t i v e  r e l a t i o n  w i t h  t h e  ( 6 t 2 )  one. 



Scheme 39 

1H-Azepine (3c) also-undergoes a (6t2) cycloaddi t ion react ion  w i th  nitrosobenzene t o  give an 

adduct (285) along w i th  (4t2) adduct ( 2 ~ 9 ) . ' ~ ~ )  The add i t ion  react ion  of (3c) w i t h  azodicarboxylic 

d ies ter  was also reported t o  give a (6+2) adduct (260). 150a) However, recent ly  the s t ruc ture  o f  

the adduct was corrected t o  be a (4+2) adduct l i k e  (259) based on i t s  13c nmr spectrum. 
150b) 

fieaction of the azepine (3c) w i t h  a cyclopentadienone de r i va t i ve  (261) a f fo rds  a (6t4) adduct (262) 

along w i th  a usua l  (4+2) adduct (263). 156) 

Thermal dimerizat ion of 1H-arepines i s  t h e i r  general property and it has been studied i n  

de ta i l .  As shown i n  Scheme 40. N-methylazepine (3b) undergoes dimerizat ion below room temperatures 

t o  g ive  a (6+6) dimer ( ~ 6 4 ) . ' ~ ~ )  The temperature required for  d i n e r i r a t i o n  i s  s t rong ly  inf luenced 

by the nature of the subst i tuents.  N-Cyanoazepine (3d) dimerizes a t  2 5 " ~ , ~ ~ ~ ) w h e r e a s  N-ethoxy- 

carbonylazepine (3c) i s  r e l a t i v e l y  stable and d~rnerizes a t  1 3 0 ' c . ~ ~ ~ )  The thermal ly allowed (6+4) 

adducts (265) are i n i t i a l l y  formed and rearrange upon heating a t  higher temperatures t o  the ther -  

modynamically stable (6t6) d~mers (266) v ~ a  intermediates (267). As a (6+6) add i t ion  react ion  

between d i f fe rent  molecules, 1H-alepine (3c) reacts w i t h  tropone t o  g ive  an adduct (268). 155) 

-kg N - Y  

(265) Y- C02Me, CN (267) 

Scheme 40 



HETEROCKLES. Vol IS. No 2, 198 1 

4. Add i t i on  Reaction w i t h  S ing le t  Oxygen. 

The add i t i on  r eac t i on  of s i n g l e t  oxygen a re  i n  general considered t o  be e l e c t r o p h i l i c  

reac t ions  r e q u i n n g  on ly  a small energy b a r r i e r .  Therefore, i t  i s  we l l  known t h a t  s i n g l e t  oxygen 

reac ts  e a s i l y  w i t h  po l yo l e f i ns  such as cyclorentadiene and cyc lohepta t r iene  t o  g ive  epuxides and 

peroxides. The reac t i on  o f  s i n g l e t  oxygen w i t h  five-membered he terocyc l i c  compounds has a l so  been 

s tud ied  i n  d e t a i l ;  the i n i t i a l  products a re  c y c l i c  peroxides. In connection w i t h  these react ions,  

i t  i s  of i n t e r e s t  t o  i nves t i ga te  what k ind  of add i t i on  reac t ions  heteroepins undergo w i t h  s i n g l e t  

oxygen. 

As shown i n  Scheme 41,sensi t ized photooxidat ion of oxepin ( 2 )  g ives on ly  phenol, wh i l e  

chemical ly  generated s i n g l e t  oxygen undergoes a 1.4-addit ion r eac t i on  w i t h  (2N), i n  which the  

add i t i on  occurs a t  the C2 and C5 pos i t i ons  t o  g i ve  peroxide (296). 156) This peroxide r e a d i l y  

rearranges upon heat ing t o  benzene t r i a x i d e  (270). On the o ther  hand, sens i t i zed  photooxidat ion 

o f  benzoxepin (271) a f f o rds  an endo-peroxide (272) which i s  der ived by the add i t i on  a t  the C2 

and C5 pos i t i ons  o f  the seven-membered ping. The adduct (272) i s  thermal ly  s tab le ,  bu t  i t  

rearranges t o  an aldehyde (273) upon t reatment w i t h  t r ime thy l  phosphite. 
157) 

Scheme 41 

Under the  Sens i t i zed  photooxidat ion,  1H-azepine (3C) g ives 1,4-addi t ion (274) and 1,E-addit ion 

products (275) i n  63 and 25% y i e l ds .  respectively.158'159) Ep l -d iox ide  (275) i s  found t o  be l a b i l e  

t o  heat, and i t  rearranges t o  the  pyr ro l inone d e r i v a t i v e  (276) when heated a t  60°C i n  ethanol .  On 

the o ther  hand, i n  benzene a t  60DC the  ep i -d iox ide  (275) a f f o rds  f ranmentat ion product  (277). which 

i s  considered t o  be der ived  v i a  6,7-dioxetane (278) by the  double cleavage reac t ion .  The dioxetane 

i s  presumed t o  be a 1.5-oxygen migra t ion  product from (275). 159) 



Photo-oxidation o f  1H-1.2-diazepine (5c) a l so  leads t o  the  format ion of 4,7-endo-peroxide (279) 

as a major product, accompanied by th ree  minor products (280), (281), and (282) (see Scheme 42). 

I n  t h i s  r eac t i on  the  i n i t i a l  process i s  probably the  4,7-addit ion react ion,  because th ree  minor 

products can be obtained from (279) under the same ox ida t ion  cond i t ions .  
160) 

Scheme 42 

In cont ras t  t o  oxepins and azepines, the reac t ion  o f  1,3-oxazepines w i t h  s i n g l e t  oxygen i s  

more complex (see Scheme 43). Photo-oxidat ion of 2-phenyl oxazepine (24) does no t  g ive  any expected 

c y c l i c  peroxide such as (2831, (284) o r  (285) a t  a l l ,  bu t  instead a f f o rds  t h e i r  presumable decom- 

p a s i t i o n  products (286)-(289).16') By comparing thgse products w i t h  the  r eac t i on  paths o f  the 

photo-oxidat ion of Oxazoles ( 1 2 ) , l ~ ~ ) i t  i s  poss ib le  t o  deduce the  r e l a t i onsh ip  between the  

decomposition products obtained and t h e i r  precursors. Thus, pyr ro l inone (286) and bu teno l ide  (287) 

can be der ived from the  endo-peroxide (283). 6,7-Dioxetane (284) can a f f o r d  (287) and an e thy l idene 

1,:alonaldehyde de r i va t i ve  (288). Furthermore, N-formyl-benzamide (289) and (288) can a lso  be der ived  

from 2,7-epodioxide (285) as shown i n  Scheme 43. 

More recent ly ,  the reac t ion  mechanism fo r  the  photooxidat ion o f  d i - ,  tri- and tetraphenyl  

subs t i tu ted  1.3-oxazepine de r i va t j ves  has been studied.159) As an example, the  r eac t i on  o f  (290) 

w i t h  s i n g l e t  oxygen i s  shown i n  Scheme 43, where f i v e  k inds o f  products (291)-(295) a re  produced 
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instead of  the  expected c y c l i c  peroxides. The i s o l a t i o n  o f  v i n y l  e ther  (293) which e a s i l y  g ives 

(294) and (295) on hydro lys is  i s  noteworthy. Each o f  tne  products (291) t o  (293) can be denved  

from the  d i r a d i c a l  intermediates (296). (297), and (298). The expected endo-peroxides (299) and 

(300) can lead t o  the format ion o f  these intermediates by 0-0 and C-0 bond cleavages. 

In the photo-oxidat ion o f  2,4,7-triphenyl-1.3-oxarepine using 180-s ing le t  oxygen, i t  i s  
159) 

es tab l i shed t h a t  both 2.5-and 4.7-endo-peroxides are i n i t i a l l y  f o r r ed .  

1 (294) \ 
PhC0,CH COPh 

.1 
+ - 

PhCONHCOPh ph COPh 
Fh 

Scheme 43 



As mentioned before the add i t ion  reactions o f  s i ng le t  oxygen are i n  general considered t o  be 

e !ec t roph i l i c  react ions requ i r i ng  on ly  a small energy b a r r i e r .  Therefore, i n  the react ion  w i th  

hetroepins, i f  a l l  the oxygen adducts could be quan t i t a t i ve l y  evaluated, the e lec t ron ic  states o f  

these heteroannulenes would have been estimated experimentally. If the heteroepin der iva t ives  are 

regarded as various kinds o f  v i ny l  ethers o r  enamines, these studies o f  s i ng le t  oxygen add i t ion  

reactions take another s igni f icance. From these v iewpoin ts ,  f u r t he r  progress i n  t h i s  f i e l d  i s  

desired. 

Closing words 

In t h i s  review the heteroepin chemistry has been discussed mainly from the stand points o f  

c y c l i r a t i o n  and cycloaddi t ion reactions. I n  order t o  keep i t  a t  a reasonable size, we have had t o  

leave out  i r o n  carbonyl complexes, metal compounds, and so on. I n  addi t ion,  although there are many 

de ta i l s  missing, we are happy if t h i s  review i s  useful  f o r  understanding what pos i t i on  the hetero- 

epin-chemistry occupies i n  the heterocyc l ic  compound chemistry. hie would l i k e  t o  c lose t h i s  review, 

hoping tha t  the heteroepin-chemistry w i l l  make progress as a basic chemistry and w i l l  sometime 

become useful  f o r  mankind. 
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