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I n  t h e  f i r s t  p a r t  of t h i s  review we s h a l l  desc r ibe  some 

i n d u s t r i a l  a p p l i c a t i o n s  of photoinduced h e t e r o c y c l i c  

syntheses  v i a  s i n g l e t  oxygen and v i a  f r e e  r a d i c a l s .  

The second p a r t  i s  dea l ing  wi th  l a r g e  bench-scale s y n t h e s i s  

of 1,2-diazepines which a r e  thence  used a s  bu i ld ing  s t o n e s  

f o r  t h e  s y n t h e s i s  of some new po lyhe te rocyc l i c  systems.  

1 In t roduc t ion ,  

2 Photochemistry a s  a  t o o l  i n  h e t e r o c y c l i c  s y n t h e s i s  

on an i n d u s t r i a l  s c a l e r  

- Reactions wi th  photoinduced s i n g l e t  oxygen 

l e a d i n g  t o  a s c a r i d o l e  and t o  r o s e  oxide. 

- Photoinduced fragmentat ion f o r  l i gh t - cu rab le  

coa t ings  and photooximation of cycloalcanes.  

3 Photochemical s y n t h e s i s  of 1,2-diazepines on a 

l a r g e  bench-scale us ing  a dynamic t h i n  f i l m  

photoreactor. 



4 Diazepines a s  synthons f o r  t h e  build-up of poly- 

he te rocyc l i c  molecules: homodiazepines, b i c y c l i c  

B-lactams, polyazaazulene-derivatives. 

INTRODUCTION 

Organic photochemistry has  blossomed during t h e  l a s t  twenty 

yea r s  from an i n s i g n i f i c a n t  bud i n t o  t h e  blossoming of a sc ien-  

t i f i c  d i s c i p l i n e  which is  wel l  e s t ab l i shed  by now. The sub jec t  

continues t o  expand a t  a tremendous r a t e  (1,2,3). New, and some- 

t imes  h igh ly  s p e c i f i c  r e a c t i o n s  a r e  discovered which f i n d  in -  

creas ing app l i ca t ion  i n  organic  syn thes i s  ( 4 ) .  Nevertheless it 

proves q u i t e  impossible t o  he encyclopaedic i n  a concise t r e a t -  

ment of t h e  sub jec t .  

I n d u s t r i a l  app l i ca t ions  of photochemical processes  a r e  not  

l eg ion  f o r  t h e  t ime being. Photochemistry a f t e r  a l l  is hut  one 

of t h e  many means of producing chemical compounds or br inging 

them i n t o  r eac t ion .  However it has  some advantages over thermal,  

c a t a l y t i c  and other  methods t h a t  immediately f a s c i n a t e  t h e  in -  

d u s t r i a l  chemist ( 5 )  : 

- Se lec t ive  a c t i v a t i o n  of ind iv idua l  r eac tan t s ;  

- S p e c i f i c  r e a c t i v i t y  of e l e c t r o n i c a l l y  exc i t ed  molecules; 

- Low thermal load  on t h e  r eac t ion  system; 

- Exact con t ro l  of r a d i a t i o n  i n  terms of space, t ime and 

energy. 

But photochemistry is not  without its own s p e c i f i c  problems: 

- Only absorbed l i g h t  can be exp lo i t ed  f o r  chemical purposes. 

For t h i s  reason many reac t ion  systems a r e  r u l e d  out f o r  pho- 

t o r e a c t i o n s  because of t h e i r  unfavourable absorption charac- 

t e r i s t i c s ;  
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- Photoreactions may be r a p i d l y  terminated if products with com- 

pe t ing  absorpt ions  a r e  formed; 

- Photochemical production p l a n t s  may incur  high u n i t  c a p i t a l  

c o s t s  i f  t h e  space-time y i e l d  is low a s  a r e s u l t  of l imi ta -  

t i o n s  imposed by t h e  power of t h e  lamps; 

- Eventually it should be s t r e s s e d  t h a t  l i g h t  is more expensive 

than heat  because considerable l o s s e s  occur i n  t h e  production 

of e l e c t r i c a l  energy and i n  i t s  conversion i n t o  usable  l i g h t  

energy. 

PHOTOCHEMSTRY AS A TOOL I N  HETEROCYCLIC SYNTHESES ON AN INDUSTFSAL 

SCALE 

Photochemistry a s  a t o o l  i n  he te rocyc l i c  syn thes i s  has had some 

app l i ca t ions  i n  modern chemical indust ry .  

1. R:?_c4i~?~-!it_h-~h~t-~i!!d!!~~ddEi?~1-~t-t-~~~~:!! 
Sing le t  oxygen, which is produced v ia  a photosens i t ized  process 

has been shown by professor  G.O.SCHENCK t o  l e a d  t o  t h r e e  reac- 

t i o n  p a t t e r n s  which cannot be achieved with ordinary t r i p l e t  

oxygen (6): 

- diene-reactions; 

- ene-reactions; 

- [2+2]-cycloadditions. 

After  t h e  Second World War t h e  diene reac t ion  l ead ing  from a- 
TERPINENE t o  ASCARIDOLE had been c a r r i e d  out on a t echn ica l  

sca le .  A t  t h a t  t ime asca r ido le  had some s ign i f i cance  a s  an 

anthelmintic,  and previous ly  it could only be obtained from 

t h e  n a t u r a l  o i l  of CHENOPODIUM 0 

a-TERPINENE ASCARIDOLE 



The ene-reaction with s i n g l e t  oxygen is being used by two per- 

fumery manufacturers, DRAGOCO i n  West Germany and FIRMENICH i n  

Switzerland, f o r  t h e  syn thes i s  of ROSE OXIDE s t a r t i n g  from 

CITRONELLOL ( 7 ) .  A mixture of secondary and t e r t i a r y  hydroper- 

oxides is obtained by t h e  photooxidation of c i t r o n e l l o l  i n  t h e  

presence of ROSE BENGAL a s  a s e n s i t i z e r .  Reduction of t h i s  

mixture wi th  b i s u l f i t e  y i e l d s  t h e  corresponding alcohols. Ally- 

l i c  rearrangement of t h e  main product i n  a c i d  so lu t ion  and sub- 

sequent dehydration 1-eads t o  a mixture of t h e  s tereoisomeric  

r o s e  oxides, which a r e  used a s  perfumes. 

~)IW/SENS/@ 
2) BlSULFlTE 

CITRONELLOL , 6 5 %  

2. Photoinduced c y c l _ ~ ~ d ~ & 4 & ~ e - ~ e a ~ ~ & ~ ~ ~  
The gap between t h e  r e s u l t s  of academic research and t h e i r  prac- 

t i c a l  exp lo i t a t ion  is enormous i n  t h e  f i e l d  of photoaddition. 

One reason f o r  t h e  poor t echn ica l  exp lo i t a t ion  of photoaddit ion 

reac t ions  might be due t o  t h e  f a c t  t h a t  t h e r e  is not enough 

cooperation between i n d u s t r i a l  chemists and photochanists .  

Thus even t h e  elegant cycloaddi t ions  of carbonyl compounds t o  

o l e f i n s  (8 )  have only l e d  t o  pa ten t  app l i ca t ions  and, t o  our 

knowledge, no t  t o  any s i n g l e  commercial product a s  yet .  
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PATENT APPLICATIONS ONLY: 

I h" FUNGICIDE AGAINST MILDEW 

3 -  Ph"t?L~d~~~~f_~sme:4at_i?~~~a~~a~t_0?1_-i:-!!e4e~o~z~~i~-s?1"-t-!!e~~~~ 
Photochemically induced fragmentation has penetra ted  f u r t h e r  

i n t o  i n d u s t r i a l  chemistry than any other primary photochemical 

process. Applications range from i n i t i a t o r  systems f o r  light- 

curable coat inas  and p r i n t i n g  inks  t o  t h e  commercial s c a l e  

photooximation production processes. 

A -  Ligh4-~ur_agle ~ o a t i n g s ~  Pho to in i t i a to r s  a r e  used i n  order t o  

induce photopolymerization and photocrossl inking on an indus- 

t r i a l  s c a l e  (9), fragmentation being t h e  primary photochemical 

step. 

Photopolymer systems a r e  mostly used f o r  W-curable coatings 

(10). These a r e  systems i n  which exposure t o  l i g h t  br ings  

about changes i n  physical  p roper t i e s  ( s o l u b i l i t y ,  adhesion, 

mechanical s t r eng th ) .  They a r e  mainly used i n  t h e  f u r n i t u r e ,  

p r i n t i n g  and e l e c t r o n i c  indus t r i e s .  

INITIATORS FOR LIGHT- CURABLE COATINGS 

BENZOIN ETHERS 



The p h o t o i n i t i a t o r ,  f o r  example benzoin e the r s ,  s p l i t s  i n t o  

r a d i c a l s  which induce cross l inkage of t h e  po lyes te r  chains a s  

a r e s u l t  of copolymerization of s ty rene  wi th  t h e  double bonds 

of fumaric ac id .  

B - ~ h c t ~ o ~ i m a & i ~ n ,  The t e c h n i c a l  r e a l i z a t i o n  of photooximation 

is probably t h e  most important event which occurred during t h e  

l a s t  t e n  yea r s  i n  i n d u s t r i a l  photochemistry (11). Although 

photooximation has been known Since 1919 (12) ,  t h e  i n d u s t r i a l  

breakthrough occurred i n  Japan only about t e n  yea r s  ago when 

TOY0 RAYON introduced t h e  photoinduced c-caprolactam synthe- 

sis which operated i n  1975 on a 150.000 tons-a-year sca le .  

This i s  q u i t e  remarkable s i n c e  t h e  r i s k  had t o  be taken of 

launching a commercial s c a l e  photoreaction process,  with a 

quantum y i e l d  of l e s s  than uni ty ,  f o r  a product t h a t  s e l l s  

a t  about 1 t o  2 $ per  kilogram. 
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Since then t h e  French company SNPA has taken a p l a n t  on stream 

f o r  producing about 5000 tons-a-year of l a u r y l  lactam a s  t h e  

precursor  of NYLON-12, 

These encouraging examples demonstrate t h a t  we a r e  technologi-  

c a l l y  i n  a p o s i t i o n  of car ry ing out photoreact ions  which can 

compete with conventional and cheap processes. Therefore it 

would seem t o  me t h a t  photochemical processes should have an 

even b r igh te r  f u t u r e  when it comes t o  more e l abora te  syntheses  

f o r  example i n  t h e  pharmaceutical industry.  

PHOTOCHEMICAL SYNTHESES OF 1,2-DIAZEPINES ON A LARGE BENCH SCALE 

Having reviewed b r i e f l y  some i n d u s t r i a l  app l i ca t ions  of photo- 

processes i n  t h e  f i e l d  of he te rocyc l i c  synthes is ,  I would l i k e  t o  

focus  now on a photoinduced r i n g  expansion reac t ion  we have found 

about t e n  years  ago i n  Mulhouse (13).  I s h a l l  descr ibe  i n  t h e  f i r s t  

p l ace  t h e  photochemical and highly s p e c i f i c  rearrangement of 1- 

iminopyridinium y l i d e s  i n t o  1,Z-diaeepines on a p repa ra t ive  sca- 

l e .  Eventually we s h a l l  be deal ing  with t h e  many app l i ca t ions  of 

1,2-diazepines on t h e i r  way t o  polycycl ic  systems. 

E lec t rocyc l i c  r i n g  c losure  of azomethine-imines -which a r e  4n 1,3- 

d ipo la r  species-  t o  t h e  corresponding d i a z i r i d i n e s  i s  permitted,  

both by thermal and by photochemical processes according t o  

symmetry s e l e c t i o n  r u l e s  (14). S tab le  azomethine-imines, which 



a r e  only but  a few, l e a d  photochemically t o  t h e  corresponding 

d i a z i r i d i n e s  a s  was shown by Moore (15) and by Schultz (16).  

Ph Me 

-C MOORE 1968  

Me- 

Mesoionic 1-iminopyridinium y l i d e s ,  i n  which Y is an e l ec t ron  

a t t r a c t i n g  chromophore, can b e  considered i n  a formal way as aro- 

mat ic  azomethine-imines. Indeed they  behave a s  such: thermal ly  

t h e y  undergo 1,3-dipolar cycloaddi t ion  r e a c t i o n s  (17) and isome- 

r i z e  t o  1,2-diazepines when exc i t ed  by W l i g h t  (13,18,19,20). 

Such photoinduced r i n g  expansions a r e  b e s t  explained by assuming 

an e l e c t r o c y c l i c  r eac t ion ,  l ead ing  t o  an in termedia te  1,7-dia- 

zanorcaradiene, followed by a thermal d i s r o t a t o r y  valence t au to -  

mer iza t ion  which y i e l d s  t h e  seven-membered diazepine. 
1 

The s y n t h e s i s  of t h e  z w i t t e r i o n i c  and co lour l e s s  pyridinium y l i -  

des is based on nitrogen-nitrogen coupling reac t ions .  They invol-  
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ve n i t r e n e  de r iva t ives ,  which a r e  obtained from azido compounds 

l i k e  e t h y l  azidoformate (211, or  0-sulfonylated hydroxylamines, 

l i k e  hydroxylamine-0-sulfonic ac id  (22) or ,  even b e t t e r ,  mesityl-  

sulfonylhydroxylamine, a reagent  which has been developed by 

professor  Tamura (23). 

Various chromophores have been a t tached t o  t h e  pyr id ine  n i t rogen 

atom: alkoxycarbonylimino-, henzoylimino- and tosylimino- groups. 

A l l  y l i d e s  l e a d  i n  high chemical y i e l d  t o  t h e  corresponding 1,2- 

d iazepines  (Table 1)  when i r r a d i a t e d  by means of high pressure  

mercury vapour lamps through Pyrex g las s .  A s  can be seen from 

Table 1 1-iminopyridininm y l i d e s  have a s t rong  absorption band 

which appears a t  about 320 nm. i n  methanol so lu t ion .  A s t rong  ne- 

g a t i v e  solvatochromism is observed which is t y p i c a l  of a l l  pyr i -  

dinium y l i d e s  and which is i n d i c a t i v e  of an in t ramolecular  charge 

t r a n s f e r  process.  Let u s  mention t h a t  t h e  empir ica l  so lvent  pola- 

r i t y  s c a l e ,  a s  defined by Kosower ( Z  parameters)  and by Dimroth 

(ET parameters) has  been set up by using a zwi t t e r ion ic  spec ies  

which is  an arylogue of a s u b s t i t u t e d  pyridine-N-oxide (24). 

Table 1: Absorption spec t ra ,  b luesh i f t  and photochemical r i n g  
enlargement of some I-iminopyridinium y l idee  

316 (5,000) 

i n  MeOH 

344 (5,300) 

aNo k 95% 

&El N'~'CO~EI 



The photoinduced r i n g  enlargement of 1-iminopyridinium y l i d e s  

l e a d s  i n  most cases and i n  high chemical y i e l d  t o  t h e  correspon- 

ding 1,2-diazepines. The pho to ly t i c  N-N bond cleavage occurs only 

as a n e g l i g i b l e  side-reaction.  To t h e  contrary  no d iazepine  is 

formed when t r i p l e t  s e n s i t i z e r s  l i k e  eos ine  a r e  used, t h e  only 

de tec tab le  pathway being N-N bond cleavage! 

From t h e s e  r e s u l t s  we conclude t h a t  t h e  pho to ly t i c  N-N bond 

cleavage opera tes  v ia  an exc i t ed  t r i p l e t  s t a t e  (25) and t h a t  an 

exc i t ed  s i n g l e t  s t a t e  is  respons ib le  f o r  t h e  r i n g  expansion pro- 

cess  (26). 

Chemical y i e l d s  of d iazepine  formation being high, it was of in -  

t e r e s t  t o  prepare  t h e s e  seven-membered r i n g s  on a l a r g e  s c a l e .  

A s  a  mat ter  of f a c t  1,2-diazepines proved t o  be exce l l en t  syn- 

thons  f o r  t h e  syntheses  of more e l abora te  po lycyc l i c  systems. A 

2000 wa t t  dynamic t h i n  f i l m  r e a c t o r  was used f o r  t h i s  purpose. It 

permits  t h e  easy p repa ra t ion  of up t o  40 g of d iazepines  i n  a one- 

hatch-one-day procedure. I n  order t o  suppress any undes i rable  

thermal s ide-react ions ,  t h e  s o l u t i o n  is e x t e r n a l l y  cooled t o  

about +lO°C. 

A s  t o  t h e  o v e r a l l  quantum y i e l d ,  it is low indeed: about 3%. 

Since d iazepines  a r e  p r a c t i c a l l y  t h e  only r e a c t i o n  products fo r -  

med, t h i s  very small  quantum y i e l d  is i n d i c a t i v e  of a competing 

r a d i a t i o n l e s s  thermal process.  Furthermore we found t h a t  on hea- 
6 

t i n g  i n  DMSO-d N-benzenesulfonyl- and N-henzoyldiazepines r e v e r t  
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g u a n t i t a t i v e l v  back t o  t h e i r  corresponding N-iminopyridinium 

yl ides .  A s tudy of t h e  k i n e t i c s  of t h e s e  r e a c t i o n s  showed t h e  

process  t o  be 1 s t  order and t h e  fol lowing a c t i v a t i o n  parameters 

were der ived (Table 2)- 

Table 2: Activation parameters derived from t h e  thermal isomeri- 
s a t i o n  of 1,2-diazepines t o  t h e  corresponding l-imino- 
pyridinium y l i d e s  

AH* 

3-methyl- 
d iazepines  

Y 

S02Ph 

CO Ph 

Cop-C6H4-C1 

From t h e s e  quantum y i e l d  and k i n e t i c  measurements t h e  fol lowing 

reac t ion  scheme can be derived which accounts f o r  q u a l i t a t i v e  

and q u a n t i t a t i v e  data  we have co l l ec ted  s o  f a r  (Scheme 2).  The low 

overa l l  quantum y i e l d  of t h e  photoinduced conversion 1-3 is pro- 

bably due t o  t h e  f a c t  t h a t  K1 i s  about 30 t imes g r e a t e r  than K2, 

provided t h a t  no r a d i a t i o n l e s s  deac t iva t ion  proceeds from S1 t o  So. 

* 
These values  f o r  ,Yi-' and AS , together  with t h e  absence of any 

appreciable  solvent  e f fec t s ,  po in t  t o  a concerted d i s r o t a t o r y  

c losure  of diazepines t o  t h e  corresponding diazanorcaradienes i n  

t h e  r a t e  determining s t e p  (27). The above r e s u l t s  a r e  i n  good 

agreement with those  found by Winstein f o r  s i m i l a r  processes  

(Schema 1) ( 2 8 ) <  
Scheme 1 

* 
&I ~ c a l / m o l e  

23.7 _+ 0.2 

26.5 f 0.2 

25.4 f 0.2 

&* e.u. 

- 7.1 2 0 6  

- 7.7 f 0.3 

-10.2 2 0.3 



4 4 *L 
AG3, being f a r  g r e a t e r  than  AG, and AG2,  cannot b e  a t t a i n e d  a t  

room temperature . . . otherwise d iazepines  would n o t  be formed! 
.x 

Once AG is obtained by thermal ac t iva t ion ,  t h e  r e a c t i o n  proceeds 
3 

t o  t h e  diazanorcaradiene 2 i n  t h e  r a t e  determining s t e p  and thence  

t o  t h e  y l i d e  1. Such a r e a c t i o n  scheme obviously prec ludes  any 

equil ibrium t o  occur a t  room temperature between diazepines  3 and 

t h e i r  norcaradiene tautomers. 

Scheme 2 

Ring monosubstituted pyridinium y l i d e s  a r e  of i n t e r e s t  t o  t e s t  

s u b s t i t u e n t  e f f e c t s  upon t h e i r  photochemical r e a c t i v i t y .  From 

data  c o l l e c t e d  on Table 3 we deduce t h a t  t h e  mesomeric e f f e c t  of 

s u b s t i t u e n t s  a t t ached  t o  C-4 of t h e  ~ ~ r i d i n i u m  y l i d e  r i n g  is pro- 

nounced indeed: electron-donating groups l i k e  dimethylamine,chlor- 

i n e  and phenyl permit  photoinduced r i n g  expansion, whereas elec-  

t r o n - a t t r a c t i n g  groups l i k e  ketones, e s t e r s  or  n i t r i l e s  i n h i b i t  

t h i s  process  (13,18,19,20). 
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-3: Photochemical behaviour of &subs t i tu ted  l-imino- 
pyridinium y l i d e s  

Y = COPh or C02Et 

B = C02Et 

Y = COPh or C02Et B = CN 

B = C O A r  
- - 

Subst i tuents  a t tached t o  C-2 or t o  C-3 of t h e  pyridinium r i n g  

could l e a d  t o  two isomeric diazepines depending upon t h e  cycl isa-  

t i o n  d i r e c t i o n  of t h e  exocyclic n i t rogen atom: toward C-2 or to -  

ward G 6 .  2-Chloro- or 2-methoxypyridinium y l i d e s  could not  be 

synthesized.  2-Cyanopyridinium y l i d e  4 (X = cN) undergoes i n  high 

y i e l d  a  r eg iospec i f i c  r i n g  enlargement leading exclus ively  t o  

3-cyano-1-ethoxycarbonyl-l,2-diazepine 2 (X = CN) (l3,18,19,20). 

Rather unexpectedly t h e  2-methylpyridinium y l i d e  4 (X = CH ) 3 
l eads  t o  t h e  same type of r e s u l t :  again one observed a  regiospe- 

c i f i c  r i n g  enlargement t o  1,2-diazepine 5 (X = CH ). Methyl groups 3 
having no pronounced e l e c t r o n i c  e f f e c t  upon rr elect rons ,  it is 

assumed t h a t  t h e  reg iospec i f i c  r i n g  enlargement is mainly due t o  

a  s t e r i c  e f f e c t  which would prevent r i n g  c losure  of t h e  exocyclic 

nitrogen atom t o  occur toward C-2. Along these  same l i n e s  t h e  

s t e r o i d a l  1 ,Ld iazep ine  2 could be synthesized r e g i o s p e c i f i c a l l y  

and i n  high y i e l d  from y l i d e  6 t h i s  l a t t e r  compound having been 
-1 

obtained i n  severa l  s t e p s  s t a r t i n g  from 19-NOR-testosterone(29), 



3-Substi tuted pyridinium y l i d e s  a r e  obviously devoid of any such 

s t e r i c  i n t e r f e r e n c e  during t h e  diazanorcaradiene formation s t ep .  

Therefore it was assumed t h a t  n e l e c t r o n i c  e f f e c t s  would not  be 

hampered by s t e r i c  in t e r fe rence .  A s  can be seen from Table 4 
e l e c t r o n - a t t r a c t i n g  groups l i k e  e s t e r s ,  amides and n i t r i l e s  l e a d  

r e g i o s p e c i f i c a l l y  and i n  high y i e l d  t o  only one t y p e  of photoiso- 

mer, namely 4-subst i tu ted  1,Z-diazepines. Up t o  now no s a t i s f a c t o -  

r y  explanation can b e  pu t  forward i n  order t o  account f o r  t h i s  

r e g i o s p e c i f i c  r i n g  expansion (30). 

Table 4: Regiospeci f ic  photochemical r i n g  expansion of 3-substi- 
t u t e d  pyridinium y l i d e s  ( Y  = TI e lec t ron-a t t r ac t ing  groups) 

I 
\ 
COPh 

COPh 
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To t h e  contrary,  electron-donating C-3 s u b s t i t u e n t s ,  which do not  

bear any a c i d i c  hydrogen atoms, l e a d  i n  a non-regiospecif ic way 

and i n  high y i e l d  t o  a mixture of t h e  corresponding 4- and 6-sub- 

s t i t u t e d  1,Z-diazepines (Table 5) (30). 

Table 5: Non-regiospecific photochemical r i n g  expansion of 
3-subst i tu ted  pyridinium y l i d e s  (X = elec t ron-  
donating groups) 

The photochemistry of 3-subst i tu ted  pyridinium y l ides ,  which bear 

a c i d i c  hydrogen atoms a t  t h e  s i t e  of t h e  electron-donating groups, 

do not  l e a d  t o  any diazepines.  I n s t e a d  one ob ta ins  a mixture of 

two isomeric 2-aminopyridines a s  can be seen from Table 6. The 

formation of t h e s e  two types  of isomers can be explained i n  terms 

of a non-regiospecif ic e l e c t r o c y c l i s a t i o n  of t h e  exocyclic n i t r o -  

gen toward C-2 and toward C-6, followed by a phototropy and t h e  

opening of t h e  norcaradiene d i a e i r i d i n e  r ings .  Al t e rna t ive ly  one 

may a l s o  assume a non-regiospecif ic photoinduced 1,2-sigmatropic 

s h i f t  of t h e  benzoyl-imino group t o  C-2 and C-6, followed by a 

protot ropy (30).  



Table 6: Non-regiospecific photochemical i somerisa t ion 
of 3-subst i tu ted  pyridinium y l i d e s  l ead ing  t o  
2-aminopyridines. 

T,2-DIAZEPINES AS SYNTHONS FOR POLYHETEROCYCLIC-MOLECULES-BUILD-UP, 

1,2-Diazepines, being e a s i l y  a v a i l a b l e  by t h e  aforementioned pho- 

toprocess ,  proved t o  be i n t e r e s t i n g  synthons f o r  t h e  construction 

of var ious  p o l y h e t e ~ o c ~ c l i c  systems by means of cycloaddit ion 

reac t ions .  We s h a l l  descr ibe  b r i e f l y  cycloaddit ion reac t ions  upon 

t h e  imine- and upon t h e  b 4  and b6 o l e f i n i c  double bonds. From t h e  

X-ray diagram, a s  determined with 1-tosyl-l,2-diazepine, t h e  

following geometric parameters could be derived (31): 

- a s  expected t h e  molecule has  a boat-shaped conformation; 
0 - t h e  N=C double bond measures only 1.262 A, a  r e s u l t  which 

seems t o  po in t  t o  a non-conjugated imine function;  

- t h e  r e s t  of t h e  sp2 carbon skele ton,  although non planar 

i n  t h e  s o l i d  s t a t e ,  shows a conjugation comparable t o  t h e  

one found i n  1,3-cycloheptadiene. 

We expected the re fo re  some s i t e - s p e c i f i c ,  concerted andnon- 
4 concerted, cycloaddit ion reac t ions  upon t h e  imine and t h e  A - 

double bonds. Furthermore cycloaddit ion reac t ions  could proceed 

i n  a r e g i o s p e c i f i c  manner. S i t e - s p e c i f i c i t y  and reg io - spec i f i c i ty  

were c l e a r l y  t h e  t a r g e t  of our inves t iga t ions .  Eventually we had 

i n  mind t h e  syn thes i s  of polyazaazulenes. 
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1. _C?iclo2ddit_~or-r-ea-cr:i~~~-ue~2-~h-e-~mic-e-doub1.~-bO~d 
Treatment of 1,2-diazepines with a c e t i c  ac id  ch lo r ide  deriva- 

t i v e s  i n  t h e  presence of t r ie thylamine  l e a d s  s t e r e o s p e c i f i -  

c a l l y  t o  t h e  t r a n s  8-lactam adducts (Table 7 )  (32). It is 

commonly bel ieved t h a t  ketenes a r e  formed which add t o  t h e  

imine double bond v ia  a zwi t t e r ion ic  intermediate,  thereby 

pe rmi t t ing  t h e  formation of t h e  thermodynamically l e s s  crow- 

ded t r a n s  8-lactam (33). , 

Table 7: Synthesis  of 8-lactams by cycloaddit ion of ketenes 
upon 1,2-diazepines 

' R2 Yields 

Al ter ing  t h e  s t r u c t u r e  of n a t u r a l  products, i n  order t o  induce 

s p e c i f i c  modificat ions of t h e i r  pharmacological spectrum, is a 

genera l  t r e n d  i n  modern drug research ( 3 4 ) .  I n  t h e  p a r t i c u l a r  

case  of B-lactam a n t i b i o t i c s ,  t h e  t h i a z o l i n e  and t h i a z i n e  

moie t ies  of ~ e n i c i l l i n s  and cephalosporins r e spec t ive ly  have 

been replaced by other  he terocycles  (35). For example speci-  

f i c  pharmacological p r o p e r t i e s  have been found with l-oxa- 

and I-carba-cephalothins which have been prepared by var ious  

t o t a l  s p t h e t i c  methods (36). Along t h e s e  l i n e s  we undertook 



t h e  t o t a l  syn thes i s  of cephalosporin analogues, of genera l  

formula 8, hear ing a seven-membered r i n g  fused t o  t h e  8-lac- 

I n  a t y p i c a l ,  although still incomplete, sequence (Scheme 3)  

we synthes ized compounds of type  8 which a r e  a n t i b i o t i c  ana- 

logues having t h e  wrong conf igura t ion  a t  t h e  C-8 asymmetric 

center  (37) .  The o v e r a l l  y i e l d  f o r  t h e  benzyl-ether d e r i v a t i v e  

Scheme 3 
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is 57%, y i e l d  s t a r t i n g  from t h e  corresponding 5 - m e t h y l d i a ~ e ~ i n e ,  

Therefore we be l i eve  t h a t  t h e  syn the t io  approach described i n  

t h i s  scheme i s  a  promising one. Configurat ional  invers ion of 

C-8 and in t roduct ion of an ac id  bearing group w i l l  be our next  

goal .  

N i t r i l e  oxides a l s o  add s i t e - s p e c i f i c a l l y  and regio-speci f i -  

c a l l y  t o  t h e  imine double bond of diazepines leading t o  t h e  

corresponding 1,2,9-triaza-8-oxabicyclo[5.3.0]-3,5,9-deca- 

t r i e n e  d e r i v a t i v e s  9 i n  about 60% y i e l d  [x-=H, CH or  C6H5; 3 
Y=C02Et or  COC6H5; A r  = mesi ty l  o r  phenyl] (38). With benzo- 

n i t r i l e - o x i d e  we i s o l a t e d ,  bes ides  t h e  monoadducts 9 ,  

bis-adducts (upon t h e  A 2  and A 4  double bonds), a  r e s u l t  which 

c l e a r l y  i n d i c a t e s  a  higher r e a c t i v i t y  of t h e  imine double 

bond when compared t o  t h e  o l e f i n i c  double bond. 

Eventually n i t r i l e - imines ,  which a r e  prepared i n  s i t u  from 

benzhydrazide ch lo r ides  i n  t h e  presence of t r ie thylamine ,  

add s i t e - s p e c i f i c a l l y  and reg io - spec i f i ca l ly  t o  t h e  imine 

double bond of 1,2-diazepines. Tr i azo l ine  de r iva t ives  2 a r e  

obtained thereby i n  about 35% y i e l d  [X = H or  CH ; A r  = C6H5; 3 
A r  '=p-NO2- C H ; Y = COC6H5] ( 3 9 ) .  



2. Cycloaddition r e a c t i o n s  upon t h e  n 4  double bond ............................................... 
Diazomethane and t h e  h igh ly  r e a c t i v e  diazoisopropane add i n  

good y i e l d ,  s i t e - s p e c i f i c a l l y  and reg io - spec i f i ca l ly ,  t o  t h e  

b 4  double bond of d iazepines  leading t o  t h e  corresponding 

1-pyrrazolines (40).  Pyro lys i s  of t h e  dimethyl-1-pyrazoline 

adducts l e a d s  t o  t h e  corresponding homo-diazepines, whereas 

t h e  ace ty la t ed  2-pyrazolines, when t r e a t e d  with a base, g ive  

monocyclic pyrazoles via a l l y l i c  anion in termedia tes  (e 
d4) (41).  

Scheme 4 

The s y n t h e s i s  of var ious  homodiazepines i s  aimed a t  t r i g g e -  

r i n g  off  an e l e c t r o c y c l i c  r i n g  transformation l ead ing  t o  an 

equi l ibr ium with t h e  corresponding b i c y c l i c  d i a z i r i d i n e s .  On 

t h e  o ther  hand it i s  hoped t h a t  2-pyrazoline adducts w i l l  

u l t i m a t e l y  permit  t h e  syn thes i s  of te t raazaazulenes .  

Along s i m i l a r  l i n e s  t h e  newl,y introduced TOSMIC reagent,  

when r e a c t e d  wi th  3-methyldiazepines i n  t h e  presence of so- 

dium hydride,  l e a d s  t o  t h e  corresponding p y r r o l e  d e r i v a t i v e s  

11, which a r e  p o t e n t i a l  precursors  f o r  t r i azaazu lenes  (42). - 
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