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The photochemical  methods for  the synthesis  of qua te rnary  salts  of a romat ic  he te rocyc les ,  
t he i r  photochemical  reduction reac t ions ,  photoreact ions with water ,  some photochemical  
t rans format ions  that proceed  without a change in the charged he terocycle ,  and photoreactions 
involving valence i somer iza t ion  and fragmentat ion of the mesoionic der iva t ives  are  examined.  

The photochemis t ry  of qua te rnary  salts  of a romat ic  he te rocyc les  and some of t he i r  mesoionic  der iv-  
atives was not adequately re f lec ted  in a recent  review on the photochemis t ry  of he te roeye les  [1]. Consid- 
e r ing  the pecul ia r i t ies  of this c lass  of compounds, we decided to fill  this gap without, however,  cons ider -  
ing the formal ly  re la ted  cyanine dyes and N-oxides~ The p roper t i e s  of the f o r m e r  a re  associa ted to a con-  
s iderable  extent  with the polymethine chain (see, for  example,  [2]), which is absent in the o ther  sys t ems ,and  
the photochemis t ry  of such dyes is the re fo re  of independent in teres t .  The principal  direct ions of r e s e a r c h  
on the photochemis t ry  of N-oxides  were p resen ted  in the review mentioned above [2], and the new r e sea r ch  
that has appeared since then (see [3]) has not fundamentally changed the situation. 

P h o t o c h e m i c a l  M e t h o d s  f o r  t h e  S y n t h e s i s  o f  Q u a t e r n a r y  S a l t s  o f  

A r o m a t i c  H e t e r o c y c l e s  

Several  types of photoreact ions  that lead to qua te rnary  a romat ic  he te rocyc les  - construct ion of a 
p roper ly  charged he teror ing ,  closing of new carbocycles  or  he te rocyc les  to qua te rnary  a romat ic  he te ro -  
cycl ic  compounds, and alkylation (arylation) of he te rocyc les  - have been descr ibed.  

The reac t ions  of the f i rs t  type include the well-known (in the alkaloid se r ies )  photochemical  closing 
of a qua te rna ry  he te rocyc le  as a resul t  of t r ansannula r  in teract ion of the carbonyl  and amino groups [4]. 
It leads to berber ine  (I) and its der ivat ives:  

~ ~  OC H 3 

~OCH 3 

< .* 
O "~ OCH3 

~'~j"~,~, O C H 3 

The pho tochemica l in t r amolecu la r  acylation of the benzene ring in II gives p ro toberber ine  der ivat ives  III 
in good yield [5]. 

The photocyclizat ion of the benzoyl analog of H proceeds  differently under  s imi l a r  conditions to give 
IV [6]. (See equation on following page.) 

Many qua te rnary  and mesoionic  a romat ic  he te rocyc les  have been synthesized by photocyclodehydro-  
genation. Thus,  i r radia t ion  of alcohol solutions of 1-s tyry lpyr id in ium salts  and substi tuted 1 - s ty ry lpy r id -  
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inium salts in the p resence  of iodine makes it possible to obtain phenanthridizinium der ivat ives  V in good 
yields CuP to 60%) [7, 8]. Selective cyel izat ion was not observed when the s tar t ing 3-methylpyridinium ring 
was unsymmet r ica l ly  substituted [8] (both possible i somers  are formed).  

R R 

R' ~ I2 R l I- 

The photodehydroeyclizat ion of 2 ,3-d iary l te t razol ium salts (VI) has been studied for  numerous ex-  
amples [9-13]. As in the carbocycl ic  se r ies ,  ni t ro  compounds were not cycl ized.  In contras t  to the A? and 

i somers  [13], cycl izat ion did not occur  if one of the a ry l  groups was a - p y r i d y l .  Photocyclizat ion of ten  
gives high yields (35-85%) and may be of prepara t ive  in teres t .  

-- h~ /~N--N 

-- ~ R  R" 

Similar  photocyclization was observed  on i r radiat ion o fmeso ion icd ia ry l - l , 3 ,4 - th i ad iazo les  VII (30% 
yield) [14, 15] and condensed pyridinium der ivat ives  VII [16] and VIII [17]. 

R R 

S ,..S S ....S 

I I C6H 5 C6H S 

Although photodehydroeyclizat ion of salts  of aromat ic  he te rocyc les  is, on the whole, ex t r eme ly  s im-  
i lar  to the analogous react ions  of carbocycles  and he teroeycl ic  bases,  the di f ferences  in the reac t iv i t ies  
of the sa l t s  and bases  a re  somet imes  ex t r eme ly  substantial .  Thus, in contras t  to qua te rnary  salt  VIII, 
the corresponding phenylbenzoquinoline is not cycl ized under  the same conditions but is capable of under -  
going this sor t  of t r ans format ion  in strongly acidic media [16]. 1,3-Diphenylbenzo[f]quinoline behaves 
s imi la r ly  [18]. The reduced react ivi ty  of the he teroeycl ie  bases as compared  with the salts is probably 
caused by the possibi l i ty of v** -n  t ransi t ions  in the fo rm er .  This same reason leads to loss of the ability 
to undergo cycl izat ion in the case of some substituted st i lbenes,  which have low-lying njr* levels ,  inas-  
much as the p resence  of the la t te r  re inforces  p roces se s  involving the deactivation of the excited Sl(~**-r) 
state of the c i s -s t i lbenes  [19] that is responsible  for  the cyclizat ion [20]. 

The photochemical  dehydrocycl izat ion of the 1-phenacylpyridinium ion iX) could not be real ized,  but 
the corresponding phenanthridizinium ion (XI) can be obtained by photocyclization of the 2 - b r o m o - l - p h e n -  
acylpyridinium ion (XII) [21]. 
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0 OH 0 

A re la ted  reac t ion ,  although it leads to closing of a nonaromat ic  ring, is photocycl izat ion of 2 -ha lo -1 -  
benzylpyr id in ium ions (XIII, R=C1, Br;  R ' = H ) ,  which makes  it poss ib le  to obtain the p rev ious ly  unknown 
pyr ido[2 ,1-a] iso indol ium der iva t ives  (XIV) in good yields  [21, 22]. 

R C0 H 5C H2.__ N j~-~"~ O 

x ..__J x._lv x_v 

The i s o m e r  containing a halogen in the or tho posit ion of the benzyl  res idue (XIII, R =H, R'  =Hal) cyc l izes  
much more  slowly and gives a p o o r e r  yield;  this indicates  the lower  reac t iv i ty  of the halogen in the benzene 
r ing.  This  is a lso  indicated by the fact that  the d ibromo der iva t ive  (XIII, R =R '  =Br)  is cycl ized only in 
one direct ion,  co r re spond ing  to spl i t t ing out of a bromine a tom f rom the pyr id inium ring [22]. The fluoro 
der iva t ive  (XIII, R = F, R '  =H) does not undergo photochemical  cycl izat ion but is conver ted  to a 1 -benyz l -2 -  
pyr idone d i m e r  (XV). The p r i m a r y  reac t ion  is apparent ly  reac t ion  with the solvent  - water .  The compound 
that  does not contain a halogen atom (XIII, R = R '  =H) photocycl izes  ve ry  slowly [22]. 

Examples  of the photochemical  quaterniza t ion  of a roma t i c  he t e rocyc le s  a re  well  known. Thus,  UV 
i r rad ia t ion  of solutions of acr idine  [23, 24] and benzacr id ines  [24] in CC14 and CBrC1 a leads to N - t r i c h l o r o -  
me thy l  de r iva t ives ,  

..{.. CCt4 h~,, 

I 
CC!. 3 C~-  

XVI 

for  example ,  to XVI. On the bas i s  of a c o m p a r i s o n  of the quantum yields  of  the reac t ion  with the calcula ted 
w-e lec t ron  cha rges  on the ni t rogen a toms  in the r r*~rrand ~r*--n exci ted s ta tes ,  Kel lmann [24] p roposes  an 
ionic m e c h a n i s m  for  the quaternizat ion,  but his conclusion s e e m s  inadequately substant ia ted.  

The photochemica l  N-a ry l a t i on  of pyridine and 4-picol ine occurs  during nucleophil ic substi tut ion of 
the ni t ro  group in the exci ted s ta tes  of e t he r s  and e s t e r s  of p-n i t rophenol  [25-27]. p -Ni t rophenol  i t se l f  
and m - n i t r o a n i s o l e ,  n i t robenzene,  and p-d in i t robenzene  do not r eac t  under  these  conditions [26]. On the 
o ther  hand, the ni t r i le  group in the o ther  r ing can be rep laced  s imul taneous ly  with r ep l acemen t  of the ni t ro 
group in diphenyl e the r  der iva t ive  Xu [27]. 

NC~O-~ -No2 Pyr~dlne, CN ~ O -~- N~ 
XV!I water 

The N-a ry l a t i on  of pyridine gives good yields  and is of p r e p a r a t i v e  in teres t ;  this  type of reac t ion  has 
not been studied for  o ther  he t e rocyc le s .  

P h o t o c h e m i c a l  R e d u c t i o n  o f  Q u a t e r n a r y  A r o m a t i c  H e t e r o c y c l e s  

The appearance  of anomalous  long-wave absorp t ion  bands in the e lec t ron ic  s p e c t r a  of the iodides or  
b r o m i d e s  of qua te rna ry  a rom a t i c  he t e rocyc le s  has been explained as being the resu l t  of photoreduct ion of 
the cat ions to the co r respond ing  rad ica l s  as a consequence of e l ec t ron  t r a n s f e r  f rom the halide ion to the 
pos i t ive ly  charged  he t e ro r ing  in a so lvated  ion pa i r  [28]. The I~ and I F ions were  identified during f lash 
photolys is  of solutions of iodides of subst i tuted N-a lky lpyr id in ium and -quinolinium ions [29, 30]; this  made 
it poss ib le  to cons ide r  the fo rmat ion  of I" to be proved [30]. 

R+I -~- -  ( R I ) . ~ - R +  I 
I +  I-~--I2- 
2I~--I2 
I -  + I2~-~-Ia- 
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The same  authors  also observed  absorpt ion that  was apparent ly  re la ted  to the quinoline radica l .  The 
format ion  of CI" was s i m i l a r l y  observed  in the case  of dichloride XVIII [31], i .e. ,  the chloride ion also may  
act as a reducing agent of the mos t  e lec t rophi l ic  qua te rna ry  sal ts  of he te rocyc les  during i r radia t ion .  Hop- 
kins and c o - w o r k e r s  [32] invest igated the photoreduct ion of sa l ts  XVIII to cation rad ica l  XIX by p r i m a r y  
and secondary  alcohols.  They assume  that the r a t e -de t e rmin ing  step is e lec t ron  t r a n s f e r  f rom the alcohol 
molecule  to the singlet  exci ted s tate  of dication XVIII. The alcohol rad ica l s  fo rmed  were  detected by means  
of spin labeling. 

N ~ N  h~ N~N ('; H3-- --CH3 +e * C H ~  --CH3 - ' \  

2 CL- C~- 

XViIJ  XIX 

The photoreduct ion of acr id inium sa l t s  X X  by alcohols p roceeds  via  a different  scheme.  The p r in -  
ciple products  a re  1 ,1 ' -d i a lky l -9 ,9 ' -d i ac r idany l s  XXII [33, 34]. I t  is p roposed  [34] that the f i r s t  t r ip le t  
s tate of the acr id in ium ion s t r ips  a proton f rom the alcohol to give rad ica l  cation XXI, which d i m e r i z e s .  
Dimer  XX-II, although it can be isolated,  is photochemical ly  unstable and decomposes  to 1-a lky lacr id in ium 
ion and 1-a lky lacr idan  [34]. G6th and c o - w o r k e r s  [35] under  s imi l a r  conditions obse rved  the format ion  of 
not only d imers  XXII but also hydroxyalkyl  der iva t ives  XXIV, which co r respond  to the react ion  of rad ica l  
cations XXI with alcohol rad ica l s .  In the case  of 9-subst i tu ted  XXIII, in which d imer iza t ion  is difficult, 
the yield of the product  of reductive hydroxyalkylat ion inc reases  to 40%. 

hv 

RCH2OH 

Ark 
X• 

CH 3 

CH 3 

H A~k 

N 

xx._! 

RdHOH l 
ALR 

R CHOH X X I..,~1 

I 
AIK 

xxl_.~ 

Although the re  are  no avai lable data on s i m i l a r  photoreact ions  of qua te rnary  pyridinium and quinolin- 
ium sa l t s ,  the reac t ion  of protonated pyr id ines  [36] and quinolines [37] with alcohols,  which occurs  during 
i r rad ia t ion ,  is well known. 

H R CHOH C 

RCH20H / . ~  

XXV 

2R 

H 

xxv__j 

Its  pr inciple  products  a re  1,2- and 1,4-dihydro der iva t ives  (for example ,  XXV), which a r e  readi ly  dehydrated 
in acidic media  to give 2- and 4-alkylquinolines and -pyr id ines  (for example ,  XXVI). 

Biochemica l  invest igat ions of photosynthesis  p r o c e s s e s  in plants indicate that  the photoreduction of 
a substi tuted pyridinium ion - nicot inamide adenine dinueleotide - poss ib ly  plays an important  role in them 
(see, for  example ,  [38]). However,  an a t tempt  to accompl i sh  this t r an s fo rma t ion  in v i t ro  was u n s u c c e s s -  
ful [39]. 

S o m e  P h o t o r e a c t i o n s  o f  Q u a t e r n a r y  A r o m a t i c  H e t e r o c y c l e s  w i t h  W a t e r  

A number  of pyr id inium sa l t s  undergo complex t r an s fo rma t ions  on i r rad ia t ion  in water .  For  example ,  
the photodegradat ion of the herbic ide  paraqua t  (XVIII) leads to c leavage of the pyr id inium ring to u l t imate ly  
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give an isonicotinic acid der iva t ive  (XXVIII) [31, 40]. Amino aldehyde XXVII is p roposed  [34-40] as the 
in te rmedia te  in the fo rmat ion  of the la t te r ,  but it r e m a i n s  unc l ea r  what re la t ionship  the paraqua t  rad ica l  
cation, which is read i ly  fo rmed  on i r rad ia t ion ,  has to this  p r o c e s s .  

H 

t I 
":H 3 CH 3 

<VIII XXVll 

COO- 

l 
CH 3 

XXVlll 

A qua te rna ry  der iva t ive  of nicot inamide (XXIX) undergoes  photooxidation to a subst i tuted ~ -pyr idone  
(XXXI) on photolysis  in aqueous solution [41]. I t  is supposed that the l a t t e r  is fo rmed  f rom the product  of 
the dark  hydro lys i s  of the pyr id inium ion - 1 - m e t h y l - 2 - h y d r o x y - l , 2 - d i h y d r o  der iva t ive  XXX - but this 
a s s e r t i o n  has not been proved.  

CONH 2 CONH 2 ,,,CO NH 2 

[ o ]  
I H ~ 0 
CH 3 CH 3 CH 3 

x.xlx xx__.~x xxx.._~l 

In addition, the photohydrolys is  of pyr id in ium ions which includes a ske le ta l  t r ans fo rma t ion  is known [42]. 
In alkaline media ,  this  reac t ion  p roceeds  p rac t i ca l ly  to comple t ion  and gives 6 -azab icyc lo[3 .1 .0 ]hex-3-en-  
2-ol  de r iva t ives  XXXIII and XXXIV in good quantum yields (~0.1). To explain the 1,2-shif t  of subst i tuents  
that  is s o m e t i m e s  obse rved  in the case  of picol ines  and lutidines,  it has been a s sumed  that 1-(methylazonio} 
benzovalene (XXXII) is init ial ly fo rmed .  

Thus,  the re  is a s i m i l a r i t y  to the photohydrat ion of benzene,  which p roceeds  through benzovalene [43]. 
This  s i m i l a r i t y  is apparen t ly  due to the 7r**--~r nature  of the exci tat ion of the qua te rna ry  he te ror ing .  (Py- 
r idine,  in which ~r*~ n exci ta t ion is poss ib le ,  is photohydrated different ly  to "Dewar  pyr id ine"  [44, 45].) In 
neu t ra l  o r  acidic media ,b icyc l ic  compounds (XXXIII) readi ly  undergo r e v e r s e  dark  r e a r r a n g e m e n t  to give 
pyr idinium ions,  and the in te rmedia te ly  obse rved  UV absorpt ion may  be re la ted  in one case  to chain amino 
aldehyde XXXV and in the o ther  case  to 1 - m e t h y l - 2 - h y d r o x y - l , 2 - d i h y d r o p y r i d i n e  (XXXVI) [42]. 

In this  connection, it can be a s s u m e d  that bicycl ic  products  of the XXXIII type a r e  a lso  init ially fo rmed  
in the above -desc r ibed ,  m o r e  complex  t r a n s f o r m a t i o n s  of pyr id inium ions [34, 40, 41], and the XXXIII then 
undergo t r a n s f o r m a t i o n s  in analogy with XXXV or  XXXVI. 

R 

CH 3 

/NN•o 
H3C H 

NXXV 

~N/CH3 _ / -  Nt"CH3 j N , . J  CH3 

OH 

XXXI] XXXIIt 
/ C H 3  / C H  3 

G <  - 
I OH 
CH 3 R R 

XXXV___.~ XXXlV 

In o r d e r  to explain the or igin  of XLI-X'LIII - products  of the photolysis  o fpy r i l l i um sal t  XXXVII in 
w a t e r -  Ba r l t rop  and c o - w o r k e r s  [46] success fu l ly  used the concept  of the in te rmedia te  fo rmat ion  of 
oxoniobenzovalene XXXIX, (see equation on following page),  the p r e c u r s o r  of which is a s sumed  to be cation 
d i rad ica l  X X X ~ I I  r a t h e r  than cation XL, inasmuch as the t r a n s f o r m a t i o n s  of the l a t t e r  do not explain the 
development  of diketone XLII.  

The s ame  authors  p ropose  a scheme with an oxoniobenzovalene in te rmedia te  to explain the data in 
[47] on the phototysis  of a - p y r o n e s .  The p r e r equ i s i t e  for  the s imi l a r i t y  between the l a t t e r  and pyr iUium 
sa l t s  is a suff icient ly la rge  contr ibut ion to the i r  e lec t ron ic  s t r u c t u r e s  of l imit ing s t ruc tu re  XLIV. 
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~ , C  H 3 ) 3 ~(CH3)3 " C(CH3) 3 C{CH3} 3 

H3CA+O.~CH 3 h~ I , . H 3 C ~ +  ~CH 3 ~ 3 C ~ C H  3 . L ~ O  
H3 C C H 3 

XXXVII XXXVIII XXX,IX I 

1 1 ,' 
( H3C )2~ C-- CH2 C (CH3) 3 C (CH3) 3 

H3C CH 3 
H3C CH 3 H3C CH QH OH 

O 
x-~ i ~ o ~  I XL~ 

0- 

0 f: <S 
OH 

H 3 CH 3 
H2C OH 

H3C~ II II ~CH 3 
O O 

XLIV X Ll"~-i XLIII 

P h o t o c h e m i s t r y  o f  M e s o i o n i c  C o m p o u n d s  

Misoionic compounds can be cons idered  to be a roma t i c  qua te rnary  he te rocyc les  that  have subst i tuents  
with an in tegra l  negative charge  in which the observed  in t r amolecu la r  compensat ion  of charges  can be t r a n s -  
mit ted only by valence s t ruc tu re s  of d i radica l  c h a r a c t e r .  The effect ive charges  in mesoionic  he te rocyc les  
a re  cons iderable ,  and this  makes  them c lose ly  r e semble  qua te rna ry  he te rocyc les .  

The data p resen ted  below on the photochemical  reac t ions  of mesoionic  compounds show that  f r a g -  
mentat ion and i somer iza t ion  reac t ions  a re  f i r s t  and fo remos t  cha r ac t e r i s t i c  for  them,  i .e. ,  the exci ted 
s ta tes  of the mesoionic  he te rocyc les  and qua te rna ry  he te rocyc les  that  are  respons ib le  for  the photochem-  
ical  t r ans fo rma t ions  di f fer  in the i r  r eac t iv i t i e s .  

Severa l  types  of t r ans fo rma t ions  during which, as it is assumed,  in te rmedia te  [2.1.0] bicycl ic  c o m -  
pounds are  formed,  are  known for  f i v e - m e m b e r e d  mesoionic  he te rocyc les .  Thus,  it has been found [48] 
that the photolysis  of N-phenylsydnone (XLV) gives i somer i c  4-phenyl -A2-1 ,3 ,4-oxadiazol in-5-one  (XLIX); 
expe r imen t s  with 14CO2 and a study of the dependence of the format ion  of oxadiazoline XLIX on the carbon 
dixoide p r e s s u r e  have shown that  spli t t ing out and subsequent  addition of CO 2 in a different  or ienta t ion ap-  
paren t ly  occur .  It  is a s sumed  that e i the r  diazir ine XLVII or  ni t r i l imine XLVIII par t ic ipa te  in the addition 
react ion.  I t  should be noted that  only the indicated photo isomer iza t ion  was obse rved  during an a t tempt  to 
introduce sydnone XLV into photochemical  cycloaddit ion with reagents  containing mult iple  bonds. 

x-C? X...Lyl X'LV.t~ XLW, X ~  

This sor t  of i somer iza t ion  was not noted in the photolysis  of 3 ,4-diphenylsydnones.  The format ion  
of the chief  photolysis  products  - 2 ,4 ,5 - t r i pheny l - l , 2 ,3 - t r i a zo l e s  and some other  subs tances  - is explained 
[49-51] by a complex chain of t r an s fo rm a t i on s  of C,N-diphenyln i t r i l imines  or  diphenyldiazi r ines  that  a r i s e  
f rom the bicycl ic  compound, as in the case  of XLVI. The s t ruc tu r e s  of the adducts of the photochemical  
1 ,3-dipolar  cycloaddition of olefins and ace ty lenes ,  which gives yields up to 50-80% [50-52], a lso indicate 
that  n i t r i l imines  are  fo rmed in te rmedia te ly  during the photolysis  [51]. 

However ,  the r e su l t s  of r e s e a r c h  on mesoionic  1,3-dithiolium [53] and 1 ,2 ,4 - t r i azo l ium [54] de r i v -  
a t ives  provide evidence that  valence i somer iza t ion  to a new f i v e - m e m b e r e d  he te rocyc le  that  does not have 
fo rma l  cha rges  may  p recede  c leavage of the bicyclic in te rmedia tes .  Thus,  1,3-di thiol ium compound L is 
conver ted  (in 80%yield) to 1,2-dithiol LII as a resul t ,  as a s sumed  in [53], of s igmat rop ic  r e a r r a n g e m e n t  
of bicycle LI,  
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C671 5 S C6H 5 l 

C6H5~ =N C6HsCON C6H5CON 
-) 

The principle products in the photolysis of LIII are ~rylazobenzene LVI, aryl isocyanate  LVII, and 
benzimidazole (LIX). The formation of benzimidazole in this case and its absence in the photolysis of N- 
phenylsydnone made it possible to conclude that these two phototransformat ions  proceed without the fo rma-  
tion of a common intermediate (diazirine XLVII might have been assumed to be such an intermediate).  The 
i somer iza t ion  of bicycle LIV to t r iazole  LV with subsequent t ransformat ions  of the la t ter  explains the s t ruc -  

6H5 

C6 HSXXN/~N 

L III L I._.VV L V L V__~I 

:J~ -- R NCO 

/ ~ N  C6 H5N ~ CH--N: . . . .  
N 

LIX 

tu res  of the final products obtained. 

~ 6H5 

N\ 
~/-I- ',N h'q k',--, 

XLVII LVlll 

The assumption of initial valence i somer iza t ion  thus el iminates the necess i ty  for resor t ing  to an ex-  
amination of the formation of unstable 4~-eleetron 1H-diazir ines in the photofragmentation of mesoionic 
f ive -membered  he terocycles .  

The two indicated schemes of the t ransformat ions  (with the intermediate formation of a 4~-electron 
heterocycle  and with valence isomerizat ion)  cannot be distinguished on the basis of other  investigations, 
in which the individual photofragTnentation products were identified. These investigations included, for ex-  
ample, the isolation of diphenylacetylene and sulfur during the photofragmentation of 2 ,4-d iphenyl - l ,3 -  
di thiol ium-5-olate  [55] and the tying up of the benzonitrile sulfide formed during the photolysis of 4-phenyl-  
1 ,3 ,2-oxathiazol ium-5-olate  and its derivat ives [56] as a resul t  of reactions with acetylenedicarboxylic 
acid es te r .  It was apparently expedient to specially synthesize the proposed intermediate f ive-membered  
heterocyeles  and investigate the i r  t ransformat ions  in o rde r  to verify the assumption regarding the valence 
i somer iza t ion  of the p r im a ry  intermediate - a [2.1.0]bicycleo 

The s t ruc tures  ofthe products of photolysis of 2,3-disubstituted 4-aminothiazolium salts in water  en-  
abled Chinone and co -worke r s  [57] to also assume the formation of bicyclic compounds LX as intermediates .  
Although the scheme for the formation of the two chief final products of the reaction of LXII and LXIII is 
not completely clear ,  it seems probable that LXII a r i ses  as a result  of valence isomeriza t ion of bicycle LX 
to isothiazole LXI and its subsequent cleavage.  

R 
R I 

A O~-C 
# ~ /H + c=c 

H JC%NH R' N'~H \CN " 
\H I, 

LXI LXII LXlII 

R S 

~H 

m LX 

Photolysis  of sydnonimine salts in water  gives ~-keto  acids [57]. The difference between these r e -  
sults and the above-indicated data on sydnones is apparently associa ted to a considerable extent with the 
pronounced change in the nature of the solvent. 

1 ,3 ,4-Thiadiazol ium-2- thiola tes  (LXIV) undergo photofragmentation with the intermediate formation 
of unstable heteroeumulenes LXV, which are detected from the IR spec t ra  [58]. The formation of he te ro-  
cumulenes LX-v- is not, however,  a purely photochemical  t ransformat ion,  inasmuch as the i r  bands are not 
observed in the IR spect rum during low-tempera ture  photolysis.  
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In a recent study [59] it was found that the photolysis of 4-pheny1-1,3,2-oxathiazolium-5-olate ap- 
parently prooedes simultaneously via two paths, one of which commences with the formation of a [2.1.0] 
bicycle, while the other begins with the formation of a heterooumulene. 

Summar iz ing  the above- indicated expe r imen ta l  data, which provide evidence for  the ready format ion  
of [2.1.0]bicyelic compounds f r o m  f i v e - m e m b e r e d  mesoionic  he te rocyc les ,  it can be a s sumed  that  the 
bicyclic compounds a r i se  d i rec t ly  f rom the exci ted s ta tes  of the subs t ra te  molecu les  that  have d i radica l  
charac te r :  the t r ip le t  s ta tes  a re  more  l ikely to have di radical  c h a r a c t e r  [60]. A calculat ion of sydnone, 
sydnonimine, and the sydnonimine cation by the MO method (within the P o p l e - P a r i s e r - P a r r  approximation)  
[61] indicates the low energy  of the f i r s t  t r ip le t  s ta te .  Considerable  charge t r a n s f e r ,  which should occur  
during the T 1 -  S O t rans i t ion  (it can be thoroughly i l lus t ra ted ,  with the well-known re s t r i c t ion  [60], by va l -  
ence s t ruc tu res  LXVI and LXVII), 

R ~ R | 

N--O N~-O 

LXVI, LXVII 

can Encrease the probabi l i ty of this transit ion. 

It should be added that in the f i r s t  t r ip le t  s tate of sydnone and its der iva t ives ,  the highest spin density 
values  are  p r ec i s e ly  in the 2 and 4 posi t ions,  due to which a new cr bond should be fo rmed (this is i l lus t ra ted  
by s t ruc ture  LXVI). This  allows us to a s sume  that it is probable  that the f i r s t  t r ip le t  s ta tes  par t ic ipa te  in 
the examined photochemical  t r ans fo rma t ions  of sydnones and re la ted  compounds,  but there  is no d i rec t  ex-  
pe r imenta l  evidence for  this ,  and there  a re  no quan tum-chemica l  calculat ions for  der iva t ives  o ther  than 
those of sydnones.  

Of the s i x - m e m b e r e d  mesotonie  a romat i c  he te rocye les ,  p y r i d i n i o - l - a c y l i m i d e s  LXVIII, pa r t i cu la r ly  
1-a lkoxycarbonyl imides  [62-69] (in addition, 1 -ace ty l imide  [66], 1-benzoyl imide ,  and, 1 - tosy l imide  [63, 
66, 67, 69]) have been invest igated a lmos t  exclus ive ly .  The chief photochemical  reac t ion  of these compounds 
is i somer iza t ion  to 1 - a c y l - l H - 1 , 2 - d i a z e p i n e s  (LXX). This  photochemical  synthesis  s e e m s  of p repa ra t ive  
in te res t ,  inasmuch as the yields reach  90-95% [62, 64, 67, 68]. The effect  of subst i tuents  on this t r a n s -  
format ion  has been invest igated,  although on a l imited sca le .  Thus,  it has been found that substi tution of 
both of the ~ posi t ions with methyl  groups does not block the react ion,  but incorpora t ion  of an e thoxyca r -  
bonylimino group in the mono-o~-subst i tuted compound occurs  on the side of the unsubst i tuted ~ posi t ion 
[68]. A 4-e thoxycarbonyl  group preven ts  photo isomer iza t ion  (the substance is r es i s t an t  to i r radiat ion)  
[69]. It has been a s sumed  [67-69] that the t r ans fo rma t ion  p roceeds  through in termedia te  pyr idodiazi r ine  
LXIX. The isolat ion of side products  - 2 -acy laminopyr id ines  (LXXD [69] and2-aminopyr id ines  [67] - is 
cons idered  to be a conf i rmat ion  of this scheme.  

R 

-N~COR I 

R 

~ N  NHCORL 
R .LXXI 

--COR' ~ 

""COP' 
I"XlX L X'~-X LXVIII 

Quinol iun io- l -ace ty l imide  undergoes  photolysis  s i m i l a r l y  to give, in low yields,  2 -ace ty l amino-  
quinoline and benzodiazepine der iva t ive  LXXII, the methoxy group of which a r i s e s  f rom the solvent 
(methanol) [70]. (See equation on following page.)  

Inasmuch as  the photo i somer iza t ion  of py r id in io - l - a lkoxyca rbony l imide  p roceeds  to give good yie lds  
in acetone,  it has been assumed  [68], that it occurs  through a betaine t r ip le t  s tate,  which is populated due 
to sensi t izat ion by acetone.  However,  it was l a t e r  found [71] that  the effect  of the t r ip le t  s ens i t i ze r  eosin  
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reduces  only to r e in fo rcemen t  of a side p r o c e s s  (with r e spec t  to [ somer iza t ion)  - spli t t ing out of a ni t rene.  
When the i r rad ia t ion  was effeoted through a GWV f i l te r  in the p re sence  of eosin,  in which case  the pyr id in-  
iumimide was not d i rec t ly  exci ted,  c leavage predominated .  In this connection, it has been concluded [71] 
a betaine t r ip le t  s ta te  pa r t i c ipa te s  in the c leavage of the ni t rene.  A quan tum-chemica l  calculat ion [72] by 
the P o p l e - P a r i s e r - P a r r  method indicates,  on the o ther  hand, an inc rease  in the o r d e r  of the bond between 
the exocycl ic  a tom and the o~-carbon a tom of the he te ro r ing  of LXVIII in the Sl s tate;  this  makes  it pos -  
sible to cons ide r  the par t ic ipa t ion  of the l a t e r  probable* in the fo rmat ion  of bicycle LXIX. 

When the nature  of the anionoid cen te r  of 1-pyr id in ium ylids the re  may  be a pronounced change in the 
r eac t iv i t i e s ,  which is demons t r a t ed  by the photochemical  i somer iza t ion  of 1 -pyr id in ium dicyanomethyl ide  
(LXXIII) to 2- (2 ,2-d icyanovinyl )pyr ro le  (LXXIV) (the lower  yield is a s soc ia ted  with the s imul taneous  sp l i t -  
t ing out of a d icyanocarbene ,  which p roceeds  to a cons iderable  degree)  [64]. 

Side reac t ions  (with r e s pec t  to photo isomer iza t ion)  of photocleavage of subst i tuted n i t renes  o r  c a r -  
benes were  also obse rved  in o ther  c a se s  [68, 70, 73, 74]. 

T r i azo l ium imides  LXXV have undergone only side c leavage,  and the final product  of the ni t rene t r a n s -  
fo rmat ions  was azo compound LX-XVI [75]. T r i azo l ium acety l imide  LXXVH, in addition to s i m i l a r  c leavage,  
was s imul taneous ly  i s o m e r i z e d  to t r i azo leca rboxy l i c  acid methy lamide  LXXVIII  [76], but the mechan i sm of 
this reac t ion  is not c l ea r .  

N-cN/C6H5 N__N/C6H5 

t; 
N-- C6H4NO 2 - p 

L XXV 

.CH.C.H. 
N---- "N / ,: o 

N~COCH 3 
LXXVll 

h'V 

LXXVI 

N N/CH2C6H5 

' N - ~ C O  N H Cl'l 3 

LXXVIII 

The r e v e r s e  photochemical  t r a n s f o r m a t i o n  of pyry l ium 3-oxides ,  for  example ,  L X X I X  and its benzo 
der iva t ive  (LXXXI) [78, 79], to the co r respond ing  oxides LXXX and LXXXII is well  known [77]. In connec-  
tion with the isolat ion of side products  of the t r a n s f o r m a t i o n  LX-XXI ~LX-XXII in alcohol (c is -  and t r a n s - 3 -  
e thoxy-2-hydroxy-2 ,3-d iphenyl indanones) ,  Ullmann and Henderson [79] a s sume  that  these  photochromic  
t r a n s f o r m a t i o n s  (forward and r e v e r s e )  apparent ly  p roceed  through v ibra t ional ly  exci ted ground s ta tes  of 
the t a u t o m e r s ,  although the par t ic ipa t ion  of the cor responding  t r ip l e t s  is not" excluded. To the l a t t e r  one 
may  add that  the t r a n s f o r m a t i o n  of mesoionic  pyry l ium der iva t ives  to bicyclic oxides could a lso  occur  via 
yet another  m e c h a n i s m  - through oxoniobenzovalene de r iva t ives  L ~ I I o  (See scheme onthe fol lowingpage.)  

P h o t o r e a c t i o n s  w i t h o u t  C h a n g e s  in t h e  Q u a t e r n a r y  

A r o m a t i c  H e t e r o c y c l e  

The effect  of  a qua te rna ry  a rom a t i c  he te rocyc le  is weakly mani fes ted  in a number  of photochemical  
reac t ions  of the side chain o r  adjacent  ring. The c i s - t r a n s  i somer i za t ion  of qua te rna ry  sa l t s  of 1 - a r y l - 2 -  
he ta ry le thy lenes  [80-82], the d imer iza t ion  of the same compounds to cyclobutane de r iva t ives  [80, 83, 84], 
and the d imer iza t ion  of acr id iz in ium sal t  LXXXIV [85] and its benzo der iva t ives  [86] a re  among such t r a n s -  

*A l a t e r  study [92] showed that  cons idera t ion  of the o r d e r s  of the bonds of the exocycl ic  ni t rogen with the 
C 2 and C 6 a toms  of the pyridine r ing in the S 1 s tate  is useful  for  the in te rpre ta t ion  of the p r i m a r y  path of 
i somer i za t ion  of subst i tuted pyr idinium imides .  This  path c o r r e s p o n d s  to a higher  bond order ,  which is 
p romoted  by e l e c t r o n - d o n o r  subst i tuents  a t tached to the o~-carbon atom and e l e c t r o n - a c c e p t o r  subst i tuents  
at tached to the co r respond ing  f l - ca rbon  a tom.  
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format ions ,  in which the pr inc ip les  es tab l i shed  for  ca rbocyc les  and uncharged he te rocyc les  a re  b a s i c -  
ally re ta ined.  

N h'~ 

LXXXIV 

Examples  of the few reac t ions  in which the e l e c t r o n - a c c e p t o r  effect  of qua te rna ry  pyridinium rings 
is exer ted  are  the photoreact ions  with nucleophiles of 1,2-bis(pyridinio)ethylene,  for  example ,  LXXXV 
[87]. The la t te r ,  like other  olefins with e l e c t r o n - a c c e p t o r  subst i tuents  [88], readi ly  add wate r  and alcohols 
on i r rad ia t ion  to give LXXXVI. 

C H 3 - - N ~  ~ -  C H = C H - - - ~ N - - C H  3 ' 

LXXXV 

R 
LXXXVt R : OH , OR I 

The quantum yields in the reac t ion  of 3-pyr idinio  der iva t ives  are  cons iderably  lower  than in the r e -  
actions of the 2- and 4 - i s o m e r s ;  this  is explained by the weak accep to r  p rope r t i e s  of the 3-pyr id in ium r e s i -  
due. 

It has been a s sumed  [87] that the exiplexes  of the LXXXV cation with wa te r  o r  alcohols a re  conver ted  
to adducts LXXXVI in the ground state (possibly with in termedia te  spli t t ing out of a proton).  Decomposi t ion 
of the exiplex due to e lec t ron  t r a n s f e r  to the olefin with subsequent proton t r a n s f e r  and addition of an e the r  
rad ica l  is cons idered  probable  for  the reac t ion  with e thers :  

CH3-CH}"-O--CH2"-CH3 ] L ] 

L C H~,.C H~_O__~H__ CH 3 H3 c /  OCH2CH 3 

The photolysis  of (1 -methy l -2 -pyr id in io ) fe r roeene  does not involve the he teroeycle  and may  se rve  
as a method for  the p repa ra t ion  of pyr idinium cyclopentadienyl ides  [89]. 

The re  are  data avai lable  [90, 91] regard ing  the photooxidative hydroxylat ion of qua te rna ry  phena-  
zinc de r iva t ives  in the 6- and 9-posi t ions .  
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McIlwain [90] proposes 6,9-endo-peroxide LXXXVII and the corresponding 6- and 9-hydroperoxides 
(LXXXVIII and LXX~XIX) as intermediates.  
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