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Methods for  the p r epa ra t i on  of anhydro bases  of the pyridine s e r i e s  by deprotonat ion of the c o r r e -  
sponding qua t e rna ry  sa l t s  under  the influence of bases ,  as well as by the d i rec t  reac t ion  of qua -  
t e r n a r y  pyr id in ium or  halopyr idinium sa l t s  with CH acids in the p r e sence  of bases ,  a re  examined.  
The reac t ions  of anhydro bases  with var ious  reagen ts  (alkyi cations,  acyl tum cat ions,  the proton,  
a ldehydes,  i sothioeyanates ,  carbon  disulfide,  the hydroxide ion, etc.),  which consti tute evidence 
for  t he i r  high r eae t iv i t t e s ,  a r e  examined.  The par t ic ipa t ion  of anhydro bases  as in te rmedia tes  
in many reac t ions  intended for  the p repa ra t ion  of new he te rocyc l ic  s y s t e m s  is demons t ra ted .  

Compounds of the anhydro base  c l a s s ,  which a r e  genera ted  f r o m  he te rocyc l ic  cations that have hydrogen-  
containing subst i tuents ,  have long been of in teres t  to r e s e a r c h e r s  owing to the d ive rs i ty  of thei r  chemical  and 
physica l  p r o p e r t i e s .  Inasmuch as they have high r eac t iv i t i e s ,  they a r e  s ta r t ing  models  in the construct ion of 
var ious  he te roeyc l ic  s y s t e m s :  [ndoltztnes [ 1-4], pyr idaz tnes  [ 5, 6], substi tuted pyr id ines  [ 7], etc. The interes t  
in these  compounds is a l so  due to the fact  that  many  natural  a lkaloids  - s e m p e r v [ r i n e  [8, 9], f l avopere i r ine  
[10, 12], f lavocorptne [ 13], als tontl ine [14], se rpent ine  [15], a ls tonine [16-19], and a number  of others  - h a v e  
anhydro base  s t r u c t u r e s .  P repa ra t ions  with hypotensive [20], ant iphlogtst ic ,  and ana lges ic  action [21] and an t i -  
coagulants [22] have been found among anhydro bases  in recent  y e a r s .  Despite  the r a t h e r  long acquaintanceship 
that  r e s e a r c h e r s  have had with this in teres t ing c lass  of organic  compounds,  much of the i r  chemis t ry  r ema in s  
unc lea r .  Thus in the pyridine s e r i e s  only methylene  anhydro bases  and the i r  var ian ts  or anhydro bases  fo rmed 
f r o m  s t r u c t u r e s  with a condensed pyridine r ing such as  the anhydro bases  of i somer i c  carbol ines ,  information 
rega rd ing  which has been co r re l a t ed  in a monograph [23], a r e  thus fa r  known. Anhydro bases  that can be gen-  
e ra ted  f r o m  qua te rna ry  pyr id tn ium sa l t s  that contain a he te rocyc l t c  substi tuent with a labile hydrogen a tom 
(indole, for  example)  have remained  unkno~-a up until mos t  recent ly ,  although a study of the i r  formation would 
make  it poss ib le  to obtain new data on the c r i t e r i a  for  the s tabi l i ty  of the compounds,  which constitute a c o m -  
ple te ly  uninvest igated pa r t  of the c h e m i s t r y  of anhydro ba se s ,  tn addition, anhydro bases  with a s t ruc tu re  of 
this type open up new p r e p a r a t i v e  poss ib i l i t i es  for  the product ion of d i f f icul t - to-obta in  b i she te rocyc l tc  s y s t e m s .  
The p r o b l e m  of the  effect  of subst i tut ion in the pyridine r ing on the fo rmat ion  and reac t iv i ty  of the c o r r e s p o n d -  
ing anhydro bases  r em a i ns  complete ly  unexplored.  Very l i t t le  study has been devoted to the reac t iv i ty  and p r e p -  
a r a t i ve  poss ib i l i t i e s  of this c lass  of compounds .  Except  for  one sou rce  [23], in which data on anhydro bases  of 
i somer i c  carbol ines  a r e  cor re la ted ,  the re  a r e  no rev iews  in which data on anhydro bases  of the pyrtdine s e r i e s  
have been sys t ema t i zed .  The l a rge  amount of d i spa ra te  data on anhydro bases  of the pyr idine s e r i e s  and the 
impor tance  of this c lass  of compounds in the chemis t ry  of he te rocyc les  f rom both a theore t ica l  and prac t ica l  
point of view have made it n e c e s s a r y  to wr i te  the p re sen t  review.  

E l e c t r o n i c  S t r u c t u r e  a n d  S p e c t r a l  C h a r a c t e r i s t i c s  

o f  A n h y d r o  B a s e s  

Anhydro bases  of the pyr idine s e r i e s  a r e  unstable compounds,  and it is t he re fo re  a r a t he r  complex p r o b -  
l em to de te rmine  the i r  s t r u c t u r e s  with sufficient a ccu racy .  Let us note that even the s t ruc tu re  of a -p i co l ine  
was not es tab l i shed  p r i o r  to 1949 and that two fo rmulas  - p y r i d i n e  fo rmula  I and 2 - m e t h y l e n e - l , 2 - d i h y d r o -  
pyridine fo rmula  II - w e r e  used for  it [24]. Chichibabin postulated that a -p i co l i ne  exis ts  as a t au tomer ic  m i x -  
tu re  of both f o r m s  [25]: 
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A s t ruc tu re  of the II type,  in which the hydrogen at tached to the ni t rogen a tom is rep laced  by an alkyl or 
alkoxy subst i tuent ,  has been proposed for  anhydro bases .  A s i m i l a r  s t ruc tu re  (III) has been proposed to ex-  
plain the role  of piperidine as a ca ta lys t  in the condensation of a qua te rna ry  sal t  of quinaldine with a r o m a t i c  
aldehydes [26, 27]. The s t ruc tu re  of II[ is conf i rmed by the PMR spec t rum,  which is s i m i l a r  to the s p e c t r a  
of enamines .  Thus the protons of the methylene  group of the compound give a signal at 3.5-3.8 ppm, and the 
posit ion of the signal depends only sl ightly on the solvent .  When one hydrogen a tom of the methylene group 
is rep laced  by a methyl  group,  this signal is shifted to the weak-f ie ld  side and is observed  at 4.05-4.08 ppm. 
The absorpt ion of the protons  of the methylene group is shifted to the weaker - f i e ld  side than the c o r r e s p o n d -  
ing methyl  groups in the s ta r t ing  qua te rna ry  sal t  [28]. 

it is apparent  f r o m  fo rmulas  II and [II that the s t ruc tu re  of the anhydro bases  should be s im i l a r  to the 
pyridone s t ruc ture ;  this  was demons t ra t ed  by means  of IR spec t roscopy .  The absorpt ion  at 1637-1651, 1530- 
1583, 1511-1550, and 1438-1449 cm -I  and the intensi t ies  of these  bands for  anhydro bases  of the II type are  
v i r tual ly  the s ame  as the absorpt ion  and intensi t ies  for  pyr idones  and pyridinethiones [29, 30]. 

The s t ruc tu re  of an anhydro base  has been es tab l i shed  mos t  accura te ly  in the case  of 1 -benzy l -4 - cy c lo -  
pentadienyl idene-1,  4-dihydropyr id ine  (IV) [31, 32], the oxidation of which leads  to py r id ine -4 -ca rboxy l i c  acid, 
while reduct ion leads to 1 -benzyl -4-cyc lopenty lp iper id ine ;  the UV s p e c t r u m  of IV differs  marked ly  f rom the 
spec t rum of the i som er i c  7 -benzy l  pyr id in lum N-cyclopentadienyl id.  

/ 

C6HsCH2--N ~ 
iv 

Since anhydro bases  a re  fixed s t r u c t u r e s  of the [I type,  they a r e  widely used to study the t a u t o m e r i s m  of 
a lkylpyr id ines .  F rom the fact that the UV s pec t r a  of the anhydro bases  di f fer  marked ly  f rom the UV spec t r a  
of the corresponding pyridine bases  [33, 34], it may  be concluded that  the I -~  II equi l ibr ium is shifted marked ly  
to the left .  The t au tomer i c  equi l ibr ium constants  have been de te rmined  quanti tat ively by the pK a method:  

KT 
K 2 

i ~ , ~ l ,  K T : T  ' 

H 

The pK a wflues of various anhydro bases are presented in Table 1. It follows from Table 1 that anhydro 
bases  have high bas ic i t ies  (pIC a > 14); this  is a ssoc ia ted  with the loss  of the a roma t i c  c h a r a c t e r  of the pyrtdine 
r ing,  as evidenced a lso  by the i r  NlVIR s p e c t r a  [28, 38, 39]. 

All of the chemical  p r o p e r t i e s  of anhydro bases  can be explained by means  of two l imit ing s t ruc tu r e s  : 

CH 3 CH 3 

Quantum-chemica l  calculat ions [39, 40-43] show that the re  is s ignificant  sepa ra t ion  of the charges  between 
the ni t rogen a tom and the exocycl ic  methylene  group,  as well as pronounced a l te rna t ion  of the bonds, in the 
anhydro base  molecule .  The l a t t e r  fact  evidently explains the re la t ive ly  low stabi l i ty  of anhydro bases .  It 
should be noted that all of the calculat ions a r e  in good ag reemen t  with one another .  Significant negative charge 
is local ized on the exocycl ic  methylene group in anhydro base  II, and this indicates the g rea t  local  r - s u r p l u s  
c h a r a c t e r  of this carbon a tom.  Consequently,  e lec t rophi l ic  a t tack will be d i rec ted  p r i m a r i l y  to the methylene 
group, in agreement  with a l a rge  number  of expe r imen ta l  data.  The r e su l t s  of a calculat ion of the e lec t rophi l ic  
local izat ion energy  [43] also consti tute evidence in favor  of th is .  The pyridine ring in anhydro bases  has 7r- 
deficient cha rac t e r ,  since the posi t ive  charge  of a zwi t t e r - ion  s t ruc tu re ,  which is d is t r ibuted between the C2, 
C4, C6, and ni t rogen a toms ,  is local ized p r i m a r i l y  in it. The p r e s e n c e  of two cen te rs  with different  na tures  
(a ~ -surp lus  exoeycl ic  group and a ~-def ic ient  pyridine ring) in the anhydro bases  de te rmined  the possibi l i ty  
of the par t ic ipa t ion  of the anhydro bases  in reac t ions  with both e lec t rophi l ic  and nucleophilic agents  (see below 
for  information rega rd ing  this) .  Annelation of the anhydro base  at both the 5,6 and 3,4 bonds d e c r e a s e s  the 
negative charge on the exocycl ic  methylene  group somewhat  [39, 40, 42]. The ~r-electron charges  [42] on the 
exocycl ic  methylene groups  in 1 - R - 2 - m e t h y l e n e - l , 2 - d i h y d r o p y r i d i n e  ([I), 1 -R-2 -me thy lene - l , 2 -d ihydroqu ino l ine  
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TABLE I .  Basic i t ies  and Tau tomer ic  Equi l ibr ium Constants  of 1Eeth- 
y lpyr id ines  and The i r  Anhydro Bases  

Compound 

I 

CH 3 

pK~ 

5,97 

5,80 

Compound 

II 

III 

~ N ~ c H 3  
CH 2 

pK~ 

19,8 

15,0 

15,6 

PKT 

13,83 

9,21 

AG O , 
kcal/ 
mole 

12,0 

13,1 

(III), and 2 - R - l - m e t h y l e n e - l , 2 - d i h y d r o i s o q u i n o l i n e  (V) change symbat iea l ly  with r e spec t  to the exper imenta l ly  
found bas ic i t i e s  [44] of these  anhydro ba s e s :  -0.240022 (19~ -0 .18758 {15.6), and -0 .18254 {15.0) for  H, V, 
and III, r e spec t ive ly .  

The ene rg i e s  of the 7r-Tr* t rans i t ions  were  calculated on the bas is  of calculat ions of the ground s ta tes  of 
the anhydro bases  [37, 38, 40, 45]. It was shown that  the t rans i t ions  in the UV s p e c t r a  of the anhydro bases  
a re  s i m i l a r  to the t rans i t ions  in pyr id ines  [39]. The calculated UV spec t r a  a re  in good a g r e e m e n t  with the 
exper imen ta l  UV spec t r a .  In a compar i son  of the calculated spec t r a  of anhydro bases  with the calculated spec -  
t r a  of the cor responding  qua te rna ry  sal ts  [46] it was found that the spec t r a  of the anhydro bases  have a longer -  
wave absorp t ion  band than the spec t r a  of the qua te rna ry  sa l t s .  This pa t te rn  in the UV s p e c t r a  of the anhydro 
bases  and qua te rna ry  sa l t s  was also observed  exper imenta l ly  [24j 47]; the UV s p e c t r a  of the anhydro bases  
and qua t e rna ry  sa l t s  a re  cha rac te r i zed  by the p re sence  of an [sobest ic  point [48, 49], which indicates the e s -  
t ab l i shment  of an equi l ibr ium between the qua te rnary  sal t  and the anhydro base  in solution and makes  i tposs ib le  
to  de te rmine  the bas ic i t i e s  of anhydro bases  [36, 37]. 

P r e p a r a t i o n  o f  A n h y d r o  B a s e s  

All of the r eac t ions  that lead to the fo rmat ion  of anhydro bases  reduce  bas ica l ly  to the reac t ion  of the 
qua te rna ry  sa l t s  of the corresponding base  with an alkaline agent .  However ,  these reac t ions  can be subdivided 
into pr inc ip le  t ypes :  1) reac t ion  of qua te rna ry  pyr idinium sal ts  that  have hydrogen-conta ining subst i tuents  in 
the 2 or  4 posi t ions  with bases ;  2) r eac t ion  of unsubsti tuted qua te rna ry  pyr id tn ium sa l t s  with CH acids  in the 
p r e s e n c e  of bases ;  3) r ep l acemen t  of a halogen a tom in the pyr id in ium sal t  by CH acids .  

React ion of Quate rnary  Pyr id in ium Salts with Bases .  An anhydro base  of the pyridine s e r i e s  were  f i r s t  
obtained by t r e a t m e n t  of papaver ine  methiodide with alkali  [50] : 

OCH, ~ ]  OCH~ 

CH 3 CH 3 

A s y s t e m a t i c  study of the reac t ions  of qua te rna ry  pyr id inium sa l t s  that contain a subst i tuent  with a labi le  
hydrogen a tom in the 2 or  4 posi t ion with alkali  showed that ex t r eme ly  unstable anhydro bases  that decompose  
when they a re  dist i l led in vacuo [24, 51] can be isolated in re la t ive ly  pure  f o r m  by the i r  ex t rac t ion  e i ther  f rom 
s t rongly  alkal ine solutions of pyr id in ium sa l t s  or  f rom a dry mix tu re  of the pyr id in ium sal t  and po ta s s ium 
oarbonate [52]. 

Annelation of the pyr idine ring makes  the resul t ing  anhydro bases  somewhat m o r e  s table .  Thus an an-  
hydro  base  that was s table  in the d i m er i c  fo rm,  which, judging f r o m  the N}~R spec t ra l  data,  has s t ruc tu re  VI, 
was obtained in the reac t ion  of lepidine methiodide with alkal i  [53] : 

CH3 

CH --CH 3 
CH3 Vl 

The anhydro base  obtained f r o m  quinaldine methiodide is quite s table  (it can be r e c r y s t a l l i z e d  f rom ben-  
z e n e - p e t r o l e u m  ether) ;  however ,  it a l so  f o r m s  d i m e r s  and a po lymer  in solut ions.  Depending on the concen t ra -  
t ion solvent ,  and t e m p e r a t u r e ,  the following equi l ibr ium is es tabl ished [47, 52]: 
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CH2 

CH3 

H cH 

l ,  ~ CH3 ,. -~ polymer 
CH 3 

CH 3 
VII 

Anhydro bases  of the VI and VII type,  which a r e  fo rmed  by d imer iza t ion  of identical  r ings ,  are  called 
s y m m e t r i c a l  anhydro bases .  However ,  if  different  he te ro r ings  a r e  included in the composi t ion of the molecule ,  
such anhydro bases  a r e  called mixed [53]. 

The mechan i sm of the fo rmat ion  of anhydro bases  V[ and Vii evidently consis ts  in the fact that the anhydro 
base  of the IX type that is initially fo rmed  by the act ion of alkal i  on qua te rna ry  sal t  VIII r e ac t s  rapidly with a 
second molecule  of the sal t  to give anhydro bases  VI and VII: 

= ~ i . ~  ~, ,  v -H  OHl" VI 

"N"  "CH2 ~ - -~N- -CH 3 
_ I ~H, ~H 3 . I. CH3 I 
Vii! IX 

This assumpt ion  is conf i rmed by the fact that mixed anhydro bases  X and XI were  isolated when a m i x -  
tu re  of qua te rna ry  quinaldinium and quinolinium sa l t s  was t r ea ted  with alkal i  [53]: 

C --R 2 CH 

) X XI 
X RI=R2=C2Hs;RI=C2H5,R2=CH3 i XI RI=C2Hs~R2=CH3 

Two benzene r ings  annelated to a pyr tdine r ing make  the cor responding  anhydro bases  so stable that it 
becomes  poss ib le  to isolate them in the fo rm of m o n o m e r s ,  as ,  for  example ,  anhydro bases  XII and XIII, which 
were  obtained f rom qua te rna ry  acr id in ium and benzo[f]quinolinium sa l t s  [51, 54, 55]: 

CH 2 
I I 
CH 3 CH3 

XU XIII 

An increase  in the s tabi l i ty  of the anhydro bases  is p romoted  not only by annelat ion of the pyridine r ing 
but a l so  by the introduction of e l e e t r o n - a c c e p t o r  subst i tuents  in it. Anbydro bases  of the X[V type,  which were  
obtained f r o m  qua t e rna ry  sa l t s  of diethyl e s t e r s  of 2 ,4 ,6- t r i subs t i tu ted  pyr id inecarboxyl ic  acids,  consti tute a 
c l a s s i c  example  of s table pyridine anhydro bases  with an unsubsti tuted methylene group [21, 56-58]: 

R R 

H 5 C 2 O O C " ~  COOC2H5 OH" H5C2OOC ~ cOOCIH5 

CH 3" " N  I " "CH ]  C H i ~  N"  "~'CH 3 

CH~ CH3SO~ CH3 
XlV 

XlV R =C H 3 f C6H 5 '1 CF3C6H z 

The p r e s e n c e  of an e l e c t r o n - a c c e p t o r  acety l  group in the 3 posi t ion of lepidine a lso  s tabi l izes  resul t ing  
anhydro base  XV even m o r e  through in t r amolecu la r  hydrogen bonding and makes  it poss ib le  to isolate it in the 
m o n o m e r i c  f o r m  [59]: 

CH 3 C H - . . O  

COCH3 OH- ~ %CH 3 

I I 
["  C6H S C6H5 

XV 

Numerous  invest igat ions of the synthes is  of anhydro bases  f r o m  qua te rna ry  pyr id in ium sa l t s  that have 
var ious  hydrogen-conta ining subst i tuents  in the 2 or  4 posi t ion have made it poss ib le  t o  fo rmula te  yet another  
c r i t e r ion  of the s tabi l i ty  of anhydro bases  : If one or two hydrogen a toms  of the methylene group of the anhydro 
bases  a r e  rep laced  by e l e c t r o n - a c c e p t o r  groupings ,  these  anhydro bases  a re  s table  [33, 40, 57, 58, 60-63]: 
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2 
R\c/R 

CH 3 CH 3 
I 2 

RpR =CN I C O 2 C 2 H  5 I C O N H  2 ~ C s H ~  ; 

P -  NO2C6H~ .,cOc$H 5, SO2C6.H5 , etc. 

The anhydro base  of 2-benzylpyr id ine  cannot be isolated f r o m  this s e r i e s  because  of its rapid  dealkylat ion 
to give 2-benzylpyr id ine  [61, 64]. However,  the concer ted  effect  of a phenyl group in the side chain and an 
annelated benzene r ing  makes  it poss ib le  to obtain stable anhydro base  XVI f r o m  1-benzyl isoquinol inium m e t h -  
iodide [65] : 

~ N . . c H  ~ i~H- ~ . . C H 3  

I- CH2CBH 5 CHC6H5 
XVI 

There  is yet another  var ian t  of the fo rmat ion  of s table anhydro bases ,  viz. ,  the i r  synthes is  f r o m  qua te rna ry  
sa l t s  of py r idy lhe t a ry lme thanes .  For  example ,  anhydro base  XVII is fo rmed  f r o m  4- (9-acr td iny l )methy lpyr id ine  
by reac t ion  with alkal i  [66]: 

~H~I ClH 3 

_�9 �9 

XVII 

Quate rna ry  sa l t s  of di (3- indolyl)(4-pyridyl)methane also f o r m  stable  anhydro bases  [67]: 

I- IH3 I CH 3 
XVIII 

If the qua te rna ry  pyr id in ium sal t  contains an [ndole r ing with an unsubsti tuted NH group,  the c o r r e s p o n d -  
ing anhydro base  p roves  to be ext remely  s table ,  s ince the [ndole f r agmen t  in it is conjugated with the h e r e t o -  
cyclic  r ing,  as has been postulated a lso  for  other  s i m i l a r  s y s t e m s  [68]. Thus 1 -me thy l -4 - (3 - indo leny l idene ) -  
1 ,4-d ihydropyr id ines  XIX a r e  fo rmed  in good yields  by the act ion of an aqueous or aqueous alcohol solution of 
alkali  on 3-(4-pyrs methiodides  [69, 70]: 

O H -  

' ~ - - "  RI~.N.~L. ~ - -  R,/,.~.Nj~ 
I H XIX 

R=H ; RI :H IC6H5 ; R2=H ICH3~Br 

A ~ y d r o  bases  a r e  a lso  s i m i l a r l y  fo rmed  f r o m  qua t e rna ry  sa l t s  of 3-benzopyr idyl indoles ,  viz. ,  3- (2-  
quinotyl)-  (XX), 3-  (1-isoqutnolyl)-  (XXI), 3- (benzo[f]-2-quinolyl)-  (XXII), and 3- (9-acridinyl) indoles (XXIII) 
[71]. However ,  the p r o c e s s  in these  cases  is compl ica ted  by compet i t ive  N-dealkylat ion of the sal t ,  the con-  
t r ibut ton of which i nc rea se s  f r o m  XX to XXIII.  Annelatton of the benzene ring in this  case  has a significant 
effect not only on the s tabi l i ty  of the cor responding  anhydro bases  but a l so  on the d i rec t ion  of the reac t ion  of 
qua te rna ry  benzopyr td in tum sa l t s  with alkali .  This so r t  of effect  of annelation in the synthes is  of anhyd robase s  
was p rev ious ly  unknown: 

- i - l - i 
I CH 3 I CH 3 ~H~I I -  CH s 

xx  xxt  x x .  xxm 

R : 3 - i n d o l y l  
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In the l a t t e r  case  dealkylation becomes  the pr incipal  p roce s s ,  and the anhydro base is fo rmed  in Iow yield 
under  comparab le  conditions.  The r e su l t s  of quan tum-chemica l  calculat ions made it poss ib le  to in te rpre t  the 
r a t io  of these  two compet i t ive p r o c e s s e s ,  which depends on the difference in the res idual  posi t ive ~~eleetron 
charges  on the ni t rogen a toms  of the pyridine and indole r ings  in cations XX-XXIII.  Since the ~-e lec t ron  charge  
on the ni t rogen a tom in the indole r ing de te rmines  the tendency for  the detachment  of a proton,  while the charge  
on the ni t rogen a tom in the pyridine r ing de t e rmines  the tendency to undergo dealkylation,  the d i f ference  in the 
charges  on these a toms changes symbat ica l ly  with r e spec t  to the ra t io  of the yields of the compet i t ive  dep ro -  
tonation and dealkylat ion p r o c e s s e s ,  i .e. ,  the difference in the charges  on the ni t rogen a toms in the indole and 
pyridine r ings d e c r e a s e s  in the o rder  XX > XXI > XXH, and the contribution of dealkylat ion i nc rea se s  in the 
same  order .  

The addition of another  ni t rogen a tom to the pyridine r ing of the quinolylindole cation, i .e. ,  the t rans i t ion  
to benzopyraz in ium sal t  XXIV, d i rec t s  the reac t ion  with alkali exclusively  along the path involving dealkylat ion 
of the pyridine ni t rogen a tom - a base  is fo rmed  as a resu l t  of the react ion,  and the corresponding anhydro base  
cannot be isolated in even t r ace  amounts  [73] : 

I" ~ R ' x ' N x ' J  , ,  

,~:CH 3 )C2H 5 ~ RI~ R2=H~CN3 

However,  aza  subst i tut ion in the py r ro l e  r ing of indole, i .e. ,  the t rans i t ion  to pyr idylbenzimidazol ium salt  
XXV, p romotes  deprotonat ion to give cor responding  anhydro base  XXVI [74], which subsequently is readi ly  de-  
alkylated with the l ibera t ion  of the cor responding  base  [75] : 

C H 3 _ _ N ~ / N ~  OH_- ~ /N~----"T~ OH-~ / 7 " ~ ' ~ N  

I H H 
XXV XXVI 

In cont ras t  to the cases  descr ibed  above,  anhydro bases  a re  obtained f r o m  qua te rna ry  sal ts  of 2-  (4~ 
pyridyl)indole only in an anhydrous medium and a re  l e s s  stable [76]. For a long t ime  the prevai l ing  opinion 
was that  it is imposs ib le  to obtain them at all  because  of the i r  low stabil i ty due to complete  disrupt ion of the 
a r o m a t i c  c h a r a c t e r  of the indole r ing [77]: 

CH3--N _ _ ~  ~ ,, . CH3--. -- ~ 
I-  XXVII 

All of the p rev ious ly  examined cases  have per ta ined to the p repa ra t ion  of anhydro bases  f r o m  qua te rnary  
sa l t s  that contain an alkyl or  (less frequently) a ry l  group as the N-subst i tuent .  Up until recent ly  an_hydro bases  
that contain an acyl  or  a lkoxycarbonyl  res idue  as the N-subst i tuent  in the pyr idine r ing were  unknown, evidently 
in view of the low s tabi l i ty  of the corresponding N-acyl  or  N-alkox-ycarbonyl sa l t s  and the i r  high tendency to 
undergo hydro lys i s  even under  the influence of the t r a c e s  of moi s tu re  that a r e  found in a i r  [78]. However,  a 
number  of methods that  make it poss ib le  to isolate anhydro bases  of this type in pure  fo rm have beendeveloped 
in recent  y e a r s .  Thus,  for  example ,  hydro lys i s  p r o c e s s e s  a r e  suppressed  in the case of the action of t r i e thy l -  
amine on 1 -e thoxyca rbony l -4 - i sopropy lpyr id in ium chloride IXXVIlI) in dry t e t r ahydro fu ran ,  and deprotonat ion 
takes  place to give anhydro base  XXIX in good yield:  

H C O--C--N CH " .---i,,- HsC20--C--N . ~ C  L V 
5 2 ~ "~CH 3 TI-~ -- C-3' 

XXVIII XXlX 

A communica t ion  regard ing  the synthes is  of a 4-benzylpyr idine  anhydro base  (XXX) that contains an aoyl 
f r agmen t  as the N-subst i tuent  was recen t ly  published [79]: 

O 

XXX 

The concer ted  effect  of an e l ee t ron -accep to r  benzoyl group and an annelated benzene r ing in N-acyl  1- 
phenaeyl isoquinol inium and 2-phenacylquinol inium sal ts  makes  it poss ible  to obtain very  stable N-acyl  anhydro 
bases  XXXI and XXXII, which a r e  hydrolyzed only when they a r e  ref luxed in an aqueous alcohol solution of 
alkali [801: 
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GH5NH2~. 
H2--COC6H5 I CH3 cN I H--COC6H5 

| 
~ C H 2 C O C 6 H 5  ~ C H  --COC6H 5 J CIO~- I COC6H 5 COC6H 5 

XXXII 

Yet another  example  of a stable N-acyl  anhydro base  is XXXV, which is obtained in the p r o c e s s  of split t ing 
out a hydr ide  ion f r o m  corresponding dihydro der iva t ive  XXXIIh 

H ~ - - c ~  H~--C H-c--~---Td~% 

x x x . ,  x x x , v  x x x v  

it is fo rmed ,  in all l ikelihood, through in termedia te  N-acyl  sMt XXXIV, which, without isolat ion f r o m  
the reac t ion  mix tu re ,  spl i ts  out a pro ton  [80]. 

Stable anhydro bases  with an N-acyl  res idue  a r e  known not only in the pyridine s e r i e s  but a l so  among 
other he te roeyc l i c  s y s t e m s .  Thus rapid  t r ea tmen t  of N,N' -d iace ty l -2- (3- indoly l )benzimidazol iurn  pe rch lo ra te  
r with concentra ted  a m m o n i u m  hydroxide in the cold gives a colored compound (XXXVI[), which is con- 
ver ted  to the s ta r t ing  salt  when it is t r e a t ed  with pe rch lo r i c  acid [81] : 

COCH 3 COCH 3 COCH 3 
I I I 
N~ NH~OH N 

ClO4 COCH 3 H COCH 3 

XX XVl XXXVII X X X V I I I  

Compound XXXVI[I is a l so  s i m i l a r l y  fo rmed .  

A r a t h e r  s table methylene anhydro base  (KXXIX) that  contains an N-acyl  res idue  is known among p y r i m -  
idine derivatives [83]: 

CH 3 CH2COAr CH~COAr 

N(C2Hs) ~ 
_ CH~ CH~ CH~ 

Cl COA~ COAt 
X X X l ~  Xl. 

Compound XXXIX is hydrolyzed to corresponding base  XL when it is ref luxed in butyl alcohol .  

tn the pyr idine s e r i e s  one can a lso  cite vlnylogs of N-aeyl  anhydro bases  (XLH), which a r e  complete ly  
stable and a r e  fo rmed  f r o m  cor responding  sa l t s  XLI even by the act ion of solvents  that  have bas ic  p r o p e r t i e s  
is4]: 

_ H + 
~- NO2C6Ht -- CH2 ~ - -  CH ~- C H--COR --~ p - NO2,H4-- CH:~m~N-- CH~ CHCOP 

CIO~" XLI XLII 
XLI ,XLII R:CH 3 ~C2H 5 

It should be noted that the fo rmat ion  of anhydro bases  is c h a r a c t e r i s t i c  not orfly for  pyr id in ium sal ts  but 
a l so  for  sa l t s  of other ni t rogen he te rocye les  [48, 51, 85, 86]. 

React ion of Qua te rna ry  Pyr id in ium Salts with CH Acids.  Pyr id in[um and benzopyridinium sa l t s  r eac t  
with methyl  ketones  and p - d i e a r b o n y l  compounds in the p r e sence  of s t rong bases  to give 4-subs t i tu ted  pyr id in ium 
and quinol[nium cations of the XLIV type [87-90]: 
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-F H C-~12 -- ~ [ ~ R 2  / , ~ ~'~R2 

XLIII XLIV 

R=AIW ; RI:H ~COOCH3 ~CN ; R2:NO21COOCH],~ COC6H S 

Under these conditions isoquinolinium sa l t s  f o r m  1-subst i tu ted  isoquinolinium cations [87, 91]. The in te r -  
med ia tes  a re  dehydro der iva t ives  of the XLIII  type,  which a re  read i ly  oxidized by a i r  oxygen [92]. Dihydro 
s t r u c t u r e s  of the XLHI type s o m e t i m e s  requ i re  oxidation with lead t e t r a ace t a t e ,  po ta s s ium permangana te ,  chlo-  
ranil ,  and o theroxid iz ing  agents [93]. Colored dihydro compounds of the quinoid type,  i .e. ,  anhydro bases  XLV, 
which a r e  again a roma t i zed  by the act ion of acids ,  a re  fo rmed  in the case of oxidation in the p re sence  of a lkal is  
[87]: 

CH 2 " ~.R2 ~ R OH- " 

O HI 
I -  I i 

R R 
XLV 

Thus in this case also anhydro base  XLV is fo rmed  f rom the qua te rna ry  sal t  by reac t ion  with alkali ;  how- 
ever ,  the sal t  is obtained he re  as an in te rmedia te  in the p r o c e s s  of the reac t ion ,  in some cases  oxidation of 
dihydro compounds is r ea l i zed  by the s ta r t ing  qua te rna ry  sal t  (evidently due to hydride t r ans fe r )  [94]: 

[ 
~ R  

- I 
I" CH 3 

+ 

H H 

I 
CH 3 

XLVI 

/R1 ~ ] " R  /R~ 
H CH 2 ~:..,. ~H~R2 

/R'  f / ~ . . . ~  "~ R I- CIH3 
CH 2 ~ I II ]I = 

I I 

CH3 R 1 G I ~  CH3 

C~'R2 / 

I 
C H )  

The fo rmat ion  of dihydropyridine s t ruc tu re  XLVI in the course  of the reac t ion  is a conf i rmat ion of this 
m e c h a n i s m .  The cyclopentadienyl anion r eac t s  s i m i l a r l y  with pyr id in ium sa l t s  [31, 32, 95, 96]; the resul t ing  
anhydro bases  are  ni t rogen analogs of sesquifulvalene:  

I 
R 

Similar  s t r u c t u r e s ,  i .e.,  pyrophthalones ,  a re  a lso  obtained in the condensation of indandione with 2-R l -  
6-R2-pyridine a ]ky lbromides  in the case of oxidation with oxygen in an alkaline med ium [21, 22]: 

-I- [ ~  OH- 
R 2, R 3 - -  = 

1 Br" 0 
RI=AIk ; R2~ R3=H~AIk 

Compounds XLVII-XLIX were  a lso  s i m i l a r l y  obtained [97]: 

R2 0 

R ~H3 ~ H3 

R 
XLVI! XLVIII XLIX 

R = H,jCH 3 

Anhydro bases  LI were  recent ly  synthesized by oxidation of the dihydro de r iva t ives  (L) that  a re  fo rmed  
as a r e su l t  of the reac t ion  of N-a ry lpyr id in ium sa l t s  with the anions of the methyl  e s t e r s  of acetoaeet ic ,  cyano-  
acet ic ,  and malonic  acids:  

224 



A~- -N  /, , [ o ] .  

\ - -  C - - C N  

COOCH 3 COOCH 3 
L LI 

The m e c h a n i s m  and kinet ics  of the react ion  have been invest igated [98]. 

Rep lacement  of a Halogen Atom in the Pyr id in ium Salt by CH Acids .  Anhydro bases  are a lso  readi ly  
formed in the condensat ion of 2-  or 4 -ha lo - subst i tu ted  pyridinium salts  with CH acids  in the p r e s e n c e  of bases  
[95, 99, 100]: 

--H 4~ CI 
C, if" CHAR" N-(~ 

CHzCOR g 

R I 

- - ~  R 3 

CN 
CH2CO~ 

RI=cH3 ; R2=C6H5 ; p-CH3C6H ~ ; P-BrC6H 4 ~ R3= CN~CO2C2H 5 

i t  has been noted that under similar conditions the condensation of 2-ehloro-!,4,6-trimethylpyridinimm 
perehlorate with eyanoacetamide gives LII in high yield [63] : 

. CH3 

+ "CONH2 CH 

H ( /CN 
C H3~I~/~C~coNH z 

CH 3 
Lli~ 

Other Syntheses .  The s o - c a l l e d  m e r o c y a n i n e  dyes ,  which are  obtained by treatment  of o -  and p -hydroxy-  
s tyrylpyridinium and quinol inium cat ions of the LIV type with alkali ,  constitute a large  group of anhydro bases  
[101-112]:  

I- LIV 

E ~ r e m e l y  s imi lar  to them in s tructure  are 2 - a l l y l i d e n e - l , 2 - d i h y d r o p y r i d i n e s  LVI, which are readi ly  
obtained f r o m  various  a-p ico l in ium sal ts  by react ion  with ethyl e thoxymethyleneeyanoacetate  (LVa) or 3 -e thoxy-  
methy lenepentane -2 ,4 -d ione  (LVb) in the p r e s e n e e  of a lkal i s  [1-4,  113, 114] : 

C H3 R 1 RzJ.R3 Lv a, b c/C~ VR~ 
R2~LR, " ~s  

LV, a-g 
LV a R4:CO2C2Hs,RS:CN ; b  R~=Ac ,RS=Ac 

LVI a RI=R2=H )R3=R4=CO2C2H5~R5=CN }b RI=CH3~R2=H~R3=R~=CO2C2Hc~RB=CN ; 
C Rl=CH3t R2= H ~R3=CO2C2H5~R4=RB=Ac :~d RI=H~RI=CH3~R3=R4=CO2C2H5~RS=CN; 

1 2 3 I, 5 I 2 3 4 5 e R =H ~R =CN~R =CO2C2H51R =R =Ac ; f R =R =R =H ~R =CO~C~H~7 R =CN 
g RI=R2=H ,R3=C6Hs~ R4=CO2C2H~ RS=CN - ~ . 

The preparation of anhydro bases of the pyridtne series by the reaction of similarly constructed pyran 
structures with ammonia has been described [115]: 

HsC 6 R 2 
; ~  C H . _ ~ R  3 H5C6 R 2 

NH3~ H N ~ ) : ~ C H ~ R  3 

HSL 6 R I/  H5C6 R 1/ 
R 2 

�9 ~ C H 3 - - N / - ' ~ C  H R I - ~ R 3  

RI~ RZ~ R3= AIk ~ NO2 1 Hal 

(CH~) 2 SO 4 
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Recycl izat ion of the pyran  ring with r ep lacemen t  of the he te roa tom occurs  during the reac t ion  in this 
cas e.  

There  is, pe rhaps ,  only one r e f e r e n c e  in the l i t e r a tu re  to the synthes is  of s table N-acyl  anhydro bases  
by oxidation of 1 -benzoyl -2-cyc lopen tad ieny l - l ,2 -d ihydro i soquino l ines  with ni t robenzene [116]: 

I I 
COC6H 5 COC6H 5 

Similar  N-acyl  anhydro bases  have a l so  been obtained by the d i rec t  react:ton of N-acylpyr id tn ium cations 
with cyclopentadienylsodium [] 16]. 

R e a c t [ v i t i e s  o f  A n h y d r o  B a s e s  

The r eae t iv i t i e s  of anhydro bases  of the pyridine s e r i e s  a re  de te rmined  by the i r  e lec t ron ic  s t ruc tu re s ,  
which were  examined above.  They a re  s t rong bases  [36, 37] (Table 1} and t h e r e f o r e  reac t  readi ly  with var ious  
electrophklic agents .  At the ve ry  beginning of the investigation of an_hydro bases  it was noted that  the color of 
the i r  solutions changes f rom red  to yel low or co lo r less  when wa te r  is added [64]. This was a sc r ibed  to p r o -  
tonat[on of the anhydro bases  and the fo rma t ion  of hydroxides .  It was l a t e r  shown [33, 34, 63] that the UV s p e c -  
t r u m  of the anhydro base  in aqueous solution or in a solution of mine ra l  acid is identical to the spec t rum of the 
cor responding  qua t e rna ry  sal t ,  which indicates protonation of the anhydro bases  at the methylene group. Even 
a weak acid such as  methanol  may  act  as  a pro ton  donor [47], s ince the UV s p e c t r u m  of 1 -me thy l -2~methy lene -  
1,2-dihydroquinoline in methanol  solut ionhas  two absorp t ion  bands that  a r e  cha r ac t e r i s t i c  for  the anhydro base  
and the quinaldlnium ion. These  two f o r m s  exis t  in equi l ibr ium, since the addition of acid or a lkal i  i nc reases  
the intensity of one absorp t ion  band and d e c r e a s e s  the intensity of the o ther .  The posi t ion of the equi l ibr ium 
depends on the substEtuents in the pyridine r ing and in the methylene group. Thus 1 , 4 , 6 - t r ime thy l -2 - cyan o -  
me thy lene - l , 2 -d ihydropyr id ine  in dilute aqueous solutions exis ts  only in the f o r m  of a qua te rna ry  ammo n iu m 
base  hydroxide,  s inee its UV s pec t rum  is identical  to the spec t rum of a dilute solution of the base  in sul fur ic  
acid,  whereas  1 -me thy l -4 -d i ca rbe thoxyme thy lene - l , 4 -d ihyd ropyr id ine  is only par t i a l ly  hydra ted  in wa te r  [63]: 

+ H X  

, ~ N ~ C  R1R z -HX ~ . . C H R 1 R  2 
I I 
p R 

Anhydro ba se s  r eac t  just as read i ly  with acylat ing agents;  acylat ion takes  place at the methylene group 
to give sal t  LVI[, which under  alkaline conditions is again converted to anhydro base  LVIII [117]: 

R' c,- R I' ' ,  c,- R' c o ~  
LVII LvIn LIX 

R 1 -- A,~ ; R2= CSH 5 , p-NO=CsH,; ; R3= CsHh~ P-NO2CsH,; 

This anhydro base  can be acylated fur ther  at the methylene carbon a tom to give diketones [117]. 

The acyla t ion of an anhydro base  without its isolat ion has been desc r ibed .  Thus an anhydro base  to which 
s t ruc tu re  LXb was ass igned  was obtained by t r e a t m e n t  of a mixture  of 1 -phenacy l -2 ,5 -d ime thy l -4 -pheny l -  
pyr id inium bromide  with benzoyl chloride in methylene c h l o r i d e - w a t e r  with alkal i  [118]: 

C6H ~ C6H 5 C6H 5 " 

~.+,~ - ~ - 6 - ~  ~ -  ~ . 

"N" "CH.] "N" "CHCOC6H 5 "N" "CHCOCBH~, 

ClH 2 ~H~, H.. ICl H 
Br" COC6H. 5 COC6H. 5 O-- C--C6H 5 

LX a L x  b 
In this case  a l so  1 -phenacy l -2 -me thy t ene -4 -pheny l -5 -me thy l - l , 2 -d [hyd ropy r id ine ,  which [s aeyla ted  to  

give a qua te rna ry  sal t ,  is evidently fo rmed  by the act ion of alkali .  The qua te rnary  salt  under  alkals conditions 

gives anhydro base  LX. 

It has been noted that  the alkylat ion of anhydro bases ,  like aeylat ion,  takes  place at the methylene carbon 
a tom.  The benzylat ion of 1 -e thy l -2 -methy lene- l ,2 -d ihydroqu ino l ine  is an in teres t ing p r o c e s s ;  a dibenzylated 
anhydro base  is fo rmed  immedia te ly  when it is t r ea t ed  with benzyl chloride in benzene [119] : 
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 C:%HSCH2C C CH2C0H 
C2H 5 C2H5 

Isocyanates [117], isothiocyanates [120], carbon disulfide [121], aromatic aldehydes [122, 123], and other 
electrophilic agents add to the methylene group of an_hydro bases in inert solvents: 

0 H-'lJ ~ //S 
~s  

- ~ ~ I , 
L~', ~//L.CH2CO NH C6H ~ H CH_C_NC6H 5 HZ I 1 

R "~.~A/$ C,L J R R 

H=CH--CfH 5 H2--C--CGH 5 
I H I 
R R 

Inasmuch as they a r e  s t rong nucleophil ic agents ,  anhydro bases  r eac t  with e lec t rophi les  of modera te  
strength such as quaternary salts of pyridine bases to give the so-called mixed anhydro bases [4T, 53] (see 
above); this reaction is the only example of hetarylation by quaternary salts of pyridine bases, which do not 
react with less nucleophilic compounds such as v-surplus heterocycles - [ndole ,  pyrrole, etc. 

Anhydro bases  nucleophil[cal ly rep lace  the chlorine a tom in 2 ,4-din i t rochlorobenzene  [124]: 

CI 

CH;~ CH NO~ 
i 
R NO2 R 

Anhydro  b a s e s  of the  LX[I t y p e  a r e  a l s o  s t r o n g  b a s e s  and r e a c t  wi th  q u a t e r n a r y  s a l t s  a t  the  m e t h y l e n e  
g roup ;  if the  q u a t e r n a r y  s a l t  con t a in s  a s u b s t i t u e n t  wi th  a l a b i l e  h y d r o g e n  a t o m ,  the  a n h y d r o  b a s e s  d e p r o t o n a t e  
it t o  g ive  a new a n h y d r o  b a s e  and a new q u a t e r n a r y  s a l t  [47, 48, 53, 85] : 

CH 3 CH3 

H Jr- C l .13~  2 -t- CH 2 

CH .CH  3 I I I 
~.H3 ~ CH 3 CH3 CH 3 

LX,, Lxm Lx ,v  LXV 

Anhydro base  LXV can subsequently r eac t  with both salt  LXIII and sal t  LXIV: 

~ ' ~ S \  /Cbl 3 
LXIII + LXV , , ). ~_. ~ L L N / ~ C H / S  ~ 

CH 3 N" 
I 

CH 3 CH 3 

LXIV + LXV ~ ~ H c H < N $ ~ }  

CH 3 
CH 3 

If the qua te rna ry  salt  does not have a methyl  group, anhydro base  LX1] r eac t s  with it to give a new salt  
and a new mixed anhydro base  [47, 48, 53, 85]: 

LXII  

I H --CH3 
CH 3 CIH3 CIH3 

This r eac t ion  is s i m i l a r  to the t r anshe ta ry l a t ion  that  occurs  in the case  of N-acyl  sa l t s  [125]. 

Anhydro bases  play an important  role  in the synthesis  of cyanine dyes .  Thus anhydro bases  of the LXVI 
type have a labile  hydrogen a tom that  is capable of being spli t  out in the f o r m  of a hydr ide  ion. Quate rnary  sa l t s ,  
Malachite Green,  Methylene Blue, quinones,  thioacetan~ides,  carbon t e t r ach lo r ide ,  and beta ines  can se rve  as 
hydr ide- ion  accep to r s  [28, 47, 53]: 
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I I 
R R 

LXVI 

The detachment  of a hydride ion is a common p rope r ty  of anhydro bases  of the type 

I C=C--N 
R B R 

In the reac t ion  of anhydro bases  of pyridyl indoles  with e lec t rophi l ic  agents the l a t t e r ,  as a consequence 
of an increase  in the conjugation chain, do not a t tack the methylene l ink but r a t h e r  the ni t rogen a tom of the 
azomethine f r agmen t  in the pyr ro le  r ing to give qua te rna ry  sa l t s  of pyr idyl indoles  that  a r e  substi tuted at the 
s NH group [69, 71, 74, 75]: 

- - N ~ .  - -  

R=AIK ; RI=H~ AIk~Ar~Het~Ac 

RIx * R - - N ~  

X- / I  

Of the reac t ions  of anhydro bases  with nucleophiles ,  up until r ecen t ly  s eve ra l  examples  were  known; when 
they were  heated with alkal i ,  they fo rmed  pyr idones  [57]: 

R 1 . R 1 

R 2 O O C ~  COOR2 , OH--A ~ R 2 O O C " ~  COOR2 

H3C" ~N ~ ~CH 2 H3C" ~N" ~'O 
I 

R R 

In addition, it has been found that phenols a re  fo rmed  in the reac t ion  of qua te rna ry  pyr id inium sa l t s  that 
contain a methyl  group in the a posi t ion with sodium bisulfi te [126, 127]. The reac t ion  evidently p roceeds  
through a s tep involving the fo rmat ion  of anhydro bases j  which under hydrolyt ic  conditions undergo r ing open-  
ing with the subsequent fo rmat ion  of a benzene ring; the amine  f ragment  is los t  in the p r o c e s s  because  of the 
s eve re  reac t ion  conditions: 

�9 I CH2 O H  I CH:' H 
CH 3 CH~ CH~ OI4 

However,  the poss ib i l i ty  that the reac t ion  a lso  takes  place as a r e su l t  of d i rec t  a t tack  by the hydroxide ion on 
the pyr idinium cation is not excluded. 

A new reac t ion  involving recyc l iza t ion  of qua te rna ry  2-a lkylpyr id in ium sal ts  to give anil ines under the 
influence of alkaline agents  was recen t ly  d i scovered  [ 128-130].  The recyc l i za t ion  evidently a lso  p roceeds  
through a step involving anhydro bases  but without the loss  of an amine f r agment :  

R 2 R 2 R z R 2 

R"  " ! /  "CH 3 R" "NR/'CH2 O'IR, H~" ":CH 2 ~" R ~ N H R  

The recyc l iza t ion  takes  place not only in aqueous alcoholic  a lkal i  but a l so  in aqueous and alcohol solutions 
of p r i m a r y  and secondary  amines .  An inc rease  in the yield of recyc l iza t ion  product  was noted when the reac t ion  
was c a r r i e d  out in the p r e s ence  of p r i m a r y  and secondary  amines ;  this is evidently assoc ia ted  with the s u p p r e s -  
sion of side p r o c e s s e s  involving exchange of the amine  f ragment  [130]. The reac t ion  may  be of p rac t i ca l  in teres t ,  
since it makes  it poss ib le  to produce d i f f icul t - to-obta in  anil ines on the bas is  of cheap c o a l - t a r - c h e m i c a l  r aw 
m a t e r i a l ,  as  well as theore t ica l  in teres t ,  s ince it is a d i rec t  route  f r o m  a he te rocyc l ic  s y s t e m  to a carbocyc l ic  
sy s t em.  This p rev ious ly  unknown r e a r r a n g e m e n t  with recyels  of the pyr idine (and pyr[midine)  r ing has 
been developed extensively  in a number  of models  (see [131-142]). The overa l l  s cheme  of these t r an s f o rma t io n s  
can be fo rma l i zed  in the following way [135] : 
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R'.~ R..,~.X..~, oH" R'N'X~'.A 
= - - -  '~  - ; t  

R~..c.D.. C.-D-" R%~-.6> 8 " 

--OH-=,, " ~ 1 1  
c%i~ j.c,..,~.. ~..C%.B 

The e l ec t ron - s u rp l u s  e x o e y d i c  group that is the object of a t tack during recyc l iza t ion  may  not be d i rec t ly  
bonded to the r ing that  is undergoing opening. The recyc l iza t ion  of 3- (2- indolyl )pyr id ine  to 1 - fo rmylea rbazo le  
may  s e r v e  as an example  [138]: 

C H O  
I 

C H  3 

The reeyeI i za t ion  of nieotyr ine methtodide to l - m e t h y l - 7 - f o r m y l i n d o l e  p roceeds  s imi l a r ly  [139]. 

In the reduct ion of anhydro bases  of the LVIII type in the p r e senee  of a plat inum cata lys t  3 moles  of hydro-  
gen are  absorbed,  and l -R -2 -phenaey l p i pe r i d ine  LXVIIT is fo rmed ,  whereas  in the ease of reduct ion with a 
Raney nickel ca ta lys t  2 moles  of hydrogen a re  absorbed  with the fo rmat ion  of piper idylene ketone LXVH, with 
a UV spec t rum that  is typica l  for  the N - C  = C  - C  = O  sys t em.  Subsequent reduet ion of LXVTI in dilute acid in 
the p re sence  of plat inum gives LXVIII [117]: 

~, I~CHCOC6H5 

, J  LVIIL " , ~  ~< 

"N I" "CHCOC6H 5 "N I" "CHICOC6H 5 
R R 

LXVlt LXVII! 

The reduct ion of anhydro bases  of the XIX type with sodium borohydr ide  in an alkaline medium leads to 
t e t r ahydropyr id ine  LXIX [143]: 

H 
XIX LXIX 

A new reac t ion  of methylene anhydro bases  of s i x - m e m b e r e d  ni t rogen he te rocye les ,  viz.,  cyeloaddition to 
s y m m e t r i c a l  t e t r az ines ,  was recent ly  observed  [5, 6]. Thus the reac t ion  of 3 ,6 -d i (2 -py r idy l ) - sym- t e t r az ine  
LXX with quinaldine methiod[de in the p re sence  of t r i e thy lamine  as the base  p roceeds  with opening of the in t e r -  
media te ly  fo rmed  anhydro base  and with the product ion of the eis and t r ans  i s o m e r s  of LXXh 

R ~ 

N"" 

~R IN + R ~ 
N LXX I 2 

LXXI 

Pyrazo l e  de r iva t ives ,  var ious  sp i r e  eompounds,  and azomethines  have also been obtained by means  of 
this reac t ion  with var ious  anhydro bases .  

Thu.s it is apparent  f r o m  this  rev iew that  anhydro bases  of the pyridine s e r i e s  a re  highly reac t ive  com-  
pounds that  are  in te rmedia tes  in the synthes is  of var ious  he te rocyc l i c  and carbocyc l tc  s y s t e m s  - indolizines,  
pyr idaz tnes ,  pyr id ines ,  ani l ines,  py razo le s ,  sp i r e  compounds,  etc.  They play an impor tant  role  in organic  
synthesis  as the bas i s  for  the p repa ra t ion  of physiologieal ly  aet ive compounds,  cyanine dyes,  ant icoagulants ,  etc.  

229 



1. 

2. 
3. 
4. 
5. 
6. 

7. 

8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
19. 
20. 
21. 

22. 
23. 

24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

38. 
39. 
40. 
41. 

42. 

43. 
44. 
45. 
46. 
47. 
48. 

L I T E R A T U R E  C I T E D  

A. Kakeehi,  S. [to, T. Maeda, K. Takeda,  M, Nishimura,  M. T a m a s h i m a ,  and T. Yamagushi ,  J .  Org. Chem.,  
43, 4837 (1978). 
A. Kakechi, S. Ito, K. Uchiyama,  and K. Kondo, J .  Org. Chem.,  ~ 2596 (1978). 
A. Kakechi,  S. Ito, K. Uchiyam, a, and K. Kondo, Chem. Lett . ,  No. 10, 545 (1977). 
A. Kakechi,  S. [to, K. Watanabe, T. Ono, and T. Miyar ima ,  Chem. Left. ,  205 (1979). 
G. L. Rusinov, L Ya. Postovski i ,  and E. G. Kovalev,  DoM. Akad. Nauk SSSR, 253, 1392 (1980). 
G. L. Rusinov, I. Ya. Pos tovski i ,  E. G. Kovalev,  and E. O. Sidorov, in: React ivi t ies  of Azines [in Russian],  
Novosibi rsk  Insti tute of Organic Chemis t ry ,  Siber ian Branch of the Academy of Sciences of the USSR, 
Novosibirsk  (1979), p. 42. 
T. V. Stupnikova and Kh. Ya. Lopat inskaya,  Khim. Geterots ik l .  Soedin., No. 11, 1566 (1980). 
R. B. Woodward and B. W~tkop, J .  Am. Chem. Soc., 7_.,1379 (1949). 
F. Bachli, C. Vamvacas ,  H. Schmid, and P. K a r r i e r ,  Helv. Chim. Acta, 4_.,01167 (1957). 
R. Bentley and T. S. Stevens,  Nature,  164, 141 (1949). 
L. O. Bejar ,  R. Goutaled, M. -M.  Janot ,  and A. Le Hir,  Helv. Chim. Acta, 244, 2066 (1957). 
N. A. Hungres and H. Rapoport ,  J .  Am. Chem.  Soc., ~ 1601 (1958). 
G. Bdchi, R. E. Manning, and F. A. Hoschein,  J .  Am. Chem. Soc., 84, 3393 (1962). 
R. C. Elderfield and S. L. Wythe, J .  Org. Chem.,  ~ 683 (1954). 
E. Schli t t ler  and H. Schwarz,  Helv.  Chim. Acta, 33, 1463 (1950). 
R. C. Elderf ie ld  and A. P. Gray,  J .  Org. Chem. ,  ~ 506 (1951). 
E. Schli t t ler ,  H. Schwarz, and F. Bader ,  Helv. Chim. Acta, 3.55, 271 (1952). 
M. -M.  Janot,  R. Goutaled, and G. Massoneau,  J .  Chem.  Soc., 234, 850 (1952). 
B. Loev, M. Goodman, K. Shader,  R. Tedeschi ,  and E. Macko, J .  Med. Chem.,  17, 56 (1974)o 
G. Ploquin, L. Sparfel ,  G. Le Baut, R. Floch, L. Welin, G. Y. Peti t ,  and N. Her r i ,  J .  Med. Chem.,  9, 519 
(1974). 
G. Amil, G. Ploquin, and R. Floeh, Compt .  Rend., No. 17, 747 (1974). 
G. T. Tatevosyan,  Anhydronium Bases  of the Carbol ine  Ser ies  [in Russian],  Izd '  Akad. Nauk Armyansk.  
SSR, Erevan  (1966), p. 363. 
L. C. Anderson and N. V. Seeger ,  J .  Am. Chem. Soc., 71, 343 (1949). 
A. E. Chichibabin (Tsehitschibabin),  Chem.  Ber . ,  608, 1607 (1927). 
W. H. Mills and R. Paper ,  J .  Chem.  Soc., 127 , 2466 (1925). 
A. Phil l ips,  J .  Org. Chem.,  12, 333 (1947). 
G. Metzger ,  H. Lar ive ,  and R. Dannilauler ,  BUll. Soe. Chim. F t . ,  No. 1, 46 (1967). 
A. R. Katr i tzky and G. D. Rowe, Spec t rochim.  Acta, ~ 381 (1966). 
A. R. Katr i tzky and R. A. Jones ,  J .  Chem.  Soc., No. 8, 2947 (1960). 
D. N. Kursanov and N. K. Barane t skaya ,  Izv. Akad. Nauk SSSR, Ser.  Khim.,  No. 9, 1703 (1961). 
D. N. Kursanov,  N. K. Barane t skaya ,  and V. N. Svetkina, Dokl. Akad. Nauk SSSR, 113, 116 (1957). 
A. R. Katr i tzky,  H. Z. Kucharska ,  and G. D. Rowe, J.  Chem. Soe., 3093 (1965). 
S. Golding, A. R. Katr i tzky,  and H. Z. Kucharska ,  J .  Chem. Soc., 3090 (1965). 
M. J .  Cook, A. R. Katr i tzky,  A. D. Page ,  H. Witek, and R. D. Tack,  Te t rahedron ,  32, 1773 (1976). 
A. R. Katr i tzky,  Khim. Gete ro t s ik l .  Soedin., No. 8, 1011 (1972). 
A. R. Kat r i tzky  and J .  M. Lagowskaya,  Advances in Hete rocyc l ic  Chemis t ry ,  Vol. 1, Academic P r e s s ,  
New York (1963). 
J .  Metzger ,  H. Lar ive ,  and R. Dannilauler ,  Bull. Soc. Chim. Fr . ,  No. 4, 1275 (1969). 
W. Sieffert  and H. Mantseh, Te t rahedron ,  2___,54569 (1969). 
Y. F e r r e ,  R. Faure ,  IL-G.  Vincent, H. Lar ive ,  and G. Metzger ,  Bull. Soc. Chim. Fr . ,  No. 5, 1903 (1972). 
Yu. B. Vysotskii ,  B. P. Zemski i ,  T. V. Stupnikova, R. S. Sagitullin, A. N. Kost,  and O. P. Shvaika, Khim. 
Geterots ik l .  Soedin., No. 11, 1496 (1979). 
Yu. B. Vysotskii ,  B. P. Zemski i ,  T. V. Stupnikova, and R. S. Sagitullin, Khim. Geterots ikl .  Soedin., No. 3, 
381 (1980). 
G. L. Rusinov, M a s t e r ' s  Degree ,  Sverdlovsk (1980). 
Z. Yoshida and T. Kobauashi,  Theor .  Chim. Acta, ~ 377 (1970). 
Z. Yoshida and T. Kobauashi,  Theor .  Chim. Acta, 2.00, 216 (1971). 
Yu. B. Vysotskii ,  Opt. Spektrosk. ,  ~ 1025 (1978). 
C. Gaurat ,  Bull. Soc. Chim. Fr . ,  No. 1, 57 (1967). 
G. Metzger ,  H. Lar ive ,  R. Dannilauler ,  R. Bara l le ,  and C. Gaurat ,  Bull. Soc. Chim. Fr . ,  No. 11, 2857 
(1964). 

230 



50. 
51. 
52. 
53. 
54. 
55. 
56. 
57. 
58. 
59. 
60. 
61. 
62. 
63. 
64. 
65. 
66. 
67. 
68. 
69. 

H. Decker and O. Klauser,  Chem. Ber . ,  ~ 520 (1904). 
F. M. Hamer ,  R. J .  Pachbone, and B. C. Winton, J .  Chem. Soa., No. 4, 954 (1947). 
G. Matzger  and H. Lar ive ,  Bull. Soc. China. F r . ,  No. 1, 40 (1967). 
G. Metzger ,  H. Lar ive ,  R. Dannilauler,  R. Baral le ,  and C. Gaurat ,  Bull. Soc. Chim. F r ,  No. 4, 1266 (!969). 

H. Decker  and T. Hock, Pe r . ,  ~ 1564 (1904). 
W. KSntg, Chem. Bar. ,  ~ 1543 (1923). 
O. Manana and G. Hingst, Chem. Ber . ,  56, 2301 (1923). 
O. Munam, Lieb. Ann., 443~ 286 (1925). 
O. Mumm and A. Patzold,  Lieb. Ann., 536, 1 (1938). 
B. M. Gutsulyak and P. D. Romenko, Khina. Geterots ikl .  Soedin., No. 3, 359 (1972). 
A. E. Chiehibabin (Tschitschibabin) and S. V. Benevolenskaya,  Chem. Ber . ,  61, 547 (1928). 
E. Kolnigs, K. KShler, and R, BIindow, Chem. Ber . ,  ~ 933 (1925). 
O. Manana and G. Hingst, Chem. Ber . ,  56, 2301 (1923). 
G. V. Boyd and A. D. Ezekiel ,  J .  Chem. Soc., No. 8, 1866 (1967). 
H. Decker ,  Chem. Ber . ,  38, 2493 (1905). 
W. J.  Genster  and C. M. &amour, J .  Am. Chem. Soc., ~ 2959 (1952). 
O. N. Chupakhin, V. E. Kirichenko, and I. Ya. Postovski i ,  Khim. Geterots i td .  Soedin., No. 8, 1116 (1974). 
T. G. Novak, D. N. Kranaer,  H. Klapper,  and L. W. Daasch, J.  Org. Chem.,  41, 870 (1976). 
J.  A. Berson,  E. M. Evleth, and Z. Hamlet,  J . .Am. Chem. Soc., 87, 2887 (1965). 
A. K. Sheinknaan, B. P.  Zenaskii, T. V. Stupnikova, Yu. B. Vysotskii ,  and A. N. Kost, Khim. Geterots ik l .  
Soedin., No. 11, 1477 (1978). 

70. N .A.  Klyuev, T. V. Stupnikova, S. N. Baranov, and P. B. Kurapov, Dold. Akad. Nauk Ukr. SSR, Ser.  B, 
No. 9, 47 (1980). 

71. T . V .  Stupnikova, B. P. Zenaskii, Yu. B. Vysotskii,  R. S. Sagitullin, and Kh. Ya. Lopatinskaya~ Khina. 
Geterotsikl .  Soedin., No. 7, 959 (1980). 

72. B . P .  Zenaskii, T. V. Stupnikova, A. K. Sheinkman, and Yu. B. Vysotskii ,  Zh. Org. Khim., 15, 2431 (1979). 
73. T . V .  Stupnikova, Kh. Ya. Lopatinskaya, Yu. B. Vysotskii ,  and R. S. Sagitullin, Khim. GeterotsikI .  Soedin., 

No. 10, 1365 (1980). 
74. T. V. Stupnikova, L. A. Rybenko, and S. N. Baranov, DoM. Akad. Nauk Lrkr. SSR, Ser.  B, No. 4, 54 (1980). 
75, L V. Rornanenko and A. K. Sheinkman, Khim. Geterots~kl. Soedip., No. 11, 1567 ,'1980)~ 

~ r s n t u p a ,  Khim. 76. T . V .  Stupntkova, L. A. Rybenko, A. N. Kost, R. S. Sagitullin, A. ,. Kolodin. and V. P" :~" ' 
Geterots ik l .  Soedin., No. 6, 761 (1980). 

77. A . P .  Gray and L. Archer~ J.  Am. Chem. Sot. ,  79, 3554 (1957). 
78. A . K .  Sheinkman, S. I. Sunainov, and A. N. Kost, Usp. Khim., 42_, 1415 (1973). 
79. E. Anders and W. Wilt, Synthesis,  No. 12, 899 (1978). 
80. T. V. Stupnikova and Z. M. Skorobogatova, Khina. Geterotsikl .  Soedin., No. 12, 1662 (1979). 
82. A~ K. Sheinkman, L. A. Rybenko, T. V. Stupnikova, and N. A. Klyuev,  Khim. Geterots ik l .  Soedin., No. 2, 

251 (1978). 
83. V .M.  Cherkasov~ L. P.  Pr ikazchikova,  B. M. Khutova~ I. F. Vtadimir tsev,  and I. V. Boldyrev,  Khim. 

Geterots ik l .  Soedin., No. 8, 1132 (1973). 
84. G. F isher ,  Z. Chem.,  9, 300 (1969). 
85. G. Metzger ,  It. Lar ive,  K. Dannilauler,  R. Baral le ,  and C. Gaurat ,  BUlt. Soa. China. Fr . ,  No. 11, 2868 

(1964). 
E. L. Stogryn, J. Heteroayel. Chem., 11_, 251 (1974). 86. 

87. 
88. 
89. 
90. 
91. 
92. 

Fe 

F. 
T. 
T. 
H. 
F. 
E. 
G. 
G. 
G. 

97. G. 
98. G. 
99. G. 

100. H. 

KriShnke and K. Ellegast ,  Lieb. Ann., 600, 176 (1956). 
KrShnke and G. Vogt. Lieb. Ann., 60~0 211 (1956). 
Severin,  D. Batz, and H. Lerahe ,  Chem. Bar . ,  10.~2, 2163 (1969). 
Severin,  D. Batz, and H. Lerche ,  Chem. Ber . ,  ~ 2731 (1968). 
G. Leonard,  H. A. DewaIt, and G. M. Laubner,  J .  Am. Chem. Soc., 7__3, 3325 (1951). 
KrShnke and H. L. Honig, Lieb. Ann., ~ 97 (1959). 
Hayashi and T. Naruka, J .  Pharna. Soc. Jpn.,  ~ 570 (1969); Chem. Abs~r., 67, 64228 (1967). 
Metzger ,  H. Lar ive ,  R. Dannilattler, R. Barat te ,  and C. Gaurat ,  Bull. Soe. Chim. F t . ,  No. 1, 30 {1967). 
A. Berson,  E. M. Evleth, and Z. Hamlet ,  J .  Am. Chem.  Soc., 87, 2887 (1956). 
A. Berson,  E. M. Evleth, and Z. Hamlet ,  J .  Am. Chem. Soc., 82, 3793 (1960). 
Pagani, Int. J .  Sulfur Chem.,  No. 3, 241 (1972). 
Kavatek, A. Jycka,  V. Mahacek, and V. Sterba, Col lect .  Czech.  Chem.Conamun.,  4__1, 1926 (1976). 
V. Boyd and L. IV[. Jackman,  J .  Chem. Soe., No. 3, 548 (1963). 
Pauls and F. KrShnke, Chem. Ber . ,  110, 1294 {1977). 

93. 
94. 
95. 
96. 

231 



102. 
103. 
104. 

105, 
106. 
107. 
108. 
109. 
110. 
111, 
112. 

101. N.S. Kozlov, O. D. Zhikhareva, O. P. Mikhailova, and D. [. Burakova, Dokl. Akad. Nauk Belorussk. SSR, 
434 (1978). 

A. N. Rozenberg, G. N. Bogdanov, and A. K. Sheinkman, Khtm. Geterotsikl. Soedin., No. 8, 1087 (1972). 
G. N. Bogdanov, A. N. Rozenberg, and A. K. Sheinkman, Khim. Geterotsikl. Soedin., No. 12, 1666 (1971). 
G. T. Pilyugin, E. P. ()panasenko, M. V. Korotun, N. A. Tsvetkov, and G. I. Negrii, Zh. Obshch. Khim., 
44, 399 (1974). 
S. V. Leiikhova and G. T. Pilyugin, Zh. Obshch. Khim., 39, 1829 (1969). 
A. I. Kiprianov, Usp. Khim., ~ 1336 (1960). 
G. T. Pilyugin, P. V. Prisyazhnyuk, and E. P. Opanasenko, Zh. Obsheh. Khim., 44, 2256 (1974). 
P. V. Prisyazhnyuk and E. P. Opanasenko, Zh. Org. Khim., ~ 2443 (t977). 
N. S. Kozlov and O. D. Zhikhareva, Khim. Geterotsikl. Soedin., No. 9, 1223 (1976). 
A. I. Kiprianov and E. S. Timoshenko, Zh. Obshch. Khim., ~ 1466 (1947). 
A. P. Gray and W. L. Archer,  J.  Am. Chem. Soc., 79, 3554 (1957). 
T. V. Stupnikova, V. N. Kalafat, N. A. Klyuev, V. P. Marshtupa, and R. S. Sagitullin, Khim. Gegerotsild. 
Soedin., No. 10, 1360 (1980). 

113. A. Kakeshi, S. Ito, K. Nakanishi, and M. Kitagava, Chem. Left., No. 5,297 (1979). 
114. A. Kakeshi, S. Ito, T. Maeda) K. Takeda, M. Nichimura, and T. Yamaguchi, Chem. Lett., No. 1, 59 (1978). 
115. A. Van Alean, C. Chang, S. Reynold, A. Acorge, and P. Maier, J. Chem. Eng. Data, ~ 210 (1975). 
116. A.K.  Sheiv2kman, G. V. Samoilenko, S. N. Baranov, and N. R. Kal'nitskii, Khim. Geterotsikl. Soedin., 

No. 10, 1368 (1975). 
117. B .R.  Backer and F. J. McEvoy, J. Org. Chem., 20, 118 (1955). 
118. N.S. prostakov and O. B. Baktibaev, Khim. Geterotsikl. Soedin., No. 6, 788 (1974). 
119. A. E. Chichibabin (Tsehitschibabin), Ber. ,  60, 1607 (1927). 
120. W. Schneirer,  K. Gaerther,  and A. Jordan, Chem. Bet. ,  57, 522 (1924). 
122. W.H. Mills and R. Raper, J. Chem. Soe., 127, 2466 (1925). 
123. A. Phillips, J. Org. Chem., 12, 333 (1947). 
124. ]~. R. Zakhs, A. V. El~sov, and E. V. Lyashenko, Zh. Org. Khim., ~ 1992 (1978). 
125. T . V .  Stupnikova, Z. M. Skorobogatova, and A. K. Sheinkman, Khim. Geterotsikl. Soedin., No. 7, 946 (1979). 
125. R. Lukes at~:t J .  Jisba, Chem. Listy, 5_~2, 1126 (1958). 
127. R. Lukes and M. Pergal,  Chem. L[sty, 52, 68 (1958). 
128. A. N. Kost and R. S. Sag[tullin, Zh. Org. Khim., ~ 65~ (1980). 
129. R.S .  Sagitullin, S. P. Gromov, and A. N. Kost, I)okl. Akad. Nauk SSSR, 236, 634 (1977). 
130. R.S .  Sagitull[n, S. P. Gromov (Gromow), and A. N. Kost, Tetrahedron, 34, 2213 (1978). 
131. A. N. Kost, R. S. Sagitullin, and G. G. Danagulyan, Khim. Geterotsikl. Soedin., No. 4, 558 (1977). 
132. A. N. Kost, R. S. Sagitullin, and S. P. Gromov, Heteroeyeles,  7, 997 (1977). 
133. A.N.  Kost, R. S. Sagitull[n, and S. P. Gromov, Khim. Geterotsild. Soedin., No. 3, 417 (~78). 
134. S . P .  Gromov, A. N. KoSt, and R. S. Sagitullin, Zh. Org. Khim., 14, 1316 (1978). 
135. A. N. Kost, R. S. Sagittdlin, and S. P. Gromov, Khim. Geterotsikl. Soedin., No. 8, 1141 (1978). 
136. A. N. Kost, R. S. Sagitullin, and G. G. Danagulyan, Khim. Geterotsikl. Soedin., No. 10, 1400 (1978). 
137. R .S .  Sagitttllin, A. N. Kost, and G. G. Danagulyan, Tetrahedron Left., No. 43, 4135 (1978). 
138. A. N. Kost, T. V. Stupnikova, R. S. Sagitullin, B. P. Zemskii, and A. K. Sheint~nan, Dokl. Akad. Nauk 

SSSR, 244, 103 (1979). 
139. A. N. Kosg, L. G. Yudin, R. S. Sagitullin, and A. l~Iuminov, Khim. Geterotsikl. Soedin., No. 11, 1566 (1978). 
140. R .S .  Sagitttllin, S. P. Gromov, and A. N. Kost, Dokl. Akad. Nauk SSSR, 243, 931 fl978). 
141. A. N. Kost, L. G. Yudin, R. S. Sag[tullin, V. I. Terenin, and A. A. Ivkina, Khim. Geterotsikl. Soedin., No. 

10, 1386 (t979). 
142. R .S .  Sagitullin, A. N. Kost, and A. A. Fadda, Khim. Geterotsild. Soedin., No. 1, 125 (1981). 
143. l~. S. Lavrinovich, P. P. Zarin'sh, L. P. OsiS, I. A. Rubenis, and Yu. ]~. Fridmanis, in: News in theChem~ 

[stry of Het erocycles [tn Russian], Vol. 1, Zinatne, Riga (1979), p. 125. 

232 


