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Abstract - Conversion of isoquinoline and related heterocycles to the corresponding 
Reissert compound provides a starting point for the annelation of an additional ring. 

This has proved an attractive route to a wide range of ring systems. The review dis- 

cusses the versatility of such procedures which include cycloaddition of cyclic Reissert 

salts with alkynes, addition of Reissert compound conjugate bases to suitable Michael 

acceptors, intramolecular cyclisations of Reissert compounds derived from chloroalkyl- 

substituted acid chlorides, the reaction of conjugate bases of chloroformate derived 

Reissert compound analogs with suitable electrophiles including heterocumulenes, and 

other methods. Annelations are exemplified with a variety of heterocycles in addition 

to isoquinoline and quinoline, including phthalazine, phenanthridine and 3,4-dihydro-0- 

carboline. 

1 In 1905 Reissert reported the formation of 1-benzoyl-l,2-dihydroquinaldonitrile (1) from the 

reaction of benzoyl chloride with quinoline in aqueous potassium cyanide solution. Such compounds, 

derived from the reaction of aromatic nitrogen heterocyclic compounds, cyanide and acyl halides 

have been designated as Reissert compounds and have been the subject of a number of comprehensive 

t-e~iews~-~ as well as some more specialized reviews. 6-10 After a brief introduction to Reissert 

compound chemistry, this review concentrates on the application of Reissert compounds to ring 

annelation reactions of the parent heterocycle. 

Reissert compounds have been prepared from quin~lines,~-~' i ~ o ~ u i n o l i n e s , ~ ~ ~ '  phenanthrid- 

ines, 2'11 phthalazine,3'4'7 several naphthyridine~,~" several of the phenanthrolines, 3,4,7 

~1l-benzothieno~2,3-dl~~ridazine,~'~ - t h i e n o ~ 2 , 3 - c l ~ ~ r i d i n e , ~ ~  - quinazoline,7'13'14 cinnoline, 7 

ellipti~ine,~'~ 3,4-dihydro-~-carboline,15 pyrimidine,16 pyridazine,16 pyrroloC1,2-~Iquinoxaline 17 

and pyridoC2,3-~1~yrazine.~* The chemistry of Reissert compounds is thus applicable to a wide 

variety of heterocyclic bases. Analogs of Reissert compounds have also been prepared when the 



acyl  ha l i de  i s  replaced by sulphonyl halides,?g3 N-phenylbenzimidyl chlor ide, '  carbamoyl 

 chloride^,"^ c h l o r o f ~ r m a t e s ~ ' ~  and dialkylphosphbtes.  2,3 

The most general and most f requent ly  used method of Re isser t  compound format ion 

invo lves  adding the acy l  ha l ide ,  neat o r  i n  methylene ch lo r i de  t o  a  mixture o f  the he te rocyc l i c  

compound i n  methylene ch lo r i de  and potassium cyanide i n  a  minimum o f  ~ a t e r . ~ , ~ ' ~ ~  I n  cases where 

3  compet i t ion w i t h  pseudo base format ion i s  a  problem a  phase t rans fe r  agent o r  crown e therz0 i s  

used. The use o f  t r i m e t h y s i l y l  cyanide as the cyanide source has been reported." General ly 

t h i s  reagent o f f e r s  no advantage w i t h  qu ino l ines  and isoqu ino l ine ,  but i t  appears t o  be essent ia l  

f o r  p o s i t i v e  r e s u l t s  w i t h  many o f  the diaza systems. 7 

Ear ly  i n t e r e s t  i n  Re isser t  compounds as synthet ic  t oo l s  centered on the acid-catalysed 

hydro lys is  t o  aldehydes and a  heterocyc l ic  carboxy l ic  ac id . '  This i s  i n  f ac t  a  useful  r ou te  f o r  

the conversion of a  carboxy l ic  acid,  v i a  i t s  ac id  ch lo r i de  and then Reisser t  compound, t o  an 

aldehyde. Through ac tua l  i s o l a t i o n  of the so-cal led "Reissert  s a l t "  McEwen's group has extended 

t h i s  area o f  Re isser t  compound chemistry and examples w i l l  be c i t e d  l a t e r  i n  t h i s  review. Treat-  

ment o f  a  Re isser t  compound, w i t h  a  base, pre ferab ly  sodium hydr ide i n  dimethylformamide gives 

r i s e  t o  the carbanion, f o r  example (3).  generated from The Reisser t  anion has proven t o  

be a very valuable synthet ic  intermediate.  A major area o f  t h i s  usefulness has been i n  the 

synthesis of many o f  the isoqu ino l ine  a l ka lo ids  and r e l a t e d  compounds.6 Many examples of reac t -  

ions of these Reisser t  anions are c i t e d  l a t e r  i n  t h i s  review. 

I H CN CN 
PhC =o 

(1) ( 2 )  ( 3 )  

Perhaps the f i r s t  example o f  r i n g  anne la t ion  goes back t o  Re i sse r t ' s  o r i g i n a l  observ- 

1  a t i o n  t h a t  (1) gave benzaldehyde on acid-catalyzed hydro lys is .  The mechanism o f  t h i s  react ion  

as proposed by McEwen and ~ o b b ~ ' ' ~  requ i res  an i n t e r a c t i o n  of the cyano and carbonyl groups t o  

g ive  a  c y c l i c  intermediate.  I t  i s  f r equen t l y  possible t o  i s o l a t e  and study the chemistry o f  

these c y c l i c  Re isser t  s a l t s  3'4'11'15316'23-38 and a  v a r i e t y  o f  acids have been used t o  generate 

the Re isser t  s a l t  although the f luoroborate counter ion i s  the one most f requent ly encountered. 

These s a l t s ,  which have been s tud ied l a r g e l y  by McEwen and coworkers, can be exempl i f ied by the 

aminooxazoloC3,4-alquinolinium s a l t  (413' der ived from ( 1 ) .  I n  a d d i t i o n  t o  qu ino l ine  and i so -  

qu ino l ine  such s a l t s  have been obtained from p h t h a ~ a z i n e , ~ ~ ' ~ ~  e l ~ i ~ t i c i n e , ~ ~  pyr idaz ine,  16 
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phenanthr id ine, l l  and 3,4-dihydro-B-carboline. 
15 

No t  o n l y  a r e  these  R e i s s e r t  s a l t s  themselves r i n g  a n n e l a t i o n  p r o d u c t s  O f  q u i n o l i n e  and 

t h e  o t h e r  h e t e r o c y c l i c  bases n o t e d  b u t  t h e y  are,  as demonstrated by McEwen and coworkers,  va luab le  

i n t e r m e d i a t e s  i n  t h e  fo rmat ion  of o t h e r  c y c l i c  s t r u c t u r e s .  The R e i s s e r t  s a l t s  undergo c y c l o -  

a d d i t i o n  r e a c t i o n s  w i t h  a l kynes  t o  y i e l d  a p y r r o l o - f u s e d  h e t e r o c y c l e .  The oroposed mechanism 

33'36-7 i n v o l v e s  a meso ion ic  1 , 3 - d i p o l a r  compound wh ich  i s  formed by d e p r o t o n a t i o n  of t h e  Re isse r t  

s a l t  as shown i n  Scheme I f o r  t h e  r e a c t i o n  o f  t h e  oxaroloC4,3-~lisoquinolinium f l u o r o b o r a t e  s a l t  

( 5 )  o f  t h e  i s o q u i n o l i n e  R e i s s e r t  compound w i t h  d i m e t h y l  a c e t y l e n e d i c a r b o x y l a t e  t o  g i v e  the 3 -  

phenylpyrrolo[2,1-alisoquinoline ( 6 ) .  Other  a l kynes  have a l s o  been used. I n  a d d i t i o n  t o  i s o -  

q u i n o l i n e  and q u i n o l i n e  t h i s  r i n g  a n n e l a t i o n  techn ique  has been a p p l i e d  t o  p h e n a n t h r i d i n e ,  
11 

p h t h a l a z i n e , 3 5 ' 3 7  py r idaz ine ,16  and 3,4-dihydro-~-carboline,'5 g i v i n g  i n  t h e  l a s t  case ( 7 ) .  

Scheme I 



Much o f  the recent chemistry o f  Re isser t  compounds has invo lved the conjugate base. 

Thus, as mentioned above, treatment o f  (2)  w i t h  sodium hydr ide i n  d i m e t h y ~ f o r m a m i d e ~ ' ~  gives r i s e  

t o  (3).  R l ky la t i on  react ions  of anions of t h i s  type have ?roved t o  be an important route  t o  

isoqu ino l ine  a l k a l ~ i d s . ~  I n  the case o f  the Re isser t  comnound (8 )  a l k y l a t i o n  can take place both 

a t  the C - l  p o s i t i o n  and a t  the i ndo le  n i t rogen t o  g ive  r i n g  anne la t ion  products: 1.3-dibromo- 

propane gives the IH-indoloC3,2,1-d elCl ,5 lnaphthyr id ine system (9 )  and use o f  the dibromoxylene 

(10) gives the C2lbenzazepinoC2.3.4-e !I-0-carboline system (11) .  
1s 

Su i tab ly  subs t i t u ted  Reisser t  compounds can undergo in t ramolecu lar  a l k y l a t i o n  v i a  the 

cmjoqate base. Thus, react ion  o f  (12) w i t h  sodium hydr ide i n  dirnethylformamide a f fo rds  (13)  

which has subsequently been converted t o  the hexahydro- l ib H-benzoC$quinolizine ( ~ 4 ) . ~ ~  I n  a  

s iMlar manner o ther  Re isser t  compounds der ived from 4-chlorobutyryl  ch lor ide  and qu ino l ine ,  39 

pkna.it6ridine.l '  p h t h a l a ~ i n e , ~ ~  3,4-dihydro-0-carboline,15 and pyrroloCl,2-:lquinoxaline, 17 

have been shown t o  undergo in t ramolecu lar  a l ky la t i on ,  the products i n  the l a s t  th ree cases being 

I S - 1 7  Most recent ly ,  Re isser t  compound formation has been achieved w i t h  5-membered r i n g  

heterocycles,  benzothiazole, fo r  example, g i v i ng  (18) :  generat ion o f  the conjugate base of (18) 

then leads i n  high y i e l d  t o  t r i c y c l i c  system ( 1 9 ) . ~ '  The Reisser t  compound formed from 
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i soqu ino l ine  and 5-chloropentanoic a c i d  ch lo r i de  undergoes c y c l i z a t i o n  i n  a  s i m i l a r  manner t o  

form a  7-membered annelated r i ng .  39 

The in t ramolecu lar  c y c l i z a t i o n  of the  Re isser t  compounds (20) prenared from 2-chloro- 

methylbenzoyl ch lor ide ,  by t reatment w i t h  base, i s  accompanied by e l im ina t i on  o f  hydrogen cyanide 

t o  g ive  (21).  42'43 These dehydro-8-oxoberbines (21) have been converted t o  the berbines (22 ) .  
43 

This same type o f  c y c l i z a t i o n  has been app l i ed  t o  Reissert  compounds der ived from 2-chloromethyl- 

benroyl ch lo r i de  and phthalazine,43 phenanthridine,ll e ~ l i p t i c i n e , ~ ~  pyrroloCl,Z-~lquinoxaline, 17 

and N-benzyl-3,4-dihydro-B-carboline. 15'44 The s t ruc tu re  o f  the product (23) from the l a s t  

compound i s  o f  po ten t i a l  i n t e r e s t  f o r  f u r t h e r  work15344 i n  the i ndo le  a l k a l o i d  area. 



The anion of t h e  Re i sse r t  compound ( 2 )  has been used w i t h  unsatura ted  e l e c t r o p h i l e s  t o  

g i ve  Michael- type products.  2 '4  Reaction o f  ( 3 )  w i t h  a c r y l o n i t r i l e  thus leads t o  the  py r ro l o -  

CZ.1-al isoquinol ine ( ~ 4 ) . ~ ~  Use of  Re i sse r t  compounds f o r w d  from s u b s t i t u t e d  benzoyl ch l o r i des  

leads t o  the  replacement o f  the  3-phenyl group i n  (24)  by s u b s t i t u t e d  phenyl groups.46 A 

s i m i l a r  compound i s  a l so  obtained when c i nnamon i t r i l e  i s  used i n  the c o n d e n s a t i ~ n . ~ ~ ' ~ ~  This 

r e a c t i o n  probably proceeds through an in te rmed ia te  of the type  (25). Use of  compounds such as 

e t h y l  a c ~ y l a t e , ~ '  2 - ~ i n y l p y r i d i n e , ~ ~  and e t h y l   inna am ate^',^^ leads t o  ketones such as (26) 

probably through an a l t e r n a t i v e  pathway of decomposit ion o f  (25).  These ketones can, however, be 

c y c l i z e d  t o  pyrrolo~2,1-~lisoquinolines.~~ S i m i l a r  r i n g  annelat ions w i t h  a c r y l o n i t r i l e  and the  

anions of  Re isser t  compounds of  4 - subs t i t u t ed  q ~ i n o l i n e s , ~ '  thieno~2,3-~lpyridine,'~ ph tha la r i ne ,  

47 and phenanthridine,l l  have been observed. The products i n  the  l a t t e r  two cases, were the  

pyrroloC2,l-alphthalazine (27)  and pyrroloCl,2-flphenanthridine (28) .  
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I n  a  r e a c t i o n  i n v o l v i n g  t h e  3,4-double bond o f  ( 2 ) ,  i t  has been observed t h a t  d i c h l o r o -  

o r  dibromocarbene r e a c t s  w i t h  l-alkyl-l-cyano-2-benzoyl-1,2-dihydroisoquinolines t o  g i v e  t h e  

cyclopropaCylisoquinolines ( 2 9 ) .  48 

Among the  s o - c a l l e d  analogs o f  R e i s s e r t  ~ o m ~ o u n d s ~ ' ~  those d e r i v e d  f rom the  r e a c t i o n  of 

t h e  h e t e r o c y c l i c  base, cyanide,  and ch lo ro fo rmates  have proved t o  be o f  va lue  i n  r i n g  a n n e l a t i o n  

r e a c t i o n s .  Thus r e a c t i o n  of ( 3 0 )  w i t h  benzaldehyde i n  t h e  presence o f  n - b u t y l l i t h i u m  gave (31); 

49 use o f  sodium h y d r i d e  i n  d imethyl formamide gave t h e  oxazoloC4,3-alisoquinoline (32 )  and t h e  

c a r b i n o l  (33) .49 Th is  l a t t e r  p roduc t  i s  the  same as o b t a i n e d  i n  t h e  r e a c t i o n  o f  benzaldehyde 

w i t h  ( 3 ) . 3  React ion o f  t h e  ana log  of (30 )  ob ta ined  f rom 3 ,4 -d ihydro isoqu ino l ine  w i t h  benr-  

a ldehyde gave t h e  d i h y d r o  ana log  of (31 ) . "  The q u i n o l i n e  ana log  o f  (30 )  has l e d  t o  the  

o x a z o l o C 3 , 4 - g q u i n o l i n e  analogs o f  ( 3 1 )  and (32) . "  A t  - 7 8 ' ~  t h e  chloroformate d e r i v e d  Re isser t  

ana log  of phenan th r id ine reac ts  w i t h  benzaldehyde t o  g i v e  t h e  benzo d e r i v a t i v e  o f  ( 3 1 ) .  11 

A l though  t h e  ch lo ro fo rmate  d e r i v e d  q u i n o l i n e  ana log  f rom 3 ,4 -d ihydroqu ino l ine  a p p a r e n t l y  does not 

r e a c t  w i t h  benzaldehyde, i t  g i v e s  the  c y c l i c  p r o d u c t  (34)  on base h y d r o l y s i s .  52 

Reac t ion  o f  t h e  ch lo ro fo rmate  d e r i v e d  R e i s s e r t  cornnound ( 3 0 )  and i t s  3-methyl analog w i th  

phenyl i s o t h i o c y a n a t e  and sodium h y d r i d e  i n  d imethyl formamide g i v e s  t h e  imidazoC5,l-~lisoquinoline 

system ( 3 ~ ) . ' ~  D i s u l f i d e s  o f  the  t ype  (36)  have a l s o  been o b t a i n e d  a? co-products i n  t h i s  

s ~ n t h e s i s . ' ~  A p p l i c a t i o n  o f  t h i s  approach t o  t h e  p h t h a l a z i n e  ana log  o f  ( 3 0 )  g i v e s  t h e  open 

c h a i n  compound ( 3 7 )  which can be c y c l i z e d  t o  the  imidazoC5,l-alphthalazine ( 3 8 )  b y  h e a t i n g  i n  the 

Presence of mo lecu la r  s i e v e s . 5 4  At tempts t o  o b t a i n  (38)  d i r e c t l y  by r a i s i n g  the  temperature o f  

t h e  o r i g i n a l  r e a c t i o n  gave t h e  aza analog o f  ( 3 6 ) .  54 

( 3 6 )  

R  

Qq R 1  - C N I I - = O  CHCN I 

N , ~2 
Ph 

(38)  ( 3 9 )  



I t  should be noted t h a t  although r i n g  annelat ions are no t  involved, the so-ca l led  open 

chain Re isser t  analogs (39) have been converted i n t o  c y c l i c   derivative^.^ Reisser t  compounds 

have a lso  been i n d i r e c t l y  invo lved i n  r i n g  anne la t ion  sequences. Thus, f o r  example, var ious 

benzyl isoquinol ines and r e l a t e d  compounds t h a t  were prepared v i a  Re isser t  compounds have been 

converted i n t o  examples o f  the cu lar ine ,  pavinane, isopavine and aporphine  alkaloid^^'^'^'^ the 

oxazolo~4,3-~lisoquinolines~~ and the berbines. 56 
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