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The preparation and reactions of Reissert compounds from phthala- 

zine, naphthyridines, phenanthrolines, and ellipticine are dis- 

cussed in detail. Attempts to extend Reissert compound formation 

to other diaza systems are also discussed. 

INTRODUCTION: 
1-4 

The chemistry of Reissert compounds has been the subject of several reviews. 

Initial activity in this field was restricted to N-acyldihydroquinaldonitriles 

and Racyldihydroisoquinaldonitriles, In more recent years this interest has 

been expanded to attempts to prepare Reissert compounds from diazaaromatic 

systems. This review presents a survey of the work carried out in this latter 

area. 

TWO NITROGENS IN ONE RING: 

Phthalazine: 

A Reissert compound (1) was prepared by the reaction of phthalazine, benzoyl 

chloride, and potassium cyanide using the methylene chloride-water solvent 

system. 
5 . 6  

Subsequently it was found that this system gave inconsistent yields 

of the Reissert compound (1) with contamination by significant quantities of the 
7 

pseudo base (2) (obtained after recrystallization from ethanol). Use of a 

phase transfer catalyst eliminated the formation of 2 and gave good yields of 
1. Even higher yields of 1 were obtained by reaction of phthalazine, benzoyl - 
chloride, and trimethylsilyl cyanide in methylene chloride containing a catalytic 

amount of aluminum chloride.' Under no conditions could a di-Reissart compound 

be obtained by reaction at the second nitrogen. 6 . 9  

Reissert compounds have also been prepared from phthalazine and p-anisoyl 

chloride, 10,llp-chlorobenzoyl chloride,12 p-tolyl chloride,12 and acctyl 

chloride.'' The phase transfer catalyst method was used in the last three 
12 

cases. Attempts to use the methylene chloride-water method to prepare 2 



gave mainly L.l2 T h i ~  result was reversed by the addition of a phase transfer 
8 catalyst. The Reissert compound (5) has been prepared by both the phase trans- 

fer and trimethylsilyl cyanide methods. 

H CN H OEt H CW H OH 

1 - 2 - 2 4 - 
Several substituted phthalazines have also been converted to Reissert com- 

pounds. Thus benzoyl chloride has been reacted, by the trimethylsilyl cyanide 

method. with 6.7-dimethoxyphthalazine to give 613 and with 1-methyl- and 1-(3.4- 

dimethoxybenzy1)phthalaeine to give compounds of the type 1. 8 

Using the msthylene chloride-water solvent system phthalazine and potassium 

cyanide have been reacted with diphenylcarbamoyl chloride, diethylcarbamoyl 

chloride, benzenesulfonyl chloride. ethyl chloroformate. and diethyl chlorothio- 

phosphate to give a series of Reissert analogs.6 The analog 8 was also prepared 
by both the phase transfer catalyst and trimethylsilyl cyanide methods. 8 

R 

5 - 6 - 7 - 8 - 
The anion (9 )  derived from 1, most generally by treatment with sodium hydride 

in dimethylformamide, behaves very similarly to the corresponding anion in the 

isoquinoline series. Thus alkylation with methyl iodide516 and a variety of 
8 benzyl halides gave rise to 10 which has been hydrolyzed with base to 1-substi- 

tuted phthalazines (2). Use of this sequence with 6 and 3,4-dimethoxybenzyl 
chloride led to a convenient synthesis of 3-azapapaverine (12). l3 Alkylation of 

1. via 9.  has also bean carried out with oxydibenzyl bromides to give phthalazine - - 
analogs of bis-benzylis~quinolines.~ Reissert compounds of the type 2 have been 
used to Prepare 1.4-disubstituted phthalzines. 8 

Treatment of 2 with sodium hydride in dimethylformamide led to intramolecular 
alkylation, as in the isoquinoline series, to give 2.' Condensation of 1 with 
ethyl cinnamate and ethyl acrylate in the presence of phenyl lithium in dioxane 

gave rise to the Michael addition products 11) (R = Ph and H respectively). 8 
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Reaction of 15 with acrylonitrile in the presence of potassium t-butoxide in 
dimethylsulfoxide gave a series of pyrrolo r2.1-a_] phthalazines (16) .I4 Formation 

of both 14 and 16 probably proceedl throughthe common intermediate 17.. 

Treatment of the phthalazine Reissert anion with aldehydes also proceeds as 

in the isoquinoline series. Thus 9 reacts with benzaldehyde to give, after 

hydrolysis, the alcohol Reaction of 9 with 3.4-dimethoxybenzaldehyde gave, 

after hydrolysis and oxidation the ketone g.'The aame product (2) is also 
6 obtained by similar treatment of c . ~  Treatment of the Ueissert analog 20 with 

base gave rise to a good yield of l-cyanophthalazine. 8 

19 - 
Treatment of Reissert compounds with fluort :id in acetic ac 

known to give the hydrofluoroborate salt of the Reissert compound. The Reissert 

compounds of phthalazine, 10'11r15 1-methylphthalazine,15 and 6,7-dimethoxyphthal- 

azine15 have thus been converted to hydrofluoroborate salts of the type. 21. That 

the tautomer 21 predominates in an equilibrium1' involving 2-24 and fluoroboric 
acid has been sham1' in the case of the hydrofluoroborate salt derived from the 



phthalazine Reissert compound. Treatment of (R = R1 = H) with sodium bicar- 

bonate solution gave the original Reissert compound (i), while use of a 

deuterium oxide solution of sodium bicarbonate gave 1 deuterated in the 1-posi- - 
tion.'' Treatment of 21 with aqueous acid gave benzaldehyde. 10 

21 22 - 23 - 24 - - 
Reaction of the salt 21 with dimethyl acetylenedicarboxylate gave the pyrrolo- 

@,I-gphthalazine (25).15 A similar reaction of 21 (R = R1 = H) with ethyl 

phenylpropiolate gave %.I5 These reactions of 21 with alkynes probably proceed 
through a 1.3-dipolar cycloaddition followed by loss of isocyanic acid from the 

intermediate adduct. 

Reaction of 21 (R = R1 = H) with alkenes, such as styrene and diethyl 

maleate, gave the 2-(1-phthalazy1)pyrroles 2J and 28 respectively.15 These reac- 

tions of 2 with alkenes undoubtedly proceed through initial Diels-Alder reaction 
followed by complex condensation-rearrangement reactions. 

27 R = Ph, R1 = H - 
28 R = R1 = C02Et - 

/ + - - Ph 
Ph Pyr-4 

H-N - HN Ph 
Ph Ph 

29 - - 30 - 31 - 32 

Reaction of the phthalazine Reissert compound (1) with 1.1-diphenylethylene 
in the presence of concentrated sulfuric acid in anhydrous dioxane gave a mixture 

of 2 and 2 (only one of several resonance forms show). Reaction of 1 with 4- 
vinylpyridine in the presence of concentrated hydrochloric acid in dioxane gave 
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a similar result in that and 30 were isolated.'' The mesoionic compound (2) 

reacted with dimethyl acetylenedicarboxylate to give 2 j  (R = R1 = HI. Reaction of 

1 with cinnamonitrile in the presence of concentrated hydrochloric acid in dioxane - 
gave only the chloride 2.'' The same chloride (2) Was also obtained when 1 was 
reacted with concentrated hydrochloric acid in dioxane at room temperature in the 

absence of cinnamonitrile. Reaction of the phthalazine Reissert compound (1) with 
acrylonitrile in the presence of hydrochloric acid gave 30. 2, and an unidenti- - 
fied product.'' The compound 2 was also obtained by the reaction of 1 with 30% - 
hydrogen peroxide in acetone. 15 

Acid-catalyzed hydrolysis of 1 in the presence of 2.4-dinitrophenylhydramine - 
gave benzaldehyde-2.4-dinitrophenylhydrazone. while hydrolysis with hydrobromic 

acid in acetic acid was reported to give phthalazine-1-carboxylic acid hydrobro- 

~ i d e . ~ ' ~  A reinvestigation of this latter reaction showed that an intermediate of 

the type 34 could be isolated from the acid-catalyzed hydrolysis of both 1 and 7 - - 
(R = CH~)." The compound 2 reacted with dimethyl acetylenedicarboxylate to 
give 2 and with base to give the parent Reissert compound. The intermediate 

obtained by treatment of the phthalazine Reissert compound with acid appears to 

be more stable than the corresponding intermediates derived from quinoline and 

isoquinoline. 

The mass ~pectra~~'~''~~ and the 'H m r  ~pectra'~''' of a number of the 

compounds in the phthalazine series have been reported 

34 - 
&]~enzothieno&f. 3-Upyridazine i 

The Reissert compound 2, which can be considered analogous to the phthal- 
azine Reissert compound has been prepared using the methylene chloride-water sol- 

vent system.'7 Hydrolysis of 2 with hydrobromic acid in acetic acid gave the 
carboxylic acid %.I7 

Quinazolines 

Reaction of quinazoline with potassium cyanide and benzoyl chloride using the 

methylene chloride-water system gave 2-formylbenzanili& (2).la This same prod- 



uct is formed in the absence of cyanide and it is assumed1' that the ring opening 

proceeds via 2, 39. and - 40. 

H OH H OH H OH 

@;;oph g j - c o p h  \ - p::: 
+ N Y NHCOPh 

37 - b0ph COPh 
40 

38 39 
- 

- - 
When quinazoline is reacted with benzoyl chloride and trimethylsilyl cyanide 

in methylene chloride. with or without the presence of anhydrous aluminum chlo- 

ride, a Reissert type compound believed to have structure 41 is obtained.19 It 

should be noted that ,l is analogous to the proposed intermediate 39. In the 

presence of aluminum chloride a low yield of a compound in which one of the ni- 

trile groups of ftl had been converted to an amide is obtained, while in the ab- 
sence of aluminum chloride a low yield of 4-cyano-3,4-dihydroquinazoline is ob- 

tained.19 Alkylation of with methyl iodide and sodium hydride in dimethylform- 

amide gives rise to a monomethyl adduct. or-Ph 0 NHCOPh NHCOPh (f? 
,N-COPh 
N 

I 
COPh 42 - 6 0 ~ h  

Quinoxalinel 

Reaction of quinoxaline with potassium cyanide and benzoyl chloride using 

the methylene chloride-water solvent system gave the ring-opened product g. 20 
Under these same conditions benzimidazole and 2-methylquinoxaline also gave g. 19 

The same product (a) has also been obtained from benzimidazole on treatment with 
benzoyl chloride and aqueous alkali at On. 21 

Cinnoline I 

&action of cinnoline with benzoyl chloride and trimethylsilyl cyanide in 

anhydrous methylene chloride gives a product that appears to have structure 9. 19 
Treatment of Q with base gave 4.4'-bicinnolyl. 

NITROGENS IN SEPARATE RINGS* 

Naphthyridinest 

The formation of Reissert compounds has been studied with 1.6-8 1.7-1 and 
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Reaction of 1,6-naphthyridine with benzoyl chloride and silver cyanide in 

chloroform afforded the Reissert compound % whose structure was proven by spec- 
tral methods.22 Use of potassium cyanide in place of silver cyanide in this re- 

action was reportedz2 to give a complicated mixture in low yield. Later work. 

however, indicated that benzoyl chloride and potassium cyanide in methylene chlor- 

ide-water or in water gave the pseudo base 5.23 Reissert compounds 5-6-48 were 
formed, although in low yield, using acetyl, propionyl, and butyryl chlorides in 

1 these latter two solvent systems.23 The H nmr and ultraviolet spectra of these 

compounds have been studied and are consistent with reaction at C-5 and N-6. 

When 1.6-naphthyridine was reacted with the above aliphatic chlorides in the 

presence of a phase transfer catalyst the Reissert compounds 5-3 were obtained 
together with 2-(2-acylaminovinyl)-.(-acyl-3-pyridineacetonitriles.24 Use of 

benzoyl chloride under these conditions gave the Reissert compound e.24 Alkaline 

hydrolysis of the pseudo base 9 gave 1.6-naphthyridine, while under conditions 

of the Reissert reaction for an extended period of time gave 2-(2-benzoylamino- 

vinyl)-o(-benz0~l-3-p~ridineacetonitrile. 24 

Acid hydrolysis of the Reissert compound 5 gave 1.6-naphthyridine-5-carbox- 
amide, 1,6-naphthyridine-5-carboxylic acid, and ben~aldehyde.~~ Reaction of fj4 

with methyl magnesium bromide gave 1.6-naphthyridine-5-carbonitrile, while re- 

action with phenyl magnesium bromide afforded 2. Alkylation of 44 took place in 
the expected position to give after hydrolysis 5-substituted-1.6-naphthyridines. 25 

H CN H OH HO-C-(Ph)2 H CN 

&-coph @-co"" 

/ ' / ' / 

44 R = Ph - !Ci k? - 50 

Reaction of 1,6-naphthyridine with potassium cyanide and N,N-diphenylcar- 

bamoyl chloride in methylene chloride-water gave the Reissert analog s, while use 
of methane- or benzenesulfonyl chloride in either methylene chloride-water or 



water gave 1.6-naphthyridine-5-carbonitrile. apparently via an unstable inter- 

mediate of the type z. 23 
Reaction of 1.7-naphthyridine with benzoyl chloride and potassium cyanide in 

water gave the Reissert compound 52. 26 - 
Reaction of 1.8-naphthyridine with benzoyl chloride and potassium cyanide in 

methylene chloride-water in the presence of a phase transfer catalyst gave the 

Reissert compound 2. 19 
Phenanthrolines~ 

Attempts to form Reissert compounds have been studied with 1.7-1 1.10-1 4,6-I 

and 4,7-phenanthrolines. 1.10-Phenanthroline, benzoyl chloride, and potassium 

cyanide fail to give a Reissert compound in water,27 and in methylene chloride- 

water." The trimethylsilyl cyanide method also fails with 1,lO-phenanthroline 

and benzoyl chloride.29 

COR 

1.7-Phenanthroline reacts with benzoyl chloride and potassium cyanide in 

methylene chloride-~ater~~'~~ to give 2. This same Reissert compound can also be 
prepared by means of the trimethylsilyl cyanide method.29 Acid-hydrolysis of 2 in 
the presence of 2,k-dinitrophenylhydraeine gave benzaldehyde-2.4-dinitrophenyl- 

hydrazone. Alkylation of 54 with methyl iodide in the presence of sodium hydride - 
gave a 10-methyl-7.10-dihydro adduct which on hydrolysis with base gave a product 

believed to be ~5.'~ Reaction of l,7-phenanthroline with ethyl chloroformate and - 
trimethylsilyl cyanide gave the Reissert analog 56, while reaction with potassium 
cyanide and benzenesulfonyl chloride led directly to 8-cyano-l,7-phenanthroline. 29 

4,7-Phenanthroline with benzoyl chloride and potassium cyanide in methylene 

chloride-water in the presence of a phase transfer catalyst gave the mono-Reissert 

compound 2, 24'29 while reaction with benzoyl chloride and trimethylsilyl cyanide 
gave the bis-Reissert compound 2.29 Acid hydrolysis of both 2 and 58 in the - 
presence of 2.4-dinitrophenylhydrazine gave benzaldehyde-2.4-dinitrophenyl- 

hydrazone, while hydrolysis of with hydrobromic acid in acetic acid gave 3. 29 
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The Reissert analog 60 has also been prepared. Alkylation of 2 with methyl 
iodide in the presence of sodium hydride leads to a dialkylated product. 

29 

4.6-Phenanthroline gave a rather confusing set of results.30 Reaction of 

this phenanthroline with potassium cyanide and acetyl, propionyl, and butyryl 

chlorides in methylene chloride-water gave mixtures of 61, 2 ,  and 63 with the 
Reissert compounds (61) formed only in very low yield.30 Use of benzoyl chloride 

in this procedure gave only the pseudo base (&?.30'31 Use of silver cyanide and 

benzoyl chloride with 4.6-phenanthroline in methylene chloride gave 62 ( R  = Ph) 

and 64,30 these same reagents in chloroform gave 64~~' while use of absolute - 
chloroform gave a 3% yield of Q . ~ ~  The pseudo base - 62 ( R  = Ph) can be recon- 

verted to 4.6-phenanthroline on treatment with base.29 A Reissert compound (2. 
R - Ph) has been prepared from 4,6-phenanthroline and benzoyl chloride using the 
trimethylsilyl cyanide method. 29 

61 - 62 - 63 - 64 - 65 - 
Ellipticinel 

The antineoplastic alkaloid ellipticine (66) has been reacted with benzoyl 
chloride and potassium cyanide in methylene chloride-water, or better with beneoyl 

chloride and trimethylsilyl cyanide in methylene chloride, to give the Reissert 

compound 67.32 In a similar manner 9-methoxyellipticine and a 'number of 6- - 
substituted ellipticines have also been converted to Reissert c o m p o ~ n d s . ~ ~ ' ~ ~  

1-Cyanoellipticines have been prepared through reaction with bensenesulfonyl 

chloride and trimethylsilyl cyanide. 



66 - 67 - 68 - 
Reaction of the Reissert compound 2 with alkyl halides in dimethylformamide 

in the presence of sodium hydride gave the alkylation products 2 which could be 
hydrolyzed to l-alkyl-6-ben~ylellipticines.~~'~~ The ellipticine Reissert com- 

pound (67) has also been converted to its fluoroborate salt 70 by treatment with - 
fluoroboric acid in glacial acetic acid.32 

2.3'-Biquinoline has been converted to the mono-Reissert compound 2 which 01; 
I acid hydrolysis gave the expected carboxylic acid.34 6,6 -Biquinoline gave the 

di-Reissert compound z w h i c h  on acid hydrolysis gave the expected dicarboxylic 

acid. 35 

60Ph 

71 - 
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