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1. Introduction 

The stimulus for many investigations on the acridine 

chemistry carried out all over the world has come primarily from 

a recognition of important biological activity of these hetero- 

cyclic compounds1. Various acridine derivatives have been tested 
4 extensively and antibacterial2, antimalarial3, anthelmintic , 

5 analeptic , and recently antine~plastio~'~ activities have been 

reported for many substituted acridines. 

There are two chief methods of synthesis that can be used 

for most acridines. The direct general method is the cyclization 

of diphenylamine - 2-aldehydes and ketones or, more seldom, 
8 Bernthsen's synthesis . If diphenylamine-2-carboxylic acids are 

employed to the cyclieation then 9-acridanones or 9-chloroacri- 

dines~are easily obtained and these are undoubtedly the most fre- 

quently used intermediates in the synthesis of acridine derivati- 

ves. A large number of methods is available to convert them to 

the compounds required. 

The overwhelming majority of reactions in the acridine syn- 

theses, hydrolyses, or Weir conversions and transformations 

occurs at the positions 9 and/or 10 owing to the unequal distri- 

bution of electron density in the molecule and considerable fle- 

xibility of the central ring (aromaticity of the central ring is 

lost with relative ease). 

Furthermore, substituents in positions 9 and 10 primarily deter- 

mine the chemical character of the compounds and therefore the 

classification into main groups of acridine derivatives, e.g., 



HETEROCYCLES, Vol. 6, No. 7, 1977 

acridines, acridans, 9-acridanones, is based on the substituents 

in these positions. 

Hence, various research teams all over the world have been 

interested in the 9-substituted acridines: R. Pi. Acheson in the 

United Kingdom, A.Albert, R.H.Prager in Australia, A. Led6chcwski 

in Poland, B.F. Cain and G.J. Atwell in New Zealand. 0. Tsuge and 

A. Torii in Japan, M. Icnsscu in Romania, and among Soviet 

authors O.N. Chupakhin, 1.Ya. Postovskii and A.K. Sheinkman must 

be mentioned. 

Excellent reviews are available on the acridine chemistry, 

especially books by A.Albert5" and R. M. Acheson 10*11 and artic- 
12 les in German by G. Idber , S. Johne and D. ~r~ger'~, and 

14 3. Reisch, K. Seendrei, E. Minker and I. Nova . !Che large num- 
ber of recent investigations has prompted me to compile a survey 

of the chemical literature on this topic. Since the last text- 

book on acridines covers the literature up to 1969 and the afore- 

mentioned review articles to 1970 the present paper outlines 

the studies published in the 1970s. 

The review is divided into two parts; W e  first one deals 

with synthetic works on the 9-substituted acridines and the 

second part will consider the kinetic studies on reactions in 

9 position of these compounds. The number of publications is of 

such a magnitude that only the principal features and conclusions 

from these investigations could be outlined and only some typical 

examples of studies could be mentioned specifically. The special 

emphasis was placed on the compounds that turned out to be useful 

in acridine chemistry and/or industry alike. 

The classification of the acridine derivatives used through- 

out this review is based on the substituent type in 9 position. 



2. .Syntheses of the acridine system 

The general methods of syntheses of the acridine derivatives 

have been comprehensively summarized15 and only some modifications 

were made in last years. A series of previously unreported acri- 

dines was obtained from diphenylamine-2-carboxaldehydes prepared 
16 via the McFadyen-Stevens reaction This method was earlier 

described by dlbert17 for the unsubstituted derivative (4) syn- 

thesized from N-phenylanthranilic acid via ester 2 and hydraside 2. 

1 I) SOCL, 
2) MeOH 

Not isoloted 

1 b Y H 2  

Graboyes and co-workers16 have prepared 26 derivatives of 4 (R=cHg, 
0CH3, C1, Br, CF3, and NO2 in positions 2' , 3' , and 4' ; SCH3 and 

S02CH3 in positions 2'and 4' ; C6Hg in position 2' and C4H9 in 4' ) 
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in 60-95 % yield by first converting acid 1 to its acid chloride, 

followed by reaction with ptoluenesulphonylhydrazine in a hydro- 

carbon solvent. In some cases, however, e.g., R=3-CH3, 3-0CH3, 

the route via the ester and hydrazide 2 turned out to be more pro- 

ductive. Decomposition of the p-toluenesulphonylhydrazides (&) 

was carried out in methyl or ethyl cellosolve with aqueous sodium 

hydroxide. The aldehydes 5 were not isolated because of their 

inconveniently low melting points and hence some difficulties with 

their isolation and purification. A more convenient procedure 

with better yields and easier isolation was to add hydrazine to 

the reaction mixture and thus when the aldehyde formed it was con- 

verted directly to the azine & which was insoluble and precipita- 

ted. In this way diphenylamine-2-carboxaldehyde azines were 

obtained in overall yields of 40-80 % (substituente R in the same 

positions as in p-toluenesulphonylhydrazides 4). The azines were 
readily converted to the corresponding acridines 1 by heating for 

a short time with concentrated hydrochloric acid. Yields were 
16 essentially quantitative in most cases + 

When 3' -substituted azines (&) were cyclized, ring closure 

could occur in either ortho or para position to give a mixture of 

1- and 3-substituted acridines. When the substituent R was elec- 

tron releasing (methoxy, methyl), the major products were 3-sub- 

stituted acridines z. When the substituent was electron with- 

drawing (nitro), the major product was I-substituted compound z. 



Halogen substituents gave slightly more I-derivatives whereas the 

trifluoromethyl compound gave more than a 2:l ratio of 3-substitu- 
16 tion to I-substitution . 

However, in most cases the required 9-chloroacridines are 

synthesized by ring closure of N-arylanthranilic acids which are 

in turn produced by an Ullmann synthesis 18-20. The Ullmann raac- 

tion proceeds more smoothly Ff an advantageous solvent is employed. 

A wide variety of solvents has been used so far. More recently, 

Cain, Seelye and ~twell~' have announced that the ethylene glycol 

monodlltyl ethers have considerable advantages as solvents. A range 

of such ethers w i t h  varying b c U g  points is commercially available, 

the solubility of the components in these solvents accelerates the 

reaction and ether miscibility with water simlifies work-up. 

Moreover, it is worth to mention a few other simple modifica- 

tions of the acridine system synthesis. In oredr to improve the 3 

to 1 isomer ratio (these isomers are formed in the result of sing 

closure of the appropriate N-(3-alkylpheny1)anthranilic acids) 

the piperidides of the anthranilic acids (3) were usedz2 instead 

of previously used acids. The interaction between the 3-substitu- 

ant and the alkyl groups of the amide function provides a steric 

barrier to the formation of the I-substituted acridine derivative 

and often less favoured 3-substituted isomer becomes the dominant 

product. 
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Thus, application of this reaction sequence to the preparation of 

the methyl analogue (R=CH3) afforded 3-methylacridanone (10) in 

86 % overall yield and in the case of R=CF3 the yield was 87 %. 

In contrast, direct ring closure of the corresponding anthranilic 

acids is claimed to produce mixtures containing 20 % of 3- and 80% 

of I-methylacridanone and 35 and 65 % of 3- and l-triflucromethyl- 
22 acridanones, respectively . 

Separation of isomers has been avoided when possible by using 

unequivocal syntheses from substituted 2-chlorobenzoic acid compo- 

nents''. A different route was sometimes followed to avoid isomer 

formation, e.g., 3-methylacridanone was conveniently prepared, in 

quantitative yield, by condensation of 3-methylcyclohexanone with 

anthranilic acid to 1.2,3,4-tetrahydro-3-methylacridanone, followed 

by the dehydrogenation (Pd/C; refluxing Dowtherm A)~'. 

Cain and ~ t w e 1 1 ~ ~ ~ ~ ~  have also modified the Chapman rearran- 

gen~ent~~ to prepare 4,5-disubstituted acridine derivatives. Two 

simple modifications of the above route23 facilitated this synthe- 



sis: (a) the thermal rearrangement step (2-3) proceeded more 

smoothly and cleanly in refluxing Dowtherm A, (b) the extremely 

strenuous hydrolytic conditions necessary for removal of the ben- 

eoyl protecting group in 2 were avoided by direct ring closure 

(phosphoric acid or polyphosphoric acid) of the acid resulting from 

saponification of the methyl ester (2). 

Acridanones (3) were converted in an excellent yield to the 

corresponding 9-chloro compounds on treatment with thionyl chloride 

containing catalytic quantities of IMFZ3 and thus more vigorous 

conditions previously used (refluxing phosphoryl chloride) were 

avoided. 

The method of separation of 1- and 3-isomers elaborated in our 

laboratory was also developed to get the requisite I-isomer in 

higher yield. I-Substituted 9-chloroacridines appeared to react 

with pyridine much quickly and under milder conditions than their 

3-is~mers~~ and owing to the solubility of N-(I-substituted acridi- 

nyl-9)pyridinium chloride (IJ) in pyridine the undissolved 3-sub- 

27 stituted 9-chloroacridine could be filtered off . 
A 

Pyridine 

16 - 17 - 
If the residual solid was additionally washed with pyridine and 

a few portions of organic solvents, the yield of was conside- 

rably improved2'. This method of isomer separation was also ex- 

tended to the halogen substituted acridines, vie. 1- and 3-nit- 
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The 9-aminoacridines surely constitute one of the most impor- 

tant groups of the 9-substituted acridine derivatives because of 

their biological activity and interesting physical and chemical 

properties. 

The synthesis of 9-aminoacridines most often involves the 

cyclization of an appropriately substituted diphenylmine-2-carbo- 

xylic acid, prepared by the Ullmann reaction, to the corresponding 

9-chlor~acridine~~. The 9-chloroacridines, by virtue of the high 

reactivity of the chlorine atom, are easily converted to 9-amino- 

acridines. Direct condensation of aliphatic or aromatic amines with 

9-chloroacridines has hitherto been the most common procedure and 

in recent years hundreds of new substituted 9-aminoacridines have 

been synthesized in this manner 21-24930-63. The majority of these 

reactions are traditionally carried out in phenol 1t is ge- 

nerally acceptedz9 that such a condensation in phenol proceeds 

through structure 3. This is plausible as far as the activated 

complex is concerned. However, it must be emphasized that such 

CI PhO OPh 

X=Cl,OPh,OR,SR,etc. 19 - 20 - 
18 - 

species of structure 2 are unstable and easily decompose giving 

9-X- or 9-NHR-acridines unless they are stabilieed by alkylation 

in position 10 or by introduction of sufficiently bulky substitu- 

ents on the 9-amino group, e.g., R=alkyl, aryl, etc. 



In order to gain insight into the nature of the compound iso- 

lated by Droedov and ~hernteov~~ as the product of reaction of 

9-chloroacridine (9) with phenol which has been considered hi- 

therto to be 9,lO-dihydro-9,9-diphenoxyacridine hydrochloride @), 

the crossover experiment was performed according to the following 

Compounds 22, 3, and 6 were isolated and their NMR end W 

spectra were used to study their structure. The products found 

in the course of the above reaction sequenoe, W e  data obtained 

from spectroscopic investigations and other premises 65,66 indi- 

cate that these compounds are not of the acridan type (2) but 

are 9-phenoxyacridine hydrochlorides complexed with the phenol 

moiety which can be easily removed or replaced without a change 
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of the substituent in position 9 of the acridine nucleus. Moreover, 

acridan is known as a very weak base (pKa=-0.93) and it is hard to 

understand that the salt of acridan derivative could be stable in 

the phenol medium (PI(, of phenol is ca. 10). In the light of these 

facts, the hypothesis of the existance of 3 is untenable. 

The 9-aminoacridine derivatives, prepared in last six years, 

are summarized in Table 1 and Table 2. Of other 9-aminoacridines 

obtained from the corresponding 9-chloroacridines in phenol, the 

following should be mentioned. 

Ledbchowski and co-workers 33-37 have obtained a series of 
n 

1-nitro-9-alQlaminoacridines (3: R=NHC6H5, NHCH2C6H5, N&cH~)~, 

MI(CH~)~NH( l-~o~-acridyl-9), and NH(cH~)~NH~)~~, I-nitro-10-me- 

thyl-9-aminoacridinium derivatives (3: R= NH(1-NO2-10-CH3-aorida- 
none), NH(CH2)3N(CHg)2, NH(CH2)2CH3, and NHC6H5)35, halogen deri- 

vatives ( 8  R=F,01,Br,I,CF3 in positions 1 and 3; R'=H)~~ and di- 

substituted acridines : R=1- and 3-NO2; R1=6-~r and 7-OCH )37. 3 
Some of these derivatives exhibit high anticancer action and par- 

ticularly strong activity was revealed by I-nitro-9-alwlaminoac- 

ridines. One of them, vie. 3 (R=I-NO2 and R'=H), NCS 247561, has 

already been introduced to therapy as an effective drug (known un- 

der the trade name Ledakrin or Nitracrine) in some tumour diseasest7 

Cain, Atwell and others 21-24*30-32 have prepared a seriea of 

ca. 340 multiply substituted acridines of general formula 2. These 
compounds were evaluated in the LIZ10 leukemia system and one of 



1 2  them, via. (R =R =H, RP~NHSO~CH~), NSC 156303. m-AMSA, showed 

anticancer activity in screening systems and is expected to re- 

ceive clinical trial3'. 

30 - 
It is worth to note that I-substituted 9-aminoacridines are 

active against various tumours in animals, principally sarcoma 180, 

whereas these are reported to be inactive against 51210 and vice 

versa, 3-substituted 9-alkylaminoacridines are lees active against 

32 the fonner tumour but much more active against the latter cancer . 
A few compounds Of structure z have also been prepared by 

Egyptian and Soviet team: 2 (R1=l-, 2-, 3- and 4-OCH 
1 

35 
R2=6-NO,) 41*42, (FL1=l- NO^, R ~ = H ) ~ ~  and (R 4-NO2, R ~ ~ H ) ~ ~ .  Other 

authors have been engaged in syntheses of other nitroacridines: 

(2-No2, FL1=3-01, ~ ~ = ' 7 - ~ 1 ) ~ ~  and (5-NO2, R1=H, R24-, 2-, 3- 

and 4-OCH~)~~. Some of these compounds reveal high activity 

against bacteria 41-46 

NHR NO2 CH3-C,H,SO,N - (CHJ - N-SO&&- CH, "aR, o@I* 
31 - 3 2 - 

A series of N,N' -bis-(9-acridinyl)polymethylenediamines (x) 
47 has been prepared . The synthesis was achieved by condensation of 

9-chloroacridine with different diamines H2N-(CH ) -Mi2, n- 1 to 12. 
2 n 

and then the free bases derived from them were condensed with p-to- 

luenesulphonyl chloride to give 2. 
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Compounds of similar structure, , with various alkyl or 

alkylamincalkyl chains (R) have been obtained either directly from 

9-chloroacridine and a free amine or from 9-phenoxyacridine and 
48 the mine hydrochloride i n  phenol . 

33 - 
9-Phenoxyacridine is second best acridins derivative employed 

in the condensation with aminss and is most conventently prepared 

by the action of phenol on 9-chloroacridine. Gaidukevich et a1?3-57 

have followed this way to get 9-methylaminoacridinas havlng sub- 

stituents on the aromatic ring (2). 

2l - 35 - 36 

These were treated with acetic anhydride to give the ccrresponaing; 

9-(N-methyl-N-acety1aminc)acridines (2: R=H, C1, 0CH3; R'=~-No,)~~, 
(2: R=CH3,C1, and OCH in positions 2 and 4; R'-~-No,)~~, (x: R= 3 
2-CH3,2-U,4-CH ,4-C1; ~'=6-NO )55 and (2: R=H; R'=cH~, C1, and 

3 2 
0CH3 in positions 2 and 4)56. The acetylation of 9-aminoacridines 

bearing the unsubstituted amino group under similar conditions 

yielded the corresponding 9,9-diacetylamlnoacridines (2)53 while 

the reaction of 9-aminoacridines with N-acetylglutamic acid aahy- 

dride gave the acetylated compound 21. However, in case of the 

reaction of unsubstituted 9-aminoacridine with the latter acyla- 

ting agent, the rearrangement of N-acetylglutamic acid anhydride 

occurred to give N-acetylpyroglutamic acid and compound was 

found to be the final product58. 
9 9 9 -  



,NHCOCH, 
NHCOCH CH2C,H2 C Hz-- C Hz 

I I 
ooc-cy ,c=o 

N 

All these compounds were tested in pharmacological experiments 

and the 9-amino derivatives were found to be useful as baoterici- 

des55 whereas the 9-acetamino acridines were inactive54. Compound 

wasproved to act bactericidally in the presence of beneylpeni- 

cil~in5'. 

The 9-aminoacridine derivatives @) substituted in the acri- 

dine ring were prepared from the appropriate 9-chloroacridines (2) 

and ammonium carbonate in phenol 60*69. In this way 2-, 3 and 

39 - 40 - 
4-methoxy-9-amino-7-sulphodimethylaminoacridines : RD~-SO~N(CH~)~ 
1 R =2-, 3 4-OCH~)~' and 2-s-butyl-, 2-t-butyl-, &ethyl-, 2,7-di- 

t-butyl- and 2-s-butyl-9-amin0-6-nitroaoridines~~ were synthesized. 

Following the recognition of the acid catalysis of the con- 

densation reactions of 9-chloroacridine with mines, these reactions 

were successfully carried out in other solvents, e.g., in an excess 

of the reacting amine50; in aqueous ethanolz1 or absolute ethanol 70 

with a few drops of ooncentrated hydrochloric acid; in absolute me- 

thano16', absolute ethanol2', absolute 2-etho~~ethanol~~ or N-me- 

thylpyrrolidine22 with a few drops of rnethanesulphonic acid. More 

recently, 9-amino-2-ethoxy-6-nitroacridine was reported to be for- 

med by a condensation of the 9-ohloroacridine derivative with urea 

-1000-  
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in a polar organic solvent (ethylene glycol) in the presence of 

salts (ammonium chloride) and catalytic amount of mono- or poly- 

hydroxy compounds (resorcinol) and then it was reduced with iron 

to give 6, 9-diamino-2-ethoxyacridine7'. The latter compound, 

known as rivanol and useful as a gastointestinal agent having 

bactericidal effect, was mixed with cellulose in water or alco- 

hols to give crystal powder of 6,9-diamino-2-ethoxyacridinecarbo- 

xymethylcelluloss complex without any bitter taste7'. 

Quinacrine hydrochloride turned out to be another preparative 

source of the 9-aminoacridine derivative. In 1936 quinacrine was 

reported to undergo degradation under acidic conditions giving 
73 a mixture of 2-methoxy- and 2-hydroxy-9-amino-6-chloroacridines . 

When this reaction was carried out in 48 96 hydrobromic acid, the 

requisite 2-hydroxy component was isolated as the only product in 

88% yield of pure compound after recrystallization from 

Chromatographic methods have also been developed for the analysis 

of the products of the above degradation 

Two 9-amin0-3,6-bis(dimethylWno)acridine derivatives (2) 
were prepared from 9-methglthio-9.6-bis(dimethyldn0)acridine 

SCH, NHR 

(C H3!p N(C H J ~  (C %p @ N(C H& 

41 - 42 

(s) and alkyl or aromatic amines in Several mono(dime- 

thylamino)-9-alkylaminoacridines [N(CH ) in positions 2 or 31 were 3 2 
also prepared by these authors76 from the 9-chloroacridine deriva- 

tives and alkylamines in phenol. 

  on shin^^-^^ has investigated the synthesis of 9-arylamino- 

1,2,3,4-tetrahydroacridines (42) according to the following scheme: 



YHR NHR 

NHR --Rm 
2 - 46 

The condensation of anthranilamides 42 with cyclohexanone gave the 
enamines 44, which, on treatment with phosphoryl chloride, yielded 
the tetrahydroacridine & (R-H, C1, Br) via the chloramides &81. 

The structure of compound (R=H) was confirmed by an alternative 

synthesis from 9-chloro-1,2,3,Gtetrahydroacridine and additional- 
81 ly by IR spe'ctra . 

Of other 9-substituted acridines containing the c9-N bond, 
9-isothiocyanato-, 9-azido- and 9-hydrasinoacridines are most 

important. Acridine-9-isothiocyanate (42) has been found useful 

for the detection of trace of penicillin83 and therefore attrac- 

ted a great deal of attention in W e  evaluation of fluorescent 

isothiocyanate compounds. It has been prepared from 9-chloro- 

acridine and silver thi~cy-te~~. Later this method was modi- 

fied by use of potassium thi~cyanate~~ and higher yields (88 96) 

were observed as compared with the previous procedure (58 96). 

Reaction of acridine-9-isothiocyanate (41) with aminea in 
alcohol yields a mixture of fluorescent compounds84. Since the 

fluorescence of this mixture of products could be related to the 

concentration of the amine used, the procedure was applied after 

some  modification^^^ as an andlytical method to primary and se- 
condary aminesbO with special emphasis on compounds of biological 
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significance. It was subsequently recognized75 that the main 

fluorescent product was a cyclized compound fi produced by photo- 
oxidation of the thiourea s. 

NHR 

Compounds can be alternatively obtained from 9-aminoac- 
5 1 ridine and alkyl or aryl isothiocyanates in boiling acetone . 

Several compounds of fornula s are listed in Table 1. 
Aa far as the 9-hydrazinoacridines are concerned, the fact 

that the hydrazide group can be easily removed from 2 has been 
widely used since its discovery in the reduction of 9-chloroac- 

ridine by first conversion to a 9-arylsulphonylhydrazone 2 fol- 
lowed by treatment with base. This method was followed to pre- 

pare 2-~hloroacridine~~, 2- and 4-metho~yacridlnes~~ and 1,2,3- 
89 trimethoxyacridine . The decomposition of these derivatives of 

a was accomplished on boiling in alkaline glycol. 

Synthesis of 9- [N,N-bis(2-chloroethyl)hydraeim] acridine and 

its derivatives (51: RaH, OCtLj, 002Hg; R'=H, C1, NO2) has also 
90 been reported . These compounds are found to inhibit the growth 

90 of some experimental tunours . 



9-Azidoacridine (z) has been synthesized from 9-hydrasino- 
acridine and sodium nitrate in 2N hydrochloric acidg1 or from 

92 9-chloroacridine and sodium azide in refluxing aqueous acetone . 

It decomposed violently at 150' affording a red solid consisting 

of substantial amounts of 9.9' -azoaoridine (s). Controlled de- 
composition in o-dichlcrobenzene or nitrobenzene gave pure azo- 

compound in 70 % yield. Photolysis of 9-aeidoacridine also 

afforded azoaoridine in 81 % yield. The structure of azoacridine 

(z) was confirmed by an alternative synthesis and by its reduc- 
91 tion to 9-amincacridine (2) . 

Interaction of 9-azidoacridine (z) with dimethyl sulphate 

in dry benzene yieldea 9-azido-10-methylacridinium methyl sul- 

phate (%). The quaternary salts (52: R=Ph, sec-Pr, 2-pyridyl) 

were formed when 52a was stirred with the appropriate amines. 

Compounds were characterized as the anils (a) which were 

deposited when the crude salts (z) were basified with aqueous 
91 ammonia . 
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c H CH(CH~)~N(CH~)~~HCL 
5~ 
HN- 

NHCH2CH2SCH3 

(CH ) 
NHCH CH N< %O 

(cH2)2/ 

CH3:C0CH3 

acetone 

MeOH 

MeOH 

MeOH, EtOH, 
EtOH-CH3COOC2H5 

MeOH, EtOH, 
EtOH-CH3COOC2H5 

MeOH, EtOH, 
EtOH-CH3COOC2H5 

MeOH-H20-NaC1 

YeOH-H20-NaC1 

95 % EtOH 

H20-EtOH 

acridine-9-isothiocyanate 
and ethanol 

acridine-9-isothiocyanate 
and phenylalanine 

acridine-9-isoihiocyanate 
and proline 

9-chloroacridine and 
I-amino-2-( trimethyl- 
silylphenylsthane 

9-chloroacridine and 
I-amino-4-dimethylamino- 
1-(p-trimethylsilyl- 
pheny1)butane 

9-chlomacridine and 
I-amino-4-dime thylamino- 
I-phenylbutane 

9-chloroacridine and 
2-methylthioethylamine 

9-chloroacridine and 
eihyl-2-(morpholin-1-yl)- 
amine 

9-methylaminoacridine 
and acetic anhydride 
9-chloroacridine and 
paminomethane- 
sulphonanilide 

*A number of other derivatives of 9-anilinoacridine have been prepared (cf. Refs. 21-24, 30-32). 



Table 2, 2-Methoxy-6-chloro-9-aminoacridines. 

240-241 (decomp. 1 

249-250 (decomp. ) 

225-226 (decomp. ) 

150-151 

130-131 

184-185 . 
229-231 

132-133 

265 

300 

Recryst. 
solvent 

E tOH 

MeOH-EtOH 

EtOH-i-PrOH 

MeOH 

80 % EtOH 

MeOH 

MeOH 

cyclohexane 

Mew, EtOH 

MeOH, EtOH, 
EtOH-H20 

MeOH, EtOH, 
EtOH-H20 

Procedure 

Reduction of the 
preceding compound 
thiophosgene and 
the preceding 
compound 

B 

thiophosgene and 
the product of re- 
duction of the pre- 
ceding compound 

A 

Lef. 

49 

49 

49 

60 

60 

60 

60 

60 

38 

38 

38 
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4. 9-Alkylacridines 

The insertion of alkyl and/or aryl groups into acridine 

does not greatly change its properties with the only exception 

of the 9-substituted derivatives. 9-Alkylacridinee are of par- 

ticular interest because of the great reactivity of the &-hyd- 

rogen atoms on the alkyl group, due to the electron attracting 

properties of the acridine moiety. 

The direct alkylation methods of aromatic and heteroaroma- 

tic compounds were reviewed by French authorsg3 in 1971. How- 

ever, the benzylacridines described in that paper were prepared 

in the 1950s. 

Recently, Italian workersg4 have extensively studied am- 

matic homolytic alkylation of protonated heterooyclic bases in- 

oluding pyridineg5, quinolineg6 and acridineg7. The nucleophi- 

lic character of alkyl radioals permits the ready and selective 

alkylation of these bases. They have used a variety of radical 

sourcesg7: oxaeiranes, hydroperoxides, acylperoxides, carboxy- 

lic acids and lead tetracetate, and more recently, silver-cata- 

lysed oxidative decarboxylation of carbowlic acids with per- 

oxydiwlphate. The last method, based on the findings of other 

authorsg8, is particularly noteworthy because of the good yield 

and the high selectivity obtained. The catalytic action of the 

silver salt takes place according to the following redox radl- 

cal chain: 

2 ~ g +  + S20i-- 2 ~g* + 2 SO;- 
RCOOH + A~'+-R- + co2 + n+ + ag+ 

The addition of the alkyl radical (R = methyl, ethyl, isopropyl, 

butyl) to the protonated acridine is reported to be quantitati- 

97 ve . 



Synthetic reactions of phenylsulphonylcarbanion with ac- 

ridine and other aromatic compounds were studied by Yamamoto, 

Nisimura and ~oeaki~~. They have summarized the investiga- 

tions of the aromatic methylation with sulphinyl- and sulpho- 

nylcarbanions and discussed the reaction paths. 

Finally, the pho toreaction of acridine with trialkylbo- 

ranes in benzene was studiedlOO. 9-Butyl- and 9-cyclohewl- 

acridines were obtained in this manner in 8 and 5 % yield, 

respectively. 

To the above methods involving direct alkylation of unsub- 

stituted acridine, the following could be added. The Soviet in- 

vestigatorslO' reported the formation of compounds = (R = 2- 

and 4-pyridinyl, 2- and 4-quinolinyl, and 2-benzothiazolyl) . 

These derivatives were prepared from acridine and the appro- 

priate components in liquid sulphur or in DM!? in the presence 
101 of sulphur . Acridine was also condensed with the N-alkyl- 

r-picolinium iodide in DMF in the presence of omgen to give 

4-(9-acridinylmethyl)pyridinium iodide (2_8: R=CH3, C2H5, C~H~)'~~. 

Tautomerization of to the acridinium iodide =a was exten- 

sive in E W ,  ethanol and chloroform solutions as determined by 
102 UP spectroscopy . 

The mechanism of the aforementioned condensation was also 

studied and the reaction was suggested'03 to proceed through 

intermediates such as &, though no traces of were detected 

in IR or UV spectra. 
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A few papers deal with the preparation of compounds of gene- 

ral formula &. Acridine reacted with ketones (CH3COR: R - C6Hg, 
c~H~-~-cH~) in the presence of aluminium and Hg2+ salts to give 

the corresponding & in 35-60 % yield'04. A series of 9-phena- 

cylacridines and other aoridine ketones (60: R-C6H5, C6H4-p-OH3, 
2-ketocyclopentanyl) has also been prepared from acridine and the 

60 - 61 - 
appropriate ketones in DP in the presence of benzoyl chloride 105- 

log and mechanism of this kind of the Reissert reaction as well as 

that of acridine N-oxide with diketene giving 9-acetonylacridine 

(60: R-CH~)'~~ have been discussed. 

All the aforementioned papers describe the syntheses of 9-al- 

kylacridines starting from unsubstituted a~ridine~~-'~~. In some 

oases, however, it is desirable to employ 9-substituted derivati- 

ves. Of these, the starting material used most frequently is again 

9-chloroacridine. Thus, condensation of 9-chloroaoridine with 



p-C1-C6H4-CH2C02CH3 in DMF in the presence of sodium hydride fol- 

lowed by heating with NaOH-H20-CH30H and acidification with hyd- 
1 2 3  rochloric acid afforded pchlorobenzylacridine (61: R dt =R PH, 

~~41)''~. Thirty four substituted bensylacridines were obtained 
1 in this manner (61: R d, COOCH~; R~=H, 2-OH, 2-0CH3; R'=H, 3-OH, 

110 3-0CH3, 4-0CH3; R4=c1, 0CH3, (OCH3)2. (OH)2, (CH3l2, etc.) . 
9-Chloroacridine and its derivative, 9-chloro-2-ethoxy-6-nit- 

roacridine, were successfully condensed with 2- and 4-picoline as 

well as 2- and 4-methylquinoline to afford the corresponding com- 

pounds of formula 51, some of which revealed pharmacological ac- 
tivity1I1. 

It was already mentioned above that acridine reacted with 

heterocyclic compounds oontaining an active methyl group giving 

9-substituted acridinesqol. It appeared that in case of 2- and 

4-picolines there would be also other possible reaction paths. 

The 9-chloroacridine derivatives were found to react with 4-pico- 

line to give a (R'=H, Br) which reacted with 9-chloroacridine 

or its derivative in absolute butanol in the presence of trime- 

thy1 amine yielding the corresponding derivatives of & (R'=H,B~; 
R2 = 9-acridinyl, I -nitro-9-acridinyl, 2,7-dibromo-9-acridinylf *. 
Hence, it turned out that 4-picoline could react either at the 

methyl group or at the nitrogen atom. 



HETEROCYCLES, Vo1. 6, No. 7, 1977 

Syntheses of 9-(2-pyrimidylmethy1)acridines (s: R-OH, R'=H, 
R2-cH3; 0H,N02,H; and C1,H,CH3, respeotively) were achieved star- 

113 ting from acridinyl-9-acetamide and acetoacetic ester . Spsc- 

troscopic properties of these compounds (&) were also studiedqq4. 

There are several reports concerning the synthesis of 9-alkyl 

and 9-arylacridines connected with syntheses of acridine system. 

Thus, compounds (R=CH3,C6H5,CF3) and 9-substituted 1,2,3,4-tet- 

rafluoroacridines (66) have been synthesized according to the fol- 
115. lowing scheme . 

The 9-alkylaoridines (68: R = c H ~ , c ~ ~ . C ~ H ~ )  were obtained in 

the result of cyolization of 0-nitrophenyl derivatives of phenyl- 

67 - 68 - - 69 

amonitriles [a) in 90 % sulphuric acidlq6. SWlarly. 1,2,3,4- 

tetrahydroacridines (9) were prepared from cyclohexanone anil and 

nitriles (RCN. R=CH3 or C3%) via chelate compounds of boron fol- 

lowed by heating with hydrochloric acid in butanol and then treat- 
117 ment with sodium bicarbonate . 



Interaction of 2.3-tetramethylene-4-R-bicyclo [3.3.1] ncnanon- 

9-01-2 (z) with aniline in acetic acid yielded 11 (RJI,CH3,C6H5, 
cc-furyl; x=c~o~,I)''~. Other syntheses leading to the 9-arylacri- 

dines will be considered in the following Chapter. 

9-Methylacridine is a product of ring contraction of asepine 

@'-NO, CONH2) in the course of acid-catalyzed, thermal and 

photochemical reactions 119'120. The yield of the product is de- 

pendent on the reaction conditions, particularly the presence or 
119 absence of owgen and the nature of the solvent used . 

The opposite reaction to the preceding one is also known and 

widely used in the synthesis of the aeepine derivatives and ana- 

logues. Thus, 9-methyla~ridine'~' and its 2-chlor0'~~ and Fchlo- 

r0123 derivatives were converted to the corresponding derivatives 

of z. Hisobe and ~ z a w a . ~ ~ ~  have reported a novel one-step synthe- 

sis of 5H-dibenzo [b, e] [? .4] diazepine derivatives (m: R=H, C6H5, 
CH ) involving a ring expansion from acridinium salts a) by 
3 

use of hydroxylamine-0-sulphonic acid. A suggested mechanism 124 

involves nucleophilic attack of this acid at the 9 position of ac- 

1% ridine . 
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74a  74b - 
9-Methylacridine (a) reacts also with aromatic aldehydes in 

DMF in the presence of benzoyl chloride to give the vinyl deriva- 

tives of acridine (2) and related chalcones (B)'~~. m s  re- 

action can be also carried out in acetic anhydride in the absence 

of acyl ohlorides but the yields of p d B  are lower. F C6H5 -C=CHR 

~ v a n o v ~ * ~  has studied complexes of a with amines and found 
two kinds of them: n -complexes and 6-complexes. 

Tsuge and Torii have extensively investigated reactiona of 

9-vinylacridine (15: R-H) with various reagents and isolated 

a great variety of products, e.g., by the bromination of 9-vi- 

nylacridine128 they have prepared 9-(1,2-dibromoethy1)acridine 

(z), in order to choose a convenient method to obtain 9-ethy- 

nylaoridine (p), afforded several products shown on the follow- 

ing page1". They have also studied reactions of 9-vinylacridi- 

ne ('&: R-H) with psubstituted nitrosobenzenes and C,N-di- 

arylnitr~nes"~; 9-ethynylacridine with nitmo compounds129 , 
c ,N-diarylnitrones ''I, aminesl'* and active methylene l 3  com- 

pounds; 1,'-bis(9-acridiny1)propane with N,N-dimethyl-p-nitro- 

~oaniline"~; l-(9-acridinyl)-2-benzoylsthylene and 9-acridinyl 

styryl ketone with hydrazine~"~. 



9-Vinylacridine polymer has been obtained from 1.3-bis(9-ac- 

ridinyl)propanelJ4 or from 9-vinylacridinelJ6 and some of its swc- 
136 tral properties were studied . 

Of other 9-alkylacridines, 2-(9-acridiny1)-ethyl-N-substitu- 

ted carbamates (E: R-He C2Hg, C63, S02C6H4-~-CH3) and their 

10-hydrochlorides and 10-~-oxidss~~~ as well as 9-acridinylthio- 

glycolic acid (B) and its derivative (s) were synthesized. More 

recently, the peptide derivatives of acridine (2 and &Q: R-C6Yj, 
139. cH2SCH3) were prepared from & and tested for antilnmour activity 

2 CH3CONH 7 3  78 
NHCOICI-&H 

CM3COHN 

, COOH I H O O ~  ,NHCO~HR 
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It was already mentioned above that a-hydrogen atoms on the 

alkyl group of 9-alkylacridines were strongly activated by 9-ac- 

ridinyl moiety. Therefore, the 9-alkylacridines are rather re- 

active compounds and tens of various derivatives were reported 

to be prepared from them by reactions with other reactive re- 

agent~'~'. For example, if such a methyl group is additionally 

activated by pyridyl substituent (see compound &), Wen it can 

be oxidized with chromium trioxide in acetio acid to give ketone 

81 in 76 % yield or reacts with N.N-dimethyl-p-nitrosoaniline in - 
pyridine giving 82 in 40 % yield which is hydrolyzed in boiling 

30 % sulphuric acid to give 75 % of glO1. 

81 - 82 - - 83 
9-Methylacridine reacted with N,N-dialkyl-p-nitrosoanili- 

nee and when the product of this reaction employing 3-chloroac- 

ridine derivative was hydrolyzed, 3-chloro-9-formylacridine was 

obtained in a high yield14'. 

Aoridine-9-carboxaldehyde (a: R=H) was also found to be 

a by-product of the aforementioned conversion of azepine @)to 

9-methylacridine (12)"' and a rearranged degradation product 

from carbamazepine-10, ~l-epoxide~~*. Chemiluminescent reactions 

of this 9-formylacridine and 9-formyl-10-methylacridiniummethyl 

sulphate as well as two ketones (3: R=C6Hg, C6H4-p-NO2) were 

studied and the reaction mechanism has been discussed 143. 

Treatment of the methyl ester (3: R=OCHJ) with hydrazine 
in refluxing ethanol gave hydrazide (3: R = N H N H ~ ) ~ ~ ~ .  Other 



A 
hydraaides (a: R=N(CH3)=CHCHJ, N13$$CH2)5, N(CH3)NH0~? ,N(CH3)M2) 
and hydrazone derivatives of 9-formylacridine were also synthesi- 

zed and a study of the chemilumineecent reaction products under 
I44 various conditions was carried out . 

Of other acridine derivatives of structure a, the following 
amides were synthesized. 1,2,3,4-TetrahydroacridinecarboxamLdes 

(a: R=NSC2H5 ) 2, N(CH2CH20H)2, morpholino) were prepared by reac- 

tion of the acid chloride (a: R=Cl) w i t h  the appropriate amine~'~~. 

On the other hand, Italian workers146 have reported direct and se- 

lective amidation of heterocyclic compounds including acridine 

amid0 radicals. These radicals were obtained by oxidation of form- 

amide, N-alkylfomamj.de and N-alkylacetamide with various oxidiz- 

ing agents. Acridine-9-carboxamide (a) was prepared in high yield 
in this 

~ & r j e ' ~ ~  has reported syntheses of esters and thioesters of 

1,2,3,4-tetrahydroacridine-9-carboxylic acid and its 7-chloro and 

7-methoxy derivatives. Thus, derivatives of a (RPSCH~CH~N(C~H~)~, 
0CH2CH3, 0CH2CH20H, 0CH2CH2C1) were obtained from the acid chlori- 

de (3: R41) and 2-diethylaminothioethanol, ethanol, glycol, and 

ethylene chlorohydrin, respectively. The IR spectra of these pro- 

ducts were also discussed 147. 

During last years several compounds of the previously known 

structure, but now obtained in a somewhat another way, were repor- 

ted. Tsuge and TordSO have synthesized acridine-9-carboxaldehy- 

de-N-(p-N ,N-dimethylaminopheny1)anil from 1 -(9-acridiny1)-2-methyl- 

ethylene and p-nitroso-N,N-dimethylaniline and discussed lbe mecha- 

nism of the product formation and its reactions. These authors have 

also studied the reaction of 9-vinylacridine and 9-ethynylacridine 

with C,N-diphenylnitrone. In the latter case, the corresponding 
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4-isoxaecline compound (s) was found as a product, which was con- 

verted by thermal rearrangement into 4-oxasoline (&), and thb was 

hydrolieed to give 9-acridinylanilinoacetaldshyde (86) 13'. 

The derivative of (R=COC6H5) reacted with R'NHNH~ ( R ' - C ~ H ~ ,  

H, p-Cl- and p-CH5-C6H4) at room temperature to give mainly pyra- 
1 eoline derivatives (a)135. Compound 3 with R NHNH* at room tem- 

perature gave Michael type adduct (%) as the major product 135. 

R' 
I 

87 - 88 - - 89 

Of other acridine derivatives containing c9-0 bond, 9-cyano- 

acridine is most important. This compound has been knownfor along 

time. Recently, Happ and Janeen have studied the mechanism of re- 

action of cyanide ion with acridine and found that this reaction 

proceeded via reversible addition of cyanide ion to acridine to 

yield the 9-cyanoacridanyl radical which was then converted to 

9-cyanoacridine by the aotion of the oxidizing agent. A similar 

addition of cyanide ion to aromatic hydrocarbons, e.g.,anmracene, 

has also been proposed 149*150. Oxidative cyanation of acridine 
151 N-oxide was studies, too . 

Some cyanoalkyl derivatives of acridine will be considered 

in Chapter concerning derivatives of acridans. 
- 1 0 2 1 -  



So far comparatively lettle attention has been attracted by 

the 9-arylacridines and a huge number of papers published in last 

years is rather surprising. Although the majority of physico-che- 

mical properties of the 9-phenylacridine derivatives remains un- 

explained, a considerable progress is noticeable in this area. 

Of the 9-arylacridine derivatives, 9-aminophenylacridines 

(3) are most frequently reported to be prepared. Their synthe- 

sis is achieved in a few chief manners. Thus,acridines react with 

dialkylanilines under nitrogen in the presence of benzoyl cUride 

as an aoylating agent in D W ~ ~ ~ - ~ ~ ~  or other organic solvents 105,106 

yielding 2 (route a). 

N R ~ R ~  (a) BzCI 
w(b) [Ol A 

90 - 
Pure quaternary and protonic salts of 9-aminoarylacridinee 

(s), used as intermediates in the syntheses od dyes and physio- 

logically active compounds, can be prepared by treating the qua- 

ternary or protonic salts of acridine with arylamines in a polar 

solvent while mixing the reaction mixture by bubbling air 156 

(route b). When acridine methiodide is employed, however, the un- 

expected phenylacridinium triiodides are obtained 15'7,158 

The 9-aminoarylacridines ) and their salts are also pre- 

pared by treating acridinium salts with the appropriate aromatic 

amine in the presence of sulphur159-163 (route c). The reaction 

is inhibited by electron-withdrawing groups in both para and 
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ortho positions in the aniline nucleus16'. The mechanism of this 

condensation reaction was studied 164*165 and it was found that 

the reaction of acridinium salt with aniline in the presence of 

sulphur involved a fast formation of weak complex (z) followed 
by slow dehydrogenation with sulphur to give 2. 

91 - - 92 

9-Substituted acridines do not form such complexes as 91 
and sulphur does not react with acridinium methiod3.de. The 

highest yield, independent on radical inhibitors of 2, waa 
observed in polar solvents. With increasing of positive char- 

ge on c9 the yield of % increased. Moreover, no ESR sig- 

nals could be observed in the samles of the reaction mixture. 

These findings support theimic mechanism of the reaction under 

~onsideraticn'~~. 

Chupakhin et al. 16" Ib7 have prepared acridinium phenyl- 
1 hydrazone derivatives (2: R=R =H, CHg; R ~ = c ~ H ~ ,  p-C1-, p-Br-, 

p-I-, pOCH3-C6H4, and others) from acridinium salts and phe- 

nylhydrazones under oxidising conditions. The reaction pro- 

ceeded in liquid sulphur but better yields were obtained with 

bubbling air through the reaction mixture. 

9-(4-Hydroxyary1)acridinium salts (2) have been synthesi- 

zed168 by reaction of quaternary or protonic acridinium salts 

with phenols. The reaction was performed in liquid sulphur at 



high temperature in DMF in the presence of air or in an inert sol- 

vent in the absence of air. In the latter case, acridinium cation 

acted as an oxidizing agent for the activated complex composed of 

second acridinium moiety and phenol. Therefore, acridan is a ma- 

jor by-product in this reaction. A series of di- and triphenols. 

amino- and methoxyphenols and ethyl esters of polyphencls has been 

prepared in this manner. 

Phenolates appeared to be even better nucleophiles than phe- 

nols themselves in the substitution reactions of hydrogen atom at 
9 C of the acridine ringI6'. The reaction proceeded with free base 

of acridine in DMF sparged with air. When such substituents as 

CH3, NH2, OH or 0CH3 are present in meto position in tha phenolals, 

the products 2 are obtained in higher yields. 

Acridine was also found to undergo condensation reactions 

with other aromatic and heteroarcmatic compounds in the presen- 

ce of an acylating agent, largely benzoyl chloride, in an organic 

solvent, e-g., benzene. DMF, eto. Following this route, acridine 

was condensed with cyolopentadiane, indene and az~l.en$~~, 1,2,3,4- 

tetrahydrochinoline105~ 153,177, indole105*106,163, 172,173, pyr- 

role 129*174-176, f ~ r a n ' ~ ~  anti pyra~o~one'~~.  he acylating agent 

may be replaced by aluminium and mercurio salts172. 
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All the preceding methods of syntheses of the acridine de- 

rivatives containing an aryl substituent in 9 position involve 

condensation of various reagents with unsubstituted acridine at 

the 9 position 152-178. A few other papers describe successful 

eubstitution of halogen atoms in 9-halogenoacridine by aryl 

groups. Thus, 9-chloroacridine was arylated in phosphcryl 
1 chloride to give (R =H, 0CH3, 0C2H5; R'=H, NO2. Cl), 9-bromo- 

acridine 1801181 reacted with phalostyrene to yield 9-p-vinyl- 

phenylacridine (ql) and its polymars18', and condensation of 

96 - 97 - 98 

acridine-9-carboxaldehyde 1 IE2* 183 ~ith p-R - C ~ H ~ C O C O C ~ H ~ - ~ - R ~  

in acetic acid containing ammonium acetate gave (R'=H, OCHg, 

Br; R2=~r, OCHg, NO2). Some of compounds exhibited pharma- 

cological activity against moose sarcoma and had low toxicity'? 

A series of 9-aryl-1,2.3.4.5,6,7,8-octahydroacridines and 

their perchlorates (2) with the following substituents in 9 po- 

sition has been prepared: ~hen~l'~~, p-nitro- and p-methoxyphe- 
187 ny1185, 2-f~ryl'~~, 3- and 4-pyridyl . 



The last step in all the preceding synthesss involves oxida- 

tion of the cyclization product of the appropriate ketones with 

ammonia or aniline or other compounds containing the amino group. 
184 The mechanism of such a condensation is discussed , 

Among other numerous syntheses of various derivatives of 

9-arylacridine, it is worth to mention the condensation cU 2-li- 

dene-3.4-dihydro-l(2H)-naphthalenone with either -tetralone in 

the presence of ammonium acetate affording 9-argl-5:4,5: 6-dibenzc- 

1,2,7,8-tetrahydroacridine or cyclohexanone yielding 9-aryl- 

3: 4-benso-1,2,5,6,7, 8-he~ahydroacridine~~~~ and the oonversion 

of o-anilinoketimines to 9-phenylacridine or its derivatives 189. 

In summary, the 9-arylacridines can be prepared from acri- 

dine itself 152-178, from 9-substituted acridines 179-183 and from 

non-acridine~'~~-~~~. The mass spectra of 9-phenylacridine de- 

rivat~ves'~~ and 9-aminophenylacridine derivatives Ig1 were de- 

termined and fragmentation patterns discussed. 
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6. Acridans 

Acridans may be prepared according to the methods conside- 

red by selbyqg2. 'Phis author gave a detailed description of all 

the techniques which were of preparative value and, therefore, I 

am not going to dwell upon this subject. Here, particular types 

of sources of acridans and types of substituents in 9 position 

of 9,IO-dihydroacridine will be considered. 

Acridine itself can be converted to the acridan derivatives 

in numerous manners. Among them, the photoreduction of acridi- 

nes has been developed extensively in last years by several 

groups of investigators. In general, the distribution of pro- 

ducts depends upon the nature of the solvent used but the fol- 

lowing compounds are usually synthesized by a photolysis in pro- 

tic solvents: 

hi' 
R H  

IrraQtaton of acridine has been investigated in the presence of 

various alcohols 193-201, no,- organic solvents such as cyclo- 

hexane, toluene, etc.202, in mixtures of alcohols and nonpolar 

solvents203 and its reaction mechanisms proceeding under parti- 

cular conditions widely discussed throughout these reports. The 

acridanyl radical, formed by initial hydrogen-atom abstraction, 



has been identified as the key intermediate in the reaction, 

though there is a certain evidence that a "molecular mechanism" 

(involving formation of acridan by a process in which the acrida- 

nyl radical cannot be detected) may account for a small portion 

of the reaction. On the basis of kinetic investigations it is 

suggested that the primary reactive state of acridine tow& mat 

hydrogen donors is a low singlet excited statelg8. Simllar studies 

on the irradtttion mechanism were carried out with 9-methylacridi- 

ne204, 9-phenylacridine 205-207, acridine ~-oxide~O~ and 9-cyano - 
209 and 9-chloroacridine N-oxides . 

The photoreduction of acridines with various aliphatic car- 

boxylic acids results in decarboxylation and formation of 9-d- 

kylacridans (102) in good to excellent yields together with small 

amounts of biacridan by-products (100) 210-212. A good yield of 

compounds _102 and 9-alkylacridine (z) is also observed when ac- 

ridine is photoreduced in the preaence of trialkylborane~'~~. 

Under the irradiation conditions normally employed for the 

photoreduction, benzophenone as well as beneylideneacetophencne 

and benzylideneacetone were found to be photoreduced by acridan 
213 (101) and in each case 1: 1 adducts (100) were isolated . 

More recently, two examples showing the application of pho- 

tochemically allowed [4n + 2x1 cycloaddition of acridine with cyalc- 

hexadiene2I4 and q~adricyclane~'~ have been reported. However, 

compound a was isolated as a major product in the photoreduc- 
214 tion reaction of acridine with 2.5-dimethyl-2.4-hexadiene . 

Acridine was found to undergo the Chichibabin reaction in 

dimethylaniline in the presence of sodium amide and 9-aminoacri- 

dine and blacridans (100) were chief products identified216. 
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Heating acridine and phenylhydrazine in DMF at 130° for 5 hr 

yielded 9,9'-biacridan (&g) in 72 % yield2I7. Similarly, 73 % 

yield of N,N1 -dimethyl-9.9' -biacridan was obtained by treating 

N-methylaeridinium iodide with phenylhydraaine217. On the other 

hand, N-methylacridinium iodide was converted to bis(9,lO-dihyd- 

ro-10-methylacridinyl-9)ether (a) in aqueous solution of so- 

dium hydroxide whereas when it was treated with methanolic sodium 

hydroxide then only compound Jg-5 was formed218. 

It was previously reported2I9 that very active methylene 

compounds and sodio ketones underwent noncatalytic 9,lO-addition 

to acridine to give derivatives of acridan I&. Recently, Levine 

and ~heppard~~' have extended this type of reaction to the syn- 

thesis of &-(9-acridany1)phenylacetonitrile (I-@). 

The nucleophilic alkylation of acridine ring has been at- 

tained by the action of sulph~nylcarbanions~~*~~~ and anionieed 

Schiff bases 222 affording acridans of general formula 102. It 
is worth to note that pyridine, quinoline and isoquinoline did 

not react w i t h  those anions under the same conditions 99,220-222 

On the other hand, both quinoline and aeridine reacted with ban- 

zyl iodide in the presence of concentrated sulphuric acid and 

iron223. In the case of acridine, 9-beneylacridan and 9,lO-di- 
223 beneylacridan were obtained . 



The reductive silylation of acridine by treawent with 
1 a lithium dispersion and (CH3)$iC1 gave rn R=R PS~(CH~)~ , 

1 selective acetylation of which gave rn (R,R given: H,COCH3; 

Si(CH3)3,H; s~(cH~)~,cocH~)~~~. 

lo6 - 106a - 107 - lo8 - 
A series of dialkyl 9,lO-dihydro-9-phosphcnates (107: R= 

PO(OAXCY~)~, R'=H) was obtained in a good yield by reaction of 

acridine hydr~bromide~~~ or N-methylacridinium methosulphate 226 

with (Alk0)2PONa or acridine itself with c ~ P ( o A ~ ~ ) ~  in al- 
c,h01227-229 

Finally, 2-chloroacridine reacted with G r i m d  reagent 

[( CH~)~N( CH2 )3~g~1] in reflnxing THF to give 9-aminopropylacri- 

danE7. Similarly, the Grignard reagent from I-iodo-1 l-methoxy- 

undecane reacted with acridine in reflusing ether giving 9411- 

methoryundecyl)acridan61. 

All W e  syntheses of the acridan derivatives described abow 

were achieved starting from acridine or its derivatives exclu- 

ding 9-substituted compounds61~87'99a193-229. Methods employing 

9-substituted acridinee will be considered below. 

The hydrolysis of 9-acridinylanilinoacetaldehyde (86) with 
20 % aqueous hydrochloric acid at room temperature afforded 

in a good yield13'. On the basis of the chemical conversion and 

spectral data, was assigned to be (9,IO-dihydro-9-acridiny- 

1idene)anilinoa~etdldehyde~~~. 
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A series of acridanemethanols (I@ was prepared by reducing; 
231 9-acridine carboxylic and acridine-9-carboxaldehyde . 

Irradiation of 10~10'-dimethyl-9,9' -biacridylidene (m: R= 
R'=H) in solvents saturated with oxygen in the presence of zinc 

tetraphenylporphine leads to the corresponding 1.2-dioxetane 

(m)232. Compound has also been proposed as an intermedia- 

te in the chemiluminescence reactions of lucigenin (.Q&)233. 

The study of the mechanism of uncatalyzed t h e m  Z,E iso- 

merization in the biacridan series (B: Rd.31, R'=OCH ) was car- 
3 

ried out and the remarkably low barriers associated with this 

isomerization were found234. 

The addition of 9-acridanones to the Grignard reagentdariwd 

from 4-chloro-I-methylpiperidine afforded the piperidylidene de- 

rivatives of aoridan (110)255. Several of these compounds having 
an appropriate substituent, e.g., R=CF3, C1, SCH5 in the 2 posi- 

tion, were potent neuroleptic agents 235, 

The reaction of some N-alkylacridinium cations with metho- 

xide ion has been investigated by Bunting and Meathrel 236,237 . 
The kinetics of the formation and decomposition of the pseudo- 

bases (=) have been studied and possible mechanisms for the 

reaction are discussed on W e  basis of the obsemed activation 

parameters and isotope effects of related reaction 236-238 

- 1 0 3 1 -  



CH3 I 

A Y 
Alk 
110 - 111 - 112 - 

It was already mentioned that reaction of acridinium salts 

with hydrazines resulted in the formation of 9,9' -biacridan 

(E)"~. If 9-amino-10-methylphenylacridinium iodide is em- 

ployed then 9-aminophenyl-9-hydrazino-10-methylacridan (3: 
2 3 R=NHNH2, R IR =H) is formed 239*240 whereas 10-methyl-9-phenyl- 

acridinium iodide under these conditions yielded 1.2-bis(9,IO- 
240 dihydro-10-methyl-9-phenyl-9-acridiny1)hydrazine . 

9-(Monoalkyl&nophenyl)acridinium salts easily reacted 

with formic acid in the presence of triethylamine to yield 
1 9-formylaminoarylacridan (112: R = R  = H, R~=CHO, ~ ~ = d l ~ l )  241. 

The fomami.de group was subsequently hydrolyzed in boiling al- 
1 2  coholic solution of sodium hydroxide and acridan '112 (R=R DR =H, 

~~=alkyl) was isolated as a final product. The N,N-dialkyl de- 

rivatives of 9-aminophenylacridinium salts ware decomposed under 

these conditions and unsubstituted acridine or N-methylacridine 

as well as diallrylanilines were isolated241. 

In the course of the synthesis of 9,lO-disubstituted dihyd- 

roacridines of possible pharmacologic interest, ~igenis~~' has 

reported an unusual benzyl group migration from 10 to 9 position 

when 10-benzyl-9-methylacridan was treated with n-butyl lithium 

in THF at room temperature. NMR and deuterium oxide-exchange 
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studiesz4' suggested that the rearrangement occurred intramo- 

lecularly. Several other acridan derivatives (a: R=H, CH3, 

CH2C6H5; R'=H, CH3, CH2C6H5) were synthesized from N,N-dime- 

thyl-9-carboxamidoacridine : RPN(CH~)~) and their NMFi spec- 

tra studied in order to investigate the conformational influ- 

ences of methyl and beneyl substituents 244. 

113 - 114 - 1-15 

9-Aminomethylacridan (114: n4, R=H) and N,N-dimethyl- 
9-aminomethylacridan (9: nil, R=CH3) were treated with so- 

dium 1.2-naphthoquinone-4-sulphate and nitrous acid 245. 

Cleavage of the aminomethyl side chain during oxidation to 

producs acridine was observed with the former compound but 

not with the latter one. A mechanism based on electrophilic 

attack at the primary mine nitrogen of the side chain was 

proposed for the oxidation of 9-aminomethylacridan (I>:n-1. 
245 R-H) and similar compounds . 

More recently, the similar oxidation of the acridandesi-, 

vative (114: n=3, R=CH ) has been achieved by anaerobic irra- 3 
diation w i t h  visible light resulted in the quantitative conver- 

sion of this acridan to its acridine derivative246. The ana- 

erobicphotodecomposition was catalyzed by the monosodium salt 

of riboflavin 5-pho~phate'~~. 

Oxidations of analogues of dihydropyridines and related 

compounds are of interest as models for biological oxidation- 

redaction reactions. Various oxidizing agents have been used 



including N-methylacridiniua ion247 and trifluoroacetcpheno- 

ne248. Recently, kinetic isotope effects have been measured 

in the reaction of N-methylacridan with a series of strong 

(and hydride) acceptors: 1,4-bensoquinone, 2.3-dicyano-$4-ben- 

soquinone, chloranil, and tetracyanoquinodimethane 249. 

Hore recently, the electrochemical oxidation of acridan 
1 C H -P-N(CH~)~; R=CfS) has been derivatives (x: R=CH3, C6Hg, 

reported250. The reduction involves sequential loas of two 
250 electroues to give the corresponding derivatives of . 

Thme are also a few reports of synthese of W e  acridan 115 

and 1,2,3,4,5,6,7,8,9,10-decahydroacridine (115) 118, 251. 252 

derivatives achieved by the condensation of the appropriate 

ketones with aniline or its derivatives. 

3,4,6,7-Tetrahydro-3,3,6,6-tetramethylacridan-1,8(2H,5H)- 

dione-9-carboxylic acid (116: R=COOH) was also synthesized and 
253 converted into a complex series of products by pyrolysis . 

One of the primary products was the decarboxylation product 

(116: RPH). 

More recently, Inayama and ~arnoto'~~ have prepared a se- 

ries of phydroxyphenyldecahydroacridinediones (m: R=alkyl, 
phenyl, carboqalkyl; R'=H, CH2C6H5, alkylsulphonyl; I?=H,ocH~) 

by reaction of phydroxyphenyldi(dimedony1)methanes or their 

derivatives, e.g., anhydrides, with amines (RNH2). Some of these 

products have anticonvulsant, antidepressant,antibacterial and 
25 4 antitunour activity . 

Of other acridan derivatives, a series of compounds 117 
(X-H, 0CH3, Br; Y=H, CH3, 0CH3, NO2) was prepared by reaction 

of 9,IO-dimethylacridinium salts with aromatic o-hydroxyalde- 
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h y d e ~ ~ ~ ~ .  Several acridan bispyrrolinyl derivatives (118) were 
obtained by treating 9,9-dimethylacridan with 2-pyrrolidinones 

in the presence of phosphoryl chloride256. Four derivatives of 
1 ?_?q (R=H, CH?; R =C1, CH?) have also been prepared and their "B 

and 'H NMR studies carried out257. 



The preparation and properties of substituted 9-acridanones 

have been reviewed in details by ~ a g a n ~ ~ ~ ,  Unexpectedly, there 

have been only a few reports of syntheses of these compounds in 

last six years. 

9-Acridanones were traditionally produced by the cycliza- 

tion of the appropriate diphenylamine-2-carboxylic acids using 

such cyclization agents as sulphuric acid 259 or polyphosphoric 

acid 260v261. Following this procedure, compounds 120 (R1=H, N O 5  

R2=~0,, CH3; R'=(CH~)~_~NJN(CH~)~) 259, - 121 (R = NO2; R~=R~&~=H; 

~ ~ = s - b u t ~ l ) ~ ~ ,  - 121 (R=H, NO2; R1 ,R~,R~.R~=H,OCH~,OC~H~) 260,261 9 
1 2  122 (R-R =R =H)~" and 122 (R-H; R'=H, CH3; R2=H, 6-CH3, 6-C1, - 

6,7-(CH3)2, 8 - O C H ~ ) ~ ~ ~  were obtained in good yields. Some of com- 
259 pounds 120 exhibited antitumour activity in some tests used . 

If 1- or 3-substituted 9-acridanones (a and m) are re- 
quired then the cyclization of the appropriate 3 -substituted 

diphenylamine-2-carboxylic acids (-1 is carried out and this 

leads to a mixture of the isomeric compounds. The separation of 

such a mixture may be accomplished but always it results in con- 

siderable loses of the products. Nevertheless, this route is 

sometimes followed if it appears to be the only method to get sme 

particular derivatives, e.g., a number of attempts were made to 
264 prepare (R = Br) but all were unsuccessful . In such 

cases the separation of a and 124 must be undertaken. 
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A very similar method of the 9-acridanone synthesis to that 

described above involves a two-step procedure with 9-halogeno- 

acridines being intermediates. These are heated with aqueous 

mineral acids and in this way hydrolyzed to the corresponding 

9-acridanones, A series of awl-substituted 9-acridanones has 

been synthesized according to this manner265. Other 9-substi- 

tuted acridines, e.g., g-amino-, 9-alkyl- and 9-arylaminc-,9-al- 

koxy- or 9-azidoacridines, undergo hydrolysis in the similar 

manner giving 9-acridanones as products. Of the latest reports, 

it is worth to mention that acridine derivatives containing 

an active methyl group in the 9 position (e.g., compound D) 
can be converted to 9-acridanone in 80 % yield by treatment 

112 with boiling 10 % sulphuric acid . 
The oxidation of acridine hydrochloride with quaternary 

salts (allryl iodides and heterocyclic compounds) to give 9-ac- 

ridanone was also studied 101-103. The reaction was f a d  to be 

of second overall order and of first ore& with respect to 

each reagent. The mechanism, which involves intermediates such 
103 as 9-alkylacridans and 9-dlkylacridines, was discussed . 



Rindone and Scolastioc 266 have reported the oxidation of 

acridine with cerium(1V) ammonium nitrate in methanol to yield 

9-acridanone (66 %) and small amounts (less than 5 %) of nitra- 
1 2 3 4 -  tion products (126: R .R ,R ,R -H, NO2) and biacridanone (2). 

The mechanism of the 9-acridanone formation and its nitration is 
266 discussed as well . 

I26 - 127 - 
Similarly, treatment of acridine with potassium hydroxide 

216 at 300-350' gave 9-acridanone in 28 % yield . 
9-Chloroacridine was also converted to 9-acridanone in sa- 

tisfactory yields in the course of the reaction with carboxylic 

acids267. Acyl chlorides were other products when the reaction 

was performed in benzene. In the presence of alcohols, the car- 

boxylic acids were oonverted to the corresponding eaters. The 
267 mechanism of these reactions was suggested . 

The greater part of the 9-acridanone derivatives was pre- 

pared from other easily available 9-acridanones or acridines. 

Numerous examples of such a procedure followed recently might 

be mentioned 39,264,265,268-276. prager et al. 264,266-272 ex- 

tensively studied nucleophilic substitution in the 9-acridanone 

series. Thus, the 1- and 3-bromo-10-methylacridanones were 

cleanly converted by sodium methoxi.de in dimathyl sulphoxide into 

the respective methoxy compounds. On the other hand, the 2- and 

4-bromo isomers in the same solvent and I-, 2-, 3 ,  and 4-bromo- 

10-methylacridanones underwent a radical chain reductionto10-me- 

thylacridanone262. 

- 1 0 3 8 -  
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Reaction of the isomeric bromo-10-methylacridanones with potas- 

sium amide, lithium piperidine and piperidine was also studied 

and the distribution of products discussed in terms of the ad- 
268 dition-elimination and elimination-addition mechanisms . 

More recently, they have studied the reaction of polyallroxy- 

10-methylacridanones with sodium methoxide in methanol and dime- 

thy1 sulph~xide~~~, the kinetics of this reactionz7' and another 

one involving 2,3-dimethoxy-lO-methyl-9-oxoacridine-1,4-quinone 

(128) and sdum hydroxide272. The mechanism suggested rn widely 

discussed throughout these papers. 

The synthesis of compounds related to acronycine ( 12, 
an acridanone alkaloid, has been reportedz7'. These analogues 

were tested for anticancer, antiviral, antibacterial, antiproto- 

zoal and anthelmintic activity in v ivo .  None of the derivatives 

and analogues prepared showed enhanced activity in the tests used. 

Chatterjee and Ganguly 274 have isolated from A .  monophylla 

a new 9-acridanone alkaloid, atalaphyllidine. Its structure (B) 
was derived from spectroscopic studies and chemical reactions. 

Of other reports on the 9-acridanone alkaloids, two review 

articles are available 275,276 

A series of amino derivatives of I-nitro-9-acridanone has 

also been synthesized as intermediates for potentially antican- 

cer preparations277. Of other biologically active 9-acridanones, 

10-carboxymethylacridanone was tested for antiviral activity278. 



Of other syntheses of the 9-acridanone derivatives, 2-halo- 

benz b acridine-6,11,12-triones (2-C1, 2-Br, 2-1) were prepared 

by treating 1,4-naphthoquinone with 5-haloanthranilic acids and 
279 cyclieing with a mixture of sulphuric acid and acetic acid , 

diaminobibenzyl derivatives were condensed with I-chloro-Gnitro- 

9-acridanone to give linear dia~ridanones'~~ as well as octaflu- 

oro-9-acridanone was obtained by diazotisation of tetrafluoroan- 

thranilic acidz8' and by electrochemical oxidation of 2-amino- 

ncnafluorobenzophenone282. Moreover, Postescu and ~uciu'~~ have 

proposed a suitable method for the N-allrylation of 9-aoridanone 

by using IUW as solvent. A number of new derivatives as well as 

previously reported, but now synthesized in a different manner, 

have been obtained. The reaction pathway oonsists in the forma- 

tion of the potassium salt of 9-acridanone in DMF which was then 

allowed to react in the same reaction medium with an alkylating 

283 agent to produce the corresponding N-alkyl-9-acridanone . 
Spectral studies of 9-acridanones have focused a good deal 

of attention in last years. Acheson and ~ o l t o n ~ ~ ~  have prepared 

a series of alkyl-substituted 9-acridanones and 9-chloroacridines 

for NMFi, IR and W studies. ~ r a g e r ~ ~ ~  has employed NMFi spectros- 

copy and chemical methods for the structural investigations of 

hexabromo-9-acridanone. Ionescu and co-workers 285-290 hve ex- 

tensively studied NMR, UV and IR spectra of various substituted 

9-acridanones. 
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8. Other 9-substituted acridines 

Of other 9-substituted acridines, 9-halogen derivatives 

are of first rank. These compounds are most frequently used 

as intermediates in preparation almost all the other 9-sub- 

stituted acridines, especially 9-aainoacridines and 9-acri- 

danones, owing to the high reactivity of the halogen atom 

(most frequently chlorine or occasionally bromine) in this 

position. Therefore, the syntheses of these compounds are 

described in publications concerning final products and only 

syntheses of 9-bromoa~ridine~~~, perchl~roacridine~~~, and 

9-chloroacridinium 2-ohloro-I-(chlorosulphiny1)-2-oxoethyli- 

are reported separately. 

Second most widely synthesized acridine derivatives were 
9 those containing the sulphur atom bonded to C . A series of 

3,6-bis(dimethyla!ninc)-9-dialkylaminoalkylthioacridines (IJI) 

was synthesized in 10-94 % yield by the condensation of 3.6- 

bis(diaethy1amino)-9-acridanthione (m with the appropriate 
dialkylaminoallcyl halide in D P F ~ ~ .  Various ways of syntheses 

of compounds a and z were outlined and compound a p  

peared to be a very useful intermediate. Some of compounds 

revealed various biological activities in in vitro and 
76 In vivo tests used . 



'lhe rearrangement of acridine N-oxides in acetyl sul- 

phide to give 9-thioacridanone (2) was also reportedzg4. 

The mechanism of this reaction was discussed on the basis 

of kinetic datazg4. 

Ionescu et al. have extensively studied properties of 

thioacridanone by me- of w ~ ~ ~ ,  I R ~ ~ ~  and NMR"~ spectros- 

copies and correlated the data with those of 9-acridanone. 

They have also prepared 1,2,3-trimethoxy-9-thioacridanone 

 oxide'*, 9-methylthioacridine  o oxide^^^ and other 9-sub- 
etituted aoridinea as well as their N-oxides and widely dis- 

cussed their UV spectrazg8. 

The Soviet authorszg9 have also reported UV and IR spec- 

tra of 9-thioacridanone, N-methylthioacridanons and 9-methyl- 

thioacridine and discussed the tautomeric equilibrium occur- 

ring in neutral solutions. 

More recently, reactions of some 9-alkylaminoaoridine 

derivatives which are of pharmacological interest (viz.C-283 

or Ledakrin (a) and n-AMSA (z), cf. section 3) with thioles 
have been investigated 300v301. Nuoleophilic attack at the ac- 

9 ridine C position by thiols was found to be of greatest bio- 

logical relevance since such functional groups are normally 
300 encountered in enzyme proteins . The relationship among 

substituents in both acridine nucleus and W e  9-amino side 

chains, thiolysis rates, and biological activity of substitu- 

ted acridines have been discussed 300,301 

Redmore 225-227 and Sheinkman 228,229,302,303 have prrrrridd 

two approaches to the preparation and study of g-acridinephos- 

phonic acid (a) and its esters. These compounds have many 

uses, e.g., as bacteriocides, herbicides, corrosion inhibitors, 
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chelating agents, etc. The mechanism of the synthesis was 
155 discussed taking into account various reagents used . 

To end with, it is worth to mention kinetic investiga- 

tion of photochemical protonation of acridine in nonaqueous 

solutions286, electron-donor-acceptor properties of acridine 

and its conjugated acid and related compounds305, reaction 

of acridinium thiocyanate with zinc complexes 306,307 and syn- 

theses of 1,2,3,4,5,6,7,8-octahydroacridfniM chlorides308 

and perchlorates 308,309 
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