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Abstract - The kinetics of reactions of 9-chloroacridine with 
p-chlorophenol, phenol and p-cresol in CC14 at 25 - 60°c wa. 

found to be approximate to the second order equation mdsr 

the condition- uaed. The most reactive m a  p-chlorophenol, 

leas phenol and even e little less p-oresol. The reaction 

occurs through the intermediate, i.e., a hydroeen bonded com- 

plex, 9-chloroaoridine.pheno1, formed in the first reversible 

reaotion step (equations (2) and (3)). The different reactivi- 
ties observed for variously substituted phenols are due to 

different strengths of hydrogen bonds formed by them with the 

acridine nuoleus decreasing in this way the eleatron density 

at C-9 atom. 

The condensation reaction of 9-chloroacridine with phenol is used ea the first 

step of synthesis of 9-aminoaoridine derivatives among which nmefcus are bio- 

CI O P h  

9-Phenoxyacridins may be subsequently condensed with the appropriate emine hyd- 

roohloride. Some suggest that 9-phenoxyacridine is also present in 

the reaction mixture when 9-chloroacridine is directly condensed with amines in 

phenol as a solvent. 

The intermediate produot of reaction (1) m a  isolated and assumed to be 9,9-di- 

phenoxyaoridan hydrochloride. More reoently, however, the reinvestigation has 

5 proved it to be 9-phanoxyacridine hydrochloride complexed with phenol . 
The aim of our studies vas to examine kinetics of the reaction (1) with partiou- 



lar emphasia put on the influence of substituents in the phenol nucloua on the 

reaction rate. The reaction was carried out in the carbon tetrachloride as a 

solvent at 25 - 60°c. The concentration changes were detemimted by titration 

of chloride anions liberated in the reaction course acoording to Mohr. 

 ramst tad^ and ~ a r n a ~  suggested that a very weak hydrogen bond was formed bet- 

ween phenol and oarbon tetrachloride moieties. Om the other hand, other authors 
8 

were of opinion that the previous statement was not convincing because of the 

laok of oonfimation. Therefore, we assumed that the influence of the solvent 

on the kinetic parameters of this reaction rres minor and might be neglected. 

Table 1 

Second order rate constants for the reaction of 9-chloroaoridine with phenol 

in carbon tetrachloride at 45O~. 

9-CRboroacridine 

mole . dm-' 
Phenol 

mole . dm-3 

Table 2 

Second order rate constants for the reaction of 9-chloroacridine with various 

phenols: 9-ohloroaoridine concentration 0.06 rn~le.dm-~, phenol - 0.47 mo~e.dm-~. 

Phenol 

p-Creacl 

P-Chloro~henol 

0.85 1.20 1.68 1.94 3.05 

1.30 1.80 2.40 3.01 3.95 

2.30 3.15 3.61 5.8 9.9 

50 

46 

54 

99 

100 

97 

-170 

-180 

-140 
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I h e  reaotion r a t e  oonstants of 9-ohloroaoridine with phenol oalculated acoordine 

t o  t he  second order equation, a r e  summarized i n  Table 1. Standard deviat ions i n  

r a t e  oonstants a r e  given i n  parantheses. 

A oomparision of r a t e  oonstants of the raaotiona with various phenols, given 

i n  Table 2, shows the following order of r saot iv i tyr  p-chlorophenol >phenol  3 

p-oresol, but the difference between r a t e  oonatants of reac t ions  involving phe- 

n o l  and p-oresol i s  very small and nears  experimental error .  

The observed r w o t i v i t j  order  might be due t o  the d i f f e ren t  strengths of hydro- 

gen bonds formed between phenols and 9-ohloroaoridine. 

A % ~ h  

'llm formation of atrong hydrogen bonda by phenols with both a l i p h a t i o  and aroma- 

t i 0  smines has been oonfirmed by epeotrophotoastr ic  and a l o r i m a t r i c  methods9-'! 

On t he  bas is  of speotrophotometrioal inves t iga t ion  of equilibrium of remotion(?) 

involving oorreeponding phenol, 9-ohloroaoridine and a solvent we oaloulated 

equilibrium oonstants K and approximate AH values f o r  the hydrogen bond oore 

plexes formed (Table 3). 

The values of K and AE must be oonaidered with some oaution because the  molar 

absorptions of the oompounds A and B a t  396 NU only a l i g h t l y  d i f f e r  from one 

another (of r Fig. 1). 

Our reaul ta  can be oompared with thoae reported by Lutski i  and ~ l e ~ a n d a "  f o r  

aor id ine  oomplexes with phenol and p-nitrophenol (AH'# equsl  -6.7 koal  . mole-' 

Table 3 

Equilibrium constants K = [ E l /  IAl IPhOElfor t he  reaot ion  ($1 and AH of hydro- 

gen bond, oalculated from absorption ohanges a t  396 w. 

Phenol 

p-Cresol 

p-Chlorophenol 

25O 40° 55O 

36 22 12 

29 17 10 

62 3 1 17 

AH k~ . mole-' 

-29 

-29 

-34 



and -7.9 kcal . mole-', respectively) and with AH values for methyl acetate 

complexes with phenol and p-chloraphenol (-5.4 and -6.7 kcal . mole-', respec- 

tively>. 

Fig. 1. Spectra of mixtures of 9-chloroacridine (concentration 2.10-~mole.dm-~> 

with various quantities of phenol in carbon tetraohloride at 25O~. 

In spite Of lox accuracy of Ali determination the observed differenoes between 

AH'S values of hydrogen bonds of phenols examined are in agreement with the 

order of their acidity. 

The formation of acridine - phenol hydrogen bond results in decrease of electron 
density at C-9 atom of the acridine ring proportionally to the hydrogen bond 

strength. In this way the highest reactivity of p-chlorophenol and the lowest 

that of p-cresol can be explained (the dependence of nucleophilic substitution 

rate at C-9 atom on the electron density at this atom was demonstrated in pre- 

vious papers& this cycle 16,17L 

The reaction proceeds most likely according to the following scheme : 

k l  & + PhOH - -- & (31 

k-I 

A $ B OPh 

k 2  & + PhOH -- 063 
B i P h  c 

A contribution of the reaction A + PhOH ->C may be excluded on the baais of 

kinetic data for the reaction of 9-phenoxyacridine with amines18' This oonden- 
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sation was found to proceed many timesfaster in the presence of phenol and, on 

the other hand,phenol m a  reported to form a hydrogen bonded complex 9-phenoxy- 

acridine.pheno1 which was susoeptible to nuoleophilic attack at 9 position. 

Aooording to the equilibrium constants of reaotionCz)r?)Table 3) and as we used 

phenol in excess IPhOHl >IAl + ID1 , 9-ohloroacridino was almost quantitatively 
bound with phenol to form complex B 1lD12fA1 I .  In view of the above we could 

negleot the contribution of direot reaction. 

The equations Q)andt?)form the conseoutive reaction system with first equili- 

brium stage. The possibility of kinetic equation simplifications for the similar 

reaction schema depending upon the relative values of rate constants and con- 

aentrations used is described in the literatura19. In this case, since the equi- 

librium reactions similar to (2) are v e r y  fast, we can write k-, 9 k, . LPhOH I. 

This results in the approximetion of the second reaction step to be rate deter- 

mining and the reaction (2) to be preoquilibrium. So the kinetic equation can 
be simplified to give : dC/dt I k,. (81. [PhOHI = kl.k2A-, . I A I .  IP~OHI~. 

However, as it was said above, in fact 9-chloroacridine is almost completely 

bound to form complex B, and hanoe wa have D z f( ~PhOBI), Therefore, the reac- 

tion follows the second order kinetics, dC/dt = k,[Dl. [PhOId , what is in 
agreement with the first order of reaction with respect to phenol observed in 

the experiments. 

Formal activation parameters listed in Table 2 are burdened with errors, resul- 

ting from (il the experimental errors,(ii) the reduotion of kinetio equation 

to a second order one. 

Our results are proof that condensation of 9-chloroacridine with phenols pro- 

ceeds under the oonditions used approximately according to a second order equs- 

tion mainly through the intermediate product, i.e. 9-chloroaoridine - phenol 
hydrogen bond complex. 4he raaotton.rate is proportional to the strength of 

hydrogen bond formed in the complex, that is to the acidity of phenols. 
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