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The reaction of phenol with alkaline hypochlorite. and 

various transformations of the resulting product were invest- 

igated by Hantzsch, 1. but certain of the structures Ia, b or c. 

II and III assigned to the series of compounds appeared to be 

unlikely on mechanistic grounds. 
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In view of the industrial importance of chlorinated 

phenolics, as well as the potential usefulness of the reaction 

as a degrrdative tool in biosynthetic studies:' we decided to 

re-investigate this work. 

Treatment of phenol with strongly alkaline hypochlorite 

solution gave varying yields (up to 3596) of an acid which was 

isolated as its ammonium salt. The free acid (m.p. 175-6'C), 

identical with the product obtained by Hantsscht' analysed for 

C6H504C13 and was further characterised as its methyl ester 

and diacetate. Neither the acid nor its methyl ester showed any 

characteristic absorption above 220 mu in the Ultra-violet and 

the infra-red spectrum of the acid in nujol mull showed strong 

absorption at 810, 840, 855. 900, 1,060, l,lOOsh, 1,130, 1.190, 

1,240, 1,275. 1,300, 1.625. 1,725 and 3.350 (doublet) cm -+ The 

p.m.r. spectrum of the estera (CDC13) showed two doublets at 

352 and 292 c/s (J - 1.3 c/s) of one proton intensity each, a 

singlet at 231 c/s of 3 protons intensity and a broad signal 

due to two labile protons" near 250 c/s. The p.m.r. spectrum 

of the acid (in D20) showed the presence of an AB system similar 

to that present in the ester with signals at 367 c/s and 313 c/s 

(J - 1.8 c/s). 

a. The p.m.r. spectra were recorded on an A60 spectrometer in 
deutsriochloroform or deuterated water with tetramethyl- 

silane or sodium trimethylsilylpropiosulphonate as internal 
reference. 
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Hantzsch found that 2.4,6-trichlorophenol was an inter- 

mediate to the formation of the acid. and assigned structure Ia 

to it, with Ib and Ic as less likely alternatives. The p.m.r. 

evidence excludes structure Ia which does not possess allylic- 

coupled protons!' while structure Ic is incompatible with the 

U.V. spectrum. 

We believe that structure Ib is the correct structure 

for the acid, but in attempting to formulate a mechanism for 

its formation. had also to consider a further alternative 

structure IV 

phenol 

to two 

Compounds Ib and IV could arise from 2.4,6-trichloro- 

by the addition of hypochlorous acid (or its equivalent) 

double bonds of the trichlorophenol, followed by ring 

contraction via a mechanism related to the benzylic acid re- 

arrangement. This mechanism is also in accord with products 

of the degradation of chloranilic acid"and catecho16: Grounds 
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for rejecting structure IV will be fully presented elsewhere, 

but depend partly on subsequent transformation products 

obtained by Hantxsch. Hantzsch obtained a compound (assigned 

structure II) by reaction of the acid Ib with concentrated 

snlphuric acid at room temperature, and a further compound 

(assigned structure III) by pyrolysis of Compound II. 

Compound Ib is transformed slowly into Compound II (30 minutes) 

and we observed the formation of an intermediate by p.m.r. 

spectroscopy. It had signals (in D20) corresponding to two 

uncoupled protons at 422 c/s and 304 c/s and labile protons(QC13) 

at 360 c/a. This evidence is compatible with structure V 

which could result from Compound Ib by loss of hydrogen chloride. 

The intermediate isomerised in sulphuric acid to Compound II, 

which we obtained in 80% crude yield (m.p. 151-2'C) by prolonged 

treatment of Compound Ib with concentrated sulphuric acid. 

Hantzsch assigned the structure II to this compound, but its 

U.V. spectrum ( x max : 276 mu; 6- 8.700) excluded this 

structure. A more likely structure is VI, resulting from 

protonation of the carbonyl of V, double bond migration and a 

l,f-oxotropic shift via a protonsted epoxide. The product 

would thus contain a beta-diketone system capable of enolising 

in.a variety of ways, and further evidence to support this 

structure was obtained by p.m.r. and I.R. spectroscopy. The 

p.m.r. spectrum of the acid (in D20) showed an AB system of 

two protons at 291 c/s and 242 c/s coupled with J - 2.7 c/s. 

This coupling is far too small for the vinylic system present 

in II but would be accomodated by the system present in the 
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tautomer VIb. Although the beta-diketone system can enolise 

in a large number of ways, the preferred dire&ion would be one 

of the two ways leading to an -OH beta to the carboxylic acid 

group and subsequent H-bonding. The I.R. spectrum in chloro- 

form solution shows two carbonyl bands at 1730 (aliphatic acid) 

and 1855cm -' (enolic beta-diketone in S-membered ring), while 

the I.R. spectrum in nujol mull has an additional carbonyl band 

at 1705 cm -1 to&$ unsaturated a&d). This suggests that in 

solution the compound exists as VIb, while in the solid form 

it exists as a tautomeric mixture of Via and VIb. The observed" 

stability of this "beta" keto-acid to decarboxylation is also 

in accord with structures Via and b as deoarboxylation of 

beta-k&o acids proceeds through the beta-carbonyl (VIc) 

and not the beta-en01 form7' 

H H 

HO H fl Cl 

Cl 0 
VII 
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He obtained the decarboxylation product (m.p. 113'C) 

by sublimation of VI under reduced pressure with heating. 

Hantssch'.' assigned structure III to this compound, but this 

was excluded by its oharacteristic absorption in the U.V. at 

272 mu (‘6- 11,750). It would se.em most likely that the 

chromophore of aompound VI had been preserved during pyrolysis. 

The p.m.]:. spectrum of the material (in CDC13) consisted of a 

signal due to one labile proton (broad at approximately 400 c/s) 

and a simple 3 proton ABX system with HX : 267 c/s. 

HA 
: 223 c/s. HB : 175 c/s, JAB : 17 c/s, JAX : 6.3 c/s, 

'BX : 2.:; C/B. This also clearly excluded structure III. From 

the abovo evidence however, we propose that the structure of 

this compound is VII, whioh is an isomer of III, and could be 

generated from VI by the mechanism shown. Further confirmatory 

evidence was obtained by mass spectrometry. The mass spectrum 

showed the molecular ion (m/e 166). with isotope peaks at 

(hi+21 and (M+4j8* which confirms the presence of two chlorine 

substituonts. one of which is readily lost to give the base 

peak at m/e 131. 

The structures of an analogous series of compounds 

obtained from the reduction product of I by Hantxsch" may 

readily :De deduced by their direct relationship to VI and VII. 

Full details of this work and mechanistic implications 

will be described in the Australian Journal of Chemistry. 
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