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(-0-CH3); infrared 1743, 1170, 1260, and 1370 cm-1. Lab. instrument (60 Mcls) with carbon tetrachloride 
The infrared, n.m.r., and gas-liquid chromatogramagreed solutions and with tetramethylsilane as an internal 
with those of its authentic sample. standard. 

Fraction c was distilled to give a mixture of various 
dibasic acids but their complete-separation was unsuccess- 
ful; b.p. 165 "C at 4 Torr, molecular weight 230 (calcd. 
for CL2Hl8O4; 226). The dimethyl ester was prepared 
similarly, and had the following properties, b.p. 160- 
165 "C at 3 Torr, infrared 1745 and 1160 cm-1 (carb- 
oxylic acid), 785 cm-1 (a trisubstituted double bond), 
saponification value 403 (calcd. for C14H2204,444). 

Anal. Calcd. for C14H2204: C, 66.10; H,  8.72. Found: 
C, 67.10; H, 8.85. 

From the ether solution a, 2 g of 2 was obtained by 
fractional distillation. 

blfrared Absorption Spectra 
These (liquid film) were measured on a Koken IRS 

spectrophotometer. 

Nuclear Magtietic Resorz~nce Spectra 
These were determined on a Japan Electron Optics 
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The synthesis and saponification kinetics of some 4'-substituted 
4-phenoxyphenyl acetates 
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Phenoxyphenyl acetate and several 4'-substituted derivatives were synthesized and their rates of 
saponification determined. The nature of the 4'-substituent was correlated with the rate of saponification 
by means of the Harnrnett equation. 
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The syntheses and saponification kinetics of 
esters represent subjects which have been sub- 
jected to a great deal of study (1). In the course of 
these studies both the acyl and alcohol moieties 
have been extensively varied; however, the 
syntheses and saponification kinetics of 2'-, 
3'-, and 4'-substituted 4-phenoxyphenyl esters 
(1) have been neglected. 

n 

Ikawa's synthesis of 4-hydroxy-4'-nitrodi- 
phenyl ether (2), Ungnade's synthesis of 4-car- 
boxy-2'-methyldiphenyl ether (3), and Walker's 
synthesis of 4-carboxy-4'-hydroxydiphenyl ether 
(4) suggested that the following route should 
furnish the desired 4'-substituted 4-phenoxy- 
phenyl acetates. 

The substituted 4-phenoxyphenyl acetates 
synthesized by this route are found in Table I. 
The acetates were characterized by their ultra- 
violet and infrared spectra and by elemental 
analyses. 

Precedent exists for assuming that substitution 
at the 4'-position might affect the rate of saponi- 
fication of phenoxyphenyl acetates. Since Lit- 
vinenko, Tsukerman, Cheshko, and Kolesnikova 
(5) have shown that the acylation of 4-amino- 
diphenyl oxide occurs 12 times as fast as the 
acylation of 4-amino-4'-nitrodiphenyl oxide, 
similar effects might be expected for the saponifi- 
cation of esters derived from I-hydroxydiphenyl 
oxide reported in Table I. 

The saponifications were carried out in 25% 
ethanol/water (v/v), "pH" 10.3, employing 
phosphate as the buffer species, at 25 "C k0.01, 
(ester) = - M. The course of the 
reaction was conveniently followed by measur- 
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NOTES 

R*B~ 4- K O ~ O C H ~  A R ~ o ~ o C H ~  

(OH) (Br) 

TABLE I 
Synthesis of 4'-substituted 4-phenoxyphenyl acetate9 

Melting Boiling 
Yield point point 

R R' R" % ("c) PC> 
- HI. 80 - 181 (15 mrn) 

OCHB CH3 CH3 49 153 (3.2 mm) 
Br 0CH3 Br 14 - 94 (2.2 mm) 
OCH3 NO2 NO2 36 62-64 

* R ~ O H  -i KOU~ :--+ ~ ~ 0 ~ 0 4 ~ .  

tPrepared from acetic anhydride and 4-phenoxyphenol. 

ing the optical density change of the reaction 
mixture as a function of time at the wave- 
length where the product phenolate strongly 
absorbs (280mp - 300mp). First order rate con- 
stants were calculated from plots of log (O.D. 
- O.D.,) as a function of time by the procedure 
of Bruice (6) and are tabulated in Table 11. 
Good first order plots were obtained which were 
reproducible within 2-3 %. 

TABLE I1 

Saponification* of R - O e O & - C H 3  

The nature of the 4'-substituent may be re- 
lated to the rate of saponification of the 4'-sub- 
stituted 4-phenoxyphenyl acetates by use of the 
Hammett equation (7). A p of + 0.289, r = 0.803, 
was calculated. 

The transmission of electronic effects through 
the phenoxy bridge may be evaluated by com- 
parison of the p obtained in these experiments 
with the p for the saponiikation of substituted 
phenyl acetates. Bruice (6) calculated a p of 
+ 1.1 5 for the saponification of phenyl acetates 
in 25% ethanollwater (vlv), "pH" 8.0, at 30". 
The shielding effect of the phenoxy bridge is 
substantial. The ratio p/po (po for substituted 
phenyl acetates, p for 4'-substituted phenoxy- 
phenyl acetates) is 0.25 and agrees with that 
calculated from transmission coefficients for the 
transmission of polar effects through oxygen and 
phenylene links, 0.16 (8). 

2.12 1. J. HINE. Physical organic chemistry. McGraw-Hill 
Book Company, Inc., New York. 1962. Chap. 12, 

NO2 4.19 and references cited therein. 
2. K. IKAWA. Yakugaku Zasshi, 79, 1493 (1959); 

* ~ t  "~II" 10.3. Chem. Abstr. 54,1902211 (1960). 
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Organic and biological spectrochemical studies. XXVII. Electron spin 
resonance spectra of the pyrene monomer and dimer cation radicals1 
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The electron spin resonance spectra of pyrene, dissolved in sulfur dioxide - boron trifluoride, are 
investigated. Two different spectra can be obtained, depending on the experimental conditions, and are 
ascribed to the monomeric and dinieric hydrocarbon radical cations. 

Canadian Journal of Chemistry, 46, 1198 (1968) 

Radical dimers of polynuclear hydrocarbons 
are of some biological interest because they may 
provide a mechanism whereby metastable free 
radicals are stabilized. For example, the cation 
radical dimer of 3,4-benzpyrene has been postu- 
lated as a reaction intermediate involved in bio- 
logical activity (1, 2) and may thus, at least 
partly, be responsible for the biological activity 
of that compound. In the course of surveying 
a number of polynuclear hydrocarbon cation 
radicals for possible dimer formation, the elec- 
tron spin resonance (e.s.r.) spectrum of pyrene 
was investigated in various acid media. 

The e.s.r. spectrum of the cation radical of 
pyrene (1) has previously been reported by 
Lewis and Singer (3); it was obtained by 
oxidizing the hydrocarbon with antimony 
pentachloride using methylene dichloride as 
solvent. However, the spectrum was not well 
resolved (line-width ca. 150 mG). 

For the liquid sulfur dioxide- boron trifluoride 
system (cf. deBoer and Praat (4)) hydrocarbon 
and boron trifluoride concentrations of ca. 5 x 

M were used. Samples were prepared in liq- 
uid nitrogen and allowed to melt in the spec- 
trometer cavity a t  -50 "C when the spectrum 
shown in Fig. 1 was obtained. 

This spectrum is better resolved (line width ca. 
65 mG) and the main lines are well accounted 
for by a simulated spectrum, assuming the 
following proton splitting constants: a, = 2.17 
G (four protons; p = 0.098); a, = 5.39 G (four 
protons; p, = 0.178); a, = 1.20 G (two protons; 
p, = -0.054) which are in good agreement 
with the previously reported values (3). The 
corresponding calculated spin densities, p, 
using the McLachlan molecular orbital - self- 
consistent field theory (5) are given in paren- 
theses. Generally, for most polynuclear 
hydrocarbons, which in sulfuric acid afford 
e.s.r. spectra, the SO,-BF, system appears to 
give equally well or better resolved spectra.' 
In some cases, for example pyrene and dibenz- 
(a,c)triphenylene, a spectrum is obtained in this 
medium although none can be obtained in sul- 
furic acid. 

Marked changes occur on altering the 
temperature. The previously blue solution 

'For part XXVI in this series, see W. F. Forbes and 
P. D. Sullivan, Can. J. Chem.46,325 (1968). '5. T. Cooper. Unpublished information. 
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