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As indicated in Table I the predicted configura­
tion of a number of alcohols is in complete agree­
ment with the experimental results. 

I t has been shown that hydroboration of a race-
mic olefin mixture with a deficient amount of di-
isopinocampheylborane yields optically active ole­
fins.6 However, in this case the enantiomer with 
the better steric fit reacts preferentially with the 
reagent, leaving behind an excess of the other 
enantiomer (Table I). 

The hydroboration of trans olefins and slow react­
ing cw-olefins follows a different reaction path. 
Consequently, the rules outlined above do not 
apply to these olefins.6 
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THE PROTONATION OF PHLOROGLUCINOL AND 
ITS ETHERS: AN EXCEPTION TO THE ACIDITY 

FUNCTION CONCEPT1 

Sir: 

For many years after Hammett introduced the 
acidity function, H0,

2 this concept of a unique 
extension of the pH scale to concentrated acids 
remained a useful and satisfactory way of treating 
strongly acidic systems.8 Recently, however, evi­
dence has been accumulating which shows that a 
single scale does not exist even for indicator 
bases of the same charge type: large deviations 
from H0 have been found.4 These deviations ap­
pear to be uniform within a class of structurally 
similar bases, and the discrepancies have been 
handled by defining new acidity functions for each 
of the new classes of indicator base.4ab-d'f This 
proliferation of acidity functions did not seriously 
impair the original concept. We wish, however, 
to report a phenomenon which may: we have dis­
covered wide variations in the behavior of a group 
of structurally very similar bases.6 

Phloroglucinol and its alkyl ethers are weakly 
basic: they protonate in 35 to 65% HClO4. Three 
lines of evidence indicate that proton addition oc­
curs on aromatic carbon. (1) The proton n.m.r 
spectrum of phloroglucinol in 70% HClO4 consists 
of two lines of equal area at 3.88 and 5.857. These 
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Fig. 1.—Indicator data for phloroglucinol (THB), 3,5-

diethoxyphenol (DEP) , 1,3,5-trimethoxybenzene (TMB), 

and 1,3,5-triethoxybenzene (TEB) in aqueous perchloric 

acid at 25°. 

can be attributed to ring hydrogens and methylene 
hydrogens, respectively, in the phenonium ion 

OH 

Similar lines are present in the spectra of 1,3,5-
trimethoxybenzene and 1,3,5-triethoxybenzene. 
These lines disappear gradually in D2SO4. For 
phloroglucinol in perchloric acid less concentrated 
than 70%, the lines broaden, and an estimate of 
the rate of exchange based on this broadening is 
consistent with exchange rates determined by a 
tracer method in dilute acid.6 (2) The ultraviolet 
spectra of phloroglucinol and its ethers in concen­
trated acids consists of two strong bands in the 
regions 2500 and 3650 A. both with molar extinction 
coefficients of the order of 104. These spectra are 
very different from those of phenol and its ethers in 
concentrated acids (Xmax = 2650 A., e <~ 1.5 X 
103) which are known to protonate on oxygen,7 and 
they are consistent with predicted8 and observed9 

spectra for carbon-protonated phenonium ions. (3) 
Phloroglucinol and its ethers are stronger bases 
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Base 

1,3,5-Trimethoxybenzene 
1,3,5-Triethoxybenzene 
3,5-Diethoxyphenol 
Phloroglucinol 

measurement 
was made, 

342 
347 
344 
342 

mn 
Range of acid 
used, wt. % 

40-58 
38-53 
38-53 
35-64 

No. of 
values of 
C B H V C B 

10 
11 
10 
11 

Parameters for fit to 
a 

- 6 . 0 6 
- 6 . 1 6 
- 5 . 0 1 
- 3 . 5 5 

: log C B H V C B 
b 

- 0 . 8 3 4 
- .925 
- .754 
- .459 

<Tbb 

0.034 
.039 
.029 
.015 

TABLE I 

EQUILIBRIUM PROTONATION OF PHLOROGLUCINOL AND SOME OF ITS ETHERS IN AQUEOUS PERCHLORIC ACID AT 25° 

Wave length 
at which Value of H R " 

for C B H V C B • 

1.00 

- 7 . 2 7 
- 6 . 6 6 
- 6 . 6 4 
- 7 . 7 4 

" HR' scale constructed from HR (N. C. Deno, H. E. Berkheimer, W. L. Evans and H. J. Peterson, J. Am. Chem. Soc, 81, 
2344 (1959) and amo (J. N. Pearce and A. F. Nelson, ibid., 55, 3075 (1933); R. A. Robinson and R. H. Stokes, "Electrolyte 
Solutions," Butterworth's Scientific Publications, London, 1955, p. 504). * Standard deviation of mean value of b. 

There is some reason to expect changes in 
activity coefficient ratios of the type / B H + / / B in 
concentrated acids to be the result largely of changes 
in / B H + , 4 B , C , U and the difference between phloro­
glucinol and its ethers can be rationalized on this 
basis. In protonated phloroglucinol, hydrogen-
bonding interaction with the solvent through the 
hydroxyl groups is possible 

than phenol and its ethers by six powers of ten 
(HR' scale); the "PKA'S" for anisole,7 1,3-dimeth-
oxybenzene, and 1,3,5-trimethoxybenzene are 
- 1 3 . 1 , - 1 0 . 9 , and - 7 . 3 (HR scale), respectively. 
The introduction of successive methoxyl groups 
in such a series would be expected not to affect 
the basicity of the oxygens very much, bu t it should 
increase carbon basicity markedly. All three of 
these pieces of evidence indicate proton addition 
to carbon in phloroglucinol and its ethers, and the 
third indicates further tha t simultaneous oxygen 
protonation is most unlikely. 

Alkylation of the phenolic groups in phloro­
glucinol does not affect the basicity of the aromatic 
ring appreciably (Table I ) . These substances, 
therefore, present a particularly useful set of 
bases with which to test the acidity function 
concept: comparison of degrees of protonation 
can be made in acids of the same composition. 
We accordingly measured indicator ratios for 
phloroglucinol, its triethyl and trimethyl ethers, 
and its diethyl ether over the same wide range of 
acid concentration for each compound. These 
data, shown in Fig. 1, can be summarized by fitting 
them to an expression of the type 

log CBHVCB = a + bH (1) 

where H is some acidity function and a and b are 
adjustable parameters (Table I ) . We employed 
a weighted least squares method of determining 
a and b which recognizes the fact tha t the error 
in log C B H V C B will be greater when C B H V C B is 
very large or very small and will be a minimum 
when this quant i ty is near un i ty : the assigned 
weights were proportional to the reciprocals of the 
expected variances in log C B H + / CB. 1 0 

The da ta for this series of bases do not fit any 
established acidity function, a fact which has been 
corroborated for two of the substances by independ­
ent measurements in another laboratory.5 Nor 
do the bases in themselves define a new acidity 
function: for the two bases with the most different 
behavior, the parameter b in Equation 1—the usual 
measure of fit of an indicator base to an acidity 
function—differs by a factor of two. This is as 
much as the difference between the two most 
divergent acidity functions for uncharged bases, 
H and HR. This means t ha t over the region where 
C B H + / C B changes from 0.1 to 10, the ratio of 
activity coefficients, / B H + / / B , for phloroglucinol 
changes with composition of the medium 100 times 
as rapidly as the same ratio for phloroglucinol 
triethyl ether. 

(10) A. J. Eresge, to be published. 

H---OH 

H 2 O - H - O 

This interaction will be stronger than in unproto-
nated phloroglucinol, and, of course, a similar in­
teraction is not possible with the ethers. The 
result will be an increase in activity coefficient 
specific to those bases with hydroxyl groups which 
can bear positive charge in the protonated form. 

We feel tha t this striking difference in protonation 
behavior between bases so similar structurally 
should promote a re-examination of the concept 
of well-defined acidity functions. We are currently 
engaged in doing this. 
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CONVENTIONAL ELECTRON PAIR DESCRIPTION 
OF XENON COMPOUNDS 

Sir: 

Recent experiments1 have shown the existence of 
XeF 4 and XeF2 , thus destroying one of the central 
postulates of chemical reasoning. I t is important 
to bring to bear any theory available for explaining 
this phenomenon so t ha t predictions can be made 
concerning probable compounds and their proper­
ties. A description has been given2 of the quan tum 
mechanical origin of bonding. This theory is 
based on our present knowledge about the detailed 
behavior of solutions of Schrodinger's equation. 
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