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tive to substituent effects (i.e., that the reaction
constant pr =~ 0), and that the scatter of p-com-
pounds is due to a failure of Sawicki’'s approxima-
tion. The p-arylazo-N,N-dimethylanilines are be-
ing investigated further.

The value pr = 0 derived in the preceding
paragraph is of considerable interest. We had at
one time argued that the structure of the conjugate
acid of p-dimethylaminoazobenzene must be the
ammonium form III because of the small p-value for
the second basicity.?® It now appears on the basis
of two lines of evidence that our argument was
fallacious. We believe that we have now shown
conclusively that a tautomeric equilibrium between
the two possible forms exists, and if, as proposed,
pr =~ 0, it follows that no appreciable difference
can exist in susceptibility of the equilibria I --
H+* =11 and I 4+ H+ & III to substituent effects.
Alternately, we can estimate the p-value for the
second of these processes from the correlation be-
tween the p-values of the basicities of series of com-
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pounds with constant Y and the ¢-values of the
apropriate Y. Such an estimate leads to pm:
~ 1.0, not quite twice the magnitude expected for
the p-value of the corresponding ammonium ion
dissociation.®®.1® Hence again pr = pr — pr is
quite small.

It then only remains to ask ourselves why the
p-value for protonation of the azo group is so low
in these cases. If one remembers, however, that
the Hammett equation is really concerned with
electronic effects, it becomes apparent that the
factor affecting p most strongly is not the site of
attachment of the proton, but the energy required
to localize the positive charge. Since it seems very
likely that the quinoid structure IIIb makes a
very important, if not the predominant contribu-
tion to III, prrr then measures not so much the effect

(10) S.-J. Yeh and H. H. Jaffé, THIS JoUrRNAL, 81, 3287 (1939).
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of substituents on the ease of addition of a proton
at the nitrogen atom alpha to the substituent, but
on the ease of placing a positive charge on the amino
group. That this quantity is of a similar magni-
tude as prg for the protonation of the amino group is
not surprising since in both processes the charge is
placed on the same atom. These arguments seem
to provide an alternate explanation of the vari-
ability of p values with Y in the series of com-
pounds VI. Inapreceding paper we have proposed
that this magnitude of p is dependent on the asym-
metry of the proton position in the parent com-
pound of each series. It now seems very likely that
the value is p is more importantly dependent on the
extent to which the positive charge is displaced
from the azo group to the end of the ring or to Y
by the intervention of quinoid structures.

Experimental

p-Dimethylaminoazobenzene.—A product of the Hilton-
Davis Chemical Co.!! was recrystallized twice from 959,
ethanol; m.p. 119-120° (uncor.), lit.* m.p. 119-120°,

p-Phenylazo-N,N,N-trimethylanilinium Methylsulfate.—
Ten grams of p-dimethylaminoazobenzene, recrystallized
from ethanol, was placed in a 500-ml. round-bottomed flask
fitted with a reflux condenser. After 100 ml. of dimethyl
sulfate was added to the flask, the mixture was refluxed in
a water-bath for 5 hours. On standing, the red p-phenyl-
azo-N,N,N-trimethylanilinium methylsulfate crystallized
out. The crystals were washed with anhydrous ether until
the filtrate was clear, and dried under vacuum.

Anal.?2 Caled.: C, 54.66; H, 6.03; N, 11.97; S, 9.13.
Found: C, 54.41; H, 6.26; N, 11.74; S, 9.03.

pK Determinations.—All pK’s were determined by a
standard spectrophotometric method using a Beckman DU
quartz spectrophotometer.!®* The general procedure for
the determination of concentration ratios, cs/csrp® and
ceEt/cBE, and the calculation of pX’s were described else-
where.®! The pH of the solutions was measured by a Beck-
man model G pH meter calibrated with standard buffer
solutions.

(11) We are grateful to the Hilton-Davis Chemical Co. for a
generous gift of this compound.

(12) Microanalyses were performed by A. Bernhardt, Miihlheim
(Ruhr), Germany,

(13) L. A, Flexser, L, P, Hammett and A. Dingwall, THiS JOURNAL,
57, 2103 (1935).
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The acid dissociation constants in 209, ethanol of a series of p-arylazophenaols are reported, and shown to obey the Ham-

mett equation with p = 0.516.

Comparison of this value with an interpolated value for phenols gives a p-ratio of 0.16, iu

fair agreement with a theoretical estimate of 0.14, and an experimental value of 0.13 from the p-arylazo-N,N-dimethylani-

lines,?

Some years ago we have proposed that the reac-
tion constants (p)? for identical reactions occurring

(1) This work has been jointly supported by the Office of Ordnance
Research, U. S. Army, and by the American Cance: Society through
a Bonita Geho Memorial Grant for Cancer Research. This support
is gratefully acknowledged.

(2) H. H, Jaffé, J. Chem. Phys., 28, 415 (1933).

(3) () L. P. Hammett, ‘“Physical Organic Chemistry,”
Hill Book Co., Inc., New York, N. Y., 1940, Chapter VII; (b) H. H.
Jaffé, Chem. Revs., 83, 181 (1953).

at a reaction center Y under identical conditions
in two series of compounds I and II can be related
by the equation

4

put/pt = w (1)
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in which the constant 7’ is independent of the group
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Y, of the reaction and the conditions under which it
occurs, as long as these are the same for pr and pir.?
In connection with work on the basicities of sub-
stituted azo compounds and on an I{, function in
207, ethanol,* we have had occasion to prepare a
series of p-arylazophenols. We have now deter-
mined the acid dissociation constants of the pheno-
lic function of these compounds in an attempt to
gain information concerning the transmission of
electronic effects through the group X = —N=N-
C¢Hy—. Such information was of special interest
for two reasons; it provided an additional test of
the proposed method of calculating the constant
(7") of eq. 1 by molecular orbital theory, and it
provided an interesting comparison with the data
available from the consideration of the p-arylazo-
N, N-dimethylanilines.?*

Experimental

Compounds.—The preparation and physical properties
of the p-arylazophenols have been reported in a previous
paper. ‘b

pK Determinations.—The pK’s of the p-arylazophenols
were determined in about 10~% 3£ solution in 209, ethanol
by a standard spectrophotometric method.5 Standard phos-
phate and borate buffers made in 209, ethanol were used,®
and no ionic strength corrections were made. pK’s were
determined with a Beckman model G pH meter, and spec-
troscopic measurements were inade with a Beckman DU
quartz spectrophotometer.

Results and Discussion

The pK’s of the p-arylazophenols in 209, EtOH
are listed in Table I. They are well correlated
with the ¢-values®® of the substituents in the aryl
group with a p = 0.515 + 0.019, s = 0.011, » =
0.998, n = 5log A0 = 8.393.7

(4) (a) H. H, Jaffé and R. W. Gardner, Tris Journar, 80, 319
{1958); (b) S.-]J. Yeh and H. H. Jaffé, ibid., 80, 3274 (¢) 3279, (d) 3283
{1939).

(3) L.A. Plexser, L. P. Hammett and A. Dingwall, 7bid., 81, 57, 2103
(1933).

(6) W. M. Clark, “The Determination of Hydrogen Ions,”’ Williams
and Wilkins, Baltimore, Md., 3rd. ed., 1928, p. 200.

(7) All symbols have their usual significance; c¢f. ref. 2b.
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TaBLE I
PK, OF p-(ARYLAZO-)-PHENOLS

/N —N=.\‘--Q— OH

X
N 209, EtHaxoL AT 25°
X I K2
4-OCH,; —0.268 8.54 £+ 0.02
4-CH, —0.170 8.48 + 04
H 0 8.38+ .04
4-Br 0.232 82T+ .02
3-Br 0.391 820+ .02

No data appear to be available for the acid dis-
sociation of simple phenols in the same solvent.
Interpolation between reported values vields pr =
3.10, p1r/p1 = 0.16.%>  This value is in satisfactory
agreement with the molecular orbital value =’ =
0.14? for the same group X, and with the value ob-
tained from the basicities of the p-aryl-N,N-di-
methylanilines pr1/pr = 0.13.2%8 This latter value,
however, requires further comment; it was derived
from the p-value for the first protonation of these
bases on the assumption that this reaction involves
only the amino group. We have, however, now
demonstrated that the conjugate acid of the bases
under discussion are tautomeric mixtures of am-
monium and azonium forms,*® and hence cannot
expect a straightforward application of the Ham-
mett equation to these equilibria. Only since sub-
stituents do not appear to affect the position of
tautomeric equilibrium (z.e., pr =~ 0) is our use of
the p from the basicities of the p-aryl-N,N-di-
methylanilines for a determination of pri/pr for
X = —N=NC¢H;— justified, and our comparison
of this value with the value from the p-arylazo-
phenols and the theoretical value meaningful.

(8) Cf. M. T. Rogers, T. W. Campbell and R. W. Maatman, THaIs
JourNaL, 73, 5122 (1951).
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Oxidation of triphenvlsilyllithium using niolecular oxygen has been studied at different temperatures, in tetrahydrofuran as

the solvent,

the yields of these products varied depending on the reaction temperature.
The oxidation is assumed to proceed through an unstable hydro-

pyran did not affect the nature of the reaction products.

Triphenyvlsilanol, triphenylsilane and small amounts of hexaphenvldisilane were formed in each case, though

A change of the solvent medium to tetrahydro-

peroxide salt, followed by the radical decomposition of this intermediate.

Since the early investigations of Bodroux® and
Bouveault,? numerous investigators have studied
the reaction of Grignard reagent with molecular
oxygen.* Wuyts? postulated that the oxidation re-

(1) F. Bodroux, Compt. rend., 186, 158 (1903); Bidl. soc. chim., [3]
31, 33 (1904),

i2) L. Bouveault, 15id., [3] 29, 105 (1903).

(3) For an extensive review on the oxidation of Grignard reagents
see, M. 8 Kharasch and O. Reinmuth, “Grignard Reactions of Non-
nietallic Substances,”’ Prentice -Hall, Inc., New York, N. YV, 1954, pp.
1264-1274,

() H. Wuyts, B!l sne, chim, Belz,, 86, 222 {19257); Campl. rxnid,,
148, 930 (1H01),

actions proceed through the formation of peroxide
intermediates, and later Porter and Steele® sug-
gested the reaction scheme

RMgX
RMgX + 0, —> ROOMgX ——3 2ROMgX

Experimental evidence for this sequence was
provided by Walling and Buckler,® who in an ele-
gant study, have isolated several intermediate

(1) C. W. Porter and C. Steele, THis JourNat, 42, 2650 (1020).
i) C. Walling and S, A, Buckler, 1bhl., TT, 6032 (1955),



