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lized from benzene, yielded pure, optically inactive!? pino-
cembrin, m.p. 201-203°.

Anal. Caled. for C15H12043 C, 7030, H, 4.72. TFound:
C, 70.17; H, 4.80; OCH;, 0.00.

Identity was confirmed by mixture melting point and
infrared spectral comparison with an authentic specimen of
pinocembrin.!®* The ultraviolet spectrum was in agreement
with that published by Erdtman.!*

Attempted molecular weight determination by Rast’s
method: A portion of a mixture of 13.7 mg. of pinocembrin
and 163.5 mg. of camphor melted in a capillary at 120°.

(12) Pinocembrin from pine wood is optically active, [a]p —56°, but
racemizes on sublimation [G. Linstedt, Acta Chem. Scand., 8, 755
(1949)].

(13) The literature records variable melting points for pinocembrin.
Racemization does not result in depression!4; rather, the synthetic
specimens (inactive) are recorded with the highest melting points.1* We
are indebted to Dr. Holger Erdtman, Royal Institute of Technology,
Stockholm, for a specimen of levorotatory pinocembrin. Its infra-
red spectrum and that of our inactive preparation were superimposable.

(14) H. Erdtman, Svensk Kem. Tid., 56, 26 (1944).

(15) J. Shinoda and S. Sato, J. Pharm. Soc. (Japen), 48, 109 (1928).
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On c1)’urther heating the melt turned solid, ielting again at
164°.

Acetylation of a sample with acetic anhydride-sodium
acetate under reflux for 1 hr. followed by recrystallization
from boiling ethanol led to pinocembrin diacetate, m.p.
142-143°. The same treatment, prolonged for 5 Ir.,
yielded the 2’,4’,6'-triacetoxychalcone, m.p. 117-119°.
These constants are in agreement with those reported in the
literature.1 %18

Saponification of the pinocembrin acetate with etlianolic
potassium hydroxide revealed two acetyl groups per miole-
cule of 257 (molecular weight of pinocembrin, 256.25).

Oxidation of pinocembrin with aqueous alkaline potas-
sium permanganate at room temperature vielded benzoic
acid, purified by sublimation ¢z vacue, m.p. 122°, identified
by mixture melting point (no depression) and infrared spec-
tral comparison with an authentic sample.
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Imidazole Catalysis. IV.!

The Reaction of General Bases with p-Nitrophenyl Acetate

in Aqueous Solution

By TuoMas C. BRUICE AND R. LAPINSKI
RECEIVED NOVEMBER 22, 1957

The second-order rate constant for the reaction of OH~, CN~, HPO,~~, CH;COO~, H,0, C:H;0~, »-CICsH,O™, p-
CH;0C¢H,0~, CeHsNH,, p-CH;C:H:NH; and p-CH;CONHCH:NH, with p-nitropheuyl acetate have been determined.
When the log k2 values for the reaction of the bases studied herein as well as those for the imidazoles and pyridines of a previ-
ous study are plotted vs. pK.’, in the conventional Bronsted manner, it is found that the nitrogen bases are more efficient
nucleophiles toward p-nitrophenyl acetate than are the negatively charged oxygen (or CN ™) bases.

As part of a program to study the base catalytic
properties of imidazoles, the catalysis of the
hydrolysis of p-nitrophenyl acetate (p-NPA) by
imidazole and substituted imidazoles was investi-
gated.!=!® Certain observations made during these
earlier studies indicated that the imidazoles were,
as compared to other general bases, particularly
reactive toward p-NPA. It has been the purpose
of this study to compare the nucleophilicity of
imidazoles and other general bases toward p-NPA.

In accord with present concepts of the mech-
anisms of Bac2? displacement reactions at the ester
carbonyl group the over-all reaction of p-NPA with
a general base (B:) would be

pNPA ?— p-NP-
i kiii
T cmg:o-{D—No2 4
g, R B CH,COB

kiv
CH;COB ——> CH;COOH + B:
2
In the instance where B: is OH—, the ratio [(k; +
ki) /(R -+ k)] is probably quite large since, in the
closely allied reaction of OH~ with phenyl benzoate
in H,0 solvent, there is no back incorporation of
OB into ester.® For other bases it is possible that
(1) For previous papers in this series see: (a) T. C. Bruice and
G. L. Schmir, Tuis Jourxar, 79, 1663 (1957); (b) 80, 148 (1958);
(c¢) G. L. Schmir and T. C. Bruice, ¢bid., 80, 1173 (1958).
(2) C.X.Ingold, "Structure and Mechanism in Organic Chemistry,”
Cornell University Press, Ithaca, N. Y., 1953, p. 754.
(3) C. A. Bunton and D. N. Spatcher, J. Chem. Soc., 1079 (1956).

the ratio of forward to reverse rate constants
are smaller as was shown by Bender for the alkaline
hydrolysis of alkyl benzoates.*

In the reaction of p-NPA with imidazoles and
pyridines the hydrolysis of the CH;COB inter-
mediates (acetylimidazole® and/or acetylimidaz-
olium salt!® and acetylpyridinium salt®) is very
rapid. Thus the catalytic constant for the reaction
of imidazole with p-NPA is sufficiently large to give
pseudo first-order kinetics even when the concen-
tration of base was equal to or smaller than that
of the substrate.!* In comparison, for bases such
as phenclate and aniline the decomposition of
CH;COB would be rate limiting since the solvolyses
of phenyl acetate and acetanilide proceed at much
lower rates than for p-NPA. When a large excess
of base is employed the accumulation of CH;COB
does not effectively lower the concentration of B:.
Under these conditions the reaction of all bases
with p-NPA may be treated by first-order kinetic
expressions thus obviating the necessity of solving
expressions for parallel first- and second-order re-
actions. The value of the second-order rate con-
stant (ks) for the displacement reaction (7.e., B:
-+ p-NPA — CH;COB + p-NP~) may then be ob-
tained at any fixed pH and concentration of B:
from the expression (kos — kyw)/(B:) = ki, where
kobs 1s the observed pseudo first-order rate constant,
kw, 1s the solvolysis constant in the absence of B:,

(4) M. L. Bender, Tu1is JoURNAL, 78, 1626 (1951).

(5) M. L. Bender and B. W. Turnquest, ibid., T9, 1652 (1957).
(8) V. Gold, et al., J. Chem. Soc., 1406 (1953).
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Fig. 1.—Plots of total concentration of salts us. log of
kos: KCN X 107* at pH 8.0, ®; KCN X 1078 at pH 7.0,
&, [KH,PO, + K:HPO:] X 1072at pH 8.0, 0; [KH.PO, +
K-HPO,] X 10~2at pH 7.0, J; CH;COONa X 1072 at pH
6.0, x.

and (B:) is the concentration of the catalytically
active species of the base [the apparent second-
order rate constant (k') is obtained if (B:) is re-
placed by (B: + BH)]. Alternatively a plot of
kovs vS. (B:) gives as its slope k: and as its intercept
kw. The values of %k, are then an index of the effi-
ciency of various bases to participate in the dis-
placement of p-NP~ from p-NPA.

Experimental

Materials,—All inorganic salts emploved were of reagent
grade. The organic compounds were Eastman Kodak Co.
White Label and were recrystallized or redistilled prior to
use.

Apparatus.—The coustant temperature bath is described
in a previous paper.!* Spectrophotometric readings were
made with a model DU Beckman spectrophotometer and
pH determinations were made with a model G Beckman pH
meter.

pK,’ determinations were made by the method of half-
neutralization and serial dilution.!’® The second ionization
constant for phosphoric acid was determined i1 a previous
study.le

Kinetics.—All reactions were run at 0.55 1 io1tic strengtls
provided by buffer and KCl. The solvent was 28.5%
ethanol-water (v./v.) and the temperature 30 =+ 0.1°.
The mechanical procedures employed in perforining the rate
determinatious are described in earlier papers.!

Results

In a previous study it was noted that the rate of
solvolysis of p-NPA was markedly dependent on
the nature and concentration of buffer.!® In
Table I are recorded the values of k., &, and k&,
obtained from plots of ks vs. total phosphate and
acetate concentration (Fig. 1).

TaBLE 1
k\\'

ko' k2 X 104,
Base pKa' pH 1. mole =t min, =1 X 102 min, =1
CH;COO0~ 4.v 6.0 0.090 0.095 0.72
HPO,~~ 7.0 7.0 0.V36 1.47 1.4
HPO,~~ 7.0 7.5 1.17 1.54 7 1.51 +£0.02 4.0
HPO,~~ 7.0 80 138 1.52 10.0

The value of k, for the phosphate and acetate
experiments of Table I are given by the expression

ki = ka*(H;0F) 4+ kmo(H0) + koa-(OH ™)
For the hydrolysis of p-NPA the value of kg+ has
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been shown previously to be quite small” and at the
pH values employed the quantity kx+(H;+TO) may
be ignored. A plot (Fig. 2) of &y zs. OH~ concen-
tration then gives as its slope &, for OH~ (990 1.
mole~! min.~!) and the intercept divided by the
concentration of water affords &, for H.O (1.54 X
1076 1. mole~! min.~!), The value of k; for OH,
as determined, is in essential agreement to that of
485 1. mole~! min.~! reported by Tommila and
Hinshelwood’ for experiments carried out in 609,
acetone-water, but differs markedly from the value
of 30,600 1. mole~! min.~! reported by Bender and
Turnquest when 59, aqueous dioxane was em-
ployed as solvent.® Also, our value of k, for H,O
1s much smaller than that of 5.9 X 10~% 1. mole~!
min. ! reported by these workers.

With phosphate as buffer, plots of ks vs. total
cyanide concentration afford k" values of 0.177 1.
mole™! min.~! and 1.18 1. mole™! min.”! at pH
7.0 and 8.0, respectively (Fig. 1). Employing a
pK, of 9.1 for HCN the calculated values of ks
for CN~ become 17.9 and 16.1 1. mole~! min.},
respectively.

—
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Fig. 2.—The relation of kv to hydroxide ion concentration.

The second-order rate constants for the phenols
and anilines were determined from the values of
Eops Obtained at two different concentrations of the
nucleophile at pH 8.0 (Table II).

TaBLg 11

Base pKa’ k2, 1. mole ! min, -1
CeH:0~ 9.98 19.0 =+ 3.0
p-CICH, 0~ 9.38 96 =£+1.8
p»-CHOCH,O0~ 7.68 0.5 =0.1
CsHs;NH: 4.5 .023 = .001
p-CH;C¢H,NH, 5.0 052 £ .005
p-CH;CONHCH,NH, 4. .020 &= .000

Discussion

In Fig. 3 the log k. values for the reaction of the
bases studied herein as well as those for the imidaz-
oles and pyridines of a previous study'® are plot-
ted vs. pK,’ in the conventional Bronsted manner.
Inspection of Fig. 3 reveals that a single linear-frec
energy diagram does not suffice to correlate all the
data. Thus, HPO,~~ and imidazole are hoth
characterized by pA." values of 7.0, but their
second-order rate constants differ by 10° and hy-
droxide jon (pKa’ 15.7) is not as good a nucleophile
as the anion of G-nitrobenzimidazole (pK." 10.6).

(7) E. Tommila and C. N. Hinshelwood., J. Chem. Soc., 1801
(1938).

(8) O. Gawron, M. Duggen and C. J. Grelecki, Anal. Chem., 24,
269 (1952).
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The plots of Fig. 3 are not unusual in that reactions
known to proceed by general base catalysis yield
separate Bronsted equations for radically different
types of bases.? It is generally found that all bases
characterized by —O~ as the attacking nucleophile
fall into a single line and this may be noted to be so
for the phenols and CH,COO~. The divergence
of HPO,~~from this line is due to the fact that the
pK,’ is not truly a measure of its proton affinity.
A suitable statistical correction places this point
much closer to the plot for other —O~ bases. It
may also be noted that the value of log ks for H,O
falls above that which would be predicted from
plots for -O~ and 3N: species, but the value of log
ky for OH~ is considerably lower than expected.
It is usual to have the value of &, for H,O near to
that expected from the Bromsted plot, but k. for
OH - is generally lower. Probably of greatest in-
terest is the magnitude of the essentially parallel
displacement of the lines connecting the points for
bases of similar type from the Bronsted plot (log
by = 0.8pK," — 4.3) for the imidazoles and the de-
cidedly greater nucleophilicity of the nitrogen as
compared to the negative oxygen (and CN~) bases
when the affinity for the proton is used as standard.

The inability to correlate displacement reactions
on carbon to pK.’ has been treated by Swain and
Scott!® who suggest the equation log k/ky = sn for
non-solvolytic nucleophilic displacement reactions
on carbon. According to Swain, plots of the log k.
relative to water (i.e., log k/kg) vs. derived nucleo-
philic constants (n) afford linear plots with slope s.
When the equation of Swain is applied to the bases
studied herein for which valties of # are available
(CH;COO-, pyridine, HPO,~—, OH™ aniline and
CN-) a value of s = 1.16 is obtained and the
median deviation is 0.6 » unit. The major deviant
is OH~ (3.4 » units). Swain noted a large devia-
tion for OH~ (3.74 % units) in its reaction with §-
propiolactone and suggested this to be due to the
particularly relative effectiveness of OH~ as a nu-

(9) R. P. Bell, “Acid—-Base Catalysis,” Oxford University Press,

Londomn, 1941, Chapt. V.
(10) C. G. Swain and C. B, Scott, Tuis Jour~aL, 76, 141 (1933).
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Fig. 3—A Brénsted type plot of log k& vs. pK.’ for the
reaction of general bases with p-nitrophenyl acetate.

cleophile in displacement reactions on the ester car-
bonyl group. A derived value of # = 8.0 for OH™
from the B-propiolactone rate data brings the point
for the reaction of OH~ with p-NPA into line with
the other nucleophiles studied. The application
of the more recent dual basicity equation of Ed-
wards!! corrects for the large deviation of OH~ by
allowing suitable weighting of pK,’ values in com-
parison with the nucleophilic constant, but the plot
then acquires the same characteristics as the
Bronsted plot (Fig. 3).
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(11) J. 0. Edwards, ibid., 76, 1540 (1954); 78, 1819 (1656).
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Electronic Structure and Auxin Activity of Benzoic Acid Derivatives

By Kenicur Fukul, CHIKAYOSHI NAGATA AXD TEIJIRO YONEZAWA
REcEIVED MARCH 18, 1957

The m-electron distribution of various benzoic acid derivatives has been calculated by a molecular orbital inethod. A
distinct parallelism is found between tlie electronic structure and the auxin activity of these compounds. A discussion of

the mechanism of plant growth action is given,

A strong resemblance is pointed out between the plant growth action of

these compounds and the carcinogeutic action of aromatic compounds.

Since the discovery of the natural plant growth
substance, indole-3-acetic acid, numerous active
substances have been synthesized, and in order to
elucidate the mechanism of hormonal action of
these compounds, many studies!—® have been made.

(1) R. M. Muir, C. Hansch and A. H. Gallup, Plant Physiol., 24,
359 (1949); C. H.Hansch and R. M. Muir, ibid., 25, 389 (1950); R. M.
Muir and C. Hansch, 7bid., 28, 218 (1953).

(2) R. L. Wain, J. Sci. Food Agr., 101 (1951).

The mechanism of the action of these plant growth
hormones nevertheless has remained elusive.

(3) R. M. Muir and C. Hansch, Plant Physiol., 236, 368 (1951).

(4) C.Hansch, R. M. Muirand R.L. Metzenberg, tbid., 26, 812 (1951).
(5) J. M. F. Leaper and J. R. Bishop, Bot. Gaz., 112, 250 (1951).

(6) J. Bonner and R, S. Bandurski, Ann. Rev. Plant Physiol., 8, 59

(1952),

(7) A. Rhodes and R. de B, Ashworth, Nature, 169, 76 (1952).

(8) H. Veldstra, Ann. Rev. Plant Physiol., 4, 151 (1953).

(9) C.J.Schoot and K. H. Klassens, Rec. ¢rav. chim,, T8, 271 (1856).



