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However, sodium dicyanocuprate does offer a solubility
advantage in DMF solution. The reactivity of either
copper(l) cyanide or the dicyanocuprate toward aryl
and vinyl halides is distinctly less than the correspond-
ing reactions with diaryl- or dialkylcuprates.? A
similar low order of reactivity was noted?® for the acetyl-
ide (PhC=C);CulLi; in which the carbon ligands are
electronically similar to eyano functions. Finally,
our studies with the delocalized enolate anions derived
from malonic esters and from acetophenone have pro-
vided no indication that the presence of soluble cop-
per(I) species will accelerate the reactions of these
anions with either alkyl or aryl halides. Because of
these observations, we are inclined to the belief that
the coupling reaction of organocopper(I) compounds
with alkyl, vinyl, and aryl halides does not involve
preliminary ionization of the carbon-copper(I) bond
(R;Cu~ = RCu + R~) since the groups, R, most likely
to provide appreciable concentrations of carbanions
are those which are least reactive toward halides.

Experimental Section®

Starting Materials.—Commercial samples of 1-Todonaphthalene
(1), 2-chloronaphthalene (7), CuCN, and NaCN were used with-
out further purification. Anhydrous LiCN was obtained by re-
action of anhydrous HCN with a suspension of LiH; the resulting
suspension of LiCN was collected and dried under reduced pres-
sure. Samples of pure c¢is- and trans-g-bromostyrene (3 and 4)
were obtained as described elsewhere.®

Reaction with 1-Iodonaphthalene (1).—To a heated (150-155°)
solution of 104 mg (2.10 mmol) of NaCN and 179 mg (2.00
mmol) of CuCN in 10 ml of DMF was added 5.0 ml of a DMF
solution containing 1.11 mmol of 1-iodonaphthalene and a known
amount of hexamethylbenzene (an internal standard). Aliquots
were removed periodically and partitioned between saturated
aqueous NaCN and Et:0. The organic layers were dried, con-
centrated, and analyzed by glpe. With the column employed,”
the components were eluted with the following retention times:
hexamethylbenzene, 8.0 min; 1l-cyanonaphthalene (4), 10.3
min; l-iodonaphthalene (1), 15.9 min. The half-life for the
reaction was approximately 50 min and after a reaction time of
4 hr, the calculated yield of 1-cyanonaphthalene was 98.5%.
A collected” sample of the cyanide 4 was identified with an
authentic sample by comparison of ir spectra and glpc retention
times.

For comparison, a solution containing 179 mg (2.00 mmol) of
CuCN, 282 mg (1.11 mmol) of 1-iodonaphthalene, and hexa-
methylbenzene in 15 ml of DMF was heated to 150-155° for 4
hr. As the reaction progressed a brown precipitate (presumably
Cul) separated. The final reaction mixture was worked-up and
analyzed” as previously described; the calculated yield of 1-
cyanonaphthalene (1) was 979,. When the same reaction was
repeated with a total reaction time of 30 min at 150-155°, the
calculated yields were 889 l-cyanonaphthalene and 129, un-
changed 1-iodonaphthalene.

Reaction with trans-8-Bromostyrene (2).—A solution of 483 mg
(9.85 mmol) of NaCN, 895 mg (9.98 mmol) of CuCN, 891 mg
(4.86 mmol) of trans-B-bromostyrene, and a known amount of
biphenyl (an internal standard) in 10 ml of warm (90°) DMF was
heated to reflux. Pericdically, aliquots of the reaction solution

(6) All melting points are corrected and all boiling points are uncorreeted.
Unless otherwise stated magnesium sulfate was employed as a drying agent.
The infrared spectra were determined with a Perkin-Elmer, Model 237,
grating spectrophotometer. The ultraviolet spectra were determined with a
Cary recording spectrophotometer, Model 14. The nmr spectra were deter-
mined at 60 Mec with a Varian Model A-60 nmr spectrometer. The chemi-
cal shift values are expressed either in hertz or § values (parts per million)
relative to a tetramethylsilane internal standard. The mass spectra were
obtained with a CEC Model 21-130 or a Hitachi (Perkin~-Elmer) mass spec-
trometer. All reactions involving organometallic reagents were conducted
under & nitrogen atmosphere, In each case where yields are calculated
from gas chromatographic data, the chromatographic apparatus has been
calibrated with known mixtures of authentic samples.

(7) A glpe column packed with silicone gum, no. 8E-52, suspended on
Chromosorb P was employed for this analysis.
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were removed and partitioned between saturated aqueous NaCN
and PhH. The organic layers were dried, concentrated, and
analyzed (Table I). With the glpc column employed,® the
relative retention times of components were as follows: c¢is-8-
bromostyrene (3), 10.7 min; trans-g-bromostyrene (2), 11.7 min;
biphenyl, 19.1 min; cis-cinnamonitrile (6), 24.0 min; trans-
cinnamonitrile (5), 34.0 min. A collected® sample of the trans-
nitrile 5, n¥p 1.5995 [lit.? bp 150° (30 mm), n¥®p 1.6031], ir
(liquid film}, 2220 (conjugated C==N), 1625 (conjugated C=C),
and 970 em ! (irans CH=CH), was identified with an authentic
sample by comparison of ir spectra and glpc retention times.
A collected® sample of the cis-nitrile 6, n¥p 1.5818 [lit.® bp
132° (30 mm), n%®p 1.5843], had ir absorption (liquid film) at
2220 (conjugated C=N), 1615 (conjugated C==C), and 775
em ™! (¢ts CH=CH).

Reaction with cis-8-Bromostyrene (3).—A solution prepared
from 897 mg (10.0 mmol) of CuCN, 486 mg (9.94 mmol) of
NaCN, 912 mg (4.98 mmol) of ¢is-3-bromostyrene, and biphenyl
in 10 ml of DMTF was heated to 150°. Aliquots were removed
periodically and subjected to the previously described work-up
and analysis procedures to give the results summarized in Table I.

Reaction with 2-Chloronaphthalene (7).—After a solution
prepared from 498 mg (10.1 mmol) of NaCN, 894 mg (9.99
mmol) of CuCN, 812 mg (5.00 mmol) of 2-chloronaphthalene, and
hexamethylbenzene (an internal standard) in 10 ml of DMF had
been refluxed for 24 hr, the reaction product contained only the
unchanged starting material. On the glpe column employed”
the retention times of relevant compounds were as follows: 2-
chloronaphthalene (7), 7.5 min; hexamethylbenzene, 9.5 min;
i-cyanonaphthalene (4), 12.0 min; and 2-cyanonaphthalene (8),
13.5 min.

After a solution of 6.63 g (74.0 mmol) of CuCN and 1.28 g
(7.40 mol) of 2-chloronaphthalene in 10.0 ml of HMP had been
heated to 230-240° with stirring for 3.0 hr, the crude product
amounted to 1.10 g (96%) of crude 2-cyanonaphthalene (8),
mp 61-64°; no l-cyanonaphthalene (4) was detected in the
reaction product.” Recrystallization from hexane separated 1.02 g
(85%,) of 2-cyanonaphthalene as white prisms: mp 65-66° (lit.1?
mp 66°); ir (CCL), 2225 em™ (C==N); mass spectrum, molec-
ular ion m/e 153, abundant fragments, m/e 126, 75, 74, 63, 51,
and 50; nmr (CCL), § 8.05 1 Hd, J = 0.8 Hz, aryl CH at
C-1), 7.3-7.9 (7 H, m, aryl CH).

For comparison, a solution of 1.33 g (14.8 mmol) of CuCN, 738
mg (14.8 mmol) of NaCN, and 661 mg (4.07 mmol) of 2-chloro-
naphthalene in 10 ml of HMP was heated to 225° for 4 hr during
which the reaction mixture turned a very dark color. After the
usual isolation and analysis’ procedures, the calculated yields
were 79, 2-cyanonaphthalene (8) and 939 starting chloride 7.

Registry No.—Sodium dicyanocuprate, 21445-44-3;
1,90-14-2; 2, 588-72-7; 3, 588-73-8; 7, 91-58-7.

(8) A glpe column packed with nitrile silicone gum, no, XE-60, suspended
on Chromosorb P was employed for this analysis.

(9) G. B. Kistiakowsky and W. R. Smith, J. Amer. Chem. Soc., §8, 2428
(1936).

(10) P. Pfeiffer, I. Englehardt, and W. Alfuss, Ann. Chem., 467, 158
(1928).
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Instances in which compounds isomerize out of con-
jugation are quite unusual. In 1958 King' observed
that, in the absence of oxygen, 12-oxo-trans-10-oct-

(1) G.King, J. Chem. Soc., 1485 (1858).
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Figure 1.—Kinetic curves for the thermal isomerizations of I and
IT at 180°.

adecenoic acid (an a,8-unsaturated ketone) isomerized
to 12-oxo-trans-9-octadecenoic acid (a B,y-unsaturated
ketone), at 78° over a period of 7 days, the equilibrium
position favoring the conjugated ketone to an extent of
60-709%. During our studies on thermal isomerizations,
we observed a similar «,8-unsaturated ketone isomer-
izing out of conjugation. Since this suggested that
only a small energy difference existed between uncon-
jugated and conjugated forms of these compounds, it
was decided to investigate further this phenomenon
and verify the structure of the two compounds. For
this study, the following compounds were prepared:

0O
7
CHa(CHz )5CCH20H=CH(CH2 )7C
OCH;
[ 0O
7
CHg(CHz)s‘CCH=CH(CH2)gC

OCH,
II

Compound I, methyl 12-oxo-cis-9-octadecenoate, was
prepared via the chromic acid oxidation of methyl 12-
hydroxy-cis-9-octadecenoate? and further purified vie
silicic acid chromatography? for characterization. The
infrared spectrum shows absorption at 3020 (CH=CH),
2930 and 2855 (CH.), 1740 (ester C=0), 1720 (keto
C=0), and 730 em~! [(CH,)**]. The Raman spec-
trum verifies the absorbances at 3020, 1740, and 1720
em~! and also shows absorption at 1653 em—! (CH=
CH). The mass spectral ion pattern of compound I
gives a parent mass of 310 and shows that the uncon-
jugated unsaturated ketone is preferentially cleaved on
either side of the oxo group (m/e 85,113). The nmr
spectrum of compound I shows the following: three
methyl protons at 0.89 ppm, 18 insulated methylene
protons at 1.32 ppm, six shielded methylene protons «
to C=C or C=0 at ca. 2.21 ppm, two methylene pro-
tons a to both C=C and C==0 at 2.97 and 3.06 ppm,
three methoxy protons at 3.6 ppm, and two olefinic
protons at 5.46 ppm.

Compound II, methyl 12-oxo-trans-10-octadecen-
oate, was prepared by sulfuric acid catalyzed isomeriza-
tion of compound 1% and purified for characterization

(2) J. Nichols and E. Schipper, J. Amer. Chem. Soc., 80, 5705 (1958),

(3) E. N. Frankel, C. D, Evans, H. A, Moser, D. G. Mc¢Connell, and J. C.
Cowan, J. Amer, 0il Chem. Soc., 88, 130 (1961).
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via argentation chromatography.* The infrared spec-
trum of compound II shows absorption at 3020 (CH=
CH, slight shoulder), 2930 and 2855 (CH,), 1740 (ester
C==0), 1677 (keto C=0; shifted from 1720 em~! on
conjugation), 1630 (CH=CH; also shifted due to
conjugation), 980 (trans® C=C), and 730 cm™!
[(CH2)4+]. The Raman spectrum verifies absorption at
1740, 1677, and 1630 em~—'. Compound II exhibits a
maximum absorbanece in the ultraviolet at 217 mu and
obeys Beer’s law over the concentration range studied
(0.48 to 3.56 mg/ml). The extinetion coefficient for
the conjugated material is 4434. This value is low
compared to previously published values on 709, pure
material.»® The crude material gives an apparent ¢ of
10,000, but this is probably due to contamination by
conjugated dienes and a,B-unsaturated aldehydes.
The value for the purified material is consistent with
that of other o,8-unsaturated ketones.” The mass spec-
tral ion pattern of compound II is more complex than
that of I and reflects the stability of the conjugated
system, showing less cleavage a to the oxo group (m/e
85 and 113) and predominant cleavage between C; and
Cio, at the olefinic carbon 3 to the oxo group (m/e 139).
Evidence is seen of a McLafferty rearrangement?® (m/e
240 and 208) and the parent mass appears at 310.
Comparison of the nmr spectrum of compound II with
that of the unconjugated keto ester I shows that upon
conjugation we now have 20 insulated methylene pro-
tons at 1.30 ppm (due to the two protons no longer di-
a to C=C and C=0) and the two olefinic protons now
appear as a singlet at 3.22 ppm; presumably due to the
resonance of the conjugated system, the two protons
are equivalent and equally shielded.

The thermal isomerizations of I and II were carried
out in the absence of solvent, at 180° under a nitrogen
atmosphere, the progress of the isomerization being
followed by analysis of aliquot samples on glpe. At
equilibrium, the mixture was separated by chromatog-
raphy on silicic acid and silver-saturated ion exchange
resin and the resulting compounds were characterized
by comparison to I and II. The kinetics of the thermal
isomerization of I at 180° are shown in Figure 1, curve
a.® Let us call the product of this isomerization A.
The rate of isomerization of I was completely unaffected
by addition of 5%, Ionox 330, a hindered-phenol radical
trap type inhibitor. The isomerization was first order,
with ke = 1.38 X 10~* sec—!. By repeating the
thermal isomerization at 200° and obtaining ks =
4.15 X 10—* sec—', we could calculate the activation
energy, E*, and thus the entropy change over this tem-
perature range. Thus

E,* = 23.0 keal/mol
AS., = 48.8 cal/deg

The equilibrium concentrations of isomers in each
case were found to be 369, unconjugated and 649, con-

(4) E. A. Emken, C. R. Scholfield, and H. J. Dutton, ibid., 41, 388 (1964).

(5) L. J. Bellamy, “The Infrared Spectra of Complex Molecules,” 2nd ed,
John Wiley & Sons, Inc., New York, N. Y., 1958, Chapters 3 and 9.

(6) G.W. Ellis, J. Chem. Soc., 9 (1950).

(7) J. R. Dyer, ‘“‘Applications of Absorption Spectroscopy of Organic
Compounds,” Prentice-Hall, Inc., Englewood Cliffs, N. J., 1965, p 12.

(8) F. W. McLafferty, ‘‘Mass Spectrometry of Organic Ions,” Academic
Press, New York, N. Y., 1963, p 430.

(9) k¢ was calculated from a plot of log (% unconjugated; — % uncon-
jugatedeq) vs. time. kr was calculated from Keq = kt/kr.
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jugated ketones. Compound A was characterized and
found to be identical with II by infrared and Raman
spectroscopy [1675 (keto C==0), 1630 (CH=CH), and
980 cm~! (trans C==C)], uv spectroscopy (e 4,580), nmr,
and mass spectrometry. The product of the thermal
isomerization of II, which we will refer to as B, shows a
mass spectral pattern identical with that of I. The nmr
speetrum of B shows peak positions indistinguishable
from those of I, but any differences in fine structure
that may exist between cis and irans isomers are ob-
scured by the limitations of resolution of the instru-
ment. The infrared spectrum of B differs from that of
I only in its predominantly trans configuration, which
shifts CH=CH to 1664 em~%,' and absorbs at 970 cm—!,
These absorptions are confirmed by Raman spectra.
Comparison with infrared measurements using methyl-
trans-9-octadecenoate as standard shows B to contain
749, trans-9 I and 269, c1s-9 I isomers. The overall
thermal isomerization may be represented by eq 1.

kt
unconjugated I 2= conjugated II (1)
ke
180° /N3
369, 64%

No attempt was made to follow the kinetics of ki, as
from the equilibrium constant for eq 1 and the rate con-
stant ks one can calculate k., which was found to be
0.785 X 10—4see~l. Curve b, Figure 1, shows the cal-
culated curve for k;, and it can be seen that the experi-
mental points verify the shape of the curve.

As no mechanistic study of this isomerization has
been attempted, it would be presumptuous to propose a
mechanism beyond stating that, from molecular models
of the two compounds, several factors suggest a multi-
center-type mechanism between the unconjugated and
conjugated forms. Some four-center rearrangements
reported!! have the following points in common with the
thermal isomerization studies: (1) high temperatures
of 180-200° are necessary; (2) they are subject to acid
catalysis but it is not required, the acid-catalyzed reac-
tion having a polar mechanism while the uncatalyzed
reaction exhibits a four-center type mechanism; (3)
a,8 conjugation is often associated with multicenter-
type mechanisms; and (4) the reactions exhibit a first-
order reaction rate, the rate being unaffected by free
radieal inhibitors.

While the thermal isomerization of unconjugated I
to conjugated II is a more efficient preparation of com-
pound II than existing methods, the most significant
feature of this isomerization is that, while equilibrium
favors the conjugated form, the energy difference be-
tween the two forms is so low that the conjugated ke-
tone will reisomerize appreciably to the unconjugated
form. Why isomerization oceurs out of conjugation in
this compound is not understood at the present time,
but from characterization of the isomerization products,
there is no doubt that the conjugated, «,8-unsaturated
ketone II thermally isomerizes to the unconjugated, 8,y
form.

(10) K. Nakanishi, ‘‘Infrared Absorption Spectroscopy,” Holden-Day,
Inc., San Francisco, Calif., 1962, p 24.

(11) J. 8. Hine, “Physical Organic Chemistry,” 2nd ed, McGraw-Hill
Book Co., Inc., New York, N. Y., 1962, Chapter 25.
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Experimental Section

Preparation of Methyl 12-Oxo-cis-9-octadecenoate.—The pro-
ceduse followed is that of Nichols and Schipper,? carried out on a
100-g scale. This procedure invoives chromic acid oxidation of
methyl 12-hydroxy-cis-9-octadecenoate (prepared from castor oil).
The yield obtained from six different preparations averaged 559,
the purity as determined by glpe being 88-90%. The purity
seemed unaffected by the low-temperature crystallizations in-
cluded in the procedure.

Preparation of Methyl 12-Oxo-trans-10-octadecenoate.—This
material was prepared from methyl 12-oxo-cis-9-octadecenoate
via sulfuric acid catalysis.2 The yield obtained was 407, the
purity (glpe) being 65-70%,.

Silicic Acid Partition Chromatography.—The silicic acid column
was prepared according to Frankel, et al., and was used to further
purify I and isomerization product B. The column used was
20 X 400 mm and was packed with 100 g of silicic acid prepared in
20% methanol-benzene and slurried in 19, methanol-benzene.
Approximately 300 mg of sample was introduced in 2-3 ml of
19, methanol-benzene and the eluate was collected at the rate of
1.5 ml/min. The column was followed by tle, the fractions being
evaporated to dryness, weighed, and analyzed in acetone solu-
tion by glpe. The maximum purity (glpc) obtained was 949,
unconjugated and 6% conjugated. This may indicate a slight
amount of thermal isomerization under glpc conditions.

Argentation Chromatography.—The method of Emken, et al.,*
was used to purify the conjugated IT and isomerization product A.
The column used was 20 mm X 180 cm and was packed with 240
g of a very porous large surface area cation-exchange resin which
had been previously saturated with silver ions. The sample
(300 mg) was introduced in methanol solution and the column was
run in methanol with an elution rate of 0.5 to 1.5 ml/min. The
maximum purity (glpe) obtained was 949, conjugated ketone.

Thermal Isomerizations.—These isomerizations were run on
liquid samples, completely in the absence of any solvent. The
amounts of sample varied from 5 g to 3 mg; therefore, the vessels
varied from 20-ml three-neck flasks to sealed melting point capil-
laries. The ratio of surface area of the glass vessel to the volume
of solution had no effect on the rate of isomerization or on the
products obtained. The isomerizations were always carried
out with nitrogen atmosphere at temperatures of 180° or above,
using an oil bath controlled by a variac. Both I and II were
isomerized in this manner, the products being analyzed via
glpe, isolated, and characterized.

Chromium Analysis.—Analysis of 10 g of I prepared via
chromic acid oxidation indicated the presence of 5 ppm of chro-
mium. This trace amount might possibly be acting as a catalyst
in the isomerization, although the usual minimum concentra-
tions of catalyst used for double-bond isomerization or conjuga-
tion are of the order of 104 times this amount at 200° or higher.!2
If the isomerizations were being catalyzed by chromium, then one
would not expect the isomerizations to occur on preparative glpe
columns, as presuming the chromium compound could survive
the 260° injector temperature of the instrument, it would be sepa-
rated on the column from the high molecular weight aliphatic
ketones and be ineffective as a catalyst. As the isomerization is
observed to take place in the glpc from periods of time of 0.5 to
12 hr, it is presumed that the chromium does not take part in the
isomerization. As all methods of preparation of I involve oxida-
tion via chromiumb? or aluminum?!3® compounds, it is doubtful
that I or I1 could be obtained entirely free of traces of these poten-
tial catalysts.

Gas-Liquid Partition Chromatography Conditions.—A Varian
Aerograph Model 1525 equipped with flame ionization detector
was used with an injector temperature of 265°, an oven tem-
perature of 225°, and a helium flow of 40 ml/min. Various
columns were evaluated for the maximum resolution between
unconjugated and conjugated ketones; these included 99, Versa-
mid, 109, GE-XE60, and 109, FFAP. Maximum resolution
was obtained with the latter, the analytical column measuring 8 ft
X 1/gin. stainless steel, packed with 109, FFAP on 70/80 Chromo-
sorb W, acid-washed (A-W) DMCS. Samples were introduced in

(12) S. B. Radlove, H. M. Teeter, W. H. Bond, J. C. Cowan, and J. P.
Kass, Ind. Eng. Chem., 88, 997 (1946).

(13) K. Mihara and K. Takaoka, Nippon Kagaku Zasshi, 79, 282 (1958);
Chem. Abstr., 84, 4366t (1960).

(14) Reference to a company or product name does not imply approval or
recommendation of the product by the U. 8. Department of Agriculture to
the exclusion of others that may be suitable.
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acetone solution, retention times of the unconjugated and con-
jugated isomers being 10.9 and 15.4 min, respectively. Prepara-
tive columns employed were: 7 ft X 0.25 in. aluminum 109,
FFAP, 70/80 Chromosorb W; 8 ft X 3/s in. aluminum, 109,
FFAP, 70/80 Chromosorb W; and 20 ft X 3/s in. aluminum, 209,
FFAP on 60/70 Chromosorb W. All samples were injected with-
out dilution by solvent, but on all preparative columns isomeriza-
tion was noted, presumably due to prolonged times at high tem-
peratures; therefore, preparative chromatography could not be
used to further purify the isomers.

Spectroscopic Techniques.—Infrared measurements were
carried out on a Perkin-Elmer Model 257 spectrophotometer, us-
ing liquids on sodium chloride plates, or solutions of carbon tetra-
chloride and carbon disulfide. Raman spectra were obtained on
a Perkin-Elmer LR-1 spectrophotometer equipped with a 70-
mW Ne-He 6328-A gas laser, using aliquid sample in borosilicate
glass capillary cells. Ultraviolet spectra were obtained in cyclo-
hexane solution on a Beckman DK-2 spectrophotometer, using
0.1-mm quartz cells. Nmr measurements were carried out at
room temperature on 109, carbon tetrachloride solutions with
tetramethylsilane as an internal standard, using a Varian A-60
Model spectrometer. Mass spectrometry was carried out on a
Bendix Model 12 time-of-flight mass spectrometer (70 eV).

Registry No.—1I (cis), 3047-65-2; II (trans), 21308-
79-2.
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It has previously been shown!—? that rates of sol-
volysis of some acetate esters can be linearly related to
the pK, of the leaving group. The purpose of the
present report is to extend this correlation to other
ester series, many of which have heretofore not followed
a linear free energy relationship, to demonstrate that
aleohol pK, serves as a very effective model for ester
solvolysis.

A number of attempts have been made in the past to
correlate rates of solvolysis of aliphatic esters with
model systems in order to generate linear free energy
relationships.* The most successful of these, for
variation in the acyl portion of aliphatic esters, has
been the treatment by Taft.® Taft eliminates the
variable steric requirement in these reactions by sub-

(1) T.C.Bruice, T. H. Fife, J. T, Bruno, and N. E. Brandon, Biochemistry,
1,7 (1962).

(2) J. F. Kirsch and W. P. Jencks, J. Amer. Chem. Soc., 86, 837 (1964).

(38) W. P. Jencks and M. Gilchrist, 1bid., 90, 2622 (1968).

(4) J. E. Leffler and E. Grunwald, “‘Rates and Equilibrium of Organic
Reaction,” John Wiley & Sons, Inc., New York, N. Y., Chapter 7, 1963.

(5) (a) R. W, Taft, "‘Steric Effects in Organic Chemistry,”” M. 8. Newman,
Ed., Chapman and Hall, London, 1956, p 556;
Chem. Soc., T4, 3120 (1952); (c) <bid., T4, 2729 (1952); (d) ibid., T8, 4231
(1953).

(b) R. W. Taft, J. Amer.
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tracting the rate of acid hydrolysis (mainly sterically
controlled) from the rate of alkaline hydrolysis (polar
and sterically controlled) to generate polar substituent
constant (¢*). Successful application of ¢*, for a wide
variety of reactions, has been made with a Hammett-
type expression®

log%—0 = g*p* )

In reaction series that follow eq 1, the steric effect can
be assumed to be constant or negligible.

For variation in the alkyl portion of aliphatic esters,
correlation of hydrolytic rates with o* have been
unsuccessful.?” The reason for this failure was shown’
to be a variable steric requirement in the alkyl portion
of the ester; the steric effect was reported to be larger
in the alkyl than in the acyl portion of these esters.

Since alcohol dissociation represents the only effective
model for aliphatic esters, where substituent variation
is in the alcohol portion of the ester, it seems worthwhile
to extend this correlation to other series to demonstrate
the generality of the procedure.

Table I demonstrates the linear relationship that
exists between rates of solvolysis and pK, of the aleohol
for a variety of esters. The symbolism used in Table I
has the following meaning: @ is the least-squares fitted
slope of a log rate constant vs. pK, plot, § is the standard
deviation of points from the line, and R is the correla-
tion coefficient for the line. Every oxygen ester series
tested with this model gave excellent correlation, while
thiol ester hydrolysis could not be correlated with
alcohol pK,. That thiol ester correlation failed is not
surprising considering the difference in size, polariza-
bility, and electron configuration of a mercaptan sulfur
and an alcoho!l oxygen.

It is not at all obvious that alecohol dissociation would
serve as a model for ester hydrolysis since it is well
known that a considerable steric influence exists in the
alkyl portion of aliphatic esters, and steric influence in
acid dissociation of alcohols is unexpected. Moreover,
Taft,?d and Ballinger and Long® have reported that the
pK, of alcohols is linearly related to ¢* and one might
have supposed, therefore, that correlation of rates of
hydrolysis with pK, would not be feasible, since non-
linearity is observed when rate constants of hydrolysis
are plotted against ¢*. However, ¢*, as used by both
Taft and by Ballinger and Long, refers to R in RCH,-
OH. The interposition of a methylene group between
R and OH effectively removes the steric influence.
Figure 1 demonstrates the degree of scattering that
occurs when ¢* is defined as R in ROH as compared
with R in RCH,OH. It is precisely this steric influence
that is paralleled in ester hydrolysis, and for this reason
alcohol dissociation is a good model for ester reactions
(CPK models of the alcohols show significant shielding
of the oxygen for any chain length above ethyl).

It would appear from the above discussion that suc-
cessful correlation of rates of hydrolysis of aliphatic
esters, where substituents are in the alkyl component of
the ester, can be made using ¢* if we define ¢* as R in
RCH,0(C=0)R’. Treatment of the alkaline hydrolysis
data for benzoates, in this manner, does show a marked
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