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2-picoline, 2,6-lutidine, quinoline, and morpholine, since the
picrates of these amines have quite low solubility in alcohol.
On the contrary, the formation of the picrates of aliphatic
amines in alcohol was not too successful, as the picrates have
about the same or even more solubility in alcohol than the
picric acids themselves. Ethyl ether was found to be a satis-
factory solvent for the precipitation of picrates of aliphatic
amines and picrates of 1-naphthylamine. The picrates of
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aniline were easily prepared from boiling water. The melting
points of the picrates were determined in an evacuated capil-
la1y tube using a copper melting point block. Values obtained
in an open melting point heated block were as much as 40°
lower. To obtain reasonable duplication, the melting points
were recorded using a temperature gradient of 1°/min.
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The rates of saponification of y-butyrolactone and monomethyl and gem-dimethyl ~v-butyrolactones have been measured
in 92.3% ethanol at 0° and 25°. The observed differences in rate cover a range of only about 4-fold, much less than antici-
pated from data on esters, and suggest that the steric effect of the methyl groups is relatively unimportant in the hydrolysis

of these lactones.

The effect of alkyl groups on the ease of ring open-
ing of carbon rings is still not fully understood,? and
little experimental work has been published on this,
although Bordwell and co-workers® have recently
reported a study of the unimolecular solvolysis of
sultones (I) (cyclie sulfonates). Many ring-opening
reactions, however, proceed by bimolecular hydroly-
sis and this paper reports a study of the effect of
methyl groups on the rates of saponification of y-
butyrolactone (II) (see Table I).

The basic hydrolysis of y-butyrolactones is very
rapid in aqueous solution* and was accordingly
studied in 929, ethanol, in which solvent the rate

CH, S=0 CH, C=0 CH, C=0
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can be conveniently followed by titration (see
experimental), which also served as a check on
the purity of the lactones used. The mechanism
of basic hydrolysis of vy-butyrolactone has been
well established as involving an initial nucleo-
philic attack of hydroxyl (or ethoxyl) ion on the
carbonyl carbon atom, followed by acyl-oxygen
fission.5 No uncatalyzed solvolysis has been de-
tected.® The observed rates of saponification (Table

(1)(a) University of Puerto Rico at Mayaguez, P. R.;
(b) Dalhousie University, Halifax, N. 8., Canada. Taken
from M.Sc. Thesis, September, 1959.

(2) Cf. N. L. Allinger and V. Zalkow, J. Org. Chem., 25,
701 (1960).

(3) F. G. Bordwell, C. E. Osborne, and R. D. Chapman,
J. Am. Chem. Soc., 81, 2698 (1959).

(4) D. S. Hegan and J. H. Wolfenden, J. Chem. Soc., 508
(1938).
. (5) Cf. E. S. Gould, Mechanism and Structure in Organic
Chemistry, Henry Holt, New York, N. Y., 1959, p. 318.

(6) F. D. Coffin and F. A, Long, /. Am. Chem. Soc., 74,
5767 (10521

1) covered a range of some 4-fold, all the methylated
v-butyrolactones hydrolyzing at 25° at a lower
rate than y-butyrolactone itself, in the order H
< « CH3 < Y CH'; ~ ﬂ CH3 << ’)’,’Y(CHs)z < B,B
(CHaj)2 << aa (CHy)p. The differences are consider-
ably less than those which might be expected from
the rates of saponification of esters. Thus the relative
rates for ethyl propionate, isovalerate and pivalate
‘(analogous in substitution of y-butyrolactone and
B-methyl and «,a-dimethyl-y-butyrolactone) are
100:12:1.3 (in 859, ethanol at 25°).7 Similar small
differences have been noted in the saponification of
y-butyrolactone and y-methyl and ~,y-dimethyl-
v-butyrolactone in 439, acetone at 20° (ratio 100:
39:12.6)2 for vy-butyrolactone and a-methyl, ~-
methyl, and v,y-dimethyl-y-butyrolactone at 25°
(ratio 100:69:50:18),% and in the acid-catalyzed
hydrolysis.®!® The energies of activation for the
saponification of the butyrolactones are more con-
stant® than for ester hydrolysis, although the log
PZ factors are more variable (ethyl propionate and
pivalate have Eact. 14.7 and 17.1 keal and log PZ
8.0 and 8.2, respectively™).

The ring of y-butyrolactone is probably nearly
planar, although eclipsed non-bonded interactions
between the hydrogen atoms on the #8- and -

(7)(a) H. A, Smith and H. S. Levenson, J. Am. Chem.
Soc., 61, 1172 (1939); (b) D. P. Evans, J. J. Gordon, and
H. B. Watson, J. Chem. Soc., 1439 (1938); (¢) J. D. R.
Thomas and H. B. Watson, J. Chem. Soc., 3958 (1956),
value for pivalic ester at 25° calculated from value at 40°,

(8 C. M. Stevens and D. 8. Tarbell, J. Org. Chem., 19,
1996 (1954).

(9) H. Sebelius, Inaugural dissertation, Lund, 1927, re-
ported by W. Hiickel, Theoretical Principles of Organic
Chemasiry, Elsevier, New York, 1958, p. 892. The solvent
is not given (presumably water) and the original reference
was not available to us.

(10) O. H. Wheeler and E. E. Granell, unpublished re-
sults.
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TABLE 1
RateE CONSTANTS FOR SAPONIFICATION OF BUTYROLACTONES?

k X 10% L, Mole™?! Sec.™

25° 0° Eact. Keal. log PZ Rel. Rate?
v-Butyrolactone 47.7 £ 2.0 2.90 £0.02 18.2 12.0 100
a-Methyl lactone 44.7 £ 1.6 3.13 =0.09 17.2 11.2 03
B-Methyl lactone 41.3 £0.8 2,95 +=0.11 17.1 11.1 87
y-Methyl lactone 41,7415 2.87 +0.10 17.3 11.3 87
a,a-Dimethyl lactone 12.7 £ 0.3 0.861 &= 0.0t 17.4 10.9 27
8,8-Dimethyl lactone 20.0 = 0.3 1.49 £ 0.03 16.8 10.6 42
v,v-Dimethyl lactone 23.9 £0.2 .13 £0.035 19.7 12.8 57

4 In 92.3¢; ethanol. ? Relative rates at 25° to y-butyrolactone = 100.

carbon atoms can be reduced by raising these carbon
atoms respectively above and below the plane of
the other three atoms,!! and such a conformation
will reduce wunfavorable interactions between
methyl groups and ring hydrogen atoms in the sub-
stituted v-butyrolactones. The preferred direction
of attack of base is most. probably from a general
direction above the plane of the ring and behind
the carbonyl carbon atom, away from the electro-
static repulsion of the lone pair of cleetrons on the
ring oxygen atom.!> While the butyrolactone ring
exists in a near planar form, approach of a rea-
gent in his manner will not be impeded by the
ring hydrogen atoms. The enhanced rate of hydroly-
sis of butyrolactones as compared to acyclic esters's
is consigtent with this mode of attack.!?® A single
methyl group in either the «-, 8-, or y-positions
leads to a very slight decrease in rate at 25°,
with even smaller differences at 0° (there was
even a slight enhancement in the rate for the a-
methyl isomer). That a single methyl group in the
8-, v-position should not effect the ease of attack
on the carbonyl carbon atom is consistent with the
“half-chair” conformation of the ring. In the case
of the a-methyl group the small inductive effect of
the methyl group should further decrease the rate
of nucleophilic attack, although this was not in
fact observed. Appreciable differences in the rates
of hydrolysis were only found for the gem-dimethyl
butyrolactones. The order at both 25° and 0° was
8,8 < v,v < a,a. The relatively slow rate of saponi-
fication of the a,a-dimethyl lactone is no doubt
due partially to the electronic (-I) effect of the
methyl groups, which by increasing the electron
density on the carbonyl-carbon atom decreaces
the facility of nucleophilic attack of base. Models
show that the gem~dimethyl groups will exert a
small shielding effect to the approach of base on the
carbonyl-carbon atom and this effect should be

(11) Cyclopentanone probably exists in such a “half-
chair’” form. F. V. Brutcher, Jr., T. Roberts, 8. J. Barr, and
N. Pearson, J. Am. Chem. Soc., 81, 4918 (1959).

(12)(a) D. G. H. Ballard and C. H. Bamford, J. Chem. Soc.,
355 (1958); (b) H. K. Hall, Jr., M. K. Brandt and R. M.
Mason, J. Am. Chem. Soc., 80, 6423 (1958).

(13) R. Huisgen, Angew. Chem., 69, 341 (1957); R.

Huisgen and H. Olt, Tetrahedron, 6, 253 (1959).

greatest for ea-substitution but still be appreciable
for 8 and y-substitution.

The shielding effect of methyl groups also has been
noted in the saponification of cyelic ethylene car-
bonates (IIT),!* where the differences were of the
same order as those encountered here (4:1 for
ethylene carbonate and its «,«,8-trimethyl deriva-
tive*)  although the slow rate of alkaline hydroly-
sis of tetramethylethylene carbonate (about 1/180
times as low as ethylenc carhbonate) was explained
as due to increase of strain in the transition state
(formed by the addition of base to the carbonyl
group) resulting from steric repulsion from the
methyl groups.!*® It has been suggested that ring
strain in cyclic carbonyl compounds themselves is
reflected in shifts in the carbonyl stretching fre-
quency.'s However all the y-butyrolactones stud-
ied here had v C=0 1775 %= 3 em. ™!

The effect of methyl groups in reducing the ease
of unimolecular solvolysis of sultones (I) must
clearly be of a different origin to that mentioned
above, and has been attributed® to the steric hin-
drance of the methyl groups to the free-rotation of
the carbon-skeleton in the opening of the ring.

EXPERIMENTAL

Lactones. vy-Butyrolactone and y-valerolactone were com-
mercial samples (Eastman Kodak, white label). e-Methyl--
butyrolactone was prepared from diethyl methyl-malonate’®
and recovered from the aqueous solution by continuous ether
extraction. 8-Methyl and 8,8-dimethyl-~-butyrolactone were
prepared by heating the silver salts of g-methyl and g,8-
dimethyl glutaric acids with iodine.!” It was found imporfant
to dry the salts thoroughly and to use an efficient condenser to
avoid loss of lactone with iodine vapor. a,e-Dimethyl-v-

(14)(a) R. Kempa and W. H. Lee, J. Chem. Soc., 1576
(1959); (b) L. A. Pohoryles, I. Levin, and 8. Sorel, J. Chen.
Soc., 3082 (1960).

(15 H. K. Hall, Jr., and R. Zbinden, J. Am. Chem. Soc.,
80, 6428 (1958).

(16) H. Adams and E. F, Rogers, J. Am. Chem, Soc., 63,
228 (1941).

Note added in manuscript. Dr. H. Shechter has in-
formed us that he has also carried out a study of the saponifi-
cation of methyl substituted y-butyrolactones and obtained
similar results.

(17) 8. 8. G. Sircar, J. Chem. Soc., 8)8 (1928); F. J. M.
Pattison and B. C. Saunders, J. Chem. Soc., 2745 (1949).
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butyrolactone®® and +,y-dimethyl-y-butyrolactone’® were
prepared by published metheds. The lactones were all freshly
distilled at reduced pressure immediately before use, and
their physical constants were in excellent agreement with
published values. Their infrared spectra were determined in
earbon tetrachloride solution using a Baird-Atomic double
Leam instrument.

Kinelics, Preliminary experiments showed that the saponi-
fication of v-butyrolactone in 809, ethanol was too rapid
(0.16 mole~! sec, ™) to be conveniently followed by titration
and to be rather too slow (0.0087 mole ™! sec. ~Y) in absolute
ethanol. The measurements were accordingly carried out in
02,36, ethanol (d? 0.8096), which had been purified by
treatment with zine dust and sodium hydroxide.

The lactone (0.2-0.3 g.) was dissolved in purified 92%
ethanol (100-x ml), allowed to cquilibrate in a constant

(18) B. E. Hudson, Jr., and C. R. Hauser, J. Am. Chem.
Soc., 63, 3156 (1941).

(19) R. T. Arnold, J. 8. Buckley, Jr.,, and J. Richter,
J. Am. Chem. Soc., 69, 2322 (1947); J. Cason, P. B. Brewer,
and E. L. Pippen, J. Org. Chem., 13,239 (1948); R. L. Frank,
R. Armstrong, J. Kiviatek, and H. A. Price, J. Am. Chem.
Soc., 70, 1379 (1048).
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temperature bath at 25,08 &= 0.02° or in un ice water bath at
0.00 = 0.02° and 0.04M sodium hydroxide (x ml.) in the
same solvent and at the same temperature added. Aliquots
(10 ml.) were withdrawn at intervals, added to excess 0.06.V
hydrochloric acid (5 ml.) and ice-cold distilled water (20
ml.) and the excess acid immediately titrated with standard
0.045N sodium hydroxide solution, using phenolphthalein as
indicator. The purity of the lactone was determined by dis-
solving samples (0.04-0.06 g.) in 0.045\ ayueous sodium
hydroxide (15 ml.) and titrating the excess base with stand-
ard acid after 2-3 days. The purity was always at least 95,
and was taken into account in calculating the kinetics. The
rate constants were determined from the slope of the second
order rate plots in the usual manner. Each run was carried
out at least three times and the means and their mean errors
are given in Table I. The E act and log PZ values are prob-
ably accurate to == 0.2 units.
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NMR spectra are reported on the tau scale for 1,4-dimethoxybenzene; 2-methyl-, 2,5-dimethyl-, 2,3 5-trimethyl-, and
2.3,5,6-tetramethyl-1,4-dimethoxybenzenes; 2-vinyl-3,6-dimethyl- and 2-vinyl-3,5,6-trimethyl-1,4-dimethoxvbenzenes; 2-
(2-hydroxvethyl)-, 2-(2-hvdroxyethyl1)-3,6-dimethyl-, 2-(2-hydroxyethyl)-3,5-6-trimethyl-, and 2-(1-hydroxyvethyl)-3,5,6-
trimethyl-1,4-dimethoxybenzene; and «,a’-bis(2,5-dimethoxy-3,4,6-trimethylphenylidiethyl ether. The chemical shifts of

the aromatic, methoxyl, and methyl protons are interpreted.

The use of NMR spectra has increased rapidly
since the initial work of Purcell and co-workers,? and
its application to structural organic chemistry by
Gutowsky and co-workers.? Detailed discussions of
theory and applications may be found in the sworks
of Pople and co-authors,® Roberts,® Conroy,” and
Jackman.® With this rapidly increasing use of NMR

(1) (a) Taken from the Dissertation submitted by
Kenneth A. Kun to the Graduate School of Yale Uni-
versity in partial fulfillment of the requirements for the
Ph.D. degree. (b) For other papers in this series see K. A.
Kun and H. G. Cassidy, J. Polymer Sci., 44, 383 (1960).

(2) Present address: Rohm and Haas Company, Resecarch
Lahoratories, Bristol, Pa.

(3) E. M. Purcell, H. C. Torrey, and R. V. Pound,
Phys. Rev., 73, 679 (1948).

(4) .. H. Meyer, A. Saika, and H. 8. Gutowsky, J. Am.,
Chem. Soc., 75, 4567 (1953).

(5) J. A. Pople, W. (. Schneider, and H. J. Bernstein,
High-resolution Nuclear Magnetic Resonance, MeGraw-Hill,
New York (1959).

(6) J. D. Roberts, Nuclear Magnetic Resonance, McGraw-
Hill, New York (1959).

(7) H. Conroyv, “Nuclear Magnetic Resonance in Or-
ganic Structural Elucidation,” in Advances tn Organic
Chemistry, Methods and Results, R. Raphael, ed., Inter-
science, New York (1960).

it seemed of interest to report the chemical shifts
of the aromatic methoxyl and methyl protons of
several methylated hydroquinones and their deriv-
atives.

Measurements described in this paper were made
with a 60 me./sec. Varian NMR spectrometer using
analytical grade carbon tetrachloride as the solvent.
All chemieal shifts were measured with reference to
an internal standard, tetramethylsilane, and are
given on the “tan” (7) scale as described by Tiers.?
The numbers of parentheses indicate relative inten-
sities. Concentrations of 4097 by volume were
used. As a result, no bulk-susceptibility corrections
are required, but some dilution effects characteristic
of aromatic compounds are no doubt present.’

(8) L. M. Jackman, Applications of Nuclear Magnetic
Resonance Spectroscopy in Organic Chemistry, Pergamon
Press, New York (1859).

(9) (a) G. V. D. Tiers, J. Phys. Chem., 62, 1151 {1958);
(b) G. V. D. Tiers, Characteristic Nuclear Magnetic Resonance
“Shielding Values” for Hydrogen in Organic Structures.
Part [. Tables of r-Values for a Variety of Organic Com-
pounds. Exploratory NME Studies. Project 737602, Central
Research Department, Minnesota Mining & Manufacturing
Co., St. Paul, Minn.



