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semicarbazone, after tlirce crystallizations from water,
melted® at 184-185.5°.

a-Chloroacetyl-a-methyl-y-butyrolactone (XI).—To a
solution of 10.0 g. of a-acetyl-a-methyl-y-butyrolactone
(X) in 20 nl. of dry benzene was added 9.6 g. of sulfuryl
cliloride, and tlie resulting solution was allowed to stand at
room teinperature until gas evolution liad ceased. After
gently warming on the steam-bath for 15 min., tlie solvent
was removed at reduced pressure, leaving a pale yellow oil
whicli crystallized on standing overnight in the refrigerator.
The vield of crude product was 12.4 g. (1009%), in.p. 34—
38°. One recrystallization from chloroforni—petroleum
ctlier at —30° gave 9.9 g. (80%) of wlite crystals, m.p.
37—42°. Tlrce furtlier recrystallizations from chiloroform—
petroleumn cther raised tlie m.p. of an analvtical sample to
45.5-47°,

Anal. Caled. for C;H,ClOs: C, 47.60; H, 5.14. TFound:
C, 47.82; H, 5.26.

Couversion to tlie phenyl sulfone Xia was effected by re-
fluxing for 1 hr. a solution of 0.9 g. of the cliloro compound
and 1.0 g. of sodimin benzenesulfinate in 10 wml. of 507
cthanol.  Two reerystallizations from ethauol gave white
prisins, u.p, 00.5-91.5°.

Anal.  Caled. for CH140:9: C, 55.32;
C, 55.16; H, 5.17.

Acid Hydrolysis of a-Chloroacetyl-a-methyl-v-butyrolac-
tone (XI) to 2,3-Dihydroxy-2,3-dimethyltetrahydrofuran
(XXIa),—A mixture of 31.0 g. of the erude chlorolactone
X1 and 100 mnl. of 19} hydrochloric acid was lieated on the
steant-bath for 2.5 hr. until carbon dioxide was no longer
evolved.  Tlhie resulting dark brown solution was neutral-
ized with solid sodiumi bicarbonate aud then extracted
three times with ether to remove all of the deeply colored
material, whiclt was discarded. Tlie remaiuiug clear aque-
ous solittion was coutinuously extracted with ether for 06
lir., the etlier extract was dried over sodium sulfate and the
ctlier wus reuoved at thic steamn-batli, leaviug a colorless
oil whicli erystallized on cooling in the refrigerator for sev-
cral hours. One recrystallization from ether gave 9.3 g.
(4065) of wlhite cryvstals of compound XXIa, niup. 62.5-
37.5°. Two furtber recrystallizatious from ether gave an
analyticnl sample, ulp. 63.5-65°. Tiwe wfrared speetrum
s potassimn broutide pellet sliowed a double livdroxyl
band at 3356 aud 3226 cin. ~f with no absorption in the car-
bonyl region.  In chiloroforin solution, liowever, tlic spec-
truut was radically different, a single hvdroxyl band at 3401
atrd a strong carbouyl band at 1708 ein. 7! being observed.

Anal.  Caled. for CeH 2050 C, 54.53; H, 9.15. Found:
C, 54.23; H, 9.16.

Preparation of the following derivatives was attemnpted
withiout sunecess:  plienyvilivdrazone, 2,4-dinitrophenylhy-
drazone, semicarbazone, 3,5-dinitrobenzoate, phenylure-
than, benzilidene acetal and trityl etlier.

H, 5.00. Fouud:

(31) While the present work was in progress, . N. Stepannv aml
O. K. Smirnov, Zhur. Obshchei Khim., 27, 1042 (1957) (C. A, 62, 2717
(1958):, reported the following properties: for the lactone X, h.p. 125—
126° (18 unn.), #%p 1.4561; for the semicarbazone, m.p. 190°,
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I a periodate tiiration by thie metliod of Jacksou,® o
253-mg. sample of XI cousumed 409 mg. (1.00 cquiv.) of
sodium metaperiodate, after a reaction time of two hours.
The calculated value, based on a moleculiar weight of 132, is
410 mg.

Reaction of 2,3-Dihydroxy-2,3-dimethyltetrahydrofuran
(XXIa) with Sodium Metaperiodate.—A solution of 4.6 g. of
the diol XXIa and 7.5 g. of sodium wetaperiodate in 150
mnl. of water was allowed to stand at roow temperature for
4 lir. and tlien continuously extracted with cther for 24 lir.
The ether extract was dried and tlie solvent was removed
leaving a colorless liquid, whicli was distilled.  Two frac-
tions were collected.

Fraction 1 (0.4 g.) was collected at 52-35° (80 mm.s.
It was identified as acetic ucid by preparation of the p-bromo-
phenacyl ester, u.p. and mixed ui.p. 84.5-85.5°.

Fraction 2, 1.6 g., b.p. 2-73° (9 muu.), was identified
as a mixture of 4-hydroxy-2-butanone and 4-acetoxy-2-
butanone by comparison of the properties shown in Table T
withh syuthetic sanples and by mixed ut.p.’s of derivatives.

TasLe I

1-Hydroxy- T-Acctoxy-

butanone® Lutanonch Prsduct
Compn., % C, 3+.53 C, 54.57

H, 9.15 . ; 1, 8.26
B.p., °C (1)) 61-62.5(8)  B6Y-70 (1) 72-73(9)
n'p 1.4280 1.4113° 1.4211
t, °C. 26 25 20
Main infrared 3356, 1709 1733, 1715, 1236 3390, 1753

hands. em. 7! 1715-1709, 1236

e J.T. Hays, . 1", Hager, H. M. Eangelinann and H. M.
Spurlin, THis JOURNAL, 73, 5369 (1951). The reported
values are: b.p. 73--76° (12 mm.), »¥p 1.4290. *E. R.
Buclunan and H. Sargent, ibid., 67, 400 (19453). report
b.p. 76=78° (8 mun.). < C. . Hoffman, et al., ibid., 79,
2316 (1957), give n%p 1.414%,

Treatient of the mixiure with 2 4-dinitrophenylhvdri-
zine gave the derivative of methyl vinyl ketone, nt.p. 212-
213° dec., after four recrystallizations from aqucous pyri-
dine. A mixed m.p. with the same derivative prepared
cither from autlientic 4-hydroxy-1-butanone or ethyl
vinyl ketone was undepressed.  The reported nip. is 217°.38

Fraction 2 gave a 3,5-dinitrobenzoate, which after three
recrystallizatious from ctlianol-wwater had ni.p, 101~102°.
It did unot depress thic n.p. of the same derivative prepared
from authentic 4-hyvdroxy-2-butanone.

Anal. Caled. for CHpNO;5: C,
Found: C, 47.00; H, 5.67.

ROCHESTER, N. Y.

16.51; 11,

oy o=
Dardi .

(32) L. 1.. Juckson, in “Orgunic Regctions,” Vol 11, Joulnr Wiley
and Sons, Inc., New York, N. Y., 1944, p. 351,

(33) I. N, Nazarov, I,. A, Kazitsyna and 1. 1. Zuretskaya, Zhur,
Obshchei Khim., 27, 606 (1057) (C., A., 81, 16383 (1457)5.
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The Decomposition of o-Substituted Benzazides

in Toluene

By YASUHIDE YUKAWA AND YUHO TsuNo
RECEIVED May 26, 1958

Tlhie rates of decomposition of six o-substituted benzazides were deterinined volumetrically by collecting the nitrogen

evolved.

The rates of o-substituted derivatives were much higler than those of #- and p-derivatives.

Tlic relative rcac-

tivitics followed the order of the bulkiness of o-substituents, although the clianges were relatively sinall compared to thc

divergeuce between o-isoulers and -, p-isoiners.

These results are attributed to tlie licrease in the steric requirement of

tlie migrating group, and discussed in terms of the steric restriction of resonance of tlie benzene ring with the azidocarbouyl

residue, and the steric commpression of mnigrating group.

In an carlier paper,! the cffect of m- and p-
substitucnts ou the rate of the Curtius rearrange-
(1) Y. Yukaww and YV, Tsuno, Tnrs jourxar, 79, 5330 (1957).

ment of benzazides was reported and discussed.
The kinetic study of this rearrangement las now
been extended to o-substituted benzazides.
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Experimental

Materials,—The method of preparation of o-substituted
benzazides was essentially the same as that of Curtius and
others.? All azides were prepared from the corresponding
esters in satisfactory yields.

o-Hydroxybenzazide was prepared by the usual method?
from the hydrazide (m.p. 147°). Colorless plates (m.p.
27-8°, in 80Y%, vyield) were obtained on recrystallizatious
from aq. alcoliol and ether. o-Nitrobenzazide was obtained
from the hydrazide (m.p. 124-125°) in 859, vield by the
Curtius method.* Recrystallizations fromn ether gave pale
yvellow needles having m.p. 36-38°.

o-Bromobenzazide was prepared by the following proce-
dure. The hydrazide (m.p. 152-153°) was obtained from
the ethyl ester (b.p. 131° (12 mim.)) quantitatively. Four
grams of the hydrazide was dissolved in 4 ml. of coned.
hydrochloric acid and 100 ml. of water. This solution was
covered witli 50 ml, of ether. An aq. solution of sodium
nitrite (4 g. in 30 ml.) then was added dropwise to tliis solu-
tion with stirring at —5 ~ 0°. Stirring was continued for
30 min. at the same temperature., Then the ethereal layer
was separated, washed with cold water and dried over cal-
cium chloride with cooling. The solvent was removed as
completely as possible under reduced pressure yielding
colorless liquid, 3.5-3.7 g. When the reaction was carried
out with high concentrations of hydrochloric acid, a red-
brown liquid resulted. Tlie colorless liquid prodiuct was
taken up into 10 ml. of anhydrous toluene and dried again
over calcium chloride. Oue-third of this solution which
was separated from drying agent was used for a rate meas-
urement without further purification. Nitrogen gas was
evolved quantitatively on decomposition of this sample.
When the decoinposition product was treated with a small
amount of water and allowed to stand for several days,
syn-di-o-bromophenylurea was obtained; m.p. 220-222°
from alcohol. The above procedure for azide preparation
should be undertaken carefully with cooling lower than 0°,
to avoid an occasional explosion or a vigorous evolution of
gas. This appears to be the most appropriate procedure in
terms of purity of the product and safety, and was em-
ployed as a general procedure for the preparation of other
azides.

o-Toluylazide was prepared from the corresponding hy-
drazide (m.p. 124.3-5.0° from toluene), by the general pro-
cedure.b

o-Chlorobenzazide was obtained in the same manner from
o-chlorobenzhydrazide. The hydrazide was obtained in
809, yield by refluxing (10 hr.) the alcoholic solution (75
ml.) of 20 g. of the ethyl ester (b.p. 116.5-117.0° (12 mm.))
and 15 g. of 859, hydrazine hydrate. Recrystallizations
from anhydrous toluene gave white needles, m.p. 114~
116.5° (reported® 109-110°).

Anal. Caled. for C;H,ON:Cl: C, 49.30; H, 4.10; N,
16.41. Found: C, 49.11; H, 4.13; N, 16.50.

The decomposition of o-chlorobenzazide yielded di-o-
chlorophenylurea (m.p. 234-237°) quantitativelv.

o-Methoxybenzazide was prepared by the general method.,
o-Methoxybenzhydrazide was obtained by refluxing the
alcoholic solution (75 ml.) of 25 g. of the ester (b.p. 129°
(12 mm.)) and 15 g. of 809, hvdrazine hydrate for 10 hours.
The solvent was evaporated as completely as possible and
the crude material having m.p. 73-78° was separated.
Recrystallization from anlivdrous benzene and toluene
gave the pure hydrazide, m.p. 100-101° (reported? 83-86°).

Anal. Caled. for CgH;O:Np: C, 57.82; H, 6.07; N,
16.86. Found: C, 57.68; H, 6.06; N, 17.07.

When tlie above alcoholic solution was refluxed for only
2 hr., a product having m.p. 78-81° was obtained in low

(2) P. A. S. Smith, *"Organic Reactions,”” Vol, II, John Wiley and
Sons, Inc., New Vork, N. V., 1949, p. 337; Houben-Weyl, "Methoden
der Organischen Chemie,” Band VIII, Georg Thieme Verlag, Stutt-
gart, 1952, p. 676.

(3) A. Strauve and R. Radenhausen, J. prakt. Chem., [2] 52, 239
(1895).

(4) T. Curtius and O. Trachmann, ibid., [2] 81, 168 (1895); A.
Strauve and R. Radenhausen, ibid., [2] 52, 231 (1895).

(8) Y. Tsuno, Memoirs Inst. Sci. Ind. Res., Osaka Univ. (Japan),
15, 183 (1958); R. Stolle and H. P. Stevens, J. prakt. Chem., [2] 69,
366 (1904).

(6) L. Kalb and O. Gross, Ber., 58B, 727 (1926).

(7) P, A. S. Smith, THI8 JOURNAL, 76, 436 (1954).
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vield. The melting point was not changed by further re-
crystallizations fromn benzene, toluene or alcohol.®

Solvent.—Toluene purified by tlie usual method was
heated under reflux with sodium metal for five days under
protection from atmospheric humidity by a drying tube cou-
taining phosphorus pentoxide. It was carefully fraction-
ated and stored over sodiumi, b.p. 110.3~110.5°.

Kinetic Runs.—Tlie rates of the reaction were followed
by tlie rate of the evolution of nitrogen gas. The apparatus
and the procedure of the rate deterinination were described
previously.! The temperature of tlie reaction ‘bath was
maintained constant within 0.01°. Stirring of tlie reaction
mixture was not undertaken but the powdered glass was
added to the reaction flask to preveut the supersaturation of
nitrogen.

In the case of the solid azides, o-nitro- and o-hydroxy-
benzazides, about 5 mmoles of sample was decomposed in
75 ml. of toluene and the rates were measured by collecting
the nitrogen evolved. The other o-derivatives are liquid
and their further purification is impossible. Hence the liquids
obtained were used directly for the rate measurements. The
toluene solution of an azide, one-tliird of the sample pre-
pared from 20 mmoles of the corresponding hydrazide, was
transferred into 75 ml. of toluene at a constant temperature
with shaking, and the volumes of nitrogen were followed to
75 ~ 909, completion of the reaction. For each run of o-
nitro- and o-hydroxybenzazides, tlie final volume of nitrogen
evolved was close to the theoretical amount. For the liquid
azides, the final volume of nitrogen indicated that the con-
tent of an azide in a sample solution was always about 80 ~
909 of the amount calculated from the starting hydrazide;
therefore the content in a sample was about 5 ~ 6 mmoles.

The preparation of an azide and the rate measurement
were repeated for several times, to avoid the effect of im-
purities due to the incomplete purification of sample.

With o-bromobenzazide, the addition of the hydrazide
(less than 100 mg.) to the reacting solution did not affect
the rate. When the preparation of a liquid azide was
carried out with a high concentration of hvdrochloric acid,
somewhat higher initial rates were observed and the first-
order plot was concave upward. The use of excess aqueous
sodium nitrite solution to hvdrochleric acid appeared to be
necessary to obtain satisfactory kinetics. Duplicate runs at
different concentration of azide (3 ~ 10 mmoles) gave
strictly the same rate constant.

The reaction products were detected as syn-diphenyl-
ureas by treating with a small amount of water, except for
o-hydroxybenzazide, whicl gave a benzoxazolone, m.p. 132°,
as a sole product.

Results

The decomposition of o-substituted benzazides
in all cases followed first-order kinetics accurately

— 04343 by X t = log (Vo — V) — log Ve

Some typical runs are shown in Fig. 1. The rate
constants obtained are listed in TableI. Inall runs
but those of the o-methoxy derivative, the average
deviation from the mean value of the rate constants
is less than 19, and the reproducibility of the
constants obtained from the two or three experi-
ments is within 29, as shown in Fig. 1. Although the
liquid azides followed first-order kinetics satis-
factorily within a precision of 19, or less, they ap-
peared to be slightly inferior in their reproducibili-
ties (29 or less) than those of the crystalline azides
(less than 19,). This presumably can be attributed
to incomplete purification of the liquid azides.
Other effects, such as those of the concentration
of azide and of the supersaturation, were not ob-
served.

Decomposition of o-methoxybenzazide gave a
quantitative amount of nitrogen, although in four
runs no linear first-order plot except a run at 47.60°
was obtained. The run at 47.60° gave a straight
plot and nearly the same rate constant as that of

(8) H. H. Fox and John T. Gibas, J. Org. Chem., 17, 1653 (1952).
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Fig. 1.—Plots of log (V. — 1) against tiine ¢ of the de-
compositions of o-substituted benzazides: —3—, o-nitro-
benzazide at 54.80°; —O—, o-inethylbenzazide at 44.50°;
—-@—, o-niethoxybenzazide at 47.60°.

the o-methyl derivative. It seems likely that the
reactivity of the o-methoxy derivative is ap-
proximately the same as that of o-methyl com-
pound.

The temperature coefficients of rate constant
were determined over 20°. Plots of log kvs. 1/7 are
linear. Activation energies and log PZ were cal-
culated from the rate constants using the method
of least squares. They are given also in Table I,
The least square treatment indicates that the
average deviations of the experimental log & from
the regression line of the Arrhenius equation are
+0.002 for the crystalline azides and *0.005 for
the liquid azides. They are somewhat larger than
those of the p-derivatives (less than =£0.001).!
The uncertainty in the activation energy is esti-
mated to be in all cases less than =0.5 keal. and in
the log PZ less than =+0.20 reciprocal minute.
Therefore, the variation of activation energy and
log PZ with the o-substituents may be entirely
significant with respect to the experimental un-
certainty.

Discussion

It may be noted that the rates of the rearrange-
ment for the o-substituted benzazides were much
greater (50~200 fold) than that for the unsubsti-
tuted compound except in the case of o-hydroxy-
benzazide. The unexpectedly high stability of the
o-hydroxy derivative presumably was due to
chelation or hydrogen bonding of the hydroxy and
the azidocarbonyl groups. Thus, the reactivity of
this compound will not be considered in the fol-
lowing discussion.

The rates of decomposition of o-substituted
benzazides at 35.00°, the relative rates to the
utsubstituted benzazide and the ortho’ para rate
ratios of corresponding substituted compounds
are listed in Table II. As the polar effect (induc-
tive and resonance polar) is assumed to be ap-
proximately the same in the o-position as in the
p-position, the ortho/para rate ratios may be a
rough function of any other factor than polar
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TABLE 1
Kineric ResuLts OF THE CURTIUS REARRANGEMENT O¥
THE 0-SUBSTITUTED BENZAZIDES

Sub- Temp., log
stituent °C. k1 X 1029 AE*b PZc
HO 78.60 0.0819 = 0.0006 32.3 16.89

84.70 L1802 &= 0015
90.70 383 =+ .003
94.20 JB87 = 002
99.00 1.027 =£= .0085
CH;0 30.00 0.20~0.24
47.60 2,03 =£=0.04
CH; 24.50 0.1073 = .0002 23.5 14.32
30.00 .225 = .0008
35.00 427 £ .003
44 .50 1.306 %= .0L1
48.50 2,13 =+ .016
Br 25.00 0.260 = .0015 22.0 13.57
30.00 476 £ .002
35.00 871 £ 007
40.00 1.501 = 006
45.00 272 &= 02
Cl1 25.00 0.1904 &= .0008 22 .2 13.53
30.00 340 £ 004
35.00 620 £ 0020
37.70 851 £ ,003
40.05 1,148 =+ .003
44.50 1.87 = .012
NO: 35.20 0.2318 = .00095 24.7 14.85
44.70 L7656 £ 007
45.02 YO8 = L0035
54.80 257 £ .0l
@ The averuged rate coustaut iu reciprocal min. and the
average deviation. ? Arrlienius activation energy in keal.
mole 7. ¢ In reciproeal miu.
TaBLE I
THE EFFECT OF THE 0-SUBSTITUENTS
/
Subst. Jess.om™ Rel. rateb ko/kpt (L];Os/sérf) d
H 4.28 X 107%° i 1 1.0
n-CHy 4 27 X 1073 100 131 10.0
0-CH:O 4.3 x 1073 100/ 1507 8.5
o-Br 8.71 X 10+ 203 277 8.0
0-Cl 6.29 X 1078 147 208 3.6
0-NO, 2.25 X 1078 25 70 2.2
0-HO 1.2 X 107% 0.025 0.044

s Rate in reciprocal min. ? Relative rate at 35.00° to
the unsubstituted benzazide. ¢ The ortho/para rate ratio
at 35.00°, the rates of p-substituted benzazides at 35.00°
are calculated using tlie Arrhenius equation from the data
of ref. 1. 9 Tle ortho/para rate ratio at 30° for the Lossen
rearrangement, data from ref. 8. ¢ Calculated from the
data of ref. 1. 7/ An expected value, see Result. ¢ Extra-
polated using the Arrhenius equation.

factor.! It may be plausible to assume that the
most decisive factor in the present reaction is a
steric one. The relative rate also appears to be
a rough function of the steric factor, since the
relative rate parallels the ortho,/para rate ratios.
This leads us reasonably to a further assumption
that the role of the polar factor is not large in the
reactivities of o-substituted benzazides, as seen
in the case of m- and p-derivatives.!

i9) Activity may become somewhat less than one in the concentrated

solutions. However, it appears t be negligible in the concentration
range used in the present study.
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A point of interest is that the introduction of an
o-substituent, an electron-releasing as well as an
electron-attracting group, increases the rate to a
great extent as compared with the parent com-
pound. The distinct divergence in rates of all o-
substituted from the unsubstituted derivatives
and the high ortho/para rate ratios of the cor-
responding substituents are undoubtedly to be
attributed to the steric effect of ortho groups.
A similar divergence was not found in the Lossen
rearrangement,’® as shown in Table II. The
contribution of o-groups to the rate is expected to
result either from the steric restriction of resonance
of aryl with azidocarbonyl residues in the initial
state or the steric compression by an increased
bulkiness of the migrating group, or from
both.

As previously reported,! unsubstituted and m-
and p-substituted benzazides appear to be stabi-
lized by resonance of the benzene ring with the
azidocarbonyl residue, and consequently their
reactivities were determined mainly by changes
of the bond energy of the N-N; bond. Therefore,
inhibition of this resonance interaction would be
expected to accelerate the reaction remark-
ably.

In the rearrangement of saturated aliphatic
acylazides, in which the resonance effect of the
migrating group on the breaking N-N; bond may be
negligible, the rate was much higher than that of
benzazide.!! For instance, hexahydrobenzazide
and diethylacetazide exhibited comparable rates to
those of the o-substituted benzazides (CqHii—,
5.95 X 10~ and (C.H;):CH-, 16.5 X 107% min.~!
at 34.753°, respectively).}! Furthermore, the rates
of saturated acylazides were found to be favored by
an increased bulkiness of the migrating group, while
rate changes with structural changes were not so
large as the ortho/para rate ratios (e.g., the rate
ratio, (CoH;):CH-/n-CsHr—, is only 5.36 at 34.75°) .1
Thus the rate enhancement of o-isomers appears too
large to attribute only to the effect of steric com-
pression of the migrating group. In contrast, the
difference of reactivity between cinnamoylazide
and phenylpropionylazide (and phenylacetazide)
was found to be about one hundred fold.!! It may
be reasonable to consider that the inhibition of
resonance may be sufficient to cause a rate ac-
celeration of some hundred fold. These facts sug-
gest that the difference in reactivity between o-
and p-isomers of benzazide depends largely on the
effect of the steric restriction of resonance in the
initial state, and only slightly on the steric compres-
sion of the migrating group.

In an arylcarbonyl azide, the resonance contri-
bution of the benzene ring brings an increase in the
degree of the double bond character of the breaking
bond, N-N; bond, and stabilizes the molecule in
the initial state. When the substituent is in the
o-position, the resonance interaction of the ben-
zene ring with the azidocarbonyl residue would be
reduced by the restriction of the coplanarity and
as a result, the resonance stabilization of the initial
molecule would be lost and the bond energy of

(10) R. D. Bright and C. R. Hauser, THIS JOURNAL, 61, /18 (1939);

W. B. Renfrow, Jr., and C. R. Hauser, 7b7d., §9, 2308 (1937).
(11) Y. Yukawa and Y. Tsuno, unpublished.
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breaking N-N, bond, therefore, the activation
energy of the decomposition, would be decreased.!?

However, the role of steric compression also
should not be neglected, because this is one of the
important rate-determining factors in the rear-
rangement of aliphatic acylazides.}®!* The dual
effect of the steric factor would be, more or less,
operative in an acceleration of the reaction rate.
As the polar factor appears to be less effective than
the steric factor in this reaction, the rate may
follow the order of a steri¢c parameter or that of the
effective bulkiness of substituents. But the effect
of substituent change is far smaller than the diver-
gence of the o-isomers from the other isomers.

Recently, Taft?® has proposed a measure, Es, of
the steric factor of substituent in aliphatic and
o-substituted benzoic acid derivatives from ester
hydrolysis. The Es value decreases in the order
NO; > Br, CH; > Cl > CH;O in o¢-substituted
benzoic acid, but Br > Cl > CH;O > CH; in a-
substituted acetic acid. In the racemization of
optically active biphenyls,'® two series of steric
effectiveness were obtained; NO, > Br > Cl >
CH3 > CH3O and Br > CH3 > C1 > N02 > CHsO
These are insufficient to permit a definite estimation
of the steric effectiveness of each substituent in the
present reaction, because the relative effectiveness
of the steric factor was varied by changes of posi-
tion to which the substituent group attached.
The relative reactivity and the ortho/para rate
ratio of this reaction appear to follow roughly the
sequernce of Es values for a-substituted acetic acid,
or the former sequence of biphenyls, except for the
nitro group. The relatively low reactivity of the
o-nitro derivative presumably is to be attributed
to the polar contribution of the strongly electron-
attracting nature of this group. The same result
in the ortho/para rate ratio as in the relative rate
may not be restricted to what was mentioned above,
since the ortho/para rate ratio appears to be not
sufficiently free from the polar effect of substit-
uents. This is true in the case of the Beckmann
rearrangement of acetophenone oximes.!?

Another point of interest is that the enhance-
ment by o-substituent is much greater in the Cur-
tius rearrangement than in the Lossen'® (Table II)
and the Beckmann rearrangements, of which the
ortho/para rate ratios were reported to be 107 for
CH;, 15 for Cl and 6 for NO:. This may be ex-
plained in terms of resonance interaction of the

(12) A Referee suggests that the electron deficient nitrogen atom is
brought closer to the m-electron cloud of the ring by the proximity of
o-group. This situation might be accompanied with the steric re-
striction of resonance.

(13) Observed also in other rearrangements; see Y, Yukawa and
T. Vokoyama, Memoirs Inst. Sci. Ind. Res., Osaka Univ., 18, 171
(1836).

(14) The steric compression appears to suggest the existence of a
backside-participation of the migrating group. Since the driving force
of this reaction usually has been considered to be the process of N~Na
bond fission, the contribution of the steric compresstion would be less
effective to the rate than that of the restriction of resonance, which
directly favors the process of the N-N; bond fission.

(15) R. W. Taft, Jr., "'Steric Effects in Organic Chemistry,”” John
Wiley and Sons, Inc., New YVork, N. V., 1956, Chap. 13, pp. 556~675.

(16) R. L. Shriner, R. Adams and C. S. Marvel in H, Gilman, " Or-
ganic Chemistry,”” 2nd ed., Vol. 1, John Wiley and Sons, Inc.,, New
York, N. Y., 1943, pp. 362-368.

(17) D. E. Pearson and W, E. Cole, J. Org. Chem., 20, 488, 494
(1955).



6350

32 O

30

28

AL*
)
S
|

O]
24 r‘ CD/
22 /%/
[ ] | | |
13 14 15 16 17
log PZ.

Fig. 2.~—The correlation between activation energy and
log PZ of the decompositions of various substituted benza-
zides: upper line, O, m- and p-substituted beuzaz.des; lower
line, ¢, o-substituted benzazides.

benzene ring with the breaking bond in each
parent compound. The double bond character
of the breaking bonds in oxinles and hydroxamic
acids is negligible as compared with that of azides;
hence the above resonance is less effective in oximes
and hydroxamic acids than in azides, Data indi-
cate that the rate ratios of cyclohexyl to phenyl
derivatives are 12 in the Lossen,1® 25 in the Beck-
mann!® and 140 in the Curtius rearrangements.
The ratios appear to correspond to the acceleration
attributable mainly to the loss of the resonance sta-
bilization of phenyl derivatives and presumably
parallel to the acceleration due to the steric re-
striction of resonance by the o-group.

In view of these facts, the resonance stabiliza-
tion would be expected to play a more important

(18) Y. Yukawa and M, Kawakawmi, unpublished data.
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role in the Curtius rearrangement than in the others,
and the steric restriction of resonance by the o-
group would accelerate the reaction to a greater
extent in the Curtius than the other rearrangements,

A further point of interest is found in the Ar-
rhenius parameters obtained (given in Table T).
o-Substituted compounds provide much lower
energies of activation and slightly lower log PZ
factors than those of the m- and p-isomers, except
for the o-hydroxy compound. The more bulky the
group in the o-position, the faster the rate and the
lower the energy of activation. The restriction
of the resonance or an increase in steric effect at-
tributable to the o-substitution would be reflected
pritnarily in the energy of activation and only
slightly in the log PZ factor, Moreover, the acti-
vation energy parallels the log PZ factor and both
are correlated linearly.l'® The plots of AE*es,
log PZ in ortho series are ranged below the line of
m and p-substituted derivatives, as shown in Fig.
2. Only the o-hydroxy compound falls above the
m-,p-correlation line. The vertical displacement
of the ortho correlation line from that of m-,p-
derivatives may refer mainly to the contribution of
the steric restriction of resounance between the
benzene ring and the azidocarbonyvl residue. except
the o-hydroxy derivative. It is, therefore, reason-
able to consider that the difference of about 3 keal.
between both lines would be equal to the additional
conjugation energy of the m- p-substituted phenvl
groups to that of the azidocarbonyl residite in the
initial state. The effect reflected in the log PZ
term is difficult to understand in terms of the re-
striction of resonance. The decrease in log PZ
with the bulky group may presumably be attrib-
uted to the other terms, such as the steric re-
striction of solvation and the changes iu the degree
of the freedom of motions.
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The work herein reported was undertaken to ob-
tain information about the hydrolytic stability of
cyclic ketals derived from 1,3-propanediol and its
2,2-dialkylated analogs. We thought that from a
study concerned with rate and equilibrium fea-

(1) This work reported was abstracted from the Ph.D. thesis of
R.j.H., The Oliio State University, 1937.

(2) We acknowledge with thanks the support of the office of Ord-
nance Research during part of this program.

(3) Holder of the Standard Oil Co. of Indiana Fellowship, 1956-
157,

tures of the reactions valuable information concern-
ing the use and preparation of cyclic ketals as block-
ing agents for ketonic functions would be obtained.
We also foresaw that further knowledge of the gem-
dialkyl effect might be gained. For comparative
purposes ketals of ethylene glycol were included
since such ketals are commonly in use.

To this end ketals were prepared from cyclohexa-
none, cyclopentanone and 2-methyleyclopentanone
and ethylene glycol, 1,3-propanediol, 2,2-dimethyl-



