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with the recorded melting point of 220° for 6-chloro-3(2H )-
benzofuranone semicarbazone.’

Proof of Structure of IV by Conversion to 2-Chloro4-
methoxybenzoic Acid.—Two grams (0.01 mole) of IV was
dissolved in 50 ml. of water containing 2 g. of NaOII aud
lieated to the refluxing temperature. Methyl sulfate (2.5 g.,
0.02 mole) was added slowly and the refluxing contined
for 2 hours. At the end of this time, a solution of 8 g. af
KMnOQO, in 100 ml. of water was added slowly and the re-
fluxing continuned for an additional hour. The manganese
dioxide was then filtered off with suction, waslied with witer,
and the comnbined filtriites made strongly acidic with coued.
HCI.  After cooling overnight in the refrigerator, the light
yellow solid was filtered off with suction and recrystallized
from dilute ethanol to vield 0.8 g. (4297) of short colorless
needles, 1m.p. 204-205> with sublimation. Tlie recorded
nielting point of 2-cliloro-4-methioxyvbenzoic acid is 20R°
with sublimation.?

Anat.  Caled. for G OuCL: C, 51.49; 11, 3.78.
C, 51.61; H, 3.30.

2-Chloro-4-hydroxy-w-(benzylmethylamino )-acetophenone
Hydrochloride (V, R = CIH,;).—2-Chloro-+-liydroxy-w-
chloroacetoplienone (1V) (3.5 g., 0.017 mole) was added as
a powder to 4.1 g. (0.034 mole) of N-benzyhuethylanine!t
dissolved in an aulivdrens mixture of 130 ml. of ether and
50 mil. of dioxane. The resulting red solution was shaken
mechanically until crystals of N-benzylmethivlamine hy-
drochloride were scen to form (about 5 liours) and tlien
left to stund at rooin temperature for 3 days. Tlie precipi-
tated secondary amiune hydrocliloride was filtered off with
suction and waslied with a little dry cther. Absolnte
ethanol, saturated with dry HCI, was added dropwise to
the combined filtrates nntil the yellow precipitate just be-
gan to redissolve. After tlie addition of 100 ml. of dry
ctlier, the mixture was chilled in tlie refrigerntor and tlie

Found:

(11) Tle N-ulkylbenzylamines were pirepared from tlie correspond-
ing N-beuzylidenealkylamines by calalylic reduction using a palludium-
on-cliarcoal catalyst.
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precipitute isalated I suction Altratiou. This substiace
wits dissolved in o small quantity of absoliute methanol, de-
colorized with Narit, oid precipitated with dry ethier to
obtain 4.3 g. (7395 of colarless leaflets, m.p. 144~150° dec.
Arval, Caled. for Cull:CLOUCN: N, 120; donic Cl,
19.87. Found: N, 4.18; iouic Cl, 10.73.
2-Chloro-4-hydroxy-w-(benzylethylamine i-acetophenone
Hydrochloride (V, R = C.II;).—This substaiice was pre-
pared in o similar ammner using 3.5 g, (0.017 mole) of TV
and 4.6 g, (0.031 mele) of N-Leuzyletlivlamine.!  The
produet was obtained as 3.0 g, (7297 of almost colorless
leaflets, in.p. 177-130° dec.
Anal.  Caled. for CiiH CLOLN: N, 1.12; ionic Cl, 10,42,
FPound: N, 3 90; ionic Cl, 10.36
2-Chloro-4-hydroxy-«-{methylaiinoimethyl }-benzyl Al-
cohol Hydrochloride (VI, R = CII).-—Two grams (0.00fi1
mole) of V(R = CHj) were placed in the hivdrogenation
flask with 40 wml. of absolnte methanol wud 0.1 g. of Adams
catalyst and hydrogenated at a pressure of 47 1b./sq i, at
roomn temperature. At thie completion of thie renction
{about J lrours), the catalyst was filtered off aud the meth-
anol removed in vacua. The remnaiting oily solid was dis-
solved in a small gquantity of hot acctone, separated frow
insoluble oils by decantation, and slowly cooled to (1°,  The
product was thus obtained as eolorless prisius, m.p. 160-
161°, with a vield of 1.0 g. (689},
Anal.  Caled. for CHCLO,N: N, 5.88; ionic Cl, 14.89.
Fouud: N, 5.49; ionic Cl, 14.91.
2-Chloro-4-hydroxy-«-(ethylamninomethyl)-benzyl Alco-
hol Hydrochloride (VI, R = C.11;).—This compound was
prepared in the same mamier from 2.0 g. (0.0059 mole) of
V(R = CyH.), and was obtained us 0.98 g. (65%,) of color-
less prisims from absolute mnethanol-etlier, decomposing at
160-170°.
Anal. Caled. for Cy M :CLO,N: N,
14.06. Found: N, 5.4{; ionic Cl, 13.89.

Cirrcaco 11, InniNnors

5.59; lonic CI,
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DEUTERIUM ISOTOPE EFFECTS ON THE AIR
OXIDATION OF CUMENE

Sir:

In spite of the large body of data on the air
oxidation of hydrocarbons,! no direct evidence has
been presented that would indicate the nature of
the termination reaction. The reaction 2RO —
ROOR 4 O, is the most common proposal. The
kinetically impbrtant propagation reaction of air
oxidations is much better understood and is
accepted as involving the formation of alkyl
radicals by reaction of alkyl peroxy radicals with
hydrocarbons. The stabilization of free radicals
by resonance? is well established, but evidence for
hyperconjugative resonance stabilization rests
mostly on addition reactions to C=C bonds.?
The relative reactivities of tolucne and enmene
toward various free radicals® indicate that adjacent
methyl gronps can affect the rate by as much as a
factor of 18.9, but this is complicated by polar
cffects. In the oxidation of ring substituted

(1Y L. Bateman, Quavierly Revtews, 8, 117 (1954,

(2) G. W. Wlelaml, "Resoupnce in Organie Cliemislry ™

Wiley and Sons, New York, N. Y., 1945, pp1. 381-476.
3 Gl AL Rossell and 11 C. Brown, T Jouryan, 77, 4508 (14531,

Tola

cumenes, polar substituents have a small effect
with a p value of —0.4.4

In order to learn nmiore about the stabilization of
free radicals and the nature of the chain terminating
step, the rates of oxidation of cnmene and -
detitero cumenes were determined. To the extent
that liyperconjugative stabilization is important
the rates should be slower for the deuterated
compound.,” On the other hand, if the chain
terminating step involved breaking a C-H bond
this step should be greatly inhibited and the net
result would be an increase in the rate of oxidation.

The deuterocuinene was prepared from deutero-
acetone and phenylmagnesium bromide. The re-
sulting carbinol was dchydrated with iodine cata-
lyst and the olefin hydrogenated to cumene using
Adams catalyst with methanol as the solvent.
The ctmene was washed with concentrated sulfuric
acid and distilled before use in the oxidation
experiments.  Two different samples of deutero-
cuitnene were prepared and analyzed by optical
density weasurements in the 3.1 4 region on a

(1) G AL Russell, Abstracls of Papers, 12%tli Merting Amn. Cheln

Soc., Minncapnlis, Minn., 128, 18-0 (14535;.
(5 LS. Lewis il €. 19 Boozer, Tins JubrNat, T6, 791 (1054),
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Beckman IR-2 spectropliotonteter. The analysis
revealed only abont 14 and 3.0 atoms of deuterium
per mole for samples A and B, respectively.  The
oxidations were carried out at 65° using azodiiso-
butyronitrile as the catalyst and chlorobenzene as
the solvent. .\ sensitive constant pressure appara-
tus was used to measure the volumes of oxygen
constimed. The resnlts are summarized in Table
I.
TasrLe [
Tuy ReLative Rare or OxipartioN ar CUMENE AND
DEUTERICUMEND

Compionnd Added inljibilor ku/ky
Denteractience A Nbiie 0.901
Denteracnene 13 Noue (.83
Denternenmene A p-Nitreplieal 1.0N0
Deuterocnmene 3 /- Nitraplicnal 1.07
Denteroctcne A 2,4-Dichloraphenn] 111
Deuteracuiene 13 2, 4-Dicliloroplienal 1.27

From the data in Tuable I it can readily be seen
that both of the cffects discussed above are in
operation. Tl twe cffects were separated by the
addition of an inhibitor to replace the usual ter-
mination step.® The ratio of the inhibited rates
represent the sccondary isotope effect and indicate
that hyperconjugation is important in stabilizing
free radicals. The effect on the chain terminating
step is much larger since it completely overshadows
the sccondary effect, even though the over-all rate
of oxidation is proportional to the inverse square
root of the termination rate constant. Such an
effect probably means that the chain terminating
step itvolves seission of a B-carbon-hydrogen bond
and could be written thusly”

2C5H5C<CH3) 200 —_—
CsHs-C(CHg)zOOH + CGI‘IsC(CII;;):CHz + 02

Acknowledgment.—The authors are indebted to
the Research Corporation for a Frederick Gardner
Cottrell grant which made this work possible.

(6) G. S. Hammond, C. E. Boozer, C. E. Hamilton and J. N. Sen,
THis JOURNAL, T7, 3238 (1935).
(7) A referee suggested CoIIsCCHClIl. or CsllsCOCIL 4+ CllO

6—o!
as other possible products.
C. E. Boozer
B. W. PoNDER
J. C. TRISLER
C. E. Wrsnutman II1
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INFRARED ANALYSIS OF «-HALOCYCLOPENTA-
NONE

Sir:

The well known differences' between substituted
cyclopentane and cyclohexane rings stand in
marked contrast to similarities recently found*
when planar four center reactions were studied.
These similarities, which might have arisen from
common stereochemistry, led us to consider that
when a carbon atom in the cyclopentane ring is

(1) H. C. Brown, J. H. Brewster and H. Schechter, THIS JOURNAL,
76, 467 (1954).

(2) F. V. Brutcher, Jr., and T. Roberts, Abstracls of Papers, 117th

Meeting, American Chemical Society, Cincinnati, Oliio, April, 1945,
p. 39N.
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puckered out of the plane about 0.7 A% tws adja-
cent frans groups will be coplanar mucl hke two
adjacent diuxial substituents on the chair form of
the eyeloliesane ring.

This conntiunication which prescals speetral evi-
denee thnt o-inloevel pentananes are not planar
lends support (o these viess, \e have employed
the method of 1N Joeest sl 10 7. Coreve which
distingnishes Letween wninl cnd cquatorial badogen
atomns a- to o carbonvl groaps, ta establish the hith-
erto unknowii carbotyvt fre ueney shifts duoe to the
mtertnediate pwsition of a halogen atont in a planar
ca-lidoeyclopentunoue (I, Ry = Br, Cl, Ry = ).
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By measuring the e-lialocamphors® where the

: l
rigid R+ C-- C=0 geometry, i1 projection, is vir-
tially the same as in a planar eyelopentanone,” we
liave obtained for e-bromince a shift of 1+ em, 7! and
a-chilorine @ sinft of 18-19 cm. % These are inter-
mediate®™ or borderline values® b between those
reported for axial and cqgnatorial halogens in six
membered rings.

The good agreentent (Table I) between the shifts
for a-chlorocamphor (11, Ry = H, R, = Cl) and
a’-chlorocamphor (I1, Ry = Cl, Ry = H) and the
further shift for dichlorocamphor are in keeping
with their assigned geometry.

TaBLE [

Ketotie C=y0m.agm. -1 Ay, cm, "1
Cuwiplir 1744 ..
«a-Bragia- 1758 14
o, e '-Dikranm- 1766 22
a-Clilaro- 1763 19
«’-Chiloro- 1762 18
a,o'-Dichlaro- 1774 30
2-Indanome? 1753 ..
1-Brouta- 1766 13
1-Clilaro-° 1772 19
Cyclopcutanone 1742 .
1-Bronio- 1750 8
1-Chloro- 1755% 13

@ Measured in carbon tetrachloride solition on a Perkin—
Elmer Model 21 Double Beamn Infrared Spectrophotometer.
» Kindly prepared by Mr. Elmer Maurer, Eastern Regional
Research Laboratories, Phila. 18 Pa. ¢ Prepared as in
reference 8, nip. 70.0-70.5°. Anal. Caled. for CH,OCI:
Cl, 21.28. Fouud: Cl, 21.33, 21.39.

(3) Derived from the bicyclo]2.2.1]hejitane ring system which has
a puckered five membered ring with this germetry. It is cunsiderably
larger than tle 0.24. puckering reported liy Kilpatrick, Pitzer and
Spitzer, Tuis JOURNAL, 69, 2483 (1047), for cyclopentane Itself.

(4} R. N. Janes, D. A. Ramsay, F. Herling and K. Dobriner, THiIg
Jourxar, T4, 2828 (1952).

(5) (a) E. J. Corey and H. J. Burke, ibid., 77, 5418 (1955); (b)
E. J. Corey, T. H. Topie and W. A. Wozniuk, 1hid., 7T, 5415 (1855});
(c} E. J. Crrey, tbid., T8, 2301, 3207 (1933).

(6} J. Sinmionsen and L. N. Owen, “The Terpenes,” Vol I, Cam-
bridge University Press, Camliridge, lingland, 1949, Chaj. &.

(7) R. C. Cookshn, J. Chem. Soc., 281 (19ii4),



