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from benzene; the Reissert compound stays in solution and
can be precipitated by addition of petroleumn ether solvent.
Recrystallization from diisopropyl ether is effective, pro-
vided only a small amount of the acid is present. By com-
bining these methods a sample of pure 2-p-chlorobenzoyl-
1,2-dihydroisoquinaldonitrile (IVb) was obtained, m.p.
155.2-155.8°.

Anal. Caled. for CyHuN,OCl: C, 69.27; H, 3.76; N,
9.51; Cl, 12.03. Found: C, 69.30; H, 3.60; N, 9.50; Cl,
12.04.

Acid-catalyzed Cleavage of 2-p-Chlorobenzoyl-1,2-dihy-
droisoquinaldonitrile (IVb).—To a mixture of 1.00 g.
(0.0084 mole) of 2-p-chlorobenzoyl-1,2-dihydroisoquinaldo-
nitrile (IVb) and 0.67 g. (0.0032 mole) of 2,4-dinitrophenyl-
hydrazine was added 20 cc. of concentrated hydrochloric
acid. The mixture was heated on the steam-bath for half
an hour, allowed to stand at room temperature for 48 hours,
then diluted with water, heated to boiling, filtered and the
precipitate washed with hot water and dried. After crys-
tallization from nitrobenzene 0.80 g. (50%) of p-chloro-
benzaldehyde 2,4-dinitrophenylhydrazone, m.p. 267-268°
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(lit. m.p. 270°,4 265°,4 264°43) was obtained.
was made to isolate isoquinaldic acid.
Dimorphism of Reissert Compounds.—Some evidence for
the occurrence of dimorphism in various Reissert compounds
has accumulated in the course of our work. On several
occasions a sample of 1-benzoyl-1,2-dihydroquinaldonitrile
(Ia) of m.p. 142.5-143.5° was obtained. On standing it
gradually changed over to the usual form of m.p. 154-155°.
Also, on one occasion for each case, we have observed a m.p.
of 96—99° for 1- benzoy1-6-methoxy 1,2-dihydroquinaldoni-
trile (Ib), the usual value being 127°, and a m.p. of 56-57°
for 2-benzoy1-1,2-dihydroisoquinaldomtrlle (IVa), the usual
value being 125-126°. In both of these cases, too, the lower
melting variety was readily transformed into the higher
melting form. Dimorphic forms of methylphenyl-2-quino-
Iylearbinol (IIa) were also isolated in these studies.

No attempt

(41) J. J. Blanksma and M. L. Wackers, Rec. trav. chim., 55, 659
(19386).

(42) J. Graymore and D. R. Davis, J. Chem. Soc., 293 (1945).

(43) A. Eitel and G. Lock, Monatsh., 72, 385 (1939).
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Three derivatives of bicyclo[2.2.1]-7-heptanone are reported.

acid (IV),

endo-cis-Bicyclo[2.2.1]-7-heptanone-2,3-dicarboxylic

exo-cis-2,3-dimethylbicyclo[2.2.1]-7-heptanone (V) and endo-cis-2,3-dimethylbicyclo[2.2.1]-7-heptanone (VI)
were prepared from adducts of 6,6-dimethylfulvene and maleic anhydride.

These carbonyl bridge compounds are stable

toward heat, form carbonyl derivatives, and exhibit strong absorption bands near 5.63 u in the infrared.

While many derivatives of bicyclo[2.2.1]-7-hepta-
none have been reported in the chemical literature,
almost without exception they have been polyaryl
or highly halogenated compounds and have con-
tained an ethylenic double bond in the six-mem-
beredring. In 1901, Zelinsky reported the prepara-
tion of the parent compound, bicyclo[2.2.1]-7-hep-
tanone (I), by pyrolysis of the barium salt of trans-
hexahydroterephthalic acid,* but on repeating

Zelinsky’s work Allen and his co-workers unequiv-
ocally demonstrated that Zelinsky had none of the
ketone he reported.” In 1893, in an attempt to
prepare tetrachlorocyclopentadienone from hexa-
chlorocyclopenten-3-one, Zincke and Giinther ob-
tained hexachloroindone and phosgene.® In two
later papers™® Zincke explained the results of the

(1) For paper II in this series, see P. Wilder, Jr., and A. Winston,
THIS JOURNAL, 77, 5598 (1955).

(2) Taken from a thesis submitted by Anthony Winston to the
Graduate School of Duke University in partial fulfillment of the re-
quirements for the Ph.D. degree, October, 1954.

(3) Du Pont Pre-doctoral Fellow, 19531954,

(4) N. Zelinsky, Ber., 34, 3798 (1901).

(5) C. F. H, Allen, T. Davis, D. W. Stewart and J. A. Van Allan,
J. Org. Chem., 20, 306 (1955).

(6) T. Zincke and H. Glinther, Ann., 272, 243 (1893).

(7) T. Zincke and K. H, Meyer, ibid., 367, 1 (1909).

(8) T. Zincke and W. Pfaffendorf, ibid., 394, 3 (1012).

previous investigation by suggesting that as soon
as tetrachlorocyclopentadienone was formed, it
dimerized to form II, perhaps the first synthetlc
bicyelo[2.2.1]-7-heptanone, which then readily
lost carbon monoxide and chlorine to yield hexa-

chloroindone. Polyaryl derivatives of bicyclo-
Cl C;Hy
\/ \I CHn S
1C—O\ Sl ]
a’ \\/ \/\c1 ONCa;
II II1

[2.2.1]-7-heptanone have been extensively investi-
gated since 1933? and very recently the preparation
of some halogenated bicyclic ketones of this type
has been reported by McBee and his collabora-
tors.® The only credible report of a bicyclo[2.2.1]-
7-heptanone derivative with no phenyl groups or
halogen atoms attached and with no double bond
in the six-membered ring has been made by Allen
and Van Allan!! who prepared the tricyclic ketone
111 by catalytic hydrogenation of the dimer of
allethrolone.!? The purpose of the present paper

(9) C. F. H. Allen and E. W, Spanagel, THIs JoUurNAL, B§, 3773
(1933). For a review of the literature of carbonyl bridge compounds,
see C. F. H. Allen, Chem. Revs., 37, 209 (1845).

(10) E. T. McBee, W. R. Diveley and J. E. Burch, TaIs JOURNAL,
77, 385 (1955).

(11) C. F. H. Allen and J. A. Van Alan, J. Org. Chem.,
(1955).

(12) F. B. La Forge, N. Greene and M. S. Schechter, Tars JourNar,
74, 5392 (192).

20, 323
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is to describe the preparation and properties of
three aliphatic derivatives of the parent compound
I: namely, endo-cis-bicyclo[2.2.1]-7-heptanone-2,3-
dicarboxylic acid (IV), exo-cis-2,3-dimethylbicyclo-
[2.2.1]-7-heptanone (V) and endo-cis-2,3-dimethyl-
bicyclo[2.2.1]-7-heptanone (VI).

0 0 o]
\ | !

COCH CH, CH;

COOH Hy
v A% VI

The original purpose of this investigation was the
preparation of ketone I; but, due to circum-
stances which will be discussed in another publica-
tion, this goal was not realized. Instead, the con-
version of readily available intermediates into
derivatives of the parent compound was under-
taken. The intermediates utilized were endo-cis-7-
isopropylidenebicyclo[2.2.1]-heptane-2,3-dicarbox-
ylic acid (VII) and its anhydride and the corre-

cdi:/cH3 CQE/CH3
g !
COOH
COOH COOR
COOH
VII VI, R =H
IX, R = CH;
sponding exo-cis-isomer VIIT and its anhydride.

These were prepared from the respective addition
products of 6,6-dimethylfulvene and maleic anhy-
dride. L1314

In experiments directed toward cleavage of the
isopropylidene double bond, the anhydride of
endo-cis-acid VII in the presence of peracetic acid
was converted in fair yield into hydroxy acetate XII
which in alkaline medium formed the epoxide
XIII'%; and peracetic acid oxidation of the anhy-
dride of exo-cis-acid VIII and exo-acid ester IX
under the same experimental conditions afforded
hydroxy lactones X!® and X1I?, respectively. How-
ever, because of the relative stability of these inter-
mediate oxidation products toward further oxida-
tion, this route was abandoned in favor of a more
nearly direct approach in the form of the ozonolysis
reaction.

CHs CH CHs CH
s _CHs N oc0cH Rl
e : )
o HO—C &
|
¢=0
COOR cooH cooH
COOH COOH
X,R=H XI11 X111
XI, R = CH;

(13) K. Alder and R. Riithmann, A«n., 666, 1 (1950).

(14) D. Craig, J. J. Shipman, J. Kiehl, F. Widmer, R. Fowler and
A. Hawthorne, THIS JOURNAL, 76, 4573 (1954).

(156) The stereochemical assignment about carbon atom Cz in com-
pounds XIT and XIIT is completely arbitrary.
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When the exo-acid ester IX was treated with
ozone in ethyl acetate solution, there was isolated a
viscous oil which could not be induced to crystal-
lize; but a strong band at 5.61 u in the infrared5!®
and the formation of a 2,4-dinitrophenylhydrazone
strongly suggested that ‘the oil contained at least
some of a carbonyl bridge compound. In like
manner the anhydride of endo-cis-acid VII gave an
oil which yielded no pure compound, but did form a
carbonyl derivative. In a further experiment the
endo-cis-acid VII on treatment with ozone did yield
a crystallme product which exhibited a strong band
at 5.62 p in the infrared and a low intensity band
at 275 mu in the ultraviolet. It formed a 2,4-
dinitrophenylhydrazone which exhibited a band
at 360 mu (e 19,200) in the ultraviolet. Reduction
of the carbonyl by the Wolff-Kishner method af-
forded an acid which was shown to be identical
with an authentic sample of frans-bicyclo(2.2.1]-
heptane-2,3-dicarboxylic acid.'*® On the basis
of these data, it seems certain that the compound
isolated upon ozonolysis of compound VII must
have the structure IV.1?

Finally, the isomeric dimethylheptanones V and
VI were prepared from the corresponding exo and
endo adducts of 6,6-dimethylfulvene and maleic
anhydride by reduction of the carboxyl functions
and then by ozonolysis of the isopropylidene group.
Reduction of the anhydrides of exo-acid VIII and
endo-acid VII with lithium aluminum hydride
afforded good yields of stereochemically pure®!
diols X1V and XV, respectively. - On reaction with
p-toluenesulfonyl chloride in pyridine solution,
the diols were converted to the corresponding
tosylates XVI and XVII, which were then smoothly

CQSC/CH5 Cﬁé/CHs
I
g :
CH,X
CH, X
CH,X
CH,X
X1V, X = OH XV, X = OH
XVI, X = p-CH;CeH,- XVII, X = p-CH;CeH,-
50,0— S0.0—
XVIIL, X =H XIX, X =H

reduced by lithium aluminum hydride to the exo-
cis-dimethyl olefin XVIII and endo-cis-dimethyl
olefin XIX.%:22 QOzonolysis of the olefins, followed
by reductive cleavage of the ozonides, provided

(16) E. T. McBee, O. K. Smith and H. E. Ungnade, THIS JOURNAL,
77, 559 (1955).

(17) K. Alder and G. Stein, Axn., 504, 216 (1933).

(18) The inversion of the endo-cis-dicarboxylic acid (IV) into the
trans configuration is not unusual under the experimental conditions
of the Wolff~-Kishner reaction (¢f. R. P, Linstead and S. B. Davis,
Tuis JOURNAL, 64, 2006 (1942)).

(19) The possibility of a skeletal rearrange- ~
ment to a norcamphor derivative is precluded
by the absorption in the infrared of the anal- \ CH,
ogous exo-dihydrodicyclopentadienone (A) at /\/
5.71 u (unpublished results from this Labora-
tory).

(20) G. A. Haggis and L. N. Owen, J. Chem, Soc., 389 (1953).

(21) D. 8. Noyce and D. B. Denney, Tuis JourNar, 72, 5743
(1950); 74, 5912 (1952).

(22) H. M. Walborsky, Helv. Chim. Acta, 36, 1251 (1933); G.
Stork, E. E. van Tamelen, L. J. Friedman and A. W. Burgstahler, THts
JourNarL, T8, 384 (1953).
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ketones V and VI. Each ketone formed a 2,4-
dinitrophenylhydrazone and, unlike unsaturated
polyaryl carbonyl bridge compounds, could be
distilled at atmospheric pressure without de-
carbonylation. The infrared spectra of these
ketones exhibited strong bands at 5.65 u (V) and
5.63 p (VI) which, along with those observed for
1V, are in excellent agreement with the 5.64 u band
reported by Allen and his co-workers.51!

Experimental??

exo-cis-7-Isopropylidenebicyclo[2.2.1]-heptane-2,3-dicar-

boxylic Acid Anhydride.—The procedure of Alder and Riih-
mann was followed.!3

endo-cis-7-Isopropylidenebicyclo[2.2.1]-heptane-2,3-di-
carboxylic Acid Anhydride.—A modification of the method of
Alder and Riihmann was employed. After 24 hours in
ethyl ether (800 ml.) at 0°, 88 g (0.83 mole) of 6,6-dimethyl-
fulvene and 88 g. (0.90 mole) of maleic anhydride afforded
60 g. of relatively pure exo adduct, m.p. 130-135°, and 80
g. of a mixture of exo and endo adduct, m.p. 90-100°.1¢
The exo- endo- mixture of m.p. 90-100° was hydrogenated
over Adams catalyst. After removal of the solvent the di-
hydro adduct, m.p. 125~-150°, was washed with three 300-
ml. portions of hot ligroin (60-90°) to remove the exo-
dihydro adduct. The residue was dissolved completely in
hot ligroin (90-120°) and was allowed to crystallize. The
yield was 40 g. of colorless crystals, m.p. 168-170° (re-
ported 172°1%).

endo-cis-7-Isopropylidenebicyclo(2.2.1]-heptane-2,3-di-
carboxylic Acid (VII).—Eighteen grams of the endo-dihydro
adduct, suspended in 125 ml. of 109, sodium carbonate
solution, was heated under reflux for three hours. The re-
action mixture was then cooled and acidified with hydro-
chloric acid solution. The solid obtained upon neutraliza-
tion yielded after crystallization from alcohol-water 17.8 g.
(91%) of colorless crystals, micro m.p. 163-164° dec.

Anal. Caled. for CpHs0,: C, 64.28; H, 7.19. Found:
C, 64.28; H, 7.32.

endo-cis-Bicyclo[2.2.1]-7-heptanone-2,3-dicarboxylic Acid
(IV).—A solution of 4.0 g. (0.018 mole) of acid VII in 150
ml. of ethyl acetate at 0° was treated over a period of four
hours with 0.47 cu. ft. of oxygen?* containing 49, ozone.®
Qzonolysis was continued until the uptake became negli-
gible, as indicated by liberation of iodine in a potassium io-
dide solution through which the exit gases were passed.
Reduction over Adams catalyst resulted in a hydrogen up-
take of 450 ml. (97%). Upon evaporation of the solvent
under vacuum 3.5 g. (99%,) of crude material was isolated.
This solid which was very soluble in water, was crystallized
from that solvent with difficulty and was dried iz vacuo over
phosphorus pentoxide, micro m.p. 164-166° dec.

Anal. Caled. for CoH,;0s: C, 54.54; H, 5.09; neut.
equiv., 99. Found: C, 54.40; H, 4.92; neut. equiv., 103.

No attempt was made to form a 2,4-dinitrophenylhydra-
zone from this product. In a previous experiment ozonoly-
sis of the endo-dihydro adduct under the conditions described
above provided an oily oxidation product which could not
be induced to crystallize. Following the method of Sonn-
tag and his co-workers? the 2,4-dinitrophenylhydrazone of
this substance was prepared in small yield and was found to
be the 2,4-dinitrophenylhydrazone of the 7-keto-diacid IV,
rather than of the anhydride, m.p. 187-188°.

Anal. Caled. for CiHuNO;: C, 47.75;
Found: C, 47.87; H, 3.69.

Wolff-Kishner Reduction of 7-Keto-acid IV.—The re-
duction was carried out according to the general procedure
of Huang-Minlon.? A solution of 2.0 g. of IV, 2 g. of so-

H, 3.74.

(23) All melting points except micro melting points and all boiling
points are uncorrected. Microanalyses by Galbraith Laboratories,
Knoxville, Tenn.

(24) Measured by the Wet Gas Meter manufactured by the Ameri-
can Meter Co.

(25) Ozone content measured by Dr. A. Brodhag of this Laboratory.

(26) N. O. V. Sonntag, S. Linder, E. 1. Becker and P. E. Spoerri,
THIS JOURNAL, 75, 2289 (1953).

(27) Huang-Miunlon, ibid., 68, 2487 (1946).
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dium hydroxide and 1 ml. of 859, hydrazine hydrate in 25
ml. of diethylene glycol was heated under reflux for one hour.
The condenser was then removed until the temperature of
the reaction mixture reached 200°, whereupon the condenser
was replaced and the mixture was allowed to reflux three
hours longer. The solution was cooled, diluted with an
equal volume of water, and extracted with ether., The
aqueous layer was acidified with dilute hydrochloric acid,
evaporated somewhat to remove diethylene glycol, and was
extracted continuously with ether for four hours. Upon
evaporation of the ether a solid separated which after crys-
tallization from water yielded 0.6 g. of colorless crystals,
m.p. 192-195° (reported for trams-bicyclo[2.2.1]heptane-
2,3-dicarboxylic acid,” 193-194°).

The infrared spectrum recorded in Nujol mull was iden-
tical in every respect with the spectrum of {rans-bicyclo[2.2-
1}heptane-2,3-dicarboxylic acid prepared by the method of
Alder and Stein.!?

Hydrogen Peroxide Ozidation of the endo-cis-7-Isopropyli-
denebicyclo{2.2.1]heptane-2,3-dicarboxylic Acid Anhydride.
—To a suspension of 40 g. (0.194 mole) of the endo-anhy-
dride in 300 ml. of glacial acetic acid at 60° was added with
stirring 80 g. of 309, hydrogen peroxide over a period of two
hours. After 1.5 hours the adduct had dissolved completely.
Stirring was discontinued and the reaction mixture was
allowed to stand at 60° for 18 hours. After removal of the
solvent under vacuum the viscous residue was diluted with
water, whereupon 14.5 g. of solid precipitated. From re-
peated evaporations of the mother liquor there was obtained
an additional 13.8 g. of solid. The yield of the hydroxy
acetoxy derivative XII, after crystallization from water,
was 25.4 g. (44%), micro m.p. 165-168° dec.

Anal. Caled. for CiHeO;: C, 55.99; H, 6.71; neut.
equiv., 150. Found: C, 55.88; H, 6.62; neut. equiv., 156.

endo-cis-Epoxydicarboxylic Acid XIII.—To a suspension
of 21.7 g. (0.0724 mole) of XII in water was slowly added
109%, sodium hydroxide solution until dissolution was com-
plete. An additional 100 ml. of the alkaline solution was
added and the solution was heated under reflux for eight
hours. After standing overnight the reaction mixture was
acidified with concentrated hydrochloric acid, was saturated
with ammonium chloride, and was extracted continuously
with ether for about 24 hours. Upon evaporation of the
ether a solid was obtained; after crystallization from an
acetone-ligroin mixture the yield was 16.0 g. (859%) of endo-
cis-epoxy acid XIII, micro m.p. 171-172° dec.

Anal. Caled. for CppHy405: C, 60.00; H, 6.71; neut.
equiv., 120. Found: C, 60.13; H, 6.65; neut. equiv., 125.

Reaction of Ozone upon Acid Ester IX.—A solution of
5.0 g. of IX!in 150 ml. of ethyl acetate at 0° was subjected
to a stream of oxygen containing 4% ozone. Reaction was
continued until the uptake became negligible. The ozonide
in solution was then decomposed by hydrogenation at atmos-
pheric pressure over 59, palladium-on-calcium carbonate.
Hydrogen uptake was 709% of the theoretical amount.
After removal of the solvent there remained a viscous oil
which could not be induced to crystallize, along with some
starting material. A 2,4-dinitrophenylhydrazone of the oil
was prepared and was purified through repeated crystalli-
zations from 959, ethanol, micro m.p. 160-166°.

Anal. Caled. for C17H13N4031 C, 5025,
Found: C, 50.47; H, 4.96.
exo-cis-7T-Isopropylidenebicyclo[2.2.1]heptane-2,3-di-
methanol (XIV).—A suspension of 5.0 g. (0.13 mole) of
lithium aluminum hydride in 400 ml. of absolute ethyl ether,
contained in the pot of a Soxhlet extractor, was heated
under reflux for one-half hour. Into the thimble of the ex-
tractor was placed 20.0 g. (0.097 mole) of the exo-dihydro-
dimethylfulvene-maleic anhydride adduct. When extrac-
tion of the adduct by the solvent was complete, the reaction
mixture was heated under reflux for about two additional
hours and was then allowed to stand overnight at room
temperature. Excess lithium aluminum hydride was de-
composed by adding dropwise about 100 ml. of thoroughly
wet ether, followed by careful addition of small amounts of
water. The mixture was poured into 300 ml. of 109, hy-
drochloric acid and was shaken thoroughly. The ether
layer was removed, the aqueous layer was extracted twice
with small amounts of ether, and the combined extracts were
dried over anhydrous sodium sulfate. Upon evaporation
of the ether there was obtained a solid which after crystalli-

H, 4.46.
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zation from an alcohol-water mixture yielded 13.3 g. (70%)
of colorless crystals, micro m.p. 135-136°.

Anal. Caled. for CisH2Os: C, 73.43; H, 10.27. Found:
C, 73.33; H, 10.11.

p-Toluenesulfonate of Diol XIV.—In 270 ml. of anhydrous
pyridine at 0° was dissolved first 25.0 g. (0.127 mole) of the
diol XIV and then 50.0 g. (0.263 mole) of p-toluenesulfonyl
chloride. This solution, after standing at 0° for two days,
was diluted with an equal volume of water, whereupon a
solid separated. The solid was collected, washed well with
water, and crystallized from 95% ethanol. The yield was
16.25 g. (63%), micro m.p. 128.5-129°.

Anal. Caled. for ngHaanSz! C, 6188,
Found: C, 61.71; H, 6.37.

exo-cis-2,3-Dimethyl-7-isopropylidenebicyclo{2.2.1] hep-
tane (XVIII).—Twenty grams (0.0398 mole) of the exo-p-
toluenesulfonate derivative X VI, placed in the thimble of a
Soxhlet extractor, was extracted over a period of about
eight hours into a solution of 9 g. (0.24 mole) of lithium alu-
minum hydride in 500 ml. of absolute ethyl ether. The re-
action mixture was allowed to stand overnight at room
temperature and was worked up as before. Upon evapora-
tion of the ether a crystalline product was obtained.

Twenty-four grams (0.047 mole) of the exo-p-toluenesul-
fonate derivative was treated in exactly the same fashion
with 10 g. (0.26 mole) of lithium aluminum hydride in 500
ml. of absolute ether. The yields from both reactions were
combined and distilled under vacuum. The yield was 12.6
g. (88%), b.p. 72-73° (8 mm.), micro b.p. 197° (754 mm.),
m.p. 29-30°, n%p 1.4759.

Anal. Caled. for CieHge: C, 87.73; H, 12.27. Found:
C, 87.54; H, 12.20.

exo-cis-2,3-Dimethylbicyclo[2.2.1]-7-heptanone (V).—A
solution of 5.0 g. (0.030 mole) of exo-cis-2,3-dimethyl-7-iso-
propylidenebicyclo(2.2.1]heptane (XVIII) in 150 ml. of
ethyl acetate at 0° was treated with 0.7 cu. ft. of oxygen con-
taining 4% ozone. Hydrogenation of the ozonide over
Adams catalyst was attempted, but the rate of uptake was
extremely slow. Only 27% of the theoretical amount of
hydrogen was absorbed. The solvent was removed under
vacuum and the viscous residue was treated for 10 minutes
with 50 ml. of boiling water to which 1.0 g. of zinc dust had
been added. The oily product was isolated through dis-
tillation with steam.

Six grams of the olefin XVIIT in 150 ml. of ethyl acetate
was treated as before with 0.8 cu. ft. of oxygen containing
49, ozone. The ozonide was worked up as before except
that hydrogenation was omitted. The steam distillates
were combined and extracted three times with ether. The
ether solution was dried over sodium sulfate and was evap-
orated. The oily residue, upon distillation under vacuum,
yielded 2.8 g. (30%) of a colorless oil, b.p. 78-82° (8 mm.),
micro b.p. 207° (750 mm.), #%D 1.4668.

Anal. Caled. for CH,O: C, 78.21; H, 10.21.
C, 78.45; H, 10.29.

The infrared spectrum exhibited a strong maximum in
the carbonyl region at 5.65 u.

The 2,4-dinitrophenylhydrazone was prepared in and
crystallized from 959, ethanol, micro m.p. 172.5-173°.

Anal. Caled. for CiHNQOe: C, 56.59; H, 5.70.
Found: C, 56.82; H, 5.69.

endo-cis-7-Isopropylidenebicyclo(2.2.1]heptane-2,3-di-
methanol (XV).—Forty-five grams (0.218 mole) of the endo-
dihydrodimethylfulvene-maleic anhydride adduct was
treated with a solution of 15 g. (0.395 mole) of lithium alumi-
num hydride in 800 ml. of absolute ethyl ether in exactly
the same manner as was the exo-adduct. Upon removal of
the solvent there remained a solid which after crystalliza-
tion from an alcohol-water mixture yielded 32.0 g. (76%)
of colorless crystals, micro m.p. 125.5-126°.

Anal. Caled. for CuHnOs: C, 73.43; H, 10.27. Found:
C, 73.66; H, 10.11.

H, 6.39.

Found:
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p-Toluenesulfonate of Diol XV.—In 50 ml. of anhydrous
pyridine at —10° was dissolved first 2 g. (0.0102 mole) of
the diol XV and then 4 g. (0.021 mole) of p-toluenesulfonyl
chloride. After the solution had stood at —10° for 24
hours, it was poured into 50 ml. of ice-water and was
allowed to stand for ten minutes. The material which pre-
cipitated was collected, washed with water, and crystallized
from 959 ethanol. The yield was 1 g. (209%), micro m.p.
128-129°.

Anal. Caled. for CyH306S::
Found: C, 61.93; H, 6.24.

In another reaction 18 g. (0.092 mole) of the endo-diol
XV was treated with 36 g. (0.19 mole) of p-toluenesulfonyl
chloride in 350 ml. of anhydrous pyridine, at —10°, for cne
week. The reaction mixture was diluted with an equal
volume of water and was allowed to stand for ten minutes.
The solid which was collected, washed with water and then
crystallized from 959%, ethanol, gave 12.0 g. (26%) of color-
less crystals, micro m.p. 137.56-138°.

Anal. Caled. for CyHyp06S;: C, 61.88; H,
Found: C, 61.90; H, 6.31.

The infrared spectra of these two compounds measured
in carbon tetrachloride solution were identical in every re-
spect.

endo-cis-2,3-Dimethyl-7-isopropylidenebicyclo[2.2.1]hep-
tane (XIX).—To 6.5 g. (0.17 mole) of lithium aluminum
hydride dissolved in 500 ml. of anhydrous ethyl ether, was
added by extraction from the thimble of a Soxhlet extractor
14.0 g. (0.0277 mole) of endo-p-toluenesulfonate XVII,
m.p. 137.5-138°. After the addition was completed (about
six hours) the reaction mixture was heated under reflux for
an additional 16 hours. Excess lithium aluminum hydride
was decomposed as before and the mixture was shaken with
300 ml. of 10% hydrochloric acid. The ether layer was re-
moved, dried over anhydrous sodium sulfate and evaporated
to dryness. The solid residue, after distillation under
vacuum, yielded 3.6 g. (799%) of colorless crystals, micro
m.p. 38-39°, b.p. 82° (10 mm.), micro b.p. 202° (749 mm.),
n%p (supercooled) 1.4851.

Anal. Caled. for Ci3Hy: C, 87.73; H, 12.27. Found:

C, 87.86; H, 12.31.
endo-cis-2,3-Dimethylbicyclo[2.2.1]-7-heptanone (VI).—
A solution of 3.5 g. (0.0214 mole) of endo-cis-2,3-dimethyl-
7-isopropylidenebicyclo[2.2.1]heptane (XIX) in 150 ml. of
ethyl acetate was treated at 0° with 0.5 cu. ft. of oxygen con-
taining 49, ozone. The solution of the ozonide over Adams
catalyst was subjected to an atmosphere of hydrogen for
24 hours. Hydrogen uptake was 270 ml. (52.5%). The
solvent was removed under vacuum and the oily residue was
taken up in ether. The ether solution was washed with so-
dium carbonate solution, dried over sodium sulfate and
evaporated. The residue, upon distillation under vacuum,
vielded 0.9 g. (30%,) of a colorless liquid, b.p. 74-76° (8
mm.), micro b.p. 202° (752 mm.), n®p 1.4712.

Anal. Caled. for CHO: C, 78.21; H, 10.21.
C, 78.46; H, 10.31.

The infrared spectrum exhibited a sharp maximum in the
carbonyl region at 5.63 u.

The 2,4-dinitrophenylhydrazone was prepared in 95%
ethanol and purified chromatographically over alumina.
Crystallization from 959, ethanol yielded an analytical
sample, micro m.p. 146.5-149°.

Anal. Caled. for C15H13N40‘:
Found: C, 56.79; H, 5.89.
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C, 61.88; H, 6.39.

6.39.

Found:

C, 56.59; H, 5.70.
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