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VIII. The Bromination of

Bicyclo [2,2,1] hepta-2,5-diene-2,3-dicarboxylic Acid*?

By STANLEY J. CrRisTOL AND ROBERT T. LALONDE
RECEIVED May 12, 1958

The bromination of bicyclo|2,2,11hepta-2,5-diene-2,3-dicarboxylic acid (I) in the dark gave a dibromide.

This was hy-

drogenated to a saturated dibromide which in turn was transformed into an anhydride, a bromolactonic acid and a methyl

ester.

The saturated dibromide was debrominated to give bicyclo[2,2,1]hept-5-ene-endo-c15-2,3-dicarboxylic acid. The

bromolactonic acid was converted to the known ~v-lactone of endo-5-hydroxybicyclo[2.2,1]heptane-endo-cis-2,3-dicarboxylic
acid. These transformations suggest that the bromination product is frans-5,6-dibromobicyclo[2,2,1]hept-2-ene-2,3-

dicarboxylic acid.

In connection with a study of the bromination of
quadricycloheptane - 2,3 - dicarboxylic acid,! it
seemed interesting to investigate the bromination
of its valence-bond tautomer, bicyclo[2,2,1]hepta-
2,5-diene-2,3-dicarboxylic acid (I), the reactant
from which quadricycloheptane-2,3-dicarboxylic
acid was obtained.?

The bromination of I was carried out in precisely
the same manner as was the bromnination of its
isomer, ¢.e., in the dark and in a mixed solvent of
ethyl acetate and carbon tetrachloride. The
bromination gave a solid, m.p. 242°, (II) in 479,
yield. This material had a satisfactory analysis
for CQHBBI'204.

The addition of bromine to I may occur in any
of thefollowing theoretically possible ways for which
analogies are known. (i) Addition of bromine
to the AS-double bond would result in the formation
of one or more of the stereoisomeric dibromides
represented by structure A. (ii) Addition to the
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A? double bond would result in those dibromides
represented by structure B. Addition of bromine to
the A%-double bond was considered the least likely as
addition of bromine to double bonds which are
conjugated with electron-withdrawing groups, such
as carboxylic acid groups, is known to proceed with
difficulty compared to the addition of bromine to
ethylene or to a double bond which is flanked by an
electron-donating group.* (iii) Bromination with a
normal Wagner—Meerwein rearrangemnent® would

(1) Previous paper in series: S. J. Cristol and R. T. Lal,onde, TH1s
JourNaL, 80, 4355 (1958).

(2) This paper was presented at the Sixteenth Internalional Cong-
ress of Pure and Applied Chemistry, Paris, France, July, 1957.

(38) S. J. Cristol and R. L. Sneil, THuis JournaL, 76, 5G00 (1954);
80, 1950 (1958).

(4) J. Hine, **Physical Organic Chemistry,” McGraw-Hill Book Co.,
Inc., New York, N. V., 1956, p. 211,

(5) See for example the formation of : (a) the y-lactone of anti-7-
bromo - endo-5-hydroxy-6-oxabicycio[2.2.1]heptane-endo-¢is-2,3-dicarb-
oxylic acid from 7-oxabicyclo(2.2,1)-5-heptene-exo-cis-2,3-dicarboxylic
acid {R. B. Woodward and H. Baer, THIS JoUurNAL, 70, 1161 (1948)1;
(b) syn-2,7-dibromobicycio[2,2.1lheptane from norbornene [H. Kwart

give the dibromides which are represented by
structures C and D. (iv) Addition may occur in
a manner analogous to the addition of bromine to
bicyclo[2,2,1]Theptadiene® which gives, in part,
cis- and trans-3,5-dibromonortricyclenes. The re-
sulting dibromide from the bromination of I would
be E.

The 242° dibromide was unsaturated toward
potassium permanganate, reacted with silver nitrate
only at the boiling point of the ethanol solvent, and
was inert toward sodium iodide in acetone.

In the infrared absorption spectrum of the di-
bromide was found an absorption peak at 5.83 u,
which was assigned to the carboxylic acid carbonyl
absorption,” and absorption peaks at 6.04 and
6.20 p. The latter two peaks are in the region of
carbon~carbon double bond absorption.?

The positive test for unsaturation and the ap-
pearance of carbon-carbon double bond absorption
in the infrared spectrum is evidence which defi-
nitely establishes that the dibromide is not repre-
sented by structure E.

The elimination of structures B and C can be
made from the observation that the characteristic
cis-disubstituted carbon-carbon double bond ab-
sorptions in the regions of 6.35 and 14.2 u® are
absent, as well as from the ultraviolet absorption
spectrum of the 242° dibromide. An absorption
maximum at 250 my, log € 3.74, demonstrates that
the A%-double bond was brominated rather than the
A’-double bond, since only a carbon—carbon double
bond in conjugation with the carboxylic acid car-
bonyl groups would give rise to strong absorption in
this region.

For the general structure A, we may write now
three specific structures Aj~Ajnr which in addition
to structure D gives a total of four structures to
consider for the dibromide. Of the four probable
and L. Kaplan, sbid., 76, 4072 (1954)]: (c) the ~-lactone of anti-7-
bromo - endo - 5 - hydroxybicyclo[2.2,11heptane - endo - cis - 2,3 - di-
carboxylic acid [C. D. Ver Nooy and C. S. Rondestvedt. Jr., ibid.. 77,
3583 (1955)1: (d) syn-5,7-dibromobicyclo[2,2.11-2-heptene from bi
cyclo[2,2.1 lheptadiene [S. Winstein and M. Shatavsky. Chemistry &
Industry, 56 (1956)1.

(6) (a) S. Winstein and M. Shatavsky, ébid., 56 (1956): (b) L.
Schmerling, L. P. Luvisi and R. W. Welch, Tris Journar. 78, 2819
(1956),

(7) L. J. Bellamy, 'The Infrared Spectra of Complex Molecules,’*
John Wiley and Sons, Inc., New York, N. V., 1954, p, 143,

(8) L. J. Bellamy, ibid.. pp. 32-34.

(9) P. R. Schleyer, Abstracts of the 130th Meeting of the American
Chemical Society. Atlantic City, N. J.. September. 1956, p. 29-0.

(10} (a) E. A. Braude and F. C. Nachod, "*Determinations of Or-
ganic Structures by Physicai Methods,"" Academic Press, Inc., New
York, N. Y., 1955, pp, 147-148. (b) The corresponding bicycio[2.2.1]-
2-heptene-2,3-dicarboxyiic acid has Amax 247 mu, log ¢ 3.96.
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structures, Aj;; was considered the least probable
on the basis of preferred exo-addition of reagents
to bicyclic olefins.!! trans-Bromination leading to
the dibromide represented by structure Aj is the
generally observed result for an ionic mode of
addition which proceeds through a bromonium-ion
intermediate.!? The dibromide which is repre-
sented by structure Ar; would arise by c¢is-bromina-
tion, a result which is uncommon when bromine
adds to a double bond by an ionic mode of addition
but which is reported to occur for a free-radical
bromination of a bicyclic olefin.?

When the 242° dibromide was hydrogenated in
ethanol with platinum oxide catalyst, one mole of
hydrogen was absorbed per mole of dibromide to
give III, m.p. 193°, anal. CyH;oBr:O4; III gave a
negative potassium permanganate unsaturation
test and reacted immediately at room temperature
with a 29, ethanolic silver nitrate solution.

The hydrogenation of the dibromide II should
proceed in accordance with the exe-addition rule
to give a saturated dibromodicarboxylic acid, III,
in which the carboxylic acid groups are both
endo. The validity of the exo-addition rule is well
established for analogous hydrogenations of bicyclic
olefins.!* However, as will be discussed below,
the stereochemistry of the hydrogenation is demon-
strated in this paper to be in accordance with the
exo addition rule, and it does not depend upon
analogy.

Treatment of the 193° solid (III) with acetic
anhydride produced a solid, m.p. 139°, which gave
a satisfactory analysis for an anhydride, CoHj-
Bry0s, IV. The presence of the anhydride function
was confirmed by noting two carbonyl absorption
peaks at 5.60 and 5.37 u. These absorptions may
be compared to the carbonyl absorptions of succinic
anhydride which are found at 5.61 and 5.36 p.!®

The saturated dibromide III, when treated with
warm water, gave a solid, m.p. 254°, which has a
satisfactory analysis for a bromolactonic acid
CoHBrO,, V. The infrared absorption spectrum
of this compound exhibited a strained ¢y-lactone-
carbonyl absorption at 5.59 u'¢ and a carboxylic
acid—carbonyl absorption at 5.83 u.

Treatment of this dibromide with diazomethane

(11) K. Alder and G. Stein, Ann., 515, 185 (1935): 526, 183 (1936).
For further references see S. J. Cristol and R. P. Arganbright, Tris
JourNaL. 79, 6039 (1957).

(12) I. Roberts and G. E. Kimball, ibid.. 59, 947 (1937).

(13) J. A. Berson and R, Swidler, ¢bid., T6, 4060 (1954).

(14) Some examples of the preference of exo-addition of hydrogen,
in the presence of a catalyst, to bicyclic olefins are as follows: (a)
bicycio[2.2,1 lhept-2-ene-2,3-dicarboxylic acid gave bicyclo[2.2.11-
heptane-endo-cis-2.3-dicarboxylic acid (K. Alder and G. Stein. A»x.,
525, 183 (1938)1; (b) bicyclo[2.2,1]hept-2-ene-2-carboxylic acid gave
bicyclo[2,2.11heptane-endo-2-carboxylic acid {K. Alder and G. Stein,
tbid.1: (c) 2.3-dimethylbicyclo[2,2,1]hept-2-ene gave endo-cis-2.3-
dimethylbicycio[2.2.11heptane [E. Deussen, J. prakt. Chem., (2] 114,
113 (1936). and K. Alder and W. Roth, Ber., 87, 161 (1945)1.

(15) L. J. Bellamy, ref. 7, p. 111,

(16) J. A. Berson, TaIs JourNar, 76, 4975 (1954).

(17) L. ]. Bellamy, ref. 7, p. 143.
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gave a solid dimethyl ester, CyHuBr:©( (VI),
which melted at 125°.

The bromination of the olefin, bicyclo[2,2,1]-
hept - 5- ene - endo - ¢is - 2,3 - dicarboxylic anhydride
(VII), when carried out in ethyl acetate, has been
reported to give two products.!* In addition to
exo-cis-5,6-dibromobicyclo [2,2,1] heptane-endo-cis-
2,3-dicarboxylic anhydride (VIII), a second isomer
was isolated by conversion to its methyl ester,

Iy —— 1somer
é/ Br/ 0
/. —~/CO [ 0
=0
viit C=0

i __0
vinn C=0
m.p. 119°. From what is known of the course of
addition of bromine to bicyclic olefins, it was likely
that this ester was either the #rans-5,6-dibromo-
endo-cis-2,3-dicarbomethoxy compound VI or the
product of a normal Wagner—Meerwein rearrange-
ment, that is, the exo-5-anti-7-dibromo-exo-cis-
2,3-dicarbomethoxy compound I1X.

B
Br__ P Be I\ COOCH,
Z;\Z COOCH; COOCH;

Br COOCH, 3 P
VI X T

COOCH;

COOCH,
X

Consideration of the method of preparation sug-
gested that our methyl ester, m.p. 125°, was the
same frans-5,6-dibromo compound VI or the differ-
ent rearranged 5,7-dibromo-endo-cis-2,3-dicarbo-
methoxy compound X.

In a mixed melting point determination of our
dibromo methyl ester with that obtained by Berson
and Swidler,® a melting point of 90° was obtained.
Thus the two dibromo methyl esters are not the
same. If that dibromo methyl ester which was ob-
tained by Berson and Swidler is either of the two
probable structures which we have written for it,
then the proof (see below) that our methyl ester is
the ¢rans-5,6-dibromo methyl ester VI demonstrates
that the Berson and Swidler dibromo methyl ester
must be represented by the rearranged structure IX.

The conversion of the 193° dibromide III to a
139° anhydride IV, a 254° bromolactonic acid V,
and a 125° methyl ester VI makes it permissible to
eliminate all but structure Ay as possible structures
for the 242° unsaturated dibromide, II. The elimi-
nation of structure Ay may be made conclusively,
as the hydrogenation of this dibromide would lead
to the known exo-cis-5,6-dibromobicyclo(2,2,1)-
heptane-endo-cis-2,3-dicarboxylic acid, m.p. 188°,1°
and the subsequent transformiations of this acid
would have led to the corresponding known an-
hydride, m.p. 205-206°,13.19.2 the corresponding
y-lactone of exo-6-bromo-endo-5-hydroxybicyclo-
(2,2,1)heptane-endo-cis-2,3-dicarboxylic acid, m.p.
157-159°13.2 and the corresponding dimethyl ester,
m.p. 81.5°.2

(18) We are indebted to Professor Berson for this material.

(19) K. Alder and G. Stein, Ann,, 504, 247 (1933).

(20) H. Kwart and L. Kaplan, TH1S JOURNAL, T6, 4078 (1954).
(21) J. A. Berson, ¢bid., 76, 5748 (1954).
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Elimination of structure Ap may be made on
theoretical grounds. Hydrogenation of A would
lead to XI, whose bromine atoms do not have the
appropriate stereochemistry to permit ready lacto-
nization either with participation by the carboxy-
late anion?® or with solvolytic assistance by
carbon.??

COOH

Br ¥ COOH
X1

Structure D was eliminated on the basis that upon
hydrogenation and subsequent lactonization, the
known +-lactone of anti-7-bromo-endo-5-hydroxy-
bicyclo(2,2,1) heptane - endo - cis - 2,3 - dicar-
boxylic acid, m.p. 213°,%* would have been pro-
duced. However, in order to demonstrate with
certainty the non-identity of the 242° dibromide
with structure D, its hydrogenation product III
was dehalogenated with zinc in ethyl acetate.
The formation of bicyclo(2,2,1)hept-5-ene-endo-
cis-2,3-dicarboxylic acid (XII) confirms the iden-
tity of the 242° dibromide II with structure Aj.
As the melting point of XII is in question,? the
unsaturated acid which was obtained from the

Br

COOH + Zn Et9Ag

Br COOH
I1I

COOH

COOH
XII

debromination was converted by hydrogenation to
bicyclo(2,2,1)heptane - endo - cis - 2,3 - dicarboxylic
acid.? Treatment of the debrominated product
with acetic anhydride gave a second derivative,
bicyclo(2,2,1)hept - 2 - ene - endo - cis - 2,3 - di-
carboxylic anhydride.?

Had the 242° dibromide been the dibromide
represented by structure D, it is conceivable that its
hydrogenated product XIII, upon treatment with
zinc in ethyl acetate, could have been dehalo-
genated. Such a 1,3-dehalogenation, where zinc
serves as the electron source, has been reported in
the conversion of pentaerythrityl tetrabromide?.2
and 1,1-bis-(bromomethyl)-cyclopropane?®® to meth-
ylenecyclobutane. However, it seems likely
that such a debromination, if possible at all in the
bicycloheptane ring system, would lead to the exo-
acid XIV rather than the endo-acid XII, assuming
the transformations shown in XIII.

It was also considered possible that the presence
of zinc bromide might promote isomerization of the

(22) G. N. Lewis, '*Valence and the Structure of Atoms and Mole™
cules,”” Chemicai Catalog Co., (Reinhold Publ, Corp.), New York,
N. Y. 1923, p. 113,

(23) A. Streitwieser, Jr., Chem. Revs., 56, 703 (1956).

(24) C. D. Ver Nooy and C. S, Rondestvedt, Jr., ibid., 77, 3583
(1955).

(25) A 177-179° m.p. is reported by O. Diels and K. Alder. Ann.,
460, 98 (1928). A 193-194° m.p. is reported by D, Craig, Tr1s Jour-
NAL, T8, 4889 (1951).

(26) O. Diels and K. Alder, Ann.. 460, 98 (1928).

(27) W. Shand. V. Schomaker and J. R. Fischer, TRi8 JoumnNaL,
66, 636 (1944),

(28) M. J. Murray and E, H. Stevenson, ibid,, 66, 812 (1044).

(29) I. Shaker and N. Slobodin, J. Gen, Ckem. U.S.S.R., 21, 2005
(1951).
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dibromodicarboxylic acid during the course of
the debromination. Kwart and Kaplan have re-
ported the nearly complete conversion of syn-5,7-
dibromobicyclo(2,2,1)heptane to trans-2,3-dibromo-
bicyclo(2,2,1)heptane in the presence of hydrogen
bromide or stannic bromide.? However, had a
similar Wagner—Meerwein rearrangement occurred
with XIII, it would have led to the exo-dicarboxylic
acid XV which on debromination would yield the
exo-acid XIV rather that the endo-acid XII which
was in fact obtained.

Br COOH
COOH

Br XV

The work which has been reported thus far con-
stitutes a proof that the 242° dibromide II can be
represented by structure Ay only if the hydrogena-
tion of this dibromide took place in accordance
with the exo addition rule.!L!* If this were not
true, then structure D might be consistent with the
observations.?' endo-Hydrogenation of D would
give the saturated exo-dicarboxylic acid XVI, and
subsequent lactonization would produce the bromo-
lactonic acid XVII. In addition, zinc-promoted
dehalogenation of XVI, assuming the transforma-
tion analogous to XIII would give the endo-acid
XII.

COOH
COOH

0
| “c=0
COOH T COOH

XVII XVIII

However, hydrogenolysis of the 254° bromolac-
tonic acid V over Raney nickel catalyst gave the
known <-lactone of endo-5-hydroxybicyclo(2,2,1)-
heptane-endo-cis-2,3-dicarboxylic acid (XIX), m.p.
and mixed m.p. with an authentic sample,®? 202.5-
203.5°. The infrared spectra of this sample and
the authentic sample were identical. Had the 254°
bromolactonic acid been that bromolactonic acid
represented by structure XVII, hydrogenolysis
would have given the new lactonic acid XVIII
rather than XIX.

(30) H. Kwart and L. Kaplan, THIS JOURNAL, T8, 4072 (1954).

(31) It may be noted that emdo-hydrogenation of the dibromides
represented by formulas Ayr and Ajrr would give compounds that
would not yield bromolactonic acids readily.

(32) K. Alder and G. Stein, Ann., 814, 1 (1934),

2
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The conversion of the 254° bromolactonic acid to
the known lactonic acid XIX made it apparent
that the hydrogenation of this dibromide had oc-
curred according to the eve addition rule. Thus,
we have shown that the structure of the 242° di-
bromide, obtained from the bromination of bi-
cyclo(2,2,1)heptadiene-2,3-dicarboxylic acid (I).
can be represented by structure Aj. The series of
reactions which were carried out in order to effect
this structure proof are summarized in Chart I.

cooii Br y COOH f\
I -COOH f I COOH COOH

Br COOH
|
T, | PO, ,
I ' (] TH
Br Zn }
FAtAY Br/—F\ FLOAC /%\\/1
=00 \ﬂ:ooH /. /coon
[N i
L . COOH COOH
Br v (%8 Brom XI1
P JCTRN,
o iAL‘;()
B
/J[\ ) /f T
4 /(LO()H ? \%JOOCEh //,,.»/’/)\/éf‘-o
0B o Be  COOCH, cc0
Y, V1 VIl 0
H,lNi
- COOH
0 (=0
X1X

The light-catalyzed bromination of I appeared to
produce results different from bromination in the
dark. An extremely small amount of unsaturated
inaterial which melted at 255° was obtained in
addition to a lower-melting solid, m.p. 190-200°.
An investigation of these products is being con-
ducted.

That the bromination of I gives a dibromide dif-
ferent from that obtained in the bromination of
quadricyclo(2,2,1,0%5,03%)heptane - 2,3- dicarboxylic
acid,! is added evidence that the structures by
which these two compounds are represented are
not different resonance structures for one com-
pound, but on the contrary, they represent the
structures of two distinctively different chemical
entities.

Acknowledgment.—The authors are indebted to
the Office of Ordnance Research, U. S. Army, for
support of this work.

Experimental

Bromination of Bicyclo(2,2,1)hepta-2,5-diene-2,3-dicar-
boxylic Acid (I).—In 100 ml. of ethyl acetate was dissolved
20.0 g. (0.111 mole) of bicyclo(2,2,1)heptadiene-2,3-dicar-
boxylic acid®; 2.3 1. of carbon tetrachloride was added. To

(33) O. Diels and K. Alder, Ann., 490, 236 (1931),
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the resulting solution 18.0 g. (0.111 mole) of bromine in 100
ml. of carbon tetrachloride was added with stirring. The
reaction mixture was allowed to stand at room temperature
for 5hours. Thisreaction was carried out in a 3-liter brown
bottle which was covered with aluminum foil and which was
provided with a magnetic stirrer.

The solid which had precipitated out of solution was fil-
tered and dried; 15.2 g. of solid (40.3%% yield), m.p. 232—
238°, was recovered. The filtrate was distilled until only
an oil remained. This oil was triturated with 170 ml. of
carbon tetrachloride. In time the total gnantity of oil dis-
solved in the carbon tetrachloride. Allowing this solution
to stand overnight at room temperature resnlted in the for-
mation of 2.24 g. (7.177) of a solid, m.p. 210-225°,  Distil-
Iation of the solvent from the filtrate gave 20.8 g. of oil,
An infrared absorption spectrim hiad o peak at 5.77 g and in
the region 6.00-6.25 4.

Recrystallization of the solid products three times from a
mixture of ethyl acetate and petroleum etlier, b.p. 85-100°,
produced pure frans-5,6-dibromobicyclo(2,2,1)-2-heptene-
2,3-dicarboxylic acid, (1I) m.p. 239-242°, A fonrth recrys-
tallization did not raise the melting point.

Anal. Caled. for CHBr,O,: C. 31.79; H, . 37;
47.01. Tound: C, 32.07; H,2.42; Br, 46.76.

This solid decolorized an aqueous potassimn perinan-
ganate solntion, did not react with a 297 ethanolic silver ni-
trate solution at roomn temperature but did react with this
reagent in boiling ethanol; it did not react with sodinm io-
dide in acetone. A mixed melting point of this solid with the
dibromide! obtained from quadrieyelo(2,2,1,0%8,0%-5)hep-
tane-2,3-dicarboxylic acid was 185-206°.

Hydrogenation of {rans-5,6-Dibromobicyclo(2,2,1)-hept-
2-ene-2,3-dicarboxylic Acid (II).—A 100-ml. hydrogenation
flask containing 40 mg. of platinum oxide catalyst and 10
ml. of ethanol was sliaken under an atmospliere of hiydrogen
until hydrogen was no longer absorbed. To the flask was
added 418 mg. of IT in 20 ml. of ethanol, and hydrogenation
was conducted at atmospheric pressure. In 30 ininutes,
1.02 moles of hydrogen had been absorbed per mole of II.
The catalyst was removed by filtration. Fvaporation of
the solvent from the filtrate gave 485 mg. of an nil whicl soon
crystallized. The crude reaction pradnet did not decolorize
an aqueous solution of potassium permanganate and reacted
immediately at room temperature with an ethanolic solution
of silver nitrate. Recrystallization of the crude reaction
product from a solvent mixture of ethyl acetate and petro-
leum ether gave a solid, m.p. 187--188°. A recrystallization
of this material, frans-5,6-dibromobicyclo(2,2,1)heptane-
endo-2,3-dicarboxylic acid (I11I), from a small quantity of
ethyl acetate raised the melting point to 191-193°. A mixed
melting point with starting material, m.p. 234-236°, showed
an 11° depression in the melting point of the lower melting
substance. Attempted hydrogenations of II over palladium
were unsuccessful.

Anal. Caled. for CiHBr,Os: C, 31.61; H, 2.95; Br,
46.73. Found: C, 32.19; H, 3.05; Br, 45.83.

Conversion of ({rans-5,6-Dibromobicyclo(2,2,1)heptane-
endo-cis-2,3-dicarboxylic Acid (III) to its Anhydride IV.—
To 10 g. of freshly distilled acetic anhydride in a 50-ml.
flask was added 315 mg. of III. The solution was lieated at
120° for 10 minutes and then allowed to stand at room tem-
perature overnight. The acetic anhydride was removed
under a water aspirator. The last traces of acetic anhydride
were removed under a vacuum pump. After 30 hours at
reduced pressure, solid formation began to occur. The
solid product recovered amounted to 141 mg. or 489 of the
theoretical yield. The solid was recrystallized from a sol-
vent mixture of dry acetone and petroleum ether to give
trans - 5,6 - dibromobicyclo(2,2,1)heptane - endo - 2,3 - icar-
boxylic anliydride (IV), m.p. 138-139°.

Anal. Caled. for CgHgBriO;: C, 33.36; H,2.49. Found:
C, 33.27; H, 2.64.

Preparation of Methyl ¢rans-5,6-Dibromobicyclo(2,2,1)-
heptane-endo-cis-2,3-dicarboxylate (VI).—In 50 ml. of an-
hydrous ether in a 125-ml. flask, which was provided with a
magnetic stirrer, was dissolved 68 mg. of trans-5.6-dibromo-
bicyclo(2,2,1)heptane-2,3-dicarboxylic acid (III). To this
solution an ethereal solntion of dinzomethane was added
until the yellow color of diazomethane persisted. By evap-
oration of the solvent under an aspirator, 75 mg. of a solid,
m.p. 112-122°, was obtained. Recrystallization from ethvl

Br,
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acetate—petroleum ether gave methyl trans-5,6-dibromobi-

cyclo(2,2,1)heptane-cndo-cis-2,3-dicarboxylate  (VI), nm.p.
123.5-125.0°.
Anal. Caled. for CyHuBr,04: C, 35.70; H, 3.81.

Found: C, 35.46; H, 3.57.

In a mixed melting point deterinination of this methyl
ester with a methyl ester (in.p. 117-118°) of the same empiri-
cal formula but which had been prepared by a different syn-
thesis scheine,!318 g depression of 27° in the melting point of
the lower-melting isomer was observed.

Preparation of the y-Lactone of endo-6-Bromo-endo-5-
hydroxybicyclo(2,2,1) heptane - endo - ¢is - 2,3 - dicarboxylic
Acid (V).—To 100 ml. of water in a round-bottom flask
which was provided with a magnetic stirrer, heating mantle
and reflux condenser, was added 437 mg. (1.28 mmoles) of
III. After two hours of stirring at 95°, the solid went into
solution. After 2.75 hours a 5-inl. sample was withdrawn
and titrated for the amount of bromide ion present. The
determination showed that 889, of one mole of bromide ion
had been liberated. Heating was continued for 1.5 hours,
The solvent was then partially evaporated under a stream of
dry air. Further evaporation of water, under a vacuum
pump, reduced the volume of water to 10 ml. From this
solution 313 mg. (92%) of the lactone crystallized. Recrys-
tallization and treatment of the crude lactone with decoloriz-
ing Dch:a.rcoal gave a crystalline solid which melted at 250~
254°,

Anal. Caled. for CgHyBrOy: C, 41.40; H, 3.47. Found:
C, 41.25; H, 3.62.

Bicyclo(2,2,1)hept-5-ene-endo-cis-2,3-dicarboxylic anhy-
dride and acid were prepared according to the method of
Diels and Alder.? The anhydride melted at 160-164° and
the dicarboxylic acid at 192+193°. Diels and Alder have
reported? the melting point of the dicarboxylic acid to be
177-179°. Craig was unable to duplicate this melting point
but reported that the melting point was 193-194° .2

Debromination of trans-5,6-Dibromobicyclo(2,2,1)-hep-
tane-endo-cis-2,3-dicarboxylic Acid (III).—In a 100-ml,
round-bottom flask which was provided with a reflux con-
denser, heating mantle and a magnetic stirrer was dissolved
2.76 g. of the dibromodicarboxylic acid III in 40 ml. of ethyl
acetate. To this solution was added an excess of zinc pow-
der. The contents of the flask were heated at reflux and
stirred for 12 hours. The contents of the flask were then
cooled; the solids were removed by filtration, and the ethyl
acetate was evaporated under reduced pressure. The oil
which remained was triturated with a small quantity of
ethyl acetate to give more solid. By this procedure was ob-
tained 680 mg. (469, yield) of impure solid, which upon re-
crystallization from water melted at 188-189°. This ma-
terial decolorized an aqueous solution of potassium perman-
ganate. A mixed melting point with an authentic sample of
bicyclo(2,2,1)hept-5-ene-endo-cis-2,3-dicarboxylic acid (m.p.
192-193°) (XI)» showed no depression, and the infrared
spectra of the two samples were identical.

Conversion of Bicyclo(2,2,1)hept-5-ene-endo-cis-2,3-di-
carboxylic Acid (XI) to its Anhydride VII.—The unsaturated
dicarboxylic acid obtained from the zinc debromination of
IIT was transformed to its anhydride VII by the procedure
described below.

In 5 ml. of acetic anhydride was dissolved 34 mg. of the
dibasic acid. The solution was allowed to stand overnight
at room temperature. Evaporation of the acetic anhydride
under a vacuum pump gave 29 mg. of white solid. Recrys-
tallization of this solid from petroleum ether gave a solid
which melted at 159-163°, A mixed melting point with an
authentic sample of the anhydride VII% (m.p. 160-164°)
showed no depression in melting point.
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Conversion of Bicyclo(2,2,1)hept-5-ene-endo-cis-2,3-di-
carboxylic Acid to Bicyelo(2,2,1)heptane-endo-cis-2,3-di-
carboxylic Acid.—The unsaturated dicarboxylic’ acid (298
mg.) obtained from the zinc debromination of IIT was added
to a hydrogenation flask containing 20 mg. of 109 palla-
dium-on-charcoal catalyst suspended in 5 ml. of 4% sodium
carbonate solution. The flask and its contents were shaken
under a pressure of 626 mm. for about one hour; 933 mmoles
of hydrogen was absorbed for each mole of unsaturated di-
basic acid. The catalyst was removed by filtration, and the
filtrate was acidified with 209, sulfuricacid. Thesolvent was
partially evaporated under a stream of dry air. By this
procedure was isolated 262 mg. (87%) of a crystalline solid,
m.p. 160-164°. A recrystallization from water raised the
melting point to 162-164°. The reported melting point for
this acid is 161°.%

Hydrogenolysis of the ~v-Lactone of endo-6-Bromo-endo-
5-hydroxybicycle (2,2,1) heptane-endo-cis-2,3 -dicarboxylic
Acid (V).—A suspension of 0.58 g. of Raney nickel catalyst
in 5 ml. of 5% aqueous sodium carbonate solution was shaken
for 2 hours under 630 mm. of hydrogen. Then 149 mg.
(0.57 mmole) of V was added and the shaking was continued
for 3 hours. The catalyst was then removed by filtration,
and the filtrate was acidified to pH 3 with 209, sulfuric acid.
The solvent was then removed and the residual solid was ex-
tracted with a small amount of ethyl acetate. Evaporation
of the ethyl acetate gave 102 mg. of solid, m.p. 140-200°.
Two recrystallizations from water gave pure y-lactone of 5-
hydroxybicyclo(2,2,1)heptane -endo -cis-dicarboxylic  acid
(XIX), m.p. and mixed m.p. with an authentic sample,®
202.5-203.5°.

Light-catalyzed Bromination of Bicyclo(2,2,1)heptadiene-
2,3-dicarboxylic Acid.—The light-catalyzed bromination of
bicyclo(2,2,1)heptadiene-2,3-dicarboxylic acid was carried
out in a 125-ml. Vycor flask which was provided with a re-
flux condenser and which was placed adjacent to a General
Electric AH-4 ultraviolet lamp. In 80 ml. of methylene
chloride was dissolved 0.30 g. of the dicarboxylic acid (1.66
mmoles). The ultraviolet light was directed onto the con-
tents of the flask and 0.30 g. of bromine (1.88 mmoles) in 10
ml. of methylene chloride was added in one portion. The
bromine color diminished from a dark red to yellow in less
than one minute. That color which did persist (for at least
10 minutes) was probably due to the excess quantity of bro-
mine which was used in this reaction. A yellow oil was ob-
tained by evaporation of the solvent under a stream of dry
air. Further removal of solvent under a vacuum pump
gave a tan solid (0.37 g.) which was triturated with 10 ml. of
ethyl acetate. In time most of the solid went into solution;
that which did not was collected and dried. About 5 mg.
of this solid, which melted at 255°, was recovered; it was
soluble in a 5% solution of sodium bicarbonate with the evo-
lution of carbon dioxide, decolorized a potassium perman-
ganate solution, but did not react with silver nitrate imme-
diately at room temperature,

To the solution of product in ethyl acetate was added
about 90 ml. of petroleum ether, b.p. 60-70°. This solu-
tion was boiled until it became turbid and then it was cooled.
The solid which formed (60 mg.) was collected and dried.
A recrystallization from methylene chloride gave a solid
which melted at 180-200°. No further attempt was made
to purify or characterize these products.

Infrared Absorption Spectra.—The infrared absorption
spectra of the compounds were determined as solids in potas-
sium bromide disks with a Perkin—Elmer model 21 spectro-
photometer, except for the spectrum of the oil obtained from
the bromination of bicyclo(2,2,1)-heptadiene-2,3-dicat-
boxylic acid. This spectrum was determined in ethanol,
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