June, 1951

THE SYNTHESIS OF 1,2-UREYLENECYCLOPENTANE

2487

[CONTRIBUTION NO. 795 FROM THE DEPARTMENT OF CHEMISTRY, UNIVERSITY OF PITTSBURGH]

Studies in the Cyclopentane Series.

I. The Synthesis of 1,2-Ureylenecyclopentane

and Related Compounds

By Jonannes H. MOLLER,! MiLToN N. DoNIN,? WALTER E. BEHNKE AND KLAUS HOoFMANNS

Methods are described for the preparation of 1,2-ureylenecyclopentane.

Differences in the behavior toward hydrazine

of dimethyl cis-cyclobutane-1,2-dicarboxylate and dimethyl cis-cyclopentane-1,2-dicarboxylate are discussed. The reaction
of the diazide of 1-cyclopentene-1,2-dicarboxylic acid with methanol and aniline was investigated.

Although ureylenecyclobutane* and ureylenecy-
clohexane® derivatives have been described, no in-
formation is available on the preparation and prop-
erties of 1,2-ureylenecyclopentane (I). Essentially
three routes to the preparation of this ring system
were explored: (1) the transformation of ethyl cy-
clopentanone-2-carboxylate (II) into ethyl 2-acet-
amido-1-cyclopentenecarboxylate (III), its reduc-
tion to ethyl cis-2-acetamidocyclopentanecarboxy-
late and conversion of the latter substance into (I)
through the intermediates (IV), (V) and (XIII-A);
(2) The Curtius and K. F. Schmidt degradation of
cis-cyclopentane-1,2-dicarboxylic acid (IX) fol-
lowed by ring closure of the resulting c¢is-1,2-diami-
nocyclopentane derivatives, and (3) the conversion
of 1-cyclopentene-1,2-dicarboxylic acid (VIII) into
1,2-dicarbomethoxyamino-1-cyclopentene, its re-
duction to c¢is-1,2-dicarbomethoxyaminocyclopen-
tane and ring closure.

Attempts to transform ethyl cyclopentanone-2-
carboxylate (II) into ethyl 2-aminocyclopentane-
carboxylate by catalytic hydrogenation of its oximme
or its oxime acetate proved unpromising. Under
our experimental conditions the yield of the desired
amino acid ester was negligible and large amounts
of non-nitrogenous materials and ammonia were ob-
tained. Therefore, the hydrogenation of ethyl 2-
acetamido-1-cyclopentenecarboxylate (I1I) was in-
vestigated. This compound absorbed one mole of
hydrogen when reduced in glacial acetic acid over
Adams catalyst. The resulting products were con-
verted into a mixture of cis- and ¢rans-2-benzamido-
cyclopentanecarboxylic acids (IV) by hydrolysis
and benzoylation. Treatment with hydrazine of
the methyl esters of these benzoylamidocarboxylic
acids afforded a mixture of hydrazides which was
separated by fractional crystallization into the frans
hydrazide (VI) and a more soluble, lower melting
fraction representing a mixture of the cis and trans
hydrazides (V) and (VI). These hydrazides were
converted to the azides and the latter decomposed
with ethanol. Chromatographic separation of the
reaction products gave trans-1-carbethoxyamino-2-
benzamidocyclopentane and N-benzoyl-1,2-ureyl-
enecyclopentane (XIII-A). The structure of the
latter compound followed from its conversion into
(I) by hydrolysis with barium hydroxide. trans-
1-Carbethoxyamino-2-benzamidocyclopentane also

(1) Postdoctorate BExchange Fellow from the University of Basel,
Switzerland.

(2) Standard Brands Junior Research Fellow.

(3) The authors wish to express their appreciation to Ciba Phar-
maceutical Products, Inc., Summit, New Jersey, for their generous
support of this study.

(4) E. R. Buchman, A, O. Reims, T. Skei and M. T. Schlatter,
THIS JOURNAL, 64, 2696 (1942).

(6) J. P. English, R, C, Clapp, Q. P. Cole, I, F. Halverstadt, J. O.
Lampen and R. O, Rablin, Jr., sbid., 67, 295 (1945).

resulted from the Curtius degradation of the frans
hydrazide (VI). Poor yields of 1,2-ureylenecyclo-
pentane (5%,) were realized by this procedure due
to the predominant formation of frams isomers.
These may have originated from a frans addition of
hydrogen to (III) or from inversion of the original
cts hydrogenation product during its further trans-
formations.

Buchman, ¢ al.,* observed that degradation of
cis- or trams-cyclobutane-1,2-dicarboxylic acids,
either through their hydrazides or directly by the
K. F. Schmidt procedure, gave the c¢is- and trans-
1,2-diaminocyclobutanes, respectively. No inver-
sion of the ¢is to the frans isomer was noted. These
findings prompted the application of these schemes
to the preparation of (I). Treatment of dimethyl
cis-cyclopentane-1,2-dicarboxylate (X) with hydra-
zine hydrate led, in poor yield, to the formation of a
mixture of hydrazides. Fractional crystallization
of this mixture gave the ¢is dihydrazide (XI) and
the trans dihydrazide (XII). The latter isomer also
was obtained from dimethyl {rans-cyclopentane-1,2-
dicarboxylate. Reaction of the cis dihydrazide
(XI) with nitrous acid yielded a diazide which upon
refluxing in methanol decomposed with the forma-
tion of N-carbomethoxy-1,2-ureylenecyclopentane
(XIII); this was converted into (I) by hydrolysis
with barium hydroxide. The over-all yield in the
conversion of (X) into (I) by this route was 6%.
1,2-Ureylenecyclopentane also was obtained in
19%, yield by the K. F. Schmidt degradation of c7s-
cyclopentane-1,2-dicarboxylic acid (IX), followed
by phosgene treatment of the intermediate, cis-
cyclopentane-1,2-diamine (VII).

Although these results are essentially comparable
to those reported in the cyclobutane series,* the
pronounced tendency for cis-trans inversion in the
cyclopentane series should be noted. The cis di-
hydrazide (XI) is so unstable that even its recrys-
tallization from methanol causes a partial rear-
rangement to the more stable trans form (XII).
In addition, the Curtius degradation of ¢is-cyclo-
butane-1,2-dicarboxylic acid dihydrazide gave the
respective ¢is diurethan in contrast to (XI), which
under comparable conditions underwent cyclization
to form (XIII). This behavior parallels that ob-
served with phthalic acid diazide® which on treat-
ment with methanol affords 1-carbomethoxybenzi-
midazolone and not N,N’-dicarbomethoxy-o-phen-
ylenediamine. Our findings, coupled with other
similar observations,”® indicate that the treatment
of cyclic cis 1,2-dicarboxylic esters with hydrazine
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frequently results in inversion with the formation
of the corresponding frans hydrazides. This
method is thus not as generally applicable to the
preparation of ¢yclic ¢7s 1,2-diamines as could have
been expected on the basis of previous work.*
Rather unexpected results were obtained during
attempts to convert l-cyclopentene-1,2-dicarbox-
ylic acid (VIII) into 1,2-dicarbomethoxyamino-1-
cyclopentene. The acid chloride of (VIII) re-
acted with sodium azide to give the highly explosive
diazide (XV). This azide, when decomposed in
methanolic solution, did not afford the expected un-
saturated diurethan but gave a compound of the
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carboxylicacid. The same
compound also was ob-
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yielded (XIII), which was
in every respect identical
with the material obtained
by the Curtius degrada-
tion of (XI). Under simi-
A lar conditions, the trans
L isomer (XVIII) was con-
; verted into (X1V). The
same compound was ob-
tained from (XII) by
treatment with nitrous
acid followed by decom-
position of the azide with
methanol. Decomposi-
tion of (XV) in benzene
¢ solution in the presence of
. aniline failed to yield the
- expected 1,2-diphenylure-
- ido-1-cyclopentene but in-
;! =) stead gave the azide of 2-
/= phenylureido - 1 - cyclopeit-

tenecarboxylic acid. These
s results demonstrate a dif-
- ference in the reactivity
of the two azide groups in (XV) similar to that
observed with phthalic acid diazide.®
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Experimental®®

Ethyl 2-Acetamido-1-cyclopentenecarboxylate (III).—A
solution of ethyl 2-amino-1-cyclopentenecarboxylate!! (17
g.) in acetic anhydride (35 ml.) was heated on a steam-bath

(9) E. S. Wallis and J. F. Lane, "Organic Reactions,’”” Vol. 1Il,
Chapter 7, John Wiley & Sons, Inc., New York, N. Y., 1946, p. 273.

(10) (a) The microanalyses were performed in our microanalytical
laboratories by Mr. George L. Stragand. (b) The melting points were
determined with short-stem Anschiitz thermometers and are uncor-
rected. (c) All hydrogenations were conducted at atmospheric pres-
sure,

(11) V. Prelog and S. Szpilfogel, Helv. Chim. Acta, 28, 1684 (1940).
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for 4 hours; then the solvent was removed % vacuo. The
residue was dissolved in ether, the solution washed with 2 N
hydrochloric acid and 2 N sodium carbonate and dried over
sodium sulfate. The ether was removed and the acetyl de-
rivative recrystallized from a mixture of petroleum ether
(b.p.30-60°) and ether; yield, 17.2g. (79%); m.p. 53-54°.

Anal. Caled. for CoHisO:N: C, 60.9; H, 7.7; N, 7.1.
Found: C, 60.7; H, 7.4; N, 7.0.

cis and {rans-2-Benzamidocyclopentanecarboxylic Acids
(IV) .—A solution of ethyl 2-acetamido-1-cyclopentenecar-
hoxylate (III) (3.94 g.) in glacial acetic acid (30 ml.) was
added to platinum oxide (1 g.) previously reduced in glacial
acetic acid (40 ml.), and the mixture was shaken until one
mole of hydrogen had been absorbed and the uptake of hy-
drogen ceased (approximately thirty minutes). The
catalyst was removed by filtration and the glacial acetic acid
removed in vacuo. The residue was dissolved in 4 N hy-
drochloric acid (100 ml.); the solution was refluxed for four
hours and evaporated to dryness i# vacuo. The crystalline
residue, representing a mixture of the hydrochlorides of cis-
and ¢rans-2-aminocyclopentanecarboxylic acids, was washed
with acetone and dried over phosphorus pentoxide % vacuo,
yield 3.2 g. The above hydrochlorides were benzoylated in
the usual manner with benzoyl chloride (2.6 ml.) and 4 N
sodium hydroxide, and the resulting benzoates recrystallized
fr’;)m 509, aqueous ethanol; yield, 3.3 g. (66%); m.p. 162-
170°,

Anal. Caled. for C3H;;O3:N: N, 6.0. Found: N, 5.9.

cis- and trans-1-Benzamido-2-cyclopentanecarboxylic
Acid Hydrazides (V) and (VI).—The benzoates (IV) (3.2
g.) were dissolved in methanol (50 ml.) and an ethereal
solution of diazomethane added until the yellow color re-
mained for ten minutes. A few drops of glacial acetic acid
were added and the solvents removed in vacuo. The residue
was dissolved in ether; the solution was washed with 2 NV
sodium carbonate and water, and dried over sodium sulfate.
Evaporation of the ether gave a mixture of stereoisomeric
methyl esters (m.p. 83-95°) which were dissolved in abso-
lute ethanol (6 ml.). Hydrazine hydrate (1.5 ml.) was
added; the solution was refluxed for 20 hours and allowed
to cool to room temperature. The resulting crystals were
collected, washed with a mixture of absolute ethanol and
ether, and dried; yield, 2.3g.; m.p.173-190°. Fractional
recrystallization from 959, ethanol gave two fractions.
The less-soluble trans isomer (VI) melted at 204-206°;
yield, 1.2 g. (35%). A sample of this compound was sub-
limed at 175-180°, 0.03 mm., for analysis.

Anal. Caled. for C;H70:N;: C, 63.1; H,6.9; N, 17.0.
Found: C, 63.3; H,6.9; N, 17.4.

Evaporation of the mother liquors afforded a mixture of
the cis and frans hydrazides (V) and (V1) which melted at
171-172°; yield, 1.1 g. (32%). A sample for analysis was
sublimed at 150-170°, 0.03 mm.

Anal. Caled. for C;sH,70:N;3: C, 63.1; H,6.9; N, 17.0.
Found: C, 63.1; H, 6.8; N, 17.1.

N-Benzoyl-1,2-ureylenecyclopentane (XIII-A).—The hy-
drazide mixture of m.p. 171-172° (1.1 g.) was dissolved in
2 N hydrochloric acid (8 ml.) and the solution cooled in an
ice-bath. Sodium nitrite solution (10%;) (4 ml.) was added
with stirring and the resulting gummy azide extracted with
ice-cold ether. The ethereal solution was washed with so-
dium carbonate and water, dried over sodium sulfate and
evaporated to dryness ¢n vacuo at room temperature. The
residue was refluxed with anhydrous ethanol (10 ml.) for
one hour and the solvent removed. The resulting crystal-
line material was dissolved in benzene (20 ml.) and the
solution poured on a column prepared from aluminium oxide
(25 g.) (Fisher adsorption alumina)., Elution of the column
with a mixture of benzene and ether (3:2) gave trans-1-
benzamido-2-carbethoxyaminocyclopentane, which was re-
crystallized from a mixture of ethyl acetate and petroleum
ether (b.p. 30-60°); yield, 237 mg. (20%); m.p. 178-179°.

Anal. Caled. for C;H2O;N2: C, 65.3; H,7.3; N, 10.1.
Found: C, 65.0; H,7.0; N, 10.0.

Further elution of the column with ether afforded N-
benzoyl-1,2-ureylenecyclopentane (XIII-A), which was re-
crystallized from a mixture of ethyl acetate and petroleum
ether (b.p. 30-60°); yield, 314 mg. (31%); m.p. 175~
176°. A mixture of this material with frans-1-benzamido-
2-carbethoxyaminocy¢lopentane melted at 1456-160°.
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Anal. Caled. for ClaHuOgNz: C, 67.8; H, 6.1; N, 12.2.
Found: C, 67.5; H,5.9; N, 12.1.

trans-1-Benzamido-2-carbethoxyaminocyclopentane —In
the manner described above, the frans hydrazide (VI) (1.13
g.) was converted into the frams urethan; this was recrys-
tallized from ethyl acetate and petroleum ether (b.p. 30-
60°); yield, 1.05g. (72%); m.p. 175-177°. The material
was, by mixed melting-point determination, identified witb
the ¢rans urethan described above.

Anal. Caled. for C;sHzO3N;:
10 4.

cis-Cyclopentane-1,2-dicarboxylic Acid Dihydrazide (XI).
—A mixture of dimethyl cis-cyclopentane-1,2-dicarboxyl-
ate!? (X) (7.92 g.) and hydrazine hydrate (1 ml.) was
heated in an oil-bath at 160-170°. This temperature was
maintained while additional hydrazine hydrate (3 ml.) was
slowly added over a period of fifty minutes. Following the
addition of the hydrazine, the mixture was refluxed for one
hour with mixing being effected by passing a stream of nitro-
gen through the solution. The mixture was cooled to 50°,
methanol (24 ml.) added, and the solution kept at room tem-
perature for 24 hours., The resulting érans dihydrazide
(XII) was recrystallized from methanol; yield, 1.4 g.
(18%); m.p. 223-224°. The substance was identified,
by mixed-melting point determination, with the material
described below. The mother liquors from the crystalliza-
tion of the frams compound were concentrated to a small
volume 41 vacuo and ether was added to the residue. The
mixture was placed in a refrigerator for 12 hours and the
resulting crystals of the cis hydrazide collected. The crude
material was dried 4# vacuo over sulfuric acid for several
days; yield, 2.17 g. Recrystallization from methanol and
ether gave 1.76 g. (229%,) of the cis hydrazide (XI) which
melted at 125-126°. Prolonged refluxing of the cis isomer
in methanol solution led to the formation of the sparingly
methanol-soluble {rans compound.

Anal. Caled. for C;H,O:N,: C, 45.2; H,7.8; N, 30.1.
Found: C,45.4; H,7.3; N, 29.9.

trans-Cyclopentane-1,2-dicarboxylic Acid Dihydrazide
(XII) ~~A mixture of dimethyl #rans-cyclopentane-1,2-di-
carboxylate (1.89 g.) (prepared from the cis dimethyl ester
(X) by refluxing with sodium methoxide in methanol!?),
hydrazine hydrate (11 ml.) and dry ethanol (11 ml.) was
refluxed for 18 hours at a bath temperature of 140-160°.
The solvent was evaporated ¢n vacuo; the resulting crystals
were recrystallized from 959, ethanol and dried; yield, 600
mg. (32%); m.p.224-225°,

Anal. Caled. for CG:H1,0:N,: C, 45.2; H, 7.6; N, 30.1.
Found: C, 45.2; H, 7.4; N, 30.3.

Azide of 2-Carbomethoxyamino-1-cyclopentenecarboxylic
Acid (XVI).—Phosphorus pentachloride (20.3 g.) was added
slowly with shaking to an ice-cold suspension of l-cyclo-
pentene-1,2-dicarboxylic acid!¢ (VIII) (7 g.) in anhydrous
ether (65 ml.). The mixture was removed from the ice-
bath, shaken at room temperature for an additional twenty
minutes and the remaining small quantity of undissolved
phosphorus pentachloride removed by filtration. The ether
was evaporated ix vacuo under anhydrous conditions and the
resulting sirupy acid chloride dissolved in dry benzene (20
ml.). The benzene was removed 4# vacuo at a bath tem-
perature of 50°, This procedure was repeated twice more
in order to free the acid chloride from phosphorus oxychlo-
ride. The resulting oily acid chloride was dissolved in ether
(150 ml.) and stirred vigorously in an ice-bath with a solu-
tion of sodium azide (58.8 g.) in water (150 ml.) for 2 hours,
The ether layer was separated, the aqueous phase reéx-
tracted with ether (150 ml.) and the combined ether ex-
tracts dried over anhydrous sodium sulfate. All operations
were carried out at ice-bath temperatures, and the azide
was used immediately. The azide (XV) is highly explosive
and should not be kept free of solvent. Anhydrous meth-
anol (70 ml.) was added to the above ether solution of the
azide and the mixture was slowly heated to 55° when evolu-
tion of nitrogen indicated the decomposition of the azide.
The temperature was slowly increased and the ether and
approximately half of the methanol removed by distillation.
Water (3 ml.) was added and the solution placed in a re-

N, 10.1. Found: N,

frigerator for one hour. The resulting solid was recrys-

(I12) A, Wassermann, Hely. Chim. Acts, 18, 223 (1930).
(13) W. Hiickel and E. Goth, Ber., 88, 447 (1925).
(14) 8. C. Sen Gupta, J. Indian Chem. Soc., 17, 183 (1940),
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;%llized from 959, ethanol; yield, 6.5 g. (699,); m.p. 75-
Anal. Caled. for CsHmOal\4
Found: C,45.5; H,4.6; N,

Dianilide of 1 Cyclopentene 1,2-dicarboxylic Acid.—The
acid chloride, prepared as described above from the diacid
(VIII) (540 mg.), was dissolved in ether (5 ml.) and the
solution added to a solution of freshly distilled aniline (1.3
g.) in ether (5 ml.). The anilide was isolated in the usual
manner and recrystallized from 959, ethanol; yield, 700 ng.
(66%); m.p. 195-196°,

Anal. Caled. for C19H1302N23
Found: C,74.6; H,5.7; N,9.3.

Azide of 2-Phenylure1do l-cyclopentenecarboxyhc Acid.—
To an ether solution of the diazide (XV), prepared from |
g. of the diacid (VIII) as described above, a solution of
aniline (0.6 g.) in dry benzene (5 ml.) was added, the mix-
ture slowly heated at 65—~70° and the ether removed by dis-
tillation, The remaining benzene solution was then kept at
70° for an additional fifteen minutes and was evaporated to
dryness 4z vacuo. The material was recrystallized from
959, ethanol; yield, 900 mg. (52%); dec. 128-129°,

Anal. Caled. for C;3H;;O:Ns: C, 57.6; H, 4.8; N,
25.8. Found: C, 57.5; H, 4.5; N, 25.9.

Amide of 2-Carbomethoxyamino-1-cyclopentenecarbox-
ylic Acid. A. By Catalytic Hydrogenation of (XVI).—
The azide urethan (XVI) (3.3 g.) was dissolved in methanol
(90 ml.) and hydrogenated over a palladium-on-charcoal
catalyst!® (2.8 g.) for a period of three hours. No uptake
of hydrogen was noted since the volume of hydrogen absorbed
is equivalent to the volume of nitrogen liberated during the
reaction. The catalyst was removed by filtration and the
solvent evaporated 7z vacxo. Recrystallization of the resi-
due from methanol yielded 1.2 g. (42%) of the amide,
melting at 181-182°. A sample for analysis was sublimed
at 150°, 0.01 mm.

Anal. Caled. for CsH,3O3N3: C, 52.2; H, 6.6;
Found: C,52.3; H,6.4; N, 15.4.

B. By Treatment of (XVI) with Ammonia.—The azide
urethan (XVI) (500 mg.) was dissolved in methanol (7.5
ml.) and a saturated solution of ammonia in methanol (7.5
ml.) wasadded. The mixture was kept at room temperature
for 20 hours and then evaporated to dryness iz vacuo.
Several recrystallizations from methanol gave 145 mg.
(33%) of the amide urethan, melting at 182-184°, This
was identified, by mixed melting point, with the compound
described above under A.

Amides of cis- and frans-2-Carbomethoxyaminocyclo-

pentanecarboxylic Acids (XVII and XVII).—A solution of
(XVI) (6.0 g.) in glacial acetic acid (100 ml.) was hydro-
genated over a platinum-oxide catalyst (6.0 g.) for 50
minutes; no uptake of hydrogen was noted (conversion of
the azide to the amide). The mixture of nitrogen and hydro-
gen was then displaced by fresh hydrogen and the hydro-
genation continued for seventy minutes. During this time
an amount of hydrogen equivalent to one mole was ab-
sorbed. The catalyst was removed and the solvent evap-
orated in vacuo. ' The residue was dissolved in hot water
(100 ml.) and the solution kept at room temperature for 20
hours. The resultmg solid was recrystallized from 959%
ethanol. The frans isomer (XVIII) melted at 198-199°;
yield, 1.8 g. (349%). A sample for analysis was sublimed
at 150°, 0.01 mm.

Anal. Caled. for CgH;,05N.: C, 51.6; H,7.6; N, 15.1.
Found: C, 51.9; H,7.8; N, 15.2.

When concentrated to a small volume izn vacuo, the
mother liquors from the preparation of the trans isomer
yielded 2.7 g. of crystals which melted at 138-146°. Re-
crystallization from dilute ethanol gave the c¢is compound
(XVII); yield, 2.1 g. (40%); m.p. 148-149°,

Anal. Caled. for CsHuOsNg C 51 6 H 7. 6 N 15.1.
Found: C, 51.8; H, 7.2; N, 15.2.

N-Carbomethoxy-1,2-ureylenecyclopentane (XIII). A.
By Hofmann Degradation of (Xvﬂ ~—To a cooled solution
of (XVII) (400 mg.) in dry methanol (10 ml.) was added a
sodium methoxide selution (1.73 ml.) (1 g. sodium in 20
ml. methanol), followed by bromine (0.2 ml.). The mix-

C,45.7; H,4.8; N, 26.7.
7.0.

C, 74.5; H,5.9; N, 9.1

, 15.2,

(15) Obteined frow the American Platinum Works, Newark, New
Jegney.
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ture was refluxed for thirty minutes and then evaporated
to dryness 4» vacuo. The residue was extracted with several
portions of hot ethyl acetate and the ethyl acetate-soluble
fraction recrystallized from dilute methanol; yield, 88 mg.
(22%); m.p. 156-157°. A sample for analysis was sub-
limed at 120°, 0.01 mm.

Anal. Caled. for CsH 203Nz C, 52.2; H, 6.6; N, 15.2.
Found: C, 52.3; H, 6.4; N, 15.3.

B. By Curtius Degradation of (XI).—A solution of the
cts dihydrazide (XI) (700 mg.) in 2 N hydrochloric acid
(16 ml.) was cooled to 0° in an ice-bath, and a solution of
sodium nitrite (1.04 g.) in water (2.5 ml.) was added drop-
wise with stirring, After ten minutes further stirring, the
azide was extracted with three 60-ml. portions of ice-cold
ether. The combined ether solutions were washed with
sodium bicarbonate and water, dried over sodium sulfate,
and the ether evaporated at room temperature. Methanol
(10 ml.) was added to the residue and the solution refluxed
for two hours. Evaporation gave an oil which soon solidi-
fied. Recrystallization from methanol gave 215 mg. (31%)
of needle-like crystals which melted at 154-155°, The
material was identified, by mixed melting point, with the
substance obtained according to Method A above.

1,2-Ureylenecyclopentane (I). A. By Hydrolysis of
(XII) .—A solution of (XIII) (88 mg.) in 10%, barium
hydroxide (6 ml.) was heated on a steam-bath for twoand a
half hours. Carbon dioxide was passed into the solution and
the barium carbonate removed by filtration. The precipi-
tate was washed repeatedly with hot water and the com-
bined filtrate and washings acidified to congo red with 2 N
sulfuric acid. - The solution was filtered and the clear filtrate
concentrated to dryness iz vacuo. Sublimation of the resi-
due at 150-170° at 15 mm. gave 52 mg. (87%) of the de-
sired cyclic urea derivative. Following recrystallization
from 959, ethanol and resublimation, the compound melted
at 205-206°.

Anal. Caled. for CeH;(ON,: C, 57.1; H, 8.0;
Found: C, 56.9; H,7.7; N, 22.4.

B. By K. F. Schmidt Degradation of (IX).—To a solu-
tion of the diacid (IX) (2.55 g.) in coucentrated sulfuric
acid (17 ml.), 1.45 N hydrazoic acid in chloroform!?® (33.5
ml.) was added dropwise during half an hour. The mixture
was stirred vigorously for 14 hours at a temperature of 42—
45°, An additional 30 ml. of the hydrazoic acid solution was
added and stirring continued for 4 hours. The mixture was
poured on cracked ice, the chloroform layer separated, the
aqueous phase made alkaline by the addition of strong potas-
sium hydroxide, and steam distilled until the distillate became
neutral, The distillate was acidified to congo red with 5 N
hydrochloric acid and evaporated to dryness ¢z vacuo, leaving
1.35g. (47%) of the crude dihydrochloride of (VII). Treat-
ment of this dihydrochloride with a solution of phosgene in
toluene in 5 N potassium hydroxide in the usual manner gave
the cyclic urea derivative, which was purified by sublimation
at 100°, 0.1 mm., and recrystallization from a mixture of
959 ethanol and’ ether, yield, 385 mg. (199 based on
(1%}); m.p. 204-205°. The compound was, by mixed-
meltmg point, identified with the substance described under
A above.

Anal. Caled. for CeH,0ON,: C, 57.1; H, 8.0; N, 22.2.
Found: C, 57.4; H, 7.6; N, 22.3.

C. By Hydrolysis of (XIII-A),—Barium hydroxide
(109%,) (16 ml.) was added to a solution of (XIII-A) (230
mg.) in methanol (10 ml.) and the mixture refluxed for 3
hours. The barium ions were removed in the usual manner
and the filtrate evaporated to dryness ¢n vacuo. The resi-
due was extracted with hot absolute ethanol, the filtered
alcoholic extracts evaporated and the residue sublimed at
100°, 0.01 mm.; yield, 59 mg. (47%); m.p. 205-206°.
The material was identical with the compound prepared
according to procedures A and B.

Anal. Caled. for CeH1gONg: C, 57.1; H, 8.0; N, 22.2.
Found: C, 57.3; H,8.0; N, 22.3.

trans-1,2-Dicarbomethoxyaminocyclopentane (XIV).
A. By Hofmann Degradatioh of (X}{H .—The amide
(XVIII) (1.12 g.) was converted into (XIV) essentially
according to the procedure’used in the conversion of (XVII)
into (XIII), The crude érans urethan, 680 mg. (52%),
was recrystallized from a mixture of methanol and ether
(2:1); m.p. 140-141°.

£18) J. von Braun, Ann., 480, 125 (1831).

N, 22.2.
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Amnal. Caled. for CeH,60:N,: C, 50.0; H, 7.5; N, 12.9.
Found: C, 50.2; H, 7.4; N, 12.8,

B. By Curtius Degradation of (XII).—The ftrans di-
hydrazide (XII) (745 mg.) was transformed into the frans
diurethan (XIV) essentially according to the procedure
used in the conversion of (XI) to (XIII). The resulting
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crude material, 340 mg. (399,), was recrystallized from a
mixture of methanol and ether (2:1). The purified com-
pound melted at 142-143° and was, by mixed melting
point, identified with the material prepared according to A
above.
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Studies on the Chemistry of Limonin

By ROBERT S. ROSENFELD AND KLAUS HOFMANN!

Reinvestigation of tlie catalytic hydrogenation of limonin yielded two products, hydrolimoninic acid and tetrahydroli-
monin, thus extending the earlier work of Koller and Czerny. A new degradation product, decarboxyhydrolimonin, has
been isolated and characterized. The stepwise removal of one of the lactone groups of limonin has been achieved. The
infrared absorption curves of limonin and two of its degradation products are presented.

Although the chemistry of limonin, one of the
bitter principles of citrus plants, has been studied by
numerous investigators, little information is as yet
available on the chemical structure of this com-
pound. Pertinent aspects of its chemistry have
been summarized by Geissman and Tulagin? and
by Emerson.® Limonin represents a neutral com-
pound of the composition CesH30Os, which is insol-
uble in sodium bicarbonate but readily dissolvesin
dilute sodium hydroxide solution. Acidification
of such solutions results in a quantitative recovery
of the bitter principle. Saponification studies
indicate the presence of two lactone groups,
while the formation of a crystalline monoxime?
points to the presence of a carbonyl function.
Thus, of the eight oxygen atoms of limonin, five are
accounted for in the form of the ketodilactone func-
tions, while the nature of the remaining three oxy-
gens is still unknown. It is generally assumed that
they are present as ether linkages.

The present investigation was undertaken to:
(1) re-examine the behavior of limonin toward
catalytic hydrogenation; (2) further characterize
the lactone functions, and (3) obtain some insight
into its basic ring skeleton.

Koller and Czerny* reduced limonin over a palla-
dium-on-charcoal catalyst in absolute ethanol and
observed a slow uptake of three moles of hydrogen
per mole of bitter principle. The resulting amor-
phous reduction product readily crystallized when
brought into contact with water and was shown to
represent a monocarboxylic acid. The formation of
this “hexahydrolimoninic’’ acid was postulated as
involving the addition of three molecules of hydro-
gen and one molecule of water to the bitter princi-
ple. The acid decomposed at 175-178° and reacted
with diazomethane to form an amorphous mono-
methyl ester. In addition to hexahydrolimoninic
acid, a small amount of a neutral hydrogenation
product, tetrahydrolimonin, was isolated. Similar
results were obtained by Feist and Schulte-Over-

(1) We wish to expréss our gratitude to Dr. W, E. Baier, of the Cali-
fornia Fruit Growers Exchange, for generous gifts of Valencia orange
seeds, and to Dr. F. A. Miller, of the Mellon Institute of Industrial
Research; for the infrared absorption spectra.

(2) T. A. Geissman and V. Tulagin, J. Org. Chem., 11, 760
(1946).

(38) O:. H. Emerson, THIS JOURNAL, T0, 545 (1948).

(4) G. Koller and H. Ceerny, Monaisk., 67; 267 (1936); ¢bid., 70, 26
(1937).

berg.® Schechter and Haller® also studied the
hydrogenation of limonin; however, their results
did not substantiate those of the previous workers.
They observed a slow hydrogen uptake with the
formation of a mixture of products which were not
characterized. This situation prompted us to re-
investigate the hydrogenation of limonin.

Highly purified limonin, which was recrystallized
from glacial acetic acid and consequently contained
acetic acid of crystallization, served as the starting
material. Hydrogenation of this material, over a
palladium-on-charcoal catalyst with ethanol as the
solvent, resulted in a rapid uptake of three moles
of hydrogen per mole of bitter principle. Several
hydrogenations of limonin were carried out with
essentially similar results. Evaporation of the sol-
vent gave an amorphous material which crystal-
lized on the addition of water. Recrystallization
from dilute ethanol afforded a monocarboxylic
acid melting with decomposition at 163-165°.
Neutral equivalent determinations and elementary
analyses pointed to a formula of CseHsze-3s09 for
this compound. A crystalline substance with prop-
erties identical to those reported for tetrahydrolim-
onin was isolated from the neutral hydrogenation
products.

The properties of our acidic hydrogenation prod-
uct are similar to those reported for hexahydrolimo-
ninic acid4; however, certain differences are note-
worthy. The decomposition point of hexahydroli-
moninic acid is given as 175-178°; in contrast,
our acid decomposed counsistently at 163-165°.
Also, the analytical figures and neutral equivalents
obtained in our laboratory differ somewhat from
those previously reported (see Experimental).
Although no explanation can be offered for these
differences, it seems reasonable to assume the iden-
tity of the products; their similar behavior on
heating, as discussed below, also supports this con-
clusion. Limonin absorbs three moles of hydrogen
under the experimental conditions employed; how-
ever, the acidic reduction product was obtained’in
only 40~509%, yvields. Consequently, we cannot ex-
clude the possibility of competing reactions simu-
lating an over-all uptake of three moles of hydro-
gen and leading to more highly hydrogenated amor-

(5) K. Feist and L. Schulte-Overberg, Ber., 69, 1322 (1936).
(6) M, S. Schechter and H. L. Haller, Tu1s Journa1, 62, 1307
(1940).



