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centrated at reduced pressure and washed with aqueous
sodium bicarbonate and with water, and dried over an-
hydrous magnesium sulfate. The residue (4.4 g., 82%
yield) left by complete removal of solvent was relatively
pure ester, m. p. 40~45°, Three recrystallizations from
ether—petroleum ether gave 3.0 g. of pure material of con-
stant melting point (41-43°).

Angl. Caled. for C;3sH104: C, 64.27; H, 7.19. Found:
C, 64.51, 64.18; H, 7.32, 7.17.

A trial distillation at 2 mm. of a small sample of the pure
hydroxy ester resulted in elimination of methanol, identi-
fied in the Dry Ice trap, and partial conversion to lactone.
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Pyridine from Furfural
By CHRISTOPHER L. WILSON

The following observations with furfurylamine
confirm and extend the recent findings of Kline
and Turkevich.! Passage over typical dehydrat-
ing catalysts at elevated temperatures failed to
give pyridine? but catalytic reduction in the liquid
phase led first to tetrahydrofurfurylamine and
then, under more drastic conditions, to piperidine
(9%) and N-tetrahydrofurfurylpiperidine (for-
mula inset, 43%,). These experiments could be the
basis of a satisfactory synthetic method for
pyridine.

?Hz—?}{;
CH: CH~—CH:N: CH,
\O/ \CHz—‘CHz/

Hydrogenation of Furfurylamine.—Furfurylamine (193
g.), Raney nickel catalyst (30 g.) and hydrogen (137 atm.
(20°)). were introduced into a 2-1, rotating autoclave.
Two moles of hydrogen were rapidly absorbed at 140°
and a third slowly at 200-215°. The product on frac-
tionation consisted of (a) b. p. below 110°, which after
drying over potassium carbonate gave piperidine (15 g.)
identified as picrate, and (b) N-tetrahydrofurfurylpiperi-
dine (new, 73 g.), b. p. 102-104° (11 mm.).

CHz—'CHg\

Anal. Caled. for CoH oON: C, 71.0; H, 11.35; N,
8.3; mol. wt., 169. Found: C, 70.7; H, 10.9; N, 8.9;
equiv. by titr., 171.

The picrate had m. p. 140-141°,

Anal. Caled. for CquanH‘: N, 14.1. Found: N,
13.8.

An authentic specimen was prepared py heating tetra-
hydrofurfuryl bromide and excess piperidine together at
100° for one hour.

(1) Kline and Turkevich, THIS JoUrNAL, 66, 1710 (1044).
(2) Such a reaction was first envisaged by Ciamician and Denn-
stedt, Ber., 14, 1059, 1475 (1881).
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Propylene Glycol p-Nitrobenzoate

Propylene glycol was converted to the p-nitrobenzoate
by treatment with p-nitrobenzoyl chloride in pyridine
according to the gencral procedurc outlined by Shriner and
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Fuson.! After three recrystallizations from alcohol the
product melted at 126-127°.

Anal: Caled. for C2HyyN2Og: C, 54.55; H, 3.77; N,
7.48. Found: C, 54.75; H, 3.99; N, 7.60.

(1) Shriner and Fuson, ‘'Identification of Organic Compounds,”

John Wiley and Sons, Inc., New York, N. Y., second edition, p. 137.
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Di-(p.p’-dichlorobenzohydryl) Ether

Three grams (12 millimoles) of p,,p’-dichlorobenzohydrol
(prepared by the reduction of p,p’-dichlorobenzophenone
with zinc and sodium hydroxidel) was dissolved in 15 cc.
of dry chloroform and 5 cc. of concentrated sulfuric acid
was added slowly dropwise with vigorous stirring. After
standing at.room temperature for ten minutes the brown
mixture was poured onto 50-60 g. of ice. The chloroform
layer was separated, washed with 5%, sodium carbonate
solution and water until neutral, and then dried over an-
hydrous potassium carbonate. After filtering and removal
of the chloroform on the steam-bath with reduced pressure,
a viscous oil remained which was dissolved in 5 cc. of
petroleum ether (60-70°) and the solution cooled in an
ice-bath until crystals formed. These were collected by
suction filtration and then crystallized twice from absolute
ethanol, using a small amount of Norit each time. The
yield of colorless crystals was 1.5 g., 51% of the theo-
retical, nielting 126-127°.

Anal. Caled. for CisHisCLO: Cl, 29.1; mol. wt., 488.
Fouud: Cl, 28.8; mol. wt., 490.

The ether was further characterized by cleavage with
3,5-dinitrobenzoyl chloride to form p,p’-dichlorobenzo-
hydryl 3,5-dinitrobenzoate: 1.0 g. of the ether, 0.5 g. of
3,5-dinitrobenzoyl chloride and 0.15 g. of anhydrous zine
chloride were heated on the steam-bath for one hour and
in an oil-bath at 150° for one-half hour. The oily product
was poured into 50 cc. of ice water with stirring and the
mixture allowed to stand forty-eight hours. The crude
product slowly solidified and after washing with warm 29,
sodium carbonate solution and crystallization from 2:1
benzene-alcohol there was obtained 0.2 g. of p,p’-dichloro-
benzohydryl 3,5-dinitrobenzoate, m. p. 174-176°. A
mixed melting point with the authentic ester? gave 174-
176°. Attempts to cleave the ether with acetic acid-
sulfuric acid, as Nef had done on benzohydryl ether,® gave
only the unreacted ether. The ether was not appreciably
hydrolyzed by heating with 5% sulfuric acid in a sealed
tube at 150° for two hours.

(1) Montagne, Rec. trav. chim., 34, 115 (1905).
(2) Grummitt, Buck and Joseph, Tr1is JOURNAL. 67, 693 (1943).
(3) Nef, Ann., 298, 234 (1897).
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OL1vER GRUMMITT
ALLEN BUck

»,p’-Dichlorobenzohydryl 3,5-Dinitrobenzoate

A mixture of 2.0 g. (8 millimoles) of p,p’-dichlorobenzo-
hydrol (prepared by the reduction of p,p’-dichlorobenzo-
phenone with zinc and sodium hydroxide!), 1.5 g. (6 milli-
moles) of 3,5-dinitrobenzoyl chloride and 5-6 cc. of dry
pyridine was heated on the steam-bath for one hour. It
was then poured with stirring into 100 cc. of cold water
and allowed to stand until the oil layer solidified. The
water was decanted, the solid was pulverized and then
thoroughly washed with several portions of warm 29,
sodium carbonate solution. The solid was collected by

(1) Montagne, Rec. trav. chim., 24, 115 (1905).
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suction fltration and crystallized once with 25 ce. of 2:1
benzene-alcohol; 1.4 g. of faintly yellow crystals melting
174-176°, 52% of the theoretical.

Anal. Caled. for CzuHuOgClzsz Cl, 158, mol. wt.,
4+47.2. Found: CI, 15.4; mol. wt., 425, 487.

When the carbinol and 3,5-dinitrobenzoyl chloride were
allowed to react without pyridine as a solvent, di-(p,p’-
dichlorobenzohydryl) ether, m. p. 120-123°, was obtained.2

rurmnitt and Buck. Tdis JouryaL, 87, 693 (1945,
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Determination of the molecular weight of the 3,5-dinitro-
benzoate ebullipscopically in benzene consistently gave
values ranging from 1.5-2 times the theoretical, indicating
that association probably had-occurred. The reported
values were obtained with acetone as the solvent.

OL1vER GRUMMITT
ALLEN Buck
RuTtH JosSEPH
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FURAN AND TETRAHYDROFURAN DERIVATIVES.
IV. THE SYNTHESIS OF HEXAHYDRO-2-0XO-1-
FURO|[3,4|IMIDAZOLE DERIVATIVES

Str:

In a search for convenient methods to synthesize
biotin-like compounds, a number of 3,4-diamino-
carbethoxyfurans have recently been prepared.!
It has now been observed that low pressure
hydrogenation converts these substances into the
corresponding tetrahydro derivatives. Thus, cata-
lytic hydrogenation of 3,4-diaminocarbethoxy-2-
methylfuran under conditions which favor cis
addition of hydrogen gave a cis 3,4-diaminocarb-
ethoxy-2-methyltetrahydrofuran isomer,? m. p.
95-96°. (Amnal. Caled. for C,HnOsNy: C, 50.75;
H, 7.74; N, 10.75; OC:H; 34.62. Found: C,
50.80; H, 7.79; N, 10.68; OC.H;, 34.87.) Mild
hydrolysis of this substance with dilute barium
hydroxide resulted in a ring closure and a hexa-
hydro-2-oxo-4-methyl-1-furo[3,4] imidazole  1so-
mer, m. p. 234-236°, was obtained. (Anal.
Caled. for CgHyO:N:: C, 50.71; H, 7.09; N,
19.70. Found: C, 51.11; H, 7.26; N, 19.38.)

The structure of this compound was established
by drastic hydrolysis with barium hydroxide at
130-140° for twenty hours, which opened the
urea ring with the formation of the corresponding
¢is-3,4-diamino-2-methyltetrahydrofuran, isolated
as the crystalline sulfate, n. p. 270-275°. (4nal.
Caled. for CsHuOsNzSI C, 2803, H, ()59, N,
13.07; S, 14.97. Found: C, 27.82; H, 6.38; N,
12.89; S, 15.35.) Treatment of the above
diamine sulfate with phosgene in sodium bicar-
bonate solution gave a hexahydro-2-oxo-4-methyl-
1-furo[3,4]imidazole, m. p. 234-236°. (A4nal.
Caled. for CsHgO:Na2: N, 19.70. Found: N,
20.03), which by mixed melting point was found
to be identical with the starting material.

The above described reactions demonstrate
that ¢is-3,4-diaminocarbethoxy-2  substituted
tetrahydrofurans on treatment with dilute barium
hydroxide undergo ring closure to form hexa-

(1) Hofmann and Bridgwater, THIS JOURNAL, in press.

(2) The designation cis indicates the position of the amino groups.
The steric position of the side chain is not established.

hydro-2-oxo-1-furo[3,4]imidazoles. This novel
procedure represents a convenient way to prepare
derivatives of this new class of compounds.
Hydrogenation of 3,4-diaminocarbethoxy-2-
furanpentanol! followed by mild alkaline treat-
ment gave a  hexahydro-2-oxo-1-furo(3,4]-
imidazole-4-pentanol isomer, m. p. 152-153°.
(Anal. Caled. for C,oH1sO3N,: C, 56.07; H, 847;
N, 13.07. Found: C, 56.06; H, 8.18; N, 12.90),
which on oxidation was converted into the corre-
sponding hexahydro-2-oxo-1-furo(3,4]imidazole-4-
valeric acid (I), m. p. 208-210°. (Anal. Caled.
for CyoH,sOsN,: C, 52.63; H, 7.07; N, 12.27.
Found: C, 52.67; H, 743; N, 12.12.) Com-
pound (I) represents one of the oxygen analogs
of biotin. Further work which is at present under
way will demonstrate the stereochemical relation-
ships between this new compound and biotin.
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(I

DEPARTMENT OF CHEMISTRY

UNIVERSITY OF PITTSBURGH i

PITTSBURGH, PENNSYLVANI1A Kraus HoFMANN
RecuivEp MaArcH Y, 1945

STUDIES IN THE TERPENE SERIES. II! HYDRO-
GEN DISPROPORTIONATION OF LIMONENE

Sir:

During the study of bromination of terpenic
hydrocarbons it was noticed that the unreacted
terpenes contained a large amount of aromatic
hydrocarbons. On further investigation it was
found that a small amount of organic bromides
admixed with d-limonene caused hydrogen
transfer to occur during the process of distillation,

(1) For Paper 1 of this series, see V. N. Ipatieff and H. Pines,
THIs JoURNAL, 66, 1120 (1944).
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