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0.2 g. (4%) of a white substance believed to be 6-[tri(4-methyl-
phenoxy)methyl]purine (VIII); m.p. 214-215° dec., R; 0.92.

Anal. Caled. for CyH.O3Ns: C, 71.4; H, 5.3; N, 12.7.
Found: C,71.9; H, 5.5; N, 12.2.

Compound VIII gave no color reaction with ferric chloride and
could not be converted into VII by treatment with 1 N hydro-
chloric acid for 30 min. at 60-70°.

Catalytic Reduction of VII.—A solution of VII (0.55 g.) in 5%
aqueous ammonia (50 ml.) containing 5% palladium on carbon
(50 mg.) was shaken for 4 hr. under hydrogen at atmospheric
pressure and room temperature. The total volume of hydrogen
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absorbed was about 62 ml. The solution was filtered and eva-
porated to dryness under reduced pressure. The residue (0.5 g.,
91%) was recrystallized from methanol to yield pure (purin-
6-y1)(2-hydroxy-5-methylphenyl)carbinol (X); m.p. 233-234°
dec., R;0.70. The carbinol gave an intense blue coloration with
a trace of ferrie chloride in methanol.

Anal. Caled. for C13H1202N4Z C, 609, H, 4.7, N, 21.9.
Found: C, 60.8; H,5.2; N, 21.8.

Acknowledgment.—The authors wish to thank Dr.
G. B. Brown for his interest and help.
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In recent years several examples of unsaturated
derivatives of seven-membered heterocyclic systems
have been reported!—® and have been of interest because
of the possibility of planarity and aromatic stability.
We wish to report a three-step synthesis of the new
compounds, 4,5-dihydrooxepine (III) and 1,2-divinyl-
ethylene oxide (3-epoxy-1,5-hexadiene) (IV), as well as
a new example of valence isomerism of a strained ring
compound.” 1,5-Hexadiene-3,4-diol (I) is conveniently
prepared by the bimolecular reduction of acrolein
through the influence of a zinc—copper couple. sym-
divinylethylene carbonate (II) was obtained in high
vield from the reaction of (I) with diethyl carbonate
using potassium carbonate as catalyst.

HO
+ ~
2 CH,=CH—CHO _Z/Cu" p
CH;COOH HO
I
I (CzH5O)2CO
T KL.COp =<

The lithium chloride-catalyzed pyrolysis of II at 200°
was expected to give one or both isomers of 1,2-divinyl-
ethylene oxide. The constant boiling pyrolysate was
separated into two fractions by preparative scale
vapor phase chromatography.

The first fraction was shown to be one of two steric
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(2) E. E. Schweizer and W. E. Parham, ibid., 82, 4085 (1960).

(3) J. Meinwald, D. W. Dicker, and N. Danieli, ibid., 82, 4087 (1960).
(4) 8. Olsen and R. Bredoch, Chem. Ber., 91, 1589 (1958).

(5) K. Dimroth and G. Pohl, Angew. Chem., 78, 436 (1961).

(6) M. J. Jorgenson, J. Org. Chem., 3T, 3224 (1962).
(7) W.Von E. Doering and W. R. Roth, Tetrahedron, 18, 67 (1962).

forms of 1,2-divinylethylene oxide (IV) and, on the basis
of known relative stabilities of cis- and trans-divinyl-
cyclopropanes,®® we believe the trans form was iso-
lated. The other fraction was identified as 4,5-dihydro-
oxepine (IIT) and presumably resulted from the Cope
rearrangement of the less stable ¢is isomer 1,2-divinyl-
ethylene oxide.

The infrared, near-infrared, ultraviolet, and nuclear
magnetic resonance spectra of III are consistent with
the structure assigned. Hydrogenation of 4,5-dihydro-
oxepine resulted in the uptake of two moles of hy-
drogen, and reaction of (IIT) with aqueous acetic acid
and 2,4-dinitrophenylhydrazine reagent results in the
formation of the corresponding hydrazine derivative of
1-cyclopentene carboxaldehyde (V

A =
i B OO
v

111
H H ] o
= Vi /
=\ _H0, |HO |0 _, GH
0 H* | HO 0
—— —_ \\C
III o E—I/ v

1-Cyclopentene carboxaldehyde presumably results
from the acid-catalyzed hydrolysis of III to adipalde-
hyde which readily undergoes an internal Aldol conden-
sation to give V.10

Experimental

1,5-Hexadiene-3,4-diol (I). —Cornpound I is obtained by the
bimolecular reduction of acrolein with zinc-copper couple and
acetic acid using the method deseribed previously for the reduc-
tion of crotonaldehyde.!* Compound I is a colorless liquid, b.p.
55° (0.2 mm.), n%Dp, 1.4739, d%, 1.0097, which has been prepared
previously only in 20-309, yields.?? The yield can be improved
to above 909% by using an ether such as tetrahydrofuran or
dioxane as solvent instead of water.

(8) E. Vogel, Ann., 618, 1 (1958).

(9) E. Vogel, Angew. Chem., 1, 53 (International Edition) (1962).

(10) E. Urion, Ann. Chem., 1, 5 (1934).

(11) W. G. Young, L. Levanas, and Z. Jasaitis, J. Am. Chem. Soc., 68,
2274 (19386).

(12) (a) M. Wiemann, Compt. rend.,
Farmer, et al., J. Chem. Soc., 2946 (1927).

198, 2263 (1934); (b) E. H.
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sym-Divinylethylene Carbonate (II).—A mixture of 57 g.
(0.5 mole) of 1,5-hexadiene-3,4-diol, 71 g. (0.6 mole) of diethyl
carbonate and 0.2 g. of anhydrous potassium carbonate was
slowly heated to 110°. At this temperature reaction occurred
and ethyl alcohol was distilled from the reaction mixture through
a packed column. After 1 hr. the theoretical amount of ethyl
alcohol was recovered. The residue was filtered and fractionated
to give 51.8 g. (749%,) of compound IV, b.p. 64° (0.2 mm.), n%p
1.4598, d%, 1.0650. The infrared spectrum is econsistent with the
proposed structure.

Anal. Caled. for C/H;0;:
C, 60.27; H, 5.94.

Compound IV does not have to be isolated before proceeding
to the pyrolysis step.

Pyrolysis of sym-Divinylethylene Carbonate, 1,2-Divinylethyl-
ene Oxide, and 2,3-Dihydrotxepine.—A slurry of sym-divinyl-
ethylene carbonate (140 g., 1.0 mole) and 5.0 g. of lithium chloride
powder!? was heated slowly to 200-210°, and the distillate was
collected in a Dry Ice trap. The distillate was washed twice
with cold water and dried over magnesium sulfate to give 49.7 g.
of erude produet. Distillation through a 20-in., helices-packed
column gave a constant boiling fraction, b.p. 108° (760 mm.),
with a refractive index ranging from n®p 1.4541 to 1.4561.
A 10.7 g. sample of the distilled product was separated into two
fractions by vapor phase chromatography using a 6-ft. column
with 3-methyl-3-nitro-1,5-dicyanopentane on firebrick as the
stationary phase. The first fraction (retention time, 12 min.,
column temp., 90°; flow rate, 500 ml./min.) (3.3 g.) was 4,5-
dihydrodxepine (I); and the second fraction (retention time, 18
min., (6.1 g.) was 1,2-divinylethylene oxide (11).

4,5-Dihydrosxepine.—B.p. 108° (760 mm.), n%p 1.4632. The
infrared spectrum was consistent with the proposed structure:
3055 em.~! (CH stretching of cis-CH=CH—), 2940 and 2860
cm. ~? (CH stretching of CH,), 1650 cm. ~! (nonconjugated C=C),
1448 cm.™! (CH, deformation frequency of —CH=C—CH,),
1238 em. ™! (cis-C=C adjacent to oxygen). The near-infrared
spectrum showed that terminal epoxide or terminal methylene
groups were absent and the ultraviolet spectrum indicated the
absence of conjugated unsaturation. The proton resonance
indicated three different protons in the expected ratio of 2:1:1;
peaks occurring at 7.3 7, assigned to the hydrogens at the 4 and 5
position; 5.3 7, hydrogens at the 3 and 6 positions; 3.42 r,
hydrogens at 2 and 7 positions (split).1*

Angl. Caled. for CH:O: C, 74.97; H, 8.38; 0O, 16.65;
mol. wt., 96. Found: C, 74.89; H, 8.26; O, 17.12 (Unter-
zaucher method); mol. wt. (f.p. benzene), 100.

Hydrogenation of 4,5-dihydroéxepine over platinum oxide re-
sulted in a 1019 uptake of 2 moles of hydrogen. The 4,5-di-
hydrotxepine was hydrolyzed by warming with aqueous acetic
acid for 10 min. to give a solution which reduced ammoniacal
silver nitrate (suggesting a rearrangement to an aldehyde).
Freshly prepared 2,4-dinitrophenylhydrazine reagent was added
to the hydrolyzed 4,5-dihydroéxepine. The crude derivative was
purified by chromatographing it on neutral alumina and eluting
with chloroform. The pure derivative was brilliant red, m.p.
215-216° (lit.,’s m.p. for 2,4-DNP of l-cyclopentene carbox-
aldehyde, 215-216°).

Anal. Caled. for CuHisN4Os: N, 20.28. Found: N, 20.18.

sym-Divinylethylene Oxide.—B.p. 108° (760 mm.), m.p.
35°, n®¥p 1.4474. The infrared spectrum was consistent with the
proposed structure: 3125 em.~? (C—H), 3030 em.~? (saturated
C—H with low frequency due to strained ring configuration),
1887 em. 1 (C=C overtone), and bands at 993, 927, and 869
cem. ™! (epoxide). The compound gave a positive periodic acid
test indicating the presence of an epoxide group. The nuclear
magnetic resonance spectrum indicated two different protons in
the ratio 3:1; 4.97 =, vinyl protons overlapped and 6.58 =,
protons on epoxide ring.

Anal. Caled. for CeHgO: C, 74.97; H, 8.39; O, 16.67;
mol. wt., 96. Found: C, 74.99; H, 8.38; O, 17.32 (Unter-
zaucher method); mol. wt., 95.

C, 60.00; H, 5.75. Found:

(13) Lithium chloride is & much more effective catalyst for the pyrolysis
than other salts used previously for the pyrolysis of carbonate; U. S. Patent
2,856,413.

(14) The n.m.r. spectrum rules out the possible alternative structure.
2,3-diliydrodxepine.?

(15) I. Heibron, J. Chem. Soc., 1827 (1949).

Nores

Vou. 28

Acknowledgment.—The author expresses his appreci-
ation to Dr. Anthony J. Papa, John W. Robson, and
Charles B. Matthews for helpful discussions and to
Dr, Heinz F. Reinhardt who first prepared compound
II.

A General Synthesis of 3-Indolealkanoic Acids
HenNry EpwaRrDp FrITZ

Research and Development Department, Union Carbide Olefins
Company, Division of Union Carbide Corporation,
South Charleston, West Virginia

Recetved October 18, 1962

3-Indolealkanoic acids are very active plant growth
substances. 3-Indoleacetic and 3-indolebutyric acids
are used commercially by nursuries to promote growth
of plant cuttings, and many other interesting biological
properties have been reported for these acids and their
derivatives. 3-Indolecaproic acid and its amide also
have excellent biological properties.’? A simple one-
step synthesis for the preparation of 3-indolealkanoic
acids is deseribed which involves the direct base-
catalyzed reaction of lactones with indole or its deriva-
tives.

3-Indolealkanoic acids have been prepared pre-
viously by the reaction of lactones with indole, but
these syntheses generally involved several steps, or gave
low yields. The reaction of butyrolactone with the
potassium salt of indole at 200° has given 1-indolebu-
tyric acid,® while with the magnesium iodide salt of in-
dole at 120-130° has given 3-indolebutyric acid.*
These syntheses required the prior preparation of the
respective salts via involved procedures. The non-
catalytic reaction of propiolactone with indole at 120°
is reported to give 3-indolepropionic acid in 40-509%
vield.® An attempt was made to duplicate this result,
but only starting material was recovered in 909, yield.
A reaction did occur when the temperature was raised
t0 245°, but the product was a nitrogen-containing poly-
meric acid which was not investigated further.

The reaction of lactones with indole, in the presence
of base, takes place at 200-300° to give high yields of
3-indolealkanoic acids (Table I). The acids described
in Table I were prepared at 250° using a reaction
mixture comprising 1.0 mole of indole, 1.05 moles of
lactone and 1.1 moles of base. The base used was po-
tassium hydroxide, but sodium hydroxide or sodium
methoxide also gave satisfactory results. Some skatole
was produced when sodium methoxide was used.® No
solvent was used in these preparations, but solvents,
such as tetralin, methylnaphthalene, or diethylbenzene,
can be used. When the reactions were run in the pres-
ence of a solvent the yields were generally lower. The
purity of the crude acids, which were isolated by the
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