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B. In the Presence of Hydrazine Hydrate.—The procedure
was essentially the same as above, except for the addition of 22
ml. of 809, hydrazine hydrate. The reaction product (7.8 g.
which was distilled at 135-170° at 3 mm.) deposited 1.8 g. of
solid substance identified as 10-ketoundecanoic acid by mixture
melting point. The liquid fraction (6.0 g.) gave the p-bromo-
phenacyl ester, m.p. 68.0-68.5°, which did not depress the melt-
ing point when admixed with an authentic sample of p-bromo-
phenacyl undecanoate, m.p. 68.0-68.9° (lit.23 m.p. 69°).

¢is-15-Heptadecenoic Acid.—The preparative method of 15-
heptadecenoic acid from l5-heptadecenoic acid! was similar to
that adopted in the preparation of VIII; thus, 11.0 g. of 15-
heptadecenoic acid was converted to 10.5 g. (96%) of crude 15-
heptadecynoic acid, m.p. 72-74°, which was recrystallized from
n-pentane. The pure sample melted at 77.4-77.7° and depressed
the melting point when admixed with VIII.

(23) C. V. Wilson, J. Am. Chem. Soc., 67, 2162 (1945).
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Anal. Caled. for CiyHyu0,: C, 76.68, H, 11.35.
76.87; H, 11.43.

The p-bromophenacyl ester was prepared in the usual man-
ner?* and melted at 79.5-80.0° after recrystallizations from eth-
anol.

Anal. Caled. for CysHy:BrO;: C, 64.79; H, 7.61.
C, 64.88; H, 7.66.

A sample of 15-heptadecynoic acid (1.76 g.) in a mixed solvent
composed of 30 ml. of methanol and 50 ml. of ethanol was hydro-
genated at atmospheric pressure over Lindlar catalyst.’0 After
188 ml. (calculated 161 ml.) of hydrogen was absorbed, usual
work-up gave 1.68 g. of wax-like substance, m.p. 43-45°, which
melted at 44.0-45.0° after two recrystallizations from n-hexane,
vmax (Nujol) 960 em. ™! (trace).

Found: C,

Found:

drocoumarins in one step.

coumarin derivatives.

Dihydrocoumarins may be obtained by the catalytic
hydrogenation of coumarins.?
cyanoethylation of the more active phenols, such as
resorcinol, is known to give dihydrocoumarin derivatives
in the presence of anhydrous zine chloride and dry hy-
drogen chloride.?
these conditions, but, if a more active catalyst, anhy-

Anal. Caled. for C;;HzO,: C, 76.06; H, 12.02. Found:
C, 75.99; H, 12.01.
(24) See ref. 14, p. 200.
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Reaction of acrylonitrile with phenol or the para-substituted phenols in the presence of anhydrous aluminum
chloride and dry hydrogen chloride provided considerably good yields of dihydrocoumain or 6-substituted dihy-
It fails with phenols which are sufficiently deactivated by electron-attractive groups.
Similarly reaction of crotononitrile with the para-substituted phenocls gave the corresponding 4-methyldihydro-
OH
The carbon-carbon R, O
+ lm—cHoN A% ¢=0
: CN HCl R
i
Phenol itself does not react under R ?
I 11 III
Rl = —H, —CHs, —OCHa, -Cl
R2 = —H, "CHg

drous aluminium chloride, is used, a good yield of 8-(p-
hydroxyphenyl)propionitrile is obtained.* The addi-
tion of vinylidene cyanide to phenol in the presence of
anhydrous aluminum chloride gives B-(p-hydroxy-
phenyl)-a-cyanopropionitrile and a trace of dihydro-
coumarin.®* The cyanoethylation of phenol by acrylo-
nitrile gives B-(p-hydroxyphenyl)propionitrile and a
small amount of dihydrocoumarin.® Recently Kost,
et al., have reported that the cyanoethylation of p-
cresol by acrylonitrile gives B-(2-hydroxy-5-methyl-
phenyl)propionitrile and a trace of 6-methyldihydro-
coumarin.’

The authors have now found the following modified
method of preparing dihydrocoumarins.
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The reactions of nitrile IT with phenol I were car-
ried out at 120-145° in the presence of 1 mole of an-
hydrous aluminium chloride per mole of phenol I and
an excess of dry hydrogen chloride. The data, sum-
marized in Tables I and II, indicate the scope of these
procedures.

These dihydrocoumarins were identified by their
infrared spectra and microanalyses. The following
compounds which were sufficiently deactivated by
electron-attractive groups did not react: p-acetylami-
nophenol, methyl p-hydroxybenzoate, p-hydroxyaceto-
phenone, p-phenol sulfonie acid, and p-nitrophenol.

The reactions of crotononitrile with phenols provided
poor yields of 4-methyldihydrocoumarins. No para
addition product was isolated from the reaction of
crotononitrile with phenol. It was very difficult to
isolate 4-methyldihydrocoumarins from crude prod-
ucts by repeated refractionation. This is probably
because 4-methyldihydrocoumarins formed azeotropes
with crotonamide. It was possible to isolate the pure
products by gas chromatographing over silicon oil (D. C.
550).

Although several experiments were made under the
described conditions, the reaction with erotononitrile
produced a lower yield than with acrylonitrile. This
result suggests the influence of steric hindrance and
hyperconjugation.
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TaBLE I
SYNTHESES OF DIHYDROCOUMARINS
Reaction
Products IIT Phenols I Nitriles 11 AlCl,, temp., Reaction,
Compound Ry Re Ri1 Moles R: Moles moles °C. hr. Yield, %
1 H H H 1.3 H 3.9 1.3 105 3 10°
2 CH; H CH,; 0.5 H 0.75 0.5 140-145 3 80
3 OCH; H OCH; 0.5 H 0.75 0.5 120-125' 3 36
4 Cl H Cl 1.0 H 1.5 1.0 135-140 6 30
Stretching
M.p., °C. vibration, C, % H, %
Compound (uncor.) YCmO, CIM. ! Caled. Found Caled. Found
1 21-22 1780° 72.96 72.76 5.44 5.09
2 80-81¢ 1745 74.05 74.08 6.22 6.29
3 46-47 1760 67.40 67.56 5.66 5.78
4 110-111° 1745 59.20 59.18 3.86 3.87

¢ The yield of p-cyanoethyl compound was 60%,.

® 3 is a new compound.

¢ Johnston, et. al.,® report »coo 1775 em. 1 for dihydro-

coumarin. ¢ Kost, et. al.,” report m.p. 79-79.5° for 6-methyldihydrocoumarin. ¢ Westfahl, et. al.,® report m.p. 110-111° for 6-chloro-
dihydrocoumarin.
TasrLe II
SYNTHESES OF 4-METHYLDIHYDROCOUMARINS
Reaction
Products ITT Phenols I Nitriles II AlCls, temp., Reaction,
Compound R: R: R Moles Rz Moles moles °C. hr. Yield, %
5 H CH, H 0.37 CH; 0.37 0.18 130-135 4 4
6 CH;, CH, CH; 0.55 CH; 0.37 0.37 140-145 5 10
7 OCH, CH; OCH, 0.37 CH;, 0.37 0.18 120-125 5 17
8 Cl CH, Ci 0.37 CH, 0.37 0.18 140-145 5 8
B.p., °C,, Stretching
(mm. of Hg) vibration, C, % H, %
Compound (uncor.) ¥»C=O, cn. =1 Caled. Found Caled. Found
5 97-98 1770 74.05 73.75 6.22 6.30
(1)
6 100-105 1770 74.97 75.10 6.86 6.82
(5%
7 140-142 1745 68.73 68.58 6.29 6.16
(5%
8 90-92 1740 61.08 60.79 4.61 4.73
la,b

@ These are new compounds. ¢ M.p. 36.5-37.5°.

Experimental®

Typical Procedure.—Finely powdered anhydrous aluminum
chloride (70.2 g., 0.5 mole, purity 95%) was added slowly to the
mixture of distilled acrylonitrile (40.0 g., 0.75 mole) and p-~cresol
(54.1 g., 0.5 mole), which continued to be stirred vigorously at
10~15°. Dry hydrogen chloride was passed into an orange
viscous slurry; then the slurry was gradually heated on a Mantol
heater up to 80° until it turned into a fluid solution. The dark
red reaction mixture, into which dry gas was continuously passed,
was held at 140-145° for 3 hr.; thereafter the mixture was al-
lowed to cool.

Before the mixture was solidified, it was poured over 350 g. of
crushed ice eontaining 40 ml. of concentrated hydrochloric acid,
and was vigorously stirred until the precipitated salt redissolved.
The organic layer was separated, and the aqueous layer was
extracted with three 70-ml. portions of ethylacetate, which were

(8) Melting points and boiling points are uncorrected. Infrared spectra
were recorded with a Hitachi Model EPI-82 spectrophotometer.

then combined with the separated organic material. * The or-
ganic mixture was washed with 109 potassium chloride solution.
After it was dried over anhydrous sodium sulfate and the solvent
was removed, the residual oil was fractionated by distillation to
give 64.9 g. (809, based on p-cresol) of 6-methyldihydrocoumarin,
b.p. 115-118° (3 mm.), which soon crystallized. The crude
product had m.p. 78-80° and was recrystallized from aqueous
ethyl alcohol to provide a glistening white plate, m.p. 80-81°.
The infrared spectrum showed a strong band, assignable to a
carbonyl group of lactone, at 1745 cm.-1,
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