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Abstract [ ] A variety of nuclear alkylated C-cinnamylphenols were
synthesized and tested for antimicrobial activity. These compounds
are particularly effective against Gram-positive bacteria.
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It was recently reported (1) that obtusastyrene, a
phenolic constituent of Dalbergia sisoo (2), is a potent,
natural fungicide, the presence of it and a number of
related compounds possibly being responsible for the
high resistance of the heartwood of this species to fungal
attack. Obtusastyrene completely inhibits the growth
in vitro of a variety of Gram-positive bacteria, yeasts,
and molds; in this respect, its activity compares favor-
ably with that of a number of synthetic phenolic pre-
servatives in current use.

The structure of obtusastyrene was established as
trans-4-cinnamylphenol. Since, with the exception of
obtusastyrene, the antibacterial and antifungal proper-
ties of C-cinnamylated phenols had not been examined
previously, a variety of nuclear alkylated analogs of

Table I—Cinnamylated Phenols and Their Hydrogenation Products
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Scheme 1

obtusastyrene was synthesized and screened in vitro
for their effects on the growth of microorganisms.

MATERIALS AND METHODS

Cinnamylation of Phenols: General Procedure—Obtusastyrene
(1) is easily synthesized in quantity by the acid-catalyzed condensa-
tion of cinnamyl alcohol with phenol in aqueous solutions (3, 4).
The isomeric 2-cinnamylphenol (II1) is formed as a minor product
in this reaction (Scheme 1).

o-, m-, and p-Cresol, thymol, carvacrol, and other 4-alkylphenols
were cinnamylated under similar conditions to yield the condensa-
tion products listed in Table 1. Separation of pure products was
effected by distillation and, where applicable, by repeated crystal-
lization. Identity of all products was confirmed by elemental anal-
yses and by determination of their NMR spectra. In this connec-
tion, it is noteworthy that the NMR spectra of the 1,3-substituted
propene portion of the cinnamylated phenols may be used to estab-

Product ~
Reactant Com- Molecular Melting
Phenol pound Identity Formula Boiling Point Point
Phenol 1 4-Cinnamylphenol (obtusastyrene) G:H1,0 169°/0.4 mm. 64°
1T Dihydro-4-cinnamylphenol Cy:H; 0 — 63-64°
n 2-Cmnamylphenol —_ — 57°
v Dihydro-2-cinnamylphenol — — —
pCresol v 2-Cinnamyl-4-methylphenol Ci6Hi0 170°/0.4 mm, 57°
VI Dihydro-2-cinnamyl-4-methylphenol CisHisO 155°/1.0 mm. —
o0-Cresol VII 4-Cinnamyl-2-methylphenol Ci6H,s0 — 71°
VI Dihydro-4-cinnamyl-2-methylphenol 168 165°/0.2 mm. —
IX 2-Cinnamyl-6-methylphenol CisH,;60 147-148°/0.2 mm. —
m-Cresol X 4-Cinnamyl-3-methylphenol +
2-cinnamyl-5-methylphenol CieHisO 150-170°/0.05 mm. —
4-Ethylphenol X1 2-Cinnamyl-4-ethylphenol C7H;50 — 70-70.5°
XIT Dihydro-2-cinnamyl-4-ethylphenol Cy;H20 — 29-30°
4-p-Propyl- XIIT 2-Cinnamyl-4-n-propylphenol 18H 0! — 38-40°
phenol XV Dihydro-2-cinnamyl-4-n-propylphenol 18H 22 — —
4-Isopropyl- XV 2-Cinnamyl-4-isopropylphenol 1820 — 59-62°
phenol XV1 Dihydro-2-cinnamyl-4-isopropylphenol 18H 22 — —
2,4-Dimethyl- Xvia 2-Cinnamyl-4,6-dimethylphenol 17Hag 187°/1.0 mm, —
henol
Thi;mol XVHI 4-Cinnamyl-3-methyl-6-isopropylphenol Cy1eHz:0 175°/0.03 mm. —
XIX Dihydro-4-cinnamyl-3-methyl-6-isopropylphenol 19H24 170°/0.05 mm, —
XX 2-Cinnamyl-3-methyl-6-isopropylphenol 10H 2 175°/0.03 mm, —
Carvacrol XXI 4-Cinnamyl-2-methyl-5-isopropylphenol 19H9 185°/0.05 mm. —
4-Methoxyphenol XX1I 2-Cinnamyi-4-methoxyphenol 16H160: 213°/2.4 mm. 90°
XXIII Dihydro-2-cinnamyl-4-methoxyphenol Ci¢H150: — 66°
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lish the location of the cinnamyl group relative to the phenolic
hydroxyl group. Thus, it was found that the methylene doublet
(J = 5 Hz.) occurs in the region § 3.40-3.44 when it is para to the
hydroxyl (as in obtusastyrene, I) and in the region § 3.46-3.57 when
it is ortho to the hydroxyl (as in Compounds III and V). Only one
exception to this generalization was noted—uviz., in Compound XXI
the methylene doublet occurs at § 3.50. The position of the low
multiplet due to the vinyl proton adjacent to the allylic methylene
group is also characteristic. The methine proton in those com-
pounds in which the cinnamyl group is para to the hydroxyl occurs
in the region § 6.16-6.24, while in the ortho-cinnamyl phenols it
occurs between § 6.25 and 6.30.

The cinnamylation of o-cresol illustrates the general reaction
procedure: a solution of ¢-cresol (108 g.) and cinnamyl alcohol (68
g.) in formic acid (200 ml.) and water (80 ml.) was heated on a steam
bath for 30 min. Distillation of the oily product, which separated
upon addition of water (800 ml.), gave a fraction, b.p. 163-168°/0.2
mm. (83 g.). This fraction was dissolved in ether (60 ml.) and slowly
diluted at boiling with Skellysolve F (600 ml.). Colorless needles,
m.p. 71°, separated on cooling. Recrystallized from ether-Skelly-
solve F, pure 4-cinnamyl-2-methylphenol (7) was obtained as color-
less prismatic needles, m.p. 71° [lit. (5) m.p. 71-72°,

Anal —Calc. for C,¢H,¢0: C, 85.7; H, 7.19. Found: C, 85.6; H,
7.27.

Chromatography of the ether-Skellysolve F filtrate showed the
presence of residual 4-cinnamyl-2-methylphenol and a second
minor reaction product. The ether-Skellysolve F solution was ex-
tracted with 1097 aqueous KOH (3 X 100 ml.), which preferentially
removes the 4-cinnamyl compound, until chromatography of the
ether-Skellysolve F solution showed the presence of only the
minor product. Evaporation and distillation of the solution then
gave 2-cinnamyl-6-methylphenol (IX) as a colorless oil, b.p. 147-
148°/0.2 mm. (4.1 g.).

Anal.—Calc. for C¢H,sO: C, 85.7; H, 7.19. Found: C, 85.4; H,
7.24.

Hydrogenation of Cinnamylphenols—The trans-cinnamylphenols
(10 g.) in tetrahydrofuran (50 ml.) were converted into the saturated
dihydro derivatives by hydrogenation at room temperature and ap-
proximately 30 Ib. pressure in the presence of a 5%, palladium—
carbon catalyst, The dihydro derivatives were purified by distilla-
tion under reduced pressure or by crystallization.

Antimicrobial Bioassay—All compounds were initially tested at
a concentration of 200 or 500 p.p.m. (w/v). Plates were prepared by
adding a measured amount of the phenol in acetone solution to 10
ml. of sterilized medium, mixing thoroughly, pouring into 60 X
15-mm. plastic petri dishes, and allowing the gel to set and age
overnight. The plates were then inoculated with the test organisms.
In the case of bacteria and yeasts, the inoculation was done by the
Lederberg and Lederberg (6) replica plating technique, applying
nine bacteria or seven yeasts on each plate. In the case of molds,
drops of homogenized culture were placed on the surface of the
plates, applying three or four molds per plate. The media used were:
plate count agar (Difco), pH 7.0, for bacteria; and potato dextrose
agar (Difco), pH 5.6, for yeasts and molds. Inoculated control
plates were also prepared with media containing the largest amount
of acetone (0.80 ml.) used in the preparation of the test plates, We
have determined that acetone has a minimal influence on the growth
of organisms in this procedure. The plates were incubated at 28°
for 1-5 days and evaluated by comparison with the controls.

RESULTS AND DISCUSSION

The trans-cinnamylphenols and their dihydro derivatives were
screened initially at the high concentration (500 mcg./ml) for
activity against 22 representative microorganisms by the Lederberg
and Lederberg (6) replica plating technique. The minimal concentra-
tions of active compounds required for complete inhibition of mi-
crobial growth were then determined (Table IT). A number of di-C-
cinnamylphenols, as well as various derivatives (acetates, benzoates,
and methyl ethers) of the mono-C-cinnamylphenols, showed no
activity at high concentrations and are not included in the table.

As indicated in Table 1I, the antimicrobial activities of 2-cin-
namylphenol (11T) and its dihydro derivative (IV) are comparable
with those of obtusastyrene (1) and dihydroobtusastyrene (IT). All
four compounds strongly inhibit the growth of Gram-positive
bacteria (Bacillus cereus. Sarcina lutea, Stapkylococcus aureus, and
Streptococcus lactis) at concentrations of about 25 meg./ml. and of
11 species of yeasts and molds at concentrations of 12-50 mcg./ml.
Higher concentrations (50-100 mcg./ml.) were required for inhibi-
tion of growth of Aspergillus species. These compounds are gen-
erally ineffective against Gram-negative bacteria, although at
higher concentrations (200 mcg./ml) dihydroobtusastyrene (IT)
completely inhibits the growth of all five species of Gram-negative
bacteria examined.

In considering the effect of nuclear alkylation on the antimicrobial
properties of the cinnamylphenols (I and III) and their dihydro
derivatives, it is apparent from Table II that the introduction of
methyl, ethyl, and propyl groups (Compounds V-XVII) enhances
the activity of these compounds against Gram-positive bacteria
(growth inhibition of all four species occurs with 12 mcg./ml. or
less). However, with the exception of their inhibitory effect on the
yeasts Zygosaccharomyces japonicus and Candida tropicalis, nu-
clear alkylation markedly lowers their activity agaiast fungi.

Studies in progress indicate that the action of the cinnamyl-
cresols (Compounds V and VII) is bactericidal, and it is rapidly
exerted against S. qureus and other Gram-positive organisms.
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