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13 411:0 N-Morpholine 61) 134 O s Ha Ny 3.T6H 1111 65085 572 e
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¢ 1 = ethanol, Kt = ethyl ether, M = metlanol.
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Nb moles/exy aetivity activity
1 10 0 0
1 20 0 0
3 >10 {) 0
4 20 { 0
a 10 t 0
6 20 0 0
T 10 0 0
A 10 ¢ 0
9 20 >1 4l
10 20 0 0
11 24 >4 0
12 2.5 i 0
13 20 > )

« Maximal tolerated dose.

protecting 709 of animals. ¢ The hivdrochloride salt was used.

0.025 ug/ml of histanine dihvdrochloride, on the small intestine
of 1 mouse stimulated by 0.13 pg/ml of acetvlcholine, and on the
seminal vesicle of a rat stimulated by 1.8 pg/ul of epinephrine
hydrochloride aecording to Leitch, e al.?

Effects on Blood Pressure and on Respiration--—The cou-
pounds were tested intravenously on rats auesthetized with
nrethan.  Blood pressure was recorded by means of a mercury
manoeter conuected to a cannulated curotid artery;  the
puieumotachogram was recorded from the cannnlated trachea.

Antiarrhythmic Activity.—All componnds were tested in-
travenously on rats anesthetized with pentobarbital =odium,
aud their ability to preveut cardiae arrhytlunias induced by CaCl,
was determined.

Coronary vasodilator activity wux determited by perfusing
isolated rabbit heart by Langendorft’s method as modified by
Setuikar.!?  Antitussive activity was tested administering the
siibstance to mice i which cough was provoked by inhalation of
vebulized Ho80,.  For auticonvulsunt aetivity, the compounds
were given orally and intraperitoneally to groups of 10 mice and.
after 60 and 30 miu, respectively, the animals were subjected to
electroshock. To evaluate auntinflammatory activity, the comi-
pounds were injected subcutaneously aud their effects on rat’s
paw edema induced by local injection of a 3¢¢ formalin solution
and measured by Courvoisier and Duerofs’s method!! was

(9) J. L. Leitch, C. 8. Liebig, ard T. J. Haley, Brit. J. Fharmacol., 9, 236
(1954).

(10) I. Setnikar, Furmaco (Pavia), Ed. Sei., 11, 750 (1056).

(11) & Courvoisier and R. Dueroe, Areh. Intern., Pharmacodyp, 102, 083

(1055,

» The nambers represent the difference between log 151Dg; of control and log 11D of treated.
40 = ne effect,

Antiintlaia-
malory
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300t 500 S300 100
2000 0 500 0
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15n¢ 1 D 0
RGN 0 0 0
(BOH° 0 ) 100

¢ Dise

tested.  Active componnds provoked a statistically significant
diminution of edema over 3 hr and were then tested ulso by the
[tandall ard Selirto’s method. 12

12y L. O Rawdall and J. T, Seliceo, o60d., 111, 200 (19575,
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The knowledge that the bactericidal and antiseptic
activity of phenols is enlanced by the introduction of
lialogen atoms* prompted us to prepare some new bronio
compounds of cugennl (I).

(13 To sliom commnunications shoald be directed: 1. O. Ilox 1375, Uui-
versity, Miss, 38077,

iy () ML Suter, Chen, Rer., 28,269 (1941 (b9 G L. Jenkins, W, 1L
avinne, N, 1. Hamlin, and ). T3 Data, *Tle Chemistry of Organic Medi-
vinal Prodiosts,” Jolin Wiley and S8ons, Ine., New York, N. V. 1057, o 57 1
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TaBLe I
Data or BroMo ComPoUNDS OF EUGENOL
Bp (mm) Recrystn Yield. —Caled, % Found, %g————
Compd or mp, °C solvent % Formula C H Br C H Br
1I- 61 Aq EtOH 71 S
Ila 123-124 EtOH-Me,CO .. C;:H1;34Br:0;5 47.92 3.31 37.51 47.79 3.36 37.55
111- 119-120 Aq EtOH 85
IIIa* 117 EtOH-Me,CO . e e . . . - o
VII 186-188 (0.1) 73 Ci1oH12BryO- 37.07 3.74 49.33 36.93 3.73 49.17
VIII 165-167 (0.8) 32 CroHuBr;0. 29.81 2.75 59.53 29.80 2.65 59.36
IX 126-127 (0.3) . 26 C1oHBrO: 40.40 4.56 32.87 49.53 4.49 32.60
IXa 92 Aq EtOH .. Ci:H;;BrO; 58.80 4.36 23.02 58.92 4.27 22 .84
X 97 Acetic acid 72 CyHi5BrOs 40.27 2.98 47.30 40.11 3.16 47. 11
X1 149-151 (0.3) . 54 C1oH i BrO; 49.40 4.56 32.87 49.32 4.41 32.73
XIa 68 Aq EtOH CiH;;BrO; 58.80 4.36 23.03 58.80 4.39 22,86

¢ See ref 3. ? E. von Boyen [Ber., 21, 1393 (1888)] reported mp 113°.

In 1885, Chasanowitz and Hell® reported the prepara-
tion of a dibromoeugenol and a dibromoeugenol di-
bromide. The positions occupied by the two nuclear
bromine atoms in these compounds were assumed,*
without sufficient evidence, to be 2 and 5, until Raiford
and Perry® furnished incontrovertible data to show that
these compounds are really 2 3-dibromoeugenol (II)
and 2,3-dibromoeugenol dibromide (III), respectively.
In 1890, Woy® prepared eugenol dibromide benzoate
(IV) through bromination of eugenol benzoate (Ia).
The preparations of 2,3,5-tribromoeugenol (V) and
2,3,5-tribromoeugenol dibromide (VI) were described
by Hell” in 1895.

OH OH
MeO X, MeO X,
X; X, Xy X,
CH,CH=CH, CH,CHBrCH,Br
I,X1=X2=X3=H III,X1=X2=BI‘; X3=H
Ia, X; = X; = X; = Hj IIla, X, = X; = Br;
benzoate X, = H; benzoate
II,X1=X2=BI‘;X3=H IV,X1=X2= 3 = H
IIa, X; = X; = Br; ) benzoate
X; = H; benzoate VI, X; = Xp = X3 = Br
V, Xy = Xo = X5 = Br VILX =X, =X;=H
IX, X1 = BI‘, sz = 3 = H ~VIII, X1 = BI", sz = Xz = H
IXa, X, = BI‘; 9 = X, X1 =X; = H,
Xs; = H; benzoate Xs = Br; benzoate
XI,X1= 3=H;X2=BI‘
XIa,X1 = Ay = H,
Xy = Br; benzoate
OMe
MeO X,
X,
COOH
XII, X; = Br; Xo=H
XIII, X1 = H, Xs = Br
XIV,X; = X, = Br

In this paper is described the preparation of the fol-
lowing new bromo compounds of eugenol: eugenol di-
bromide (VII), 2-bromoeugenol dibromide (VIIT), 2-
bromoeugenol (IX), 3-bromoeugenol dibromide ben-
zoate (X), 3-bromoeugenol (XI), and 2,3-dibromoeu-

(3) L. Chasanowitz and C. Hell, Ber., 18, 823 (1885).

(4) (a) Th. Zincke and O. Hahn., Ann., 829, 4 (1903); (b) F. K. Beil-
stein, ‘‘Handbuch der Organischen Chemie,'* Vol. VI, J, Springer. Berlin,
1923, p 923: (¢) I. Heilbron and H. M. Bunbury. ‘‘Dictionary of Organic
Compounds,'’ Vol. II, Eyre and Spottiswoode, London, 1953, p 86.

(5) L. C. Raiford and R. P. Perry, J. Org. Chem., T, 354 (1942).

(6) E. F. R. Woy. Ber., 28 Ref., 204 (1890).

(7) C. Hell. 7bid., 28, 2083 (1895),

genol benzoate (ITa). Furthermore, new evidence has
been provided to confirm the structures of 2,3-dibromo-
eugenol (IT) and 2,3-dibromoeugenol dibromide (III).

Bromination of eugenol was conducted with 1, 2,
and 3 moles and excess bromine/mole of eugenol.
With equimolar proportions of bromine, 2-bromo-
eugenol dibromide (VIII) was obtained. The position
of the nuclear bromine atom was fixed by converting
the reaction product to 5-bromoveratric acid (XTI,
through side-chain debromination, methylation of the
phenolic OH group, and oxidation of the allyl side chain.
On debromination with zine and alcohol, 2-bromoeuge-
nol dibromide (VIII) produced 2-bromoeugenol (IX).
When 2 moles of bromine was used for bromination,
the reaction product could neither be induced to solidify
nor be distilled 7n vacuo without decomposition. With
3 moles and more of bromine, 2,3-dibromoeugenol
dibromide (IIT) was obtained.

Bromination of eugenol benzoate (Ia) with 1 mole
of bromine yielded the reported eugenol dibromide
benzoate (IV). On hydrolysis of the benzoate (IV)
with 659, H.SO,, eugenol dibromide (VII) was formed.
With 2 moles and more of bromine, eugeno! benzoate
formed 3-bromoeugenol dibromide benzoate (X). The
position of the nuclear bromine atom was determined
by converting X to 6-bromoveratric acid (XIII). The
corresponding phenol could not be obtained, as the
product of hydrolysis decomposed when distilled n
zacuo. When the crude hydrolyzed product, however,
was debrominated with zinc and alcohol and then dis-
tilled, an oil was obtained which was found to be 3-
bromoeugenol (XI). This compound is particularly
interesting in view of the observation that in the one
known example of a phenol containing a halogen atom
meta to the hydroxyl group, 3-halophenol, the bac-
tericidal value is much higher than for the other iso-
mers.’

Bromination of 3-Bromoeugenol Dibromide.—When
crude 3-bromoeugenol dibromide benzoate (X) was
debenzoylated and then brominated, there was ob-
tained 2,3-dibromoeugenol dibromide (III). De-
bromination of IIT using zine and alcohol gave 2,3-
dibromoeugenol (IT), Structural proof of these com-
pounds was obtained by conversion of III to 5,6-
dibromoveratric acid (XIV). The above reactions
provide additional evidence in support of Raiford and
Perry’s work® on the structures of 2,3-dibromoeugenol
dibromide and 2,3-dibromoeugenol. A Schotten-Bau-

(8) M. Klarmann, J. Bacteriol., 1T, 440 (1929).
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ANTIMICROBIAL ACTIVITY® 0OF BROMG CoMPCUNDS aF 1JCHENCL
e e < em o= A qutibacteriad - -
Micro- \eti- Antifangal
corets Curspra- oberculons Teioha-
pYyo- Piple- Strepto- haeler- Moo= Mygen= Miora- plston Helndo-
geres Fscheri- Salmon- Shigella  vocrus  vaecns Ot harter- Lacler- sporyuni peenti- {hoapo-
Compd rar Bacillus  chia ella Vibrio  dysen- Pare- pato- ¥ ph- B (M oy - yro-  Cwdida riv
tested pll anrvens suhtilis ol tuphosa cholerve  teriue wonine geues Theriag niler Ol N phaotes  adbivans sabeiop
I 4.9 + -+ ++ ++ + -+ + + ++ “++ - s - -+ -t + -+ + + to4
7.0 + + + + o ++ + -+ - -+ 4 s -+ A+ - - 1+ +o-t
IX 5.2 + -+ ++ o ++ 4+ + + i L L L 4+ - T + = -t
7.0 + 4+ ++ + ++ + -+ + 4+ T . e -+ 1 + =T s
X1 5.5 ++ ++ -+ ++ + 4+ ++ - ot : i + - oo ‘
.0 ++ + + ++ ++ +F ++ T + - + + + i+ -+ + + $
11 b5 ++ ++ A+ + =+ A ++ -+ = i + + o+ ++ + t
7.0 ++ ++ + + + s + 4 - E - Lol ++ R b b
VII 4.4 - + + A + + = < ' s 1 - - -
7.0 + + -+ -+ “+ r - T t T+ b -
VIII t.0 ++ E + -+ + + <+ + + - e —-r - A+t =+ et -
7.0 + + + -+ A + -+ + + + - T T +4 -+ 4 + 4 ot
111 5.8 -+ + - - T R + f + + + + 4
7.0 ES + - = - - - t + o - ++ =
Ia 5.5 - - - - - + - B -
7.0 - - - - - - - 85 i -
IIa 5.5 = S * <+ -+ E - - - + = S
7.0 ES + C 5 + o+ - - - = - + & -
18% 5.5 - - - - - E 5 - -
T‘ (4] - - - —_ - = s — -
N Hh.bH - - - - - - - - - - - - -
7.0 - - - - - - + -
111a 5.8 -- - - - - - - - ¢ - -
7.0 - - - - - - - - - s + - - -

«The concentration of the compoaud in the diteh was 1047,
compound and also at pH 7 by using & butfered solution.
inhibition;

The activity is shown by:
=, sparse growtl across the ditch, i.e., slight inhibition:

The tests for each compoand were condneted at the uormal pI of the

—, confluent growth across the ditch, 7.e., ue
4. growtli np to either side of the ditch, 7.e., moderate inhibition:

+ 4+, absence of growth aeross the ditch and ending some distance bevoud the ditch an either side, 7.¢., marked inhibition.

mani beuzoylation of 2,3-dibromoeugenol (IT) pro-
duced the correspoiiding benzoate (ITa) and bromina-
tion of the benzoate yielded 2,3~dibromoeugenol di-
bromide benzoute (I1Ia).

Table I summarizes data of these compounds. The
bronio compounds of cugenol were tested against n
wide range of microorganisms by the ditch-plate tech-
nique® and have shown marked and, in sonie cases,
speeifie activity.  Results of these tests are summarized
in Table IT1.

Experimental Section!¢

Bromination. General Method.-—A solution of the requisite
amotint of broniue in 100 ml of acetic acid was added dropwise to
u well-stirred, cooled solution of 0.1 mole of the compound to be
brominated in 100 nil of acetic acid. The reaction mixture was
allowed to stand for 1 hr after the addition of bromine wus
completed.  If any solid product separated, it was filtered and
recrystallized. The filtrate was diluted with water, filtered if
necessary, and extracted with three 100-ml portious of ether.
The ether extract wus washed with water and dried (NagSQOy).
The ether was evaporated and the residual oil was distilled
i vacuo.

Side-Chain Debromination. General Method.-—A solution of
5 ¢ of the dibromide in 100 il of ethanal was heated with 10 g of
granulated zine at 70-80° for 2 hr.  The reaction mixture was
theu filtered, the filtrate was diluted with water, aud the oil that
separated was extracted with three 100-nmd portions of ether.
The ether extract was dried (Na,80,). The ether was evaporated
to give a residual oil which wus distilled in vacuo.

Hydrolysis of Eugenol Dibromide Benzoates. General
Method —To a solution of 0.01 mole of the dibroniide beuzoate
in acetie acid wuas added 5 ml of 63¢; HeSO4  Sufficlent acetic
acid was added to redissolve any solid that was precipitated on
addition of the HeS80,.  The mixture was refluxed gently an a
steam bath until a test portion showed that the henzoate was
completely hydrolyzed. After cooling and diluting with water,
the reaction mixtire was extracted with ether. The ether wus

0) A, Tleming, Brit. J. Fxptl. 'utrol., 10, 226 (1b20),
(10) Melting points were observed in capillary tubes and nre correcterl

evaporated and the rexidual lignid wax digested repeatedly with
hot water to emave all the benzoic acid. The oil was agaiu
takeu up irc ather.  Afrer dryviug the extraet (MgS0Oy), the ether
was evaporated and the residual oil was distilled in vacuo.

Conversion of Bromoeugenols to Bromoveratric Acids. Gen-
eral Method.~—The phenol (2.0 wl) from which the side-chain
bromine atoms had been removed was dissolved in 20¢; NaOH
solution.  To  thix <olutior, =ufficiently cooled, was added
dropwize 4 ml of dimethyl sulfate. ‘The reaction mixture
wius then refluxed for 0.1 hr.  After cooling and diluting with
wafer, it wax extracted with ether. The ether extract was
wished with dilute H.80; and then with water until the washings
were neutral to litmms. The ether was evaporated and the
residual oil was refluxed for I Il with alkaline KMuQs The
reaction mixture was acidified (H.S0Oy) and excess KMnOy was
rediiced with sodium bisulfite. The salid obtained was filtered
and recryvstallized from aqueons ethancl or from ligroin (bp
100--1200),
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Pyridoxine couples readily at pH 8 with aryldi-
azonium chlorides to give good yields of 6-substituted
dervivatives (I. Table T). The coupling of pyridoxine
with dinzonium =salts has been revorded as a color



