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Synthesis of Isomers of Eugenol’
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In ponmeation with an investigation of the sorrelation betwean struetura and reantlvit

of sugenal isomars, ¢-au

nal, J-allyHE-methoxyp
A five-atep ayothesis was found to be moat suitablo for the praparation of J-allyl

henol and ohavibetol were synthesized.
mathoxy-

phenol. An improved separation of chavibetol {Tom engenol was ashieved by gas ehrome-

tography.
1. Introduction

Slurries of zinc oxide and eugencl (I% harden to
form a cementitious product whichk has found many
applications in dentistry. A prior investipation of

8 petting mechanism showed that the Lardened
mass conaiata of zine oxide embedded in a matrix of
ehelated zinc evgenolatae [1].* It therefore appeared
of interest to study the properties and reactivity of
sll sugeno] momers capable of forming chelates with
metsl oxides, i.e., s-eugenol {11}, 3-allyl-2-methoxy-
phenol (TII) chavibetol (TV) and their respective
propenyl isomears.
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The present paper describes methods for synthe-
In & 30 uent
paper the struciurs of the isomers will be correlated
with thert ulteaviolat and infrared sbsorption spectra,
ionization conatants and reactivity with metal oxides.

Three procedures were considersd for the synthesis
of 3-ally -ﬂ-mathoxylphennl fIIT}. (1} Partial de-
methylation of 1-allyl-2 3-dimethoxyhenzene {a prep-
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araiion anslogous o that deacribed l};{l Hirao [2] and
Bchopf and coworkers [3] for the gynthesis of Chavi-
betol). ‘The omerie products I1 and [T appeared
to be difficalt to acparate i‘:?' technigues other than
£a5 chmmam?aph{. (2) Claisen rearrangement of
aliyl 2-banzoyloxyphenyl ethar followed by methyla-

tion and by subsequent hydrolysis of the benzoyl
grg_lbp, However, the tearraogement gava 1-allyl-
2,3-dihydroxybenzene instead of the desired inter-

madiate. (3} The procedurse ountlined in Agure 1:
this synthesia proved to be successful *

The preparstion of TV was also atlempted by
several methods. The synthess of pure chavibeiol
deseribed by Hirao [2] and Schépl and coworkers [3

roved to be laborious in the separation of chavibato
rom its eugenol isomer. This =aparation has now
been greatly facilitated by the use of gna chromatog-

raphy.
2. Experimental Procedures

2.1, o-Eugenol {G-Allvlquaiacel)® (1) and o-Eungenol
Beanzoate

r-Eugenol was synthesized fromn gusiacol in 67-
percent yield by the procedure of Allen and Gates
[5]. The infrared spectrum is given in figure 2,
t=Eugenol benzoate was prapared by refluxing
g-eugenol with benzoyl chloride. Tha solution was
poured inte cold water and the mixture extracted
with ether. The ather solution was washed succes-
sively with difute NaOH and HCl and evaporated.
After recrvstallizations from aqueous ethanol and
from ather the solid melted at 58 to &) °C.

Anai: Caled. for CpHle: €, 761, H, 4.0
Found: C, 78.6; H, 6.0.

2.2. 3Allyl 2-methoxyphepol {3-Allylyuaiacol) (LI}
o-Hydroryacetanilide (2'-Hydroxyacetanilide} (V).
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Frouee 1. Synthesiz af F-alfyl-g-methocyphensl (171,

This compound was synthesized from 283 g {(2.59
mole) of o-hydroxyaniline sccording to the procedure
of Fierz-David and Kuster [6] and recrystallized
from scetone.  Yield: 307 g (V8 parcent).

o-Hydrovyacetanilide Allyl Ether (2°-Hydrozyae-
etanilide A!?yl Ethery (V). This compound was
synthesized ns described by Tiffany [7]. Yield:

BR percent.
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- Alll-S-hapdronyacetlontlide (- Aligl-2"-hydrozryoe-
atanitide) (VI and 5-Al -ﬁydmyaczMnﬂwIe {57
Ailyl-2'-hydroxyacetanilide) (V1L The Claizen re-
arrangement of VI was conducted in dimethyianiline
at 170 to 176 *C |7); time of reflux varied from
1% to 4 hr. The two isomers were fractionally
recryutallized and separated as described praviously

]. Faster separation was obtained hy repeated

rectional fpremplt-atmn from 1 N NaOH by the
addition of 0.5 N H:30, 18]. Yield of VII, 38 to
46 percent, mp 114 to 115 °C; vield of VIII, 3 to 4
parcent, mp 115 to 116 °C. The purity of the
1somers was determined by mixed melting pointa.

The infrared spectra of the imomars are shown in
figures 35 and 3b.  The spectra are useful in detect-
ing isomerization of the allyl sroup to the propetyl
a change which takes place re ily. nee
the allyl group ia indicated by the out-of-plane
wbrm.mrns of the =CH; and — H— groups which
give tise t¢ two strong absorptions, one between
9,97 and 10.12 4 and the other batwesn 10.93 to 11.08
.u [9] Intramolecular hydrogen honding between

]i henalic hvdmge-n and the carbonyl 18 indinated
h}' the shift of the acotamido enrbonyl absorption
[uBuAHV oecuring near 5.9¢% &) to 6.00 .
3-Allyl-2-methorymectanilide (3" -Allyl-g-acetonist-
dide} (LX),  3-Allyl-2-hydroxyacstanilide (156 g,
(.82 mole) dirsolved in 400 m! of water containing
35.2 g (0.98 mole) of NaOH was cooled to § °C, and
nitrogen wes passed over the solution. Dimethyl
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Figvex 3. [Iafrared abeorplion curves of tndermedindes.

Top to hatlom! {n) Tallylah ida, b Sallyl- onyarntanl-
Ff‘.l 3-51!x!ﬂm*hmymw:d] ID-'ITH:I'L n.niﬁ (81 3-allFl-
B-mhutnnll:lm IMutariate () & wers In tih.u fwrm af potessiom

lodide pellets: material (2] waa n Hq
sulfate {100 m], 1.055 molee} waz gradually added
during 1 hr to the stirred solution, which was kapt
at 5 to 12 *C. Additional djmet.h}l sulfute (30 ml,
0.32 mole} wae added during a period of 23 ]1r
The reaction mixture, warmed £0 room temperature,
wis made alkaline and extracted with e
evaporation of the extract and erystallization of
the residua from ligtoin or 5{-percent nqueoun
ethanol, colorlesa plataleta ware obtained. Yield:
163 g {BS ercent), mp 8§ to 87 °C.
Bﬂ]ﬂd. for [gHmNDg: G_, T‘D.E; H, 7.4; NI
ﬁEi Fﬁumi C,704:H, 7.2; N, 6.0,

The inlrared spe-ctrum is given in figure 3c.

8- Allyl-2-methoxyaniline (8"-Allyl-o-anisidine) (X1}
and its Hydrochloride. 3-M1F1-2-methﬂxjr&uet&ﬂﬂ1dﬁ
{166 g, 0.23 mole) was refluxed for 30 min with
45 ml of 6 ¥ HCl, The sclution was made slka-
Tine with 10-percent NaOH, and the oily layer was
separeted. Mther extracis "of the aquetuz  layer
were added to the brown oil. After evaporation of
the ether the remaining oil was distilled at 3.5 mm
in the presance of u little hydroquinone {to minimize
polymer formation). The hquid turned brown on
standing in air. Yield: 30.3 2 (82%5). For further
purification some of the product was [ractionated
mn & Piros-Glover spinming-hand still {bp 79 to
80 °C at less than 1 mm); #¥F = 1.563.
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Aral: Caled. for O HNO: O, 72.8; H, 8.0; N,
8.6, Found: C 73.5;H.80;N, %35 [ 2

The abaence of characteristic inirared ahsorption
bands (fig. 2¢) {or cés and frans —CH={H— indi-
cates that little, if any, of the propenyl izsomer wag
presant.

The hydrochloride was prepared by dissolving 1 g
of XT in 15 ml of ether and bubbling hydrogen chlo-
rida through the eolutiom for & min. The white
solid, ebtained on Teerystallization from hot ethanol
contsining & drop of concenirated HCI, melted with
decomposition at 173 to 179 *C.

Anal: Caled. for CuHLCINO: O, 60.2; H, 7.1;
N,7.0. Found: C, 59.9; H, 74: N, 6.9,

8- Alll-2-methoryphenol  (S-Aliylguaigeoly (II1),
3-Allyl-2-methoxyaniline wa= diazotized, and the
resulting diszominm salt copverted to the phenol.
Reaverse diazotization appeared to give slightly
better yields than the usual addition of sulfuric acid
followed by nitrita. Yields improved when only
small quantities of diazenium salt were decomposed ;
howaver, they varied conaiderably from one prepara-
tion to another.

3-Ally)-2-mathoxyanilina {5 g, 0.03 mole) was
suspoended in 25 ml of water, and solutions of 1.15 g of
NaidH in 6.5 m! of water and of 4 g of NaN{; in 15
ml of water were added successively. The entire
soluticn, cooled to 0 °C, waa then quickly added, with
atirring, to 4.5 ¢ of concentrated H.S0, (previounsly
cooled to 0 ") and kept in an ice bath. £ EXCESs
nittite was decoitipozed by the nddition of urea until
a negativa teat for nitrita was obtained with starch-
iodide paper. The resulting cold zolution was stored
in a refrigerator until needed.

A molution ﬁmpamd irom 150 g of anhydrous
Na:30,, 108 ml of econcentrated H.30, and 100 ml
of water, in a three-necked flask aquip]ged for steam
digtillation, was kept st 135 to 150 °C hy a sur-
rounding il bath. Tha eold solution of the diazo-
nium salt was slowly added from a gepara funnel
while steam was passed through the flask; the volatile
products were thus steam-distilled immediately after
deromposition of tha diazonium salt.* The distillate
was extracted with ether, the ether extracts were
waghed with 10-percent, aqueous NaHC(,, and the
phensl was extracted from the ather layer with 10-
percent aqueous NaOH. After sther extraction of
the acidified solution and evaporation of the aslvent
0.85 to 2.2 g (17 to 445} of J-allyl-2-methoxyphenol
was obteined ; bp 92 to 93 °C/4 mm, n¥=1.535.

dnal: Caled, for CpHpQp: €, 73.1; H, 74
Found: C, 72.0; H, 7.3,

Tha infrared spectrum {fiz. 27 shows absorption
kands mn the regions in which the —CH=CH; group
absorhe, namely, 539 to 5.55 u; 7.4 to 7.09 u4; 7.69
to 7.76 u; 10.05 to 10,15 p; und 10.93 to 11.06 u.
[11]. The areas in which the #rans —CH=—CH-—
%rmup absorba (7.67 to 7.72 x and 10.31 to 1042 )
fall on the sides of two of these bands, and hence it
is not possible to state with certainty that there is

ln.laﬂ.tzmm uﬁtﬂ; Iﬁlna%rm. tlllﬁaululim ot tha ?iﬂgaonmm ﬂmh:i’hhﬁdm'
¢ reactions, Checugh 3 cobd-fingsr addition ta JGEER ¥ Lambaoy
[194}; tha tobe resched to within 1 0m of the moeease of the hrdrores wizture,

no abeorption due to trens —CH=CH— groyps.
Absence of an abssrption band near 14 44 u indicates
that there i= wery little, if any, ¢ip —CH=0COH--
present. Before the final fractionation the phenol
containsd & considerabls amount of ethanol. The

mechanism of the formnetion of this product 18 not -

known.

To establish the identity of III it wae converted
to 2,3-dimethoxybenzoic acid (s-veratric aeid) SXI“J'}
wis 1-ailyl-2,3-dunethoxybenzene (EITIf, 3-Allyl-2-
methoxypheno] (1.5 g, 0.0¢ mole} dissolved in 16 m]
of 15-percent Na(OH was cooled, and 2.0 ml of
dimethyl aulfate was rapidly added to the stirred
eolution. After 15 min 2 ml] of dimethyl suMfate
wae added, snd the solution was refluxed for 2 hr;
5.5 ml of 10-percent NaOH was then added, the
eolution refluxed for 2 more hr, cooled, nod extractad
with ether, The ether extcact was dried and ovap-
orated, and the residue distilled at 65 to 68 °0/2.5
mm. Yield: 1.0 ¢ (80 percent), nE=1.524. The
satne physical constants were obtained for XIIT,
synthesized from oc-eugenol according to the pro-
cedure of Mauvther [12].

For the conversion of XTII to XTIV, 1 g of l-allyl-
2, 2-dunethoxyhenzens was refluxed for 134 hr wath
3.6 ¢ of powdered potassium permanganate diranlvad
in 40 ml of water. The mixture was fitered through
a fritted glass funne], and the Altrate was evaporated
to ghouwt 20 ml, cooled, and acidified with dilute
HS30,. The resulting precipitate, after successive
recrystallizations frorn benzene and water, melted at
123 to 123.5 “C.  The melting point wag unehanged
Egidmixture with authentic 23-dimethoxybenzoic

Convgrston of Tl to 3-Methory-3-propenylphenal.
3-Allvl-2-methoxyphenol (IIT) was refluxed with al-
eohoflic EOH for 16 br b_{ a method analogous to
tha preparation of isochavibetol [2]; bp 109 *C/7mm,
#wif=1.566. Aa indicated by the infrared spectrum
the product was an ilnpure mixture of eér and trans
2-mcthoxy-3-propanylphencl.

2.3. Chawibetol (S-Allylguaiacol) {IV)

Eugenol mnethyl ather (l-allyl-3 +dimethoxyhen-
zena) was synthesized in Ss-ﬂercent. vield accordi
to the Lﬁmmdure of Luff, Perkin, and Robinson [1§f
Demethylation of this compound with Grignard re-
agent, conducted as suggested by Schopl and co-
workera [3] gave a mixture of enpenol and chavibetol.

It was found that these impure sugenol-chavibetol
mixtures could be separated ly gaa mmatugmphg
with a diisodecyl phthalate column heated to 175 ©
and a hydrogen ﬁame detector. Larger quantities
of the isomers were mest conveniently separated by
a chmnmtﬂfmph desipned for synthetic work; this
employed Apiezon J on a C-22 firebrick eolumn,
witfn a column temperature of 130 *C and a pressura
of 10 Ibfin®>. The infrared spectrum of chavibetol -
18 shown i figure 2,

The chevibetol was characterized by conversion
to isochavibatol {mp 95 to 96 °C) as described by
Hirao [2].
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2.4. Preparation of Intermedictes in Attempted
Synthesis of Chavibstol

Prior to the gas chrometographic separation de-
peribed in section 2.3, tha preparation of chavibetol
from VIIT (fg. 1) was attempted. Although the prep-
aration was not completed for lack of matarial, two
new intermedistes and XII} were obtained. The
following sections deacribe their preparation.

O = Allyd = 2 - w0 aeetanilide {6 - Alfyl - o - qeet -
enieidide) (X)), 2-Acetarnido-d-sllylphanol (5 g, 0.026
mole} waa dissolved in 25 ml of 5.5-percent aqueons
NaOH (0.024 mols). During a 16-min od, 3.8 m]
{0.04 mole) of dimethyl sulfata was addad, while the
golutivn was stirred in sn atmosphere of ni .
Druring 90 min, 3 ml of dimethyl sulfate was addad,
together with eufficient NaOH solution to keep tha
mixture alkaline, The mixture was then heated at
40 °C for 48 min, and extracted with ether. After
drying snd evaporation of the sclvent, the residue
was recrystallized from ligroin fo yield long, colorless
needlea, mp 58.5 to 57 °C; vield; 4.50 p (84 percent).

And: Caled. for CuHigNOu: C, 703; H, 74; N
6.3. Found: C, 70.3; H, 7.6; N, 6.56. The infrared
specirum iz given 1n b

ad.

5-%33%%:13 Hydrochloride {(5"-Affyl-
a-anisidine Hydrockiorids) l.’.'«'fﬁ). 5-Allyl-2-methox-
yacelanifide (3.8 g, 0.019 mola) dissolved in 1G ml]
of 6 HCl wae refluxed for 45 min, and the solution
wea concentrated by evaporation under reduced
pressure. The resulting lm‘ecipitate on atalliza~
tion from an aqueous solation acidified with a little
HC] gave colorless needles {mp 170 to 172 °C}; yield
{including recovery from mother ligquor); 3.15 g
(85 percent}.

Aral: Caled. for OH )CINO: C, 60.2; H, 7.1; N,

© 7.0. Found: €, 60.2; H, 7.2; N, 6.8.

. moncbenzoate was prepared

i
A solution of the hjrdrnchfurida (3 gin 15 ml of
water) was made slightdy alkaline with 2-percent
NaOH and extracted with ether, After evaporation
of the solvent a liquid remained which sublimed dur-
ing sttempted vacuum disiillation. The crystalline
product, on successrve reerg.lrst&]]iza,tion from 7O-per-
cent aqueous ethano] and ligroin, gave colorlees
scales, mp 47 "C. The presence of an absorption
band at 10.32 u sugeesta that some isomerization o
the trens propenyl group had taken place. Elemen-
nnulpysia indica that the compound was
impure.

2.5, Synthesis of Allyl 2-Benzoyloxyphenyl Ether and
Its Bshavicr in o Cloisen Eearrangement

rocedures for the syn-
nol, allyl 2-benzoyl-
sized and ite Claisen

In one of the alternntive
thesia of 3-allyl-2-methoxy
oxyphenyl ether wae synt
rearrangement investigated.

Ayl 2-Benzmloryphemyl Ether (XV). Catechol
in 55-percent yield by
benzoylation of catechol st 6 °C' mccording to the
Proceﬂure of Donadie [14]. A solution prepered
rorn eatechol monobenzoate (168 g, 0.78 mole},
anhydronz KOk (110 g, 0.80 mole), allyl bromide
257
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(103 g, 0.85 mole) and 750 ml of dry acetone was
refluxed overnight with stirving. The produect
was extracted with ether, and the extract washed
stecegsively with S-percent Na(QH and water,
After evaporation of the solvent the compound was
recryetallized from an ether-petrolevm ether mix-
ture; old; 121 g (6155) :mp 44 2,

Aral: Caled.  for st uﬂsl C, 75.6; H,. 5.6,
Found: C,75.8;H, 5.7.

Behavior of Allyl 2-Benzoyloryphenyl Ether on
Clateen Regrra ent, Attempte were made to
obtain 2-allyl-6-benzoyloxyphenol by Claisen rear-
rangement of allyl 2-benzoyloxyphenyl ether.
The allyl ether {10 g, 0.04 mn{a} was refluxed at
130 to 200 °C'in & nitrogen atmoaphere for 30 min.

_ Separation of the resction products yielded con-

siderable quantities of starting materials, benzoie
acid, and a phenol which distdled at 107 to 115
°CfTmm, 'The distillate {%3=1.5588) crystallized
on storage in & refrigecator; yeld: 2.2 ¢ {3?%}.

The phenol was idantiii:zd a8 impure 1-allyl-

2,3-dihydroxybenzene by (1) ite infrared spectrum
which showad the presence of allyl an phgnui
groupe and tha shsence of ester ﬁrnkages, @ a

positive test for a catechol derivative [15], and (3}
methylation with dimethyt sulfate and subsequent
pe_:yang&nﬂ,te oxidation to 2 3-dimethoxybenzoic
aocid.

The authors thank Miss M. Kathryn Wharton,
Applied Polymer Standards and Research Section
for the infrared snelyses, E. Deardorff of the Stand-
urds Reference Materials 3ection for the elementary
anslyses, R. J. Vanapeldoorn, Walter Reed Army
Institote of Research for assistance n the gsa
thromatographic separation, and Ile, Harrist Frush

for many valuable snppestions.
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