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3,4-Dimethylphenyl N-methylcarbamate (Meo

bal, Sumitomo Chemical Co.• I) and 3,4-xylenol

(II) labelled with isotopic carbon were required

for metabolic studies on 3,4-dimethylphenyl N
methylcarbamate!', The materials were to be

specifically labelled at a site other than the N
methylcarbarnyl position and the required specific

radioactivity was one millicurie per millimole or

more.

The labelled 3,4-dimethylphenyl N-methylcar

bamate can be prepared via 3, 4-xylenol-l~C

(scheme 1)2) and, since the ring labelled com

pound was not necessary for our purpose, a much

simpler synthesis yielding the 3,4-xylenol-HC

labelled at the methyl group was devised. The

prsent paper deals with synthetic and purifying

devises on a semimicro scale and radioactive

preparation of 3,4-dimethylphenyl N-methylcar

bamate.
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For the preparation of 3,4-xylenol-(methyl)

HC, several procedures were considered to be
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available. One of the most common methods for

introducing methyl-v'C group into an aromatic

ring is apparently a Grignard carbonation using

radioactive carbon dioxide on an appropriate

halogen compound followed by reduction of the

resulting carboxyl group to methyl group", This

method, however, is not proved consistently

successful in obtaining the labelled 3,4-xylenol

in high radiochemical yield, since the reduction

of carboxyl group to methyl group must require

two separated steps, i, e., from carboxylic acid

to alcohol and from the alcohol to the methyl

compound".

During the course of works, we were led to

an attractive method of Biggerstaff and cowork

ers with which they obtained satisfactory results

in the synthesis of P-cYclohexenylanisole41•

According to the method, the coupling reaction

of an appropriate Grignard reagent or organo

lithium compound with rnethyl-PC iodide, the

preparative method of which is well established!',

could yield the desired labelled dimethylanisole

in one step (scheme II).

While these coupling reactions with alkyl ha

lides were now well known, there are few ex

amples for radioactive synthesesv and our first

attempt to prepare the dimethylanisole using a

Grignard reagent obtained from 3-methyl-4-iodo

anisole was unsuccessful. The main reaction



of 3-methylanisole, by-producing an impurity of

high boiling point. At the lower reaction

temperature (-20' and O'C) the reaction was

too slow to be useful; the yield of the product

was low and not increased when the duration of

reaction was varied from five minutes to two

hours.

Regarding the methylation on the lithium rea

gent, the amount of 3,4-dimethylanisole reached

maximal when the reaction mixture was refluxed

for one hour after addition of the methyl iodide

into the mixture containing the lithium methyl

anisole. Less amount of methyl-PC iodide than
stoichiometrically required was added to make

good use of it. Thus, in the reaction mixture

after the methylation, considerable amounts of

the excessively added reagents and a by-produced

n-butyl iodide were contained. To remove

these impurities, the reaction mixture after

vacuum evaporation of solvent was submitted

to a preparative gas-chromatography to separate

pure 3,4-dimethylanisole. It was yielded almost

quantitatively.

Several methods for the conversion of the. di

methylanisole-ttC to the corresponding phenol-J'C

were tried. The method described in the "Organic

Syntheses'?' showed to be the most promise, and

it was modified to adapt to a small scale for use

of a radioactive compound. The formation of

N-methylcarbamate from the phenol was antici

pated to present no difficulties since an adequate

and well established method has been described.

Thus the final step involving the addition reac

tion of methyl isocyanate with the dimethyl

phenol-PC was essentially that of Skraba's pro

cedurev.

Radiochemical and chemical purity of the final

product was assayed by radiochromatogram

scanning and visualizing in silica gel H thin-layer

which gave one radioactivity peak and one visu

alized spot corresponding to an Rf-value of 0.75

of an authentic sample.

Experimental

Materials: Methyl-PC alcohol having a specific

radioactivity of 8 mCi/mmole, supplied from

Japan Atomic Energy Research Institute, was

used without any purifying treatment. 3-Methyl

4-iodoanisole prepared from commercially avail-
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Consequently, for the preparation of 3-methyl

4-lithiumanisole, it was recognized to give the

best result when the reaction mixture was re

fluxed for 5 min after addition of n-butyllithium

(dissolved in n-hexane) into a boiled ethereal

solution of 3-methyl-4-iodoanisole; the longer

reaction time seemed rather to lower the yield

Clb
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scheme II

product was apparently not the expected 3,4

dimethylanisole but a hydrolysis product, 3-me

thylanisole, Thus, the direct UC-methylation

was throughly explored on organo-lithium reagent

which can be prepared from 3-methyl-4-iodo

anisole by 1) the halogen replacement reaction;

2) the halogen-metal interconversion reaction.

The former method was not successful and the

halogen-metal interconversion reaction using n
butyllithium gave the intended lithium compound

almost quantitatively with the only by-product,

s-butyl iodide which was easily removed.

Amounts of methylanisole and 3,4-dimethyl

anisole formed in the reactions shown in schemes

III and IV, respectively, were gas-chromato

graphically measured to determine the reac

tion conditions.

121



balloon

F

B

c

to pump

o

E

Fig. 1. Apparatus for 3, 4-dimethy1-l~C anisole preparation.

.able m-cresol according to the direction of Sato

and coworkers" was used after recrystallization

from ethanol; m. p.; 44-45'C. n-Hexane solution

of tl-butyllithium purchased from Nakarai

Chemical Co., and assayed by duplicate titra

tion using water and benzyl chloride to include

1. 08 mmoles/ml of n-butyllithium was used.

Apparatus: Melting points were measured with

"Yanagimoto Micro Melting Point Apparatus"

and the corrected values are described. For

measurements of radioactivity of products, a

liquid scintillation counting system (Kobe Kogyo,

model GSL-163) was used, dissolving an aliquot

of the products, into a liquid scintillator of the

usual toluene-POPOP-p-terphenyl system. Radio

thin-layer chromatograms were scanned by "Aloka

Thin-Layer Chromatography Scanner, model

TLC-ZS", A high vacuum manifold equipped

with a breakable sealed tube A containing

methyl-UC alcohol, a reaction flask B, a purifying

train (C and D) containing glanulated sodalime

and phosphorus pentoxide-on-glass wool, a product

receiver E for methyl-PC iodide preparation,

and a reaction flask F for dimethylanisole-J'C

preparation, was framed (Fig. 1). Reactions using

the volatile isotopic materials were carried out

throughly in this vacuum system,
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Methyl-HC iodide: The method used here was

virtually identical with that described in "Organic

Syntheses with Isotopes"!', Thus, 100,u1 of non

radioactive methanol and 8 ml of freshly distilled

hydroiodic acid (d=1. 56) were placed in the

flack B and then frozen in liquid nitrogen,

Methyl-r'C alcohol (lOO,uI, 20mCi) was introduced

into the reaction flask by vacuum distillation.

The mixture was melted and heated at 80-85'C

for one hour, then the product, methyl-VC iodide,

was distilled through the purifying train into

the product receiver E chilled with dry ice-ace

tone mixture.

3-Methyl-4-methyl-HC anisole. In the reaction

flask F, 2.48g (10 mmoles) of 3-methyl-4-iodo

anisole was dissolved into 15ml of dry ether, and

8 ml of n-hexane solution of n-butyllithium (con

taining 8.64 mmoles of the organo-metallic rea

gent) was added to this solution, then the reac

tion mixture was refluxed for 5 min under

stirring. The mixture in the flask F was frozen

in liquid nitrogen then the whole vacuum system

was evacuated to 0.1,u. The dry ice-acetone bath

cooling the receiver E was removed off, and

methyl-PC iodide was distilled into the flask F.

The vacuum was replaced by one atmosphere of

dry nitrogen and the mixture was refluxed for
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.3-Methyl-4-methyl-UC phenyl Ni-methylcarbomate

(J-1'C) :
3-Methyl-4-methyl-HC phenol (300 mg, 9.9 mCi)

was dissolved into dry isopropyl ether. To this

solution 100 pi of dried and freshly distilled trio

ethylamine and 1. 04 g of methyl isocyanate were

added. After stirring for 5 hrs at room tempera

ture when no dirnethylphenol-PC was recognized

on the radio-thin-layer chromatogram, the solvent

and excessively added methyl isocyanate were

removed by vacuum evaporation. The residue,

crude 3-methyl-4-methyJ-l'C phenyl N-methyl

carbamate was recrystalized from petroleum

ether. White crystalline carbamate-vC, melting

at 78-78.5"C was obtained in 9396 yield from

the dlmethylphenol-t-C. Radiochemical and che

mical purity was assayed by radio-chromatogram

scanning and visualizing in silica gel H thin-layer,

which gave one radioactive peak and visualized

spot corresponding to an Rf-value of 0.75 of an

authentic sample (Fig. 3). The infrared spectrum

also agreed with that of authentic sample.

one hour under stirring. After cooling to room
temperature, the mixture was added with 20ml
of water then extracted with ether. The solvent

for the most part was removed by vacuum

evaporation and the residue was submitted

to a preparative gas-chromatography with a

DC 550 column. Pure 3-methyl-4-methyl-UC

anisole having 15.4 mCi was obtained in 77P6
yield (from methyl-PC alcohol).

3-Methyl-4-methyl-UC phenol (II-HC, 3,4-xy

lenol-HC): The dimethylanisole-PC was hydroly

zed in cone. hydrobromic acid by reflux for 10

hrs. After cooling, the reaction mixture was

extracted with benzene and the combined extract

was re-extracted with 5P6 sodium hydroxide solu

tion. The aqueous extracts were combined and

acidified with hydrochloric acid to convert the

phenolate to the phenol then extracted again with

benzene. The benzene solution was dried on

Drierite then treated with activated charcoal to

remove coloured impurities, filtered, freeze-dried

to yield 386 mg (12.7 mCi) of crystalline 3

rnethyl-a-methyl-v'C phenol, melting at 62-63"C,

in both chemical and radiochemical yield of 94;6

from the anisole-v'C, The infrared spectrum of

the product was in agreement with that of non

radioactive authentic sample and a silica gel H

thin-layer chromatogram developed with benzene:

ethyl acetate: formic acid (40: 10: 1) showed that

the compound was free of chemical and radio

chemical impurities (Fig. 2).

solvent
front

visualized spot

origin

origin

visualized spot

Fig. 2. Radlo-thin-layer chromatogram of 3,4-
xylenol-vC.

T. L. C: adsorbent; silica gel HF, solvent; ben
zene-ethyl acetate-formic acid (40: 10: I).
Radio-scanning ; speed; 12.5 rnm/rnin, time const;
3 sec, full scale; 330 Kcpm, slit width: 1 mm, with
a windowless gas'flow counting system.
Visualization: with iodine.

Fig. 3. Radio-thin-layer chromatogram of 3,4
dirnethylphneyl N-methylcarbamate.

T. L. C., Radio-scanning and visualisation were
effected in the same manner described in Fig. 2.
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A number of workers have studied the effects

of radiation and chemosterilization on the mating

vigour and sexual competitiveness of male mos

quitoes. Davis et al (1959) observed a signifi

cant deficiency in the mating vigour of irradiated

males of Anopheles quadrimaculatus. Normal

females when allowed to mate with irradiated

and normal males in 1 : 1 : 1 ratios laid eggs

having a hatch rate of 74.0;:>6 as compared to the

normal hatch rate of 96.0;:'6. Both the irradiated

and chemosterilized males of Musca domestica

were found to be equally competitive to normal

males. but males of A. quadrimaculatus irradiated

at 12.000 r or fed on 1. 0;:'6 apholate suffered a

reduction of about 26;:'6 (Schmidt et al. 1964).

The same workers observed that irradiation of

males at 10.000 r or exposure to 7 mg/ft" tepa

residues for two hours had practically no effect

on their mating behaviour. LaBrecque et al.

(1962) observed that male houseflies got sterilized

when fed on 1. 05'6 apholate and were equally or

even more aggressive than the normal males in

their mating power. On the other hand a loss

in the mating vigour of the males of Aedes

aegypti when treated with chemosterilants has

been observed by Dame et al. (1964).

The findings reported above suggest that the
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effects of sterilizing agents on the mating vigour

of males are rather specific and vary with the

mode of treatment. As no attempt has been

made to study the effects of apholate on the

mating vigour and sexual competitiveness of C.

faiigans, the phenomenon was studied by making

treatments in the larval stage.

Materials and Methods

Test insect and chemical

The mosquitoes used in the present studies

were drawn from the normal laboratory strain

initially developed from larvae collected from a

tank in Aligarh. The larval food consisted of

dried yeast and blood albumen and the adults

were reared on 10;:'6 glucose solution. The females

were also fed on chicken blood.

Apholate was obtained through the courtesy

of Dr. C. N. Smith of United States Department

of Agriculture.

Experimental procedure

Five-day old larvae were released in water

treated with 30 ppm apholate and were allowed

to pupate. The pupae were sexed and the ones

destined to become males were placed for erner

gence in wire frame cages covered over with

muslin cloth and mosquito netting. The emerging

males. when three-day old were released in cages


