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THE SYNTHESIS OF C'4 CARBONIL LABELED 
3- ( PARACHLOROPHENYL) -1, l-D ThETHYLUREA 

I. INTRODUCTION 

The eynthesis of carbonyl labeled 3-(para- 

ohioropheny]. ) -1, 1-diinethylurea (hereafter called CiU) 

was undertaken in order to study euch phases of its 

herbicida]. control as mode of action and soil retention 
without resortinE to field trial procedures. 

CIiU acts chiefly as a soi]. sterilant and attempts 

to use it as a pre-omergence spray by lowering the nount 

applied por acre have met iith failure to date (5, p. 110; 

8, p. 112). .i'xperiments have also been carried out to 

determine the effect of CkU on the nitrogen metabolism 

of bean plants since the symptoms of CMU poisoninE resemble 

those of nitrogen deficiency (7). This effect Is first 

noticed in the curling and dying. of the older leaves and 

is followed by chiorosia and subsequent death of the plant. 

It is hoped that the use of C'4 labeled CiU will 
enable one to determine tIe exact mechanism of attack and 

1ve a more clear picture of this type of herbicida]. action 

In general. 

A method of synthesis of CIU has been described in 

the literature (3, p. 494). This consists of coupling 

dimethylariiine with p-chlorophenylisocyanate. An alternate 
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method of preparation would be the reaction between 

p-chloroaniline, phoeeno, and dimethylamine. The dis- 

advantages of the latter approach are quite apparent; 

namely, the mixtures of products likely to result and the 

danger and difficulties involved in handling phosgene, 

particularly if radioactive. It. therefore seemed desir- 

able to choose the first method and find a means oÍ' 

synthesizing the labeled isocyanate. 

Numerous references can be found in the literature 

for the preparation of isocyanates. In general, these 

refer either to the preparation of isocyanates by 

diazotization of the hydrazides (9, p. 1493; 10, p. 75-79; 

14, p. 353) or to the more direct action of sodium azide 

upon the acid chloride. Sah, Nao, and Fan (12, pp. 137- 

38) have prepared p-chlorophenylisocyanate by di.azotiza- 

tion of p-chlorophenylhydrazide in glacial acetic acid. 

A study of this method indicated that it would not be 

adaptable to use with semirnicro amounts and isotopic 
carbon techniques. The synthesis of p-chlorophenyliso- 

cyanate by the sodium azide method has not been mentioned 

in the literature although the preparations of other 

closely related isocyanates by this method were described 

(2, p. 3434; li, pp. 349-50; 13, p. 3359). It was there- 

fore decided to follow the more direct course using 



sodium azide and attempt to adapt general conditions to 

this particular synthesis. 

The overall method of synthesis would be the 

chanEe from p-chloroaniline to C14 labeled C1U. This 

would be accomplished by forming p-chloroiodobenzene 

from p-chloroaniline by means of the Sandnieyer reaction, 

and causinr the former to react with magnesium to yield 
p-chlorophenylmanesium iodide. The GriEnard roaent 

would then be carboxylated with C1402 following the 

method suggested by Van Bruggen et al. (16, pp. 45-47) 

and hydrolysed to p-chlorobenzoic acid. Parachioro- 

henzoyl chloride may be obtained by the action of thionyl 

chloride on the acid. The acid chloride would then be 
caused to react with sodium azide, heated to rive the 

isocyanate and coupled with dimethy1atine to complete 

the synthesis. 

The &-O2 was produced by the acid decomposition 

of C14 labeled bariurn carbonate', Carbon 14 was chosen 

as the labeling isotope because of it long half-life, 

relative ease of handling, and low price. It has the 

disadvantage, however, of emitting low energy beta 

particles (4, p. 8) which are easily absorbed by plant 

tissues, making immediate detection difficult when used 
in plant studies. 

'EaC-4O3 obtained from A..C. Oak Ridge, Tennessee. 
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II. EXPERIMENTAL 

A. 3ynthesia 

The first step in the synthesis consisted in the 

conversion of p-chloroanhline to p-chloroiodobenzene as 

shown by the fo11owin reactions: 

HO? 
O1NH2'HCl- ) C1N2C1 

C1N2C1 + Kl C1I + KO? + N2 

It should be mentioned that it would have been possible 

to begin with the comir.ercially available p-chloroiodo- 

benzene. However, it was thought that the experience of 

conductinE the Sandmeyer reaction would be of v.lue to 

the author. 

The conditions of the following method were 

developed in two previous attempts as being the best to 

use. 50.8 g. (0.40 mole) of p-chloroaniline were dis- 

solved in 200.0 na?. (1.60 moles) of 8N HG? in a one liter 

beaker. The solution was cooled to 00G. and 31.8 g. 

(0.46 mole) of NaNO2 in 150 ml. of chilled water were 

added slowly from a dropping funnel. During the addition, 

the mixture was mechanically etirred and the tempera- 

ture was kept below 5°C. This dropwise addition was 

continued until an excess of nitrous acid was present as 
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indicated by starch-iodide oaper. EtirrinF was continued 

for ten minutes to allow time for a complete reaction, 

yielding a pale, straw-colored aolution. 69.6 g. (0.42 

mole) of potassium iodide were dissolved in 75 ml. of 

water and added to the diazonium salt soluti.on slowly with 

constant stirring. This mixing resulted in the vigorous 

evolution of a Eas and the formation of a reddish-black, 

tarry residue. The mixture was allowed to stand over- 

niEht at room temperature. The oranie materials were 

separated by extracting the mixture three times with 

66.0 ml. of chloroform. The extracts wero combined and 

washed with dilute sodium thiosuifate (3 ,/5o ml.) 

until there was no further reaction apparent. Iuch of' 

the color of the extract was reduced by these washinEs. 

Most of the solvent was removed on a steam bath and the 

residue vacuum distilled at 10 inni, pressure. A yellow- 

white crystalline mass was obtained which was purified by 

recrystallizing twice from hot 95 alcohol. 47 . of 

material was obtained which melted in a capillary tube 

at 56.0-56.6°C. (literature value 56-57°C.), This weight 

corresponded to a yield of 51% based on p-chloroaniline. 
The next phase of the investigation was to prepare 

the Grignard reagent and become experienced in the car- 

bonation procedure. The following reactions are involved: 
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OiKI + 
ether 

)O1LFI 

iiEI + CO2 HC1 
C1ÇCOOH + IEICl + H20 

H20 

The GriEnard apparatuß was sot up as shown in Fì3ure 1. 

0.51 e;. (20.95 millimoles) inagneriuin turnings were added 

to the reaction flask (B) and the f1ak was warmed with a 

luminous flame to dispel iioisture while nttroen as was 

passed through the systeir. The nitroen was dried by 

bubblinE it through concentrated sulfuric acid and then 

throu a calcium chloride dryinE tube placed in the end 

of the water condenser (A). The flask was cooled and 

5.0 :. (20.95 milliinoles) of p-chloroiodobenzene were 

dissolved in 25 ml. of ether which had been previously 

dried by distil1in from concentrated sulfuric acid and 

storing over metallic sodium. When the fisk had cooled 

completely, the nitroEen flow was stopped and the ether 

solution was added to the droppinE funnel (C). Approxi- 

inately 5 ml. of solution were introduced into the flask 

and the stirrer (D) started. The reaction started after 

a few moments of stirring and the mixture was kept at 

reflux temperature by adjustinE the rate of addition of 

the p-chloroiodobenzene solution. After the addition had 

been completed (approximately twenty minutes), the flask 
was warmed gently on a water bath for ten minutes to 
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tOO mt. 

Figure i 

Gririard Apparatus 
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insure completion of the reaction. At the end of this 

time, only a few small pieces of maEnesiurn remained and 

the solution was litht yollow-Ereen in color. The drop- 

pinE funnel was replaced by a siphon made of 2 mm. class 

tubing and the GriEnard reaEent transferred by nitrogen 

pressure to a nitroEen flushed receiver. 

The yield of p-chlorophenylmanesi.unh iodide was 

determined by adding excess standard HC1 and back 

titrating with standard NaOH using methyl orange indica- 

tor. The reagent solution was found to be 0.796M 

correspondin to a 95 yield. A previous Grignard 

synthesis gave a value of 94.8%. 

The carbonation of the Grignard reagent required 
the use of apparatus shown in Figure 2. It consisted of 

a reaction flask (A), a carbon dioxide generator (B) and 

a delivery tube (C). The reservoirs, (a) and (b), 

attached to each flask were stoppered with tightly fitting 

vial seals. Since the yield of this step was quite 

important to the amount of radioactive material recovered, 
attention was paid to the development of experimental 

techniques and a number of runs wore made with unlabeled 

BaCO3 before the isotopic material was used. This 

procedure helped the author to succeed in obtaining 

higher yields and provided him with a certain confidence 

in handling the apparatus and materials. 
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Figure 2 

Carbonation Apparatuø 

b 
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The equipment was thorouh1y cleaned and dried. 
A 10 cm. section of the delivery tube (C) was packed 

loosely with 80 mesh Axthydrone held in place with class 

woo]. plugs. Approximately i millimole of' barium 

carbonate was welEhed into a small class boat and trans- 

ferred to flask (B). The pieces were assembled using 

Dow Corning Silicone crease as a lubricant and mounted 

firmly on large ringstands in the hood. The vial seals 

were inserted in reservoirs (a) and (b) and both stop- 

cocks opened. The apparatus was evacuated to 12 mm. by 

connecting the aspirator to a J/20 hypodermic needle 

inserted through the vial seal into 

tion wes being effected, leakage was tested for by using 
e. high frequency vacuum tester. 

Both stopcocks were then closed. 3.0 ml. of 40% 

perchioric acid made by dilution of the reagent grade 

acid with distilled water was added to reservoir (b) by 

means of a nitrogen flushed needle and syringe. In a 

similar manner, 5.0 ml. of 0.8k Grignard reagent (a four- 

fold excess) was added to reservoir (a). A liquid air 

bath was placed under flask (A) and alternate layers of 

carbon dioxide and Grignard reagent were frozen out in 
that flssk by the careful manipuistion of the stopcocks. 

When the BaCO3 had been completely decomposed, the top of 
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the frozen rnl.xture was covered with another layer of' 

Grignard reagent. 

The liquid air bath was then replaced by an ice 

bath and the mixture allowed to react further at 00C. 

The ice bath in turn wa replaced by the liquid air bath 

and the material refrozen. hi1e the contentß were 

being refrozen, a small amount of nitrogen was passed 

into the system through the needle inserted in reservoir 

(b) to carry over any unrected carbon dioxide. Care was 

taken in delivering the nitrogen to prevent the formation 

of a positive pressure when the apparatus came to room 

temperature. When the refreezin was complete, the 

liquid air bath was removed and the mixture allowed to 

equilìbrate at room temperature. 

4.0 ml. of distilled water were added to the 

contents of the reaction flask through reservoir (a) 

followed by 4.0 ml. (48 milli.rnoles) of concentrated HC1 

to decompose the Grigìard complex. Because of the slight 
positive pressure built up, it was necessary to apply 

external pressure to force the acid into the flask. 

This pressure was applied by passing nitrogen into 

reservoir (a) by means of the hypodermic needle. Once 

the addition had been effected, the entire system was 

flushed with nitrogen. The gas entered reservoir (b) and 
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passed frorri reservoir (a) into a piece of 4 inni. 1ass 

tubing which was used to conduct the nitroEen stream 

through a O.5L Ba(OH)2 solution to trap any unreacted 

carbon dioxide. 

The apparatus was then carefully disassembled ar 

the mixture in flask (A) washed with ether into a 50 ml. 

separatory funnel. iiaterial adhering to the tip of the 

delivery tube was also washed with ether into the 

separatory funnel. The two layers were separated and the 

aqueous layer further extracted three times i.ith 5 ini. of 

ether. The extracts were combined and evaporated in air 

to a smaller volume (approximately 15 ml.). The ether 

solution was transferred to the separatory funnel and the 

acid extracted three times with 5 ml. of O.67M Na2CO3 

(no acid was extracted with larEer amounts of base after 

the first three extractions). vaporation of the ether 

solution gave only a few crystals having the odor of 

p-chloroiodobenzene and melting at 52-56°C. The clear 

basic extracts were combined and just acidified by the 

careful addition of dilute HC1. The precipitate was 

collected on a sintered glass funnel (idi) by suction fil- 

tration, washed with cold water, and dried in a desicca- 

tor over calcium chloride. The barium carbonate collected 

was also filtered and dried overnight at lOO-llO0G. 
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The two syntheses of p-chlorobenzoic acid attempted 

at this time resulted in yields of 42% and 73 based on 

the barium carbonate. Yields of the recovered BaCO3 were 

10.1% and 5.6% respectively. 
A portion of the p-chlorobenzoic acid obtained was 

purified by sublimation in the apparatus shown in Fifture 3 

and the meltinE point taken in a sealed capillary tube, 

Observed meltinE point 235CC. 

Literature value 242°C. (235°C.) 

iixed meltinE point 235°C. 

To insure that p-chlorobenzoic acid had been formed 

and not p-iodobenzoic acid, a larger quantity of the acid 

was prepared and the amide and anilide derivatives (15, 

pp. 157-58) made from this product. In order to prepare 

the acid on a 1arer scale, 10 ini. of the orlEinal 
Grignard reagent were poured over crushed dry ice with 

st1rrin and allowed to react, 50 ml, of' water and 25 ml. 

of concentrated FIC1 were added when the dry ice he corn- 

pletely evaporated, the layers separated, and the organic 

acid extracted as described above. Half of this material 
was then refluxed with approxiiate1y 5 ml. of thionyl 

chloride for thirty minutes, cooled, and poured into ice 

cold, concentrated ammonium hydroxide. The amide formed 
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FlEure 3 

$ubl that Ion Apparatus 
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was collected and recrystallized from alcohol and water. 

The melting points listed below were taken in a capillary 
tube. 

Observed melting point 179-80°C. 

p-Chlorobenzamido m.p. 179°C. 

p-Iodobenzamide m.p. 21OC. 

The remaining half of the yield was refluxed with 

thionyl chloride in a similar manner, cooled, and 

approximately 2 g. of redistilled aniline in 30 ml. of 

benzene added to the solution. The mixture was wariiied on 

the stean bath for two minutes and the liquid decanted 

into a separatory funnel. It was washed with 10 ml. of 

water, 5 ml. of 5 11Cl, 5 ml. of 5 NaOH, 2 ml. of water 

and transferred to a 50 ml. beaker. The solvent was 

evaporated to dryness on a steam bath and the anilide 

recrystallized from alcohol and water. 

Observed melting point 198-99°C. 

p-Chlorobenzanilicle m.p. 1970C. 

p-Iodobenzanilide m.p. 217°C. 

The next series of reactions may be represented by 

the following equations: 
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ClKÇCOOH + SOCi2- C]4)COC]. 

C3.COCl + NaN3 '>Cl<>CON3 ClNCO 

ClNCO + NH(CH3)2 >ClNHCON(CH3)2 

p-Chiorobenzol.c acid, obtained from the chemistry depart- 

ment and purified from alcohol and water, was used as the 

start in material to determine the best experimental 

conditions for the synthesis. Aniline, instead of 

dimethylamine, was coupled with the isocyanate for identi- 

fiction purposes since it was more easily handled than 

the low boilin amine. 

The general procedure was to cause the acid to 
react with thionyl chloride in an inert solvent to form 

p-chlorobenzoyl chloride. The acid chloride was converted 

to p-chlorobenzazide usin. odiuw azide and the product 

rearranEed to the isocyanate by continued heat ing. The 

isocyanate was then coupled with the amine and isolated 

by extraction with a suitable solvent such as acetone. 

Because a hiEh yield was desired, several experi- 

ments were carried out to determine the effects of 

temperature, concentration, agitation, and activation of 

the sodium azide on the amount of material obtained. In 

the first synthesis, one millimole of p-chlorobenzoic 

acid was dissolved in 20 ml, of ether in a 60 ml. round 
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bottom f1ak. 20 ml. of dry benzene were added and the 

ether dit111ed off, The acid was transferred to the 

tnert solvent in this manner, 3inco, in the final syn- 

thesis, no Isolation of' the acid from the oriina1 

ethereal solution was contemplated. The apparatus was 

arranged for reflux and 5.0 ml. of SOCi2 added to the 

solution throuh the top of the condensor. The mixture 

was refluxed for 45 minutes, at the end of which time it 

was yellow in color, 10 ml. of solution were distilled 

off to eliminate any excess thionyl chloride and the 

flask allowed to cool. One millimole of sodium azide 

was then added to the cooled solution and the mixture 

heated gently under reflux conditions on a stei bath at 

80°C. for three hours, It was allowed to stand overnight 

at room temperature. One-half millimole of sodium azide 

was added and refluxing continued for nine hours. Two 

grams of redistilled aniline were introduced into the 

mixture with cooling, the yellow mass dissolved in benzene 

and the solution transferred to a separatory funnel. 

100 ml. of water were added, the upper layer separated, 

washed twice with water, twice with dilute HC1, and once 

more with water. The solvent was stripped off under 

slight vacuum and the residue recrystallized from hot 

alcohol and water yielding white crystals. These melted 
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in a capillary tube at 198-199°C. (literature value 

287°C.). Thus, it was concluded that no reaction had 

taken place and the crystals were probably those of 

p-chlorobenzanil ide. 

3ince the desired reaction had not occurred, the 

procedure was repeated using tolueno in place of' benzene 

as a solvent in order to increase the reaction tempera- 

ture. The tolueno was first purified (6, p. 364) by 

mechanically stirring 2 1. of tolueno with 160 ml. of 

concentrated H2304 for thirty minutes, keeping the 

temperature below 25°C. The acid layer was decanted and 

the process repeated twice. The toluene was separated 

from the acid and distilled. After repeating the pro- 

cedure with the purified toluene, crystals were obtained 

from the reaction as before, meltinE in a capillary tube 

at 195-196°C. A mixed meltinE, point, taken with the 

crystals prepared above, melted at 196-97°C. (literature 

value of p-chlorobenzanilide m.p. 197°C.). 

The previously described experiment was repeated 

usine a more concentrated solution of 1 millìmole of 

p-chlorobenzoic acid in 5 ml. of tolueno. The mixture of 

sodium azide and p-chlorobenzoyl chloride was mechanically 

aEltated to provide more intimate contact between the 

reaEente. The mixture was first heated at 85°C. for two 
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hours followed by etEht hours heating at 95-100°C. 

Results obtained from this experiment as well as one 

usine four times the amounts of reagents indicated that 

only p-chlorobenzanilide had been formed. 

The procedure was carried out again in a similar 

manner except that the sodium azide-acid mixture was 

vigorously refluxed at 110°C. for 10 hours. It was 

concluded that no reaction had occurred on the basis of 

the meltine point obtained. 

since varying the conditions under which the 

preceding reactions were carried out had not produced 

the desired product, the sodium azide was activated in 

order to increase its reactivity (1, p. 382). This had 

not been done previously because the activated NaN3 is 
more prone to explode than when unactivated. The 

explosion in itself would not be particularly hazardous 

because of the small amounts used but since the synthesis 
was to be carried out eventually with radioactive 

material, it was safer to use the unactivated form. The 

activation was accomplished by grinding 10 g. of sodium 

azide in a mortar with 1.0 ml. of' 85 hydrazine hydrate 

and allowinr the mixture to stand overnight. It was 

dissolved in a small amount of' warm water, cooled, 

immediately reprecipitated with one liter of acetone and 
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allowed to stand for one hour. At the end of this time, 

the white precipitate wa collected, washed with acetone, 

dried in a vacuum desiccator over potassium hydroxide and 

re3round. The previously described procedures were 

repeated usine the activated sodium azide. After heating 

under reflux conditions for ten hours, duxnethylarnine was 

added to the mixture and heating continued for ten 
minutes to eliminate excess amine. The solution was 

washed from the solid residue with acetone and evaporated 

in air, Recrystallization of the tan residue from alcohol 
and water yielded shiny, white, rectangular plates melting 

at 171,5-1720C. (literature value 170,5-171,5°C,). A 

mixture with known CMU melted at 171.5-172.2°C. The 

yield was 44» based on p-chlorobenzoic acid. 

It was now necessary to reduce the amounts used to 
the scale at which the final run would be made. One 

millimole of p-ehlorobenzoic acid in 2.0 ml, of toluene 
were refluxed with 3,0 ml. of thionyl chloride to form 

the acid chloride. xcess thionyl chloride was eliminated 
by alternate additions and distillations of toluene, the 

final volume being 2.0 ml. One and one-half millirnoles 

of activated sodium azide were added to the solution and 

the mixture heated under reflux conditions for nineteen 

hours. The crystalline hU was recovered in a 61.6% yield 

based on p-chlorobenzoic acid. 



21 

Since i.t had been shown that CÎU could be satis- 

factorily prepared by this method, three complete 

syntheses were made starting with p-chloroi.odobenzene. 

The p-ehlorobenzoic acid precipitate was collected on a 

sintered 1ass funnel (Ì), washed with water and dried. 

It was then transferred to the reaction flask by washing 

the acid through the funnel with ether and the solvent 

evaporated. The conditions of the syntheses were the 

saine as described above except that the sodium azide 

mixture was refluxed for twenty-four hours and the CLU 

was purified with 1:4 HC1. Yields of 55, 58.2%, and 

59.7% based on barium carbonate were obtained. 

The synthesis of the radioactive GNU was carried 

out by applying the previously determined experimental 

conditions. 12.0 m4 (0.060 millirnole, specific activity 

0.0818 mc./m,) of BaC1403 were weighed into a small 

glass boat and transferred to flask (B), illustrated in 

Figure 2. In a similar manner, 185.4 mg. (0.939 milli- 

mole) of unlabeled barium carbonate were added and the 

flask rotated gently to more intimately mix the contents. 

The apparatus was set up, evacuated to 12 mm., tested for 

leaks, and the carbonation carried out as described 

previously. The p-chlorobenzoic acid formed was collected 

on a sintered glass funnel (M), washed with cold water, 
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and dried in a deeicoator over calcium chloride. 

122.2 znr. or the acid were obtained corresponding to a 

78.0% yield based on barium carbonate. 

The acid was washed through the filter into a 

30 ml. round bottom flask with approximately 20 ml. of 
ether, and the ether evaporated. The p-chlorobenzoyl 

chloride was prepared by refluxin a solution of the acid 

in 2.0 ml. of dry toluene with 3.0 ml. of thionyl chloride 
for thirty minutes. At the end of' this time, an addition- 

al 4.0 ml. of thionyl chloride were added and the heating 

continued for thirty minutes. 7 ml. of the liquid were 

distilled off, 5 ml. of dry toluene added and distilled, 
and the process repeated twice. The distillation was such 

that the final volume was 2.0 ml. To this solution was 

added 101.7 m. (1.564 millimolee) of freshly activated 
sodium azide and ths mixture heated under reflux condi- 

tions for twenty-four hours. At the end of this time, 
the mixture was cooled in ice, excess dimethylami.ne added, 

and warmed for ten minutes to remove any unroacted amine. 

The solution was filtered and the residue washed with 
acetone until only a small amount of activity was detected. 

This required about 20 n]., of acetone. The solvent was 

evaporated, the solid warmed with 1:4 ROl and the mix- 

ture filtered. The residue was washed with a few ml. of 
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hot IW1 solution and the CMU reprecipitated by neutrali- 
zation with dilute NaOH. The lieht tan crystals were 

collected on a sintered glass filter (M), washed with 

water and dried in a desiccator over calcium chloride. 

Without further purification, the product melted at 168- 

169°C. A mixed melting point with pure ChU yielded a 

value of 169-70°C. Based on barium carbonate, the yield 
was 56.6%. 

B. Analysis and Physical Constants 

everal milligrams of material were purified by 

sublimation and used for the determination of' the melt- 
Ing point and radioactivity. The melting point of the 

pure ChU was 171.1°C. A value of 171°C. was obtained 

from a mixed melting point. 
The radioactivity of the material was determined 

as suggested by Calvin et al. (4, pp. 82-86). The 014 

labeled ChU was oxidized in a sexniniicro combustion 

apparatus using inactive CiU as a diluant and carrier. 
The carbon dioxide formed was trapped in carbon dioxide- 

free 1M NaCH and precipitated by the addition of 1M 

barium chloride solution, The barium carbonate was 

collected on a weighed sintered glass filter (M), washed 

three times with distilled water, once with 95% alcohol, 
and dried at lOO-llO0C. overnight, This was further 
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diluted for counting purposes by utilizing the Van Slyke- 

Foich wet combustion apparatus (4, pp. 92-93) shown in 

Fieure 4. Known amounts of active and inactive barium 

carbonate were mixed together, placed under aspirator 

vacuum, and decomposed by the addition of concentrated 

sulfuric acid. The carbon dioxide evolved was roprecipi- 

tated in O.5M barium hydroxide, filtered, washed, and 

dried. This procedure has two advantaes over direct 

dilution during combustion. Too larEe a sample would be 

needed for the dilution of a hie-h activity sample during 
the combustion and the recovery of the reprecipitated 
carbonate need not be quantitative since the dilution 
ratio is known. 

A small amount of the reprecipitated barium 

carbonate was removed and made into a slurry by grinding 

it with 3 ml. of a 25 ether - 757g alcohol solution in an 

agate mortar. The solution was then added dropwise to a 

copper planchet (1 inch diameter) contained in a brass cup 

and the solvent evaporated under axî infrared lamp. The 

barium carbonate disc was counted using a Tracerlab end 

window counter (1.7 mg./cm.2 mica) and corrected for self 

absorption from an empirically prepared curve. A small 

sample of original BaC14O3 was diluted by the procedure 
described and used as a tandmI in determining the 
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radioactive recovery. 

The erecific activity observed was 1.10 x 106 

c/min./mg. The activity of the original BaC'403 ws 

found to be 1.98 x l0 c/min./xng. The radioactive 

recovery was 53.6% based on the activity of the original 

Ba01403 used. Phis value corresponded closely to the 

56.6% chemical yield obtained from the overall synthesis. 

Figure 4 

)ilution Apparatue 



III. SUARY 

3-(Parachlorophenyl)-1, 1-dimethylurea labeled 
with C'4 in the carboriyl croup has been synthesized in a 

56.6% yield. The radioactive recovery was 53.6%. The 

specific activity of the pure cru was 1.10 x io6 c/min./ 



27 

IV. BIBLIOGRAPHY 

1. Adams, R. et al (eds.). Organic reactions. New york, 
John wiley & Sons, 1946. 460p. 

2. Barrett, E. W. and C. . Porter. Further studies on 
a molecular rearrangement induced by ultrasonic 
waves. Journal of the American Chemical Society 63: 
3434-35, 1941. 

3. Bucha, H. C. and C. i. Todd. 3-(P-chlorophenyl)-1,1- 
dimethylurea, a new herbicide. Science 114:493-94. 
1951. 

4. Calvin, h. et al. Isotopic carbon. New york, John 
i1ey & Bone, 1949. 376p. 

5. Dotzenko, A. D. The effect of pre emergence treatment 
with ChU upon cotton. Research progress report. 
Thirteenth weed control conference, 110. 1952. 

6. Fieser, L. F. ixperiments in organic chemistry. 2M 
edition. New York, D. C. Heath & Co., 1941. 483p. 

7. Freed, V. H. and R. E. Baldwin. Some effects of 
3-(p-chlorophenyl)-1, 1-dimethylurea upon the 
nitrogen metabolism of bean plants. Unpublished. 

8. Freed, V. H. and E. R. Lanning. ChU for weed control. 
Research progress report. Thirteenth weed control 
conference, 112. 1952. 

9. Kahl, R. über die Paarun.g von Säurehydraziden mit 
Zucherarten. Chemieches Zentralbiatt 75:1493-94. 
1904. 

10. Heng, K. C. and P. P. T. Sah. 3-hitro-benzazide as a 
reagent for the identification of amines. Journal 
of the Chinese Chemical Society 4:75-79. 1936. 

11. Naegali, C. and A. Tyabji. Der Abbau der aromatis- 
ehen Säuren. Helvetica Chimica Acta 16:349-66. 
1933. 



28 

12. sah, P. P. T., C. H. Fan and H. Y. Kao. p-Chloro- 
benzazide as a reaEont for the identification of 
prinary and secondary amines. Journal of the 
Chinese Chemical Society 3:137-40. 1935. 

13. Schroeter, G. über Umlaerunen. Berichte 42: 
3356-62. 1909. 

14. Shih, C. and P. P. T. Sah. p-Chlorobenzhydrazide 
as a reaCent for the identification of aldohydes 
and ketonea. Science reports, National Taing Hua 
University A2:353. 1934. 

15. Shriner, R. L. and R. C. Fuson. The systematic identification of organic compounds. 3rd edition. 
New York, John \iley & Sons, 1948. 370p. 

16. Van Bruggen, J. T., C. K. Claycomb, and T. T. 
Hutchens. Semi micro synthesis of 014 labeled acetic acid. Nucleonies 7:45-48. 1950. 



29 

APP1ND IX 



Plate i 
Carbonation Apparatus 


