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INTRODUCTION 

It is oommon knowledge that the nature of the 

substitution of the halogens into toluene and xylene 

varies with the conditions. In the dark and in the cold 

substitution takes place in the nucleus. At a high 

temperat-q.re and in the presence of either artificial 

light or sun:,._ight, substitution takes place in the side 

chain. Further research with photo-catalysts using 

artificial light has been carried on quite recently in 

connection with war gasee having lachmoidal properties. 

The results have been quite satisfactory. The present 

work hae been carried out to discover whether other 

catalytic agents other than light will promote side-chain 

substitution. 

Although there is a great deal of literature on 

the chlorination and the bromination of toluene and xylene 

with photo-catalyti~ agents, the publications on the same 

work with other catalytic agents is very meager. One re-

ference in T.horpe's Dictionary of Applied Chemistry states 

that a good yield of benzyl chloride can be obtained by 

allowing sulfuryl ohlorida to aot on an exoeee of toluene 
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at 130° in the dark. But since the boiling point of tol-' 
uene is lllQ, it is impossible to reach a temperature of 

130 ° except by working under pressure. .The Baker-Adamson 

Chemical Company of Easton, Pennsylvania, have stated that 

they have secured very good yields of the chlorinated and 

brominated side-chain products without the use of photo-

catalytic agents. Further than the above statement, no-

thing has been said as to apparatus and method of procedur@. 

Some of the products formed such as benzyl chlor-

ide, benzyl bromide, etc. are also of great use in the man-

ufacture of dyes, so that the commercial need of the pro-

ducts is as important as the present war need. 

The Experimental Fart. 

TH& ACTION OF SULFURYL CHLORIDE ON TOLUENE. 

It ie possible to have benzyl, benzal, and benzo-

triohlorides formed by chlorination in the side-chain of 

toluene. In order to see how good a separation can be made, 

a mixt ure of 15 ca. benzyl chloride and 15 co. of benzal 

chloride were fractionated. The boiling point of benzyl 

ohloride is 176° and that of benzal chloride 206°. The 

distillate began to oome over at 169° and the temperature 

rose slowly until it reached 202° when all the substance 

had distilled. Thus the boiling point of benzal chloride 
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was not even reached. The total recovery was 27 cc. 

The benzy'i chloride used was the technical. sub-

stance. Fifteen oc. of this product were distilled sep-

arately The distillate came over entirely between 172°-

1850. black tarry liquid, due to decomposition, remain-

ed in the distilling flask. The yield was 14 cc. Fiftven 

cc. of technical benzal chloride were also distilled. The 

product began to boil at 194° and the entire product came 

over below 204 °. The yi'eld was 12 cc. Again a black 

tarry liquid remained in the flask. 

These experiments show that no satisfactory 

separation of benzyl and benzal chlorides can be made by 

ordinary fractional distillation. 

Several trials were made using toluene and 

sulfuryl chloride with no catalytic agent, but by using 

a dark flask, darkened with the luminous name of a 

Bunsen burner. 

If one would use molecular quantities of toluene 

and sulfuryl ohloride, it would take 92 grs. of the first 

and 134 grs. of the latter. An excess of ~5 per cent of 

toluene was used. On the basis of using 25 grs. of tol-

uene, it should take 36 grs. of sulfuryl chloride, but 

only 34 grs. were used. 

Using toluene and sulfuryl chloride in a black-

ened flask. 
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' TRIAL NO. 1. 

Twenty-six grs. of toluene were placed in the 

blackened flask and heated to 120°. Then 34 grs. of 

eulfuryl chloride were added from a separatory funnel. 

After all .the sulfuryl chloride had been added the 

mixture was refluxed for four hours using a Liebig water 

condenser. During the -refluxing the temperature rose as 

high as 180°. The product was fractionated, collecting 

three fractions; the first, up to 172°; the second. 172° 

184°; and the third, above 184°. The temperature rose 

rapidly above 184° and reached 235°. A tarry mass remain-

ed in the distilling flask. The total yield according 

to the molecular calculations should be about 34 grs. 

The second trial was carried out in the same 

manner but refluxed for only three hours as marked de-

composition set in, and tar began to deposit on the walls 

of the flask. ~he product was fractionated collecting 

thr ee fractions as before. 

Trial l:fo. 1. Weight per cent 
Yield 

First fraotion-------Up to 172° 9 grs. 26.• 4 

Second fraction-~---- 172°- 184° 10 grs. 29 .4 

Third fraction------- Above 184° 5 gre. 14.7 

Total Yield----------~-------------- 70.5 
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Trial No. i. 
Waight Par cent 

Yierr-
First fraction------- Up to 172° 9 grs . -- 26.4 

Second fraction------ 172° - 184° -- 8 grs. -- 23.5 

~hird fraction------- Above 184° 9 grs. -'I- 26.4 

~ota1 Yield---------------------- 76.3 

Several trials were ma.de using toluene and eul-

fu.ryl chloride and no catalytic agent. The black flask 

was not used but the sulfuryl chloride and th~ toluene 

were thoroughly mixed before refluxing by adding the tol-

uene in small portions to the sulfuryl chloride. 

The first trial was refluxed for six hours, 

fractionated, and the distillate collected as before. The 

second trial was carried out in the same manner, save that 

the refluxing was carried on for nine hours. In both 

oases, decomposition set in and the refluxing had to be 

stopped at the end of th~ time stated. 

Trial No. l. 
Weight Per cent 

YieW-
First fraction------- Up to 172° 8 grs. 23.5 

Second fraction------ 172° - 184° 14 grs. 41.2-"I" 

Third fraction-- ... ---- Above 184° 9 grs . -- 26.4 

Total Yield---------------- 91.1 
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~rial No. _g_. 
Weight Per cent 

Yield 
First fraction------- Up to 172° -- 14 grs. 41.2 

Second fraction------ 172° -184° 13 grs. 38.2 

~hird fraction------- Above 184° 6 grs. 17.6 

Total Yield-----------~-- 97.0 

Two trials were made using toluene, sulfuryl 

chloride, and phosphorous triohloride as a catalytic agent. 

To twenty-seven grs. of toluene in the presence of 2 co. 

of phosphorous trichloride were added slowly from a separ-

atory funnel, 34 grs. of sulfuryl chloride. The mixture 

wae refluxed for three and a half hours. During the re-

fluxing the thermometer rose as high as 150° without any 

apparent decomposition •. The product wae fractionat ed, 

three fractions being collected as before. A tarry ~ass 

remained in the distilling flask after the fractionating. 

The second trial was carried out in exactly the 

same manner as the first and practically the same results 

were obtained. Again decomposition began in the flask 

used for fractionating the product. 

Trial rfo. 1 • 
Weight Per cent Yield 

First fr action------- Up to 172 ° 10 grs . 29.4 
,. Second fraction------ 172° -184° 8 grs. 23.5 

Third fraction------- Above 184° 7 gra . 20.6 

Total yield------------------ 73.5 
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Trial No. 2. 
Weight Par cent 

Yield. 
First fraction------- Up to 172° 21 grs. 61.7 

Seoond fraction------ 172°- 184° 6 grs. 17.6 

Third fraction------~ Above 184° 

Total Yield-------------------------- 79.3 · 

NOTE: There were but a few drops of distillate 

above 184°. 

Trial Using Filings As A Catalyst. 

To 27 gra. of toluene were added 34 grs. of 

sulfuryl chloride from a separatory funnel in the presence 

of five grs. of iron filings. The iron filings tended to 

form a mass in the bottom of the flask during the re-

fluxing and cause bumping. Glas·s beads would not stop 

the bumping; so the flask had to be heated gradually. The 

refluxing went . on for four hours~ The mixture was frac-

tionated, collecting thr ee fractions as before. ~he 

yield was about the same as when using phosphorous tri-

ohloride as a catalyst. 
Weight Per cent Yield 

First fraction------- Up to 172° -- 16 grs. -• 47.0 

Second fraction-----~ 172° - 184° 7 grs. 20.4 

Third fraction------- above 184° 4 grs. 11.7 

Total Yield--------------------- 79.l 
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Trial Using Sulfur As A Catalytic Agent. 

Twenty-seven grs. of toluene and 34 grs. sulfuryl 

chloride were used, adding the · sulfuryl ahloride to the 

toluene, in the presence of 5 gre. of sulfur, from a sep-

aratory funnel. The mixture wae refluxed for six hours. 

The temperature did not rise above 135° during the re-

fluxing. Fractionated, collecting three fractions as be-

fore. The sulfur dissolved when the mixture was heated, 

and came over in the fraotions as was shown after the 

fractions had stood for some time. A finely divided de-

posit of sulfur showed itself on the walls of the bottles 

containing the fractions. 
Weight Per cent Yield 

First fraction------- Up -to 172° 19 grs. 55.8 

Second fraction------ 172° - 184° 8 grs. 23.5 

Thirq fraction------- Above 184° 4 grs. -- 11.4 

Total Yield---------------------• 90.7 

Trial Using Ferric Chloride Ae A Vatalytio 
Agent. 

To 27 grs. of toluene, in the presence of 6 grs. 

of ferric chloride, 34 grs. of sulfuryl were added from a 

saparatory funnel. The mixture was refluxed for seven 

hours and fractionated. collecting three fractions. The, 

refluxing had to be stopped at the end of seven hours as 

decomposition sat in. 
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When the product was fractionat ad, practically 

all of it came over below 172°. A black tarry mass re-

mained in the flask. 

TEE ACTION OF SULFURYL CELORIDE ON XYLENE. 

To 53 grs. (1/2 molecule) of xylene, using phos-

phorous triohloride as a catalytic agent, were added 67 

grs. (1/2 molecule) of sulfuryi chloride from a saparatory 

funnel, slowly in the oold. The mixture was shaken fre-

quently during the addition of t he sulfuryl chloride. 

After adding the sulfuryl chloride, the liquid was a trifle 

yellow. The mixture was refluxed for an hour, but no 

longer as decomposition began. The liquid mixture was 

dark red. 

When washing the product with water, a violent 

reaction set in, and the liquid began to boil. The two 

layers disappeared. The reaction was probably du~ to the 

presence of the phosphorous trichloride, 

Due to the lack of sulfuryl chloride, the other 

experiments with xylene and sulfuryl chloride, using iron 

filings, sulfur, and ferric chloride as catalytic agents, 

could not be carried out. 

~---~-~~~-~--------~-------~ 
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THE ACTION OF SULFUR MONOCHLORIDE ON TOLUEB. 

1n all cases, whether using sulfur, phosphorous 

trichloride, iron filings, or ferric chloride ae catalysts, 

the product, when fractionated, came over entirely below 

150°, showing that none of .the higher products sought had 

been formed, 

THE AOTION OF SULFUR MOIWCBLORIDE ON XYLENE. 

To 53 grs. (1/2 molecule) of xylene, were added 

67 grs. {1/2 molecule) of sulfur monoohloride in the pre- . 

sence of 5 grs. of iron filings, by means of a separatory 

funnel. The xylene was heated gently while adding the 

sulfur monoohloride. The procedure took abput three and 

one-half hours. ~he mixture was refluxed for another half 

hour, and the product turned black, and became a solid 

mass of tar. 

Whan using either phosphorous trichloride, ferric 

ohlorida, or sulfur as catalytic agents, the same sort of 

thing happened, - a ma.sa o~ tar formed in the flask. 



ACTION .Q! BROMINE ON TOLUENE AND XYLENE. 

The Action of Bromine .2!! Toluene. 

The action of bromine o~ toluene may proceed in 

the following manner:-

The calculations were based on this reaction. 

Twenty-five grs. of toluene and 42 grs. of bromine ware 

used. The boiling point of benzyl bromide is 198.9°. If 

25 grs. of toluene and 42 grs. of bromine are used, the· 

total theoretical yield, according to the above reaction, 

should be 46 grs. 

Trial Using No Catalytic Agent. 

To 25 grs. toluene, added 42 grs. of bromine. An 

immediate reaction was set up, as shown by the evolution 

of heat. The mixture was r efluxed over a small flame for 

three and a half hours. The mixture was at first red, then 

a light yellow and finally black. The change from red to 

light yellow showed that some of the bromine was being used 

up. The black probably indicated· decomposition. The pro-

duct was fractionated, using a still-head, t wo fractions 

being collected. The temperature rose steadily until it 

reached 192°. The first fraction was collected up to 192°; 
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the second, from 192° 204°. After oolleoting the 

second fraction, there remained in the flask but a 

small amount of tarry material. 

Weight Per Yield 

First fraction------ Up to 192° 18 grs. -- 39.l 

Seoond frao·tion----- 192 ° - 204° 16 grs. 34 .a 
Total Yield-------------- 73.9 

fhe second fraction had all the properties of 

benzyl bromide such ae boiling point, odor, and the effect 

on one's eyes. 

Trial Using Sulfur As A Catalytic Agent. 

~he same procedure was used as in the above trial, 

but the refluxing was carried on for eix and one-half hours. 

On cooling, the sulfur which had been used as a catalytic 

agent, settled out. The sulfur was filtered off and the 

liquid mixture tractionated using a still-head. 

Weight Per cent Yield 

First fraction------- Up to 192~ 14 grs. 30.4 

Saoond fraction------ 192° - 204° 13 grs. 28.2 

metal Yield-------------------- ·sa.6 

A mass of tar was left in the distilling flask. 

Both fractions were redistilled. 
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Weight Per cent Yield 

First fraction------- Up to 192° 11 gre. 24.0 

Second fraction------ 192° - 204° 14 grs. 38.4 

Total Yield-------------------- 54.4 

There again was some tar in the distilling flask. 

The s eoond fraction was a sort of reddish-yellow 

color after the second fractionation. It had the same 

boiling point as benzyl bromide, and also had the same ef-

fect on the eyes. 

Trial Using Iron Filings As A Catalytic 
Agent. 

Twenty-five grs. of toluene and 42 grs. of bromine 

were thoroughly mixed. Five grams of iron filings were 

added as a o·atalytic agent. When the bromine was first 

added to the t oluene in the presence of the iron filings, a 

rapid reaction set up, and a great deal of heat developed. 

The r eaction lasted for a few minutes and there remained 

only a r eddish mass in the flask. 

The next trial, however, the flask containing the 

toluene and iron filings was oonnectod to a r eflux condenser. 

The bromine was placed iri a .separate flaek connected to the' 
larger one .and vaporized gently, s o tha t the bromine passed 

into the flask containing the toluene. the outlet of the 



bromine delivery tube opened just above the surface of the 

toluene. The flask containing the toluene was shaken every 

once in a while during the adding of the bromine. After 

having passed in all the bromine, the flask was removed and 

a new cork placed on the bottom of the condenser so as to 

~eflux the mixture of toluehe, bromine, and iron filings. 

After refluxing for ten hours, the mixture was 

fractionated, collecting the distillate in two fractions. 

The temperature .rose steadily up to 190°, and did not go 

above 200°. The first fraction was collected up to 190°. 

Weight Per cent Yield. 

First fraction------- Up to 190° 11 grs. 24.0 

Second fraction------ 190° - 200° 4 grs. 8,7 

Total Yield~----•---------- 32.7 

The fractionating was done with a still-head, and 

even after continued heating the temperature dropped to 160°, 

leaving a large amount of liquid in the flask. On cooling, 

the substance in the distilling flask ·solidified to a black 

tarry mass. 

The second fraction had the same boiling point as 

benzyl bromide and the same effect on the eyes, but also had 

a burned odor, due perhaps to the presence of some products 

formed while fractionati ng. 



-16-

As there was no ferric bromide or phosphorous 

tribromide to be had, no trials could be made using 

these two substances as catalytic agents. 

The Action of Bromine On Xylene. 

With xylene several products can be formed by 

substitution in the side-chain, due to the two methyl 

groups present. Bromo-p-xylene boils at 206° , bromo-m-

xylane at 203° - 204°, and bromo-0-xylene at 214 .5°. The 

three products which are of the most interest in this 

particular work are o-xylyl bromide, boiling point 

216°-217° , m-xylyl bromide, boiling point 185°, and 

p-xylyl bromide, boiling point 218° - 220°. 

In th. following ex1~ eriments, bromine a.nd 

xylene were used in one half molar quantities of each 

subetance. 

Trial Using Iron Filings As A -Oatalytic 
Agent. 

Allowed 80 grs . {1/2 molecule) of bromine to 

slowly drop into 53 grs . (1/2 molecule) of ·xylene in the 

presence of 5 grs. of iron filings , and in the cold. 

Heat was developed. After all the bromine had bean added, 

r . fluxed for an hour over a small flame . At the end of 

the t~me the liquid became black. There was a large mass 



of tar in the flask and the liquid had to be filtered 

before washing. 
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The product was washed with water, then dilute 

sodium hydroxide, and again with water . The product was 

then dried over calcium chloride for 24 hours. Be f ore 

adding the calcium chloride, the product was dark brown, 

nearly black in color. This was fractionated, collecting 

three fractions; the first up to 185°; the second 185° -

210°; and the third, 210° - 220°. The temperature did 

not rise above 220°, and the products of the last two 

fractions did not have the properties of xylyl bromide. 

Trial Using Ferrous Bromide As A Catalytic 
Agent. 

The same procedure as above was used, but 

ferrous bromide was used as the catalytic agent. The 

:ferro.us bromide colored the xylene red. On adding the 

bromine, heat was developed so long as the bromine was 

added. After all the bromine had been added, the mixture 

was refluxed for three houre over a small flame. Before 

refluxing the liquid was a dark red, nearly black in 

color. After the refluxing there was a mass of tar in 

the flask. The reaction mixture was filtered, washed 

with water, dilute sodium hydroxide, and finally again 
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with water. It was dried over calcium chloride, and 

fractionated collecting in three fractions. The fractions 

from 210° 220° had none of the properties of xylyl bro-

mide. 

Trial Using Sulfur As A Catalytic Agent. 

The same procedure as above was carried out, using 

sulfur as a catalytic agent. A mass of tar was formed on 

refluxing. During the fractionating, the temperature did 

not go above 200°. 

SUMMARY 

1. Benzyl chloride can b 0 formed by the action 

of sulfuryl chloride on toluene, but how successfully it 

could be carried out on a commercial scale is a point for 

further research. 

2. The best yield of benzyl chlorida was ob-

tained by thoroughly mixing the toluene and sulfuryl chlor-

ide and not using a darkened flask for the refluxing. 

3. There is always apparent lose of some sulfuryl 

chloride which cannot be recovered. 

4. In using xylene and bromine with cat~lytic 

agents, there seems to be a great t endency to decomposition 

and possible complex reactions. 
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6. ulfur monochloride apparently cannot be 

used to prepare the side-chain substitution products of 

toluene and xylene. 
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