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I NTRODCCT ION 

T~lis is a continuation of the s t udy of catalystf for the Friedel ­

Crafts ketone synt hesis star ted by Wilson ( .38), a nd continued by Suguj.­

tan (34), Johnson (17), and Bill me ier (4). 

1 

Ma ny metallic chlorides have been used in t his react i on, but metallic 

bromides, as cat alys t s, have been rather neelected . 

It is the purpose of this work to study the ef fectiveness of some 

of the metallic bromides by following essentially the experimental pro­

cedure of Billmeier (4). 



HISTORICAL 

In 1877, the French chemist Friedel and his American colleague 

Crafts (12) discovered the f amous Friedel -Crafts reaction, which now has 

s uch great industrial a pplication (7 , 13, 18, 35). 

Research on this reaction has mainly employed the metallic chiorides 

as catalysts, and very 1 ittle work has been done with the various metallic 

bromides, except aluminum bromide. 

Thom.as (.35) cites some references and states , "Al um inum bromide is 

more active a catalyst than aluminum chloride. Aluminum bromide has been 

used for all the type reactions which are catalyzed by aluminum chloride; 

in som~ of the more easily .effected condensations, however, aluminum 

chloride is preferred as a less drastic catalyst." 

2 

Zelinskii and Turova-Pollak (40) added aluminum bromide and cis-decalin 

to acetyl chloride. They were able to get ,only a very small yield of methyl 

naphthyl ketone because of isomerization of the decalin by the catalyst. 

Heldman (15) found that 1n the presence of aluminum bromide, methyl bromide 

and ethyl bromide al kylate butanes to give substantial yields of pentanes 

and hexanes , respectively , as well as some higher paraffins . 

Menshutkin (26) observed that antimony tribromide increases the r ate 

of benzene or its derivatives with benzoyl chloride more than does antimony 

trichloride catalyst. 

Pajeau (Jl) found beryllium bromide to be inacti ve as a catalyst in 

the Friedel-Crafts ketone synthesis . However , it is active in the hydro­

carbon synthesis involving the more active alkyl halides. 

Holleman and his coworkers (16) found that when benzyl bromide or 

chloride is boiled with toluene and ferric bromide, the chief organic 

product is p-benzyltoluene . In similar experiments in which antimony tri-
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bromide was the catalyst, no p-benzyl toluene was formed. 

Suguitan (.34) oompared the efft:ctiveness of aluminum bromide , titanium 

t.etrabromide, antimony tribromide, f erri c bromide, zinc bromide , t,ellurium 

tetrt..bromide, and stannic tetrabromide as ee.talysts in the Friedel -Crafts 

ketone synthesis. He found that the metallic bromides are poorer catalysts 

than the corresponding chlorides with t.he exc&ption of aluminum bromide and 

antimony tribromide. Among the met all io bromides t he order of activity • ~s 

found to be: aluminum bromide > titanium tetra bromide > antimony tribromide > 
ferric bromide > zinc bromide > tellurium tetrabro11ide ~ stannic tetrsbro­

mide. 

At &.n et1.rly da.te, Armstrong (1) suggested that the catalyzed bromina­

tion of benzene is very simil&r to the Friedel-Cr aft s r eaction, f or the 

reaction may proceed through an 1,2- or 1 , 4- addition to t he unsaturated 

nucleus and an elimination of hydrogen bromide. In the absence of s uch c!ita­

lysts as ferric bromide and other metallic halides, benzene i s converted 

i nto the hexabromide by addition of bromine . The catalysts seem t o F'TC!liote 

the elimination of hydrogen bromide and a stable sub:::titution product 

r esults. 

Many researches , rev iewed by Fieser (11) and Thoirias (35) , tend to 

support t he conclusion that mechaobms of balogenation probably are a ppl i­

cable to t he Friedel-Crafts reaction (12). Both :reactions proceed under the 

catalytic effect of certain metallic halides , and hydrogen halide is a pro­

duct of both s ubstitutions. 

Pajeau (30) compared the effectiveness or the bromides of beryllilllll, 

magnesitua, calcium, zinc, s tront i um, cadmium, barium, and mercury as cata­

lyst.a for 'the bromination of benzene . He found that beryllium 11as the most 

effective catalys t. Cadmium was observed to be l ess effective than ber ylli-



um , but more t han z inc or mercur ;r ; and calcium , ma ;nesium , bc.rium , and 

s t r ontium Nere fou.nd to be pr a ctically useles s as catal ys t s . 

4 
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EXPER IMEHTAL 

Materials Used 

Catalysts 

The a nhydrous aluminum bromide was prepared as d irected by Winter a nd 

Cramer (39 ) with modifications . A 500 ml . distilling 11.ask was half 

filled with dry aluminum pellets , and then liquid bromine was introduced 

gr adually near the bottom of the nas k by means of a dropping f unnel. 

'l' he bott om of the f1.as k was padded with glass wool to prevent t he hot mol­

ten t..luminum f rom cracking the flask. The reaction product was pu1·ified 

by repeated frac t ional distillation . The fraction coming over at 267 to 

269° C. was collected. (Lit . b .p. 268° C. (19 )) 

C. P . anhydrous, iron- free , aluminum chloride was used as purchased 

from the Mallinckrodt Chemical Company . 

The anhydrous antimo ny tribromide was prepared as directed by Seru­

llas (23 ) ;vith slir ht modifications. Dry powdered antimony was added i n 

s mall portions into a 250 ml. distilling flask containing liquid bromine, 

t he fl ask t eing shaken after each addit ion. When no further react ion 

too k place , the 1·ea ct ion product was purified by repeated fra ctional dis ­

tillation. The observed boiling point was 280 -1 ° C. (Lit . b . p . 280° C. 

(1 9)) 

The a n.1-iydrous ferric tribromide wns prepared !:.3 (lirected by Kabl u­

koff (22) a nd mod ified by Suguitan ( 34) . Dry iron powder was heated to 

redness , a nd then dry bromine vapor was ca used to pass over the red - hot 

metal . At first , a ; reat deal of trouble was encountered , f or t he r;yrex 

gl ass combustion tube melted . La t er, a silica t ube was used , and this 

enabled t he re~ction to take pl ace at a much hi gher temperat ure. The 

ferric bromide formed Nas dif fi cult to obtain free from ferrous bromide , 
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and may have remained contaminated with it . 

Essentially the same procedure was followed in preparing mol ybdenum 

tetra bromide , tun,·sten penta bromide , and tel luri um tetra bromide . L imita­

tions of time d id not permit analy~ing c~talysts for metal - brorni?e r 1;,tio , 

so that it is possibl e that the first t wo contained other polybromides 

than t he ones named . Identification of t he ,:ol ;:rbdenum t etra bromide was 

based on its formation i n prefence of excess bromine and its black color; 

molybdenum tribromide is greenish (?4) . The t unzs t en pentabromide formul a 

was assigned because it i s the s t abler form and because t he product was 

brown, not bluish- black like the hexabromide (25). 

Cadmium bromide hydrate was 11erely f used in a crucible to drive off 

the water . 

C. P . •r.ercuric bromide from the Mer ck Chemical Company was us ed with­

out f urther pGr ification . 

The anhydrous s tannic tetrabromide was prepared as dir ected by Baumer 

and Krepel ka (2 ) . Liquid bromine was allowed to drip slowly into a 250 ml . 

distilling flask containing 40 C• of dry powdered tin . When the reaction 

stopped , the product was purified by repeated fractional distillations . 

The observed boiline point was 202- 3° c. (Lit . b. p . 202° C. (19)) 

The anhydrous titanium tetrabromide was prepared by the method of 

Bond and Crane (5) . Gaseous hydrogen bromide ·,,.a s allowed to bubble 

t hrough t i tanium tetra.chloride held bet ween 50 and 60° C. At first, t he 

necessary hydrogen bromide was generated by all ow ing r eage nt-r rade phos ­

phoric acid to drip sl owl y on C. P . potassium bromide . The mixture wa s 

heated to start t he reaction. The wat e r formed was a bs orbed by a b:~bbl e 

counter containins phosphoric a cid . This method WltS tried r epeatedly , but 

in eve r y trial saff icient back press ure was created to blow out the stop-
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per on the generator. Perheps enough water got through the bubble counter 

to clog the gas inlet tube by hydrolyzing the titanium compounds . Finally, 

the hydrogon broad.de was generated by all ovring liriu id bromine to drip slow-

ly on naphthalene. It required <"'onsiderablo time--approximately forty-

eight hours--for most of t he titanium tetrachloride to be converted to tita-

nium tetrabromide . The re$ction mixture was purified by fractional di stil­

lation. The observed boiling point was 230-1 ° C. (Lit. b .p. 230° C. (19)) 

The anhydrous z inc bromide was prepared by heating technical-grade 

zinc bromide in a i nverted Y-tube with sealed legs. The bromide was dis -

tilled from one leg into the other one under r educed pressure . 

The prepared catalysts were kept in glass-stoppered bottles, and the 

bottles were placed in a desiccator which contained phosphoric anhydride . 

This precaution was necessary, for the bromides are very hygroscopic . 

Friedel-Crafts Reagents 

The acetyl bromide used was C. P. grade. It was kept i n four small 

bottles which were placed in a des iccator. 

Merck's reagent-grade toluene was used without further purification. 

Analyt i cal Reagents 

The hydroxylamine hydrochloride method modified by Johnson (17) and 

used by Billmeier (4) was chosen for me&suring yields of the ketone 

f ormed. There are many other quantitative determinat ions of k.etones in the 

1 iterature , but t hey are , in general, much less suitable f or t his work. 

The hydroxylamine hydrochloride method (J) consists in titrating the 

hydrochl oric acid liberated in t he following reaction: 

C1!5 O c-cH.5 f 
n 

---------~ c~-<=)-C-CH,3 f H~O 
ff 

I HCl 

0 N-OE 
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The a pproximat el y 0 .5 N sol ution of ;1ydroxylamine hydrochloride was 

prepared by diss olving 75 g . of C. P . hydroxylamine hydrochl oride in a small 

amount of absolute methanol and t hen diluting to 2000 ml . with the s ame 

solvent . 

The ind icator us ed was butter yellow, prepared by dissolving p-dime ­

t hyl sminoazohenze ne in C. P . met hanol . 

The sodium methoxide solution was prepared by dissolving approximately 

10 g . of dry clea n s od ium i n f our liter3 of C. P . methanol . This solution 

was standard i zed cv ainst a known wai.J1t of potassium acid phthalate and 

f ound to be 0 .1 072 N. Later , two liters of t h is sol ution were made more 

concentra t ed by adding more sodium , and t h is more conce ntrated s olution 

was deter mi ned to be 0 . 5384 N. The stronger sol ution of sodium methoxide 

was desirable , for some of the catal ys t s gave hi gh y i el ds of ketone , and in 

order to use a s mall er vol ume of t he sodium methoxide solution , a more con­

centrated s olution was requ ired . 
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PROCEDURE 

As in previous t heses, tol uene was t he ar omatic compound us ed, for it 

is cheap and easy to ,obta in and keep i n pur e form. It also gives good yields 

of ketone . Tol uene does not g i v e a s hi gh yi elds of ketone as a ni s ole, but 

it has t he advant age of not react ing at all in t he absence of catalysts. 

Before the bromide catalysts were t ested, trial runs were made with 

aluminum chloride and acetyl chloride to find out whether t he conditions 

chosen for the comparison would give as good yields as obtained with t he 

chlori des by Bill meier (4). 

Since t he r esults were satisfactory , the procedure as described by 

Billmeier (4) was followed with slight modifications. Suguitan (34) used 

acetyl chloride in his investigation, but i n ,this work acetyl bromide was 

used. Instead of t he 250 ml. long-neck fl.a s k employed by Billmeier, a 

round-bottomed 50 ml. flas k with a 19/38 ground-gl as s j oint was us ed as the 

react i on vessel. Into the flask, previousl y dr ied for several hour s i n an 

0 oven at 110 C., was placed 1 ml. of acetyl bromide previously cooled to 

0 10-15 C. and pi petted at that temperature. It was established by separ ate 

calibration that the pipette delivered 1.62 t 0.01 g. under t hese conditions, 

and that t he er r or due to temperat ure variation was less than the exper i men-

t al error of t he res t o:f t he procedt1re.. The catalyst was then added to the 

fl.a s k. Several molar ratios of catalyst to acetyl bromide were used (1 :1, 

1.5 :1, 2 :1, 3 :1, and 4:1 ~. It was necessary to r educe the amounts of cer-

t ain catalysts used, for they formed lar ge volumes of very insoluble hydro-

xides which made s t eam distillat ion of the ketone difficul't,. Liquid cata-

l ysts were added by employing a graduated pipette, while solids were weighed 

out quickly to the nearest cent igram on glazed paper and transferred immedi-

ately to the reaction fl. ask. 
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Excess of chill ed toluene , a pproximatel y 10 ml ., was added to the 

reaction flas k. The rea ction flask was kept in an ice ba th until all t he 

reactants had bee n added , for t he addit ion of active metallic bromides to 

acetyl bromide usually results in the exothermic formation of a molecular 

complex. The heat , if not removed , may volatilize s ome cf t he acetyl bro­

mide , and this would g ive inaccurate y ields of ketone. 

After all the reactants had been added to the D a s k, it was stoppered , 

placed in a mechanical shaker, and sha ken for t he desired length of time a t 

room temperature (25- 35° C. ) . Us ually four such D as ks were s haken at the 

same time. When the mol ar ratios of 1:1, 1 . 5:1 , and 2 :1 were used, t he 

reaction time · was two hours . This time was chosen as a conv eni ent stan­

dard , since we were not primarily interested i n s t udying t he eff .. c t of 

var:1 ing the react j on time in this work . Another r eason for t he choice ca me 

f rom Bill meier's data . His graph shows that good catalyst s Ti i ll usually 

give a maximum yield of ketone in two or t hree hour s. 'rhe r eaction time of 

f 'our hour s was used along with mol ar ratios of 3 :1 a nd 4 :1 . This was done 

to see how exhaustive treatment, ',lith both more catalyst and longer rea c­

tion time , would affect the y ield of ketone . 

At t he end of the reaction time, water wa s added to the reaction flask 

to hydrolyze the catalyst and unreacted acetyl bromide and t hereby stop the 

reaction . 

C. P. q ade potassium hydroxide pelle t s were added to the hydrolyzed 

rri ixt ure until the base was in excess as i ndicated by phenol phthal e i n. 

The excess toluene and t he p- methylacetophenone were dis t ill ed with 

steam . The steam was passed directly into the r ea ction mixture through a 

glass tube which ran from the steam genera tor through the connecting j oint 

by way of a ring s eal down into the liquid. 
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Approximately 75 ml. of distillate we..s collected in a separatory f un­

nel. J ust prior to t he end of t he distillation , water was allowed to drain 

from t he condenser. This allowed t he steam to sweep out any ketone which 

might be adhering to the walls of the condenser. A pellet of potassium 

hydroxide was added to the distillate to be s ure t hat no acid r,as present 

in the distillate. To the distillate approximately 15 g. of C. P. sodium 

nitrate was added to salt out the product. It was found that technical­

grade sodium nitrate contained s ome impurity which interfered with the 

salting-out process. The toluene-ketone layer was caref ully separated from 

the water sol ution, and two more extractions were made using approximat ely 

5 ml. portions of benzene. The extracts were placed in a glas-stoppered 

bott le, t o which 20 ml. or the approximately 0.5 N solution , neutral to 

b11tter yellow indicator, of hydroxylamine hydrochl oride in absolute methyl 

alcohol were added. 

The solution being analyzed was allowed to stand for about twenty­

four hours before the firs t titration was made , for the rea ction between 

p-methylacetophenone and hydr oxylamine hydrochloride is slow and does not 

go to completion readily. The hydrochloric acid liberated in t he react ion 

was titrated with the standard sodium inet hoxide sol ution . The firs t end 

point reached was not al ways per manent, so the tttration was repeated at 

intervals of t wenty-four hour s until the permanent end point was reached . 



TABLE OF Hl:SULTS 

Variat i on of Yiel d with Kind and Amount of Catalys t 

Cat al yst ii.ol es catal yst/ mole Time Yield of ket one 
acetyl br om ide (honrs ) ( %) 

1 
Aluminum 1.6 1/4 77 .3, 77.3 
chloride 

2 75 .9, 77.7 

3 77 .3, 76.5 

Aluminum 1 ..., 82 . 4 ,:_ 

bromide 
1 .5 2 83 .9 

2 2 81.6 

3 4 79 .3 

Ferric 1 ..., 37 .3 ,_ 
bromi de 

1 . 5 2 41.2 

2 2 47 .5, 48 . 5 

3 4 59 .0 , 63 .2 

Ant :l!:rrony 1 ~ o .6 ... 
tribrcmide 

1 .5 2 2.8 

2 2 ~ ..., 
7 • '- , 9 .8 

3 4 28 .8, 25.5, 27.0 

4 4 1.5, 2 .1, 1.9 

1 . .:;. cetyl chloride was used instead of acetyl br om i de f or t he r un 
with aluminum chloride catalyst. 
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Catalyst 

Zinc 
bromide 

Titanium 
tetra bromide 

Tellurium 
tetra bromide 

Molybdenum 
tetra bromide 

Tl\BLE OF RESULTS 

( continued) 

Moles catalyst/mole 
acetyl bromide 

l 

1 .. 5 

2 

3 

4 

1 

1.5 

2 

3 

l 

1.5 

2 

3 

4 

l 

1.5 

2 

3 

Time 
(hours) 

2 

2 

2 

4 

4 

2 

2 

2 

4 

2 

2 

2 

4 

4 

2 

2 

2 

4 
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Yield of ketone 
(;t) 

2 .6 

3.9 

4.1, 7.1, 7.0 

15.2, 17.6, 17.7 

14.2, 17.8, 17.5 

3.6, 3.J 

4.6, 4.8 

11.8, 12.1 

7.3, 7.7, 8 .1 

1.5, 1.0 

1.1, 0 .8 

0.9, 1.0 

2.6 

J.8 

1.8 

3.4 

2.8 

o.o, o.o 



Cntalyst 

Tuncsten 
pentabromide 

Cadmium 
bromide 

Mercur i c 
bromide 

St annic 
tetra bromide 

TABLE OF RESl:L TS 

(cont i nued ) 

!iloles ca t alyst /mole 
a cet yl bromide 

Time 
(hours) 

1 2 

1.5 "I ,:,, 

2 2 

3 4 

1 2 

1 . 5 2 

2 ') ,,_, 

J 4 

4 4 

l " ,:_ 

1 . 5 2 

2 2 

3 4 

4 4 

1 2 

1 . 5 2 

2 2 

3 4 

14 

Yield of ketone 
(%) 

0 .8 

0 .8 

1.5 

o.8 

0 .9 

1 .0 

o.8 

o.6 

0 . 7 

0.4 

0.3 

0 . 2 , 0 .15 

0 .7 , 0 .8 

0.3, 0 . 3 

0 .4, 0.4 

0.3, 0.5 

0. 3, 0 .15 

0 .3, 0 . 2 



Moles catalyst/moles CH3COBr 
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DISCUSSION OF RESULTS 

It is first of interest to compare r esults with those in the litera-

ture, insofar as that is possible. The 7'7-83% yields of p-methylacetophe-

none here obtained with aluminum chloride and al1.1.mfoum bromide are as good 

as reported anywhere for this particular synthesis. Laboratory manuals (9) 

claim 50-60% yields of" acetophenone by classical methods, but Norris and 

Wood (28) obtained 721, froa benzene f acetyl bromide f aluminWI chloride 

and 76% from benzene f acetyl chloride f aluminum bromide. Sorge (33) re-

ported 70% yields of p-methylacetophenone via the Perrier procedure using 
0 

aluminum chloride, and Verley (36) 80% by operating at O C. and removing 

the evolved hydrog.an chloride under reduced pressure. In previous theses 

of this series, Johnson (17) obtained a maximum of 70-71% for aluminum 

chloride, used in boiling toluene, and Billmeier (4) 73-71$ via the Perrier 

procedure and room-temperature reaction. In contrast to these yields, 96-

98% of the theoretical amount of benzophenone can be made by the Friedel-

Crafts reaction. We must conclude that the alkyl aryl ketones, being more 

susceptible to aldol-type condensations induced by hydrogen chloride, can-

not be expected in such semiquantitative yields. 

A defense of the t echnique, used in this worlc, or performing the Frie­
( I 1'<"·~,) 

del-Crafts reaction in sealed containers is desirable, since Verley~ 
,!;< ~ f ~.; : ':,.' a 

Groggins (la) , and doubtless others have thought the removal of hydrogen 

halide desirable or even er.sentill.l to rnaximum yield. Groggins has in fa.ct 

supplied exi:;erimental data to show a 3-;:/, i mprovement in yield of 4'-chloro-

2-benzoyl benzoic acid when hydrogen chloride was swept out as produced. 

This procedure is based on conceiving the Friedel-Crafts reaction as rever-

sible, so that removal of hydroeen chloride would "shift the equilibrium" 

in favor of ketone. Removal of the acid would also reduce its aldol-con-
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densation effect on the ketone, but since the metallic halides are also con-

densing agents, this factor is probably unimportant. 

Against removal of hydrogen chloride three arguments may be advanced. 

First, it complicat.es the experi•ental procedure, especially when a volatile 

acid chloride i~ beiBf" ueed. Second, benzophenone is not cleaved oy hydro-

gen chloride in presence of aluminum chloride to yield benzoyl chloride and 
( (f(' I , , ' 

benzene , (29). In other words, this Friedel-Crafts reaction 18 not revers!-

ble. Reversibility is well known for the hydrocarbon synthesi~:, including 

-~he addition of aromatic nuclei to certain olefins (35), but probably is not 

apprecia ble in the ordinary ketone syntheeis. Third, h7drogen chloride is 

known to activate aluminu• chloride acting as a catalyst and thus to favor 
'1 ' . ") -, ,r,: '\ { 1•1, . ''>-"'' 

the reaction; indeed, Thoma• jJS:l· suggests that the real catalyst is not 

aluminum chloride, but hydrogen tetrachloroaluminate. 

The Table of Results presents experimental data on the comparative 

efficiencies of various catalysts. 

Except for stannic tetrabromide, Suguitan's results (34) show lower 

yields as compared to those obtained in this work. The inferiority of the 

yields he obtained may be due to several reasons. First of all, he did not 

use the Perrier method of reagent addition. Billmeier (4) discusses t he 

advantages of the Perrier method in his research work. In the Perrier 

method all of the acid halide is combined in a non-volatile addition com-

pound, and therefore the danger of losing some acid halide is greatly less-

ened. 

Carrying out the reaction at the boiling point of water may have also 

produced smaller yields. Billmeier (4) found that certain catalysts gave 

poorer yields at hi gher temperatures. I t is very probable that at hi gher 

temperatures some catalysts will cause self-condensation of the ketone (8), 



thereby decreasing the yield. 

Another reason for Suguitan•s lower yields (34) may be that he used 

only 1.1 moles of catalyst for l mole of acetyl chloride. In this work, 

17 

as stated earlier, 1 .0, 1.5, 2.0, 3.0, and 4.0 moles were used. It is diffi­

cult to say that 1.1 moles was not the optimum amount at the temperature used 

by Suguitan in his research, but it is unlikely that all catalysts would have 

the same optimum ratio. 

Shaking the nask may have some bear-ing on the yield, but since Suguitan 

did reflux his reactants, the results here probably are not greatly affected 

by it. However, mechanical sha king probabl y does help in increasing the 

yield produced by the less soluble catalysts. 

Suguitan (34) also used aeetyl chloride as one of the Friedel-Crafts 

reagent. Although aluminum chloride has frequently been Ltsed in preparative 

work along with alkyl or acyl bromides, there is no way of determining the 

true effect i veness of catalysts if the catalyst and the organic ~lide con­

tain different halogens. Using acetyl chloride with metallic bromide cata­

lysts probably has the same effect as employing mixed chloride-bromide cata­

lysts; see Norris and Wood (28) on this exchange. 

Suguitan (34) found the order of activity of the bromides to be: alu­

minum bromide > titanium tetrabromide > antimony tribromide > ferric bro­

mide > zinc bromide > tellurium tetra bromide > stannic tetra bromide. In 

this work, the order of activity was as follows: aluminum bromide > ferric 

bromide > antimony tribromide > zinc bromide > titanium tetra bromide > te­

llurium tetra bromide > molybdenum tetrabromide > tungsten pentabromide > 
cadmium bromide > mercuric bromide > stannic tetra bromide. 

Anhydrous aluminum bromide was the best catalyst tested; the 80-84% 

yield obtained with aluminum bromide is about twice as good a.s the 37-63% 
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yield with ferric bromide. The antimony tribromide catalyst showed 26-29% 

yield when three moles of catalyst were used, but 1.5-2 .1%--a very conspicu• 

ous loss in yield--when four moles were used. This behavior of antimony tri­

bromide agrees with the observations or Menshutkin (26), who found that with 

increasing amounts of antimony tribromide resinification and decomposition 

became very apparent. Sirn ilar but smeller decreases were shown by titanium 

tetrabromide and molybdenum tetrabromide. However, zinc bromide and ferric 

bromide do not show this abrupt drop in yield. In fact, the results with 

ferric bromide show that a maximum was neTer reached. This is attributed to 

its i mpure state; the difficulty of purification has already been mentioned. 

If the impurity, ferrous bromide, is inert; as seems likely, the apparent 

effectiveness of the ferric bromide would be decreased. The yields obtained 

with aluminum bromide, .ferric bromide, antimony tribromide, zinc bromide, 

and titanium tetrabromide are much better than those from most of the bro­

mide catalysts tested. All the rest were poor, especially stannic tetrabro­

mide. 

Pajeau (30) found cadmium bromide to be better than zinc bromide in the 

bromination of benzene. In this work, the zinc bromide was found to be the 

better catalyst. However, the poor yield of ketone obtained in this work by 

using the cadmium catalyst may be due to t he lack or purity of the catalyst 

itself. Nevertheless, mercuric bromide was also found to be a very poor 

catalyst in this work. Pajeau found zinc bromide to have about the same ac­

tivity as me~curic bromide. 

The effectiveness of the catalysts cannot be correlated with t he sol u­

bility of these metallic bromides in the organic mixture, for t he r esults 

show no apparent relationshipe between these factors. Wertyporoch and Fi r ­

la (37) found aluminum chloride to be a better catalyst than aluminum bro-
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mide, when excesses of ethyl chloride and ethyl bromide were used to poly-

alkylate benzene with these two catalysts, respectively. They suggest that 

the lower yields were obtained with the aluminum bromide combination probably 

because aluminum bromide is more soluble in the ethyl bromide-hydrocarbon 

mixture and therefore may bring about the dealkylation of some of the hexa-

ethyl benzene f or·med . 

In the ketone synthesis , on the other hand , Olivier (29) found that 

aluminum bromide was a better catalyst than aluminum chloride for the action 

of benzoyl halides on benzene. He also observed that the velocity of the 

reaction with benzoyl bromide is considerably greater than with benzoyl 

chloride . !:orris and Wood (28) observed aluminum bromide to have slightly 

more catalytic activity than aluminum chloride in the ketone synthesis. We 

have also found aluminum bromide to give higher yields of ketone. 

Billmeier (4) observed the metallic chlorides to have the following 
-

order of activity: aluminum chloride> ferric chloride >columbium penta-

chloride > antimony pentachl.oride > titanium tetrachloride> molybdenum 

pentacbloride > stannic tetrachloride> tellurium tetrachloride>>beryll ium 

chloride >zinc chloride> bismuth trichloride. To repeat, the order now 

found for the bromides is: aluminum bromide > ferric bromide > antimony tri­

bromide > zinc bromide :>titanium tetrabromide > tellurium tetrabromide > 
molybdenum tetra bromide~ tungsten pentabromide > cadmium bromide> mercuric 

bromide>stannic tetrabromide. It is obvious that the positions of t he ha-

l ides of zinc, molybdenum, and tin are different in the two series. The 

only metallic bromides which gave better yields of ketone than the corres-
2 

ponding chlorides are aluminum bromide, zinc bromide, and antimony t ribromide. 

2 Antimony trichl.oride has been r eported (10) to be a non-catalyst. i ow­
ever, it was t ested in refl.u.:xing toluene, in which it is probably more soluble 
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In general, the metallic chloride catalysts gave much higher yields of ketone 

in t his particular Friedel-Crafts synthesis. Billme ier d id not test the 

chlorides of t ungsten, cadmium, or mercury , ao a gain no certain comparison 

can be made, although cadmium chloride and mercuric chloride have been repor-

ted (10) non-catalysts . 

This is t he first time that molybdenum tetra.bromide, tungsten pentabro-

mide , cadmium bromide , and mercuric bromide have been reported as catalysts 

for the Friedel -Crafts ketone synthesis . 

Numerous suggestions can be made for f ut ure work in the study of cata-

lysts for the Friedel-Crafts reaction. "F'irst, more bromides can be tested. 

Columbium pentabromide probably would be the first one to test, for its 

corresponding chloride gave good res u.l ts. Uranium tetra bromide , zirconium 

tetrabromide, and gallium tribromide are also possibilities . It would also 

be interesting to test all t hose bromides which are s upposedly non-reactive, 

for there i s no proof that metals whose chlorides are inactive also have in-

act i ve bromides. 

The earlier chloride-catalyst research could advantageously be r epeated 

i n the presence of added hydr ogen chloride, and t he bromides could be r 11n 

with added hydrogen bromide. 

The oxyhal ides, both oxychl. or ides and oxybromides , need to be s t udied . 

'I'he use of mixed catalysts in the Friedel -Crafts ketone synthesis is 

worth cons ideration. It should be mentioned that there are two types of 

mixed catalysts: mixed halides of the same metal and mixed halides d th 

than antimony tribromide. Quite possibly a small yield was formed and then 
destroyed asain , to j udge by our experience; it mQst be tried a t room tem­
perature before valid comparison can be made. 
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different metals but the same halogen. It has been mentioned earlier t hat 

studies on mixed halides of t he same metal would have very little val ue, so 

the work with mixed catalysts should go in the di rection of t he mixed-metal 

halides. Boswell and UicLa.ughlin (6) found that the maximum amount of hydro­

gen chloride was evolved i n the reaction of benzene with chloroform \Vhen an 

equimolecular mixture of al uminti.m chloride and ferric chloride was u.sed. 

Miller (27) observed that a mixed catalyst cons isting of aluminum chlori de 

contaminat ed wit h a little ferric chloride had less catalytic activity than 

pure al uminum chloride in the preparation ofl&l-chl.oroacetophenone. Groggins , 

Stirton, and Newton (14) found such aluminum chloride as good as a colorless, 

purer grade for the preparation of 4'-bromo-2-benzoylbenzoic acid. However , 

in the preparation of alkyl aryl ketones the use of a purer aluminum chloride 

not only gave better yields but also afforded a quicker and cleaner separa­

tion of t he oily ketonic layer from the hydrol yzed re&otion mass . Riddell 

and Noller (32) reported that in the preparation of alkyl phenyl ketones from 

acid chl orides and benzene , the yields diminished as aluminum chloride was 

replaced by f erric chloride. On the contrar y , Martin , Pizzolato, and Mcwa ­

ters (21) observed that in the preparat ion of p-methylbenzophenone the yields 

increased with increasing percentage of ferric chloride. They also investi­

gated the reaction of benzyl chloride with tol uene and found that the vel o­

city i nor eased greatly in the presence of very s mall percentages of fer ric 

chloride along with t he aluminum chloride , but decreased again when substan­

tial amounts of ferric chloride are present. 

It would also be interesting to study Lewis acids in general for t he 

ketone synthesis and find how far acidity correlates positively with Frie­

del-Cra fts catal ytic power . Luder and Zuffanti (20) suggest this, but con­

secutive reactions mi ght make it difficult to settle the question. 
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SUMra:ARY 

In comparing metallic bromides as Friedel-Crafts catalysts, the Perrier 

method of combining reagents was employed, and t he use of mechanically 

shaken stoppered reaction flasks were introduced. 

The yields of p-methylacetophenone were much higher in this study than 

in the work of Suguitan (34). Stannic tetrabromide was the only catalyst 

th.at gave lower yields in the Friedel-Crafts ketone synthesis. 

Among t he bromides the order or activity was observed to be: aluminum 

bromide >'ferric bromide > antimony tribromide > zinc bromide> titanium 

tetrabromide >tellurium tetrabromide > molybdenum tetrabromide >tungsten 

pentabromide > cadmium bromide > mercuric bromide ~ stannic: tetra.bromide. 

The bromides of aluminum, antimony, and zinc were found to have better cata­

lytic activity than the corresponding chlorides. This is the first time 

that molybdenum tetrabromide, tungsten pentabromide, cadmium bromide• and 

mercuric bromide have been reported as catalysts for t he Friedel-Crafts 

ketone synthes is . 
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