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given smount 1 chloride were used z8 a
this work The orincioal o here was the emplovment
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lower and more nearly constant temperatures and the consistent use of
the Perrier (3l) or reverse order of addition of reagents. All re-
zetions were carried oui &t room temperatures, Z0-Z5°C, and the varia—
tion of yileld with time of reaction was determined.
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HISTORICAL

Friedel znd Crafts (12), the discoverers of the reaction that has
come to bear their name, learned early in their researches that the
active dondensing agent in the resction was aluminum chloride (4).
Because of the wersatile nature of the reaction and consequently its
extreme importance in organic gynthesis, rather extensive investigations
have been carried out by many workers. The chlorides of metals other
than aluminum have been found to set as catalysts, the important ones
being zine chloride, ferric chloride, snd stannic chloride (4, 25)s In
fact, these three have been found to be more effeetive than aluminum
chloride in ecertain speecific reactions (2, 5, 11, 25, 39), The latter,
however, is still the catalyst most generally employed especizlly in
the ketone synthesis, Calloway presents on excellent review of the sub-
jeet (4).

Besides those mentioned above, other metallie ehlorides which have
been studied eand are known to be catalysts are antimony trichloride
(9, 29), antimony pentachloride (9), beryllium chloride (3), bismuth
trichloride (40), gallium triehloride (38), molybdenum pentachloride
(21), platinic chloride (26), tellurium dichloride, tellurium tetra—
chloride (40), thallium trichloride (20), tungsten hexachloride (21),
uranium tetrachloride (19, 21, 24), and uranium trichloride (19).

Wilson (40) tested some twenty-four metallic chlorides and Johnson
(18) two, whiech would not function as catalysts, These chlorides found
to be inactive by other workers also ares calcium chloride (4), chromie
chloride (8, 14), cuprous chloride (14), lead dichloride and silicon

tetrachloride (4). Jomnson (19) was not able to decide definitely



whether PbCl, was & catalyst or not, Calloway (6) reported it as a non-
catalyst,

Studies have been made on the rate of the reaction for both the
ketone and the hydrocarbon synthesis (27, 58) and a comparison of the
efficiency of various catalyste would really be a comparison of the rates
were it not for the fact that consecutive and side reactions complicate
the Friedel-Crafts reaction, Calloway (4) and others give the order for
decreasing activity of Friedel-Crafts cutulysts ass aluminum chloride,
ferrie chloride, zinc chloride, stannic chloride, titanium tetrachloride,
and zirconium tetrachloride,

Some quantitative comparisons other than those of Wilson (40) and
Johnson (12) have been made but only with mixed catalysts (13, 15, 18,
33).

At present the only practical basis of comperison is by measuring
the extent of the reaction by determining the amount of yield as was done
in this worke. Acetyl chloride and toluene react in the presence of some
metallic chlorides to produce the ketone p-methylacetophenone, Keeping
all variables other than time of reaction constant, the extent of the
reaction as catalyzed by various metallic chlorides was determined.

The optimum ratio of moles of catalyst to moles of acetyl chloride as
found by Johnson (19) was used in every run for which data were available,

The hydroxylamine hydrochloride method of measuring yield found by
Wilson (40) to be the most accurate without being too labericus, and also
used successfully by Johnson (19), was chosen, As others (15, 18, 55)
have pointed out, the azctual isolation of the ketone is not only imprac-
tical but also inaccurzte when used in small scale runs., Wilson (40)

has pointed out also that the volume of hydrogen chloride evolved (7, 13, 27)



need not be & measure of the extent of the reaction, ag it is liberuted

merely by refluxing together aluminum chloride znd acectovhenone (7, 18
y 5 = i ¥ ]

g % - i

35). Other possible methods of determining the extent of the resction,
are, in general, too troublesome Lo be used.
3 o 2

The nydroxylamine hydrochloride method (1) congists in titrating

the hydroechlorie seid liberated in the following reaction,
CHg-__p=C~CHy  + HONH0L ——» CHp~{C_~0-CHy 4 Hu0 -+ HOL

]

with & gtendard scdium methoxide solution, the guantity of sodium

methoxide used glving divectly the guentilty of ketone formed, The modi-

4.
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fication as used by Jokhnson (18), that is, the usge of absolute wmethanol

in place of 36 per cent ethanol &g rezcition medium

point, was used.



EXPERTHENTAL
Substances Used

C. P. anhydrous, iron-free, aluminum chloride was purchased from
Mallinckrodt Chemical Compsny.

C. P, anhydrous ferric chloride was obtained from Eimer and Amend,

Ce. P. antimony pentachloride was redistilled juset before use to
remove any decomposition products,

The stannic chloride was used C. P. grade.

C. P« bismuth trichloride was distilled before usings

The titanium tetrachloride was also redistilled before using.

Anhydrous molybdenum pentachloride was prepared in the following
manners Powdered molybdenum metal was placed in a combustion tube which
could be heated by means of an electric furnace, Chlorine gus was pas-
sed through concentrated sulfurie acid to assure its being dry, =nd
passed through the tube, over the metal, for about thirty minutes. After
this time, all air and water vapor had been swept out and the furnace,
controlled by means of a rheostat, was turned on, Resction begzn to take
place at about 200°C, The temperature was gradusally raised to 300°C in
order that the pentachloride formed would sublime in the tube just beyond
the end of the furnace, The excess chlorine was absorbed by means of
sodium hydroxide solution, The product, after cooling in a stream of
chlorine, was quickly plunged into smell glass-stoppered bottles end
immediately placed in & vacuum desiceator. Nc further purification was
deemed necessary, even though chlorine was probably adsorbed on the sur-
face,

Anhydrous eolumbium pentachloride was prepared in exactly the same



way as molybdenum pentachloride.

Anhydrous selenium tetrachloride was prepaered in a manner analogous
to that used in the preparation of molybdenum pentachloride with the
exception that not so high a temperature was required (200-250°C),.

Anhydrous tellurium tetrachloride was made by pasaing dry chlorine
into a distilling flask containing the free metal (28)., Once started
by heating gently, the reaction is highly exothermiec, Ths.product was
purified by distillation,

Anhydrous tellurium dichloride was prepared by refluxing tellurium
tetrachloride with a slight excess of tellurium metel (54)s The product
was purified by distillation,

Ce Pe beryllium chloride was purchased from the City Chemical Com-
panyes

Anhydrous zinc chloride was obteined by fusing C. P; zine chloride
in a small erueible, and while still liquid was poured into a dry mortar

where it was allowed to cool slightly and then rapidly ground to a fine

Merck's reagent grade toluene was used without further purification,
C. P. zcetyl chloride was put into small gluss-stoppered bottles and
stored in a desiceator, Every precaution wasg taken to prevent its
hydrolysis,
Analybical foogents

The hydroxylamine hydrochloride solution was prepered in a manner
identical to that which Johnson (19) useds Thirty-five to forty grams
of C. P. hydroxylamine hydrochloride was dissolved in a small amount of
absolute methyl alcohol and then diluted to 1000 ml with the same solvent,



“This gives approximebely 0.5 normal solution.
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PROCEDURE

The aromatic compound used was toluene., This choice was made be-
cause toluene is relatively inexpensive, easy Uo obtazin and keep in very
pure form, and is about average in its degree of asctivity, It is not so
active as anisole, which gives good yields of ketone in the sbsence of
a catalyst, nor quite as slow to react as benzene, It is desirable to
use & compound which will give & large yield to minimize the percentage
of error,

A standard procedure was used in making every run, as followss A
250 ml, round-bottom, long-neck flask equipped with a ground glass joint
was used as the reaction vessel, Into the flask, previously dried for
at least six hours in an oven at 110°C, was added 1 ml of acetyl chloride
from a calibrated pipette; it delivered 1,089 grzms. The catalyst was
then added to the acid chloride, In the case of a liguid, the reguired
amount was obtained by employing & graduated pipette; if the catalyst
was a solid, it was rapldly weighed out to the nearest centigram on
glazed paper and transferved immediately to the reaction flask.

The addition of metallie chlorides to zeetyl chloride results in
the formation of & molecular complex and is generally accompanied with
the evolution of a considerable quantity of heats, In order that no
acetyl chloride volatilize and be lost because of this heating effect,
the reaction flask was kept in an ice bath until all reactants had been
added,

After the catalyst had been added to the acetyl chloride, 10 ml of
toluene was added by means of a pipette,

The quantity of catalyst to be used was obtained from the data



compiled by Johnson (19). That ratio of moles of catalyst/moles of
acetyl chloride which gave the maximum yield in each individusl case was
used, The actual ratio for eech run is given in Table 1.

After all the reactants were added, the flask, provided with a gl_{iﬂ&-
ﬁz:p}_:qd Joint, was attached to a reflux condenser and allowed to stand at
room temperature, 20-25°C, for the desired length of time, This reaction
time varied in individual cases from one-quarter of an hour to twenty-
four hours (one run of 8nCl,, one hundred and fifty-six hours).

The use of & reflux condenser was really unnecessary a&s none of the
reactions proceeded so vigorously to require it, It was necesssry in
previous work and retuined here merely as a convenience,

After the reaction time which was chosen was complete, water was
poured down the condenser, hydrolyzing the catalyst =and thereby instantly
stopping the reaction,

Potassium hydroxide solution was added to the hydrolyzed mixture
until in excess as indicated by phenolphthalein, This neutralization pro-
cess is necessary as any excess acid would later distil over along with
the ketone and falsify the results, the analytical method employed being
essentially an acidimetrie titration.

After the reasction mixture was made alkaline, sufficient water was
added to bring the totzl volume to sbout 150 ml. The flask was connected
to a condenser with a ground-glass joint and the toluene and product
steam-distilled, The connecting joint was so constructed that steam could
be passed direetly into the reaction mixture through glass tubing which
passed through the-joint by way of & ring seal down into the liqguid,

Approximately 75 ml of distillate was collected in a separstory fun-

nel, Just before the distillation was complete, the water was allowed to
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drzin from the condenser in order that the steam which would then pass
through would sweep out sny ketone which might adhere to the walls, Be-
cause steam was passed direetly into the reaction flask and not generated
there by applying heat to the mixture, no difficulties as regerds bump-
ing or frothing were encountered, Xarlier workers had met with these
difficulties (19, 40).

To the distillate in the separatory fumnnel approximately 15 g of
sodium nitrate was added to salt out the product. The tolusne-ketone
layer was carefully separated and two more extractions were made ueing
5 ml portions of benzene to assure the complete removal of ketone, The
accumulated extractions were brought together im a glass-stoppered bot-
tle and to this solution was added 20 ml of an approximately 0.5 normal
solution of hydroxylamine hydrochloride in absolute methyl alcohels To
agsure accuracy the stock solution of hydroxylamine hydrochloride must
be kept neutral, This is most easily accomplished by adding a small
guantity of sodium methoxide whenever necessarys,

After the above addition had been made, the ketone solution was
2llowed to stand for about twenty-four hours,. The reaction between
p-methylacetophenone and hydroxylamine hydrochloride is rather slow and
does not go to completion spontaneouslye The hydrochloric seid which
is liberated in the reaction was titrated with standsrd sodium methoxides
Butter yellow was the indicator used. The first end point reached is
not permanent and the titration was repeated at convenient intervals of
about twenty-four hours. The permanent end point was light peach in
color,

To test the validity of the analytical method, blsnks, omitting the

acetyl chloride, were occagionally run, Never was evidence found to throw
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Teble I .

sontinued

iloles catalyst/ Time
moleg CHZC0CL (Hours)

L.85 4 54,80

8 86,30

TiCly 5.0 2 59,50

5 65,10, 85,10

4 51.40
5 . 87,80

HoClg 1.2 2 56,70
5 172 51490

5 25,50

7 52,00

PeCl, 1.0 1 7,50
5 15,40

2 25,80

T
—
.

TeCls 1.8 2 ' 5488

7 11.40
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Table I
conbinued
Moles catelyst/ Time Yield
Catalyst moles CHzCOCL (Hours) (%)
SnCl, 2.0 8 19,10, 17,90, 16450
8 20.45’ 19‘20’ 1&.%’
16490, 18,680, 16,50
156 28480, 28,40
BeClg 1.2 3 5456
ZnClgy 0.8 24 2465
BiCl, 1.0 5 0.55

6 0.72

Selenium tetrachloride was found to give no ketone.






DISCUSEION OF RESULTS

A general daduction as to the using the Psrrier

method of reagent addition in the ketone synthesis might
be that in no case will it impsir 1 in most cages will in~

creage 1t, This is to bs z2ccounted for, svidently, by the fact thatl
the catslyst end acid chloride form a complex of the general formula
AL Xg*2RCOCL, 2t least in the case of eluminum compounds. Kohler (282)
apsigned this formula to the complex from freezing point and boiling
point determinations., He also sghowsd thet the aluminum halide fornms
an addition compound with the ketone produced, the formula being

51,%Xe*Ro00. His work w ciffer and Hasek (32).

hecording to Olivier (50) these complexes hinder the reaction.

It is our beliefl, however, that the preliminery formation of the ascetyl

Q

hloride-catzlyst complex muet be en ald to the resction ag increased

~yields uping the Perrler method has besen reported by other invesitigstors

C i

2lso, It has been shown by Groggins (18), however, thot 4101, is so

. 1 N

closely bound to the carbonyl of the ketone (before kydrolysis) that it

o 4

is not avaeilable for further synthesis. The formation of this complex,

on if the nmetal halide i not in excess.

;,-‘-

then, hindsrs the react
Acetyl chlovide, being quite volatile, is esclly lost unless

gspecisl precautions are tuaken. In the Perrier method all of the aeid

chloride is combined in the non~-volatile addition compound,s A48 a result,

4t is nol necessary to drip tolucne down the reflux condenser te serub

t_.x.

acetyl chloride free from the escopling voporsz of hydrogen chloride as
had to be done in previcus work,

ture is favor-

&%)

Allowing the resction to take place ot room Lem

bl

able, ag evidenced by increased yield, for certain catalyste snd



detrimental for others. Those catuly

Zood ylelds when the reuchtlon mixburs

vields when the reaction is allowed Lo tske place at room e

ruture,
sasuming that the Pervier order of recgent addition is used in the lat-

ter case. Catalysts Loz which this holds true inelude L1Clg and Fells,

Those metallic chlorides which were poor or only'l ir catalysts in

vrevious woerk, are even lower in thelr catalytic scbivity when the
reatblon 1s allewed to take place at sbout 25°C. Here are included
5nCl,, TeCly, TeCl,, and BiCls.

Titenium tetrachloride, however, was a definite exception Lo this
last generulization., By its use the yield of ketone was incressed

proportionally more then that produced by : metallic ehloride

by using the wmodifications employed in this resesrch. The yield was

Pans s o . 4 Frc Iy <
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rom & wmaximue of 35 per cent as found by Dermer and Dermer

Calloway {7) has shown engation of
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It can be concluded by snslogy that compounds which will catalyse

ketone formation will elso catelywe its condensation. A comparison of
results would also ssem to indicate that increased temperature greatly

favors this condensation. The decrszge in yleld from &5 per cent to

5
o

55 per cent of the theoreticul by allowing the reaction to tuke place

at B0®C instead of st R5°C; using Til

plained. The rather slight, bubt ne

in the ecase of L1101y and Telly, as compered with the resulis of earlier
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workers, is o be explained in the seme vay.
Johnson (12) showed that with nearly =11 cotalysts there was an

eventucl decrease in yield with increosse in reactlon time, In this work,

however, only those runs ueing SbCls in lorge excess and TiCl, as cata
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from the study of other catolysis.

Tt wae believed tlat sn increase in the g
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effect a8 & prolox

sed reaction time, and results of

experizents in which this was actuslly tried show that the resction took

place more rapidly but not to any The optinum ratio of
moles of Sb0lg/moles of acid chloride of 1.2 zg found by Johnzon (19)
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Friedel-Crafte hydroczrbon synthesis (17) but this is

thet 1t has been roporied as a cslulyst in the ketene g

1

is as effsctive o catalyst as A10L; but does not rezch its meximum

=

yield os

(T 3 PAPPEE 7 SR g ek
thick, pasty resction mixture,

’

G qmoer bammrmlnd delaem b S d [P S -y R
it was thought that this might kinder its

alytic sobiviity. Two

gdditional »ung were made using & further sxcess of toluens tat no

the cage of HoCly cznnot be explained at the oresent

J_

tions in the yilelds, however, ssem to be sufficiently

grest that they could not have besn the repult of sxperimentsl error,

The points were not checked &g no more of the svet was svailsble,

Bredereck and hi

p-nethylacetophenone

of

rezetion at 45-40°C end used a ratlo of moles of BeGlg/moles of zcetyl
chloride of 1.6. The poorness of vield we oblained in this resesrch is

due to the lower ter also the smallier ratio

vst to acid chlovide. Only one run wzs nzce with Belly a3 butb

e very limited supply of this catelyst was svailable,

Selenium tetrachloride is here reported ag o non-catalyst for the

Of the eatzlysts used in this ressarch the ordsr of decressing

Johnson {18) found. He lisbed them in decreasing crder of efficlency
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tekes place when no heat 1ip ¢
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are involved. The

in yvield would bs desir
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room temperutiure,

ce O

which sre larger than any previously reported

matallic chlorides which were roor ar o

found srevious work et Qklshoma #. and M.

in their ity when the reoaction

o

catalytic aetiv

S o R, . s [ JS
zna Till, zive yields
A Lon
for these catalysts.

e b

= Lh;,-lys

o,
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P

nly

College, were even lower

at about RE°C.
In hardly auy case wag the falling-off of fi@ld observed with
increas] reaction time that had been Tound by u”’l er Wworkers.
Columbivm penitachloride is reported for the §¢“5t time ap o cale
alyst for the ketome synthesis, and selenium tetrachloride as & non-

catalyst.
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