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INTRODUCTIONR

Since 1877 when Friedel and Crafts (19,20) discovered
the reaction which bears their names, many fruitful researches
in this field of Organice chamistry have been accomplished.
This important discovery became one stepping-storne of orgenic
syntheses, and paved the way for the _investment . of tremen-
dous amounts of cepital.

Uriginally aluminum chloride was used a&s the condensing
agent for the syntheses of the several possible types of
organiec compounds. However, rurthér regearches have provad'
that other metallic halides can be used for the same purpese,
even though they are found to be less effective than aluminuﬁ
chloride in some types of syntheses. (1), (13), (2], (58).

The main object of this work is to study the order of
effectiveness of some of the metallie bromides as catalysts

in the Friedel and Crafts ketone synthesis.



HISTORICAL

I Theoretical:

Since the discovery of sluminum chloride as the condens-
ing agent in the Friedel and Crafts resction, various investi-
gators have centered their interest on the metzllie ehloridaa.
s catalysts in the verious types of orgunic syntheses. This is
prebably due to the facet that they are chesp &nd easy to prepare
and to handle. On the other hand there has been little said
about the metalliec bromides as catalysts. IHowever, there are
e few researches in whiech they have been used in organic con-
densstions.

Steudinger and Bruson (50) used eluminum bromide, zinec
bromide, tin bromide, entimony bromide, snd ferric bromide as
gcatalysts for the polymerization of cyelepentadicne.

Zelinskii and Turova~-Foclloek (58, found that cyclchexane
rearranges into @ thyleyclopentane a«nd dimethyleyclobutsre
under the influence of alumihum bromide.

#ertyporoch and Sagel (55) reported that & mixture of
eluminum dbromide and benzene, when subjected to slow reasction
with the oxygen of the air, yields s dihydroxybenzene.

Wibeaut, Diekmenn and Rutgers (58, reported thet geseous
hydrocilorie acid end hydrobromic acid could be added to
ethylene &nd propylene under the influence of bismuth tri-
bromide or antimony tribromide.

¥iuw khailenko and Protosove (36) cobteined a theoretical
yield in the synthesis of dibenzyl when benzyl chloride was
boiled in ethyl aleohol in the presence of & mixture of 0.4

mol ferric bromide to one atom of wagnesium as catalyst.



Hofmen and #ulf (28) used boron trifluoride in effecting
condensation reactions such as the union of hydrocarbons with
orgenic helogen compounds.

Callowey (14) found that orgacie fluorides such as the
acyl and alkyl fluorides yield ketones end hydrocarbons respsc-~
tively, when reaeiad with bengzene in the presence of sluminum
ehloride as ecatalyst. He also found that zine fluoride cculd
be used &s & condensing agent in the ketone synthesis, while
aluminum fluoride hes no effect on the same resction.

Simons and Archer (48) used hydrogen fluoride zs condens-
ing agent between either olefins and benzene or =lkyl halides
and benzene and alsc im the alkylation of asromatic compounds
with aliphatic hslides. The resetion is ecarried out in liguid
phase st (° C and 760 mm. pressure. They found that the ter-
tiary halides arse the most resctive.

Pajeau (39) reported that beryllium (dibromide cannot bde
used as a catalyst in the Friedel end Crafts ketone synthesis.

Hollemen, folek and Hewer (29) had used ferric bromide
as 8 catalyst in the ¥Friedel end Crafts ketone synthesis.

I11. Anslytical Hathod:

4s to the quentitative determination of xetones, there
ere severel methods deseribed in the litersilure. G&ince most
of thea are inapplicable in one way or epother, I need only
to mention them as & matter of historiesl interest.

The colorimetric method deseribed by Nikitin (37) and the
gasometric one by Streche (52) esnnct be used in this work
because they sre too insccurate and require long time to per-

form the smulyses.



Graviamstric

By far the commonest method of measuring ylelds of orgsanic
rezctions is to isolate, purlfy end weigh the desired product.
This procedure has been used tc dstermine ketones formed in
the iriedel and Crefts reaction by most investigatérs, includ-
ing Gallay end Whitby (21, Kiddell and Xoller (42, 43),
Grogeins (23), end Gilmen end Turck (22). However, as Wilson
(57) pointed cut, this method is very insccurete on small
amounts, and larger runs s&re impossible in ocur work om sceount
of the cost of catalyst.

It is also possible to isclate a derivative of the pro-
duct. Xetone mono- and dinitrophenylhydrazones have been found
insoluble encugh to perait their use in determining the ketones,
(32), (&4}, but in our work the presence of toluene prevents
the precipitetion of these compounds.

Volumetric

Clivier (38 measured the smount of unrezcted benzoyl
chloride toc determine the smount of reaction =hen benzoyl chlor-
ide was treated with benzene in the nresence of cetalyst. The
residus]l benzoyl chloride wes hydrolyzed srd the benzole acid
extrocted and titrated rith elkali. The obvious dissdventage
of this method is thet it sets up en &bnorael condition in
employing excess halide instead of excess of bdenzene.

dartin, Pizzolato, and McWaters (3%) studied the kineties
of the ¥riedel and Crefts resction of benzoyl chloride with
toluene and used the amount of hydrogen chloride evolved as a
measure of the extent of reactiom, but this is not elways

true becsuse as 1éng gs the reasction aixture is wefluxed, there



is an evolution of hydrochloric ecid gas  (48), (2¢4), (14).
Neverthelsss, the sawe method has beern used by Steele (51),
Ulich and Heyne (53), Clement end Saverd (15), Chopin (18},
and Boswell and McLsughlin (1C).

Lautcn;chlaegsr (34) used an iodometric method for the
geteraination of ketone with an excess of hydrazine sulisy2,
The excess of hydrazine was found by adding an excess of
fodine and titretinz the excess with sodium sulfite. (2), (4)

Homeo and D'amico (44) determined sldehydes and ketones
by the formstionm of neutral addition products of Qlﬂehydes or
ketonos with sodium sulfite and potassium bisulfite. The ex-
cess acidity after the reaction is titrated with C.5 H scdium
hydroxide and the amount of bisulfite reacting with the ketones
or aldehydes is messured by difference,

Hethyl ketones have boes determined qusntitetively by
heuting thewm with alkall and excess of lodine which ccaverts
them inte 1odoform and then titrating the excess iodine with
sodium thiosulfete {31}, (3C), (17}, (28j, (3).

The hydrorxylamine hydrochloride method of Bryant and
Smith (12) ses used in this work. It is preferred becsuse it
requires less time to perform the snalyses. It is mcre ac-
curate and less expensive than the other methods and there is
o need of isclating the product. It is an scldimetric methoad
for determination of ketones and aldehydes using hydroxylexine
hydrochloride. The hydrochloric acid libersted is & measure
of the ketone or aldehyde present.

Resction:

HaC C}ceca3+ HONEgCl ---» HzC GOl + Hg0 + HCL



The method czn be epplied to carbonyl compournds of sli-
phatic, alieyclic 2&nd arometic structure. The method was used
by Brochet and Cambier (1ll) emd modified by Bennett and Iono-
ven (7). In the method the hydroxylemine bese was liberated
from the hyércchloride by the addition of slcoholic sodium
hydroxide and then allowed to react with the carbonyl c¢ompound.
The unused hydroxylemine ie determined alkalimetricelly. (6},
(&), (4], (42}, (47}, (48), (54).



AXPERIMENTAL
I, Synthesis:
a, Catalysts:

The catalysts used in this woark were ull enhydrous: aluam~
inum bromide, sntimony tribromide, ferric bromide tellurium
tetrabromide, tin tetrsbromide, titanium tetrabromide, &nd
zine bromide,

The snhydrous Qlusinua bromide wus prepered as directed
by Kablufoff (33) with modification of equipment and procedure.
A 280 ml. Erlenmeyer flask containing ebout 10C ml. of liquid
bromine is connected to a bubble counter containing concentrsted
sulfuric scid leading to a combustion tubs containing dried
eluminum =me tal, heeted with en electric furnsce. The other
éné of the tube is slightly bent to fit & 125 ml. distilling
flask a5 & reeeiver, which is connected to a suction flask

‘eonteining sodium hydroxide sclution. The suction flssk is
also connected to.a water pump. IDefore the broamine vapor is
passed throwgh t4s résetion chember, the sluminum metal is
first heated to dull redness. Then the bromine ig warmed

up gently un& the dried vepor is passed ovef the red hot metal
by meens of & controlled water suction pump.. The reaetion
product is purified by repested fractional cdistillation. The
fraction coming out st 286-270° C wee collected. (Literature
gives 268’ C as the true toiling peint.) _

The sems method wss spplied in the preperation of ferrie
bromide, tellurium tetrabromide and bismuth tribromide, ex-
capt that ferric bromide was purified by resublimmtions. In
the cage of the pr;pnration of bismuth tribromide the yield

was extremely poor, so thet it wes abandoned as & catalyst



in this work.

The ephydrous antimony tribromide wes prepared as directed
by Serullos (49). The powdered dry antimony was introduced
in smmll portions into & retort containing liquid broamine,
agitating the retort efter esch zdmixture. %hen the com-
bustion hed ceasged, the bromide wes distilled frozm the excess
of antimony. 1t was purified by fractional distillation. Cb-
served boiling point 280-282° C, (Lit. 280° C b.p.)

inhydrous stannic tetrebromide wes prepsred as directed
by Baumer and Erepelke (5). Liguid bromine was sllowed to
drip slowly thrcugh a dropping funnel into & 280 ml., distil-
ling flask conteining 25 g. of dry powdered tin. ¥®hen the
reection censed the product was purified by repeated frac-
tional distilletion. Observed boiling point 200-203° C,

(Lit. 202° C b.p.)

Anhydrous titanium tetrudromide was preparsd &s directad
by Bond and Crane (9). Oeseous hAydrobromic acid was allowed
to bubble through titenium tetrachloride held at 50° C. After
hyérobromic 2cid had passed for & period of 24 hours, the
resction mixture was allowed to cool. The product was puri-
fied by fractionsl distillstion six times. Observed boiling
point, 230-233° C. (Lit. 23¢° C b.p.)

fnhydrous zine bromide was prepared by heating a commer-
cial grade zire bromide iz oz ipverted y-tube with boih legs
sealed. The catalyst was distilled from ons leg into the
other leg of the tubs under reduced pressure.

In view of the fact that the metallic bromides are even

more hygrcscopic then the corresponding chlorides, it was



necessary during the courge of thelr preparation to keep them
eway frow moisture 2s much as possible. after they were pre-
pared, they were kept in a daaieéator until rqaﬂy to be used.
b. Chemicals used iz
Friedel and Crafts resgents:

The acetyl chloride used was C. ¥. grade, In order to
lessen contaminating it with moisture, portions were put into
eight one-ounce gluss stoppered bcttlss‘and secled in with
sealing wex. C(ne was opened at & tize as nesdad,

The toluene used wes C, P..grade. Zowever, it waes dried
with caleium chloride and redistilled twice.

snalytical reegents:

The resgents were prepsred as directed by Lryant and
Smith (12). The hydroxylamine hydrochloride used was C. F.
grede. The 0.5 N solution was m.de by dissolving 25 gm. of
C. P, hydroxylemine hydrochloride in 160 ml. of distilled
water and diluting to one liter with 95% ethanocl.

The indicajor used was bromophenol blue. It is made by
di ssolving 0,5 gram of bromophencl blue in 100 ml. of $5%
ethanol. The pyridine was ommitted lr_a this case becazuse
certain detulls of the analyticsl procedure were modified as
will be deseribed later.

The standerdized 0.5 E solution of sodium hydroxide was
'nade by dissolving 20 grems of ¢, P. scdium hydroxide in one
liter of 90% methancl. This alecholic base was usaed tc ti-
trate the hydrcchloric acid libereted in the resction between
e p-methylscetophencne and the hydroxylamine nydrochlorige.

ine sodium hydroxide sclution was twice restandardized against
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99.3%. 4 correction factor was deteramined by heating one

gram of pure p-methylacetophencne for one hour, steam distil-
ling and anelysicg. It wes found that the results in the
duplicate runs gave an aversge wlus of 95.5% of ihe originel
séaple accounted for. In order to obtain the actual ketore
cocntent of the sample, exch apparent weight of the unkvouwn

ketone founé wes therefore divided by the correction factor

0.356&,



RESULTE AND DISCUSSICH
" in order to caompare the activity cf two hulides of the
esxe metel whenp uced se ectelyste in the ketoems syuthegsis,
Teble I wes constructed to show the yields.
TiZLE 1

Yielcds of p-Methylecetophenone

¥etsllic Chloride Catalyst Hetsliic Bromide Catalysts
Catelyets Yields Cetalysts Yieléds
1. alCly (87) f-,?: gggg l. klBry é: ;g:g
2. FaCly (87) é: g:gi 2, TiBrg é: :11‘1):;%
8. SmCly  (57) é: g;gé 3. SbEry é: g:g
4. TeCly  (57) ?J: %g:_gg 4. PeBry é: g:gg
5. T4C1,  (57) é,‘ E:g 5. ZnSr, é.'. §:§§.
6. ZnCly (87) é.. ;:ﬁi 6. TeBry é: ]i::;
7. Sbllg (87) ;'... g:gg 7. Snbr, é: g:gé
8. SbCl {18) none

3

15



TaBLE II

Pistribution of Lffective Catelysts in the FPeriodic Table

Croup Group Group Group Group Group Group Group
I II II1 iv v VI Vil Vil
L1 Be B ¢ N 0 ¥
Na Mg AlBrg 51 P 8 c1
K . Ca Se TiBrg v Cr Hn FeBry Co Wi
Cu ZnBr, Ga Ge ASs Se Br
Rb Sr b ir Cob Mo ke ku EKEh P4
Ag Ccd In SnBry SbBrg TeBry I
Cs Be La Ce

Br Ta W Re Os Ir Pt
AU Hg Tl Pb Bl Po ad
Vi Ra FY Th Uiy U

o1
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Teble II shows the locetion on the pericdic teble of the
elements yielding the sctive catalystis used.

Judging by the yields given by two different halides of
the seme types of synthesis under the sesme conditions, the
metallic chlorides are more effective as catalyests than the
correspond ing bromides with the exception of sluminum bromide
and entimony tribromide.

Therefore, their order of setivity in the ketone synthesis
would be: AlBry > AlClg; FeCly > FeBrg; SnCl & 8nBr,; TeCly) TeBrg;
TiC1l.7 TlBr‘; Zn012> ZnBry; SbBra> Sbc15. So far as can be
found iu the litersture, this ie tle first time the metallic
bromides have been reported &s aafalyata in the Friedel and
Cra fts ketone gynthesis, except aluminum bromide and ferric
bromide, ewven though aluminum bromide, ferric dbromide, snti-
mony tribromide, stannic tetrebromide and zine broaide hed been
reported as catalysts in the polymsrizaetion of hydrocarbons.

In connection with this work, I found thet the elements
yielding eatalysts which gave yields in the ketone synthesis
confora to & previocus generslizetion of Calloway (13) about
their charsecteristics.

1., 411 these tested have variable valence except

aluminum and zine.

2. They are mostly locsted in the centrsl psrt of

the periocdic tabdls.

3. The catalysts have fairly high bolling points.
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SUMBLRY

1. The aphydrous bromides of sluminum, titanium (ic),
antimony (ous), iron (ie), zine, tellurium (1e), end tin (ie),
have been prepered and tested as catalysts for the Friedel
and Crafts synthesis of p-methylscetopherone from scetyl chlor-
ide and toluene,

2. This ketone is best determined by the hydroxylsmine
method., «ttempts te use the lodoform method geve highly er-
ratic results under verying conditions.

3. Aluminum bromide is better than sny otker bromide or
chloride yet sﬁéicé as & catalyst for this syntheels, ¥ith
the additions)l exception of amt imeny tribromife, the metallie
bromides are poorer catalysts than the corresponding chlorides.
Amomz the brosides the order of activity is: A4lBrz >Té#Br,

BbBr37 l‘aBr5> Z.nBra‘> T03r4 > SnBr 4
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