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METALLIC BROMIDES AS CATALYSTS FOR THE
FRIEDEL-CRAFTS KETONE SYNTHESIS

o. c. D....... PBTD T. KOBI. ... 8OJPBONIO 8VGt7ITAN
()IrIah.... A. ...... ceIIep, 8W1water

Prn10uI IWdSea in tbeIe JaboratoJ1ea (Dermer, WUIoD, JobDaon, aDd
Dermer 1M1; Dermer aDd B1Jlmeier 1M2) bave involved quantitative COID­
pu1IoDa of the abWt1ea of meta1Uc chlorides to catalyze fOl'lD8t1oD of
P-metbJJacetopbeDone from acetyl cblortde and exceu toluene. The I&IDe
naetIoD ADd ana11t1Cal metbodl have DOW been 1IIed to obtain correspondtnl
data tor a number of metaU1c bromldes .Thus the aper1meDtal procedure
00DItated of prepar1nI catalysts, effecttna the reaction With measured amounts
of reaputa, Iteam-dJsU11tnr the tetone and excess toluene, and detenntn1nl
the amount of tetone praent by meana of bycIrozyJamiDe b)'drochlorfde aDd
ItaDdard alcohol1c alkalt.

BXceptlDg alum1Dum bromtde, the metallic bromides have scarcely been
tried AI catalysts in the tetone aynthe8fl. Menahuttln (1914) found anti­moD' trlbromlde better than antimony trichloride tor increasinl the rate
of reaction of benzene and tta derivattves With ben2lOyl chloride. Pajeau (193'7)
reported beryWum bromide 1Dact1ve aa a catalyat for the ketone syntbea1a.

DPBRIMBNTAL

AnbJdroua aluminum bromide was prepared from heated aluminum and
brom1ne AI c:Urected by Winter and Cramer (UNO): the center fraction
bol1ed at 28'1-288-, whereas the Uterature. reviewed by W1Dter and Cramer,
lives eeveral valuea in th1a vlc1n1ty aa the boWDr polDt. Antimony trlbromide
WU I1m11arly made: the observed bo111DI polDt was 280-281-, the Uterature
values be1DI about 280· (Mellor 1929). 8taDn1c bromide 11JDUar1, prepared
bad the boWna polDt 202-.-, comparable to the accepted values of 201-205·
(Mellor 112'7b).

PerrIc bromkte was prepuecl by passlna bromlDe vapor over heated tron
powder 1D a aWca combUltlOll tube, Pyrex I1aaa be1DI too low-melt1D8. Great
cUft1cult)' wu ezper1enced in obtalnlna' thJa product tree from ferroua
bromide, whlch may have remained aa a contamtnant. EllleDtlally the same
sneedure as for ferric bromide was UIed to mate tellurium tetrabromlde,
~7bdenum tetrabromtde, and tunasten pentabromlde. Here ap1n deter­
IIliMUoDa of metal/bromine ratios would have been des1rabJe checks of purity.
but UDle CUd not permit their use.

ADh1droua titanlum tetrabromlde was made from the tet.racbloride by
ateDded VeatmeDt With exceu dry h1dro1en bromide at &0-80· (Bond and
0r0De 18M); b. p. 230-231·, Ut8rature be p. 229-230· (Mellor 192'1a).

lIercurtc bromide and~ alum1Dum chlortde were obtalDed as O.
P. chem1caJa and UIed without purlfteauon. O&dm1um bromide hydrate ....
tulIecl merelY 10118 enouah to expel the water. ZlDc bromide was dehydrated
aDd pur1flecl by CUltUIJ", It from ODe one lee of a Parada7 tube to tbe other
UDder nclucecl preesure.

PrecaUUcma were taken to pnI8I'\'e aDd .. tI8e cataIJItI With a mtntmqm
... of IIlGIItun.

AD oUler~&a (acetyl bromlde, ""1 chloride. toluene,~
~c:Ie,etc.) were 0.. P. quality, UIeCl without fUrther purlflcaUca

III the ..u.. apertmentll (by 8.> * ml of &olaene aDd 0.01. III01e of
....,. were placed In a drJ -";1D1 ftut beu'1Da half a 11/11 1IOUDd..-.
jobd. v.&ecl whb auu, 1 ID1 U.GI I) of aoeQl chloride. aDd heated for



aae boar 1IIIdIIr renux » about _ ... of • boOIDa ...... 11Mb. IAtIr
b PInter (1100) jiiOCl6dwe wed -* IOGIIl~ til GOPI*Md
AII&&ted 10 m1 tJub (aperlmenta- by. 11.). ODe m1 of "'1 bromide pre.
YIoa8IY cbDIe4 to 10-15· was plpetted Into the dr1 tJut, ..... OIl
ftI7IDI UQ01Dltl) lidded With eztemal ~. aDd tIleD 10 m1 of cooJ.-t
to1UeDe bltroducecl. The fJaIt was bnmecUateJr Itlopperect Del meobaIdoaDJ
IbIbn far two 01' four boun.

At the encl of a IJDtheIIa nan of either type. water WIll introduced. aDd
tbeD eDOUIh a1ka11 to render the msxture bulc to pbeDo1pbibaJeJn, DJI­
tmatlon of the Oaak contents In a current of steam pve a mJxture of p-metbJl·
acetophenone, toluene. and water, of wh1ch about 'l5 m1 wu colJected. 'l'be
dIIWlate was treated with o. P. lOdlum Dltrate or lOCUum ch10rtde tor ttl
Alt1Dl-out effect. \be toluene layer IePU&ted. and tbe aqueoua laJer ex·
tracted with two 5 ml porttona of beDIeDe to remOTe all tetIoDe. The utrIctI
were treated .with 20 ml of about 0.1 N.~ h1drochlorlde m
methanol, lftVlo\lSl7 neutraUzecl to bromphenol blue CI' preferablJ butter­
18lloW. Titration of the Uberatecl bydrocb1Cl1'lc acld with 0.1 or 0.1 N ItaDdard
lOd1um methoxlde in methanol wu done eometlmes after two hours of h__
UDder~ at 1.·, but more often after :H hOUR at room telDperawz..
In the latter method the endpoint uaual17 faded and titration had to be
renewed at about :H-hour intervals untu the color wu permaDeDt. BlaDb
were found fndtapeosUk

TABLB I

YIddI of p-Jlet1II/l4«top1&lJrloM Prodveed br JletGllfc BromIda 'l''''''
O.'lAJ,Yft Conmon MOLa CA'lAJ,YftI TDa YIir.DI tw DIOn "

01' a1J1f • IIOU oa. OOX CDS)

AJOJ. 14 1.• 0.21 ".s, n.a
M I,. 2 'l5.8, ".'1
14 1.. J ".a, 78.1

Amr. a 1.1 1 '10.'1, '10••
II 1.0 2 a .•
II 1.1 2 a.l
14 2.0 2 81..
14 1.0 • 'It.l

PeBr. 8 1.1 1 . .... 1.1
II 1.0 2 1'1.1
!II 1.1 2 ".J
II 2.0 2 .'1.1....
II 1.0 • 11.0, ...

8bBr. 8 1.1 1 1.'1, 1.1
II 1.0 2 0.1
II 1.1 2 U
II 2.G 2 '.J.'.
II • .0 • ... JU, 1'1"
II U • 1.1,1.1,1.1

ZDBr. 8 1.1 1 U,U
II 1.0 2 U
II 1.1 2 ...
II U 2 f.1, '.1, , ..
II • .0 • 1U, 1'.1,1'.'
II 4.0 • 1U, 1''''1'''

'1'DIr. • U · lOA, 11.1
II LI J u,u
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T~ I, (CGDrd)
OIftI,ftI 0UWWJi0W Mor.- ClfDLYftI TDIII ~"Dl'On "

tI' ...,. • .... ou.OOX <BU)

TIBr, II 1.1 2 U,U
II 2.0 2 11.1, 12.1
II • .0 • ".3, '1.'1, 8.1

rr.Br. 8 1.1 1 1.8, 1••
II 1.0 2 1.1, 1.0
II 1.1 I 1.1,0.8
II 2.0 2 0.1, 1.0
II • .0 • 2.8
II 4.0 • 1.8

1IoBr. II 1.0 2 1.8
II 1.1 2 I .•
II 2.8 2 2.8
II 1.0 • 0.0, 0.0

WBI'. II 1.0 2 0.8
II 1.1 2 0.8
II 2.0 2 1.1
K 3.0 • 0.8

0dBr. II 1.0 2 0.1
II 1.1 2 1.0
II 2.0 2 0.8
II 1.0 4 o.e
II u 4 0."

BcBr. K 1.0 2 0.4
II 1.1 2 0.1
II 2.0 2 0.2, 0.1
II 1.0 4 0.", 0.8
II U 4 0.1,0.1

BDBr•. 8 1.1 1 0.9,0.8
II 1.0 2 0.4, 0.4.. 1.1 2 0.1,0.1
K 2.0 2 0.1,0.2
II 1.0 4 0.3,0.2

aaptbMia nma of~ Qpe done b7 8 ..... DWbcl 8; othen are marked II.
'AoeQl ch1OI'kle .... 1..cs b7 II. tor Ule nma wtUl Alm. oD11: in all other II ruD8

aa.00Br .... .mploJed.
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expealmeDtal data to alloW a 3-4" ImlJl'OVflllaeDt III Jteld of ..-ehIoro-2-beD.IoJ!­
beDmlc acid wben b7draIeD chlOl1de ..... BWeP' out .. produced. '1bSa pm.
cedure ta baled on concelvtna the Prlede1-oratta ractton .. revenlble. 10
\IW removal of hydroIen chloride would "Iblft the equ111brlum" in favor
of ketone. Removal of the acld would &lao reduce Ita aldol-condeDl&tton eftect
on the ketone. but Idnce the metalUc baUdea are alia condena1nl apnta, tbSa
factor ta probably unimportant.

Aga1nat removal of hydrogen chlorlde three lU'IUDlenta may be advanced.
PlrIt, It compUcatea the experimental procedure, eapec1a11y when a voJatue
acid chloride 1a being used. Second. ben8ophenone 1a not cleaved by h1dro1eD
chloride in presence of aluminum chloride to Jteld bemJOyl chloride and
beuene (oovier 1918). In other words, tbJa Pr1eclel-oratta reaction 11 not
reversible. Revers1bWty 1a wen )mown for the b1CSroc&rbon I1DtheaIa. but
probably Ia not apprec1able In the orcUnar7 ketone aynthea1a. Thlrd, hydopzl
chloride Is known to activate aluminum chloride acttna as a catalYBt and thus
to favor the reaction; indeed, Thomas UN1: 72-78) auaeata that the real
catalyst Ia not aluminum cbIoride, but b1dro1en tetraeh1oroalum1nate.

The lower yields and other diverpnetea of resulta of the 8 method from
those obtalned by It are attributed to the use of the Perrier procedure, lower
temperatures, unmixed. catalysta, and more nearly opttmum amount of
catalysts by M. "Unmixed catalysts" dea1lD&tea those In wblch no exchanp of
halogen can occur, as when acetyl brOmide 1a used. with alumlnum brom1c1e.
Using acetyl chloride with metalUc bromide catalyata mates It even more
uncertaln than usual Just what the true catalyst ta: it probably has the same
effect as employing a mixed chloride-bromide catalyst (Norrta and Wood 1940).

Lite Norris and Wood (1940) and OUver (918), we have found aluminum
bromide to be a sUghtly better catalyst In the ketone aynthea1a than aluminum
chloride. Antimony trlbrom1de showed an abrupt and IUJ'PZ'1IInI decreue III
yield with Increased amount of catalyst, but tb1a behavior acreea with the
observations of Menshutkln (1914), who found Increu1nl amount of ant1moDJ
trlbromlde to mate rea1nlficatlon and decompoe1tion very evident. 81m11ar
but smaller decreases were shown by titanium tetrabromlde and molybdenum
tetrabromide; earUer results obta1Ded at room temperatura for the cblortd.
of the same elements (Dermer and BUlme1er 1M2) mow a I1m1lar teDdenc1
of these catalysts to dutroy product.

QuaUtattveIy. the order of activity for the bromkte catalysta II AlBr. >
FeBr. >8bBr. ) ZDBr. >TlBr, >TeDr, ) MoBr, >WBr. >OdBr. >'RIBr.>
SnBrI' It cannot be correlated with the IOlubWtt. of the brom1del III tbe
orpnlc mtxture. For the chlorides Dermer and Bl11me1er found the order AlOle
>Peele >0bCI. > 8be1. > TleJ. > MOOl. ) Tea. >9101, >TeOI. > BeOl.>
ZDOJ. >BiOJ.. It 1a evident that the poI1ttona of the hal1dea of stnc, tID, aDd
antimony are dUferent III the two aeries. Antimony trichloride hal been
reported as a noncatalyat (Dermer, W11IOn. Johnlon, and Dermer IMl) but
it was tested onlY in boWDa toluene, where aD1 ama11 yteld it JD&7 baft pr0­
duced wouId have been destroyed aptn.

Altopther It muat be admitted that except for alwn1num bromide aDd
IlDc bromide. the metaWc chlor1del are both tbeapef and better eat&lJItI
for tb1a Prlede1-Oratta ketone ayntbeala. It would be lDtereIt1DI to ItudJ
Le1r1s aclda In pneral for aueb catalyt1c power and tIDd out bow wen acJdltJ
correlatea with catalyt1c abWty. Luder~ Zuffant1 (!M8: 108) IQIPIt thJI,
but cJearly It would be advSubJe to cbooIe a reacUoD DOt compUcated, u
the acetopbeDoDe ayntbella la, by CClDI8CUtlve ieactIoDa.
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