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Hi'l'RODUCTION 

ThiG is u continuation of the 1,rnrk deuling with the study of ce;t-

the 

i:'md continued by Sugnit(m (~S?), &.nd ,Johnson (E1). The results fouad 

by Filson 1:-;.nd ,J o:b .. :rwon with reg:..ird to optim:ur,1 ratio of ;ne G&llic chloride 

lower and more ne~:rly constant temperuture:, and the consistent Tcse of 

+h--' Pl'>rY'' C,"V' ( '".l) or r'e0 •e·,opc, u_..,c.,: ... -....• .,_ ~L.V,a.. V' - V .t.. .~~;. orcle1~ of tJ,rldition of 1~ea.gen.t.fJ . ., /,.11 re-

tJ.ctions were carried out at room temperatures, 20-2G0 G, av.a the varia-

tion of yield with time of reaction \',as dete:cmirwd. 

this purpose. 

incb.J-11trial r::.pplication th:::.n ~<.ny other ;;;ingle type of 1·ee .. ction ( ,i, 16), 



HISTORICAL 

Friedel und Cr~fts (12) , the discoverers of the reelction that has 

come to bear their name, learned earl y in their researches that the 

( / z..cti ve dondensing agent in the rea.ction naS al uminum chloride (4) . 
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Because of the versatile nature of the reaction and consequently its 

extreme i mport.:~nce in organic Jynthesis , rather extensive investigations 

have been cc.rried out by runy workers . The chlorides of metals other 

than aluminum hi:..ve been found to act as cattlysts, the important ones 

being zinc chloride , ferric chloride , ~nd stannic chloride (~, 23) . In 

f=ct , these three have been found to be more effective than tluminum 

chloride in certt-in specific r eactions (Z, 5, 11, 25, 59) . The l atter , 

however, is still the cat... l yst most generally employed espec.i ... lly in 

the ketone synthesis . C.:.l.lo,,ay presents ... n excellent review of t,he sub

ject (4) . 

Besides those mentioned above, other metalli c chlorides which have 

been studied and a:r-e known to be catalysts are antimony trichloride 

(9 , 29) , antimony penu..chloride (9) , boryllium chloride (3) , bismuth 

trichloride (40) , gallium trichloride (08) , mol ybdenum pont~chloride 

(21) , platinic chloride (26) , tellurium aichloride, tellui•i um tetra

chloride (40) , thallium t richloride (20) , ~ungsten heXl.tchloride (21), 

uranium tetrtchl oride (19 , ~l, 24), and ur .nium tr1chloride (19) . 

Hil son ( 40) tested sowe twen ty- ..:'our met...llic chlorides .:a.nd J obnson 

(19) tr,o , which would not function as cQ,wlysts . These chlorioes found 

to be in0ctiv-e by other workers also are : c~lciurn chlor i de (4) , chromic 

chloride (3, 14) , cuprous chloride (14) , lead dichloride and sil icon 

tetr~chloride (4) . Johnson (19) was not able to decide aefinitely 



.. ether PbC14 ·was 6. ca~l yst or not . Callo y (6) reporte it a a non

ca.t y t . 

Studie ve been Ilkl.de on the rate of the reaction for both th 

ketone and the h oc ban synthesis (27, 38) n a com .rison of the 

efficiency of v rious c tal ystc ;ould re y be a comparison of the rates 

vere it not for the act that consecutive and side reactions complic te 

the Friedel- Crafts rec..ction. C.:.tl.lo •, y ( 4) &n others give the or er for 

eerea ing ctivity of • iedel- Cr fts c~t~lysts as : umin chloride , 

ferric chloride , zinc chloride , stannic chlor·de, titan um tetrachloride , 

a 3irconium tetrac oride . 

Some quantitative comparisons other th those of ilson (40) end 

Johnson (19) have been de but only ·th mixed Ci::l.U:ilysts (15 , 15, 16, 

55) . 

At present the only practical basis of comperison is by ma uring 

the extent oft e reaction by determining t e amo t of yield as ·as done 

in this ark . cetyl chlori e s.nd toluene react; in the presence of some 

met 1.1.ic c orides to produce the ketone metbylacetophenone . Keeping 

all variable other than time of reaction constant, the extent of the 

reaction as cut~lyzed by v~rious met~llic c s determined. 

Theo timum ratio of moles of c ~-lyst to moles of cetyl c oride as 

found by Johnson (l) , s used in every run for hich t wer e a il ble . 

The hydroxyl amine bydroc oride method o measuring yield found by 

\lil on (40) to be the most ucourate dthout bein too l a o i 1s , nd 1.lzo 

used ~uccessf v by Johnson (19), ,as chosen . others (15, 16, ~3) 

have pointed out, the ~ctual isolatlo of the ketone i not only imp r c

tici:..l but lso in ccurate when u ed in .,mall sc-le runs . 'iilson ( 40) 

baa ointe out a so that the volume of hydrogen chloride evolved (7, 1~, 27) 
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need not be a measure of the ext0nt of the reaction,. as it io liberci.tod 

nmrely by reflmdng together alu.i:1im,1.m chlor·ido and ecccto:phenone ( 7', 18, 

35) ,. Otl1er posGible n1otl1ods of· dete1?minir1g tl1e extex1t of tl1e :r~eaction. 

are, in go:nertcl, too trouble1,;;om0 to be used. 

The hydroxylamine hydrochlm,ide method (1) com,i;:.ts in tit,1•1:;.ting 

the hycLrochloric D.cid liberatGd in the follmiing re.~1ction, 

0 

+ HONH3 Cl ---~ CH3 -<::::>-G-CH.:j + H2 0 
11 

N·-OH 

HCl 

with ,..,. 1,rt:x1do.rd :3cdium methoxiue rwlution, the qtmntity of sor.Hum 

'l'he m.odi-

f'ication as used by Jol".i11son (19), th&t ia, t)1e use of s,bsolute meth:inol 

point, \'l!D .. 8 1J.sed. 



Catalyst 

EXPERI 11ENT 

Substances Used 

C. P. anhydrous , iron- free , luminum c lloride as ·urea se from 

11 llinckro t Chemic · 1 Company. 

C. P. anhydrous ferric chloride was ob ined from Eimer and Amend . 

C. P. antimony pent:c oride ~as redistille ust before use to 

r e ave any decomposition product . 

The stannic chloride ,as used C. P. gr1:;.. e . 

C. P. bi mut trichloricte ·ms distilled bafore u ing . 

The titanium tetr c oride "ras a lso edisti e before using . 

Anhyurous olybdenum pentac oride vra.~ prep~red in the following 

munner : Powdered mol yb enum rne:tal w s laced in a combustion t1.tbe which 

could be heated by meJ.ns of n e ectric furnace . Chlorine g..s.<-' m.s pas-

sed through cancer tra te uric acid to c..s. ure ts be· & dry, nd 
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pa sed through tle tube , over ~he et....l, for ~bout thirty minutes . After 

thi time , al air and water :ipo1• had oeen O"Vept out und t e f ·n ce, 

controlled by o s of rheostat , was turned on . Reaction beg..n to take 

~lace at about ~0°C. The temper4ture 14S gr dUb.lly ~ise to 300°C in 

01·der that the penta.chloride formed would sub ime in tne tube just beyond 

the eud of the furnace . The excess chlorine wa abaoroed by meu.ns of 

sodium hydro ide sol ution. The product , after cool· gin a streum of 

c orine , , sq ·ckly plunged in o ~m 11 gl s - stoppered bottle und 

immedi· tely . laced in 1;:1. v ouum dos ice& tor . No f .u-the U1·ii'im ... tion ra.s 

eemed nece sury, even though c orine 1as .>ro bl bd~orbod on t1e sur-

a ce . 

Anhydrous columbium pentc..cr ori e waM . ..orepared in exactly the ., me 
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. , y ~-" mol y' enum. pc: · c or ide . 

.nhyarous ~elenium tetracl oride prepared in a manner u.Hc.llogous 

to th· t used in the ropar .... tion of molybdenum pent chloride 1th the 

oxception thJ.t not so hi.;;h .. te per: ture !as re!uired {200- ;;:50°C) . 

lillhydrous tellurium. t,et chloride w ... s made by ssing dry chlorine 

into disti . g flask con~.ining the free metJl (~8) . Once ti.i.rted 

by heating gentl y , the re· ction is highly e~·othercri.c . Th roduct r7as 

purified by distillation. 

Anhydrous te ium die oride wa p e " ad by :i:·eflux.ing telluxium 

tetr·chlo id with a s l ight exceu,... of tellurium metal ( ) . The ro uct 

purified by dist. tion. 

C. P . beryllium c or·de asp ch~sed from the City Che Co -

y . 

nhyd.rous zinc c' oride ,·as obt. ined. by fas· ng C. P. zinc c oride 

i a Sinb..ll cr1 ibl e 1 cl.Ild Yhile still liquid v,s poured into a dry ort 

ihore it w~s r o~ed to cool slightl y ~n then rcpid.ly gro' 1d to a fine 

oder. 

Friea.el - Cr· fts Re.'.igerits 

erckt re gent gr de toluene s used ,ithout fur tuer purificc..tion . 

C. ~.ce tyl c oride was put into m 11 1 se- "" opperea. bottle l.Ild 

tared in u aesiccator . • eT'J }:>reco..ut · on t..s t ·en to t r,.,.v"..1t it 

hydrol ysis . 

An lytic 1 .ie.,f!ents 

The hydroxyl mine hydroc oride soL.1tion ms ~rei:,~red in a. mru: 1er 

i antic to that rhic John on (lJ) u.Jed . 'rhirty- tive to 'orty grnms 

of a • ... . hydroxy mine hydrochloride s dissolved u sw.11 mount of 

absol ute rethyl .... l cohol und th n uted to 1000 with the s f3 ... ol vent . 
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'This gives approximately- 0.5 normtd solution .. 

1°ecryst.&llh;ed p-dinethylDJninoazobenzene in absolute :ctlcohol. 

By lliSi5olving the c~:-lcul[,.ted amount of sod.ium in absolute methanol 

an approximately o._l norme.l solution of sodium rnethox:1.de was prepnred. 
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PROCEDURE 

The uro ·tic co pound used '8.S tolue o. This choice was ·de e-

c use tol uene is reL tively inex ensi e , e,.,. ... y to obt ... in nd h'l':lp in very 

pure f orm, nd is bout ·verage in its degree of 4Ct1vity. It is not so 

~ctive a uniuol e , wh ch gives eood yields of kotone in the absence of 

a c t:-lyst , nor quite as slo to re~ct s benzene . I t is de irable t o 

u e u compound ·ch ill give~ large yield to minimize the percentage 

of error . 

st dar procedure was used in ng every run, s folio a : 

250 , round- bottom, long- neck flask oq · pped ,1th ground e ass joint 

was used as the re ction ves el . Into the fl~sk , previou ly dried for 

at l edst six hours in an oven at ll0°C, ·s added 1 of acetyl c oride 

fro c ibr· ted ipette, it delivered 1. 08G gr s . The cat1 yst ·:a 

then f dded to the acid c oride. In the case of a liquid, the required 

amount s obtained by employing~ ad ted pipette ; if the t~lyst 

solid, it· s r pi y eighed out to the nearest ce igr~m on 

" zed aper and transferred · edi tely to the reaction flask . 

The a dition o metallic chloride to cetyl c oride re ts in 

the fo tion of a mol ec co plex a.'1.d i encrully acco panied 'th 

the evol ution of con ider bl e qm, . .nti ty of heat . In order that no 

acetyl c oride volatilize und be lost bec•.use of thi · heating effect, 

the reaction f l as was kept in ce bath until ll ro....ct t~ had been 

added . 

ter the cat. lyst had been a de t.o t , acotyl chloride , 10 ml of 

tol uene wa ad e by ean of pi~c~te . 

The~ n ity of catalyst to be ed 1aa ob .ined from the d· 
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com iled by Johnson (19) . That r atio of oleg of c&ttil yst/ mo es of 

acetyl c oride hich gave the imut1 yield in each inclividuJl c e as 

use . The -ct · l r tio for each run i given in Tn le I . 

ter .... ll the react nt.., ·ere deu , the f k , provided with gLss-

ground oint, w s a.tt~ched to a rer l ux condenser .nd allo·ed to stand ut 

r oo temper"ture , 20- 25°C, f or the desirod len th of time . This reaction 

tL~e varied in inaividual c~ses om one ter of un our to tJenty-

f our hours (one run of nCl4 , one hundre and fifty- six hours) . 

The u e o a reflux condenser ~ re lly unnecess 

re~ctions proceeded so vigorou l y to require it . It w~ 

revious ;ork and re· ined here erel y a ~ conveni~nce . 

y as none of the 

nee ssa in 

After the rea tion time hich wa chosen was complete, ~,a ter w s 

poured down the condenser , hydrolyzing the cat~lyst ~nd thereby insta1 t ly 

stopping the re~ ction . 

Potassium hydroxide solution ~s ddcd to the b;ydrolyzed mi.xt e 

until in excess as indic~ted by phenol phthalein . This neutraliz tion pro-

cess is nece s y excess acid oul l ater distil over · ong ,ith 

the ketone and f sify the res ts , th ethod e ployed being 

es~entially ~n ~ci imetr ·c tit~· tion. 

After the rea.ctlon mixture us de lka · e , sufficient water 

added to bring tho tot l volume to bout 150 The f l ~sk we. co ected 

to con enser ith ~ ground- ~ s ·oint and t toluene and product 

ste~m istille . The connecting joint s so constructed that. steam could 

be pa. sed directly into tho reaction mixt e through gl as tubin rhich 

pa ed through the --joint by way of ring setl do into the liquid . 

pproxi . tely 75 of distillate qas collected in a epar~tory fun-

nel. .rust before the distillation ras complete , the ,,,-ater 10.s llo ,ed. to 
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drt.in from the condets r in order that the steam hich wo d then pass 

through wo s ,eep out ~.ny ketone ,hich might .i here to t.he w s . Bt;-

c... a steam ms passed direct l y into the re[..ct·· o .f • s a1'l not ge. erated 

-c.here by ppl ying her..t to the r ixture, no i fficulties ,.s reg da bump

ing or frothing are encountered. F lier workers h,d roet 1th tile e 

iffi ie~ (19, 40) . 

To the dist· te in the separatory funn€l approx:i.mately 15 g of 

so ·um nitrate wa b.dcle to sal t out the product . The toluene- ketone 

l ayer ras care.L l y ~.e arG.ted and t :o more extr ... ctions were made u ing 

5 portions of benzene to nSSure the cop ate remov~l of ketone . the 

u.ccum ted ext1· ction were brought to0 ether in~ glass- sto. 1ered bet-

t l e an t this elution ..... d ed 20 1 of 1:t.n proximatel y 0 . 5 norllli..l 

·elution of hydroxyl amine hydrochloride in b elute methyl u cohol . To 

ssure accur~cy the stock · elution of hydroxyl~mine hyd.roc oride must 

be kept neutr 1 . This is ost ea.~ily acco pl ished by a ing a small 

uEi.ntity of o i met.hoxi a enever neceBG' • 

After the ~bove addition bad been mL.de , the Ketone sol u~ion wa 

st~nd fer bout t -enty- f our hours . The r~ction bet eeu 

methyl...cetoph none ~nd hytlroxyl ~mine hydrochlor i de i r~ther s l ow 

oes not go to co,. plet · on pontuneousl y . The hyclroc tlori cid hich 

is iber ted in the eaction as titr~te ith st.ui ~r d sodi methoxide . 

Butter yello c:.s the indic.,,.tor used . The first end oint reache 

not permanent .d the titration wus repecited at convenient interva. s of 

about twanty- f our hours . 'rhe per ancn · end point 11as light • each in 

color . 

To test the v id.ity oft ea l ytic• l etbod, bl ~nks , omitting the 

cetyl chlori e , v.ere occGsioncu.ly run . Never was evi ence found to thro 
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doubt upon the s.ccur:;,,cy of the met.hod. 

The use of corks or· l',lbbcr stoppers 1,,-au :::.voided in order thc:"t noni?.: 

of the ketone forrn.<ad or re2.ctu.nts us0d might be lost by LJx;orption. 



C,.,talyst 

lTu'.SUL'l'S 

TL.blo I 

VcTiu.tion of Yield ,.ri th Hm, ... ct:Lon Time 

Moles catblyst/ 
moles CH3 COC1 

l.G 

1 '7 
-• i) 

l ') 
• I-

1 

'rirue 
(Hou.1°s) 

1/4 

1/4 

1 

2 

tl 

G 

1;r:, . (, 

B 

4 

6 

:~) 

l 

7. 
._) 

4 

13 

'"ltl 
"--':i: 

Yi0ld 
C:£) 

74 .. 20, 7z; .}20 

7Ll.9o, 1s.20, 7t.oo 

n~.3o, ns.10 

ns .. oo, ni.lo 

70,50 

72..00 

7b •. 50 

72 .• 20 

6'7.70 

74.10, 74.00 

71 •. 70 

73.50 

m.oo 

60.4C1 

5:3.70 

59.00 

65.40 



SbC15 

'l'oC12 

' Moles 
n1oles 

oc~ tal;yst/ 
CH3 COC1 

1.65 

.s •. o 

1.2 

l.O 

1.8 

,., ·i1 I J.c~ .. t) e 
' • ·t· c:on-:~,J.nuec 

'rime 
(Hours) 

4 

6 

9 

2 

"' t) 

4 

i:;: ~, 

2 

s 1/2 

r: ,, 

7 

1 

,,. 
~J 

4 

5 

s 1/}; 

124 

2 

4 

7 

11 

24 

~[ield 
(>:~) 

64.~0 

66.50 

58.80 

G9,.50 

61.4.-0 

57 .• 80 

25.50 

.ti'.2.00 

13.,40 

15.70 

20.00 

2::S .. 80 

10 .. 70 

11.4D 

13.40 

15 .:-:so 

13 
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T ... ble I 
continued 

oles catal yst/ Time Yi ld 
Cat · yst oles CH3 COC1 (II our ) (,-o) 

SnC14 2. 0 6 19.10 , 17 . 90, 16 . 50 

8 20 . 45 , 19 . 20, 18 . 90 , 

16. 90 , 16. 60 , 16 . 50 

6 28 .80 , 28 . 4() 

BeC12 l . 5 . 3" 

ZnC12 o.a 24 2. 65 

BiC13 1 . 0 5 0 . 55 

6 0 . 72 

Selenium tetrachlor ide was f otmd to give no etone . 
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DI;XlUSSIOH OF RE/JULTS 

A generc,l deduction a.s to the D.dvcmte.ges of using the p,:::,rrier 

method of :ceugent ~iddition in the F1:iedel-Cri~.fts ketone synthesis might 

be that in no case 1,1ill it impc,.ir the yield &nd in most c&ses will in-

cree,se it. This is to be accounted for, evidently, by the fa.ct ths,t 

the ca.t,Jl:rst D,nd acid chloride form ,1 complex of the general formula 

Al2X5 •2R.COC1, £it, least in the case of ::.lUJuinum compmmds._ Kohler (22) 

fWSigned this formula to the complex from freezing point and boiling 

point deterruinations. He 1..1.lso i::howed that the almninun halide forms 

,m addition compm.md with the ketone produced, the formulct being 

Eis work wa;c; confirmed by Pfcifi,er and Haack 

Aecord.ing to Olivier U50) thes0 comploxes hindE1r the r;~.J.ction. 

It is our belief'., hov,=ever, thB.t the preliminsry formation of the acetyl 

chloride-cate.lyst complex must be e.n aid to the r0s.ct.ion as incrc,ased 

·yields 1.uoing the Per:der method har~ been repo1·ted b)' other investigators 

It l1a.s 'boen sl10Y111 b;;• Gr·oggi11s ( l n) l1oi:·.,,,~,.,.,,-,-. 
<<J ,1 ' ,yl:, V -..,_) thc.t AlC13 is so 

closely bound to the ci:;,rbonyl of the ketone (before hydrolysis) thc,:t it 

. t ·1 -1 is :no 0:i..ve:,,i ab e for further 13;y-n-thesis. The fm:·mation of' this complex, 

thGn, hinders the re1:wtion if the LY}tal h~llide is not in exceso. 

Acetyl cbloride., being quite volatile, is eLSily lost unlesG 

specfr~l precautions are taken. In the Perrier method all of the acid 

chloride is corubined in the non-vol&, tile uddi tion compound. As a re;0ult, 

it ii,;) not :necesf;ary to drip toluene dorm the :ceflu:x: condenser to scrub 

acetyl chloride free from tho esco"pin,i; va.porG of hyd:cogen chloride as 

had to be done in previous woz'k. 

Allovling the reaction to take pl1::ce o:t. room temp,::1ra ture is favor-

o.ble, a;J evidenced by increased yield, for certcdn cc1tulysts and 
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det:ci:mental for others. 'l'hose cnt,~lysts -:.';hich a.re cap:cblo of giving 

good yields when the rez.wtion mixturo iu hco:3.todJI give even larger 

z.r,:31.u:ning th,;,1, t the Perrier order of rec.gem t ;:;.ddi tion ii; ,,,:Jed in the lnt-

Those metallic chlo1~ictea which were poor or only fa.ir ct,,ttdy:;,ts in 

previou,s work., are even lmrnr in their cc::b.1lytic actilrity when the 

rea.ction is allowed to take place at about 25°G. Here a.re included 

'l'it&.nirnn tErt.r<.:,ehloride, however., WTW a definite exception to th.is 

By its use the yiGld of ketone wa13 incr·eusecl 

proportiom:i.lly more than that produced by a..ny other metullic chloride 

by using the modifications employed in this rose1:1.rch. The yield Yi8.S 

improved from u 1w1.xirmnu of cent as f01md by Dermer and Dermer 

(10) to 65 1::ier cent •. 

Ca.lloway (?) h,:;1.s ;::,hNm that l\.lG13 v;ill cu.use f,elf-corn.:len::iation of 

ketones: 

GH3 
G6 H5 -GOCH3 + l\-,H5 -C=O 

GI13 0 
C0 H5 -C=C-C-C5 H5 + H,,p 

H 

It can be eoncluded by am:.logy that compounds which will cfatalyze 

ketone fornation vlll also cate.lyze its condensation. A compt:crison of 

re;s1,1.lts wo1..1.ld ti.lr:io seem to indicat.0 tlvJ..t increased temperc.tv.re greD.tly 

:f'D.vors this condensation.. The decrease in yield from 6Ei per cont to 

35 per cent of the theoreticr,l by allowing the reaction to take place 

plained. Th0 rather slight, but neverthele;Js cer-tc,.in, increafje in yield 

in the case of L1Cl3 ;:md FeC13 , ns comp.-2.red 1dth the results of earlier 
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wo:cke:cs, iri to be explained in the sc:rne v:ay" 

Johnson (19) shovfed that with nearly c:.11 cut~·lyst:;; there was c.n 

111 this work, 

however.? only those runs using SbC:15 in L_,rge excess D.nd T'iCl,,1 e,s eo:ta-

As a matter oi' fact-> in the 

For elsments which are cc.pable of existing in more than one vc.tlonce 

stu.te, only the chlm:·ide in tho higher vu.lsnce Ht<',t.0 ,:ill show cat:d.ytic 

&.ctivity. The chlorides o:t .<mti:mony, ure.nimu D.nd tellurhm1. are oxcep-

In fact, UC13 if, repol'ted to be a better cr,talyst 

than UCl4 (10) ;:~nd Johnson (19) found TsC18 to give lEtrger yields of 

ketone them did TeG14 • 

exper:bients in which this we,;; c.ctu0.lly tr:;_ed sho·i, tlm.t the reB.ction took 

place more 1~apia.ly but not to any groxter extent. Tho opt,irwm ratio of 

moles of SbC15/moles of acic:i. chloride of L;;? &.s f01:md. by- Johnson (13) 

Using r2, tio of moles of ::3bG15/noles e.cid 

cb.1.o~cide of 1 •. 65 tJ1e S~).,;.ne ri-1i.s..)ci1nrui.1 yield 1r1ut:J ol)tttin.ed in five hou.r~s. 
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FriocUsl-Crufts hydrocs,rbon synthesis (17) but thh, is the first time 

t.hc .. t it h1:cs been ropo:cted as a cD .. t.nly:Jt in the ketone s:1nthesis. It 

is aB ef'f ec ti ve a CD~ to~lyst D,s I1.1G1~3 l:i1.1t d.oes not r"ea.cl1 its 1nE:1.ximu.m 

;:rield L'S ?'b,pidly. 

it was thought that this might hinder its cc,ttcl;ytic o,ctivit:l• 'I'wo 

vu.riatlon in the amount of yi,ald wai'J ob;3e:rved. 

time of re:wtion in the co .. ::w of tioC15 curmot be expL:,irwd at the p:ce,::;ent 

The v-aris .. tiorw in tl10 yield;::, however, seem to be s-,1fficisntly 

Bredereck Emd hLJ co-r10:d:;:er;,1 (5) ropo:ct 2x1 80 per cent yield of 

p-methyle.cetophenone using BcC12 ao co .. tc1lyst. 'I'hey ce.rried out the 

rec:ction at t,5-40°C und used H ratio o·F' moles of BeGl,,/moles of acetyl 

chloride of 1. 6. Tl1G poorness of yield we obtctined in this reseo.rch is 

prob2~bly due to thF; lov1e:c tempcr,0,tm~e used cmd also the s:r:12 .. ller ratio 

Sele:niu:m tetrachloride is hero :csp01°ted as e. non-cutalyst for the 

f irfit tirne .. 

O:f the cat2lysts used in. this reser:1.rch the order of decres.sing 
A1Gl3 

efficiency is: I1'eG13 , SbC15 , 'J::iC14 , ;1loC15 , SnC14 , TeCl.4 , 'l'sC:12 , DeC12 , 

CbC15 

1-Ie li~3ted. t.110111 ir1 deere~~s:l11e orc:i.er cf ef~f:Lcie:ncy· 
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b0twe2n honzoyl chloride :md di phenyl ether. It ,,Ji.:S OllI' belief tI-w.t 

thc:i:; no HgC12 Yras added. 

led lmde:r reduced presrm.r2 until c.bout 1 rnl of a neut,rrd reoidtw re-

ID£tin.e.d • 'I'his r,'.:)sidue coffc;dnad a c,:trbonyl comp01..md us h;1,ri:h:·ochlor~ 

solution 0.0:· hydroxyl-

aw.ine hydrochl.or·ide. 

To say 

A co:ntirn:u=;:tion of this 1:;ror)lem 1,1:Lt;;ht r:ell involYe t.J:2,) 1-1.se of other 

L1etL::{,lG u.nd tt~e r101.~e rt-;;,1"ie elen1e11~ts • 

.Johmion (hJ) found the optimuJTI 1~e:tio of E1oles of c::;,tc:.lyst/rnoles of 

s.s was assumed in the pressmt v~ork, excep-i; for SbC15 ,. i:f the r,:;;action 

t.o.kes place when no heat is applied. 
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ketonG sy11the;:1is increi:u,:os the yield, .c;,nd if the n;[tcU.on L1 &.llovwd to 

Those met.s.J.lic chlorides srh:Lch ,~eru poor or only fc1.r cab::.l;ysts, 2.s 

fom1cl in previouc, work at Oklo.ho:mu 1;. cmd Iu. College, were even lower 

in their cutz;lytic activity when the rcuction w1;1,s ullowed to tLke place 

s,t abov.t 25°C., 

In hardly any cs.se vm.;.; the fldling-off of yield observed with 

non-
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