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E.:.-iT 

& · utiier 1shes to expr ... ss s i neer e ttt e to 

... r . o • a. Dermer to hi V lu ble ugge t1ons otte · du. in 

the course 0 th.1 wor and u nd r 0 i&anee thi or 

ha& been uo:ne . t the s me time b ·1 1es toe. pr ss h1s fl'O• 

pree1at1on to the Che 1 try l;epart · nt for the u·pp y of 

ebemio ls u e , e ~ fin · lly to ,r . H. .• Tri bl.e tor bi:? kind 

a.a 1-eta ee in co at;r ct1n · th 

se roh . 

q p . e t nee e for the r e -

iv 



n THODUCTIO 

· inoe 18?7 when ~riedel and Crafts (19,20) discovered 

the reaction 10h bears their names, ny fruitful researches 

1n this tield of Or nic Chelilistry h ve been aeoomplished . 

This 1 ortant discovery beoame one stepping- stone ot organic 

syntheses , and paved he way for the . 1 nvestment of tremen-

dous amounts of capital. 

rri 1nally al inum chlori de w s used as the condensin 

agent tor the synthe es of the sever l possible types of 

organic compou.nds . Ho ever, further · r .... searche have proved 

that other metallic halides can be u ed tor the same purpose, 

even tho-ugh they are ound to e less effect1ve ·thon nluminum 

chloride in some types ot syntheses. { 1}, ( 15 , ( ~ ) , ( 55) . 

The .::. in object of thi s ork is to study the order of 

et'feotivene s or some of the met 111c bromides as catalysts 

in the Friedel and Cr "' fts ketone synthesis . 
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I i 1heo.1'(. ti o 1: 

Since t e di covery of hl 1 ~ chlori e ~ the co ena-

1 a ent in tne -ri del nd 1.;ra1"t resctl , vario· s 112vesti

gators ~ ve centere their 1ntere ton the etellic chlorides 

a c t ly ts in the v :r1ou.e type$ or or nic synthase • · 1s is 

probably a.u o t e t1ct u~t thy are ehesp n oasy to prepare 

and to ban le . On tlte other .nd there h s b en 11 ttle 1d 

about the etallic bro ids s otaly t. o ever, there are 

e fe :reseurohe in. nioh tn y , ve been u ed in organic con

dens t1ons . 

Staudinger and Bruso (50} used elu inu bro ide, zino 

bro ide, tin bromide, antimo y bro ide, ~nd re~ric brotli.d ns 

ca sl7 t- for the poly riz tion of c. clopent d1ene . 

Zelins 11 nd Turov&-nolloO'k { '58) round th&t cyclohexane 

r · rr nges into y tby eye lo:pent~ne x;.d dim. "t ylcyclcbut~ne 

under he influence of alu. broride . 

· ertyporooh an ~ gel (55) reported that ixtur .... or 
t..lumin bro 1 e an be ze Q, hen su.bjeoted to slo re ctien 

1th the oxyg of he 1r. yiel by roxybanz ne. 

1 ut, .uie nn d utcer 56 reported tb t gnseou 

b.ydrochlor1e acid nd .hydrobro c acid coula b Q d to 

ethylene and ronylene under th 1n luence or b1 uth tri

bro ide or anti1ony trlbro !de. 

•1 u kh ilenko nd Proto8ov {36) obte.i ea theo:retioul 

yield in tll~ synth 1 of d.ibenzyl ,hen be zy chloride was 

bolled 1 thy lcohol in the pr or 
ol t:er:rlc bro. ide to one to of ':1 trne iu 

mi xt1Jre o O. 4 

cat ·ly t. 



Hor. n and ;,u1r (28J , 4 ooron trifluoride in effecting 

conde ation ree.c 10::s su<:"h th ,n1o o .bydr ettrbo. a with 

orgt:.nie h lo ,..on cc~:,ounds. . 

llo ay (14) ro~nd th tor nio . luo11 es uc as the 

acyl an 

tively, 

ehlort e 

be 

lk;yl tl oride yield tone a Ai b.y rocarbons reapec• 

en r acted 1th b~n~ 1 the presene of lum.1n 

s c t · lyst . lso fo nd t t zinc tluoride coul 

s ·· oo nsi& · nt 1 - tile ketone syntb.esi , hile 

al 1 um tl oride s no effect on -he 

Si ons an hre er l 8) use hydro e ~1uori e · s eondens-

ing «gent be r ols 1 s and b.. z ri.,,e or e lkyl h!ilid .. s 

nnd henz.e a a. ·l o 1 the alkylation of sro , tie oo pound 

1th eltp at1o halides . -he re~atlon ts c~ riea out in 11qu1d 

phose a.t a° C nd. ?60 • p essu e .. 'rbey :fouLd t at the t.er

ti ·ry halid s e e th,:1 os t ree.cti ve . 

P.aJe u { 9) r port d that o ylli ·r ~41bro~i e cannot be 

uso as a ea ,ly t 1n t e .... riedel end "r s .~atone ey.nt sis . 

Follem n , ir·ol k .d :Emwe:t (29} u ed rar1·10 bromide 

a a ea.t lyst 1:n h nd t't to ,d y the is . 

l! . - alyt i cc thod.: 

~s to the qu~n~iteti oter~1~ t1on o ~etche, t ere 

a e ~ev rt.il ::Jl8 ode de erib ed ir~ th liter-tu-re . ::)inee ost 

of t em a e 1 u:nllca l A in o ne \ley or enother , r need only 

to nt i on tu ill s ot t er or hist rlcul i te est . 

' e colo:ri t .ric oothod 'escribed by :a1t1 t1n { 7) and the 

gaeo e i r1c one y J trach ( ~2) cannot be used in thls ·ork 

bee us t ey ll.re tco in ·ecur'" t e and require loris ti :1.1.e tc per -

ro:rr:.i e lyse • 
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y t&.r the o 01.e or &suring 1 ld o org 'nic 

r& otio1 i ~o iaolote . pu lfy ~ t.a 4~,ired r~ uo • 

ts procedu:r be. b,,en us· to aeter .1'.tn ~eton.es for ed. ln 

the i'1 del and r ts .rol:l<ot on by oat 1 ,:, t1 n t rs, 1 ncl'l..d

i n.g Gallay ,.1 uhi tby~ ( 9 ' , h ie.dell e.nd holler ( 2 . 43) . 

re 1 s (23) , a ii ca ·n t1 .Turck (22} . o e 1· , ti s ilson 

( 7) ' poiut cu , tl: t., ·ethod is ve y in,;.ecu te on a 5' 11 

e ou t , un . l r e1 'L"Uns 1.; :pos ible 1 our ork on coount 

ot thee store taly t. 

1 ls a PO os lble to isol te ·er1vettvo or t n. pro-

4 

uct . ~etone a:.ono- e ~ ~1nitrop 11ylhydr zones have b n found 

1nsolr.lble er.ough to per it their u 0 in tlete:r.;..1nir. the k tones, 

(3 }, (8 i , but i . or ork the 1>re .... o ce or toluene ~revents 

the precipit~tion or t' ese com;c • 

ol ic 

0 11 V r ( i ur d t 1e o n of u ret:. c e ber:.z.oJ l 

enlori to de t r i ~- tbe au tor r~aotion he b nzo l cnlor~ 

ide •as tre t it- oenzore 1 _ t .e , r ~seDCd ot a•t ly t . 

r id , l ber.:zoy J.. e . s hydt"o yzed br~d ·• e bet:::o1e cid 

extr 'o t 4 e.no ti t · '"it t.lkali . be ob tou e.i dvunta e 

or this thod ia tb ~ t t · 1 bnor · l con 1 tion in 

e loylng e ce r.. h ul i d~ .in ste d of ex ess of },,e zene. 

·., rt1n, P1zzo a.to, and. te·· ter (3 stu 1 d tl1· kinetics 

of t> - l"i d l und ~r fts re - otlo of b nzoyl chloride · 1th 

tolue :e and used the · ou t o h dro c , ilorid valved a ti . 

E.sure of t· e extent of reec.t O!IL, but ~hi 1 not el y 

true beee.u e a lon~ s t '1e re ctlon 1xture 1 flux d , ther 



1 s a · evolution o 1 ro-eblo le oe1<1 g s , (4#( • (24) . {l ) . 

'*evert · les ., the sa · method s be r. use · by · lo ( 51} , 

lich a if eyne { 53) , Cle . . nt , d ""'aver ( l } , CI1opi 1 ( 1 ) , 

n.d Bo ell an ~ .. o u h 1n ( 10) . 

Lautensc·hlaeger (M) u ed an iocomtric :netJ;od ... or th 

aet.ern1nat1o- of ketone 1th un e:xces of hydr 2i e s.u:.. ,. til!. 

a foun._:. 1 6 i ng a exce s of 

io in.a &nil titre tin t he excess 1th sod iu ulf.ite . (2}, (4) 

o!!teo a .no. D' A ico ( 4 ) . eter in !UC ydes t n ketones 

by the forrm:tiot o.f n-eu tr 1 t ion pl'o duct~ cf sld hydes or 

ketor .. cs i th sodium ulf1 te a po ssiu"' bisulr 1 te . The ex

ce s oidl ty ·:tter th reaction is titrated ith ·. 5 i1 sodiu 

d.ro. id nd the a ount or b1sulf1 te re&oti g i th the ketones 

or aldehy es 1"' 1e1.· s re. by itter Ce. 

..,~ethyl kc tone ave b ~ · ei&r ""1 .ed qu. nt t t 1 vely by 

he?Jtlng the ith ·l· .... 11 m.d exeee ..... or iod ne whic \ ccvvert 

the i t iooctor 

oo i l' tniosult _t 

th ... n tl tr tl thu exce e 1 1ne · itb 

hydrox. larnine • l rochlo1·tde ioot' oe 0 1• Bryant rc .• td 

$ th {l.2) 

r quire le 

s used in this :o rk . rt ie :>referred bocbu«!e it 

t 1 . \.O p0 rfol'm. t .. e an.:J.lyse s . ! t 1 core ao-

cu ate and le s ex~ ... e ,.si ve ti en the other methoGs and the e is . 
t:o r(er:t<i ot 1!:!,ol&.titl..., t e p oiauct . Jt i Cl.I a 1<11 ·etr1c t oa. 

for dete.. .uatio. or kc tones ooa aldehydes using hydroxyl ~ine 

hy :roc.hloride. .1. -1.e ydrool lorlc ·old libenit-ed is i;. ;iea ure 

o t th ke to 1e 01· aldehyde p esent . 



The thod o be ppl1 . to carbo.nyl e pou d of ali-

phatic . alto clie t.t. d hr 1 tie struot r • Toe met od w s used 

by Brochet a bier { 11 ' a oditied b Eenn.ett an ~· ono-

v '} n ( 7}. In the ·,etho the hydro:r.:,"'lt!mine beee •as llber te 

tro the b.ydroc loriae by the ··dd1 t ion 01' alcoholic od1u 

by ronue and th n tillo ·e to react 1th the carbonyl oompo nd . 

The un~~r d hycroxyl~in 1 de ermired elk~l1metr1c~lly. (5), 

{ b } , ( 40 , · { 4..1 } , ( 4 7 } , ( 46 '), ( 4 ) • 
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.r • .; tnesi ~: 

ts: 

Tho e taly t, n th.ts -or· ro till e. e:rou: lu -

inll.3 br mi , .n tL on trib.l"O 1.d.e, !'e rie b o . d , telluri 

.tu 1Ul'!'l tetr bro~1 f 

Zli nc bro .ids. 

by K blrf'off (33) . it od1flc tion of equip nt ~nd ~rocedure . 

;.,. 250 .. lenmeyer tlask oontr... nlng bout CC • et l1qui 

brom.1te l con: eeted to b bole oou ter eo _t 1n1ng eono ntl' tea 

sulturte ct · le ding o eQ!Sbustior: tub; contui · dri d 

t 1, he ted 1Vl h n l etri tu · ce.. · be other 

d Of the tu 1 !C\'l i tly bent to tit 1 ~ 1. di ttllinfl 

t k r~c 1 r, . ich is oonneot-et. to a suction fl.<', 

' containiz- so 1u. hydro'l:1de f-':O lution. fhe ei,4otion tla"'k. ls 

ul o co oeeteo t ~ tr pu • .er.ore t . bro- ine V&pO r i 

c a . er, the ulu nu e l is 

f1t'st baa te to dull .re e • en t ~. brom1 .1e s 

gently nd tb. dried v POJ! 1 s s~e overt e red ht et l 

by s ot oontroll 

prodUct 1 purifi b 

nter saotlon up. Te r ot1o 

epea ~d r etio l ' ist1llat1on. 

r-:raction co i r. out ot 2 6 - 70° se colle te . ( ... it r tu.re 

gi es 2 eO C ~$ the true boilin pcint .) 

'!'-h SS..:le ..,.et C , .s e.p. lied lt the .P pe . t o .. or crric 

bro ide, tell rium. tetr~~ro~tde n bis utb tribro ide., sx-

oept t t f r ic . ro 1.de e P if! d by r subli tio • In. 

t e Cf..SG or the pre .. ra t:l<Hl of biG· ·th tri rom.1.o - t e yi ld 

s extr~mely poor, tb tit as baodone B S. C &ly t 
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i n th1 s o.n. . 

The ydrcn an ti a directed 

b . herullo (49 • 'lb po de1·ed ry intL,o ... y · s i 1t .... du -e 

in s ll port· ons into 

agitating the retort after c.h uc i Tture. ··-hon the co -

b stion hcd ceas ... d, tno oromife e_.-. distilled fro::u t.be e . <:os 

of anti · ony . !t was purified by rrae t1onal di still'aticm. b

served boilin poiut 2ao-2e2° c •. (Lt. 280° c b.p.} 

i.nhynrou.., stan iC t trab idG ~- p epirre as .ire ct 

by Sa er nnd ?: pe .. & ( 5) . liquid orom1-~ &S llo ed to 

drip SlO'r'ily . hrct:g] a ""roppiLg tunnul 1:nto t. 26 . l . 41st11-

ling fl .sl<: con ai 1ng 2. • of dry powdered tin . ,,l'. n the 

r action ee · s d tl e prcd · ct a~ pu.:r,i fted by repeater. frac

tional distilL&tio. v ~ved bciling ?01nt 200-203° C. 

(Lit. 20~0 Cb • • ) 

nbytirou t1 tau1 tetr; bro , 1de . prepare s direet d 

° C. J1.tter 

hydrobro. · la acid had psss. ·d tor pa 1o'1 or 24 bours. t e 

re~1ot1on 1xture ·as llo ad to cool. .J.4 produc wua pur1-

tied by f?' , t:tions.l di · + llstioll six ti s . hs • ve boiling 
' 

,:,oint, 230- 233° C. l Li'·. ;?c.,( o C b . p . ) 

.Anh drous z1n.o .bro id.c :as prc_p:; re~ 'by oatin .... a co .. er

el 1 ode zi .,fl bro 1 ·_, 1n ti~ ~~v .rted y-tube with both le. s 

sealed. !' e aatelyst w s d1sttlle rrom ooo leg nto the 

other le . or the t b~ unce.r re uced ~ t'essure. 

In vi~ or t e ra et tha t the 31ot 111c bro 1Cii.!l' .... re eve 

more hygrcsco;)tC th n the corr.cs ,on in,;., chloride , it 



y from m.o1sturo ~s 

r e , thoy ere ·ce !)t 1, 

b . Che. ioais ~se 

ch po~sibla •. ~tter t ay ere r -

d sico to.r nti). re;i dy to bv used . 

,ents: 

The ~cetyl chloride u.sed .:- s c . P . ~ de . !nor er o 

lessen oonta:cin5t1n. it ith oistu.r .... , portions were p.1t 1n.to 

ei ht one- ounce 
~ 
l&ss s t o~ pered bottl snd se~led in .. 1th 

so lin . • ine was ooere at t1 ""1 ne ded. 

Th .. toluene use l ... c. T_l 
,I. • .gr .:-.de . 1:1.owever, 1t was dried 

with C' lei cl1lo lee a.ml r c stil e tfiice. 

ree.gent : 

5 .it!1 (12) . 'f .e c,. .• 

ade. The ~5 r: sol-c. 1 o~ .s . de by dis · l ing ~ g • or 
J ,. .P . h:, roxy e hy ~rochlor e ir. 160 ml. of disti l d 

a ter and ilut1~g te ot, liter 

The i vtU ¢ tc»: sed ae bro op enol blue. tie de by 

d1 s o v 1ng 0 , 5 gr , ot bromopnenol blue in 10' -l . ot 95~ 

et a ol . The pyri ine s .. ommltt -d i n t.hi eese eea e 

c rt in det 1 s of tb. - nslytieal rocedure we:re m.odit ed a 

will be 4~8cri d later. 

Tbe etand.al"<iized G.5 !Z solution or so~iu::a hydroxide .s 

mad b.y dissolv1n 20 

liter or v ,. methanol. 

of C. ~ . od 1 hydro 'de 1n one 

'bi lcohoiic b se as used tc ti-

tr: · e the :.ydrcch oric ecid liber e.t et!. in tt.FJ ree.ctio ·ct. eer:. 

1m p- · t yl -cetop eno.. u <i t e y roxylu ne 'fly ro,ch. l c rice . 

~a~ so 1 m y oxl e sol tion 



t.~. 0 \, 
\ o,J<:f l 

"".;'"-. ,• '·>'<>.' 'l"l-1" ""'.·. ·,. .. ,}, u1· C.., •.'·"·. ;,;, 4,- '"'.· "".· 1:1,D ,,_,.. "'.·.,:,. • •U~ ,r• , .. ,/,.._~7.r.i.J.;J .. ""'-~ ">f"".:air liliV_.y..-:•-,,J .;_-4,V:t.~' 
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11'00 lodct'orm uietho6.: lt tt{•~ tirst inten,i~d to use the 

1Q<lotor.l!i.. ~tl1od £or th(;:} esit1,mat.io~ of eci;topheuotifll. ~a iiescr{:t)~d 

shakert me<~b.;;',riteally for two hotirs het'otii scidityir:tg to.em, btrt 

. tht; results. ~e:r-e $'ti l~ lt:.~ ~rHi !ne Ot.'f is tent. It §'as tfaeL sup

PQ:r'.4'd tht,:t ta11u.r£j ~rf t11ei r~tlKHi is cuf& to ·tni~ 31,1,~ltt. ~olubil.1t:y 
' 1 

t,t t.he kf·toillg :hi !tquec:r1.;s rotH.1n~. hy."~ro1f.teie; &i!H)orlitit~ly1 a solu

tion. ot &odiuw" h,a;ro~lde in ~~th~!.nol 1;:r1.3·'@Zl})ltY3·ed. 1:h1s ti~e· 

rin: tb\1ll ~~u~; or tb.11J iabno:r:fs1 tioha:•-..ior, duplicate ktowns 

viere: ru1i -st t 0 , 25~\ end so0 G; btrt ~~o yields 1Were :;till t.oo 



heating the mi xtu:r-e of s~.plt. hycroxyla~int! l"ty'<lroel'lleride 

am ind! cato:r together I lett out thfi ind ice. tar until tbe ti-

t•c ~thous t;ave praetic .• ilty th~ g-1n;,e r~~ult~,. 1:h1t, th~t t!le 

etid. point in tbfa mcdifi~t.i metho:l i~ ;.1ore aa~11t $e<eit. !n 

time. 

with a dror1 of iiater in OI'del' t.o perill,it tt to slide it: .. to puce 

ttghtl)'j'• '1'ha bottles 'f;lf;tffi put 1ri the ov~n (hia;vir.~ a teiiiper&

tt'lr$ of 120° C) for two hour$.. :;;11~ul·tt.ui~a..1sl.t th.re~ blanks 

1,honol bl~e as 1nd1 oo. tor.. ?he a'!!lPun t of br£'SsS reqt: i.r~o. tor 
··,.·,;,. 

e.a.eh of' the bl~n\!.:s was recorded on th\t l)ottle. !his rurn:.1ahan 

three $hades or colo.r· 1n th-r.'· r~i;gubol"hQ;";·d or the. e::d point .. 



9g . 3i. · eorraet on f ~etor .... s dete"i,Ulneo. u'f eatin., o ... 

gr~ of pu:re p- · et :.:tl.se~to r .. o e for one nour. tea"\'!I 1st1l-

11r..g , ·11 .it"' . lt w ... s fo1md tbQ. th.a l'·,;SU.lt .... 1.n t e 

uplic" t~ .ru .s g v un ave r ..:.e •:lu of .. 5 .a; or the ort 1n l 

sa.aple u·<?ounte"" for . :n. or c.~ · to obta in th6 · e tu l ketc. r. 

content at t.ne s~ple , ec ... ~ ·1.r nt w 1~· t · f th-:: '"!ikno u 

ka.t.one 1oun es t ... 01 fore 11 1 •ided by t ~ corr-~ct1o ~ factor 

. JOS. 
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l ctiv ts o t o htl 

Ttcble l ~ cc-1s.t1· ... ctec. to E; c · tl..~ yic c.s • 

... ielc.s o p- :e thylt.cetop .en. a 

~;et!..ll1c 

Ca ... l;zcts Yiel~ 'et!i..ljste 

l . J .. l (.15 t~,} l. ~ t~ l . 1-.1_r3 l . ?O .?t ~,.,c. . ,.; ,J 

2. 55.5 ... . "70 .4 

2 . .eCl3 ( ~?} 1 . 4\. . Sf ,.. . T1Br4 1. 10 • . 
59 .r: 2 . ll,,;, • . ... 

3. St1Cl ( 7 ) 1 . ,7 . 7~ ~· ~b;;,r?.: 1 . 6 .?~ t,,J ..;a.l V 

ri7 r~ 0 a.s,; • 4,. aV 1 . -· 
11 • T;Cl4 ( ,.)] ) l . 12 • .2 4 . ... :a. 1 .. '"- . 6 !f l'e r 3 

"" . 18. Efo 2 . 5.2 

ti . Cl4 (57} l . ..... lr' : . u~r 2 l • 4 . lf 
ri 15. !t 2 . 5 . 9% :. . 

6. Cl2 {57} l. 7.2 .. p, o . _a.Sr 1:' l . l . 
z. 7 .4! .... l.4$. 

7. SbC15 {57 • "' . u1% 7 . '-'nb l. C. 9;; 
2 . l.21~ i:i . 0 . 9 

a. SbCl { 18 J none 



TABLr: II 

l> i str ibut lcm of Effeot1va Catalysts i n the .Peri od.le Table 

Group Group Group Group Gr oup Group Gr oup Gr ot.1p 
I II !II IV V vr 'VII VIII 

Li Be B C N 0 ., 
Na Mg .t~l Br 3 S.l p s Cl 

K Cc. Sc T1Br4 V Cr ~n resr3 Co N1 

Ou 7..nDr 2 Ga Oe As Se Br 

Rb Sr y Zr Cb Mo Ma hu Rb :Pd 

iJ.S Gd In SnBr4 SoBr3 ~reBr4 I 

Cs Be. La. Ce 

llt Ta w Be Os 'Ir Pt 

AU Hg 1'1 Pb Bi Po Ab 

Vi Re. 1'.e Th UX2 u 

1-1 
0) 



T ble II sho,s the location on t ·~ parlodio table o ,f the 

ele ente yieldinr.1> the active JJ&taly ts used. 

Judging b the yield .~1ven by two . u·rerent halideQ ot 

tbe s atJ:, types of synthesis under tle s&. ..... e co ditions., the 

metallic chlor1des a.re ore eftectiv as e t lyets then the 

correspcm 1 br ides with t exception of aluminum bro de 

and an 1 ~ony tr1bro .1.de. 

Tb ere tore, t . el.r order of act 1 v1 ty i , the k tone synthesis 
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ould be: A1Br3 '?' lC13 ; FoClz> eBr3; ... nCl4> SnBr 4 ; TeC147 'eBr4; 

TiCl47 flBr 4; ZnCl2 > ZnBT,z; SbB.t3) SbCl5 . So tar &$ C6n b 

tout d 11 the 11 tera ture, t . ~ is t 

bromi s h ve been reported a c 4 lysts 1 t. e ··rtedel end 

C f'ts e tone syr1thosi.s, except alumlnu bro 1ae and ferric 

bro~ide, even though alu:a.inu · bro id~, ferric bromicle, u.ntl-

m.ony tribro i de, ate.nni o te r , hr • · e • .d zinc 

rep-0rt.ed e.s e talyst D the :.9oly s;r1zatton c·t bydrooarbon.s . 

In· oonneot ion , 1 t thi w-o k, I .ound t· t the elem nt 

yielding catalyst hich v yie l s in the ~e tone synthesi 

eonfor to e previous Ji,0cnereliz. ti-o ot.' Cal o ay {15) ubo t 

their eh r ,cter1stic$. 

1. b.ll tho.i:·e tes te have Yarin bl e V!tle nee exc pt 

aluminu. and zi no. 

2 . They ~re i:aost l y looe.tod 1n the central Pf! l"t or 
the per1odic t able. 

:i. 'lhe cetalyst. he.ve fairly high boilir.r, o1nts . 



l . The ohy, rou.s rom.1 as of · L· inu.n, titanium tic}, 

antimony {ous} , iron (le} , zi.nc , tellurium (i<d , El.nu tin {1e) , 

have been prepered en te tee , eatolyst tor tbe 1r1edel 
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end Cr a tts synthe s i or '1- methyl eeto;,ner.o .e fro .:... ~c tyl enlor-

1 de 6.nd to l ene. • 

2 . Tbt.s keton$ i.., beet deter· ined by th.e hydroxylu 1:ne 

etllcd . "~tte ipts t e use th tho .. ve highly er-

r atic results under veryin eond 1 t1ons . 

S . ,l umi num bro. 1de is etter tl:wn ttny otter bro'?l1d · or 

chloride yet .studied as ee.ta.lys for hi& sy .. 1theel s . \H th 

the ad<lttion&.l e:xc pti.on or ntL"i1.ony t..ribromiae , the metallic 

bronddee ere poorer cat lyst ... th~n the corr spondi.r· chloride • 

.iimorgthe bro ·1de t h ord-er of activity is: alBr3~T J3r 4 > 
.,,./ SbBr 5 7 1'eBr3 > ZnBr 2 ';, T Br 4 )' 8n8r4 
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