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11.

Ðectral data are pneeented.

(t) The eecoaat part tnvorvea the pneparatlon and

leo1atloa of alkylperftuonoalkylblenuth oonpoundB. sueh

eonpounda rere prevloueil.y onknorn, penfluonolodoalkanes

reaetetl dtrectly vlth trlalkylblenuth eonlrounrle at loooc
forulng both dlal(ylpenfluoroalkyl- and alkylbt eperfluoro-
alkyl-bl emuthfneø. llheee aonpound E are ¡rearllly orlil lecdt

and na¡r be hyrlnolyeeit þr aqueoue al,Ëall rlbenatlng thc
æpnoprlate fluorooa¡rboa. they act ae Lerls aeftle ln
fornln¡g adlcl uote rlth üre etrong baee, ttf nethyrarnlne.

Eelogene rapldly ællt off both alkyl and perfluoroalkyl
grpoupßr rnteiroorwerslon of the nlxeil alkylperflluonoarkyl
eom¡rounda I e neacl lÌy effeatedl. Vapour p¡ressuFe-t€nqlenaturc

andl !.nfra-redl qeotnal data are presentedl andt rllecuseed.

(a) the thtrrt seetlon deals rlth a nor potenttalfy
gøreral methodl fon the prepatatlon of trlfluononethylatedl
rlenlvatiyec of meters. rhe teohnlque lnvolvee paeslng

t¡lfluonomethyl. nadleale, generated fþon elther hera-
fl,uo¡roacetone or he¡afluoroethane¡ ovêrì netals and rac
mort sueeesgfully applterl to the prepanatlon of the nery

oompound bistrlfluoroneth¡rkllterlun!.de. Thie conrpound ia
furtlrolyeed by aqueoue arkall ylelitlng fluonoforn
quantltatlvely and neacte rlth Elencurpy glvlng bls(tnlfluoræ
methyltelluro)nepcury. ßvldence rag oÞtalned fon thc
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fornatlon of trl atrlfluorouetllylbl æuth and tetraklat¡l_
fluononetfurl-lead,

(¿) rn thc flnar eectlon are dlessrlbed reaatloac uecd la
etteqt¡ to prepaiFo perfluoroartylthaltlun øqround s.
Thc ræotlon of perfluorolodoalkanee andl tnluettrylthalti¡¡n
ylelileil iltnatÞlthalllu¡ fluo¡rlcte, rhtle roaot!.ona of ths
t'?e nonnally aueoceafuL lbr the pnapuatlon of trlalryr.-
thalllum oonpouada, rhen miltfled to perrnlt forrnatlon o:!

pcrfluoroal.kylthalltuu dl crlvatlve E, dtil not yletð thc
ðeaiLredl produet,



lv.

lhte thcals contalnr Do EatÇFlal ütah has Þcsn
aooepteil for thc arardt otr ær¡r other dlograç or lltplm tn
any llatverail.ty adr to the besù of tho asthorrc knoúedgc
aadl Þollef, oontaln¡ no mtertal prevlou¡lt prblirhcü or
rrfttca by æothar lropaon, ccocpt rhcrc dqc refenenco lr
udc ln thc text.

kilaa J. PtrLI¡aa

Depq¡tngnt of plyeleal snð fnorganloOhentstry,

Ualver atty of A{tclaidc,
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l.

TnTEODUCIIOn

-

1 a

organonetallfc conÐound6 are gencrally dtaflnetl

aB eoEpounrls posseeelng metal-canbon bonds.l Holeven

lt ls eonvenient to Lnelurtc in thle dleflnttlon, compounrte

rhich eontaln boncte between ca¡rbsr anct metalloldal
clemente2 and lrdeed, to extendr the rleflnltlon etlll
further to Lacorporatc comlpounde rtke trlnetþlphosphlne
and dlphenyklleelentdle, ln rhlch the parent elernentß a¡re

not stnletly even netarl.oltts. The neaeon fon usrng

euch a broarl dleflnltlon le that [n Grogp 'lllÐ fon examplc,
aBant fnon nltrogenr ârL the elemente forn onganlc

dlertvatlvee rhose pnopertlee ean be correratedl ln thc
forn of an appnorlmatery gradedl eerlee, shd it le most

oonvenlent to nefer to euch eoryoundts ai onganometelllo.

ft ls tn thl a general senae that the tenn
torganonntalllc coryoundtn ts used tlrroughout thle theslso
Eramptes of ¡uch eorr¡gounde ean be itlvlrtetl lnto tro maln

eatcgonlea. fho flnst conelst e af those eonpouncls ln
rhleh the metal ta bound to a speolflo canboa ator¡ ae in
the ease of methyl-lfthtn=, tr:rpherylbf emrrth, tetnaeth¡rl-
learl, ete. rn the seeond elaee of conrpout¡ds there la a

genenallaed bonrllng of the metal aton to a eonJugated

rlng 8y6tem as ln bf s(eyelorpentadt!.eny1)tltanlr¡m rtl.ehlorlde,
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tllbenzene chrord.um, ete. Ìhe chemlstny of cottÞoundr

belongtng to thle latten cr.atss 1g not of dlrect lntenest
to the wonk cleænlbed ln thrs thed.g anrt cltscueslon rlrl
be lfnltecl to eom¡louncle of the flret ty¡le.

ålthough moet of the on!.gtnal wonk pneeenterr

ln thf ø thesle 1a coneerneil wlth penfluonoalkyl

dlenfvatlvee of varroue eLenenta, lt l e of beneflt to the
dllecugelon to eoneftler flnatly æme of the most

lmlrontant general frettrres of organometarlle cornpoundls

antl then to eonslrlen the speclal featuree assoc!.atedl

rlth bonda betveen elemente ancl a carbon atom of a

perfluonoarkyl groqp. The term Fponfruoroarkylrf neferg
to organla radlcals ln whleh thene has been totaL
nep1acement of furclrogen atoms by fLuonlne.

2. TEE NATURE OF C.A.RtsO A.L BONDS

(a) Inflr¡enoc of Electronesatlvlty

EeeentlaLly the oarborpmetal bonds of
opganonetalllo oompounds are oovaLent ln naturê¡ lIoçeven

lf thene 1s an electnonegatlvlty dltfference between the
partloulan oanbon atom ancl the metal, the bond wlL1

poseees aome degpee of loale eharacter rhfch ts
pnoporttonal to thle ftlffen"neà.J rf thls dtlffenenee

le more tban 1.7 on the paullng seale the borde wlLl
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have gneater than 50É .lonle chanacten and oorrpountl!

porscsslng Euoh bonda, ê.sr ethylgodluE, ål@lay nany

featunea nonnally aeeoelated rlth salte. rn tho
naforlty of organometalllc oo@oundle thls erectro-
negat!.vlty dltfferenoe Ie leec then the nontnal value of
1.7¡ but the oarbo¡-retel bondt nay stlrr poBseEr a

ilegneo of poLarltfr the nagnlturte of rhteh ls of gneat

l@ontanee ln dleternlnlng the pnopertlee of tho
aubstance. Slaoa all netals aFG poøltlve rtth nee¡leot

to oarboa, the freotlonal eleetnon!.c ehangeø formally
rcslillng oa tho bqrdeit atørns nay be rqrresentd thuc:

gr 6+
c_r

rf then, the srganonetalllc conpoundt le cxpoeed to a

ncagent llke vaten, ln çhlch the polanlty of the þdlrogen
atona ls poa!.tlvø rlth leqpect to ôxygen¡ the ¡relevant

fragrent ¡ ef the tuo æLeeules rirl be orlentedl thu¡:
6_ ó+

c-x
é+ 6-
E-OE

Hence an aotlve Lnte rned[ate f.s fonnçd rhlch, lf the
free energ:r la favonaÞle, rltl glv6 ner bonrla dtepleted aal

cxlt
EOH
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The obcenved pnoducts of thie þttror.yeis ræactlon rilr
then be the metal Ìqrr{noxlde and a }ryclnocanboa.

IVclnogen haLkleo slnd.la¡ly rouldl produce netal halietea
anrl a furdnoea¡bon.

lhe eleotnonegatlvlty of alky1 grows dteereases

rlth lnereaslng slze, f..e. 0Or)CZH5)tJ"7, ete., wlth
the neeult that the ionlc characten of the netal.-GâFbon

bonct f.s lees ln the caso vhen an etþ1 groræ iç
attaehed to a pantleulan netal than when a mettryl goup
1s attachedl .

(b) Effeets of Stze of OrEanlc Groupg

Ae rell ae the effect on the electnonegatrvrty
of the carbon atom attaahecl to the netaL, an lnereaee
ln the cLse of the aLkyl groqp pr"orl ueeB ehangee in the
pþsieal andl ehernleal pnopertles of a nelatect eeries of
corrpountla. Fon exançle, the bolrlng polnts of the
alkyls of s!.lleon lnøreaee rf.th lncreaslng slze of thc
ethyl grouÞ. There ie aleo a dteereaee rn ehemteal

neact!.vlty wtttr fnoreeclng slze of the onganto nadllcal
attached to a pantteuLar elenrent. Thle featune f s
exenrpllflerl by eLemente of clror¡p vB antl ln the case of a

eentee of phosphlrr*"h f t f e foundt that, whereae in alr
tnlnethylphoephlne neaettLy lnflameo, tnletþlpho sphlne



5.

tencls to fume, whl1e trl-g-butylphosphlne 1s qutte stable.

(o) Effect of lfeta1

fn ar¡y parttcular Gnoup of the penlocllc table,
tho propertles of anaLogous derlvatlvea of the elementc

are gnadlerl negularly. For exarrple the bolllng polntc

of the tetramethyl elerlvativee of the eLer¡rente of

Group fVB lncr:ease flnon oarbon to leadl. The ohemlcal

reaetlvlty llkerlae foLloçs a regular pattenn wlthfn a

partlculan Gnoup, but the trencle are not neoessaplly ln
the aene rllrectlon for all Gnoupe, nor even for the A

andl B Subgroupa of a panttcular: Group. In Gnoupo f , fI
anrl IfI oonparable onganlc elenfvatlves of the A clements

have reactlvltles whlch lnoneaee wlth lncneaElng atemlo

numben of the parent ellement, rhile for the B elenents

the onclen of reaotlvlty la nevensed. In Gtroupa V, Yf

and VIf these genenal features are conÐletely the Feyensc

ancl for thc onganle tlerlvatives of Gnoup IV elemente,

ohenleaÌ neactlvltles shoy trends lntermedllatc betreen

those of the elernente tn the Clroups on elthen altle.

3. EmCHANGE REACTT OI{8

Speelfle neferenee to the va¡lety of methoeta

ueecl ln the ryntheele of organometal.lla compounele wll-l
not be marle at thls etage, although aome lnqportant oneo
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are lnclurled Ln the followlng cllscusslon of two ty¡gea

of exchange neaettone whlch are of partlculan lmpontanoe

1n organometalllo ohemlstry ancl of relevance to thie
etudly. they ane ela¡elflea ag (a) group exohange, anil

(u) halogen-metal øehange neaetloas.

(a) Orouo ExehanEe Reactiong

fn a study of eome exchange neactlons vtth
leacl oonpounde, Callngaent et a1.5 shoved, rlth the alil

of radlloaotlve tnaoena, that at moderate tempenaturer,

ln the absence of eolvent on eatalystr âtr equlmlar
mlxture of tetnaethyl-lead anrl tnl ethyl-leatl ehlonlcla

qulte rapldly reaehee the equllfbrlum r€preeentect thug¡

(czfrs)¡* ru¡ * (cz\ ), rucr:(czb)5 pbtcr + (czfrs)4 rr

Â11 four oonpoundle e¡let ln the equtllbnlurn ntxtu¡re la
ldentloal proport!.ono¡ fllntlarly when dlfferent
organlo nadleal¡ a¡Fe preeent ln the twa 1ead reaotant

eoupounða, the entlre lrange of pogelbLe alkyl-leadl anil

alkyl-learl haltetG oonpouncle æpear.s ln the equlllbrlum
n!.xtu¡re, The follorrtng reaetlorr6 te tyBtoal and thc
productr founrl ln the equlllbnlum mlxture are thoec

predlcterl.
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( cnr)U nu lcnr)¡rpb + lcnr) ,(c2E ) pr + çcnr) z(rr*5)rrr

* lcnr)(cfs)rru + (car5)Uru

+ +

( ceu¡ )¡h çcrnr)jPb cI + (cen5)r(cnr) pb qr +

(cz\¡1cnr)2Pb ct * lcn ) jPb cl

rhls auggeetecl tTråt naËllaal oxchange mlght be poselble

betreen tro ¡llffe¡rent tetræalkyl-leait compourde anô

aecorcllngly lt çaa ehorn tbst at nodlerate terq¡eratunec
(¡o-t5OoC¡ anct ud.ng satalytle quantttleaT of an afkyl-
leati halldle, conplete lnterchange of alkyl radlcals
oeoure, ylelallng the eaLoulated nunber: of eonpounrle ln
anounta predlletd aasrmlng ra^adom rllstrlÞutloa of
organie radleal".8'9 The exchange nay Þe repreeentedl

thue¡

qrPÈ * BüPb- Bhfr * Rfrpb + R¡nFb + nnfr + ndn.

Compourde Sund to be suocaeßful ln eatalyd.ng srah

reactlons f nolde organoætalltc corpouncls 1lke trletÌryl-
lead bnomlcle, trletbyltln ehlorldle, ete. ancl netal

halldee ltke alunlnlum trlchlorlele, sino fl¡ærlrle and

blmuth tnf eblorfde.S The latter Gompoundls arle

eapabLe of fonmlng orßanonetalllc halliles unden tho

reaetlon ænclltlons. In the abænce of suoh eatalyeta,
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ln noet cesea the redletrlbutton neactlon cloes not

sccur. Slmllar exehange neactlons have been found to
take place between alkyl and æyl derlvattvee of a

number of other elements lnoludllng tln, eilleon andl

t"oo*y.1O fn eash cåBe aII posslble combtnatfone of
radlleale attaehedl to the metals avallable are foundl ln
the equtllbntum nlxture. The prorportlon of eaeh

pnodluet 1a found to be that caleulated from the Ìawa of
pnobabtrttfrll 1.". that erpeoted for: ranelom dlletrlbutton
of organlo rarllcal.e. the flnal eorpoeltlon lo
uneffeeted by tho oholce of eoJ.vent, eatalyet oF

tem¡lerature andl oniLy depends on the m1e ñacttons of
the organlo ancl metal eompoaenta. Provldlecl that the

same proportlon of each dlfferent troe of radtcal anit

metal atom are usecl fon a partleular system, the flLnal

coryoeltlon 1s aLao tn¿teipendent of the startlng materlal.
Ehus an equlrnlan nlxture of tetrameth¡rl.*leadl andl

tetraethyl-leacl, on of trlmethylethyl-leatl and

nethyltnlethyl-leadl; or the singLe eorqroundl

illnethylrllethyl-Learl, gfvet the sam€ pnoducts ln the

aante pnoportlona.

îhe aetlon of the oatalysts ln these neaetlon¡

le ex¡plalnecl knowing thåt eompounde tylplcal. of thoee

ueetl !"n thla capaclty ane oapable of the neaetlone etrosn
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belov, the oatalyste belng urderllnedl.

AlCl j + R4Pb 
-+ 

B AICTA + Br,pbCf S

R Arcla + RUpÞ R,A]'cl + Rrfucri 2

BdPþcl + R4Pbr-= Rfb¡61 + RUPu5

The satalyet o nay then Èc onurlely dteeorlbecl as carlrlers
ef the goupa Þelng lntenohanged. rhe mechaal m of
the rødlstrlbutlon reactlona obvloualy fnvolves nacllca.ls

a¡rel atons but the Lor ter@enaturoa usêð arict the
eomplete lack of eeoon+ilaFy reaotfon¡ iniltcates that
free atome and fnee ra¡llea1s aFG not present ln the

rystem. rt fa auggeeted that there ls a Feye;rslble

fonnatlon of a weak corpLex oonsl stlng of the eataLyet
anel oÃe or Ero moleculea of the conpound undtorgo!.ng

the rodletrlbutlo¡ reaetlm. Ilhen the conpr.ex Ë¡reaks

lrÞr the oonstltuent rnleeuleon tncludllrç the oataryst
ltoelf, posseas the a¡rpr.oprlato number of onganlc groupr

taken at nandom fron thoee walLable on the lntenmediat€.
Klnetlo studlles suppont the oontentlon that thc
rodlstrlbutlon roactlon 1e not one of etqrrleo replaoe-
nent but of conpletc, ranðon e¡chango of g*op".13

Xlxtures of trlaLkylalumlnlun oonpounda ana

oapable sf alml.lar redlcrtrlbutl0n reactloncrlh uot the
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rG3hatrlgr !a sone¡rhat Bore eloarly ileflacdl thâa for tho

caßa of the lead co¡qroun|s. foet trlalkylalud.nlun

eoqroundla e¡lgt ln aaaoelateil fonnø, 1.€. ae dlfnera¡

trlncra or polylle¡lg o¡l.t e, aadl aa tuch bølong to tho

elaas of t6l6€t¡or ôeflelentt Go6po¡¡Büt.l5 Although

alurlnlua has oalt tlrree cleatnont ln thc valenec ahallt

lt stlIl tede to uae all foun of tta ava!'lable ql5

srÙr!.ü orùltala. fhl e glves rl ae to æ-oal1cil

icleetron dtefletontr bondlç slnce the nunbe¡F of t¡s-

Gc¡rtl¡ê bondlg elcceda the nunber¡ of avallable ølcetron

pelr3. th¡¡¡ the illuenlc forn of trl etbVlalmlnlua uay

be mrlttcn

(c(ø* ) f5)

(c2q5) (ceB)

In a¡eh a ooüpoundl there ls a total of tilo elestnoac

laVolVeit tn tha llnkagcg A1 . .. r C .. . . rll r OanbOn

aupplytng oBe 8Df¡ the aloulnlun atona eupplylng a total

of only oEGo

The aasoelated cpe€les atre qultc aqlablo of

rlf esoelat lon.l 6

ï"'
6%

T*
cff'

A¡
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(Hnr)r -¡ eal n5

?ha crlsüenec of el¡ah equlllbrla thersfore adnita tha

poeßlblllty of groqp arohangc ln nt¡turee oontatntng

dtffer"ant trtarkylalud.nluu eompound¡ aocordlng to tho
fol.loulng sohenes

njAl * n]Al ==+ nzåI' ÂJ'På --DeAfR? + RAI Rl
R

pt

îhla t¡ found to be thc caac, cLace a ul¡tnrc of tnl-
lebutylalunlnlun and trtnetþlalmtntun haa been sÙrorra

to conta!.n dL-l ¡o-þ¡tytnethylalunlnlunrl 7 thr rcsotfon
belng ¡ec4lroscntedl aa¡

e Al(bcqb)¡ + ,u(crj),=-i Er(Å-o¡Hg) zas,

Eoreycr, although crryotcoplo naaauremeatc indloate that
thta aqutllÞrl¡¡u la establtaheal ln the ntxtune,

ô1stÎIlat!.on Ln thls caæ ylelile the orlglnal puro

rcaotaata. fhl¡ proÞably lndlleates that the ml¡turÊ,

rhoaa ooupocltlon 1s eontlnnally ohanglng dlue to removal

of t¡:lnetlVlalud.al.uu by the itl stlllatlon, cqol1lbnatca

aufflclently naplü).y fon tr{.nethylaLunlnlun to be

genaratcü frop nctlVlell-!-butylaluulalun ee quletsþ ae tt
lg lpeuffod. 8laoa illstlllatl.on of nl¡tures of dlffereat
alkyl-Iaadl ooqounds yle.ldla thc 4proprf ata purc
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oorrponentarS tt appeare that the nate at whleh

equillblelum ls attalned ln such oaÊes ls nuch elowelr

than that for the alsnlnlun eystem cleeerfbeal above.

Oroup exehange neaetlong al.so oecur when

tnlalüylalurÉ-nlum andl trlalkylboron conpoundle a¡ee mixecl .

Llke aLunlnlum, bonon funne eleetron cleflalent bnldge-

gtruetu¡reel oorr¡gounclrrlS bot uaL!.ke alumlnl.um, lts alkyl
rlenlvatl.vøo are not assoelatedl rlue to stenlo effeete.
llevertheLees the fol1ou1ng type of equlllbrlum 1a foundl

to oucol¡18

R
.R

-R'RlAr + nin- :-¡1' E\Rt
-RzB

tÂl + RR'B
2B pr'

thls f;act le ueedl ln the preparatlon of mlxedl tn1a1kyl-

bonon oompounile çhlch are obtalned by mlxlng tro
tllffenent tnlalkylboron conpoundls ln the ppesence of
catalytla amounte of a sultable tntalkylalumÍnlum

oompoundl.

Reoent lnveettgatlons errpLoylng the teohnf quc

of nselear nagnetlc resonancê ehowedl that group exohange

aløo oceurrs ln ¡nlxttrrea of (1) tnlmethylelumlnlr¡rn and

ttlmetÌ¡ylcadmlrmrl9 (f f ) dlnethylzlno antl dlrætlrJrl,-

cadmltrmrl9 ( lrf ) tnilnetþrl- andt trletlryl-thalI1uil.Ð
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(t)

thl e tylpe of exchange reaetlon na¡r be

r¡ø[rrc senteel by the fo1læl ng GrIrrFe eei.oa¡

nË + Rrx-->Bx + Rtl

rherc P and Rt are illffenent onganlo groupe, X te a neüa1

andl X a halogan aton. llre forratlon of o-anlWl-
llthlum anrl n-butyl bonlde from o-brorre-anlæIc andl

n-butyl-llthtrsm ças one of the flrst Ënom roaetlona of
thi a Q4re.21 '?2

LT
s-c4$t t + s-Qrþæ +

Þ

@"3

Although 11th1or25 1g tha netal- most ueed ln thle typc

of reactton, halogen-uetal lntenoonvercLon peaotlon¡

have boen penforneð uslng æillotr?4 mgoed. umr25'26

ba¡luuÊ7 aa¿ a-1urdnlut.'6 Äu unucual lnrogen-netal

lntenooavenalon neaotlon Èetçaan aryl lodldcc arid

orlganoærcurelr ootqloundÊ oecurs ln the presenee of
oatalytle quantlttes of aB apprøpnlata or,.ganollthiun

co*pomü.28 The pnooeaees oecunrtng a¡pe oonslde!.ed to be¡

*"5

RaEg + 2 RrI'l =:2 nLl

2P Lt + 2 RtI 2BrLl

+

+ znl,
Bå{B

thc aililltlon of theee tro expreoerlons lnrllcatea the



.14.

ov6æa11 obseryedl reaet!.on¡

A¿Eg + ARtit 
-nåEg 

+ Z?T.

fha lntersonyeralon neactlong anpe msË

sqeee¡du1 when todlilc¡ or Þronldea anc ueed, althongh

ohl ælrtee hava been uucü.Ð tF Organto fluo¡rtd cg âc

not partlelpate ln a¡oh reaotlon 
".31 Eoth elhyl

and aryl halltloa Gan be usetl la theee reaot!.on¡ rhlch
arto generally carrled out ln ethcr aolutlon. lhc
roaotlono are reielreible mil the¡:efolc ln the e=anplc

ehosca belov, the equlllbrlun:

e-C¡btL + crËU r--fc¡bI + cnE'tr

t* estaÞllEhedl regardl1e¡e of the dllrectfon firou rhlch
lt la @proaohoû.32 A clntla! cqullibrlun nlrturø fl
obtalned tf aryl hallilee anil sryrl-llthlua eorçounår arG

Bged.

C6E5LI + Z-OEj.O6S+t =-p-Crg.C6%Lt + C6E5I

lLthough the neaetlone betçeen,qy1 hal.ldce andt alhy1-

X.lth!.un eompoundo arc not reverelbla, tt 1e sù¡ggÊstril that
an cqufl"lbrlun tloar a¡løt Þut that Lt le {lt4laoctl
greatly ln f,avour of the formatlon of the aryl-1!.thtrm
andl alkyl hal.lilc¡
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The nochanlsn propoeecl for the halogen-rctal
lntcnoonvenclon ¡reaetlon lnvorvee exohange betrem
llthlun and an eleotnoporltlve ha-Logen aton as lnatloated

ln the foll.orlng echemo¡
+
x

+
I z \-,/.c. _Ð c_x

,/^ ,/ +

+r/
Ll_ c

'/-\
+

+

the reaoon f.or the ittffereaees ln þcbavlour of the
halogenø ln theee reaetlona.La.then appanent, øtnce the
electro¡rosltlvlty of theee eÌementE Lnereaaec vith
lnerea¡lng atmls numbor. Ihe.poeltloa of the

cqufllbrlum ç111 rlepend langely on the nelatlve eleetro-
nagatlvltlac sf the g?otrp! R andt Rt ln the agetenl

RLt + ¡r¡¡+nrll + RX

The netal 1e prefcrentlally ettaohed to thø organlc greoì¡p

ef grcater elestnonegatlvtty anrl the yleld of a dlestreal

procluet r11l theneforc Þe dleter.rnlned Þy the releetlon of
¡uch g?oups.

h.

The total replacement of þdnogea by fluonlnc
atone ln aa alkyL Foup glvee rl ee to soril€ completoly
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ner propertleB ln the penfluonoatkyl group. These

cllfferencee ln behavlour between alkyl. and penfluoro-

alkyl grocps are very pronouned ln the fLeld of ongano:

netalllo ohemlstr"¡rn andl ln the folJ.mlng dlscusslon,

nefeneneea are made to the nore lmpontant features of
thle klnd.

(a) Influence of Electroneqatlvlty

Ac hae been lnrltoatetl pnevlouaLy, the bor¡it

oharaeten of a metal-earbon bonit ts governed, to a flret
approxlnatlon, by the electronegatlvlty cllffenenoe

between earÞon anel thc netal. Partlcularly when the

other atome attached to carbon have electronegatlvltle¡
gneatly dllffenent from that of carbon lteeIf,
oonelileratlon of the eLeotnonegatlvlty of the onganlc

raclleal aßr a whole enøupeB ¡noro accurate explanatlons

for the behavloun of sr:eh gfoupg. lFhe followlng table
of eleet¡onegatlvltlee Lndleatea that the generally

aocepted vaLuo fon the tnlfLuorornethyl group ltes
between thoee of fluorlne ancl ehl-orfno, wlth the neeult

that ln marry' lnstanees lte behavlour reaembles that of
the halogens of low atomlc number.

1[heneas the onden of deereaaing eleetro-
negatlvlty for penfluoroalkyl groupe le Cf3) CZES)CaF7,
eto.r the aetual values ane arl elmllar.ry htgh anrt
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fABf.¡Ë 1..1

F

æj

c1

Þ

c

r
o"t
I

aocordla8lv" suah groqpE are gcncnel].y attacheil to atons

or radlsals øf lover aleotronegetlvlty. thc øbvloua

Gonacqsenoe of thâa faot ls that ln a parfluoroalkyl

ooqoundl, tha Þerfluoroalkyl gFoup ttll be strong!,y

elestron-rltldrarlng. ?hl a nartedlly affeeta thc

clectron ûonor-aecepton ¡rnopertlee sf the elenent to

rhlch lt !.a attacheil. fa ooupounds contafnlng elencnts

pûrlaesËlng lcne eleetron palre for oxarpler the offoet

of thc perflluonoal.ÈyJ. group ls to grcatLy reiluEe tho

avallabLLlty of thle eleetron patr.
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and of the carboa-fluortnc bondl (rr¡ koaL. nþ16-1 )lt.
Eense a hlghen etaÞllLty ancl loven reaet!.vlty la
cxpeetedl for the fluonocarbon Epoup than fon the hydno-

oanbon group. Itr adilltlon clue to the larger clse of

fluorlno than l{¡clnogen atoms, a greater proteotlon of

the oarbon ¡keleton le provldletl by the attacheil fLuorinc

atonts. thaee tvo faote fuply that htghen caenglee of

actlvatlon alpe nequlned to brealc oarbon-fluor¡lne bontls

andl that the neohanlsms of attack by neagentc at thc

oarbon atome le eeverely llnlted dlue to the sercenlng

of the oanbon ehaln. Suoh cffeets çlll then lnfluencc

the notles of rieootEroeltlon of fluonocanbona. ft le

reIl known thst py'rolyetg of þdlrocarbons eauaes loee of
bydrogen and the productlon of unsaturatetl hycbocanbona

o¡r oa¡rbon ltself bot the energr nequlrecl to break the

oarÞon-fluonlne boncl la greater than that for the

oarbon-oanÈon bond. The reeult le that 1n a fLuotro-

oarbon, dlacompocttlon of the mleeule 1s prefcrnedl to

nemoval of fluorlne atomr. In eonpounrla IÎke
tnlnethylareine anal tnl ¡tntfluoromethylars1o"55

clmllarltlee ln the dleoonposltlone exlet. From both

of these conpounde ratlleals uay bc generatedlt the

aetfvatlon energfes requlrecl for theln fonnatlon belng

approxlmately the sane. The dleoorrpoaltlon of these

radlcale rloee tllffer horever. The followLng schcmc
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dlascnlbea the fate of ths aethyÌ radlcal.s derlveil frøtl
ûnLnethyLan sl na ¿

GEj' + Aafe' 
-+ 

Aaf,cr'OHr'

2 Cfr,r. _+ CA% * fr?

?. CEr. 

- 
eEa + .OEr.

lrlfluoronethyl nadleat.s hoçever, æ¡r dlcooqoßG to glvø

fluorlrlrr sadl thc dlluatr or a hlgher polyperrlo.forn of
rllflsorooarboae. Euch f c tha Gaa@ ln tho pyrolystø of
trl atrlfl uononetbyl ttlÞlnc, 52 tnt pr"educt e þelng antlmny

trlfl uorld c, tetraflsoroethyl Gno, perfl uor.ocyeloBFopanê

anå other unaaturated ftqonoearbong.

(a) fn Pa¡rt 1 of thla ohaptar aona tyTes of cxohango

reaotlons occurrlng ln organonetalllc ohamlgtry r6FG

dlcscrlbedl. Perfluoroalkyl dlcrlvatlves of a nmber of
ætalc are able to undlergo enreharrgø reaetlona, Þut

áctatlr of theae vtLl bc glvcn ln the appnoprlato

elupteno to fìollor.



21,

1.

2.

3.

h.

BI BLT OGRAPHT

Coates, r0rganometalllc Cornpounddr, Methuen, f,ondon,

prefage.

Roohow, Hurcl and Lerls, FThe Chenlstry of Organo-

metalllo CompoundlcF r ì¡llLey, New York t 1957¡

Chapter B 'l e2.

Paulfng, rÎhe Naturo of the Chernlcal Bontln, Znd êdl.¡

Corneì.J- Unlverelty Pneae, fthaca, Ns Yonk, 19bO.

Goctetan{!, uA lext-bcik of Inonganle Chemlstryil,

s6. Fnlend, Gnlfftn, tondon, 1936r Þp. 8-'lJ.

Cal.lngaent, Beatty anct Hess, J.Amer.Ghem. Soo o r

1939, 6d-, 3frO¿

Callngaert, Soroog an¿l Shaptro, lbtd, 19tr0, É2, 1'l0lr.

Callngaert anrl Sonooe, lbtd, 1959, 61-, 2758.

Callngaent, Beatty anct Sonoos, lbld, 191+0, 62, 1099.

Callngacrt, Beatty and l[eal, lbld, 1919, ÉL, 2755.

Catrlngeert, SorooÊ an¿l fintzila, !.bld, 19lr0 r 62, 1107.

CaLlngaert andl Beatty, lbtd , '19n, fi-, 2748;

Gtlmen anct þperson, J.Org.Chem. , 1959, þ., 162.

Gl1man, HOrganlc Ghemlstryr r 2ncl etl., Wlley, Ner

Tork, Chapten 2\.
Zelgler, Honganonetalllc Chemlstryr, ed, ZeI es,

Belnholdl PublLshing Corp., tew Tork, 19ffi,

Chapten 5.

Longuet-Hlggtns, Suart.RevE. , '1957, L, 5t12.

6.

7.

8.
o
J'

1Oo

11.

'|-2.

1J.

5.

th.

15.



16.

17.

18.

19.

ñ.

21.

2?.

?3.

?.4.

?r5.

26.

27.

28.

8.
fr.
51'

32,

,r.

?.2.

Laubengeyer and 91111am, J.-Amer'.Chcn. Boc. 2 19lal t

Ø,477'
Eoffna¡a, Ann., 1960, @9, 1ob.

Kö st er anit Bruno, A4û. " 19fu , 6Ð , 89.

Xo0oy endl AlÌreil, J.Aner.Chem. $oc. ¡ '1962. fu, 9'12.

Ëahcc anit Evana, Proo.Cheü.Soe.¡ 19611 2Ð8.

Gllmaa" Langham ard Jac,olryr J.Amer.Ghen.9oG. ¡ 1959¿

&, 106.

Gllnen anrl Jeooby'iJqOng.Chem. , 19!8t 7t lO8.

Jone¡ and tlLlnan, iOrganle Reactlortr, Gdl" ^Adanst

Wl1ey, Hor Tork,- 1951" Ghapter 7.

Gllnan, toore anal 8alne, J..Amer.Chem.goo.r 19!rl r

Ø, 2kT9.

Gllrnan andl $atr, t.blal., fgbf , 6a, 1553.

Gllmn andl Haubeln, lbtdt. j 1945, 57, 1O3t.

Gtl.noa, Haubeln, OrDonnel,L and looile, lblal.r 19h50

Ð., 922.

@llnan andl Jonec¡ lbld, 19h'1 , fr,, 1lil3.

OLlnaa ard [oone, tblil, 19bO, É?, 18113.

ff.ttlg anrl f!.tt, B€r., 19bl , At 'lb7lr.

Ílttlg, l$aturrlÉla.¡ 191+2t Ð.o 696.

Gllnan anil Jonea, J..Aner.CtrGü.8oE. , 191+1 , 63, ll+h{.

Ctart, rÂdvaneec ln Fluorlne Cheunletryt, Gil. Stacey,

Bctterrorthc, Lonûonr Vol. 5r P, 21.



2t.

Jh. Sl.none anal þtac, tFluonlne Chemlsttry", Acetlenr!.c

Press, Ileu York, '1951{, Vol . 2¡ p. 533.

35, Ayeough and Eraeláue, J.Ghon.$oo.¡ 195h, 3J8l .





24.

Thc ohemletry of the perfluonoalkyl denlvatlvee of
the Oroup VB elementa has been lnvestfgated ln rcne

ilctall than fon any other group of elements. Ehls ls
clue to the relatlye ea€e wlth rhlch, ln pantlcular,

Dhoephorus, arBenlc ancl antlmony form cueh dlerlvatlves.

Àlthough perf,luoroalkyl derlvatfves of nltrogen anc
1knownr' thetr proBertlec, llkc those of eompoundg

of other Flrst Penlodl elemente, are fnequently

dllsslmtlar: to those of analogous compouncls ln thc

partloulan Gnoup, andl æcept wherpe pantlcularly re1-evant,

ane not dllæuseed ln relatlon to those of phosphonua,

ansenlc andl antlmony. Perf].uoroalkylbl muth oompouncl e

rere unknown prlor to thls rork andl 1111 be ittscueeedl

aeparateLy ln Chapter Illf .

,I . PHOÉIPITORUS

( a) flalopenfl uoroalkylpho schl nec

the neaetlon between rhlte or rd phosphonua

anô tnlfluoroloclomethane at hlgh teml¡enatures yle.lils

trt st rl fl uoromet hylpho ¡phi n e, 1 ott ob I et nt fI. uoromethyl-

pho ep ht ne ancl dtl-lort otnl fl uononet hylp ho qphl nc, toget her

rlth snall quantit,les of phoæhorus locll d.es.2'3

v
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æo-2'¿f,0r + crrf (æ¡)f * (*¡)rPr + crfre* Parlr + Pr,

81.¡oc trlfluorolotlonsthane san be prepa;r6dl by hcattug

togother a nlxturc of stlver tr"lfluoroaeetatc ¡nil

lodtnc rb

cFScoo A¡ + 12 Æ- gFrI * frz + ÂsI

lt l¡ not surprtailag to flrd that lf phorpho¡t'ue le
lnsluilcil ln sush a reaotlon nlxturo, oonpoundlo of thc

foru (or])nPr,-a ile pnodcocü.5

o'F5coo ¡rs + F + r e-_-( ol) f + (orrl zn * æfl z+ PoFr+

CO, + AgI

When phoephonua andl þeptafluorolodopropane ane heatod

togethcr, onlf lodobldroptaflluoropropylpborphlnc and

rll-lodtohepteftuonopropylphoæhlnc are fsrned anå ne

trl ch€pt af I uoropnopylpÞo ryhl ne. 6

cff r P-+ (orrr)¡r + cffr n

Unltkc the anal'ogous reaotlon betreen alËyl hallôea, Grgr

ctlV1 lodlile, anû phoqhonus, rlrleh glvc thc approprlat'e

tetrr-alkyl ronlun hatlil"rT oo qnaternary eo@ouat

¡reeslta from reaotlone of Berfluoroal}ry]. toütitc¡ anll

pl¡oqplrortrrr Îhe rechanlm of the latte¡r reactlon,
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although not fully urdCrstooal, le oonad.ðcred to lnvolvc

honolyülo flaslon of the C-I bonrl of the Perlfluoroalkyl

loillde anô attsok, of the perfluoroalkyl and loalno

radlloaLc on thc nnetal-netaltr bondr of, the tetna-atonfc

pho æho¡lu s tütlGool ct. I

Éqolltbrlun reaotlone e!.ntla¡r' to those thought to

og¡ur ilu tng thc reastlon sf phosphonua ¡i[th p€rfluoao-

alkyl loilldes havc bsen gbær'ved thcn e g¡lxturor elthcr

of t¡llstrlfl¡onometlrJrlphoerphine antl loillna, or of

tri etrl fl uorouet hylphoæ hl ne, I odl obl stri fl uononetþl-

phoqghf ne and dll-lodlotrlfluorouettfylphosrphl no I e

heateil.S çhc reactf oas oceurrlng ere repreecntett Ë¿Lol.

( c?¡) r! + re:( w r) zer + crtr

e(@¡);nr :(tr:)f + oFfrt

2 eîfr.z (orr)rrr + Prt

e PI, -+ P#U 2+f

Ilot.tber lodlotrlfluoronethylphoæhlna has a ìyclroealþon
o

anaLoguov butr 83 expeoteil fron oot@e¡teon rlth knoçn

Þloalkylphoæhf Do8, they arc both aln r.eaattve as ls

t¡rlstrlfluoronetþylphoæhlnc.5 ÂI1 the coEpoundta

bav!.ng the general fornula (cfr)orf3-o"ot reailt'ly
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hydrolyaedl È¡r aquaoue altsall, llberatlng flsonoforu
guaatitatlvely.

(w¡)f llaoE'¡ oF'

(@:)rpt@q z cEEs

*fr, ræBcm
5

fa thlr reqeet they are mrtcilly dllffarcnt fron

hale¡1¡"1phoehlnca ;hleh' aLtbough realllly tVdlrolyeedl t

dlo not uatlcrgo phophorue-oarbon flsalon rcaotlonr untlcr

thesc aondlftloor.lO fa adttltlon, although

t¡lrtr!.fLuoronethyl"pho4hlno 1a not affeeted! Ùy ratar

at roou tcryæaturG, loilobletrlfluoronethylphoæhlnc ls
¡ttaot.ell by thLs leagent and ll.benatel one nolæulc of

fl uorofo rE, rhll e ä t- I o dl otrl fl uonoaethylpho @hl nc I o

also attaokd b¡rt dtoec not llberate any f1uonoforn.S

thc loelotrlfluoronetbylpho@hines æE of great

lqlørtanoe rynthotlca].]'t for they rndergo reactlone to

glve a varllety of trø; offipoun6s. îhelr traatnent ¡1th

rll'ver hallrlcs (aadl peeudlo-halldler) ylelde thr
rppropr!,ato ncr haltllc¡5 ¡ocorûlng to the follorln;
equatlonar
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(crr)rrr + dgcr Ðo - (æ¡)aPcl + ,tgï

orfr2 + 2 4ßc1 ?O-1OOo CrfCXa + 2 ILrI

(æl)F+ Agor Ðo' (ffi¡)aPcr + aer

Eluo¡nobl ctrtfluororetlrylphoøphlno re sult s from tho

reaetlon of lodobletnlfluoronctþlphoqphtne rtth
antlnory trl fl r¡orLda.l I

(b) Ealonhoæhoranar

the roeçtlon of chLorlne rith e¡rcegr

trl strtfluononøthyLphoehln¡ at 1or tenqgoraturee yleltle

the pentavalent phoqhonus oo4oundl trl strlfluororethyl'-

Bhoæhorr¡e dll chlonläc.1 2

(æ¡)f + cL, -l¿oo0 (mr)fora

lPhl¡ solqlounÈr rhçn diaaolveil ln aoetonltrlle, alrort

elcotrolytlo Þehavlour alull.a¡ to that of phoqphoru¡

pantaclr1orlrte rù1ch 1r Enorn to dllesoelatclJ aeoorôlng

to the follovlng æhenet

2 PCï1--'I¡CXU+ +rcf 6

the dlt seocl atlon of trl sürlflaoponethylpho qhoroc

illoblsrlcle tnto Lon¡ proeoedc ú.nllarly.

-
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lo todotrlflmronetlrylphoqlhonaae c haya been

oharaotenlcodl antl they are thought to cxlet only at l.or

te4craturca, lf at all.

( o) Ad.noehoæhlacr

Chlonobl gtra fl uorouetlrylpbo qlrlne rcacü c

readlllt rlth a nunber of auúncs te ytaldl thc qrpnoprlatr

antnopho.phlor.l6 Thø nesatlon of the pboæhlnc rlth
annonLa 1s tyTlcel.

(æ¡)a Pct + af,Er-(tr¡) z ffiz + r[c:.

Stnec lt t s not poeelble to replace EoFe than onc

Iydrogøn of, the antnc by (O¡) f fn g!.ve oorupounda llkc
(crr)¡rr r(cFr)2r tlrs lnternedtlatc lnvolved ta

oon¡ldsrcdt to þe of tha forc:

CF CF
3 5

P

m,

Loas of þtlrogen ohlortdlc then sooounts f,or thc obsGrveå

proûuots. tho other Inota ad,aophoaphlnoa ln thl¡
etaog are (ctr), rrrcrr; (æ¡)fnten.)ú (ffir)iPrmh.

Gl
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(a) Dlerrosþntnaa

The neaatlon of loclobl stnlfLuoromethylphosphlnc

rlth mereury at noon terBenatune ylelcle tetraÌ.tet¡rtfluoro-
netfryldlpho ryhlncJ al.mo st quantItatlvelJr.

2 (cF) z 
pr + Hs--(æj) * - p(crl) 

z + Wrz

When thls neactlon le parformeel ln the preßence óf a

pnotle solventlT ".g. lgrdlrogen ohlorf cle, tnlfluo:roaoetlo

aold, eto.¡ a goocl yleful of bletrlfluoronetÌgrlphosphlne

¡,eaulte. It le al.eo observed that, after the

tetrakl etnifluonomethyldllphoe¡phtne (9bÐ I s r emoved fnon

the pnocluets of the neaatlon perfonmed ln the absenoe

of aclrl, adldlltlon of h,ydnogen ohLonlcle to the lnvolatlle
resldrle cauees the llbenatton of tha mleslng CFf gfoupE

ag blgtnlfluonomethylphoqrhlne. From thls evldlenec tt
appear! that the lnlttal reaotion lnvolvee the fornatlon
of a phouphonus-merouny boncl. The øuggeeterl

tntenmedllaüc17 t* (CFJ) f flgZr whtsh ie thought to
neaotn elther wtth the aalil to glve blet¡rlfluonorneth5rl.-

phosphlne, on wlth a moleoule of unchangeô

lodobl etnlfÌuoroneth¡rlphoephlne to glve tetnakletrl-
fluonometh"yldllphosphlne. In thts latten componncl thc
electronegatlve tnlfluonomethyl groups stablltse thc
phosphonu+phoøphoru¡ Lt nkage by enhanclng the -tnge
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bonde lnvolvlng the phosphorus lone palr of electronc

fron one phoqhorue atom wlth the Jil orblta1g of thê

netghboun!.ng oo".1 I Tetrak!.strlfl uoroneth¡rldtlphoæhlne

reaots wlth trtfluorofodomethancr glvlng

t nl st !'tfl uonoueetTrylpho sphl n e andl lotl ob I et rl fl uoronethyl-

phosphin 
".19

70o

-----(c"F(cFJ) f - P(æj), + crrr j)f + (crr)rnr

A ¡Lnllar, .but clorer raactlon @oeura with nethyl

lodlldlo andl yleldl e nethylbl strl f1uonometÌrylphosnhtne andl

I odobl etri fl uoronethyLpho ryhl ne.

(cF,) f - p(orj), + cnrrgl(crj) {G\+(crr);er

?he reaetlon of the dllphosphtne rlth lotllnc causee the

quantltatlvc nelease of tntfluoronetlgrl groups a.

tnl fll uoro 1 oct omethane. 3

fç(æ¡)f - P(6Fl)2--- 4 crrr

Alkallne lryrlrolyela of the tttphosphlne, although causlng

dlegradlatlon, only prodluoea threc rmLeeules of fluoroforn

fipom the four trlfl-uoronetlgrt ¡poupe aval1ab1e.3 the

rernalnlng gnoup breake dorn glvlng fLuonldler oarbonatc

ancl a trlfluoronetlyl phosphorus acldl. 8e¡lanatc

experlænts lnallcate that thle neaetlon lnvolves tnltlal'
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flgsl.o¡ of the phoæhorue-phocphonue llnB.r rlth thr

fornatlon of bl strl.flooronethylpboqhlnc aai

bl strl fl uonoætlryþho¡nphlnou a ac 1å . 
Ð

(ff¡) f - n(crr), l) zP 
n + (*¡)zP oF

træH
(cr

Eao

8ubøcguent ncastlon of tho aeld! tlth aquGoua alka].L

prodluocø tro noleeul-ee of fLuoroforn, rhfle ths pho4hlnc

llberates oaly one rcleoul'e, togcther rlth fluorldc,
oarboaatc and a trlf]'uoronetl\yl phs¡phoroa aeld¡

(or ) POE
5 2 2 cnp

5

(æì 
z P E trÚE' offi1*f+COr*+OFr-P-eclÊ

%o

ff brilrolysls lc etfeoûd uelng vatør onltr tha

phoæhlnour aclð tt1lI produaea tro mleoulee of fluono-

foÉrn but bt etnlftuorouctlgrlphoæhtrnc onJ.y Dant1y

tcoor¡poee e andl prodlocea trlf luoronethylBho 4lhlno t

f,luonldlc anil carbon úlloxlclc thuo¡

(æ¡)aPE---æfHr+Ë+oo 3

5

lho ryuetrtoal çonpound¡ I ¡2-blrürtftuoroaetbsrltll-
pboçhLnc, la grerBa"rcll þy tbc agueoua hytlrolye!.e of
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etther tetrakt strlf l-uoronethyleyelotetrapho æhlnc on

p entats,l stnl fl uorometlrylayelop entapho qphlnc ,21 the it ctaf 1s

of rh!.oh are preeentetl below, togethen rlth the general

ohenlctry of theee latten compounds. sdrolycls of

1, z-ÈLgtrtfL uorometÌryldlpho c¡phl ue c au ee e the I I b erat 1 on

of half the avallable trlfl-uoromethyL gnoupa aa

fluonoforn suggeøtlng tbat thc meehanlm 1e elnllar to

that propoeeil fop the hy{roLyd.s of tetraklstnlfluor¿.-

netl¡ylrtlphophtne.S At ùenqperatur6tr gÎeater than

Z5O"A ühe fonnen ellpbophlne dleoomposeo, prodluclag

nalnly trt fl uoronetlylpho æhlnc an¡l tetnakl etrtfl üofo-

netrryl cyeÌ ot e tr aP ho qthi na. 21

(cr;nn) z-*for + (cFjP)h

A tryb¡:ldl ittpho ø¡lhlne, 1 r1-itlnethyl-2r2-Þ1 etrlfl uor rnetlr¡rl-

ttlphoæhlnc hac Þean obtalncit fron the 1or tenøpsratunc

neaotlon betre a dllne lrylphoø1ghf ne and alrl :obl gln -

fLuorom thylpho eP ]rihne.Z2

(crj) s*(æ5)rrcr (cñt)f -P(oF5)P

Thla oonpoundt, unltke elthen the fuLly methylated or

fully trlfluor nethylatedl dlc tvatlvee, ie very reaetlYe'

trt forns adleluetc rlth tttbor e antl rith trlnethylanlne

and neacllly unrlergoee protolytlc clearage gtvlng hlgh

ylcltla of blstrlfluon nethyT.phosphinc. In thc preEcno6
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of aetlry1 lottttlc, the dilphoaphfne tllrproporttoaatoa lnto

tipbosphinee poaeeaerlag only one tSrpo of onganlc growp

¡len æl,eqqle.

a (@¡)f P(sEJ)r+anf --(o¡);r -P(cFr), +

(cnt)aP - r(cnr)rr

( e) , nptf e Pot-TqUesrh+ac¡

Dl-lodlotrl flt uororetlrylpho ryht ne t l!.ke

loitoÞt strlfluororetl¡ylpboæhlnor raaEt s rtth çæcu¡l¡r to

glvo oonÐoundl c amtstntng phoæborurphoqlhonua bondlrt

bct lnstead of yteldllng a tllplm4rhlner f.t unflægoea

alnoÍt eqlete oonvarcfoa to a mtxtunc of tço cycllo

oo4ro undl e, t et nakf strL fl uoroncttrylayel of et ræho æhl no ant

p ent akl etrl fa uoræet hyL oycl op ent apho spht ot . 
1 I

(crfra)+ Hs R'!r' ' (crf)b(6o$) * (æf)'(l¡o$)

The ¡truetur."?5rdl of theso oo4rcuaüB nay ba rcryrresante{l

thuat

CF CF CF CF.)z
Uì 3

I
P

P

I

P

P-P

P

I
CF

F
?

c
3

CF
3

CF
3 3
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Py'rolyals of blstnlfluoronetlVlphoqphtnel8 auû of

tctrakl stnlflI uononetlgrlrllphosphtotal al æ ylef a a the ac

tro æupounils togethcr rith hlghæ a'ycllo Bolyuer¡
(æf)-(rhsrc¡>5)

(æ¡)a pE Þo3 tæf)¡ * (sf )¡ * (ffif)- + cEFo

(crr)or- p(trr) 
^Ê(oFf)I 

+ (crf), * (æf),

lha ærc rtable tetraner Ëa!¡ alæ Èe genæatetl by

lsatlng the pentauer ln an lncrt fluotosrbon aolvent.

Ecat(crf)¡ T (cr¡)u

the eyclto polylert ara eonve tedl quantltattvef

to ðl-lodotnlfl.qeronetlrylphoæhfaê by the sctlo¿ of

ioälno.2l

(cFjP)Ë + a Iu-+n crrPf,

rtrcrc D = 4, 5, =

Exoe¡¡ ehlorlne alæ Drsakr thc phoæhoruo-pÌærphoru¡

bonä s forrú ng t¡rlfl ooro¡et lvlphorphoru g tetreohlo¡rtü c

rhfoh eaa bo os¡vsntsll to the trivalcat Bltoæbnu¡

øoqrouad, dlloblorotrlfluororctþlphoqphtner by contaot

rlth tF@orìfo
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lcrrr)¡* + 2n crr-+n cFfol¡,

Hg
CFcFirc1h ftlt

The oyclle oonrpountls ItogÊese a hlgh elegree of stabll-lty,
partlouJ.anly the tetnaner whlch 1e not affeotedl by

(f ) lrydrogen chlonlde or boroa trif1uonlcle at

tempenatures beLow ¡OOoC, (ff) dibonane ln the tenrperaturc

rangê 25-7OoCr oF (fff) soncentrated aulphunlo aelcl at

1OOoC, fnom vhleh lt nay be recnystall"lzed u¡ç[angêal.

Thtc ertnaoncllnary eüaþlllty 1E attnlbutetl to a

aupplementatlon of the c-bondllng ln the phosphorua-

phosphorue bontl s by rr-bonile lnvolvlng I'nteraotlon of

the loae electron palrs on the phosphorug a-tome wlth Jdl

onbltaLs ot:' nelghbounlng phoøphorus atoms ae ln the

oase of t}re dllphosphlneg.

the reaotton of tetrakletrlfluoronethylsyclo-

tetraphoqhlne vith rater procluces fluorofonmt

trlfluonomethylphorphl ne andl'l r2-bl etrlfl uoronethÍl'-

dltphoq¡hine together wltb ff'no polymerlo matenlal¡ ln

vhlch lt 1s thought that croee..llnking o.ooo".21

Ë /'fr
--CF(crf )r

H^o
¿

-

Hfo:+cffir+GTfHr+6p )p- p + polyltera
I boo t 5

P ent atsl st rlfl uonor¡etlryl cycl op ent apho qrtrl ne n eact a wl th



58.

ratoF la poLy-ôthe¡p eolventc ln a etml.r.an Bannê! but
ytelôtng, ln aililltlon to the byù¡olysta producta of the
tetraæn, a tr!.pboÐh1nc for¡n¡latad a¡ (CFf)J%.

Ezo/fro
(cr¡)u ffi *f", * (wfn)a * (orf)f?

?bc trlphoæhluo ls not cyerle btt haa ths stnuoturc chorn

belcl

CF n

PP

w, CF
5

lhtc eo4lounÁ ilcooqroaoa gn astlve aletel' gtvlng
trl.fluononcthylBhoqph!.ne and the stalto tdranolr anû

pcntaucrr

xt/ejo
(oriP)rr. of", * (æf )¡ * (Gçf )5

Ihe baalo Ìryilrolyal s of tetr"all,strlfluononettvX.anrol o.
t et rap b qrhl ne, p cn t al t atnlf 1 uoroæt hyr oryelopant qp ho qp hl ne

aat I re-blatn!.fluorouetlqrltlphoqphlnc sauæs half tho
trlfluo¡roæthyl Foup¡ to bc llbcrated ae f1uonoforlr,
rhtl @ 1 r2''?tnlcürtfluoronethyl.tr"lphosphl ae givea onlt
one mloaule ø1 fluorofore.

Ã
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( t ) Alkvlpe¡rfluoroalkylnhosphtne g

the dllreet reactlon Èetçeen tnlaÌkylphoøphlnec

and a perfluoro!.odoalkane le a eonrenlent route to
mtxed alkylperfl uopoaLkylpho ephlne r.2S

Ef I * ZB'rP--+Rf P B2 + \P I

Thue the reactlon betroen trlfloorolorlmethane andl

t r lnethylp ho øp hl ne glv e e tt I n et t¡ylt rl. f} uon one t hylp ho ephl ne

andl tetm¡ncthyLphoçhonlum I oillrle. Honreyer, although

the above equatlon nepresente the uaJon neactloa

oaaurnlng, lt lrae necently been found thet the volatilc
guaternar.¡r conpo und dllnetÌrylbl etrl fluononet hylBho ephonl un

lorllde Ls al *o foor.d.?6 Dl-n-butyltrlfluonometlgrl-

phoephlne 1e preparetl fro¡n tnt-g-butylphoryhlne andl

trlfluorolodonethro".Z7 The mechanlsn fon thls ty?e

of reactlon le thought to lnvolve a pentavalent atate

of phogphorus antl te allscusseil ln detall ln Chapter fff .

Tneatment of tll methylt El fl uon ometh¡rlpho sphlae

rlth furthen tril-fLuonolodlonethane dloes not yf eldl

nethylbl etnlfluoroæthylphoøphiae rhlch horevenr can be

prepaned eaetly by the actlon of ræthyl loilldle on

tnt et rtf 1 r¡on ome thylpho s¡r hl ne. 28

2hOo(cr')f + ,u] crf(ce')z n crf
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Funther reactlon slth nethyflotlltte proalucee dltnetlSrJ.r

trlf].uoronethylphotphlne ancl then trlnethyltrt flEollo-

nethylphoryhonlum todltle. These roactlons aro

oonvenlently rErreBentetl by the folLsçlng Eêqueneat

(

(cHr)f

CE.I CEJ
(cF3) f ffi(m¡) È*#ffif )r#[**tc'5)rf r-

CF

oæ

A]-ternaü lve1y aLkylperfl uoroalkylpho øphl nea may Þe

preparedt by the ¡reaotlon of an aLkyl hallcle rlth a

penfl uoroalkyltl lpho øPhloe.1 9

cHSr
(tr¡)f - p(cr') (crl)2P cHr+ (crr)¿r

Although eaoh of the tnlfluoronetÏrylphoryhlnea

yleltte fluoroforn rhe¿ treatedl rlth aqueoue ædlton

hydlnoxltte, on.[y trt ¡rtrtfluoronætEylpho@hlnc ôoes to

quantltatlveLy at Poolß terperature. îho netlryltr:l-

fLuoromettrylphoøphlnes nequlre pnolonged heatlng çlth

alkall andt 6l9en then they ara nost reluotant to þreak

dlosn conpleteLy.Z5

Dhe effeet of the hlghly eleotronegatlvo

trlfluororethyl g¡lot¡pe ln retluelng the aval1ablllty of

the 1one paln of eleetr:ons on the phoephsrue atom ls

cxennpllfltect Þy reactlons of the trlfluoronethylphoqrhlncc
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wlth Lewls aelds. ft ls founÉl that the stabtllty of

oo¡rplexeE 11th platlnous chlonltle anil wlth bonon

tnlfluortde ileereaeee wlth lncreaeLng numben of

trlfluoromethyl g¡ouÞ¡ attached to pho@ho:rus, ae 1s

ehoçn by the follorlng ""qott"t"26

[t 
crr) f] frc.2<ßc']) {æ t) frnrrþof(cFl) a I ftclz>

lt*rlf ]
Ptqt

2 2

l{ot fcrnedl

(cnt) f . F5) ( cnj) {?cE i.EF j ;cnf ( o¡) z.w 3) ( cF5) f .*t

Not formed

The appanent anotmly ln the orden of stabtrllty of thc

¡llatlnoue chLorldtc oomplexes 1s attnlbutetl to the

axlstence of a 1T -bond whoge cleotroae orlglnate from

the platlnun. fluoh a boncl [e atrengthenetl !'n those

compleuses |n whleh trlfluoronethyL groups are attaehedl

to phoqlhorua. of cour.æ there f s an eYen greater

weak.cnlng of tha d-bond ascompanylng thls and lf thera

are nore than two tnlftuor.omett\yl Eror¡ps attached to

phoçhorus, the bondt 1c not eufflclentþ stnong to

perrn!.t the exlstence of a coit4llex. The 1ov þaslolty

of the trfft-uoronethylphosphlnes 1s aleo clemonstnatefl bv

thelr reluetance for fonn acltlucte rlth a number of
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DlphenyltrlfluorornethyLphosphtne ls veny stable thenmalÌy

anrt te not affectedl by raten on iltlute aeld at 15OoO.

llhere ls only sltght wdrolyste by agu€ou8 socllun

lrydlroxlite at lOOoC. Wlth þronlne anct lodtlnc lt forn¡

the pentavalent d enlvat lveo, dllphenyltr{.fLuoronethyl-

phoEpbor.us dlbronldte andt â1-lodllito respectlvely. The ee

oolq)oundls ano sta.ble to alr anel raten at æOoC br¡t are

lrydtrolysert by aqueous alkall , g'vlng fluolPoforD

quantltatlvely. ALtlrough dllphenyltrlfluoronethyl-

phoryhtne cloes not react rlth tr{.fluorolodlomethanet f t a

¡leaÈtlon wlth netl¡yl lortltle yleltls a guaternary sonrpound

rhloh ls readlly hyilrolysed by rater to fluoroforn andl

dllphenylnætlfÊBho sphlne oxlalc.

Pn2P0F3 + oñrr -+ ["oro"fo, ] 
* I

PhacBfo+CtrFt+EI

A rtuily of the dleooræo¡ltlon of phoqPhonlun þytlnoxldlee

bae ahovn that the rm8't e:Lecüron çlthdraçlng grouÞB aPG

mst eaçlly ellnÉ.natetl, leavlng the other three groupE

to forn the plææhlne oxlde.F Thls le ln agneenent

vtth tbe modc of deoonqgosttlon of the quaterpry aorr¡loundl

dl esueaeal absveo

Phenylbletrlfluoromethylphosphfnelsreatllly

pnepared by reactlng tetnaphenylcyel-ot etraphoephlne Ífth

Heo
.4



&h"

trlfluorotoilomethane st 1850 or ln thc pregence of
qltravtoilet 11ght.5l

Ph_P_F_Pb

ph_ p _p_ph

fodophenfltrLfl.uonomthylphoøphl.ae la a reJor rcacttoa

Brorluet and tmcee of fluo¡¡ofom andl herafluoloGthano

aIæ forn, .*. fccc radtoa]. æohanlst lnvolvlng øf eprlaa

flastoa of tha phophonu*pbøphonue bontla la thought to
q¡lerato.

Ph
I
I

Ph-P-P-Pb .ff Ph-P-P- æ, Ph-P. PhP(æt)2
,

tl t 950
+cFor Fh P(æ¡) , + PlFiFf:!

CE5t* I+ + +

Ph-P. PhP TPh-P-P-Ph ol Ph-tsP-r
I

PÞ

2

æf.

Ph-P.
| + 2 Ph æfI=PP{*¡), + PhP r*

Ph-P'

Phsnylladlotrlfl soronotlVlpho æhlne L g thcrmally veqf staÞl c¡

reetetant to attaek blr rater on illluta aoltlø Þot

bydlrol'føcdl at &oC by agueous alkall llberattng

fluorcfìorrn. It reaebs rlth lodllna only 8t lúgh

tøræeratunee rlth tlro reeult that trlfluoroæthyl gPoops

arc aleaved as trlfluonolodlouethano.
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PhP (GF ) + 2T 1850, php r, + z cl ¡t3 2 2

Reactlon of phenylbl strlf1uoromethylphoephlne occurg

rlth brornlne at mueh lower tempenatures (ea. zOoC)

ylelrllng the pentavalent ellbromlcle. Thts oompoundl reactc

g.lorly with rater at IOOoC antl ls hrdrolyeect by agueous

alkall at SOoC aceontllng to the followlng echeme¡

Ph (*r) ,P Bnr;þPn(æ¡) P(o) oH + ,m3

Llke thelr netlryl analogue ur26 dtlphenyl.trl-

fI u oromet hylpho sphl n e antt p henyLbt et rl fI uorometþlpho sp hl n e

fonn aorpleree wlth p1atlnous chf'orlder29 but only the

fonmer doee ao wlth bonon trlfluonltle.

2. A"RSEÌIIC

Ac ls to be expectetl mueh of the ohemlstry of

penfluoroalkylarelnee þoe been gtuclletl eoncurrently rlth

that of the correeBoncllng phospblnes. fn general the

pnopartleg of analogous oompounde ere d-mllar, thc

dlffereneee belng malnly a reeuLt of the r"elatlvc

poeltlons of phosphorus ancl areenlo tn the Perlotllc Table.

However: thene are slne features of penflluonoalkylarslnes

rhleh appanently have no paralLe1 !.n phoøphorue ohenletrXr

ancl 4eclal- neferenee wll1 be maclc t,o theee ln the

fol-lowlng d1 scu eelon.
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{ a) talopcrfluo?oalkylerEf nca.

f odoperflooroalkylard nes are preparerl b¡r

heatlng togethcr penfluoroloiloalkanea anð flnely
illvtrlerl arænlc. E'hon t¡rlfluorolodlonethane le usGd in
cueh a roactlon at 2ño0 , aa rcl1 ae tho lorlot¡rlfJ.uoro-

mtþlarelne e, trt rtrlftuoronetþlanelne I e fonm 16.32135

Íhe followtng egulLlbrla are sonstderedt to cxtst ln
thle raactlon ryatem¡

e æJAr rr:(tr¡)râa I + AsrU

(æ¡)jA.* Aarr--(crj)rAar + cFrrtaI, * tr,r + Ac

Ilnllkc the oorya¡rable reactlon of arænle rlth netlyl
loillile rhleh glvoø netÞUllodoarslnea andl tetnancthyl-
a¡'aoniura lodlðer*

cHjr + A¡ '(cn5)4ea r + (en )"entÞ,

thcrc La no wldlcaec fon thc fonmatlon of quatarnar¡r

ooqpounil e fion trl strf fluoronet\ylanslna.

Araenlo reacta rith pcntafluorotodoethane at

?2OeO to form tntqrentaflluoroethyland.ne and loilob!.c-

p cnt efl uorocthylar al ne, 55 aad rl. th hept af1 uorolodto¡ltføIr a¡ro

a (æf)rÂr r=-(crr)rac + oFrÀr r.



Dlchlor.op ontafluonoethylar sf ne has bceg

pPeltaretl by the dllreot reactlon of tetrafluoroetl¡rlene rlth
ar eento tnl cblor lae. 56

À1C1

47.

at 200-2Zooc

tdlaattfl ed.6

but tn thle oasG the pr:orlucte have not beer

,cF :cF +2AsCl 3 zærCF, Âr0A * ffiZ:ffiLZ2 2 3 7O-lOOo

All the ooppoundts of the fo¡rm (&)"tu*Þo
are hyrlnolyaeal napldll.y by aqueoue alkall llberattng thc

appno¡rnlate fl.uonooanbon quantltatlvely. It apBearË

that the mone negatlve le the groùp attacherl to æaenle,

the more eusoqtlble the oonrpoundl ls to furrlrolyeie and

resf stant to orlilatlon.55

Rcplacement of thc lorlotrlfluoromethylanainea

by othen halogone gg peeudehalogene le readlly effecteil

by neactlon tlth the a¡proprlato eflvep ealt. Reductlon

of the lodo-conrpoundle úth a zt,ne/Wdlnoehlonlc aeldl

nlxtune or rlth llthlunalund.nlun hyilrlrle produceã

t 11 fll uonomet hylar alne enil bl st n I fI uoronet lgrl' ar sln r.

(r)
When trl strlfl¡.uononiethylarslne le ail.ored to

reaet, even at very low teryeraturea rlth fluorlna
dlluteil rith nltnogen, eorErl'ete degnadlatlon occune andl
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thc only pnoclucta obtalnecl ene oarbon tetnafruorlde anrl

anscnlo tnlfluo:elcle. Hoveve¡r trl strlfl uorometh¡rleneenlo

rtffluonlele oan be pnepaned by the mom temperatune

¡:eaetlon of etLver fluorldlc wlth trlstnlfluoronethyl-
a¡rsenl0 dt!.ch10n1 ã..37 rn the llquld phase trtetnt-
flusnonethylard.ne reaets wtth chlorlne to fonm

t¡rl strlfluonometlryrareenle dltahlorlcle vhl ch on etandtlng,

lc alorry ænverteil to Þtstrlfluononethylaneenlo
tnlehlonlcle.

(cnr)Ula + c!r---.(crr)j cLr---*(cr,) zL*Ø,
rhe neaottsn of b¡romlne rrlth trt stnlfloonorretþlard.nc,
aven at lor ternperaturea, doeø not yleld a pentavalent

ereenlc dcnlvatlve. rnstead arsenlc tntbronlcle l¡
dcpocltecl andl trlfl uenobnononethano, b nonob!. øtrlfluono-
netlrylalelne anal illbromotrlfLuoronethylaralno are fonned.
Reaatlon of tnl strifr-uororneth¡rla¡relne rlth todlne only
oceurc at tenrpenatl¡rea above 1000c and the pnodluet¡

obtalned a¡te analogous to thoee oÞtalneil from the
reaotlon wlth bromlnc. J7

Llke the analogoua phoqhorua compoundl,

ol¡lo¡:obl etnlfr.uonolaethylar slne neaot s vlth a¡nnonla end

pn!-mary ancl eeoonclary arnl.nea to glve anlnsarslor".S8
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( @¡) z Às cl + ZltffiR'-( crr) , As ÑRR r + RR'ilHzt

mth the phoephlne [t ls !.mposetbLe to neplaoe nore then

one lryrtrogen of annnnia bv (Of)f but the 1or

teqerature reaotton of anrnonla rlth ehlonobl-stlslflluoro-

metlrylarsLne proeeede aecordlng to the followlng

oquattonr

2 (cr ) JtrE3-[tcrr)z À"le trE + 2 trËl| clt 2
.Às 01 +

At roon te,lrperatuFe, ln the gae phaaer the reaetlon also

yl e1el s thc anlaobt strl fl eollontethyl ar e!' nc.

(tr¡)raa cl trlEz 
' ßor)raa]rnn * (tr,)rAa ltrn

Trl etrtrfluoronethyÌargtne iloee not neast vlth

a¡monla ln the gaa phaee, but ln ltquttl anansnla at zOoC

almst conrylete eolvo]ysl6 o6oq¡'t ancl fluonoform la

ltberatod. At -d¡oo thie cgstem pnoduces the tço

anf noar aûnes prevlou a1y ill eeu esedl .

'rheamonolyslgoftetralrtstnlfluonometh¡rl-
rtlarelne elosely reeerrblor the hyilrolyels of thl¡

oornpounðÞ antl ff aelon of the arsenle-ar.ænlo bontl î's

oone!.denedt to be the flrg.t etagc of the reactlon.

I[Er
( æ¡) z 

AE - ¡e ( *¡) 24( crrþea trH, + ( cF5) ,,tc H
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the lnrlepenclent reaetlons of anlnobl strlfluonomethyl-

arslne and of blBtrlflluoromethylar"slne çlth grutþnla

ylel<t E a total anþunt of fluorofonn equal to that

obtal.ned by the dllneet ¡leaotlon of ammonla rlth the

dlanelne. Thue the pnopose¿l mechanlsm appears to be

Yal-l¿1.

(o) DlareLner

the reaetlon of Lotlobl et!.lfluononethylaf slnc

rlth noroury at roon tenrpenaturc gtves tetraklstrlflt¡ono-

nethylillarslne ln gootl yleld.55

e (æ¡) ,Ãar 
Es 

' (ffi¡)aAa-e" (ffij)z

lþl.e eon¡goun¿t, althoogh stable to water, le hydnol'ysodt

by aqueouG alkal1 gtvlng fLuonoform ( \rt), thc renalnlng

flr¡ortne pnesent belng oonverted to fluorlcle ('tlß).37

the hyttnolysls oeeurs v!.e the lnltlal fleelon of tha

arsenlo-arsenle bond.

(cFr)2 As- As (tr¡)z l)zA s oE + (cFj)rÂaE

?6lrßj Cffi,+Ft+COt

The ee¡lanate Ìrydrolyele of a sarrple of blstnlfloopo-

mettryLarelne glvec 66t of tÏrc avallablø fluorlne as

fLuonoform and the renalnlng 3hß eø fluonlclc. Thla then

srrpBolete the mechanlgn pnopos€d fon the l¡ydlrolyeL¡ of
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the rltarslne slnce the totaL quantity of fluorofonn la

o6lously naite up of 50É fnon bl etrlfluoronet¡ytrarsonoua

estdt andl fifi G t 66ß) fron the bletrf fluo¡ronethylaneûne'

Tnlfluonol0clomethane reaets wlth the dllarslne

at 75oC, rupturlng the ancenlc-arsenlo bondl an'l

Brodluelng tnl etnf.fluoroneth¡rlanslne ancl lorlobl strl-

fluoronethylar"lrr".l 9 tethyl lodlde reacts etnrfLar1y,

but leee neaellLy, to glve methylblstrlfluorometwlersfno

anil loitobl etrlfl uor:otnethylar slnc'

CF (sr ) ¡a + (CF ) Aef
3 , 5 2

(or ¡6- Ae (CFt) 23 2

CHf - (cF')eA" cHj + (cFt)rAa r

lhenalenoevltleneefortheexlstenceof

arsenlo anarogues of the eyello trlfluoromethylphoephllret¡

( e ) A]-kvloerfLuoroqlkvlar el nea

A nunber of dllfferent merthotts are avalLable fo¡'

the pneparatloa of alkylpenfluonoalkylarsines'

(r)rrreymaybepne¡laretllnamaR.a€Flclentlcal

rlth that ueed fon the fonrnatlon of the conreqpontllnß

)
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phoephoruË compounds, The reactlon betreen a penfluoro-

lodoalkane ancl a tnlalkylarelnc therefone glves tho

a,ppropnlate iltaLkylpenfluonoalkylarslne and the tetra-
ar.kylarøoulum lodld e 25 

'27

RtAs * Rff -+RrÂsR'. + R4AeI

wbere R r CH' CZ\r B - tq$anil R'. a úE3t 
"fl

f n dtmetWltrlfLuonometlylar elne andl dl eth¡rl-

trlfluororeth¡rlaretne, unllke thelr pho sphorus am.Logueat

lt 1¡ poselble to ne¡rlaec a further alkyl group rfth a

trlfluorronetlryl. EYen eo the ylelde are genera]'l.y yery

lor. A rcre auecesdul preparatfon of nethyLÞ1strl-

fLuononethylanstne lnvolvee treatnent of trlstrlfluoro-
nethylanetne wlth nethyf foclldle. llho erohange of netþl
andl trlftuonometh¡rl gnoupa çhlch are llocslbÌe ln terttarSr

arølnee a"G r€trpeecr¡todÌ as f,oIlote:

cESr oHrr cHSr
( cF¡) ( orr)reecu, æt'"{ca}} 2- G:F,A e( cnr) rr--+zboo

GI

Slot

OFt'

2400 204

(cn ),aa
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(ff) A nothodl rhfeh hac llttle genenal epplfea-

tlon andl appear¡ to be rueoeseft¡I only for the

prelDanatlon of a¡raenlc dlælvatlvae lnvolvøs thc

iloaarbxylatlon of aa aoetoxy æu¡pouaü.æ DLnethyltrt-

fluoroaoetoryar¡lno le pneparedl by the reaotlon of

ohf.orortlætÐlar¡l,nc rltb dLlvcr trlfluonoaeatatc andl 1r

dlcoarborylatst at ?tO|oC glvtng dllnethyltrlfluorouetb¡rl-

arainc.

( GH5) 
? 

re Gt + ¿ls ooc. @5 --* ( ctn') p Aa Offi.CF , + Aggf

205@o

( caJ) nÃs G.?,

(fff) the rcactlon of the Gnlgnardl reagent,

ætþlnagncsLt¡r lotltile, rltb todobl strlfll uononetlryl-

a¡rd.acl and ntth dtl-lodtotrlft uoronethylarsû. nc41 gLvea

notlryl bl et¡nl fl uoronothyl a¡. al ne anil ð lnethyl t rl fl sono-

nctlrylarcl nc reqreottvcly.

Gff rgr
3(cr

3 2
ÂaI (æ¡)r.Àa cE,)

CF , A¡I 2

Ctr xgl
GTu.âo (cff,) z + (*¡)(cur) rr r
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( fv¡ A vely oonvenlent 4¡nthetlo reethoil lrrvolve¡

tha cl!.nlnatlon of lodlne fron a mlxt¡¡re of an el.$ltodc-

ar¡lnc a¡d a perfluorolodoalkans uatEg ErcurSr as thø

halogan acoeptor..l9

(cn')rArr + \r + ãs ?(cxl)rlaR'' * 4stra

wherc B' GF, or "fl
GflrÂc Íz * 2W + ?A?rf -+CHOr" 

(æ¡) g + ?WÍz

the reaatlon of slethyllodoarsûne rith tnLfluonoloðæ

¡rethane fn thc preËonce of Eercury prodluac; mlnl.y

cthylÞtet!!.fluononethylaralne, the reaæn for rhleh la
not knorn.b2,

(v) îhe fornatlon of alkylperflqorpoaltylaralna¡

frou dlla¡eÉ.noa haa alroaihr been dl!"etuaacd Ln PeFt (d) of
thle Gbapter.

Although vøry llttlç quantttatl.ve ¡onk haa besa

dlone to dlctermfnc the Þaale øtrangtha of aÌtsylperflooro-

alkylarslnee, lt ls æpareat that eueh eonpounáe shor

ørcn ].ees tentlency to ¡reast vlth Lerla aofdlc than ilo

theln pholphorua anal.ogu€Er |fhl s I s ôenonstrat'ed Þy thc

lnablJ.lty of al.l but illnethyltnlfluor.onethylaralnc ts
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form quaterna¡Tr tonlun Gompouncls rlth nethyl lorild

oli to form adldlucts trtth sllven todld ê.25

c27

the reaetlon of theae arslnee wlth aqueo86

alkal!, procluees fluonofonn at a rate çhloh 1s e¡tnenely

alov ln the caËË of nethyJ. tlorlvatlves, but rntloeably

faetelr for ethylanehor..27

( f ) AryLo enfl uoroalIrylar elne a

A veriy oonvenÍent nsute to anylpenfluonoalkyl-

arclnee 1s the roon terpenaturç reaetlon of an aryllodo-

arslne vtth a penfluorolocloaLkane ln the preoenca of
Derseury. Only tnlfluonoloclonethanabJ anA heptafluoro-

lotloprop"n"4Z have o fan bcen used ln euoh reaetlonts.

the fos¡atlon of dllpher5r1tnlfluonornethylarelne fron
it lp henyL l odl o ar el. n e anrl of p he nylbl strl fl uorome tlr¡rl a¡ uf ne

from pheaylcll-lodoaneú.ne are typtcal' of thcee reactlon.e.

Hg
Ph, At I + CFrf 

----l 

Phr.â,a CF,

w
PbAa Iz *2cf f èPhAs ("rur),

Of lntenest Ls the fact that thla rynthetlo method har

been ueed for the preparatlon of both alkyl- antl arJrf.-

¡renfluonoellgrlanslnes andl oan al-eo be ued to preparc

alkylarylp enfl uonoalkyl ar el ne e, €. g o phenyltl I netlr.yl-

hep t afl uoropreopyl ar al ne .



Ph (cH,) as r * cf t enr) As cf,

Iìlheroas trlphenyLphos¡phlne reaota with trlfluonolocto¡reth-

ane to glve dltphenyltnlfluononeth¡rLphosphlne, the

analogous !:eaotlon itoes not oocur llth trlphenylareÉ.rre.!3

fnetead a nlxturo of fluarofotm, benøotnlfluorldle,

benøene and a¡peenlc trl-lodlfule le forned. Ii[on oan

rarlloal exohange reactiona be ueedl to prepare ar5r1-

panfluoroalkylaretnes, for lt la foundt that even at et¡OoC

trlstrlfluoronethgrla¡sine and lodobenseac dlo not react,
rhllc tr:lpheny1anelne andl tnffluorolodlonethane at ZIOoC

glve degnadlatlon pnodlucts on1y.

All tho pherly]-trlfluoronetWlarslnes ara

llqulibrhleh a¡ro erËablc to both aln and rrelsture at

ondllnary tem¡rerat EFO E¡

Dlphenyltnlfluoronethyla:rsl.ne I e stable to
aoncentraterl lryilroclrlon!.o ae!.il at 85oC end only elovly
attaekedl by 10Í ædlun h¡rtlrox!.de at 85oC to gtve

fluorofo¡m. Phcnylbi atnifluononet$I'ar slne I e attackeð

Èf alka}l mone reatllly. $lnllar natee of anmonolysts

@coor yhen thoec oonpounds arc tneateil rith llquldl
amonle.

mth halogenø only dl!.phony1tnl fluononeth¡rl-

ar¡lno glves a pentevalent rlelsLvatlvo.
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ccl
4Ph, Aa 6T, + Bo z Ph, Aa CF5.Brz

PhenyJ-bl strlf,tuoronethylarelne I e Aecompoeed by hal.ogêror

the basto rtrengths of arylpenfluoroalkyl-

a.ncinee have not been etudled ln dletal]' but lt 1e knoÌn

that these oonpoundls nelthen fonn tonlum dler!.vatlvcs

wlth netlryl lotlltle nor adldl¡¡ot¡ wlth orgr menourlc

halt rlos.

T. ÂTTTIUOHY

The ohenletrly of the perfluonoa1kyl ðerlvatlvea

of anti.nony hae not bean cramtned to the Eane extent ar

that of the oorresponallng phosphorus an¿l arsenlo

oon4lounrle. Horeyen, from the llnltedl !.nformtlon

evallablen tro lnpontant foaturet appear. tfhe ffrst ls
the pronounsedl dllffaneneø betveen æme of the propertlea

of the stlblnea aonBared to thoee of the phoe¡ghlncs anå

anølnea, brought about by the progresatvo weakenlng of

tha car.bon-netal bontl. ft has been esüaÞllehert that

the etrength of tbeee bonds dleareasee çlth lnoreaclng

atomlo nunbe¡l of the Gror4l V B elen"nt.& the second ls
the tendenoy for penfluoroalh¡rlettblnes to act aa

elestron aoaerpton r.4S
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( a) Ëa1openfluo¡,oa]-tv]. atlb lnes

Tho tønperatune at rhieh reaetlon Þetveeo,

trlflso¡rolorlonothane andl antlmry occul'a to protl ucc

lodlotrlfl uonoueth¡rI st tbl ne a anil trl ¡Ènl fl uoronotÌryl.-

6t1bto"b5 te t 6f'-lzooc.

ærI + Êrb€(æf)jsrb* (æ¡)aËbr * ffi5sre

If tho reaetlon tc4reraturc la hlghen than tTOoC ttrc

taJor pnodluet! aro fluoroearbons enil antlmony trlfluorldc
rhlqh prcbably neeu1t from the pylol.yel s of fl.rst forneû

tri atrtfl uonoæthyl st t bl. nG ' tha ¡leohanl s pnqlo aedl

for thls neaotloa lnvolvee tha ln!.tlal fornatlon of
tctrafluoroethgrlsno, frlloratl by polynerlcatlon lnlt!.atcd
by trlflt¡oronetl{È radfoall arleLng from honolytto

f!.eslon of thc |b.--CF¡ bond. llheee faets ala

¡umanlsd aa follms¡

(æ¡)rsb 
-->(æ¡)asbn 

+ orr.

(crl)rsb 
-cartn

æj e EZ---+ SbF5r eto.

(cr5)rs -+ 'cFr' * (æ¡)e fñ r""":>'crr' + sDJ

t"r' * czrb TcrjgracFp. 
....--. ctsj(oFa)affj

ffij. ì .GFr. 
-ffi ..QZ'"--"'>
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In thls rcgarrl the stlblne dtffere !ûalpkedl.y ñon lta
phosphorqs an¿l arsenle analoguea rhleh ylelil
tnlfluo¡ronethyL ratticeLs rhen p5n:olyeøa.35 Durlng the

frormetlon of the loilotrtfluononethyl atlblne¡
û1@ropontlonatlon reaetlone ane thought to oecur:

(æ¡)5& * trj s rz:(crr), w r

(æ¡à sb r + sbrS-a æ5s r,

(cp ) Sb+ SX q- (cr ) grbl + CF
3 2sbr, t t t 2

Sydrolyel s of thß loilotrlfl uoronetlryl stlblnc¡
[a raplil ar¡d cauae¡ fluonoforn to be ].tberatedl

quantltatlvel5r. llhe 1o¡lo oorpound 6 may be oonverted

by the actton of sllvæ aÌ¡Iælclc lnto the appnop¡rlats

ohlono dlorlvatlY€r¡

(b) Pentaval,ent ântlnonv

Trl aúrl fl uoroæt br1 et lblne reaet c rlth e ÌrI orlnc

et -45oC gtvtng tnl strtflLuononetHrlantlnrory dllsblorldc.

thls ooupoundl fonua 1¡l adtlt¡ots vlth rater antl rlth
pynlamc46 anð Ln co ilolag dlæonst¡ertea thc pecudls-

halogen ohanaeter of the tnlfluoronetl¡yl group, slncc

antlmony pentaehlorldle 1a tsnora to forn ølm1lar edt¿loet u.h7

Trl etrtfluoronethylant lnonf dl. chLorldle can be oonvented
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to the trlvalent anttnrony clerlva-tlve by treatment rlth

E€.FOUFf,r

(dF ) sb cl lIs ( 0F5) j Êb
?3 ,

Pentavalent tntfrluoromethylantlnnrry brornldles can al eo

beformetlstlortenrpenaturesbutatroomterr4perature'

the reaetton betveen b¡onlne andl trletrlfluo:romethyl-

st f blne glve s 1 otl obt gt r1 fl uoronet hy1 et 1Þ1 ne, cll- loel o-

trlfl uorornetlrylst lbtne andl antlmny trlbnornld"'b5

Iodllne does not neaat rtth trletrlfluoromethylstlblnc st

lov teqperaturee, but at 29oC tt removee a trllT'uoro-

netlryl gro¡¡p aa tnlfluorotortonethane and leavea

ioiloblatnlfruoromethylstlblne çhlch na¡r reaet funthen

togtvotlt"-loclotrlflLuoronethyl.etlblneanelantlmny

trt -!.oilltle.

(c) Reeottona çlth Amlnea

The anttnony analoguee of anlno-pho4hlnel

andt -arslnes ere not known. TrletrlfluoronetlVlstlblna

1s ileeorq¡oeecl quantltatlvely by llqulil atmonla gt'vlng

f'l uoroform andl ant lmony nf t rlil 
" 

. S Alnp st oo@1 et o

lløoo4oeltlon a].so oscuna çlth ttlmetWlanlna'

(a) otstrutnc¡

letnakletrlfluoronettryltltgülblne!.epl'eparedl

by tneatlng lodobl strlfl.uoronetþrlstlblne rlth Esrourïr
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\,o!!¡ llno.

¡* (zn)

a (æ¡)a€rþ r (æ¡)z s- sÐ (oul ,
Ghlorlnc roacta at -78oC rlth the illstlblne forntng

bl strlfl uononetlqrlant 1 nony trl qhlorl¡le'

(æ¡)2 sb- s (cr¡) ,L 2{cYr)z s 15

Eront.nc anil lodllne r:eact st notlenate teqeratures caualng

eornptetc dleeompoeltlon of the ill etlþtne andt pnoducf ng the

æproprlatetrlfluoro}ralonethaneandantlnonytrthalldlc.

IlnllkethephosphonusEndaraenlcanaloguee'

t etrakl gt r1 fl uoroaet Ïryl. tll st lbl ae 1 lbe¡rat e e al rc st thê

rhole of lte fluorlnc ae flooroforn (9Ð rhen treatetl

rlth agueoue alka1l.

( e) Alkvloerfluonoaltsvlst lblns¡

Dfnethyltnlfluoronethyletlblne ls the only

alkylperfl uonoalkylet lblne æ far rq ont e{lã and t s

pne¡lareil, together rlth tetrametlvl.etlbonlon lodltta by

reaotlng trtnethylstlblne rlth trlfluonolodlornethane at

!'oom teqerature.

æ3r + 2 (cn,)rsb 

-@ts 

(cnr), + sb (cH5)hr
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EfllnoLyel s of the stlblne rlth açLueious alkaLL GauBea

fluoroforn to be l!.berated quantttatlvely ancl qulokly'

tro baatc eharacten ls æhlbltedl by tnlfllroro-

nethÊstlttnesbS antl ln fact, 1n the easo of trletnl-

fluo¡ronetbyl stlblna, the stnongly eleotnonaSatlva

trlfluorornetlryl groupe eornpleteily g:eercon€ âny electroa

ûonatlng Bno¡rentle s. thu¡ vhørreae trluethylstlblnc

forn¡ soçpl€xer48 rrtr, plat!.nous ahLorlde anct çlth

pallart!. un dtf chlorldl e, trf strlfluoronethyL etlÞlnc dloes not .

Iactea¿ !t acte âg en eleotron aooe¡lton' anil ae euch,

f,orma a 1:1 adtdlust vlth Byrldlnc.45

Io a¡ylPerfluoirìoalkyl¡tlblnee bave bcen

rcportell ae Yet.

h. g[ sùfmÏf

fo panfLuonoalkyl dterlvat!,vee of bløuth rËrc

knoçn prlor to tlrc lnvestlgatlona üesorlbetl ln thlo

thesls. ?he co4oundts prepapgd anal thelr relatlon to

ooqrarable itælvatlvee of the othen clcnents ¡rlthln

Gror¡pYB arc tlcgsrtbed ln OlraptêF Vf ¡
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BEA6TTüTS OF GROIIPVB ORGA$ffiETATITC OOMPOTNDS üITTN EAIÈ
AT,KA$ES

Slnce the pneparatlon of the nev alkylpenfluoro-

alkyl' oonrpountle pne¡larecl ln thls etuöy lnvoLvec reaotlon

of trlalkyl dlerlvatlves of thc OroupVE elemente wlth

perfluorotoiloathanco, lt 1s relevant to the dllscuselon

to dtesentbe brlefly the natune of the reaetlon¡ of

GnoupV B onganonetalHe couqpounils wlth dllfferent

heloalkaoêco

.I . BEA,grIOilÊ VTIîH UOilOHAICIATKÄNES

the neactlon betreen onganlc tlerlvatlves of

Oror¡pVB e]Lenentg anct alkyl (or arTl) tattaee to form thc

appnoprlatc tonlum halltle conpountl la welL known ancl oan

be re¡rneeentedl thus,

*5" + R'x €(n, mf ) x

vhene [*f , P, Ae on Sb¡ R, Br = CHy A2fl5, C6H5, etoo¡

R anil Rt oan be thc aemê on dllfferent andl R glroups

attached to X na¡r be the sane on cllfferent. the eaac

of neactlon v arl es both rtth the parent el-ement antl the

natunc of the alkyl on alyl grol4)t. The elements of

Ìoren atonlc aunber genenaLly glve quatennarJr oonpoundr

and reactlon ls mone eaelLy acco@llshcû when the alkyl

grFoups are snall,. Ân anonaly appears ln the reactfon of
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alkyl håLlateg wlth the tlrlanyl dlerivatlvcs of thle gr"oup

of elenente eilnce, whereas both trlpherlylphoøphlne andl

trlphenylarslne glve quaternary co@ounde, trlphonyl-

amlne dloas not react.l 8tt-bt'nos eontalnlng morc than

one aronatlo groqp falL to glve quaternalT conpoundla

¡4th nettryl loctlilor2 bot at elevatedl tempeleatureË

neactf.on between triphenyldlÞIne andt metlryl lodltle glvea

trlphenylanttmony dll=lotlldlc, totlobenzene andl ethanc.S

Btamuthlsnornallylncapabl.eofquaternary

conpoundl fonrnatlonh and only at hlgh tenperature' ean

en¡r reaotlon be lndluoedl rLth alkyl halldes. It le foundl

that at zoooc, tnlnethylblanuth andt netttyl lodtltle neaot

to glvc dll-loitsmetbylblsnuth anil ethane'5

ifnoc
B1

lFbIs neaotlon ehoçe markedt glmtlarltlee to tJrat oeeulrlng

betweea trlphenylstlblne ancl nethyl loillclc undlen

oomparable oonttltlon¡ anil olosely nelatedl meahanlems

probablY oPerate ln each 68BG¡

Eramplcsofratllcalexohangereactlonehavc

been founel to occun 1n the quaternlzatlon of trlalkyl-

amlnce. Suah le the GaÐe rr?ron ethyl-n-propyl-å-

butylamtne 1e treated wtth metryl lodldle daoe, lneteadl

of prodluoi ng the er¡geetedl mettryLetffl-g-propyl-.,1!-butyl

( cH3) 
3

CH'BI z * CZfl6
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qwnoniun lotlttte, the reactloa pnoeeedla aaeordltng to the

follillng equatlonr6

(ce%)(ercfZ)(l-c*b)n + 2 cu':t +crfl'rr +

ft cnr) 
2( e-crnr) ( å-c¡b)r] r

,-. EEATfiON WITIT DTHAIOÄLE.ANE8

Xethyleno titlbrcn!.dc (andl etlVl.one dllbron!-rte)

react vlth trluetlrylanlac fornlng a m¡oquaternar¡r

oonpounll lnltially anit then a dllquat€¡Pnary salt .7'8

cna ha + (GHj)f 
-ftcn 

)¡cEa h'I Er

oHz Erz +e(cEr) f - [tcnr)rÑ c%tr (cE5)r ] ha

A afullar reactlon occsr6 Þetreen ethylene tl!.broml'dle anil

phenylirrnetÌ1ylphoætrlno9 to ylelrl fct${cn ) f(cFa)zh] BF

ana [c5nu(caj)sp(cEz)?P(cH5) z c6\] *r. Fnon the

roaetlon between trlphenylphogphtne anð etlrylenc

dllbmnlde hovwe¡rr onlyr the dltquatennar'¡r cou!¡ound

[t.eq5)¡{cr, )¡(cry)rì nra 1s obtatned.lo

J.

Iorlofo¡m la capable of formlng a nudber of
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dllfferent addtucte wlth a pantlcular' **lne111 ê.$r

mrEr.CHrO; (RltH2) z.CE ji (RNE') 3.0HI5. suah ootçoundle

rere itescrlbed al Gompanable wlth Tryetrateilælta tlue to

thelr rlnstaÞllltyr, anit the abtLt'ty of the mne ønplex

to ylelit leee eorylex on6s on tneatnent wlth hot

eoLventa E.noçn to be effeotlvo dlehytlretln8 agentø.

Eewevsr the productlon of hyctnogen lotlltle, fortnic aclü

and thø aal.ts of tho appnoprlato bagee wlth these tÚo

aoltls on Ìrydtrol"yele suggests th€ struetures ehorn ln

the pnopoeeil neohanlam lllustratedl belor¡

I ï f
I

H

I

/\

:NTI,R 4+

óI
thlc pr¡oocaË, !f repeatett on each neç nocluet, ul-tlnately

glvea the co@ounil

oliH

*ì;ï
++RHz\ 

,),
Û

,/\
,/ \* ì-H NH,RII

whereae bronoform reaot s wlth tnlnethylarnlne

and trtetTrylamlnc to Éve the appnoprlate trlalkyl-

armonlum bronldlo ," * g¡ch reaetlon oeenns wlth

obf-orofonn Brornofor.rn al eo react s wfth trlphenylphosphlnc
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mdæ OoaitltlOns favorable for froe raallcal fur'natlant

yt s1d t ng t nt phenyldt I bronore t hylpbo rB hon I un b roul d e . 
I 5

?hc aeehanlg propogcü ln¡olveE a ohaln PFOcGts tn ülaÞ

the follortng stop6 æo thought to ooeurt

OEÞr+'OEÞA + h

O

(ae%)5P *'olÈe ? (seB)tr ora.t

(ceb)ri, cuÈs * Brctr Èe 1[etnr) jP cshz ]* *

eOEÞ
2

lt a NEACff OTg llIlE PERflATOâúTÂTET

xatv alfphatts andl aroætlo nltnogoc-omtalntng

ooxpolutla form ælooular æ41æco r!-th perhaloalk"o"t'14

The fo11or1n6 c¡asPløc tatustratc the vallaty of ¡uoh

soqlloxee for¡oeil rtth carDoa tstrabrÛ¡¡1dlo.

QelnolLnc + C Þh --'D CaE:f.C eFtû

P¡rliltna + 2cBr¡ 
-Of$r.(cÞb)s

lr Etrvlanlnc + o Þb -€ (opbI %)¡. o Èrt¡

lfbasa æwormtc bdrPolyæ Faaillly lu thc prGÊonoø of
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reter, glvlag thc hyilnobromldl e of the æpnoprlata Þaoct

êrSr

CSH'Í.(Ce.q)e +A frrA --+O5Bl.EÞ + 5E Þ +C Br4 + Cot

lhs structurae gltgg@stcAt[ for t]reac Goq)leJree !.nvolve

p€ntaûovalont nltrogSa rhlch ls non rcgardGd as baln6

lnetlnl¡¡aÞla. ÂlternatlvcLt, ln thc Gaæ af the ooqll.Gn

oonalst!.ng of equlnalar qsantlttee of qnlnoll¿ç enå

Oarbon tetrabronlde, a ttruoturc bassdl on t quaternar¡f

aæoafun Élt ssemÊ fea¡l.blr.

Br

3
I

CBr

lrhla ty?c of erplanatlon fo! the rtnuctu!¡e ls rrot

obvlosr3'y applleab1e to the GônPlGr Of{f,. ( O Þr¡)g'

carboa tetraebl-srttle dloes not nonrally resct

tt aoon tes@eratuFç (or lorcr) ¡rlth amlnelr Plro¡pþlnos

andl aralnelrl5 bot at lrtgher tu¡løratunes (oa. 15O-2OOoC)

polyç6pte subats¡eel reeult. A notaÞlo €rogptlon to

tbtc oDservatlen ie the rathe,r v!'olant ¡'e¡ctloa lTrlgh

csgltr'6 rtth trlethf}Bho¡rphf nc eait sarbon tctrtaohloalilc'

5 rcdbr5P + ccr¡r-[("r$)¡t]r. cGll+

16
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The mateßla1 1s consfcle¡red to have the etnueture

(aznì t r (crn'), 3+

17

P

o tG1

(crn) ut c1

l8Pullmn anll Fest have chown that trlchloro-
loetonetha¡rc Feacta rlth a n¡mber of alkyl andl aryl

oonrpound s of Group Y B elemont o formlng I :'l adld uet e¡

The stabllfty of these cottpountlar to a flr¡rt approtilna-

tlon, Lncneaees rlth lnereaelng co-ordlnattng ablltty
of the parent elonent of the onganonetal1Lc ooqlounã

r¡cedl. ContluctLvlty ñtaüurements lncllcate that tho

adðuota are not lontaed ln eolutlon. lfheln formulatlon

ae quateFnary oornpoundle, etthcn [*¡I f ]+ccrj olP

ln-f CCI-l+ f- oan thereforo be tllscountect. BondlngL5 t)
la oonaldtæett to extgt betseen the Gnot¡pYB elenent

andl the lodltne of tntolrlorolotlonethenc, the faet that

trlpheaylphosphlne forms a Yery stablc aeldluct rhllc
tniBbenylamlne dtoee not for¡n one at a][l'r 6eeme lfkely

ts Þe dlue to the exlstenoc of Drr - ctr' bond!.ttg19 betçeen

lodllne ancl phophorus !.n eddlltlon to the onrillnary P*f

oooncllnatlon. trttnogcn le snabla to BartlcfPate ln
bonrts of thle type glnce lt tloee not poeeesa any sultablc
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vncant orbltale to reeelye eleot:!.ons fFonr loillnc.
thlsr together rlth the fast that trlphenylanlne

nornalhr dllælaye verv llttl.e baglo eharaetenr aseount¡

fo¡r lte lnablllty to frrrn an ailduet slth t¡:lchlora-

lodlonethanc. the fer adldlucts of tnlphenylamlne that

Bre lraorÊÐ lnvolve øtrong Ldri.s aelde llke the boron

halltlea, although reoently eorplexes of the antlns vtth
allver penoÏùorate and cllver tetrafluonobonatc bavo

Þeeu reported.2l

Partlal dlsplacement of the basc (n¡U) fnsn

lta atldloct çtth trlchLonolotlonethane oeoultE when

enotherr bese (nif ), aleo oapable o formfng a elmll.ar

adtrluet, fe po""*ot.l5 1[be general equlllbrlum for
thle type of reaetlon nay be nepnesented &a:

*5t . c clrI + Bru -- *;". c c13I + Br[

(ff n=Bf , l*!t gad lf x=tr, B#Rr).

the ooqounde thoae reactlona çlth tnlehlono-

lotlometlr;ane Fere etudledl arc Llsteal ln Tablo 2.1 .
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IABT,E 2.1

-
netsl}!,c Conboundte

ClaaB of eoryounil Adiluct foreil Fo Reaotlon

Amlnet

-

flH]

clf"t
(crrr')rN

(cnr)rn r
( cnr)rr
( crn, ) rn

Phosph!.ne¡ ( enr)rn
(cry) rn

Ard.nc¡ (cnj), A"

(ceq), Er

Stt,blac¡ (cnj)f su (ce9: o

f n eoæ al¡:ounat ano6s trlfluonol odonethane

undengoa¡ neactlona d.rnllar to those of t¡,.ichLorolodto-

nethane. For exanplc eaoh aorqpound neaet e rtth merouFy

ln the plI.esence of ultm-vlolet llght glvlng trlfluo!¡o-
netþlnereunle loctldc2Z and trrehlorouæthylnereurlo
lodltlc25 neçectlvcþ. Hovever fn theln neaetlone rlth
orggnle dlenlvatlvee of GnotrpvB elementa, theee ¡aloalkane¡
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chor narked dllffenencêBr fneteacl of acleluet for.rnatlon,

reaotlon of tnlmethyl-phoe¡phinc, -ard.ne ena! -etlblno
rtth trlfluor.olorlonethane yleJ-d a the appnoprlato

rllnethfltnlfluoronethy} clenlvatlve togethen çlth the

corrsspondlng tetrametlyl tonlum lotlldle and a trace of
fluorofov6.24 t25 îhe eornespondtlng neaetlon wlth
trlnet hyl aml ne dl oe s no t glv e dl lnet l¡y1tr1 f lu onornetl¡vl-

amlnc but givee rcne tetramethylamonlun 1oül1ilc,

fluorofonm ln gneaten than 7ofi yle3,d, and an unfrlsrtlfleit
eolltlr A mechanlsn has been propoeetl for thls radleal

exahange reactlon ancl lnvolves an lntenmedlate

quaternapy eompountt of the tyTe [cur) 3ü, 
cF.'] * t-.

In the caae çhenc the netal le phoqphorus, lt le poeelble

to prepane the ml¡ed alkylperfluoroaLkyl ,onLum aoqoundl

lndlep enclently.

CF I

this quatennany conry¡ouncl ls stable at rooxn terçenatuFer

The faet that such a oompoundl lc not dlctectedl ln the

prodlucts of the neactlon between the trlalkyl compoundle

andl trlfluonoloelomethane meane that eubeequent stepg la
the reaotlon neahanlm nuet pnovlrte for eomplete removal

of the quaternany ooEgoundl. The followlng obse¡vationa

ane nelevant to the eholce of nechanlrm.24

cHjr + (cH5) zP ær--*[cn ll) tP 3
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( a) Both trlgethyltrtfluoræettrylphoqlhonlum lodldc

andt tetramet$phssphonlum lodlldte arc obtalned fnom thc

neactfon Þetrcen tPlmetÌrylphoephlne anal tnlfLuo¡oloilo"

nethane la eanÞon tet¡raeÌ¡lonldlo. Thla lnclleatee that

reaetlon to glvc the nrl¡edt quateI)nsr¡y ooqpoqnd caB occur

ln a eoLvent. The 1nablllty of tnlnetttyltrlfluoro-

netþlphosphonlun lotlttlc to neact furthen !.n thlB casË

!.s attrlbutcd to lta lnaoluÞlllty ln the sol'vent E*d '

(t) 1'rlnetlfÊtrlfluoromethylphoæhonlr¡ut lotlldlc !- r

aoluble f,n, anct ean be resoveredl unchangedl fron

trlfluorofoelonethene. thus there 1e no tllrect reaetlon

betçeen the quaternâr.y ooIaporurd antl trLfluonolotlsnethanc.

(c) letranetblphoqpbonlun loôlrle 1ø eoluþLe ln

tnlfluorotodlonethano fnou vhlch lt can be treeoveredl

unchanged.

( a) TnlnetÌryltrtfLuononettlylphoslphonlum loilldlc 1¡

almst lnsolublÊ ln trlnetlvlphosphlne andl not eirea

traeee of tetranetÌryrlphoeUhonl\¡!n lodt'de âre forneil

unleea ethanol le adalorl.

It therefore sppearß that eolvent effeetB aPG

lrportant ln th!.s reactlon antl that tl'Lflluorolodlonethano

6Ên be negarded aa the ælvent¡ for lte reactlon trl'th

tnlmetwlphoe¡rhlnc. the reaity ao}ubllltr of trtnethyl-

trlfluoponetlrylphosphonlum lodttde ln thle eolvent
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É*lplalnß rlry the reaetloa proeeede to eoapl.etlæ la
trifluoroloclomethane but not ln carDoa tetrachLonltle.

îhe propoeed neshanlme by ¡hloh tnlnethy].t¡tflsqlton

aetlrylplroçhoalu¡a lodllil€ Ery be renpvefl andl thc

observed reaotlon pnodtuets 'fornedr 8€ clo¡ely related¡4

(r) Ihe al¡ed quatennary toiltde nay dtleeoelate to

illnethyttrlfl uoronetlVlpho æhlne ancl netbyl lodl dl c t

the latter then reaet!.ng rlth t rLnethylplææhlne ts

fonn t ctmnethylpin sphonl un lodll{l er

[tcn ) jP G3] r-*{tH5)2P ffi3 * c"f

c"f * (ffit)rP->[crr)Ur ] r

(U) AlternatLvely, thc eondlltlone are favo¡rablc

for nuolcopÌ¡lllo attacts of trlneÈTrylphoephlne on a

netlry]. group of thc quatarnary ænq¡our¡l¡

( cE¡ )¡" C"*, trr- (cnr)Or+ + (crr) 
zP æ3a{,P

/
n5

+

cn3

In Just the eane ray f,n rlrlch nueleophllfo

attaets of b@ro:!.dlc lone on tnlfl,uorolodlonethanc ocol¡tt

to glve fluonofootr26

c

^^OF+r CE
5 -+ KII + "5
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*j * ælvcst 
-CF'

tbc foruatlo¡ of tbc nlueil quaternary oor¡lound 6r =ecult
froü nqeleophtllo attack of trql¡etl¡ylphoaphlno on tha

nelatlvely po¡ûtfve toitlne of trtfluoroloôonethenø¡ &

,^€+ 6- +

(cno)¡:t *nr-fur- fcst)rr r ] *i

ffcrr)rr r ]* o;*

Ecarrangcncnt of tÌæ portttve loôlnc oqlcc vla a

pentaeovaleat gtato thca glvce t¡tnetbfttrt'fluoronetlVl-

pbsBbonlun loitlile, ltbq æa1l æunt dl floonof,on

prodluooü !.n the rsactlæe betreea trlflsorotodlorøtbanc

andl tba couroonåE (oÉI),i (rhcra I c P, Ac¡ 8b) 1¡

attrl.butad to a aldlc rcaotloa ln ürloh the trlflwro-

nethyt antoa of fiOrr]rf f ] 
+ çr-, attacka a nelghbourtng

ælesuX.a, &bøtraotlug bîilrogen. the fìBGt that the

ttclü of fluoroforn ls Go lor laillcatea tbat tha

oonv6?Ë!.on¡

cxj) 
5P 

cF5 ] I-+

la rqrlil.

GFt
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Both tnluetblarsine andl trlmethyletlblne neaot

[n a manneF lctentlcal rlth that of trlnethylphosphlnc

rtth trlfluoroloctonethane and d.nec both a¡Eenlc anil

antlmony can exlst ln pentaoovalent gtatee thc

operatlng rneohantem ls conslcleretl to be the sane !n each

Oâtsê¡

In the oase of the neaetloa of tnlnethylamlnc

wlth tr.ifluorolotlonethanc howeYer, the yleltl of fluoroforn

1o very htgh ancl le attrlbutedl to the lnabtllty of

nftrogen to fomr nore than four eovalent bonile. Thua¡

tho postttve todtlne eompler [tCnrl¡n f ]* t"j aa¡rnot

rearrangG to ßCHr)¡f CF¡]* f- vla a pentaaoval-ent state

anal e1l the trlfluoronethyL anlone are avallable for

t¡yctnogen sbetractlon, glvlng frluoroform as the mJon

raactlon pnoduet. The exchange reaetlon to glvc

itlnettryltrlfluoroDethyLamlne then ænnot oGGllFc

lrhe avall.able evltienee ae to the erlstence of

oatlona of the tnoc RtI I+ (vhene t le Ñ, P, Ae, Sb)r at

flnsù clght æBears to be oo¡fLlotlng. lnlmetllylamlnc

illbnornldto2T "na 
the anaLogous dt-iodldt"28 b""" beon

knorn for a long tlrne ancl the fo¡rnulatlon of theee

oo,çouad "29 
Êa I cnr) rr x]* f, haa been eupportecl bv

lo the æ11d1 stetc strueturcoondluetlvlty neasuremæt s.-
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ileter.nlnatlone of a¡oh aompoundls lndlcate that tha

halogen mleoule le attaehd by a aova-lent bondfr to

the n!.trogæ ston anit that the llneaF arrangement

f - X - X exl glu.J2 Eoç6y"o, ln ælutlons poseeeelng

favorable illclectrla pno¡rantlee, tt le qrparent fron

oonduetlnetrle measu1'emente that hotenolycle of the

halogeæha.logen llfik csn readlLly occuF to pfotluco

tonic qteo!.e s.18 'i3

It has stnt'Ianly been ehown that tertiary

Dbosphlne cll-lotttAer1| and tertlary arsenlo tllbnonlcteg

and dll-loet jJLelJS hava ooIËuotances dnllar to those of

i¡1 eleatnol¡rtes ln polar eolventa }lke nltnobeng'eøG

anrt nethl ofarlfdlco

A alnllar bondl ft ælon ln CFU 

- 
I sân

r"eadlly Þe ooneldlcred knerlng ttrat the trlfluoromethyl

gtroup la knovn to behavo !.n aone olroumgtancea As a

pseudo-harogen.F rhe hlghen elestnonegatlvlty of

the trlft¡¡oronetbyl grou¡p (5.3) üran lot1lnø (Z.h)

lncltoatee that the pnoclucta of the bond flgelon

envlssgedt, are f+ anü c¡5. fhe axl'taneo of quaternany

oatlon¡ of the typc [*f" t ] 
* as lntermedllatec ln the

rcaetlon¡ betveea trlalkyl dl erlvatlves of GnoupY B

element6 s¡I¿t trifluorolodonethene, therefore æpear!

feaelb].e.
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fha orlglnal rolts on a nuÑer of aer

pelfluoroalkyl itertvetlves of phocphæusr areonlo aaü

antlnroqf ls deeorlbd ln Ghaptor fV.
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VE

EIHIEMg

-ÊE

'l o INTRODUCTT Olr

Although the neactlon of trtfluonolodlomethanq

rlth the tnlnethyl dlerlvatlves of nltnogen, phoqrhorua,

aroeenlc anil antlmony had been sùudlf.edl prevlouely ,1 ,2

pnlor to thls present sturly, no Fotk h.aal been donø to

ôetenmlne the lnfluence of largen altsy1 or perflr¡oroalkyl
groupo on the courec of the reaotlon. ft ras the aln
ln thle prog¡earmle to nake suoh a aturty and to rlstermtno

thc trenrle ln behevLoun of the p¡loduets of rcaetlona

betreea hlghen moleaul.ar relght penfluonolodoaLkanes

antl trialk¡rl- tlerivatlves of the GroupT B elements.

After thts lnveetlgatlon ras dartetl, Cu11en3 puu1tsheal

thc reeulte of æme exohange reactlona efntlar to thoac

to be dlescrLbed ln thf a Chepter. the only neaetlon whteh

has becn tlupllcatetl la that betveon trlethy1anelae andl

trlfluonoloclonethane and the result¡ of Þoth workers are

the Érßc¡

the overa1l neactlon betçeen trlmethyl-æhoophfnc,

-arBtnt @¡l' -eÈlblne srdl tnlfluoroLoclonethane ca¡

onlglnal.ly statert to glve ae protluets, tha ryproprlatc
iltnettryltrlfluoronethyl rlenlvattvo ( l0lfr) andt tho
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corresponrllag tetranethyl'onlum todltle (fOfr) .

florever a cloaer eramtnatton of the reaet!'on lnvolvlng

tnlmet?rylplnepfúnc lntlloatecl that, io dclltlon to theec

tço proctuotc, dllnethylbl stnlfl uorometh¡rlphoephonlun

lorlltte raa formeû.h thte wa6 very surprlstng slnoe

nelther the reactton of tnlfLuorotottomethane çlth

illmethyltrlfluoromethylplioephlne nor that of metlryl

lod t it e rl th met ltylbl atnlf I uoromet hylBho sphl ne yl el cleil eu ch

a quaternary com¡rounô. Another anomly appsared vhen

dlethyllo¿loarslne reaotd rlth trlfluonoLoclomethane ln

the pnesence of merecurl¡r glvlng pnedomlnantly ethylbla-

tnlfluoronethSrlarslne'5 fn alt other oasee tÉeA, the

prottucte antlclpateet were obtalned fnom thls type of

neactlon rhlah rmy be erpreseed ln the general forn:

2 @H3) 3t + crfr-(cn')rt cF, + ficnr)Url r

Rr& T=.n * Bf ErÀa (R¡) 1x

flubsoquent tnvcstlgetlone neveaLecl that the fonnatlon of

ethylb!.strlflluo¡ronrethylarelne wae not ilue 1n the above

instance to rsactlon of trlfluonotodomethane wlth the

lnltlal pnotl uet, ttlethyltnlfluonometÌ¡ylanslne" eLnoc

tlrese tço eonlgouatls dtal not reaet unden the condttlon¡

enployctt ln sueh a ¡:eaetlon.S
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llhusltwaeapparentthattheahemletnyofthe

perflluoroalkyl dterlvatlves of the GroupV B elementa raa

moPe eoltÞllaatetl than Íaa otroa thought'

2. 1RÏ

lnlfloorolottomethane rlaa founct to reaot rlth

tr!.et}ry1-phoephlae, -erglnG anô -etlÞlne glvlng the

approprl ate tlletþltrlfL uoronetÌ{rl ilerLvatlve togethon

utth the correspondlng tetraethyl tonlum lodldla. It

Ía6 nece8sa.ry to heat the roactlon ml'xture eontalnlng

the analne to tOOoO to lndluoe elgnlftcant reaotlon, but

rlth the pboerphlne and stiblne ) gÃeqoate quantltlee of

producte vere formeit at roon tem¡leratÛr.Bo Sualltatlvelyt

the nate of neaetlon of trlfluorof'oclomethane çlth

trletÌryl ootqgounds rea g]towelr than uflth thelr trlnethyl

analogo"rrl aa drovn Þy longer tlme leequlred fon the

flrst dteposltton of êo}!d tetnaetlryl tonlum loclldløe'

InallthreecÊgG''øyent}æughal'angeexceBgof
trtfluorslodtonethane ras used, the reaetlon nLxturea

reaohedl an equlllbrlun posltlon when only n'9* of thc

organoætalllc oor@oundt hact reactedr an¿l lt çae foundl

tbat the yleldte of the va¡rloue prodlucte Íerc unchange'l

e¡ren aften perlods ar long as glx npnthg. fforever tha

ylcl.cts çEre gnøat1y lnrproved Þy removlng aLl' thc
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volatllc eonstltuente of the equilfbrated mlxturee fron
the eoild qeatenaaqr eoqounda formerl tn eaeh caso anû

allorlng nw equlllbrla to be eetaÞllehd. By nepeatlng

theee pnoeedlunee eeveral tlues, ft rae poeolble to
obtaln yLelil s of the qpnoprlate ttretllyltnlfluoronetlyl
terlvatlves aG hfgh as 8Of.

fn tho reaotlone of trlnøtlyl derlvatlvcs of
phoe¡lhorue, areealo antl antlmonyn thene ças alnoet
quantltative convcre!.on of the trLnetrryl counpoundle to
an equlrelar mlxture of the dlnettryltnlfluorormtbyl
itertvatlva ard the tetnanetþl toniun lodtlds.l Thero

ra6 no evldlanee for the fornatlon of oorq¡oundg sf thc
fonm CEjf (Cfr)2 ln aqy of these neaotlons.

Aleo lnpontant ças the fact that ia the present rork,
great illffloulty raa eçpenleaeetl ln s@aratlng unreaetedl

tnlfluorolodlonetlrane fmn the nlxture of trlethyl erd

dl.etbyltnlfluononetlryl tlerlvatlvesr A slnilar
obaervatlon for eoqarable syetema raa nadle by CullanJ

;bo attrlÞuteil tbe fact to the fonnotlon of noclerately

atabla tonlum oorÐlexee vlth trlfluonolodomethane.

thle pnobì.er tac overlcome ln the pneeent study by uetng
yapoup phaee chromatognaph¡r. Wlth oareful ehoioe of
oondltlone, oorplete æparatlon of the vanlou¡
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oomponents of the neactlon mlxtu¡lea ras readlly aohf eyeð.

thle teohnlquo not only enabled the oompounds preeent

to be obtalnedl !.n a pura fonm, but al-so lndlaated the

preaence of anothen oomponent rhleh çou1ô probably havc

renalnedl sndeteeüeil lf other æpanatlon methodla hail

been oaeô. TIaIB compound raø procluceil ln eaoh of the

reactlona studll€d anü rms fou¡nl to be etÌtyl lodlldle.

tbla Fte yuO orqprlslng elnce some unohanged trlethyl
eorrpoundl vae a:[eo p:nesent ln the rystsnlor Nonnally

of oouree, ethyl todltle and trlett5rl dlenlvatlvee of
Gr-oupV B elemente Feact to form tetraethyl tonlu¡t

lodltlce. fhe faot that theee tro matenlals oou].d

oo-siet aÉr eueh, wae not ilue to tho fast that the¡r hodl

lneufflclent tlne to neact, slnee aB ÌBs prertou¡ly

atatedl, the neactlon nlxtures Elra on oooaalone allorell
to stand fon at¡ nonths. |Ihe cplanatlon pnovlcledl fon

thls qpanent anonaly nequlrea a cloeen etudy of the

overall nechanlm of the reactlona.

lhe t¡o o1.ooely nel'atetl reehanlsno propoaeü by

Eaegelldlne and llcgt fon the neactlon of trlrethyl-
phoøphlne, -aralne an¿l -ctlblne vlth tnlfluorolodlo-

nethane lnva].ved the for¡natton of an lnterneillats
quaternan¡r ooryoundl ficnr)¡I 8t]* r-. oae aesumed that

a nrbeequent stcp ras the nuoLeophlllc sttack of a

further rrcLeouLe of the onlgtna]' trlnetþrl con¡pounil on
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a nethyl gpoup ln the mlxedl quate¡rnary conpounrt" thue:

P

nf +*4t* + Rrr Bf,

B

vhcnc E = CE, antl B, = CF,.

thts lælleit dll¡reot formatlon of the tetnamethyl tontun

lodlilc from tbe lntennedlatc andl illrl not permlt cven thc

tnanslent exlstenoe of fneo alky1 loillde. The other

neehanlm lnvolvedl dllsæelatloa of the fnternedlatc
guatennar¡r conpound thus¡

+
\),/ I.
,/\

E

%

n

I- --+ +lf

Rr R

Beaetlon of the llbenated EGthyl loilldle ylth a rnoleeulc

of the onlglnal tnlnethyl coryound then" aesountedl for
the appearance of the tetraræthyl tonl.un lodllde obserred

as a naJon neaçtlon pnorluct. the faet that firee ethyl
lottlele nenainecl after neaotlon betreen trlf1uoroLoilo-

aethane and the tnlethyl oo4oundls ras no doubt nelatedl

to the aloren nate of reaetlon found fon ethyl lodlile

rlth tnlethyl dlerlvatlves of phosphorue, aneenlc an¡l

R

a

R

¿I'
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anttnony, Grrq)a-recl çtth that of methyl lodlite andt thc
analagoue trlnethyl derlvatlyêEr Thue ln the eryeteua

unaler aonslcleratLoa, the tltlutton Þy the nerly fbnnad

alkylperfluoroalÐl cou¡pounrt pl.ua the ere66e

pe::fluonoalbl lorllil6 was probabry eufflelcnt to retard
the fonaatlon of tetnaetlryL qoatennarJr oonpounila unrlcr

the nlldl thern¡al oonditlon¡ ued. rt Eppea¡pedl that thc
relatlve pnopontlon¡ of ethyl loitlila and tetraethyl
tonlun lodllila rçre qults vanlabla and! pnobably dependleil

on faetore eueh ao the quantlty of penfLuonolodtoalkana

ueedl (ana thenefore thø extant of itllutlon) anct the d.so

of thc neaetlon vessel.

An lm¡rortant neeul't of the faot that not a.ll

ef the LlÈe¡ateð etÌ¡yl loüldle ¡esctedt rlth the trtettlyl
oonpounllr rag that obvlouely lmre of the letter rae thcn
avall.aÞle to reaot rlth trlfluorolorlonethann. Therefolr.c

the overall ylelrte of the dlletl5r1trifLuolpomethyl

ilerlvatlvGa rerpe found to b€ m¡eh htgher (æfi) than rhca
t¡rluetlvL eouÞounds lrerrr ueerl (ly-SOß).

A,a altennate e*¡rlanatlon fur the exl gbenee of
frec sÈltyl todltde as a reactlæ. pnoduet ln the ryetena
nnder oonel,dlenatlon aclnlte the poælbSltty or elthe¡r

on¡ of the reactlon nechanlrírg postulateil. ft raa

oonslilereil that the tetraet?ryl tonlun iorlltle nay hava
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forucrl andl lrrespeetlve of the route by whloh thls
happened, pantlar cllseoelatlon oocunred in the ælvent,
trlfruo¡roloclonethane, glvlng frae ettryr. lor[de and the
trlethyl conpound. Iumedlate recomb!.natfon of the

two ø¡lecf es Touldl be netarelctl by the preeenec of
trifluorolodlonethano dlue to 1ts abtllty to fo¡rm elthe¡r

a peasonably stablo tont un ooqroundl Éth the trletlqÊ
ilerlvatlve, as çaa suggested pnwloualy" olr sfuçly a t¡po
of mlecurar oorpound rlth the baee r Ðd arrnrrar to that
tsnom to ocour üren trlfluoro!.odlonethane ls dllesolvod ln
æme bacls solvents.6 tht¡ vouldl be pnoteotedl to sDnr

extent by an aünroqlhene sf tnlfluorolodoncthanc ¡iroleouf.c¡

rhlch ¡ouÌd hlnrler the oloac qproaoh of the nelatlvery
nlno¡l quantltlee of etlrrr lodllile. rt ras elgnlftcant
that rhcn mst of the erroGsB tnlfLuoroloËlonethane çag

nenovcd, funthen dlqpoeltlon of the tetlaetlryl tonluu

toillile lnvarraÞly occunrcd. fherofona, although thc
trlethy]' oompound ras p¡e¡ably sbfl1 present ãt thtc
etagc ln the forn of the æqllor rlth tnlfruoroloilonethanc,
tbe rlegnee of proteotlon of zush a oorql.ex ras groatty
reilueedl andl tho oo@øtltlon for the reactlon rlth tho

trlethyt oo4ounrl ms then ahangd ln favour of ethyl
lodllrla.

Âe 111.1 be etrown ln Ghapter 'IîI, the reaetlon
of perflluorolodloalkanea çfth trlaltsyl cl enlvatlvea of
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blcmuth tnvartably proclueecl the approprlate alkyl

lotl!.cle as one reactlon pnocluet, but slnee blouth ls
normally lneapable of fonmlng quatennany oo4touttds, thls

fact doas lltt]e to suppont elther ¡leason glvon for the

appea¡ranoe of etfVl lodlcle ln the above reaotlon

n!.xtuF€Br

In TabLe ll.1 a¡re Ileted rtth the coqpoundr

preparedl ln thls Berlear the eondltlon¡ undler whlch

they ne¡:e fo¡rmed, the yleldg and aleo the erxtrapolateil

Þo1llng pointe.

![AE[,E l¡ ¡'l

0o4pounð

(c Fnl ,n cr,
(czn5), As GF,

(ce\) r* ctæ,

ffinapol'- Reaetlon
ated Gondlltlona
Bo111ng
Polnt

Iïo. of
tfne¡
treat edl

Orera].l'
Tleltl
(%)

BO

60

7o

5

2

2

97

110

'l t6

æohe ar,.

1000/2k hr.

æolb8 ru!.

All the ner alkylperfluoroatkyl ool4roundlc

pnepard tn this eenle¡ erhlbttetl pnopertlee ootpa¡abla

rlth those of theln ttlnethyltnlfluoronetþl analoguee.
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Thoy rere very neactlve torardls alr ancl tencled to

fume ctrongly when exposerl to lt. the eleetnon donatlrç

poncr of the (ÞouBY B elernente ln theee cowpoundls raÊ

rducetl ln a Dânne!¡ expectedl, ilue to the p¡pesence of tha

gtrongly eleetronegattve tnlfluonometl¡y1 glroupar

(a)
9t1ver foütdlc

-

In the roaetfon rlth d'l.ven lodlldler dlletlgrl-

trlflusronethylphosphfno çae foun¡l to poeæss a much

løser baelclty than trlethylphonphlne. thc adduet

forned by trl.etbylphocphlne wlth dlver lorlldle la
ouffllctentLy stable to be used 1n the ¡xeparatlon of
the phoøphlne as a meane of løolatlng lt ñom the othon

reaatlon pnrodueta. the eaalogoug eomplax dlerlvedl fon
dlt etÌryltrlfl,uononetÌrylpho qohlne raø muoh leae etabl¡
andl ¡a¡ found t,o undlcrgo ænelderaÞLe dlssoolatlon wen

at roon ter4reratero¡ It has Þeen eetabll shedl that thc

baalolty of tnf alkyl dlerfvatlvaa of thc GroupV B elenenta

follota the øequ"o""7 P)Ae)S. rhc stabl1lty of thc

allver lodlldo ooryLe=es sf the diethyltnlfluoræethyl
ilerlvatlvee of theee elments folloçs the sarûe ordcr.

1[hue lt ros foundl that rllethyltrlfluoromethylanelno

fonmedl en edltlust rhfch rae sren lees stable than that

fo¡rmed by the anaLogoue phoqphlno, çhlle the stlblne dldl

not forn one at a]'l. Of oouree the avalLaÞl11ty of
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the lone palr of electnons on the panent element le

Xrrogreeelvel.y neilueed as mope alkyl. grot¡pa ane replaeerl

Þy perfluoroalkyl. For exarnple, BGg srd GlrrXb etroçedl

that the staÞl]-tty of the conplexee formeü Èy nethJrl-

t¡rtfluo¡rometlry}phosph!.ner vtth the ctrong Leç14 aofdlat

bonon trlfluoridtc anrl plattnouc ob].ældle, dlecreaac¡ ln
the ordlcr¡

¡crr)f > (ffi¡) zp @5> ."f(o)2 ) p(crr) j.

(u)
Etbyl. Iodtrte

fn the reactlone rlth ethyX lodlltls tbe

ðlet$ltrlfluoronetþl conpounde of the thnee elements

ehoverl baglcltlee rnankedlly loren than thoae of the

oor¡le4ontlf.ng trletlVl oou¡rounde. Thereas the lattar
r:eeillly reacteðr8 th" com!¡oun¡le æntalnlng tnlfluoronetl{È
gporrpü dtlal æ only after heatlng thc appropnlate nt¡turôs

at 75oC fon qulte 1ong penlode of tlre. lfhc proitoote

roFe Êo uastable that on contaet rlth a1!, they r41tl1y

dlecompoeed, glvtns htghly oolouredl olIe. |Fhe orlginal
pr:ocloete uGFe tentatlvoly fonrnulateil as trl ethyltrl-
fluoronetlvl tonlun loilldles bavlng thc gencral formula

I rrb ) ,t c"rr)t.
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(c)

Â11' the dtietlnrltrlfLuonouethyl eorqpounfla

pnepar:eit ucre fomtl to llberate fluoroform when treatsdl

çrlth hot ZOf aq.¡¡eoue alkall. the rate of Tryilrolysla

lnereascd rlth lncread.ng atomlo nunbe¡r of the parent

element edr a3.though co@lete hytlrolyels ms not

aoæW]lghcil eaoh t!.ne, dl the fluortne dlenlved firon thc

!!.berated tplf,Luorometþyl gloup eppeareú ae fluoroforu'

the result¡ we1le eonelstent çlth the mechanl'm pnopoae¿l

Èy Haszelrtlne and üest 12 rho s¡ggeertetl that tho

hydlrolyais rae !.nttlatett by the nucløophllls attaek of

byrtnoxyl g rospa on the eentnal Banent element. Thug

arly lncrease ln the el.eCtroposltlve aha¡racter of the

reta-ls, a¡ch as that ooeurrlng rlth lneneadng atonlo

n¡ñer, factlltated the hytlnolyeleo Attaof¡nent of

mr6 than oae tr!.fluononetlryl group to the panent elemcnt

tìeßilereal the resril.tlng coqpound er'sen Eore Bt¡sa6ptlblc

to a¡eh attaok. Aceonölngly lt l¡as beon founcl that

tha ratc of lrytlrolyels of the trlfluoronetlryl

tlertvattves of a partlcuLar eletrent lnereasea rt-th

lncrea aûn6 nuüber øf at taohed trtfluonornetl¡yl grolrpÊ' 2

fiydlrolyel e of the tl tet]Vltrlfloononethyl

oorqountls rlth agueoua æitlm hyaltto=ldlo eaued fluonoforn

to be llbe¡rated. Al,though no fluortttc las pnocluoeût



96.

the hyttrolyelB çréra lnooqlete ln the GaÊe of the phophlnc

ancl æd.ne anct only for the etlblne uas fluor:oforn

prodl useil quantltat!.ve1Y.

l.

Fentaflluorolodoethane vas founal to neect l"ttb

tnlnetTryf-ptro4lhlne¡ - arglne aad -gt1btne, gtvlng tha

approp r!. at e d ln athylp ent af1 uonoet WI dt erlvattvc togethcr

rlth the corres?onallng tetrahethyl 'onlun lodllde.

lfþe reactlonfi grePe pelrfgilmd at roon teryerature EDð

aFpesFecl to ¡rrooooel at a rat6 Gomparable r,tth that

obset:ved rhen t rtfluorolodlometlrane neacte{l Elth theee

same orga¡tonetalllc coupoqndts 8Dû Ocrtalnly tþre rapltlly

tha[ the neeotlons of tnlfluoroloclonethane ¡rlth thc

analggoue ttPlethyl deriyatlygg. Here agaln, n ernoval

ef the volatlle Broducta andl uaehânged Peactantc fmn

the solld quateraary loilllte dleposlteatr €aabled the

yleltlË of tbo dllnet$lpentafluoroetlryl tlerLvatlvee to

be slgnlflcently lnoneasad. Hovererr ãß rac to be

e:Ëpeçtefl, no free netllyl lodtldte ¡¡as founil |n thes'ê

reaotlon ut=tune8 åfr¿l there Íerø no obvloue differêneel

ln the mocte of neactlon fnom that observeil for the

anslogoua onea rlth trlfLuonolodon€thÊneo
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lable b.2 oontalne a llst of the cotqlounda

prDeparêa ln thla acllles, the!.r e¡tnapolatedl bo1L1ng

polnta and a s;rñnarTr of the reaotlon oontlltlons.

IAET,E h.2

Cort¡oundl htrapol-
atedl

BollLng
Polnt

Reaotlon
Condllttons

No. of
tlre¡
treatedl

Overal
Yleldl

1
( rÃ)

(cH5) zP czES 57 2orÐ/1h br.

(cnj) euocfS 67 Nølzu nn -

(cH5) 
a 
ft cir¡ 79 na/72 w.

Theaene'Goryornrdlapogaegeetlpnopertl€smorG

olosely nelatetl to thoee of theLr iltrnetþltnlfluoro-

netlryl analoguee than of the coryanaÈIe dlethyltrlfluoro-

metlryl cterlvatlvea. thls ras pgrtloulanly rptleeablc

then they f,ere exposed to alr tn whtch thcf tendledl to

lgnltc. The powerful clectron attraotlng propentlea

of the pentaflluoroethyl group Üe¡rr6 dt emonetratetl ln thc

reactlone rtth dlver lodttcte, flth rÈr!.oh only dlfineth¡rl-

pentaftuonoethylpho4rhlne forurecl a coupler. Even thtE

oo4lex rac Bo unetable that, et rloom tempenaturer therc

ra8 oonslüerable dllesoslatl0n lnto the oorponer¡t noLeeuleg.

t

2

4

58

9

b5
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Both the phosphfne andt the arglna rcactefl ¡rlth netlryI

lodltile fornlng oo4ounds *ì!oh rapldtly deæmposd rlren

æposeal to a1", glvtng hlghly æl'ouned oll's' tha

corqpounrle theneely€r rere tentatlveLy trormulated aa

qÌ¡aternary tyrpe dlenlvatlvee of the fonn [(cnt)ru c2f5ì I'

AltsaLlne Wflrolyel e of the dlnethylpentafl uoroeÊÌtyl

conpounile eauseil pentafluorosthyl g¡roupe to be llbenatøtl

a6 p6ntafluoroathane, but the quant!.tatlve llberat!'on

of tbese grot¡pa only ooeurnød ln the eaaa of the Stt'blne'

b. IXFRA-RED SFEGIRA

Thelnfna-l¡.edtqleetraofthectlnret}ry]-penta-

flrproet}yl g¡¡ illeùÌryltrlfluororretlryl cle¡rlvatlyec of

phorphopus, arsonle antl a-ntlnony rere recordetl anil

coqlatloü wlth thoso of ne:Lated GompounalBo lfentatlve

vlbr.atlona-T. aee!.gnments rere na¿le generally oBly for

thoae fnequeaole¡ aegoelateÈl rlth C-n and C-F

vlbratlona ln the frequenclr range ?oo-hooo cm.-{

,( a) olnetnvlpeJEtaft uo¡roetlvl Cor@ou nd ¡

The obser-red freguencles andl tentatlvc

acølgnmente are 1!. sBe¿t ln Table \.3,
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TAII,E lr. q

(onj) ¡Fs (cnj) {" cfs (cnf)es cfs .Àaslgnnent

zew G)

æ35 ( rn)
2895 (reh)

tl¡¡8 (rn)

13ù
1 279
l nl+
1 209

¡o15 (m)

E9z5 ( n)

thlt¡ ( m)

925 ( ") Go,

C-E antlryn.
¡tretah

C-H cgm.
atreteh

C-E antlsJrü.
benil

C-F stretohes
of CF, gl:oup

C-F strctehø¡
of tlFr-t group

]

11111 ( s)
1099 ( e)

t llzo (n)

tr06 ( a)
1092 ( eerr)

95o ( a)

9oo ( m)

85o ( e)

7\2 (seh)
716 ( s)

;ì
1

1

1

tæ
290
200seb

")
)

to86 ( e)

969 ( g)

89, ( m)

861 (')
74h ( rash)
7te 6)
9ttt1 ( a)
7A ('eh)
7o9 (n)

6az (u)
7ß (s)
726 { e)

roek
C-C a:üretoh
CH3 rae

C-F iteforn.

ITot aælgneil

The abgorptlon bands at e88O-5Of5 andl 182O-Ðl+O

ot.-{ ara6 aoslgned to C-H antlryrmretrlo enct eynmetrle

atretohlng vlbnatlone aeepeetlvely.gt{O Although the

C-E anttayrmetrlo bencllng f?equenclea9 norrnally appean ln
the reglon of 1460 om.-1 , the effeot of the trlglf.y

clectronegatlve penfluoroaLkyl groulrs ln the oottpounils

unGlor examlnatl-on may well be reæonelbLe for thc

obeerved abaorptlons attnlbuteÊl to those tttodles occunrlng
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ln the range 1t+O5-lhb0 cm.-1 The very stnong banda

ooournlng at 12OO-1 555 am.-1 *t attrlbuted to the C-F

etretohes of the CT, fragnent of the pentafl-uoroethyl

grouBll t12 and pnobahly obscune the lese pnomlnent bande

rlua to C-E rymtetrlc bending vltrratlone. The bandle fn

the nange 1o85-t10o cm.-1 t", aoslgned to C-F atretche¡

of the CF, unlt attaohedl illreotly to the ¡netaL aton.

In the neglon 89o-9oo sm.-f le a band 1n thc qlaetnum

of oaob of the eo4ounele attnlbutetl to C-C etretchlng

ln the pentaetlyl groûp. the fnequenclee ln the neglon

-'l925-970 oE¡ ' ar€ attælbuteil to netÌtyl rocklng vlbnatlonat

rhtle thoee at 82O-860 sm.-1 ara tentatlvely asstgned to

mettlyl ragglng. The atnong bandlo occurrlng at 7?¿5-78o

-{Grü. ' are aoalgneil to C-F tlefomatlon vlbnatlonÊ.

( b ) Ðt eth-vltrtfluononænvl Cornpountlç

The vlbnetfonal frequene!.ee ln the lnfil'a-rçetl

e¡pestra of illethyltrlfluononettfl-phoryhlner -arsfne and

-stlblne, where applleablr, aJea eompanabl.e wlth thoee of

the dtlnethylpentaflluoroethyl gerles. fn labIe h.4 enc

11et@d the oÞeervedl vLbratlonal frequenoles snel thcl'r

tentatfve asslgnmenta. the explanattons offeradl tror

the aastgnmento nay be obtalneil by reference to the

eonÌnGntary pentatnlng to Table 4.3.



Ðilù (nsh)
2898 ( n)
1458 (n)
r419 (r)
r&o (q)
r15b ( e)
rloS { e)

lol.

E'5
2882.

1\69
1bp

e950
28E5

t h6E
14æ {3

791 (n)
976 (n)
719 ( a)

ÎAU'E l¡.lr

(ceEg)'|w¡ (szru)zr+cal (cpr5)affi5 aaslsnFentg

æ79 (n) eeso ( g) æF (n)

nch
¡)
n)
r)
u)

;l

aah)
e)

(
(

?9e (n)
95a (r)

0-E antlErnr
etrctoh

C-E qzn.
str.otoh

C-Ë antlffHo
bed

C-F ryu. and
antf q¡t.
sËnatsh

C-F dlcfora.

Íot seet guêû

119t
1125
lWs

']

]

]

W:7 (n)

986 (u)

fftL
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ETPERITBTT.EI,

t eEfERÄL 3rcSIeEE8a

tho goneral teohalques ileærlbcü ln thl¡
Ahætor Gre alæ applleablc to tho e'rperlrental Chaptenr

to follor. On1y thosc toobnlquec rhlch rì6ri8 qaeil

c¡slualvely ln tha lnrestlgptlons dlese.Plbed 1n thr

foLlwlng Seetloas rtll appear ln tha rclevaat

crp erl.nent aI Chapter c.

(a) Yeeuun srgücl¡

Volattlc mterla1¡ rere naalpulatedl ln a

oonventÍonsl Pyrex glaas vaguun grst*J tA and fractlon-

ated Èy træ-to-tra¡r 61t¿[rlatlon rlth tbe e!'tl of

qlprø¡lrlate ¡lr¡ah batTra. fn gene¡ral¡ reaetlonl bct¡ccn

pcr:fluonolodloalkanee aatl oFganouetallLo eoqrounå t tetPc

ca¡rr!.d onü f,n heary mt1d Pyrex tubes of 4proxlnatøly

50 ñf . oqpaot ty. llhe volatllo reaataats re¡l€ sontlenacô

frsn tha vaeuun ryetem lnto the tubee rhleh üelG thcn

sce]'ail ürlLo evaooatci!.

(u)

Âfter prellntnary tnsp-to-tnap dU crtfllatfon,
the fraatlong aontalnlng the ægaaonetall'lo ooqloundr
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Ícrc subJecteil to rraBoun phaæ clromatogpaphy ln oncler

to leolate the lnillvldual eonetltr¡ente. A Perkla-

E1tner mdel 154-€ vapour fmetoæter raa used fon thls
pulepose. ![ltrogen És the carr"ler gas andl rll-isocleayl
phthalate on brick dlust the eolurnn packlng mtenlal.
ßaoh pur:6 fnaetl.on, ae lt emerged fnom the coLunn

rae solleotê¿l ln a ecparate U-tube oooled ln Llqulrt al.r.
thø ¡retentlon tf.nres of the nor conpounclo prepaned ate

glvcn ln Table 5.6.

(e)

lhe vapow pressures of the ner eompoundla çere

rneaauned over a range of terqperatunea uelng thc

lsotenl Ecope nsthoel.

(a) Analvaea

(f ) Phogphoreus rae detertnlnedt by car.eftrlly

oxtdtslng the qrpnopnlate ooEpound wtth nttnlo actdl Ln

a æaled tube. the solutlon waa tlllutetl Tlth water,

armonf um molybilate arlrl edl r ed thc pho çhomolybt[atc

tltrated rlth stardarcl alkaLl.J

(lf ) Â¡eente rae rteternf.nect loctonetrlea].1yh

after nltrle aoldl dleeorrposltlon ctr the oompound.

(fff ) Antinorv rae rteternlned by tlt¡ratlon wlth
potaaelum permanganatc5 aften oxlclatlve decompoeltlon of
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the coqoutd vlth nitrla andl sulphunlc aeide, foÌloredl

Þy nedluctlon rlth h¡rtlnazlne.

( fv¡ Carbon and llvclnoqen analyaee were penformd

by the C. S.f . R, O. Uleroanglytl cal Labonatorf ee, Mel.botrne o

(v) tol.æuIa¡r welghts of gases were dleternlneil

by Regnaultf e nethod. For those æqoundle havlng vetPy

Iow vapour preeeure at room te4leraturor the oonventloml

appanatua vas nodlfledl to allo'w eletennlnatlone to be

nade at sultably hlgh tempenatureo ( see Stgure 5.'l).

(vl) Infïa-¡red 4ectra were reoordledt In the

range 7OO-4OO0 olr.-1 uslng a Penk!.n-Elmen ¡nodel 21

double-Þearn qgeetrophotoreter fltted rrtth sodlum

chlorldø optloe. $pectra of gaÊee were neaonilodl uslng

a '10 em. gas oe1l equipp€d wlth æcllum ehlorlde wlntlowe.

2. PREPARATTOHS OF REACfAIIÎS

( 
") Perfl uonol ocl oalkaneq

fhe perfluorolodloalkanes ueed ln thle stutly

rere prpepared by heatlng together mlxturee of lodllne anil

tbe sll.ver eLts of the appnoprlate perfluo¡oalkyl

oarboxyLlc acltls. llhe dlver øalts t6re fonned by

treatlng freehly prepaned d.lver cxtde wlth the aeldl

r.equheil. Thus etlver nltnate was treatedl w!,th ereesa

eortlum Ganbonate æLutlon and the preclpltate formedl
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¡lspeetectly rashed untll fnee of nltrate and oarbonatc.

the purlfled ellven oxltle taa then tneatetl vlth a al'lght

ctcess of the requlned acldl ancl the nesultlng go]utlon

concentratedl at reduce¿l pllessure untll crystalr

a¡rpearecl. fhe ellven 8a1t çae then clrled !n a Yaouun

dlealccator contalnlng phosphorus pentoxtdle.

( r ) Tnifluorolotlonethano6

sllver tttfl.uonoaoetate (zzo $lrr ¡ 1.o mle)

vas lntlnately nrj.xeil rlth dlr¡r r f!.nely d lvltleô lodlne

(6ZS gü.r 2.5 nple) an¿ placed tn the reaot!.on veesel À

( eee Flgure 5.2). The mlrtune ras ûa1.efully heated

ao that a steaôy gtroam of gas bubbled th¡ough the

aorubb!.ng toçen B. fhls toren contalnetl a eoLutlon of

æillun þih:ox[de (tOß) to abeorb carbon ctloxfdc pr"otlueed

ln the reaetlon, anr! ædllrm thlosulphate (¡É) to aÞærb

any loillne ca¡rled over by the gases. the tnlfluono-

!.odlonethane then paoeedl t?rrough a eerlea of dlnylng

tuber D anct E contalnlng calelun chlæltle and pho@horua

pentoxldle reepectlvelly' the prodluot sac flnally

ooLLesteit ln a tnap oooleil tô -196oC antl purlflea! ln

the vaeuum eystem by tnaB-to-tnap etf etlllatlon (Founct:

ml.rt . 196. Ga]'a. for CFjIs Þ1.üt' 196). the ylelit

tae 95ß.
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( f l) PentafluorolorloethaneT

811ven pentafluoroproplonate (lq gno ¡

0.6 molc)r pr@aretl fnom eLLver oxlde and pentaflLuoro-

proplonlc aeict uas mlxerl rlth lotltnc (Z¡tl gm.r 1.0 m1e).

the mlxture raa gently heated andl the gas llberatedl

oolLeetedl ttlreetly ln a trap at -f96o0. Ä, vaouun

Jacketed ooncteneer fitteat vith a eolcl flngen ("ee

Flgune 5rj) was then attaohed to the top of the trap

and the ter4renature alloredl to rtse to 2OoC. .411 tho

oanbon elloxftle raa relrcvocl tn thls rayr the pontafluoro-

lodloethane betng retalnedl by nlalntalnlng the ten¡peraturc

of the coldl flnger at -5OoC. lfhe yfeldl of product

(Founil¡ mol..Ít. zl+6¡ Cal"o. for GzF5f 3 no1.rt. 2461 taa

125 th. (s5É),

(u)

(f) lnlnethvLpþosphtne was prepæed uelng a

rethort baeecl on that of lfann anel We11e.8 ËGrlgnartlr

Eagneelun (tog gme!, 6 atons/nola Pflr) andt nethÉ

lodllita (6hO 8., b.5 mle) ln tþy dttetWl ethen (ltOO 81.)

üelFe used to prepane an etheneal ælutlon of methyl-

nagneel..um loclltle. Thc solutlon rae cool.ed ln cl ry lae

anrl vtgoroualy stlrred whtle phoqplrorur trlchlorldlc
(to5 gil.r o.75 rcle) ln ether (zSo tttL.) ras adtdleel at
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sueh a rate that the beat evolved dlurfng the reaetlon

Just prevented the nlxture fnon eo).ldlfylng. trltrogen

raa peseed thnough the r.eaetloa veseel- thloughout tho

preparatlon. the flnal nlxture raa alløerl to rena!"n

str -5OoC ( aBproxlnately) fon three hours anct at noon

terperature for a further ten houne. A1L the volatllc
oonetltucnte y6re then df6ü111ed dlreotly from the

reactlon yeseeL lnto a flask contalnlng a solutton

of sLlver lodlrte ln açlueoqs potaeelun lodllele. (ffrfa

æ].r¡tlon ras prêIraredl by adallne æLld Botaeelun lodlldlc

to d.]-ver nltrataî25 gn.r O.7, rplo) ln reter (¡OO n1,)

untll the øllver lodlltler flret preelpltatei!r Just

cltsappeared.) At thc aoryletlon otr the dtstlllatlon
the aqueou¡ entl ethereal layera Fare contactedl by

vlgonoualy ahaklng. fho heavy vhlte preclpltate fonmd

at the Junotlon of the two layerG Éa fllte¡red off t
rashed rlth potaealuu{ loell¿le eolutlon antl tlrtedl by

purylng. Fnee tnilnetlgrlphosphlne ra6 genenate{l by

heatlng the oonpref [¿*t. r (cu,)5]rr fn an evaouated

tubc oonnectedl to a tnap coollocl to -19dC. Ftnal

purlfleatlon rag sshleved uslng tnap-to-trap dlstll"latlon
through tnapø oooleet to -t+6 t -95 enrl -196oG. tho

yleldl of trlmetlrylphosphfne (Foundlr noL.wt . 761 Calo.

fon CfiP: nol .rt . 76) raø 31 grû. (Eltfi base¿l on

phoçhonus trl ehlorfð e) .
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( ll) Trlethvluhomhlnelo ,*e pnepaned by an

analogoua pnoeeclupe, uslng ethyl.ragnealum todide (4.5
rnoLe) and phoephonue trlehLonlcte (O.75 noLe). The

yleli! çae h1 Bñ. ßOfi). The tnletþtphoqphtne ,aa
oharaoterrzú by treatlng a 6arrp1e wlth excees ethyl
lotlldla ln a eealed tr¡be in the abeeaçe of alr. The

tetraethyl.phosphonlmn todld e re eultlng ras treated
vlth an aoetone aolutton of nereurle toctlcle, such that
the moreauran ratlo of the two neaetants ras 1sz.
The tetnaethylpho sphonium pentalottsdltmerourate æ fonrnedt

haar â Eop . 1iïøc 1ttt.11 l17oc).

( rrr) Trtnethvlefslncl2 xett¡¡].nagneetum

loillile tras preparetl from nagnealr¡n (Za gB.r 3.0 nnle)

anel netÌg¡I lodtda (UZe gE. r 3.O hole) fn aodllupdlrled

ethcr (Z¡O rû.). To thls eolutlon, whleh wae oooleû

ln tlny 1ee, raa eløly adldted al'aen!.e tr.lchlorlde (9O gm.,

O.5 rc1e) fo ether (a¡O rnl.). vfgorous etlnrlng mr
neoesear¡r to qulckLy remove the yel1m aoLl¿t uhlch
tended to depoatt on the walls of the neaetlon veseel

ôunlng thlc adlelltlon. Nltrogen rae bubbled thnougb

the ncaetlon mlfiure eontlnouely. when the adttlltlon
rae coqpleter the ml.¡ture uaa alLoteil to stand at room

teryenature fon a furthen slr houre before belAg

hyttnolyeeil at -78øc by the oaneful adlrtltlon of amonlun
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eulphate eolutton ( approxlrnately 4,) . The ether layer
rae then n e¡pvecl through a slphou tube bV 4p1y1ng a

pressure of n!.trog€tr. the ether eolutlon vas dl:lleel

@ver¡ ca].olum ehlonlde andl dlletll].ecl and the rttstlllato
shaken wlth sucocsslve amount¡ of t slLver lortlilo

ælutlonü ¡mtl1 no funther cnysta1s of [tCttr)rAso AgI] 
h

were ÉlepoeLtleil. the sllver fodlkle eouplex ms nemoved

by flltratlon, drleil under vacur¡n anel carefully læated

to llbcnate tr"lmethylarslnc, whlch ws paseecl through

a trap ¿1 -l¡600 ln the vacuun rystem befone belng

aolleotedl as a pur€ pnoÉluot ln a trap oooLed to -196oC

(Foundl¡ nol.rt. 1ñ; Ca1o. for CrfrÂsl moI .rt . 1?Ð).

The yteld wa s 55 gril. (:gf baeed on areenls trf chlo¡rlde).

(rv) Tr{ethllanslnel2 r"" ¡rneparedt ln a nannet:

almllar to that used for tnlmettrylarslne, A y1eld

of 4l grn. (SAg¡ ras obtafned fipom e tllyLmgneelun lodlde
(2.6 nole) and arsenlc trlehlorlrto (9O gn., O.5 np].e).

The procluct vae charactenlzd by analysls of lts
nersunlc clrlorlrte artduct (Founds C, 16.J¡ H, ,.1$ß¡

nrp r f droC¡ Ca1e. for C5ffr rha Hø,CL¿ C, i6.6i, H, 7.Ifi¡
Llt .l J m.p. 1 6lroc ) .

(v) rrtmethylattulaelo o" prepared bry a

nnthocl modlftedl ffom that of Hlbbent. lethylnagneslun
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lodtite ln ethen ras pnocluced fuorn rnagneeium (t5.3 gm.,

0.62 mole) ancl nethyl lodtde (88.8 gm., 0.62 mol.e).

the eo].utlon was eoolled tn an loe-salt bath and antlmor{tr

trlchLorlrte (47.O gD.r O.21 mole) ln ether (Zp nl.)
alorly aatdetl vith vlgorous etlrr:lng. A yelLoç sollld

fortned ao the tço solutlone rere mlxed but rapltlly
dlloappeared ae the reaotlon pnoceedeil. lhen tho

reactlon waE complete, tvo layene fonmedl ln the mlxture,

the upper befng Llqukl, andl the Lover o1ly and e6rn1-

so1f,rl. the entlne ¡nlxtulre traa then dlsttlleat untl"l

the rlletll1atf.on t elçeratune neaoheil 125oC. Throughout

tho prepanatlon, nltnogen iae passedl through the

reactlon mlxtunc. To lsolate the trlnethylstlblne,
the dlgtll].ato was t¡reaterl rlth a canbon tetnaalrloridlo

solutlon of bnonlne untlL no fr¡rther pneclpttatfon of
tninetl¡¡]-antlnrony dltbrornlde oocurr"d.lb Tha ttlbromlile

ra; f ll"terd off and dnled by puurplng. Fnee tninethyl-
stlblnc ras generated by cautloualy adcllng water to the

cllbromldle, lntlmateLy nlxed wtth the etotehLometnlo

quantlty of slno dluct. Tlre veeeel ln which ttrls step

oeeu:rrodl raa equlppert rfth an outlet leatllng thnough an

loe-ooolect tnq lnto a colleottng trap cooled to -1gd0.
ñltrogen çac paeeed ttrangh the 6rstem contlnuously.

Â vlgonou6 reaetlon oonmeneeil Imrerlfately the rater
contacted the soltd rnl¡ture but onee thc lnitlal vlgour
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had Bubsldd, gaßtLe heatlng çaß applleil to cllstlL out a.

nlxturc of tnfnethylgtlblne and water:. the pnotluct ças

drted over anhydlrouc aodlun eulphete ancl flnally
purlflec! by vaouun trap-to-trap tllstllLatlon through

tneps at -\6, -95 anat -196ÐC. the yleld was 19 gm.

(4hÍ) . (Found¡ mol.Et . 2283 CaLe. for C jþsU: ttþl-.rt.

æ8) "

(vf ) Îrlethvlstlblnc. Ethylmagncelon lodlkla

rag prepareô þ reactlng ethyl loitltle (zlS BR. r 1.5 rnle)

ultb. magnesiun (12 gm., 0.5 mole) ln ether (l¡OO u1.).

Freehly dlletlL].eil antlmony t¡lchlortrte (115 gn., 0.5

mo].e) ln cther (æO n1.) tas aildcel elowly to the

Grlgnard Reagent rhlch b.eil baen prervtoualy eooled to

-1OoC. The mt¡ture rae a].loted to standt at r€om

teraperature for elglrt houre ancl the volattle natenlal'a

thon dlstlLLeil off. An atmoephere of nltrogen hadl

beon nalntalnedl ln the neactlon vessol to thle etage.

In the latte¡r pant of the tlf.etlllatlonr the nltnogen flou
raa dlsoontlnued ancl the pncesulPê nedluced to enable tho

leca volattlo oonpoaents of the mlxtune to dIE'tll rlth
nlnlmum deao@oeltlon. the dtlstlllate ras treated rlth
!.odllnc (t 27 gm., O.5 mole) and the volume of eollutlon

redueedt by heatlng on a vater bath untll crystals of
t¡lethylantlmony dlt-torllde ilepoalt ed .14 When, after
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repeated eyaporatlon and soollng, lt was !.tÐoselbl.e to
obtaln any fur.ther oryetals, the eonbined ælltt Tat

pun¡rccl to nermve eühen end then lntlnately nl=edl wlth
the etolohloretnlo quantlty of ã!.no dust. thls nl.Etune

ree oanefully treated rlth çater anrl the volatlle
natenlaL lfberatedt aolleatect ln a tnap eooledl to -t96oG.
the llqultl obtalnedl raa tlrlerl over anfurrlr:oua ædllun

mLphate, firom whlch lt rae flnally dlletllled, the

ytelil Þelng 7O gn. (66*).

5. REÀSrIOT OF IRIETTÍYI, COXPOUI{Do UTTE ÍRIETUOROIODG

( a) înletnvlp,rroæntnc

lrlethylphoephlne (lr.hb gM.r 57.6 rml.c) andt

trlfluorolotlonethane (tO.8 gm. t 55.O nrnole) rene eeal.ed

ln an evaouated tube ancl alloved to stand at roon

tcrçeratune fon thnee daya. The volEtlle oonstltuenta

of the mlxture rêne then itlstlUeil lnto the vaeuun

ryetem, leavlng a çhtte crygta-lLlne resldue. Thle vaa

ldlentlfled as tetraethylphosphonlun lorllrle by I solatlon
of the pentatododlnerourater E.p¡ âDd mfxett D.p. 117oC

(ttt.1l tl7oc) (Founrt: o, 7.98. H, l.fufi¡ cate. fon

CgE,OP &eI: C, 8.11 ; H, 1.69ß), The vol'attle
mtenlals were fractlonated through tnaps str -116 anal
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-196oC, the phoephonu +oontalnlng eonrpound o, together

vlth other nlnor constftuents eolleetlng ln the fonner.

Four oonponents of the lecs volatlle fnactlon rere

eepanateð by vaBour phase cluronatogrqp}ryr. By eomparlson

r!.th the netentlon tlmes of authentlc eantplee andl by

lnfr.a-neil ryeetroesople exanlnatlon theee componenta

rere fulantlfletl aa etLryl lodllde, tnlfluonolodonethanc,

t rl ethylp ho sphl n e an dl dl I eth-vl tr I fl uo rone t trvLo ho eo ht n e

(Founa z P, lg.l+Íl¡ nol.rt. 15Vt Galo. for tSHr'fft
P, 19.6fii moL.rt. 158). the fonmen tco conrponenta,

when oomblnetl, conetltuteil appnoxlnately 'lOfi of thl¡
fmctlon, the tr!"ethylphosphLne and dlethyltrtfluoro-
netlVlphoe¡phLnc co4rnlslng 6OÉ enal ffi reqrectlvely.
Four aucoeselve treatmente of thlc f,ractlon, obtafnedt

by the rlletlDatlon dleeorlbed above, wlth arlttltlonal

trlfluonolodlomethane unrler the orlgtnal eondlltlonc,

caugedl spproxlnately 8OÉ eor¡verslon of trlethytphophlnc
to d t et hyltrl fl uor.onethylpÌ¡o e¡lhl ne.

(f ) ffie vapour pFessure of dlethyltnlfluoro-
ættryl-phosphlne at the tempenatures lndleated, appeara

ln Tablo 5.1 .

Fron theee vailuee the ex¡lnesglon

los1oP(m) =6.81 i-3F
ras cletrtved. The extnryolatecl bolltng polnt ms 97oC.
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?ÂELB 5.I

-

leq.(oc) lo3-1/¡ (oe) Pnseeqre(n¡) LoqoP

/7,5
36.9
lrO.l
43.1
47.1
52.3
58,2
66.5
72.5
Tl.7
87.O

3.279
3.226
5.t 9lr

5.16|,t
5.1ZJt
3.A7l,+

5.Ot9
2.9b6
2.896
2.851
2.779

79.5
120 .o
lb2.o
163.0
1go.o
226.5
a68.D

JüO.'
ItO2.5

465.5
5W.5

1.9OOlr

2.0792
2.1523
2.2122
2.2799
2.t551
2;4289
2.5321
2.æ47
2.66æ
2.Tl1t

( ff) Dtethyltr:lfluo¡ronetM.pboaplrino (o.a5t gr ¡

'l .59 nrcfc) aDA 5E ædlun tydlrorlilc (5 dl.) w€re heated

togcther at IOOoC ln e cealeal tubc for t2 hr. fhc

volatllo nate¡rlala rone then f¡ractlonatatl ln the vacuun

ryeten. Eluorofotlm (o.o57 sE¡ ¡ o.8{ mle) Tat

neoove¡red but no flusrlilc ras founal ln the eolutloa

rcmalnlng. Thue 51ñ hvttrolyat e of the phoøohlne þil
oocurred.

(rrr) A æwlc of the phoæhLne (o.18 gn.) ras

oondlcneedl lnto a tuÞc ooatatnlng a eolutlon of sllver
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lotlfrlø !n aqueoua potaselun loctlde ( 20ß) aflver lotllda

(2.5 nl.). On ohaklng theee tvo lm1æ1b1e LlquLda

at tO-15oC, a @es of vhlte enyetaLe deposil'tetl'

Gentle mrmlng eaueed obvlol¡s dlooompoeltlon and at bSog

the dl 6rthyltnlfluoromethylphoWhlnc raa necoverell

qnantltatlve]Lt.

(fv) A rnlxture of cttethyltrlfluorometlyl-

Bhosphlne (0.t9 grû.) ancl cÐreess etlVl lottlile (O'65 gn')

ras alloçg| to stand ln a aealed tsbe for thrce dlays

at roon terperature ancl then at 75gC for" a furthen three

dlaye. At the en(l of tbts tlne a vhlte cryetalllne

etepoeft bsd forme¡t (O.O75 gtri.) whlch ras eüab1e g'veB

after the rermval of the unehanged reaetants lf tsept

¡¡núlæ vaeuulr. On gontact çlth lrclet elr lt rapldlly

tlecoupoceelglvtngahlgh1yooÌouneiloll.lheeolldl
forrnedl lnltlally nas eoneldere'l to be the quaternarìf

conpound ICrnU) f Cæ, ] I, but lt e lnstablLlty Brevented

an analYels belng Penformed.

(v) The fnfra-ned speetrum sf the ner phoephlne

le shown !.n Ftgtrre 5'll (t)'

( u) tr+etrvlaretne

lrletlrylarelne (3.g8 gn. r 2\'6 msole) ancl

trlfluoroloclonethsne (9.9 $tî.¡ 5O.5 mole) were alløçet
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to stand at room teurpenatune for 2h hr. and then at

IOOoC f:or 24 hrs. After rqnova1 of the volatllc
coqponents of the neactlon ntrture, tetraett¡ylansontum

toilldo (o.J2 gm.) neraatne{t (Foundl! G, 9.1i fl, 6.8î
I , 9.8ßl CaIc. fon O6Er.{aI ¡ G r þ.2i Hr 6.29',

Ir 9.gfi). The volatlle neactlon pnoclucte Íere

aubJected to tr.ap-to-trap dlsttl].atlon anrl the followlng

fnaetlone oHalneil ¡ fluoroforn (-f ggoc) (Founa ¿ rnoL.Ít.

7Oi Calc. fors OHF': nol.rt. 70)¡ trtflluoroloclonethana

(-t55oc) (Foun¿3 nol.rt. 196i Calc. for ojt: ml.Ft.

196)¡ a nlxture of trlfLuorolodornethaae anrl ethyl

loctlde (-95oC)¡ a mlxture of trtetfrylarslne anÉl

cllettrvltrlfluoromethvlaqalnc (-46oC) (Founa: As, 36.8ßi

¡¡o1 .rt . 2O1; Oa1e . for C5"t d*"t Äc, 37 .Ofil mol. .trt .

?'OZ). The latter ftactlon aleo contalnoil nlnor

quaatf tlee of eühyl lodlde and t¡¡'lfluonotoclonethaneo

The fractlon oonelst f.ng of thç areenlo-oontalnlng

mterlaL rse heatett rlth ailclltlonal trlfluoroloÉlomethanc

anrl an overall 6fr oodverelon of tnletltylarslne to

rltethyltrlfLuononethyla¡relne ms achlwed. DlettryLtrl-

floonomettrylarslne has a bolllng potnt of 1lOoC

(rtt.15 liroc).

( t) DlethyltnlfLuoro¡nethylarstns ( o.194 grn. ,
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0.96 roole) andl 58, eodllum hydroxltle (5 af .¡ rìere hcatcü

together ln a aealeð tube at IOOoC for {2 h¡.
Fraetlonatlon of the volatlle conetltoeatc ln the vacuun

rysten gave fluoroforn (O.Ohj gn.r O"61 noolle) lntllaattng

6l+Í ¡yarolyelg as no flmrlcle ras foundl ln the æl.utton

after tha reactloa.

(ff) [o reactlou occurnd vhen the arslac
(o.17 gn.) anit atlvor lortldle ln e{uGo€B Þotasslurn lodllüø

rGrG shalen together 6ven at OoC.

( f ff ) lpeatment of rlletlqÊtrlfluononethyla¡relnc

(0.a5 elm.) l1tb ettvl loitldle (t.l gm.) fon ttrree daya

at Foon teq¡erature aadl a furthen three daya at 79oC,

ytcl.dett rhlte æystal s (o .odr ga.) rhlch, dren e=poeedt

to aln, rapldlly deoonpoaed gf.vlng an o11. the

æterlal we thought to be (e*)rfe cFj I.

( fv) çfrc lafr.a-red çectruu of the anelnc tc

shorn 1n Flgurc 5.ll(b).

( e) rr etru¿ *rutnc

ftrtethyletlblne (8.OO @. ¡ fr.5 mmle) and

trlfluoroloilonetlrane (tl .h gtß., fi.2 wnole) teFe alloved

to standl la a seal.ed tqbe at rooll tenperature fon lÉ !Bs.

Thene taa {lepoãlted a emall quantlty of rhlte c47sta11l.nc
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soltal (OðZ g*') whleh ttltt not !'ncreaee rhea the mlxture

rac heated at IOOoC for t5 hrs. lPhe æ11d1 vae

titentlfl ert ae tetraotÏryl etlbonlum lotllcle (Founrl:

C, 26.1¡ ñ, 5.hO; f r fu.7fii Calc. for Crflr'õbf l Ct 26'3t

Ifr 5.h8, r, 3h.8É)' îrãp-totrap tllstll].atlon Pe

used for a pnellmlnarsy eeparatton of the volatllo

proelucte and ga¡,e a traee of f luonoforrt (-196oC),

un¡reaetecl tr.l-fLuorolotlourethene (-l¡¡oC), a mlxtupe of

trtfluoroloclomethane and ethyl !.otllett (-95oC) and a

nLxt ure of trleth.yl stlblne andl dlletlwltnlfluorometh'vl-

stlbtnc (-qOoC). the lclontlty of theee rnatsrla].a

vaa estobllehetl wlth the a1d of YaBour phaee oh¡onatofaphyr

lnfra-nad ryectral anal-ygf.e and mo]-ecu]'an welght

ncaaunement. By treattn8 the nixtune of etlbines wlth

satd ltlonal trlfluorolodtonethane" nþre tetreetlryl stlbonlun

fotlldl6 ras forrnd anct a total eonverslon of 7gfr of

trf etTr"yl stlbl ne to tt lethfltrlfluoronetTryl stlblnc

(Fountta sbr hï.?fri lml.rü. zlt7l Calo' for c5EloFrSb:

I$.OS¡ mol.rt . 2h9) ras ashlerved.

(f ) tfre vapour pressuree of tllettn,ltnlfLuoFo-

net?rylstlblne reeorcleel at a numb'er of teÐeratune¡

aPe ahotn ln Table J'2'
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?å,ffE 5.2

-
Di eltrv!.t nl'fl u oronettrvl et I bi ne

îeæ (oc) loSrE {/n {on) PneadnpG (m) hqo p

9.?
57.6
\t.7
1r8.4

52.6
55.Ê
59.7
78.T
8b.lt
86.O

95.6
I lo. !¡

5rÐ8
5.2Ð
t.158
3.111
5.o71
1.o59
2.gl E

Z.8lt5
2.798
2.796
2.712
2.@

43.5
60.9
77.O
91 .5

I OO.5

105.5
159.5
ær.o
259.5
?]52.O

529.5
453.5

1.6fr'
1.7818
1 .8865
1.96i4
2,æd
2.0749
2.M1
2.511 I
2.5'l9t
2.bOlll
2.w9
2.6166

ÎÈeertnapolatctlbolllagPolntrgsfouÊdtobc

i 3iGoC ana the above dlata @y ¡* ¡eapres€ntett Ëy the

equatlsn

loEo P(m) = 6.85 - e
( fi) DletÌryltrtfluoronetbyl etlblnc (O.Zg5 88. r

,l .o2 nno].e) andt !s eodllun þdlnortcte (¡ tú.) tere heatøt

together at tOOoC 1n a sealeil tubc for 12 hra.

fra¡r1,¿-traD iltstlllatlon rttbln the vacuun rysten
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enabledl fluonoforn (0.069 BtB.r O.99 nmole) to be lsolatedl.

Thls represented 9/s ÌUrnrolyete of the stlblne slnee no

fluortde çaB fountt ln the solutlon ren¡alnlng.

(fff) The fnfra-redt çectnum of the stlblne la

shovn ln Flgunë 9.b(o).

l+.

( a) trlnethylohoætrino

fntneth/tphoæhlne (h.7 gn. , 61 .8 rmolc) andt

pentafluorolotloethane (f 5.b th.r 62.7 mnnle) tere allæeit

to stand at room tençenatune ln a sea.led tube for th h¡g¡

the nlxtune æt æ1111 ilue to the fomatlon of tetra-

nethylpho@honlum tottlttc (h.5O Bú. r n.6 mræle) (Foundl

C' 21.9, E' 5.tr8; Í, 58.O$¡ OaIe. fon cbEt JP I¡ C, 2.o3

H, 5.F¡ f , 58.*). Fo].lolng the remva]. of thc

æ11i!, the volatlle materlals ¡repe agaln tneated rtth
Êlrcoçs pentafluorolodoethane, the naw aoLlil belng

rerrsletl after 12 hle., anrl the Pnoeedune repeatetl oaee

trþFcr the oonblned velght of tetnanethylprþæhonlum

loiltrla (5.t BB.r 2r.\ mmfe) represented 58S aonvenslon

of the trirnetÌ5rlphoephlne. fhe Yo1atlle oonstftuenta

of the reactlon rnlxture rene then eubJeeted to
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prellrnlnary trap-to-trap tttstlllatton. The fnaetlon

oonctenelng at -19609 contal"ned or¡1y pentafluo¡olodo-

ethane (Founá: moL.ïÍt.¡ 246¡ CaIc. for CZE.oT.r noL.rt.
246), rh!.l.o the fnaetlon oordensed at -63io0 wae slrown

hy vapour pbase elrromatognapþ to conslst of
pentafluonolodoethane, trlnretþlpho sphloe ('l .25 gnr r

16.5 nmolc) (Foundr Íbl.çt. 76i Cale. for CfrPl
Eol .Ít . 76) anct cltnetlrvlpentafluoroethylohoæhlnc

(3.96 gr¡ tz.o nrnol@ æ 36fi eaaverslon sf blnetllyI-
phosplrlne) (Fouail3 P, 17.8; mo]..wt., l8O¡ CaIc. for
ChII6fFPl P¡ 17.#i nol.wt. 1&).

(f ) The vapou¡! plrosÊune.terqlerature clata for
illnethyLpentafLuoroetÌ¡ylpho qrhlne ls ehown tn Íable 5 "3.

ÎABLE 5.r

Te4.(oc) to5¡rlç(ua) pressuÌc(xn) P

15.8
?016
26.7
9.o
33,'
l+o.4

46.5
52.8

3.462
5.bO6
3ð36
3.3ffi
3.265
3.191
3.1n
3.069

2?9.5
255.5
JOO.O

335.2
376.5
h6o.o
52.8.O

6u3.5

?ð6f,8
2.4071+

2.b771
2.5255
2.5718
2.66a8
2.7226
2.8085
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llhe ertnapolatetl bolllng polnt was caLculatedl

to be 57oC andl the equatlon d erlvett fEorn the abovo tlata

to be

toqo P(m) = 6.55'l - #

(f l¡ Dtnethylpentafluonoetlly].phoephlne (O.2n th. r

1.22 mnole) anil 5E eodlum Ìgrctnoxltle (5 
"f .¡ çere heated

together ln a sealecl tube at IOOoC for 12 ltrs.

hactlonatlon ln the vacuum ryøüem lntllaateel that

fluonoform (O.A6z^ BB.r O.88 mrolo) eorresponcllng to

7* frydnolysle had been llbenated'

(f ff ) wnen the phosphlne (o.Zt'l gtri.) ancl ef lver

loilltlc !n aqueoec potaseium lottltlo (ZOfi elLven fodllcle,

t n1.) we,re eÌraken together at noorn tempenaturer a whlte

oryøtalllne eo1l¿l cleposlted. By heatlng thls sollal

at 5OoC oomplete recoveny of the orlglnaL phosphlnc ¡.aa

aeeotqll'l shetl .

( tv¡ Reactlon of dl!.methylpentafluoroethyl-

phosphtne (O.23 gn.) çlth excess ræthyl loclltla (1.2 gm.)

at room te4perature for three claye antl at 75oC fon a

funthen three dayø, yleltledt a whlte err¡retaI}lne materlal

(O.f¿ grn.) rlrleh undenrent quite naplcl deempond.tlon on

exposune to alr. ft ças eoneleleneü to be [cnr) f cf s)r.
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(v) the tnfta-red epectrum of the neffi cør¡loundl

le eürovn ln Flgun e 5 .5( u) .

(b) Þlnethv].a¡slne

Tnlnetlly1arslno (2.89 En. r 2U.1 mo].e) antl

pentafLuorolodloethane (6.79 W. s 24.7 molc) Fere

al.l.orecl to stard at noom terpenature ln a sealecl tube

f:ot 24 hre. the volatlle materlalerere then nemoveð

fronr the crystallfne solld depoelteil ar¡tl the fonner

treatecl rlth aûcl1tlo nal srceta pentafluorolodoethaneo

lfhe combt necl eo].l d forted afüer these tro tneatmeat a

(h.5 gn.) repreeentedl 9ß eanverslon of tnlmetlrylanelnc

to tetna¡nethylarsqrlun lotllde (Founds C, {9.bi E, b.85¡

f ,51 .hfr¡ CaIe. for ChHft'"I3 C, 19.5i H, lr'88¡

f , Y ,6fi). Tnap-to,.f¡sp dllstlllatlon tlrrough trape

sooleal to -63 and -lg6oC +taa ueed to e€pa¡late rnost of

the execse pentafluonolodloethane from the volatllc
react!.on prdueta. ![he rnatenlal eolleetlng ln the tnap

at -65oc raø sepanaterl by vapour phaee ohromatofaphy

lnto th¡ee componentB, Yf ts., pentafluoroloiloethanet

trtnetTryla¡rslne (Found: nnl.wt. 1ñ3 Calo.for Cr$tAo:

mo1.rt . 12O) and dlnetlrylpentafluoroetlrylarslnc (2.15 Btt. r

9.6 mrno]ê -- 4OÉ oonverelon of tnlmethylarelne)(Founa:

As, 33.h%; mo1.¡t.225; Ga1c. for CUE5F*", Âe, 33.5#¡

nol.rt . 224) .
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(f) The vapour pres6ure-temperatune dlata for

itlnetÌrylpentafluoroethyLar:slne are glven !n Table 5.4.

:rêB[,8 5.h

Dt methvlo e ntafl uono etlvl ar d. na

Íery.( oG ) r oJ¡ 1 /t (Ð Pree su¡:e ( rm) toq o P

15.2
19.5
27.9
5l .o
h'l .o
h4.g
51 .5

5.h7o
3.\19
3.rù
3.289
t.'18,
5.1\6
5.O85

89.8
112.5
16¡4-5

190.o
286.O

39.o
t19.o

1 .9551
2.O511

2.2161
2.2798
2.b56/1
2.5p2
2.63fr

( ff ) Dlnethylpentaftuonoettrylansfne (O.Zt 6 grn.,

0.96 nmle) and 5$ eodtlun þclroxlde (5 rrù.) çere heateil

together ln a eealcd tube for 12 ItrB. at 1OOoC.

Þaotlonatlon ln the Yacuun rystem gave an anount of

fLuorofo¡in (O.061 finoe O.87 ruole) oor:reepoacllng no 91l

ùErrlroly¡le. It[o f].uorldla vas llberated.

(rrf ) the arelne (0.{8 gn.), çhen tneatedl rlth

an aqueoue eolutlon (3 nf .) of etlver tottf tte (nyl)

tn Botaeelun lodlde, illal not ylelel I aolltl pnotluet evën

at ooG.
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(fv) A rhlte crrystalllne solld (0.ä glu.) ras

fonned ;hen tllmetlrylpentaflluoroethyla¡alne (O.ZZ gn. )

anil €8o6ss rretlvl foilltte (O.93 grr.) rere alloreit to
reaet ln a eealed tube for tbree dlaya at roon

terpenature, and thm for a further three daye at 75oA.

lfhe ooqpound, fonmuLateil ar [Cur) rhsArEr] t, sould aot

be analyaedl due to lte napltl clcoonpoaltlon ln alr.

(") îhe lnPrs-rçdl çectrum of the ner and.oa

la ahovn !.n Flgure 5.5(b).

(c) lrlnethvletiblnc
Tnimetlrylotlblne (5.h6 gh. r 32.7 mle) andl

pentafluorolodloethano (g.lr9 gE.r A.1 mnole) rere a].lcryed

to standl at noom te4renat ure ln a sealeal tube fot 72 hrs.

the volatlle reaetlon ¡x'oduots rere then nermved by

puqlng, l.earlng a rhlte eol.ld. By s¡eeeeel,vely

tneattag the volatlle ¡natenlala rlth enceeo pentafluonolodo,-

ethano anrl remvlng the eolldl depoelted, oltlnately a

etage rae Deaeheil çTren no f unthen eo1lü appearedl.

the aonblned relglrt of æ11i1 product, lrtontlfletl as

tetranettrylatlbonlun tottfule (Foun¿r G, 15.51 t, f.&+¡
I, lrt.Zß. Calc. for chEf 2glr ls Cr 1'.ji E, j.88i Ir 41 .1fl'.

ças h.J gE. (t5.9 nmolo) and rapresented 43ß eonversloa

of the on!.gfnal tnlmethylrtlblne. A pnellnlnary træ-
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to-tnap rllstlllatton tlrrough tnaps at -63 and -l96oC

enabletl rcst of the snreaeted pentafluono!.ottoethane (-lfeoC¡

to be eeparated from the anttnony compounda (-6fC).

îhle l,atter fraetlon was ehæn by vapoun phaee ehronatograph

t o co nt at n pn ed orai nant ly dl lnetlrvlp e ntaf L uoro et l¡.vl et I b!. no

(fouaA: 9b, ldr.8É¡ nol.vte 2þ:' Calc. for GUH5FUSb:

gb, lt5.Oí, nol.rt . 271), together wtth síÌ411 amountr

of pentaftuorolotloethane ancl trtmethylstlblne.

(f ) The vapour preßsure-terpenatune clata for

the stlblne ane ehsmr !n lfable 5.5.

ITABLE 6.q

Tenp.(oC) lO3 x 1/t (ol) Pressure (rnn) Lo*.O P

1b. g

19.7
26.5

fr.7
35.3
l+O.1

bl+.9
tr9.7

57 .8
61 .4
65.6

5.4711

1.4'17
t.r58
3.295
5.2w
3.19\
3.1b6
3.o99
3.o25
2.990
2.954

58.5
73.O

98.o
118 .O

t l{l{,O

17h.O
211 .5
260.o
159.5

.413.5
487.O

1.7672
1 .8653
1.99',12

2.0719
2.158t1
2.2405
2.3253
2.4150
2.5557
2.6169
e.6875
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tha cxtrapolaterl bolllag polnt rae fouilt to bo

79oG ana the eqnatlon tteaeriËlng the re].ation betreen

yaBout! preaeupe anil tempemture to bø

loutoP=7.92gt -JÇZ9

(ff ) Dhethrtpentaftuor.oethylstlblns (o.ehg @. ¡
O.9l re].e) aadl 5$ aoillun þËlrrorlclc (5 d..) rele heateil

together at tOOoO ln a æalecl tube for 12 be. Tnu¡¡*t6r

trap dllstlllatlon of the volatlla nate¡rlals enablat

f;tuoroforr (0.o6l gn., o.91 mole) to be læ1atcd,
laÀlcatlng that eoqlete lrytlnol'yste hadt coeorncil.

(fff ) lfhc lnfra-redl ¡Dactrun of the stlblne la
shorn la Ftgurr 5.5(e).

lAEE 5.6

-

Oolw Prcseurc aOonpouaô E[æ Rat
( coe/ntaengÈh

ætro
(\us./ GT

)(
@oo)

Betent!.oa
îlne ( nra)

(crr) ¡ro.erg

(crr) *ú¡.g
( cur),sucrru

(oab);6F¡

(ca5l¿l#t
(czE5)affi¡

F
n
6z

176

10,5

176

lt

4

7

10

2

â

2

I

I

I

6.5

fu 7.1+

50 t.l r8

50 zl.h

6a g.g

l$5 b.î

to 65 'lo.l



3.

tl .

2.

b.

5.
6.

7.

8.

9.

lO¡

11.

'42.

13.

14.

15.

129.

BTtrIIOGRAPffi

SsadlÊtætr, rYaqsorÊ lanLpul'atlon o'f Tolatll.c Coqrouaös",

111êy, Fer Yort, l9l¡8,
Dodil aod Rob!.nson, iEr¡rer'lceD.tal længanlo ChcmlstlyË,

Eleovler, ânrråerden" 1954¡ F. 89.

Yogcl, iQoaat!,tattve lærganla Âna1¡rsld" 2ndl Eil",

Iongneaa" (Fecn, Iondlon, 1951r p. J¡8O,

Yogcl, lbld! r Þ. 3r1 Ç

Vogcl ! tbl{l r p. frJ.
taaroldllne" J.Ghem.Soc., 1951, 58b.

Eauptæhatn and Gçoaæ, J.Aler.GhGß.8oe., t95l , Zl,,

dr6t.
le¡n aadl lclla, J.Cha.toc. , 19fr, 7O?,.

Iann, Purilïo, tbld ç 1937t 1828.
Gara, Eaytcn, Lbld., 1955t bOO?.Erbb€ 9o6, .sl, 160.

Sodldlarð, *A lcxt-Doots of fnonganla Chcmlstly,

d. Frtenð¡ Gnfffla" London, 19fi, Yo].o It, ft . !,
Pi û,.

D¡Ëc anit Jones, J. Ghcm.Soc., 19JF.t 2U26

Bof. {l, Yol. Xf, Pt. 2¡ p. {O.

Iorgan anrl Yanaley, J.Chem.SoG. ¡ 1925, 118h.

CulJ.øn, Gaa.J.Chem., 1961 , 9, 2l+86.





1J0.

PERHLUOR OALICaIEI S1úUT E GOlvfP OtlltD g

{. NMRCDTICTICIg

Alkylp erfluo¡3oaLky1 clerlvetives of phoqphonust

arrenlc ancl antin@rry are teIl kræwn and bave becn moet

suocersful.ly prepared by the actlon of perfluorolodlo-

alkanes oa the apprsprd.ate tnlalkryrl clerlvatlves of those

elenent sr,1 '2'3 the eærespondlng tetra-alky1 tonlun

lodllde 1e for.rneil elnultaneously wlth the perfluonoa][kyl

rlerlvative ln eaeh case antl the neaotlone mqy be

rcprescntecl tàua¡

2t R5 + Bfr-Bzr & + \ü I.
Horerer, pnlon to tþte lnvestlgatlon, no penfluoroalkyl

dtenlvatlyeÊ of bleilnuth Eere knorn.h ft hae nor bccn

found that perfluonolocloalkanes neaet rlth trlalky].-

blsnuth compoundls, formlng alkylp erfluoroaLkylbl muth

derlvatlutr.S'6 Although the ¡æln featunes of the

neacttons pnocl uelng perfLuoroalkylbl snuth c ompountle are

eseentlaLlf slnllan to ttrose ln ulrtoh the corr'eryonlllng

rÌer:tvatlvce of the G¡loupYB elenenta are fornedr sono

lmportant dlffereneee ato arf st. lheee rlLl be dllecues€dl

together wtth the æehanlffi of the reactlonst folJ.oring

a clcsenlptlon of the ner colrpounds pre¡raned.
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2.

Trtnethylbl muth Íeâ sonYerted quantlt atlvely

to a nlxtupe of dllnethyltrlfluoronetlrylblsnuth (52fi)

and nethylbt ettptfluo¡ometl¡ylbl mruth ( t gÉ) vhen treltedl

rlth erocae t¡rlfluonolodornethane at lOOoC. fhe tço

protluet I rctlo sepanated by vaporr phaee ohnomtogrqph5r"

Unllke the other GroupTB el.ements, bilsnuth ls not

nonnalLy oapable of fonmlng øtable quaternarJr col@oundarT

thus preelrrdllng the formatlon of tetramet$lbl muthonlun

tortlöc. fn the reactlon sf trlnethylbtmuth ç1th

trifluorolotlonethane, the metffl groups Bhlch rere

rl14Laced ùy trtfLuoronettryl, appeanedl tn the reaetlon

Brodtuetø ae rnethyl lodldlc. the tnablllty of nethyl

lorltde to react rlth trlrnetþl.bl snuth unðer the

condlltlone erBloycdr alløed aL1 of the btsnuthlne to

neaot urtth tbc tPlffuorolodonethane. In the analogouc

f6actlono, even essnmLng the abaetreo of elde neaotlonSrS

onty 5OF of the trlnethyl-phoephlne, -a¡elne andl

-stlblne couldl sonoelvably be eonve¡'teit to the rypropnlate

æthyl,tnl.flr¡oronethyl dl ertvattvee clue to the elmultaneouÊ

foruatlon of an equlmolar amount of the eorre pondtlng

tetrameth¡rl 'onl.un loilltlo. Wtth btøuth lt was

theoretlcally poeelble to ach!.eve 1æfi conreneilon to

nethyltrlf luononethyl corÐound s and f-t rae founel that
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ln praotlce thla rtlit actually oceur. fn the reaotlona

of trletþrl-phophine, -ar¡slne and -sttblne Éth
t¡rlfluorolorlonethane, lt ras found that not all. of the

dlleplaccdl sthy]. groupg neaeted to form the tetraethyl
tonÍun lodllcle, thue leavlng more of the trtethyl coryountla

avalLablc for reactlon rtth trlfLuorolodomethânê¡ In
theee Gases alæ, the ylelde of trlfluononctlgrl

ùerlvattvea rere corrcæondfngty trlgtr. 5

Íhe ratlo d dlnetBltrlflærooetbylbl ønuth

to uetblbletn!.fluo¡ronethylblsnuth va¡rt ed v!.th the

teuçenatune andl the prcpontlon of tr"å.fluorolotlomethanc

to trlmethylblgnuth used, but rae alwrys rnucT¡ greater

üha¡ unlty. the lengt,h of tt¡ne of heatlng aeennedl to

have llttle effeot on the rertlo of the procluctat

lndtleatlng that ln a aealedl tuber equll!.brlun eoadlltlone

rsre rcaobed f atrly rapldtly" ?he formtlon of eny

retlVlbt strlfluoromethylblemuth ras une4teotedl dluc ts

the aonplete aÞeenee of analogous produçte from the

ainllar reactlons of the trlnethyl clortvatlvea of the

other Group Y B elemønt e, ilettryLbt sttllfltronomethyl-

phosphlnc has bees prepar:ed oaJ-y by treatment Gtr

t¡ci ertrtfLuoronethylphoqphlne Flth methyl lodlil er çl¡f.lø

nethylblsttFffluorornethylarelne lras been prepaned by an

analogoue reactlon srcl al'eo by the actlon of trlfluoro-
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fodlomethene on rtlnethyltrffluonønethylar elne .9 Horever

the react,lon of trlfluoroloitoæthane rith trf.etbylaraino
ras found to yleful smll a¡nounte of etlrylbistrlfruopo-
retlrylaralne.? rn fact ethylblst¡rlfLuor.onetlryla¡slno

ras also the naJon proeluet ln the reactlon of
dtethyllodlcarelne vlth triflluorolorlornethane ln thc
pr@eence of mer6ur'5r, only a ema]-l anount of dlethyl-
trlfLuor"enetlrSrtanslne belng fonmedrlo wo eryLanatlon

has been gtven fon thls as yet.

f,lts.o the oorneqordlng anslne, dlnethyltrtfluoro-
nethylblemuth æa be eonvertecl to the raetþlblstrtfluoro-
nethyl ær@ound by the actlon of tnlfluonol-odomethanc.9

fhls suggested that ln the reactlon betwcen t¡rinet?ryL-

blsrnuth ancl tr'lfltronolodlonethane, a step-ütec neplacenent

of methyl by trJ.ff uororaethyl groope had ooeurncd.

(cnr), ar + ffi ,Í.---* (cE5), rr trj * cfr.,!.

(r)

(cn,)rBt + cFSr --+cn'Br (æ:) , + cr.rr

aaaaaa

oa o aa o (z)

!Pn!.strlfluor.orsethylphos¡lhlne ras founil to be a
aufflelently poçerful t¡:lfluormethyletlng Epeetee to
fonm rllnethyltnlfLuonornetlqrlblsnuth on reaetlon rlth
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trtnet'bylblmuth, &d netb¡{tbl etrlf ludr"onetþylbl auth

rhen r@actêdt rrlth dlnetlrylt¡'lfluoronethylblmuth. thess

FGaotlons EaJr Þc represGntea thus¡

(ær)rn + (crj)rnt-(*¡)alt cF, cHrP (æ¡) 
z

aat¡aa (4)

lhc exehange reaetlons dcplotç! by eguatfena (1 ) and (2)

m¡r be revareed atnes treatnont of ¡¡otbylbtatrlfl@Fo-

nethylbl snsth rtth nethyl toilt¡l¡ ylci[dedl rätnøtltyltrl-

fluoronethylb!.atuth, ¡rhlch fn tqra rhen trcated tl.th

ætþy1 todlila, 8aYâ trlaethylblemuth. À tem¡peraturc

of IOOOO ras ueeð la both crperlnente. The qlpropr!.atc

guantlty of trlfluoro!.odlonethanc raa llberatoil 1n caeh

Garc. thul:

(@¡) jP * (cEI)a 4 @j+E'Bl (æ¡), + cErP (or),

(tr¡)2Dl ct + Gnrr-tr's (cH3)2 * cFSI

+

aaaoll (l)

aaaaaa (s)

cFStt (ffi:) ,+ cflrf.----*(cEr)rDf + æ3r

(6)
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Desplte the re.Latlvc ease wlth whlch lt raa

poeelh,Le to repl-aoa the ftret tro nethyl gnoupÉ by

trlfluorornethyl, neplacement of the thlrrl taa not

aoconpllehed rucler any of the varlety of condlltlone trled!.
Tl¡l c lnablLlty of nethyì.blstrlfluorometlryl compoundl s ts
undlengo converglon to trl ¡rtrlfluorometþl eompounds rhen

treaterl vlth tnlfl-uorolodlonethane t¡ typloal for tha

GrorrpTÍB elementc.9 the fuLLy trlfluononettrylatert

dlerlvatlvea have been propanedl, together rlth tha

approprlate lodlotrlfluoronethyl con4roonde, Ln the case

of phosphorus, arsælsl| and antlnonylz W the rllrect
actlon sf tnlfluorolodonethane on the flnely dllvlrleit

elenent. Sueh a reactlon rae not sucoeesful 1n the sase

of blsmuth. îhls faot raa attrlbuted to thc dlecneadng

oncler (f ;'Ae>5b) of theuel stabll-lty of the tnlstnl-
fluoronethyl oontpounds rhleh rae nefleetedl ln the sarefu1

teqtenatunc contnol neoeroary for the prepanatloa of thc

st!.bt.nc.12 Ïfhen blemuth rag tneateel wlth trlfluorolodo-
nethane, no rreaotlon oacurreil belov ZOOoO. At Z45oC

ãone reactlon rae lncluoerl, but apant from blsnuth trl-
loclldc andl some pyrolysf e proclueta of tr.Lfluonof odlæ

aethane, only very d.non quantlttes of a tllfflcultly
lcparabl e nlxt une of todtotrl f[ uonorncthSrlbi muth corqrounda

r€¡pe obtained. the latter corupounrle" ltke thelr allyt
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anarogue *r13 Eer¡e verïr reaetlve torands al¡r anrt nolstupê¡

9one evldencc fon the existence of trfstrr-
fluononnethylblgnuth bae been obtalnedl hor"r"o.14 The
prepanative netlnd ueed lnvolveö paeslng trlfLuorometh¡rl
radleaLBr genenated elthen from he¡afluoroacetonclS oo
from he¡afluonoethane" oyer a blsmuth rnfrnor. Tha
quantltlce of the eonpound obtalnedt by thle nethodl ,ero
very snall¡ andr aceordtngl.y the lnvertlgatlon of lts
chenf strãr ras llnlted. The details of thle and othen
fully tnlfluononetÌ¡ylated metat dcnlvatlves are glven
ln Chapter Vrf f .

5. rECTTAIVI gI[ OF REAGIIOIT

?he mcchanlsm by wtrlch trlfluonomethyr. nadlcalc
replaeed netÌ¡.yl roupe ln trlnretltylblgnuth rae alnoet
eertalnly d.nltar to that openatlng rhen trtnetþl-
phoe¡ghlnor -8r61trc and -stlblnc reacted rlth trlfltuotto-
lodtoneth*".1 rn the latter eaÊes a poeltlve lodlnc
oorq¡le¡ rae thought to fonm lnltåally and that reaFrangeÞ
nent oceunred vla a pentavalent state of the rrretali
glvlng a tnlmetlryltrlflIuonornethyl ronlum lodlrte.
cE5

\
+ CF'I+

+

"7
"5

+

3- x-cr
3 T-
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the loss of nettry]' lotlltle fnorn the quaternally ooryound

then løfü the dlnethyltrlfluoronethyl ilertnatlve rhleh

rae observod eE a msJor neaetlon Brotluct. Xone detalleð

dlescrlptLone of thle tæchanlan have been preeentetl In

Chapter"r fII aacl fV.

Pentavalent blernuth dlertvatlveg a¡Pe knoçn to

cxlst"lJ bot general}y onl-y the arylhaloblsuuth eotçouadle

are eufflelently stable to be leolateil. However a

¡leaetlon nechenlam lnvolvlag cuch a valetrcy state for
alÏVl derlvatlvee le centalnly feaeú.ble. thus the

route by lhieh dtlnetfryltr:l-fluoronetfurlblmutb æ'd

netfryl totlltte çrere fonnd froru trlnethy]Þlgnuth andl

trlfLuoroioÊlomethanc, ras envlsagetl ae follore¡

- 
CE5-B1

cuj
CF

3
+ cESI

Ân analogous æheæ r€Preeentlng the neplacenent of a

oeoond methyl groqp aecounteel for tbe methyf.blstrl-

fluonmethylblmuth elm founü as a neastlon procluçt.

c t"t...
CF

3
+cn5-Bl

cF-,/t + ffirl --'-----> B1

CF
3

cnI
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AJ'l the alkylperfl-uoroaltsylb lsmuth cotpountla

pnepareil ln thlg tnvestlgatlon ane 11øtetl ln fable 6.1.

fn eeoh caÊe a ntxture of dllalkylpenfl.uoroalkyl- ar¡d

alkylbl 4rerfluonoal"tsyL-bl snuth oo@ounð s rÊ s obtalneil

f¡.on the reactloa of a trlalkylblstuth rlth a

pcrflLuonolodloalkanêr Îlrt s lnftrnedl that the nerplaeennent

of the eeoond atWl group fron trLalkyLblarouth aompoundls

ooounredl mûre readlLy than fnom trtalkyl dlerlvatlv-es

of any of the other Gnoup VB oternents. It me fountl

that thene tas oontereÍ.on of all the tr!.a1*lr1Þten¡th

to alk¡/lpenflueroelkylblmuth co4ounrlc ln eaeh @Bet

but the Bnopo¡rtlon of the alkylbl erperfluonoalkyl

eonrpouni ðceneaaeal wtth lncreaeLng cLsø both of thc

a"lky{l ond perfluoroalkyl gr!'ot¡ps pneaent (eau lable 6-1 ).
B¡r removtng the llbaratert alkyì. 1o¿ll.il6 fton ths

equl1-fbr.lun roagtlon mlxtutee ancl treatlng the ¡ú.xturc

ef al$lB e¡rflLuoroafkylblsuth aoryounða rlth aildllttonal

perfluorolodoailBane" lt uae Boeelble to obtain hlgher

yteldl s of t he al.kylbl Ðenfluonoelkylbl enuth eoqround

ln eaeh Gas,B r

the nechanlsn pnopoeeil ûor theso $eaEtlone la
klentlcail çlth that a.lreacly dtlseuseeô ln relatlon to

the formatlon of the nethyLtrtfluonoretlyl.blemuth

co4poundl ø.
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¡ dlcnotes dæo4oeltloa te4leratum

5.

(e) o¡taattoa

lhe alkylpenf ruoroalkylbt snuth eoqloundl a wFt
raadllly a¡ldlæd on capoa¡¡ro to cSrgen tn the æilc yalr
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aa trlalBlbf enuth coqlounde. Thoeo of loren moleculan

releht tended to lgnite epontaneouøLy lf lnfecteð at

a flne atpaam tnto aÍF, rhlle thoee of hlghet' rcleeula¡r

relght fuaodl strongly untler theee ændlltlone. the

vspou!]¡ of all the cotqouutla preparetl rere ertrenely

laohrynatorf r

(u) Erarolvslr

lfhc co4sunüB çÊre r41il1y ltyttnolyeetl by E
sodtlun þdrorlcle, llberatlng the appropnlate fluonoearbon

8fE, quantltatlvely. Eluo¡rlde rae not proiluced ln
auch reaetlona. the pnoductlon of fluorooarbono by

bytlnolyele slnpllfl"e{! the analyef e sf the blæuth

oompounile ænslderably, slnce the f,ortn€r tere eaalJ.y

sõparated fi¡'on the other oouponente of thø El:rture þr

itlstlLlatton ü.thtn the vacuun ryetem. The a¡eoøptlblllty
of the perf].uoroa].ky]. cler'lvatf.vee of the C}lroup VB alements

torardlg alkaLlne hydlrolyets lnsneases with lncweaeûng

ator¡lo nuûer of the element.9 lble ls ltr].ustrateit by

the eltuethy].trlfl uononeth.yl dlerlvatlves of the se olenentc

(oae lab1e 6.2) and lt uee fornrdl that the blsnutb

oorn¡rounrl flttedl lato tt¡f s æguenee per:fectly.

( a) Eeactlcr Éth EaLoqene

Halogens react vlth a1ky115 ancl perfluoroa1t'yl



th'î .

TAEE 6.2

Coqpounll

(cE,)aP cFf

1 crr), Aa cir,

(cnj)a & o5

lcnr) zel sF3

É Ðdnolysû e dter
3 rtrys at ?OoC

6.5

9

100

{oo

tlerlvat!.ves of phoqlhonudrl6 a¡re*nlct7 an¿ antlmonylS

formlag !.nltialty rllhalLtlee, the pantlcular eLement belng

ln a pentavalent etate. Although no Bentavalont
alkylblsnuth þltrtcs have boea reportçdl, tho reaatlon

of halogens rlth tll¡Lkylblenuth eoryounde to foru
alkylhalobimuth ðerlvatlvea anä an alkyl hallcle,
probably lnvoLvee an lnternedltate pentavalent bf emuth

eo4round. It hae been eetabllshed that pentavalency le
the prcferredl state for b!.slffith 1n tte onganlo

ilcllvattves, but erarqplee are qparently eonflned alrcsü

exeluelvely to the aryl ænir".15

In the preeent stuily ft rae øhovn that halogene

reactedl rlth alky'lperfluoroalþLbt muth corpoundl e, even

unden yepy oanef,ully controll-cdl oondlt!.ono, eleavlng
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both alkyl ætl penfluoroal.lryl groupe at randon, Tha

groupe rønoyed!, a¡rpeanefl ln the neactf.on nfrture a¡
alkyl and penfluoncalkyl lglldlee reqectivel-y, îhe

blemuth ¡enalned bound ln a ml.¡tune of lnvelatlle,
Irlghly alr enû çater neactlve @o@oundg ln rhlch tha

ratto, halogealalkyl:perfLuoroalkyl, uaa not coneistent

rlth any reasqrable fonmula. Due to the complerlty

of eueh mLrtunee an¿l a.lso to the gneat iltffleul.ty
cxpenlencsa fn han¡tLlng then, leolatlon of thølr pmG

oor4)onents vas not aceolu¡pllshed. fhle lnab1llty af
halogene to prefenentlally Gleeve eltlror one or other
tyTe of gr.ouB ms 1n contrast to obeeryatlons ¡naele ln the

stutly of nlxeel al$lperfluoroalþl. Ëlerlvatlveg ef other

elenente. Fon cranple, eleetnophlllo reegente have

bcea glrorn to remove elkyl g¡poup a pref ercntlally from

alþlpsrfluoroalkyl dlerlvatlves of Lea¿19 anA tln.Ð
lhse the ¡route to pure perfluonoalgLhel.oblemuth

eorrpounde nuet sü111 bo songht. Sueh rlarlvatlvee rould

be lnportant sloec, by analogr to cop¡pos¡ ondllng

oompoude of the othen C}tloup YB clcmenta¡ thef oould be

crpectd to be lntermecllatea ln the prepa¡atlon of
qlntnoblamuthlnee ard illbtmuthlneo. .Àpart f ron the

lnconpLete cvldenco for the e¡rlstence of tøtranethSrl-

allblrnuthrfl tro oot¡pouncl e oontalnl. ng bi m¡thrbl mauth

bond B ars kno;n.



'l hJ.

(A) Cooriltnatlon Conpounãa

lPhe Þai,cltles of oolqparabLe ilerivatlvea of

the Grpoup VB elemente ane fonmally regarüect to deorease

rlth lncneadng atomlc nuribæ ef tlæ elenent €tven though

there are l@ortant exeeptlone to thte aequênco.22

Âttaohnent of perflluonoalkyl groupe to these elerneots

osusros coneldlcurablc retluetlæ of the avallaÞftlty of thc

l.one eleetæn pain on the elenents and! a corpeqlodlng

elecrsaee la the baeiloltres ¡eee¡¡lt r.8'23 For a

partleullan elenent, the bad.elty dlecreaees rlth fncrcal-

lng nunber of attaohd perflooroa-1hyl groupsr no basl.o

prfopentlee belng foud ln the oaæ of tho tnlqrerfluorc'
a1ky1 dertvatl""".8

lrtalkylb l æuth compountl s e¡hlbl.t no electron

dlonon pnopertf ee and do not forn oorplexea wlth the

atrong eleetron accø¡rtor, æ-ron trlfJ.uorlêe.& It Br
to be eqpeetedl thenefore, that the alkyLpenfluoroalkyl-

bl enuth eompouncl s rorrld a1m t€ devold d eleat¡'on domr

propertleE. furever aeeeptor pnopertlee çæe found wlth
both dla1kylperf].uoroalSr]'- andl alkylÞf. øpenfLuonoalkfl-

bt snuth oorqlowrde, ølnee eaoh fünned weakly bounü

eildlucte st 1or teqrenaturee clth the etrong bao€¡

dllneth¡rlamlne, these edducte eonslsted of the reaçtant¡

fn equlmlar ppoportlons. lh:ls ÉÈtltty fon a Grorrp YE
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oleuent to act as an elleetron acoe¡rton ras na't

unpneoorlenterl ftr anttmoay anil btduth hal.lilea havc

been eñorn to fonn weak oouplexec vlth clonæ aolventt,
ê.g. rtlethyl ether.25 fn aditltlon a cor4lLex af
trletrlfluoronethyletiblne çlth pyridtlne Ì¡an been

reported.l I

the @4rLaxcs of the pæfluoroalkylbtsrothtnor,

formulatd ar RrEt Bf . (cE,)ztr tr end nB1 (&)r.(err)At H,

dloooqloeeil on eta¡r¿l!.ng at !oo[ teqæatune ancl ræld1.y

wolved fluoroform úen tneatecl rlth Étor. The

lattsr reaetton ras r¡o doubt alnd.l.ar to the altsa]'lna

Ìydlnotryels oocu¡rrlng whan the pure bløth compound raê

treated ÍLth aquaosa eodlf.un Ìgrtlroxlflc, el,nce lyclnoxyl

læe vere co[unon to both rystems arÉ known to Þc

oqrablc of oaud.ng thle tJæo of døaonpoeltlon.

6.

(a) gotltRs Potntr

Thc botllng polnta (cae Íab1e 6.'t) of ths

oompoundr ppeparcrl ra¡:e deterrnlnef, by extnapolatlon of
the vqrour preßsure-teqrenaturc data obtatned wfth the

altl of an leotenlBoopGo
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In all sasesr ercept that of tnlnethylbl snutht

the oolnpouattc deaonrpoepd at or below thelr enrtrapolatgal

bolllng pointa, J'Lberatlng uøtaIllc bimuth anct a

nixtune ef hyrlroearbons and perfLuoroearbons. Thc

bolltng potnt aeque¡oo dllc! mt folLoç that exhtbÉ.teil by

the tr.LflrnronetTryl Ëlerlvatlves of phosphorust arsenle

and anttmony, rhene thc bolJ.lng polnt rlæs rith thc

attaclrment of the ftrst t!.{fl-uononetþ1 group antl then

fa1l ¡ wlth auÞsequent attaeTment ¡.1

lhe then¡nal stabfllty of blsnuth a.lkylc

rlecreaees rfth lacnoaalng d-ze of thc alkyl grcqp26

andl an analogous gratlatlon ras evldlent ç1th the

perfluoroal$l tterlvatlves rhoae stabllttlee tlecreaee¿l

rlth both lncneaatng alSl and perfluo¡roalkyl chala

lengÈh. rn adrlltlm the stabllltlee alacreaeeal rlth

Lncreaelng nrmber of penfluoroalüVl gEoupa.

(t) rnfra-neô meotra

the !.nf¡ra-¡re{t epectna of the organobf ¡nqth

eonpounds we.re reooniledl srcl tentatlve Vfbratlonal

aselgnnent¡ nsele ar¡t eo@a¡ed wlth thogt of relateü

colqtound e.

fn the firegueney rango stutlled, t!&, 7OO-bOOO

_{
GÐ.-r I genenally only those frequenalee aesogfated rlth
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O-Í and C-F vlbratlonç apBear, although oventonc

frcquenolee rter.lved frrorn rynmetrlo ancl antlrymnetnlo

Bl-C ctretohlng ñcquenelee have eleo been tentatlve]y

aosf-gned la thte negton.

( r)

the ob se?Yd frequene 1 ee anð augge et etl

aaelgnnente ane lleted ln llabLe 6.3.

Âbaorptlon tancte at 2p8O-2$$O andt 29OlÐN em.

!n tho speetra of the three ooûlpouade 1lsted aFE aaslgneil

to G-E aatlsyretrtc andl aJrmetrlc stretchf ng vlbratlona

reqleetl""ly.27 lfha llnLts of varqlatlon ln the

posltlons of tlæse banitB are thca pa¡:tlqlarly ttspPor¡

Deacon anit .trmcrZ8 baoe coffpared the G-H

bcruillng frequenelee for a varlety of netlryrL clerivatlvc¡

of dtlfferent clements andl sltedl the rango lJgO-1485 om.-1

for thls modç' The bantts ln the range '1375-11175 a¡n'-1

found !n the speetna of thc blemuth eornpoundÊ nay then

reLl- be attrtbuteð to the G-E antlrynuøtrlc bencllng

ftequency, S¡rnaetrte bendlng of the C-E bonde glvea

riee to abær?tton at lorer frequenelee andl the bantl¡

!.n thc negtør f15û'1't 70 en.-l 1o btnetrtvlblemth an'l

fllnethy}tFlfl uononeth¡rlblmuth are at trlbuted to tJrl a

retl6. The eonreørpondllng aÞeorptlon banala of nethylbtt-

trlf].uoronethylblsnuth a¡'e htdldøn by the nuch øtronger

-{
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C-F stnetehlng ftequenele s. the nethyl rcoklng

vlbratloot2T {tau€e abærptlon Þards at 77o-82o *.-1

Às tl"lfluoronethyl neplace metlurl grlor¡Pe lt beeonoa morig

dtl.ffLcult to rlt stlngul Bh th!. s ÞBd ffq¡ the wny

strong one due to thc GFU rynnetrle dleforÌûatf on. tha

rcak banct at 1600-1615 cm. î 1*t entatlvely aealgnd

to an svertonç of the nethyl roaklng vlbratlon.

A nuuber of verlr etnong abeorptlon bEaðE

caueed by rymetrto antl anttuymetrle C-P stretehlng

qBpeara ln, the range tO2O-117O cm.-l rtrtlG ;êa[er o¡eËt

aaslgneil to CF, dlefonnatlon, ooqur Þetween 695 andt

J'f) ou.-1 
"tg 

and Glara,Ð nsre madle ¡t¡tll.æ aaelgnnenta

for O-E aaËl G-F aÞærptton f.n nettryltrlfluoronetht'I

phos¡phlnee.

In a varlety of nstfvL-Gontalnfng compoundlc

Deaeon and Joue"f 2 h""" obscrêd a shlfü ln tlro t-C

(rhene t ta t on F3 ant! C or 51) arymnetnle øtnetohlng

freguency to Lwer eaerglee çlth lncreaclng atomlc

nuter of I. thue tba adlcor?tlon banit dluo to thla

vlbrat!.on appca¡eltrg at 69io am.-1 to tnlneûhylphogphlnøF

loutcl bc corpecteil to sppear near 600 cn.-l 1o

tntnetbylbtsnsth. Oa thle bagls the reak band at

1261 eË.-1 ln trlæthylÞlenuth lrae boen tentatlvely
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asst6nedl to an oventone of the Bt-C antl rytmetrlo

stretchlng fneguenotr. the fundo¡nental. vlbratlon rouldl

then be caLculated ao oceunlng ãt 63io em.-i .û'u"tt¿llr¡gly

the banel occurnlng at 126" om.-î ln illnethy!.tnlfluoro-
methylblemuth andl at '1?]53 cln.-{ ln ætlrylblstrlflt¡ol¡o-
nethylblenuth f e ltt each caee aselgnedl to sn oyertono

of the 814 antl.rymetrlo atretohlng ñequeney.

Banan æagrin€üente oa trlnethylbf.emut¡F bøc

cnebled Roeenbaun of af.. to aaalgn the funilanental BL-C

rymetrl"c stretch!.ng ñequency to the bancl obeerveil at

l¡60 cn.-î the reak banil e at gof-¡g15 em.-1 ln thc

speotra of the tbree blenuth'ooryoundle cllæusse¿l are

conaidlered to be dlue to svertones of this vlbratLon.

( rr)

Although bdoaLly sû¡nlla¡r to those alreatly

dllecuesÊd, the npectra of the nore ootpl'ex elkylpenfluorq-

aLÏrylblwuth oonpounds aro næeggarlly tære aonpl'lcated

ulth thc result thåt soræ bandl s are pantly or s;eNl

çholly ebecured, rhlle othere ane ryl'lt to glve a

nuüen of submulma. Ooneequently ¡letallod aeslgnucnt

ln thc oaaea of theec Goqoouatle la nost dllffloult.
floleyer, rhere peeelblc, rlth the aldl of aøeignnent¡

mdte by Pltche¡r an¿l SÈonel for æine perfluoroalkyl

netal oarbonyle, tentatlve asslgnænte for the lntllvldual
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mdËr aEsoclatett rlth the co4¡Iex perfluo:roal[Yl gnoup¡

beve been nade.

Tabl.a 6.4 oontalne the lnportant ma¡lna obseleved

tn the lrtfra-reô qleetna of theee eolqlound o. The

bandla att¡rlbuted to C-E absol?tlon¡ lrave alncady been

dlleaussoa!. and attontlqr ltlL be eonflned to feature¡

ln these qeoüra vhtch are cllfferent Êo¡n thoee of thc

nettryltr!-fluororethylbl snuth eotpounile. lFhe stnong

abaorptloa bandg between 1025 antl 15!o cn.-1 s'rc

attrfÞuted to a varf cty of C-F vlbnatlong. The tt¡rec

frequonetes ln the rango 1190-1510 cn.-l for thc

pentafluorostltyl eo@ounrle andl 121Þ13110 ota.-l fæ the

heptafluonopropyl com¡rounde are oonel€lered to be due

to G-F stretolring ln the CFt fragnent of the perfluono-

aLkyl foup. fn the nange 11O5-1185 oE.-{ alre banilg

ln the 4rectra of the 
"fl 

ooq¡ountle rhf ch are attrlbuted

to ËF atretahlng vlbratloae ln the C4FA-C segment.

The banðe due to C-P streteblng ln the CFt aegnentr

attaehed ttlneetly to the netal appear ln both typea

øf Eo4oundl e ln the laage 1O"Í-1o75 cm.-1 Band e ðue

to CF, dlctronnatloa motles ooctrlP between 715 a:nd 765 o*.-1

!.n thle gnoup of cornpoun¿le. In addlltlon those rhlch

appear exoluelvoþ ln the ,fZ oollÐo¡¡adls ln the rangc

87O-8BO oE.-1 are alæ attr!.butecl to thle t¡rpe of

vfbratlon.
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1I€ strong abaorytlms oecunrlng at 895-905 @m.-1

ln the qreotra of the AZES eompounrls anit ãt 8O5-81O e¡1.-1

Ln the speetra of the ,fl coupounrla are attrf.buteel to

C-C atnetchlng vlbrattone.

f n îable 6.5 a:re 11 sted thc lnf¡ra-red 4lectrel
bande of dltetlVltrlfluoronethylblemûth andl ethylbl etrl-
fLuoromthylbI ennuth.

ÎAEI,E 6.q

-(czË^s),Br cr, cz\81 (cE5)2 AaeLgunent

0-E ant!.synur. stroteh
C-E symn. atretoh

C-E antltgzlm. ber¡ü

C-F s¡nß[. antl aatl$rm.
stretch

C", rúnûtr. rl eform.

2950
29'J-
1396
1 326
1171
tt16
1061
1 009

7U3
6g't

(çerh)
(r)
(')
(v)

{il
(n)

txl

Ð60 (v)
291o (v)

1365-1ltoo (")

1170
111{7
1068
1O13

7ro
698

]

]

il
n)
v)
m)

The preeÐnee of the Þandle ln the epeotra of

these eorpounde 1¡ r¡nrlerstood by retrerence to Table 6.5

and the erplanatlons offered for the nethyltrtfluoroncthyl
oonqpouncle can be a¡¡pI1ed 1n thÍs case a1æ.
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7.

(") firlphenylblsmuth sltil not reast wl.th tnlfluoro-

lodørethane under conclltlons regarfled as suLtabla for

the f ornatl oû of phenJrltrt fluorcnetltflbl snuth oonpountls.

Althoogh phenyLtnlfluononeth.yl tlerlvatlves of other

Group YB elements have been preparedl uelng Gondlltlonc

oomparable rlth those enployeat tn thls caÊer the yle}ds

have becn 1or and a nuñber of by-prodlucts wera fæmedl t

thue reaðell[ng the method of llnttedl lr*1o".52

(¡) The resctlon of tnlphenylblmr¡th rlth trlatnl-

fluoromethylphoæþlnc nea¡l.tedt ln partl-a] pheny}at16¡

of the phospblne anð the aceompetqrlng formatlon of

netalllo blemuth. Thle aÙlllty of tr{.Bher¡ylbf snuth to

aot as a etrong phenylattng agent le rell knæn.l5

the trlfluoleonetltyl g¡roup6 ð laplaeecl from trl gtrlfluorc-

mettrylpTosphlno appea:red ln tlre reaotlon pnodlucts as

heraf,luoroettrqne .

( c) I nlxture of itlphenylloclobl ørurth, trlfluonol,stlo-

methane and qEceag neroory d!.dl not yteltl dlphenyltrl-

fluonomethy].blsmuth' Thc phenylatlng ablllty of

phenylblsnuth eompounda tats agaln wldent, fon ln thlc

ca6e pherLylærcurlç loctlcle ar¡l metaLl!"o blsmuth ttsre

obtafneË!.
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E(PEAÍMET{TAI,

1. GENERÁ¡ TECTII{IQUES

(a) In the maln, the teohnlqueg uæd in the

ottdy of the alkylpenfluoroallqyl. blgnruth oonpoundla welrc

the Êane ae those deectlbd ln Chapten V.

(U) f æ]'atlon of the ns blsnuth denlvatlvea

f,aa ¡o"omplfshc¡l rlth the aldl of yìapou? phasc

ohromatogrÐÌry. fhe retentlon tlre¡ of theec conpounrlr

on a one metne coluwr of dl-Lædlecyl phtlulatc arc

glven ln Tab1e 7 .5.

(e) tnatyae¡

(t) fhe perfÌuoroalü¡¡l content of eaeh

compound çaa determlned by fqfdrolysús of a welghedl amount

of the dlerlvatlve rtth hot lF-oottlum hyctroxlde. îhe
perfluonoeanbn Llbenated (e.g. ffijH fnon (CHr)ZBl CFf)

ras eoLlected anrl velghecl, aften puÉfloatlon by trap-
tætrap dlstllJ.atlon ln the vacu¡trR ryetem.

(fl) Blmuth nemalnlng ln the ælut!.on after
alkallne hydnolyela, ras deter.mlnecl ac the orylodldle.l
AfÈen aalcllfleatlon vlth nltnlc aclct, the eolutlon ms
suoeesslvcly eonceatnated antl treatetl rlth funther

nÍtria acidl to convent all the btsnuth to bts,nuth nltratc
befone pneefpitatlon as the oxylottfele.
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2a FREPA4ATTOT OF REACTATV'r8

fcthylnagnesluü loitltle (l.h mla) ln rtteth¡rl

ether (¡OO dt) me treatedl at ¡loon terperatune rlth a

alurr.¡r of blmuth trlshJ'onlde (148 8,, 0.t7 mle) fn

ether (ZOO n1.). SBI:r'rlng rae oontlnuedt for s funther

tro hourr afüen thc ailclltlon of bl snuth trlohlorlde anil

the nf¡ture alloredl to stand at roon teryenatune for a

funther ten læur¡ befo¡re al]. the vo1atl].e ooastltuent¡

üBree rerneved by vacuun dlletlllaülon. tost of the

ethen ras then separated fro¡n the tnlmetlryl.btemuth by

sareful fnaatlonal tllstLllatton at one atmoqrhere

ppessr¡re of nltrogen. ths flnal- purlfteatlon ras

¡renfonned Ítth the altl of a vactrun rysten by uelng

re¡reated tr4r¡6-trap dllgtilletlone thtlough trapa at

-h6oc aad -l96oC, the trlnethy1blanuth bclng retalncd

ln the tnap str -46oC. lbts proaedure Es coatlnucd

untl1 the tr!.netl¡ylbf enuth fnaetlon hail the eorrect vapour

ppesaqre oveti a renge of tenpenaturer.J A yleldl of

45 gE. (UO6¡ of pu¡re prodtuct rae obtalned.

(t) Îrtethvlblsmuth

ÎrletlqrlÞl enuth ÉB prepanedl by 8.8. Dlckeon

oeú.ag the ¡.esctlon of Ilthlum tetraetl¡fl.alunlnate ut-th

btsnuth tnteh]"onlde.b
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( o ) ñeptafl uoroioaooropenc5

SlLven høptafluorobut¡rnate (tAO gÍrre O.5 rnoLe)

raE prepared f¡rom d.lvenp oxlcle ancl heptafluonobutynle

aold andl mlxed rlth lorltne (ZSt+ gm. r 1 .O rnoLç). The

mlrtune rae gently heatetl ancl the gps ltberaterl oollecteil

tltrectly ln e trap at -1960O. .A yaoqun Jacketerl

oonrlenser fltted ülth a oolct finger ( cee Flgure 5Õ)

raa then attaahed to the top of the tnap ancl t he

t4eraturc allmerit to nlæ elowly to 2OoC. All the

canbon dloxlrle ças nemovd fn th!.s xay, the heptafluoro-

loclopropane belng retalned by naintalnlng the telq¡enature

of the cokl flnger ãt -?:|oC. fhe yleltt of pnocluet

(Found: mol.trt. Ð6. Calo. for Cffs ÞL.rt. æ6) raa

127 sm. ( 86f).

(¿) ffre preparatlons of the other perfluonotoitoalkanes

used fn thle lnvesülgatlon heve bean dl esonlbetl f n

Chapter V.

( e ) Tr1 strlfluoromethytoho æhlne6

ReËl Bhocphorus (5O g*., 'l .6 gm. atons) çtrtch

hadl bæn ù1eal over phoøphorue pentoxlclc, dn{l trtfluorso-

lorlomethane (51 gn.r 0.26 molc) trere treateil at 72OoC

ln a bras¡ autoclave for 48 lusr. The volattle neaetlon

procluets rere then fnaotlonated rlthln the vacuun ryeten

ttrough trepe at -6tuC (to renpve locloblstnlfluerrcrneth¡rl-
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phoøphlne and ell-lodlotrelfluononetþlpho qphln @'), -g5o9
(to nenpve tri stnlfluoromethylphosphlno) r -1 frøC (to

rcrÞve trlfluonolodomethanc) and -196oC (to nemvo

phorphorue pentafluonlde). The tro lorlotrlfluono-
netþlphoqlhlnee and the unreactedl trl fluonolodlonethane

togetlrer rlth adðltlsnal CIF,I (eO e.¡ O.1O noLe) rerG

neturnedl to the eutoeilæe lnto rhlch no d.n o¡t

nolgture hacl been alloredl to oater, ?he høatlng an{l

rnrbaequent fractlonatlø¡r procedlupeø repe then repeaterl.

The flnal yieful of pune trlstrlfluoromethylBhosphlnc

obtalncil after repeateil trap-to-tnap rtl.atlLlatt on raa

19.7 g. QSfi baaeil on trlfluonolodlomethane Eed)
(Fouad: mol.vt. ïfr. Calc. fon Cjprf s ñrl.rt. Zfr).
the lorlot¡l fluonoættrylphoæhlnes vere agaln netu¡rnerl

to the autoçIeve ln neaillnees fon eubeequent

Þrep arsat ton s o f trl etrl f[ u oromet lrylphø æhl nc .

(f ) Dlnhe4urlroa otr mr¡t¡7

f¡rlpheaylblsmuth (9.8 gr!.r ZZ.3 rnmle) Dso

ill,sso]-veal ln dtlethyl ether (t5O rnl.) andl lodttne (5.6 p.os

22.O sunole) tn 5O rr}. of çthcr adlctad elowl.y u1.th

stlnrlng. the d lphenyllotlobl snut h pre cl pltatedl al@et

lmeillately aa a yellEç æltit. Thl6 raa flltereil f ron

the mlxturc, ra;heä rlth ether untll a clean ftlt¡rata
rae obtetnecl an¿ árlecl by pu4lng. lhe yieLtl was
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1O.7 Bil.r 99ßl (Fouail:

Ga.ì.e. for GlZfrtO Dl It
4.bl H, 4.6¡ Ir 25.7fi.

Q, 29.ri E, 2.Obl I, 25.9fi).

3.

(')

lrlnetþlbl snuth (æ..o8 gD. r E6.5 urrele) TsË

beatedt at tOOoO ln a æaled tube fr¡r 12 hrË. wlth

trlfLuonolodonethane (Zl .56 gril. r tlO rmtr e) . Fnaetlonal

dtstlltatlon through trape eoold to -116r -95¡ -135 end

-196'C gayo a pnellnl.nary ¡øI¡aratlon ef the reectlon

proituets. îhe trap oooledl to -l g6oC eontaf ned a traoe

of flqo¡îoforn, that at - 135oC aontalneel ¡nast of the

unreaetod tnffluorofottonethane, rh!.le that at -95oO

eontatnedl rpct of the nettryl. lotllde forned ln th€

neactlon. TIle hlgheet boll1r¡E fractlon of the neactlon

products æns[ etecl of all the bl mutb-sontalnlng

naterlal" together çlthtraeea of nethyl loillcle and

trlfluorolodlonethanc. The lndllvldlual ecmponents of
thi s fraetlon ieFe I aolatetl Èy vapoun phaee clrronatogmplyr

the mJon oonstltucnte Þaf ng dlnetlryltrlfluononetbl-
blsnr¡¡th (Zl .8 gh.r 8# ædverslon of t¡rlmethylblsnuth)

(ronndlt GF3: 22.6; 81, 67.úl noJ..çt. 5'lo. Galo. fol
orH5FrFlt ffir, 22.4; Bt , 67 .9¡ nol .Ìt. p8 ) anrt

netl¡¡lbletrlflrþronetþlblamuth ( 5. 6b BE. r t 8S oonverd.on
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of trlmethylblsruth) (Founitr CF5r 38.1 ¡ Bt, 57.7ßì

nol.rt . 565. Calo. fon craftBir GFSI 58.'l ¡

Bt, 57 ðfi¡ nol.vt . 362) .

The vapour preeauree of the two btemuth

eon1poundla trere neasureð over a range of teupenatures

and the valuee obtal netl a¡c slrorn ln TabLe 7.1 andl

Tabl ê 7,2. For dllnethyltrlfluoronethylÞteruth the

vspour Bness¡rreß aFe glven by logro P(*o) = f .'158- 15$/t

from rhLah the latent heat of vaporleatlon, 775h ea],./wl

andl Tnoutonre oonstant 19.7¡ rene obtalned. The

correspord !.ng egu atlon for nettryl-bl etnl'fl uoronethyl-

Þlgrnuth 1e rogro P(nn) = 7.674-19414, glvlng latent
heat of vaponlsatlon, 9210 caL/vr.l and Troutonra

oonstant 22.7. The lnf¡ra.reil spectra of the ner

þlsnuthlnee are ehown 1n Flgunê 7.f (e) ancl Flgure

7.1(b) nespectlvely.

( b) ilethylo.entafluoroethvlbl æsthlne g

Trlnetlvlblgnuth (h.9O gm. ¡ 19.3 rmo].e) andl

pentafluonolocloethanG (1O.85 grr.r hh romle) teFe heateil

ln a seal@Ét tube at IOOoC forl2 hre. Fnactlonatlon

of t he p r. oil u ct s gav e tl tnetlrylp ent afL uoro etlrylbl sttuth

(5.55 gil. r 8lrÉ eonverelon of t¡fnetlrylblsmuth) (Founa¡

CzF j, 52.8i Bt , 58.9íi raol.rt . 357. Cale. for

ChE6F581t CeF5, 53.2i 81, 58.9fi, nol-.rt. 358) antl
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lrAE E 7.1

-

?cup. ( oc) I

?.8.j
Jl8.o
,O.5
59.t
68.o
7E.O
85.O

92.O
98.o

tOlr"5
l1 3.O
leo.o

x1/n (

3.317
5.215
J¡Q91

J.(þg
2¿93J

?.6q9
2.793
2.7lto
2.695
2.657
2.591
2r5l$

Preæura (m)

It9.o
65.o
9t.5

125.O

1 55.O

2Ð.O
2E8.O

t38.5
4O2 ¡5

5n.o
69l{.o

757.6

Po

1.690?,
1.8139^

1.9708
?;A969
2.7'175
2¿3598
2.\594
2.529i5
2.Ø47
2¿71fu
2.81{{ll
2.8791
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IAH.E 7.2

-fcthvl'bi sttt lfl uoFonet hvlb t !ilut h

lai z rlr (or) Prcsaura (m.) Log* Pfeqr. ( oc)

27.'
ÐrO
bb.5
52.O
57.5
6t.o
7o.o
go.5
gt. o
98.o

102.o
llo
1t6
rr9
tzt
126

129
r3r

,.528
5.ñ5
,.150
5.OT7
3.026
2.967
2.975
?.829
2.7t7^

2.Ø5
2.667
2.611
2.r71
2.i51
2.52'
2.50,6
2.b86
2.1+75

16.5
?3.5
34. O

45.O
62.9
79.o

toh.5
112.O
2lr5.O
æ5.O
5$.o
398.o
477.o
5g.o
588.O
6A.a
690.o
755.O

1.2175
1.t7tt
'l ,53'15
1 .6532
I .7959
t.8976
2.0191
2,7?f6
2.1892
2.lr5ba
2.5257
2.5999
2.6785
2.72115

2.7@ll
2.û21
2.8JE8
2.8663
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nÊtlvrbl Ðentafluonoetbylbl smuth ( t .hj s. r t 6É eonvereil.on

sf t¡rlnethylblsmuth (Found: CrFr, 5O.g; B[, 44.2-%¡

nol.rt. h6O. Calc. fo¡r tl$"f OBlr C{5, 51 .ii Bl,

\2.5fii nol.rt . 462). The lnfra-red qeotra of theEe

eontpounrlÊ are shorn ln Flgunc 7.{(e) anrt Flgune 7.f (a)

ree¡pect 1veLy.

( c ) fethylheotafl uoropr oyJbt e¡uthl nc¡

fulrnetWlbl muth (6.85 Eü. r 27 mole) anit

hoptaf .uorolodlopropane (ta.b gm,r 6l mrole) rere heatedl

et tOOoC fn a seaIed tube for I brs., ylel.iilng

dlnetlylheptafluoropropylbt erßuth (lO.t güt. ¡ 92É oonveneton

of trlrnethylblemuth) (Foundl afZ, ll.t.O; B[, 5't.Ílfi¡
unl.çt, kO8. Cale. for CrHtfrBf r ,ff lrl .bi Blr

5'l .2ßi rEo]. .rt . llOB ) ancl netlryrlbl sherpt aflrrcropropyl-
blsnuth (1 .Zl @.t 8$ convereloa of trinethylblsnuth)
(Foundl: ,fZ, @ði Bl, 36.4ß¡ uoÌ.rt. i58. Cale. for
cZ"ffUB!.: 

"ff 6.ti tstr i7.z{¡ ml.rt.96z). The

ytekl of uøt trylbf Bheptafluonopropylblømuth, rhloh çac

1or ln thie reactiou, rae lnareaee'dl by the illneot

reeetton of dtmetÌrylheptafluonoprorpylbl smuth (7.9 gu. r

17.9 nm1e) rlth hcptaflucrotodlopropane (tO.O gE.,

33.8 nmole) at lOooC fon I lEB. The unehangedl

illmettrylheptafluoñpropylblsnuth (3.17 gp. r 7.8 molc)
and the netlrylbleheptafluoropnopylblsrnuth (5. 68 grrr ¡
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Tenp. (uc)

28.7
46.0
54.7
61t.3

69.3

75.7
96.8
96.5

106.o
135 .o

Teqp. (

h5. o

83, O

98.O
I 06.O

'111 .5
118. O

1Ð.O
131 .'
thl .o
thB.o
.! 5b.5
t6i.o

10 x r( "l) Preseune (mu) tog16 P

t.315
3.'1fr
5.o51
2.96/,+

2.921
2.868
2.760
2.706
?.6n
2.1+51

3.19i
2.8o9
2.695
2'659
2.61
2..558
2.513
2.\72
z.\1j
2.575
2,339
2.94

TABt_IL7.lr

35.O
59.5
87.5

115.O
131.5
I 60.o
217.o
282.5
535.O

756.O

62.o
127.5
i Z6.o
21 0.O
zho.o
27U.O

33o 'o
385.o
u83.5
567 "5
655.o

7h8.o

1 .51+h1

1 .77\5
1.9\n
2..0531

2.'l'i'89
2,?A41
2.3365
e.b494
2.7281t
2.8785

I,oS.nO P

1.79211

2.1055
2.2455
2.32:22
2.3&O2
Z.l+378

2.5185
2.5855
2.6új
2.75hO
2.8'l62
z.8Tg

R

tc) to5 x th f t) Pree
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ÎÀEIJß 7-q

-
Colmn Prcscu¡:o
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of the mlxtune follorert by furttrer heatlng of thø

rl I et hyl tr1 f lu o¡rorethyl bl snu t h çtt h adld I tl onal tnl fl uoro-

lodouettpne nesul.ted ln the fonnatlon of etlrylbletrl-
fluorometÏrylbf snoth. Horever, the conrlltlone uscd

ln thls eubsequent reaotlon, v!.2. IOOoC fon h hFB.¡

oaoeed oonefdlerable deoonpoeltlon of the blsuuth
oonpound e. The pnoducÈs re!:e ttletlyltrlfluorometþl-
blsnuth (5.9o gh. r 76F sonverelon of trlethylblenuth)
(Foundtr Cßy n.ji Bl, 6l .fifi¡ mol.rt. jj|. Gale. for
CSHtoFSBt: CFrr n.r; Bt , 61 .4fi1 rcl.rt . 356l- anå

ethylbl strlfluororetlrylbl snuth (t.tO glr. r thÉ oorwenalon

of trletrylblsnuth) (Fo'nat, ffir, 36.5i Bt, g5.gfi;
nn1.trt.¡ 576. ca1c. for cUE F5B!.1 cF5r 36,1i Bl, 5i.Gßi
ml.rü . 176) ,

thc lnfna=neô opectra of theee compoundle

ar.e chçn ln Flgure 7.A (c) anrt Flgune 7.2 (a)

neepectlvcly.

(e)
concounclg

( l) rethyrbr stnlflu onemethy.lbr snuth (o.5zT F. r

1 .46 rnrole ) anct tnlfluonotodl mrethane (7. jt gn. r 57.11

mnolc) Eere heatedl to¡lethen fo:r 75 l¡rs. tn a eealedl

tube at 125oG. Fnactlonatlon through tnape at -b6,
-95t -1fi andl -196@C enabled un:,.eaoted tnlflnorotodo¡rethanc
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to be eepanated firm the reaetlon ml¡ture. lfo naterlal
oolleoted ln ttre -95oG trap rhleh roulet normally contal.n

the netþl loclltle lf lt hail formecl. Vqrour phaee

alrmatogrpapÌry ehoredl that only one other volattle
naterlal. raa pnesent ln the raaetlon nlxtune andl thls
ryaa shown by ldra;rerl ryectroecqpy to be onohanged

metþlblstttlfluonmethylbt muth. A mall quantlty of
an apparently heterogeneor¡l æ1ft1 renatnlng ln the

neaetf.on veaeel ses ehown to oontain Bl, T) GF, andl

rac probaþly forneil by attaek^on the blsruth oorryoundl

by lotllne ÈIeh bad been formeil by thermaL dleeomposltlon

of t¡rl fluo¡oL otlonet hane.

Slnllan resulte were obtalnd by lrradllatlng
a afinllar reaetlon nlxtune rtth ultnavfol.et llght ln a

¡l11ca veseel, regandLeee of vhether me¡pcur¡r rar
lneluded as I hal.ogen aoceptor or not.

(ff) Reaotlon of btsmuth alkyls wfth trletnl-
fl u on onet hyl pho s¡rhll n c .

(t ) TrilnetÏrylblsnuth (1.O7f gtÍ. ¡ 11.22 ¡mle)
andl tntstrlfi.uonorætlryrlphoaphlne (l .OZ7 Frtr.r l+.J1 mole)

were heated at 125oC tor 12 h.ra. fhe blgnutb-contalnlng

produetet rcre eepa¡atd from the other reaet!.on pnoducta

Þy fraetfonel conclonsatlon lnto a trø¡l str -b6e0.
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Vapour phaee cÌuronatognaphy of thlø frastlon revealedl

the presenec of only un¡eaeterl tnlræthylblsmuth (81îÅ)

anrl d lrnethyl trlfluorornethylbl sn¡th (i!f4'1. tilo noro

hlghly trlfluoromethylatecl bl sluth clenlvatlvee çere

present.

(Z) DtrnethyltrtfluononetþIbtsnuth (t .egt
gno ¡ 4.16 mmoLe) and! tntstrlfruorometlrylphogph!.no (t.ot j
EÍt.t \.26 n¡¡ol.e) rero heatetl at IZOOC fon one h!F., after
whlch tlme a gr6y ctepoelt (poeetbLy metallte blsmuth)

began to form. Ef a teohnlque slmil.ar to that
¡leeonlbecl above, Lt was poeelble to separato andl

ld ent lfy dlrnethyltnlfluoronethylbl smuth (gffi't anrt

nethyJ,b!. strtfL uoronet h¡rlbt muth (,$) .

( ¡) tethylbi "strlfluononethylbt snuth itld
not neact wlth trl strlfluo¡romethylphorphlne undcr thc

conditlona tnl edl.

(tfr) Hctallle blsnuth (ao.o 3D. r o,@6 gm. atonre)

antl trlfluorolodomethanc ( 2O.J grn., O.1Olr nole) rene

heateet at varlouc terperaturee ln the range 1OO-AOOoC.

rn e¿eh case the entlne quantlty of trlfluonoiodomethane

ras reoovenedl unohønged, but aften heatln¡ç the mixtune

at 2h5e0 for 65 h:rs, the tube oonta!.nocl a mlxture of
brlght orange anrl clark bnown sorlde ln adldttlon to the

unreaetecl blsnuth metal. The voLatllo constltuentc of
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the m!¡ture xorG nensvcdl and fountl to eontain, as ve1l

as Enpoaeted trlfltrorolodlonethano, a vhlte eollil
(Founa¡ G, 19.5i F, 60.1¡ r, 18.ú). It ra¡ not

affeoteil Þy alr or vatcr. ft dlat not æntaln bl enuth

andl lts analya!.¡ ouggeeted tt to be a polynerlo

pcrfl uoroalkyl f,odtdlc.

tho lnvolat1lç colld ras dltvlttatl Ínto Bontlonrt

alr an¡l ¡slsÈorc belng carofulþ e¡eludletr &d treated

ac follovc:

(t ) ^À sa¡ÐIe ta¡ extnaetedl auaeoælvely últh
the organls ælventc benacne, obl-onofonm, tllet$ ethert

cthanol stl aoetoac. fhc letter res the nost effoctlvc

ln ttiaaolvlng pant of lt" but on evaponatlon of tha

pesultlng o*anga ooloureil aolutlon onlf an otly aubstanoc

contalalng o conetalarable quanttty of frec lodllnc rar
ilepoelted.

(e) ilhe æLld ras alukcn utth Ecrour¡r, flnartly

at roæ terryoratuna ant then at IOOoC for 2U hrg,r

Þut oo volatll'e natertal anil onLy traeea of nenounlo

lodtdle reri¡e fornd.

(¡) fno aollit ras heÊtd at a nunþer of

te.upenaturea from tOO-55OoC but no volatlle naterfal

for¡ned.
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(t¡) Vacuum eubll.natlon of the mlxtune enabledl

a srmll quantt ty of btøuth trl-lodf ito (Foundll Bl , 42.63

T, 57,4. Calc. frr B1r5! El' þ2.2; T.) 57.5fi] to be

l eoLated .

(5) fneatænt of a earqgle rlth 5l{-æittun
Þrydrorftle yleldecl a eaall" quantfty of fluoroform.

F¡on thts evldeaee tt was eoneludect that tho
reactlon hað prodluoed bl¡qnuth trl-lorll.de ancl small
qu ant 1 t I e s of d 1 - lodl otr 1 fl uoromet hyl bl ¡mnt¡t lr a¡rd

lorloblstnlfluonomethyS-bf ønuth, but the therna.l eonrlltlone
neoessar1r to cauee neaetlon re¡re probabty unfæourablc

fon the exl stenee of tnl strlflluorometþlblemuth.

(fv¡ Sllver tnlfluoroacetate anrt bt snuth tnl-
lstlldc. 911ven trlfluonoaeetate (ll,.j FE. r 51 .,1 rmrole)

and blsmuth trt-!.ortltte (1t .8 g¡n. ) ñ.O uæ1e) nere

heated ln a gealert tube at I ZOoC for Z lrre. tha
neactlon mÍxturc ras transformed from a flne powrle¡s te
a very vl æoue eenl-Llquld maos rÈrteh solldlfled on

ooollng to noom t enpenature. A,t a teq¡enetune of
ZOOoC, under v&euun, the vhlte erystal"line aollct,

blsnuthtnlfluoroaeetato, (Foundl: Bl , jT.7l C, 13.1i

Ft tP.6*. Calc. fur c5Fro5Bf r Bl, 38.{ ¡ a, 13.1;
Fr 31 .zfi) eubllned Leavlng a resl¿lue of sllven lodlrte.
the stolehlometry of the neactlon aseumed to occur ic
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glven by

t æ16o Ag + BlT|_-+(CFSCOO) ,BI + 3A8r

By heatlng blsnuth trlfLuoroaeetate lt çae

l¡oped thatr âE ln tlre formatlon of cltmethyltrlfluoro-
rnet þ1 ars ln e ff on dlfunethyl trlfl u oroacet oxyar 

"l 
*e, I

dleoarboxylatlon woulcl ocour. the btwuth trlfluoro-
acetate rae plaecdl 1n a heav5r warlecl glaes veeeel rhlch
vas then waeuatecl andl æ attaohed to the vaeuum rysten
that any volatlle m.terlals llbenatd, oondensedt ln a

tnaB coolect to -1 96o}. The ærrpounct rae then carefully
heatedl Þut m volatlLe blsmuth denivattve ïa6 fonmed.

Inetesd there ras extenglve degradatlon, metalllo
blgnuth belng dapoelted anrl a mlxtune of gÊsee contaln-

lng oarÞon dloxlde ani hexafluonoethane belng llberatedo

(") thls methocl lnvolvedl the neaction of he¡rta-

fruoro¡lropylnagnesl un ha1 kle, preparedt fnon phenylnagne alun

bnonlde anÉl heptafluorolodtopropencrg wlth blenuth

tr'lohlorlde.

Eeptafluonoloclo¡lropane (¡O gm.r O.'lT nole) ancl

ctletly]. ether (eOO H1.) rere placecl ln a multl-neck
flaek ancl coolerl to OoG. Phenylrnagneeium bromlde ( O.17

mole) ln ether (1OO ntl.) wae elowly actcled to thÍs
eolutlon through a Ëtnopplng funnel and when 2O1ß øt thts
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reagent had been artcle¿!, blmuth trlchlorlcle (13.5 gß. r

O.ol+2 nole) ln ether (5O mf .) wae lntnodlueedt eimultan-

eoualy. Thls operatlon wae oanrled out, wlth stlrnlng,
@ve¡t a four hour perlod end the atlnnlng oontfnued for
a funther epven hrer The mlxture was then refluxd
fon fou¡r. hrß. before the ethen was removetl by dllstllla-
t1on. The resl¿lue æpeanerl to nelt clurlng the latten
atagea of the tlLstlllatton. The less volatlle llqulrls
rere then tnansfenneð to the vaouurn sXrstem whene they

were fractlonated uelng trap-to-trap dl stlLlatloa.
Vapoun phase ch¡utatograp\r anel lnfra-red 4reetnoseopy

lndlcatd that ethen, heptafluonolodlopropane, lodlo-

arrd bromo-benzene wepe the najor componenta. Eowever

thls nlxtune of compounde, on standlng ln qontact wlth
aln, rleposltecl gmLL but rleteetable quantltlee of
blenuth ølcle. Thle lndleated that a voLatlle blsmuth

compouncl, poeslbly trl sheptafluoropropylbl smuth, fiad

formed but the yteLd wae far less than 1$. Tho

co1ld remalnf ng after the rermval of the voÌatllc
conponentr fpom the neaetlon mlxture, was not examfneô

Gxhaustlvely slnee the dleslredl prodluet vouLcl be volatlle.
Â sma1l quantlty of trlphenylblsmuth wae deteetecl,

together rlth langen amounte of matertal thought to be

phenylbal- ob I snut h c onpouncl s.
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(r)

( 1) Ratoqens

Dlnet hyl t rlfl u on ometÌrylbl gnuth ancl I odllnc

Íene mlxetl ln the nolar natloe 1:1 , 122 andl 1t5 at -h6oO

and the teleenature nalse¿l to -26oC, whereupon a snooth,

although vlgonous reaetlon ocourretlr givlng lnltlaIl'y
a rect-opange eolld rhoee coloun, ln pant, sLow1y changedl

to clarl. grey. At the completlon of the reactlon the

volatlles Íelre reurOvetl ancl fraetlonatecl ln the vacuun

ryetem. the mlxtures were f ounil ln each caee to

conelet of varlable pnoportlone of methyl lodlttc (Fouad:

mol.rt. '1h2. Calc. for GHSI: mol.rt. 1\2) and tnt-

fluorolodomethane (Foundts ¡6f ,tt. 19r. Ca]-e. for Of t

rrcl. çt. 196). The solld, obYlously heterogeneous ln

natunc, contalned varlable proportlons of 81, f and GF,

anel eouldl only be fonnulatecl as a mlxture of blsnuth

trl-lod tcle, etl-lodtotnlfluoromethylbl emuth antl loclobl æ

trlfluoromethylblsnuth. the lneluslon of sodlulÞdlnledl

cther aE solvent to glve an lnltlally homogeneoua

reaetfon ¡nlxtunc dllrl not alter. the @urse of the rcaetlon.

IetlryLbl strlfluorørethylbl snuth andl lod lne or

brqalne reactedl uncler s1mllar eordttlone ln an analogour

ffirnn€r, the volatllc proctoct¡ belng methyl lottlde antl

trlfluor.oloclanethane or methyl bnomldle andl tnlfluo:ro-
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bnomonethane reqpeotlvely. [o pnefenentlal cleavagc

of elther nettryl o¡r trlfruononetþl groupe souldl be

lnducecl.

( rr) Hethyt tod ler e,

{t ) Drnethyltnlfluoronethylbisnuth (t .tO gm.,

5.6 mnole) and metbyl todllcte (O.863 gÍ!.r 5.9 mote) FerG

heated at loooc for threo h.rs. After a pnellnlnary
fnactlonatlon, the hlgh bolllng fnaetlon nhloh oontalned
the bisnqth coqpounds rac subJecterl to vapoun phaec

chronatograplv. Tl¡f s shoçedl that there had been ¡¡¡q.

o.5fi sonvenefon of the starttng materlal to trlnethyl-
blenuth. A oorrêsiponctlng quantlty of trlfluorolodo-
nethane sag also formed.

(z) Hethytbistrlfluoronethylbl emuth (o.7gO Er. r

2.2 mnole) aail netþL lodtele (0.856 gnr; ¡ 6.1 mle) rere
heated at IOOoC for throe hra. þ vapour phase

clusmatography lt wae shorn that thene hacl been 1É

oonverslon of the onlglnal blsruth eonpound to dlnethyl-
tnlfluoro¡nethylbl cr¡uth. A oonrespondlng amount of
tnlfLr¡o?ofodlcmethane çea algo fonnd but no

tnlnethylblmuth couLet be cteteotedl.

( rrr) .Antnc¡

( t ) I)lrethy1trt fluonomethylbi snuth ( o.h6b 8m. r



177.

'1 .5 mnsle) antt rttnettrylamlne (O.tt¡7 gil.r 3.3 mote) renc

mlxect at'l5oO ln a eealecl tube anct founcl to reaet glvlng

a pale cream coloured e4¡sta111ne ælld vhloh grailually

undenwent a numben of eoloun changee, ultlmately appearlng

to fortn a heterogeneous mlxtuFsr fn another e:rpeFlnentt

by aarefully aontnoLllng the r.eaotlon telqrenature at l5oC

andl eoollng the mlxture to -78cC lmneillately the

tnltlal reactlon hadl ceaeed, lt mB posslble to puup off
the exaeae illnetlrylamtne (0.O79 grr;1.8 nmole) (Founo:

moI.rt. I+5. Cale. for CrHrIs; rnol.rt. \5) leavtng a

sellcl proclust (O.532 gm.) rhoge Gomposttlon correspondledl

to an equlmol'ar conblnatfon of the anlne anel the blen¡uth

oorqpounrl. Deconqrosltlon oocurreel lf the sollcl waa

alloweil to stand at noom teu¡leratunee the adldlltlon of

water oausecl hydnolysls rlth the llberatlon of

fl.uorofonm and cllnetþIan1ne. Fluonoform was no cloubt

produoedl by alkallne hydroLysis of the trlflooromethyl-

bignuth eo@oundr Blnce dlmethylanlne gires lydroryl. lons

ln eontaot wlth rater.

( Z) Uetrrylbl strl fLuononnethylbl snuth (O.364 gh. r

1.O mnole) ani! tllmettrylamlne (O.'lt 6 grn. , 2.5 rnrnoLe)

reectetl uniler the eonclltlons deeariboil above. A æ11t1

edduet (o.hf1 gn.), oonslstlng of the neaetantc ln

equlnolar proportlons, remalnecl after" the excess unreactecl

dlmethylamlne (0.O7î gh.r 1.5 molc)wae dtsttllecl fron
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the reaatlon mlxtu¡:€o

(¡) lnlmethy1blsnuth anct iltnethylamlne dld not

r.eaet uncler these conclltlongr

(t+) Dlmethylheptafluoropnopylblsruth ( O.tO5 grr ¡

o.26 mnole) anrl dtlmetlrylamlne (o.ol+h gu.r 0.96 rnmole)

¡reacted ln a eealect tube at -26sC to fom a çh1te

onyetalllnc aolltl pnocluet rhoee cotn¡posltlon, after renpval

of the excesg cllnethylamlne (O.OiZ #. ¡ O.71 mnoÌ e) ,

ras consf stent rlth that of a 'l:1 arldluct (0.117 g.) of

the two reactantg. The adtluet was eyen lees staþIe

than those of the tnlfluoronethylblmuth eompounels anal

dtlscolourecl qulekly tf allovett to warm to zOoC.

Aalitltton of ¡raten to the addluet llbenatetl a nlxtune of

volatlle materlale rhleh, slth the alel of vapoun phaee

Ehnonatognaphy ancl lnfrared speetnoseopfr tere shovn to

be dl lnethylamlnc and heptaf luoropropane.

( ¡) Hethylblsheptafluonopropylbl ernutlr (o.254

grir¡ o.l+5 rmole) ana dlmetþlanlne (O.o58 EB.r 1.5 rnnole)

reactecl at -268C fonmlng a eolful pnocluct (o.275 gm.)

rhoge conpoeltlon correslponcld to an equlmlar admf.xturc

of the reactantg. A lorr thertnal stablllty antl a

eusocrptlblllty to tryilrolyela elmllan to that observed

Éth the other addlucts vae evlclent ln thle caae aIær
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b.

(r) Tnlphenylblsrnutlr (7.5 gnr. r 16.6 nmle) andt

trlfluoroloclo¡netlrane (14.0 EB. r 71.4 rrumle) yere oontaeted

fn a sealed tube. At lroon tenpenaturor qlant fnom the

pantlal solutton of the btsnuthlne fn trlfluorolodlometlranet

there yaÊ no obvloue change ln the apPeårance of the

reaotants. the ml¡turc rag then heatett fon 65 bra. at

lOOoO. Unden these condlltlona al1 the trLphenylblsnuth

rllaeolvetl but ooulcl be reoovened unehangecl aG a

oryetalllne solldt oE coollng. fhe tenperature waa

¡l'ateed to l7OoC for a furthen d+ hFB. anll then the

volatltes rerþved fnom the mlxture and subJected to trap-

to-tnap illettLlatlon ln the vaouum crystem. OnIy onc

fractlon ras obtalnedl andl provedl to be unehanged

trlfluorolorlonethane (Founa! p¡l.wt. 196. CaLc. fo:P

CFSI¡ nol.rt. 196). The aolldl nesl¿lue Fas shown to be

unchangd tnlphenylblgnuth (Found¡ C, ll9.Oi fl, 3.Ðfi¡
n.pt . TloC. CaIc. for Cf ,IIf 5Bl: Ct 49.1 i H, 3.r+lfri

Llt.to n.pt . T7.6oc).

(u) frlphenylblenuth (7.76 Bñ. r 17.6 u,rnle) andl

trlstrf.fluoronethylphosphlne (h.e gttr. r'17.6 mæle) verc

canerfull-y heateil ln a seal'ed tube. When the tnlphenyl-

blmruth hail Jugt nelted, a eü.ngle phaee formed (gg.8OoC)

but thenr 88 the tenBenature approachedl lOOoC, tvo llquldl

phaeca besame d!-stlngulehablc. (ffre evsten reverted to a
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e1ng1e ltqultl phase when cooled to eOoC). Slnce no other

appanent ehange hadl oceunr^ed ln the neaatlon mlxtuno

rhen heatecl at 1OO@C fæ flve brs., the temperatuFe ras

raleed to tSOoC fsn a further flve brg. Agaln ao

obvlous change had oeeu¡rred and the tenperature çaa

ralsett to æoC tor 12 h.rs. Ilnilen these con¿l1tlons,

etlvergney erystale wer:e tlepoeltedl. the vo1atllc
oonstltuents of the reaetlon nlxture rere subJectedl to

tnap-to-trap dllstl11atlon thnough tnaps at -95t -139

anet -1 g6øC. Thnee fractlone rere colleetedl. The onc

aondenelng ¿tr -95oC vae shown by'vapour phase ehronatography

to conslst of tço eo*rponents whlch, when separatcil, yere

ldtentlflett ylth the alcl of fnfna-nedt qleetroøGopy11 aad

mleeular welght measurenent as phenylbl etrlflr¡opo-
netþlphoephlne (t.6 grr¡ 6.5 rmole) (Found¡ lrcl.Ft. Zhj.
Ca1e. for C6ücf5Pl nol.vt. ah6) anrt unreasteci tr"letrl-
fluoronethylphoçhlnc (2.6 gt. r '10.9 nurole) (Fountl:

nol.rt. ?fr. Calo. for CfrP: nol.rt . Zfr). Fo blemuth

oonrpound wag found ln thle frectloa. the fÞaetloa

colleoting ln tlap at -196oC naA an lnfre=red çeotrun
ldentLeal. çlth that of hexafluoroethane (O.bt gm.r

J.O mole) (Foundl nol.Ít. 1j8. OaIe. fon GrB5z rnÐl.rt.

138),

The rnaJor" part of the aol1cl reaetlon pnoetuct raa

eoluble ln etbanol, from whleh lt was erystaLllseel andl
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showro, to be unreacteet trlpheny]'blemuth (2,25 gR.r lO.7 nmlel
(Founal C, 118.8; E, t.gf. Oalc. foF CtgEf UBl: C, l$.'l;
E, t.U1fr). fhe lnæluble materlal whleh rlae netalllo
ln a¡rpeanancer üËc sborn to be blsmuth (t.4 grß.r 6.7
grû. aton).

(c) nfpnenyllodtobl.sÍüoth (5.8 g., {1 .8 r¡mole),

trlfluoroloclomethane (t5.2 g., 77.6 nmf e) and ærourïr

(8f, gm. t 0.415 grnr atoma) rere sealed ln a heavy raLledl

tube an{l ehaken at poom teryenature fon flve claye.

After tro dayg whlte needlles began to forn, the quantlty

lnoreaeú.ng ae the ahaklng oontlnupd. Flnally the

vo1atllc ¡mterlalg uere taken lnto tbe vaouun rystern

ancl, by trap-to-tnap rlletllletlon tÞough trape at

-95t -1fr anrl -196oC, lt rae eetabllshed that on1y

trtfluonolodtonethane rae preeent (Founa: nol.vt. 196,

Gale. fon æ5I: nol.trt. {96). The tnfra-red qleotnun

of thLs naterlal ras ldentleal rlth that of authentlo

t¡l lfl uonol orl met ha ae .

the sollcl reaotlon products çere æpanatecl fnon
the rrerouny by flltratlon, andl then ertraetd for flve
hr:B, rlth tlletlyl ether uolng a Srhlet extractor. lFhe

ether extrast rae waponated untl1 crlyetale a¡rpeanetl .

These rere flltereit off anc! recnfstalllsed fron ethanol

sndl founil to be trlphenylbisruth (Founrlt C, b8.8i
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E, j.6f; n.pt. T7oA. Calo. for C

[, 3.ttf¡ I1t.9 n.pt " 77.6oe).
t gEf SBts C, lr9.i,

The remfnlng soll.il reqotlon pnodust raa then
c¡traotci ae bcfore, thla tfne ulth aoctoae for sL¡
hour¡. thlr, on eoollag, yreldeel rhttc platea alnost
lnaolublo ln othaaor but rlrieh renc reorgrÈallleed frou
a al¡true of sthanol andt aoctonc. Thla natenlal" vae

¡horn to be phanylærourlo loillile (nomA: C t iT.6i
E, 1.?5¡ I, j1.6l4 n.pt. 266øç, rnlxcd n.pt. ,tth
authantto pheayl¡cneurla torttdlc, ¿6d.e. calo. foF
Cø\Wt Cr 17.8¡ E, l.ùt !, J1.\1. Lit,lz r.Þt. a6fc),

afùer thseo .:" T,ilï i:::'"':: ;":::î, ";,ïi"'
ae c]leilental blenuthc
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I. TNTRODUCTION

?hle papt of the worlc was unclertaken prplnarlly
ln an attempt to pnepare trtstrlfluorometrgrlbtentrth.
the method employect raa used only rhen a1l thc
conventlonal teohniques were foundl to be unËueeeaeful and

vas adapted fnom the al.eesleal one dlevlsedt by panethi

fo:ç the pneparatlon of metal alkyl ænrpoundte by the
aetlon of alkyl mdlleale on metal mlrnone. fn thc
preeent studly lt rae fouad that trrfluonometþ], nadlleale

reacted simllanly Tlth æne metala.2

Fnee tnlfluoro'nethyl racltealc rerc genenated

fnon elthen he¡afluoroaeetoo"S or hexafLuoroethane.4

Âlthough pnevloue çorke¡ra have ueed other methoets to
generate trlfL uoromethSrr radl eal a from theee oonr¡lounita,

lt ras no¡re oonyenient to usa pJrnolyeie fon the pneeent

ctudy, the forraatloa of the rarllealc from thesc

eompounde la lndleatedl ln the follmtng equatlons:

GF æcF --_+ 2 cF . +CO3 3 3

Frc cr, 2ffi3.

rn onden to dletenmfne the optfinun ex¡rerlnental eondlltrona

uetng thla proeeclure, pnellmlnary lnvesttgatlona were
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macle Eslng a tellurlum metal minron. Prevlous ronkers

have establlehed that tellurlum wae the metal whlch, ln
mlnror form, ¡reacted rpst satf efactonlly rlth nettyl
nadlcals to fonn a slngle pr€duct whoee physlcal and

ohemlcal prope¡:ties enableal ît to be neaclll.y lsolated ancl

ttt entlfled.5

2.

Trtfluononethyl mdlca1s reaoted ;lth a

tell.urlum nlrnon fonml.ng a deep rerl Llquldl, slnll'an ln
appearanee to rtlmethyLdltellurlde.5 fte ana1.ysls was

conslstent wlth ftc fonmulatlon as btstrlfluoronetþrl-
tllteJ-l.urkÌe. Thle prevlously unknown ooryounêl ças the

flrst perfluonoalkyl dlerlvatlve of tellurlum tc be

repontect.2 BletrlfluonometlsrJ.tllteLlurlde raa foundl to

Þe 1.ees stable at room te@enature than ras tlLnethyl-

rlltellurlda anrl was alorly aorvertecl to a recl eolldl

polymerlq materlal. $unllght 4peared to aatalyee thls
process. Horeyer, ln the dlark, lt couldl be tsept fon

longer perforls of tlme anrt at -78oC ft oouldl be store¿t

lndeflnlte1y. It çae eoJ.uble ln ehJ.onofonm, aoetone

aadl ethanol but lnaoLuble ln andl unchangecl by water.

there ras no obvfoue reaetlon rhen the eoryoun{l rae

expoeedl to af.r. {ydr.o1-yels wtth hot æcllum hgrclroxlde
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solutlon caueed the quantttatlve llberatlon of the

trlfluononetlryl groups as fLuonoforn, ræta1lio tellunlun
betng rle,posttecl 1n the solutlon. fn thle negarû

blstrlfluoronethylrlltellurlrle ehoçed a rnarE.eô dlleetmllar-
lty to lt¡ eelon!.um analogue whteh, then tneated wtth
alkall r le dleoorpooerl to fluorldlo, carbonate, polyælenlclø

lon anrl ceLcnlot.6

Bl strlfluoronethgrldltarlurldte reaeted lnstantly
rlth ærsuljr st rom tempenatur:e to fonm bls(tnlfLuoro-
nethyltelluno)æFoutefo the aaalogout oorÞor¡nda,

tla(tnrrruonometþl eeleno)rercury6 rod ur¡( tnlfluor.o-
nethylthlo)nerou*yr7 harre beçn ¡rrepared by el.rnlIar

neaotLons. the eaae vlth whlch tærcury ¡reaste çLth theee

trlfluoronetlqrl dentvatlves lncreaeea rtth lnereaalng

atonLe number of the Gnoup 1lï element. lfhus, rihereas

the aulphur oonpoundl requlrecl ultra-vlolet lr¡radtatlon to
eatrae fled.on of the rnetar-netaln bond, ln the caee of
the selenlun cotpouncl, the reactlon rlth nersury ras
lnducecl nenely bgr Blgklng the mlxtune of reactants at
r--oon t empenatune. Bts( tnlfluorøretlylte][luro)mereury
[aa a oryetalllnc eoltdl, soluble ln ethanol and aeotone,

from ryhlch lt could be neenyatalllsed ae yellw platea.

3.

The eonrlltlone ueeal fon the reaatton of ftcc
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tnlfluonomethyr nadllealg rlth blemuth rere ldentlcal wlth
thoee fou¡il to be aucoeeeful for. the reactlon w.ith

tellurtun. rn thle Geae, however, the rate of formatlon
of the pnoclucrt rac extnemely eroç (leee then one ngm. per

hr.). the nrr rmtenlal pnepand ln thle månner raa a
Eolou:ples6, nathen lnvolat lIe ltqulel whoee lnfra-r.ecl

Ðectrun poeeessed abaorptlon bards lndlcatlng the

Drpesence of trlfluorometþl gror4rB. Tneatment of the

ao4lound çlth hot agueous al.kell oaueeel the llbenatlon
of fluonoform. PosLtlve tests fon blsmuth ærpe mado on

a eample of the eorrpound whLoh hãd been pr'evlously

elecomposert by pyrolysls at 6OOoC.

Uafortunatoly the amounte of the naterfal
pne¡tarecl uslng thls teahnique vere lnsuflelelent to enable

quantltatlve analysee to be performed. Apant fnor¡ the

long ttne requfred to p:rqrare €ryen snall ærn¡plea, thc
oom¡pounil, when formedr €êêtnêd to be unetable anrl, on

standing at roon tenrpenatur:e, dl@oeltedt snall amounte of
eorlal on the ralle of the sontalnlng vescel. [everrthelesg

lt rae apparont that a t¡rlfluonomethyl denlvatlve of
bleauth hatl beea prepared. It ras fonnulatedl qa

trlstrlfluoromethylbl muth. The only obvious alternat lve
vouLd be tetnakletrlfruoncrnethyldllblemuth but thene vere

;eve¡ral obJectlona to thls oholce. Flnetly, W eomparlaon

wlth the lnconìpIete evlclence for the slstence of ths
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Eethyl analogue, tetnanethyltllbl sruth, repontect by panethrl

It raa antlelpateel that tetrakl etrt fruoronethSrrdlblmuth
rour.el pnobably be e ælfrt of lo¡er stablrlty than

trlstntfluononeth¡rlblsnuth. seEontlly, the dltblsmuth

oorpourd, agaln ltke tetrauetl\ylôlblmuth as rell ae the
dltellurlileø, rould pnobably be htghly oolouned.

b.

As thene have Þeen no nepo¡rte of the exlstenee of
fully perfluoroalkylated leadl derlvatlves, lt wae ooneldtenerl

that the teohnlque of pasolng trlfluonometh¡rl mrtleals
over a learl nlrnor mlght çell be a route to guch a

eonçoundl. lÍhe mlnror" vas mat estlafaetonlly pnepareil by
pynoryslng tetnaeth¡rl-leadl vapoun fn the manner desorlbedl

by Paneth.l the nate o,f ¡reaetlon of the tnlfluorometh¡rI
nadleals rlth the lead nfrror rae only eltghtly faete¡p

than that rtth the Þlonuth, and in thlg GaBo aLæ, the
guantitles of product wer.e too ûrall to permlt ooEpretc

analysea belng perfonmed. Hove.ven, lt cas found that
tha eoryound rhleh had been pneperned eontainedl both
trlfluoronetþl groupr and 1ead. fhc co@ound raa
tentat!.vely fonmulated ae totnatsletrlftuoroneth¡rl-readl
rathen then hexaklstrLfluoromethfldlrlead, dnee forrnatlon
of the latter uneler the conclltlona used raa cons!.de¡a! to
be nost unllke1y, tsnorrng that the alkyldlleail ooupounils

ane partlculanly susceptlble to r[epnoportlonatton neaotiona.
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5. ETUORCÀIFJTETL R.ADICATS WITII TTIATLIUTÍ

The penfluonoalkyL chenlstr:y of thalllun has not

been aueoeefully etudle¿l to thls stage andr 1t rae hopecl

that by uglng thle rathen unueual technleuêr tntfluo¡ro-
æthylthalllun corpouncls rnlght be prepared. Hoçever

no pnoeluct rag obtalnd when trlfluoroneth.yl radloala
rere paaeed over a thal.ltum nlmo¡"

CLearþ the reaet lon of trlfluonomethJrl mcHcals

rlth netal mlrrorg, altlough eapable of pnoduelng

coqoundle not neaclfLy obtalned by oonventLonal technlquea,

hadl llmlterl value as a qrnthetle methodt. Doubtlecs the

teohnlque coulcl be lnrproved by olosely examlnlng thc
effeets of punplng qpeed, tempenature of pyrolysle of the

radloal aouree, tem¡lenatune of the metal mlnror, rate of
prcductton of nadreaLs, ete. Eoweven it Fas eonslitererl

that euah a detatled sturly raø beyond the ecope of the

pneaent lnvestlgatlon an¡l onoe approxtmately optlmun

oondlltlons for the eysüem Íerc dletennrlneel¡ 1.€. the

aonrlltlons unclen whlch nacllcajle reactedt w!.th tellurlun to
glve an organometalllc eoryound at rhat Fâ6 sorei¿lere¿t to
be a reasonable rate, they rene not al.tenect tn aubeequent

er¡genlænt s.

SuaJ.ltatlve1y, thene appeanerl to be no
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eignlflcant cllfference 1n the nate at ¡rhloh nethyl andt

trtfluonmethyl ¡racllcale reacted rtth a par:t1eu1ar netal.
flovever there Eelpe gneat rllfferences rn üre ratee at
rhlch the free radlt-oale reaeteü rlth the illfferent netals
selected for thle etudy. Although the lnveetlgatlon
raa of a llrnlted nature, it aerved to aupport ntcerJ
oontentlon that tellur!.un Ée the elenent whlah, in
ulrr:on forrn, nost neadlly reacted rlth frce radlcale to
fo¡I.tln a produet whleh ooulcl be neaillry rttentlfled. so

great vae the diffenence ln the rate of reaotlon of
f¡ree railf cars rlth tellunLun eo4pareril vlth the other
e.lemente used ln thla aerlee that lt seene¿l to Þc

nececsary to oonelcler Eorre of the nore lmpor:tant faetora
çhleh nay havc been reqronetÞIe fon thls dllfferstrGê¡

(a)

lfhe strength of the metal-netal bonle ln the
or"¡rstar. strueture of the metal douÞtlees lnfLuenced the
ease çlth whloh fnee nadlcal¡ abstraete¿l tho metal atons

frcm the mþror curfaee. rn Table B.l ane Llstd the
latent heat of, eubllmatton of these tnetars. rhese 16ro

evaluated a¡rproxlmately uelng the follæ!.ng expreeslonr

tÍ("r.n .-25) *o1.ou+ cl(to.n.- Tr.p.)ÀE*u( p5a)

o"r"n - t;(to.n .- zi)

+
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thene aH = latent heat of Ëubllmtlon, fusÍon, ancl

vaporlzat lon resB eotlvely,
anal Cn q heat oapaclty for eoLtdl, llquLrt, and vapouF

resp eotlvel.y.

the thermdlyaamte raLues BeoeeaarJr for theee ealculatlons

rere obtataed from the ËEanclbook of Chemlstny,n9

ra,tr E p.1

Ietal I
( 6Ëï B.Pt

( oc)a a Latent Eoat of Subllna- Grlyetal Beaotlon
tton (taaf./gm. aton) Struotorc Ratc

17 ,3

bg.6

Eeragonal

4g "5 F.C.
Cublo

43.5

1e

BT

lrSo 987

271 1568

PÞ t27 1750

tl td¡ '1U67

Ehorùo-
hedral

Past

81or

ÍIlor

111C.P.Hex
zjooL.c.

Cublo

lhe latent heat of cubÌilEatlon 1s an ryproxlnate mæEultê

of the ease vlth rhleh atomg of the elernents are re].eaeed

from the erystaÌ struetupÊe the na¡keil dtlfferenee Þetween

the valuo for tellurlurn andl those for the otheF elemente

used ç46 oonalilened to Þe vary algnlffeant. thus the

relatlvoly lor energy requlreel to releaee teL[unlun from

the netaL nnlrnor ras probably one of the morc lupontant

reaaona for the faster rate at rhlah the ratllcals reaeteil

çlth thle netal.
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(U) Crysta]. Paoklns

In TaÞ1e 8.1 are llstd the eryetal etnuctu¡res

of the metals used tn thle study.lo ,{lthough the

structuree are rtlffenent ln each caae, there appearecl to

Þc ao pantlcularlly algnlflcant rltfference ln the vay ln

rhlob the teLlunlum atoma are packeil at the metal eunface

aa oon¡larerl rith the atone of the othen elemente. It
raa theretrora oonslde¡led that the natonç of the anyst'al

Baoklng vae only of mlnon lnportance ln theee GâBOB¡

(c)

OWlouely the extstenee of an organometalllo

corrpound la de¡lenclent on the strength of the bonil betreen

oanbon and the netal to whlch lt la attaohedl. lable 8.2

oontalna valuee of the energlee of boncls betreen earÞon

anrl a nunber of e1.*roterl1 lneluctlng sone of those under

dleeueslon. In genenal euch raluee ar:e not avatLeþI-e

fon ponfluoroalkyl onganometallle com¡goundc andl only

tentatlve concLuslone eould be ilnawn, aeeunlng that the

trenda ln the strengths of oanbon-meta1 bonda appllerl f.n

the oasee rhene tho hytlnogen atoms attached to the canÞon

atome rere neplacetl by fì'uorlnc.
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TAB[,8 8.2

Canbon

oroup (a) rrr r(roal) rv E(x,eal) v n(roar) vr r(rcar) Er r(roa

B

A1

Ga

fn
Tl,

8l

7z

ï 86

65

58

c

S1

Ga

Sn

Pb

89

61 P

Ae

gb

B1

511

31

75

6l
48

47

31

o

s

tse

Te

F '116

cl 81

Br 68

I11

Even though the valuee for the bondl energlee fon the earbon-

teLlurlum anrl carbon-thalllun have not been measuned, tho

trende çlthln the Groups gfve an lnrlloatlon of the onclen

of magnltucle fon sueh values ln these oâBOB¡ In a

partlculan GnouB, the bond energy vaLuee decneaee wlth

Lnereaalng atonlo number of the ele¡nent attachecl to carbon.

Inæectlon therefore øuggested that the energy aesoelated

vlth the ca¡rbon-tellurlun bonrl çouldl probably be greater

than thoee wlth the car.bon-thalllum, oanbon-leacl and

oanbon-blmuth bonde slaoe te].].urlum 1s 1n the fourth rov

of the Pertodllo fab1e, rhtle the other eÌetrenta Þelng

cll eouseeil are ln the f lfth rotrr

It seenedl neamnable to oonoluclc therefone that

the strengçth of the oanÞon-tellurlun bondl woulcl be gneaten
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than those of the other carbon-netal boncls and that a

sinlLar cllffenence rould aleo 8pp1y to the appropnlate

perfluoroalkyl derlvatlY€Br

(¿) îhe Valenee of the tretal

ft nas consl¿leredl that the probablllty of

folnfng an orgenometallle conpountl rcu1dl dlecrease ttth
lncreaelng nuruben of raellcals rhlah must be attacheü to

the metal. to eatldy tts valence. fn the case of

tellunLumn only one r:adloaL hadl to be attacheü to eaoh

uetal aton, rhereae blem¡th srtl thalllum eaoh requlreil

tlrrce, rhlle leadl nequ!.¡red foun ra¿lleale.

(e) $terlo Effeetg

The acEeeelty fon the attaahment of noro

than one radlleal to the elernents, other thqn tellurlun,
raa oonelileretl to be the oause of yet another factor

responalble for the elor ratee of reactlon foundl ln theee

oag€s¡ -Àttaah¡rent of the flrst raellcal to the atms on

the rnetal eurfaeee r¡o tloubt llmlted the oppontunlty fotr

other naclleale to attach to the 6Ême atoma elnee the

clranee that the latter natllea1a mlght merely 1rylnge oa

tÌ¡ose alneady ln poøltlon øeemeel to be hlgh. the

posslblllty that the attaohed racllcalc nlght even be

rernoved by s¡ch a eoLll¡ú.on oouldl not be lgnonecl. thl¡
faet aleo couLcl help aeoount for the sloren r.ate of

neaetlon between the fnee racllcale andl theee elements.
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ffiPERTilENTAT

thl e eectlon of the ronk lnvolved sono æeelall aeil

teehnlgues ln adlrtttloa to the onee alreatly dleeanlbed.

the methodl of uelng the appanatuç eqloyeit ls understoodl

by reference to the partleular oasea for. whlch 1t waa

dleelgnedl.

1.

lhe nethoü of prqraratlon çae basedl on that used

by lorae et al.1

(a) DepoLyærlgatlon and Dlnerlzatlon

aleflonr tunnlngs (fOo gE.) Íere packedl tnto

ühe sealed endl of a hearry walled slLlea tube of lntennal

clla¡neten l¡ cm. antl lcngth 8O e¡a. The turninge oeouplcdl

approxlnately 20 cm. of thle length. A tube funnace

15 oml. l-ong was poeltlonecl euch that the tetrafluoro-
cthy].enc evolvd çlren the rfeflonÉ rne heateil rlth a teker.

burner, lmmerllately paaeed through s zone ln the etLlaa

veseel at 7oO-7Z5oG. A pìsessu¡re of appnorlmately 70 cn.

rae ulalntalned by oontrolllng the rate of depoLyne¡rlsatlon

andl aIlo by meanÊ of a tap locatedl between the pyrolyale

tube and the ff.rst oollectlon trap. fn thls trap,
oool.d to -78oC, wae collected the <teetrecl perrfluono-

leobutene, together vtth mallen anounte of the other
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perfLuorobutenes ancl some tetrafluoroethylêÂêe the

remÊtnder of the unchangecl tetrafluoroethylene ras oondlens@dl

ln a subeequent trap at -196oC. À prellmlnary trap-to-

tnap vacuuÍt fraetlonatlon through traps at -95t -155 antl

-196oC ras perfonned, the eqlanate fnaetlone examlned by

tnfna-red ø¡gectnoeeopy and thelr mol.eoulan welghts

dteter.nlned by Regnaultf s nethodl. fhe naterial eolleettng

ln the tnap ¿tr -95oO hatl an lnfna-ne¡l s¡lectrum alnost

fulentlcal. with that of perfluono!.eobutene.2 Thoee banda

rypearlng ln the øpectrum of the earple whlch dlo not

appear ln thát of authentlc eampl.ee of Berfl-uoroleobutene

oouldl be aocounteil for !.n terms of the presence of ernal.J-

arcunts of perfloonoc,yelobutane. lfhe noleoulan relghts

of these tvo substancea are. ldentiealr ßo that thelr
nelatlve amounte ln the nlxtune coulô not be deterrd.ncfl

by eueh a BÞasurement (Founil3 rþl.rt. 2OO¡ CaLe. for
CUF3: ml.rt. æO). Ir[or souldl eepanatlon be effeoteil

by vapour phaee chrmatoglrsphy uelng as oolur¡n paoklng

natenialc¡ cll-leorlecyl phthalate, eil.1ver nltrate or

rltnethylsulphalone, lnrespectlve of the varlety of

terqperatunes and carrler gas flø r"ates trledl.

the rmtenlal eollectlng ln the tnap at -1 tSoC

wae clletlüed uolng an apparatue flttetl wlth a Poetblelntakj

type fractlonatlng oolumnr ancl three naln fnaetlona of
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aptr¡!'orln8tGly equal sl.ze rere obtalncd, thelr bo1llng
pofnte belng -75, -32 andt -llo neø¡rectlvelt. îhcac

firactlons rGre erardlaeal aa foll'o;e¡-

( 1) Fraetloa of Botllng Potnt -7qo0

thls fraetlo¡ had an Lnfra-red qteotrun

lelentl¡al rlth that of tetnafluoroettyleae (Foundl: Ml.rt.
99. Gele. for Crf.r rcl.Ít. IOO).

(ff) EEae?loa of EotllnE Polnt -¡poG

thts fraetlon raa sÏ¡own ts be pErG

perfluonoprpopcne. rte tnfra-redl æætrqn uaa ldtentloal

rlth thaÈ of the ar¡thentlc GonÌroond as alæ çag ttg
rcleEulan relght (Founil: æl.rt. .1h9. Oale. for G5F5r

rcl.rt. 15O).

( rrl) Fraetlon of Bottlnø Polnt -'t.toG

lhe lnfra-¡reú qleetrun of thle fraotlon
olosel¡r re¡mbled that of porfluonolæbutene, thc @11
dllffcrenc€s belng lnterpnetcit ae due to tbe preeence of
tnaceg of the other Okfg f mnerr. the mleoular relght
rae alæ ln ag?aenoat rtth the naterlal betng fomolatcd
at Be¡rfluo¡roløobutene (Foon¡g nol.rt. AOO. Oale. for
CUF6I Eþl.rt. 2ôO) .
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(t) Orldtatlon of Penfluonoleobutene

' lfhe apparatus used ln the oxidlatlon of ¡lerfluoro-
leobutene to hexafluonoaeetone h¡nlnate re repneeentedl ln
Flgure 9.{. Potaselurtr permanganate (r5o gm.} andt 600 mr.

5E aulphurle aeldl rere placed ln the rea.etlon vesseL B.

the fraetlons eontalnf ng por:Fluorolsobutene ( 7i gm.) rere
oomblnedl ancl ooncleneecl lnto the trap Â rhlch ras then

oonnecteil to a glaae tube so that vhen the fluoro-olefln
rae aLlowed to raru to o-1ooG, lt paseoil well bel.ov tho

sunfacc of the perrnanganate æiLutlon. The ælutlon ças

vigoroucry agltated by neane of a rnagnetle etfrner and tho
gaa paeeetl tnto lt at suoh a rate that the coful flngen
ooncteneer at -78oc attaehed to the outlet of the neactlon

veeeel uoulcl netur.n the unreaotd materlaL to the

o¡ldlelng eolutlon. The oarbon dlloxlrte pnoctoeed ln thc
r:eactlon pasoeil through the conJenger tnto the atmqlhene.
îhe tenperatune of the neaetlon nLxture was raleed to hooc

anrl the o¡ltlatloa oompleted 1n foun houns. The exoeus

permanganate uas then removed b¡¡ bubbllng sulphur dlloxlcte

lnto the eolutlon. The preolpltated nsnganese dHoxlda

ya8 removerl by flltnatlon. The flltenecl eollcl rae rsr¡eô
rlth vaten (eoo n1.) and the comblned firt¡retee extraeted

fo¡r 2h hra. slth ether l"n a contlnuous extnactton appanatua

(eee Flgune 9.2). The ether eoLutton ras thea
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coparateil from the agueoua 1ayer, cL.led oyer ædllun

euLphate and moet of the eo].vent :renotred by 6lstlllatlon
at atnoçherle preseure. Â, subsequent iltetlllatlon at

redued preseure yleLal eil he¡aflluoroaeetone tqrrlrate

(t.pt . 55oc at 8o m.)(r7 gm. , 59fi ylelrt baecdl on

p enf luorol sobut ene) .

(o)

Dehyclratlon Ìas aocorçIl úeal by dropplng

lre¡afluoroacetone hfdlrate onto phosphonue pentsxlele. îhc

free hexafluonoaeetone evolveel (Founrl3 nol.Íü. l58. Galc.

for Cf5O: nol.vt. 158) ras eollecteit ln a tnap at

-{96oC. the yteltl ras X¡ gx¡, lndloatlng that eonpletc

conver.slon of the þtlrate to the dleelreð prodl uet hâdt

ogcurnedl.

2.

fn oreler to eetaÞllah the optlnun sonilltlon¡

fon the neaetlon of, fnee nadlcale rtth ¡leÈa1 nlrrona,

aeetone wag ¡¡secl aet a sounce of rarllcalo, Þoth beoauøo

of lta avallablltty antl Þecause of lte elnlLanlty to
he¡afluo¡roaeetone. Aecordllng to Rlca ard Olasebrookrb

teillunlun ûaE the netal w?r!.ch, ltr mlnron forrn" most

ncaclll-y I'eaetecl rlth fnee radleals to form a procluet *lroee

ptryelcal and chenloal- ohanaetenlsttaG reFG oonrluotve to
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It s neadly loolatlon a¡rcl lilentlfleatlon. Coneequently

tellurlum was the netal usedl ln these prellmfnar.¡r

expenlment g.

(")

The apparatuc used le shown ln Flgura 9.j.
t,Analytloaln grade aoetone rae plaeed ln the tE¡pply

bulb A. $eotlon C, the pyrrolyete and reaotlon son€, ÍsE

Eade of heav¡¡ rall gfllea tube, the nest of tho apparatue

belng oonetnueteit of glase. Â elngle pteee of tellunlun
netal (O.t-O.z gm. ) raa placed ln the reaetlon tube such

that the nlrno¡. rould be fonneel Juet on the purÐ eldte of
the zone heatedt by the rcvable tube funnace Il. fhe

nl¡rnon raa for.ltrcdl merely by gentLy heatlng the ¡ollil
teL1ur1um dter the rhole spparatus had been cvaouatedl.

E¡r oanefully appLylng the heat, tt ras poselble to obtaln
a nlrnor of appnoxlnately unlform thloknees andl 2-J cn.

Long. the furnaco tempenature was sontnoJ'Lert at 86OoC

andl the aeetone aelmltterl through the Etop-e6s¡ B eo that

a presaure of 2-2.5 mm. raa nalntalnedl at fr¡ll purylng

qgeedl. The H'gh teuperature ueecl raø neceeeary to
py¡olyee the acetone vhloh was passlng through the heatetl

EOne vepy rapldllf . rn the tnape E and F whloh ÌrerG aoo:Ledl

to -lr6oCr tras condlengert the redt llquldt, dlnetlryl'dlltelLunldte,

dleacnlbed by Rlee ard Glasebroots. the unpylolyeerl acetone
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ooll.ected ln the trap at -'rg6oc (e). other pyroryala
pnoclucte, €rg. earbon rcnoxldlc, ethane, etc. ¡ ef thetf

ool.Leoterl la thla trsp aJ.æ o:r paseed througþ the puqr,

rtepenrllng on theln vapour pressurea et -1 964e. Àa

the eilge of the mfnron nearest the furnacc eloçly movd

aray firom lte onlg!.nal poeltlon, due partly to the attack
on lt by nethyl radtcale andl aLeo dloe to volattllzatloa,
tho pocltlon of the f unnase çae adl Jueted æ that the

dltstance between lt andl the nlnror ras 1 em. Au

appnoxlmate aeaesõnent of the progreee of the reaot!.on

anil lte nate vas maale perLorllcarry, by etnongly heatlng

rtth a feken burnen a pontlon of thc dllca tuÞe betçeen

the orlglnal rnlrror anrl the oojl1ectlng trape. îh1s

oaused p¡n:olyal e of ar\y organonetalllc oompourd which may

have been formeil anrl the reeultan.t rrepoaltron of a ner
netar nlrror on the wallg of the tube. After tço hra. ¡

10-15 l€m. of dllmetlryLdltellur.lcte (Founð: Te, BB.9É.

Calo. for Cr$5lerz Ía, 89.5ß) hað sol1'eotd. the¡e
oontlltl.one rêIre optlmun fon the rysten ancl appanatug

employeil ancl vere re¡lrodluceÉl as aceunately ae poselble ln
cub eequent e¡p enlnent s,

(¡) Reaotlon of etltv'l o¡l I eale wl th Bl snrrtlrn R

the appanatug anct experlnental oondllttonç ueedl

rene the sane ln thlÊ oace ae fon the react!.on of netÌryl
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racllcale wlth telLunlun. Gneater dlfflêulty was e¡perlenceð

ln fonmlng the metal rnirror. ln thf.s case elnoe bimuth,
apart from belng more dllfflcuLt to nolatlllze, tendødl to
aggregate lnto dnoplet s nather than fonm the thtn f tlrn
nequt.red fon the eueceedul aBplleatlon of thle teohnlqn€o

Durlng the paegagê of the pgrrolysle prodtuots of aeetonc

over the blsmuth mlnnon, evldlenee for: the fonnatlon of a

volattle blmuth oonpouncl ras lrdlcateit by the daposltlon
of a nêv ÞtsÌn¡th nfmor wÌren øtrong heat raa qplleit to a

Bmrl eoctton of the sl1lca tube c, at a polnt betçeen the

¡reaetlon zone and the flret eolleatlon tnap. Iïonmal.ly

t:rtmethylbtsnuth ooulcl be eondeneed at -lr6oC ln aa

evaouated apparatue, but ln thle slrsten lt rag neoesaarïr

to trBe a trap ooole¿t to -78oG ln onden to conitenËe an5r

onganoblmuth compounrl formetl, elnee, at the hlgh purçlng
q¡eetlø usetl, the larger guantltlea of morc volatlle
natenlale tended to rlelqy thE aoncleneatlon of the

btemuthlne. At -ZBoc thero ras partlal conileneatlon of
unpynolyseel acetone, wlth the res¡lt that great dllfflculty
rae experlenees ln fraetlonatlng the extremcly snall
quantlty of trlmethylblsnruth (oa. J qn.) fron the

relatlvely lange amounte of aoetone (ca. z gm.). Bepeatert

trap-to-tnap dllstlllatlon f1na1Ly yfeldcd a saple vhose

lnfra-necl çectrun ras ldentlcar wtth that of authentlo
tnlmet\ylbl emuth.
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Oa1o. for CrT6;Tørt AESI 35.O; fon 65.0ß) æltect at
appnoxlmately -7fc, but due to lte thenmar lnstablrlty
and tendenoy to poLynerlze, lte botling polnt æulet not bc

dletermtned. rn the J-lght ft rae less stable at noom

tenpenature than dltrnethylillterÌurldc, although it aould! bc

kept ln the dlank for oonsldenable pælodts of tlme and

ladlef!.nltely at -78oC. It rae eo1r¡ble tn most ongenlo

aolventa, gtablø ln âlr, lnaolubIe ln anct unchanged by

çaten.

(1) Anarvera

?ha eoqpound ¡ae analyeedt for CF, bf
hytlrol.yet s rlth alkall anrl rneaeurenent of the quantlty of
llberatd fluoroforn.

Tellur:lum ¡as esttnatedl as the rnetal !.n the

colutton dter þtlnolyat a.

( tr) Hvdtrotysts

DlstnlfluononethyldltelLurlao (O.OJ2 gm.,

O.O82 nrmolo)¡ rhen t¡reated rlth jE soitlom h¡ritrnoxlcte (5 nf ,¡
at 95oG for tço hre, gave a vlntually quantftatrvo y!.eltl
of flooroforn (o.o11 gm., 0.16 mle) wTrteh was punlfledl
by dllstlllatlon ln the yaouum ryetem. retalllo tellunlun
rac clepoglte¿l ln the eolutlon ae tbe reaetion pnoeeerted.
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(frf ) Infna-reil Seetrun

The lnf¡:a-redl ryeetnum of blgtrlfluononettqyl-

dltelLunlde ln the vapouF phase pogeeseed the followlng
neln absorrptlon bandat 1367 (r), 1321(*), i219(s),

ri50( s), ro88(e) r ro4l(e), 9t7(n), 722(a).

(f") Reaetlon rlth trererny

Btstrlfluorouetþlrtf.tellunld e (O.O2lr ßrn, r

0.06'l rmole) wag oondeneecl onto trÞreury (0.O11 gm.,

O.O55 n¡role) ln an evaeuatett tube, ^â,t roon telperatune

reaetlon oeeurneil, lndlcated by the aBpeatranoe of a ye11or

sol'ldt ln the plaec of the raenour"¡r and the reil llquldl

tellurluE eotqpoundl. lhe volattle natenlal wae removedl

by pumplng and shom' by lnfra-red qeetral analyels to Þe

blstrlfluoromethyldlltellurlele. The relght of the

Bnorluot nenalnlng (O.O53 bm.) oorresponctedt to the

oonblnatlon of tbe reaetante ln equlnolar proportLons.

By anaLogy to the ooryarable neactlon of bl etrlfluono-
nettryltlleelenldle rrlth nerleurJr, thls new oo4pounil rac

ooneld enecl to be bl{tnlflf uorornethgrltellurfiereuny. ft
Fae soluble ln ethanoÌ fno¡n whloh lt eouldl be erystalllzed
as a yellow æ11t1 etable tn aln anc! posseselng a r¡ogü

obJeotlonable odour.

(a)

A Þlsnuth nlrr.or vaa forned ln the nrannerD
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dleecrtbd prevloualy ancl a gtneam of trlfluonometþl
radleals paesed oveIl lt fon slx hre. Dur.lng thls
o¡re,ratlon, to ilepoølt a dletectable quantlty of a eeoon¿l

nfrnor Þy the pyrolyels of the new organornetalL!-c oonpoundl

fonmed, lt raa neoeesazy to hsat fon ae long ae ten mlns.

a eâctfon of the tube tlrough whlch the pr.odlucte were

paealng. -At the eorpletlon of the reaetlon, a snaLl

quantlty (ca. 5 Egm.) of a rathen tnvolatlle, oolour1.ees

Llquldl hadt been retalnerl !.n the collectlon trap oooledl to

-h6oG. Infna-rett analysls revealert the presence of CF,

gnoupe ln thte ll.quldt but dlurlng the measurenent Ît tas

notloeü that the rylnclore of the gas celL rere becomlng

opaque dlue to dleoorqpoçiLtlon of the eanrpl,o. fhf s rag

possfbly sausecl þr tnaces of waten andl oxygen on the walLe

and vlndove of the oe1l whloh ooulÉl not be oonrpletely

deaontamlnatecl uelng the ouetonary technlque of flanlng.
Eydnolyet s of the sal@le oaused the llberatlon of
fluonofonm. Iloweven, quantltatlve cletermlnatloaa of both

Þl emuth and OF, (ae fluorofo¡u) rere unsuceessf u1 dtue to

the veny sttrall amouats of materia1 avallable ancl to the

ooneequent slgnlflcant loases l.n lrandlllngr It[everthe.Less

lt rae apparent that a trlfLuononetÌgr1.blsmuth oorpouncl hart

Þeen forrnedl ancl that thls materlal me at least thermally

ancl poselbly ohemleally unstabLe. It hae been tentatlvely
formu].atd as tnl stnlfluoronethylbl muth.
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(")

A Læd mlrror ças prepanedl by pyrolyslng

tetnaethyl-Lead v&pour aa tt passecl through the reactlan
tube. thue a gtneam of the vapour rae pur4¡edl tÌ¡¡pough tha

ryetem aacl heat applletl rlth a lte*.er Þunner to a aection

of the dllea tuÞe euoh that a loadl nlnron rae deposlted

ln the proqreotlve ¡reactlon EoDêr the appanatue rae then

franedl to renove all traees of unchanged tetraethyl-lead
anrl lte volatlle pyrolysle pnoducts befone the reactlon
betveen the tnffLuoronetÏgrl ractfcale andl the netal ras
eonnencedl. Afüer treatment of the lead nl¡rror rlth the
frce radleale fon eLx hro., a enall quantlty of liquldt
hatt oollectecl ln the trap at -Z8oC, the unchangetl

hexafluoroacetone andl met of lte eteeonpoeltlon prodluotg

conrlenelng at -196oc. several trap-to-tnap ðlstlllatlona
rere necesgatïf to r enove tno.ees of herafluonoaeetone fTon a
rathen !.nvolatlle, ælourlaee llquf tt rhoee lnfra-¡red
rpectrum poegeceed no band oorrespondlng to the canbonyl

c-o etnetehlng ñequenoy but clld have bancta suggeõtlng the
presence of tnlfruononethyl Foupar the matørtal ras
I¡ydrolys€d by hot 5E cocllun Srdroxlrte and f]'uonoforn raa
produeed. rn adclltlon, appllcatfon of øürong heat to a

aaryle of the llquldl caueed clepoeltton of netarllc lead¡
lfhue Lt ras ooncluclect that a trlfLuorornetþl-lea<l compound

hacl been fonmedl even though guantltatlve analyeee coulÉt
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not be perfor.,metl rlue to the extremely gnalL arþunts of
mate¡rlal preparecl ty thle methodl. The eubetaneê ras
fo rmul at ed as t et nak,l str lfI uor orn et hyl-l eadl .

(r)

À thalllun nl.nnor ras pneparecl ln the Bame

lnanner as that ueeal for tel].ur"Lum and btronuth, although

nor6 dlffleulty rae er:pertenced la the oaae of thallf um.

Àften the paeeage of tnlfLuoromet?r¡rl radloal'g qyer thle
netal fon elr h¡Rs.r ho traee of a trlfluonoraetÌrylthalllun
eompoundl had eol.Leeted ln the trape pnovlcledl.

zqra

Although trtfluoronethyl racllcale oouLcl Þe

genenatedl f nom hexafluoroaoetone qulte readlLyr5 thlt
Bouroe suffenecl fi.om ewer:al rlleaelvantageo. Flrstly,
the prepanatlon of hexaflooroaeetone wae dlffleuJ.t andl

took eevenal dlayo to eonpl.ete. 9eeondly, the pyrolyele

of the Eetone proelueedl, ln adctltlon to trlfluoronetlryl
nacllealc, aa approprlate amount of oarÞon nonoxlde anct a

nunber of other procluets rhlch terdedl to oonpllaate the

eyetem. Thlncl1y, the pynolyets l-ecl to the formatlon of
productg whleh clld not revent b the parent oonrpounct tf
not ueed 1n oomblnatlon wlth the netal. Thue thoee

nadlcale vhleh tlltl not undlergo effectlve Feaatton rtth the
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tËetar were rasted. Attentlon rae thenefore turnd to
he¡afluoroethane aa a Bource of trlfluonomethgrl nacllcalg

elnee ft couldt be obtalned conuner.ctaLly (8. I. Du pont

De llenouns and Co. f no.).

the appa¡ratus ls shoyr ln Flgure 9.b. Ee¡a_

fluoroethane gas rnae conclenaed lnto thc appeni[r B of
the bolb A and a ooollng bath at a tenpenatur.e ealcolated
to dve thc cl eslreal vapour prseGsure of herafruoroethane
plaeed around the qlperdlx. The quantlty of ggs uaeð

râs eufflelent to ftlL the burb (i r.) at atmoq>herfo

pr€Bsulre. rhe Fs¡ at the appnoprlate pregaurce, raa
thea led lnto the glaøe neaetion tube c at an acute angle

ln onrler to nlnfunlze tu¡rÞulençe and so ensure an erea

flor tÌrough the reastlon ãone. A platlnun ftlament D

rount on a elllaa tubo (8 m. ttlameter) rae ue6d to
ÞJmolyee the hexafluonoethane. fhe sllloa forner raa

tolned through a egradted soalr to the ræotlon tube.
rn ontlcr to pnocluee the nllrror of a partlcuLan netal, e

fer aall pleees of the netal pnevlouely plaeer! ln thc
appendlr B rene heated by neans of a lleker burnen aad! tho
vapour condensecl onto the novable forme¡r F. rhla fìorner
oonelsted of a Pyrer glaae tube, seale{t at the Þaee and

oontalnlng slllcone ol1 lnto whlch Efppecl a thenrnometer to
lndlloate the reactlon tenpenature. rt raa foundt m6t
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Gonvenlent to attach the former to the resü of thc
appanatue through a tLghtly frttln6ç nubber stopper w?rlch,

when lfghtly lubnLoated wlth a hlgh tenrpenature vaeuun

gneaEe, ras capable of Ìrofullng a. vaeuun. By notatlng tho
fonmer rhen necesaary, an evenLy pLatedl mlnron raa
obtalnedl. The nlrnon wae then netracterl to a posltlon
rlrncctly ln llne vith the fttanent anit o.5-1 .o om. fnom

lt. The fllanent rae then haatect till brlght neel-vhlte

by æplfeatlon of a aultable ê.rû.f¡ to the coniluotlng

leadla, and hexafluoroethane passert thnough the ryeten,
rhereupon firee trlfruorornethyl railleal e were genenated.

tha pnocluot formed by naaetlon of the radloals wtth the
partlculan netal ras oondlenead lnto a trap O at -7BoC,
the exoees hexafLuonoethane eolleetlng 1n a trap H at

-f 96cC Iæatetl lnmecllately befone the vacuum plm{r.

lhe nesults obtatned uslng thls methoct wlth
tellurlum andl blsmuth re¡r.e the same as thoee obtalnedl whea

hexafluoroaeetonc ras used ae the source of fteo naitlcala¡
Both methode suffered from the obvloua dleadvantage ln
that only very enalt arpunts of pnortuote eould be

obtalned afüen man3r houns of operattoa.
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&m¡gtn Sr€hcJâyü., '{956i".8h, Íht. : '
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rm

1 . rmnoDucnloñ

lîhls sectlon of the rcrk ls concerned rfth a

prellnlnary study of a nunber of methods ueed ln attenpta
to prepa.ne perfluonoalùylthaIllum eompounde. 1![o sueh

dlenlvatlves have been reported tn the lf terature aa yet.
lfhe varlety of erpenlrentel s¡nrlltlona employed ig
tleeorlbeil tn Chapten XI.

Both rcno.- andl trl-valent etatee of thalltum

a¡c knorn to be gtable ln *rm€ clneumetances, but rhereas

there Ls evfdlenoe for tha exlstence of metþltharllura and

phenylthalllun, tho only ctable organonetaLllc dervatlvea
of thts eLement a.re thosc fn çh!.ch lte valeney le three.l t2

In thla etudy attenBte uere ftrst madle to rynthetfze
per"fluoroalkylthalllun conpoundI by Foup erohange neastlons

uelng a vanlety of netl1ylthalllun couurounde an¿t perfluor¡oÞ

todoalkanes. rn all casea tha deeþed pnoilucts rene not

obtalnedl and a nuúben of other pFepa¡Fatlve methoels rer¡G

aleo trted, agaln çlthout Bucees6.

2.

frtnethyl'thal1-lurn neaetd vlolently aad

exotheruieally rlth t¡:lfruo¡rolodorethane antl rfth hø¡lta-

fl-uoroloclopropane, at roon teqpenature. A ntxture of
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coloured proaluct6, appapently hetenogeneoue fn natune,
rag obtalnd ancl eonsldered to have reeulted f¡om at
leaet partlal. tlecorçoottlon both of the atartlng mterlala
and the produete fornett laltlally. Ey torerlng thc
rsaetton tonpenature to -Z8oG horevern lt rag poaslble to
control the ¡reaeËlon ar¡d ln each Gaae a rhlte æltd ras
obtalaed. when the oùvloue algna of reactton had oeaeed,

the ntxture ras alløed to rarn to roour taperature but
no furthen reaetlon appearert to oceun aad! the rhltc aorldl

atlil not beeome dlseoloureü, The pnopertles and the
alralysts of thlr pnoduct suggeeted ft to be dllnethyl-
thalltun fluonlde. 1Ìrle ça¡ certatnly not antlelpatedl,
alnoe the ruptr¡re of a oarboa-fluorlne bond ln a

perfluorolodloalkane dur!.ng a neactlon rlth an orpganonetalllo
oourpow|å ls noet uneorton. rt ras thought that tho
lnltlar reactlon lnvorvedl thc fornatlon of the æproprlate
dllnethylpenfruonrjalbylthalllun compoundl tn eaoh case anü

that thle rae e¡treemely uastaÞle, even st -7goG, aadi

doooqroeect glvlng cllnetly1tl¡arr.lun fluonkle" A sim!.la¡r

r:eaetlon has been obeerved rhen tetrarætþrltln rae
treated ulth perfluonolodoalkanee at hf gher teraperatrr€B¡
one produet be!.ng ln eaeh case, tnluettylttn fluonldle.S
Hene alæ lt ras eonsl.dereal by the rcrkerc that the rEactlon
lnvolveð t'hc tnLtlal formatloa of the appropntate alk¡rl-
perfloonoalkyÌ cterlvatlve, rhlch then undæçent thermal
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91n11ar prodlucts were obtalnect vhen cllnetlryJ'-

thal1!.um ecetyJ.aeetonatc ras treaüed rlth trlfluonolodo-
nethane at 1Soocr Agaln partlal tteeoqroettlon of some

of the aoetylaeetone gro¡¡pe oeeurred ard fluoroforu rag
proilueed. Hñ*er no penflluoroalkyltharltun eompoundl ras
pre¡larerl uelng tÌÉ.s nethod.

)o

îhc pneparatlon of trlnetlrylthalllun f?on

thaLlous loctlde, neth¡rblltlrlun antl netrryl lodllrta6 Ëay bc

rp@presoateal by the follorlng eguatlonc

ænlÅ + grf + Tt r -+ (crr)rn + ü,tT.

rt aoened feaslble thatr W mÞetttutlng a pæfluorolodo-

alkane for nethyl lodldle ln eueh a reactîon nfxtnre, I
perfluoroalhrlthaillun coryound mfght fonm. Eepta-

fluorolortopropano nae choaea for eueh an er¡renfrænt dlue

to the eaee rlth rhteh lt could be hanrlled ln an oÞer¡

appanatue. fhte partleular reaetlon ras examlned bdore
lt rae clleeovenedl that the rcactton between tntmeth¡rl-

thalltun and penfluorolocl oalt aae ß yl eldlerl ilfnethylthalllun
fluoridle andl æ auggestlag that perfluoroalþlthallturr
eonpoundla çere extremely uneûable.
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the reastf on diat not yteltt a penfluoroalkyl-
tlullf Em compound but gave lnsteadt rllnetlryrlthellfun lodnita.
the fonmatlon of a ttlmethylthalliun halldle fron s¡oh a

reactlon rae not altogether euryrrlelng ln v!.ev of the

rcsults of tÌ¡e othcr crpsrlmetrte ctesc!'lbedl ln thle Chaptero

oa exanlntng the neahanla propoeeil by ollnan f,on tha
rcaattone thouglrt to oecun dunlng the preparatlon of
trrnet\vlthalllum, lt çae antlclpateÌt that pnotluote ln
sildltton Ëo thoee actually fourd, rorrld have been forned

!.n the present oaee. rhe meohanlen ia quoetlon lnvoLveet

the lntttal reaetlon of metþl-rlthlum rlth thalloue
fodllcte to glve tdnstryrthalllum aud metallla thsjlllum ln a

ftnely dlvitlerl and ht&ly reaotfve state. Tbe tnanslent
axlstenae of the Latter pEoduct ras aetually obeerved

durtag the ee ppeparatlone.

icEjtt + 2trr--+(cnr)rÎr + 2?r + Srrr
?he eecond otage propoøedl lavolveit reaction of nethfl
loÉllde rlth the thall1uü netal to forn cllnetlryrthalllrn
lodllrle.

2 OESr a tr, --- 
(cnr)281 f + :rtI+

rn the neactlon e4loytng herptafluonolodtopropane tnetead

of nethyl lorlldc, æBe reaetlon ratght Þe erpocteil at thla
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*Ë*t to 6vc * pcrfiutiro¡lÌtr$f,ruer oqollå æ lür
trcaæcrltlor Foü¡sü¡. tro :ech oeoçår rsñiü Í.brd
bttrur !fþ f!.ear rtÐ ln thc reehrH.¡l üB¡ çr¡arú,ôonci
to b tbc'ràotloa s,f rtüñ-lttttn rttÈ ürætryltÌrlttr[
lað!.ãr.

qitl * (ffiJ*tt r-*{exn}rlr * ülr

lfho lrælts rf tbr rætlu lnvolvleg lEtdt¡o¡oloûæ
!çüF*æ rü;gËÉcü that dthffi thc aoôraÈlr tcætüst atær
np nt æ¡rract oË rüF" rlt¡lr Èhât thc ætc of, rcctto¡
;rr ilf;fanaat rhæ t;hc al,Et loãlatq m¡ rcu[*ed tU a
gcrtl.mætoloelÌrso ta c¡ch r rcarûl@o
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EXPERTUEITTAL

a1 EREPAEATTON OF REA TAT{TS

( a) lrlmethvlthall.r unl

Llthlun netal (1.5 gE. r O.5O nole) ras vaeheil frce
of paraffLn o11 wlth ærllundlnled ethen, beaten tnto flat
platee anrtl aut lnto æall pleeeo untter. an atomø¡lhere of dny

nLtrogen. the ltthlun ras then plaoed Ln a flasÈ
togethen rlth ether (60 n1.) andt a eorutlon of nethyl
lodltle (ze grt.r o.2o rnolle) ln ether (60 n1.) adtdedl Étnoprrtae

at ¡n¡ch a nate as to nalntain reflrn,, fVhea all the

nethyl lodlde hail been adldled, neflralng rae eontlnuedt

for one hr. and the un¡eacterl lithlun (o.7 gE.r o.1o nole)
renpved by fll-tertng tÞough glase rool uncter an lnent
atnos¡rhenc. A¡ excees of lithlun rae uaed to ensuro

the æmplete nemoval of raetÌryl !.ortlde ln oncler that
eubeeguently an aoeurately knorn quantlty of thls con4pounÀ

eour.dl be arltlecl to the ntxtüF€¡ The mettryl-llthlunr
aow Ln a rlropplng funnel t vàs adldecl dFoprlee to a

vlgonouely etlrr.ed Euellenelon of tha-llous lodtlde (2819 ßIn. r

0.067 mle) f.n a ælutlon of nethyl lodllttc (11.b gm.,

o.o8 mole) rn ether (25 rt.¡. The flnal neaotlon ¡nfxture
raa then alLoved to stanit fon 18 lrn¡. before the ether
vas rflþved by dlstlLlatlon uelng a water-bath at ZO-gOoC.
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the reeldtue rag not heatecl above gOoC anA all the vo].atl].ê
eonstltuents rere tneneferred under yacuun fronr the
reactlon veeesl lnto the vacuun aysten. fnap-tre_trap
rllstlu.atlon raa then uaerl to sepanate trlnethylthalliun
(g.tj F. ¡ o.o37 nole) frorn the other volatlle
oongtltuent g of the ml¡tEFO. |Fhe y!.errt ras F5É bascil

on thalloue lodlcle.

(U) otnettwlthalttun loAtao2

f,ethyl-ltthlun (o.i6 noleo TOfi yielrt) ,aa
prepaped from 1lthluE (J.2 g., o.lllr molc) ln dtlethyl
ethen (5o nf "¡ and nethyl loilllta (51 .2 gm. , e,n. nole)
ln ether (lrc n1.). The nethrl=lithlun raa adlrteil oyep

a perlod of 30 nln. to a etlrred euqenelon of thalloua
shlorlde (t9.2 gn., o.og mle) ln ethe¡: (loo n1.). a

tet blaek preclpttatc of thalrir¡n nætal furæil, The

nlrture rag etlrredt fon a funthen 15 nln. before êEcêtsa

netþl todtlile (t5.6 gm., O.i1 nole) ln ether (tOO n1.) ,aa
aildleil and øtlnr:lng oontlnued untlt the blact preetpltate
hatl eor4lletely illsappear€d (one hn.). Ihe lneoluble
mterfar rae alloweil to aettle; thc olea¡ nrpennatant
eolutlon rae elphor¡ed off uacter nltr,'ogen urrl b¡rdlrolyeeil

vîth ¡ate¡r. lPhe dtrleit ethen Iayer, rhen eraponated,
ytelrlerl rllnethylthallluu loclldte (n gil.r O.O5g mole _ TZÍl
yleld baeed on thall.oue ehLorlrle).
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( c) fha].loue AcetylacetoaateS

Tha[ous eulphate (f 5.2 gm,, O.o3 nole) and

barlun hyelroxlcte octah¡dnate ( 11 .t gm¡, O.O3 mole) vene

eaeh e4arately tllesolvedl 1n a nf.nlmum of laten andl fhe

solutlons mlxerl thoroughly. the barlum eulphate ras

removed by flltratlon, mshed æyeral- tlmes wlth rate¡r

and the flltrate evaporated to Éve yallm cr:rstals of

thalloue furtlr.oxldc (f f .5 gm. , o.o52 mof c). thla,
togethen vlth acetylaoetone (5.2 grû.r O.o52 m]-e) ras

dt em].ved ln ethanol and the solutlon eoncentrated at rooÌn

temperature untler yaouum. Thallous acetylacetonate ras

obtalned quantltatively as éo1oun1ees crystale (Foundl¡

C, 19.8i Hr ?.3#. Cale. for C5E7OAT1: C, f9.8;
E, 2ú1fi).

(e)

Dlmethyltha1llun lodlcte ( J.6 g;ni, O.O1O mole)

andl thaltoue aeetyLaaetonate (3.O gE.r O.OIO nole) wer6

neactedl 1n bolllng ethanol, Reaetlon hadl ceaeetl çhen a

fllterd ampl'ea of the nlxtune yleLded rlth potaeelun

lodldle, a whlte preelpltate of dtlnethylthalllum f otlltle

( frorn dtnet Lrylthalllum aeetyLaeetonate) not eontarnlnatedt

rlth yellow thalloue lotlltle (norn unreactert thaLloua

acetylacetonate). 0n coollng the flLterecl reaetlon nîxtune

enystal.e of dlmethylthalltum acetylaeetonate vene cleposlted
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through tnape at -98, -135 and -.|g6oc. tro fraetfone ao

obtatnedl rare ldentlfled ae tnlfr.uorolodomethaaa (Foundt:

rcl.rt . 196. GaIe. for CrrI: @1. rt. 196), uetþl
loitldtc (Found: mt.vt. 1Ut. Galo. for GE rr noL.rt. 1ll2).
'lfhe lnfra-red s?eetra of theee corqgourdÊ reF€ reeorded

andl conpaned rith those of ar¡thentle earqrres. rn
adlclltlon, vapoup phaee obromtog¡paphy andt infra-redl
qreotroscopy Guggeeterl that a fluorooanbon ,aE alao
precent ln the voratlte ml¡ture. Horever ln thlc
prel!.nlnary lnvestlgatlon, attempts rere not rnade to
filenttfy !.t or cryen to aseertaln rhether or not there ras
a mlxturc o'f fluonocanboao pneeent rhfeh hail not been

s@arated oa the pantlcr¡lar chronatograph!.a oolum used.

the colkl !.eaetlon pnodtnet renalnlng aftol.
renovar of the volatfle oonstltuente of tÌre nt¡tEFG rag
etabre at rroots ten4renatune andl dllil not nelt cven at joooc,
rt ras gtable la sln anel eoloble ln rater yleLdlng a

ctrongly baslc ælutton. rt ras æ1ublc ln ethanor Þut
lnsoluble ln benseno and chloroform. Theee pnopentl êBr5

together rlth lte analysre (noun¿: c, 9.b8l E¡ 2.\3i
Fr 6.8; T1, 79 .}fi. CaIc. fon GrH5flF; c , 9 .h9; H, 2.37,
I, 7.57 T1, 80.6Í) ruggeeted that the aoltdt çaa

rlfnethylthalllum fLuoriele. Addttlon of eodlun tetra-
phenylbonate to an queous eolution of the thalllun
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soupoond cauÊed the preerpftatlon of a whlte eo1ld rhlch,
rhen recrystalused from acetone contatnlr'g Sfi rater,
las shorn to bo dlnett¡ylthalllun tetraphenyLbonate (Foundl

C, 56.1i lr h.8lÍ. Calc. fo¡! C"rÊr5fltu C, 5,6.hz

Er h.7OÍ). the Gonvetrd.on of trluethylths]l'].lun to
illnethylthalltum fluorlele (2,52 gar.) rac 96É.

(¡)

Tr"Lnethyltharrlun (2.h5 gu. r o,o1o nore) anð

heptafluorolodopropane (8.o9 ffi.t o.oz| rnore) r,Eno

alløerl to stan¿t ln a eealeet tube for two bra. *¡ -7goo.
Â vhlte eollit depoelted at thra tenrpemtu¡rc arÉ appeaneit

to be unchangect after the nfxtures rao arræed to stand

at 2ooc for a funther 15 hrË¡ At the er¡il of thls tlme,
the vslatlle materlalB rere transferrodl to the vaeuum

eystem shere they rers fnaetlonaterl by tmp-to-trap
dtlstlllatlon through trape at -zt t -9i 166 -19fo. Tbe

va¡rlour eonponents rere telentlflect rlth the altt of vapour
phase chnorratognaphtr lnfra-red speetroecopy and

nolecur.an ralght meaeurem€Ér and relre for¡adl to be netlryl.

loitltle (Founrl3 rilol.vt. i\2. ca1c. for clrrr: rml.vt. 1Uz)

andl Enreaeted heptafluorolorl qno¡rane (Foundr nol.rt . Ð5.
Calc. for Crprl; ml.trt . Ð6). A thlrd volatllc
oorponent of the reactloa p.eodueta, eontalnlng c-F bonde,

rae aot poøltlvely ldentlflert. the eollil neaotlon
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pro¿luet possccæd pnopertles lclentleal. rith thoee of the

æ1!,d produced fton the nøactlon betreen trlfluo¡rolodo-
nethane ar¡d trtnethylthalllun ancl uag aIæ pnovetl to be

dfætþlthalLtun fluortrtle (Foundi C, 9.t¡1 i fl¡ 2.1+13

F, 6.8¡ T1, 81 .1É. Galc. for CnF5llFr C, 9.tl9i If, Z.]j|i,
Fr 7.5i Tlr &.6É). îbe eonverslon of trlætlrylthall1un
to illnetlrylthalllun fluonfutc (2.52 gn.) ras iOOÉ.

(c)

Dtnethylthallt un todlfule ( tO .O grn. , O.O28 ¡nole) r

trlfluonolodlonrethane (f h.7 Eri., O.O75 mole ) ar¡tt exceso

Eetecurlr (loo gn.) !e!e etraken dt FooD tenper.atur:e fon 65 nna

Ho reaotlon hal oocurredl unclen thesø oonilltlons an¿l tlre

reaetants vere recowned quantltatlvely. ft wae not

eoneil.dered that thle spproaoh rarranterl fupther invcstlga-
tlon 1n rrlom of the results of the prevloue tro experlnentc

tleeerlbedl .

(a)

thalloua aoetylaeetonate ( 3.Oj gil.r O.OIO rrclc)

and trlfluorolodoreethane ( 6.67 gra. r o.o3h rnole) l'êre heated

ln a æaledl tube for 60 h?8. at t5OoC. The volatlle
reaetLon produete ¡rere tranefenred to the vaouurn Srsteu

rhene they Ð,@re fnaetloaateel through trape at -9jt -13j
and -196oC. lPhe natenla]. ln tlre trqr at -19600 çae
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nalnly fluorofonn, but both the'tnfra-ned s¡peetrun of
the eampre anel lts lor ælecurar velght (Found¡ ml.Ít.
58. Cala. for CHP': rcl.rt. 70) suggested thst
ilegratlatlon pnocluete of aeetylacetone Ìere aleo present.
The mtenla]- retalnett ln the trap at -1 nPc rae mlnly
trlfluoroloilonethane, but tnfneFredl anarysls agaln
lndleatecl the preBence of prodluote fonned by the
ileconpoeltlon of the aeetylacetone fnagment, slmllar
pnorlucta rere fuundt ln the tnap at -95oG, but ahemleal

analysla lncttoated that no thalllun eou¡lounda ,erc pnesent

ln a.ny of the volatlle fraetlone.

îhe aolirr neaotron pnodruot rae yerlow a'd not
eolourloss aB uas the øùantlng materlal. rte lnfra-¡redt
ø¡lectrum lnrllcated the abgenee of trlfluonanethyl groupE

and enggestcd that lt eonsleteil nalnry of thalrous
aeetyl.aeetonate togethen rlth enal.ls¡F aounts of natenlal
forned by the partlaL pyrolysls of that oonpound. fulr
arcunte of lodt¿le rere alao tleteetedt ln the eolld
¡leelclue. lhle ras no tloubt dlerlvert ftom tr!.fluorolodto-
netÌ¡ane andl ças pnobably present as thaltoue lodl!.dle.

(u)

Dlaethyltballrum acetyraoetonate (z.T gF, r

o.oo8 nore) and tnlfruonolottomethane (5.j gB.r o.oz7 note)
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rere heated together ln a eealed tube fon bg h¡ss. at 15ooc.
The voratlle productE rere fouarl to bo elnlran to thosc
obtalned frt¡m the reactlon between thalloue acetylaeetoa-
ate antl trlfluorolorlomethane, whll,e the mlttt eontalneð
alL the thalltum pneeent fn the fonm of the stanttng
natenf aI, dllnethylthår}lun aceÈyracetonate andl its panttal
dlaoonposftlon pottuot e. rhe lnfr&-Fed qpeotrun of the

coll¿l lnaltoated that trlfLuononctþl gtoupg rere aot
pnesent.

3.

fhla procedlure yae baa.dl on that usedl for the
pre¡lanatlo¡ of trlnetl¡y1thalllum, the dllffereriee belng
that, Lnetead of thc lnelucloa of rætbyl fodtrle in the
reactlon mÍxt ure, hcptafluoroiodoppopane uas seedt. lfietþrl-
llthtuu (o.tz mle) ln rlløùhyl ether (roo nÌ.) raa added

orGr a perl0rl of 30 nla. to a sülr1ted suçenel0n of
thallous lodllrile (eo.o ga.r o.06 mole) ln a ælutlon of
heptafluomlodlopnopaao (t7.8 gm., o.06 nole) in ether
(5o rl.¡. the teuperature rås nalntalned ¿¡ -5!oc and

nltrogen raø paesed through the wstem contlnuouely. å,e

ln the Dlepenatlon of trluethylthaltfun, thene was

de¡roeltlon of flne]ly ölvfuled petaltlc thaallun rhloh rac
renoved by neactlon ae tbe terupenaturc rae grorry mteeö
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to 8ooc. the ul¡tures uae a]llorêdt to gtanrl for 15 l¡rc.
beforc the volatlle eoaatl,tuæts rerG tranúerned to thr
yaeuqË aycten. Etheæ and heptaftuorol0dopFoDaao üGrc

thc nator eoEonentc andl ¡o volatllc txatl.lsn prduct ra;
dlctcotedç xaûa-neil ffialycta to the aol!,dl reaotiou
prodsste taillaateit the eorylete ateonca of porflusroalkyl
g?oupa. Éoue ef thc thalllur mr present a¡
útrethylthalll.oa lodttte (6.9 g.r.¡ O.OZ nolc) (formar

c, 6.60¡ H, I .6ií. 6a1o , foF o¿f,5fl I I o, 6.67.
tr, 1.67ç)r anit thc rælatlor as snÊharUeal thailoes loôldlc.
theae trc copountr ucFc aeparatcit Þy axtraotlng thc
ærld ntxtoro ü.th ethanor. the illnetbyltlralltun lodlðo
illcslvoal, laarl.ng a reelôua of thallouc ldldt¡.
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X{IXED ALI(YI-PER,FI,UOROALI{YL D]JRIVATIVES OF
GROUP VB ELE}II'NTS

By B. J. Pur,r,rraN* ancl B. O. W¡sr*

l) I cu,ru.s øi p I r cc ciz, erl,{ r ryrrst 2 S, I g 6 3l

Sumnlut'11

Tlifluotoioclomclhtrne re¿rcts u'ith t¡iet;h¡.l--pìrosphino, -ar.çine, ¡nd -stibino
f-orming doliv¿rt ives of the tvpe (C:Hõ)?ìiCF3 togethol v'itl-r (CsH;)alf I, uìrile
¡rentrtffuoroiodòeth¿r"ne roacts x'ith tlirnoth-vl-¡rhos¡rhinc, -arsine, tr.nd -stibine gir.iug
derivativcs of t,he fol.rn (CH3)elIC2!-5 rogether with (OH3)al{I. The i¡rfrtl,recl specttû,
of tho compounds ulo presentcd and tlte rnechanisrn of ¡Ìrc reaction discussed,

+ Dcpir.r'tmeut of Ph¡'sical and fuorgarric C.Ìrcnristr.y, LTniversity of Adel¿-r,ide .

f After rhis progliìmno hc<l beou $L¡r{ed Cullen! published results of similar exchrrnge

çtudies including thzr,t bet,rvgen t¡ifluoloiodornetìra4c and triethyìar.sine, Our results are in accord
lvirh his in ¡his instance.

Aua!. J. Chem,., l9(t4, f7, 000-00

The leactiorì l.)et\vecu trifl,uoloiodonlctharìe and trirnethyl-phosphine, -arsine,
and -stibine is l¡nou'n to givc the appr-opritlte dimeth¡4tlifluoromethyl derivative and
the corresponding tetranreth¡;l 'e;li¡nt iocì.ide,1 and folrnally invoh'es the exchange
of a methyl fol a trifluolomethyl gloup. The reaction has been furthcr investigated
ì:y thc use of tricthvl-phosphine, -arsine, and -stibinc, and pentafluoroiodo.ethane in
plder ro exanine the effcct of increasiug size of the substituent groups.j'

Syxrn¡srs .oF Col,rFouNDS r\\:D -I[ncn-¡.srsrr oF R¡,racrroì(
It has ttorv bcen establishcd ¡hat the exch¿r,ìrge reactioir occurs rcadiì.y betrvcclr

triffuoloiodoìneth¿.Ìre àrld the triethyl delivatives of phosphorus, ar-ser)ic, and ânti-
,not1J¡, and l)e¡ì'\'een perttrìfluoroiodocthane arìd the irimethyl derivatives of these
elemeuts to give ¿l,s products dialliylperfluoloalìiyl-phosphines, -arsines, and -stil¡ines
ôogethel with thc appropriate terra-ailiyl 'onium iodicle. Similar observations rverc
made by Haszeldine artd lvest for thc reactions ¡.¡f t'-ifuoroiodomethane rvith trl-
methyl-phosphine, -arsine, and ,stibinc. The leaction rnay be tepresentcd as

*lìeïo 
:Iì31'I + R/r -> rì2IIRl + rlaì{r

Iì/ : CFa,C2Ir¡, R : CH¡,C.2H¡, and lI : p,^{s,Sb.



In all cases excess of the perfluoroafkyl iodide was present in the initial reac,tiorl
mixture. In general, reactions wer¡r carriecl out at room temperature (c. 20") but it
was found most convenient to heat reaction rnixtures containing arsines and per.
fluoroalkyl iodides since these reactions were relativèly slow at room temperature.
Qualitatively, the late of reaction with trifluoroiodomethane is slower in the case
of the triethyl deriv¿tives of phosphorus, arsenic, and antimony than for the trimethyl,
as shown by the longer time required for the first deposition of tetraethyl 'onium
compounds. The trimethyl compounds react very rapidly with trifluoroiodomethano
et room temperature and react as readily with pentafluoroiodoethane judgfng by the
rapid appearance of solid quaternary in the reaction tubes.

It rvas observed that the final reaction mixtures obtained when reacting trí-
ethyl-phosphine, -arsine, and -stibine with trifluoroiodomethane contained consider,
able quantities of ethyi iodide and unchanged triethyl compound while the reaction
mixtures involving the trimethyl derivatives with pentafluoroiodoethane dld not
contain methyi iodide but did contain unreacted trimethyl compound even aftel
periods of reaction up to six months.

The percentage conversion u'as improved by transferring all the volatile reaction
products to a neu' reaction tuì:e, additional perfluoroalkyl iodide being added tf
necessary. By repeating this process virtually complete conversion of a sample of a
frialkyl conpound to a mixture of the diailiylperfluoroalliyl and tetra-alkyl 'onium
,compounds could be achieved.

Evidence that these reactions rvere equilibrium c,ontrolied was obtained from
:the observation that the volatile products from reaction mixtures kept at room
temperature for up to six months rapidly deposited fresh quaternary compound
u'hen transfered to a¡rother reaction vegsel. This occurred even though the appropriate .

perfluoroalliyl iodide rças in exccss of that necessary to react with the trialkyl com.
pound being used. There rvas no evidence for the formation of compounds of the.
type RM(R¡)g in any of the reactiòns studied. Compounds of this type l'ere prepared '

by llaszeldine and West by heating together tristrifluoromethyl-phosphine or -arsine r,

and methyl iodide.
Ethyl iodide v'as detectcd amongst the products of reaction between triethyl',

compounds and trifluoroiodomcthane. This observation supports one of the tu'o
rnechanisms proposed by Haszeldine and West.r Each mechanism postulates the
formation of an internlediate quaternary c<tmpôund [R¡Ir{R¡]+I-. One assumes
nucleophilic attacli of a further moleculb of the original trialkyl compound on en
alkyì group in the quaternary, thusr

ITAKE IN DIAGR,AM MM HERE-
This implies direct formation of the quaternary compound from the intermediate ..

and does not permit even lhe tlansient existence of free alkyl iodide. The other
p-rechanism involves dissociation of the intermediate rnixed alkyþerfluoroalkyl
quaternary ogrnpound thus:

TAKE IN DIAGRAM I{N HERE-
'Reaction of the liberated alkyl iodide u-ith a molecule of the original compound then
accounts for the âppeârance of the tetra-alkyl 'onium compound observed as a major
reaction product. The fact that free alkyl iodide remains after reaction between
trifluoroiodomethane and the triethyl cornpounds is no doubt related to the slorver
rate of the reaction found for ethyl iodide rvith triethyl derivatives of phosphorus,
arsenic, and antimony compared with that of methyl iodide and trimethyl derivatives.
Thus in the systems under consideration, the dilution by the nervly formed alliyl-
perfluoroalkyl compound pius the excess perfluoroalliyl iodide is probably sufficient
to retard the formation of tetraethyl quaternarv compounds under the mild thermal



{

conditions used. Thus, if the r-atc of clissociatiou of the interurediate quaternaly
courpound is greatel tìran the rate of folr¡ation of tìrc appro?riate tetraethl'l quater-
tltlr"y corltpolrnd, then a stage rna.y be 

'-eacÌrcd 
rvhen all the original free trialli¡rl com-

pound has been consunecl by the folrn¿rtion both of àD. ethylpcrrfluoloallivl delivativc
¿rnd some tctraeth¡'l quaternirr-¡' conrpound but still Ìeaving some free ethyl iodidc.
It :rppears 'unat the rela-uive propolt,ions of ethyl ioCidc to tetlaethyl 'onium iodidc
ale quite \¡ariable alrd probaì:ly i.epend on factors such as the quantity of perfl,uoro-
alk¡zl ¡o¿i¿" used (and thclefo¡e the extent of dilution) and the size of the reactiort
vessel.

The leaction of perfluoloalliyl ioclicle ancl tlialkyl bismuthinesa is ín man¡,
l'a¡rs ¿¡¿lsoous to those above. An intermediate unstable pentavalent bismuth
cotupouud is consider-ed to form since bismuth quater-nary compounds containing
alì<vl gloups are not linorvn. The existence of fi'ee alkyi iodide as a reaction product
supports this hypothesis.

In Table I are listed the cornpounds plepared in tiris selies, together r¡'ith their
extlapolated boiling points.

TAI{E IN TABLE I HtrR]'-
All the nerv ¿r,iii', i ;rclfluoloalk],1 cornl¡ounds prepared in this series exìribit

propelties comparable u'ith rhosc of theil dirncthyitlifluoromethyl analogues. They
are quite reactive in air, t,he dimethvlpentafluorocih5rl compounds tending to ignite
and the diethvltrifluoromethyl oncs fumin_e- sttol.ish'. The electron donating power
of the Group \¡B clerncu¡s in these cotrrpounds is leduced in the nanner expected
due to ihe p'-esence of 'r,hc strongly clectloncgativc pcr'fluoroalliyl groups. Tìris
feature is exemplified in ihe reactiou l'ith sjh'cr iodirle (in aqucous potâssium iodide)
u'ith rvhich only climethylucntafuoloethylphospltine rand diethyltrifluoromethyl-
phosphine form complexes, rvhich dissociare leadily ât rooûr temperatule. A similal
unstable product rt'a; reported on reacting dinre'uhyltrifluorometirylphosphine u'ith
silver iodide.s Reaction of the trlliyl-pctfi.uoroâlliyl-phosphines and -àrsines rvith the
appropliate t'r,lliyl iodidc produces cryst¿lìinc compounds rvhich rapidly clecompose
in air. They have been teÌlt¿ì.*ui\¡elv folnrulat,ed as alkyl-perfluoroaikyl 'onium iodides
of the fonn [R3ì{R/U.

Il -"- .ll'sis of the aìliyl-I;cr'"r.roroalìi5rl cotnpouud.s rvith hot aqueous a,lli¿ìli
causcs -... 

- ,ibelation of the appropliate fluorocarbon compound, but not, quanlitativel¡r.

-I'olio õ foÌl.orvs-
ù
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Ix¡'n¡,n¡o Sr,¡crnl
Thc inftared spcctra of thc organomet¿rllic cornpounds preparcd rvere rccorclcd

¿lnd tcnttrtive vibrational assignrucnts rnadc and compared u'ith those of I'eì¿tecl
compounds. Iu gcueral only those fiequencies ¿ssociated rvith C-H and C-F vibra-
tior-rs in the frequcncy lange 70C-4000 cnr-l havc bcen studicd.

(l) Dinrcthylpentafluoroctltyl Cotn,pounds.-Thc ol¡servcd frequcncics and terr-
tative assignments are listed in T¿ble 2.

The absolption i:ands at 2980-3020 and 2S20-2940 cm-r ale. assigned to C-H
:rutisymmeiric and symmetr-ic streiching vibrations respectivel¡r.5,6 Although the
C-H zrnt'is;'rnuretr-ic bendir-rg fr:equencics5 nolr¡all-v ¿rppe¿r in thc legion of 1460 cm-t,
the effcct of the highly electloncgative perfluoroaliryl groups in the compounds uuder..
cx¡r,mination may u.ell be responsible fol thc obscrved absoiptious attlibuted to those
l\\IiD IN TABLE 2 H]ìRE-
ruodes occutliug in the lange 1.410-1440 cm-I. The I'er.¡' strong bands occu¡ring at
i200-1335 cn.i-.l are ¿ttrib.uted to the C-F stre,tches of the CF3 fragnent of lhe
penttrfluorocthl'l groupa'? ancl plobably obscure the less plominent bands clue to.
C-H s¡'ntnettic bending vibr'¿tions. The bands in the lange ì.0S5-I100 cm-l are
¿'lssigtled to C-F stt'ctches of the CF2 unit ¿tt¿rched dilcctly to the "mctal" atom.
In ¡hc r-egion 890-900 ct¡-l is a band in tìrc spect,rurn of cach of the conpouncls
+rtljbut,ed to C-C stletchirtg in the pc',rttaiÏiolocthyl grotìp. The frequencies iu thc.
I'cgion 925-970 cttt-1 are ¿ttlibutcd to mcthyl rocÌiing viltrations u'hile those at
820-S60 ctn-1 ate tentativcly assigned to lucth.vl u'agginsr. Tire strong bancls occur'-
ling zrt 725-7S0 ctD-1 are assigncd to C-F defornration vibr.ations.

(2) Diethyltri¡'lu,orontcth'yl Contpaunds.-Thc vibrational fiequencies in the
inflared spectla of diethyltrifluoromethyl -phosphinc,, -arsi¡e, and -stibine, y-here

applicabl.c, arc compùiabl.e rvitli those of tlie dimethylpentafluoroethyl sclies. fn
Table ll ¿r'e l'.s1.'cì 1.1:' ¡1-1¡"tn'.¿ vib¡atio¡al ftcquclcies a¡d thcir tentative assig'me'ts.
The exrtl:. ..i'ccl for the assignments ln¿y bc ol¡taûred by refer.encc to thc
conrrnent¿',lry on Table L

TAKE Iì( TABLE TT{REE H]ìRE

Iìxp¡nnr¡\r-rl
(ct) Tecltn'irytes used,-(ì) \¡olatile lniìtcliirls \eìc rìl¿ìnil)ulr¡tecl in ¿ conventio¡al glass

v¿lcuutll s)'stem rlnd frrrctioD¡.tcC b¡'lrrrir-to-r,rilp dislillrrtion Nith ¡he aicl of trppr.opri¿tc slush
b¿tirs. R,e¿rct,iotìs,\\:eÌo c¿u|iotl out in hcirvv \'¿llocl Pr.r'ex tubes oÊ¿tpp¡oxirnûtôly;i0 ml capacity.
The voltrtile reilctiults rve¡e cot¡ci(]ttsed fì'c¡ln thc vircuut)l sl'srerì.ì into tìre ¡ubes. which rvete then
sc¿lcd s'hilo t¡\'¡ìt,uatccl.

(ii) ìIoloculnl rvgights of grlsc¡ \,erc clelerrìlinocl l¡r' lìcgn¡ruLl's ¡rothod.
(iii) Ilractìontt¡ion of ).,c¿ctiijll ltr,ocÌuc'is: irl'tor ¡t¡ciir;rin¡rì.)¡ -!r,trD.tÒ-rt,rLp cìislillittiol, tìro

fr¿ì.ctions cont'aiuing the olgrrnomet¿.tllic comllounds rvi:re sub,jcctccl to v¿tpour. ph¿rse chlonratogltlphl,
in oldor t,o isclate the ilrdividu,rl constituents. ¡\ Pcrliin-Ehnc;.moclcL l5.l vtpour fr¿ct,o¡rqte¿
\\'¿ìs used. Nitrogen rr¿s the cau'ier. ga:; ùnd di-isodec¡.Ì phtli¡il¿te rhe colurnn packing malerial,
Each puro fraction, as it ernerged frorn ¡he colurrn u'as collectccl in a septua,te U.tube cooled ir1
liquid air.



(r\.) lrìlr.iìrù.1 sÌ)c!(.Lrir 1\'cì c Ic(Ìor(lcti irr tho t'iirtgo 7()0-4000 orn-r us¡rìg i¡ l?oì'liiD-llhlcr
lnodrìl:I d()ublc-brì¡¡tn spoctrophotorìlete¡'fiticcl s'ith sorliu¡n <'hloriclo ollt';cs. SPcctr¿ì of gtrsorl

\\crc r(ìr'oÌ(loiì. in ¡l 1.0 c'rn grrs ccll oclui¡rpeil rvith socliurlr c]lloricìo rvirlclorçs.

(ir) lrrrl¡7se,r.-(i) Phospìrolus \\'.rs clelcnninccl b.1'crtref'''' oxiciizing thc r'r,¡:r¡'iroplirttc'

<ronr¡:ounc{ u'ith ni¡ric ¡cicl in ¿r scLrlccì tubcr. firc solqt,iorr rr, .iiiutcd l'ith rvritct', anrmotriuln
rììol)-cLì t rr rr tl cl ed.. rt trtl t it ltr'iecl rv i¡ h st ¡iuclrrld ¡rll<rrli. s

(ii) -\r.scnic rrrts clctcrr:riuod ioclo¡nctlic¿rll,vs trf'¡ol ni¡r'ic' Ír,oid docomposition of ¡hc cotnl:ouud.,
(iii) Àut,inton¡, rv¿s detelrninocl b¡, tiilr-rtion with pot,tssium penn¡ÌltgaÌt¿-¡te ¿{Te¡ oxid¿tivc'

(i.r)(icrìrposirion of thc collìpourìcl rvith nitrir: rurcl sul¡rhuric ¿sids foilorved by rcduction with
hvclr¡rzino.

(c) Prcptratiort, oJ Con,1:otmds.-(i) Dietltyltriflu,orontatÌn117:hotplùnc. Tliel]r¡'lpþssph;11o
(.1.4-l g; 37.(ì rnrr) lncl r,r'i€.uoloiodorno¡hirnc (I0'8 g; 55'OnlI) l,crc sctrled iIr ¿n ev¿cuatcd
tul¡c ¿rncl ¡ÌlitNccl to stiìììd il¡ r.'oorìl toil)PJ3r'¡ìlulo f'or iì dr¡'s. Tho vol¡'¡tilc constìtuetlts of tllo
ntistrrr..: \\,e1,(r tir(ìtì distillccl írrto tlro vircuur¡ s-\'stortr lc,¿¡ving n, rvl:ito crvgtìll'rìo I'csidue. 'l'hi.:'
\Ì,rìs iclùntifìcd r-rs tettrretlì\d¡)hos¡rhoniurn ioclicìo b¡'isol¡tion of irhc ì)ctltltiododlnlelctu'¿t'e deriv¿-
ri\.d, rn.l). ¡ncl rniscd n'r.P. lITo (lit.'Î I17") (Irountl: C. S'0r H, 1'6|o. Calc. for CgH26PHg2I;:
C, S.l; H, i.?llr). 'l'he vol¿rrilo rnilteli¿ìls rvele fr'¡,ctionrltecl thlough tltlps i-tt' -46 ¿nd - I96',
the lthosphor.us-c:ontlini:rg oolt)llounds togctl.rer rvitìr othcr mitro¡: oonstitucnts collccting in tlle'
folrnc:r. Iaou:: cornponeìlts of the less vol¿t,ile frnctiorr wero scl)iìt¡ltecl by vaPour phasc chlomr-rtc-

grr.rPht' iììral b)- co:npùr'isorr rvith ihe retontion ¡inros of ¿uthcnt,ic sa'nt¡;les tìnd b\r infrarcd spcctto-
qropic ex,rruiurrt,ion founcì. to be tlitluoroiodornetlrane, ethyliodida, t,ricthylphosphine, and lz-
cthy!triJttcrontcthylpltosphinc (I,'ound: P, l9'49/o; mol. \'t., I57. Calc. for C;Hrolr¡P: P' 19'6a/o'

nrcl. s'!., l5S). Tire forurer trvo corìrponenrs, u'hen combinccì., c:olstitu';ed apltroxim:ltcl¡, I0o/n

of this fi¿'r:!icrì, rhe tric¡ìl)'llthosphinc rrnd cliethr-lclilluorornctìryìphosphine coiirprising 60/o and

ilù9á r'e:p::rtir-el¡'. Irour sLrccess:'vc tleiìtmerìts of ¡his fi¡rction obt'aincd b,v tìre distilltrt'ion des-

þrib¿cl Lr,btvc rvitt-r ¿Cdìtion¿l trilluoroiodomethane urrclel tho or.iginrrl ironclitions, c¿ìuscd tìPproxi-,
nrrielv SDori conveision of trieth¡ìpìros;lhìne to clit:th¡'Ìtrifluororne¡hvlphosPhine. The vtlpour
pÌ'essur'è-teììrDeliìture aqu¿ìriolì for the lrrltet'is logroPlnirr) : û'Sl3 -I+57 lT-

^{ sirrnl;le of,the phosphinc (0.18 g) rrir.s oondeus¿cÌ into r tube cotrtirining â solutioìr olsilvoil
iocliclo in âqueolÌs poirssiiÌìl ioclide (20]i, sih.cr ioclicle. l'5 rnl). On shtliing thcse t\\'o irnrniscil¡Lc

]icluicls n-u l0-ÌJ", n r-.,.r.s of rvhite clvsbrls do¡;osired. Gentlc u'i-¡rming ctrusôcl obvious decomposi-
tion ¿'¡;rcl ¿rl {S" tìre dic¡iivlt¡ifluoromeihv).uhosphine rvirs rocove¡ecÌ cluLrniilativelr'.

A mixlure of die¡ìr)'ltÌifluolomerlì)'lìrhos1:rhine (0'19 g) ¿rtid excess etb;'l iodidc (0'6õ g)

l\-tÌs ¿ìllowod to s!¡rlrd íu tr scirlecl tuba fo¡ 3 clrr¡'s 1,1, I'ooln telnÌ)eriìt,ul'e ¿ìnd i'lren ¿rt' ?5o fo¡ ¿ f u¡ÛhcÌ

fi dr¡'s. At ¡he end of tliis rime ir \r'hitÒ clvst¡lline doposit had folmed (0'073 g) v'hich rv¿s

stùbl!ì evelì rrfter. the ¡cnlov¿'rL of t)re unchaugcd lctr"crioDs ií liept unclor vaouurrl. On cont¿rct wi¡l-r

nroist ¿rìr it ra.¡ricll¡'docourposc'cl gir-ing a highly crolorned oil. Thc solid forr¡rcd i¡rititrlly rvas

considelod tc bo the qu{ìternnr')'compound l(CzH;)¡PCl-¡ìl but its ilslzr,bility pt'cvenLod an

rrnal¡'sis frorn being pclfbrmed.
(rl) DÌct.hlJltriJ¿us¡6m¿¡l¿t1lersi,ne. 'I'ric¡,ÌÌ)'lirrsiÌìc (3 '9S g; 24'6 rny) ¿nd trilìuoroiodo-

mcrh¿rne (0.9 g; 50'i nrrr) u.elc allorvccl t.o si&nd in ¿ sc¿lecl tuL¡e ¿t rooltr t,empcriltule for 2'{ h¡
irnci then rri l00o for 14 l-r¡. Aftcl lcnroval of the vola¡ilc (roÌlrpoìlcnts oí the reaction mixtule,,
tet¡¿r:ihl'liu'scl-lirrn-r ioclide (0'3:l g) renr¡rinccì (!'ound: C, ll0'l; H.6'3; I,39'S%. C¿Ic. for
Cslf¿rAsI: C, li0.!; H, ô'2C; I,39.9o/á). 'Iìro volrriile le¿r<rtion prod.ucts t,cre subjected to
ìrap-ro-tr:r'¡r distill¿tion and the fbllcrvinr fr¿rctions obr¡riirecl: l3.uoroforrm (-I96') (Found:
ntcl. rv!., 70. C¡lc. fb:: CHtr'¡: nrol.. t't.., 70), ¡rifluoloiodometh:ure (-1:j5") (Founcl: nol. rvi,.;

i9ô. C¿lc. for CI.'¡¡I: rnol.. l'í., ì.96), a rnìxture of triBuoioiocLorneth¿ne and e'iÌryl ioclide (-95'),
:rrr¡Ì ¿r rnixiure ( - -16") of trier.ir¡-ìarsine ¿ncÌ dietlLlJl.tri,Jtru.aranethylar.sittc (Found : As, 36 ' 8 o/o 

;

nicl. \r¡., 20I. C¿lc. for C;Hrol"¡As; -å.s,37'0'/¡; rnol. u't., 202). .l'he ltltter fraction aÌso con-

ltringC rnincr cluanl,iries of ¡rifluoloiodo¡ncïlÌ¡,ne ¿ucÌ ethvl iodicle. l'he fr¿ct,ion consisting of tho
¿rs:nic-con¡¿ining lrrÌteriir,l rvas hcatcd rvitìr ¡rck-liiion¿l trifluoloiodomst'h¿ne ¿ncl ¿rn overaÌl
6po7lo conveision oî ilietht'la.L'sine i,o Cieth¡-ltiif,uolorncth¡ . ¡:,¡re ,r¡ì,s ¿ìchieved. Dieth¡'lt'rifl.uoro-
mei'h¡'l¿1's¡1. lias ¿ bcrìling point of ll0'(lir.: llÌ").

lio reac¡ion occuuecl. u'hen tÌre trlsine (0.17 g) l:ltl silvcl' iodide in aclucous potassiutn
iodidc s'ele sìrrliren t.ogether everì ¿i 0o. 

r

T¡:e¿tnenr of dieth¡'ttrif uoromctl)J,l¿rrsiue (0'13 g) rvitb cthvl iodido (l ' I g) for 3 days
at, roon tempe¡¿ìturc ¿nd ¿ fu¡ther 3 da.ys :rt 75o 1';e1¿"¿ y'hite cr)¡sttrls (0'Ola g) u'hich rvhen

cxposed t,o rrir, rapidl5' decotnposed into t¡n oil. The nateli¡1l u'¿s t'hought t'o be [(CzH;)rAsCF3.].



(iii) /,)tdht/trrtJtua)aùrctttltsUbi,)Lc. lrrothl,lsr,ibiue (S.00 g; 3S.:ìrn.v) ¿urd trilìuo¡oioclo-
lnctlì¿ìne (It'a g; i5S'21-ut) rve¡c allou'ed t.o $trtìd. in ¿r scaled tube ¡-¡t, r.oont temltet.ature fol'4S hr'.
Tirele u'¿rs de¡tositecl ir, sm¿r,Il qu.1nt,iL\/ of rvìritc clvst.rl.l'nc soÌid (0.32 g) rvhich did not incletlsc
l'heIt thc urix¡ule l'trs he¿trocl ¡t 100'for lõ hr'. Thc solicl ri,¿.s iclontifìed as lob¡aerh)¡ls¡ibonirjrn
ioclicle (lround: C,20.4; H, r5.4; Ì,3+-i9/o. C¿rlc. for CsFI:oSbI: C, Ìt.3; H,,1 . ji; I,34..S%).
Triìp-to-t¡iìp distillrriion rras used fol rl pr'eliurirrrrrv soprìr'ùtiorr oi rhe vol¿tilc roiì,ction pr.'oductà-
givirlg ir' tr¡rce of fluo¡oform (-196'), utne¿.lctecl trifluoroioclotncthcnc (-Iiì5'), r'l mixture of
tlifluor'oiocìorneth¿r,tre ¿-¡nd. eihr,l iodide (-9õ"), rrnd tr n.:ixtulr¡ of tliothvlstii:irrc ¿ud clieth¡-ìtri.
fluololnetln'lstibine (-45"). l'he identi¡v of tlroso:¡¿lter.ials rvas est,¿blishcd rvith t,he rrid of
\:¿ìpou¡ phrrse chÌomittography, infÌrr,red slroctrùl anrrÌvsis ¿1Ììcl rìloLcculât' lvei¡5ht n-Ìoasurerìlent,
l3¡- trea-uir-rg the mixiure of stibir-res *'ith ¿rdditionrll trilluoroiocicme!ìr¿ne, rnore tetraethyl-
s¡ibcrriu¡n ioclìcìe w¿,s formed and ¿l total conversion ol i0o1, of'rlicthvlst,ib¡ilre to dicthyl¡ri{ìuoro-
nl:llìvÌs¡ibine w¿1s ¡ìchieved. I'o¡ dicrlt),lt:'ifluoron¡eirhr-ìs¡ib::rc (lround: Sb, {8.7 }o; rtol. wt.,
2+7. Calc. for C¡Hlol-¡Sb: Sb, a9-0!.ir; nrol. \\'i.., 2.19) the v¿pour Ìlressures ¿ìto dosctibed by
logloPlnrmt : 6'2S5 -I390/?, thc extrLrpolott>cl boiling point boi:rg 130o.

(ìv) Dimelltlll pettlaflucroethyl¡tltos¡th,itrc. Tri;trotìr-r'lphosphine (+.7 g; 6l .tìnrrr) and.
pcDtafluoroiodonethtlne (15'+g; 62.7rn:r) u'cro ¡rllou'ed to st¿rnd iìi loorll tcnrpcratule in tr,

se¿lccl ¡ube for l.t hr'. Thc mixture se¡ solid due t,o the formation of retr¿ììreth)'lphosphoniurn
iodide (4'õ0 g; 20.6 r.n:r) (Found: C.21.9; H, õ.5; I,5S.0?6. C¿lc. fbr C¿lIrzPI: C,22.0t
H, J'5; I, 5S'29á). Follorving rhe rernov¡l of t,ì-re solid, tjrc t.oltr,¡ile ln¿teriâLs rvere agirin tlealed
'rvith excess pentafluoloiocloethure, the nery solir-l ¡tlocluot, rornoved ¿fter l2 h¡, and the procedure
lopetr,teC orÌce rìlore. l'he cror¡rbilled rveigirr ol tc'Lrrrrncthyl¡r'hosphonìum iodide (J.i g; 23'4 nur)
represeuted 33-od conver;io¡r of ¡he trirnethr.lìrhoslrhine. 'Ihe volrrt,ile coì-rs"liiueu¡s of the reàction
mirLul'e \\'ct'a ¡lìeìl subjec,tecl to plelinrinrul'tr.ìl)-r.o-tt'Írp distillrr'¡ion. The fr¡rction coildelìsing tìt

-l96o cont¿ined onlr, ¡rentrt"fluot'oioclocthiìnc (I¡ouncl: mol. l't..346. C¿rlc. fol CzF¡I: rnol.
rvi:..2'16), t'hilc thc i¡¿rc¡ion r¡t -63o u'¿s shorçn bv vtlpour'-nhase chrotn¿ìroglaì)hy to corlsist, of
penrrrlluoroíodoetÌì¿ìììe, t'rìncthvlphosì)ììilrc (1.15 g: tti.5 ntrr) (Found: tnol. wt.. 76. Calc. for
C3HeP: mol. rv¡.. 7{.}) anci ditnelhryIprnúolT,ttoroetli¡¡lphosphine (J.)b g; !2.0 nl}r-36% convelsiort
of trirrreth¡'lphosphine) (!'ound: P,li.2o,/o; rnol. l't.. lS0. C¿l<,. for CaH6I,'5P: P,17 -2o/o; rnol..

- lvt.' lS0). The vapotu'prcsiuro rompcì'åirul'e rolrrt,ionship f'or ¡hc lartcl conrpound is described
b¡'tl.reeclutrrio'log1ep1n,n,¡ :6.551 _l2ls/"f'o.ru,lrichthcboili'gpointisctìlcul.¿rtedtobe5z..

\\rhen the 1;hosphine (0'l-1 g) irnd siÌver iodicìo in iìquecrrs pot¿ìs;iun iodide soluiion (3 rul)
rvere sh¿l:elt 1:ogotlter dt l'oorìl rernpcratulc rr. l'hite cr1'strtllìue solicl dcpositecl, By heating this
solid to 50o complete recoyor.). oI the or.iliinll pl-:.os¡rìrine \\'irs ¡ìchicvcd.

Iìcacr'ion of dirlethl'lpc:n¡afluoroetÌtvlplìosl)hine (0.13 ¡¡) rtith escess nrerh¡'l iodido (l'2 g)
â¡ l.oolll temperalurc for 3 drrvs ¿rnd ¿rt, 75o for ¿r f urther 3 drrvs, ¡'iclded â s'hitc ct')'srallirìe material
(0'21 g') rrhich uuderq'ent quirc ltr,pid clecornposition on exposure to oir'. I! \r¿rs considered to be
[(CH¡)aPCzF;]I.

-----{



è. J. Çhcrnisir)' .l ? / l-P ur,r,rI.rx-I{4/-15 6 7-Irolio I - ( H )

(v\ Dínielltylpenlof.uoroclltt¡larsinc. l'rirnctlu'lrrlsine (2'tì9 g; 2*.1nìrr) ånd poutalluoro-
iocloethrine (0'75 g; 27'-1 nrrt) u'erc allo'rvccl ro st¿rnd in l. scrrlccÌ ¡ubt¡ for'24 hr ¡tt, r'oorn tcmperi'r-
turer, The vol¿rtile r¡¿rtelirls rvcle thc¡r ¡ernovccl fronl tlie cr¡,stllline soliá cìepositecl a,¡rá the
lonnel tlcrrtccl rvith Lr.dclition¡rl c'xcess y:cntrrfluoloiodoethauc. Thc combinecl soÌid. fornrcd ¿rftcr
I'ihcse trvo t¡erltments (4'5 g) rc¡rrescntecl il9|i convcrsion of trimcthr'l¿¡sine to tci,r¿¡methvl-
arsorriurn ioclide (Ì'ound z C, i!) '4; H, 4'S; L 5L.+9'o. C¿rlc. for C¡Hr:Asf : C, 19.5; H, 1.9;
I,5i.'6%). Tra¡r-to-tlopdis¡ill¡r¡ionthroughtr¿ìl)soooledto-63'¿nd-106"l.¡rsuscdtosepâraro
:.nos¡ of tlte excess pentrfluoroiodoethiìne from ¡irc voÌ¡rtiic rc¿1crioÌ1 proclucts. The ¡¡¿rtclitrl
collectiug in thc u'ap coolecl to -63o u'as scp¿ìr¿1ted bv vrrpour-phase chlorntrtogrophy into thloe
gornponenrs, viz., pentafl.uoloiodocthane, trirlìethì;l¿ìrsine (Fou:rd: rnol. rvt., I20. Crrlc, for
C¡HeAs: rnol. rvt., 120), lnd rlintel.liyl.pentaflu,oroelhi¡lrn'sino (2.I5g; 0.6nrrr-40o7i convclsion
of trirneth¡'lalsine) (Irouncì: ^{s,33'.1,ozi; nol. rvt., l2J. Calc. for CaH6F5As: 4s,33.3o/o; rno,l.

TLre a¡sine (0.1Sg), s'Ìren trcatccl rrith a solurion o1'silvcr iodide in ùclucous potassium
iodide solutio¡r (3 ml) clid lio¡ r'ielci ¿ solid ploclr.rct, evcn ir¡ 0o,

A rrhite cr'-vst¿lline solid (0'21 g) ryrrs folrled ri'ìrcn ciinretli¡'ÌPentalSuoroerh\¡lir,rsirle (0.:Ì g)
iurd exce-¡s üreiir¡'l iodide (0'93 g) u'eÌe allori'ecl to Ìe¿ìcr ilì ¿r sc¿rled t,ube for 3 cÌiìvÈ a! t'ooltl tgÌ11:

iri-ìâture ¡rud fol t-r fulthor th¡ee d.¿r's rrt, 75o. Thc coml:ound {brmul¿tccl as [(CH3)3AsCzF;]I,
could rlot be trnal¡,ssd orving to its rrrpirÌ cleco:nposition in ttir.

(vi) Dinetlt¡llput.ttfluoroctltyL"'!'iitine. 'I'r'inretir¡4siibinir (5.-t(i g; 32.7 r-nrr) and ¡ren.irr.-
Íuo¡oiodoe¡hrrnc (S'49 g; 3-l'I rnll) rvolc irllorvecl t.o stirììci rìt trool.n tclìlporatulc in tr, scaìed tubg
for 7l hr'. Tllc voi¡rtilc te¿rction proclucts rvcre ¡hen renroved fror¡ the s'hitc solid fornred, bv
¡tunr¡rir-rg. Iì)' s,t"cut"tr,"ty trer-t'tir)!{ tlie volntilc n¿ric¡iirls rvith exccss pentafluoloiocloe¡hr-me lncl

,;'emoviug the solicÌ dePositccl, ulti:I¿t¡cL¡' i'r stiìge \\'iìs rc¿rchcC rr'lteD no furtìre¡ solicl a1;pcrrr'ccl.
'I]-tccolr.¡binedrveight,ofsoììdprocluct.identifir:ciiìstctr¡ìrìlcthllstiborìiurniodide(l'ourrcl: C, 15.5;
H,3'S; I.41 .!o/o. C¿lc.fotCrHrzSì¡I: C, 15.5; H,3.9; Ì,41.1%) u'ns4.3g(i3.9mlf) ar14

rt:presented .l3flo conversiou of the originrrl tl'ìurctln'l>iib,ine. -{, ¡r'r:lir.nìniÌrv trâp-to-f,ri1p dist,iil'r-
¡ion through tr¡1ps à¡ -63o ¿urd -196o cn¿rblcd urost of tllc nruc¿cted penttr'ffuot'oiodoethanç
(-196") to be scp¿r¡rted from r'he rrlt¡irnolr'(:oììlì)ouÌl(ìs (-$3"). Tiris itrttor fr¡rction was sÌlorrll
by vrr¡rour phase chlo:rrirroglalrhv to (:oltiliìl pr'ccloni:rtntll'd,i,m.etltylpcntufl.uoroetltylstilLine
(Iround: Sb, 44.8-9i,; nrol. u-i., 2i0. C¡lc. fol C,ljj¡;Ir;Sb: i:b, 45.09,á; nol. rvt., 27I) pogether rvirÌr
srr¿]lÌ ¿lìnourtts of penrirlîuoroiodoelh,rne iìnd trinìcth\'Lstrbino. Ir'o;.. Cilnethvlpenta€uo¡oethy'l-
¡tibino thc \;tlour plessurc-tcrìlpcÌ'rì¡ure rcÌrtìonshilrs is cìcscrlibeci by tho ecluirr,ion logroP(mn) :
?'0:9 -I77S/? frorn rrhìch rìre boiling poinr is c¿rlcul.¿r¡ed to be 79".
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(C:H¡)zPCFa
(CzH¡)zAsCF¡
(CzH¡)zSbCF¡

T.r¡¿r I
IIXTII,¡\POLATDD SOILTNG IOII{TS OI ALI{TL_PDII¡IUOROÁLKYL

Compound Extrapolated
Boiling Point,

¡)/"
67'
Ìôo

C-H antis¡'m. stretch

C-H sym. stretch

C-If antisvn. bencl

C-tr' stretchds of CF3 gout'

C-F stretches of CËz-]f eF¿úÈ

CH3 rock
C-C stretch
CH3lvag

C-É deformotion

Assignments

C-H antievm. stretch

C-II svm. stretch

C-H autis¡'m. bencl

C-F sym. ancl antis¡'m. stretch

C-F cleformotion

lÍot assigned

fJ7'
I IO"*
l 30"

(CH3)2PC2F5
(CHg)rAsCzF;
(CH¡)zSbCzF;

* Lit.: III'

TrrS.Ln ?
\:IBRÄTIO¡iAL FIìEQU¡:\*CIES IOn DI]ID1'I{YLpllNI,\¡LUOnOETEYI, COITPOUNDS

(cH3)2PC2F5 (CH3)2AsC2F5 r\ssignment

llts24s

]279rv
lllt¿s str
'I 9ñO¡

lll4s
1Þtgs

069s
ffçl5m

S'6Im
744rn sh
739m
l44s
734m sh
709m

2983m
2935m
2S95rvsh
l43Sm

iJ019m

9940m
2S24s'
l43Sm sh
t¿+?om

l3l3s sh
lil;)ln

I 209s

I I0tis
109:ls sh
9í0s¡

900m
850s
74ls sh
736s

¡u L j)tn

2f)25rn

l.{l4m

I 320s
I2UOs sh
1200s

l0Sûs

925s

S22m

726s

900rv

(CzH¡)¿SbCF¡

2970r¡r
2935rn sh
2SS2rn
1469m
l4iìOrv
I l04rn
f123s
I 092s

79Ìn
I jl2rv

Nol nssigned

T,r¡¡,n 3

vrÊB.,,rrios,lr, rnrceuDliclr:s ¡on orlrrnúrÀrrluonorr¡rrx\'r, corrrousns

(c2I{s)2PCF3

2979m
2954m-sh
289Srn
l45Srn
I4l 9rv
I240m
I l54s
ll08s

i4im
fJSíirn

2980s
2050s sh
2885s
1468m
I42flrv
1224s
I176m
I l42s
lll5s

79 tm
976m
7l9m )

Extrapolated
Boiling Point

I

Compound

(CH¡)zSbCzl';

(CzHs)z¡\sCFs




