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ABSTR¡.CT

The reactlons of 1 ,1 ,1 ,313r3-hexafluoroisopropyl_id-

eninlne with organoaetallÍc hydrides of group V and 1,1r'l ,3r3r3-
hexaf luoroi-sopropylideniminolithlun with organometal-lic halide s

of groups IV and VI are described.

The reactions of the product,s fron these synthesee

crfth xenon dlfluorlde wlth the aJ.n of obta1ning a conpound whlch

contalns a xenon-nitrogeb bond are also described.
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GETTERAL TNTRODIICTTOI{

Perfluoroalkyl conpoundsrtha'c isrcompounds 1n

which a1l- the b.ydrogen ato¡as have been replaced by fluorine atorns,

were fÍrst tsynthesizedt j-n 1886 shen Moissan burnt carbon in
fluorine to produce a mixture of carbon fluorid"s,1

Eoweverrlt was not ul¡.t1} after 1940 that the

systenatic study of perf,luoroalkyl conpound.s wae begunrutllisin6

the synthetlc nethods by which it Ís posslble to achieve smooth

fluorination of the starÈ1ng materials to yield the desj-red products.

These methods have been the subJoct of' sevoral review articles.2-6
During the last flfteen years a large amount

of research has been carrled out fn the area of perfluoroalkyl-

derivaùives of the rnetals and metallolds" These again have been

revlewed 1n Êeveral conprehensive articlee; deri'rat.tveo of transition
metalsT-1or**1o group iqetals and meialLoc.*s7-9rand. al-so iron-netals8rg

bave been covered,

One of the earliest perfluoroalkyl compouncls Èo

be syntheslzed rvas hesafLuoroacetonerby Fukuhara acd BÍ-gel-ow in
1941 .1 1 This ¡aolecule has been the subject of a. great d.eal of research,

due to its reacilvJ-tyoaad an excellent, revieE¡ of its propertles has

been presented,l2 Due to t,he presence of the highly electronegatlve

trifluoromethyl groups Èhe carbonyl group is eleetron deflcient and

hence very reslstant to electrophilic attack" Such normally electtro-

philic reagents as hydrogon fluoride are foreed'to act ae nucleophiles

in reactÍng wlth hexafluoroacetonu.lS
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Ccr:r.pc'"racìs con.baì ning aciive iryCro6ea a'uo¡,:e Lcncl- ic

aC-i- exothe¡'ni ca'l ì-;' -_"o he;':afjucroacetol'¡e y-i ej ri.ing erJ-duc'i:s l¡Ìiich are

i'oodereteiy stable a.t roon tenpei'atlr-re.Reactions ri-i tl.:. a.] coho-l-s ,11"1'

thiol-s, i 5 }ly,ì"o6e3 fluori-de ,13 nyò-"oöen 
"yu.,rid. , 

I 6 
"il-anor 

s, 17

i8 19 - 19si-l-anes, '" ol efins ''end acetylenes t / have been dee cz'ibed. 0f

particular iniel'est ¡o the preseni rvork:ls the reacticn of anr:lonia

a-:rd a:lines ui-th irexafluo¡'oace'l-one io '¡:rodu-ce 2-a¡¡-lnohexafluoropropan-
2ÕZ-ols.*- If this reaction is carried out in cold

:

pyridine sol-ution ihe a] conol sal'u i-s f or¡red t¡h-ì ch ;'eac'Ls ivi-bji

dehydrating agents to .Lrrod,uce irc-i-nes in hi-gh yierd.21

(CFj) ZC=C + !rÌr't'ItL2 --+ (cr3)r"<i,I*ff

AFz"* irr_ì.TDrt
ñrr- V-ll f \
t -il--

POCl-
py)

TLre parent i¡¡lj-ne ,(CF=.).,c=ilTä r1 ,1 ,1 ,jrjrJ-y.eza-){_
íl-u-oroiso pro::)¡-r ideni,rinez2, h"" recenily becoine connez'cial-ly availaÌ:l-e2J

and siuCi es o-i its reactions anC- d-e-cir¡¿f,j lres an'e increasing.

J-n an ana-Lo6ous faslr-i-on to ]lexafl-uc¡'oa-ceto¡.erdue io

the pro:r-ii¡ate i.rj.íIuororileth]l groups the C=lu- bcnd is e-l-ec'r,ron

deficie:ri, th.us nucleoi;hi-'r-ic attack at ihe carbon a-'on of -bhis

gi'ourl is favoured. Concolii i;a.nl with ihìs the hyd-rogel? atolir j.s

a,cicl.ìc,a-gail a-s a resu-ì 'b oi the j-nciu,c';ive efiect of the |r-ioìrìw

fl u.ori-nated ¿:i'ou¡. llo'bir oi the se fac ts i nciicate tiie reactivity and

syil i;ircti c ;ooient.-i al o f the i'ricl-ecul-e . T'he organ'ì c rc;acti ons 'ïere
. .21

l1:vvù u_Li.,:.uu!¿ e<í.1 l_-!7Ð u .

lie ::afl uc-"oi=oplol;¡l-iclcni:ili:re reacts vith acti ve-

h;' cìro.3t, ir..- c,-r ir [. â.,in-l-tr ¡: c ciililculds t o f or':n ad.Ìüc i s :



(CT r) rC=i;ä RiÌ

\ ))

-+ 

(cr<)"c(l;.
_/ L trtrz

iíici,cì1cton and Ii.,:e:;pan2i p""po."ecl il:'e adduci,s l,;ibh a-lli:lorLLa,

isocyanic aci C , pi perazine , eth; l-ene giycol- , hydrazine , netha.no-ì-, hycìr.azoíc

aciC-rhyirogen cJ,'anide anC hyCrogen f'luoride. These adclucts sholv an

unusual stability, the gen-iliai:aine (cîìec (Ì{ltr), boi ling at 91 
o

tvithont decomposition"

Due to the alnost neuiral- cnarzlcier, hence lor'¡ aucleophilicj-ty,

of the arnine radical in these compoundsreven- the isocyanate deri¡¡aiive

ca.n be iso'lated- r'¡ith a free i"lûO group. This cor.opouni. reacts

exoihernical-ly ,;iith water t,o yield the substituted urea,and also

cver a 7-o¡16 period of ti,:re fo::ns bhe triazine o

r.fi
_t
O-:a).\r.a7ù
__-l_ -t,__ÌlÌ\r.*7 rr.lil

cîj"\cr3
Lriazine

TÌris reac f icn occrirs due to ihe sr¿all equili briun

concenirabion of isocyanic a.cici presenl. Tnis faci j-ncl-icates tha'u

as irrith the ll-phenyl analogue.,2C ti:." forioation of a-dclnc-us wiih

active hydrogen coi:i;oound-s by the ir:ine is an equ-i1iìrriun ¡rocess

'¡¡ith the nosii.ion of equ.iì-ibriur¡. lying far over ioua::C-s ihe aciduc-r,.

ilexaíl uoroisoÞr-o pyli cle ni:-line nndergo e s Ði e ls-Al-cler adci.:- tj-c n

tiith ,l-i enes as ill-usire.teC, ì:y rhe reac'uj-on i"¡ith 2, j-diL-letÌryl-

buiadiene 'ùo rr.r:cr.i.r-ice ?*r2-t.:is(irifl¡rcr.or:ieiiryl)-¿l ,)-iiirie'chi,l--1r3r6.-

t:r'i hydrc:iJ'r Ì cì-i-ne :

(cl?-. ) ^c=itH ( cIi? )r,-.'i -r ( ¡¡r \ a.\.
LJ

=c,'i^ --- ilìi-ctÞ> ccli z¿ I 'll j
( c¡- ) ^e ^rrrr) z \.^rr /'\'w!^3utr2



(4)

Si i:ril arl:j,cyciopeii''ua-d'ì ele .rca-cts to r¿'ivc 3,J-bis(irÍf tuor-o_:ietÌryI)-

1-aza31 cyc j-O i. ¿- ¿. I ) rteÐ v- )-""o t 
2i

Äs i'.'ott1C- be exÐected,due to ihe elec'brophil-ic cha.ractei. of
'bhe imine, electz'ophil-es react v¡itb- di-f fi-culty" Reacij-on of ]retene

can be achisved hy enployin8 'ooron tz'ifl-uoride as catalyst houeve'r,

producing Ìt-acety]hexafluoroisopropyliclenil-nj-ne, (Cfr)rC=ttC(O)Cär,

Thc acidic oroton of ihe i;nine can be subs-uituted by

lithiun to for¡r the iriinelÍtiriu-n salt rvhich is usefi,rl ìn intro<iucing

the intac'u (CEr)aC-ìri- r:ro'ì eiy into orsanoìnetallic cor:rpound.s.ThÍs

salt ìs easilf reac.ted r:,¡iih broiniae to for:'¡r the ì'I-'uroiilo de:'ivative,

ilh.'ch phoioJ-ytically cour]-es producÍn¿; iieilaf]u-oroacetone azine,

( c,cr. ¡ ,c=ì{,il=c ( cFe ) ,l ").)c-

Tl:.e ltl-fluoro C-e¡íva.tivr3 oi 'bhe i-:rine has 'l¡een prepareël

and stuciiecì , io-^other ui th ì ts anal ogues , by llnu-nye-nis ct, u.l-. 2lt'i 
r-'-

sinil ar reacilons 'bo tirose d,escri bed above.

llhe ::eacii on of st-tl phur terrafluori de uii-n Ìte:lafl-uoroiso-

prc.Jyl-1Ceni l::j-ae has been stucj.iecl b;r Gl enser ancl Halasz .25 Tlru reacti on

j-s catal-yseri l-,Jt caesilin ilucrirLe,vhich a,cts es a li:"clrogen fluo¡'ide

acceptorra'b 2Oo an,J 6J-ves a gocd. yi eld (33"¡/.) of ll-hepiafluoroi so-

pr opyldif lnc:-osul phnri rrii,Je .

(ctru)ac=ìIH -1-\ --+
\,/ 

t

(c:rz)zc=riìÌ -' sF¿i #* (crj)2c(F)ì.:=s.+a + IiF

5-L:,ii 
-l ¡rr-Ly, ei 1 '-)l-)o, thlon;rl, iluo:ride i-eacts to forr

Ìl- ìi c l r ì: lr- f l'.i o r o ì s o,cï' o !;¡ -L'u iri c n,u* l- i r:ii- n e . 2 6



\ ))

(.Cî j) rC.='::'ti.ï 
-- ,SCF2 -#fu ßF3) ZC(:):'r=S=o .¡ iII¡

Siireetrre oL al-.2'7 fonncì that rvibh Ìie:.:af tuorci sopro;yl-j d-enylii thiun
Ín reaction l'¡ith thionyl halicles a halicle ion mitra-iioir appa-rently

occurs and the si:rp-ìe disubstituied- thion;-l coia¡ou-nd is not o'ctained,

i nstead- ihe p:'oduct j-s N- (N-thionyl -z-ani nolr.exafl uoroi soproÞytr)hexa-

fl u-oroisopropylideninine : ( I )

0(cFz)rc=ill,i + soliz (;{=cr or F) 
-----+ ß"ut)rc=.lg{)c_

X RLi CFz
(cFe ) .rÖi'l=s-c (cF< ) ,c=uð.iis=o r.)(-¿õn \'-| -)

Thi g -r-itech.anisrrl i s su.lrporte d, in the seJe rrork b;' the :.eacii on

'¡ith CCT Z, t','hel'e, as ',:iell- a.s 'bhe carbon a-nerlogue of f , tÌte pror:csecl inter-
-¡recl-i abe (CFz)rC(p)ii=C=O is also observeu,)¿-

The inloraction of tlic i¡uine rviih ìroroa tri-ha.1j-cì-es lias a-l-so

been investisared_.loron trifluo:'irle js such a stron8 Ler';is acid

ïhe.L even ii:.e r¡ery woalr-ry basic inine forns the a,clcÌuct (CFl)2C=ÌI]I.sFjl1 ,28 ",

a.sshoxnbys;oec,cra.]þrcpe:'ties"Houever,borontrich]oriceancl

'u::i'pz'oni'le acl.d acioss ihe C-ìd boncÌ fo::iling a¡rÍ'noboro*u.Ç8 lyhrch are

the:';na,l -'-y sïabì.e .

(CF= ).C=ÌiH + ltx= ------+ 
(Cl-; -CF;tiSil^' )'¿ t t'¿- ¿

Tlhe$c cclt-¡-,oiÌncis ire,.¡e been su-93í):: ì;ecl es uêefu-l -¡re cursoÌ's fc¡:

iief r,-i"cc;'cl--i c a¡ 1131;-la'uo::ii c ?:ororr-niirogeti-ca:'bon s:)i stoliis e,s a

:e.rul-i. of tjrc ri: a..:;i'i y¿ bolo:i and ce.i'bc:: l-;ites. i'ii sj.s.zri ,¡ '¿ u\.29



( 6)

irave re¡orte:ì bora.ne cl.eriva'ei-.¡es of t,he ir;:ine r'riih the C=ì,1 boncl

i-n'u¿.c-b. Tiri s is acliiel'cci b;r z'eacti ng a iiionoiial-ogenobor¿.ne ',¡i th

the ilrine a'u 0o and tiren d-ehycrohato5enation of ihe ¡esuliini;

adC-uct i;i 
"h 

a soconC nolecule of i i::ine.

(CrH.) 
"BÐr + (cF=).c=-'iI{ (cF= ) _cBrÌ'L-{ts(c.H_¡ - (II )o 2 r )'¿ t'¿ 6 r-¿

rr + (cF3) rc=ì{H -+ 
(cFf ) 2c=\rB(c6rì 

' 
+ (cPlacBri'rFr,

ïrr
Cryoscopic ¡neasurements shor'¡ Tff to be a tnonorrer in

benzenerand the naierial can be d.istiflecl under \recuurr. The p¡'oduct

reacts expl-osivel;'r en hyCro'l ysis.

The ìT-ch]oi'o Ceririat'ive of the i::rine i s the prorj-ucb of the

rcaciion of the irnrne ¡.,¡i'uh cirl-orine rrionoflu.or.icl-e.50 ¡"u."tìon j.s

facil-iLat.ecl oy tire presence of caesiurn fluoride acting as ì:.;rc'l-rogen

f I uori i-e acc e;cior.

(cF= ),c=ìrH + clF ceF t (cr,¡ -c=tlCi) r t'¿

Hexaf-l-ucroacetone for'¡ris in"¿e:resting coou'<.1 ina'b-i cn coi:ri:oulcÌ.s

t';ith nicke] anci ¡latinun j-n lrliich ihs carbony]- g'r'oup is coord'inated-

si,-',e-'tays io tire neial ,ti:.ese cornÞounus being iire first of tjrrs tl'pe

Lo be p""p*o.ì,ii

( cr', ) rco(phzp)"trc-,H,. -'' Þ (ph=p).i.I(cF?).co) É- .-+ E.tzo ) . )r

This ;iiethoci oî coord.i na,'tioil has been ol'ovelÌ b¡ 'uhe cz'ys'uar-]

s ':ru-c'Lui:e ci: tci'i'rinaticn ca:'ri erL out on tho ni c}-,el 
"or',p"u-n.ì. 

j2 
.k%

Silii'ì lar cot:l¡'ì exce ,,'l'ì tli iro-::a.flucroisoþro-;':J¡li,Ìetrj-i:ii ne Ìrarre aot as yet

be en relrorì-eC., bu-i tirc ir.li :rre dces uitCcz'go aii in'bor-est,inir inser'uicli

:::e.c'¿i on i'rii.:: ( ¡-¡ul:C)Zili(C1:)2aC 'uc c¡ofrice 'biic co.-:i.;cu-:ri.
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(ù-nu¡ic )rtliicnr)rci'ltl tctr) rco21rms molecute has been showm to

contaln a flve-uembered ring ruirr3z
t-Bul{C1 

NI/CNI-Bu
rcry)zc( )c(cîl z

proving that the inine noleculo has inserted

at the Ni-c bond of (t-euNc)ruf (cfr)rcO. To explain this st,oneJ4

hae suggestad a mechanisn lnvolvj-ng a sÍx-eoordj-nate intø¡nedlate

fa whlch both fl-uorocarbon rnolecules are bonded to the nickelrboth 1n

the side-on configuration.

h"el$.ninary photochemical experine nt=35t36 with t¡.e

imi.ne indlcated that unlike hexafluoroacetonerwhich deconposes via

CF! radicals t,o CO and:ltlF. 37 ,tin* i-mine i-e photochemically stable.

In factrit has been suggeste d 35 for use as a tV filter to isolate

the trB5nn. l-ine from the 254nm, line in mercury arc lanps. l,ator

experiments invçsÈigatÍng the reaction of CFj radicals with the

inine 3B h"o" shownrby comÞarison wl-th the resul-ts obtained earlrcr16

that on phot,olysj-s,the inine d.oes prod.uce a lov quaatum yield of

CFj rad1cals,r,vhich undergo fast addlton to the C=N bond. to produce

(cF])3Ûif (cF,)rH rather than co¡rbine forming C?î6"

Detalled spectral studles have been car¡.ied out on

the j.nlne;the lnfra-red and Ranan spectra ]9r"od. an electron-diffr-

actiou stuOy4flave been published. The resul-te,combined vrith the

fluorine and proton lIl4R spectrazl r41 ,indicaie thai the C=NH group

i-s angular (11Oo) r¡ith strong inter- and. possibly lntra-nolecular

hydrogen bondingreven 1n the vapour state.

HexafluoroÍ-sopropylidenininolithlun has been used to

i-ntrodnce the (CFa)rC=ld- llgand into eeveral organo¡ûetalllc conpounds



of

by

transj-tj-oo4Z(ti and

the straigbtforvard

( B)

Pt group) and

reactlon with

also nain group elenentsz7 '43,
halides.

R I"ÎXyz zr,ilrT=c (cF) z 
-â 

RrMiþI=C (cF¡ Å z + zLtX

compounds wittr BCL3' (cHf ) fsicl, PclJ, Asclr, sc12, cFjscl' pFzcl' pF' a.nd

cFJsoF have been pr"prt"d"27

Shreeve aad Swl.ndell 44 h*o" studied the reactioa of

the litbiurn salt with stilphur tetrafluoriderand a nunber of products

ttere isolated due to extenelve rearrangements rvíz: (CF:)'CFN=SF2,

(CF3 ) 

'CFI{=S-NCF 

(CF, ) ,, {Ctr) rcrm-s=NC 
(CF5 )rtlt=C (CFj)A,

(cFj)rC=NC(cFr)aS=S=IIC(CFl)ZN=c(cF])r,and (cFj)zc-I{c(CFr)rm=c(cF})2.

îhe purpose of this thesis is to describe further
investlgations of the cbe¡aistry of :'l ,:1 ,1 ,313rJ-hexafluoroisopropy-
Lldenin:ine i-n r:gactjons with çoropor¡.ads of el-e¡qe*ts 5.n gronps IVTVTVI

.,: :-- .-.!. _..ia: :..:..:_'..... .. .l-:.: ,. ,:r*L:.:1

and VIII.

OrganometallÍ-c eoapounds of group IV contai-ning netal-
nltrogeu bonds are well knownraad in the past ten years a large

nu¡rber of papers deallng with allcylanides of sillcon and tinrand

to a lesser extentrgerrnanium and. leadrh,ave appeared., Several reviews

of this type of compound 45-53,61 ,and a number of eonrprehensive

books of the organonetallic chenÍstry of germaniu5114t5Sl?gtÊ.J,+ r55,'7 r58

and 1ead54r6ou61h".vu been publlshed.

Eoy¡everrno perfl-uoroalkylanine .derivatives of these

elenents have been reported to daterand the present work 1n part

describes the preparation of sush derivatÍves Rjl"I¡tr=C(CFl)a r,rith a

view to observing any marked difference in reactive properties of
the ÞI-N bond aa compared to the non-fluorinated derivatives.fhese

compoundÊ were also prepared for use as substrates ln reactions
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gtth xenon difluorlde as also described herein.

Perfluoroal_ky1 derivatives of tel_l_urium haverwlih

the sole exceptioa of bie(trtfluoromethyl)diterluride62rbu"o
syntbeslzed only slnce 1968. The nost recent reviews 63r64and Uoof65

coverlng organotelluriun cbenistry only cursorJ-1-y nentlonrff at al1,
such d,erivatlves. The d.erlvativee prepared to date are (c5rr)Ure66,

(s6Fj)3r .ct67 
' 
(c6F5)r .ctr66 (c6F j) rr.16? ,^oa ßt.¡).rvolure68-ri" rarrer

beÍng boaded tbrough the oxygen atom of the J-igand. Thusrattempts

to prepare perfluoroi¡¡lno- derlvatlves of teLluriun(IV) ¡rere ¡nad.e

durlng the course of this work.

Âltb,ough noble-gas chenlstry had been speculated on

d.urlng the early part of the twentleth centur16gr-72 a¡rd attenpts
at conpound, for¡aatlon made ?3'?4,includj-ng yost and. Kayers n€ar

nltuTSrthe earnest practlcal study of this branch only starts sith
Bartlettts famous preparation of Xe(ptFr)o in 1962.76 Or"er the

succeeding tea years a large anount of research has been directed
to the chenisiry of xonon in th,e n^inras thi.e is the nost eaelly
accesslbre e1e¡rent and for¡ns tbe noet stabte conpounds.

tnttl recently all the corapounds of xenotr irbich. h.ad.

been syntheslzed and cha¡acterlsed containad xenon bonded efther
to fruorine or oxygenrand it appeared that onLy these two ¡nost

elecÈronegatlve elenents would forn covalent bonds with this obst-
Ínate elenent. .4. nunber of revlews of xenon chemlstry bave appeared.

at reguLar tutervals,77-86

Xenon difluoride forms a nunber of adducts with
tewis aclds.tonpounds h,ave been reported urlth the pentafluorld.es of
vanadiun8Trl,rSBrSggtturïrrRu,osrpt)8grga,Itn9t r92rp93r¡"94,sb95rBBoo¿

foafo"?6-99. Bartlett et al.,folloyrj-ng up thelr postulation that
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the XeF+ lon is the oxidatÍve species 1n reactions of xenon difluoride

as an oxidative fluorinato"loorshowed that the ad.ducts 2XeF r.t';F5t
XeFr.I4F'and XeFZ.2l4FSrcould be for¡nulated as the salte (XerFr)+{Ufn)î

(x.F)*(MF5)-, (xetr')*(¡t¿Ft., )-?o respectivery,on the basis of x-ray,

Raman aud. infra-red resul-ts.

An interesting serles of xenon esters of etrong oxy-acide

bas been prepared,wj-th the ligands: cFScoo-lol,rorso-Î0¿r0]c1o-Xo¿,

tr.XeOSOTF 107*oa the other

have t¡een determined.

and, r'rTeo-1o3-106.cry"tar structures of

fluorosuì-phate and. the perchloru.tu* 108

Attenpta to lsolate conpounds of xenon with the eleaent

bonded to atons other thaa fluorlne or oxygen have been rsade,Perlow

et al.109-111 have provlded evldence for the traasfenÈ f,orrnation of

XeCtU rXeC!, and XeBrA in Hössbauer sÈudieÊ by the p-de"ry of 1291 Èo

t29xe ln the ions icll,rcl; and rnrf,respectiuely.FieiaerÈl lZpresented

&aõs spectral data and Ne1son and Pínenie1llJ o¡tained an fR speetruqr.

at ZOoK to establish the fornraþion of XeCl, fron Xe/CL, nixÈures

excited by a:micro-save discharge.

.4, nosel conpound contalning a xenon-boron bond has been

prepared. by GoeÈsche1 aird Loosl14 "*d appears simultaneously vtÈh a

theoretlcal paper on noble*gas-boron eon¡lound.u"115 Tb.e reactioa of

xenon v¡ith dloxygenyl tetrafluoroborate at about 'l?3oÍ< yield,s a

compound shich the ar¡thorsron the basf.s of vibratlona1. spectral data,

assign tho strucÈure FXeBFr"

The possibllity of 'bhe fornatj-on of xenon-nitrogen

bonde has been considerod also; Hernau and Her¡n.o 116 h*n" measurecl

tbe v1siblè spectrun of the netastable XeItI noietyrproduced in a i,-,''

continuous electlc dischage in a mixture of Xe and Nrobut no stable

(i"e" characterisi.ble by standard apectral tecirniclues) corapounds
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ðoat,aLnlng a Xe-lI bond have been reported., Kaul and Fuch"ll7rrrd

tieboan aud AlLenï 18'1 19h"n" carrÍed out, theoretical investigatj-ons

on the st'abllity of aoble €as corÁpounderin particuJ.ar of tbe: llgbter
members of the grouprand suggest that XeN+ galts shou'td be stable

enough to be isolated,if syntheslzed.

Tbè.rer¡afnång part of the work of this thests j-s hence

concerned ¡rlth attenpts to synthesize conpounds contalnlng a. Xe-lI

(or Fxe+IfR-) linkage. 
-

husrin adunbratlonrthe thesis can be divided, into two

conventent sectlone:

1 .Reactlons of 1 r1 11 13 13 r]-hexafl-uoroisopropyllderuinlne

Ërith active hydrogen coropounds of group fV and V elenents.

2,Reaetions of x€non dÍfluoride wíth l r1rl ,3,3r3-bexâ-

fluoroisopropylidenin:ine and lts orgauic and orgalronetallic deri.vatives,
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GEI{ERAL TECHNISUE, APPARATT'S AND REAGEIYTS.

GEFERAL.

As nost of the conpounds preparedror used as starting
naterlals vrere a1r and Dolsture sensltiverthey were handled in
elther a uitrogen atmoeph,ere dry-box or a conventional glass vacuull

rack, rf at all necessa:ry to expose any of the cornpounds to the

atnospb.ere, such exposure nas kept to a nlnlnun and the eontainer r¡as

1¡n¡redlately evacnated agaln or frushed vtth dry nitrogeÞ,

Reactlon tubes Bere evacuated and, flaned out und,er dynaæic

vacuu¡¡ on the vacuunr rack.

Conventional ground-glase-Jointed apparatuB Tras drled

at lloo for 24 hours before use and alloued to cool ln the dry-box"

Liquids were handled Ì?:tth a syrlnge ln tho dry-box,

Experfuceats lavolvlng so1l.d xeaon difl-uortde or hexa-

fluoroisopropylideninlncllthiu¡r riere camied out observing the correct

safety pt"""oilonsrdue to the fact that botb, these reagents have been

reportod. to causa expIosioo".86 ,-21,120-124

Ff:lcroaualyses Here carrled out by tbe Alfred Bernhardt

microanalysis laboratory of the Max Pla¡ck rnstltuterGermany.

tusrnuiqeNT¡r, ¡fitsrnet.mNTg

Proton and, fluorlne Mfi spectra were recorded on a Va¡ian

Associates Ã56/6O Analytical Spectroneter.\Therever possi-bLerlnternal

tet,rar¡ethylsi-lane and trj-chlorofluoromethane v¡ere used as standards

for proton and fLuorine spectra respectively.

lulass spectra were recorded on a Finnlgan Model t0l5
quadrupole nase spectrometer,Tbe conditlons used are noted for the

índlvÍdua1 spectra in tbe experlmental eecÈion.
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solÍd sanplee were lntroduced directryrand liquid sarapres Eere

vapourlsed into the gas i-nlet system.

Inf¡a-red. spectra vJere record.ed. on a perkin-Elmer

337 Srating spectrophotometerrllnearly coverlng the range 4OOO-4OO

wavenumbers, Llqui-ds were run a6 filne between potassiun bromld.e

dfscs. solid samples Ìrere ¡nurled with nujor and run between

potassiu¡a bromide dlscs. Gaseous eanples rrere run at t5nB, pressure

5.n a tcm, cell fifted with potassiun bronide wlndows.

Tbe lnfra-red speetntm of xenon dlfluorf,de va.pour

uras run using a locu" nlckel- noner gas cerl fitted wlth e1lver

chloride windows. spectra were caribrated against polystyreae,

RBAGE}iTS

Except for those descrj-bed belorvruost of the reagen*s

used Ïvere employed rsithout, further purification than as supplied.

The naterials r¡rere obtained from the forlowing cornpanies:

Peninsular Chenresearch Tnc"

AlfA Inorganics fnc,

IfathesonrColeman and BeIl

Eastnan Organlc ChamicalsrCo.

Fisher Scl.enti-fic Co,

A111ed Chenical- Co"

Acetonitrlle and deuteroacetonitrile rdere dried over

phosphorus pentoxide and distilled,
Tetrahydrofuran (fgf') was dried by refluxing over

lithium aluninlum hydride for six hours and then dlstllling.
Pyridlne was drÍed over sodium hydroxid,e then distilled,
Liquld amnonÍa r,¡as dried lríih sodiu¡n neial shavlngs

for a ferv minutes and then distilled"
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r'e¡i.i st-i l_-l ecl_ I the fz'e,ciion bciii_ng a-lPho e¡Ìtor"'is o>lyc irloz-i dc

1Cr-1C5C, being usec).

Di'eei:iy1 phos ohr'ue ',Tes

iÌren i.isii-l-lin6 in r.¡ecuo.

cu¡i f-i ecl, by siraÌ-t_ì-ng i;-i tli no_l-ecut ar s-i eve

){enon cif-l-uoz'ide r,'a.s prelared by phot.ochenica] ¡'eaci,ion of the

elenents. The Sases lyere ha.ndl-ed in a :lickel- monel vacuua li ne r'¡hich

had been fl-aaed out at 1o-5 torr. (Fis. i berow; Fig.2 overleaf )

The reaction bulb lras prefluorinat.ed- by treating r,vith 1 atrros-

phere of fl-ucriire îor Z\ hours.

ìrií:;. I
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A typical preparatlon of xenon dlfluoride involved

arlrnìtt1ng.JBOn¡n" (9næo1e) of xonon and JBOa¡n. (9¡:nole) of fluorfne
(ìydrogea fluorÍde free) into a 1 litre pyrex bulb fitted w1-th a

nonel autoclave vaIve"?he br¡lb was removed fron the rack and

irradiated wlth ultraviôLet rlgbt, from a Eanovi.a Typa jo6zo

mercury arc ì-anp for te¡r days. The crgstals thus for¡aed were

transfemed by pumping .under vacuìrß to a smaller bulb cooled to

-1960. Dryrred,istiLl.ed acetonitrÍle was tben dLsÈlIled onto the

crystalsrwLlch were then dissolved" at room tenperaturê* Tbe

resnltlng soLution ïras thes stored frozen at -78o.

The concentration of sucb a solutlon was deter¡alned by

allowing âE acsurately measured aLíquot of soLuticn to react wlÈh

an excees of nercury in a vacuÌur rackrand the:<enoÐ gas thue

liberated ¡cas weighed 1n a standard bu1b.

the syntheses of reagenf,s for speciflc reactions are

descrlbed 1n tbe experinental section"
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EXPERTME}ITAL SECTION

P.ART- I : Reactions of 'l . 1 . 1 "J, "oq-Hexaf,luorolsopropylldenl¡aine
g_fth aetive hydrogen conpouncls of group IV an{ V

elements.

Note; The namlng of conpounds hae been camied out 1n accord

sith tbe rules lald out 1n references 22 and l2l.

Pre p-arat ig n o f 1 
" 
!, 1 . J, 3- ã:He:raf lgcrglqq pre!ùrl j-d eai]L_j".pe21 

+

(cnr)rc=tru

In a 590n1. round.-botto¡ned ftask equipped, wl.th a

gas lnlet tubera coadetrser coored by oolid carbon dloxlde and a

nechanlcal stiruor,were placed 210n1. of pyridtne" The flask was

cooled to -25o by means of a dry-ice/ace'fone bath and the stirrer
started. Eexaf luoroacstone (Þfath.eson co. ) , l oOgn, (o" 6 noles) was

dletilled int,o the flaskokeeplng the t,emperature betrveea -2!oand

4Oa. Arilrnonl ar7Z"JnL" (approximately lO,2gm;0"6 moles) v,,aç then

distilled j-nto the solutlon,which rvas rapidl-y st,irued. and kept at,

^25o to -JOo" The coollng bath rras reÐÊoved and replaced. by a heating

roantlerand the reaetion nixture,sas alloyred to warn up to rooro

temperaÈure (Z5o ). The dry-ice cond.enser was subst,ituted by a

r¡ater-cooled condenser connected rvith a trap cooled by a solid

carbon dioxide/acetone bathrand t,he gas inlet tube by a dropping

funnel. Phosphorua oxychl-or1derl0m1" (9Zgm.;o"6 moles) v¡ae added

dropwise at such a raÈe as 'uo maintaln gentle reflux and prevent

charriog. The gaseouÊ product was collecÈed in the cold trap.

After courpletlon of tbe addition,the reaction mixture was heated
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to 10Oo and kept at that tenperature for a half-hour.

The coadensate i.n the trap was purifled by trap to
trap distillatlon in a vacuum lfule,and 82"59m (67% y1-etd) of

1 r1 r1 r1 13r3-hexafluoroisopropylldenimlne were obtained"

The physical propertlee of this compound are collected
j.n Table 1 uand i-ts spectra 1n Sable 2,

*ìIote: In later work, coünercJ.al naterial (PCR Inc" )

wae also obtalned

Reagtlon of DiphenylphospÌ4uorwLth I . l, 1,5,5"5-liexafl.uoro-

isopropJlidenl.mj.ae .

Dlphenylphoephlne rA "939ø. ( 5mæo1es), contafned

ia a 20n1.reac'r,ion tube connected to a vacuum liner*¡aÊ cooted to

-1960 by eeans of a liquid nitrogen bath" The tube lïag evacuated

('lO-/torr ) .Hexafluoroleoprøpylidenir¡ine ,l ,6|.gø. ( I Onnol-es ) ,was

disÈ1Ired lnto Èhe reaction tube fronn a sÈasdard weighing Bu1b,

and the reactlon tube waa then sealed undor vacuurh. The t,ube was

trançfemed to an oit baÈh at 80o and heated for f,our daye.

Durlng thj.s Èina t,he inltially colourless

nlxture took on aR orange colouratlon and j-ncreased 1n viseosity.
A small sanple was invest*,gaÈed by electron spin resonancerustng

a Varian Assoclatee E-] EPR Spectroneterrbut no free radicals were

observed,

The tube p¡as allowed to cool- to roora tenperature

and was opened under ni.trogen, fitted wlth a stopcock and transf,eryed

to a vacuum line" The volaÈile rnaterialsrnainJ-y excess iminersrere
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d1stilled. off and colleeted. i.n a cold trap ut -78o. The viscous

¡aateriaL re¡oaining in the tube alowly crystallised v¡hl1e under

dynamlc vacuunrrto produce rvhite crysta1srM,Pt .jB-3go,These were

lnvolatile at iOOo ur¡der dynarnic vacuun.

The fluorlne nuclear rnagnetic reÊonanee spectrum,

using trlchlorofluoroæethane as solventrshows a doublet at +68,8ppn

relative to the solvent, peakrwith JFp= l7fiz" The proton NMR spectrunn

shows two multtplets in the phenyl- reglonrJpE= ca.4OHz. rcentred

aL *6.92ppm. rând a broad singlet at -1.50pp¡a. sl.th relatlve areaa

1O"J:2. These speetra are indicatlve of the structure IV.

ffie

P-C-E-
\ b)
c 

6H5

IV,

(2-Anino-2-diphenylphosphiao- t, 1, 1 13 r3 r3-hexafluoroþropaae )

Analysi.s assuning t., 
5*t eM6P I

Calc. C ,1.3O%; H 3"1¡5%; î 52,45?/.

Found .C 51 "31?{'; fi 3"Og%; E 32"32%

Yfeld: 1"6Og¡0. (92% based on weight of dj-phenylphosphine

used).

The $ùIR spectra are shown j.n Table J;IIos.l and 2,

The Ínfra-red spectrun of the comporrnd (¡rujol nu1l) is i,,::

shor¡¡¡ ln Table 4a. l,fedlum peaks at 34locn-1 and 334ocn-1 are assigned

to liH, assymrnetric and synmetric stretching respectir¡ely, The lrI-H

sciesorrlng mode appears a6 a nedium peak at 161Bcrn-l. Aronatic

combination aad overtone barrds characteristic of mononuclear

substitutfon appear at 1g?O119O0,and i8¿Oc¡r-i (aIl- weak). The CF,

streÈching roodes appear aõ sùrongrbroad bands in the regS-on 1]00-

cF3-.^/
,,"]-'
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,and the P-t stretching vibration of the p-CUH5 group
-t997cn ' aÊ a ¡nediurn peak.

The most abundant, ions of the aass spectruur are:

m/e % aÞundance,

3r1 j (no¡
223 6

221 6

l8l looo
17g r ooo

166 zo
147 7

146 14

108 34
96 4z
78 34
77 9t
69 39
51 87

*off scale

Oxldatlon of 2-a¡¡1no-2-diphenylphospblno-'l, 1 . I,J,3,j-hexafluoro*
propane 

"

A few cryst,als of Z-amino-2-diphenyì-phosphino-l o1 ,1 ,j13r3-
hexafluoropropar¡e were dissol-ved j-n O,3mI. of tri.chlorof'tuorornethane

contalned in an ifirfR tube,and a slow stream of dry orygen rvas bubbled

through overnight. A whlt,e preclpitate was produced. The tube was

transfer¡ed to the vacuun line and the eoivent was punrped off, The

resultiag whLte solld nelted at 122-12Jo and was found to be insol-uble
j-n the conmon organic solvents. The mate:*lal dissolved in hexa-

methylphosphotria¡ride, ( (øn, )AN)]PO, þroducj-ng a solution whlch

rapi-dIy darkenecl. ìùo fluorine resonanceÊ were obser'¡ed. in the Nl.tl
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apectrun. lihll-e attenptlng to dissolve the product in chloroforlu-d

an exother¡¡-Lc reaction occurredrbr.lt solutlon did not t.ake place.

The fluoriae NÌ"lR spectrun of the supemate showed a slnglet aÈ

+67"3ppß, ThÍ.s si-de-reaction was not lnvestlgated furt.her"

The mass spectrura of the soll.d ehows a parent Lon comes-

pondiøg with the phosphorus(V) analogue of IVrnanrely V,

cFr-.^/ffi¿
cFl"Þrf"e*5

c6E5

v

(2-¡mi ns-Z-dipheoytphosphonato-1 ,1 ,1 r3 r3 n3-hexafluoropropane )

Tho major peaks of the mas6 epec-r,rum are:

-nfe % abundance

567

221

220

219

215

201

166

146

124

96

7B

77

69

51

*off ecale

2

4

4

7

5*
100

2

2

17

7

r9
44
I

7)

À
(¡r' ),

The lnfra-red spectrun of Vraltbough poorly resolved,

le greatly sirollar to that of the phosphorus(Iff) compound and is
shovn in Tab]e 4b"
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Here the absorption due to the P=O bondrwhich in aromatic phosphine

oxides usually occurs near 1190cn-lis nasked by the strongrbroad

basd due to CF, stretchlng modes.

Reaclion gf 2-amlno-2-diphenylphosphlao-1 . I, I,J"J.5-beåa-

fluoropropana with- xenon difluoride,

.A few snall cryetals of 2-emi no2-diphenyl-phosphino-

l r1rl ,313r3-hexafluoropropaue were introduced to a carefully drled

NMR tube in the dry-box. Àpproxinately O"3nI. of a 0,5 r¿olar solutlon

of xenon difluoride fn deuteroacetoaitrile was added and the tube

qtrickly sealed with a pressure eap. A vigoro$g-i reast,Loa ensued,

with copious gas evolutlon and preclplt,atÍon of a snall amount

of a white solid,

A search of the fluorl¡re NMR spactrurn revealed

only the follotring peaks:

shifts: +6B.8 doublet due to excess of IV.

+67 "4 singlet
+69.o doublet,(a) of triplets(b) J*=4-þHz; Jo=1Ztî.2"

+71 "1 broad einglet
+l'2"6 doublet J=-/fl,2

+74"3 doublet J-|Hz
+75"9 doub'l-e-r, J=6.9H2

The shlfts are quoted lvith respect to Í¡rternal trichLoro-

fluoronethane,whlch was added to tbe reactlon mixture imnediately

before runnlng the spectrun.

The doublet of triplets at +$9,Oppm"is assigned to

compound VI. (over)" The fluoråne of the t,riftuoronethyl groups

a:'e equlvalent and are split j-nto a doublet by the phosphorus atom,

v¡1th JCF^p=4"þHz,aird further split fnto trlplets by the fluorine
-t-
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the phosphorus atomrv¡1th JCg.ng=1 ZHz.

ï?i'SilÍ,,
' c.H-6'

vr
(Z-enino-1 r1 r1 r3 r3rJ-hexafluorolsopropyl)difluorodiphenyLphosphorue(V)

The resonances of the f,luorfne ato¡as o€ the'PF, group

Frere not observed. as the concentratL.on of the product wê.s too Low"

The theoretical spectrum (flrst-òrder) would be a doublet of septets

of quintetsrwith J"n=approxl¡rately 5OO-?AOEz. (see, for exanple rref. I 26)

*d J¡,cF 
-=TZH'zrwith 

probable losg eauþ interacÈlon beÈween the
t

fluorÍne ato¡rs and t,he ortho protons of the phenyl groups with

Jr"=ap¡rroxinately 1 -2IIz "

The proton s¡rectrum shows coreprex ruurtrplets sith
resonances due to eompou¡¡d rv aad products overlapping in tbe

phenyÌ reglon. At -4,trppm, a septe'b with J=?.OHz. appearg ånd. ai);

very broad peak centred at -'à"B5ppm" The latter is assigned. t,o the

a¡slno Sroups of both excess starting naterj.al and products. The

septet,together wit,h the doublet at +74"3ppm. 1n the fluorlne
spectrum are assLgned to 1,1,i,313r3-hexaf,luoroisopropylamine,

(tr3)zcm{*r "
The formation of heptafluorolsopropylamlne, (CFr)ACffiZ,

is uacert,ainras the reported preparatioo2ildenti.fies the eompound

as showing a doublet in the cFrregion of the fluoriae spectrun,

with a septet t'at hÍghsr flerd'r. Thusrone of the doubrete 1a t,hs

spectrun of producte i-s probably due to t,he preseìlse of t.hts amine.
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^å.galn the concentratlon of thls a¡nine v¡as sufficiently snall to 1

proclude observation of the sept,eÈ" The spectra are illuetrated
ln Table J;Nos.J and 4"

Reactlon of DfphenylarsÍne wlth 1,1 "l .3.T"i-Hexafluorofso-

PropYlidenimine.

DiphenylareinerO.)69m. (2"5nnolec) was placed in a

reaction tuberwhi-ch ura6 evacuated, and cooÌ.ed. to -1g6a åo * vacuu!û

rack, Hexafluoroisopropylideni'*iner0.BJgm" ()mmoles) was co¡rdensed

lnto the tuberwhich v¡as thern sealedrand shaken at roon tsmperature

for six hours. During thls tirne a pale-green tinted crystalllae
solÍd separated out of the reactlon nixturerleaving a coLourlese

supernate. Electron paramagnetic resonance luvestigation falled
to detect any free-radical-s.

The tube was opened under nitrogen, fitted wlth a
stopcockrand connected to the vacuum li-ne" The supernate was

distilled into an I{MR tuberand the solid was dissolved í¡r deutero-

acetonitrile"

The proton IIÞÍR spectrum of the solution revealed

only phenyl resonances (Table f;¡Io.5) and tþe search of the fluorine
spectral reglou i¡rdlcäÈd.d that no fluorine was presento The nass

spectrun was characteristic of tetraphenyldiarslue, (GUH')aAsAs(CgH5)¿

The peak at n/è,:l+74 was due t,o the fornation of (Crär)rasOAs¡"6*5)r,

during transfer of the sample tube to the lnlet port of the mass

spectroneterraryl* conpounds of arsenic(fff) belng particuLarly

¡ìr sensiti-ve. Tb.e melting point of the solld was deternined as

134-ro, confirmlng the asslgnnent.

fhe Nlçß specÈra of the supernate showed t,wo doublets
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1n the CFrregion of t,he fluorlna spectrum,aþ +74"4ppm" and +l5"Zpprn"

¡slth J=7F'2. and J=6H2. respectlvely"(Taule J;t{o.6 )
The proton spectrum (Tab1e J;No.7) is characterised

by the fo1loivi,ng peaks:

shlft (external TIIS)

.-1.42pÞür broad

-3.22ppm septet J=lHz"
-5, B l ppn. septet J=6Ílz.

-4.54ppn broad

-6.76ppn slnglet

The mass spectrun of t,hÍs nlxture of volat5.les hae a

peak at ø/e 167,aesígned to (CFj)AOHNHZ,together with lts breakdova

fragnents.(¡tote.The mass spectral analysis was carrl.ed out on the

voratile products renrainlng after removal of the excess of lrlrlr-
3 u3, 3-bexaf luorolsopropylideninlne ) .

An abunda'iÌrt peak at m/e 78 v¡as assigned to benzene.

IIo peaks due to ^ô.srCrHrA.s?or(C6If5)ZAs w€ÐÈi,.Ðbserved. Thus the

singlet at -6"76ppn in Èbe proton opectrum can be asslgnad to benzene,

and the eep?et .at *3.2Zppro,together ¡rith the doublet at +?4.4ppa

ln the fluorine spectrun can be assi-gned to 111 el ,3r3r3-hexafluoro-
lsopropylamine. The other septetrcoupred wlth the doublet in the

fruorine spectrum,suggests the presence of aaother (cFl)rcH group,

however the nass spectaum of the vol-atiles does not corespond

with either (cFj)zsHl{H^â.s (e Unr)¡or the diner (cF3)¿cHNH}tHrH(cr3) r"
Repeating the reactio¡r with an excess of diphenylareine

produced ident'lcar products. Fj-¿allyrrepeatlng tbe reaction ln
an IfI'îR tube and f,ol]owing lts progresÊ spectroscoplcally again

shoued the 6aü1e productsrwlth no indication of t,he intermediate

rormati.on or either(cF])¿cHNHAs(c6H5)a or (cyì 
zç(NHr)Á,s 

(c6H.) 
z.
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Reacti_on of Dinethyl .Phosphite rvith 1, 1 . 1 .J,5.J-Hexafluoroiso-

Prgpylideni-nine .

This reaction was camied out using three slightly
dlfferent procedures:

A.127 Di-¡cethyl phosphite r l .1Ogm. ( 1O¡nnoles) was

placed ia a reaction tube and dissolved i.n l0ml. of dichloronethane.

The tube vras then cooled to -1960 and evacuated. Hex,afluoroiso-

propylidenlmlne ,1 "659n. (lOnnoles) was distÍ11_ed into the tube,

whi.ch was then sealed under vacuum and transferred to a Êorld

ca¡bon d.loxide-acetone bath "t -78o. The reaction mJxture was

allowed to ¡r¡arnr up to room temperature over a period of ]O hours,

The dichloromethane and unreacted hexafluoroj-sopropylideninine

were dlstilled off ,and the reeidue investigated by ÌIMR spect,roseopy.

B. The above procedure tvas repeatecl except that

no solvent was employed"

C. Reaction B. wa6 repeated except that the nlx'uure

was heated. at, BOo for ffve days.

In Part A the fluorine
(ta¡le l;B) shows the foLlowing peaks:

shift

spectrum of the products

coupling constant

+71 "Bppm. doublet
+74-6ppn. doublet
+79.1ppm" singl-et
+?9.9ppm. singlet

3 Hz.
6 Ë2,

The proton spectrun revealed mainly unreacted

dimethyl phosphiterrvith rveak resonances masked by the doublet,

The doublet at +/1"Bppnr. is assi-gned to Z-hydroxy-1 ,1 ,1 ,31313-

hexaf luoroisopropyldi-r"aethyl phosphite , and t,hat at +74. 6ppm. to

1 r1 r1 13,3,3-hexafluoroisopropyldimethyl phosphate (structures VTI
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and' VIïr respectlo"ty). 128

ooH

(cnro t r#-rcrr> ,
VIT

?r(ctiro)reocßF3) 
z

VIIT

The peake at +79.1pprn and +79.9ppn are due to

hexafluoroacetone and bexafluoroacetone hydrate. respectively.

Additlon of a catalytic amount of conpound VII
to conpound vrrrras 6hown by a decrease in peak height for the

forner and comespondlng i-ncrease 1a peak helg'bt for the latter,
as reported by Janzen and Snoyr:...127

fn the ca6es of reactions B and. C aboverthe. naln

products obtained are coøplex polymerl.c materlals of uncertain

structurera6 shown by the spectra illustrated. in la'nla 3.

The expected, productsranalogous tô those above,

wlth structures fX and X were not formed 1n nore than insignificant
yj.eld,

ONE^

lil ¿

(cn o ) zrc (cîì 
2

0
il(cH3o)zPNHc(cîì 

z
rxx
.4. snall amount of material crystallised out in

experlnent, C and. the maÊs spectrun of tbis nateriar showed tbe

parent ion of n/e 275 ,butras. attempts to obtain significant anounts

of pure naterial proved fruitlessrthe study v¡as not pursued further.
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Reaction of rrinethylsilanor withJ .l "l .j,]"J-Hexafluoroiso-
propylideni¡aine .

Trlme thyl slIano 1 "t O . r3 *( p. 5s¡aoLe E ) c ont af ne d. ln
an NMR t,ube was cooled to -1960 ana the tube ïras evacuated. Eexa-

fluoroisopropylldenl¡ninerO"B5gn. (5mnoles) was conde¡rséd lnto the

tuberwhich was sealed under vacuurä and heated at Boo for thrae

days" The tube was then opened under nitrogen ln tbe dry-boxrand

fltted w-lth a preÊ4uF.9..:-câp. The fluorlne NMR spectrum of the reactlon

mixture showed three slng}ets at +BO"Zppn. r+BZ"5ppn.g +B3.Jppm* The

former 1s attrlbuted to hexafLuoroacetone hydrate r(ctr)ac(oH)z.
The proton IIMR spectrum showed slnglets at

-O. 1 4ppnr-O"26ppm.,and -0.97pprÈra11 attribuÈed to trinet,hylsilyl
groups, The latter was show¡¡" to be due to hexarnethyldisiloxâ¡e,

(cnr)rs:-Osf (cHf )UrbV addlng a s¡oall anount to Èhe mlxture and

observÍng the lncrease is intensity of the peak at A;A7pnr{ tnu

peak at o.t4ppn 1s asslgned. to the r¡ethyr groups in 2-trÍnetbyl-
siloxyhexafluoro-Z-propanôl,the reported value being o"l Bpp.. 129

Aft,er crud.e separation by trap to trap dlstillatlon the!singlett
at, +Bz,5ppn.couId be assigned to thfs compound, Janzenl29"*po"t"

a splltting of l-ess than 3riz" ln thls peakrbut j.n the present caee

such splÍ-tting could not be observed due to poor resolution,

Tbe elngl-ets at O.26ppn and +$3,jppn are assigned

to compound xr ,2-aniuo-l , 1 o 1 ,3 ,3 ,J-bexafluoro-2-trineËhylsiloxy-
proparle,

xKindly donaèed by Mr.J.A.Glbson

#An appr,oxinately equlmolar amount of hexamethyldj-oiloxane was

present ,due to the una'¿ofdable difficulty to separate t,he compounds.
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*t5.. ,/o,'e
,r{ \r, (c..,)3

XT

Gas chronatograpby wae employed to eeparat,e the

productsrin order to obtain rrasÊ spectra of the pure naterfals,

A Carbowax20Þl column vras used at a tenperature of 7O?

The followlag spectrs. rsere obtaiaed:

,m/e abuadênce (%) lon
166

147

119

97

7B

69

50

Thls spee.-trura i's

2"5
17

3.5
51

4

100

17

characterlstlc

abundance

ca. 1

ca.l
ca. I "5

n"5
1"'

100

2.5
r6

(crf )eo+(¡,r+)
(u-¡')*

(H-sF3)+

(cF?có)+

cFl
¿

eu'! or (szr4)++

of hexaf'luoroacetone "

ion_
(c5H. F5O¿S1 ) 

+ (M-OH&F ) 
+

(t{-cF3Ë)'

11e'r::1.(cF3ro )

ttcn )rsi.oE)+
tr&rirl rsiou)+
{cn]sro)+
(sío )"

m/e 
.

221

186

147

97

9o

75

59

44

Th:is spectrum fs attrfbuted to 2-trlmethylsíloxyhexa-

fluoro;2-propanol. Th,e silicon contalnlng fragroente show tþ
correcÈ isotopic ratlo, (28si :Jl,z?/";29si r +.??6;3osi :J,1%)1 ]o,,rh*ru

lntenslty pormite,

m/e

240

aþÈ¡idance

5

Íon
(cSHBF.Nosi ) 

+
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abundancen/9
220

190

186
14+

1e4

1r6

96

77

73

69

4¿+

Peaks due

ion _

{r,t-cRur)*
(*,rrz"+Tosl)*
(M-Cr3 )' .i
(conþ"ousi )+
teEiy.ior,rsi.)+
(u-ecF= )-)
(cF5cilH)-
(Û2HBNOSI ) 

*

(cun lrsr)?
cF-')(sÍo)*

t6
40

t6
56

66

I
50

100

100

10

40

to sllicon contalnlng fragruents are in the

comect lsotopic rat,1o.

Tbls spectrun is attributed to Z-amino-lr1ol13rjrl,_

hexafluoro-2-trinethylsiloxypropane. The parent ion r$e ZJJ rj.s
not observedras loss of a methyl group from t,he (cEz)zsj-O- moiety))
is a hlghly favoured process,

R94-ctlgn of, Triethy1sllano1 rv'ith 1 . 1 , 1. "J "J u_J*Hexafluorol_sopropy-1-
j-d,enirnlne.

Preparatlon of trlethyluj.lanol: trJl

Triethylchlorosllane rl 5, 1g¡a, (.O" 1 mole )was

dj-ssol-ved fn 50¡n1.of dlethyl ether ln a flask fìtt,ed v¡igb a magnetic

stirrer and a dropping funnel. Ilsing phenolphthaleln as ind.lcator

the solutlon was titrated s1ow1y with 1M sodlun hydrorlde solution

until courple-be conversÍon of t,he chlorosilane to sÍlanol vras

achieved" The ether solution wag separated off and the aqueous

layer extracted witb three loml.portions of ether. The comblned

ether extracts vlere dried oyer anhydrous potasslum earbonate and

the ether was then removed under rracuuÍr. Tbe oiry resld.ue was



ß1)
purified by trap-to-trap disti-lIaÈionrpurity of the trlethylsilanol
belng checked by Nl4R spectroscopy.

Triethylsilanol rl "32tn. ( 1 Onmoles), conialned in
a reaction tube connected to the vacuum l-inertvas cooled to -1960,

and evacuated. Hexafluorolsopropylj-den-imine rS "3A gm. ( 20mmo1es ),'ras

distilled j-nto the tuberwhich rvas then sealed and allowed to warm

up to roon temperature. The nlxture E'as shaken for 24 hoursrafter

which time the excess of hexafluorolsopropylidenimlne was dlstilfed
off. The residue was purifi-ed by trap-to-trap dJ.stlllation"

The proton NMR spectrun (Ta¡Ie J;l2) shows a conplex second-order

multiplet (a=nr) characterlstic of ethyl groups bonded to s1l1c on1.32
)c

The fluorine spectrum shows a slnglet at +B2"Bppn. rasslgned to

equivalent trifluoromethyl groups. This r¡ould be expected in the

caÊe of Xfï ,2-amino-1 , 1 , 1 13 r3 rJ*hexafluoro-2-tri-ethylslloxypropaae:
cFJ-.. 

'zNHz
,uf " \osi (clzclì 

3
XÏI

The mass spectrurn of the conpound shows the following

peaks: -úS__ abu_ndance (%)

268

217

147

132

1x5

102

97

69

o"5
2"5

4

10

2.5
1 0Oioff-scale)

1t

20

ion----
M,

(M-CH2CH4 ) 
+

{crnrFrmí* +
( (cHfcrrz) jsj.os)
( (cHfcrr2)rsi) '_
( (cH<cH2) 2s1o)-J

(cF=ct{H")'
.jc

cFl)
However,analysis of the naterial was not consistent

vrith compound Xlf,lndicating that either the conpound had decomposed

ln transÍ-tror a more conplex reactlon had occurred. The results

renain j-nscrutable;
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Ca1c .C=36.36i/o;H=5.??%;F=JB, 34%;N=5,3896
Found. C=43.72;H=B "36%;F=----- ;N=O.83%

A strong possibility ls that dlsproportionation of

the product back to the starting materials occurarwhich v¡ou]d account

for the lov nitrogen readlng.

Beacli-o¡ f Si!4nes with 1,I,l "3,3,3-Hexafluoroisopropyl-
idenlmine.

l"llxtures of 1 , 7 ,1 ,3 ¡3 r3-bexafluoroisopropylidenj-mine

with trinethylsilane , dirnethylsllane , triphenyrsilane and phenyr-

dinethylsilane vÍere prepared. in sealed reaction tubes and. rrechan-

ically shaken for five days. After thls time N}IR investigation

showed that no detectable reaction had occur¡ed. Heatlng the

nixtures at Boo for prolonged periods prod.uced the sane result.
frradiatj-on with UV lightl?9.*^t not attemptedras

facllities were ternporarlly out of action.



(eElcrìrsi-oH

c 
68 5rcs3) zsiH

XeF,
(c[r) 

rTer.,
(cHf )3s1s1
(ctrr)rsncr
(cH- )-GeBr))

shi_f t
Gt*I

(F)+7¿.8
(r)+74. B

- a.67
-2.89
-6.57
'4'30
-3.40
-5"58
-o.12

caO.B0

-5.O0
-6,7Q
-3.94
+o.33

(n)+195

-1 "62
-o.53
-o "63
-0. BB

Appearange

d.of q.
d"of q.

nuì.tiplet
singlet
nultiplet
slnglet
doublet
doublet
singlet
nultiplet,
sleglet
nultj.plet
septet
doublet
slnglet
s1ngleÈ
singlet
singlet
slnglet

Reaeents

Ø3)
r{BrB 1

Chenj-cal Shifts and Coupl-i-ns Constants of
Gonpound

ftt r) rC=NH

(c6H5)2PH

(crnr)rasu

(cH3o)2Por{

(cnr)rsron

Coupllng Constant

Jr"=682" trrr+Z"D*z,
JO=1ÌIz.

Jn"=Ca" 231llz

JgH__H=l Z,5Hz.
Atn*=595.5W2.

JcH__H =J"lJãrl
t

J, 
'o =J6JOHz.'-'Xe-F

.To 117.*=J6Hz."" tn-u19sn=56.5H2.



ß4)
ÎÂBLE 2

Í, .l
r''i
I

----¡

I
-*l60 H¿

2t1 19r ut+n spectiurn of r, 117 u313rj-Eexafluoroisopropytldenlnrne.

rJ-r1 rFt lJl:ÎIr-+:-f-+'_+-f-------,--'.*.' I':"tt: 'ri.___._ 'I
/l- - 

i--.---" --- 
1---i.-.__ I -._ _.r.-.1...-.-f-1, :--*-:- -t :_ r

J

:ï-:'
+--

j',rl
, '-! i 

I- 
---:----' !

2zZ lu r¡m Spectrun of

tl'8rr^

1 , 1 , l 13 13 r3-Hexafluoroisopropylidenimlne ,

I
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TABLE 2 (contrd)

l=a

2'.5 Infra-red Spectrun of l r1, 1 r3 r3 r3-Hexafluoroisopropyllden-
1n1aE
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IABI,E 3

SHR Spectra of prod.ucts qnd B-y_produc.!-s._

3zl f9F sp".trun

5zz lu

of e-A¡iieo-Z-dlphenyì.phosphlno_l, I, l,3 13 r3_
bexafluoropropane.

Spectrun of 2-An1no-Z-dlphenylphosphlno_l,t,1,3 
13 rj_

bexaflgoropropane.
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TABLE 5 (conttd)

hr
- 3:7.19F sp""trum of prod.ucts from reåctlon-ofÌixeFr=w1th

z-An1no-2-diphenyrphosphlno- r, 7, 1,3 rj J-néxafluoropropar

524 lH spectrun of producte fro¡l reactfon of xeFr,:wtth
2-Anlno-2-dlphenylphosphfno- r , r , r rj rj rS-hexafluoropropane.
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TABI,E j (cont'd)

3t5 lE spectrum of Tetraphenyì.dlare1ne.

3:6 l9F sp""trun of products fron Reactlon of (c6u5)aasuwith (cF3)zc
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T¡'BI'E J (contrd)

:1

3¿? - 
lE spectrun of products from reactlon of (crnr)rAsE wlth (cF j) zc

¡9F sp""t¡un of products of reactlon of3:8 (cE3o) 
|Pss / (cF 

5)ac=r-rH
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ÎABLE B (conttd)

J:9 Volatlle products fro¡a (Cn O)anOU/(CF3)ag=Nlr (C1llt Spectrurn.

I

t.r- t 
-a 

r ,- r . , ¡ - ...
It¡r,¡r...1....r.^*

3z1O l9F sp""trun of polyner fron reactlon (cnro ) rrcn¡ çcF, ) ac=NH. 
(c
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TÁBLE 3 (contt¿)

3:11 ÎE Spectrun of polyraer fron reactton (CHJO)AP On/(CFjrC=NH. (C)

t ts*äL*¿

.F¡

2-Anlno-1, l, l rS rj r3-hexafluoro-2_trlethylsll_oxy_

' , I i . . I , : . . I r. : i

1tl2 1E spectrun of

Propane"



(¿2)

ÎÂBrE 4
fnfra-red Spectra of products.

2-.â.n1no- 2- dlphe nylpho spblno- l, 7, 1, j ¡3, 3_hexa. f J_uoropro pane .

4:b 2-An1no-2-dlpbenyrphosphonato-r rl rr rj rJ rJ-hexafluoropropane.

4:a
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PART 2i, : Pretrlaration of Organometallic Derlvatives of

1 . 1 , 1 ,3 . J , J-lfexafluoroisopropylidenimine .

1 . Preparat-ion of 1 . 1 . 1,J,J.J-Hexafluoroisopropylid.enininoLithiun?7

Four-point-five n1l-IilJ.tres of a 3"3 nolar

solutlon of butylllthiun (1On¡noles) ?/ere placed. in a 1O0n1. boiling
flaskrequlpped with a high-vacuì¡e stopcockrgnd a dropplng-fuuneI"

This was attached to the vacuurÊ llnercooled to *1960 and evacuated.

1, l, 1 r3 13 rJ-Eexafluorolsopropylidenimine r2"48gn. (l 5mnoles) wae

dist1lled lnto the flaskrwhich was tben allowed to warm up slowly

to room tenperature 1n a Dewar flask. Buta¡¡erexcesÊ hexafluorolso-

propyl-ldenlnine and hexans Frere punped off to Leave approxinaateLy

'l "78n. (lOnmo1es) of l rl ,1 ,3r3rJ-hexafluoroisopropylidenlninollthiun,
a gelatinous brorvn sol-id. A eolutlon of thls materlal 1n trichloro-
fluoronethane shows a singlet at +71 "5ppn. ln the flr¡orine Nt'lR

spectrun, (Table 5:1 )

This compound was eiaployed as Èho interrnodlate

proselytise organometaJ-Iic compounds to derivatlves of the iml.ne"

a well knotvn procedure.

2. Prgparation o fl., 1 
" 

1 ".J , ]. J-TIexaf luoroisopropylideni¡oinot,rÈ-
27nernyl.sil-ane. ' (cHJ )fsiï¡=c(cF3)2

Trinethylchlorosilane n 1 "O9gm. ( 1 Omuoles) rwas condensed.

onto 1 "?9.û. ( 1On-noles ) of 1 ,1 , 1 13 13 rJ-hexafluoroleopropylld,enimlno-

llthium cor¡tained in a 100m1. boiling fl-ask at -?Bo" The nixture rr

l'¡as lvarmed up to roorn tenperature and shaken for three hoursrafter

which tj-ne compl-ete conversion to ihe product had occurredrleavlng

a precipltate of li'r.hium chlor'J.de. The vo1atJ.1-e product rvas purifi-ed

t,o

1n
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by trap-to-trap distirration. Pure ¡naterial weÍ-ghlng z,zgm (yfeld

92.4%) Y¡as obtained. The fluorine NMR spectrum shols a singlet at,

+71.5ppm. and the protoa NMR spectrun a singlet at -O,J2ppm.

The lnfra-red spectrum and mass spectrun are reported tn
reference 27,

J ' PÌeÞaratiôn o f 1 . 1 , 'l .3 . J ,5-Hexafluoroisoþropylidenimlnotrt-
methylgernane. (cEr) 

r$eN=c 
(cF, )z

Trinethylb-ronogermane r l,9BgIn,, ( l Onnoles ) was

condensed oato 1"7Bta. (1Onnoles) of l rl rl o313r3-hexafluorolsopropyl-
ideni¡¡inolithium eontalned in a lo0m1. boi-ling frask-at -?Bo. The

mixture was warmed up to room temperature and shaken for 12 hours

to ensure conplete reactlon. The prod.uct was redlstilled several

tintes aud accurate molecular weight deiernlnatÍon by mass spectro-

netry gave the followj-ng results:

ei¡ecies

(74cu) (cr, )rcel=t (c,'l 
z

(?4c*) (cnr)reeu=c(cFj)z

The fluoriae NMH :spectrum shows a ef_ng1et at
+?0.7pp¡a" and Èhe proton spect,ruü a singlet at -û"54ppm,

The infra-red spectrum (fa¡te 6:S,) exhlblts the

C=lÌ streÈchJ-ng band at i698cr¡-1.

The mass spectrum shols the followl_ng roaJor peaks:

(see over)

The hi-glt resolutÍon üass spectroraetric aeasurerents were

caffied out by the mass spectrornetry laboratory of the chenletry

departnent of the Universlty of Alberta"

Yield: 2.69n. (91%)

nâsa

çêlc.
2B2"gB5Og

267. "96161

found

282,9842

267 "9609



m/e

¿o)

268

218

138

119

104

165

B9

6g

51

(74cu )

G5)

abundance (%)

3

6

5

2"5
100

14

33

5o

4z
13

]-0n

( (cnr)rcen=c { cr r) r)o (M)+

(t,r-cHJ)'
(cun.nu-nGe )*
{ {iu=)=GeF)+

J)
( (cR=),Ge)*

))r
( (cIIl)rce ) '

(cvr) rcnr ) 
*

(cn ee)*
(cr5)-.
(cF2E)-

4-, Preparation of 1 . 1 
" 

1 .J,J" 3-Hexafluonoisopropylideniiai.notrl-

nethylstannane" (Cn, )rSnr''l=C(CF, ),

A sclut'i on of trimeÈhylchlorostannaneu2,O0gm"

(1Omnoles) in 10n1, of triahlorofluoronethane was ad.ded t,o 1.?gn.

( i Onmoles) of 1 , 1 ,1 13 r3 r}-hexafluoroisopropytldeni¡"¡inoli'chium

contalned ln a 1O0n1. boiling flask at -?Bo" The solution was

rvarmed up to room Èenperature and shaken for 12 bours Èo ensure

conpleteness of reactlon, Th.e trichlorofluoromethane F as di.sÈl-Iled

off and t,he oily prod.uct.Ftas purified by trap-to-trap distj-I1ation"

Yield: 1.BJsn.(BO%) 
"

The fluorlne llivIR spectrum shows a singlet at

+fl"Zppro. and the prot,on llllR spectrun a singlet at -O"54ppxt"

The j-nfra-red spectrum exLibits the C=N stretching

band at, l66zcm*1.

peaks:

Tbe mass spectrum shovrs the follovllng najor
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3zg (12oso)

114
299

214

195

t65
13,
120

96

69

5t

(46)

abundance (%)

a3

2

10

B,
r00

3t
42

3o

7

14

5

fon

( (cn, )rsnn=c tctr) r)+ C¡¡*l
(M-CH, ) '

lv-zcnl)* !
( (cnl)jsnr)'
( (cnr)rsn) '

( (crr)rcuu)- e (&nr)rsn¡
(cursn)'

(crrcun)+
(sFt)' 

,

(ctr'rH)-

in the comect lsotopic ratlo.The tia lsotopes are

Ânalysisrsee over

5. Preparation of 1 o I .1 ,J o j,,-Hexafluoroisopropylidenimlnotrf-

methylplu¡rbaue " (c 
nnr)reuu=C 

(cFj ) z

A dlethyl ether solution of 4"?29¡a. (lOnmo1es) of

trophenyl-chloroplumbane u¡as added to 1"?g¡a" ('lOmmoles) of l 
'1r1 ,31303-

hexafluoroisopropylideniminolithium contalned ln a 100n1. boiling
flask at -?Bo. The reactlon nirbure rvas v/armed up to roo¡a temperatune

and shaken nechanically for 24 hours to ensure completeness of ,.,,.

rea-ction, The ether vras removed and the oily residue dlssolved in
tri.chlorofluoromethane. This solution waa passed through a filter
plate under vacuua and the solvent was renoved by disiillation.
The reçidue c¡as oubjected to mass spectral analysis and was found

to contaln only a snaI1 proportion of the d.esired product,sbowing

a molecular ion peak at, w./e 603 for the Zo8P¡-"ontainlng ion,r,iith

the other lead lsotope peaks j.n the correct abundance ratlo.
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Due to the low ylelds obtained. and. the relatLvely hlgh sensitivity
to hydrolysis,hence difficulty to purif¡rrthe lnvestigation of thls
conpound sae not pursued further.

Analyses:

(cHf )fsnN=ç,(cF5) z
calc; Çt21 ,99o, tlz2"77%i î:34"??%

found; g z22.OB%; g¿2"86%; F:34.43|z6

(c685)3PbN=û(crf )a

precluded,

sl-th dilododl-nethyltellurlun ( IV) .

A solution of dliododlmethyltellurj-un(IV) r2.06gn.,
(5nnoles) ln lo n}. of dietb.yl ether rvas add.ed. to 0.85gn.(5n¡noles)

of I rl rl ,3r3r3-hexafluoroidopropyrid.enluinorÍthlum contalned ln a

tOOnI. boil-ing flaskrcooled to -ZBo. The rnlxture vÍas wa.rned, to roon

tenlær ature and shaken 1n the dark for three hours. The ether
solution was flltered in vacuo to renove tlthiun iodide and. sou-d

by-products. The ether vag dlstllIed offrleaving a goldea-yerlow

oirrvrhlch decomposed rapidry on exposure to heatrlightrmoisturerthe
atrnosphere, or on pumpÍ-ng. Forrnation of either d.j-rnethyl-1 , I , 1 ,3 13 r3-

6.Reactlon of 1.1.1 Hexafluorolso lideni-ninolithlun
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bexafluoroÍ.sopropylidenimlnoiodotetluriun(IV), (XIII) ror bie{l;,1 0.1 ,

3 13 s3-bø¡afluoroisopropylidenimino ) dinethyltellu¡iura( IV) , (ÐV) ,

would be expected.

frF=
N=C' J

'*r-l-.ttu'
cnr'z i" 

"

ï
XTÏI

w=c/cF3
,*¡- j-.ttu,
*rt 

i='"!u,
lF-

2
XTV

The ñlfR spectra would be expected to be sÍngtet
peaks 1n both the fluorine and proton modes, The spectra of the

olly product i.n CFtl, solution shows a large number of unresolved

broad peaks. The masË spectrun of the oil shows peaks due to
(CEr)i e* and. fragments of the (Cnr)rC=N- grouprbut ao fragmerrts

r'¡hich can be assÍ.gned to either of the above co¡rpounds or their
simple breakdown products. A nunber of hígh molecular weight peaks

up to the l1nit of the spectrometerl;s resol.tÌ.ti.on 'also appear,

lndicatirg pôlymeric species. Repeatlng the experlment several ti¡rea
gave the same resultsrand lsoIat,lon of any ld.entlfiable pure

compounda was found. to be inpoesiblerthus this reaction rvas not

pursued further.

PÀRT 2B : Cleavage reactlons of 1,1 
"1 ,3^3*3-HexafluoroLsonr;¡

opylÍdenlnine an4 Ít t s_ orga¡ronetallic derivatives-

l.Hydrolysis.
a, 1, 1, 1 13 13 r3-Hexafluoroisopropylldenimlne.

Þfld.dleton and Krespanzlreport the synthesis of
2-metboxy-1 ,1 ,1 ,S rJ rJ-hexafluoroisopropylaroine, (CnU)rC (tfHa)OCUr.
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by the reactlon of ¡eethanol wlth l rl rl ,3rjr3-hexafluoroisopropylid-
enlminerbut did. not report the NliR spectra.(or other). Thus ra 2:1

exces6 of the ini-ne was added to methanol in an NMR tube and shaken

at room tenperature for a ferv minutes. The fluorlne NMR spectrum

shovred a siuglet at +?B,8ppn. attrlbuted to the nethoxy-amlne. A

smaller slnglet (15% of the former) appears at +?g"3ppn.and is
pesunably due to the foraation of a certain amount of Zr2-dinethoxy-

1, 1, 1 13,3,J-hexafluoropropane, (CFr> 
ZC(OCE') Z" Adding approximately

O"Orgn.(16nnc1es) of water and 0",1,9,8"(l6dno1ee) of netbanol to O"6grn

(JO¡onoles) of 1 r1 r1 13 13r3-hexafluorolsopropylideninine and shaking

for a few minutesrresulùed in the foraatfon of the above products

and also hexafluoroacetone and itrs hydrate. These appoar as singlet
peaks 1n the fluorine NMR epectrun at, +g1.jppm and +82.2ppn.

respectÍ.vely.

b- 1 r 1' l r5 13 r3-F.gxafluorolsopropylj.denlminotrl.methylsllane.

Approxlmately 0.O1lgni" (,tr¡Ít¡sote) of wat.er j-n O"Olgm,

(2nno1es) of ¡sethanol nere condensed onto a solution of o"Jg¡l.,
( 1 "Jn¡nores) of 1, 1 o1 13 13 r3-bexafluorolsopropyridenlninotrimethyJ--

silane i¡ .tricblorofluoranèÈbaai:. The mirture sa6 warmed to room

temperature and studied by NMR.

After 1O minutes the fluorine spectrum showed the

characterlstlc two doublets of quartets of l rl rl ,3rjrJ-hexafluoro-
isopropylidenininert,ogether with sl-nglets aL +?B.gpp¡r. and +B2,2ppm,

due t'o 2-¡rethoxy-1 ,1 ,1 ,313r],-]nexafruoroisopropylamine and hexa-

fluoroacetone hydrate respectiveLy. The proton spectrum shows a

slngret at -0" lppn,coreÊponding to trimethyrsilanol-rand. also
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a emalL einglet at +O.O6ppm" aseigned to hexanethyldislloxane. The

latter was checked by addlng a small amount of pure conpound to

tl¡e mixture and noting a comesponding lncreasd ln the peak he16ht,

Àfter 2l¡ hours hydrolysls was conpleterthe proton

spectrun consisting only of silanol and siltixanerand the fluorine
spectrum only the singlêt peaks assigned to:

+7B,Bppn. (tFj)Ac(NEZ)OcEj
+?9,3pp¡0. (crì ¿c(ocRì z
+gt .Jppn. (cF rl rca
+82. 2pprn " rc\l rc toul*

c. 1 , f ,1 13 13 r}-Hexafluoroleopropylidenlnluotrimethyl-gernane.

Approxlmately O"O35ga"(2nmo1es) of water wers

condenaed onto o,Jgn, (1mnoIe) of I ,1 ,1 ,313r3-hexafluorolsopropylid-
eni¡oinotrinaethylgernane ln solution in trichlorofluoromethane 1n

a reaction tube coored to -1960. T!¡e uixture v/as warmed to room

temperature and mechanically shaken for 24 hours. Aft,er one hour

hydrolysls ¡uas shown to be Ín progrese by the appearance of the

t,yplca1 spectrun of I , 1 ,1 ,3 13 r3-kexafluorolsopropylldenlntrne in
the fluorine NMR spectrun, Aft,er 24 bours the M4R spectra indicated
a quanfltative yield of the lnlne bad been obtained,as the singl-et

due to the gernane had ,,i,dlsappêared and. t,wo doubtets of quartets

ldentlcal t,o the spectrunrTable t:l wer6 present,

The prot,on spectrun consfsts of two singlets
at -o"33ppn" and -0"52ppn attribut,ed to t,rirrethylgermanol and.

hexanethyldi8ermoxane respectlvely. The lntensity of the latter
j-ncreased with tj-¡se as the lntensit,y of the fogner d,ecreased due

to condensatlon of the germanol. After several days hyd.rolysis
products of the lnilne had appealed.
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Due to the posltive results obtained vrith the slllcon
and gerroanfun conpoundsri-t wa6 consldered supererogatory to perforgr

analogous reactions srith the.t1n and lead compounds,

2"Cleavage by Hydrogen Chloride.

a. 1 , 1 ,1 ,3,3 rJ-Hexafluorolsopropylidenimine.

condensation of a enalr anount of hydrogen chì-orId.e

fnto an exceÊs of I,1 rl,313r3-hexafluorptsopropylld.enlmfne eontafned

in an NMR tube resulted 1n au exothermic reacti-on. The fluorine NMR

spectrun showed a slngret at +77.lppm. Tþi s 1s attributed to
Z-chloro-1 ,1 , 1 ,3 r3rJ-hexafluorolsopropyla¡tf ne, (CFr)AC (NI{e)Cl.

b. 1 r 1 r1 13 r3rJ-HexafluoroisopropylidenlmlnotrÍurethylsllane "

A small anount of hydrogen chlorfde was ad¡nltted to an

l$MR tube conta1ning aÞ excess of the silane. The NMR fluoriue spectrum

was lnmediately run and shosed slnglets at +77"8ppm. and +26.9ppra"

intensity ratio ):lrthe former due to (Cî3)zC(NHZ)cl_ The latter
peak ls asslgned t,o (z-chloro-l 

o 1 ,1 ,3 rJ rj-hexafluorolsopropyramino)-
trinethy I silane, (ct 

r) ztc INTIS1 ( cHJ ) 3, 
pro duc e d by strai ght, f orç¡ard

additlon of hydrogen chloride to the c-ìI bond of the silane.

A 2"5:1 exceas of b.ydrogen chlorlde vras condensed ontÐ;,

1, 1, 1,3 13 rJ-hexafluorolsopropyridenininotrineÈhylsllane at -Z8o and

sealed in aa MtR tube. The nixture was allorved to v/arm up to room

temperature and the NMR spectra of the products in cFClrsolutton

Ìsere taken. The fluoÍ.lne spectrun showed only a singlet in Llne cF,

reglon due to 2-chloro-l o I ,1 ,3r3rJ-hexafruorolsopropyra:nine, The

proton spectrun conslsted of a slnglet at -O"Jpprn. due to t,rimethyl-

chlorosilanerand. a broad singlet at -l .BBpprn.assigned. to t,he a¡alno

group of the (CFj)2C(NHZ)CI.
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å, wblte solid separated out from the reactlon
lû{xture and was isolated by condenslng the liquld products into one

end of the tube and leaving the dry solid in the other. Thj-s was

subjected to lnass spectral analysi-s and revealed peaks characterj.stic
of (cF3)zc(NHa)clrthose above ur/e roo beiag weak as it was found

that the compound was hi-gh1y unstable towards disproportÍonatlon

at roon temperaturerrapidry llberatÍng hydrogen chrorj-de and

liquefylng (1, 1, 1 r3 r3r]-hexafluoroisopropylÍdenl.nlne) "

The nass spectrum shows the fo11owin6 peaks:

n/e

2o1 /2O3
185/187

165

69

51

'B36

37/35

assj-Fpment

( (cn, )¿c (lüHr)cl)+ (M+)

(M-NH2)'
-l(M-Hcr)'
I

(sFz ) '
JI

(sr2H)
(g37 cÐo

ZC, r(H"CL)'
Icl'

The unstable nature of this amine has baea

previously reporte¿. 28

c . 1 u 1, 1, 3 15, J-Eexafluoroj-sopropylideniminotrinethylgermane,

Hydrogen chloride and the gernane 'tvere reacted

toget'her in an analogous manner to the silane above. The Nl.{R spectra

indfcated formation of (cFj)zc(NHz)crrand agai-n the pure material
was isorated. A slnglet at -O,gppm.in'r,he proton spectrun was due

to trimethylchlorogeraane.
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PART 2c: Reactloaç gf xenoa Difl-uorlde v¡ith 1.1.1 .3,3.J-Hexafluoro-

fsopropylldenlmine and itts Organic alld Organometalllc Derivatlves.

f " 1 , I ,1 ,3 ,3 r3-Eexaf luoroj-sopropylideainlne in CIIrC$ solutlon.
A solution of xenon difluorfde (O"3BM) in acetonitrile

was shaken yrlth. au approd-nately 2:1 excess of l rl ol ,3tjr3-bexafl_uo-
roieopropyLidenlnine 1n an l{ÞfR tube for 24 h,ours at roou temperature.

After thls tine the fluorlne NMR spectrum reveared that 14% reaction

had occurredrw'ith a doublet peak appearlng at +80,.4ppn,(table j:Z),
with t=fiHq.. Thl.s j-s cliaracteristic of a (CF') 

ZCH: 
grouF o.r e.

(cF])acF- g"orrpl33'134. ïn the present ca6e the latter ie more

llkelyras the proton spectrum. of the reactlon nlxture shoss only

the solvent peakreven at very high gain¡wh1Ie a septet, in tne ðtr*
I

reglon wourd be expected 1f a (cFj) 
zcF'- grouF were pre6ent. The

doublet can therefore be ¡nore reasonably assigned to the (Cf,)ZCF-

group in heptafluoroi-sopropylauiee, (CFr)rCl'Nn' In thls case,due

t,o the low concentratlon,the septet arising from the cF group was

not observed in the fÌuorlne cearchrbut see II below, The chenical

sh:lf,ts and coupllng constant of this conpound have not been

reported,as it rapldly attacke gLaseZl(t), No otber prod.ucts were

observed in thls reactionreven when camled out at -2oo for sevon

days

If. 1, 1 11 13 13 r3-Hexafluoroisopropylfdsnimine with solid XeFa.

1 r1, 1 13 r3 r3-Hexafluorolsopropylideninine, O"]gur. (Znnoles),

were dlstllled carsfully onto xenon dlfIuorl-derO.54g¡,r. (2nno1es) in
an NMR tube, rat -1960, The tr¡be was allowed to vdarm to room tenperature

and left to st,and for 85 hourerduring whÍch tlme slow liberation
of gas was observed, The NÞtR spectra are shown j-n Table jz7 and 5:4"
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Ehe fluorine spectrun consists

shlft
+84"5 d.oublet
+82.9 doubLet

+28.6 d.oublet
+28"3 doublet
+78"1 slnglet,
+24.8 qtrartet ,;,

+72"8 doublet of
+1O"7 broad peak
+69"7 doublet of
+66.7 broad peak
+66.1 doublet of
+IZZ"O eeptet

quartets 6 Hz &

4Hz

peaks:

integratlon
1

13

3
1

2"5
6

2B,z 6

4"5
1,5 Hz 3

ca.4.j
SHzca¿3

'r3=

of

i ,!r::.J.-i;,'';1;3'

qu.a:rtete

quartet,s

the following

,: J value
2Hz
4Hz

4Hz
4Ez

6gz
6Hz&

6Hz&

The quartets at +74"gppn"and +?2,Bppm.are due t,o

unreacted startiag materi.al. The broad. peaks at +66.Zppm" and.

+7O.Zppno are asefgned to hexafluoroacetone azÍne, (Ileiftruorot2î5-

ilinefhyt-9r4-d1aza-Zr4-hexadieae) , (cnr)rc=tlN=t (gr.,) 
221 

, The doubtet

at +$2.9ppn, and the septet at +l22.Opprn. are assigned to hepta*

fluoroisopropylamlner (cFr)rcrnRr. The difference in chemlcal shlft,
for thls conpound found 1n Èhts experinent and the above experlnent
is at,tributed to a solvent shlft due to the acetonitrfleras a

sinilar shift is observed for the 1r1r'¡ ,3rjrj-hexafluoroÈsopropyl-
ldenininelv)-2.+/O'9ppm.and +fl.!ppmo. The doublets of quartets at
+66'1pp¡a. and +s9.?ppn, are characteristlc of non-equivqtent 

"u¡,-
6roupÉ ln'an USU1* systen. The spectrurn does not correspond, to that,

of N-fluoro-1 ,1 ,1 ,3 rJ rJ-hexafluoroisopropylideaimlne , (Cn, ),C=NF,

horvever, as the F-F coupli-ng constanta are z4:Èrz, and. lzïz.respect-
lvel-yl35rwitn JC¡._-C¡,_=6,5H2. The possibllity of the compound being

,t
I ,1 , I ,3 13 r3-hexafluoroisopropyJ-idenlninofluoroxenon(rr ) is not
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borne out by the f1uorine searchras sateLLite peaks due to coupling

of the CF" Sroups wltb 129ye rvould be easi.ly observablert,he natural)
abundance of 1'29xe belng 26.2%. The epectrun thus re¡rains enrgnatlc.

The doublet at +7B"6ppm, 1s again characterlstic
of a (crj)zcF- groïrprand lt 1s reaeonable to assign this to the

fornation of I,lrNt-bis(heptafluoroisopropyl)hydrazio*, (CF,)zcEt{Ht{HgF (cî1) z.

fII, l r1 r1 13 13 r3-Eexafluoroisopropylldenlninolithitm",,' _ :.,

A solutlon of xenon dlfluorlde (O.f8lt) fn
acetonj.trile wae ÍnJected into an NMR tube eontafning f rtr 11 ,j13r3*
hexafluorolsopropylÍ-deni¡nlnolitbiun prepared in situ by the ¡nothod

described on page 43ruslng tb.e reaction bulb il-lustrated below.

Tbe reaction tube was sealed after addltlon of tricblorofluorometþane

and kept at, -25õ,
TEPTUÞt

Reaction bulb for (CF,)At=NLl + XeF, experinents,

After 1"5 hours tho fluorine tf!1R spectrun appeared

as i.n Table 5:5,sith -thq¡.gheractg¡istie apeclruu oS::!_,r1ilF;3 o],J-hgxa=
fluoroleopropylidenlmine at +?0.Bppr. and. +fl,6ppn. rrvith two singlets
at. +l$'8ppm and +79.4pprn,and a doublet rl=6.Jfr.2" at +74,Jppn. After
lB hours the latter had dtsappeared and the two singrets had

lncreased la lntensity. However,the doublet appÊarÊ ureakry j.n some

preparations of the lithlun salt and can be ascribed to the forroation

of a small amount of decomposition product;-preeuuãbly frorn |rhot-

spottingt' durlng¡the preparation.
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It hae al-so been found that butyllltbiun ia
THF solution abstracts hydrogen fron acetonltrile qulte rapldly,
even .t -80o.156

C4HgLl CEjclt € tlCHzcN + t4ttO
Thus to test whether a slnilar reaction occumed

with l rl rl 13 13 rJ-hexafluoroisopropyli-d,enlninolithiumra I :l ¡rixture
of this conpound wj.th acetonltrile ryas prepared at -z5o and kept

at thls temperature for 1.5 hoursrafter whlch ti¡ae the fluorÍne
NHR spectrurn appeared. as in Table þ:6. The slngrets at +l6.8ppr.

and +79'4ppn. are therefore attributed to products arislng fron the

reaction of (CF3)ZC=NL1 wftb acetonj-trlIe rather than Eith xenon

d.lfluorid.e, The absence of l rl rl ,213rj-hexafLuoroisopropytid.eniroine
from thÍs reactlon does indicate that thls fs a product of the

latter reactionrhowever. The proton spectrum of thls experinent

sbotvs two singlets rat -2.0ppnrdue to acetonltrilerand. at -0.22ppn,
assigned, to lithloacetonltri1e rL1CEZC}Io

The reaction was repeated rrlth a solution of
xenon dlfluorlde in deuteroacetonltrile and the epectru¡¡ of the

products is shogn as Tab1e !:1. A.gala rl ,l 11 ,3rjrJ-hexafluorolso-
propylidenimine ls produced after compLeÈe reaction of the lithlurn
salt¡1.ê' (cF3)rc=Nlraot (cFr)ac=ND. Alsorthe doubret at +gg.4ppm.

ls assigaed to rcry h.gFNHa" vlgorous outgasstng was observed i.n

thÈse reactionsrand the slnglet at, +1B5ppm. due to xenon d.ifluoride
disappears,shonlng that a rapid reactlon bet¡yeen the salt and. XeF,

takes place. a white preclpitate formsrand. in one run thls sas

feorated and. drledrthen lnvestigated. by x-ray diffracti-on uslng
a Plcker Type 6t4z diffraction unit fltted with a unícan s-?o
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powder camera, A second rÌrn rva6 nade on a purê sample of lithiun
fluoride and the photographo were compared as shown in the ptate

ora page 6)" It can be seen that the soLfd product fron the reaction
consists mainly of llthium fluorlde;the extra falnt lines are due

to the preaence of, a few perceat of lithiu¡a fluorosil1.cate.l3?

Finallyrrepeating the reactlon in a Teflon reaction
tube again gav€ rise to l r l r l r3 r3 r3-bexafluoroisopropylidenÍn:ine
a6 a naJor product,

. ïv. 1 r 1 ,I ,3 ,3 r3-HexafluoroisopropylldenluinotrlmetbylsiJ.ane,

1, 1, 1 13 r3 r3-Hexafluoro1sopropylideninilrotrÍmethyt*
sllane 

"e"j6gp.(1 "5nnoles) was condensed onto o.lZgu, (lnnole) of
xenon dlfluorlde contained ln a franed-out t-tube at 2Jo. The

rnlxture was heated. at 4oo for four hoursrduring which tlue gas

bubbles were slovrly evolved and the crystaÌ d.issolved. The products

u¡ere dlstilÌed lato a earefully flarned out NïÍR tube whlch was

then seaLed. The fluorine spectrum shoss the following peaks:

che¡nical- shift arrpearance+ coupllng constant
+7î"lppn. doubLet of quartets 6nz & Z"1nz.
+fl1 ,lpprn.
+T3.3ppø
+155p.¡n.

proton spectrun:
+0" 1 9ppn,
+0.]ppm"

singlet
doublet of quartets

degtet,.,

doublet
singlet

6gz & "tïrz.

7 "1Ez

7.rH,¿.

Heace the products of the reaction are lrlrl r3r3r3*
hexafluoroisopropylldeniniae.,and trlnethylfluorosilaue, The sa¡ae

products are obtained when the reaction is carcled out usfng a

solutlon of xenon difluoride in deut,eroacetonitrlle.



Plate I. ,'
f,eft: Ðf-f fraetioa
pattern of Lithium
fluoride.
Right: DÍffraction
pattern of product
of reaction XeF,
+ (ctr'r)rc=wlt,
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V. l ,1 u1 03,3 13 o-Hexafl uorolsopropylldenlnrlnotrlnethylgernane.

The reaction between tLie derÍvatlve and 6o1id

xenon difluoride was carlied out as for the slllcoa derivative
above. Thle reaction sas E¡ore rapld than the 1atter aad outgassi-ng

of xenon occurred at a noderate rate at roon temperatureo The

crystal of xenon dlfluorlde had cornpletel-y dlsappeared after about

three hour6' The I{MR spectra of the prrird.ucte shosed. that again the
parent lmlne had been producedrand the characterÍstlc dectet of

the ¡oethyl groups appeared at -O.!ppn,

þ

trlnethylfluorogerËta¡e appeared at +1!O.2ppn. wlth J*=6.ZHz. fn the
protou spectrum the doublet of

Repeating the reaetioa

uslng a tDrCN solution

of XeF, 1n a Teflon reactlon

tube_showed once again

onJ-y (CFr)aC=Ng_ as product.

19F 
""ronance of (cFr)rGeF.

vr. 1 , 1 ,1 13 13 ¡]-HexafluorolsopropyridenimlnotrirnethyrÈtannane.

the reactlon was canied out 1dent1caIly to
those aboverbut Liberatlon of xenon was nuch Erore vigorous. After
1 "5 hours at rooll tenperature excess startlng naterial and. (Cfr)rC=Un

product were distilled off and a whlte soÌid. renained,. This was

subJected to nass spectral analysis and found to be trinethylfluoro-
gtannaae,



(60)

TABI,E q

fiMR Spectra of products 1n part 2

@

(c5¡<.vr,

?4

itl l9r sp".trun of 1 r I ,l r3 t3 r3-HexafluorolsopropyU.denlninollthiu:

fl

tó

5:2 Products of reactLon (cF1).C=NH + XeF, in CHrCN.l9f Spectrun.
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TABLE 5 (contrd)

5r3 l9l' spectrun of
CF, region.

products from reaction (CFJ).C=NE + XeFr(solld).

*i+

'{w{t

,l ' ' I ''. .i..^-.r.-.^-l^...

5:4 19F spectrun of reactlon (crr)re=IlH + xeFa(eorrd).
Sweep offset +?OOO$2.
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TÂBIE 5 (cont'd)

+.+.h.: á

Spectrun of producte reactlon (CFr)2C=NL1
2¿-

@

525 19, * xeFa ln CH-CF"
2

Gã\ad..cåd r:,
_ct\ú

lú¡.

5t6 l9F sp""trun of producte of reaction (cFJ)ac=NLi + cHJcN.
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TABLE 5 (cont,'d)

Spectrun of products of reaction (CF,)aC=NLi + XeF, in CDTCN.
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ÎABLE 6

6:i t r t , t 13 13 r3-Eexafluoroisopropylldenlmlnotrimethylgermane (neat )

-@{*ttð.- -- i!
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RESULTS AND DISCUSSION

1" Additfon of l"I-H contalnln8 compounds to (CFr)2C=NH

a. Diphenylphosphlne.

The inino group,C=NHrls lsoelectronlc wlth the

carbonyl grouprand azo¡nethines shorv nany sir¡lIar reactlons to the

corresponding carbonyrs. The c=N bond i-s polarlsed^ (viz.-ä=lt:) and

Èhe carbon aton ls hence susceptlble to nucleophllic. attackrwhich

1n the case of the perfluorlnated clerivatj-ve (tF') 
AC=NH'f s enhanced

by the highly electronegatlve nature of the trÍfluoronethyl groups

and resultant large negative lnductive effect. One reaetion Ín
vrhich the two functional groups differ is hydrogenation; where

reduction of azomethÍnes to secondary amines is easily caruíed

out by several- nethods which are not generally appì-icable to carboayls,

for exanplerwith reagents sueh as lithiun alurnÍai-um iryari-d,el38,

sod.ium borohydrr¿" 1 J9, d.inethylanine-bo"*rr" 1 40and formic acÍd.l 4Il.

The:reacÈion of diphenylphosphine wlth 1 e1 11 "-
1,3 r3-hexafluoroisopropylldeninlÌ?e occurs easrly by nucleoph1lic

attack of the phosphorus at the carbon to yietr-d z-anino-2-d1pheny1-

phosphino-1 , 1 ,'l ,3 ,J ,J*lnexaf luoropropane (IV, p" I 9 ) , No evld.ence for
the formation of (9,F3)acElrËp(c6}r5), wae obtained. The raatú l_ndicatlon

that IV j-s the product Ís the coupling constant of 17.|[z.6f f,þ¿i.::,._:

douÞ1et associated. with the cF, groups in the 19¡'tn¿n epectruu.

This value ls too large to be assoclated with F-E coupling ln the

isopropyr group but ie of the expeeted, order of nagn:ltude for
F-P coupling acrogg three bonds for phosphoruo(TTI)" Alt,hough

cornparable grouplngs have not been cited fn the lit,erature to
da'berJanzen and VaJ.ayal42hao* recently prepared the hexafluoroacetone

adductrwhJ-ch shows a doublet in the cF, regi-on of the spectrum
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Eifh a couplln8 constaat of 19H2. This reaction is also compllcated

by thd reamange¡re¡rt to Ëhe phospb1-ne orl-cie r(CF3)ACHP(O)(C5,Er)rra

prev:iously docunenÈed reactiou!4f s,rpport for the assignment of
rv would be also provided by the 31p up"*trumrwhich would shory a

septet' Howeverralthpugh a sample ìvas prepared for thÍs lnvestigati-on,
it deconposed i-n transit. purther support is given by the masg

spectrura of rv which e*hfbits an abu:rdant peak at w/e 166 due to
the (cfr)rðm, ionrprod.uced by cteavage of the p-C bond. Flnally
the lnfra-red spectrum showe aseyømetric a.nd- Ê)nÊr'letrLe stretehfng
modes sf an amÍno group at 341ocn-î and.334a"*-I"uupectlvelyrand

tb.e N-H sclssorlng mod.e at l6l8cn-I .

Trfvalent phosphorus eonpounds a.ro nornally
oxidlsed to the correÊ.Dondlng phosphoryl derlvati"¡ee by raolecular

oxygeB even in the absence of catalysts,144tu" E,eaction has been ,,:

shown to invorve free radlcar proceÊsesraË radical lnitiators
accel-erate the reactionrwhereas hydroquinone inhiblts it-. Thi¡s

coupound ïv is quite easlS.y oxldlsed to z-amino*z*dlphenylph.osph-

onato-l, 1, 1 r3 13 r3-hexafluoropropaneu (V;p.21 ) "

b. Dlphenylarsine.

Reactlon of diphenylarsine sith l rl rl ,3r3rj-
hexafluoroisopropylidenimir,e ls fast, even at room tenperature (see

p.24)rbut a stable adduct does not appear to be produced" This is
ln contrast t,o the reactlon with hexafluoroacetone,where the onry
prod.uct is the well-characterised. compoun¿ XVl42

tt3\^,/ot
cn;r"ra¡ -c6H5

\^"
'6n5

XV
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The reactions of AsH.Î45to¿ metbyl arsinesl46hnu" also been cagied2
outrwith analogous results, curlen and styaol46p"opose that the

products a¡1se by nucleophilj-c attack by the arsenic lone-pair
at the carbonyl carbon. Thus the analogous reaction of diphenylarslne

with (Ctr.J)rC=ìtrH to produce (CFf)Zc(NH2)As(CrHr)a would be expected,

Howeverrv¡hen the reaction is cami-ed out uslng an excess of elther
reactentrthe products are the sane ln each caserbut the arsi.no-

ânlne ls not isolated or ldentified. fnstead the reduction prod.uct

1,1,l ,313rJ-hexafluoroisopropylamtne and. the dimer tetraphenyJ-dlarslne

are the najor productsrtogether with an uuidentlfled volatile liquid.
apparently contaì-ning a (cF4)zcH- grouprbut no arsenic or phenyr')
groupa. The most reasonabre candidate for the latter is 1rz-( l1111-

3, 3,}-hexaf luoroisopropyl ) hydrazine r ( CF, ) rCnnnn'nCH 
( CFf ) r, vrhich has

not been previously reported. The parent, ion for this conpound is
not observed j-n the nasa spectrura,but this cor¡ld possibly be d.ue to

the ease of creavage of the N-N bondrwhich wourd be expected to be

quite v¡e¡k due to the large electrone¡iative groups bohdocl to each

ni.trogen"

To account for t,he observed produàts 1t is
necessary to asauBe the internediate formatlon of (CFl)zc($Hz)AE(c6Hìz

followed by reaetion of thls with a further molecule of dlphenylarsine,

al the carbon-arsenic bond:

v¡hich

bond ia the adductras the AsAs

fifu (crr)aä:Rs{cuwr), \ (c'j)zrHNHz
;H ' H-As(crnr)a 

-(cnnr)ras.ts(c6nr),infere an exceptlonally weak As-C

bond dissociation energy has been

deternined as 3ïkcaL/nole in ì.ÍerAsAsM"aJUB
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Although the 1¡aino group ln (cF,)rc=lüI 1s very weakly baslcolts
nucleophllicity is probably cornparable to the carbonyl group 1n

hexafluoroacetone,and the latter is knowa to act nucleophilically
in some 

"""""J28'146'14? 1ou6 a possj.br-e slde reaction sourd be

the fornatlon of the lso¡¡er (cîìzcfrìfHÂs(c6H5)zrshich again nay

react:

2 (cr, )2CBNHA s(c 
5F'r) ,>(cr, )acmrlecH (cF5 )2

(c6Eì 
ahsAs(c5Er).

by nucleoph1.llc attack of nltrogen at,

aÌ6enic.

c 
" 
Dinetbqrl Phosphlte.

Dl.atkyl pbosphites have been reported. to
ad,d to hexafluoroaceton*l 28u.od. azonethio""l49to form adducts,The

former has been shown to prod.uce a mixture of 1so¡nersrthe relatlve
amounts dependlng on the a1kyl groupsrwhereas the latter appears

to 61ve predoninantly th.e:,¡rnine, Dlnaetb.yr phosphlte has the

structure XVfrand exhÍ.blts nucleophj-llc activlty toirards strong

electrophiles. In the ease of hexafluoroasetone additlon of tbe

ffilo>=4
crrol \u

P-E bond, to the cgrbonyr group occllra eas1ly at roon tenperato""l2S

to produce isoners VfI and VIII (p.??)in the ratio 9426. Ân

analogous reactlon might therefore be expected wlth (cE1)zc=NH to
yierd (cF])2c(om2)p(o) (ocEl )2 (rx,p.271 and @rr)zcHNHp(O) (OcH3)2

(X'p.29)" Crystals of naterial corresponding to such additlon
products were obtained but only in snalr yieldrdue to a number of,
cornplex slde reactions ¡vhich took place to produce a la¡ge number.
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of un:identifled productsrlncludlng a conplex polymerrand. also in
tt¡o casesrconpounds vrr and vrrr. The occurrence of the latter
conpounds lndlcates that hexafluoroacetone j-s produced by hydrolysis
of the lnino groupraad subsequently reacts with dlnethyl phosphite.

Ilydrolysis could occur as a side reaction wLth vrater prod.uced in
the poly¡rerlsation procesa. The polyner obtained. contained cF,
groups in several dlfferent environments as evldenced by the

spectrunrTable SzlOrand also nethoxy groupsr1able 3:11, The

6sçþan'i 6BE responsible for the forrnatlon of organophosphorus poymer6

are not fulLy understood and the structures of most have not been

elucldated.rso that it is regarded. as ped.estrlan to reprod.uce

here tbe a¡ray of postulated nechanisns for thÍs fietdrwhen the

experlnent iê irreproduclble;instead a number of exhaustfve

revlewe can be refened tol441150'151

d.Trirnethylsilanol a¡d Triethylsilanol
TrlnethylsllanoI reacts wlth hexafluoroisopropyt-

ldenlmine straightforwardly to produce the siloxy-anino compound

xr.(p.29)" the reaction produces approxinately equal- yield.s of
(cF3)2c(r[rr2)-osi(cnr), ano (cF,)2c(oH)osl(cH,)' as evid.enced by

their NlfR and aass spectra. The reason for this is the unstable

natu¡e of the silanol group,whlch Ís particularly marked. in
trfunethylsllanol4frvitU respect to the reaction:

2 (cH,)rsion 

-) 

(cnj)lslosi(cnf)j + Heo

The water produced i_n this reactlon ¡¡ould hydrolyse

the 1 ,1 ,1 Ð3 rJ rJ-hexafluoroisopropylidenirnine to forn hexafruoro-

acetone,which rvould compete with the lnine in reactlon yrlth the
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trinethylsilanol-" The triethylsJ"lanol reactlon appears to produce

nainly cornpound XII,in that the I'IÞIR spectrurn 6hor/s only a singlet
in the cF, region for the crude producis. The ¡rass spectrun is
indicative of rc83) zc(NHz)osi(crr,c*l)3 rather than (cF) 

zc(OH)osi 
("zrì j

(see p.31).Howeverrdue to the poor analytlcar correspondencerthe

compound cannot be positively identi-fied.

The mechanism of sllanol addition to double bonds

is again considered t,o involve nucleophilic attack of the oxygen

aton at the fueino carbon. The stability of the hydroxy conpounds,

and therefore by extensionrthe arnfno compounds,has been suggested.

to depend nainly on the strength of the si-o bond due to pr¡ùrr-

bondíng,and on the stabilising effect oû the c-o bond exerted by

the proxinate trlfluoronethyl group"l 29 11521153

e. Silanes.

Products r,vith hexafluoroisopropyl.i deninine

would probabry arise on iryadiation with ultra-violet light. rn

the case of hexafluoroacetonul29,,"boornarrt ad.d.i-tion takes place

to give alkoxi-des rather t,han alcohlos and an ionic mechaniem j-s

proposed. Ïn the caee of the imÍne analogous reactlon would produce

silazanes of the perfluoroisopropyl grouprnot otherwise easily

obtained.
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2.0r6anometa1lic Derivatlves of t,he (Cî3) 
ZC=N- GrouprDerfved

Fron (cFl)zc-gI¿i.

The compounds l4erl,IN=C (CF j) Z where M=Group IVB

elenent are stralghtforwardly prepared by the metathetlcal reaction

and in the case
21

fluoroacetonel

(cEl)zc=Nl,i + )0,r(cH5)' * tix + (cnr)rt'rl=c(cî3)2 (M=sl,sn,Ge,pb)

of Þf=Crby the reactlon of roethylamine with hexa-
POCLz, Py

(sF5)roo + HzNcEf (cvr)rc=NcH].

The structures of these conpounda å.re not alwaye

certalnrae borne out particul-arly by their ÌlÞÍR spectrarwhlcb for
the compounds of SirGe and Sn consist sinply of a slnglet for the

metbyl groupsras expected,and a slnglet for Èhe trifluoronethyl
groupa" A tenperature study of the fluorine spectruu of the silicon
derlvative showed that the slnglet perslsts urlth no tendency to

broaden in the range -gOoto +to09 This is ln contrast to the parent

j-nine itself G.37) and the N-nethyl derlvativerwhlch 1atter shows

two quartets of quartets in the fluorine spectrum and a quartet

of quartets ln the proton spectrunr.

Fron this it can be seen that the two purely

organic conpounds exlst with an angular structure with spz nltrogen

and a ì-agge bamier to lnversion about tbe nitrogen.(XVff )

tur.,^ 
^,/*'r(*)

/'=t:'
cF-)

XVÏÏ

The corresponding metal derivatives would

therefore seea to possess equivalent trlfluoro:nethyl groups. This

J-n turn i-roplies that either exchange,or rapld syn-anti lso¡rerisation
j-s occurring at the $-M bond. Several- lnvestÍgations of lso¡nerlsa-

tj-on about the C=N bond. have been carried. aut27 1154¡195
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lvo mechanisms for syn-anti isomerisation have been reportedran

out -of-prane rotation of the lI subst,1tuent156-158,o" an in-plane

lat,eral shiftl 59'l60rwhich are illustrated 
^"r155

For p-substltuted ffi-phenyl derivatlves of the

(cî3)rc=N- grouprthe results fron¡ kinetic stud.ies by ri-ne-shape

analyslsiof NltR spectra at varÍous tenperatureel5?nuo" been i-nter-
preted as arLslng fron the latter mechanisu for the p-No"_ coqpound,

and the forner for the cLrF,cEjorand cH, compounds. The reslectlve
proposed transition states are shown by X\IIff aad XIX:

**')'rr'/

rotatj.on

cF_
J*

^_ 7'c=ìÏ=çÞr;{-
u..c -t

XVTII

'.7=n/)

lateral sh:ift

*"**Ø.

cF-r) ïrx
Thus J-t can be seen that on this interpretatlon,

that when Y ls H or cÉrrthe inabi-lity of these groups to forn

conjugated lnter¡nediates would result in negligfble isonerls¡o at

nornal temperatures and henee the observation of non-equivalent

cF= Sroups in the fluorine NMR spectrunrwhich is the case" This)
fact also impl-ies a low rate of proton exchaage 1n the parent imine,

ïn the case of the Merl,f- dertvatj_vee there

are several possible reasons for the equivalenee of the CFr groups;

a.Àdegreeofpn-4r1nteractionbetweenthen.itrogentone-pai.r

and sllicon vacant d orbJ.tals. forming a ¡oolecular orbital of an

aIlene type.This reductj-on ln bond order for the c-N bond should

therefore be reflected ln a lowering of the stretching frequency

and so conaequently a red shift of the absorption band in tbe infra-



red spectrun. The

Y

Q3)

frequencfes are adunbrated:
subst,ituent

-E
-cH-
-sl(cE- ) _))
-Ge (cH- ) -22
-sn(CH- ) -))

Thuerfroro this tabulationrnothing can be j.nferred

regarding euch overlap.The comparatively low frequency for the

parent lnine is presumably due to effects of hydrogen bonding.

The subsequent red shifts obtained in the netal d.erj-vatives are

probably nainly a reflection of the increase in mass of the sub-

stituents.

b. Exchange of the Y substituents via the four-centre

internediate XX. (cH-),s1
tu]-.,']" ,7 '\n 

-n''c,3cF/"-"\, /'-"\r,-- 3 rcH3) 3\i 
"- 3

XX

This process would be expected to be highly temperature

depend.entrbutras noted aboverthe fluorine spectrum remains unchanged

over a rv1.de ternperature range.

c. Fornatlon of the diner XX as the predominant species

in the liquid state of the compounds. Thls should be weakly bonded

and vrould be expected to be spllt i-nto the ¡nonomer ln dilute solution
wi-th a donor solvent. However,as a test of this a ternperature st,ud.y

of an approxiraately O.1I'! solution of the tin d.erivative in diethyl

ether was camied oui. IIo change from a si-nglet in the fluorine
l{MR spectrum of t.his compound was observed as l-ov¡ as -600rthus
the explanaLion of these apparently anoualous spectra pends further

studies

C=lI stretching frequency
1 6?5cn'1
1690

1770

1698

1662
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S"Reactlons of Xenon Difl-uorlde wi.th Organonetalllc Cornpounds.

From the results described on pages 5?_rg it is
shown that xenon dlfluorido reacts wlth the metal nitrogen bonds

of the compounds (CF3)Z1=t{tf(CHf ), to produce the trimethylmetal

fluoride and (crr)rc=trR. Mechair-isms have recently been suggested

for the reactlons of xenon difluoride as a fluorlnatlng rg"ot?o'l0o'161

rn the case of good fruorld,e acceptorsrthe exlstence of the xeF+

Íon has been establ-1stre¿9otloorand for reactions of xeF, wfth

aro¡aatic conpoundsran EF eat,alysed reaction involving xeF+ and

xeF' b.as been suggestea!6r ïn the present caÊe the reactlou is
more likely to resemble the former caseracting as a fluoride fon

donor to the good acceptor Ï"ferM- giving the MerMF derlvatlves with
the internediate formation of some type of xe-N lnteraction.

+(ct'),c=NM(cH])J*x"¡'2_(ctt,),ur+Gt,),c=N...XeF
This lnternediate would then be expected to ranldì.y decornpose to
yield the N-fluoro lmine and xenon. Horveverrnone cif the former was

observed but only the parent lmlnena possi-ble expranation for
which nlght be that the N-M bond 1s actually clearred by HF, on the

other handrit has been found that no detectable reaction occurs

between xenon dlfluorld.e and C-H bonds Ín organosilicon ccmpound.]6e

thus obviating the nethyl groups as a source of hydrogen by direct
reactlon- Furthernore the reaetion of HtI i¡rith an excegs of the

iminosj-lane(p.5lrshowed that cleavage of the Þf-ll bond and. ad.ùition
to the c-N bond E'ere conpetit'nre,(cFr)ac(NHa)cl being formed. Thus

in the present reactions 1t would. be expected that 6one (CIlf)ZCFNII,

rvould result if HF r/ere tnvolvedrbut thls conpound. is not observed,

rt J.s therefore suggested that the intermedlate (crr)¿c=¡¡---xeF,if

formedrreacts with nethyl groups to form fluoro-substltuted methyl
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groupE, for exa'nple, (CEJ )rCHrrun, ßE.ZF) ZCH]MF A (cfl )aC=NM(CH j) ZC.HZF,
(the inino derivatives belng in excess)rliberating xenon and givlng
the parent lnlne. The spectra of such prod.ucts r'¡ou}d be cornplex

and 1n low concentratlonsrwhlch u¡ould preclude eaÊe of observation.

The expected vrealcness of the xe-N interaction coupled wlth the

decreased. acceptor strengths of the metals due to the electron-
wlthdrawlng group substltuted sou1d. explain the observed 1os rate
of reactlonrand as the rate lncreasea as M ls Ìower in the group,

thls ls 1n accord, rylth the lncreased acceptor propertles of the

netals going dùwn the grouprand the decrease in stabirlty of the

M_N bond ,^45154-59

She reaction of xenon dlfluoride with (Cfr)rC=UU

appeara to be conplex. Here the naln products are heptafluorolso-
propyranlne and hexafruoroacetone azinertogether wlth another

unidentified naterlal, Tbis suggests that IIF is produced 1n the

reactlon and adds on to the c=N bond of (cF')zc=NH to produce

(cry)¿cFNHz. The lnj.tfar formatlon of EF ls probably by direct,'.;

reactlon between the lnine and xenoa difluorlde;
(ctr)ac=uu + XeF, 

-+ 

(Çrr) rc=n\|- + EF

(frr)ac=lrr + Xe

To account for the formation of the other products,

the foltowing reactions are postulated;

(CF5)ac=NE + IrF 

-) 

(Crr)rcrun,
(cr, )re=rn + (cvr) 

rc=NF ---+ (crr)ae=Nlr=c (cn3r z + HF

(cFl) 
|1=NN=C 

(eF) 2 + zHF ---) (CFf )2sFr,rHNHcF(C rì,
Alsora poseibÌe free-radlca1 mechanisn can be invok"dJ6l



Q6)

(CF, )rC=lTH + XeF'--IIF 

--å 

( (CFl).C=NII)+'+ XeF" + HF;

(CFr)rC=NiI + XeF' + HF ----+( (CFr) r1=r,lg)t.+ Xe + HF;

( (cnr)ac=un)+' + (cr3)Zc-Hu-? ((crr)rc=NnNfi-g(cF5)r)*"

( (CF') 
Z}=NHNH=C 

(Crr) r)+' + rrr- + XeFa--HF -+,
(CFr)rt=NN=C(cElZ + XeF'+ dËF

Tb.J's latter is not borne out experÍuentallyrhowever,

as ESR invest,igatlon did not reveal any f,ree-radlcaIs.

The reactlon of xenon difluor.id.e with the l etr,l o3rjr3*
hexafluorofsopropylideni¡ninolithium to produce the pareat inine
fs puzzling. ft would seem facile for the reaction

(cF3) zc=Itti + xeF, ------> (cF3) zc=IIXeF I,tF

to occurrfollowed by llberatlon of xenon and fornation

of (tFr)rc=NF. Although lithlun fluoride is definitely fornedrno

trace of t,he N-fluoro imlne is foundrand as xenon is rlberated,
the isolation of a stable xenon-nitrogen bond.ed compound is not

indicated"
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