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.\bwact I hc ;~Jti~~wn 01 pc~Il~loro;llk~llod~d~~ (‘t’,((‘Fl I,,] (n - 3. 5. 7) 11) wc!.lnldch 2 product\ 
pcrtluc)roalk~li~ii~d~~~l IOJIJCS 3 under thermA condltlons when rhc Iwc)rdmdc mrrogcn \uhstilucnl IS II- 

but!1 or qclohexyl. hut fail3 bvhcn it is I-hutyl or 2.6~dlmelhqlphrnyl The same reac(wn GIII bc Induced a~ 

room rcmpcr:iturc by the ;idditiun of il declmolw quantity of copper pow&r. This lypc ofmrlal-c;tt;il~7~d 
wndcnsatwn IS gunerA for all ~riluoroalk~lnlides anJ Isoqanidcs studied. The pcrRuoro3lk~limldo)l- 

lodldcs 3 have been tr;lnsformed mto 3 variety of pcffluc)rocarboxylIc acid dcriv;iti\cs I;lrnldc5. amidlnes. 
imidatch. Inlido~ltluoridc~) ztnd perfluoroalkylaminc~. 

Study of the chcmistrj of pcrlluoroalkyliodides R,l 

; RF=CF3(CFz),; has revealed a facile homolytlc 
clcsvagc of the carbon iodine bond by heat or UV 
irradiation’ and numerous additions of thcsc iodides 

to double bonds have been described.’ It has been 
demonstrarcd that these condensations proceed bq a 

radical chain mechanism. The possibility of the 

reaction of clcctrophihc perfluoroalkyl radicals wth 

divalent carbon atoms. has also been taken into 
consideration (Schcmc I 1. howbcr. with the exception 

R,I - R,. t I. 

v H, w _R,. 
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> Rt Rr, , \ \(.< K, c /\ + R,* 

I 

of dialomethanc itbell’. attempts to perform such The thermal r-addition was performed under the 

condensatrons \vith carbcnes and dia/ocompounds 

have h~lcd. lnscrtion of one or two methylcne groups 
usual conditions for the addition of R,.I IO double 
bonds. An cquimolar misturc of 1 and 2 was heated for 

into the carbon-Iodine bond of R,I has observed 
using this reagent.‘.’ Hwever, some of the numerous 

‘4 h in itn inert ,ol\ent (c.p. bcnrene) in the presence 01 
a/abls~sobutyronltrlle(AIBN)~~hich acted itsit radical 

I-additwns to isocyanides ucrc thought to hc free 
radical in nature.’ Scvcral possible products could be 

initiator. Compounds 3 bvcrc obtalncd in 60 11) X0”,, 

for~lled in rl~sc COII~~~I~~;~~IOIIS. Including compounds 

yields from various R, I (K, =c’,F ,. (‘,.F’, ~. C,F, _) 

and wqanidcs ~llc11 wbstituwd by ;I primary or 

ha\inp ;I carbon nitrogen double bond and nitrilcs WCOllJi~r~ alkyl group lR=n-but>l. cvclohcx>lj 

produced b) a collapw of the Imidoyl radical (Table I ). Hwc\cr. under t hcsc condiiions. the 
intcrmcdiarc ’ condensation failed bhcn the subhrituent \\a\ ;I tortiar! 

Herein. ive describe the clean formation of 

pcrfluoroalkyllmldoyl iodides 3 by thermal addition 01‘ 

R,I 1 to ~socyan~des 2. and their chemical 

transformations. WC ha\c also observed catalysis of 
this x-addition b\ copper pwsdcr (prellminaq 
communication. Ref. 6). 

Examination b\ “‘F NJJI R of the crude products 

showed only the formation of a single new fluormatcd 
compound. After isolation, it was assigned structure 3 
on the basis of spectroscopic data. The IR absorption 
a t dmut 1690 cm ’ nas in agreement with a 

carbon nitrogen double bond. ‘H NMR spectra 

shwcd only the signals of the alkyl or aryl group R 
“‘F’ h’MR spectra ivcrc in qrecmcnt wrh a 

perfluoroalkyl chain: the chemical shift of the CF, 
signal 3 to the functional _eroup WAS approxlmi\tcl> 
I IO ppm to high field of fluorntrlchloromcrh;~~~c. To 

our kncwlcdgc the perlluoroalkyl Im~do~lindldcs 3 
itnd their dcri\,atiws (4 - XI iIK! nc\t COIllpOUIldS. 

7hwr1tr/ I’C’t/( /lorl.\ 

Table 1 N-alkpl prrfluorc~;rlk~limidoLI iodldes produced b) thcrmrl 

condcnwllon. 

R, R \r’ldd “,, H.p. c’ at wrr IR YMR”‘l-” 

Cd t;., nbull 64 x2 23 1695 

(‘Jf,., cyzlohe~~l hl IO2 23 lh91) 

C,k,, nbutyl X0 ho 0.5 lhX5 

CJ’, .\ c)clohrxyl 61 70 0 I lhH5 
C,F,, nbutyl 72 72 0.5 IoX5 
C,F, - qclnhcxjl 80 IO7 *o.z 16X 

“ChrmA shift of the CF, sIgnal x 10 the funcwnal group. 
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alkql or an aromatIc group (R =t-butyl: -7,6- 
dimethylphenyll. 

RF1 + CUIC = N - R L, - RF--l Cu (C=N- 

The obscnatlon that the reaction is catalysed by 
1 

AlBN and InhibIted hq the addition of diphcn>l 
RF.+ lCu(C=N-R), 

picrylhydrazyl is consistent with the crperarion of a isocyamdecomplexes of merats included in Groups lb 
chain radical I~l~chitnism (Schcmc 2,. Blum and and Ifb of the Periodic Table and their derivatives has 

R,I-R,.+l+ 
I 

R,.+<‘=N-R -+ RF~.c=N-R % 
RF 

‘C=N-R + R,. 
2 I’ 3 

Roberts recently reported that the ESR signal 
obtained when ~ri~uorometh~i radical wab generated 
in the prcscncc of ~-but~lis~~~~~liide. wa5. not in 
agreement with a tri~~uoron~cth~l imidojl n-radical 
structure. Indeed. we did not observe the formation of 
3 from R, I and this ttrtl;rrj alkyl isocyitnide. However. 
3 &\as formed when trifluaromethyl Iodide was heated 
with n-butylisocyanidc. 

Perfluoroaikylimidoyl iodidcs 3 could also be 
obtained by adding a dccimolar quantity of copper 
po%Jer IO a mixlurc of 1 and 2 at room remperaturc. 
After a short while. an exothermic reaction occurred. 
Filtration of the unchanged copper gave 3 in 70-%I”,, 
yield from various R,I tC,F‘,,, C,F,,, C,F,,) and 
primary. secondary and cvcn tertiary alkylisocyanides 
(R=n-butyl. cyclohcxyl. t-butyl). 3 was obtained m 
30”, yield with benzyl isoqanldc. In rhc case of J!.6- 
dlmcthylphenyl Isocyanidc. ihc mixture had to be 
heated III relluuing bcnzenr. The adduct 3 
(R,=C,F, Jo was obtained under lhesc conditions in 
52 ‘I(, yield (Table II). So. ii appeared that the less 
reactive aromailc and iertlurq alkyl isocyclnides. while 
Inert under thermal conditions. ucreable to add R, I in 
the presence of copper powder. 

We observed that the metal caralqred reaction was 
~wt inhibited by dipl~en~lpi~r~lhydra~yl. This 
ohseDation. although not in agreemcni with a radical 
chain procebs. ~~uuld not exclude it cage mcchamsm. 
The formation of pcrfluoroalkyl radicals by the 
inicrlrotlon of R, I with a copper lsocyanide complex 
(Scheme 3) might be envis;tgcd. ;LS the cxisicnce of 

been proved by Saegusa t’t 4.’ Recently. a one 
electron-transfer process between such a copper 
complex and an alkyl halide was mvolved in the 
mechanism of ihe formatton of Wurtz couplrn~ 
products.” Howcvcr. this mechamsm hardly explained 
why aromatic and iertlaryalkyl isocyanides could add 
pcrtluoroalkvl radicals but not radicals obtained by 
thermal I’rapmcniatlon of R, I. Moreover. neither 
copper iodide nor RI. RI compounds were detected in 
the reaction. 

R, 
I 

ill f<‘=K--RL - (" c(=h-It& 

R, 
\ ‘C _-N-R 

(‘_-N--R / 

I/ I-(‘u~l’=h-Rl, , 

An alternative mechamsm (Scheme 4) desenes 
comment. Oxidative addition of R, I on lo the copper 
complex may be followed by ~rfluoroalk~l group and 
iodine group migrations from the metal to one of the 
isocyanide lrgands leading to the imidoyl iodide 3. 
However. we noticed that a preformed complex 
obtained by heating copper powder and isocyanides’ 
did not react with R, I. Perhaps. the number m of 
lipands in the preformed complex at rhc cqullibrium 

“_ molar Yteld of 

of 2” Methanol 3” BP 
NMR I‘J{.S IR 

“Molar eqwalcnb wc>amdc todotridccafluorohex~nc. 
“Y~cld of lniido~ll#dtd~ form Ictd~rrrdccaftutrrohexanc. 
‘Chzmic;rl shift of the CF’, signals x to the functwnul group 
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was higher than rhc number n of thcsc ligands in the 
complex which ~3s t&mcd irt ~i11r during the reaction. 
In other uords. a small number of isocyamde ligands 
around the rncral might :illo\\ theoxidarivcaddition of 
R, I which ~wuld not bc able to displace a l&and in the 
preformed complex. From ;I synthelic point of viw, 
lhc addition order of reagents \~;Ls crucial in inducing 

the reaction: the metal had to bc added in a mixture of 
I and 2. Apart from copper. Giver powder induced iI 
\crj slo\\ reaction with cqclohexylisocyanidc. WC 
ohscr\cd rhat %n. ZnCl,. CJCI,. Cu,O and CdCI, did 
not catal)/c 1hr Rr I aldilion. iI ax rrporred 1b31. II> 
the GIW of ;I pl:i~inum Iwc)-anode complcu. the 
trilluororncrh~llodldc ;rddlrion occurred on rhe metal 
and not on the lig;lnd I” 

Iniidoylhalidcs bearing ill1 electroncgati~c Sllb- 

stilucnl like it11 wcr group. ;irc not very rcactivc.’ ’ 
lndccd h>drol!si\ of 3 into amide 4 does not occur 
under mild conditions: II IS ncccssark to perform this 
transformation ;II rdlus 111 ;1 strong acidic medium. 
Hnucvcr. ir is possible 10 replclcc the iodine atom of 3 
by ofhcr groups (Schcmc 5 1. Yuclrophilic substitution 
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\ 

K_\ti 
OK 

*\ l 

s 

\IJHIl, Kt K,-cC’=~-R 

NR, (, 

K,C’li,VHK i 

H 
K?=h-R 

F 7 

by alcoholatcs occurs :I[ room wmpcrarure ;\nd 
products imidatcs 5. Attack b) amincs lcads 10 
amldmes 6. Hillogen exchange by potassium fluoride 
gives rhc imido)Ifluoride 7. Reduction of 3 \\ith 
sodium borohydridc Icads to amincs 8. Thcsc 
nucleophilic subslllulions occur probably by an 
:tddiiion elimination mechamsm.’ ’ 

II appears that pcrtluc~ro;llkvlimld~~~t iodides.easily 
obtained from RI I and ‘iscqanldcs. can be 
trunsformcd into ;I varic[! of prrfluorocarboxylic acid 
dcrivatibo v. hich arc polential tcnsio;lcti\.c apcnts.‘. 

’ t1 and “‘F NMK ~pccrr,l \\crc tccordcd In dcutcrochloro- 
form on ;I Jcol (‘hOHI. in\.trumrni I’hc chcmwl shift \ ;~lurh & 
arc in ppm rcl,itw IO tcrramcrh~l\lllrnc Ifor ‘HNMR 
-+cclr;1) ur Iluoro~rlcl~lor(~~i~th;~n~ 1 for “F qwctra 1 I K 

spara were recorded in tctr;tchil,romcthanc with a 
Pcrkin Elmer 167 spectrometer. Microanalysis of the 

products wcrc in agrccmcnt Hlth the proposcd structures lthc 
Iunits of aoccptcd errors are + 0.3 ‘I,, for C. N and + 0.2 I’,, for 

ti) N-butyl and bcn7yl isocyamdes Here purchased by 

Aldrich: I-butyl. qclohcxyl. 2.6-dlmcthylphcnyl Isocyanidc 
l-q Fluka; Copper powder by Koch light. Pcrfluoroalk,l 
lodldes wcrc furnished b> P C.U.K. 

0.0-l rnolc of pcrlluoroalkyl ~odde. 0.04 mole of Isocyamdc 
and 0.1 g of ;I/obibisobut~ronilrile in 20 ml of bcn7cnc wrc 
heated IO rrllux during 24 h. 1 he mlidqlhalidc UW, dlstillod 
(bulb to bulb) under Lawurn (I torr). then rcdistillcd ulth ;L 
15 cm Vlgrcux column. PhyGcal conslant, arc recorded in 

lable I. 

The c\pcrimcnt\ arc dcscrihcd in the cast of 

rodolridecatluoruhc~~ne. Phjslcal charac~erl\tlc~ arc 

rqwrred In Table 2 
L!v~/uJ~/ .-1. 0.01 Molt of lodotrid~~;iRuorc)h~x~tn~ was 

mlwd \\irh the Isocy;rnidc cqul\alcnt. I~stcd In Table 2. 

0.01 molt of coplw po\sdcr i\ added and Ihe mixture. shaken 

for ten >ccondh After a few mlnutcs. an cxothcrmlc rcacllon 
occurred. l‘h~ copper U’;IS liltcrcd oll‘tuo hours later. ;md the 
product WAS dlsllllcd under \xuum. 

\Ir~l~r~l II. A\ In method A. hut just bcforc the copper 

liltri~[l~~n. rthkl cthcr ;IdJeJ I:I copper Isocqamde complex 
>cparatcd~. The clhcr U:I~ rcmwcd after tiltration. After 
dlslllldtlon of the product thcrc IS ;I ~ponr;~ncous loss of 
iodine. nr\erthrlez\. YMR and IR characteristics are in 

agrccmcnt \+ith the Imldqllodidc >lructurc (In thib case 

r;tJlcal add~t~cw rakes pl;~cc alw. u~th iI slmll;ir poor ! ~cld 1. 
.\fc~lwt/ (‘. 13.5 g of iodorridcc;~lluorohc~anc. 3.92 g of 2.6- 

dimcth~lphsn!,lisc,c)anldc. O.IXg of copper in IOml of 
hcnxnc wre rctluwd for three hours. After liltration ;II~ 

removal ofbenrenc the product IS dl~tIllilIcd bulb IO bulb and 
then suhl~mcd 111 h0” 0.5torr I I- 15 I. 

Elll1.l .2’-lW~~/ rr.idct cc//rrorolrc~prtr~~l/~l;~/~ffl~s. 5.3 gor N-hut)l 
~ridccaHuorohe:p~~nolc Imidoylwdldc \\crc shaken rtl room 
rcmpcraturc with 0.4~ of wdium hqdroxydc in lClml of 

ethanol for 2 h. After dlsIlllitIlon 3 Ip ol’ ethyl h- 

hut~ltridcc~~fluorc)h~ptanlmld~Ir \\crc hamcd. Yield 75”,,: 
h p 60 0.5 torr IK l697cm ’ UF I Ii ppm’. 

Tdblc 3. U-Alky. pcrlluoro carhasylic acid itmidc\ 4 

Kl K Yield R.p. or m.p. IR “F hMR” 

C‘,k ., n-hulyl XI 6X iif 0.3 torr 33611. I720 I25 
c‘,,I- : 1 qclohex~l 77 6X 3440. I725 I25 
C‘,I‘ I- n-hur>l 82 59 60 3450. I730 I27 

“C‘hcmlcal shift or Ihc CF, sipn;lls t 10 the functional group 
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