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Abstract

The addiion ol perluoroalkvhodides CEA(CE )LD (n = 3571 1o asocvandes 2 produces

perfluoroalkylimidoy! wodides 3 under thermal conditions when the socyamide nitrogen substituent 1s n-
butyl or cyclohexyl, but fails when it is t-butyl or 2.6-dimethylphenyl The same reaction can be induced at
room temperature by the additon of a decimolar quantity of copper powder. This type of metal-catalyzed
condensation 1s general for all perfluoroalkyhodides and socyanides studied. The perfluoroalkylimidoyl-
10dides 3 have been transformed into a variety of perfluorocarboxylic acid derivatives (amides. amidines.

imidates, imidoy [Huorides) and perfluoroalkylamines.

Study of the chemistry of perfluoroalkyliodides R 1
{Rg=CF,(CF,),; has revealed a facile homolytic
cleavage of the carbon iodine bond by heat or UV
irradiation' and numerous additions of these iodides
to double bonds have been described.? It has been
demonstrated that these condensations proceed by a
radical chain mechanism. The possibility of the
reaction of clectrophilic perfluoroalkyl radicals with
divalent carbon atoms. has also bcen taken into
consideration (Scheme 1), however, with the exception
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of diazomethane itsell, attempts to perform such
condensations with carbenes and diazocompounds
have failed. Inscrtion of one or two methylene groups
into the carbon-10dine bond of R¢l was observed
using this reagent.** However, some of the numerous
z-additions to isocvanides were thought to be free
radical in nature.* Several possible products could be
formed in these condensations, including compounds
having a carbon nitrogen double bond and nitriles
produced by a collapse of the imidoyl radical
intermediate

Herein. we describe the clean formation of
perfluoroalkylimidoyl iodides 3 by thermal addition of

Rel 1 to socyamides 2. and  their  chemical
transformations. We have also observed catalysis of
this  z-addition bv copper powder (preliminary

communication, Ref. 6).

Examination by '"F NMR of the crude products
showed only the formation of a single new fluorinated
compound. After isolation, it was assigned structure 3
on the basis of spectroscopic data. The IR absorption
at about 1690cm ' was in agreement with a
carbon nitrogen double bond. 'HNMR spectra
showced only the signals of the alkyl or aryl group R
"' NMR spectra were in agreement with a
perfluoroalkyl chain: the chemical shift of the CF,
signal 2 to the functional group was approximately
110 ppm to high ficld of fluorotrichloromethane. To
our knowledge the perfluoroalkyl imidoyliodides 3
and their derivatives (4 — 8) are ncw compounds.

Thermal reactions

The thermal x-addition was performed under the
usual conditions for the addition of R, to double
bonds. An equimolar mixturc of 1 and 2 was heated for
24 hinaninertsolvent (c.g. benzene)in the presence of
azabisisobutyronmitrle (AIBN) which acted as a radical
initiator. Compounds 3 were obtained in 60 to 80",
vields from various R, 1 (R, =C,F .. C F, .. C,F, -}
and 1socyanides when substituted by a primary or
sccondary alkyl group (R=n-butyl, cyclohexyl)
(Table 1) Howcever, under these conditions. the
condensation failed when the substituent was atertiary

Table | N-alkyl perfluoroalkylimidoyl iodides produced by  thermal
condensation.

R, R Yield ", B.p. Cattorr IR NMR'"}F~
C,F, nbutyl 64 §2:213 1695 109
C,F, cvclohexyl 61 102:23 1690 110
C.kyy nbutyl &0 60 0.5 1685 109
C.ly, cyclohexyl 61 7001 1685 109
C,F,- nbutyl 72 72.0.5 1685 109
CF,- cyclohexyl 80 1070.3 1685 110

“Chemical shift of the CF, signals x to the functional group.
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316
alkyl or an aromauc group 2,6-
dimethyiphenyl).

The obscrvation that the reaction is catalysed by
AIBN and inhibited by the addition of diphenyl
picrylhydrazyl is consistent with the operation of 4
chain radical mechanism (Scheme 2). Blum and

(R=t-butyl:

Ryl —=Ry- + 1+
1

R+ C=N—R = R;~.C=N—R L.

2

Roberts ™ recently reported that the ESR signal
obtained when trifluoromethyl radical was generated
in the presence of t-butylisocyanide, was not in
agrecment with a trifluoromethyl imidoyl a-radical
structure. Indeed. we did not observe the formation of
3from R, 1 and this icrtiary alkylisocyanide. However.
3 was formed when trifluoromethyl iodide was heated
with n-butylisocyanide.

Copper catalyzed reactions

Perfluoroalkylimidoyl iodides 3 could also be
obtained by adding a decimolar quantity of copper
powder 1o a mixture of 1 and 2 at room temperature.
After a short while, an exothermic reaction occurred.
Filtration of the unchanged copper gave 3 in 70-90°,
yield from various Ryl {C,F,. C.F,;. C.F ) and
primary. secondary and ¢ven tertiary alkylisocyanides
(R=n-butyl, cyclohexyl. t-butyl). 3 was obtained in
30", vield with benzyl isocyanide. In the case of 2.6-
dimethylpheny! isocvanide. the mixture had to be
heated in refluxing benzene. The adduct 3
(Rg=C_F ) was obtained under these conditions in
527, yield (Table I1). So. it appeared that the less
reactive aromatic and tertiary alkyl isocyanides, while
inert under thermal conditions. were able toadd R, Tin
the presence of copper powder.

We observed that the metal catalyzed reaction was
not inhibited by diphenylpicrylhydrasyl. This
observation, although not in agreement with a radical
chain process. could not exclude a cage mechunism.
The formation of perfluoroalkyl radicals by the
interaction of Ry 1 with a copper 1socyanide complex
(Schemc 3) might be envisaged. as the existence of
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Rel + CulC =N — R}, —»[Rr—l Cu (C::N-—R\m]
!
Re + 1Cu(C =N — R

isocyanide complexes of metals included in Groups Ib
and IIb of the Periodic Table and their derivatives has

been proved by Saegusa ¢ «l™ Recently, a onc
clectron-transfer process between such a copper
complex and an alkyl halide was involved in the
mechamism of the formation of Wurtz couphng
products.” However, this mechanism hardly explained
why aromatic and tertiaryalkyl isocyanides could add
perfluoroalkvl radicals but not radicals obtained by
thermal fragmentation of R, 1. Moreover, neither
copper iodide nor R,. Ry compounds were detected in
the reaction.
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An alternative mechanism (Scheme 4) deserves
comment. Oxidative addition of R, I on to the copper
complex may be followed by perfluoroalky! group and
iodine group migrations from the metal to one of the
isocyanide ligands leading to the imidoyl 1odide 3.
However. we noticed that a preformed complex
obtained by heating copper powder and isocyuanides®
did not react with R;1. Perhaps, the number m of
ligands in the preformed complex at the equilibrium

Table 2. Copper catalyzed condensanion of C.F 1 to

wsocyanides
", molar Yield of
Isocyanide 2 of 2 Methunol 3" Bp NMR'"™F IR

cyclohexyl 1.2 A 87 70.0.1 109 1685
nbuty] 1.3 A 90 60,0.5 109 1685
thutyl 18 A 70 61,0.8 108 1703
bensyl 2 B 32 920.2 109 16&0
2.6-dimethyl-

phenyl ! ¢ 52 8505 109 1680

“Molar equisalents socyanide wdotridecafluorohexanc.
"Yicld of inidoyhodide form wwdotrnidecafluorohexanc.
‘Chemical shift of the CF, signals x to the functional group



Synthesis and chemical transformations of perfluoroalkylimidoyl iodides

was higher than the number n of these ligands in the
complex which was formed in siter during the reaction.
In other words. a small number of isocyanide ligands
around the metal might allow the oxidative addition of
R I which would not be able to displace a ligand in the
preformed complex. From a synthetic point of view,
the addition order of reagents was crucial in inducing
the reaction: the metal had to be added in a mixture of
I and 2. Apart from copper. silver powder induced «
very slow reaction with cyclohexylisocyanide. We
observed that Zn. ZnCl,, CdCl,. Cu.,O and CdCl, did
not catalyze the Ry [ addition. It was reported that. in
the case of a platinum isocyamide complex. the
trfluoromethyliodide addition occurred on the metal
and not on the ligand '

Chemcal transformations of the edducs

Imidoylhalides bearing an electronegative  sub-
stituent like an ester group. are not very reactive.'!
Indeed hydrolysis of 3 into amide 4 does not occur
under mild conditions: 1 s necessary to perform this
transformation at reflux in a strong acidic medium.
However. it is possible to replace the iodine atom of 3
by other groups (Scheme 3). Nucleophilic substitution

Ry CONHR

TR o R C=N-R
, orR S
N4BH, Kt R, —C=N-—R
TLR‘: 6
R, CH,NHR
8 &—ﬁZN—R
Fo7

by alcoholates occurs at room temperature and
produces imidates 5. Attack by amines lcads to
amidines 6. Halogen exchange by potassium fluoride
gives the imidoylfluoride 7. Reduction of 3 with
sodium borohydride lcads to amines 8. These
nucleophilic substitutions occur probably by an
addition elimination mechanism.'?

Itappears that perfluoroalkyhimidoyl iodides, easily
obtained from Rl and isocyamides. can be
transformed into @ varicly of perfluorocarboxvlic acid
derivatives which are potential tensioactive agents.'?

EXPERIMENTAL

"Hand ""F NMR spectra were recorded in deuterochloro-
formona Jeol COOHI. instrument The chemical shift values &
are in ppm relative to tetramethylsilane ifor '"H NMR
spectra) or fluorotnichloromethane (for *"'F spectra) IR

Table 3. N-Alky. perfluoro
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spectra were recorded in tetrachloromethane  with a
Perkin Elmer 167 spectrometer. Microanalysis of the
products were in agreement with the proposed structures (the
hmits of accepted crrors are +0.3% for C.Nand +0.2°  for
H) N-butyl and benzyl isocyanides were purchased by
Aldrich: t-butyl, cyclohexyl, 2,6-dimcthylphenyl 1socyanide
by Fluka: Copper powder by Koch hght. Perfluoroalkyl
iodides were furnished by P.C.U K.

Thermal condensation

0.04 mole of perfluoroualkyl 1odide, 0.04 mole of Isocyamide
and 0.1 g of azobisisobutyronitnle in 20 ml of benzene were
heated to reflux during 24 h. The imidoylhalide was distilled
(bulb to bulb) under vacuum (1 torr). then redistilled with a
15¢m Vigreux column. Physical constants are recorded in

lable 1.

Copper cataly zed condensation

The experiments  arc  described
wdotridecafluorchesane.  Physical
reported in Table 2

Method A, 0.01 Mole of 1odotridecafluorohexane was
mined with the socyanide cquivalent. listed in Table 2.
0.01 mole of copper powder is added and the mixture, shaken
for ten seconds. After a few minutes. an exothermic reaction
occurred. The copper was filtered off two hours later. and the
product was distilled under vacuum.

\ethad B As in method A. but just before the copper
filtration, ethyl ether added (a copper 1socyamde complex
separated). The cther was removed after filtration. After
distllation of the product there s a spontancous loss of
iodine. nevertheless, NMR and IR characteristics are in
agreement with the mudoyhodide structure (in this case
radical addibion takes place also, with a similar poor yvietd).

Method C. 13,5 g of iodotridecafluorohexance, 393 g of 2.6-
dimethvlphenylisocyanide. 0.18g of copper in 10ml of
benzene were refluxed far threc hours. After filtration and
removal of benzene the product is distillated bulb to bulb and
then sublimed at 60° 0.3 torr (F 45 1

of
are

i the
characteristics

Case

Chenucal transformations

N-Alkyl perfluorocarboxylic acid amides 4. 0.01M of the
inidoyl 10dide 15 refluxed for 12han 10ml of 20, sulphuric
acid solution in water. After extraction with diethyl ether and
washing with a solution of sodium thiosulphate. the amide is
aither distilled or sublimed (60 at 0 Storr). Physical
constants are reported in Table 3,

Ethvl N-buryl tridecaffuoroheptammidate 8. 5.3 g of N-butyl
tridecatiuoroheptanoic imidoyhodide were shaken at room
temperature with 0.4 g of sodium hydroayde in 10ml of
ethanol for 2h. After distillation 3dg of ethyl N-
butyltridecafluoroheptanimidate were obtasned. Yield 75°,.:
b.p. 60 0.5torr IR 1697¢cm ' OF 117 ppm”,

Nobuvl NN diethylridecafluoroheptanimidine 6. 5.6 g of
Nbutyl tndecafluoroheptanoic imidoyliodide was heated to
reflux with 10ml of dicthylumine for 2h. 4¢ of N, butyl
N, . N, -diethy] tridecafluoroheptunamidine 6 were distilled.
Yield 80,0 bp. 79° at 0.5 1orr. IR 1645¢m ™' OF 112ppm.

Nebutvl hepradecaftuorononanoic imdodd fluoride 7 126g
of N-butyl heptadecaluoronoic imidoyl iodide were heated
for 3h with Sg potassium fluonde 1 10ml of N-

carboxylic acid amides 4

R, R Yicld B.p. or m.p. IR ""F NMR*
C,F, n-butyl 31 68 at 0.3torr 3460.1730 125
C.F., cyclohexyl 7 68 40,1728 125
Cub, - n-butyl 82 59 60 3450. 1730 127

“Chemical shift of the CF, signals x to the functional group
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methylpy rrohdone. After iltration, two layers separated. The
lower Layer was distulled to obtain 8%g of N-butyl
heptadecufluorononanoic imidoyl fluonde 7 Yield 857 1 b.p
0°at 2Storr IR 1742em ™' OF 122 ppm. OFF C=N S0ppm.

N-bunvd Nil-tndecatfuoroheayl) methyl amme 8. 0.38 g of
sodium - borohydride wus  added to 3.3g of N-butyl
tndecatiuoroheptanoic imidoy! 10dide in 10 ml of absolute
cthanol. The minture 1s shaken for two hours. Then. 4 of N-
butyl N {tridecatluorohexy ) methyvlanine 8 are distilled
Yield 907, bp 707 at 1S torr. OF 123 ppm.

REFERENCES
'"R. F. Bunks. Fluorocarbons and Their Derivatites, (2nd
Fdn). p. 85 McDonald. [ ondon, {1970).
‘W A Sheppard and C. M Sharts. Orgame Fluorine
Chennsiry, po 189 Benganun, New York (1969).

‘M Hudlicky and J. Komg, Cofl. Czech. Chem. Comm, 28,
2X2441963)

TORDELN and C. WAKSELMAN

*1. L. Knunyvants and E Y. Pervova, Bull. Acud. Sci USSR,
Engl Transl. 860 (1965).

*1I. Ug, Isonitrile Chemisiry, p. 84. Academic Press, New
York t1971).

"C. Wakselman and M. Tordeux. J. Org. Chem. 44, 4219
11979).

"P. M. Blumand B P Roberts.J Chem. Soc. Perkins Trans.
11313 (1978

*T. Sacgusa and Y. [to, Synthesis 291 (1975).

“A. Ballatore, M. P. Crozet and J. M. Sureur, Tetrahedron
Letters 3073 (1979).

"G A. Larkin, R. Mason and M. G. H. Wallbridge. J. Chem
Soc. Chem. Commun. 1054 (1971

''D. Bartholomew and I T. Kay. Tetrahedron Letters 2827
(1979).

'2R. Ta-Shma and Z Rappoport. J. 4m. Chem. Soc. 98, 8460
(19761

"'F Schuierer, Teasde 13, 1 11976).



