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Perfluoro-n-heptylcopper(1) has been treated with 1-hesyne and 1-decyne 
to give l-perfluoro-n-heptyl-1-hexene and-l-decene respectively. Reaction of the 
copper derivative with propargyl bromide and 3-hydroxy-3-methyl-l-butyne 
yielded l-perfluoro-n-heptyl-1,2-propadiene and l-perfluoroheptyl-3-methyl- 
1,2-butadiene respectively. Reactions of perfluoroalkylcopper (I) compounds 
CF3(CF2),Cu(n = 4-8) with l-iodo-Z-phenylacetylene gave the corresponding 
perfluoroalkyl phenyl acetylenes. Perfluoro-n-heptylcopper(1) and 3-hydroxy- 
1-iodo-3-methyl-I-butyne gave the expected acetylene. 

In previous papers in this series we have described the reaction of perfluoro- 
alkylcopper(1) derivatives with olefins [al, halogenoolefins [3] and aromatic 
compounds [l] . We now report similar reactions with acetylenes and halogeno- 
acetylenes. 

There are many examples of reactions of copper acetylides with halogen0 
compounds [4] but fewer cases of the reverse process, the coupling of copper 
compounds with halogenoacetylenes. Important results in this area were first 
described by Chodkiewicz [S] who reported the reactions of bromoalkynes 
with copper acetylides. More recently other workers have described the reac- 
tion of copper acetylides [6] and arylcopper(1) derivatives [73 with iodoalkynes. 
Whereas in most of this previous work the copper derivative was an acetylide, there 
are few, if any, reports of the reaction of pure copper alkyls with iodoalkynes. 
It is this latter type of process we now describe- 

Our earlier work [l-3] and that of Thrower et al. [8] showed that per- 
fluoroalkylcopper(1) compounds react either by coordination to halogen on 
unsaturated carbon [3,8] or by “free radical” type processes- [ 1,2] - 

* For Part III see ref. 1. 
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Thus, treatment of 1-hexyne with perfluoro-n-heptylcopper(1) in DMSO 
afforded a high boiling oil, shown by GLC to be a single component. Elemental 
analysis and mass spectrometry indicated the compound to be a l/l adduct of 
the copper compound and the acetylene. “F and ‘H NiVR spectroscopy con- 
firmed the product to be 1-(perfluoro-n-heptyl)-1-hexene identical to the prod- 
uct previously obtained from dehydro-iodination of the adduct of perfluoro-n- 
heptyl iodide and 1-hexene [l] . No other compounds could be detected. In a 
similar way l-decyne gave 1-(perfluoroheptyl)-l-decene. 

In an attempt to introduce a functional group into compounds of the above 
type, the reaction of perfluoroheptylcopper with propargyl bromide was inves- 
tigated. A very vigorous reaction occurred to yield, after extensive purification, 
a clear oil. Mass spectrometry and elemental analysis indicated the product to 
be free of bromine and were consistent with an empirical formula C,,H,F,,. 
’ H NMR spectroscopy indicated the presence of olefinic rather than acetylenic 
protons and no CH, Br group. Infrared spectroscopy revealed strong bands at 
1955 and 1995 cm-‘; absorptions in this region are characteristic of allenes 
[9] and we assign the st.ructure of the adduct as l-(perfluoro-n-heptyl)-l,Z- 
propadiene. The formation of allenes from propargyl derivatives is fairly well 
documented and this is a further example. A similar reaction of perfluoro-n- 
heptylcopper( I) with 3-hydroxy-3-methyl-l-butyne yielded l-perfluoro-n- 
heptyl-3-methyl-‘l,2-butadiene, and the characteristic allenic absorption at 1990 
cm-1 is again present in the IR spectrum. 

Having established that alkynes will react with perfluoroalkylcopper(1) 
compounds under “free radical” conditions, we investigated the reactions of a 
number of perfluorocoppers with iodoalkynes. In particular we used l-iodo- 
%phenylacetylene but in the case of perfluoro-n-heptylcopper(1) we also stud- 
ied I-iodo-3-hydroxy-3-methyl-1-butyne. Thus, perfluoro-n-amyl-, -hexyl-, 
-heptpl-, -octyl-, and -nonyl-copper(I) derivatives and l-iodo-Z-phenylacetylene 
yielded the corresponding perfluoroalkylphenylacetylene- The reaction was com- 
plicated by the formation of 1,4_diphenylbutadiyne. This side reaction was 
quite rapid at 100” but could be almost completely supressed by working at 5” 
when the DMSO solution of the perfluoroalkylcopper(1) derivative was begin- 
ning to solidify. 

A similar reaction between perfluoro-n-heptylcopper(1) and 1-iodo-3-hy- 
droxy-3-methyl-1-butyne yielded l-perfluoro-n-heptyl-3-hydroxyl-3-methyl-l- 
butyne and a trace of 2,7 dihydroxy-2,7-dimethyl-3,5octadiyne. 

Thus, we have shown that acetylenes and halogenoacetylenes react with 
perfluoroalkylcopper(1) compounds in a similar manner to the reactions of 
these derivatives with olefins and halogenoolefins. We envisage the “free radical” 
reactions to proceed as suggested previously for olefins [l] , i.e. 

R,Cu+ R;+Cu 

R; + CH=CR + R,CH=kR 

R,CH=CR + XH 4 R,CH=CHR + X-’ 

However, in the olefin case two products were found because elimination 
of H- from R,-CH,-CH-CH,R to give RCH,-CH=CH-R is a relatively 
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straightforward process, and indeed occurred to ca. 60% of the product; in the 
acetylene case only one compound was isolated presumably because elimination 
of H- to give the a.Uene is less favoured. However, if the neighbouring carbon 
atom holds a better leaving group than H, (e.g. Br or OH, as in propargyl bro- 
mide or 3-hydroxy-3-methyl-l-butyne) ebmination to the allene appears more 
favourable, and the only isolated products in these cases were allenes. The latter 
is paralleled by the reaction of C7F1&u with aiIy1 bromide [ 21. 

We envisage the reaction with halogenoacetylenes involves coordination of 
the haIogen to copper followed by ligand exchange within the reaction sphere of 
the copper atom as previously postulated [ 33 for reactions of halogen0 olefins 
and aryl haiides [ 81. 

The results further demonstrate the usefulness of perfluoroalkyIcopper(1) 
derivatives in the preparation of some novel fluorohydrocarbons. 

Experimental 

Reaction of perfluoroheptylcopper with I-hexyne 
A mixture of perffuoro-n-heptyl iodide (5.0 g), activated copper bronze 

(1.5 g, an excess) and DMSO (5 ml) was heated and stirred at 110” under an 
atmosphere of nitrogen for 45 min. 

l-Hexyne (1.0 g, a slight excess) was added, a green precipitate formed 
immediately, probably due to formation of the cuprous acetylide. The mixture 
was heated and stirred at 110” for 15 h, copper was not deposited. The mix- 
ture was extracted with ether and the combined extracts filtered, washed, dried 
(MgS04) and the ether distilled off. The l-hexyne solution was distilled in vacua 
to give an oil (1.0 g)_ Analytical GPC revealed that although the oil contained 
only one major component, purification by GPC would be very difficult and 
wasteful of product due to small amounts of impurity with almost identical 
retention times to the major component. 

The experiment was, therefore, repeated under identical conditions ex- 
cept that an excess (10 ml) of I-hexyne was used. After extraction and di;tiIIa- 
tion in vacua as before, crude product (1.4 g) was obtained. Further purifica- 
tion by GPC (SE 30/Celite l/4, 150” FR 5 l/h) afforded l-(perfluoroheptyl)-l- 
hexene (0.85 g) b-p. 201-202°_ (Found: C, 34.6; H, 2.6; F, 63.5. C,,H,,F,, 
calcd.: C, 34.5; H, 2.4; F, 63.1%) 

Reaction of perfluoroheptykopper with I-decyne 
A mixture of perfluoro-n-heptyl iodide (5.0 g), activated copper bronze 

(1.5 g, an excess) and DMSO (5 ml) was heated and st.irred at 110” under an 
atmosphere of nitrogen for 45 min. 

l-Decyne (10 ml, an excess) was added am_ x:-, i:i2 .. ture heated and stir- 
red at 110” for 15 h. The mixture wiils extract. ’ ‘Y g..h ether and the combined 
extracts filtered, washed, dried (M&SO,) and the ether distilled off. The l- 
decyne solution was distilled in vacua to give crude product (1.0 g). Further 
purification by GPC (SE 30/Celite l/4, 200”. FR 5 l/h) afforded l-(perfIuoro- 
n-heptyl)-l-decene (0.35 g), b-p. 258”. (Found: C, 40.5; H, 3.5; F, 56.2. 
C,,H,,F,, calcd.: C, 40.2; H, 3.74; F, 56.1%) 
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Reaction of perfluoroheptylcopprz; with propargyl bromide 
A mixture of perfluoro-n-heptyl iodide (5.0 g), activated copper bronze 

(1.5 g, an excess) and DMSO (5 ml) was heated and stirred at 110’ under an 
atmosphere of nitrogen for 45 min. 

Propargyl bromide (10 ml, an excess) was added and an extremely violent 
exothermic reaction occurred. The mixture was stirred for 5 min at room tem- 
perature and extracted with ether. The combined extracts were filtered, wash- 
ed, dried (MgSOJ) and the ether distilled off. The black propargyl bromide solu- 
tion was distilled (with great difficulty due to a minor explosion in the flasl:) to 
give a crude black oil (1.0 g) which fumed in moist air. Further purification by 
GPC (SE 30/Celite l/4, 125”) F.R. 5 l/h) afforded I-(perfluoro-n-heptylj-1,2- 
propadiene (0.4 g), b.p. 152”. (Found: C, 29.1; H, 0.7; F, 70.0. C,,H, F,, calcd.: 
C, 29.4; H, 0.73; F, 69.9%) 

Reaction of perfluoro-n-amylcopper with I-iodo-2-phenylacetylene 
A mixture of perfluoroamyl iodide (4.0 g), activated copper bronze (1.3 g) 

and DMSO (5 ml) was heated and stirred at 110” under an atmosphere of nitro- 
gen for 45 min. The mixture was cooled, by means of an ice bath, until it just 
began to solidify. I-Iodo-2-phenylacetylene (2.3 g) was added dropwise such 
that the reaction exotherm just prevented the mixture from solidifying. After 
the addition the mixture was allowed to warm to room temperature and was 
stirred for 30 min. 

The mixture was extracted with ether and the combined extracts filtered, 
washed, dried (MgSO,) and the ether distilled off to give crude product (1.4 g) 
and 1,4diphenylbutadiyne (0.4 g) identified by infra-red spectroscopy. TLC on 
the crude products showed only one major product and slight amounts of 1,4- 
diphenylbutadiyne and 1-iodo-2-phenylacetylene. Further purification by col- 
umn chromatography, using a 30 X 2.5 cm. column packed with silica (chro- 
matography grade) and eluting with 40-60” boiling range petrol, afforded 
product (0.9 g). Final purification by GPC (SE 30/G&e l/4, 200"FR 5 l/h) 
yielded 1-(perfluoro-n-amyl)-2-phenylacetylene (0.6 g), b-p. 217”. (Found: 
C, 41.6; H, 1.4; F, 56.2. C13HjF11 calcd.: C, 42.1; H, 1.35; F, 56.5%) 

Reaction of perfluoro-n-hexylcopper with 1 -iodo-2-phenylacetylene 
A mixture of perfluorohexyl iodide (4.5 g), activated copper bronze 

(1.3 g) and DMSO (5 ml) was heated and stirred at 110” under an atmosphere 
of nitrogen for 45 min. 1-Iodo-2-phenylacetylene (2.3 g) was slowly added 
using the same cooling technique as before. The mixture was allowed to warm 
to room temperature and stirred for ca. 30 min. 

The mixture was extracted with ether and the combined extracts filtered, 
washed, dried (MgS04) and the ether distilled off to give crude product (2.0 g) 
and 1.4-diphenylbutadiyne (0.3 g) identified by infra-red spectroscopy. Further 
purification, as before, by column chromatography afforded product (1.0 g). 
Final purification by GPC (SE 30/Celite l/4, 200”) FR 5 l/h) yielded l-per- 
fluorohexyl-2phenylacetylene (0.7 g) b-p. 22’7’. IR, PMR, IQ F NMR and mass 
spectra were all consistent with the proposed structure. 
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Reaction of perfluoro-n-heptylcopper with l-iodo-2-phenylacetylene 
A mixture of perfluoroheptyl iodide (5.0 g), activated copper bronze 

(1.3 g) and DMSO (5 ml) was heated and stirred at 110” under an atmosphere 
of nitrogen for 45 min. l-Iodo-2-phenylacetylene (2.3 g) was slowly added 
using the same cooling technique as before. The mixture was allowed to w-arm 
to room temperature and stirred for 30 min. 

The mixture was extracted with ether and the combined extracts filtered, 
washed, dried (MgS04) and the ether distilled off to give crude product (2.9 g) 
and 1,4_diphenylbutadiyne (0.3 g) identified by infra-red spectroscopy. Further 
purification, as before, by column chromatography afforded product (1.9 g). 
Final purification by GPC (SE 30/Celite l/4, 200”, FR 5 l/h) yielded l-(per- 
fluoro-n-heptyl)-2-phenylacetylene (1.1 g), b.p. 240-242”. (Found: C, 38.6; 
H, 1.2. C15H5F15 c&d.: C, 38.3; H, 1.06%) 

Reaction of perflrroro-n-octylcopper with I-iodo-2-phenylacetylene 
A mixture of perfluorooctyl iodide (5.5 g), activated copper bronze (1.3 g) 

and DMSO (5 ml) was heated and stirred at 110” under an atmosphere of nitro- 
gen for 1 h when all the metallic copper had disappeared from the misture. 
l-Iodo-Z-phenylacetylene was slowly added using the same cooling technique 
as before. The mixture was allowed to warm to room temperature and stirred 
for 30 min. 

The mixture was extracted with ether and the combined extracts filtered, 
washed, dried (MgSO,) and the ether distilled off to give crude product (3.4 g) ad 
L4cliphenyIbutadiyne (0.3 g) identified by infra-red spectroscopy_ Further purifi- 
cation, as before, by column chromatography afforded product (2.4 g)_ Final 
purification by GPC (SE 30/Celite l/4, 220°, FR 5 I/h) yielded l-(perffuoro-n- 

octyl)-2-phenylacetylene (0.7 g), b.p. 252”. (Found: C, 37.3; H, 1.15 ; F. 62.0. 
C,,H,F,, &cd.: C, 36.9; H, 0.96; F, 62.1%) _ 

Reaction of perfiuoro-n-nonylcopper with I-iodo-Z-phenylacetylene 
A mixture of perfluoro-n-nonyl iodide (6.0 g), activated copper bronze 

(1.3 g) and DMSO (5 ml) was heated and stirred at 110” under an atmosphere 
of nitrogen for 90 min when all the metallic copper had disappeared from the 
mixture. l-Iodo-Z-phenylacetylene (2.3 g) was slowly added using the same 

cooling technique as before. The mixture was allowed to warm to room tem- 
perature and stirred for 30 min. 

The mixture was extracted with ether and the combined extracts filtered, 
washed, dried (MgSOJ) and the ether distilled off to give crude product (4.3 g) 
and 1,4-diphenylbutadiyne (0.4 g) identified by IR spectroscopy. Further puri- 
fication, as before, by column chromatography afforded product (2.9 g)_ Final 

purification by GPC (SE 30/Celite l/4,230”, FR 5 l/h) yielded l-(perfluoro-n- 
nonyl)2-phenylacetylene (0.9 g), b-p. 260”. (Found: C, 35.1; H, 0.9; F, 62.9. 
C,,H,F,, calcd.: C, 35.8; H, 0.9; F, 63.2s.) 

Reaction of perfluoro-n-heptylcopper with 1-iodo-3-hydroxy-3-methyl-1-butyne 
A mixture of perfluoro-n-heptyl iodide (5.0 g), activated copper bronze 

(1.3 g) and DMSO (5 ml) was heated and stirred at 110” under an atmosphere 
of nitrogen for 45 min. 1-Iodo-3-hydroxy-3-methyl-1-butyne (2.1 g) was slowly 
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added using the same cooling technique as before. The mixture was allowed to 
warm to room temperature and stirred for 30 min. 

The mixture was extracted with ether and the combined extracts filtered, 
washed, dried (MgSO,) and the ether distiUed off to give crude product (1.5 g) 
and a white solid (0.6 g)_ Further purification of the solid by crystallisation 
from aqueous ethanol afforded, 2,7_dihydroxy-2,7-dimethyl-3,5-octadiyne 
(0.4 g), subsequently identified by IR spectroscopy. Further purification of 
the oil by distihation in vacua afforded 1-(perfluoroheptyl)-3-hydroxy-3- 
methyl-l-butyne (0.9 g), b.p. 200”. (Found: C, 31.5; H, 1.6; F, 62.8. 
C12H7F,50 c&d.: C, 31.9; H, 1.55; F, 63.0%) 

Reaction of I-iodo-3-hydroxy-3-methyl-l-butyne with copper 
A mixture of 1-iodo-3hydroxy-3-methyl-1-butyne (1.6 g), activated 

copper bronze (1.5 g, an excess) and DMSO (10 ml) was heated and stirred at 
110” under an atmosphere-of nitrogen for 48 h. 

The mixture was extracted with ether and the combined extracts Ntered, 
washed, dried (MgS04) and the ether distilled off to give crude solid product 
(0.4 g). Further purification by sublimation in vacua yielded product (0.25 g). 
CrystaUisation from 60-100” boiling range petrol afforded 2,7-dihydroxy-2, 
7-dimethyl-3,5-octadiyne (0.2 g) m-p. 134”. IR, PMR and mass spectroscopic 
data were consistent with the proposed structure. 

Reaction of perfluoro-n-heptylcopper with 3-hydroxy-3-methyl-1-butyne 
A mixture of perfluoro-n-heptyl iodide (0.5 g), activated copper bronze 

(1.5 g, an exces.5) and DMSO (5 ml) was heated and stirred at 110” under an 
atmosphere of nitrogen for 45 min. 

3-Hydrosy-3-methyl-l-butyne (0.84 g) was added when a red colouration 
was instantly produced (probably due to acetylide formation). The mixture 
was heated and stirred at 110” for 15 h. The mixture was extracted with ether 
and the combined extracts filtered, washed, dried (MgSO,) and the ether dis- 
tilled off. The oil was distilled to give crude product (0.6 g) which was further 
purified by GPC (SE 30/CeIite l/4,175”, FR 5 l/h) yielding l-(perfluoro-n- 
heptyl)-3-methyl-1,2-butadiene (0.3 g). (Found: C, 33.2; H, 1.5; F, 65.6. 
C,ZH,F,, calcd.: C, 33.0; H, 1.6; F, 65.4%) 
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