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The Cu(I) catalysed atom transfer radical addition of hexamethyltriethylenetetraamine =~ (HMTETA) and  tris(2-
dichlorofluorocarbons to olefins via C-Cl bond homolysis is dimethylaminoethyl)amine (MesTREN) were less effective
successfully carried out. Isomerization of vic into gem- s (Table 1, entries 2-8). Next, a variety of solvents was explored
dichlorofluorocarbons is observed by using CuCl as a catalyst with N,N-dimethylformamide (DMF) giving the best yield (Table

and TPMA as a ligand, indicating a radical addition 1, entries 9-13). Further, we studied the influence of copper
mechanism of this reaction procedure. sources on the reaction, and CuCl was the best for the reaction

(Table 1, entries 14-17). Finally, we investigated the temperature

Introduction ss and catalyst loading. Raising temperature to 90 °C, resulted in the
formation of 3a in an excellent yield of 93% (Table 1, entry 18).
Reducing the loading of CuCl and TPMA to 2 mol%, the yield
decreased to 74% (Table 1, entry 19). It should be mentioned that
similar yield was obtained with CuCl, instead of CuCl in the
0 presence of suitable amount of ascorbic acid (Table 1, entry 20-

Fluorinated compounds have played an important role in the
field of pharmaceutical chemistry, agrochemistry, and material
science."” Significant efforts have been made to incorporate
fluorinated groups into organic compounds. Atom transfer radical
addition (ATRA) reaction between halofluorocarbons and olefins

is a direct and atom economic way for constructing carbon- 22
halogen and carbon-carbon bonds.** The resulting 1,3-adducts of Table 1 Optimization of the reaction conditions’
ATRA can introduce both halogen and the fluoroalkyl groups -
i i i i cl u/ Ligan
into the cS:arbop backb(?ne, :Vthh are easily Eransformed into </3_// .8 Cu/Ligand @/K/KCFG
aralkanes,” conjugated dienes” or cyclopropanes. ) FaC ) Gl solvent go°c -
Current ATRA methods for introduction of fluorinated groups entry ligand solvent Cusource  Yield® (%)

into olefins are not many. Okano and co-workers found the

reaction of aryltrifluoroethyl bromides with terminal olefins in .

the presence of Cu(I)/amine complex at 180 °C.* Domowski’ and Bpy DMF CuCl 31
Phen® DMF CuCl 84

1 DMF CuCl 5
2
3
Severin'® reported that halothane could undergo addition to g PMEDTA? DME CuCl 73
6
7
8
9

TMEDA® DMF CuCl 47

olefins with sodium dithionite (Na,S,04) or Cp*RuCl,(PPh;) as HMTETA? DMF CuCl 71
initiators.  Here, we  disclose a copper catalysed MesTREE\I” DMF CuCl 49
difunctionalization of olefins with commercial available TPMA' DMF CuCl 88

. . " TPMA CH;CN CuCl 78
dichlorofluorocarbons under mild conditions, and several 10 TPMA Me30H CEC] 52
diastereomixtures were obtained. An interesting 11 TPMA DCM CuCl 76
regioisomerization process was observed, indicating that the 12 TPMA Toluene CuCl 81
reaction follows a radical addition mechanism. The fluorinated 13 TPMA DMSO CuCl 10

. . 14 TPMA DMF Cu 66

products could be readily converted to synthetic useful 15 TPMA DMF CuBr 76

compounds such as fluoride containing cyclopropanes. 16 TPMA DMF Cul 37

17 TPMA DMF CuCl, 0

Results and discussion 18°¢ TPMA DMF CuCl 93

. .. . . 19/ TPMA DMF CuCl 74

Initially, the addition of dichlorotrifluoroethane (2) to styrene 208 TPMA DMF CuCly/VC 14

was chosen as a model reaction. A solution of styrene (1a) and 2 21" TPMA DMF CuCl,/VC 35

in DMF was stirred using CuCl (3 mol%) as a catalyst. In the 22 TPMA DMF CuCl/VC 94
absence of ligand, 1,3-dichloro-4,4,4-trifluorobutyl benzene (3a) Reaction conditions: “1a (33 mmol), 2 (100 mmol), catalyst (3 mol%),
was formed in a poor yield of 5% (Table 1, entry 1). Then the s golvent (10 mL), 80 °C, 6 h. "yields determined b}ff GC. “ligand (6 mol%).
influence of ligands was examined, tris(2-pyridylmethyl)amine 3113g"‘nd (13 I;‘OILI%O)(-) “reaclnon :einptergturel?/O °C.1 ’ Cattalf’gt (i mgoé%é g6lﬁ
(TPMA) was found to be the best ligand for the reaction, other (33 mmol), 2 (100 mmol), catalyst (3 mol%), solvent (10 mL), o

A j o ascorbic acid (6 mol%), " ascorbic acid (15 mol%), © ascorbic acid (24
nitrogen ligands such as tetramethylethylenediamine (TMEDA), mol%).

2,2’-bipyridine (Bpy), 1,10-phenanthroline (Phen), 1,1,2,3,3-
pentamethyldiethylenetriamine ~ (PMEDTA), 1,1,4,7,10,10-

70  This strategy was applicable to a variety of terminal alkenes,
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giving the desired products with various functional groups. The
results are summarized in Table 2. Generally, substrates bearing
an electron donating group afforded higher yields (Table 2, 3a-
3c¢) than those substitutes with electron-withdrawing group. For

s instance, the yield of 3a was significantly higher than 3e. The
additions to halide or pseudohalide alkenes produced lower yields
of the monoadducts (Table 2, 3d and 3f). This was presumably
due to a compete addition between trifluorochloroethyl and its
monoadduct radical.!’ Functional groups such as ester group and

10 hydroxyl group (Table 2, 3f and 3g) were well tolerated, and 2-
vinylnaphthalene (Table 2, 3h) underwent addition with an
impressive 95% yield.

Table 2 Radical addition of 2 into various alkenes catalysed by copper *

cl Cucl (3 mol%) cl ¢l
RN . FiCCl TemaGmo%) R CF3
1 2
entry alkenes products Yield” (%)
c
. O S
la 3a
_ c
) /\l/b\/ \/\)\)\ch 59
3b
_ c
3 /\/l\c/\/ NN CF. 63
3c
C,/\ c
4 1 cl CF3 31
3d
o c ¢
5 X F3C CF3 15
€ 3e
o c c
6 ™ Oy, 53
o
1f 3f
c
; HOI/\ HO\/K/I\CF3 36
g 3g
c
N
CF.
3h

15 “ Reaction conditions: alkene (33 mol), 2 (100 mol), catalyst (3 mol%),
ligand (3 mol%), DMF (10 mL), 90 °C, 6 h. b isolated yields.

In order to further demonstrate the utility of this protocol,
dichloropentafluoropropane (4) was examined. Largely used for
cleaning applications, 4 contained almost equal amounts of two

2 isomers exhibited very similar properties.'” Interestingly, the
reaction of olefins with 4 afforded a sole product of 5, and this
procedure was further investigated at lower temperatures.
Apparent variation in isomeric ratio could be detected from the
initial formation of monoadducts, and it seems that only gem-

25 dichloropentafluoropropane would undergo ATRA as abstract
energy was much lower. A dimer by-product (Table 3, 5d°) was
successfully isolated from the addition to chloroethylene.

This regioisomerized radical addition process was further
explored by the reaction of 1,2-dichlorotetrafluoroethane (6) with

% olefins."* Compound 7 was obtained as the major product in these
reactions (Table 4). An elevated temperature used in the process,
which simultaneously increased the propagation rate constants of
olefin, as a result, the target monoadducts were complicated by

polymers. For simple olefins (Table 4, 7b and 7¢) with less
35 polymeric liability in free radical process, adducts obtained in
moderated yield, halide or alcohol olefins provided 7 in dropping
yield (Table 4, 7d and 7g) which can be attributed to incomplete
conversions, and significantly higher catalyst loadings were
required for more active alkenes such as styrene (Table 4, 7a) and
40 methyl acrylate (Table 4, 7f). It is reasonable to assume that
regioisomerization was promoted by radical from gem-
dichlorocarbons, and ceased at the end of addition.

Table 3 Radical addition of 4 into various alkenes catalysed by copper *

F>/ F
al
A~ FaC \(g CuCl (3 mol%) c ¢l
R * FF+ TPMA 3 mol%) g CF,CFs
cl_X_cl
FF |.[
1 4
entry alkenes products Yield” (%)
c
1 ©/\ WCcmFs 95
la 52
a a
2 /\1?/ CF,CF5 67
5b
a
3 INNNNF \/\/\/\/\CcmFs 64
1c
Sc
e a a
4 Clld\ o ey 29
5d
c c a
I CF,CF3 13
5d’
. c ¢l
5 FCs FsC CF,CF3 18
le 5
e
o cl Ckl
6 EA /070( “Aerers 46
1f 5f
o c ¢l
7 lv\ Ho\)\/kcacFa 45
g 5g
« cl /cl\l
> CF,CF,
g (s %
1h sh

45 “ Reaction conditions: alkene (33 mmol), 4 (100 mmol), catalyst (3
mol%), ligand (3 mol%), DMF (10 mL), 80 °C, 6 h. ? isolated yields.

In respect that trifluoromethyl group always withdraw electron
and strongly affects chemical reactivity,"* dichlorofluorocarbon
without trifluoromethyl group (8) was investigated. An elevating

so temperature to 130 °C furnished the desired halogenated product
(Table 5) even in a low yield due to less stable radical species. As
expected, electron-deficient and sterically hindered substrates
hardly proceeded, aliphatic olefins (Table 5, 9b and 9c¢) were
moderated converted to the corresponding fluorinated products,

ss and chloroethene (Table 5, 9d) was less reactive because of
volatile nature. Owning to free radical polymerization, addition
was inefficient in the case of methyl acrylate (Table 5, 9f).

A R- {
Ph Ry -CF,CF3 10b 81%

Scheme 1 Dechlorination into cyclopropane

Cl Cl Mg (2.0 equiv.) -CF3 10a 75%

Ph R¢ DMF 40°C

e The addition products could be readily converted to fluoride
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containing cyclopropanes (Scheme 1). Conventional method for
generation of cyclopropane has been developed by treating 1,3-
dichlorides with reducing agents.”” Accordingly, 3a or 4a in
combination with magnesium (Mg) was used for dechlorination

5 (Scheme 1). In contrast to reported work, a slightly excess of Mg
was required to produce mainly trans cyclopropanes.

Conclusions

In summary, difunctionalization of olefins with commercial
dichlorofreons over a simple copper catalyst was developed,
10 featuring an interesting regioisomerization process. The reactions
could be carried out at a relatively large scale, allowing for the
synthesis of a variety of fluorine containing compounds. Further
efforts to improve catalytic performance and dechlorination of the
addition products are underway in our laboratory.

15 Table 4 Radical addition of 6 into various alkenes catalysed by copper *

F\ F CuCl (3 mol%) Cl cCl
c  HEmIm
R o CV?(F TPMA@mo%)  RTICFg
1 6 7
entry alkenes products Yield’ (%)
c a
S
I Ok ©)\¢°F3 32
la 7a
c a
NN
2 . p CFs 51
7b
c a
3 /\/l\c/\/ FoFs 33
7c
c a
A al/d\ o e 20
7d
o~ c a
A X
5 3 L TR 11
1f 7t
HO -~ HO. /CIK/T\I
6 1 - # CFs 17
g 7g

Reaction conditions: “ alkene (33 mmol), 6 (100 mmol), catalyst (3
mol%), ligand (3 mol%), DMF (10 mL), 110 °C, 10 h. *isolated yields. ¢
catalyst (5 mol%), ligand (5 mol%).

20 Table 5 Radical addition of 8 into various alkenes catalysed by copper “

Fo CuCl (3 mol%) a c
RS - cl TPMA (3 mol%) R)\/,i\
1 8 9
entry alkenes products Yield” (%)
c
1 b E 46
9b
Cl Cl
NS e
2 F 45
1c
9¢
Py Cl Cl
3 °'1d\ oL 15
9d
0.~ a
PN o
4 o M 17
1f of

Reaction conditions: “ alkene (33 mmol), 8 (100 mmol), catalyst (3
mol%), ligand (3 mol%), DMF (10 mL), 130 °C, 14 h. ®isolated yields. ¢
catalyst (5 mol%), ligand (5 mol%).
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