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An efficient copper-promoted isoperfluoropropylation of aryl diazonium salts is described. The reaction occurs under mild

conditions using commercially available hexafluoropropylene (HFP) as a starting material. In addition, a one-pot direct
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diazotization and isoperfluoropropylation protocol was developed. The method allows facile conversion of various

arylamines  into

Introduction

Incorporating  fluorine-containing groups into organic
compounds has a significant influence on their
physicochemical properties and biological activities. Among
various organofluorine molecules, perfluoroalkylarenens play
an increasingly important role in pharmaceuticals,
agrochemicals and materials due to the low polarizability, high
lipophilicity, strong electron-withdrawing nature and
prominent metabolic stability of perfluoroalkyl groups.1 To
date, significant progress has been made in introducing
trifluoromethyl group into aromatic rings.z However, methods
for introducing higher analogue of perfluoroalkyl groups (such
as C,Fs, C3F; ...) into an aromatic ring are rare.’To the best of
our knowledge, there are only few methods available for the
synthesis of isoperfluoropropylarenes, although these
compounds have been widely used in synthesis of pesticides,
organocatalysts, and functional materials (Figure 1).4

Traditional methods for preparing isoperfluoropropylarenes
require to use several isoperfluoropropylation reagents. The
most commonly used reagents are isoperfluoropropyl halides,
which  incorporate isoperfluoropropyl (i-CsF;) group into
aromatic rings upon treatment with phenols and arylamines
via Sulfinatodehalogenation reactions” or with aryl halides via
Ullmann reactions (Scheme 1, path a).s On the other hand, a
number of isoperfluoropropylmetals (MC;F;-i) reagents (such
as i-C5F,Li, i-C3F;MgBr, i-C5F5Znl, (i-CsF;),Hg, (i-C5F;),Cd...) have
been synthesized, but very few of them are suitable for
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Fig. 1 Isoperfluoropropylated substances.

synthesizing of isoperfluoropropylarenes due to the instability
or toxicity.7 Recently, by using a pre-prepared sensitive i-
C3F;Cu(CH5CN) complex that synthesis from
isoperfluoropropyl  halide with copper in
temperature, Chen’s group has developed a method of
converting arenediazonium salts into isoperfluoropropylarenes
(Scheme 1, path b).* Makosza et al. has reported an
alternative strategy by introducting i-C3F; into heterocyclic
rings using isoperfluoropropyl carbanion generated by HFP and
KF. But this method needs an additional oxidation step to
obtain aromatic
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Scheme 1 Methods for synthesis of isoperfluoropropylarenes categoried

by-isoperfluoropylation reagents.
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Scheme 2 Proposed mechanism of Sandmeyer isoperfluoropropylation of
diazonium salts

heterocyclic compounds (Scheme 1, path ).k

Recently, Sandmeyer-type trifluoromethylation,9
trifIuoromethylthiolation10 and difluoromethylthiolation11 of
arenediazonium salts have been reported. Generally, the
mechanism of the Sandmeyer reaction is believed to proceed
via radical intermediates.’® °© °* ™ 12 |t s plausible that a
single-electron transfer (SET) from Cu(l) species to the
diazonium group forms a diazo radical and Cu(ll) intermediate.
The resulting diazo radical then releases nitrogen to form an
aryl radical, which further reacts with Cu(ll) intermediate to
generate final trifluoromethylated (trifluoromethylthiolation /
difluoromethylthiolation) products. The trifluoromethylating
Sandmeyer reactions were discovered nearly simultaneously
by the groups of Fu, GooBen and Wang in 2013.”° Inthe
above examples, the CF; source is Umemoto’s reagent in Fu’s
method and Ruppert-Prakash reagent (TMSCF;) in GooBen’s
protocal and Wang’s protocols. By the fluoroform-derived
CuCF3, Grushin’s group also had realized trifluoromethylation
of arenediazonium salts in aqueous.gd Despite the progress in
the Sandmeyer-type fluoroalkylation, the known routes to
isoperfluoropropylarenes are still

novel

rely mainly on toxic
isoperfluoropropyl halides agents. So it is urgent to develop
the alternative solutions for more practical ways. Serveal
attempts for isoperfluoropropylation of aryl iodides or arynes
have been made by using MCsF;-i derived from i-C5F;H,
TMSC;F+-i or isoperfluoropropyl halides, but the effects are

. 3d, 3e, 13
unsatisfactory.”® °®

In sight of the rare successful examples
introducing i-CsF; into aromatic rings and inspaired that
fluoroalkylmetals may act as the key intermediate in
Sandmeyer hypothesized that
isoperfluoropropyl copper species could be generated in situ in

the presence of isoperfluoropropyl silver reagent and cuprous

fluoroalkylation, we

salt, which may react with arenediazonium to form the
isoperfluoropropylated compounds (Scheme 2).

It is worth noting that HFP is the starting material for the
synthesis of isoperfluoropropyl
isoperfluoropropylmetals reagents, which act as the
isoperfluoropropylation reagents (vide supra). According to
Iiterature,14 when silver fluoride is introduced into a solution
of HFP in acetonitrile, a reasonably stable isoperfluoropropyl
silver reagent was formed. Considering both Stability and
toxicity of the isoperfluoropropylmetals, we envisioned
isoperfluoropropyl silver could act as the ideal agent for
introducing i-CsF; into aromatic rings. In fact, we have recently
reported that this reagent is active for isoperfluoropropylation
of arylboronic acids.” Inspired by this result, we aimed to

halides and

2 | Org. Chem. Front., 2015, 00, 1-4

explore the possibility for isoperfluoropropylation of
arenediazonium salts directly from HFP, an inexpensive and
readily available agent (Scheme 1, path d).

Results and discussion

The reaction of  4-(ethoxycarbonyl)benzenediazonium
tetrafluoroborate (1) with isoperfluoropropyl silver reagent
derived from HFP in the presence of copper or copper salt had
been investigated (Table 1). Direct reaction of 1 with
isoperfluoropropyl silver reagent generated in situ at room
temperature resulted no desired product, ethyl 4-
isoperfluoropropyl-benzoate (3a) (Table 1, entry 1). Under the
identical conditions, when copper powder (1.6 equivalent )
was added, 3a was formed in 30% yield after 24 hours (based
on F NMR analysis) (entry 2). This result indicated that the
copper was essential for the formation of the desired product.
Other copper species were screened (entries 3-9) and the
results suggested that cuprous iodide was the best choice,
affording 3a in 77% yield. It was also found that the addition of
phosphines or nitrogens ligands had a disadvantageous impact
on the reaction (entry 9-15).

We then examined the possibility of one-pot protocol of this
reaction by using in situ generated arenediazonium salt from

Table 1 Optimization of the reaction conditions of isoperfluoropropylation

of arenediazonium salts®

E CF; 1) AgF, CH3CN, rt, 2h CF3

>=< EtOZCO—QF

F F 2) [Cu], additive CF3

.- 3a
then EtOZC—Q—NZBH
rt, overnight 1

Entry  [Cu] Additive Yield®(%)
1 - - 0
2 Cu - 30
3 CuBr, - 27
4 CucCl - 46
5 CuSCN - 29
6 CuCN - 15
7 CuOTfe2MeCN - 19
8 Cul - 77
9 CuleP(OEt); - 51
10 Cul P(o-tol)5° 48
11 Cul biPy 24
12 Cul TMEDA 12
13 cul BPhen® 23
14 Cul PPh; 8
15 Cul Xantphos® 59

? Reaction conditions: HFP (excess, balloon, 1 atm), AgF (0.2 mmol), [Cu]
(0.16 mmol), additive (0.16 mmol), 1 (0.1 mmol), CH3CN (1.5 + 1.0 mL),
under N, atmosphere. ® Yield determined by F NMR analysis versus PhCF3
as an internal standard. ¢ P(o-tol)s = Tris(o-tolyl)phosphine. d Bphen =

Bathophenanthroline. ¢ 0.4 equivalent.

This journal is © The Royal Society of Chemistry 2015
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corresponding anilines instead of pre-prepared
arenediazonium tetrafluoroborates. The solution of diazonium
salt generated from the reaction of ethyl 4-aminobenzoate
(2a) and tert-butyl nitrite in acetonitrile was added into the
solution  containing isoperfluoropropyl reagent
generated in situ and cuprous iodide. However, the
isoperfluoropropylated product (3a) was not found (Table 2,
entry 1). Fortunately, when sulfuric acid was added in the
diazotization step, the desired product was obtained in 52%
yield based on *°F NMR spectroscopy (entry 2),%® °“ ®implying
that the counterions of arenediazonium salts had a significant
impact in this reaction. Further study indicated that when p-
toluenesulfonic acid (pTSA) was employed, the product yield
was improved to 75% (entry 6), while other acids had less
effect (entry 3-5). In addition, the use of isopropyl nitrite
reduced the yield to 64% (entry 7). It was found that this
reaction was sensitive to the amount of tert-butyl nitrite, extra
tert-butyl nitrite may had a negative effect on the reaction
(entry 9).

After established this one-pot diazotization and
isoperfluoropropylation method, we explored the scope of the
reaction with various arylamines (Scheme 3). It showed that
the aromatic amines bearing either electron-donating or -
withdrawing groups reacted smoothly to form the
corresponding isoperfluoropropylarenes in moderate to good

silver

Table 2: Optimization of the reaction conditions of one-pot diazotization
and isoperfluoropropylation®

E CF, 1)AgF, CHCN, rt, 2h

>=< 3

F F 2cu

CF,
E:OZCO—QF
CF,
+ 3a
NH, o
/©/ + RONO + Acid
Et0,C

CH4CN, 1t, 2h

then

2a

Entry  Acid RONO Yield®
(%)

1 - ‘BUONO 0

2 H,S0, (98.3%) ‘BUONO 52

3 CF,COOH ‘BUONO 67

4 CH3SO5H ‘BUONO 71

5 CF3SO5H ‘BUONO 58

6 pTSA ‘BUONO 75

7 pTSA 'PrONO 64

8 pTSA ‘BUONO® 57

9 pTSA ‘BUONO® 66

? Reaction conditions: HFP (excess, balloon, 1 atm), AgF (0.2 mmol), Cul
(0.26 mmol), 2a (0.1 mmol), RONO (0.12 mmol), acid (0.15 mmol), CH3CN
(1.5 mL + 1.5 mL), under N, atmosphere. ® Yield determined by F NMR
analysis versus PhCF3 as an internal standard. ¢ 1.0 equiv. ‘BUONO. 4135
equiv. 'BUONO.

This journal is © The Royal Society of Chemistry 2015
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yields. The method is compatible with a broad array of
functional groups, including ether, ester, amide, keto, cyano,
and nitro etc. Substrates containing fluoro, chloro, bromo or
iodo substituents (31-3r) were well tolerated which might be of
potential for further transformation. Remarkably, oxidation
sensitive vinyl group also tolerated the reaction conditions
(3h). Although i-C3F; is a very bulky group, the anilines bearing
ortho- substritutents, such as iodo and bulky phenyl,

Scheme 3 Scope of the reaction®

F CF, 1)AgF, CHiCN, rt, 2h R\ CF4
_ X F
F F 2)cul . = CFs
N2
then R@ , rt, overnight
=
NH
R D ’ + 'BUONO + pTSA 41
/ CH4CN, t, 2h
2
CF; CF3 CF3
EtO,C F F Me F
CF, CF3 CF3
3a,71% 3b, 47%" 3c, 75%°
CFs CF; O CFs
F BnO F F
CF3 CF3 CF3
3d, 63% 3¢, 47% 3f, 86%
CF3 CF3 CF3
AcHN F F 02N4< HF
CF; EtO,C / CF,4 CF,4
39, 72% 3h, 56% 3i, 89%
— CF, — CFs CF3
F N= F F~©—€F
\ 7/ CFy \_7/ CF3 CF3
02N b
3j, 86% 3k, 59% 31, 78%
CF; CF3 CF3
Cl F Br—< :}—éF F
CF,4 CFs CFs
|
3m, 78% 3n, 78% 30, 58%
CF3 CFs CFs
F | F Cl F
CF, CF3 CF3
|
3p1 74% qu 55% 3r,45%
CF;
CF4 CF3 O F
Ph F F Q CF3
CFs CF3
Ph
3s, 52% 3t, 47% 3u, 34%
— (0]
{ CF, g CF4
N F (0] F
CFs CF4
3v, 70% 3w, 58%

? Reaction conditions: HFP (excess, balloon, 1 atm), AgF (0.6 mmol), Cul
(0.48 mmol), 2 (0.3 mmol), 'BUONO (0.36 mmol), pTSA (0.45 mmol), CH3sCN
(3 mL+3 mL). Yield of isolated product given. ® Yield determined by °F NMR
analysis versus PhCF3 as an internal standard.

Org. Chem. Front., 2015, 00, 1-4 | 3
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gave the corresponding products 3p and 3t in vyields
comparable to that obtained in the reactions with the para-
substituted analogues (3q and 3s). In addition, substrates with
unprotected carbonyl functionalities afforded desired products
in good yields (3f and 3g) and various heterocycles were also
isoperfluoropropylated successfully (3v, 3w). However, ortho-
nitroaniline failed to generate isoperfluoropropylated product,
probably due to the coordination of the ortho nitro group to
the metal center.

Conclusions

In summary, we have developed a copper-promoted
isoperfluoropropylation reaction for converting arylamines to
isoperfluoropropylarenes and heteroarenes by using the
readily accessbile hexafluoropropylene as starting meterial.
The transformation can proceed in a one-pot protocol forming
isoperfluoropropylarenes from aromatic amines with good
functional group tolerance. This method provides an attractive
approach to valuable isoperfluoropropylarenes. Further
investigations on the synthetic application and the mechanism
of the transformation are currently underway
laboratory.

in our

Experimental section

Typical procedure for the direct isoperfluoropropylation
of arenediazonium salts with hexafluoropropylene

In a nitrogen-filled glove box, an oven-dried 20 mL crimp cap
vessel (1) with Teflon-coated stirrer bar was charged with
silver fluoride (76.2 mg, 0.60 mmol) and was brought under an
atmosphere of dry nitrogen. To this vessel, 3 mL of anhydrous
acetonitrile and hexafluoropropylene (balloon, excess) were
added, and the mixture was stirred at room temperature
under ordinary pressure in the dark until silver fluoride
precipitate is disappeared. This process takes about two hours
and the isoperfluoropropyl silver is generated. In the process
of this reaction, in a nitrogen-filled glove box, an oven-dried 20
mL crimp cap vessel (2) with Teflon-coated stirrer bar was
charged with p-toluenesulfonic acid (77.4 mg, 0.45 mmol) and
was brought under an atmosphere of dry nitrogen. To this
vessel, 2a (49.5mg, 0.3 mmol), 3 mL of anhydrous acetonitrile
and tert-butyl nitrite (37.1 mg, 0.36 mmol) were added. The
reaction mixture was stirred at ambient temperature for 2 h to
generate the corresponding diazonium salt. After these
procedures, the reaction mixtures in crimp cap vessels (1) and
(2) was added in sequence via syringe into an third oven-dried
20 mL crimp cap vessel with Teflon-coated stirrer bar charging
with cuprous iodide (91.4 mg, 0.48 mmol) under nitrogen. The
new reaction mixture was stirred at ambient temperature for
overnight. The resulting mixture was diluted with Et,O (10 mL),
then filtered through a short pad of celite and rinsed with
diethyl ether. The resulting organic solution was add into
water (10 mL) and extracted by ethyl Et,0 (3x10 mL). The
organic layer was dried over MgSQO,, filtered and concentrated.

4 | Org. Chem. Front., 2015, 00, 1-4

The residue was further purified by flash chromatography on
silica gel to give the desired product.
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