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Perfluoroketones are useful products and intermediates in
medicinal chemistry. Herein, cobalt-mediated fluoroacylation
of 1,3-dienes is described using perfluorinated anhydrides
such as TFAA. The reaction is thought to proceed through a
fluoroacylcobalt reagent formed in situ. Perfluoroacylation
of 1,3 dienes can also be performed to attain longer chain
perfluorinated ketones.

Fluorinated motifs and functionality are widely found in
pharmaceutical, agrochemical, and material chemistries.! Not
surprisingly, much attention has been devoted toward the
installation of fluorine onto small molecules, either as a single
fluorine atom or as a trifluoromethyl group.? Additional
fluorinated functional groups have also gained interest. For
example, perfluoromethyl ketones have been utlized as
inhibitors for a variety of hydrolase targets’ and have also
been used as building blocks toward medicinal agents.*
Herein, we describe the linearly-selective installation of a
trifluoroacyl group onto dienes using readily available
trifluoroacetic anhydride (TFAA).’

Our group has interest in studying addition processes of
metals with cyclic anhydrides and the subsequent reactivity of
these complexes.® We wished to investigate addition of
metals into fluorinated anhydrides, such as TFAA. We were
drawn to a report by Stone on the addition of cobaltate anions
into perfluorinated acid chlorides to form a proposed
fluorinated cobalt complex.”® Moreover, work by Heck and
Hegedus demonstrated that acylcobalt complexes undergo
migratory insertion across dienes to give intermediates that
are further functionalized.”'®'"'? Sodium cobaltate is known
to perform addition reaction into activated carbonyl
compounds to form acylcobalt intermediates.”> While
trifluoroacetyl chloride is a gas a room temperature, TFAA is
inexpensive, readily available, and easy to handle. We
theorized that a trifluoroacylcobalt intermediate may be
accessed from the combination of cobaltate anion and TFAA.
This cobalt complex may react in similar processes
demonstrated by Heck and Hegedus to achieve fluoroacylated
material.

Previous Work (Heck):
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Scheme 1 Fluoroacylation of 1,3-dienes

Upon mixing a solution of sodium cobaltate with TFAA,
we observed trifluoroacetic acid (TFA) by '°F NMR as well
as a new fluorinated material at § -78 ppm. This new peak is

so consistent with the expected resonance of a trifluoroacyl
compound.’ Thus, this material is tentatively assigned as a
trifuoroacyl cobalt(I) complex 1, which decomposes over both
time and heating.
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Fig. 1 "FNMR’s: A) ’F NMR of trifluoroacetic acid; B) '’F NMR of
TFAA; C) "’F NMR of equation 1 after 15 min.

Upon exposure of the trifluoroacylcobalt reagent to 1,3-
diene 2a conversion to the fluoro-enone product 3a is
o observed. The reaction does not proceed in the absence of
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cobalt. In the absence of base, starting material 2a is fully
consumed, but product is formed in reduced yield. It is
possible that hydridocobalt intermediates decompose starting
material 2a and product 3a when no base is present."*'> The

s addition of base to the reaction may deprotonate metal-
hydride complexes, thus minimizing byproduct formation.
The reaction is tolerant of a variety of bases, but the strong
and bulky amine base 1,2,2,6,6-pentamethylpiperidine
(pempidine) gives the highest yield."*'” When the reaction is

10 performed under a CO atmosphere, a lower yield of product is
observed. However, under mild photo-irradiation conditions
there is a small increase in product formation.'"® Finally, a
decrease in yield is also observed if the reaction is allowed to
proceed for longer than 7 hours."

15 Table 1 Initial Investigation of Reaction Conditions®

1) TFAA (2.0 equiv),
Na[Co(CO)4] (1.0 equiv)

S THF, 0%, 0.25 h o

=~ 2) Diene, 020 &, 7 h (0.2 M) ph/\V\)J\CF3
2a pempidine (2.0 equiv) 3a
photo-irradiation (15 W)
Entry Deviation From Standard Yield (%)°
1 none 78
2 no Na[Co(CO),] 0
3 no base (pempidine) 21
4 no photo-iradiation (15W white light) 48
5 Reaction performed under 1 atm CO instead of Ar 51
6 0.30 equiv of Na[Co(CO),4] under CO atm 8
7 12 h reaction time 65

“ See supporting information for full experimental details; pempidine =
1,2,2,6,6-pentamethylpiperidine. "Isolated yield after column
chromatography.

0 A variety of 1,3-dienes participate in this reaction (Table
2A) including electron-poor, electron-rich, aliphatic, and
heterocyclic substrates. Migration of the olefins in aliphatic
products 3h and 3j is not observed. Further, most products
are formed with the E,E isomer as the major, with only trace

2 E,Z isomer observed.”> When a starting material that is a
mixture of £ and Z terminal dienes is subjected to the reaction
conditions, only Z diene is recovered. This implies that the £
diene reacts much faster than the Z isomer. Additional
substrates that fail to react are depicted in Table 2B.

30 Substitution in the B- and J&-positions appears to be
detrimental toward reactivity and yield, most likely due to
increased steric repulsion of the cobaltate in either substrate
complexation or the subsequent migratory insertion. In all
reactions, starting material is the only other observable

3s compound in the reaction mixture.

Table 2 1,3-Diene Substrate Scope®

1) TEAA (2.0 equiv),
Na[Co(CO)4] (1.0 equiv) o
N 1 . S
R1/\|v\ THF, 0%, 0.25 h /§|w
R, 2) Diene, 020 '€, 7-12 h (0.2 M) R7TR CF,
2 pempidine (2.0 equiv) 2
photo-irradiation (15 W) 3
A (o] o
NTNc, NN,
3a 3b
78% MeO 80%
46%°
(o] (o]
ST @Wca
3c 3d
OMe 82% CHs 519
(o] o
O N cF, X CF,
\ 3e 3f
63% 0N 49%
(o] o
s A, Hac\ﬁ/\/\)k or,
3g 5 3h
Cl 56 % 76%
o CH, CHj o
NNCR et S SN,
cl 3i 3
63% 51%
B CH, CHj;
H3CWM X
N/RP N/RP

“ See footnote Table 1. °N/R = No reaction; only starting material was
recovered. °A 1.7:1 mixture of £:Z starting diene 2b was used. “Isolated
as a 1.3:1 mixture of olefin isomers, see supporting information for

40 details.
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Additional fluoro-anhydrides participate in this reaction to
give highly fluorinated materials (Table 3). Both
pentafluoropropionic anhydride (Table 3A) and

4s heptafluorobutyric anhydride (Table 3B) are competent in this
reaction, producing highly fluorinated ketones with C,Fs and
C;F; side chains respectively.?’ Product 4d was shown to
inhibit the phospholipase GVIA iPLA,.*

2 | Journal Name, [year], [vol], oo—oo0

This journal is © The Royal Society of Chemistry [year]



Page 3 of 4

Chemical Science

o

@

o

Table 3 Perfluoro-Anhydride Scope®

1) anhydride
Na[Co(CO),] (1.0 equiv)

(o]
P THF, 0%, 0.25 h
RSN : . PNPN.A
2 2) Diene, 020 &, 7 h (0.2 M) R R R
2 pempidine (2.0 equiv) 24, 5
photo-irradiation (15 W)
A o o
A
X CoFs A C,Fs
4a CH; 4b
MeO 51% 48%
o (o]
X X
C,F F
W we 4d CaFs
cl 59% 56%
B
o (o]
NN CsF; A CsF7
5a CH 5b
MeO 68% 46%
o o

X

C3F7 CsF

5¢ W 1
cl 55% 449,

“ See footnote Table 1.

A potential mechanism for product formation is illustrated
in Scheme 2. Upon mixing the sodium cobaltate salt with
TFAA, an acyl cobalt reagent 1 is formed in situ. Next, we
propose that the cobaltate complex 1 loses one or more CO
ligands prior to coordination of the diene. This suggestion is
based on the observation that a small increase in yield is
observed when the reaction is performed under photolytic
conditions, whereas a decrease in yield is observed under a
CO atmosphere (Table 1).* From either n* or n*-bound
complexes 6 or 7, cobalt undergoes migratory insertion to
furnish m-allylcobalt intermediate 8. Furthermore, electron-
rich dienes give product in higher yield than electron-deficient
substrates, supporting ligation of the diene to cobalt is
necessary for reactivity.

(0]

o
NaOJ\CFg )J\
Na[Co(CO),] 0 co (OC)3Co” "CF4
e L o~
TEAA (OC)4Co \ CF, 6
of
L o
o Elimination )J\
or Migratory
R/\/\)J\(_:F3 B-Hydrogen (CO)nCol o Insertion (gC)z\C/o\/ CF3
+ Elimination /\V/\Hk N\ 7
-~ R CF -
HNR3[Co(CO),] 8 | 3 7

Scheme 2 Potential Mechanism for the Trifluoroacylation of 1,3-Dienes

Based upon this mechanistic hypothesis, we surmised that
substrates that are able to form intermediates similar to 6-8
may be competent in this reaction. While simple alkenes (4-
methoxystyrene, or 4-acetoxystyrene) do not give any desired
product, vinyl naphthalene 9 does provide desired
trifluoroacylated enone 10 (eq. 2). This supports the
hypothesis that the reaction proceeds via formation of a -
allylcobalt intermediate in the reaction.?

1) TFAA (2.0 equiv), o

X Na[Co(CO)4] (1.0 equiv) X
THF, 0 %€, 0.25 h OO CF; o
2) Diene, 020 %&, 7-12 h (0.2 M)
9 pempidine (2.0 equiv) 10

photo-irradiation (15 W) 48%

We have developed a cobalt-mediated fluoroacylation

s0 reaction of 1,3-dienes that produce highly fluorinated enones

under mild conditions utlizing readily availbale TFAA as the
source of fluorination. Highly fluorinated small molecules
can be readily accessed, and the products are potentially
useful as medical targets or building blocks for more complex

35 structures.
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