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A straightforward strategy to synthesis of highly
functionalized trifluoromethyl 2H-furans is described. The
copper catalyzed method relies on a cascade cyclic reaction
between enaminones and N-tosylhydrazones. The method
allows the synthesis of 2-amino-3-trifluoromethyl-substituted
2H-furan derivatives carrying a quaternary stereogenic
center as single diastereomers. The proposed reaction
mechanism involves an amino-cyclopropane intermediate
formed in the cyclopropanation of enaminone. The developed
method tolerates a broad spectrum of functionalities, and the
obtained 2H-furan derivatives are wuseful synthetic
intermediates for preparing other trifluoromethyl-substituted
compounds.

2H-Furans, especially 2,3-dihydrofurans, are an important class
of five-membered heterocycles widely present in many natural
products and pharmaceuticals.! 2H-Furans are also useful
building blocks as they can easily be further functionalized.?
Thus, 2H-furan derivatives have gained significant attention both
in biological and organic chemistry communities, promoting
synthetic chemists to explore various strategies for their
construction.>  Representative  strategies  include  [4+1]
cycloadditions,* [3+2] cycloadditions,® cyclopropane ring
expansions® and others.” These methods allow efficient routes to
poly-substituted 2,3-dihydrofurans. In many cases, though, the
methods still have several limitations, such as the use of
stoichiometric quantities of transition metals, harsh reaction
conditions and limited functional group tolerance.
Trifluoromethylated heterocycles have found wide uses in the
agrochemical and pharmaceutical industries as well as for
material science.? Recent years have witnessed remarkable
advances in synthetic methods allowing the introduce of CF;
groups into reserved cycles.” However, the unique property of
fluorine chemistry normally makes one-pot
trifluoromethylation/cyclization reactions especially hard to
control. Preparing high functionalized trifluoromethylated 2H-
furans are still limited to a few of methods (Figure 1).!° For
example, directly trifluoromethylation of furan rings by
employing Togni’s reagent-Il and Umenoto’s reagent can
construct trifluoromethylated 2,5-2H-furans.!! Zhang group
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reported an one-pot trifluoromethylation/cyclization reaction of
conjugated enyne aldehydes and ketones, which provides
modular access to highly substituted trifluoromethylated 2,3-
dihydrofurans.'? It should be noted that there is only one example
to introduce CF; into 3-position of 2H-furans from p-
(trifluoromethyl)vinyl sulfonium salts.!* In spite of these
developments, it is still highly desirable to design more general
and straightforward methods to construct highly functionalized
trifluoromethylated 2H-furans with diverse substituents.

Synthesis of 2-CF;-2H-furans:
R'HN [Cu] (10 mol %) R!
R3 Togni's reagent Il (2.0 equiv.)

DBU (2.0 equiv.) MeCN, rt, 16 h

R
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Figure 1. Representative methods to prepare CF;-2H-furans.

Enaminones as known bench-stable synthetic units have
attracted widely attention in recently years.'* N-Tosylhydrazones
are known carbene precursors, however using trifluoromethyl N-
tosylhydrazones'> as functionalized-CF; reagent to prepare
heterocycles are rare reported. In our continuing research in this
area,'® we envisioned the use of easily available trifluoromethyl
N-tosylhydrazones as functionalized-CF; carbene precursors in a
reaction with enaminones to generate CF;-substituted amino-
cyclopropane intermediates (Figure 2). Rearrangement of the
obtained amino-cyclopropane intermediate would result in
trifluoromethylated 2H-furans. Herein, we demonstrate a
straightforward method to synthesize 2-amino functionalized 2,3-
2H-furans with complete diastereoselectivity on the CF;-bearing
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quaternary all-carbon stereogenic center through carbon-carbon
double bond cleavage of stable enaminones.

We began our investigations by giving priority to several
potential metal catalysts such as Rh(OAc),, FeCl, and CuCl. In
the initial screen, CuCl outperformed other catalysts, giving the
desired trifluoromethyl-substituted 2H-furan 3aa in 65% yield
(Table 1, entries 1-3). The structure of 3aa was determined by
NMR spectroscopy. The geometry of 3da was further analyzed
by a single crystal X-ray data (CCDC: 1572376) (Table 2 and see
SI). Further screening of different copper salts showed bivalent
copper catalysts to be more efficient compared to monovalent
coppers (Table 1, entries 4-7). Then various bases were
examined to improve the reaction efficiency. The initially used
KOBu was the best base (72% yield), with K,CO3 performing
almost equally well (71% yield), while organic bases such as 1,8-
diazabicyclo[5.4.0Jundec-7-ene (DBU) and triethylamine (TEA)
gave no desired product (Table 1, entries 7-11). Exploration of
various solvent conditions revealed that CH,Cl, was the optimal
reaction medium and provided 3aa with up to 81% yield (Table
1, entries 12-14). Furthermore, the reaction efficiency was not
affected significantly by decreasing the catalyst loading to 5 mol
% (Table 1, entry 15). When the reaction was finally carried out
in 5 mol % CuCl, and 2.6 equivalent KO'Bu in CH,Cl, at 80 °C
under argon atmosphere, 2H-furan 3aa could be observed in the
highest isolated yield (87%) (Table 1, entry 16). Needing more
amount of base (2.6 equiv.) compared to 2a (2.5 equiv.) may be
due to having to keep the mixture basic enough to generate the
carbene completely from trifluoromethyl N-tosylhydrazones.

Table 1. Optimization of reaction conditions.®

j’\/\ )NCHTS conditions Ph\(\:tN/\
phe ~F N T FRc”en - Fa P
1a 2a 3aa
Entry Metal Base Solvent Conv.(%)"

1 Rhy(OAc), KOBu toluene 5

2 FeCl, KOBu toluene 2

3 CuCl KO'Bu toluene 65

4 CuBr KOBu toluene 62

5 Cul KO'Bu toluene 48

6 Cu(OAc), KOBu toluene 71

7 CuCl, KOBu toluene 72

8 CuCl, K;PO, toluene 61

9 CuCl, K,CO;4 toluene 71

10 CuCl, DBU toluene -

11 CuCl, Et;N toluene -

12 CuCl, KOBu CH,Cl, 81

13 CuCl, KOBu DCE 33

14 CuCl, KO'Bu PhCl 66

15 CuCly* KOBu CH,Cl, 82

16 CuCl,¢ KO‘Bu CH,Cl, 867/87¢

“Experiments were performed with 1a (0.10 mmol, 1.0 equiv.), 2a (0.20
mmol, 2.0 equiv.), catalyst (20 mol %) and base (0.21 mmol, 2.1 equiv.)
in solvent (4 mL) with stirring at 80 °C under Ar atmosphere until 1a
was completely consumed. *Yields were determined by '"H NMR with
tetrachloroethane as an internal standard. <5 mol % catalyst loading. “2a
(0.25 mmol, 2.5 equiv.), base (0.26 mmol, 2.6 equiv.). “Isolated yields.
DCE = dichloroethane.

With the optimized reaction conditions in hand, we began
investigating the substrate scope of enaminones 1 (Table 2). The

35 reaction worked efficiently for various functionalized enaminones

to afford the corresponding trifluoromethyl-substituted 2H-furans
in moderate to excellent yields with complete stereoselectivity.

Enaminones with aryl groups bearing methyl groups either at
meta or para-position reacted efficiently and gave 90% and 85%
yields, respectively (3ca and 3da), while the ortho-methyl
substitution resulted in decreased yield (3ba, 50%). Both
electron-rich (3ea and 3fa) and electron-deficient (3ga-3ia)
substituents on the phenyl group are well tolerated without
obvious electronic influence. Enaminones with aryl halides (F,
Cl, Br and I) also generated the corresponding 2H-furans in good
yields (3ja-3ma). Notably, the halide products can easily be
further functionalized by cross-coupling reactions (Suzuki, Heck,
etc.),’” and this offers the possible transformations to prepare
other useful heterocycles containing a CF; group. The method
so was also compatible with heterocyclic enaminones including
furan, thiophene and pyridine albeit in decreased yields (3na-
3pa). Remarkably, ferrocene-substituted enaminones also led to
the formation of the corresponding dihydrofuran in 52% yield
(3qa). Naphthalenyl-substituted substrates could also provide the
corresponding product as single regioisomer in 86% yield (3ra).
When polyene enaminones were used, high degrees of
regioselectivity was observed with only the enamine C-C double
bond reacting over conjugated (3sa) and unconjugated double
bonds (3ta). An alkynyl functional group also remained intact
¢ under the reaction conditions in promising yield (3ua). The react-
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Table 2. Substrate scope of enaminones.*”

[¢) CuClj (5 mol %), Lol
R4:
, )J\%Nfﬁi. . ﬂ\NHTs 'BUOK (2.6 equiv.) R QN\_..'
: —_—
R FsC” “Ph CH,Cl,, 80 °C Ph
FsC
1 2a 3
/ /
s Q\QN/\ Q\QN\
I ~Ph Me - 2~Ph Me T~Ph
FsC FsC FsC
3aa, 87% 3ba, 50% 3ca, 90%
Me / MeO o. [ o.
T~Ph T Ph 7 Ph
Fiol FsC | FsC
3da, 85% 3ea, 85% 3fa, 86%
O2N / NC 7 F3C /
OLaN_ OLN_ o N~
\ \ \
fdPh raPh el
3ga, 80% ° 3ha, 78% 3ia, 77% 3
F / cl Br: /
O N o__v. O N
\Q\Q ~ < N < ~
s Ph i~Ph Z ~Ph
F3C Fil FsC
3ja, 92% 3ka, 90% 3la, 88%
! / A\ 0. / A\ o. N/
OuaN_ o ¢ V> s7\ ~
\
f~ph i Ph T ~Ph
3 g FiC
F5C F3C 3
3ma, 76% 3na, 49% 30a, 63%
! /
QN POy GO
=N" T\ S Fe e \ o
T~ Ph g 3
Fd < FiC il
3pa, 1% 3qa, 52% 3ra, 86%
Ph ,
o = o__v. Ph~= O
\ S~ Y \ S \
3~Ph 3 ~Ph Finldl
FsC FsC FsC
3sa, 70% 3ta, 57% 3ua, 54%
/
0.
N / /
\ > O N O uN_
Me +~Ph \ \
FsC < vPh <~Ph
F1C FiC
3va, 71% 3wa, 68% 3xa, 30%
° O 0N O R?
\ \ \
< Ph Ph s Ph
FiC FsC F3C
3ya, 63% 32a, 76% 3Aa, R?=Ph, 0%

3Ba, R?= NMeAc, 0%

65 “Unless otherwise noted, reactions were carried out using 1 (0.20 mmol),
2a (2.5 equiv.), CuCl, (5 mol %) and KO'Bu (2.6 equiv.) in CH,Cl, (0.05
M, 4 mL) at 80 °C under argon atmosphere, and the products are obtained
as single diastereomer. “Isolated yield.
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-ion scope could be further extended as it tolerated not only
aromatic but also aliphatic enaminones (3va-3xa). Changing N-
substituents to saturated cyclic groups, the corresponding 2H-
furan products were observed in promising yields (3ya and 3za).
However, the reaction failed to react without amino group (3Aa).

Then, the substrate scope of trifluoromethyl N-tosylhydrazones
were examined under the same reaction conditions (Table 3). The
reaction tolerates a broad number of aromatic substituents
(halogen, nitrile, ester, nitro and etc.). An electronic effect was
observed as the electron-donating substitutions (3ab-3ag) gave
slightly higher yields compared to electron-withdrawing groups
(3ag-3aj). Aryl halides including F, CI and Br gave desired five
member rings in moderate to good yields (3ak-3an). Notably, the
naphthalenyl tosylhydrazone gave the corresponding 2H-furan as
single diastereoisomer in quantitative yield (3ao0). Finally,
heterocyclic tosylhydrazone was also tolerated and gave
promising yield (3ap). Unfortunately, no desired 2H-furan was
isolated when aliphatic N-tosylhydrazones were employed as
carbene precursors (3aq-3ar).

[
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20
Table 3. Substrate scope of trifluoromethyl N-tosylhydrazones.?*
CuCl; (5 mol %),

(o] 0.
NNHT:
Ph)v\N/ . )j\ S BuoK (2.6 equiv.) Ph\QN\
| F,¢” R CH,Cl3, 80 °C re R
3
1a 2a 3

/ / /
Ph—ONaN_ Ph—ONaN_ Ph—ONaN_
\ \ .

F36 Bu Fgé FiC

MeO

3ab, 94% 3ac, 88%
/ ! /
Ph—ONaN_ Ph—ONaN Ph—ONaN_
\ \ \
FoC OMe FsC FsC )
OPh 0\)
3ae, 63% 3af, 72% 3ag, 85%
/ o o
o Ph N Ph N
Ph— OnaNy 1 ~ q ~
Fa cO,Me F3C NO, FaC CN
3ah, 39% 3ai, 44% 3aj, 57%
/ / /
0. 0. O,
Ph N Ph N Ph N
FiC FsC F FsC cl
3ak, 76% © 3al, 66% 3am, 70%
/ / /
PheONaN_ PhONaN_ Ph—ONaN_
‘ Teo T
FaiC Br FaC O FC | S
3an, 46% 3a0, 96% 3ap, 57%
) /
Ph \° N_ Ph—ONaN
= vBn K]
FsC FiC
3aq, 0% 3ar, 0%

“Unless otherwise noted, reactions were carried out using 1a (0.20 mmol),
2 (2.5 equiv.), CuCl, (5 mol %) and KO'Bu (2.6 equiv.) in CH,Cl, (0.05

25 M, 4 mL) at 80 °C under argon atmosphere, and the products are obtained
as single diastereomer. “Isolated yield.

A plausible mechanism is proposed based on obtained results
(Scheme 1). Initially, a diazo compound is generated in situ from

30 the trifluoromethyl tosylhydrazone in the presence of base. The
diazo compound then coordinates with the copper catalyst to give
the carbenoid-A.!8 The resulting intermediate A cyclopropanates
enaminone la to produce the amino cyclopropane intermediate
B.1% It’s failed to isolate the intermediate B may due to its high
3s reactivity. However, it might be a diastereomeric mixture of
compounds according to our previous study, in which we
characterized a similar amino cyclopropane intermediate as a

S
o

=
S

75

mixture of isomers.'%d After then, two possible pathways from
amino cyclopropane intermediate-B to the 2H-furan product are
proposed. For path-I, the oxygen attacking and cleavage of the C-
C bond occurs at the same time. The oxygen attacking may take
place either on the same side of the phenyl group or
trifluoromethyl group. In this case, the oxygen only attacks on the
same side of trifluoromethyl group and gives the final obtained

s cis-2H-furan product 1aa. On the other hand, it’s also possible to

proceed stepwise through ring-opening followed by ring-closure
involving an iminium ion intermediate-D, which would be
favored by the donor-acceptor nature of the cyclopropane
intermediate-B. Considering the high possibility of formation of
diastereomeric  mixtures of intermediates-B, the high
diastereoselectivity of this reaction can be highly according to the
thermodynamic formation of the most stable anomer at the cyclic
hemiaminal ether through stepwise pathway (path-II).

Scheme 1. Proposed mechanism.

)I\f\ - o /
JNLNHTs Base, [Cu] [jt] Ph N « F N~
. e P ——
FsC” “Ph FsC” “Ph 1a Ph
path-I
2a A F3C g Ph
path-IT
3
/
S e
Ph' ®
F,¢C Ph D

To demonstrate the utility of the reaction, a gram scale
experiment was performed to give 3aa in 78% yield (1.35 g). The
product 3aa was then further functionalized (Scheme 2). An
epoxidation of the 2H-furan ring of 3aa proceed smoothly to
afford the epoxide 4aa in 91% yield.?° The N,N-dimethyl amino
group could be oxidized to give 5aa in 75% yield.?! Hydrolysis of
the 2H-furan 3aa yielded the trifluoromethylated 1,4-
ketoaldehyde 6aa bearing a quaternary all-carbon stereogenic in
the almost quantitative yield (99%).22 1,4-Ketoaldehydes are
useful synthetic intermediates, and the obtained 6aa was further
transformed into useful compounds bearing CF; group. For
instance, an intramolecular McMurry coupling reaction gave
unsaturated four-member ring 7aa in 47% yield in the presence of
Ti/Zn catalytic system.?? Carbonyl reduction of 6aa allowed the
synthesis of 1,4-diol 8aa in 95% yield with a mixture of
diastereomers. Finally, the ketoaldehyde also cyclized with
hydrazine hydrate to afford 4,6-diphenyl-4-(trifluoromethyl)-1,4-

Scheme 2. Preparing other CF;-substituted compounds.
Ph

/
© §

] PK
4aa, 91% Taa, 47%
mCPBA Zn (8.0 equiv.)
(1.5 equiv.) TiCly (4.0 equiv.)
NNHTs CH,Clp, 0°C -1t THF, 0 °C - rt
Ph”™ “CFy TsOH*H,0 NaBH,
° 22 (2.5 equie) o < 2 Oph CF, 4 HO Ph_CF;
ke a (2.5 equiv.) PNQN\ (1.0 equiv.) Ph)’\)(fo (2.0 equiv.) 32 Con
\ CuCl, (5 mol %) E,G Ph CHCly, 1t M CH40H,0°C - rt 8aa, 95%
1a, 5 mmol 'BUOK (2.6 equiv.) 3aa, 78% 6aa, 99%
o
CH,Cl2, 80 °C gram scale: 1.35g
i) NH;NHz'H,0 (2.2 equiv.)
™ J< CH3OH, reflux
s gmiv ) | CHsCN.rair i) Cs,CO; (3.0 equiv.)
TEMPO (10 mol %) DCE, reflux
H
o. No PhNoy
Ph, No i
AvS
F:cl Ph F,C Ph

5aa, 75% 9aa, 94%

dihydropyridazine 9aa.>* The method thus represents an easy

This journal is © The Royal Society of Chemistry [year]
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access to a variety of compounds housing an all-carbon
stereogenic center with a CF5 group.
In summary, we have demonstrated an efficient and practical
approach to prepare highly functionalized 2-amino-3-
s trifluoromethyl-substituted ~ 2H-furan  derivatives with a
quaternary all-carbon stereogenic center as single diastereomers.
The reaction proceeds via a cascade cyclization between
enaminones and N-tosylhydrazones and employs a cheap copper
catalyst under basic conditions. We believe the reaction involves
10 an initial formation of an amino-cyclopropane intermediate,
which undergoes selective C-C bond cleavage. The method
tolerates a broad spectrum of functionalities, and the obtained
2H-furan derivatives can be further applied to prepare unique
trifluoromethyl-substituted compounds.
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