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[41_TD$DIFF]A B S T R A C T

A rhodium-catalyzed directing group promoted selective [39_TD$DIFF]C–H olefination reaction of indolizines at the 8-
position is reported. Di-olefination at 2,8-positions also achievedwith silver hexafluoroantimonate as an
additive under similar reaction conditions. Weakly coordinating groups, such as ketone, aldehyde, amide
and ester, were used as directing groups. The ester group can be removed under acid conditions and
therefore is used as a traceless directing group.
© 2020 Chinese Chemical Society and Institute ofMateriaMedica, Chinese Academy ofMedical Sciences.
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In recent decades, [39_TD$DIFF]C–H activation reactions have seen much
progress and become a hot topic in organic chemistry [1–13]. Inmost
cases, the selectively activation of [39_TD$DIFF]C–H bonds is achieved by
introducing a directing group. The directing group coordinates with
a transition metal to form a kinetically and thermodynamically
favorable five-membered cyclic intermediate, which promotes the
selective activation of β[42_TD$DIFF]–C–H bonds of the directing group. The
activation ofg [42_TD$DIFF]–C–Hbonds can also be achieved via a six-membered
cyclic intermediate in the absence of a β[42_TD$DIFF]–C–H bond [14–18].
However, examples of selectively activation of g [42_TD$DIFF]–C–H bonds in the
presence of β[42_TD$DIFF]–C–H bonds are rare. In 2011, Liu and coworkers
first reported an example of the palladium-catalyzed [39_TD$DIFF]C–H
amidation of 2,2-dimethyl-1-(1-tosyl-1H-indol-3-yl)propan-1-
one at the 4-position [19]. Subsequently, a series of transition-
metal-catalyzed C-4 functionalization reactions of 3-carbonyl
indole derivatives have been developed by various groups
[20–31]. In 2015, Ma and coworkers reported the rhodium-
catalyzed [39_TD$DIFF]C–H activation of indole selectively at the 7-position
over the 2-position, which benefited from the steric hindrance of
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the directing group [32]. Several similar protocols have since been
reported by the same and other groups [33–35]. Although Shi [36]
and Yu [37] have reported the palladium-catalyzed site-selective
C��H activation of g-C(sp3)–H bonds in the presence of more
accessible β-C(sp3)�H bonds via a six-membered palladacycle,
thedevelopmentof selectiveg-C–Hbondactivation in thepresence
of β[42_TD$DIFF]–C–H H bonds still remains in much demand (Scheme 1).

Indolizine is an important heterocycle that has long drawn the
attention of synthetic and theoretical chemists owing to its unique
properties [38–48]. [39_TD$DIFF]C–H activation of indolizines was first reported
by the Gevorgyan group [49] in 2004 and has since become a hot
topic. However, only [39_TD$DIFF]C–H bonds at the 3-position [50–60] and 1-
positions [61–66] of indolizine have been successfully activated.
Although [39_TD$DIFF]C–H activation of indolizine at the 5-position has been
achieved via tandem reactions, as reported by Zhang and
coworkers [54] and our group [59], the selective activation of [39_TD$DIFF]

C–H bonds in the six-membered ring of indolizine remains
challenging. Herein, we report a rhodium-catalyzed selective [39_TD$DIFF]C–
H bond activation at the 8-position of indolizine.

In the preliminary study, themodel system selected com-prised
N,N-dimethyl-3-phenylindolizine-1-carboxamide (1a, 0.20mmol)
and butyl acrylate (2a, 1.2 equiv.) with [Cp*RhCl2]2 (2mol%) as
catalyst, silver hexafluoroantimonate as additive, copper acetate
monohydrate (0.20mmol) as oxidant, and 1,2-dichloroethane
Academy of Medical Sciences. Published by Elsevier B.V. All rights reserved.
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Scheme 1. Selective activation of g-C(sp2)–H bonds in the present of β-C(sp2)–H
bonds.
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(DCE) as solvent. Pleasingly, desired product 3a was detected in [43_TD$DIFF]

75% yield by 1H NMR when the reaction was performed at 80 �C
under air for 8 h (Table 1, entry 1). When [Ru(p-cymene)Cl2]2 was
used as catalyst, 3a was detected in [44_TD$DIFF]27% yield (entry 2). However,
no 3a was detected when Pd(OAc)2 was used as catalyst (entry 3).
Additive silver hexafluoroantimonate was shown not to be
necessary (entry 4). Several solvents were tested, with 1,1,1-
trifluoroethanol (TFE) proven be the best single solvent (entry 7).
However, the yield of 3a only reached [45_TD$DIFF]78% in TFE. Therefore, we
testedmixtures of two different solvents. Themixture of 1,1,1,3,3,3-
hexafluoro-2-propanol (HFIP) and 1,2-dichloroethane (DCE) gave
the best result, affording a [46_TD$DIFF]91% yield of 3a (entry 11). Increasing the
Table 1
Optimization of reaction conditions.a

Entry Additive (amount[32_TD$DIFF]%) Solvent Yield (%)b[33_TD$DIFF]

1 AgSbF6 (10) DCE 75
2 AgSbF6 (10) DCE 27c [34_TD$DIFF]
3 AgSbF6 (10) DCE 0d [35_TD$DIFF]
4 / DCE 76
5 / Tetrahydrofuran 73
6 / HFIP 73
7 / TFE 78
8 / 1,4-dioxane 0
9 / EtOH 36
10 / TFE/DCE = 1/9 78
11 / HFIP/DCE = 1/9 91
12e [36_TD$DIFF] / HFIP/DCE = 1/9 94 (87f [37_TD$DIFF])

a Reaction conditions: 1a (0.20mmol), 2a (0.24mmol), solvent (0.8mL),
[Cp*RhCl2]2 (2mol%), copper acetate monohydrate (0.20mmol), 80 �C, under air,
8 h.

b 1H NMR yields using CH2Br2 as an internal standard.
c [Ru([38_TD$DIFF]p-cymene)Cl2]2 as catalyst.
d Pd(OAc)2 as catalyst.
e Copper acetate monohydrate (2.1 equiv.) under argon.
f Isolated yield.
amount of copper acetate monohydrate to 2.1 equiv. and running
the reaction under an argon atmosphere further improved the
yield of 3a to [47_TD$DIFF]94%. Finally, the following optimized reaction
conditions were established: [Cp*RhCl2]2 (2mol%), copper acetate
monohydrate (2.1 equiv.), mixed solvent HFIP/DCE (0.8mL; 1:9,
v/v), reacted under Argon at 80 �C. Under these conditions, 3awas
isolated in [48_TD$DIFF]87% yield (entry 12).

With optimal conditions inhand, a series of alkeneswere reacted
with 1a as coupling partner (Scheme 2). Acrylates gave the
corresponding products in good yields, even when bulky t-butyl
acrylate (2c) was used as the alkene source. (Vinylsulfonyl)benzene
(2d) was also well tolerated, giving indolizine 3d in [49_TD$DIFF]93% yield.
Acrylonitrile only gave corresponding indolizine 3e in moderate
yield, even when the catalyst loading was increased to 4mol[30_TD$DIFF]% and
the reaction time was prolonged to 24 h. Other electron deficient
alkenes, such as dimethyl vinylphosphonate, N,N-dimethylacryla-
mide, and N-methyl-N-phenylacrylamide gave indolizines in low
yields at 80 �C. However, increasing the reaction temperature to
110 �C and the reaction time to 24 h greatly improved the yields
(3f–3[50_TD$DIFF]h). Notably, styrene also reacted with 1a at 110 �C to give
indolizine 3i in [51_TD$DIFF]59% yield.

Next, the scope of indolizines was explored (Scheme 3).
In-dolizines with different substituents at the phenyl group of
the 3-position gave good yields of corresponding products, with
even the strongly electron-withdrawing nitro group tolerated (4b).
Interestingly, N,N-dimethylindolizine-1-carboxamide (1e) was
more reactive than other indolizines, affording corresponding
product 4e in [52_TD$DIFF]68% yield and 2-olefination by-product 4e0 in [53_TD$DIFF]21%
yield at 70 �C. This result indicates that the selectivity of the
reaction, although benefiting from steric hindrance, does not
depend on steric hindrance of 3-position. Indolizines with
different alkyl groups at the 3-position were also well tolerated
(4f–4[54_TD$DIFF]h). The indolizine with an electron withdrawing ester group
at the 3-positionwas less reactive, giving desired product 4i in [55_TD$DIFF]80%
yield at 90 �C. Interestingly, olefination only occurred at the
8-position of indolizine, evenwhen a phenyl groupwas attached to
the nitrogen atom of the amide directing group (4[56_TD$DIFF]j). Monosub-
stituted and unsubstituted amides were also well tolerated as
directing groups, giving the corresponding products inmoderate to
excellent yields (4k and 4[57_TD$DIFF]l). Aldehyde and ketone were
also tolerated as directing groups giving corresponding products
[(Scheme_2)TD$FIG]

Scheme 2. Scope of alkenes. Isolated yields. a Using 4mol% catalyst for 24 h.
b Conducted at 110 �C for 24 h. c Using 1.5 equiv. of alkene.



[(Scheme_3)TD$FIG]

Scheme 3. Scope of indolizines. a Conducted at 70 �C. b Conducted at 90 �C.
c Conducted at 110 �C. d Using 4mol% catalyst. e with 8mol [30_TD$DIFF]% AgSbF6.

[(Scheme_4)TD$FIG]

Scheme 4. C-H olefination of indolizine at 2-position.

[(Scheme_5)TD$FIG]

Scheme 5. Kinetic and control experiments.
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4m–4n in moderate to good yields at 110 �C. Ester was an
inefficient directing group under standard reaction conditions.
However, the corresponding product (4p) was isolated in [58_TD$DIFF]71% yield
when AgSbF6 was added as an additive. 3,8-Di-olefination of
indolizine also was show in Scheme 3 (4q) via combination of this
work with our previous work [55].

C–H olefination at 2-position was failed under the standard
re-action conditions. However, 5a was isolated in [59_TD$DIFF]84% yield using
8-olefinated-indolizine 3a as the starting material and AgSbF6 as
the additive. Under similar conditions, 2,8-di-olefination of 1a and
1e were successful and give 5b and 5c in [60_TD$DIFF]79% and 82% yields
(Scheme 4).

To determine the reaction mechanism, a series of kinetic and
control experiments were designed (Scheme 5). First, to determine
the rate-limiting step of this reaction,1a and deuterated 1a (D4-1a)
were reactedwith 2a in one tube or in two parallel tubes under the
optimized conditions at 90 �C for 30min. The obtained ratios of 3a/
D3-3awere 5.9 and 2.6 respectively. Second, 1awere reacted with
2a and 2f in one tube or in two parallel tubes under the optimized
conditions at 90 �C for 30min. The obtained ratios of 3a/3fwere 5.0
and 2.3 respectively. Third,1awas reacted with 2a using 0.5 equiv.
of [RhCp*Cl2]2 under standard reaction conditions. 3awas isolated
in [61_TD$DIFF]89% yield when 2.0 equiv. of potassium acetate was added and
no reaction in the absence of potassium acetate. However, 1a did
not react with [RhCp*Cl2]2 or RhCp*(OAc)2 in various solvents with
various additives (water, potassium acetate, AgSbF6, copper
acetate). These results indicated that the C–H activation was the
rate-limiting step, both alkene and acetate anion were involved in
the transition state of [39_TD$DIFF]C–H activation. Furthermore, a Rh(III)/Rh(I)
catalytic cycle was more likely other than the recently reported
Rh(V)/Rh(III) catalytic cycle [67].

Based on the above results and recently reported theoretical
calculation results [68], a plausible reaction mechanism was pro-
posed (Scheme 6). First, precatalyst [Cp*RhCl2]2 reactswith acetate
anion to form activated catalyst Cp*Rh(OAc)2. The activated
catalyst then coordinates with the starting material (1) and alkene
(2) to form intermediate A. Then A undergoes preferential C–H
activation to form intermediate B. Intermediate B then gives
intermediate C via olefin insertion. Intermediate C gives the
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Scheme 6. Proposed reaction mechanism.

[(Scheme_7)TD$FIG]

Scheme 7. Gram-scale reaction and remove of ester directing group.
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desired product and low-valence RhCp*(I) catalyst via β-H
elimination. Copper acetate then re-oxidizes RhCp*(I) to
Cp*Rh(OAc)2 and finish the catalytic cycle.

Under the standard reaction conditions, 3.0mmol of 1b was
reacted with 2a to afford 4b in an isolated yield of [62_TD$DIFF]86% (1.13 g),
which was similar to that of the small-scale reaction. The ester
directing group can be removed under acid conditions using
trifluoroethanol (TFE) as the solvent and yield 6a in [63_TD$DIFF]81%. These
results indicate that the reaction was promising in organic
synthesis (Scheme 7).

In conclusion, a rhodium-catalyzedweakly coordinating group-
directed [39_TD$DIFF]C–H olefination of indolizines at the 8-position and
di-olefination of indolizines at the 2,8-positions were developed. A
broad range of functional groups were tolerated in this reaction.
Preliminary mechanistic studies showed that the C–H action was
the rate-limiting step and alkene was involved in the transition
state of C–Hactivation. The study of specific reactionmechanismof
this reaction is ongoing. The versatility of olefinated indolizine
moieties shouldmake this protocol highly attractive for use in both
materials and medicinal chemistry.
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