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ARTICLE INFO ABSTRACT

Article history: An [2/Cul-promoted multi-component reaction fromrigines, aryl methyl ketones ar

Received electrondeficient acrylates has been accomplished fone-pot" mannemwhich provides

Received in revised form straightforward and efficient access to C-3 acylatedolizines. The key intermediate of N-

Accepted ylides is hypothesized to be generated in situ fpymidines and (hetero)aryl methyl ketone

Available online the presence of iodine. This method has been appli¢he synthesis of two molecules w
anticonvulsant and anti-inflammatory activities.
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1. Introduction iodine as an iodination regent for the synthesimdblizines via
. ) . ) a 1,3-dipolar cycloaddition reaction of nitrogenidgs with
Indolizines are important bridgehead nitrogen fetgrles  ,iynones [14]. However, the reaction requires tiep ty step
that have received great attention due to theierasting  ,qgition of starting materials, and the substrags is limited to
molecular structures featuring l®delocalized electrons [1]. ity onlyalkynones . Herein, we report our resultsaofiodine-
Indolizines exhibit a broad array of bioactivitiesuch as egiated synthesis of C-3 acylated indolizines fricw pyridine
antibacterial [2], antimycobacterial [3], antioxida [4],  yjide was generated in situ in the presence of mdand this

antlic.o.nvulsant [5], anti-inflammatory [5], and HIV hititory protocol was accomplished in a one-pot manner.
activities [6]. and thus, a number of synthetic rapghes have

been developed for the preparation of indolizifgse methods 2. Results and Discussion

for producing indolizines include the Schmidt @t [7], the ) o
Tschitschibabin reaction [8], 1,5-dipolar cyclizats [9], 1,3- We performed the reaction of acetophenaaepyr|d|.ne.2a.
dipolar cyclization [10], transition metal catalgzimtramolecular and methyl acrylate3a as model substrates for optimization
cyclization [11] and intermolecular cyclization [1Recently, ~(Table 1). It was found that no product was produsitdout the
the syntheses of indolizines involving iodine, whigrves as an inclusion of additional base (Table 1, entry 1). iirove the
iodination reagent, have been reported. In padgicuWu and Yield of 4a, different solvents were screened, and N,N-
coworkers demonstrated a two-step preparation oflizides in ~ Dimethylformamide (DMF) was found to be the best entv
the presence of copper oxide [13]. The reactioruireg a (Table 1, entries 3-5). Increas[ng or Qecrea5|r@ thaction
stoichiometric amount of copper oxide and refluxditions to ~ temperature caused a decrease in the yield ofrdupt. (Table
generate iodo-acetophenone for the second step,trendwo 1, entries 6-8)_. Attemptg to increase the yield bghrag various
steps require different solvents. Another example wa§OPPer salts _dld not deliver better _results (Tablgntrle_s 9-13).
demonstrated from Yavari and coworkers, which employedVhen replacing the copper salt with other Lewis acaih as
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iron, zinc, or nickel, the results indicated thail @vas most
effective (Table 1, entries 14-17). In addition KgCO;, other
bases were tested under the reaction conditions, rmut
improvement of yield was observed (Table 1, ent8s24).
Decreasing or increasing the amount of Cul did ngirove the
reaction (Table 1, entries 25-26). Finally, when ithaction was
performed under inert conditions, no increased dyiglas
obtained (Table 1, entry 27).

Table 1. Optimization of reaction conditiéns

additive ( 0.2 equiv), COOMe
9 N base (8 equiv), Z N
4 O T \/COOMe 1> (4 equiv), SN /
(j)k N solvent (0.3 M), air, o
1a 2a 3a temp, time 4a

entry solvent additive (equiv) TQ) base Yield

of 4a

(%)
1 DMSO - 100 - N.R.
2 DMSO - 100 KCO; 18
3 NMP - 100 KCO; 30
4 DMF - 100 KCO; 34
5 DMA - 100 KCO; 28
6 DMF - 110 KCO; 32
7 DMF - 90 KCO; 40
8 DMF - 80 KCO; 36
9 DMF CuCl (0.2) 90 KCOs 52
10 DMF CuBr (0.2) 90 KCO; 49
11 DMF Cul (0.2) 90 KCO; 66
12 DMF Cu(OAc) (0.2) 90 KCO; 47
13 DMF CuO (0.2) 90 KCO; 50
14 DMF FeC{ (0.2) 90 KCO; 60
15 DMF Zn(OAc) (0.2) 90 KCO; 55
16 DMF NiCk (0.2) 90 KCO; 59
17 DMF Zn(CRS0y), (0.2) 90 KCO; 64
18 DMF Cul (0.2) 90 NEt 35
19 DMF Cul (0.2) 90 DBU 30
20 DMF Cul (0.2) 90 NHEt N.R.
21° DMF Cul (0.2) 90 TMEDA N.R.
22 DMF Cul (0.2) 90 N#ZO; 41
23 DMF Cul (0.2) 90 GEO; 20
24 DMF Cul (0.2) 90 KOAc 24
25 DMF Cul (0.1) 90 KCOs 51
26 DMF Cul (0.4) 90 KCO; 49
27 DMF Cul (0.2) 90 KCO; 66

*Reaction conditionsta (0.6 mmol),2a (0.6 mmol),3a (0.3 mmol), additive
(0.2 equiv), base (8 equiv) and4.0 equiv) in 1 mL of solvent for 16 h at
90 °C."Isolated yieldsSTMEDA: N,N,N',N'-Tetramethylethylenediamine.
9Under nitrogen atmosphere in dry DMF.

To investigate the substrate scope of

derivatives, a series of different (hetero)aryl myétketones

reacted with2a and3a in a one-pot fashion were studied under

standard conditions (Scheme 1). The results inglic#tat most
of the acetophenone derivatives reacted well unuemreaction
conditions. 1-(Naphthalen-1-yl)ethanone, 1-(furayp)2thanone
and 1-(thiophen-2-yl)ethanone were compatible satestrin the
reaction and delivered the corresponding produ€tgano-,

trifluoromethyl-, fluoro-, chloro-, bromo- and eveipdo-

substituted indolizine derivatives could be prefare moderate
yields by this method. Among them, £Broup in the para
position of the phenyl ring delivered the highdstd/(74%). The
steric effect was observed when substrates possassegthyl-

substituent on thepara-position, this substrate produced a

product with a 66% yield, while a methyl-substituenthe meta-
position gave a 57% yield and a methyl-substituerihe ortho-
position gave a 52% vyield. Finally, acetophenoneth wOMe

acetophenone
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Scheme 1: Synthesis of C-3 acylated indolizinesifpyridine, methyl
acrylate and different (hetero)aryl methyl ketones.

The substrate scope of pyridine derivatives wasietiudnder
the optimal reaction conditions (Scheme 2). Pygdiaontaining
electron-withdrawing groups delivered the correspogdi
products with lower yields5@ in 47% yield) than those with
electron-donating groupsl{ with methoxy group in 71% vyield,
5d with methyl group in 57% yield angf with phenyl group in
52% vyield). It is noteworthy that isoquinoline assabstrate
delivers the corresponding produit in a 58% vyield, while no
product was obtained when quinoline was subjectetidcsame
reaction conditions. Furthermore, 2-methylpyridamel quinoline
were employed in this reaction to examine the effeictan
occupiedortho-position. The results showed that no product was
obtained %g, N.R.;5h, N.R.). Pyridines with a 3,5-dimethyl

COOMe
Cul (0.2 equiv) N
) I, (4.0 equiv) RT N
= K2COs (8.0 equiv)
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Scheme 2: Synthesis of C-3 acylated indolizines fawetophenone, methyl
acrylate and substituted pyridines.

substituted substrate reacted well using this mefbiogroducing

and -SMe at theara position of phenyl ring were also employed he indolizine produche with a 68% yield.

in the reaction to produce the products with a 66étdyand a
60% vyield, respectively.

To study the substrate scope of electron-deficedkénes,
different substrates were employed in the reactiwteu optimal



conditions (Table 2). The result was that most & #hectron
deficient alkenes reacted and gave the correspgmifimducts ef
Furthermore ficiently. Ethyl acrylate, acryloni&jlbutyl acrylate
and tert-butyl acrylate were used in this reaction and detd
the corresponding producBa-6d (Table 2, entries 1-4). It is
noteworthy that botle- andZ-dimethyl fumarate reacted well in
the optimal conditions to deliver the same prodigcin moderate

yields (Table 2, entries 7-8). Furthermore, diettwharate and 16).

di-tert-butyl fumarate resulted with a produéts and6i in 63%
yield and 61% vyield, respectively (Table 2, ent®e%0). When
the substrates were aliphatic unsaturated aldetydelsalcones,
the yield decreased under standard reaction conditi(Table 2,
entries 11-15). When butane-1,4-diyl diacrylate wakjected to
the properly tuned condition, produdo, containing two
indolizine scaffolds, was isolated in a 63% yieldlfle 2, entry

Table 2. Synthesis of C-3 acylated indolizines from acetopine, pyridine, and different electron deficidkeaes.

EWG
0 Cul (0.2 equiv) = R
N EWG |y (4.0 equiv) N w
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@ Reaction conditionsta (1.2 mmol),2a

To further prove the potential of this method, Wiiaed this
protocol for the synthesis of two biologically agticompounds

(1.2 mmol),3 (0.3 mmol), Cul (0.12 mmol); (2.4 mmol), KCO; (4.8 mmol), DMF (1.0 mL), air, 98C, 16 h.

intermediateC in the presence of base delivers intermediate
which undergoes 1,3-dipolar cycloaddition with methgtylate

(7a and 7b) (Scheme 3) [5]. When electron-deficient alkynes,to form intermediateE, followed by further dehydrogenative

such as methyl propiolate, dimethyl but-2-ynedipated 1,3-

diphenylprop-2-yn-1-one, were subjected to this tfeacunder

optimal conditions, no product was detected (SchémBossible
explanation could be that the side reaction ofriedvith alkynes
which consumed the alkynes. After the reaction eniptpy
alkynes, we have detected the complete consumptiatkynes,

while no expected product was found.

standard conditions

Cul (0.2 equiv)

I, (4.0 equiv)
K,COj3 (8.0 equiv)
P it
DMF (0.3 M), air o o

90°C, 16 h

EWG
N

o] O A N\ anti-convulsant
@1/)—< <1+ ew EWG = CN, 7a, 68%
N anti-inflammatory
EWG = COOMe, 7b, 65%

Scheme 3: Synthesis of anti-convulsant and antsmhatory indolizines.

Cul (0.2 equiv) R

0 I, (4.0 equiv) A
;. 2
N @ v Rl in? K,COj3 (8.0 equiv) SN /) R

N DMF (0.3 M), air
90°C, 16 h ]
Product 8a, R = H, R? = COOEt
Product 8b, R' = COOMe, R2= COOMe N R

Product 8¢, R' = Bz, R?= Ph
Scheme 4: Reactions with electron-deficient alkymeder optimal conditions.

Based on previous reports [13, 14] and the abossaltse a
plausible mechanism of this reaction is propose&dheme 5.
Initial complexation of acetophenone and Cul fointermediate
A, which undergoes deprotonation to give intermediBte
Addition of iodine to intermediatB which reacts with pyridine
generates pyridine ylide intermedidein situ. Deprotonation of

aromatization in the presence of iodine to form fireduct

indolizine.
Cul Cul
©)k el Base i
I Cul
Base
CcO,Me
N ~ o
I
{ Q
N SET N w
° ’/\ 1,3-Dipolar
4@ M E  COOMe| cycloaddition

aromatization

Scheme 5: A plausible mechanism of the multiple{gsonent reaction.

3. Conclusion

A one-pot method for the synthesis of multisubstitut
indolizines was developed from acetophenones, mg&liand
electron deficient alkenes. The substrate scopthief method
was broad, since various (hetero)aryl methyl ketopgedines,
and electron deficient alkenes were successfullylieppsing
this protocol. We have also utilized the methodglow
synthesize two biologically active compounds, whichy attract
the interests of many medicinal chemists. Furtlkptogation and
application of this methodology are currently omgpiin our
laboratory.
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