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Efficient synthesis of 1-fluoroindolizines

Vladimir A. Motornov,®? Andrey A. Tabolin,*2 Yulia V. Nelyubina,® Valentine G. Nenajdenko,? Sema

A general method for the synthesis of substituted indolizines by copper (ll) acetate-promoted oxidative [3+2]-annulation

of a-fluoronitroalkenes with in situ generated pyridinium ylides was developed. Application of the copper (lI) acetate - 2,6-

lutidine system opens efficient access to various 1-fluoroindolizines in up to 81% yield. Both electron-rich and electron-

deficient nitroalkenes as well as different pyridinium and isoquinolinium salts can be involved in the reaction. Moreover, it

was found that copper-mediated annulation is applicable for other a-substituted (alkyl, chloro, ester) nitroalkenes giving

rise to the corresponding indolizines. First synthesis of monofluorinated [3,2,2]cyclazines was demonstrated via oxidative

annulation of 3-unsubstituted fluoroindolizines with diethyl acetylenedicarboxylate.

Introduction

The indolizine fragment is an important structural part of
many natural alkaloids as well as important pharmaceuticals
(Figure 1).1 In the recent times, antihypertensive, anticancer,
antiinflammatory, antimicrobial, and other biological activities
have been explored for substituted indolizines.? Among the
known methods for their synthesis® [3+2]-annulation involving
pyridinium salts was widely studied as the simplest and highly
straightforward route to multifunctionalized indolizines
(Scheme 1). The typical annulation reactions have involved
electron-poor alkynes, bearing carbonyl or ester groups, as 2n-
components.* Also various oxidative annulations with
electron-deficient alkenes and different oxidants, were
elaborated.> However, similar reactions with conjugated
nitroalkenes are less explored.®

Fluorinated heterocycles are of special interest for drug
design.” [3+2]-Cycloaddition could be a direct and highly
attractive approach to the synthesis of monofluorinated
indolizines. However, this approach has never been realized
due to low stability of 1-fluoroalkynes.® Recently we have
demonstrated the application of fluorinated a-nitroalkenes as
synthetic equivalents of fluoroalkynes in [3+2]-cycloadditions

towards monofluorinated triazoles.?
Straightforward preparation
fluoronitroalkenes looked especially attractive. Currently
fluorinated indolizines are almost unknown.® Herein we
report the first synthesis of 1-fluoroindolizines as well as
convenient route to other substituted indolizines by copper-
mediated oxidative [3+2]-annulation of nitroalkenes with

pyridinium salts (Scheme 1).
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Figure 1. Representative bioactive indolizine derivatives.
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Scheme 1. Approaches to indolizines via [3+2]-annulation.

Table 1 Optimization of the reaction conditions (See ESI for fulldetails) online
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Results and discussion

study with the model reaction of

pyridinium salt 2a in

We started our
fluoronitroalkene 1a  and
dichloromethane with triethylamine as a base without external
oxidant (entry 1, Table 1). Under these particular conditions
complete consumption of starting nitroalkene 1a was
observed. However, only traces of target indolizine 3a were
detected.’® To our delight, running the reaction in the
presence of copper (ll) acetate as an oxidant!? resulted in 23%
yield of 3a (entry 2). Other oxidants were found less efficient.
Using strong nitrogen bases (triethylamine, DIPEA, DMAP,
DBU) gave only satisfactory yields of indolizine (entries 2-4,10),
probably due to polymerization of intermediate anionic
species.!3 Finally, after exhaustive optimization studies (See Sl
for full details of optimization process) it was found that the
reaction proceeds most efficiently with 1.5-2 equivalents of
pyridinium salt and 1.5 equivalents of copper acetate at rt in
1,2-dichloroethane using 2,6-lutidine as a base. This resulted in
formation of target 1-fluoroindolizine 3a in 69% vyield.

2| J. Name., 2012, 00, 1-3

Ar N F
. F . Itl/ conditions == p Ar
) Br NP
NO,
EtO,C CO,Et
1a 2a 3a
Ar = 4-Cl-CgH,-

Entry Oxidant (equiv.) Base (equiv.) Solvent Yield

3a?, %

1 - EtsN (1.5) CH,Cl, trace
2 Cu(OAc),'H,0 (1.5) EtsN (1.5) CH,Cl, 23
3 Cu(OAc),'H,0 (1.5) DBU (1.5) CH,Cl, 33
4 Cu(OAc),-H,0 (1.5) DIPEA (1.5) CH,Cl, 26
5 Cu(OAc),-H,0 (1.5) Py (5) CH,Cl, 48
6 Cu(OAc),'H,0 (1.5) Py (5) MeCN 38
7 Cu(OAc),'H,0 (1.5) Py (5) DMF 17
8 Cu(OAc),'H,0 (1.5) Py (5) DCE 52
9b Cu(OAc),'H,0 (1.5) Py (5) DCE 61
10>  Cu(OAc),-H,0 (1.5) DMAP (5) DCE 24
11° Cu(OAc),'H,0 (1.5) 2,6-lutidine (5) DCE 63
125 Cu(OAc),'H,0 (1.5)  2,6-lutidine (5) DCE 69

2Yijelds were determined by 1°F NMR with PhCF; as internal standard;® The
reagents were mixed at 0°C, then stirred at r. t.; 1.5 equiv. of 2a.

With the optimized conditions in hand, the scope of the
reaction was investigated. First, the influence of the nature of
the pyridinium salts was examined (Scheme 2). To this end
various pyridinium salts bearing different electron withdrawing
groups were tested. 3-Ethoxycarbonyl- and 3-cyano-
substituted fluorinated indolizines 3a,b were prepared in good
isolated yields after 8 hours of stirring at rt. Pyridinium salts
derived from aliphatic and aromatic haloketones reacted more
quickly to form products 3c,d in 48-51% yields.** The sterically
more hindered CO,Bn-substituted pyridinium salt reacted
significantly slower, 3 days were required for its complete
conversion to form product 3e. The respective salt containing
the more bulky tert-butyloxycarbonyl group was found
unreactive.

Next, various C2-C4 substituted pyridinium salts 2 were tested
thus leading to substituted C5-C8 indolizines 3f-j.1> 2-Picoline
derived salt gave the 5-substituted indolizine 3g in moderate
yield. The reaction with 3-picoline derived salt 2h gave a
mixture of isomeric indolizines 3h in a 3:1 ratio in favor of the
8-substituted isomer. More bulky salt 2j having the
phthalimidomethyl group in the position 3 of the pyridine ring
produced the corresponding 6-substituted indolizine 3j highly
regioselectively. On the contrary, selective formation of the 8-
isomer (e.g., for 3i) may be explained by electronic factors.®
Also it was found that isoquinolinium salts are applicable for
the annulation. For example, the corresponding
benzoindolizine 3k was efficiently synthesized under optimal
conditions.

This journal is © The Royal Society of Chemistry 20xx
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Scheme 2. Synthesis of 1-fluoroindolizines 3 from various pyridinium salts 2.

Next, the scope of a-fluoronitroalkenes 1 was studied, thus
revealing generality of the method (Scheme 3). Nitroalkenes 1
bearing both electron-donating and electron-withdrawing
substituents can be involved in the cycloaddition to open
access to monofluorinated indolizines 3 in good yields. It
should be pointed out that significant influence of a
substituent in the aryl group on the reactivity of nitroalkene 1
was observed. Electron-neutral substrates, including sterically
hindered ortho-bromo-substituted nitroalkene, were
converted into indolizines 3b,l-o within 4.5-10 h. Electron-poor
para-cyano-substituted nitroalkene reacted much faster, and
complete conversion to form 3p was reached after 3h at r.t.
The most reactive para-nitro-substituted substrate afforded
indolizine 3r after 1.5 hours at 0°C. On the contrary, electron-
rich para-methoxy-substituted nitroalkene required 5 days and
increased amounts of pyridinium salt for complete conversion
to 3s. The structures of all obtained indolizines 3 were
unambiguously determined by 'H and 13C NMR spectra as well
as by HRMS data. In addition, single crystal X-ray analysis was
performed for the indolizine 3s (Figure 2).17

This journal is © The Royal Society of Chemistry 20xx
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Scheme 3. Synthesis of 1-fluoroindolizines 3 from various fluoronitroalkenes 1.
2 reaction temperature 0°C. 2.3 equiv. of 2b.

Figure 2. Molecular structure of 3s in representation of atoms via thermal ellipsoids at
50% probability level. Only one symmetry-independent molecule is shown.

Inspired by the efficiency of copper-mediated annulation for
the synthesis of fluorinated indolizines and to test the
generality of the method, we investigated the reactivity of
other a-substituted nitroalkenes in the presented indolizine
synthesis. To the best of our knowledge, only few reports were
devoted to the synthesis of indolizines from nitroalkenes by
oxidative annulation, where silver carbonate®®t, or TEMPO5d
have been used as oxidants. The main advantage of proposed
method is utilization of cheap and easily available copper
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acetate monohydrate. Different nitroalkenes were tested to
further extend the scope of copper-mediated annulation
(Scheme 4). To our delight, the reaction was found to be very
general. For example, a-methylated nitroalkene afforded the
corresponding indolizine 4 in good vyield. On the contrary,
1-unsubstituted indolizine 5 was obtained in lower yield from
a-unsubstituted nitroalkene. Probably, these observations may
be explained by the increased stability of three-substituted
intermediate B (cf. Scheme 5) towards anionic polymerization.
Further, the method was also found applicable for aliphatic
and even for PB-unsubstituted nitroalkenes. Overall, the
corresponding indolizines 5-7 were obtained in moderate
yield, probably, because of high susceptibility of electron-rich
indolizines to further oxidation.18

Annulation of a-chloronitroalkenes with pyridinium salts was
of particular interest, because of hardly predictable either
HNO, or HCI elimination.?® In our case, a-chloronitroalkenes
exhibited a reactivity close to their fluorinated analogues and
formed 1-chloroindolizine 8 chemoselectively. However, a-
bromonitroalkene was unreactive under these conditions,
probably because of significant steric hindrance. In the case of
electron-poor a-nitrocinnamate the reaction proceeded
smoothly providing the corresponding indolizine 9 in good
yield. It should be mentioned that the copper-mediated
annulation with o-nitrocinnamate established the route to
indolizines, while the oxidant-free base-catalyzed reaction with
pyridinium salts is known to lead to isoxazoles.?°

R2

R! 2 | o Cu(OAC)yH,0 _
— + - (1.5 equiv.) - R
N +

NO, 2,6-lutidine (5 equiv.) x> N /
). DCE, Msah, o°C-rt
1 NC Br CN
49
2b
(1.5 equiv.)
/ — / —
Cl Cl
X N Y >~ _N /
CN
4, 68% 5,31%
= —
N SN —/ SN —/
CN
6a, 46%
° 6b, 61%3 7,38%2
cl CO,Et
= — = —
OMe Cl
x> N Y >~ _N /
CN CN
8, 60%° 9, 73%

Scheme 4. Synthesis of indolizines 4-9 from different fluoronitroalkenes 1. ? 2.0 equiv.
of 2b.

4| J. Name., 2012, 00, 1-3

Either concerted or stepwise mechanisms can be.cansidered
for the present [3+2]-annulation.?! ThePkighOdepEhaeReéaldn
the electronic nature of the nitroalkenes makes the stepwise
anionic mechanism more likely. However, the concerted
scenario cannot be excluded. Following the stepwise
mechanism Michael addition of the formed ylide A to the
nitroalkene 1 results in the formation of the anion B,22 which
attacks the alpha-position of pyridinium fragment to form
tetrahydroindolizine C. Here, coordination of copper to the
pyridinium ylide might possess a significant promoting effect
on the reaction, similarly to copper-catalyzed cycloadditions
with azomethine ylides.?> Next, dehydrogenation with
Cu(ll)/atmospheric oxygen affords intermediate
dihydroindolizine D.?42> Finally, aromatization takes place,
presumably via expulsion of nitrite-anion by nitrogen lone pair
and formation of intermediate E.2% In the case of fluorinated
substrates this step may be expected to proceed by either
elimination of HNO, or HF. Gratifyingly, due to a strong C—F
bond, HNO, elimination is favored resulting in formation of the
monofluorinated indolizines 3 (Scheme 5). A similar behavior

has been observed previously for the synthesis of
monofluorinated triazoles.%?
‘ o Lut
+ 2
N Lt
AN
EWG™ Br ‘
2 F
Ar F NO.
— Ar |—
N
1 NO;
EWG
Lut = 2,6-lutidine C
NO,
cu(ll), 0, | = N\
EE—— Ar
N/ S N=
EWG
D E
Lutl -LutH* F Lutl—LutH+ NO,”
0O, F
= — = —
Ar Ar
N Y >~ _N /
EWG EWG
3 3
(not formed)

Scheme 5. Proposed mechanism for the synthesis of indolizines 3.

Next, the reactivity of fluorinated indolizines was studied
(Scheme 6). 3-Cyano-substituted derivatives 3n,s were used as
a starting materials for the synthesis of 3-unsubstituted
indolizines 10. Alkaline hydrolysis followed by treatment with
concentrated hydrochloric acid gave 3-unsubstituted
fluoroindolizines 10 in up to 78% total yield. Importantly, no
substitution of fluorine in position 1 was observed to prove
stability of 3-fluoroindolizines in alkaline solution. Subsequent
heating of 10 with diethyl acetylenedicarboxylate at 90 °C in
the presence of catalytic amount (20%) of copper diacetate

This journal is © The Royal Society of Chemistry 20xx
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under air resulted in the formation of novel fluorinated
[3,2,2]cyclazines 11 in up to 70% vyield as a result of oxidative
[8+2]-cycloaddition (Scheme 8). This new procedure based on
similar oxidative system is advantageous in comparison to
literature application of Pd/C.?” No formation of side-products
was observed in the synthesis of target cyclazines 11 which are
stable under the cyclization conditions.

F
F F
= N N = i Ar
—_— —_—
CN
3ns 10 EtO,C CO,Et
’ (10n, 75%, "
0,
10s, 78%) (1, 63%,
11s, 70%)

i 1. KOH, EtOH, reflux; 2. conc. HCI, 80 °C
ii: EtO,CC=CCO,Et, Cu(OAc),'H,0 (20 mol.%), PhMe, air, 90 °C, 5-8h

Scheme 6. Synthesis of fluorinated cyclazines 11.

Experimental section
General experimental

All reactions were performed in oven-dried (150 °C) glassware.
Most of the chemicals were acquired from commercial sources
and used as received. Starting fluoronitroalkenes
XCgH4CH=C(F)NO, (1a (X = p-Cl), 1b (X = 0-Br), 1c (X = p-F), 1d
(X = p-Br), 1e (X = p-Me), 1f (X = p-CN), 1g (X = p-CO,Me), 1h (X
= p-NO,), 1i (X = p-OMe)) were prepared by radical nitration of
corresponding fluorobromostyrenes by Fe(NOs); in 1,4-
dioxane (1a,% 1d,%d 1e,% 1i°) or by Fe(NO3)3/TEMPO/1,2-DCE
system (1b,c,f-h??). Other starting materials were prepared
according to the literature procedures: 1-chloro-4-(2-
nitroprop-1-enyl)benzene 1j,%8 1-chloro-4-(2-nitrovinyl)-
benzene 1k,?° 2-nitroprop-1-ene 1l and 2-nitrobut-1-ene 1m,3°
4-methyl-2-nitropent-2-ene 1n,3! 1-(2-chloro-2-nitrovinyl)-4-
methoxybenzene 10,°¢ ethyl 3-(4-chlorophenyl)-2-nitroacrylate
1p;32 N-substituted pyridinium salts: 2a (R=CH,CO,Et),33 2b
(R=CH,CN),>8 2c¢ (R=CH,C(O)Me),3* 2d (R=CH,C(O)Ph)3> 2e
(R=CH,C0O,Bn);3®* N-cyanomethyl pyridinium XCsH;N*CH,CN
salts: 2f (X = p-Me),?8 2g (X = 0-Me),?8 2h (X = m-Me),®d 2i (X =
m-Br);3” N-cyanomethyl isoquinolinium salt 2k.3®8 TLC were
performed on silica coated on aluminium with UV254
indicator. Visualization was accomplished with UV. Column
chromatography was performed on silica (0.04-0.063 mm,
60 A). NMR spectra were recorded at Bruker Fourier 300 and
Bruker AV-300 instruments at the 300 MHz (*H NMR), 75 MHz
(*3C NMR), and 282 MHz (*°F NMR) frequencies. Multiplicities
are denoted as s (singlet), d (doublet), t (triplet), q
(quadruplet), m (multiplet), br (broad); pseudo t corresponds
to not well-resolved doublet of doublets with similar (within
0.3 Hertz) coupling constants. Assignment of hydrogen and
carbon atoms of indolizine core was made basing on 2D NMR
for selected compounds (3q, 5, 10n) and literature data.® High
resolution mass spectra were acquired at Bruker micrOTOF
spectrometer using electrospray ionization (ESI).

This journal is © The Royal Society of Chemistry 20xx
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1-(Ethyloxycarbonylmethyl)-3-(phthalimidomethyl)pyridinivmo e
bromide (2j) DOI: 10.1039/C80B03126F

The solution of 3-(phthalimidomethyl)-pyridine (80 mg, 0.33
mmol)3° and ethyl bromoacetate (59 mg, 0.33 mmol) in EtOAc
(0.5 ml) was refluxed for 5 h, then cooled to r. t., and formed
white precipitate was filtered. Recrystallization of mother
liquor followed by filtration afforded additional product. Yield
110 mg (79%). mp = 152-155°C (EtOAc) (decomp.) *H NMR
(DMSO-dg, 300 MHz): 1.23 (t, J = 7.0 Hz, 3H, CHs), 4.21 (q, J =
7.0 Hz, 2H, CH,), 5.05 (s, 2H, -CH5-Nphen), 5.67 (s, 2H, N-CH,-
CO,Et), 7.92 (m, 4H, CHppeh), 8.26 (m, 1H, H5), 8.77 (d, J = 7.8
Hz, 1H, H4), 9.06 (d, J = 5.7 Hz, 1H, H6), 9.11 (s, 1H, H2). 13C
NMR (DMSO-dg, 300MHz, DEPT-135): 14.4 (CHs), 38.5 (-CH,-
Nphen), 60.8 (CH,), 62.8 (N-CH,-CO,Et), 123.9 (CHpp), 128.0
(CHpy), 132.3 (Cpnen), 135.1 (CHpnen), 137.8 (Cpnen), 144.8 (CHpy),
145.8 (CHpy), 146.3 (CHp,), 166.6 (Cpnen), 168.2 (CO,Et). HRMS
(ESI): m/z caled. for [CigH17BrN,0O4-Br]*: 325.1183, found:
325.1192.

General procedure 1 for the synthesis of indolizines 3-9

Suspension of pyridinium salt 2 (0.3 mmol, 1.5 equiv.) and 4A
molecular sieves (powder, 100 mg) in DCE (2 ml) was cooled to
0°C using ice-cooling bath, then 2,6-lutidine (92 mg, 1 mmol, 5
equiv.) was added. After stirring for 5 min, nitroalkene 1 (0.2
mmol, 1.0 equiv.) was added, followed by addition of
Cu(OAc),-H,0 (60 mg, 0.3 mmol, 1.5 equiv.) The mixture was
stirred at 0°C for 15 min, then warmed to r.t and the stirring
was continued for 3 h — 5 d. After the reaction was complete
(TLC monitoring), the solvent was evaporated under reduced
pressure with silica gel, and the crude product was purified by
column chromatography (PE/EtOAc, 4:1 — 19:1) to afford
indolizines 3-9.
1-Fluoro-2-(4-chlorophenyl)-3-(ethyloxycarbonyl)-indolizine (3a).
Indolizine 3a was obtained from a-fluoronitroalkene 1a (30.2
mg, 0.15 mmol) and pyridinium salt 2a (1.5 equiv.) following
the general procedure 1 (reaction time 8 h). Column
chromatography (eluent: 8:1 PE/EtOAc) afforded 3a (30 mg,
63%) as a yellow oil, which solidifies upon storage in a
refrigerator. R¢ = 0.56 (PE/EtOAc, 3:1) (UV). 'H NMR (300 MHz,
CDCl3): 6 1.09 (t, J = 7.1 Hz, 3H, CHs), 4.18 (q, J = 7.1 Hz, 2H,
CH,), 6.79 (td, J = 6.9, 0.9 Hz, 1H, H6), 7.02 (dd, J = 8.8, 6.9 Hz,
1H, H7), 7.40 (s, 4H, CH,,), 7.52 (d, J = 8.8 Hz, 1H, H8), 9.48 (d, J
= 6.9 Hz, 1H, H5). 33C NMR (75 MHz, CDCl3): 6 13.9 (CH3), 59.8
(CH,), 106.2 (C3), 113.4 (CH), 114.8 (d, Jr = 3.3 Hz, CH), 120.5
(d, Zer = 9.1 Hz, C2), 121.3 (d, Jr = 1.8 Hz, CH), 123.7 (d, 2J¢r =
26.0 Hz, C8a), 126.6 (CH), 127.7 (CHa,), 129.9 (d, 3¢ = 1.6 Hz,
Car), 132.0 (CHp,), 133.6 (C-Cl), 140.1 (d, Yer = 241.6 Hz, C1-F),
161.6 (d, 3Jor = 2.9 Hz, CO,Et). 1°F NMR (282 MHz, CDCl3): &
-175.0 (s). HRMS (ESI): m/z calcd. for [C17H13CIFNO,]: 317.0613,
found: 317.0602.
1-Fluoro-2-(4-chlorophenyl)-indolizine-3-carbonitrile (3b).
Indolizine 3b was obtained from a-fluoronitroalkene 1a (30.2
mg, 0.15 mmol) and pyridinium salt 2b (1.5 equiv.) following
the general procedure 1 (reaction time 8 h). Column
chromatography (eluent: 7:1 PE/EtOAc) afforded 3b (28.7 mg,
71%) as a white solid. R¢ = 0.41 (PE/EtOAc, 3:1) (UV), mp = 144-
145°C (CHCl5). 'H NMR (300 MHz, CDCl3): § 6.82 (td, /= 6.9, 1.1

J. Name., 2013, 00, 1-3 | 5


http://dx.doi.org/10.1039/c8ob03126f

Published on 16 January 2019. Downloaded on 1/21/2019 5:27:55 AM.

Organic & Biomolecular Chemistry

Hz, 1H, H6), 7.01 (dd, J = 8.8, 6.9 Hz, 1H, H7), 7.47 (d, J = 8.2
Hz, 2H, CH,,), 7.53 (d, J = 8.9 Hz, 1H, H8), 7.77 (d, J = 8.2 Hz, 2H,
CHp,), 8.18 (d, J = 7.0 Hz, 1H, H5). 13C NMR (75 MHz, CDCl3): &
88.4 (d, 3Jcr = 6.3 Hz, C3), 113.8 (CN), 113.8 (CH), 115.8 (d, Jcr =
3.4 Hz, CH), 120.5 (d, %J¢r = 8.9 Hz, C2), 121.7 (d, Jer = 2.0 Hz,
CH), 123.9 (d, %J¢cr = 26.3 Hz, C8a), 124.4 (CH), 127.4 (d, 3J¢ =
3.3 Hz, Ca), 129.3 (CHa,), 129.5 (d, % = 3.3 Hz, CHp,), 134.7 (C-
Cl), 138.1 (d, Ugr = 244.9 Hz, C1-F). °F NMR (282 MHz, CDCl5):
6 -171.8 (s). HRMS (ESI): m/z calcd. for [CisHgCIFN, + H*]:
270.0355, found: 270.0347.
1-Fluoro-2-(4-chlorophenyl)-3-acetyl-indolizine (3c).

Indolizine 3c was obtained from a-fluoronitroalkene 1a (40.3
mg, 0.2 mmol) and pyridinium salt 2c (1.5 equiv.) following the
general procedure 1 (reaction time 6 h). Column
chromatography (eluent: 5:1 PE/EtOAc) afforded 3c (29.2 mg,
51%) as a yellow oil. Rf = 0.31 (PE/EtOAc, 5:1) (UV). 'H NMR
(300 MHz, CDCl3): 6 2.03 (s, 3H, Me), 6.88 (pseudo td, J = 7.0,
0.8 Hz, 1H, H6), 7.14 (dd, J = 8.8, 6.9 Hz, 1H, H7), 7.38 (d, J =
8.4 Hz, 2H, CHy,), 7.47 (d, J = 8.4 Hz, 2H, CH,,), 7.55 (d, J = 8.8
Hz, 1H, H8), 7.77 (d, J = 8.2 Hz, 2H, CH,,), 9.96 (d, J = 7.2 Hz, 1H,
H5). 13C NMR (75 MHz, CDCls): & 29.9 (Me), 114.5 (CH), 114.6
(CH), 116.0 (C3), 121.1 (d, 2 = 9.0 Hz, C2), 123.5 (CH), 124.2
(d, 2o = 25.7 Hz, C8a), 127.7 (CH), 128.8 (CH,,), 130.1 (br s,
Car), 131.7 (CH,,), 134.7 (C-Cl), 140.7 (d, YUer = 242.3 Hz, C1-F),
187.8 (d, 4 = 3.1 Hz, C=0). 1°F NMR (282 MHz, CDCl3): & -
173.8 (s). HRMS (ESI): m/z calcd. for [CiH11CIFNO + H*]:
288.0586, found: 288.0581.
1-Fluoro-2-(4-chlorophenyl)-3-(phenylcarbonyl)-indolizine
(3d).

Indolizine 3d was obtained from a-fluoronitroalkene 1a (50.4
mg, 0.25 mmol) and pyridinium salt 2d (1.5 equiv.) following
the general procedure 1 (reaction time 6 h). Column
chromatography (eluent: 5:1 PE/EtOAc) afforded 3d (42 mg,
48%) as a yellow solid. R; = 0.29 (PE/EtOAc, 5:1) (UV), mp =
123-124°C (CHCl5). 'H NMR (300 MHz, CDCls): & 6.90 (td, J =
7.2, 1.3 Hz, 1H, H6), 7.01 (s, 4H, CH,,), 7.06 (d, J = 7.3 Hz, 2H,
CHpp), 7.13-7.25 (m, 2H), 7.34-7.40 (m, 2H), 7.60 (dt, J = 8.9,
1.0 Hz, 1H, H8), 9.79 (dd, J = 7.2, 1.0 Hz, 1H, H5). 13C NMR (75
MHz, CDCl3): & 114.4 (CH), 114.8 (d, Jor = 3.3 Hz, CH), 115.2
(C3), 121.4 (d, 2Jer = 7.8 Hz, C2), 123.5 (CH), 124.9 (d, e = 26.1
Hz, C8a), 127.2 (CH), 127.6 (CH), 127.8 (CH), 129.2 (d, 3Jer = 2.1
Hz, Ca), 129.3 (CH), 130.8 (CH), 131.9 (CH), 133.2 (C-Cl), 139.5
(Car), 140.3 (d, Lo = 243.6 Hz, C1-F), 186.1 (d, Y = 3.0 Hz,
C=0). 19F NMR (282 MHz, CDCls): & -173.3 (s). HRMS (ESI): m/z
calcd. for [C,;H13CIFNO + H*]: 350.0742, found: 350.0736.
1-Fluoro-2-(4-chlorophenyl)-3-(benzyloxycarbonyl)-indolizine (3e).
Indolizine 3e was obtained from a-fluoronitroalkene 1a (40.3
mg, 0.2 mmol) and pyridinium salt 2e (2.0 equiv.) following the
general procedure 1 (reaction time 3 days). Column
chromatography (eluent: 9:1 PE/EtOAc) afforded 3e (43 mg,
57%) as a yellow oil, which solidifies upon storage in a
refrigerator. Rf = 0.49 (PE/EtOAc, 3:1) (UV). 'H NMR (300 MHz,
CDCls): & 5.16 (s, 2H, CH,), 6.83 (td, J = 7.1, 0.9 Hz, 1H, H6),
7.00-7.07 (m, 3H), 7.29 (br s, 7H, CH,,), 7.54 (d, J = 8.9 Hz, 1H,
H8), 9.53 (d, J = 7.1 Hz, 1H, H5). 13C NMR (75 MHz, CDCls): &
65.7 (CH,), 106.1 (d, 3/ = 1.7 Hz, C3), 113.5 (CH), 114.9 (d, Jcr
= 3.4 Hz, CH), 120.7 (d, Ycr = 9.6 Hz, C2), 121.6 (CH), 124.1 (d,
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2Jee = 25.6 Hz, C8a), 126.7 (CH), 127.9 (CH), 128.0(CH), 28,3
(CH), 129.3 (Car), 129.8 (d, 3Jcr = 2.0 Hz, 6R), DIV /(CHPBAB36T
(C-Cl), 135.5 (CH), 140.2 (d, YUer = 241.6 Hz, C1-F), 161.4 (d, “J¢r
= 2.9 Hz, CO,Bn). 1F NMR (282 MHz, CDCl3): & -174.1 (s).
HRMS (ESI): m/z calcd. for [C,,HisCIFNO, + H*]: 376.0731,
found: 376.0731.
1-Fluoro-2-(4-chlorophenyl)-7-methyl-indolizine-3-carbonitrile
(3f).

Indolizine 3f was obtained from a-fluoronitroalkene 1a (60.5
mg, 0.30 mmol) and pyridinium salt 2f (1.5 equiv.) following
the general procedure 1 after stirring at 0°C for 1.5 h, followed
by 4 h at r. t. Column chromatography (eluent: 9:1 PE/EtOAc)
afforded 3f (36.5 mg, 43%) as a white solid. R = 0.36
(PE/EtOAc, 5:1) (UV), mp = 137-138°C (CHCl5). 'H NMR (300
MHz, CDCls): & 2.38 (s, 3H, Me), 6.66 (dd, J = 7.1, 1.2 Hz, 1H,
H6), 7.29 (br s, H8), 7.46 (d, J = 8.5 Hz, 2H, CH,,), 7.76 (d, J = 8.5
Hz, 2H, CHp,), 8.08 (d, J = 7.1 Hz, 1H, H5). 13C NMR (75 MHz,
CDCly): & 21.2 (Me), 87.5 (d, 3Jo = 6.5 Hz, C3), 114.0 (d, 3¢ =
3.3 Hz, C8-H), 114.3 (d, Y¢r = 2.4 Hz, CN), 116.6 (C6-H), 120.7
(d, 2Jcr = 8.9 Hz, C2), 124.0 (C5-H), 124.3 (d, % = 26.3 Hz, C2),
127.6 (d, 3Jcr = 3.3 Hz, Car), 129.3 (CHp,), 129.4 (d, %Jcr = 3.5 Hz,
CHpr), 132.8 (d, 4Jer = 1.9 Hz, C7), 134.6 (C-Cl), 137.2 (d, YU =
243.4 Hz, C1-F). 1°F NMR (282 MHz, CDCls): & -172.4 (s). HRMS
(ESI): m/z calcd. for [C16H10CIFN,*]: 284.0511, found: 285.0513.
1-Fluoro-2-(4-chlorophenyl)-5-methyl-indolizine-3-carbonitrile
(3g)-

Indolizine 3g was obtained from a-fluoronitroalkene 1a (60.5
mg, 0.30 mmol) and pyridinium salt 2g (1.5 equiv.) following
the general procedure 1 after stirring at 0°C for 1.5 h, followed
by 26 h at r. t.. Column chromatography (eluent: 9:1, then 5:1
PE/EtOAc) afforded 3g (47 mg, 55%) as a white solid. Rf = 0.51
(PE/EtOAc, 3:1) (UV), mp = 171-172°C (CHCl5). 'H NMR (300
MHz, CDCl5): & 2.98 (s, 3H, Me), 6.64 (d, J = 6.8 Hz, 1H, H6),
6.95 (dd, J = 8.9, 6.8 Hz, 1H, H7), 7.46 (d, J = 8.9 Hz, 1H, H8),
7.46 (d, J = 8.5 Hz, 2H, CHy,), 7.70 (d, J = 8.5 Hz, 2H, CH,,). 13C
NMR (75 MHz, CDCl3): 6 20.4 (Me), 87.5 (d, 3 = 5.3 Hz, C3),
113.7 (d, 3 = 3.1 Hz, C8-H), 114.7 (C6-H), 116.7 (d, YU = 2.0
Hz, CN), 122.2 (d, ¥cr = 1.0 Hz, C7-H), 122.8 (d, Y = 8.8 Hz,
C2), 125.1 (d, e = 26.1 Hz, C8a), 127.3 (d, ¥ = 3.0 Hz, Ca),
129.1 (CHp,), 130.1 (d, Y = 2.3 Hz, CH,,), 134.7 (C-Cl), 136.3
(C5), 138.3 (d, Uer = 244.1 Hz, C1-F). 1°F NMR (282 MHz, CDCls):
6 -171.3 (s). HRMS (ESI): m/z caled. for [CiH10CIFN, + H*]:
285.0589, found: 285.0586.
1-Fluoro-2-(4-chlorophenyl)-8-methyl-indolizine-3-carbonitrile and
1-Fluoro-2-(4-chlorophenyl)-6-methyl-indolizine-3-carbonitrile
(3h).

Indolizines 3h were obtained from a-fluoronitroalkene 1a
(30.3 mg, 0.15 mmol) and pyridinium salt 2h (1.5 equiv.)
following the general procedure 1 (reaction time 17 h).
Column chromatography (eluent: 9:1 PE/EtOAc) afforded 3h
(29.5 mg, 69%, regioisomer ratio: 8-Me/6-Me = 3:1) as a
slightly yellow solid. Rf = 0.52 (PE/EtOAc, 3:1) (UV). Major
isomer (8-Me): 'H NMR (300 MHz, CDCl3): & 2.58 (s, 3H, Me),
6.66-6.74 (m, 2H, H6, H7), 7.46 (d, J = 8.4 Hz, 2H, CH,,), 7.75 (d,
J = 8.4 Hz, 2H, CHp,), 8.03 (d, J = 7.1 Hz, 1H, H5). 13C NMR (75
MHz, CDCl3): & 17.8 (d, ¥ = 4.1 Hz, Me), 88.3 (d, 3/ = 6.2 Hz,
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C3), 113.8 (C6-H), 114.0 (d, “er = 2.7 Hz, CN), 115.1 (d, 3Jer =
3.4 Hz, C8), 120.4 (d, 2Jer = 9.9 Hz, C2), 121.5 (d, “Jer = 2.6 Hz,
C7-H), 122.2 (C5-H), 124.0 (d, 2Jcr = 22.0 Hz, C8a), 127.5 (d, 3J¢r
= 3.3 Hz, Cp), 129.2 (CHa,), 129.4 (d, %Jcr = 3.5 Hz, CHp,), 134.6
(C-Cl), 139.4 (d, Yo = 245.6 Hz, C1-F). 1°F NMR (282 MHz,
CDCl5): 6 -168.1 (s). Minor isomer (6-Me): *H NMR (300 MHz,
CDCl,): 6 2.33 (s, 3H, Me), 6.87 (t, J = 9.1 Hz, 1H, H7), 7.44 (d, J
=9.1 Hz, 1H, H8), 7.46 (d, J = 8.4 Hz, 2H, CH,,), 7.75 (d, J = 8.4
Hz, 2H, CH,,), 8.01 (s, 1H, H5). 13C NMR (75 MHz, CDCl5): & 18.3
(Me), 88.3 (d, 3¢ = 6.6 Hz, C3), 113.9 (d, 9 = 2.1 Hz, CN),
120.4 (d, Yer = 9.2 Hz, C2), 124.1 (d, 2J¢r = 23.1 Hz, C8a), 125.1
(d, SJcr = 1.8 Hz, C6), 127.6 (d, 3J¢r = 3.3 Hz, Ca,), 128.2 (d, YUgr =
4.5 Hz, C8-H), 129.2 (CHa,), 129.3 (d, %Jcr = 3.6 Hz, CHy,), 134.5
(C-Cl), 138.1 (d, Y = 244.4 Hz, C1-F). Other signals are not
visible due to overlapping. °F NMR (282 MHz, CDCl): 6 -171.3
(s). HRMS (ESI): m/z calcd. for [CiH1oCIFN, + H*]: 285.0589,
found: 285.0589.
1-Fluoro-2-(4-chlorophenyl)-8-bromo-indolizine-3-carbonitrile (3i).
Indolizine 3i was obtained from a-fluoronitroalkene 1a (20.1
mg, 0.10 mmol) and pyridinium salt 2i (1.5 equiv.) following
the general procedure 1 (reaction time 20 h). Column
chromatography (eluent: 9:1 PE/EtOAc) afforded 3i (18.5 mg,
53%) containing traces of 6-substituted isomer (ratio 11:1) as a
white solid. R¢ = 0.34 (PE/EtOAc, 5:1) (UV), mp = 211-213 °C
(CHCl3). 'H NMR (300 MHz, CDCl5): 8 6.67 (t, J = 7.1 Hz, 1H, H6),
7.20 (d, J = 7.1 Hz, 1H, H7), 7.49 (d, J = 8.5 Hz, 2H, CH,,), 7.75
(d, J = 8.5 Hz, 2H, CHy,), 8.17 (d, J = 7.1 Hz, 1H, H5). 13C NMR
(75 MHz, CDCls): 6 89.7 (d, 3Jcr = 6.6 Hz, C3), 110.2 (d, 3 = 4.5
Hz, C8), 113.0 (d, s = 2.1 Hz, CN), 113.5 (CH), 121.6 (d, 2/ =
17.3 Hz, C8a), 121.9 (d, Y = 9.2 Hz, C2), 123.4 (CH), 125.3 (d,
Jer = 2.0 Hz, CH), 126.8 (d, 3Jcr = 3.2 Hz, Ca,), 129.4 (CH,,), 129.6
(d, 4cr = 3.2 Hz, CH,,), 135.2 (C-Cl), 138.9 (d, Yer = 250.6 Hz,
C1-F). °F NMR (282 MHz, CDCl3): 6 -164.0 (s). Characteristic
signals of the minor (6-substituted) isomer: *H NMR (300 MHz,
CDCls): 6 7.08 (d, J = 8.7 Hz, 1H), 8.34 (s, 1H, H5). 1F NMR (282
MHz, CDCl3): &6 -169.4 (s). HRMS (ESI): m/z calcd. for
[C1sH,BrCIFN, + H*]: 348.9538, found: 348.9535.
1-Fluoro-2-(4-chlorophenyl)- 3-(ethyloxycarbonyl)-6-
(phthalimidomethyl)-indolizine (3j).

Indolizine 3j was obtained from a-fluoronitroalkene 1a (40.3
mg, 0.20 mmol) and pyridinium salt 2j (1.5 equiv.) following
the general procedure 1 (reaction time 21 h). Column
chromatography (eluent: 3:1 PE/EtOAc) afforded 3j (59.2 mg,
62%) with traces of 8-substituted isomer (ratio 10:1) as a
yellow solid. Ry = 0.26 (PE/EtOAc, 3:1) (UV), mp = 144-145°C
(CHCl5). TH NMR (300 MHz, CDCl5): & 1.10 (t, J = 7.1 Hz, 3H,
CH3), 4.20 (g, J = 7.1 Hz, 2H, CH,), 4.85 (-CH,-NPhth), 7.10 (d, J
=9.2 Hz, 1H, H7), 7.37 (s, 4H, CHy,), 7.45 (d, J = 9.2 Hz, 1H, H8),
7.71 (m, 2H, CHpnen), 7.85 (m, 2H, CHppin), 9.64 (s, 1H, H5). 13C
NMR (75 MHz, CDCl5): & 13.9 (CHs), 39.6 (-CHy-Nppyp), 60.0
(CH,), 106.8 (d, 3Jcr = 1.3 Hz, C3), 115.1 (d, 3Jor = 3.4 Hz, C8-H),
120.1 (C6), 120.9 (d, U = 9.2 Hz, C2), 122.2 (d, Y = 2.7 Hz,
C7-H), 122.8 (d, 2J = 26.0 Hz, C8a), 123.5 (CHppen), 126.5 (C5-
H), 127.7 (CHa,), 129.6 (d, 3Jcr = 2.0 Hz, Ca,), 131.9 (Cppen), 131.9
(CHa,), 133.6 (C-Cl), 134.1 (CHpper), 140.2 (d, Yer = 242.5 Hz, C1-
F), 161.4 (d, 3Jcr = 2.6 Hz, CO,Et, 168.9 (Copn). 1°F NMR (282
MHz, CDCl3): &6 -173.8 (s). HRMS (ESI): m/z calcd. for
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[Ca6H1sCIFN,0,4]: 477.1012, found: 477.1018. Gharagteristic
signals of the minor (8-substituted) isomer/1H NMR {30BONIB,
CDCl3): 6 5.26 (s, 2H, N-CH,-NPhth), 6.67 (m, 1H, H6), 6.94 (d, J
= 7.6 Hz, 1H, H7), 9.40 (d, J = 6.6 Hz, 1H, H5). 1°F NMR (282
MHz, CDCl3): 6 -169.3 (s).
2-(4-Chlorophenyl)-1-fluoropyrrolo[2,1-alisoquinoline-3-
carbonitrile (3k).

Indolizine 3k was obtained from a-fluoronitroalkene 1a (40.3
mg, 0.20 mmol) and isoquinolinium salt 2k (1.5 equiv.)
following the general procedure 1 (reaction time 8 h). Column
chromatography (eluent: 9:1 PE/EtOAc) afforded 3k (43.5 mg,
68%) as a white solid. Ry = 0.50 (PE/EtOAc, 3:1) (UV), mp = 189-
190°C (CHCl3). *H NMR (300 MHz, CDCls): 6 7.02 (d, J = 7.3 Hz,
1H), 7.49 (d, J = 8.3 Hz, 2H, CH,,), 7.50-7.71 (m, 3H), 7.79 (d, J =
8.3 Hz, 2H, CHy,), 7.96 (dd, J = 7.1, 0.9 Hz, 1H), 8.31 (d, J = 7.8
Hz, 1H). 3C NMR (75 MHz, CDCls): & 90.6 (d, 3/ = 6.8 Hz, C3),
113.5 (d, 9er = 2.4 Hz, CN), 114.2 (CH), 120.0 (d, ¢ = 20.6 Hz,
C8a), 120.9 (d, 2Jcr = 10.3 Hz, C2), 121.9 (CH), 123.6 (d, Jcr = 4.5
Hz, Ca)), 123.8 (d, Jor = 8.7 Hz, CH), 127.2 (CH), 127.3 (d, 3¢ =
4.5 Hz, Ca,), 127.7 (C), 128.2 (CH), 128.8 (CH), 129.3 (CH), 129.4
(CH), 134.7 (C-Cl), 142.0 (d, Ycr = 247.9 Hz, C1-F). 1°F NMR (282
MHz, CDCl3): 6 -163.0 (s). HRMS (ESI): m/z calcd. for
[C19H10CIFN, + H*]: 321.0589, found: 321.0597.
1-Fluoro-2-(2-bromophenyl)-indolizine-3-carbonitrile (31).
Indolizine 31 was obtained from a-fluoronitroalkene 1b (38.3
mg, 0.156 mmol) and pyridinium salt 2b (1.5 equiv.) following
the general procedure 1 (reaction time 4.5 h). Column
chromatography (eluent: 5:1 PE/EtOAc) afforded 3l (36.5 mg,
75%) as a white solid. R¢ = 0.28 (PE/EtOAc, 5:1) (UV), mp = 137-
138°C (PhMe). TH NMR (300 MHz, CDCl3): & 6.85 (pseudo t, J =
7.0 Hz, 1H, H6), 7.03 (dd, J = 8.9, 6.9 Hz, 1H, H7), 7.32 (dddd, J
=7.9, 7.5, 2.8, 1.6 Hz, 1H, CH,,), 7.40-7.48 (m, 2H, CH,,), 7.57
(d, J = 8.9 Hz, 1H, H8), 7.74 (d, J = 7.9 Hz, 1H, CH,,), 8.20 (d, J =
7.1 Hz, 1H, H5). 13C NMR (75 MHz, CDCls): & 90.4 (d, 3 = 6.1
Hz, C3), 113.0 (d, 4/ = 2.3 Hz, CN), 113.8 (CH), 116.1 (d, Jcr =
3.4 Hz, CH), 121.4 (d, Jor = 2.1 Hz, CH), 121.8 (d, e = 12.0 Hz,
C2), 123.2 (d, 2Jo = 26.0 Hz, C8a), 124.0 (C-Br), 124.5 (CH),
127.5 (CH), 129.9 (d, 3Jcr = 2.5 Hz, Ca,), 130.5 (CH), 132.3 (CH),
133.3 (CH), 138.0 (d, Yer = 245.1 Hz, C1-F). 19F NMR (282 MHz,
CDCl3): 6 -166.3 (s). HRMS (ESI): m/z calcd. for [Ci5sHgBrFN, +
H*]: 314.9928, found: 314.9930.
1-Fluoro-2-(4-fluorophenyl)-indolizine-3-carbonitrile (3m).
Indolizine 3m was obtained from a-fluoronitroalkene 1c (46.2
mg, 0.25 mmol) and pyridinium salt 2b (1.5 equiv.) following
the general procedure 1 (reaction time 8 h). Column
chromatography (eluent: 5:1 PE/EtOAc) afforded 3m (44.5 mg,
70%) as a white solid. R¢ = 0.29 (PE/EtOAc, 5:1) (UV), mp = 127-
128°C (CHCl5). *H NMR (300 MHz, CDCl3): & 6.81 (pseudo td, J =
6.9, 0.7 Hz, 1H, H6), 7.01 (dd, J = 8.8, 7.0 Hz, 1H, H7), 7.19 (t, J
= 8.7 Hz, CHyp,), 7.52 (d, J = 8.8 Hz, 1H, H8), 7.80 (dd, J = 8.7, 5.4
Hz, 2H, CHp,), 8.17 (d, J = 6.9 Hz, 1H, H5). 13C NMR (75 MHz,
CDCls): & 88.4 (d, 3Jcr = 5.4 Hz, C3), 113.7 (CH), 114.0 (d, YU¢r =
2.1 Hz, CN), 115.7 (d, Jor = 3.3 Hz, CH), 116.1 (d, Y = 21.7 Hz,
CHa), 120.7 (d, 2er = 9.1 Hz, C2), 121.7 (d, Jor = 1.6 Hz, CH),
123.9 (d, U = 26.6 Hz, C8a), 124.4 (CH), 125.0 (t, 3,4 = 3.2
Hz, Car),128.7 (d, Y = 3.6 Hz, CHp,), 130.1 (dd, Jor = 8.3, 3.2 Hz,
CHa,), 138.0 (d, Uer = 244.3 Hz, C1-F), 162.8 (d, Yer = 249.1 Hz,
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Car-F). 1°F NMR (282 MHz, CDCl3): § -112.0 (m, 1F, Ca-F), -171.9
(s, 1F, F-1). HRMS (ESI): m/z calcd. for [CisHgFoN, + H*I:
255.0728, found: 255.0719.
1-Fluoro-2-(4-bromophenyl)-indolizine-3-carbonitrile (3n).
Indolizine 3n was obtained from a-fluoronitroalkene 1d (123
mg, 0.5 mmol) and pyridinium salt 2b (1.5 equiv.) following the
general procedure 1 (reaction time 8 h). Column
chromatography (eluent: 9:1 PE/EtOAc) afforded 3n (115 mg,
73%) as a white solid. R¢ = 0.33 (PE/EtOAc, 5:1) (UV), mp = 178-
180°C (CHCls). 'H NMR (300 MHz, CDCls): & 6.82 (td, J = 6.8, 1.0
Hz, 1H, H6), 7.01 (dd, J = 9.0, 6.8 Hz, 1H, H7), 7.52 (d, J = 9.0
Hz, 1H, H8), 7.61 (d, J = 8.5 Hz, 2H, CH,,), 7.69 (d, J = 8.5 Hz, 2H,
CHy,), 8.17 (d, J = 6.8 Hz, 1H, H5). 13C NMR (75 MHz, CDCl3): &
88.3 (d, 3Jcr = 6.2 Hz, C3), 113.8 (CN), 113.8 (CH), 115.8 (d, Jcr =
3.3 Hz, CH), 120.5 (d, Y = 8.7 Hz, C2), 121.8 (d, Jor = 1.6 Hz,
CH), 122.9 (C-Br), 123.9 (d, Yo = 26.5 Hz, C8a), 124.4 (CH),
127.8 (d, 3Jor = 3.3 Hz, Cp,), 129.7 (d, Yer = 3.3 Hz, CHp,), 132.2
(CHpa,), 138.1 (d, Uer = 245.0 Hz, C1-F). 1F NMR (282 MHz,
CDCl3): 6 -171.1 (s). HRMS (ESI): m/z calcd. for [Ci5sHgBrFN, +
H*]: 314.9928, found: 314.9926.
1-Fluoro-2-(4-methylphenyl)-indolizine-3-carbonitrile (30).
Indolizine 30 was obtained from a-fluoronitroalkene 1e (46.2
mg, 0.255 mmol) and pyridinium salt 2b (1.5 equiv.) following
the general procedure 1 (reaction time 10 h). Column
chromatography (eluent: 5:1 PE/EtOAc) afforded 30 (40.5 mg,
63%) as a white solid. R¢ = 0.34 (PE/EtOAc, 5:1) (UV), mp = 157-
158°C (PhMe). 'H NMR (300 MHz, CDCls): & 2.42 (s, 3H, Me),
6.78 (t, J = 6.8 Hz, 1H, H6), 6.98 (dd, J = 8.8, 6.8 Hz, 1H, H7),
7.31 (d, J = 7.9 Hz, 2H, CH,,), 7.50 (d, J = 8.8 Hz, 1H, H8), 7.73
(d, J = 7.9 Hz, 2H, CHy,), 8.17 (d, J = 6.8 Hz, 1H, H5). 13C NMR
(75 MHz, CDCls): 6 21.3 (Me), 88.4 (d, 3/ = 6.2 Hz, C3), 113.4
(CH), 114.2 (d, 4 = 2.2 Hz, CN), 115.6 (d, Jor = 3.2 Hz, CH),
121.4 (d, Jer = 1.6 Hz, CH), 121.8 (d, ZJ¢r = 9.2 Hz, C2), 123.9 (d,
2Jer = 26.5 Hz, C8a), 124.4 (CH), 125.9 (d, 3/ = 3.2 Hz, Caf),
128.1 (d, “Jer = 3.1 Hz, CHa,), 129.7 (CHp), 138.1 (d, Uer = 244.0
Hz, C1-F), 138.7 (C-Me). °F NMR (282 MHz, CDCl5): & -171.7
(s). HRMS (ESI): m/z calcd. for [Ci¢H1:FN> + H*]: 251.0979,
found: 251.0979
1-Fluoro-2-(4-cyanophenyl)-indolizine-3-carbonitrile (3p).
Indolizine 3p was obtained from oa-fluoronitroalkene 1f (23.4
mg, 0.122 mmol) and pyridinium salt 2b (1.5 equiv.) following
the general procedure 1 (reaction time 3 h). Column
chromatography (eluent: 4:1 PE/EtOAc) afforded 3p (26 mg,
81%) as a slightly yellow solid. R; = 0.21 (PE/EtOAc, 5:1) (UV),
mp = 195-196°C (CHCl3). 'H NMR (300 MHz, CDCl3): & 6.88
(pseudo t, J = 6.9 Hz, 1H, H6), 7.06 (dd, J = 8.8, 6.9 Hz, 1H, H7),
7.57 (d, J = 8.8 Hz, 1H, H8), 7.78 (d, J = 8.3 Hz, 2H, CH,,), 7.95
(d, J = 8.3 Hz, 2H, CH,,), 8.21 (d, J = 6.9 Hz, 1H, H5). 13C NMR
(75 MHz, CDCls): & 88.6 (C3), 97.2 (CA~CN), 112.2 (CN), 113.4
(d, 4er = 2.5 Hz, CN), 114.5 (CH), 116.1 (d, Jor = 3.5 Hz, CH),
119.4 (d, Uer = 8.4 Hz, C2), 122.1 (d, Jer = 2.0 Hz, CH), 124.0 (d,
2j; = 25.9 Hz, C8a), 124.5 (CH), 128.7 (d, Y = 3.6 Hz, CHp,),
132.7 (CHa,), 133.6 (d, 3Jor = 3.4 Hz, Ca,), 138.4 (d, U = 246.8
Hz, C1-F). 19F NMR (282 MHz, CDCls): 6 -169.9 (s). HRMS (ESI):
m/z calcd. for [Cy6HgFN3 + H*]: 262.0775, found: 262.0775.
1-Fluoro-2-(4-(methyloxycarbonyl)phenyl)-indolizine-3-
carbonitrile (3q).

8| J. Name., 2012, 00, 1-3

Indolizine 3q was obtained from a-fluoronitroalkgne,1g.(45.0
mg, 0.2 mmol) and pyridinium salt 2b (1.9@{UN-JFINSWIRG Be
general procedure 1 (reaction time 6.5 h). Column
chromatography (eluent: 4:1 PE/EtOAc) afforded 3q (39.5 mg,
67%) as a white solid. Rf = 0.20 (PE/EtOAc, 5:1) (UV), mp = 176-
177°C (CHCl3). *H NMR (300 MHz, CDCl3, COSY): & 3.95 (s, 3H,
CO,Me), 6.83 (pseudo t, J = 7.0 Hz, 1H, H6), 7.02 (dd, J = 9.0,
6.8 Hz, 1H, H7), 7.54 (d, J = 9.0 Hz, 1H, H8), 7.90 (d, J = 8.3 Hz,
2H, CHa,), 8.15 (d, J = 8.3 Hz, 2H, CHp,), 8.19 (d, J = 7.1 Hz, 1H,
H5). 13C NMR (75 MHz, CDCl;, HSQC, HMBC): 6 52.2 (Me), 88.6
(C3), 113.8 (d, 4 = 1.7 Hz, CN), 114.1 (CH), 115.9 (d, Jer = 3.2
Hz, CH), 120.4 (d, 2 = 8.7 Hz, C2), 121.8 (d, Jor = 1.5 Hz, CH),
123.9 (d, 2Jor = 26.1 Hz, C8a), 124.4 (CH), 128.1 (d, “¢r = 3.4 Hz,
CHp,), 130.0 (C-CO,Me), 130.2 (CHy,), 133.4 (d, 3Jgr = 3.4 Hz,
Car), 138.4 (d, Y = 246.0 Hz, C1-F), 166.5 (CO,Me). 1°F NMR
(282 MHz, CDCl3): & -170.3 (s). HRMS (ESI): m/z calcd. for
[C17H11FN,0, + H*]: 295.0977, found: 295.0986.
1-Fluoro-2-(4-nitrophenyl)-indolizine-3-carbonitrile (3r).

Indolizine 3r was obtained from a-fluoronitroalkene 1h (56
mg, 0.264 mmol) and pyridinium salt 2b (1.5 equiv.) after
stirring at 0°C for 1.5 h. Column chromatography (eluent: 4:1
PE/EtOAc) afforded 3r (55 mg, 69%) as a bright yellow solid. Rt
= 0.31 (PE/EtOAc, 3:1) (UV), mp = 178-178.5°C (CHCl5). 'H NMR
(300 MHz, CDCl3): 6 6.90 (pseudo t, J = 6.9 Hz, 1H, H6), 7.07
(dd, J = 8.9, 7.0 Hz, 1H, H7), 7.59 (d, J = 8.9 Hz, 1H, H8), 8.01 (d,
J=8.5Hz, 2H, CH,,), 8.23 (d, J = 6.8 Hz, 1H, H5), 8.35 (d, J = 8.3
Hz, 2H, CHp,). 3C NMR (75 MHz, CDCls): & 88.7 (d, 3Jcr = 6.3 Hz,
C3), 113.4 (d, Y = 2.2 Hz, CN), 114.6 (CH), 116.1 (d, Jor = 3.4
Hz, CH), 119.0 (d, Y = 8.5 Hz, C2), 122.2 (d, Jor = 2.1 Hz, CH),
124.0 (d, 2Jor = 26.7 Hz, C8a), 124.3 (CH,,), 124.5 (CH), 128.9 (d,
4Js = 3.7 Hz, CHp,), 135.5 (d, 3 = 3.4 Hz, Cp,), 138.4 (d, Ugr =
247.0 Hz, C1-F), 147.5 (C-NO,). 9F NMR (282 MHz, CDCls): & -
169.6 (s). HRMS (ESI): m/z calcd. for [CisHgFN3O, + H*]:
304.0493, found: 304.0502.
1-Fluoro-2-(4-methoxyphenyl)-indolizine-3-carbonitrile (3s).
Indolizine 3s was obtained from a-fluoronitroalkene 1i (39.4
mg, 0.2 mmol) and pyridinium salt 2b (2.3 equiv.) following the
general procedure 1 (reaction time 5 days). Column
chromatography (eluent: 5:1 PE/EtOAc) afforded 3s (40 mg,
75%) as a yellow solid. R = 0.26 (PE/EtOAc, 5:1) (UV), mp =
131-133°C (CHCl3). *H NMR (300 MHz, CDCls): 6 3.87 (s, 3H,
OMe), 6.77 (td, J = 6.8, 0.9 Hz, 1H, H6), 6.98 (dd, J = 8.9, 6.8 Hz,
1H, H7), 7.03 (d, J = 8.7 Hz, 2H, CH,,), 7.50 (d, J = 8.9 Hz, 1H,
H8), 7.78 (d, J = 8.7 Hz, 2H, CH,,), 8.16 (d, J = 6.8 Hz, 1H, H5).
13C NMR (75 MHz, CDCl3): § 55.3 (OMe), 88.2 (d, 3Jo = 6.3 Hz,
C3), 113.3 (CH), 114.4 (d, “UJcr = 2.3 Hz, CN), 114.5 (CH,,), 115.6
(d, Jor = 3.4 Hz, CH), 121.3 (d, ¥ = 3.2 Hz, Ca,), 121.5 (d, Jor =
1.6 Hz, CH), 121.6 (d, 2Jcr = 9.3 Hz, C2), 123.9 (d, % = 26.1 Hz,
C8a), 124.4 (CH), 129.6 (d, *Jcr = 3.2 Hz, CHp,), 138.0 (d, YUgr =
243.4 Hz, C1-F), 159.9 (C-OMe). 1°F NMR (282 MHz, CDCl3): & -
172.1 (s). HRMS (ESI): m/z calcd. for [CigH11FN,O + H*]:
267.0928, found: 267.0929. CCDC 1883657 contains the
supplementary crystallographic information for 3s.
1-Methyl-2-(4-chlorophenyl)-indolizine-3-carbonitrile (4).
Indolizine 4 was obtained from nitroalkene 1j (39.5 mg, 0.2
mmol) and pyridinium salt 2b (1.5 equiv.) following the general
procedure 1 (reaction time 22 h). Column chromatography
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(eluent: 9:1 PE/EtOAc) afforded 4 (36.3 mg, 68%) as white
solid. Rf = 0.34 (PE/EtOAc, 5:1) (UV). NMR matches previously
reported data.®®mp = 157-158°C (CHCl;) (lit.62 156-159).
2-(4-Chlorophenyl)-indolizine-3-carbonitrile (5).

Indolizine 5 was obtained from a-unsubstituted nitroalkene 1k
(36.7 mg, 0.2 mmol) and pyridinium salt 2b (1.5 equiv.)
following the general procedure 1 (reaction time 5 h). Column
chromatography (eluent: 9:1 PE/EtOAc) afforded 5 (15.5 mg,
31%) as a white solid. R¢ = 0.29 (PE/EtOAc, 5:1) (UV), mp = 116-
118°C (CHCl5). ™H NMR (300 MHz, CDCls): & 6.65 (s, 1H, H1),
6.84 (td, / = 6.9, 1.0 Hz, 1H, H6), 7.04 (dd, J = 8.7, 6.9 Hz, 1H,
H7), 7.43 (d, J = 8.6 Hz, 2H, CHp,), 7.49 (d, J = 8.9 Hz, 1H, H8),
7.73 (d, J = 8.6 Hz, 2H, CH,,), 8.27 (d, J = 6.9 Hz, 1H, H5). 13C
NMR (75 MHz, CDCls, HSQC, HMBC): & 92.6 (C3), 99.7 (C1-H),
113.4 (C6-H), 114.5 (CN), 119.3 (C8-H), 122.7 (C7-H), 125.3 (C5-
H), 128.6 (CHa,), 129.2 (CHa,), 131.0 (C), 134.4 (C8a), 136.2 (C),
136.7 (C). HRMS (ESI): m/z calcd. for [C1sHoCIN,+ H*]: 253.0527,
found: 253.0528.

1-Methyl-indolizine-3-carbonitrile (6a).

Indolizine 6a was obtained from nitroalkene 1l (26 mg, 0.3
mmol) and pyridinium salt 2b (1.5 equiv.) following the general
procedure 1 (reaction time 5 h). Column chromatography
(eluent: 9:1 PE/EtOAc) afforded 6a (21.5 mg, 46%) as a pink
solid. R¢ = 0.37 (PE/EtOAc, 5:1) (UV), mp = 76-77°C (CHCl3). 'H
NMR (300 MHz, CDCls): 6 2.32 (s, 3H, Me), 6.76 (pseudo t, J =
6.8 Hz, 1H, H6), 6.94 (dd, J = 8.9, 6.8 Hz, 1H, H7), 7.09 (s, 1H,
H2), 7.42 (d, J = 8.9 Hz, 1H, H8), 8.18 (d, J = 7.0 Hz, 1H, H5). 13C
NMR (75 MHz, CDCl5): & 10.3 (Me), 93.4 (C3), 110.4 (C1), 112.7
(CH), 114.4 (CN), 117.7 (CH), 120.5 (CH), 123.3 (CH), 125.2
(CH), 134.5 (C8a). HRMS (ESI): m/z calcd. for [CioHgN, + H*]:
157.0760, found: 157.0765.

1-Ethyl-indolizine-3-carbonitrile (6b).

Indolizine 6b was obtained from nitroalkene 1m (30.3 mg, 0.3
mmol) and pyridinium salt 2b (2.0 equiv.) following the general
procedure 1 (reaction time 18 h). Column chromatography
(eluent: 5:1 PE/EtOAc) afforded 6b (31 mg, 61%) as a reddish
oil, which solidifies upon storage in a refrigerator. R; = 0.32
(PE/EtOAc, 5:1) (UV). IH NMR (300 MHz, CDCls): & 1.27 (t, J =
7.6 Hz, CHs), 2.76 (q, J = 7.6 Hz, CH,), 6.75 (pseudo t, J = 6.8 Hz,
1H, H6), 6.93 (dd, J = 8.9, 6.8 Hz, 1H, H7), 7.12 (s, 1H, H2), 7.44
(d, J = 8.9 Hz, 1H, H8), 8.18 (d, J = 6.9 Hz, 1H, H5). 13C NMR (75
MHz, CDCl3): 6 14.8 (CHs), 18.4 (CH,), 93.7 (C3), 112.8 (CH),
114.4 (CN), 117.5 (C1), 117.7 (CH), 120.5 (CH), 120.8 (CH),
125.2 (CH), 133.8 (C8a). HRMS (ESI): m/z calcd. for [Ci1H1oN; +
H*]: 171.0917, found: 171.0910.
1-Methyl-2-isopropyl-indolizine-3-carbonitrile (7).

Indolizine 7 was obtained from nitroalkene 1n (39 mg, 0.3
mmol) and pyridinium salt 2b (2.0 equiv.) following the general
procedure 1 (reaction time 3 days). Column chromatography
(eluent: 19:1 PE/EtOAc) afforded 7 (22.5 mg, 38%) as a
colorless oil, which solidifies upon storage in a refrigerator. R =
0.49 (PE/EtOAc, 5:1) (UV). 1H NMR (300 MHz, CDCl5): 6 1.41 (d,
J = 7.1 Hz, 6H, -CH(CHa),), 2.26 (s, 3H, Me), 3.23 (sept, J = 7.1
Hz, 1H, -CH(CHs),) 6.69 (pseudo t, J = 6.8 Hz, 1H, H6), 6.91 (dd,
J=8.9, 6.7 Hz, 1H, H7), 7.35 (d, J = 8.9 Hz, 1H, H8), 8.14 (d, J =
6.9 Hz, 1H, H5). 13C NMR (75 MHz, CDCl3): 6 8.5 (Me), 22.6
(CH(CHs),), 26.3 (CH(CHs),), 92.0 (C3), 107.3 (C1), 112.0 (CH),
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115.2 (CN), 117.0 (CH), 120.7 (CH), 125.0 (CH),134,6.{C83),
143.1 (C2). HRMS (ESI): m/z calcd. B&¥: YCLQER/MBOBOS S
199.1230, found: 199.1236.
1-Chloro-2-(4-methoxyphenyl)-indolizine-3-carbonitrile (8).
Indolizine 8 was obtained from a-chloronitroalkene 1o (21.5
mg, 0.1 mmol) and pyridinium salt 2b (2.0 equiv.) following the
general procedure 1 (reaction time 3 days). Column
chromatography (eluent: 12:1 PE/EtOAc) afforded 8 (17 mg,
60%) as a white solid. R = 0.31 (PE/EtOAc, 5:1) (UV), mp = 143-
145°C (CHCl3). *H NMR (300 MHz, CDCls): & 3.88 (s, 3H, OMe),
6.88 (pseudo t, J = 6.8 Hz, 1H, H6), 7.03 (d, J = 8.8 Hz, 2H, CH,,),
7.12 (dd, J = 8.9, 6.7 Hz, 1H, H7), 7.58 (d, J = 8.9 Hz, 1H, H8),
7.70 (d, J = 8.8 Hz, 2H, CH,,), 8.26 (d, J = 6.9 Hz, 1H, H5). 13C
NMR (75 MHz, CDCls): & 55.4 (OMe), 93.0 (C3), 101.0 (C1-Cl),
113.8 (CH), 114.3 (br s, CN), 114.4 (CH,,), 117.2 (CH), 122.2 (C),
123.0 (CH), 125.3 (CH), 130.5 (CH,,), 133.4 (C), 134.0 (C), 160.1
(C-OMe). HRMS (ESI): m/z caled. for [CiH11CIN,O + H*):
283.0638, found: 283.0633.
1-(Ethyloxycarbonyl)-2-(4-chlorophenyl)-indolizine-3-carbonitrile
(9).

Indolizine 9 was obtained from a-(ethoxycarbonyl)nitroalkene
1p (25.6 mg, 0.1 mmol) and pyridinium salt 2b (1.5 equiv.)
following the general procedure 1 (reaction time 18 h).
Column chromatography (eluent: 5:1 PE/EtOAc) afforded 9
(23.8 mg, 73%) as white solid. Rf = 0.18 (PE/EtOAc, 5:1) (UV),
mp = 127-129°C (CHCl3). 'H NMR (300 MHz, CDCl3): 6 1.22 (t, J
= 7.1 Hz, 3H, CH3), 4.25 (g, J = 7.1 Hz, 2H, CH,), 7.07 (t, J = 6.9
Hz, 1H, H6), 7.38 (dd, J = 8.6, 6.9 Hz, 1H, H7), 7.43 (d, J = 8.6
Hz, 2H, CH,,), 7.48 (d, J = 8.6 Hz, 2H, CH,,), 8.32-8.42 (m, 2H,
H5, H8). 13C NMR (75 MHz, CDCl3): & 14.1 (CHs), 60.1 (CH,),
97.3 (C3), 103.7 (C1), 112.6 (CN), 115.2 (CH), 120.8 (CH), 125.5
(CH), 126.5 (CH), 128.2 (CH), 130.0 (Ca,), 131.3 (CH), 134.8 (C-
Cl), 138.5 (C), 139.9 (C), 163.3 (CO,Et). HRMS (ESI): m/z calcd.
for [C1gH13CIN,O, + H*]: 325.0738, found: 325.0738.
1-Fluoro-2-(4-bromophenyl)-indolizine (10n).

To the solution of cyano-substituted indolizine 3n (62 mg, 0.2
mmol) in EtOH/H,0 (10:1) (2 ml) finely powdered KOH (0.72 g)
was added, and the mixture was refluxed for 5 hours. After the
starting 3n was consumed (TLC monitoring), the mixture was
evaporated to complete dryness, and 5 ml of saturated HCI
solution was carefully added. The mixture was heated at 80°C
for 4 hours, then cooled to room temperature and poured into
10% aqueous KOH solution. The product was extracted with
CH,Cl, (4x30 ml). The combined organic layers were dried over
anhydrous Na,SO, and evaporated. Column chromatography
(eluent: 9:1 PE/EtOACc) afforded 10n (43 mg, 75%) as a brown
oil, which solidifies upon storage in a refrigerator. Ry = 0.42
(PE/EtOAc, 5:1) (UV). 'H NMR (300 MHz, CDCls, COSY): & 6.39
(ddd, J =7.0, 6.5, 1.1 Hz, 1H, H6), 6.58 (dd, J = 9.1, 6.5 Hz, 1H,
H7), 7.24 (d, “yr = 4.9 Hz, H3), 7.34 (d, J = 9.1 Hz, 1H, H8), 7.52
(d, J = 8.7 Hz, 2H, CHp,), 7.57 (d, J = 8.7 Hz, 2H, CH,,), 7.68 (d, J
= 7.0 Hz, 1H, H5). 13C NMR (75 MHz, CDCl;, HSQC, HMBC): &
104.7 (d, 3Jcr = 2.8 Hz, C3-H), 110.8 (C6-H), 114.3 (d, 2Jer = 8.6
Hz, C2), 115.4 (d, Jcr = 3.8 Hz, C8-H), 116.1 (d, Jor = 2.6 Hz, C7-
H), 119.1 (d, e = 26.8 Hz, C8a), 120.6 (C-Br), 124.1 (C5-H),
128.4 (d, “Jor = 3.7 Hz, CHp,), 131.3 (d, 3Jor = 3.3 Hz, Cp,), 131.8
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(CHar), 139.0 (d, Yer = 241.7 Hz, C1-F). F NMR (282 MHz,
CDCl5): & -175.0 (s). HRMS (ESI): m/z calcd. for [Ci14H9BrFN +
H*]: 289.9975, found: 289.9973.
1-Fluoro-2-(4-methoxyphenyl)-indolizine (10s).

Indolizine 10s was obtained from 3s (26.6 mg, 0.1 mmol) as
described above. Column chromatography (eluent: 9:1
PE/EtOAc) afforded 10s (20.5 mg, 84%) as a colorless oil, which
solidifies upon storage in a refrigerator. R; = 0.28 (PE/EtOAc,
5:1) (UV). 'H NMR (300 MHz, CDCl3): & 3.85 (s, 3H, OMe), 6.36
(pseudo t, J = 6.9 Hz, 1H, H6), 6.56 (dd, J = 9.0, 6.8 Hz, 1H, H7),
6.97 (d, J = 8.7 Hz, 2H, CHp,), 7.21 (d, s = 3.9 Hz, H3), 7.34 (d,
J=9.0 Hz, 1H, H8), 7.64 (d, J = 8.7 Hz, 2H, CH,,), 7.69 (d, J = 7.0
Hz, 1H, H5). 13C NMR (75 MHz, CDCl): & 55.3 (OMe), 104.4 (br
s, C3-H), 110.3 (CH), 114.2 (d, Y = 8.4 Hz, C2), 114.3 (CHa,,),
115.3 (d, Jcr = 3.9 Hz, CH), 115.6 (d, Jer = 2.4 Hz, CH), 119.1 (d,
2J.:=26.7 Hz, C8a), 124.1 (CH), 124.9 (brs, Ca;), 128.1 (d, Y =
3.3 Hz, CHy,), 139.0 (d, Uer = 241.9 Hz, C1-F), 158.6 (C-OMe).
19F NMR (282 MHz, CDCls): & -175.4 (br s). HRMS (ESI): m/z
calcd. for [C;5sH1,FNO + H*]: 242.0976, found: 242.0974.
Synthesis of cyclazines (11).

To the solution of indolizines 10 (0.1 mmol) in dry toluene (1
ml), diethyl acetylenedicarboxylate (22 mg, 0.13 mmol, 1.3
equiv.) and Cu(OAc),-H,0 (4 mg, 0.02 mmol, 0.2 equiv.) were
added. The mixture was heated at 90°C under open air. After
the reaction was complete (TLC monitoring, 5-8 h), the solvent
was evaporated under reduced pressure after addition of silica
gel and the crude products were purified by column
chromatography (PE/EtOAc, 5:1) to afford cyclazines 11.
Diethyl 3-(4-bromophenyl)-4-fluoro-pyrrolo[2,1,5-cd]indolizine-
1,2-dicarboxylate (11n).

[3,2,2]cyclazine 11n was obtained from indolizine 10n (18.5
mg, 0.064 mmol) as a bright yellow oil, which solidifies upon
storage in a refrigerator (18.4 mg, 63 %). R = 0.23 (PE/EtOAc,
5:1) (UV). IH NMR (300 MHz, CDCl3): 6 1.32 (t, J = 7.1 Hz, 3H,
CHs), 1.47 (t, J = 7.1 Hz, 3H, CHs), 4.44 (q, J = 7.1 Hz, 3H, CH,),
4.47 (q,J = 7.1 Hz, 3H, CH,), 7.65 (d, J = 8.5 Hz, 2H, CH,,), 7.72
(d, J = 8.8 Hz, 2H, CH,,), 7.92 (t, J = 7.9 Hz, 1H), 8.07 (d, J = 7.9
Hz, 1H), 8.48 (d, J = 7.9 Hz, 1H). 13C NMR (75 MHz, CDCls): &
14.0 (CHs), 14.4 (CH3), 60.6 (CH,), 62.3 (CH,), 110.7 (d, “Jcr = 1.8
Hz, C), 112.2 (d, Jor = 3.6 Hz, CH), 117.0 (d, “YJcr = 3.8 Hz, C),
117.4 (d, U = 10.1 Hz, C), 117.8 (d, Jr = 1.7 Hz, CH), 121.9 (d,
2js = 29.9 Hz, C), 122.9 (C-Br), 124.6 (d, Jor = 1.7 Hz, C), 126.3
(d, 3Jcr = 5.5 Hz, C), 128.2 (C), 129.0 (3Jc¢ = 3.9 Hz, C,,), 130.8 (d,
5Jer = 3.7 Hz, CHp,), 132.1 (CHa,), 147.0 (d, Ugr = 263.9 Hz, C-F),
163.3 (CO,Et), 165.7 (CO,Et). 9F NMR (282 MHz, CDCls): & -
151.4 (s). HRMS (ESI): m/z calcd. for [Cy;H17BrFNO4 + H*]:
458.0398, found: 458.0391.

Diethyl 4-fluoro-3-(4-methoxyphenyl)-pyrrolo[2,1,5-cd]indolizine-
1,2-dicarboxylate (11s).

[3,2,2]cyclazine 11s was obtained from indolizine 10s (9.6 mg,
0.036 mmol) as a bright yellow oil, which solidifies upon
storage in a refrigerator (10.3 mg, 70 %). R; = 0.28 (PE/EtOAc,
3:1) (UV). IH NMR (300 MHz, CDCl3): 6 1.31 (t, J = 7.1 Hz, 3H,
CHs), 1.47 (t, J = 7.1 Hz, 3H, CHa), 4.45 (q, J = 7.1 Hz, 3H, CH,),
4.47 (q, J = 7.1 Hz, 3H, CH,), 7.05 (d, J = 8.7 Hz, 2H, CHa,), 7.79
(d, J = 8.7 Hz, 2H, CH,,), 7.89 (t, J = 7.9 Hz, 1H), 8.01 (d, J = 7.9
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Hz, 1H), 8.44 (d, J = 7.9 Hz, 1H). 13C NMR (75 MHz, GPCL); 6
14.0 (CHs), 14.5 (CHs), 55.4 (OMe), 605! (CHIBOGEBABYEHSY,
111.4 (d, Jor = 3.6 Hz, CH), 110.2 (d, “Jer = 1.9 Hz, C), 114.4
(CHa), 117.0 (d, Jor = 1.7 Hz, CH), 117.4 (d, Yes = 4.3 Hz, C),
118.6 (d, 2Jcr = 10.1 Hz, C), 122.4 (d, 2J¢r = 30.1 Hz, C), 122.6 (d,
3Jer = 3.9 Hz, Ca,), 124.5 (d, Jer = 1.7 Hz, CH), 126.3 (d, 3¢ = 5.5
Hz, C), 128.2 (C), 130.6 (d, SJcr = 3.7 Hz, CHp,), 146.6 (d, Yer =
261.6 Hz, C-F), 160.0 (C-OMe), 163.5 (CO,Et), 166.0 (CO,Et). 19F
NMR (282 MHz, CDCls): & -153.1 (s). HRMS (ESI): m/z calcd. for
[Cy3H20FNOs + K*]: 448.0957, found: 448.0933.

Conclusions

In conclusion, a mild and efficient method for the synthesis of
various indolizines was developed wusing the copper
diacetate/lutidine system. A mechanism involving [3+2]-
annulation-oxidation was proposed. A broad scope of the
reaction was demonstrated to open access to various
1-fluorinated indolizines. The general nature of the approach
was demonstrated to synthesize chloro-, alkyl, and ester-
substituted indolizines. A two-step synthesis of
monofluorinated [3,2,2]cyclazines from 1-fluoroindolizines was
demonstrated as a useful follow-up reaction.
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