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Selective synthesis of pyrrolidin-2-ones and
3-iodopyrroles via the ring contraction and
deformylative functionalization of piperidine
derivatives+

Fang Wang, Xinying Zhang @ Yan He and Xuesen Fan @ *

In this paper, a selective synthesis of pyrrolidin-2-ones and 3-iodopyrroles via the cascade reactions of
N-substituted piperidines is presented. Mechanistically, the formation of pyrrolidin-2-ones involves a
domino process including the in situ formation of pyrrolidine-2-carbaldehyde followed by carboxylic acid
formation, decarboxylation and ipso-oxidation. On the other hand, 3-iodopyrroles are believed to be
formed via the initial generation of pyrrolidine-2-carbaldehyde followed by carboxylic acid formation, de-
carboxylation, dehydrogenation, iodination and aromatization. Interestingly, either pyrrolidin-2-ones or
3-iodopyrroles could be obtained selectively from the same substrates, and the selectivity was easily
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Introduction

Pyrrolidin-2-ones (y-lactams) are common structural motifs
widely encountered in natural products and synthetic com-
pounds possessing potent biological activities and diverse
functional properties (Fig. 1)."* In addition, pyrrolidin-2-ones
are routinely used as versatile synthons in organic synthesis
due to their inherently rich reactivity."* Owing to their impor-
tance, a number of synthetic approaches toward pyrrolidin-2-
ones have been established, which mainly included: (1) amin-
ation and cyclization of functionalized acyclic substrates,"* (2)
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Fig. 1 Some important pyrrolidin-2-one derivatives.
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tuned by using a specific oxidant and additive.

oxidation of pyrrolidine derivatives,” (3) ring expansion of
B-lactams® or cyclopropylamides,” etc.® Meanwhile, iodo-substi-
tuted pyrroles are highly valuable intermediates in the syn-
thesis of drugs, dyes, pigments and other fine chemicals.’
Traditionally, iodopyrroles are accessed either by electrophilic
iodination of the existing pyrrole unit*® or through electrophi-
lic iodocyclization of functionalized acyclic substrates.'* While
these above-mentioned synthetic methods toward pyrrolidin-2-
one and iodopyrrole derivatives are generally efficient and
reliable, some of them suffer from poor regioselectivity,
require multi-step preparation of the highly functionalized
substrates, or employ expensive transition-metal catalysts.
Therefore, the development of more selective and easy-to-run
methods starting from simple and readily obtainable sub-
strates without using precious metal catalysts is highly
desirable.

Recently, direct functionalization of the inert C(sp®)-H
bond has attracted much attention owing to its elimination of
substrate pre-activation and minimization of by-product for-
mation. In particular, C(sp®)-H bond functionalization of inac-
tivated cyclic amines is a highly promising strategy in the
preparation of diversely functionalized N-heterocyclic com-
pounds.’"? In this regard, we have recently disclosed a novel
synthesis of 1-phenylpyrrolidine-2-carbaldehyde (A, Scheme 1,
(1)) through the oxidative ring contraction of 1-phenylpiperi-
dine (1a) under the promotion of a combination of Cu(OAc),
with O, and KI.**” During this study, we have been trying to
use Oxone'* as a co-oxidant or DMAP as a co-additive in order
to improve the yield of A. To our surprise, in the presence of
Oxone or DMAP, the reaction of 1a mainly afforded 1-phenyl-
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Scheme 1 Transformations of 1-phenylpiperidine under different
conditions.

pyrrolidin-2-one (2a, Scheme 1, (2)) or 3-iodo-1-phenyl-1H-
pyrrole (3a, Scheme 1, (3)) instead of the expected A.

Notwithstanding that we did not obtain our initially
expected results, it occurred to us that the facile formation of
pyrrolidin-2-ones and 3-iodopyrroles directly from piperidine
is synthetically significant. This is not only owing to the impor-
tance of pyrrolidin-2-one and 3-iodopyrrole derivatives, but
also due to the shortage of selective and sustainable synthetic
methods for their preparation. Under this circumstance, we
decided to carry out a systematic study of these serendipitously
found transformations with the aim to develop them into
efficient and reliable synthetic methods toward pyrrolidin-2-
ones and 3-iodopyrroles. Herein we report the detailed results
we obtained on this aspect.

Results and discussion

At the outset of our investigation, the reaction conditions for
the formation of pyrrolidin-2-ones 2 were optimized by using
1-phenylpiperidine (1a) as the model substrate. Initially, 1a
was treated with Cu(OAc), (1 equiv.), KI (1 equiv.) and Oxone
(1 equiv.) in CH3CN under O, at 80 °C for 12 h. From this reac-
tion, 1-phenyl pyrrolidin-2-one (2a) was obtained in 31% yield
(Table 1, entry 1). Increasing the loading of Cu(OAc), from 1
equiv. to 2 equiv. could improve the yield of 2a slightly (entry
2). On the other hand, reducing it from 1 equiv. to 0.5 equiv.
diminished the reaction efficiency dramatically (entry 3). Our
study on the suitable loading of Oxone showed that the reac-
tion using 2 equiv. of Oxone gave the best yield of 2a (entry 4
vs. 1 and 5). Next, CuSO,, CuBr, and CuCl, were tried to
replace Cu(OAc),. However, they were found to be much less
effective compared to Cu(OAc), (entries 6-8 vs. 4). When
K,S,0g, TEMPO or TBHP was used to replace Oxone as the co-
oxidant, the yield of 2a decreased significantly (entries 9-11).
Next, screening of different solvents including DMF, DCE and
dioxane revealed that CH;CN is the most efficient in mediating
this reaction (entries 12-14 vs. 4). Delightfully, increasing the
loading of Cu(OAc), from 1 equiv. to 2 equiv. in the presence
of 2 equiv. of Oxone could further improve the yield of 2a
(entry 15). When the loading of KI was also increased to 2
equiv., 2a could be obtained in a yield of 58% (entry 16).
Finally, control experiments showed that in the absence of
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Table 1 Optimization study for the formation of 2a®

(o]
. conditions
Ph—N ) ———— Ph—Né

1a 2a

Entry  Cu(u)salt (eq.)  Co-oxidant (eq.)  Solvent Yield” (%)
1 Cu(OAc), (1) Oxone (1) CH;CN 31

2 Cu(OAc); (2) Oxone (1) CH;CN 32

3 Cu(OAc), (0.5) Oxone (1) CH;CN 23

4 Cu(OAc), (1) Oxone (2) CH;CN 50

5 Cu(OAc), (1) Oxone (3) CH;CN 41

6 CuS0, (1) Oxone (2) CH;CN Trace
7 CuBr, (1) Oxone (2) CH;CN 20

8 cucl, (1) Oxone (2) CH,CN 21

9 Cu(OAc), (1) K,S,04 (2) CH,CN 8
10 Cu(OAc), (1) TEMPO (2) CH;CN Trace
11 Cu(OAc), (1) TBHP (2) CH;CN Trace
12 Cu(OAc), (1) Oxone (2) DMF 14

13 Cu(OAc), (1) Oxone (2) DCE 13

14 Cu(OAc), (1) Oxone (2) Dioxane 13

15 Cu(OAc), (2) Oxone (2) CH;CN 53
16° Cu(OAc), (2) Oxone (2) CH,CN 58
17¢ — Oxone (2) CH;CN —
18° Cu(OAc), (2) — CH,CN  —

¢Reaction conditions: 1 (0.5 mmol), KI (0.5 mmol), solvent (5 mL),
80 °C, O, (1 atm, balloon), 12 h. ” Isolated yield. “ KI (1 mmol).

either Cu(OAc), or Oxone the formation of 2a was not observed
(entries 17 and 18).

With the optimum conditions established, the scope and
generality of this novel transformation was studied, and the
results are included in Table 2. First, a range of 1-phenylpiperi-
dines 1 bearing different substituents on the para-position of
the phenyl ring underwent this cascade reaction smoothly to
give products 2b-2g in yields ranging from 53-61%. Notably, a
number of functional groups, from the electron-donating

Table 2 Substrate scope for the synthesis of 2%

o)

2

- N/\:>7R2 Cu(OAc),, KI, Oxone é/R
. JUORC)7 S Oxone, =i
CHCN, 80°C, 0, . N

1 2
(o} Q (o) Q
Ph—Né (4-F)thN\>\:| (4-CI)Ph*NE\J (mBr)Ph—Né
2a, 58% 2b, 59% 2¢, 54% 2d, 56%
o] o o] Q
(4-Me)Ph—Né (4—Et)Ph*N%j (4-Me0)Ph—N%j (3—F)Ph—N%j
2e, 60% 2f, 61% 2g, 53% 2h, 61%
O o} Q [0}
(3-Br)Ph—Né (3-Me)Ph—Né (3,5-di-Me)Ph—Né S|;\>—Né
2i,56% 2j, 55% 2k, 50% 21, 43%
Q o] Q
(4-Me0)Ph—Nz\j/me LN%j \_kNi\j
2m, 40% 2n, 0% 20, 0%

¢Reaction conditions: 1 (0.5 mmol), Cu(OAc), (1 mmol), KI (1 mmol),
Oxone (1 mmol), CH;CN (5 mL), 80 °C, O, (1 atm, balloon), 12 h.
b Isolated yield.
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methyl, ethyl and methoxy to the electron-withdrawing fluoro
and chloro, were well compatible with the reaction conditions.
In addition, substrates with meta substitutions on the phenyl
ring were also compatible with this transformation to give 2h-
2k. Interestingly, 1-(thiophen-3-yl)-piperidine was a suitable
substrate to give 21. In addition, 1 bearing a methyl group on
the para-position of the piperidine ring could also take part in
this cascade reaction to give a 1,3-disubstituted pyrrolidin-2-
one derivative 2m in moderate yield. Unfortunately, when
1-ethylpiperidine and 1-butylpiperidine were tried as sub-
strates for this reaction, the formation of the desired products
(2n, 20) was not observed.

After having established a convenient synthesis of pyrroli-
din-2-ones 2 via the cascade reactions of 1 under the pro-
motion of Cu(OAc),/KI/Oxone/O,, we then moved forward to
search for the suitable reaction conditions for the efficient for-
mation of 3-iodopyrroles 3. Initially, 1a was treated with Cu
(OAc), (1 equiv.), KI (1 equiv.) and DMAP (0.5 equiv.) in
CH;CN under O, at 80 °C for 10 h. From this reaction, 3-iodo-
1-phenyl-1H-pyrrole (3a) was obtained in 30% yield (Table 3,
entry 1). To our pleasure, increasing the loading of DMAP
resulted in an obvious increase in the yield of 3a (entries 2 and
3). When DMAP was replaced by triethylamine or pyridine, the
formation of 3a was not observed (entries 4 and 5). On the
other hand, when KI was replaced by I,, the yield of 3a
improved (entries 6-8). Next, CuBr,, CuCl, and CuSO, were
found to be much less effective compared to Cu(OAc), (entries
9-11). When DCE, dioxane or DMSO was used as the solvent,
the yield of 3a decreased (entries 12-14). Our further optimiz-
ation showed that increasing the loading of Cu(OAc), from 1
equiv. to 2 equiv. could improve the yield of 3a (entry 15).
More promisingly, when a combination of 2 equiv. of Cu(OAc),

Table 3 Optimization study for the formation of 3a”

|
Ph—N conditions B N(j
—

1a 3a

Cu(u) Additive 1 Additive 2 Yield”
Entry  salt (eq.) (eq.) (eq.) Solvent (%)
1 Cu(OAc), (1)  KI (1) DMAP (0.5) CH;CN 30
2 Cu(OAc), (1)  KI(1) DMAP (1) CH;CN 40
3 Cu(OAc), (1)  KI(1) DMAP (2) CH;CN 39
4 Cu(OAc), (1)  KI(1) Et;N (1) CH,CN  —
5 Cu(OAc), (1) KI(1) Pyridine (1) CH;CN  —
6 Cu(OAc), (1) 1, (0.5) DMAP (1) CH;CN 51
7 Cu(OAc), (1) 1, (0.25) DMAP (1) CH;CN 25
8 Cu(OAc), (1)  1,(1) DMAP (1) CH;CN 45
9 CuBr, (1) I, (0.5) DMAP (1) CH3;CN  Trace
10 Cucl, (1) I, (0.5) DMAP (1) CH;CN  Trace
11 Cus0, (1) 1, (0.5) DMAP (1) CH;CN 10
12 Cu(OAc), (1) 1, (0.5) DMAP (1) DCE 13
13 Cu(OAc), (1) 1, (0.5) DMAP (1) Dioxane 15
14 Cu(OAc), (1) 1, (0.5) DMAP (1) DMSO 17
15 Cu(OAc), (2) 1, (0.5) DMAP (1) CH;CN 57
16 Cu(OAc), 2) 1,(1) DMAP (1) CH;CN 65

“Reaction conditions: 1a (0.5 mmol), solvent (5 mL), 80 °C, O, (1 atm,
balloon), 10 h. ? Isolated yield.
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and 1 equiv. of I, was used, 3a could be obtained in a yield of
65% (entry 16).

With the optimum reaction conditions in hand, the sub-
strate scope for the preparation of 3-iodopyrroles 3 was
explored. The results included in Table 4 demonstrated that
1-phenylpiperidines bearing either the electron-withdrawing
or the electron-donating groups on the para-, meta- or ortho-
position of the phenyl ring were well suitable for this reaction,
affording 3-iodopyrrole derivatives 3b-31 in moderate to good
yields. In addition, 1-(3,5-dimethylphenyl)piperidine could
also take part in this reaction to give 3m. In another aspect,
this reaction proceeded smoothly when the substrate bearing a
phenyl group on the para-position of the piperidine ring gave
3-iodo-1,4-diphenyl-1H-pyrrole (3n). It is worth noting that the
structure of 3d was unambiguously confirmed by its X-ray
single crystal diffraction analysis."

To gain some insight into the reaction mechanism account-
ing for the formation of 2a, the following control experiments
were conducted. First, 1a was subjected to the optimum reac-
tion conditions (Table 1, entry 16) used for the preparation of
2 for 2 h. From the resulting mixture, A and 2a were isolated in
35% and 15% yields (Scheme 2, (1)). Second, A was subjected
to the same reaction conditions for 6 h to give 2a in a yield of
82% (Scheme 2, (2)). These results indicated that A should be
a key intermediate in the formation of 2a from 1a. Third, A
was treated with KI and Oxone in the absence of Cu(OAc),.
Under this circumstance, the formation of 2a was not observed
(Scheme 2, (3)). Fourth, A was treated with Cu(OAc),, KI and
Oxone under nitrogen instead of oxygen. From this reaction,
2a was formed only in a trace amount (Scheme 2, (4)). These
results showed that in addition to Oxone and Cu(OAc),, O, is
also indispensable for the efficient formation of 2a from A.

Table 4 Substrate scope for the synthesis of 3%°

Cu(OAc)y, I, DMAP ~
R'-N —— > R'-N
L X CH3CN, 80 °C, O, AP

R2 R?
1 3
| | | |
~ = ~
Ph_Ng (4'F)F’h"‘<j (4-CI)Ph*N<j (4-Br)Ph—N<j
3a, 65% 3b, 66% 3¢, 68% 3d, 61%
| | | |
(4-Me>thN/;( (4.Et)ph—Nj (4-MeO)Ph7N<j (3-F)Ph—N<j
3e, 59% 3f, 62% 3g, 50% 3h, 59%
~ ! | | |
(3-Br)Ph—N<j (3-Me)Ph—N<j (2-Me)Ph7N<j (2-MeO)Ph—N<j
3i, 60% 3j, 63% 3k, 60% 31,51%
; « 2 3
l (j ' — e SN -
(3,5-di-Me)Ph—N PRt e @
= Ph 7 A —
.
3m, 54% 3n, 48% /
3d

¢Reaction conditions: 1 (0.5 mmol), Cu(OAc), (1 mmol), I, (0.5 mmol),
DMAP (0.5 mmol), CH;CN (5 mL), 80 °C, O, (1 atm, balloon), 10 h.
b Isolated yield.
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il Oxone J HOAc
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co, cu(OAc)2
D E

Scheme 3 Plausible mechanism accounting for the formation of 2a.

Based on our experimental results and literature reports, a
plausible pathway accounting for the formation of 2a is pro-
posed in Scheme 3. Initially, an oxidative ring contraction
occurs with 1a to give A,'*” which is then oxidized by Oxone/
0, to give intermediate B."* Next, B undergoes a decarboxyl-
ation and ipso-oxidation under the reaction conditions to give
2a, presumably via the formation of intermediates C, D, E
and F.’® As for the role played by KI, it is postulated that it
might be firstly converted into I,, which can activate the C-N
bond of 1a, and thus facilitate the C-N bond cleavage to
give A."*?

To elucidate the reaction mechanism accounting for the
formation of 3a, another set of control experiments were
carried out. First, 1a was subjected to the optimum reaction
conditions (Table 3, entry 16) used for the preparation of 3
for 2 h. From the resulting mixture, A and 3a were isolated
in 36% and 19% yields (Scheme 4, (1)). Second, A was sub-
jected to the same reaction conditions for 6 h to give 3a in a
yield of 78% (Scheme 4, (2)). These results indicated that A

OHC

Cu(OAc),, |, DMAP
Ph—N ——— 22 " " > ph—N
CH4CN, 80°C, O, 2h

+ Ph—N<j )

1a A, 36% 3a, 19%
Cu(OAG),, |, DMAP
3a, 78% @)
CH4CN, 80 °C, O,, 6 h
Cu(OAc)y, |
A o CuORckl 3a, ND 3)
CH4CN, 80 °C, O,, 6 h
I, DMAP
A —————— 3aND )

CH4CN, 80°C, O,, 6 h

Scheme 4 Control experiments (II).
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OHC HO,C
0] Cu(OAc),, DMAP Cu(OAc),
PN ) L, Ph*Nij ——F—— PN |/~
ref. 13b 0O,
1a A B HOAc
AcOCuO,C AcOCu | |
DVAP by, N:j —2+ pp— NG/
Ph—N Ph—N 0]
H
o co 5 j[O] l[o]

=~ I !
Ph—N —— Ph— N
=
|

3a

Scheme 5 Plausible mechanism accounting for the formation of 3a.

should be a key intermediate in the formation of 3a from 1a.
Third, A was treated with Cu(OAc), and I, in the absence of
DMAP. Under this circumstance, the formation of 3a was
not observed (Scheme 4, (3)). Fourth, A was treated with I,
and DMAP but in the absence of Cu(OAc),. From this reac-
tion, the formation of 3a was not observed (Scheme 4, (4)).
These results showed that the presence of DMAP and Cu
(OAc), is indispensable for the formation of 3a from inter-
mediate A.

Based on the above-described control experiments and lit-
erature reports, a plausible pathway accounting for the for-
mation of 3a from 1a is proposed in Scheme 5. Initially, A is
formed through an oxidative ring contraction of 1a,"*” and
then oxidized by Cu(i1)/O,/DMAP to give B. The following de-
carboxylation and dehydrogenation of B under the reaction
conditions afforded dihydropyrrole G. Since the in situ formed
enamine moiety in intermediate G is nucleophilic on the
B-position, it then undergoes a regioselective iodination with
I, to give H. Finally, an oxidative aromatization occurs with H
to give 3a. As for the role played by DMAP, it is postulated that
it may help to facilitate this cascade reaction by activating the
Cu(n) catalyst through coordination'” and promoting the dehy-
drogenation of D to form G via hydrogen abstraction.'®"’
Alternatively, G may be firstly oxidized to give I, which is then
iodinated to give 3a.

To showcase the utility of the 3-iodopyrroles obtained
above, 3e was reacted with piperidine, phenylacetylene and
phenylboronic acid under different reaction conditions to give
diversely functionalized pyrrole derivatives 4, 5, and 6 in mod-
erate yields (Scheme 6). Interestingly, a Pd-catalyzed carbonyla-
tion and esterification of 3e with CO and ethanol proceeded
smoothly to give pyrrole-3-carboxylate 7 in 72% yield
(Scheme 6).

Ph
,\O piperidine phenylacetylene Vi
D i Cul/L-proline/CsF PA(OAC),/PPhy/PVOHITBAB
N DMSO, 50 °C K,COj, DMF, 90 °C N5
h 61% ! 62% h
Ph(4-Me) U Ph(4-Me)
CO,Et CO, EtOH N phenylboronic acid Ph
U PdCl,/Cu(0AG) /Kl Ph(4-Me) |Pd(OAC),/PPhy/PivOH/TBAB U
N7 CHACN, 80 °C 3e K2CO3, DMF, 90 °C N
Ph(4-Me) 72% 58% Ph(d-Me)

Scheme 6 Structural elaboration of 3e.

This journal is © The Royal Society of Chemistry 2018
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Conclusions

In summary, we have developed a novel and selective synthesis
of pyrrolidin-2-one and 3-iodopyrrole derivatives via the
cascade reactions of piperidine derivatives under different con-
ditions. To the best of our knowledge, this is the first example
in which pyrrolidin-2-ones and 3-iodopyrroles were directly
and selectively synthesized from inactivated cyclic amines fea-
turing with an oxidative ring contraction and deformylative
functionalization. The use of simple and inactivated cyclic
amines as the substrates, air-stable and low-cost copper salt as
the promoter, non-poisonous and cost-effective Oxone as the
oxidant and DMAP as the additive makes this approach an
attractive and practical method for the preparation of the title
compounds. A further study on the detailed reaction mecha-
nism and application of these methods is in progress.

Experimental section
Typical procedure for the synthesis of 2a

A tube containing 1-phenylpiperidine (1a, 81 mg, 0.5 mmol),
Cu(OAc), (181 mg, 1 mmol), KI (166 mg, 1 mmol) and Oxone
(615 mg, 1 mmol) was evacuated and back-filled with O, three
times. Then, CH3;CN (5 mL) was added, and the mixture was
stirred at 80 °C under O, (balloon) for 12 h. Upon completion,
it was quenched with saturated brine, and extracted with
EtOAc (10 mL x 3). The combined organic phases were dried
over anhydrous Na,SO,, and concentrated under reduced
pressure. The residue was purified by column chromatography
on silica gel with petroleum ether/ethyl acetate (3:1) as the
eluent to give 2a in 58% yield. 2b-2m were obtained in a
similar manner.

1-Phenylpyrrolidin-2-one (2a).” White solid (47 mg, 58%). 'H
NMR (600 MHz, CDCl;) & 2.09 (quint, J = 7.8 Hz, 2H), 2.54 (t,
J = 7.8 Hz, 2H), 3.80 (t, ] = 7.2 Hz, 2H), 7.07 (t, ] = 7.2 Hz, 1H),
7.30 (t, J = 7.8 Hz, 2H), 7.54 (d, J = 8.4 Hz, 2H). *C NMR
(150 MHz, CDCl;) & 18.1, 32.8, 48.8, 120.0, 124.5, 128.8, 139.4,
174.2. HRMS caled for C;oH;;NNaO: 184.0733 [M + Na]',
found: 184.0735.

1-(4-Fluorophenyl)pyrrolidin-2-one ~ (2b).** White solid
(53 mg, 59%). "H NMR (600 MHz, CDCl;) § 2.10 (quint, J =
7.8 Hz, 2H), 2.53 (t,J = 7.8 Hz, 2H), 3.77 (t, ] = 7.2 Hz, 2H), 6.98
(t, J = 8.4 Hz, 2H), 7.48-7.51 (m, 2H). *C NMR (150 MHz,
CDCl;) § 18.0, 32.5, 49.0, 115.5 (d, *Jc_p = 21.9 Hz), 121.7 (d,
3Je_r = 7.7 Hz), 135.5 (d, YJc_r = 2.3 Hz), 159.5 (d, Jo_r = 242.7
Hz), 174.2. '°F NMR (376 MHz, CDCl;) § —117.77. HRMS calcd
for C;oH;;FNO: 180.0819 [M + H]", found: 180.0818.

1-(4-Chlorophenyl)pyrrolidin-2-one  (2¢).*¢ White solid
(53 mg, 54%). '"H NMR (600 MHz, CDCl;) § 2.10 (quint, J =
7.8 Hz, 2H), 2.54 (t, ] = 7.8 Hz, 2H), 3.77 (t,] = 7.2 Hz, 2H), 7.25
(d,J = 9.0 Hz, 2H), 7.50 (d, J = 9.0 Hz, 2H). **C NMR (150 MHz,
CDCl3) 6 17.9, 32.7, 48.7, 121.0, 128.8, 129.6, 138.0, 174.3.
HRMS caled for C;oHy;CINO: 196.0524 [M + H]', found:
196.0527.
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1-(4-Bromophenyl)pyrrolidin-2-one  (2d).*” White solid
(67 mg, 56%). "H NMR (600 MHz, CDCl;) § 2.10 (quint, J = 7.8
Hz, 2H), 2.54 (t, ] = 7.8 Hz, 2H), 3.77 (t, ] = 7.2 Hz, 2H), 7.40 (d,
J = 9.0 Hz, 2H), 7.45 (d, J = 9.0 Hz, 2H). "*C NMR (150 MHz,
CDCly) 6 17.9, 32.7, 48.6, 117.3, 121.3, 131.8, 138.5, 174.2.
HRMS caled for CyoH;,BrNNaO: 261.9838 [M + Na]’, found:
261.9841.

1-(p-Tolyl)pyrrolidin-2-one (2e).” White solid (53 mg, 60%).
'H NMR (600 MHz, CDCl;) § 2.08 (quint, J = 7.8 Hz, 2H), 2.25
(s, 3H), 2.53 (t, J = 7.8 Hz, 2H), 3.77 (t, ] = 7.2 Hz, 2H), 7.09 (d,
J = 7.8 Hz, 2H), 7.40 (d, J = 8.4 Hz, 2H). *C NMR (150 MHz,
CDCl;) § 18.1, 20.9, 32.7, 49.0, 120.2, 129.4, 134.3, 136.9, 174.2.
HRMS caled for C;;H;,NO: 176.1070 [M + H]', found:
176.1064.

1-(4-Ethylphenyl)pyrrolidin-2-one (2f).*° White solid (58 mg,
61%). "H NMR (600 MHz, CDCl3) 6 1.15 (t, ] = 7.8 Hz, 3H), 2.09
(quint, J = 7.8 Hz, 2H), 2.52-2.57 (m, 4H), 3.78 (t, J = 7.2 Hz,
2H), 7.12 (d, J = 8.4 Hz, 2H), 7.42 (d, J = 9.0 Hz, 2H). "*C NMR
(150 MHz, CDCl;) § 15.7, 18.1, 28.3, 32.7, 49.1, 120.3, 128.2,
137.0, 140.8, 174.2. HRMS caled for C;,H;sNNaO: 212.1046
[M + Na]", found: 212.1043.

1-(4-Methoxyphenyl)pyrrolidin-2-one  (2g).*¢ White solid
(51 mg, 53%). '"H NMR (600 MHz, CDCl;) § 2.08 (quint, J =
7.8 Hz, 2H), 2.52 (t, J = 7.8 Hz, 2H), 3.73 (s, 3H), 3.75 (t, J =
7.2 Hz, 2H), 6.83 (d, J = 9.0 Hz, 2H), 7.42 (d, J = 9.0 Hz, 2H).
3C NMR (150 MHz, CDCl;) § 18.0, 32.5, 49.2, 55.5, 114.1,
121.9, 132.6, 156.6, 174.0. HRMS caled for C;;H;4;NO,:
192.1019 [M + HJ', found: 192.1018.

1-(3-Fluorophenyl)pyrrolidin-2-one ~ (2h).” White solid
(55 mg, 61%). "H NMR (600 MHz, CDCl;) § 2.11-2.19 (m, 2H),
2.58-2.62 (m, 2H), 3.80-3.84 (m, 2H), 6.80-6.85 (m, 1H),
7.28-7.31 (m, 2H), 7.52-7.56 (m, 1H). "*C NMR (150 MHz,
CDCly) 6 17.7, 32.8, 48.6, 107.1 (d, *Jcr = 26.3 Hz), 111.0 (d,
*Jop = 21.9 Hz), 114.7 (d, YJcp = 3.2 Hz), 129.9 (d, *Jcr =
8.4 Hz), 141.0 (d, *Jcr = 9.9 Hz), 162.8 (d, Jor = 242.9 Hz),
174.4. '°F NMR (376 MHz, CDCl;) § —92.23. HRMS calcd for
C10H;,FNO: 180.0819 [M + H]", found: 180.0816.

1-(3-Bromophenyl)pyrrolidin-2-one ~ (2i).*¢ White solid
(67 mg, 56%). "H NMR (400 MHz, CDCl;) § 2.11 (quint, J =
7.6 Hz, 2H), 2.55 (t, J = 7.6 Hz, 2H), 3.77 (t, ] = 7.2 Hz, 2H),
7.14-7.21 (m, 2H), 7.54 (d, J = 8.0 Hz, 1H), 7.73 (s, 1H). *C
NMR (150 MHz, CDCl3) § 17.9, 32.7, 48.6, 118.2, 122.5, 122.6,
127.3, 130.1, 140.7, 174.4. HRMS caled for C;,H;;BrNO:
240.0019 [M + H]', found: 240.0019.

1-(m-Tolyl)pyrrolidin-2-one (2j).”* White solid (48 mg, 55%).
'H NMR (600 MHz, CDCl;) § 2.09 (quint, J = 7.8 Hz, 2H), 2.29
(s, 3H), 2.54 (t, J = 7.8 Hz, 2H), 3.79 (t, J = 7.2 Hz, 2H), 6.90 (d,
J = 7.8 Hz, 1H), 7.17 (t, J = 7.8 Hz, 1H), 7.29 (d, J = 8.4 Hz,
1H), 7.36 (s, 1H). >C NMR (150 MHz, CDCl;) § 18.1, 21.6,
32.8, 49.1, 117.4, 121.0, 125.6, 128.7, 138.7, 139.3, 174.3.
HRMS caled for C;yH;3NNaO: 198.0889 [M + Na]', found:
198.0881.

1-(3,5-Dimethylphenyl)pyrrolidin-2-one (2k).>> White solid
(47 mg, 50%). "H NMR (600 MHz, CDCl;) § 2.07 (quint, J =
7.8 Hz, 2H), 2.25 (s, 6H), 2.52 (t, J = 7.8 Hz, 2H), 3.76 (t, J =
7.2 Hz, 2H), 6.73 (s, 1H), 7.14 (s, 2H). >C NMR (150 MHz,
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CDCl;) 6 18.1, 21.5, 32.8, 49.1, 118.1, 126.4, 138.5, 139.3, 174.2.
HRMS caled for C;,H;;NNaO: 212.1046 [M + Na]’, found:
212.1040.

1-(Thiophen-3-yl)pyrrolidin-2-one (21).* White solid (36 mg,
43%). "H NMR (600 MHz, CDCl;) § 2.12 (quint, J = 7.8 Hz, 2H),
2.52 (t,J = 7.8 Hz, 2H), 3.78 (t, J = 7.2 Hz, 2H), 7.19-7.21 (m,
2H), 7.45 (d, J = 3.6 Hz, 1H). ">C NMR (150 MHz, CDCl,)
5 18.0, 32.0, 48.9, 108.9, 120.4, 124.8, 138.0, 173.1. HRMS calcd
for CgHoNNaOS: 190.0297 [M + Na]', found: 190.0299.

1-(4-Methoxyphenyl)-3-methylpyrrolidin-2-one (2m).>* White
solid (41 mg, 40%). "H NMR (600 MHz, CDCl;) § 1.29 (d, J =
7.2 Hz, 3H), 1.74-1.78 (m, 1H), 2.34-2.37 (m, 1H), 2.63-2.67
(m, 1H), 3.70-3.76 (m, 2H), 3.80 (s, 3H), 6.90 (dd, J; = 7.2 Hz,
J» = 1.8 Hz, 2H), 7.52 (dd, J;, = 7.2 Hz, J, = 2.4 Hz, 2H).
3C NMR (150 MHz, CDCl;) § 16.3, 27.1, 38.1, 47.0, 55.5, 114.0,
121.5, 133.0, 156.4, 176.4. HRMS caled for C;,H;sNNaO,:
228.0995 [M + Na]', found: 228.0996.

Typical procedure for the synthesis of 3a

A tube containing 1-phenylpiperidine (1a, 81 mg, 0.5 mmol),
Cu(OAc), (181 mg, 1 mmol), I, (127 mg, 0.5 mmol) and DMAP
(61 mg, 0.5 mmol) was evacuated and back-filled with O, three
times. Then, CH3;CN (5 mL) was added, and the mixture was
stirred at 80 °C under O, (balloon) for 10 h. Upon completion,
it was quenched with saturated ammonium chloride (5 mL),
and extracted with EtOAc (10 mL x 3). The combined organic
phases were dried over anhydrous Na,SO,, and concentrated
under reduced pressure. The residue was purified by column
chromatography on silica gel with petroleum ether/ethyl
acetate (100:1) as the eluent to give 3a in 65% yield. 3b-3n
were obtained in a similar manner.

3-Iodo-1-phenyl-1H-pyrrole (3a).*” Syrup (87 mg, 65%). 'H
NMR (400 MHz, CDCl;) 6 6.42 (t, ] = 1.2 Hz, 1H), 6.96 (t, ] = 2.0
Hz, 1H), 7.13 (t, ] = 2.0 Hz, 1H), 7.28 (t,] = 7.2 Hz, 1H), 7.34 (d,
J = 7.6 Hz, 2H), 7.43 (t, J = 7.6 Hz, 2H). *C NMR (100 MHz,
CDCl;) & 62.0, 117.6, 120.6, 121.2, 124.2, 126.4, 129.7, 139.9.
MS (EI): 269 [M]". HRMS (APCI) caled for CoHIN: 269.9774
[M + H]', found: 269.9760.

1-(4-Fluorophenyl)-3-iodo-1H-pyrrole ~ (3b). Brown solid
(95 mg, 66%). 'H NMR (400 MHz, CDCl;) § 6.33 (d, J = 1.6 Hz,
1H), 6.80 (t, J = 2.4 Hz, 1H), 6.97 (s, 1H), 7.02-7.06 (m, 2H),
7.20-7.23 (m, 2H). ">C NMR (150 MHz, CDCl;) § 62.0, 116.5 (d,
Je_r = 23.1 Hz), 117.7, 121.5, 122.5 (d, *Jc_r = 8.9 Hz), 124.5,
136.3 (d, YJo_r = 2.3 Hz), 161.0 (d, Jo_r = 245.1 Hz). °F NMR
(376 MHz, CDCl;) 6 —115.78. MS (EI): 287 [M]". HRMS (APCI)
caled for C;oHgFIN: 287.9680 [M + H]+, found: 287.9687.

1-(4-Chlorophenyl)-3-iodo-1H-pyrrole (3c). Syrup (103 mg,
68%). "H NMR (600 MHz, CDCl;) § 6.42 (d, J = 0.6 Hz, 1H),
6.91 (t, J = 2.4 Hz, 1H), 7.08 (s, 1H), 7.27 (d, J = 8.4 Hz, 2H),
7.39 (d, J = 9.0 Hz, 2H). *C NMR (150 MHz, CDCl;) § 62.5,
118.0, 121.1, 121.7, 124.1, 129.8, 131.9, 138.4. MS (EI): 303, 305
[M]". HRMS (APCI) caled for C,,HgCIIN: 303.9385 [M + HJ',
found: 303.9393.

1-(4-Bromophenyl)-3-iodo-1H-pyrrole (3d). Syrup (106 mg,
61%). "H NMR (600 MHz, CDCl3) § 6.42 (s, 1H), 6.91 (s, 1H),
7.09 (s, 1H), 7.21 (d, J = 7.2 Hz, 2H), 7.54 (d, J = 7.8 Hz, 2H).
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3C NMR (100 MHz, CDCl;) § 62.6, 118.1, 119.5, 121.0, 122.0,
124.0, 132.8, 138.8. MS (EI): 347, 349 [M]". HRMS (APCI) calcd
for C,HgBrIN: 347.8879 [M + H]", found: 347.8886.

3-Iodo-1-(p-tolyl)-1H-pyrrole (3e). Syrup (83 mg, 59%). 'H
NMR (600 MHz, CDCl;) § 2.37 (s, 3H), 6.39 (dd, J; = 3.0 Hz, J, =
1.2 Hz, 1H), 6.91 (t, J = 2.4 Hz, 1H), 7.08 (d, J = 1.8 Hz, 1H), 7.22
(s, 4H). "*C NMR (100 MHz, CDCl;) § 20.9, 61.5, 117.3, 120.5,
121.3, 124.2, 130.2, 136.2, 137.6. MS (EI): 283 [M]". HRMS
(APCI) caled for Cy1Hy;IN: 283.9931 [M + HJ, found: 283.9940.

1-(4-Ethylphenyl)-3-iodo-1H-pyrrole (3f). Syrup (92 mg,
62%). "H NMR (600 MHz, CDCl;) § 1.25 (t, ] = 7.8 Hz, 3H), 2.67
(q,J = 7.8 Hz, 2H), 6.40 (t, J = 1.8 Hz, 1H), 6.92 (d, J = 2.4 Hz,
1H), 7.09 (s, 1H), 7.24 (s, 4H). ">C NMR (150 MHz, CDCl;) §
15.6, 28.3, 61.5, 117.3, 120.7, 121.3, 124.3, 129.0, 137.8, 142.6.
MS (EI): 297 [M]". HRMS (APCI) caled for C;,H;3IN: 298.0087
[M + H]", found: 298.0100.

3-Iodo-1-(4-methoxyphenyl)-1H-pyrrole (3g). Syrup (75 mg,
50%). 'H NMR (600 MHz, CDCl3) § 3.76 (s, 3H), 6.32 (dd, J; =
3.0 Hz, J, = 1.2 Hz, 1H), 6.79 (t, J = 2.4 Hz, 1H), 6.87 (dd, J; =
6.6 Hz, J, = 1.8 Hz, 2H), 6.96 (t, J = 1.8 Hz, 1H), 7.18 (d, ] = 6.6
Hz, 2H). *C NMR (100 MHz, CDCl;) 6 55.6, 61.1, 114.7, 117.1,
121.6, 122.3, 124.5, 133.6, 158.2. MS (EI): 299 [M]'. HRMS
(APCI) caled for C;yH;;INO: 299.9880 [M + H]', found:
299.9883.

1-(3-Fluorophenyl)-3-iodo-1H-pyrrole (3h). Syrup (85 mg,
59%). "H NMR (600 MHz, CDCl3) § 6.43 (s, 1H), 6.95-6.99 (m,
2H), 7.06 (d, J = 9.6 Hz, 1H), 7.13-7.14 (m, 2H), 7.37-7.41 (m,
1H). *C NMR (150 MHz, CDCl;) § 62.7, 107.9 (d, Yc_p = 25.2
Hz), 113.1 (d, ¥o_r = 20.9 Hz), 115.8 (d, “Jo_¢ = 3.3 Hz), 118.1,
121.0, 124.1, 131.0 (d, *Jo_r = 9.9 Hz), 141.2 (d, *Jo_p = 9.9 Hz),
163.3 (d, Yo = 246.0 Hz). 'F NMR (376 MHz, CDCl;)
8 —110.55. MS (EI): 287 [M]". HRMS (APCI) calcd for C;,HgFIN:
287.9680 [M + H]', found: 287.9674.

1-(3-Bromophenyl)-3-iodo-1H-pyrrole (3i). Syrup (104 mg,
60%). "H NMR (400 MHz, CDCl;) § 6.35 (s, 1H), 6.86 (t, ] = 2.4
Hz, 1H), 7.04 (s, 1H), 7.19-7.23 (m, 2H), 7.32-7.34 (m, 1H),
7.44 (s, 1H). *C NMR (100 MHz, CDCl;) § 62.8, 118.2, 118.9,
121.0, 123.2, 123.6, 124.0, 129.3, 131.0, 140.9. MS (EI): 347 349
[M]". HRMS (APCI) caled for C,oHgBrIN: 347.8879 [M + HJ',
found: 347.8877.

3-Iodo-1-(m-tolyl)-1H-pyrrole (3j). Syrup (89 mg, 63%). 'H
NMR (400 MHz, CDCl;) § 2.31 (s, 3H), 6.32 (s, 1H), 6.85 (s,
1H), 7.00 (d, J = 7.2 Hz, 1H), 7.03-7.06 (m, 3H), 7.21 (t,J = 7.6
Hz, 1H). *C NMR (100 MHz, CDCl;) 6 21.5, 61.8, 117.4, 117.7,
121.2, 121.3, 124.2, 127.1, 129.5, 139.8, 139.9. MS (EI): 283
[M]". HRMS (APCI) caled for C;;H;,IN: 283.9931 [M + HJ',
found: 283.9909.

3-Iodo-1-(o-tolyl)-1H-pyrrole (3k). Syrup (85 mg, 60%). 'H
NMR (400 MHz, CDCl;) 6 2.13 (s, 3H), 6.31 (t, J = 2.4 Hz, 1H),
6.59 (t, J = 2.4 Hz, 1H), 6.76 (t, J = 2.0 Hz, 1H), 7.12-7.13 (m,
1H), 7.15-7.23 (m, 3H). *C NMR (150 MHz, CDCl;) § 17.7,
60.1, 116.2, 123.9, 126.6, 126.7, 128.1, 131.2, 133.8, 139.7. MS
(ED): 283 [M]". HRMS (APCI) calcd for C;;H;;IN: 283.9931 [M +
HJ", found: 283.9903.

3-Iodo-1-(2-methoxyphenyl)-1H-pyrrole (31). Syrup (76 mg,
51%). 'H NMR (600 MHz, CDCl;) 6 3.77 (s, 3H), 6.30 (s, 1H),
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6.79 (t, J = 2.4 Hz, 1H), 6.92-6.96 (m, 3H), 7.16-7.18 (m, 1H),
7.20-7.23 (m, 1H). *C NMR (100 MHz, CDCl;) 6 55.8, 60.4,
112.3, 116.1, 121.0, 123.9, 125.6, 126.7, 128.1, 129.3, 152.6. MS
(ED): 299 [M]". HRMS (APCI) caled for C;;H;;INO: 299.9880
[M + H]', found: 299.9877.

1-(3,5-Dimethylphenyl)-3-iodo-1H-pyrrole ~ (3m).  Syrup
(81 mg, 54%). "H NMR (600 MHz, CDCl3) § 2.35 (s, 6H), 6.39
(s, 1H), 6.91-6.95 (m, 4H), 7.10 (s, 1H). *C NMR (100 MHz,
CDCl;) § 21.4, 61.5, 117.2, 118.4, 121.2, 124.2, 128.0, 139.5,
139.9. MS (EI): 297 [M]". HRMS (APCI) caled for C;,H;3IN:
298.0087 [M + HJ", found: 298.0079.

3-Iodo-1,4-diphenyl-1H-pyrrole (3n). Syrup (83 mg, 48%). 'H
NMR (400 MHz, CDCly) § 6.55 (d, J = 3.2 Hz, 1H), 7.16 (d, J =
3.2 Hz, 1H), 7.27-7.32 (m, 1H), 7.39-7.51 (m, 7H), 7.60-7.63
(m, 2H). >C NMR (100 MHz, CDCl;) § 70.9, 111.6, 126.57,
126.62, 127.4, 128.16, 128.24, 128.5, 128.9, 132.1, 136.4, 141.3.
MS (EI): 345 [M]". HRMS (APCI) caled for C;sHy3IN: 346.0087
M + H]", found: 346.0052.

Synthetic applications of 3e

Synthesis of 1-(1-(p-tolyl)-1H-pyrrol-3-yl)piperidine (4) and
its spectroscopic data. A tube containing 3e (141 mg,
0.5 mmol), Cul (9.5 mg, 0.05 mmol), r-proline (5.8 mg,
0.05 mmol) and CsF (152 mg, 1 mmol) was evacuated and
back-filled with N, three times. Then, piperidine (85 mg,
1 mmol) and DMSO (5 mL) were added. The resulting mixture
was stirred at 50 °C under N, for 24 h. Upon completion, it
was quenched with saturated brine (5 mL), and extracted with
EtOAc (10 mL x 3). The combined organic phases were dried
over anhydrous Na,SO,, and concentrated under reduced
pressure. The residue was purified by column chromatography
on silica gel with petroleum ether/ethyl acetate (20:1) as the
eluent to give 4 in 61% yield.

1-(1-(p-Tolyl)-1H-pyrrol-3-yl Jpiperidine (4). Yellow oil (73 mg,
61%). 'H NMR (600 MHz, CDCl;) & 1.45-1.49 (m, 2H),
1.63-1.67 (m, 4H), 2.27 (s, 3H), 2.88 (t, J = 5.4 Hz, 4H), 6.02 (t,
J = 2.4 Hz, 1H), 6.46 (t, ] = 1.8 Hz, 1H), 6.85 (t, J = 2.4 Hz, 1H),
7.10 (d, J = 8.4 Hz, 2H), 7.15 (d, J = 8.4 Hz, 2H). C NMR
(150 MHz, CDCl;) & 20.8, 24.2, 25.7, 52.1, 101.9, 103.4, 118.1,
119.4, 130.0, 134.3, 138.7, 142.5. HRMS calcd for C,6H,oN,Na:
263.1519 [M + Na], found: 263.1521.

Synthesis of 3-(phenylethynyl)-1-(p-tolyl)-1H-pyrrole (5) and
its spectroscopic data. A tube containing 3e (141 mg,
0.5 mmol), phenylacetylene (153 mg, 1.5 mmol), Pd(OAc),
(5.6 mg, 0.025 mmol), PivOH (51 mg, 0.5 mmol), PPh; (13 mg,
0.05 mmol), TBAB (161 mg, 0.5 mmol) and K,CO; (69 mg,
0.5 mmol) was evacuated and back-filled with N, three times.
Then, DMF (5 mL) was added, and the resulting mixture was
stirred at 90 °C under N, for 20 h. Upon completion, it was
quenched with saturated sodium hydrogen carbonate (5 mL),
and extracted with EtOAc (10 mL x 3). The combined organic
phases were dried over anhydrous Na,SO,, and concentrated
under reduced pressure. The residue was purified by column
chromatography on silica gel with petroleum ether/ethyl
acetate (50: 1) as the eluent to give 5 in 62% yield.
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3-(Phenylethynyl)-1-(p-tolyl)-1H-pyrrole ~ (5). Brown solid
(80 mg, 62%). "H NMR (600 MHz, CDCl;) & 2.31 (s, 3H), 6.41
(dd, j; = 3.0 Hz, J, = 1.2 Hz, 1H), 6.90 (t, J = 2.4 Hz, 1H),
7.15-7.26 (m, 8H), 7.42-7.43 (m, 2H). >C NMR (150 MHz,
CDCl;) § 20.9, 84.6, 88.5, 106.2, 113.6, 119.8, 120.6, 123.2,
124.1, 127.6, 128.3, 130.2, 131.3, 136.1, 137.8. HRMS calcd for
C1oH;;NNa: 280.1097 [M + Na]’, found: 280.1097.

Synthesis of 3-phenyl-1-(p-tolyl)-1H-pyrrole (6) and its spec-
troscopic data. A tube containing 3e (141 mg, 0.5 mmol),
phenylboronic acid (183 mg, 1.5 mmol), Pd(OAc), (5.6 mg,
0.025 mmol), PivOH (51 mg, 0.5 mmol), PPh; (13 mg,
0.05 mmol), TBAB (161 mg, 0.5 mmol) and K,CO; (69 mg,
0.5 mmol) was evacuated and back-filled with N, three times.
Then DMF (5 mL) was added, and the resulting mixture was
stirred at 90 °C under N, for 20 h. Upon completion, it was
quenched with saturated sodium hydrogen carbonate (5 mL),
and extracted with EtOAc (10 mL x 3). The combined organic
phases were dried over anhydrous Na,SO,, and concentrated
under reduced pressure. The residue was purified by column
chromatography on silica gel with petroleum ether/ethyl
acetate (100 : 1) as the eluent to give 6 in 58% yield.

3-Phenyl-1-(p-tolyl)-1H-pyrrole (6). Yellow oil (68 mg, 58%).
'H NMR (600 MHz, CDCl,) § 2.28 (s, 3H), 6.27 (t, ] = 3.6 Hz,
1H), 6.35 (dd, J; = 3.6 Hz, J, = 1.8 Hz, 1H), 6.84 (dd, J; = 2.4 Hz,
J» = 1.8 Hz, 1H), 6.97-6.99 (m, 2H), 7.03-7.05 (m, 2H),
7.06-7.09 (m, 3H), 7.12-7.14 (m, 2H). *C NMR (150 MHz,
CDCl;) 6§ 21.0, 109.0, 110.4, 124.5, 125.6, 126.2, 128.0, 128.3,
129.6, 133.1, 133.8, 136.4, 138.1. HRMS calcd for C;;H;¢N:
234.1277 [M + HJ", found: 234.1270.

Synthesis of ethyl 1-(p-tolyl)-1H-pyrrole-3-carboxylate (7) and
its spectroscopic data. A tube containing 3e (141 mg,
0.5 mmol), PdCl, (8.9 mg, 0.05 mmol), Cu(OAc), (91 mg,
0.5 mmol), and KI (83 mg, 0.5 mmol) was evacuated and back-
filled with CO three times. Then EtOH (292 pL, 5 mmol) and
CH;CN (5 mL) were added, and the resulting mixture was
stirred at 80 °C under CO (balloon) for 12 h. Upon completion,
it was quenched with saturated brine (5 mL), and extracted
with EtOAc (10 mL x 3). The combined organic phases were
dried over anhydrous Na,SO,, and concentrated under
reduced pressure. The residue was purified by column chrom-
atography on silica gel with petroleum ether/ethyl acetate
(50: 1) as the eluent to give 7 in 72% yield.

Ethyl 1-(p-tolyl)-1H-pyrrole-3-carboxylate (7)."*% Yellow oil
(82 mg, 72%). "H NMR (600 MHz, CDCl;) 6 1.28 (t, ] = 7.2 Hz,
3H), 2.31 (s, 3H), 4.23 (q, J = 7.2 Hz, 2H), 6.67 (s, 1H), 6.90 (s,
1H), 7.17 (d, J = 7.8 Hz, 2H), 7.21 (d, J = 8.4 Hz, 2H), 7.58 (s,
1H). *C NMR (150 MHz, CDCl;) § 14.5, 20.9, 59.8, 111.4,
118.0, 120.6, 120.9, 124.4, 130.2, 136.8, 137.6, 164.8. HRMS
caled for Cy4H;5NNaO,: 252.0995 [M + Na]', found: 252.0998.

Control experiments

Control experiment (I). A tube containing 1-phenylpiperi-
dine (1a, 81 mg, 0.5 mmol), Cu(OAc), (181 mg, 1 mmol), KI
(166 mg, 1 mmol) and Oxone (615 mg, 1 mmol) was evacuated
and back-filled with O, three times. Then, CH;CN (5 mL) was
added, and the mixture was stirred at 80 °C under O, (balloon)
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for 2 h. It was quenched with saturated brine, and extracted
with EtOAc (10 mL x 3). The combined organic phases were
dried over anhydrous Na,SO,, and concentrated under
reduced pressure. The residue was purified by column chrom-
atography on silica gel with petroleum ether/ethyl acetate
(20:1 to 3:1) as the eluent to give A and 2a in 35% and 15%
yields, respectively.

1-Phenylpyrrolidine-2-carbaldehyde (A)."*” Oil (31 mg, 35%).
'H NMR (400 MHz, CDCl;) § 1.96-2.01 (m, 2H), 2.09-2.14 (m,
2H), 3.26-3.32 (m, 1H), 3.56-3.62 (m, 1H), 3.95-3.99 (m, 1H),
6.52 (d, J = 8.0 Hz, 2H), 6.69 (t, J = 7.2 Hz, 1H), 7.14-7.18 (m,
2H), 9.47 (d, J = 3.6 Hz, 1H). *C NMR (150 MHz, CDCl;) 6
23.4, 27.2, 48.1, 65.9, 111.1, 116.3, 128.4, 146.1, 202.6. HRMS
caled for Cy;H4,NO: 176.1070 [M + H]', found: 176.1070.

A tube containing A (88 mg, 0.5 mmol), Cu(OAc), (181 mg,
1 mmol), KI (166 mg, 1 mmol) and Oxone (615 mg, 1 mmol)
was evacuated and back-filled with O, three times. Then
CH;CN (5 mL) was added, and the mixture was stirred at 80 °C
under O, (balloon) for 6 h. Upon completion, it was quenched
with saturated brine, and extracted with EtOAc (10 mL x 3).
The combined organic phases were dried over anhydrous
Na,S0,4, and concentrated under reduced pressure. The
residue was purified by column chromatography on silica gel
with petroleum ether/ethyl acetate (3:1) as the eluent to give
2a in 82% yield.

A tube containing A (88 mg, 0.5 mmol), KI (166 mg,
1 mmol) and Oxone (615 mg, 1 mmol) was evacuated and
back-filled with O, three times. Then CH;CN (5 mL) was
added, and the mixture was stirred at 80 °C under O, (balloon)
for 6 h, from which the formation of 2a was not observed
(TLC).

A tube containing A (88 mg, 0.5 mmol), Cu(OAc), (181 mg,
1 mmol), KI (166 mg, 1 mmol) and Oxone (615 mg, 1 mmol)
was evacuated and back-filled with N, three times. Then
CH;CN (5 mL) was added, and the mixture was stirred at 80 °C
under N, (balloon) for 6 h, from which 2a was formed in a
trace amount (TLC).

Control experiment (II). A tube containing 1-phenylpiperi-
dine (1a, 81 mg, 0.5 mmol), Cu(OAc), (181 mg, 1 mmol), I,
(127 mg, 0.5 mmol) and DMAP (61 mg, 0.5 mmol) was evacu-
ated and back-filled with O,. Then CH3;CN (5 mL) was added,
and the mixture was stirred at 80 °C under O, (balloon) for
2 h. It was quenched with saturated ammonium chloride
(5 mL), and extracted with EtOAc (10 mL x 3). The combined
organic phases were dried over anhydrous Na,SO,, and con-
centrated under reduced pressure. The residue was purified by
column chromatography on silica gel with petroleum ether/
ethyl acetate (100:1 to 20:1) to afford A and 3a in 36% and
19% yields, respectively.

A tube containing A (88 mg, 0.5 mmol), Cu(OAc), (181 mg,
1 mmol), I, (127 mg, 0.5 mmol) and DMAP (61 mg, 0.5 mmol)
was evacuated and back-filled with O,. Then, CH;CN (5 mL)
was added, and the resulting mixture was stirred at 80 °C
under O, (balloon) for 6 h. Upon completion, it was quenched
with saturated ammonium chloride (5 mL), and extracted with
EtOAc (10 mL x 3). The combined organic phases were dried
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over anhydrous Na,SO,, and concentrated under reduced
pressure. The residue was purified by column chromatography
on silica gel with petroleum ether/ethyl acetate (100:1) to
afford 3a in 78% yield.

A tube containing A (88 mg, 0.5 mmol), Cu(OAc), (181 mg,
1 mmol) and I, (127 mg, 0.5 mmol) was evacuated and back-
filled with O,. Then CH;CN (5 mL) was added, and the result-
ing mixture was stirred at 80 °C under O, (balloon) for 6 h,
from which the formation of 3a was not observed (TLC).

A tube containing A (88 mg, 0.5 mmol), I, (127 mg,
0.5 mmol) and DMAP (61 mg, 0.5 mmol) was evacuated and
back-filled with O,. Then CH;CN (5 mL) was added, and the
resulting mixture was stirred at 80 °C under O, (balloon) for
6 h, from which the formation of 3a was not observed (TLC).
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