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The dual role of the (2-pyridyl)sulfonyl unit ageliting functionality and readily removakie

protecting group has enabled an efficient and pactransformation of Zrylpyrrolidine

derivatives into more complex tricyclic frameworkis palladium-catalyzedrtho-olefinatior

with electron deficient alkenes and subsequentizgtibn uponN-deprotection undemild

conditions. The key cross coupling step in the gmes ofN-fluoro-2,4,6-trimethylpyridinium
triflate ([F+]) as the terminal oxidant is both hig efficient and tolerant to a variety eferic

and electronic changes at both coupling partrigysadequate choice of reductive conditic

the N-sulfonyl deprotection can be directed to the dgelecformation of benzdusec

pyrrolizidine or fused pyrrolidino-benzazapine framorks.

2009 Elsevier Ltd. All rights reserved

1. Introduction

Nitrogen-containing heterocyclic compounds are feged
structures in terms of biological activity and dones to inspire
the development of new methods for their synthesisl a
functionalization’. Introducing complexity and diversity on a
core molecule is crucial for facilitating lead disery and
optimization in medicinal chemistry. Toward that dhe metal
catalyzed €H alkenylation of nitrogen heterocycles has atticcte
much current interest as a unique tactic for rgpidtreasing
structural complexity due to the synthetic verggtibf the newly
incorporated alkenyl grouf® Introducing a directing group on a
N atom has become a commonly used strategy to essigre
selectivity, thereby leading to great progress fuis tared.
However, to take full advantage of the synthetic pia of this
strategy, directing groups must have the abilitybt readily
removed under conditions that amempatible with the presence
of sensitive alkenyl groups. This is not always aghble and
often removal of theortho-directing group from the product
requires prior derivatization of the newly incorpech alkene,
which is a feat that often limits the transformatssynthetic
utility. Additionally, controlling mono- vs. disuligition
selectivity is a continuing challenge in this tygfeprocesses.

Our research group has pioneered the use of the (2-

pyridyl)sulfonyl unit (SQPy) as a weakly coordinating and
readily removable directing group in metal-catatyz€-H

functionalization reactions.The dual protecting and directing
role of SQPy in G-H functionalization was first demonstrated by

achieving an efficient and general Pd-catalyzedalR2nylation

of indoles and pyrroles with both electron-poor and-activated
alkenes (Scheme 1%)° This strategy has also been applied to the
Pd-catalyzedortho-C-H alkenylation of N-alkylated aniline,
benzylamine, phenethylamine apérylpropylamine derivatives
with electron-poor alkenes (Scheme iB)More recently, this
concept was extended to the regiocontrolled direetd®alyzed
c1/c8-diolefination of carbazoles (Scheme ®c).
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Scheme 1. N-SO,Py directing group in Pd-catalyzed direct

C-H olefination of nitrogen heterocycles

Table 1. Optimization studies in the model olefination abstratel®

Z>C0,Bu (2 equiv)

N‘sozPy Pd(OAc), (10 mol%) N‘SOZPy N\sozpy
oxidant (2.0 equiv) COzBU BUOC._~ X -CO,Bu
solvent, 110 °C, 14 h
1 2 3
Entry Oxidan Solven Conversion & 2/3F
1 [F]° DCE >97 92:8
2 PhI(OAC) DCE 67 >95:<5
3 K2S;0s DCE 24 >95:<5
4 Oxone DCE 11 >95:<5
5 Ce(SQ), DCE 9 >95:<5
6 Cu(OAC) DCE <3 -
7 [F1€ Toluene 45 >095:<5
8 [F1€ 1,4-Dioxane 35 >05:<5
9 [F]¢ DMSO 25 >95:<5
10 [F]°¢ DMF 76 >95:<5
11 [F¢ ACOH 90 90:10
12 E DCE >97 (85§ >95:<5
13 [F¢ DCE 70 >95:<5
14°¢ [F¢ DCE 40 >95:<5

*Reaction conditionst (0.15 mmol), butyl acrylate (0.30 mmol), Pd(OA().015 mmol), oxidant (0.30 mmol), solvent (1.5)m110 °C, 14 h underN

®Determined byHNMR.
F] = N-fluoro-2,4,6-trimethylpyridinium triflate.
“Reaction performed in the presence of 1.2 equib8(@amol) of butyl acrylate.

fIsolated yield of the mono-olefination product aftaromatographic purification.

fIn the presence of 5 mol% of Pd(OAc)
9In the presence of 2 mol% of Pd(OAc)

Driven by our continued interest in the developnanpractical
methods based on catalytic-l& functionalization for the
assembly of nitrogen-containing heterocyclic aesttiires from
simple precursors, we envisioned that the 2-arytpigine unif
could provide an ideal platform for iteratieetho-selective GH
alkenylation and subsequent cyclization leadingtme complex
polycyclic ring systems such as benzo-fused pyidihes
(Scheme 1d). It is important to note that the begrolizidine
motif forms the core of many natural

superiority of [F] as oxidant was demonstrated upon evaluation
of a handful of oxidants of different oxidizing &tyi. PhI(OAc),
proved also to be an effective stoichiometric oridéor this
reaction, althoughincomplete conversion was observed (67%,
entry 2). Other oxidants used in Pd-catalyzeeHCactivation
processes such as,¥0Os; Oxone or Ce(S§, provided
unpractical conversions (9-24%, entries 3-5). Nodpct was
detected when the reaction was performed in theepoes of

products with Cu(OAc), a weaker oxidant widely used in Pd-catalyzeeHC

pharmacological relevan@.n this pursuit, we describe herein olfefinations that have been proposed to occurutijinocatalytic

an efficient method for thertho-olefination of 2-arylN-(2-
pyridyl)sulfonylpyrrolidines with electron-deficierdalkenes and
their derivatization into heterocyclic systems aicreased
complexity such as benzo-fused pyrrolizidines orrglidino-
benzazepines by appropriate choic&lafeprotection conditions.

2. Results and discussion

At the outset of our study, we studied the alkengtatf the
N-SO,Py-protected parent 2-phenylpyrroliding with butyl
acrylate, taking as the basis for reaction optitiora the
conditions previously established for tloetho-olefination of

cycles based on PP redox shuttles (entry 8)In contrast, the
powerful oxidant [F] has been used in Pd-catalyzed-HC
transformations such as fluorination, trifluoromg#tion, and
aminations, for which a key stage of the proposedecis the
oxidation of a PY intermediate into high-valent Bdor Pd"

intermediates?

A solvent screening revealed DCE as the most effectiv
reaction media. Other aprotic solvents of variecaptyl such as
toluene, 1,4-dioxane or DMS@iled to provide a conversion
beyond 45% (entries 7-9), whereas the use of Dé4klted in a
boost in conversion up to 76% (entry 10). In acaamt with the
suggested important role of polar acidic solvents the

benzylamine derivative.The results of this study are presentedgcceleration of cyclopalladation procesSethe model reaction
in Table 1. The reaction dfwith butyl acrylate (2 equiv) in the of 1 with butyl acrylate in AcOH resulted in 90% conversion
presence of Pd(OAg) (10 mol%) and N-fluoro-2,4,6-  gipeit a slightly diminished mono-/di-substitutiealectivity was
trimethylpyridinium triflate ([F], 2 equiv) as oxidant in DCE at opserved /3 = 90:10, entry 11). The higher efficiency observed
110 °C for 14 hours led to the clean formationaf expected in the chlorinated solvent DCE can be plausibly iasd to the
olefination product2 with complete conversion and very good presence of small amounts of HC| upon partial deamsition.
mono-/disubstitution selectivity 23 = 92:8, entry 1). The Finally, we were glad to find that the ditho-olefination process



was almost completely suppressed by reducing theuamaof
alkene to 1.2 equiv without any appreciable impaateactivity,
thereby providing the desired monoalkenylation piid? in
85% isolated yield (entry 12). In constrast, desig the
palladium catalyst loading to 5 mol% and 2 mol%uhesl in
incomplete conversions (entries 13 and 14, respalgji

The unique directing role of tid-SO,Py unit was illustrated
through a control experiment showing that no reactwas
produced when the analogb&tosylated 2-phenylpyrroliding
was submitted to the reaction with butyl acrylateermastherwise
identical reaction conditions, resulting in the lestve recovery
of starting material (Scheme 2).

/\COZBU(Z equiv) N
NTS  pg(0Ac), (10 mol%) s
[F*1 (2.0 equiv) x-CO,-Bu

DCE, 110°C, 14 h
5

Scheme 2. Control experiment wittN-Ts substratet. [F] =
N-fluoro-2,4,6-trimethylpyridinium triflate.

With an efficient and selectivertho-alkenylation protocol in
hand, we next set out to investigate the scopekaglation of

3

‘Reaction performed with 2 equivalents of alken€] fF N-
fluoro-2,4,6-trimethylpyridinium triflate.

The versatility with regard to the substitution dte t2-
arylpyrrolidine component was also examined usingtylb
acrylate as the model alkene (Scheme 4). This scbpay
revealed that although both electron-withdrawing atettron-
donating substituents are tolerated at the aromiaiicof the 2-
arylpyrrolidine unit, both electronic and sterideets influenced
the reactivity. For example, although similar gogelds could
be attained in the alkenylation of substrates Ingidiither go-Me
(product 17, 70%) or an electron-withdrawing-F group (8,
68%), the need for an excess of 2.0 equivalentsalkéne
evidenced the lower reactivity of the latter. Whenmeta
methoxy substituent is present, a strong preferefice
alkenylaton at the more sterically accessible o@hkbl bond was
observed 19, 66%), although traces of the di-olefination produ
were also detected in the reaction mixture (mono+#db5:5).
Importantly, this alkenylation method seems to lm wery
sensitive to steric hindrance imposed by amgho-substitution,
as illustrated in smooth reaction observed in theecof the
ortho-methoxy derivative, yet 2.0 equivalents of butghydate
were needed for achieving complete conversiih 16%). Also,

substratel with various electron-deficient alkenes (Scheme 3)the reactions did occur at the C-H bond of a hetgroa

Not only acrylates, but also phenyl vinyl sulfonedafimethyl
vinyl phosphonate, coupled efficiently with to give the
corresponding ortho-alkenylated products with

excellent could bind

substituent such as the 2-thienyl gro@fp, (61%), thus showing
the compatibility with potentially coordinating hetatomsthat
the palladium species preventing sudeess

monosubstitution selectivity, artstereocontrol in synthetically turnovers.lt is also noteworthy the capacity of theSOPy
useful yields (product§-8, 74-81%). Even acrylonitrile, having directing group to promotthe C-H alkenylation with complete

a potentially metal-coordinating nitrogen was alsompatible
with this catalytic system, providing the alkenydatiproduc® as

site-selectivity control at C3 thus overriding the intrinsic
preference of the thiophene ring system for metalatand

. . . 14
a 62:38 mixture ofE and Z stereoisomers, respectively. Upon Subsequent C—H functionalization at the C5 positfon.

standard chromatographic separatigr and Z-9 were isolated
in 29% and 27% yield, respectivefyUnfortunately,no reaction
was observed with 1,1- or 1,2-disubstituted alkensh sasa-

ethylacrolein or E)-methyl crotonate, showing the sensitivity of

the alkenylation reaction to steric effects. Stgreserivatives
bearing electron-withdrawing substituents suchpa$O, or p-

CF; were also suitable substrates in this olefinatieaction,
although an excess of 2 equivalents of the alkerseraguired to
afford the desired productd0 and 11 (54% and 48%,
respectively. The increased of reactivity produbgdhe excess
of alkene came at the cost of lower mono-/disulifgitu
selectivity in the case of produtfd (mono-/di- = 90:10).

N. \N
SO,Py Pd(OAc), (10 mol%) SO,Py
+ AR [F*]1 (2.0 equiv) . _R
Lk s i
(12equivy DCE 110°C, 14 h
1 6-11
N. N, N.
SOy SO,Py SO,Py
X CO.Me xSO0sPh ~_PO(OMe),
6, 81% 7,82% 8, 74%
N‘sozpy NSO,Py NO, NSO,Py CF,
~ee A g L g
E)-9, 29%°
:Z))—Q 27042 10, 54%P° 11, 48%°

N
SO,Py
RS + Z>C0.Bu
U
Z (1.2 equiv)

12-16

N,
Pd(OAC); (10 mol%) SO.Py
[F*] (2.0 equiv) X COBuU
e
DCE, 110°C, 14 h O

17-21
N R N
SO,Py SO,Py SO,Py
X COBu X CO-Bu X CO,-Bu
MeO
Me F
17, 70% 18, 68%2 19, 66%"
N. N.
SO,Py SO.Py
MeO
e xCOzBu " N\_co,Bu
20, 76%° 21,61%

Scheme 4. Scope with regard to the substitution at the 2-
arylpyrrolidine component. Yields are isolated ygldf the
mono-olefination product after chromatographic fication.
“Reaction performed with 1.5 equiv of alkeRdono-/di- = 95:5.
‘Reaction performed with 2.0 equivalents of alkeri€] E N-
fluoro-2,4,6-trimethylpyridinium triflate.

Encouraged by the high reactivity and the goodraémlee of
this catalyst system toward the steric demand ootho-
substituents, we wondered whether
installation of two different alkenes at the tendho positions of
the arene by sequential doubleHCalkenylation reactions. It is

Scheme 3. Scope with regard to the olefin coupling parmer_important to note that few protocols have demoretraapability
|solated y|e|ds of the mono-olefination product eaft for efficient twofold G-H activation of this typés To test this

chromatographic purificatiofE/Z = 62:38."Mono-/di- = 90:10.

hypothesis, we submitted the monoolefination produtd the
reaction with phenyl vinyl sulfone under the standemnditions

it might enable the
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for "the present method. Although the reaction regli3 Na(Hg) R

equivalents of the alkene to reach full conversfothe desired N Na,HPO, %Nj
unsymmetrical diolefinated produ2? could be isolated in useful R | SOzPy MeOH, tt, 3 h o
yield (55%, Scheme 5). However, while feasible, ggguential COBu 26, R = H. 74%
bis-olefination approach was not generally applieabs the 2,18 27:R=F,’73%

reaction of2 with dimethyl vinyl phosphonate failed (not shown).
Scheme 7. N-Deprotection/cyclization to afford pyrrolidino-

7 f .
NSO,Py #7SOzPh (3 equiv) NSO,Py benzazepinones.
Pd(OAc), (10 mol%) oc
. . B . .
NACOBY F@Oequy) | PPENA S0P In conclusion,we have demonstrated the ability of the
2 DCE, 110°C, 14 h SO,Py group to serve as an eflflicient directing anddirga
22, 55% removable protecting group for the Pechtalyzed regiocontrolled

ortho-olefination of 2-arylpyrrolidine derivatives withctvated
alkenes. This method features high mono-substitigidectivity
and good structural versatility in both alkene gmgrolidine
components, providing the olefination products ymtketically
useful yields. Two complementarii-deprotection protocols
enables the access to nitrogen heterocyclic systérmcreased
structural complexity that are relevant to meditinhemistry
?s#ch as benzopyrrolizidines or fused pyrrolidinoxezepinone
otifs.

Scheme 5. Synthesis of the unsymmetrical bis-alkenylated
product22.

To fully realize the synthetic potential of this I€-elefination
method, we took advantage of the easy reductive vahaj the
N-SO,Py protecting/directing group under smooth condgi¢Zn
powder, AcOH, rt) without affecting the alkene moifjhese
conditions enabled the direct access to valuabl
benzopyrrolizidine derivatives, as illustrated ich8me 6. For
example ,N-sulfonyl cleavage in compoun@sand18, both with
an embedded butyl acrylate moiety, triggered inu sihe 3. Experimental section
cyclization of the resulting free amine via intrdegular aza- .

I\/)I/ichael reaction to affor(EB and 24 in 61% and 67% yield, 3.1. General Mf_ethodsAII general reagents were obtained from
respectively, and complete diastereoconsgh@nti = >98:<2)"’ u;ual commergigl Sources and were used, excgpt M’n
In contrast, when compouri@l holding a vinyl sulfone as the without further purification. AII_ reactions were cad out in
Michael acceptor, was used as the starting matén@formation anhydrous solvents and under Inert atmospheressjmervx_nse
of a second isomer could be detecteghinti = 55:45). Despite noted, Column chromatographies were performed acasgel
the minor isomer was tentatively assignedumdi-25 on the basis (2|30'.4.00 mssh 'g‘STINP' TLGCO azn??cl)yzgowas Eerf?arcr:n?g ﬁ\%n

of the close similarity of itdH NMR spectrum with that ogyn Z# dmllar;(ljl:menzi)ialps?);ir; were ;ecor d”;ﬁ IT? QDﬂ{Blut}ions at
25, all attempts at isolating this product were notcassful. .

Indeed, conventional chromatographic purificatidiloveed the 25 °C on AV-300, AVII-300 y AVIII-HD-300 (300 and 75 MHz,

isolation of onlysyn25 in a 35% isolated yield. respectively) or DRX-500 (500 y 125 MHz1 respectiyely
spectrometersd( ppm;J, Hz), and referenced using the solvent

H, signal as internal standard. HRMS electron ioniza@l") and
N Zn (excess) N electrospray ionization (E§Imass spectra were recorded using
S ‘S{L _EWG
A

R | SOPy ACOH, tt, 48 h an MicroToF Q, API-QToF ESI with a mass range fromt@0
R 3000 m/z and mass resolution 15000 (FWHM). Meltirmgns
2,70r18 EWG (syn) . : ;
’ were determined in open-end capillary tubes.
R product EWG synlanti®  yield (%)°
H 23 COBu  >98<2 61 3.2. Typical procedure for the synthesis of stgrtmaterials:
— COBu  som<2 67 Synthesis of N-(2-pyridylsulfonyl)-2-phenylpyrratief® (1)
H 25 SOPh  55:45° 35 TMSCI, Et;N NaBH
. . @0 -~ <:/XPh — QF’“ 2_Py§ozm QP“
Scheme 6. N-Deprotection/cyclization to afford  H then, PhMgBr | Hy y S0Py 4

benzopyrrolizidines’Diastereomeric ratio measured by NMR.
“lsolated yields of syndiastereomer after conventional
chromatography. ©Only syn25 could be isolated upon
chromatographic purification.

A flask equipped with a frit with Schlenk valves argled with
a two-necked dummy flask on the other end was changtd
pyrrolidin-2-one (2.0 g, 24 mmol), diethyl etherO(3nl) and
triethylamine (3.5 mL, 25 mmol, 1.05 equiv). Thextare was
cooled to 0 °C before chlorotrimethylsilane (3.2 ,n25 mmol,
1.05 equiv) was added slowly. Once the addition waspteted,
the mixture was stirred under reflux for 30 min,rtheooled to

Interestingly, when a stronger reducing agent sischoaium
amalgam [Na(Hg)] was used for tihedesulfonylation reaction,

the_ desired dep_rotectlon was accompar_ued by_ conanmit temperature and the resultingNHCI filtered off under
conjugate reduction of _the acrylate moiety, Wh'_Ch tn argon through the glass frit into the round-bottdrflask. To the
triggered a spontaneous intramolecular amlda_tloh foitmation fitrate was slowly added under argon a 3 M solutioh
of a seven-membered Iactam: As shown n Scheme 7, tr’benenylma(‘;nesium bromide in THF (8 mL, 24 mmol, équiv)
correspondmg . fused .pyrroI|d|no-benzazepmone fraonies and the resulting mixture was stirred under refloxftirther 3 h.
were obtameq in good yields (produgand27, 74% and 73%, The mixture was allowed to cool to room temperatufole it
yield, respectively). was quenched with 1 M HCI aqg. solution (10 mL). Theeys
phase was separated, basifieghtb10 with 2 M NaOH solution
and extracted with EtOAc (3 x 20 mL). The combinedaoig
phase was washed with brine (10 mL), then dried$8g, and
concentrated in vacuo to gives a colorless oil, which was used
without further purification.
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To a solution of the crude in MeOH/HO (4:1, 25 mL) was 2-{[2-(3-Methoxyphenyl)pyrrolidin-1-ylJsulfonyl}pidine (14)
added NaBH (980 mg, 26 mmol, 1.1 equiv). The mixture was Following the typical procedure, theN-silylation of 2-
stirred at room temperature overnight before it weislified to  pyrrolidinone (2.0 g, 24 mmol) with B (3.5 mL, 25 mmol,
pH 1-3 with a 2 M HCI ag. solution and maintained & i for 1.05 equiv) and TMSCI (3.2 mL, 25 mmol, 1.05 equfe)lowed
30 min. Then, the mixture was basifiedgd 13-14 with 2 M by addition of 3-methoxyphenylmagnesium bromide (24 24
NaOH solution and it was extracted with &Hb (3 x 30 mL). mmol, 1.0 equiv) and reduction with NaB{®80 mg, 26 mmol,
The combined organic phase was dried ,8@) and 1.1 equiv), afforded 2-(3-methoxyphenyl)pyrroling @ orange
concentrated in vacuo to giué as a colorless oil, which was oil. Subsequeni-sulfonylation with pyridine (2.9 mL, 36 mmol,
used without further purification. 1.5 equiv) and 2-pyridylsulfonyl chloride (6.4 g6 3nmol, 1.5
To a solution of the crude 2-phenylpirrolidine gmgidine (2.9 equiv) afforded, after column chromatography (ckelane-
mL, 36 mmol, 1.5 equiv) in THF (50 mL), cooled tc°O and EtOAc 4:1), the produci4 (1.45 g, 19%); as a white solid; mp:
under Ar, was added slowly 2-pyridylsulfonyl chlorife4 g, 36 107-110 °C'H NMR (300 MHz, CDCJ) 5 8.73 (d,J = 4.5 Hz,
mmol, 1.5 equiv}’® The resulting solution was allowed to reach 1H), 7.95 — 7.79 (m, 2H), 7.53 — 7.44 (m, 1H), 7.39J(¢ 7.5
room temperature and stirred at room temperatueenight. The  Hz, 1H), 7.24 — 7.16 (m, 1H), 6.90 {t= 7.5 Hz, 1H), 6.79 (d]
mixture was quenched with a sat aq.8Hsolution (40 mL) and = 8.1 Hz, 1H), 5.34 (ddl = 7.9, 2.2 Hz, 1H), 3.78 (s, 3H), 3.86 —
extracted with EtOAc (3 x 50 mL). The combined orggstiase  3.62 (m, 2H), 2.26 — 2.06 (m, 1H), 1.93 — 1.73 (m,.3%) NMR
was dried (MgS@ and concentrated under reduced pressurg(76 MHz, CDC}) & 157.5, 155.7, 149.9, 137.5, 131.2, 127.9,
The residue was purified by flash chromatographgl@hexane- 127.2, 126.3, 123.0, 120.2, 110.1, 59.7, 55.1,,58309, 24.0.
EtOAc 4:1) to affordN-(2-pyridylsuIfonyl)-2-phenylplyrrolidine ESI cald for GgH1gN,0;S(M+H)™: 319.1111. Found: 319.1116.
1 as a white solid; yield: 1.44 g (21%); mp: 101-2G3'H NMR - -
(300 MHz, CDCJ) 5 8.69 (d,J = 4.6 Hz, 1H), 7.85 — 7.74 (m, '2:'{|[|2'(?"V'ettmoxyﬁ’heny:)py”o"dé”'l'y']f’r‘]‘e"f\lo_"%'}lp‘t‘?“”e f(152)_
2H), 7.48 — 7.41 (m, 1H), 7.30 — 7.13 (m, 5H), 5.1d, (d= 7.8, ' o'owing (he typical —procedure, siiylation 0
3.3 Hz, 1H), 3.83 — 3.64 (m, 2H), 2.31 — 2.15 (m, 12400 — pyrrohdm_one (2.0 g, 24 mmol) with B (3.5 mL, 25 mmol,
1.74 (m, 3H)33C NMR (75 MHz, CDCJ) 6 149.9, 143.0, 137.6, L-0° €quiv) and TMSCI (3.2 mL, 25 mmol, 1.05 eqfg)lowed
128.2, 126.9, 126.4, 126.3, 126.1, 122.9, 63.9),586.8, 24.2. Y addition of 2-methoxyphenylmagnesium bromide (24, 24

-, . mmol, 1.0 equiv) and reduction with NaB@80 mg, 26 mmol,
Egsglgfi(:d' for GeHiN,0,S (M+H)™ 289.1005. Found: 5 equiv), afforded 2-(2-methoxyphenyl)pyrroling a yellow

oil. Subsequeni-sulfonylation with pyridine (2.9 mL, 36 mmol,
2-{[2-(p-Tolyl)pyrrolidin-1-yl]sulfonyl}pyridine {2) Following 1.5 equiv) and 2-pyridylsulfonyl chloride (6.4 g6 3nmol, 1.5
the typical procedure, the-silylation of 2-pyrrolidinone (2.0 g, equiv) afforded, after column chromatography (ckelcane-
24 mmol), with E4N (3.5 mL, 25 mmol, 1.05 equiv) and TMSCI| EtOAc 4:1), the product5 (1.3 g, 17%) as a white solid; mp:
(3.2 mL, 25 mmol, 1.05 equiv), followed by additiai p- 112-115 °C'H NMR (300 MHz, CDCJ) 5 8.69 (d,J = 4.4 Hz,
tolylmagnesium bromide (24 mL, 24 mmol, 1.0 equand 1H), 7.86 — 7.74 (m, 2H), 7.49 — 7.41 (m, 1H), 7.10& 7.9
reduction with NaBB(980 mg, 26 mmol, 1.1 equivafforded 2-  Hz, 1H), 6.84 (ddJ = 10.5, 4.8 Hz, 2H), 6.73 (dd,= 8.1, 2.3
(p-tolyl)pyrroline as a yellow oil. Subsequehtsulfonylation  Hz, 1H), 5.13 (ddJ = 7.8, 3.0 Hz, 1H), 3.76 (s, 3H), 3.84 — 3.60
with pyridine (2.9 mL, 36 mmol, 1.5 equiv) and 2- (m, 2H), 2.29 — 2.11 (m, 1H), 1.97 — 1.73 (m, 38E NMR (76
pyridylsulfonyl chloride (6.4 g, 36 mmol, 1.5 equiafforded, @ MHz, CDCL) & 159.5, 157.4, 149.8, 144.7, 137.5, 129.2, 126.3,
after column chromatography (cyclohexane-EtOAc 4ihe 122.9, 118.4, 112.2, 111.8, 63.8, 55.1, 49.9, 384]1. ESI
product12 (1.6 g, 22%) as a white solid; mp: 96-99 48 .NMR caled. for GgH1gN,03S(M+H)": 319.1111. Found: 319.1116.
(300 MHz, CDCY) © 870 (d. = 4.6 Hz, 1H), 788 = 7.76 (M. 5 (12.(Thiophen-2-ylpyrrolidyn-1-yljsuffonyilpyridie (16)
2H), 7.51 — 7.39 (m, 1H), 7.17 (d,= 7.9 Hz, 2H), 7.06 (d] = Followi the tvoical d theN-silviati _—
7.9 Hz, 2H), 5.10 (dd] = 7.6, 3.2 Hz, 1H), 3.85 — 3.64 (m, 2H), '_o'owing the typical ~procedure, siiylation 0

2.30 (s, 3H), 2.26 — 2.10 (m. 1H), 1.97 — 1.71 (m..3%) NMR pyrrolidin.one (2.0 g, 24 mmol) with B (3.5 mL, 25 mmol,
(76 I\SIHZ, éch) 5 157.6(, 149.%), 140.0, 137.(5, 1:?2.5, 128.9,1-05 equiv) and TMSCI (3.2 mL, 25 mmol, 1.05 equifajlowed

126.3, 126.1, 123.0, 63.8, 50.0, 35.8, 24.2, 2SI’ calcd. for Y. addition of 2-thienylmagnesium bromide (24 md, @mol,

-, . 1.0 equiv) and reduction with NaBH980 mg, 26 mmol, 1.1
CaeH1eN0,S(M+H)™: 303.1162. Found: 303.1168. equiv), afforded 2-(2-thiophen)pyrroline as a yellooil.

2-{[2-(4-Fluorophenyl)pyrrolidin-1-yl]sulfonyl}pydine ()] Subsequeni-sulfonylation with pyridine (2.9 mL, 36 mmol, 1.5
Following the typical procedure, theN-silylation of 2-  equiv) and 2-pyridylsulfonyl chloride (6.4 g, 36 minl.5 equiv)
pyrrolidinone (2.0 g, 24 mmol) with B (3.5 mL, 25 mmol, afforded, after column chromatography (cyclohexBt@Ac
1.05 equiv) and TMSCI (3.2 mL, 25 mmol, 1.05 equfejlowed  4:1), the producl6 (1.68 g 17%) as a white solid; mp: 83-85 °C.
by addition of 4-fluorophenylmagnesium bromide @&, 24 'H NMR (300 MHz, CDCJ)  8.68 (d,J = 4.5 Hz, 1H), 7.91 —
mmol, 1.0 equiv) and reduction with NaB®80 mg, 26 mmol, 7.76 (m, 2H), 7.49 — 7.40 (m, 1H), 7.12 Jds 4.9 Hz, 1H), 6.97
1.1 equiv), afforded 2-(4-fluorophenyl)pyrroline asyellow oil.  (d, J = 3.1 Hz, 1H), 6.88 (dd] = 4.9, 3.8 Hz, 1H), 5.47 (dd,=
Subsequeni-sulfonylation with pyridine (2.9 mL, 36 mmol, 1.5 7.4, 1.9 Hz, 1H), 3.81 — 3.67 (m, 1H), 3.66 — 3.511h), 2.29 —
equiv) and 2-pyridylsulfonyl chloride (6.4 g, 36 minl.5 equiv)  2.12 (m, 1H), 2.12 — 1.97 (m, 2H), 1.97 — 1.83 (m,.1fQ NMR
afforded after column chromatography (cyclohexat@A€ 4:1) (76 MHz, CDC}) & 157.2, 149.8, 146.9, 137.6, 126.5, 126.4,
the productl3 (1.3 g, 18%) as a light pink solid; mp: 91-92 °C. 124.4, 124.2, 122.8, 59.9, 49.1, 35.3, 24.3."E&llcd. for
'H NMR (300 MHz, CDCJ) & 8.70 (d,J = 4.6 Hz, 1H), 7.90 — C;3H;:N,0,S(M+H)": 295.0569. Found: 295.0575.
/.81 (m, 2H)’_7'47 (dd) = 8.6, 4.8 HZ’_lH)’ 7.26 (8= 6.9 Hz, 3.3. Typical procedure for the C-H alkenylation r&an:
2H), 6.95 (tJ = 8.7 Hz, 2H), 5.15 (dd] = 7.9, 3.3 Hz, 1H), 3.80 ) - .
13 Synthesis ofE)-butyl 3-{2-[1-(pyridin-2-ylsulfonyl)pyrrolidir2-
— 3.62 (m, 2H), 2.30 — 2.16 (m, 1H), 1.98 — 1.78 &i). ~°C
~ yllphenyl}lacrylate 2) A screw-capped test tube was charged
NMR (76 MHz, CDC}) & 161.7 (d,Jcr = 244.9 Hz), 157.2, 7! =
_ _ with 2-arylpyrrolidinel (0.15 mmol), Pd(OAg)(3.32 mg, 0.015
149.9, 138.8 (dJcr = 2.9 Hz), 137.6, 127.6 (dcr = 8.1 Hz), | 10 mol% q 111 2 4 6-trimethviovridih triflat
126.4, 122.9, 114.9 (der = 21.5 Hz), 63.3, 49.9, 35.7, 24.0, MMol, 10 mol%) and 1-fluoro-2,4,6-trimethylpyri rmate

+. . (87 mg, 0.3 mmol, 2.0 equiv). The mixture was placeder
557[*Ogclza7lcd. for GeHiFNO;S  (M+H)™ - 307.0911.Found: nitrogen atmosphere before DCE (1.5 mL) and theesponding
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alkene (0.15 to 045 mmol, 1.0 to 3.0 equiv) werecsssively — (d,Jcp= 1.1 Hz), 126.6, 126.6 (d¢., = 1.6 Hz), 123.0, 114.9 (d,
added. The mixture was heated to 110 °C for 16 #,then it Jc.p= 190.7 Hz), 61.1, 52.5 (d¢.r = 8.3 Hz), 52.4 (dJcp= 8.4
was allowed to reach room temperature, diluted witb@H10 Hz)., 35.6, 24.1. ESI calcd. for GgHoN,O,.PS (M+H)™
mL) and filtered through a pad of Celite. The &t was 407.1189. Found: 407.1194.
concentrated under reduced pressure and the resakipurified - .

i . (E)- and (2)-3-{2-[1-(Pyridin-2-ylsulfonyl)pyrrolid-2-
by flash chromatography (cyclohexane-EtOAc 6:1) twrdf2 yilphenylacrylonitrile [(E)-9 and (2)-9]

0 >
83 Jm:g,48§ ﬁ)zaig)y(-:éllg\(/)v (OCTJH:N%R7($O ;AHF)'Z}%?‘C_D;SS'Z??m Following the typical procedure, the reactionlof43 mg, 0.15

_ - _ mmol) with acrylonitrile (15 pulL, 0.18 mmol, 1.2 equiv),
gﬂg o (dz'iGl(é"% ?4':)’17:)’55‘1;18 Eﬂ'iz)é 12 Jz'lilgr)”’ Pd(OAC), (3.32 mg, 0.015 mmol, 10 mol%) and 1-fluoro-2,4.6-
4 21’ (t. 3= 6;6 Hz .2H) ’3 89 T 3 67 (m ZHI) ’2 '35 _ 2 19 ,(m trimethylpyridinium triflate (87 mg, 0.3 mmol, 2.@quiv)
1i_|) 1'95 _ 1 63 (;n 6I—'|) '1 53 — .l 37 (r,n 3|_’|) bgz] & '7 3 'afforded a mixture of compoundEg)-9 and (Z2)-9. The column
Hz ’3|;|) 13 NMR (’75 MHz CDCj) 5 16‘;69 ’15'72 15(')1 chromatography purification (cyclohexane-EtOAc 6afforded
142.2, 1415, 137.7, 1315, 130.0, 127.3, 126.8.712126.6, (£)-9 (29%) followed by(Z)-9 (27%). Compound(E)-9: white
123.0 1203, 64.4, 61.3, 50.2, 35.7, 30.7, 2400,113.7. S| S0lid; mp: 131-132 °CH NMR (300 MHz, CDCJ) 5 8.84 - 8.74

+. ) (m, 1H), 7.97 — 7.86 (m, 2H), 7.80 (@= 16.4 Hz, 1H), 7.60 (d,
calcd. for G,H»N,O,S(M+H)™: 415.1686. Found: 415.1689. J=7.8 Hz, 1H), 7.53 (ddd\ = 6.1, 4.7, 2.9 Hz, 1H), 7.48 — 7.37

(E)-Methyl-3-{2-[1-(pyridin-2-ylsulfonyl)pyrrolidir2- (m, 2H), 7.31 - 7.23 (m, 1H), 5.80 @+ 16.4 Hz, 1H), 5.48 (dd,
yllphenyl}lacrylate 6) Following the typical procedure, the J= 8.0, 4.1 Hz, 1H), 3.87 — 3.70 (m, 1H), 3.63 (dt 10.0, 7.3
reaction ofl (43 mg, 0.15 mmol) with methyl acrylate (L&, Hz, 1H), 2.38 — 2.23 (m, 1H), 1.98 — 1.66 (m, 3H% NMR (76
0.18 mmol, 1.2 equiv), Pd(OAcX3.32 mg, 0.015 mmol, 10 MHz, CDCk) 4 157.1, 150.1, 148.0, 142.2, 137.8, 131.0, 130.7,
mol%) and 1-fluoro-2,4,6-trimethylpyridinium trite (87 mg, 127.6, 126.9, 126.8, 126.0, 123.1, 118.2, 98.31,680.1, 35.7,
0.3 mmol, 2.0 equiv) afforded, after column chromgaaphy 24.1. ESI: caled. for GgHigN3O,S (M+H)": 340.1114. Found:
(cyclohexane-EtOAc 4:1), the compoufid45 mg, 81 %) as a 340.1104.Compound(Z)-9: white solid; mp: 123-124 °C*H
white solid; mp: 129-131 °CH NMR (300 MHz, CDCJ) $ 8.70  NMR (500 MHz, CDC}) 6 8.71 (d,J = 4.7 Hz, 1H), 7.83 (d] =
—8.65 (m, 1H), 7.94 (d, J = 15.7 Hz, 1H), 7.86 — M4 2H), 3.7 Hz, 2H), 7.75 (dd] = 7.2, 1.4 Hz, 1H), 7.64 (d,= 11.8 Hz,
7.50 — 7.37 (m, 3H), 7.26 (t, J = 7.4 Hz, 1H), 7.2Z.81 (m, 1H), 7.50 — 7.46 (m, 1H), 7.46 — 7.41 (m, 1H), 7.38.28 (m,
1H), 6.26 (d, J = 15.7 Hz, 1H), 5.39 (dd, J = 7.9,180 1H), 2H), 5.58 (d,J = 11.7 Hz, 1H), 5.40 (dd] = 8.0, 4.5 Hz, 1H),
3.73 (s, 3H), 3.80 — 3.58 (m, 2H), 2.29 — 2.13 (m,,1H39 — 3.81 — 3.72 (m, 1H), 3.65 (d},= 10.1, 7.1 Hz, 1H), 2.35 — 2.22
1.40 (m, 3H).*C NMR (76 MHz, CDC)) § 167.2, 157.2, 150.1, (m, 1H), 2.00 — 1.87 (m, 1H), 1.87 — 1.79 (m, 1H),01-81.71
142.3, 141.8, 137.74, 131.5, 130.0, 127.3, 12628,7, 126.6, (m, 1H). ®*C NMR (126 MHz, CDCJ)) & 157.3, 150.0, 147.9,
123.0, 119.9, 61.2, 51.7, 50.2, 35.7, 24.1. "EGdlcd. for  141.9, 137.7, 131.1, 130.4, 128.3, 127.5, 126.%.6,2123.0,
CigH2iN,0,S(M+H)™: 373.1217. Found: 373.1223. 116.8, 98.5, 61.3, 50.0, 35.6, 24.3. EShlcd. for GgH1gN;0,S

(E)-2-{[2-(2-(2-(Phenylsulfonyl)vinyl)phenyl)pyridin-1- (M+H)": 340.1114. Found: 340.1108.

yl]sulfonyl}pyridine (7) Following the typical procedure, the (E)-2-{[2-(2-(4-Nitrostyryl)phenyl)pyrrolidin-1-

reaction ofl (43 mg, 0.15 mmol) with phenyl vinyl sulfone (30 yl]sulfonyl}pyridine (L0) Following the typical procedure, the
mg, 0.18 mmol, 1.2 equiv), Pd(OAqB.32 mg, 0.015 mmol, 10 reaction ofl (43 mg, 0.15 mmol) with 4-nitrostyrene (45 mg, 0.3
mol%) and 1-fluoro-2,4,6-trimethylpyridinium trile (87 mg, mmol, 2 equiv), Pd(OAg)(3.32 mg, 0.015 mmol, 10 mol%) and
0.3 mmol, 2.0 equiv) afforded, after column chroogaaphy  1-fluoro-2,4,6-trimethylpyridinium triflate (87 m@.3 mmol, 2.0
(cyclohexane-EtOAc 2:1), the compoud56 mg, 82 %); as a equiv) afforded, after column chromatography (ckhebane-
white solid; mp: 149-151 °CH NMR (300 MHz, CDCJ) § 8.82  EtOAc 4:1), the compounti (35 mg, 54 %); as a yellow solid;
(d, J = 4.3 Hz, 1H), 8.10 (dJ = 15.1 Hz, 1H), 8.05 — 7.87 (m, mp: 158-161 °C'H NMR (300 MHz, CDC}) & 8.73 (d,J = 4.5
4H), 7.67 — 7.50 (m, 5H), 7.43 — 7.35 (m, 2H), 7.31.20 (m,  Hz, 1H), 8.24 (dJ = 8.7 Hz, 2H), 7.94 — 7.79 (m, 2H), 7.71 —
1H), 6.77 (d,J = 15.1 Hz, 1H), 5.50 (dd] = 7.9, 4.2 Hz, 1H), 7.59 (m, 3H), 7.59 — 7.41 (m, 3H), 7.33 - 7.19 (m,, 399 (d J
3.85 — 3.65 (m, 2H), 2.43 — 2.26 (m, 1H), 1.96 — IM53H). = 16.0 Hz, 1H), 5.61 (dd] = 7.9, 3.7 Hz, 1H), 3.88 — 3.76 (m,
%C NMR (76 MHz, CDC)) § 156.9, 150.3, 142.9, 140.5, 139.7, 1H), 3.76 — 3.59 (m, 1H), 2.43 — 2.22 (m, 1H), 2.00.72 (m,
137.9, 133.4, 130.9, 129.6, 129.3, 129.1, 127.4,512127.2, 3H). ¥c NMR (76 MHz, CDC)) 6 157.4, 150.0, 146.8, 143.9,
127.1, 126.7, 123.1, 61.3, 50.2, 35.9, 24.2."E&Qllcd. for 141.1, 137.7, 133.8, 130.7, 128.7, 127.3, 127.%.6,2126.5,
CasHoaN,0,S, (M+H)™: 455.1094. Found: 455.1099. 126.5, 124.1, 123.0, 61.4, 50.0, 35.4, 24.2."E8alcd. for
(E)-Dimethyl-{2-[1-(pyridin-2-ylsulfonyl)pyrrolidin-2 CaHaN:0,S (MH)': 436.1325. Found: 436.1315.
yllstyryl}phosphonate §) Following the typical procedure, the (E)-2-{[2-(2-(4-(Trifluoromethyl)styryl)phenyl)pyriigin-1-
reaction ofl (43 mg, 0.15 mmol) with dimethyl vinylfosfonate yl]sulfonyl}pyridine (1) Following the typical procedure, the
(22 uL, 0.18 mmol, 1.2 equiv), Pd(OAc]3.32 mg, 0.015 mmol, reaction ofl (43 mg, 0.15 mmol) with 4-(trrifluromethyl)styrene
10 mol%) and 1-fluoro-2,4,6-trimethylpyridiniumftate (87 mg, (44 uL, 0.3 mmol, 2 equiv), Pd(OAc{3.32 mg, 0.015 mmol, 10
0.3 mmol, 2.0 equiv) afforded, after column chroogaaphy mol%) and 1-fluoro-2,4,6-trimethylpyridinium trifia (87 mg,
(CH,CI,-EtOAC 2:1), the compoun8l (47 mg, 74 %) as a light 0.3 mmol, 2.0 equiv), afforded, after column chrémgaaphy
yellow solid; mp: 149-151 °C‘*H NMR (300 MHz, CDCJ) 5 (cyclohexane-EtOAc 6:1) the compouhdl (33 mg, 48 %); as a
8.75 (d,J = 4.7 Hz, 1H), 8.02 — 7.72 (m, 3H), 7.60 — 7.44 (m,white solid; mp: 153-154 °CH NMR (300 MHz, CDCJ) 6 8.73
3H), 7.34 (tJ = 7.5 Hz, 1H), 7.29 — 7.19 (m, 1H), 6.14 (ddr>  (d, J = 3.8 Hz, 1H), 7.82 — 7.69 (m, 2H), 7.67 — 7.55 (ii),3
=18.8 Hz,J = 17.3 Hz, 1H), 5.47 (ddl = 8.1, 4.1 Hz, 1H), 3.77 7.57 — 7.39 (m, 4H), 7.31 — 7.16 (m, 3H) 6.96Jc; 16.0 Hz,
(d, Jyp = 11.1 Hz, 3H), 3.76 (dl4.» = 11.1 Hz, 3H), 3.81 — 3.65 1H), 5.64 — 5.52 (m, 1H), 3.90 — 3.77 (m, 1H), 3.73.63 (m,
(m, 2H), 2.37 — 2.22 (m, 1H), 1.94 — 1.68 (m, 3HE NMR (76~ 1H), 2.38 — 2.18 (m, 1H), 2.00 — 1.77 (m, 3HC NMR (76
MHz, CDCk) § 157.0, 150.1, 146.8 (dcp = 7.2 Hz), 141.9, MHz, CDCk) § 157.4, 150.0, 140.9, 140.8, 137.6, 134.2, 129.5,
137.8, 132.3, 132.0, 132.1 @.»=22.9 Hz), 130.1, 127.3, 126.7 128.9 (q,Jcr = 34.9 Hz), 127.3, 126.7, 126.5, 126.4, 126.0,



125.9, 125.6 (qJer = 3.8 Hz), 124.2 (q)cr = 271.8 Hz), 123.0,
118.7, 61.5, 50.1, 35.3, 24.2. EStalcd. for GHyFN,0,S
(M+H)*: 459.1348. Found: 459.1331.

(E)-Butyl  3-{5-methyl-2-[1-(pyridin-2-ylsulfonyl)psolidin-2-
yllphenyl}lacrylate {7) Following the typical procedure, the
reaction of12 (46 mg, 0.15 mmol) with butyl acrylate (26 pL,
0.18 mmol, 1.2 equiv), Pd(OAc)X3.32 mg, 0.015 mmol, 10
mol%) and 1-fluoro-2,4,6-trimethylpyridinium trile (87 mg,
0.3 mmol, 2.0 equiv) afforded, after column chroogaaphy
(cyclohexane-EtOAc 4:1), the compoutd (65 mg, 70 %)s a
colorless oil.'H NMR (300 MHz, CDC)) § 8.75 (d,J = 4.4 Hz,

1H), 7.98 (dJ = 15.7 Hz, 1H), 7.95 — 7.82 (m, 2H), 7.54 — 7.47

(m, 1H), 7.44 (dJ = 7.9 Hz, 1H), 7.34 (s, 1H), 7.17 @= 8.0
Hz, 1H), 6.33 (dJ = 15.7 Hz, 1H), 5.42 (dd,= 7.8, 3.7 Hz, 1H),
4.20 (t,J = 6.6 Hz, 2H), 3.86 — 3.66 (M, 2H), 2.33 (s, 3H), 240
2.20 (m, 1H), 1.94 — 1.62 (m, 5H), 1.51 — 1.36 (m,, -7 (t,J

= 7.3 Hz, 3H)°C NMR (76 MHz, CDCJ)  167.0, 157.3, 150.1,
141.7, 139.5, 137.7, 136.9, 131.4, 130.9, 127.4.8.2126.5,
123.1, 120.0, 64.4, 61.2, 50.3, 35.8, 30.8, 24019,219.2, 13.7.
ESI" calcd. for GgH,N,O,S (M+H)": 429.1843. Found:
429.1848.

(E)-Butyl-3-{5-fluoro-2-[1-(pyridin-2-ylsulfonyl)pyolidin-2-
yllphenyl}lacrylate (8) Following the typical procedure, the
reaction of13 (46 mg, 0.15 mmol) with butyl acrylate (32 pL,
0.225 mmol, 1.5 equiv), Pd(OAc)3.32 mg, 0.015 mmol, 10
mol%) and 1-fluoro-2,4,6-trimethylpyridinium trile (87 mg,
0.3 mmol, 2.0 equiv) afforded, after column chroogaaphy
(cyclohexane-EtOAc 4:1), the compoub8 (44 mg, 68 %)ps a
colorless oil.'H NMR (300 MHz, CDC}) § 8.75 (d,J = 4.3 Hz,
1H), 8.02 — 7.81 (m, 3H), 7.62 — 7.45 (m, 2H), 7.2, (t= 9.6,
2.5 Hz, 1H), 7.09 — 6.90 (m, 1H), 6.32 (& 15.7 Hz, 1H), 5.44
(dd,J=7.8, 3.9 Hz, 1H), 4.21 #,= 6.6 Hz, 2H), 3.85 — 3.60 (m,
2H), 2.35 — 2.17 (m, 1H), 1.95 — 1.63 (m, 5H), 1.51.33 (m,
2H), 0.97 (t,J = 7.3 Hz, 3H).”*C NMR (76 MHz, CDC)) §
166.5, 161.8 (dJcr = 246.1 Hz), 157.1, 150.1, 140.2 @, =
2.1 Hz), 138.2, 137.8, 133.4 (3 = 7.4 Hz), 128.7 (dJer =
8.1 Hz), 126.66, 123.07, 121.46, 116.8J¢; = 21.3 Hz), 113.2
(d, Jc.r = 22.6 Hz), 64.6, 60.9, 50.2, 35.8, 30.7, 24.02,193.7.
ESI caled. for GHxFN,O,S (M+H)™: 433.1592. Found:
433.1597.

(E)-Butyl 3-{4-methoxy-2-[1-(pyridin-2-ylsulfonyl)pplidin-2-
yllphenyl}lacrylate {9) Following the typical procedure, the
reaction of14 (48 mg, 0.15 mmol) with butyl acrylate (26 pL,
0.18 mmol, 1.2 equiv), Pd(OAcX3.32 mg, 0.015 mmol, 10
mol%) and 1-fluoro-2,4,6-trimethylpyridinium tril@ (87 mg,
0.3 mmol, 2.0 equiv) afforded, after column chroogaaphy
(cyclohexane-EtOAc 4:1), the compout@ (44 mg, 66 %) as a
colorless oil."H NMR (300 MHz, CDC}) § 8.71 (d,J = 3.9 Hz,
1H), 8.30 (dJ = 15.8 Hz, 1H), 7.75 (] = 7.7 Hz, 1H), 7.65 (I

= 7.6 Hz, 1H), 7.46 — 7.37 (m, 1H), 7.19J& 8.0 Hz, 1H), 7.03
(d,J =7.7 Hz, 1H), 6.78 (d) = 8.2 Hz, 1H), 6.19 (d] = 15.7
Hz, 1H), 5.34 (tJ = 8.3 Hz, 1H), 4.21 () = 6.7 Hz, 2H), 4.09 (t,
J=9.1 Hz, 1H), 3.82 — 3.65 (m, 1H), 3.72 (s, 3H), 2-22.05
(m, 2H), 2.04 — 1.87 (m, 1H), 1.82 — 1.65 (m, 3H),21-51.36
(m, 2H), 0.97 (tJ = 7.3 Hz, 3H).*C NMR (76 MHz, CDC}) &
166.8, 157.5, 157.5, 149.8, 143.6, 137.3, 128.@8.412126.0,
122.7,120.1, 112.4, 64.4, 57.5, 55.7, 50.4, 43008, 26.1, 19.2,
13.7. ESI caled. for GgH,gN,0sS (M+H)"™: 445.1792. Found:
445.1795.

(E)-Butyl 3-{3-methoxy-2-[1-(pyridin-2-ylsulfonyl)pplidin-2-
yllphenyl}lacrylate 20) Following the typical procedure, the
reaction ofl5 (48 mg, 0.15 mmol) with butyl acrylate (44 pL, 0.3
mmol, 2.0 equiv), Pd(OAg)(3.32 mg, 0.015 mmol, 10 mol%)
and 1-fluoro-2,4,6-trimethylpyridinium triflate (87mg, 0.3

7
mmol, 2.0 equiv) afforded, after column chromatpda
(cyclohexane-EtOAc 4:1), the compou2d (51 mg, 76 %) as a
colorless oil.'H NMR (300 MHz, CDC}) § 8.75 (d,J = 4.6 Hz,
1H), 8.04 — 7.80 (m, 3H), 7.64 — 7.41 (m, 2H), 7.10)(¢ 2.4
Hz, 1H), 6.78 (ddJ = 8.4, 2.5 Hz, 1H), 6.25 (d,= 15.6 Hz, 1H),
5.48 (dd,J = 8.0, 3.5 Hz, 1H), 4.19 (8 = 6.6 Hz, 2H), 3.83 (s,
3H), 3.84 — 3.68 (m, 2H), 2.37 — 2.22 (m, 1H), 1.97.62 (m,
5H), 1.51 — 1.31 (m, 2H), 0.96 (= 7.3 Hz, 3H)*C NMR (76
MHz, CDCk) é 167.27, 161.2, 157.2, 150.1, 144.4, 140.9, 137.8,
128.5, 126.6, 124.0, 123.1, 117.6, 112.8, 112.3,6.3, 55.3,
50.3, 35.7, 30.8, 24.0, 19.2, 13.7. E8alcd. for GgH,gN,0sS
(M+H)™: 445.1792. Found: 445.1797.

(E)-Butyl 3-{2-[1-(pyridin-2-ylsulfonyl)pyrrolidir2-yl]thiophen-
3-yl}acrylate @1) Following the typical procedure, the reaction
of 16 (44 mg, 0.15 mmol) with butyl acrylate (26 pL, Orhénol,
1.2 equiv), Pd(OAg)(3.32 mg, 0.015 mmol, 10 mol%) and 1-
fluoro-2,4,6-trimethylpyridinium triflate (87 mg,.® mmol, 2.0
equiv) afforded, after column chromatography (ckelane-
EtOAc 4:1), the compoungl (38 mg, 61 %) as a colorless ail.
'H NMR (300 MHz, CDCJ) & 8.73 (d,J = 4.5 Hz, 1H), 7.95 —
7.80 (m, 2H), 7.71 (d) = 15.7 Hz, 1H), 7.50 (ddd, = 6.8, 4.7,
2.0 Hz, 1H), 7.17 (d) = 5.4 Hz, 1H), 7.12 (d] = 5.4 Hz, 1H),
6.21 (d,J = 15.7 Hz, 1H), 5.66 (dd} = 7.9, 3.2 Hz, 1H), 4.19 (t,
J=6.7 Hz, 2H), 3.84 — 3.71 (m, 1H), 3.67 — 3.48 (M),2.42 —
2.22 (m, 1H), 2.14 — 1.98 (m, 1H), 1.98 — 1.79 (m,,2H)7 —
1.63 (m, 2H), 1.51 — 1.32 (m, 2H), 0.96 Jt= 7.3 Hz, 3H).°C
NMR (76 MHz, CDC}) 8 167.5, 157.1, 150.9, 150.0, 137.8,
135.8, 131.5, 126.7, 125.6, 124.1, 123.1, 117.94,68B.8, 49.7,
36.3, 30.8, 24.3, 19.2, 13.7. EStalcd. for GgH»sN,0,S,
(M+H)": 421.1250. Found: 421.1254.

(E)-Methyl  3-{3-[(E)-2-(phenylsulfonyl)vinyl]-2-[{pyridin-2-
ylsulfonyl)pyrrolidin-2-yl]phenyl}acrylate 22) Following the
typical procedure, the reaction of the olefinateddpict 2 (56
mg, 0.15 mmol) with phenyl vinyl sufone (76 mg, O0.4#nol,
3.0 equiv), Pd(OAg)(3.32 mg, 0.015 mmol, 10 mol%) and 1-
fluoro-2,4,6-trimethylpyridinium triflate (130 m@,45 mmol, 3.0
equiv) afforded, after column chromatography (ckelane-
EtOAc 3:1), the compoun® (44 mg, 55 %); as a yellow solid;
mp: 141-144 °C.*H NMR (300 MHz, CDC}) 5 9.02 — 8.83 (m,
1H), 8.51 (d, J = 15.1 Hz, 1H), 8.41 (d, J = 15.8 H#), B.03 —
7.86 (m, 4H), 7.66 — 7.51 (m, 5H), 7.47 (d, J = 7.7 H4), 7.42
—7.33 (m, 1H), 7.33 — 7.15 (m, 2H), 6.69 (d, J =118z, 1H),
6.23 (d, J = 15.7 Hz, 1H), 5.62 — 5.44 (m, 1H), 4.0885 (m,
2H), 3.82 (s, 3H), 2.29 — 2.14 (m, 1H), 2.12 — 1.94Zh), 1.75
— 1.55 (m, 2H).”®*C NMR (75 MHz, CDCJ) § 166.9, 156.4,
150.6, 143.7, 141.8, 140.4, 139.5, 137.9, 133.8,21329.4(2C),
128.0, 127.8, 126.8, 123.3, 60.9, 51.7, 50.2, 385l4. ESI
caled. for G;H,/N,06S, (M+H)": 539.1305. Found: 539.1290.

3.4. Typical procedure for acidic condition cyclioam reaction
synthesis  of butyl 2-(2,3,5,9b-tetrahydro-1H-pyrrolo[2,1-
aJisoindol-5-yl)acetate 43) To a solution of the olefinated
product2 (62 mg, 0.15 mmol) in acetic acid (1 mL) under N
atmosphere, Zn (294 mg, 4.5 mmol, 30 equiv) was cade the
suspension was stirred 48 hours at room temperaftine.
mixture was diluted with EtOAc (5 mL) and filtered. @wbe
filtrate a solution 2M NaOH was added until slightlystzapH
was reached and the mixture was stirred for 15 ntie. 8queous
phase was extracted with EtOAc (3 x 5 mL) and the coetbi
organic phases were dried (MggGand concentrated under
reduced pressure. The residue was purified by flash
chromatography (C}Cl,-EtOAc 2:1) to afford23 (29 mg, 61%)
as a light yellow oil'H NMR (300 MHz, CDCJ) § 7.33 — 7.23
(m, 2H), 7.19 (dJ = 6.7 Hz, 1H), 7.13 (d] = 7.0 Hz, 1H), 4.92
(t, J=7.3 Hz, 1H), 4.74 (d] = 7.4 Hz, 1H), 4.27 — 4.13 (m, 2H),
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3.10 — 2.96 (m, 1H), 2.96 — 2.88 (m, 2H), 2.58 — JA3 1H),
2.42 — 2.21 (m, 1H), 2.09 — 1.90 (m, 2H), 1.89 — (M5 1H),
1.73 — 1.59 (m, 2H), 1.51 — 1.30 (m, 2H), 0.95](t 7.3 Hz,
3H). °C NMR (75 MHz, CDC)) & 171.2, 144.3, 140.7, 128.1,
127.5, 122.9, 122.5, 68.6, 65.0, 62.1, 46.9, 38055, 29.7, 25.4,
19.1, 13.7. ESI caled. para GH,,NO, (M+H)": 274.1801.
Found: 274.1797.

Butyl 2-(7-fluoro-2,3,5,9b-tetrahydro-1H-pyrrolof-a]isoindol-
5-yl)acetate 24) Following the typical procedure, the reaction of
the olefinated product8 (65 mg, 0.15 mmol) with activated Zn
(294 mg, 4.5 mmol, 30 equiv) afforded, after
chromatography (C}Cl,-EtOAc 2:1), the compoun#4 (33 mg,
67%) as a light yellow oil.'H NMR (300 MHz, CDCJ) & 7.10
(dd,J = 8.1, 4.8 Hz, 1H, Ar), 6.95 (td,= 8.6, 2.2 Hz, 1H), 6.82
(dd,J = 8.6, 1.8 Hz, 1H), 4.77 (§,= 7.3 Hz, 1H), 4.57 — 4.50 (m,
1H), 4.31 — 4.13 (m, 2H), 2.87 (d,= 7.3 Hz, 2H), 2.50 — 2.35
(m, 1H), 2.32 — 2.17 (m, 2H), 1.98 — 1.77 (m, 3H)41-71.59
(m, 2H), 1.49 — 1.34 (m, 2H), 0.96 §t= 7.3 Hz, 3H)°C NMR
(75 MHz, CDC}) 6 171.5, 162.6 (dJcr = 244.4 Hz), 144.6 (d,
Jor = 7.3 Hz), 141.7 (dJc.r= 2.3 Hz), 123.8 (dJcr = 9.1 Hz),
114.5 (d,Jcr = 22.9 Hz), 109.9 (djcr = 23.0 Hz), 67.6, 64.9,

61.9 (d,Jcr = 2.1 Hz), 6.7, 35.6, 30.6, 29.7, 29.7, 25.6, 19.1,

13.7. ESI: calcd. for GH,sFNO, (M+H)™: 292.1695. Found:
292.1696.

5-[(Phenylsulfonyl)methyl]-2,3,5,9b-tetrahydro-1Hrpylo[2,1-
alisoindole @5) Following the typical procedure, the reaction of
the olefinated product (68 mg, 0.15 mmol) with activated Zn
(294 mg, 4.5 mmol, 30 equiv) afforded a 55:45 miatof two
isomers. After column chromatography (LH-EtOAc 1:1) the
compoundsyn25 was isolated26 mg, 35%)as a colorless oil.
'H NMR (300 MHz, CDCJ) & 8.09 (d,J = 7.8 Hz, 2H), 7.73 —
7.65 (m, 1H), 7.64 — 7.56 (m, 2H), 7.35 — 7.23 (m,,3H23 —
7.14 (m, 1H), 4.88 — 4.78 (m, 1H), 4.68 — 4.53 (m,,134j0 (d,J

= 6.0 Hz, 2H), 2.96 — 2.80 (m, 1H), 2.51 — 2.35 (m,,14)8 —
2.07 (m, 1H), 2.02 — 1.70 (m, 3HJC NMR (75 MHz, CDCJ) &
144.8, 139.3, 139.1, 134.0, 129.4, 128.5(2C), 12¥28.0(2C),
68.4, 59.9, 57.0, 46.8, 29.5, 25.0."Etalcd. for GgH;oNO,S
(M)™: 313.1137. Found: 313.1132.

3.5. Typical procedure for cyclization with sodiurmalgam:
synthesis of  2,3,6,7-tetrahydro-1H-benzo[c]pyrrolo[1,2-
alazepin-5(11bH)-one26) Over a suspension of the olefinated
product2 (62 mg, 0.15 mmol) and NdPGQ, (64 mg, 0.45 mmol,
3.0 equiv) in MeOH (1.5 mL) under,ldtmosphere, 10% Na(Hg)
was added (155 mg, 2.5 equiv, w/w). The resulting inétvas
stirred until the starting material was disappedhedid Hg was
observed, typically 3 h, TLC), was diluted in EtOAddittered.
The filtrate was washed with water, was dried (MgSénd
concentrated under reduced pressure. The residupusified by
flash chromatography (cyclohexane-EtOAc 2:1) to raffe6 (15
mg, 74%) as a colorless oiH NMR (300 MHz, CDCJ) § 7.32 —
7.18 (m, 4H, Ar), 5.07 (&) = 7.2 Hz, 1H), 3.82 (ddd] = 12.0,
7.4, 4.7 Hz, 1H), 3.51 (dg§ = 12.0, 7.6 Hz, 1H), 3.32 — 3.18 (m,
1H), 3.02 — 2.90 (m, 1H), 2.88 — 2.78 (m, 1H), 2.62.45 (m,
2H), 2.43 — 2.31 (m, 1H), 2.09 — 1.84 (m, 2HC NMR (75

MHz, CDCk) 6 170.6, 140.8, 138.2, 128.9, 128.1, 126.5, 124.4,

56.9, 48.0, 35.9, 30.6, 29.1, 22.8. EStalcd. for GsH:sNO
(M)*: 201.1154. Found: 201.1155.

9-Fluoro-2,3,6,7-tetrahydro-1H-benzo|c]pyrrolo[1 Z&azepin-
5(11bH)-one 27) Following the typical procedure, the reaction
of the olefinated produd8 (65 mg, 0.15 mmol) with N&PO,
(64 mg, 0.45 mmol, 3.0 equiv) and Na(Hg) (155 mg, éjbiv,
w/w) afforded, after column chromatography (cyclohrexa
EtOAc 2:1), the compoun#l7 (16 mg, 73%)as a colorless oil.

column
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'H NMR (300 MHz, CDCJ) § 7.31 — 7.19 (m, 1H), 6.98 — 6.83
(m, 2H), 5.01 (tJ = 7.2 Hz, 1H), 3.88 — 3.73 (m, 1H), 3.55 —
3.44 (m, 1H), 3.30 — 3.15 (m, 1H), 3.04 — 2.88 (m,,1H87 —
2.72 (m, 1H), 2.60 — 2.29 (m, 3H), 2.06 — 1.82 (m,.2#) NMR
(75 MHz, CDC}) 8 170.6, 162.3 (dJe.= 247.3 Hz), 143.1 (dl..

= 7.6 Hz), 134.0 (dJc..= 3.2 Hz), 126.3 (dJc.= 8.4 Hz), 115.8
(d, Jo.= 21.3 Hz), 113.0 (dJe.= 21.0 Hz), 56.50, 48.12, 35.53,
30.91, 29.0 (dJc.r = 1.4 Hz). 22.76. ESl calcd. for GgH;,FNO
(M)*: 219.1059. Found: 219.1052.
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