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Abstract. An efficient and straightforward method for the synthesis of new and versatile sulfonyl-functionalized allylic
amines through the selective copper-catalyzed aza-1,6-conjugate addition of heterocycles or arylamines to 1,4-disubstitutec
1,3-dienyl sulfones has been developed. This catalytic process is promoted by a combination of an easily prepared and
sterically demanding N-heterocyclic carbene-based copper complex and KOt-Bu under mild reaction conditions to provide 2
broad range of (E)-allylic amines with excellent regio- and stereoselectivities. |
.
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Introduction

The formation of carbon-nitrogen bonds is crucial
in the construction of natural products, therapeutic
agents and functional materials.t Therefore, the
development of new and efficient synthetic methods
for the synthesis of versatile amines has received
substantial attention. Among the numerous reported
approaches, the conjugate addition of nucleophilic
amines to electron-deficient alkenes is a powerful and
attractive tool because it is one of the most
straightforward and atom economical processes for
selectively constructing C-N bonds.?) Despite great
advances involving aza-1,4-conjugate addition
reactions, aza-1,6-additions to electron-deficient
dienes to generate allylic amines have rarely been
studied due to the difficulty in controlling the
regioselectivity (f- vs. o-addition) and stereoselectivity
(E- vs. Z-isomer product). For example, Back and
coworkers showed that two allylic amines could be
synthesized through a K.COs-mediated 1,6-addition of
iodoaniline derivatives to (E)-1-tosyl-1,3-butadiene in
moderate yields with high (E)-selectivity.®! Ukaji,
Inomata and coworkers reported that secondary
aliphatic amines could be selectively added at the -
position of 1-sulfonyl-1,3-dienes or 2,4-dienoate,
affording mainly the (Z)-selective 1,6-addition
products in low reaction concentration at room
temperature (Scheme 1a).[ Although these reactions
are highly regioselective, the scope of the dienes and
amines for such 1,6-additions has been limited to
terminal conjugated dienes and aliphatic amines, and
controlling the stereoselectivity remains challenging.

In recent studies, Jgrgensen, Wang and coworkers
developed organocatalyzed enantioselective aza-1,6-
conjugate addition/cyclization cascade reactions of N
hydroxycarbamate derivatives with 2,4-dienals via
iminium ion activation and applied this reaction in the
synthesis of isoxazolidines and aziridines.’! The
selective addition of nucleophilic amines in a 1,6
conjugate mode remains a topic of great interest in
organic synthesis.[®!

Allylic sulfones are important intermediates in
many synthetic transformationst”? and valuable
scaffolds in biologically active molecules.®®! Due to
their synthetic and biological significance, we devised
an efficient method for synthesizing new
functionalized amine-substituted allylic sulfones
through the 1,6-conjugate addition of aza-heterocycles
or arylamines to sulfonyl-1,3-dienes, especially in a
copper-catalyzed manner. Copper catalysts have the
advantage of being easy to handle and inexpensive and
have played crucial roles in controlling the selectivity
and enhancing the reactivity of aza-Michael additions
of amines under mild conditions./® To the best of ou
knowledge, the 1,6-conjugate addition of aza-
heterocycles to electron-deficient dienes has not been
reported. Herein, we describe an efficient and selective
copper-catalyzed aza-1,6-conjugate addition of azoles
or arylamines to 1,4-disubstituted-1,3-dienyl sulfones
promoted by a sterically demanding N-heterocyclic
carbene (NHC) ligand (Scheme 1b). A wide range of
synthetically versatile functionalized allylic amines
were synthesized in good to high yields with excellent
regio- and (E)-stereoselectivities.
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Previous work:

EWG. > + R'RN-H No cat.

EWG =Ts, CO,Et aliphatic amines

EWG™ S=""NR'R? (g)

(2)-selectivity

This work:
cat. NHC-CuCl
PhOZS\/\/\R + R'R2N-H cat. KOt-Bu PhO,S % R (b)
R, R? = aryl or NR'R?

N-heterocycles 1,6-addition & (E)-selectivity

Scheme 1. Aza-1,6-conjugate additions of amines to dienes

Results and Discussion

Our initial studies focused on optimizing the
conditions for the 1,6-conjugate addition of pyrazole
(2a) to 1-sulfonyl-1,3-diene 1, as shown in Table 1.
First, we attempted to examine copper catalysts based
on 1,2-bis(diphenylphosphino)benzene (dppbz) and
bis[(2-diphenylphosphino)phenyl] ether (DPEphos),
which were highly effective in our previous studies
involving Cu-catalyzed aza-1,4-conjugate additions of
(hetero)arylamines to a,f-unsaturated carbonyls and
a.f-unsaturated sulfones.l®*® However, these bidentate
phosphine ligands in the presence of CuCl and KOt-Bu
did not promote the aza-1,6-addition of 2a to diene 1
to provide desired allylic amine product 3a (<5% conv,
<2% of 3a). Therefore, we investigated the ability of
NHC-based copper catalysts to promote the selective
1,6-conjugate  addition reaction.*)  The strong
electron-donating properties of NHC ligands were
expected to be able to activate pyrazole for addition to
diene 1 by enhancing its nucleophilicity.!*! To our
delight, when the reaction was carried out in the
presence of IPrCuCl and KOt-Bu at 70 °C for 15 h,
pyrazole was added at the J-position of diene 1,
affording desired (E)-selective allylic amine product
3a in 50% yield with 86:14 regioselectivity (3a:4b),
albeit with the generation of 5% of (Z)-isomer 4a, 3%
of vinyl sulfone 4c and 17% of diaminated product 4d
as the main side product (entries 1 and 2). The structure
of (E)-isomer 3a and (Z)-isomer 4a was confirmed by
2D NMR (NOESY) experiment. To improve the
regioselectivity and stereoselectivity and suppress the
diamination reaction, various NHC-CuCl catalysts
were screened as illustrated in entries 3-7. Notably, a
sterically demanding aryl-substituted  TripPy-
IPrCucCl catalyst*? was found to be the most selective
and efficient. When the 1,6-conjugate addition of
pyrazole to 1 was carried out at 50 °C in the presence
of TripPy-1PrCuCl and KOt-Bu, the (E)-allylic amine
3a was obtained in 93% vyield with >98:<2 regio- and
stereoselectivities (entry 7). The addition of a second
pyrazole, leading to diaminated side product 4d, was
retarded by the lower reaction temperature. Notably,
the conjugate additions of 2a with ligands (PPhs or 1,2-
bis(diphenylphosphino)ethane  (dppe)) that are
relatively less sterically demanding and less electron-
donating than NHC ligands preferentially generated
1,4-addition product 4b (>88:<12 1,4-addition:1,6-
addition, entries 8 and 9), albeit with less efficiency. In
a similar context, the use of less bulky NHC-Cu
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catalysts such as IMesCuCl and SIMesCuCl
compared to TripPy-IPrCuCl, provided certain
amounts of 1,4-addition product 4b (18-20% yield,
entries 4 and 5), indicating that the regioselectivity was
significantly influenced by the sterics of the ligand.
The results summarized by entries 10-13 indicate that
CuCl itself does not catalyze the aza-1,6-conjugate
addition of 2a (<2% conv), and an electron-donating
NHC ligand and KOt-Bu are critical to the addition of
pyrazole to sulfonyl diene 1. It is postulated that the
reaction of in situ-generated NHC-CuOt-Bu with
pyrazole forms an NHC-copper-pyrazole complex as
the main catalytic species, and this species selectively
inserts into diene 1 to construct a C-N bond at the ¢-
position with concomitant generation of a C-Cu bond
or O-Cu bond. Then, the copper intermediate reacts
with pyrazole to release the protonated allylic amine
product and regenerate the Cu-pyrazole species.™!

Table 1. Optimization of the Cu- catal¥zed 1,6-conjugate
addition of pyrazole to sulfonyl diene 1[

PhO SW \
PhO,S A ;N " pho, SJ
1 7.5 mol % NHCCuCI 3a
', S e o
2; MN 4b /¢> 4c MN
PhOZS/\(\( N~
N‘N
@ 4d
entry NHC-Cucl gn%tlvBA:; t(eorgl)a (%Z;[\"l] 3a:4?;21;[;1°:4d
16 IPrCuCl 7 70 7 50:5:7:3:6
2 IPrCucCl 7 70 >08 50:5:8:3:17
3 SIPrCuCl 7 70 >98 22:2:2:4:37
4 IMesCuCl 7 70 >98 20:2:18:<2:30
5 SIMesCuCl 7 70 79 28:5:20:3:13
6 TripPy-1PrCucCl 7 70 >98 62:5:<2:5:14
7 TripPy-IPrCuCl 7 50 >08 93:<2:<2:3:2
8 PPh; + CuCl 7 50 18 2:<2:14:<2:<2
9 dppe+ CuCl 7 50 74 7:<2:52:<2:7
10 CuCl 7 50 <2 <2
11 TripPy-IPrCuCl 0 50 <2 <2
12 no 7 50 <2 <2
13 no 0 50 <2 <2

llReaction conditions: sulfonyl diene 1 (0.36 mmol),
pyrazole (2a, 0.30 mmol), NHC-CuCl (7.5 mol %), KOt-Bu
(7 mol %), toluene (1.0 M) under N.. PIDetermined by *H
NMR analysis using 1,3,5-trimethoxybenzene as an internal
standard. [IThe reaction time was 5 h.

e — p— —
AN NAr ArN._NAr MesN._NMes MesN,_NMes N N NP,
i-Pr S:
Cucl Cucl Cucl cucl N F’J/ i-Pr

IPrCuCl SIPrcucl Cucl

(Ar = 2,6-iPr,CqHg)

IMesCuCl SIMesCuCl

TripPy-IPrCuCl
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Advanced Synthesis & Catalysis

H 7.5 mol % SIPrCuCl NQ
PhOZSW EN/ 7 mol % KOt-Bu PhOZSW N
__7mol % KOtBu
toluene, 100 °C, 15 h N‘N
3a \ / \\ /
4d, 96%
' 7.5mol % SIPrCucl N@
PhO,S A~ 4 E/\N 7 mol % KOt-Bu PhOgS/W N
7 toluene, 100 °C, 15 h N,
1 2a {\ /N
(2.4 equiv)

4d, 82%

Scheme 2. One-pot Cu-catalyzed diamination with pyrazole

The generation of the diaminated side product 4d
is also indicated in Table 1. As illustrated in Scheme 2,
when allylic amine 3a was treated with pyrazole in the
presence of SIPrCuCl and KOt-Bu at 100 °C,
diamination product 4d was synthesized in 96%
yield,*¥ indicating that the second amination
proceeded via allylic amine 3a. The reaction did not
proceed in the absence of an NHC-Cu catalyst. It was
assumed that allylic amine 3a was isomerized to vinyl
sulfone 4c in the presence of SIPrCuCl, KOt-Bu and
pyrazole and subsequently underwent a Cu-catalyzed
1,4-addition with pyrazole to afford diaminated
product 4d.11 When 2.4 equiv of pyrazole was used in
the presence of SIPrCuCl, the one-pot diamination
with sulfonyl diene 1 successfully proceeded to give
the desired product 4d in 82% yield.

Table 2. Cu-catalyzed 1,6-co Hu ate addition of azoles and
arylamines to sulfonyl diene 1@

R 7.5 mol % TripPy-IPrCuCl

PhOS A+ e 7 mol % KOt-Bu PhO,S Z
A toluene, 50 or 70 °C, 15 h
R? 7 N2
1 2 3 R R
= = 7
PhO,S
PhOZSW PhO,;8” T PhosT Y S
\R N. N,
N. N N \ N
i b M /
cl
3a, 92% (50 °C) 3b, 90% (50 °C) 3c, 71% (50 °C) 3d, 75% (70 °C)
= =
PhO,S
PhOZS/\/T A /\/T PhosS _ PhOZS/\/Y
N N N N
\ \W ) \
\ K N
Br EtO,C
3e, 86% (70 °C)l°! 3f, 79% (70 °C) 3g, 75% (50 °C) 3h, 80% (70 °C)l!
= = =
PhO,s phozs/\/Y PhOZSW PhO,s Y
N NH
/
N
3i, 77% (70 °C) 3j, 72% (50 °C) 3k, 88% (70 °C) 31, 84% (70 °C)
=
PhOzSW PhO,s” Y
O Y
3m, 96% (50 °C) 3n, 92% (50 °C)

[{IReaction conditions: sulfonyl diene (0.36 mmol), amine
(0.30 mmol), TripPy-IPrCuCl (7.5 mol %), KOt-Bu (7
mol %), toluene (1.0 M) under N». In all cases, >95:<5 regio-
and stereoselectivities were achieved. [lYields of the
isolated products. IToluene (0.5 M).

10.1002/adsc.201901299

After establishing the optimized reaction
conditions, the scope of aza-heterocycles and
arylamines was investigated as shown in Table 2.
Pyrazoles are valuable building blocks for
pharmaceutically active molecules and in heterocyclic
synthesis.[*®l Therefore, various pyrazole derivatives
(2a-2f) were introduced in the 1,6-conjugate addition
to sulfonyl-1,3-diene 1. The catalytic reactions
successfully afforded corresponding allylic amines 3a-
3f in 71-92% yields with excellent regio- and
stereoselectivities (>95:<5). Pyrazoles 2d-2f bearing
chloro, bromo, or ester groups were well tolerated in
this catalytic system. The Cu-catalyzed additions of
azoles, including imidazole 2g, methyl imidazole 2h,
benzimidazole 2i, and triazole 2j, worked well,
providing sulfonyl-substituted (E)-amine products 3g-
3j in 72-80% yields. It was noted that the reaction of 1
with 2h gave only 4-methylimidazole product 3h
regioselectively (vs. 5-methylimidazole product),
presumably because of steric effects.!”l Arylamines
such as anisidine 2k, fluoro-aniline  2I,
tetrahydroquinoline 2m and dihydroindole 2n were
efficiently and selectively transformed to the
corresponding allylic amines (3k-3n) in 84-96% yields.
However, the 1,6-addition of an indole to diene 1 was
not effective under these catalytic reaction coniditions
(<2% conv). Notably, higher reaction temperatures
(70 °C vs. 50 °C) were required to improve the
conversion and yield in reactions with heterocycles
such as 2d-2f, 2h-2i and 2k-2I.

Table 3. Cu-catalyzed 1,6- con[gugate addition of pyrazole to
various sulfonyl-1,3- dienes

7.5 mol % TripPy-IPrCuCl Pz R
PhOS AN Ay + LNN 7 mol % KOt-Bu PhO,8” Y
4 toluene, 80 °C, 15 h Ney
5 2a 6 \
PhOZSW PhOzS/V/\N\ PhOZS/V/\N\/\/
N N, N
(W) o o
6a, 95% 6b, 82% 6c, 82%
PhOﬁW PhOgSW@ PhOQS/V/\WCI
N, N, N,
N N W
6d, 89% 6e, 86% 6f, 83%
PhO2S/V/\MOBn PhOZSWOTBS PhOZS/V/\MOTBS
N, N, N,
W N W
6g, 85% 6h, 77% 6i, 81%
7 Z 7 é
PhOQSMPhOQS/V\N\/\/\/\ PhOZSW
N, N, N,
W W W

6], 75% 6k, 75% 61, 83%

l{Reaction conditions: sulfonyl diene 5 (0.36 mmol),
pyrazole (2a, 0.30 mmol), TripPy-1PrCuCl (7.5 mol %),
KOt-Bu (7 mol %), toluene (1.0 M) under N». In all cases,
>05:<5 regio- and stereoselectivities were achieved.
Plyields of the isolated products.

Next, we explored the substrate scope of sulfonyl
dienes. As depicted in Table 3, a range of 4-
substituted-1-sulfonyl-1,3-dienes could be utilized in
the Cu-catalyzed aza-1,6-addition of pyrazole,
affording versatile and new sulfonyl-substituted (E)-
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allylic amines in good to high vyields. All the
transformations were carried out in the presence of 7.5
mol % TripPy-1PrCuCl and 7 mol % KOt-Bu at 80 °C
and showed excellent regio- and (E)-stereoselectivities
(>95:<5). Dienes b5a-5e substituted with alkyl
functionalities such as ethyl, propyl, n-hexyl, isobutyl
and phenethyl groups smoothly underwent aza-1,6-
addition to give desired products 6a-6e in 82-95%
yields. With mild reaction conditions, this copper
catalytic addition exhibited good compatibility with
synthetically valuable functional groups such as a
chloro, benzyl ether, silyl ether, alkene, and alkyne
groups. New functionalized allylic amines 6f-61 were
obtained with high efficiencies and selectivities (75-
85% vyields).

To highlight the utility of our newly developed
Cu-catalyzed aza-1,6-addition, we applied the
sulfonyl-substituted allylic amine product to the
synthesis of cyclopropane and polysubstituted phenyl
motifs, as illustrated in Scheme 3.11 When allylic
sulfone 3n bearing a dihydroindole group was treated
with trans-chalcone (7) using NaH as a base,
cyclopropane product 8 was selectively generated in
83% vyield through the base-promoted 1,4-conjugate
addition of sulfone 3n to the chalcone, followed by Sn2
ring closure with the removal of a sulfonyl
substituent.!*! On the other hand, the reaction of allylic
sulfone 3n with the same chalcone in the presence of
NaOH and polyethylene glycol (PEG) 2000 provided
terphenyl product 9 in 71% vyield. When
cinnamaldehyde was reacted with 3n in the presence of
NaH, cyclized biphenyl product 11 was efficiently and
selectively obtained in 92% vyield. In the case of two
later reactions, the 1,2-additions of allylic sulfone 3n
to 7 or 10 were preferred under basic conditions. The
one-pot syntheses of polysubstituted phenyl products 9
and 11 proceeded through tandem 1,2-addition/Julia
olefination/electrocyclization/aromatization processes.

Ph
\/\/A‘,,/ Ph
N r

8, 83% (1:1 dr)

(0]
=
PhOZS/\/Y Phk/\ph QNJD\
N 7
NaOH Ph Ph
PEG 2000,70°C,1h 9. 71%

SN

=

H Ph

e L
NaH Ph

THF, 70 °C,3h

o
Phkf\ Ph
— .

NaH
THF, 70°C,3h

11, 92%

Scheme 3. Synthetic transformations

Conclusion

In summary, we have developed an efficient and
highly regio- and stereoselective Cu-catalyzed aza-1,6-
conjugate addition of heterocycles or arylamines with
various 4-substituted-1-sulfonyl-1,3-dienes under mild
reaction conditions. The key to controlling the

10.1002/adsc.201901299

selectivities is the use of a copper complex based on a
sterically demanding NHC ligand. This -catalytic
system enables the synthesis of a wide range of new
and versatile functionalized (E)-allylic amines bearing
pyrazole, imidazole, triazole, and arylamine
derivatives with excellent regio- and stereoselectivities.
Sulfonyl-substituted allylic amines can be readily
transformed to useful building blocks for the synthesis
of more complex molecules. Further efforts are
underway to expand the scope of diene substrates.

Experimental Section

General: Infrared (IR) spectra were recorded on a ABB
MB3000 FT-IR spectrophotometer, vmax in cm'*. Bands are
characterized as strong (s), medium (()m), and weak %N). H
NMR spectra were recorded a JEOL JNM-AL400 (400
MHz) spectrometer. Chemical shifts are reported in ppm
from tetramethylsilane, with the solvent resonance as the
internal standard (CDCls: § 7.27 ppm). Data are reported as
follows: chemical shift, multiplicity (s = singlet, d = doublet,
t = triplet, g = quartet, quint = quintet, m = multiplet),
coupling constants (Hz), and integration. *C NMR spectra
were recorded on a JEOL JNM-AL400 (100 MHz
spectrometer with complete proton decoupling. Chemical
shifts are reported in ﬁpm from tetramethylsilane with the
solvent resonance as the internal standard (CDCls: & 77.00
ppm). High-resolution mass spectra (HRMS) were
performed at the Korea Basic Science Institute for technical
assistance using an electrospray ionization (ESI) time-of-
flight mass spectrometer. Unless otherwise noted, all
reactions were carried out with distilled solvents under an
atmosphere of dry N2 in oven-dried (130 °C) glassware.
Toluene and tetrahydrofuran were purified by distillation
from sodium benzophenone ketyl immediately prior to use
unless otherwise specified. Dichloromethane was purified
by distillation from CaH. immediately glrlor to use.
Copper(l) chloride was purchased from Sigma-Aldricl
Corporation and used as received. Potassium tert-butoxide
was purchased from Sigma-Aldrich Corporation and used as
received. Sodium hydride was purchased from Sigma-
Aldrich Corporation and used as received. All work-up and
purification procedures were carried out with reagent grade
solvents in air. NHC-CuCl comi)lexes were so}/nthe5|_zed
accorde to reported experimental procedures.’?? A variety
of 1-sulfonyl-1,3-dienes were Prepared according to
reported experimental procedures.?4

Re?resentative experimental procedure for the synthesis
of 1-sulfonyl-1,3-diene

solution of (E)-1-(phenylsulfonyl)pent-3-en-2-ol (500 mg,
2.21 mmolg in CH2Cl, (5 mL) was added Ac.0O (0.63 mL,
6.63 mmol) and DBU (1.32 mL, 8.84 mmol) at O °C. The
mixture was allowed to stir at room temperature for 3 h.
Then, the reaction was quenched by adding a saturated
aqueous solution of NaHCOs (5 mL%, and the mixture was
washed with CH2Cl2 (5 x 3 mL). The organic layers were
combined, dried over MgSQy, filtered and concentrated. The
crude product was '&)urlfled usm% silica gel column
chromatography EtOAc:hexanes = 1.5), affording desired
diene product 1 (391 mg, 1.88 mmol, 85% yield) as a white
solid. This compound has been previously reported, and its
spectral data match the reported values.[??I*H NMR (CDClI;,
400 MHz): 6 7.90-7.88 (m, 2|I-_|R, 7.61-7.59 (m, 1H), 7.55-
7.52 gm, Hg, 7.29-7.23 (m, 1 }_? 6.29-6.23 (m, 2H), 6.16-
6.13 (m, 1H), 1.88 (d, J = 6.9 Hz, 3H); 3C NMR (CDCls,

100 MHz): 6 142.8, 142.5, 141.0, 133.1, 129.2, 127.5, 127.4,
g(lE,SE)-Hexa-1,3-dien-l-yl)suIfonyl)benzene

((ﬁlE,3E)-Penta-1,3-dien-ll-]yl)sulfonyl benzene %1). Toa
0

127.3, 18.8.

] éSaf.
ompound 5a was synthesized from (E)-1-
(phenylsulfonyl)hex-3-en-2-ol (1.04 g, 4.33 mmol) in 75%

4
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yield (722 mg, 3.25 mmol) as light yellow oil. The crude

product was purified using silica gel column
chromatograph gI)EtOAc hexanes = 1:5). IR (neat): 3055
w), 1643 (m), 1589 (m), 1450 (m),

w), 2970 (
5304 (©). 119& (w), 1142 (s), 1088 (m), 995 (s), 910 (m), 826
s) cm%; 'H NMR'(CDCls, 400 MHz): & 7.90-7.88 (m, 2H),
61759((m 1H) 7.55-7.51 (m, 2H), 7.30-7.23 (m, 1H).
6.33-6.25 (m, 2H), 6.14-6.10 (m, 1Hj222'v(cF12d 1=172,72
Hz, 2H), 1.05 (t, J = 7.4 Hz, 3H); °C NMR (CDClIs, 100
MHz): & 149.1, 143.0, 141.1, 133.1, 129.2, 127.5, 1274,
125.1, 26.1, 12.6; HRMS (ESI) miz: [M+H]* Calcd for
C12H150,S 223.0793, Found 223.0795.

g(lE 3E) Octa 1 3-dien-1-yl)sulfonyl)benzene éS
ompound was  synthesized  from
(phenylsulfonyl)oct -3-en-2-ol (500 mg, 1.86 mmol?] |n 82%
yield (382 mg, 1.53 mmol) as light yellow oil. The crude
product was purified wusing silica gel column
chromatography §EtOAc hexanes = 1:5). IR (neat): 3055
gw 2924 ( 3 54 (w), 1643 (m), 1589 (m), 1450
311 (s) 114 (s) 1088 (m) 995 (m), 825 (M), 756 (S),
R (CDCls, 400 MH’_) 87.90-7.88 (m, 2H
0759(m 1H 7.55-7.51 ), 7.25 (dd, J-15
105Hz 1H), 6.2 623(m 2H 612 dd, J=15.1, 110HZ
1H), 2.18 (td, J = 7.2, 7.2 Hz, 2H), 1.43-1.31 (m, 4H), 0.90
t, J = 7.3 Hz, 3H); *C NMR (CDCls, 100 MHz): 5 147.9,
42.9,141.0,133.1, 129.2, 127.4, 127.3, 126.0, 32.7, 30.5,
22.2,13.8; HRMS (ESI) m/z: [M+H]* Calcd for C14H100,S
I)benzene

251.1106, Found 251.1107.
oEs
ompound was  synth e5|ze from -1-

gphenylsulfonyl)undec -3-en-2-ol (400 mg, 1.29 mmol
9% yield (335 mg, 1.15 mmol) as a whrte solid. The crude
product was urified using srllca el column
chromato%raph (EtOAc:hexanes = 1:5). 8-59 °C; IR
neat): 3055 W% 2924 (m), 2854 gwe 1643 (m) 1589( )
450 m), 1311 (s), 1142 s) 1088 (m), 995 (m), 825

748 (s), 17 m) cm1 'H NMR CDCI3, 400 MHz): 6 7.90-
788£m 2H), 761759 (m, 1H), 7.55-7.52 (m, 2H), 725édd
J=14.6, 105Hz 1H), 6.30-6. 25 ,2H 610(d

11.0 Hz, 1H), 2.18 (td, J=7.2, 7 H), 1.42 (quint, J =
7.1 Hz, 2H),1.31-1.27 (m, 8H), 088(t JZ'6.8 Hz, 3H); 8C
NMR (CDCI3 100 MHz): & 147.9, 143.0, 141.1, 133.1,
129.2,127.5,127.4, 126.0,33.1,31.7, 29.1, 29.0, 285, 22.6,
14.1: ' HRMS (ESI) m/z: [M+H]* Calcd for Ci7H250,S
293.1575, Found 293.1574.

g(lE 3E) Undeca 1,3-dien-1- yI)squo

E()(1E ,3E)-7- Methg/locta 1,3-dien-1-ylsulfonyl)benzene
d) Com?ound d was synthesrze from (E)-7-methyl-1-

phenylsulfonyl)oct-3-en-2-ol (910 mg, 3.22 mmol) in 96%
yield (815 mg, 3.08mol) as light yellow oil. The crude
product was urifie using silica gel column
chromato raphy g)EtOAc hexanes = 1:5). IR (neat): 3055
w), 295 V\Q 70 (w), 2361 (m), 1736 w 1643(
589 SW 450 (W} 1311 (m 1142 I\Sslgi 108 m) 995
825 (s), 748 (n;) 7 (m)cm lH N (CDCls, 400 MHz):
8 7.89'(d, J = 7.3 Hz, 2H), 762758|(m 1H , 7.55-7.51 (m,
2H), 7.25 (dd, J = 14.6, 10.5 Hz, 1H), 6.27-6.22 (m, 2H),
610 dd, J-151 11.0' Hz, 1H), td J=73,73Hz,

58152m1H)130(t , 7.5 Hz, 2H), 0.89

= 6.4 Hz, 6H); 13C NMR(CDCI3 100 MHz): 6 148.0,
42 9,141.1, 133.1, 129.2, 127.4, 127.4, 125.8, 37.5, 31.0,
27.5, 22 3; HRMS ESI) m/z: [M+H]+ Calcd fOI‘ CisH2102S
265.1262, Found 265.1263.

e) Compound e was syntheS|zed rom (_) 7-phenyl-1-
henylsulfonilz)hept -3-en-2-ol (580 m%
7% yield (312 mg, 1.00 mmol) as light yellow oil. The
crude  product was purified usrng srlrca el column
chromatogra h%/ :()EtO c:hexanes = 1:5). IR jneat) 3063
, 3032 (w), 2932 (w), 2862 (w), 2361 (s), 1643 (m), 1589

, 1450 m) 1311

g(lE ,3E)-7- Phengllhepta 1,3-dien-1- ¥I)su|fonyl)benzene
6 mmol)

mﬂmz (m) 1088 (m), 995 (m) 833
' 741 (s) cm™; 'H NMR (CDCls, 400 MHz): 3 7.91-7.89
m 2H), 7.63-7.59 (m, 1H),

56-7.52 (m, 2H). 7.29-7.15 (m,
H), 6.28-6.25 (m, 2H), 6.11 (dd, J = 15.5, 10.9 Hz, 1H
2.63 (t, J= 7.6 Hz, 2H), 2.22 (td, J = 7.3, 7.3 Hz, 2H), 1.77
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gqumt J = 7.5 Hz, 2H); 3C NMR (CDCls, 100 MHz): &
47.1,142.7,141.7,141.0,133.2,129.2, 128.4, 128.4, 127.7,
127.5, 1264 1259 352 32.5, 30.1; HRMS (ESI) m/z:
[M+H]+ Calcd for C19H21OZS 313.1262, Found 313.1262.

E()(f E,3E)-9-Chloronona-1,3-dien-1-yl)sulfonyl)benzene
). Compound 5f was synthesized from 6- -phenylhex-3-yn-
-0l (400 mg, 1.26 mmol)/ln 82% yield (309 mg, 1.03 mmol)
as light el ow oil. The crude ﬁrOdUCt was purlfred using
silica gel column chromatogra EtOAc hexanes = 1:5).
IR (neat): 3055 (w), 2932 (w), , 1736 (w), 1643 (m),
1589 (w), 1450 (m), 1311 (s), 1242 1196 w), 1142 és)
1088 (m), 995 (s) 825 (s), 741 (s) cmt; TH N
400 MHz) 5 7.91-7.88 (m 2H), 7.60- 7.59 (m, 1H 7 56-
751(m 2H), 7.25 (dd, J = 14.6, 10.5 Hz, 1H), 6.29-6.21 (m,

, 6.11 (dd J=15.0, 105 Hz, 1H), 3.53'(t, J = 6.6 Hz,
2H 12.22 (td, 1= 6.9, 6.9 Hz, 2H), 1.80-1.76 {m, 2H), 1.50-
1.44 (m, 4H); 15C NMR (CDCI3 100 MHz): 6 147.0, 142.6,
141.0, 133.1, 129.2, 127.8, 127.5, 126.3, 44.8, 32.8, 32.3,
27.7, 26.3. HRMS ESI) m/z: M+H]+ Caled  for
C15H20CIO,S 299.0873, Found 299.0873.

(( 1E,3E)-8-(Benzyloxy)octa-1,3-dien-1-
sulfon I benzene ( ). Com ound 5
rom -(benzy >%) 1- (phenglsul onyl)oct-3-en-2-ol
m mmo in 75% yie mg, mmol) as
(500 gi 133 I) % yield (346 0.970 I)
ight yellow oil. The crude product was purlfled using silica
el column chromatography (EtOAc:hexanes = 1.5). IR
?neat) 3055 W 2939 (W), 2862 éwg 1967 (w), 1898 (w),
813" (w), 1736 (m), 164 émg (m), 150 (m), 1366
iw 1311 m), l 42 (m), 1088 (m), 995 (m ), 910 (W) 825

was synthesized

=<

m), 741 (s) cm's; 'H NMR (CDCls, 400 MHz): 5 7.91-7.88
m, 2H), 7.61-7.59 (m, 1H), 7.55-7.54 (m, 2H), 735722(m,
H), 6.27:623 (m, 2H 110 (dd, J—151 105 Hz, 1H),
450 )347tJ 64Hz 2H), 2.21 (td, J=7.3, 7.3
Hz, 2H), 1.64-1.59 (m, 2H), 1.55-1.51 (m, 2H); *C NMR
CDCI3, 100 MHz): & 1473, 142.7, 141.0, 138.5, 133.1,
29.2, 128.3, 127.7, 127.6, 127.5, 127.4, 126.3, 72.9, 69.9,
32.8,'29.2, 25.1; HRMS (ESI) m/z: [M+H]* Calcd for
Ca1H2505S 357.1524, Found 357.1522.

tert-Butyldimethyl(((3E,5E)-6-(phenylsulfonyl)hexa-3,5-
d|en 1-yl)oxy)silane g;h) ompound 5h was s ntheS|zed
6-((tert- butyldlmeth Isi yI)oxY)

Sphenylsulfonill)hex- —en -2-0l (154 mg, 0.416 mmol) i
5% vyield (110 mg, 0.312 mmol) as light yellow oil. The
crude product was purified using srlrca el column
chromato raph EtOAc:hexanes = 1:5). IR (neat): 3055
w), 2955 (w), 254 (w), 1643 (m), 1589(m 1466 (m),
389 (w), 1311 (m), 12 0 (m), 11 0 (w), 11 2 (m), 1088
(m), 995 (s), 933 (M), 833 (s), 779 m) 717 m) cm™; 1H
NMR (CDCI3 400 M I—R > 7.89-7. ,'7.60-7.58
m, 1H), 7.54-7.52 (m 3725 de 1461 '5 Hz, 1H),

29623(m2H d, J=15.1,11.0 Hz, 1H), 3.68 (t,
J=6.4Hz, 2H 38 d J=6.4,6.4Hz, ZHg 0.87 (s, 9H).
0.03 (s, 6H); °C NMR (CDCls, 100 MHz): & 144.1, 142.6.
140.9, 133.1, 129.2, 127.9, 127.6, 127.4, 61.7, 36.4, 25.8,
18.2, -5.4; HRMS ESI) m/z [M+H]+ Calcd for
C1sH2903SSi 353.1607, Found 353.1606.

tert-Butyldimethyl(((5E,7E)-8-(phe dylsulfonyl)octa 5,7-
d|en 1-yloxy)silane |g5|) ompound 5i was s nthesized
fro -((tert- butyldrmethylsr yloxy)-1
(phenylsulfonyl)oct 3 en -2- oI (475 mg, 1.19 mmol)1|n 82%
yield (373 mg, 0.980 mmol) as light yellow oil. The crude

product was purified using silica gel column
chromato 5graph §EtOAc hexanes = 1:5). IR (neat): 3055
w), 295 54 (w

wg 1643 gmg 1589 m), 1466(
311 m) 0(7) 11 2 ( m) 1088 (m), 995 (s), 933
833(s), 779 (7”2 cm'l’ *H NMR (CDCls, 400 MHz):
6791789m2H l759mlH) 55-7.54 (m, 2H),
7.25(dd, J=14.7, 105Hz 1H), 6.30-6.22 (m, 2H), 6.11 (dd,
J=14.6,105 Hz, 1H), 3.61 (t, J = 6.0 Hz, 2H), 2.22 (td, J =
6.6, 6.6 Hz, 2H), 1.52-1.48 (m, 4H), 0.89 (s, 9H), 0.04 (s,
6H); °C NMR (CDC|3 100 MHz): & 147.5, 142.8, 141.1,
13311,129.2,127.6, 127.5,126.2, 62.7, 32.8, 32.2,25.9, 24.8,
183, -5.3; HRMS ESI) m/z: [M+H]+ Caled  for
C20H3303SSi 381.1920, Found 381.1921.
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ompound ~ 5§  was synthesized from (3E,72)-1-
(()phenylsulfon deca-3,7-dien-2-ol (396 mg, 1.34 mmo

8% vyield (250 mg, 0. 906 mmol) as light yellow oil.
crude product was

in
he
urified usmg silica gel column
chromatography gEtO c:hexanes = 1:5). IR (neat): 3055
gw% 3099 (w), 2962 (w), 2870§ 1643 m), 1589(7
450 (m), 1311 s) 1142 )q) 108 (m) 995 ( s 826 (s),

s), 717 (m cmr 1H NMR (CDCls, 400 MHl_? 3791 788
m, 2H), 761759(m 1H), 756752 (m, 2H), 7.25 (dd, J
= 14.6,'10.5 Hz, 1H), 628624(m 2H), 6.12 dd J= 151
10.5 Hz, 1H), 5.43-5.41 (m, 1H), 530527( iH), 2.26-
2.17 (m, 4H), 2.05-2.01 (m, 2H), 0.96 (t, J=75Hz, 3H);
BC NMR ( DCI3, 100 MHz) 5’147, 0, 142.7, 141.0, 133. 1,
132.9, 129.2, 127.7, 127.5, 127.2, 126.3, 33.1, 26.0, 20.6,
14.2: HRMS (ESI m/z: [M+H]+ Calcd for CisHz10,S
277.1262, Found 277.1262.

g(lE ,3E,7Z)-Deca-1,3,7-trien-1-yl)sulfonyl)benzene gj

Compound was  synthesized  (E)-1-
phen Isulfon I)tetradeca -3,13-dien-2-0l (570 mg, 1.63
mmol)lln 940 yield (510 mg, 1.53 mmol) as a white solid.
The crude product was purified usin S|I|ca gel column
chromatography (EtOAc:hexanes = 1: 38-39 °C;
(eat) 3078 (m), 2924 (s), 2854 (m), 1643 m), 1589 (m
450 ém) 1311 (]s) 1142 s) 108 I\(m) 995 (s), lO (m), 833
(is m), 71 (m) cm't; 'H NMR (CDCls, 400 MHz):
91-7.8 m2H 61-7.59 (m, 1H), 7.55-7.51 (m, 2H),
z, m,
725 dd, J=14.6, 110H 1H) 6.29-6.22 (m, 2H), 6.09 (dd.
1 11.0 Hz, 1H), 5.81 dt J=17.0, 03 6.7 Hz, 1H),
499 dg, J = 17.2, 1.8 Hz, 1H), 4.93 (ddt, J = 10.2, 2.2, 1.1
Hz, 1H), 2.18 (id, J=7272Hz 2 ), 204201(m 2H)
1.43-1.41 (m, 4H), 1.27 (s, 8H); *C NMR (CDCls, 100
MHz): 6 148.0, 142.9, 141.0, 139.2, 133.1, 129.2, 1274,
127.3,126.0, 114.1, 33.8, 33.0, 29.3, 29.3, 29.1, 29.0, 28.8,
28.4; HRMS (ESI) m/z: [M+H]+ Calcd for ConngzS
333.1888, Found 333.1889.

gg()((lE 3E) -Tetradeca-1,3,13-trien-1-yl)sulfonyl)benzene

(((lE 3E) Octa 1 ,3-dien-7-yn-1- yI)squonyI%benzene §5I .

ompound was  synthesized rom (E)-1-
gphenylsulfonall)oct -3-en-7-yn-2-ol (1.10 g, 4.16 mmol
8% yield (1.00 g, 4.08 mmol) as light yellow oil. The crude
product was purified wusing silica gel column
chromatogra hg/ §EtOAc hexanes = 1: 58 IR (neat): 3302
, 3055 (w), 2978 (w), 2916 (w), 2847 (w), 2114 ( wg 1736
, 1643 (m) 1589 (m), 1443 (m) 1304 (), 1142 (s), 1088
m 1995 (5), 825 (s), 741 (s) cmt; TH NMR (CDCls, 400
MHz): 5 7.90 (d, J = 7.3 Hz, 2H), 7.62 (t, J = 7.3 Hz, 1H§

7.55 (t, J—73 Hz, 2H 726 (dd J =146, 10.5 Hz, 1H
6.37- (_'mZH:) dd J=15.6, 110Hz 1H)24
239(I 5-2.32 m2H 203(s 1H); BC'NMR
CDCls, 100 MHz ) 1443 1420 140.7, 133.1, 129.1,
28.4, 127.3, 1270 82.6, 693 314 176 HRMS (ESI)
2mz{%:o 9|\1+H]+ Calcd for C14H15028 247.0793, Found

Representative experimental procedure for the Cu-
catalyzed 1,6-conjugate addition of heterocycles to
sulfonyl dienes

TripPy-1PrCuCl (13.1 mg, 22.5 x 10* mmol), KOt-Bu (2.36
mg, 21.0 x 103 mmol), and 1H- pKrazoIe (2a, 20.4 mg, 0.300
mmol) were added to a vial (4 mL) charged with a magnetic
bar in'a glove box. The vial was sealed with a cap (phenolic
open-top cap with gra% PTFE/silicone) and was removed
from the glove box. After the vial was purged with Nz_(r;
for 5 min, toluene (0.2 mL) was added to vial under N
solution was allowed to premix for 20 min and then a
solution of sulfonyl diene (1, 75.0 mg, 0.360 mmol) in
toluene (0.1 mL) was added to the reaction vial using a
syringe. Then, the mixture was allowed to stir at 50 °C for
15 h. After that time, the reaction solution was quenched by
adding a saturated aqueous solution of NH4CI11 mL), and
the mixture was washed with CH2Cl> (3 x 3 mL). The
organic layers were combined, dried over MgSOs, filtered,
and concentrated in vacuo. The crude product was purlfled
using silica gel column chromatography (EtOAc:hexanes =
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1:1), affording desired (E)-allylic amine 3a (76.3 mg, 0.276
mmol, 92% yield) as an ivory solid.

3a). Compound 3a was synthesized from 1H-pyrazole (2a,
0.4 mg, 0.300 mmol) and (((1E,3E)-penta-1,3-dien-1-
yI)squony benzene (1, 75.0 mg, 0.360 mmol) in 92% yield
(76.3 mg, 0.276 mmol) as an ivory solid. The crude product
was urlfled using silica gel column chromatograph
EtOAc:hexanes = 12 mp 69-70 ° geat 3140 (w),
986 2w) 1520 (w% 43{) ) 139 I\ﬁm) 1304 (s), 1142 (s
1088 (s), 972 (s) 955) cm? Cls, 400 MHz):
57.82(d,J= 3Hz H), 765(t J= 73Hz 1H3 7.54(t,J

gE) -1-(5-(Phenylsulfonyl)pent-3-en-2-yl)-1H-pyrazole

= 7.8 Hz, 2H), 7.5 ( J=2.1Hz 1H), 730§ 2.1 Hz,
1H)624(] = 2.1 Hz, 1H), 5.74 (dd, J = 15.3, 6.2 Hz, 1H)
5.51 (dtd 154,75,1.1Hz 1 489(umtJ 6.7 Hz,
1H) 79 (d, J= 7.3 Hz, 2H), 1.54 (d, J = 6.9 Hz, 3H); 1°C

NMR (CDCI3 100 MHz): & 140.7, 139.2, 137.9, 133.8,
129.1, 128.4, 127.2, 118.2, 105.5, 59.4, 58.4, 20.1; HRMS
g%?l%cr)rilé [M+H]+Calcd for C1aH17N20,S 277.1011, Found

)-1- (5 (Phen Isulfonyl)pent -3-en-2-yl)-1H-pyrazole
4a) he pro uct was purified usmg silica gel column
chromatogra hi/ éEtOAc hexanes = 1:1). IR (neat): 3070

), 2978 (w), 1651 (m), 1512 (w), 1304 (m), 1250 (s), 1142
s) 1041 (m), 957 (m), 748 (s) cmL; 1H NMR CDCl3, 400
MHz): § 7.90 (d, J = 7.8 Hz, 2H), 7.63 (t, J = 7.8 Hz, 1H),
7.56 (t, J = 7.8 Hz, 2H)747gs 1H)73 (éc, 621d
= 1.4 Hz, 1H), 5.98 (t. J = 9.2 Hz, 1H} 5
4.97 umtJ 74Hz 1H) 401§dd 143 91Hz lH
3.82 (dd, J = 14.3, 7.1 HZ, 1H), 1.44 (dd, J = 6.9, 1.4 Hz,
3H 3C NMR (CDCls, 100 MHz): § 1392 138.7, 138.5,

129.2, 128.3, 126.9, 117.5, 105.5, 54.9, 54.0, 20.6:
HRMS SI) m/z: [M+H]+Calcd for C14H17N20,S 277.1011,
Found 277.1009.

(E) 1-(1- (Phen Isulfonyl)pent-3-en-2-yl)-1H-pyrazole
4b). product was purified usmg silica gel columr

chromat 4graph EtOAc hexanes = 1:1). IR (neat): 3001
w), 292 2854 (w), 1512 (w) 1450 Sm% 1396 (m)

288 (s), 114 ((s) 1080 (s), 964 (m), 810 (m), 741 (s) cm
I3, 400 MHz): 6 7.67 (d, J = 8.2 A

755 J 75Hz 1H 745741(m H),7 5(,J 2.1
Hz, 1H), 7.24 (d 1 Hz, 1H), t, J = 2.1 Hz, 1H),
5.70-5. 6(m2(}531527(m H (dJ:14687
Hz 1H) 358&1 J=14.6,4.6 Hz, ) .65 (d, J=5.0 Hz,
13C NMR (CDCl;, 100 MHz): 8 139.9, 139.3, 133.4,
129.1, 1289, 127.9, 127.6, 105.5, 59.6, 58.8, 17.6;
HRMS S|) m/z: [M+H] C&lCd fOI'C14H17Nzo S277.1011.

Found 277.1009.

4c). The pro uct was purified usmg silica gel column

( )-1-(5- (Phen Isulfonyl)pent-4-en-2-yl)-1H-pyrazole
EtOAc:hexanes = 1:1). 3005

chromatography IR (neat):

(w) 296 (w% 41 (w), 1512 (w) 1450 Sm) 1375 (m)
243 (), 114 ((:s) 1080 (s) 910 (m), 805 (m), 741 (s) cm
'HN s, 400 MHz): & 7.76 (d, J = 7.3 Hz, 2H),

762(tJ 3HZ 1H), 7.54-7.50 (m, 3H)746£S 1H)678
dt, = 15.0, 7.4 Hz, TH). 6.19 (d, J = 15.0 Hz, 1H), 6.16 (s,
H), 4.49-4.48 (m, 1H), 2.90-2.83 (m, 1H), 2.73-2.67 (m,
1H). 1.57 (d, J = 6.4 Hz, 3H); 3C NMR (CDCls, 100 MHzg
§ 141 .5, 140.1, 133.9, 133.3, 133.2, 129.2, 128.5, 127
105.5, 58.0, 38.7, 20.7; HRMS& Sl) miz: [M+H]*Calcd for
C14H17N20,S 2771011, Found 277.1010.

1,1'-(1-(Phe gllsulfonyl)pentane -2,4-diyl)bis(1H-
pyrazole) 4d) Compound 4d was synthesized from 1H-
pyrazole ( a, 245 mg, 0360 mmol) and (E)-1-(5-
6pheny|su| onyl)pent -3- en “2- ng pyrazole (3a, 82.9 mg,
300 mmol) in 96% vyield (9 2 mg, 0.288 mmol) as an
ivory solid. The crude product was pUI‘Ierd using silica
column chromatograg) EtOAc:hexanes = 119) 5)
62 °C; IR (neat): 3109 (w), 2993 (w), 2932 (w), 151 (W)
1396 (m&l 1288 C) 1142 (s) 1088 m) 933 (m), 741 (s) cm’
DCl;, 400 MHz), a 1:1 mixture of
dlastereomers 87.61-7.50 (m, 7H; 46 (d,J=1.4Hz, 1H),
7.41-7.37 (m, 4H), 7.32 (s 1H), 7.28 (d J=2.3Hz, 1H),

6
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3¢ NMR (C C|3

diastereomers: 6 140.7, 140.3, 1396 , . .
133.5, 133.5, 131.4, 1298 1282 1276 12° .5,127.5, 105.4,
105.3, 1053 1048 60.1, 594 542 542 538 53.8, 42.4,
41.6, 21.9, 205 HRMS (ESI) miz: [M+ 1" Calcd for
C17H21N4OzS 345, 1385, Found 345.1386.

\l

(E)-4- Met g/l -1-(5- (phenylsulfonyl)pent -3-en-2- y? 1H-
pyrazole ( ompound 3b was synthesized from 4-
methyl-1H- pyrazole (2b 24,6 mg, 0.300 mmol) and
6(% ,3E)-p enta 1,3-dien-1-y 7)sulfonyl())benzene (1, 75.0 mg,

60 mmo in 90% yield (78.0 mg, 0.269 mmol) as light
yellow oil. The crude product was purlfled using silica gel
column chromatografh%/ (EtOAC:hexanes = 1; 18 IR (neat):
3070 (w), 2978 V\9 6 8(m 1450 (m), 1311 (s), 1149 (s),
980 (m), 910 (7mg 33(s lH NMR (CDCls, 400 MHz):
07.81(d,J= Hz, 2 763tJ 7.3 Hz, 1H), 7.54-7. 0
(m, 2H),’7.26 (s, 1H), 7.02 (s, 1H) 5.69 (dd, J=15.6, 6.4
Hz, 1H), 5.47 (dt, J = 15.6, 7.3 Hz, 1H), 4. 7Squmt J=6.6
Hz, 1H), 377 d, J=7.3 Hz, 2H), 2.03 (s, 3H), 1.47 (d, J =
6.9 Hz, 3H) C NMR (CDCI3 100 MHz): 6 140.8, 139.4
137.9, 1337, 129.0, 128.4, 125.9, 117.9, 115.9, 59.3, 58.1,
19.9, 8.8; HRMS ESII m/z: [M+H]+Calcd for C1sH10N202S
291.1167, Found 168.

E)-3,5-Dimethyl-1-(5-(phenylsulfonyl)pent-3-en-2-yI
gl—? razole (3c). Compound 3c was synthesized from % 5-
d|me yl-1H-pyrazole (2c, 28.8 mg, 0.300 mmog and
g(glE 3E) penta 1,3-dien-1-yl sulfonyl)benzene (1, 75.0 mg,

60 mmol) in 71% yield (65.0 mg, 0.213 mmol? as an
ivory solid. The crude product was purlfled using silica eI
column chromato ra hy EtOAc:hexanes = 1:1).

92 °C; IR (neat): E , 2878 (w), 1551 (w), 144 (\%
1296 (s) 1142 (s) 1080 , 980 (m), 73 (s% cmL IH N

(CDCls, 400 MHz): & 7.76 (d, J = 7.8 Hz, 2H), 7.59 (t, J =
7.3 Hz, 1H), 7.50-7.46 (m, Hf 5.74 (s, 1H 569 (dd J=
156 5.9 Hz, 1H), 531édt J1=156,7.6 Hz, 1H ), 4.66 (quint,

67Hz 1H ,3.72(d,J = 76Hz 2H), 2.15'(s 3H% 2.14
(s 3H), 1.46 (d, J = 6.9 Hz, 3H): *C NMR (CDCls, 100
MHz): o 147.2, 141.1, 138.2, 1 79 133.6, 128.9, 128.3,
116.9, 105.1, 59.3, 54.4, 19.8, 13.5, 10.8; HRMS (ESI) m/z:
[M+H]+ Calcd for Cy6H21N,05S 305.1324, Found 305.1324.

(E)-4-Chloro-1-(5-(phenylsulfonyl)pent-3-en-2- yI]) -1H-
pyrazole (3d). Compound 3d was synthesized from 4-
chloro-1H-pyrazole (2d, 30.8 mg, 0.300 mmol) and
g(glE ,3E)-penta-1,3- dlen 1- y(% quonyI)benzene (1, 75.0 mg,
60 mmol) in 75% yield (70.0 mg, 0.225 mmol? as an
ivory solid. The crude product was purlfled using silica gel
column chromatogral hz (EtOACc:hexanes = 1:1). mp 122-
123 °C; IR neat 3 24 (w), 2993 Q’,!( 1443 (m), 1304 (s),
1142 (), 3 741 (s) cm’k; NMR (CDCls, 400
MHz): 780% 7.3 Hz, 2H), 7.64 (t, J = 7.3 Hz, 1H),
755751 (m, 2H), 7.36 (s, 1H), 7.19 (s, 1H), 5.66 (dd, J =
15.5, 6.4 Hz, 1H) 552(dt J= 155 7.6 Hz, 1H 478(%umt
J=6.5Hz, 1H),3.78 (d, J= 7.3 Hz, 2H), 1.48(d,J=6
3H); ¥C NMR (CDCls, 100 MHz) §°139.7, 137.8, 1374,
1339, 129.1, 128.3, 125.3, 119.0, 109.8, 59.2, 59.1, 19.7;
HRMS (ES|) m/z: |\/|+H]+ Calcd fOI‘ C14H16C|N2025
311.0621, Found 311.0623.

(E)-4-Bromo-1-(5-(phenylsulfonyl)pent-3-en-2- yI]) -1H-
Eyrazole (3e). Compound 3e was syntheS|zed rom 4-
romo-1H-pyrazole (2e, 44.1 mg, 0.300 mmol) and
g(glE ,3E)- penta -1,3-dien-1- yl)sulfonyl)benzene (1, 75.0 mg,
60 mmol) in 86% yield (92.0 mg, 0.259 mmol? as an
ivory solid. The crude product was purlfled using silica gel
column chromatogra X (EtOAc:hexanes = 1:1). mp 121-
122 °C; IR (neat): w), 2986(3 1435 (m), 1304 (15)

1142 (s), 972 (s), 949 (s), 8 8 (m), 849 (m), 741 (s) cm™L;
NMR (CDCls, 400 MHz): & 7.81 (d, J = 7.8 Hz, 2H), 7. 66
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gtJ 7.3 Hz, 1H), 7.55-7.53 (m, 2H), 7.42 (s, 1H), 7.22 (s,
H), 5.67 dd J =155, 6.0 Hz, 1H), 554 dd, J=15.5,7.3
Hz 1H), 482(qumtJ—66Hz 1H), d, J = 6.9 Hz,
2H) 1. 1(d J=6.9 Hz, 3H); LCN R(CD l5, 100 MHz):
5139.7,139.7,137.8,133.9,129.2, 128.4, 1274, 119.1,93 1,
59.3, 59.1, 19.8; HRMS (ESI) m/z; [M+H]* Calcd for
C14H16BrN20,S 355.0116, Found 355.0119.

Ethyl (E)-1-(5- (phenylsulfongl)pent 3-en- Z]yl) 1H-
pyrazole-4-carboxylate ompound was
synthesized from 1 pyrazole 4 carbox Iate (2f, 40.0 m
0 mmol) Eg enta-1,3- dien-1-
yl)sulfonyl)benzene (Il 75 0 mg, 360 mmoI in 79% yield
(82.6 mg, 0.237 mmol) as ivory solid. The crude product was
purified using silica gel column chromatograph
EtOAc:hexanes = 1: 1% p 82-83 °C; IR (neat): 3124 (w),
978 §w) 1705 (s), 1551 (m), 1443 (m), 14 4(m; 1304 (s),
1219 s), 1180 (s c() 1142 (s), 1026 (s), 80 (m), 771 (s) cm-
IH NMR (CDCls, 400 MHz): & 7.85 (s, 1H), 7.80 (s, 1H).
7.77 (d, J = 7.8 Hz, 2H), 7.62 (t, J = 7.8 Hz, 1H), 7.51 (t, J
= 7.8 Hz, 2H), 5.69 (dd, J = 15.3, 6.4 Hz, 1|_% 5.54 (dt, J-
15.3, 7.4 Hz, 1H), 485(qumt J=66Hz 1 4.28 (
6.9 Hz, 2H), 3.78 (d, J = 7.4 Hz, 2H), 151 d J-6 Hz
3H), 1.33 (£, J = 7.1 Hz, 3H); 3C NMR (CDCl3, 100 MHz).
6 162.8, 140.8, 139.4, 137.8, 133.9, 130.6, 129.1, 128.3,
119.2,115.0, 60.1, 59.2, 59.0,19.9, 14.3; HRMS (ESI) m/z:
[M+H]* Calcd for C17H21N204S 349.1222, Found 349.1222.

E)-1-(5-(Phenylsulfonyl)pent-3-en-2-yl)-1H-imidazole
30). Compound 3g was synthesized from 1H-imidazole (29,
0.4 mg, 0.300 mmol and (((LE,3E)- penta 1,3-dien-1-
yI)squonyI)benzene (1, 75.0 mg, 0.360 mmog in 75% yield
(62.5 mg, 0.226 mmol) as yellow oil. The crude product was
R/Lljrlfled using silica gel column chromato raph%/ (10%
eOH in EtOAC). IR (neat): 3078 (W 2986 W)i 43
1497 (m) 1304 (s), 1142 (s), 910 (m), (s% cmt;*HN
CDCls, 400 MHz): 8 7.75(d, J = '8 Hz H) ,7.61 (t, J—
.3 Hz, 1H), 7.51-7.475 H) 7.34 (s, 1H), 697 1H)
6.74 (s, 1H), 5.62 (dd, J = 15.3, 6.0 Hz, 1H), 5.44 (dt, J =
15.3, 7.4 Hz, 1H), 4.66 (quint, J=6.6 Hz, 1H), 375(d J=
74Hz 2H) 1.4 (d J=6.9 Hz, 3H); 13C NM (CDCl3, 100
g o 1401 137.8, 135.2, 133.8, 129.1, 128.1, 127.3

118 116.9, 58.9, 53.7, 20.4; HRMS ES7) m/z: [M+H]*
Calcd for C14H17N;0,S 277.1011, Found 277.1012

(E)-4-Methyl-1-(5-(phenylsulfonyl)pent-3-en-2- If) 1H-
imidazole (3h). Compound 3h was synthesized from 4-
methyl-1H-imidazole (2h, 24.6 mg, 0.300 mmol) and
6(% ,3E)-penta-1,3- dlen 1- %/I)sulfonyl)benzene 1, 75.0 mg,
60 mmol) in 80% yield (70.0 mg, 0.241 mmol) as yellow
oil. The crude product was purified usin S|I|ca gel column
chromatography (10% MeOH in EtOAc§ neat): 3109
( , 2978 Sw) 1643 ({\111&/'1450 (m? 1304 (s), 1149 s) 910
, 733 (s) cm? R (CDCls, 400 MHz): 6 7.75 (d, J
'8 Hz, 2H), 7.61 (t,J= 73Hz 1H 7.49 t J 78Hz
2H 721slH 643§s 1H)569 dd, J=15.6, 5.9 H
1H 1543 dt J=£15.6, 7.3 Hz, 1H), 4.56 qui nt,J=64Hz,
3.77 (d, J = 7.3 Hz, 2H), 2.13 (s, 3H), 140(d J=723
Hz 3H); °C NMR (CDCls, 100 MHz):  140.3, 137.8, 134.3
133.7, 129.0, 128.1, 127.3, 118.3, 113.4, 59.0, 53.5, 20.3,
13.6; HRMS (ESI) m/z: [M+H]+ Calcd for CisH1oN,O,
291. 1167 Found 291.1169.

(BE)-1- (Phenylsulfon I)pent-3-en- 2%/I) -1H-
benzo[d]imidazole 33/ Compound 3i was synthesized
from 1 benzo[d]lmldazole (2| 35.4 mg, 0.300 mmol) and
S(glE ,3E)-penta-1,3-dien-1- %sulfony(?benzene (1, 75.0 mg,
60 mmol) in 71% yield {7 6 mg, 0.232 mmol) as ivory
oil. The crude product was purified using silica gel column
chromatogra hi/ 510% MeOH in EtOAc). IR (neat): 3094
w), 2986 (w), 1620 (w), 1489 (m), 1311 (s), 1227 (m), 1149
s) '1088 (m 910 (s), 741 (s) cm™Z; *H NMR (CDCls, 400
MHz): & 7.83-7.80 (m, 1H), 7.77 (s, 1H 768 d, J=7.3 Hz,
2H), 7.56 (t, J = 7.3 Hz, 1H£ 7.38 (t, z, 2H), 7.31-
7.30 (m, 3H), 5.77 (dd, J = 16.6, 5.9 Hz, 1H ,553 (dtd J=
15.6, 7.3, 1.4 Hz, 1H), 501(;]umt J=6.5Hz, 1H), 378(|d
J= 73H22H 167dJ 3 Hz, 3H); 13C NM (CDC
100 MHz): 61440 1404 139.4, 1378 133.9,129.1, 128.2,
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123.0, 122.4, 120.6, 119.1, 110.2, 59.2, 52.4, 19.7; HRMS
SIE?IH%/S% [M+H]+Calcd for C1sH1sN202S 327.1167, Found

(E)-1-(5-(Phenylsulfonyl)pent-3-en-2-yl)-1H-1,2,3-
triazole (Z j). Compoun was synthesized from 1H-1,2,3-
triazole ( 17.4 ul, 0.30 mmo7)/and (((1E,3E)-penta-1,3-
dien-1- y)sulfonyl)benzene (1, mg, 0.360 mmol) in
72% yield (60.0'mg, 0.216 mmol) as ivory solid. The crude
product was urified using silica gel column
chromatography (EtOAc:hexanes = 1:1). mp 46-47 °C; IR
neat): 3063 ()W 2986 (w), 1450 (m), 142 (] ), 1304 (s
142 (s), 108 m) 964 (m) 818 (s) 741 (s), (_') cm
IH NMR (CD 3400MH288781 J=178
7625t.] A Hz, 1H), 7.57 (s 753749(7 2H)5 4
5 55 ( t, J 4

dd, J =155, 6.9 Hz, 1H), =155 Hz, 1H),
21(qumtJ 6.7 Hz, 1 d, J=7.3 Hz, 2H), 1.57
d, J =6.9 Hz, 3H); B¢ NMR CDC|3 100 MHz): 5 141.2,
39.2, 1378 133.9, 1337, 1290 1285, 119.0, 61.6, 59.3,
19.9; HRMS (ESl m/z: [|\/|+H]+ Calcd for C13H16N3023
278.0963, Found 278.0965.

(E)-4-Methoxy-N-(5-(phen Isulfonyl)pent -3-en-2-
ylaniline ﬁ3 )/ Compoun 3k was synthesized from 4-
methoxyaniline (2K, 36 9 mg, 0.300 mmol and (((1E,3E)-
penta-1,3-dien-1- yl)sulfonyl)benzene (1, 0 mg, 0.360
mmol) in 88% vyield (87.6 mg, 0.264 mmol) as orange oil.
The crude product was puri ied using silica gel column
chromatography (EtOAc:hexanes = 1:5). IR (neat): 3001
E 3 2908 (w), 15 2(55 1443 (w), 1296 (m), 1234 (s), 1142

1034 (m), 972 (m), 910 (m) 818 (m), 733 (s) cmL; 'H
NMR CDCls, 400 MHz): 6 7.7 J=7.3 Hz, 2H3 761
(t, J=7.8Hz, 1H), 7.47 (t, J = 78Hz 2H) 676(g
HZ,2H ,6.49(d,.]:8.9 z 2H), 5.59 (dt, J=15 73HZ
1H), 5.50 (dd, J = 15.5, 5.5 Hz, H)384(umtJ 6.3 Hz,
1H), 376 .73 (m, 5H), 3.21 (br s, 1H), 1.17 (d, J = 6.9 Hz,
3H); 3C NMR CDCI3, 100 MHz): & 152.1, 143.9, 140.9,
13 O 133.5, 128.9, 128.4, 115.9, 114.7, 1146 595 557
50.8, 215, HRMS (ESI) m/z: EM+H]+ Calcd  for
C18H22NO3S 332.1320, Found 332.1320.

(E)-2-Fluoro-N-(5-(phenylsulfonyl)pent-3-en-2-
¥I)am|rne (31). Compound 3l was synthesized from 2-
luoroaniline (2I, 290 pL, 0.300 mmol) and (((1E,3E)-
penta-1,3-dien-1- yI)squonyI)benzene (1, 75.0 mg, 0.360
mmol) in 84% yield (80.5" mg, 0.252 mmol) as ivory solid.
The crude product was urified using silica gel column
chromato raphy (EtOAC:hexanes = 1% mp 49-50 °C;
neat): 3371 (br), 3124 (w), 2962 (w), 1620 (w), 1512 WI]%{
296 (s) 1142 (), 1080 (m), 980 (m), 741 (sg cmt 1H N
CDC 400MHz)877 (dJ- 3H 761tJ-
.8 Hz, 1H), 7.46 (t, J = 7.8 Hz, 2H 7.00- (Jm

(t, H) 561 dt

6.67-6.63 (m, 1H), 6.57 (t, J=8.5 H

7.3 Hz, 1H), 5.50 (dd, J = 15 1,55Hz 1H)394(urntJ-
6.1 Hz, 1H), 3.78-3.77 (m, H)12 (dJ 6.9 Hz, 3H) 13C
NMR CDCI3,100 MHz): 6 151.3 (Jc- —239Hz) 143.1,
137.9,135.2 (Jcr = 10.6 Hz), 133.7, 128.9, 128.5, 124.5 (Jc.
£ = 3.9 Hz), 116.8 (Jcr = 6.7 Hz), 116.3, 114.4 (Jcr = 18.3
Hz), 112. SJCF=3.9 Hz), 59.5, 49.8, 21.4: H

MS (ESI)
m/z: £M+H Calcd for C17H19FNOZS 320.1121, Found
320.1123

(E)-1-(5-(Phenylsulfonyl)pent-3-en-2-yl)-1,2,3,4-

tetrahydroquinoline (3m). Compound 3m was synthesued
from 1,2,3,4-tetrahydroquinoline (2m, 37.7 uL, 0.300
mmog and ((()1E ,3E)-penta-1,3-dien-1- d)sulfonyl)benzene
360 mmol) in 96% yle (98.0 mg, 0.287
mmol) as Ilght yellow oil. The crude product was purlfled
srng silica gel column chromatography (EtOAc:hexanes =
1:1). IR (neat): 2908 (w), 2808 (w), 1450 (w), 1304 (s (C) 1142

(s),1080 (m), 910 (m), 741 (s) cmZ; ‘H NMR
MHz): 8 7.87 (d, J = 7.3 Hz, 2H), 763 (t J= 8Hz 1H)
754750 m, 2H), 7.13-7.05 (m, 3H), 6.98-6.96 (m, 1H),
564555 m, 2H) 389380(m 2H), 362(d J =15.0 Hz,
,3.53 (d, J = 15.0 Hz, 1H), 3.12 qumt J=6.4 Hz, 1H),
-2.73 m2H)266(dt =11.6, 5.5 Hz, 1H)249(dt
J—116 .9 Hz, 1H), 1.14 (d, J—64Hz 3H) 3C NMR
(CDCls, 100 MHz) o 142.9, 138.1, 1345 134.1, 133.6,
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129.0, 128.6, 128.3, 126.6, 126.1, 125.5, 117.6, 60.9, 59.8,
524, 46.8, 29.1, 17.0; HRMS ESI m/z: [M+H]+ Calcd for
C20H24NO,S 342.1528, Found .1530.

E) 1-(5- (Phenylsulfonﬁl)pent 3-en-2-yl)indoline  (3n).

mpound 3n was synthesized from indoline (2n, 33.7 uL,
0. 30 mmol) and (((1E,3E)-penta-1,3-dien-1-
yl)sulfonyl)benzene (Il 75.0 mg, 0.360 mmol) in 92% yield
(90.4 mg, 0.276 mmol) as ivor SO|Id The crude product was
purified using silica ge
EtOAc:hexanes = 1:1). i 88-89 °C; IR

column_ chromatography
geat 3016 wg
9702 3 1605 (m), 1489 m) 1389 (m) 129 1142((3
1011 987 (m), 872 (m 41 (s) cml; THNMR (C
400 MHz): 6 7.79 (d, 63(tJ—74Hz
1H) 749 (t,J= 78Hz 2H 706702(m 2H), 6.64 (t,J =
7.3 Hz, 1H), 6.36 (d, J = 7.8 Hz, 1H), 5.66-5.55 (M, 2H),
4174llgm 1H), 3.79 d J = 5.9 Hz, 2H), 3.32-3.26 m
1H), 3.07-3.00 (m, 1H), 2.95-2.81 (m, 2H), 1.24 (d, J =
Hz, 3H) BCNMR (C C|3, 100 MHz): 6 150.5, 140.8, 138. O
133.5,130.0, 129.0, 128.4, 127.2, 12
59.8, 51.5, 46.8, 28.0, 16.1; HRMS (ESI) m/z: [M+H]*
Calcd for C1oH2NO,S 328.1371, Found 328.1373.

6a). Compound 6a was synthesized from 1H-pyrazole (2a,
0.4 mg, 0.300 mmol) and (((1E,3E)-hexa-1,3-dien-1-
yl)sulfon gbenzene (5a, 80.0 mg, 0.360 mmol) in 95% yield
(82.8 mg, 0.285 mmol) as ivory oil. The crude product was
purified using silica gel
gEtOAc hexanes = 1: 1)

gE) 1-(6-(Phenylsulfonyl)hex-4-en-3-yl)-1H-pyrazole

column  chromatograph
IR (neat): 2978 (w), 1512 (w), 145
w), 1396 (m), 1304 (s), 1142 (s), 1088 (s), 972 (s) 910 (m),
33 (s) cm®; 'H NMR'(CDCl, 400MHz 57.78(d,J=7.8

H)761tJ 7.3 Hz, 1H), 7.51-7. m3H 7. 28 (
J:1.8Hz 1H), 6.22 t,J:1. Hz, 1H), 5.74'(dd, J = 15
6.9 Hz, 1H 549 (dt, J'=15.6, 7.4 Hz, 1H), 4.55 (q, J =
Hz, 1H), 3. J 7.4 Hz, 2H), 1.94 (dquint, J = 14.0,
Hz, 1H 177 |ntJ 140 7.0 Hz, 1H)O7 t,J=
Hz 3H); 3CN CDCI3 100 MHz): S 139.6, 391 13
133.7, 129.0, 1283 127.8, 118.8, 105.2, 64,9, 59.3, 27.
10.3; HRMS (ESI) m/z; [M+H]* Calcd for’ CisH1oN2O2
291. 1167 Found 291.1169.

o2
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E)-1-(1-(Phenylsulfonyl)oct-2-en-4- y|_)
ompound 6b was synt esized from 1 yrazole 2a,
0.300 mmog and 6(1E3 )-octa-1, -dien-1-
yﬁsulfonyl)benzene( b, 90.1 mg, 0.360 mmol) in 82% yield
(78.0 mg, 0.245 mmol)aslrghtyellowon The crude product
was  purified using silica gel column chromatograg
EtOAc:hexanes = 1:1). IR (neat): 2932 (w), 2862 (w), 1512
w), 1450 SW) 1304 (s) 12 4(\1) 1142 (s 8 1088 (m), 972
s) 918 733 (s) cm1 'H NMR (CDCls, 400 MHz):
= 7.8 Hz, 2H) 762 t,J= 73Hz lH) 7.53- 49
(m 3 729 1H 623(3 1H) 5.74 dd J=156,6.9
Hz, 1H 549 dt,,J 15.6, 7.4 Hz, 1H) 463 ,J= 73Hz,
1H 3. 7(d =7.4 Hz, 2H)197188(m1 )177169
(m 1H), 1.30-1.15 (m, 2H), 1.17-1.02 (m, 2H), 0.85 (t, J =
3 Hz, 3H); BC NMR (C Cls, 100 MHz): & 139.9, 139.2,
137.9, 1337 129.0, 1284 127.8, 118.7, 105.3, 63.4, 59.4,
34.1,27.8,22.1, 13.8: HRMS (ESI) m/z: [M+H]+ Calcd for
C17H23NZOZS 319 1480 Found 319.1482.

E)-1-(1-(Phenylsulfonyl)undec-2-en-4- yf -1H-pyrazole
6¢). Compound 6c was synthesized from 1H-pyrazole (2a,
0.4 mg, 0.300 mmol) and (((1E,3E)- undeca 1,3-dien-1-

yl)sulfon ()benzene (5¢, 105 mg, 0.360 mmol) in 82% yield
(88.7 mg, 0.246 mmol) as an ivory solid. The crude product
was purified usin srllca gel "column chromatograph
EtOAc:hexanes = mp 54-55 °C; IR (neat): 3109 (w),
924 (w), 1443 (w) 1 96 (w) 1304 (s F% 1142 (s) 1088 (s),
972 (m) 895 (}N% 741 cm TIHN (CDCls, 400 MHz):
57.79(d, J=7.8Hz, 2H), 7.63 (t, J = 73Hz 1H), 7.52-7.48
(m, 3H), 7.29 (s, 1H) 6.23 (s, 1H), 574(dd J=156,6.9
Hz, 1H). 5.49 (dt, J = 15.6, 7.3 Hz, 1H), 4.63 (g, J =69Hz,
1H) 3. 7(d J =73 Hz, 2H) 1.97-1. 7(m 1H) 1.76-1.69
m, 1H), 1.29-1.21 (m, 8H), 1.16-1.03 (m, 2H),
9 Hz, 3H) BC NMR (C )Cl, 100 MHz):
137.9,133.7, 129.0, 128.4, 127.8, 118.6,

86 (t,J =
81399, 13
05.3, 63.4, 5

J
9.2
9.4
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34.4,31.6,29.0,25.7, 22.5, 14.0; HRMS (ESI) m/z: [M+H]*
Calcd for ConngzOzS 361.1950, Found 361.1950.

(E)-1-(7-Methyl-1-(phenylsulfonyl)oct-2-en- 4dy2 -1H-
pyrazole (6d). Compound 6d was synthesized from 1H-
pyrazole (2a, 20.4 mg, 0.300 mmol) and é((lE ,3E)-7-
methylocta-1, 3 dien-1- yI)squonyI)benzene é 95.2 mg,
0.360 mmol) in 89% yield (89.0 mg, 0.26 mmol) as an
ivory solid. The crude product was purlfred using silica lagel

column chromato%raghy (EtOAc:hexanes = 1:1). mp
54 °C; IR (neat (W), 2955 (w), 1443 (w), 1304 (s),
1242 %v) 1142 , 1088 (m) 1057 (w), 972 (m), 741 (s) cm”
MR CD Is, 400 MHz2): 677 d, J =7.3 Hz, 2H),
762(_'J 73Hz 1H), 7.52-7.48 (m, 3H), 7.28 (d, J=138
Hz, 1H), 6225t J=1.8'Hz, 1H), 5. dd J= 156 6.9 Hz,
8(dt 15.6, 7.3 Hz, 1H), 45 qu 6.9 Hz, 1H),
37 ' (d, J = 7.3 Hz, 2H), 1.96-1.86 (m, 1H), 1.77-1.68 (m.
) 1.54-1.44 (m, 1H), 1.10-1.01 Em 1H), 0.97-0.88 (m,
1H). 0.83 (d, J = 6.4 Hz, 3H), 0.82 (d, J = 6.4 Hz, 3H):33C
NMR (CDC|3 100 MHz) o 139.9, 139.2, 1379, 133.7,
129.0,128.3,127.7,118.7,105.2, 63.7,59.3, 34.7,32.3, 27.6,
224, 22.3: HRMS ESI) m/z: M+H]+ Caled for

CisH25N20,S 333.1637, Found 333.1639.

(E)-1-(7-Phenyl-1-(phenylsulfonyl)hept-2-en-4-
pyrazole (6e). Compound 6e was synthesized from 1H-
pyrazole (2a, 20.4 mg, 0.300 mmol) and (((1E,3E)-7-
p 8/Ihepta 1,3-dien- 1-y I?sulfo gl)benzene (5e, 112.0 mg,
0.360 mmol) in 86% yield (98.0 mg, 0.258 mmol) as an
ivory solid. The crude product was purlfred using silica gel
column chromatogr:gjhy EtOAc:hexanes = 1:1). ? -
79 °C; IR (neat 2970é ) 1589 (w), 149 w
1450 (w)i 1304 (F) 1142 (s 1088 972 (s), 95 (m),
s)cm™; *H NMR (CDCls, 400MHz) 37.77(d,J = 73H
H), 7.59 (t, J = 78Hz 1H), 7.50 (s, 1H), 7.47-7.43 (m, 2H),
731727(m 3H), 7.20 (t/J = 7.3 Hz, 1H) 7.13(d,J=7.3
Hz, 2H), 6.24 (s, 1H), 5.73 (dd, J = 15,6, 6.9 Hz, 1H), 5.49
Sdt, J=15.6, 7.3 Hz, 1H), 4.65 (g, J = 6. 9 Hz, 1H§ 3 77 (d,
7.3 Hz, 2H), 2.85 (t, I = 7.5 Hz, 2H), 2.03-1.9 (m 1H)
1.81-1.73 (m 1H) 1.56-1.36 (m, 2H) 3¢ NMR (
100 MHz): 6 141.5, 139.6, 139.2, 137.8, 133.7, 1290 1283
128.3, 127.8, 125.9, 118.9, 105.3, 63.3, 59.3, 35.2, 33.8,
27.4; HRMS (ESI) m/z: [M+H]+ Calcd for szstNzOzS
381.1637, Found 381.1636.

1)-1H-

(E)-1-(9-Chloro-1-(phenylsulfonyl)non-2-en-4-yl)-1H-
pyrazole ng) Compound 6f was synthesized from 1H-
p%/razole 2a, 20.4 mg, 0.300 mmol) and (((lE ,3E)-9-
loronona-1,3-dien-1- yI)squonyI)benzene (5f, 108 mg
0.360 mmol) in 83% yield (91.4mg, 0.249 mmoI) as Irght
yellow oil. The crude product was purified using silica gel
column chromato ra{)h (EtOACc:hexanes = 1:1). IR neatg
2924 Ew ), 2870 V\% 512 (w), 1443 (w) 1396 (v'\? 1311 (s
1142 (s), 1088 (m) 972 (m 733 (s) cm; *H NMR (CD I,
400 MHz): 6 7.79'(d, J = 7.3 Hz, 2H), 7.62 (t, J = 7.8 Hz,
1H), 7.52-7.48 (m, 3H), 7.28 (d, J ='1.4 Hz, 1H), 6.23 (s,
1H). 5.75 (dd, J-156 6.9 Hz, 1H), 5.50 (dt, J = 15.6, 7.4
Hz, 1H), 4.64 (g, J = 6.9 Hz, 1H), 3.77 (d, J = 7.4 Hz, 2H),
3.47 (t'J = 6. Hz 2H), 2.00-1.91 !()m 1H), 1.78-1.66 (m,
3H), 1.47-1.32 (m, ZH) 1.22-1.15 (m, 1H), 1.13-1.06
(m,1H); *C NMR (CDCls, 100 MHz): & 139.6, 139.2, 138.0,
133.7, 129.1, 128.3, 127.8, 118.8, 1053 63.2, 59.3. 44.7,
34.2,32.1,26.2, 24.9; HRMS (ESI m/z: gM+H]+ Calcd for
C18H24C|N2023 367.1247, Found 367.1247.

E)-1-(8- (Benz loxy)-1-(phenylsulfonyl)oct-2-en-4-yl)-
gl—? pyrazole ( % gompound 6g was synthesized from 1H-
pyrazole (2a, 4 mg, 0.300 mmol) and (((1E,3E)-8-
(benzyloxy)octa 1,3- dlen 1-yhsulfonyl)benzene (59, 128
(? 0.360 mmol) in 85% yield (108 mg, 0.254mmol) as light
yellow oil. The crude product was purified using silica gel
column chromato ra{)h (EtOAc:hexanes = 1:1). IR (neat):
2947 (w), 2854 ( % 450 (w), 1396 , 1304 ( () 11 Zﬁm())
1088 (m) 972 (v? 733 (s) cm1 '‘NMR (7 DCls,
MHz): 3 7.76 ( 78Hz 2H), 7.57 (t, J = 7.3 Hz, 1H),
7.48- 744(m 3H 7.34- 724ém 6H) 621(5 1H), 571(dd
J=15.6, 6.9 Hz, 1H 5.46 (dt, J = 15.6, 7.4 Hz, 1H)462
(9, J-72Hz 1H) 444(s 2H) 3.74 (d, J = 7.4 Hz, 2H),
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339 t, J = 6.4 Hz 2H), 1.99-1.89 (m, 1H), 1.78-1.69 (m,

60152(m 2H), 1.30-1.21 (m, 1H), 1.19-1.10 (m,
1H : IC NMR (CDC|3 100 MHz): § 139.7, 139.2, 1 84
137.9,133.7,129.0, 128.3, 128.3, 127.9, 127.6, 127.5, 118.8,

105.3, 72.8, 69.8, 63.3, 59.3, 34.2, 29.1, 22.5; HRMS(ESI)
TZ% 1£M+H]+ Calcd for CasH20N,03S 425.1899, Found

% 1-(1- ((tert Butyldlmethylsnylhoxy) -6-
enylsulfonyl)hex-4-en-3-yl)-1 razole (6h).
ompound 6h was synthesized from 1H -pyrazole (2a, 20.4
% 0.300 mmol) and tert- butyldrmethyl&ﬁ 5E) -6-
gp enylsulfonyl)hexa-3,5-dien-1-yl)oxy)silane 127 mg,
360 mmol) in 77% yleld (97.0 mg 0.231 mmol) as yellow
oil. The crude product was purified using silica gel column
chromatography EtOAc:hexanes = 1:1). IR (neat): 2955
( ), 2862 (W), 1466 (w), 1396 (w), 1311 (m) 12 0 (\TE
142 (m) 10 8(s) 833 (s) 779 (s), 741 (s) cm™
CDCls, 400 MHz): 6 7.78 (d, J = 7.3 Hz, 2H)761(tJ-

8 Hz, 1H) 7.51-7.47 (m, 33 7.31 (d,’J ='1.8 Hz, 1H),
6.22 (s, 1H). 5.77 (dd, J = 15 69Hz 1H), 5.47 (dt, J =
15.6, 7.4 Hz, 1H), 4.93 (q, J = 6.5 Hz, 1H), 3.75 (d, J = 7.4
Hz, 2H)351(dtJ:10 9 Hz, 1H), 3.29-3.23 (m, 1H),
219211(m1|:) 95-1.8 1@ '87 (s, 9H), -0.01 (5,
3H), -0.03 (s, 3H); 13CN I3, 100 MHz): 5 139.9,

139.5, 137.9, 133.7, 129.0, 128 ,128.4,118.4, 105.0, 59. 5
59.4, 58, 5, 37. 0, 25. 8 18.1,-5.6,; HRMS (ESD) mlz: BM+H]+
Calcd for C21H33N2035$I 21 1981 Found 421.198

% 1-(8- ((tert Butyldimethylsilyl)oxy)-1-
enylsulfonyl)oct-2-en-4-yl)-1H-pyrazole 6i).
ompound 6i was synthesized from H-pyrazole (2a, 20.4
0.300 mmol) and tert- butyldrmethyl(§(5 7E) -8-
()p enylsulfon l)octa-5,7-dien-1- yl)oxy silane (i 137 mg
360 mmol) in 81% y|eId (109 mg, 0.243 mmol) as yellow
oil. The crude product was purlfled using silica gel column
chromatograph EtOAc hexanes = 1:1). IR (neat): 2947
w), 2862 ( 3 (w 1396 (w), 1311 m) 1257 (m)
142 (m), 1095 (s 972 (w), 841 (s 7715 41 (s) cm
1H NM CDC 5, 400 MHz): 78(d, ) = 7 3 Hz, 2H),
7.62(t,J=7.8 Hz, 1H), 7.51- 47(m,3H),7 s, 1H), 6.21
(s, 1H), 5.73 (dd, J ='15.6, 6.9 Hz, 1H), 5.48 (dt, J = 15.6
1.4 Hz, 1H), 463 (a0, J = 6.9 Hz, 1H), 3.76 (d, J = 7.4 Hz,
2H), 353(3 = 6.4 Hz, 2H)199190(m, H), 1.77-1.71
m, 1H), 1.50-1.42 (m, 2H), 1.24-1.16 (m, 1H), 1.14- 109()r~,
H), 0. 85 (s, 9H), 0.00 (s, 6H); °C NMR (CDCls, 1
MHz): § 139.8, 139.2, 138.0, 133.7, 129.0, 128.4, 127.8,
118.7, 105.3, 63.4, 62.6, 59.4,34.2,32.1, 25.9, 22.1, 18.2, -
5.4; HRMS (ESI) m/z: M+H]+ Calcd for CasHarN203SSi
449.2294, Found 449.2294.

1-((2E,72)-1- (Phenylsulfongl)deca 2,7-dien-4- y2 1H-
pyrazole (6j). Compound 6j was synthesized from 1H-
pyrazole (2a, 20.4 mg, 0.300 mmol and (J_((lE ,3E,7Z)-deca-
1,3,7-trien-1- e%sulfonyl)benzene ( j, 99.5 mg, 0. 360 mmol)

in 75% yield 6 mg, 0.225 mmo)asyellowon The crude
product was urified using silica gel column
chromatography {EtOAc hexanes = 1:1). IR (neat): 2962
, 2870 (w), 1450 (w), 1404(\1) 1311 (sg 1142 (s) 1088
972 (m% 741 (s cm’; IH NMR (CDCls, 400 MHz):
.7(dJ 8 H), 7.60 (t, J = 72H21H)750 46
(m, 3H), 7.27 (

1H) 622§s 1H), 5.73 (dd, J = 15.6, 6.9
Hz, 1H), 5.46 dt J=15.6, 7.5 Hz, 1H), 540 -5.34 (m, lH)
5.24-5.18 (m, lH) 4.65 (g, J = 6.9'Hz, lH .3.75(d, J=75
Hz, 2H), 2.06-1.95 (m, 1H(}_{191 -1.81 (m, H , 1.78-1.70 (m,
1H), 0.89 (t, J = 7.5 Hz, 3H); BC NMR (CDCls, 100 MHz):
6 139.8, 139.2, 1379, 133.7, 133.2, 129.0, 128.3, 128.0,
126.7, 118.6, 105.2 625 593 342 23.1, 20.3, 14.1;
HRMS (ES|) m/z: [M+H]+ Calcd fOI’ ClgstNzozs
345.1637, Found 345.1639.

(E)-1-(1-(Phenylsulfonyl)trideca-2,12-dien-4-yl)-1H-

pyrazole (6k). Compound 6k was synthesized from 1H-
pyrazole (2a, 20.4 mg, 0.300 mmol) and ((§1E ,3E)-
tetradeca-1,3, 13 trien-1-y Jsulfonyl)benzene (5k,
0.360 mmoI) in 75% yield (90.0 mg, 0.225 mmol) as |vory
solid. The crude product was purlfled using silica gel column
chromatography (EtOAc:hexanes = 1:1). mp 41-42 °C; IR
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g eat): 3109 ()w) 3078 (w), 2916 gm8 1643 (w), 1443 éwg
396 (w), 13 (S)VI1142 (() 1088 (m), 972 (m), 910 (m
741 (s) cm; *H NMR (CDCls, 400 MHz): 5 7.79 (d, J = 7.
Hz, H),7.62 t,J=7.8 Hz, 1H)7527 8(m 3H),7.28
1H), 6.23 (s, 1 ) 585571(m 2H), 5.49 (dt, J = 15.2,
Hz, 1H 501491(m 2H), 4.63 (q, J = 6.9 Hz, 1H), 3.7

d, J="7.3Hz 2H), 2.02 (g, J = 6.9 Hz, 2H)1971885

H) 176168(m 1H) 1 5 uint, J = 6.9 Hz, 2H), 1.27-
1.23 (m, 8H), 1.17-1.11 (m 1 ), 1.09-1.05 (m 1H); ¥C
NMR (CDCIg, 100 MHz): 6 139.9, 139.2, 139.1, 138.0,
133.7, 129.0, 128.4, 127.8, 118.6, 114.1, 105.3, 63.4, 59.4,
34.4,33.7,29.3,29.2, 29.0, 29.0, 28.8, 25.7; HRMS (ESI)
%zl:zyg/lgH]* Calcd ‘for CasHasN,0.S 401.2263, Found

(E)-1-(1-(Phenylsulfonyl)oct-2-en-7-yn-4-yl)-1H-
pyrazole (61). Compound 6l was synthesized from 1H-
pyrazole (2a, 20.4 mg, 0.300 mmog and (i((lE ,3E)-octa-1,3-
dien-7-yn-1- y_/)sulfon 8benzene (51, 88.7 mg, 0.360 mmoI)
in 83% yield (78.0 mg, 0.248 mmol) asyellowon The crude
product was ur|f|ed using silica gel column
chromatogra h%/ gI)EtOAc hexanes = 1:1). IR neat) 3279
, 2955 (W), 2353 (W), 2322 (w), 1512 (W), 1443 (w) 1311
, 1142 (s), 1088 (m) 975 (m) 741 (s) cm; *H NMR
CI3,400MHz) 8776 (d, J = 7.3 Hz, 2H), 7.59 (t, J =
.8 Hz, 1H), 7.49-7.45 (m, ;73151H)61951H)
574 dd, J’= 15.6, 6.9 Hz, 1H), 5.53 (dt, J = 15.6, 7.4 Hz
85 (q, J= 7.0 Hz, 1H), 3.74 (d, J = 7.4 Hz, 2H), 2.18-
211 (m, 1H), 2.08-1.98 (m, 2H), 1.92-1.83 (m, 2H): *C
NMR (CDCI3 100 MHz): & 139.6, 138.8, 137.8, 133.7,
129.0,128.7,128.3, 119.4, 105.2, 82.3, 69.7, 61.5, 59.3, 32.7,
14.8; 'HRMS (ESI) m/z: [M+H]* Calcd for Ci7H1oN202S

315.1167, Found 315.1165.

Experimental procedures for the synthesis of 8, 9 and 11

2-((E)-3-(Indolin but-1-en-1-yI)-3-
phenylcyclo ropyg{? enyl)methanone (%) To a solution
of compound 3n (65.5 mg, 0.200 mmol) in THF ()2 mL) was
added NaH (60% in mineral oil, 20.0 mg, 0.500 mmol) at
room temperature. And then a solution of trans-chalcone (7,
41.7 mg, 0.200 mmol) in THF (2 mL) was added to the
reaction mixture. The reaction was heated at 70 °C and
stirred for 3 h. After that time, the mixture was allowed to
cool to room temperature quenched with water (3 mL) and
washed with EtOAc (3 x 2 mL). The organic layers were
dried over MgSQsu, filtered and concentrated. The crude
product was purified using silica gel column
chromatography (EtOAc:hexanes = 1:20), affording desired
product 8 (ES .0 mg, 0.165 mmol, 83%) as a yellow oil. IR
(eat 3055 (w), 2986 w), 2839 (w), 1736 (M), 1666
605 (m), 1489 (W() 12 7(m) 1018 (W) 972’\%\_/) 910
872 (), 733 (s), 702 (s) cm'L tH NMR (400 MHz, CD I3,
a 1:1 mixture of diastercomers: & 8.08 (d, J =7.3 Hz, 2H),
803 d, J = 7.3 Hz, 2H), 7.64-7.59 (m, 2H), 7.55-7.49 (m,
:37-7.33 (m, 4H) 7.30-7.27 (m, 6H), 7.07-6.99 (m,
4H 16.64 (t, J= 7.3 Hz, 1H), 6.63 (t, J = 7.3 Hz, 1H), 6.40
d, J—78Hz 1H), 6.31 d J=7.8Hz, 1H), 5.82 d J=
5.6,5.9 Hz, 1H), 5.75 (dd, J = 15.3, 5.7 Hz, 1H), 5.22-5.15
Sm ZH% 4.11 umt J= 65 Hz, 2H), 3.34-3. 1 (m, 8H),
94-2.83 ( H)269262(m 2H)119(tJ—71Hz
6H); BC NMR (100 MHz, CDCls), a 1:1 mixture of
diastereomers: o 198.0, 151. 0 150.9, 137.7, 136.4, 133.0,
132.9,132.9, 132.4, 130.3, 130.1, 129.1, 129.1, 128.6, 128.6,

128.3,128.1, 127.9,127.8, 127.0, 127.0, 126.7, 124.4, 124.3,

117.1,117.0, 107.6, 107.5,52.0, 51.9, 46.9, 46.7, 34.8, 34.6,
34.6, 34.4,32.2, 31.8, 28.1, 28.0, 16.7, 16.1; HRMS (ESI)
Bméfl 21[7M+H]+ Calcd  for ngHngO 394, 2171, Found

1-([1,1':3",1"-Terphenyl]-4'-yDethyl)indoline 9).
Alﬁylgc sulfone 3n (65.5 m 2/0 mmol), trans-chalcone
(7,41.7 m% 0.200 mmol), aOH (32.0 mg, 0.800 mmol),
and PEG 2000 (160 m O 0800 mmol) were added to a vial
(4 mL), which was sea ed with a cap (phenolic open-top cap
with gray PTFE/silicone). The reaction mixture was heated
at 70 °C. After stirring for 1 h, the reaction was quenched by
adding a saturated aqueous solution of NH.CI (2 mL), and
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the mixture was washed with EtOAc (3 x 1 mL). The organic
Ia ers were dried over MgSQO;, filtered and concentrated.
e crude product was purified usm% silica gel column
chromatogra hy (EtOAc:hexanes = 1:20), affording desired
roduct 9 (53.0 mg, 0.141 mmol, 71%) asallght yellow oil.
R ( neat% 032 (V\% 2970 (w), 2847 (w), 1605 (m), 1481 (m),
1389 1257 S{lnR/I 1180 (W) 102 (WR 910 (s) 733 s)
702 (s cmllH R (400 MHz, CDClI3): 6 7.69-7.61 (m
4H), 18Hz 1H)747743(m 4H), 7.42-7.34
gm 4H) 7 ( J=7.3Hz, 1H), 6.91 (t, J = 7.3 Hz, 1H),
59(t J:73 z, lH) 605(d J=7.3Hz, 1H), 476&q
=6.9 H) 53-3.48 (m, 1H), 3.45-3.38 (m, 1H
dd,J= 96 6.9 Hz, 2H), 1.41 (d, J = 6.9 Hz, 3H); 13CNMR
100 MHz, CDC|3) 6 150.9, 142.1, 141. 2 140.6, 139.7,
39.5,130.2, 129.4, 129.2, 128.8, 128.2, 127.3, 127.1, 127.0,
126.0, 124.1, 116.9, 107.5, 51.8, 485, 28.2, 16.7; HRMS
ggl%géng/z: [M]* Calcd for CogHasN 375.1987, Found

1-(1-([1,1'- Blphenyq[ 2-ylethyl)indoline (11). Compound
11 was synthesized from (E)-1-(5-(phenylsulfonyl) ent 3-
en-2-yl)indoline (3n, 655 mg, 0.200 mmol) and
cinnamaldehyde 1 (25 2 uL, 0.200 mmol) in 92% vyield
(55.0 mg, 0.184 mmol) as yellow oil. The crude product was

purified using silica gel column chromatogra hy
EtOAc:hexanes = 1:20). IR (neat): 3047 gw 2986
605 (m), 1481 (s) 138 %v&/l 1257 (m) 1157 (w), 910 (m
841 (m), 733 (s R (CDCls, 400 MHz): 6764-

7.59 (m, 4H) 52745(m 4H) 737 t J=17.3Hz, 1H)
710dJ—69Hz 1H), 7.04 (t Hz lH)665
—73Hz 1H), 644 d J 7.8 z lH) 480(q J=6.9 z
1H6) 349337 300tJ-85Hz 2H)160(d

9 Hz, 3H): 1 R(CD s, 100 MHz): § 151.3, 141.9,
140.8, 1398 130 1 128.7,127.5,127.2,127.1, 1270 1244
117.0, 107.2, 54.2, 479 282 165 HRMS ESI) miz: [M]+
Calcd for szHle 299, 1674 Found 299.1673.
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