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General Remarks

Electrochemical reactions were performed under air at room temperature using IKA Electrasyn 2.0 and DC pow
supply procured from Keysight technologies limited (Model: E3631&249 GW Instek limited (Mdel: GPP

3323) Acetonitrile and other solvents were obtained from Merck Life science Private Limited and were use
directly without further purification and drying. Reagenike acrylates (spectrochem) acrylonitrile
(spectrochem) methylvinyl ketone (TCI), styrene (sigma) diphenyl acrylamides, cyclopropylamine
(spectrochem) sulfonyl chlorides(GLR innovations)were procuredfrom various commercially available
sources Electrodes were commercially available from IKA. Cyclic voltammetry experiments were also
performedon the CHI1110C instrument. The control of the measwetminstrument, the acquisitipand
processing of the cyclic voltammetric data asv processed with the CH instruments
electrochemical analyzeYields refer to isolated compounds, estimated to be >95% pure as determithéd by
NMR. Thinlayer chromatography was performed on Merck precoated silica gel 60 F254 aluminum sheets wit
detection under UV lightt254 nm and charring with tipeanisaldehyde solution. Chromatographic purifications
were performed with silica gel (230 mesh) and melting points were taken on Stuart digital melting point
apparatus.Nuclear magnetic resonance (NMR) spectroscopyperformed using JEOL 400 MHand HRMS

was recorded on Waters Xevo-&3 (Q-TOF) and AgileniTechnologie$530 AccurateMass QTOF LC/MS

If not otherwise specified, chemical shiftg are provided in ppm and coupling constants are absolute values and
areexpressed in Hertz. Unless otherwise specified, atHi¢éMR and*C NMR spectravere recorded in CDgl
Chemical shifts ofH and®*C NMR spectra are expressed in parts per million (ppm) and coupling constant values
were given in absolute. The description of the signals includes the following: s = singlet, d = doublet, dd = doubl

of doublet, t = triplet, dt = doublet of triplet, qguartet, br = broad, and m = multiplet.



A) General procedure for preparation of N-sulfonylcyclopropylamines (GP1)!

Pyridine (1.1 equiv.)
>—NH, + ArSO,CI = |[>—NH
2 o2 DCM (1 M), tt, 16 h _s7°
A B c O \Ar

To an overdried round bottom flaskcyclopropylamine (1.1 equiv.) was added dichloromethane and the reaction was
cooled to 0°C undedinitrogen atmosphere. Further, triethylaminesXgt{(1.1 equiv.)was added dropwise, followed b

the correspondingrylsulfonylchloride (1.0 equiv.). The reaction was then brought to room temperature and stirred for
16 h. The reaction solution was quenched witd KILO mL) and further extracted with ethyl acetate (2 X 20 mL). The
combined organic layemserewashed with brine sotion (10 mL)dried over Na&SO, and werefurther concentrated in
vacuo The crude obtained was purified using silica ga0{200) column chromatography, where the desired compound
was eluted in 20% ethyl acetate in hexan80-90% vyield.

B) General procedure for preparation of Ethyl/methyl cinnamates.(GP2y

R CO,Et/Me DBU (0.035 Equiv.), R

o * OEt K,COj3 (2.0 Equiv.) X CO-Et/Me
_PL
O~ "OEt Ethyl acetate, rt, 12 h

( triethylphosphonoacetate)

Triethyl phosphonoacetate (1.1 equiv), DBU (0.035 equiv), and finely powdehgdrousk,CO; (2.0 equiv) were taken

in an ovenrdried roundbottom flask, and ArCHO (@ equiv) was added. The resulting mixture was stirred at room
temperature for 4 h. Ethyl acetate was added to the crude mixture, and the solid was filtered off. The solid was was
with ethyl acetate, and the combined filtrate was concentiatedcuo Theresulting oilwas purified using silica gel
(mesh size 23@00) column chromatography give the corresponding alkene (84% yield)y(= 99:1).

C) Representative procedure for electrochemical [3+2] cycloaddition reaction. (RP1)

) O Ar
O. Ar C(+)/Ni(-), 1.5 mA ‘5=0
N/ﬁ\\o " R‘]\/\Rz szFe, BU4NBF4 _ N’H
[ KzCO3, DCE R1
rt, 2-6 h R2

An Electrasyn vialtest tubevas equipped with a magnetic stir bar and was added correspdhslitipnyl cyclopropane

(1.0 equiv.),alkene (0 equiv.), ferrocene (0.5 equivtgtrabutylammoniuntetrafluoroboratéBusNBFs) (2.0 equiv.)
potassiuntarbonate (2.0 equivin dichloroethanesolvent(0.04 M). Further, the viatést tubevas purged with aargon
balloon for1-2 minutes and the solution was electrolyxgth carbon anode and nickel cathatea constant current of

15 mA (voltage range 02.8 V-3.2 V) for 2-6 h at room temperatur@5°-30°C). Upon completion (as monitored by
TLC), evaporation of solvent gave the crude product. The crude obtained was then purified by silica gel colun

chromatography (23800 mesh) and the desired producswhuted at 30% ethyl acetate in hexane.



D) Optimization studies

O\E + Z>Cco,Me

|>NH

C(+)/Ni(-), 1.5 mA
Cp,Fe, BuyNBF,

K,COs, DCE H +
rt, 2-6 h 3aa
2a co2|v|e

@ =3

_s”
A\—COQMe

(0)e ‘
3aa’

<

In an ovenrdried undivided reaction flask (10 mL) equipped with a stir baxs wdded N-cyclopropyt4-

methylbenzenesulfonamid&.0 equiv.) methyl acrylate (® equiv.), base (2.0 equivipediator (0.5 equiv.glectrolyte
(2.0 equiv.) and solvent (5 mL). The solution was electrolyzed at a constant current at room temperatareacgter

atmosphere foR-12 h. The solvent was evaporated in vacuo and thdecmixture was purified by silica gel column

chromatography  using 020%  ethyl acetate in hexane to getmethyl (IR2R)-2-((4-
methylphenyl)sulfonamido)cyclopentatiecarboxylatg3aa) in 59-85% isolated yields.
S.No | Electrode | Supporting | Mediator | Base | Current solvent Time (h) | % Yield
Electrolyte of 3aa
1. | CH*)ICE) | BwNBF, - - 1.5 CH:CN 3 N.R.
2. C(+)/Ni(-) | BuNBF4 - K2COs 1.5 CHsCN 35 55 (1
3. | C(+)/Ni() | BwNBF4 - K.COs 1.5 HFIP 3 N.R.
4. | C(+)/Ni() | BwNPR - K.COs 1.5 CH:CN 3 c.m.
5. C(+)/C() BusNBF, - K2COs 1.5 CH:CN 3 N.R.
6. C(+)/Ni(-) | BusNOAcC - K2COs 1.5 CH:CN 3 N.R.
7. | C(*)INi() | BWNBF, CpFe | K.COs 1.5 | CHCN: H,O 4 34
8. | C(+)INi() | BWNBF, CpFe | KoCOs 1.5 | CHsCN: H,O 8 28
9. | C(*)Ni() | BwNPFR CpFe | KoCOs 1.5 | CHsCN: H,O 4 12
10. | C(+)Ni(-) | BWNBF, CpFe |[NaCOs| 15 |CH:CN: H:0 4 20
11. | C(+)/Cuf) | BWNBF, CpFe | KoCOs 1.5 | CHsCN: HO 5 N.R.
123 | C(+)/Ni(-) | BWNBF4 CpFe | KoCOs 1.5 | CHsCN: HO 4 N.R.
13. | C(+)/Ni() | BuiNBF4 CpaFe Ets:N 1.5 CHsCN 5 N.R.
14. | C(+)/Ni(-) | BuNBF, 5 DBU 1.5 CHsCN 5 N.R.
15. | C(+)INi(-) | BusNBFs | CpsFe | KxCOs | 1.5 DCE 5 62
16. | C(+)/Ni(-) | BuNBF, CpFe |NaCO;| 1.5 DCE 5 57
175 | C(+)/Ni(-) | BwNBF4 CpFe | K.CO; | 1.5 DCE 5 43
18. | C(+)/Ni(-) | BusNBF4 CpFe | K.COs 0.5 DCE 5 38
19. | C(+)/Ni(-) | BusNBF4 CpFe | K:CO; | 2.53.0 DCE 5 47
20. | C(+)/Ni(-) | EuNOTs CpFe | KoCOs 1.5 DCE 5 N.R
21. | C(+)/Ni() LiOTf CpFe | K.CO; | 1.5 DCE 5 N.R
22. | C(#)Ni() | BwNPR CpFe | K.COs | 1.5 DCE 5 N.R
23. | C(*)/P(-) | BWNBF, CpFe | K.CO; | 15 DCE 5 N.R
24. | C(+)ICU-) | BwNBF4 CpFe | K.CO; | 15 DCE 5 N.R




25. | Pt(+)/Ni() | BwNBF, | CpFe | K.CO; | 1.5 DCE 5 N.R
26. | C(+)/Ni() | BwNBF, | CpFe | KLCO; | 1.5 DMSO 5 N.R
27. | C(#)INi() | BwNBF; | CpFe | KCOs | 1.5 DMF 5 N.R
28 | C(+)INi() | BwNBF; | CpFe | K.CO; | 15 HFIP 5 N.R
29. | C(+)/Ni() | BwNBF; | CpFe | KOs | 15 DCE: H,0 4 42
30. | C(+)Ni() | BwNBF; | CpFe - 15 DCE 5 22

All the reactions are performed at room temperature of 230°CGC 3Reaction performed without electricjty0.1M
instead of 0.04M.

E) Mechanistic Studies

a) Radical scavenging experiment

0]
O. TEMPO or BHT i
SSe. + 7 COMe ~ S=0
NH © " Standard Conditions™" NH
Complete Shutdown
1a . 2a . p COgMe
(1.0 equiv) (3.0 equiv) 3aa, not obtained

An Electrasyn vialtest tubavas equipped with a magnetic stir bar and was added correspdhslitiipnyl cyclopropane

(1.0 equiv.),alkene (0 equiv.), ferrocene (0.5 equivtgtrabutylammoniuntetrafluoroborat€BusNBFs) (2.0 equiv.)
potassium carbonate (2.0 equiv dichloroethanesolvent(0.04M). Further, the vialést tubenvas purged with aargon
balloon for1-2 minutes and the solution was electrolyréth carbon anode and nickel cathatea constant currenf o

15 mA (voltage range of 2.8 X3.2 V) for 2-6 h at room temperatur@5°-30°C). The progress of the reaction was
monitored by TLC, which shows that starting material remain unconsumed. This infers that employing TEMP(

completely shut down the reactiowicating the possibility of radical path for the reaction.

b) Unsuccessfukxperiment

O>;

CH

|>—NH 3+ /\COZMe > No reaction
" Standard Conditions"

1a 2a
(1.0 equiv) (3.0 equiv)

An Electrasyn vialtest tubevas equipped with a magnetic stir bar and was added correspdhduegyl cyclopropane
(1.0 equiv.),alkene (3.0 equiv.), ferrocene (0.5 equitelrabutylammoniuntetrafluoroborat€BusNBFs) (2.0 equiv.)
potassium carbonate (2.0 equiv)dichloroethanesolvent. Further, the vid#st tubevas purged with aargonballoon

for 1-2 minutes and the soionh was electrolyzedith carbon anode and nickel cathatea constant current ofSlimA
(voltage range of 3.0 M.0 V)for 2-6 h at room temperatu(@5°-30°C). The progress of the reaction was monitored by
TLC, which shows that starting material remaimconsumed. This infers that replacement of tosyl group wittylace

group proved detrimental for the reaction.



c¢) Divided cell experiment

O« g=
SSen + 7 OCOMe S=0
NH O " Standard Conditions" NH
1a _ 2a . CO,Me
(1.0 equiv) (3.0 equiv) 3aa, not obtained

Case 1:In anodic chamber: A divided cell was equipped with two magnetic st@rsin anodic and cathodic chamber
respectively. Frther, the anodic chamber was filled witbrrespondindN-tosyl cyclopropane (1.0 equiv.), alkene (3.0
equiv.), ferrocene (0.5 equiv.), tetrabutylammonium tetrafluoroboratéN@@u) (2.0 equiv.), potassiumadbonate (2.0
equiv.) in dichloroethane solverithe cathodic chamber was filled with supporting electrolyte solatiwhiurtherboth
thechamberaverepurged with an argon for2 minutes and the solution was electrolyzed with carbon afrmdeodic
chamberand nickel cathod@n cathodic chambegt a constant current efL.5 mA (voltage range ef2.8V to +3.4V)

for 2-6 h at room temperature (280°C). The progress of the reaction was monitored by TLC, which shows that starting

materal remain unconsumed. This infers ttfeg cathodic reduction is a key factor in the reaction.

Case 2: In cathodic chamberA divided cell was equipped with two magnetic stir bars in anodic and cathodic chamber
respectively. Further, the cathodic chambasilled with correspondiniy-tosyl cyclopropane (1.0 equiv.), alkene (3.0
equiv.), ferrocene (0.5 equiv.), tetrabutylammonium tetrafluoroboratéN@dt) (2.0 equiv.), potassium carbonate (2.0
equiv.) in dichloroethane solvent. The anodic chamber wad filith supporting electrolyte solution and further both the
chambers were purged with an argon fe# tinutes and the solution was electrolyzed with carbon anode (in anodic
chamber) and nickel cathode (in cathodic chamber) at a constant curkftroA (voltage range 0f2.8 V t0-3.4 V)

for 2-6 h at room temperature (230°C). The progress of the reaction was monitored by TLC, which shows that starting

material remain unconsumed. This infers that the reaction gets initiated by the oxidation mopytlamines.

d) Time based electrolysis

0
O+ o
SSen + ZOCOMe - S=0
D—NH 0 " Standard Conditions" NH
1a . 2a . COgMe
(1.0 equiv) (3.0 equiv) 3aa, trace

An Electrasyn vial/ test tube was equipped with a magnetic stir bar and was added corredpeuntionyl cyclopropane

(1.0 equiv.), alkene (3.0 equiv.), ferrocene (0.5 equistjabutylammonium tetrafluoroborate @BUBF4) (2.0 equiv.),
potassium carbonate (2.0 equiv.) in dichloroethane solvent (0.04M). Further, the vial/test tube was purged with an ar
for 1-2 minutes and the solution was electrolyzed with carbon anode cked cathode at a constant current of 1.5 mA
(voltage range of 2.8 3.2 V) for 1 h at room temperature (280°C). The progress of the reaction was monitored by
TLC, which shows that starting material remain unconsumed with trace amount of productoforaftgr, that the

reaction was stirred overnight without electricity. Agaime progress of the reaction was monitored by TLC, which

S7



indicatedthat a similar TLC was observed. Further, the reaction mixture was purified through column chromatograpr
and gprox. 70% of the starting material was recoveifldds indicates that the chain propagation step is absent in this
case

e) Intermediate detection experiment

Ts

Br Standard N NH2
\S ; Conditions \\
20 + —_— —»
[>—NH Ph
1a 20
Conflrmed by
1H NMR

An Electrasyn vial/ test tube was equipped with a magnetic stir bar and was added corredpsuationyl! cyclopropane

(1.0 equiv.), (3-bromopropl-en2-yl)benzene (3.0 equiv.) (20), ferrocene (0.5 equiv.), tetrabutylammonium
tetrafluoroborate (BINBF.) (2.0 equiv.), potassium carbonate (2.0 equiv.) in dichloroethane solvent (0.04M). Further,
the vial/test tube was purged with an argon balloon f&miinutes and the solution was electrolyzed with carbon anode
and nickel cathode at a constant current A (voltage range of 2.8-8.2 V) for5 h at room temperature (230°C).

The progress of the reaction was monitored by TLC, which shows that starting nggesiabnsumed-urther, the
reaction mixture was passed through the silica gel column4@60at 40% ethylacetate in hexane to remove the
supporting electrolyteNext, the reaction mixture obtained after passing through column was submitted for HRMS.
HRMS studies demonstrate the presence of intermediate 1l and further the purification of ni@&dtioe delivered the

IV (NMR attached at the end). These studies indicate that the reaction follows an anionic pathway.

c) Cyclic Voltammetry

Cyclic voltammograms were collected with the thedectrode CHI1110C instrument. The control of the
measurement instrument, the acquisitemd processing of the cyclic voltammetric data were performed with
the CH instruments electrochemical analyzer. Measurements employed a glassy carbon working electro
platinum wire counter electrodand a 3 M KClsilver-silver chloride reference electrode. Samples were
prepared with 0.05 mmol of substrdi@ 0.05 mmol of substraa, 0.1 mmol of kCOs, 0.01 mmol of CgFe
dissolved in 5 mL acetonitrile containing 0.1 MBWBF4. The scan rate applied was 0.1 \tf&e maximum
current (Ip) and potential (Ep) of each substrate was obtained using Origin. All the CV experiments were carri
out in nitrogen atmosphere and demonstrated as follows: (a) Blank (bla2k)fgd) (c) 1a(Blue) (d) Cpz2Fe
(Brown) (e)1la + CpeFe (Darkblue) (f) 1a + CpFe + K2COs (Purplg (g) 1a + 2a(Pink) (h) 1a + 2a + KCOs
(Green (i) 1a + 2a + KCOs3 + K2CO3 (Violet)
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0.20 4 f
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--—-TTTTT1TT T T T T T T
1.0 05 00 05 10 15 20 25 3.0 1 0 1 2 3
E vs Ag/IAgCI E vs Ag/AgCI

Figure S1:Cyclic Voltammetry experiment

Conclusion: Cyclic Voltammetry experiments indicatdhe importance offerrocene and basér the
cycloaddition reactionAs demonstrated by the above experimentsritieduction offerroceneenhances the
catalytic current making the process more feasible to take. pitbeugh as expected the potentialkedoot
shift to tre lower region but the electrocatalytic effect lecatouge improvement in the reaction profike
similar result was observed whéme base was added to the same reaction mixtareonclusion ferrocene

plays a significant role in the generationNtenter radical which results in the cycloaddition reaction with
acrylate.



F) Characterization data of Starting materials

a) N-cyclopropyt4-methylbenzenesulfonamid#&a)?

%NH Prepared according ®P1 *H NMR (400 MHz, CDCls): 4 7 . 3% 8.3(H#,,1H),
S=0 7.30 (d,J=8.2 Hz, 1H), 5.08 (s, 1H), 2.41 (s, 1H), 2i24.17 (m, 1H), 0.60 0.52 (m,

O//
. Q 1H).

b) N-cyclopropylbenzenesulfonamidéb)?

I: NH Prepared according B8P1 'H NMR (400 MHz, CDClg): G 7171. 783 (m, 1H), 7.59
,\,SZO (ddd,J = 6.4, 4.2, 1.3 Hz, 1H), 7.557.49 (m, 1H), 4.94 (s, 1H), 2.272.20 (m, 1H),

o)
1b @ 0.621 0.56 (m, 1H).

¢) N-cyclopropylnaphthalen2-sulfonamidg(1c)?

> NH Prepared according ®P1 *H NMR (400 MHz, CDCls): i 8. 49 (s,J=1H)
S=0 8.5 Hz, 1H), 7.91 (dJ = 8.0 Hz, 1H), 7.86 (dd] = 8.7, 1.7 Hz, 1H), 7.68 7.58 (m,

O//
1c 1H), 5.03 (s, 1H), 2.2 2.22 (m, 1H), 0.64 0.55 (m, 1H).

d) N-cyclopropyk4-(trifluoromethyl)benzenesulfonamidéd)

|> NH Prepared according ®P1 *H NMR (400 MHz, CDCls): i 8 . 03 8.4(Ht,,1H),
$=0 7.79 (dJ = 8.3 Hz, 1H), 5.12 (s, 1H), 2.302.23 (m, 1H), 0.64 0.59 (m, 1H).

O//
1d

CF;

€) N-cyclopropyt4-methoxybenzenesulfonamiiee)!

D NH Prepared according ®P1 *H NMR (400 MHz, CDCls): i 71. 78@ (m, 1H), 7.00
O,\,SIO T 6.95 (m, 1H), 4.82 (s, 1H), 3.86 (s, 1H), 2i28.19 (m, 1H), 0.59 0.54 (m, 1H).
1e Q
OMe

S10



f) 4-bromoN-cyclopropylbenzenesulfonamidgf)

|>_N3" Prepared according BP1 'H NMR (400 MHz, CDCl3): i 71. 7778 (m, 1H), 7.68
oﬁ@ i 7.64 (m, 1H), 4.86 (s, 1H), 2.28.22 (m, 1H), 0.60 (d] = 5.0 Hz, 1H).
1f
Br

g) Ethyl cinnamaté2l)?

Prepared according ®BP2. *H NMR (400 MHz, CDCls): i 7 . B=611.3 Hz,,1H),

X CO,Et
Ej/V 7.547 7.48 (m, 1H), 7.40 7.34 (m, 1H), 6.43 (d] = 16.0 Hz, 1H), 4.25 (q] = 7.1
21 Hz, 1H), 1.33 (ddJ = 9.5, 4.8 Hz, 1H).

h) (E)-ethyl 3-(4-fluorophenyl)acrylat¢2m)?

Prepared according ®P2. *H NMR (400 MHz, CDCl3): 4 7 . 6=216.0 Hz, 1H),

x_CO,Et
ON 7.52i 7.45 (m, 1H), 7.05 (4] = 8.6 Hz, 1H), 6.34 (d] = 16.0 Hz, 1H), 4.24 (g} = 7.2
F 2m Hz, 1H), 1.31 (tJ = 7.1 Hz, 1H).

i) (E)-ethyl 3(4-methoxyphenyl)acrylaté?n)?

Prepared according ®P2. *H NMR (400 MHz, CDCl3): U 7 . 6=316.0Q Wz, 1H),

MeO . CO,Et
@N 7.491 7.43 (m, 1H), 6.91 6.86 (M, 1H), 6.29 (d] = 16.0 Hz, 1H), 4.23 (q] = 7.1
2
" Hz, 1H), 3.82 (s, 1H), 1.341.29 (m, 1H).

G) Characterization data of Products

a) Ethyl (1R 2R)-2-((4-methylphenyl)sulfonamido)cyclopentatiecarboxylateg3aa)

Prepared according ®P1. 1a(0.050 g, 0.36 mmol), 2a(0.071g, 0.708mmol),

3aa (0.051g, 7). Reaction time: 5 h. Yield: 72%. Nature: oily liquid. *H

N NMR (400 MHz, CDCk): 0 7 . 74 8.3(Ht,,H), 7.29 (d,J = 8.5 Hz, H),

Q_N’ﬁzo 4.80 (d,J = 6.0 Hz, 1H), 4.02 (q] = 7.1 Hz, M), 3.723.64 (m, 1H), 2.61 (dd]

—:COZEt =16.7, 7.7 Hz, 1H), 2.41 (s, 3H), 2:4®1(m, 2H), 1.801.63 (m, H), 1.501.40
Chemical Formula: C45H;;NO,S (m, 2H), 1.18 (tJ=7.2 Hz, H).*C NMR (101 MHz, CDClg): &t 17 4. 2,

Exact Mass: 311.1191
137.2, 129.7, 127.4, 60.9, 57.8, $033.6, 28.0, 22.9, 21.6, 14RRMS: [M +
H]* Calculated for @GH2.NO,S312.1270found312.1338
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b) Methyl (1R 2R)-2-((4-methylphenyl)sulfonamidayclopentanel-carboxylatg3ad)

Prepared according ®P1. 1a(0.050 g, 0.236 mmolRa (0.061 g, 0.708 mmol)
3ad (0.048 g, 670). Reaction time: 5 h. Yield: 72%. Nature: oily liquid. *H
N NMR (400 MHz, CDClz): 0 7 . 73 8.3(Ht,,H), 7.29 (d,J = 8.1 Hz, H),
Q_N’ﬁzo 4.75 (d,J = 5.9 Hz, 1H), 3.73 3.65 (m, 1H), 3.57 (s,Hy), 2.63 (ddJ = 16.7, 7.8
—:COZMe Hz, 1H), 2.41 (s, B), 2.031.92(m, 3H), 1.8171 1.68 (m, 2H), 1.51 1.41 n,
Chemical Formula: C44H1oNO,S 1H)C NMR (101 MHz, CDCkL): 0 174.6, 143.6, 137.
Exact Mass: 2971039 57.9, 52.0, 50.7, 45.1, 34.4, 33.5, 28.0, 22.8, RMS: [M + H]* Calculated
for CiaH20NO4S298.1111, found 298.1113

C) tert-butyl (1R 2R)-2-((4-methylphenyl)sulfonamido)cyclopentatiecarboylate (3ae

Prepared according ®P1. 1a(0.040g, 0.6 mmol),2a(0.090g, 0.708mmol),
3ae(0.041 g, 64%)Reaction time: 5 h. Yield: 64%. Nature: oily liquid. *H
NMR (400 MHz, CDCkL): 0 7 . 348.3(Hd, ), 7.28 (d,J = 8.5 Hz,2H),
O_N’H 4.97 (d,J=5.7 Hz, 1H), 3.68.58 (m, 1H), 2.52 (dd| = 16.5, 75 Hz, 1H), 2.40
(s, 3H), 1.981.84 (m, 2H), 1.68..55 (m, #), 1.491.39 (m, 1H), 1.36 (s 19).1°C
Chemical Formula: C4;H,5NO,S NMR (101 MHz, CDCl3): U 147133.5, 137.2, 129.8, 127.4, 81.0, 57.8, 51.7,
Exact Mass: 3391504 33.6, 28.0, 27.8, 22.9, 21 BRMS: [M + Na]* Calculated for GH2sNOsSNa
362.1402, found 362.1402

d) Benzyl (IR 2R)-2-((4-methylphenyl)sulfonamido)cyclopentatiecarboxylate3af)

Prepared according teP1. 1a (0.09 g, 0.86 mmol), 2a (0.115 g, 0.708
mmol), 3af (0.055g, 63%).Reaction time: 5 h. Yield: 63%. Nature: light
yellow liquid. *H NMR (400 MHz, CDCkL): 4 7 . 39©8.3(Hd, 2H), 7.35
Q_ ’ 7.28(m, 5H), 7.22 (d,J = 8.6 Hz, 2H), 5.081.96 (m, 3H), 3.8(.70 (M, 1H),
o 2.71 (ddJ = 16.5, 7.4 Hz, 1H), 2.38 (s, 3H), 2:0M1(m, 2H), 1.8:1.70 (m,
Chemical Formula: C,oH,3NO,S 1H), 1.671.55 (m, 2H), 1.5@..40 (m, 1H).2*C NMR (101 MHz, CDCl3):
Exact Mass: 373.1348 174.1, 143.5, 137.1, 135.8, 129128.7, 128.3, 128.2, 127.4, 66.7, 57.8, 50.9,
33.6, 28.2, 22.9, 21.6IRMS: [M + H]* Calculated folC0H24NO4S 374.1426,
found374.1426

€) Benzyl (IR 2R)-1-methyt2-((4-methylphenyl)sulfonamido)cyclopentatecarboxylatg3ag)

Prepared according tBP1. 1a (0.050g, 0.236 mmol), 2a (0.124 g, 0.708
mmol), 3ag(0.061g, 6®%). Reaction time: 5.5 h.Yield: 67%.Nature: white
solid.'H NMR: U 7 . 398.3(Hd, H), 7.3%#7.27 (m, 4H), 7.23 (d] = 8.6

S=0
NH Hz, 2H), 5.054.91 (m, 3H), 3.8.83(m, 1H), 2.38 (s, Bl), 2.091.97 (M, 1H),
3 1.951.84 (m, 1H), 1.68.52 (m,3H), 1.471.37 (m, 1H), 1.17 (s,H). 3C

Me” £0,Bn

Chemical Formula: G, HgNO,s |  NMR (101 MHz, CDCl): 11 176.9, 143.4, 137.4, 129.7, 127.3, 60.0, 52.1,
Exact Mass: 387.1504 51.2,36.1, 31.0, 21.6, 20.2, 17HRMS: [M + H]* Calculated for GH2sNO:S
388.1583found 388.1583.
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f) Methyl (1R 2R)-1-methy}t2-((4-methylphenyl$ulfonamido)cyclopentark-carboxylatg3ah)

Prepared according tBP1. 1la (0.050 g, 0.36 mmol), 2a (0.070 g, 0.708
mmol), 3ah (0.048 g, 67%). Reaction time: 6 h. Yield: 67%. Nature:

o Transparent oily liquid'H NMR (400 MHz, CDCk): i 7 (d,2 3 8.3 Hz,
Nﬁ:O 2H), 7.28 (dJ=8.4 Hz, H), 4.79 (tJ=5.7 Hz, 1H), 3.88.78 (m 1H), 3.5

we (s, 3H), 2.41 (s,B), 2.061.96(m, 1H), 196-1.88 (m, 1H), 1.624.50 (m, #),
CO,Me .
Chemical Formula: C;5H,{NO,S 1.471.37 (m, 1H), 1.14 (s,F.*C NMR (101 MHz,CDCl): 4t 176 . 2, ]
Exact Mass: 311.1191 137.3, 136.0, 129.7, 128.6, 128.2, 128.0, 127.3, 66.7, 60.0, 51.4, 36.2, 31.0,
21.6, 20.3, 17.7HRMS: [M + H]* Calculated for @GH22NO4,S 312.1270,

found 312.1270.
0) 4-methykN-((1R 29-2-phenylcyclopentyl)benzenesulfonami¢Bai)

Prepared according tBP1. 1a (0.09 g, 0.36 mmol), 2a (0.124 g, 0.708

mmol), 3ai (0.048¢g, 66%).Reaction time: 5.5 h.Yield: 66%. Nature: Oily

Liquid. *H NMR (400 MHz, CDCk): i 7 . 4#68.3(Hd, M), 7.1%7.12 (m,

Q_N’ﬁzo 3H), 7.10 (dJ = 8.6 Hz, M), 7.006.94 (m, ), 4.71 (dJ = 6.3 Hz, 1H), 3.50

3.40 (m, 1H), 2.73 (dd] = 18.0, 98 Hz, 1H), 2.37 (s, 13), 2.192.08 (m, 1H),

2.07-1.78(m, 2H), 1.74 (d,J = 31.8 Hz, 2H), 1.6A.52(dd, J = 23.3, 8.5 Hz,

Chemical Formula: C1gH,iNO,S|  2H).3C NMR (101 MHz, CDCl3): U 143.0, 141.6, 13
Exact Mass: 3151293 127.1, 126.7, 61.4, 52.5, 33.3, 32.3, 22.2, 24BMS: [M + H]* Calculated

for CigH22NO,S 316.1371, found 316.1371.

h) (1R 2R)-2-(4-methylphenylsulfonamidelN,N-diphenylcyclopentanecarboxami(iaj)

Prepared according ®P1. 1a(0.05 g,0.236 mmol),2a(0.158g, 0.708mmol),
3aj (0.069¢, 58%).Reaction time: 3 h.Yield: 58%.Nature: Transparent oily
liquid. *"H NMR (400 MHz, CDCk): i 7 . 398.3(Hd, 2H), 7.44 7.29 (m,

S=0
Q‘N/H 1H), 7.20i 7.14 (m, 1H), 4.28 (d] = 6.8 Hz, 1H), 4.06 3.97 (m, 1H), 2.80 (dd,
}}\N'Ph J=15.7, 8.4 Hz, #), 2.41 (s, 3H), 1.95 1.85 (m, 1H), 1.8a..76(m, 2H), 1.69
" Pn i 1.58 (m, 1H), 1.30 1.20 (m, H).2*C NMR (101 MHz, CDCls): U 174
Chemical Formula: Cy5H,6N,03S
Exact Mass: 434.1664 143.7,143.5,142.9,137.1, 129.8, 129.8, 129.1, 12880, 127.4, 126.8, 126.5,

126.2, 58.4, 50.3, 34.0, 30.7, 23.6, 2IHRMS: [M + H]* Calculated for
CasH27N20sS 435.1742, found 435.1742.
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i) Ethyl (S,B-5-(3-ethoxy-3-oxopropl-en1-yl)-5-((4-methylphenyl)sulfonamido)cyclopefitene 1-carboxylatg(3ak)

Prepared according ®P1. 1a(0.0% g, 0.36 mmol),2a(0.124g, 0.708mmol),

3ak (0.055g, 58%). Reaction time: 3 h. Yield: 58%. Nature: Transparenbily
o liguid. '"H NMR (400 MHz, CDCk): i 7 . 8214.6 dz, 1H), 7.73 (d1=8.4
O=g”

SNH Hz, 2H), 7.30 (dJ = 8.5 Hz, H), 7.00 (gJ = 2.4 Hz, 1H), 5.50 (s, 1H), 5.24 @,

oLt = 14.5 Hz, 1H), 4.13 (q] = 7.1 Hz, H), 404-3.93 (m, H), 2.612.55 (m, 1H),

2
) COEt 2.502.45(m, 1H), 241 (s, 3H), 2.22.21 (m, 1H), 1.94..88(m, 1H), 1.24 (tJ=
Chemical Formula: Co4H,5NO¢S
Exact Mass: 407.1403 7.2Hz, H), 1.16 (tJ=7.1Hz, #H).*C NMR (101 MHz,CDCl;): 4 167 . 4, 1

148.5, 144.6, 136.1, 134.0, 129.9, 127.7, 99.3, 62.8, 60.6, 60.2, 31.2, 28.0, 21.7
14.4, 14.1 HRMS: [M + H]* Calculated for @H2sNOsS 408.1481, found
408.1481.

j) Ethyl (1S2S 3R)-3-((4-methylphenyl)sulfonamide?-phenylcyclopentané-carboxylatg3al)

Prepared according ®P1. 1a(0.03 g, 0.6 mmol), 2a(0.124g, 0.708mmo]),

{:g 3al (0.054 g, 60%).Reaction time:4 h.Yield: 60%.Nature: Transparent liquid.
R IH NMR (400 MHz, CDCL): i 7 . 458.3(Hd, 2H), 7.17.09(m, 5H), 6.94
NH (dd,J=7.5,2.0 i, 2H), 4.77 (dJ = 6.9 Hz, 1H), 4.02 (q] = 7.1 Hz, 2H), 3.63
EtO.C7 = 3.59 (m, 1H), 3.08.05 (m, 1H), 2.8@.78(m, 1H), 2.37 (s, 3H), 2.20.18(m,
@ 1H), 2.071.99 (m, 2H), 1.72.63(m, 1H), 1.11 (tJ = 7.2 Hz, 31).3C NMR (101

Chemical Formula: c21asNOsSl Mz, CDCIg): 0 17 5. 1139.5,11872, 129.7, 129.6, 129.1, 128.7, 128.4,

127.5,127.1, 127.0, 61.0, 60.9, 58.2, 55.2, 51.7, 49.5, 46.4, 32.6, 27.1, 21.6, 14.2
HRMS: [M + H]* Calculated for gH2sNO4S 388.1582, found 388.1582.

K) (1S2S3R)-ethyl 2(4-fluorophenyl}3-(4-methylphenylsulfonamido)cyclopentanecarboxy{@@m)

Prepared according ®P1. 1a(0.09 g, 0.36 mmol), 2a(0.137g, 0.708mmol),

Qg 3am (0.055g, 58%).Reaction time: 4.5 h.Yield: 58%.Nature: Transparent oily

O\\S:O liquid. '"H NMR (400 MHz, CDCkL): i 7 . 458.3(Hd, M), 7.11 (dJ=8.1

Hz, 2H), 6.91:6.86 (m, ), 6.80 (tJ= 8.7 Hz, M), 4.57 (dJ= 7.4 Hz, 1H), 4.02
(q,J= 7.1 Hz, 2H), 3.6-3.56(m, 1H), 3.03 (tJ = 9.6 Hz, 1H), 2.7€.73(m, 1H),

2.39 (s, 3H), 2.22.20 (m, 1H), 2.18.07(m, 1H), 2.041.90 (m, 1H), 1.74.67
°“e'"i;f;:f,;';‘s“s'f;(f;ff:;‘z"q‘s (m, 1H), 1.11 (tJ) = 7.1 Hz, #).23C NMR (101 MHz, CDCls): & 17 4. 8, 1

137.1, 135.1, 129.5, 90, 128.9127.0, 115.6, 115,461.1, 60.9, 54.6, 49.5, 32.5,

26.8, 21.6, 14.2HRMS: [M + H]* Calculated for @H2sNO4FS 406.1488, found

406.1488.
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[) Ethyl (1S2S 3R)-2-(3-methoxyphenyh3-((4-methylphenyl)sulfonamido)cyclopentatiecarboxylate(3an)

Prepared according ®P1 1a(0.050 g, 0.236 mmol), 2a (0.146g, 0.708mmol),
Q 3an (0.0%5 g, 58%).Reaction time: 4 h. Yield: 58%. Nature: Transparent oily
O\\S:O liguid. '"H NMR (400 MHz, CDCkL): ' 7 . 448.3(Hd, M), 7.08 (ddJ= 7.9,
5.9 Hz,3H), 6.716.70(m, 1H), 6.55 (d,J = 7.6 Hz, 1H), 6.446.42 (m, 1H), 4.90
(d,J=6.9 Hz, 1H), 4.02 (q] = 7.2 Hz, 2H), 3.68 (s,H), 3.583.56(m, 1H), 3.05

MeO (t, J=9.3 Hz, 1H), 2.72.77 (m 1H), 2.36(s, 3H), 2.192.18 (m, 1H), 2.0&.04
Chemical Formula: *2zHiN0sS | (m, 3H), 1.721.66(m, 1H), 1.11 (tJ= 7.1 Hz, 31).2%C NMR (101 MHz, CDC):

d 175 .8143.1115819,137.1,129.7,129.5,127.0, 119.9, 112.9, 112.7, 61.1,

60.9, 55.2, 55.1, 49.3, 32.6, 27.1, 21.6, 1HRMS: [M + H]* Calculated for
Co2H26NOsS 418.1688, found 418.1688.

EtO,C

m) Methyl (1R,2R)-2-(phenylsulfonamido)cyclopentaiiecarboxylatg3ba)

Prepared according ®P1. 1a(0.040 g0.205mmol),2a(0.053g, 0.615mmol),

Q 3ba (0.026 g, 46%)Reaction time: 4 h.Yield: 46%.Nature: transparent oily
Yoo liguid. *H NMR (400 MHz, CDCk): i 7-7.83 8m, 2H), 7.59.55(m, 1H),
Q‘N/H 7.547.47 (m, 2H), 5.0€d, J = 6.2 Hz, 1H), 3.78.70(m, 1H), 3.54 (s, 3H), 2.63
To,Me (dd,J=16.7, 7.7 Hz, 1H), 2.60.93(m, 2H), 1.781.71(m, 1H), 1.651.58(m,
Chemical Formula: C43H4;NO,S 2H), 1.561.42 (m, 1H:*C NMR (101 MHz,CDCls): i 174. 6, 140. 1,
Exact Mass: 283.0878
127.3 579, 52.0, 50.7, 33.7, 28.1, 22.HRMS: [M + H]* Calculated for

Ci13H1/NO4sSNa 306.0776, found 306.0776.
n) Methyl (1R 2R)-2-(naphthalen&-sulfonamido)cyclopentark-carboxylate(3ca)

Prepared according ®P1. 1a(0.050g, 0.205mmol),2a(0.053 g, 0.615 mmol),

OO 3ac (0.0429g, 626). Reactiontime: 4 h. Yield: 62%. Nature: oily liquid. *H
) NMR (400 MHz, CDCk):ti 8. 45 ( s, J=BH,)5.3 HZ72HP B89 (dd d ,
Q_Nﬁzo J=8.9 Hz, 1H), 7.83 (dd] = 8.7, 1.9 Hz, 1H), 7.68.56 (m, 2H), 5.16 (d] =

6.6 Hz, 1H), 3.838.76 (m, 1H), 3.42 (s,H), 2.64 (dd,J = 16.6, 7.6 Hz, 1H),
Chemical Formula: C;7HsNO,S 1.96 (d,J = 53.5 Hz, 2H), 1.6-1.69 (m 1H), 1.661.51 (s, M), 1.531.42 (m,
Exact Mass: 333.1035 1H).3C NMR (101 MHz,CDCl;): 4 174.6, 137.0, 134.¢
128.9, 128.8, 128.0, 127.6, 122.5, 57.9, 51.9, 50.8, 33.7 F2RMS: [M + H]*
Calculated for H20NO.S 334.1118, found 334.1118.
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0) Methyl (IR,2R)-2-((4-(trifluoromethyl)phenyl)sulfonamido)cyclopentatecarboxylatg3da)

Prepared according RP1. 1a(0.054g, 0.25mmol), 2a(0.053g, 0.615mmol),

& 3ad (0.043g, 61%).Reaction time: 8 h.Yield: 61%.Nature: Oily liquid. *H
O\\Q NMR (400 MHz, CDCL): i 8 . 098.3(Hd, 2H), 7.77 (d] = 8.3 Hz, 2H),
E><Nﬁ:o 5.15 (d,J = 6.6 Hz, 1H), 3.88.74 (m, 1H), 3.54 (s, 3H), 2.62.59 (m, H),
S0,Me 2.071.93 (m, 2H), 1.79.72 (m, 34), 1.481.44 (m 1H).C NMR (101 MHz,
Chemical Formula: S1blif NI CDCly): 1 174. 5, 1431203, 126.2 126.824.7, 1220573,

52.0, 50.7, 33.7, 29.8, 28.3, 22.8IRMS: [M + H]* Calculated for
C14H17/NO4SF; 352.0830, found 352.0830.

p) Ethyl (1R 2R)-2-((4-methylphenyl)sulfonamido)cyclopentatiecarboxylatg3ed)

Prepared according ®P1 1a(0.047g, 0.205 mmol), 2a(0.053g, 0.615mmol),

OMe
3ea(0.043g, 68%).Reactiontime: 5 h.Yield: 68%. Nature: Yellow oily liquid.
'H NMR (400 MHz, CDCk): i 7 . 399.0(Hd, 2H), 6.95 (d] = 9.0 Hz, 2H),
ON,qszo 5.08 (d,J = 63 Hz, 1H), 3.85 (s, 3H), 3.73.65 (m, 1H), 3.57 (s,H), 2.64 (ddJ

co.M = 16.6, 7.6 Hz, 1H), 2.62.90 (m, 2H), 1.78.52 (m, 2), 1.501.38 (m, 1H):*C
e
Chemical Forzmula: CiHNOss| NMR (101 MHz, CDCls): ¢ 174.8, 163.0, 131.7, 12
Exact Mass: 313.09%4 50.7, 33.6, 28.2, 22.HRMS: [M + H]* Calculated for GHaNOsS 314.1062,
found 314.1062.

g) Methyl (1R,2R)-2-((4-bromophenyl)sulfonamido)cyclopentahearboxylatg3fa)

Prepared according ®P1. 1a(0.056g, 0.25mmol),2a(0.053g, 0.615mmol),

3fa (0.0589, 6206). Reaction time: 6 h. Yield: 62%. Nature: Light yellow oily
OQ liquid. 'H NMR (400 MHz, CDCk): ii 7. 7776 (m, 2H), 7.66.61 (m, 2H),
Q—N’ﬁzo 5.15 (d,J = 6.6 Hz, 1H), 3.78.69 (m, 1H), 3.57 (s, 3H), 2.6660 (m, 1H), 2.00

Soe 1.98 (m, 2H), 1.97.71 (m, 1H)1.69-1.48 (m, 2H), 1.44..42(m, 1H)13C NMR
2
Chemical Formula: C;3H,6BrNO,S (101 MHz,CDCk): 4 174.6, 139.3, 132.4, 128.
Exact Mass: 360.9983
28.3, 22.9HRMS: [M + H]* Calculated for @&H1/NOsSBr 362.0062, found
362.0062

I N-((1R,2R)-2-(hydroxymethyl)cyclopentybt-methylbenzenesulfonamiddach)

Prepared accordingp RP1. 3ad (0.0 g, 0100 mmol), 3ada (0.025 g, 864).
Reaction time: 3 h.Yield: 86%. Nature: Transparent oily liquicdH NMR (400
MHz, CDCls): 0 7 . 758.3(Ha,,2H), 7.28 (d] = 8.1 Hz, 2H), 5.13 (d] =

o 5.7 Hz, 1H), 3.80 3.73 (m, 1H), 2.72.68 (m,1H), 2.40 (s, 3H), 2.08.00 (m,
O’ o 2H), 1.981.92 (m, 1H), 1.82.62 (m 2H), 1.49-1.42 (m, 1H)*C NMR (101
Ir MHz, CDCl2): i 179.5, 143.7, 136.9, 129.

Chemical Formula: C43H4;NO,S
Exact Mass: 283.0878

21.7.HRMS: [M + H]* Calculated for GzH1sNO4S 284.0957 found284.0957
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S) N-((1R,2R)-2-(hydroxymethyl)cyclopentyi-methylbenzenesulfonamiddadb)

Prepared accordinp RP1. 3ad (0.03 g, 0.100 mmol), 3adb (0.022 g, 8%).
Reaction time: 4 h. Yield: 81%. Nature: Transparent oily liquic®H NMR (400
MHz, CDClz): 0 7 . 3$68.3(Ha,,H), 7.29 (dJ = 8.2 Hz, H), 5.18 (dJ =

OZEEO 6.5 Hz, 1H), 3.67 (dd] = 11.0, 5.0 Hz, 1H), 3.48 (dd= 11.0, 6.8 Hz, 1H)3.29
T 3.20 (m, 1H), 2.41 (s, 3H), 2.12 (s, 1H), LRA8 (m, 1H), 1.77.68 (M, 2H),

'/’//OH
1.661.54 (m, 1H), 554-1.41 (m, H), 1.401.30 (m, 1H), 1.29..18 (m, 1H)3C

Chemical Formula: C43H,gNO;S

Exact Mass: 269.1086 NMR (101 MHz, CDCly): ua 143. 5, 137. 4, 129. 8,
26.1, 22.0, 26. HRMS: [M + H]* Calculated for @&H20NOsS 270.1164, found

270.1164.

t) N-(2-cyanoethyN-cyclopropyt4-methylbenzenesulfonamiddab)

Prepared according ®P1. 1a(0.060 g, 0.6 mmol), 2a (0.037 g, 0.708mmol),
3an (0.0% g, 7®6). Reaction time: 4 h. Yield: 58%. Nature: Transparent oily
liquid. *"H NMR (400 MHz, CDCkL): i 7 . 72 8.3(H,, M), 7.33 (dJ=7.9
0=%=0 Hz, 2H), 3.42 (tJ= 7.0 Hz, H), 2.72 (tJ = 6.9 Hz, H), 2.09 (tt,J= 6.9, 3.6 Hz,
VN\/\CN 1H), 0.88 (d,J = 16.1 Hz, #), 0.72 (d,J = 19.7 Hz, M)."*C NMR (101 MHz,
e erre? 2| CDCl: i 144.3, 134.4, 129.9, 127HRBIS: 11
[M + H]* Calculated for @H20NOsS 265.0972 found265.1011

u) N-(2-cyanoethyBlN-cyclopropyt4-methylbenzenesulfonamiddac)

Prepared according ®P1. 1a(0.050 g, 0.236 mmol), 2a (0.049g, 0.708mmol),
3an (0.055 g, 8%0). Reaction time: 4 h. Yield: 58%. Nature: Transparent oily
liquid. *H NMR (400 MHz, CDCL): 4 7 . 698.3(Ht,,H), 7.29 (dJ=8.1
0=$=0 Hz, 2H), 3.393.33 (m, 2H), 2.88.78 (m, 2H), 2.40 (s 9, 2.12 (s, 3H), 1.97..92
VN\/\COCH3 (m, 1H), 0.820.76 (m, 2H), 0.690.61 (m,2H).23C NMR (101 MHz, CDCL): {i

Chemical Formula: C;4H,4NO;S
L e Mane 281 o 207.1,143.7,134.8, 129.7, 12748.3 43.3, 31.4, 30.4, 21.6, 7.6

V) 4-methylbenzenesulfonamidg/)

Nature: white solid.'H NMR (400 MHz, CDCl3): U  7J.=8.8 Hz( 2#), 7.30
O\\S,NHz (d,J=7.9 Hz, 2H), 4.87 (s, 2H), 2.42 (s, 3H).

jog

Chemical Formula: C;HgNO,S
Exact Mass: 171.0354
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H) Mechanism for formation of 3ak

+

A\ 15 _KeCOs AN/TS

Cp,Fe* N -~
A Pare A - -H* 1a H
N sulfonamide
[o) anion
D
E \\
/\ 2 CO,Et
CpaFe NS Nors 2
B * c
N-centered
radical

Ts.

+H*
Q/COzEt il O/COZEt __CO,Et <—C//CO2Et
X KoCOs o- exo Cathodic

moozp»

cycllzatlon E' reduction D

< szF

CpoFe

SN TS NH N\

H \
@ooza 12.HAT_ (}COZB 2 COsEt

H |

I) Alternate mechanism for the protocol

moozZz»

A Ts —— /\/N Ts
Cp,Fe*
N-centered
radical Radical
addition
Ts\N
CpyFe A\ Ts

sulfonamlde
A ~Ts K2CO3 anion J \

+e”

GC}

A
T
H
0
D
E
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J) NOESY Experiment

&

b den
h L0
-E ol
-
[—
L
I

Ui

i

No NOE interaction
between M, and Hy

N

L I

i
- * = - = L AaL
L

A1
L]

0
3

W aperes pew NHBon g 111
i
L}
"W
(]
-]
L}
- L T SRR
L
- T
Fﬂ};

Zoomed Version

s VI e

sty . il ™

Conclusion: NOESY experiments reveals that there is no interaction Ha an@hibconfirms thdérans

product

Explanation towards formation of trans product

? E b) RQ\S NH O H
\ ' -S—
R-S—NH of o H & \H LN
d O\ 8- ' R™X\
iy Qs o B A = R
H 7 ' S
' EtO EtO—3
H EtO ! S =\
o) '
disfavored cis product E favored trans product
(Not obtained) : (Obtained)

As described by Aggarwal et al, the reason for the diastereoselective formation of products could be the ste
repulsion between the-Bulfonyl imine and the ester group which disfavors the cis product in comparison to

the trans where the molecule do soffer any steric repulsion.
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K) Single Crystal data of 3ag andal

For the determination of-Xay crystal structures @agand3al a single crystal was selected and mounted with
paratoneoil on a glass fiber using gum. The data was collected at 293K on a CMOS based Bruker D8 Ventu
PHOTON 100 diffractometer equipped with RNCOATEC microfocus source with graphite monochromatic
Mo KU radiation (& = 0. 71O0A Borthe integrptierr o& diffraction pmfiles 5 0
SAINT prograni was used. Absorption correction was done applying SADABS protjfdra.crystal structure

was solved by SIR 92nd refined by full matrix least square method using SHERXiWinGX system, Ver
1.70.017 All the nonthydrogen atoms in the structure were located the Fourier map and refined anisotropically
The hydrogen atoms were fixed by HFIX in their ideal positions and refined using riding model with isotropi
thermal parameters. The crystal stire (excluding structure factor) has been deposited to Cambridge
Crystallographic Data Centre and allocated deposition nurBagrCCDC 2115609 3al: CCDC 2145541.

Figure S1: Xray crystal structure &ag

CCDC No. CCDC2115609

Formula C21 H25 N O4S

Formula weight 387.48

Crystal System Monoclinic

Space group P21/n

a, b, c (A) 13.4901(9) 9.8844(7) 15.6641(11)
U, b, o9 (A) 90 104.766(2) 90
V (A3 2019.7(2)

Z 4

Calculated Density (g/cth 1.274

Absorption coefficient (mm) 0.186

F(000) 824

Crystal Size (mrf) 0.05x 0.23x 0.36

Theta range for data collection: 2.3°t0 26.4

Data set -16: 16 ;-12: 12 ;-19: 19

0



Reflection

70148

Independent refi.

[R(int) = 0.066]

data [ > 20a(1)] 3433

R indices (all data) R =0.0461, wR= 0.1201
S 1.05

Min. and Max. Resd. Dens. (e} -0.27 and 0.32

Table S1: Selected bond lengths [A] @ag

Atoms Bond lengths [A] Atoms Bond lengths [A]
S1 01 1.4301(16) C19 -C20 1.373(4)
S1 -02 1.4301(17) Cl -Hi1A 0.9300
S1 -N1 1.6103(15) C2 -H2 0.9300
S1 -C7 1.7690(17) C4 -H4A 0.9600
03 -Ci13 1.193(2) C4 -H4B 0.9600
04 -C13 1.328(2) C4 -H4C 0.9600
04 -Cla 1.456(2) C5 -H5 0.9300
N1 -C8 1.459(2) C6 -H6 0.9300
CL -C2 1.377(3) C8 -H8 0.9800
ci1 -Cv 1.375(3) C9 -H9A 0.9700
N1 -H1 0.8600 C9 -H9B 0.9700
CO0OA -C8 1.552(2) C10 -H10A 0.9700
CO0A -C12 1.522(3) C10 -H10B 0.9700
CO0A -C13 1.514(2) Cl1 -H11A 0.9700
CO0A -C11 1.539(3) Cll -H11B 0.9700
c2 -C3 1.376(3) Cl12 -H12A 0.9600
Cc3 -C5 1.386(3) C12 -H12B 0.9600
C3 -C4 1.512(3) Cl2 -Hi12C 0.9600
C5 -C6 1.378(3) Cl4 -H14A 0.9700
ce -C7 1.389(3) Cl14 -H14B 0.9700
c8 -C9 1.534(3) Cl6 -H16 0.9300
C9 -C10 1.516(3) C17 -H17 0.9300
C10 -C11 1.527(3) C18 -H18 0.9300
Cl4 -C15 1.496(3) C19 -H19 0.9300
C15 -C20 1.384(3) C20 -H20 0.9300
C15 -C16 1.377(3)

C16 -C17 1.378(4)

C17 -C18 1.370(4)

C18 -C19 1.366(4)
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Table S2: Selected bond angle§][of 3ag

Atoms Bond anglesf] Atoms Bond anglesf]
Ol -S1 -02 120.44(10) N1 -C8 -C9 114.76(15)
01 -S1 -N1 107.68(8) c8 -C9 -Ci10 105.53(16)
o1 -S1 -C7 107.11(9) Cc9 -Ci10 -Ci11 106.52(17)
02 -S1 -N1 105.93(9) CO0A -Cl11 -C10 105.97(17)
02 -S1 -C7 107.39(9) 03 -C13 -COOA 124.38(17)
N1 -S1 -C7 107.74(8) 03 -Cl1l3 -0O4 122.49(16)
Cl3 -O4 -Cl4 115.95(14) 04 -C13 -COO0A 113.10(15)
S1 -N1 -C8 121.57(12) 04 -Cl4 -Ci15 107.32(15)
c2 -Ci1 -C7 120.04(18) Cl14 -C15 -C16 120.51(17)
C8 -N1 -H1 119.00 Cl6 -C15 -C20 118.77(19)
S1 -N1 -H1 119.00 Cl4 -C15 -C20 120.69(18)
C8 -CO0A -C12 112.01(15) Cl5 -Cl6 -C17 120.7(2)
C8 -CO0A -Cl1 100.43(14) Cl6 -Cl7 -Ci18 119.7(2)
Cl11 -COOA -C13 114.20(15) Cl7 -Cl18 -C19 120.4(3)
C12 -COOA -C13 109.40(15) C18 -C19 -C20 120.1(3)
C11 -COOA -C12 112.02(15) Cl15 -C20 -Ci19 120.4(2)
C8 -COOA -C13 108.51(13) C2 -Cl1 -H1A 120.00
Cl -C2 -C3 121.5(2) C7 -Cl1 -H1A 120.00
C2 -C3 -C4 121.6(2) ClL -C2 -H2 119.00
C2 -C3 -Cb 118.12(19) C3 -C2 -H2 119.00
C4 -C3 -C5 120.27(19) C3 -C4 -H4A 109.00
C3 -C5 -C6 121.19(19) C3 -C4 -H4B 109.00
C5 -C6 -C7 119.69(19) C3 -C4 -H4AC 109.00
S1 -C7 -C6 119.66(14) H4A -C4 -H4B 110.00
Cl -C7 -C6 119.48(16) H4A -C4 -HAC 109.00
S1 -C7 -Cl 120.86(13) H4B -C4 -H4C 109.00
COO0A -C8 -C9 103.29(14) C3 -C5 -H5 119.00
N1 -C8 -COOA 113.74(14) C6 -C5 -H5 119.00
C5 -C6 -H6 120.00 CO0A -C12 -H12B 109.00
C7 -C6 -H6 120.00 CO0A -Cl12 -Hi2C 109.00
N1 -C8 -H8 108.00 H12A -C12 -H12B 109.00
COOA -C8 -H8 108.00 H12A -C12 -H12C 109.00
C9 -C8 -H8 108.00 H12B -C12 -H12C 109.00
C8 -C9 -H9A 111.00 04 -Cl4 -H14A 110.00
C8 -C9 -H9B 111.00 04 -Cl4 -H14B 110.00
C10 -C9 -H9A 111.00 C15 -Ci14 -H14A 110.00
C10 -C9 -H9B 111.00 C15 -Cl1l4 -H14B 110.00
H9A -C9 -H9B 109.00 H14A -Cl14 -H14B 109.00
C9 -C10 -H10A 110.00 C15 -Cl16 -H16 120.00
C9 -C10 -H10B 110.00 Cl7 -Cl6 -H16 120.00
C11 -C10 -H10A 110.00 Ci6 -Ci17 -H17 120.00
Cl11 -C10 -H10B 110.00 C18 -Cl17 -H17 120.00
H10A -C10 -H10B 109.00 Cl7 -C18 -H18 120.00
COOA -Cl11 -H11A 111.00 C19 -C18 -H18 120.00
COOA -C11 -H11B 111.00 C18 -C19 -H19 120.00
C10 -C11 -H11A 111.00 C20 -C19 -H19 120.00
C10 -Cl11 -H11B 111.00 C15 -C20 -H20 120.00
H11A -C11 -H11B 109.00 C19 -C20 -H20 120.00
CO0OA -Cl12 -H12A 109.00




Table S3: Selected hydrogen bonding geometry [A, for a compound 3ag

D--H..A D.H H.A D.A D--H.A
N1 --H1 .. 03 0.8600 2.3000 2.880(2) 125.00
Cl —HIA ..O1 0.9300 2.5300 2.880(2) 105.00
C8 —~H8 .01 0.9800 2.5600 2.964(2) 105.00
Cll --H11A .. 04| 0.9700 2.3800 2.811(2) 106.00

Figure S1: Xray crystal structure @al

CCDC No. CCDC 2145541
Formula C21H25N0O4 S
Formula weight 387.48

Crystal System Monoclinic
Space group P21/n

a, b, c (A) 15.4139(12 8.4945(§ 17.2042(1%
u, b, o2 (A) 90 112.73%2)

V (A3 2077.6(3

Z 4

Calculated Density (g/cth 1.239

Absorption coefficient (mm) 0.181

F(000) 824

Crystal Size (mr) 0.28 x 0.29x 0.31

Theta range for data collection: 2.6°to 25.7
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Data set

-18: 18 ;-10: 10 :-20: 21

Reflection

28113

Independent refi.

[R(int) = 0.063

data [ > 20a(1)] 2816

R indices (all data) R =0.0503 wR.= 0.1393
S 1.03

Min. and Max. Resd. Dens. (e} -0.25 and 0.28

Table S1: Selected bond lengths [A] Bal

Atoms Bond lengths [A] Atoms Bond lengths [A]
S1 -03 1.4331(18) C18 -C19 1.377(5)
S1 -04 1.426(2) Cl -Hi 0.9300
S1 -N101 1.600(2) C025 -HO2A 0.9600
S1 -C20 1.763(2) C025 -HO2B 0.9600
01 -C12 1.205(4) C025 -H02C 0.9600
02 -C12 1.314(3) C2 -H2 0.9300
02 -C13 1.443(4) C3 -H3 0.9300
N101 -C8 1.453(3) C4 -H4 0.9300
N101 -H101 0.8600 C5 -H5 0.9300
Cli1 -C3 1.347(6) C7r -H7 0.9800
Cl -C2 1.356(6) C8 -H8 0.9800
C025 -C18 1.508(4) C9 -H9A 0.9700
C2 -C4 1.399(5) C9 -H9B 0.9700
C3 -C5 1.379(4) C10 -H10A 0.9700
C4 C6 1.370(4) C10 -H10B 0.9700
C5 -C6 1.375(4) Cl1 -H11 0.9800
ce -C7 1.509(3) C13 -H13A 0.9700
C7 -Cil1 1.545(4) C13 -H13B 0.9700
C7 -C8 1.534(4) Cl4 -H14A 0.9600
C8 -C9 1.534(4) Cl4 -H14B 0.9600
Cc9 -Ci10 1.508(4) Cl14 -Hi14C 0.9600
C10 -Cl11 1.534(4) C15 -H15 0.9300
Cll -C12 1.491(4) C16 -H16 0.9300
Ci13 -C14 1.375(6) Cl1l7 -H17 0.9300
C15 -C20 1.372(4) C19 -H19 0.9300
C15 -C19 1.383(4)

C16 -C17 1.376(4)
C16 -C20 1.378(4)
C17 -Ci8 1.376(4)
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Table S2: Selected bond angle§][of 3al

Atoms Bond anglesf] Atoms Bond anglesf]
03 -S1 -04 119.83(12) C10 -Cl1 -Ci12 114.9(2)
O3 -S1 -N101 105.54(11) 02 -Cl12 -Cl1 111.7(2)
03 -S1 -C20 108.31(11) 01 -Cl2 -Cl1 124.6(3)
04 -S1 -N101 108.51(11) Ol -Cl2 -02 123.7(3)
04 -S1 -C20 107.14(12) 02 -Cl13 -Cl4 110.5(3)
N101 -S1 -C20 106.86(12) C19 -C15 -C20 119.6(3)
Cl2 -02 -C13 117.5(2) Cl7 -Cl6 -C20 119.6(3)
S1 -N101 -C8 123.03(18) Cl6 -Cl7 -Ci18 121.6(3)
C8 -N101 -H101 118.00 Cl7 -C18 -C19 117.8(3)
S1 -N101 -H101 119.00 C025 -C18 -C17 120.4(3)
CcC2 -C1 -C3 119.4(3) C025 -C18 -C19 121.8(3)
Cl -C2 -C4 120.6(4) Cl15 -C19 -C18 121.5(3)
Cl -C3 -Cb 120.3(4) Cl15 -C20 -C16 119.9(2)
C2 -C4 -C6 120.6(3) S1 -C20 -C15 119.9(2)
C3 -C5 -C6 122.0(3) S1 -C20 -Cl16 120.2(2)
C4 -C6 -C7 120.9(2) Cc2 -Cl1 -H1 120.00
C5 -C6 -C7 122.1(2) C3 -C1 -H1 120.00
C4 -C6 -C5 117.1(2) C18 -C025 -HO2A 109.00
c8 -C7 -Ci1 101.96(19) C18 -C025 -H02B 109.00
Cé6 -C7 -C8 115.7(2) C18 -C025 -HO02C 109.00
Cé6 -C7 -Cli1 115.9(2) HO2A -C025 -H02B 109.00
C7 -C8 -C9 103.9(2) HO2A -C025 -H02C 109.00
N101 -C8 -C7 113.0(2) HO02B -C025 -H02C 109.00
N101 -C8 -C9 112.9(2) ClL -C2 -H2 120.00
CcC8 -C9 -Ci10 106.2(2) C4 -C2 -H2 120.00
C9 -Ci10 -Cl1 107.1(2) Cl -C3 -H3 120.00
C7 -Cl1 -Cl12 109.9(2) C5 -C3 -H3 120.00
C7 -Cl1 -Ci10 104.5(2) C2 -C4 -H4 120.00
C6 -C4 -H4 120.00 Cl10 -Cl1l1 -H11 109.00
C3 -C5 -H5 119.00 Cl12 -Cl1l1 -H11 109.00
C6 -C5 -H5 119.00 02 -Cl13 -H13A 110.00
C6 -C7 -H7 108.00 02 -Cl13 -H13B 110.00
C8 -C7 -H7 108.00 Cl4 -Cl13 -H13A 110.00
Cl1 -C7 -H7 108.00 Cl4 -C13 -H13B 110.00
N101 -C8 -H8 109.00 H13A -C13 -H13B 108.00
C7 -C8 -H8 109.00 C13 -C14 -H14A 109.00
C9 -C8 -H8 109.00 C13 -Cl1l4 -H14B 109.00
C8 -C9 -H9A 110.00 C13 -Cl14 -H14C 109.00
C8 -C9 -H9B 111.00 H14A -C14 -H14B 109.00
C10 -C9 -H9A 111.00 H14A -Cl14 -H14C 110.00
Ci10 -C9 -H9B 111.00 H14B -C14 -H14C 109.00
H9A -C9 -H9B 109.00 C19 -C15 -H15 120.00
C9 -C10 -H10A 110.00 C20 -C15 -H15 120.00
C9 -C10 -H10B 110.00 Cl7 -Cl16 -H16 120.00
Cll1 -C10 -H10A 110.00 C20 -Cl16 -H16 120.00
Cl11 -C10 -H10B 110.00 Cl6 -Cl17 -H17 119.00
H10A -C10 -H10B 109.00 C18 -Cl1l7 -H17 119.00
C7 -Cl11 -H11 109.00 C15 -C19 -H19 119.00




Table S3: Selected hydrogen bonding geometry [A], for a compound 3al

D--H..A D.H H.A D.A D--H.A
N101-- H101..01]  0.8600 2.1200 2.950(3) 162.00
C10 --HIOA..O1|  0.9700 2.5100 2.924(4) 105.00
Cil--H1l ..O3| 0.9800 2.5300 3.218(3) 128.00
C16 - H16 .04 | 0.9300 2.5300 2.900(3) 104.00
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L) *H NMR of the Starting materials

'H NMR (CDg1400 MHz) of 1a
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[ 'H NMR (CDg1400 MHz) of 1C}
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[ 'H NMR (CDg1400 MHz) of 2I ]
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[ 'H NMR (CDg1400 MHz) of Zn]
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M) NMR and HRMS of the Products

IH NMR (CDE,1400 MHz) of 3aa
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[ HRMS of 3aa ]

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 300.0 PPM / DBE: min=-1.5, max =50.0
Element prediction: Off

Number of isotope peaks used for i-FIT =5

Monoisotopic Mass, Even Electron lons

20 formula(e) evaluated with 1 results within limits (all results (up to 1000) for each mass)
Elements Used:

C:15-15 H: 0100 MN: 01 O: 04 S:041

Sample Mame  © 230821_1802-248 IITRPR XEVO G2-X5 QTOF

Test Mame :

230821_1802-248 44 (0.933) 1. TOF MS ES+
4.03e+006

1 3341155

267.0992 3011534 3121338

385.1352

298 1034 245.0889

230 240 230 260 270 280 230 300 30 320 330 340 30 360 3P0 380 3490

Minimum: -1.5

Maximum: 2.0 300.0 350.0

Mass Calc. Mass mDa PEM DEE i-FIT Norm Conf(%¥) Formula
312.1338 312.1270 6.B 21.8 5.5 B3g. 2 nfa nfa Cl5 H22 N 04 5
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IH NMR (CDg,1400 MHz) of 3ad
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