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General

Unless otherwise noted, all chemicals were used as received from commercial sources. Anhydrous TH
CH:Cl;, DMSO, DMF werereceived from commercial sourcesnalytical thin-layer chromatography
(TLC) was performed on preoated silica geF-254 plates. Nuclear magnetic resonance spectra were
recorded on NMR spectrometers at fislowing frequencies:H, 300 MHz; *C{!H}, 75 MHz.
Chemical shifts are reported in parts paltion (ppm) relative to the residuablvent peak as an internal
reference. Highresolution mass spectra (HRMS) were recordethass spectrometers with a thoe

flight (TOF) mass analyzer using E&lptical rotations were recorded on a Kruess P300fipteter.

The electrolysis was performed in the ElectraSyn vial (5amLO mL) with the ElectraSyn viatap

equipped with the anode (graphite) and cathode (graph#&inless stegl
Optimization of decarboxylative cyclization of acid 9a

The optimization reactions were performed in the ElectraSyn vial (5 mL) with the ElectraSyn vial cap
equipped with the anode and cathode (graphite, BDD, Pt, stainless steel). Cadmiat9a¢0.15 mmaol,

1 equiv) and a supporting electrolyte (0.075 mmol, 0.15 mmol, or 0.3 mmol) were dissolved in 3 mL of
MeCN/HO mixture (MeCN/HO ratio 2:1 or 5:1), and the electrodes were immersed in the colorless
reaction solution (immersed electrcsleface area A = 1.12 &nThe electrolysis was carried out under
galvanostatic conditions at room temperature. After completion, the reaction solution was evaporatec
and the crude material was analyzediYNMR using CHBr. as an internal standardaameters such

as supporting electrolyteglectrode material, current density, aswhcentration were optimized. The
amount of passed charge was not optimidéd: reaction progress was monitored by-MS analysis.
Initially a charge of 2.6 was applied. Additional amount of charge was applied in a case@hplete

conversion of aci®a, but usually not more than 25
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Table S1.0Optimization ofthe supporting electrolyte

C(‘f)F ﬁ(—)C

;NHTS 0.025|M tSUFFiorﬁng NHTs NHTs
Q CO,H oNHLO (2 Q QNTS Q Q/OH Q ;H
)J\H C022Et Mz_c;,;u;ﬁ (9231) )J\” CO,Et )LH CO,Et )LH CO,Et
9a 12 mA/em? 6a 10a 11a
2-25F
Entry Supporting NMR vyield, 6a:10a:1la
electrolyte %2 (LC-MS ratio)
1P LiClO4 67° 84:16:0
2° KoCGOs 54 86:3:11
3 NaCO3 54 86:4:10
4° NaOAc 56 71:13:16
59 BwNCIO4 67 85:15:0
6° EuNPFRs 66 85:15:0
7° EtNBF4 71 84:16:0

a CH,Br; was used as an internal stand&2I5F. ©2.0F. 9 2.3F. ¢ The average yield of two runs.

Table S2.0Optimization oftheratio of MeCN/HO.

NHTs C(’f)i_“_ﬂ(—)c

0.025 M LiCIOy4 or Et;NBF,

0 ;COzH MeCN/H,0 ratio o QNTS
)J\N COEt 0.05 M20f 9a )J\H COEt
9a 12 mA/cm? 6a
25F
Entry Supporting MeCN:H20 NMR vyield, %2

electrolyte
1 LiClO4 2:1 67°
2 LiClO4 5:1 68
3 LIClO4 5 equiv HO 0°
4 EuNBF4 2:1 71
5 EuNBF4 5:1 72

2 CH,Br, was used as an internal standdithe average yield of two rurfsNo conversion
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Table S3.0Optimization ofcurrent density

C(+)Fﬁ(—)C

NHTs
o 0.025 M LiClO,
CO,H MeCN/H,0 (5:1) QNTS
)J\H COEt  05Mof9a )J\ COLEt
9a j, mA/cm?
25-3F
Entry I NMR vyield, %2
mA/cm?2
1P 12 68
2° 4 66
3P 14 63

a CH.Br, was used as an internal stand&r2l5 F.¢ 3.0 F.9 Not full conversion oBa.

Table S4.0ptimization ofsupporting electrolyteoncentration

NHTs C(+)Fﬁ(—)0 NHTs NHTs
o conc. Et4NBF,4 Q ; o ;
COLH MeCN/H,0 (5:1) NTs OH H
)J\” CO,Et 0.05 M of 92 )L CO,Et CO,Et )LH CO,Et
9a 12 mA/om? 10a 11a
25F
Entry [EtsNBF4], NMR yield, 6a:10a:11a
mol/L %2 (LC-MS ratio)
1 0.025 72 85:15:0
2 0.05 67 85:13:2
3 0.1 60 84:14:2

a CH2Br, was used as an internal standard.

Table S5.0ptimization of thecathode material

v ool o

0. 025 M Et;NBF,

i ;COQH MeCN/H,0 (5:1) QNTS
N COzEt 0.05 M of 9a CO,Et
9a 12 mA/cm?
2.0-2.8 F
Entry () NMR yield, %2
1P C 72
2 Pt 63
3 SS 70
4d BDD 62

a CH.Br, was used as an internal stand&r2l5F.c2.0F.92.8F.
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Synthesis of alkylating reagent$s2a,b, S3a,b, and S6

|Genera| procedure A | | General procedure B |
Boc,O Br
Br RSO,CI B pmapP /—/7
Boc—N
H2N CH,Cl,, EtsN RO,SHN THF
B Bro Zre s 2 SO,R

S1a:R = 4-Me-CGH4 S2a:R = 4-Me-CGH4
S1b: R = Me S2b: R = Me

| General procedure C |

Boc,O
Br 2 Br
/_}/-)71—2 EtsN . /_}017—2

H3N o CH,CI, or THF BocHN

® Br

S3a,b
|Genera| procedure B |
Boc,O
)1 _ _— _—

PH oH CH2CL EtN — py oms THF PH Oms acetone Ph Br

S4 S5 S6

General procedure A

Commercially available-Bromoproparil-amine hydrobromide (1.€quiv)and tosylchlorideor mesyl
chloride (1.0 equiv) were dissolved in anhydrouSH:Cl, (4 mL/mmol of the hydrobromide). The
solution was cooled to T in an icebath followed by the dropwise addition okEt(2.5equiv) The
resultingwhite suspension wastised for 20minutesat 0 °C(for S1g or 60 minutes at room temperature
(for S2b). After completion, e reaction mixture was querszhwith 1 M aqueoudHCl to pH 2 The
layers were separated and the aqueous layer exétacted with CHxCl> (3x3 mL/mmol of
hydrobromide). The combined organic layers were washed with wiaiet/tnmol of hydrobromide)
and then withbrine @ mL/mmol of hydrobromide), ded over anhydrousNa&SQy, filtered and

concentraté in vacuo The product was used in the next stefhaut additional purification.
General procedure B

A solution ofsulfonamideS1ab or S4 (1 equiv) di-tert-butyl dicarbonate (1 equiv) and DMAP (0.2
equiv) inanhydrousTHF (5.8 mL/mmol of amine or sulfonamidevas stirred at room temperature for
30i 60 minutes The resultingsolutionwas diluted with water4d(mL/mmol of amine or sulfonamidle
andthe water layer wasextracted with EtOAc3*x4 mL/mmol of amine or sulfonamigleThe extracts
were combined,washed with watef4 mL/mmol of amine or sulfonamideyried over anhydrous

NaSQu, and concentratad vacuo
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General procedure C

A solution of3-bromoproparnl-amine hydrobromider 4-brombutarl-amine hydrobromide (1 equiv)
anddi-tert-butyl dicarbonatéli 1.2equiv) waslissolvedn CHxClI> (5 mL/mmol ofhydrobromidé. The
reactionsolutionwas cooled in an iebath, and BN (1 1.3 equiv) was addedlowly. The colorless

solution was stirred at room temperattoe3i 16 hours

Br N (Bsomopropyl) 4 met hyl benze (kg das ohtdinédoawma mi d
TsHN white amorphous solidb(15g, 96%) according to the general procedérérom 3-
bromoproparil-amine hydrobromide (4.00 g, 18.3 mmol, &dquiv)andTsCI (3.48 g, 18.3 mmol, 1.0
equiv). Theproduct was used in the next step without additional purification.
IH NMR (300 MHz, CDC}) U i 7.748m, 2H), 7.38 7.28 (m, 2H), 5.59 (br. s, 1H), 3.42 Jt=
6.5 Hz, 2H), 3.08 (0] = 6.5 Hz, 2H), 2.44 (s, 3H), 2.03 (p5 6.5 Hz, 2H) The'H NMR spectrum was

in agreement with that reported in the literaflie

Br N-( 3 Bromopropyl ) me$lh)aas ebtamdd bscatodess ol (686
MsHN mg, 100%) according to the general procedurdrdn 3-bromoproparl-amine
hydrobromide (1.00 g, 4.6 mmol, 1e@Quiv) andMsCI (0.37 mL, 4.8 mmb 1.05equiv). The product
was used in the next step without additional purification.
'H NMR (300 MHz, CDC#) U 5J.=0.7 Hz( 1H), 3.47 (t) = 6.4 Hz, 2H), 3.25 (¢) = 6.5 Hz,
2H), 2.95 (s, 3H), 2.08 (d,= 6.5 Hz, 2H) TheH NMR spectrum was in agreement with that reported
in the literaturd?2].

gr 1ert butNy ( 3 br omN p(rdo pnyelt)hy |l benzenesS29 f on
Boc—NTs was obtained aa white amorphous solids(68 g, 94%) according to the general
procedureB from sulfonamideS1a(4.50 g, 15.4 mm@l The product was used in the next step without
the additional purification.

'H NMR (300 MHz, CDC4) U 1 7.728m3, 2H), 7.36 7.26 (m, 2H), 4.01 3.90 (m, 2H), 3.45 (1)

= 6.6 Hz, 2H), 2.44 (s, 3H), 2.402.25 (m, 2H), 1.35 (s, 9HThe'H NMR spectum was in agreement

with that reported in the literatuf8].

Br Tert bulN y(l3 br omN pmeotphyalne s ul f ¢S2ywas abtaibed ma t
Boc—NMs according to genergrocedure Brom sulfonamideS1b (986 mg, 4.6 mmol)After
extraction, the crude material was dissolved in GHO) mL) and~6% aqueousNHz was addedThe

resultingemulsion was stirred at room temperature for 1 hour. The organic layer was separated, washe
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with aqueou®).1 M HCI (15 mL), dried oveanhydrousNaSQ, filtered and concentrated afford the

title productasa yellow oil (1.3 g, 90%)The product was used in the next step without the additional
purification.

'H NMR (300 MHz, CDC}) U 71 3.768r6,2H), 3.40 (tJ = 6.6 Hz, 2H), 3.28 (s, 3H), 2.302.15

(m, 2H), 1.55 (s, 9H).

I3CNMR (75MHz,CDC) U 151.5, 84.9, 45.4, 42.3, 32.8,

Br Tert-butyl N-(3-bromopropyl)carbamate (S3g was obtained according to general
Boc—NH procedureC from 3-bromoproparl-amine hydrobromid€500 mg, 2.3 mmol)di-
tert-butyl dicarbonatg498 mg, 2.3 mmoland EtsN (0.32 mL, 2.3 mmglin CHzCl2 (20 mL). After
completion, he reaction mixture was quenched vatjueou$% NaOH (3x15 mL). The organic layer
was separated and washed with water (3x15 mL), dried ow&ildiltered and concentrateéd vacuo
to afford the title compoundsa colorlessoil (469 mg, 86%). The prodat was used in the next step
without additional purification.
IH NMR (300 MHz, CDC$) U i 4.557b8. s, 1H), 3.44 (8,= 6.5 Hz, 2H), 3.27 (q] = 6.5 Hz, 2H),
2.117 1.96 (m, 2H), 1.44 (s, 9HYheH NMR spectrum was in agreement with that repoitethe

literature[4].

Br Tert bulN y(l4 br omo b ut ($3bwasabtdnadaecoreing to general
procedureC from 4-bromadbutanl-amine hydrobromide9@30 mg, 4.0 mmol and
di-tert-butyl dicarbonate(1.05 g, 4.8 mmglin presence of BN (0.72 mL, 5.2

mmol). After completion the reaction mixture was quenched wihueouss% HCI (28 mL). The

BocHN

organic layer was separated and washed with water (28 mL), dried oy8QiNdiltered and
concentratedn vacuo The crude material wasurified by flash column chromatography on silica gel
using gradient elution from 9% to 17% EtOAc petroleum etheto afford the title compoundsa
colorlessoil (747 mg, 74%); analytical TLC on silica gel, 1:10 EtOAc/petroleum etliers 0.27.

IH NMR (300 MHz, CDC}) 4 4. 61 ( &=6.7 HH 2H), 3.89.30 (m,(2H), 1.94 1.76
(m, 2H), 1.68 1.53 (m, 2H), 1.41 (s, 9HTheH NMR spectrum was in agreement with that reported
in the literaturg5].

NHMs 35 Met hanesul f onami do n&thgnésdfongte p r(®4p vy |
BH oms Commercially availabl¢S)-3-amino-3-phenytl1-propanol (1.5 mL, 10.3 mmol, 1.0
equiv) was dissolved ianhydrousCH2Cl> (30 mL), and the reaction solati was cooled in an ideath.

Then, MsCI (4.0 mL, 51.8 mmol, 5 equiv) angNE{(4.3 mL, 31.1 mmol, 3 equiv) were sequentially
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slowly added. The yellow suspension was stirred at room temperature overnight. After comgtletion,
volatiles were removeith vacua The purification of the crude material by revelpbaselashcolumn
chromatographyusing gradient elution from 5% to 100% MeCN water containing0.01% TFA
affordedthe title compound ascolorless 0il(2.27 g, 71%)

'H NMR (300 MHz, CDC}) U 1 7.284n7, 5H), 5.25 (d] = 8.8 Hz, 1H), 4.71 4.58 (m, 1H), 4.37
(ddd,J=10.3, 7.5, 5.0 Hz, 1H), 4.24 (ddds 10.3, 5.9, 5.0 Hz, 1H), 3.05 (s, 3H), 2.60 (s, 3H), 2.35
2.12 (m, 2H).

13C NMR (75 MHz, CDC}) a 140. 2, 12096, 35.1,411923F.5,869. 126 . 5, 6 6
HRMS (ESI/QTOF) m/z. [M+Na]* Calcd for GiH17NOsS;Na 430.0970 Found430.0980

[ @ 140(c1.0, CHCH).

Boc—NMs Tert buMN ymet haneld ugflo3ny(lmet hanesul fonyl o
PH oMs 1 phenyl pr op($3)was abtaibesl acadrdeng to genepabcedure B

form protected hydroxylamin&4 (2.24 g, 7.3 mmol, 1.0 equiv]he crude material wapurified by

reversd phaseflash columnchromatographwysinggradient elution from 5% to 100% MeQN water

containing 0.01% TFAo affordthe title compouné@sa colorlessoil (2.43g, 82%).

'H NMR (300 MHz, CDC$) U i 7.274n@ 5H), 5.67 (dd,= 10.5, 5.1 Hz, 1H), 4.404.31 (m, 2H),

3.27 (s, 3H), 3.06 (s, 3H), 2.98.79 (m, 1H), 2.60 (ddfl = 14.8, 8.4, 5.4 Hz, 1H), 1.40 (s, 9H).

13C NMR (75 MHz, CDC¥}) ad 151. 5, 138. 7, 1288,4,7,31.& 8.2,128.0. 1 2

HRMS (ESI/QTOF) m/zz [M+Na]" Calcd for GeH2sNO7S:Na 430.0970 Found430.0980

[ @ 140(c1.0, CHCH).

Boc—NMs Tert but yN [§ 13 bromo 1 N hmeetyh gomeospwllflony |
P gr (S6) MesylateS5 (2.39 g, 5.8 mmol, 1.0 equiv) and LiBr (2.55 g, 29.4 mmol, 5

equiv) wereheated undereflux in acetone (50 mUjor 4 hours Then, all volatiles were removeih

vacua The crude material was purified filgsh column chromatography on silica gel usigigdient

elution from 0% to 80% EtOAc in petroleum ether to afford the title compouada@lsrless thick oil

(1.27 g 55%) analytical TLC on silica gel, 1:1 EtOAc/petroleum etlrs 0.71.

'H NMR (300 MHz, CDC4) U 71 7.244nd, 5H), 5.68 (dd} = 9.6, 5.8 Hz, 1H), 3.603.41 (m, 2H),

3.23 (s, 3H), 3.07 2.89 (m, 1H), 2.80 2.62 (m, 1H), 1.43 (s, 9H).

13C NMR (75 MHz, (Cls) a4 151. 6, 138. 7, 128. 7, 128. 1, 12

[ B%i72(c1.0, CHCH).
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Synthesis ofmalonic acid monoesters 9%an

| General procedure D |

NMM
EDC, HOBt |Genera| procedure F |
THF
EIBOC
O Br\/wN\Rz R2
® 1JJ\ 0 R3 N—Boc
S R' "OH JJ\ ( 3
NH3 Cl R1 NH SZa,b, S3a,b, or S6 0 n R
> )\ Cs.CO JJ\ CO,Et
2003
EtO,C™ "COaEt Et0,C~ “CO,Et DMSO R’ ” CO,Et
EDC, HOBt S7c—g 7al
Et;N, DMF
S7¢g
|Genera| procedure E | ] ;; -I(;'l:)éCI
S8
| General procedure G | | General procedure H |
R%0,8, R%0,S, NHSO.R?
N—Boc N—Boc 2
3 KOH 3 TFA 0 R®
i CO,Et H,0, EtOH i CO,H 1 JIQ
R "N “CO,Et R! H CO,Et R H COoEL
7a—f,j-1 8a-i 9a—f l-n
| General procedure | | | General procedure G |
— _p2 _p2
HN—Boc 1) TFA HN—R HN—R
0 n 2) BzCl or 0-NsCl 0 ( n KOH 0 ( n
1 CO,Et - COEt — - > CO,H
R ON” “CO,E or R1JJ\N cot 2O EOH R1JJ\N CO,Et
H 2 1) TFA H 2 H 2

| General procedure J |

| General procedure G |

HN—Boc HN—R?
0 KOH o
COEt —— CO-H
PN § H,0, EtOH 2
N CO,Et H CO,Et
7i 9j

General procedure Dfor synthesis ofamidomalonates S7ig

N-Methylmorpholine (2.0 equiv) was added to a solution of carboxylic acid(IL@quiv)and diethyl

aminomalonate hydrochloride (1.0 equiv) in anhydrous THF (3 mL/mmdiethyl aminomalonate
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hydrochloride) at 0 °C. After 10 min HOBt (1.1 equiv) and BICI (1.1 equiv) weresequentially
added. Theaesultingcolorless slurry was wared to room temperature and stirred until completion
(usually 1.5 hours). The reactiomxture was treated with saturated aqueous@H10 mL/mmol of
diethyl aminomalonatehydrochloride) and extracted with EtOAc (3x10 mL/mmol of diethyl
aminomalonatehydrochloride). The organic layers were combined and sequentially washed with
saturatedaqueous NaHC®(10 mL/mmol of diethyl aminomalonate hydrochloride) and brine (10
mL/mmol of dethyl aminomalonate hydrochloride). The agueous layer was separated, angithie
phase was dried ovanhydroufNa;SQ, filtered, and concentratéa vacuo

General procedureE the synthesis olmidomalonates S7c,d

EtN (2.8 equiv) was added tosalution of carboxylic acid (1i@.1 equiv) and diethydminomalonate
hydrochloride (1.0 equiv) in anhydrous DMF (3 mL/mmol of dietnylinomalonate hydrochloride) at

0 °C. Afterstirring for 10 min at this temperature, HOBt (1.2 equiv) &1ICxHCI (1.2 eqiv) were
addedconsecutively The reaction mixture was waeato room temperature and stirred for 1.5 hours.
The white suspension was treated with saturaagdeous NECI (10 mL/mmol of diethyl
aminomalonate hydrochloride) and extracted vi@tAc (3x10mL/mmol of diethyl aminomalonate
hydrochloride). The organic layers werembined and sequentially washed with saturated aqueous
NaHCQG (10 mL/mmol of diethylaminomalonate hydrochloride) and brine (10 mL/mmol of diethyl
aminomalonatéydrochloride). The @ueous layer was separated, and the organic phase was dried over

anhydrousfNaSQy, filtered, and concentrated vacuo

O O 1,3-Diethyl  2-{[(benzyloxy)carbonyllamino}propanedioate (S7g. Diethyl

EtO OEt aminomalonate hydrochloride (635 mg, 3 mmol, 1.0 equiv) an@®«382 mg, 3.6

NHCbz mmol, 1.2 equiv) were dissolved in® (5 mL). The colorless clear solution was
cooled in an icéath followed by the addition of benzyl chloroformate (0.43 mL, 3 min6lequiv).
After 2 hours, the mixture was warmed to room temperature and stirred overnight. The clear reactiol
solution was acidified bgqueougl M HCI to pH 2 and extracted with EtOAc (3x10 mL). The combined
organic layers were washed with brine (10)ndried ovelanhydrous Ng&5Qy, filtered, ancconcentrated
in vacuoto afford the title compound asthick light yellow colorless 0i(878 mg 95%)that was used
in the next step without purification.
'H NMR (300 MHz, CDC}) U 1 7.273n7, 5H)5.91 (d,J= 7.7 Hz, 1H), 5.12 (s, 2H), 5.00 (@I
7.7 Hz, 1H),4.331 4.14 (m, 4H),1.27 (t,J = 7.2 Hz, 5H) TheH NMR spectrum was in agreement
with that reported in the literatuf®].
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O o 1,3-Diethyl 2-(phenylformamido)propanedioate (S7b). Diethyl aminomalonate
EtoJ\HJ\OEt hydrochloride (635 mg, 3.0 mmol,equiv) was dissolved in pyridine (8 mL). The
Ph\n/NH colorless solution was cooled in an-leath, and benzoyl chimle (0.35 mL, 2.9

O mmol, 1equiv)was added dropwise. The ligi¢llow solution was stirred overnight

at room temperaturend the solvent was evaporaiadsacuo The residue was diluted withater(12
mL) andextracted with EtOAG12 mL). The aqueous pba was extracted with EtOAc (2x10 mL).
Organic layers wereombineddried overanhydrous Ng5Qy, filtered and concentratad vacuo The
product was purifiedy flash column chromatography on silica gedingisocratic elution with 20%
EtOAc in petroleumether to afford the title product aswhite amorphous solid (652 mg, 78%);
analytical TLC on silica gel, 1:4 EtOAc/petroleum ethrs 0.26.

IH NMR (300 MHz, CDC#) U i 7.784, 2H), 7.54 7.46 (m, 1H), 7.46 7.37 (m, 2H), 7.22 (d,
J=6.9 Hz, 1H), 5.34 (d] = 6.9 Hz, 1H), 4.36 4.16 (m, 4H), 1.28 (1) = 7.1 Hz, 3H).The'H NMR

spectrum was in agreement with that reported in the litergglre

O O 1,3-Diethyl 2-[(4-methoxyphenyl)formamido]propanedioate (S7c) was obtained
Etouoa as a white amorphous solid (928 mg, 99%) from diethyl aminomalonate
HN.__O

hydrochloride (635 mg, 3.0 mmol) andwethoxybenzoic acid (502 mg, 3.3 mmol)
according to general proceduEeThecrude producivasused in the next step without
additional purification.

OMe 14 NMR (300 MHz, CDC{) U i 7.789rB, 2H), 7.03 (d] = 6.8 Hz, 1H), 6.98
6.88 (m, 2H), 5.33 (d) = 6.8 Hz, 1H), 4.40 4.21 (m, 4H), 3.86 (s, 3H), 1.32 §= 7.1 Hz, 6H).The

4 NMR spectrum was in agreement with that reported in the literfgjire

o O 1,3 Diethyl 2 [ (4 cyanoph&7)wdspbtamedessami d
EtO)K(U\OEt white amorphous solid (608 mg, 99%) from diethyl aminomalonate hydrochloride
HN. O (423 mg, 2.0 mmol) and-dyanobenzoic acid (324 mg, 2.2 mmabcording to the

general procedurE. Thecrude producivasused in the next step without additan
purification.
CN  IHNMR (300 MHz, CDC}) U i 7.899n8, 2H), 7.81 7.71 (m, 2H), 7.20 (d] =
6.7 Hz, 1H), 5.31 (d) = 6.7 Hz, 1H), 4.42 4.20 (m, 4H), 1.32 (tJ = 7.1 Hz, 6H).The 'H NMR

spectrum was in agreement with that reported initd@ture[6].
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O O 1,083 et hyl 2 [ (4 br omopheny(BE7%) iwasmobtenedias o ]
EtOJ\(U\OEt awhite amorphous soli¢s.1g, %%) from diethyl aminomalonate hydrochlorideZ
HN 0 g, 15 mmol) and4-bromobenzoic aci¢3.0 g, 15 mmol) according to the general
procedureD. The crude product was used in the next step without additional
purification.
Br 'H NMR (300 MHz, CDC$) U 1 7.681n3, 2H), 7.61 7.55 (m, 2H), 7.12 (d] =

6.7 Hz, 1H), 5.31 (dJ = 6.7 Hz, 1H), 4.36 4.23 (m, 4H)1.31 (t,J= 7.1 Hz, 6H).

The!H NMR spectrum was in agreement with that reported in the literg@lre

o o 1,3 Diethy® 2 {2 ([b(e2nzyl oxy) carbonyl
EtOMOEt amido]propanedioate §7) was obtained as a white amorphous solid (1.08 g,
HN__O 79%) from diethyl aminomalonate hydrochloride (635 mg, 3.0 mmol)Nand
\EQ CbzL-phenylalanine (988 mg, 3.3 mmalgcording to the general procedlre

CbzHN
Thetitle product was used in the next step withaddlitionalpurification;analytical TLC on silica gel,

1:5 EtOAc/petroleum etheR: = 0.12.

'H NMR (300 MHz, CDC$) U i 7.134m9, 10H), 6.96 (dl = 6.7 Hz, 1H), 5.38 (d] = 8.1 Hz, 1H),
5.151 5.04 (m, 3H), 4.65 4.51 (m, 1H), 4.34 4.10 (m, 4H), 3.18 3.01 (m, 2H), 1.28 () = 7.1 Hz,
3H), 1.27 (tJ = 7.1 Hz, 3H).

BCNMR (75 MHz, DMSO) .2, 156.9,.138.0, 137®,612933, 128136128.0, 127.7,
127.4, 126.3, 65.2, 61.9, 61.8, 56.2, 55.7, 37.3, 13.9.

HRMS (ESI/QTOF) m/z. [M+H]* Calcd for GaH2sN207S 457.1975; Found 457.1983.

[ &% i2(c1.0, CHC}).

O O 1,3-Diethyl 2-[(2S)-2-{[(tert-butoxy)carbonyllamino}pent-4-enamido]propane
EtO OEt dioate (S7g) was obtained from diethyl aminomalonate hydrochloride (634 mg, 3
HN\/(O/\ mmol) and §-2-((tert-butoxycarbonyl)amino)pert-enoic acid (710 mg, 3.3
BocHN'" Xx mmol) according to the general procedieThe crude product was purified by
flashcolumn chromatography on silica gedingisocratic elution with 25% EtOAc in hexate afford
the title compoundas a colorless semisolid1.05 g 94%) analyical TLC on silica gel, 1:4

EtOAc/hexaneRs = 0.27.
IH NMR (300 MHz, CDC$) U 7J1=%3 HZ, tH), 5.71 (ddf] = 17.3, 10.2, 7.1 Hz, 1H), 5.16
5.03 (m, 4H), 4.31 4.09 (m, 5H), 2.47 () = 6.7 Hz, 2H), 1.38 (s, 9H), 1.23 &= 7.1 Hz, 6H).The

H NMR spectrum was in agreement with that reported in the literflre
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o o 1,3 DietShyk {2 ([b(eznzyl|l oxy) carbonyl ] ami
ELO OEt dioate (S8). The reaction was performed in a 25 mL round bottom flask under
HN__O argon following the reported procedyi@. The malonate derivative7g (1.05 g,
CszN“\‘i/\ 2.8 mmol, 1 equiv) was dissolved amhydrousCH>ClI» (7.5 mL) followed by the
addition of TFA (1.3 mL, 16.9 mmol, 6 equiv). The colorless reaction solution was stirred at room
temperature for 17 hour€H>Cl> was removed from the colorless reaction solutioracuo The residue
was suspended in 2 mL of anhydrous toluene and concenimat@gduo (repeatedwice). Then, the
crude unprotected amine (ashick oil) was dissolved ianhydrousCH,Cl, (10 mL) followed by the
addition of DIPEA (1.5 mL, 8.5 mmol, 3 equiv) and CbzClI (0.6 mL, 4.2 mmol, 1.5 equiv). The reaction
solution was stirred at room temperature overnwghéreupon itvas washed with water (10 mL) and
then with brine (10 mL). The organic layer whged over anhydrous N&Qy, filtered and concentrated
in vacuo The crude product was purified flgsh columnchromatography on silica gasinggradient
elution from 206 to 33% EtOAcC in petroleum ether to afford 822 mg (72%) of the title compouad as
colorless semisolicgnalytical TLC on silica gel, 1:2 EtOAc/petroleum ethrs 0.39.

'H NMR (300 MHz, CDC}¥) U i 7.293r9, 5H), 7.02 (d] = 6.8 Hz, 1H), 5.87 5.67 (m, 1H)5.29
(d,J=6.8 Hz, 1H), 5.21 5.17 (m, 1H), 5.16 5.08 (m, 4H), 4.40 4.32 (m, 1H), 4.33 4.18 (m, 4H),

2.56 (t,J=6.7 Hz, 2H), 1.29 (1) = 7.1 Hz, 6H).

I3CNMR (75MHz,CDCy) U 170.9, 166.0, 136.2, 132.5, 12
54.0, 36.9, 14.1.

HRMS (ESI/QTOF) m/z. [M+H] " Calcd for GoH27N207 407.1818; Found 407.1822.

[ B%112(c1.0, CHCH).
General procedure Ffor the synthesis of alkylatedmalonates 74 |

Diethyl 2-acetamidomalonate (1 equiv) was dissolved in anhydrous DMSO (1.8 mLanhdiethyl 2
acetamidomalonate) in a pressure t@gmL or 75 mL)under argon an€sCQOs (1.2 equiv) was
added. The reaction mixture was stirred at room temperaturehfmurl Then, the correspondiatkyl
bromide(1.1 equiv) was added at room temperaandwell-stirredreaction suspension (usually light
yellow) washeatedat 65 °C in an oil bath foRi 4 hours. After completiorthe yellow/orange reaction
suspensionvascooled to room temperature and-m&d water (2 mL/mmol malonatend EtOAc(1
mL/mmol malonatejvereadded. The formesolutionwas stirred at room temperature 8fr minutes
thentransferred to a separatory funnel and extracted with EtOAc (3x5 mL/matohate). The organic
layers were combined, washed with br{d® mL/mmol of malonate), dried over anhydrous3a;,
filtered, and concentrated. The crude material was purifiagimgflashcolumn chromatography.
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TsN-Boc 1, 3 Di et Nyfet b2ut(o3x y{) carbonyl ] 4 met hyl

0 CO,Et pyl) 2 acet ami ddg rwap aobtidaed o #dme diethyl -2

)J\” co,Et acetamidomalonate (869 mg, 4.0 mmol) and alkyl brorBiée(1.73 g, 4.4 mmol)
according to general proceduUfe The crude product was purified Bgsh column

chromatography on silica geking gradient elution from 10% to 80% EtOAc in petroleum etioer

afford 1.71 g(81%) of the title compoundsa thick paleyellow oil; analytical TLC on silica gel, 2:1

EtOAc/petroleum ethefRs = 0.15.

IH NMR (300 MHz, CDC}) U 1 7.707r8, 2H), 7.34 7.25 (m, 2H), 6.83 (s, 1H), 4.26 @= 7.1

Hz, 4H), 3.77 (tJ= 7.6 Hz, 2H), 2.43 (s, 3H), 2.422.35 (m, 2H)., 2.05 (s, 3H}.6971 1.52 (m, 2H),

1.33 (s, 9H), 1.26 (11 = 7.1 Hz, 3H).

13C NMR (75 MHz, CDC¥}) a 169. 2, 168. 0, 150. 9, 144. 2, 1

29.4,27.9, 25.0, 23.1, 21.7, 14.0.

HRMS (ESI/QTOF) m/z. [M+Na]* Calcd for G4HzeN20sSNa551.2039; Found 551.2051.

TsN-Boc 1, 3 Di et hyl 2 {[ ( benzyN ¢ yb)uctaorxbyo)nc

o] COLE bonyl] 4 methyl benzenesul f ofba masd o}

Ph/\O)J\N CO,Et  obtained from malonatg7a(818 mg, 2.6 mmol) and alkyl bromi&2a (1.14

g, 2.9 mmol)according to general proceduFe The crude product was
purified byflashcolumn chromatography on silica gedinggradient elution from 17% to 20% EtOAc
in petroleum etheto afford1.45 g(88%) of the title compoun@sa thick colorless oil; analytical TLC
on silica gel 1:4 EtOAc/petroleum etheR = 0.33.
'H NMR (300 MHz, CDC}) U 1 7.708n®, 2H), 7.40 7.23 (m, 7H), 6.23 (s, 1H), 5.10 (s, 2H), 4.24
(q,J = 7.0 Hz, 4H), 3.79 () = 7.6 Hz, 2H), 2.43 (s, 3H), 2.412.32 (m, 2), 1.70 1.57 (m, 1H), 1.33
(s, 9H), 1.23 (tJ = 7.0 Hz, 6H).
3CNMR (75MHz,CDC) UG 167.9, 154.5, 150.9, 144.2, 13
67.1, 66.6, 62.9, 46.8, 29.9, 28.0, 24.8, 21.8, 14.1.

HRMS (ESI/Q-TOF) m/z [M+Na]* Calcd for GaHaoN2O10SNa 643.2301; Found 643.2306.

TsN-Boc 1, 3 Di et hy Ilfet b2ut(o3x y{) carbonyl ] 4 methy

)o]\ CO,Et propyl ) 2 (phenyl f or7caasiobtangdfiorn maonated i
Ph ” co,Et S (554 mg, 2.0 mmol) and alkyl bromi@2a (856 mg, 2.2 mmolxccording to
general procedure~. The crude product was purified bffash column

chromatography on silica gekinggradient elution from 17% to 25% EtOAc in petroleum etioer
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afford 853 mg(73%) of the title compoundsa colorless semisolid; analytical TLC on silica ge#
EtOAc/petroleum etheR: = 0.17.

IH NMR (300 MHz, CDC}) U i 7.809(r@, 2H), 7.77 7.67 (m, 2H), 7.60 7.48 (m, 2H), 7.52

7.40 (m, 2H), 7.28 7.19 (m, 2H), 4.29 (q) = 7.1 Hz, 4H), 3.79 (t) = 7.5 Hz, 2H), 2.59 2.47 (m,

2H), 2.40 (s, 3H), 1.761.58 (m, 2H), 1.30 (s, 9H), 1.27 @= 7.1 Hz, 6H).

I3C NMR (75 MHz, CDCk) U 168. 2, 166. 2, 150. 9, 144. 2, 1
127.4, 84.3, 66.6, 62.9, 46.9, 29.6, 28.0, 28127, 14.1.

HRMS (ESI/QTOF)m/z. [M+Na]" Calcd for GeH3sN20sSNa 613.2196; Found 613.2211.

TsN—Boc 1, 3 Di et Nyfert b2u t(o3x y{) c-methyllmenzgniedulfor
amido}propyl) 2 [(4 met hoxypfmenyl

CO,Et
/©)J\” COzEt  was obtained from malonag¥c (464 mg, 1.5 mmol) and alkyl bromide
MeO S2a (647 mg, 1.6 mmolaccording to general procedufe The crude

O

product was purified bftash column chromatography on silica gedinggradient elution from 40% to

60% EtOACc in petroleum ethé&r afford690 mg(74%)of the title compoundsa colorless amorphous
solid; analytical TLC on silica gel, 1:1.5 EtOAc/petroleum etRer; 0.18.

'H NMR (300 MHz, CDC$) U 1 7.768rd, 2H), 7.77 7.66 (m, 2H), 7.44 (s, 1H), 7.287.18 (m,

2H), 6.99i 6.88 (m, 2H), 4.28 (q] = 7.1 Hz, 4H), 3.85 (8H), 3.78 (tJ = 7.6 Hz, 2H), 2.5T7 2.45 (m,

2H), 2.40 (s, 3H), 1.7B1.57 (m, 2H), 1.29 (s, 9H), 1.25 Jt= 7.1 Hz, 6H).

13C NMR (75 MHz, CDC}) a 168. 3, 165. 7, 162. 7, 150. 9, 1
113.9, 84.3, 66.5, 62.8, 55.6,.8629.7, 27.9, 25.2, 21.7, 14.1.

HRMS (ESI/QTOF) m/z. [M+Na]* Calcd for GoH4oN2010SNa 643.2301; Found 643.2311.

TsN-Boc 1, 3 Di et hN lfet b2ut(o3x y{) car bonyl ] 4 me
0 CO,Et amido}propyl) 2 [(4 cyanoph7rewasl ) f
/©)‘\” CO2Et  obtained from malonat87d (304 mg, 1.0 mmol) and alkyl bromid&2a
NC (432 mg, 1.1 mmolaccording to the general proceddfe The crude
product was purified bftfashcolumn chromatography on silica gedinggradient elution from 25% to
50% EtOAc in petroleum ethéo afford 390 mg(63%) of the title compoundsa thick colorless oill;
analytical TLC on silica gel, 1:3 EtOAc/petroleum ethi®rs 0.25.
IH NMR (300 MHz, CDC¥) U 1 7.899r8, 2H), 7.79 7.69 (m, 2H), 7.74 7.64 (m, 2H), 7.58 (s,
1H), 7.29i 7.20 (m, 2H), 4.28 (q) = 7.1 Hz, 4H), 3.76 (1) = 7.5 Hz, 28, 2.57i 2.45 (m, 2H), 2.40
(s, 3H), 1.74 1.57 (m, 2H), 1.28 (s, 9H), 1.26 {t= 7.1 Hz, 6H).
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13C NMR (75 MHz, CDC¥) ua 167. 7, 164. 4, 150. 8, 144. 3, 1
118.0, 115.5, 84.3, 66.7, 63.1, 46.7, 29.3, 27.8, 25.1, 4.6,
HRMS (ESI/Q TOF) m/z. [M+Na]* Calcd for GoHz7N3OsSNa 638.2148; Found 638.2161.

Boc, 1,3 DietMydt b2ut(o3x y{) car bonyl ] met hanesul
- amido propanedioate {f) was obtained from diethyl&@cetamidomalonate (815 mg,

)OJ\N C;gzitt 3.7 mmol) and alkyl bromidé&2b (1.3 g, 4.1 mmol)according to the general

H >~ procedureF. The crude product was purified by revetgshaseflash column
chromatographysing gradient elution from 0% to 100% MeCGN water containing 0.01% TF#£o
afford 1.25 g(74%) of the title compoundsathick colorless oil.
'HNMR (300 MHz,CDC}) U4 6. 78 ( §57.1HH ¥H), 362 (2-07.2(Hg, 2H), 3.23 (s,
3H), 2.37i 2.25 (m, 2H), 2.00 (s, 3H), 1.50 (s, 9H), 1i49.38 (m, 2H), 1.22 ({J= 7.1 Hz, 6H).
I3C NMR (75 MHz,CDC}) O 169.3, 167.9, 151.5, 84.7, ©66.
14.0.

HRMS (ESI/QTOF) m/z: [M+Na]* Calcd for GaHaN20sSNa475.1726; Found 475.1731.

NHBoc 1, 3 Di et kestlbu2x o(x4y ){c[a(r bonyl ] amino} buty

)OJ\ CO,Et
N~ “CO,Et
H

crude product was purified by revetgghasdlashcolumnchromatographwysinggradient elution from

5% to 100% MeCNn watercontaining 0.0% TFAto afford330 mg(71%) of the title compoundsa

thick colorless oil; analytical TLC on silica gel, 1:1 EtOAc/petroleum etRet,0.39.

IHNMR (300 MHz,CDC}) U 6. 79 (J=6.4 HzHIH), 4.19 (q5=9.2 Kz 4H), 3.03 (q]

= 6.8 Hz, 2H), 2.32 2.21 (m, 2H), 1.99 (s, 3H), 1.491.34 (m, 2H),1.38 (s, 9H), 1.20 ({]= 7.1 Hz,

6H), 1.16i 1.00 (m, 2H).

I3C NMR (75 MHz,CDC}) UG 169.2, 168.1, 156.0, 79.0, 66.

14.0.
HRMS (ESI/QTOF)m/z: [M+Na]* Calcd for GaHaaN-O7Na411.2107; Found 411.2123.

oate (7g) was obtained from diethyt@cetamidomalonat@60 mg, 1.2 mmol) and

alkyl bromideS3b (330 mg, 1.3 mmolaccording to the general proced#telrhe

NHBoc 1.08 et hyl 2 [ (4 bromophea@tnglu) by
O CO,Et carbonyllamino}butyl)propanedioate (7h) was obtained fromS7e
ﬁ” CO,Et (978 mg, 2.7 mmol) and alkyl bromid83b (757 mg, 3.0 mmol)
Br according to the general proced&td he crude product was purified by

reversd phaseflash columnchromatographwysinggradient elution from 5% to 100% MeQN water
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containing 0.01% TFAo afford480 mg(33%)of the title compoundsa colorlesssemisolid analytical

TLC on silica gel, 1:1 EtOAc/petroleum ethBr,= 0.55.

IH NMR (300 MHz, CDC$) U i 7.657m, 2H), 7.63 6.55 (m, 2H), 7.46 (s, 1H), 4.46 (s, 1H), 4.27
(qd,J = 7.1, 1.3 Hz, 4H), 3.15 3.00 (m, 2H), 2.51 2.38 (m, 2H), 1.57 1.37 (m, 2H), 1.40 (s, 9H),

1.25 (t,J=7.1 Hz, 6H), 1.23 1.09 (m, 2H).

I3C NMR (75 MHz,CDC§) G 168.2, 165.2, 156. 0, 132.4, 1!
32.0, 30.0, 28.5, 21.2, 14.2.

HRMS (ESI/QTOF)m/z: [M+Na]" Calcd for GsH33N207BrNa551.1369 Found551.1390

HN-Boc 1, 3 Di et hyelt bu2x o(x3y ){c[a(r bonyl ] ami no} prop

o dioate (7i) was obtainedrom diethyl 2acetamidomalonate (1.55 g, 7.1 mmol) and

N~ “CO,Et
H
crude product was purified by revedgghasdlash columnchromatographwusinggradient elution from
0% to 100% MeCNn water containing 0.01% TF#o afford2.38 g (89%) of the title compoundsa
colorless amorphous solid; analytical TLC on silica gel, 1:1 EtOAc/petroleum Bike0.24.
'HNMR (300 MHz,CDC§) U 6. 79 (s, 1H),6 J=&16154H), B.04.(q)=6.6 1H)
Hz, 2H), 2.33 2.22 (m, 2H), 1.98 (s, 3H), 1.37 (s, 9H), 1i32.23 (m, 2H), 1.20 (1) = 7.1 Hz, 6H).
BBCNMR(75MHz,CDC) & 169.1, 168.0, 155.9, 79.1, 66.
HRMS (ESI/QTOF)m/z: [M+Na]* Calcd for G7H30N207Na397.1951; Found 397.1956.

alkyl bromideS3a(1.87 g, 7.8 mmolaccording to the general procedur The

TsN-Boc 1, 3 Diethgl 2 {2 ([b(e2znzyl|l oxy) carbonyl

CO,Et ami do]N Zet(Buf{f oxy)carbonyl] 4 methy

Ph N~ ~co,Et propyl)propanedioate (7j) was obtainedrom malonateS7# (970 mg, 2.1
NHCbz mmol) and alkyl bromidé&2a(814 mg, 2.1 mmolaccording to the general

procedure FThe crude product was purified by revetgiaseflash column chromatographyising

gradient elution from 0% to 100% MeON water containing 0.01% TF#o afford 396 mg(24%) of

the title compoundsa colorlesssemisolid analytical TLC on silica gel, 1:1 EtOAc/petroleum etligr,

=0.50.

'H NMR (300 MHz, CDC}) U 1 7.697n8 2H), 7.36 7.15 (m, 12H), 5.45 (d} = 8.2 Hz, 1H), 5.13

i 5.00 (m, 2H), 4.61 4.44 (m, 1H), 4.32 4.14 (m, 4H), 3.81 3.56 (m, 2H), 3.18 2.98 (m, 2H), 2.42

(s, 3H), 2.4% 2.30 (m, 2H), 1.56 1.40 (m, 2H), 1.31 (s, 9H), 1.301.17 (m, 6H).

13C NMR (75 MHz, CDC¥§) a4 170 167.5, 156.6,750P,,144.2, 137.4, 136.4, 136.3, 129.6,

129.4, 128.8, 128.6, 128.2, 128.1, 127.9, 127.1, 84.4, 67.1, 66.3, 62.9, 56.0, 46.8, 38.1, 29.3, 27.9, 24

21.7,14.1.
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HRMS (ESI/QTOF)m/z [M+Na]* Calcd for GeHaeN301:SNa790.2985; Found@90.2978.
[ B 16 (c1.0, CHC}).

TsN-Boc 1, 3 Di e®Shyad {2 ([b(eznzy |l oxy) carbonyl ] .
CO,Et (3N {fet but oxy)carbonyl] 4 methyl be

N~ ~CO,Et propanedioate (7k)was obtained from malonag8(1.22 g, 3.0 mmol) and
NHCbz alkyl bromide S2a(1.30 g, 3.3 mmolaccording to the general procedute F
The crude product was purifidry flash column chromatography on silica geking gradientelution
from 2%% to 33% EtOAc in petroleum ether and then by the rederdease flash column
chromatographyising gradient elution from 5% to 100% MeCGN water containing 0.01% TF#£o
afford 1.21 g (56%)of the title compoundas a white foam analytical TLC on silica gel, 1:2
EtOAc/petroleum etheR: = 0.26.
'H NMR (300 MHz, CDC$) U 1 7.6774rf, 2H), 7.37 (s, 1H), 7.367.22 (m, 7H), 5.85 5.65 (m,
1H), 5.41 (dJ = 7.8 Hz, 1H), 5.21 5.04 (m, 4H), 4.3% 4.28 (m, 1H), 4.28 4.17 (m, 4H), 3.74 ()
= 7.6 Hz, 2H), 2.53 (tJ = 6.7 Hz, 2H), 2.45 2.32 (m, 2H), 2.40 (s, 3H)}.651.50 (m, 2H), 1.30 (s,
9H), 1.24 (tJ = 7.1 Hz, 3H), 1.23 (1) = 7.1 Hz, 3H).
I3C NMR (75 MHz, CDCk) U 170. 1, 167. 6, 167. 4, 156. 0, 1
128.5, 128.1, 128.1, 127.8, 119.6, 84.3, 67.1, 66.2, 62.8, 62.84547036.8, 29.3, 27.8, 24.7, 21.6,
14.0, 14.0.
HRMS (ESI/QTOF) m/z: [M+Na]* Calcd for GsHa7N3011SNa 740.2829; Found 740.2827.
[ B 16 (c1.0, CHC}).

Boc 1,083 et hyl 2 [ (4 bromopSheByff) bat ma i
NMs carbonyl ] methanesul fonami doJ7)was phe
;"’Ph
co,Et Obtainedrom malonates7e(811 mg, 2.3 mmol) and alkyl bromi&® (977

0
/©)J\,'§‘| COzEt mg, 1.1 mmoljgccording tahe general procedure Fhe crude product was
Br purified by reversé phaseflash column chromatographysing gradient

elution from 5% to 100% MeCNn water containing 0.01% TFAand then byflash column
chromatography on silica gaking gradient elution from 20% to 50 % EtOAc in petroleum etber
afford 368 mg (24%) of the title compoundas a white foam; analytical TLC on silica gel, 1:3
EtOAc/petroleum ethefR = 0.29.

IH NMR (300 MHz, CDC$) U 1 7.667r8, 2H), 7.64 7.53 (m, 2H), 7.54 (s, 1H), 7.427.16 (m,
5H), 5.45 (dd,J = 9.7, 5.9 Hz, 1H), 4.39 4.15 (m, 4H), 3.26 (s, 3H), 2.702.46 (m, 2H), 2.38 2.18
(m, 1H), 2.12" 1.94 (m, 1H), 1.40 1.19 (m, 15H).
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13C NMR (75 MHz, CDCk) it 168 . 0, 167. 9, 165. 1, 151. 2, 13
127.4, 126.9, 84.8, 66.5, 63.0, 63.0, 59.8, 42.4, 30.0, 27.8, 25.7, 14.1, 14.0.

HRMS (ESI/QTOF)m/z. [M+Na]" Calcd for GeH37N20sSBrNa691.1301; Found 691.1313.

[ B 136(c1.0, CHCH).

General procedure Ifor the synthesis of alkylated malonates S8a,b

The reaction was performed in a 25 mL round bottom flask under atgwsphere bjollowing the
reported procedurg8]. The malonate derivativéi (1 equiv) was dissolved ianhydrousCH.Cl. (4.6
mL/mmol of malonate derivatiydollowed by the dropwise addition of TFA (8 equiv). The colorless
reaction solution was stirred at room temperature for 2 hours. The reaction solution was cooled in a
ice-bah. E&N (10 equiv) was slowly added to the reaction solution followed by the addit@nasy!
chlorideor benzoyl chlorid€1.2 equiv). The colorless reactisalutionwas stirred at room temperature

for one hour. After the reactiomascompletel, it was washed with brinel§ mL/mmol of malonate

The organic layer was separated, dried oveydrdusNa:SQy, filtered and concentratéd vacuo The

crude material was purified msingflashcolumn chromatography

1,3 Diethyl 2 acetamido 2 [3 (2 ni
o anedioate §8g was obtained from malonatgerivative 7i (500 mg, 1.3

A\
HN_S\\O NO2 mmol) according to the general procedurdhe crude material was purified

)OJ\ CO,Et by flashcolumn chromatography on silica gelingisocratic elution with 25%
N COE EtOAc in petroleum ethdp afford 536mg (87%) of the title compoundsa
colorlessfoany analytical TLC on silica gel, 3:1 EtOAc/hexaie= 0.21.
IH NMR (300 MHz, CDC}) & 1 8.034(r6, 1H), 7.91 7.79 (m, 1H), 7.80 7.68 (m, 2H), 6.78 (s,
1H), 5.43 (tJ = 6.1 Hz, 1H), 4.22 (q] = 7.3 Hz, 2H), 3.11 2.98 (m, 1H), 2.36 2.24 (m, 1H), 2.00
(s, 3H), 1.50° 1.33 (m, 2H), 1.23 () = 7.1 Hz, 6H).
13C NMR (75 MHz, CDGQ5) a 169. 4, 167. 9, 148. 2, 133. 8, 13
29.6, 24.6, 23.1, 14.1.

HRMS (ESI/Q-TOF) m/z [M+H]* Calcd for GeH2sN30eS 460.1403; Found 460.1390.

ph 1, 3 Diet hyl 2 acetamido 2 [3 (pl&8nyl f
HN Y was obtained from malonaterivative 7i (500 mg, 1.3 mmol) according to the
)OJ\ CO,Et  general procedurel. The crude material was purified bjlash column
ﬂ COE chromatography on silica gakingisocratic elution with 25% EtOAc in petroleum
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etherto afford413 mg (82%) of the title compounésa white foam analytical TLC on silica gel, 3:1
EtOAc/hexaneR: = 0.21.

'H NMR (300 MHz, CDC}) U 1 7.708r 2H), 7.53i 7.34 (m, 3H), 6.82 (s, 1H), 6.46 (t= 5.6
Hz, 1H), 4.22 (qJ = 7.1 Hz, 4H), 3.42 (q) = 6.6 Hz, 2H), 2.47 2.36 (m, 2H), 2.00 (s, 3H), 1.57
1.40 (m, 2H), 1.22 () = 7.1 Hz, 6H).

I3C NMR (75 MHz,CDC§) 4 169. 4, 16181L51128.711@70, @.4, 64.8 39.7,729.9,
23.9, 23.2, 14.1.

HRMS (ESI/QTOF)m/z: [M+H] " Calcd for GoH27N20s 379.1877; Found 379.1869.

General procedureJ for the synthesis of alkylated malonates S8c,d

Trifluoroacetic acid (1®quiv) was addetb a 0.07 M solution of carbamaieg or 7h (1 equiy) in dry
CH2Cl> under argon and at.rThe reaction solutiowas stirred for 2.5 durs After completion, lhe
solvent was evaporatéa vacuq and thaesulting crudeminewas dissolved iCHCl> (5.5mL/mmol
of carbamatefollowed by the additionof TsCl (13 equiv) and EN (2.5 equiv). Theeactionmixture
was stirred atoom temperaturtor 18 hours The colorless reaction solution was concentratecuo

andthe residue wapurified byusing flashcolumnchromatography

NHTs 1, 3 Di et hyl 2 acetamido 2 [4 (4 met h
)OJ\ co,et  Oate S89 was obtained froncarbamaté’g (281 mg, 0.72 mmolaccording to the
H COEt  general procedurd The product wagurified byflashcolumn chromatographyn

silica gelusinggradient elution from 33% to 50% EtOAc in petroleum edret hen by reversgphase
flashcolumnchromatographysinggradient elution from 5% to 100% MeGNwater containing 0.01%

TFA to afford182mg (57%) of the title compoundsathick colorless oil analytical TLC on silica gel,

1:1 EtOAc/petroleum etheRs = 0.18.

'H NMR (300 MHz, CDC}) U 1 7.654rB, 2H), 7.33 7.23 (m, 2H), 6.79 (s, 1H), 4.87 (= 6.1

Hz, 1H), 4.28 4.12 (m, 4H), 2.86 (q] = 6.8 Hz, 2H), 2.41 (s, 3H), 2.302.18 (m, 2H), 2.00 (s, 3H),
1.527 1.36 (m, 2H), 1.22 (1) = 7.1 Hz, 6H), 1.19 1.02 (m, 2H).

13C NMR (75 MHz, CDC¥}) a 169. 4, 168. 1, 143. 4, 137. 0, 1
23.1, 21.6, 20.7, 14.1.

HRMS (ESI/QTOF)m/z [M+H]" Calcd for GoHzoN207S 443.1852; Found 443.1862.
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Q/NHTS 1,08 et hyl 2 [ (4 bromophenyl )f or ma
C

0O,Et  sulfonamido)butyl]propanedioate (S8d) was obtained frontarbamate
ﬁﬁ COEt 71 (630 mg, 1.2 mmolaccording to the general procedudrelhe crude

Br material wagpurified byflashcolumn chromatographyn silica gelusing

gradient elution from 10% to 30% EtOAc in petroleum etteeafford 235 mg (34%) of the title

compoundasathick colorless oil analytical TLC on silica gel, 1:2 EtOAc/petroleum etliers 0.26.

IH NMR (300 MHz, CDC}) U i 7.63718, 4H), 7.64 7.54 (m, 2H), 7.44 (s, 1H), 7.327.23 (m,

2H), 4.39 (tJ = 6.4 Hz, 1H), 4.35 4.16 (m, 4H), 2.89 (q] = 6.8 Hz, 2H), 2.41 (s, 3H), 2.442.33 (m,

2H), 1.48 (pJ = 7.2 Hz, 2H), 1.25 (1 = 7.0 Hz, 6H), 1.24 1.10 (m, 2H).

3CNMR (75MHz,CDC) UG 168. 1, 165.3, 143.6, 137.0, 13

63.0, 43.0, 31.8, 29.4, 21.7, 20.9, 14.1.

HRMS (ESI/QTOF) m/z: [M+H]* Calcd for GsHz2N207SBr583.1114; Foun883.1132.

General procedure Gfor the synthesis of acids 8a and 9g k via malonate hydrolysis

Malonate derivative (1 equiv) was dissolved in Et@HnL/1 mmol of malonatderivatives 7ai j,| and
S84 cor4 mL/1 mmol of malonate derivativék andS8d) followed by the addition of KOHI{ 3 equiv)
in H20 (2 mL/ 1 mmol of malonate derivative). The colorless emulsuas stirred atoom temperature.
Reaction progress was monitored by LC/MS; usually, the reaction 1aRdsours Upon completion,
the clear ¢olorless or light yellow) reaction solution was treatéth 1 M HCI to pH 3 4 andEtOH was
removedin vacuo The remained aqueous phase was diluted wi® b mL/mmol of malonate
derivative) and extracted with EtOAc (4 mL/mmol of malonate derivativejadic layers were
combined, washed with brine (5 mL/mmol of malonate derivative), dried over anhydre8€xNa
filtered and concentratdad vacuo The obtained product was used in the next step without purification
or it was purified byusingreverse phasdlashcolumnchromatographysinggradient elution from 0%
to 100% MeCNn water containing 0.01% TEA

TsN—Boc 5 N{TTeft but oxy)carbonyl] 4 methyl benzeil
0 COLH (ethoxycarbonyl)pentanoic acid 8a) was obtained aa colorless thick oil (1.22 g,
)J\N CO,Et  95%) from malonatéa(1.36 g, 2.6 mmolin presence of KOKil.4 equiv)according
" to general procedur&. The obtained product was used in the next step without
additional purification.
'HNMR (300 MHz,CDC$) U 9. 36 ( b%70(ms2H), 1.33)7.26 (M, 2H),8.10 (s, 1H),
4.351 4.21 (m, 2H), 3.77 () = 7.5 Hz, 2H), 2.43 (s, 3H), 2.4Q.29 (m 2H), 2.10 (s, 3H), 1.761.54

(m, 1H), 1.32 (s, 9H), 1.25¢ (= 7.1 Hz, 3H).



Supportinginformation 2

I3CNMR (75 MHz,CDCy) U 171. 5, 169. 2, 168. 5, 151. 0, 14
46.8, 29.7, 28.0, 24.9, 23.0, 21.7, 14.0.
HRMS (ESI/QTOF)m/z. [M+Na]" Calcd for GoH32N209SNa 523.1726; Found 523.1740.

TsN —Boc 2 {[(Benzyl oxy) dla feld obnuyt|o]xaymicnaor}b c
o oM met hyl benzenesul fonami do} 2 8f)wdash o x
ph/\OJ\H co,et Obtained from malonatéb (980 mg, 1.6 mmol)n presence of KOH (1.3
equiv)according to general proceduge The crude product was purified by
reversd phaseflash columnchromatographwusinggradient elution from 5% to 100% MeQN water
containing 0.01% TFAo afford 733 mg(78 %)of the title compoundsathick colorless oil
'H NMR (300 MHz, CDC%) U 1 7.708n@, 2H), 7.39 7.24 (m, 7H), 6.22 (s, 1H), 5.12 (s, 2H), 4.28
(q,J=6.7 Hz, 2H), 3.80 (1) = 7.1 Hz, 2H), 2.42 (s, 3H), 2.4®.25 (m, 2H), 1.93 1.60 (m, 2H), 1.32
(s, 9H), 1.26 (tJ = 7.1 Hz, 3H).
13C NMR (75MHz, CDCk) U 2,168@3,.155.0, 150, 144.2, 13722, 1359, 129.3, 12&, 1283,
128.1, 12, 844, 674, 662, 63.3, 465, 30.2, 27/, 24.6, 21.6, 13.
HRMS (ESI/QTOF)m/z: [M+Na]" Calcd for GsHzsN2010SNa 515.1464; Found 515.1475.

TsN-Boc 5 N{fleft but oxy)carbonyl] 4 methyl benzer
o coH nhyl) 2 (phenyl for ma8dgwad obfamed fromamamnae a c |
Ph)J\” COzEt (853 mg, 1.4 mmolin presence of KOH (1.3 equiakcording to general procedure
G. The crude product was purified by revetgghaseflash column chromatographysing gradient
elution from 5% to 100% MeC water containing 0.01% TF# afford607 mg(75%) of the title
compoundasacolorless semisolid
'H NMR (300 MHz,CDC¥) U4 10. 98 i {.80,(m, 2H),)7.77 7166 @Q2H), 7.66 (s, 1H),
7.591 7.47 (m, 1H), 7.44 () = 7.4 Hz, 2H), 7.27 7.18 (m, 2H), 4.31 (q] = 7.1 Hz, 2H), 3.79 (1) =
7.5 Hz, 2H), 2.6 2.40 (m, 2H), 2.38 (s, 3H), 1.841.56 (m, 2H), 1.28 (s, 9H), 1.28 &= 7.1 Hz,
3H).
13C NMR (75 MHz, CDC}) a 170. 0, 168. 4, 167. 4, 151. 0, 1
127.9, 127.5, 84.5, 66.5, 63.4, 46.8, 29.7, 2250, 21.7, 14.0.

HRMS (ESI/Q-TOF)mVz: [M+Na]" Calcd for G7H3sN209SNa 585.1883; Found 585.1907.
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TsN—Boc 5 N{TTeft But oxy)carbonyl] 4 met hyl
o COH (ethoxycarbonyl) 2 [(4 methoxyphe
N~ >co,et (8d) was obtained from malonic acid monoestér(690 mg, 1.1 mmol)
Meo/©)‘\H in presence of KOH (1.3 equiaccording to general procedu® The
crude product was purified by revedgghasdlashcolumn chromatographysinggradient elution from
5% to 100% MeCNn water containing 0.01% TF# afford355 mg(54%) of the title compounadsa
white amorphous solid
IH NMR (300 MHz, CDC¥) U 1 7.779r8, 2H), 7.78 7.67 (m, 2H), 7.51 (s, 1H), 7.277.22 (m,
2H), 6.991 6.88 (m, 2H), 4.41 4.25 (m, 2H), 3.85 (s, 3H), 3.80 &= 7.4 Hz, 2H), 2.61 2.41 (m,
2H),2.40 (s, 3H), 1.29 1.60 (m, 2H), 1.30 (t) = 7.1 Hz, 3H), 1.29 (s, 9H).
13C NMR (75 MHz,CDCk) U 169.6, 168.9, 167.3, 163.1, 1
125.0, 114.1, 84.5, 66.6, 63.4, 55.6, 46.8, 30.0, 27.9, 25.0, 21.7, 14.1.
HRMS (ESIQ-TOF) m/z. [M+Na]* Calcd for GgH3sN20O7SNa 615.1988; Found 615.2000.

TsN—Boc 5 N{Teft but oxy)carbonyl] 4 methyl b
0 coH cyanophenyl )formamido] 2 ( eSglwasxy c:
/©)‘\H COzEt  obtained from malonic acid monoester(343 mg, 0.6 mmolin presence
NC of KOH (1.5 equiv)according to the general proceduge The crude
product was purified by revemd@haseflash columnchromatographysinggradient elution from 5%
to 100% MeCNn water containing 0.01% TF# afford201 mg(61%)of the title compoundsawhite
semisolid
'HNMR (300 MHz,CDC$) 4 8. 24 ( bT.91 (s 2H), 1.19)7,70 (8,.2R)17.75 7.66
(m, 3H), 7.29 7.23 (m, 2H), 4.41 4.25 (m, 2H), 3.79 () = 7.4 Hz, 2H), 2.57 2.44 (m, 2H), 2.41 (s,
3H), 1.82i 1.61 (m, 2H), 1.29 (1 = 7.1 Hz, 3H), 1.28 (s, 9H).
I3C NMR (75 MHz, CDCk) U 169. 8, 168. 3, 165. 4, 151. 0, 1
127.9, 118.0, 115.8, 84.7, 66.6, 63.6, 46.86297.9, 25.1, 21.7, 14.0.
HRMS (ESI/Q TOF) m/zz [M+Na]" Calcd for GgH3aN309SNa 610.1835; Found 610.1850.

Boc, 5 N{Teft but oxy)carbonyl ] methanesul fonami
N=Ms onyl)pentanoic acid gf) was obtained aswhite foam (427 mg, 91%) from malonic
)OJ\ CO,H  acid monoesterf (498 mg, 1.1 mmoln presence of KOH (1.3 equiatcording to
N
H

COEL the general procedui®. The product was used in the next step without additional

purification.
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'HNMR (300MHz,CDC}) U 10.04 (s, 1H)=71HRAz, HA3.66%),=7.2Hz) , 4
2H), 3.27 (s3H), 2.391 2.21 (m, 2H), 2.09 (s, 3H), 1.611.43 (m, 2H), 1.53 (s, 9H), 1.27 &= 7.1

Hz, 3H).

13C NMR (75 MHz, CDC¥§) a 171.5, 169. 1, 168. 3, 151. 6, 85
23.0, 14.0.

HRMS (ESI/QTOF) m/z. [M+Na]* Calcd forCieH2sN209SNa447.1413; Found 447.1427.

TsN—Boc 2 P2 {[(Benzyloxy)carbonyl ] &mino

COLH [(tert but oxy)carbonyl] 4 methyl benzen

Ph N~ >co,et Yl)pentanoic acid 8g) was obtained from malonic acid monoeste (360
NHCbz mg, 0.47 mrol) in presence of KOH (1.5 equidccording to the general

procedureG. The crude product was purified by revetgdaseflash columnchromatographysing

gradient elution from 5% to 100% MeQN water containing 0.01% TF#o afford203 mg(59%) of

the title compoun@sawhite semisolid

'H NMR (300 MHz, CDC#) (mixture of diastereomef&9:43) U 9. 15 (791 (m,2H))7,62 7 . °

(s,0.4H), 7.57 (s, X¥.6H), 7.36i 7.14 (m, 12H), 5.79 (d] = 8.7 Hz, 1H), 5.14 4.91 (m, 2H)4.861

4.73 (m, 0.57H), 4.72 4.61 (m, 0.43H)4.331 4.07 (m, 2H), 3.82 3.63 (m, 2H), 3.23 3.07 (m, 1H),

3.081 2.90 (m, 1H), 2.45 2.30 (m, 4H), 1.70 1.41 (m, 2H), 1.31 (s, 9H), 1.281.11 (m, 6H).

13C NMR (75 MHz, CDC}) (mixture of diastereomef®:43 6 171. 5, 169.5, 169. ¢

144.2, 137.3, 136.4, 136.3, 136.1, 129.5, 129.4, 128.8, 128.7, 128.6, 128.5, 128.2, 128.1, 128.0, 127

127.1, 84.5, 67.3, 66.3, 63.2, 63.0, 55.8, 46.7, 38.5, 29.7, 27.9224614.0, 13.9.

HRMS (ESI/Q TOF) m/z [M+Na]* Calcd for G/HasN3011SNa762.2672; Found 762.2687.

TsN—Boc 2 Pp(22 {[(Benzyl oxy)carbonWlIframin

o} butoxy)carbonyl] 4 methyl benzenes

N 2(;2; pentanoic acid 8h) was obtained from malonic acid monoeS§te 1.21 g,
NHCbz 1.7 mmol) in presence of KOH (1.5 equivgccording to the general
procedureG. The crude product was purified lbgverse phaseflash columnchromatographysing
gradient elution from 5% to 100% MeGh water containing 0.01% TF# afford1.16 g(99%)of the

titte compoundasa white foam

'HNMR (300 MHz,CDC$) ( mi xture of diastereememslH)17:74) U
7.70 (m, 1H), 7.63 (br. s, 1H), 7.377.23 (m, 7H), 5.88 5.57 (m, 2H), 5.25.00 (m, 4H), 4.591.48

(m, 0.5H), 4.484.37 (m, 0.5H), 4.34 4.06 (m, 2H), 3.88 3.66 (m, 2H), 47 2.44 (m, 2H), 2.45

2.31 (m, 5H), 1.77 1.55 (m, 2H), 1.31 (s, 9H), 1.26 {t= 7.2 Hz, 1.5H), 1.18 (] = 7.2 Hz, 1.5H).
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13C NMR (75 MHz, CDC§) U 6,11715,.169.4, 169.2, 168.0,86, 1566, 151.0, 1448, 137.3,
136.0, 1377, 132.5, 129.4,28.6, 128.3, 128.2, BN, 1198, 84.5, 67.5, 66.2, 63. 63.0, 54.0, 4@,
371, 298, 28.0, 249, 24.7, 21.7, 14.0, 13.9.

HRMS (ESI/QTOF)m/z: [M+Na]" Calcd for GsHa3N3011SNa712.2516; Found122535.

Boc, BS) 2BrffdMophenyl ) f &Nr jed rhiud ow]x y9 c{ahr bo r
NMs
’Ph

ﬁ obtained asa white amorphous solid (216 m§4%) from malonic acid
COzEt

anesul fonamido} 2 (ethoxyca@Bbpwasyl )

monoester| (353 mg, 0.5 mmolin presence of KOH (1.5 equiagcording

to the general procedu@ The crude product was used in the next step after
extraction without additional purification.
'HNMR (300 MHz,CDC}) ( mi xture of di ais7t6e(met)ié3 85438 : 6 2)
3H), 7.36i 7.22 (m, 5H), 5.51 5.38 (m, 1H), 4.39 4.25 (m, 2H), 3.24 (s, 1.15H), 3.19 (s, 1.85H),
2.671 2.30 (m, 3H), 2.24 1.97 (m, 1H), 1.37 1.23 (m, 12H).
I3CNMR (75 MHz,CDCE) U (mi xture of di 690f1688el16618e1666, 3 8 : 6
165.4, 151.6, 151.4, 139.2, 139.0, 132.1, 131.5, 131.5, 129.1, 128.6, 128.6, 128.0, 127.5, 127.4, 127 ..
85.3, 85.3, 66.4, 66.3, 63.7, 63.7, 60.2, 42.5, 30.7, 30.5, 27.9, 27.8, 26.2, 25.9, 14.1, 14.0.
HRMS (ESI/QTOF) m/z. [M+Na]* Calcd for G7H33N209SBrNa663.0988; Found 663.0994.

NO 2 Acetamido 2 (ethoxycarbonyl) 5 (2
2
0 acid (9g) was obtained as a white amorphous solid (361mg, 72%)rfralonate

/
HN-S
o) S8a(536 mg, 1.2 mmolxccording to the general proced@eThe product was
)J\ COH used in the next step without additional purification
CO,Et

IH NMR (300 MHz,CD:OD) i 8300 (21H), 7.89 7.74 (m, 3H), 4.18
(q,J=7.1Hz, 1H), 3.04 ( = 7.1 Hz, 1H), 2.35 2.12 (m, 2H), 1.98 (s, 3H), 1.511.31 (m, 2H), 1.22
(t, J=7.1 Hz, 3H).
13CNMR (75 MHz,CD:OD) & 172.4, 170.3, 169.5, 149.6, 1
44.1,31.0, 25.7, 22.4, 14.2.
HRMS (ESI/Q TOF) m/z [M+H]* Calcd for GeH22N300S 432.1086; Found 432.1077.

NHTs 2 Acetamido 2 (ethoxycarbonyl) 6 (4

2 Ccon

N~ “CO,Et
H

product was purified by reverd@haseflash columnchromatographysinggradient elution from 5%

acid (9h) was obtained from malonic acid monoes¥&c (178 mg, 0.4 mmol) in

presence of KOH (3.0 equigccording to the general procedure The crude
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to 100% MeCNn water containing 0.01% TF# afford132 mg(79%)of the title compoundsawhite
foam.

'HNMR (300 MHz,CDC}) U 9. 52 1i(7.66(m,2HY,)7.33 7727 (MB2H), 7.26 (s, 1H), 5.31
(s, 1H), 4.24 (9J = 7.1 Hz, 2H), 3.022.81 (m, 2H), 2.42 (s, 3H), 2.24 {t= 8.5 Hz, 2H), 2.07 (s, 3H),
1.551 1.38 (m, 2H), 1.32 1.17 (m, 2H), 1.25 (t) = 7.1 Hz, 3H).

13C NMR (75 MHz, CDC§) 4 1 77, 1685, 143.6 836, 129.9, 122, 666, 63.0, 426, 32.1,
29.0, 22.8, 217, 206, 141.

HRMS (ESI/QTOF)m/z: [M+H] " Calcd for GgH27N207S 415.1539; Found 415.1552.

NHTs 2 [Bfdmophenyl )formamido] 2 (et hox
Q co,H  zenesulfonamido)hexanoic acid9i) was obtained from malonic acid
/©)‘\ﬁ COEt  monoesterS8d (235 mg, 0.4 mmol) in presence of KOH (1.5 equiv)
Br according to the general proced@eThe crude product was purified by
reversd phaseflash columnchromatographwusinggradient elution from 5% to 100% MeQN water
containing 0.01% TFAo afford206 mg(92%)of the title compounasa colorlessamorphous solid
IH NMR (300 MHz, CDC}) U i 7.65qn6, 4H), 7.64 7.55 (m, 3H), 7.31 7.23 (m, 2H), 4.92 (br.
S, 1H), 4.31 (qd)=7.1, 2.1 Hz, 2H), 3.042.84 (m, 2H), 2.49 2.25 (m, 2H), 2.44 (s, 3H), 1.611.35
(m, 3H), 1.35" 1.19 (m, 1H), 228 (t,J= 7.1 Hz, 3H).
13C NMR (75 MHz,CDCk) U 169.6, 168.8, 166.8, 143.7, 1

127.1,66.7, 63.4,42.4,32.2, 29.0, 21.7, 20.4, 14.1.
HRMS (ESI/QTOF)mVz: [M+H] " Calcd for GsH2sN207SBr555.0801; Found 555.0824.

HN—Boc 5 Tet(butoxy)carbonyl]amino} 2 acetami

0 co acid (9j) was obtained aswhite amorphous solid (446 mg, 96%) from malonic acid
)J\N co,et monoesteii (500 mg,0.4 mmol)in presence of KOH (1.8 equigkcording to the

" general procedure.@he product was used in the next step after extraction without
additional purification.
H NMR (300 MHz, CDCJ) (2:3 mixture ofrotamer3 & 1 1. 30 (br. s, 1H), 7.
6.24 (s, 0.4H), 4.86 (s, 0.6H), 4.23 J&; 7.1 Hz, 2H), 3.16 3.00 (m, 2H), 2.41 2.24 (s, 2H), 2.06 (s,
3H), 1.50i 1.32 (m, 11H), 1.25 (] = 7.1 Hz, 3H).
13C NMR (75 MHz, CDC}) (2:3 mixture ofrotamers)i 171.0, 169.9, 168.4, 160.0, 158.6, 156.5, 81.7,
79.8, 66.5, 62.8, 62.7, 41.0, 40.3, 29.8, 28.5, 24.5, 22.9, 14.1.

HRMS (ESI/Q TOF) m/z. [M+Na]* Calcd for GeH22NsO3Na 369.1646; Found 369.1651.
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ph 2 Acetamido 2 (ethoxycarbonyl ) 9%%wasphe
HN«O obtained as white foam (294 mg, 73%) from malon&é& (413mg, 1.1 mmolin
)OJ\ CO,H presence of KOH (1.6 equigkcording to the general proced@eThe product was
H COEt  ysed in the next step without additional purification.
'HNMR (300 MHz,CDC¥) U 11. 46171 7.60(m, 2HN 7.50 7.38 (M,8H), 7.41 7.28 (m,
3H), 7.20 (tJ = 5.9 Hz, 1H), 4.18 (q) = 7.1 Hz, 2H), 3.39 (q] = 6.6 Hz, 2H), 2.48 2.25 (m, 2H),
1.99 (s, 3H), 1.52 (al = 7.7 Hz, 2H), 1.19 (t) = 7.1 Hz, 3H).
13C NMR (75 MHz, CDC}) a 171. 2, 169. 3, 168. 7, 168. 4, 13
30.1, 23.9, 22.9, 14.0.

HRMS (ESI/QTOF)m/z [M+H] " Calcd for G7H23N20s 351.1559; Found 351.1556.
General procedure Hfor the synthesis otompounds9ai f,Ii n by cleavageof Boc group

N-Boc-protected sulfonamid@ai e,li n (1 equiv) was dissolved in GBl> (2.5 mL/mmol of compound
9a,c,d or 14 mL/mmol of compoun@b,ejil) followed by the dropwise addition of TFA (6 equiv for
compound®a,c,d or 19 equiv for compoundb,el,m,n). The colorless reaction solution was stirred at
room temperature for 16 hours (for compouBdg,d) or for 3 fours (for compoundSb,ejil). After
completion, the reaction solution was concentrategacuq and the residue was purifiéy reverse
phasdlashcolumnchromatographusinggradient elution from 0% to 100% MeGhNwater containing
0.01% TFA

NHTs 2 Acetamido 2 (ethoxycarbonyl ) 5 (4
o)

)J\ CO,H
N" CogEt

IHNMR (300 MHz,CDC}) U 10. 45 (i B.85.(m, &H), 7.837H3, 1H), 7.337.24 (m, 2H),

5.52 (s, 1H), 4.22 (q] = 7.1 Hz, 2H), 2.94 2.83 (m, 2H), 2.41 (s, 3H), 2.382.22 (m, 2H), 2.04 (s,

3H), 1.49i 1.33 (m, 2H), 1.23 (tJ = 7.1 Hz, 3H).

13CNMR (75MHz,DMSOGds) & 169. 1, 168.9, 168.0, 142.6, 1

24.0,22.2,21.0, 13.9

HRMS (ESI/QTOF)m/z [M+H]* Calcd for G7H2sN207S 401.1382; Found 401.1375.

acid (9a) was obtained aa white amorphous solid (1.08 g, 81%) from malonic acid

monoesteBa (1.36 g, 34 mmol) according to general procedutie

NHTs 2 { [ (Benzyl oxy)carbonyl]amino} 2 (e
)OJ\ CO,H sulfonamido)pentanoic acid 9b) was obtained as white foam (783 mg, 69%)
P

Ph” O ” COzEt from malonic acid monoest&b (1.37 g, 2.3 mmolaccording to the general

procedureH.
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IH NMR (300 MHz, DMSQds) U i 7.616(18, 2H), 7.54 (t) = 6.0 Hz, 1H), 7.42 7.26 (m, 7H),
7.20 (s, 1H), 5.07 (dl = 12.8 Hz, 1H), 5.00 (d] = 12.8 Hz, 1H), 4.08 (gl = 7.1 Hz, 2H), 2.66 (q] =
6.7 Hz, 2H), 2.37 (s, 3H), 2.07 &= 8.4 Hz, 2H), 1.39 1.17 (m, 2H), 1.09 () = 7.1 Hz, 3H).

13C NMR (75 MHz,DMSGds) U 168. 8, 167. 9, 154. 3, 142. 6,

126.5, 66.0, 65.6, 61.5, 42.5, 30.4, 23.8, 21.0, 13.8.
HRMS (ESI/QTOF)m/z: [M+Na]" Calcd for GsH2sN20sSNa 615.1988; Found 615.1996.

NHTs 2 (Ethoxycarbonyl) 5 (4 methyl benzen

O CO,H pentanoic acid @c) was obtained agwhite amorphous solid (262 mg, 53%) from

N

Ph N CO,Et malonic acid monoest&c (600 mg, 1.1 mmolxccording to general procediie
H NMR (300 MHz, CDC$) & 9. 04 i(7s74 (m12H)) 7.71 7.619m,

3H), 7.58i 7.47 (m, 1H), 7.48 7.36 (m, 2H), 7.27 7.16 (m, 2H), 5.41 (s, 1H), 4.26 (qbiz 7.1, 1.7

Hz, 2H), 2.91 (tJ = 6.6 Hz, 2H), 2.52 2.39 (m, 2H), 2.35 (s, 3H), 1.541.37 (m, 2H), 1.24 (1=7.1

Hz, 3H).

13C NMR (75 MHz,CDCk) U 169.8, 168.5, 167.6, 143.6,

127.2, 66.4, 63.3, 42.8, 30.1, 24.2, 21.6, 14.0.

HRMS (ESI/Q TOF) mVz: [M+H] " Calcd for G2H27N207S 463.1539; Found 463.1550.

NHTs 2 (Ethoxycarbonyl) 2 [(4 methoxy

0 COM benzenesulfonamido)pentanoic acid 9d) was obtained as white

ﬁ” CO,Et amorphous solid (207 mg, 65%) from malonic acid mono&dt382 mg,
MeO 0.6 mmol)according ¢ the general proceduke
IH NMR (300 MHz,CDC$) & 8. 36 ( b#.72(ms2H), LM )7.64 (i, 2t8),17.56 (s, 1H),
7.251 7.19 (m, 2H), 6.94 6.86 (m, 2H), 5.33 (s, 1H), 4.334.18 (m, 2H), 3.84 (s, 3H), 2.962.86
(m, 2H), 2.49 2.40 (m, 2H), 2.37 (s, 3H), 1.551.39 (m, 2H), 1.24 () = 7.1 Hz, 3H).
I3C NMR (75 MHz, CDCk) U 169. 7, 168. 9, 167. 3, 163. 1,
114.1, 66.5, 63.3, 55.6, 42.8, 30.2, 24.2, 21.6, 14.1.
HRMS (ESI/QTOF)m/z: [M+H] " Calcd for G3H29N20sS 493.1645; Found 493.1655.

NHTs 2 [ (4 Cyanophenyl )for mamido] 2
o} zenesulfonamido)pentanoic acid9e) was obtained aswhite amorphous

CO,H
MN co,et solid (73 mg, 80%) from malonic acid monoesier(110 mg, 0.2nmol)
H
NC according to the general procedtite

(e
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IH NMR (300 MHz, CDCH) U i 7.899(8, 2H), 7.78 (s, 1H), 7.767.63 (m, 2H), 7.31 7.22 (m,

2H), 5.42 (s, 1H), 4.29 (§,= 7.1 Hz, 2H), 2.98 2.85 (m, 2H), 2.54 2.42 (m, 2H), 2.40 (s, 3H).59

i 1.45 (m, 2H), 1.26 (1 = 7.1 Hz, 3H).

3CNMR (75 MHz,CDC}) U 169.6, 168.5, 165.7, 143.8, 1
118.0, 115.8, 66.4, 63.5, 42.7, 30.1, 24.2, 21.6, 14.0.

HRMS (ESI/Q TOF) mVz [M+H]* Calcd for GsH2eN30-S 488.1491; Found 488.1500.

NHMs 2 Acetamido 2 (ethoxycarbonyl ) Bf)Met ha

o co, Boc-protected sulfonamidef (617 mg, 1.4 mmolyvas dissolved in neat TFA (2 mL),
)J\N co,et and thereactionsolution was stirred at room temperature for 1 hour. Then, TFA was

" removedn vacuo The residue was dissolved@H.Cl, (4 mL), and the solvent was
removed invacua The dissolution/evaporation procedure was repeated for three times to afford the title
compoundasawhite amorphous solid (423 mg, 90%at was useth the next step without additional
purification.
'H NMR (300 MHz,CDsOD) U 4= 210Hz(2H), 3.05 () = 6.9 Hz, 2H), 2.91 (s, 3H), 2.43
2.20 (m, 2H), 2.01 (s, 3H), 1.571.34 (m, 2H), 1.24 (1) = 7.1 Hz, 3H).
1I3C NMR (75 MHz,CDsOD) U 172.5, 170.4, 169.6, 67.7, 63
HRMS (ESI/QTOF) m/z. [M+H] " Calcd for GiH21N207S 325.1069; Found 325.1071.

NHTs 2 P(22Befnz¢ | oxy) carbonyl ] amino} 3
0 CO.H (ethoxycarbonyl) 5 (4 methyl OBwag ene
2
Ph ” CO,Et Obtained asa colorless amorphous solid (153 mg, 87%) from malonic acid
NHCbz

monoesteBg (203 g, 0.27 mmolaccording to the general procedtte

'HNMR (300 MHz,CDC}) ( mi xture of diaster eone7d(m3RH); 46)
7.50 (s, 1H), 7.39 7.02 (m,12H), 5.90i 5.65 (m, 1H), 5.65 5.27 (m, 1H), 5.10 4.91 (m, 2H), 4.79

i 4.52 (m, 1H), 4.29 4.05 (m, 2H), 3.25 2.88 (m, 2H), 2.8% 2.68 (m, 2H), 2.39 (s, 3H), 2.342.15

(m, 2H), 1.34 1.05 (m, 5H).

13C NMR (75 MHz, CDC}) (mixtureofd i ast ereomer s 54:46) U 169. 5,
143.5, 136.6, 136.2, 136.1, 129.9, 129.5, 128.8, 128.8, 128.6, 128.3, 128.0, 127.2, 127.1, 67.4, 66.
63.1, 56.1, 42.8, 38.1, 29.9, 23.5, 21.6, 14.1, 14.0.

HRMS (ESI/QTOF) m'z. [M+H]* Calcdfor Cs2H3zsN309S 640.2329; Found 640.2360.
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NHTs 2 PB)( 22 {[ (Benzyloxy)carbonyl ] amino}
O CO,H onyl) 5 (4 met hyl benzene9uwad abtaimechi d c
H CO,Et asawhite amorphous soli618 mg, 62%) from malonic acid monoest8&h
NHCbz (1.16 g, 1.7 mmolaccordingo the general proceduke

'H NMR (300 MHz,CDsOD) (mi xture of diastereomers @: 1)
7.65 (m, 2H), 7.46 7.20 (m, 7H), 7.89 7.70 (m, 1H), 5.2% 4.99 (m, 4H), 4.32 4.03 (m, 3H), 2.82
i 2.63 (m, H), 2.58 2.46 (m,1H), 3.44 2.31 (m, 2H), 2.41 (s, 3H), 2.302.14 (m, 2H), 1.42 1.14
(m, 5H).
1I3C NMR (75MHz,CDCk) ( mi xture of diastereomers 1:1) U
143.5, 143.5, 136.6, 136.1, 132.5, 129.8.62128.3, 128.1, 128.0, 127.2, 119.6, 67.5, 67.4, 66.2, 66.1,
63.1, 63.1, 54.3, 54.0, 42.7, 36.7, 30.0, 29.9, 23.8, 21.6, 14.0.

HRMS (ESI/Q-TOF)m/z [M+H]* Calcd for GeHzsN30eS 590.2172; Found 590.2188.

NHMs BS) 2BrffdMophenyl ) for mami dometRaneg( et I
0 '(':'(FD’ZH sul fonami do 5 ph e(@ny gseobtaired ash whitea ¢ i «
ﬁu co,Et amorphous solid (154 mg, 85%) from malonic acid mono@&st@14 mg,
Br 0.3 mmol)according to the general procedtite
'HNMR (300 MHz,CDCf) ( mi xture of diaster ebdbhb ms3HN L1565 9)
i 7.48 (m, 2H), 7.3% 7.18 (m, 5H), 6.06 (d] = 8.3 Hz, 0.41H), 5.96 (d,= 8.3 Hz, 0.59H), 4.584.33
(m, 1H), 4.29 4.11 (m, 2H), 2.76 2.28 (m, 5H), 1.92 1.62 (m, 2H), 1.18 (§ = 7.1 Hz, 1.23H,) 1.17
(t,J=7.1Hz, 1.77H).
I3CNMR (75MHz,CDCk) (mi xture of diastereomers 441.259)
140.8, 132.0, 132.0, 131.6, 131.4, 129.1, 128.2, 127.4, 127.2, 126.7, 126.6, 66.4, 66.2, 63.4, 63.2, 58
57.9,41.8, 31.7, 29.7, 29.5, 14.0, 14.0
HRMS (ESI/QTOF) m/z. [M+H] " Calcd for G2H26N207SBr541.0644; Found 541.0624.

Electrochemical decarboxylation-cyclization
General procedue K for electrochemical decarboxylatiorcyclization

An undivided electrochemical celb (mL, IKA ElectraSyn 2.0) was charged with startiogrboxylic
acid9ab,dif,jin (1 equiv) ancEsNBF4 (0.025 M), followed byaddition of MeCN(2.5 mL) and BO
(0.5mL). Graphite plate 8x52.5x2 mm (immersed electrode surface ardal® £n?) wasused ashe
working electrode anstainless stedx52.5x2 mi(immersed electrode surface area A £2 cn?) was

usedasthe counterelectrode. The electrolysis waarried out under galvanostatic conditions at room
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temperature, and 2 charge (if notherwise noted) with current density of 12 mAfowas passed
through the colorlesseactionsolution. The resulting clear, colorlesoinetimes pale yellow) solution

was concentrateid vacuoand the crude product was purifiedftash column chromatography
General procedurelL for electrochemical decarboxylatiorcyclization

An undivided electrochemical celb (mL, IKA ElectraSyn 2.0)was charged with startingarboxylic
acid 2ai f,m (1 equiv) andetsNBF4 (0.025 M), followed by addition of MeCN2.5 mL) and BHO (0.5
mL). Graphite plate8x52.5x2 mm (immersed electrode surface arealAl2 cnf) wereused aghe
working electrode and abe counter electrode. The electrolysis wasried out under galvanostatic
conditions at room temperature, and E.@harge (if nototherwise naid) with current density of 12
mA/cn? was passed through the colorl@ésactionsolution. The resulting cleacplorless (sometimes
pale yellow) solution was concentratiedvacuoand the crude product was purified tgsh column
chromatography

General procedureM for electrochemical decarboxylatiorcyclization

An undivided electrochemical celb (mL, IKA ElectraSyn 2.0) was charged with startiogrboxylic

acid 1hij (1 equiv) andE4NBF4 (0.025 M), followed by addition of MeCN2.5 mL) andKOH (0.5
equiv or 1 equiv) solution iAl20 (0.5mL). Graphite plate 8x52.5x2 mm (immersed electrode surface
area A =1.12 cnf) wasused aghe working electrode andtainless steeBx52.5x2 mm(immersed
electrode surface area Al=12 cn?) was usedisthecounter electrode. The electrolysis veasried out
under galvanostatic conditions at room temperature, ané 2ltarge (if nototherwise noted) with
current density of 12 mA/cfrwas passed through the colorlesactionsolution. The resulting clear,
colorless (sometimes pale yellow) solution was concentimateatuoand the crude product was purified

by flash column chromatography

0 \ T Et hyl 2 acetamido 1 (4 methyl benganes:
)J\N co,et Was obtained from malonic acid monoes#er(120 mg, 0.3 mmoljgccording to

" general procedure. The crude product was purified by reverghasdlashcolumn
chromatographysing gradient elution from 5% to 100% MeCN water containing 0.01% TF#o
afford the title compoundsa white amorphous solid (7ing, 72%) analytical TLC on silica gel, 2:1
EtOAc/petroleum etheRs = 0.12.The title compound waasoisolatedin 75% yield frommalonic acid

monoesteBa (95 mg, 024 mmol), following the general procedureld§ passing charge of2F.
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IH NMR (300 MHz, CDC}) U i 7.5761, 21H), 7.28 7.21 (m, 2H), 4.41 4.23 (m, 2H), 3.85

3.67 (M, 2H), 2.88 2.70 (m, 1H), 2.39 (s, 3H), 2.242.08 (m, 3H), 1.70 (s, 3H), 1.36 (= 7.1 Hz,

3H).

3CNMR (75 MHz, CDC}) U4 172.0, 168. 7, 1493633, 49.91%1,.288 1
23.9,21.7, 14.1.

HRMS (ESI/Q TOF) mVz [M+Na]* Calcd for GeHzoN20sSNa 377.1147 Found377.1158

o Et hyl 2 {[(benzyloxy)carbonyl ] amin

Ph/\OJ\N ZLSZEt rolidine 2 6wasomangdroa imaloni¢ acid monoest&b
H (148mg, 0.3 mmoljccording to general procedurdy passing charge @5

F. The crude product was purified by revergghaseflash column chromatographysing gradient
elution from 5% to 100% MeCIMh water containing 0.01% TF#o afford the title compoundsa off-
white amorphous solid66 mg, 49%); analytical TLC on silica del:4 EtOAc/petroleum ethelR =
0.21. The title productvasalso obtained according to general proceduf@6 mg, ¥%) from malonic
acid monoeste®db (148 mg, 0.3 mmolpy passing charge of 25
IH NMR (300 MHz, CDC})  © 1 7.637n® 2H),7.42 7.32 (m, 3H), 7.32 7.23 (m, 2H),7.21 7.11
(m, 2H), 6.58 (s, 1H), 4.81 (d,= 12.3 Hz, 1H), 4.55 (d] = 12.3 Hz, 1H), 4.43 4.34 (m, 2H), 3.88
3.77 (m, 1H), 3.75 3.60 (m, 1H), 2.8% 2.65 (m, 1H), 2.36 (s, 3H), 2.272.07 (m, 3H), 1.37 (1) =
7.0 Hz, 3H).
13C NMR (75 MHz, CDC#}) a 171. 5, 153. 5, 143. 0, 137. 4, 13
66.2, 63.2, 49.6, 37.5, 24.5, 21.6, 14.1.
HRMS (ESI/QTOF) m/z. [M+Na]* Calcd for G2H26N20sSNa 469.1409; Fourtb9.1420.

0 \ T Ethyl 2 benzamido 1 (4 methyl benbegnes
ph)J\N co,et Was obtained from malonic acid monoes#er(139 mg, 0.3 mmolaccording to

" general procedure by passing charge of 2k The crude product was purified by
reversd phaseflash columnchromatographwusinggradient elution from 5% to 100% MeQN water
containing 0.01% TFAo afford the title compounds a colorlessamorphous solid66 mg, 53%);
analytical TLC on silica gell:4 EtOAc/petroleum etheRr = 0.18.
'HNMR (300 MHz,CDC}) U 7. 8 8 (746 (m,15H)) 7,44 7.35%n9, 2H), 7.00 6.92 (m,
2H), 4.49i 4.29 (m, 2H), 3.97 3.78 (m, 2H), 3.01 2.81 (m, 1H), 2.3% 2.14 (m, 3H), 2.25 (s, 3H),
1.41 (t,J= 7.1 Hz, 3H).
3CNMR (75MHz,CDCk) U4 172. 2, 106183.72132.0112%4, 128.4, 1PB0KG 77.1, 63.3,
49.9, 37.2,24.9, 21.5, 14.1.
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HRMS (ESI/Q TOF)m/z: [M+Na]" Calcd for GiH24N20sSNa 439.1304 Found439.1301

Et hyl 2 (4 methoxybenzamido) 1

/©)L Q’;{;Et [ 2 c a@d)onwasxopthireed feom (nalonic acid monoeddr

o (131 mg, 0.3 mmoljaccording to the genergrocedure L The crude
product waspurified by reversg phase flashcolumn chromatography

using gradient elution from 5% to 100% MeCiN water containing 0.01% TF#£o afford the title
compound as a colorless amorphous solid(59 mg 50%) analytical TLC on silica gel, 4:
EtOAc/petroleum etheRr = 0.25. The title product was also obtained according to gepeoakedure K

(41 mg, 63%) from malonic acid monoes$er (72 mg, 0.15 mmaol)

IH NMR (300 MHz, CDC¥) U 7. 77 (76 (m,14H)) 7.00 8.93%n6 2H), 6.91 6.84 (m,

2H), 4.48i 4.28 (m, 2H), 3.94 3.75 (m, 2H), 3.86 (s, 3H), 2.992.80 (m, 1H), 2.33 2.12 (m, 3H),
2.26 (s, 3H), 1.40 (] = 7.1 Hz, 3H).

13C NMR (75 MHz, CDC¥) u 178 16R.p, 14260,4136.8, 129.4, 128.9, 127.0, 126.2, 126.2,

113.6, 77.1, 63.3, 55.6, 49.9, 37.2, 24.9, 21.5, 14.1.
HRMS (ESI/QTOF)m/z: [M+Na]" Calcd for GoH26N20sSNa469.1409 Found469.1416

{TNT Ethyl 2 (4 cyanobenzamido) 1 (4
S
/@)‘\ CO,Et c ar b oo6g) wds altaemed (from malonic acid monoe&e 82 mg,

0.17 mmol) according to the general procedlreThe crude product was
purifiedby reversd phasdlashcolumnchromatographusinggradient elution from 5% to 100% MeCN
in water containing 0.01% TF# afford the title compounds a white amorphous soli#8 mg, 38%)
analytical TLC on silica gel, 1:2 EtOAc/petroleum ettiers 0.36.The title product was also obtained
according to general procedufg30mg,41%) from malonic acid monoest8e (80 mg, 0.1 mmol).
'HNMR (300 MHz,CDC}) U 7. 93 i(7$61 (m14H)) 7.57 7.47 n§ 2H), 7.0% 6.96 (m,
2H), 4.471 4.26 (m, 2H), 3.95 3.77 (m, 2H), 2.95 2.81 (m, 1H), 2.37 2.15 (m, 6H), 1.39 (1= 7.2
Hz, 3H).

13C NMR (75 MHz, CDC}) a 171. 9, 16 3. 513241128985, 127.7, 123.(0;, 118.0,

115.6, 77.2, 63.6, 50.0, 37.3, 24.8, 21.5, 14.1.
HRMS (ESI/Q-TOF)mVz: [M+Na]" Calcd for G2H23N30sSNa 464.1256; Found 464.1266.

m e

1

Q Ethyl 2 acetamido 1 met han e so6f)dsobtaywddp y r
NMs

GO, from malonic acid monoestéf (97 mg, 0.3 mmolaccording tahe general procedure

L by passing charge of 2B. The crude product wapurified by flash column
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chromatography on silica geising gradient elution from 20% to 65% EtOAc in petroleum ether
followed byisocratic elution with 65%tOAc in petroleum ethetio afford the title compounds a
colorlessamorphous solig50 mg, 606). The title product was also obtained according to the general
procedure K (48 mg, 58%) fromalonic acid monoest&f (177 mg, 0.3 mmolby passing charge of
2.3F; analytical TLC on silica gel, 2:1 EtOAc/petroleum ethrs 0.25.

'HNMR (300 MHz,DMSQds) U 8. 26 ( sl&7.1 HYHz, 2H),35683.59 (qndLH), 3.50
(td,J=8.3, 3.6 Hz, 1H), 2.83 (s, 3H), 2.63 (ddd; 12.8, 9.8, 8.0 Hz, 1H), 2.14 (ddbs 12.9, 8.1, 3.6

Hz, 1H), 2.08 1.97 (m, 1H), 1.96 1.81 (m, 1H), 1.93 (s, 3H), 1.26, J = 7.1 Hz, 3H).

I3C NMR (75 MHz,DMSGd¢) G 170.1, 169.9, 77.2, 61.8, 48.
HRMS (ESI/QTOF) m/z. [M+Na]* Calcd for GoH1sN20sSNa301.0841; Found 301.0834.

o Et hyl 2 acetamido 1 (2 nitrobenBggnesu!
)LNQC;ZE‘:S Anodic and cathodic chambexfka divided cellvere each charged with4stBF4 (43

H mg, 0.2 mmol, 1 equiyvfollowed by addition of MeCN (6.5L) and NaOH (8 mg,
0.2 mmol, 1 equiv) in kD (2.3 mL). To the anodic chamber was added carboxylicSapi@6 mg, 0.2
mmol, 1 equiv). Two graphite rods with diameter of 6 mmd length ofl.53 mm(immersed electrode
surface area A = 2.07 &nwere used ashe working electrode and ahe counter electrode. The
electrolysis was carried out under galvanostatic conditidrairrent density o£2 mA/cn? at room
temperaturdy passing charge of@F. The resulting transparermaleyellow solution from the anodic
chamber was concentratedvacuoandpurified byreverse phaseflash columnchromatographwysing
gradient elution from 5% to 100% MeGNwater containing 0.01% TEA his was followed by another
purification by flash column chromatography on silica geding gradient elution from 10% to 80%
EtOAc in petroleum ether to afford the title compoundthsck pale-yellow oil (20 mg, 25%)analytical
TLC on silica gel, 2:1 EtOAc/petroleum ethBr= 0.26.
'H NMR (300 MHz,CDClz) G 1 7.909r8, 1H), 7.70 7.60 (m, 2H), 7.6% 7.55 (m, 1H), 7.15 (s,
1H), 4.33 (qd,J= 7.1, 3.0 Hz, 2H), 4.06 3.87 (m, 2H), 2.98 2.80 (m, 1H), 2.31 2.08 (m, 3H), 1.71
(s, 3H), 1.35 (tJ = 7.1 Hz, 3H).
13C NMR (75 MHz, CDC}) a 168.1,.148.1, 133.5, 133.5, 131.6, 1130.24.1, 7, 635, 511,
36.8, 249, 23.9, 141.
HRMS (ESI/Q TOF)m/z [M+Na]* Calcd for GsH19N3OsNaS408.0857; Found 408.0841.

Et hyl 2 acetamido 1 (4 methyl bend®nes
0
)j\ Q\ITS was obtained from malonic acid monoe@&kr(62 mg, 0.15 mmolaccording to the
N~ “CO,Et
H 2 general procedur®l by passing charge of 4R The crude produatas purifiedby
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reversd phase flasttolumnchromatographwusinggradient elution from 5% to 100% MeQN water
containing 0.01% TFAo afford the title compoundsa colorless semisolil5 mg, 27%) analytical

TLC on silica gel, 1t EtOAc/petroleum etheR = 0.32.

IH NMR (300 MHz, CDC}) U 7J=@8.2 Hz 2H), 7.31 7.21 (m, 2H), 6.88 (s, 1H), 4.35 (@

7.1 Hz, 2H), 3.71 3.55 (m, 2H), 3.05 2.88 (m, 1H), 2.40 (s, 3H), 1.881.64 (m, 5H), 1.76 (s, 3H),

1.38 (t,J=7.1 Hz, 3H).

13C NMR (75 MHz, CDC¥) a 171. 7, 169. 4, 143. 6, 137. 2, 1
22.2,21.7,17.1, 14.1.

HRMS (ESI/QTOF) m/z. [M+Na]* Calcd for G7H24N20sSNa391.1304; Found 391.1296.

EthyI 2 (4 bromobenzamido) 1 (4 me
c ar b @6y wds aldtamedrom malonic acid monoest&i (62 mg,
/©)J\ CozEt 0.15 mmol)according to general proceduvk by passing charge of 3R
The crude product was purified by revedsgphase flashcolumn
chromatographyising gradient elution from 5% to 100% MeCN water containing 0.01% TF#0
afford the title compoundsa white amorphous solid (13 mg, 18%halytical TLC on silica gel, 1:1
EtOAdpetroleum ethem = 0.65.
'HNMR (300 MHz,CDC}) U 7. 71 (750 (m14H))7.48 7.41¢nQ 2H), 7.07 7.00 (m,
2H), 4.40 (qJ = 7.1 Hz, 2H), 3.76 3.66 (m, 2H), 3.12 2.94 (m, 1H), 2.30 (s, 3H), 1.971.70 (m,
5H), 1.41 (tJ = 7.1 Hz, 3H).
3CNMR (75MHz,CDC}) G 172.0, 165.0, 143.4, 136.9, 13

63.4, 43.4, 31.1, 22.3, 21.6, 17.2, 14.2.
HRMS (ESI/Q-TOF) m/z [M+Na]* Calcd for GoH2sN20sSBrNa531.0565 Found531.0579

1Tert but vyl 2 et hyl 2 acet ami dép was obtamédi d i

Q';IZO; from malonic acid monoest&j (104 mg, 0.3 mmolaccording to general procedure
K by passing charge of 2B The colorless reaction solution was concentrated

vacuoand purified byflash column chromatography on silica gedinggradient elution from 33% to
80% EtOAc in petroleum ethdo afford the title compounds a thick colorless 0il(34 mg, 38%)
analytical TLC on silica gel, 1:1 EtOAc/petroleum eth@rs= 0.30.The title product was also obtained
according to the general procedi€53 mg, 59%) from malonic acid monoesfg(104 mg, 0.3 mmol)
in presence of 0.5 equiv of KOH
Upscale synthesisf pyrrolidine 6j . An undivided cell (IKA) was charged with carboxylic a8jd925

mg, 2.7 mmol) andEuNBF4 (123 mg, 0.4 mmol; 0.025M), followed by addition oMeCN (12.5 mL)
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and KOH (0.5 equiv) solution in 4@ (2.5 mL) Graphite platg8x52.5x2 mmimmersed electrode
surface area A 2.24cnv) wasused agheworking electrodendstainlesssteelplate §x525x2 mm
immersed electrode surface area R&.24cnr¥) was usedisthe counterelectrodeThe electrolysis was
carried out undegalvanostatic conditions abom temperature with a current densiify12 mA/cnt.

After 2.0 F chargewas passed through the colorless solytinecipitation of white compound was
observed at the working electrode. The working electrode was changed to a clean one, and another (
F charge was passed through the electrolysis soludiber completionthe colorless reactiosolution

was concengtedin vacuq andthe residue wapurified byflash column chromatography on silica gel
usinggradient elution from 33% to 80% EtOAc in petroleum etbeafford the title compoundsa

white amorphous soli#75mg, 59%).

'H NMR (300 MHz, CDC%) (mixture ofrotamer$ U 7. 03 (s, 0. 6 #07,(m,BH),85
3.8171 3.51 (m, 2H), 2.88 2.65 (m, 1H), 2.26 2.05 (m, 2H), 2.02 1.87 (m, 1H), 1.96 (s, 3H), 1.39

(s, 5.4H), 1.36 (s, 3.6H), 1.331.18 (m, 3H).

13C NMR (75 MHz, CDC¥§) (mixture ofrotamer$y U 172.3, 172.1, 169. 4, 1
76.1, 75.4, 62.6, 62.4, 48.1, 47.9, 37.2, 36.0, 28.4, 24.3, 24.2, 23.4, 14.1.

HRMS (ESI/Q TOF) 'z [M+Na]" Calcd for G4H24N2ONa369.1646; Found 369.1651.

o Et hyl 1 benzoyl 2 acet ambkl waswbtained fiord i n €
)LNQ';ZH malonic acid monoest®k (105 mg, 0.3 mmolxccording to the general procedire

H by passing charge of 22 The crude product was purified by revergdase flash
columnchromatographysinggradient elution from 0% to 100% MeGNwater containing 0.01% TFA
to afford the title compounads a white amorphous soli85 mg, 38%)analytical TLC on silica gel, 1:1
EtOAc/petroleum ethefR = 0.24.
IH NMR (300 MHz, CDC}) U i 7.498m6, 2H), 7.46 7.33 (m, 3H), 7.25 (s, 1H), 4.424.20 (m,
2H), 3.62i 3.50 (m, 1H), 3.0% 2.86 (m, 1H), 2.1% 2.03 (m, 3H), 2.01 (s, 3H), 1.31 Jt= 7.1 Hz,
3H).
13C NMR (75 MHz, C.xC N) a 171. 9, 170. 1, 169. 0, 137. 3, 1
25.8, 24.0, 14.4.
HRMS (ESI/QTOF) m/z. [M+Na]* Calcd for GeH20N204Na 327.1324; Found 327.1321.

OQ Ethyl S 22[ (2 (benzyl oxy)carbonyl ] ami:
NTs

Ph N SCO,E (4 methyl benzenesul f onyl6) pvas obtainedd i n

NHCH? from malonic acid monoesté& (153 mg, 0.2 mmoljpccording togeneral

procedureK. The crude product was purified by revaergdase flastcolumnchromatographysing
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gradient elution from 5% to 100% MeQN water containind.01% TFAto afford the title compound
asa colorless semisolid (51 mg, 36%@nalytical TLC onrsilica gel, 1:1 EtOAc/petroleum ethd®;, =

0.54.

IHNMR (300 MHz,CDC4) (mi xture of d7.8 ¢i0et, enmone7t787.63 (M; 6 3)
0.7H, minor), 7.62 7.50 (m, 1.3H, major), 7.427.02 (m, 12.6H), 5.22 5.00 (m, 2.6H), 4.95 (dl =

8.7 Hz, 0.4H, minor), 4.384.15 (m, 3H), 3.83 3.70 (m, 1.3H, major), 3.7833.58 (m, 0.7H, minor),
3.031 2.79 (m, 2H), 2.7% 2.63 (m, 0.4H, minor), 2.602.45 (m, 0.6H, major), 2.41 (s, 1.1H, minor),
2.24 (s, 1.9H,major), 2.202.00 (m, 3H), 1.8 (t,J= 7.1 Hz, 1.1H, minor) 1.34 (= 7.1 Hz, 1.9H,
major).

I3CNMR (75MHz,CDCk) (mi xture of diastereomers 37:63)
143.5, 137.1, 137.0, 136.3, 136.0, 129.7, 129.5, 129.3, 128.9, 128.8, 128.7122817128.3, 128.2,
128.1,127.2,126.9, 77.1, 76.8, 67.1, 63.2, 56.1, 49.8, 49.6, 39.2, 37.4, 37.0, 24.8, 21.7, 21.5, 14.1.
HRMS (ESI/QTOF) m/z. [M+Na]* Calcd for GiH3sN307SNa616.2093; Found 616.2097.

HPLC/csp: 63:37 d.r.,HPLC/csp assayDaicel CHIRALPAK IA, 250 mm x 4.6 mm5um, mobile
phase 20% IPA0%Heptane, flow rate 1 mL/min, detector U812nm, retention timeninor-6l, 13.5

min, andmajor-6l, 23.3 min

o Et hyl S5 22[ {2 (benzyloxy)carbonyl ] ar
. NQZLSB methyl benzenesul fonyl ) pyr 6m)l vas bhtamed2 c
NHCHZ " from malonic acid monoestém (177 mg, 0.3 mmolkxccording to the general

procedurel. The crude product was purified by revaetgiase flasttolumnchromatographysing
gradient elution from 5% to 100% MeUN water containing 0.01% TF# obtain the title compound
asathick colorless 0i(61 mg, 37%)analytical TLC on silica gel, 1:1 EtOAc/petroleum etlier 0.55.

The title produc{81 mg, 50%)wvas also obtained from malonic acid monoe8tel177 mg, 0.3 mmol)
according to the generptocedure K

'HNMR (300MHz,CDC$) (mi xture of diast er eo mk4d 6n,2366H),6 3)
7.431 7.23 (m, 5.63H), 7.2 7.09 (m, 1.37H), 5.75 5.54 (m, 1H), 5.27 4.96 (m, 5H), 4.39 4.22

(m, 2H), 4.211 3.97 (m, 1H), 3.82 3.62 (m, 2H), 2.77 2.57 (m, 1H), 2.55 2.02 (m, 8H), 1.35 ({J
=7.1Hz, 2.01H), 1.34 (§= 7.1 Hz, 0.99H).

I3CNMR (75MHz,CDCk) (mi xture of diastereomers 37:63)
143.5, 137.0, 136.9, 136.3, 136.2, 132.7, 132.4, 129.6, 129.5, 128.6, 1283127, 126.9, 119.6,
119.4,77.0,67.4,67.1, 63.3, 63.2,54.1, 49.7, 37.4, 37.3, 36.2, 24.7, 21.6, 21.4, 14.0.

HRMS (ESI/Q TOF)m/z [M+Na]* Calcd for G7H33sN307SNa566.1937; Found 566.1949.
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HPLC/csp 63:37 d.r., HPLC/csp assay: Daicel CHIRALPAK 1250 mm x 4.6 mm5um, mobile
phase 20% IP80%Heptane, flow rate 1 mL/min, detector 281nm, retention timeninor-6m, 11.2

min, andmajor-6m, 23.0min.

Ph Ethyl 6S) 2 (4 bromobenzamido) 1 meth
0 NS i di ne 2 c(é6nwa®obtpihed aceording to the general procedure

N~ >co,et K from malonic acid monoest8n (151mg, 0.3 mmolpy passing charge of
BrﬁH 2.2 F. The crude product was purified by revergghase flashcolumn
chromatographysing gradient elution from 5% to 100% MeCGN water containing 0.01% TF#£o
afford the title compoundsa white amorphous soli(P2 mg, 67%;)analytical TLC on silica gel, 1:3
EtOAc/petroleum ethefRs = 0.32.
IH NMR (300 MHz, CDC¥) U 7. 81 (766 (m12H)) 7.66 7.50 [n§ 4H), 7.44 7.26 (m,
3H), 5.25 (ddJ = 8.7, 4.4 Hz, 1H), 4.42 (qd,= 7.1, 1.1 Hz, 2H), 3.16 (ddd~= 12.4,8.1, 4.0 Hz, 1H),
3.01 (dgJ=12.4, 8.7 Hz, 1H), 2.73 (di,= 12.9, 8.9 Hz, 1H), 2.49 (s, 3H), 2.12.04 (m, 1H), 1.42
(t, J=7.1 Hz, 3H).
13C NMR (75 MHz, CDC#}) a 171. 0, 166. 1, 141. 9, 133. 5, 13
65.8,63.6, 41.6, 36.3, 34.7, 14.2.
HRMS (ESI/QTOF) m/z. [M+Na]* Calcd for GiH23N20sSBrNa517.0409; Found 517.0407.
[ ©Pi167(c1.0, CHCS).

Anodic oxidation of pyrrolidine 6a

C(ﬂf ﬁ(—)c
0.025 M Et4NBF4 OH
f \ 5:1 MeCN/H,0 / (
NTs NTs
12 mA/cm?

AcHN CO,Et AcHN CO,Et
30F

6a 12a

33% NMR yield
64% conversion

Ethyy 2 acetamido 5 hydroxy 1 (4 methyl benzenes
Pyrrolidine6a (51 mg, 0.14 mmol) and B{BF4 (16 mg, 0.75 mmol, 0.025 M in the reaction solution)
were dissolved iB:1 MeCN/HO mixture @ mL). Graphite plates§x52.5x2 mmjmmersed electrode
surface area A = 1.12 &nwere usedoth asthe working electrode andhe counter electrode. The
electrolysis was carried out under galvanostatic conditions at room temperature, Bruh&@e with

a current density of 1tnA/cm? was passed through the colorless solution. The resulting transparent,

light-yellow solution was concentratéa vacuqg and the crude product was analyzed#yNMR using
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CH:Br; as an internal standard. The title compoligdwas formed in 33% NMRigld. The purification
by reversd phaseflash column chromatographysing gradient elution from 5% to 100% MeCN
water containing 0.01% TFresulted in the inseparable mixtwepyrrolidine6aand hemiaminal2a
The structure of the produé¢twas elucidated from the results of NMR and HRMS assays.

IH NMR (300 MHz, CDC}) U i 7.758m6, 2H), 7.29 7.19 (m, 2H), 7.07 (s, 1H), 5.88 (br. s, 1H),
5.81 (br. s, 1H), 4.48 4.23 (m, 2H), 3.03 (td] = 13.3, 7.7 Hz, 1H), 2.37 2.27 (m, 1H), 2.11 1.91
(m, 2H), 1.59 (s, 3H), 1.36 (,= 7.2 Hz, 3H).

3C NMR (75 MHz, CDCy) & 172.0, 171.3, 170.0, 168. 8,
127.9, 127.0, 85.6, 76.9, 76.0, 63.5, 63.2, 49.8, 37.0, 33.8, 33.0, 24.8, 23.9, 21.6, 14.0.

HRMS (ESI/Q-TOF)m/z [M+Na]* Calcd for GeH22N20sSNa393.1096; Found 393.1095.
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Deuterium-labeling studies

NHTs C(ﬂFT] oc NHTs

O {_ coH 0.025 M Et;N-BF, O ([ H
N~ Sco,Et 511 MeCN-dyfH,0 N~ Sco,Et
H —————— 6d + 10d + H (1)
MeO 12 mA/cm MeO
9d 25F 11d

6d :10d : 11d =83 : 16: 1 (HPLC-UV assay)

cmFT](—)c NHTs

0.025 M Et;N-BF o[ p
5:1 MeCN/D,0 N~ Sco,Et
9d _— 6d + 10d + H (2)
12 mA/cm? MeO
25F 11d-D

6d :10d : 11d = 84 : 14: 2 (HPLC-UV assay)

5 NHTs Ethyl 2 [ (4 met hoxyphenyl ) for mamid
/(\/ fonamido)pentanode (11d) was formed during storage of malonic
/©)‘\” CO-Et acid monoestefd for two montls at room temperature under .air
MeO Analytically pure sample ofhe title compound wasbtainedby
reversd phase flasttolumnchromatographwusinggradient elution from 5% to 100% MeQN water
containing 0.01% TFATLC on silica gel2:1 EtOAc/petroleum etheR = 0.39.
'H NMR (300 MHz, CDC4) U i 7.658m, 4H), 7.30 7.21 (m, 2H), 6.96 6.86 (m, 2H), 6.76 (d,
J=7.4 Hz, 1H), 5.08 (s, 1H), 4.784.65 (m, 1H), 4.21 (q] = 7.1 Hz, 2H), 3.84 (s, 3H), 3.022.91 (m,
2H), 2.39 (s, 3H), 2.06 1.87 (m, 1H), 1.88 1.70 (m, 1H), 1.68 1.51(m, 2H), 1.28 (tJ = 7.1 Hz,
3H).
3CNMR (75MHz,CDCf) UG 172.6, 167.0, 162.6, 143.5, 13
55.6, 52.2, 42.8, 30.1, 25.6, 21.6, 14.3.
HRMS (ESI/QTOF) m/z [M+H]" Calcd for G2H29N206S 449.1746 Found449.1751

o NHTs Et hy | 2 [ (4 methoxyphenyl )for ma
/©)J\N/E2::Et f onami d)pgntardate?2 (11d-D). An undivided
Moo H electrochemical cell (IKA ElectraSyn 2.0) was charged with
carboxylic acidod (341 mg, 0.69 mmol, &quiv) andEuUNBF4 (37
mg, 0.025 N, followed by addition of MeCN5.6 mL) andD20O (1.2 mL). Graphite plat€8x52.5%2
mm; immersed electrode surface area A.A8cnv) wasused ashe working electrode andtainless
steelplate §x52.5x2 mmimmersed electrode surface area A48 cn¥) was usedas the counter

electrode. The electrolysis wearried out under galvanostatic conditions at room temperature,@nd 2

F chargewith current density of 12 mA/chwas passed through the edéssreactionsolution. The
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resultingtransparenpale yellowsolution was concentrateal vacuo Purification ofthe crudematerial
by reversd phase flastcolumn chromatographysing gradient elution from 5% to 100% MeCN
water containing 0.01% TFAfforded ~2 mg (0.6%) of the title compoutdid-D asa paleyellow
semisolidand150 mg (49%) of pyrrolidinéd.

HRMS (ESI/QTOF) m/z. [M+H]" Calcd for G2H2eN20sSD 450.1809 Found450.1820

Comparison of'H NMR spectra of compoundslldi D and 11d

The anountof deuterium incorporation was determined by comparing integfagnals A CH) and
B (OCH2CHs) in 'H NMR spectra for 11 and 11d(see the spectra below). Fuitd (0 % deuterium
incorporation the A:B integral ratiowas1:2. In contrast, ér 11d-D, the A:B integral ratio is 0.35:2,

indicating65% of deuterium incorporation.

"H NMR (300 MHz, CDCls)

1

D,

NHTs
0
Lo~
/@AN CO,Et
H
MeQ 11d-D
w

- LU& /\jﬂm N @WJL# W"”‘“’wwM k\M

"H NMR (300 MHz, CDCl)

NHTs
O /g_'w
H
MeO 1

d 1

ERER i

T T T T T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0
f1 (ppm)
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Comparison of MS spectra ofof compounds11di D and 11d

A2
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Cyclic voltammetry

CV experiments were carried out in 8WC-2 (ALS, Japan) threelectrode cell using a PaimSens4
(PalmSens). A glassy carbon disk (diameter: 1.6 mm) served as the working electrode, and a platinu
wire as the counter electrode. The gl ass car
prior to each experiment. As a reference, Ag/Aghk{@ctrode [silver wire in 0.1 MNBZIO4/CHzCN
solution; c(AgNQ) =0.01 M;Eoc= 1 8 7 mV" couple][8] evds kised, and this compartment was
separated from the rest of the cell with a Vycor #uNBF4 (0.1 M, electrochemical grade) was
employed as the supporting electrolytébih MeCN/HO solution. The electrolyte was purged with Ar

for at leasB3 min prior to recordingCompoundsS139a,6a wereanalyzed at a concentration ®mM

or 6mMand scamateof 100V s'Y). The peak potentidr was not extracted from backgrouodrrected

voltammograms. All CV graphs are plotted using IUPgalarographic convention.

6.0 -
Br 50 ——3mMSla
T eeeeeeens blank electrolyte
TsHN S1a 40 -
Ep=+183V €t 304
v=100 mV/s 2 20
c=3mM E
Solvent: MeCN/H,0, 5:1 = 1.0 1 girection of scan
Start point = 0.0 V, scanned 00 -
in positive direction T
100
0.0 0.5 1.0 1.5 2.0

E (vs Ag/AgNQ / V
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NHTs

Q CO,H

)J\Hg/coza

9a

Ep=+156V

Ep,=+1.76 V

v =100 mV/s

c=6mM

Solvent: MeCN/H,0, 5:1
Start point = 0.0 V, scanned
in positive direction

CO,Et

0 [ NT
)J\N °
H

6a

Ep=+1.78V

v=100 mV/s

c=3mM

Solvent: MeCN/H,O0, 5:1
Start point = 0.0 V, scanned
in positive direction

5.0 -
] ——6mM 9a
4.0 -
-------- blank electrolyte
3.0
€
(&) 4
< 2.0 -
= ]
1.0 -
direction of scan
0.0 o
T
-1.0 +— -
0.0 0.5 1.0 15 2.0
E(vs Ag/AgNQ) / V
4.0
| ——3mM6a
3.0 -
L R blank electrolyte
E 20
5 ]
E ]
Z 1.0 -
— 1 direction of scan
N s
10—
0.0 0.5 1.0 15 2.0

E(vs Ag/AgNQ) / V

4



Supportinginformation 45
Synthetic transformations of compounds6a,b,d,e

Ha

0 - o} 8 EtO,C
JI\ NTs LiOH JJ\ NTs Pd/C (5 mol%) 2 \(\/\NHTS
R™ N “coH THF/H,0 R™ N “CO,Et EtOH NH,
14a: R = Me, 83% from 6a,d.e 6 from 6b 15, 75% (NMR yield)
14d: R = 4-MeO-CgHs, 72%
14e: R = 4-CN-CgHs, 71%
H-Gly-OBz N
from 14a | HATU, EtsN from 6e | Lo
DMF
OH
N o J/\/\/
N NHTs
© NG
"R = 0 0
17:R = Bn, 66/oj Hy, PA/G 16, 96%
EtOH
18:R=H, 81%
{ \ 2Acetamidool (4 met hyl benzenesul fonyl4aplgrr o

co,H @ solution of grrolidine 6a(126mg, 036 mmol, 1 equiv) in THFX.2mL) wasadded
a solution ofLIOHxH20 (18 mg, 042 mmol, 1.5 equiv) in water2(5 mL). The

colorless solution was stirred at room temperature for 16 fibidFiSwas removeah vacuq andaqueous
1M HCI solutionwas added untpH ~4. Theresultingwhite suspension was diluted with wat&® (nL)
and extraad with EtOAc (38 mL). The organic layers were combined, droegranhydrousNaSQ,
filtered and concentrated@he crudeesidueas purified by reversiphasdlashcolumnchromatography
using gradient elution from 5% to 100% MeCiN water containind.01% TFAto afford the title
compound (85 mg, 72%) aswvhite amorphous solid.
'H NMR (300 MHz,CDs:OD) 4 8. 0271 7.62(m, 2HH7.37 7.30 (i, @H), 3.78 3.63 (m,
2H), 2.80i 2.67 (m, 1H), 2.42 (s, 3H), 2.262.07 (m, 3H), 1.74 (s, 3H).
13C NMR (75 MHz, DMSGd) a 172.5, 168. 8, 142. 6, 136. 9, i
21.0.
HRMS (ESI/QTOF) m/z. [M+Na]* Calcd for G4H1sN20OsSNa349.0834 Found349.0825

2 (4 Methoxybenzamido) 1 (4 methy
/©)J\ 002 carboxylic acid (14d). To a solution of prrolidine 6d (126 mg, 028

mmol, 1 equiv) in THF 1.2 mL) wasaddeda solution ofLiOHxH20 (22

mg, 053 mmol, 1.5 equiv) in watel0(45mL). The colorless solution was

stirred at room temperature fot hours THF was removedh vacuoandaqueoud M HCI solutionwas
added untipH ~4. Theresultingwhite suspension was diluted with wat&f (nL) and extraed with
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EtOAc (4x8 mL). The organic layers were combined, dri@eer anhydrousNaSQq, filtered and
concentrateth vacuoto obtain the title compound asvhite amorphous solid®7 mg, 83%).

'HNMR (300 MHz, DMSQds) U 7. 81 (743 (m14H))7.091 7.039nd, 2H), 7.03 6.97
(m, 2H), 3.82 (s, 34 3.71i 3.60 (m, 2H)2.777 2.64 (m, 1H), 2.29 2.19 (m, 1H), 2.26 (s, 3H), 2.18
i 1.99 (m, 1H).

13C NMR (75 MHz, DMSGds) a 172. 8, 163. 9, 162. 0, 142. 6,
76.5,55.4, 49.5, 36.7, 24.1, 20.9.

HRMS (ESI/QTOF) m/z. [M+Na]* Calcd for GoH22N20sSNa441.1096 Found441.1096

OQNTS 2 (4 Cyanobenzamido) 1 (4 met hyl
/©)LN COH carboxylic acid (14e). To a solution of grrolidine 6e(50 mg, 0.11 mmol, 1
NG H equiv) in THF (4 mLwasadded a solutiof LIOHxH2O (7 mg, 0.17 mmaol,
1.5 equiv) in water (1 mL). The colorless solution was stirred at room
temperature for 16 houyr§HF was removeth vacuq andaqueouslM HCI solutionwas added until
pH ~4. Theresultingwhite suspension was diluted with water (6 mL) and extracted with E{Q@*&
mL). The organic layers were combined, dried overydntusNaSQ;, filtered and concentratad
vacua The cruderesiduewas purified byusing reverse phaseflash column chromatographysing
gradient elution from 5% to 50% MeCGN water containind.01% TFAto afford the title compound
(33 mg, 71%) aawhite amorphous solid.
'H NMR (300 MHz,CDsOD) U 8. 36 7.80s(m, 2H),)7,74 7167 @6 2H), 7.59 7.52 (m,
2H), 7.12i 7.05 (m, 2H), 3.90 3.76 (m, 2H), 2.84 (dt]= 12.8, 8.9 Hz, 1HR.43i 2.17 (m, 3H), 2.31,
S, 3H).
13C NMR (75 MHz,CDsO D) a 174. 2, 165. 8, 144. 7, 139. 1, 1
116.5, 79.5, 51.2, 38.3, 25.6, 21.4.
HRMS (ESI/QTOF)m/z [M-H]' Calcd for GoH1gN30sS 412.0967 Found412.0980

EtO2C\(\/\NHTs Et hyl 2 amino.5 (A.f met.hylbﬁﬁhAreirralesul
NH, 6b (65 mg, 0.16 mmol, 1 equiv) was dissolved in EtOH (2.5 mL) and 10%

Pd/C (8 mg, 0.007 mmol, 5 mol%) was added undgorarThe resulting black suspension was flushed

with argon, followed by attachment of a balloon fillwdh H.. Hydrogen gasvas bubbled through the

reaction mixture for 30 s and the reaction was stirred ungl@aimibsphere fo2 hoursFiltration through

asyringe filter (25 mm, 0.45m PTFE hydrophobic filterpllowed bythe concentratiorof the filtrate

in vacuoafforded the title compound dight-yellow oil (75% NMR vyield CH2Br, was used as an

internal standard).
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IH NMR (300 MHz,CD:OD) Ui 7®7 (&H), 7.43 7.34 (m, 2H), 4.29 (] = 7.1 Hz, 2H), 4.00

(t, J= 6.5 Hz, 1H), 2.87 () = 6.6 Hz, 2H), 2.43 (s, 3H), 2.061.87 (m, 2H), 1.80 1.49 (m, 2H), 1.31

(t, J=7.1 Hz, 3H).

13C NMR (75 MHz,CD:OD) U 24701386, 130.8, 128.0, 63.6, 53.6, 43.1, 28.8, 26.4, 21.5,
14.4.

HRMS (ESI/Q-TOF)m/z [M+H]* Calcd for GaH22N204S 315.1379; Found 315.1393.

O  CH,OH 4 CyHnfol hydroxy 5 (4 methyl be
H NHTs an 2 vyl ] i®)nlEBHm@® dg 0.4 mmol, 4 equiwvas
NC added to a solution ofyprolidine 6e (43 mg, 0.1 mmol, 1 equiv) in

anhydrousTHF (2 mL). The colorlesssolution was stirred at room temperature for 2 hewrsreupon
water(90 mL) and CHCI> (90 mL) wereadded. The organic phase was separated, driecokgdrous
NaSQy, filtered and concentratad vacuoto afford the title product aswhite amorphous soli¢38
mg, 96%).

'H NMR (300 MHz,CDzO D) U7 780 (@p2H), 7.88 7.78 (m, 2H), 7.7% 7.65 (m, 2H), 7.39
7.29 (m, 2H), 4.13 3.99 (m, 1H)3.57 (dd,J = 5.6, 1.3 Hz, 2H), 2.87 (8,= 6.6 Hz, 2H), 2.39 (s, 3H),
1.751 1.61 (m, 1H), 1.60 1.45 (m, 3H).

13C NMR (75 MHz,CDs0 D) iU 168. 6, 144. 5, 140. 1, 139. 0,
65.0, 53.1, 43.8, 29.1, 27.4, 21.4.

HRMS (ESI/QTOF)m/z [M+H]" Calcd for GoH24N30sS 402.1488 Found402.1493

o \ le o Benzyl 2{[2-acetamido 1-(4-methylbenzenesulfonyhpyrrolidin -2-
)J\N NQ&OB” yl[formamido}acetate (17). A solution ofcarboxylic acidl4a (40 mg, 012

H o mmol, 1 equiv) in DMF (1.5 mL) was cooled to 0 °C (crushed ice bath) and
then sequentially treated with glycine benzyl ebtagirochloride(49 mg, 025 mmol, 2 equiv), HATU
(47mg, 012mmol, 1 equiv), an&t:N (51¢ L ,37nm@mol, 3 equiv). After warmingptroomtemperature,
the reaction was left to stir for 2rs The resultindight-yellow suspension was treated with saturated
agueous NaHCgX10 mL) and extracted with EtOAc (15 mL). The organic layer was washed with brine
(10 mL), separated, dried ovBieeSQy, filtered, and concentrated vacuo Purification of the crude
material byreversd phaseflashcolumnchromatographysinggradient elution fron%% to 65% MeCN
in water containing 0.01% TFAfforded38 mg (66%) of the title compound ascolorlesssemisolid
analytical TLC on silica gell:1 EtOAd petroleum etheiR:= 0.18.
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IH NMR (300 MHz, CDC§) U i 7.576m8, 2H), 7.41 7.31 (m, 5H), 7.31 7.22 (m, 3H), 6.97 (dd,
J=6.9, 4.2 Hz, 1H), 5.20 (s, 2H), 4.37 (dds 6.9, 18.2 Hz, 1H), 3.98 (dd= 4.2, 18.2 Hz, 1H), 3.88

i 3.72 (M, 2H), 2.83 2.69 (M, 1H), 2.41 (s, 3H), 2.261.94 (m, 3H), 1.69 (s, 3H).
3CNMR (75 MHz, CDCy) & 172.4, 169.3, 169.0, 143.9, 1
127.7, 77.867.5, 50.2, 42.0, 37.6, 24.6, 23.9, 21.7.

HRMS (ESI/Q-TOF) m/z [M+H]* Calcd for GsH2aN306S 474.1699 Found474.1700

o Ts o 2-{[ 2-Acetamido-1-(4-methylbenzenesulfonyBpyrrolidin -2-yl[formami
)KN N H oH do}acetic acid (18). Protected acidl7 (20 mg, 0.04 mmol, 1 equiv) was
Ho o dissolved in EtOH (1.5 mL) and 10% Pd/C (2 mg, 0.01 mmol, 25 mol%) was

added under argon. The resulting black suspension was flushed with argon, followed by attachment of
balloonfilled with H.. Hydrogen gasvas bubbledhrough the reaction mixture for &)and tha the
reaction was stirred under:ldtmosphere for 1 hour. Filtration throughCelite plug followed by the

filtrate concentrationn vacuoafforded the title product ascolorlesssemisolid(13 mg, 81%).

IH NMR (300 MHz,CDsOD) Ui 7762 mQ2H), 7.39 7.31 (m, 2H), 4.17 (dJ = 17.6 Hz, 1H),

3.88i 3.64 (m, 3H), 2.82 2.63 (m, 1H), 2.43 (s, 3H), 2.392.04 (m, 3H), 1.72 (s, 3H).

13C NMR (75 MHz,CDsOD) U 1127,3728,145.1, 137.2,130.5, 128.8, 79.2, 53942, 38.5,

24.9, 23.6, 21.5.

HRMS (ESI/QTOF)m/z. [M+Na]" Calcd for GeH21N30sSNa406.1049; Found 406.1055.

Radical-clock experiment

C(+)Fﬁ(—)ss ‘ Cco,B
CO,Bu C0O,Bu cofBu __oozR
— 0.025 M Et;N-BF, — — 1
5:1 MeCN/H,0 :
- . + ‘ o
COzH - OH H :
KOH (0.5 equiv) '
AcHN™ “CO,Et 12 mA/em? AcHN” ~CO,Et AcHN™ “CO,Et : EtO,C
9% 25F 100 110, 6% ; $9, 15%

‘ upon purification on silica gel 1

An undivided electrochemical celb (mL, IKA ElectraSyn 2.0) was charged with startiogrboxylic
acid9o[10] (54mg, 0.15 mmol, quiv) andEtsNBF4 (16 mg, 0.025 NI followed by addition of MeCN
(2.5mL) andKOH (5 mg, 0.075 mmol, 0.5 equiv) solutiontO (0.5mL). Graphite plat€8x52.5x2
mm; immersed electrode surface area A.%2 cnf) wasused ashe working electrode andtainless
steelplate 8x52.5x2 mmimmersed electrode surface area A.%2 cnf) was usedas the counter
electrode. The electrolysis wearried out undegalvanostatic conditions at room temperature, aid 2.

F chargewith current density of 12 mA/chwas passed through the colorlesactionsolution. The
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resulting clear, colorless solution was concentratedacuoand the crude product was purifieg
reversal phase flasttolumnchromatographwysinggradient elution from 5% to 100% MeQN water

containing 0.01% TFA

Co,Bu 1Tert but yl B) e7t hoyxknedjocdte(SQ was obtained ascolorless
semisolid(6 mg 15%) analyticalTLC on silica gel, 110 EtOAc/petroleum ether,
o) Re = 045.

EtO,C 'H NMR (300 MHz, CDC$) U 6 J=816.6, 6.9 Hz, 1H), 5.76 (di,= 15.6,
1.6 Hz, 1H), 4.32 (q) = 7.1 Hz, 2H), 2.86 (t) = 7.2 Hz, 2H), 2.23 (dgl = 7.4, 1.6 Hz, 2H), 1.80 (|3,
= 7.4 Hz, 2H), 1.48 (s, 9H), 1.37 §t= 7.1 Hz, 3H).
13C NMR (75 MHz, CDC¥}) a 194. 1, B6LB4.2(80.4, 6265,138.9, 31.1,128.8 21.4, 14.1.
HRMS (ESI/QTOF)m/z [M+Na]* Calcd for G4H220sNa 293.136% Found293.1366

co,Bu 1Tert butyl B) e7t hayce t(a2mi d o(@lotwasddbtanedessd i 0
colorless a semisolid 8 mg, 6%), analytical TLC on silica gel, 1:2
H EtOAc/petroleum etheRs = 0.17.

ACHNT COE IH NMR (300 MHz, CDC}) U 6 J=816.6, 6.9 iz, 1H), 6.12 (d,= 8.0
Hz, 1H), 5.74 (dt) = 15.6, 1.6 Hz, 1H), 4.61 (di,= 7.4, 5.4 Hz, 1H), 4.21 (d,= 7.1 Hz, 2H), 2.27
2.12 (m, 2H), 2.06 (s, 3H), 1.931.79 (m, 1H), 1.78 1.59 (m, 1H), 1.561.40 (m, 2H), 1.48 (s, 9H),
1.29 ¢, J= 7.1 Hz, 2H).
3CNMR (75MHz,CDC) 4 172. 4, 170. 7, 166. 2, 146. 8, 12

23.2,14.3.
HRMS (ESI/QTOF)m/z. [M+Na]" Calcd for GeH27NOsNa 336.1787; Found 336.1795.
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