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Bioinspired Electrochemical Peptide Synthesis

for Greener Production
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DMF: N,N-dimethylformamide

DMA: N,N-dimethylacetamide

THEF: tetrahydrofuran

c-Hex: cyclohexane

PG: protecting group

Fmoc: 9-fluorenylmethyloxycarbonyl

Boc: tert-butoxycarbonyl

‘Bu: tert-butyl

Trt: trityl

Pbf: 2,2,4,6,7-pentmethyl-2,3-diydrobenzofuran-5-sulfonyl
DBU: 1,8-diazabicyclo[5.4.0Jundec-7-ene

DMAP: 4-dimethylaminopyridine

DIPCI: N,N -diisopropylcarbodiimide

DIPEA: N,N-diisopropylethylamine

COMU:
(1-cyano-2-ethoxy-2-oxoethylidenaminooxy)dimethylaminomorpholinocarbenium
hexafluorophosphate
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1. FFim : 7 F PEEG~OHAFF L EEIC KT 3 HE

1-1. HTFECLIEEFHOSE L KEERBDORE
BRAEBILECEY LA DORRIT LR AY D EEZ FIREIC L Bk A T [ESE
DT Do T %, BIfE, EEMII DT OV A ALFHHICER L T, K
SrEIES, BT RIS, PUAESRE SO 3 EEICKH S N Tw b, KT RS
it 8 500 BEE CoERMEREL., TOoREe L UEFEARIC X 2 KE
AFECRIOBGRARETH 2 BB T oNd, ZD—F, 7T+ A4 XB/hIn
LT X o TEEMLSMCDIER L, BHEAZ5IZEC LT W E WO ETRDH 5,
O E RIS 2 OXPUREESTH Y, 2 v o ERMAEERERHL 72
R 7y Tk M 2 2 & TR EERRF R 2 S L. BITEH 2N S Wil
BEEEoTWd, L2l 7 TEIEIU RIS 2 2ifkx BET 510138
T TANEMR ARSI 2 ) KEEEXIHEL < EEa R PSR 23T
Elho T3, 7z, PREREMNIIBEORS CIEANCTOReE R’ Z o T L
¥H720, ME*NL CEEREG T 2081 H 5, Lo X5 i, Ko TEE
LYUARESRE M Z N Z WETEN B2 ET 25—/, FOERICIEZE > Tw
T, CZORERMGRT 595 2T P TEEMPFHZED 2 LIk o7,
oy R GE. TR DY 500 20 5 5000 FEEE L AL AR ATRE I TH B L &
u\ﬁA%Ewmlb%m%ﬁk SRS d 2 2 L BA[REL R B -0,
EOWENFREEZE L, KEAERZEREL L 22 R HFINLTH S
(Figure 1),
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1-2. WHHoTFEERGEMLE LTS

HOTEEROBEHIILEDEELE LT, T F IR FEHEZEDTWE L, TF
FEEMIL, Fiohre vy PEERT R oEME. /A v F a0 ) AV
FLPISIERT & L CHRRES 2, (ERBRIE I & v o3 7 BEHERCPURESR T L
L CH Y, MR L& 72 —ICEmWERE - FrEE A L. e RIG
R ER T,

D TRTF FVERLA LT INZDIF 1923 FED[ v 2 Y v TH Y, 2018 4
FTIC60 LA LED~TF FREHNE L TKRINT WS, 51T, 2018 FERfA
T 150 LA E D~ 7'F Fioxt U CEEIREAER 23 T D A1, 200 LA D= 7' F N 23 FikfEIR
Apicftahcnz |, ERATHHICEWTHRTF FERNOTFHERKIIHEL T
BH, 2019 FOFE LT 2013 FD 2575425 700 FLERo TS 1@, H
AR AR BRI Zr &< 7T FERSFHRIC» b 2 o E D
HE o T, BRRFICEN R ~7F FEELHE~OMFIEIETEIIEE- T
Wb,

1-3. BEEFEA-oTWwWERFTFFARE ZDHEE

RTFVEEMLEFED S . T F FOLEEBICE W THLN R E % R
72 L C & 72D % Merrifield 12 X - CTHIFE & L7z B & E TH % (Figure 2)%, C
DIFETIE NEEOBIEIC T I 7 A HEEEL . N RinflloREE O R#E S X
Ui RICZ B VRS Z e T7F VHZMHEST 2, MREHORTF FIIAHE
MR ICHE T T 2 —J77 . o HFITIHET ICHFE T 2 720 B0tk
179 720 CHREIRERE T 5,

S IETE R D AN
(Ha& SIS £ 7o 3 B fRE D)

ALY N

. BERY. RRISHORE :
! (BHHOIEL !

O ~auslE @7 I/
Figure 2. [&#H & ik D HEE



L7228 T, M~ 7 F FERGETIREET & N - 72, S RIGHE D 5 IRIE
CHTLIAN T T T 4= 0o B ERSE R Y BEREREET
FREDT7F FEAMTE S X9ICho7z, RITIIABAHEE DRI D I
B, 70 —BEEDHABDREICL ST 100 LEDT I VB2 LRERTF
FEBIFCHRT 2 2 L b AREL 2 V) 3, BE AT F V% &l CREHICERE
35w BlRT, BEMHABEIZFEHD? D 50 FLA L 725 HTO T F FE
ROENEFBLR>TWwD,

L2 L., EEETIERY & 2 ERORP G 2. BIEEE B CEHM T
LAEFET O AOMAEPEECEERINS LAY, BEHAKREEZIILD
EL7PERD AT F FERKICHENTH, ENRD LN T WS, BARIICIE, i€
FeDEBETIX | kg DEMEEEZHE T 27 F FEEET ZBRIC 3,000~15,000
kg DEEVIVPAEC LI NTE Y, EEVEAINZEHRT 7 F FERFD
FIFARkO b TWE 4 COHMEZERT 2 ) 2 CRT 2T EREE L
T, OftEEimaE U Lo, ORIG. THHERICH T 2 5O HE. O
FOGHEICAE U 2 A AR O BEZEY) O B H3251F & L 5 (Scheme 1)49,

R oo R H
OPG (a) IRfRzE N
FmocHN »  FmocHN Y
o} (0

(b) #EE

FmocHN/'\H/ + >*N:C:N4< \( \9’ Y
(6] (0]

R
: /kﬂ/ope
0

n

PG: 1R#&E
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DI oW TiE, EHABREICE W TRICKE 2METH 5, BHEGKIETDO K
Jo i, AEEOBIEICHEFL 2= 7 F F LB ICEE T 2l oy —
RTITHON S 720 WHTRIGZT S 56 & I L CRISHHFEIMEL 7%, 2D
T2 WHEIEE R T X VEREOAEZMZ 2 LESH Y, KSERICEL
ZBEEYBBICO AR > T b, @icowlid, EE., W ci@s 2 3
BTH 5, EHAKICE TR, BEEFEOMFEICIZEIILTwab DD,



JG RT3 % K DRI ZHE L T2 ) 2 I N2 D RBREAMS K E »
& I35 DMF ¥ DMA TH %, —J7. MMHEMGETIIREEFEYH 7670 <
FN7T 74— X KRR FCEMEABGEU LIt S ot 2 HE L Tw 5,
BICDNWTERTF FEREERICE T 2HETH 5, fiaH X, *7F FiiATE
B G % N RNICHETT S 2538 Ch | ko7 F FERICE W TIER 2
FRVIIEL o TW5, Lo L, KIGE T & & 3 729 ic ity EimaE L LA
WEREDD Y ISEICIIFRIS B ORIERMBA T 5, BIERYITEY L ©
DEEREZ L T B X O KICET T K EINBEHL WD, 7 IV BEHET
ZTLICEEY L L CERBL TV ORBIRTH B, 72, T F FAKTH®
LNBHEARI DR T, KISHEE X7 & ILIHIEERE D DL, JFE2
CEBORT vy 7R TCERINDE 720, ARG L ET AL X —HE OB
MhALHBRADE VIEREE VR B,

1-4. R7F FERTEL 2 ZEDEEIR~DH D HA

@O, QoEFHRICEAL T, WX 7F FABREARBE S v, R % EJ<
W3S, 13 TR X S ic, MR O E & R RIGICER T 2 BB AT
TG EGED T AN TH Y, KRR O fEELAE K T & WL G BEE
LV HEEVBD/ NIRRT FFERIEICRY 95, TOX) ERTHAES
NT=DDB, RTF VOB a vy rue—AT52LDTELHEEKRTHSL, Yo
CME I Nz, KV ZFL v ) a—nkhd Ao RY) ~—%#HKE L
THWERTFFERGETH S F) v—IcHFINTWE T I V- ~T7F
FiZ DMF, MeCN, CH:CL, b VT v D X 5 i 3R 42— T, kA
YV 7a AT Aa— VRTINS 3 720, KGR BT T o 725 I BialE
HolI g5 2 itk Y, ERBEOALATHNDO T F F 235 2 L2
TZ5, CORNEEEDLL, RETI0BREDT I /I OHR 27 F FOAEK
ZEMR LTz L2L, RV =D TREICIEODZNRD S Z LBFERKT, MS ¥
TLC %5 % F 72 ROCEBR DS NEEIC 72 5 & v ) B S 7z,

ZTHT- R E L TIREINZ0H, R ~—X D0 TEINI »
B E kL T2 _7F FERTH S, RO OWME ¥ %25F i, TE-
M S I EETAFAEAET IV OAT AT =B AARF O
T 5T F NEBIEZBIF L 72 (Figure 31, BYE, 2OV YA T a— g
AEEBUKME 2 7 L i, ARMESA RO b Tw b, iEEBUKE X 7 ¢
REINAET I8 - *7F Fix THF ¥ CHxClh. c-Hex ICIXVAMET 5 —75.
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BRAED OB EIRELED LN TEY, DRBEEOATTF FE2EKT
& 2D A I N O, T 2R - BER ORI EIE S v b, F 72,
AR EBOK M 2 7 D Fim e L CL BRA malintE A I L TEHE Y, £
DH & LTHRDFE (KR 2585 L 72 Ajiphase®E A % F & 1 5 (Figure 4)’, WL4ET
. 7 A RBRTEECIRERER LD HE S, T F FORMBIEEZ KRECRES
S EHEER D B LML o T3 S, BLED X 5, AATER G Z
L7e_7F FIREEGEEDORFEIC X . {ERDEHABEDORETH - 7R
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& % HIE THKEE T H 5 (Scheme 3), BRI G 7 v X DFEHE. MGl HK
D EIERY) % FOC % CHEARI~ e BHE L, iR ofaHIc=7F VK%
To T 2o, RIGEDEAYIF D O EIERY) Z B L . fiEH~ & 2T 5 K
JGICHE T 202 TH B, Lo L, T OHBKIIIERDOHMEAEH 2 648 U 2 BIERY O K
JOHEDIK X RN DHE L X D72D1c, 13 & A ERTDIRITH o 72 %, 2Dk
MEITFE T 2 XL, KSR HP TOFAEDEE R AL, KISE O RI4 ) o b
I - BAERPER L D DAG IR 2EEH W27 F FERR ORI ED &
N, ()DEHRATBEEATRB I NE X )ik o7z, 2DHIE LT, 2022 4 Arora
OAFHFE L 2 E DR A7 = 2 v ERMEAR L L CHIT 2 68% 1%, F4E
Wang, Sun 5 IC X - CTH X 7172 S-nitro-4,6-dithiocyanatopyrimidine (NDTP)!® %
W7 BRRBZET SN S, Arora b3V 2L = FillE2# LAl L, F 27 =
2y ERIEEAT E 2L TRTF FIAGTERKIGZITS 2L ICEILTw5, &
A7 xRVIFE 7=y T V(PRSI IC X » TEICEI NS Z & CHEMAR &
L CHERET % 72 & | i Al DAL IC BT L T 5, % 72, Wang. Sun & (X NDTP
ZHHAMEARI L LCHI L, fERofaE AN ILEs 2 RICHIFHR TR 7F FEK
RIEKT 5 L L bic, ROCERICHE U RIAERY % U L < BTG A~ & 25
T52LT, EEVEHIBAARETHL L EZRT I EICEIL T35,
IO DOME LM, ARUFFE TIdia G Al ok O FEZEY B A %2 L3 2 Fil
R7FVERERHEIT2 L 2HANE LT, BREPMI T2 oAF AT 4V
(PhsP) % Ml A A D E - RN ISEHE D = 7' F ¥ & BIEDBFICI Y #A 72,
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2. K - ARERRICEZHNA L <7 F FERE DR

2-1 RS MEAFDV H 4 2 ABHEERRTF FEREDRET

2-1-1 EENORTF FER%R

MAEFIO Y 4 7 AHRER <7 T FEEEORKGHE L L <. RIfgE Tl
RN TORTF FERICE T 2T 2 VBB AR F o HEHACEE & 2 0tk
BSOS ICE H L 72 (Scheme 4), ZEANTD 71 VoK & o FEMALIZ ATP 2 W72 7
I TV AMP GRIC K o TiTbiv s, 73 T34 AMP AERDERICAE T 5
BRIz ) VIBCHY, T3 TN AMP S JG L 728104 U % EIlE AL
Y AMP TH %, v'r Y VERITERBZICEC ISR I TY Vg2 5T
70, HOATP DR E 725, 72 AMP I3 ATP D JFEEH 72 % 2,
D RBFRIKICHAA TN TYEEBICHHE NS, 2 0, BN TIEALE
F U HGEMEA LB X OERERSTEC SRIERYI At oWEAEICHIHE s
D, BIAERYIBIREEM L 2o WIPEEE Y AT LHBEEI N TV 5,
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e, AR TO AR F CHOERA R, ) VIET ORI 2GS L7, (L
FIGDBIRD O b IICh 7R o efbillAr il e o T3, J VRFIIFERE L O
BAPEIER s <L ) VIET L RFBR T O ZEEGRIC X o T C-O i
HUM R L, A DRI ZETIE 2 2 RO TV S, EENRTF
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AFIC BT D ERET. P=0 MEATERIC X 2 AMP ORBENERE & 720 . 7 3
J TN AMP BB R)IGE EITE 5 Z L 3A[EE L 7> T 5,

2-1-3 HENRTF FERREZEML 2~ 7 F FMLEE R DG

WTE, BEEYHIR Z BIE <7 F FARGEORFE X, = 7' F PSRl o
FFARLE > TE Y, RIGICE T 2 EHREROHHMABIE I T2, %
D=7, EENDO T F FEEFRD X 5 ICRIZEBY B BEREY & 7o b o W L¥EE
AR EMWLT 22 ERTENIE, KEICEEYSEL 2 L w ) FREICH LT
TRfRRRERRECZ DL E LT, ThEERT S5 2T, UV VLEY. FFic
PhiP ZifEAl L 32 =7 F FARR O IE N 2B CcH L FE2T-, T
FCIZ, PhP R UL CTAHEL 2 RE MG MEAA L LTHREEL, 7IF - <7
FIEAGERRICZETES R eAMEINTHE Y, T, KISKRICEL D
FIEEIE YD) 7 2= kA7 4 VAR S F (PhPO)TH D | fEIED 7280
R DHMEEAIHR ORI AR L 0 b EINSEEIC R 5 2 LRI NGE, 5
IZ, PhsPO 2> 5 PhsP ~DEHAIIM 4 7 5IECTEMINTE D, mIFEIrDOKA
=L TEILTE ZRIGPMEINT WD 2, b 2B E 2. ABFFETiZ PhsP
EMWT_TF FEMEL. RICEDEEYIH 2> 5 PhsPO %[BT 2 7k Z fiff
V35 2 & T, PhsP AR T T FERGE TG AR © FEEEYHI A A
REThdZtoFEitxHiFT &b L,

PhsP Z (L3 2R ICOWTld, AMERKICTOGmIELZHIHT 2 2 &
L7z, chic X, AL FEtAI RS L7 < PhsP RiEMLTE 2 X5 1
7Y, ALEBLA O HEBRRA FIRE L 72 5 2 &Iz TiEH L Ic BB 7 ks
IANF—RBRIALF—ICRET 2 L ATREL 2% B, $72, THES 20
FLTEAREBUKIER 72 AR F O HOMRER L L, KB ORERIERIE
DOfffftZ M o7z, THIC X Y| IEIREO R TR T'F N ORERMRAREL 72 5
LT 2\ RRIEABLIC AR L Tvs B PhaPO & DEED 52T L., Fiv>TIT 5 PhsPO
DIEFHEAEOEIL S BIfF T 5,
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Scheme 5. AfffFe CHIE T~ 7' F F &R
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2-1-4 R7F FREATEERIG D EXET

Gt . & PhaP 2 flA G b7z~ 7 F FEATEGIE Scheme 6 @ X 5 IC
EIT T eEzZLNE, 3. BB LETPHP A—ETFHELEZT, P 7=
WHRRAT 4V T HANATF A VPP HYBERT 5. PP i VR v e KIG L,
wt K —BFERIL 2R TEEA VR VIR EHE B S 5, Z ok L <
T I VOSREEBE L, AR 5 PhaPO 23MEEEST 5 2 & TR T T NEA
DI T 5, [GHTIE PhsP I X A DO R TH L5 —T7 T, BTl
AR VR hEERHRD 7 a b v o@EIea b, KESERT 3,

l |

\\ i OCgzHys
- ) ' HO - HOTAG
ph /P *2e |
Ph . ! OCgoHys
2H L
-e Cathode
\ R ~ -e" R
. PG. (0] - PG. O._.\Ph
— pnypn ”)ﬁ( ”)ﬁ( ’~ph
Anode @) O Ph

OTAG «— H,N OTAG

\N)\n, :
H o Ol n “H*

Scheme 6. EXALZFERI R 7T N E KD HEFE KOO

Iz
Iz

2-2 RIS O mEAL

Fmoc-Asp(O'Bu)-OH (1a) & HoN-Asp(O'Bu)-TAG (2a)iC X 5 ¥ X7 F FEK %
TNARIGE LT, BREEEW DR % 1T - 7z(Table 1), 2a % &#E & L T, PhsP
% 2.0 Y, HHL LT 26-utidine # 3.0 24&E, 0.50 M OEMEZH\ T 4.8
F/mol % 8% L., BEIEEIL 0.67mA/cm? & L7z, 1% CHCLh & L7z L ¥, 2a
TR LK 2% CHIYIZE bz, —/ . THF ZEH L L CHWZEEIC
2, PERRKE S L (19%). KRKIED 2a BFEAF L Tiz, 72, c-Hex &
MeCN % 72 ZHHRBEFH T D 2a IFHE L. 3aa ZIEK 95% TH X7z, D
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FIGRITE VT, c-Hex & MeCN 32 Th 7%\ LIRAE T AIVATEBKIE
2 7 CIRE I NI 2a 1T c-Hex IGEIRNICEIET 52—, XFFEMBESL 1a 0 X
5 e PE D EVEREE I MeCN JE TR S 2, IGH IR T 22T BH—%
WIEFRIERIC )G ZIT Y T & TE 5, IO, 3aa 13 2a & [FIERIC c-Hex J& I0:E
RIVTIRRE L T3 729, c-Hex Z I WTHIBIRIELZ TS 2 & THMERLZ1TY C
ED3TE %, PhsPO 1 MeCN JBICiAfif 3 2 720, RS T~ 7F F & PhsPO
EOBECE S X 51, X0 EEREREREATREL 72 o 72 (Figure 5).

Table 1. BIF~ 7' F FiGETEEG D B L

@)
@) @) t

H-N BuO (0]

‘BUO . \;)J\OTAG HQ&
OH z OtBu FmocHN Y OTAG
FmocHN Y o i OBu

0 0 g

@)

1a (1.5 eq) 2a 3aa

Conditions: PhsP (2.0 eq), 2,6-lutidine (3.0 eq), supporting electrolyte (0.05 M),
platinum electrodes, 2.0 mA, 4.8 F/mol, rt, undivided cell.

Entry? Electrolyte Solution Yield (%)@
1 BuyNCIO,/CH,Cl, 92
2 BuyNCIO,/THF 19
3 Bu,NCIO,/c-Hex/MeCN 95°
4 LiClO4/c-Hex/MeCN 86
5 NaClO4/c-Hex/MeCN -
6 KCIO,4/c-Hex/MeCN 55

aDetermined by NMR analysis. °lsolated yield.
¢ Severe gelation was observed before the reaction.

¥ 7-. Entry 3-6 Tli., XHBEMREDOH Y v X —hFF v DFERRILL 7=,
LiClOs Z W 72556, DS 86%ICK T L 7z (Entry 3)o % 7z, NaClOs Z > 5
LOHERNICHOOREY R U CHIEAREEE 2 0 RIGICEET 2 2 & A TR
7202 7z (Entry 4), 1a LIEAT 2 L NEVHE U722 &5, Fmoc-Asp(O'Bu)-
ONa DAEMDBIRKTH 5 LEZ b D, KClOs ZHWERIZ. REWITE L %
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o7zb DD, FICTERDOKEDHEMA R L v, INEIF 55%FTERT L7, &
oot sb, @EAFA Vi la SHEMFRAL, KISHEEZETIE5 2L
TMINZ, ~HT. TP I TFAT VEZY LA FFVIIIEREERKE L,
HNARFFEE DMHEEMAP/NI G L5 1a DRIGTE~DEEI/NX W L
BEZ LD, U EOKER D b BuNCIOs % Foll 7 X FFEMRE & L. Entry3 D5
B & L TR OMET 21T 5 72,

(a) cHex-MeCN—HER THEBER T F FEAEHRIC

Electrachemical peptide bond formation Collect c-Hex phase

Filteration to obtain Tag-protected peptide Precipitation of Tag-protected peptide in MeCN

Figure 5. FolScIF T COEM~ 7' F FEGTEHURIG & G HEE
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2-3 _R7F FoRE#ElE X O PhsPO RN 7 v & 2 DRt

Entry 3 DA CTRICZEAT o 7214, 3aa Z RSB L 72BR D8 (MeCN) & Gtk
IC c-Hex JE & 7L 72 MeCN B % &b, FIC PhsPO. BuNCIOs, Fmoc-
Asp(O'Bu)-OH. 2,6-lutidine CTHERK X 1L 2R EV)F 2> & PhsPO Z G832 77k D
ST ICHU Y FHA 72,

FIEER O CHEERHOBRILAY ZERE L., IEERFIC X ) Ko
MeCN B %1572 KIT, MeCN % F LT VICERLT 2 2 & T, BuNCIO4 D H
FHEGEEE LT X e, EEIREIC X > TEBM 2 O EHE TR L 72, 8
WEEEVER D b v VIRIRICH L, DBU ¥ X O piperidine % il 2 % Z & T Fmoc %
D iR # % 1T > T HaN-Asp(O'Bu)-OH % 2Ll & & /KB % 1A B X 872, LI,
WA 2 - CTOTRIEERIT S T & T, T AT X VEERD 2,6-lutidine % R
L. A% IENE L 72#21C c-Hex-EtOAc IRA R CHiREZ1TY 2 & T,
PhsPO % 91% CEINT 2 Z L ICHI L7z, 72, BwNCIOs, PhsPO & b IS
&N T & 72 2 & % '"HNMR THERE L 72 (Figure 6, 7)o

22 BX W23 it . BMER{LIC X > T PhsP i L L THEAFI & L
TR 2 K5, 7 2 7 BRL o KIS b FIHAREE T, £ 72 KGHDEAY 2
5 PhPO % EHECHINT 2 2 L3 CTE A L5, PhsP ZFIH L &5
= 7F P&, fEARIERORBIERYIBFEEREY) & 7t b w7 F FEEER
E7 D H BT L EREIETE 72,
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Figure 6. £2it D BusNCIO4 (1) & K582 D BusNCIO4 (T)D 'H NMR @ HiK
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Figure 7. £2dt @D PhsPO (1) & fEELE D PhsPO (T)D 'H NMR O HHL
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2-4 BRALZEN~T7F FREATEERIG O EHEE O R

PhsP W 7 EBXALEN < 7 5 FEBGE TR, BIAERY O BAH A RET H
5 EERMER LD 2T, KiEd 1a, 2a Ao 7 I 7 BRI L < B THED
BETL 72, Mo EWATF N2 REAKT 2 Ik, SRIEVTM L Twb T L
BHIHRE R D720, &7 2/ BRICO W TRIGTEREICE 2 &b o HiE 217 - 72,
B RIS E T 5 RGO TEH X, BEEZD TLC T C HoN-X-Tag (2a-2u) D
ARy FBHEL, TXTHWICEBEI N TS Z L 2T,

IZL®IC, Fmoc #£T7 IV HAREL 727 I/ BOBEMHEAERZT- 72
(Table 2), Fmoc-Gly-OH (1b)% F\W 72 RICiZ, PhsP %2 25 Y8 & 35 2 & TRIG
BIEFE L, BHD Y T F KK 98% T O N7z, T 72, HIBES Rk FEE
DATHEREINTHE T I/ (1e-1g) 12V Tid, %3 Fmoc-lle-OH (1)1 %}
LT 23 CORBSENZEH L 72, % OfER. @E D@ THEIERD 7 ML 5 6
N, T HICRIGIETERE L Cnind o 7z, 7 MBIC X 2 IERRIERIK T 23 ROCRIFE D
BETICoBozEZLN, MBUC X o CTrADBEEINE L ERBL 7
72 MBGEAE T CEMIKICET > CRICIEOM L% X - 72, 40°C ICFIRL
=56, TLIRSEI N D DD TLC I X » THEBI ORI Z R L 72729,
FIGHLE % 50°C, PhsP % 25 4B L L GHEEZTo 72, 2 DR, KIGIX5ER
L. HHDORTF FBIE 92% TNz, T OMERZEE 2 T Fmoc-Ala-OH
(1c). Fmoc-Val-OH (1d). Fmoc-Leu-OH (1e). Fmoc-Phe-OH (1g)!Cxf L T i flif L
S O BRI IE R IT 2 720 IRER PP DY BICONWTIZI LR 3 Maf2E L 72
2. T AL Z IR L CRIG R BRI ¢ 2 2 LIl L, HIND V=7 F F A5
LG b N7z, Fmoc-Tyr(O'Bu)-OH (1h)% F\Ww7zF%1%, 2-3 CHRH L 7= i g
TCRIGDTERE L 72 (K 95%), Fmoc-Ser(OBu)-OH (1i) & 2a D JKJGIC BT
X, Bl N T M X B RISEIEOK TR RA L4, 2a OEAFEHERL 7z, %
ZT40°CICHNEAL 729 X TPhsP Z 2.5 &, 1i % 20 B WAz & A, KIG
DIEFERTERT 2L L dic, HHD Y =T F FRINE 98% THEL N, T D5
it 1 ERIBRICHIBED v F o x o ED terr-7 F L ETRE X L7 Fmoc-
Thr(O'Bu)-OH (1)1 L T b B ATRES - 72 (N 98%), 1a [FIERICHIEE I tert-
7F NI AT NIEEEH T 5 Fmoc-Glu(O'Bu)-OH (1k) & 2b 12 X 2 fE&E KIS, 1a
LEGEMECTREME L, HNDO Y RTF FEINE 2% TEH 2 72, T2, llfHicT I F
HA4E4 2 Fmoc-GIn(Trt)-OH (1m)% 2-3 TRH L 72Hil&icffi L7z 2 5,
BIRD T MEIZ R S N o 7223, RISDTEREICIZE D Ied > 7z, £ T T, PhsP
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25 BEHWAEEZA, 2a 2T T 3ma ICEEI N & 2R L (K
99%). Z D21 Fmoc-Asn(Trt)-OH (11) (U3 99%). Fmoc-Trp(Boc)-OH (1r)iC
XL Ch#EHAREES o 72 (I 99%), Fmoc-Lys(Boc)-OH (1n)% F W72 55413,
FWRFFET I T MR RO, IR L Twind o7z, 60°C ICHET %
ET MU I NT2 72, 60°C ITHNEAL T P3P % 2.5 HEM WL 2 A, K
JEATERE L CHBIYID 91% T b 37z, % 72 Fmoc-Arg(Pbf)-OH (10) % Z it 551
TEMMCICHL7ZE A, In ZHWESGAE ERBCTUVERR b, 2a Dk
TFERMER L 72, COREREZIT, 50°C ITMB L, PhsP % 3.0 YEH W5 & T,
KIe%TEAEZ BN TEZ (K IB3%), b5 —2DRMWT I /ETh 3
E2FV Vv ERAOEEERISICEWTIE, = X VLoREICTER L 7z, Fmoc-
His(Trt)-OH (1p) % i\ 72356, Ein st P T MLIER S e h> - 7225, PhsP %
25 BBV CRIKIGHTER L o7z, 2 2 TPhP % 3.0 BEICHELL
TEMBICITHEL 728 25, RIGIETER L7228, 25%D = v X J{t% NMR T
DLz, TNERHEEEDOA I XYy =L ERE L Cidzb w0 Ths &E
AV A IXT =D N OIRERE X 0 EFRFMPEDE W Boc # (1q)Ic 4 2
THHEMEOE T 2K 572, ZOFR, T2 V{baC 32 & A Kbz ETX
BT EHRTER NFEI9%), fil T, JIEICHELZzZ TP I REE T2 H
T257 I BRICOWTHEZ1T > 72, Fmoc-Cys(Trt)-OH (1s)IZ 2T id 40 °C I
MEAL . PhsP % 3.0 YEHA V2 2 L TRIGTEMICE D, HID Y =7 F F 23K
95% C15 b 172, Fmoc-Met-OH (1t) T ¥, iR 5T T TOERD 7 WL KT 2a D
B ZTER L 72729, 50°C IChE L TSIk 2 2 & T, RIGE T I & 5
TEBTEZ (NEI5%), 1s, 1t D EHB L EHWAZGEIC b RSOk
Rond, HHO Y T F FV2RINET/L LN TELBBRTIVHETH S
Fmoc-Pro-OH (1u) TII ISR EZ KT L, 2-3 TRH L ZZ&#E5EM4F T Tl
I 39% (1,122-7 F77muxxyzHNiEL L7z NMR I X5 IEFR)TH
577, MELHIEDO BB O 21T - /R, 60°C ITMEL 725 2 T, PhsP
4048, 1u% 2548, ZIHFEME L LT NaClos 2V 3 Z & TRIGDTE
WA L, K 98% T 3ua 235 6 1L 77,

PLEDFER D &, RFIZERNDORTF FEERKT 2 20 EOFRARN T I/
i3~ T D Fmoc fRERICEHHATIRETH b, 7 I 7 IO BEREHEIC X 2 B S
ZRITZERCHNDOY RTF FRRONE T EBHLPICR -7z,
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Table 2. Fmoc 7 < / 1% ot F & PR 3R
R

o
R HZN\)LO/TAG

OH +
FmocHN O'Bu

0]

O=("“

1b-1u (1.5 eq)

0]
idi H
PPh; (X eq), 2,6-lutidine (3.0 eq)
FmocHN N\)Lo’TAG

= o O'Bu

2a (0.20 mmol)

o={"

0.05 M BuyNCIO,4/MeCN/c-Hex

(+) PPt (-), 2.0 mA, 4.8 F/mol, Y °C

undivided cell

FmocHN
O

< '‘Bu

(o]
H
FmocHN/\n’N\)J\O/TAG
o

o~

Fmoc-Gly-Asp(O'Bu)-OTAG (3ba)
PhgP 2.5 eq, rt, 98%

FmocHN Y

Fmoc-lle-Asp(O'Bu)-OTAG (3fa)
Ph3P 2.5 eq, 50 °C, 92%

'BuO

b ©

N\)LO/TAG

o ‘\n, 'Bu
¢}

Fmoc-Ser(O'Bu)-Asp(O'Bu)-OTAG (3ia)
PhsP 2.5 eq, 40 °C, 98%

FmocHN

TrtHN w0
FmocHN N\)Lo’TAG
0 '\n, ‘Bu

[¢)

Fmoc-Asn(Trt)-Asp(O'Bu)-OTAG (3la)
PhsP 2.5 eq, rt, 99%

NHBoc

w0

N\)I\O/TAG

o} '\n,'Bu
e}

Fmoc-Lys(Boc)-Asp(O'Bu)-OTAG (3na)
PhsP 2.5 eq, 60 °C, 91%

FmocHN

TrtS

b0
N TA

FmocHN \)LO/ ¢
O'Bu

(o]

O=("“

Fmoc-Cys(Trt)-Asp(O'Bu)-OTAG (3sa)
PhsP 3.0 eq, 40 °C, 95%

Fmoc-Ala-Asp(O'Bu)-OTAG (3ca)
PhsP 2.0 eq, 50 °C, 92%

FmocHN Y

o ¢ H
N\)LO/TAG FmocHN Y O
'Bu 0 X _OBu 0 X _OBu
¥ ¥ ¥

0
Fmoc-Leu-Asp(O'Bu)-OTAG (3ea)

Fmoc-Val-Asp(O'Bu)-OTAG (3da)
PhgP 2.5 eq, 40 °C, 96%

PhsP 2.0 eq, 40 °C, 98%
'BuO

y © w 9
N A -mae RN N P N /XS
o} ‘\n, Bu o '\n, 'Bu
o] o)
Fmoc-Phe-Asp(O'Bu)-OTAG (3ga) Fmoc-Tyr(O'Bu)-Asp(O'Bu)-OTAG (3ha)
PhgP 2.0 eq, 40 °C, 97% PhsP 2.0 eq, 1t, 95%

FmocHN

Buo __O

t)
© BH” o) b0
N\)LO/TAG EmocHN N\)L o TAG
o] '\[r '‘Bu (o] ‘\n/ 'Bu
0 0
Fmoc-Thr(O'Bu)-Asp(O'Bu)-OTAG (3ja) Fmoc-Glu(O'Bu)-Asp(O'Bu)-OTAG (3ka)
PhgP 2.5 eq, 40 °C, 98% PhgP 2.0 eq, rt, 92%

FmocHN

TrtHN (0]
BocN,___

H o H Q
N TAG N TAG
\)Lo’ FmocHN \)Lo’
o] '\n, 'Bu ¢ '\n, 'Bu
(0] 0]
Fmoc-GIn(Trt)-Asp(O'Bu)-OTAG (3ma) Fmoc-Trp(Boc)-Asp(O'Bu)-OTAG (3ra)
Ph3P 2.5 eq, rt, 99% PhsP 2.5 eq, rt, 99%

FmocHN

HN NHPbf /=N
RN _
HN H (e}
o FmocHN N\:)J\O/TAG
H o 3 'Bu
FmocHN N \)I\O/TAG \g/

O'Bu
Fmoc-His(7rt)-Asp(O'Bu)-OTAG (3pa)
Ph3P 3.0 eq, rt, 96% (dr 3:7)
Fmoc-His(Boc)-Asp(O'Bu)-OTAG (3qa)
Ph3P 3.0 eq, rt, 99%

0]

o

Fmoc-Arg(Pbf)-Asp(O'Bu)-OTAG (30a)
PhsP 3.0 eq, 50 °C, 93%

SMe

H o H 9

N\)LO/TAG FmocN N\)LO/TAG
(o} E ‘Bu

o} é\n,o'E;u \([)r

Fmoc-Pro-Asp(O'Bu)-OTAG (3ua)
PhsP 4.0 eq, 60 °C, 98%°

FmocHN

Fmoc-Met-Asp(O'Bu)-OTAG (3ta)
PhsP 2.0 eq, 50 °C, 95%

4NaClO,4 was used instead of BuyNCIO, and 6.0 F/mol was passed.
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RIT, AVAMBUKYE 2 7 CIR#E L 727 2 BE o #IF T % 1T - 72 (Table 3).

FOGEEMEE. Fmoe 7 2/ B2 (1a-1w) D@ HEIPHER R C R L 7255 % . 1b-1u &
[ U2 A 3 5 KEFH 2b-2u)Z N2 NICHE A L 72, HoN-Ala-Tag (2¢) % K6
ICHEL 2B, 1a %2 2.0 BEICT 2 RERDH > 7, F 7z, HoN-Val-Tag (2d).
HoN-lle-Tag (20) % W 72BRICIZ T AL Z B C 7D ICE R 2 RS E 2 b | £
NZH 60 °C, 70 °C ITHEAT 5 Z & TRICHTEM L. HIND Y <7 F FAEIT
TSNz, HN-Glu(OBu)-Tag 2k)Z FH 72 %1%, PhsP % 2.5 H{REICHE LT
Z L CRICDTERG L. 3ak 23K 95% C15 & 4172, HoN-His(Trt)-TAG (2p). Fmoc-
His(Boc)-OH (2q)IC 2\ Tid PhsP % 3.0 &2 D 2.5 BEITTK S L TH KL 5E
b RO, b0 Z2HWTCHOHZ sz X ViR 6N
222 72 HoN-Met-TAG 2t) % Fl W 72556, 2.5 Y B D PhaP L 72 (LK 98% ),
H-Pro-OTAG (2u)% F\» 2 BRl1Z. Fmoc-Asp(O'Bu)-ONa*® £ % [ < 72 & 12 CFF
BARE % NaClOs 2> & BusClOg ICEF L 72 23, G2 584E L < B4 3au 28 97%
TEOLNTE, 20D T I 7 BEICDO VT, KIGSAE DL 7 { KIGH5ERE L
HID Y X7 F F 2@ IETRS 2 LR TE 7,

L EoBEHERD &, RIEZEERNORTF P2 KT 2 20 EOREARN 2T
VBT RCGHATRETH 2 L AL I o T, 72, T I BHIHOE
REL D RER IR DR T F FEKTH O LT 2 REE 2 FEHTIRETH %
TEHREINT, Lo T, KIETHER LT F FoFife#lx, /iEko~x7
FFERTHEHI LT BRESEFICET 2 2 LIk > TRIEETH 5 2 L 25
X N7z,
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Table 3. TAG 7 3 / I o FH & PHE R

(o]
PPh; (X eq), 2,6-lutidine (3.0 eq)
BuO
¥
OH
FmocHN 0.05 M BugNCIO4/MeCN/c-Hex FmocHN
¢} (+) Pt-Pt (-), 2.0 mA, 4.8 F/mol, Y °C o
1a(1.5eq) 2b-2u (0.20 mmol) undivided cell
(o] (o] (o] (o]
BuO BuO BuO BuO
FmocHN FmocHN FmocHN FmocHN

Fmoc-Asp(O'Bu)-Gly-OTAG (3ab)  Fmoc-Asp(O'Bu)-Ala-OTAG (3ac)
PhsP 2.0 eq, 50 °C, 94%?

PhsP 2.5 eq, rt, 97%
(o]
'BUO

FmocHN

Fmoc-Asp(O'Bu)-lle-OTAG (3af)
PhsP 2.5 eq, 70 °C, 93%
(o]
'BuO

FmocHN

Fmoc-Asp(O'Bu)-Ser(O'Bu)-OTAG (3ai)
PhsP 2.5 eq, 40 °C, 98%

(o]
BuO’

FmocHN

Fmoc-Asp(O'Bu)-Asn(Trt)-OTAG (3al)
PhsP 2.5 eq, rt, 93%

(o]
BuO’

FmocHN

Fmoc-Asp(O'Bu)-Lys(Boc)-OTAG (3an)
Ph3P 2.5 eq, 60 °C, 98%
(o}
BuO

FmocHN

Fmoc-Asp(O'Bu)-Cys(Trt)-OTAG (3as)
Ph3P 3.0 eq, 40 °C, 99%

(0]
BuO

FmocHN

Fmoc-Asp(O'Bu)-Phe-OTAG (3ag)
PhsP 2.0 eq, 40 °C, 95%
0
BuO

FmocHN

Fmoc-Asp(O'Bu)-Thr(O'Bu)-OTAG (3aj)
PhsP 2.5 eq, 40 °C, 95%
o)
'BuO

FmocHN

Fmoc-Asp(O'Bu)-GIn(Trt)-OTAG (3am)
PhsP 2.5 eq, 1t, 96%

[e]
BuO

FmocHN

Fmoc-Asp(O'Bu)-Arg(Pbf)-OTAG (3ao)
PhsP 3.0 eq, 50 °C, 95%
o]
BuO

FmocHN

Fmoc-Asp(O'Bu)-Met-OTAG (3at)
PhsP 2.5 eq, 50 °C, 96%

(o]

Fmoc-Val-Asp(O'Bu)-OTAG (3ad) Fmoc-Asp(O'Bu)-Leu-OTAG (3ae)
PhsP 2.0 eq, 60 °C, 98%

PhzP 2.5 eq, 40 °C, 96%
o

BuO
FmocHN

(o}

Fmoc-Asp(O'Bu)-Tyr(O'Bu)-OTAG (3ah)
PhsP 2.0 eq, rt, 95%

(o}
BuO’
FmocHN
(o}

Fmoc-Asp(O'Bu)-Glu(O'Bu)-OTAG (3ak)
PhsP 2.5 eq, rt, 95%

[o]

BuO
FmocHN

(o}

Fmoc-Asp(O'Bu)-Trp(Boc)-OTAG (3ar)
PhsP 2.5 eq, rt, 96%

0
BuO’

FmocHN

Fmoc-Asp(O'Bu)-His(7rt)-OTAG (3ap)
PhsP 2.5 eq, rt, 98%
Fmoc-Asp(O'Bu)-His( )-OTAG (3aq)
PhsP 2.5 eq, rt, 98%

o]
'BuO

FmocHN

Fmoc-Asp(O'Bu)-Pro-OTAG (3au)
Ph3P 4.0 eq, 60 °C, 97%"

2.0 eq of 1a was used., 2.5 eq of 1a was used and 6.0 F/mol of electricity was passed.
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2-5 BRALEN R 7 F FREETBRRICZICH L 724 ) )7 F FEK

PhsP %l 72 BAULHERI < 7' F FREGTER G A, 20 @@J@M’J&T 1%
TRCIGEHATRETH 5 L 2R L, HNO Y RTF FoEEcH LN
DT, FEWTA Y T_TF FEHEA~DIEH % 5% 72 (Scheme 7). %?/V&7°-7‘ N
X, T/ 9 BIELOSHEE I, TTIKADBARLHIIIRAA DIREE L LT
Fiv 53T % leuprorelin'® & L 7=,

Leuprorelin @ C Kifll 3= F 17 I FehoTna Z ICEHL., HAEMIZ
i X 2 elifRiERICEEZ T VT I FMERSON S 4 & L7z, 4 I3 RIATEEUK
Wx 707 vTe FMEZETNT I 2 Lici L C=FA7 I /2 EKL 2D
#% Fmoc-Pro-OH & ity 3 % 2 & TfF b #1172 (Scheme 7(a))o

(@

EtNHZ'HC| COMU

CaoHas0 OCyzHys DIPEA C22MesO OCzzMus DIPEA FmocN \)Ok TAG
\©; NaBH(OAc) Fmoc-Pro-OH \/ N~
‘ THF - N

MgS0,4,AcOH, DMF

~_NH
Fmoc-Pro-NEtTAG (4)
80% quant.
(b) PbfHN NH
NH
(a) Deprotections N=\
<P _ofBu /k

FmocN\;tN/TAG 4@_» HN\)OLN H\)L /[ITN\)LN/\ITN\)L N\_:)OKN/TAG
\/4 K (b) Couplings® O%\/ 6’\‘800 \©\t Y ’ b K

Pyr-His(Boc)-Trp(Boc)-Ser(OBu)-Tyr(O'Bu)-D-Leu-Leu-Arg(Pbf)-Pro-NEtTAG (5)

Leuprorelin (protected form), 56% ( ) over 16 steps

N=\
S OH /‘\
TIS 2.5%, Hy0 2.5% o /¢ o} /(IfH 0 o o}
> N N

TFA

Leuprorelin (6, deprotected form), quant. ( )

a: Conditions: (a) DBU (1.3 eq), piperidine (1.5 eq), rt, THF; (b) PPh3 (3.0 eq), 2,6-lutidine (3.0 eq),
40 °C, 0.05 M BuyNCl,/c-Hex/MeCN, platinum electrodes, 2.0 mA, 4.8 F/mol.

Scheme 7. (a) HFEYIE DAL, (b) Leuprorelin ® & 5L F 1A K
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BT F FREATEEISIC D Wi, @EEP o7 fbic X 3 KISihHE
BETZI =011 40 °C ICHE T3 2 & & L. Scheme 7 1T/~ L 725 % HARS
ftEe L7z, L22L. 1 BMEH D Fmoc-Arg(Pbf)-OH & 4 D Z&ETIIRIGATERE L
oty FREoLES I NEER, REOMET 21T 72, Z DF5E,
Fmoc-Arg(Pbf)-OH % 3.5 &, PhsP % 5.0 YEM W CHEEZ%Z 6.0 F/mol & L.
60 °C ICHNEAS 5 T & TRILDTERE Z iR L 720 3 7% H D Fmoc-Leu-OH 2> 5 5
I H D Fmoc-Tyr(O'Bu)-OH ¥ CTOMEKIZEARSEMNZEH T 5 & TRIGHTE
fiti L7228, 6 5 H © Fmoc-Ser(O'Bu)-OH # i3~ 2 R IC IC 3 eAs 237, ki
Kl ORI % WD L 72,

AR TIE FAT vy 7 TCORIGEZZEM I MEOE WA Y ITTF V2 h
K35 &z HfEL T3 7289, Fmoc-Ser(O'Bu)-OH LA D G5 % RIA L 72

5 2T, ALEY) 4 2> 5 leuprorelin ~DEBEGHKZCVET Z L & LTz, RIGHEMH

DHEIE LIC2W T, (i) Fmoc-Ser(O'Bu)-OH & HoN-Tyr(O'Bu)-OTAG, (ii) Fmoc-
Trp(Boc)-OH & HaN-Ser(O'Bu)-OTAG, (iii) Fmoc-His(Boc)-OH & HaN-Trp(Boc)-
OTAG. (iv) Pyr & HoN-His(Boc)-OTAG I X % Efif~ 7 F FIEGTE G % 1T\,
FOGH5ERET 2 Seth B ER L 72, (1) I 2 T ld, Fmoc-Ser(O'Bu)-OH % 3.0 24 &
PhsP % 4.0 Y&, JHEE% 6.0 F/mol & L. 60 °C | mﬁférkfﬁmﬁ%#
L720 (WMIZDWTIE, Pyr % 3.0 4 &, PhsP4.0 4 E, #HEEZ 6.0F/mol & L.
60 °C ~Fih 3 5 2 L TRIGDTEMZMER L 720 (i), (i{i)IC DWW CTITHEARSHET
TRICDTERG L 72,6

Zh b ofatc Rl L 72 RIS %2 v, ﬂc/—\% 4 # YL LT Fmoc #
DifRiE S L WEF~ 7T FREGTERRGZ#E Y IR 3 2 & T, leuprorelin D {R7#
@%ﬁl61777\awwwﬁ%%Téﬁ?%ukﬁﬁ%bt@mmwﬂmo
HPLC T DGR, ML 81% & o 72720, RIGKIZ 45% TH 72, L7=D >
T, BERIGEBETOFHNEIL 5% TH Y, AV ITRTFFERTH>THK
SO DO KIEAR T IR O e o 7z IRIZIC, ERDRTF FEKTHITDOI
LIS T CoORMIREEZITS T & T, leuprorelin 25 &M ICH L L7z
(Figure 8),

LEDFERD O KiEZ V<=7 F FPABICRL T, 4V <7 F FEKIC
FARIRETH 2 T L D3RR T & 72,
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Figure 8. (A) Leuprorelin f## KD HPLC f#HT (R.T.=28.14). (B) &Miff#E% o
HPLC f##T
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3. Wham « THROBE

AT TIE, RO =T F FEBIETEL 2 KBEDOREEVO—KTH 5. e
AIHCR DRI BREY & R b w7 a7 F FalGk 2R L 72, BiF
Icid, RN X7 F FEGTERGBRRIC B T 2 h R v G (LR S X O
B IEZSH I, PhaP L AHREMIIC A GDE -7 F FEHE DT
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7. fERHE

Ut S LI 24 E ]
HAFE ¥ INM-ECA 600 ("H NMR: 600 MHz, '*C NMR: 150 MHz)
H A1 INM-ECS 400 ("H NMR: 400 MHz, '*C NMR: 100 MHz)
WNEZEHE "TH-NMR : TMS (8=0.00) '*C-NMR : CDCl; (8= 77.03)

(& & 5Hrat)
HAEE 7 JMS-T-100LC

[HPLC]
Agilent 1200 Infinity series

[RKFvoa/fin)zxzy ]
Jb=lE ¢ HABF-501A

[TLC]
Merck precoated silica gel F254 plates (thickness 0.25 mm)
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8. SZEH

General Procedure for Synthesis of Tag-Protected Amino Acids

To a solution of tag (0.50 mmol) in DCM (10 mL), Fmoc-protected amino acid (0.75
mmol), DMAP (0.10 mmol) and DIPCI (0.75 mmol) were added. The resulting mixture
was stirred for 15 min at r.t. After completion, MeCN was added to reaction solution, and
concentrated under vacuum. To remaining solids, MeCN was added and filtered to give

soluble tag protected amino acid as white solid quantitatively.

General Procedure for Deprotection of Fmoc Group

To a solution of Fmoc protected tagged amino acid (0.50 mmol) in THF (10 mL),
piperidine (74.2 pL, 0.75 mmol) and DBU (1% v/v) were added. The reaction mixture
was stirred for 10 min at r.t. After completion, 6 M HCl aq. was added to the solution to
neutralize (pH 7.0), and then MeCN was added followed by concentration under vacuum.
To remaining solid, MeCN was added and filtered to give N-deprotected amino acid

quantitatively as white solid.

o]
O oaH
Buo RS
HzN o H'nf i
o OCg5Hys

H2N-Asp(O’Bu)-TAG (2a)

"H NMR (CDCls, 400 MHz) § 7.19 (1H, d, J = 7.6 Hz), 6.45-6.40 (2H, m), 5.16 (1H, d,
J=11.7Hz),5.12 (1H,d, J=11.7 Hz), 3.93 (4H, t,J= 6.9 Hz), 3.76 (1H, dd, /= 7.6
Hz, 4.8 Hz), 2.72 (1H, dd, /= 16.5 Hz, 4.8 Hz), 2.60 (1H, dd, /= 16.5 Hz, 7.6 Hz),
1.81-1.68 (6H, m), 1.46-1.21 (85H, m), 0.88 (6H, t, J = 6.9 Hz); 1*C NMR (CDCls, 100
MHz) 6 174.5,170.4, 160.8, 158.4, 131.2, 116.2, 104.5, 99.6, 81.1, 68.1, 62.6, 51.4,
40.1, 31.9, 29.7, 29.6, 29.6, 29.4, 29.4, 29.3, 29.2, 28.0, 26.1, 22.7, 14.1; HRMS (ESI-
MS) [M+Na]" caled for CsoHi09NOg 950.8147, found 950.8136.

S OCaaHas

HyN~ "‘Tr“' — “@T,
o] OC Mg
HaN-Gly-TAG (2b)
'"H NMR (CDCls, 400 MHz) § 7.20 (1H, d, J = 8.2 Hz), 6.46-6.40 (2H, m), 5.15 (2H, s),

3.98-3.90 (4H, m), 3.51-3.33 (2H, s), 1.81-1.71 (4H, m), 1.63-1.59 (2H, s), 1.49-1.20
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(76H, m), 0.88 (6H, t, J = 6.9 Hz); 3C NMR (CDCls, 100 MHz) § 160.9, 158.5, 131.4,
116.2, 104.6, 99.8, 68.1, 62.4, 44.1, 31.9, 29.7, 29.6, 29.4, 29.3, 29.2, 26.1, 22.7, 14.1;
HRMS (ESI-MS) [M+Na]" calcd for Cs3sHooNO4 836.7466, found 836.7483.

o OCziHas

T

T

o D Mg

HyN s
H2N-Ala-TAG (2¢)

'"H NMR (CDCl3, 400 MHz) & 7.19 (1H, d, J = 8.2 Hz), 6.46-6.40 (2H, m), 5.14 (1H, d,
J=11.9 Hz), 5.10 (1H, d, J=11.9 Hz), 3.94 (4H, t, J= 6.4 Hz), 3.54 (1H, q, /= 6.9
Hz), 1.82-1.71 (4H, m), 1.68 (2H, s), 1.47-1.21 (79H, m), 0.88 (6H, t, J = 6.9 Hz); °C
NMR (CDCls, 100 MHz) 6 176.7, 160.9, 158.5, 131.2, 116.4, 104.5, 99.7, 68.1, 62 .4,
50.2,31.9,29.7,29.6,29.4,29.3,29.2, 26.1, 22.7, 20.6, 14.1; HRMS (ESI-MS)
[M+Na]" calcd for CsaH101NO4 850.7617, found 850.7603.

et o OCziHas

1. [

s} } I{:ziuﬁ
H:N-Val-TAG (2d)
'H NMR (CDCls, 400 MHz) § 7.20 (1H, d, J = 8.7 Hz), 6.46-6.40 (2H, m), 5.14 (1H, d,
J=11.9Hz),5.10 (1H, d, J= 11.9 Hz), 3.94 (4H, t, J = 6.4 Hz), 3.29 (1H, d, J= 4.6
Hz), 2.08-1.98 (1H, m), 1.84-1.70 (4H, m), 1.65-1.58 (2H, m), 1.51-1.18 (76H, m), 0.95
(3H, d, J = 6.9 Hz), 0.92-0.84 (9H, m); '3C NMR(CDCls, 100 MHz) § 175.7, 160.9,
158.6, 131.4, 116.4, 104.5, 99.7, 68.1, 62.2, 60.0, 32.1, 31.9, 29.7, 29.6, 29.4, 29 4,
29.3,29.2,26.1,22.7,19.3, 17.2, 14.1; HRMS (ESI-MS) [M+Na]" calcd for

CseH10sNO4 878.7936, found 878.7946.
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H:N-Leu-TAG (2¢)

'H NMR (CDCls, 400 MHz) & 7.19 (1H, d, J = 8.7 Hz), 6.46-6.40 (2H, m), 5.11 (2H. s),
3.94 (4H, t,J = 6.4 Hz), 3.46 (1H, dd, J= 8.7 Hz, 5.5 Hz), 1.81-1.71 (4H, m), 1.62-1.49
(4H, m), 1.49-1.19 (77H, m), 0.94-0.84 (12H, m); '3C NMR (CDCls, 100 MHz) § 176.8,
160.8, 158.5, 131.2, 116.4, 104.5, 99.7, 68.1, 62.3, 53.0, 44.0, 31.9, 29.7, 29.6, 29.4,
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29.4,29.3,29.2,26.1,24.7,23.0, 22.7, 21.9, 14.1; HRMS (ESI-MS) [M+Na]" calcd for
Cs7H107NO4 892.8092, found 892.8092..
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H:>N-Tle-TAG (2f)
'H NMR (CDCls, 400 MHz) § 7.20 (1H, d, J = 8.7 Hz), 6.46-6.40 (2H, m), 5.13 (1H, d,
J=11.5Hz),5.10 (1H, d, J= 11.5 Hz), 3.94 (4H, t, J= 6.4 Hz), 3.34 (1H, d, J = 5.0
Hz), 1.82-1.68 (5H, m), 1.61 (2H, s), 1.51-1.20 (77H, m), 1.2-1.07 (1H, m), 0.94-0.82
(12H, m); 1*C NMR (CDCls, 100 MHz) § 175.8, 160.8, 158.5, 131.4, 116.4, 104.5, 99.7,
68.1, 62.1,59.2,39.1, 31.9, 29.7, 29.6, 29.4, 29.3, 29.2, 26.1, 24.6, 22.7, 15.7, 14.1,
11.7; HRMS (ESI-MS) [M+Na]" calcd for Cs7H107NO4 892.8092, found 892.8113.
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H:N-Phe-TAG(2¢g)
'H NMR (CDCl, 400 MHz) & 7.29-7.11 (6H, m), 6.47-6.39 (2H, m), 5.14 (2H, s), 3.95
(4H, t,J = 6.4 Hz), 3.73 (1H, dd, J= 7.8 Hz, 5.0 Hz), 3.08 (1H, dd, J = 13.7 Hz, 5.0
Hz), 2.87 (1H, dd, J = 13.7 Hz, 7.8 Hz), 1.82-1.72 (4H, m), 1.55 (2H, s), 1.50-1.20
(76H, m), 0.88 (6H, t, J = 6.9 Hz); 1*C NMR (CDCls, 100 MHz) § 175.2, 160.9, 158.6,
137.3,131.5, 129.4, 128.5, 126.7, 116.2, 104.5, 99.7, 68.1, 62.4, 55.8, 40.9, 31.9, 29.7,
29.6,29.6,29.4,29.4,29.3,29.2, 26.1,22.7, 14.1; HRMS (ESI-MS) [M+Na]" calcd for
CeoH10sNOy 926.7936, found 926.7952.
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H:N-Tyr(O’Bu)-TAG (2h)
'H NMR (CDCls, 400 MHz) & 7.16 (1H, d, J= 8.2 Hz), 7.03 (2H, d, J = 8.7 Hz), 6.87
(2H, d, J = 8.7 Hz), 6.46-6.39 (2H. m), 5.13 (2H, s), 3.99-3.90 (4H, m), 3.70 (1H, dd, J
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=17.7Hz, 5.0 Hz), 3.03 (1H, dd, /= 13.7 Hz, 5.0 Hz), 2.83 (1H, dd, /= 13.7 Hz, 7.3
Hz), 1.82-1.71 (4H, m), 1.58 (2H, s), 1.48-1.20 (85H, m), 0.88 (6H, t, /= 7.1 Hz); 1*C
NMR (CDCls, 100 MHz) 6 17517, 160.9, 158.6, 154.2, 132.0, 131.4, 129.8, 124.1,
116.3, 104.5,99.7, 78.3, 68.1, 62.4, 55.8, 40.2, 31.9, 29.7, 29.4, 29.4, 29.3, 29.2, 28.9,
26.1,22.7, 14.1; HRMS (ESI-MS) [M+Na]" caled for CesH113NOs 998.8511, found
998.8529.
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H:2N-Ser(O'Bu)-TAG (2i)

'H NMR (CDCls, 400 MHz) & 7.21 (1H, d, J = 8.3 Hz), 6.45-6.40 (2H, m), 5.18 (1H, d,
J=12.4Hz), 5.13 (1H, d, J= 12.4 Hz), 3.94 (4H, t, J = 6.9 Hz), 3.64-3.54 (3H, m),
1.80-1.71 (6H, m), 1.47-1.22 (76H, m), 1.13 (9H, s), 0.88 (6H, t, J = 6.9 Hz); 1*C NMR
(CDCls, 100 MHz) 5 174.2, 160.7, 158.4, 131.0, 116.5, 104.5, 99.6, 73.0, 68.1, 63.7,
62.2,55.3,31.9,29.7, 29.6, 29.6,29.4, 29.4, 29.3,29.2, 27.4, 26.1, 22.7, 14.1; HRMS
(ESI-MS) [M+Na]* calcd for CesHi0oNOs 922.8198, found 922.8188.
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H:N-Thr(O'Bu)-TAG (2j)

'H NMR (CDCls, 400 MHz) § 7.21 (1H, d, J = 8.3 Hz), 6.45-6.41 (2H, m), 5.20 (1H, d,
J=11.7Hz), 5.01 (1H, d,J=11.7 Hz), 4.01 (1H, td, J = 6.2 Hz, 3.4 H), 3.97-3.91 (4H,
m), 3.26(1H, d, J=2.8 Hz), 1.80-1.74 (4H, m), 1.63 (2H, s), 1.47-1.20 (79H, m), 1.12
(9H, s), 0.88 (6H, t, J = 6.9 Hz); '*C NMR (CDCls, 100 MHz) & 174.9, 160.9, 158.5,
131.5, 116.3, 104.5, 99.7, 73.6, 68.5, 68.1, 62.3, 60.7, 31.9, 29.7, 29.6, 29.6, 29.4, 29.4,
29.3,29.2,28.5,26.1,22.7, 21.0, 14.1; HRMS (ESI-MS) [M+Na]" caled for
CsoH111NOs 936.8354, found 936.8374.
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H:N-Glu(O'Bu)-TAG(2k)
'H NMR (CDCls, 400 MHz) 8 7.19 (1H, d, J = 8.7 Hz), 6.45-6.40 (2H, m), 5.13 (2H, s),
3.94 (4H, t, J = 6.4 Hz), 3.45 (1H, dd, J = 8.4 Hz, 4.8 Hz), 2.33 (2H, t, J = 7.3 Hz),
1.80-1.91 (1H, m), 1.87-1.71 (SH, m), 1.60 (2H, s), 1.48-1.18 (85H, m), 0.88 (6H, t, J =
6.9 Hz); 1*C NMR (CDCls, 100 MHz) & 175.7, 172.4, 160.9, 158.5, 131.2, 116.3, 104.5,
99.7, 80.3, 68.1, 62.4, 54.0,31.9, 31.9, 30.0, 29.7, 29.4, 29.3, 29.2, 28.1, 26.1, 22.7,
14.1; HRMS (ESI-MS) [M+Na]" calcd for CeoH111NOs 964.8304, found 964.8309.
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H:2N-Asn(Trt)-TAG (21)
'H NMR (CDCls, 400 MHz) § 8.72 (1H, s), 7.29-7.17 (15H, m), 7.15 (1H, d, J = 8.2
Hz), 6.43-6.37 (2H, m), 5.16 (1H, d, J= 11.9 Hz), 5.11 (1H, d, J = 11.9 Hz), 3.92 (4H, t,
J=6.4Hz),3.83 (1H, dd, J= 9.6 Hz, 2.8 Hz), 2.68 (1H, dd, J = 15.6 Hz, 3.2 Hz), 2.51
(1H, dd, J= 16.0 Hz, 9.6 Hz), 1.81-1.70 (4H, m), 1.65 (2H, s), 1.48-1.21 (76H, m), 0.88
(6H, t,J = 6.9 Hz); 13C NMR (CDCls, 100 MHz) & 174.2, 169.3, 160.9, 158.4, 144.9,
131.2, 128.7, 127.9, 126.9, 115.9, 104.6, 99.7, 70.4, 68.2, 62.8, 51.7, 40.7, 31.9, 29.7,
29.6,29.4,29.4,29.3,29.2, 26.1,22.7, 14.1; HRMS (ESI-MS) [M+Na]" calcd for
C74H116N205 1135.8776, found 1135.8770.
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H:N-GIn(Trt)-TAG (2m)
'H NMR (CDCls, 400 MHz) § 7.29-7.14 (16H, m), 7.05 (1H, s), 6.42-6.36 (2H, m),
5.14 (1H, d, J= 11.9 Hz), 5.09 (1H, d, J= 11.9 Hz), 3.94-3.84 (4H, m), 3.42 (1H, dd, J
=8.2 Hz, 5.0 Hz), 2.46-2.31 (2H, m), 2.11-2.01 (1H, m), 1.89-1.69 (5H, m), 1.64 (2H,
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s), 1.50-1.19 (76H, m), 0.88 (6H, t, J = 6.9 Hz); '*C NMR (CDCls, 100 MHz) § 175.5,
171.3,160.9, 158.4, 144.7, 131.3, 128.7, 127.9, 126.9, 116.2, 104.6, 99.8, 70.4, 68.2,
68.1, 62.5,53.9, 33.9, 31.9, 30.1, 29.7, 29.7, 29.6, 29.4, 29.4, 29.3, 29.2, 26.1, 26.0,
22.7, 14.1; HRMS (ESI-MS) [M+Na] " caled for C75Hi1sN2Os 1149.8933, found
1149.8945.
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H2N-Lys(Boc)-TAG (3n)

'"H NMR (CDCl3, 400 MHz) § 7.19 (1H, d, J= 9.2 Hz), 6.45-6.41 (2H, m), 5.12 (2H, s),
4.51 (1H, s), 3.94 (4H, t, J= 6.4 Hz), 3.42 (1H, dd, J= 7.7 Hz, 5.0 Hz), 3.08 (2H, m),
1.81-1.71 (5H, m), 1.58 (2H, s), 1.51-1.21 (90H, m), 0.88 (6H, t, J= 6.9 Hz); °*C NMR
(CDCl3, 100 MHz) 6 176.1, 160.9, 158.5, 155.9, 131.2, 116.4, 104.6, 99.7, 68.1, 62.3,
54.5,40.4,34.4,31.9,29.7,29.6,29.6,29.4,29.4,29.3,29.2,28.4,26.1,22.9,22.7,
14.1; HRMS (ESI-MS) [M+Na]" calcd for Ce2H116N20s 1007.8726, found 1007.8723.
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H2N-Arg(Pbf)-TAG (30)

"H NMR (CDCls, 600 MHz) § 7.17 (1H, d, J = 8.3 Hz), 6.44-6.35 (3H, m), 6.31 (2H, s),
5.12 (1H, d,J=11.7 Hz), 5.09 (1H, d, J=11.7 Hz), 3.93 (4H, t, /= 6.5 Hz), 3.47-3.43
(1H, m), 3.20-3.06 (2H, m), 2.93 (2H, s), 2.56 (3H, s), 2.50 (3H, s), 2.08 (3H, s), 1.81-
1.51 (9H, m), 1.47-1.22 (83H, s), 0.88 (6H, t, J = 7.2 Hz); *C NMR (CDCls, 150 MHz)
0 175.5,160.9, 158.6, 158.4, 156.3, 138.3, 133.1, 132.3, 131.3, 124.5, 117.4, 116.1,
104.6, 99.7, 86.3, 68.2, 62.5, 53.9, 43.2,40.7, 31.9, 29.7, 29.7, 29.7, 29.6, 29.5, 29 .4,
29.3,29.2,28.6, 26.1, 26.0, 25.5, 22.7, 19.3, 17.9, 14.1, 12.5; HRMS (ESI-MS)
[M+Na]" calcd for C7oH124N407S 1187.9083, found 1187.9077.
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H:N-His(Trt)-TAG (3p)

'H NMR (CDCls, 400 MHz) § 7.35 (1H, d, J = 1.4 Hz), 7.34-7.28 (9H, m), 7.14-7.09
(6H, m), 7.07 (1H, d, J= 8.2 Hz), 6.57 (1H, d, J = 1.4 Hz), 6.40 (1H, d, J= 2.3 Hz),
6.33 (1H, dd, J=8.2 Hz, 2.3 Hz), 5.13 (1H, d, J = 11.9 Hz), 4.97 (1H, d, /= 11.9 Hz),
3.95-3.85 (4H, m), 3.77-3.71 (1H, m), 3.00 (1H, dd, J = 14.7 Hz, 4.2 Hz), 2.84 (1H, dd,
J=14.7 Hz, 7.3 Hz), 1.81-1.70 (6H, m), 1.48-1.20 (76H, m), 0.88 (6H, t, J = 6.9 Hz);
13C NMR (CDCls, 100 MHz) §175.1, 160.6, 158.3, 142.4, 138.6, 137.4, 130.9, 129.8,
128.0, 128.0, 119.5, 116.4, 104.5,99.7, 75.2, 68.1, 68.0, 62.2, 54.9, 33.3,31.9, 29.7,
29.6,29.4,29.3,29.2,29.2, 26.1, 26.0, 25.6, 22.7, 14.1; HRMS (ESI-MS) [M+H]" caled
for C76H117N304 1136.9117, found 1136.9132.

H2N-His(Boc)-TAG (3q)

"H NMR (CDCls, 600 MHz) § 8.00-7.95 (1H, s), 7.18 (1H, d, J= 8.3 Hz), 7.13 (1H, s),
6.44-6.40 (2H, m), 5.16 (1H, d, J=12.4 Hz), 5.13 (1H, d, /= 12.4 Hz), 3.94 (4H, t, J =
6.4 Hz), 3.84 (1H, dd, /= 8.3 Hz, 4.8 Hz), 3.04 (1H, dd, J= 14.4 Hz, 4.9 Hz), 2.81 (1H,
J=14.4 Hz, 8.3 Hz), 1.80-1.73 (4H, m), 1.70 (2H, s), 1.60 (9H, m), 1.47-1.20 (76H, m),
0.88 (6H, t, J= 6.9 Hz); >*C NMR (CDCls, 151 MHz) § 175.1, 160.8, 158.4, 146.9,
139.7,136.8, 131.1, 116.3, 114.5, 104.5, 99.7, 85.4, 68.1, 68.1, 62.4, 54.2, 33.1, 31.9,
29.7,29.7,29.6, 29.6, 29.4, 29.4, 29.3, 29.2, 27.9, 26.1, 22.7, 14.1; HRMS (ESI-MS)
[M+H]" calcd for Ce2H111N306 994.8546, found 994.8528.
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H2N-Cys(Trt)-TAG (3s)
'H NMR (CDCls, 400 MHz) & 7.42-7.36 (6H, m), 7.27-7.09 (10H, m), 6.43-6.38 (2H,
m), 5.07 (2H, m), 3.94 (2H, t, J = 6.4 Hz), 3.87 (2H, t, J = 6.4 Hz), 3.20 (1H, dd, J = 8.2
Hz, 4.6 Hz), 2.56 (1H, dd, J = 12.4 Hz, 4.6 Hz), 2.46 (1H, dd, J = 12.4 Hz, 7.8 Hz),
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1.82-1.66 (4H, m), 1.60-1.18 (78 H, m), 0.88 (6H, t, J = 6.9 Hz); 1*C NMR (CDCls, 100
MHz) & 173.8, 160.8, 158.3, 144.6, 131.0, 129.6, 129.6, 127.9, 127.8, 126.7, 126.6,
116.3, 104.5, 99.6, 68.1, 66.8, 62.4, 54.0, 37.0, 31.9, 29.7, 29.4, 29.4, 29.3, 29.2, 26.1,
26.0,22.7, 14.1; HRMS (ESI-MS) [M+Na]" caled for C73H11sNO4S 1124.8439, found
1124.8461.
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H2N-Met-TAG (30).
'H NMR (CDCls, 400 MHz) 8 7.20 (1H, d, J = 8.2 Hz), 6.45-6.39 (2H, m), 5.16 (1H, d,
J=11.5Hz),5.11 (1H, d, /= 11.5 Hz), 3.94 (4H, t, J = 6.4 Hz), 3.60 (1H, dd, J = 8.2
Hz, 5.0 Hz), 2.58 (2H, t, /= 7.3 Hz), 2.1-1.98 (4H, m), 1.94-1.70 (7H, m), 1.48-1.20
(76H, m), 0.88 (6H, t, J = 6.6 Hz); 3*C NMR (CDCl3, 100 MHz) & 175.5, 160.9, 158.6,
131.4,116.2, 104.5, 99.7, 68.1, 62.6, 53.5, 33.8, 31.9, 30.4, 29.7, 29.6, 29.4, 29.4, 29.3,
29.2,26.1,22.7,15.4, 14.1; HRMS (ESI-MS) [M+Na]" caled for Cs¢HiosNO4S

910.7657, found 910.7672.
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H2N-Pro-TAG (3u)
"H NMR (CDCls, 400 MHz) 6 7.19 (1H, d, J = 8.2 Hz), 6.45-6.41 (2H, m), 5.15 (1H, d,
J=119Hz),5.11 (1H,d, J=11.9 Hz), 3.94 (4H, t, J= 6.4 Hz), 3.77 (1H, dd, /= 8.8
Hz, 6.0 Hz), 3.12-3.04 (1H, m), 2.93-2.85 (1H, m), 2.16-2.05 (1H, m), 1.90-1.70 (8H,
m), 1.48-1.21 (76H, m), 0.88 (6H, t, J= 6.7 Hz); >*C NMR (CDCls, 100 MHz) & 175.5,
160.9, 158.5, 131.2, 116.4, 104.5, 99.7, 68.1, 62.5, 59.8, 47.0, 31.9, 30.3, 30.0, 29.9,
29.7,29.6,29.5,29.4,29.3,29.2,26.1,25.4,22.71, 14.1; HRMS (ESI-MS) [M+Na]"
calcd for CseH103NO4 876.7779, found 876.7798.
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General Procedure for Electrochemical Peptide Bond Formation

Solvents were purged with Ar gas for 2 min. To a purged solvent, 2,6-lutidine (69.9 pL,
0.60 mmol), electrolyte (0.04 mmol), Ph3P (0.40-0.80 mmol), Fmoc-protected amino
acid (0.30-0.50 mmol), and N-deprotected tagged amino acid (0.20 mmol) were added.
The solution was electrolyzed at constant current (0.67 mA/cm?) under Ar at rt-60 °C.
After 4.8-6.0 F/mol of electricity based on N-deprotected tagged amino acid was passed,
the reaction mixture was extracted with c-hex (20 mL x 2), and then the solvent was
replaced with MeCN. The resulting precipitants were collected by filtration and washed
with MeCN to give the peptides.
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Fmoc -Asp(O’Bu)-Asp(O’Bu)-TAG (3aa)

Following the general procedure, 2,6-lutidine (69.9 ul, 0.60 mmol), BusNCIO4 (136.8
mg, 0.40 mmol), PhsP (104.9 mg, 0.40 mmol), Fmoc-Asp(O'Bu)-OH (123.4 mg, 0.30
mmol), and HoN-Asp(O'Bu)-Tag (185.7 mg, 0.20 mmol) were added to Ar-purged
MeCN (8.0 mL)-c-hex (4.0 mL). The solution was electrolyzed at constant current (0.67
mA/cm?) under Ar at room temperature. After 4.8 F/mol of electricity based on HoN-
Asp(O'Bu)-Tag was passed, the reaction mixture was extracted with c-hex (20 mL x 2),
and then the solvent was replaced with MeCN. The resulting precipitants were collected
by filtration and washed with MeCN to give the product in 95% yield (251.1 mg) as
white solid.

"H NMR (CDCls, 600 MHz) § 7.76 (2H, d, J = 7.6 Hz), 7.63-7.56 (2H, m), 7.45-7.35
(3H,m), 7.31(H,t,J=7.6 Hz),7.14 (1H, d, J= 8.3 Hz), 6.43-6.34 (2H, m), 5.95
(1H, d, J=8.3 Hz), 5.19-5.11 (2H, m), 4.82-4.76 (1H, m), 4.62-4.54 (1H, m), 4.42-4.32
(2H, m), 4.22 (1H, t, J= 7.6 Hz), 3.95- 3.84 (4H, m), 2.90 (2H, m), 2.72 (1H, dd, J =
16.5 Hz, 4.1 Hz), 2.63 (1H, dd, J=17.2, 6.2 Hz), 1.80-1.70 (4H, m), 1.48-1.20 (94H,
m), 0.88 (6H, t, J= 6.9 Hz); *C NMR (CDCls, 150 MHz) § 171.1, 170.4, 170.3, 169.6,
160.8, 158.3, 155.9, 143.9, 143.7, 141.3, 130.9, 127.7, 127.2, 127.1 125.1, 120.0, 116.0,
104.5,99.6, 81.8, 81.7, 68.1, 68.1, 67.3, 62.9, 51.1,49.1, 47.1, 37.6, 37.2, 31.9, 29.7,
29.7,29.6,29.6,29.4,29.4,29.3, 29.1, 28.0, 27.9, 26.1, 26.0, 22.7, 14.1; HRMS (ESI-
MS) [M+Na]" calcd for Cs2H132N2011 1343.9723, found 1392.9703.
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Fmoc-Gly-Asp(O'Bu)-TAG (3ba)

Following the general procedure, 2,6-lutidine (69.9 pl, 0.60 mmol), BusNClO4 (136.8
mg, 0.40 mmol), Ph3P (131.1 mg, 0.50 mmol), Fmoc-Gly-OH (89.2 mg, 0.30 mmol),
and HoN-Asp(O‘Bu)-Tag (185.7 mg, 0.20 mmol) were added to Ar-purged MeCN (8.0
mL)-c-hex (4.0 mL). The solution was electrolyzed at constant current (0.67 mA/cm?)
under Ar at room temperature. After 4.8 F/mol of electricity based on HoN-Asp(O‘Bu)-
Tag was passed, the reaction mixture was extracted with c-hex (20 mL x 2), and then the
solvent was replaced with MeCN. The resulting precipitants were collected by filtration
and washed with MeCN to give the product in 98% yield (237.0 mg) as white solid.

'H NMR (CDCls, 600 MHz) & 7.76 (2H, d, J = 7.6 Hz), 7.66-7.53 (2H, m), 7.40 (2H, t,
J=7.6Hz),7.31 2H,t,J=7.6 Hz), 7.16 (1H, d, J= 8.3 Hz), 6.86 (1H, d, /= 6.9 Hz),
6.45-6.38 (2H, m), 5.55-5.35 (1H, m), 5.21 (1H, d, J=11.7 Hz), 5.14 (1H, d, J=11.7
Hz), 4.86-4.79 (1H, m), 4.39 (2H, d, J= 6.9 Hz), 4.22 (1H, t,J = 7.6 Hz), 4.01-3.87
(6H, m), 2.93 (1H, dd, J=17.2 Hz, 4.8 Hz), 2.75 (1H, dd, J = 17.2 Hz, 4.1 Hz), 1.80-
1.72 (4H, m), 1.48-1.21 (85H, m), 0.88 (6H, t, J = 6.9 Hz); '*C NMR(CDCl3, 150 MHz)
8 170.5,169.9, 168.4, 160.9, 158.4, 156.4, 143.8, 143.8, 141.3, 131.1, 127.7, 127.1,
125.1, 125.1, 120.0, 115.8, 104.6, 99.7, 81.8, 68.2, 68.1, 67.3, 63.1, 48.8, 47.1, 44.3,
37.3,31.9,29.7,29.7, 29.6, 29.4, 29.4, 29.3, 29.1, 27.9, 26.1, 26.0, 22.7, 14.1; HRMS
(ESI-MS) [M+Na]" caled for C76Hi22N209 1229.9043, found 1229.9046.
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Fmoc-Ala-Asp(O'Bu)-TAG (3ca)

Following the general procedure, 2,6-lutidine (69.9 ul, 0.60 mmol), BusNCIO4 (136.8
mg, 0.40 mmol), Ph3P (104.9 mg, 0.40 mmol), Fmoc-Ala-OH (93.4 mg, 0.30 mmol),
and HaoN-Asp(O'Bu)-Tag (185.7 mg, 0.20 mmol) were added to Ar-purged MeCN (8.0
mL)-c-hex (4.0 mL). The solution was electrolyzed at constant current (0.67 mA/cm?)
under Ar at 50 °C. After 4.8 F/mol of electricity based on HoN-Asp(O'Bu)-Tag was

passed, the reaction mixture was extracted with c-hex (20 mL x 2), and then the solvent
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was replaced with MeCN. The resulting precipitants were collected by filtration and
washed with MeCN to give the product in 92% yield (225.9 mg) as white solid.

"H NMR (CDCI3, 600 MHz) § 7.76 (2H, d, J= 7.6 Hz), 7.63-7.53 (2H, m), 7.40 (2H, t,
J=7.6Hz),7.31 2H,t,J=7.6 Hz), 7.16 (1H, d, J= 8.3 Hz), 6.78 (1H, d, J= 8.3 Hz),
6.44-6.36 (2H, m), 5.44 (1H, d, J=6.2 Hz), 5.20 (1H, d,J=11.7 Hz), 5.14 (1H, d, J =
11.7 Hz), 4.86-4.72 (1H, m), 4.36 (2H, d, /= 6.9 Hz), 4.26 (1H, t, 7.3 Hz), 4.21 2H, t,J
=17.2 Hz),3.92 (4H, t,J=4.8Hz), 2.95 (1H,dd ,J=16.5 Hz, 4.1 Hz), 2.72 (1H, dd, J =
16.5 Hz, 4.1 Hz), 1.80-1.72 (4H, m), 1.47-1.21 (88H, m), 0.88 (6H, t, J = 7.3 Hz); 1*C
NMR(CDCI3, 150 MHz) 6 172.0, 170.6, 170.1, 160.9, 158.4, 155.8, 144.0, 143.9, 141.4,
131.2,127.8,127.2, 125.2, 120.1, 116.0, 104.6, 100.0, 81.9, 68.2, 68.2, 67.1, 63.1, 50.5,
48.9,47.2,37.3,32.0,29.8,29.8,29.7,29.5, 29.5, 29.3, 29.2, 28.1, 22.8, 19.2, 14.2;
HRMS (ESI-MS) [M+Na]" calcd for C77H124N209 1243.9199, found 1243.9199.
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Fmoc-Val-Asp(O'Bu)-TAG (3da)

Following the general procedure, 2,6-lutidine (69.9 ul, 0.60 mmol), BusNCIO4 (136.8
mg, 0.40 mmol), Ph3P (104.9 mg, 0.40 mmol), Fmoc-Val-OH (101.8 mg, 0.30 mmol),
and HaoN-Asp(O'Bu)-Tag (185.7 mg, 0.20 mmol) were added to Ar-purged MeCN (8.0
mL)-c-hex (4.0 mL). The solution was electrolyzed at constant current (0.67 mA/cm?)
under Ar at 40 °C. After 4.8 F/mol of electricity based on HoN-Asp(O'Bu)-Tag was
passed, the reaction mixture was extracted with c-hex (20 mL x 2), and then the solvent
was replaced with MeCN. The resulting precipitants were collected by filtration and
washed with MeCN to give the product in 98% yield (245.7 mg) as white solid.

"H NMR (CDCls, 600 MHz) § 7.76 (2H, d, J = 7.6 Hz), 7.64-7.56 (2H, m), 7.43-7.37
(2H,m), 7.34-7.28 (2H, m), 7.15 (1H, d, J= 8.3 Hz), 6.75 (1H, d, J= 8.9 Hz), 6.45-6.35
(2H, m), 5.45 (1H, d, J=8.9 Hz), 5.18 (1H, d, 12.4 Hz), 5.14 (1H, d, 12.4 Hz), 4.89-
4.80 (1H, m), 4.40 (1H, dd, J=11.0, 7.6 Hz), 4.33 (1H, dd, /= 11.0 Hz, 7.6 Hz), 4.22
(1H,t,J=17.6 Hz), 4.06 (1H, dd, J= 8.3, 5.5 Hz), 3.92 (4H, t, /= 6.5 Hz), 2.97 (1H, dd,
J=17.2 Hz, 4.8 Hz), 2.70 (1H, dd, J= 17.2 Hz, 4.1 Hz), 2.15-2.05 (1H. m), 1.81-1.70
(4H, m), 1.45-1.21 (85H, m), 1.01-0.85 (12H, m); 1*C NMR(CDCl;, 150 MHz) & 170.7,
170.5,170.2, 160.9, 158.4, 156.2, 143.9, 143.8, 141.3, 131.2, 127.7, 127.1, 125.2,

125.1, 120.0, 115.8, 104.5, 99.6, 81.9, 68.1, 68.1, 67.1, 63.1, 60.0, 48.6, 47.2, 37.2,
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31.9,31.7,29.7,29.7, 29.6, 29.6, 29.4, 29.4, 29.3, 29.1, 28.0, 26.1, 22.7, 19.0, 17.6,
14.1; HRMS (ESI-MS) [M+Na]" caled for C79H128N209 1271.9512, found 1271.9531.
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T
Fmoc-Leu-Asp(O’Bu)-TAG (3ea)

Following the general procedure, 2,6-lutidine (69.9 ul, 0.60 mmol), BusNClO4 (136.8
mg, 0.40 mmol), Ph3P (131.1 mg, 0.50 mmol), Fmoc-Val-OH (106.0 mg, 0.30 mmol),
and HoN-Asp(O'Bu)-Tag (185.7 mg, 0.20 mmol) were added to Ar-purged MeCN (8.0
mL)-c-hex (4.0 mL). The solution was electrolyzed at constant current (0.67 mA/cm?)
under Ar at 50 °C. After 4.8 F/mol of electricity based on HoN-Asp(O'Bu)-Tag was
passed, the reaction mixture was extracted with c-hex (20 mL x 2), and then the solvent
was replaced with MeCN. The resulting precipitants were collected by filtration and
washed with MeCN to give the product in 96% yield (242.7 mg) as white solid.

"H NMR (CDCls, 600 MHz) § 7.76 (2H, d, J = 7.6 Hz), 7.59 (2H, t, J = 6.9 Hz), 7.40
(2H, td, J="7.6 Hz, 2.8 Hz), 7.31 (2H, t, J= 7.6 Hz), 7.15 (1H, d, /= 8.3 Hz), 6.77 (1H,
d,J=8.3 Hz), 6.44-6.33 (2H, m), 5.24 (1H, d, /= 8.3 Hz), 5.18 (1H, d, /= 11.7 Hz),
5.15(1H, d, J=11.7 Hz), 4.86-4.75 (1H, m), 4.44-4.30 (2H, m), 4.25-4.17 2H, t,J =
6.9 Hz), 3.91 (4H, m), 2.96 (1H, dd, /= 16.5 Hz, 4.1 Hz), 2.71 (1H, dd, /= 16.8 Hz, 4.1
Hz), 1.80-1.71 (4H, m), 1.71-1.58 (2H, m), 1.54-1.47 (1H, m), 1.45-1.19 (85H, m), 0.91
(6H, t,J= 6.2 Hz), 0.88 (6H, t, J = 6.9 Hz); '*C NMR(CDCls, 150 MHz) § 171.8, 170.5,
170.0, 160.8, 158.3, 156.0, 143.9, 143.8, 141.3, 131.1, 127.7, 127.1, 125.1, 120.0,
119.9, 115.9, 104.5, 99.6, 81.8, 68.1, 68.1, 67.0, 63.0, 53.4, 48.7,47.2,42.1,37.3, 31.9,
29.7,29.7,29.6, 29.4, 29.4, 29.3, 29.1, 28.0, 26.1, 26.0, 24.6, 22.9, 22.7, 22.0, 14.1;
HRMS (ESI-MS) [M+Na]" calcd for CgoHi30N209 1285.9669, found 1285.9691.
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Fmoc-Ile-Asp(O’Bu)-TAG (3fa)

Following the general procedure, 2,6-lutidine (69.9 pl, 0.60 mmol), BusNClO4 (136.8

mg, 0.40 mmol), Ph3P (131.1 mg, 0.50 mmol), Fmoc-Ile-OH (106.0 mg, 0.30 mmol),
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and HoN-Asp(O‘Bu)-Tag (185.7 mg, 0.20 mmol) were added to Ar-purged MeCN (8.0
mL)-c-hex (4.0 mL). The solution was electrolyzed at constant current (0.67 mA/cm?)
under Ar at 50 °C. After 4.8 F/mol of electricity based on HoN-Asp(O'Bu)-Tag was
passed, the reaction mixture was extracted with c-hex (20 mL x 2), and then the solvent
was replaced with MeCN. The resulting precipitants were collected by filtration and
washed with MeCN to give the product in 92% yield (233.6 mg) as white solid.

"H NMR (CDCls, 600 MHz) § 7.76 (2H, d, J = 7.6 Hz), 7.60 (2H, d, J = 7.6 Hz), 7.40
(2H, m), 7.31 (2H, t, J= 7.6 Hz), 7.15 (1H, d, J= 8.3 Hz), 6.73 (1H, d, ] = 8.3 Hz),
6.45-6.33 (2H, m), 5.50 (1H, d, /= 8.9 Hz), 5.18 (1H, d, J=11.7 Hz), 5.14 (1H, d, J =
11.7 Hz), 4.86-4.75 (1H, m), 4.39 (1H, dd, J=10.7 Hz, 7.6 Hz), 4.35 (1H, dd, J=10.7
Hz, 7.6 Hz), 4.21 (2H, t, 7.6 Hz), 4.14-4.03 (1H, m), 3.91 (4H, t, J= 6.9 Hz), 2.95 (2H,
dd, /J=16.5Hz, 4.1 Hz), 2.71 (1H, dd, J=17.1 Hz, 4.1 Hz), 1.89-1.81 (1H, m), 1.81-
1.70 (4H, m), 1.71-1.58 (2H, m), 1.51-1.22 (85H, m), 1.22 (2H, m), 0.97-0.83 (12H, m);
3C NMR(CDCls, 150 MHz) § 170.7, 170.6, 170.2, 160.9, 158.5, 156.1, 144.0, 143.9,
141.4,131.2,127.8, 127.2, 125.2, 120.0, 115.9, 104.6, 99.7, 81.9, 68.2, 68.2, 63.1, 59.5,
48.7,47.3, 38.2,37.3,32.0, 29.8, 29.8, 29.7, 29.5, 29.5, 29.3, 29.2, 28.1, 26.1, 25.0,
22.8,15.2,14.2, 11.6; HRMS (ESI-MS) [M+Na]" calcd for CsoH130N209 1285.9669,
found 1285.9680.
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Fmoc-Phe-Asp(O’Bu)-TAG (3ga)

Following the general procedure, 2,6-lutidine (69.9 ul, 0.60 mmol), BusNCIO4 (136.8
mg, 0.40 mmol), PhsP (104.9 mg, 0.40 mmol), Fmoc-Phe-OH (116.2 mg, 0.30 mmol),
and HoN-Asp(O'Bu)-Tag (185.7 mg, 0.20 mmol) were added to Ar-purged MeCN (8.0
mL)-c-hex (4.0 mL). The solution was electrolyzed at constant current (0.67 mA/cm?)
under Ar at 40 °C. After 4.8 F/mol of electricity based on HoN-Asp(O'Bu)-Tag was
passed, the reaction mixture was extracted with c-hex (20 mL x 2), and then the solvent
was replaced with MeCN. The resulting precipitants were collected by filtration and
washed with MeCN to give the product in 97% yield (251.0 mg) as white solid.

"H NMR (CDCls, 600 MHz) § 7.76 (2H, d, J= 7.6 Hz), 7.53 (1H, d, J= 7.6 Hz), 7.51
(1H,d,J=7.6 Hz), 7.39 (2H, t, J=7.6 Hz), 7.30 (2H, t, J= 7.6 Hz), 7.26-7.19 (4H, m),
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7.16 2H, d, J= 6.9 Hz), 6.84 (1H, d, J = 6.9 Hz), 6.42-6.35 (2H, m), 5.33 (1H, d, J =
7.6 Hz), 5.19 (1H, d, J= 11.7 Hz), 5.15 (1H, d, J = 11.7 Hz), 4.82-4.72 (1H, m), 4.52-
4.43 (1H, m), 4.38 (1H, dd, J = 10.9 Hz, 7.6 Hz), 4.30-4.22 (1H, m), 4.17 (1H, t, J= 6.9
Hz), 3.96-3.81 (4H, m), 3.24-2.98 (2H, m), 2.90 (1H, dd, J= 16.5 Hz, 3.4 Hz), 2.70
(1H, dd, J = 16.5 Hz, 4.1 Hz), 1.80-1.68 (4H, m), 1.45-1.20 (85H, m), 0.88 (6H, t, J =
6.9 Hz); 1*C NMR(CDCls, 150 MHz) & 170.4, 170.4, 169.9, 160.9, 158.3, 155.7, 143.8,
143.8, 141.3, 131.1, 129.4, 128.6, 127.7, 127.1, 125.2, 125.1, 120.0, 115.9, 104.6, 99.6,
81.7, 68.2, 68.1, 67.1, 63.0, 55.7, 48.9, 47.1, 38.5, 37.3, 31.9, 29.7, 29.7, 29.6, 29.4,
29.4,29.3,29.2,28.0, 26.0, 22.7, 14.1; HRMS (ESI-MS) [M+Na]" calcd for
Cs3Hi2sN20o 1319.9512, found 1319.9533.
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Fmoc-Tyr(O'Bu)-Asp(O’Bu)-TAG (3ha)

Following the general procedure, 2,6-lutidine (69.9 ul, 0.60 mmol), BusNCIO4 (136.8
mg, 0.40 mmol), PhsP (104.9 mg, 0.40 mmol), Fmoc-Tyr(O'Bu)-OH (137.9 mg, 0.30
mmol), and HoN-Asp(O'Bu)-Tag (185.7 mg, 0.20 mmol) were added to Ar-purged
MeCN (8.0 mL)-c-hex (4.0 mL). The solution was electrolyzed at constant current (0.67
mA/cm?) under Ar at room temperature. After 4.8 F/mol of electricity based on HoN-
Asp(O'Bu)-Tag was passed, the reaction mixture was extracted with c-hex (20 mL x 2),
and then the solvent was replaced with MeCN. The resulting precipitants were collected
by filtration and washed with MeCN to give the product in 95% yield (261.0 mg) as
white solid.

"H NMR (CDCls, 600 MHz) § 7.75 (2H, d, J = 7.6 Hz), 7.58-7.49 (2H, m), 7.39 (2H, t,
J=17.6 Hz), 7.33-7.27 (2H, m), 7.16 (1H, d, J = 7.6 Hz), 7.06 (2H, d, J= 7.6 Hz), 6.87
(2H, d, J=17.6 Hz), 6.80 (1H, d, J= 7.6 Hz), 6.44-6.34 (2H, m), 5.33 (1H,d,J="7.6
Hz), 5.18 (1H, d, J=11.7 Hz), 5.15 (1H, d, J=11.7 Hz), 4.82-4.71 (1H, m), 4.48-4.40
(1H, m), 4.39-4.32 (1H, m), 4.31-4.24 (1H, m), 4.17 (1H, t, /= 6.9 Hz), 3.94-3.83 (4H,
m), 3.12-3.02 (1H, m), 3.02-2.94 (1H, m), 2.90 (1H, dd, /= 16.5, 4.1 Hz), 2.70 (1H, dd,
J=16.5,4.1 Hz), 1.80-1.68 (4H, m), 1.45-1.21 (94H, m), 0.88 (6H, t, J= 6.9 Hz); 1*C
NMR(CDCI3, 150 MHz) 6 170.5, 170.4, 169.8, 160.8, 158.3, 155.7, 154.4, 143.83,
143.78, 141.3, 131.1, 129.8, 127.7, 127.1, 125.1, 125.1, 124.3, 120.0, 115.9, 104.6,
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99.6, 81.7, 78.3, 68.2, 68.1, 67.1, 63.0, 55.9, 48.9, 47.1, 38.0, 37.3, 31.9, 29.72, 29.67,
29.6,29.4,29.4,29.3,29.2,28.8,27.9,26.1, 26.0, 22.7, 14.1; HRMS (ESI-MS)
[M+Na]" calcd for Cs7H136N2010 1392.0087, found 1392.0077.
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Fmoc-Ser(O’Bu)-Asp(O’Bu)-TAG (3ia)

Following the general procedure, 2,6-lutidine (69.9 ul, 0.60 mmol), BusNClO4 (136.8
mg, 0.40 mmol), PhsP (131.1 mg, 0.50 mmol), Fmoc-Ser(O'Bu)-OH (153.4 mg, 0.40
mmol), and HoN-Asp(O'Bu)-Tag (185.7 mg, 0.20 mmol) were added to Ar-purged
MeCN (8.0 mL)-c-hex (4.0 mL). The solution was electrolyzed at constant current (0.67
mA/cm?) under Ar at 40 °C. After 4.8 F/mol of electricity based on HoN-Asp(O'Bu)-Tag
was passed, the reaction mixture was extracted with c-hex (20 mL x 2), and then the
solvent was replaced with MeCN. The resulting precipitants were collected by filtration
and washed with MeCN to give the product in 98% yield (253.1 mg) as white solid.

"H NMR (CDCls, 600 MHz) § 7.81 (1H, d, J = 6.2 Hz), 7.76 (2H, d, J = 7.6 Hz), 7.64-
7.53 (2H, m), 7.40 (2H, t,J= 7.6 Hz), 7.31 (2H, t, J="7.6 Hz), 7.16 (1H, d, /= 7.6 Hz),
6.44-6.35 (2H, m), 5.79 (1H, d, J= 5.5 Hz), 5.20 (1H, d, /= 11.7 Hz), 5.14 (1H, d, J =
11.7 Hz), 4.85-4.79 (1H, m), 4.41-4.33 (2H, m), 4.29-4.18 (2H, m), 3.95-3.86 (4H, m),
3.84-3.76 (1H, m), 3.41 (1H, t, /= 8.6 Hz), 2.91 (1H, dd, /= 16.5 Hz, 4.8 Hz), 2.74
(1H, dd, J=17.2 Hz, 4.8 Hz), 1.80-1.71 (4H, m), 1.46-1.18 (94H, m), 0.88 (6H, t, J =
6.9 Hz); *C NMR(CDCls, 150 MHz) § 170.4, 170.2, 169.6, 160.8, 158.3, 156.0, 144.0,
143.8, 141.3,130.9, 127.7, 127.1, 125.2, 125.2, 120.0, 116.0, 104.6, 99.6, 81.5, 74.4,
68.1, 68.1,67.2,62.8,61.7,54.2,49.1, 47.1, 37.5, 31.9, 29.72, 29.67, 29.6, 29.42,
29.38,29.3,29.2,28.0, 27.3, 26.1,22.7, 14.1; HRMS (ESI-MS) [M+Na]" calcd for
Cs1H132N2010 1315.9774, found 1315.9796.
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Fmoc-Thr(O’Bu)-Asp(O’Bu)-TAG (3ja)

Following the general procedure, 2,6-lutidine (69.9 pl, 0.60 mmol), BusNClO4 (136.8
mg, 0.40 mmol), Ph3P (131.1 mg, 0.50 mmol), Fmoc-Thr(O'Bu)-OH (159.0 mg, 0.40
mmol), and HoN-Asp(O'Bu)-Tag (185.7 mg, 0.20 mmol) were added to Ar-purged
MeCN (8.0 mL)-c-hex (4.0 mL). The solution was electrolyzed at constant current (0.67
mA/cm?) under Ar at 40 °C. After 4.8 F/mol of electricity based on HoN-Asp(O'Bu)-Tag
was passed, the reaction mixture was extracted with c-hex (20 mL x 2), and then the
solvent was replaced with MeCN. The resulting precipitants were collected by filtration
and washed with MeCN to give the product in 93% yield (243.3 mg) as white solid.

'H NMR (CDCls, 600 MHz) & 8.12 (1H, d, J= 7.6 Hz), 7.76 (1H, d, J= 7.6 Hz), 7.61
(1H, d, J=7.6 Hz), 7.43-7.36 (2H, m), 7.31 (2H, t,J=7.6 Hz), 7.19 (1H, d, J= 8.9
Hz), 6.44-6.37 (2H, m), 6.01 (1H, d, J= 5.5 Hz), 5.21 (1H, d, J= 12.4 Hz), 5.17 (1H, d,
J=12.4 Hz), 4.88-4.80 (1H, m), 4.42-4.32 (2H, m), 4.25-4.11 (3H, m), 3.95-3.87 (4H,
m), 2.92 (1H, dd, J=17.2 Hz, 4.8 Hz), 2.74 (1H, dd, /= 17.2 Hz, 4.1 Hz), 1.80-1.72
(4H, m), 1.47-1.20 (94H, m), 1.07 (3H, d, J = 6.2 Hz), 0.88 (6H, t, J= 6.9 Hz); °C
NMR(CDCI3, 150 MHz) 6 170.5, 169.6, 169.3, 160.7, 158.3, 156.0, 144.0, 143.7, 143.7,
141.3, 141.3,131.0, 127.7, 127.1, 125.2, 120.0, 120.0, 116.1, 104.6, 99.5, 81.4, 75.5,
68.1, 67.0, 66.6, 62.9, 58.5, 49.0, 47.2, 37.6, 31.9, 29.7, 29.6, 29.6, 29.4, 29.4, 29 4,
29.3,29.2,28.1, 28.0, 26.1, 22.7, 16.5, 14.1; HRMS (ESI-MS) [M+Na]" calcd for
Cs2H134N2010 1329.9931, found 1329.9909.
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Fmoc-Glu(O'Bu)-Asp(O'Bu)-TAG (3ka)

Following the general procedure, 2,6-lutidine (69.9 pl, 0.60 mmol), BusNClO4 (136.8

mg, 0.40 mmol), Ph3P (104.9 mg, 0.40 mmol), Fmoc-Glu(O‘Bu)-OH (133.1 mg, 0.30
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mmol), and HoN-Asp(O'Bu)-Tag (185.7 mg, 0.20 mmol) were added to Ar-purged
MeCN (8.0 mL)-c-hex (4.0 mL). The solution was electrolyzed at constant current (0.67
mA/cm?) under Ar at room temperature. After 4.8 F/mol of electricity based on HoN-
Asp(O'Bu)-Tag was passed, the reaction mixture was extracted with c-hex (20 mL x 2),
and then the solvent was replaced with MeCN. The resulting precipitants were collected
by filtration and washed with MeCN to give the product in 92% yield (245.3 mg) as
white solid.

"H NMR (CDCls, 600 MHz) § 7.76 (2H, d, J = 7.6 Hz), 7.60 (2H, m), 7.39 (2H, t, J =
7.6 Hz), 7.31 (2H, t, J = 7.6 Hz), 7.19-7.09 (2H, m), 6.44-6.35 (2H, m), 5.72 (1H, d, J =
7.6 Hz), 5.18 (1H, d, J=12.4 Hz), 5.15 (1H, d, /= 12.4 Hz), 4.86-4.80 (1H, m), 4.39-
4.31 (2H, m), 4.28 (1H, dd, J=13.1 Hz, 7.6 Hz), 4.21 (1H, t,J = 7.6 Hz), 3.95-3.86
(4H, m), 2.94 (1H, dd, /= 17.2 Hz, 4.8 Hz), 2.72 (1H, dd, J= 17.2 Hz, 4.8 Hz), 2.44-
2.33 (2H, m), 2.13-2.05 (1H, m), 1.96-1.86 (1H, m), 1.80-1.71 (4H, m), 1.49-1.21 (94H,
m), 0.88 (6H, t, J = 6.9 Hz); *C NMR(CDCls, 150 MHz) § 172.7, 171.0, 170.5, 169.7,
160.8, 158.3, 156.0, 144.0, 143.8, 141.3, 131.0, 127.7, 127.1, 125.2, 125.2, 120.0,
115.9, 104.6, 99.6, 81.8, 80.9, 68.2, 68.1, 67.1, 63.0, 54.1, 48.8, 47.1, 37.3,31.9, 31.5,
29.7,29.7,29.6, 29.4, 29.4, 29.3, 29.1, 28.6, 28.1, 28.0, 26.1, 26.0, 22.7, 14.1; HRMS
(ESI-MS) [M+Na]" caled for Cs3sH134N2011 1357.9880, found 1357.9876.
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Fmoc-Asn(Trt)-Asp(O’Bu)-TAG (3la)
Following the general procedure, 2,6-lutidine (69.9 ul, 0.60 mmol), BusNCIO4 (136.8
mg, 0.40 mmol), Ph3P (131.1 mg, 0.50 mmol), Fmoc-Asn(Trt)-OH (179.0 mg, 0.30
mmol), and HoN-Asp(OBu)-Tag (185.7 mg, 0.20 mmol) were added to Ar-purged
MeCN (8.0 mL)-c-hex (4.0 mL). The solution was electrolyzed at constant current (0.67
mA/cm?) under Ar at room temperature. After 4.8 F/mol of electricity based on HaN-
Asp(O'Bu)-Tag was passed, the reaction mixture was extracted with c-hex (20 mL x 2),
and then the solvent was replaced with MeCN. The resulting precipitants were collected
by filtration and washed with MeCN to give the product in 99% yield (300.5 mg) as
white solid.
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'"H NMR (CDCls, 600 MHz) § 7.75 (2H, d, J = 6.9 Hz), 7.60-7.50 (3H, m), 7.38 (2H, t,
J=17.6 Hz), 7.32-7.26 (7H, m), 7.26-7.11 (11H, m), 6.89 (1H, s), 6.43-6.34 (3H, m),
5.13 (2H, s), 4.85-4.78 (1H, m), 4.60 (1H, s), 4.38-4.27 (2H, m), 4.18 (1H, t, J=7.2
Hz), 3.93-3.84 (4H, m), 3.09 (1H, d, /= 14.8 Hz), 2.81 (1H, dd, /= 16.5 Hz, 4.8 Hz),
2.64 (1H, dd, J=15.8 Hz, 4.8 Hz), 2.55 (1H, dd, J = 17.2 Hz, 4.8 Hz), 1.78-1.71 (4H,
m), 1.45-1.22 (85H, m), 0.88 (6H, t, J = 6.9 Hz); '3C NMR(CDCls, 150 MHz) § 170.7,
170.5, 170.4, 169.5, 160.7, 158.2, 156.3, 144.3, 143.9, 143.7, 141.2, 130.8, 128.7,
128.0, 127.7, 127.1, 125.3, 119.9, 116.0, 104.5, 99.6, 81.7, 70.9, 68.1, 68.1, 67.4, 62.8,
51.6,49.0,47.1, 38.1,37.3,31.9,29.7, 29.7, 29.6, 29.6, 29.4, 29.4, 29.3, 29.1, 27.9,
26.1,26.0,22.7, 14.1; HRMS (ESI-MS) [M+Na]" calcd for Co7H139N3010 1529.0353,
found 1529.0349.
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Fmoc-GIn(Trt)-Asp(O’Bu)-TAG (3ma)

Following the general procedure, 2,6-lutidine (69.9 ul, 0.60 mmol), BusNCIO4 (136.8
mg, 0.40 mmol), PhsP (131.1 mg, 0.50 mmol), Fmoc-GIn(Trt)-OH (183.2 mg, 0.30
mmol), and HoN-Asp(O'Bu)-Tag (185.7 mg, 0.20 mmol) were added to Ar-purged
MeCN (8.0 mL)-c-hex (4.0 mL). The solution was electrolyzed at constant current (0.67
mA/cm?) under Ar at room temperature. After 4.8 F/mol of electricity based on HoN-
Asp(O'Bu)-Tag was passed, the reaction mixture was extracted with c-hex (20 mL x 2),
and then the solvent was replaced with MeCN. The resulting precipitants were collected
by filtration and washed with MeCN to give the product in 99% yield (301.2mg) as
white solid.

"H NMR (CDCls, 600 MHz) § 7.75 (2H, d, J= 7.6 Hz), 7.58 (2H, d, J= 6.9 Hz), 7.41-
7.34 (2H, m), 7.31-7.26 (8H, m), 7.26-7.19 (9H, m), 7.17 (1H, d, J= 7.6 Hz), 7.08 (1H,
d, J=8.3 Hz), 7.02 (1H, s), 6.40 (1H, d, /= 1.4 Hz), 6.35 (1H, d, /= 8.3 Hz), 5.83 (1H,
d,J=6.9 Hz), 5.10 (1H, d, J=11.7 Hz), 5.07 (1H, d, J= 11.7 Hz), 4.85-4.78 (1H, m),
4.38-4.28(2H, m), 4.20 (1H, t, J= 7.2 Hz), 4.18-4.111 (1H, m), 3.94-3.86 (4H, m), 2.82
(1H, dd, J=17.2 Hz, 4.8 Hz), 2.68 (1H, dd, J=17.2 Hz, 4.8 Hz), 2.50-2.38 (2H, m),
2.13-1.97 (2H, m), 1.80-1.69 (4H, m), 1.46-1.22 (85H, m), 0.88 (6H, t, J= 6.9 Hz); 1°C
NMR(CDCls, 150 MHz) 6 171.7, 171.1, 170.6, 169.7, 160.8, 158.3, 156.0, 144.6, 143.9,
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143.8, 141.3, 141.3, 131.1, 128.8, 127.9, 127.7, 127.1, 127.0, 125.2, 119.9, 115.8, 104.5,
99.6, 81.8, 70.7, 68.2, 68.1, 67.1, 63.0, 54.0, 48.9, 47.2, 37.3, 33.0, 31.9, 29.7, 29.6,
29.4,29.4,29.3,29.1,27.9, 26.1, 26.0, 22.7, 14.1; HRMS (ESI-MS) [M+Na]" caled for
CosH141N3010 1543.0509, found 1543.0519.
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Fmoc-Lys(Boc)-Asp(O’Bu)-TAG (3na)

Following the general procedure, 2,6-lutidine (69.9 ul, 0.60 mmol), BusNClO4 (136.8
mg, 0.40 mmol), Ph3P (131.1 mg, 0.50 mmol), Fmoc-Lys(Boc)-OH (140.6 mg, 0.30
mmol), and HoN-Asp(O'Bu)-Tag (185.7 mg, 0.20 mmol) were added to Ar-purged
MeCN (8.0 mL)-c-hex (4.0 mL). The solution was electrolyzed at constant current (0.67
mA/cm?) under Ar at 60 °C. After 4.8 F/mol of electricity based on HoN-Asp(O'Bu)-Tag
was passed, the reaction mixture was extracted with c-hex (20 mL x 2), and then the
solvent was replaced with MeCN. The resulting precipitants were collected by filtration
and washed with MeCN to give the product in 91% yield (252.0 mg) as white solid.

"H NMR (CDCls, 600 MHz) § 7.76 (2H, d, J = 7.6 Hz), 7.63-7.51 (2H, m), 7.40 (2H, t,
J=17.6 Hz), 7.31 (2H, t,J=7.6 Hz), 7.16 (1H, d, J= 8.3 Hz), 6.81 (1H, d, /= 8.3 Hz),
6.45-6.34 (2H, m), 5.51 (1H, d, J=6.9 Hz), 5.16 (2H, s), 4.86-4.79 (1H, m), 4.72 (1H,
s),4.37 (2H, d, J= 6.9 Hz), 4.26-4.14 (2H, m), 3.97-3.85 (4H, m), 3.18-3.00 (2H, m),
295 (1H, dd, J=17.2 Hz, 4.8 Hz), 2.70 (1H, dd, J=17.2 Hz, 4.1 Hz), 1.89-1.60 (6H,
m), 1.51-1.21 (98H, m), 0.88 (6H, t, J = 6.9 Hz); *C NMR(CDCls, 150 MHz) § 171.3,
171.3, 170.6, 170.0, 160.8, 158.4, 156.1, 156.0, 143.9, 143.8, 141.3, 131.2, 127.7,
127.1,125.2, 119.9, 115.9, 104.6, 99.6, 81.9, 79.0, 68.2, 68.1, 67.1, 63.1, 54.7, 48.7,
47.2,39.9,37.2,32.6,31.9,29.7,29.7, 29.6, 29.6, 29.5, 29.4, 29.4, 29.3, 29.1, 28.5,
28.0,26.1, 26.0,22.7,22.2, 14.1; HRMS (ESI-MS) [M+Na]" calcd for CgsHi39N301;
1401.0302, found 1401.0320.
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Fmoc-Arg(Pbf)-Asp(O’Bu)-TAG (30a)

Following the general procedure, 2,6-lutidine (69.9 ul, 0.60 mmol), BusNClO4 (136.8
mg, 0.40 mmol), PhsP (157.4 mg, 0.60 mmol), Fmoc-Arg(Pbf)-OH (222.1 mg, 0.30
mmol), and HoN-Asp(O'Bu)-Tag (185.7 mg, 0.20 mmol) were added to Ar-purged
MeCN (8.0 mL)-c-hex (4.0 mL). The solution was electrolyzed at constant current (0.67
mA/cm?) under Ar at 50 °C. After 4.8 F/mol of electricity based on HoN-Asp(O'Bu)-Tag
was passed, the reaction mixture was extracted with c-hex (20 mL x 2), and then the
solvent was replaced with MeCN. The resulting precipitants were collected by filtration
and washed with MeCN to give the product in 93% yield (290.1 mg) as white solid.

'H NMR (CDCls, 600 MHz) 6 7.75 (2H, d, J= 7.6 Hz), 7.57 (2H, d, J= 7.6 Hz), 7.41-
7.34 (2H, m), 7.32-7.26 (2H, m), 7.12 (1H, d, /= 8.3 Hz), 7.01 (1H, s), 6.42-6.34 (2H,
m), 6.13-5.94 (2H, m), 5.72 (1H, s), 5.13 (2H, s), 4.91-4.84 (1H, m), 4.42-4.24 (3H, m),
4.18 (1H, t,J=6.9 Hz), 3.91 (4H, t, /= 6.9 Hz), 3.27-3.10 (2H, m), 2.99-2.88 (3H, m),
2.69 (1H, dd, J=17.2 Hz, 4.1 Hz), 2.60 (2.5H, s, major rotamer), 2.59 (0.5H, s, minor
rotamer), 2.53 (2.5H, s, major rotamer), 2.52 (0.5H, minor rotamer), 2.09 (2.5H, s,
major rotamer), 2.08 (0.5H, s, minor rotamer), 1.78-1.71 (4H, m), 1.70-1.53 (3H, m),
1.46-1.19 (93H, m), 0.88 (6H, t, J = 6.9 Hz); *C NMR(CDCls, 150 MHz) § 171.4,
171.3, 170.1, 160.9, 158.7, 158.3, 156.2, 143.8, 143.7, 141.3, 141.3, 138.4, 133.1,
132.3, 131.1, 127.7, 127.1, 125.1, 124.5, 120.0, 119.9, 117.4, 115.6, 104.6, 99.6, 86.3,
82.0, 68.2, 68.2,67.1, 63.3, 53.9, 48.8, 47.1, 43.2, 40.5, 40.5, 40.4, 37.1, 31.9, 30.2,
29.7,29.7,29.6, 29.5, 29.4, 29.3, 29.1, 28.6, 27.9, 26.1, 26.0, 22.7, 19.3, 18.0, 14.1,
12.5; HRMS (ESI-MS) [M+Na]" calcd for Co3sHi47N5012S 1581.0659, found 1581.0668.
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Fmoc-His(Trt)-Asp(O’Bu)-TAG (3pa)
Following the general procedure, 2,6-lutidine (69.9 pl, 0.60 mmol), BusNClO4 (136.8
mg, 0.40 mmol), Ph3P (157.4 mg, 0.60 mmol), Fmoc-His(Trt)-OH (185.9 mg, 0.30
mmol), and HoN-Asp(O'Bu)-Tag (185.7 mg, 0.20 mmol) were added to Ar-purged
MeCN (8.0 mL)-c-hex (4.0 mL). The solution was electrolyzed at constant current (0.67
mA/cm?) under Ar at room temperature. After 4.8 F/mol of electricity based on HaN-
Asp(O'Bu)-Tag was passed, the reaction mixture was extracted with c-hex (20 mL x 2),
and then the solvent was replaced with MeCN. The resulting precipitants were collected
by filtration and washed with MeCN to give the product in 96% yield (dr =75:25, 294.4
mg) as white solid.
'H NMR (CDCls, 600 MHz) 6 7.82 (1H, d, J= 7.6 Hz), 7.75 (2H, d, J= 7.6 Hz), 7.65-
7.53 (2H, m), 7.41-7.34 (3H, m), 7.34-7.26 (11H, m), 7.16-7.05 (7H, m), 6.98 (0.25H, d,
J=5.5Hz), 6.74 (0.75H, d, J= 6.2 Hz), 6.69-6.58 (1H, m), 6.45-6.27 (2H, m), 5.16-
5.04 (2H, m), 4.83-4.78 (0.75H, m), 4.78-4.74 (0.25H, m), 4.54 (0.75H, dd, J = 12.7 Hz,
5.5 Hz), 4.50 (0.25H, dd, J = 11.7Hz, 5.5 Hz), 4.35-4.27 (2H, m), 4.24-4.12 (1H, m),
3.94-3.81 (4H, m), 3.12-2.94 (2H, m), 2.92-2.81 (1H, m), 2.76-2.69 (0.25H, m), 2.64
(0.75H, dd, J = 15.8 Hz, 3.4 Hz), 1.80-1.68 (4H, m), 1.45-1.21 (85H, m), 0.88 (6H, t, J
= 6.9 Hz); >*C NMR (CDCls, 150 MHz) § 171.0, 170.6, 169.5, 160.6, 158.1, 156.3,
144.0, 144.0, 144.0, 143.9, 142.4, 141.2, 138.6, 138.4, 136.9, 136.8, 132.1, 132.1,
130.7, 129.8, 128.0, 127.6, 127.1, 127.1, 125.4, 125.3, 119.9, 119.6, 119.5, 116.0, 104.5,
99.6, 99.6, 81.5, 81.4, 75.3, 68.1, 68.0, 67.2, 62.7, 55.5, 55.0, 48.9, 47.1, 37.6, 37.5,
31.9,30.6,29.7,29.7, 29.6, 29.6, 29.4, 29.4, 29.3, 29.1, 27.9, 27.9, 26.1, 26.0, 22.7,
14.1; HRMS (ESI-MS) [M+Na]" caled for CooH140N4O9 1552.0513, found 1552.0528.
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Fmoc-His(Boc)-Asp(O'Bu)-TAG (3qa)

Following the general procedure, 2,6-lutidine (69.9 pl, 0.60 mmol), BusNClO4 (136.8

mg, 0.40 mmol), Ph3P (157.4 mg, 0.60 mmol), Fmoc-His(Boc)-OH (143.2 mg, 0.30
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mmol), and HoN-Asp(O'Bu)-Tag (185.7 mg, 0.20 mmol) were added to Ar-purged
MeCN (8.0 mL)-c-hex (4.0 mL). The solution was electrolyzed at constant current (0.67
mA/cm?) under Ar at room temperature. After 4.8 F/mol of electricity based on H2N-
Asp(O'Bu)-Tag was passed, the reaction mixture was extracted with c-hex (20 mL x 2),
and then the solvent was replaced with MeCN. The resulting precipitants were collected
by filtration and washed with MeCN to give the product in 99% yield (274.8 mg) as
white solid.

"H NMR (CDCls, 600 MHz) § 8.00 (1H, s), 7.75 (2H, d, J = 7.6 Hz), 7.64-7.50 (3H, m),
7.39 (2H, t,J="7.2 Hz), 7.30 2H, t, J= 6.9 Hz), 7.20 (1H, s), 7.12 (1H, d, J = 8.3 Hz),
6.47 (1H, d, J= 6.9 Hz), 6.43-6.29 (2H, m), 5.14 (1H, d, J=11.7 Hz), 5.12 (1H, d, J =
11.7 Hz), 4.82-4.77 (1H, m), 4.63-4.48 (1H, m), 4.34 (2H, d, /= 7.6 Hz), 4.28-4.18 (1H,
m), 3.94-3.82 (4H, m), 3.12 (1H, dd, J = 15.0 Hz, 4.1 Hz), 2.99 (1H,dd, J= 14.4 Hz, 5.5
Hz), 2.87 (1H, dd, J = 16.5 Hz, 4.1 Hz), 2.63 (1H, dd, /= 16.5 Hz, 3.4 Hz), 1.78-1.69
(4H, m), 1.59 (9H, s), 1.48-1.23 (85H, m), 0.88 (6H, t, J = 6.9 Hz); 1*C NMR (CDCls,
150 MHz) 6 170.7, 170.4, 169.4, 160.7, 158.2, 156.1, 146.9, 144.0, 143.9, 141.3, 138.9,
136.8, 130.8, 127.6, 127.1, 127.1, 125.3, 125.3, 119.9, 116.0, 114.8, 104.5, 99.6, 85.5,
81.5,68.1, 68.1, 67.3, 62.8, 54.6,49.0, 47.1, 37.5, 31.9, 30.3, 29.7, 29.7, 29.6, 29.6,
29.4,29.4,29.3,29.1,27.9,27.9, 26.1, 26.0, 22.7, 14.1; HRMS (ESI-MS) [M+Na]"
caled for CgsH13aN4O11 1409.9941, found 1409.9961.
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Fmoc-Trp(Boc)-Asp(O’Bu)-TAG (3ra) Following the general procedure, 2,6-lutidine
(69.9 ul, 0.60 mmol), BusNCIO4 (136.8 mg, 0.40 mmol), PhsP (131.1 mg, 0.50 mmol),
Fmoc-Trp(Boc)-OH (158.0 mg, 0.30 mmol), and HoN-Asp(O'Bu)-Tag (185.7 mg, 0.20
mmol) were added to Ar-purged MeCN (8.0 mL)-c-hex (4.0 mL). The solution was
electrolyzed at constant current (0.67 mA/cm?) under Ar at room temperature. After 4.8
F/mol of electricity based on HoN-Asp(O‘Bu)-Tag was passed, the reaction mixture was
extracted with c-hex (20 mL x 2), and then the solvent was replaced with MeCN. The
resulting precipitants were collected by filtration and washed with MeCN to give the
product in 94% yield (271.1 mg) as white solid.
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'H NMR (CDCls, 600 MHz) § 8.13 (1H, s), 7.75 (2H, d, J = 7.6 Hz), 7.66 (1H, d, J =
7.6 Hz), 7.59-7.45 (3H, m), 7.42-7.34 (2H, m), 7.33-7.26 (3H, m), 7.22 (1H, t, J= 7.6
Hz), 7.14 (1H, d, J= 8.3 Hz), 6.74 (1H, d, J = 7.6 Hz), 6.44-6.31 (2H, m), 5.55 (1H, d, J
=6.9Hz),5.17 (1H, d,J=11.7 Hz), 5.12 (1H, d, J = 11.7 Hz), 4.82-4.69 (1H, m), 4.63-
4.50 (1H, m), 4.40-4.26 (2H, m), 4.25-4.13 (1H, m), 3.95-3.80 (4H, m), 3.33-3.09 (2H,
m), 2.98-2.76 (1H, m), 2.71-2.54 (1H, m), 1.80-1.70 (4H, m), 1.64 (9H, s), 1.45-1.22
(85H, m), 0.88 (6H, t, J = 6.9 Hz); 3C NMR (CDCls, 150 MHz) §170.5, 170.2, 169.6,
160.8, 158.3, 155.8, 149.5, 143.8, 143.8, 141.2, 135.6, 130.9, 130.2, 127.7, 127.1,
125.1, 124.9, 124.5, 122.7, 119.9, 119.0, 115.9, 115.4, 114.9, 104.5, 99.6, 83.4, 81.7,
68.1,68.1, 67.3, 62.9, 54.7, 48.8, 47.1,37.2, 31.9, 29.7, 29.7, 29.6, 29.4, 29.4, 29.3,
29.1,28.5,28.2, 27.8, 26.0, 26.02, 22.7, 14.1; HRMS (ESI-MS) [M+Na]" caled for
CooH137N301; 1459.0145, found 1459.0140.
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Fmoc-Cys(Trt)-Asp(O'Bu)-TAG (3sa)

Following the general procedure, 2,6-lutidine (69.9 ul, 0.60 mmol), BusNCIO4 (136.8
mg, 0.40 mmol), Ph3P (157.4 mg, 0.60 mmol), Fmoc-Cys(Trt)-OH (175.7 mg, 0.30
mmol), and HoN-Asp(O'Bu)-Tag (185.7 mg, 0.20 mmol) were added to Ar-purged
MeCN (8.0 mL)-c-hex (4.0 mL). The solution was electrolyzed at constant current (0.67
mA/cm?) under Ar at 40 °C. After 4.8 F/mol of electricity based on HoN-Asp(O'Bu)-Tag
was passed, the reaction mixture was extracted with c-hex (20 mL x 2), and then the
solvent was replaced with MeCN. The resulting precipitants were collected by filtration
and washed with MeCN to give the product in 95% yield (278.2 mg) as white solid.

"H NMR (CDCls, 600 MHz) § 7.78-7.71 (2H, m), 7.62-7.49 (2H, m), 7.45-7.35 (8H,
m), 7.30-7.23 (8H, m), 7.22-7.17 (3H, m), 7.11 (1H, d, J= 8.3 Hz), 6.85 (1H, d,J=6.9
Hz), 6.43-6.30 (2H, m), 5.13 (2H, s), 5.01 (1H, d, J = 7.6 Hz), 4.72-4.66 (1H, m), 4.40-
4.26 (2H, m), 4.19 (1H, t, J= 6.2 Hz), 3.94-3.84 (4H, m), 3.79 (1H, dd, J=13.1 Hz, 7.6
Hz), 2.85 (1H, dd, J=17.1 Hz, 4.1 Hz), 2.75-2.67 (2H, m), 2.63 (1H, dd, /= 13.1 Hz,
4.8 Hz), 1.74 (4H, tt, J= 6.9 Hz), 1.45-1.21 (85H, m), 0.88 (6H, t, J= 6.9 Hz); 1*C
NMR (CDCls, 150 MHz) 6 170.3, 169.8, 169.6, 160.7, 158.2, 155.8, 144.4, 141.3,
130.8, 129.6, 128.1, 127.7, 127.1, 126.9, 125.1, 119.9, 115.9, 104.5, 99.6, 81.6, 68.1,
68.1, 67.3,62.9, 53.9,49.0, 47.1, 37.3, 33.9, 31.9, 29.7, 29.7, 29.6, 29.6, 29.4, 29 4,
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29.3,29.1,27.9, 26.1, 26.0, 22.7, 14.1; HRMS (ESI-MS) [M+Na]" calcd for
CosH138N209S 1518.0015, found 1518.0006.

o
J . :T:PHH SO aH 5
FmocHN r “H' ,[ J

- o “{ z2tlas

1

S
Fmoc-Met-Asp(O’Bu)-TAG (3ta)
Following the general procedure, 2,6-lutidine (69.9 ul, 0.60 mmol), BusNClO4 (136.8
mg, 0.40 mmol), PhsP (104.9 mg, 0.40 mmol), Fmoc-Met-OH (111.4 mg, 0.30 mmol),
and HoN-Asp(O'Bu)-Tag (185.7 mg, 0.20 mmol) were added to Ar-purged MeCN (8.0
mL)-c-hex (4.0 mL). The solution was electrolyzed at constant current (0.67 mA/cm?)
under Ar at 50 °C. After 4.8 F/mol of electricity based on HoN-Asp(O'Bu)-Tag was
passed, the reaction mixture was extracted with c-hex (20 mL x 2), and then the solvent
was replaced with MeCN. The resulting precipitants were collected by filtration and
washed with MeCN to give the product in 95% yield (242.7 mg) as white solid.
"H NMR (CDCls, 600 MHz) § 7.76 (2H, d, J = 7.6 Hz), 7.62-7.56 (2H, m), 7.40 (2H, t,
J=17.2Hz), 7.34-7.28 (2H, m), 7.16 (1H, d, J= 7.6 Hz), 7.00 (1H, d, J = 8.9 Hz), 6.44-
6.35 (2H, m), 5.59 (1H, d, J=8.3 Hz), 5.18 (1H, d, J=11.7 Hz), 5.14 (1H, d, J = 11.7
Hz), 4.88-4.80 (1H, m), 4.47-4.30 (3H, m), 4.21 (1H, t, /= 6.9 Hz), 3.96-3.87 (4H, m),
2.96 (1H, dd, J=17.1 Hz, 4.8 Hz), 2.70 (1H, dd, J = 17.2 Hz, 4.8 Hz), 2.63-2.53(2H,
m), 2.09 (3H, s), 2.08-2.02 (1H, m), 2.00-1.93 (1H, m), 1.80-1.71 (4H, m), 1.46-1.20
(85H, m), 0.88 (6H, t, J= 7.2 Hz); *C NMR (CDCls, 150 MHz) § 170.7, 170.4, 169.9,
160.9, 158.4, 155.8, 143.9, 143.7, 141.3, 131.1, 127.7, 127.1, 125.1, 120.0, 120.0,
115.8, 104.6, 99.6, 81.9, 68.2, 68.1, 67.1, 63.1, 53.5, 48.7,47.2, 37.3, 32.1, 31.9, 29.7,
29.7,29.6, 29.6, 29.4, 29.4, 29.3, 29.2, 28.0, 26.1, 26.0, 22.7, 15.0, 14.1; HRMS (ESI-
MS) [M+Na]" caled for C79Hi2sN209S 1303.9233, found 1303.9230.
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Fmoc-Pro-Asp(O'Bu)-TAG (3ua)

Following the general procedure, 2,6-lutidine (69.9 ul, 0.60 mmol), NaClO4 (49.0 mg,

0.40 mmol), Ph3P (209.8 mg, 0.80 mmol), Fmoc-Pro-OH (135.0 mg, 0.40 mmol), and
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HoN-Asp(O'Bu)-Tag (185.7 mg, 0.20 mmol) were added to Ar-purged MeCN (8.0 mL)-
c-hex (4.0 mL). The solution was electrolyzed at constant current (0.67 mA/cm?) under
Ar at 60 °C. After 4.8 F/mol of electricity based on HoN-Asp(O'Bu)-Tag was passed, the
reaction mixture was extracted with c-hex (20 mL x 2), and then the solvent was
replaced with MeCN. The resulting precipitants were collected by filtration and washed
with MeCN to give the product in 98% yield (247.0 mg) as white solid.

"H NMR (CDCls, 600 MHz) § 7.73 (2H, d, J = 7.6 Hz), 7.63-7.48 (2H, m), 7.42-7.33
(2H, m), 7.32-7.25 (3H, m), 7.10 (1H, brs), 6.45-6.29 (2H, m), 5.21-5.04 (2H, m), 4.82-
4.70 (1H, m), 4.44-4.15 (4H, m), 3.96-3.83 (4H, m), 3.59-3.40 (2H, m), 2.85 (1H, dd, J
=16.5Hz, 4.8 Hz), 2.73 (1H, dd, J = 16.5 Hz, 4.1 Hz), 2.22 (1H, brs), 2.12-1.99 (1H,
brs), 1.96-1.81 (2H, m), 1.79-1.69 (4H, m), 1.49-1.22 (85H, m), 0.88 (6H, t, J = 7.6 Hz),
3C NMR (CDCls, 150 MHz) § 171.8, 171.5, 170.7, 170.4, 169.8, 169.8, 160.7, 158.3,
155.7, 155.1, 144.3, 144.1, 143.9, 143.8, 141.3, 131.0, 127.7, 127.0, 125.2, 119.9, 116.3,
116.1, 115.8, 104.5, 104.5, 99.6, 81.6, 81.5, 68.1, 68.1, 67.9, 67.7, 63.0, 62.9, 60.9, 60.6,
48.9,47.5,47.2,47.1,47.0,37.5,37.4,31.9,31.3,29.7, 29.7, 29.6, 29.6, 29.4, 29.4,
29.3,29.1, 29.0, 27.9, 26.9, 26.1, 26.0, 24.5, 23.4, 22.7, 14.1; HRMS (ESI-MS)
[M+Na]" caled for C79H126N209 1269.9356, found 1296.9367.
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Fmoc-Asp(O’Bu)-Gly-TAG (3ab)

Following the general procedure, 2,6-lutidine (69.9 ul, 0.60 mmol), BusNCIO4 (136.8
mg, 0.40 mmol), PhsP (131.1 mg, 0.50 mmol), Fmoc-Asp(O'Bu)-OH (123.4 mg, 0.30
mmol), and HoN-Gly-Tag (162.9 mg, 0.20 mmol) were added to Ar-purged MeCN(8.0
mL)-c-hex (4.0 mL). The solution was electrolyzed at constant current (0.67 mA/cm?)
under Ar at room temperature. After 4.8 F/mol of electricity based on HoN-Gly-Tag was
passed, the reaction mixture was extracted with c-hex (20 mL x 2), and then the solvent
was replaced with MeCN. The resulting precipitants were collected by filtration and
washed with MeCN to give the product in 97% yield (235.4 mg) as white solid.

"H NMR (CDCls, 400 MHz) § 7.76 (2H, d, J= 7.3 Hz), 7.59 (2H, d, J= 7.3 Hz), 7.40
(2H, t,J=7.3 Hz), 7.35-7.27 (2H, m), 7.18 (1H, d, J = 8.2 Hz), 6.99 (1H, brs), 6.44-
6.37 (2H, m), 5.96 (1H, d, J= 8.2 Hz), 5.16 (2H, s), 4.67-4.33 (3H, m), 4.23 (1H, t, J =
6.9 Hz), 4.10-3.87 (6H, m), 2.91 (1H, dd, /= 17.9 Hz, 4.1 Hz), 2.64 (1H, dd, /= 16.9
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Hz, 6.4 Hz), 1.80-1.70 (4H, m), 1.48-1.20 (85H, m), 0.88 (6H, t, J = 6.9 Hz); 13C
NMR(CDCI3, 150 MHz) 6 170.5, 169.9, 168.4, 160.9, 158.4, 156.4, 143.8, 143.8, 141.3,
131.1, 127.7,127.1, 125.1, 120.0, 115.9, 104.6, 99.6, 81.8, 68.2, 68.1, 67.3, 63.1, 48.8,
47.1,44.3,37.3,31.9,29.7,29.7,29.6, 29.6, 29.4, 29.4, 29.3, 29.2, 27.9, 26.1, 22.7,
14.1; HRMS (ESI-MS) [M+Na]" caled for C76H122N209 1229.9043, found 1229.9046.
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Fmoc-Asp(O’Bu)-Ala-TAG (3ac)

Following the general procedure, 2,6-lutidine (69.9 ul, 0.60 mmol), BusNClO4 (136.8
mg, 0.40 mmol), PhsP (131.1 mg, 0.50 mmol), Fmoc-Asp(O'Bu)-OH (164.6 mg, 0.40
mmol), and HoN-Ala-Tag (165.7 mg, 0.20 mmol) were added to Ar-purged MeCN(8.0
mL)-c-hex (4.0 mL). The solution was electrolyzed at constant current (0.67 mA/cm?)
under Ar at 50 °C. After 4.8 F/mol of electricity based on HoN-Ala-Tag was passed, the
reaction mixture was extracted with c-hex (20 mL x 2), and then the solvent was
replaced with MeCN. The resulting precipitants were collected by filtration and washed
with MeCN to give the product in 94% yield (230.4 mg) as white solid.

"H NMR (CDCls, 600 MHz) § 7.76 (2H, d, J = 7.6 Hz), 7.59 (2H, d, J = 6.9 Hz), 7.40
(2H, t,J=7.6 Hz), 7.31 (2H, t,J= 7.6 Hz), 7.16 (1H, d, J= 8.3 Hz), 7.12 (1H, d, J =
6.9 Hz), 6.45-6.37 (2H, m), 5.97 (1H, d, J= 7.6 Hz), 5.18 (1H, d, J=11.7 Hz), 5.09
(1H, d, J=11.7 Hz), 4.60-4.49 (2H, m), 4.45-4.36 (2H, m), 4.23 (1H, t, J = 6.9 Hz),
3.96-3.88 (4H, m), 2.92 (1H, dd, J=17.2 Hz, 4.1 Hz), 2.60 (1H, dd, /= 17.2 Hz, 6.9
Hz), 1.79-1.71 (4H, m), 1.53-1.22 (88H, m), 0.88 (6H, t, J = 6.9 Hz); 3*C NMR(CDCls,
150 MHz) 6 172.5, 171.3, 170.0, 160.9, 158.4, 155.9, 143.8, 143.7, 141.3, 131.1, 127.8,
127.1, 125.1, 120.0, 115.9, 104.5, 99.7, 81.9, 68.1, 67.3, 62.9, 50.9, 48.5, 47.1, 37.7,
31.9,29.7,29.7, 29.6, 29.6, 29.4, 29.4, 29.3, 29.2, 28.0, 26.0, 26.0, 22.7, 18.3, 14.1;
HRMS (ESI-MS) [M+Na]" caled for C77H124N209 1243.9199, found 1243.9189.
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Fmoc-Asp(O’Bu)-Val-TAG (3ad)
Following the general procedure, 2,6-lutidine (69.9 pl, 0.60 mmol), BusNClO4 (136.8
mg, 0.40 mmol), PhsP (131.1 mg, 0.50 mmol), Fmoc-Asp(O'Bu)-OH (123.4 mg, 0.30
mmol), and HoN-Val-Tag (171.3 mg, 0.20 mmol) were added to Ar-purged MeCN(8.0
mL)-c-hex (4.0 mL). The solution was electrolyzed at constant current (0.67 mA/cm?)
under Ar at 60 °C. After 4.8 F/mol of electricity based on HoN-Val-Tag was passed, the
reaction mixture was extracted with c-hex (20 mL x 2), and then the solvent was
replaced with MeCN. The resulting precipitants were collected by filtration and washed
with MeCN to give the product in 98% yield (246.9 mg) as white solid.
'H NMR (CDCls, 400 MHz) 6 7.76 (2H, d, J= 7.3 Hz), 7.59 (2H, d, J = 7.3 Hz), 7.40
(2H,t,J=7.3 Hz), 7.31 (2H, t, J=7.3 Hz), 7.22-7.05 (2H, m), 6.47-6.34 (2H, m), 6.05
(1H,d,J=8.2 Hz), 5.18 (1H, d, J=11.9 Hz), 5.06 (1H, d, /= 11.9 Hz), 4.64-4.54 (1H,
m), 4.50 (1H, dd, /= 8.7 Hz, 4.6 Hz), 4.45-4.33 (2H, m), 4.23 (1H , t, J = 6.9 Hz), 3.98-
3.85 (4H, m), 2.92 (1H, dd, /= 17.4 Hz, 4.1 Hz), 2.61 (1H, dd, /= 17.4 Hz, 7.3 Hz),
2.26-2.12 (1H, m), 1.81-1.68 (4H, m), 1.49-1.19 (85H, m), 0.95-0.81 (12H, m); 1*C
NMR(CDCI3, 100 MHz) 6 171.6, 171.4, 170.5, 160.9, 158.5, 155.9, 143.9, 143.7, 141.3,
131.4,127.7,127.1, 125.1, 120.0, 116.0, 104.5, 99.7, 81.9, 68.1, 67.3, 62.7, 57.5, 50.9,
47.1,37.7,31.9,31.1,29.7,29.6, 29.4, 29.4, 29.3, 29.2, 28.0, 26.1, 26.0, 22.7, 19.0,
17.5, 14.1; HRMS (ESI-MS) [M+Na]" caled for C79Hi2sN209 1271.9512, found
1271.9505.
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Fmoc- Asp(O’Bu)-Leu-TAG (3ae)

Following the general procedure, 2,6-lutidine (69.9 ul, 0.60 mmol), BusNCIO4 (136.8

mg, 0.40 mmol), Ph3P (131.1 mg, 0.50 mmol), Fmoc-Asp(O‘Bu)-OH (123.4 mg, 0.30

mmol), and HoN-Leu-Tag (174.1 mg, 0.20 mmol) were added to Ar-purged MeCN(8.0

mL)-c-hex (4.0 mL). The solution was electrolyzed at constant current (0.67 mA/cm?)
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under Ar at 50 °C. After 4.8 F/mol of electricity based on HoN-Leu-Tag was passed, the
reaction mixture was extracted with c-hex (20 mL x 2), and then the solvent was
replaced with MeCN. The resulting precipitants were collected by filtration and washed
with MeCN to give the product in 96% yield (241.9 mg) as white solid.

"H NMR (CDCls, 400 MHz) § 7.76 (2H, d, J = 7.3 Hz), 7.59 (2H, t, J=7.3 Hz), 7.40
(2H, t,J=7.3 Hz), 7.35-7.27 (2H, m), 7.16 (1H, d, J= 7.8 Hz), 6.99 (1H, d, J=7.8 Hz),
6.46-6.35 (2H, m), 6.01 (1H, d, J=8.2 Hz), 5.16 (1H, d, J=11.9 Hz), 5.07 (1H, d, J
=11.9 Hz), 4.65-4.50 (2H, m), 4.40 (2H, d, J=7.3 Hz), 4.22 (1H, t, J=7.1 Hz), 3.92
(4H,t, J=6.4 Hz), 2.92 (1H, dd, J=17.4 Hz, 4.1 Hz), 2.59 (1H, dd, J=16.9 Hz, 6.9 Hz),
1.81-1.51 (7H, m), 1.50-1.19 (85H, m), 0.92-0.82 (12H, m); *C NMR(CDCls, 100
MHz) 6 172.5,171.5, 170.2, 160.8, 158.4, 155.9, 143.8, 143.7, 141.3, 131.1, 127.8,
127.1, 125.1, 120.0, 116.0, 104.5, 99.6, 81.9, 68.1, 67.3, 62.7, 51.2, 50.9, 47.1, 41.5,
37.7,31.9, 30.0, 29.7, 29.6, 29.6, 29.4, 29.4, 29.3, 29.2, 28.0, 26.1, 26.0, 24.7, 22.8,
22.7,21.9, 14.1; HRMS (ESI-MS) [M+Na]" calcd for CgoH130N209 1285.9669, found
1285.9652.
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Fmoc- Asp(O’Bu)-1le-TAG (3fa)

Following the general procedure, 2,6-lutidine (69.9 ul, 0.60 mmol), BusNCIO4 (136.8
mg, 0.40 mmol), PhsP (131.1 mg, 0.50 mmol), Fmoc-Asp(O'Bu)-OH (123.4 mg, 0.30
mmol), and HoN-Ile-Tag (188.0 mg, 0.20 mmol) were added to Ar-purged MeCN(8.0
mL)-c-hex (4.0 mL). The solution was electrolyzed at constant current (0.67 mA/cm?)
under Ar at 60 °C. After 4.8 F/mol of electricity based on HoN-Ile-Tag was passed, the
reaction mixture was extracted with c-hex (20 mL x 2), and then the solvent was
replaced with MeCN. The resulting precipitants were collected by filtration and washed
with MeCN to give the product in 93% yield (234.4 mg) as white solid.

"H NMR (CDCls, 400 MHz) § 7.76 (2H, d, J= 7.3 Hz), 7.59 (2H, d, J= 7.3 Hz), 7.40
(2H, t, J=17.3 Hz), 7.35-7.27 (2H, m), 7.22-7.07 (2H, m), 6.46-6.31 (2H, m), 6.05 (1H,
d,J=7.8 Hz),5.17 (1H, d, J=11.9 Hz), 5.06 (1H, d, /= 11.9 Hz), 4.63-4.48 (2H, m),
4.46-4.32 (2H, m), 4.23 (1H, t,J=6.9 Hz), 3.91 (4H, t, J= 6.4 Hz), 2.91 (1H, dd, J =
17.4 Hz, 4.1 Hz), 2.61 (1H, dd, J=17.4 Hz, 6.9 Hz), 1.98-1.82 (1H, m), 1.82-1.66 (4H,
m), 1.49-1.20 (86H, m), 1.2-1.07 (1H, m), 0.94-0.79 (12H, m); '*C NMR(CDCls, 100
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MHz) 6 171.6, 171.4, 170.3, 160.9, 158.4, 155.9, 143.9, 143.7, 141.3, 131.4, 127.7,
127.1, 125.1, 120.0, 116.0, 104.4, 99.6, 81.9, 68.1, 68.1, 67.3, 62.6, 56.9, 50.9, 47.1,
37.7,31.9, 30.0,29.7, 29.6, 29.4, 29.4, 29.3, 29.2, 28.0, 26.1, 24.9, 22.7, 15.5, 14.1,
11.7; HRMS (ESI-MS) [M+Na]" calcd for CsoHi30N209 1285.9669, found 1285.9656.
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Fmoc-Asp(O’Bu)-Phe-TAG (3ag)

Following the general procedure, 2,6-lutidine (69.9 ul, 0.60 mmol), BusNClO4 (136.8
mg, 0.40 mmol), PhsP (131.1 mg, 0.50 mmol), Fmoc-Asp(O'Bu)-OH (164.6 mg, 0.40
mmol), and HoN-Phe-Tag (180.9 mg, 0.20 mmol) were added to Ar-purged MeCN(8.0
mL)-c-hex (4.0 mL). The solution was electrolyzed at constant current (0.67 mA/cm?)
under Ar at 40 °C. After 4.8 F/mol of electricity based on HoN-Phe-Tag was passed, the
reaction mixture was extracted with c-hex (20 mL x 2), and then the solvent was
replaced with MeCN. The resulting precipitants were collected by filtration and washed
with MeCN to give the product in 95% yield (245.9 mg) as white solid.

"H NMR (CDCls, 400 MHz) § 7.76 (2H, d, J= 7.3 Hz), 7.57 (2H, d, J= 7.3 Hz), 7.40
(2H, t,J=7.3 Hz), 7.30 (2H, t, J = 7.3 Hz), 7.23-7.15 (3H, m), 7.12 (1H, d, /= 8.7 Hz),
7.09-7.03 (2H, m), 6.99 (1H, d, J=7.3 Hz), 6.48-6.35 (2H, m), 5.92 (1H, d, J = 8.2 Hz),
5.17 (1H, d, J=11.9 Hz), 5.09 (1H, d, J= 11.9 Hz), 4.88-4.76 (1H, m), 4.63-4.44 (1H,
m), 4.43-4.28 (2H, m), 4.20 (1H, t, J = 6.9 Hz), 4.01-3.87 (4H, m), 3.22-3.00 (2H, m),
2.87 (1H, dd, J=16.9 Hz, 4.1 Hz), 2.59 (1H, dd, /= 16.9 Hz, 6.4 Hz), 1.87-1.66 (4H,
m), 1.50-1.20 (85H, m), 0.88 (6H, t, J = 6.9 Hz); *C NMR(CDCls, 100 MHz) § 171.2,
170.9, 170.1, 161.0, 158.5, 155.9, 143.8, 143.7, 141.3, 135.7, 131.6, 129.4, 128.5,
127.7,127.1, 127.0, 125.1, 120.0, 115.8, 104.5, 99.7, 81.8, 68.2, 68.1, 67.3, 62.9, 53.5,
50.9,47.1,37.6,37.4,31.9, 30.0, 29.7, 29.6, 29.4, 29.4, 29.3, 29.2, 28.0 26.1, 22.7,
14.1; HRMS (ESI-MS) [M+Na]" caled for Cg3sHi23N209 1319.9512, found 1319.9483.
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Fmoc-Asp(O’Bu)-Tyr(O'Bu)-TAG (3ah)

Following the general procedure, 2,6-lutidine (69.9 pl, 0.60 mmol), BusNClO4 (136.8
mg, 0.40 mmol), PhsP (131.1 mg, 0.50 mmol), Fmoc-Asp(O'Bu)-OH (164.6 mg, 0.40
mmol), and HoN- Tyr(O'Bu)-Tag (195.3 mg, 0.20 mmol) were added to Ar-purged
MeCN(8.0 mL)-c-hex (4.0 mL). The solution was electrolyzed at constant current (0.67
mA/cm?) under Ar at room temperature. After 4.8 F/mol of electricity based on HoN-
Tyr(O'Bu)-Tag was passed, the reaction mixture was extracted with c-hex (20 mL x 2),
and then the solvent was replaced with MeCN. The resulting precipitants were collected
by filtration and washed with MeCN to give the product in 95% yield (261.4 mg) as
white solid.

'H NMR (CDCls, 400 MHz) 6 7.76 (2H, d, J= 7.3 Hz), 7.58 (2H, d, J= 7.3 Hz), 7.40
(2H,t,J=7.3 Hz), 7.31 (2H, t,J="7.3 Hz), 7.13 (1H, d,J= 8.2 Hz), 7.00 (1H, d, J =
7.8 Hz), 6.95 (2H, d, J= 8.2 H), 6.82 (2H, d, J = 8.2 Hz), 6.47-6.36 (2H, m), 5.92 (1H,
d,/J=7.8 Hz), 5.16 (1H, d,J=11.9 Hz), 5.09 (1H, d, J = 11.9 Hz), 4.85-4.75 (1H, m),
4.59-4.45 (1H, m), 4.42-4.29 (2H, m), 4.22 (1H, t, J= 7.3 Hz), 3.99-3.88 (4H, m), 3.13-
2.97 (2H, m), 2.87 (1H, dd, J = 17.4 Hz, 3.7 Hz), 2.59 (1H, dd, /= 17.4 Hz, 6.9 Hz),
1.84-1.71 (4H, m), 1.53-1.20 (94H, m), 0.88 (6H, t, J= 6.9 Hz); 3*C NMR(CDCls, 100
MHz) 6 171.2,171.0, 170.0, 161.0, 158.5, 155.9, 154.4, 143.9, 143.7, 141.3, 131.6,
130.4, 129.9, 127.7, 127.1, 125.2, 124.1, 120.0, 115.9, 104.5, 99.6, 81.8, 78.2, 68.2,
68.1, 67.3,62.8, 53.6, 50.9, 47.1, 37.5, 37.0, 31.9, 30.0, 29.7, 29.6, 29.4, 29.4, 29.3,
29.2,28.8, 28.0, 26.1, 22.7, 14.1; HRMS (ESI-MS) [M+Na]" calcd for Cs7Hi136N2010
1392.0087, found 1392.0067
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Fmoc-Asp(O’Bu)-Ser(O’Bu)-TAG (3ai)

Following the general procedure, 2,6-lutidine (69.9 pl, 0.60 mmol), BusNClO4 (136.8

mg, 0.40 mmol), PhsP (131.1 mg, 0.50 mmol), Fmoc-Asp(O'Bu)-OH (123.4 mg, 0.30
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mmol), and HoN-Ser(O'Bu)-Tag (180.1 mg, 0.20 mmol) were added to Ar-purged
MeCN(8.0 mL)-c-hex (4.0 mL). The solution was electrolyzed at constant current (0.67
mA/cm?) under Ar at 40 °C. After 4.8 F/mol of electricity based on HoN-Ser(O'Bu)-Tag
was passed, the reaction mixture was extracted with c-hex (20 mL x 2), and then the
solvent was replaced with MeCN. The resulting precipitants were collected by filtration
and washed with MeCN to give the product in 98% yield (254.6 mg) as white solid.

"H NMR (CDCls, 400 MHz) 7.76 (2H, d, J = 7.3 Hz), 7.59 (2H, d, J = 7.3 Hz), 7.43-
7.34 (3H, m), 7.31 (2H, td, J=7.3 Hz, 0.9 Hz), 7.18 (1H, d, J = 8.2 Hz), 6.44-6.34 (2H,
m), 5.99 (1H, d, J=7.8 Hz), 5.16 (2H, s), 4.71-4.55 (2H, m), 4.38 (2H, d, /= 7.3 Hz),
4.23 (1H, t,J=17.3 Hz), 3.98-3.86 (4H, m), 3.83 (1H, dd, J = 8.7 Hz, 2.8 Hz), 3.54 (1H,
dd, J=8.7 Hz, 3.2 Hz), 2.87 (1H, dd, J = 17.4 Hz, 4.1 Hz), 2.66 (1H, dd, /= 16.9 Hz,
7.3 Hz), 1.82-1.70 (4H, m), 1.48-.20 (85H, m), 1.10 (9H, m), 0.88 (6H, t, J = 6.9 Hz);
3C NMR(CDCls, 100 MHz) § 171.1, 170.5, 167.0, 160.6, 158.2, 155.8, 143.9, 143.8,
141.3, 130.8, 127.7, 127.1, 125.1, 120.0, 116.3, 104.6, 99.6, 81.8, 73.4, 68.1, 68.1, 67.3,
62.4,61.6,53.2,50.7,47.1, 38.0, 31.9, 29.7, 29.6, 29.4, 29.4, 29.3, 29.2, 28.1, 27.2,
26.1,22.7, 14.1; HRMS (ESI-MS) [M+Na]" calcd for Cg1H132N2010 1315.9774, found
1315.9763.
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Fmoc-Asp(O’Bu)-Thr(O’Bu)-TAG (3aj)

Following the general procedure, 2,6-lutidine (69.9 ul, 0.60 mmol), BusNCIO4 (136.8
mg, 0.40 mmol), PhsP (131.1 mg, 0.50 mmol), Fmoc-Asp(O'Bu)-OH (123.4 mg, 0.30
mmol), and HoN-Thr(O'Bu)-Tag (182.9 mg, 0.20 mmol) were added to Ar-purged
MeCN(8.0 mL)-c-hex (4.0 mL). The solution was electrolyzed at constant current (0.67
mA/cm?) under Ar at 40 °C. After 4.8 F/mol of electricity based on HoN-Thr(O’Bu)-Tag
was passed, the reaction mixture was extracted with c-hex (20 mL x 2), and then the
solvent was replaced with MeCN. The resulting precipitants were collected by filtration
and washed with MeCN to give the product in 95% yield (249.5 mg) as white solid.

"H NMR (CDCls, 400 MHz) § 7.76 (2H, d, J= 7.3 Hz), 7.60 (2H, d, J= 7.3 Hz), 7.39
(2H, t,J=7.3 Hz), 7.35-7.27 (3H, m), 7.18 (1H, d, J = 8.7 Hz), 4.46-6.37 (2H, m), 6.03
(1H,d,J=7.8 Hz), 5.15 (1H, d, J=11.9 Hz), 5.03 (1H, d, J= 11.9 Hz), 4.75-4.57 (1H,
m), 4.47 (1H, dd, J=9.2 Hz, 1.4 Hz), 4.43-4.30 (2H, m), 4.29-4.17 (2H, m), 3.99-3.85
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(4H, m), 2.88 (1H, dd, J = 17.4 Hz, 4.1 Hz), 2.66 (1H, dd, J = 17.4 Hz, 6.9 Hz), 1.81-
1.70 (4H, m), 1.49-1.21(85H, m), 1.16 (3H, d, J = 6.4 Hz), 1.08 (9H, s), 0.88 (6H, t, J =
6.9 Hz); 3C NMR(CDCL, 100 MHz) § 171.2, 171.0, 170.4, 160.8, 158.4, 155.8, 143.9,
143.8, 141.3, 131.4, 127.7, 127.1, 125.2, 120.0, 115.9, 104.6, 99.6, 81.6, 73.9, 68.1,
68.1,67.3, 67.1, 62.6, 58.2, 50.9, 47.2, 38.1, 31.9, 29.7, 29.6, 29.4, 29.4, 29.3, 29.1,
28.3,28.1,26.1,22.7,21.1, 20.0, 14.1; HRMS (ESI-MS) [M+Na]" caled for
CsoHi34N2010 1329.9931, found 1329.9918.
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Fmoc-Asp(O’Bu)-Glu(O'Bu)-TAG (3ak)

Following the general procedure, 2,6-lutidine (69.9 ul, 0.60 mmol), BusNClO4 (136.8
mg, 0.40 mmol), PhsP (131.1 mg, 0.50 mmol), Fmoc-Asp(O'Bu)-OH (164.6 mg, 0.40
mmol), and HoN-Glu(O'Bu)-Tag (188.6 mg, 0.20 mmol) were added to Ar-purged
MeCN(8.0 mL)-c-hex (4.0 mL). The solution was electrolyzed at constant current (0.67
mA/cm?) under Ar at room temperature. After 4.8 F/mol of electricity based on HoN-
Glu(O'Bu)-Tag was passed, the reaction mixture was extracted with c-hex (20 mL x 2),
and then the solvent was replaced with MeCN. The resulting precipitants were collected
by filtration and washed with MeCN to give the product in 95% yield (254.3 mg) as
white solid.

"H NMR (CDCls, 600 MHz) § 7.76 (2H, d, J = 7.6 Hz), 7.66-7.51 (2H, m), 7.40 (2H, t,
J=17.6 Hz), 7.31 (2H, t, J= 7.6 Hz), 7.25-7.11 (2H, m), 6.46-6.34 (2H, m), 5.99 (1H, d,
J=8.3Hz),5.19 (1H,d, J=11.7 Hz), 5.09 (1H, d, /= 11.7 Hz), 4.65-4.52 (2H, m),
441 (2H,d,J=6.9 Hz), 4.23 (1H, t, J= 6.9 Hz), 3.97-3.85 (4H, m), 2.96 (1H, dd, J =
17.3 Hz, 3.4 Hz), 2.59 (1H, dd, J=17.3 Hz, 5.5 Hz), 2.35-2.11 (3H, m), 2.01-1.88 (1H,
m), 1.80-1.71 (4H, m), 1.53-1.20 (94H, m), 0.88 (6H, t, J= 6.9 Hz); *C NMR(CDCls,
150 MHz) 6 172.0, 171.4, 170.4, 160.9, 158.4, 155.9, 143.9, 143.7, 141.3, 131.2, 127.8,
127.1, 125.1, 120.0, 115.9, 104.5, 99.7, 81.9, 80.5, 68.1, 68.1, 67.3, 63.0, 52.1, 51.0,
47.1,37.6,31.9,31.2,29.7,29.7,29.6, 29.4, 29.4, 29.3, 29.1, 28.1, 27.5, 26.1, 26.0,
22.7,14.1; HRMS (ESI-MS) [M+Na]" caled for Cs3Hi34N2011 1357.9880, found
1357.9891.
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Fmoc-Asp(O’Bu)-Asn(Trt)-TAG (3al)
Following the general procedure, 2,6-lutidine (69.9 pl, 0.60 mmol), BusNClO4 (136.8
mg, 0.40 mmol), PhsP (131.1 mg, 0.50 mmol), Fmoc-Asp(O'Bu)-OH (123.4 mg, 0.30
mmol), and HoN-Asn(Trt)-Tag (222.8 mg, 0.20 mmol) were added to Ar-purged
MeCN(8.0 mL)-c-hex (4.0 mL). The solution was electrolyzed at constant current (0.67
mA/cm?) under Ar at room temperature. After 4.8 F/mol of electricity based on HoN-
Asn(Trt)-Tag was passed, the reaction mixture was extracted with c-hex (20 mL x 2),
and then the solvent was replaced with MeCN. The resulting precipitants were collected
by filtration and washed with MeCN to give the product in 96% yield (289.9 mg) as
white solid.
'H NMR (CDCls, 400 MHz) 6 7.75 (2H, d, J = 7.3 Hz), 7.63-7.43 (3H, m), 7.37 (2H, d,
J=17.3Hz), 7.29-7.10 (17H, m), 7.04 (1H, d, J= 8.2 Hz), 6.70 (1H, s), 6.39 (1H, d, J =
1.8 Hz), 6.31 (1H, dd, /= 8.2 Hz, 1.8 Hz), 5.78 (1H, d, /= 8.2 Hz), 5.13 (1H, d, /=
11.9 Hz), 5.06 (1H, d, /= 11.9 Hz), 4.83-4.74 (1H, m), 4.60-4.46 (1H, m), 4.32 (2H, d,
J=17.3Hz),4.18 (1H, t,J= 7.3 Hz), 3.95-3.79 (4H, m), 3.03 (1H, dd, /= 15.6 Hz, 4.6
Hz), 2.89-2.70 (2H, m), 2.60 (1H, dd, J = 16.5 Hz, 5.0 Hz), 1.79-1.68 (4H, m), 1.46-
1.20 (85H, m), 0.88 (6H, t, J= 6.9 Hz); 3*C NMR(CDCls, 100 MHz) § 171.5, 171.4,
170.9, 170.7, 160.9, 158.4, 156.0, 144.7, 143.8, 143.6, 141.3, 131.2, 128.7, 127.8,
127.8,127.1, 126.9, 125.1, 120.0, 115.8, 104.6, 99.7, 81.9, 70.5, 68.2, 68.1, 67.3, 63.0,
52.0,47.1,37.4,33.3,31.9,29.7, 29.4, 29.4, 29.3, 29.1, 28.0, 26.1, 26.0, 22.7, 14.1;
HRMS (ESI-MS) [M+Na]" caled for Co7H130N3010 1529.0353, found 1529.0337.
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Fmoc-Asp(O’Bu)-GIn(Trt)-TAG (3am)
Following the general procedure, 2,6-lutidine (69.9 ul, 0.60 mmol), BusNCIO4 (136.8
mg, 0.40 mmol), Ph3P (131.1 mg, 0.50 mmol), Fmoc-Asp(O‘Bu)-OH (123.4 mg, 0.30
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mmol), and HoN-Asn(Trt)-Tag (225.6 mg, 0.20 mmol) were added to Ar-purged
MeCN(8.0 mL)-c-hex (4.0 mL). The solution was electrolyzed at constant current (0.67
mA/cm?) under Ar at room temperature. After 4.8 F/mol of electricity based on HoN-
GlIn(Trt)-Tag was passed, the reaction mixture was extracted with c-hex (20 mL x 2),
and then the solvent was replaced with MeCN. The resulting precipitants were collected
by filtration and washed with MeCN to give the product in 93% yield (282.0 mg) as
white solid.

"H NMR (CDCls, 400 MHz) § 7.75 (2H, d, J = 7.3 Hz), 7.62-7.50 (2H, m), 7.39 (2H, t,
J=1.3 Hz), 7.33-7.26 (2H, m), 7.24-7.13 (18H, m), 6.43-6.33 (2H, m), 5.85 (1H, d, J =
8.2 Hz), 5.17 (1H, d, J=11.9 Hz), 5.10 (1H, d, J = 11.9 Hz), 4.66-4.56 (1H, m), 4.56-
4.46 (1H, m), 4.38 (2H, d, J= 6.0 Hz), 4.20 (1H, t, /= 6.9 Hz), 3.95-3.82 (4H, m), 2.94
(1H, dd, J=17.5 Hz, 4.1 H), 2.59 (1H, dd, J=17.5 Hz, 4.6 Hz), 2.41-2.16 (3H, m),
1.95-1.81 (1H, m), 1.80-1.67 (4H, m), 1.49-1.20 (85H, m), 0.88 (6H, t, J= 6.9 Hz); 1°C
NMR(CDCI3, 100 MHz) 6 170.5, 170.4, 169.1, 160.6, 158.0, 155.9, 144.4, 144.0, 143.7,
141.2, 130.7, 128.7, 128.0, 127.7, 127.1, 125.2, 119.9, 116.0, 104.6, 99.6, 81.6, 70.9,
68.1, 68.1, 67.3,62.9, 51.4,49.5, 47.0, 38.3, 37.9, 31.9, 30.0, 29.7, 29.4, 29.4, 29.3,
29.1, 28.0, 26.1, 26.0, 22.7, 14.1; HRMS (ESI-MS) [M+Na]" caled for CogHi41N3010
1543.0509, found 1543.0511.
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Fmoc-Asp(O’Bu)-Lys(Boc)-TAG (3an)
Following the general procedure, 2,6-lutidine (69.9 pl, 0.60 mmol), BusNClO4 (136.8
mg, 0.40 mmol), PhsP (131.1 mg, 0.50 mmol), Fmoc-Asp(O‘Bu)-OH (123.4 mg, 0.30
mmol), and HoN-Lys(Boc)-Tag (197.1 mg, 0.20 mmol) were added to Ar-purged
MeCN(8.0 mL)-c-hex (4.0 mL). The solution was electrolyzed at constant current (0.67
mA/cm?) under Ar at 50 °C. After 4.8 F/mol of electricity based on HoN-Lys(Boc)-Tag
was passed, the reaction mixture was extracted with c-hex (20 mL x 2), and then the
solvent was replaced with MeCN. The resulting precipitants were collected by filtration
and washed with MeCN to give the product in 98% yield (255.6 mg) as white solid.
"H NMR (CDCls, 400 MHz) § 7.76 (2H, d, J = 7.3 Hz), 7.59 (2H, d, J= 7.3 Hz), 7.39
(2H, t, J=7.3 Hz), 7.35-7.27 (2H, m), 7.16 (1H, d, J= 8.2 Hz), 7.08 (1H, d, J= 7.8
Hz), 6.45-6.36 (2H, m), 6.15-5.83 (1H, m), 5.17 (1H, d,J=11.9 Hz), 5.09 (1H, d, J =
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11.9 Hz), 4.68-4.49 (3H, m), 4.41 (2H, d, J = 7.3 Hz), 4.23 (1H, t, J = 6.9 Hz), 3.97-
3.86 (4H, m), 3.09-2.97 (2H, m), 2.93 (1H, dd, J = 17.4 Hz, 4.6 Hz), 2.62 (1H, dd, J =
17.4 Hz), 1.91-1.62 (6H, m), 1.50-1.21 (98H, m), 0.88 (6H, t, J = 6.9 Hz); 1>C
NMR(CDCls, 100 MHz) & 171.8, 171.3, 170.3, 160.9, 158.4, 156.0, 155.9, 143.9, 143.7,
141.3,131.2, 127.8, 127.1, 125.1, 120.0, 115.9, 104.6, 99.7, 81.9, 79.0, 68.2, 68.1,
67.3,62.8,52.3,51.0,47.1,40.23, 37.6, 31.9, 29.7, 29.6, 29.4, 29.4, 29.3, 29.2, 28 4,
28.0,26.1,26.0,22.7,22.2, 14.1; HRMS (ESI-MS) [M+Na]" caled for CssH;30N301;
1401.0302, found 1401.0276.
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Fmoc-Asp(O’Bu)-Arg(Pbf)-TAG (3a0)

Following the general procedure, 2,6-lutidine (69.9 ul, 0.60 mmol), BusNClO4 (136.8
mg, 0.40 mmol), PhsP (157.4 mg, 0.60 mmol), Fmoc-Asp(O'Bu)-OH (123.4 mg, 0.30
mmol), and HoN-Arg(Pbf)-Tag (197.1 mg, 0.20 mmol) were added to Ar-purged
MeCN(8.0 mL)-c-hex (4.0 mL). The solution was electrolyzed at constant current (0.67
mA/cm?) under Ar at 50 °C. After 4.8 F/mol of electricity based on HoN-Arg(Pbf)-Tag
was passed, the reaction mixture was extracted with c-hex (20 mL x 2), and then the
solvent was replaced with MeCN. The resulting precipitants were collected by filtration
and washed with MeCN to give the product in 95% yield (296.7 mg) as white solid.

"H NMR (CDCls, 400 MHz) § 7.74 (2H, d, J = 7.8 Hz), 7.61-7.52 (2H, m), 7.38 (2H, t,
J=17.3Hz), 7.32-7.26 (2H, m), 7.13 (1H, d, J = 8.2 Hz), 6.44-6.36 (2H, m), 6.18-5.77
(4H, m), 5.16 (1H, d, J=11.9 Hz), 5.08 (1H, d, J= 11.9 Hz), 4.64-4.46 (2H, m), 4.38
(2H, d,J=6.9 Hz), 4.18 (1H, t, /= 6.9 Hz), 3.94-3.85 (4H, m), 3.26-3.04 (2H, m),
2.93-2.81 (3H, m), 2.64 (1H, dd, /= 16.9 Hz, 4.1 Hz), 2.56 (3H, s), 2.50 (3H, s), 2.06
(3H, s), 1.92-1.63 (7H, m), 1.60-1.21 (93H, m), 0.88 (6H, t, J= 6.9 Hz); 1*C
NMR(CDCI3, 100 MHz) 6 171.5, 171.0, 171.0, 161.0, 158.6, 158.4, 156.3, 156.0, 143.8,
143.5, 141.3, 138.4, 133.2, 132.3, 132.0, 131.3, 127.8, 127.1, 125.1, 124.5, 120.0,
117.4,115.6, 104.6, 99.7, 86.2, 82.2, 68.2, 68.1, 67.4, 63.1, 51.8, 51.4,47.0, 43.2, 40.6,
37.4,31.9,30.2,29.7,29.7,29.5,29.4,29.3, 29.1, 28.6, 28.0, 26.1, 26.0, 24.6, 22.7,
19.2,17.9, 14.1, 12.4; HRMS (ESI-MS) [M+Na]" calcd for Co3H147N5012S 1581.0659,
found 1581.0657.
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Fmoc-Asp(O’Bu)-His(Trt)-TAG (3ap)

Following the general procedure, 2,6-lutidine (69.9 ul, 0.60 mmol), BusNCIO4 (136.8
mg, 0.40 mmol), PhsP (157.4 mg, 0.60 mmol), Fmoc-Asp(O'Bu)-OH (123.4 mg, 0.30
mmol), and HoN-His(Trt)-Tag (227.3 mg, 0.20 mmol) were added to Ar-purged
MeCN(8.0 mL)-c-hex (4.0 mL). The solution was electrolyzed at constant current (0.67
mA/cm?) under Ar at room temperature. After 4.8 F/mol of electricity based on HoN-
His(Trt)-Tag was passed, the reaction mixture was extracted with c-hex (20 mL x 2),
and then the solvent was replaced with MeCN. The resulting precipitants were collected
by filtration and washed with MeCN to give the product in 97% yield (297.9 mg) as
white solid.

"H NMR (CDCls, 400 MHz) & 8.12 (0.4H, d, J = 7.3 Hz, minor rotamer), 7.90 (0.6H, d,
J=17.8 Hz, major rotamer), 7.73 (2H, d, /= 7.3 Hz), 7.61-7.49 (2H, m), 7.36 (2H, t, J =
7.3 Hz), 7.31-7.25 (3H, m), 7.25-7.17 (9H, m), 7.08-6.93 (7H, m), 6.56-6.48 (1H, m),
6.48-6.41 (1H, m), 6.37 (1H, d, J= 1.8 Hz), 6.26 (1H, dd, /= 8.2 Hz, 1.8 Hz), 5.09 (1H,
d,J=11.9 Hz), 5.01-4.87 (1H, m), 4.86-4.75 (1H, m), 4.69-4.56 (1H, m), 4.37-4.21
(2H, m), 4.15 (0.4H, t, J = 6.9 Hz, minor rotamer), 4.07 (0.6H, t, /= 6.9 Hz, major
rotamer), 3.90-3.79 (4H, m), 3.12-2.95 (2H, m), 2.94-2.58 (2H, m), 1.79-1.64 (4H, m),
1.46-1.21 (85H, m), 0.88 (6H, t, J= 6.9 Hz); 3*C NMR (CDCls, 100 MHz) & 170.9,
170.8, 170.7, 170.5, 170.4, 170.3, 170.2, 170.2, 170.1, 160.6, 160.5, 158.1, 158.1,
155.9, 155.9, 155.8, 144.0, 144.0, 143.9, 143.9, 143.8, 143.7, 143.7, 142.3, 142.2,
141.3, 138.7, 138.6, 136.5, 136.4, 130.6, 130.6, 129.7, 128.0, 127.7, 127.1, 127.1,
125.3,125.3,125.2,119.9, 119.8, 119.5, 116.3, 116.2, 104.5, 99.6, 81.5, 81.3, 75.2,
75.2,68.1, 68.0, 67.3,67.1, 62.4, 62.4, 53.0, 52.9, 51.6, 51.4, 47.1, 37.7, 31.9, 30.0,
29.7,29.6,29.4,29.4,29.3,29.1, 28.1, 28.0, 26.1, 26.0, 22.7, 14.1; HRMS (ESI-MS)
[M+Na]" calcd for CooH140N4O9 1552.0513, found 1552.0502.
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Fmoc-Asp(O’Bu)-His(Boc)-TAG (3aq)
Following the general procedure, 2,6-lutidine (69.9 ul, 0.60 mmol), BusNClO4 (136.8
mg, 0.40 mmol), PhsP (157.4 mg, 0.60 mmol), Fmoc-Asp(O'Bu)-OH (123.4 mg, 0.30
mmol), and HoN-His(Boc)-Tag (198.9 mg, 0.20 mmol) were added to Ar-purged
MeCN(8.0 mL)-c-hex (4.0 mL). The solution was electrolyzed at constant current (0.67
mA/cm?) under Ar at room temperature. After 4.8 F/mol of electricity based on HoN-
His(Boc)-Tag was passed, the reaction mixture was extracted with c-hex (20 mL x 2),
and then the solvent was replaced with MeCN. The resulting precipitants were collected
by filtration and washed with MeCN to give the product in 99% yield (274.8 mg) as
white solid.
'H NMR (CDCls, 600 MHz) 6 7.88 (1H, s), 7.76 (2H, d, J= 7.6 Hz), 7.67 (1H, d, J =
7.6 Hz), 7.61 (2H, t, J= 6.9 Hz), 7.39 (2H, t, /= 7.6 Hz), 7.30 (2H, t, J= 7.6 Hz), 7.13
(1H, d, J= 8.3 Hz), 7.06 (1H, s), 6.44-6.36 (2H, m), 6.13 (1H, d, /= 8.3 Hz), 5.14 (1H,
d,J=12.4Hz),5.11 (1H, d, J=12.4 Hz), 4.86-4.81 (1H, m), 4.66-4.58 (1H, m), 4.38
(2H, d,J=6.9 Hz), 4.24 (1H, t, J= 6.9 Hz), 3.96-3.88 (4H, m), 3.06 (2H, d, J=5.5
Hz), 2.89 (1H, dd, J=17.2 Hz, 4.8 Hz), 2.66 (1H, dd, /= 17.2 Hz, 6.2 Hz), 1.80-1.73
(4H, m), 1.55 (9H, s), 1.48-1.21 (85H, m), 0.88 (6H, t, J = 6.9 Hz); 1*C NMR (CDCls,
150 MHz) 6 171.0, 170.7, 170.3, 160.7, 158.3, 155.9, 146.7, 143.9, 143.8, 141.3, 138 .4,
136.8, 131.0, 127.7, 127.1, 125.2, 120.0, 116.1, 114.7, 104.5, 99.6, 85.4, 81.5, 68.2,
68.1,67.3,62.7,52.4,51.2,47.2,37.7,31.9,29.7,29.7, 29.6, 29.4, 29.4, 29.3, 29.2,
28.0,27.8,26.1,26.1,22.7, 14.1; HRMS (ESI-MS) [M+Na]" caled for CssHi3aN4O1;
1409.9941, found 1409.9939.
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Fmoc-Asp(O’Bu)-Trp(Boc)-TAG (3ar)

Following the general procedure, 2,6-lutidine (69.9 ul, 0.60 mmol), BusNClO4 (136.8
mg, 0.40 mmol), PhsP (157.4 mg, 0.60 mmol), Fmoc-Asp(O'Bu)-OH (123.4 mg, 0.30
mmol), and HoN-Trp(Boc)-Tag (208.7 mg, 0.20 mmol) were added to Ar-purged
MeCN(8.0 mL)-c-hex (4.0 mL). The solution was electrolyzed at constant current (0.67
mA/cm?) under Ar at room temperature. After 4.8 F/mol of electricity based on HoN-
Trp(Boc)-Tag was passed, the reaction mixture was extracted with c-hex (20 mL x 2),
and then the solvent was replaced with MeCN. The resulting precipitants were collected
by filtration and washed with MeCN to give the product in 96% yield (275.8 mg) as
white solid.

"H NMR (CDCls, 400 MHz) § 8.10 (1H, d, J = 6.4 Hz), 7.75 (2H, d, J= 7.3 Hz), 7.60-
7.43 (4H, m), 7.38 (2H, t, J = 7.3 Hz), 7.32-7.25 (3H, m), 7.24-7.12 (2H, m), 7.02 (1H,
d, J=8.2 Hz), 6.45-6.32 (2H, m), 591 (1H, d, /J=8.2 Hz), 5.11 (1H, d, /= 11.9 Hz),
5.06 (1H, d, J=11.9 Hz), 4.95-4.85 (1H, m), 4.59-4.45 (1H, m), 4.44-4.24 (2H, m),
4.18 (1H, t,J=17.3 Hz), 3.97-3.85 (4H, m), 3.23 (2H, d, /= 5.5 Hz), 2.88 (1H, dd, J =
16.9 Hz, 3.2 Hz), 2.58 (1H, dd, /= 16.9 Hz, 6.9 Hz), 1.80-1.70 (4H, m), 1.63 (9H, s),
1.49-1.21 (85H, m), 0.88 (6H, t, J = 6.9 Hz); *C NMR (CDCls, 100 MHz) § 171.3,
171.1, 170.2, 160.9, 158.4, 155.9, 149.5, 143.9, 143.7, 141.3, 131.1, 130.5, 127.7,
127.1, 125.1, 124.5, 122.6, 120.0, 119.0, 115.7, 115.3, 114.8, 104.5, 99.7, 83.5, 81.8,
68.2, 68.1, 67.3,63.1, 52.9, 51.0, 47.1, 37.5, 31.9, 30.0, 29.7, 29.6, 29.4, 29.4, 29.3,
29.1,28.2, 28.0, 27.3, 26.1, 26.0, 22.7, 14.1; HRMS (ESI-MS) [M+Na]" calcd for
CooH137N301 1 1459.0145, found 1459.0162.
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Fmoc-Asp(O’Bu)-Cys(Trt)-TAG (3as)

Following the general procedure, 2,6-lutidine (69.9 pl, 0.60 mmol), BusNClO4 (136.8
mg, 0.40 mmol), PhsP (157.4 mg, 0.60 mmol), Fmoc-Asp(O'Bu)-OH (123.4 mg, 0.30
mmol), and HoN-Cys(Trt)-Tag (220.4 mg, 0.20 mmol) were added to Ar-purged
MeCN(8.0 mL)-c-hex (4.0 mL). The solution was electrolyzed at constant current (0.67
mA/cm?) under Ar at 40 °C. After 4.8 F/mol of electricity based on HoN-Cys(Trt)-Tag
was passed, the reaction mixture was extracted with c-hex (20 mL x 2), and then the
solvent was replaced with MeCN. The resulting precipitants were collected by filtration
and washed with MeCN to give the product in 99% yield (297.8 mg) as white solid.

'H NMR (CDCls, 400 MHz) & 7.75 (2H, d, J= 7.8 Hz), 7.57 (2H, t, J= 7.8 Hz), 7.42-
7.25 (10H, m), 7.25-7.07 (11H, m), 6.43-6.34 (2H, m), 5.93 (1H, d, /= 7.8 Hz), 5.21-
5.01 (2H, m), 4.60-4.50 (1H, m), 4.50-4.43 (1H, m), 4.42-4.29 (2H, m), 4.20 (1H, t,J =
6.9 Hz), 3.92 (2H, t, J= 6.4 Hz), 3.86 (2H, t, /= 6.4 Hz), 2.80 (1H, dd, /= 17.4 Hz, 3.7
Hz), 2.71-2.47 (3H, m), 1.81-1.63 (4H, m), 1.50-1.20 (85H, m), 0.88 (6H, t, J = 6.9 Hz);
3C NMR (CDCls, 100 MHz) & 171.0, 170.2, 169.8, 160.8, 158.3, 155.8, 144.3, 143.9,
143.7,141.3, 141.3, 131.0, 129.5, 127.9, 127.7, 127.1, 126.8, 125.1, 120.0, 116.0,
104.6, 99.6, 81.8, 68.1, 68.1, 67.3, 66.8, 62.8, 51.7, 50.7, 47.1, 37.8, 33.7, 31.9, 29.7,
29.6,29.4,29.4,29.3, 29.1, 28.0, 26.1, 26.0, 22.7, 14.1; HRMS (ESI-MS) [M+Na]"
calcd for CosHi3sN209S 1518.0015, found 1518.0044.
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Fmoc-Asp(O’Bu)-Met-TAG (3at)

Following the general procedure, 2,6-lutidine (69.9 ul, 0.60 mmol), BusNCIO4 (136.8
mg, 0.40 mmol), Ph3P (131.1 mg, 0.50 mmol), Fmoc-Asp(O‘Bu)-OH (123.4 mg, 0.30
mmol), and HoN-Met-Tag (177.7 mg, 0.20 mmol) were added to Ar-purged MeCN(8.0

mL)-c-hex (4.0 mL). The solution was electrolyzed at constant current (0.67 mA/cm?)
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under Ar at 50 °C. After 4.8 F/mol of electricity based on HoN-Met-Tag was passed, the
reaction mixture was extracted with c-hex (20 mL x 2), and then the solvent was
replaced with MeCN. The resulting precipitants were collected by filtration and washed
with MeCN to give the product in 99% yield (253.2 mg) as white solid.

"H NMR (CDCls, 600 MHz) § 7.76 (2H, d, J = 7.6 Hz), 7.64-7.51 (2H, m), 7.40 (2H, t,
J=17.6 Hz), 7.32 (2H, t, J= 7.6 Hz), 7.24-7.11 (2H, m), 6.45-6.35 (2H, m), 5.98 (1H, d,
J=283Hz),5.20 (1H, d, J=11.7 Hz), 5.09 (1H, d, J=11.7 Hz), 4.67 (1H, dd, /= 12.4
Hz, 7.6 Hz), 4.61-4.50 (1H, m), 4.41 (2H, d, J= 6.9 Hz), 4.23 (1H, t, J = 6.9 Hz), 3.96-
3.85 (4H, m), 2.95 (1H, dd, J=17.2 Hz, 3.4 Hz), 2.60 (1H, dd, /= 17.5 Hz, 6.2 Hz),
2.52-2.38 (2H, m), 2.20-2.09 (1H, m), 2.05-1.91 (4H, m), 1.81-1.70 (4H, m), 1.52-1.21
(85H, m), 0.88 (6H, t, J= 6.9 Hz); '*C NMR (CDCls, 150 MHz) § 171.4, 171.4, 170.3,
161.0, 158.5, 156.0, 143.8, 143.7, 141.3, 131.4, 127.8, 127.1, 125.1, 120.0, 115.8,
104.5, 99.7, 82.0, 68.2, 68.1, 67.3, 63.1, 52.0, 51.0,47.1, 37.5, 31.9, 29.7, 29.7, 29.6,
29.6,29.4,29.4,29.3,29.2, 28.0, 26.1, 26.0, 22.7, 15.3, 14.1; HRMS (ESI-MS)
[M+Na]" caled for C79H128N200S 1303.9233, found 1303.9235.
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Fmoc-Pro-Asp(O’Bu)-TAG (3au)

Following the general procedure, 2,6-lutidine (69.9 ul, 0.60 mmol), BusNCIO4 (136.8
mg, 0.40 mmol), PhsP (131.1 mg, 0.50 mmol), Fmoc-Asp(O'Bu)-OH (205.7 mg, 0.50
mmol), and HoN-Pro-Tag (168.1 mg, 0.20 mmol) were added to Ar-purged MeCN(8.0
mL)-c-hex (4.0 mL). The solution was electrolyzed at constant current (0.67 mA/cm?)
under Ar at room temperature. After 6.0 F/mol of electricity based on HoN-Pro-Tag was
passed, the reaction mixture was extracted with c-hex (20 mL x 2), and then the solvent
was replaced with MeCN. The resulting precipitants were collected by filtration and
washed with MeCN to give the product in 99% yield (249.5 mg) as white solid.

"H NMR (CDCls, 400 MHz) § 7.79-7.71 (2H, m), 7.62-7.51 (2H, m), 7.43-7.34 (2H,
m), 7.34-7.26 (2H, m), 7.22-7.15 (0.83H, m, major rotamer), 7.15-7.08 (0.17H, m,
minor rotamer), 6.46-6.33 (2H, m), 5.68 (0.83H, d, J = 8.9 Hz, major rotamer), 5.53
(0.17H, d, J = 9.2 Hz, minor rotamer), 5.21 (0.87H, d, /= 11.9 Hz, major rotamer), 5.15
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(0.13H, d, J = 11.9 Hz, minor rotamer), 5.04 (0.87H, d, J= 11.9 Hz, major rotamer),
4.98 (0.13H, d, J = 11.9 Hz, minor rotamer), 4.94-4.85 (0.72H, m, major rotamer), 4.85-
4.79 (0.12H, m, minor rotamer), 4.75-4.65 (0.13H, m, minor rotamer), 4.64-4.47 (1H,
m), 4.44-4.25 (2H, m), 4.25-4.11 (1H, m), 3.98-3.83 (4H , m), 3.80-3.62 (2H, m), 2.77
(0.14H, dd, /= 16.0 Hz, 7.8 Hz, minor rotamer), 2.64 (0.86H, dd, /= 15.6 Hz, 4.6 Hz,
major rotamer), 2.48 (1H, dd, J = 15.6 Hz, 8.2 Hz), 2.24-2.09 (1H, m), 2.08-1.92 (2H,
m), 1.83-1.71 (4H, m), 1.49-1.21 (86H, m), 0.88 (6H, t, J= 6.9 Hz); '*C NMR (CDCls,
100 MHz) 6 171.6, 169.5, 169.5, 160.8, 158.3, 155.8, 143.8, 143.8, 141.3, 131.1, 127.7,
127.1, 125.2, 120.0, 116.3, 104.6, 99.7, 81.4, 68.1, 67.2, 62.5, 59.1, 49.8, 47.1, 46.9,
38.6,31.9,29.7,29.6,29.4,29.4,29.4,29.3,29.2,29.0, 28.0, 26.1, 24.7, 22.7, 14.1;
HRMS (ESI-MS) [M+Na]" calcd for C79H126N209 1269.9356, found 1296.9345.

Synthesis of Leuprorelin

(1) Preparation of the Hydrophobic Benzyl Amine HCI salt

To a solution of the hydrophobic benzaldehyde (1.51 g, 2.0 mmol) in THF (45 mL)
ethylamine hydrochloride (815.4 mg, 10.0 mmol) and DMF (14 mL), DIPEA 3.4 mL,
MgSO4 (4.00 g), acetic acid (1.50 mL), and NaBH(OAc¢)3 (211.9 mg x 4 , 8.0 mmol)
were added. The resulting reaction mixture was stirred at room temperature for 1.5 h
followed by quench of remaning NaBH(OAc)3 by 0.1 N HCI aq. The resulting reaction
mixture was filtered and extracted with c-hex, and organic phase was washed with 0.1
HCI aq. and brine, dried over MgSQO4 and concentrated in vacuo. To a crude product,
MeCN was added to give precipitants. The precipitants were collected by filtration and
purified by column chromatography (CHCI3: MeOH =50:1) to give the product as a
white solid (1.29 g, 80% yield)

(2) Synthesis of Fmoc-Pro-NEtTag

To a solution of hydrophobic benzyl amine (328.3 mg, 0.40 mmol) in THF (8.0 mL),
Fmoc-Pro-OH H2O (202.4 mg, 0.60 mmol), DIPEA (224 pL, 1.32 mmol), and COMU
(257.0 mg, 0.60 mmol) were added. The mixture was stirred for 20 min followed by
solvent replacement with MeCN to give the product as a precipitate. Precipitate was
collected by filtration and washed with MeCN to give the products quantitatively as light
pink solid.
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Hydrophobic benzyl amine

"HNMR (CDCls, 600 MHz) § 7.09 (1H, d, J= 7.6 Hz), 6.44-6.38 (2H, m), 3.96-3.91 (4H,
m), 3.72 (2H, s), 2.62 (2H, q, J = 6.9 Hz), 1.82-1.73 (4H, m), 1.64 (1H, broad s), 1.49-
1.22 (76H, m), 1.11 (3H, t, J = 6.9 Hz), 0.88 (6H, t, J = 6.9 Hz); '*C NMR (CDCl3, 150
MHz) 6 159.5, 158.1, 130.4, 120.9, 104.2, 99.7, 68.1, 67.8, 49.0, 43.2, 31.9, 29.7, 29.6,
29.6,29.4,29.4,29.3,29.3,26.2,26.1,22.7,15.3, 14.1.
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Fmoc-Pro-NEtTag

"H NMR (CDCls, 600 MHz) § 7.77-7.71 (2H, m), 7.68-7.50 (2H, m), 7.41-7.33 (2H,
m), 7.33-7.23 (2H, m), 7.21-7.09 (0.8H, m), 6.89-6.84 (0.2H, m), 6.51-6.25 (1.8H, m),
5.91-5.87 (0.2H, m), 4.78-4.56 (2H, m), 4.49-4.23 (4H, m), 4.12-3.54 (7H, m), 3.51-
3.17 (1H, m), 2.30-2.01 (2H, m), 1.99-1.83 (2H, m), 1.83-1.59 (4H, m), 1.47-1.21 (76H,
m), 1.16-1.04 (3H, m), 0.88 (6H, t, J= 6.9 Hz); 3C NMR (CDCl3, 150 MHz) & 172.5,
172.4,172.3,172.0, 159.8, 159.7, 159.5, 159.5, 157.9, 157.3, 157.1, 154.9, 154.9,
154.6, 154.4, 144.6, 144.5, 144.4, 144.3, 144.0, 143.9, 141.3, 141.3, 141.2, 141 .2,
141.1, 130.5, 130.0, 127.9, 127.7, 127.6, 127.6, 127.4, 127.1, 127.1, 127.0, 127.0,
125.7,125.4,125.2, 125.1, 119.9, 119.8, 119.7, 118.1, 117.0, 116.5, 104.9, 104.7, 104.4,
104.0, 99.6, 99.4, 99.3, 68.1, 68.0, 68.0, 67.9, 67.7, 67.4, 67.3, 67.1, 66.7, 57.2, 57.1,
56.9,56.6,54.8,47.4,47.4,47.4,47.3,47.3,47.2,47.0,46.9,45.0,44.7,42.3,41.9,
41.6,41.5,41.4,41.2,384,31.9,31.4,31.3,30.3,30.3,29.7,29.7, 29.6, 29.6, 29.4,
294,29.3,29.2,26.2,26.1, 26.0, 26.0, 24.5, 24.4, 23.4, 23.3,22.7, 14.1, 14.1, 14.1,
14.0, 12.7, 12.6.

(3) Fmoc-deprotection of Peptides

Following the 2.3, Fmoc was deprotected and products were obtained.
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(4) General Procedure for Electrochemical Peptide Elongation”

MeCN (8.0 mL) and c-Hex (4.0 mL) were purged with Ar gas for 2 min. To a purged
solvents, 2,6-lutidine (69.9 pL, 0.6 mmol), BusNCIO4 (0.5 mmol), PhsP (157.4 mg, 0.6
mmol), Fmoc-protected amino acid (0.4 mmol), and N-deprotected tagged amino acid
(0.2 mmol) were added. The solution was electrolyzed at constant current (0.67
mA/cm?) under Ar at 40 °C. After 4.8 F/mol of electricity based on N-deprotected
tagged amino acid was passed, the reaction mixture was extracted with c-hex (20 mL x
2), and then the solvent was replaced with MeCN. The resulting precipitants were
collected by filtration and washed with MeCN to give the products.

* When condensation with (1) Fmoc-Arg(Pbf)-OH, (2) Fmoc-Ser(OtBu)-OH, and (3)
pGlu, following conditions were applied.

(1) Fmoc-Arg(Pbf)-OH 3.5 eq., PhsP 5.0 eq., 6.0 F/mol, 60 °C.

(2) Fmoc-Ser(O'Bu)-OH 3.0 eq., Ph3P 4.0 eq., 6.0 F/mol, 60 °C.

(3) pGlu 3.0 eq., Ph3P 4.0 eq., 6.0 F/mol, 60 °C.
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