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(A) C(sp3)-H alkylation of Val residue proximal to N-Terminus (chapter 2)
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(B) Concept: Selective deacryloylation of acrylates (chapter 3)
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VLD X o1z, IENEYT 2 o C-H ZBHBIOSIE, £ OEWISHEIZ Z 0 EIZ
BRI D o ML THEITT D, OB TORIGE ST S 572010, EBAJEM
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1-9) " ZOGICBWTH, T3 vE27a b AL L TT v = AICT 5 2
LY, EBRFETO ol C-HEEG TORIERIHENTIEY ., BALTORIG
PNEIRAYIZETT LT,
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C(sp*)-H ZEHLSL i DN E BRIERIE S FTREI 72 D & & % 7o, F iz, ARIFFETHIA
THHEMENEAOERET, 5 THATEMBYFIIHM L TWRWEAICAL
HHEMEROZETHY o FHIC@< R0 E A ENFER LA
IS BINTH D, — T, C-H BHREJEOAERIVEREICF A I D
HEMBERILER., W FA T =4 O TRBOEMNG & A 5 HES
D EEHET,
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LCVERRETTAZ AT UM ER LI S, TR T AT
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. EIZT T TFNT =T AHE[TBADT, (n-BusN)sW10032]°7F b U 7 A
(NaDT, NasW10032) Mt 71T % (Scheme 1-10) 57V, Fh &% o 7 A5 gt
SEtIEIE, FICERAME(<400 nm) 2 I L, 431N OB -4 8 B B EhE R 1
L0 BHEDIREE[W10022]* " DERR T 5, [Wi00s2]* " DO FamITIER I < | THF AR %
[C XY ZHEREEOIENRE wO 2525 (122 2#21) , ZOIGMEREIIKER
T OB EEEREER L TN D, 4, TH X v 7 AT VA O TR MR D /K
FolEHRERRZFIH LTz C(sp®)-H LU TIEFITHIZEA 2 STV 5 1B
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a) Structure of Decatungstate Anio b) UV-Vis spectrum of NaDT (0.10 mM, MeCN)

0.3

- 4-
- [W10032] 300 350 400 450
Wavelength [nm]

u Na4W1oo32 (NaDT)
[ | (n-BU4N)4W10032 (TBADT)

Scheme 1-10. 57 &% > 7 A7 FEHE ikt

121 70 F v 7 AT VEREEfREE %R L7z C(sp®)-H BHLE
TRE T AT R A N2 C(sp’y-H BRSO OBIL, 1984
12 Yamase HIZ L > THE SN T L a— L Ot s Té 5 (Scheme 1-11)
N TG T AT VBB D AE T IO LD 7L — L
THT e FiZibsis & b, KRBT ADAR LRI,

PN (n-BugN)4W;0032 () y
OH + 2
hv A)J\ H

Scheme 1-11. 7 7 % > 7 A7 VERHECAREE 2 Fl\ W=7 v 22— L Dl

Z Dk, 1993 I Hill HIZX Y, =F LU EHWET I Z v 7 AT VR
kil K% o 7w iy EORRENIBLEM DO = F AL ERR S L7 2
TR, THET AT VB OGRS S~ S B 72 2 5 H D3
FFIND XD | BRI 2 S a2 (Scheme 1-12) 2,
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Scheme 1-12. 7 W % 7 A7 U RIEEAEE 2 W22 7 e~ o o= F 4l

Fo. CC WHAWHAS~ORHDOHRIL BT T8 7 AT i %
WA R ERERSEA SIS BB ST D (Scheme 1-13) , 2013 452 Ryu &
Fagnoni HiX, 74 % v 7 A7 VBRI Z - We C-N #5E OIEURIG % 2
L7z, ¥t/ 7 T ORK FC, fafiENE ey, BRe—T VL EIET
NT e RORNEMLR C-HEG DT ) TR FIL~OFINBUST S L7z 2,
F 72, 2014 5|2 Britton H(X, TH X v T AT VERIE R OFE T, N-T VA
BR_B ALK T I RINFSDZ 7 » R E L THY, 365 nm OERSERGS
T CEFENIE b C(sp®)y-H 7 v FUL Z i L7z 2, & BT Noél b,
SBAONERRIN T, 70 2 o 7 AT CEEEROCAMIEAEAE T 28K O 2RI L 7o A
FOREIAIEAL A9 C(sp®)-H & D C=0 FEE ~DEHIZEE LIz 2, £7=, C(sp)-
HfEED C-SHEG~DOEE LR I TE Y  Wang & D PhSO2SCFH %
72 C(sp’)-H ¥ 7 v A A FILF AL ME ST 5 26,

H
.N.. .
DIAD ITI cOo,Pr
Ryu, Fagnoni 2013 i
C—N bond COzPr
NFSI i
4 Britton 2014 1 2
R-H [WieOz] R C-F bond RR
hv
Air 0o
Noél 2014 RJ\R’
C=0 bond
Q
PhSQO,SCFH JL
Wang 2020 R™ "SCF;H
C-S bond

Scheme 1-13. 7 5 % > 7 A7 VERYE G0 2 AV N 72 C(sp®)-H & DA H
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122 THE VT AT VERRYEAEE 2RI LT C(sp®)-H &6 E0Wr O [
THE T AT CEREEAE AR L7 Csp®)-H A U O SRR %
Scheme 1-14 (2~ 7, HKIEWIREOT W X2 o T AT VBT =4 2 ([W10032]¥) D
HOMO I FFEFZ R FIZIFE L, LUMO 134 v 7 AT VFFITIFEL T\ 5, 841
HHE FICL Y, MBSO 2p MUEDEFNL T AT O 5d $LEICER T
5. ZOHFNORN S —@BEMEEERBICL Y | BIEIREE[Wi0052]*" (S1)
DERT %, S1 OFFaEIERITHE S| HFAZEIZ L 0 OIS ZHIEREOE
PEFE wO 252 %, ZOIEMRE wO OiR{LIEICEN E(WO/[W10032])15+2.44 V
(vs SCE)TH D, T7bb, HER-X)DEEILENH3+2.44V (vs SCE) L D KW
A IR wO & O—BTBESED)RNEIT L, 7 VBT T A U [R-X]T D34
T 5, ST, WER-H)DEEILEN I +2.44V (vs SCE) L 0 im W4 TiE, &Mk
fE wO & OKFEBEINHATIWZ LY T AFLT OH L R BDEMKT D, Eilod SET
L HAT OWTNOBETH | FfzIE[Wi002]> 2 4£E L 5, [Wi0n] 1Lk S5
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1.2.3 TR RE OB R R

FEHOFTET HWFSEE Tld, AELH C-H 7 /L S AL DAL E S-S O il L D
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i K D 24-PATF AT = U =0 DEONLERIR) 2 7 L T )UALROE & el
L7 (Scheme1-15) ¥, ZOMISTIE, 24-PAFNT =1 =7 5D L H 7258
DI NEZ RS C(sp’)-H fBZ AT O REIIX L, THF T AT Vi
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FHAL C(sp®)-H #& & TONMEEIRA e WP L T 5,

+ /\ R + via +
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Scheme 1-15. FTJEMFIE 2 OAFZE AR
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D> TWND,
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AR L7z &k 91, BT 2 v C(sp’)-H BHSUSITIERITHIFEN 72 ST
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AL C-H G DEWEUSEN S | o (BRI 72 C-H B2 2 < BT ST
T BIIET X v D a fLLSh 0D C-H &G ORI 2 B SG & FEBLT 5 728
BB LM EDOHMAEDLE LRI LIETES, 7T/ Eo7 e ik
(R ERETF O afLORIHEZ Il 5 FENEFE SN, LLan 6, i
Wilb & C(sp®)-H Hi & OER & &M+ DARWEUSHED 72 HE B
BIROSNTWD, T, 7T /HKE7 8w bAbT25 2 & Tafii Csp’)-H fEED
FOSTEZMHRIFTRE TH D b DD, BALCy L, 6 (ire & MOALE T DG Di3E
RYERIENIRNEECTH > 7o, FTRMFIEETIE, 2022 FIC7 =V =0 MO E %
RO R EHSOGZ s L2, WD 2 Lo T 2 ENME 2 FKE b o7
=V UBERICRONTRY . 7ToE= U MM 2R 2 AR E LT
A LT E2R0,

BEETIZ, T2 Eo7 e A X W EHEZIF 7O ofif C(sp’)-H FEE DK
JEMER IR SN D Z &0, TUEZ T LMD F A ML DT =AU MED
filde & OFFEM AAEH 2RI Lz C-H ZHLUS TV < 20y STV A3,
INHDFEDIZEALLET, 7= LEMORED 1 SOLZFIH L TE
D BEEORHEE A G DY TR LI RREIRIEE A L0, EFITT E=
U LI ATV D RTREMEICE B L, 7 2 =7 DAk & 72 RpE % [R) R L 4
TLZERTENT, AFETEIATERDSTISHEBLARETIZR WM EE
XToe £, ATHEERIRRIC, 727 e AL LTT v E=U AEICT S
Z LT BFEMAEAOMAEEREAMAE LTE 2 &N TE, SUSONLEERE
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=0 DO IALEEIRA) 72 C-H BHEUSOBTE, B L OWT b ~Dii
HOWEICETF L=,

FB2ETIL, THE T AT VBRI KX DY) VRO T =Y
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2.1 H¥=

211 XFFF

B1ETHERELSE, BRI v 27 e hAbLT7 V=0 A IZT 5
ZETRRDISMEZRT LI 0 | TERTIXERRNE T > 72 IS ATREIS
25, 2D XD RIS FETAEHREROBENOANTHL OO, ZDRRAFEIT
RIZWCRERLETHD, EHIIT HHE T AT VB EZ WD T =
¥ DL OFTZ 78 C(sp’)-H BHSIRDOBTE 2 BEE L. HARFUTEBAYISAFE L T
WBET R RERTHIEMTHDLT I JBICEHR L, FRICET Lz, AT
X, BT 2 VB ThH LN VEEEROT ' =T LEO C(sp’)-H 7L R
(ARG TV

TR BTSRRI ERNT T ROBEAEREALE LTHORTWD, @
T T BB SO EREA LI b0z X Loy L, 50 ER TS
LIZbDIEIRTF REMHIND, 7/ BRITT 2 7 B VAR FVE IR
)OS TED, MBI E>TT I VBBOMWE EENRED, ONT
X2 T BT T ROMWECHREIC B 2 KIE T (Scheme 2-1) ',
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Scheme 2-1. 20 FEFAD KIRT X VB L ORI F R

NTF RIFAEFENORBICEEG LTV, MREEDES~E 7 ne il
DR FITEBR S ND 20 T < FUEEM. R & W o 7o ABEM: 213
U & T HLERMIEERET 52 & T, ARNICBW TAEMEEI ZHERFT 5
HHEREEZHSTND, 2O, X7 F ROAEBIFIEIXIL S FREESNLTEY
I DI TIA EH I TS (Scheme 2-2) 23,

NI F R OEERIGIT. ATEEERERE L 2 EOMTEIC BV TLEAR ]
RToHDH, TORENRTIEL LT, XTF FOMEELRERMT D2 1280,
T T R F OMWE S EMIEMEZ TS 2 FIENERITHIEI N TN D 4
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Scheme 2-2. <7 F NEIH 71

2.1.2 X7 F PG DOE#
EikLizEBY, XTF Fo@EmERELE B E Liz_T T RABHOEH DA
TRIRITIR > TR | BBREREFELTENT 2 FIEL T O, xR FENFR
SN T&E 7z, RERBRATF FUEHDOEMTEIL, (1) B OERIZ X D EMIE,
(2) HEBREOC-HK G DAL X DB, (3) IBVREEDOC-HS & DX
HC & BIERED 3 DI TE 54,
LIF, £ ORIGETFIEIZOWTREIZFET T 5,

(1) ERREEEIC L 2 EH

EREIL D AW IS < BRFEIE. T T RABEOEAREO T T ki R
R TFETHS. ZOL I BRFETIHE. B0 Vo0V AT A Ui EORIEM
NEWVEREREZ AT 57 2 VBAFI SN TW5, LLTFICEEOREH 23T,
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VATA VBEERITF ANV EEZALTEBY EOEWKREENS VAT A
BN 2SN TWDET 2 VO 1L LTHLNTWD, filz i, 20154
(ZBuchwald &%, RuPhosHLE Y L FfLF2HT 27V —/RT7 V0 LKA H
WBHZET, YATA VEEA~DOT U —VIEOEANZHE L T D (Scheme 2-
3) %

0
H (RuPhos)Pd(Ar)X H O
N %Nvﬂﬁ P

2 i-Pro Oi-Pr
~sH ~SAr O

RuPhos

Scheme 2-3. /T U7 AR 2 W= AT A VRO T U — 1l

F 72, 20174 (ZBuchwald 5 1%, [AIEED F{E%2 AW 5D Z & T, t-BuBrettPhosHL
UUBNL V2 BT DHT V=TT LRI L DY ok~ T ) — L3k
DE A 21T T 5  (Scheme 2-4) ©,

OMe
H H ] O 't—Bu
?ZQ:N \)J\é;‘ (+-BuBrettPhos)Pd(Ar)X “_e?iN \)L jj MeO F_’—-t—Bu

. 7| R

N Hz NHAr EPr
t-BuBrettPhos

Scheme 2-4. /X5 7 A A WY S UEEO T U — L4l

(2) BEHRMBD C(sp?)-H iEELH
B H < (1 LG e 7 S ot A <
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A FITIIRFBEKRFBOHRNGR DT I /BB H D, ZhbE2EHT 52 &
NTENE W OERELHICHES S GRIETIIHG LR, FricediE~7
FREHDLZENTE D, EFETIE, 7/ BO C-H G OB IS &
EHIERZEDTEBY, TOHRTYH Csp?)-H fEADE#, +72bb I E M
DAEEREITIE IR e STV D, LTI, WL 2006z,

2009 4£IZ Smith HiX, AV P U LA WA v =8 e HT25 MY
7 b7 7 RO ERIRE C(sp?)-H 7= 7 FELG &2 s L= (Scheme 2-5) 7,

BocHN. __COMe BocHN. __CO;Me
- 0 cat Ir -
- H-B =
| o o |
N - N
H B H
O

Scheme 2-5. 1 U 20 At a = R U 7 N7 7 UERFEED C(sp?)-H & U FEAb

2010 2 Yu HiE, EFBFRF LMY 7 dma A X U AVR = )VEEOEH#E L
17 2= VT T =B8R D, NT YT MR X D C(sp?)-H G D7 ' ¥
NUKIGEBR L, 7227 7=V REOEB Z#ERk L T %  (Scheme 2-6)

8

o

cat. Pd

Ac,0, AcOH
THN \:/COQMe MeCOOOLBU TfHN \:/COZMe

T R

Scheme 2-6. /X7 U A2 W=7 2= VT T = EOT & FFAb
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(3) FERAIERISE D C(sp’)-H £

AR U7 5 FHEEITER G RAE AR LT W a2 G T 5720
B R AR A F O T2 AR TR MR A R D 05 B RS OAE A I XTE 38 LT
MIRINTNWD, ZRUTK L, BVIGRRISHOE, 37205 C(sp’)-H EHIZ K
DRI F FUIBHOWEIZIR#ETH Y | ZOBFITHEERRE L > TWND 4,
2014 4RI, BB R AL 2 W TR O C(sp’y-H UGS HE S
2o Yu i, N7 VU Al a Wi mEZ RN T 57 7 = R D C(sp’)-
H7 U —fbZER LTS (Scheme2-7) %, ZDORIGTIX, AR R LW
7 FOERFEADN JERMEE L THEEL, NT YU A~ORNIZ XY BUG
AR L TV D, ZORISITIILRI RS2 MW 5720 R 7 X Bzt
TOMEND D,

cat. Pd
S A
AgOAc KF
mYkN 0 \/M
0 z

SmmwFIN?V?A%ﬁ%ﬁwﬁ77%/%%®Qw%HTJ“WM

C(sp®y-H ZBHLUSIZH LTS FiEE LT, 7Y HVHRERE IR D SOG23 5
HINTWD, ZOFEX, ATF MIBEHOEMIZ B FIH S TWD, #il 21X, 2016
12 White HI%, SR & B@IRILKFZ WD T PNV RISIZ L DA 2 5%
FED C(sp®)-H FALSUG DBAFIZ AN LT 5 (Scheme 2-8) ',
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cat. Fe(PDP)

% H,0,, AcOH \ﬁ)H

Scheme 2-8. &fiiil % Hv iz 2 A o U5 D C(sp®)-H FEAL i
2019 412 Britton B, T H ¥ o J AT UL A W s v A L RO

C(sp’y-H 7 v FLGE WA LTV 5 (Scheme2-9) ', Fric, FHEICT7 v £=
UL E WGSBS D Z AR LTINS,

H3N*\_/c:02Me cat. NayWyoOx H3N*\_/c:02Me

m NFSI W(F

Scheme 2-9. 7 1 % 7 AT IR A N - w A O R IED T AL

LRI L D0z, _7°F MU DO BEREITIERRICHZEEN e S TER Y | xR X
IRV SN TE T, L LN S, ZIVE TOMENGIITTF FMUIHOE
REAL(—OH, —NH>, —SH ) D20, B e il i 2 R ] U 72 5 & 1 C(sp”)-H il
BOEBRNR L L 2 HDTND, EROERTH LT F NMUHO AT
K OWEZ, XTF FOMHERBOE L R 5 EREAPERDOATLE Y 2 &N
FECTH D, —H T, Cop)-HEA (RIAIET I /B OB HHF5EIEA
7R IEE ETH D, C(sp’)-H G DERIZ L 5T F ROEffT, ZhE TIZE
BEZE DB AFREENL & L TAHAR SN T IR e IS RA~DEREIE AR &
TERDFIETIIFEBLDRNEE TH > 1T TF ROEMFIEL 25,
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AWFFETIE, FrICREETH D, IBVET 2 /RO C(sp’)-H BHIZ S < BHE
HEANITEREZYTD,

2.1.3 X7 F FAHD C(sp®)-H BHUSITI1T B ALE BRI

Rk L7= X 912, X7 F RSO C(sp’)-H EHaZ L HEfiTEIT, BRELOE
D MERRER & OUERIE TILEBINEE T H - 7o ALE~DERESLE A % 7]
BEICT A7, ZORBITEB SN TWD, LU, X7F RZITZEBO
FOGEEHT 5 CHFEADRESE AFEL TV D 7o, — IR OGS M T T,
PLE BMEROREMNERT D ENIFEEAETH Y | UL E I O i 1
MRERREE 72> TN D,

AR L7z & 912, =7 F REREE D C(sp®)-H BRSSO MEFNIR S TEY |
BUEE TIZHE STV eT'F MU O ERIREY 72 C(sp’)-H £#ilX, =D
T A EDERE B L BRI EDOMAE DE LRI L —h ik KFETO
FOSBICo %, EOREFE LT, 2014 4F0 Yu LOFERFET HLDH, Yu b
IXTF ROANR BRI L OT I REALZ Rl m A & LRI % 2
T, NIV AN LD N KT 7 = RO EERIN 72 C(sp®)-H 7V
— Ak & #Rk L7z (Scheme 2-10) °,
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Scheme 2-10. /X7 207 At 2 W= N K7 7 = U587 ) — 4k
IR U7 B S VR gy EoRdIE AR A LR AR &
T T R ORIGEEE DAL BRI 78 C(sp’)-H BHLUL OB ITIT E A E T,

ER R L Rlm A FIH L FECBW TS, BMENKE, 7 I 7 Kok
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ISR DB N EEN TN D,
F1ETHRRZLHIC, BHEITI v 2T b ALLT v E=U A BICT 5
LT, EBERTFO N TORSEMHTED 2 L, Blbshic< Wz &, A
TEREAL & LCRIAAIREZRR Z & EORIRICEH Lz, X7 F Mg T
C(sp’)-H BHRIRICEBNWT, T/ RE TV E=U AEICTHZ LT, ZNET
WEETd o 7o T F ROALERIRIEO KN FHATRETS & B 2. ABFRIZEF
L7,
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2.2 RSB R ORIt

221 RISNERE

AT F RUIGAD C(sp®)-H ZHUZ IS T HALERIVEO K, &4y O fnil
DRI HT | RISEHHEORE BIZb 27 b, FFIT, X7 F RIXERSE TAF]
SN TR, £OBEITEMTEER SICREREEL 5 2 T\ 5, HKHENE
Al LS EDOITIE, Bkx RALEICEREEZ bOEMT A 7 7 Y —ORENR
HETH LN, ZOTOIIINE RN 72~ 7 F NMEAHES D BHFE S LB T]
RTdH2D,

Fri@ 3 2MEETIE, 7=V UFEKE T e F AL L TEEmME AT L7 =
V= sl L, ABMEHT DT 7 AT VBRI & O §E R AE
FaFIH UIAE &R 7 C(sp’)-H 7V U bz L Tunad 20 Lo LR

b, ZORISTIE, BEPMEREREZSOT7T =V =V AEICRESNTEY
LT E HALE N USHED BN DAALIZR S5 72 EORBE RN FE L T
W5,

EEINENET R VA7 e hAL LT =T AHICERT S Z LT A
BORGMEDEALDIFFTE D B 27 (Scheme 2-11,A) . EHIT, BF A
WOT =T DAL E T =AM DT T 2T AT R el & O FEEAR
AAEMZFMIUE, N Rl FONENIE T X 7 BRikiE o C(sp’)-H & DAL E
IR 2T VTS D EBR L HIFRFTE, ZRNETHETH ST F FD
PLERIRPE DO HIH A EBLATRETS & & 2 7= (Scheme 2-11,B) , 72d5, B F A M
DT =Y LM EGT HXTF RET =F L MOT I & o7 AT VR
fihitt & OFFEARAAEH OE&X %Z Scheme 2-11, C DL H IR LTS, XTF
ROSARFLEIZIL Y AR E N TV REBFEIET 508, Y ARIZHRTRF R
EDIZ 9 258 17kI/mol ZETH Y . RISRENRRBMETH 25E121T. 7V
:vzﬁszwmmDminﬁﬁﬁék\&f%Pm%JuL@%éfb?
YAETHEL TS EEZLND B, AEIL, F TV AED VT F ROHh %
FBEZTNWD, £, THH T AT VIS OB BERIT Sy T 2RI R
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LTWDOR M BEFRFOEBSBHEN SN, 42D F M) U AL FUNTE
NEN, THE T AT R W=0 A OBEEIR 1 OU < IFET S
LEZTND, EBIT, THE T AT VBRI DK ER ZhEtex H 5
DL, REATRLULEBERTTHL I ENAMLILTND Y,

FOGBEITT DL, TRV DAL F v T By AE AT 5
FREDA AU RZHRBETT D2 LI LD | FEEPAEN TS & | N KO
NEWiiE T X/ WGk AL D C(sp’)-H f & TR R BUS S EITT 2 D & WIfF LT,

(A) Alkylation of Valine Derivatives
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/T\ /T\ hv T
H H EWG

(B) Selective Alkylation of Valine in Peptides

X O R H o EWG X O R H
H3N\-)J\N)ﬁ‘/N\‘/COZMe cat. [W10032]4_ H3N\‘)LN/H]/N\_/CO2M9
- H z z H =
0 ~ 0]

TS H UV irradiation AT~
H EWG H
N-terminal C-terminal ' _
(proximal) (distal) N-terminal selective
[via ]

S0 R,
¢H3N\V/H\N/l\n/N\v/COZMe
L :

[W1O3]** /I-II\ © /I-li\

electrostatic interaction _

(C) Conceptual Image of Electrostatic Interaction between Substrate and NaDT

e ]
0 &’OO /Poo
.00 [T

[ Oz W=0[-W-0\ )
o-W O|—W-=0

» I 7 4//

\%W _.O—,/VIV-—‘O /Q/ ] /~co,Me

O\O\:OO‘\O/O ~ HN NH
‘ W/O\\{y H3KIIN - Substrate

o) o] ©

Scheme 2-11. <)X et

36



2.2.2 FIHARRET

NY D Csp’)-H FEEEBSSIE, IEET 2/ BOZEBI)EOF Tidk b
WEBI DI T2, WG ORE L LTRY UIZER LY NY T HRA
FICHFEEL TWAHEHERKRT I VO 1O THHN, T OEICET D5
THEVEATHRNWZD, N O C-HfEE ORI EHRBS XU, A
WA RSOGO T T REIES T BIZIE, 7o od T o v VAR ILERTH
HNYr=Trul)r—=7a ) SFEERRE) ORBICPLTHAEBRTE L%
Z. MRICEF LI,

TR UL ERT DN U AF AT AT ERIE 1RO, T A
BT AT BRI KD C(spP)-H TV X AL KGO 24T o 7
(Scheme 2-12) . NV U AF N AT 1N L, THZ T AT VB
HESEAREE(2.0 mol%) B L N7 7 U VR =T )1(2a, 2.0 equiv) DIFEFE R, 365 nm D4
NI T, B L7727 % b= R VLT 16 RERIFIE Lz, ISR OIREY %
RIET R U 0 LK TR 5 2 & T, TV F U4 3a' D o1 NEBR (LK
JEHELT L. R 3a DIER 64% T3 HAL7-(Scheme 2-12), 7235, REET KV
T DOKIEIE TR B RTO S RA Y Z 'TH NMR CEfT L7z & 24, 7% 0
{BIR 3a' DA TR ST, BRI O 21T o728 2 A, BHRFET ETT
XA EST LI2ERY, NY DA Y Ta eV EICEEND AT VED
C(sp-H T /WFIWACRSEIT LA, N B ELDZTAFILT OHND
B-PARTEL DAEMDCT 7 VBT VNES LT AR & OA&RKITER
ST, JRECTH DY A TF N AT VR 1'% 34%0 B TEIT S 41
77
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cr y -COzEt (2a, 2 equiv) Cr

+ +
HaN._COMe  Na, w003, (2 mol%) HaN._COMe
AN MeCN, 16 h T
T 365 nm LED CO,Et
3a”

sat. aq Na,COs5

H
~
25°C, 1h T/]\

3a (64%)
' byproduct analysis
H
H;N._ _CO>Me
EtOZC/\/chone 2 \-/ 2
AL s -COoEt
no product no product
H>N
| %CC%
H COzEt
no product no product

Scheme 2-12. {L &%) 1'O 7T /L L1L

RIZ, 7 ) (Gly) RMEWIGET X VB THLH7 7= (Ala) . =21 22 (Leu) |
AvuAvy (le) . BEXORVUNMIERTDHEEET I B THDH 7 = =)b
7Z =y (Phe) ET Y (Tyr) OT NI ALZEKG L7z (Scheme2-13) , &
DFER, TV AFNZ AT NVEBEE 13T 7 = A F N 27 VIR
ZHWESEEIZTIZ, 7T ERISITET Lo Tz, ZORKIEL, 7V oo
ERIFT o LD "k C-H i & OfE &M= V¥ — (£ 99 keal/mol) &7 7 =
VEEIED—Hk C-H #E G ORE A EEET 2L ¥ — () 100 kcal/mol) 23@E\W\N 2@, T
NG T AT AR X D KF DG EkEPNETH o727 b LEX T
Wh, FUIH L, SR CHAES (893 keal/mol) #HT 51 YV aA v AF
VT AT VIR & AW TR Z AT - T2 BRI, TV AR s 7 AT
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LA~ —DIREWE L THFHICE 47% TR LTz, F2, SR CHEGERT
HRA T RAF NI AT NVIEREE 2 FIOVTZBE, TV LA 67%DILEE
TR LT,

—HT, XRUUNMIEATDHERT I /B THL 7= LT F=EF
DT NF ML E R LIZERIC, R DI D TV F AL A O A Rk e
WCERDrolz, —F T, 77 IV F ALY bEFRIMENBN T~ = |
UNEANEBRICE, 7 2= T 7 =0 OT7 VX ALK HEIT LTz, ZDJRIA
X, THE T AT VRIS LD R DAL DRFEG E PRE T LT
bOD, NVNTDVHMEANT T AN OEMED S < BUOSPERMER
2, XU TGIHNADT 7 Y EET AT L 2a ~OFII S ET Lo
T2EBEZTND, 2B, EEEOT X BEO I VAR AL A AR TE LT W
Z HWTZBRITIE, 7R ALBOSIFEIT LR o 72,

\/COZEt (2a, 2 equiv) AcCl (1.2 equiv)

BN C'_COZME Na W03, (2 mol%) DIPEA (1.2 equiv)
LAY alkylated product
R MeCN, 16 h CH,Cl,
365 nm LED 25°C, 16 h
cr
cr O HaNT_ _CO,Me
H3NH/C02Me HaN__ COMe 3N\{ z
b Gl - Aa AT e
H H
no product no product 47%
,cr Ny +C
HaN___CO;Me H3N___CO,Me H3N._CO-Me
: Leu : Phe H Tyr
H
OH
67% no product no product

Scheme 2-13. NV L UANOT 2 RO T VX ILVAL
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LD X BIRT R JBThiul v A Vafr N DT v
X IALEIC T T H 2 E B B MIT/e o7z, £, 2019 4T Britton H1EL, 7
T BT AT R A e a AV VR ROBS AR LT D
I A Y uA VR OERFISTIE, T AT LAY —DIREWHREL D
e, fRTISNEEC 72 5, £ DT, RIEEFRICTIE, 2 E THREEZ 723
Y OEMEOSORFEEZ B L T, MIZEICETF LT,

T VN AT NSO T VI o W T, T FIACES ORGET 24T -
7 (Scheme2-14) , 7 & 2 7 AT BRI AREE(2.0 mol%)fF7E T, 365nm D&
SRR T, NU U AF VAT VIR 1'E 7~ = kU JL(2.0 equiv) DIRH
WEBR LT 7 b= 1 UL LAKOIREERH T 16 REfHIE Lz, SUS#E DR
B T Tl T F AR ER S22 Ik BRAERMR T
AT LA —DORAME LTI 34% TH LT,

NC__~ i
SN @MUV A e (1.2 equiv)

cr H
H3N+\/002Me NasW;003, (2 mol%) DIPEA (1.2 equiv) \ﬂ,N\_/CO;gMe
/\ MeCNMH,0 (10/1), 16 h CH,Cl» 0O 1
. 365 nm LED 25°C,16h CN
1 NC
then _
sat. aq. Na,C0O5, 25°C, 1 h 34% (dr = 57:43)

Scheme 2-14. 7~ = K J L& HW\7=7 /L F AV

FEWNT, TV AL DB S DO fF 1T > 72 (Scheme 2-15) . 7 H ¥
VT AT UEREEREAFAE T, NY U AF T AT OVIRRRIRIC 7 v FLAIE L
T NFSI ZESE/ & 2 A, 7y RS NIZARYR 10%DIRTDOHRGEH
AUy FR O ITEEHENL & 72 o 7z,
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cr NFSI (2 equiv) AcCl (1.2 equiv) H
HsN___COMe NagWioOz (2mol%) DIPEA (1.2 equiv) w],N\_/COzMe
/\ MeCNMH,0 (10/1), 16 h CH,Cl, 0 I
1 365 nm LED 25°C, 16 h F
then 10%

sat. aq. Na,CQ03, 25°C, 1 h
Scheme 2-15. /XU > XA F )L 2T )UIEFERIE D 7 F1L

Uk X oz, 7~=ue=br U AZ RN Y o OT7 L F AN ITEIT L7z
LOD, TAFIMEAERDOREIL 34% ERIETHY, VT AT LA~—0D
RBEMPIBELNT, £, NV 07 vRBIOGIEL, BEREMEWZ &2,
Britton 23T CIZARIAIRT X/ BEFRIED 7 » FBALRIGEHE LT D72 1
AWFFETIZ, T E THREEZ 7GR T X BN D7 )V AV RS DB
a2 HELT, MHRICETF L,
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2.3 XPHRFEER

N UFHEEIRD Csp’y-H TIVFIAIZBWTC, TVEBE=ULAEMNLE T A v
T AT G & OFFEM EAER O BEEERGET 5720, (LEY 4. 5a,
6 & FHV N, xtRRSEER 21T o 72 (Scheme 2-16),

IHARENC BN T, N v A F v AT VIR 1'O 7 L VARG 64%
DR THEITLIZDIZH L, 78 hAEL T RWNRY U AF LT ATV 4 O
FOFEIT Lo T, 7o, R L2 72 F NV THRE LN VFER
S5a ODRISEATIRSTZERTYH, T AFVLERDIIHONRNoTe, SHIT. 7
R EESTRVREED/NS A Y EHEBEA TV 6 DT X IALKIG S IR
FLieboo, BHAERWZ 5 2 ehoic, 2D ORERIZE D | N UEFER
DT = WL E T H v AT R O B IR SMEE T 5
AREtE. B L OZ OFFEM AN RIS ZRE L TV D AJREMED R STV
7o

X CO2Et (2a, 2 equiv)

R._CO:Me NasW1o032 (2 mol%) R__CO:Me
A MeCN, 16 h :
365 nm LED CO,Et
H
HN__CO,Me N COeMe CO,Me
PN O~ )/\
4 5a 6
<1% <1% <1%

Scheme 2-16. {L &% 4. 5a. 6 D7 L)Lk
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2.4 RSSO REl

BANC, RSSO R b 21T - 7= (Table2-1) , FIMEI DY > A F L=
AT VHIIENE 1'% W T2 SO & 16 BT © 72 BRI, 64% D GC IR TT L%
AL SR 3a ME DT, ROSKZ 24 BERICIEIE L7225, 3a DI
EIA B L7227 o 7o (entry 2), — 5 C SROGKRFH] % 12 RF I HLHE L 72BRI21E, 3a @
IR 52%IME T Lic(entry 3), £z, NU U AF N X7 )VIRIRE 1'OR0D 0
2. NY U AFNATZ ATV NY T A aFRRE 12 3E e L THNW T LR L
CBOGEAToTe e 2 A, WEOWIREN M ELicizd, WEER 69%2m kL7
(entry 4), S DIRBAW AT LI Z A, FECTHDLNNY U AF LT AT )L
W 1 DOEUERN 30% TH D Z ERbhoTz,

BT, RUSTEBED T 24T > 7= (entries 5 and 6), % 1 E Tk~ /7= X 92, 7
T BT AT EREERRIEC K B C(spP)-H BRI, UIr S b C-H A E
D ORI R DR 2R 2T TV D, WD C(sp’)-H #E TORIL &
T, THhE T AT BB 2 -V 2 C(sp’)-H Z2HLS T I T
T F=FUVIEROSEEE L TR OHBEICEN SN Z NG, 7 =T
UV PICARRE 2T o 7o Y BOSEBEHIKRZRINL, 7' h= RV &K
@O/ NRETRBETITo7e & T A, WENORIKT Lz(entry 5), S HIZ/KOEE %
LU, 20/1 12728 2 A, IRIT 55%I2IK T Lz (entry 6), AT HEE L fil
PR OSEMA BRI L VHEIE S TV D720, BT O KOEE OB LE
WOEEEOMME B L S EM AR E ST R EERREES NS Z &
NERTH D EEZTND,

RNT, T BT AT VR DR 24T 5 72, NaaW10032 DD 0 12,
(n-BuaN)aW 10032 Z FHWVTZBR L ICROAK T 28 i B 47z (entry 7)., ASSITIEE D 7
FA U EL & R D T = A L L OFFEM AR AR L TS 720, fili
EHENI T BE—AFRT D ETRISHDEITL TS EEZ b5,
TRITFAT EZTLADTALOEBHSITEY . (1-BuNuW1003:2 DA T
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IH T B — A F AN NasWi10032 LV EBEL . INROK FIZEN -7 E %

TWna,

W, RIEOBF 21T o 72, 405 nm OFEFZE FWZEE, 7 v S A biddEf T L
728, WCEROAL T BB S +u7z(entries 8 and 9), T 4 & 7 AT Rt il
324 nm fHEICHRIINA & D . 400 nm 8 E TR H D Y, ZDT=D, 365
nm DFF & R 405 nm TIEAREE O B D =R R FNAR N & Z 2 B, RO
KFICER T2 D EEZ T D(entry 8), —H T, HIENRWIGA TIERILMN
HEATE, JBHENY & 72 5 7= (entry 9).

X~ , -COzEt (2a, 2 equiv) H
H3N+\_/002M9 Na W05, (2 mol%) sat aq.Na,CO; Oy N._COMe
/i\ MeCN, 16 h 25°C,1h T/h
hv
3a
entry X solvent time light source GC yield (%)

1 Cr MeCN 16 h 365 nm LED 64

2 cr MeCN 24h 365 nm LED 64

3 cr MeCN 12h 365 nm LED 52

4 CF;COO MeCN 16 h 365 nm LED 69 (64)2
5 CF3COO0 MeCNMH,0 (40/1) 16 h 365 nm LED 63

6 CF3COO MeCN/M,0 (20/1) 16 h 365 nm LED 55
7° CF3COO0 MeCN 16 h 365 nm LED 57

8 CF3COO MeCN 16 h 405 nm LED 61

9 CF3COO MeCN 16 h none (dark)

<1

2isolated yield.
b (n-BugN)W, 0.

Table 2-1. &S5 D Al
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2.5 FEE G OrEt

251 NYUVAFANZRATN M) IAA BB 1"OT7 VXML . TAT D
g Nah il

WY UAF T RAT )V Y 7 Fd a1t 28 & LTHY, EFReET
N 2D 24T o 72 (Scheme 2-17) o FIHIRREHT TT 27 U VB F L 2a% ]
WIZBR, 2 INBRE DS EAT L7 B 3a MG S L2 28 IE DT 7 U LR
T AT NV O GA T SERREE O R Cor - NBLEOG S T3, MMk
T TR 5 2 L THERMIBZE 5272, T 7 U Vilktert-7 TV 2b % W
TeBE. TV F AL IZb59% DR TR bV, £7o. T FEZHETLT
W DRSS R ST L, tert-7F T 27 VAT 2 R2em FHIWVEZES, 7L
FIALAER3IIS5%DINR TR LN, TAF =N EE{AT LV AF AT r e
=AT 7 U7 I R2dEHWZEE, B RAEBI3AINEE42% TR B LT, — 7T,
n-7FNT 7 VAT I R2er HWTCBITITAERI3el TG b o7, ZDJRA
X, 727 UNT I ROEHR—KEEG LT HZ v T AT RS D B TK
ANDEREND O THD EEZ TN, — T TommEm\ 2L UBe DA Tl
SAKBEEDORETT 5 0 7 AT UG & OKRBREE DB S I Wiz
B, C(sp-HT VEIMMEERIENEIT LIz b DL EZDbND, £/, BA (Z==
VAR =)L) T F L uE FOVTZBRICIE, OSSR R < EIT L, TSk
A3t e BIFRINER T 272000, 7 2 =)L E =)L ALk L 2g% FAWTZ5HE
TIET VT ACROSITHELT Lo T, SONER DIREWZ T L2 & 2 A Uk
THHNY VFERLE 7 2= )L E =)L ALK OREIIERITZFF197% & 94%
2oz, TOHHAIL, 72 EZ L ANVKUIEIER (=)L ALIR=)L) =
F U AR TEREIETH D ANK= VKON DT, FEEDKFHE
FlEHXITL Y AERT DREN 2T 2L L DRUSHENMENN S TH 5,
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1) TFA (20 equiv)

CH,Cl,, 25°C, 4 h H
BocHN.__CO,Me then, remove volatiles \H/N\_/ CO:Me
: 2) 2 (2 equiv) 0 1
PN NaW;0035 (2 mol%) R
MeCN, 16 h 5
1 365 nm LED R
then, sat. aq. Na,CO4 3
3) AcCl, DIPEA
H H H
N._CO:Me WN -COzMe \[(chone
"l Tkt Mk
0 N NK
H N
3b (59%) 3c (55%) 3d (42%)
H N _COM H
N___COMe ©
~ 2 W : \H/N\/COZME
z O :
0 0 o i
U SO,Ph
N~ 7N SO,Ph
H SO,Ph
3e (< 1%) 3f (53%) 3g (< 1%)

Scheme 2-17. 7 /L7 > @i FH &

252 URTF RIBIT D NRKIENY VEREDT VF AL
AFHEF, NV U E2ELURTF RO Csp’)-H T LIcbEHATE 5
(Scheme 2-18) , ~7'F RIZFARFIZLAFEL TEY | ZOEHERZ C(sp’)-
H SO T A e T o2 (Late-Stage-Transformation) (2| CT& % &% %
TW5d,

FTIEN KN V2 FHT DT T ROt 172, N U AT LT
ATV N 7oA a R 1", ORI T RORSIRITOCE T 57
D, TN DY AR L CRIRE T T,

T VNEBETTF IV 2a ZRHWTEER, NY U AF L XTIV N Y T v HEERYE
1" DU & FRRS, 23 FB LT LI AR o Tnd, NY =271
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VUV RTFRITRONY =T T2 DVRTF R 9 ORISIIRE A < AT L.
TV NACAERY) 8a, 10 NEIHRIRTH LN, F/-. XUUNLVEELZHFTH
Ny —T 2= VT T2 DR TFF R OISR, N v — T E I Uy~

TFR13 OEHENREILSEITL, TAXLEFM 12 BL O 14 25 % 7-,

1) TFA {20 equiv)
o R ihen emove voaties 0 K § 1§
' O._N
BocHN \)LN /'\002M e : \._)LN CO.Me
H H 2) 2a (5 equiv) : H
A Na4W100z (4 mol%)
MeCN, 16 h

R=H(7) 365 nm LED R = H (8a) 66%
Me (9) then, sat. aq. Na;,CO3 Me (10) 60%
Bn (11) Bn (12) 56%
(CH,),CO,Me (13) (CH,),CO,Me (14) 65%

Scheme 2-18. N Kz NV V2 HTHOXTF RO T L F A

S—

— T ARFELT-NRY T DT F RTO KIS TR, D NE LI ET
B9, T AT I A I8b N ZA2% T H417-  (Scheme 2-19)

1) TFA (20 equiv)
CH-Cl, 25°C, 4 h

0
O then, remove volatiles H
; N
BocHN__JL ~r \._)J\N/\COZME
TN COMe 5 2h(5equiv) -_H

o
P Na,Wy0032 (4 mol%) /t/ .
MeCN, 16 h COyBu

7 365 nm LED 8b (42%)
then, sat. aq. Na,CO5
3) AcCl, DIPEA

Scheme 2-19. 7 /L7 > 2b Z AW = N RKIglZ NN U 2 EGTe XTI F RO T V¥
%o

LIED VT F FORGHIBW T, FUSREYOIT 21T 7o & 24, Bl
VI OARUIBIN ST, BRVER ORI A T, WRIED T V7 & RS

DONKIH AN VIRIEEZHT 5 VT T RABEIN ST,
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253 URTFF RIZBITE NRKEEND 2DOHDONY VEREDT VE ML
NEUEN D 258 DY UEFEOC(sp®)-HT /L /WAL Z #iET L 72(Scheme 2-20,
A, 7V =N ORTF RIS T T VXIS EITR T2 8 2 A,
HI L3257 VX /ARAERPI6IIS bl hode, UGk DIRE Y % T LTz
& A, BAERDOERITBI ST, FETHD 7 U v — Y UFFERD
7% DICETEIN STz, —FH T, 7 7= —RNY U IRTF RITIR T ==L 7
T ==Y URTF R19%E WA T, TR A RA18a°20%
BEOIETH 2, 7V r—nN) VX TF RISOKIEBET Lo Tz
JRIRNZ, NREGDEREA O a fIZEBESFET 55551213, Thorpe-Ingold%)
FATHRL U 7B HIEZN S L 0 | BEDS b T 2 AR D P RT T RO KR R
FRCELTE, MIIC LD KFROSIEHREDMEESNIZDTHDH EE X T
W%, 7235, Thorpe-IngoldZh A FIH T 2 KTl 8%, F— D1 klz2o
DEBILLEANTDH Z ENRZVNR, BEEN 1O TH > THRIGDIREZ IR
bHHZENREINTNDY,

S 6T, N VEREORISHRANREG N D S HIZHITWD, 77 =—T7
==Y MY RTF R 2O TRF ZIT o 7208 7V T AL ITEST
B9, BRI & 72 > 72, (Scheme 2-20, B),
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(A)

1) TFA (20 equiv)
CH,Cl,, 25°C,4 h
then, remove volatiles

g 35

N COZMG N COZMG
BOCHN)V( e 2) 2a (5 equiv) H)ﬁf e

0 A~ T

Na4W10032 (4 mOl%) (0]
MeCN, 16 h /QCOzEt
365 nm LED
R=H (15) then, sat. ag. Na,CO3 R=H(16) <1%
Me (17) 3) AcCl, DIPEA Me (18a) 51%
Bn (19) Bn (20) 43%
Steric effect of N-terminal residues
R=H R#H
5N 5N
O/(g‘ 980/‘950 N O/(g‘ 0o 050
[ Ol-w=o-w-0 / O w=o-|w-0\
0=w—|0 ( | —W=0 0=w—|0 07— W=0
\%W =[0=W+|=0 | I \%W =l0=W+|=0 1/
020| 0 O’ o) 020| 0 O] o}
3 206210° o - N0l T,
W W I~ W W [
1 1 + N COyMe 1 1 + NH
o) O H3N H @) OH;
R
(B) 1) TFA (20 equiv)

o CH,Cl,, 25 °C, 4 h
H then, remove volatiles
BOCHN\_)J\NJ\H/N_VCOZMG No Product
EOH 8

2) 2 (5 equiv)
PN Na4W1OO32 (4 mol%)
MeCN, 16 h
21 365 nm LED
then, sat. ag. Na,CO;
3) AcCl, DIPEA

Scheme 2-20. N KB D) VO T L3 4L,
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254 T2V —=NY VIRTPF ROT VXML . 772 O FA#H
NEKWGENS 2OHDOT I /e L TN VEREAT LT 7= Y
RTF R1TEIEE L LTHW, 7LV v o H#E B O RE %217 - 72(Scheme 2-21),
NaFURTERTHT VT ORISTET L, e A URETERR D Z L7
<. HHVERMI8hZ46%DINETH 2 1=, £7-, EFRKBIMED MY 7141 2
FNEEGT DTN OYA, BRAKRDISIIT3%DIETH LN, &6
2. = FINAVERTE MRV EELAT LTV ORGSR EITL, TV
X A4 R18jC18k % HHFRE DUNR T H- 2 72, L EDORERNG | NERMGN S 2
DHDOANY CEEOKISONERIT, NRIAN Y FREDPERITHANTIER T LT,
WERPMET LIZBHIE, 7 =0 LML & ORREL, NRum AU UK OUN
Ko H 2 DHONY VRO T RN, THH T AT Rl
L BKRFEOFEHREPEL ol 8B Z TV D, 2B, BUSHE OB % ffbT
LR, BRI CTHLT 7 =0 — N1 ORI T RFEERNEI S Lz,
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1) TFA (20 equiv)

" CH,Cl,, 25°C, 4 h )OL Jw(H
then, remove volatiles N CO,Me
N. _CO.M ’ ~ 2
BocHNJ}( ~COMe N :
0 -

2) 2 (5 equiv) o]
NayWiqOz (4 mol%) /QcozR
17 MeCN, 16 h 18
365 nm LED
then, sat. aq. Na,CO4

3) AcCl, DIPEA

Jﬁf \/002Me J\ﬂ/ vCOgMe
U @V /u U

18h (46%) 18i (43%)

0 0
H H
A /H_rw\_/cozl\ne )LNJ\WN\/Cone
H o s_o0 H o ~_ o
/E;KGNJW 'ﬂiﬂmfxpm

18j (50%) 18k (47%)

Scheme 2-21. (L&Y 1T DT VK NMAVL BRI T D 7 VA 2 O FH #iFH

2.6 BIRG2ANY UEREOT VIV

2.6.1. DT X B L DIEFTITRIT DBIRERANY VEREDOT LF AL
o7 I EREDIFETITENTE, AN ERHSERRIIT T L F ARG DY
AT T O EMEND DT, LT OFEREZIT -7 (Scheme 2-22) , 77 UL
TF 2%V, NY U AF LT RAT L N TvA a BB R 2B R
BERON-TEFAT I JBHERED 1 LIRAEMOT VXL a2 Lz, 7
=T T =5bR0 R T N7 7 SO F T TIE, N VERETOT LF L
L7 AT L. BRVERM DAL T 2 & & B, 5bX°5e2390% 28 X 2 [H]
WERTEIN SN, o, KEEEZFTL5Fr 540t U S, /LR g
MERTHINE I VS, BLOT I NEEZHT L7004 I U 5gn A7 LTS
Th, AN VR TOT NV FALROSIEE 7 < SBIRMICHEIT L REL 2T 2
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J R mWIEIER TR 2 Z &N TE T,

1) TFA (20 equiv)
CH.Cl;, 25°C, 4 h
BocHN. _CO,Me H COM then, remove volatiles
~ + o o2e 3a -+ 5
= 3 2) 2a (2 equiv) (recovered)
- ° R NagW;oOz; (2 mol%)
1 5 MeCN, 16 h
365 nm LED
then, sat. aq. Na,CO4
Class I little effect on the reaction
H H H
Y N \/COZMe WN vCOgMe W N \/COZMe
o - o - o -
e f L
N OH
H
5b 5c 5d
yield of 3a: 52% yield of 3a: 49% yield of 3a: 51%
recovered 5b: 94% recovered 5c: 92% recovered 5d: 90%
H CO-M H co,M H CO,M
\[‘r 2 © \’-( ~ € \l_r 2 €
o o o
2 Bk
0O~ "OH 0O~ 'NH,
5e 5F 5g
yield of 3a: 56% yield of 3a: 62% yield of 3a: 57%
recovered 5e: 92% recovered 5f 99% recovered 5g: 99%

Scheme 2-22. D7 I J BROIAE T TORIRA 72 VFERILO T VX UL —F
D1

WHMEEREEZ G AF V50UV USIOHF T T, 72/ BE5Sh<05i0
L RITE NS T2b DD, XU DT F EAR3aD IR O T 2B & iz
(Scheme 2-23) . £ DKL, ABISEAITIVT, ShLSIOMEIAFET D1
HEMERERET T 0 bAbESh, THE 7 AT R EAIE L ORI E B A
TERDIER S LD T2, /N Y ONKURO T V=7 NERAL & filllt & OFF A A
TERPHEINTL DT EBZE LTS,
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1) TFA (20 equiv)
CH>Cl, 25°C, 4 h

H .
BocHN cone then, remove volatiles
: N._CO,Me s . 5
- = 2) 2a (2 equiv) (recovered)
S o R Na4W;003 (2 mol%)
1 5 MeCN, 16 h

365 nm LED
then, sat. aq. Na,CO4

Class II: inhibit the reaction of 1

\ﬂ/ \/COZMe YH CO,Me Y \/COZMe

0O ~OCOCF
t\> 3
NHBoc NH3

5h 5i 51
yield of 3a: 17% yield of 3a: 20%
recovered Sh: 99% recovered 51 95%

Scheme 2-23. O 7 I / BEOIAFE T TOEIRI 72N VFRILO T LV Ak — %
D 2

DEDX iz, RYUANIHFSHET IV BEESOVEIE TR TEX 5 2 &
Mh, ENODOEREEZELATF RICRFIELZHND Z LT, AN VRS
R B WS FIRETH D Z LR I T,

— T, —HOT I JEBOFIET TR, TAFuEANY UKD Csp’)-H
OO SF o7 I 7 BRI IT H (T L 7= (Scheme 2-24), N-7 & F
WNAFH =2 5] DIFHE R, TAFIWERISERF LTcE ZA, N DT LF
JALIERDIROR T RBRI S, N-T 2 FAAF A= DEILERY 60%I2 L L
F ol KIGHRDIREMEMIT LTI2& 2 A, A TFF =V EEOHER 1D 2 >0
a L C(sp®)-H FEA D ZNENT IVF AL ST AR D355 23% D ILER THERS
SN, SHIT, VAT A U Sk BFET 25E TE. AU o7 vF bR
PIOILRIT 33%ITIE T L, R#EV AT A I B TE R Tz, RRHD
REVOINT 21T o1z 2 A, VAT A VERORER T EICT7 XA b’
1T LT BN 80% DR TR L NTZ, £7o, N-TEFbuA v 51 OFETF
FIGEAT -T2 2 A, NY U OT NFIAGERD 40%DIETH LD L & BT
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N-TEFaA DT AT ILEPIER 12% TH LI, S OFE FOKIG
T7r hALLTEANY UIHERTORIE B L TET LIS/HERIL. 7' =
U LERAL & R & O FFEA FAE 3 ROG OfREIC EE A F A R LT D Al
BEMEAZ R LTS, £70, BB L7 N-7TBFAND v Sa TIET VF bt
ITLZR T L N-TBTF A 2 81 DT v F )AL EST L7 BRI,
NY L Tasf O AF 2 Csp)-H AT L0 ONAREEN DL |
OA DT I IALERET D0 T VBT LN E T X T AT
BRI CARIE & D ICB) < FREM EAEAN LA TRV D LEZ b,
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1) TFA (20 equiv)
CH,Cl,,25°C, 4 h

H -
BocHN_ _CO,Me N then, remove volatiles
~ ' ~-COMe 3a + &
- = 2) 2a (2 equiv) (recovered)
a °© R Na W10z (2 mol%)
1 MeCN, 16 h
365 nm LED
then, sat. aq. Na,CO4
Class Il converted under the conditions
H H H
\ﬂ/ N \/COZMe \[( N \/C02Me \ﬂ/ N \/002Me
Qo = Qo - o =
\ ~gH \r
SMe
5j 5k sl
yield of 3a: 36% yield of 3a: 33% yield of 3a: 56%
recovered 5j: 60% recovered 5k¢ 0% recovered 51: 80%
alkylated products from 5§
H H
N_ _CO;Me N_ _CO;Me
Y MY
o = o) iwfxﬁqa
S._~_-COEt SMe
23% combined yield
alkylated product from 5k alkylated product from 51
H
\ff \/COzMe \[(N _-CO:Me
0 z
IVCOZEt \ﬁ/\COzEt
80% yield 12% yield

Scheme 2-24. D7 I /) BEOIAFE T TOEIRI 72N VFRILO T L A — %
D3

262 220DONY VEREEFTEIRTF OB Csp’)-H 7 F V1L

213 TR X DT, IBMIEY X Va2 G 27 F ROAEERAYZEHK
JRIIRTEHEE ETHY | ZORBIITHE L > TnD, SEIFA%E LI FiEL H
WTC, BEOKIEREAT DXTF ROT X ACLISIZ BT DAL ERRMED
i A 4T - 72 (Scheme 2-25) . ~7'F RONKWi&E 71 hAfb$ 52 & T, T
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FROT VB LEET N T AT VBRI e OFEMEAERICED
NARUGDUTEFALOD N Y FRIETORURH IEWRALO /N Y PRI TS L THEAT 4
HEZEZBND,

EFT. ANV =T T7= N NIXTF RMROKEEREF LTEEZ AN
KN LRI OC(sp?)-HEG R T VX b S NTe DB | 53 T INBRAL R DS EAT
L 72 A pli23 8 IR 44% TEEIRIYICHS 7z (Scheme 2-25, A) . — 7T, UG
BOREWESNT LT & 2 A mBLDO /N Y U EREEDOC(sp®-HEE A DN EH S iz
AT R BIISNT BRI CTH DY =T T =0 — Y UEFERNS54% D
[EIRClEIN S 7z,

N T, 77=2—NU =N hUXRTF RUDOT VX AR & 5t
L7z (Scheme2-25,B) . RUGZEAT o 7oA, BEWY | NARUWmDUIFALTH 2 2
SDHDOT 2 JETH DN VIRIETT VX AL EST L2 A2 73 5 540, N
Ko 3OBDOT X VB TH DN VRN T VX AL ST AR 28
SNRro T,

BEWNT, N =N = URTF R26D KIS Z R L7z (Scheme 2-25,C)
ZOEEMTIE, WTHhONY VEREL T VX EIN I 52 b, ZOME
BERMEICBLR S RF 720 5 SOGIREE D 3G 72 & & BIC, SOGSefth o Feidifb 217
ST & TAHNKAN Y VERIED B CRUS P EST LI AR & W 5 D3 5%
FECRSDHEIT LT A28 1OBRMETIHEOND Z 2 RH L, £,
ZDORIFITBWT, NR&ENS 22 DR UFRIEDC(sp’)-HiER DHN T L%
JAL ST RIS e o 72,

VL EDFER NG XTI TF R FICEBEONY VEREDFIET 256, N K
DY FRILD C(sp)-H B TOT L F MALIE P ALEERAYICETT D
ZEBH LN, FEOT =T AL & bl & OFEM AAER N K
JONLEEPPERIBENC R & 2B 2 B2 L TV A ATREME DS RIR Sz (3.9 EBr
THO Figure S6 (2 D EEHZ R L TWD) |
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{A) Alkylation of Val-Ala-Val

o
H
BochN._JL /Hr N._CO,Me
: H :

N 0 _~_

29 1) TFA (20 equiv)
CH,CL, 25°C,4h

then, remove volatiles o

2) 2a (5 equiv)
Na;W,;003; (4 mol%)
MeCN, 16 h
365 nm LED
then, sat. aq. Na,CO4

(B) Alkylation of Ala-Val-Val

0
H
BocHN\)J\Njin/NvCOZMe
- "o /\

24 1) TFA (20 equiv)
CH.CI,, 25°C, 4 h
then, remove volatiles

2) 2a (5 equiv)
Na4W10032 (4 mol%)
MeCN, 16 h
365 nm LED
then, sat. aq. Na,CO5

(C) Alkylation of Val-Val

1) TFA {20 equiv)
CH,Cl5, 25°C, 4 h
then, remove volatiles

BO{:HN\;)(J)\ j\/

N~ "CO,Me -
H 2) 2a (2 equiv)
Na4w-|00m (2 "IDI%)
MeCN, 6 h
26 365 nm LED
then, sat. aq. Na,CO5

N

H Q H
N\_)J\NJw(N\_/COZMe
z H z
Lﬁ o T

23 (44%)

CO,Et

H
N.__CO,Me
o /:\

0
HzN\_)LN
C N

25 (45%)

N~ ~CO,Me
N €O,

27 (42%)
+

COsEL
O

o2

28 (4%)

CO,Me

Scheme 2-25. 2 OD /Y VG T 57 F ROERW 7 C(sp’-H 7 /L F /L

1t
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263 NV UBLOA T UVEEEFTHTF FORBRIREZ: C(sp’)-H 7 /L%
il

2.6.1 THRAR7Z X D12, KRGS ZEHAWT, oA ¥ 8RO C(sp’)-H FEE
THETNAXIMERIEDNEITT 5 Z ENbholc, 22T, v hAvbEn=nY
y=uA PN TF R v, RS OAEERMEOFHE 21T > 72 (Scheme 2-
26,A) o NUr—uA T UNTF RFEER29 & N T A v R TR S
LIV EONET R AEOT VXL ERG LT E 2 A, N KA
U UEREE TS EIT LA 30 28 8% DINETH- 2 b, C Kiin A v
FRIE TS DT LT AR 31 23 47% DIHETH LT,

T UE = BEED DIERRALOD 1 A B T RS AV SR BT HELT LT A R
X, v VU BREOBER I EHOYIM N oo ar T A—va VB
FNZ7r otz LT, A C Riin A VU BRI LT oo Th
HEZEZTWD,

FRLIEARNY = XTI TF ROT X IALKIE T, #fF L Tz
L9 7R Y VR IERINE e TV X URIEEIT L o T2,

ZIZ T, BAVUBEREN N RGN O EHICHNIAN) =T F=v—m Al
¥ FUNRTF R332 OTINVFIALIE Z ES L7z (Scheme 2-26,B) . & Difif &,
XY FERFECRUG DS ETT LT AR 33 23 21%DIETH LI, v A v EET
BOGSEAT LT AR 34 13 3% LG hrole, TORRIZ, vnAf %
BT TF RHRIZBONTH, N RIICHAET 530 V3RO C(sp’)-H fE A % 15
VIBIRMECEMAIEE TCH D Z L2 RTHDEBZEXTND,

HNT, T hIR_RTF OB AR T LEEZBIEL. N =T =0 —
TI=r—uA YT NIRTF RISOMIGERRFI LIZE 2 A, IFFL T
BN 72 7 L ARIZHEIT L2 7= (Scheme 2-26,C) , ZDJRIX, VU > —
Ty =T T2y —uaA VT 8T F ROT b= U SOERRPENR
WDl LB NS,
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(A) Alkylation of Val-Leu

H 0]
O.__N
T/\.’fJ\N COsMe
z H
1) TFA (20 equiv)
CH.Cl,, 25°C, 4 h 30 (8%)
O then, remove volatiles
+
BocHN
\._)J\N CO,Me  2)2a(2 equiv)
Py H Na,W;0035 (2 mol%) CO.Et
MeCN, 16 h o
365 nm LED
e then, sat. aq. Na,CQO5 HZN_JJ\N CO,Me
z H
PN
31 (47%)

(B) Alkylation of Val-Ala-L eu

0
H
BocHN\)-I\NJ\WN\/COZMe
: H g

H Q H
Al Y o N_A Lﬂ/chone
: H :
32 T;fx 0
1) TFA (20 equiv) Y
CH,Cl,, 25°C, 4h 33 (21%)
then, remove volatiles
"
2) 2a (5 equiv) o
NaW;004 (4 mol%) H
MeCN, 16 h HzN\_)J\N N._COMe
365 nm LED : H :
then, sat. aq. Na,CO3 PN o
34 (3%)

CO.Et
(C) Alkylation of Val-Ala-Ala-Leu

1) TFA (20 equiv)
CH,Cly, 25°C, 4 h

O ] .
H then, remove volatiles
BocHN N
\_)J\N /%.‘/ \)J\N C02Me No Product
: H o H H

2) 2a (5 equiv)
Na4W1 0032 (4 mol%)

MeCN, 16 h

35 365 nm LED
then, sat. aq. Na;CO5

N

Scheme 2-26. NV VB LU v A T UEEEA AT H7F ROERA 7 C(sp’)-H
7 VAL
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264 2000V UVEREERTHTTF RO C(sp’)-H T F 4k

FWT, 2200 A v VEREEATHTF RO C(sp’)»-H 7 LF AL DL E
BWPPEICBBR N 2D, e/ —uaAf P _TFREREELTH
W, BSOSO BBl 21T > 72 (Scheme 2-27) , v A vy —a AT
NRTF RFFERI6Z N 7 VA uFE AT L LIC kbR T o E=
7 LAHLD C(sp’)-H T X/MUIZOW TR L& 24, N Ko A 3 LT
FOSSEIT LT A 37 BEOY C Kt e A o VR CRUSHAEST L 72 AR
31 BENEIN3%E 2%DIRTH LI,

FRLlemA vy —m A T ORTF ROT NVF OIS TIE, BIFFL T
7o X977 N Riv A o VERERR R T VX U ITET Lo T, 7T UE=
U DERALI S WAL D 1 A 2 BRI T RUS MBS HETT U 7o BRI 2R BRI TR
ZH BTV Scheme 2-27 IZR LTSI O X 912, A v Ui EDE
BT RY EHOT MR sTca T A= a URFRNT IR o7 2 & T, fil
BEOKFEG EHERREAT HMFER T (RE) 2 N RKiin A o U FRIEOKFER
T XV CRbinw A > FREDOKFRF (Fkfa) ITHELLT R TH
5HEBZ TS (3.9 FEBRIHD Figure S7 20 A OBEEZRLTWND) |
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1) TFA (20 equiv)
CH,Cl,, 25°C, 4 h
then, remove volatiles

2) 2a (2 equiv)

0
H,N
2 \7/H\N CO,Me
I H
WcozEt

37 (3%)

CO,Et

(0]
BocHN;JJ\{}jl CO,Me
3 Na4W10o32 (2 mOl%) e)
MeCN, 16 h

\( 365 nm LED

36 then, sat. aq. Na,CO3 z

Conceptual Image

Scheme 2-27. 2 5D A ¥ UKL EHT H T F KD C(sp’)-H 7 /L F /L1t

Fio, ERROT VX ARG DR 37 3 LN 38 DRfE 2 R ET D721,
BON— N TILEW I8 EER L, vl vy —af vy IXTFROTILF AL
AR D NMR & GC & Hlg L7z, 3. HBTU & AIDAF/E T T, N-Boc-H A
kT MMEEINTu A v ATF NI AT IOVIERRE & OREE IS ET o T,
"BONTZT T TF RE R, HEBOFE T T Boe EEMMRET LI LICX
V. AR 38 315 B L7z (Scheme2-28) , £ D, AR Lo A v r—mA v
YIORTF ROT IR IAUISDER D E D NMR BE O GC 2l 52 &
T, BRI OIS & RS LTz,
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Ccr-
4
BocHN. _ COH HaN._ COoMe
z + z

Y W</\C02Et
HBTU (1.2 equiv) CO,Et
DIPEA (3 equiv) o
DMF BocHN \_)LN
: H

0°Cto25°C,16 h

HCI (6 equiv)
1,4-dioxane
0°Cto25°C,4h
then, sat. aq. Na;CO3

CO,Et
0
HZN \)L N
: H

38 (81%)
Scheme 2-28. BIDOE A/ — MMZ X H6EY 38 DAL
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2.7 RSB IZ BT B RRET

2.7.1 F#EMEIER DFIEDTEH

TR LENLE T B T AT AR RN A8 < BEEAR AR O 1F
TEZRRES D720, NMR ERZ1T o7, N =N U AF LT ATV Y 7
VA O EREEY 26'D 'THNMR &, NY v — Y U AF )L AT )L U 7V 4 o
Ml 26' L 0.1 &, 0.5 K&, 0.8 YEB LU 1 HED(M-BusN)aWi0032 (TBADT)
DIREWD 'HNMR %, N ENE7 & b=k UL THIE L7 (Scheme 2-29) ,

Mut Without TBADT

T 210 A 1,‘5 T 1‘|0 T |0.5
X pﬂ!sperhﬁllmn Pnlnn

n }L L JWL L.

ﬂ lﬂ u 0.5 equiv TBADT : U U L
4. 5 T o ST .I T
U U L

T

M JL J Equlv TBADT
Scheme 2-29. N > — Y U AF )L 250 N 7L o FEEEE 26' &

X pﬂ!sperhﬁllmn Pnlnn )
J U Qulv TBADT

[ppm]

4.5'
[X - parts per Million - Pnlnn

TBADT DJEEY D 'THNMR (400 MHz, CD3CN)

NRY =Y U RAFILT 2T )L " 704 aFilelE 26'™ 'H NMR & ki L,
T HE T AT B A RN U2 N Kb 2 o AN o7 e b
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v HPTHART, N RN U o7 a by H TIIKRIEZRERGSS S 7 MBI &
7~ (Scheme 2-30) .

(A) Chemical shift of the mixture of H-VaI-VaI-OMe-TFA (26’) and TBADT

CF,CO0 0 \/L/
HSN\)k +  (n-BugN);W40032

CO,Me

Ha

26’ TBADT

chemical shift (ppm)
1:TBADT Ha HP

1.0: - 2.219 2.151
1.0:0.1 2.249 2.154
1.0:0.5 2.275 2.155
1.0:0.8 2.285 2.155
1.0:1.0 2.289 2.155

(B) Variation of chemical shift

0.08
/
r
S
&
g 0.04
0.02
Hb
0 J
0 0.2 0.4 0.6 0.8 1.0
26’: TBADT

Scheme 2-30. 26' > TBADT DOiEE¥® 'H NMR @ Hr g
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BNT, TUEBE= T LML E T X v 7 AT R & ORI < 578
MEAEROHFEEBRET D72, NU U AF LT 2T )0 b Y 704 o B 1
DT IVFNMEEISIZ U 7 A alfig) s U o LAEZRINL, £ OB O
Z4T-o7z (Table2-2) . £, Table2-1 TORMMRFHTLD, N AF LT R
T v b U 7V v R 110 7 v 3 AR 3a 7Y 69% D GC IR TER b7
(entry 1), — 5T, 02 4 &ED MY 7L A ulifgEt bV ¥ A2 TN L 7B,
AR 3a DR 56%IAK T Lic, &b hY 7t afiig) ) o LAEo&
Z1YEICHOLIE 2 A, AW 3a OIERN 21%I2IK T Liz(entry 2), T
SOFERIZ, Y 7 AA uliiE T b U AR EOEORIMCLY Ty
LML T B T AT AR & ORIAE) < FEAR AR O TR AN E &
NizizbiztEx o5,

CF3CO0" 2y -COzEt (2a, 2 equiv) H
HN__COMe  NaWiOs (2mol%)  sat aq Na,CO; O N COMe
PN additive 25°C,1h QT:V/ﬁ\\
. MeCN, 16 h

entry additive equiv GC yield (%)

1 none - 69

2 CF3;COONa 02 56

3 CF3;C0OO0ONa 1.0 21

Table2-2. U 7/ A i) N o AE ORISR 5 %

£l 24 FMERFETTRLIC L OIS, ROSIBE ARG LIZBRIS, IWBEh ok o
FIEEESC LI L A RO T B S i, Wi ok OFIG ORI
W, WO A L FREAEEANEES L ZLBNFERTH DL EEXT
W5,
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U EOFERIT, ToE=w AEEThZ 2 7 AT Ui & o R <
HEMAVEHAOGEE RET L LD TH S, FHEMEMEAICL D N EKEHAY
FEHD C(sp’y-H T A X ERIEMEE S L= b D L E X T,

272 A7 Y v ZRAVE A Y —(CVHEIE

EHIT, ZOT E=T LAEALORENTT = A MO & O FREMHAAEH
WZE OV RISEHRET D72 TIERLS, 7Iva27u b ML TT U E=U L
2T 52 & T REORKISHEEZRET 2HEE LR LTND,

AR L72 K912, ARS THWO N T I # o 7 AT IR AT 4R wo
DR LR ICEN L 244V (vs. SCE) Th V. EEHOBRLEN N 2.44 V LV K
Gl 3 —E I L EITT 5 4 2019 41T Vullev & 2358k E L 7oA Al R O 2
EBALOFHE T EEZBEIZL, NY U AF VT AT V@) OBRLEMNZFH L
& A, 177V Th o7z (Scheme2-31) ' T72bb, WHZ 71 FALETIZ
FinEEn e 7 ER—ETFBbIh, BFF 7V INEHE DTG
WET LR 2D bDEZZT-, —FT. 8278 N AL L TT U E=U LM
235 2 & TUAE ORLEMIIABEEYERE wO OfR(LiZETEM LV &< R0
BEBBLENICL 25720, KIRE—E B TIER < KRER 5 k=
B CTHEITTED LI tBEZ TS,
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0.600

0.500

0.400

0.300

0.200

| [mA]

0.100

0.000

-0.100

-0.200

10 12 14 16 1.8 20
E[V] vs FefFct+

Scheme 2-31. V1 7 V) v 7R HZ A N Y —(CV)HIE
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2.7.3 #EE LGRS

KBS DT v F MACER I OHEE BOSHME A Scheme2-3212 "7, T X 7 A
7 BRI G W10032] 1T ER AN D IREFIT & 0 JihiE S 4, [Wi0052]* &2 G- 2. 72D
Bl R R I L D IEEREWOE £ U 5, IEEREwO L N 7 =T
LHEER AR L OF BRI ALY . AR EWOILSOS AT LD b
NY T =y MMEOCp)-HIEE N OKBIRFE2F| &, TAVXLT D
VB LOH WO %525, AR LT ALV DONVITEFAREL LV 7 4
YEDORINZE Y TSN T DI NFRIERE 52D, SHITZ, TUX
JVHEADHY [Wi0032]” & O —EFBEIR L0 7w F o BENC XL D BHAEVERY
PELND &L BIZ[Wi0n] N EAET 51317,

0 - 0
H3N+\£)-g< wa‘"ﬁN\i)J?’\ H3N+\:)-L§<

P H /ﬁ i /:\
Electrostatic
L Interaction

wQO B
S EWG
H* [W1g0z]>
[WieOsal* o
h:'\ SET/PT, HaNl_)L;{
[WigOxl* :

/D/EWG

o
+ -
H3N\:)Lf; EWG = electron-withdrawing group
/tf EWG
H

Scheme 2-32. #E & S iAs
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2.8 B AL 2E A

RKFEEZHO, NY L AF LT RAF)L N 704 afifEEl" e 7% =1 i
EHT DT 2dE DROGIZ K0 1G BT AERD3AD G b 5/ 72 i %
L7z (Scheme2-33) , X P LT ¥ R(1.2equiv). Cu(OAc):(10 mol%)Is L OV
22T Y U AQ20 mol%)DIFIE R, tert-7 F LT L3 — )L EKDIRE
%Wﬁﬁmﬁ%%ﬁﬁé:&?\%%ﬁmi%79F—7wﬁymﬂ%mﬁm
FORN(CuAAC) N HEFT L, ERANC B U 7 — LihiER39% 5.2 1=, = Oft 1
ARPEEERIERKE NMFaryalr—vay) ~LHEHAMRETHLZ L%
AL TIN5,

1) TFA (20 equiv) H
CH,Cl,, 25°C, 4 h YN\_/COZMe
BocHN_ _CO,Me then, remove volatiles

Y TR
: 2 K
S 'S TS
1 N' 3d (42%)

H
2d (5 equiv)
NasW1903 (4 mol%)
MeCN, 16 h . .
365 nm LED Ph™ "N3 (1.2 equiv)
3) AcCl, DIPEA Cu(OAc); (10 mol%)
sodium ascorbate (20 mol%)
£BuOHM,0 (1/1)
25°C, 14 h
H
N COzMe
39 (> 99%)

Scheme 2-33. $ifiiEiz K57 ¥ R-7 /L% U [3R2) B LS
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29 &S

KRETIE, THE T AT UBECIE A e VEFERRT VB =T A
HE OALEEIR 72 C(sp®)-H 7 VX AR DWW TR <72 1

EFIX, T BHEEROT I EETr N ALLT v E=v A ETH D
& TR TITEMANEE 22 N Y FFEARD T VX ALD EHL, F6 L OB TE %
RYEDHIENFIRE L B R IR EAT o T, T8 7 AT VB el 2 v 7z
B, 7'm B AL L T RN Y IR T T AL L7e N IR DT L
FIACBOS D EIT Lo oIzt L, MU 7 v afec7 e Ak Lien
U VHEROT VX MEBOSITHEITT 5 2 & & R Uiz, ROSHERE O REEIZ B
VT, NMR FEBR LK ORRFEEBRIZ L 0 . 7 =0 AL & Al F A AAF
RABFET DA R S Lz, £72, CVIIEICL Y, 71 hAkic L v &
BOWACEN ZRET 5 2 & T, —E B2 IH L, KB a2
FHFTHHEENEZ R L TNDZ EIRBR SN,

Flo, KRFEEANY U EEEZELUTTF RICLEMATE, N Kb 258
DY FEIEOT VXL FRETH 572, DS, DT 2/ FEFHER L D3k
FRIZBWTYH, TAFUESET e hAba =Y ViFERD C(sp’)-H
G CIRIIITHELT LT,

200N VIEREEAT LT F FORISIZBWT, N RigDilrfEn Y >
FEIETORISDIEBIIZ D B3 VFRIETOG L 0B L THEIT L, @WVL
EIRPFUWECHMAERME G AT b, TUVE=U LML ET AE T AT
> BRHEDCARIEE & O ¥R EEAR AR 2L E SR PUE O HIAEIC R ZREENT R LTV
DT ENREE NI,

AREIBAFE Lo FIEIEL. N RGN Y IR O E A 72 C(sp®)-H LR D
WO TOHITH D,
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2.11 EBRIA

2.11.1 General

All reactions were carried out under nitrogen atmosphere unless otherwise noted. 'H
(400 MHz), *C (100 MHz) and '°F (368 MHz) NMR spectra were recorded using a JEOL
ECZ400 spectrometer. 'H (600 MHz) and *C (150 MHz) NMR spectra were recorded
using a JEOL INM-ECA600 spectrometer. Proton chemical shifts are reported relative to
residual solvent peak (CDCls at 6 7.26 ppm). Carbon chemical shifts are reported relative
to CDCI3 at 6 77.0 ppm. High resolution mass spectra were recorded on JEOL JMS-700
(EI) and JEOL JMS-700 (FAB) spectrometer. Doube-focusing mass spectrometer
(DFMS) used for the HRMS measurements. Infrared (IR) spectra were recorded on
Fourier transform infrared spectrophotometer (JASCO FT/IR-4200). GC was carried out
using a Shimadzu GC-2025 equipped with an FID detector and a 15 m x 0.32 mm x 0.25
pm DB-1 column. Method: 80 °C [1 min], 20 °C/min — 320 °C, 320 °C [2 min]. HPLC
analysis was conducted on a JASCO HPLC system. Controller 8332A (CCS) and LED
light heads AC8361 (A =365 nm, CCS) were used as light sources and set to 100% power
as the emission spectrum and controller 8332C (CCS) and LED light heads AC8375-405
(A = 405 nm, CCS) were used as light sources and set to 80% power as the emission
spectrum (the distance from light source to the irradiation vessel: < 5 mm, Figure S1).
The emission spectra of AC8361 and AC8375 are provided by CCS. Borosilicate Schlenk
flasks were used as irradiation vessel. The outer diameter of the 10 mL Schlenk flasks is

1.5 cm, and the 50 mL Schlenk flasks is 2.5 cm.
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Figure S1. Reaction setup

2.11.2 Materials
Solvents and reagents: Acetonitrile was distilled over calcium hydride and degassed
prior to use. Distilled water was degassed prior to use. Trifluoroacetic acid and other

reagents were purchased from commercial sources and used without further purification.

A) Synthesis of decatungstate photocatalysts NasW1903:

NasW10032 was synthesized via modification of a literature procedure.!

To a 3 L beaker containing a boiling solution (95 °C) of Na2WO4:2H20 (33.0 g, 100
mmol) in deionized water (200 mL), a boiling aqueous solution (95 °C) of HCI (1.0 M,
200 mL) was added. The resulting solution was allowed to boil for 30 s, then rapidly
cooled to 30 °C in a dry ice/methanol bath with stirring. Sodium chloride was added to

near saturation, then the mixture was cooled to 0 °C. The precipitate was filtered, washed
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with cooled brine and dried in vacuum overnight. The precipitate was suspended in hot
acetonitrile (80 mL), then filtered, and the filtrate was placed in a freezer (—20 °C)
overnight. The crystal was filtered and dried in vacuum to afford NasW10032 (12.2 g,
50%) as a colorless solid. To check the purity of NasW100O32, the UV-vis spectrum of

NasW10032 was measured, which was consistent with the reported literature.

B) Synthesis of dipeptides
Dipeptides 7, 9, 11, 13, 15, 17, 19, and 26 were synthesized via modification of a

literature procedure.?

o, HBTU (1.2 equiv) 0 R2
BocHN. _COOH  CIH3N__ _CO,Me DIPEA (3.0 equiv)
~ 2 BocHN
+ : ¢ \_)J\N/'\cozm
rt M

R1 R2 DMF
0°Cto25°C, 16 h

General Procedure I: To a 100 mL two-necked flask containing a mixture of N-(tert-
butoxycarbonyl)-L-amino acid (10.0 mmol), L-amino acid methyl ester hydrochloride
(10.0 mmol), and HBTU (4.55 g, 12.0 mmol) in dry DMF (15 mL) was added dropwise
N,N-diisopropylethylamine (3.88 g, 30.0 mmol) at 0 °C. The mixture was stirred at 0 °C
for 10 min and at 25 °C for 16 h. The reaction mixture was acidified with aq. HC1 (1.0 M,
100 mL) and extracted with ethyl acetate (3 x 100 mL). The combined organic extract
was washed with sat. aq. NaHCO; (1 x 100 mL), brine (1 x 100 mL), dried over anhydrous
MgSOs, filtered, and concentrated in vacuo. The resulting crude material was purified by

column chromatography on silica gel to afford a dipeptide product as a white solid.
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Boc-Val-Gly-OMe (7)3

According to the General Procedure I, product 7 (2.60 g, o
90%) was obtained as a white solid after purification by BocHN\)J\H/\C()zMe
column chromatography on silica gel (CH2Cl2/MeOH = e
20/1). "H NMR (400 MHz, CDCls) § 6.73 (brs, 1H), § 5.13 7
(br, 1H), 4.12-3.93 (m, 3H), 3.73 (s, 3H), 2.22-2.08 (m, 1H), 1.42 (s, 9H), 0.97 (d, J =
6.8 Hz, 3H), 0.92 (d,J = 6.8 Hz, 3H); *C NMR (100 MHz, CDCl3) § 172.0, 170.1, 155.8,

79.9, 59.7,52.3,41.0, 30.8, 28.2, 19.2, 17.6.

Boc-Val-Ala-OMe (9)*

According to the General Procedure I, product 9 (2.60 g, O
86%) was obtained as a white solid after purification by BmHN\)LNicone
column chromatography on silica gel (CH2Cl2/MeOH = AN "
20/1). '"H NMR (400 MHz, CDCl3) & 6.47 (brs, 1H), 5.09 9
(brd, J = 8.0 Hz, 1H), 4.58 (qd, J = 7.2 Hz, 1H), 3.98-3.88 (m, 1H), 3.74 (s, 3H), 2.20-
2.05 (m, 1H), 1.44 (s, 9H), 1.40 (d, J = 7.2 Hz, 3H), 0.97 (d, J = 6.8 Hz, 3H), 0.92 (d, J
= 6.8 Hz, 3H); *C NMR (100 MHz, CDCl3) § 173.1, 171.1, 155.8,79.9, 59.7, 52.5, 47.9,
31.0,28.3,19.1, 18.3, 17.7.

Boc-Val-Phe-OMe (11)*
According to the General Procedure I, product 11 (3.48
g, 92%) was obtained as a white solid after purification by o
column chromatography on silica gel (CH2Cl2/MeOH = BOGHN\)J\N CO,Me
20/1). '"H NMR (400 MHz, CDCl3) & 7.31-7.21 (m, 3H), § P "
7.12-7.09 (m, 2H), 6.27 (brd, J = 7.6 Hz, 1H), 4.99 (brd, J = "
8.8 Hz, 1H), 4.87 (td, J = 7.6 Hz, 6.0 Hz, 1H), 3.89 (dd, J = 8.8 Hz, 6.0 Hz, 1H), 3.71 (s,
3H), 3.18-3.06 (m, 2H), 2.14-2.03 (m, 1H), 1.44 (s, 9H), 0.92 (d, J = 6.8 Hz, 3H), 0.86
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(d, J = 6.4 Hz, 3H); 3C NMR (100 MHz, CDCl3) § 171.6, 171.2, 155.7, 135.6, 129.2,
128.6, 127.1,79.8, 59.8, 53.1, 52.2, 37.9, 30.8, 28.2, 19.1, 17.6.

Boc-Val-Glu(OMe)-OMe (13)

According to the General Procedure I, product 13 o fCOZMe
(3.00 g, 80%) was obtained as a white solid after BOCHN\:)J\H COMe
purification by column chromatography on silica gel P
(CH2C12/MeOH = 20/1). '"H NMR (400 MHz, CDCls) & 13

6.57 (brd, J = 8.4 Hz, 1H), 5.03 (brd, J = 8.8 Hz, 1H), 4.62 (td, J = 8.4 Hz, 5.2 Hz, 1H),
3.75(dd,J = 8.8 Hz, 5.6 Hz, 1H), 3.75 (s, 3H), 3.68 (s, 3H), 2.49-2.32 (m, 2H), 2.28-1.95
(m, 3H), 1.45 (s, 9H), 0.97 (d, J = 6.8 Hz, 3H), 0.93 (d, J = 6.8 Hz, 3H); *C NMR (100
MHz, CDCI3) 6 173.2, 171.9, 171.6, 155.8, 79.9, 59.9, 52.5, 51.8, 51.6, 30.8, 29.9, 28.2,
27.1,19.1, 17.8. HRMS (EI-DFMS) m/z: [M]" Calcd for C17H30N207: 374.2053, Found:
374.2056. IR (ATR, cm™) 3334, 2970, 1748, 1728, 1683, 1521, 1437, 1371, 1293, 1245,
1202, 1159, 1108, 1047, 1022, 995, 878, 797, 715.

Boc-Gly-Val-OMe (15)°

According to the General Procedure I, product 15 (1.64 “ COM
. . . e BocHN™ ™y O:Me
g, 62%) was obtained as a colorless oil after purification by o
AN
column chromatography on silica gel (CH2Cl2/MeOH = 15

20/1). 'H NMR (400 MHz, CDCls) § 6.67 (brd, J = 8.8 Hz,

1H), 5.21 (br, 1H), 4.55 (dd, J = 8.8 Hz, 5.2 Hz, 1H), 3.92-3.75 (m, 2H), 3.73 (s, 3H),
2.23-2.10 (m, 1H), 1.45 (s, 9H), 0.93 (d, J = 6.8 Hz, 3H), 0.89 (d, J = 6.8 Hz, 3H); 13C
NMR (100 MHz, CDCl3) § 172.2, 169.4, 156.1, 80.3, 56.9, 52.2, 44.4, 31.2, 28.2, 18.9,
17.6.
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Boc-Ala-Val-OMe (17)¢

According to the General Procedure I, product 17 (2.06 H
g, 68%) was obtained as a white solid after purification by BocHNJ\W ~-COMe
column chromatography on silica gel (CH2Cl2/MeOH =
20/1). "H NMR (400 MHz, CDCl3) § 6.95 (brd, J = 8.4 Hz, "
1H), 5.43 (brd, J = 5.6 Hz, 1H), 4.42 (dd, J = 8.4 Hz, 4.8 Hz, 1H), 4.23-4.11 (m, 1H),
3.62 (s, 3H), 2.13-1.99 (m, 1H), 1.33 (s, 9H), 1.24 (d, J = 6.8 Hz, 3H), 0.82 (d, J = 6.8
Hz, 3H), 0.79 (d, J = 6.8 Hz, 3H); 1*C NMR (100 MHz, CDCl3) § 172.7, 172.1, 155.4,

79.6, 56.8,51.9,49.7, 30.9, 28.1, 18.7, 17.7, 17 .4.

Boc-Phe-Val-OMe (19)’

According to the General Procedure I, product 19 (2.76
g, 73%) was obtained as a white solid after purification by
column chromatography on silica gel (CH2Cl2/MeOH = BoeHN
20/1). 'TH NMR (400 MHz, CDCl3) §7.32-7.18 (m, 5H), 6.35 0 A
(brd, J = 8.8 Hz, 1H), 5.02 (brd, J = 6.8 Hz, 1H), 4.46 (dd, J 19
= 8.8 Hz, 5.2 Hz, 1H), 4.39-4.29 (m, 1H), 3.69 (s, 3H), 3.07 (d, J = 6.4 Hz, 2H), 2.16-
2.03 (m, 1H), 1.41 (s, 9H), 0.86 (d, J = 6.0 Hz, 3H), 0.83 (d, J = 6.8 Hz, 3H); '3*C NMR
(100 MHz, CDCls) & 171.7, 171.1, 155.4, 136.5, 129.2, 128.5, 126.8, 80.1, 57.1, 55.7,
52.0,37.9,31.2,28.2,18.7, 17.7.

Boc-Val-Val-OMe (26)°
According to the General Procedure I, product 26 (2.78
g, 84%) was obtained as a white solid after purification by BOGHN\)J\ \/l\/cone
column chromatography on silica gel (CH2Cl./MeOH =
20/1). '"H NMR (400 MHz, CDCl3) 6 6.33 (br, 1H), 5.03 (brd, 26

J = 8.8 Hz, 1H), 4.55 (dd, J = 8.8 Hz, 4.8 Hz, 1H), 3.93-3.83 (m, 1H), 3.73 (s, 3H), 2.23-
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2.01 (m, 2H), 1.44 (s, 9H), 1.00-0.82 (m, 12H); '*C NMR (100 MHz, CDCl3) § 172.1,
171.7, 155.8, 79.8, 60.0, 57.0, 52.1, 31.1, 30.6, 28.2, 19.2, 18.9, 17.9, 17.7.

C) Synthesis of tripeptide

Tripeptides 21, 22, and 24 were synthesized via modification of a literature procedure.>

Ny
B‘“’HN\_)LN CO,Me BocHN___COOH

= H H
R? R2

) HBTU (1.2 equiv)
HCI (6.0 equiv) DIPEA (3.0 equiv)

1,4-dioxane DMF
0°Cto25°C,4h 0°Cto25°C,16h

o R
BooHN L )ﬁf N__COMe
2 H § =

N

General Procedure II: To a solution of N-(tert-butoxycarbonyl)-dipeptide methyl ester
(5.00 mmol) in 1,4-dioxane (7.5 mL) was added dropwise 1,4-dioxane solution of HCI
(4.0M, 7.5 mL, 30.0 mmol) at 0 °C. The mixture was stirred at 25 °C for 4 h. The volatiles
were removed under reduced pressure, and the resulting solid was washed with diethyl
ether to give dipeptide methyl ester hydrochloride as a white solid, which was used in the
next step without further purification.

To a mixture of N-(tert-butoxycarbonyl)-L-amino acid (5.00 mmol), dipeptide methyl
ester hydrochloride (5.00 mmol), and HBTU (2.28 g, 6.00 mmol) in dry DMF (7.5 mL)
was added dropwise N,N-diisopropylethylamine (1.94 g, 15.0 mmol) at 0 °C. The mixture
was stirred at 0 °C for 10 min and at 25 °C for 16 h. The reaction mixture was acidified
with aq. HCI1 (1.0 M, 50 mL) and extracted with ethyl acetate (3 x 50 mL). The combined
organic extract was washed with sat. aq. NaHCO3 (1 x 50 mL), brine (1 x 50 mL), dried

over anhydrous MgSOs, filtered, and concentrated in vacuo. The resulting crude material
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was purified by column chromatography on silica gel (CH2Cl2/MeOH = 20/1) to afford

tripeptide products as white solids.

Boc-Ala-Ala-Val-OMe (21)

According to the General Procedure II, product o
21 (1.81 g, 97%) was obtained as a white solid after BOGHN\_)J\N ’HrH\_/COZ‘Me
purification by column chromatography on silica gel - "o A
(CH2CL/MeOH = 10/1). 'H NMR (400 MHz, 21
CDCl3) 6 7.16 (brd, J = 8.8 Hz, 1H), 7.08 (brd, J = 7.2 Hz, 1H), 5.36 (brd, J = 7.2 Hz,
1H), 4.62 (qd, J = 7.2 Hz, 1H), 4.48 (dd, J = 8.8 Hz, 4.8 Hz, 1H), 4.31-4.14 (m, 1H), 3.71
(s, 3H), 2.20-2.07 (m, 2H), 1.40 (s, 9H), 1.34 (d, J = 7.2 Hz, 3H), 1.31 (d, J = 6.8 Hz,
3H), 0.89 (d, J = 6.8 Hz, 3H), 0.87 (d, J = 6.8 Hz, 3H); '*C NMR (100 MHz, CDCl3) &
172.7,172.2,172.1, 155.3,79.9, 57.2, 52.1, 49.9, 48.7, 31.0, 28.2, 18.9, 18.6, 18.1, 17.7.
HRMS (FAB-DFMS) m/z: [M+H]" Caled for C17H32N30s: 374.2291, Found: 374.2291.
IR (ATR, cm™) 3374, 3294, 2976, 2930, 1736, 1705, 1635, 1504, 1449, 1390, 1365, 1316,
1246, 1211, 1163, 1051, 1028, 961, 875, 756.

Boc-Val-Ala-Val-OMe (22)

According to the General Procedure II, product o
22 (1.69 g, 84%) was obtained as a white solid after BOGHN\_)LNJ\H/H\_/COZME
purification by column chromatography on silica gel AN "o A
(CH2Cl/MeOH = 10/1). 'H NMR (400 MHz, 22
CDCl3) 6 7.47 (brd, J = 8.4 Hz, 1H), 7.40 (brd, J = 6.8 Hz, 1H), 5.64 (brd, J = 8.8 Hz,
1H), 4.70 (qd, J = 6.8 Hz, 1H), 4.44 (dd, J = 8.4 Hz, 5.2 Hz, 1H), 4.03 (dd, J = 8.8 Hz,
1H), 3.65 (s, 3H), 2.13-1.91 (m, 2H), 1.34 (s, 9H), 1.26 (d, J = 6.8 Hz, 3H), 0.83 (d, J =
6.8 Hz, 6H), 0.81 (d,J = 7.2 Hz, 6H); >*C NMR (100 MHz, CDCl3) § 172.4, 172.1, 171.7,
155.8, 79.2, 59.3, 57.1, 51.9, 48.5, 31.2, 30.9, 28.1, 19.1, 18.7, 18.3, 17.7. HRMS (EI-
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DFMS) m/z: [M]" Caled for C19H35N30¢: 401.2526, Found: 401.2529. IR (ATR, cm™)
3272, 2965, 1744, 1683, 1639, 1520, 1390, 1365, 1240, 1162, 1044, 1017, 877.

Boc-Ala-Val-Val-OMe (24)

According to the General Procedure II, product

O
H
24 (1.83 g, 91%) was obtained as a white solid after BocHN\_)-LN N\/COzMe
. . .- : H :
purification by column chromatography on silica gel - 0 _~_
(CH2Cl/MeOH = 10/1). '"H NMR (400 MHz, 24

CDCls) & 7.15 (brd, J = 8.4 Hz, 1H), 7.04 (brd, J = 7.6 Hz, 1H), 5.47 (brd, J = 6.8 Hz,
1H), 4.52 (dd, J = 8.4 Hz, 5.2 Hz, 1H), 4.39 (dd, J = 7.6 Hz, 1H), 4.33-4.19 (m, 1H), 3.70
(s, 3H), 2.20-2.00 (m, 2H), 1.40 (s, 9H), 1.29 (d, J = 6.4 Hz, 3H), 0.96-0.82 (m, 12H);
13C NMR (100 MHz, CDCl3) & 173.0, 172.2, 171.3, 155.5, 79.7, 58.5, 57.0, 52.0, 49.9,
30.9, 30.8, 28.2, 19.0, 18.9, 18.2, 17.8. HRMS (FAB-DFMS) m/z: [M+H]" Calcd for
C19H36N306: 402.2604, Found: 402.2605. IR (ATR, em™) 3287, 2965, 2360, 2334, 1741,
1643, 1516, 1449, 1390, 1365, 1316, 1208, 1164, 1073, 1046, 1024, 866.

2.11.3 C(sp?)-H alkylation of H-Val-OMe-TFA (1)

—OCOCF,
BocHN. _COMe  TFA(20 equiv) remove volatiles H3NJ:\I/C02Me
A CH,Cl, A
25°C,4h
1 i 1 |

y, -COzEt (2a, 2.0 equiv) :OCOCF:,, H
NasW1o03 (2.0 mol%) | HaN._COMe sat aq Na,CO; O, -N._CO:Me
MeCN, 16 h : 25°C, 1h T/‘\
365 nm LED /D/cozEt
L 3a~ 3a (64%)
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10 mL Schlenk flask equipped with a magnetic stir bar was charged with 1 (46.3 mg,
0.200 mmol) dissolved in dry CH,Cl, (1.2 mL). Trifluoroacetic acid (456 mg, 4.00 mmol,
20 equiv) was dropwise to the solution at 0 °C. The mixture was stirred at 25 °C for 4 h,
and concentrated in vacuo for 6 h. To the Schlenk flask, Na4W10032 (9.77 mg, 0.00400
mmol, 2.0 mol%), acetonitrile (2.0 mL) and 2a (40.0 mg, 0.400 mmol, 2.0 equiv) were
added. The mixture was stirred at 25 °C under the irradiation of UV LED (A = 365 nm).
After 16 h, sat. ag. Na2COs3 (2.0 mL) was added, and the resulting mixture was stirred at
25 °Cfor 1 h, and then was extracted with ethyl acetate (3 x 10 mL). The combined
organic extractwas dried over anhydrous MgSOs, filtered, and concentrated in vacuo. The
resulting mixture was analyzed by GC, and peaks of phenol and 3a were observed (Figure

S2).

Figure S2. GC analysis of C(sp®)-H alkylation of H-Val-OMe-TFA (17)

The product 3a (23.7 mg, 64%) was obtained as a colorless oil after purification by

column chromatography on silica gel (EtOAc).

Methyl (S)-3,3-dimethyl-6-oxopiperidine-2-carboxylate (3a)
"H NMR (400 MHz, CDCl3) & 6.56 (brs, 1H), 3.79 (d, J = 1.6 H
N_ _CO.,Me

0]
Hz, 1H), 3.74 (s, 3H), 3.44-2.30 (m, 2H), 1.77-1.69 (m, 1H), 1.64- 1/\;

1.55 (m, 1H), 1.19 (s, 3H), 0.93 (s, 3H); 3C NMR (100 MHz,

3
CDCh) 6 171.5, 171.1, 64.0, 52.3, 33.4, 32.0, 27.9, 27.0, 22.3. a
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HRMS (EI-DFMS) m/z: [M]" Caled for CoH1sNOs: 185.1052, Found: 185.1050. IR (ATR,
cm!) 2958, 2359, 2340, 1738, 1652, 1464, 1393, 1255, 1213, 1167, 1029, 934, 746.

C(sp’)-H alkylation of H-Val-OMe-TFA (1) at 1.00 mmol scale

[ -OcOocF; |
BocHN._COMe  TFA (20 equiv) remove volatiles H3N+\_/C02Me
P CH,Cl, P
25°C, 4 h
1 L 1 |
1.00 mmol
y_-CO,Et (2a, 2.0 equiv) ~OCOCF3 H
+
NasWioOz (20mol%) | HiN__CO;Me | gat aq Na,CO; O, -N._-CO:Me
MeCN, 16 h T 25°C,1h L‘\
365 nm LED /E/002Et
- 32" _ 3a (57%)

50 mL Schlenk flask equipped with a magnetic stir bar was charged with 1 (231 mg,
1.00 mmol) dissolved in dry CH,Cl, (6.0 mL). Trifluoroacetic acid (2.28 g, 20.0 mmol,
20 equiv) was dropwise to the solution at 0 °C. The mixture was stirred at 25 °C for 4 h,
and concentrated in vacuo for 6 h. To the Schlenk flask, NasW100O32 (48.8 mg, 0.0200
mmol, 2.0 mol%), acetonitrile (10 mL) and 2a (200 mg, 2.00 mmol, 2.0 equiv) were
added. The mixture was stirred at 25 °C under the irradiation of three UV LED (A = 365
nm). After 16 h, sat. aq. Na2CO3 (10 mL) was added, and the resulting mixture was stirred
at 25 °C for 1 h, and then was extracted with ethyl acetate (3 x 50 mL). The combined
organic extractwas dried over anhydrous MgSOs, filtered, and concentrated in vacuo. The
product 3a (106 mg, 57%) was obtained as a colorless oil after purification by column

chromatography on silica gel (EtOAc).
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Figure S3. Reaction setup (1.00 mmol scale)

2.11.4 Attempt of C(sp®)-H alkylation of H-Val-OMe (4), Ac-Val-OMe (52a), methyl

isovalerate (6)

Xy -COEt (2a, 2.0 equiv)

Na4W10032 (20 mol%)
4 5a 6 no conversion
MeCN, 16 h
365 nm LED

10 mL Schlenk flask equipped with a magnetic stir bar was charged with a substrate
(0.200 mmol), NasW10032 (9.77 mg, 0.00400 mmol, 2.0 mol%), acetonitrile (2.0 mL) and
2a (40.0 mg, 0.400 mmol, 2.0 equiv). The mixture was stirred at 25 °C under the

irradiation of UV LED (A =365 nm). After 16 h, the reaction mixture was extracted with
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ethyl acetate (3 x 10 mL), and the combined organic extract was dried over anhydrous
MgSO4, filtered, and concentrated in vacuo. The resulting crude materials were analyzed

by GC and NMR, indicating no reaction took place.

2.11.5 Substrates Scope
A) Alkenes scope of the alkylation reaction of H-Val-OMe-TFA (1")

~OCOCF;
BocHN._CO,Me  TFA (20 equiv) remove volatiles HyN__ COMe
P CHyCl, AN
25°C, 4 h
1 i 1 ]
R1
ﬁ” (2, 2.0 equiv)
R? AcCI (1.2 equiv) H
Na,W;0035 (2.0 mol%) DIPEA (1.2 equiv) WN\/COzMe
MeCN, 16 h CH,Cl, o
365 nm LED 25°C, 16 h /Qrw
then »
sat. aq. Na,CO5 R
3

General Procedure III: 10 mL Schlenk flask equipped with a magnetic stir bar was
charged with 1 (46.3 mg, 0.200 mmol) dissolved in dry CH,Cl, (1.2 mL). Trifluoroacetic
acid (456 mg, 4.00 mmol, 20 equiv) was dropwise to the solution at 0 °C. The mixture
was stirred at 25 °C for 4 h then concentrated in vacuo for 6 h. To the Schlenk flask,
NasW10032 (9.77 mg, 0.00400 mmol, 2.0 mol%), acetonitrile (2.0 mL) and 2 (0.400 mmol,
2.0 equiv) were added. The mixture was stirred at 25 °C under the irradiation of UV LED
(A =365 nm). After 16 h, sat. aq. Na2COs3 (2.0 mL) was added, and the resulting mixture
was stirred at 25 °C for 1 h, and then was extracted with ethyl acetate (3 x 10 mL). The
combined organic extract was dried over anhydrous MgSOs, filtered, and concentrated in

vacuo. The resulting crude materials were transferred to a 50 mL oven dried two-neck
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round bottom flask containing a stirring bar, and dry CH,Cl, (3.0 mL) and N,N-
diisopropylethylamine (28.4 mg, 0.220 mmol, 1.2 equiv) were added. Acetyl chloride
(17.3 mg, 0.220 mmol, 1.2 equiv) was added dropwise to the mixture at 0 °C. The
resulting mixture was stirred at 25 °C. After 16 h, the reaction mixture was washed with
aq. HCI (1.0 M, 5.0 mL), and was extracted with dichloromethane (3 x 10 mL). The
combined organic layer was dried over anhydrous MgSQO,, filtered, and concentrated in
vacuo. The resulting crude mixture was purified by column chromatography on silica gel

to afford the product.

6-(tert-Butyl) 1-methyl (S)-2-acetamido-3,3-dimethylhexanedioate (3b)

According to the General Procedure III, the reaction was H
chone

carried out using Boc-Val-OMe (1, 46.3 mg, 0.200 mmol), W
NasW10032 (9.77 mg, 0.00400 mmol, 2.0 mol%) and 2b (51.3 o1~ /j<
mg, 0.400 mmol, 2.0 equiv). The product 3b (35.6 mg, 59%) was 3b ©
obtained as a white solid after purification by column

chromatography on silica gel (CH2Cl2/MeOH = 20/1). '"H NMR (400 MHz, CDCl3) &
6.02 (d, J = 9.6 Hz, 1H), 4.53 (d, J = 9.6 Hz, 1H), 3.72 (s, 3H), 2.30-2.23 (m, 2H), 2.03
(s, 3H), 1.64-1.51 (m, 2H), 1.43 (s, 9H), 0.93 (s, 3H), 0.92 (s, 3H); 3*C NMR (100 MHz,
CDCl3) 6 173.1, 172.1, 169.8, 80.3, 58.4, 51.9, 36.8, 33.7, 30.2, 28.0, 23.7, 23.5, 23.3.
HRMS (EI- DFMS) m/z: [M]" Calcd for CisH27NOs: 301.1889, Found: 301.1890. IR
(ATR, cm™) 3241, 2972, 1730, 1630, 1549, 1450, 1365, 1301, 1205, 1137, 995, 942, 849,
746. The enantiomeric excess of 3b was determined to be >99% by HPLC analysis
[column: Daicel CHIRALPAK TA (4.6 mm x 250 mm); temperature: 40 °C; eluent:
Hexane:EtOH = 96:4; flow rate: 1.0 mL/min; detection wavelength: 210 nm; Tr = 8.18
min (minor), 10.8 min (major)], indicating no racemization occurred during the alkylation

process (Figure S4).
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Figure S4. HPLC analysis of 3b

Methyl (S)-2-acetamido-6-(zer-butylamino)-3,3-dimethyl-6-oxohexanoate (3c)
According to the General Procedure III, the reaction was

H
N._ _CO;Me
carried out using Boc-Val-OMe (1, 46.3 mg, 0.200 mmol), ﬁ]/ hd

0O _+~_0O
NasW 10032 (9.77 mg, 0.00400 mmol, 2.0 mol%) and 2¢ (50.9 /MN J<
mg, 0.400 mmol, 2.0 equiv). The product 3¢ (33.0 mg, 55%) was 3c H

obtained as a white solid after purification by column chromatography on silica gel

(CH2Cl/MeOH = 20/1). "H NMR (400 MHz, CDCl3) § 6.25 (brd, J = 9.6 Hz, 1H), 5.83

(brs, 1H), 4.55 (d, J = 9.6 Hz, 1H), 3.71 (s, 3H), 2.26-2.17 (m, 1H), 2.03 (s, 3H), 1.62-

1.45 (m, 2H), 1.30 (s, 9H), 0.91 (s, 3H), 0.90 (s, 3H); *C NMR (100 MHz, CDCLs) 3

172.8, 172.0, 170.1, 57.3, 52.0, 50.8, 37.2, 35.9, 32.7, 28.7, 23.8, 23.3. HRMS (EI-

DFMS) m/z: [M]" Caled for C1sH2sN204: 300.2049, Found: 300.2049. IR (ATR, cm™)
3304, 2964, 2359, 2340, 1739, 1645, 1536, 1453, 1364, 1265, 1222, 1143, 1020, 802.
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Methyl (S)-2-acetamido-3,3-dimethyl-5,5-bis(phenylsulfonyl)pentanoate (3f)
According to the General Procedure 11, the reaction was carried

H
N CcOo,M
out using Boc-Val-OMe (1, 46.3 mg, 0.200 mmol), NasW10032 \ﬂ/ \/ Z0e

O
(9.77 mg, 0.00400 mmol, 2.0 mol%) and 2f (123 mg, 0.400 mmol, SO,Ph
2.0 equiv). The product 3f (51.0 mg, 53%) was obtained as a white SO,Ph
solid after purification by column chromatography on silica gel 3f

(CH2C12/MeOH = 20/1). 'TH NMR (400 MHz, CDCl3) § 8.00-7.86 (m, 4H), 7.71-7.64 (m,
2H), 7.58-7.50 (m, 4H), 6.72 (brd, J = 9.6 Hz, 1H), 4.94 (t,J = 4.0 Hz, 1H), 4.61 (d, J =
9.6 Hz, 1H), 3.72 (s, 3H), 2.41 (dd, J = 16.8 Hz, 4.0 Hz, 1H), 2.31 (dd, J = 16.8 Hz, 4.0
Hz, 1H), 2.03 (s, 3H), 0.99 (s, 3H), 0.97 (s, 3H); 1*C NMR (100 MHz, CDCI3) § 172.0,
170.2, 137.8, 137.3, 134.6, 134.5, 129.9, 129.7, 129.0, 80.5, 59.3, 52.2, 37.7, 31.2, 26.1,
23.7, 23.1. HRMS (EI-DFMS) m/z: [M]" Calcd for C22H27NO7S2: 481.1229, Found:
481.1228. IR (ATR, cm™) 1739, 1659, 1530, 1447, 1311, 1146, 1078, 1026, 1001, 787,
756, 730.

B) C(sp’)-H alkylation of N-terminal Val residues in dipeptides

i /R!\ (20Te|:p:1iv) N v?ra (05_0 ‘Tgi‘r’r)lol% Hoo o5
o T i il o 4L T
AN 25°C. 4 h 365 nm LED
then then

remove volatiles sat. aq. Na,COs5

General Procedure IV: 10 mL Schlenk flask equipped with a magnetic stir bar was
charged with a dipeptide (0.200 mmol) dissolved in dry CH,Cl, (1.2 mL). Trifluoroacetic
acid (456 mg, 4.00 mmol, 20 equiv) was dropwise to the solution at 0 °C. The resulting
mixture was stirred at 25 °C for 4 h, and was concentrated in vacuo for 6 h. To the Schlenk
flask, NasaW10032 (19.5 mg, 0.00800 mmol, 4.0 mol%), acetonitrile (2.0 mL) and 2a (100

mg, 1.00 mmol, 5.0 equiv) were added. The mixture was stirred at 25 °C under the
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irradiation of UV LED (A = 365 nm). After 16 h, sat. ag. Na2CO3 (2.0 mL) was added,
and the resulting mixture was stirred at 25 °C for 1 h, and then extracted with ethyl acetate
(3 x 10 mL). The combined organic extract was dried over anhydrous MgSOs, filtered,
and concentrated in vacuo. The resulting crude materials were purified by column

chromatography on silica gel to afford the product.

Methyl (5)-(3,3-dimethyl-6-oxopiperidine-2-carbonyl)glycinate (8a)

According to the General Procedure 1V, the reaction was y O
carried out using Boc-Val-Gly-OMe (7, 57.7 mg, 0.200 0 N\:)LN/\COZMe
mmol), NasW10032 (19.5 mg, 0.00800 mmol, 4.0 mol%) and i/_ﬁ "
2a (100 mg, 1.00 mmol, 5.0 equiv). The product 8a (32.0 8a
mg, 66%) was obtained as a white solid after purification by column chromatography on
silica gel (CH2Cl2/MeOH = 20/1). '"H NMR (400 MHz, CDCI3) & 7.76 (brt, J = 5.6 Hz,
1H), 7.29 (brs, 1H), 4.15 (dd, J = 18.0 Hz, 5.6 Hz, 1H), 3.94 (dd, J = 18.0 Hz, 5.6 Hz,
1H), 3.78 (s, 1H), 3.72 (s, 3H), 2.48-2.29 (m, 2H), 1.90-1.80 (m, 1H), 1.61-1.52 (m, 1H),
1.18 (s, 3H), 1.05 (s, 3H); '*C NMR (100 MHz, CDCl3) 6 173.2, 170.8, 170.6, 65.8, 52.4,
40.9, 32.6, 31.4, 28.0, 27.0, 23.5. HRMS (EI-DFMS) m/z: [M]" Calcd for C11HisN204:
242.1267, Found: 242.1265. IR (ATR, cm™) 2961, 2926, 2870, 1729, 1625, 1550, 1469,
1393, 1265, 1200, 1123, 1024, 751.

Methyl [(S)-3,3-dimethyl-6-oxopiperidine-2-carbonyl]-L-alaninate (10)

According to the General Procedure IV, the reaction was o

N L
carried out using Boc-Val-Ala-OMe (9, 60.5 mg, 0.200 © N\_)J\N CO,Me
: H

mmol), NasW10032 (19.5 mg, 0.00800 mmol, 4.0 mol%) and Lﬁ
2a (100 mg, 1.00 mmol, 5.0 equiv). The product 10 (30.8 10
mg, 60%) was obtained as a white solid after purification by column chromatography on

silica gel (CH2Cl/MeOH = 20/1). '"H NMR (400 MHz, CDCl3) 8 8.25 (brd, J = 7.2 Hz,
1H), 7.38 (brs, 1H), 4.73 (qd, J = 7.2 Hz, 1H), 3.74 (d, J = 2.4 Hz, 1H), 3.68 (s, 3H),
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2.47-2.37 (m, 1H), 2.34-2.24 (m, 1H), 1.85-1.76 (m, 1H), 1.61-1.52 (m, 1H), 1.40 (d, J =
7.2 Hz, 3H), 1.17 (s, 3H), 1.04 (s, 3H); 3*C NMR (100 MHz, CDCl3) & 174.3, 172.9,
169.9, 66.1, 52.5, 47.6, 32.7, 30.9, 28.0, 27.3, 23.8, 18.0. HRMS (EI-DFMS) m/z: [M]"
Calcd for C12H20N204: 256.1423, Found: 256.1426. IR (ATR, cm™) 3241, 3037, 2961,
1737, 1672, 1641, 1533, 1437, 1410, 1377, 1278, 1208, 1157, 1102, 1050, 837, 761.

Methyl [(S)-3,3-dimethyl-6-oxopiperidine-2-carbonyl]-L-phenylalaninate (12)
According to the General Procedure IV, the reaction was
carried out using Boc-Val-Phe-OMe (11, 75.5 mg, 0.200
H
mmol), NasW10032 (19.5 mg, 0.00800 mmol, 4.0 mol%) and OVI\N/'{J\H CO,Me
2a (100 mg, 1.00 mmol, 5.0 equiv). The product 12 (33.2
mg, 50%) was obtained as a white solid after purification by 12
column chromatography on silica gel (CH2Cl/MeOH = 20/1). 'H NMR (400 MHz,
CDCI) 6 7.60 (brd, J = 8.4 Hz, 1H), 7.31-7.19 (m, 5H), 6.61 (brs, 1H), 4.97-4.89 (m,
1H), 3.73 (s, 3H), 3.61 (d, J = 2.8 Hz, 1H), 3.22 (dd, J = 13.6 Hz, 4.8 Hz, 1H), 3.02 (dd,
J=13.6 Hz, 9.2 Hz, 1H), 2.44-2.25 (m, 2H), 1.69-1.59 (m, 1H), 1.44-1.35 (m, 1H), 1.09
(s, 3H), 0.68 (s, 3H); *C NMR (100 MHz, CDCl3) & 173.6, 172.3, 170.5, 136.9, 129.3,
128.3, 126.7, 66.6, 53.5, 52.5, 37.1, 31.2, 30.2, 28.1, 26.9, 24.5. HRMS (EI-DFMS) m/z:
[M]* Calcd for Ci8H2aN204: 332.1736, Found: 332.1736. IR (ATR, cm) 3285, 2956,
2925,2874,1743,1670, 1627, 1536, 1438, 1376, 1260, 1194, 1173, 1113, 1037, 979, 796,
768, 741.

Dimethyl [(S)-3,3-dimethyl-6-oxopiperidine-2-carbonyl]-L-glutamate (14)
According to the General Procedure VI, the reaction

y O fcone
was carried out using Boc-Val-Glu(OMe)-OMe (13,749 © N\)J\H CO,Me
mg, 0.200 mmol), NasW10032 (19.5 mg, 0.00800 mmol, 3

4.0 mol%) and 2a (100 mg, 1.00 mmol, 5.0 equiv). The 14

product 14 (42.7 mg, 65%) was obtained as a white solid after purification by column
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chromatography on silica gel (CH2Cl2/MeOH = 20/1). 'H NMR (400 MHz, CDCI3) §
8.22 (br, 1H), 7.29 (br, 1H), 4.66 (td, J = 8.4 Hz, 4.8 Hz, 1H), 3.74 (d, J = 2.0 Hz, 1H),
3.70 (s, 3H), 3.66 (s, 3H), 2.50-2.30 (m, 4H), 2.24-2.14 (m, 1H), 2.08-1.96 (m, 1H), 1.86-
1.76 (m, 1H), 1.63-1.54 (m, 1H), 1.19 (s, 3H), 1.05 (s, 3H); *C NMR (100 MHz, CDCl3)
6 173.2,172.7, 170.5, 69.2, 52.6, 51.8, 51.7, 32.9, 31.1, 30.4, 28.1, 27.2, 26.6. HRMS
(EI-DFMS) m/z: [M]" Calcd for C1sH24N20¢: 328.1634, Found: 328.1636. IR (ATR, cmr”
1) 2956, 2928, 2874, 2859, 1730, 1646, 1540, 1438, 1372, 1260, 1201, 1173, 1128, 1107,
1077, 1031, 787, 746.

C) C(sp’)-H alkylation of Val locating at the second from N-terminus (Scheme 5)

1) TFA (20 equiv)
CH,CL, 25°C, 4 h
then, remove volatiles

CO.Me CO.Me
BDGHNJ\[( ~ 2) 2a (5.0 equiv) J\n’ hd

0 A NagWyOs (4.0 mol%)
MeCN, 16 h /D,COzEt

365 nm LED
then, sat. aq. Na,CQO5
3) AcCl, DIPEA

General Procedure V: 10 mL Schlenk flask equipped with a magnetic stir bar was
charged with a dipeptide (0.200 mmol) dissolved in dry CH,Cl, (1.2 mL). Trifluoroacetic
acid (456 mg, 4.00 mmol, 20 equiv) was dropwise to the solution at 0 °C. The mixture
was stirred at 25 °C for 4 h, and was concentrated in vacuo for 6 h. To the Schlenk flask,
NasW10032 (19.5 mg, 0.00800 mmol, 4.0 mol%), acetonitrile/H20 (20/1, 2.0 mL) and 2a
(100 mg, 1.00 mmol, 5.0 equiv) were added. The mixture was stirred at 25 °C under the
irradiation of UV LED (A = 365 nm). After 16 h, sat. ag. Na2CO3 (2.0 mL) was added,
and the resulting mixture was stirred at 25 °C for 1 h, and then extracted with ethyl acetate
(3 x 10 mL). The combined organic extract was dried over anhydrous MgSOs, filtered,

and concentrated in vacuo. The resulting crude materials were transferred to an oven-
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dried 50 mL two-neck round bottom flask containing a stirring bar, and dry CH,Cl, (3.0
mL) and N,N-diisopropylethylamine (28.4 mg, 0.220 mmol, 1.2 equiv) were added.
Acetyl chloride (17.3 mg, 0.220 mmol, 1.2 equiv) was added dropwise to the mixture at
0 °C. The resulting mixture was stirred at 25 °C. After 16 h, the reaction mixture was
treated with aq. HCI (1.0 M, 5.0 mL), and extracted with dichloromethane (3 x 10 mL).
The combined organic layer was dried over anhydrous MgSOy, filtered, and concentrated
in vacuo. The resulting crude materials were purified by column chromatography on silica
gel to afford the product. In the reaction of H-Gly-Val-OMe (15), GC and NMR analysis

of the crude reaction mixture indicated no formation of alkylated product 16.

6-Ethyl 1-methyl (S)-2-[(S)-2-acetamidopropanamido]-3,3-dimethylhexanedioate

(18a)
According to the General Procedure V, the reaction was H
carried out using Boc-Ala-Val-OMe (17, 60.5 mg, 0.200 )Lﬁ N\;/CO;,_‘Me
mmol), NasaW10032 (19.5 mg, 0.00800 mmol, 4.0 mol%) © ﬁ/
CO,Et
and 2a (100 mg, 1.00 mmol, 5.0 equiv). The product 18a 18a

(35.1 mg, 51%) was obtained as a colorless oil after purification by column
chromatography on silica gel (CH2Cl2/MeOH = 20/1). '"H NMR (400 MHz, CDCl3) &
6.90 (br, 1H), 6.22 (br, 1H), 4.55 (qd, J = 6.8 Hz, 1H), 4.46 (d, J=9.6 Hz, 1H), 4.10 (q,
J=17.6 Hz, 2H), 3.73 (s, 3H), 2.39-2.26 (m, 2H), 2.01 (s, 3H), 1.67-1.54 (m, 2H), 1.34 (d,
J=6.8 Hz, 3H), 1.24 (t, ] = 7.6 Hz, 3H), 0.95 (s, 3H), 0.93 (s, 3H); *C NMR (100 MHz,
CDCl) 6 173.7, 172.0, 171.4, 170.3, 60.5, 58.5, 52.0, 48.8, 36.9, 34.1, 29.2, 23.7, 23 .4,
23.0, 17.5, 14.2. HRMS (EI-DFMS) m/z: [M]" Calecd for C16H2sN20¢: 344.1947, Found:
344.1948. IR (ATR, cm™) 3297, 3073, 2972, 2360, 2340, 1728, 1646, 1535, 1438, 1374,
1265, 1207, 1161, 1092, 1017, 980.
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6-Ethyl 1-methyl (8)-2-[(S)-2-acetamido-3-phenylpropanamido]-3,3-
dimethylhexanedioate (20)

According to the General Procedure V, the reaction was
carried out using Boc-Ala-Val-OMe (19, 75.7 mg, 0.200 4 ¥
mmol), NasW10032 (19.5 mg, 0.00800 mmol, 4.0 mol%) )J\N N.-COMe
and 2a (100 mg, 1.00 mmol, 5.0 equiv). The product 20 "o /:D/CO;._»Et
(36.2 mg, 43%) was obtained as a white solid after 20
purification by column chromatography on silica gel (CH2Cl2/MeOH = 20/1). '"H NMR
(400 MHz, CDCl3) & 7.32-7.12 (m, 5H), 6.41 (d, J = 9.2 Hz, 1H), 6.18 (d, J = 7.2 Hz,
1H), 4.67 (td,J=7.2 Hz, 1 H), 4.40 (d,J=9.2 Hz, 1H), 4.10 (q,J = 7.2 Hz, 1H), 3.67 (s,
3H), 3.10-2.98 (m, 2H), 2.36-2.26 (m, 2H), 1.99 (s, 3H), 1.60-1.46 (m, 2H), 1.24 (t, J =
7.2 Hz, 3H), 0.86 (s, 3H), 0.85 (s, 3H); *C NMR (100 MHz, CDCls) & 173.7, 170.9,
170.8, 170.3, 136.3, 129.2, 128.5, 126.9, 60.4, 58.4, 54.6, 51.9, 37.9, 36.8, 33.9, 29.1,
23.43,23.36,23.0, 14.1. HRMS (EI-DFMS) m/z: [M]" Calcd for C22H32N206: 420.2260,
Found: 420.2258. IR (ATR, cm!) 3277, 2970, 2361, 2249, 1738, 1638, 1541, 1436, 1371,
1301, 1227, 1217, 1200, 1133, 1102, 1028, 911, 730.

D) Attempt of C(sp’)-H alkylation of Val locating at the third from N-terminus

1) TFA (20 equiv)
CH.Cl;, 25°C,4h
then, remove volatiles

0]
H
BocHN \)J\ N H, N vCOZMe no product
"o /_\

2)2 (5.0 equiv)
Na4W10032 (40 mOI%)
MeCN, 16 h
21 365 nm LED
then, sat. aq. Na,CO4
3) AcCl, DIPEA

According to the General Procedure V, the reaction was carried out using Boc-Ala-

Ala-Val-OMe (21, 74.7 mg, 0.20 mmol), NasW10032 (19.5 mg, 0.00800 mmol, 4.0 mol%)
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and 2a (100 mg, 1.00 mmol, 5.0 equiv) for 16 h under irradiation of UV (365 nm). GC

and NMR analysis indicated no formation of the corresponding alkylated product.

E) Alkenes scope of C(sp’)—H alkylation of Val locating at the second from N-terminus

1) TFA (20 equiv)
CH,Cl,, 25°C, 4 h

H then, remove volatiles
N COsMe COMe
B°°””er Y 2)2 (5.0 equiv) /Hf Y
0~

Na,W;003 (4.0 mol%)
MeCN, 16 h /D/C()zR
17 365 nm LED
then, sat. aq. Na;,CO5

3) AcCl, DIPEA

6-(4-Bromophenyl) 1-methyl (8)-2-[(S)-2-acetamidopropanamido]-3,3-
dimethylhexanedioate (18h)
According to the General Procedure V, the

o
H
reaction was carried out using Boc-Ala-Val-OMe )L «_-C0OMe

(17, 60.5 mg, 0.200 mmol), NasW 10032 (19.5 mg, U /@’
0.00800 mmol, 4.0 mol%) and 4-bromophenyl

acrylate (2h, 227 mg, 1.00 mmol, 5.0 equiv). The

product 18h (43.4 mg, 46%) was obtained as a colorless oil after purification by column
chromatography on silica gel (CH2Cl2/MeOH = 30/1). 'H NMR (400 MHz, CDCI3) §
7.51-7.43 (m, 2H), 7.04 (brd, J = 7.2 Hz, 1H), 6.99-6.91 (m, 2H), 6.17 (brd, /= 7.2 Hz,
1H), 4.58 (qd, J= 7.2 Hz, 1H), 4.52 (d, J=9.6 Hz, 1H), 3.74 (s, 3H), 2.60 (t, /= 8.0 Hz,
2H), 1.98 (s, 3H), 1.79-1.60 (m, 2H), 1.34 (d, /= 7.2 Hz, 3H), 1.00 (s, 3H), 0.98 (s, 3H);
3C NMR (100 MHz, CDCls) § 172.2, 171.9, 171.3, 170.3, 149.6, 132.4, 123.3, 118.8,
58.2, 52.1, 48.8, 36.9, 33.9, 29.2, 23.7, 23.4, 23.0, 17.6. HRMS (FAB-DFMS) m/z:
[M+H]" Calcd for C20H28BrN20s: 471.1131, Found: 471.1130. IR (ATR, cm™) 3274,
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2968, 2360, 2340, 1739, 1644, 1528, 1484, 1439, 1373, 1198, 1163, 1121, 1067, 1011,
915, 845, 800.

1-Methyl 6-[4-(Trifluoromethyl)phenyl] (S5)-2-[(S)-2-acetamidopropanamido]-3,3-
dimethylhexanedioate (18i)

According to the General Procedure V, the o
reaction was carried out using Boc-Ala-Val- )J\ J}(H COMe
OMe (17, 60.5 mg, 0.200 mmol), NasW10032 U /©/
(19.5 mg, 0.00800 mmol, 4.0 mol%) and
4-(trifluoromethyl)phenyl acrylate (2i, 216 mg,
1.00 mmol, 5.0 equiv). The product 18i (39.6 mg, 43%) was obtained as a colorless oil
after purification by column chromatography on silica gel (CH2Cl/MeOH = 20/1). 'H
NMR (400 MHz, CDCI3) 8 7.64 (d, J = 8.4 Hz, 2H), 7.20 (d, J = 8.4 Hz, 2H), 7.09-6.99
(m, 1H), 6.24-6.09 (m, 1H), 4.59 (qd, J = 6.8 Hz, 1H), 4.54 (d, /=9.2 Hz, 1H), 3.75 (s,
3H), 2.64 (t, J = 8.4 Hz, 2H), 1.98 (s, 3H), 1.84-1.65 (m, 2H), 1.35 (d, J = 6.8 Hz, 3H),
1.01 (s, 3H), 0.99 (s, 3H); *C NMR (150 MHz, CDCl3) § 172.3, 171.7, 171.2, 170.2,
153.1, 128.0 (q, J = 33.0 Hz), 126.71, 126.69, 123.8 (q, J = 270 Hz), 122.0, 58.3, 52.0,
48.8,36.8,33.9,29.2,23.7,23.4,22.9, 17.9; '’F NMR (368 MHz, CDCl3) & -67.9 (s, 3F).
HRMS (EI-DFMS) m/z: [M]" Calcd for C21H27F3N20¢: 460.1821, Found: 460.1821. IR
(ATR, cm™) 3303, 3073, 2965, 2251, 1741, 1644, 1535, 1514, 1437, 1374, 1323, 1209,
1166, 1121, 1097, 1064, 1017, 910, 855, 729.
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6-(2-Cyanoethyl) 1-methyl (5)-2-[(S)-2-acetamidopropanamido]-3,3-
dimethylhexanedioate (18)

According to the General Procedure V, the

O
H
reaction was carried out using Boc-Ala-Val-OMe )]\N N._ CO:Me
H :
(17, 60.5 mg, 0.200 mmol), NasW10032 (19.5 mg, 0 /D/?L
CN
0.00800 mmol, 4.0 mol%) and 2-cyanoethyl 07
18j

acrylate (2j, 125 mg, 1.00 mmol, 5.0 equiv). The

product 18j (36.9 mg, 50%) was obtained as a colorless oil after purification by column
chromatography on silica gel (CH2Cl2/MeOH = 20/1). 'H NMR (400 MHz, CDCl3) §
7.04 (brd, J=9.6 Hz, 1H), 6.34 (brd, J = 7.6 Hz, 1H), 4.55 (qd, /= 7.6 Hz, 1H), 4.48 (d,
J=9.6 Hz, 1H), 4.36-4.16 (m, 2H), 3.73 (s, 3H), 2.79-2.65 (m, 2H), 2.49-2.32 (m, 2H),
2.01 (s, 3H), 1.68-1.52 (m, 2H), 1.33 (d, J = 7.6 Hz, 3H), 0.96 (s, 3H), 0.93 (s, 3H); 1*C
NMR (150 MHz, CDCl3) 6 173.1,172.1,171.2, 170.4, 117.0, 58.5, 58.2, 52.0, 48.6, 36.8,
34.0, 28.9, 23.7, 23.3, 22.9, 18.0, 17.3. HRMS (FAB-DFMS) m/z: [M+H]" Calcd for
C17H28N306: 370.1978, Found: 370.1979. IR (ATR, em™!) 3277, 2961, 2925, 2359, 2253,
1736, 1645, 1530, 1448, 1373, 1264, 1217, 1160, 1138, 1072, 1038, 1011, 917, 732.

6-(2-Acetoxyethyl) 1-methyl (8)-2-[(S)-2-acetamidopropanamido]-3,3-
dimethylhexanedioate (18k)

According to the General Procedure V, the

O
H
reaction was carried out using Boc-Ala-Val-OMe )J\N N\_/COZMe
(17, 60.5 mg, 0.200 mmol), NasW100s2 (19.5 mg, H o M
OAc
0.00800 mmol, 4.0 mol%) and 2-acetoxyethyl o

acrylate (2k, 158 mg, 1.00 mmol, 5.0 equiv). The

product 18k (37.8 mg, 47%) was obtained as a colorless oil after purification by column
chromatography on silica gel (CH2Cl2/MeOH = 20/1). '"H NMR (600 MHz, CDCl3) &
7.29 (brd, J=9.0 Hz, 1H), 6.67 (brd, J= 7.2 Hz, 1H), 4.62 (qd, /= 7.2 Hz, 1H), 4.41 (d,
J=9.0Hz, 1H), 4.27-4.16 (m, 4H), 3.67 (s, 3H), 2.37-2.27 (m, 2H), 2.03 (s, 3H), 1.95 (s,
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3H), 1.63-1.51 (m, 2H), 1.28 (d, J = 7.2 Hz, 3H), 0.904 (s, 3H), 0.896 (s, 3H); 3*C NMR
(150 MHz, CDCl3) 6 173.3,172.3,171.2, 170.8, 170.2, 62.1, 62.0, 58.4, 51.8, 48.6, 36.6,
33.8, 28.8, 23.5, 23.3, 22.8, 20.7, 17.8. HRMS (FAB-DFMS) m/z: [M+H]" Calcd for
C18H31N20s: 403.2080, Found: 403.2080. IR (ATR, cm™) 3303, 2970, 2357, 2253, 1737,
1645, 1533, 1437, 1373, 1229, 1163, 1056, 1011, 968, 916, 874, 730.

2.11.6 Selective C(sp*)-H alkylation of Val
A) Selective C(sp’)—H alkylation of 1 in the presence of a variety of protected amino

acids 5

1) TFA (20 equiv)
CH,Cl,, 25°C, 4h

BocHN \_/COZMe then, remove volatiles

H

N._ _CO,Me
: CYY ; a + 6
A 0O R 2) 2a (2.0 equiv) (recovered)

Na4W10032 (20 |TIO|%)
1 5 MeCN, 16 h

365 nm LED
then, sat. aq. Na,CO4

10 mL Schlenk flask equipped with a magnetic stir bar was charged with 1 (46.3 mg,
0.200 mmol) and 5 (0.200 mmol) dissolved in dry CH,Cl; (1.2 mL). Trifluoroacetic acid
(456 mg, 4.00 mmol, 20 equiv) was dropwise to the solution at 0 °C. The resulting mixture
was stirred at 25 °C for 4 h, and was concentrated in vacuo for 6 h. To the Schlenk flask,
NasW10032 (9.77 mg, 0.00400 mmol, 2.0 mol%), acetonitrile (2.0 mL) and 2a (40.0 mg,
0.400 mmol, 2.0 equiv) were added. The reaction mixture was stirred at 25 °C under the
irradiation of UV LED (A = 365 nm). After 16 h, sat. ag. Na2CO3 (2.0 mL) was added,
and the resulting mixture was stirred at 25 °C for 1 h, and then extracted with ethyl acetate
(3 x 10 mL). The combined organic extract was dried over anhydrous MgSOs, filtered,
and concentrated in vacuo. The resulting crude materials were analyzed by GC and NMR

to determine the yields of 3a and recovered 5.
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7-Ethyl 1-methyl (S)-2-acetamido-4,4-dimethylheptanedioate (S1)
'"H NMR (400 MHz, CDCls) & 6.08 (d, J = 8.8 Hz, 1H), H

\n/NvCOZMe
4.65 (td, J = 8.8 Hz, 4.0 Hz, 1H), 4.10 (q J = 7.2 Hz, 2H), :

3.70 (s, 3H), 2.25 (t, J = 8.8 Hz, 2H), 1.99 (s, 3H), 1.75-1.69 ° ﬁQ\CO;_‘Et
(m, 1H), 1.68-1.52 (m, 2H), 1.53-1.43 (m, 1H), 1.24 (t, J = 1

7.2 Hz, 3H), 0.922 (s, 3H), 0.919 (s, 3H); '*C NMR (100 MHz, CDCls) § 174.0, 173.9,
169.7, 60.4, 52.4, 49.3,43.5, 36.5, 32.9, 29.5, 26.8, 26.7, 23.1, 14.2. HRMS (EI-DFMS)
m/z: [M]" Calcd for C14H2sNOs: 287.1733, Found: 287.1731. IR (ATR, cm™!) 3263, 2956,
2870,2359, 2340, 1731, 1655, 1547, 1437, 1373, 1296, 1250, 1200, 1173, 1029, 970, 919,

856, 731.

B) Selective C(sp®)—H alkylation of Val residues in peptides
Alkylation of Val-Ala-Val

0
H
BoohN. L. %( N__COMe
: H :

PN O/\

29 1) TFA (20 equiv)
CH,Cl,, 25°C, 4 h
then, remove volatiles o

H 0 H
N\_)J\N J\H/N\_/COZMe
2) 2a (5.0 equiv) T/_ﬁ H o /_\

NagW,qOx (4.0 mol%)
MeCN, 16 h

365 nm LED 23 (44%)
then, sat. aq. Na,CO5

According to the General Procedure IV, the reaction was carried out using Boc-Val-
Ala-Val-OMe (22, 80.3 mg, 0.200 mmol), NasW10032 (19.5 mg, 0.00800 mmol, 4.0
mol%) and 2a (100 mg, 1.00 mmol, 5.0 equiv). The product 23 (31.3 mg, 44%) was
obtained as a white solid after purification by column chromatography on silica gel
(CH2CI/MeOH = 10/1). GC and NMR analysis of the crude mixture indicated no

formation of other C(sp*)-H alkylated products.
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Methyl [(S)-3,3-dimethyl-6-oxopiperidine-2-carbonyl]-L-alanyl- L-valinate (23)

"H NMR (400 MHz, CDCls) & 8.09 (brd, J = 7.2 0
Hz, 1H), 7.64 (brd, J = 1.6 Hz, 1H), 6.92 (brd, J = ©O H\_)LNJ\WH\_/C%ME
8.8 Hz, 1H), 4.59 (qd, J = 7.2 Hz, 1H), 4.43 (dd, J L\ "o Al
=8.8Hz, 5.2 Hz, 1H), 3.72-3.67 (m, 4H), 2.45-2.34 23
(m, 1H), 2.33-2.22 (m, 1H), 2.16-2.06 (m, 1H), 1.85-1.75 (m, 1H), 1.59-1.49 (m, 1H),
1.37 (d,J =7.2 Hz, 3H), 1.16 (s, 3H), 1.01 (s, 3H), 0.89 (d, J = 3.6 Hz, 3H), 0.87 (d, J =
4.0 Hz, 3H); *C NMR (100 MHz, CDCls) 6 173.0, 172.6, 172.3, 170.4, 65.9, 57.3, 52.1,
49.3,32.9,31.13, 31.05, 28.2, 27.2. HRMS (EI-DFMS) m/z: [M]" Calcd for C17H29N30s:
355.2107, Found: 355.2106. IR (ATR, cm™) 3284, 3063, 2961, 2874, 1737, 1645, 1538,
1448, 1372, 1261, 1209, 1158, 1107, 1026, 930, 800.

Alkylation of Ala-Val-Val

0
H
BocHN\)J\hI(chone
= Moo A

24 1) TFA {20 equiv) CO,Et
CH.Cl;, 25°C, 4h 0
then, remove volatiles H
N I A N__coMe
2} 2a (5.0 equiv) : H H
Na W00z (4.0 mol%) : 0~
MeCN, 16 h
365 nm LED 25 (45%)

then, sat. aq. Na;,CO5

According to the General Procedure IV, the reaction was carried out using Boc-Ala-
Val-Val-OMe (24, 80.3 mg, 0.200 mmol), NasW10032 (19.5 mg, 0.00800 mmol, 4.0
mol%) and 2a (100 mg, 1.00 mmol, 5.0 equiv). The product 25 (36.1 mg, 45%) was
obtained as a white solid after purification by column chromatography on silica gel
(CH2C12/MeOH = 20/1). Formation of other C(sp*)-H alkylated products was not
observed by GC and NMR analysis even after the reaction with AcCl/DIPEA.
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Ethyl (8)-5-[(S)-2-aminopropanamido]-6-{[(S)-1-methoxy-3-methyl-1-oxobutan-2-
yllamino}-4,4-dimethyl-6-oxohexanoate (25)
"HNMR (400 MHz, CDCl3) § 8.05 (brd, J = 9.6 Hz,

CO,Et
1H), 6.83 (brd, J = 8.0 Hz, 1H), 4.46 (dd, J = 8.0 Hz, 0
5.2 Hz, 1H), 4.36 (d, J = 9.6 Hz, 1H), 4.11 (q,J = 6.8 HzN\i)LH N._COMe
z 0 -
Hz, 2H), 3.73 (s, 3H), 3.55 (q, /= 7.2 Hz, 1H), 2.36 (t, <N
25

J =7.6 Hz, 2H), 2.21-2.10 (m, 1H), 1.95 (brs, 2H),

1.84-1.74 (m, 1H), 1.69-1.59 (m, 1H), 1.35 (d, /= 7.2 Hz, 3H), 1.24 (t, /= 6.8 Hz, 3H),
1.00 (s, 3H), .099 (s, 3H), 0.92 (d, J = 4.4 Hz, 3H), 0.90 (d, J = 4.0 Hz, 3H); *C NMR
(100 MHz, CDCIl3) 6 175.5, 174.2, 172.1, 170.3, 60.5, 58.4, 57.4, 52.1, 50.8, 36.9, 33.7,
30.8,29.3, 23.8, 23.3, 21.6, 18.9, 17.8, 14.2. HRMS (FAB-DFMS) m/z: [M+H]" Calcd
for C19H36N306: 402.2604, Found: 402.2604. IR (ATR, cm™) 3304, 2969, 2874, 2363,
2340, 1737, 1645, 1520, 1448, 1372, 1262, 1228, 1216, 1200, 1154, 1026, 858, 796.

i Y TERYNONNT TSRV e
1.24 ;
\/
411
0
373
-
>0
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o9 %0 70 ) 50 ") 50 20 1o
X : pants per Million : Prolon

Figure S5. '"H NMR spectrum of 25 in CDCl3 (400 MHz)
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Alkylation of Val-Val

CO,Me

H
o N
: H

1) TFA (20 equiv)

j\/ CH,Cl,, 25°C, 4 h
then, remove volatiles
BocHN\)L CoMe .
2) 2a (2.0 equiv)
NayWi00s; (2.0 mol%)
MeCN, 6 h CO,Et

26 365 nm LED o

then, sat. aq. Na,CO5 H
O N

28 (4%)

27 (42%)

10 mL Schlenk flask equipped with a magnetic stir bar was charged with 26 (66.1 mg,
0.200 mmol) dissolved in dry CH,Cl, (1.2 mL). Trifluoroacetic acid (456 mg, 4.00 mmol,
20 equiv) was dropwise to the solution at 0 °C. The resulting mixture was stirred at 25 °C
for 4 h, and concentrated in vacuo for 6 h. To the Schlenk flask, NasW10032 (9.77 mg,
0.00400 mmol, 2.0 mol%), acetonitrile (2.0 mL) and 2a (40.0 mg, 0.400 mmol, 2.0 equiv)
were added. The mixture was stirred at 25 °C under the irradiation of UV LED (A = 365
nm). After 6 h, sat. aq. Na2CO3 (2.0 mL) was added, and the resulting mixture was stirred
at 25 °Cfor 1 h, and then extracted with ethyl acetate (3 x 10 mL). The combined organic
extract was dried over anhydrous MgSQs4, filtered, and concentrated in vacuo. The
resulting crude materials were purified by column chromatography on silica gel to afford

the product.
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Methyl [(S)-3,3-dimethyl-6-oxopiperidine-2-carbonyl]-L-valinate (27)
The major product 27 (23.9 mg, 42%) was obtained as a

O
white solid after purification by column chromatography on @ H JL I

" >N" ~CO,Me
silica gel (CH2Cl/MeOH = 20/1). 'H NMR (400 MHz, -_H
CDCl3) 8 7.51 (brd, J= 8.0 Hz, 1H), 7.19 (br, 1H), 4.54 (dd, 27

J=28.0Hz, 6.4 Hz, 1H), 3.79 (d, /= 2.0 Hz, 1H), 3.70 (s, 3H), 2.52-2.42 (m, 1H), 2.40-
2.30 (m, 1H), 2.23-2.11 (m, 1H), 1.89-1.80 (m, 1H), 1.64-1.55 (m, 1H), 1.20 (s, 3H), 1.07
(s, 3H), 0.95 (s, 3H), 0.93 (s, 3H); *C NMR (100 MHz, CDCl3) & 173.2, 172.7, 170.3,
66.3, 57.8, 52.2, 33.1, 31.3, 30.8, 28.2, 27.2, 23.8, 19.2, 18.6. HRMS (EI-DFMS) m/z:
[M]* Calcd for C14H24aN204: 284.1736, Found: 284.1736. IR (ATR, cm) 3263, 3191,
3048, 2960, 2926, 2879, 1734, 1678, 1644, 1531, 1460, 1439, 1407, 1377, 1266, 1226,
1203, 1146, 1122, 1074, 1041, 990, 970, 927, 807, 744.

6-Ethyl 1-methyl (5)-2-[(5)-3,3-dimethyl-6-oxopiperidine-2-carboxamido]-3,3-
dimethyl-hexanedioate (28)

The minor product 28 (3.1 mg, 4%) was obtained as a

white solid after purification by column chromatography y © fcozEt
on silica gel (CH2Cl/MeOH = 20/1). "H NMR (400 MHz, © N\)LH CO,Me
CDCl3) 6 7.13 (brd, J = 8.8 Hz, 1H), 6.82 (br, 1H), 4.58 L‘\

(d,J=8.8 Hz, 1H), 4.09 (q, /= 6.8 Hz, 2H), 3.79 (br, 1H),
3.69 (s, 3H), 2.52-2.41 (m, 1H), 2.40-2.28 (m, 3H), 1.89-1.77 (m, 1H), 1.73-1.53 (m, 3H),
1.23 (t, J = 6.8 Hz, 3H), 1.18 (s, 3H), 1.05 (s, 3H), 0.95 (s, 6H); *C NMR (100 MHz,
CDCl3) 6 173.7, 172.5, 172.0, 170.1, 66.0, 60.5, 58.6, 52.1, 36.7, 34.2, 33.2, 31.6, 29.1,
28.0, 27.1, 24.0, 23.8, 23.5, 14.2. HRMS (EI-DFMS) m/z: [M]" Calcd for C19H32N20¢:
384.2260, Found: 384.2258. IR (ATR, cm™) 3689, 2957, 2905, 1733, 1671, 1633, 1534,
1474, 1443, 1395, 1259, 1206, 1174, 1138, 1098, 1030, 934, 848, 792, 751.
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Aalkylation of Val-Ala-Leu

0
H
BocHN\)J\NJw_vacone
: H g

H 9 H
z H :
32 T/‘\ o Y

1) TFA (20 equiv)

CH,Cl,, 25°C, 4 h 33 (21%)

then, remove volatiles

N

2) 2a (5.0 equiv) o

Na4W10032 (40 "]0'%) H

MeCN, 16 h HzN\)J\N N._-COMe

365 nm LED z H 0 :

then, sat. aq. Na,CQO5 PN

34 (3%)

CO,Et

According to the General Procedure IV, the reaction was carried out using Boc-Val-
Ala-Leu-OMe (32, 83.1 mg, 0.200 mmol), NasW10032 (19.5 mg, 0.00800 mmol, 4.0
mol%) and 2a (100 mg, 1.00 mmol, 5.0 equiv). The resulting crude material was purified

by column chromatography on silica gel to afford the product.

Methyl [(S)-3,3-dimethyl-6-oxopiperidine-2-carbonyl]-L-alanyl- L-leucinate (33)

The major product 33 (15.5 mg, 21%) was
0]

o
H\_)kN/H(chozm
T/i\H 0 \(

Hz, 1H), 7.64 (s, 1H), 6.93 (d, J = 7.6 Hz, 1H), 4.59-4.43 (m, 2H), 3.71 (s, 1H), 3.69 (s,

obtained as a white solid after purification by column
chromatography on silica gel (CH2Cl/MeOH =
20/1). "H NMR (400 MHz, CDCl3) 6 7.89 (d, J=7.2 33

3H), 2.43-2.21 (m, 2H), 1.82-1.73 (m, 1H), 1.68-1.49 (m, 4H), 1.37 (d, J= 7.2 Hz, 3H),
1.16 (s, 3H), 1.00 (s, 3H), 0.89 (t, J = 6.4 Hz, 6H); *C NMR (100 MHz, CDCl3) § 173.3,
172.7, 170.1, 65.7, 52.2, 50.9, 49.1, 41.0, 33.2, 31.3, 28.1, 27.3, 24.7, 23.2, 22.7, 21.8,
18.0. HRMS (EI-DEMS) m/z: [M]" Calcd for C1sH31N30s: 369.2264, Found: 369.2264.
IR (ATR, cm™) 3289, 3258, 2955, 2925, 2874, 2365, 1740, 1645, 1537, 1447, 1401, 1371,
1259, 1208, 1161, 1114, 1073, 1028, 791, 745.
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7-Ethyl 1-methyl (5)-2-{(S)-2-[(S)-2-amino-3-methylbutanamido]propanamido}-
4,4-dimethylheptanedioate (34)

The minor product 34 (2.49 mg, 3%) was o
M N
obtained as a white solid after purification by HoN _ N N\_/COZME
z H z
. = 0o =
1 h t h 1 1 2N
column chromatography on silica ge ﬁ</\C02Et
(CH2C12/MeOH = 20/1). '"H NMR (400 MHz, 34

CDCl3)  7.84 (brd, J = 7.6 Hz, 1H), 7.13 (brd, J = 7.6 Hz, 1H), 4.59-4.48 (m, 2H), 4.08
(q, J = 7.6 Hz, 2H), 3.69 (s, 3H), 3.25 (d, J = 4.0 Hz, 1H), 2.28-2.18 (m, 3H), 1.91 (br,
2H), 1.77-1.70 (m, 1H), 1.62-1.47 (m, 3H), 1.35 (d, J = 7.2 Hz, 3H), 1.22 (t, J= 7.6 Hz,
3H), 0.97 (d, J = 7.2 Hz, 3H), 0.880 (s, 3H), 0.875 (s, 3H), 0.81 (d, J = 6.8 Hz, 3H); 3C
NMR (100 MHz, CDCL3) § 174.5, 174.1, 173.4, 171.8, 60.4, 59.9, 52.3, 49.4, 48.2, 43 .4,
36.4, 32.8, 30.8, 29.4, 26.6, 26.5, 19.5, 17.6, 16.1, 14.1. HRMS (FAB-DFMS) m/z:
[M+H]" Caled for C20H3sN3Os: 416.2761, Found: 416.2761. IR (ATR, em™) 3272, 3226,
2957, 1733, 1639, 1532, 1464, 1443, 1376, 1265, 1200, 1167, 1097, 1072, 1029, 965, 934,
919, 858, 796.

Aalkylation of Val-Ala-Ala-Leu

1) TFA (20 equiv)
CH,CI,, 25°C, 4 h

0 H O then, remove volatiles
BocHN N no product
© \)J\NJ}( \_.)J\N COMe P
: H 0 H H

2) 2a (5.0 equiv)
Na4W10032 (40 mol%)
MeCN, 16 h
35 365 nm LED
then, sat. aq Na,CO5

PN

According to the General Procedure IV, the reaction was carried out using Boc-Val-
Ala-Ala-Leu-OMe (35, 97.3 mg, 0.200 mmol), NaaW10032 (19.5 mg, 0.00800 mmol, 4.0
mol%) and 2a (100 mg, 1.00 mmol, 5.0 equiv). The resulting crude material was purified
by column chromatography on silica gel to afford the product. GC and NMR analysis

indicated no formation of the corresponding alkylated product.
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C) Molecular models of peptides and decatungstate
Val-Val

tertiary C(sp®)—H bond of
N-terminal valine residue

ammonium group

Figure S6. Molecular Model of Val-Val and Decatungstate

(To fix the trans structure of the dipeptide, the peptide bond was modeled using a
blue bent double bond.) (The negative charges of the decatungstate is delocalized in
the molecule, but due to the higher electronegativity of the oxygen atom, the cations
are considered to be close to the oxygen atoms of the decatungstate.)

In Figure S6, a molecule on the left side is the simplified decatungstate and a molecule
on the right side is Val-Val dipeptide.

As shown in Figure S6, when the ammonium group at the left side of the Val-Val
dipeptide and the oxygen atom of the decatungstate are close proximity to each other due

to electrostatic interaction, the tertiary C(sp*)-H bond of the N-terminal residue of Val-
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Val comes close to the oxygen atom of the decatungstate with a hydrogen abstraction

ability.

Leu-Leu

oxygen atom

of decatungstate

=

Figure S7. Molecular Model of Leu-Leu and Decatungstate

In Figure S7, a molecule on the left side is a simplified decatungstate and a molecule
on the right side is Leu-Leu dipeptide (The relative position of the other parts are the same
as in the case of the figure S6 Val-Val dipeptide, except for a change in the leucine
residue).

As shown in Figure S7, when the ammonium group at the left side of the Leu-Leu
dipeptide and the oxygen atom of the decatungstate are close proximity to each other due
to electrostatic interaction, the tertiary C(sp*)-H bond of the N-terminal residue of Leu-

Leu is not able to get close to the oxygen atom of the decatungstate with a hydrogen
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abstraction ability since leucine has a larger side-chain, isobutyl group, in comparison to

valine.

2.11.7 Introduction of alkyne moiety and its CuAAC

CuAAC was performed via modification of a literature procedure.®
1) TFA (20 equiv)

H
CHyCly, 25°C, 4h N._ CO,Me
BocHN COgMe then, remove volatiles W

\)LN K H
1 H X 3d (42%)

2d (5.0 equiv) PR N3 (12 equiv)
Maen e o) Cu(OAc), (10 mol%)
365 nm LED sodium ascorbate {20 mol%})
3) AcCl, DIPEA gsBl:c(:)F:n:?\O (111)
H
N - COMe
39 (> 99%)

According to the General Procedure V, the reaction was carried out using Boc-Val-
OMe (1, 46.3 mg, 0.200 mmol), NaaW10032 (19.5 mg, 0.00800 mmol, 4.0 mol%) and 2d
(137 mg, 1.00 mmol, 5.0 equiv). The resulting crude material was purified by column
chromatography on silica gel (CH2Cl2/MeOH = 20/1) to afford the product 3d (26.1 mg,
42%).

A 10 mL Schlenk flask equipped with a magnetic stir bar was charged with benzyl
azide (13.4 mg, 0.101 mmol, 1.2 equiv), Cu(OAc)2 (1.53 mg, 0.00840 mmol, 10 mol%)
and sodium ascorbate (3.33 mg, 0.0168 mmol, 20 mol%) in ~-BuOH/H20 (1/1, 1.0 mL).
3d (26.1 mg, 0.0840 mmol) in --BuOH/H20 (1/1, 1.0 mL) was dropwise to the solution

at 0 °C. The resulting mixture was stirred at 25 °C for 14 h, and the solution was diluted
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with EtOAc (3 x 10 mL) and washed with 35% ammonia solution (5 mL) and brine (5
mL). The organic layer was dried over anhydrous MgSOQu, filtered, and concentrated in

vacuum. The resulting crude material was purified by column chromatography on silica

gel (CH2Cl2/MeOH = 20/1) to afford the product 39 (37.3 mg, quant.) as a white solid.

Methyl (S5)-2-acetamido-6-((2-(1-benzyl-1H-1,2,3-triazol-4-yl)propan-2-yl)amino)-
3,3-dimethyl-6-oxohexanoate (39)

"H NMR (400 MHz, CDCI3) § 7.40 (s, 1H), 7.39-
7.33 (m, 3H), 7.28-7.23 (m, 2H), 6.52 (brs, 1H), 6.11 :
(brd, J = 9.6 Hz, 1H), 5.53-5.43 (m, 2H), 4.56 (d, J = ° /E)OLNB%N\
9.6 Hz, 1H), 3.73 (s, 3H), 2.33-2.23 (m, 1H), 2.13-2.05 \
(m, 1H), 2.04 (s, 3H), 1.71 (s, 3H), 1.69 (s, 3H), 1.56- 39
1.42 (m, 2H), 0.90 (s, 3H), 0.89 (s, 3H); *C NMR (100 MHz, CDCls) § 172.7, 172.0,
170.2, 153.7, 134.7, 129.0, 128.6, 128.0, 120.5, 57.5, 54.0, 51.9, 50.9, 37.1, 35.4, 32.4,
28.0, 27.7, 23.8, 23.7, 23.3. HRMS (EI-DFMS) m/z: [M]" Calcd for C23H33N504:
443.2533, Found: 443.2531. IR (ATR, cm) 3297, 3058, 2970, 2930, 2879, 1733, 1657,
1534, 1456, 1434, 1362, 1260, 1205, 1139, 1113, 1055, 1021, 807, 776, 724.

2.11.8 NMR experiment
A) TH NMR Analysis of a Mixture of 1' and (n-BuyN) W 19032

H-Val-OMe-HCI (1', 10.0 mg, 0.0597 mmol, 1.0 equiv) was dissolved in CD3CN (0.5
mL), and the solution was analyzed by 'H NMR giving the '"H NMR of H-Val-OMe-HCI
(1"). H-Val-OMe-HCI (1', 10.0 mg, 0.0597 mmol, 1.0 equiv) and (n-BusN)sW10032 (0.1
equiv, 0.5 equiv, 0.8 equiv, 1.0 equiv) were dissolved in CD3CN (0.5 mL), and the
solution was analyzed by 'H NMR. Chemical shift was observed compared to the 'H
NMR of H-Val-OMe-HCI (1').
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Figure S8. 'H NMR Analysis of a Mixture of 1' and (n-BusN)sW 10032



B) '"H NMR Analysis of a Mixture of 26' and (n-BuyN) W 190032

H-Val-Val-OMe-TFA (26', 10.0 mg, 0.0290 mmol, 1.0 equiv) was dissolved in
CD;CN (1.0 mL), and the solution was analyzed by 'H NMR giving the 'H NMR of H-
Val-Val-OMe TFA (26'). H-Val-Val-OMe-TFA (26', 10.0 mg, 0.0290 mmol, 1.0 equiv)
and (n-BusN)sW10032 (0.1 equiv, 0.5 equiv, 0.8 equiv, 1.0 equiv) were dissolved in
CD;CN (1.0 mL), and the solution was analyzed by 'H NMR. Chemical shift was
observed compared to the '"H NMR of H-Val-Val-OMe-TFA (26").
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2.11.9 Cyclic Voltammetry of H-Val-OMe (4) (Scheme 2-15)

Electrochemical data was obtained at a scan rate of 0.10 V s™! using 2.0 mM of the
compound in MeCN containing 0.10 M "BusNPF¢ on a platinum working electrode, a
platinum wire auxiliary electrode, and a silver wire reference electrode. All potentials are
given versus the Fc/Fc' used as an internal standard, giving 1.39 V as a value of the
oxidation potential (vs. Fc/Fc") of 4. Conversion of the potentials from vs. Fc¢/Fc' to vs.
SCE is done by adding 0.38 V to the potential vs. Fc/Fc*.? The calculated value of the
oxidation potential of 4 was 1.77 V (vs. SCE).
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Figure S10. Cyclic Voltammetry of H-Val-OMe (4)
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H3E
THE T RAT VBRI X ARRMIET =T AR
D C(sp¥)-H 7 )WF AT E-S S BIRBL T 2 vk

3.1 FRE =R

3.1.1 ABFFEORRNE

F2ETHAIZL DI, EFEIANY UFEEETm AL TT U E=T A
WIZT BT TAHE T AT DRI X DALEIRIRIC(sp’)-HT /L ¥
IR & BR%E L7z (Scheme3-1,A) . 77 U AT )L & DRINZIBWTIEL,
TIVXILS N T =T MEP R TORILEZ L0 oL
AT LS-T 7 4 A~ EBEND D, ZOBKICTH ) — NSNS, E5I1X
ZOBSRERRIT, ZoTa— O EBT- T VbR & L THE
Z. AERTFIE~CRBIATE D EE R,

bW mob &, EFIIT I E T AT B2 =BT >~
T AEOC(sp’)-HT VX NMAIZIES L | Bz el 7 o AL RS O BIFIC S T
L7= (Scheme 3-1,B) .
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(A) C(sp®)-H alkylation of Val residue proximal to N-Terminus (chapter 2)

. Z>CO,Et
HaN___CO,Me

H
_ HsN'__CO,Me O._N_ _CO,Me
[W10032]* 3NN Na,CO, U\ 2 .
= _ > OEt & = + EtOH
PaN hv U\
(@)

(B) Concept: Selective deacryloylation of acrylates (chapter 3)

/\([)]/O\O\O)OJ\ o HO\O\ )O]\

(0]

.
R._NH; H
0y N._R

%\H W4nO 4— \{
[W10035] +
hv R._NH3 base

o o base-triggered
\O\O J\ intramolecular cyclization

addition of C(sp®)—H bond
0]

Scheme 3-1. AHFZEDORGE L K nT VA o

312 TINVBIORT vk

T UVIRIEL BRa IRAETENE S TR E EN TR D RGBS
BWTHEREHZ R L TWLOL2 LT, AESHIEFIZBWTHEER
BRER & LTERICHEL 2SN TWD!, 7TIAEIIT A a—1T7 I 7 Ko
R LTINS Z &3 <, EAMEMETH 2 W& ICEMN T CThE
T&% (Scheme3-2) 5, LWL s, KW EDEMER T2 T 55
B B2 Z B OREENERGET 5 2 ENZ N2 il OBl S:TI
HEIOT NV EEUNOBRGE AT T 5 2 L6, UG OBIRPERIE 23 RIS
o TNDE, DD, —EDIGFME T THRMOT LIV BIRIICERET
LFEORBENERS EENL TV D,
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R’ O. R’ .
HO.,  or  HaNg . \[( R or \[( R
deacylation O

acyl groups

Me Me
H jo]/ﬁk Me TD(LLLL Me*o(ii Ph YE

[\ o)
S S
cl WE Fsc\[(i% M ewﬁk M G)WE
(0] (@] (@] (@)

Scheme 3-2. £k % 727 2 VAL

FaR L7z W@ OBT VLR TR EE TR 2 E 2 VWS T2
O, [FIRFIZ SRR DD T DIVENFIFICRESND Z L%, ZOREEE
Wt D20, TIUNEL ZRRZT N2 ICEHB LD, HFHNEBEILRG
REWZEOT U HE 2 ZEREL, BIRBRN T Utz FEBLT 2 FIENRFHERE S
TV 5% (Sheme3-3) !,

IO\ :Y IO\
IjO(ER _,Ejof:a ?HO\R

’

acyl group 1 acyl group 2 / ‘:

"~

@)

Scheme 3-3 SR MLT > Al
LTS, ZOFEICHOONAERR T VIO TN T 5, RER
BTV ED 1L LT, LY AN (Lev) DEIDNTWS Y LT Y /A

JVIED b 2 HIZ NaBHs, MeMgl, HoNNH: 7 & O REZA 2 RiZfnsd 5 2 &
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THOFWNEALSEREIT L, V7 U 2 A NVEO BN T v a— VAR R
5 %2 535 (Scheme 3-4) .

09 o,
)J\/\ﬂ/o Nu Mﬂ/o HO 0
Me R Me R "R ¢
Nu 0 Me
Nu

Scheme3-4. L7V / AL (Lev) %t

Flo, Q-=hue 7= T EFAELRBEINTNWD 5, Hifh7e & DEITLA
ZHAWT= a2 7 0 RIGBET LD BIZ, Bl&k< O TN LRSS T
T35 ET. T2 LDHERKE EBIZT Va— LN &5 (Scheme 3-5)

NO, NH,

O. _ reduction o. HO. HN
R — R [— R +
O O

Scheme 3-5. 2-= t v 7 = =)L) 7 & F /L Ik
EHIT, 222N VNF X TR A L E(PACH-OR)DOF & e &
NTWND O 2-Q-RNU DT FTTF )R A DR PV HIE DDQ <

AICI3-PhNMez 72 E DL F CHRES L, & R R EZ AR L, 51N
BALICK D 7 UV EENBBEST 5 L RIFFIC T L a— 3 it & 415 (Scheme 3-6) .

Scheme 3-6. 2-(2-X 2 VLA F = F L)X Y A JL(PACH-OR) %
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UEDE 700007 vV EEAWIZEE, &5 —E ORISR THT &~
JENERBTE B0, RO T VVEPNERFEL TV DHHETH IR
REGRBLT S IALRSFARETH D, L LR D, BERSE ST b EZAM
TINET ER UBNCR 5N TR Y | AREEESUSHIRCTR VR T4 22
EINDHTZD, BREFAMENMEW e EORMBEANFEE L, B RISSEN T
TOBERN 2T 2 IACTFIEDOBRE N L ENL TV D,

BHEITE 2FETHE LT HZ v 7 AT VRN A =T = A
WOT VX MEKIRICHBWT, TAa—ARBEERYE LT Shs Z &I
EHLC, 77 VnANEET By MEOKGE 5 £ FIATEIUL, B
T IR 72 BT S ALTIE O FEBUN AR & B 2. AFRICET LT,
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3.2 ARG K O ER 2B

3.2.1 FIHARRET

HIREHI R W T, N A F v X7 VIR REE2az WV, 77 ULV T = =
MadDi7 7 Y v A MEOE 21T -7 (Scheme3-7) o 2.0mol% DT B % 7
AT A (NasW10032) B8 KON 2 Y ED N Y A F Lo 27 VI 2a0
fEAET, 7T F=F UL EKQODDIBEEEF ., 365 nmDEIEIST T Tl6lkf
MR Uz, MOSE AW Z REET RV w7 AKEAK TS 5 Z & T, 0 TNERIL
BOSISEAT L, 8-T 7 Z LZT3%DINETH 25D L FFFIC, 7 =/ —/13aniL
FTI3% THONT,

Val-OMe-HCI (2a, 2 equiv)

H
A]/O Na4W10032 (2 mOl%) HO +O N\/COZMe
o} MeCN/H,0 (20/1), 16 h M
365 nm LED
1a then 3a (73%) 73%

sat. aq. Na,CO3, 25°C, 1 h
Scheme 3-7. NV > A F )L AT I)VIEREIE 2 W=7 7 U v 4 Uik

HEVERM TH D7 =/ —/v 3a DIRA L2 BiE L, NU U AF LT X7 )0
IR 2a L0 SMEARPEEFEN/ NS S —EBBEH O C-H 7 AF BB EIT Lo 0
EBZONDA Y TFNT I VI 20 AV, T VAT =)L 1a Ot
77V aA M fbE G L7z (Scheme 3-8) . TDFER, 7=/ —/L 3a & EE
2D 2 ST Lz,

'BUNH,-HCI (2b, 2 equiv)
Na4W1oo32 (2 mOl%)

H
/\H/O HO .\ (@) N
0] MeCN/H,0 (20/1), 16 h
1a

365 nm LED
3a (99%) 99%

then
sat. aq. Na,CO3, 25°C, 1 h

Scheme 3-8. - V7T /7T I VIEEEEEZAWERT 7 U v A ik
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B, TORNTEWT, HETRHET HRTOOSEG Y% "H NMR CT#fT
LieeZA 77 VaA Nt Y TFT I UHEIRE & ORIGIZE Y RS
NI T2 72T UV EER T 2HHERBHI SN T D, RELPEALGRCTIES
DFTRT INVETHD 5-7 E=T b4 4-F AF ANV Y VEE Amv K & i
T %, ZO Amv FEIHIEDHFE T, HFRBILISIZ L V8- 7 Z Lz Bk
THEELEHIZT V= EHKHT % (Scheme 3-9) .

+ 5-ammounium-4,4-dimethylvaleryl

H
N__O
NH; i
L NH5

O (o) 2 HO
/\[O]/ O [W40O032]* 0 O base \O

hv

addition of = Ava\O base-triggered
C(sp®)—-H bonds cyclization

Scheme 3-9. 5-7 E =7 5-4.4-2 A F L3 JL(Amyv) K

3.2.2 XPHRERR

ZOKINCEBIT D, T By MEOMNEN A REET 5720 MREREZITo
Too 7B LEEMZATICRISEIToT2 8 T A, T /v 3 — A 3aD A RITBIHI
Shpino7c (Scheme 3-10) . ZOfERIT, ARIPIFE LIZBT 7 U v A WABK
JSISEIR DT 7 VAR T = = A 1aD KGOS TIEZRNWZ & 2R LTV 5,

/\H/O NayW103; (2 mol%) HO
0 O MeCN/H,O (20/1), 16 h O
365 nm LED
1a then 3a (< 1%)

sat. aq. Na;,C05,25°C, 1 h
Scheme 3-10. 7 > E=7 LY Z MM L2V S
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Flo, TUE=ULAEORDVIZ, Tr M AELTWRNA Y TF AT I
', T VAT == 1ailT 7 U aA b EBELTZE 2 A, 33%D
WRTT =/ —N3azhGz, FRCT 7 VAT I ROERBHT A7 o~ 75
7 14— (GC) Bl =47z (Scheme 3-11) o SUSHMEINER 72723 AT U7 JRIANIE,
AV TFNT I 2 DBREARE LTI E, 7OVEBRISEDET LT EE XD
N5,

/\H/O 'BUNH, (2b’, 2.0 equiv) HO WH
3 - / j<
O \© MeCN/H,0 (20/1) \© o)
o]
1a 25°C,16 h 3a (33%) observed

Scheme 3-11. 1 VY 7 F /LT I 20" W= T 7 U v A L4k

—HT AV TTFNT IO AW TlX, BT v A biZE T L g
-72 (Scheme 3-12) , ZOFERIZ. 7Iv 27 a b AL LTT VBT AT
HZET, TIVOREEEMHT 2011 HH ERLTNAD,

%\H/O\© iBuNH,-HCI (2b, 2.0 equiv) HO
0 MeCN/M,0 (20/1)
25°C, 16 h
1a 3a (< 1%)

Scheme 3-12. A YV 7 F /LT 2 U O¥EERYE 20 Z W=7 7V a A 4k

PLEDFERNG, RKIGZBIT DT =0 2O BEEMENH NI 72 -7,
TR MEOEENL, Th X T AT MDA L OF BN EIERIC
L DE—BBED Amv FRMEDOI A RIET D D72 BT, 7 I v OREENEZ
ZDZETT IUNEOBMIEEMADEEN S RIZLTND Z LRSI L,
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3.3 RGOt

33.1 TUE=U LEOREL

T U=y AEORELETT o 72 (Scheme 3-13) , FIHIRET TR LI L H 1T,
Y U AFNNE AT IOV 2a 72 W TCBRIZIE 73% DR T T =/ —)/L 3a 7
Boiv A Y TFNT I R 2b & W TZBRIZIE 9% DIET T = / —)L 3a
NEONTZ, £72. NV tert-T F T AT VIR 2¢ ZHWTZEE. BT 7
U A MAERSIEREZR SHEIT L, IR 70%T7 =/ — /v 3a & 5272, IR
VEBEAL MR ST RN Y RS 2d 2 FHVZBR. 2d ORI
7=h, 3a ODUCROIKR T RBI SN, A Y TTFNAT I M) 7 A ik
2e K HWIE RIS ZAT ST 2A, MWIERT 7 =/ — NV 3axhxlc, £z, 7
2 ELT X IR 2f A W TEERIS, BB D C(sp®)-H 7L F ks T A
Fr XV AF LD Cspd)-H B DISHEMRN D | BRI S D 7
=/ =V 3a DUEROK T RBIHI SNz, i, XInT 27 7 2 DO E T A
sna< 777 4— (GC) TEHHMILTWS, —FT, A Y7 L7 I ik
H2ag # W BT 7 VA b ERE LTz 2 A, 7=/ — L 3aldfE o T,
JFOEHEIY & 72 o7z, ZTOREAIL, A Y 7' e BT I U 2g @ C(sp’)-H 7 /v
FIUEREIT L2 WD THD EEZTWD, T2 A4 VT T 2 U HEEE 2h
ERHNWTRISET2T2L ZA, IWESI%TT7 =/ —NV3arxhz, McT577
2 LD E T A7 v~ 7T 74— (GC) THEHPILTWAD,

AV TFNT I B 2b I WTZBE BT 7 U v A ARSI L <
ITLIEZ R0, AV TTFAT I U 2b XM THRENTWND Z ek,
AV TFNT IR 2b 2 D TRERRIRS LORERG 21T 2L L L
72
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alkylamine salt (2 equiv)
/\H/O Na4W10032 (2 mol%) HO
o \© MeCN/H,0 (20/1), 16 h \©
365 nm LED

1a then 3a
sat. aq. Na,CO3, 25°C, 1 h

o o _OCOCF;
H3N+\_/cozt|3u H3N+\_/COZH HsNJ\
/_\ /-\
2c 2d 2e
70% 49% 99%
Ci Cl el
H3N+j\ H3N+j/ oM
2f 2g 2h
46% 0% 51%

(initial investigation)

cl Cl
+ +
H3N\/C02Me H3N
/_\ J\
2a 2b
73% 99%

Scheme 3-13. 7 FE =17 A O

3.3.2 RGOk

BT, MUGSMH O &L 21T > 72 (Table 3-1) . NasWi0032 % V72 BE, 99%
DR T H A % 5 2 72 D125 Uentry 1), (n-BuaN)sW10032 2 W24 T
TORMR DL T B S iz (entry 2), — T, THE v 7 AT MDAl
WML 720G TlE, W7 7 U v A U RIZEIT L7227 > 7z (entry 3), #icl M T,
RO R A FiEt L7z, 365 nm OG- 405 nm OIFICE R 72 L T A, IR
IXRIRRE 72 o 7= (entry 4), — 5, SEIRDS 22 \WEE CIIRUS S HET T, JFURHENY
Elpol(entry 5), F£7o. UG Z 12 FREICEMNE L2 BICITINE 94% CT7 =
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J =V 3a B HIVIEN (entry 6), RUGKFMZ 1 REMICEME LI 2 A, 7=/
—)L 3a DR T1%IIE T L7 (entry 7). 1 FFIOIGHBTH, 2d 2 4 4 &
IR T & IE 9% T = /) — N 3a & [GHI LN TEDL I LEMERLTND
(entry 8), ZAUZ LV, AEIBAFE L7 FEITHE LT 7 ) a4 WAL ATRETH
5 ENHGMNIRoTe, o, KOFELRWIGSRMETS, 7=/ —)b 3a
MR 96% TG H AL (entry 9) o

'BUNH,-HCI (2b, 2 equiv)
/\WO\© catalyst (2 mol%) sat. aq. Na;COg3 HO\©
o solvent (20/1) rt,1h

hv

1a 3a
entry solvent catalyst light source time GC yield (%)
1 MeCN/H,0 (20/1) NaDT 365 nm LED 16 h 99
2 MeCN/H,0 (20/1) TBADT 365 nm LED 16 h 94
3 MeCN/H,0 (20/1) none 365 nm LED 16 h <1
4 MeCN/H,0 (20/1) NaDT 405 nm LED 16 h 99
5 MeCN/H,0 (20/1) NaDT none 16 h <1
6 MeCN/H,0 (20/1) NaDT 365 nm LED 12 h 94
74 MeCN/H,0 (20/1) NaDT 365 nm LED 1h 71
8 MeCN/H,0 (20/1) NaDT 365 nm LED 1h 99
9 MeCN NaDT 365 nm LED 16 h 96

a2b (4 equiv).
Table 3-1. S GDOREL
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3.4 EEE A& O

341 7= /) —/VHRODOT 7 ) L— FORKE

Bt SNTROGEME AV, 7=/ —VEEKOT7 7 U L— kO &P
DIfEtZ1T > 7 (Scheme 3-14) . /ST A FNVIEE T tert-7 F NV EEHT
5 BE 1b-1ec DRUSITRTER S HEAT L. BRAFRIERTT b= — /LA 3b-3¢ %
H.z7-, 2. MU 7 Fdwa AFI)(-CF;), = b U JL(-CN), A FF(-OMe) &
WO BRREZ AT LAY 1d-1f OIS EN O DOEREICHEIND Z &iX
<L RIS EIT L, SHIC, e URFEAT LEE 1g-1j ORIES .,
maFURTFERR ) Z e BIARY 3g-3] &5 270, B, HE1j &
W2 BRI, 365 nm DERINEIRET T Tk 1j OB = 7 LU ETT L7223, 405
nm OYEIH T CIEM 3 U FBEEONTET L2 o7, Elo. AXMRA L ME
CERRELZATOEE Ik £723 N ORISR I ET L, HIERM & 52
7= BRIZ, SABEENRE N 2,6 (LI 7 ==V A 2568 FT 5 E 1m 2 V-
OB bEhE L <HEIT L, 3m DR 97% TR LNz, £h2, NI T = =Lk
E IV In ORUGEAT o 72BE. B AR 3n DS 94% TR LTz, 7z,
TRV BRERA R VB EA T D EEORKIGS MEZ LT L 30, 3p
R3q BN EONT, ZORRIT, ~T uRAESTIE N Z OGN b R EET
HDHZLERTELTND,
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'BuNH,-HCI (2b, 2 equiv)
Na4W1oo32 (2 mol%)

A(O N HO -~
o) R MeCNMH,0 (20/1), 16 h R
365 nm LED
then 3
sat. aq. Na,COg3, 25°C, 1 h
Me t-Bu CF, CN
3b (84%) 3¢ (88%) 3d (93%) 3e (99%)
OMe F cl Br
3f (88%) 3g (96%) 3h (97%) 3i (92%)
Cl Ph
HO\©\ HO\©/CI HO HO
| (5 Ph
3j (96%)? 3k (97%) 31 (91%) 3m (97%)
HO HO HO ‘ HO
L JC DR GS
N
Ph H

3n (94%)

30 (95%) 3p (96%)

3q (79%)°

2405 nm. © 2b (4 equiv).

Scheme 3-14. 7 = / —/)VHKDT 7 U L — ks OFEt
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3.4.2 JRIGIET Va— RO T 7Y L— s OEEHH

7 = ) — VBRI AR T T S RS DS ETT LI S WEREIE T v = — L
Hsko7 7 ) v— h o BB R OfEt 21T > 72 (Scheme 3-15) , NEWGEY
Na—VHROT 7 ) L— b ORISHHIRITLRME T L2, 4 Y TF AT 2
VIRBEEE2b ORI, RO LY BWA Y TFAT I b TV A a FElE
e WV, 7= U A LMD Y B AP L TR A T o T2, BBk T L
a—/VHROT 7V L— ROKRISIZFEZR S EITL, RT3 T b3 —13r,
YUNT A=A 3s, 2-T =)L F ) —AIDNT G D RAF R THE S
NTmo F1 ARISEIRTE T L a— ARE = |7 v a— L lisko7 7 ) L
— MIHEHATE, 3ulkO3vEmWIERTE R T2, SHIT, AFEZHW, FEE
HRDIWDILT 7 VU v A WS ZAT -T2 & 2 A, BOSITRE R <EIT L, I
F68% TR-D-7 /N7 BT ) —A3whiFE5H Z LTI LTz,

i-BuNH,-TFA (2e, 4 equiv)
NayW1703, (4 mol%)
0. 4VV10~32 HO.
AR R
0 MeCN/H,0 (20/1), 24 h
365 nm LED

1 then 3
sat. ag. Na,CO3,25°C, 1 h

HO ,Me
Mﬂ \/@ N©

3r (72%) 3s (82%) 3t (68%)
Me Me /Q ><
3u (88%) 3v (98%) 68%

Scheme 3-15. Il 7 v a—/L Al kDT 7 UV L— kO HELE#iH
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34377 I NVT I RORT 7 U aA il

Q) TZINT I ROBT 7Y v MMeOf#kE

AEBAF L FEE O, = AT VK0 BT 2 ABRISEIT LIZS W
REEGEHRET DT 7 IUNT I ROPT Y MEKIRIZ DWW TRE 21T 2 72,
(Scheme 3-16) o N-7 ==/L7 7 UL 7 2 FIxiZkf L, 4 4ED2e% AT
ISEAT T A, 7= U AERY3XDS55% DRI T vz, BIS% ORE
MaEfNT LIz 2 A, FB1LEMEOT 7 VLT I RO T IVFIULEEDERIL
RIT38% TH D Z EDPHER SN FEITHDON-7 = =T 7 U LT I F1xD[aElY
HBR5% LR Lo, ZOREIE. B1LEEOT 7 IALT I ROT
X IACBOG 3 L AT L7228, 56 2 BRFE O FINBRIL DR DME N T2
B LT =V Y OIREMENZ EE2F 2 TV D,

FBUNH,-TFA (2e, 4 equiv)

/\WH Na4W,O3 (4 mol%) HoN
o O MeCN/H,O (20/1), 24 h \©
365 nm LED
1x then 3x (95%)

sat. aq. Na;CO3, 25°C, 1 h
Scheme 3-16. 77 UV /L7 X KOWLT 7V v A L4k

(2) 7T UE=Y LEOEEL

SFINBALEERS O FA RIS L. 7 B =7 AEOME %17 - 7= (Scheme
3-17) o TV E=ULEOT VBT AELOD a fLICEBRILEZ BT 2 & T,
Thorpe-Ingold#h 2RI K 0 BBALSISMEE S ND LB Z  ANY U AF LT AT )V
feti(2a, 4 equiv)Z W TG EIT o7& 2 A, 7= U U3xDIERNRI0%IZ M E
L7, Eloo N vtert-7 F T A7 )VIHERIE2b 2 VTR TH | IL3E89% T3x
5z,
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H alkylamine salt (4 equiv)
N

A]/ Na,W;003; (4 mol%) HoN
0 @ MeCN/H,0 (20/1), 24 h \©
365 nm LED 3
1x then X

sat. aq. Na,C03,25°C,1h

OCOCF4 cl cl
HaN' HN'__CO,Me HiN'__CO,Bu
2e 2a 2b
55% 90% 89%

Scheme 3-17. 7 & =177 LMD HmAl

7 RORISICBWTC A VT FAT = MEEZAOVTEEE, KGO H—
BEE T & D C—HT L X MUITSLAREEE 23D 22 T2 O T Lo Vs 5 B C
b5 FWNEILTIE, 7 X PG OUIMNIT AT /L I NEED 72D, #1TLIC<
{725 TW5% (Scheme 3-18) , =D, A VT FNT =y LEEH N
T AT NVDORT I ALIINR L CEIT LSOO, 7 I ROBT 2 kD)=
L= AT IVOBT 2 NALDZHE L TR - 72,

0

N
HaN'
.
PR

T — M"\o 2. "0

X=0,NH 0

Scheme 3-18. YV 7 F N7 o= LA W=7 X REEOM T > ALK e

— T NV UAFNZRAT AT 2= MEEZHAWEERE. & B TH 5
C-HT VAL, SEARBEE D72 DIZHAT LI WA, NY Y ATF LT AT LT
VESULEOYEAEOT L TROCEMRET D Z LN TE I, £z, F K
BEDBRLOE, Thorpe-IngoldZh I L W RSN #E 2 B D (Scheme 3-
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19) .

H
MeO,C. N_ _O

HyN___CO,Me .
: MeO,C.. _NH;

YO —— QO

X =0, NH

Scheme 3-19. XU U AF LT AT LT o= MEEZHAWET I REOER T
AR s

@77 INT I FREOBRT 7 U aA il
SRR, T=U D PUADLTRR LT 7 VLT X ROBLT 7 Y
A L& et L7=(Scheme 3-20), ZDfEHR., 7 I Ry OBi7 7 VAL
BITEAT L. N-ATF AT =0 2 3y 13G 67 b DO PRI 30% & AKIERTE -
2o T, RUVALTIVHKOT 7 UNT R RlzoA > R—LVHKDOT 7 Y
T X R laa DRUGEAT -T2 8 T A, AW 3z, 3aa OIERITWT LS 20%A
W72 o0z, RISHBOBREMERNT Lz & 25, BIARMOARITBR S+, 7%
DITEEHEN & 7e 572, 727 VLT X R 1y, 1z, 1aa O SHEMERWREINT, 1y,
1z, laa A N-7 == AT 7 IATIRIx LV LEBEBTFEETHLHD, FHERE
DT NFIALDBETT LIZS K R TH L EEZ TN D,
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R Val-OMe-HCI (2a, 4 equiv)

N Na4W1 0032 (4 mol%) 81
/\W R1 HN__,
0 MeCN/H,O0 (20/1), 24 h
365 nm LED 3
1 then

sat. aq. Na,CO3, 25°C, 1 h

H —
3y (30%) 3z (19%) 3aa (6%)

Scheme 3-20.7 7 VL7 2 NEEOT 7 1 v A VAL
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3.5 BRI T v vk

3.5.1 7LV a— LV ORIRE e BifR

KFEEZ AN, TINEEDSAD T L a— R IEOFE T BRI B T 7 )
oA bEREH L7z (Scheme 3-21) , XU UNVAR#ERL A H T HIHE 1ab ORLT
7 U\ A AEDSERAGICHETT L, @ISR T HBAER) 3ab 2 E LTz, Bl
S DFFHT AT o1 & 2 A, N2 DU NARGEE D DIRGE S T AR B S
Rotz, Fio. tert-T F N AF N ) MARELOFET T, BARINERT
i 7 7V v A AR 3ac B3 G BTz,

'BuNH,'HCI (2b, 4 equiv)
/\n/o\©\ NasW10O032 (4 mol%) HO
O MeCN/H,0 (20/1), 24 h \©\
OPG 365 nm LED OPG

then
PG =Bn (1ab) PG =Bn (3ab) (92%)
_ sat. aq. Na,C0O5, 25°C, 1 h
= TBS (1ac) 23 = TBS (3ac) (99%)

Scheme 3-21. Bn 721X TBS OAF/E F COENMIMBL T 7 VU v A L4k

3.5.2 BRI Ak

BT, 2HEDT VARERL L AT 2B ORI BT 7 U v A L4k
DIFtE1T> 7= (Scheme 3-22) , 77 UNFEET v FNVEEH HET LAY
lad DT 2 ALBIG AT T2 & 2 A HIFHE Y 7 27 VLV EEO AR A3 2RI
AT L, IR 99% CTHIIY 3ad DL MR SN, Fo, 77 Ui~y
SANGEEWGTAET DG 1ae DT 7 U v A WAL S IRIRAYIZHEIT L, 89%D
WRETHBAERKY) 3ae DGO, B>V A b Sz B I8 S e hs

77,
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'BUNH,-HCI (2b, 4 equiv)
/\’(O o Na4W10032 (4 mOl%) HO 0
O [lo)kR MeCN/H,0 (20/1), 24 h [ j\OJKR
365 nm LED

then
R = Me (1ad) R = Me (3ad) (99%)
= Ph (1ae) sat. aq. Na;CO3, 25°C, 1h by (3ae) (89%)

Scheme 3-22. 2 OO 7 VIV EF T HLEWORIRPIBLT 7V v A AL

SO, AV TTFAT I 20 WIS, 77 U E T TV &
AT 26 1ad ORT PIALRIGZ R LTcE 2A, 7 27 U v A W fbd
AT LT2 BRI 3ad 28 10%DICRTHRE O, 1T 27 ) a A LR OWT & F
JALDT T 3 HELT L T2 AR 3ad' 23 24% DINER TG HAL7z (Scheme 3-23) . =
DOFERIL, T I U B HRDREAIE L CTHW DB, BEFEEO T LV E AR
PR S AL, IR 22T S AN EBLTE RN L AR LTV D, ZOfR &
D, TrE=TLAEOERBEMEINRI N,

W 'BuNH, (2b’, 2 equiv) HO\©\ 0 HO\@\
.
Q e MeCNIH0 (20/1) e OH

25°C,16h

3ad (10%) 3ad’ (24%)

Scheme 3-23. 1 VY 7 F LT I U E RN T > uflk

F 7o AFEITNEMIGE Y A — VORI 72T > A b A ATRECH 5, 7
s VaANETEFATHRE LT L 7Y a— L 1afOR 7 o AV 33
PRANTHETT L. IUET74% CT3af3 5% HAL7z (Scheme 3-24) , St DIREG W) % i
Frileb ZA, BB TH 51afh323% TEI S dv, 7B FVHEAITH T 2 ubns
AT LT O A RITBLI S i o T,
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'BUNH,-HCI (2b, 4 equiv)

0 0
Na4W10032 (4 mOl%)
o~ A Ho_~ AL
/j)( O" Me  MeCN/H,0 (20/1), 24 h O Me
1af 365 nm LED 3af (74%)
then

sat. aq. Na,CO3, 25°C, 1 h

Scheme 3-24. ENEL-EY 1af OERAWT 7 U v A1 L4k

IHIE, T2V aAVETRE LV DOLT NV a— VAL E T BF LT
RE L7 = ) —VEALER— 0 FHICAET 5 lag ORIGH, 77 U A LK
M CERIRAYHEL T > AT L. AR 3ag D3R 84% T H A7z (Scheme
3-25) , RS TH, 72T VEEAITHT > AL EST U772 AR X < v/
o Tz,

iBUNH,-HCI (2b, 4 equiv)
QOTMG Nag100zz (4 mol%) v@"wr““
A(O O MeCN/H,0 (20/1), 24 h ~ HO O
0 365 nm LED

then
sat. aq. Na,CO3, 25°C, 1 h

Scheme 3-25. 1ag DTN 2T 7 U v A L1k

1ag (84%)

F7o, T UNT I RET BT AENE S FPICE T H/LEY 1ah ORLT
LS B < EIREIZHETT L. H YA RS 3ah % 73% CT5 2 7= (Scheme 3-
26) .

Val-OMe-HCI (2a, 4 equiv)

H
N NayWqoO2 (4 mol%) HN
/\”/ o 1002 ) o
o L MeCN/H,0 (20/1), 24 h U
0" Me 365 nm LED 0" Me
then

sat. aq. Na,COs5, 25°C, 1 h 3ah (73%)

1ah

Scheme 3-26. 1ah OERFIZ2BLT 7 U v A A4k
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UL EORERIX, A BB Lo FEE WD 2 & T, AR BFEOT S NV EENF
— I FRICEEBFMEL Th, BIRRIT SIS R EBLRRETH L Z L &
L7z, Scheme3-25 (TR L7k 21T, tRESNTET VT AT Va— b7 =/
— VS EIRFIZAF(ET 2356, Scheme3-27 1Z/R L7z L H 12, — 72T > Ak
FISTIE T = 7 — )VHERD T VI TORT > BRI HELT L0303,
AKFEEZHNDLZ T, KOBBERETH 727V F T v a— A1 TORT
SOUEANRINPICHEIT L7, F£72. Scheme3-26 IR L7 L H1, 727 U7 2
R &7 v FNEMNL A [F— 5 FRICH T 2MLEMONT LRSS &0 B
W T o727 I FMUTORERAIRNT > /ALREB ST,

traditional method !
: _ , ~H !
. R Ou R._.O. R N. '
! \n/\o Ph < T]/‘\O Alkyl < \n/\ R |
w0 O ) .
I easy difficult |

Scheme 3-27. — %72 FIEIC L DM T v vk
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3.6 S FDOHH R

3.6.1 A=WpTE M5y D B RO

SRR, KT v 7 F U ARY — 27 A (DDS) 72 & O4y FHATICE
HENTHNDZ ERMBILTEY , Fioy BB O BRI 5 1 Bl o %
JRIZE > TUEARFRIRTH D7, YOI, RESCPHOEA L ERFESMT
THlERZIIND Z ENE,

Bl 21X, 2008412 MacCarley © 1%, NaxS20412 K 5%/ Dk RuX /) U ~DiE
TEICEES < A WBALRISIC L 5 RS+ DI UG Z2 # s L7z (Scheme 3-
28) . ZORISIE, ¥/ L7 2 —BIZHATRRDOBRICFITIIND Z &R
HFFShTWn5,

DOPE — DOPE _

o __ o,
-LIPID .
O N OH N LIPID
H Na,S,0,4 H
0 | OH i
O /
O
+ DOPE
OH

Scheme 3-28. DOPE O jif H S is

AIEBAFE LI T v ABBOE S 3 FHHBOSIZEA TE 2 b D & B 2, 1t
EiTolz, AMEEN T THHT A hu3aiz T A0 1L L, BEERE T T
Doy S DR Et 21T > 72 (Scheme 3-29) , 3ailZxtL, T X 7 AT
AT EARIE(4.0 mol%) 3 L O VY T F LT I MR (2b, 10 equiv) DAFE T, 365
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nmOESEIE T, 7% b= b U L KQO)DIRA BT T8RRI BT 5 =
& T, AmvHRAR3ai' DS TE AL S Tz, HHEMEDREET R U O LOKESIR T D% LR
2L 0, IXFE81% TIaiz it 5 Z LITkPI LTz, L EOFERN G A RIBIR L
TFEEHND Z LT, 2 EMRE T THRIET 22 LR AETH Y |
SV RS R (FEEAOpHIZH0.8, T2 b, pKeDEITAI3.2)IZEE
TORBRLICHTE D LIS 5s, ERUREBA~DISH O FTRENEZ MF
L7280, AmvHRIEN B S FiiHZ SE L5012, 0 X5 RIERMEEZ A3 25
IMLELIR DN TR D T80, WL OO IR X D AmvH IR 5 D3ajd ik
IZOWTHRE L7 3.622%H)

'BuNH,-HCI (2b, 10 equiv)
Na4W10032 (4 mol%)

MeCN/H,0 (20/1), 48 h
365 nm LED

1ai 3ai’

sat. aq. Na,CO5

25°C,1h

3ai (81%)

Scheme 3-29. WG F O K RO

3.6.2 AT F DG

T R T = w s 3a) DRHIEZE T 272 (Scheme 3-30) , 774 4
VI RT BRI CAREE(4.0 mol%) s K NA Y T F LT X U EEENE (2D, 4 equiv) D
TFAE T, 405 nm OEISERF T, 78 h= kUL LKQO)DIEEGTEREH T 24
RFIRIR Lo, ZORER, 727 U vy XY 7 =1 1aj 206 Amv A 3a'D
TERGPHER S 4, RIET b U U LOKESHE T 1 AL 2 Z & T\ 83%DILRT
3aj N STz,

137



'BuNH,-HCI (2b, 4 equiv)
W \©/\j NasW10032 (4 mol%) AmVO\@/\ijO
MeCN/H,0 (20/1), 24 h =

405 nm LED

3aj’

sat. ag. Na,CO; HO 0._0
25°C,1h \@j

3aj (83%)

Scheme 3-30. #H{64FO i H BSOS

HWT, Amv A 3aj' 20+ 7 on—7 L LCTHW, REETRY 7 A2k
Amv PRUE 3aj' BALSG DORFEFT 21T > 72 (Scheme 3-31, A) . Amv K
Baj' T L A LB E RS e o Te, — 5T, Amv A 3aj'lTREE T R U
UAEMA, 108 LTSS L 10 2R 2 e LIcSE ORISR Ot
ZZNEIME L7z & Z A0.1 mM in MeCN/H20, dex = 365 nm, Aem = 456 nm), 1>
THLMNERERT L RO o7, T7hbE, RET MU U AIZK
% 3aj F A DOBRCEIS NS 1 B UWNITIZTE T LTNWD Z BRI,

F o, BRI K D Amv FRIK 3aj' O BRIV SR O %2 JIE LT

(Scheme 3-31, B) (0.1 mM in MeCN/H20, Aex = 365 nm, Aem = 456 nm), Amv [t
K 3aj'l2 7 & = 7 KR (pKb = 4.8, blue dotted line), [REET kU 7 L (pKy = 3.8,
orange line). % 721% 2,6-/LF ¥ 2 (pKo =72, yellow line) & 1V NERMN L 7234

STV TR @ 3aj TH 54558\ VE D (purple line) (ZPEET 2 58EE S R B4
o linh, BEMREAICHEIT L 2 LAVRIB AN S, —F T, EU Y (pK
=8.9, green dotted line) = W2 BETld, 1L A CENB AN oTe, Zhb
DFERIND, 2,6V F VU FREDOGTHNEIETHERE TO Amv HRE 3aj' DBR
LD ERLTE D Z ENRLEY,

LED X HIZ, 2,6-VTF V2 (pKo=T12)KEET U 7 A(pKe=3.8)Z H\ 5 =
ET, Amy FREEDN D T E BRI TE D720, 2,6-VF VUK T MY 7 A K
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D HEEEEMEDOFRN S = U U EE X LR (pKo =32)ICBE T BB EIDSH T

D LHFTE D,

(A)

2b (4 equiv)
Na,W10032 (4 mol%)
3aj’

1aj
MeCN/H,QO (20/1), 24 h
405 nm LED

sat. aq. Na,CO4
measurement of
emission spectrum

25 °C, t min

(B)

2b (4 equiv)
Na,W10035 (4 mol%})
3aj’

1aj
MeCN/H,QO (20/1), 24 h
405 nm LED

base
measurement of

emission spectrum

25°C, 1 min

== Na,CO3 (10 min)
=== Na,CO3 (1 min)
= none (3aj’)

400 500 600
Wavelength [nm]

= 3aj (authentic)

===+ NH3*H,O

= Na,CO5
2,6-lutidine
pyridine

—— none (3aj’)

i

| A WA TR AN e e e e ]

400 500 600
Wavelength [nm]

Scheme 3-31. ‘=50 1 O H ROG
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3.7 M8

HIETIE, THE T AT VBRI XD EMRT =0 LD
C(sp*)y-H 7 /L3 LAKICHES < BRI T S ML DB IT AR D L 7=,

TINVHEFIT N a—ART I ORERE LTAISHESNTEBY . 20O
TR TIEOBIR BIFRITHEN 2 STV A, B 2O T 2 VIR E—
SFPINTEBAFEL TODBRIZIE, WAL R LT 27 VLS DT v v
EOBRGES D Z LN BIRRIT VUL FEDORRBILIEEICR - T
W5,

EFX, BRT = ET 7 ) A VO Csp’)-H 7 F 4k &k
DR LTIz 727 S VIS HEAFAE T T FWNBRILRIRIC LY 527 2 2 Kk
U7 Na— Lzt d 2 Z LITER L, Filc il r o fbbds & LT
JCHTED LB R, BRICETF LI,

IR NI B W EFEA Y T FAT I VHEBEZ AV, 727 VAT = =
NOBT 7V aA LIS R IR L SH#EITT 2 2 L2 /A Lz, TD%. RUSS
R OT =0 DEORECEZAITV., ZRNZRT 7 v A VISR 25 L
7o Fio. RSB ONERE BT ML OBEHZ B W T, 7027 kv
L LCHRIAIR T V=0 KIS T 5 Z L%, it OBBMREIERICL 58—
BPED Amv PREDTER A RET H&EEI L. 7 I OREMEEZIHT 5 Z &1
F0DT I NIEORRE MR DBEZRIZLTWDHZ LaRL, AFEIC
BT DOREMIETY V=0 MEOEEMZ R LT,

ARIBRAFE Lo FEIE, IR T 7 U a A HLSUS DD TORITH 5, F
7o RFVETIL, SREEOMIE I, 580072380/ 72 & 2RI RS T ICiEMAe S T T
BRI T > bz RBLTE T,
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3.9 EBIHE

3.9.1 General

All reactions were carried out under nitrogen atmosphere unless otherwise noted. NMR
spectra were recorded on JEOL ECZ-400 (400 MHz for '"H NMR, 100 MHz for *C
NMR) spectrometers. CHCI3 (8 7.26 for 'H NMR or 8§ 77.16 for '3C NMR). High
resolution mass spectra were recorded on JEOL JMS-700 (FAB) spectrometer. Doube-
focusing mass spectrometer (DFMS) used for the HRMS measurements. GC was carried
out using a Shimadzu GC-2025 equipped with an FID detector and a 15 m x 0.32 mm X
0.25 um DB-1 column. Method: 80 °C [1 min], 20 °C/min — 320 °C, 320 °C [2 min].
HPLC analysis was conducted on a JASCO HPLC system. Controller 8332A (CCS) and
LED light heads AC8361 (A = 365 nm, CCS) were used as light sources and set to 100%
power as the emission spectrum and controller 8332C (CCS) and LED light heads
AC8375-405 (A =405 nm, CCS) were used as light sources and set to 80% power as the
emission spectrum (the distance from light source to the irradiation vessel: <5 mm, Figure
S1). The emission spectra of AC8361 and AC8375 are provided by CCS. Emission
spectra were recorded on C9920-02 (Hamamatsu Photonics). Borosilicate Schlenk flasks
with PTFE stopcock were used as irradiation vessel. The outer diameter of the 10 mL

Schlenk flasks is 1.9 cm, and the 50 mL Schlenk flasks is 2.8 cm.
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Figure S1. Reaction setup (0.20 mmol scale)

3.9.2 Materials

All reagents were purchased from commercial sources (TCI, Wako, Kanto, and
Aldrich) and used without further purification. Solvents: Acetonitrile was distilled over
calcium hydride and degassed prior to use. Distilled water was degassed prior to use.

Column chromatography was performed with silica gel (40—50 mesh or 100-210 mesh).

A) Synthesis of acrylates 1

Acrylates were synthesized via modification of a literature procedure.!

Etz3N (1.5 equiv)

Cl DMAP (0.2 equiv) 0.
/ﬁ( N HO. %\H/ R
0 DCM o}

3 0°Ct025°C,16 h 1
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General Procedure I: In a 100 mL two-necked flask containing a mixture of 3 (10.0
mmol), 4-dimethylaminopyridine (244 mg, 2.00 mmol) and triethylamine (1.52 g, 15.0
mmol) in dry DCM (30 mL), acryloyl chloride (1.36 g, 15.0 mmol) was added dropwise
at 0 °C. The mixture was stirred at 0 °C for 20 min and at 25 °C for 16 h. The reaction
mixture was concentrated in vacuo and the resulting crude material was purified by

column chromatography on silica gel to afford acrylated product 1.

p-Tolyl acrylate (1b)?

According to the General Procedure I, the product 1b (1.54 0
g, 95%) was obtained as a colorless oil after purification by 0 O\Me
column chromatography on silica gel (Hexane/EtOAc = 10/1). 1b
"H NMR (400 MHz, CDCl3) & 7.20 (d, J = 8.4 Hz, 2H), 7.03 (d, J = 8.4 Hz, 2H), 6.61
(dd,J=17.2 Hz, 1.2 Hz, 1H), 6.33 (dd, J=17.2 Hz, 10.4 Hz, 1H), 6.00 (dd, /= 10.4 Hz,
1.2 Hz, 1H), 2.37 (s, 3H); *C NMR (100 MHz, CDCl3) § 164.7, 148.3, 135.4, 132.3,
129.9, 128.0, 121.1, 20.8.

4-(tert-Butyl)phenyl acrylate (1¢)’
According to the General Procedure I, the product 1¢ (1.88 o
~d
g, 92%) was obtained as a colorless oil after purification by o) \Qt
B

u
column chromatography on silica gel (Hexane/EtOAc = 15/1). 'H

1c

NMR (400 MHz, CDCIl3) & 7.41 (d, J = 8.8 Hz, 2H), 7.07 (d, /= 8.8 Hz, 2H), 6.61 (dd, J
=17.2 Hz, 1.2 Hz, 1H), 6.33 (dd, /= 17.2 Hz, 10.4 Hz, 1H), 6.00 (dd, /= 10.4 Hz, 1.2
Hz, 1H), 1.34 (s, 9H); 3C NMR (100 MHz, CDCI3) & 164.7, 148.6, 148.2, 132.3, 128.0,

126.3, 120.8, 34.4, 31.4.
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4-(Trifluoromethyl)phenyl acrylate (1d)*
According to the General Procedure I, the product 1d (1.77

O
=
g, 82%) was obtained as a colorless oil after purification by 0 \©\
CF

column chromatography on silica gel (Hexane/EtOAc = 20/1).

3
1d

'H NMR (400 MHz, CDCL3) & 7.67 (d, J = 8.0 Hz, 2H), 7.26 (d, J = 8.0 Hz, 2H), 6.63
(dd,J=17.2 Hz, 1.2 Hz, 1H), 6.32 (dd, J= 17.2 Hz, 10.4 Hz, 1H), 6.05 (dd, /= 10.4 Hz,
1.2 Hz, 1H); '3C NMR (100 MHz, CDCls) § 163.9, 153.1, 133.4, 128.1 (q, J = 33 Hz),
127.4, 126.8 (q, J = 3.8 Hz), 123.8 (q, J= 271 Hz), 122.0.

4-Cyanophenyl acrylate (1e)’
According to the General Procedure I, the product 1e (1.56

(9]
=
g, 90%) was obtained as a white solid after purification by o \©\
CN

column chromatography on silica gel (Hexane/EtOAc = 20/1). 1e
"H NMR (400 MHz, CDCl3) & 7.67 (d, J = 9.2 Hz, 2H), 7.26 (d, J = 9.2 Hz, 2H), 6.61
(dd,J=17.2 Hz, 1.2 Hz, 1H), 6.29 (dd, J=17.2 Hz, 10.4 Hz, 1H), 6.05 (dd, J=10.4 Hz,
1.2 Hz, 1H); 3C NMR (100 MHz, CDCl3) & 163.4, 153.7, 133.7, 133.5, 127.1, 122.6,

118.1, 109.6.

4-Methoxyphenyl acrylate (1f)!

According to the General Procedure I, the product 1f (1.51 0
g, 85%) was obtained as a colorless oil after purification by A{ \©\
column chromatography on silica gel (Hexane/EtOAc = 20/1). e
"HNMR (400 MHz, CDCl3) § 7.07-7.02 (m, 2H), 6.93-6.88 (m,
2H), 6.59 (dd, J=17.2 Hz, 1.2 H, 1H), 6.31 (dd, /= 17.2 Hz, 10.4 Hz, 1H), 6.00 (dd, J =
10.4 Hz, 1.2 Hz, 1H), 3.81 (s, 3H); *C NMR (100 MHz, CDCls) § 164.8, 157.2, 143.9,
132.2,127.9,122.2,114.3, 55.4.
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4-Fluorophenyl acrylate (1g)'
According to the General Procedure I, the product 1g (1.38 g, o
=
83%) was obtained as a colorless oil after purification by column /\[(])/ O\
F

chromatography on silica gel (Hexane/EtOAc = 20/1). '"H NMR 1g
(400 MHz, CDCl3) 8 7.12-7.04 (m, 4H), 6.61 (dd, J=17.2 Hz, 1.2

H, 1H), 6.31 (dd, J=17.2 Hz, 10.4 Hz, 1H), 6.02 (dd, J = 10.4 Hz, 1.2 Hz, 1H); *C NMR
(100 MHz, CDCl3) 6 164.5, 160.2 (d, J = 244 Hz), 146.4 (d, J = 2.8 Hz), 132.8, 127.7,

122.9 (d, J=8.7 Hz), 116.1 (d, J = 23 Hz).

4-Chlorophenyl acrylate (1h)°

According to the General Procedure I, the product 1h (1.73 O
g, 95%) was obtained as a colorless oil after purification by o) \©\CI
column chromatography on silica gel (Hexane/EtOAc = 20/1). 'H 1h
NMR (400 MHz, CDCl3) 6 7.36 (d, J = 8.8 Hz, 2H), 7.09 (d, J = 8.8 Hz, 2H), 6.61 (dd, J
=17.2 Hz, 1.2 Hz, 1H), 6.31 (dd, J = 17.2 Hz, 10.4 Hz, 1H), 6.03 (dd, /= 10.4 Hz, 1.2
Hz, 1H); *C NMR (100 MHz, CDCl3) § 164.3, 149.0, 133.0, 131.2, 129.5, 127.6, 122.9.

4-Bromophenyl acrylate (1i)’
According to the General Procedure I, the product 1i (2.18

Q
=
g, 96%) was obtained as a colorless oil after purification by /\g/ O
Br

column chromatography on silica gel (Hexane/EtOAc = 5/1). 'H i
NMR (400 MHz, CDCl3) 6 7.51 (d, J= 8.8 Hz, 2H), 7.03 (d, J =

8.8 Hz, 2H), 6.61 (dd, J=17.2 Hz, 1.2 Hz, 1H), 6.31 (dd, J=17.2 Hz, 10.4 Hz, 1H), 6.03
(dd, J=10.4 Hz, 1.2 Hz, 1H); *C NMR (100 MHz, CDCls) § 164.1, 149.5, 133.0, 132.4,

127.5,123.3, 118.9.
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4-lodophenyl acrylate (1j)®
According to the General Procedure I, the product 1j (2.52 g, o
=
92%) was obtained as a colorless oil after purification by column /\([)( \©\
|

chromatography on silica gel (Hexane/EtOAc = 30/1). '"H NMR 1
(400 MHz, CDCl3) 6 7.70 (d, J= 8.8 Hz, 2H), 6.91 (d, /= 8.8 Hz,
2H), 6.60 (d, J=17.2 Hz, 1H), 6.30 (dd, /J=17.2 Hz, 10.4 Hz, 1H), 6.03 (d, J=10.4 Hz,

1H); 1*C NMR (100 MHz, CDCl3) & 164.1 Hz, 150.4, 138.4, 133.0, 127.5, 123.7, 89.9.

3-Chlorophenyl acrylate (1k)'°

According to the General Procedure I, the product 1k (1.63

/\[(0 cl
g, 89%) was obtained as a colorless oil after purification by ©/

O
column chromatography on silica gel (Hexane/EtOAc =20/1). 'H 1K
NMR (400 MHz, CDCl3) 6 7.32 (dd, J = 8.0, 8.0 Hz, 1H), 7.23
(ddd, J = 8.0 Hz, 2.0 Hz, 0.8 Hz, 1H), 7.19 (dd, J= 1.6 Hz, 1.6 Hz, 1H), 7.05 (ddd, J =
8.0 Hz, 2.0 Hz, 0.8 Hz, 1H), 6.61 (dd, /= 17.2 Hz, 1.2 Hz, 1H), 6.31 (dd, J = 17.2 Hz,
10.4 Hz, 1H), 6.03 (dd, J = 10.4 Hz, 1.2 Hz, 1H); *C NMR (100 MHz, CDCls) & 164.0,

151.0, 134.6, 133.1, 130.1, 127.5, 126.1, 122.2, 119.9.

2-Chlorophenyl acrylate (11)°

According to the General Procedure I, the product 11 (1.42 g, cl
78%) was obtained as a colorless oil after purification by column A.r()@
chromatography on silica gel (Hexane/EtOAc = 20/1). "H NMR (400 0
MHz, CDCl3) § 7.48-7.44 (m, 1H), 7.33-7.27 (m, 1H), 7.23-7.18 (m, 1l
2H), 6.67 (dd, J=17.2 Hz, 1.2 Hz, 1H), 6.37 (dd, J=17.2 Hz, 10.4 Hz, 1H), 6..07 (dd, J
=10.4 Hz, 1.2 Hz, 1H); '*C NMR (100 MHz, CDCl3) § 163.5, 146.8, 133.3, 130.3, 127.7,
127.1, 127.0, 126.9, 123.6.
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[1,17:3",1""-Terphenyl]-2’-yl acrylate (1m)

According to the General Procedure I, the product 1m (2.76 g, Ph
92%) was obtained as a white solid after purification by column /\n/ofj
chromatography on silica gel (Hexane/EtOAc = 20/1). '"H NMR (400 Oph
MHz, CDCl3) 6 7.54-7.33 (m, 13H), 6.26 (dd, J = 17.2 Hz, 1.2 Hz), im
5.96 (dd, J=17.2 Hz, 10.4 Hz, 1H), 5.73 (dd, J = 10.4 Hz, 1.2 Hz, 1H); *C NMR (100
MHz, CDCl3) 6 163.8, 144.8, 137.7, 135.8, 132.0, 130.1, 128.9, 128.2, 127.4, 127.2,
126.4. HRMS (FAB-DFMS) m/z: [M]" Caled for C21H1602: 300.1150, Found: 330.1152.

[1,1"-Biphenyl]-4-yl acrylate (1n)?

According to the General Procedure I, the product 1n (2.15 o
g, 96%) was obtained as a white solid after purification by 0 \©\Ph
column chromatography on silica gel (Hexane/EtOAc = 20/1). 1in
"H NMR (400 MHz, CDCl3) § 7.65-7.54 (m, 4H), 7.45 (dd, J = 8.8, 7.6 Hz, 2H), 7.36 (t,
J=7.6 Hz, 1H), 7.22 (d, J= 8.8 Hz, 2H), 6.65 (dd, /= 17.2 Hz, 1.2 Hz, 1H), 6.36 (dd, J
=17.2 Hz, 10.4 Hz, 1H), 6.04 (dd, J=10.4 Hz, 1.2 Hz, 1H); '*C NMR (100 MHz, CDCl3)
0 164.6, 150.0, 140.3, 139.0, 132.7, 128.8, 128.2, 127.9, 127.3, 127.1, 121.8.

Naphthalen-2-yl acrylate (10)°

According to the General Procedure I, the product 10 (1.78 A}/O
g, 90%) was obtained as a white solid after purification by o OO
column chromatography on silica gel (Hexane/EtOAc = 20/1). 1o
"H NMR (400 MHz, CDCl3) § 7.93-7.83 (m, 3H), 7.68 (d, J= 2.0 Hz, 1H), 7.57-7.48 (m,
2H), 7.35 (dd, J= 8.4 Hz, 2.0 Hz, 1H), 6.71 (dd, /= 17.2 Hz, 1.2 Hz, 1H), 6.43 (dd, J =
17.2 Hz, 10.4 Hz, 1H), 6.06 (dd, J=10.4 Hz, 1.2 Hz, 1H); '*C NMR (100 MHz, CDCl3)
0164.6,148.1,133.6,132.6,131.4,129.3,127.8,127.7,127.5,126.5, 125.6, 121.0, 118.4.
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Naphthalen-1-yl acrylate (1p)*

According to the General Procedure I, the product 1p (1.55 g,
78%) was obtained as a colorless oil after purification by column Aro ‘
chromatography on silica gel (Hexane/EtOAc = 20/1). '"H NMR o O
(400 MHz, CDCls) 6 7.94-7.86 (m, 2H), 7.78 (d, J = 8.8 Hz, 1H), p
7.57-7.48 (m, 3H), 7.33 (d, /= 7.2 Hz, 1H), 6.76 (dd, /= 17.6 Hz, 0.8 Hz, 1H), 6.51 (dd,
J=17.6 Hz, 10.4 Hz, 1H), 6.12 (dd, J = 10.4 Hz, 0.8 Hz, 1H); *C NMR (100 MHz,
CDCIl3) 8 164.5, 146.4, 134.6, 132.9, 128.0, 127.7, 126.7 (overlapped signal of non-
equivalent two carbons), 126.4, 126.0, 125.4, 121.1, 118.0.

1H-Indol-5-yl acrylate (1q)°
According to the General Procedure I, the product 1q (1.27

O
=
g, 68%) was obtained as a colorless oil after purification by /\([)]/ \©\/I\>
H

column chromatography on silica gel (Hexane/EtOAc = 10/1). 1q
"H NMR (400 MHz, CDCl3) & 8.27 (br s, 1H), 7.38 (d, J = 2.4

Hz, 1H), 7.30 (d, /= 8.8 Hz, 1H), 7.18 (dd, /J=2.4 Hz, 2.4 Hz, 1H), 6.94 (dd, J= 8.8 Hz,
2.4 Hz, 1H), 6.63 (dd, J=17.2 Hz, 1.2 Hz, 1H), 6.52 (dd, /= 2.4 Hz, 1H), 6.38 (dd, J =
17.2 Hz, 10.4 Hz, 1H), 6.01 (dd, J = 10.4 Hz, 1.2 Hz, 1H); '*C NMR (100 MHz, CDCls)

0 165.6,144.1, 133.7, 132., 128.3, 128.1, 125.6, 155.9, 112.5, 111.4, 102.8.

1-Phenylethyl acrylate (1u)'°

According to the General Procedure I, the product 1u (1.41
g, 80%) was obtained as a colorless oil after purification by /\H/OW/Q
column chromatography on silica gel (Hexane/EtOAc = 10/1). 'H O Me
NMR (400 MHz, CDCl3) 8 7.41-7.28 (m, 5H), 6.44 (dd, J=17.2 Tu
Hz, 1.2 Hz, 1H), 6.17 (dd, J=17.2 Hz, 10.8 Hz, 1H), 5.99 (q, J = 6.8 Hz, 1H), 5.83 (dd,
J=10.8 Hz, 1.2 Hz, 1H), 1.60 (d, J= 6.8 Hz, 3H); '*C NMR (100 MHz, CDCl3) & 165.4,
141.5, 130.7, 128.7, 128.5, 127.8, 126.0, 72.4, 22.2.
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2-Phenylpropan-2-yl acrylate (1v)
According to the General Procedure I, the product 1v (1.66
g, 87%) was obtained as a colorless oil after purification by /\ﬂ/o

column chromatography on silica gel (Hexane/EtOAc = 10/1). 'H OMe Me

1
NMR (400 MHz, CDCls) § 7.39-7.30 (m, 4H), 7.27-7.21 (m, 1H), v
6.34 (dd, J=17.2 Hz, 1.2 Hz, 1H), 6.12 (dd, J= 17.2 Hz, 10.8 Hz, 1H), 5.78 (dd, J=10.8
Hz, 1.2 Hz, 1H), 1.82 (s, 6H); 3C NMR (100 MHz, CDCls) § 164.8, 145.7, 130.0, 129.8,

128.2,127.0, 124.2, 81.8, 28.6.

4-(Benzyloxy)phenyl acrylate (1z)"!

According to the General Procedure I, the product 1z (2.39 0
g, 94%) was obtained as a white solid after purification by 0 \©\OBn
column chromatography on silica gel (Hexane/EtOAc = 10/1). 1z
'H NMR (400 MHz, CDCl3) & 7.47-7.31 (m, 5H), 7.07 (d, J = 9.2 Hz, 2H), 6.99 (d, J =
9.2 Hz, 2H), 6.61 (dd, J=17.2 Hz, 1.2 Hz, 1H), 6.33 (dd, J=17.2 Hz, 10.4 Hz, 1H), 6.00
(dd, J=10.4 Hz, 1.2 Hz, 1H), 5.07 (s, 2H); '*C NMR (100 MHz, CDCl3) § 164.9, 156.5,
144.2, 136.8, 132.3, 128.6, 128.0, 127.9, 127.4, 122.3, 115.4, 70.4.

4-|(tert-Butyldimethylsilyl)oxy|phenyl acrylate (1aa)
According to the General Procedure I, the product

O
=
laa (2.59 g, 93%) was obtained as a colorless oil after 0 \©\
OTBDMS

purification by column chromatography on silica gel 1aa
(Hexane/EtOAc = 10/1). '"H NMR (400 MHz, CDCl3) §

6.99 (d,J=9.2 Hz, 2H), 6.83 (d, /=9.2 Hz, 2H), 6.58 (dd, /= 17.2 Hz, 1.2 Hz, 1H), 6.30
(dd, J=17.2 Hz, 10.4 Hz, 1H), 5.99 (dd, J=10.4 Hz, 1.2 Hz, 1H), 0.99 (s, 9H), 0.20 (s,
6H); '°C NMR (100 MHz, CDCl3) 6 164.8, 153.3, 144.5, 132.3, 128.0, 122.1, 120.5, 25.6,
18.2, -4.5. HRMS (FAB-DFMS) m/z: [M]" Caled for Ci1sH2203Si: 278.1338, Found:

278.1338.
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4-Acetoxyphenyl acrylate (1ab)'?

According to the General Procedure I, the product 1ab o
(1.65 g, 80%) was obtained as a white solid after purification ~ o) QOA{:
by column chromatography on silica gel (Hexane/EtOAc = 1ab
10/1). "H NMR (400 MHz, CDCl3) § 7.18-7.08 (m, 4H), 6.60 (dd, J = 17.6 Hz, 0.8 Hz,
1H), 6.31 (dd, J=17.6 Hz, 10.4 Hz, 1H), 6.01 (dd, /J=10.4 Hz, 0.8 Hz, 1H), 2.29 (s, 3H);
3C NMR (100 MHz, CDCls) § 169.3, 164.3, 148.0, 147.9, 132.7, 127.7, 122.4, 122.3,
21.0.

4-(Acryloyloxy)phenyl benzoate (1ac)
According to the General Procedure I, the product lac

o
=
(2.41 g, 90%) was obtained as a white solid after purification o \©\
OBz

by column chromatography on silica gel (Hexane/EtOAc = 1ac
10/1). "TH NMR (400 MHz, CDCl3) § 8.20-8.13 (m, 2H), 7.63-7.56 (m, 1H), 7.51-7.43 (m,
2H), 7.24-7.14 (m, 4H), 6.58 (dd, /= 17.6 Hz, 1.6 Hz, 1H), 6.30 (dd, J= 17.6 Hz, 10.4
Hz, 1H), 5.98 (dd, J=10.4 Hz, 1.6 Hz, 1H); '*C NMR (100 MHz, CDCl3) 6 164.9, 164.3,
148.3, 148.0, 133.6, 132.7, 130.1, 129.3, 128.5, 127.7, 122.5, 122.4. HRMS (FAB-

DFMS) m/z: [M+H]" Calcd for Ci6H1304: 269.0814, Found: 269.0813.

2-Acetoxyethyl acrylate (1ad)

According to the General Procedure I, the product 1ad (1.22 o
/\[( \/\OAG
g, 77%) was obtained as a colorless oil after purification by 0
column chromatography on silica gel (Hexane/EtOAc = 5/1). 'H 1ad
NMR (400 MHz, CDCl3) 6 6.41 (dd, J=17.6 Hz, 1.2 Hz, 1H), 6.12 (dd,J=17.6 Hz, 10.4
Hz, 1H), 5.84 (dd, J = 10.4 Hz, 1.2 Hz, 1H), 4.36-4.27 (m, 4H), 2.06 (s, 3H); *C NMR

(100 MHz, CDCl3) 6 170.7, 165.8, 131.3, 127.9, 62.2, 62.1, 20.7.
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4-Acetoxybenzyl acrylate (1ae)
According to the General Procedure I, the product 1ae

OAc
(1.48 g, 67%) was obtained as a colorless oil after AI/O \/©/

purification by column chromatography on silica gel (o)

(Hexane/EtOAc = 10/1). 'H NMR (400 MHz, CDCls) § 7.42- 1ae

7.37 (m, 2H), 7.11-7.06 (m, 2H), 6.44 (dd, J=17.2 Hz, 1.2 Hz, 1H), 6.16 (dd, J=17.2
Hz, 10.4 Hz, 1H), 5.85 (dd, J=10.4 Hz, 1.2 Hz, 1H), 5.18 (s, 2H), 2.30 (s, 3H); 3*C NMR
(100 MHz, CDCIs) 6 169.3, 165.9, 150.5, 133.4, 131.2, 129.5, 128.2, 121.7, 65.6, 21.1.

HRMS (FAB-DFMS) m/z: [M]" Calcd for C12H1204: 220.0736, Found: 220.0732.

(8R,98,135,145)-13-Methyl-17-0x0-7,8,9,11,12,13,14,15,16,17-decahydro-6 H-

cyclopenta[a]phenanthren-3-yl acrylate (1ag)"
According to the General Procedure I, the product

lag (2.17 g, 67%) was obtained as a white solid after

purification by column chromatography on silica gel

(Hexane/EtOAc = 10/1). 'H NMR (400 MHz, CDCL3) § 12g Me
7.30 (d, J = 8.0 Hz, 1H), 6.92-6.88 (m, 1H), 6.87-6.84

(m, 1H), 6.59 (dd, J = 17.2 Hz, 1.2 Hz, 1H), 631 (dd, J = 17.2 Hz, 10.4 Hz, 1H), 6.00
(dd, J=10.4 Hz, 1.2 Hz, 1H), 2.95-2.87 (m, 2H), 2.55-2.46 (m, 1H), 2.45-2.37 (m, 1H),
2.34-2.25 (m, 1H), 2.20-1.90 (m, 4H), 1.69-1.39 (m, 6H), 0.91 (s, 3H); '3C NMR (100
MHz, CDCls) 5 220.7, 164.8, 148.4, 138.0, 137.4, 132.4, 128.0, 126.4, 121.5, 118.7, 50.4,

479,44.1,38.0,35.8,31.5,29.4,26.3,25.7,21.6, 13.8.

2-Oxo-2H-chromen-7-yl acrylate (1ah)'*

According to the General Procedure I, the product 1ah

(1.95 g, 90%) was obtained as a white solid after purification /\[( \@j

by column chromatography on silica gel (Hexane/EtOAc = 1ah
a

10/1). 'H NMR (400 MHz, CDCL3) § 7.68 (d, J = 9.6 Hz,
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1H), 7.48 (d, J=9.6 Hz, 1H), 7.13 (d, J = 2.4 Hz, 1H), 7.07 (dd, J= 9.0 Hz, 2.4 Hz, 1H),
6.62 (dd, J= 17.6 Hz, 1.2 Hz, 1H), 6.36 (d, J= 9.0 Hz, 1H), 6.30 (dd, J = 17.6 Hz, 10.0
Hz, 1H), 6.06 (dd, J=10.0 Hz, 1.2 Hz, 1H); 3C NMR (100 MHz, CDCl3) § 163.6, 160.2,
154.5,152.9, 142.8, 133.6, 128.5, 127.1, 118.2, 116.6, 115.9, 110.2.

B) Synthesis of acrylamide 1af

Acrylamide 1af was synthesized via modification of a literature procedure.’

Et;N (1.5 equiv)

H
cHN 0 DMAP (0.2 equiv) N
0 0~ “Me DCM o OJ\

0°Cto25°C,16h
3af 1af

Me

In a 100 mL two-necked flask containing a mixture of 3af (1.51g, 10.0 mmol),
4-dimethylaminopyridine (244 mg, 2.00 mmol), and triethylamine (1.52 g, 15.0 mmol)
in dry DCM (30 mL), acryloyl chloride (1.36 g, 15.0 mmol) was added dropwise at 0 °C.
The mixture was stirred at 0 °C for 20 min and at 25 °C for 16 h. The reaction mixture
was concentrated in vacuo and the resulting crude material was purified by column
chromatography on silica gel to afford the acrylamide product 1af. The product 1af (1.74
g, 85%) was obtained as a white solid after purification by column chromatography on

silica gel (Hexane/EtOAc = 10/1).

4-Acrylamidophenyl acetate (1af)
"H NMR (400 MHz, CDCIs) & 8.28 (s, 1H), 7.53 (d, J
= 8.8 Hz, 2H), 6.97 (d, J = 8.8 Hz, 2H), 6.37 (dd, J = 16.8 An/ \©\
Hz, 1.2 Hz, 1H), 6.23 (dd, J = 16.8 Hz, 10.4 Hz, 1H), 5.68 1af
(dd, J=10.4 Hz, 1.2 Hz, 1H), 2.28 (s, 3H); '*C NMR (100 MHz, CDCl3) § 170.0, 163.9,
146.8, 135.7, 131.0, 127.7, 121.8, 121.1, 21.1.
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3.9.3 Controlled experiments

A) Hydrolysis

MeCNM-0 (20/1), 16 h
365 nm LED

0 NasWi0Os32 (2.0 mol%)
N0 No Product
0
1a 1

hen
sat. aq Na,COs3, 25°C,1h

10 mL Schlenk flask equipped with a magnetic stir bar was charged with 1a (29.6
mg, 0.200 mmol) and NaaW10032 (9.77 mg, 0.00400 mmol, 2.0 mol%) dissolved in a
mixture of acetonitrile (1.0 mL) and H20 (0.050 mL). The mixture was stirred at 25 °C
under the irradiation of UV LED (A = 365 nm). After 16 h, sat. aq. Na2COs3 (2.0 mL) was
added, and the resulting mixture was stirred at 25 °C for 1 h, and then was extracted with
ethyl acetate (3 x 10 mL). The combined organic extract was dried over anhydrous

MgSOs, filtered, and concentrated in vacuo. No product 3a was observed by GC.

B) Deacylation using Isobutylamine (2b’) without light or NasW1903;

/\go© + HZNJ\ HO©

MeCN/H,0 (20/1)
op 25°C,16h 3a (33%)

10 mL Schlenk flask equipped with a magnetic stir bar was charged with 1a (29.6
mg, 0.200 mmol) and 2b’ (29.3 mg, 0.400 mmol, 2.0 equiv) dissolved in a mixture of
acetonitrile (1.0 mL) and H20 (0.050 mL). The mixture was stirred at 25 °C without any
light. After 16 h, the reaction mixture was extracted with ethyl acetate (3 x 10 mL). The
combined organic extract was dried over anhydrous MgSOu, filtered, and concentrated in

vacuo. The mixture was analyzed by GC and 3a was formed in 33% yield.
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C) Seletivity in the deacylation of 1ab using Isobutylamine (2b°)

j ) ; HO HO
/\mo o BuNH, (2b’, 2.0 equiv) \Q 0 . \CL
o} O)J\Me MeCN/H,0 (20/1) O)J\Me OH
1ad

25°C, 16 h
3ad (10%) 3ad’ (24%)

10 mL Schlenk flask equipped with a magnetic stir bar was charged with 1ad (41.2
mg, 0.200 mmol) and 2b’ (58.5 mg, 0.800 mmol, 4.0 equiv) dissolved in a mixture of
acetonitrile (1.0 mL) and H20 (0.050 mL). The mixture was stirred at 25 °C without any
light. After 16 h, sat. ag. Na2COs3 (2.0 mL) was added. The resulting mixture was stirred
at 25 °C for 1 h, and then was extracted with ethyl acetate (3 x 10 mL). The combined
organic extract was dried over anhydrous MgSQOs, filtered, and concentrated in vacuo.
The mixture was analyzed by GC and 3ad and 3ad’ were formed in 10% and 24% yields,

respectively.

IS
3ad’ T 1ad

J\ d-lactam 3ad

T
Iva)

Figure S2. GC analysis of deacylation of 1ab using 2b’
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3.9.4 Deacylation of Aryl Acrylates to Give Phenols

2b (2.0 equiv)
Afo ~ Na,W,O, (2.0 mol%) sat.aq Na,CO3 HO ~
o) 2R MeCNM,0 (2011), 16 h i, 1h R
365 nm LED
1 3

General Procedure II: 10 mL Schlenk flask equipped with a magnetic stir bar was
charged with 1 (0.200 mmol), 2b (43.8 mg, 0.400 mmol, 2.0 equiv), and NasW10032 (9.77
mg, 0.00400 mmol, 2.0 mol%) dissolved in a mixture of acetonitrile (1.0 mL) and H20
(0.050 mL). The mixture was stirred at 25 °C under the irradiation of UV LED (A = 365
nm). After 16 h, sat. aq. Na2CO3 (2.0 mL) was added, and the resulting mixture was stirred
at 25 °C for 1 h, and then was extracted with ethyl acetate (3 x 10 mL). The combined
organic extract was dried over anhydrous MgSOs, filtered, and concentrated in vacuo.

The product 3 was obtained after purification by column chromatography on silica gel.

Phenol (32)"°

According to the General Procedure I, the product 3a (18.6 mg, HO
99%) was obtained as a white solid after purification by column \©
chromatography on silica gel (Hexane/EtOAc = 10/1). 'H NMR (400 3a
MHz, CDCl3) 6 7.25 (dd, J=7.2 Hz, 7.2 Hz, 2H), 6.94 (t, J= 7.2 Hz, 1H),
6.83 (d,J=7.2 Hz, 2H), 4.67 (s, 1H); *C NMR (100 MHz, CDCl3) § 155.4, 129.7, 120.8,

115.3.

p-Cresol (3b)°

According to the General Procedure 11, the product 3b (18.2 mg, HO
84%) was obtained as a colorless oil after purification by column \©\
chromatography on silica gel (Hexane/EtOAc = 10/1). "H NMR (400 3b Me
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MHz, CDCL3) 5 7.04 (d, J = 8.4 Hz, 2H), 6.73 (d, J = 8.4 Hz, 2H), 4.57 (s, 1H), 2.28 (s,
3H); 3C NMR (100 MHz, CDCls) & 153.2, 130.1, 130.0, 115.0, 20.4.

4-(tert-Butyl)phenol (3¢)"°

According to the General Procedure 11, the product 3¢ (26.4 4
mg, 88%) was obtained as a white solid after purification by column \©\
chromatography on silica gel (Hexane/EtOAc = 20/1). 'H NMR 3c o
(400 MHz, CDClI3) 6 7.26 (d, J = 8.4 Hz, 2H), 6.77 (d, J= 8.4 Hz, 2H), 4.55 (s, 1H), 1.29

(s, 9H); 13C NMR (100 MHz, CDCL3) & 153.1, 143.6, 126.4, 114.7, 34.1, 31.5.

4-(Trifluoromethyl)phenol (3d)'
According to the General Procedure I, the product 3d (30.2 mg,

93%) was obtained as a yellow oil after purification by column \©\
CF

chromatography on silica gel (Hexane/EtOAc = 10/1). '"H NMR (400 3

3d
MHz, CDCl3) § 7.51 (d, J = 8.4 Hz, 2H), 6.91 (d, J = 8.4 Hz, 2H),

5.67 (br, 1H); 13C NMR (100 MHz, CDCl3) & 158.1, 127.2 (q, J = 3.8 Hz), 124.4 (q, J =
270 Hz), 123.2 (q, J = 33 Hz), 115.4.

4-Hydroxybenzonitrile (3¢)'°

According to the General Procedure 11, the product 3e (23.6 mg, HO
99%) was obtained as a white solid after purification by column \©\
chromatography on silica gel (Hexane/EtOAc = 5/1). "H NMR (400 N
MHz, CDCIs) 6 7.55 (d, J = 8.4 Hz, 2H), 6.95 (d, J = 8.4 Hz, 2H),
6.84 (br's, 1H); *C NMR (100 MHz, CDCl3) § 160.4, 134.5, 119.4, 116.6, 103.0.
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4-Methoxyphenol (3f) 1°

According to the General Procedure I1, the product 3f (21.8 mg, Ho
88%) was obtained as a yellow oil after purification by column \©\0Me
chromatography on silica gel (Hexane/EtOAc = 10/1). '"H NMR (400 3f
MHz, CDCls) & 6.83-6.73 (m, 4H), 4.66 (br, 1H), 3.77 (s, 3H); '*C NMR (100 MHz,
CDCl3) 6 153.7, 149.4, 116.0, 114.8, 55.8.
4-Fluorophenol (3g)"°

According to the General Procedure I, the product 3f (21.5 mg, o
96%) was obtained as a yellow oil after purification by column \©\
chromatography on silica gel (Hexane/EtOAc = 10/1). 'H NMR (400 3g ]
MHz, CDCl3) § 6.93 (dd, J = 8.0 Hz, 8.0 Hz, 2H), 6.80-6.73 (m, 2H), 4.71 (s, 1H); *C
NMR (100 MHz, CDCls) & 157.3 (d, J =237 Hz), 151.4, 116.2 (d, J= 7.6 Hz), 116.0 (d,
J=23 Hz).

4-Chlorophenol (3h)"*

According to the General Procedure II, the product 3h (24.9 mg, HO
97%) was obtained as a colorless oil after purification by column \©\
chromatography on silica gel (Hexane/EtOAc = 5/1). '"H NMR (400 3h “
MHz, CDCI3) § 7.19 (d, J = 8.4 Hz, 2H), 6.77 (d, J= 8.4 Hz, 2H), 4.83 (s, 1H); *C NMR
(100 MHz, CDCIs) 6 154.0, 129.5, 125.7, 116.6.

4-Bromophenol (3i)'°

According to the General Procedure II, the product 3i (31.8 mg, Ho
92%) was obtained as a white solid after purification by column \QB
chromatography on silica gel (Hexane/EtOAc = 5/1). 'H NMR (400 3i r
MHz, CDCl3) § 7.34 (d, J= 8.4 H, 2H), 6.72 (d, J = 8.4 Hz, 2H), 4.94 (br, 1H); '*C NMR
(100 MHz, CDCls) 6 154.4, 132.5, 117.2, 113.0.
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4-TIodophenol (3j)’

According to the modification of General Procedure 11, the reaction HO
was carried out under irradiation of UV LED (A = 405 nm). The product \©\
3j (42.2 mg, 96%) was obtained as a yellow solid after purification by 3 !
column chromatography on silica gel (Hexane/EtOAc = 5/1). '"H NMR
(400 MHz, CDCl3) 6 7.52 (d, J = 8.0 Hz, 2H), 6.63 (d, J= 8.0 Hz, 2H), 4.78 (s, 1H); *C
NMR (100 MHz, CDCl3) & 155.3, 138.4, 117.8, 82.7.

3-Chlorophenol (3k)"

According to the General Procedure I, the product 3k (24.9 mg, g cl
97%) was obtained as a yellow oil after purification by column O/
chromatography on silica gel (Hexane/EtOAc = 5/1). '"H NMR (400 3k
MHz, CDCI3) 6 7.17 (dd, J = 8.4 Hz, 8.4 Hz, 1H), 6.94 (ddd, J = 8.4 Hz, 2.0 Hz, 1.2 Hz,
1H), 6.87 (dd,J=2.0 Hz, 1H), 6.73 (ddd, /J=8.4 Hz, 2.0 Hz, 1.2 Hz, 1H), 5.27 (br s, 1H);
BC NMR (100 MHz, CDCl3) § 156.0, 134.9, 130.5, 121.2, 115.9, 113.7.

2-Chlorophenol (31)'¢

According to the General Procedure 11, the product 31 (23.4 mg, 91%) cl
was obtained as a colorless oil after purification by column HO©
chromatography on silica gel (Hexane/EtOAc = 5/1). '"H NMR (400 MHz,
CDCl3) 8 7.32 (d, J = 8.0 Hz, 1H), 7.18 (dd, /= 8.0 Hz, 8.0 Hz, 1H), 7.02 >
(d, J=8.0 Hz, 1H), 6.87 (dd, J= 8.0 Hz, 8.0 Hz, 1H), 5.52 (s, 1H); 3*C NMR (100 MHz,

CDCIs) 6 151.3, 129.0, 128.4, 121.4, 119.9, 116.2.
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[1,17:3°,1""-Terphenyl]-2"-ol (3m)'®

According to the General Procedure II, the product 3m (47.8 mg, Ph
97%) was obtained as a white solid after purification by column HO:@
chromatography on silica gel (Hexane/EtOAc = 20/1). '"H NMR (400 MHz, ph
CDCl3) 6 7.57 (d, J = 8.0 Hz, 4H), 7.49 (dd, J = 8.0 Hz, 8.0 Hz, 4H), 7.40 3m
(t, J = 8.0 Hz, 2H), 7.29 (d, J = 8.0 Hz, 2H), 7.07 (t, J = 8.0 Hz, 1H), 5.41 (s, 1H); 1°C

NMR (100 MHz, CDCl3) 6 149.3, 137.6, 130.0, 129.3, 128.8, 128.7, 127.6, 120.7.

[1,1°-Biphenyl]-4-0l (3n)"°

According to the General Procedure II, the product 3n (32.0 mg, o
94%) was obtained as a white solid after purification by column \©\
chromatography on silica gel (Hexane/EtOAc = 10/1). "H NMR (400 3n "
MHz, DMSO-ds) 6 9.56 (s, 1H), 7.56 (d, /= 7.2 Hz, 2H), 7.48 (d, J = 8.4 Hz, 2H), 7.40
(dd, J=7.2 Hz, 7.2 Hz, 2H), 7.27 (t, J= 7.2 Hz, 1H), 6.87 (d, J = 8.4 Hz, 2H); 3*C NMR
(100 MHz, DMSO-ds) 6 157.1, 140.2, 130.9, 128.8, 127.7, 126.3, 126.0, 115.8.

Naphthalen-2-ol (30)"’

According to the General Procedure I1, the product 30 (27.4 mg, Ho
95%) was obtained as a white solid after purification by column
chromatography on silica gel (Hexane/EtOAc = 5/1). '"H NMR (400 30
MHz, CDCl3) 6 7.77 (dd, J = 6.8 Hz, 6.8 Hz, 2H), 7.69 (d, J = 8.4 Hz, 1H), 7.44 (dd, J =
6.8 Hz, 6.8 Hz, 1H), 7.34 (dd, J = 6.8 Hz, 6.8 Hz, 1H), 7.15 (d, J=2.4 Hz, 1H), 7.11 (dd,
J=28.8 Hz, 2.4 Hz, 1H), 4.97 (s, 1H); 3C NMR (100 MHz, CDCls) § 153.3, 134.6, 129.8,
128.9, 127.8, 126.5, 126.3, 123.6, 117.7, 109.5.
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Naphthalen-1-0l (3p)"°

According to the General Procedure 11, the product 3p (27.7 mg,
96%) was obtained as a white solid after purification by column HO ‘
chromatography on silica gel (Hexane/EtOAc = 5/1). '"H NMR (400 O
MHz, CDCl3) & 8.23-8.16 (m, 1H), 7.86-7.79 (m, 1H), 7.55-7.48 (m, 3p
2H), 7.46 (d, J=8.0 Hz, 1H), 7.32 (dd, J= 8.0 Hz, 8.0 Hz, 1H), 6.82 (d, /= 8.0 Hz, 1H),
5.25 (s, 1H); C NMR (100 MHz, CDCl3) § 151.3, 134.7, 127.7, 126.4, 125.8, 125.3,
124.3, 121.5, 120.7, 108.6.

1H-Indol-5-0l (3q)"°
According to the General Procedure II, the product 3q (21.0 mg, HO
79%) was obtained as a brown solid after purification by column m

chromatography on silica gel (Hexane/EtOAc = 3/1). 'TH NMR (400 3q H
MHz, CDCIs) 6 8.04 (br s, 1H), 7.25 (d, /= 8.4 Hz, 1H), 7.19 (dd, J =

2.8 Hz, 2.8 Hz, 1H), 7.05 (d, /= 2.8 Hz, 1H), 6.78 (dd, /= 8.4 Hz, 2.8 Hz, 1H), 6.46-6.42
(m, 1H), 4.53 (s, 1H); 1*C NMR (100 MHz, CDCl3) § 149.5, 131.2, 128.6, 125.2, 111.8,

111.6, 105.1, 102.0.

3.9.5 Deacylation of Acrylates to Give Alcohols

2e (4.0 equiv)
sat. aq. Na,CO
/\H/O\R Na W10032 (40 "'I()l%) q 2413 HO\R
o MeCNMH>0 (20/1), 24 h rt,1h
365 nm LED
1 3

Dodecan-1-ol (3r)"’

According to the General Procedure III the product 3r (26.8 mg, 72%) 1o Me

11

was obtained as a colorless oil after purification by column chromatography 3
r
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on silica gel (Hexane/EtOAc = 2/1). 'TH NMR (400 MHz, CDCls) § 3.61 (t, J = 6.8 Hz,
2H), 1.17 (br s, 1H), 1.54 (tt, J= 6.8 Hz, 6.8 Hz, 2H), 1.37-1.17 (m, 18H), 0.86 (t,J=6.8
Hz, 3H); 3*C NMR (100 MHz, CDCl3) § 62.9, 32.7, 31.9, 29.63, 29.60, 29.59 (overlapped
signal of non-equivalent two carbons), 29.4, 29.3, 25.7, 22.6, 14.1.

Phenylmethanol (3s)*°

According to the General Procedure 111, the product 3s (17.7 mg,
82%) was obtained as a colorless oil after purification by column HO\/©
chromatography on silica gel (Hexane/EtOAc = 5/1). '"H NMR (400 3s
MHz, CDCL) 6 7.37 (d, J = 4.8 Hz, 4H), 7.34-7.27 (m, 1H), 4.70 (d, J = 5.6 Hz, 2H),
1.69-1.62 (br, 1H); *C NMR (100 MHz, CDCl3) § 140.8, 128.6, 127.7, 127.0, 65.4.

1-Phenylethan-1-ol (3u)?’

According to the General Procedure 11, the product 3u (21.5 mg,
88%) was obtained as a colorless oil after purification by column Hop
chromatography on silica gel (Hexane/EtOAc = 5/1). '"H NMR (400 Me
MHz, CDClIs) 6 7.41-7.32 (m, 4H), 7.30-7.26 (m, 1H), 4.91 (qd, J = 6.4 3u
Hz, 3.6 Hz, 1H), 1.76 (d, J = 3.6 Hz, 1H), 1.51 (d, J = 6.4 Hz, 3H); '*C NMR (100 MHz,
CDCl3) 6 145.8, 128.5, 127.4, 125.3, 70.4, 25.1.

2-Phenylpropan-2-ol (3v)*°

According to the General Procedure 111, the product 3v (26.7 mg,
98%) was obtained as a colorless oil after purification by column H07(©
chromatography on silica gel (Hexane/EtOAc = 5/1). 'H NMR (400 Me Me
MHz, CDCl3) 6 7.50 (d, J = 7.6 Hz, 2H), 7.35 (dd, J = 7.6 Hz, 7.6 Hz, 3
2H), 7.25 (t,J = 7.6 Hz, 1H), 1.73 (s, 1H), 1.59 (s, 6H); 1*C NMR (100 MHz, CDCl3) &
149.1, 128.2, 126.7, 124.3, 72.5, 31.7.
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3.9.6 Deacylation of Acrylamides to Give Amines

H 2a (4.0 equiv)
A(N Na4W10032 (40 IT'IO'%) sat. aq. N32C03 H2N
o @ MeCN/H,0 (20/1), 24 h rt,1h \©
1x 365 nm LED 3x (90%)

10 mL Schlenk flask equipped with a magnetic stir bar was charged with 1v (29.4
mg, 0.200 mmol), 2a (134 mg, 0.800 mmol, 4.0 equiv), and NasW10032 (19.5 mg, 0.00800
mmol, 4.0 mol%) dissolved in a mixture of acetonitrile (1.0 mL) and H20 (0.050 mL).
The mixture was stirred at 25 °C under the irradiation of UV LED (A = 365 nm). After 24
h, sat. ag. Na2CO3 (4.0 mL) was added, and the resulting mixture was stirred at 25 °C for
1 h, and then was extracted with ethyl acetate (3 x 10 mL). The combined organic extract
was dried over anhydrous MgSOu, filtered, and concentrated in vacuo. The product 3v
(16.8 mg, 90%) was obtained as yellow oil after purification by column chromatography

on silica gel (Hexane/EtOAc = 5/1).

Aniline (3v)?!
'H NMR (400 MHz, CDCl3) § 7.16 (dd, J = 7.6 Hz, 7.6 Hz, 2H), 6.76 HsN
(t,J = 7.6 Hz, 1H), 6.69 (d, J = 7.6 Hz, 2H), 3.64 (br s, 2H); *C NMR ©

(100 MHz, CDCL3) § 146.3, 129.3, 118.6, 115.1. 3

3.9.7 Selective Deacylation

General Procedure IV: 10 mL Schlenk flask equipped with a magnetic stir bar was
charged with 1 (0.200 mmol), 2b (87.7 mg, 0.800 mmol, 4.0 equiv), and NasW10032 (19.5
mg, 0.00800 mmol, 4.0 mol%) dissolved in a mixture of acetonitrile (1.0 mL) and H20
(0.050 mL). The mixture was stirred at 25 °C under the irradiation of UV LED (A = 365

nm). After 24 h, sat. aq. Na2CO3 (4.0 mL) was added, and the resulting mixture was stirred
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at 25 °C for 1 h, and then was extracted with ethyl acetate (3 x 10 mL). The combined
organic extract was dried over anhydrous MgSOs, filtered, and concentrated in vacuo.

The product 3 was obtained after purification by column chromatography on silica gel.

4-(Benzyloxy)phenol (3ab)*
According to the General Procedure IV the resulting mixture after reaction was

analyzed by GC (Figure S3).

3ab

d-lactam 1ab

Figure S3. GC analysis of deacylation of 1ab

The product 3ab (34.4 mg, 86%) was obtained as a white solid 1,4

after purification by column chromatography on silica gel

OBn
(Hexane/EtOAc = 5/1). '"H NMR (400 MHz, CDCls) § 7.47 (m, 5H), 3ab
6.87 (d, J=9.2 Hz, 2H), 6.76 (d, J = 9.2 Hz, 2H), 5.01 (s, 2H), 4.55 (s, 1H); *C NMR

(100 MHz, CDCIs) 6 153.0, 149.6, 137.2, 128.5, 127.9, 127.5, 116.04, 116.02, 70.8.

4-[(tert-Butyldimethylsilyl)oxy]phenol (3ac)*
According to the General Procedure 1V the product 3ac

(44.0 mg, 98%) was obtained as a white solid after purification \©\
OTBDMS

by column chromatography on silica gel (Hexane/EtOAc = 5/1). 3ac
"H NMR (400 MHz, CDCl3) 6 6.70 (d, J= 2.0 Hz, 4H), 4.51 (br s, 1H), 0.97 (s, 9H), 0.16

(s, 6H); 3C NMR (100 MHz, CDCls) & 149.7, 149.4, 120.8, 115.9, 25.7, 18.2, -4.5.
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4-Hydroxyphenyl acetate (3ad)'
According to the General Procedure Il the resulting mixture after reaction was

analyzed by GC (Figure S4).

....... £ IS
------ 1 T d-lactam

‘‘‘‘‘‘ ] | ] /JL/\/A/ 3ad |

*
T

Figure S4. GC analysis of deacylation of 1ad

The product 3ad (30.1 mg, 99%) was obtained as a yellow solid HO@
OAc

after purification by column chromatography on silica gel
(Hexane/EtOAc = 10/1). '"H NMR (400 MHz, CDCI3) § 6.91 (d, J = 3ad
9.2 Hz, 2H), 6.75 (d, J = 9.2 Hz, 2H), 2.28 (s, 3H), 5.13 (br s, 1H); *C NMR (100 MHz,
CDClI3) 6 170.4, 153.4, 144.0, 122.4, 116.0, 21.1.
4-Hydroxyphenyl benzoate (3ae)**

According to the General Procedure 1V the product 3ae (38.1 G
mg, 89%) was obtained as a white solid after purification by column \©\
chromatography on silica gel (Hexane/EtOAc=5/1). '"H NMR (400 3ae o
MHz, DMSO-ds) 6 9.52 (s, 1H), 8.11 (d, J = 7.6 Hz, 2H), 7.72 (t, J = 7.6 Hz, 1H), 7.59
(dd, J= 7.6 Hz, 7.6 Hz, 2H), 7.06 (d, J = 8.8 Hz, 2H), 6.82 (d, J = 8.8 Hz, 2H); 3*C NMR
(100 MHz, DMSO-ds) 6 165.0, 155.2, 142.7, 133.9, 129.7, 129.2, 128.9, 122.6, 115.7.

2-Hydroxyethyl acetate (3af)*
According to the General Procedure IV the product 3af (15.4 mg,
g p ( & HO._~

74%) was obtained as a colorless oil after purification by column 3af
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chromatography on silica gel (Hexane/EtOAc = 2:1). 'TH NMR (400 MHz, DMSO-ds) &
4.78 (t,J = 5.6 Hz, 1H), 4.00 (t, J = 4.8 Hz, 2H), 3.55 (td, /= 5.6 Hz, 4.8 Hz, 2H), 2.01
(s, 3H); *C NMR (100 MHz, DMSO-ds) § 170.5, 65.7, 59.0, 20.7.

4-(Hydroxymethyl)phenyl acetate (3ag)*®
According to the General Procedure IV the product 3ag (27.9 OAc
mg, 84%) was obtained as a colorless oil after purification by HQ \/©/

column chromatography on silica gel (Hexane/EtOAc = 3/1). 'H 3ag
NMR (400 MHz, CDCls) 6 7.37 (d, J = 8.8 Hz, 2H), 7.07 (d, J =
8.8 Hz, 2H), 4.67 (d, J = 4.8 Hz, 2H), 2.30 (s, 3H), 1.78 (br s, 1H); *C NMR (100 MHz,

CDCl3) 6 169.6, 150.0, 138.5, 128.0, 121.7, 64.7, 21.1.

4-Aminophenyl acetate (3ah)*’
According to the modification of General Procedure 1V, the

HoN
reaction was carried out using 2a (134 mg, 0.800 mmol, 4.0 equiv). \©\
OAc

The product 3ah (22.1 mg, 73%) was obtained as a yellow solid aah
after purification by column chromatography on silica gel (Hexane/EtOAc = 3/1). 'H
NMR (400 MHz, CDCls) 6 6.86 (d, J = 8.0 Hz, 2H), 6.65 (d, J = 8.0 Hz, 2H), 3.47 (br s,

2H), 2.26 (s, 3H); 13C NMR (100 MHz, CDCl3) § 170.1, 144.2, 142.8, 122.1, 115.6, 21.0.

3.9.8 Cleavage of phenyl acrylate (1a) at 1.00 mmol scale

2b (2.0 equiv)
/\H/O Na4W10032 (20 IT'IOl%) sat. aq. N32C03 HO
0 \© MeCN/H,0 (20/1), 16 h i, 1h \©
365 nm LED
1a 3a (97%)

1.00 mmol
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50 mL Schlenk flask equipped with a magnetic stir bar was charged with 1a (148 mg,
1.00 mmol), 2b (219 mg, 2.00 mmol, 2.0 equiv), and NasW10032 (48.8 mg, 0.0200 mmol,
2.0 mol%) dissolved in a mixture of acetonitrile (5.0 mL) and H20 (0.25 mL). The
mixture was stirred at 25 °C under the irradiation of UV LED (A = 365 nm). After 16 h,
sat. ag. Na2COs3 (10 mL) was added, and the resulting mixture was stirred at 25 °C for 1
h, and then was extracted with ethyl acetate (3 x 50 mL). The combined organic extract
was dried over anhydrous MgSQOs, filtered, and concentrated in vacuo. The product 3a
(91.3 mg, 97%) was obtained as a colorless oil after purification by column

chromatography on silica gel (Hexane/EtOAc = 10/1).

Figure S5. Reaction setup (1.00 mmol scale)
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3.9.9 Base-Triggered Release of a Biomolecule

2b (10 equiv)
H Na4W10032 (40 mol%)

0 MeCN/H,0 (20/1), 48 h

: 365 nm LED
Me 0

1ai

sat. aq. Na,CO5

25°C,1h

3ai (81%)

10 mL Schlenk flask equipped with a magnetic stir bar was charged with 1ai (64.9
mg, 0.200 mmol), 2b (219 mg, 2.00 mmol, 10 equiv), and NasW10032 (19.5 mg, 0.00800
mmol, 4.0 mol%) dissolved in a mixture of acetonitrile (1.0 mL) and H20 (0.050 mL).
The mixture was stirred at 25 °C under the irradiation of UV LED (A = 365 nm). After 48
h, sat. ag. Na2COs3 (10 mL) was added, the resulting mixture was stirred at 25 °C for 1 h,
and then was extracted with ethyl acetate (3 x 10 mL). The combined organic extract was
dried over anhydrous MgSOs, filtered, and concentrated in vacuo. The product 3ai (43.8
mg, 81%) was obtained as a white solid after purification by column chromatography on

silica gel (Hexane/EtOAc = 10/1).

(8R,9S,13S,14S5)-3-Hydroxy-13-methyl-6,7,8,9,11,12,13,14,15,16-decahydro-17H-
Cyclopenta[a]phenanthren-17-one (3ai)*®

'H NMR (400 MHz, DMSO-ds) 8 9.01 (s, 1H), 7.04 (d, J HO
— 8.4 Hz, 1H), 6.51 (dd, J = 8.4 Hz, 2.8 Hz, 1H), 6.45 (d, J =
2.8 Hz, 1H), 2.83-2.66 (m, 2H), 2.43 (dd, J = 18.8 Hz, 9.2 Hz,
1H), 2.33-2.25 (m, 1H), 2.19-2.09 (m, 1H), 2.04 (dd, J = 18.8
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Hz, 9.2 Hz, 1H), 1.98-1.86 (m, 2H), 1.79-1.68 (m, 1H), 1.61-1.40 (m, 3H), 1.40-1.25 (m,
3H), 0.82 (s, 3H); 3C NMR (100 MHz, DMSO-ds) § 219.7, 155.0, 137.1, 129.9, 126.1,
115.0, 112.8, 49.6, 47.3, 43.4, 38.0, 35.4, 31.4,29.1, 26.1, 25.6, 21.1, 13.5.

3.9.10 Base-Triggered Release of a Fluorescent Molecule

A) Base-triggered release of umbelliferone (3aj)

2b (4.0 equiv)
/\{ro 0.__0 Na,W;;0x (4.0 mol%) DavO\ono
o = MeCN/H,0 (20/1), 24 h =
. 405 nm LED -
1aj 3aj
sat. aq. Na,CO3 HO 0.0
25°C,1h \@/j

3aj (83%)

10 mL Schlenk flask equipped with a magnetic stir bar was charged with 1aj (43.2
mg, 0.200 mmol), 2b (87.7 mg, 0.800 mmol, 4.0 equiv), and NasW10032 (19.5 mg,
0.00800 mmol, 4.0 mol%) dissolved in a mixture of acetonitrile (1.0 mL) and H20 (0.050
mL). The mixture was stirred at 25 °C under the irradiation of UV LED (A = 405 nm).
After 24 h, sat. aq. Na2COs3 (4.0 mL) was added, the resulting mixture was stirred at 25 °C
for 1 h, and then was extracted with ethyl acetate (3 x 10 mL). The combined organic
extract was dried over anhydrous MgSQs4, filtered, and concentrated in vacuo. The
product 3aj (26.9 mg, 83%) was obtained as a white solid after purification by column

chromatography on silica gel (Hexane/EtOAc = 10/1).
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7-Hydroxy-2H-chromen-2-one (3aj)*

'"H NMR (400 MHz, DMSO-ds) § 10.50 (brs, 1H), 7.93 (d,J HO 0.__0
=9.2 Hz, 1H), 7.52 (d, J = 8.4 Hz, 1H), 6.78 (dd, J = 8.4 Hz, 2.0 @;j
Hz, 1H), 6.71 (d, J = 2.0 Hz, 1H), 6.20 (d, J = 9.2 Hz, 1H); 1*C 3aj

NMR (100 MHz, DMSO-ds) 6 161.3, 160.4, 155.5, 144.5, 129.7, 113.1, 111.4, 111.3,
102.2.

B) Emission spectra of a reaction mixture of 3aj’ + bases

10 mL Schlenk flask equipped with a magnetic stir bar was charged with 1aj (43.2
mg, 0.200 mmol), 2b (87.7 mg, 0.800 mmol, 4.0 equiv), and NasW10032 (19.5 mg,
0.00800 mmol, 4.0 mol%) dissolved in a mixture of acetonitrile (1.0 mL) and H20 (0.050
mL). The mixture was stirred at 25 °C under the irradiation of UV LED (A = 405 nm).
After 24 h, the mixture was extracted with H2O (3 x 10 mL). The combined water extract
was concentrated in vacuo. The resulting mixture containing product (3aj") was dissolved
in a mixture of acetonitrile (2.0 mL) and H20 (2.0 mL). A base (4 equiv) was added, and
the reaction was carried out for 1 min. 10 pL of the mixture was diluted with a mixture

of acetonitrile and water (1:1, 4.0 mL) and the emission spectra were measured.

3.9.11 Reaction of ethyl 5-aminovalerate: HCI (S1) with sat. aq. Na,COs

+ _ ! !
NH; CI cat aq. Na,Co, N2 . N_o
OFEt OEt :

25°C, 1 h ! :

o) o} ! 5

s1 $2 (98%) , notobserved |

10 mL Schlenk flask equipped with a magnetic stir bar was charged with S1 (36.3
mg, 0.200 mmol) and sat. ag. Na2COs3 (2.0 mL), and the resulting mixture was stirred at

25 °C for 1 h. Then the reaction mixture was extracted with ethyl acetate (3 x 10 mL).
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The combined organic extract was dried over anhydrous MgSOs, filtered, and
concentrated in vacuo. 'H NMR analysis indicated that S2 was formed in 98% yield and

lactam was not observed.

3.9.12 Attempt of kinetic resolution of 1-phenylethan-1-ol (3u) using 2a

2a (0.2 mmol, 1.0 equiv)
Na W03 (4.0 mol%) sat aq. Na,CO
/\(0 4W1003 ( ) q. Na;CO3 HOY@
MeCN/H,0 (20/1), 24 h rt,1h
0 Me 365 nm LED Me
1u (2.0 equiv) 3u
(er =47 : 53)

10 mL Schlenk flask equipped with a magnetic stir bar was charged with 1u (70.5
mg, 0.400 mmol, 2.0 equiv), 2a (33.5 mg, 0.200 mmol, 1.0 equiv), and NasaW10032 (19.5
mg, 0.00800 mmol, 4.0 mol%) dissolved in a mixture of acetonitrile (1.0 mL) and H20
(0.050 mL). The mixture was stirred at 25 °C under the irradiation of UV LED (A = 365
nm). After 24 h, sat. aq. Na2CO3 (2.0 mL) was added, and the resulting mixture was stirred
at 25 °C for 1 h. Then the reaction mixture was extracted with ethyl acetate (3 x 10 mL).
The combined organic extract was dried over anhydrous MgSOa, filtered, and
concentrated in vacuo. The enantiomeric radio of 3u was determined to be 47:53 by
HPLC analysis [column: Daicel CHIRALPAK IB N-5 (4.6 mm x 250 mm); temperature:
25 °C; eluent: H2O:MeCN = 80:20; flow rate: 0.5 mL/min; detection wavelength: 205

nm; Tr = 25.7 min (minor), 31.3 min (major)] (Figure S6).
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Figure S6. HPLC analysis of 1-phenylethan-1-ol (3u)
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	According to the General Procedure I, product 26 (2.78 g, 84%) was obtained as a white solid after purification by column chromatography on silica gel (CH2Cl2/MeOH = 20/1). 1H NMR (400 MHz, CDCl3) δ 6.33 (br, 1H), 5.03 (brd, J = 8.8 Hz, 1H), 4.55 (dd,...
	50 mL Schlenk flask equipped with a magnetic stir bar was charged with 1 (231 mg, 1.00 mmol) dissolved in dry CH2Cl2 (6.0 mL). Trifluoroacetic acid (2.28 g, 20.0 mmol, 20 equiv) was dropwise to the solution at 0  C. The mixture was stirred at 25  C fo...
	10 mL Schlenk flask equipped with a magnetic stir bar was charged with a substrate (0.200 mmol), Na4W10O32 (9.77 mg, 0.00400 mmol, 2.0 mol%), acetonitrile (2.0 mL) and 2a (40.0 mg, 0.400 mmol, 2.0 equiv). The mixture was stirred at 25  C under the irr...
	General Procedure III: 10 mL Schlenk flask equipped with a magnetic stir bar was charged with 1 (46.3 mg, 0.200 mmol) dissolved in dry CH2Cl2 (1.2 mL). Trifluoroacetic acid (456 mg, 4.00 mmol, 20 equiv) was dropwise to the solution at 0  C. The mixtur...
	6-(tert-Butyl) 1-methyl (S)-2-acetamido-3,3-dimethylhexanedioate (3b)
	General Procedure IV: 10 mL Schlenk flask equipped with a magnetic stir bar was charged with a dipeptide (0.200 mmol) dissolved in dry CH2Cl2 (1.2 mL). Trifluoroacetic acid (456 mg, 4.00 mmol, 20 equiv) was dropwise to the solution at 0  C. The result...
	General Procedure V: 10 mL Schlenk flask equipped with a magnetic stir bar was charged with a dipeptide (0.200 mmol) dissolved in dry CH2Cl2 (1.2 mL). Trifluoroacetic acid (456 mg, 4.00 mmol, 20 equiv) was dropwise to the solution at 0  C. The mixture...
	10 mL Schlenk flask equipped with a magnetic stir bar was charged with 26 (66.1 mg, 0.200 mmol) dissolved in dry CH2Cl2 (1.2 mL). Trifluoroacetic acid (456 mg, 4.00 mmol, 20 equiv) was dropwise to the solution at 0  C. The resulting mixture was stirre...
	General Procedure II: 10 mL Schlenk flask equipped with a magnetic stir bar was charged with 1 (0.200 mmol), 2b (43.8 mg, 0.400 mmol, 2.0 equiv), and Na4W10O32 (9.77 mg, 0.00400 mmol, 2.0 mol%) dissolved in a mixture of acetonitrile (1.0 mL) and H2O (...
	General Procedure IV: 10 mL Schlenk flask equipped with a magnetic stir bar was charged with 1 (0.200 mmol), 2b (87.7 mg, 0.800 mmol, 4.0 equiv), and Na4W10O32 (19.5 mg, 0.00800 mmol, 4.0 mol%) dissolved in a mixture of acetonitrile (1.0 mL) and H2O (...
	50 mL Schlenk flask equipped with a magnetic stir bar was charged with 1a (148 mg, 1.00 mmol), 2b (219 mg, 2.00 mmol, 2.0 equiv), and Na4W10O32 (48.8 mg, 0.0200 mmol, 2.0 mol%) dissolved in a mixture of acetonitrile (5.0 mL) and H2O (0.25 mL). The mix...

