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B 16 IRIZET 20E (S)IE. AMICE > TRARTHD & L HIT, Hx RBEREMES FICE £
HEETLHRCTHD |, BB ERELHT2EMIEEMEILS <. R D HEE SN AEmE T
HHN=V Y Y GIEANT ¢ FiEEE . BRIEVIERRE CH L/ b T T Y — /T A LR F
VMEEEA LTV D, IHITE, B FHRMRETHL LI VLT (1IN FA7 = 4
W, BEREPEMEICHNDET 2 7 =2 — U F 7Y = Ek R, £72. mOHUEETE
WaRTTFAIV RNV ALEWIE, U AN T AT b ST 5 2 (Figure 1),
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Figure 1. Sulfur Atoms in Bioactive Compounds?

SRR, EELE D & LI AYTEEWE OMoME & U CEERIZIT T, AR
WTHREHEEZRIELTWDLZERMLNTND, FilxiX, RRICHEET HHET I JEET
HHVATA L EAFF=UNE, FAABIOALT 4 REFLTEY, £ DX I ED
BERHERERTH D 3, B, VATA L O7 U —FF— i, LR T oibIhy 2v
7 4 NG Z L (Figure2), BILHISGME T CTF A — A RNHAETHAIHEEZHE L TR, Z o
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—HT, YATA UPRERBIEEZIT DL AT 4 VISRV VR B AR A AR L
Z R BEOERENMET T2 Z &M T D, il ‘i/XT4/Twa74F@w&m
PIEFEIERL SN TAE LD, B EAWEE (CysShOH, CysSnO2H, CysS,OsH) 23 AIiEgIZIE L S A
ATA Y BRHETHEMBNER SN, ZOHEMEA L > TH N7 EOBERERIC L5
ERHl STV D (Figure 3)°. 2O X 5 IZAEMFHIBLEN D L AEKRNTORY 27 4 R{LE
MOV Ry 7 ZFERERZHED TN D
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Figure 3. Roles of Polysulfides in Our Body



EYNETEYE O BE R ER Th D B ERRELZ S REFENIEAT DT, T4
FATINR o WEIRD L LTz, Figure 4 |- T HRAOAFA L 22 kIR 2 R 3 223, BHERELS
WMOBNSEEINHEL 2D, ZOXIRBEROG & EFITEE DL T HNES I H
AHREE CICHER Lz,
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Figure 4. Various Sulfur Sources for Organic Synthesis

BRSO 13k Lk & toi S RIS EE Y S, BARRR S & L CRARICLEICEE L, kil
KETHDLHATHEH SN HITRGFIETH S (Figure 5 left), L T4 H T, AR~ o
T ANGEWN S AT HEARRRITZOFTEL KE S EREloTWDH Z &b, KREICH b ILD BERR
WAREER & L THMIE AR FIEOBRFENRD 5T % (Figure 5 right)’,

Natural Sulfur Exposed Deposit of Sg
@ Berlin Naturlal History Museum from Petroleum Refining Processes’

Figure 5. Elemental Sulfur’



HARR B 30@H =IE TIINBBRIRD 7 & UTIFHEL, BT E 723, #sRnd LRZER
FRIROERMETE & U THIET 5 (Figure 6)3, HLBRENZ L0, ZOBRKINBERS FI3NEd 5 2
ETRBIZRY =— LT L, BHTHZ L TALRMENGOND, HRFTHT X—
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{LEH DI RE B -> T 5,
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Figure 6. Structures of Sulfur!
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Figure 7. Reactive Polysulfide Species



A F Tl STV D BRI 2 W e B G RSUS O Bk B 2 =4, 7 =77 MY
U A tert-7 h¥ T R E OB A O CTHIRRR S 2 IEM b T 52T, NV ALT 4 RTIUT
NT =F A RPCHAISELZENARTHL, AL NI ALVT 4 KTV INVT =4
EAVTARTNAF U EREEEDLZET, BIRNY ALV T ¢ RRF AT = U EERT DB
AT STV D (Scheme 1. A, B)0b, (1A, AEESIX, & ¥y AMEIT X2 BARER B OTEME(L 2
FIFH L2V 7 4 REREZ®RE L TW5 (Scheme 1.C) 10, F£7-, &R T CHARMEIT S-S #&
BORTYT 4 v 7 REREERZ LAY 2V T 4 RO TV NFEEZ AT D, Olah 5 IXTRERIALE
FMBASAE T, BRI L S 7 a T oS T ATV AT  REERERSD Z L2 @& L
TH Y (Scheme 1. D) 3 & 13MEGA: T2 &ED DMAP & F % Z & THRHE 215 L,
0—YUREEHNDZ LR T I RMNLF AT I RS Z & 2845 LT\ 5 (Scheme
1. E)i0e,

A)Trisulfides Synthesis

Via
NH
Swa-S<-S 3 -
Lb YN Lb‘s\ Os-s-5
STTTs DMF, 110 °C -3

Y

S
B) Thiophene Synthesis Kurtz, A. N. et al. J. Am. Chem. Soc. 1969, 91, 5415.
NaOBu
oS S S
Ph—=—=pPh + S S 57 - Ph Ph
5= S~g \_/
DMF, rt
C) Sulfides Synthesis Lei, A. et al. Org. Lett. 2014, 16, 6156.

Via 7
Rh cat. R F R F Ar
Me, S—c-S<._S n-BuSiH Me, 0 A
F oo+ VS o S/ > s F-Rh-S_
S¢S~s | S—§
9 DMF, rt ~ 80 °C o e S\s—§
FF F F F F .

Yamaguchi, M. et al. Org. Lett. 2012, 14, 5318.

D) Sulfides Synthesis

Via i
S~g~S\g-S E>7 @
H N 2sS > S S__S
E>7 SN 4 © ~s % s

CF3S03H, 150 °C

E) Thioamides Synthesis Olah, G. A. et al. J. Am. Chem. Soc. 1990, 112, 3697.

DMAP (1.1 equiv.) S
HSICl3 (1.1 equiv.)

0
S~g-S~c-S
Ph)I\N + N\SY > Ph)l\N
H S S toluene, 115 °C H

v Harsh conditions v’ Low chemoselectivity v Low functional group tolerance

Murai, T. et al. Org. Lett. 2009, 11, 3064.

Scheme 1. The Activation of Elemental Sulfur under Harsh Conditions



ZOXO W FEOL LERIT, LB RIS T O IR R R D A R 5SS
DB Z BEE L, IR S T 0 BARRR B H SR OIEPER S AR O R A 2 s & L7 My T~
DB S-S D B %6 % G L7,

BEAFIETIE, BVOSREEA S MBS BB Th o128, v aF - mnasl AFAERICEH
L7eTF A =M K 2 RIEBZBBEIZ K > TRZRSEMETRY AV T 4 R7 =4 U RFRENRRE S 2,
G LA G R~ ATRE & 48E L7 (Figure 8),
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Figure 8. Our Strategy for Activation of Elemental Sulfur by Nucleophilic Attack
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RFTNWZENDLAHEL Ry 7 ZEERICER Lc, ZOREDEL By 7 ZfERIT. F—OG
AP THEEO B E B FIEITERHIAT) 2 L2 WREL TORRTH D (Figure 9) ',
FFESOGEBENT D 2 & TRIERRLAI 2 L2 T 5 Z L K E OB TSR 253G 5 2
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Figure 9. Photocatalysis



ORI L Ry 7 AEERE WD Z LT, 2 O H OBERFE OIEMAEE U CHEARE O
—EREITAEERE L, BNIERY AV T 4 RTUHNT =4 U FEOER N ATRETH D & 4]
& L7z (Figure 10),

H w
S\S/S 575 S a SesSeS . sulfurContaining
S77Ts Single Electron 5-Svs @ Compounds
Reduction
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Figure 10. Our Strategy for Activation of Elemental Sulfur by Photocatalysis

Z LT, qfEL Ny 7 AR DGR Z L TV DRI, BIRREDO L Ky 7 2RO 72 5
P, ERELEMOL Ry 7 ZBHICH L CHOBRE S, FAo—F s s 6T 5 F4—1
(RO TTHE L Ry 7 AR IS X 5 k4t FCoBR#RIE~7 —~ 2B L7- (Figure
1),
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Figure 11. Deprotection of Protecting Groups using Photocatalysis



FROFBICESEHmET BRI R, DL NICRTRISOBRFEIZEE LTz (Figure 12), £ D
NEIZ DWW TIRELIE TZ OFEM 2R~ 5

oS
N R-S-R
5+S~s

Elemental Sulfur Sulfide

Nucleophilic activation

|

¥
CIP PN
SIS § .
R—(S),~S &s. 8 R-S—-R
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Figure 12. The Methods of Generating Reactive Sulfur Species for Chemical Reactions

(1) BEEMBEORBEMERALEZRA LILFHRBIRNTF AT I FAR B-E F—58)
T RIS Y T N RERITH AT AL EERA ST LD L CIRMICENE L L, %

MTALIEA I VBECSELZLETFATIRAENETHELAD Z L2 AL
(Scheme 2), AF A7 I FEMIEITIEF ITEVVERE

B Ha

BT AT 520, BEELZITILD L
LIRS D EE~OBEHRRETH D,

0]

Nu<,
_R? (S) R2

A, OH N Cow™ co, 0,
R > A _oH g 0 N > R1JLN'R
o R R'™H H
H,N—R? 0 Nu-(S),S™_ . .

: Electrophile Nu—(S).-SH © " Thioamide
SosSoe S )-8

\ /N + NuH —| Nucleophilic

5'S~S,> . sulfur species

Scheme 2. Mild and Chemoselective Thioacylation of Amines

Enabled by the Nucleophilic Activation of Sg



(2) BEMBEO—EFELIC L 2EHEAEFIALEFFI= AT VAR FE_E %:‘a’ﬁ)

EF L, BIRERE S I BILSNAMEEFAT S Z & T, HREO B 1%
La-7 NEO—E B EERE LI il A= 27 VEBIEDRREICKE LT
(Scheme 3), AIfN L K v 7 AR ZFIH LIZATF A= AT AVERICTEB N T, ML FEIT
fisEli, BEAIZ L CHAT AT 4 =— X —L L THEEOKREZALTEY, FEFIC2=—7
REOGEFHRTH D,

©
;558 SET §5~755s
5=S~s s 8
s Q \/Rz JCJ)\ R2
hv PC —_— —_—
R S
I 0 o /T
SET |
R'" ~CO,H 1'5
2 -CO, R Thioester

Scheme 3. Photocatalytic Activation of Sg Enables

a Chemoselective Three-Component Thioesterification.

(3) MY FNREEDIMBERIC L D BRBLOLOBFE B8 F_H)

EFIL, EAEYOMEITER T 51 T, BERIESRME CTHAAEN LI N Y FRES
NIEFA=MH LT, 7+ bV Ry 7 ABERICE S —EFRIbz WD Z & TR &
WORMR R COBRENATREE 2D L PR LT, EL T, N T 2=V AFAAFF N
HETHLMWEEZFMATHZ L TR L Ry 7 A L0 FHEEETTFA— 1B LT
Ta—n® ~ Y FOLRGERO LRI PRFE G & 2K L 7= (Scheme 4),

O—X—'—Ph > O—o0H o O\S/SO
Ph 440 nm
X=0orS

. HAT
PC )| seT s or
a-Scission Ph Dimerization
O—X—'—Ph —O—x +
Ph)"\Ph

Scheme 4. Photocatalytic Deprotection of Trityl Protected Groups
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BE BEEREORMAREEEERA LEmELEYERE DR
B BEAREORBHEECERA LT AT I FEk

H—H F2473IFRIZoNT

FATIRET I REFEEREL AT OMMAERE 2 CTh o, bEWOT I R E T AT
I RICEHT 52 LT, 7 FOBRERFZHERF~EHR L2 Z SICERT S NH 7'e horo
FRMERE DB 720 B, KEREET 787 %=L LTORDOIKT, C-N fEEEHRREEED FFIZ X
D BB O I BT TR O KFERE G REOME ORI S22 K84 52 5 (Figure 13)13,

0 O Atomic Radius 0.73 A S S Atomic Radius 1.02 A
R1J]\N,R2 C=Olength  1.23 A R1JI\N,R2 C=Slength  1.71 A
H N-H pK, 17 H N-H pK, 12
- otational Barrier - otational Barrier
. C-N Rotational Barri ~ C-NRotational Barr
Amide 17 keal/mol Thioamide 22 kcalimol

Figure 13. Differences Between Amides and Thioamides

IO OWEOERIZIY  EWTEESFOT I LA T AT I NICEHT 2 2 & THEMESR
LEMEPRE SEALT DHMRHE SN TWD M, B, Figure 14 (R /My HEEDIE, 73
R OBEFIRF 2 i E I BT 5 0H T, REREZHER 5 2 L2 SHUEBHEMENA BT
LEIICH LT 2 4, ZOXIREROBE, FTAT I FET I RO T A Y A7 — (BT
HOSEAMR) & L TR 2 BRI FRIFIED A AT DI TV 5,

Q@ 9

N O-S exchange N
H H SIRT1  >200 98
Me |  —YN "
N N SIRT2  >200 0.028
CbzHN “Ph CbzHN “Ph
(o} (¢}

IC5q (1M) values of compounds against SIRT

More than 1000-fold increase in anticancer activity

Figure 14. Thioacyl Lysine Compounds can Strongly Inhibit the Activity of SIRT2.
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2D XD REFFLE TORERFBENS | AWIEE ST 2060 & LICEBIEEM~DF
7 X NEREE NEOBRRE S IR SN CT& 72, BIET AT I FEADOBICR bIEHEEN &
SHHINLZFEZ, vo—Y URESHMGI LY Ve AR U 7B - o5 R &S
(Scheme 5. A)TH 2D B, REVEITT I REXIGT 2T 47T I FEEICEHR TE 2EEEOR WS
ETHDLIN, XTF RREOEBOT I N 2H T 26 MEFRINWIZT 47 2 MEEE
BATHZEPRNETHY, EREGHOFFEDT I ROAEZTF AT I NICEM LT 47 I Nk
(KA R0 ] T & 220, M KRGS, DR = kA L 7 3 v &k E L7- Willgerodt-Kindler
B 6 S ANICEN SN TR Y BUEICE D £ T REERRE SN TV DER 17, Figkle 8
LT L ORI RGN LETHY | Rx e EREE AT 5 EELEMEEMIHEAT 2
ECERRAEIAFEOBLE Y HIREE S (Scheme 5. B),

A) O-S exchange reaction
Lawesson's Reagent

(@] R or S R
H H
P,S.
N< 295
AN e - A
O H S

rt ~100 °C

v Low chemoselectivity
B) Willgerodt-Kindler reaction

o Rl _R?

S
* S o+ N > Ph _R?
Ph)l\Me H \)L'}‘
R1

>100 °C

excess

v Harsh conditions v Low functional group tolerance

Scheme 5. Reliable Methods for Introduction of Thioamide Moieties
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T T, X7 F R~DIGHZRB L7=F 47 ALK (Scheme 6)!8 23 < D X T
%, Chatterjee HI%, XV MU TV =L & BOBEEEE S Li2F 47 2 obikdk & v ¢, 27
F RN Kl 2k L@ IR T A7 2 b Z R LT D (Scheme 6. A)'%, £ 72, Zhao &%
FAINKMEAT I REREE LT 47 U EEE W2 F 47 I &S AL %2 BRI
LT % (Scheme 6.B)!$, Zi1H DR WIEERZ W2 F AT SRS, BOSRFE A < =
EA VLD ER 2 VRTERLTWS, —FH T, RamllBWTHER LA, v—Y Uil
fbkFEF RV UL NaSH)R EOERNH VIO PNSHWEREZFIH L TR > TF A7 21
LS L T D2 BN B 5 A TN R D, £7o, RUCRICHBERE S Y EORIERM & L TAE
R 5, & T TERIT. BIRRE L V) LZE TR BWES 2R A VT Al D o THUEDR
DBEANZEE L L7 W E b T IR 2R DR F 47 X MEASOFEZ B LIFEICEF L
77

A) Site-specific incorporation of thioamides into peptides

H,N NO,
1) HN S s
HCTU FmocHN N HoN—Xaa,—Xaa-R
DIPEA \;)I\N’ N FmocHN\)l\
Fmoc-Phe-OH ——— > H —_— Y N—Xaa,—Xaa-R
2) Lawesson's Ph/ DIPEA /=
reagent, heat Ph
3) NaNO,, AcOH

O,5N
v Many steps for introduction of the leaving group
B) Thioacylation reagents derived from Ynamides

o] NaSH :—'\{ J\ Q J\
FmocHN\_)I\OH > FmocHN\)l\ H_ N FmocHN\)L /Ts . FmocHN\:)I\S I\II/TS
R R DCM, rt, 5 min R R Me
48% 49%
H,N—Leu—OBu
DMF, rt, 5min Fm°°HN\_)]\N CO,'Bu
:OH
v Necessary to introduce sulfur atom in advance 99%, d.r. 100:0

Scheme 6. Reliable Methods for Introduction of Thioamide Moieties

13



BTHE BRI ORGSR

BT, EFHOFBMEE TIE, a-7 MNBET I U BRFPTA 2/ &S, TBHP 2 EH
EHDH LT, ERE WD D TR S CRUREET T I RMESUSAE#EITT 2 2 & 2@ LT
% (Scheme 7. A), AR tToa-7 MigE MWD Z & T, HWEIIIFET D IR UEBESLT L2
—IVEARD & LTk 2 IR EREEAFE FIZH W TH T I A BUSHHEIT S 2 s CIEH I 1 72
s Th o, &TAT, 1988 4T Grigg B, FEROEE TH L HEH T ML H _Hh7 I v %
FEHLELT, FRTA I/ BERRSE, SRR FTIKBEAR TA L DT =4 I L TH
BB ZER S LT, FAT7 I RBELND Z L Z2HE LTS 2(Scheme 7.B), LAL,
ARBGIE, @il & D BEE 2 RS BOSHEITICUZETH 0 | AR IR0 I i I R O 85 0
HIREZ LT,

A) Decarboxylative amidation using a-ketoacids (Reported by Takemoto in 2019)

Me,
, Me O-OH R‘O
2
0 , R Mé 1P & unR Co, o
A * HN-R > 3§ OH R1JJ\N/R2
RT "COM R1" > CO,H R?S( -ROH N
o

v Mild conditions

B) Decarboxylative thioamide synthesis under harsh conditions (Reported by Grigg in 1988)

0 Oz co Qe s 7

- 2 8
B Y — PrON e e
Ph CO,H N benzene

H 80 °C

v Harsh conditions v Low chemoselectivity v Low functional group tolerance

Scheme 7. Using a-Ketoacid and Amine for Organic Synthesis
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1994 FE\HERIEA DI L > T 12-VF A7 = /) — MK L CT V=T HE FF 47— h &
KR LGS HEDHZ LT, S HHEERHMZET L BOORERTT 7 BRRAY 217 1 Rk
EMBNERT H 2 L BHA STV (Scheme 8. AP, Bill, FEH D ORI REZITN L DD
TN—TIZ Ko T, BIERMBEICT A — V2 EHSES 2 & ThlbKBENRBESE DL Z kD
Z & (Scheme 8. B2 <0, HUAHGHRIZCT 4T — hEE &2 Z &L CTHEEGEA R U ~—DN A KAl HE
H7%Z L (Scheme 8. C) 2 RSN TV D,

A) Reaction using thiolate with elemental sulfur (Reported by Sato in 1994)

T™MS TMS

: R
SH " S\S/S S/ L» S\S\ : S_/\ SN S
1 Sea-Saa_
%-Ssg DCM, 1t, 5 days 2 E Vosa
SH s-S : s &5~

o o 0 o] o o)
\N/{,"‘\NAN/\}'N/ Ss \N//(N/\N))\N/\}N/ Cys
— — -~ —  HsS
/N\‘{JVNYN___/N,I/N.. /N\N\/N N\/N N_
R MR

C) Nucleophilic activation of elemental sulfur by soft nucleophile (Reported by Zhang in 2023)
~s S}‘L
_ LS S SO
U
/1'7. R

Copolymerization \[
E/S /i&

Scheme 8. Reported Reactions using Thiolate and Elemental Sulfur
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ZORIBREFRDOL L, EFIE T I FAROBIEN L7z TBHP Ofb v ick RrRY 21
74 R RSSH* 24 X VBMEAEESZ LT, F47 I RBERMAREE TR S
NoLEZ, Thbb, HEAD a7 MELET IVRRPTA 2 JBEERK L. KREFHIRA 2
JBRIZKI LT FrARY ANVT ¢ RISREBRES 22 LT, S WRBEZRTHMOF AT IR
DEHIND EAE L7z (Scheme9), % LT, Scheme 8. A DIEFRICA D OME 2552, BN S
(2 L CHR D 2O SRR A2 B ONC/ER ST 20 IBRZREME T Ru R Y 207 0 ROFEANR
ARETHDLEB R,

) R-S,-SH Reg
R ) N 2 5
i = N Hydropolysulfide SR -CO,
-R? SHN
111\ + HyN—-R Jl\ —_— oH R1JJ\N/R2
oo R""SCOH R RSH H
‘ ‘ (¢}
S=g-SveS AT S
\S'S“SS/ NuH ——>
Soft Nucleophile Hydropolysulfide

v/ Mild conditions v Broad scope v Site-specific v Pharmaceutical compounds

Scheme 9. Our Strategy for Chemoselective Thioacylation
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PLEDIEREGGHICEES &, a-7 MEE 1. 7 X 20 BURREE 2 W T2 RUS S ORET 217 - 72
(Table 1), a-7 FE1BLIOT I 2 %, WKW EFE F THF F=RIBE TGS ED &, BOT
A7 2R3 OEMITENRICEE 572 (Bntry 1), 4 £ CTICHRRE 2 REAI CIHME(ET 261 & L
T MBGET T L 2 REEFIB LY RS2 FV D FIER#RE ST %, 22T, fHx
DRBEFNERFT D2 & Uiz, RNCERBLIORY VREAE LT, YUY DMAP, MY &
JORNFINNRAT 2 DT =)WiK AT 4 A% Y Rig EEREIN L TR L 72 28MERIEm
L7203 > 72 (Entries 2-5), Z OFERIFBEFOEFRIB L OV VRS 2 AW TiEHALIEIZB W T, &
& WD RIEPTEMCEITICHRETHIND EEX 6D, £ Thay  -Jinay AR
M BICER L, BRODVRER E UTIERBEREZRAT 22 L & Lie, fix OF 4 — L%kt
LIiceZA YATA Y FAT =/ —)b, T TFA =7 8% OB RAFIC RS A
{TL7- (Entries 6-8), L EOFERMNSG | EDikEIH LR EZZBE L T, U RT o FA4—L
EHEALCRMEEDDZ L& L, B, KT 0T A — R b 55 72 s s B
S5, 1 YEAWEEREFRRICENRTF 4T I RRELNTWD (Entry 9), — 5T, F4—/b
10 YEAWBEICITNENSHEE IR T L2 b, BIREOBE 20N EIT LTS
D EHEE XN D (Entry 10), RICIEEEDORF 21T o7& 2 A, DMF O X 9 7ot 2 v 7= B
BB BIFIZHEIT L (Bntry 11), AT BIOY 7 oo 2 2 o2 AW EBITEINRICE £ -7
(Entries 12, 13), & ICHAREE & OLEO B TR A OR Y A7 ¢ K 47 Z2 W TS % et
L7zt ZA, V7=V T FTALVT 4 KT ORNKREL ISHNEIT LTz, ZORREND, HIK
e RT D TFA—NANEELDEBZXONL YT AFIRY AVT 4 X, FA4— X
L REBBIZRNEETH D RN RE Iz, £70, MR TH LRI AT 4 RBFA—1
IR DREHBEIZ L > THRERT272DICE, \bEW T DX S 7 == VA HT 2 BB O &
RYANVT 4 RFAT— MELIHEAESELRFIDUETH D Z LA bor o7z (Entries 14-17),
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Table 1. Optimization of Thioamide Synthesis

Sg (3.0 equiv.)

0 oh Additive (1.0 equiv.) S
Ph/\)l\ coM M THF, t, 2h Ph/\)J\H/\/Ph
(1.2 e1quiv.) (1.0 ezquiv.) 3
Entry S source (mmol) Additive Solvent Yield (%)?

1 Sg (0.3)° none THF 17

2 Sg (0.3)° none THF/Py 12

3 Sg (0.3)° DMAP THF 12

4 Sg (0.3)2 PCy;, THF trace
5 Sg (0.3)° Ph,P(O)H THF 0

6 Sg (0.3)2 cysteine THF 96

7 Sg (0.3)2 PhSH THF quant.
8 Sg (0.3)P "C4,Hp5SH THF 84 (91)°
99 S (0.3) C12H,5SH THF 84
10° Sg (0.3)° "CoHpsSH THF 21

1 Sg (0.3)° "C12Hp5SH DMF 86
12 Sg (0.3)° "C15HpsSH Toluene 16
13 Sg (0.3)° 1C4,H,5SH DCM 23
14 4(0.1) "C1oHpsSH THF 0

15 5(0.1) "C4oHo5SH THF trace
16 6(0.1) "CoH,5SH THF trace
17 7(0.1) 1C4,H,5SH THF 74

4The yields were determined by "H NMR spectroscopy using dimethyl terephthalate as the internal

standard. °Equivalent was calculated as the number of S atoms. °Isolated yield. 10 mol% "C4,H25SH
was employed. ©10 equiv of "C4,H,5SH was employed.

4 5

E i SNEN . /©
(EtO)sSin -~ S S/\/\SI(OEt)3 O/S\S/S\S

6
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B EEEAREHEORR

WIIE BT St (Table 1, Entry 8) % W CHEEDE A #PH OIER 21T > 7= (Table2), £
-7 FEEDO—EMEICHOW TR A it 21T o 72, BRETAINESLT 2 ) — W EE /T Ha-7 b
B o3 3 [EHAIRSE Ch Do-r MEAE HWTZERIZ S RIF72INEECTHR S b (ke 8-11,
13), A ¥ afEBA e e L CHWZERIE, 7 ML A 72 &3 VR U BEERAL b i peiE L C
MR SN TALED 12 BNRAFRICGRTHE Lz, RICT X OBAFHICOW T HIRE L7z, ofiL
MIMMIKFBTHLT I, FH2MT IV, BLSNDAReED®H L5 377 I U EfixA357
LUERAVEED 76~99% DR TRIESHET Lz (LG 14-17), BRERIEFIEZ MR T 58
Bb A UHE, 7y R MBI EATHEECT A 04 L7 40 Bif#EO L Ra X0k
ANRFLVEEBGHETLEEEZREILIZE 2 A, Wb MBEE SOSITET L2 (kEY 18-
26), £, TIVEEATHERLTHLTEXY L OF AT b BAFICH#EIT LT (b
BW27), FENTT R EEHEIRICOWT O LI 2 A B 2BHREALHTHEE 0T I/
o7 F R HWTCERIC S TREL EORERTHT NG ROSHIEIT L. ((bEY 28-41), %
maA KO- NEEANY CERWEFAT X MERIE TR, T UVBIOTF A A
TT2E0 ) EREBELOTRIEIMNETHSTbOD, 1FEALETE R bERITZ L HE
B ESD Z LIl Lz (bkE42), S HICiE, v— Y VU REEL AW LBITEANR#ECH 5
AIRRULT, TR EATHREEZT A7 P MEDOROSEMIZAA LT, EELOTF A
7 X NEBRERENENRGZRIGETHE O (e 43-46),
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Table 2. Substrate Scope

[o- ketoaC|ds] [amines] S (0.30 mmol [Thioamides] s
"C4,H55SH (0.10 mmol)
4 12M25 R 3 1 3
\HJ\'( + N > AN R o R\HKN,R
THF, 1t, 2 h | ke r2 ha
(0.12 mmol (0.10 mmol) 8-46

(A) Scope of a-ketoacids and amines

S S S S S
H/\ Me/\HkH/\/Ph H/\/Ph H/\/F’h Me)ku/\/Ph
Ph Me
Me |
8 75% 9 69% 10 66%"° 11 63%" 12 70%?

HO\@\)iNN Ph ph/\)?\”@ Ph/\)il\o Ph/\)iN/\ Ph/\)SJ\H/\E\Z)

P

13 79% 14 97% 15 78% 16 quant. 17 76%
S Fu_F 8 Me
i /\)L Cl S /@ ]
Ph/\)LN j/ Ph N
H/\©\ Ph/\)L N H/D/ Ph/\)LN Ph/\)LN/\/
I H cl H H
18 96% 19 50% 20 71% 21 47% 22 56%
cl
N S
H Ph S h\\}-ﬂ o
AN K/U\N NIVARR
Ph N CO,H
23 47% 24 81% 25 58%° 26 76%° 27 84%
e
oM ¢
/\)J\ /g‘/ /\)J\ OBnPh/\)J\ )ﬁ( © /\)J\ I'(OBU /\)J\ i'(
28 66%”‘ 29 77%09 30 77%” 31 75%°° 32 60°/°e
OH
Me OH
S
oM /\)J\ OMe OMe
/\)\ /\)\ eph L,( /\)k o~ o
fo) [¢] H o
33 56%°e 34 64%ce 35 87%ce 36 63%°° 37 89%°°

Phi N Ph S r% Ph S I U )ﬁ(ﬁ \)I\ CszN\)J\ o'Bu
BnO K/U\ OMe K/U\ o) H o Bu e}

N N o}
H Me” M
© o H ome e e \,\l,:
38 67%°° 39 77%°° 40 51%°° 41 55%Pc° 4250%d.r. 95:5" "7

(B) Potential pharmaceutical compounds

O T o Ay oY

bee 45 82%°° 46 44%b°
43 79% [2.9 g scale] 44 40%
Transcriptional antiestrogen S-analogue Analgesic S-analogue ML390 S-analogue 4-IBP S-analogue

aIsolated yields are shown. ®The reaction was performed at 50 °C. °The reaction was performed in DMF. Oxaloacetic acid was used as the

a-ketoacid. ®Amine hydrochloride salt (0.10 mmol) and ‘Pr,NEt (0.10-0.20 mmol) were used. ‘a-Keto acid (0.10 mmol), amine (0.12 mol), and
5-tertbutyl-2-methylbenzenethiol (0.10 mmol) were reacted in DMF/CS2 (9:1). 9A solution of the amine and the thiol was added dropwise over

4 h at 80 °C. "The dr values were estimated by chiral SFC analysis. ‘The reaction was performed at 80 °C.
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HUE  AYTEEYEOAR & LFRIEORERR

TN T ARTF AT LB E W CTAEMIEEE O GREAT 212, 2 BEREAH T 5T 7
U BRI 2 e TR R A DN B AEE TH D Y, AR L FikE
Ao 2T, FA=vOF AT 2 ERMRICEITL, F7 VU VRIBMETH LT A7 IR
49 NILER LB O, T4 7 I K 49 13 DAST # W28 b &< = AT VN DR T H#% D
Z LTt D PPARSICHT DmW\T A= MEMZ AT 2{LEW 51 IZEICEBATRETH 5
(Scheme 10. A)®, WIZT =V R&F AT I OS2 E5HT HHUEESH L EM TH LT AT~
N ALEY) (TM)R OB TRAGRERT LTz, HHBEMETHD ) v UFERE T 47 vl
THZET, T2V REREELEZITH 2 7 TM 2R 80% TH5 Z SICkh Lz, iz
fix Do-rr MgzEFEEE LTHWSD Z & THRARTFAT VAVEMLE AT 5 TM iFEK (55-57)D
DGR 72 G R B EERK L7 (Scheme 10. B),

A) Rapid construction of bioactive thiazoline scaffolds

Me

o Sg (3.0 equiv.) CO M Me OH
OH "C15H,5SH (1.0 equiv.) 2Me )ﬁ)
CO,H Me4§_<OMe PryNEt (1.0 equw O DAST DIBAL-H 5 =N
+  Hal o a
F3C c H,N o) DMF, 80 °C CHZCIZ CH,Cl,
-78°Ctort
47 48 71% yield 57% yleld 54% yield 51
FsC
B) Synthesis of thiomyristoyl lysine (TM) exhibiting anticancer properties
Cl Sg (3.0 equiv.) S
NH, "C4,Ho5SH (1.0 equiv.) N
/\M)]\ PryNEt (1.0 equlv) H
11 "COH DMF, rt Ve E:
52 CbzHN CbzHN
54 TM 80% yield ©
5 s
(0] S
Ph/\)J\N
H N N N
Ph H H
wo Ph Fco Ph
CbzHN
NH
5 CbzHN I CbzHN
55 76% yield 56 64% yield 57 53% yield O

Scheme 10. Synthetic Applications of the Decarboxylative Thioacylation of Amines
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S OIZARRG E v — Y IR R W OGSO 21T 9 BT, LUFIORTER 21T o 72,
a-7 ME1 L AF A= T 2 R 88 ARF AT LML LizE 2 A, BBIOF AT 2 R 60
MR 64% TR DT, —H THEEW S I LT — Y VREE WA, F1H#T IR
AT AT I Ml kG E ORAEME 2D BIOTF A7 I K 60 DIEEIT 6% £ -7
(Scheme 11), ZDZ EMBARFGEITr — Y VRIE LM TH Y | (LEWDOFFEDT I RN %
FAT I RICEB LT AL EM BT DA N RIS TH D Z LM BN o T,

Sg (3.0 equiv.)
"C12H25SH (1.0 equiv) SMe Lawesson’s reagent
Pr,NEt (1.0 equiv.) 3 (0.5 equw
/\)l\n/ DMF, rt Ph N NH; THF rt /\)]\
64% yield H 6% yield
[Site-specific] 60 [Unselective]

Scheme 11. Site Specific Incorporation of a Thioamide Moiety into a Primary Amide-containing

Molecule
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BHE FF7 I FERICBTARIGHEEDELE

AN A D S HEE A~ DM 72155 72 IS RIR T EBREAT - 7o, K& Ra-7 M 61 & p-
RVATY 62 % AL ) — VT 5L TA I /63 NEEMICHELND, HEELIZA I/
2 63 12t L CHURRIH E RT A FA—NERIEISEIZE 2 A, FAT I 64 HILE 26% T
HAL7e (Scheme 12. A), AfERITFGEFRa-7 ML p- bV A U DIREWIIIT L TF AT 2k
DEMEAT LR L FREDOINETH D Z b, A X BBRRKSOFEIERO—2TH 2 Ak
PEASRIE ST,

AP CHRONCE G T 2B bFMIL, B RaRY ALT 4 K, RYALVT 4 KT =42, K
ANT 4 ROT=AVBIORRN)ALVT 4 RITUHNAVT =4 OREENRE X DD, RRISIZ
BWTRAETHHMILFARICE L TERTH1-DICLL FTOER AT > 72 (Scheme 12. B), —fi%HY
TRk % ZRBREE T = A A 1,3 -2 A 2 65 L UG L THROMNICT A7 =66 522 Z E1HD
FLTUND 10.29 (Scheme 12. C), AFF 7 VMBS DRI 1,3 - A AR LTZBRIC
T I RBELOT AT = OBE N EIEETAER L TV (Scheme 12. D), ZOFEERNG, AKX
JERHICBWTHE T =4 FVER L T2 ATREMED  RIE Sz,

A) Thioacylation from imino acids

Me
(3.0 equiv.) Me Sg (3.0 equiv.)
)Ol\ Hi”\@\ y dodecyl -SH )J\ /©/ dodecylSH_ )OI\ HfN\©\
-
Ph” ~CO.H Me MeOH.rt I THE. 50 °C o sye0 P THF, 50 °c P~ "COH Me
Ph™ COH 26% 34%
61 62 63 quant. ? : 61 62
B) Plausible active sulfur species in thioacylation reactions
) © S] S}
R-S-8,-SH R-S-5,-S $-8—5,~-S S-s-s°
Hydropolysulfide Polysulfide anion Polysulfide dianion Trisulfide radical anion

C) Detected polysulfide anion (Many examples were reported)

© O ©
$=S,—S S=§,—S@ s

Ph—=——=——Ph — S — Ph Ph
@)]\ c) \@/
S

65 Na,S  NaSH 66
D) Added 1,; diyne to standard conditions S (3.0 eq) <
dodecyl-SH (1.0 eq) S
+ AP+ ph——=—=—pn > Ph + Ph\gph
HoN 1 L
Ph/\)l\COZH 2 THF, 1t Ph/\)LH/\/ \ /
1 (1.2 equiv.) 2 (1.0 equiv.) 65 (1.0 equiv.) 3 84 % 66 95 %

Scheme 12. Mechanistic Studies 1
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KU FHMZAREMREA~DOIM LA D 72012, Zhitfth VU sE BT 47 I RERG % Mt
Lz, ZHAED Y 7 IR ANVT 4 ROT =4 FETH Y, DMSO F DR E DIEBLCIR T Z
LT RV ALT A ROT=FBIRMN) AVT 4 RIDPANT =F U WERT L2 LN
T % (Scheme 13. A), FEFRICHKAHE & FA— L ORDVIZEHLD VT LADHEFNT
DMSO H'3 LT THF HTHRFILIZE 24, BUSHRD THIFICHETS 2 2 & 28I i L
(Scheme 13.B), ZDFEBRFERMNG ., A I /& LS LSS ME(LFRIL, RY ALvT 0 ROT7 =
FrFEF. NVALVT 4 RTUHNVT =42 Th D aREMEIRIE ST,

D OMSCEERIC, THEEAELIZI > TEAHLT Y v A0 EAMEORTBR K & LT HFHH
KD ZEPRESNT N, FORBITELALT ) U 5% DMSO IZEfESE 22 LT, P ALT 4
RZOHNT =4 FERFEA L, UV-vis HIEIZ X 5T 300 nm & 600 nm A% (2 FFEAD 72 AT E
IR DS HERHIED = E A ST\, £ 2T, BERE, FA—ABIXO0T I U2 REE
BECH D THE FIRA L, UVvis lIEZ T 72 2A, NUARLT 4 RITUHNLT =4 FDE—
VMRS TE 72 o7 (Scheme 13.C), 2D Z b, RY AVT 4 KT PHNT =4 T HRER
HETFA—NERANET AT I REBRIZBWTIE, BAEL TV EAVRB IR,

FIBRENZ L2, AR o7 MEEE 1.2 B ED 2.0 YEAHEOT L TAICK LT
DBHE MK T 95 (Scheme 13. D), Z DOfEHIE, MR TIZHBWTARY AVT 4 KT =F )R
7u M ALIND T ETA I I BADORBEMER TR LD THLEBRZBND,

N6 ENDL, RVALT 4 RUT =4 SRR Y AVT ¢ KT =4 VRN ARSG OGN
FCHDREMEN BV EE 2TV D (Scheme 13. E),
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A) K;S, using as photocatalysis precursor

©
KoSy(X=2~6) — > [ s—s—s—sS S—S-S S—S-S -
DMSO, rt

B) K,S, using as S; radical anion precursor

o) K58, (X=2~6)
/\)j\ + HzN/\/Ph _ ph/\)kN/\/Ph
Ph COzH solvent, rt, 1.5 h H

1 (1.2 equiv.) 2 (1.0 equiv) 3
60 % (DMSO)
100 % (THF)
Intensit)
C) Generation of S3 radical anion n egsf Y
| 6S*S*S@
Ny
3 G{zsx in DMSO O
SH |
Me 10
. e} 2,
(1.0 equiv.) %» S—S—5-
S=g~S~g_S Ph  THF it ' .
Vose HNTY 1] KySy in THF
(3.0 equiv.) (1.0 equiv.) 'Sy + thiol + amine in THF
0t - B ——
300 400 500 600 700 nm
D) Thioacylation under acidic conditions Wavelength
Sg (3.0 equiv.) s
o "C4,H25SH (1.0 equiv.)
Ph
+ AN > Ph
H,N /\)J\ N
Ph/\)]\COQH THF, 1t, 2 h Ph N
1 2
(2.0 equiv.) (1.0 equiv.) 328%
E) Sulfur species in this reaction conditions
R—SH o .
R=SH 5.g-S.o_s RNH, $—8—S,-S SRR
R-S—S—S—SH | -—— \S,s.S o S—RTS
R—-S—S—S-S o
Originally Proposed Polysulfide thiolate is real
Sulfur Nucleophilic Speicies reactive sulfur species ??

Scheme 13. Mechanistic Studies 2
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R\ ARE RS A R T (Scheme 14), FA—/b, b LT AT LOBT R kAL ZS
T U F AT — b A HHHEICH L OREIR L, BB SCH Y AT ¢ FFA T — Fask
WA B, ZOW%, FRTER LT AT — MEFEMN, A 37 BUCKH LOREZAIN L, BR#EZ
BRI FAT I RIVERT 5 & THENS, ASUSIZIRINT 5 F 74— LSl B b BAFIC
SISHHEITT 5 2 & hvi, BUBROBSICAE LR Y A7 4 KFA T — MEIZFE, 1 3/ B~
L RMEIE AT 5 A 7 AIHET B LE L BIS,

S~ _S
\S,s.S
S S

R-S
or \
R—SH)

SecSe RNH, R—s—sn—s@
\S,SNS/)»R S—S§,—SH ——» o o —» R—-S—S5,—-S—R
s SESEESEES R—SH RNH,
Ring Opening
1) RZ\ _H S HN Rz S_ S
)‘k Ry

R)I\002H+ HaN=R; )W 671/‘.)

Scheme 14. Proposed Reaction Mechanism
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B BEAERBEO—EFBETIIAEMEERA LF AR T VAR

B—IH FATZRTNIIONT

FAZAT VI, ANVRB L FA—NABPKMEE LIEEZ AT 2bEmTH Y . Ab5H
WO AL FRICHIEFICEERMEAEY TH D 3, ALFHICIETF AT AT VST BT L
CoAIZHEFENTEY, AU 7T REBIZBWTT LRl E L TOREZ R LT\ D Z L%
5N TW5 (Figure 15.B), £7-. BHALFMIIZF A AT L 2FEE LT, 72, Bx
Wk 7Y 7B RIS DT AT e RARK M, BRI LD AT 4 RER P 7 Chkix 72
(L& % SR ATHE T 5 (Figure 15. C), 127 3 /UALLEIE, 3212 Native Chemical Ligation (NCL)
B lzBWTHIA &S (Figure 15. D),

A) Thioester B) Polyketide biosynthesis
(o] 0]
0
M _r P PN

T O O —

Polyketide
C) Important synthetic intermediates
o Acylation Reduction H H
R)J\x’R - > RXS,R
HX-R
o Reductive Photoredox (0]
coupling 0 reaction X
R)J\R - )l\ _R > R
R S R
i Reduction
R H ‘

D) Native chemical ligation

H SH
(0] s o
D ™ G

eptide H i ;
HoN peptide peptide H peptide

Figure 15. Thioesters
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2O XY IZAFEB LOG ALY, MBHICEWTEHEERTSME THLF AT AT LOHK
EORBIIE S DOBEAITONTE T, BFOF A= AT VEREIL, Mg LTF4—1
RF A HNVR B E D FENFLTH D (Figure 16), T4 — /L& AW TFEICETF A —LD
T YMERIE T FA—LET AT REDOBCRI T v 7Y v TG, —BRAUREIF AL S
3RS ¥ i E N ENT WG, £FAILRUBEROCS FIECIA L7 4 vk
FONNNIESE D F A=A UG, FADNVR B E v T IVH i EOREFH%
AW SR SN B ERTH D, DO FETRGRNRTEENEE FATZ AT L EAKRT
T O, BERICBWTER LIz L 51, BEMESCER OB AN LI -2 b WiiE k&Y %
HAWBUENSDLDONBURTH D, £ 2 TEFIL, LTI BNES L BAEMEICER L, F
F=NRTF A AINVR B2 EORY PN H WA ZRH T 5 Z & DRV Zpliommdas Rl o
FT AT IVERIEDORRBICEF LT,

Thiol-ene
(0] Acylation Reaction o
+ Hs-R? + A R
R1JLX i R1JI\SH
/
Oxidative Sy2
i N
Q Acylation j\ Reaction (0]
I+ Hs-Rz ———————>| - R = 1L v RI-x
R Y R'" “SH
Thioester
Y =H, CO,H
A A
1— Carbonylative !
R'=X Coupling ' Unknown S\S/S N )
or +CO + Hs-R?2 e s / 2
R= This work

v Thioacid and thiol have unpleasant odor and not easy to handle.

Figure 16. Thioester Syntheses
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EH TR CTE & LI BARRE S O T A — W L BIRFIZRIEEALIEZ B LT a2, HeEki
RS E T 5 F AT AT VILREAITH D T4 — N EBTERICEIR LG5 2 b, HARKE
W W F AT A7 VGBI ORMRIEAIEZ RIS o LERN S o7z, £ 2 TEHIL
Savateev H DEIZHE H L7z 2, Savateev H 1L, HLHiE A —E B2 LT a7 hob L, &
PR T 5 K-PHI Z AV T, HRREAF/E T M B LU DT X OfRfk &
ERETLENEN T AN T 4 RBLXOT AT I RRELNDL Z E5HELTW5 (Figure 17. A),
DFE VIR AEET 4 P U Ry 7 2 TR A —E BT 52 LT, FAMTED
SRIZENEPEALIAER DR Y AV 7 ¢ REEZ R CTHRAESE DL Z EMRHKD & T L7 (Figure 17. B),

A) Previous publication using Sg under photoredox conditions

Me K-PHI, 461 nm v@ e i
)
O/ ’ Ss > S/S NJ\N‘ N N%‘NJ“N
50 °C, 24 h, MeCN v AAR A

y A
Disulfide iy Yol
NTINEN NTINTN
< SNTSNTNH HNJ‘\N’L\NJ‘
K-PHI, 461 nm S N’ku A
PN ‘ z A z
P NH, +  Ss - Ph/\N)l\Ph Sy A,
70 °C, 20 h, 1,4-dioxane H SR AN A A
Thioamide K-PHI

B) Low reduction potential of elemental sulfur

@-
PC PC

} 4 ©s._.s
S\\S/S\Sis S/ \S/ \§
5*S~s Reductive ©s_ S
SET S
-0.34 V vs NHE Polysulfide
radical anion
/Low Reduction Potential

Figure 17. Our strategy for Activation of Elemental Sulfur under Photocatalysis
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BTHE BRI ORISR EREE

UL EO#RS A b S 12, B—RAaYE L Ky 7 2 X 2 BRSO —B 82 FIH LicF
F T 2T VA RIEDSEF 21T 572 (Scheme 15), T72b5H, 74 b L Ky 7 Al k- CTH
K4 —EET T 5 L RREICa-7 Mghd —E T2 2L TERNENRY ALVT 4 KT
ANT =F BB IOT IV TV ANFEEZRESEDLZ L TRINERGSE D, TO®%RAE UK
YANT 4 RIPHUNT =F BT INTDANTENT D IIN-F P TNT T Y o T % T
RYANT 4 RT =4 FENER L, BILEZ T DI ETTAINRRT VNV NAEL
Do ZTOBRZALTERY ANVT 4 ROT = A VRITEGIZBILENAR Y ANVT 4 RZTHINT =
FURENRET D, KBNS E LIZTFAINVR BT SN d VT 4 THIET 5 Z & T,
HHOTFT A= AT ANELND LB X T,

pc®
AT Os..8
~, ~, E
\S’S‘S/ S S S - k / G) N )
Elemental SET S’
Sulfur Po/ysu/f/de
radical anion Coupling o \/RZ J0L -
h PC - > R
' ' R1JJ\S @ S/\JT
@
0 SET PC Thioester
CO,H -C0,
Acyl radical
a-Ketoacid

v Three-component reaction v Elemental sulfur is terminal oxidant v Odorless v Mild conditions

Scheme 15. Photocatalytic Activation of Elemental Sulfur for Thioester Synthesis

FFT oy M, AL 7 4 EANTTF A AT AR OMEF 2B L= (Table3), 7”& F=F
U, FL 74673 LT, a7 MEE 1, BURRREZRE & LT, b, 24,6-2 ) 2 AF
7E£F Blue LED # 4t L CHiiT 21T o 72, BBL IR E WV PCI® Z W TRIGEMRFT LTz E 25
HEIDOF AT AT VN T1% & @R THE L L7z (Bntry 1), AMEEITBEIZHwE S-S0k —
B EFRIZEHTDH NS, T4 ZATATERLSFATATIVCTHD Z ERHEND BT
“ PC1 ERIERICERIE I DK E W PC2Y 2 FIWTZBR I 83% & e b BEWUR % 5. 2 7= (Entry 2), —
5T, PC3WS | PC4* > PCSYH Lo 7ot 1D /NS A U 2 DOl A FH 72 BRI IO

&< HEAT LA o7 (Entries 3-5), EICHIEIEY A 7 L TIZEEI R RE W E FRIS LD PC6Y
ZFWTZBRIX, 69% & L) RATF 72 IR T RS H AL (Entry 6), AHEAtLE & LT PCTY
BLOPCS 2 &2 WL, AIEITIHNOF A= AT IGO0, H7BEIE 40%
EPRREDOIVRE TS HEIT L7 (Entries 7,8), KICIEIEDMRF #1772 2 A, b= THF
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RV au AL O TEBIEROGA BAFIZHETT L (Entries 9-11), DMF % W =BT i i34
SHEAT LD o7z (Entry 12), #iWN T, BERHYICAEE CH KOS EITT 5 B2 61D 2,4,6-2
VO DEEERF LT, 24,6-2 0 DU BRI LW EIFIGE E A EEITET (Entry 13),
0.1 &, 03 Y&EEHOL TV EIRAITIED M | LT (Entries 14, 15), & ICILAEEL 2350

LW IO, BT CERHZ Mt L7z, RISIT < #1T L7227 > 72 (Entries 16, 17),

Table 3. Reaction Optimization of Thioester Synthesis

PC (1 mol%)

2,4,6-collidine
_ . . 0 (x equiv.) 0
AcO”NF + Sy HOZCJ\/\Ph Bm:ﬁ'&'ﬁg 6’h Aco/\/\S)k/\Ph
67 (1.0 equiv.) (3.0 equiv.) 1 (1.5 equiv.) 68
Entry PC solvent X (equiv.) yield? (%) E Entry PC solvent X (equiv.) yield? (%)
1 PC1 MeCN 1.5 71 9 PC2 toluene 1.5 74
2 PC2 MeCN 1.5 83 g 10 PC2 THF 1.5 70
3 PC3 MeCN 1.5 0 é 1" PC2 CH,Cl, 1.5 77
4 PC4 MeCN 1.5 0 g 12 PC2 DMF 1.5 0
5 PC5 MeCN 1.5 0 l 13 PC2 MeCN 0 2°
6 PC6 MeCN 1.5 69 : 14 PC2 MeCN 0.1 33
7 pPC7 MeCN 15 0 b5 PC2 MeCN 0.3 59
8> PC8 MeCN 1.5 40 : 16 none MeCN 1.5 0
179 PC2 MeCN 15 0

N
_lPFs' ®

|
=z N/ N/
S
I N
| \N/ | / \
By _ /N |
X

Ir[dF(CF3)ppyla(bpy)(PFe) (PC1)*3  Ir[dF(CF3)ppyla(dibpy)(PFe) (PC2)*>  Ir(ppy)o(dibpy)(PFe) (PC3)*44° fac-Ir(ppy); (PC4)*

EqplirVir = —1.00 v EqplltVir" = —0.89 vV EqplirViir' = —0.96 V EqplitVari = 173 v
Eqpli'Vir = +1.69 V EqplirViir"] = +1.69 vV EqplirVir = +1.21 v EqplifVir' = +0.77 v
Eqplir"r = +1.32 Vv Eqplir"r = +1.21 v Eqplr"r'"] = +0.66 V Eqplir"r = +0.31 Vv
Eqpllfr] = -1.37 V Eqpllfir] = -1.37 v Eqplirir) = -1.51v Eqplirir'] = —2.19 v

NC CN

(N N

OQ

5)3

fac-Ir(4-F-ppy); (PC5)*748  Ir[dF(CF3)ppyls(5,5'-dCF3bpy)(PFg) (PC6)*°

E1,2[Ir"’/|r*'”] = 191V EqllVir"] = -0.43 v Mes-Acr=ClO, (PC7)%° 4CzIPN (PC8)3"52
EqplirVaiM = +0.97 v EqpollrViir' = +1.94 v Eq[P*/P]=+2.06 V Eqp[P*/P]=+1.35V
E1,2[Ir*”'/lr”] =.069V E1,2[Ir*'”/lr”] =1+168V E4pp[P/P]1=-0.57 V Eqp[P/P]1=-1.21V
Eqplirir'] = —2.18 vV Eqplir"ir''] = —0.69 vV

lsolated yields. All redox potentials are against SCE. 22.5 mol% of photocatalyst was used. °The yields were determined by using dimethyl
terephthalate as an internal standard. “Reaction was performed in the dark.
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B EEEAREHEORR

DT i S 2 O CRVEE I REPH O BRR 21T o 72 (Table 4), B &K MEE, ofifhd 3 &
BIRFTHDH Y M, EAEVER, BT IS NEE. TR REMIEZ AT 57 MEEE VB
HULER L SUSHAHELT L7 (EAY 69-73), TV ANT 787X —L LTRIEEAS L7 4 R0 R
Frrvrundthrol )2 @A LT 0 v ERAGEELIER L BRSO (b
Y 74-76), IRICERERILFMEZMER T D72 OITRA RERRELZRE LI ZA, AVT 4 R, T
SR, TATE R, BEEODLVRIF VLV BEEOL Fud i, MV EEATHEEIC
%wf%%ﬂ%ﬂa%@%ﬁxx%w%ﬁ%@ﬂ%f%%ﬂt(Mé%7%m%ﬁ%ﬁmzo@
TV T 4 UEL R RO L TR, 3.0 YEDa-T MBEAEHSEHZ LT, R

T AT VINEASNTALE) 83 DR 61% TH DLz, ARBNEZ B REMEEHEY 112 & @ I H
k. BlzIE, B/ TARCTHE Ty, AT RO 1ETHL SV ar, L7
oA UEALEBHICEF D Y XRT TR AL T ¢ UL E AT D BREN e I b ATRES o 72
(k&Y 84-87),

Table 4. Substrate Scopes of Thioesters

PC2 (1 mol%)

(e} 2,4,6-collidine (1.5 equiv.) [e)
Rl _~ + Sg + > R1
7 HOQC)]\R2 MeCN ~"s
. ; ) Blue LEDs, 12-24 h
(1.0 equiv.) (3.0 equiv.) (1.5 equiv.) 69-87
o) (0]
AN )‘\(\ ACO/\/\S
ACO/\/\S)I\Ph AcO S Me BzO/\/\S)I\
Me Me
69 60% 70 83% 71 48% 72 67%
[0} [0}
0] (o]
AcO/\/\S)j\/\N )l\/\ Ph )l\/\
H Me/\/\/\s Ph \/\/\S Ph
OCF
8 74 52% 75 quant.
0 (0] (0]
Me Me
78 94% 79 48%
)l\/\Ph TSO/\/\/\S)I\/\ {\/\
82 66%
83 61%°
S
H
© BocHN \)I\ CO,Bn
84 94% 85 69%%9 86 79%%° 87 52% (a:p =5.3:1)%8f

3solated yields are shown. Pa-ketoacid (3.0 equiv.), Sg (6.0 equiv.), and 2,4,6- collldlne (3.0 equiv). Ca-ketoacid (2.5 equiv.), Sg (5.0 equiv.) and
2,4,6-collidine (2.5 equiv.). “THF was used as solvent. °CH,Cl, was used as solvent. "3-(D-Glucopyranosyl)-1-propene (o:p = 5.3:1) was used
as olefin.
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BWE FATRTIVERROFEM R RSB E AT

BB D UGS EE~D R L2155 12 DI~ Wit 21T > 7o, DARIDLAE /e T F 4 v
RNUBRTDAINEREE LT TF A — N U RISDBHE SITEY . ZDOBEOTEMHALFREN T A5
NIRRT VAN THDZ EPRBEIN TV 3, o-7 Mgk L OHEEFHEORD Y ICTF A%
JFELE LTRETLIZE 2 A, WK 69% CHIIDF AT AT )L 69 3% 572 (Scheme 16.A), Z D
ZEDPORBISIFAILT AN EFEH L THCHEITL TS EBEXHR 5, RPTERLT
WD T UANFEEREET DDy TINT VAR EREZIT o2, 5 THNIZ2 2OF LT 4 v
AHTHIE 89 ZMVWTTF AT AT VAWM AR LT L 25 5-exo BRAbIK 90 73 BAF/2INR TH
HAV72 (Scheme 16.B), Z D Z & 2026 Bt s F-BIRFCIIT DIRFE T ANV OAERDRE ST,
T I NASINE DKRFEWEA~DH A1 DT DIt 7 v k2 EKF LT Mg di-1 2 AW T
FRFTINWEREI T2 2 A, WEFR P D RN EA ST A= AT LRSS N7
(Scheme 16. C), ZDZ &, 7 MEEHROKBIRF D ER FBAIZAET DT VX LT
~KBIRFBEN L TS 2 ERBINT, TNODOERERNS, AU TFART VI VD
FUT 4 o~ ERFBRECTT AT T D HANER L, FA— MDA D DK
FIRFRBENC L > TF AT ZAFTANER LTS ETFHEND,

A) Using thioacid instead of Sg and a-ketoacid

PC2 (1 mol%) o
o 2,4,6-collidine (1.5 equiv.) )l\
AO"F + L >  AcO” " s ph
HS Ph MeCN
67 (1.0 equiv.) 88 (1.5 equiv.) Blue LEDs, 6 h 69 69%
B) Radical cyclization experiment
PC2 (1 mol%) 5 o)
(0] 2,4,6-collidine (1.5 equiv.)
NN F Sg + )]\/\ - S)k/\Ph
HO,C Ph MeCN
Blue LEDs, 6 h Me
89 (1.0 equiv.) (3.0 equiv.) 1 (1.0 equiv.) 90 62% (dr = 3.4:1)
C) Deuterium labeling experiment 43%D
o PC2 (1 mol%) 0 (DM
2,4,6-collidine (1.5 equiv.) 8
AN+ S5+ D/O\H)kﬁph - AcO/\l/\S)I\)\Ph
o MeCN 52%0( D \(H)
Blue LEDs, 6 h )
67 (1.0 equiv.) (3.0 equiv.) dq¢-1 (1.0 equiv.) 68 79%

Possible radical addition and HAT mechanism

0]

Rl ~# Q 2
Lo
N H

o _’ Base-H" :}/‘ _; Possible
S ~ =S HAT mediator

©s

Scheme 16. Photocatalytic Activation of Elemental Sulfur for Thioester Synthesis
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WA A 7 AT DR A D IO ER 2T o7, YA 27 Vv 7RV Z AR
—WEIZ LY, BERREE OB LR TTENIEL-0.57 V vs SCE 77 b 1/LARF v L— ~F 1.12 V vs SCE
Th DI ENW LN Tz, BAFRINEETHS DI 5 F filtfi PC2 (2% L T Stern-Volmer
fENT ZAT T2 A, R ANVEXFTL— b BXOA L7 ¢ L LT, HBRREN K %
F T Uiz Z & D icm il PC2 OFHELRREIZEM LA STV D Z L DVURIB STz, filtll

B OBILBEITCEMEZHEET A 7 VERO LEbEZEZA, FHEORWKKRERTHLZ LD
/x> 7= (Figure 18),

FaC. +
oo L Ve
Bu. 2 =
Sg (3.0 equiv.) SR
_ PC2 (1 mol%) o N F
ACO/\/ + _— S |
HOzCJ\/\ 2,4 6-collidine ACO/\/\S)k/\Ph B~ 2
1.5 equiv. X
67 (1.0 equiv.) 1 (1.5 equiv.) ( MegN ) 68 83% FiC PC2
Blue LEDs, 6 h Redox potential of PC (V)
3 0Q cycle RQ cycle
51 e Sg  Stem-Volmer Plot ~0.89/+1.69 +1.21/-1.37
1 ® olefin
a-ketoacid + 2,4,6-collidine Seg-Seq S Photocatalytic Cycle
VoS -
1.3 . i S—SNS [r'/1rV] = -0.89 V " Sg E1p=-057V
" e Ir
O .-
PC1
S
. Ph/\)l\co © I Oxidative [ Bl
8 2 Quenching
) Cycle
iV
| .. . ~ A~OAC (0] [IIeV] = +1.69 v
1.0 RJJ\COZG IO
Epa=+1.12V R
0.9
¢ [mM]

Figure 18. Stern-Volmer Analysis using PC2
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— 07T, BRIV YD A 7 L TIE, BURRREE 280 TE TSRS EIT L & B 2 155 PC6
Z AW BRITIE R B 2GR CHINO T A= AT AR S L5, & 2 C.PC6 (Zx L T Stern-
Volmer ffffr 24T o72 & 2 A, BURRIEE, 7 Mg, AL 7 4 L HIRL T, 7 FIARF I L— b
Db L T L2 L6 PC6 DRFFIRAEITE TR STV D Z EAVRIB S iz, fif
B FE OAETCEME A 7V ERL LADETLEZ A, FEORWHRTHDH Z &N
Do 7 (Figure 19),

FoG 1 Flbe,
Sg (3.0 equiv.) L v, T .
P o PC6 (1 mol%) )Ok/\ ;Ir\\\ A
Ao NF + |
HOzCJ\/\Ph 2,4,6-collidine AcO” "5 Ph e
1.5 equiv. E.C X F
67 (1.0 equiv.) 1 (1.5 equiv.) { MegN ) 68 69% X PCé
Blue LEDs, 6 h Redox potential of PC (V)
0Q cycle RQ cycle
> o -0.43/+1.94 +1.68/-0.69
PC6
‘“7] e Sg Ph/\)J\Coze
24 1 e olefin Photocatalytic Cy%le
22 a-ketoacid + 2,4,6-collidine T
i e o-ketoacid '™/ = +1.68 vV i R)I\C 2@
20 9 b r Epa=+o1.12V
18 3 7" pce |
6 I Reductive R
N Sec-SweS Quenching
S ‘87 Cycle
SaSsS /\)Ol\ |I'”
Ir''rV] = -0.69 v
o Ph CO,H (rAes]
T e T HEE T dermiei -
0 & t ........... ! ............ 0 - /\/OAC Se .-
o8 E - ™ - Eqp=-057V (5]
o 10 LU C [mM]

Figure 19. Stern-Volmer Analysis using PC6

35



FBIEHTHLELLEN, RKUVALT 4 RT =4 VFECRY ANVT 4 RTUHNVT =4 U FT,
13-VANEMERIGLTTF AT = &4 T 5 102 (Figure 20.A), & Z T, FEHESMIZ 1,3-04
Y65 BUERIML THRICERF LTcE ZA, TAZAT VTR GONTEEMIZT A7 =
WFEHILD T LNy oTz (Figure 20. B), FAT AT AN GLNARWER E LTX, F47
= VERRDOBRD T DA NVROST RS —E B A2 T, o7 FAARF L — FO—E
FEALEZHEL TS D THDLLEXOND, ZOMELWHNIERNG, BIRMRHEIZ 7 + b L
Ry 7 A Lo T BB S, TORRER TR AL 4 K7 =F L L TR
\CIFE LBUSICE S L TWA Z L AVRIB ST,

A) 1,3-diynes react with thiolates

) S ©
$=s,—S $=S,~-S@ s

Ph—=——=——FPh s — Ph\@/Ph
Nays Nash 2o
S S
B) Trapping experiments Ph—=———=——Ph q
65 (1.0 equiv.) AcO/v\S)k/\Ph
PC2 (1 mol%) 68 0°
0 2,4,6-collidine (1.5 equiv.) %

Z > Ph— S\ —Ph
AOTF + Sg + >
HOZCJ\/\Ph MeCN \_/
Blue LEDs, 6 h
67 (1.0 equiv.) (3.0 equiv.) 1 (1.5 equiv.) 66 99%

A Plausible Mechanism of Photoredox Cycle * Oxidation of a-ketoacid and reduction of
Sg are promoted by photocatalyst.

* Reduced Sg smoothly fragmented.

o)

o — R1JI\S@
s s

—_— Sﬂ _

Fragmentation

Figure 20. Photocatalytic Activation of Elemental Sulfur for Thioester Synthesis
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KRB DRI T OB THEATT 5 0BT 2 T2 OIZLU N DEBREAT o 7o, AFEHERIESAF T,
FL7 4291 La-7 Mg 1 & FWWCHRBDE on-off BERZ{T 72, 30 /M ATHEEHRET & 15 Sy
AT CRR VIR L, RFDa-7 Mg 1 & F AT ATV 75 OHBEZ React IR 12 & - CTHIE L=
(Figure 21), React IR (28T, JFEtDa-7 MgE1 OB NAVR=VFEOE—2713 1713 ecm™t, HHYD
FHATATIVIS DANK=NIEOE—27131691ecm !t Th 5, T7bb, IR T2\ T
-/ MEE 1 IZEFHRA T 5 —FH T, FAT ATV 75 [ ZHEBEEM L., BT ClZ e b 50t b1
LN ERDhoTe, RRISIEAHEICHRHN TORTRISHETT 52 06, 72/
BEHE TV ATREME DS RIB S T,

PC2 (1 mol%)

o 2,4,6-collidine (1.5 equiv.) 0o
PhN + S + - >
8
HOZC)]\/\Ph MeCN Ph\/\/\s)]\/\Ph
Blue LEDs

91 (1.0 equiv.) (3.0 equiv.) 1 (1.5 equiv.) 75

3D model

7275
5
”Vayenu 7200
b 768
((‘/,7 7.5
~7)

0.004 4
light ON OFF ON OFF ON OFF 1

0.0035 75
0.003
0.0025

0.002

A.U.

0.0015 4

0.001 4

0.0005 4

0:00 0:30 1:00 1:30 2:00 2:30
time

Figure 21. 3D Model of IR Spectra and Time Course for Thioesterification.
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PLEOHRZ S LI LT AE RSS2 /"3 (Figure 22), L S7c A U 2 AR BRI
WAaE—E AR LIVIIZ 2 2 L RRHCAR Y AVT 4 RTPHNT =F L FlAE LT D, IVATiA Y
DU LT SR F L L— M —E A URERREICR D RS T VT O v E A
Ch, TVIVITHIVAFRIANLVT 4 RTUAINT =4 L ITEAERRSE & KsT5H 2 &
TILEW B BAERT D, TORIEM BIX, BEE—EFE LIRSS LT, 0 flifsE O BiEE s
EHIC—EFBILSND ZETTFAANREET VN CHERT D, TOBA LT 4 ~DT
CHNMINC Z VIR AL TT VXN T U HANERK L, FA— LA LD HAT (OkFE
TR} ICLY BIOF AT AT ANELN TS LSR5, ARISICEW CHEL 2R IX
1. D EER LA, 2. fiER, 3. HAT A7 4 =—F—L LTHWTEYH, ZhbHD 3 DOME)
MV 72 ROSHETTIC R & 2258 2 K72 L T B,

o) (0]
)J\ @ HAT )J\ R
RTYsY TR / R s’\6
H
s S
o, Sn = © Svg,57H
Ir n ~_R
S\s N ) >
N oSag 7° Active
v Sulfur Species
T @ SET Ir
hv @
PC1 ’58I 2 Os. &S
I Oxidative Ring Sh
Quenching Opening
Cycle
Irv
)O]\ SET
R” co,® o
|
R @ Radical coupling
A B

Figure 22. Photocatalytic Activation of Elemental Sulfur for Thioester Synthesis
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=M RE

EFL, BRR S O IEE EZ B & L2 BB e a ik oML ERk Lz, $—
HiClL, FA— /ML DB ORBRRIEM L ZFRIA LT, o7 ML T I V2 EHE L
FAT I FERIEEML LTz, £, B /T, 74+ L Ry 7 ZERIZ L 2 —EFEITIC
Ko THRME A IRMIIEME (L L, a-7 NEE AL T 4 VBB L LT AT AT VERRIE L
SLLT,

2 S O BREE IR Z2IEMAIE 2 Sk & LBt amaitid, 2 FTicmiEah T
T T HRREE 2 DT BOS & i U CTRUSSRENIRM TH D5 Z ENRETH VD | Frx REFMLE
LB ~DmEH DS FTRE T d 2 M THIHI TH 5,
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BB ALV Ry 7 AR E AW BRI OREE L D B R
B WAL Ky 2 R R R PR R S
AOE L Ry 7 ZARESR A DT ARGE SO T, IRFZR 56 T CEREEZEZR O 2 & 2 ik
ENFRETH D Z EMDIEHZED TS, FRIUERIE & il LT, BbHl7e & Ok % Y Bl
) Z e PSR CIARGED FIRE T H H R TR Td 5 (Figure 23),

PC
harsh pH-neutral
( ) - _( )_ —-PG-----{ and = }----- >( —
XH conditions X—PG ;?I?i XH
Conventional Photo-condition

= Improved functional
group compatibility
= Catalytic conditions

* Using Stoichiometric
amount of reagents

Figure 23. Photocatalysis and Deprotection of Protecting Groups
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BIE T, 1,3-UF 7 s, AR T —E B bE2Z T, 7 b7 AT b R s
DT ENHEIN TS (Scheme 17.A)%, F7-, @ 4 ED DDQ #HWTHIA#EEIT O p-
A NI RUDNVHEAE | SR XD — BRI L BRE T D FIENEERE ST D
(Scheme 17. B), 7o, HiLEH OILFEFIEH CTh 5 Pieber ik 5%, DDQ ZJtfif & LT~
> P NVEEDOAL 22 AL IR ORGE RS 2 H s LT D (Scheme 17. €)%, Pieber 512X
> TR SNTEARAFIEITEBIC AR O R DVEREEICRH SN D e L ERNZ2 R
LLTRmIN22H5 %, ZOXIITHMBERE WD Z & T, S DIRFN 72 544 THL
TREENFATRE L 72 D8, YRR E T CLERE AT 2 RS LT RIZIREN TH 5,

A) Photocatalytic deprotection of 1,3-dithianes (Reported by Opatz in 2020)

~ @ j\ via .

S-S
> I S
R™ "R CHCIy/H,0 RO R R>\R
White light
R = H, Alkyl, Aryl
B) Photocatalytic deprotection of PMB groups (Reported by Stephenson in 2011)
Via
OMe
&
B
PMBO/\/\/\/O n o — == Ho/\/\/\/OBn R’O

H,O
Solvent, 435 nm

C) Photocatalytic deprotection of benzyl groups (Reported by Pieber in 2021)
N3 TBN N
BnO 0 @O HO: 9
AcO SEt A ACO SEt o
OAc 0,4, Hy0 OAc R”

CH,Cl,, 525 nm

Scheme 17. Photocatalytic Deprotection of Protecting Groups
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FEE b Y FAREBEDAEERIT K D BRI DB

B Y FAREBEB R DRI

ZOXEOEEROL L HAISNARELEO AN L Ky 7 AMIERIC K D BLRIBREED
BRICETTLZ L Le, T CTEELITI N FAESICEH L (Figure 24.A), h U F L
i, B, <7F FEHERICB N TT L a— Ao F 4 — L 24583 5 - O ICHH S b (R
Thy, TOHMPRBLHEEIL, N 7 2=V A F D F A OREMNE S ZFH Ui
IZ R DMREN— X CTH D, EZIIEDEL Ny 7 ARER 2 D CTRREZEZAT 5 2 & Tk
T N Y FAIDBRENATRE L 72 D LAEE L= (Figure 24. B), HEISZ LI FIRd, HE %
ALY Ry 7 A K> C—E b L, FVINAFAEEERT D, EDH%R, YT
= 2V ATV TFH U HRIRORENZBRE ] & LTcaBi O, [RFE—~T r i G ORR %
BT VANPRE T A U FEE LR L, HAT OKFRFBEh) F 7213 8k 28T H R OMifk
HANEOND EBE LT, ORI MY 7 ==L XA F )V F 4 % Electron acceptor & L TH|
M35 TYHRORIEEZ WD Z & e i OEN T 5 & PR LT,

A) Deprotection of tritylprotected groups H
PC
Acidic Ph pH-neutral
O_XH I condiions [ O_X—|_Ph ------ ar_1d ------ >O—XH
Ph mild
Conventional Trityl Group Photo-condition

B) Our strategy

O—X—'—Ph > O—xH o QX,XO
Ph 440 nm

HAT
pc )| ser or
-+ Dimerization
Ph a-Scission O_X
Ph .

R

Ph

Electron acceptor
Ph)"\Ph P

Stable Cation

Figure 24. Photocatalytic Activation of Elemental Sulfur for Thioester Synthesis
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FBTH NI FNRET ANV ONRE

LLEDOIERIGRICE S &, N FARES T AL 91 Z VTR L Ry 7 A fllh
\Z & D BifR#E A R L7z (Table 5), PC2 ZHWTC7 & b=k VU /L 1 B Blue LED % M5 L 7=
EZABMORMRERTH D VAN T 4 K92 BN 12% TH: S/ (Bntry 1), £ 2T, PC2 X
DL DOEmWHREDORL I Z AT 5 PCI 2 HW =23, HEYDOBRERIIS b RN
\Z#&> o7 (Entry 2), RICTK Y @mWERE) 2 FH 3 2 68O TH 5 PC10 2 Wiz & Z AR
S 50% IR T B2 S O DJFERIO /3R RE S L7z (Bntry 3), 2 T, PC10 X Vgt o
INEWPCT ZRWTZBRIZIE, RO 7 < BB TPREE OIEETAER L7z (Bntry 4), &
REf 2 6 FFf & CHER 3% 2 & C 84%F TN M L L7z (Bntry 5), FRfgSEER & L Cefilit 4
WML WG, BLOKIT COEREITST2N, TNENBIO VAN T ¢ RIFAER LR
7= (Entries 6, 7).

Table 5. Photocatalytic Activation of Elemental Sulfur for Thioester Synthesis

Meozc\/\s_|_ph - Meozc\/\s¢s\/\002Me

Ph MeCN
91 Blue LEDs, 1 h 92
Entry? Photocatalyst ([\F;C\:/ZZ%;]) ([\I/D%PSCC'_E]) Conv. (%) Yield (%)°
1 PC2 (1 mol%) +1.21 -1.37 59 12
2 PC9 (1 mol%) +1.45 -0.80 0 0
3 PC10 (2 mol%) +2.30 -0.35 83 50
4 PC7 (4 mol%) +2.06 -0.57 52 50
5° PC7 (4 mol%) +2.06 -0.57 quant. 84
""" s - e e
79 PC7 (4 mol%) +2.06 0.57 0 0

@Reaction conditions: methyl 3-(tritylthio)propanoate 1 (100 umol), photocatalyst (1-4 mol%), MeCN (anhyd, degassed,
2 mL), 440 nm LED (2 x Kessil PR160L440 lamps at full power), rt. ® Conversion of 1 and Yield of 2 were determined by
H NMR using 1,3,5-trimethoxybenzene as internal standard. °Reaction time = 6 h dUnder Dark

PC2 Ir[dF(CF3)ppyl2(dtopy)(PFe) PC9 [Ru(bpz)][PFg] PC10 TPP*BF PC7 [Mes-Acr*-Me][CIO4]
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oo A AW CRE AR ORR 21T o7, AT VNG T DT 4 — 1 R#
K, HERIHT A — VRGEIR, 7 = 3 F AT — /UR#RE FO B b BSOS S EIT L2 (fb
B 92-95), £lo, RUUNTF AR, FTAT = VBN AT D REE ROV Y AL
7 4 RRENETHE LN (LAWY 96-97), 7T F~0iEff Z6H LT Fmoc &2 HT 5
VATA VB EROCTRFET o7 L 2 A MIETHRMRE b (LAY 98), 47 7S
2 DY FMRE SN T A — NV EATLEEEZH TR EIT o728 2 A, o FNBRLIENE
INETH/HOND Z L& L (LAY 99),

Table 6. Substrate Scope of Deprotection 12

Ph PC7 (4 mol%)
R/\S—|—Ph —————— SR
Ph CH,Cl, (degassed)
Blue LEDs, 6 h 92-99

MeO,C .S e
e e |
A\ P

0
Me
92 84% 93 72% 94 61%
Ph .S _S<_Ph
N7 IN"ph Ph s
95 75% 96 59%
MeO,C NHFmoc

B s—sj/ °
WS/SQ FmocHN/(COQMe (S_;

97 77% 98 90% 99 92%

aSubstrate (300 pmol), [Mes-Acr*-Me][CIO47] (4 mol%), CH,Cl, (anhyd, degassed 6 mL), 440 nm LED (2 x KessilPR160L-440 lamps at
full power), rt, 6 h.
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B=E MY FNRET NV a— L ORBiRE

FUFNARET = DHRR BT b U FALRGET L3 — T LT b IR I X 2 iR
Z AT DO DOME 21T -7 (Scheme 18), kU FI/LLEET L a—/L 100 Z FIVCTHE A et 21T
STAER. MU FNLRET A — L RFE DBE D Fi il 72 > 72 PCT TIX7 /2 —1 101 1EE & A
E/ oo, —F T, PCI0 Z HWWBRIT 83% & RAFR IR CHLIRFED HETT L7z,

ph/\/\o Ph ————— Ph/\/\OH

Ph CH,Cl, (degassed)
100 Blue LEDs, 2 h 101

Trace PC7 (4 mol%)
83% PC10 (2 mol%)

Scheme 18. Photocatalytic Deprotection of Trityl-protected Alcohols

B DT S E & AT T L 3 — WA IR O SR RGP 2 5 Lo (Table 7). RFEEAHT
HIE, JEMET v a— v TR A LT 4 v Bu kT L — L bR R < BUREHEST
L7 (BBE¥101-107), AT v A RIEE, 72— VI# L, Fmoc W2 A7 2 B2 AW
IR E L SDNET L. (e 108-110), A RT3 Zuvkl =27 VEEFT LU0
T aA— NARERN S ZNEN O T Vv a— N BIFRINETE LN ((BEY 111-
114),

Table 7. Substrate Scope of Deprotection 2

Ph PC10 (2 mol%)

R/\O—|—Ph > " oH
Ph CH,Cl, (degassed)
Blue LEDs, 2 h 101-114
OH
Ph " 0H (:(\/ Me” S SN /\/\/\/\OH
Br
101 92% 102 84% 103 90 % 104 86%
A HO/\/\/\/\/\/\/OH BUO OH
105 79% H 106 83% 107 70%
> SCT )
£ o
FmocHN™ ~CO,Me : 0
on
HO™ T
108 83% 109 94% 110 73%
OH
OH OH
MeO Cl
© o)
111 21% 112 55% 113 91% 114 80%

Substrate (300 umol), TPP*BF,~ (2 mol%), MeCN or DCM (anhyd, degassed 6 mL), (1 x Kessil PR160L-440 lamp at full power), rt, 2 h.
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Resin EICHHEF L7 b Y FOUREINE 2 FO CORMBES MR L 2 EME2 6 08 0 1 LA KL
72 (Scheme 19), TN ZENF A —/L & T /L a— L% resin LICHEF S8, Fomflirre T 12 K
WaMHT 5 Z L TTA— VHROIEE TIE 48%, 7 /v — VRO IE TI3E &I TARAER
PEELND Z & &R L,

o) o)
Ph PC7 (4 mol%)
MeOJ\/\S —_— Meo)]\/\s/s\/\n/OMe
CH,Cl,
Ph Blue LEDs, 12 h 0

91 48%
115

Ph PC10 (2 mol%)
P N0 —_— P "0H
h CH,Cl,
Blue LEDs, 12 h

101 t.
16 quan

Scheme 19. Deprotection of C-S and C-O Bond from Resins

46



BVIE RS RAT

FOSHERERENT & L CTF A — LV OBRESRIFICR L TU AL T 4 K, BLOUR L= REFNT
%5 TET 21T > 72 (Scheme 20. A), FiESRMHICK L THEO ALV T o K 11T 20T 5 2
ETCIHRHT AT 4+ K U8 N T4% 50, YEDO T E L= N 119 ZIRINT 5 & [FAERIZ 55%IE
TRV AVT 4 R 120 B3EKRAREE 572, ZOZ EMBRBPICBIT TF AT P VFEN R
L. TN ATFH PR AERZIZaBIRN L Z - TV 5 ATEEMED RIR 4172 (Scheme 20. B),

A) Synthesis of Unsymmetrical Disulfides and Selenosulfides

Ph PC7 (4 mol%)

MeO,C » MeO,C S
\/\S—|—Ph + Phig-Sspy A T
Ph CH,Cl,, Blue LEDs, 6 h
91 117 (1.0 equiv.) 118 74%
MeOIC~ Ph s PC7 (4 mol%) MeO.C s
2 Ph e €0, e_
STPh T TN e > N~
Ph CH,Cly, Blue LEDs, 6 h
91 119 (1.0 equiv.) 120 55%
B) Proposed Mechanism
+
Ph pn SET Ph op a-Scission Phe - X<pp <
—_— e N — ~Xo
R s —_— R/\SX R” s R s ph
Ph Ph
X =SorSe

» Thiyl Radical Generates in Situ

Scheme 20. Mechanistic Studies
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WA A 7 VBT DA G D 7o DI EREAT o 7o, T A — VARFEIR 0 fi it fi 8
PC7 2% LT Stern-Volmer i 217 o7& 2 A, JEEHD Y FARET A — D8R LWL
722 £ S PCT OFHEIRREILE TTATEE ST\ D Z EAVRIE X7 (Figure 25 left), [AEEICT
L — AR RO e i PC10 (2% L C Stern-Volmer fEHT 24T -7 & 2 A, ED h U F LR
ET L= LRI L2 E D PC10 ORIFLREEITE TN E STV D Z EAVRIE
S 7z (Figure 25 right),

Mes-Acr*ClO, TrPhPyrillium
PC7 as PC10
1.6 .
[ ]
15 ° 3 -
1.25
1.4 L [
= 13 3 15
] . ° =
1.2 R 1.1
° 1.05 A °
11
1 ."
Lo 095 |
0.9 0.9
0 2 4 6 8 10 12 0 5 10 15 20 25 30 35
¢ [mM] c [mM]
9 Ph Ph
~oT
MeO)K/\SJfPh Ph O——Ph
Ph Ph
91 100

Figure 25. Stern-Volmer Analysis for Photocatalytic Deprotection
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U bEDm Rz b & IRERSHERS 2 LU T2~ 4 (Figure 26), Stern-Volmer fEHTIZ L0 | FA4—
NARGER & TV 3 — VERGER N TN E B 20T 5 2 L 2R L TV D, T2 5, i
SN E A2 BTk T o2& T REOT VI hTFA U RERE AR T D,
D% aRHERLZ L, BERNY) T2V AF VAT A & T OHNFENEAET D, FA—VH
BOBEITVANLT 4 RIRIMFERICE D FANT IHNVOAERMINFRIN TN D, 2F0, AL
e T VANFEITF A —NVEEOLGEIT 't 2R T ANLT 4 RBGELIL, T/ a— LV EOY;
AR E I3 RE D OKBIRFBEI 2R TT Vv a—n g o s, FEHZER L F 4
HNEFT7 7872 —L LT, s —E & a5 5 2 & T A 7 VTS, K
FETHD N 7= A X UBEIERD E L CERMIZEOND Z LD, R 7 o=/L A
FNT AN S EITIE NS OKRBRFBHZ T L THROND LEXBILD,

Ph Ph

h

Stern-Volmer Analysis

( a-Scission
X=0

SE T
Stable triphenyl l X=8

cation Dimerization
HAT Ph

P

H -
s _R

Phj\Ph Ph)\Ph R s o

Isolated as Byproduct

Figure 26. Proposed Mechanism
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B e

FEHITAHEL By 7 AR EZ WD Z & T mE DR ICRIERMEDN LR Y FAikE
TV T TR TRETH D 2 & &2 A Lc, AFiEIThR 4 I ERER: 2 A3 2 S I M vl ae
THY ., EHEEND b FAREEDOBREZ M5 EEOYI Y H LS FREIZ ~ 72,
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BUE RE

PA IR A7z K9 IR, BARRE 2R FICIEM T 2 2 L CRAREBSEIbEM Th 5T 4
TR, FAZRTVEREER L, 74 ML Ry 7 AR %2 AW5 Z & THMSEETO Y
FIVEEDO LR A R LT (Figure 27),

T, WO L Ry 7 ZAREICER L, 40—V ORBEBEEIZ X DGR L0, Al
v Ry 7 AR LD —EFRoaim s LIiER bR E B X, ZNENT AT I NG
R L OTF AT AT VERICHEM Uiz, REISO S & BRR & T4 — I L0 RERIIRE
322 LT el MR, 7 IUERREBE L L@ BB T 47 I RERIEOBIFIZHII L
Tz Fio. WK Z AL Ry 7 AMIERICE > C—BETL, RV ALT 4 KT TVhL
T =AU E RTINS EDL LT, o NIBB XA L7 4 VR E L Lo T A4
AT IVER S R LT,

D ORFFEIE. BURGEE 2 R & Lo G RO BT IV T, ERIE TR 22 S 03
TCH o T IEHAGIEZIRFNCIT O ZENARETH D Z L 2R Lz, S BITA £ THIRRL T 2 H
W SOBBRFEIZIWTT T v 7 Ry 7 AT S T REIEMEREICE B L, GRS L7 Ch 458
HTH D,

BRIZIC, EFII RN FAREROL Ry 7 ARHEIZEB L, N 7=V AFADT A O
ETHLIMWEZFHAT L ETAIHENELY Ry 7 A X0 B HEEE T TTFA— LB LOT
Na—n D Y FOAREROBACHI B ESOESHEITT 2 2 & & R LT, RIFRIT, 5%%
JBLTWS 74 b Ry 7 2RI L D PARERS DB - 25822 L B2 b D,

S\S/S\S/S
\S’S“S/ R-S—R
Elemental Sulfur Sulfide

Nucleophilic activation

| oL@

I NN
—(qy -c© s s 8 o+
R—(8),~S ©s. 8 R-S-R
S
Polysulfide Anion Polysulfide Sulfide
Radical Anion Radical Cation
i o]
R3 k R2
R" N’ 1 —Qmg—
! R s’\l/ R-5=S-R
H
Thioamides Thioesters Disulfides

Figure 27. Summary
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1. General Information

All reactions were carried out under air with no precautions taken to exclude moisture unless otherwise noted.
All materials and solvents were purchased from Tokyo Chemical Industry Co., Ltd., FUJIFILM Wako Pure
Chemical Corporation, Merck KGaA, and other commercial suppliers and were used without purification.
The Kessil® A160WE Tuna Blue and were used as the blue LED light source for the reactions
(https://kessil.com/science/PR160L.php). Analytical thin-layer chromatography was performed with Merck
Silica gel 60. Column chromatography was performed on Fuji Silysia silica gel (BW-300, COOH, DIOL,
NH). Purification of final compounds was carried out by flash chromatography using Silica 60 M (0.04-0.063
mm) silica gel (Sigmal Aldrich) or on the Reveleris X2 Flash Chromatography System from GRACE using
prepacked columns with 40 um silica gel. Silica 60 M (0.04-0.063 mm) silica gel (Sigmal Aldrich) was used
for dry loading of the crude compounds on the flash chromatography system. Preparative medium pressure
liquid chromatography was performed with Biichi Pure Chromatography Instrument C-815 using Fuji Silysia
Chlromatorex Q-Pack (SI50). 'H NMR spectra were recorded on JEOL INM-ECA 500 (500 MHz), INM-
ECZ 600 (600 MHz), a Varian 400 spectrometer (400 MHz, Agilent) and an AscendTM 400 spectrometer
(400 MHz, cryoprobe, Bruker), are reported in ppm relative to Me4Si (6 0.00) in CDCl3; and Methanol-ds (6
3.31). Data reported as: integration; s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, br = broad,;
coupling constant(s) in Hz. Protondecoupled '*C NMR spectra were recorded on JEOL JNM-ECA 500 (126
MHz), INM-ECZ 600 (151 MHz) and a Varian 400 spectrometer (400 MHz, Agilent) and an AscendTM 400
spectrometer (400 MHz, cryoprobe, Bruker), are reported in ppm relative to CDCl3 (6 77.0) and Methanol-
dys(649.0). "F NMR were recorded on JEOL JINM-ECA 500 (471 MHz) and INM-ECZ 600 (565 MHz) and
are reported in ppm. High-resolution mass spectra were obtained on a SHIMADZU LCMS-IT-TOF fitted
with an ESI-MS and JEOL JMS-700 double-focusing mass spectrometer, Thermo Scientific Exactive Plus, a
Waters XEVO G2-XS 4K spectrometer with the XEVO G2-XS QTOF capability kit (ESI) and a GC-MS
Trace DSQ II and a Micromass GC-TOF micro (Water Inc.) (EI). Infrared spectra were recorded on JASCO
FT/IR-4100 Fourier-transform infrared spectrometer ATR (attenuated total reflectance). Supercritical Fluid
Chromatography (SFC) analysis was performed on Waters ACQUITY UPC2 equipped with a UV detecter.
Optical rotations were determined with JASCO P-2200KDT polarimeter and are the average of five
measurements and reported as follows: [a]T “Cx concentration (¢ = g / 100 mL, solvent). All melting points
were measured on BUCHI M-565 melting point apparatus and are uncorrected. Cyclic voltammetry (CV)
was performed using an ECstat-302 with a glassy carbon working electrode, Ag/Ag+ reference electrode (0.1
M AgNO3 + 0.1 M TBAP in MeCN), and a Pt wire counter electrode (EC Frontier CO., Ltd.). Luminescence

intensities were recorded using the Horiba FluoroMax.
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2. Preparation Method for a-Ketoacids
General procedure for preparation of a-ketoacids (GP1)
a-Ketoacids were prepared from the corresponding carboxylic acids according to the modified Bode’s

method®!%% using sulfonium salt. Other a-ketoacids are commercially available.

NC._ S*MeyBr

Q 0
j\ HATU, PrNEt R)K(CN Oxone )HTOH
R” “OH DMF, 0 °C L THF/H,0 (2:1),0°C R

Me” ™~ “Me o

A 100 mL round-bottom flask was charged with a stir bar, carboxylic acid (5.0 mmol, 1.0 equiv.), sulfonium
bromide (6.25 mmol, 1.25 equiv.), and DMF (25 mL) under argon atmosphere and cooled to 0 °C. To the
stirred mixture were added ‘ProNEt (2.6 mL, 15.0 mmol, 3.0 equiv.) then HATU (2.38 g, 6.26 mmol, 1.25
equiv.) portionwise over 10 min. After stirring at 0 °C for 2 hours, the reaction was quenched by saturated
aqueous NaHCO3 solution, and the mixture was concentrated under reduced pressure to remove DMF and
extracted with EtOAc (3 x 25 mL). The combined organic layers were washed with saturated aqueous
NaHCOs solution (3 x 25 mL), water (2 x 25 mL), and brine (25 mL), dried over NaxSOs, filtered, and
concentrated under reduced pressure to afford the crude sulfonium ylide as a white solid, which was used for
the next reaction without further purification.

A 200 mL round-bottom flask was charged with a stir bar, the crude sulfonium ylide, and THF/H,O (2:1, 100
mL) and cooled to 0 °C. To the stirred solution was added Oxone (6.15 g, 20.0 mmol, 4.0 equiv.) portionwise
over 10 min. After stirring at 0 °C for 2 hours, the reaction was quenched by dimethylsulfide (1.48 mL, 20.2
mmol), and the mixture was concentrated under reduced pressure to remove THF. The residue was extracted
with EtOAc (4 x 25 mL), and the combined organic layers were then washed with 10% aqueous citric acid
(3 x 25 mL) and water (2 x 25 mL), dried over Na,SOs, filtered, and concentrated under reduced pressure.
The crude residue was purified by flash column chromatography to afford a-ketoacid (S1-S5) (30-78% yields

over 2 steps) as white solid.

2-Oxoheptadecanoic acid (S1)

0}

H
M e/\/\/\/\/\/\/\)H(O

o)

Following GP1, a-ketoacid S1 was obtained as a white solid. Spectral data were consistent with the literature
data."

TH-NMR (600 MHz, CDCl3): § 2.96 (2H, t, J = 7.2 Hz), 1.69-1.64 (2H, m), 1.38-1.21 (24H, m), 0.88 (3H,
t,J = 7.2 Hz); ¥C-NMR (126 MHz, CDCl5): J 196.2, 158.8, 37.0, 31.9, 29.7, 29.7, 29.7, 29.6, 29.6, 29.4,
29.2,28.9,23.1, 22.7, 14.1 (Two carbon signals were not observed due to overlapping); HRMS (FAB) m/z:
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caled. for Ci7H3303 ([M+H]"): 285.2430, found: 285.2433; IR (ATR): 2913, 2847 ,1714 ¢cm™'; Melting
Point: 71.2-71.5 °C.

2-Oxopentadecanoic acid (S2)

O

/\/\/\/\/\/\)H(OH
Me

0}

Following GP1, a-ketoacid S2 was obtained as a white solid. Spectral data were consistent with the literature
data.'

'TH-NMR (500 MHz, CDCl3): 0 2.94 (2H, t, J = 7.2 Hz), 1.70-1.62 (2H, m), 1.35-1.23 (20H, m), 0.88 (3H,
t, J = 6.6 Hz); ¥C-NMR (126 MHz, CDCl;): J 196.0, 159.5, 37.3, 31.9, 29.6, 29.6, 29.6, 29.5, 29.4, 29.3,
29.2, 289, 23.0, 22.7, 14.1; HRMS (FAB) m/z: calcd. for C;sHzs03Na ([M+Na]*): 279.1936, found:
279.1935; IR (ATR): 2915, 2848, 1714 cm™!; Melting Point: 65.3-65.9 °C.

2-(4-lIodophenyl)-2-oxoacetic acid (S3)

o

mOH
(0]
|

Following GP1, a-ketoacid S3 was obtained as a white solid. Spectral data were consistent with the literature

data.®
IH-NMR (500 MHz, CDCls): § 8.48 (1H, brs), 8.03 (2H, d, J = 8.6 Hz), 7.92 (2H, d, J = 8.6 Hz); 3C-NMR
(126 MHz, CDCl3): 6 1183.8, 161.5, 138.4, 132.2, 130.9, 105.0; Melting Point: 116.0-120.7 °C.

(5)-3-(((Benzyloxy)carbonyl)amino)-5-methyl-2-oxohexanoic acid (S4)

0]

CszN\)H(OH
Mej/E ¢}

Me

Following GP1, a-ketoacid S4 was obtained as yellow oil.

'TH-NMR (500 MHz, CDCl3): 6 7.40-7.27 (5H, m), 7.17 (1H, brs), 5.37 (1H, d, J = 8.0 Hz), 5.20-5.01 (3H,
m), 1.80-1.66 (2H, m), 1.51-1.38 (1H, m), 1.08-0.88 (6H, m); *C-NMR (126 MHz, CDCl3): § 194.1, 160.6,
156.4,135.7,128.6, 128.3, 128.1, 67.5, 55.6, 39.8, 25.0, 23.1, 21.3; HRMS (ESI) m/z: calcd. for C;sHsNOs
(IM=HT): 292.1190, found: 292.1177; IR (ATR): 3345, 2959, 1722, 1524 cm™".
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2-Oxo0-2-(4-(trifluoromethyl)phenyl)acetic acid (47)

(0]

/©)‘\'r0H
O
F5;C

Following GP1, a-ketoacid 47 was obtained as a white solid. Spectral data were consistent with the literature
data 54

'"H-NMR (500 MHz, CDCl3): J 8.44 (2H, d, J = 8.0 Hz), 7.81 (2H, d, J = 8.0 Hz); *C-NMR (126 MHz,
CDCl3): 0 183.9, 161.8, 136.4 (q, J=33.2 Hz), 134.4, 131.4, 125.9 (q, J = 3.6 Hz), 123.2 (q, /= 272.0 Hz);
YF-NMR (CDCl;, 376 MHz) 8: —57.6; Melting Point: 56.8-58.8 °C.

3. Procedure for Thioamide Synthesis

General procedure for decarboxylative thioacylation (GP2)

Sg (0.30 mmol) s
n
(@) R2 R3 C12H25SH (010 mmol) J]\ )
J]\ + N7 o R N/R
R' ~CO,H H THF, rt -

R3
(0.12 mmol) (0.10 mmol)

A sealed tube was charged with a stir bar, a-ketoacid (0.12 mmol, 1.2 equiv.), amine (0.10 mmol, 1.0 equiv.),
and elemental sulfur (9.6 mg, 0.30 mmol, 3.0 equiv.) in THF (1 mL). To the stirred mixture was added
"Ci2H25SH (24.0 pL, 0.10 mmol, 1.0 equiv.) and the mixture was stirred at room temperature for 2 hours.
After the volatiles were removed under reduced pressure, the crude mixture was directly purified by

preparative TLC to afford the desired thioamide.

N-Phenethyl-3-phenylpropanethioamide (3)
S

Ph/\)I\N/\/Ph

H
Following GP2, thioamide 3 (24.5 mg, 91% yield) was obtained as a white solid. Spectral data were

consistent with the literature data.

TH-NMR (500 MHz, CDCl5): 6 7.32-7.01 (10H, m), 6.91 (1H, brs), 3.84 (2H, q, J= 6.5 Hz), 3.08 2H, t, J
=7.4Hz),2.86 2H, t,J= 7.4 Hz), 2.81 (2H, t, J = 6.9 Hz); 3C-NMR (126 MHz, CDCl3): 6 204.1, 140.2,
138.0, 128.7, 128.6, 128.5, 128.4, 126.7, 126.4, 49.0, 46.7, 35.3, 33.6; HRMS (FAB) m/z: calcd. for
Ci7H2iNS ([M+H]Y): 270.1316, found: 270.1313; IR (ATR): 3204 ,1532 cm™'; Melting Point: 74.4-74.9 °C.

N-Phenethylhexadecanethioamide (8)
S

Me/\/\/\/\/\/\/\)J\N/\/Ph

H
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Following GP2, thioamide 8 (28.0 mg, 75% yield) was obtained as a white solid.

'TH-NMR (500 MHz, CDCl3): ¢ 7.34-7.05 (6H, m), 3.95 (2H, q, /= 6.5 Hz), 2.98 (2H, t, /= 6.9 Hz), 2.58
(2H, t, J = 7.7 Hz), 1.75-1.65 (2H, m), 1.33-1.20 (24H, m), 0.88 (3H, t, J = 6.9 Hz); 3C-NMR (126 MHz,
CDCls): 0 205.9, 138.2, 128.8, 128.7, 126.8, 47.4, 46.7, 33.7, 31.9, 29.7, 29.6, 29.6, 29.4, 29.3, 29.3, 29.3,
28.8,22.7, 14.1 (Three carbon signals were not observed due to the overlapping); HRMS (FAB) m/Z: calcd.
for C24H4NS ([M+H]Y): 376.3038, found: 376.3036; IR (ATR): 3325, 1540 cm™!; Melting Point: 75.7-
75.9 °C.

2-Methyl-N-phenethylbutanethioamide (9)

Ph
oy~

Me

Following GP2, thioamide 9 (15.3 mg, 69% yield) was obtained as Colorless oil.

TH-NMR (500 MHz, CDCls): J 7.35-7.20 (5H, m), 7.13 (1H, brs), 4.04-3.91 (2H, m), 3.04-2.93 (2H, m),
2.45-2.36 (1H, m), 1.78-1.69 (1H, m), 1.53-1.43 (1H, m), 1.19 (3H, d, /= 7.0 Hz), 0.82 (3H, t, /= 7.3 Hz);
I3C-NMR (126 MHz, CDCl3): 6 210.9, 138.3, 128.8, 128.7, 126.8, 52.4, 46.3, 33.8,29.9, 20.7, 11.9; HRMS
(FAB) m/z: calcd. for C13HaoNS ([M+H]"): 222.1316, found: 222.1315; IR (ATR): 3330, 1535 cm ™.

N-Phenethylbenzothioamide (10)

S

Ph)J\H/\/Ph

Following GP2 (DMF, 50 °C), thioamide 10 (15.8 mg, 66% yield) was obtained as a yellow solid. Spectral
data were consistent with the literature data.®

'TH-NMR (500 MHz, CDCl3): 6 7.63 (2H, d, J = 8.9 Hz), 7.52 (1H, brs), 7.47-7.22 (8H, m), 4.15-4.08 (2H,
m), 3.10 (2H, t,J= 6.9 Hz); *C-NMR (126 MHz, CDCl;): § 199.3, 141.9, 138.2, 131.1, 128.9, 128.8, 128.5,
126.9, 126.5, 47.4, 33.8; HRMS (FAB) m/z: calcd. for CisH¢NS ([M+H]):242.1003, found: 242.1005; IR
(ATR): 3298, 1530 cm™!; Melting Point: 91.7-92.1 °C.

4-Todo-N-phenethylbenzothioamide (11)

S

/©)LN/\/Ph
H
|

Following GP2 (50 °C), thioamide 11 (23.0 mg, 63% yield) was obtained as a yellow solid.

TH-NMR (500 MHz, CDCls): 6 7.69 (2H, d, J = 8.6 Hz), 7.48 (1H, brs), 7.39-7.23 (7H, m), 4.08 2H, q, J

=6.5Hz), 3.08 (2H, t,J= 6.9 Hz); 3C-NMR (126 MHz, CDCl3): J 198.0, 141.1, 138.1, 137.6, 128.9, 128.7,
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128.1, 127.0, 97.9, 47.5, 33.7; HRMS (FAB) m/z: caled. for CisHisINS ([M+H]Y): 367.9970, found:
367.9963; IR (ATR): 3288, 1527 cm™!; Melting Point: 137.5-138.1 °C.

N-Phenethylethanethioamide (12)

Oxaloacetic acid was used as a-ketoacid. Following GP2, thioamide 12 (37.7 mg, 70% yield) was obtained
as brown oil.

'"H-NMR (500 MHz, CDCl3): J 7.38-7.19 (6H, m), 3.95-3.88 (2H, m), 2.98 (2H, t, J = 6.9 Hz), 2.50 (3H,
s); BC-NMR (126 MHz, CDCls): 6§ 200.9, 138.0, 128.7, 128.6, 126.7, 47.0, 34.2, 33.6; HRMS (FAB) m/;:
calcd. for C1oH14NS ([M+H]"): 180.0847, found: 180.0849; IR (ATR): 3226, 1540 cm™.

2-(4-Hydroxyphenyl)-/V-phenethylethanethioamide (13)

HO
\©\)SJ\
Ph
N

H
Following GP2, thioamide 13 (21.5 mg, 79% yield) was obtained as a colorless solid.

'TH-NMR (500 MHz, CDCls): ¢ 7.30-7.19 (2H, m), 7.07-6.94 (5H, m), 6.83-6.75 (2H, m), 5.42 (1H, brs),
4.01 (2H,s), 3.91-3.82 (2H, m), 2.84 (2H, t,J= 6.6 Hz), 1.70 (1H, s); 3C-NMR (126 MHz, CDCl3): § 202 4,
155.4, 137.8, 131.0, 128.8, 128.5, 126.7, 126.1, 116.1, 52.2, 46.8, 33.5; HRMS (FAB) m/z: calcd. for
CiHisNOS ([M+H]"): 272.1109, found: 272.1103; IR (ATR): 3324, 1533 cm!; Melting Point: 98.9-
100.8 °C.

N-Cyclohexyl-3-phenylpropanethioamide (14)

ISNe

Following GP2, thioamide 14 (24.0 mg, 97% yield) was obtained as yellowish amorphous.

'TH-NMR (500 MHz, CDCl3): ¢ 7.30-7.20 (5H, m), 6.70 (1H, brs), 4.31-4.23 (1H, m), 3.13-3.08 (2H, m),
2.91-2.86 (2H, m), 1.95-1.87 (2H, m), 1.67-1.56 (3H, m), 1.39-1.30 (2H, m), 1.18-1.08 (1H, m), 1.04-0.94
(2H, m); 3C-NMR (126 MHz, CDCl;): 6 202.1, 140.2, 128.5, 128.5, 126.4, 54.0, 49.5, 35.4, 31.3, 25.3,
24.5; HRMS (ESI) m/z: calcd. for CisH2oNS ([M+H]"): 248.1467, found: 248.1458; IR (ATR): 3327, 1514

cm !,
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3-Phenyl-1-(piperidin-1-yl)propane-1-thione (15)
)

Following GP2, thioamide 15 (18.2 mg, 78% yield) was obtained as yellowish oil.

TH-NMR (500 MHz, CDCl): 6 7.33-7.19 (5H, m), 4.32-4.24 (2H, m), 3.57 (2H, t, J = 5.4 Hz), 3.15-3.06
(4H, m), 1.71-1.64 (4H, m), 1.53-1.47 (2H, m); *C-NMR (126 MHz, CDCl;): 6 200.9, 140.5, 128.5, 128.4,
126.4, 51.5, 50.8, 44.9, 35.6, 26.6, 25.3, 24.0; HRMS (ESI) m/z: calcd. for Ci4H2oNS ([M+H]"): 234.1311,
found: 234.1308; IR (ATR): 1495, 1442 cm™.

1-Morpholino-3-phenylpropane-1-thione (16)

Ph/\)J\N/ﬁ

L_o

Following GP2, thioamide 16 (25.2 mg, quant.) was obtained as yellowish oil. Spectral data were consistent
with the literature data.

'TH-NMR (500 MHz, CDCl3): 6 7.33-7.21 (5H, m), 4.33 (2H, t, J = 4.9 Hz), 3.70 (2H, t, J = 4.9 Hz), 3.54
(2H, t,J=4.9Hz),3.39 (2H, t,J=4.6 Hz), 3.15-3.11 (4H, m); BC-NMR (126 MHz, CDCls): § 202.7, 140.1,
128.6, 128.6, 126.6, 66.4, 66.0, 50.1, 49.9, 44.2, 35.8; HRMS (ESI) m/z: calcd. for Ci3HisNOS ([M+H]"):
236.1104, found: 236.1095; IR (ATR): 1484 cm™.

(S)-N-((1-Ethylpyrrolidin-2-yl)methyl)-3-phenylpropanethioamide (17)

Me

P 3
Ph/\)J\H/\L’\l)

Following GP2, thioamide 17 (20.9 mg, 76% yield) was obtained as brown oil.

'TH-NMR (500 MHz, CDCl5): 6 7.81 (1H, brs), 7.30-7.17 (5H, m), 3.84 (1H, dd, J= 14.3, 5.2 Hz), 3.30 (1H,
dd, J=14.6,4.3 Hz), 3.13 (2H, t,J="7.4 Hz), 3.08 (1H, t, /= 8.3 Hz), 3.02-2.91 (2H, m), 2.66-2.55 (2H, m),
2.16-2.07 (2H, m), 1.85-1.73 (1H, m), 1.68-1.60 (1H, m), 1.54-1.45 (1H, m), 1.29-1.21 (1H, m), 1.00 (3H, t,
J=17.2Hz); 3C-NMR (126 MHz, CDCls): J 203.8, 140.3, 128.4, 128.4, 126.3, 61.0, 53.1, 48.6, 47.5, 46.1
35.3,28.1,22.4, 13.7; HRMS (ESI) m/z: calcd. for CiHasN»S ([M+H]"): 277.1733, found: 277.1719; IR
(ATR): 3248, 1516 cm™'; Optical Rotation: [a]*’p —76.1 (¢ 1.0, CHCIl3).
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N-(4-Iodobenzyl)-3-phenylpropanethioamide (18)

Ph/\)J\N
Hﬁl

Following GP2, thioamide 18 (36.7 mg, 96% yield) was obtained as a yellowish solid.

TH-NMR (500 MHz, CDCl): § 7.61 (2H, d, J= 8.0 Hz), 7.31-7.17 (5H, m), 7.04 (1H, brs), 6.79 (2H, d, J
=8.6 Hz), 4.66 (2H, d, J= 5.2 Hz), 3.14 2H, t, J = 7.2 Hz), 2.96 (2H, t, J= 7.2 Hz); *C-NMR (126 MHz,
CDCl): 6 204.4, 140.0, 137.9, 135.5, 130.0, 128.6, 128.5, 126.5, 93.5, 49.4, 49.0, 35.4; HRMS (FAB) m/z:
calcd. for C1¢Hi7INS ([M+H]"): 382.0126, found: 382.0128; IR (ATR): 3217, 1539 cm™'; Melting Point:
111.1-112.1 °C.

N-(2,2-Difluoroethyl)-3-phenylpropanethioamide (19)
S

Ph/\)'\”/\F(F
Following GP2, thioamide 19 (11.5 mg, 50% yield) was obtained as yellowish oil.
'TH-NMR (500 MHz, CDCl3): § 7.32-7.18 (5H, m), 7.06 (1H, brs), 5.89 (1H, tt, J = 55.6, 4.2 Hz), 4.01 (2H,
tdd, J=14.6, 6.0, 4.3 Hz), 3.12 (2H, t, /= 7.4 Hz), 2.97 (2H, t, J = 7.2 Hz); *C-NMR (126 MHz, CDCl5):
0 207.1, 139.8, 128.6, 128.3, 126.6, 112.3 (t, J = 241.7 Hz), 48.8, 47.2 ( t, J = 26.4 Hz), 35.4;, ’F NMR
(CDCl3,376 MHz): 6—122.4 (d,J=57.8 Hz); HRMS (ESI) m/z: calcd. for C11H14FoNS ([M+H]"): 230.0810,
found: 230.0800; IR (ATR): 3249, 1533 cm™'.

N-(2,5-Dichlorobenzyl)-3-phenylpropanethioamide (20)

Ph/\)I\H/:@/CI
Cl

Following GP2, thioamide 20 (22.9 mg, 71% yield) was obtained as yellowish oil.

'TH-NMR (500 MHz, CDCl3): § 7.30-7.15 (9H, m), 4.81 (2H, d, J = 5.7 Hz), 3.12 2H, t, J = 7.4 Hz), 2.97
(2H, t, J= 7.4 Hz); 3C-NMR (126 MHz, CDCl3): 6 204.9, 139.9, 135.1, 132.9, 132.0, 130.7, 130.6, 129.4,
128.6, 128.3, 126.6, 48.8,47.1, 35.3; HRMS (ESI) m/z: calcd. for CisHisCLoNS ([M+H]Y): 324.0375, found:
324.0361; IR (ATR): 3232, 1523 cm™.
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3-Phenyl-N-(p-tolyl)propanethioamide (21)

L
Ph/\)J\H

Following GP2, thioamide 21 (12.1 mg, 47% yield) was obtained and observed as a 7:2 mixture of rotamers
in NMR spectra as yellowish oil.

'TH-NMR (500 MHz, CDCl3): 6 9.29 (0.22H, brs), 8.24 (0.78H, brs), 7.35-7.05 (8.56H, m), 6.86 (0.44H, d,
J=28.0 Hz), 3.20 (1.56H, t, J = 7.2 Hz), 3.12-3.05 (2H, m), 2.86 (0.44H, t, J= 8.0 Hz), 2.86 (0.66H, s), 2.33
(2.34H, s); 3C-NMR (126 MHz, CDCl3): J 203.6, 140.4, 140.2, 137.0, 135.8, 130.2, 129.4, 128.7, 128.6,
128.5, 128.4, 126.6, 125.6, 124.0, 50.5, 35.7, 21.1; HRMS (FAB) m/z: calcd. for CisHisNS ([M+H]"):
256.1160, found: 256.1157; IR (ATR): 3027, 1529, 1508 cm™'.

N-Allyl-3-phenylpropanethioamide (22)
S

Ph/\)J\N/\/

H
Following GP2, thioamide 22 (23.6 mg, 56% yield) was obtained as yellowish oil.

'TH-NMR (500 MHz, CDCl3): § 7.32-7.19 (5H, m), 6.97 (1H, brs), 5.81-5.70 (1H, m), 5.16 (1H, d, J=10.3
Hz), 5.10 (1H, d,J=17.2 Hz), 4.20 (2H, t,J= 5.7 Hz), 3.12 2H, t, J= 7.4 Hz), 2.94 2H, t, J= 7.4 Hz); 13C-
NMR (126 MHz, CDCl3): 6 204.2, 140.2, 131.6, 128.6, 128.4, 126.5, 118.5, 49.0, 48.3, 35.4; HRMS (ESI)
my/z: calced. for C12H 6NS ([M+H]): 206.0998, found: 206.0989; IR (ATR): 3227, 1527 cm™!.

3-Phenyl-N-(4-(phenylethynyl)benzyl)propanethioamide (23)

S

Ph/\)I\H
A

Ph

Following GP2, thioamide 23 (16.6 mg, 47% yield) was obtained as a white solid.

'TH-NMR (500 MHz, CDCl3): 6 7.57-7.48 (2H, m), 7.44 (2H, d, J = 8.0 Hz), 7.40-7.31 (3H, m), 7.30-7.17
(5H, m), 7.09 (1H, brs), 7.02 (2H, d, J= 7.4 Hz), 4.72 (2H, d, /= 4.6 Hz), 3.15 (2H, t,J= 7.2 Hz), 2.97 (2H,
t,J=7.2 Hz); BC-NMR (126 MHz, CDCls): 6 204.2, 140.0, 135.9, 131.9, 131.6, 128.6, 128.5, 128.4, 128 4,
128.1,126.5,123.0, 89.9, 88.8, 49.8, 48.9, 35.4 (One carbon signal was not observed due to the overlapping);
HRMS (FAB) m/z: calcd. for Co4H2oNS ([IM+H]Y): 356.1473, found: 356.1468; IR (ATR): 3357, 3230, 3028,
1511 cm™'; Melting Point: 98.9-102.1 °C.
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N-(4-Hydroxybutyl)-3-phenylpropanethioamide (24)
S

Ph/\)J\H/\/\/OH
Following GP2, thioamide 24 (19.2 mg, 81% yield) was obtained as yellowish oil.
TH-NMR (500 MHz, CDCl3): J 7.70 (1H, brs), 7.31-7.18 (5H, m), 3.60-3.53 (4H, m), 3.11 2H, t, J= 7.4
Hz), 2.91 (2H, t, J = 7.2 Hz), 1.79 (1H, brs), 1.66-1.59 (2H, m), 1.52-1.45 (2H, m); 3C-NMR (126 MHz,
CDCl): 0 203.6, 140.4, 128.5, 128.5, 126.4, 62.1, 48.9, 45.8, 35.4, 29.4, 24.4; HRMS (ESI) m/z: calcd. for
C13H20NOS ([M+H]"): 238.1260, found: 238.1270; IR (ATR): 3234, 1539 cm™".

2-(1-((3-Phenylpropanethioamido)methyl)cyclohexyl)acetic acid (25)
CO,H

Ph/\)SJ\HEi

Following GP2 (DMF), thioamide 25 (18.5 mg, 58% yield) was obtained as yellowish oil.

'TH-NMR (500 MHz, CDCl3): 6 8.19 (1H, brs), 7.33-7.15 (5H, m), 3.65 (2H, d, J= 5.7 Hz), 3.12 2H, t, J =
7.2 Hz),2.97 (2H, t,J = 7.2 Hz), 2.11 (2H, s), 1.51 (2H, brs), 1.38 (4H, brs), 1.33-1.22 (4H, m); *C-NMR
(126 MHz, CDCls): 0 204.4, 177.7, 140.2, 128.6, 128.6, 126.4, 49.2, 37.4, 35.3, 34.4, 25.6, 21.4; HRMS
(EST) m/z: calcd. for C1gHa6NO,S ([M+H]"): 320.1679, found: 320.1686; IR (ATR): 3291, 2930, 2853, 1699,
1533 cm™.

3-(4-Chlorophenyl)-4-(3-phenylpropanethioamido)butanoic acid (26)

cl
Ph/\)LN
H
CO,H

Following GP2 (DMF), thioamide 26 (27.4 mg, 76% yield) was obtained as yellowish oil.

'TH-NMR (500 MHz, CDCls): § 7.33-7.18 (5H, m), 7.15 (2H, d, J = 6.9 Hz), 7.00 (2H, d, J = 8.0 Hz), 6.96
(1H, brs), 3.96-3.91 (1H, m), 3.68-3.63 (1H, m), 3.40-3.34 (1H, m), 3.05 (2H, t, J= 7.2 Hz), 2.86-2.81 (2H,
m), 2.57-2.53 (2H, m); *C-NMR (126 MHz, CDCl3): § 204.9, 176.9, 140.0, 138.7, 133.3, 129.2, 128.7,
128.6, 128.4, 126.5, 50.4, 48.9, 39.3, 37.8, 35.2; HRMS (ESI) m/z: calcd. for Ci9H2CINO,S ([M+H]Y):
362.0976, found: 362.0966; IR (ATR): 3297, 3027, 1708, 1535, 1494 cm™.
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1-(4-(2-Chlorodibenzo|[b,f][1,4]oxazepin-11-yl)piperazin-1-yl)-3-phenylpropane-1-thione (27)

Cl

S

/\)LN/\\
Ph (A ’}‘ O%

Following GP2, thioamide 27 (38.7 mg, 84% yield) was obtained as colorless amorphous.

'TH-NMR (500 MHz, CDCl3): § 7.42 (1H, dd, J = 8.9, 2.6 Hz), 7.34-7.19 (7H, m), 7.15-7.08 (3H, m), 7.03
(1H, td, J = 7.4, 1.7 Hz), 4.43 (2H, brs), 3.71 (2H, brs), 3.57 (2H, brs), 3.39 (2H, brs), 3.20-3.09 (4H, m);
I3C-NMR (126 MHz, CDCl3): § 202.9, 159.3, 158.1, 151.6, 140.1, 139.6, 132.9, 130.4, 128.7, 128.6, 128.5,
127.1, 126.6, 125.9, 125.1, 124.4, 122.9, 120.2, 49.3, 48.9, 44.6, 35.8; HRMS (ESI) m/z: calcd. for
Ca6HasCIN3OS ([M+H]Y): 462.1401, found: 462.1389; IR (ATR): 3298, 1530 cm™.

General procedure for decarboxylative acylation using amine hydrochloride salt (GP3)

Sg (0.30 mmol)
"C4,H25SH (0.10 mmol)

iPr,NEt (0.10 mmol S
j)]\ . RZ\N,R3 2NE( ) - R1lI\N’R2
R >CO,H H HCI DMF, rt R
(0.12 mmol) (0.10 mmol)

A sealed tube was charged with a stir bar, a-ketoacid (0.12 mmol, 1.2 equiv.), amine hydrochloride salt (0.10
mmol, 1.0 equiv.), elemental sulfur (9.6 mg, 0.30 mmol, 3.0 equiv.), and ‘Pr,NEt (17.4 pL, 0.1 mmol, 1.0
equiv.) in DMF (1 mL). To the stirred mixture was added "Ci2H2sSH (24.0 pL, 0.1 mmol, 1.0 equiv.) and the
mixture was stirred at room temperature for 2 hours. After the volatiles were removed under reduced pressure,

the crude mixture was directly purified by preparative TLC to afford the desired thioamide.

Benzyl (3-phenylpropanethioyl)-L-phenylalaninate (28)

o /\)L” I 0Bn
Following GP3, thioamide 28 (24.2 mg, 66% yield) was obtained as brown oil.
TH-NMR (500 MHz, CDCl3): 6 7.46-7.15 (14H, m), 6.79 (2H, d, J= 8.0 Hz), 5.49-5.39 (1H, m), 5.21-5.08
(2H, m), 3.17-2.96 (6H, m); 3C-NMR (126 MHz, CDCl3): 6 204.1, 170.6, 140.1, 135.1, 134.7, 129.2, 128.7,
128.7, 128.6, 128.5, 128.5, 127.1, 126.4, 67.5, 58.3, 48.6, 36.0, 35.3 (One carbon signal was not observed
due to the overlapping); HRMS (ESI) m/z: calcd. for CosHaeNO,S ([M+H]"): 404.1679, found: 404.1660;
IR (ATR): 3338, 1739, 1510 cm™'; Optical Rotation: [a]*’p +49.1 (¢ 1.0, CHCI3).
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Benzyl (3-phenylpropanethioyl)-L-leucinate (29)

Me
S Me
Ph/\)J\N OBn
H o

Following GP3, thioamide 29 (28.3 mg, 77% yield) was obtained as yellowish oil.

'TH-NMR (500 MHz, CDCl3): 6 7.40-7.17 (11H, m), 5.21-5.12 (3H, m), 3.15-2.87 (4H, m), 1.68-1.63 (1H,
m), 1.59-1.53 (1H, m), 1.41-1.33 (1H, m), 0.91-0.83 (6H, m); *C-NMR (126 MHz, CDCl3): § 204.7, 171.8,
140.0, 135.1, 128.6, 128.5, 128.5, 128.4, 128.3, 126.4, 67.3, 56.5, 48.7, 40.4, 35.3,24.7, 22.4, 22 .4, HRMS
(FAB) m/z: calcd. for C2oH2sNO»S ([M+H]Y): 370.1841, found: 370.1845; IR (ATR): 3275, 1724, 1532 cm™
!, Optical Rotation: [a]*p —42.0 (¢ 1.36, CHCl;).

Methyl (3-phenylpropanethioyl)-L-alaninate (30)
S Me
Ph/\)J\ N /H( OMe
H )

Following GP3, thioamide 30 (19.3 mg, 77% yield) was obtained as yellow oil.

'TH-NMR (500 MHz, CDCl3): ¢ 7.50 (1H, brs), 7.32-7.18 (5H, m), 5.06 (1H, dq, J=7.0, 7.0 Hz ), 3.75 (3H,
s), 3.11 (2H, t, J = 7.4 Hz), 3.03-2.87 (2H, m), 1.38 (3H, d, J = 7.4 Hz); 3C-NMR (126 MHz, CDCl): &
203.9, 172.7, 140.0, 128.5, 128.5, 126.4, 53.2, 52.7, 48.7, 35.4, 17.0; HRMS (ESI) m/z: calcd. for
Ci3HisNO,S ([M+H]"): 252.1053, found: 252.1043; IR (ATR): 3313, 1739 ,1526 cm™'; Optical Rotation:
[a]*p —37.7 (¢ 1.14, CHCl5).

tert-Butyl (3-phenylpropanethioyl)-L-valinate (31)

SMe Me
f
B
H (0]

Following GP3, thioamide 31 (24.1 mg, 75% yield) was obtained as yellowish oil.

'TH-NMR (500 MHz, CDCl3): § 7.58 (1H, brs), 7.31-7.17 (5H, m), 4.93 (1H, dd, J = 8.0, 4.0 Hz), 3.18-2.87
(4H, m), 2.29-2.19 (1H, m), 1.47 (9H, s), 0.94 (3H, d, J= 6.9 Hz), 0.74 (3H, d, J = 6.9 Hz); 3C-NMR (126
MHz, CDCl): § 204.2, 170.0, 140.0, 128.6, 128.4, 126.4, 82.8, 62.8, 49.0, 35.4 30.8, 28.1, 18.8, 17.8;
HRMS (FAB) m/z: calcd. for CisH2sNO>S ([M+H]"): 322.1841, found: 322.1847; IR (ATR): 3300, 1710,
1517 cm!; Optical Rotation: [a]'”p —19.0 (¢ 1.26, CHCI;).
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Methyl (5)-3,3-dimethyl-2-(3-phenylpropanethioamido)butanoate (32)

Me
SMe Me
Ph/\)J\N OMe
H o

Following GP3, thioamide 32 (17.5 mg, 60% yield) was obtained as yellow oil.

'H-NMR (500 MHz, CDCl): § 7.47-7.19 (6H, m), 5.08 (1H, d, J = 9.2 Hz), 3.72 (3H, s), 3.17-2.96 (4H,
m), 0.88 (9H, s); BC-NMR (126 MHz, CDCl): J 205.5, 170.9, 139.9, 128.6, 128.5, 126.5, 65.4, 52.0, 48.9,
35.2, 35.1, 26.6; HRMS (FAB) m/z: calcd. for CisH24NO,S ([M+H]"): 294.1528, found: 294.1525; IR
(ATR): 3326, 1739, 1722, 1518 cm™'; Optical Rotation: [a]*’p —35.4 (c 0.83, CHCl5).

Methyl (3-phenylpropanethioyl)-L-isoleucinate (33)
e

M
M
s e
Ph/\)']\H OMe

0]

Following GP3, thioamide 33 (16.3 mg, 56% yield) was obtained as yellow oil.

'TH-NMR (500 MHz, CDCl3): 6 7.48 (1H, brs), 7.31-7.18 (5H, m), 5.12 (1H, dd, J= 8.0, 4.6 Hz), 3.74 (3H,
s), 3.18-3.08 (2H, m), 3.08-2.98 (1H, m), 2.98-2.91 (1H, m), 1.98-1.90 (1H, m), 1.46-1.38 (1H, m), 1.17-
1.08 (1H, m), 0.92 (3H, t, J = 7.2 Hz), 0.70 (3H, d, J = 6.9 Hz); *C-NMR (126 MHz, CDCl3): ¢ 204.4,
171.3,140.0, 128.6, 128.4, 126.4, 61.7, 52.2,48.9,37.3,35.4, 25.9, 14.9, 11.6; HRMS (FAB) m/z: calcd. for
Ci6H24NO,S ([M+H]"): 294.1528, found: 294.1533; IR (ATR): 3323, 1724, 1521 cm™!; Optical Rotation:
[0]*®p —4.9 (¢ 0.87, CHCI3).

Methyl (3-phenylpropanethioyl)-L-methioninate (34)

SMe
S
Ph/\)J\N OMe
H (0]

Following GP3, thioamide 34 (20.0 mg, 64% yield) was obtained as yellow oil.

'TH-NMR (500 MHz, CDCl3): 6 7.85-7.70 (1H, m), 7.33-7.18 (5H, m), 5.22 (1H, dt, J = 6.4, 6.4 Hz), 3.76
(3H, s), 3.20-3.07 (2H, m), 3.07-2.99 (1H, m), 2.99-2.91 (1H, m), 2.35-2.18 (3H, m), 2.10-2.01 (4H, m); 13C-
NMR (126 MHz, CDCl3): 6 204.6, 171.5, 139.9, 128.6, 128.4, 126.5, 56.9, 52.7, 48.6, 35.3,29.9, 29.5, 15.4;
HRMS (FAB) m/z: calcd. for CisH22NO,S; ([M+H]): 312.1092, found: 312.1088; IR (ATR): 3252, 1740,
1526 cm™!; Optical Rotation: [a]*°p +83.4 (¢ 1.0, CHCI3).
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Methyl (3-phenylpropanethioyl)-L-serinate (35)

S OH
Ao L ove
H o}

Following GP3, thioamide 35 (23.2 mg, 87% yield) was obtained as colorless oil.

'TH-NMR (500 MHz, CDCl3): 6 7.70 (1H, brs), 7.34-7.21 (5H, m), 5.18 (1H, td, J = 5.2, 2.5 Hz), 3.90 (2H,
d, J=2.9 Hz), 3.78 (3H, s), 3.17-3.05 (3H, m), 2.98-2.90 (1H, m) 1.60 (1H, brs); 3C-NMR (126 MHz,
CDCl;): 0 204.7, 170.1, 140.0, 128.6, 128.6, 126.5, 61.8, 59.5, 52.9, 48.8, 35.6; HRMS (FAB) m/z: calcd.
for Ci3HisNOsS ([M+H]"): 268.1007, found: 268.1004; IR (ATR): 3314 ,1733, 1516 cm!; Optical
Rotation: [a]'"’p —8.9 (¢ 1.12, CHCI).

Methyl (3-phenylpropanethioyl)-L-threoninate (36)

SMe OH
Ph/\)J\Nj:'(OMe
H o

Following GP3, thioamide 36 (17.6 mg, 63% yield) was obtained as colorless oil.

'TH-NMR (500 MHz, CDCl3): § 7.67 (1H, brs), 7.33-7.18 (5H, m), 5.25 (1H, dd, J = 8.6, 2.3 Hz), 4.39-4.32
(1H, m), 3.77 (3H, s), 3.18-2.98 (4H, m), 1.90 (1H, brs), 1.06 (3H, d, J = 6.3 Hz); *C-NMR (126 MHz,
CDCl;): 6 206.4, 170.4, 140.0, 128.6, 128.5, 126.5, 67.9, 62.4, 52.8, 48.6, 35.4, 19.9; HRMS (ESI) m/z:
caled. for C14H20NOs3S ([M+H]Y): 282.1164, found: 282.1161; IR (ATR): 3315, 1733, 1515 cm™'; Optical
Rotation: [a]'"’p —18.7 (¢ 1.09, CHCI3).

tert-Butyl (3-phenylpropanethioyl)-L-tyrosinate (37)
OH

S
Ph/\)J\N O'Bu

H o

Following GP3, thioamide 37 (34.3 mg, 89% yield) was obtained as brown oil.

'TH-NMR (500 MHz, CDCl): 6 7.59-7.54 (1H, m), 7.30-7.18 (5H, m), 6.82 (2H, d, J = 8.0 Hz), 6.68 (2H,
d,J=8.6 Hz), 6.11 (1H, brs), 5.17 (1H, td, /= 6.9, 4.4 Hz), 3.16-2.98 (4H, m), 2.93-2.91 (2H, m), 1.41 (9H,
s); BC-NMR (126 MHz, CDCls): 6 203.6, 170.1, 155.0, 140.1, 130.6, 128.5, 127.2, 126.4, 115.3, 83.1, 58.9,
48.6,35.3, 35.2, 28.0 (One carbon signal was not observed due to the overlapping); HRMS (ESI) m/z: calcd.
for C2oH2sNOsS ([M+H]"): 386.1784, found: 386.1778; IR (ATR): 3304, 1717, 1662, 1515 cm™'; Optical
Rotation: [a]*°p +68.9 (¢ 1.0, CHCI3).
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Benzyl (3-phenylpropanethioyl)-L-prolinate (38)
S

Ph/\)J\N

BnO,C
Following GP3, thioamide 38 (23.8 mg, 67% yield) was obtained as brown oil.
TH-NMR (500 MHz, CDCl;): J 7.40-7.19 (10H, m), 5.19 (2H, s), 5.08 (1H, dd, J= 8.9, 3.2 Hz), 3.74-3.69
(1H, m), 3.51-3.48 (1H, m), 3.19-3.07 (2H, m), 2.99 (2H, t, J = 8.0 Hz), 2.27-2.18 (1H, m), 2.15-2.04 (2H,
m), 2.02-1.92 (1H, m); ¥*C-NMR (126 MHz, CDCl3): J 202.0, 170.3, 140.7, 135.6, 128.7, 128.5, 128.5,
128.5, 128.3, 126.3, 67.0, 65.4, 50.9, 45.4, 35.3, 29.1, 24.8; HRMS (ESI) m/z: calcd. for C2;H23NO,SNa
([M+Na]*): 376.1342, found: 376.1324; IR (ATR): 2950, 1742, 1514, 1447 cm™!; Optical Rotation: [a]'"p
—69.9 (c 1.52, CHC).

Methyl (3-phenylpropanethioyl)-L-histidinate (39)

NH
[ >
s N
Ph/\)J\N OMe
H o

Histidine methyl ester dihydrochloride and 2 equiv. of ‘ProNEt were used. Following GP3, thioamide 39
(24.4 mg, 77% yield) was obtained as brown oil.
'TH-NMR (500 MHz, CDCl3): 6 9.18 (1H, brs), 7.63 (1H, brs), 7.28-7.05 (7H, m), 6.73 (1H, brs), 5.31 (1H,
brs), 3.66 (3H, s), 3.20-3.02 (6H, m); ¥*C-NMR (126 MHz, CDCl;): ¢ 205.1, 170.7, 140.4, 134.8, 133.5,
128.5,128.4,126.2,115.8,57.9, 52.5, 48.0, 36.6, 35.2; HRMS (ESI) m/z: calcd. for C16H20N302S ([M+H]"):
318.1271, found: 318.1264; IR (ATR): 3197, 1738, 1603, 1539 cm™!; Optical Rotation: [a.]*°p +23.1 (c 1.0,
CHCL).

Methyl (3-phenylpropanethioyl)-L-tryptophanate (40)

Following GP3, thioamide 40 (18.8 mg, 51% yield) was obtained as yellow oil.

TH-NMR (500 MHz, CDCl;): 6 8.08 (1H, brs), 7.56-7.07 (10H, m), 6.68 (1H, s), 5.48-5.43 (1H, m), 3.68
(3H, s), 3.51 (1H, dd, J = 14.9, 5.2 Hz), 3.34 (1H, dd, J = 14.9, 4.0 Hz), 3.54-3.31 (2H, m), 2.90-2.85 (2H,
m); BC-NMR (126 MHz, CDCl3): § 204.1, 171.4, 140.2, 136.0, 128.5, 128.5, 127.6, 126.3, 122.8, 122.3,
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119.8, 118.5,111.3, 109.5, 58.4, 52.5, 48.5, 35.1, 26.0; HRMS (ESI) m/z: calcd. for C21H23N20,S ([M+H]Y):
367.1475, found: 367.1480; IR (ATR): 3327, 1735, 1660, 1514 cm™'; Optical Rotation: [a.]*°p +83.5 (¢ 1.0,
CHCIl3).

tert-Butyl (3-Phenylpropanethioyl)-L-alanyl-L-valinate (41)

S Me
/\)J\ H CO,'Bu
Ph N N2
H § =
Me” “Me

Following GP3 (50 °C), thioamide 41 (21.6 mg, 55% yield) was obtained as brown oil.
TH-NMR (500 MHz): J 7.84 (1H, brs), 7.30-7.18 (5H, m), 6.43 (1H, brs), 5.05-4.98 (1H, m), 4.40 (1H, dd,
J=9.0, 4.1 Hz), 3.14-3.05 (2H, m), 3.01-2.94 (1H, m), 2.92-2.86 (1H, m), 2.21-2.14 (1H, m), 1.47 (9H, s),
1.36 (3H, d, J = 6.9 Hz), 0.92-0.87 (6H, m); ¥C-NMR (151 MHz, CDCl;): ¢ 203.5, 170.9, 170.4, 140.0,
128.5, 128.5, 126.4, 82.3, 57.7, 54.1, 48.6, 35.4, 31.3, 28.0, 18.9, 17.5, 17.2; HRMS (FAB) m/z: calcd. for
C21H33N205S ([M+H]Y): 393.2212, found: 393.2217; IR (ATR): 3287, 2965, 1717, 1661, 1533 cm™!; Optical
Rotation: [a]'°p —96.0 (¢ 1.0, CHCI3).

Synthesis of peptide thioamide 42 using amino acid-derived o-ketoacid S4

Me
/@E (0.10 mmol) M
By SH €

0 SMe
CbZHN\_)J\COZH MGIMG Sg (0.30 mmol) CszN\)J\NI
= + H
"

COztBU

-

Mej/ H2N CoztBu DMA/CSZ, 80 °C Mej/_

Me Me
$4 (0.10 mmol) $5 (0.12 mmol) 40

A sealed tube was charged with a stir bar, a-ketoacid S4 (34.0 mg, 0.10 mmol, 1.0 equiv.) and elemental
sulfur (9.6 mg, 0.30 mmol, 3.0 equiv.) in DMA/CS; (9:1, 1 mL) and heated to 80 °C. To the stirred mixture
was added the solution of H-Val-O‘Bu S5 (0.12 mmol, 1.2 equiv.) and 5-tert-butyl-2-methylbenzenethiol
(18.2 uL, 0.10 mmol, 1.0 equiv.) in DMA (1.0 mL) dropwise for 4 hours. After stirring at 80 °C for additional
2 hours the volatiles were removed under reduced pressure and the crude mixture was directly purified by
preparative TLC to afford the desired peptide thioamide 42 (21.7 mg, 50% yield, dr = 95:5). The dr of the
product was estimated by chiral SFC analysis: CHIRALPAK IB-3, 0.6 mL/min, 2% MeOH/CO,, A = 210-

400 nm, fra0) = 7.3 min, IR (epi-40) = 8.1 min

tert-Butyl ((S)-2-(((benzyloxy)carbonyl)amino)-4-methylpentanethioyl)-L-valinate (42)
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Me

COztBU

Me
S
CszN\)LNI
: H

Me
T
IH-NMR (400 MHz, CDCL): J 8.24 (1H, brs), 7.40-7.22 (5H, m), 5.46 (1H, d, ] = 7.3 Hz), 5.11 (2H, s),
4.95 (1H, dd, J = 8.0, 4.4 Hz), 4.56-4.40 (1H, m), 2.37-2.17 (1H, m), 1.76-1.60 (3H, m), 1.48 (9H, s), 1.07-
0.79 (12H, m); 3C-NMR (151 MHz, CDCls): § 205.1, 169.5, 156.1, 136.2, 128.5, 128.1, 128.0, 82.6, 67.0,
62.8,59.8,44.5,31.0, 28.0,24.7,22.8,22.2,18.6, 18.5, 18.2; HRMS (ESI) m/z: calcd. for C23H3sN»,04S
(IM-HT"): 435.2323, found: 435.2313; IR (ATR): 3342, 2961, 1510 cm™'; Optical Rotation: [a]*p —21.1

(c 0.65, CHCL).

Chiral SFC Analysis for peptide thioamide 40
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4. Synthesis of Potential Pharmaceutical Compound S-Analogues

Gram scale synthesis of thioamide 43

Sg (3.0 equiv.)
nC12H25SH (10 equiv.

)
HO o HCI/qO iPr,NEt (1.5 equiv.) Hom /qo
T, ™ - "
coH N DMF, 80 °C N
0 o}
43

S6 (1.0 equiv.) S7 (1.5 equiv.)

A 300 mL flask was charged with a stir bar, a-ketoacid S6 (2.34 g, 13.0 mmol, 1.0 equiv.), amine S7 (3.21 g,
19.5 mmol, 1.5 equiv.), elemental sulfur (1.25 g, 39.0 mmol, 3.0 equiv.), and ‘Pr,NEt (3.4 mL, 19.5 mmol,
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1.5 equiv.) in DMF (100 mL). To the stirred mixture was added "Ci2H2sSH (3.12 mL, 13.0 mmol, 1.0 equiv.)
and the mixture was stirred at 80 °C for 24 hours. After the volatiles were removed under reduced pressure,
the crude mixture was directly purified by column chromatography (eluent; hexane/EtOAc = 2/8) to afford

the desired thioamide 43 (2.87 g, 79% yield) as pale blue solid.

N-(2,6-Dioxopiperidin-3-yl)-2-(4-hydroxyphenyl)ethanethioamide (43)
NH
N

'TH-NMR (500 MHz, CD;0D): ¢ 7.17 (2H, d, /= 8.0 Hz), 6.71 (2H, d, J = 8.6 Hz), 5.45 (1H, dd, J = 12.6,
5.2 Hz), 3.92 (2H, s), 2.81-2.61 (2H, m), 2.38-2.30 (1H, m), 1.99-1.86 (1H, m); *C-NMR (126 MHz,
CD30D): 6 205.9, 174.6, 172.6, 157.6, 131.1, 128.9, 116.3, 56.4, 52.2, 31.8, 24.2; HRMS (ESI) m/z: calcd.
for Ci3Hi3N>03S ([M—H]"): 277.0652, found: 277.0662; IR (ATR): 3219, 3039, 1730, 1678, 1512 cm™;
Melting Point: 170.4 °C (decomposed).

1-(1-(2-Methylbutanethioyl)piperidin-4-yl)-3-(4-(trifluoromethyl)phenyl)urea (44)

S
F
M
o ANy
H H

Following GP3 (50 °C), thioamide 44 (15.5 mg, 40% yield) was obtained as yellow oil and observed as a
1:1 mixture of rotamers in NMR spectra.

'TH-NMR (500 MHz, CDCL): 6 7.57-7.49 (4H, m), 7.43-7.28 (1H, m), 5.52 (0.5H, d, J = 13.2 Hz), 5.48
(0.5H, d, J=13.2 Hz), 5.38 (0.5H, d, /= 8.0 Hz), 5.29 (1H, d, /= 7.4 Hz), 4.36 (1H, d, /= 13.7 Hz), 4.19-
4.09 (1H, m), 3.49-3.33 (2H, m), 3.02-2.94 (1H, m), 2.32-2.20 (1H, m), 2.12-2.04 (1H, m), 1.90-1.76 (1H,
m), 1.63-1.55 (1H, m), 1.52-1.28 (1H, m), 1.28-1.21 (2.5H, m), 1.20 (1.5H, d, J = 6.9 Hz), 0.94-0.85 (3H,
m); BC-NMR (126 MHz, CDCl3): § 209.4, 209.2, 154.2, 142.3, 142.2, 126.3, 126.3, 126.3, 126.2, 124.6,
124.5, 124.3, 124.3, 124.23 (q, J=272.3 Hz), 124.22 (q, J=272.3 Hz), 118.2, 118.2,49.8, 49.7, 48.2, 47.9,
46.5,46.4,43.8,43.7,34.4,34.2,32.1,32.0, 30.8, 30.3,21.2,20.9, 12.3, 11.9; YF NMR (376 MHz, CDCl3):
0 —61.9; HRMS (FAB) m/z: calcd. for CisHosF3N3OS ([M+H]"): 388.1670, found: 388.1675; IR (ATR):
2922, 1605, 1551 cm ™.

N-(3-((1,2,3,4-Tetrahydronaphthalen-1-yl)amino)-3-thioxopropyl)-4-(trifluoromethoxy)benzamide
45)
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H H
F3CO

Following GP2 (DMF, 50 °C), thioamide 43 (34.6 mg, 82% yield) was obtained as a yellowish solid. -
Ketoacid for this reaction was prepared according to GP1 and the crude mixture after the filtration through
short silica plug was used.

'"H-NMR (500 MHz, CDCl;): 6 8.13 (1H, brs), 7.80-7.70 (2H, m), 7.40-7.09 (6H, m), 7.06-6.97 (1H, m),
5.88-5.82 (1H, m), 3.93-3.81 (2H, m), 3.04-2.90 (2H, m), 2.84-2.72 (2H, m), 2.16-2.05 (1H, m), 2.00-1.87
(1H, m), 1.88-1.77 (2H, m); 3C-NMR (126 MHz, CDCl3): 6 200.9, 166.1, 151.5,137.7, 134.6, 132.4,129.4,
128.8, 128.4, 127.8, 126.3, 120.6, 120.3 (q, J = 259.0 Hz) 53.5, 45.0, 38.7, 29.1, 28.2, 20.0; HRMS (ESI)
m/z: caled. for C2iH2oF3N,0,S ([M+H]Y): 423.1349, found: 423.1348; IR (ATR): 3235, 3046, 2934, 2860,
1645, 1538, 1500 cm™!; Melting Point: 136.2-137.8 °C.

N-(1-Benzylpiperidin-4-yl)-4-iodobenzothioamide (46)
00
jog
H
I

Following GP2 (DMF, 50 °C), thioamide 46 (19.0 mg, 44% yield) was obtained as yellow oil.

'TH-NMR (500 MHz, CDCl3): 6 7.72 (2H, d, J = 8.6 Hz), 7.42 (2H, d, J= 8.0 Hz), 7.40-7.26 (5H, m), 4.57-
4.50 (1H, m), 3.55 (2H, s), 2.92-2.85 (2H, m), 2.27-2.15 (4H, m), 1.70-1.60 (2H, m); 3C-NMR (126 MHz,
CDCl3): 0 197.0, 141.4, 137.9, 137.6, 129.1, 128.3, 128.1, 127.2, 97.7, 62.9, 51.9, 30.7 (One carbon signal
was not observed due to the overlapping); HRMS (ESI) m/z: calcd. for CioH2IN2S ([M+H]Y): 437.0543,
found: 437.0560; IR (ATR): 3234, 2938, 2807, 2764 ,1581, 1519, 1479 cm™.

5. Synthesis of Bioactive Thioazoline Scaffolds

Sg (3.0 equiv.)
o "C12H25SH (1.0 equiv.

_ ) Me_OH
Me (_OH 'ProNEt (1.0 equiv.)
CO,H + HCI I > N OMe
H,N” ~CO,Me DMF, 80 °C H o
FsC FsC
49

3

47 48
Me Me
DAST S:g_cone DIBALH S:SJOH
CH,Cly, -78°C /©/LN CH,Cly, 78 “C to 1t /©/L N
FsC 50 FsC 51

Methyl (4-(trifluoromethyl)phenylcarbonothioyl)-L-threoninate (49)
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Following GP3 (80 °C), thioamide 47 (22.7 mg, 71% yield) was obtained as brown oil. Spectral data were
consistent with the literature data. 28

'TH-NMR (500 MHz, CDCl3): § 8.30 (1H, d, /= 8.0 Hz), 7.91 (2H, d, /= 8.0 Hz), 7.67 (2H, d, J = 8.0 Hz),
5.44 (1H, d, J= 8.6 Hz), 4.61-4.54 (1H, m), 3.83 (3H, s), 2.42 (1H, brs), 1.35 (3H, d, J = 6.9 Hz); 3C-NMR
(126 MHz, CDCl3): 0 199.4, 170.4, 144.3, 132.8 (q, J = 33.0 Hz), 127.3, 125.5 (q, J=3.6 Hz), 123.6 (q, /=
271.0 Hz), 68.0, 63.3, 52.9, 20.3.

Methyl (4R,5S)-5-methyl-2-(4-(trifluoromethyl)phenyl)-4,5-dihydrothiazole-4-carboxylate (50)

Me

-~

~ COzMe
N

FsC

3

To a stirred solution of thioamide 49 (28.6 mg, 0.089 mmol, 1.0 equiv.) in anhydrous CHCl, (1 mL) was
added (diethylamino)sulfur trifluoride (DAST, 47.2 uL, 0.36 mmol, 4.0 equiv.) at =78 °C. After stirring at
—78 °C for 2 hours, the mixture was allowed to warm to room temperature. After stirring for 1 hours, the
reaction mixture was diluted with CH>Cl, (10 mL) and quenched with saturated aqueous NaHCO3 solution
(5 mL). The organic layer was separated, washed with saturated aqueous NaHCOj3 solution (5 mL) and brine
(5 mL), dried over anhydrous Na,SOs, filtered, and concentrated under reduced pressure. The crude mixture
was directly purified by preparative TLC (eluent; hexane/EtOAc = 7/3) to afford the desired thioazoline 50

(15.4 mg, 57% yield) as yellowish oil. Spectral data were consistent with the literature data.?®

TH-NMR (500 MHz, CDCl3): 6 8.00 (2H, d, J = 8.0 Hz), 7.68 (2H, d, J= 8.0 Hz), 5.17 (1H, d, J = 7.7 Hz),
429 (1H, dq, J=7.3, 7.3 Hz), 3.86 (3H, s), 1.30 (3H, d, J = 7.2 Hz); ¥*C-NMR (126 MHz, CDCl3): 5 169.7,
168.9, 136.0, 133.2 (q, J = 32.4 Hz), 128.9, 125.4 (q, J = 3.6 Hz), 123.7 (q, J = 270.9 Hz), 81.8, 52.4, 47.6,
18.3.

((4R,55)-5-Methyl-2-(4-(trifluoromethyl)phenyl)-4,5-dihydrothiazol-4-yl)methanol (51)

Me

To a stirred solution of thiazoline 50 (14.0 mg, 0.045 mmol, 1.0 equiv.) in anhydrous CH>Cl, (1 mL) was
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added DIBAL-H (115 pL, 0.12 mmol, 2.7 equiv.) at =78 °C. After stirring at =78 °C for 3 hours, DIBAL-H
(45 uL, 0.045 mmol, 1 equiv.) was added and stirred. After the completion of the reaction was observed on
TLC, the reaction mixture was quenched by saturated aqueous Rochelle salt solution (3 mL) and stirred at
room temperature for 1 hours. The mixture was diluted with EtOAc (5 mL) and extracted with EtOAc (5 mL
x 2). The combined organic layers were washed with brine (5 mL), dried over anhydrous Na,SOs, filtered,
and concentrated under reduced pressure. The crude mixture was directly purified by preparative TLC

(eluent; hexane/EtOAc = 8/2) to afford the desired alcohol 51 (6.8 mg, 54% yield) as colorless oil.

H-NMR (600 MHz, CDCly): 9 7.96 (2H, d, J = 8.3 Hz), 7.67 (2H, d, J = 8.3 Hz), 4.50 (1H, q, J = 7.1 Hz),
4.18-4.07 (2H, m), 4.05-3.98 (1H, m), 1.31 (3H, d, J = 6.9 Hz); 3C-NMR (151 MHz, CDCl3): 6 167.4,
132.9 (q, J = 32.4 Hz), 128.6, 126.4, 125.5 (q, J = 3.9 Hz), 123.8 (g, J = 270.9 Hz), 80.5, 61.8, 47.6, 17.0;
YF-NMR (376 MHz, CDCl;) &: —62.8; HRMS (FAB) m/z: calcd. for C1.H;3F;NOS ([M+H]): 276.0670,
found: 276.0673; IR (ATR): 3254, 2922, 1732, 1680, 1532, 1513 cm™!; Optical Rotation: [a.]*'p —10.9 (¢
0.53, CHCl;).

6. Synthesis of Thiomyristoyl Lysine (TM)
Benzyl (5)-(1-0x0-1-(phenylamino)-6-tetradecanethioamidohexan-2-yl)carbamate (TM, 54)

S

HNJJ\/\/\/\/\/\/\MG

Following GP3, thioamide 54 (46.5 mg, 80% yield) was obtained as yellowisg oil. Spectral data were
consistent with the literature data. 142

'TH-NMR (500 MHz, CDCl3): 6 8.41 (1H, brs), 7.69 (1H, brs), 7.55-7.44 (2H, m), 7.38-7.24 (7H, m), 7.10
(1H, t,J=7.2 Hz), 5.68 (1H, brs), 5.15-5.06 (2H, m), 4.36 (1H, brs), 3.72-3.60 (2H, m), 2.60 2H, t, J="7.7
Hz), 1.99-1.91 (1H, m), 1.79-1.66 (5H, m), 1.52-1.40 (2H, m), 1.32-1.19 (20H, m), 0.88 (3H, t, /= 6.9 Hz);
I3C-NMR (151 MHz, CDCl3): § 205.9, 170.0, 156.7, 137.4, 135.9, 129.0, 128.6, 128.4, 128.0, 124.7, 120.1,
67.4, 55.1, 47.2,45.2, 31.9, 29.7, 29.7, 29.6, 29.5, 29.4, 29.3, 29.0, 27.0, 22.7, 22.6, 14.1 (Three carbon
signals were not observed due to the overlapping); HRMS (FAB) m/z: calcd. for C3sHs:N303S ([M+H]"):
582.3729, found : 582.3726; IR (ATR): 3297, 2924, 1674, 1538, 1516 cm™'; Optical Rotation: [a]'p —11.8

(¢ 0.70, CHCL).
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Benzyl (5)-(1-ox0-1-(phenylamino)-6-(3-phenylpropanethioamido)hexan-2-yl)carbamate (55)

Following GP3, thioamide 55 (38.1 mg, 76% yield) was obtained as yellowish solid.

'TH-NMR (500 MHz, CDCl3): § 8.33 (1H, s), 7.56-7.04 (16H, m), 5.57 (1H, d, J = 7.4 Hz), 5.13-5.06 (2H,
m), 4.35-4.24 (1H, m), 3.61-3.51 (2H, m), 3.08 (2H, t, /= 7.4 Hz), 2.89 (2H, t, /= 7.7 Hz), 1.92-1.82 (1H,
m), 1.74-1.61 (1H, m), 1.60-1.47 (2H, m), 1.34-1.25 (2H, m); *C-NMR (126 MHz, CDCl3): § 204.1, 170.0,
156.7, 140.3, 137.3, 135.8, 129.0, 128.6, 128.5, 128.5, 128.3, 128.0, 126.3, 124.7, 120.0, 67.4, 55.1, 48.8,
45.1, 354, 31.4, 26.8, 22.4; HRMS (FAB) m/z: calcd. for C2oH34N303S ([M+H]"): 504.2321, found :
504.2328; IR (ATR): 3274, 1675, 1540, 1445 cm™'; Optical Rotation: [a]'’p —16.3 (¢ 0.76, CHCl;);
Melting Point: 128.6-130.3 °C.

Benzyl (5)-(1-oxo0-1-(phenylamino)-6-(4-(trifluoromethyl)phenylthioamido)hexan-2-yl)carbamate (56)

Following GP3 (80 °C), thioamide 56 (34.5 mg, 64% yield) was obtained as yellow oil.

'TH-NMR (500 MHz, CDCl3): 6 8.51 (1H, brs), 8.27 (1H, brs), 7.75 (2H, d, J= 8.0 Hz), 7.50 (2H, d, J= 8.0
Hz), 7.42 (2H, d, J=7.4 Hz), 7.35-7.21 (7H, m), 7.09 (1H, t, J=7.2 Hz), 5.76 (1H, d, /= 6.9 Hz), 5.00 (2H,
s), 438 (1H, d, J = 6.3 Hz), 3.80 (2H, brs), 1.98-1.87 (1H, m), 1.84-1.72 (3H, m), 1.57-1.44 (2H, m); 3C-
NMR (126 MHz, CDCl3): 6 197.6, 170.1, 156.7, 144.7, 137.2 135.7, 132.3 (q, J = 32.8 Hz), 129.0, 128.6,
128.3,127.9,127.2,124.8,125.3 (q, J= 3.6 Hz), 123.6 (q, J = 272.3 Hz), 120.1, 67.3, 55.1, 46.1, 31.6, 26.8,
22.6; YF-NMR (376 MHz, CDCl3): § —62.8; HRMS (FAB) m/z: calcd. for CogHoF3N303S ([M+H]):
544.1882, found : 544.1886; IR (ATR): 3285, 2923, 1670, 1534 cm™!; Optical Rotation: [o]**p —20.2 (¢
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0.59, CHCl).

Benzyl(S)-(1-0xo-1-(phenylamino)-6-(3-(4-(trifluoromethoxy)benzamido)propanethioamido)hexan-2-

S O
HNJ]\/\N)K@
H
OCF,

yl) carbamate (57)

Following GP3 (50 °C), thioamide 57 (33.6 mg, 53% yield) was obtained as white solid.

'TH-NMR (500 MHz, CDCl3): 6 8.75 (2H, brs), 7.78 (2H, d, J= 8.6 Hz), 7.59 (1H, t, J= 5.7 Hz), 7.47 (2H,
d,J=7.4Hz),7.34-7.22 (7H, m), 7.18 (2H, d, /= 8.0 Hz), 7.08 (1H, t, J= 7.4 Hz), 6.00 (1H, d, /= 7.4 Hz),
5.12-5.02 (2H, m), 4.40-4.30 (1H, m), 3.80-3.72 (2H, m), 3.70-3.62 (1H, m), 3.61-3.50 (1H, m), 2.96-2.85
(2H, m), 1.91-1.82 (1H, m), 1.75-1.66 (1H, m), 1.66-1.53 (2H, m), 1.50-1.36 (2H, m); 3C-NMR (126 MHz,
CDCls): 0 201.8, 170.3, 166.5, 156.8, 151.5, 137.4, 135.8, 132.3, 129.0, 128.9, 128.6, 128.3, 127.9, 124.7,
120.6, 120.3 (q, J = 259.0 Hz), 120.1, 67.3, 55.2, 45.5, 44.6, 38.7, 31.9, 26.9, 22.7; Y’F-NMR (376 MHz,
CDCl3): 6 —57.6; HRMS (FAB) m/z: calcd. for C31H34F3N4OsS ([M+H]"): 631.2202, found : 631.2195; IR
(ATR): 3276, 2922, 1646, 1544, 1500 cm™!; Optical Rotation: [a.]**p —11.6(c 0.34, CHCI3).

7. Site-specific Thioamide Bond Formation of a Primary Amide-Containing Molecules

(5)-4-(Methylthio)-2-(3-phenylpropanethioamido)butanamide (60)

SMe
S
Ph/\)J\N NHz
Hoo

Following GP3, thioamide 60 (19.0 mg, 64% yield) was obtained as brown oil.

'TH-NMR (500 MHz, CDCl3): ¢ 8.18-8.12 (1H, m), 7.34-7.17 (5H, m), 6.28 (1H, brs), 5.78 (1H, brs), 5.21
(1H, dt, J= 7.0, 7.0 Hz), 3.18-3.05 (2H, m), 3.05-2.89 (2H, m), 2.50-2.43 (1H, m), 2.43-2.35 (1H, m), 2.10
(3H, s), 2.08-2.01 (2H, m); BC-NMR (126 MHz, CDCl;): J 204.5, 172.0, 139.9, 128.6, 128.5, 126.5, 57.0,
48.5, 35.3, 29.7, 29.7, 15.2; HRMS (FAB) m/z: calcd. for Ci4H21N2OS, ([M+H]"): 297.1095, found:
297.1096; IR (ATR): 3228, 1684, 1521 cm™'; Optical Rotation: [a]**p —38.9 (¢ 1.0, CHCl5).
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Unselective thioamide formation from compound 59 with Lawesson’s reagent

SMe | awesson's reagent SMe SMe SMe
o (0.5 equiv.) s o 5
> + +
Ph/\)]\N NHz THF, rt, 3h Ph/\)]\N NH, Ph/\)]\N NH, Ph/\)l\N NH,
O H le} H S H S

H

59 | 60 6% yield S8 59% yield | S9 10% yield

obtained as a mixture inseparable
by column chromatography

A sealed tube was charged with a stir bar, amide 59 (28.1 mg, 0.10 mmol, 1.0 equiv.), Lawesson’s reagent
(20.2 mg, 0.50 mmol, 1.0 equiv.), and THF (1 mL) and the reaction mixture was stirred at room temperature
for 3 hours. After the volatiles were removed under the reduced pressure, the crude mixture was directly
purified by preparative TLC to afford an inseperable mixture of monothioamides 60 and S8 (19.3 mg, 65%
yield) and bisthioamide S9 (3.0 mg, 10% yield), respectively. Yields of monothioamides 60 and S9 were

determined as 6% and 59% based on the ratio in 'H NMR spectra, respectively.

(S)-N-(1-Amino-4-(methylthio)-1-thioxobutan-2-yl)-3-phenylpropanamide (S8)

SMe
(0}

Ph/\)J\” NH2
S
Following GP3, thioamide S8 was obtained as pale brown oil.
TH-NMR (500 MHz, CDCl3): 6 8.35 (1H, brs), 7.57 (1H, brs), 7.33-7.16 (5H, m), 6.56 (1H, d, J= 5.2 Hz),
4.98 (1H, q, J = 7.3 Hz), 2.94 (2H, t, J = 7.4 Hz), 2.58-2.52 (2H, m), 2.52-2.37 (2H, m), 2.08 (3H, s), 2.06-
1.94 (2H, m); ¥3C-NMR (126 MHz, CDCL): 6 207.6, 172.1, 140.2, 128.6, 128.3, 126.4, 56.3, 38.1, 31.4,
29.8, 15.2, 14.2; HRMS (FAB) m/z: calcd. for C14H21N20S, ([M+H]Y): 297.1095, found: 297.1091; IR

(ATR): 3287, 3170, 1647, 1516, 1496 cm™!; Optical Rotation: [a]""p —37.4 (¢ 1.47, CHCI3).

(5)-4-(Methylthio)-2-(3-phenylpropanethioamido)butanethioamide (S9)

SMe

S
Ph/\)I\H NF2
S
Following GP3, thioamide S9 was obtained as colorless oil.
'TH-NMR (600 MHz, CDCl3): J 8.09 (1H, brs), 7.63 (1H, brs), 7.44 (1H, brs), 7.33-7.20 (5H, m), 5.55-5.49
(1H, m), 3.12 (2H, t, J = 8.0 Hz), 3.04-2.93 (2H, m), 2.63-2.57 (1H, m), 2.41-2.34 (1H, m), 2.25-2.19 (1H,
m), 2.16 (3H, s), 1.98-1.91 (1H, m); 3C-NMR (126 MHz, CDCl3): ¢ 205.5, 203.3, 139.8, 128.6, 128.5,
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126.6, 61.0, 48.8, 35.2, 32.0, 29.6, 14.9; HRMS (FAB) m/z: calcd. for C14HaN,Ss ([M+H]?): 313.0867,
found : 313.0874; IR (ATR): 3253, 2919, 1530, 1511 cm''; Optical Rotation: [o.]**p —41.8 (¢ 0.26, CHCL).

8. Mechanistic Studies

(a) About Intermediate

Sg (3.0 equiv.) M
o) /@/Me "C4,H,5SH (1.0 equiv.) s /©/ e
+ >
Ph)J\COZH HoN THF, 50 °C, rt Ph)J\H

61 62 64 34% yield

Me Sg (3.0 equiv.) Me
C45H25SH (1.0 equiv.) 8 /@/
N ’
Ph)J\N

| THF, 50 °C, rt H
Ph CO,H
63 64 26% yield
isolable

a-Ketoacid 61 and amine 62 reacted in the presence of elemental sulfur and "C12H2sSH to provide thioamide
64 in 34% yield. Similarly, the treatment of a-iminoacid 63, which could be easily prepared from a-ketoacid
61 and amine 62,% with elemental sulfur and "C1,HsSH also afforded 64 in 26% yield. These results support

that the decarboxylative thioacylation proceeded via the o-iminoacid intermediate.

Procedure 1

A sealed tube was charged with a stir bar, a-ketoacid 61 (18.0 mg, 0.12 mmol, 1.2 equiv.), amine 62 (10.7
mg, 0.10 mmol, 1.0 equiv.), and elemental sulfur (9.6 mg, 0.30 mmol, 3.0 equiv.) in THF (1 mL). To the
stirred mixture was added "Ci2H2sSH (24.0 pL, 0.10 mmol, 1.0 equiv.) and the mixture was stirred at 50 °C
for 2 hours. After the volatiles were removed under reduced pressure, the crude mixture was directly purified

by preparative TLC (eluent; hexane/EtOAc = 7/3) to afford the desired thioamide S13 (7.8 mg, 34% yield).

Procedure 2

A sealed tube was charged with a stir bar, a-iminoacid 63 (28.7 mg, 0.12 mmol, 1.2 equiv.) and elemental
sulfur (9.6 mg, 0.30 mmol, 3.0 equiv.) in THF (1.0 mL). To the stirred mixture was added "Ci2H2sSH (24.0
pL, 0.10 mmol, 1.0 equiv.) and the reaction mixture was stirred at 50 °C for 2 hours. After the volatiles were
removed under reduced pressure, the crude mixture was directly purified by preparative TLC (eluent;

hexane/EtOAc = 7/3) to afford the desired thioamide 64(6.0 mg, 26% yield).

76



N-(p-Tolyl)benzothioamide (64)
L
Ph)I\N
H
S13 was obtained as yellow solid. Spectral data were consistent with the literature data. '7
TH-NMR (500 MHz, CDCl5): J 8.89 (1H, brs), 7.79 (2H, d, J= 7.4 Hz), 7.55 (2H, d, J = 8.0 Hz), 7.48-7.34
(3H, m), 7.24-7.15 (2H, m), 2.31 (3H, s); BC-NMR (126 MHz, CDCl;): 6 198.4, 143.1, 137.1, 136.5, 131.2,

129.6, 128.6, 126.7, 123.8, 21.2.

(b) Active species

Ph———=—Ph
base o 65 Ph S Ph
—_— . >
S3 radical anion 66

It has been reported that elemental sulfur is activated in the presence of strong bases such as NaO'Bu to

produce S; radical anions which react with 1,3-diyne 65 to afford thiophene 66.'%°

o Sg (3.0 eq) s s
dodecyl-SH (1.0 eq) Ph Ph
Ph
A~ RN phe=—=—Pn 2 Ao, O
Ph COH THF, rt H
1(1.2eq) 2 (1.0 eq) 65 (1.0 eq) 3 84% 66 95 %

A sealed tube was charged with a stir bar, a-ketoacid (0.12 mmol, 1.2 equiv.), amine (0.10 mmol, 1.0 equiv.),
65 (20.2 mg, 0.10 mmol, 1.0 equiv.) and elemental sulfur (9.6 mg, 0.30 mmol, 3.0 equiv.) in THF (1 mL). To
the stirred mixture was added "Ci2H2sSH (24.0 pL, 0.10 mmol, 1.0 equiv.) and the mixture was stirred at
room temperature for 2 hours. After the volatiles were removed under reduced pressure, NMR yields were

determined by using dimethyl terephthalate as an internal standard.
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9. Preparation Method for a-Ketoacids Starting Materials for Thioester Synthesis:
All non-commercially available a-ketoacids and olefins were prepared according to the procedure shown as

below or in previous reports.

Benzyl ((S)-2-((zert-butoxycarbonyl)amino)pent-4-enoyl)-L-alanyl-L-leucinate (S13) :

=z
OH + Cy,NH
BocHN
Me Me oc Me
(0]
0 Me 4M HCI 0 Me EDCI, Oxyma =z H 0 Me
—_— -
BOCHN\:)I\H co,Bn 1.4-dioxane HC'°H2N\:)I\H CO,Bn CHZCl BocHN \)j\u CO,Bn
Me Me O Me
S10 S11 S12

A 50 mL round-bottom flask was charged with a stir bar and dipeptide S10%7 (565 mg, 1.44 mmol) and to the
mixture was added HCl solution (4 M in 1,4-dioxane, 10 mL). After stirring at room temperature for 12 hours,
the mixture was concentrated under reduced pressure to remove 1,4-dioxane to afford amine hydrochloride
S11 as a colorless oil. A 50 mL round-bottom flask was charged with a stir bar, L-allylglycinee
dicyclohexylamine salt (516 mg, 1.30 mmol, 1.6 equiv.), amine hydrochloride S2 (316 mg, 0.797 mmol, 1.0
equiv.), Oxyma (250 mg, 1.76 mmol, 2.2 equiv.), EDCI (337 mg, 1.76 mmol, 2.2 equiv.), and CH,Cl, (15
mL) under Ar atmosphere. After stirring at room temperature for 12 hours, the mixture was washed with
saturated aqueous NaHCOs3 solution (3 x 15 mL), water (2 x 15 mL), and brine (15 mL), dried over Na;SOs,
filtered, and concentrated under reduced pressure. The crude residue was purified by column chromatography
(8102, 20 mL, 10% — 50% EtOAc/hexane) to afford S12 (326 mg, 0.666 mmol, 84% yield) as a white solid.
'TH-NMR (500 MHz, CDCl3): 6 7.41-7.32 (5H, m), 6.75 (1H, d, J = 7.2 Hz), 6.66 (1H, brs), 5.79-5.68 (1H,
m), 5.23-5.09 (4H, m), 5.01 (1H, brs), 4.70-4.56 (1H, m), 4.55-4.45 (1H, m), 4.14 (1H, brs), 2.57-2.43 (2H,
m), 1.70-1.54 (3H, m), 1.44 (9H, s), 1.36 (3H, d, J = 7.2 Hz), 0.96-0.85 (6H, m); 3C-NMR (151 MHz,
CDCl): 0 172.4,171.5, 171.2, 155.6, 135.3, 132.8, 128.6, 128.4, 128.3, 119.3, 80.5, 67.1, 53.8, 50.9, 48.8,
41.2, 36.5, 28.3, 24.8, 22.8, 21.8, 18.0; HRMS (FAB) m/z: calcd. for CsHaoN3Os ([M+H]): 490.2917,
found: 490.2921; IR (ATR): 3278, 2967, 2934, 1736, 1697, 1671, 1639, 1550, 1520 cm™!; Optical Rotation:
[a]*p —52.8 (¢ 1.08, CHCIs); Melting Point: 121.8-122.1 °C.

10. Thioester Synthesis:

General Procedure 4 (GP4):

A sealed tube was charged with a stir bar, a-ketoacid (0.150 mmol, 1.5 equiv.), PC2 (1.1 mg, 0.00098 mmol,
1 mol%) and elemental sulfur (9.6 mg, 0.30 mmol, 3.0 equiv.), and carried into a glove box. The mixture was
dissolved in MeCN (1 mL) and to the mixture was added olefin (0.100 mmol, 1.0 equiv.) and 2.,4,6-collidine

(19.8 uL, 0.150 mmol, 1.5 equiv.). The tube was carried out of the glove box and placed on a photoreactor.
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After stirring for 12 to 24 hours under blue LEDs irradiation, the volatiles were removed under reduced
pressure and the crude residue was directly purified by column chromatography to afford the desired

thioesters.

3-((3-Phenylpropanoyl)thio)propyl acetate (68):

0]

AcO/\/\S)I\/\Ph

Following GP4, thioester 68 (22.1 mg, 83% yield) was obtained as yellow oil. Spectral data were consistent
with the literature data.*

'TH-NMR (500 MHz, CDCl3): J 7.32-7.25 (2H, m), 7.23-7.16 (3H, m), 4.09 (2H, t, J = 6.2 Hz), 3.02-2.92
(4H, m), 2.86 (2H, t, J= 7.7 Hz), 2.06 (3H, s), 1.94-1.85 (2H, m).

I3C-NMR (126 MHz, CDCl3): 6 198.3, 171.0, 139.9, 128.5, 128.3, 126.4, 62.8, 45.5, 31.4, 28.6, 25.4, 20.9.
HRMS (ESI) m/z: [M+Na]* Calcd for C14H1303SNa 289.0869; Found 289.0875.

IR (ATR): 2928, 1739, 1688, 1241 cm’!

3-(Benzoylthio)propyl acetate (69):

0
AcO/\/\SJ\Ph

Following GP4, thioester 69 (22.1 mg, 60% yield) was obtained as yellow oil. Spectral data were consistent
with the literature data.*

'TH-NMR (500 MHz, CDCls): 6 7.96 2H, d, J = 8.6 Hz), 7.58 (1H, t, /= 7.4 Hz), 7.46 (2H, t, J = 7.4 Hz),
418 (2H, t, J = 6.3 Hz), 3.15 (2H, t, J = 7.2 Hz), 2.09 (3H, s), 2.07-1.99 (2H, m).; 3*C-NMR (126 MHz,
CDCls): 6 191.6, 171.1, 136.9, 133.4, 128.6, 127.2, 62.9, 28.7, 25.5, 20.9; HRMS (ESI) m/z: calcd. for
C12H1403SNa ([M+Na]"): 261.0556, found: 261.0558; IR (ATR): 2926, 1741, 1665, 1244, 1208 cm™".

3-((2-Methylbutanoyl)thio)propyl acetate (70):

(o}

Me

Following GP4, thioester 70 (18.2 mg, 83% yield) was obtained as yellow oil.

TH-NMR (500 MHz, CDCl3): § 4.11 (2H, t, J = 6.2 Hz), 2.93 (2H, t, J = 7.2 Hz), 2.60-2.52 (1H, m), 2.07
(3H, s), 1.94-1.88 (2H, m), 1.78-1.68 (1H, m), 1.52-1.43 (1H, m), 1.16 (3H, d, /= 6.9 Hz), 0.91 3H, t, J=
7.6 Hz); BC-NMR (126 MHz, CDCls): 6§ 203.5, 171.1, 62.9, 50.2, 28.8,27.2, 25.1,20.9, 17.2, 11.6; HRMS
(ESI) m/z: calcd. for CioH1303SNa ([M+ Na]"): 241.0869, found: 241.0867; IR (ATR): 2968, 1742, 1688,
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1238 emL.

3-(Acetylthio)propyl benzoate (71):

0
BZO/\/\SJ\Me

Following GP4, thioester 71 (11.4 mg, 48% yield) was obtained as yellow oil. Spectral data were consistent
with the literature data.*

'"H-NMR (600 MHz, CDCl): § 8.06 (2H, d, J= 7.4 Hz), 7.60-7.53 (1H, m), 7.45 (2H, t, J= 7.7 Hz), 4.38
(2H, t,J= 6.3 Hz), 3.04 (2H, t, J= 7.2 Hz), 2.35 (3H, s), 2.11-2.02 (2H, m); *C-NMR (126 MHz, CDCl3):
0195.6, 166.5, 133.0, 130.1, 129.6, 128.4, 63.3, 30.6, 28.8, 25.8; HRMS (ESI) m/z: calcd. for C12H1403SNa
([M+Na]"): 261.0556, found: 261.0557; IR (ATR): 2926, 1720, 1693, 1276 cm™".

3-(Palmitoylthio)propyl acetate (72):

0]

ACO/\/\S)‘\//\ZZJ
Me

Following GP4, thioester 72 (12.4 mg, 67% yield) was obtained as yellow oil.

TH-NMR (600 MHz, CDCl3): § 4.11 (2H, t, ] = 6.2 Hz), 2.94 (2H, t, J = 6.9 Hz), 2.54 (2H, t, J = 7.6 Hz),
2.06 (3H, s), 1.94-1.88 (2H, m), 1.68-1.60 (2H, m), 1.34-1.22 (24H, m), 0.88 (3H, t, J= 6.9 Hz); 3C-NMR
(151 MHz, CDCl3): 6 199.4, 171.0, 62.8, 44.1, 31.9, 29.7, 29.64, 29.60, 29.56, 29.4, 29.3,29.2, 28.9, 28.7,
25.6,25.3,22.7,20.9, 14.1 (Two carbon signals are missing due to the overlapping); HRMS (ESI) m/z: calcd.
for C21H4003SNa ([M+Na]"): 395.2590, found: 395.2591; IR (ATR): 2925, 2853, 1746, 1695, 1241 cm™'.

3-((3-(4-(Trifluoromethoxy)benzamido)propanoyl)thio)propyl acetate (73):

(0] (0]
ACO/\/\S)I\/\”)‘\Q\
OCF3

Following GP4, thioester 73 (16.0 mg, 81% yield) was obtained as yellow oil.
'"H-NMR (500 MHz, CDCl3): J 7.88-7.82 (2H, m), 7.30-7.24 (2H, m), 6.85 (1H, brs), 4.11 2H, t, J= 6.3
Hz), 3.75 (2H, q, /= 5.9 Hz), 3.00 (2H, t, /= 7.2 Hz), 2.91 (2H, t, J= 6.0 Hz), 2.07 (3H, s), 1.92 2H, tt, J=
6.6, 6.6 Hz); 3C-NMR (126 MHz, CDCl3): 6 198.9, 171.3, 166.1, 151.5, 132.7, 128.9, 120.6, 120.31 (q, J
= 258.2 Hz), 62.2,43.2, 36.0, 28.5, 25.3, 21.0; HRMS (ESI) m/z: calcd. for CisHigNOsF3;SNa ([M+Na]):
416.0750, found: 416.0746; IR (ATR): 3369, 1719, 1685, 1273 cm™".
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S-Hexyl 3-phenylpropanethioate (74):

(@]
Me/\/\/\S)J\/\Ph

Following GP4, thioester 74 (12.9 mg, 52% yield) was obtained as yellow oil.

'TH-NMR (500 MHz, CDCl): ¢ 7.37-7.13 (5H, m), 3.03-2.90 (2H, m), 2.89-2.79 (4H, m), 1.60-1.50 (2H,
m), 1.37-1.21 (6H, m), 0.88 (3H, t, /= 6.9 Hz); 3C-NMR (126 MHz, CDCl;): ¢ 198.8, 140.1, 128.5, 128.3,
126.3,45.5,31.5, 31.3, 29.5, 28.9, 28.4, 22.5, 14.0; HRMS (ESI) m/z: calcd. for C;sH»OSNa ([M+Na]*):
273.1284, found: 273.1283; IR (ATR): 2955, 2927, 1690 cm™'.

S-(4-Phenylbutyl) 3-phenylpropanethioate (75):

O

Ph\/\/\s)l\/\l:)h

Following GP4, thioester 75 (30.2 mg, quant) was obtained as yellow oil.

'TH-NMR (500 MHz, CDCl3): 0 7.34-7.24 (4H, m), 7.24-7.11 (6H, m), 2.97 (2H, t,J= 7.7 Hz), 2.89 (2H, t,
J=1.2 Hz), 2.85 (2H, t, J = 8.0 Hz), 2.61 (2H, t, J = 7.4 Hz), 1.72-1.53 (4H, m); *C-NMR (126 MHz,
CDCls): 0 198.7, 142.0, 140.1, 128.48, 128.45, 128.34, 128.29, 126.3, 125.8, 45.5, 35.3, 31.4, 30.4, 29.1,
28.7; HRMS (ESI) m/z: calcd. for C19H22OSNa ([M+Na]*): 321.1284, found: 321.1276; IR (ATR): 2936,
1685 cm™!.

S-(Cyclohexylmethyl) 3-phenylpropanethioate (76):

SJ\/\Ph
o

Following GP4, thioester 76 (23.9 mg, 91% yield) was obtained as yellow oil.

'TH-NMR (500 MHz, CDCl3): ¢ 7.32-7.24 (2H, m), 7.23-7.14 (3H, m), 2.98 (2H, t,J= 7.7 Hz), 2.86 (2H, t,
J=17.7Hz),2.79 2H, d, J = 6.3 Hz), 1.77-1.61 (5H, m), 1.46-1.37 (1H, m), 1.27-1.08 (3H, m), 0.98-0.84
(2H, m); BC-NMR (126 MHz, CDCl;): 6 198.8, 140.1, 128.5, 128.3, 126.3, 45.5, 37.9, 35.7, 32.4, 31.5,
26.2,26.0; HRMS (FAB) m/z: calcd. for CisH230S ([M+H]"): 263.1470, found: 263.1464; IR (ATR): 2922,
2851, 1688 cm™'.
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S-(4-(Benzylthio)butyl) 3-phenylpropanethioate (77):

o
Ph\/s\/\/\s)j\/\Ph

Following GP4, thioester 77 (29.1 mg, 85% yield) was obtained as yellow oil.

'TH-NMR (500 MHz, CDCl3): 6 7.38-7.12 (10H, m), 3.69 (2H, s), 2.97 (2H, t, J = 7.7 Hz), 2.90-2.82 (4H,
m), 2.40 (2H, t,J = 6.9 Hz), 1.69-1.51 (4H, m); 3C-NMR (126 MHz, CDCl;): 6 198.5, 140.0, 138.4, 128.8,
128.50, 128.46, 128.3, 126.9, 126.3, 45.5, 36.2, 31.4, 30.7, 28.6, 28.4, 28.1; HRMS (ESI) m/z: calcd. for
C20H240S:Na ([M+Na]"): 367.1161, found: 367.1146; IR (ATR): 2925, 2855, 1687, 1496, 1453 cm™.

S$-(5-Oxo0-5-(phenylamino)pentyl) 3-phenylpropanethioate (78):
o)
Ph< ” Jl\/\/\s)]\/\ Ph

Following GP4, thioester 78 (32.1 mg, 94% yield) was obtained as yellow oil.

'TH-NMR (500 MHz, CDCl3): 6 7.53 (2H, d, J = 8.0 Hz), 7.46 (1H, brs), 7.34-7.23 (4H, m), 7.22-7.15 (3H,
m), 7.09 (1H, t, J= 7.4 Hz), 2.97 (2H, t, J = 7.4 Hz), 2.93-2.84 (4H, m), 2.37 2H, t,J=7.2 Hz), 1.77 (2H,
tt,J=7.5,7.5 Hz), 1.64 2H, tt,J=17.5, 7.5 Hz); BC-NMR (126 MHz, CDCl3): 6 199.2, 170.9, 139.9, 137.9,
129.0, 128.5, 128.3, 126.3, 124.2, 119.7, 45.5, 36.8, 31.4, 29.0, 28.1, 24.4; HRMS (ESI) m/z: calcd. for
C20H23NO>SNa ([M+Na]"): 364.1342, found: 364.1326; IR (ATR): 3300, 2925, 1685, 1662, 1600, 1543,
1498, 1442 cm™.

S-(4,4-Dimethyl-5-oxopentyl) 3-phenylpropanethioate (79):

HJ]}(\Asj\/\Ph

Me Me

Following GP4, thioester 79 (13.3 mg, 48% yield) was obtained as yellow oil.

'TH-NMR (500 MHz, CDCls): 6 9.42 (1H, s), 7.31-7.25 (2H, m), 7.23-7.16 (3H, m), 2.98 (2H, t, J= 7.7 Hz),
2.89-2.83 (4H, m), 1.52-1.44 (4H, m), 1.04 (6H, s); 3C-NMR (126 MHz, CDCls): J 205.8, 198.4, 140.0,
128.5, 128.3, 126.3, 45.6, 45.5, 36.0, 31.4, 29.1, 24.6, 21.3; HRMS (FAB) m/z: calcd. for CisH2305S
([M+HT"): 279.1419, found: 279.1413; IR (ATR): 2927, 1728, 1689 cm™'.

5-((3-Phenylpropanoyl)thio)pentanoic acid (80):

o

0

HOJJ\/\/\S)I\/\ph

Following GP4, thioester 80 (24.2 mg, 91% yield) was obtained as yellow oil.

'TH-NMR (500 MHz, CDCl):  11.06 (1H, brs), 7.35-7.12 (5H, m), 2.97 (2H, t, J= 7.7 Hz), 2.92-2.83 (4H,
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m), 2.37 (2H, t,J=7.4 Hz), 1.74-1.58 (4H, m); 3C-NMR (126 MHz, CDCl3): J 198.6, 179.5, 140.0, 128.5,
128.3,126.3,45.5,33.4,31.4,28.9,28.3, 23.6; HRMS (FAB) m/z: calcd. for C14H1903S ([M+H]"): 267.1055,
found: 267.1060; IR (ATR): 2930, 1705, 1695 cm™'.

S-(5-Hydroxypentyl) 3-phenylpropanethioate (81):

(e}
HO/\/\/\S)]\/\Ph

Following GP4, thioester 81 (23.0 mg, 91% yield) was obtained as yellow oil.

TH-NMR (500 MHz, CDCl3): ¢ 7.33-7.24 (2H, m), 7.24-7.15 (3H, m), 3.64 (2H, t, J= 6.6 Hz), 2.98 (2H, t,
J=17.7Hz), 2.94-2.83 (4H, m), 1.65-1.52 (4H, m), 1.48-1.38 (2H, m), 1.33 (1H, brs); *C-NMR (126 MHz,
CDCls): 0 198.7, 140.1, 128.5, 128.3, 126.3, 62.7, 45.5, 32.1, 31.4, 29.3, 28.7, 24.9; HRMS (FAB) m/z:
calcd. for Ci14H210,S ([M+H]Y): 253.1262, found: 253.1267; IR (ATR): 3353, 2929, 2859, 1688, 1046 cm™

1

S-(5-(Tosyloxy)pentyl) 3-phenylpropanethioate (82):

o
TsO/\/\/\S)I\/\Ph

Following GP4, thioester 82 (26.7 mg, 66% yield) was obtained as yellow oil.

'TH-NMR (500 MHz, CDCl3): 6 7.79 (2H, d, J = 8.0 Hz), 7.35 (2H, d, J= 8.0 Hz), 7.31-7.25 (2H, m), 7.23-
7.14 (3H, m), 4.01 (2H, t, /= 6.3 Hz), 2.96 (2H, t, J = 7.7 Hz), 2.88-2.78 (4H, m), 2.45 (3H, s), 1.64 (2H, tt,
J=1.3,7.3 Hz), 1.50 (2H, tt, J = 7.5, 7.5 Hz), 1.39-1.32 (2H, m); 3C-NMR (126 MHz, CDCl3): ¢ 198.5,
144.7, 140.0, 133.0, 129.8, 128.5, 128.3, 127.9, 126.3, 70.2, 45.5, 31.4, 28.9, 28.4, 28.3, 24.5, 21.6; HRMS
(FAB) m/z: calcd. for C21H2704S: ([M+H]Y): 407.1351, found: 407.1345; IR (ATR): 2926, 1686, 1360, 1189,
1177 em™.

8,8"'-(Octane-1,8-diyl) bis(3-phenylpropanethioate) (83):

0]
Ph\/\n/S\/\/\/\/\s)J\/\Ph

0]

Following GP4, thioester 83 (26.4 mg, 60% yield) was obtained as yellow oil.

'TH-NMR (500 MHz, CDCl3): J 7.36-7.24 (4H, m), 7.24-7.16 (6H, m), 2.97 (4H, t, J = 7.7 Hz), 2.92-2.80
(8H, m), 1.61-1.49 (4H, m), 1.38-1.23 (8H, m); '*C-NMR (126 MHz, CDCl;s): 6 198.8, 140.1, 128.5, 128.3,
126.3,45.5,31.5, 29.5, 28.9, 28.9, 28.7; HRMS (ESI) m/z: calcd. for C26H340,S:Na ([M+Na]*): 465.1892,
found: 465.1899; IR (ATR): 2926, 2854, 1685 cm™'.
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S$-(((1R,25,45)-3,3-Dimethylbicyclo[2.2.1]heptan-2-yl)methyl) 3-phenylpropanethioate (84):

Following GP4, thioester 84 (28.5 mg, 94% yield) was obtained as yellow oil.

'TH-NMR (500 MHz, CDCL): 6 7.32-7.24 (2H, m), 7.23-7.15 (3H, m), 3.00-2.90 (3H, m), 2.90-2.80 (3H,
m), 2.15 (1H, s), 1.76 (1H, d, /= 1.1 Hz), 1.63-1.51 (3H, m), 1.34-1.21 (3H, m), 1.16 (1H, d, /= 9.7 Hz),
0.97 (3H, s), 0.87 (3H, s); *C-NMR (126 MHz, CDCls): J 198.8, 140.1, 128.5, 128.3, 126.3, 49.7, 49.2,
45.5, 41.7, 37.6, 36.9, 32.2, 31.5, 27.3, 24.6, 21.2, 20.0, HRMS (ESI) m/z: calcd. for CioH26OSNa
([M+Na]"): 325.1597, found: 325.1582; IR (ATR): 2954, 1685 cm™'.

S5-((35,55,6R,85,95,10R,135,14S5,175)-17-Acetyl-3-hydroxy-10,13-dimethylhexadecahydro-1H-

cyclopentala]phenanthren-6-yl) 3-phenylpropanethioate (85):

Following GP4, thioester 85 (33.3 mg, 69% yield) was obtained as yellow oil.

'TH-NMR (600 MHz, CDCl3): 6 7.31-7.27 (2H, m), 7.23-7.16 (3H, m), 3.85 (1H, d, J= 2.8 Hz), 3.67-3.62
(1H, m), 2.97 (2H, t, J=7.6 Hz), 2.85 (2H, t, /= 7.6 Hz), 2.52 (1H, t, /= 9.0 Hz), 2.16 (1H, q, /= 9.6 Hz),
2.12 (3H, s), 2.04-1.98 (1H, m), 1.81 (1H, d, /= 10.3 Hz), 1.75-1.67 (2H, m), 1.67-1.44 (7H, m), 1.43-1.30
(4H, m), 1.25 (1H, s), 1.17 2H, t, J= 4.8 Hz), 0.99 (1H, td, J = 13.6, 3.4 Hz), 0.87 (3H, s), 0.76-0.68 (1H,
m), 0.62 (3H, s); BC-NMR (126 MHz, CDCl3): J 209.5, 198.4, 140.0, 128.5, 128.3, 126.3, 71.0, 63.7, 55.9,
53.9,46.2,45.7,44.5,44.2, 39.5, 38.8, 38.3, 36.4, 36.1, 32.1, 31.6, 31.5, 31.1, 24.4, 22.7, 21.0, 15.3, 13.4;
HRMS (EST) m/z: calcd. for C30H4203SNa ([M+Na]*): 505.2747, found: 505.2729; IR (ATR): 3381, 2933,
2850, 1685, 1050 cm™'; Optical Rotation: [a]*’p +1.60 (¢ 0.53, CHCl;).

Benzyl ((S)-2-((tert-butoxycarbonyl)amino)-5-(palmitoylthio)pentanoyl)-L-alanyl-L-leucinate (86):



Following GP4, thioester 86 (30.2 mg, 79% yield) was obtained as yellow oil.

'TH-NMR (500 MHz, CDCls): 6 7.40-7.31 (5H, m), 6.80 (1H, d, /= 6.3 Hz), 6.64 (1H, d, J= 7.4 Hz), 5.18
(1H,d,J=12.0 Hz), 5.13 (1H, d, J=12.0 Hz), 5.10 (1H, d, /= 7.4 Hz), 4.60 (1H, td, J = 8.6, 5.2 Hz), 4.50-
4.42 (1H, m), 4.27-4.10 (1H, m), 3.01-2.93 (1H, m), 2.86-2.78 (1H, m), 2.54 (2H, t, J= 7.4 Hz), 1.75-1.50
(7H, m), 1.44 (9H, s), 1.36 (3H, d, J= 6.9 Hz), 1.26-1.24 (26H, m), 0.96-0.86 (9H, m); '3C-NMR (151 MHz,
CDCl;): 6 200.4, 172.5, 171.9, 171.6, 155.7, 135.3, 128.5, 128.4, 128.2, 80.2, 67.0, 53.5, 50.9, 48.8, 44.1,
41.2,31.9,31.4,29.64,29.62,29.57,29.4,29.3,29.2,28.9,28.3,27.9,25.9,25.6,24.7,22.8,22.7,21.8,17.7,
14.1. (Two carbon signals were not observed due to the overlapping); HRMS (FAB) m/z: calcd. for
C4H7:N307S ([M+H]Y): 762.5091, found: 762.5095; IR (ATR): 3303, 2925, 2853, 1742, 1691, 1645, 1526
cm!; Melting Point: 71.2-71.5 °C; Optical Rotation: [a]*°p —23.2 (¢ 1.71, CHCl5).

S-(3-(2R,3R,4R,55,6R)-3,4,5-Trihydroxy-6-(hydroxymethyl)tetrahydro-2 H-pyran-2-yl)propyl)

hexadecanethioate (87):
HO

Following GP4, thioester 87 (12.1 mg, 51% yield) was obtained as white solid.

'TH-NMR (600 MHz, CD30D): ¢ 3.86 (0.84H, dt, J=9.0, 5.9 Hz), 3.82 (0.16H, dd, J = 12.1, 2.4 Hz), 3.76
(0.84H, dd, J=11.7, 2.8 Hz), 3.62 (1H, dd, /= 11.7, 6.2 Hz), 3.56 (0.84H, dd, /= 9.3, 5.9 Hz), 3.49 (0.84H,
t, J=9.3 Hz), 3.39-3.34 (0.84H, m), 3.30-3.27 (0.16H, m), 3.23 (1H, t, J = 9.0 Hz), 3.19-3.16 (0.16H, m),
3.12(0,16H, td, J=9.1,2.5 Hz), 3.02 (0.16H, t, /= 9.0 Hz), 2.98-2.88 (2H, m), 2.57-2.51 (2H, m), 1.80-1.67
(3H, m), 1.67-1.53 (3H, m), 1.40-1.16 (24H, m), 0.89 (3H, t, J= 6.9 Hz); 3C-NMR (151 MHz, CD30D): §
171.7, 76.0, 75.0, 74.5, 72.2, 71.0, 70.9, 70.2, 69.1, 68.5, 68.2, 61.2, 46.6, 37.1, 36.3, 35.28, 35.26, 35.2,
35.11, 35.05, 35.0, 34.7, 34.4, 34.3, 32.3, 32.2, 32.1, 30.3, 29.7, 22.2; HRMS (ESI) m/z: calcd. for
CasHas06SNa ([M+Na]*): 499.3064, found: 499.3046; IR (ATR): 3369, 2920, 2851, 1686 cm™'; Melting
Point: 92.4-95.4 °C.

11. Mechanistic Analysis

a) Use of Thioacid Instead of a-Ketoacid

PC2 (1 mol%)

— 0] 2,4,6-collidine (1.5 equiv.) 0
ANt S+ -
HS)]\Ph MeCN ACO/\/\SJ\Ph
. . . Blue LEDs, 12 h
67 (1.0 equiv.) (3.0 equiv.) 88 (1.5 equiv.) 69 69%
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According to GP4, olefin 67 (10.8 puL, 0.100 mmol, 1.0 equiv.) reacted with thioacid 88 (17.6 uL, 0.150
mmol, 1.5 equiv.), elemental sulfur (9.6 mg, 0.30 mmol, 3.0 equiv.), 2,4,6-collidine (19.8 pL, 0.150 mmol,
1.5 equiv.) and PC2 (1.1 mg, 0.00098 mmol, 1 mol%) in MeCN (1 mL) under blue LEDs irradiation for 12
hours.

Yield: 16.5 mg, 0.0692 mmol, 69% yield

b) Radical Clock Experiment

PC2 (1 mol%) O
o] 2,4,6-collidine (1.5 equiv.)
NN+ S+ )l\/\ > SJ\/\Ph
HO,C Ph MeCN
Blue LEDs, 6 h Me
89 (1.0 equiv.) (3.0 equiv.) 1 (1.0 equiv.) 90 62% (dr = 3.4:1)

According to GP4, diene 89 (13.5 uL, 0.100 mmol, 1.0 equiv.) reacted with a-ketoacid 2 (17.8 mg, 0.100
mmol, 1.0 equiv.), elemental sulfur (9.6 mg, 0.30 mmol, 3.0 equiv.), 2,4,6-collidine (19.8 uL, 0.150 mmol,
1.5 equiv.), PC2 (1.1 mg, 0.00098 mmol, 1 mol%) in MeCN (1 mL) under blue LEDs irradiation for 6 hours.
The crude residue was purified by column chromatography (SiO2, 10 mL, 10% EtOAc/hexane) to afford 90
(dr=3.4:1) as a yellow oil.

Yield: 16.2 mg, 0.0617 mmol, 62 % yield.

S-((2-Methylcyclopentyl)methyl) 3-phenylpropanethioate (90):

'TH-NMR (500 MHz, CDCl3): 6 7.36-7.24 (2H, m), 7.24-7.15 (3H, m), (0.23H, dd, J = 13.2, 4.6 Hz), 2.98
(2H, t, J = 7.7 Hz), 2.95-2.75 (4H, m), 2.12-2.02 (1H, m), 2.02-1.91 (1H, m), 1.91-1.09 (6.57H, m), 1.00
(0.69H, d, /= 6.3 Hz), 0.85 (2.31H, d, J= 7.4 Hz).

I3BC-NMR (126 MHz, CDCl3): J 199.0, 198.9, 140.1, 128.5, 128.3, 126.3, 46.9, 45.54, 45.51, 42.8, 40.0,
36.2,34.7,33.3,33.2,31.9,31.5,30.3, 29.8, 23.4,22.5, 19.3, 14.9.

HRMS (ESI) m/z: [M+Na]* Calcd for C1sH2OSNa 285.1284; Found: 285.1270.

IR (ATR): 2953, 2869, 1687 cm’!

¢) Deuterium Labeling Experiment

PC2 (1 mol%) 0 D(H)
o] 2,4,6-collidine (1.5 equiv.)
IV R J~ > AcO/\(\S)l\)\Ph
DO,C Ph MeCN
_ Blue LEDs, 6 h 52%D D(H)
67 (1.0 equiv.) (3.0 equiv.) di-1 (1.0 equiv.) 68 79%

o-Ketoacid di-1 was prepared from o-ketoacid 2 by the treatment with D,O%. According to GP4, olefin 67

(10.8 uL, 0.100 mmol, 1.0 equiv.) reacted with a-ketoacid di-1 (26.9 mg, 0.150 mmol, 1.5 equiv.), elemental

sulfur (9.6 mg, 0.30 mmol, 3.0 equiv.), 2,4,6-collidine (19.8 puL, 0.150 mmol, 1.5 equiv.) and PC2 (1.1 mg,
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0.00098 mmol, 1 mol%) in MeCN (1 mL) under blue LEDs irradiation for 6 hours. The ratio of deuteration
was determined by 'H NMR spectra.
Yield: 21.1 mg, 0.0792 mmol, 79% yield.

d) Addition of 1,3-Diyne

Ph——————Ph
65 (1.0 equiv.) Ph—S\_Ph
PC2 (1 mol%) U
0o 2,4,6-collidine (1.5 equiv.) (e}
Z + S, 4 - - 66 91%
Aco N 8 >
HOzC)k/\Ph MeCN Aco/\/\sJ\/\Ph +
67 (1.0 equiv) (3.0equiv) 1 (1.5 equiv.) Blue LEDs, 6 68 0% recovery of 1

98%

According to GP4, olefin 67 (5.4 pL 0.050 mmol, 1.0 equiv.) reacted with a-ketoacid 1 (13.4 mg, 0.0750
mmol, 1.5 equiv.), elemental sulfur (4.8 mg, 0.15 mmol, 3.0 equiv.), 2,4,6-collidine (9.9 puL, 0.075 mmol, 1.5
equiv.), PC2 (0.6 mg, 0.0005 mmol, 1 mol%), and 1,4-diphenyl-1,3-diyne 65 (10.1 mg, 0.0500 mmol, 1.0
equiv.) in MeCN (0.5 mL) under blue LEDs irradiation for 6 hours. A traceable amount of thioester 68 was
not observed on TLC and 'H NMR spectra of the crude mixture and the yield of 1,4-diphenylthiophene 66'%
and recovered a-ketoacid 1 was determined by 'H NMR spectra of the crude mixture using dimethyl
terephthalate (5.68 mg, 0.0292 mmol) as an internal standard.

NMR Yield: 68 0% yield; 1 0.0736 mmol, 98% rsm; 66 0.0453 mmol, 91% yield.
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12. Cyclic Voltammetry and Determination of Redox Potentials

Cyclic voltammetry (CV) was performed using a BioLogic VSP potentiostat with a glassy carbon working
electrode, a Ag/Ag™ reference electrode (0.1 M AgNO; + 0.1 M TBAP in MeCN), and a Pt wire counter
electrode (EC Frontier CO., Ltd.). All measurements were taken at room temperature in a 10 mM MeCN
solution of the substrate containing 100 mM of tetrabutylammonium hexfluorophosphate as supporting
electolyte. The scan rate was 80 mV/s. For conversion to the SCE couple, it is known that F¢/Fc™ is 380 mV
more positive than SCE in MeCN®® and we found that the Fc/Fc* is 65 mV more positive than Ag/Ag* in
MeCN shown as below; 315 mV may be added to obtained potentials in Ag/Ag" in order to determine

potentials against SCE.

Ferrocene:
0—4
30
20 -
10
| Epe = —0.005 V vs
0.0 ] Ag/AgNOs
: Epaz +0.14 V vs
: Ao/AoNOa
f -1.0 -
% J
2 i
:s -
© -2.0 T T T T T T T T T T T T
-0.2 0.0 0.2 04 0.
Potential / V vs Ag/Ag"
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Ketoacid 1:
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Thioacid 88:

60
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0.5
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-0.5
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Elemental Sulfur (Ss):

Current / A
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13. Light On-Off Experiment

PC2 (1 mol%)

o 2,4,6-collidine (1.5 equiv.) (@)
Pha~& + Sy  + . >
> Ph
HOzC)]\/\Ph MeCN \/\/\S)]\/\Ph
. . . Blue LEDs
93 (1.0 equiv.) (3.0 equiv.) 1 (1.5 equiv.) 75

According to GP4, olefin 93 (15.0 uL, 0.100 mmol, 1.0 equiv.) reacted with a-ketoacid 1 (26.7 mg, 0.150
mmol, 1.5 equiv.), elemental sulfur (9.6 mg, 0.30 mmol, 3.0 equiv.), 2,4,6-collidine (19.8 uL, 0.150 mmol,
1.5 equiv.), and PC2 (1.1 mg, 0.00098 mmol, 1 mol%) in MeCN (1 mL) under blue LEDs irradiation. After
stirring for 30 min, the light was switched off and the mixture was stirred for 15 min in the dark. Then the
light was switched on then the mixture was stirred for 15 min and the light on-off was repeated every 15 min.
The reaction was monitored by Mettler Toledo React IR 702L. The consumption of substrate and the
formation of product during the reaction were followed by monitoring the changes in the peaks relating to

the carbonyl groups of a-ketoacid 2 (1713 cm™) and thioester 75 (1691 cm™).

14. Photocatalytic Deprotection

General Procedure 5 (GP5):

An oven dried vial (19 x 100 mm) equipped with a stir bar was charged with trityl-protected thiol, [Mes-
Acr™-Me][Cl047] (4 mol%), and anhydrous CH>Cl, (6.0 mL). The vial was sealed with a septum and Parafilm.
The mixture was sonicated for 5—10 min and degassed by three cycles of freeze-pump-thaw. The mixture was
irradiated by 440 nm LEDs (2 lamps at full power) with rapid stirring (800 rpm). After 6 h, the volatiles were

removed under reduced pressure and the crude mixture was purified by column chromatography.

Dimethyl 3,3’-Disulfanediyldipropanoate (92):

Me0,0~~ Sg~-COMe

Following GPS5, disulfide 92 (30.1 mg, 84% yield) was obtained as yellow oil. Spectral data were consistent
with the literature data. 7°

'TH-NMR (400 MHz, CDCls): 6 3.70 (s, 6 H), 2.91 (t, J=7.1 Hz, 4 H), 2.74 (t, /= 7.0 Hz, 4 H); *C-NMR
(101 MHz, CDCl3): 6 140.2, 128.8, 128.7, 126.6, 40.3, 35.9; HRMS (EI) m/z: calcd. for CisHi3S2 ([M]):
274.0844, found: 274.0854.
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Dioctyl 2,2’-Disulfanediyldiacetate (93):

Following GPS, disulfide 93 (43.9 mg, 72% yield) was obtained as yellow oil.

'TH-NMR (400 MHz, CDCL3): 6 4.14 (t, J = 6.8 Hz, 4 H), 3.58 (s, 4 H), 1.72-1.60 (m, 4 H), 1.45-1.13 (m,
20 H), 0.87 (t, J = 6.7 Hz, 6 H); 3C-NMR (101 MHz, CDCl3): J 169.6, 66.0, 41.6, 31.9, 29.9, 29.3, 28.7,
26.0,22.8, 14.2; HRMS (ESI) m/z: calcd. for CooH3304NaS; ([M+Na]*): 429.2104, found: 429.2101.

1,2-Didodecyldisulfane (94):

Following GPS5, disulfide 94 (24.6 mg, 61% yield) was obtained as white solid. Spectral data were consistent
with the literature data.”?

'TH-NMR (400 MHz, CDCl3): 6 2.68 (t, 4 H), 1.67 (q, J = 7.2 Hz, 4 H), 1.48-1.16 (m, 36 H), 0.88 (t, ] = 6.8
Hz, 6 H); 3C-NMR (101 MHz, CDCl;): J 39.4, 32.1, 29.8, 29.79, 29.76, 29.7, 29.5, 29.4, 29.4, 28.7, 22.9,
14.3; HRMS (EI) m/z: calcd. for C24HsoS2 ([M]F): 402.3348, found: 402.3357; Melting Point: 35.0-35.6 °C.

1,2-Diphenethyldisulfane (95):
@\/\s/s\/\©

Following GPS5, disulfide 95 (30.7 mg, 75% yield) was obtained as yellow oil. Spectral data were consistent
with the literature data.”!

'TH-NMR (400 MHz, CDCl): J 7.35-7.27 (m, 4 H), 7.25-7.18 (m, 6 H), 3.04-2.91 (m, 8 H); *C-NMR
(101 MHz, CDCl3): 6 140.2, 128.8, 128.7, 126.6, 40.3, 35.9; HRMS (EI) m/z: calcd. for CisHi3S> ([M]):
274.0844, found: 274.0844.

1,2-Dibenzyldisulfane (96):
/Sv©
©/\S

Following GP5, disulfide 96 (21.8 mg, 59% yield) was obtained as yellow solid. Spectral data were consistent
with the literature data.”®

IH-NMR (400 MHz, CDCl3): 6 7.40-7.21 (m, 10 H), 3.62 (s, 4 H); 3C-NMR (101 MHz, CDCL): § 137.5,
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129.6, 128.6, 127.6, 43.4; HRMS (EI) m/z: calcd. for Ci4H24S, ([M]7): 245.0453, found: 245.0458; Melting
Point: 66.6-67.8 °C.

1,2-Bis(thiophen-2-ylmethyl)disulfane (97):

Following GPS, disulfide 97 (29.8 mg, 77% yield) was obtained as yellow oil. Spectral data were consistent
with the literature data.”®

'TH-NMR (400 MHz, CDCl3): 6 7.27-7.20 (m, 2 H), 6.98-6.92 (m, 4 H), 3.87 (s, 4 H); *C-NMR (101 MHz,
CDCls): 0 139.9, 127.4, 127.1, 125.8, 37.8; HRMS (EI) m/z: calcd. for C1oH10S4 ([M]"): 256.9582, found:
256.9588.

Dimethyl 3,3’-Disulfanediyl(2R,2'R)-bis(2-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)propanoate)
(98):

MeO,C NHFmoc

J

FmocHN CO,Me

S—S

Following GP5, disulfide 98 (96.4 mg, 90% yield) was obtained as brown solid. Spectral data were consistent
with the literature data.”

'"H-NMR (400 MHz, CDCl3): J 7.76 (d, J = 7.5 Hz, 4 H), 7.67-7.48 (m, 4 H), 7.39 (t, J = 7.4 Hz, 4 H),
7.35-7.19 (m, 4 H), 5.75 (d, J= 8.1 Hz, 2 H), 4.80-4.61 (m, 2 H), 4.50-4.34 (m, 4 H), 4.22 (t,J= 7.0 Hz, 2
H), 3.76 (s, 6 H), 3.19 (d, J = 4.1 Hz, 4 H); ¥*C-NMR (101 MHz, CDCl3): § 170.9, 155.8, 143.9, 143.8,
141.4, 127.9, 127.2, 125.2, 120.1, 67.4, 53.3, 53.0, 47.2, 41.2; HRMS (EI) m/z: calcd. for C3sH3sN203S>
(IM]%): 712.1908, found: 712.1922; Melting Point: 98.4-98.8 °C.

1,4,5-Oxadithiepane (99):

5§
According to GP5, after completion, the solvent was removed under reduced pressure and 1,3,5-
trimethoxybenzene (1.0 equiv) was added to the reaction vessel as an internal standard. The residue was
dissolved in CDCI5 (500 uL) and analyzed by '"H-NMR spectroscopy which showed that 99 was formed in
92% vyield. After several attempts, only small amounts 99 were isolated for characterization by column
chromatography due to co-elution of unreacted starting material and unidentified side products. Spectral data

were consistent with the literature data.”
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'TH-NMR (500 MHz, CDCl): J 4.22-4.00 (m, 4 H), 3.11-2.93 (m, 4 H). 13C NMR (126 MHz, CDCI3):
72.7, 41.2; BC-NMR (126 MHz, CDCl3): § 72.7, 41.2; HRMS (EI) m/;: calcd. for C4HgOS, (M]"):
136.0011, found: 136.0024.

General Procedure 6 (GP6):

An oven dried vial (19 x 100 mm) equipped with a stir bar was charged with trityl-protected alcohol (300
umol, 1.0 equiv) and TPP* BF4 ~ (2.38 mg, 6.00 umol, 0.02 equiv). Subsequently, MeCN or CH>Cl, (anhyd,
6.0 mL) was added and the vessel was sealed with a septum and Parafilm. The mixture was sonicated for 5
min, then degassed by bubbling argon for 10 min (MeCN) or by three cycles of freeze-pump-thaw (CH,Cl).
The mixture was irradiated by 440 nm LEDs (1 lamp at full power) with rapid stirring (800 rpm). After 2 h,

the solvent was removed, and the crude mixture was purified by flash column chromatography.
3-Phenylpropan-1-ol (101):

Ph” "0H

Following GP6, alcohol 101 (34.0 mg, 83% yield) was obtained as yellow oil. Spectral data were consistent
with the literature data.”

'"H-NMR (400 MHz, CDCl;): J 7.34 (m, 2 H), 7.29-7.12 (m, 3 H), 3.68 (t, J = 6.6 Hz, 2 H), 2.86-2.66 (m,
2 H), 2.05-1.77 (m, 2 H), 1.45 (bs, 1 H); *C-NMR (101 MHz, CDCl3): J 141.9, 128.4, 128.4, 125.8, 61.9,
34.2,32.1; HRMS (EI) m/z: calcd. for CoH;20 ([M]%): 136.0883, found: 136.0889.

2-(2-Bromophenyl)ethan-1-ol (102):

E;(\/OH
Br

Following GP6, alcohol 102 (50.7 mg, 84% yield) was obtained as colorless oil. Spectral data were consistent
with the literature data.”®

'TH-NMR (400 MHz, CDCl3): 6 7.55 (dd, J= 7.9, 1.1 Hz, 1 H), 7.30-7.21 (m, 2 H), 7.10 (m, 1 H), 3.88 (m,
2 H), 3.03 (t, J= 6.7 Hz, 2 H), 1.63-1.48 (m, 1 H); BC-NMR (101 MHz, CDCl3): J 137.9, 133.1, 131.4,
128.3, 127.6, 124.8, 62.2, 39.5; HRMS (ESI) m/z: calcd. for CsHoBrNaO ([M+Na]*): 222.9729; found:
222.9726.

Dodecan-1-o0l (103):

Me/\/\/W\/\OH
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Following GP6, alcohol 103 (50.3 mg, 90% yield) was obtained as a white crystalline solid. Spectral data
were consistent with the literature data.”’

'TH-NMR (400 MHz, CDCl5): 6 3.62 (m, 2 H), 1.67-1.45 (m, 3 H), 1.41- 1.18 (m, 18 H), 0.87 (t, ] = 6.8 Hz,
3 H); 3C-NMR (101 MHz, CDCl): J 63.1, 32.9, 32.1, 29.86, 29.83, 29.75, 29.72, 29.6, 29.5, 25.9, 22.8,
14.2; HRMS (EI) m/z: calcd. for C12H260 ([M]"): 186.1978, found: 186.1978; Melting Point: 24.0-25.1 °C.

Dec-9-yn-1-o0l (104)
/\/\/\/\OH

Following GP6, alcohol 104 (39.8 mg, 86% yield) was obtained as colorless liquid. Spectral data were
consistent with the literature data.”®

TH-NMR (400 MHz, CDCl5): 6 3.60 (t, J = 6.7 Hz, 2 H), 2.16 (m, 2 H), 1.92 (m, 1 H), 1.70 (s, 1 H), 1.62—
1.43 (m, 4 H), 1.43-1.25 (m, 8 H); 13*C-NMR (101 MHz, CDCl3): ¢ 84.8, 68.2, 63.0, 32.8,29.4, 29.1, 28.5,
25.8, 18.5; HRMS (ESI) m/z: calcd. for CioH1sKO ([M+K]"): 193.0989, found: 193.0981.

Hex-5-en-1-o0l (105):

Following GP6, alcohol 105 (24.4 mg, 81% yield) was obtained as colorless liquid. Spectral data were
consistent with the literature data.”

'TH-NMR (400 MHz, CDCl;): J 5.80 (m, 1 H), 5.10-4.88 (m, 2 H), 3.63 (t, J = 6.5 Hz, 2 H), 2.13-2.02 (m,
2 H), 1.83-1.67 (m, 1 H), 1.60-1.53 (m, 2 H), 1.49-1.40 (m, 2 H); *C-NMR (101 MHz, CDCls): J 138.8,
114.7,62.9, 33.6, 32.3, 25.1.

Dodecane-1,12-diol (106)

H
H o/\/\/\/\/\/\/o

Following GP6, alcohol 106 (50.4 mg, 83% yield) was obtained as a white solid. Spectral data were
consistent with the literature data.®°

TH-NMR (400 MHz, CDCl3): 6 3.63 (t, J = 6.6 Hz, 4 H), 1.63-1.50 (m, 4 H), 1.43 (s, 2 H), 1.37-1.20 (m,
16 H); BC-NMR (101 MHz, CDCl3): 6 63.2, 32.9, 29.7, 29.7, 29.5, 25.9; HRMS (ESI) m/z: calcd. for
Ci2H26NaOs ([M+Na]*): 225.1825, found: 225.1822; Melting Point: 82.8-83.6 °C.
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12-tert-Butoxydodecan-1-ol (107):

>

OH

Following GP6, alcohol 107 (54.0 mg, 70% yield) was obtained as colorless oil.

'"H-NMR (400 MHz, CDCl3): 6 3.63 (t, J=6.7 Hz, 2 H), 3.31 (t, J= 6.8 Hz, 2 H), 1.60-1.47 (m, 4 H), 1.39—
1.23 (m, 17 H), 1.18 (s, 9 H); BC-NMR (101 MHz, CDCl3): J 72.6, 63.2, 61.8, 32.9, 30.8, 29.77, 29.74,
29.73,29.70, 29.6,27.7, 26.4, 25.8; HRMS (ESI) m/z: calcd. for Ci¢H34NaO; ((M+Na]"): 281.2451, found:
281.248]1.

(BR,5R,8R,98,10S,13R,14S,17R)-17-((S)-5-Hydroxypentan-2-yl)- 10,13-dimethylhexadecahydro-1H-

cyclopentaa]phenanthren-3- ol (108):

HO™
Following GP6, alcohol 108 (90.0 mg, 83% yield) was obtained as a white crystalline solid. Spectral data
were consistent with the literature data.®°
'TH-NMR (400 MHz, CD30D): J 3.52 (m, 3 H), 2.06-0.99 (m, 28 H), 0.94 (s, 3 H), 0.95 (s, 3 H), 0.69 (s, 3
H); *C-NMR (101 MHz, CD;0D): ¢ 71.8, 62.9, 57.3, 57.0, 43.2, 42.9, 41.3, 40.9, 36.6, 36.5, 36.4, 35.8,
35.0,32.6,30.6, 29.6, 28.7,27.7,27.0, 24.7, 23.3, 21.3, 18.6, 11.8; HRMS (ESI) m/z: calcd. for C24H42NaO;
(IM+NaJ"): 385.3077, found: 385.3092; Melting Point: 174.4-175.3 °C.

Methyl (((9H-Fluoren-9-yl)methoxy)carbonyl)-L-serinate (109)

OH
FmocHN” >CO,Me

Following GP6, alcohol 109 (93.6 mg, 94% yield) was obtained as a white crystalline solid. Spectral data
were consistent with the literature data.®!

TH-NMR (400 MHz, CDCl3): 6 7.76 (d, J= 7.6 Hz, 2 H), 7.60 (m, 2 H), 7.35 (m, 4 H), 5.96 (d, J= 8.1 Hz,
1 H), 4.62-4.32 (m, 3 H), 421 (m, 1 H), 4.08-3.83 (m, 2 H), 3.76 (s, 3 H), 2.89 (s, 1 H); 3C-NMR (101
MHz, CDCls): 0 171.2, 156.4, 143.9, 143.7, 141.4, 127.8, 127.2, 125.1, 120.1, 67.2, 63.1, 56.1, 52.8, 47.1;
HRMS (ESI) m/z: calcd. for Ci9HoNOs ([M+H]"): 342.1336, found: 342.1349; Melting Point: 114.3-
115.8 °C.
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1,2:3,4-Di-O-isopropylidene-D-galactopyranose (110):

Oa O v

>< Ij OH
07N #i
o}

Following GP6, alcohol 110 (57.0 mg, 73% yield) was obtained as colorless syrup. Spectral data were
consistent with the literature data.’?
'TH-NMR (400 MHz, CDCl3): 6 5.54 (d,J=5.0 Hz, 1 H), 4.59 (dd, J=7.9, 2.4 Hz, 1 H), 4.31 (m, 1 H), 4.25
(m, 1 H), 3.93-3.78 (m, 2 H), 3.76-3.63 (m, 1 H), 2.38 (s, 1 H), 1.51 (s, 3 H), 1.43 (s,3 H), 1.31 (d, J=1.5
Hz, 6 H); 3C-NMR (101 MHz, CDCl3): 6 109.5, 108.8, 71.6, 70.8, 70.7, 68.2, 62.3, 26.1, 26.0, 25.0, 24.4;
HRMS (ESI) m/z: caled. for C12Hz0NaOg ([M+Na]*): 283.1152, found: 283.1173.

4-Methoxyphenylmethanol (111):

o™
MeO

Following GP6, alcohol 111 (8.5 mg, 21% yield) was obtained as colorless oil. Spectral data were consistent
with the literature data.®’

'TH-NMR (400 MHz, CDCl3): J 7.32-7.20 (m, 2 H), 6.94-6.81 (m, 2 H), 4.61-4.53 (m, 2 H), 3.80 (s, 3 H),
2.16 (s, 1 H); 3C-NMR (101 MHz, CDCl5): 6 159.2, 133.2, 128.7, 113.9, 64.9, 55.4; HRMS (EI) m/z: calcd.
for CgH1002 ([M]%): 138.0675, found: 138.0685.

Phenylmethanol (112):

@AOH

Following GP6, alcohol 112 (17.9 mg, 55% yield) was obtained as colorless oil. Spectral data were consistent
with the literature data.”’

TH-NMR (400 MHz, CDCl3): 6 7.46-7.27 (m, 5 H), 4.73-4.61 (m, 2 H), 2.10 (s, 1 H); BC-NMR (101 MHz,
CDCls): 0 140.9, 128.6, 127.7, 127.1, 65.3; HRMS (EI) m/z: calcd. for C;HsO ([M]%): 108.0570, found:
108.0573.

4-Chlorophenylmethanol (113):

JO R
Cl

Following GP6, alcohol 113 (39.1 mg, 91% yield) was obtained as a white crystalline solid. Spectral data
were consistent with the literature data.®3

'H-NMR (400 MHz, CDCly): § 7.38-7.25 (m, 4 H), 4.65 (s, 2 H), 1.91 (bs, 1 H); *C-NMR (101 MHz,

98



CDCl3): 0 139.3, 133.4, 128.7, 128.4, 64.6; HRMS (EI) m/z: calcd. for C;H,C1O ([M]"): 142.0180, found:
142.0180; Melting Point: 68.2-70.6 °C.

Methyl 4-(Hydroxymethyl)benzoate (114):

OH
MeO

(0]

Following GP6, alcohol 114 (43.8 mg, 88% yield) was obtained as a pale yellow crystalline solid. Spectral
data were consistent with the literature data.®?

'"H-NMR (400 MHz, CDCl;): 6 7.23-7.78 (m, 2 H), 7.57-7.30 (m, 2 H), 4.67 (s, 2 H), 3.86 (s, 3 H), 3.07 (s,
1 H); BC-NMR (101 MHz, CDCl): J 167.2, 146.3, 129.8, 129.1, 126.5, 64.4, 52.2; HRMS (ESI) m/z:
caled. for CoH ;03 ([M+H]Y): 167.0703, found: 167.0703; Melting Point: 46.4-47.1 °C.

15. Cleavage of trityl resins

Photocatalytic resin cleavage

CO,Me

J

$ [Mes-Acr*-Me][CIO,
Ph——Ph
(4 mol%) MeO,C S
g €L \/\S/ \/\COQMG
CH,Cl,
(deg.)
15 440 nm, 12 h

92

An oven dried vial (19 x 100 mm) equipped with a stir bar was charged with the loaded resin 115
(0.045 mmol), and [Mes-Acr-Me*] [C1O47] (0.741 mg, 0.18 pmol, 0.04 equiv). Subsequently, CH>Cl,
(anhydrous, 3.0 mL) was added and the vessel was sealed with a septum and Parafilm. The reaction mixture
was sonicated for five minutes, followed by degassing by three cycles of freeze-pump-thaw. Thereafter, the
reaction mixture was stirred at 800 rpm and irradiated with one 440 nm LED lamp at full power at room
temperature. After 12 hours, the solvent was removed and 1,3,5-trimethoxybenzene (1.0 equiv) was added to

the vial as an internal standard, dissolved in CDCI; (500 uL) and analyzed by "H NMR spectroscopy.

Ph
O/H TPP*BF,
Ph Ph (4 mol%)
P " 0H
CH,Cl,
(deg.)
440 nm, 24 h 101 quant.
116
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An oven dried vial (19 x 100 mm) equipped with a stir bar was charged with the loaded resin 116
(0.045 mmol), and TTP* BF4 (0.713 mg, 0.18 umol, 0.04 equiv.). Subsequently, CH,Cl, (anhydrous, 3.0 mL)
was added and the vessel was sealed with a septum and Parafilm. The reaction mixture was sonicated for five
minutes, followed by degassing by three cycles of freeze-pump-thaw. Thereafter, the reaction mixture was
stirred at 800 rpm and irradiated with one 440 nm LED lamp at full power at room temperature. After 24 h,
the solvent was removed and 1,3,5-trimethoxybenzene (1.0 equiv) was added to the vial as an internal

standard, dissolved in CDCl5 (500 uL) and analyzed by '"H NMR spectroscopy.

16. Mechanistic Studies

a) Synthesis of Unsymmetrical Disulfides

General Procedure 7 (GP7): Synthesis of Unsymmetrical Disulfides and Selenosulfides

An oven dried vial (19 x 100 mm) equipped with a stir bar was charged with trityl-protected thiol, [Mes-
Acr™-Me][ClO4 7] (4 mol%), diphenyl dichalcogenide (0.60 mmol), and CH>Cl, (anhyd, 6.0 mL). The vial
was sealed with a septum and Parafilm. The mixture was sonicated for 5-10 min and degassed by three cycles
of freeze-pumpthaw. The mixture was irradiated by 440 nm LEDs (2 lamps at full power) with rapid stirring
(800 rpm). After 6 h, the volatiles were removed under reduced pressure and the crude mixture was purified

by column chromatography.

Methyl 3-(phenyldisulfaneyl)propanoate (118):

(0]

Meo)j\/\s/s\©

Following GP7, disulfide 118 (50.7 mg, 74% yield) was obtained as yellowish liquid. Spectral data were
consistent with the literature data.?*

TH-NMR (400 MHz, CDCl3): 6 7.59 — 7.49 (m, 2H), 7.40 — 7.29 (m, 2H), 7.29 — 7.19 (m, 1H), 3.68 (s, 3H),
2.98 (t,J=7.2Hz,2H), 2.75 (t, J= 7.2 Hz, 2H); BC-NMR (101 MHz, CDCl3): § 172.2, 137.0, 129.2, 127.8,
127.1, 52.0, 33.7, 33.3; HRMS (EI) m/z: calcd. for Ci0H120,S> ([M]"): 228.0273, found: 228.0285.

Methyl 3-((phenylselanyl)thio)propanoate (120):
Meo)l\/\s”se©
Following GP7, selenosulfide 120 (45.7 mg, 55% yield) was obtained as yellowish liquid. Spectral data were
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consistent with the literature data.

'TH-NMR (400 MHz, CDCls): 6 7.65 — 7.57 (m, 2H), 7.36 — 7.26 (m, 3H), 3.67 (s, 3H), 3.07 (t, /= 7.3 Hz,
2H), 2.71 (t,J=7.3 Hz, 2H); 3C-NMR (101 MHz, CDCl3): 6 172.2, 131.9, 130.3, 129.4, 127.7, 52.0, 35.1,
32.5; HRMS (ESI) m/z: calcd. for C10H120,SeSNa ([M+Na]*): 298.9615, found: 298.9625.
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