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1. Introduction : About Thioamide 2. Elemental Sulfur for Organic Synthesis
e Thioacyl Lysine Compounds Can Strongly Inhibit the Activity of SIRT2
I)L )k @ ® Ay e Ap
N DMF, 110 ° s~
H SIRT1  >200 by , 110 °C
H M 2 A. N. Kurtz et al. J. Am. Chem. Soc. 1969, 91, 5415.
Thloamlde Amlde N. SIRT2  >200 0.028
o Sulfur is larger than oxygen. CbzHN Ph Ssg
o) IC50 (LM) values of compounds against SIRT >
o C=S bond is longer than C=0 bond. CF3SO3H, 150 °C
O-S exchange
S : : : : . . G. A. Olah et al. J. Am. Chem. Soc. 1990, 112, 3697.
o Thioamide has the larger rotational ®=0 . I::} More than 1000-fold increase in anticancer activity
barrier than amide. X H. Lin et al. Cancer Cell. 2016, 29, 297.
_ _ _ . ; Sg, NaOEt
e O-S exchange Reaction ° Wlllgerodt-KlndIer Reaction CyCIlC mOI_GCUIeS 88 Ph Ph r Ph\Q/Ph
Lawesson's Reagent Willgerodt-Kindler * Stable solid under rt DMF, rt
ﬁ\ R 4 P°; ? R FA- < 4 RlN,R2 Reaction - Phﬁ 2 * Odorless A. Lei et al. Org. Lett. 2014, 16, 6156.
H o rt ~100 °C H excess R’ « Easy to handle ? S >
. e : Ph” "N
v Low chemoselectivity v/ Harsh conditions ¢ Low functional group tolerance HNT~Ph 110-130 °C H
2
. S. 0. Lawesson et al. Org. Synth. 1984, 62, 158. K. Kindler et al. Liebigs Ann. Chem. 1923, 431,187. | | T. B. Nguyen et al. Org. Lett. 2012, 14, 4274-)
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3. Strategy 4. Reaction Optimization
e Using a-Ketoacid and Amine for Thioamide Synthesis Sulfur source (3.0 equiv.) .
B 7 O Additive (1.0 equiv.)
Ph
+ H N/\/ Ph
o C02 /(9\@ Ssg )SL Ph/\)LCOZH 2 THF, rt, 2 h Ph/\/ILH/\/ Coo T '
/U\ + — —» Ph™ N ——  pp” N 1 (1.2 equiv.) 2 (1.0 equiv.) 3 ! :
Ph™ "CO,H benzene : :
N 80 °C " . : S< -
H Entry Sulfur source Additive Yield (%)? : ©/ S '
v Harsh conditions v Low chemoselectivity v Low functional group tolerance . : A :
_ _ _ _ _ R. Grigg et al. Tetrahedron 1988, 44, 7271. L 8 none G '
e Decarboxylative Amidation Using a-Ketoacids : :
2 Sg Pyridine 12 : . :
, O-OH R‘O S Me” ~S” “Me
0 % TBHP o Hn'RZ -CO O 3 g PCy; trace : :
11]\ + H2N—R2 —_— Jl\ . OH - R )LN'RZ ' B E
R' "COxH R! “CO,H R1>§[r -ROH ' H 4 Sg "C12H25SH 84 (91)° ; :
v Mild conditions o) : SI(OE) :
_ _ _ _ _ _ Y. Takemoto et al. Chem. Eur. J. 2019, 25, 15504. 5 Sg "C415H,25SH (10 mol%) 84 : ’ '
e Decarboxylative Thioamidation Using o-Ketoacids : S‘s’s‘s ;
, R-S,-SH R‘s , 6 Ss nC,,H,5SH (10 equiv.) 21 /j E
0 , N'R Hydropolysulfide d HN'R -CO, > , : (EtO)3Si :
111\ * HZN—R Jl\ > OH > R )LN’R 7 A nC12H258H 0 E C :
R" “co,H R >NCO,H R! -RSH ' H : :
] . ] o o ] 8 B nC12H258H trace . .
v Mild conditions v Broad scope ¢ Site-specific v Pharmaceutical compounds 5 s s :
] NasZ™wN ]
ire . L. h 9 C "C,,H,=SH trace ' S S :
Nucleophilic Activation of Sg 127725 : ©/ :
A — — : D :
SsS/S S,S i‘iUH - Nu (S)n SH 10 D nC12H25SH 74 b e e e e e e e mm e e e e e mmmmmaooo .
\SISNS/ -
‘) Soft Nucleophile Hydropolysulfide . _ , 1 L :
L y The yield was determined by 'H NMR spectroscopy using dimethyl terephthalate as the internal
\_ Yy \_ standard. PEquivalent was calculated as the number of S atoms. SIsolated yield. )
\
9. Substrate Scope
a) Scope for Functional Group Tolerance b) Scope of Complex Substrates
S Cl
HO S
s S S S /©/ ~A S Me 0
Ph N H CszN\)L O'Bu
OH y/
H H H H AR N N/ H 8 2 o
Ph N -\ \r
79% 81% 66% 47% 47% 84% 55%”¢:d 50 % (dr 95 : 5) &f
4 S
N N N CO,H
~RL N S LK L,
| H
CO,H COH 0 F,CO
76% 96% 76% 76% 589, b 79% [2.9 g scale] »° 82%"
Transcriptional antiestrogen S-analogue ML390 S-analogue
dsolated yields are shown. °The reaction was performed in DMF. °The reaction was performed at 50 °C. “Amine hydrochloride salt (0.10 mmol) and ‘Pr,NEt (0.10-0.20 mmol) were used. ¢a-Ketoacid (0.10 mmol), amine (0.12 mol), and 5-‘butyl-2-methylbenzenethiol (0.10 mmol) were reacted in DMF/CS, (9:1). f/A solution of the amine
L and the thiol was added dropwise over 4 h at 80 °C. )
4 .. N\ ( . . . . N
6. Application 1. Mechanistic Analysis of the Reaction Intermediates
e Thioacylation for TM Derivatives e Thioacylation from Imino Acid
Sg (3.0 equiv.) S;g (3.0 equiv.) o
0o S, (3.0 equiv.) CO,H "C4,H,5SH (1.0 equiv.) S "C4,H25SH (1.0 equiv.) /U\ H,N
J o, Sy G eau) s - L - PR 0O,
R~ “CO,H Q12H258H (1.0 equiv.) CbzHN CbzHN Ph N Ph N
Pr,NEt (1.0 equiv.) THF, 50 °C, 2 h H THF, 50 °C, 2 h
+ T™ 80% 64% Isolated as white solid 26% 34%
HCI= HN DMF, rt, 2 h s v’ Iminoacid is a possible intermediate of this reaction
H e Sg was dissoved in THF with dodecyl thiol
NH ( )
CbzHN SaarSay prOnarOn-R
NH R °s”" R R” 7s” s R"° R
O CbzHN F,CO CbzHN ) c s s
— o o) & C12H25$: R”-Ss77 g7 7 R R’S‘S’R
e Rapid Construction of Bioactive Thiazoline Scaffold L ) 2
/S\ /S\ /S\ /R
i Swa-S<._S THF, 1h R S S S
CO,H o DT \Ssl&ss ~ B, Detected by ESI Mass
2 C12H25SH (1.0 eq.uw.) OH . - R = "Cy,H,s
'ProNEt (1.0 equiv.) 1) DAST S | W,
F3C + - > F.C Not dissolved Dissolved
o COzMe 3 \} OH
OH DMF, 80 °C, 2 h . 2) DIBAL-H N N v/ Ring opening e
3 ~S~ " s7
HCI-H,N OMe 71% 31 % (2 steps) Thiazoline Scaffold \s*S~s + RSH THF, R=8—=S,=SH 3 R=S=S5,-S—R
(0]
e Site-specific Thioamide Formation of a Primary Amide-containing Molecule . /
S (3.0 equiv.) < ( _ )
Ve nC,5H,5SH (1.0 equiv.) ¢ 8. Proposed Mechanism
/\/ﬁ\ 'Pr,NEt (1.0 equiv.)
* > R-SH
NH DMF, rt,, 2 h NH
Ph COH HCI-H,N 2 r /\/lL 2 S__S. S) RNH, R—S—Sn—S@ Deactivation path
© [Site-specific] . ° \Ssls@ » R=S=S,—SH | Nucleophilic » R—S—S,—S—R
64% ) ) sulfur species R=SH RNH,
Ring Opening
SMe | awesson's reagent SMe SMe 1\
0O (0.5 equiv.) o S R2 (?n R2 © S
/\)L > /\)L ' /\)L i /\)L T 2 N” S ’ © RSn® 2
Ph N NH, THF, rt, 3 h NH Ph N NH, Ph N NH, 11]\ + H;N—R J|\ 0 R1JLN'R
H H H R' "CO:H R NCO,H R \) :
o) o) S S 2 g ey H
6% 59% 10%
K / A\ y




