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1.1. N,N'dimethyl-N,N'-dimethylthioperoxydicarbonic diamine Cu complex(3}&r4] 1-1)e] A

S | cucl
2 S S
\NJJ\S/S N — \N < \Cu/l > N/ 2CI-
| hig 2NN

N

Copper(I1) Chloride dihydrate 85 mg(0.5 mmol)e]l AAF(60 mL) Mol N,N'-dimethyl-N,N'-
dimethylthioperoxydicarbonic diamine 180 mg(0.75 mmol) < 7}3F & ALo|A 14 A7+ wwrslA, wHZ o]
FEA S A SA(FRoEAg)e R WA vEgo] M E ),

kS-S Chloroform(50 mL)S.2 33] =& & AxMgS0,) = 7t 2wz 8u|E A|ASYY. = AL
Isopropyl ether(50 mL)E 7}sfe] A2eA 1 AZF wHk & AAE uAE oH3stal oJ3ES isopropyl
ether(50 nL)® AHstgct. o3d mAS 45TColA 3 Az AF @Az skl N N'-dimethyl -N,N'-
dimethylthioperoxydicarbonic diamine Cu complex 95 mg(40% yield

olN

Detection: UV 254 nm, PMA stained, TLC: n-hexane/Ethyl acetate 1/1(v/v). Ry 0.46

Beilstein test (+)

Elemental Analysis: C, 24.11; H, 3.66; N, 9.10; S, 40.96

FT-IR(KBr) 981, 1470, 1160, 1530(strong) cm

1.2. N,N'-Tetrachloroethylthioperoxydicarbonic diamine Cu complex(3&3t2] 1-2)¢] A

(1) N,N'-Tetrachloroethylthioperoxydicarbonic diamine(338t2] 2-2)¢] A

c S cl
"/ I \/\ ‘f\ A
\ CAN - S
HH + cSs, - . '“']\/\M /”\S,S M ~ ¢
Cl 2 \n/ C
- s

Bis(2-chloroethyl)amine 4.0 g(28.2 mmol)2] THF(40 mL)& << Carbon disulfide 2.6 g(33.8 mmol)2] THF(10
ml) |NE Ao 5 B A7Fs thS Cerium ammonium nitrate 154 mg(0.28 mmol)S 7}8tich. whgole
71D AEel A 1 AR AR wgE F i Aejell A 12 AIRE AR wdl Sgivh. whEels 7hF Fsie] §uE

A7 & dichloromethane(100 mL)o] &€ 3 1 N HCl(aq)(60 mL) &Nz} AA4(60 mL)= 1 3 /‘1]730}31‘4.
fAME AZXMgS0,) & 7ot Zwsle] &wlE A4 F Ethyl acetate(10 mL)olA 20 ¥3F 3k&F3sl9dch. &94S

% yield)a: F53FA .

HNMR (400 MHz, DMSO-ds) & 4.17 - 4.10 (m, 4H, CH.C1), 4.07 - 3.99 (m, 4H, CHN).

(2) N,N'-Tetrachloroethylthioperoxydicarbonic diamine Cu complex(3}&H¥] 1-2)¢ A

()

S CuCl, s
‘:l\/\ )J\ S H\/‘\ - ” <0 U/+ >
st c N

)
()
2
a8
O

Cl

o
;;
©
5
)

Copper (I1) Chloride dihydrate 39.3 mg(0.23 mmol)2] A A|4(40 mL) & rodisulfiram 100 mg(3}3t
21 2-2, 0.23 mmol)S 7}t & A4 18 A|ZF wHk SFATh(e] u, E’_}%‘%‘% —YF%&‘J, g, 4N SA(ZR
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[0116]
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[0118]
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[0121]

[0122]
[0123]

[0124]

[0126]

[0127]
[0128]

[0129]
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ol=4)om Wakerh.
WS Chloroforn(20 ml)O.2 4 3 %% F A2MgS0) T 44 %= §008 AANAG. 55 24l
A

=
=
isopropyl ether(10 mL)E 7}8te] A2ox 1 Ak Rk & AHE 3AE o7star 9JPES isopropyl
ether (10 mL) 2 A &R, o3t A4S 45ColA 3 A7 A AZ3le Dichloro-disulfiram Cu complex
100 mg(3Feh2] 1-2, 84.7% yield, TLC single spot, Rethex./pa 1/ = 0.27, PMA stained))S& F53H3Att.

Beilstein test (+)

Elemental Analysis: C, 22.72; H, 2.72; N, 5.17; S, 20.76
FT-IR(KBr) 1070, 1270, 1550(strong) cmf1

I NMR(DMSO-ds) 4.08 (d, 8H, CH, x 4), 4.16(d, 8H, CH; x 4)

1.3. N,N'-diethyl-N,N'-dimethylthioperoxydicarbonic diamine Cu complex(3}38t2] 1-3)¢] A

(1) N,N'-diethyl-N,N'-dimethylthioperoxydicarbonic diamine?] ¥4

+ CSs; ONT ST

N-methylethanamine 2 g(33.8 mmol)2] THF(30 mL)& <ol Carbon disulfide 4.6 g(40.6 mmol)2] THF(10 mL) &
alS 5C o]atollA 15 3+ A7} ). wkSdlS AL2o|A 30 ¥ wHt ¥ Cerium Ammonium Nitrate 185
mg(0.3 mmol)S 7}3te] RES &7|5 7| deEjelA 1 Al7F A2 wRk 3 A AdEjeA 12 AIRF A2 ank skl
o}, ERg S zhol Z=wkste] LulE A4 = dichloromethane(120 mL)o] @€ = 1 N HCl(aq)(80 mL) &N}
AAB0 mL)Z 1 ¥ MAHF Y. &S AxMgS0) F 72 I8t 8vlE AlA §F n-hexane/Ethyl
acetate 5/1(v/v) &9& &8N 2= column chromatography™ (silica gel 60)<& o]-&3ato] AT, &5
S 7 FuEte] £l S A4 ¥ isopropyl ether(10 mL)olA 20 23+ $F3te] A3} 3. &8 A0
2 Y7 & 5 A7F ugtete] AAE nAE A3t AH/ES isopropyl ether(10 mL)Z M HsIATt. 7w
TAE 45TCoNA 4 A7 AT Axste] WA AXHA 3AS N N -diethyl -V, N'-dimethylthioperoxydicarbonic
diamine 1.0 g(3}at2] 2-3, 22.2% yield, 99.7% HPLC purity) 2.0 g(32.6 % yield)S 5383},

I NIR (400 MHz, CDCls) &4.20 - 3.98 (m, 4H, NCH.CHs), 3.56 (d, J = 11.2 Hz, 6H, N-CHs, N'-CHs), 1.45
(s, 3H, NCH.CH;), 1.28 (s, 3H, NCH,CHs).

(2) N,N'-diethyl-N,N'-dimethylthioperoxydicarbonic diamine Cu complex®] A

S
- )J\ s NK CUC': AN

Ao N,N'-diethyl-N,N'-

Copper(II1) Chloride dihydrate 63 mg(0.23 mmol)® AA|4(40 mL) ol
Aol A 18 AlZF Wk &}

dimethylthioperoxydicarbonic diamine 100 mg (3}8+2] 2-3, 0.37 mmol)< 7}3h
Suh(e] W, QEgoe FEA A A SA(FRo|EA)o R W),

&
ko)
T

HES-el2 Chloroform(20 mL) o2 4 3 & F AxMgS0,) F #AY L= Svis AAsIG. v5 TAL
e}
ol

Isopropyl ether(10 mL)E 7}&8te] AoA 1 AlZF wdk AdE nAE AHstal =S isopropyl
ether(10 mL)E  AH3PT. A" a2AES 45ToA 3 A7 AP Axste] N N'-diethyl-N,N'-

O =

dimethylthioperoxydicarbonic diamine Cu complex 60 mg(&3+2 1-3, 40% yield)S 53T},

_13_
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[0131]

[0132]
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[0135]
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[0138]
[0139]
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[0144]

[0145]
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Detection: UV 254 nm, PMA stained, TLC: n-hexane/Ethyl acetate 1/1(v/v). Ry 0.5.

Beilstein test (+)

Elemental Analysis: C, 29.94; H, 4.60; N, 8.21; S, 34.00

FT-IR(KBr) 1082, 1230, 1545(strong) cm

1.4. N,N'-dimethyl-N,N'-di-(1-hydroxyethyl)thioperoxydicarbonic diamine Cu complex(3}s}3] 1-4)¢] A
(1) N,N'-dimethyl-N,N'-di-(1-hydroxyethyl)thioperoxydicarbonic diamine®] A
49 1]

S OH
HO_~\H l2 PIg K\

+ €CS; — HO__ ~ _S N
' riey

2- (methylamlno)ethan 1-0l 2 g(26.6 mmol)2] Chloroform (60 mL)&9oll triethylamine 2.5 g(39.9 mmol)S
7}elar 5°C olsfollA] 10 7+ wxk sk th, Hk&Ho) carbon disulfide 2.0 g(26 6 mmol)2] chloroform 10 mL
foe 5C0]O}°ﬂ*1 15 #3F 71 3199k, wks-alg- 10°ColstolA 5 AlZF udk 3 Jodine 6.8 g(26.6 mmol)<
Zbstar Ao 3 AzF wyk gk, Bkl 1 N HCl(aq)(80 mL) &3} sodium thiosulfate(5% w/v) &<}
(80 mL), AAF(80 mL)E 1 A AHTE. &S dxWeS0) F Y Fdste] &uig AA + n-
hexane/Ethyl acetate 1/1(v/v) &% &2l S % column chromatography® (silica gel 60)& o]-&ste] A A
sgity. RS et Zulate] fulZ A7 F 10 Torr o]ate] FEoA 48 AZF 7Azsre] ZAl elibe)
N,N'-dimethyl -N, N'-di-(1-hydroxyethyl)thioperoxydicarbonic diamine 195 mg(3}sH2 2-4, 4.8% yield,
99.1% HPLC purity)ZS 453}9it}l. Column chromatography®ol €3+ A Al major spot A/3FEEol impurity
spoto] E3ZFE o] 9lo] RHE HAl F thEFe] loss WAYSHATE.

HNMR (400 MHz, CDCl;) §4.60 - 4.45 (m, 4H, CH,0H), 3.95 - 3.79 (m, 4H, NCHy), 3.23 (s, 6H, N-CHs).

49 2]
HO CAN - | .
\/\I‘-IH _ cs., HO -~ J\S,S N

2-(methylamino)ethan-1-o1 10 g(0.13 mol)¢] THF(150 mL)& el carbon disulfide 2.5 g(39.9 mmol)S 7}3}
3l 5C ©o|3kA 10 &3+ vk 343}, whs-doll carbon disulfide 12.2 g(0.16 mol)<] THF 50 mL &8 5C9]
Sl A 15 B7F A7) 34Tk, HkEMof Cerium ammonium nitrate(CAN, 1.4 g, 2.6 mmol)<S 7}star Ao &
#H FEE FASEA 3 AIZE b Skgith. WS A AAE 3 AIRE FYSEITH(e] w, whgofo] el uhe
FAao Wttt . wkgdS 79k Fwste] &vlE A ASAL dichloromethane(200 mL)o] #4F & 1 N <4k
(200 mL), ZAA(200 mL), E3F AFE(200 mbE ZF 13% AFsdc. §9S AxR0gS0) F
dichloromethane(l 5 L)E 718te] 3A ek, NS silica gel(70~230 mesh, 40 g)o] FHE ojztrlolA 7
St o3 & oj1}ES dichloromethane(l L) o2 AH&3ATt. o3} Fx]o] &3 87|15 wA & o35S ethyl
acetate(1.5 )2 AHsGH. oAdds 4t FH2 SlE AA F 9 FAo 7B AAQ] NN'-
dimethyl-N, N'-di-(1-hydroxyethyl)thioperoxydicarbonic diamine 21.3 g(3}&-2] 2-4, 106.5% crude yield,
75% HPLC purity)& 533 tt.

HPLC condition: 70% MeCN, 0.5 mL/min flow, 254 nm, C18/5 um/150 mm column

_14_
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[0147] (2) N,N'-dimethyl-N,N'-di-(1-hydroxyethyl)thioperoxydicarbonic diamine Cu complex®] T4
S OH OH
WA g oo NS A
s N — N—< Cl2 >—N
)/ N S/ S N
S -
[0148] HO HO 2C1
[0149] Copper (I1) Chloride dihydrate 1.7 g(10.0 mmol)2] AA|4=(150 mL) £ N,N'-dimethyl-N,N'-di—(1-
hydroxyethyl)thioperoxydicarbonic diamine 2.5 g(3&3+2 2-4, 8.3 mmo )9] THF(20 mL) €& 50ColA &7}
aholth. WEEAS A2elA 18 A]ZE muk F Chloroform 250 mL 7k - 1 AJZF Ak spgivk. &S of 3}
(Celite pad) ¥ o3& Chloroform(150 mL) o2 A& F f7]5S Ed3ch. EaE 57152 AAS(200
n)E 2 3] Al $ 23t AF5EZ 1 3] A%, 98 Ax20gs0) ¥ 7Y TEE $uE AAT v
Isopropyl ether(30 mL)E 7}sle] 243} sy, £AS A204 2 A it & oJ3ste] sk a4 A4
aLAel N, N'dimethyl-N, N'-di—(1-hydroxyethyl)thioperoxydicarbonic diamine Cu complex 600 mg(3}sh2] 1-
4, 16.6% yield, TLC single spot, Ricnex.ser 110 = 0.23, PMA stained)S F53}3 ).
[0150] Beilstein test (+)
[0151] Elemental Analysis: C, 25.70; H, 4.23; N, 6.87; S, 33.83
[0152] FT-IR(KBr) 1065, 1242, 1542(strong) cm
[0154] AAd 2. AFE vhol M| XA Elo|H -T2 EEAY AE A 3
[0155] Mg (triple-negative breast cancer, TNBC) A< MDA-MB-231 (1Ix 10" cells / wells
(confluency = 30 %), 2 BT549 (1.5 x 10° cells / wells (confluency = 30 %) & o] AFg35FTH
[0156] A7 MEFES 47 10 % fetal bovine serum (FBS), streptomycin-penicillin (100 U/mL) % Fungizone
(0.625 ug/mL)=S &-3l= Dulbecco's modified Eagle's medium (DMEM)oll A 5 % CO,, 37 C 3H o2 v|d3sHS
=
[0157] 96 well plated 24 AlZbs<t A7) AEZE FFAZ 3 glolgt f2A]; ol FXAer T8 SFIUEE
1:1 ¥ 82 7o ZAES FAlo; B eol# fF=A-78 A4S 0, 0.1, 0.25, 0.5, 1, 5 pMe] vkt
STER 47 24 AN 7HEQ AHE5A k. o] & MIS(3-(4,5-dimethylthiazol-2-y1)-5-(3-carboxymethoxyphenyl)-2-
(4-sulfophenyl)-2H-tetrazolium) = 4 A|ZF &<F @A3 5] Spectramax Plus384 microplate analyzerE ©]-&
ko] 490 nmoll A &3 == SA43 ).
[0159] 1] EAIE upel o] MDA-MB-231 ® BT549 % A EFolA REF elol#y 3¢ FFFUYES HE X3
AS-2Y gold fEA-TFE HFA 1-1S 4502 AHEYs A AEXAEES o afdoz A AS
gelsidtt. 53], A7) glolg fEAl-F8 E3FA 1-12 0.25 puMe AsZdAx AXAEES FosA ¢
A3k
[0161] X 20 ZAIS vle} o] Elold A 2-3& WEoE AP st A9 AXEAEEo] fAshA @1 dAS 4
E fAAoY, A7) Eold f=A 2-33 2] SFFUCIEE HE A A9} elold fA-g] H5EA
1-3& 9502 A FF sLoEHORE NEAEE] AT, g0 A7) Erold FEA-T8 H53A
1-3& d=502 s A9 HE A ARy o ad3d NEAESE AAsS e,
[0163] T 3oA ZAIS upe} o], ElolH A 2-45 dEo R A g A9 Y] geold fEA 2-49F g
Y| EE W& A Aeoles FULHMETY MXAES JTFS vAA ZIdort, golg FEA-TE
HE3A 145 @502 AEst B9, AEAEES FosiA dASS gelsigit.
— 15 —
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