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Abstract: Akt, a serine/threonine protein kinase as a viral oncogene, is a critical regulator
of PI3K-mediated cell proliferation and survival. On translocation, Akt is phosphorylated and

activated, ultimately resulting in stimulation of cell growth and survival. As a part of our
program toward the novel Aktl inhibitors with potent activity over PI3K signaling pathway,

we found primary hit compound 2 with an ICs value of 620 pM from protein kinase focused
library. Based on the structural features of 2, new 1,3 4-thiadiazole derivatives were designed

by the introduction of aromatic and heteroaromatic moieties onto thiadiazole nucleus. In this
work, a series of 1,3,4-thiadiazole derivatives la-1 were synthesized and evaluated for Aktl

inhibitory activity.
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2.1. 7171 & Al<F
4 7]7]& NMR spectrometer (Gemini
300, Varian Co., USA) % melting point

apparatus (MPA 100, Stanford Research

N—N

I\
R1/<s)\H’R2

1a-l: R'=CgHs, 3-furyl, 4-OH-7-CF3-3-quinolinyl

R2=CSH5, 3-BrCsH4, 4-BFC6H4, 06H5CH2

Fig. 1. 2,5-Disubstituted 1,3,4-thiadiazole Derivatives as Targrt Molecules
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Systems, Inc., USA)E Al&3sle] S350 o,
Thin layer chromatography (TLC)ol+= A&7}
2 60 GFxs4 (0.25 mm, Merck Co., Germany)
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Molecular Device Co., USA)E A}&3}ic) ut
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1= Sigma®t AldrichAte] DMSO-ds¢}t
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2.2.1. 1,4-Disubstituted
3-thiosemicarbazide f+=#¢ 34

Benzoyl hydrazine (4a)

Ethyl benzoate (3a) (1.0 g, 6.7 mmol)3}
hydrazine monohydrate (0.8 mL, 16.7 mmol) &
ethanol anhydrous (20 mL)el 7}3F & <F 78
°C°ﬂ’\1 6A17F 5ot 7HE FFeth whs A

&}3&4 ethanol& 7t T3t ol B¢
g}zﬂ B9 A9tk Yield 090 g (99.3%); 'H
NMR (300 MHz, DMSO-ds) & 7.87-7.84 (m,
2H), 7.49-7.41 (m, 3H); “C NMR (75 MHz,
DMSO-dp) 6 166.8, 133.6, 131.6, 1289, 127.7.

3-Furyl-3-carboxylic acid hydrazide (4b)

Ethyl 2-furoate (3b) (1.0 g, 7.1 mmol)¥}
hydrazine monohydrate (1 mL, 21.4 mmol)E
ethanol anhydrous (15 mL)ol 7}3F 3 <F 78
OCOﬂH 1A &< 71E SRkt vhg ¢

L}Ebol ethanols 7%t 73k oil F42
ﬂﬂ 25 Atk Yield 072 g (787%); 'H
NMR (300 MHz, DMSO-ds) & 7.73 (s, 1H),
7.06 (d, Jj=34 Hz, 1H), 6,56 (ddd, J=0.6, 1.7,
1.7 Hz, 1H); “C NMR (75 MHz, DMSO-ds) &
158.4, 1471, 1454, 113.7, 112.1.

4-Hydroxy-7-trifluoromethyl-3-quinolinyl
-3-carboxylic acid hydrazide (4c)
Ethyl 4-hydroxy-7-trifluoromethyl-3-

1,3,4-Thiadiazole =42 A4

% Aktl Zholdle]= A& &4 3

quinoline carboxylate (3¢) (1.5 g, 5.3 mmol)Z}
hydrazin hydrate (0.75 mL, 158 moD)&
ethanol (20 mL)ell 7}3F & <F 78 °Coll A 164]
2wt e skt vk &A= ke
ethanol S Y FH3sIH A ghgtEo] A=
o AdE 1A FFES B2 AFsta o3
st & 79t A3 b ethanolZ A A Qs
o} Yield 1.3 g (90.9%); 'H NMR (300 MHz,
DMSO-ds) § 1056 (s, 1H), 884 (s, 1H), 841
(d, /=85 Hz, 1H), 803 (s, 1H), 7.71 (d, /=85
Hz, 1H); “C NMR (75 MHz, DMSO-ds) &
1754, 164.1, 1449, 139.3, 132.7, 132.3, 1286,
127.8, 125.8, 122.2, 120.8, 117.2, 117.1, 111.9.

1-Benzoyl-4-phenyl-3-thiosemicarbazide
(5a)

33tE 4a (03 g, 22 mmol9t phenyl
isothiocyanate (0.26 mL, 2.2 mmol)E A %
A 3Foll A ethanol (20 mL)ol &3 % 78 °Col
Al 2R wet THE SRSt vhg bd %
9] ethanolS 7+ Tl A g}sEol
*ﬂ/“i]ﬂr AdE 1A =S EE AFHE
ot & et Az o ethanol® A AA
a9t Yield 032 g (50%); 'H NMR (300
MHz, DMSO-ds) § 105 (s, 1H), 9.81 (s, 1H),
9.70 (s, 1H), 7.95 (d, J=7.2 Hz, 2H), 758 (t,
J=72 Hz, 1H), 751 (d, J=77 Hz, 1H),
7.47-743 (m, 3H), 7.35-7.30 (m, 2H), 7.15 (t,
J=72 Hz, 1H): “C NMR (75 MHyz,
DMSO-ds) & 181.7, 166.5, 139.7, 1329, 132.3,
128.7, 1285, 128.3, 126.3, 125.5.

to

1-Benzoyl-4-(3-bromophenyl)-3-thio
semicarbazide (5b)

33tE  4a (050 g 37 mmoD%
3-bromophenyl isothiocyanate (0.79 g, 3.7
mmol)E F4 27 3lel A ethanol (20 mL)el
&3] F 78 °CAlA 3AIzt st ME FFIA
o v g4Ad T 49 ethanols #Y 7
3A g3Eol 3*3%5}. e aA 3
< IooTgk & Y dxd
ethanol = ZHZ—i?é 399k Yield 063 g
(46.7%); 'H NMR (300 MHz, DMSO-ds) &
1057 (s, 1H), 9.838 (bs, 2H), 7.96 (d, J=7.3
Hz, 2H), 7.73 (bs, 1H), 7.59 (t, J=7.1 Hz, 2H),
753-748 (m, 3H), 7.33-7.26 (m, 2H); “C
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NMR (75 MHz, DMSO-ds) 6 1814, 1731,
166.4, 141.4, 132.8, 1324, 130.3, 1287, 128.3,
127.4, 125.1, 120.8.

1-Benzoyl-4-(4-bromophenyl)-3-thio—
semicarbazide (5c)

33tE  4a (050 g 37 mmoD$}
4-bromophenyl isothiocyanate (0.79 g, 3.7
mmol) = 7‘%5\_ %7 3lell A ethanol (20 mL)el
ColAl 2712 &<t 714 873k
o WS HE & B ethanols Y FH
st 1z sgEo] AdETh A 1A
FES 22 AFstL ofFgt & gy 1z
U} ethanolZ AAASATE Yield 068 g
(52.9%); 'H NMR (300 MHz, DMSO-ds) &
1056 (s, 1H), 9.85 (bs, 2H), 7.95 (s, 2H),
760-744 (m, 7H); “C NMR (75 MHz,
DMSO-dp) & 166.4, 139.2, 139.1, 1329, 1324,
131.6, 131.2, 128.8, 128.7, 128.3, 127.4.

::W

o

1-Benzoyl-4-benzyl-3-thiosemicarbazide
(5d)

3stE 4a (050 g, 3.7 mmol)®} benzyl
isothiocyanate (0.5 mL, 3.7 mmol)% A Z

A 3}oll A ethanol (25 mL)oll &3] % 78 °Cel
A 3AZE EoF 71 sEA Y WS b E &

o] ethanols 7 SH3HA 1A gHgEe
ARET. AE 1A FES BF At
o33k & 7t AFR3I U3 ethanolZ AZHA
3t} Yield 0.70 g (66.8%); "H NMR (300
MHz, DMSO-ds) & 1041 (s, 1H), 9.45 (s,
1H), 8.65 (s, 1H), 7.93 (d, J=7.3 Hz, 2H), 7.57
(t, J=7.2 Hz, 1H), 751-7.46 (m, 2H), 7.31-7.27
(m, 5H); C NMR (75 MHz, DMSO-ds) &
166.5, 139.9, 1329, 132.3, 1287, 1285, 128.3,
1277, 1275, 127.0, 47.3.

1-(3-Furylcarbonyl)-4-phenyl-3-thio-
semicarbazide (5e)

3letE 4b (018 g, 14 mmol)¢t phenyl
isothiocyanate (0.17 mL, 1.4 mmo)E& 4 =
71 3}l Al ethanol (18 mL)ell &3] % 78 °Col
Al 30 Bt 7t RS whS 9
7 Z9] ethanols 7Yt ZHshH 1A 8
AT, AdE 1A FES =
o3t & 7t Ax3 thE ethanol® X

Lo
Y EQL' e
ol m{g

o Kl O o

1
!

],

ih

R Ll

a9t Yield 020 g (53.2%); 'H NMR (300
MHz, DMSO-ds) & 1042 (s, 1H), 9.81 (s,
1H), 9.67 (s, 1H), 791 (s, 1H), 7.44 (d, J=7.1
Hz, 2H), 7.34-7.29 (m, 1H), 7.24 (d, J=3.1 Hz,
oH), 7.14 (t, J=7.2 Hz, 1H), 6.67 (dd, J=1.6,
3.3 Hz, 1H); C NMR (75 MHz, DMSO-d;) &
186.1, 158.1, 146.8, 146.1, 139.7, 1284, 126.2,
1254, 115.3, 112.3.

4-(3-Bromophenyl)-1-(3-furylcarbonyl)-
3-thiosemicarbazide (5f)

s 4b (050 g, 40 mmoDt
3-Bromophenyl isothiocyanate (0.85 g, 4.0
mmol)E A4 27 3lelA ethanol (25 mL)el
&3 & 78 “CollA] 2A1z Bt 7ME FHFRAIR
th whg E & B ethanols Y FH

A slstEe] AT APdE 1A 3}
& B2 AFHE oARs F A4S Axd

ethanol® AZAA3F9c}t Yield 050 g
(37.1%); 'H NMR (300 MHz, DMSO-ds) &
1046 (s, 1H), 987 (d, Jj=13.0 Hz, 2H), 791
(s, 1H), 7.74 (s, 1H), 752 (d, J=7.1 Hz, 1H),
7.35-7.25 (m, 3H), 6.68 (s, 1H); “C NMR (75
MHz, DMSO-ds) & 158.0, 146.8, 146.1, 141.3,
130.3, 127.9, 124.8, 120.8, 1154, 112.4.

4-(4-Bromophenyl)-1-(3-furylcarbonyl)-
3-thiosemicarbazide (5g)

33E  4b (050 g, 40  mmoD%}
4-bromophenyl isothiocyanate (0.85 g, 4.0
mmol)E Z4 27 3}l A ethanol (20 mL)el
&3] F 78 °CAlA 2A1zt st ME FFIA
o owhg g4A T 49| ethanols #Y 7
3A g3Eol 3*3%@. e 1A &
< 3 o¥et & b Hxsh
ethanol & ZHZ—i?é At Yield 099 g
(737%); 'H NMR (300 MHz, DMSO-ds) &
1045 (s, 1H), 10.35 (s, 1H), 10.07 (s, 1H),
791 (s, 2H), 725 (d, J=2.4 Hz, 2H), 7.19 (d,
J=6.7 Hz, 1H), 707 (d, J=85 Hz, 2H); “C
NMR (75 MHz, DMSO-ds) & 147.0, 146.6,
146.3, 140.8, 139.1, 132.1, 131.9, 131.4, 129.9,
120.4, 119.2, 1175, 115.1, 112.7, 112.4.

4-Benzyl-1-(3-furylcarbonyl)-3-thio—
semicarbazide (5h)

|
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w
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33+E 4b (050 g, 4.0 mmol®} benzyl
isothiocyanate (0.50 mL, 4.0 mmol)” A %
A 3loll A ethanol (25 mL)el &3 & 78 °Col
A 2A Bt UtE FHFSIHT e 9E &
739 ethanols T FHsHH 1A shgtEo
AT AdE 1A sSFES 22 AFsta
ojztet & et A 23 TS ethanolZ A ZAA
AL Yield 050 g (45.8%); "H NMR (300
MHz, DMSO-ds) & 10.31 (s, 1H), 944 (d,
J=11.2 Hz, 1H), 861 (d, J=26.5 Hz, 1H), 7.89
(s, 1H), 7.34-7.08 (m, 6H), 6.65 (dd, J=1.7, 3.4
Hz, 1H), 472 (d, J=3.1 Hz, 2H); BC NMR (75
MHz, DMSO-ds) & 158.0, 146.8, 146.0, 139.7,
1284, 127.7, 1276, 127.0, 115.2, 112.3, 47.3.

1-(4-Hydroxy-7-trifluoromethyl-3-
quinolinyl)carbonyl-4-phenyl-3-
thiosemicarbazide (5i)

33+E 4c (50 mg, 0.18 mmol)¢}t phenyl
isothiocyanate (0.02 mL, 0.18 mmol)E A&
Z7 3}olA] ethanol (10 mL)ol &3] & 78 °C
oAl 2A1%F &<t 7bE ﬂTrO}"jU} Ll |
s}t
Eo] AAHAT AdE 1A FFES EE A
Hstal o3t & 7t AFRS o ethanol®
A2 sAck Yield 70 mg (93.4%); 'H NMR
(300 MHz, DMSO-d;) § 13.06 (bs, 1H), 11.04
(s, 1H), 9.86 (s, 1H), 895 (s, 1H), 850 (d,
J=85 Hz, 1H), 812 (s, 1H), 7.81 (d, J=85
Hz, 1H), 7.43-735 (m, 5H), 7.15-7.11 (m,
1H); ®C NMR (75 MHz, DMSO-ds) § 1754,
1455, 139.7, 139.2, 1329, 1325, 128.6, 127.9,
125.7, 125.0, 123.3, 122.1, 121.2, 117.2, 1115,
67.6.
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4-(3-Bromophenyl)-1-(4-hydroxy-7-
trifluoromethyl-3-quinolinyl)carbonyl-3-
thiosemicarbazide (5j)

e 4 03 g 11 mmoD%
3-bromophenyl isothiocyanate (024 g, 1.1
mmol) & 7‘%5\_ Z71 3lolA] ethanol (20 mL)®l
ColAl 2712 &<t 714 $iF3hd
= %é % 7] ethanolS 7S TH

tPeo] AAdHT AdE A

B2 AFsta o3sk & 7 Axd

ethanol® A ZAA3ATE Yield 041 g

Lo

1,34-Thiadiazole =A< 34 2 Aktl 7hejdlo]= A3 &4 5

(75.1%); 'H NMR (300 MHz, DMSO-ds) §
1266 (s, 1H), 11.33 (s, 1H), 996 (bs, 1H),
895 (s, 1H), 849 (d, J=8.1 Hz, 1H), 811 (s,
1H), 7.79 (d, J=8.1 Hz, 2H), 752 (s, 1H), 7.29
(s, 3H); ®C NMR (75 MHz, DMSO-d;) &
1755, 1453, 141.1, 1389, 132.8, 131.1, 130.6,
1284, 127.8, 1256, 124.2, 121.9, 121.4, 117.0.

4-(4-Bromophenyl)-1-(4-hydroxy-7-
trifluoromethyl-3—-quinolinyl)carbonyl-3-
thiosemicarbazide (5k)

3E  4c (018 g, 067 mmolet
4-bromophenyl isothiocyanate (0.14 g, 0.67
mmol)E A4 27 3lelA ethanol (15 mL)el

&3 & 78 “CollA] 2A1z Bt 7ME FHFEA
th whg E & B ethanols Y FH

st wAl shgEel A4uch e A o
FEe B2 AR B F 4G A2

T} ethanol® AZAASAT. Yield 170 mg
(52.6%); '"H NMR (300 MHz, DMSO-ds) &
1253 (bs, 1H), 11.39 (bs, 1H), 991 (s, 1H),
894 (s, 1H), 847 (d, J=84 Hz, 1H), 8.03 (s,
1H), 7.78 (d, J=85 Hz, 1H), 7.50 (s, 4H); “C
NMR (75 MHz, DMSO-d;) & 1754, 1456,
139.2, 1329, 1326, 1317, 131.4, 1286, 1279,
126.1, 1257, 125.2, 122.1, 121.2, 117.2, 116.2.

4-Benzyl-1-(4-hydroxy-7-trifluoro-
methyl-3-quinolinyl)carbonyl-3-thio-
semicarbazide (51)

33E 4¢c (03 g, 1.1 mmoD® benzyl
isothiocyanate (0.15 mL, 1.1 mmol)E A
A 3Foll A ethanol (20 mL)oll &3] % 78 °Coll
A 2R wet e SRSt vhe bd %
9] ethanols 7+ Tt A g}stEol
AdET AR 1A eSS EE AAsta
ot & et AR o ethanol® A AA
atglth Yield 220 mg (47.3%); 'H NMR (300
MHz, DMSO-ds) & 895 (s, 1H), 857 (bs,
1H), 848 (d, J=8.6 Hz, 1H), 8.11 (s, 1H), 7.79
(d, /=84 Hz, 2H), 6.80 (d, j=4.2 Hz, 2H),
722 (dd, J=4.3, 88 Hz, 5H), 471 (d, J=5.7
Hz, 3H); “C NMR (75 MHz, DMSO-d;) §
1755, 1457, 139.7, 139.2, 133.0, 132.6, 128.6,
1285, 1279, 1275, 1271, 1257, 122.1, 121.3,
117.2, 111.8, 47.3.

to ¢
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2.2.2. 2,5-Disubstituted
1,3,4-thiadiazole =412 &4

2-Anilino-5-phenyl-1,3,4-thiadiazole (1a)

Ice bathdlellA 33t&E ba (015 g, 055
mmol)9ll sulfuric acid (1.5 mL)& 7}3+ F 2
2ol A 24A17F Fob wwksITh whg bE
=& Hrtshd oAl shgbEe]l AdET AAdE
A SFES AHRd A AxFA
Yield 120 mg (85.7%); 'H NMR (300 MHz,
DMSO-dp) 6 7.85-7.82 (m, 2H), 7.63 (s, 5H),
749 (d, J=16, 50 Hz, 3H); “C NMR (75
MHz, DMSO-ds) § 164.4, 1584, 141.6, 141.3,
130.8, 130.6, 129.7, 127.2, 127.1, 117.1.

2-(3-Bromoanilino)-5-phenyl-1,3,4-
thiadiazole (1b)

Ice bathdtellAl &3E&E 5b (026 g, O.
mmol)°l| sulfuric acid (2 mL)E 713 3
2o A 24412 FQF nwkE Tl WH- A
& #rtskd 1A ggbEe] AdEh 44
A4 sES AR F S Axsoh
Yield 024 g (97.2%); 'H NMR (300 MHz,
DMSO-dp) 6 809 (d, J=2.0 Hz, 1H), 7.86-7.82
(m, 4H), 750-7.46 (m, 4H); “C NMR (75
MHz, DMSO-ds) & 1639, 159.0, 141.9, 140.2,
130.9, 130.2, 129.8, 1274, 127.3, 122.3, 120.5,
115.7.

e o X

2-(4-Bromoanilino)-5-phenyl-1,3,4-
thiadiazole (1c)

Ice bathdloll A &tE 5¢ (014 g, 034
mmol)°l| sulfuric acid (1.5 mL)& 73 3
2o A 24417 FF uwkelSth Wb hE &
& #rtstd 1A sghEe] AdEh AdE
A4 sES AR F S Axsoh
Yield 130 mg (97.7%); 'H NMR (300 MHz,
DMSO-ds) 6 7.83 (s, 1H), 7.65 (d, J=8.8 Hz,
1H), 7.55-7.49 (m, 7H); BC NMR (75 MHz,
DMSO-ds) & 164.2, 140.2, 132.2, 130.8, 130.6,
129.8, 127.3, 119.9, 1194, 113.8.

‘FUZ

2-Benzylamino—5-phenyl-1,3,4-thiadiazole
(1d)

Ice bathstellAl 38lgE 5d (01 g, 0.35
mmol)°ll phosphorous oxychloride (1.7 mL)E

ammonium hydride &2

3 & 79t Azt Yield 90 mg (95.7%);
'"H NMR (300 MHz, DMSO-ds) § 9.73 (bs,
1H), 7.79-7.77 (m, 2H), 751-7.28 (m, 8H),
469 (s, 2H); ¥C NMR (75 MHz, DMSO-ds)
§ 168.0, 156.4, 137.3, 131.5, 129.8, 129.0, 128.3,
128.1, 128.0, 127.1, 49.1.

2—-Anilino-5-(3-furyl)-1,3,4-thiadiazole
(le)

Ice bathslell A 3}3E Ge (0.1 g, 0.38mmol)
o] sulfuric acid (1.5 mL)E 7}3F & 220 A
24X &t nkEkdTh wkg 9E 58
7heb aA| shghEe]l A" A" 1A
s ES o3e & A dxstdth Yield 50
mg (53.8%); '"H NMR (300 MHz, DMSO-ds)
§ 789 (s, 1H), 767 (d, J=7.8 Hz, 1H),
753-746 (m, 1H), 742-734 (m, 2H),
7.04-6.97 (m, 2H), 6.69 (s, 1H); “C NMR (75
MHz, DMSO-ds) 6 163.8, 1455, 1454, 140.9,
130.1, 129.7, 1295, 1238, 1225, 1189, 1179,
112.9, 110.6.

2-(3-Bromoanilino)-5-(3-furyl)-1,3,4-
thiadiazole (1f)

Ice bathstold  3H3HE 5f (013 g,
mmol)°ll sulfuric acid (1.5 mL)E 7}k
2o A 24412 < wRkESITh HHS- ¢
55 HrtshdA 1A shgbEe] AAdET AAddE
oA SES oA & A9 nxsEd
Yield 58 mg (47.8%); '"H NMR (300 MHz,
DMSO-ds) & 1017 (bs, 1H), 800 (d, J=1.5
Hz, 1H), 791-7.81 (m, 1H), 7.53-7.44 (m, 1H),
7.37 (d, J=8.2 Hz, 1H), 7.26 (t, J=8.0 Hz, 1H),
712 (d, J=76 Hz, 2H); “C NMR (75 MHz,
DMSO-ds) & 1634, 156.4, 145.5, 140.3, 140.2,
132.2, 119.9, 119.8, 113.7, 1135, 112.9, 110.8.

0

5
T
e}

oz 8

2-(4-Bromoanilino)-5-(3-furyl)-1,3,4-
thiadiazole (1g)

Ice bathstell Al s}gE 5g (012 g, 0.35
mmol)°l| sulfuric acid (1.5 mL)E& 7}3 + 2
2o Al 24A13F &b wkEkATh HbE oA %
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=S MUbstH 1A shgtEo]l AdHET AAdE
a7 eSS oA F et AxsIdh
Yield 120 mg (quant.); '"H NMR (300 MHz,
DMSO-ds) 6§ 10.14 (bs, 1H), 7.83 (d, J=16
Hz, 1H), 7.81-7.72 (m, 1H), 7.49-7.41 (m, 1H),
736 (d, J=76 Hz, 2H), 7.10 (d, J=7.6 Hz,
2H); “C NMR (75 MHz, DMSO-d;) § 1562,
1406, 1396, 1324, 1322, 120.2, 120.1, 1195,
113.1, 1129.

2-Benzylamino-5-(3-furyl)-1,3,4-
thiadiazole (1h)

Ice bathstellA  3lgE 5h (01 g, 0.36
mmol)9ll phosphorous oxychloride (1.8 mL)E
7hek & 2A1%F Bt 7bE FREATh whg <k
a4 F dIES HUtstEA wEkAzl o
ammonium hydride £9%4& 37lsto] Wg &
FES T3 AdE 1A SFES A
3 5 7ot Axsteich Yield 76mg (81.7%);
'H NMR (300 MHz, DMSO-ds) & 876 (s,
1H), 756 (d, j=8.0 Hz, 3H), 7.29 (d, J=7.7
Hz, 5H), 451 (s, 2H); C NMR (75 MHz,
DMSO-ds) & 163.3, 159.9, 144.9, 1375, 128.9,
128.9, 1284, 128.0, 112.8, 109.7, 48.1.

2-Anilino-5-(4-hydroxy-7-trifluoro-
methyl-3-quinolinyl)-1,3,4-thiadiazole (1i)

Ice bathstellA & 51 (011 g, 0.27
mmol)°l| sulfuric acid (1.5 mL)E 73 3 A
2o A 24417t st nEkEITE HbE A &
& #rtstd 1A sghEe] AdEh Ade
A sES AR F S Axsoh
Yield 130 mg (quant.); 'H NMR (300 MHz,
DMSO-dp) & 13.07 (s, 1H), 9.13 (s, 1H), 845
(d, J=84 Hz, 1H), 811 (s, 1H), 7.77 (d, J=8.2
Hz, 1H), 759 (s, 6H); ""C NMR (75 MHz,
DMSO-ds) & 172.3, 1649, 151.1, 141.9, 141.2,
1395, 1389, 1277, 127.3, 127.1, 120.9, 117.3,
117.1, 112.1.

2-(3-Bromoanilino)-5-(4-hydroxy-7-
trifluoromethyl-3—-quinolinyl)-1,3,4-
thiadiazole (1j)

Ice bathstellA  3}gE 57 (015 g, 031
mmol)°l| sulfuric acid (0.15 mL)& 713 & 2
2o A 24417 FF uwbelsth Wb obE &

1,34-Thiadiazole F5=A19] 973 2 Aktl 7loldlo]= As) &4 7

S #AUbetH A glgbEe] AAdET. A
a2z sgEs A F A% AxRsAch
Yield 109 mg (76.3%); 'H NMR (300 MHz,
DMSO-ds) 6 13.07 (bs, 1H), 9.04 (s, 1H), 8.39
(d, J=7.4 Hz, 1H), 806 (d, J=142 Hz, 2H),
787 (d, J=81 Hz, 1H), 7.70 (d, J=59 Hz,
2H), 7.36 (d, J=9.3 Hz, 1H), 7.27 (s, 1H); “C
NMR (75 MHz, DMSO-dy) 6§ 1723, 164.4,
151.8, 1422, 139.8, 139.4, 1338, 132.1, 130.2,
1277, 1272, 1257, 1223, 1209, 120.5, 117.3,
1156, 111.9.

2-(4-Bromoanilino)-5-(4-hydroxy-7-
trifluoromethyl-3—-quinolinyl)-1,3,4-
thiadiazole (1k)

Ice bathstell A s}gtE 5k (0.1 g, 0.21

mmol)°ll sulfuric acid (1.5 mL)E 713 3 A
oA 24A7F FoF Wkt Wkg oA 3

S HrbetH 1A slgbEe] AAdET. A
a2z gEs A F A% AxRsAch
Yield 88 mg (91.7%); 'H NMR (300 MHz,
DMSO-ds) 6 1299 (s, 1H), 1045 (bs, 1H),
907 (d, J=4.1 Hz, 1H), 840 (d, J=84 Hz,
1H), 804 (s, 1H), 7.71 (d, J=85 Hz, 1H), 7.6
(d, J=8.6 Hz, 2H), 7.48 (d, J=86 Hz, 2H); “C
NMR (75 MHz, DMSO-dy) & 1722, 164.6,
151.2, 1406, 139.3, 1388, 132.1, 127.7, 127.2,
1258, 122.2, 120.8, 119.7, 117.2, 113.2, 112.3.

2-Benzylamino-5-(4-hydroxy-7-
trifluoromethyl-3-quinolinyl)-1,3,4—
thiadiazole (11)

Ice bathdtell Al 8}&E 51 (0.1 g, 0.24 mmol)
o phosphorous oxychloride (1.2 mL)E 7}3F
T 2% Bt UHE BREAT g kE &
de5ES A 7}shE A WREAIZ] =8>
ammonium hydride £94& 378t g &
dES T3t AAE A FFES A
3 5 2 AF39 Y. Yield 90 mg (91.8%);
'H NMR (300 MHz, DMSO-ds) & 956 (s,
1H), 8.84 (s, 1H), 849-8.42 (m, 3H), 804 (d,
J=6.6 Hz, 2H), 7.41-727 (m, 4H), 460 (d,
J=39 Hz, 2H); “C NMR (75 MHyz,
DMSO-ds) & 171.1, 151.2, 149.7, 146.6, 138.6,
137.0, 1309, 1289, 1279, 127.7, 1276, 1271,
126.9, 124.9, 1244, 122.1, 48.5.
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2.2.3. Aktl Ftoldlo]= A3 FA A|F

23 Akt 12 ©]&ste] 7]d= Histon
H2B¢} 10 uM ATP, 2 uCi p32-ATP, 5 mM
MgClz, 20 mM Tris-HCl (pH 8.0)E ©] &3}
30 °CellA 20%F WkE-3led 7]”<Ql Histon
H2B¢] <14bstE f=atath 203t 9h3-A
GSK 3 beta 42 A¥A (linearity) S F4
stk Wk 3 1/2 399 30% A4 &N
7tete] Bb&S FASIA T WSS pdl paper
o] spoting?dt ¥ 20 mM Tris-HCl (pH 8.0),
100 mM NaCl £ 62 1054 53 oA u]

Wgel  p32-ATPE  AASATh W
Histone &M A& p8l paperel] 2w o] %
Ak p8l  paperE wH  F  BAS

phosphoimager (Kodak)E ©]-&3}¢] Histone

Sl dus YR Sgshan,

3. &zt & nE
2 Aol A <] HZE E4EQ
2,5—-disubstituted 1,3,/4-thiadiazole %= la-1
9 g el &4 FAZ AEEE

1,4-disubstituted 3-thiosemicarbazides 5a-12
o9 Scheme 1o4¢ & d#He] HEZE
Fste] FA kAT

R Ll

Aromatic %@ heteroaromatic®] R' X371

7}A=  ethyl ester F39  commercially
availabledt &W&E2  3a-c9  hydrazine

monohydrateZ ethanol &mjlolA 7}<E 35
Al#A carboxylic acid hydrazide 3}3& 4a-c&
g F14], 315 4a-cE R AE71E 7}
A= aryl isothiocyanate®} ethanol -8 wfjifol A
71 3AFAA 1,4-disubstituted
3-thiosemicarbazides 5a-1< 34 3R tH15].
HAEQ 2,5-disubstituted
1,3,4-thiadiazoles la-1-> Scheme 20|41} 2
o] A ZF=2rA91 1,4-disubstituted
3-thiosemicarbazides ba-1Z Y-E 2} Z 73}
A 188 9heS Fake] AT
o] HkSolA  C-59] Yo AF
benzyl7]Ql 7% &k 2 sk A 279
e Hh-3-o] o]

HF

debenzylation o
phosphorus oxychlorideE A}-&
27} benzylation® 3}3&
< F AATH16]

Fig. 2014 ¢} Zo] I A4
o] #HF EAE 1,34-thiadiazole §%
of tiste] Aktl Zheldlo]= A &
3l A3} primary hit compound 2¢}
o] k3t Aktl Zholdlolz As] &
At

1

ol
oX
ot
[—
LT 2 e
oo e Lo

LU

-

o do ox
to > o 2

= H

R2
Lo, I ssoN I MUK
R'” “OEt R' “NHNH, i R "N~ \ﬂ/ “R?
i H s
3a: R'=CgH5 4a-c 5a: R'=CgH5, R?=CgH5
3b: R'=3-Furyl 5b: R'=CgHs5, R?=3-BrCgHy4

3¢: R'= 4-OH-7-CF3-3-quinolinyl

5¢: R'=CgHs, R?=4-BrCgH,

5d: R'=CgHs5, R?=CgH5CH,

5e: R'=3-Furyl, R?=CgH5

5f: R'=3-Furyl, R?=3-BrCgH,4

5g: R'=3-Furyl, R?=4-BrCgH,

5h: R'=3-Furyl, R>=C¢H5CH,

5i: R'=4-OH-7-CF3-3-quinolinyl, R?=CgH5

5j: R'=4-OH-7-CF3-3-quinolinyl, R?=3-BrCgH,
5k: R'=4-OH-7-CF3-3-quinolinyl, R?=3-BrrCgH,
51: R'=4-OH-7-CF3-3-quinolinyl, R?=CgH5CH,

Scheme 1. Reagents and reaction conditions: (1) hydrazine monohydrate, ethanol, reflux, 1-16 h;

(i1) ethanol, reflux, 30min-3 h.
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1,34-Thiadiazole F5=A19] 9743 2 Aktl 7toldlol= s} &4 9

N—N

ANy

S

1a: R"'=CgH5, R?=CgH5

1b: R'=CgHs, R?=3-BrCgH,

1c: R'=CgHs, R?=4-BrCgH,

1d: R'=CgHs, R?=CgH5CH,

1e: R'=3-Furyl, R?=CgH5

1f: R'=3-Furyl, R>=3-BrCgH,

1g: R'=3-Furyl, R?=4-BrCgH,4

1h: R'=3-Furyl, R?=CgHsCH,

1i: R'=4-OH-7-CF3-3-quinolinyl, R?=CgHs

1j: R'=4-OH-7-CF3-3-quinolinyl, R?=3-BrCgH,4
1k: R'=4-OH-7-CF3-3-quinolinyl, R>=3-BrrCgH,
1I: R'=4-0OH-7-CF3-3-quinolinyl, R>=CgHsCH,

Scheme 2. Reagents and reaction conditions: (i) sulfuric acid, rt, 24 h (for
la-c,e-g, i—k), phosphorus oxychloride, reflux, 1-2 h (for 1d,h,1).
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Fig. 2. Inhibitory activity for Aktl Kkinase of
1,3,4-thiadiazole Derivatives
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