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Synthesis and biological evaluation of H,S donor ADT-OH derivatives
LI Yuyao', SONG Heng', CHENG Jian*, AO Guizhen'”

! College of Pharmaceutical Science;’ Institute of Neuroscience, Soochow University, Suzhou 215123, China

Abstract 5-(4-Hydroxyphenyl) -3H-1, 2-dithiole-3-thione ( ADT-OH) is a slowly releasing H,S donor with some
neuroprotective effect. In order to study the structure-activity relationships, seventeen compounds (Y,-Y,,) were
synthesized by modification of ADT-OH at the aromatic ring position, and their structures were confirmed by
'"H NMR, "C NMR and HR-MS. Among them, 6 compounds ( Y, Y,5-Y,,) were novel compounds. Their effects
had been evaluated on HT-22 hippocampal neuron cells damaged by glutamate with MTT method. The pharmaco-
logical results demonstrated that all the Y compounds had potent neuroprotection at most of the tested concentra-
tions (1-100 pmol/L). Compounds Y,-Y, and Y, significantly improved the survival rates of the damaged cells
at 1-100 pmol/L ( P <0. 01). Specially, compounds Y,, Y,, Y¢-Y,, Y, are more potent than their parent com-
pound ADT-OH at concentration of 1-10 pmol/L, which is worthy of further study.
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This work was supported by the Scientific and Technological Program of Suzhou ( No. N313202713)

2 o LA 8 A R R TR R B Kb, 2R 5] & A0 R A, S IR R -2
B R RER S R REGE TR B H Y (COX-2) Fl— A AL A A Bl (INOS) |, M5 35 4
— -2 n’%)%mlriﬂuw?ﬂiﬁ}:ﬂﬁ%ﬁmlﬁl‘ﬂ%,ﬂmm ZICIRTMIRGE ; 75— J5 T, A A R B B T AL
it ETW —J7 T UM R TR A2 4, BN Z RS2 AR (NV-H JE-D- R & 2R 2 ) Ffie 15+ AU

W EHE 2016-07-08 “IBIS1EE  Tel:13812781680 E-mail : aoguizhen2007 @ sohu. com
HE&E&MB AN T A% K85 B (No. N313202713)



55 48 55 3 ] R, 5 AL S AARD ADT-OH 77 4E MR 5 1% 277

BRIRSZR (- B IE-3-FEIE-5-H 457 REME N TR
ZAR) FBUEN Ca R RN B TS, i
JRCE e I A A TR ORI B 4R
PAB A 5 A G R 30 e T PR U0 e O R S
BT A S A T T DR, SRS #Y
WAEBE— 2@ 20T ZHES5K, H
A5 AL i A MR S ) B e PR R
SR PRI IL-BH-1, 2- i % B 8 -3 - i
(ADT-OH) S fitfb SR . A< PRS2 i 303 fF
FEAEL, ADT-OH 3 1o i 20> Ji 7 19 1 1 B 11 9 ity
(AMPK) B3 , i/ 2 MIAE T 5 PR AP AT IR B

) HT22 9 T b 2 r A e 5 101 0 22 0% 5 10
BV2 /[N 40 i 9 48 i 2457 s ADT-OH J2 35 1
PR AL 7 ) ADT 388 3o 400 40 A0 Pk M it S — A% 4
R TR 8 AL (NOX4 ) 7 2R [ [ ply 8 10 I 42 U
B UG 9 (MMP-9 ) 5 5 ) Bl 22 48 i , 3 7 i 5k 1M
S50 1949 00 - IR0 900 5 /0 U v 3l ik v 2 A
(MCAO) -, ADT Ji /b i 45 BE 1A AR, 4iE K A JF i)
|7 H I, AT T ADT-OH 2544 v iy
3H-1,2- T 5 B IR 0453 -3 R 45 49, F JHL 9% B 3k
e, AT — 25 EW Y, ~ Y, &
SR BRI LR 1.

0 0O 0 P,S5/Sg
NaH HMDO
Ar)l\ —_— AI)I\/“\O/ _ \ /S
DCM Toluene S
Ar
Yin
Ar Ar Ar
Y; 2-naphthyl Ys 4-CH3Ph Yy 3-CH;0Ph
Y, 4-FPh Y 2, 4-diCl-5-FPh Yy 4-BrPh
Y; 2-thieny Y5 3, 4-dimethenoxyPh Yy; Ph
Y, 2-CH;Ph Yy 2,4-diCH;0Ph
S
CHO  P;Ss/Sg
@ HMDO Oj(
. S
Br Toluene S'
Yi2
() S
S S N | S
@ H s’
I\ [ K,COs, KI HCl .
s Br(CH,),Br g’ Acetone, Reflux N~ 70
—_—— _——
Acetone HC1 X Yq3-Y
HO st ho @ EoH - i
ADT-OH -y n X n X
n Yi3 3 CH Y 5 O
a3 a3 5 Yy 3 O Yy; 6 O
a, 4 ay 6 Yis 4 O

Scheme 1  Systhesis route of compound Y;-Y,,
ADT-OH :5-(4-Hydroxyphenyl ) -3H-1,2-dithiole-3-thione
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Table 1 Structure, melting point, yield and HR-MS data of compound Y,-Y,,

Yield/ %

HR-MS,m/z[M +H] *

Formula

Compd. mp/°C

Appearance

Caled. Found

Y, 137-138 57 Brown red solid C3HgS; 260. 986 1 259.985 2

Y, 108-110 45 Brown red solid CoHsFS; 228.961 0 228.961 0

Y; 119-121 49 Brown red solid C,H,8, 216.926 9 216.926 8

Y, 87-89 53 Brown red solid CioHgS; 223.978 8 223.978 5

Y; 114-116 54 Brown red solid CioHgS; 224.986 1 224.986 0

Y, 158-159 56 Brown red solid CoH;Cl, kS, 296. 883 1 296. 884 0

Y, 200-201 35 Brown red solid CoHe0,S; 254.960 3 254.960 2

Ys 136-137 29 Brown red solid G H,,0,8, 269.984 5 269. 984 3

Y, 113-114 58 Brown red solid CyoHg 0S4 239.973 8 239.973 7

Yy 130-132 46 Brown red solid CoHsBrS; 287.873 8 287.873 17

Yy 123-124 62 Brown red solid CoHgS; 210.970 4 210.970 4

Y, 96-98 61 Brown red solid C,HyS; 183.947 5 183.947 5

Y5 " 177-179 23 Yellow solid Cy;Hy, NOS; 352.086 4 352.084 0

Yy 156-158 26 Yellow solid CigHyyNO,S 354.065 6 354.064 5

Y5 " 210-212 33 Yellow solid C,;H, NO,S 368. 081 3 368. 080 6

Y 182-184 35 Yellow solid CgHy NO,S 382.096 9 382.096 6

Y " 150-152 34 Yellow solid CioHysNO,S 396.112 6 396.113 4

*Y,5-Yy,:[M+HC]
Table2 'H NMR and " C NMR data of compound Y;-Y,,
Compd. "H NMR (400 MHz,CDCl, ) & 3C NMR (400 MHz,CDCly) &

Y, 8.20(1H,s, =CH, ) ,7.88-7.95(3H,m,ArH) ,7. 58-7. 69 (4H,m,ArH ) 215.75, 173.25, 136.38, 135.07, 133.25,
129.94, 129.25, 129.19, 128.75, 128.28,
127.92,127.59,123. 71

Y, 7.66(2H,d,ArH) ,7.37(1H,s,CH=),7. 18(2H,d,ArH) 215.40, 171.48, 166.62, 163.25, 135.89,
129.12,129.01,117.06,116. 77

Y, 7.59(1H,s,CH = ),7.54(1H,s,ArH) ,7.32 (1H,s,AtH) ,7. 15(1H,s, 214.46, 165.13, 134.63, 133.87, 131.08,

ArH) 129.25,129.07
Y, 7.54(1H,d,J=7.6 Hz,ArH) ,7.46(1H,d,J=7.3 Hz,ArH) ,7.41(2H, 215.70, 174.09, 139.07, 135.88, 131.35,

d,J=5.5 Hz,Arl) ,7.35(1H,1,] =7. 4 Hz, ArH) ,2.39(s,3H,CH,)

131.

04,130. 53,129. 28,126. 55,20. 05
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( Continued )
Compd. "H NMR (400 MHz,CDCl, ) & 3C NMR (400 MHz,CDCL,) &
Y, 7.52(2H,d,J=8.1 Hz, ArH) ,7.39 (1H,s,CH = ) ,7.26 (2H,d,J =7.9 215.48, 173.46, 143.35, 135.48, 130.50,
Hz,ArH) ,2.48(3H,s,CH;) 129.02,126. 98 ,21. 84
Y, 7.62(1H,d,J=6.6 Hz,ArH) ,7.38(1H,d,J =8.6 Hz,ArH) ,7.28 (1H, 215.49, 166.43, 158.35, 140.79, 132.98,
s, =CH,) 130. 17,128. 43,125. 35,118. 78
Y, 7.36(1H,s,CH=),7.24(1H,dd,J =1.8,8. IHz,ArH) ,7. 10(1H,d,J =  215.28, 174.00, 151.45, 148.90, 135.13,
1.7 Hz,ArH ) ,6.90(1H,d,J =8. 1Hz,ArH ) ,6.09(2H,s,CH,) 125.61,122.93,109. 62,107. 54,102. 77
Y, 7.66(1H,s, =CH),7.64(1H,d,J=1.8,8. IHz, ArH) ,6.61 (1H,d,J = 215.98, 169.18, 154.25, 139.99, 136.04,
8.7 Hz,ArH ) ,6.55(1H,s,ArH ) ,3.96(3H,s,CH;) ,3.89(3H,s,CH,)  117.81,112.92,104. 14,61.72,61. 08
Y, 7.87(1H,s,CH =) ,7.44(3H,t,J/ =7.7 Hz, ArH) ,7.24-7.15(1H, m, 215.50, 173.56, 159.89, 135.92, 132.47,
ArH) ,3.85(3H,s,0CH,) 130.89,119.38,118.53,111.99,55. 60
Yo 7.86(3H,d,J=8.0 Hz,ArH,CH =) ,7.75(2H,d, ] =8. 4 Hz,ArH) 215.47, 172.10, 135.99, 132.54, 130.34,
128.98,126. 02
Y, 7.67(2H,d,J=7.3 Hz,AtH,CH =) ,7.57(1H,t,J =7. 42 Hz,ArH) ,7.50  215.89, 173.24, 136.26, 132.49, 131.94,
(2H,t,J=7.72 Hz,ArH) ,7.59(1H,s, = CH) 129.93,127. 21
Y, 8.22(1H,d,J =8.1 Hz,ArH) ,7.67-7.75(2H,m,ArH) ,7.46 (1H,t,J =  212.38, 148.42, 136.40, 128.33, 124.19,
7.7 Hz,ArH) ,7.59(1H,s, = CH) 121.64,119. 95
Y, 7.34(2H,s,ArH) ,7.20 (1H,s,CH = ) ,6.75(2H,s,ArH) ,3.90 (2H,s, 213.33, 189.80, 173.57, 161.60, 133.76,
CH,) ,3.45(2H,s,CH,),3.13(2H,s,CH, ) ,2.82 (2H,s, CH,),2.09 128.73,123.53,115.28,115.25,65.52,54.00,
(2H,s,CH,),1.99-1.57(6 H,m,CH,) ,1.41(1H,s,HCl) 53.20,23.49,22.49,21. 12
Yy, 7.34(2H,d,J=6.8 Hz, ArH) ,7.19(1H,s,CH = ) ,6.74 (2H,d,J =5.8 215.06, 174.33, 162.08, 134.56, 129.44,
Hz,ArH) ,4.12-3.78(6 H,m,CH, ) ,3.54-3.34(2H, m,CH, ) ,3.30-3.19  124.22, 116.02, 65.72, 63.69, 53.83,
(2H,m,CH,),3.172.98(2H,m,CH, ) ,2. 13(2H,s,CH,) 51.57,23.32
Y5 7.84(2H,d,J =8.8 Hz,ArH) ,7.74(1H,s,CH =) ,7.05(2H,d,J=8.8 215.17, 174.28, 162.60, 134.53, 129.46,
Hz,ArH) ,4.06(2H,t,J =6.4 Hz,CH,),3.57-3.52(4H,m,CH, ) ,2.37- 123.96, 115.91, 68.34, 66.68, 58.17, 53.77,
2.27(6 H,m,CH,),1.78-1.69(2H,m,CH, ) ,1. 60-1. 51 (2H,m,CH, ) 26.83,22.73
Y6 7.85(2H,d,J=8.8 Hz,ArH) ,7.75(1H,s,CH =) ,7.05(2H,d,J=8.8 215.18, 174.29, 162.63, 134.53, 129.46,
Hz,ArH) ,4.04 (2H,t,J =6.4 Hz,CH,) ,3.57-3.52(4H, m,CH, ) ,2.31  123.96, 115.90, 68.45, 66.67, 58. 64, 53. 84
(4H,s,CH,),2.25(2H,t,J =7.0 Hz,CH,),1.77-1.69 (2H, m, CH, ),  28.87,26. 08 ,23. 81
1.51-1.36(4H,m,CH,)
Y,, 7.86(2H,d,J=8.9 Hz,ArH) ,7.75(1H,s,CH =) ,7.06 (2H,d,J=8.9 215.19, 174.29, 172.53, 162.63, 134.53,
Hz,ArH) ,4.05(2H,t,J =6.5 Hz,CH,) ,3.57-3.53 (4H, m,CH, ) ,2.32  129.46,123.96, 115.90, 68. 45, 66. 62, 58. 68,

(4H,s,CH,),2.27-2.22 (2H, m, CH, ), 1. 76-1. 68 (2H, m, CH, ) , 1. 42
(4H,dd,J=14.1,7.0 Hz,CH, ) ,1.32(2H,dd, ] = 14.6,7. 8 Hz,CH, )

53.82,28.94,27.08,26. 31,25. 83
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Table 3  Effects against glutamic acid induced injure of compounds Y;-Y; (x £5s,n=3)
Cell viability/ %

Compd.

Glutamate 1 10 50 100 pmol/L
Y, 26. 10 +0. 07 94.17 +0. 67" * 65.64 +£0.30 " * 50.96 +0.23* * 46.39 0. 12" *
Y, 20.77 +0. 05 31.54 0. 17" * 82.64 +0.11** 75.88 £0.29 * * 93.76 +1.49**
Y, 20. 10 0. 06 31.22+0.15* " 85.92 +0.01 " * 114.74 +0.63 * * 92.45 +0.28* *
Y, 37.69 +4.80 74.96 +8.09 * * 80.67 £9.40 " * 80.88 +9.69 * * 82.48 £2.09 " *
Ys 18.77 0. 06 30.96 +0.16 * * 68.69 +1.55" * 64.02 +0.88 "~ 56.53 +1.71 "%
Y 39.64 +0.35 72.87 +0.31** 109.46 +1.04 * * 93.90 £0.48* * 91.18 £0.47 * *
Y, 39.64 +0.35 50.32 +£0.04* * 106.33 +1.41** 95.65 +0.58 " * 87.55+1.02**
Y 39.64 +0.35 55.44 +1.04" 7 89.40 +0.10" * 116.37 +0.13* * 85.74+1.04" %
Y, 35.05 £8.60 72.34 £5.48* ¢ 73.71 £2.81** 63.57 £1.94** 56.47 £6.09 * *
Yo 35.97 +7.21 62.49 +1.97** 55.84+7.79* 43.21 £2.03 31.09 +3.89
Yy, 39.64 +0.35 76.39 +0.72" * 103.29 =1.01** 99.34 +0.02** 133.81 £0.95* *
Yy, 33.77 +0.78 42.18 £1.04 79.17 +0.58 " * 90.30 +1.03* * 80.48 x1. 12" *
Y3 27.76 4. 60 72.70 £26.36 * * 107.93 £5.71 % * 21.79 £12. 19 8.25+3.68
Yy, 26.71 +5. 31 33.38 +£3.75 75.56 +1.82* * 74.72 £2.80 " * 67.61 £1.42**
Y5 42.63 £6.32 93.19+12.82"* 74.59 £22.40 40. 80 £9.91 35.02 £5.05
Y6 40.68 +7.52 91.95 +25.56 " * 96.50 £25.47** 46. 67 £4.03 35.92 +4.23
Y, 42.56 £4.25 102.25 +15.46* * 82.67 +5.68 46.24 +5.63 42.48 +16.20
ADT-OH 20.69 +1.25 33.42 +£2.23 52.18 £3.48 " 103.99 +4.62* * 76.43 +2.78 " *

*P<0.05," " P<0.01l vs Glutamate group
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