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Synthesis and evaluation of novel indole derivatives as potential immunosuppressive drugs
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(1. School of Pharmacy, Tianjin Medical University, Tianjin Key Laboratory on Technologies Enabling Development of Clinical
Therapeutics and Diagnostics, Tianjin 300070, China; 2. Department of Pharmacognosy, Logistic University of PAP, Tianjin 300309, China)
Abstract Objective: To obtain indole derivatives with higher immunosuppressive activity, by synthesizing indole derivatives. Methods:
Structural modifications of indole—5-carbox— aldehyde and 5—carboxy—indole were obtained through alkylation on N-1, Vilsmeier—-Haack
reaction and aldehyde—amine condensation on C-3 , Knoevenagel reaction and acylated condensation on C-5. All the compounds were
characterized by 'H-NMR and HR-MS. Meanwhile, MTT assay was used to test their inhibiting activities on murine T and B cells. Results:
Seven compounds of the two series were obtained; all of them were confirmed by HR-ESI-MS and 'H-NMR validation. Compound 5S¢
showed a certain degree of inhibiting activity against T cells and B cells. Compounds 9a and 9b showed a certain degree of inhibitory
activity against B cells. Conclusion: By simulating the structures of two long chains of pseudolaric acid B, new indole analogues are
synthesized and some of them may show a certain degree of immunosuppressive activity.

Key words indole-5-carboxaldehyde; 5—carboxy—indole; pseudolaric acid B; immuno suprressive activity
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Fig1 Schematic route of 5a—5e compound
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Fig2 Schematic route of 9a,9b compound

122 kG 5a-5e (G BGETE K 5T 0|
(0.145 g,1 mmol) % T 10 mL DMF 1, vk T 2212
HIA NaH(0.048 g,2 mmol ), UKIEHETE 2 h, SR )5 &
A RACE(1.2 mmol ), 0.5 h J5E B EE RS T
2 h, TLC A S N 58 4 o FEVKIR A5 E T 1] SO R i
T INZEIRK AW £, B AT AR FR38 i, il
PEAFFEMARBIE A8 1,40 CIRE T4 24 h,

AL AP 1(1 mmol)IEF 10 mL DMF H, il A
CH,(COOH ), (0.312 g,3 mmol) . Wk K& (0.043 g,
0.5 mmol ) J&5 T 90 CHAM F AW HE, MR 8 h,
TLCKEM S I 5 4% o UK A5 04 1) SN W 3
RN AW, ELZE AT H RS FER N, 3hugAs
A RIS 2,40 ClE T4 24 b,

bS5 2 (1 mmol) ¥ F 10 mL JE/K CHLCL,
T UK T 1.2 £ 49 HOBT #il EDCI #h R 5,
TIPS = LW, OV 0.5 h S5 AR 7 g
(1.2 mmol) B TFH RSN 8 h, TLC &l 2 b 5E4 ,
MR 5% AR BRI T FITRiR R S AR 2R 1B K
DL R B ER K PR 1 IR IR ZE T, A E AT o
2L A 3.

¥ POCly (1.615 g,10 mmol) % Ji% 7% A DMF
(0.731 g, 10 mmol) 1,15 CIRAHEFE 0.5 h, Kb &
Y1 3(1 mmol )35 T DMF H, SR J5 34 %1% i POCI; Al
DMF IR AV, I 70 °C S 6 h, TLC K3 52
NETEAE o SN R BE T UK K T, 40%NaOH HrA, 4
P 3 h AR E T UK, 1 AT A E AR R
L& 4,40 CIE T 24 h,

LAY 401 mmol) FIZFEME (1.2 mmol ) T

10 mL JE7K CH;OH H, R e i vk s 2 , vkt T 22
& /A NaBH,CN (1.5 mmol,0.095 g),0.5 h J5# &
RV 2 h, TLC KGN 2 1 58 4, 1) B2 0 T HH 34 17
TIMZEIEK , EL AT AR FERG I, b i A5 [ 44
BPZ =4 5,40 CIfJE T4 24 h,
123 ALEW 9a.9b A RGE TR K SR I
(0.161 g, 1 mmol )& T 10 mL Jo/K CH,CL, 1, vk
A 1.2 {586 HOBT Fl EDCI $h 2 £ , i i
= OB, BO 0.5 h Ja i ACTE e (it iy £k
AW 11a,11b WA 2= Z L) (1.2 mmol) &
TR 8 h, TLC Kl Jz b 52 42, MKk I 5%11)
AR PRV WL i R IR S ANV W 2RI OK DA ML R £
ERIKVEWE 1 R WEZE T, 20 8 1A
6.

WALEY 6 YT 10 mL DMF 1, 7K T 2248
JIMA NaH(0.048 g,2 mmol ), KB+ 2 h, SR 5 &
A 6-IRCERFEE (1.2 mmol),0.5 h G ES
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MRS R RN 2 h, TLC AR SR 584 T oK a1
1) SR R INZE AR K, AN, B E AT
PR FEBE N, 3 3845 WA BIAb A4 7,40 CU T
18 24 h,

¥ POCl; (1.615 g,10 mmol) & ¥ % A DMF
(0.731 g, 10 mmol) 1,15 CIRGTEFE 0.5 h, $1k &
#1 7(1 mmol )% T DMF H1, SR J5 i 1% i POCL, Al
DMF MR AV, A 70 CCR M 6 h, TLC K 2
NTEA o RN AR TUKAK T, 40%NaOH HT, 4
FE 3 h SR E T KA, B AT s asE A R
LAY 8,40 CIRE T 24 h,

BAEA Y 8 (1 mmol ) AR H FEAHE (1.2 mmol )
% 10 mL JE7K CH:OH H 3 in i vk B 1R , 7K
218 A NaBH,CN (0.095 g, 1.5 mmol),0.5 h J&
B B H I 2 h, TLC K [ 1 5¢ 4, 1) &2 g 3 Hh
I T IR K, B AT H S AROR BRI, $h AR
AR BIZE =4 9,40 CUUE T4 24 he
1.3 MTT ZFane a0 A T e fe B 20 e g
e IR VR R EE O SR E T HUS BRI I )
2 CL A ML B, TR AR R PR 1x10°~5%10%mL,
HIA ConA(B ZHAINI N LPS) BAUKEEH 10 pg/mL.
PI&EFL 100 pL 3} 35 T 96 fLb b, B2k E
4AE (10 pg/mL, 1 wg/mL.0.1 pg/mL.0.01 wg/mL),
BT 3 N FATE AL, DL A 2 TR R B R 6 R
FHEZY , 31 LA RPMI1640 K531 4 it A v &AL
BT FREE A S A2 S AR RS I BT 37 °C,
5%CO, Ja A W5 48 h. 48 h J7, & FLM 20 pL
5 mg/mL MTT %% (PBS FC#il ). 37 CURLEIFH 4 h,
We s L3, RELIMA =B 100 WL 75 fif H 28 ik,
BRI R R BRI, DL R
490 nm il E VG FE{E (OD), A ConA (B 4il g 1] Ky
LPS) Zb B () 4 i R B P XT BB 40, L RPMIT1640 £ 5%
WA AS AN RERZE, AT A 2 R 2%

i R =BT B ZH OD fE-mz5 41 oD {8 )/
(BHHEXTHEZH OD fH-25 FAIXTHEZH OD 1B )x100% .
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S5a: W AEA 23 27% ,m.p.165 C-166 °C;'H
NMR (400 MHz, CDCL,)8 7.73(s, 1H, H-1"), 7.72 -
7.67 (m, 1H, H=3), 7.32 (m, J = 26.1, 9.6, 1.6 Hz, 2H,
H-2,2'),7.11 (s, 1H, H-4), 6.83 (m, J=8.8,2.9 Hz,
2H, H-3",4"),6.76 =6.71 (m, 2H, H-2", 5"), 6.26 (dd,
J=13.7,6.4 Hz, 1H, H-1), 4.43 (d, J= 9.6 Hz, 2H, H-

CH,-1"),4.22 (m, J=13.7,7.2 Hz, 1H, H-3"), 4.12 (q,
J =73 Hz, 2H, H-CH,-1"), 3.79-3.76 (s, 3H, H-
OCH;), 1.44 (dd, J = 9.4, 5.2 Hz, 3H, H-CH;-2"),
125-1.19(s,6H,H-CH4',5") . HR-ESI-MS: m/z414214 4
for]M+Na]*(caled for CoHxN;0,Na*,414.215 2),

5b: B4 A, 77 % 23% ,m.p.155 C-156 °C;'H
NMR (400 MHz, CDCI3) 8 7.79 (s, J = 10.7 Hz, 1H, H-
19, 7.71 (d, J = 15.5 Hz, 1H, H-3), 7.38-7.17 (m, 3H,
H-4,4",5"),7.11 (s, 1H, H-2),7.09-7.03 (m, 1H,
H-2"),7.00 (t,J=8.7 Hz, 3H, H-2",3",4"), 6.85 (m,
J=22.1,11.1,4.3 Hz, 1H, H-3"), 6.61 (t, J=9.9 Hz,
2H, H-2",5"),6.32 (d, J=15.5 Hz, 1H, H-1), 5.25 (s,
2H, H-CH,-1"), 4.39 (s, 2H, H-CH,-1"), 4.26-4.15
(m, 1H, H-3"), 2.24 (d, J = 10.0 Hz, 3H, H-CH;-5"),
1.20 (d, J= 6.5 Hz, 6H, H-CH;-4', 5"). HR-ESI-MS:
m/z 478.226 5 for [M+Na]*(caled for Cx»H;0FN;ONa*,
478.226 1),

5c: A EA, 73 21% ,m.p.143 C-144 °C;'H
NMR (400 MHz, CDCl;) 8 7.78 (d, J= 14.6 Hz, 1H,
H-1"),7.75-7.62 (m, 1H, H-3), 7.33 (m, J = 13.3, 8.5,
3.1 Hz, 3H, H-2, 4, 4"),7.16 (s, IH, H-2"), 7.11-
7.05 (m, 1H, H-2"), 7.01 (dd, J= 6.7, 6.0 Hz, 2H, H-4,
3"), 6.91-6.83 (m, 1H, H-5"), 6.64 (dd, /=179, 7.7
Hz, 2H, H-3", 4"), 6.36-6.26(m, 2H, H-2", 5"), 5.30 (s,
2H, H-CH,-1"), 4.43 (s, J=7.8 Hz, 2H, H-CH,-1"),
3.63-3.52 (m, 3H, H-6, H-CH,-5), 3.49 (dd, J = 12.1,
5.9 Hz, 2H, H-CH,-3"), 2.30-2.20 (s, 3H, H-CH;-6"),
1.82 (dt, J=11.9,5.9 Hz, 2H, H-CH,-4"), 1.20- 1.14
(m, 6H, H-CH;-7", 8"), HR-ESI-MS: m/z 536.267 8
forlM+Na]" (caled for C,H3FN3O,Na*,536.268 4),

5d: B EAR, 77 % 25% ,m.p.166 C-167 °C;'H
NMR (400 MHz, CDCl3) 8 7.80 (s, IH,H-1"), 7.75-
7.66 (m, 1H, H-3), 7.37-7.31 (m, 1H, H-2), 7.27-
7.25 (m, 2H, H-4,4"), 7.18 -7.14 (s, 1H, H-2"), 7.11
-7.04 (m, 2H, H-2"", 3"), 7.02 (d, /= 8.6 Hz, 3H, H-
3",4",4"),6.72 (t, /= 9.4 Hz, 2H, H-2",5"), 6.41 (d, J
=15.5 Hz, 1H, H-1), 5.26 (d, /= 9.8 Hz, 2H, H-CH,-
1), 4.49-4.40 (m, 2H, H-CH,-1"), 4.01-3.88 (m, 1H,
H-3"),2.24 (d, J=8.2 Hz, 3H, H-CH;-6"), 1.66—-1.54
(m, 2H, H-CH,-6"), 1.44 (id, J = 14.4, 7.3 Hz, 2H, H-
CH,-4"),0.93 (1, /= 7.4 Hz, 6H, H-CHs-5", 7"). HR-
ESI -MS: m/z 506.255 4 for [M +Na] *(caled for
C3HuN;0Na*,506.257 8).

Se: B(A A, 2% 19% ,m.p.171 C-172 °C; 'H
NMR (400 MHz, CDCL3) 8 7.93 (s, 1H, H-1"), 7.87 (d, J
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EE

= 15.3 Hz, 1H, H-3), 7.38 (dt, /= 11.3, 5.6 Hz, 1H,
H-4),7.31-7.26 (m, 1H, H-2), 7.14-7.06 (m, 3H, H-
2',3",4"),6.96 (dd, J=12.3, 6.3 Hz, 3H, H-1, 3", 5"),
6.81-6.77 (m,4H, H-2" ,3" , 4" ,5"),521 (d,J=
7.0 Hz, 2H, H-CH,—-1"), 4.48 (s, 2H, H-CH,-1"), 4.41
-4.32 (m, 1H, H-3"), 3.75 (d, J = 3.0 Hz, 3H, H-
OCH;), 2.30 (d, J=12.1 Hz, 3H, H-CH;-6" ), 2.07-
1.92 (m, 2H, H-CH,-6"), 1.81-1.69 (m, 2H, H-CH,—4"),
0.87 (t, /= 7.4 Hz, 6H, H-CH;-5", 7). HR-ESI-MS:
m/z 518.277 3 for [M+Na]* (caled for C3,H3N;O,Na®,
518.277 8),

9a: WL [ 1A, 774 30% ,m.p.122 °C-123 C;'H
NMR (400 MHz, CDCl) 3 8.06 (t, / = 4.4 Hz, 1H, H-
2),7.71 (m, J=6.9, 3.5 Hz, 1H, H-3), 7.36-7.29 (m,
1H, H-3),7.11 (s, /J=3.3 Hz, IlH, H-4),7.02 (d, /=
8.2 Hz, 2H, H-3", 4"), 6.66 (d, J = 8.4 Hz, 2H, H-2",
5"), 4.46 (s, 2H, H-CH,-1"), 4.09 (m, J = 7.0 Hz, 2H,
H-CH»-1"),4.05-3.99 (m, 1H, H-1"), 3.67-3.62 (m,
3H, H-CH;-6" ), 2.30 (m, J = 14.9, 6.4 Hz, 2H, H-
CH,-5""), 2.26 (s, 3H, H-CH;-6"), 1.87-1.77 (m, 2H,
H-CH,-2"), 1.69-1.60 (m, 4H, H-CH,-2', 4"), 1.51
(m, J=14.4, 7.4 Hz, 2H, H-CH,-4" ), 1.34-1.25 (m,
2H, H-CH,-3"), 0.96 (m, J= 7.4 Hz, 6H, H-CH;-3’,
5" HR-ESI-MS: m/z 500.288 0 for [M+Na]* (caled
for CH3N;05Na*, 500.288 4).

Ob: B {0 [EAA , 72K 329% ,m.p.128 C-129 °C;'H

NMR (400 MHz, CDCI;) & 8.05 (d, /= 1.4 Hz, 1H, H-
2),7.71 (dd, J = 8.6, 1.6 Hz, 1H, H-1), 7.30 (1, / = 8.2
Hz, 1H, H-3), 7.11 (s, 1H, H-4), 7.01 (d, J=8.1 Hz,
2H, H-3",4"),6.64 (d,/=8.4Hz, 2H, H-2",5"),4.44
(s,2H, H-CH,-1"), 4.07 (t, /= 7.0 Hz, 2H, H-CH,-1""),
3.64 (s, /= 3.7 Hz, 3H, H-CH;—6"), 3.45 (dd, /= 13.1,
7.2 Hz, 2H, H-CH,-1"), 2.28 (dd, J = 12.1, 4.7 Hz, 2H,
H-CH,-5"), 2.25 (s, 3H, H-CH5-6"), 1.82 (dt, J =
14.8,7.2 Hz, 2H, H-CH,-2"), 1.66-1.59 (m, 4H, H-
CH,-2', 4"), 1.40-1.31 (m, 6H, H-CH,-2", 3’, 3"),
0.92-0.88 (m, 3H, H-CH;-5"). HR-ESI-MS: m/z
500.288 1 for [M+Na]* (caled for CoHN;OsNa*,
500.288 4),
22 BAMULEYHRIN LR IR ERRT K1
B AL S5 PR X R 24 5 1 1R T ( MMLF) 1 A
TR (PB)XT T 40 A B 41 AL (%) 26 BE 6 PR 45 5L, ]
VB LG Se Xt T 40M0FN B 4 LI GEA — 2 1)
S E /LA 9a.9b Xt B A5 A — & il
it

F1 LAY T B IEEE ERSMETEINHE 1 (x5, n=3)

Tab 1 Invitro inhibitory effects of novel indole derivatives(xs, n=3)

IR (10~ wmol/L)

L&Y T Cell B Cell
5a ~2.59320.204 -9.820+0.587
5h 21.453+1.246 -6.75720.254
5¢ 37.417+1.822 38.568+0.651
5d 24.393+0.843 10.000+£0.472
5e 14.018+0.756 0.905+0.045
9a 7.18740.367 43.455+1.309
9b 25.365+1.114 44.909+0.884
PB 50.773+1.965 43.604+1.449

MMF 60.241+1.624 55.128+1.804

3 it
31 & mFE R S-EEEM AR sk &Y
5a-5e HL2 5 T 5 AL N, SR EES AT 3 H
b A 9a.9b Shtid 4 A Ab2E RN, AT B
R RAR 0y, XBIAE TR 1 A7 47 bt ik
I AN—FE o X T S—PEEmg ek 1, HLR i
FE AT e AL RN, B RAE T 5 67 P B BE T 2 AE 5
RN AT 5 ik SCA% R SN, TS| W PR AR UE
1, 1 2t Be A S m W B A% 2 A B AR e P o
X SR B Ut , Bt Bl S A R B 2t ik
AW A REEAT, WEOR BB T e A R
WAL 1AL R S AN 2 SRRSO, AT B0
FEEA PRI, P2 3R BRI, X 25 G s 2 i
BT T ROV AR 2 P YMERL 3L A Y RN i
o TE R A5 T AT, L2 T S AN R 3
Z U Ry B MERE IR
3.2 HhmEhn AENEHAR DR AT ShEY
5b.5d AHILEFTLAE (G Sc 3 001 7 7 48 5
PN BEA SR S5 K AT BE A L A T 240 B0 1 3% 2 14 )i
I 54659 5d AH AT AT 9a.9b 1 9 C R H iR
KEEAEH P RE 7 A B AR A5 A% S A
I, AT DA R4 T R iyl vh 22 1208 e T A
Hot AT TR PP TSR S 20 1 [T I 15 | AR BRZ5 A8 v

AR S L PR RIS [ 1) 52 0 % 2 B 4D+ A TR
IR G T 74 B &, Hr 5c.
9a.9b ZrHIXT T 4WAE AT B 4= A= T — % B3 FE A
HE T, BAR S B BRI IS A 2550, (H g ey
YRR TR BT B
SE 0k
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44 7R7,2014,23(29):3301

[2] LiT, Chen H, Yang Z, et al. Topical application of Pseudolaric acid

(F#% 203 )
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