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Synthesis and antitumor activity evaluation of lamiophlomiol A derivatives

YANG Yan-xia' ,DING Qing-qing’, YAN Fu-lin’
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Abstract: Objective To study the synthesis method and anti-tumor activity of lamiophlomiol A derivatives in wvitro.
Methods The epimers of lamiophlomiol A and B mixture was used as the starting material, and the the triazole group was
introduce into the basic scaffold of lamiophlomiol A and B through click reaction to obtain the structure derivatives of
lamiophlomiol A. The antitumor activity of synthesized derivatives against esophageal cancer cell EC9706, gastric cancer cell
MGC803 and melanoma cell B16 in vitro was evaluated by methyl thiazolyl tetrazolium method. Results  Nine structure
derivatives of lamiophlomiol A were synthesised. Most of compounds showed potent antitumor activity against three tumor cell
line, and derivative 7 had a strong cytotoxic activity against gastric cancer cell line MGC-803 [ IC,, value was (2.3 =
0.3) wmol + L™"],which was better than positive control 5-fluorouracil [ ICs, value was (3.2 =0. 1) pmol - L™'7].
Conclusion In this study,a simple and convenient method for the synthesis of lamiophlomiol A derivatives was established,
which provide the experimental foundation for the screening of antitumor drugs.
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tetrazolium, MTT) X 5 ¥ O Bh AT AE 4y AT £ 8 0
AL (ECO706 ) | B Jiri 4 g (MGC-803 ) K (0, 22 U 4
J (B16) BOMRSMIL e 16 PE DT

1 #R5FE

1.1 Bk RAF 5 A8 ECO706 4
Jt ' i MGC-803 41 ity S 8 (4 98 B16 4fitw ()7 M
HRECAE R IR AR IR FIE RN 4-
AL LR (4-CEE R AR RERCT SR AR (4-1R
TRROHE TR E ke (L Sigma Aldrich 22 %] ) , X il
FEEATR AR (gBTRL TR A R A F) ,
FEJZ AT F Ak B (200 ~ 300 H ) | ¥ 2 2 B 1 i e
GF254 (F Byifg ek L)) L 35 KA1 v el R A% IR 35
4L ( Dulbecco’s modified Eagle’s medium, DMEM )
[ R il 35 57 2 (32 [ Gibeo A W), R4 LI (Bt
M PUZ=T AP HOR A A] ), MTT 38050 & — BRI
( dimethyl sulfoxide, DMSO) ( 3% [E Sigma 2\ &) , %
PRIZWE (fluorouracil, FU) (LA HEARAF) , A
Tk ( petroleum ether, PE) | Z ik Z [ ( ethyl acetate,
EA) (R EFH2 WA 23 7] ) 5 Bruker400 HY A% 2 4
PRPE X (F2 [ Bruker 23] ) .
1.2 M—ORER A TEMRER  BUh—IkE A F
BIRAY 48 mg ¢ 3- T He-1-fE 1 mL F 5 mL -1 B
JERE M, 5 R BEFE 2 A 8 A U %, R
12.0 mol « L™" #5/R 1 mL, %36 F R 12 h, )2
%92 (thin-layer chromatography, TLC ) #i0 , 5z [ 2%
WRIEAHUHT EA LI, 220K AT & 1 Na, SO, #3
AR 1S min, SIU8 DR AR M i SRR
Mror B 4ifh, il PE #1 EA 76 KRR He 4 (PE @ EA
5013 0 1)y AR R R A G R
B ) TACIE 1), 77250 50% , A S, fi
# M (1R,4aS,5S,6S,7R,7aR ) -methyl 1-( but-3-yn-
1-yloxy ) -7-chloro-5 , 6-dihydroxy-7-methyl-1,4a,5,6,
7 ,7a-hexahydrocyclopenta [ ¢ ] pyran-4-carboxylate , 1%
g 2 3% A 3 ( proton nuclear magnetic resonance,' H
NMR) (400 MHz,CDCL, ,ppm,TMS) :5 7. 41 (d,J =
1.0 Hz,1H),5.06 (d,J=1.9 Hz,1H),4.27(dd,
J=6.1,3.9 Hz, 1H) ,4.02 (d,J =3.8 Hz, 1H),
3.88~3.81 (m,1H),3.76 (s,3H),3.74 ~3.606
(m,2H),2.99 (dd,J=11.8,1.8 Hz, 1H),2. 84
(dd,J=11.7,5.3 Hz,1H) ,2.51 ~2.41 (m,3H),
1.74 (s, 3H); 4% % 98 Bk 3% ( nuclear magnetic
resonance,”C NMR) (100 MHz, CDCl, ) :6 169. 9,
151.9,110.4,98.0,81.1,78.7,77.5,75.4,67. 1,
69.8,52.1,48.7,38.1,25.1,20. 1.

BT mmol JRALRHI 2 mmol A ALH T 5 mL
AR 15 IS e R, i 2 mIL R RE Y R (N, N-

dimethylformamide , DMF) ,30 °C Tz 10 h, TLC %
ISR R A o ) B R A 10 mL 2 g
10 mL ZE M AKHFATZE 0, A WA JEK Na,SO, T
15 min, 3 38, 4518 T EBRAWSALED
(E 1),

B ] = 1A 62. 4 mg, & A AL B W
0.3 mmol ,CuSO, + 5SH,0 5 mg FiZE4= 2% C 45 mg
BT 25 mL PR RDEBH , T 40 CHAE 4 mL
THF-H,O(V/V =1 : 1) R WIEFI P 4 h,  TLC
Rl SN S A . R NI B =, A EA
I, AR OB 5 1Y Na, SO, 3 AR T4 15 min, 3o
U8 R AR A KL i R E R 2 AT 4 B 24k, 7 PE
FEA EEW(PE : EASGS 1.3 0 1) kil 5%
LG LB 1) TRy, 7%k 97% .

G2 ~9 o (D) &Y 1, X
SIHET R E ) 1A SRR &AL A Y i#4T Click
SV o
1.3 PR E R iF ik
1.3.1 #iaiEsE ABE & ECI706 4. H I
MGC-803 il fifd Iz 28 {2 2K 983 B16 241 Afd <5 41 jg #k FH &
TR 5%k 10% fi 48 M3 9 DMEM #5357, [ B A
0.0l U - LT'"$HEE50.10U - L'"HEZE, T
37 C TR EL 5% CO, BSR4 vh it A B2 B 5%
2 ~3 d 4k 1R IEF AR 3 IR,

1.3.2 MIT F#m—KE AT B REHH 9
L & 9 Xt Bh JE 48 B B9 3 £ HD & SR B ( half
maximal inhibitory concentration, IC,,) 43 5| X
PR AR RS R AF 09 & 8 ECO706 4 i | 15 8
MGC-803 2 ifd Kz P 2, 2983 B16 41 AL, il J5 5. 200 i 2
O, VR AN B 1 x 107 L1 3T 96 FLAR, A
FLIMA 2 A 100 WL, & 37 CERR 4 5%
CO, BEFA RS 24 h FRAN I BE J5 73 R 25 245 28
X RRZH M2 A o 20 25 AR PR T0AE B VAR B2 A6 B2 - il o
A —IRE A F B KA B 9 Rk W RsAE &
BEAERREN 6 U, HUSMH . X BRAL NSRRI 57
AHA M =280K, 5558 48 h 5, AL A 20 uL
MTT, K5 T 37 CRFAATRE 4 h, 355 BIHR
JE A 200 pL. DMSO, 5% 10 min, % f#ULUE, 285
FHBEFRAL T 492 nm AR RS G REAE , 15—
WRIE TR RE G AN A A A IR = [ (IR
WOCHEE - 25 WG EE) - (AW
{B - = FHABOCEEAE) |/ O IR OG- =3
MMOEEEAE) x 100% , L il 3 k8 AR A, 25 90k
JE A AR AR I, 355 B AR AR Y IC,, IC,, <
100.0 pmol - L’lﬁﬁfﬂ]ﬁﬂﬂqﬁﬁééﬂiﬂﬁf/ﬁﬁﬁ, IC5y >
100. 0 pmol + L~ Sy Fe IR0 0 1, K
B AL TEL 3 R, BBE,
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a:1 mL 3-Th-1-f,1 mL HCl;b:2 mmol NaN;,2 mL DMF;c:5 mg CuSO,

E1 &Ww1~9HMaH
Fig.1 Synthesis of compounds 1 -9

2 #R

2.1 LEW1~INEHFE EY1: (IR,

4aS,5S,6S,7R,7aR ) -methyl 1-(2-( 1-benzyl-1H-1,
2, 3-triazol4-yl ) ethoxy )-7-chloro-5, 6-dihydroxy-7-
methyl-1,4a,5,6,7,7a-hexahydrocyclopental c ] pyran-
4-carboxylate,, ;= %% 97% , Jo @l R ¥).'H NMR
(400 MHz,CDCL;) :6 7.39 ~7.33 (m,4H),7. 28
(s,1H),7.23 (s,1H),7.22 (s,1H),5.49 (d,J =
1.4 Hz,2H) ,4.98 (d,J=1.7 Hz,1H) ,4.25 (dd,
J=5.9,3.9 Hz,1H) ,4.06 ~4.00 (m,1H),3.99
(d,/=3.81 Hz,1H) ,3.86 ~3.79 (m,1H) ,3.75
(s,3H),3.01 (t,J=6.3 Hz,2H) ,2.84 (dd,J =
11.7,1.4 Hz,1H),2.77 (dd,J =11.7,6.0 Hz,
1H),1.65 (s,3H);"C NMR (100 MHz, CDCL,) : 8
169.9,152.1,144. 8,134. 5,129. 6 x 2, 129. 3,
128.4 x2,122.4,110.1,98.2,81.1,78.6,75. 2,
67.6,54.8,52.1,48.7,38.3,26.3,25.1;C,, H,
CIN;OoNa[ M + Na | " & 45 ¥ Ji %
mass spectrometer, HRESIMS ) 2| { 486. 141 2, i}
A 486.140 2,

&Y 2. (1R,4aS,5S,6S,7R,7aR ) -methyl 7-
chloro-1-(2-( 1-(4-cyanobenzyl ) -1H-1, 2, 3-triazol-4-
yl) ethoxy ) -5, 6-dihydroxy-7-methyl-1,4a,5,6,7,7a-
hexahydrocyclopenta [ ¢ ] pyran-4-carboxylate, f= 3 iy
87% , JG (a1 ¥ .'H NMR (400 MHz, CDCL,) : 6
7.65 (d,J=7.7 Hz,2H) ,7.41 ~7.31 (m,4H),
5.57(s,2H),5.13 (s,1H) ,4.06 (d,J =8.3 Hz,
1H),4.01 ~3.95 (m,1H),3.82 ~3.76 (m,1H),
3.74 (s,3H),3.69 (dd,J=9.2,4.3 Hz,1H),

( high-resdution

T
T
A

=)

< 5H,0,5 mg 44 % C 44,4 mL THF-H,0,

3.26 ~2.86 (m,4H),2.74 (dd,J =11.6,4.2 Hz,
1H),2.67 (d,J=11.9 Hz,1H) ,1.17 (s,3H);"C
NMR (100 MHz, CDCl; ) : 6 168. 9,151. 4,145. 5,
139.8,133.0 x2,128.7 x2,122.7,118.4,113. 1,
110.1,96.4,81.6,77.5,72.4,67.6,53.8,52. 1,
46.3,35.8,26.4,19.6;C,,H,;CIN,O,Na [M + Na ] "
HRESIMS SZilfE 511. 135 4, 31541 511.135 5,

&Y 3: (1R,4aS,5S,6S,7R,7aR ) -methyl 7-
chloro-1-(2-( 1-( 4-fluorobenzyl ) -1H-1, 2, 3-triazol-4-
yl) ethoxy ) -5, 6-dihydroxy-7-methyl-1,4a,5,6,7,7a-
hexahydrocyclopenta [ ¢ ] pyran-4-carboxylate, = 3 >}
88% , JG Ak ¥ .'H NMR (400 MHz, CDCL,) : 6
7.49 (s,1H),7.32 (s,1H),7.29 (dd,J =8.5,
5.2 Hz,2H),7.06 (t,/=8.5 Hz,2H),5.50 (s,
2H),5.16 (s,1H),4.09 (d,J=6.5 Hz,1H),
3.41 ~3.94 (m,1H),3.83 ~3.76 (m,1H),3.74
(s,3H),3.68 (d,/=9.3 Hz,1H) ,3.09 ~2.93 (m,
2H),2.74 (d,J=1.5 Hz,2H),1.17 (s,3H);"C
NMR (100 MHz, CDCL;):6 168. 7,151.2,144. 3,
130.3 x2,129.8,122.7,116.2 x2,109. 8,96. 2,
81.1,77.1,72.0,67.1,54.1,51.9,46.2,35.5,
25.8,19.3;C, H,sFCIN,O(Na [ M + Na]* HRESIMS
S 504. 129 6,155 {H 504. 130 8,

&Y 4. (1R, 4aS,5S,6S,7R, 7aR ) -methyl 7-
chloro-5 , 6-dihydroxy-7-methyl-1-( 2-( 1-(4-nitrobenzyl ) -
1H-1, 2, 3-triazol-4-yl ) ethoxy )-1, 4a, 5,6, 7, 7a-
hexahydrocyclopenta [ ¢ ] pyran-4-carboxylate, = 3 iy
82% , JG A ik ¥ .'H NMR (400 MHz, CDCI,) : 6
8.22 (d,J=8.7 Hz,2H) ,7.54 (s,1H),7.42 (d,
J=8.6 Hz,2H),7.31 (s,1H),5.66 (s,2H),5.13
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(s,1H),4.07 (d,J=9.3 Hz,1H),3.98 (dt,J =
9.7,5.9 Hz,1H),3.81 ~3.74 (m,1H) ,3.72 (s,
3H),3.66 (dt,J=9.3,1.9 Hz,1H),3. 11 ~2.96
(m,2H),2.71 (d,J=1.7 Hz,2H),1.18 (s,3H);
“C NMR (100 MHz,CDCl,) :6 168.9,151.4,148.5,
145.2,141.5,129. 0 x2,124. 6 x2,110.2,96. 4,
81.5,77.5,72.4,67.4,53.8,52.1,46. 3,35.8,
31.3,19.4;C, H,;CIN,OiNa [ M + Na ]~ HRESIMS
SEIAE 531,125 8, F1&H 531. 125 3,

&Y 5. (1R,4aS,5S,6S,7R,7aR ) -methyl 7-
chloro-5 , 6-dihydroxy-7-methyl-1-( 2-( 1-( 4-methylbe-
nzyl) -1H-1,2,3-triazol-4-yl ) ethoxy) -1 ,4a,5,6,7 ,7a-
hexahydrocyclopenta [ ¢ ] pyran-4-carboxylate, = 3 A
81% , Jo a4k % .'H NMR (400 MHz, CDCL, ) : §
7.31 (s,1H),7.25 (s,1H),7.18 ~7.11 (m,4H),
5.42 (s,2H),5.13 (s,1H),4.05 (d,J=9.3 Hz,
1H),3.98 ~3.91 (m,1H),3.80 ~3.75 (m,1H),
3.73 (s,3H),3.68 (dd,J=9.2,3.6 Hz, 1H),
3.58~3.21 (m,2H),2.98 ~2.86 (m,2H),2.71
(dd,J=11.8,4.5 Hz,1H),2.61 (d,J =11.9 Hz,
1H),2.31 (s,3H),1.16 (s,3H);” C NMR
(100 MHz,CDCl, ) ;6 168.7,151.3,144.7,138.9,
131.5,131.0 x2,128.4 x2,122.2,110.1,96.4,81.
6,77.3,72.4,67.8,54.4,52.1,46.4,35.7,26.3,21.5,
19.5;C,; Hyy CIN;O(Na [ M + Na| " HRESIMS £ {H
500. 154 5,315 {H 500. 155 9,

& 6:(1R,4aS,55,6S,7R,7aR ) -methyl 7-
chloro-1-(2-( 1-( 4-ethylbenzyl ) -1H-1, 2, 3-triazol-4-
yl) ethoxy ) -5, 6-dihydroxy-7-methyl-1,4a,5,6,7,7a-
hexahydrocyclopenta [ ¢ ] pyran-4-carboxylate, = 2 A
80% , oAtk #,'H NMR (400 MHz, CDCL,) : &
7.33 (d,J=7.5 Hz,2H),7.20 ~7.13 (m,4H),
5.44 (s,2H),5.12 (s,1H),4.04 (d,J=9.3 Hz,
1H),4.01 ~3.93 (m,1H),3.82 ~3.75 (m,1H),
3.74 (s,3H),3.69 (dd,J =9.3,4.5 Hz,1H),
3.61 ~3.37 (m,2H),3.05 ~2.86 (m,2H),2.72
(dd,J=11.9,4.5 Hz,1H),2.67 ~2.58 (m,3H),
1.20 (t,J =7.6 Hz,3H),1.16 (s,3H);"”C NMR
(100 MHz,CDCl;) .6 168.7,151.3,144.3,135. 4,
131.4,128.8 x2,128. 6 x2,122.5,110.0,96. 2,
81.4,77.3,72.2,67.3,54.6,52.0,46.2,35. 6,
28.6,26.0,19.4,15.5;C,,H,,CIN,O,Na [M +Na]"*
HRESIMS SZill{E 514. 171 3,188 514. 171 5,

& 7. (1R,4aS,55,6S,7R,7aR ) -methyl 1-
(2-(1-(4-(tert-butyl) benzyl ) -1H-1,2 ,3-triazol4-yl )
ethoxy ) -7-chloro-5 , 6-dihydroxy-7-methyl-1,4a,5, 6,
7 ,7a-hexahydrocyclopenta [ ¢ ] pyran-4-carboxylate , 7=
RN 85% , JC {5 Ik #1.'H NMR (400 MHz,
CDCl;) :67.40 (d,J=8.2 Hz,2H),7.37 (s,1H),

7.34 (s,1H),7.18 (d,J=8.2 Hz,2H),5.45 (d,
J=2.0Hz,2H),5.13 (s,1H) ,4.06 (d,/=9.3 Hz,
1H),3.98 ~3.92 (m,1H),3.83 ~3.75 (m,1H),
3.72 (s,3H),3.67 (dd,J=9.3,4.4 Hz,1H) ,3.43
(brs,2H),3.04 ~2.90 (m,2H),2.73 (dd,J =
11.9,4.1 Hz,1H) ,2.67 (d,J=12.0 Hz,1H),1.27
(s,9H), 1. 17 (s,3H);” C NMR (100 MHgz,
CDCl,) . 6 168. 7, 152. 3, 151. 3, 144. 3, 131. 2,
128.1x2,126.2%x 2,122. 5,110. 0,96. 2,81. 4,
77.3,72.2,67.4,54.4,52.1,46.2,35.6,34.8,31.4 x
3,26.0,19.4;C, H,,CIN;O,Na [ M + Na] * HRESIMS
SEE 542,201 5,38 542.202 8,

&% 8. (1R,4aS,55,6S,7R,7aR ) -methyl 7-
chloro-1-( 2-( 1-( 4-ethoxy-4-oxobutyl )-1H-1, 2, 3-
triazol-4-yl) ethoxy ) -5, 6-dihydroxy-7-methyl-1,4a,5,
6,7, 7a-hexahydrocyclopenta [ ¢ | pyran-4-carboxylate ,
FEE R 80% , JC A ik #.'H NMR (400 MHz,
CDCl,):6 7.33 (s,1H),7.32 (s,1H),5. 11 (s,
1H) ,4.35 (id,J=6.8,2.4 Hz,2H) ,4.10 (q,J =
7.2 Hz,2H) ,4.06 (d,J =9.3 Hz,1H),3.98 (dt,
J=9.8,6.1 Hz,1H),3.80 ~3.75 (m,1H) ,3.73
(s,3H),3.68 (dd,J=9.3,4.7 Hz,1H),3.01 ~
2.95 (m,2H),2.79 (dd,J=11.9,4.4 Hz,1H),
2.67 (d,J=11.9 Hz,1H),2.30 (t,J =7.0 Hz,
2H),2.21 ~2.12 (m,2H),1.23 (t,J =7.1 Hz,
3H),1.19 (s,3H);"C NMR (100 MHz, CDCI,) :6
172.7,168.7,151.5,144. 8,122. 3,110. 2,96. 4,
81.6,77.4,72.4,67.8,61.1,52.1,49.6,46. 5,
35.7,31.1,26.4,25.6,19.5,14.5;C,, H,;,CIN,;O¢Na
[M+ Na]* HRESIMS sZiilj{§ 510. 160 7, {5 1E
510.161 4,

EY 9. (1R,4aS,5S,6S,7R,7aR ) -methyl 7-
chloro-1-(2-( 1-hexyl-1H-1,2, 3-triazol-4-yl ) ethoxy ) -
5, 6-dihydroxy-7-methyl-1, 4a, 5, 6, 7, 7a-hexahy-
drocyclopenta | ¢ | pyran-4-carboxylate, ;= 3%}y 86% ,
TR . H NMR (400 MHz, CDCL, ) : 8 7.38
(s,1H),7.33 (s,1H),5.18 (s,1H),4.28 (t,J=
7.2 Hz,2H) ,4.08 (d,J=9.3 Hz,1H) ,4.00 ~3.92
(m,1H),3.83~3.75 (m,1H),3.72 (s,3H),3.67
(dd,J=9.2,4.2 Hz,1H),3.34 (br s,2H),3.07 ~
2.93 (m,2H),2.76 (dd,J =11.9,4.3 Hz,1H),
2.70 (d,J=11.9 Hz,1H),1.91 ~1.80(m,2H),
1.33~1.25 (m,6H),1.19 (s,3H),0. 86 (t,
J=5.3Hz,3H);"” C NMR (100 MHz, CDCl,): &
168.9,151.5,144. 4,122. 4,110. 2,96. 4, 81. 6,
77.5,72.4,67.7,52.1,50. 8,46. 4,35. 8,31. 4,
30.5,26.4,26.0,22.5,19.6,14.0;C,, H;,CIN;O,Na
[M+ Na]* HRESIMS sZilj{H 480. 188 3, i & {H
480.187 2,
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2.2 JH—RKE A FIB RM—IKE A SHRITEYH
SN E ASRWER L, M—RKAMB A
BT I, 1,2 3- = kAT AE M R ER
P T ER A 51X BE B o B AL 5 W0 B0 0 e e 16 1
JEHIETRIR XL B W HL 5 % 2 T3z B FE R A AL
THREBARKIATAEY) 7 X 18 i MGC-803 4 Jifa 11 il 75
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Tab.1 Antitumor activity of lamiophlomiol A derivants in

vitro
o 1Cso/ (mmol - L™")

EC9706 MGC803 B16
M—EZE A B >100.0 77.1+£1.9 68.6x1.8
1 >100.0 94.3+1.9 66.4=1.8
2 65.2+1.8 64.7+1.8 84.8+1.9
3 51.0%1.7 >100.0 90.6 £1.9
4 35.5+1.5 79.9+1.9  60.9+1.8
5 34.9+1.5 31.6 1.5  43.1£1.6
6 33.6+1.5 29.1+1.4  20.1x1.3
7 11.4£1.0 2.3+0.3  22.6+1.3
8 >100.0 23.2+1.3  96.3£1.9
9 23.5+1.3 12.11.0 9.9+0.9
FU 6.3 0.1 3.20.1 3.5+2.6

1 FU g B 2

3 iFig

h TR —RE A B R E AR SR
PRVTH M —BRZE A A1 B 5] A6 ML A = A 1) &
BT %, IR BT A kA T H R TS PR RS

AL RN, MR R A By 1,2,3- =
A B Ao T 3 2 B S 1 ROk — R R A D
B, H,1,2,3- =R/ MAT A EHRIE R B RE
FEGUIPIRE 15 PR 77 R E o AR, OF 45
HRER 1 IO I ) F S 1 B s )7 BEL X7 e 0
P T A AN R B B 52 e, R A b TC UL i AT
ARG 1) AR I AR 58 BBt g 36 2, 1 R
b AW A I 4-CN L 4-F ,4-NO, ({592 .
3.4) 8 & & A 45 12 AT 4-CH; fil 4-CH,CH,
(LB 5 F06) BT A4 4T iR 3 1 B 8 P R
W TCHBREE A (f e 1), JEHIE R |
EA 7S A BH LA R 1 4-C (CH3) i A4 (fk &
7) EEE ECO706 i FH 4 MGC-803 2 it 417
& PR BRI —R 2R A B A9 10 f5F1 38 £, %HH
I MGC-803 £l ity 00 il 3% 14 £1C F BH 1 X B 24 i FU,
SRR DI EET A (LB 8) X H 9 MGC-803
AR VE R —IR R A R0 B 19 3 %, & ekl
BRI A (B 9) X &4 ECI706
i B9 MGC-803 4f fifd 1 7 £ 25930 B16 4f Jifd iy 41
TGP AR —BR R A F1 B 1Y 5 A% .6 f5F0 7 £,

[11]

[12]

[13]

[15]

[16]

Sy IR R E BN, S R — IRAR A2 ST BRI [T ]
Zyrff i, 1991 (1) 23741,
DING M M, YAN F L, TAN J, et al. Two new dammarane-type
elycosides from Phlomis umbrosa[ J]. Nat Prod Res,2014,28(1) :
18-23.
SHANG X F,WANG J H,LI M X et al. Antinociceptive and anti-
inflammatory activities of Phlomis umbrosa Turcz extract [ J].
Fitoterapia ,2011,82(4) :716-721.
KROHN K,GEHLE D,DEY S K, et al. Prismatomerin a new iridoid
from prismatomeris tetrandra. structure elucidation , determination of
absolute configuration,and cytotoxicity[ J]. J Nat Prod,2007,70
(8):1339-1343.
ISMAILOGLU U B,SARACOGLU I,HARPUT U S, et al. Effects
of phenylpropanoid and iridoid glycosides on free radical-induced
impairment of endothelium-dependent relaxation in rat aortic rings
[J].J Ethnopharmacol ,2002,79(2) :193-197.
CHANG 1II-MOO. Antiviral activity of aucubin against hepatitis B
virus replication[ J]. Phytother Res,2015,11(3) :189-192.
CHANG I M,RYU J C,PARK Y C,et al. Protective activities of
aucubin against carbon tetrachloride-induced liver damage in mice
[J]. Drug Chem Toxicol ,1983 ,6(5) ;443453.
WEST B J,PALMER S K,DENG S, et al. Antimicrobial activity of
an iridoid rich extract from morinda citrifolia fruit[ J]. Curr Res J
Biol Sct,2012,4(1) :52-54.
SANGHVI Y S,BHATTACHARYA B K,KINI G D,et al. Growth
inhibition and induction of cellular differentiation of human myeloid
leukemia cells in culture by carbamoyl congeners of ribavirin[ J]. J
Med Chem ,1990,33(1) :336-344.
AUFORT M,HERSCOVICI J,BOUHOURS P, ez al. Synthesis and
antibiotic of a small molecules library of 1,2 ,3-tnazole derivatives
[J]. Bioorg Med Chem Lett,2008 ,18 :1195-1198.
ZHU X F,CHEN X B, YAN M, et al. Stereoselective synthesis
and biological activities of O-( E)-1-{1-[ (6-chloropyridin-3-yl)
methyl ]-5-methyl-1H-1, 2, 3-triazol4-ylethyleneamino-O-ethyl-
O-arylphosphorothi oates[ J]. Cheminform ,2008,39(19) :15-20.
BANU K M, DIANAKAR A, ANANTHANARAYANAN C. Synthesis
and characterization antimicrobial studies and pharmacological
screening of some substituted 1,2 ,3-triazoles[ J]. Indian J Pharm
S¢i,1999,61(4) :202-205.
GALLARDO H,CONTE H,RYK G,et al. Synthesis and evaluation of
1-alkyl-4-phenyl-[ 1
agent[ J]. J Bras Che Soc,2007 ,18(6) :1285-1291.
JULION M, STEVENS M F G. Antitumour polycyclic acridines.
Part 5. 1 Synthesis of 7H-pyrido [ 4, 3, 2-kl ] acridines with

,2,3 ]-triazole derivatives as antimycobacterial

exploitable functionality in the pyridine ring[ J]. J Chem Soc
Perkin Trans,1998,10(10) :1677-1684.
KAMAL A,SHANKARAIAH N,DEVAIAH Vet al. Synthesis of
1,2 ,3-triazole-linked pyrrolobenzodiazepine conjugates employing
"click" chemistry : DNA-binding affinity and anticancer activity
[J]. Bioorg Med Chem Lett,2008 ,18 (4 ) :1468-1473.
THIRUMURUGAN P, MATOSIUK D,JOZWIAK K. Click chemistry
for drug development and diverse chemical-biology applications
[J]. Chem Rev,2013,113(7) :4905-4979.

(AX4E:: R EXHE:Z R)



