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Abstract Ginkgolides are diterpene trilactones with a cage-like skeleton consisting of six five-membered rings and a unique
t-Bu group from Ginkgo biloba tree. Many studies have demonstrated that they are highly potent and selective antagonists of
platelet activating factor receptor (PAFR) and glycine receptor (GlyR). Ginkgolide skeleton modifications may conduce to
physiological activities variation. Therefore, many ginkgolide derivatives and analogs have been synthesized for the optimal
antagonistic activities towards PAFR or GlyR. This review covers the structure-activity relationship studies of ginkgolide

derivatives and analogs.
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WA (Ginkgo biloba L)W FH Ginkgoaceae) iy
B, XA R A, hIRIERAA A
AN LIS BT 600 R4 5, ARAT I S sy
NZ. HEA I rp (A R 20 o o i 0L 98 LA ks (1)
NERAER], Bz M R T T R IR T O i L . B
EHWETUIRN, NATT R I il A PR e B A P o (1)) 2
W 2 —, HAPUAT . Pridfi, PrasEmEEp
I ERAE . R R A A R R A R, H AT
NHR A SR R 23 5 L RS IR, AT
WOMELAY NEE A (Ginkgolide A, GA). #i#&F NFE B
(Ginkgolide B, GB). 4 W C (Ginkgolide C, GC).
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A WIS J (Ginkgolide J, GJ). 4R WK M (Ginkgolide M,
GM), &t 1 . HAY BB S5 f A7 21 Mkt
Mk, —Re LA k. ErgiiEl 6 N TuHd
IR 2R, s 1 ANME4,4] ke 1 ANDYERE
WA (D F1)A 3 AN TLTC N BEIN(C, E, F31), B 32 SMikfT
1 ANRAR 5 WAL T FE 458, 1985 4F, Braquet 25
R SEARLAY A OO IfiL /NSO A TR 152 4 (platelet activating
factor receptor, PAFR)A # K Rr ¢ PEAWHI/E A, fewm
e B BT PAF(E 2)i7 S/ MECEEE, M
B7 1 AR T R AF (PRI TR SR AT A T H 208 52 44
(Glycine receptor, GlyR)>*'Hl »-4 3£ T l2 (y-amino-bu-
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tyric acid, GABA)SZ AP AT 5 HiG v, DAy A7 Hp A
ARG EN. GA, GB, GC, GJ fl GM 114> T-45#)
ZEAE T B A RS I A H R B R A BN, (2 e
fI14591 PAFR, GlyR HIREJHIA R 2 5. hTHRA
PTG e W TR g 1), LR AT N R b 5 A 25 1) L 1Rk
AN IR R A IO AR P A, O R A
BaAk, 21 22 S8 10 S5 KB RV VRV, 3 5245 307 250
11 PAFR 31 GlyR $5 505, JETX— Hox, B HNAMITIT
NG BT — RIVRA WEERT D) R, JF A
W T AT AEYE M. 2 DL PAFR $5 5135 PE & GlyR
FEPUIE I A = 20 S0 50N L) TAE 5 B E—MEids.

GA R'=H,R?=H,R®=OH
GB R'= OH,R?=H,R®=OH
GC R'= OH,R?=H, R®= OH
GJ R'=H R?=H,R*=0OH
GM R'= OH,R?=H,R*=H

B A B AR IR 5 AR R
Figure 1 Five ginkgolides from Ginkgo biloba leaf extract
(0]
ok

— ‘+/\/\p<o\/r\/o\(\/)/n\/\/
| o0

n=11~13

B2 PAF M4k
Figure 2 The structure of PAF

1 SREAERGTEYFEIIE KR PAFR
miEEH R
1.1 Corey ZHRIIE

X GB i b, Corey 25131 — R 41 44
R Ay T HL T PAFR 5 U35 1 S o R AR Ay N R 2 A4,
I H I 8-Rr BT ZEIIAFAEXS T PAFR $5P01: fe 2 AR
). WA IR 1R 28 3), et
PAF 153 1) S ML /NS SR AR 11 ~F- 20 Hl94 S (half maximal
inhibitory concentration, 1Cs)%354 0.3 #1 0.2 pumol/L,
MAERPESAE N GB [ 1C5p=0.6 pmol/L (£0.2).
1.2 Braquet ZHRITIE

1985 4F, Braquet Z5UVR LAY A 8 A 4 S 1k 1)
PAFR #5505, {H/E GA, GB, GC, GM G A [+,
ICso 7399124 0.74, 0.25, 7.1, 54.0 pmol/L, H:rh GB fy3hl
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TR, > T a5 T R IN: GA, GB, GC 45K 2% 57
SCHE P2 1 (R A RASE B R IR (R 550 E AR TRD. 48 e A AT
FRIE T RE S — AN B HETEAL A, D, RS
LEpg ARG PAFR FE PTG A BRI, IE 2R TIX
—HJE, GA, GB, GC [ H AL AT AEY) 3~12 B
B, XA AW IR A R A B R b s A L
B IR EL QG I NRAF BN C(1)ER C10f . 1
B HA GC 1 FEEEE9 1 10)4HX) T GC (ICs=
7.1 pmol/L)If 7 PAFR f5HuiG A prdmr; LRt EY
S PGS BHAAR LL YA A R R R R, gk 1

7.

R = CH,0CHs

B3 SR GB KUY
Figure 3 Efficient ginkgolide B analogs
&1 GA, GB, GC [WH IR LAIATEY) S PAFR F5 T35
Tt
Table 1 Antagonistic activities of methoxy and ethoxy deriva-
tives of GA, GB, GC towards PAFR

Compd. R! R? R’ ICs/(umolsL™")
GA H H H 0.74
GB OH H H 0.25
GC OH H OH 7.1

3 H CH; H 13
4 H CH,CH, H 62
5 OCHj; H H 0.66
6 OH CH; H 0.29
7 OCH,CH; H H 1.1
8 OH CH;CH, H 72
9 OCHj; H OH 42
10 OH CH; OH 3.0
11 OCH,CH; H OH 8.5
12 OH CH;CH, OH 9.3

© 2013 Chinese Chemical Society & SIOC, CAS

1.3 Park ZERRIE

LR RGEBTTUIRAY A iR PAFR 425G R 2 Park
SEUTFRER. AbAT1E R GB R A4k i 200 4, IXSEAT
AR ZHOE GBI CAOV R IEmE=4, i /bHue

Chin. J. Org. Chem. 2013, 33, 1263~1272
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COWPEAEERE =Y. ZRATEMRI A AT GB SN
(PS5 T LERR PR 25 1 S i S I R AT, i 42 ol 3k ¢
Z L B R R EhE R IR A A B A (LI,
NaH, KH)%. 5 Braquet Z5CHRIEIATAEMAR, €A1
) PAFR #5390 R#AE T GB (IC50=0.258 pmol/L),
LA LAY ) GB ATAE A5 16 [ 1Cs BB Wi 4 o, H
RS U PR S SR IR B AR RE IR R ) 17 (ICs0 =
0.0245 pmol/L), HAEPLIHHEL GB [ 10.5 fi%, XA
VI S A I PAFR F5 807,

R

TN

GB (0.258 pmol/L)
13:R=H (0.0482 pmol/L)
14: R = 3-MeO-4-OH (0.0371 pmol/L)

15: R= 4-F (0.0321 pmol/L)

16:R=H (0.0307 pmol/L)

17: R = 3,5-dimethyl (0.0245 pmol/L)
18: R = 4-methoxy-3,5-dimethyl (0.0389 pmol/L)
19: R= 4-benzoylamino-3,5-dimethyl (0.0325 umol/L)

Bl 4 Park 4RiE1 GB ) C10)f7 kT4
Figure 4 Etherification derivatives of GB at C(10) position
reported by Park

1.4 WILRFONRIE

TEE P, o RN B 2T ST AL A R
GRFITHLA WBESE K5 PAFR F5P0IETEZ A 26 R B
fb AT ] LE 843 F 713599 M1 (comparative molecular field
analysis, COMFA)J7¥2:%] 24 ANMA WIRERTAEDIiEAT T —
“E 52 1 M) 21 K & (three-dimensional quantitative struc-
ture-activity relationship, 3D-QSAR)#f 5%, 143 T 3D-
QSAR BRLFI] e TG PEM R Sy ilk— b b A
BERAL S IVE FIALEE, 45250 2 (B ik & i 2
%, HEamE sk 5% AMI-SML iHR T Eig
24 AR N ERATAER 53 IAE IE TS B RK A 1R 7
T LT 25, DA 2 P A2 AR i /E L, it
R W EERAS Y 5 AR R “HEFR” PAFR AT REIT

Chin. J. Org. Chem. 2013, 33, 1263~1272

ME AR BT LD B, A TR IR R T —
Sef 5y, Horb AT 3 ANEHE S 20, 21, 22038 2) M
W+ GB!'Y,

R 2 GBI C(1)E CO)PATEY) S PAFR FHLH
Table 2 GB derivatives at C(1) or C(10) position and antago-
nistic activities towards PAFR

2
R1QR O

o
Compd. R! R? ICso/(umoleL )

GB H H 0.1280

20 H PhCH,OCH, 0.0404

21  PhCH,OCH, H 0.0588

22 p-CICH,CH, H 0.0289

23 H CH;CH,00CCH, 0.0429

24 H PhCH, 0.0404

25 H p-CIC4H,CH, 0.0289

26 H p-FC.H,CH, 0.0440

© 2013 Chinese Chemical Society & SIOC, CAS

FEREE 1 JLAEN, ABATTARARRIE T — 285 A IR A
P ERATAEDIU. BRI IR S AT AE AN F 3R
C HHIZRIL K GB RS B L s L A7 2
PN, BRI SR ATAEY . WIS RATAEY . TG F L
76 C R PAFR FEHUIG PEAR XS GB BT AR FE
1 NEE. R AA A GB ) C0)AL kL = hn 23~
26V E DR T GB . XEERTEMZ SRR
frdy, HIORER Al 990 i 7 U (CL, 25) He sl
FHUREL(F, 26) N 5 rid v B A 7).

2005 4F, I/ H CoMFA. LU 1248
F8#153 ¥ (comparative molecular similarity indices analy-
sis, COMSIA)"*L, 4 i S A 3 & (Hologram QSAR,
HQSAR)!'HEI 117 FiibAMIVE WG %, 82 LURT
RN 24 itk &4, X 117 ML S Wfesify L L2
IR S L PR N e I S AN AE T RSN | A NI G BUDSI NS
BRI o B A B, EOHA T QSAR TN, X4k
TR i 2 M0 T I S (U HES ) AR T BR/KAE ]
DL BEAN ST AT 5400 PAFR $5H0RI s 1, B
GERARRE T A4 GB B e AR IR B A SR A4
TEPE. AR RER . BKIERT . SR A 05
FAEEAT A5 B FER L, A AT S Y PAFR AR A
W BRAC /A T RERI S5 A ML, Wil S Fros.

1.5 Nakanishi Z 895 T1E

WG HI 0T AR AT P B A OC R IR L R W C(10)
R 0% B BOACHE BAFA IS K X PAFR RS 905 PEAT

http://sioc-journal.cn/ 1265



BHlLE

H-bond site
Hydrophobic site

Electrostatic site 3 0

) o Hydrophobic site
H-bond site | o

! Electrostatic site
H-bond site

Bl5 PAFR FIFCIK GB Al BefIAH FLAEFIHLG
Figure 5 The possible binding mechanism between ligands and
PAFR with GB displayed for visualization

AT Ja 1, Nakanishi 2510 = AN ] 2K
SO RE . USRS R TIN GB, GC 1)
C1O)P A RN A 27~33, Hih 27~32 kAT AEY),
EATTE AR N EBIOE A IR AT AE ) S GB B8R GC 1EK
TER M SRR VAR B KH AR e o
Jie BB B0 S5 () = e PEME TR AT, Wbk s B AN B — b
7E GB 5% GC [ C(10)f7. &4, C(1)E% C(T)REAS I A M.
6 1-(3- R JE A 36)-3- 2 FE B I W0 Ji% 26 R 15 (EDC
HCI)F1 4- — FHZJEIE e (DMAPYE R, GB 15 4-25 H1 i
ARHRATE C(10)AL A A WR4i & RN AS 2L &4 33.

27~33 (1) PAFR 550G T VPN & R F SR 2 e 4
4k 45 525 (radioligand binding assay, RBA) 5k, B/t
JBCSE PR R A 1R 3k R, R ) 243K PH] PAF FI[H]
WEB2086 1E M JBUH LA 5 PAFR HEAT 45 A 555,
WEB2086( & 6)th /& —Fi 24 1) 56 4 VE 1) PAFR $54071).
L PHIPAF M1 5, [PH] WEB2086 7 SE AL 4
SEPEGE S, RIS SE O35 M PE B AP H] WEB2086 4
TR HERCARREAT, VPSS LI 2 K RoR. GB AT
424 27,29, 31, 33 (1) K; {E 4 0.09~0.15 pmol-L ', JL
WL T-BEA GB (0.56 pmol-L™"); GC fi72E4) 28, 30,
32 11 K, B4l M 0.47~0.79 pumoleL ™', Hi%TkY GB M %
AR, AHIZ AR T REA GC (12.6 pmolsL ™ ")(# 3), 1%
T E A S B AR PAFR $5407.

E A
C N
oY
S X
H3C —

N
N\N/)\/N Cl

B 6 WEB 2086 ({14
Figure 6 The structure of WEB 2086

2002 4F, kPl N A FSEEL GC 1 C(1), C3),
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®3 WA AERT DS X K BE

Table 3 K; values and structure of ginkgolide derivatives

Compd. R! R? K AumolsL™")
GB H H 0.56
GC OH H 12.6
(0]
27 H 0.15

N
N/
28 OH FsC 0.58
29 H 0.15

F
30 OH Ns F 0.47
31 H 0.09

F
F Aannn
0

32 OH O 0.79
33 H o) 0.13

A

© 2013 Chinese Chemical Society & SIOC, CAS

“ Inhibition of [*H] WEB 2086 binding. Values are means of two independent
experiments performed in triplicate.

C(7), CAOPFERLEPENE AWk, Miif3E]— K41 GC
SRR =, ;. LL DMF RNV, GC it
Mt IF (10 equiv.) £E =il F NV, [N =4 EL 10- £ 1k
F-GC N, 1-4WHE-GC A fE, —#F il s @ 1. fEf
fh B HoSO4 1R R, GC 551 I 1 2 3 A 55 4k
1,3,7,10-VY 21t 55-GC. LA CHLCl, 18 SN, 75555
2,6- ~FSEIEREMER R, RN ZYILL 10- LB HE-GC h
T EMBEAEAET, AL 1,7,10- = 4 WE-GC o E;
TE R 5B EtsN 81 i-Pro,NEt fEH N, GC ) E 34 6,7-1
fis A, 193] 1,6,10-= 8- GC 34 , 4ikytn
7HTR. 28U, 7E DMF %575 Kt sefE R, GBI &

Chin. J. Org. Chem. 2013, 33, 1263~1272
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Akt TR 2 A2, Horb 10- Z8E3E-GB 5 1- 4 i HE-GB
(K77 2803 R B 91%M1 9%, — K BiixX v Z Wik =),
45 GA, GB, GC 1% H AR E W LB =4 & EHE
FEY) 34, AT PAFR RS AT S B BEAA LS R i
T, A AN R R B

10-Ac-GC

1-Ac-GC 34

1,7,10-triAc-GC

1,3,7,10-tetraAc-GC

B 7 GC g
Figure 7 Acetates of ginkgolide C
2003 4, fAIIPIL GC i s FR 2t GC 1 =3

FIR IS 35 1321 &5 C(7EURT GB fiT 44 36~
47, Horb 36—41 (AT, LL 36 A& R
240 Scheme 1 7w, 36 #£ NaOH {FF /K il S nf 43 21
37; %5~ N H ) CH;COONa k) CHsCH,COONa,
NaN;, TBAF 5t TBACI B3 24N FIL54) 38~41.
42~44 &R 37 (1) PA/C A8 TR Js 3 1y SR,
W Eq. 1 PR, AR RIS R0 E 5 m r= ) 451,
ik R M43 WIE MeOH, EtOH K THF AT 4 Ag ks
THIIF=4) 42~44. 45~47 [1E S AE C(HEAR =1 L itk
FFRINRRE. DL EATAEIR S K K BUES TR 4,
ZE WK 7a-BURIY GB fiT4EY%T PAFR 45 HIHGPE 2
Bt TR, kA 41 F 46 RIS
G, KA 110 A1 100 pmolsL ™!, it T
GB 1] 880 nmolsL .

Scheme 1

Chin. J. Org. Chem. 2013, 33, 1263~1272

39 42 R=CH,
43 R= CH20H3
44 R=H

2004 4E, ZMFIT/ NP GC 2D [ N SEEL C(7)
P FIE R T ARC I[P H]GB 48 14 i(Scheme 2). Uik
Frit GB £ AR AT A BEFI 2 R G0 T 1 ShBE ST 3 it
HEFE

Tf,0
—_
Pyridine

Scheme 2

F4 C(HIURM GB #EY & K, Hufl
Table 4 K, values of GB derivatives at C(7) position

Compd. R R? K#/(umolsL ")
GB H H 0.88
GC H p-OH 12.6
36 H a-OAc 7.84
37 H «OH 426
38 H a-OCOBn 2.40
39 H aN; 0.55
40 H aF 0.99
41 H acCl 0.11
42 H  a-NHMe 0.61
43 H  oNHEt 1.62
44 H aNH, 8.64
24 Bn H 0.12
45 Bn p-OH 1.67
46 Bn aF 0.10
47 Bn a-OH 0.60

© 2013 Chinese Chemical Society & SIOC, CAS

“ Inhibition of [*H] WEB 2086 binding. Values are means of two independent
experiments performed in triplicate.

http://sioc-journal.cn/ 1267
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2005 4, MATIHGETE F ARERA W EEZRALY) 49 7E
NaBH /EH T, 2 AN BRI T 23 5il38 R 4521 C(13) 3L 50
ATC(1)FLEE 51222 (Scheme 3), %5 NViAE &3 R 5
min BI5E%, M H.24 NaBH, i & 8l o 5 i [a] ZE Ko, 33
TR = . S ANEERR IR S 49 1 C(3)
7 e S AT R AR IR U N, 50, 51 5k 2R3 5 R
(p-PhC¢H,COOH) & A Bk s 43 73 45 21 52, 53, ik
PEMEZ LN 83 117, VA FIAE N R BIR AR A
Be N HH, 1 Scheme 4 fT7n. GB fiT:4) 24 43l
NaBH, 18 J50 & BiAb 5, P2l C(L D) FLEERTAEY) 54 0 3=
[C(11) : C(13)=10 : 1], CAS: BRI T8t = a-kifE
AL I 5. 54 7 KoCOs A FH R R A K ig45 BIAH Y. (1 7L
fir 55. R, th&4) 24 16 3 551 RMegX 8% RLi {E
M AR 2] C(LD)FLEE =4 567, Z5kytn el 8 s

NaBH,
MeOH, r.t.

5
p-PhCgH,COOH
r.t, EDC, DMAP

Scheme 3

NaBH,  p-PhCgH4COOH
EDC, DMAP

Scheme 4

1268 http://sioc-journal.cn/
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FiR SR
R= /\/lf
R = CH3
R =Ph
R =n-Bu
= -$-==—CO,Et

B8 10-5—WIEARAY AR B ATZEWI ke e

Figure 8 Alkylation of 10-O-benzylated ginkgolide B deriva-
tive

FEIBJ5 0 — 5 T R AL B (DIBAL-H)E AT R, GA
R = W B R AL [ A3 2IFLIE 57, /£ Et;SiH-BF;e
ELO 1ER R4kl 4 A DU R =4 5814, i
Scheme 5 7. {HEIX LU o 75 2 DU S R (1 A
A A BESR AL ) ZE eI AR ILARGE.

Scheme 5

JFi K, Nakanishi 25217606 — R A RAT Y BRI 25
Fa e K e o i SE i b, A9 AR ISR 5 PAFR [IH4)
MRRE9), E—MHMKRFRAS I T C, DFRBT
FEAFAEXS T P E

Bulky/aromatic substituents at 1-
and 10-OH increases activity

0]

Lactone C essential
for activity

Lactone F can be O
replaced by tert-Butyl group

o , up
' increases activity

O 'OH 7-OH decreases and
7-Cl increases activity

THF ring D essential

for activity

B9 HAANEEY PAFR HROE R
Figure 9 Structure-activity relationship on ginkgolides and
PAFR

2007 45, AATTPOLEAR A Py B 45 A P DI 5 | N 4EZE
F H ARG B RIDGEFARIL I AR EE, 45
Wik 10 fror. H, 59, 60 (15 H GA (GB)& i — 25
RVAFE], H— R KH ER CL0)A R EE 2K

Chin. J. Org. Chem. 2013, 33, 1263~1272
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B, o morikSeay 27, 28 50, btiEpib 2
6 RS F Lo NEE S H. &) 61 1)
AU TSGR GA IR F IR A BRI R4 T e A IR,
FrAS = aiInl 57; BEJG 57 C(15) &% C0)E 5|
NYEAEZH KoK L. LA 62 (4 ik 61 2518,
DX UG TR GA #oh 10-5 R34 TG B (24).

61R=H
62 R = OH

B 10 AR B MR T AT A I
Figure 10 Biotinylate photoaffinity-labeled ginkgolides

1.6 Hib/)\ABIRFRIIE

Br LRI AR, AT — it AR
A AR PR 85 KA A8 s S A 73 T A T AR PR i iR

g © ORrR
64:R=H
65: R =Ac
66: R = 4-MeCgHy,
B 11 GC LM S
Figure 11 The structure of GC derivatives
2001 4, B UEHALAY P ER X OWLZ CR IR H R
J& 5 55 LM PAFR 45 K, Pietri 27 5 bl T — 243511
GC #14EW 63~66(F 11), b &4 63 ik ik
1.2X10* mol/L 5 /R >4 S A i ISR AT e A7 IR H
PAFR #MiflfE 7, (H&x 0L BATRGF AR5 16 H,
HARY e s T GB M GC; 1ff GB, GC 723K ¥ 0.35
umol/L I B2 B X} PAFR [F4MHIVE . a4 kst
LAY AR O UZ R R B 5 RSB PAFR 1IREJ) G

63: R = 4-MeCgH,

Chin. J. Org. Chem. 2013, 33, 1263~1272

© 2013 Chinese Chemical Society & SIOC, CAS

x.
2004 4, Suehiro Z5ZVR ] 35 (1) C(7)1 = % TP AR
B4 F SEREUR, i3 2] F Frici) GB fT4EY 67
(Scheme 6).

K'8F, K,CO,4
Kryotofix 2.2.2

Scheme 6

Zhang “FPHRIE 10-48- he IR Ik LAY TR
B 744 68~71 JAhPi PAF % Sl MIUEESER
ICso (K 12), 24 R=R'=CH; It}, 1k 68 [¥] PAFR %
Pifie 115 GB LAl

R
| 68 R =R" = CHj (0.057 pmol/L)
R-N" o
0

o 69 R = R" = C,Hs (0.070 umol/L)

70 R=R"= (CHy)s (0.152 pmol/L)

é 71 R = R" = (CH,),0(CH,) (0.031 umoliL)
GB (0.051 pmollL)

B 12 10-5- ke ot LR AR B AL ICs
Figure 12 10-O-dialkylaminoethyl ginkgolide B derivatives
and their ICs, values

Xu 2B T — BB 1) GB B HT2EY) XQ(IA 13),
At &) 68 I H IR EE. 5 GB AL, XQ /K¥EMEK
KU, ORI PRV SRR T R S (AR XQ it 3¢
PHIPAF 52 {5 5 R B A MR 4, SR RBA 5
I:LACHIPAF 1 JBURPEBCAA DS XQ 5 GB 1 K, 4373 A
87.2 fl1 713 nmol/L. Li 2018 ik S A A ek 48 &
AN, SR XQ FilAbFE 24 h AER] AL PAFR,
AT 41 B P A 2 A R B I e 5 T A — S R A
(inducible nitric oxide synthase, iNOS)HJ_F 1.

AT -A — R 41 GB IR A4, 1L
AL GER NP 14 Fios, X3 B e s GB
106 I 57 AR PRI T s GBI R fh 1, Ve SR S
£ GB BEARGE R v 5 | NI L 05 6 97 30 /N, il
WHHER . FIBRIR . J7 2R RIR . EEIR. vKF HIZEM
%, GB BEARL /NGy 2 TR ik s e ol ok B #4) 22 3 117
a1 o, 72, 73, 74 2l GB LN FIRER (M

http://sioc-journal.cn/ 1269



BNNHEF FiIR5 R
A
o _
N/
B 13 XQ g
Figure 13 The structure of XQ
% ZRHRIE . WAERR)TE EDC/DMAP 1EH N kA= ek
ST, S SR = BIES B GB (19t S
AR BTy 73 ARSI R R AR T or BrCH,COOCH,/EtOH

GB #5911 PAF 55 III/IMNSCRERAEH, [ 390 7 541
L-Z0000 5 30 38 52 AT P 0 T e, i8S & TS BUE Tk
WIRIR T HL45. 75, 76 JE1E GB (1) C(10)f ABREE S| A
L4- ZEMERERR . %0 FI0E TR 2 =0 )R N SN,
H 25T Scheme 7 1, 520 GB MRS 72 (1)
B, H O RENEEL AR GB IR S kAR %
VARG £, ffa— R AR IE VAR RN VR R kg PR
WIEON 1, 4 “EEREAS 2] 75 50 76. 75 5 76 1 EE B 1,4-
AN - mE g ER 0 Ak 2 A 8 R G S GB (1 i 1)

75R = CH,
76 R = CH,COOCH,

Bl 14 FRATHEA vevh & B GB KAL) i 2y
Figure 14 Brain targeting prodrugs of GB designed by our
group
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R=CHg, X=1
R = CH,COOCH, X = Br

75R = CHj
76 R = CH2COOCH3

Scheme 7

WL TTC 1-OH J:H11) GA, GI, M$ H# Ay BRI
1-OH JE P15 GlyR F5H0E M i FH vk,

2004 4, Nakanishi 2551 T 50 ANMRA A BRATA:
W, IE BB T A TR GlyR 16 al YERSFEHURE T, X4l
A AERRTAEY S GlyR 2 [AIAH H. 96 Z B k.
XELTE GC 11 1,7,10 =ANFRIEALE ATV GlyR 5
PUBRHEIIAF], KZHEATEWN GlyR G5 HEREAREE A 0
g XM R S W IERAT AR P15 BT PAFR IR 2K
KEEBRARL, #ln: 7 GC EiMRhl: 34 ARG
PAFR FEHUGHEN, 105 GC R S ol e R s ) HL AT
—EFRE M GlyR 59U, Wik 5 P, ik a
77 WIS PURE AR, AR GlyR FE U

2007 4E, Nakanishi 52 ] GlyR 1) al,alp,02 =
FOE RIS 5 R RARELA WS GA, GB, GC, GJ, GM X 29
A EATIRS, DS WEEFSHT GlyR W& 1
M) (] H . AR, 29 Fhasf A 23 4N ICso>100
umol/L, 1V 83, 84, 85, 39, 40, 41 %t =Fh VR[] ICso 2
7E 10 pmol/L 2 A7, AHEN A 5 B RAR AT W R, 7F
S PP AR WG, GM FITEPESAR, X =Rl 74 )
I1Cso $97E 1 pmol/L A A7, Bl Je AR 4R 24 2k A B 7Y EA T k2 4
e, (5 27 MEIESHEE GlyR W&k, 8 ptEma
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®5 7 GCHIEWH GlyR G
Table 5 Biological activity of iso-ginkgolide C derivatives

Compd. R R' R’ Inhibition"/%
77 Bn H Bz 90
78 Bn Ac  Ac 21
79 PMB Ac  Ac 36
80 Bn Bz Bz 42
81 PMB H Bz 49
82 H H Bz 63

“ Inhibition of 100 umol/L glycine-induced response by 100 umol/L of
test compound; inhibition was calculated as: (Responsegycin. —Responsee
cmpd-+glycine)/RESPONSEgiycine. Values are means of three independent experi-
ments performed in duplicate. PMB =p-methoxybenzyl, Bz=benzoyl.

A N R B2 S0 GlyR FE UM 2 R (& 15).

B 15 ALK GB K
Figure 15 Efficient GB analogs

3 it
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FORHEIE; AR WERBHA S K b 5 AJL e TN 71
PRI — 231, %3800 1 Wh IR P AR AR AR A A I
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