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NEW PRODUCTS FROM ALKALl 
FUSION OF GINKGOLIDES A AND B 

LI-HONG HU", ZHONG-LIANG CHEN"'*, YU-YUAN XIE", 
YUAN-YIN JIANG" and HUA-WU ZHEN' 

"Shanghai Institute of Mnteria Mcdica. Acudcniia Sinica. 
Shanghai 200031 I Chiria; hSecond Military Medicul Univeusity, 

Sliangliui 200433, Chiiiu; A T u v ~  41 I Hospital. Shrrrighni 200081, Cliirin 

Alkali fusion of giiikgolides A and H has afforded five unexpected products 3-7. Their struc- 
turcs were established from their spectral data and chemical reactions. They were evaluated for 
their in V ~ W ~ J  activity to inhibit the platelet-aclivating factor-induced aggregation of rabbit plate- 
lets and show less potency than ginkgolides A and B.  

K q w o r d \  Ciinkgolide analogs: Structure and :icrivity relationship 

INTRODUCTION 

Platelet-activating factor (PAF) is a potent bioregulator which appears to 
play a key role in acutr itlflainnzatinn. u~t i imu,  ischemic iFljur?; and tissue 
rejection through its action at high affinity receptors (ECS0- lop1( '  M)  [ I ] .  
Consequently. the development of PAF antagonists that are suitable for 
thcrapeutic use has assumed considerable importance. Among the known 
types of PAF antagonists, ginkgolides A and B are especially interesting 
because of its long medical history, its notable lack o f  toxicity and its total 
resistance to metabolism. Previously, Corey [2-4] has investigated a range 
of synthetic analogs to provide insights regarding the structural features of 
ginkgolides A and B that enhanced anti-PAF activity. In order to obtain 

* Correspvnclirig author. Tel.: 86-2 1-6431 1 X33. cxt. 332. Fax: 86-21 -64370269 
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further insights for the structural rcquirements o f  the PAF receptor. we prc- 
pared new ginkgolide analogs lacking ring (1 (3-Y) through a l k a l i  fusion 
and evaluated their if7 vitro activity to inhibit the PAF-ind~iced aggrcgation 
of rabbit platelets. 

KESlJLTS AND DISClJSSION 

Treatment ofginkgolides A with 50% YaOH (aq.) at  160°C for 30 rnin fur- 
nished four pure compounds (3-6) after purification with Sil gel (hexane 
acctonc) and Sephadex LH-20 (chloroform acetone) chromatography. 

4 ginkgolide A(1) R,=H, R,=OH 
ginkgolide B (2) R,=R2=OH 

5 6 7 

8 9 10 

Coiiipouiid 3 had thc molccular formula CIXH120h, supported by its 
HREIMS ( / P I / :  [MI' 334.141 l ) ,  indicating the loss of C2H203 a s  compared 
with ginkgolide A (1)  (CZOH2409). The IR spectrum showed two lactonic 
carbonyl absorption a t  I770 and 1760 cm I .  Comparison of the N M R data 
o f  compound 3 with those of ginkgolide A showed that i t  was ;t mono- 
anhydro and lacking ring C ginkgolide analog, formed by loss of ii two- 
carbon unit. which was identified in the form o f  oxalic aldehyde, from 
ginkgolide A. The assignment and connectivities of protons were derived 
I'i-0111 an ' H - ' H  COSY cxpcrinient. The singlet at (5 5.57ppm (H-I?) and 
the doublet at  6 2.33 pptn (H-9) indicated the dihedral angle between 
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ALKALI FUSION OF GINKGOLIDES A AND B 105 

Hl2-CI2-C9-H9 is about 90°, namely, the absolute configuration at  C12 is 
S as shown in 3. This was confirmed by absence of a NOE between H-9 and 
H-12 in a 2D NOESY spectrum. 

HREIMS (m/z [MI+ 334.1411) of compound 4 showed that it had the 
same molecular formula (CI8H22O6) as compound 3. Its NMR spectra were 
very similar to those of 3. The only obvious difference was that the signal at 
6 5.75ppm (m, H-2) was located at lower field than the signal at S 5.51 ppm 
(s, H-12). There were three positions that might be isomerized at C12, C2, 
and C6 under these reactive conditions. The singlet at 6 5.51 ppm (H-12) and 
the doublet at 5 2.45 ppm (H-9) showed the trans arrangement between H-9 
and H-12, namely, the absolute configuration at CI2  is S as shown in 4, and 
this was confirmed by two reactions. In one of the reactions, the compound 
3 was stirred at room temperature for a week under acid condition and no 
other products were formed, thus this indicated that the hemiacetal struc- 
ture at  C12 was stable. In the other reaction, compounds 3 and 4 were 
oxidized to 8 and 9 which were different. These results indicated that com- 
pounds 3 and 4 were not isomerized at CI2.  If isomerized at  Cg, it was 
impossible to form the lactonic ring E in view of the characteristic backbone 
formed by rings A, B, and D. So it was only isomerized at  C2, which was 
confirmed by the 2D NOESY spectrum. NOES were observed between H-9 
and H-lP, and between H-1/3 and H-2. The formation of 4 can be explained 
by the plausible mechanism proposed in Fig. 1. 

IiOH 

t o  
0 

FIGURE I The plausible mechanism of formation of compound 4. 
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('ompound 5 gavc [MI? / ? I ; :  352.1520 in the HREIMS. corresponding to 

the molecular foriii~ila of Clx l  I z 4 0 7 .  Comparison of its NMR data with 
ihosc of compound 3 showed it  retained 3-OH as sliown in 5. 

Conipound 6 was isolated iis colorless crystals. The HREIMS spectriim 
showed [MI '- 352.1506. which indicated the niolecular fi)rniiilii ofClxH,,O .. 
Thc I K spcctruni indicatcd thc prcscncc of ;I carbosylic group (3000 9500 
and 1760cni~ I ) .  The charactcristic dowiificld proton signals I'or H-2 and 
H-12 were absent and only the signal for H-6 conservcd. which showed tlic 
backbone o f  6 hiid been tnuch changed. There wcre a carbonyl carbon signal 
( h  31 2.7 ppm, s) and three lactonic or corboxylic carbonyl carbon signals 
( 8  175.0. 175.0. 176.0ppni. s). The 'H- 'H COSY iind HMQ<.'spcctra dcfincd 
three structural fragmcnts as shown in I .  11. and 111. .According to tlie back- 
hone of C-nor-ginkgolide analogs lacking ring C .  wc could dcduce tlie possi- 
ble partial structiirc IV (Cl.iH220.7). Based on thc above three I'ragments. 
('3H20-1, namely. ---COOH x 2 a i d  --(.XI x I. w;is obtaincd Iiom the niolcc- 
ulnr formulo ClKH1407 ininus piirt structure I V  (Cl ;.tI2?O3). Thercforc rhc 
planar structure of 6 was established ;is shown in 6. The I I  confipurations 
Tor H-3 and H-9 were established from ;I 3D NOESY spcctruni. NOES wcrc 
observed betwcen H-0 and t-Bu. H-4 and H-1:). H - l f ~  and H-3. 'l'hc config- 
uration for H- 14 has riot been dcterniined. 

I I I  111  I \  

Treatment ofginkgolide B with 50%, NaOH (oq.) at IhO.'C: Tor 30 min pro- 
vidcd ;I iiiajoi- compound 7. The molecular formula o f  C ' I K I  1220-: foi- corn- 
pound 7 w;is dctennincd by its HREIMS spectrum ( J I I  : [MI ' 350.1362). 
Thc chemical shift \wlue ( 1  .89 ppni) and doublet (./ . I .8 Hz)  of  Mc. 
iiidicatod the lactonic ring F was c~,:Y-uns,~tiirated lactone. In its I H - h M R  
spcclrurn. two upllcld proton signals for  H- I were eliminated iind replaccd 
13. ;I downficld doublct signal (6 3.99ppn.1. d, .I = X.2 HL) ;is comp:it-ed \villi 
3. namely thcrc wis  ;I hydroxy group substitulcd n t  C ' ,  

Biological Evaluation of Ginkgolidc Analogs Lacking Ring C 

(.'ompounds 3-9 wcre eiwluated ;is PAF ankiponist ill ritro using ;in ;iss;iy 
involving rabbit platelcts. We observed that ginkgolidc iunalogs lacking iring 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
5
7
 
2
2
 
J
a
n
u
a
r
y
 
2
0
1
1



A1 KALI FUSION OF GINKGOLIDES A A N D  B 107 

TABLE I hi vitro biological evaluation of C-nor-rinkaolide analoqs 

Ginkgolide A ( I )  0.410 (0,310-0.557) 6 90.2 (76.4-103.33 
Ginkgolide B (2)  0.128 (0.102-0.145) 7 S0.2 (40.9~-67.2) 
3 86.7 (73.4-90.3) 8 80.4 (66.4-95.7) 
4 54.0 (30 .7~ 69.5) 9 40.9 (29.1-63.7) 
5 44.8 (35.1 52.7) 10 17.8 (15.4-19.6) 

"Conccnlr;ttion required to inhibit PAF-induccd maxiinum aggregation by 50%. Parenthew< contain 9.5"; 
confidence limits. 

C can drastically modify anti-PAF potency (Table I ) .  Thus, compounds 1, 
10 to 5, 3 were associated with a noticeable decrease in anti-PAF inhibition 
(> 100-fold for 5 and 4-fold for 3). The stereochemistry at  C2 of ginkgolide 
analogs lacking ring C sccms to affect their anti-PAF activities. Thus com- 
pounds 4 and 9 were found to be 1.6 and 2.2 times more potent than com- 
pounds 3 and 8. respectively. The replacement of C,-, hemiacetal group to 
ester group does not affect their anti-PAF activity. 

EXPERIMENTAL SECTIOIV 

General Experimental Procedures 

TR spectra wcre measured with a Perkin-Elmer 559B apparatus. NMR spec- 
tra wcre obtained on Bruker AMX-400 and GEMIM-300 spectrometer, 
using DMSO-d6 as solvent and TMS as internal standard. Mass spectra 
were measured on a MAT-71 1 mass spectrometer. Combustion analyses 
were performed with a Carlo ErBa 1106 analyzer. C-18-PAF acether was 
purchased from Sigma Co. Ltd. 

Plant Material 

Ginkgolides A and B. isolated from Chinese medicinal herb Ginkgo hilohu L., 
was used as starting material. 

Two grams of ginkgolides A was added to 
a stirred solution containing 10.0 g of sodium hydroxide in 10 ml of water. 
The mixture was kept stirring at 160-170°C for 30min. The reaction mix- 
ture was cooled, diluted with H,O (50 ml), adjusted to pH = 2 with diluted 
HCI. The product was extracted four times with ethyl acetate (50ml). The 
combined organic layers were repeatedly chromatographed on sil gel (cyclo- 
hexane-acetone. 2 : 1) and on Sephadex LH-20 (chloroform-acetone, 2 : I )  

dlkuli fusion ojgcnkgolide A 
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I OS LI-HONG €{U <'( 01 

t o  provide compounds 3 (403mg, 24.6?'0), 4 (102mg. 6.2?b),  5 (84mg. 

<'0/)//~014/1d 3 Colorless crystals: I R (KBr) I / , ~ , ~ ~ ~  3530, 3490, 1770. 
4.9?4). 6 (-38 mg ,  2.2?4). 

1760c177 I; ' H N M R ( D M S O - ~ ( , , 4 0 0 M H z ) ~ 2 . 7 2  (IH,  d d , J =  11 .9 ,7 .3 f l~ .  
H-10.). 1 . 7 7 ( 1 H . d d , J ~ 1 1 . 6 , 7 . 1 H ~ , H - l ~ ~ ) . 5 . 4 9 ( 1 I ~ , i ~ ~ , H - 2 ) , 4 . 9 6 ( l H , d .  
. /-4,7Hz, H-6), 1.99 ( l H ,  dd, J =  l 4 . 2 , 6 . 8 H ~ .  H-7;j). 1.80 ( I H ,  111, H-70). 
1.68 ( I H ,  111, H-8). 2.33 (1H. d ,  J =  1 0 . 4 H ~ ,  H-9)- 5.57 ( I H ,  S, H-12), 1.92 
(311. d. , J -  1.9Hz. H-16). 0.90 (?H, s. f-Bu); "C (DMSO-d(,, l 00MHz)  
0 39.0 (C-I), 81.0 (C-2). 164.1 (C-3), 91.0 (C-4). 71.6 (C-S), 8X.3 (C-6). 35.6 
(C-7), 49.8 (C-8), 60.4 (C-9). 108.2 (C-12), 174.3 (C-1-3). 123.7 (C-l4),  171.2 
(( ' - l5) ,  9.1 (C:-l6), 32.0 (C-17), 28.1 ( c - 1 - B ~ ) ;  El-HRMS: 334.141 1 .  
C lnH2106  requires 334.1416; EIMS m / z  334 [MI+. 319, 317, 301, 290. 259. 
233; m ~ i l .  C 65.1804, I-I 6.47%: calcd. for C,XH2LOh. C 64.66%. H 6.63",,;. 

C'oitiporititl 4 Colorless crystals: IR (KBr)  I/,,,;,, 3530, 3490, 1770, 
1760cmp'; ' H  N M R  (DMSO-dt,, 400MHz) 6 2.67 (1H. dd. .7= 12.5.8.3 Hz. 
H - l o ) ,  1.89 ( l H ,  m. H- Id ) ,  5.75 ( l H ,  m. H-2). 4.89 ( I H .  d. . / - 3 . 7 H ~ .  H-6), 
1.98 ( I H .  in. H-7A), 1.98 (IH,  in, H-7tu). 1.78 (111. m. 11-8), 2.45 ( l H ,  d. 
. J=9 .6Hz ,  H-91, 5.51 ( I H .  s. 11-12). 1.88 (3H. d. ./-2.4Hz. H-16). 0.90 
(9H, s, t-Bu);  "C (DMSO-db, l00MHz) b 37.9 (C-I), 83.8 (C-2) .  160.0 
(C-3).  88.9 (C-4j7 72.3 (C-S), 90.8 (C-6). 3.5.3 (('-7). 52.0 (C-8). 62.8 (C-9). 108.5 
(C-13). 175.1 (('-13). 125.1 (C-14), 171.2 (C-151, 9.8 (C-16). 32.3 (C-17). 28.2 
(C-f-Bu): El-HRMS: iwiz 334.1406, C l x H 2 2 0 6  requires 334.1416; EIMS 171 . '~  

334 [MI+. 316, 288, 243, 205, 188; I I  1 ,  57: (~/zu/. C 65.34"%, H 6.53"6: calcd. 
f01- CIXH2206. C 64.660i0, H 6.63010. 

( ' i u ~ p u n r l  5 Colorless crystals: I R  (K Bi-) v,,,',~ 3520, 3430, 1780. 
1740crn-'; 'IINMR(L)MSO-d6,400MH~)b 2 . 6 7 ( l H , d d . . / - 1 3 . 6 . 7 . 2 H ~ .  
H-I(k), 1.97 ( I H ,  m. H-ld) ,  4.78 ( IH ,  m. €1-2), 4.73 ( IH.  d.  J -3 .SHz ,  H-6). 
1.97(IH,tl~.H-7:i ' ) .  1 . 7 5 ( 1 H , d d d . J = I 3 . 5 , 5 . 8 , 4 . 2 H ~ , H - 7 t ~ ) .  1.65(1H.t11, 
H-8). 2.23 ( 1 H .  d,  J =  10.1 Hz, H-9), 5.41 ( I H ,  S. H-12). 3.41 ( I H ,  q, 
. I= 7.1 Hz, H-14). 1.08 (3H, d,  .I-7.1 Hz. H-161, 0.87 (9H, S, r-Buj: "C 

(C-S),  88.7 (C-6), 36.3 (C-7). S0.4 (C-8). 60.4 (C-9), 108.7 (C-12). 172.8 

El-HKMS: n i : z  3521520, C l X H 2 4 0 7  requires 3.52.1521: EIMS ni/r 352 [MI-. 
334, 316, 29S, 288, 223. 187, 168. 57; r i m / .  C 62.03%, I 1  6.430ib; calcd. for 

C'i~n7jmml 6 Colorless crystals: 1 K (KBr) I),,,,,, 3442-2500, 1747. 
1707cnip'; ' H N M R  (DMSO-d6, 400MHz) h 2.80 (1H.  d. . I -  13.8Hz. 

(DMSO-dc,, 100MHz) h 38.3 (C-I), 86.0 (C-2). 87.2 (C-3), 97.1; (C-4)- 6 7 3  

(('-13). 40.4 (<'-l4)? 178.0 (C-15). 8.5 (C-16). 31.9 (C-171, 28.1 (<'-/-Bu): 

C I X H ? ~ ~ ~ .  C 61.35%. H 6.86%. 

H-In).  2.56 ( IH,  d. J =  13.9Hz, H-li j) .  2.76 ( IH.  111. H-3), 2.85 ( I H ,  d. 
. /=9.4Hz, H-4) .4 .76(1H,d.J=3.( ,Hz,  H-6). 2.00(1H.dd..J= 14.1.6.0Hz. 
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ALKALI FUSION OF GINKGOLIDES A A N D  B 109 

H-7@), 1.74 ( lH,  ddd, J =  13.9,6.0,4.0Hz. H-7a), 2.36 ( lH,  m, H-8j, 2.64 
(IH, d, J=10.8Hz, H-9), 3.06 ( lH,  m, H-14), 1.19 (3H, d, J=4 .7Hz,  
H-16), 0.85 (9H, s, t-Bu); 13C (DMSO-d6, 10OMHz) 6 48.0 (C-l), 213.7 
(C-2), 54.2 (C-3), 49.2 (C-4), 55.7 (C-5), 88.6 (C-6), 31.9 (C-7), 51.6 (C-8), 
54.2 (C-g), 175.0 (C-12), 176.0 (C-13), 39.7 (C-14), 175.0 (C-15), 14.8 (C-16), 
31.9 (C-17) 28.0 (C-t-Bu); EI-HRMS: m/z 352.1506, C18H2407 requires 
352.1522; EIMS m/z 352 [MIt, 334, 308, 277, 233, 205, 107, 57; anal. 
C 60.84%, H 6.23%; calcd. for CIXH2407, C 61.35%, H 6.86%. 

Compound 7 Alkali fusion of ginkgolide B (500 mg), using the procedure 
described for the synthesis of 3-6. which afforded 7 (67 mg, 16.2%). Color- 
less crystals: IR (KBr) vmaX 3444,1763,1707 cm-'; 'H NMR (DMSO-d6, 
400MHz) 5 3.99 (IH, d, J=8.2Hz,  H-ID), 5.36 ( lH,  dd, J=8.4,  1.9€1~,  
H-2),5.25(lH,d,J=4.5H~,H-6),2.03(IH,dd,J=l3.1,4.7H~,H-7P), 1.62 
( lH,  m, H-7a), 1.62 (lH, m, H-8), 2.37 (IH, d, J =  10.0Hz, H-9), 5.58 (IH, 
S, H-12), 1.89 (3H, d, J =  1.8 Hz, H-lh), 0.90 (9H, 5 ,  t-Bu); I3C (DMSO-d6, 
100MHz) 6 77.6 (C-l), 82.8 (C-2), 159.3 (C-3), 91.2 (C-4), 75.3 (C-S), 86.4 
(C-6), 36.5 (C-7), 49.5 (C-8), 59.4 (C-9), 108.6 (C-12), 174.8 (C-13), 124.7 
(C-14), 171.3 (C-l5), 9.4 (C-16), 32.1 (C-17), 28.3 (C-l-Bu); EI-HRMS: mjz 
350.1367, C18H2207 requires 350.1365; EIMS m/z 350 [MI', 332, 303, 277, 
232, 203, 181, 125, 107, 57; anal. C 61.04%, H 6.23%; calcd. for C18H2207, 

Fifty mg of 3 was dissolved in 2 ml of acetone. To this solu- 
tion, Jone's reagent (0.1 ml) was added and the mixture was stirred for 8 h 
at room temperature. Then isopropyl alcohol was added dropwise until the 
excess chromic acid was destroyed, and the suspcnsion was filtered and the 
filter cake was washed with 5ml of acetone. The filtrate was evaporated 
under reduce pressure. The residue was disvolved with 3ml of EtOAc and 
3ml of H20. The aqueous layer was washed with additional EtOAc 
(2 x 3 inl). The combined organic layers were then washed with H 2 0  and 
brine, and after drying over sodium sulfate, the solution was filtered and evap- 
orated to yield the crude product which was subjected to sil gel chromatog- 
raphy (cyclohexane : acetone 2 : 1). affording 8 (47.3 mg, 95.2%). Colorless 
crystals: IR (KBr) v,,, 3500,1797, 1782, 1765 cm -'; 'H NMR (DMSO-d6, 

7.3Hz, H-l8j,  5.58(1H,m, H-2), 5.08(1H,d,J=4.5Hz,H-6), 2.12(1H,dd, 
J =  14.7,6 5Hz,  H-7P), 2.06 (IH, m, H-7a), 1.92 (lH, m, H-8), 3.10 (IH, d, 

C 61.71%, H 6.33%. 
Con~pound 8 

400MHz) 0 2.70 ( lH,  dd, .1=12.2,7.1 Hz, H-la),  1.99 (lH, dd, J =  11.8, 

J=8.1 Hz, H-9), 1.94 (3H, d, J =  1.8H2, H-16), 0.92 (9H, S,  t-Bu); I3C 
NMR (DMSO-d6, 100MHz) S 39.1 159.6 (C-3), 85.7 
(C-4), 67.8 (C-5), 88.8 (C-6), 36.3 (C-7), 51.8 (C-X), 53.2 (C-9). 175.9 (C-12), 
174.1 (C-13), 126.2 (C-14), 169.0 (C-IS), 9.6 (C-16), 32.7 (C-17), 27.9 

(C-l), 80.2 (C-2), 
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110 LI-HONG H U  et al. 

(C-t-Bu); EI-HRMS: mjz 332.1267, C18H2006 requires 332.1260; EIMS m/z 
332 [MIt, 317, 299, 185, 157, 57; anal. C 66.21%, H 6.34%; calcd. for 

Compound 9 Oxidation of 4 (50 mg), was carried out with the procedure 
described for the synthesis of 8, which afforded 9 (45.2 mg, 90.9%). Color- 
less crystals: IR (KBr) vmaX 3442,1795, 1778,1765 cm-'; 'H NMR (DMSO- 
dg, 400MHz) 6 2.63 ( lH,  dd, J =  12.3,8.0Hz, H-la),  2.06 ( lH,  m, H-lp), 
5.58 (lH, m, H-2), 5.05 (lH, d, J=3.9Hz,  H-6), 2.30 (lH, dd, J =  12.3, 
8.OH2, H-7P), 1.93 ( lH,  m, H-~cI), 2.06 ( lH,  m, H-8), 3.35 (lH, d, J =  

m/z 332.1253, C18H2006 requires 332.1260; EIMS m/z 332 [MIt, 314, 286, 
185, 109, 57; anal. C 64.79%, H 6.29%; calcd. for C18H2006, C 65.05%, 

Biological method: inhibition ofplatelet aggregation in vitro Platelet aggre- 
gation studies were done by the method of Born [5 ] .  Blood was collected in 
3.9% sodium citrate (1 vo1/9vol of blood) by cardiac puncture from male 
New Zealand rabbits (2-2.5 kg body weight). Platelet-rich plasma (PRP) 
was prepared by centrifuging the blood at  250g for 10 min at 4°C. The PRP 
was diluted with platelet-poor plasma obtained by further centrifuging at  
3000g for 1Omin. The platelet number was adjusted to 3.5 x lo5 cells/mm3. 
Platelet aggregation was induced by C-18-PAF (1.5 x lo-* M) and mea- 
sured with a dual-channel aggreometer Chrono-log 560 instrument. Activity 
is expressed as the IC50 value, i.e., the concentration required to inhibit 
platelet aggregatory response by 50%. The values shown in the tables were 
calculated by linear regression from a single experimental curve with no less 
than four data points, each point being the mean of the percentage inhibi- 
tion at a given concentration obtained from three independent experiments. 

C18H2006, C 65.05%, H 6.07%. 

7.7H2, H-9), 1.92 (3H, d,  J=2.2Hz, H-16), 0.93 (9H, S, t-Bu); EI-HRMS: 

H 6.07%. 
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