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Synthesis Mechanism and Chemical Characterization
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Abstract; Polyprenols(C,; — C,,,) of purity over 87.2 % were separated and prepared from leaves of Gingkgo biloba L. Polypre-
nyl phosphate dichlorate was synthesized by choosing phosphorus oxychloride (POCL, ) as phosphate,and was converted into poly-
prenyl phosphate with triethanylamide as hydrolytic reagent with yield more than 65 % . The molar ratio of polyprenols to POCI,
was 1 : 5 —10. Phosphate ester reaction temperature was below 10°C , and hydrolysis for 20 h at room temperature. The hydrolysate
was purified by silicon gel chromatography and polyprenyl phosphate was obtained by HPLC, and its chemical structure was
identified as polyprenyl monophosphate with IR,'"H NMR,"”C NMR and HRMS.
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BRI R ICRTE (Cos ~ Cyyo ) FE M, 1S A S5 300 6 BI04 B A 58 00 T (PP ) 28 22 A i 4 ik
BATTHY B R IO B (PP, ) IR A5 4, Horh PP R PP B i fe e, LRV R A B 5 B2 R 87.2 %, 1
o R BE AR A 2 T 5T i AR A I v 4 B3 B A
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CEE: B LC-10A Y AH (3% %, Bt A5 SCL-10A R 445 |, LC-10AD ZZ,SPD-10A 45 4} K I £
C-RTA H Zh 4L, (i 43 Hr 4 Jy Spherilsorb C 4 (5.0 wm x200 mm x 4.6 mm) , K 34 464 iF A= 77 5 41
IMETEAL , PE /3 F] FT-IR Spectrometer; INOVA — 500 #% % Fe R X, 155 43 P 11 MAT95 Mass spectrome-
ter 24 3% [ Finnigan 23 1) o K7 A2 HTAER A 100 ~200 H #2635 (TLC) Mz Ry #E i F254 (A #) 5
A A A/ NBORL  POCL, = S TE e N R 4R S A 2 a5 Sy i B 23 4l a5 5 7Kl 28 180K
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BUR A 38 R BERE 5 10 g, 18 T/0 3 A B, A RERHE (¢ 3.4 em x50 em) JEAr. FHA R E
STk~ A7 A VR AT 7, TLC A I, Az 4. 2R I8 0 Tt 481 43, [l WSG9 301, s ) 2R 00 0 Tt e o 2 B Oy 87.2 %
TLC 50, 5 MM B R, 0. 35 R IFFHI N Ak - 2 B Sl (KB LE 9 = 1,1, W, N [E) ; HPLC 244 : i
BlAH Ry P - S B (ARG 1 2, [E]) , UV 210 nm, i # 1 mL/min,
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YBOHE i 1) 2R SR BEAE b S g ( RZIAH 2 T 3. 87 mmol ), ¥ T 100 mL iFE & g i W P o B POCL ¥ 5
2.8 mL(AH4 T 30 mmol) i T 100 mL 1E CLe¥# ik b, 7% A 500 mL = VRS, vKiR 1 +E . — e 4.2 mL
(FH24 T 30 mmol) % 30 mL IECFEiF i BB = C i E S bein i . W b, A RE %™
A, B Y, B KT 80 kPa, U 30 min PR SR AR B IE O BV MR 100 mL 548 R A SN
BEE 3 ~4 mL/min, 48 ZE 0K SO 1 b, JRE 7 4 hy B N0 B s W R R VR 5 1 o TLC ARG, 3R NG ik S8
MR Mg R, 0.90, 5 MMl I 2K o
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W 14 ROVIR AW A E] 400 mL K i b KSR TP K = SRR LE Oy 88 1 10 1 2,
T T 3 20 b, 5 s 5 SR I TR e 1 il 3R NG 0 i R T
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W 1.5 35 SO B S WA, TSR ALY ) Bk BR W Sl FLAR R, 5 A 80 mIL SRR 20 mL /K IR & ¥
o B RE L h R AEN W L ERE 10 h A3 2 B WO AR NaCl 7K ¥ W s Bk 2 v M A L2 T JE K
MgSO, 1 # , [l Wi 37 2%, 15 21 0 0 3R IO JEm TR I8 i IR ¥ 3.75 g0 B it R is 7 /0 & Sk, fR kAT
FEREHE (¢ 2.0 em x 30 cm) J2 BT, AN [ 4 B2 114 & Tk — 7 dil Tk 6 e, TILC A6 DN, osg 8 2R 8 s 2k 12 T 498 0
(R,0.75) , B2 R4 , 19 )R 5 R IR Y 3.2 g, Ay 44k 3R S MG HE i IR R A 7
1.7 RIRGEBEREE HPLC $l&

W15 A5 afiAu i D 1, 7 T OE O Be i Wi, F HPLC (35 ] 45 2% 806 BE w2 G R0 6 A, S 5
P, ~Pg ot Py FI P, BT 30 mg, HPLC ffil & 4% Spherilsorb C (4 (5 wm x200 mm x 10 mm) .
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G A B ok B SR R IR , O HLAE /D 5 KA TE B o £E D ol R I RN AR B BRI . PCL, 5 R B R N 1
Je A A B B R RR IR , SR 5 5 R AR A A B B AR RR I , FEK A O K EERE R IR, N PR £
MR A POCL, 55K 4% B J Ny 22 R — G W TR I , 5 28 7K fifk B . A= i B PR I o B I ] B, )2 g g 7
T
R—OH + POCl, —— R—0—POCl, + HCl (1)
R—O0—POCI, +2H,0 ——R—0—PO,H, +2HCI (2)
B I SR N B — S — R S I R T R A S I B OC A L R IR A Y . B o-
(trans),—(cis) ,—a HERBERIGER | S R B BT HCN 15 ~ 22, Horpr PPy, (Cy) Fil PP (Cy, ) 19 58 N0 i
HE,Cesihi 25 % ~30 % ,Coy 5 30 % ~40 % - YAHX 53 F gt (M, ) 29 1100, 38 KT — A i e S
AR My o o AR S OB AT — A~ SR /K B 2 5 T 2R 004 e i /K 6 AT A K, BTG 3 6 ] POCL, 2hy
WEIEAL T, Fh T 25 A2 BE, JFE 5N 7 ) o B 3R 300 Bk — G W IR TR, AR ME T 1l — 2R 130 i S Wl R T RN — 2R
T SR R TSR , F /K A A B SR R SR R I, H 25 T

H,C CH, CH, H H,C H H,C H OH
N N s N/ N/ |
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F RN, = Ol 5 HC W JE i = S 3h IR, BEV TN R K S5 0 o Rl AR e (2) /Y Bz
Hh KR R B N R 7K, = S e @ A S AR v s 7 A= 1 HCL
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1R (1) v K kg POCL, #5430 , 724 HCL 1 PCLy , PCLy 55 58 134 1t B I AF B 58 13 A 12 ID. s 22 i
7 TR S R B e B vk s PE X (2) 1Y B o, SR NG i SR TN i P 1 1 2R I3 i B 0 R T 2
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2.4.1 shkiE G,:IR(HME,cm ") :3030,2950,2850,1750,1670,1455,1385,1240 LA J 835;P, ;IR
(WM, em ") :3500,3389,3036,2923 ,2858 , 2732,1664,1459,1387,1320,1087,836 % 752,P, P, 55 P,
LLAMETE—B, UL Py ~ P, AR RIS R R W) o

XPH Py F1 Gy 1y IR AT, Py F G, # R 3R S0 BE TR 2540 & W, H A A [R] /9 06 3% 45 AF J2 : 3030 AN
835 cm ' Ze A7 y=CH k24 C—H & i 45 F1 25 il P 3h g, 2950 F1 2860 em ~' 72 47 —CH, fl—CH,
R A 45 3R Bl , 1670 em ™' 2247 S C—=C HY i 45 I 2y g , 1455 1 1385 em ™' —CH, Al—CH, #9725 il §% 3
W, Py il Gy (922775 T : G, A 1750 em ™' (C==0) ffy 3 i 45 I )11 , 1240 em ™' 247 ( L WE 3 C—O
Tl ) MR iR sh , R Gy R 3R I BE 2 BRI s Py AT 1320 A1 1087 em 45 Ik sl , & A1 50 Bl 2 1k 2%
it P—=0 11 P—OH Y i1 47 41 3h 47 fE Wz e i , 7E 3500 ~ 3380 em ~ ' A7 5iR A I sl i, 2 A2 5 O—H ARAIF I
T Py Ry BRI TR R I
2.4.2 'HNMR i& P,.'HNMR($):0.87,1.25,1.60(trans—CH,) ,1.68(cis—CH,),1.87 (a—CH,-cis),
2.04(—CH,—) ,4.75(—CH,0P=0(0H,) ,5. 12(C=CH) ,5. 38 (C=CH—CH,0P=0 (OH),) ,7.45
(—CH,0P=0(O0OH),), P, P, 5 P, (§ '"HNMR — %, ¥ P, ~P, HEEMMFE T EZY. G,:
'"H NMR(8) :1.60( trans—CH, ) ,1. 68 (cis—CH, ) ,1. 74 (a—CH,—cis) ,2. 04 (—CH,—) , 4.55(—CH,0C
—OCH,),5.12(C=CH) ,5.43(C =CH—CH,0C=0CH,) , o

XFH Py 1 G, #9'H NMR, B4 A 8] 635 B AE Ah , A 6] 2 SR T o 035 B0 B FY L F0 0 Y 215 5
W, P, h—CH,—O0—P =0 . P IL(Z S0 L PIAE 8 4.75 ,Ab T cis fir | WP 35 S0 I PLAE 8 1. 87510
G, '—CH,—0—C =0 W I 35 S Bl7E 64.55, HI(E S BIAES1.74, 61.60 Fl1.68 2 w-&
i BLTT L trans Al cis o (8] B0 Hp 43 B 7 F B 2RI = B 45 5 04
2.4.3 “CNMR# P,. "CNMR(§):15.97,17.65,23.41,23.84,25.67,26.37, 26.56, 26.69,31.95,
32.18,39.70,107.07,120.73, 124.15,124.32,124.96,131. 1, 134.9, 135.13,135.6,154.1, P, P, &5
P, f°C NMR —%, UiW P, ~P, N&5HME MR 2% . G,:”C NMR (6):16.0,17.6,23.4,25.6,26.
4,26.7,26.9,32.0,32.24,39.8,61.0,119.34,124.3,124.6,125.1,131.07,134.8,135.1,135. 8,142.
31,170.7,

7E Py Fl G, 197 C NMR St b #5978 6 32.0 ZE47 A1 8 32.2 Ze A7 B 5, R W 4% 7 i e o 57 1
KSR L) trans—cis Fl cis—cis 7T RIERE;6 39.8 A B ES , B F P LETE trans—trans Fl w—trans;
8§ 131.1 EHESH—FE XKW TFHEL o-trans, TG w—cis HHE, Z5RFH,P, S THAYE G, —F(,
HESET a- K RICH I F 2551, P, 6 107.0 24155 H—CH,0P=0(0H,), § 154.1 /&
4155 C =CH—CH,0P=0 (OH),, i G, 7£ 6 59.0 ~61.0 1 & 142.3 7247 4> %t }L—CH,0C=
OCH, Ml C=CH—CH,0C=0CH, {5 ,6 170.0 ) G, ' C=0 {55, £W P, 5+ T} a—ZHH IR E
W BB R Ee , MR BE R AR , T B 5 G, 2 FHRRIAH R, 2 e R A gk 4y, ant 3,
2.4.4 FHH#mit P, ~P, B4 PEH e (HRMS, m/e + Na) - 1141,1209,1277 ,1345 1413 148151125,
1193,1261,1329,1397 1465,

7E P, ~ P, [y HRMS 1, (M-23) fl M, k¥ N 1118,1186,1254,1322 13901458, K221 K 68,
EAF R —A RS My G Py ~ Py XN T 15 ~22 SRl di LR IR R 2. i —41R &Y
My, (M -23) k¥ 1102,1170,1238,1306,1374 1442, HAHZE N 68, iE4F N 4G — PR3 M,
BEXT R F 15 ~22 A 55 S 6 B PR IR W] R W0 o DR L7 5 B 2R 3G 0 Wl 1 Wi 1) 7 0 v 5 A /0 1) 0 e 1
BE o TE7= W AR AE R A B W IR I , £ 202 i T POCL, 76 5 5 M BEwl It AL B, 3 43 43 i o4 PCL, A
SV HLIRTE , 3% I 0 2% A2 A 1 350 B2 A1k B g = (1) o) A iR AT, DALkt AT I 28 T A 52 0 R = 2 i v
HC HE 5 S8, R = 2 e i JBE IR %K
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3.1 UK il B A ik 2R IO AR 5 W (3R G 5 B 87.2 % )  J5URE, R POCL, Sy i 1Bt AL 590 A1l = &




5130 EEE A - SR S R T Y 5 L PR 5 AL A R AE 27

Wi S B KSR 2 8 T A 95 26 257 50 4 T R M e B B, L7930 65 9% LI
3.2 SRR ACHOMT (5 45 25 T R HE T AR K T 4, 79 B I B K, 48 TR'H NMR . C NMR 715 403
e CHRMS ) 5 53 iE W 2 8 25 gy 583 s O B R

SE

[1]KRYSTYNA W ,TADEUSE J. The effect of phosphate ester derivates of polyprenol on model membrane stability[ J]. Cell Biol Mol Lett,2001
6(2):426-429.

[2]TADEUSZ J,TERESA J, KRZYSZTOF N. The role of polyprenol in modulation of physical properties of model membranes[ J]. Current Topics
in Biophysics, 2001,25(1) :33-36.

[3] OKAMOTO Y, TAHARA Y, MISHIMA Y. Polyprenol and polyprenyl phosphates for inhibition of tumor metastasis [ P]. EP Patent:
0 350 801A2,1989 - 07 - 07.

[4]DANILOV L L,CHOJNACHI T. Antiviral drug[ P]. RU Patent;2 005 475C1,1994 - 09 - 20.

[5]DANILOV L L, MALTSEV S D, DEYEVA A V, et al. Phosprenyl : A novel drug with antiviral and immunomodulatory activity[ J]. Arch
Immunol Ther Exp,1997 , 44:395-400.

[6]DANILOV L L,MALTSEV S D. The synthesis of polyprenyl monophosphate[ P]. SU Patent: 1 432 065,1988 — 04 — 10.

[7]DANILOV L L, CHOJNACHI T, SHIBAEV A V. Phosphorylation of polyprenols via their trichloroacetimidates[ J]. Communications, 1984
(5) : 405-408.

[8] F LT, TR JEIR , ok A AR R I BE A AL 2 SR [0 ] AR = fh2F 5 Tl ,1992,12(4) :279-286.

B L I & e & S O O L T & S 0 O T L T & S 2 0 O L & e 2 e B L S e 2 B B L e 2 B L S S S a3
MEENE BWHAWGRE EERENA S=HDEFNH
ﬁ:l: Hig INad ¢ ?n,\ i e N S hnlL ¥
» o) €
y i - ! - y "
Bl dlda@d 0

PEMRLAFRLEARFAFE T LR EE LR BEATERLAFRH AR TS T LR TG
ERBHMF M A TRAEFFENEREE, T A+ B RZL B AL % E N Baiks, 2B EHLAIR

ERALER T Rl EREFEZR ZE B kR, B =5 A Edls, T4 T~
A RRATRE R R RE R,
® % E Nicolet A48 &, 3% 1% 5 v+ £x Sh 3 A AL ® I EAFEMIFED
% B Agilent &, 48 & % - i 3 3 A AL ® BV MAFMLS
£ P-E 23 AA300 & F B 58 AL
8 § ® B M S
3 E Malvern 2 8] Mastersizer 2000 & 56 %5 B AL o o .
® LTERF TLETH TLERLTFHR. LSNE
B A& Shimadzu LC-10AD & 48 &, & 4L
@ ETHETR
B A& Rigaku TAS100 # & . £ # 4 7 4L B
AR CO, FRE @ Ltue vkt~
RPRANREBEBEAR TSR ORI =IIT

BX R il 210042 BT BE TR 16 SOMRAL BT A BB A ROH R, ROK 22 i
1% :025-85482448 | 85482449 f£E:025-85413445 E-mail ; zhangxinmin328@ 163. com

TS LRIAT R U@ B AL 4301012509001028549  H [ bl B2 BIF 5 e bk 5™ A 2 Ll BF 5 e



