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1.2 Pennogenyl 2,3,4,6-tetra-O-benzoyl-B-D-glucopyranoside (7 ) B & X

PR 170 (99 mg, 0. 15 mmol) St 2 #IC(54 mg, 0. 125 mmol) 7€ —20 °C K AR R
Tk CH,CL (5 mL) HY, BILA 33 mg Briffbi) 4A 7310, SRS HMA 30 mg AgOTE )14 A A%
W (0.5 mL) , 7EICIREE R4 4 h 5 CH,CL (5 mL) FBIF k. Bruk i bk XA AT NaHCO, 7
WPES, FHHIOK MgSO, T4, WUV 5 SR ZMT [ V(A ThES ) : V(LR CTR) =6: 11138 A
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K, 728 69% , [alh: —10.31°(¢ 0.32, CHCL,), R, =0.28[ V(f1ililif): V(LR ZTE) =4:1].
1.3 Pennogenyl 2,3,4, 6-tetra-0-acetyl-a-D-glucopyranosyl-( 1—4) -2, 3, 6-tri-O-acetyl-D-glucopyr-
anoside (8) & B

P A e Ot (37 mg, 0.0868 mmol) F11 425 1 CdCO, (37 mg, 0.217 mmol) fil AR JCIK 4 NE
(2 mL) 1, ZEGUSARIT T IR Z8 30400 70 LA RAR R N JE oK. PRI 2 s i, I AL
A 27 (122 mg, 0. 174 mmol ) , JE ARG 1ER mﬁé}FF?{A{ﬁ 65 °C FJ2 2 ~3 h. TLC #&ill Pen-
nogenin FEATH R, SRS HIIA CH,CL, MBSOV, Zork e 108, I8 W &R ik 4 Je I RERCAE JZ B[V
(Amfg): VONER) =4: 1108, BRAaaEE, %83%, [a]): +91.3°(c0.28, CHCL,), R, =
0.25 [ V(A iilk): V(M) =3:1].

1.4 Pennogenyl 2,3 ,4,6-tetra-O-benzoyl-3-D-galactopyranoside (9 ) B & X

Wi i i It (37 mg, 0. 0868 mmol ) Fl = Z W M g4 31 (110 mg, 0. 148 mmol, 1.7 equiv) iF
T2 mL Josk CH,CL, 1, JILA 33 mg il 4A 701, 78 Ar SR H T2 A HE 30 min J5, A
AR TMSOTS 19 CH,CL, ¥ (0. 1 mol/L, 80 wL, 0.09 equiv) , AkZfiiHE 1 h 5, TLC &5 B 58
4, MA10 pL = CRERR IR, Weds, HENT [ VOAThE): V(LR OER) =6: 1115 A@Ed, %
93% , [a]Y: +41.3°(c0.31, CHCL), R, =0.29[ V( fililk): V(ZIRCEE) =4:1].

1.5 Pennogenyl 2,3,4,6-tetra-0-B-D-galactopyranosyl-(1—6) -2, 3, 4-tri-O-benzoyl-B-D-galactopy-
ranoside (10) B & B

Wi 2 Wt (37 mg, 0. 0868 mmol ) Al = 54 W W AR {14 4 (163 mg, 0. 148 mmol, 1.7 equiv) %
T3 mL Jo/K CH,CL, Hr, & BG mEEY 9 Ak 7y 484, s 8 B ek, =% 90%, [al]):
-49.4°(¢0.22, CHCL) , R, =0.31[ V(HZ)/V(ZLIRLER) =6:1].

1.6 Pennogenyl 2,3-di-O-benzoyl-4 ,6-0-benzylidene-B-D-glucopyranoside (11 ) B & B

TEE SRR, Bis 2 It (50 mg, 0. 117 mmol) | BRHFHEA 5171 (73 mg, 0. 14 mmol) FIHTH AL
1Y 4AMS(50 mg) % T2 mL oK “E M ked, iR THAE 1 h, B2 -30 C, mIKRPIA NIS(40
mg, 0.176 mmol) , FfiJ5 37 BIIIA AgOTf(12 mg, 0.046 mmol) fYH ZEVA L. kL +E 0.5 h 5, A
Et;N(O. 1 mL) K. #0857, W45 2R B A E [ V(auE) : V(ZRAHR) =
6: 1] 4ifb 53] I EE A, 77K 45% , [a]? =8.3°(¢ 0.24, CHCL), R, =0.35[ V(filfit): V(LR L
fii) =4:1].

1.7 Pennogenyl 2,3,4,6-tetra-0O-benzoyl-8-D-glucopyranosyl ) -( 1—4 ) -2 ,3-0O-isopropylidene-a-L-rh-
amnopyranoside (12) B & A&

EEAARYT, Bmir 2 moo(37 mg, 0. 0868 mmol) | TN RELLLN 6" (217 mg, 0.1 mmol ) FIHT 5
B 4A 7310 (50 mg) ¥ T 4 mL JoAK W berh, =2 IRE b &% 11 sywieor ik idt, st 2l e
EA, 773 82% , [a] = -39.2°(¢ 0.33, CHCL), R, =0.38[ V(failifit): V(ZIRZEE) =4:1).

DL RO 3 Bk B e R ) b e LR ZEAG L Scheme 15 S 4R I 2544 WL Scheme 25 2
M= EEFS WL Scheme 3.
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Scheme 1 Structures of three kinds of donors of monosaccharide(1,3,5) and disaccharide(2,4,6)
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Scheme 2 Synthesis route of pennogenyl saponins using three methods
Conditions: (1) AgOTf(1.1 equiv. ), CH,Cl,, —20 °C—room temperature, 2 h; (2) CdCO;/CH;CN, CH,Cl,, 65 C;

(3) TMSOT((0. 05 equiv. ), 4A MS, CH,Cl,, ambient temperature; (4) NIS, AgOTf, 4A MS, CH,Cl,, -30 C.
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Scheme 3  Structures of the products of six pennogenyl saponins
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Table 1 Physical properties and elementary analyses and EISMS data of compounds 7—12

Elemental analysis( % ,Calcd. )

Compd. Formula m. p./C M( Caled. ) c " EISMS, m/z
7 Coy Heg O, 207—208 1009. 2004 72.65(72.62) 6.68(6.75) 1032(M +Na)
8 Cs3H760,, 193—195 1049. 1708 60. 78 (60. 69) 7.33(7.25) 1072(M + Na)
9 Ce Hgg O3 204—205 1009. 2004 72.75(72.62) 6.68(6.75) 1032(M + Na)
10 Cgg Hgy Oy, 158—160 1483. 6664 71.31(71.26) 5.99(6.07) 1506 (M + Na)
11 Csy Hgy Oy 191—192 889. 0930 73.01(72.97) 7.11(7.20) 912(M +Na)
12 C,oHg, 045 163—165 1195. 4076 70.41(70. 35) 6.95(6.87) 1218(M + Na)

Table 2 '"H NMR data of compounds 7—12

Compd. "H NMR (300 MHz, CDCl;) , &

7 8.01—7.27(m, 20H, 5PhH) , 5. 88(t,1H, J=9.5 Hz, gle, H-3"), 5.61(t, IH, J=9.6 Hz, gle, H4'), 5.49(t,lH, J=
9.7 Hz, gle, H2"),5.22(s, 1H, H6), 4.93(d, 1H, J=7.9 Hz, gle, H-1"), 4.60—4.51(m, 2H, glc, H-6'a,b), 4. 14
(m,1H, gle, H-5"), 3.96(t, 1H, H-16 ), 3.51—3.36(m, 3H, H-26a, b, H-3), 2. 15(m, 2H), 0.91(s, 3H, 19-Me) ,
0.89(d, 3H, J=7.0 Hz, 21-Me) , 0.78(s,6H,18-Me, 27-Me)

8 5.41(d, 1H, 3.9 Hz, H6), 5.39—5.31(m, 2H, gle, H-3’, gle, H-1"), 5.24(t,1H, J=9.3 Hz, gle, H-3"), 5.04(t,
IH, J=9.6 Hz, gle, H4"), 4.86(dd, 1H, J=9.9, 3.3 Hz, glc, H-2") , 4.79(dd, 1H, J=9.3 Hz, 7.8 Hz, gle, H2"),
4.61(d, 1H, J=7.8 Ha, glc, H-1") , 4. 46—4.38(m, 1H, gle, H6"a) , 4.27—3.90(m, 6H, gle, H5", gle, H-6", gle,
H4', gle, H6'a, b, H-16), 3.66(m, 1H, gle, H-5"), 3.51—3.36(m, 3H, H3, H26a, b), 2.15, 2. 11, 2.06, 2. 04,
2.03, 1.98, 1.88(s each, 3H each, H—0Ac), 0.98(s, 3H, 19-Me), 0.96(d, 3H, J=7.0 Hz, 21-Me), 0.79(s, 6H,
18-Me, 27-Me)

9 8. 11—7.25(m, 20H, 5PhH), 5.96(d, 1H, J=3.3 Hz, gal, H4'), 5.77(dd, 1H, J=10.2 Hz, 8.4 Hz, gal, H-2"),
5.58(dd, 1H, J=10.2, 3.3 Hz, gal, H-3"),4.90(d, 1H, J=8.4 Hz, gal, H-1"), 4.65(dd, 1H, J=11.1, 6.9 Hz, gal,
H-6'a), 4.41—4.25(m, 2H, gal, H-6'b, gal, H-5"), 3.95(t, 1H, H-16), 3.51—3.36(m, 3H, H-26a, b, H-3), 0.98
(s, 3H, 19-Me), 0.96(d, 3H, J=7.0 Hz, 21-Me), 0.80(d, 3H, J=6.0 Hz, 27-Me) , 0. 78 (s, 3H, 18-Me)

10 8.07—7.23(m, 35H, 7PhH) , 5.88(d, 1H, J=3.4 Hz, gal, H4"), 5.84(d, J=3.4 Hz, gal, H4'), 5.72(dd, 1H, J =
8.9, 10.4 Hz, gal, H2"), 5.60(dd, 1H, J=3.4, 10.4 Hz, gal, H3"), 5.54(dd, 1H, J=3.4, 10.4 Hz, gal, H3'),
5.45(dd, 1H, J=8.0, 10.4 Hz, gal, H2'), 5.20(s, 1H, H6),5.03(d, 1H, J=8.0 Hz, gal, H-1") , 4.90(d, 1H, J =
8.0 Hz, gal, H-1'), 4.40(dd, 1H, J=5.4, 11.2 Hz, gal, H-6"a) , 4.27—4.08(m, 4H, gal, 2H6'b, 6'a, gal, 2H-5",
5'),3.98—3.96(m, 2H, gal, H-6'b, H-16), 3.51—3.36 (m, 3H, H26a, b, H-3), 2.15(m, 2H), 0.97(s, 3H, 19-
Me), 0.95(d, 3H, J=7.0 Hz, 21-Me) , 0.77(d, 3H, J=6.0 Hz, 27-Me), 0.75(s, 3H, 18-Me)

11 8.00—7.30(m, 15H, 3PhH), 5.75(t, 1H, J= 9.5, 9.5 Hz, gle, H-3"), 5.53(s, 1H, PhCH), 5.43(dd, 1H, J=7.9
Hz, gle, H2"), 5.22(d, 1H, J=5.2 Hz, H6), 4.89(d, 1H, glc, H-1"), 4.34(t, 1H, gle, H4'), 4.26(dd, 1H, J=
4.9, 12.8 Hz, gle, H6'a) , 3.99—3.97(m, 2H, gle, H-6'b, H-16), 3. 67(m, 1H, gle, H-5"), 3. 60—3.40(m, 3H, H-3,
H-26a, H-26b), 0.97(s, 3H, 19-Me), 0.95(d, 3H, J=7.0 Hz, 21-Me), 0.78(d, 3H, J=6.0 Hz, 27-Me ), 0.76(s,
3H, 18-Me)

12 8.06—7.26(m, 20, Ph-H), 5.89(t, 1H, J=9.63 Hz, gle, H-3"), 5.63(t, 1H, J=9.75 Hz, gle, H4"), 5.46(dd, 1H,
J=8.03,9.52 Hz, gle, H2"), 5.34—5.27(m, 2H, H-6, glc, H-1"), 4.85(s, 1H, rha, H-1"), 4.61—4.50(m, 2H,
gle, H6"), 4.05(m, 1H, gle, H-5"), 3.97(t, 1H, H-16), 3.89—3.80(m, 3H, rha, H2", rha, H-3", rha, H-5"),
3.69—3.37(m, 4H, rha, H4', H26a, b, H3), 1.45—1.16[ m, 9H, C(CH;),, 2CH; ], 0.98(s, 3H, 19-Me), 0.96
(d, 3H, J=7.0 Hz, 21-Me), 0.79(s, 6H, 18-Me, 27-Me)
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Synthesis of Pennogenyl Saponins via Three Methods

ZHANG Shou-Qin* , ZHANG Jin-Song, WANG Chang-Zheng
(College of Biology and Agricultrue Engineering, Jilin University, Changchun 130025, China)

Abstract The pennogenyl saponins(7—12) were synthesized by using three important methods of glycosyla-
tion. As donors(1—6) , glycosyl halide, trichloroimidate and thioglycoside were chosen to react with the ac-
ceptor pennogenin to investigate the results of these reactions. In these reactions the difference of steric hin-
drance between 3-OH and 17-OH of pennogenin was utilized skillfully and only 3-hydroxyl group of pennogenin
could be connected with each kind of donors selectively and there was no reaction at 17-hydroxyl group which
had no protection. The characteristic above makes it convenient to synthesize the compounds of pennogenyl
saponins.

Keywords Pennogenyl saponin; Pennogenin; Synthesis; Glycosylation; Selectivity

(Ed.: H, 7], Z)
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L/

o CHEE MR IR SUCH fEREC OWEC MEEC RN X R
Chem. Res. Chinese U. 178 1.00 2934 16.48 4.70 22 69 0.06 0.84 8.7
Chinese Chem. Lett. 466 1.00 4242 9.10 4.31 27 123 0.05 0.77 7.3
Chinese J. Polym. Sci. 91 1.00 1934 21.25 4.10 12 27 0.21 0.69 9.2
ffbi 4 232 1.00 3806 16.41 4.90 22 63 0.01 0.78 6.4
RIS 85 1.00 1041 12.25 3.81 19 41 0.06 0.98 6.3
S Hi 2 4 214 1.00 2660 12.43 4.20 27 137 0.02 0.69 6.9
VAR tRes 458 1.00 6031 13.17 4.24 29 178 0.02 0.80 6.8
SRk 220 0.97 2399 10.90 3.84 26 118 0.00 0.54 7.5
STk 294 1.00 4254 14.47 3.61 29 162 0.01 0.48 3.5
AL 99 1.00 1663 16.80 3.98 22 49 0.00 0.58 8.0
AFREEER 72 1.00 1142 15.86 3.76 15 37 0.00 0.97 8.5
BBl 5k 76 1.00 825 10.86 3.91 17 36 0.03 0.53 6.6
BEFERUEER 595 0.98 7975 13.40 4.89 29 131 0.04 0.96 7.5
=4 F iR 105 1.00 4242 40.40 3.26 20 46 0.01 0.66 7.5
TR 188 1.00 2705 14.39 4.21 21 68 0.03 0.78 8.3
Uit s ook 135 1.00 1820 13.48 4.14 21 52 0.01 0.66 6.6
AUk 185 1.00 1856 10.03 3.70 25 95 0.01 0.72 6.8
(l=sians 137 0.99 8760 63.94 3.23 23 58 0.02 0.64 5.9

(T4 475 1)



