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Abstract-A new prenylated flavone, gancaonin Q, and three new prenylated dihydrostilbenes, gancaonins R, S and T, 
along with two new prenylated dihydrophenanthrenes, gancaonins U and V were isolated from the aerial parts of 
Glycyrrhiza uralensis. The structures of gancaonins Q-V were elucidated by spectroscopic methods. 

INTRODUCTION 

We reported earlier the structures of isoprenoid-substitu- 
ted flavonoids from Xibei licorice (Glycyrrhiza species, 
Seihoku Kanzo in Japanese), the aerial parts of 
G. uralensis Fisch. et DC., and the aerial parts and roots of 
G. pallidiflora Maxim. [I-S]. In continuation of the in- 
vestigation, we studied the phenolic constituents of the 
aerial parts of G. uralensis, and describe here the charac- 
terization of six new prenylated phenolic compounds, 
gancaonins Q-V (14). 

RESULTS AND DISCUSSION 

Gancaonin Q (I), pale yellow needles, mp 212-214”, 
C25H2605, gave a dark green colour with methanolic 
ferric chloride and was positive to the Gibbs test. The UV 
spectrum of 1 resembled the spectra of tlavone derivatives 
16-J. The ‘HNMR spectrum showed the signals of the 
following: two 3,3dimethylallyl (prenyl) group protons, 
ABC type aromatic protons, olefinic and/or aromatic 
proton(s) [S6.60 (IH, br s), 6.61 (lH, s)], a hydrogen- 
bonded hydroxyl and two hydroxyl protons. The 
13C NMR spectrum of 1 was analyzed (Table 1) by 
comparing the spectrum with those of gancaonin 0 (7) 
[S] and kuwanon S (8) [7]. In the spectrum of 1, the 
chemical shifts of carbon atoms of the A and C rings were 
in agreement with those of the relevant carbon atoms of7, 
while the chemical shifts of B ring carbon atoms were 
consistent with those of the relevant carbon atoms of 8. 
Thus, the structure of gancaonin Q is 1. 

Gancaonin R (Z), needles, mp 142-144”, C,,H,,O,, 
also gave a dark green colour with methanolic ferric 
chloride. Treatment of 2 with dimethyl sulphate gave a 
tetramethyl ether @a). The ‘HNMR spectrum of 2 
showed the following: protons in two prenyl groups 
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C61.65, 1.75 (each 6H, br s), 3.35 (4H, br d, .I=6 Hz), 5.12 
(ZH, br t, J =6 Hz)], two pairs of benzylmethylene 
protons, ABC type aromatic protons and an aromatic 
proton. The ‘HNMR spectra of 2a showed proton 
signals of the two prenyl groups: 61.66 (6H, br d, 
J=l Hz), 1.76 (6H, br d, 5=0.7 Hz), 3.35 (4H, br d, J 
=7 Hz), 5.10 (2H, br t, 5=7 Hz). The above ‘HNMR 
spectra revealed that 2 is a dihydrostilbene derivative 
having two equivalent prenyl groups in its structure. The 
“C NMR spectrum of 2 was analysed by using gated 
decoupling with NOE (Table 2). Comparison between the 
‘%ZNMR spectrum of 2a and that of the model com- 
pound, 2,2-dimethyl-6-(3’,4’-dimethoxyphenethyl) chro- 
mene (9) [8], showed the chemical shifts of the B ring 
carbon atoms of 2a to be in agreement with those of the 
relevant carbon atoms of 9. In the ’ % NMR spectra of 2 
and 2a, the carbon atoms at C-2 and C-6 were observed as 
equivalent, as well as the carbon atoms at C-3 and C-5. 
These results suggest that the A ring of 2 is a 3,5- 
dihydroxy-2,6-diprenyl phenyl, or a 3,5-diprenyl-2,6- 
dihydroxyl, structure. The former structure is supported 
by the following: in the “C NMR spectrum of 2, the Cl 
signal of the prenyl group was observed at 625.6, sugges- 
ting that one of the ortho-positions to the prenyl group is 
substituted by an alkyl or alkenyl group, the other by an 
oxygenated substituent [9]. Furthermore in the 
13C NMR spectrum of 2a, the methoxy carbon atoms of 
the A ring were observed at 655.86. This result suggests 
that an ortho-position to the methoxyl groups has no 
substituent [ 101. Thus, the structure of gancaonin R is 2. 

Gancaonin S (3), needles, mp 115--116”, &*H,,,O,, 
gave a tetramethyl ether (3a) by treatment with dimethyl 
sulphate. The ‘H NMR spectrum of 3 showed signals of 
the following: protons in two prenyl groups, two pairs of 
benzylmethylene protons, ABC type aromatic protons 
and an aromatic proton. The 13CNMR spectrum of 3 
was analysed by using gated decoupling with NOE and 
by comparison with the spectra of 2 and 9 (Table 2). In the 
“C NMR spectrum of 3, the chemical shifts of the B ring 
carbon atoms were in agreement with those of the 
relevant atoms of 2, and the oxygenated carbon atoms in 
the A ring were observed at 6 154.10 and 154.24. This 
result suggests that the B ring is a 3’,4’-dihydroxyphenyl 
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structure, and that the two oxygenated carbon atoms in prenyl group was observed at 623.20. This result suggests 
the A ring are located at meta-positions to each other that the diortho-positions to the prenyl group are substi- 
[ 111. The Cl signal of one of the two prenyl groups in the tuted by the oxygenated substituents [9]. Thus, the 
A ring was observed at 625.53. This result suggests that structure of gancaonin S is 3. 
one of the ortho-positions to the prenyl group is substitu- Gancaonin T (4), was an amorphous powder, 
ted by an alkyl or alkenyl group, the other by an C,,H,,O,, [~]n 0”. The ‘H NMR spectrum of 4 showed 
oxygenated substituent [9]. The C-l signal of the other signals of the following (in acetone-d,): protons in a 
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Table 1. “C NMR data of compounds 1,7 and 8 (acetone-d,, 

100 MHz) 

C I* 7 8 

2 165.09 164.88 165.4 

3 103.98 104.22 104.0 

4 183.14 183.13 

4a 105.22 105.29 

5 160.24 160.23 

6 112.33 112.38 

7 162.42 162.42 
8 94.07 94.10 
8a 156.58 156.39 

9 22.02 22.03 
10 123.27’ 123.26 _. 

11 131.59 131.61 
12 17.91 17.90 

13 25.88b 25.87 
1’ 123.45 123.2 
2 128.85 128.8 
3’ 129.91 129.9t 
4 159.53 159.6.t 

5’ 116.34 116.3 
6’ 126.51 126.6t 
1 I, 29.05 28.9 

2” 123.04’ 122.9 
3” 133.28 
4’ 17.91 

5” 25.91b 

*Data from complete decoupling and off-resonance decoup- 

ling spectra. 
+Signals reasslgned. 

‘.“Signals may be interchanged. 

prenyl group, protons in a 2,2-dimethyl-3-hydroxypyrane 
ring C61.17, I.32 (each 3H, s), 2.58 (IH, dd, 5=8 and 
16 Hz), 2.93 (IH, dd, J=5 and 16 Hz), 3.75 (IH, td, J=S 
and 8 Hz); &in methanol-d,) 1.17, 1.28 (each 3H, s), 2.51 
(lH,dd,J=8and 16Hz),2.83(1H,dd,J=6and 16Hz), 
3.69 (1 H. dd, J = 6 and 8 Hz)], two pairs of benzylmethyl- 
ene protons, ABC type aromatic protons, an aromatic 
proton and a proton of hydroxyl group C64.15 (1 H, hr d, 
.I = 5 Hz, OH-13)]. The 13C NMR spectrum of 4 was 
analysed using off-resonance decoupling and by com- 
parison with the spectra of 2 and 3 (Table 2). From the ‘H 
and 13C NMR spectra of 4, it is obvious that the B ring is 
a 3’,4’-dihydroxyphenyl structure. In the 13C NMR spec- 
trum of 4, the z-carbon atom was observed at much 
higher field than the p-carbon atom (A3.66 ppm). In the 
‘%ZNMR spectrum of 2, the z-carbon atom shifted to 
much higher field than the /j-carbon atom (A4.48 ppm), 
while in the spectrum of 3 the r-carbon atom shifted to 
higher field (Al.55 ppm). These results suggest that the C- 
2 and C-6 positions in the A ring are substituted by the 
alkyl and/or alkenyl groups [ 12, 133. This assumption 
was confirmed by the following evidence. The chemical 
shifts of the carbon atoms of the A ring of 4 were in 
agreement with the values of the relevant atoms of 
compound 10 which was derived from 2 (Table 2). Thus, 
the structure of gancaonin T is 4. 

Gancaonin U (S), needles, mp 72-74”, C,,H2s0,, gave 
a tetramethyl ether (59) by treatment with dimethyl 

sulphate. The UV spectrum of 5 resembled that of a 9,10- 
dihydrophenanthrene derivative [14]. The ‘H NMR 
spectrum of 5 showed signals of the following: protons in 
two prenyl groups, two pairs of benzylmethylene protons 
and two aromatic protons (each s). The locations of one of 
the prenyl groups and one of the aromatic protons were 
shown to be at the C-l and C-8 positions, respectively, by 
a NOE experiment (Fig. 1). The structure of the B ring 
was supported by long-range selective proton decoupling 
(LSPD) and gated decoupling with NOE described in 
Table 3. Furthermore in the 13CNMR spectrum of 5a, 
the chemical shifts of the B ring carbon atoms were in 
agreement with those of the relevant carbon atoms of 
icariside A, monomethyl ether (11) [IS]. The structure of 
the A ring is supported by the following: the C-l signal of 
one of the two prenyl groups was observed at b25.50. This 
suggests that one of the ortho-positions to the prenyl 
group is substituted by an alkyl or alkenyl group, the 
other by an oxygenated substituent [9]. The C-l signal of 
the other prenyl group was observed at 623.10. This 
result suggests that the diortho-positions to the prenyl 
group were substituted by oxygenated substituents [9]. 
Thus, the structure of gancaonin U is 5. 

Gancaonin V (6). needles, mp 170-173 . C,,H?,O,, 
was suggested to be a 9.10-dihydrophenanthrene derivat- 
ive by its UV spectrum [ 143. The ‘H NMR spectrum of 6 
showed signals of the following: protons in a prenyl 
group, two pairs of benzylmethylene protons and three 
aromatic protons cS6.43, 6.67, 7.90 (each IH. s)]. The 
locations of the prenyl group and one of the aromatic 
protons were supported by NOE (Fig. I). The structure of 
the B ring was supported by comparison of the ‘H and 
13C NMR spectra of 6 with those of 5. In the ‘“C NMR 
spectrum of 6, the oxygenated carbon atoms of the A ring 
were observed at fi 153.53 and 154.46. From this result. 
the oxygenated carbon atoms are thus located at posi- 
tions meta to each other [I I]. Thus, the structure of 
gancaonin V is 6. 

EXPERIMENTAL 

Mps: uncorr. General procedures followed and instruments 

used are described in our previous paper [ 163. Plant materials, 

extractIon and chromatography with Amberhte XAD-2 are as 

reported m preceding papers [3, 51. 

Isolation ~Jyancaonrn Q (1). R (2). S (3). r(4), U (5) and I: (6). 

The C,H, eluted fr. (25 g) on Amberlite XAD-2 CC [SJ was 

rechromatographed on silica gel (200 g) successively with n- 

hexane--C,H, (I: I) (frs 14,). C,H, (frs 7-20). C,H,-Me&O 
(I : I) (frs 21, 22). Me&O (frs 23-25). each fr. (&ted vol. 500 ml) 

being monitored by TLC. Frs 12. 13 (0.7 g) were fractionated by 

Sephadex LH-20 chromatography (25 x 2 cm) with MeOH, suc- 

cessively, by prep. TLC (silica gel, n-hexane--EtOAc. 312) and by 
HPLC (n-hexane-EtOAc, 5: 2; column: Senshu Pak SSC-Silica 

4251-N. 25 x I cm, detector: UV. 280 nm) to give gancaonin S (3. 

18 mg). Fr. 14 (0.4 g) was fractionated by Sephadcx LH-20 
chromatography with MeOH and then by HPLC (n- 

hexane-EtOAc, 4: I) to give gancaonin U (5,70 mg). Fr. 16(0.4 g) 

was fractionated by HPLC (n-hexane--EtOAc, 3: 1) and then by 

prep. TLC (CHCI,- Me&O. 5: 1) to give gancaonin Q (1.9 mg). 
Frs 19.20 (0.5 g) were fractionated by HPLC (n-hexane-EtOAc. 

2: 1) lo give gancaonin R (2, 85 mg) and gancaonin V (6, 11 mg). 
Fr. 24 (0.1 g) was fractionated by prep. TLC (CHCI, MeJO. 

2: 1) IO give gancaonin T (4, 8 mg). 
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Table 2. “C NMR data of compounds 24 and related compounds (100 MHz) 

2 3 2a* 3a* 9 4 10 

C (acetone-d,) (acetone-d,,) (CDCI,) (C’DCI,) (CDCI,) (acetone-d,) (acetone-d,) 

1 

2 

3 

4 

5 

6 
7 

8 

9 

10 

11 

12 
13 

14 

15 

I6 

;I 
1’ 
2 

3’ 

4 

5’ 
6 

OMe 

141.19 hr St 

118. 55 hr S 

154.42 Std (‘J = ‘J = 4 Hz) 

101.59 D (‘J= 154 Hz) 

154.42 

118.55 

25.60 Td (‘J= 123, ‘J=4 Hz) 

126.1X Dm (‘J= 152 HL) 

129.99 (Sm) 

lg.14 Qm (‘J= 124 Hz) 

25.83 Qm (‘J= 124 Hz) 

25.60 
126.18 

129.99 

IX.14 

25.83 

32.X0 Tm (‘J=cu 125 Hz) 

37.28 Tm (‘J=ca 125 Hz) 

135.14 hr s 

116.08 L)m (‘J= 154 Hz) 

145.81 Sddd (‘J=4. ‘J=7, 
‘5 = I Hz) 
143.96 Sddd (‘J = 3. -‘J = 7 

and 10Hz) 

116.02 D (‘J= 156 Hz) 

120.18 Drd(‘J=l54,‘J=5 

and 7 Hz) 

139.39 140.33 139.36 

1 lg.46 120.22 121.35 

154.24 156.6 1 156.57’ 

113.57 94.39 125.50 

154.10 156.61 157.34 

109.08 120.22 108.15 

25.53 25.72 2521 

125.19 124.60 124.70 

131.08’ 130.32 130.74h 

1 g@P 18.03 1x.05 

25.86’ 25.09 25.75’ 

23.20 25.72 23 37 

124.17 124.60 123.7 I 
131.54” 130.32 130.X3b 

17.89” 18.03 17.85 

25.79’ 25.09 25.64’ 

36.16 31.89 35.41 

37.71 36.74 37.25 

134.79 135.27 134.76 

116.14 112.0x 112.12 

145.56 149.09 148.H7 148.7 145.83 145.84 

143.73 147.56 147.41 147.1 144.04 144.05 

115.92 111.77 111.46 111.2 116.02 116.04 

120.3 1 121.08 120.32 
55.86 (2C) 55.67 

55.91 55.83 

56.10 56.03 

61.53 
- 

37.1 

37.6 
134.4 

1 II.9 

120.3 

140.68 140.55 

119.61 119.24 

155.13 154.98 

102.42 102.67 

152.67 153.64 

110.84 111.3x 

25.45 25.4R 

125.90 126.02 

130.02 130.01 

18.14 18.14 

25.85 25.86 

: 20.47 

70.83 34.04 

76.67 73.44 

lY.Y9 26.94 

26.2 1 26.94 

32.58 32.47 

36.24 36.34 

134.86 134.98 

116.12 116.19 

120.2 1 120.29 

*Data from complete decoupling spectrum. 

tCapital letters refer to pattern resulting from directly bonded proton(s). lower case letters IO long-range “C-‘H coupling. 
: Measured in methanol-d,: 630. I 
a ~‘Asstgnment may bc interchanged in each column. 

6 

Ftg. 1. NOE values of compounds 5 and 6 m acetone-d,. 

Gancaonrn Q (1). Recrystallized from Me,CO-n-hexane to 307 (13). 165 (8). HRMS, m/z 406.1769 [Ml’ (CI,H,,O, re- 

give pale yellow needles, mp 212-214”. FeCI, test: dark green. quires:406.1780). ‘H NMR(400 MH& Me&O-d,):61.65(3H.br 
Gibbs test: positive. UViz$)‘r nm (loge): 215 (4.50). 274 (4.16). d. J = I Hz. Me-l 1). 1.75 (3H. hr d. J = 1 Hz Me-3”), 1.76 (3H. hr 
305 (sh 4.03). 338 (4%; ;.;:;n +*‘c’! 212 (4.51). 285 (4.14), 3OO(sh s, Me-3”). I .78 (3H. hr s. Me-l I). 3.35 (ZH, hr d. J = 7 Hz, H,-9), 
4.13). 361 (4.30). 390 (sh 4.11); I.::;“’ “OAc: 276 (4.23). 303 (4.05), 3.41 (ZH, br d. J=7 Hz. HZ-l”). 5.28 (IH, br I, J=7 Hz, H-IO), 

3 15 (4.05) 348 (4.13). EIMS (probe) 70 eV, m:z (rel. int.): 407 LM 5.40 (1 H. br I, J = 7 Hz H-2”). 6.60 (1 H. hr s, H-8). 6.61 (I H, s. H- 

t 1]+(23%).406[M] (7X),391 (13).363(100),352(24),351(98). 3),7,02(lH,d. J=8 Hz_ H-5’). 7.75( lH,dd. J=2and8 Hz, H-6’). 
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Table 3. 13C NMR data of compounds 5,6 and related compounds (NMI MHz) 

C 
5* 

(chloroform-d-methanol-d,, 4: 1) 
5 

(acetone-ds) 

6t 
(acetone-d,) 

W 115 
(chloroform-d) (chloroform-d) 

1 

2 

3 

4 

4a 

4b 

5 

6 
7 

8 

8a 
9 

10 

10a 
I’ 

2’ 

3’ 

4’ 

5’ 

1 ,I 

2” 

3” 

4” 

5” 

OMe 

t15.89 Sm 

151.81 Sm 

113.11 Sm 

149.51 Sm 

117.69 Sm 

125.42 Std ( 3J = 3 and 8 Hz) 

113.19 D (‘J= 156 Hz) 

142.38 Sdd (2J = 4, 3J = 7 Hz) 

142.57 Sdd (2J = 4, 3J = 7 Hz) 

114.85 Dt (‘J= 161. 3J=3 Hz) 

131.15 Sm 

29.19 Tm (‘J= 128 Hz) 

26.52 Tm (‘J = ua 128 Hz) 

136.56 Sm 

25.50 Td (‘J = 125. ‘J =4 Hz) 
123.02’ Dm (‘J = ca 154 Hz) 

132.82b Sm 

17.95’ Qm (‘J =cu 125 Hz) 

25.8od Qm (‘J=ca 125 Hz) 

23.10 Td (‘J = 126, 2J =4 Hz) 

122.44” Dm (‘J = cu 152 Hz) 

1 34.49d Sm 
17.86’ Qm (‘J=ca 124 Hz) 

25.72d Qm (‘J=co 123 Hz) 
.- 

117.30 

152.22 

115.51 

150.8 1 

119.06 

126.37 

115.43 

143.7W 

143.W 

115.14 

132.41 

29.83 

27.32 

136.84 

25.90 

1 24.74b 

130.82’ 

18.00 

25.80 

23.73 

124.13” 

131.20’ 

18.00 

25.80 

117.86 

154.46 

102.56 

153.53 

115.46 

126.69 

116.53 

143.W 

143.28’ 

114.62 

130.47 

29.77 

27.3 1 

139.95 

25.25 

125.07 

130.00 

17.98 

25.83 

123.96 

155.86’ 

126.98 

154.93’ 

125.48 

123.96 

111.23 

147.38b 

1 47.56b 

110.30 

128.22 

29.12 

26.17 

137.55 

25.79’ 
124.41d 

130.91’ 

18.07’ 
25.73’ 

23.92 

1 23.52d 

131.50’ 

17.98’ 

25.62” 

55.78 

56.18 

60.37 

61.59 

125.2 

111.1’ 

1 47.3b 

1 47.4b 

1ll.V 

130.4 

29.4 

30.6 

*LSPD experiment with irradiation of C-8 proton (66.75); C-4b [Std+St (‘J = 3 Hz)]. C-6 [Sdd-+Sd (2J = 4 Hz)]. C-7 [Sdd+Sd 
(3 J = 7 Hz)], C-9 [ Tm+Tr (‘J = 5 Hz)]. irradiation of C-9 protons (6 2.64): C-4b [Scd+Sd, 3J = 8 Hz)], C-8 (Dr+D), C-IOa [Sm+Srt 
(2J = 3J =4 Hz)]. 

iData from complete decoupling and o&resonance decoupling spectra, 
$ Data from complete decoupling spectra. 

4Signals reassigned. 
“-‘Assignment may be interchanged in each column. 

7.80 (lH, d, J=2 Hz, H-2’), 9.45 (2H, br, OH x 2) 13.31 (lH, s, 
OH-S). 

Gunc~nin R (2). Recrystahzed from Me,CO-n-hexane to 

give needles, mp 142-144”. FeCl, test: dark green. UV 3.::<,‘” nm 

(1ogE): 210 (4.67), 230 (sh 4.16), 285 (3.82). EIMS, m/z (rel. int.): 

383 [M-t l] + (27%), 382 CM]’ (lo), 327 (20), 325 (25), 313 (16), 

271 (25), 269 (12), 259 (18), 257(20), 245 (37), 203 (32), 161(30), 137 
(9), 123 (55), 69 (40). HRMS, miz 382.2141 [Ml’ (C,,HJOO, 

requires: 382.2145). ‘H NMR (400 MHz, Me,CO-d,): 6 1.65 (6H, 

br s, Me-9 and Me-14), 1.75 (6H, br s, Me-9 and Me-14), 2.63,2.78 
leach 2H, m, H,-z or HZ-/i’). 3.35 (4H, hrd, J = 6 Hz, HI-7 and H,- 

12), 5.12 (2H, brt, J=6Hq H-8 and H-13), 6.38 (lH,s, H-4), 
6.61 (IH, dd. J=2 and 8 Hz, H-6’), 6.78 (lH, J, J=2 Hz, H-2’), 

6.78 (1 H, d, J = 8 Hz, H-S), 7.72 (4H. br, OH x 4). 
Goncaonin R reframethgl erher (2a). A mixt. of gancaonin R (2, 

40 mg), Me,SO, (I ml) and dry K&O, (4 g) in Me&O (10 ml) 

was refluxed for 2 hr. The reaction product was purified by prep. 

TLC (n-hexane-EtOAc, 4: 1) to give the tetraMe ether (2a, 

25 mg), 2a was recrystallized from Me&O to give prisms, mp 

78-80-. EIMS, m:iz (rel. int.): 439 [M + l] * (26%), 438 [M] + (86), 

382 (I 5), 381(28), 369(30), 325 (19), 313 (26), 287 (12), 273 (33), 231 

(28), 189 (19), 165 (7), 151 (100). ‘H NMR (400 MHz. CDCl,): 

6l.M (6H, br d, J = 1 Hz_ Me-9 and Me-14), 1.76 (6H, hr d, J 

=0.7 Hz, Me-9 and Me-14), 2.72, 2.87 (each 2H, m, H,-a or H,- 

/?), 3.35 (4H, br d, J=7 Hz, HZ-7 and H,-12), 3.82 (6H, s, OMe 

x 2), 3.85, 3.86 (each 3H, s, OMe), 5.10 (2H, hr t, J = 7 HI H-8 

andH-l3),6.42(lH,s,H-4),6.72(lH,d,J=2Hz,H-2’),6.77(1H, 

dd, J = 2 and 8 Hz, H-6’), 6.81 (1 H, d, J = 8 Hz, H-5’). 

Formarion of compound 10 from gancaonin R (2). A mlxt. of 

gancaonin R (2,210 mg), 35% HCI (4 ml) and MeOH (8 ml) was 

kept at room temp. for 20 min. The reactlon product was purified 

by prep. TLC (CHCI,-Me,CO, 3: 1) and then by HPLC (n- 

hexane-EtOAc, 3: 1) to give 10 (25 mg) as an amorphous pow- 

der. EIMS, m/z (rel. int.): 383 [M + l] + (27%), 382 [M] + (loo), 

328 (II), 327 (50), 325 (IO), 271 (17) 259 (41), 245 (27), 204 (15), 203 

(13), 161 (15), 137 (9), 123 (28), 69 (18). ‘HNMR (400 MHz, 

Me&O-d,): S 1.25 (6H, s, Me,-14), 1.65 (3H, br d, J = 1 Hz, Me- 

9),l.73(2H,r,J=7Hr,H2-13),1.76(3H,bts,Me-9).2.59(2H,m, 

H2-a or H,-p), 2.66 (2H, r, J = 7 Hz, H,-12), 2.76 (2H, m, H,-r or 

HZ-j?), 3.36 (2H, brd, J=6.5 Hz, H-7), 5.13 (IH. br E, J=6.5 Hz, 

H-8), 6.20 (IH, s, H-4), 6.59 (lH, dd, J=2 and 8 Hz, H-6’), 6.75 

(IH, d, J = 2 Hs H-2’), 6.75 (1 H, d, J = 8 Hq H-5’). 

Gancaonin S (3). Recrystallized from C,H6 to give needles. mp 
115-l 16”. FeCI, test: dark green. UV A::“’ nm (log E): 206 (4.56), 

228 (sh 3.95), 283 (3.53). EIMS, m/z (rel. int.): 383 [M + 1 J’ 

(27%), 382 [M] + (100), 327 (33), 326 (30), 325 (28), 311 (la), 283 



: 250 

(8), 271 (29). 259 (21). 257 (12). 245 (22). 204 (36), 203 (70). 189 (31), 

161 (39), 137 (6). I23 (711, 69 (21). HRMS, m/t 382.2117 [Ml’ 

(CZ4Hs,,04 requires: 382.21451. ‘H NMR (400 MHZ. Me,C’O- 
d,): d 1.66 (6H. h r .s, Me-9 and Me-14). 1.75, 1.77 (each 3H, hr s, 

Me-9 or Me-14), 2.66. 2.72 (each 2H. m, H,-z or H&‘). 3.34 (2H. 

brd,J=6.5HzH~-7),340(2H,hrd.J-7Hz,H,-12),5.09(lH. 
hrr,J=6.5 Hz, H-8), 5.25(1H. hr t, J=7 Hz. H-13).6.34(IH.s, 

H-6). 6.55 (1 H, dd, J - 2 and 8 Hz, H-6’), 6.73 (1 H, d. J = 2 Hz. 

H-2’), 6.75 (1 H, d. J -=X Hz. H-5’), 7.69 (JH, hr, OH x 4). 

Gancaonin S rrrramerh~l vrlwr (3a). A mixt, of gancaonin S (3, 

20 mg), Me,%-), (0.5 ml) and dry K,CO, (2 g) m Me&O (8 ml) 

was refluxed for 2 hr. The reaction product was purified by prep. 

TLC (+hexane-EtOAc, 4: I) to give the tetraMe ether (3a. 

15 mg) as an amorphous powder. EIMS, rn;‘,- (rcl. int.): 439 [M 

+ 1 J l (3~9’0). 438 [M]’ (96). 383 (‘0),382126). 381 (34). 327 (I 1 I, 
287(21),273(Z), 331 (21).217(17). 189(101. 165(10). 151 (100). 

‘H NMR (400 MHz. C’DCI,): ij 1.67 (6H. hr s. Me-9 and Me-14), 
1.75. 1.77 (each 3H. h r s, Me-9 or MC-14). 2.82 (4H. hrs. H,-r and 

H,-I<), 3.31, 3.34 (each 2H. hr d. J=7 Hz, HZ-7 or H,-12). 3.68, 

3.76, 3.83, 3.86 (each 3H, s, OMe), 6.48 (IH, s. H-6). 6.63 (1 H, d. 

J=2 Hz. H-2’). 6.74 (IH, dd. J-2 and t( Hz. H-6’), 6.81 (IH. d. 

J=8 Hz, H-5’). 

Gancaonln T (4). Amorphous powder. FeC13 test: dark green. 

[a]::’ 0, (M&H; r0.08). UV~.~:~“’ nm (logf:): 209 (4.96), 230(sh 
4.46), 285 (4.12). EIMS. m,‘z (rel. ml.): 399 LM + l] ’ (27?G). 398 

LM] - (100). 341 (28). 275 ( IS), 271(25), 261 (47), 257 ( 16), 203 (24). 

189(11). 161 (25). 137(17). 1’3(55).69(14). IIRMS,,I~,‘Z 398.21f$o 

CM] * (CZJHJOOS requires: 398.2094). ‘H NMR (400 MHz, 

Me&O-d,): ($1.17, 1.32 (each 3H. s, Me-14). 1.65 (3H. ht d. J 
= 1 Hz, Me-9). 1.76 (3H. hr s, Me-9), 2.58 (11.4. IIJ. J -8 and 

16 Hz, H-12, ovcrlappmg with the signal at 2.59). 2.59. 2.75 (each 

2H. m, H,-lr or HZ-/j). 2.93 (I H, dd. J = 5 and 16 Hz. H-12), 3 35 

(2H.brd.J;6 Hz. H,-7),3.75(1H.td..l.=5and 8 HI.. H-13).4.15 

(1H. bF d, J=5 Hz. OH-13). 5.13 (IH. hr f, J=6 Hz. H-8). 6.22 

(lH, s, H-4). 6.59 (IH. dd. .J=2 and 8 Hz. H-6’). 6.75 (IH, d. J 
= 2 Hz, H-Z’), 6.75 (1 H, d, J = 8 Hz. H-5’). 7.70 IZH. hr s, OH x 2), 

8.00 (lH, hr S, OH). IH I\;MR (400 MHI, CD,OD): 6 1.17, 1.28 

(each 3H,s. Me-14). 1.65. 1.75 (each 3H, hrs, Me-C)), 2.51 (1H. dd, 

J = 8 and 16 Hz, H-l 9). 2.58,2.74 (each 2H, hr r. J = 8 Hz. H,-z or 

HZ-b), 2.83 (lH, dd, J-6 and 16 Hz. H-12). 3.69 (1H. dd, .J=6 

and 8 Hz, H-13), 5.07(lH. hr t, J=h Hz, H-8), 6.14(1H, s. H-4). 

6.5 1 (1 H, dd, J = 2 and 8 Hz, H-6’). 6.63 (1 H. d, J =. 2 Hz, H-2’). 

6.67 (I H. d, J = 8 HL, H-5’). The signal of H,-7 overlappd with 
that of the solvent. 

Gancatmin b’ (5). Recrystallized from n-hcxane Et,0 to give 

needles, mp 72.-74%‘. Fell, test: green. UV i.iEl”’ nm (loge): 220 

(4.45). 268 (sh 3.9 1). 277 (3.97). 305 (3.95). 312 (sh 3.93). EIMS. mi,- 

(rel,int.):381 [M-cl_]’ (27%),380[M]‘(l00),32ti(l7),324(26), 

309 (28). 281 (I I), 269 (43), 268 (72). HRMS, m.::: 380.1987 [M] ’ 
{C24H2804 requires: 380.1987). ‘H NMR (400 MHz, Me&O- 

d,): ii 1.65 (3H. hr d. J = 1 Hz_ MC-~‘). 1.68 (3H. hr d, .I - I Hz, Mc- 
3”), 1.76 (3H, hFd. J- I Hz, MC-~‘), 1.81 (3H. hrd. J= 1 Hz, Me- 
3”), 2.51 (2H, m, H,-9), 2.59 (ZH. M. HZ-IO). 3.39 (2H. hr cl, 

J=6.5 Hz, HZ-I’), 3.51 (ZH.hrd, J-7 HZ_ HZ-l”), 5.06(lH.hrt, 

J = 6.5 Hz, H-2’). 5.25 (I H, hF I, J - 7 Hz, H-2”). 6.70 (1 H. s. H-8). 

6.77 (ZH, hr. OH x 2). 7.59 (2H. hr. OH x 2). 7.6s (1 H, s. H-5). 
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10 mg), Me,SO, (0.5 ml) and dry K,CO, (2 g) m Mlc,CO (8 ml) 

was rcfluxed for 2 hr. The reaction product was purified by prep. 

TLC (n-hexane--ErOAc, 4: 1) to give the tetraMc ether (Sa, 6 mg), 
Sa was recrystallized from MeOH to give needles, mp 96-98 .‘. 

EIMS. M,‘Z (~1. int.): 437 [hl - I J’ (31%). 436 [MJ’ (100). 421 

(4), 365 (4). 349 (4). 337 (4). *H NMR 1400 MHz. CDCI,): 6 1.68 

(3H, hrs, Mc-3’). 1.70(3H. hr s. MC-~“), I.78 (3H. hr s. MC-~‘). 1.82 

(3H. hr s, Me-3”). 2.67 (4H, hr s. HZ-9 and H,-](l). 3.41 (2H. hFd. J 

-6.5 HI, HZ-l’). 3.44 (2H. br ri. J36.5 Hz. HZ-l”). 3.50. 3.72, 

3.91,3.92 (each 3H. s, OMe), 5.07 (I H. hr I. .I -6.5 Hr. H-Z), 5.28 

(1H. hr I, J=6.5 Hz, H-2”). 6.75 (lH, .s. H-8). 8.01 (lH, s, H-5). 

Gancaonin C’ (6). Recrystallized from rl-hexane Me&‘0 to 

give needles, mp 170- 173”. F&I, test: dark green. UV j.$“’ nm 

(loge}: 221 (4.26). 267 (sh 3.72). 275 (3 79). 306 (Ul\. 315 (3.79). 

EIMS. rn,‘z (rel. int.): 313 [M + l] r (21%). 312 [Ml’ (100). 257 

(95), 256 (41). 255 (12), 239 (6). 237 (IO). HRMS. m; 312.1366 

CM]’ IC,,~H~(,O, requires: 312.1361). ‘II NMR (400 MHz. 

Mc,CO-d,,): ci I .64 {3H, hr s. MC-~‘). I .76 (3H. hr d. J L 1 H7. Me- 

3’). 2.54 (ZH. m. HZ-U). 2.65 t2H. m. Hz-IO). 3.35 (2H. hr J. J 
=7 Hz, HZ-l’). 5.00 (IH. hr I, .I :- 7 Hz. HZ-Z’). 6.43 (IH. s. H-3), 

6.67 (1 H. s, H-8). ?.90 (1 H . s. H-Cl. 7.49. 7.55. 8.06. 8.1 I (each I H. 
br s. OH). 


