


Table 1. ‘H NMR spectral data of compounds 3-9 (200 MHz CDCI,, TMS as internal standard) 

H 3r+4r 3c Sa 6a Sb 6b 18 & lb Bb 9 

8 

9 

Y 

11 

13 

13 

14 

15 

Mac 

i.w-Bu 

OAc 

3.62 dd 3.69 dd 3.93 dd 3.92 dd 5.12 dd 5.10 dd 3.83 t 3.80 t 5.02 m 5.02 dd 

(9.7, 6.5) (9.8.6.8) (12.3, 5.4) (12.2, 5.4) (12.7, 5.2) (12.7, 5.1) (8) (8) (9.7, 6.7) 

2.s2.2 m 2.5-2.2 m 2.72 dd 2.78 dd 1.90-1.75 m 2.0-1.8 m 2.cl.8 m 
(16.6, 5.4) (16.5, 5.1) 

2.0-1.8 m 2.0-1.8 m 2.60 dd 2.58 dd 1.90-1.75 m 2.0-1.8 m 2.0-1.8 m 

(16.6, 12.3) (16.5, 13.0) 

5.31 m 5.37 m 3.99 br s 3.98 br s 5.21 br s 5.20 br s 5.20 br s 
2.34 d 2.5-2.2 m 

(11.6) 
4.01 dd 4.06 dd 4.87 dq 4.89 dq 4.87 dq 4.89 dq 4.68 dq 4.69 dq 4.73 dq 4.72 dq 4.73 dq 

(11.6, 10.8) (10.7, 10.6) (12.5, 1.7) (2.5, 1.7) (12.2, 1.7) (12.3. 1.7) (11.7, 1.7) (11.7, 1.7) (11.9, 1.9) (11.9, 1.9) (11.6, 1.4) 

2.82 dddd 2.5-2.2 m 3.17 dddd 3.18 dddd 3.02 dddd 3.01 dddd 3.11 dddd 2.58 ddd 

(10.8, 10.8 (12.5. 10.7, (12.2, 10.6, (11.7, 10.9, (11.7, 10.9, (11.9, 10.7, (10.7, 10.7, 
3.x 3.0) 3.1, 2.9) 3.1, 29) 3.0, 2.9) 3.0, 2.9) 3.3, 3.0) 10.6) 

5.25 ddd 3.91 dt 5.34 ddd 5.21 ddd 5.31 ddd 5.25 ddd 5.22 ddd 5.16 ddd 5.27 ddd 5.22 ddd 5.13 ddd 

(10.8, 10.8, 4.5) (10.4, 10.4, 4.6) (10.7, 10.7, 4.7) (10.7, 10.7, 4.7) (10.6, 10.6, 4.6) (10.6, 10.6, 4.6) (10.9, 10.9, 4.5) (10.9, 10.9, 4.5) (10.7, 10.7, 4.4) (10.7. 10.7, 4.4) (10.7, 10.7, 4.6) 2 

2.47 dd 

(12.7, 4.5) 

1.25 dd 

(12.7, 10.8) 

6.06 d 

(3.2) 
5.47 d 

(3.0) 
0.90 s 

1.79 s 

6.07 br s 
5.57 t 

(1.5) 
19Ots 

2.50 m 

1.14 d 

(7.1) 
1.12 d 

(6.9) 

2.37 dd 

(13.0.4.5) 

1.3-1.1 m 

2.82 ddd 
(12.3, 10.3. 3.7) 

4.00 m 

0.92 s 

1.83 s 

3.48 s 

2.71 dd 2.42 dd 2.57 dd 2.28 aii 2.2-1.9 m mv 

(12.8.4.7) (12.7, 4.6) (13.7, 4.5) (13.5.4.4) 

1.50 dd 1.51 dd 1.36 dd 1.46 dd 

(12.8, 10.7) (12.7, 10.6) (13.7, 10.9) (13.5, 10.7) 

6.30 d 

(3.1) 
5.74 d 

(2.9) 
1.39 s 

2.07 d 

(1.7) 
6.17 br s 

5.70 t 
(1.6) 
1.99 br s 

2.60 m 

1.15 d 

(6) 
1.116 

(6) 

6.30 d 

(3.1) 
5.73 d 

(2.9) 
1.45 s 

2.05 s 

(1.7) 
6.17 br s 

5.71 t 

(1.6) 
1.98 br s 

2.60 m 

1.28 d 

(7.1) 
1.21 d 

(6.9) 
2.10 s 

6.20 d 

(3.0) 
5.65 d 

(2.9) 
1.13 s 
2.01 d 

8.13 
(1.7) 

br s 

5.65 t 
(1.9 
1.95 br s 

2.57 m 

1.20 d 

(7.0) 
1.18 d 

(6.9) 

6.22 d 

(3.3) 
5.67 d 

(3.0) 
1.28 s 
1.97 d 

(1.9) 
6.15 lu s 

5.66 t 
(1.5) 
1.94 br s 

2.60 m 

1.22 d 

(6.9) 
1.20 d 

(7.0) 
2.07 s 

2.10 s 

1.46 dd 
(13.5, 10.7) 

2.70 ddd 
(10.7, 2.9, 2.9) 

3.78 dd 
(9.8, 29) 

3.52 dd 

(9.8, 2.9) 
1.24 s 

1.89 d 

(1.4) 

2.07 s 

2.07 s 

2.11 s 

3.36 s 
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3pI R1 :H ;R2:hiac 

3b RI =Ac;R2=Mac 

4a Rj=H ;R2:iBu 

4b R1 =Ac ;R2= iBu 

OM, 

ORt 
*OR2 

0 ’ n II 
0 

So Rl=H ;R2=Mac 

esb R,:Ac ;R2:Mac 

60 R,=H ;R2: iBu 

6b Rl=Ac ;R2=if3u 

Compound at, mp 225” was very similar to !!a (Tables 1 
and 2), except that the methylacrylate group at C-8 had 
been replaced by isobutyrate (‘HNMR: 62.61 (lH), 1.15 
(3H)and Lll(3Hk 13C NMR: b 176.1,34.2,19.Oand 18.3). 

Compound 7a showed in the MS an ion at m/z 330 [M 
- HzO]+ in agreement with the formula C,,Hz,O,. In 
its IR spectrum bands of a&unsaturated-y&tone and 
ester groups were observed, besides a strong hydroxyl 
absorption which was absent from the acetylated product 
The iH NMR spectrum (Table 1) corresponded with a 
eudamanolide related to the other isolated compounds of 
the extract, having a trans-fused lactone ring ( J6,, 
= 11.2 Hz), A-punctuation, an acquatorial ester at C-8 
and a &equatorial hydroxyl at C-l; in addition, a broad 
singlet at 63.99 was assigned to an allylic proton geminal 
with a hydroxyl. The acetylated product 7b showed two 
acetate methyls (62.07 and 2.10) and the deshielding to 
65.02 (ad) and 5.21 (brs) of the hydrogens geminal with 
oxygenated functions. The 13C NMR spectrum (Table2) 
showed, besides other signals, those of an a,& 
unsaturated+actone, a tetrasubstituted double bond 
and three oxygenated methynea. These data and the H/H 
(COST) two-dimensional correlations led us to assign the 
depicted structure for 7a. The presence of a C-l /I- 

equatorial and a C-3 aqua&xial hydroxyl group have 
been observed in the related eudesmanolide armefolin, 
but this substance has no oxygenated function at C-8. 

Compound & showed in the MS an ion at m/z 332 [M 
-HzO]+ in agreement with the formula Ci9Hz606. 
From a comparison of its spectroscopic properties and 
those of its diacetate 8b with those of 7a and fb it was 
deduced that ga was the corresponding C-8 isobutyrate 
ester. Chromic acid oxidation of 7r and 8a afforded the 
above described ketones Sa and 6a. This fact confirmed 
the proposed structures for 78 and tIa, that have not been 
previously described in the literature, as the mono esteri- 
tied derivatives of the same trial. 

Saponilication of 7r and & followed by addition of 4- 
phenylphenacyl bromide and acetylation gives the pro- 
duct 9, and the phenacylic esters of methacrylic and 
isobutyric acids. Compound 9 was a methoxy triacetate 
prod& by saponification of the ester group at C-8 and 
acetylation of the C-l, C-3 and G8 hydroxyls accom- 
panied by the usual conjugated addition of a methoxy 
group to the a&untaWrated+actone. The structure of 9 
wan &terminated by means of its spectroscopic properties 
and H/H (COW) two dimensional correlations. 

The coexistence of these structurally related com- 
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Table 2. “C NMR spectral data of compounds 3-9 (50.3 Mm CDCl,, them. shifts 
are. in &values from TMS) 

C No 3r+4a 3c Sa 6a 7a gs 9 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
1s 
1’ 
2 
3 
4 
oC_OMC 
oC_OMe 
OcOMe 
m_OMe 
-MC 
m_OMc 
OMe 

74.9 
32.6 

121.8 
132.5 
50.4 
78.9 
53.7 
69.6 
41.0 
40.5 

135.9 
169.7 
119.3 
12.1 
23.1 

166.4 176.4 
136.3 34.5 
126.3 19.2 

18.2 19.2 
- - 

75.2 74.1 
32.4 42.3 

121.9 196.5 
132.6 130.4 
49.8 150.1 
79.5 78.5 
60.2 51.0 
66.7 70.0 
43.1 44.1 
40.3 43.3 
46.6 135.4 

174.7 168.2 
71.5 122.5 
12.3 18.7 
23.1 11.1 
- 166.2 
- 135.3 
- 126.7 
- 18.1 
- - 

- - 
59.3 - 

74.4 
42.3 

196.5 
130.4 
150.2 
78.4 
51.0 
70.2 
44.1 
43.5 

135.4 
168.2 
122.5 
18.7 
11.1 

176.1 
34.2 
18.3 
19.0 
- 
- 
- 
- 
- 
- 
- 

70.7 70.1 70.1 
35.7 35.8 29.5 
72.5 72.5 72.5 

131.7 131.7 133.4 
128.4 128.4 125.1 
79.1 79.1 78.1 
51.8 51.8 49.5 
71.4 71.3 74.4 
44.2 44.3 43.3 
41.8 41.9 40.2 

136.1 136.3 45.9 
169.5 169.5 169.9 
121.6 121.6 68.7 
18.2 18.9 19.4 
17.6 17.6 17.1 

169.2 176.3 - 
136.0 34.2 - 
126.5 18.4 - 

18.4 18.4 - 
- - 170.4 
- - 20.9 
- - 170.4 
- - 20.9 
- - 170.1 
- - 20.9 
- - 59.1 

pounds is usually found in the sesquiterpene lactone field 
and indicate-s a common biosynthetic pathway. 

EXPERIMENTAL 

hips: uneor,optkal rotations: CHCl,; UV: EtOH; IR: KBr or 
tihq ‘HNMR: 200 MHx, CDCI,, TMS as int. standard; 
“C NMR: 50.3 MHz; MS: 70 eV; CD: EtOH. 

Extraction ~JUI separath of compounds. Airdried plant ma- 
terial (14 kg) (collected in Zarxa de &anadi& Chrea, SW 
Spain, in April 1983) wax extmctui with CHCl, and the neutral 
fraction of the EtOH-HI0 (2:3) soluble extract cluomxto- 
graphed over hlica gel developed with C,I&,. C6H,-Et10 and 
C,H&tOAc mixtures of increasing polarity to give 3+ 4 
(600 mg; C,H,-Et,O. 7 : 3), 5 + 6 (500 rng CIHcEt,O, 1: 1) and 
7+8 (800 mg, CIHcEtOAc, 2:3). The different components 
were puriBed by repeated prep. CC or TLC or cryxtallhtioa 

8a-M&oeryloyloxybalchan;bolcrurnln (h) and 8a-isobutyryloxy- 
bra&ha&~ (4a). The mixture of 31 and 4a wax cbromatograpbed 
and cry&&al (CH,Cl~-hexane) several time+ but no sepnr- 
ation of Jo from 48 wns obtained. IRvEcm-‘: 3510, 3040, 
1765,1725,1680. lm, MS m/s @I. int.): 316 (4), 314 (5), 246 (16), 
228 (la)), 213 (25), 150 (31), 122 (68), 71 (32), 69 (100). 

Acerylatlon of 30 Md 4a. Treatment of a cryatahe mixture of 
Je~4~withAcl~,H,Nintheurrulwpylffordedomixturc 
of the aa?tated 3b and 4h IR v_ cm-l: 3040,1780,1750,1735, 
1230,890. 

Sapo@cutho~~and4a(a) Amixture(9Omg)of3aand4a 
was trepted with 2 ml 2M KOH (MeOH) and the mixture kept 
at room temp. for 12 hr. After aciditkation, EtOAc extraction 
andCC.43 mg3rwereobtained. IR~,crn-~: 3425.3030.1770, 

1670,1270, lOsO; 

[a]^ = 589 
578 546 436 

(c 0.7). 
+83.8 +87.3 +99.8 +171.7 

(b) Amirturr(%mp)of31md48wastraotbdwith8ml0.2M 
KOH in HI0 and the mixture wna stirred at room temp. for 
38 hr. After acidifhtion, EtOAc extraction xnd CC, 12 mg 8a- 
hydroxybakhin (6) wzre ob&h!d. 

8a-hferhocryloy&xy7zrnwti_hh (9). Colourlesx cryxta4 mp 
206” (CH,Cl,-hexane~ IRv,cm-‘: 3480, 1774 1730, 1680, 
1640,889 UV 1, nmz 247 (83680x MS m/z (rel. int.): 260 (33). 
242 (23), 216 (So), 188 (28), 145 (17), 85 (46), 69 (lOOk 

[a]^ s 589 578 546 436 
(c 1.9). 

+161.2 +187.6 +213.4 +351.1 

Acetylation of 5a afTorded the monoacetate 5). Colourleaa 
crystals mp 152” (Et,O-hexane). IR v_ cm-‘: 1775,1745,1720, 
1675, 1630, 1230. 

8u-lsobutyryloxyanncxljdln &a). Colourlc~ crystals mp 225” 
(CH#&hexanc). IR v_ cm -‘: 3525, 1780, 1740. 1680, 1W 
uva _ nm: 242 (e 2246k 

[a]” a 589 578 546 436 
(c 1). 

+113.4 +119.5 +135.1 +220.8 

Acctyktion of 6a pve the monoacetate 6b. Colourle~ crystak 
mp 158 (Et@-hexane). IRv,cm-‘: 1780, 1745, 1680, 1630, 

1230. 
8a-Mrthwyloy/0xyx~o~in (7s). Obtained as a colourlesa 
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gum.IRv,,cm -I: 3400,1785,1730,16M; MSm/z (rel. int.): 330 
(3), 262 (13244 (9x226 (U), 211(22), 124 (15), 85 (27), 69 (61x41 

Wok 

+171.6 +179.2 +205.1 +356.3 
(c 1.1) 

Acetylation of 78 atTordcd the diacetatc 7b. Colouricss gum. 
IRv,cm -‘: 1785,1750, 1730, 1645, 1240; 

[a]^ m 589 
578 546 436 

(c 0.6) 
+124.4 +132.8 +150.2 +273.2 

8a-~~t~y~x~~~jn @a). Obtainai as a colourkax gum. 
IRv,cm -*: 3400,1780,1730,1640. MS m/z (rcl. int.): 332 (5). 
262 (2), 244 (24X 226 (33X 211 (56), 161 (22), 87 (So), 71 (45) 

589 578 546 436 
Cal” = (c 1). 

+179.2 +204.0 +354.2 +401.8 

Acctylation of & afforded the diacetate 8h Colourkss gum. 
IR v,cm-‘: 1780, 1740, 1725, 1645,1240, 

[a]1 = 589 578 546 436 
(c 1.2). 

+167.6 +174.1 +200.7 +360.0 

Se~otion 478 und &. A mixture (360 mg) of 7a and 8s in 
2 ml of mcthanohc KOH (2M) was kept at room temp. for 12 hr. 
it was then acid&d (phcnolphtakin) with 2 M HCl, and after the 
addition of 290 mg Cphcnyl phcnacylbromide in EtOH (15 ml) 
was rcfluxcd for 30 min. evaporated to dryness, dissolved in HsO 
and attacted with EtsO. The organic layer (35Omg) was 
chromatogmphcd (silica gel) to afford 10 (QO mg) and ll(60 mg). 

~~~~~y~~~~e (10). White crystah, mp 83”. 
iRv_cm -I: 3tHO. 1760,1714 1625,1510,1230,1175,990,710, 
680. ‘H NMR (60 MHz): d1.28 (6H, d, J = 7 Hz), 2.75 (fH, m), 
5.35 (ZH, s), 7.40-8.00 (9H). 

4-Phmylphm4cyl-3-nut~xy-2-mthylpropioMt (11). White 

crystals mp 125” IRv,ssscm -t: 3050, 1750, 1705, 1620, 1500, 
1230, 1130, QQO. 710,680; ‘HNMR (6OMHx): 61.26 (3H, d, J 
- 6.5 Hz), 2.90 (lH, c, J - 6.5 Hz), 3.30 (3H. s), 5.32 (2H, s), 
7.30-8.00 (9H) 

The water-solubk fraction wns a&iiBed with 2 M HCl, heated 
for 5 min at W, neutmiimd, cvaporatcd to dryness and ac- 
octylatui. Tho reaction product (350 mg) was chronuttograplted 
(silica eel) to afford 253 mg 9. Colourkss gum. IR v_ cm-‘: 
1775, 1745, 1730,124O. 1170,1120, 1030,970; 

[a]‘= 589 
578 546 436 

- 175.4 - 184.5 
(c 1). 

-218.3 -515.2 

Oxidation of 7s asrd Se. A mixture 200 mg of 78 and & was 
disolvcd in CsHsN (0.5 ml)and added to a soln of CrOs (200 me) 
in CsHsN (2 ml)and CHsCIs (8 ml). The mixture was stirred for 
3.5 hr in an ia water bath under Ns. The oxidation product was 
chromatogrrqrbcd over silica gel. Elution with CsHs-McGH 
(99: 1) afforded 64 mg of a crystalline product, mp 206O and 
12 mg of another crystalline product, mp 225”. The identity of the 
compounds with sand 6e was established by direct comparison. 
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