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Abstract-Three new daucane sesquiterpenes related to jaeschkeanadiol have been isolated from the leaves and the 
seeds of Ferula commums var breuzfolia. The structures were elucidated by spectroscopic studies and correlated with 
known compounds. 

INTRODUCTION 

In the course of our studies on the constituents of Ferula 
communis L. indigenous to Morocco [ 11, we investigated 
Ferula communis var. breuifoha a widely distributed weed 
along the Moroccan western coast. Ferula communis IS 
well-known as a medicinal plant since ancient times [2] 
and it was also reported to be highly toxic to animals 
[3-S] and humans [3]. A number of sesquiterpenes esters 
and lactones from the daucane class have been isolated 
from Ferula species [a-13]. Recently we have isolated 
two 4-hydroxy coumarin derivatives from the root sap of 
F. communis var. genuina collected m Morocco Cl], 

The present work was undertaken to examme the 
compounds of the leaves and seeds of F. communrs var. 
brev$olia. We describe the isolation of two new daucane 
esters from the seeds and of a new daucane aromatic ester 
along with the known ferulenol and IO-angeloyloxy-6-p- 
hydroxybenzoyl-Jaeschkeanadlol from the leaves. 

RESULTS AND DISCUSSION 

The dried and ground leaves were extracted successive- 
ly with petrol and CH,Cl,. Purification of the CH,Cl, 
extract by repetitive column chromatography gave the 
two sesquiterpenes FB4 (1) and FB5 (4). Ferulenol was 
characterized in the first fractions from the column. The 
finely ground seeds were extracted with petrol and the 
crude extract chromatographed over silica gel. The ses- 
quiterpenic fraction thus obtained, was further purified 
by column chromatography to give sesquiterpenes FB3 
(2) and FB2 (3) as pure compounds. All these compounds 
were obtained as gums or as amorphous solids. 

The CIMS of 1 showed the pseudomolecular ions [M 
+ NH,] ’ and [M + H] + at m/z 434 and 4 17, respectively, 
in agreement with the molecular formula C,,H,,O, 
Important fragmentations observed m the EIMS were 
due to the loss of a molecule of water (m/z 398) and of an 
isopropyl radical (m/z 373) and the base peak was that of 
the p-hydroxybenzoyl ion (HO-C.@-CEO+, m/z 121). 

tAuthor to whom correspondence should be addressed. 

1 R,. phydroxybenzoyl 

2 R,=3’,4’-dlmethoxybenzoyl 

7 RI= panmyl 

R2 ii -O-CO-CH3 

Fizz-H 

R2 E -O-CO-CH3 

3 R,= angeloyl 

4 Rt= phydroxybenzoyl 

5 RI: pmelhoxybenzovl 

6 RI= angeloyl 

Angeloyl. 

R2.-H 

Rp e angeloyl 

R2 I angeloyl 

R2 = pmethoxybenzoyl 

The IR spectrum exhibited absorptions of a conjugated 
ester (1713cm-‘) and an alcohol (3402cm-I). The 
“CNMR spectrum (Table 1) contained signals of two 
carbonyls (6167.10 and 170.93), six sp, carbon atoms 
from an aromatic ring para disubstituted, two sp, carbon 
atoms from a trisubstituted double bond (6 133.80 s and 
124.40 d), five methyls (including that of an acetoxyl 
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Table 1 13C NMR data of compounds l-4 (62 8 MHz. CDCI,) 
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group), three methylenes, four methmes two of which 
bearing an oxygen atom (6 82.91 and 7046) and two 
quaternary carbon atoms, one of which was lmked to an 
oxygen atom (685 43) 

The ‘H NMR spectrum was analysed by usmg the 2D 
COSY techmques (Table 2) It exhibited one methyl 
linked to a quaternary carbon atom, an acetoxyl(62 075), 
a p-hydroxy benzoyl(67 930 and 6 901) and an isopropyl 
Couplmgs showed that methme at 64 889, bearmg the 
acetoxyl group, was linked to the methylene giving 
signals at 6 1 888 and 2 092, leadmg to the substructure a: 
Me-CO-0-CH-CH,- The methme at 65.327 linked to 
the benzoate group was coupled to the methme at fi2.5 17 
and also to the methylene fixed on the double bond, 
giving thus the substructure b > CH -CH(O-Bz)-CH, 
-C(Me)=CH--CH,- These results suggested 2 to be an 
ester ofjaeschkeanadlol [ 131 Substructures a and b were 
respectively located on the 5- and 7-membered cycles of 
such a daucane sesquiterpene 

The high value of the couphng constant 3JH5,H6 
(lo,7 Hz) indicated that H-5 and H-6 were in a trans- 
dlaxial dlsposltlon An intense NOE effect was observed 
between Me-15 and the protons H-6 (6.5%), H-lo/I (8%) 
and H-2/j’ (6 5%) and not with the methme proton H-5 
This result agreed with then location on the daucane 
nucleus and indicated that H-6, H-lo/I and H-28 were on 
the same side of the molecule as Me-l 5 (p), and that H-5 

was located on the opposite face (a). The 6-p-hydroxy- 
berr.z.oy’,_ g~orrp .*a3 tbrrs L~&or;~$. A!{. :_b+Zaz da.ta agr& 

with structure 1 for this compound, which IS thus 
2-acetoxy-6-p-hydroxybenzoyl-Jaeschkeanadiol Con- 
firmation of structure 1 was obtained by 11s methylatlon 
b.y dJ~~,-m&WJc t.hti. ,@_W Ihi? drs.WtiJ.W 7 ,_ thr, E!ECtX:d. 
data of which were identical to that recently described for 
2-acetoxy-6-p-amsoyl-Jaeschkeanadiol [9] 

Tbp, CIMS nJ: 2 &hn_wC=n t.hc p~eudorn.oi~u!;~ mn. [M 
+ H]+ at m/z 403 and an ion at m/z 385 arising from the 
loss of a molecule of water, m agreement with the 
molecular formula C,,H,,O, that Involved eight degrees 
Clf: IlJJSi_tJlL~J.~O. ThC ’ -Y:.NMR. spectrlm. dJ.yda_ye_d_ the 

24 carbon atoms of the molecule (Table l), among which 
one carbonyl(6 166 26), two sp2 carbons from one double 
bond (6 133 68 and 123 70) and SIX sp, carbon atoms from 
a trlsubstltuted benzene rmg In addltlon be observed 
two methoxyl groups (S56 03), two carbon atoms bearing 
an oxygen atom (686 38 s and 71 26 d), four methyls, four 
methylenes, t&o methmes and one quaternary carbon 
atom The mam dlstmctlons between the ’ ‘C NMR spec- 
tra of 2 and 1 were relative to the chemical Theft of C-2 
(68291 d, > CH-~ m 1 and 31 88 I. CH,- m 2), the 
absence of signals from the acetoxyl group and the nature 
of the aromatic rmg substrtuents 

The ‘H NMR spectrum of 2 (Table 2) showed signals of 
a 3’,4’-dlmethoxybenzoate rmg. an isopropyl side chain 
and a methyl group lmked to a quaternary carbon atom 
Couplings, analysed by u5mg 2D COSY. allowed the 
detectior, of tb,e :.+,I- whstvs. ,r JU” ,I “ctures L n!, CH2 a,, -d b 
,\I1 .ruCH{O_-R) CH~2 C(Me)=C’H-_C‘H,~_ A!1 the re- 
sults mdlcated 2 also to be a daucane ester derlvatlve 
where the daucane part would beJaeschkeanadio1 and the 
aromatlc acid ester moiety (R) 3’.4’-d[methoxybenLoate 
A small coupling was detected from the ‘H COSY be- 
tween Me-15 and H-21 and a NOE between Me-15 and 
H-2b allowmg the asclgnment of substructure a Com- 
pound 2 IS thus the O-methyl ester of teferm [6] 

The dlastereotopic Me-l 2 and Me- 13 of compounds 1 
and 2 are non-equivalent their chemical shifts m the 
‘H NMR spectrum dlffered from 0 11 ppm T’hls non- 
equivalence 1s due to the presence m the perr (-6) posltion 
of an aromatic substltuent, either p-hydroxybenroyl or 
3’,4’-dimethoxybenzoyl [9] Methanolysls of 2 yielded the 
methyl ester of 3,4-dlmethoxybenzolc acid and Jaesch- 
keanadlol that were ldentlfied by mabs spectrometry As 
the [#z]~ measured for the obtained Jaeschkeanadioi 
(+ 32 5”) was slmllar to that described for Jaeschkeana- 
dlol (+3X 3 ) [14], they must have the same absolute 
configuration The absolute stereochemIstry of Jaesch- 
keanadlol has been established previously by a direct 
chemtcal correlation with laser01 [ 141 

The CIMS of compound 3 showed the pseudomolecu- 
tar ion [M +H] ’ at y1t’r. 337, m agreement wtth the 
molecular formula C20H3204. and an abundant ton at 
m/z 319 arlsmg from the loss of a molecule of water An 
Important fragment ton was observed m the EIMS at m,!: 
136 arismg from the efimmation ot- an angelic acid 
molecule The IR spectrum showed nbsorptlons of alco- 
hol (3481 cm- ‘) and z,P unsaturated ester (1697 cm- ‘) 

In the ‘“C NMR spectrum the angeloyl moiety carbon 
atoms were observecl at ci 168 67 (C-O), 12X 34 (.,) and 
13921 (d) (>C=CW) and 21 2X and 1624 (two Me) 
Among the sesqunerpemc carbon atoms Nele notIced 
three carbon atoms bearing an oxygen atom (a quatern- 
ary one at 686 80 and two methmes at 71 30 and 73 57), as 
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well as a trlsubstltuted double bond givmg signals at 
136.78 (s) and 127.62 (d). 

The ‘H NMR spectrum presented signals of the ange- 
loyl group (an ethylemc proton at 66.105 and two 
methyls linked to a double bond at S 1.882 and 2.005) and 
those of a quaternary methyl and an isopropyl (Table 2). 
Analysis of the spectrum by 2D COSY revealed two 
substructures: the first one -CH,-CH,- was located on 
the five-membered cycle of the daucane backbone. The 
proton at 65.270, assigned to the methine attached to the 
angeloyl group, was coupled with a methine (6 2 727) and 
a methylene (6 2.175 and 2.724) Itself linked to a > C=C c 
double bond This double bond was in addition substltu- 
ted by a methyl (6 1.815), a proton (5.728) and a methine 
group bearing an alcoholic function (3.822). These results 
indicated the second substructure of the chain to be 
> CH--CH(O-angeloyl)-CH,-C(Me) = CHXH(OH)- 
which was located on the seven-membered ring and 
Indicated that 3 was also a jaeschkeanadiol derivative. 

A clear NOE effect was observed between the angular 
Me-158 and the proton geminal to the secondary alcohol 
function (4%) which was thus in -10s from the jaesch- 
keanadlol backbone. Important NOE effects were also 
observed with protons H-2fl and H-61 (6.0%), but not 
with proton H-5, which was thus located on the a-side, H- 
5 showed, in addition a strong coupling with proton H-68 
(11.0 Hz), characteristic of a trans-diaxial disposition. 
Thus the 6-angeloyl group was equatorial. In this case the 
methyls C-12 and C-13 from the isopropyl group were 
very slightly non-equivalent (A60.03). The results re- 
vealed structure 3 for this compound. 

The IR spectrum of compound 4 suggested It was also 
an ester derived of Jaeschkeanadiol. It reacted with 
diazomethane to form a monomethyl ether 5. The EIMS 
of 4 showed the ion of highest mass at m/z 438. The 
pseudomolecular ion [M + H]+ appeared at m/z 471 in 
the CIMS of the ether derivative 5 for which the proposed 
molecular formula was C&H,,O,. The molecular mass 
of 4 was thus 456 and the ion m/z 438 observed in its EI 
mass spectrum arose from the ehmmation of a molecule 
of water as already observed for the other daucane esters 
studied. The molecular formula proposed for 4 is thus 
C27H3606. The EIMS of 4 showed abundant fragment 
ions at m/z 438, 338, 313, 275 and 218 correspondmg to 
the successive loss of molecules of water, p-hydroxy- 
benzoic acid, angelic acid and of an isopropyl group. 

The 13C NMR spectrum displayed signals from ange- 
loyl and p-hydroxybenzoyl moieties in addition to signals 
belongmg to the sesquiterpenic part. This part was 
characterized by four methyls (617.47, 18.49, 20.74 and 
27.30), three methylenes (40.57, 36.37 and 31.04), five 
methmes two of which bearing an oxygen atom (74.68 
and 71.16) and three quaternary carbon atoms one 
bearing an oxygen atom (686.42) 

The ‘HNMR 2D COSY allowed the construction 
of the two substructures a (-CH,-CH,-) and h 
[ > CH-CH(O-R’)-CH,-C(Me) = CH-CH(O-R*k] in 
addition to the angeloyl (R’), p-hydroxybenzoyl (R’) and 
isopropyl groups. These substructures were located re- 
spectlvely on the five- and the seven-membered cycles. 

Irradiation of Me-15 gave NOE’s with protons H-6 
(8%) and H-10 (6%) which were thus on the same face of 
the molecule. No NOE was observed with H-5 which was 
thus located on the opposite face. This result agreed with 
the coupling constant value between H-5 and H-6 
(11.0 Hz) which was characteristic of a trans-diaxial dis- 
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position. The two ester groups R’ and RZ were placed on 
the face fi-opposed to tb Me-I5 of the daucane nucleus. 
Thefr reciprocal locations on the positions C-6 and C-10 
were Pssigned on the basis of the strong non-equivalence 
observed for the Me-12 and Me-13 from the 4-isopropyl 
group (A60.11): thus the p-hydroxylbenzoic ester (R’) 
was located on C-6 and the angelic ester (R’) on C-10 to 
lead to structure 4 as lo-angeloyloxy-6-p-hydroxyben- 
zoyl-jaeschkeanadiol. Mlski and Mabry [13] have iso- 
lated this compound from F. tmgitana and its methyl 
ether, lo-angeloyloxy-6-p-amsoyl-jaeschkeanadlol from 
F. cornmums subsp commwus [9]. Methylation of 4 by 
diazomethane gave the ester 5, the spectral characteristics 
of which were identical to those published by these 
authors. To have a complementary proof of the structure 
of 5, we have synthesized its isomer (6-angeloyl-lo-p- 
anisoyloxy-Jaeschkeanadlol, 6) by the action of p-anisoyl 
chloride on the sesqulterpemc alcohol 3. The compound 6 
thus obtained had the same molecular weight as 5 and 
similar fragmentations in mass spectrometry, but its 
‘H NMR spectrum was different (Table 2). In particular a 
small non-equivalence was observed m this spectrum, 
between Me-12 and Me-13 (A60.06), which was in agree- 
ment with the lack of an aromatic substltuent at C-6. 
Compound 4 was thus lo-angeloyloxy-6-p-hydroxy- 
benzoyl-jaeschkeanadlol. 

EXPERIMENTAL 

Phnt material Leaves and seeds of Feruln cornmums var 

breulfoha were collected at Mamora Forest near Rabat m March 

and July 1985, respectively. Voucher specimens were deposited 

m the Department of Pharmacy-Toxicology at the Instltut of 
Agriculture and Vetermary Medeane, Rabat, Morocco. 

Extraction and IsolutIon. Dned and ground leaves (300 g) were 

extracted m a Soxhlet apparatus with successively petrol and 

CH,CI, for 8 hr each Concentratmg these extracts gave, respect- 
ively, 9 9 g and 11 3 g of residue. A portion (2 g) of the CH,Cl, 

extract was chromatographed on a sdlca gel column with 

CH,CI,. Ferulenol was obtamed from the first fractions and then 

a rmxture (500 mg) of sesqmterpenes FB4 (1) and FB5 (4) whtch 

were further separated by CC over sihca gel eluted with CH,Cl, 

to gve pure FBS (67 mg) and FB4 (220 mg) and a mixture of FB4 

and FB5 (193 mg). 
Dned and finely ground seeds (1OOg) were extracted in a 

Soxhlet apparatus with petrol for 8 hr and the solvent evapd to 

give a gummy residue (8.2 g) that was chromatographed on a 

sdlca gel column with CH,Cl, to give a terpene contammg 

fraction (2.5 g). This fraction was chromatographed m the same 

condltlons and five fractions I to V were collected Fractton IV 

gave FB2 (3) (72 mg) Further punficatlon of fraction III (2.2 g) on 

a slhca gel column eluted with n-hexane-EtOAc (9: 1) gave pure 

FB3 (2) (15 mg). 
General ‘HNMR spectra were taken at 250 MHz and 

13CNMR spectra at 20 MHz. EI mass spectra were obtamed 

usmg a cilrect mlet system. 

2-Acetoxy-6-p-hydroxybenzoyl-jaeschkeanadlol, (FB4, 1) 
C24H3306: 416; [@]A9 + 5.9” (CHCI,, c 0.5); IR v:F; cm-” 3402, 

2967, 2931, 174Osh, 1713, 1611, 1516, 1445, 1379, 1273, 1166, 

1097, 1027, 945, 850, 772, 733. EIMS (200’, 70 eV) m/z (rel mt.): 

398 (l), 373 (0 5), 313 (I), 295 (0.5), 235 (0.5), 218 (2.5), 203 (1 4), 

202 (O-S), 200 (2), 185 (3), 175 (30), 157 (7), 147 (lo), 139 (3), 132 

(22), 121 (lOO), 105 (14), 93 (15) CIMS (NH,) m/z 434 [M 

+NH,]+, 417 [M+H]+, 399 [M-HZO+H]+ 

(FB3, 2). 
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Table 2 ‘H NMR data of compounds 

H 1 2 3 

2& - 1272 m 1 773 ddd 

28 4 889 dd 59,02 1 525* m 1 356 ddd 

3a 2092dd -164,02 1.920* m 1 916 ddd 

38 1.888 dd -16.4, 59 1620* m 1 575 ddd 

5 2.517 d 

68 5 327 ddd 
2.010 d 
5 265 ddd 

2 727 d 
5 270 ddd 

7u 2.607 dd 

107 
10.7, 9.9, 

2.6 

-139,99 2 529 dd 

104 

10 5, 10 4, 

29 

-134, 

105 

-134, 

29 
78 

2 724 dd 

78 2 276 dd -139,26 2310dd 2 175 dd 

9 5 533 dd 85,50 5 555 br t 5 728 br d 

1Oa 

10a 
11 

12 

13 

14 

15 

2 

3’ 

4 

5’ 

3” 
4” 

6” 

7” 

OMe 

OMe 

2210dd 

1.933 dd 
1812 qq 
0.819 d 
0934d 
1831 s 

1128s 

2075s 

- 14 6, 5.0 

-146,85 

68,67 

67 

68 

1963 d 
2 063 dd 

1971 qq 
0.863 d 
0973d 
1.834 br s 
1103s 

-132 

-132,78 

68,67 

6.7 

68 

- 

3822d 
2215m 
0910d 

0937d 
1815 brs 
1098 s 

7930m 
6901 m 

6901 m 

7930m 
- 

- 

- 

- 

7 543 d 20 

6 105 qq 
2005dq 
1 882 qd 
_. 

6910d 

7 663 dd 

3951 s 

3931 s 

84 

84,20 

-- 

- 

-119, 106, 

9.6 

- 11 9, 8 6, 

20 

- 13.8, 9 6, 

20 

-138, 106, 

86 

110 
11 0, 10 7, 

33 

- 14 5, 

107 

-145, 

33 

71 

71 

68 

68 

72,14 

7 2, 1.5 

15, 14 

1 587 ddd 

1 457 ddd 

I931 ddd 

1.639 ddd 

2 792 d 
5 439 ddd 

2 784 dddd 

2 235 ddd 

5 791 ddd 

4.936 d 
1938 m 

0856d 
0969d 
1817 brs 
1222 s 

611799 
2.053 dq 
1969 dq 
7942m 
6891 m 

6801 m 

1942m 

- 

C2,H,,0,.402, [a];” +29.6” (CHCl,, c lo), IR vi:; cm-‘. 3516, 

2961,2876, 1709, 1693,1604, 1515,1467,1384,1349,1274,1223, 

1178,1137,1106,954,764. EIMS (200”, 70 eV) m/z (rel mt ). 359 

(2), 234 (I), 220 (4), 202 (l), 182 (65), 177 (28), 165 (lOO), 159 (17), 

149 (2), 134 (18), 132 (13), 122 (17), 121 (15), 119 (14), 93 (18), 83 
(32), 77 (27), 71 (25) CIMS (NH,) m/z 403 [M + H] +, 385 [M 

-H,O+H]+. 

Methanolysis of2. Compound 2 (14 mg) was treated with 2% 

KOH m MeOH at room temp for 2 hr Water was then added, 

the mixture acldlfied to pH 4 with aq HCl (5%) and extracted 

with CH,Cl, The extract was coned and the residue (7 mg) 

chromatographed on a slhca gel column with CH,Cl, to yield 

the methyl ester of 3,4-dlmethoxybenzolc acid (1.6 mg; EIMS 

(200”, 70 eV) m/z 196 CM’]) andJaeschkeanadlol(2 0 mg; [u];* 
+ 32.6” (CHCI,, c 0 09); EIMS (200”, 70 eV) m/z (rel mt ). 238 

[Ml’ (1),220[M-H,0]+(17), 205 (14). 195 (55), 177 (100). 159 

(69), 151 (55), 133 (34), 123 (48), 93 (49), 91 (50) 
6-Angeloyl-lo-hydroxy-Jaeschkeanadlol, (FB2, 3). C2,HXt0, 

336, [a];” -57 8”(CHC&, c 0 5); IR vi$‘; cm-‘. 3481,2965,2876, 

1697, 1646, 1570, 1548, 1456, 1381,1239, 1165, 1101, 1022, 986, 

955,923,849,738 EIMS (200”, 70 eV) m/z (rel int ) 275 (2) 257 

(3), 236 (5), 221 (3), 219 (2), 218 (5). 203 (4), 200 (2), 193 (11), 175 

(75), 165(8), 157(18), 147(31), 135(27), 133(32), 132(48), 123(15), 

121 (24), 119 (52), 109 (27), 107 (20), 105 (40), 95 (27), 93 (18), 

91 (26), 83 (lOO), 71 (79) CIMS (NH,) m/z 337 [M+H]+, 

319 [M-H,O+H]+ 

lO-Angeloyloxy-6-p-hydroxybenzoyl-~aeschkeanadiol, (FB5,4) 

C2,H3&&. 456, Cali - 139 8” (CHCI,, c 0 9), IR ~2:; cm-’ 

3499,32242969, 1716, 1703, 1696, 1611,1457, 1440, 1384, 1308, 

1282, 1270, 1234, 1162, 1150, 1090, 955, 833, 772 EIMS (ZOOa, 

70 eV) m/z (rel mt ) 438 (2), 356 (I), 338 (8), 313 (12), 275 (19), 257 

(3), 237 (9), 235 (14), 219 (8), 218 (20), 217 (12), 203 (14). 201 (13). 

200 (13), 193 (4), 189 (5), 185 (13), 177 (7), 175 (lOO), 159 (lo), 157 

(35), 147 (18), 138 (15), 132 (69), 121 (90X 119 (22), 93 (13), 83 (30). 

CIMS (NH,) m/z 457 [M + HI+, 439 [M - H,O + H] ’ 

lO-Angeloyloxy-6-p-methoxybenzoyl-~aeschkeanad~ol, (FB7, 

5) A mixture (193 mg) of 1 and 4 was drssolved m Et,0 and 

methylated by CH,N, The product of the reactton was chro- 

matographed on a sthca gel column (CH,CI,-EtOAc, 19 1) 

10 mg of 4 methyl ether (5) and 52 mg of FB4 methyl ether (7) 

were successively obtamed as colourless 011s FB7, C,,H,,O, 

470, [a];’ - 147 6” (CHCI,. c 0 2), IR YE:; cm-’ 3497, 2829, 
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1-7 (250 1 MHz, CDCI3) 

4 5 6 7 

- -  14 .5 ,  9 .9 ,  

9.7 
-- 14.5, 10.9, 4 876 d 5.8 

2 0  

- 13 .4 ,  9 .9 ,  

2.0 
- 1 3 4 ,  109, 

9.7 
11.0 
11 0, 10.8, 

3.1 
- 14.3, 10.8, 

2.1, 0.7 
- 1 4 . 3 ,  3 1, 

0.6 
7.5, 2.1, 

1.0 

7.5 

6.7 
6.8 

7.2, 1.5 
7.2, 1.5 
15, 1.5 

1.30--2 00 massif 1.30-2.00 massif 

2 785 d 11.0 2 852 d 
5.438 ddd 11.0, 10 7, 5.339 ddd 

32 
2 763 dd - 13.3, 2 765 dd 

10.7 
2 238 dd - 13.3, 3 2 2.207 dd 

5.790 dq 7 5 , 0 7  5810brd 

4.938 d 7 5 5.066 d 
~ l . 9 m  ~ 1 9 m  
0.852 d 6 7 0.934 d 
0.973 d 6.8 0.996 d 
1.822 brs 1.812 brs 
1 225 s 1 235 s 

6 104 qq 7 2, 1.4 6 122 qq 
2.052 dq 7.2, 1 5 2 024 dq 
1.968 qd 1.5, 1 4 1 917 qd 
7.987 m 7 993 m 
6 945 m 6.932 m 
6.945 m 6 932 m 
7 987 m 7.993 m 
3.879 s 3 863 s 

2 094 d 

2.058 dd 

10.9 2.506 d 
10.9, 10.0, 5.324 ddd 

3.1 
- 14 4, 2.584 dd 

10.0 
- 14.4, 3 1 2 266 dd 

7 3 5.528 dd 

2.265 dd 
7 3 1.923 dd 

1 811 qq 
6.8 0.809 d 
68 0 9 3 5 d  

1.831 s 
1.127 s 
2 059 s 

7.3, 1.4 
73, 1.5 
15, 1.4 

7.979 m 
6 942 m 
6 942 m 
7 942 m 
3.876 s 

-15 .8  

- -  15 .8 ,  5 .8  

10.8 
10 8, 9.8, 

2.8 
- 13.9, 

98  
- 13 .9 ,  2.8 

8.4, 4.5 

- -  14 .5 ,  4 . 5  

- 14.6, 8.4 
67, 6.8 
6.7 
6.8 

1708, 1607, 1521, 1456, 1377, 1266, 1163, 1104, 1036, 962, 849, 
767 E lMS (200 °, 70 eV) m/z (rel. int.): 352 (1), 327 (1), 319 (0 5), 
301 (0.2), 275 (2), 257 (0.8), 235 (4), 218 (8), 203 (5), 201 (22), 175 
(71), 157 (13), 152 (14), 147 (13), 135 (100), 133 (19), 132 (74), 126 
(24), 119 (19), 107 (13), 105 (17), 83 (40) CIMS (NH3) m/z 471 [M 
+ H ]  +, 453 [ M - H 2 0 + H ]  + 

6-Anoeloyloxy-lO-p-methoxybenzoyl-jaeschkeanadiol, (FB6, 
6). 40 mg of 3 were added to a soln of p-amsoyl chloride (100 mg) 
and dry pyridme (1 ml) m CH2CI 2 (10 ml) and the mixture heated 
to reflux for 1 hr, then cooled and the solvent evapd The residue 
was chromatographed on a sdlca gel column with CH2C1 z to 
gwe 35 mg of the p-amsoyl derivative 6. CzsH3sO6: 470, [c¢]~ 9 
- 9 9 9  ° (CHCI3, c 0.7), IR Knr Vm, x cm -  1. 3515, 2967, 2875, 1709, 
1647, 1607, 1512, 1460, 1382, 1323, 1258, 1167, 1100, 1034, 976, 
848, 767. EIMS (200 °, 70 eV) m/z (rel. rot.): 327 (0.5), 275 (1), 235 
(1.5), 218 (2.5), 202 (1), 175 (31), 157 (5), 152 (6), 147 (4), 135 (100), 
132 (32), 126 (9), 119 (7), 107 (8), 105 (9), 92 (6), 91 (6), 83 (34). 
CIMS (NH3) m/z: 453 I - M - H 2 0 + H ]  + 

2-Acetoxy-6-p-methoxybenzoyl-jaeschkeanadml, (FB8, 7). 
C25H340 6 430; [ct]~ 9 + 9 6 ° (CHCIa; c 0.5), IR v,~,xgnr cm -  1. 3482, 

2964, 2879, 1730, 1696, 1608, 1548, 1512, 1464, 1376, 1256, 1169, 
1098, 1029, 945, 846, 768. EIMS (200 °, 70 eV) m/z (rel. int.): 387 
(0 5), 327 (0.5), 275 (0 3), 235 (1), 218 (4), 203 (1.2), 201 (1.2), 200 
(0 8), 175 (40), 157 (5), 153 (4), 152 (6), 147 (10), 136 (12), 135 (100), 
132 (42), 126 (10), 121 (6), 119 (9), 107 (10), 105 (14), 83 (55). CIMS 
(NH3) m/z: 431 [ M + H ]  +, 413 [ M - H 2 0 + H ]  + 
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