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Abstract-Helmanticine, a new phenylpropanoid ester&d by angelic and 2,3-dlhydroxy-2-methylbutyrlc acids, was 
isolated from Thapsia uillosa and its full structure established by spectroscopic methods and chemical transformations. 
Hydrocarbons, lZnonacosanone, sitosterol and latifolone were also isolated. 

INTRODUCTION 0-l 

Thapsia villosa is a perennial plant with wide spherical 
umbellas of 12-25 radii and yellow flowers, glabrous stem 
of 10-12 dm, tnpinnatifid basal leaves and a robust root. 
The area of distribution 1s the west Mediterranean region, 
including Portugal, Spain, the south of France and the 
north west of Africa, and it is quite abundant near 
Salamanca (= Hehnantica). The juice of the root of this 
plant has been used in folk medicine as a purgative, emetic, 
in plasters against rheuma, etc. [l, 21. The similar 
composition of the extracts from T. uillosa and from T. 
tramtagana have been noted in the first phytochemlcal 
studies on these plants [3]. Afterwards, some components 
were identfied in T. uillosa, mainly by analytical methods 
(TLC, PC, GC), such as scillitol[4], monoterpenes of the 
essential oil [S], 6-hydroxykynurenic acid [6], coumarins 
[7,8], flavonoids and polyacetylenes [8,9]. In the course 
of our study,t some works dealing with the chemical 
components from several species of Tltapsia have been 
published [ 10-193. Amongst these must be mentioned the 
isolation of some guaianolides from T. uillosa [ 141 related 
to thapsltranstagine [15-181, substances with a strong 
irritant activity.* 
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RESULTS AND DISCUSSION 

We have isolated from the less polar fraction of the 
benzene extracts of T. otllosa an homologous series of 
hydrocarbons identified by GC (C2, = 37 %; Cz9 = 27 %) 
as well as lZnonacosanone, latifolone ( = crccatone), 
fi-sitosterol and the mam components, helmanticine and 
two germacrene derivatives related to shiromodiol. 

In this article we describe the structure of a new 
phenylpropanoid, 1, for which the name helmanticme is 
proposed. This and other phenylpropanoids, some sesqui- 
terpene esters and guaianolides are the main components 
from the benzene extract of the umbellas and roots of the 
T. vtllosa studled. 

The positlon of the carbonyl group in the non- 
acosanone was estabhshed according to mass spectral 
data. The ketone showed RC = O+ fragments at m/z (%) 
183 (18)and 267 (10) in agreement with the C-12 position 
of the carbonyl group. If the carbonyl group were placed 
on C-10 or on C-14, RC = O+ fragments would be 
observed at m/z 155 and 295 for nonacosan-lO-one [20] 
or at m/z 211 and 239 for nonacosan-14-one but the 
relative mtenslties observed for these ions were negligble. 
Also even fragments resulting from a McLafferty rear- 
rangement were detected at m/z 198 (3) and 282 (1.2), as 
expected for a carbonyl group at C-12. This uncommon 
natural ketone had been found previously in Luserpitium 
siler [21]. 

tF’resented at the 12th InternatIonal Symposmm on the 
Chermstry of Natural Products, Puerto de la Cruz, Tenerife, 
Spam, September 1980and at the XV Congreso Latmoamencano 
de Quinuca, San Juan, Puerto Rico, October 1982. 

$Wlule tlus paper was m preparation, the lsolatlon from T. 
villosa of a sesqmterpenmd with a new skeleton, named thapsane, 
was reported [ 191, but we had also found thapsane denvatwes m 
T. txllosa L. var. mmor (Hoff. & Link) Cout., which are absent in 
the common T. v~llosa L. var. wllosa. Presented at the R.S.C. 
Symposmm on Natural Products I, Nottmgham, U.K., July 1982. 

AngDmb 

Helmanticine is a viscous oil, [a],., +24.5” (CHCl,; c 
1.1) which showed in the IR spectrum absorption bands 
for hydroxyl, unsaturated ester and aromatic groups 
(3500, 1715, 123S1150, 1625, 1605, 1505cm-‘). The 
hydroxyl group(s) must be tertiary because the substance 
was recovered unchanged on treatment with acetic 
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anhydride-pyridine. The ‘H NMR spectrum clearly 
showed the presence of two equivalent protons, one 
methylenedioxy group and one methoxyl group, all of 
them on an aromatic ring c66.56 (2H), 5.98 (2H), 3.90 
(3H)]. This spectrum also showed signals for methyl 
groups cdl.32 (3H, s), 1.27 (6H, d)], geminal protons to 
ester groups [SS.lS (3H, m)] and signals which could be 
assigned to angeloyloxy groups [66.0(m) and 1.9 (ml]. 
The higher fragment in the mass spectrum appears at m/z 
488, but the absence of fragments at m/z [488 - 18]+ 
suggested that the m/z 488 ion could be the [M - 183 + 
fragment, because the presence of a tertiary hydroxyl 
groupand,inconsequence, the [M]’ shouldbe [M]+ 506 
which corresponds to an empirical formula Cz6HJ40i0. 
The presence of fragments at m/z 55,83 (100 %), 406 [M 
- lOO]+ and 388 [M - lOO- 18]+ confirms the sug- 
gested molecular formula and the presence of angelate 
esters. 

Saponification of helmanticine (5 % KOH-MeOH) 
gave an alcohol and two acids, angelic acid and (2R,3S)- 
2,3dihydroxy-2-methylbutyric acid, identified by their 
chemical and spectral data and those of their p 
phenylpenacyl esters [22]. The neutral product of the 
hydrolysis, deacylhehnanticine (2), is an aromatic alcohol 
(IR: ~3380, 1625, 1605, 1505, 1080, 103Ocm-i) with an 
empirical formula CIIHi40S ([Ml’ m/z 226). The 
‘H NMR spectrum showed in the aromatic region signals 
also present in the spectrum of the hehnanticine, as- 
signable to one methylenedioxy group, one aromatic 
methoxyl and two equivalent aromatic protons. The 
equivalence and the chemical shift of the aromatic protons 
suggested that the aryl radical is nearly symmetrical, with 
the alkoxyl groups at C-3, C-4 and C-5. The remaining 
signals were in agreement with the arrangement 
Ar-CHOHCHOH-Me C64.48 (lH, d, J = 4 Hz), 3.90 
(lH, m), 1.05 (3H, d, J = 6.5 I-Ix)]. All these data are in 
agreement with the constitution for deacylhelmanticine, 
as l-(3-methoxy-4,5-methylenedioxyphenyl)-l,Zpro- 
panediol. 

The constitution of deacylhelmanticine is the same as 
that proposed for the aromatic diol arising from reduction 
of laserine, a phenylpropanoid isolated from Laser tri- 
lobum [23]. However, the physical constants of deacyl- 
helmanticine (mp 79”, [aID + 21.8”) were clearly different 
from those described for deacyllaserine (mp 11 l”, [aID 
+ 2.2”). This discrepancy could be explained if both 
substancesv&e the erythro and threo isomers 2 and 3, so 

that a sample of both isomers was desirable in order to 
assign the relative stereochemistry. 

A small sample of deacyllaserine was kindly supplied by 
Dr. Holub [23] and their IR and ‘H NMR spectra were 
recorded and compared with those of deacylhelmanticine. 
The IR spectra of both diols in a 5 x 10-j M/Ccl, 
solution showed a stronger intramolecular hydrogen 
bond for deacyllaserine than for deacylhelmanticine 
(A~40 and 33 cm-’ respectively) [24]. The Newmann 
projections of 2a and 3a suggested that the hydrogen 
bond in the threo isomer must be stronger than that in the 
erythro isomer [25]. 

The ‘H NMR spectra of diols 2 and 3 as well as those of 
the respective isopropylidene derivatives, 4 and 5, are also 
in agreement with an erythro configuration for de- 
acylhelmanticine. The coupling constant Ji, 2 for dial 3 is 
larger than that showed by 2 (Table 1). Protons H-l and 
H-2 are synclinal in the more favorable conformations 
(intramolecular H bond) of the erythro isomer, 2a and Zb, 
but are anticlinal in the conformation 3a for the threo 
isomer which can justify the larger coupling constant for 
this last threo isomer [26,27]. The same conclusion was 
reached when the NMR data were compared with those 
described for other erythro-three isomers of 1,2di- 
substituted arylpropanes [28]. Protons H-l and H-2 of 
the isopropylidene derivative of deacylhelmanticine are 

Table 1. ‘H NMR data for compounds 2-5 
(60 MHz, CDC&, &values)* 

H-l H-2 Me-3 

2 

3 

4$ 

5$ 

4.48 3.85 1.05 
(d, 4.5) Wt (d, 6.5) 
4.20 3.74 1.03 
(d, 7.5) (&7.5,7)t (d, 7) 
5.05 448 0.85 
(d, 6.5) (dq, 6.596) (d, 6) 
4.31 413 1.28 
(d, 8) (m)t (d, 6) 

*Coupling constants (J in Hz) are gven In 
parentheses. 

TOverlapped by Me0 signal. 
*gem-Mez: 4, 6 1.60 and 1.42; 5, 6 1.52 and 

1.54. 
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more deshielded and their NMR signal showed smaller 
coupling constants than those of the isopropylidene 
derivative of deacyllaserine. These data also suggested an 
erythro configuration for deacylhehnanticine. Moreover, 
the quasi-axial conformation of methyl Me-3 in the 
erythro isomer 4a give rise to a deformation of the 
dioxonale ring which can explain the greater difference of 
chemical shift of isopropylidene methyl groups as com- 
pared with those of the more symmetric three isomer Sa 
[27, 291. 

To confirm the relative configuration suggested for 
deacylhelmanticine and deacyllaserine, the racemic 
erythro and three isomers were synthesized. Myristicine 
(18), isolated from mace essential oil, was isomerized to E 
and Z isomyristicine. The E isomer (19) purified by silica 
gel-AgN03 chromatography, on treatment with m- 

a KOH - EtOH 

b SI~ICO gel-IO% AgNO, 

c m- CPBA - CH,CI,-NoHCO, oq 

d 2 M KOH-OMSO 

e 3%. HC104-THF 

f SI~ICO gel-IO% H,O 

*A small negative Cotton effect was observed at 284 nm for 
dial (+)-3 [cf. (+)-2, A&2*4 - 1 73 that suggested the 1SJS 
configuration for laserin (8). 

chloroperoxybenzoic acid in CH#,-NaHC03, gave the 
truns-epoxide 20, which was hydrolysed either by treat- 
ment with 2 M KOH-DMSO in a stereospecific way to 
give the anti-product ( f b2, or by acid treatment with 3 % 
HClO,-THF or by contact with deactivated silica gel, to 
give the diols (&)-2 and (fk3 in cu 5:4 and 8:2 ratios, 
respectively [30, 313. The IR of ‘HNMR spectra of 
synthetic erythro ( f )-2 and three ( f)-3 isomers were 
identical with those of natural deacylhehnanticine and 
deacyllaserine respectively. 

The absolute stereochemistry of deacylhehnanticine 
was deduced by application of the Freudenberg’s rule and 
also by CD measurements. Freudenberg’s rule [32] can be 
applied to diol 2 assuming that the sign of the optical 
rotation is mainly conditioned by the chimlity of the 
benzylic carbon. In fact, it has been observed that the 
magnitude of the optical rotation of a phenyl methyl 
carbinol is higher than that of a benzyl methyl carbinol 
[33]. If the molecular rotations of (Shphenyl methyl 
carbinol, M - 52”, and that of its acetate, M - 199” [34] 
are compared with those of dio12, M + 49”, and that of its 
acetate 6, M + 117”, it can be deduced that the absolute 
configuration of C-l in diol 2 must be opposite to the 
configuration of the reference substance. This means that 
the absolute configuration of (+)&acylhehnanticine 
must be lS,2R. The same absolute configurations was 
deduced from the circular dichroism curve of deacyl- 
helmanticine m a lo-’ M Ni(acac),~C14 solution [35]. 
The bisignate CD curve showed Cotton effects at AE~*, 
- 1.06 and A.sEjol +0.85 which are characteristic for a 
positive dihedral angle of the hydroxyl groups as they are 
coordinated to the Ni(aca& complex. If it is adopted a 
conformation m which the bulky Ni complex and the 
aromatic group are apart, then the absolute configuration 
of diol 2 must be 1&2R for a positive dihedral angle 
between the hydroxyl groups.* The CD curve of the 
isopropylidene derivative 4 showed Cotton effects at 
282 nm (negative) and 241 nm (positive) of the same sign 
as those described for analogous aromatic compounds 
with lS,2R configuration [36]. 

To complete the structural determination of helman- 
ticine it was necessary to know how the dio12 is ester&d 
by angelic and 2,3_dihydroxybutyric acids. It was men- 
tloned above that helmanticien has a tertiary hydroxyl 
group and the molecular formula led us to assume the 
presence of one molecule of dio12, two angelic acids and 
one 2,3-dihydroxy-2-methylbutyric acid. These fragments 
can be arranged as shown in the structures 11 and 12. Mild 
hydrolysis of hehnanticine (0.5 M KOH-MeOH, 15 min) 
yielded a crude reaction product from which was isolated 
the partially hydrolysed substances 13 and 14. The more 
polar compound showed ‘H NMR signals of one 3- 
methoxy-4,5-methylenedioxyphenyl group, one angeloyl 
group and signals at 6 5.58 (d, J = 5.5 Hz, H-l), 4.06 (dq, J 
= 5.5 and 6.5 Hz, H-2) and 1.22 (d, J = 6.5 Hz, Me-3) for 
the propyl side chain. The shielding of the H-2 signal as 
compared with that of hehnanticine allowed us to assign 
the structure 13 for this substance. The ‘H NMR signals 
of the less polar partially hydrolysed compound, particu- 
larly those of H-l [S4.61 (d, J = 4.5 Hz)], H-2 c64.97 (m)] 
and the methyl protons C61.32 (3H, s), 1.16 (6H, d, J 
= 6.5 Hz)], led us to assign structure 14 for this substance. 
An internal migration of acyl groups is possible during the 
hydrolysis and, in fact, the C-2 angelate 15 could be 
isolated while the C-2 AngDmb ester 16 was not detected. 
This migration was observed in the monoacetates 9 and 10 
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(A@--pyridine, 75 min. 0’) which can be readily equilib- 
rated to a 1: 1 mixture in acidic media, including silica gel. 

The proportions of the hydrolysis products and the 
absence of 16, are indicative that the primary products of 
partial hydrolysis must be 13 and 14, and this led us to 
conclude that hehnanticine has the structure shown in 11 
but not that in 12. Structure 11 was also supported by 
mass spectrometry. Indeed, the distinctive fragments m, 
and m2 were observed at m/z 290 [M - AngDmbOH]+ 
and at m/z 263 [M - AngDmbO-CH-Me] +, respectively, 
as corresponds with structure 11, whereas the analogous 
ions for the alternative structure 12, m, m/z 406 and mz 
m/z 379, were absent. In consequence, we propose for ( + )- 
helmanticine the structure 11 = 1: (lS,2R)-2-{(2R,3S)- 
2-hydroxy-2-methyl-3-[(Z)-2-methyl-2-butenoyloxyJ- 
butanoyloxy}-l-[(Z)-2-methyl-2-butenoyloxy]-l-(3- 
methoxy-4,5-methylenedioxyphenyl)propane, 

Although laserine (8) and latifolone (17) are two 
phenylpropanoids structurally related to hehnanticine 
that were isolated some time ago [23,37], only in recent 
years has the isolation of related substances been re- 
ported. Laserine oxide and latifolone were found in 
Guillonea scabra [38], laserine in Ferula loscosii [39], 3’- 
demethyllatifolone in F. elaeochytris [40] and we have 
also isolated helmanticine and latifolone from F. com- 
munis. In a study on germination inhibitory substances 
from Daucus carota, the racemates ( f )-2 and ( f )-3 have 
been isolated but only the threo isomer was active 
[K. Nakanishi, personal communication]. It should be 
noted that in all these cases the plants belong to the 
Umbelliferae. 

EXPERIMENTAL 

Plant material. Roots of T. villosa L. were collected m 
Villamayor near Salamanca and identi6ed by Prof. B. Casaseca, 
Head of the Department of Botany, University of Salamanca, 
where a voucher specimen (no. 3586) was deposited. 

Extraction and purijicataon. Air dried and powdered roots ofT. 
uillosa were extracted in a Soxhlet with C6Hs. The coned extract 
(9.5% dry wt roots) was chromatographed over a silica gel 
column with hexane and hexane-EtOAc mixtures. Fractions 
were monitored by TLC on silica gel, hexane-EtOAc (7: 3) and 
C,H,-EtOAc (9: 1) as eluents and visualized with HzSO,-EtOH 
(1.3) or phosphomolybdtc acid in EtOH 

Hydrocarbons. Mam constituents of the less polar fractions. 
GC analysis: dual FID, 2 m x l/8” packed wtth 5% OV-1, 
isothermal 240°, Nz at 30 ml/min: C, s (0.8 %), Cz, (0.7), Czz (0.3), 
Czz (1.6),&b (0.7), Czs (9.Q Cz6 (2.8X C26,W (3.8), Cz, (36.7) Czs 
(6.3X C29_,W (lo), Czs (26.6). 

12-Nonacosarwne. Crystalline compound, mp 75 
(hexane-EtzO). IR v&cm -I: 17051465 and 720. EIMS (probe) 
70eV, m/z (rel. mt.): 422 [hi]’ (0.6), 267 [M - 155]+ (lo), 239 
[M-183]+ (17),183[M-239]+ (lS), 155[M-267]+ (12),85 
(61), 71 (lOO), 57 (88) and 43 (38). 

fi-Sttosterol. Isolated as a crystalline substance, mp 135-137” 
(MeOH), [aID - 31.4” (CHClz; c 0.97). 

Helmanticme (1). Colourless gum; [aID +25.0” (CHCl,; c 
1.08). IR vkcm -I: 3500, 1715, 1625, 1605, 1505, 1230, 1150. 
‘H NMR (60 MHz, CDClz): 66.55 (2H, s, 2H-Ar), 6.00 (2H, m, H- 
3 Ang x 2), 5.95 (2H, s, O-CHza), 5.90 (lH, d, J = 4.5 Hz, H-l), 
5.10(2H,dq,J =4.5,6.5Hx,H-2;q,J = 6.5Hz,H-3’),390(3H,s, 
MeO-Ar), 2.05-1.80 (12H, m, vinyl-Me Ang x S), 1.27 (3H, s, Me- 
2’), 1.22 (6H, d, J = 6.5 Hz, Me-3 and Me-4’). UV 1Eu nm: 214 
(~2000). EIMS (probe) 70 eV, m/z (rel. int.): 488 [M - HzO]+ (4), 

388 [M - Hz0 -AngOH]+ (5), 307 [M -AngDmb]+ (2), 290 
[M -AngDmbOH]+ (lo), 263 [M-AngDmbOCHMe]+ (3), 
208[307+H-A&H]+ (15), 191 (36), 179[263-Ang]+ (41), 
83 [Ang]f (loo), 55 [83-c0]+ (15). 

Hydrolysis of helmanttcine (1). A soln of helmanticine (1 g) m 
2 M NaOH in MeOH (4 ml) was kept at room temp for 2 hr. 
After drl. with Hz0 the soln was extracted with Et,0 yielding 
deacylhehnanticine (2,390 mg). The aq. residual soln was neutral- 
lzed (pH 7) and EtOH (20 ml), pphenylphenacyl bromtde (1 g) 
and l&crown-6 ether (50 mg) were added. The soln was refluxed 
for 30 mm and then evapd to dryness. The dry product was 
extracted with CHClz and purified by silica gel CC to give p- 
phenylphenacyl angelate (593 mg) and p-phenylphenacyl- 
(2R,3~2,Mihydroxy-2-methylbutyrate (258 mg). 

pPhenylphacyl angelate. Mp 8991” (hexane); ht. 88.5-89” 
[22]. IR vz’cn- ‘: 2950, 1740, 1710, 1660, 1610, 1470, 1250, 
1140, 1390, 1230, 1150, 1040, 980, 850, 760, 700. ‘HNMR 
(60 MHz, Ccl,): 67.85 and 7 50 (2H each, 26, J = 8 Hz, A ring), 
7.40(5H,m,Bring),6.05(1H,qq,J=7and1.5Hz,H-3Ang),5.30 
(2H, s, CHzO) 2.00 (3H, dq, J = 7 and 1.5 Hz, Me-4 Ang), 1.96 
(3H, dq, J = 1.5 Hx, Me-2 Ang). EIMS (probe) 70 eV, m/z (rel. 
int.): 294 [Ml+ (2), 196 (35), 181 (lOO), 167 (30) 165 (30), 153 (70) 
152 (70), 127 (15), 83 (SO), 82 (SO), 55 (50). 

p-Phenylphenacyl-(2R,3S)-2,3-dihydroxy-2-~thylbutyrate. 
Mp 167-169” (hexane); [a]& - 97.4” (CHCl,; c 0.27); ht. mp 
165”; [a] :& - 84” [22]. IR v= cm -‘: 3400,2940, 1770,1610, 
1420, 1250, 1140, 1090, 980, 770, 700. ‘HNMR (6OMI-B 
C,DsN): 68.OOand 7.50 (2H each, 2d, J = 7 HZ, A ring),, 7.50 (5H, 
m, B ring), 5.65 (2H, br s, 2-OHA4.56 (lH,q, J = 6 Hx, H-3), 1.75 
(3H, s, Me-5 Dmb), 1.55 (3H, d, J = 6 I-Ix, Me-4 Dmb). EIMS 
(probe) 70 eV, m/z (rel. int.): 284 (7), 213 (14), 1% (50), 181 (90), 
152 (60), 43 (lOO), 29 (60). 

Deacylhelmanttcine (2). Mp 79”, [a] g + 21.8” (CHCl,; c 0.6). 
IR vscm-‘: 3380, 2870, 1625, 1605, 1505, 1190, 1080, 1030, 
990. ‘H NMR (60 MHz, CDCI,): 66.57 (2H, s, Ar), 5.98 (2H, s, 
O-CHz-O), 4.48 (lH, d, J = 4.5 I-Ix, H-l), 3.90 (3H, s, OMe), 
4.1-3.7 (lH, m, H-2), 2.6 (2H, br s, 2-OH) and 1.05 (3H, d, J 
= 7 Hz, Me-3). EIMS (probe), 70 eV, m/z (rel. mt.): 226 [M] + 
(39), 208 [M-HzO]+ (3), 181 [M-Me-CHzO]+ (100x 165 
(15), 153 (42), 151 (14), 149 (4), 135 (8) 123 (71) 121 (S), 107 (8),95 
(55) 93 (13), 43 (11) y 29 (11) 

Isopropyluiene derwatroe 4. To a soln of 2 (20mg) m dry 
Me&O (2 ml) was added 2,2_dimethoxypropane (0.5 ml) and a 
small crystal of pTsOH. After 5 mm the reaction was complete 
and a few crystals of NazCO, were added, the soln filtered and 
coned to give 4 (19 mg) as a gum. IR vzcm-i: 1630.1605 (w), 
1510, 1375, 1205, 1135, 1085, 1030,950 (w), 925, 855. ‘H NMR 
(60 MHz, CDCl,): 66.50 (2H, s, Ar), 5.90 (2H, s, O-CHz-O), 5.05 
(lH,d,J=6.5HgH-l),4.48(lH,dq,J=6.5and6Hz,H-2),3.90 
(3H, s, OMe), 16Oand 1.45 (3H each, s, gem-Mez)and 0.85 (3H, d, 
J = 6 Hx, Me-3). 

Dmcetate 6. (A@--pyridme, room temp). Colourless oil, [a]n 
+37” (CHCl,;c 1.5). IR v=cm-‘: 3040,2870,1735,1620,1515, 
1225. ‘H NMR (60 MI-Ix, CDCl~): 66.55 (2H, s, Ar), 5 95 (2H, s, 
GCH,&), 5.78 (lH, d, J = 4.5 I-Ix, H-l), 5.15 (lH,dq, J = 4.5 y 
6.5 Hz, H-2), 3.85 (3H, s, OMe), 2 10 (3H, s, AcO), 1.95 (3H, s, 
AcO) and 1 16 (3H, d, J = 6.5 Hz, Me-3). EIMS (probe) ?OeV, 
m/z (rel. mt.): 310 [M]’ (13) 250 [M -6O]+ (38) 221 (S), 208 
(78), 180 (100) 153 (31). 

Monoacetates 9 and 10. To a soln of dial 2 (500 mg) m dry 
pyndme (1.3 ml) wasadded Act0 (1.3 ml)and themlxturekept at 
0” for 75 mm. After usual workup the crude product obtamed 
(572 mg) showed on TLC the presence of the substances 2,6,9 
and 10 which were isolated by sihca gel CC (hexane-EtOAc, 7.3) 
Monoacetate 9. [a]$ + 8.84” (CHCl,; c 1.47). IR vzcm-i: 
3400, 2760, 1730, 1625, 1605, 1500, 1230, 1070. ‘HNMR 
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(60 MHz, CDCl& 66.55 (2H, s, Ar), 5.95 (2H, s, O-CHz-O), 5.02 
(lH,dq,J =4.5and7Hz,H-2),4.69(lH,d,J =4.5Hz,H-1),3.90 
(3H, s, OMe), 2.05 (3H, s, AcO) and 1.13 (3H, d, J = 7 Hz, Me-3). 
EIMS (probe) 70eV, m/z (rel. int.): 268 [M]+ (12), 250 
[M - H,O]+ (4 224 (13), 208 (25), 181(25), 180 (lOO), 153 (25)~ 
122 (21). Monoacetate 10. [a]: +34.0 (CHCI,; c 0.37). 
IRvzcm-‘: 3400, 2760, 1730, 1625, 1605, 1500, 1230, 1090. 
‘H NMR (60 MHz, CDCl,): 66.55 (2H, s, Ar), 5.95 (ZH, s, 
O-CHz-O), 5.45 (lH, d, J = 6 Hz, H-l), 3.98 (lH, dq, J = 6 and 
6 5 Hz, H-2), 3.85 (3H, s, OMe), 2.1(3H, s, AcO)and 1.17 (3H, d, J 
= 6.5 Hz, Me-3). EIMS (probe) 70 eV, m/z (rel. mt.): 268 [M] + 
(12), 250 [M -HzO]+ (2), 224 (13), 208 (37), 181 (23), 180 (lOO), 
153 (30), 122 (28). 

Deucyllaserme (3). Sample kindly supplied by Dr. Holub [23]. 
IRvscm-‘: 3400, 3020, 2870, 1670, 1600, 1500, 1450, 1120, 
1080, 1040. ‘H NMR (60 MHz, CDCl,): 66.60 (2H, s, Ar), 5.98 
(2H, s, O-CHz-O), 420 (lH, d, J = 7 5 Hz, H-l), 3.90 (3H, s, 
OMe),3.74(1H,dq,J=8and7.5Hz,H-2),1.03(3H,d,J=7Hz, 
Me-3). 

Isopropyluiene derioatwe (5). ‘H NMR (60 MHz, CDCl,): 
66.50 (2H, s, Ar), 5.95 (ZH, s, O-CHz-O), 4.37 (lH, d, J = 8 Hz, 
H-1),4.13(lH,dq.J =8and6Hz,H-2),3.90(3H,s,MeOH),1.65 
and 1.50 (3H each, s, gem-Mel) and 1.28 (3H, d, J = 6 Hz, Me-3). 

Diucetate 7. (AC@-pyndine room temp). IR v= cm- ‘: 3080, 
3040, 2870, 1730, 1620, 1510, 1230, 750. ‘HNMR (6OMHz, 
CDCI,): 66.50 (ZH, s, Ar), 5.90 (ZH, s, O-CHz-O), 5.60 (lH, d, 
J = 7 Hz, H-l), 120 (lH, dq, J = 7 and 6 Hz, H-l), 3.90 (3H, s, 
OMe), 2.02 (3H, s, AcO), 2.00 (3H, s, AcO)and 1.08 (3H, d, 6 Hz, 
Me-3). 

Portud hydrolysis ofhebnanticine (1). A soln of 1 (500 mg) m 
0.5 M KOH in MeOH (9 ml) was left at room temp for 20 min. 
The soln was dd. with Hz0 (9 ml), vacuum &stilled to remove 
MeOH and extracted with Et,0 to gwe a crude reaction product 
(350 mg) from which the compounds 13 (25 mg), 14 (35 mg) and 
15 (20 mg) were isolated by prep. TLC, besides 1 and 2. 

Compound 13. ‘H NMR (60 MHz., CDCl,): 66.58 (2H, s, Ar), 
5.97 (2H, s, &CHz-O), 6.10 (lH, qq, J = 7 and 1.5 Hz, H-3 Ang), 
5.58 (lH, d, J = 6 Hz, H-l), 4.06 (lH, dq, J = 6and 6.5 Hz, H-2), 
2.02 (3H, br d, J = 7 Hz, Me-4 Ang), 1.98 (3H, br s, Me-2 Ang)and 
1.22 (3H, d, J = 6 Hz, Me-3). 

Compound 14. ‘H NMR (CC&): 66.48 (2H, s, Ar), 5.97 (lH, qq, 

.I = 7 and 1.5 Hz, H-3 Ang), 5 88 (2H, s, O-CHz-O), 5.06 (2H, dq 
+ q, J = 4 5 and 6.5 Hz, H-2 and H-3’), 4.68 (lH, d, J = 4.5 Hz, 
H-l), 3.84 (3H, s, MeO), 1.90 (3H, br d, J = 7 Hz, Me-4 Ang), 1.84 
(3H, br s, Me-2 Ang), 1.32 (3H, s, Me-2’) and 1.16 (6H, d, 
J = 6.5 Hz, Me-3 and Me-4’). 

Compound 15. ‘H NMR (CCL): 66.50 (3H, s, MeO), 6.00 (lH, 
qq, J = 7and 1.5 Hz, H-3 Ang), 5.90 (2H, s, O-CHz-O), 5.02 (2H, 
dq,J =4.5and7Hz,H-2andH-3’),4.69(1H,d,.l =4.5Hz,H-I), 
3.89 (3H, s, MeO), 1.95 (3H, br d, J = 7 Hz, Me-4 Ang), 1.87 (3H, 
br s, Me-2 Ang) and 1.13 (3H, d, J = 7 Hz, Me-3). 

Lotgolone (17). Mp 86-88” (MeOH). IR vEcm_‘: 3060, 
2790, 1675, 1625, 1600, 1520,925. ‘H NMR (60 MHz, CDCl,): 
67.12 and 7.00 (2H, 2d, J = 2 Hz, Ar), 5.95 (2H, s, G-CHz-O), 
3.88 (3H, s, MeO), 2.85 (2H, q, J = 7.5 Hz, H-2) and 1.18 (3H, t, 
J = 7.5 Hz, Me-3). EIMS (probe) 70 eV, m/z (rel. mt.): 208 [Ml’ 
(28), 179 (lOO), 151 (26). 

trans-lsomynstlcme (19). Vacuum dlstdlatlon of mace essential 
oil (105”/20 mm) left a residue winch was chromatographed on 
silica gel to Isolate pure mynsticine (18). IR vEcm_l: 3040, 
2870,1630,1605,1500,990,915 ‘H NMR (60 MHz,CCl&66.45 
(2H,s,Ar), 5.95 (2H,s,G--CHz~), 5.70(1H,m, H-2), 5.14.9 (2H, 
m, H-3), 3.85 (3H, s, 0Me)and 3.20 (2H, d, J = 7 Hz, H-l). A soln 
of myristlcme (4.4 g) in 10% KOH m EtOH (50 ml) was refluxed 
for 15 hr, dil with HzO, neutralized, coned to remove EtOH and 
extracted with EtzO to gwe co 17:3 (GC) mixture of tram- and 

cis-isomyristlcine (2.9 g). The truns- isomer 19 was purified by 
AgNO&lica gel (1:9) CC to give crystals mp 38”. 
1R~““J~‘cm-~: 3030, 2860, 1670, 1600, 1500, 1430, 1225, 970. 
‘H N%R (60 MHz, Ccl,): 66.47 (lH, d, J = 1.5 Hz, H-Ar), 6.38 
(lH,d,J = 1.5 H&H-Ar),6.20(1H,d,J = 16Hz,H-I), 5.95 (lH, 
dq, J = 16 and 5 Hz, H-2), 5.82 (2H, s, 0-CHz-O) 3.80 (3H, s, 
OMe) and 1.79 (3H, d, J = 5 Hz, Me-3). EIMS (probe) 70 eV, m/z 
(rel. mt.): 192 [Ml’ (loo), 177 [M-Me]+ (15), 165 (20) 161 (50), 
147 (37). 131 (60) y 119 (50). 

trans-Epoxide 20. To a soln of 19 (300 mg) m CHzClz (25 ml), 
was added m-chloroperbenzoic acid (1.03 g) in satd aq. NaHC03 
(25 ml) and the mixture stirred for 2 hr at 37”. After addition of 
1 N NazSOJ (10 ml) and CHzClz (25 ml), the washed and dried 
organic extract was coned to give crystalline 20 (217 mg), mp 90” 
(CC&). IR v= cm -l: 3080,3020,2870,1630,1600,1500,1430, 
1260,930,810. ‘H NMR (60 MHz, CCL): 66.50 (2H, s, 2H-Ar), 
5.90 (ZH, s, O-CHz-G), 3.90 (3H, s, OMe), 3.80 (lH, d, 
J = 5.5 Hz, H-l), 3.26 (dq, .I = 5.5 and 5 Hz, H-2) and 1.11 (3H, 
d, J = 5 Hz, Me-3). 

Hydrolysrs of20. (a) A soln of 20 (50 mg) in 2 M KOH-DMSO 
(1:4,20 ml) was left at room temp for 24 hr. After usual work-up, 
crystalline diol (*)-2 was isolated, mp 89”. IR and ‘H NMR data 
Identical to natural (+)-2. (b) Epoxide 20 (40 mg) was left 
overmght at room temp m contact with partially deactivated 
sihca gel (10% HzO). After elution (hexane-EtOAc, 9: 1 to 6:4), 
dlol ( f b3 (32 mg) was obtained lightly contammated urlth ( f )-2 
(ca 10 %, ‘H NMR) together with small amounts of unchanged 
2Oand a rearranged alcoxybenzyl methyl ketone. Crystalline ( f )- 
3 had mp 118”. IR and ‘H NMR data identical to natural (+)3. 
(c)To a soln of 20 (90 mg) in THF (10 ml), 3 y0 HClO* (1 ml) was 
added and the mixture kept at room temp for 2 hr. After usual 
work-up, a crude reactIon product (111 mg) was obtamed which 
contained mainly the diols ( f )-2 and ( f )-3 in a ca 5: 4 ratio. 
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Salamanca, for the identification of the plant material and 
Dr. M. Holub, Czechoslovak Academy of Sciences, Prague, for a 
sample of dlol 3. 

1. 

2. 

3 

4. 
5. 
6. 
7. 

8. 

9. 

10. 
11. 
12. 
13. 

14. 

15. 

REFERENCES 

Font Quer, P. (1973) Plantas Medicinales. Labor S. A, 
Madnd. 
French, D. H. (1971) in The Btology and Chemistry of the 
Umbelhjkrue (Heywood, V. H., ed ). Academic Press, 
London 
Wehmer, C. (1931) Die Pjanzenstofi, Band 2, p. 902. Gustav 
Fisher, Jena. 
Plouvler, V. (1971) C. R. Acad SCI. Pans, Ser. D 272, 1625. 
Adcock, J. and Betts, T. J. (1974) Planta Med. 20, 52. 
MCndez, J. and Mass, A. (1975) Phytochemistry 14, 1136. 
Pimenov, M. G. (1971) List of Coumarin Bearrng Plants. 
Nauka, Leningrad. 
Crowden, R., Harbome, J. B. and Heywood, V. H. (1969) 
Phytochemtstry 8, 1963. 

Harborne, J. B. and Wllhams, C A. (1972) Phytochemistry 11, 
1471. 
MCndez, J. (1978) Z. Pflanzenphyslol. 86,61. 
Mbndez, J. and Rubldo, J. (1980) Planta Med. 38, 177. 
Mtndez, J. (1980) Phytochemistry 19, 1557. 
Rasmussen, U., Chnstensen, S. B. and Sandberg, F. (1978) 
Planta Med. 33, 301. 
Rasmussen, U., Chnstensen, S. B. and Sandberg, F. (1981) 
Planta Med 43, 336. 
Rasmussen, U., Christensen, S. B. and Sandberg, F. (1978) 
Acta Pharm. Suet. 15, 133. 



1778 J. DE PA~CUAL TERESA et al. 

16. Christensen, S. B., Rasmussen, U. and Christophersen, C. 
(1980) Tetrahedron Letters 21, 3829. 

17. Christensen, S. B., Larsen, I. K., Rasmussen, U. and 
Chnstophersen, C. (1982) .I. Org. Chem. 47, 649. 

18. Chtxtensen, S. B. and Schaumburg, K. (1983) J. Org. Chem. 
48, 396. 

19. Lemmich, E., Jensen, B. and Rasmussen, U. (1984) Phyto- 
chemistry 23, 809. 

20. Soeder, R. W. and Hodgin, J. C. (1975) Phytochemistry 14, 
2508. 

21. Motl, 0. and DoleJh, L. (1974) Z. Naturforsch. C29, 89. 
Chem. Abst. 81, 87955j. 

22. Nielsen, B. E. and Lemmich, J. (1965) Acta Gem. Stand. 19, 
601. 

23. Holub, M. Groote, R., Herout, V. and gorrn, F. (1968) Collect. 
Czech. Chem. Commun. 33, 2911. 

24. Tichy, M. (1965) in Advances m Organic Chemistry (Taylor, 
E. C., Raphael, R. A. and Winberg, H., eds) Vol. 5, p. 115. 
Interscience, New York. 

25. Eliel, E. L. (1962) Stereochemistry of Carbon Compounds, 
p. 132. McGraw-Hill, New York. 

26. Gaudemer, A. (1977) in Stereochemistry. Fundamentals and 
Methods (Kagan, H. B., ed.) Vol. 1, p. 63 George Thieme, 
Stuttgart. 

27. Jackman, L. M. and Stemhell, S. (1969) Applications of 

Nuclear Magnetic Resonance in Organic Chemistry, 2nd edn, 
p. 235. Pergamon Press, London. 

28. Schnud, G. H. (1968) Can. J. Chem. 46,3415. 
29. Chuche, J., Dana, G. and Monot, M. R. (1967) Bull. Sot. 

Chim. Fr. 3300. 
30. Balsamo, A., Crottl, P., Macchia, B. and Macchm, F. (1973) 

Tetrahedron 29, 2183. 
31. Battlstini, C., Crottl, P. and Macchia, F. (1977) Gaze. Chim. 

Ital. 107, 153. 
32. Freudenberg, K. and Marker, R. E. (1925) Chem. Ber. 58, 

1753. 
33. Brewster, J. H. (1959) J. Am. Chem. Sot. 81, 5475. 
34. Klyne, W. (1955) in Determination of Organic Structures by 

Physical Methods (Braude, E. A. and Nachod, F. C., eds) 
p. 86. Academic Press, New York. 

35. Dillon, J. and Nakanishi, K. (1975) J. Am. Gem. Sot. 97, 
5409. 

36. Lyle, G. G. (1960) J. Org. Chem. 25, 1775. 
37. Janot, M. M., Robineau, C. and LeMem, J. (1955) Bull. Sot. 

Chim. Biol. 37, (1956) Chem. Abst. SO, 2120b. 
38. Pinar, M., RICO, M. and Rodriguez, B. (1982) Phytochemistry 

21, 735. 
39. Pinar, M. and Fem&ndez, B. (1983) An. Qutm. C79,449. 
40. Miski, M., Ulubelen, A. and Mabry, T. J. (1983) Phyto- 

chemistry 22, 2231. 


