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ON TERPENES. CCXIV.*

THE STRUCTURE OF TWO SESQUITERPENIC LACTONES,
ISOMONTANOLIDE AND ACETYLISOMONTANOLIDE
FROM Laserpitium siler L.
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From light petroleum extract of the seeds of Laserpitium siler L. of Slovenian origin an as yet
undescribed sesquiterpenic lactone, isomontanolide (7) has been isolated. From light petroleum
extract of the roots of the same plant another new sesquiterpenic lactone has been isolated —
acetylisomontanolide (¥I). The structure of both substances was proved by chemical and spectral
methods.

In connection with our studies of sesquiterpenic components of Umbelliferae we also
investigated Laserpitium siler L. of Slovenian origin.** From light petroleum ex-
tracts of the fruits of this plant we isolated substance I, m.p. 176°C, [a]f,o —25-2°,
of the composition C,,H;,0, which according to IR spectra contains a y-lactone
grouping in its molecule (1792 and 1165cm™"), an acetyl group (1743 and 1240
cm ™), an o,B-unsaturated ester group (1704 cm ™', inflexion at 1693 cm ™), a double
bond (1648 cm™'), and a free hydroxy group (3540 cm™!). The mass spectrum of the
native compound I contains a pseudomolecular peak of m/e 306 (406 — 100) and main
fragments of mfe 246 (406— 100—60), 228 (406—100—60—18), 83 (C,H;.CO*),
55 (C,H7) and the corresponding metastable peak 36:4. The PMR spectrum of the
original compound I (Table I) indicated the presence of one acetyl group (singlet
at 2:03 p.p.m.) and one angeloyl group (quartet of quartetsof f-Hat 618 p.p.m.).
Characteristic parameters of the signals of other protons which could be assigned
were practically identical with the cotresponding parameters of the PMR spectrum
of montanolide' (II). This shows that both substances differ only in the character
of the o,p-unsaturated acid group and that the fundamental sesquiterpenic compo-
nent of both native substances is identical. This conclusion was checked by chemical
* Part CCXIII: Tetrahedron Letters /971, 4775.

*k Fruits and roots of L. siler L. were collected in July 1970 near Polhov Gradec, Slovenia,

Yugoslavia. For the indication of the locality where the plant grows we are indebted to Prof.
T. Wraber, University of Ljubljana.
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means: saponification of the native lactone ester I gave trihydroxy lactone III which
according to its IR spectrum and mixture melting point was identical with the sub-
stance which we prepared earlier by hydrolysis of montanolide* (II). From the mentio-
ned facts it follows that the native lactone ester is isomeric with montanolide (11),
and therefore we propose for it the name isomontanolide. Partial saponification
of the native substance I gave the non-crystalline monoester IV of the composition
Cy0H,505. Its IR spectrim shows the presence of a y-lactone group (1770 cm ™),
an o,B-unsaturated ester (1695 cm™?), a double bond (1645 cm™"), a free hydroxy
group (3550 cm™'); no acetyl group was present in the spectrum (absence of ab-
sorption at about 1250 cm ™) of this substance. The determination of active hydrogen
demonstrated two free hydroxy groups in the molecule of deacetylisomontanolide I'V.
Its PMR spectrum (Table 1) lacks signals of the acetyl group and in its details it cor-
responds to the PMR spectrum of deacetylmontanolide* (V). This fact permits the
supposition that the acetyl group in the molecule of isomontanolide (I) is bound
to a tertiary hydroxy group which is Jocated on the carbon in the position 11, similarly
as in the molecule of montanolide (II). Therefore, we proposed for the molecule
of isomontanolide the structure represented by formula I.

From light petroleum extract of the rhizome and the roots of the investigated
plant we obtained a native compound VI, m.p. 134°C, [«]3° —78-2°, of the com-
position C,,H3,05. Its IR spectra demonstrate the presence of a y-lactone group-
ing (1783 cm™?), an acetyl group (1733 and 1255 cm™ '), an o,B-unsaturated ester
(inflexion at 1705cm™'), and a double bond (1649 cm™!). The mass spectrum
of compound VI contains a pseudomolecular peak of m/e 338 (448 —60) and main
fragments of m/e 288 (448 —100—60), 83 (C,H,CO*), 55 (C,H7), and the correspon-
ding metastable peak 36-4.

Hydrogenation of lactone ester VI gave crystalline saturated compound VII,
C,4H3,05g, the IR spectrum of which proves the presence of a y-lactone group
(1785 cm™1), an acetyl group (1730 and 1255cm™"), and a saturated ester group
(1730 cm™1). The spectrum of the saturated lactone ester VII contains a pseudo-
molecular peak mfe 350 {542—102) and additional main fragments of mje 248
(452—102—60—42), 230 (452—102—60—42~18), 85 (C,HyCO™) and 57 (C,Hy).

The PMR spectrum of lactone ester VI (Table I) contained signals of two acetyl
groups (2:11 and 2:01 p.p.m.) and one angeloyl group (-H 6:08 p.p.m.). Other
characteristic parameters (Table I) corresponded to the parameters of the PMR
spectrum of isomontanolide () and montanolide (IT) (ref."), and indicated that lactone
ester VI is the acetate of isomontanolide. This supposition was then corroborated
directly by acetylation of isomontanolide (I) by which we obtained a substance
identical with native lactone ester VI, as evident from the comparison of their IR
and PMR spectra, specific rotation, and mixture melting point. The mentioned
facts led us to propose the name acetylisomontanolide for the native lactone ester VI.
Saponification on the native compound VI gave a crystalline compound which we pro-
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TaBLE I
Characteristic Parameters of the PMR-Spectra

Com-

pound® " Heo He) He  Hay’ HugyHasy  Othersigoals
I 555 473 3-67 553 153 121 188" CH,CO:2:03
Jog =10 J; =10 ZJ 20 B-H/ 618
Jos =11 J;g=11 Jgg=15
v 554 459 311 5617 150 122 1-88" p-H/ 615
Jo7 =10 J;6=10
Jos =11 Jg =11
Vi 556 474 367 567 1’53 1-59 1-88" CH,CO:2:01; 2:11
Js7=10 Jr6=10 Jg, =11 g-H/  :608
Tos=11 Jg=11 Jggm 1l
Jgo X 2
vir  — 4-90 355 548 1:50 150 1110 g-CH,*: 113
V=7
Jo7 =105 Jp; =10 Jg, =11 J=65 p-CH,*: 091
="
Jse=12 Jg=11 Jgemll CH,CO: 2:02; 2:05
. Jgo X 2
urt 543 4-02¢ 143¢ 491 120 1-16 169 sec. OH: 531
Js.on®X 55 Jpg=105 Jg, =11 tert. OH: 5:35; 5,78
Jg oo 11 Hgy: 2:15¢
Jgo R 55 Hgry: 1-85*
VIl 550 5224 1-58° 501 124 120 181 CH;CO: 207
Jig =1 Jg, =1
Jgor= 11
Jgo= 5

“ First-order values, solvent deuteriochloroform, internal standard tetramethylsilane, Varian
HA-100; ° solvent hexadeuteriodimethyl sulfoxide; ¢ broad unresolved multiplet; J35sF 0
double resonance; ? broadened singlet; Js,¢ and Jg ; were not clearly detectable by double reso-
nance; ° confirmed by double resonance; s overlap with Hs, signal; ¢ assignment based on the
line-width W,/2 (Hus)) < W”2 (H(14)) or empirical rules (¢f. text); h overlgp with angeloyl
group methyl signals; approximate position by double resonance; 13_15 =+ 0; * tentative assign-
ment; ’ angelic acid residue; signals of methyl protons overlap with signal of Hiysy ¥ g-methyl-
butyric acid residue; 1‘79,9' ~ 135,
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ved to be identical with trihydroxy lactone III prepared both from montanolide
(11) (ref.*) and from isomontanolide (I). On acetylation of trihydroxy lactone III
we obtained monoacetate VIIT, C;H,,0, the IR spectrum and active hydrogen
determination of which corresponded to our supposition. On the basis of the afore-
ment’oned facts we proposed for acetylmontanolide the structure represented by for-
mula VI.

One of the key problems in the solution of the structure of montanolide (), iso-
montanolide (I) and acetylisomontanolide (V) is the position of the y-lactone ring,
and hence, the structure of trihydroxy lactone II1. This structure could not be proved
in the preceding paper on montanolide! by PMR spectrum because of the paucity
of the available material; it was proposed mainly on the basis of the results of de-
hydrogenation which afforded linderazulene and artemazulene and on the basis
of the PMR spectrum of hydroxyketo lactone IX which indicated that the lactone
is closed in IX at Cg, and that montanolide (II) was relactonised in the course
of its saponification, although hydroxyketo lactone IX was not derived direct-
ly from trihydroxy lactone' III. Presently we corroborated the structure of III
by the study of its PMR spectrum jn hexadeuteriodimethyl sulfoxide (Table I).
As shown by decoupling experiments and exchange reaction with deuterioacetic
acid, the spectrum contained a signal for a secondary hydroxy group as a doublet
at 531 pp.m. (J = 55 Hz). The corresponding methine proton of the CH—OH
type formed a doublet at 4-02 p.p.m. {(J = 55 Hz), and, after exchange, a broadened
singlet (in the PMR spectrum of acetate VIII as a singlet at 5-52 p.p.m.); hence,
it can be assigned to proton H, in agreement with the supposed structure III for
trihydroxy lactone. Proton H g, formed a triplet of doublets at 4-91 p.p.m. (J,7 =
= Jgo = 11 Hz; Jg o = 5:5Hz) and an identical multiplet in the PMR spectrum
of acetate VIII at 501 p.p.m. (sz-, = Jg9- = 11 Hz; Jg o = 5 Hz). Pronounced
differences in the magnitudes of vicinal interactions of proton H, in substances I
I, IV, V, and HI and VIII, as well as the direct comparison of the spectra of VIII
and I'Vindicate clearly the differences in the closure of the y-lactone ring, as indicated
in the proposed structures of these substances: small coupling constants Js ¢ and

I, R! = H; R? = CO.C(CH;)==CH.CH3; R® = CO.CH,
II, R' = H; R? = CO.CH=C(CHy,),; R? = CO.CH;,
v, R, R? = H; R? = CO.C(CH;)=CH.CH,

v, R}, R® = H; R? = CO.CH=C(CH,),.
vI, R}, R® = CO.CH3; R? = CO.C(CH4)=CH.CH,
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Je.7 in compounds III and VIII are not in direct contradiction with their structure
and may be explained by different conformation of the unit C 5)— Cgy—C¢5, of sub-
stances which have the lactone ring closed at C(4y and C(g). The small value of the
J,7 interaction for the formally quasi-diaxal configuration of Hs, and H;, protons
expectable from Dreiding models was already described, for example, in the case
of pseudoguaianolides of the helenaline type?.

The second key problem is the position of the acety! group in the molecules of sub-
stances 1 and I1. In the preceding paper on montanolide (I1) (ref.") it was proposed
on the basis of the chemical shifts of protons Hs, and Hg, in substances [/ and V.
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As a corroboration of the proposal that the acetyl group in the molecules of com-
pounds I and II is at C,;, we may mention directly the chemical shifts of methyl
protons Hy;3,. As is evident from the comparison of the PMR spectra of isomontano-
lide () and deacetylisomontanolide{IV), as well as of acetylisomontanolide (V) and
tetrahydroacetylisomontanolide VII (Tab]e I) the acetylation of the tertiary hydroxyl
strongly affects the position of the signal of one of the tertiary methyl groups, which
displayed in the PMR spectrum of compounds I and IV a shift of approximately
1-20 p.p-m.. Acetylation does not affect the vicinal interaction of protons H,,
H¢sy, and H,, and hence the conformation of the seven-membered ring either.
Therefore it can be assumed that the affected tertiary methyl group must be of the
CH;—C—OH type and that the paramagnetic shift of approximately 0-3 p.p.m.
caused by its change to the CH;—C—O.CO.CH; type is rather connected with
hyperconjugative effects than with the differences in the anisotropies of the hydroxyl
and the acetyl groups. From the comparison of this acetylation shift A(CH;) =
= 6(CH;—C—OAc) — 5(CH;—C—OH) in other sesquiterpenic hydroxy lacto-
nes, containing either the group of the CH;—C(;0y—OH type (for example deriva-
tives of isophoto-a-santonin lactone (X) (refs***) or CH;—C;,,—OH (for example
a-hydroxysantonin (XI) (ref.?), laserolide (X1I) (ref.®), and farinosin (XIII) (refs”-$),
it followed that this shift is fairly characteristic; usually it applies that A(CH,—C,,q,)
> A(CHsﬁcm)) > 0. The application of this relationship to substances [/ and IV
leads to the assignment of the acetyl group at C,,, as shown in Table I, which is
in agreement with the conclusions reported in the preceding paper’, as well as with
the assignment of the signals of tertiary methyl groups. This assignment also agrees
with the supposition that the half-width of the signals of the tertiary methyl group
at C;y should be larger than in the case of tertiary methyl groups at C,, in view
of the larger number of possible long-range interactions of the CH,—C—C—H type.
The steric arrangement of the sesquiterpenic part of isomontanolide (I) and acetyl-
isomontanolide (VI) is very probably the same as in montanolide (II) (ref.'), and
it will be the object of a further communijcation.

The structures of both native substances, isomontanolide (1) and acetylisomontano-
lide (VI), represent good evidence that sesquiterpenic oxygenated substances, and
especially sesquiterpenic lactones present in some species of Laserpitineae tribe(Umbel-
lifereae family), contain the basic sesquiterpenic skeleton of the molecule relatively
richly substituted by oxygen-containing functions, as for example laserpitin (X1V')
(ref.?), isolaserpitin (XV) (ref.'°), and other compounds from L. latifolium 1.,
laserolide (X11) (ref.®) and trilobolide (X VI)(ref.'")from L. trilobum (L.) BORKH.,
and further montanolide (II) and silerolide from L. siler L. of Bulgarian origin'.
For sesquiterpenic lactones of the species of this tribe the substitution at C,,,
with a tertiary hydroxy group, usually esterified with acetic acid, seems typical, as is
evident from the case of laserolide (XII) (ref.®), trilobolide (X V1) (ref.'), montanol-
ide (II) (ref.!), and isomontanolide (I) and acetylisomontanolide (V1), the native
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Jactones described in this paper. The substitution by oxygen-containing groups
at Cy,, is quite exceptional among more than 400 sesquiterpenic lactones isolated
from various species of Compositae; this is shown by the fact that the mentioned
substitution at C(,y, was described only in farinosin (XIII) refs”®), solstitialin (X VII)
{ref.'?), solstitialin acetate (X VIII) (xef.'®) and hydroxybalchanolide (XIX) (ref.').
According to newer views the structure of hydroxybalchanolide and especially the
location of the tertiary hydroxy group at C,, cannot be considered as proved. Fi-
nally, it should be mentioned that we were able to isolate montanolide (II) from the
roots of L. siler L. of Bulgarian origin while now — from a plant from Slovenia —
we have isolated acetylisomontanolide (IV). These substances, although their basic
sesquiterpenic parts are absolutely identical, are not identical, and the difference
in structure consists in the esterification of the hydroxy groups of the sesquiterpenic
parts of their molecules by different acids. Although similar modification of the
structure of the components, depending on the locality where the plant was grown
is known'S, we consider that a botanical comparison of the representatives of the
investigated plant from both localities will be necessary, especially in view of the
occurrence of a subspecies of L. siler L. on the Balkan peninsula*®7,

EXPERIMENTAL

The melting points were determined on a Kofler block and they were not corrected. For column chromatography silica gel
according to Pitra and Stérba'® was used (30—60 u, deactivated by the addition of 11% of water), while for thin layer
chromatography silica gel Merck ding to Stah! was empl

d. The infrared spectra were measured in chloroform
on Unicam S.P. 200 and Zeiss UR-10 (Jena). The PMR spectra were measured in deuteriochloroform unless stated other-
wise, on a Varian HA-100 apparatus (tetramethylsilane as internal standard). Mass spectra were measured on an AEI
MS 902 spectrograph. Optical rotation was determined on Jasco UV-5 spectropolarimeter in methanol, unless stated
otherwise,

Isomontanolide (1)

Ground fruits (5-5 kg) of L. siler L. of Slovenian origin were gradually extracted with light petro-
leum (b.p. 40—60°C) and single fractions were evaporated. The viscous residue (910 g) had the
characteristic odour of these fruits. From the last extracts isomontanolide (/; 1-6 g) crystallised
out, m.p. 174—176°C (diisopropyl ether), [az]%0 —25-2° (c 0-18; chloroform), Ry 0-75 (benzene-
ether 2: 1). For C,,H;,0-(406-5) calculated: 65-00% C, 7-26%, H, 0-25%, Hact.; found: 65-27% C,
7-49% H, 0-29% H act.

Trihydroxy Lactone II1

Isomontanolide (/; 180 mg) was dissolved in 10 mi of 5% methanolic potassium hydroxide and
the solution was allowed to stand at room temperature for 18 hours. The mixture was diluted
with water, acidified, and extracted with chloroform. The combined chloroform extracts were
washed with a sodium hydrogen carbonate solution, dried, and evaporated to dryness. The resi-
due, trihydroxy lactone /11, was crystallised {rom diisopropyl ether and methanol, m.p. 192 to
193°C. The mixture melting point with trihydroxy lactone /I prepared from montanolide (/1)
{m.p. 194°C) was undepressed. The IR spectra of trihydroxy lactone, /7 both prepared from
montanolide (/1) (ref.!) and from isomontanolide (1), were identical.
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Deacetylisomontanolide (1V)

Isomontanolide (Z; 500 mg) dissolved in 30 ml of methanol was mixed with a solution of 438 mg
of potassium carbonate in 8 ml of water and the mixture was allowed to stand at room tempera-
ture for 2-5 hours. Methanol was distilled off under reduced pressure and the residue diluted
with water and extracted with chloroform. The residue (300 mg) was chromatographed on 30 g
of silica gel with benzene, containing 2% of ether. From the latter {ractions monoester IV was
obtained in the form of a viscous liquid of R 0-67 (benzene—ether 1 : 1). For C,qH,504 (364-4)
calculated: 65-919% C, 7-74% H, 0-55% H act. (2); found: 65-70% C, 7-87% H, 0-56% H act.

Acetylisomontanolide (V)

Ground, dried rhizomes and roots (14-9 kg) of L. sifer L. of Slovenian1 origin were extracted with
light petroleum. From the residue acetyl isomontanolide (VI) crystallised out, m.p. 134°C (di-
isopropyl ether) [a]3° —78:2° (c 0-14). For C,,H;,04 (4485) calculated: 64-27% C, 7-19% H;
found: 64-48% C, 7-02% H.

Tetrahydroacetylisomontanolide (VII)

A solution of acetyl isomontanolide (V7: 219 mg) in 10 ml of acetic acid was additioned with
35-5 mg of PtO, (Adams catalyst) and then saturated with hydrogen. The consumption, 33 m!
(25°C, 734 Torr), corresponds to the saturation of 2:1 double bonds. The conventional work-up
gave tetrahydro derivative VII (210 mg), m.p. 153°C (diisopropyl ether) and [a]2D° —67-5°
(¢ 0-107). For C,,H;340g (452:5) calculated: 63-70%; C, 8-029; H; found: 63-62% C, 8:17%; H.

Trihydroxy Lactone /1T

Acetyl isomontanolide (V7; 2:0 g) was dissolved in a solution of 5 g potassium hydroxide in 100 ml
of water and the mixture was allowed to stand at room temperature for 20 hours. The solvent
was distilled off under reduced pressure almost to dryness and the residue was diluted with water,
then acidified with 5% sulfuric acid, and extracted with chloroform. The combined chloroform
fractions were worked up in the conventional manner and trihydroxy lactone I/l was obtained,
m.p. 194—195°C (diisopropyl ether, methanol) and [#]3° —38-2° (c 0-48). Mixture melting point
with trihydroxy lactone 171 obtained from montanolide (II) (ref.!) on one hand and from iso-
montanolide (I) on the other was undepressed. The IR spectra of trihydroxy lactone 117 obtained
from 11, I and also VI were identical. Acetate VIII: A mixture of trihydroxy lactone II7 (568 mg),
0-25 ml of acetic anhydride, and 1-5 ml of pyridine was allowed to stand at room temperature
for 20 hours. Acetate VIII was prepared in the usual manner (430 mg), m.p. 205°C (diisopropyl
ether), [a]3° —27-8° (¢ 0-22), For C,,H,,0¢ (324-4) calculated: 62-96% C, 7-46% H, 0-62% act.;
found: 63-21% C, 7-53% H, 0-78% H act.

Acetylisomontanolide (¥1) from Isomontanolide (/)

A solution of isomontanolide (/; 100 mg) in 8 ml of acetic anhydride was heated in a sealed
ampoule at 100°C (bath temperature) for 24 hours. The mixture was diluted with water, extract-
ed with ether, and the combined ethereal extracts were worked up in the conventional manner.
A viscous liquid (86 mg) was obtained which was chromatographed on 4 g of silica gel with ben-
zene containing 2% of ether. From the first fractions acetyl isomontanolide (¥I) was isolated,
m.p. 135°C (diisopropyl ether), [#]2° —70-4° (c 0-046; chloroform). The mixture melting point
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with native acetyl isomontanolide (m.p. 134°C) was undepressed. The IR and PMR spectra
of both substance were identical.

The elemental analyses were carried out in the Analytical Department of our Institute (head
Dr J. Hordéek) by Mrs V. Rusovd, Mr V. Stérba, and Mrs L. Pejchalovd. The IR spectra were
measured by Mrs S. Holubova and Mrs K. MatouSkovd. Optical rotation was measured by Mrs H.
Pilafovad. The mass spectra were recorded by Mrs M. Vokdéovd and Mrs M. Kabelikova under the
direction of Dr L. Dolejs. We are grateful to all those mentioned for their contributions as well
as to Mrs M. Snopkovd, Miss H. Némcovd, and Miss P. Jeklovd for their technical assistance.
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