1114

4a-Me), 123 (s, 3H, 138-Me), 342 (dd, 1H, J = 8 Hz and 4 Hz,
H-3), 337 and 423 (doublets, J = 10 75 Hz, 48-CH,OH), 4 81
and 486 (six hnes pattern, 2H, J = 105Hz, 175Hz, 15Hz,
—-CH=CH,), 571 (dd, 1H, J = 10 5 Hz and 17 5 Hz, -CH=CH,)
13C NMR (CDCl;, 7545 MHz) see Table 1
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Abstract—An Indian sample of Solidago altissima afforded 1n addition to several clerodanes already 1solated from other
Solidago species, a diterpene with a new carbon skeleton Furthermore a ketone and a new anethole derivative were

present

Solidago altissima has been studied previously In addition
to widespread compounds, several clerodanes were 1s0-
lated [1] We now have studied a sample collected at
Jaipur, India The aenal parts gave 15-hydroxygermacra-
4(15),5,10(14)-triene [2], the known cis-clerodane lac-
tones solidago lactone I {1], INI [1], V[1] and VII[1] as
well as the corresponding tiglate [3]

The roots also contain solidago lactone II, I11, V, VII
and the corresponding tiglate as well as the precursors of
the latter two, where the epoxide was replaced by a 3,4-
double bond [5] and 2-oxo-kolavenic acid lactone, al-
ready prepared from the corresponding alcohol [4]
Furthermore the angelate 2, the trans-clerodanes kola-
venic acid [5], 7e-acetoxykolavenic acid [6], and 2-oxo-
kolavenic acid [7] were present together with the al-
dehyde 1 The structure of the anethole derivative 2 clearly
followed from the spectral data (see Experimental)

The acid 1 was transformed to the methyl ester 1a The
molecular formula was C,,H;,0; and the 'H NMR
spectral data (see Experimental) indicated the presence of
an aldehyde by the singlet at 6996 The similanty of
several signals with those of methyl kolavenoate showed
that most likely these two diterpenes were closely related
The presence of a homoallylic coupling between H-18 and
H-1 required a five membered ring, especially as by careful

spin decoupling all signals and, accordingly, all sequences
could be estabhished Therefore kolavenic acid 1s the pre-
cursor of 1, which may be formed via oxidative cleavage
followed by aldol condensation Alternatively a rear-
rangement of 2-hydroxy-3,4-epoxy kolavenic acid can be
considered Compound 1 we have named solidagonal
acad

The co-occurrence of cis- and ¢trans-clerodanes in this
species 1s remarkable In all cases, where a 6-oxygen
function 1s present, the configuration 1s 98-methyl and
10oH, while in all other cases trans-clerodanes with 10§H
and 9a methyl were observed

EXPERIMENTAL

The air dried aerial parts (200 g) and the roots (70 g), collected
mn the campus of Rajasthan University, Jaipur, India, voucher
deposited 1n RUBL-Herbarium, were extracted with Et,O-
petrol, 1 2,and worked-up 1n the usual fashion [8] CC fractions
of the aerial parts (A) and the roots (R) were as follows 1
(petrol), 2 (Et,O-petrol, 1 4), 3 (Et,O-petrol, 1 1) and 4 (Et,0)
Fraction 2A (aenal parts) gave 15mg 1f-hydroxygermacra-
4(15),5,10(14)-triene TLC of 3A (CH,Cl,-CsHs—Et,0, 4 4 1)
gave 40 mg sohdago lactone VII (R, 05), 50 mg of the cor-
responding tiglate (R, 0 4)and 10 mg solidago lactone V (R, 07)



TLC of 4A (same solvents) afforded 10 mg each of sohidago lactones
II and 11T (R, 07 and 04) Fraction 2R gave 100 mg kolavenic
acild TLC of 3R after addition of CH,N, (Et,O-petrol, 2 3)
afforded 5 mg methyl-68-angeloyloxy- and 10 mg 6g-tigloyloxy-
cis-kolavenoate (R, 07 and 0 6), 20 mg methyl-7x-acetoxykola-
venoate (R, 05) and 5 mg methyl-2-oxo-kolavenoate (R, 0 4)
Repeated TLC of 4R (CH,Cl,-C4H4—Et,0, 4 4 1, several
developments) gave 2mg 1 (R, 07), 5 mg sohdago lactone VII
(R; 06), 6 mg of the corresponding tiglate (R, 0 5), 4 mg each of
the desoxo denvatives of the two latter (R, 04 and 03), 2mg
solidago lactone V and 5mg 2-oxo-kolavemic acid lactone
(R, 015) The identities of the known compounds were established
by direct comparison or 1if material and sufficient data were not
available, by extensive 'H NMR studies including NOE dif-
ference spectroscopy which allowed the assignment of the
stereochemistry

Sohdagonal acid methyl ester (1a) Colourless oil, IR vGC4
cm~! 1720 (CHO, CO,R), 1665, 1645 (C=C), MS m/z (rel
int) 332235[M]* (24) (cale for C,;H;,0; 332235),317[M —
Me]* (9), 301 [M —OMe]* (10), 300 [M — MeOH]"* (12), 285
{300 —Me]* (20), 205 [M —CH,CH,C(Me)=CHCO,Me]*
(40), 95 (100); [«]p, — 111 (CHCI,, ¢ 015), "H NMR (CDCl,,
400MHz, TMS as internal standard) 5233br dd (H-1), 2.17ddq
(H-1), 9965 (H-3), 165ddd (H-6), 135m (H-6), 1 55m (H-7),
145ddq (H-8), 156dd (H-10), 140m (H-11), 205ddd (H-12),
196ddd (H-12), 566tq (H-14), 2154 (H-16), 081d (H-17),
202dd (H-18),092s (H-19), 085 s (H-20), 3 68 s (OMe), (J [Hz]
1,1'=151,10=7,1,10=10,1,18 ~ 1,1',18 = 2,6,6' = 125,
6,7=67=378=10,7,8=4,817=7,11,12=13,11,12

1115

3 X8
2 9
MeO”4 ™3 OAng
OH
2

=6,1112=551112'=12,12,14 = 14,16 = 1,12,12' = 13)

3,5-Dihydroxy-9-angeloyloxy-cis-anethole (2) Colourless oil,
IR vECem™! 1720, 1650 (C=CCO,R), CIMS (1sobutane) m/z
(rel int) 279 [M +1]* (100) {corr to C,sH;50s + 1), '"H NMR
(CDCl,): 86 205 (H-2, H-6), 579dt (H-7,J = 11, 1 Hz), 6 21 dt (H-
8, J=11, 65Hz), 491dd (H-9, J =65, 1 Hz), 379s (OMe),
610gq, 199dq and 190dg (OAng)
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