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Abstract—The aerial parts of L. santosii afforded three new diterpenes, a phenylpropanol, three eudesmane derivatives,
three germacranolides, seventeen guaianolides and four rearranged guaianolides of a, so far, unknown type.
Furthermore, several known compounds were isolated. The structures of the new compounds, the separations of which
caused difficulties, were elucidated by spectroscopic methods and by some chemical transformations. The

chemotaxonomic situation is discussed briefly.

INTRODUCTION

The small Brazilian genus Lasioclaena [1] (Compositae,
tribe Eupatorieae) is placed in the Gyptis group [2],
closest to the widely distributed Conocliniopsis, which also
has the receptacle highly conical but glabrous and the
pappus setae narrowed at the tip. Agrianthus and
Bahianthus are related genera. From the latter the widely
distributed euparin derivatives and kolavanes have been
isolated [3 ], while Agrianthus contains highly oxygenated
guaianolides [4], and Conocliniopsis contains he-
liangolides with a furanone ring [5). Conoclinium, also
placed in this group, gave several flavones only [6]. None
of the remaining genera of this group has been studied
chemically. We have now investigated Lasiolaena santosii
K. et R. to see whether the chemistry showed further
indications of relationships in this diverse group. The
aerial parts of this plant were found to be extremely rich in
sesquiterpene lactones, among them four lactones with a
new type of rearranged carbon skeleton. Furthermore,
some new diterpenes and eudesmane derivatives, as well
as an unusual phenylpropanol ester, were isolated.

RESULTS AND DISCUSSION

The roots of L. santosii afforded squalene, damma-
dienone, dammadienol and its acetate, while the aerial
parts, in addition to these compounds, contained
germacrene D, caryophyllene epoxide, lupeol and its
acetate, as well as the isomers 1-4 [7], the triacetate 5 [8]
and a very complex mixture of polar compounds from
which the germacranolides eupatolide (13) [9] and
balchanolide (14) [10], the flavone 45 and thirty new
compounds were isolated. The latter were made up of the
ent-labdane derivative 6, the geranyl geraniol derivatives 7

*Part 319 in the series “Naturally Occurring Terpene
Derivatives”. For Part 318 see Bohimann, F., Zdero, C., King, R.
M. and Robinson, H. (1981) Phytochemistry 20, 1069.

and 8, the 7-epimeric methyl esters of 18-hydroxycostic
acid 10 and 11, the eudesmanolide 12, the germacra-
nolides 15-17, the rearranged guaianolides 21-24, the
guaianolides 25-27 and 29-41, and the phenyl propanol
derivative 43. The latter is closely related to the
corresponding dimethoxy compound isolated from a
Schkuhria species [11]. However, in this case an
unseparable mixture of four esters each with a different
chain length was present. Acetylation under mild
conditions afforded the diacetate 44. The 'H NMR data
(see Experimental) were nearly identical with those of the
known ester [11]. The position of the methoxy group was
deduced from the observed shift differences of the
aromatic protons in the spectra of 43 and 44, while the
position of the ester chain methyl group could not be
determined. The structure of the diacetate 6 followed from
the 'H NMR data (Table 1), especially when the Eu(fod),-
induced shifts were taken into consideration. The
observed shifts of the C-4 and C-10 methyl signals were in
agreement with an acetoxy group at C-3 and not at C-1,
while the position of the hydroxyl at C-11 followed from
the 'H NMR data. The configuration at this centre,
however, was not determined. All signals could be
assigned, after the addition of Eu(fod),, by spin
decoupling (Table 1).

The structure of 7 directly followed from the 'H NMR
spectrum (Table 1). The chemical shift of H-14, which
could be assigned by spin decoupling, was obviously
shifted downfield and was coupled with the methylene
doublet at & 3.15. Furthermore, the position of the
secondary methyl group o to the keto group followed
from the chemical shift of the corresponding methine
proton (2.59 tq). Of the remaining two hydroxyls one had
to be placed at C-1 and the second at C-19, as is the case
with compounds with a hydroxy! at C-20 a pronounced
shift of the 2-H sighal was observed. The configuration at
C-11 was not determined.

The third diterpene, the triol 8 was obviously closely
related to 7. To establish the positions of the hydroxyls, 8
was transformed to the dialdehyde 9 by partial oxidation
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Table 1. 'H NMR spectral data of compounds 6-9 (270 MHz, CDCIl 3, IMS as
internal standard)

6*  6(+Eufod),) 7 8 9
H-1 2.59 d (br)
1 T12dd oy 4004 407d (bry 9914
H2 271 ddd
oy 336y SHBION  SATLGr 5974 (n
H3  452dd 173 (br)  — - —
H4 — -
e 202 dd } 22-20m } 2321m b 279m
H-6 2.51 dd (br) 540t (br) 6411 (br)
e } 194 m 2w dpn 16N
H7  558s(br)  596d(br) — — —
H8 — — 22-20m 227 ¢ (br)
H9 213s(r) 36ls(br) l1dm 232im s
H10 — — 16 m 533¢(br) 5351 (br)
H-11 408 dd (br) 608 m 259 1 — —
376 dd
H12 28m {3_1 sitn — 399 ¢ (br) 397t (br)
H13 — — 315d () 23-21m  225d (br)
H-14 548:(br) 738(r)  519(r)  S510m 509 ¢ (br)
H-15 4614 (br) { 718dd — —
7.11 dd

H-16 176s(br) 256s(br) 1.63s(br) 1745 (br) 1.73 s (br)
H-17 182s(br) 232s(br) 157s(br) 166s(br)  165s (br)
H-18 092 183 s 109 d 1645 (bry 1615 (br)
H19 0945 176 s 408 s (br) 408 s 1009 5
H20 087s 1.66 s 176 s (br) 1745 (br) 2024
OAc  205s 434s - — —

206 s 420 s — — —

* 400 MHz.

J(Hz): 6: 1,1'’=13; 1'2=13; 23=11; 2',3=5; 56=12; 56 =3;
6,7=4;11,12=10; 11,12' =2; 12,12' = 14; 1415=7;7: 1,2 = 5,6 = 10,11
=1314~7;8/9:12=56=89=910=1314=7;220= 15

39
40
41
42

n+n =12, 13. 14, 15
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with manganese dioxide. Careful spin decoupling allowed
the assignment of all signals. As the proton at the
hydroxyl-bearing carbon in 9 showed an allylic coupling
with the olefinic proton, which itself was coupled with one
methyl only, the hydroxyl could only be placed at C-8 or
C-12. Spin decoupling showed that the aldehyde group
had to be placed at C-1 or C-19. This, however, excluded a
C-8 position of the hydroxyl. Its configuration was not
determined. The stereochemistry of the double bonds
followed from the 'H NMR shifts of the olefinic protons.

The structures of the costic acid derivatives 10 and 11,
which could only be separated by HPLC, followed from
the 'H NMR data (Table 2), which were very similar to
those of the methyl ester of costic acid. The main
differences in the spectra of 10 and 11 were in the signals of
H-7, which were only in agreement with an equatorial
isopropenyl group in 10 and an axial one in 11. The
position of the hydroxyl group followed from spin
decoupling and the chemical shifts of H-15, which
excluded a 3-position, while from the couplings of H-1 the
p-orientation of the hydroxyl could be deduced in both
isomers. The CD curves of 10 and 11 were opposite, as
expected (10 negative and 11 positive Cotton effect). As
costic acid showed a negative Cotton effect, the absolute
configurations were also established.

The structure and stereochemistry of the eudesma-
nolide 12 were assigned by careful spin decoupling in
deuteriobenzene (Table 2). The 1fS-configuration of the
hydroxyl group followed from the couplings and by
irradiation of the multiplet at § 1.40, which caused the

Table 2. *H NMR spectral data of compounds 10-12 (170 MHz,

cDCly)

10 11 12 12(C,D,)
H-la  345d (br) 3.40 dd (br) 3.56 dd 292 dd
H-2  1.56m 1.25-1.9 m 1.40 m
H-3x 2.3 ddd (br) 2.09 ddd (br) 1.60 ddd
H-3f 232ddd 23 ddd 237 ddd 1.95 ddd
H-5 1.35 m
H-61} 1.99-1.3 m } 1.25-19m — -
H-68 3.99 dd 3.36 dd
H7 253 dddd 307 s (br) 1.40 m
H-8a — m——
H-8p 401 ddd 343 ddd
Hoy ( 198713 '"} L2519 m iy ad 1.02 dd
H-95 2.51 dd 227 dd
R — — 2.58 dg 2.08 dg
H-13 617d 6.19 s (br)
H-13' 557 dd seadpr) 04 1334
H-14 0725 075 s 0.83 0.54 5
H-15 476ddd  477s(br) 5085 (br) 471 s (br)
H-15' 448ddd  451s(br) 473 s(br) 439 s (br)
OMe 3.76s 375 s — —

J(Hz):10: 10,2ff = 12; 20,300 = 5.5; 20,38 = 2.5; 28,30 = 13.5;
28,38 = 5.5; 30,3 = 14; 30,15 = 32,15 = 54,15 = 50,15' = 1.5;
6o, 7o = 7,8 = 3.5; 68,70 = Ta,88 = 12; 72,13 =1; 13,13
=1;1515" = 1.5;11: 1a,2a = 5; 1o 28 = 12; 20,300 = 5.5, 20,38
=2.5; 2300 = 13.5; 28,38 = 5.5; 30,38 = 14; TH,13" = 2; 12:
la2o = 5; 1228 = 12; 2038 = 2.5; 2838 = 5.5: 3238 = 13.5;
5,68 = 6,7 = 9.5: Ta8f = 890 = 11.5; Ta, 115 = 12; 88,9f8
=4; 1113 =7.

F. BOHLMANN et al.

expected changes of the H-1 and H-3 signals. Similarly,
irradiation of the H-8 and H-13 signals allowed the
assignments of the signals of H-6 through H-9 and of H-
11. The observed larger couplings of H-8 and H-11
required a S-orientation of these hydrogens. 12, therefore,
was 8x-hydroxy-11§,13-dihydroreynosin.

The structures of the germacradienolides 15-17 were
deduced from the '"H NMR data (Table 3) of the natural
compounds and some of their derivatives. 17 is closely
related to similar lactones with an 8f-2-methylbutyryloxy
residue [12] and the corresponding angelate [13]. Both
obviously had the same stereochemistry at all centres. The
critical centre was that at C-9, as from models a clear
decision was difficult. We, therefore, oxidized 17 to the
corresponding ketone 18, which on sodium borohydride
reduction afforded the 9-epimer 19 as well as the 11,13-
dihydro compound 20 with unknown stereochemistry at
C-11. Comparison of the 'H NMR spectra of 17 and 19
showed that in 19 the 9-hydroxy group was x-orientated
as the H-7 signal was shifted downfield. The 'H NMR
data of the ketone 18 showed that a conformation had to
be assumed, where the keto group was not in plane with
the 1,10-double bond (chemical shift of H-1), and was
most probably below the plane. This probably was the
reason for the unexpected f-attack of boranate, which
normally should be hindered by the 8f-ester residue. The
configuration of the angelate [13], therefore, must be
corrected also to 9f)-hydroxy. As the spectral data and the
couplings in the spectra of 15 and 16 were nearly the same
as those of 17, these lactones obviously had the same
stereochemistry too.

21-24 were rearranged guaianolides. The 'H NMR
data (Table 4) of 21 showed the typical signals of a
tiglate [6.81 qq, 1.81 d (br), L.82 s {br)]. A singlet at
39.48 indicated an aldehyde group, while typical
signals of a trans-fused methylene lactone were present
too. Spin decouplings allowed the assignment of the
signals for H-1 through H-8. The small value of J, 4
required an a-proton at C-8, while the orientation of the
aldehyde group was deduced from the downfield shift of
H-8, especially if compared with that in the spectrum of
22. The downfield shift of the H-7 signal in the spectrum of
22 supported the proposed stereochemistry, which was
further indicated by the downfield shift of the H-1a signal
in the spectrum of 21. The *C NMR of 22 was in
agreement with the proposed structure (see
Experimental). The spectrum of 23 clearly showed that
the hydroxy group of the ester residue was acetylated.
Consequently, the signals of these two lactones were
nearly identical. The presence of additional oxygen
functions in 24 was deduced from the mass spectrum and
from the altered *H NMR signals compared with those of
21. The position of the keto group followed from the
downfield shift of the H-1 signal, while the a-orientation of
a 3,4-epoxide was deduced from the downfield shift of H-
5. 21-24 most probably were formed by a
Wagner—Meerwein rearrangement of a guaianolide of
type A, present as tiglate 26 in the plant (see below). We
have named 21 without an aldehyde function at C-9
(numbering as in a guaianolide) lasiolaenolide. A
compound with the same carbon skeleton has been
prepared by rearrangement via a guaianolide 9,10-
epoxide [14].

The guaianolides 25-27 and 29--33 were all derived
from the so far unknown A 34-isomer of dehydrocostus
lactone, for which we propose the name lasiolaenin. The
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Table 3. 'H NMR spectral data of compounds 15-20 {270 MHz, CDCL,)

15 16 17 18 19 20
H-l  4954(br) 508d(br) 513d(br) 558d(br) 541dd (br) 538d (br)
H-2a  2.59 ddd (br) 2.62 ddd (br) 2.78 ddd 2.67 ddd (br) 2.65 m
H-28 236 ddd {1-95" Lom 241 gdd 2.39 ddd 2.44 ddd 2.3-25m
H-3a  5.26 dd (br) 525 dd (br) 5.27dd 5.30 dd (bry 528 dd (br)
H-3g — — —
H-3  495d () 473d(br) 487d(br) 4924 (hr) 4934 (br) 483 d (br)
H-6f 5.18 dd 5.14 dd 515 ad 5.26 dd 513 dd 5.04 dd
H-7x  291dddd 302 dddd  3.00 ddd 305 dddd 333 ddd 23-25m
H-8a« 578 ddd (br) 597 s (br) 5965 (br) 5574 s70d () 5394d
H9« 232dd 433 dd (bry 431d (br) — — _
H-9F 286 dd (br) — — — 4.51 dd (br) 447 5 (br)
H-11  — — — — — 23-23m
H-13 633d 6334d 6.36 d 6.37d 6.32d } 134
H-13 5644 570 d 573 d 5634 5.67d '
H-14 152s(br) 154s(pr) L139s(br) 171s(br} 151s(br) 1515 (br)
H-15 1784 1794 1.80 4 1844 1.78 d 174 d
OH — 277d (br) — — 1.88 d 1.80 d
OAc 2135 — 213 s 214 s 2.13s 212 s
OTigl 183s(br) 184s(br} 185s(br) 187sibr) 183s(br) 18RS s (br)
1.82 dg 1834 (br)  184d(br) 187d(br) 182d(br) 186dg
6.82 qq 688 m 6.88 m 691 m 684 m 691 gg

J(Hz):15: 1,25 = 5: 1,28 = 12; 22,28 = 12, 20,30 = 6; 28,30 = 10.5; 5,68 = 10;5,15 = 1.5;
6,70 = 8.5; Ta,13 = 3.6; To13" = 3; Sa9x = 2; 8,9 = 5.5; 92,96 = 12; 16: 5,66 = 10;

515=1.5; 66,70 =9; Tu8x=0.5; 7a,13 =3,

6, To,1¥ =13, 80,90 =2; 90,OH =2; 17:

1,2¢ = 5; 1,28 = 12; 20028 = 12; 2o,3x = 6; 28,30 = 10.5; 5,68 = 10; 5,15 = 1.5; 68,7a = 8.5;

To8a = 0.5; 7,13 = 3.5; w13 = 3; Ba9a =

2; 18: 120 =355; 1,28 =12; 2u2f = 12;

20,3 = 5.5; 26,32 =10.5; 568 =10; 515 =15; 6f, 70 =9; ToBx=1; 72,13 =3.5;
Ta,13' =13; 13,13 =06; 19: 1,22 =4.5; 1,28 =12.5; 22,20 =12; 20300 = 6; 24,3 = 10;

5,68 =10; 515=15; 68,7« =185, 7o,13=3.

2030 = 6; 2832 = 10.5; 5.68 = 10; 5,15 = 1.5;

hydrogens at C-1 and C-5 were most probadly both o-
orientated in each lactone, as the couplings were the same
as in all known guaianolides of this type [15]. As ligustin,
where no configuration at C-1 was reported [16], had
been correlated with estafiatin, this lactone also was no
exception. Most probably, the configuration at C-1 in the
lactones from Stevia setifera [17] will have to be
corrected. The presence of 6,12-rors-methylens lactones
in all commposnds followed from i observwd couplings
Js ¢ and J, , (Table 5), while the configuration at C-9
caused problems. Inspection of models indicated that the
angles between H-8« and both protons at C-9 were nearly
identical. Obviously, the configurations at C-8 and C-0
were identical in the lactones 25-27 and 29-32.
Biogemeticdi constherdtions woitir sygoott ‘lag "It
configurations, as in the lactones 15-17. The differences in
the "H NMR spectra of 25 and 26 clearly showed that
these lactones differed only in the ester part at C-8, while
the data of 27 indicated that the 9-hydroxy group was
acetylanah Tire TP NRER dwie of 28 sdrowad by dne
differences of the chemical shifts of H-8 and H-9 and by
spin decoupling that these lactones were isomeric. As the
chemical shifts were not very different, we had transfor-
med 27 to thc corresponding kevomne 28, 1os 5 MR Gt
establishing the proposed assignments of the relative
positicons #1 T anb TH W ioe oo B, b
expected the 82-H signal was shifted downfield and was
coupled with H-7 only.

S; 7,13 =3; 92,95 =5; 98,0H =4; 20:
6B,72 = 9; 8a,98 = 5.3; 98,.0H = 3.5,

The 'H NMR data of 31 and 32 Gearly mdicated diat
we were dealing with the epoxides of 25 and 29
respectively, while those of 30 showed that an epoxide of
28 was present. (Table 5). Though the configuration at C-
3 and C-4 could not be determined with certainty, z-
epoxides seemed to be more likely, as the chemical shift of
H-5 should be at higher ficlds in compounds with a §-
epoxide group. 39, togeiher with 26, was obtained by
oxsdation of 27 with pyridine dichromatkr. This fertbes
supported the presence of z-epoxides, as the f-side of 27
was sterically hindered. 33, was obviously the 2-oxo
derivative of 27; the interpretation of the 'H NMR data,
however, caused some difficulties. At room temperature,
twoe conformations in & nearly equal ratio were re-
cogmtzell, Hi'dpgner emperdiure. ne rdtto J9t lacse vwo
was changed in favour of the conformer with the H-13
signals more downfield. Inspection of models explained
the observed differences in the chemical shifts aad
couplings of the two conformers in part only. However, 33
Sre praiemped st Rt 39 geh vy arsamfommed a5
{see betow). The structures of the lactones 34-41 were
deduced directly from the 'H NMR data (Table 6)
together with spin decoupling in the usual way. In the
spreerunT of 34 e absernes or'd formerior a¢ O3 was easi'y
deduced from the corresponding H-9 signals, while the
Yrangeh strosions Wine todde vonb Whvweb Hom die
new olefinic methyl signal in all lactones. The chemical
shift of the latter agreed with a cisoid arrangement to the
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Table 4. '"H NMR spectral data of compounds 21-24 (270 MHz,

CDCl,)

21 22 23 24
H-1a  2.90 ddd 2.32 ddd 2.32 ddd 342 d
H-2a  228ddqg 221 dd (br) 2.20 dd (br)
H-2f 248 dddy 2,46 dd (br) 2.44 dd (hr)
H-3 5.55 dg 549 s (br} 5.49 s (hr) 3345
H-Sx 249 dd 2.62 dd (bry 2.63 dd (br) 3.09 dd
H-68 4.11 dd 4.16 dd 4.16 dd 3.96 dd
H-7x 274 dddd 3.17 dddd 3.19 dddd 3.0m
H-8x 6.06 d (hr) 584 d(br) 58%d(hr) 3598 s (hr)

3.69d (br) 371 d (hr)

HO 948 352d(n 353dibny oS
H-13  6.15d 6.11 d 6.12 d 6.26 d
H-13 557d 552d 553 d 585d
H-14 1105 099 s 1.02 5 1.23 s
H-15 191 ddd 1.89 s (br) 1.89 s (br} 1.80 s
OR 1.82 5 (br) 1.80 s (br) 1.98 s 1.95 s

1.81 d (br) 1.79 d (b#) 195 d 1.95d

6.81 gq 6.77 qq 483 d 473 s

477 d 7.09 ¢
7.08 4

J(Hz):21: 1225 = 8: 1228 = 11.5; [o,S5a = 7.5; 20,2 = 14.5;
29,15 =1; 283 =1; 2815=2: 3]15=2: 526f = 10.5;
67 = 11.5; T 8x = 2.5; Ta 13 = 72,13" = 3; 22: {222 = §;
1o 28 = 11 1a50 = 7.5: 20,208 = 14: So,6fs = 11: 68, 7% = 11.5;
Ta8a = 2; 72,13 = 3.3; 7,13 = 3: 14,14" = 11: 23: 10,200 = 8;
1o 28 = 11 1250 = 7.5; 22,28 = 14; 52,608 = 11 6/, 7a = 11.5:
To8x = 2; To, 13 = 3.3; 7o, 13" = 3: 1444’ = 11; 24: 1o 5x = 7:
50,6 = 68,72 = 11.5: 72,13 = 3.5; 7o,13" = 3.

keto group at C-2. Furthermore, this situation was
supporied by the downfield shift of H-5, now being allylic.
The configurations at C-3 through C-9 most probably
were the same as in the lactones 30-33.

The mass spectra of 39-41 indicated the presence of
chlorine, which had to be at C-3, as the 'H NMR data of
H-5 through H-9 were very similar to those of 34-38.
Some of the chemical shifts were altered in the expected
way only. The presence of the cross-conjugated ketone
caused a considerable downfield shift of H-5, H-14 and H-
15 and a slight shift for that of H-9. Oxidation of 41
afforded the diketone 42, the 'H NMR data of which
provided further support for the proposed structure.
34-38 were derived from ludartin and 39-41 from
dehydroleucodin [17]. Inspection of the 'H NMR
spectrum of the crude polar fraction showed that at least
the major compounds were present. Therefore, 34--41
most probably were not artefacts.

The compounds isolated from this Lasiolaena species
indicated a close relationship to Agrianthus by the co-
occurrence of highly oxygenated guaianolides.
Germacranolides similar to 15-17 were isolated from a
Grazielia species [18], which, however, is placed in the
Disynaphia group.

EXPERIMENTAL

Air-dried plant material, collected in north-castern Brazil
(voucher RMK 8138), was extracted with Et,O-petrol. The
extracts were separated first by column chromatography (Si gel,

F. BOHLMANN ¢t al.

act. grade I1), then by repeated TLC (Si gel. GF 254) and in part
by HPLC (reversed phase, MeOOH-H,0. 7:3). Known com-
pounds were identified by comparison (IR and 'H NMR) with
authentic material. The roots (50 g) afforded 1 mg squalene, 2mg
dammadienone. 8 mg dammadienyl acetate and 3 mg damma-
dienol. The less polar fractions of the aertal parts (150 g) gave
20mg germacrene D. 15mg squalene, 2mg caryophyllene
epoxide, 3 mg dammadienone. 10 mg dammadienyl acetate, Smg
dammadienol, 10 mg lupeyl acetate. 15 mg lupeol. 10mg 1, 15mg
2. 3mg 3. 4mg 4, and 10mg 5. The more polar fractions were
combined in three parts of slightly different polarity (column
chromatography, Et,O and Et,O-MeOH, 19:1). Each part was
further separated first by TLC using CHCl,-acetone, 10:1 and
then Et,O-petrol, 4:1 {developed several times). 10, 11, 15, 25
and 37 could be obtained pure by HPLC only. Finally, 20mg 6,
13mg7.400mg 8, 3mg 10, I mg 11. 10mg 12, 5mg 13, 50 mg 14,
Smg15,5mg 16, 50mg 17, Smg 21, 12mg 22, 10 mg 23, 10 mg 24,
3mg 25, 3mg 26, 30mg 27, 20mg 29, 2 mg 30. 10mg 31, Smg 32.
6mg 33, 15mg 34, 2mg 35, 2mg 36. 100 mg 37, 30 mg 38, 2 mg 39.
2mg 40, 30 mg 41, S0mg 43 and 20 mg 45 were obtained.

3a15-Diacetoxy-11-hydroxy-ent-lubdu-7.13-diene (6.
Colourless gum; IR vEH cm ™' 3600 (OH), 1725, 1260 {OAc);
MS m/z (rel. nt): 406.272 (M7, 1) (C,H;,04) 346 (M
HOACc, 1), 278 (M — Me,C=CHCH,OAc, 12). 250 (278 — CO,
61, 235 (250 - Me, 3). 190 (250 ~ HOAc. 79). 175 (190 — Me.
44). 97 (100);

589 578 546

R TR

436 nm

Ly le=03.CHOL

19-Hydroxy-12-ox0-10,11-dihydrogeranyigeraniol (7).
Colourless gum; TR v{H em ™ ': 3610 (OH), 1720 (C=0); MS
m/z (rel. int.): 322251 (M .0.3)(C,,H,,0,). 304 (M -~ H,0. 1),
235 (304 — Me,C=CHCH; ., 9), 217 (235 — H,0O, 9). 189
(217 — CO. 10), 161 (189 -~ CO, 15). 69 (Me,C=CHCH]. 100).

12,19-Dihydroxygeranylgeraniol (8). Colourless gum, IR v{<+
cm "' 3610, 3370 (OH); MS muz (rel. int.): 307 (M* — Me, 0.3),
293 (M — CHO, 0.3), 279 (307 — CO. 0.3). 69 {(Me,C=CHCH;.
100). 20mg 8 in 2ml Et,O were stirred for 2 hr with [00mg
MnO,. TLC (Et,O- petrol, 1: 1) afforded 10 mg 9 as a colourless
gum: IR vE< em 1 3620 (OH), 1750.1685 (C=CCHO): MS m, =
(rel. int.): 318.220 (M ™, 0.5) (C,,H;,0.), 249 (M — Me,C=
CHCH:, 44), 231 1249 — H,O. 46). 213 (231 — H,0. 28), 6%
{Me,C=CHCH;. 100);

. 589 578  S46  436nm
(215, = - e e e (= 1.2, CHC).
+8 +9 +10 +17 :

1 f-Hydroxycostic acid methyl ester (10), Colourless oil, IR v, <l
em ™1 3610 (OH), 1730 (C=CCO,LR Y MS m/z (rel. int.): 264.173
{(M*.42)(C, H,,0,).246 (M — H,0, 100), 232 (M - MecOH,
21), 220 (M — CH,=CHOH. 27), 205 (220 — Me, 31), 187
(205 — H,0, 29): CD (MeCN) last reading: 198 nm (negative)
{costic acid also).

15-Hydroxy-T-epi-costic acid methyl ester (11). Colourless oil,
IR v& < em ™12 3610 (OH), 1730 (C=CCO,R); MS m/z (rel. int.):
264.173 (M7, 40) (C, H,,0,), 246 (M ~ H,O. 100), 232 (M
— MeOH. 181.220(M — H,0=CHOH, 77), 215 (220 — Me, 31);
CD (MeCN) last reading: 195 nm (positive).

8- Hydroxy-11/3.13-dihvdroreynosin (12). Colourless gum, iR
vENEh om 71 3605 (OH). 1770 (y-lactone); MS m/z {rel. int):

max

266.152 (M*. 0.2) (C, H,,0,):

i 9S8 s a%nm
Ay = e e = 0132, C .
A= 00 v s a0 " 3

35-Acetoxy-8f-tiglinovioxy-costunolide (15). Colourless gum
IR v§HE em ™1 1765 (y-lactone). 1740, 1260 (C=CCO,R); MS

" max
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Table 6. "H NMR spectrat data of compounds 34-42 {270 MHz. CDCl,)
34 35 36 37 38 39 40 41 42
H-38 341 stbry 348 s{bry 340 (b 3425 (br} 341 s b}
H-5a  345d(hy 349 d () 343 d () 344 dthry 3454 (br)  365d(hr1 3294 by 356 d by 355 dgy
H-6f 4.104dd 40 dd 399 dd 402 dd 4.12 dd 401 dd 4,50 dd 408 dd 441 dd
H-7a 309 dddd 333 m 127 dddd 3.30 ddd 310 dddd 3.40 dddd 345 d (bry 3335 dddd 3.30 ddddd
H-8x 570d{bry 502sf{br) 555d 367 d 370 d (hr)y  S7S5stbr) S8 dd (bry 369 (hr) 5404
H-9% 282 dd 594 5(bry 40614 465 d (br) 286 dd 602s{hry 2764 (bry  AT7Td (br}  —
H-98 2634y — — - 266 d (bry — 195 dd ¢bry —
H-13 6224 822 4 6825 d 8.24 d 6.2] o 6.26 d 6,31 d 639 d 6.40 dd
H-13 549 4 553 d 5464 549 4 3.46 4 S62d 3624 3554 5.67 dd
H-14 2234 ik 2235 2225 224 s 223 2405 (br) 234 sthr) 2405y 2414
H-15 1824 181 & {815 1.8 s 1.&1 s 240 5 {br) 2345 {hry 238 sthry 2294
0OAc - 216 s —_— e e 2208 -
O e v 407 d 400 d e — - 4142 d b}
1.76 dg 196 d 1.76 dy 1.97d 194 d 197 5 1.96 d 1.87 d 199 4
6.73 g4 475 ¢ 879 gq 4.74 5 474 s 477 sthr) 475 s{bry 4764 481 4
- 7.07 4 - 708 4 704 ¢ 7044 7104 474 4754
. _ _ 7.06 ¢ 712 ¢
J{Hz). 34: 52,60 = 68,70 = 10.5: 50,14 = 11 TaRa = 27 Ta,13 = 31 Tl = 3; Tadx = 2.5 Bafx = 6; 9a9f = 15; 35:
S8 = 88,72 = 10.5; Tx,13 = 32 7@(1?~2‘3 36 Sx.68 = 670 = 10.5; Ta8x=2: Ta13=32; 75,13 =3; 95,0H = 835; I7:
S = 67w = 105 TrBa = 2 Tal3 =32; 70,13 =3; 92,0H = 7; 38: 5a6f = 687x = 10.5; Tafn = 2; 7213 =7x13 = 3;
Ba¥s =61 9,9/ = 15; Swid = 1; 39: 5060 = 6f.7 = 10.5; TSz = 1.5; Tx13=28; 7213 — 26 48: Sxu6f — 60472 = 10.5;

o8 = 2.0, Tz 13 =313

Jodd == 2.8; 90,0H = 8.5: 42: Sa.6f —

miz {rel. int.): 388,189 (M7, .31 (CooH O 346 (M — ketene,
1}, 246 (346 — TighOH, 11), 228 (246 ~ 11,0, 9), 83 (C,H,CO",
100,

Yi-Hydroxy-8f-tighinovioxy-costunolide (16). Colourless gum,
IR vCRT em =12 3600 (OH), 1770 (3-luctone), 1720 (C=CCO,R);
MS m/z {rel int): 346178 (M*, 0.6) {C,,H,,0,), 328
(M ~ H,0, 0.5}, 246 (M — TiglOH, *)_ 228 (246 — H,O, 6). 83
(CLH,C0™, 100), 55 {83 — €O, 38)

3p-Acvioxy-9ff-hedroxy-8fi-tighinovloxv-costunolide  {17).
Colourless crystals, mp 207.57 (Ft,0); IR+ om=1: 3610
(OH), 1770 {-lactone), 1730 {OAc, C=CCO,R); MS m/z (rel
int.y: 404184 (M™, 0.5) (C,,H,,0.), 362 (M ~ keteng, 0.8). 345
M - OAc, 33, 262 {362 — TiglOH. 7), 244 (262 - H,0.12), 83
{C,H.COY, 10y

389 378 546 436 am
+1304 41368 +1591 +3048
10mg 17 in 0.2ml CH,Cl, were stirred for 24 hu with SUimg
pyridine dichromate. TLC afforded 6 mg 18, colourless gum. For
'H NMR see Table 3. To 6 mg 18 in 1 ml MeOH, 10mg NaBH,
and, after a min, dit H,80, were added. TLC (B4, 0- petrol, 411}
afforded 2mg 19 and 2mg 20 {{H NMR see Table 3).

Lasislaenolide-9-al {21). Colourless guom: IR +SH%5 em™
2740, 1730 (CHO), 1773 (v-lactone), 1720, 1660 (C—CCOER],
MS m/r frel inty 344062 (M. 8) (U, H,,0.), 244
M — TiglOH, 10), 218 (244 - CO, 8), 83 {C,H.CO™, 100}

Lasioloenolide-9-nl {22). Colourless gum: IR »$H% cm~ !
3620 (OH), 1770 {y-lactone), 1715, 1650, (C=CCO,R);, MS m/:
(rel. int.}: 346,078 (M ", 6)(C, H,,0,), 246 (M - TigiOH, 11),
228 (246 - H,(, 2), 215 {246 — CH,0H, 8), 83 [C,H,CO™",
100); C NMR (CDC ) {C-1-C-15): 4 50.1, 34,1, 124.9, 143.94,
47,71, 813, 47.5F, T1.0, TU‘E 42,5, 144.0F, 1674, 120.0, 188, 163
{tmav ke inierthangeableﬁ

Il = {c =15}

To, 13 = 2.8; 8a9z = 4.5 8098 = 0.5; 9298 =17 41
687 = 105 514 = S, 15 = 1

D Se6f = 68,70 = 105 Tafe = 1.5 Tald=3:
TaBy = 15 Fa il = 3.3, 713 = 3013V 13 =07,
i 589 378 546 436nm
[xHa = ™ e =05,
-~ 184 +196 +“9 +-1(19

‘3' Acetoxy-tasiolaenolide-9-al (23}, Colousdess gum; IR v,

"1 3610 {OH ), 1765 (y-lactone), 1720, 1655 {C=CCO R) MS
m/ “{xel. int): 404,184 (M*, 81 {C,,H,,0,). 246 (M -~ RCO,H,
17), 228 {246 — H,0, 23}. 216 (246 - CH,0. 78y, 99
{MeCH=C(CH,OH¥ O", 48}, 81 (99 — H,0, 160
S'-Acetoxy-Budo-epoxy-2-ovo-lasioluenolide-S-al  (24).
Colourless gum; TR &1 om 12 2740, 1730 (CHOY, 1775 ¢~
lactone), 1730 (C=CCO.R, C=0, OAe); MS m/z (rel inth:
432,142 (M7, 0.4) {0,,H,,0,), 404 (M - COQ, 0.5). 389 {404
— Me, 2}, 246 {M - CO, RCO.H. 17). 141 (RCO™, 10}, 99
(41 — ketene, 783 81 (99 — H,O. 52).
9f-Acetoxy-8f-{5-acetoxy- zr'g!z‘m'»_t:Em’)‘}uiusmf(wnin {25),
Colourless gum: IR wM%em™ 7 1770 {3 iaotone) 1740 {OAc,
C=CC0,RY; MSm/z (rel ] 444,178 (M7, 33(C,,H,,0,),402
(M -~ ketene, 0.5), 384 (M — HOAc, 2}, 342 (384 — ketene, 13,
244 (40" —~ RCO,H, 5), 226 (244 — H,0. 38). 141 (RCO™, 100),
99 {141 — Ecctcm, 29y, 81 (99 — H,0, 951
95-11ydroxy~$;lf-rig!érmﬂox_vias:’a!aem‘n {26). Coloprless gum;
IR v€% cm "' 3600 (OH, 1775 (r-lactone). 1720 (C=CCO,R}:
MS myz (rel. int) 384162 (M', 4) (C,,H,.0. 44
(M — TiglOH, 5}, 226 {244 — H,0, 6). 83 (C,H,CO™, 100).
Y-t ydroxy-BB-[S-uceroxy-tiglinovioxy J-lasiolaenin (271
Coloutless gum; IR vSU< om =7 3600 (OH), 1760 (y-lactone),
1728 (C=CCO,R, OAc)y MS m/r {rel. int.}: 402,168 (M*, 4)
(€, H,,0,), 244 (M ~ RCO,EL 200, 726 (244 — H,0, 10). 141
{RCO™_ 100}, 99 (141 — ketene, 34} 81 {99 — H,0. 59},

589 578 546

[21i, ST

Homm _oe cnety,
Ly es



Germacranolides and guaianolides from Lasiolaena santosii

10mg 27 in 0.2ml CH,Cl, were stirred for 72 hr with 50 mg
pyridine dichromate. TLC (Et,O—petrol, 4:1) afforded ! mg 30.
identical with the natural compound (IR and *H NMR) and 4 mg
28, colourless gum; MS mjz (rel int.): 400.152 (M7¥, 10)
(C;,H,,0,), 340 (M — HOACc, 8) (242 (M — RCO,, 11), 141
(RCO*, 100), 99 (141 — ketene, 25).

8f-Hydroxy-9f-[5-acetoxy-tighnoyloxy ]-lasiolaenin (29).
Colourless gum; IR vEEC om ~1: 3520 (OH), 1770 (y-lactone),
1730 {C=CCOQO,R, OAc); MS m/z (rel. int.): 402.168 (M ™, 0.5)
(C,,H,40,), 244 (M — RCO,H, 7), 226 (244 - H,0, 5). 141
(RCO™, 100), 99 (141 — ketene, 22), 81 (9% — H,0, 73).

3o dx- Epoxy-9-0x0-8-[S-aceroxy-tiglinoylexy -3 4-dihydro-
lasinlaenin (30). Colourless gum; IR vESH em ™' 1785 (y-lactone),
1740 (C=CCO,R, OAc, C=0); MS m/z (rel. int): 258.189
(M — RCO,H, 38)(C, ;H,,0,), 243 (258 — Me, 6), 141 (RCO™,
100}, 81 (141 — HOAc, 91);

589 578
-20 -21

546
-25

436 nm
—-51

(alie = (¢ = 0.1, CHCl,).

3o,4a- Epoxy-9f-hydroxy-88-[5-acetoxy-tiglinoyloxy ]-3,4-
dihydro-lasiolaenin (31). Colourless gum; IR v om~1; 3610
(OH), 1775 (y-lactone), 1735 (OAc, C=CCQO,R); MS my/z (rel
int.): 260 (M — RCO,H, 3), 245 (260 — Me, 3), 141 (RCO*, 72),
81 (141 — HOAc, 100).

3o, 4a-Epoxy-88-hydroxy-95-[5-acetoxy-tiglinoyloxy]-3,4-
dihydro-lasiolaenin (32). Colourless gum; IR vE25 cm ™ 1: 3610
(OH), 1775 (y-lactone), 1730 (OAc, C=CCO,R}; MS m/z (relL
int.): 418.163 (M*, 0.1) (C,,H,,0;), 260 (M — RCO,H, 4}, 141
(RCO™, 100), 99 (141 ~ ketene, 38), 81 (141 — HOAc, 98).

3z da-Epoxy-9f-hydroxy-86- [ S-acetoxy-tiglinovioxy 1-2-0xo0-
3,4-dihydro-lasiolgenin (33). Colourless gum; TR »8HC om=3:
3600 (OH), 1765 (y-lactone), 1725 (OAc, C=CCO,R, C=0); MS
mjz (rel. int.): 432142 (M ', 3} (C,,H,.,0,), 372 (M —~ HOAc,
0.5), 274 (M — RCO,H, 12), 256 (274 — H,0, 12), 141 (RCO",
100),99 {141 — ketene,27), 81 (141 — HOAC, 75). [a],0{c = 0.5,
CHCI,). 10mg 33 in 2ml CHCI, were stirred with 0.5 g §iQ, for
24 hr. TLC (Et,O-petrol, 4:1) afforded 6 mg 37, identical with
the natural compound ('H NMR).

84-Tiglinoyloxy-2-oxo-ludartin (34). Colourless gum; IR vEHC:
cm~!: 1770 (3-lactone), 1715, 1650 (C=0, C=CCO,R); MS m/z
(rel. int.): 358.142 (M*, 13) (C,,H,,0,). 258 (M — TiglOH, 53),
83 (C,H,CO™, 100), 55 (83 — CO, 88);

436 nm
—297
{c = 0.55, CHCI,).

589 578 546

(he = Tei3 a7 1076

98-Acetoxy-9f3- [5-acetoxy-tiglinoylaxy ]-2-oxo-ludarrin (35).
Colourless gum; IR vEH™ em™*: 1775 (p-lactone), 1723
(C=CCO,R, QAc, C=0); MS m/z (rel. int.): 474.153 (M", 1)
(C2H;40,4), 316 (M — RCO,H, 3), 256 (316 — HOAC, 11), 141
(RCQ", 100), 99 (141 — ketene, 27), 81 (141 — HOAc, 76).

8f-[5-Acetoxy-tighinoyloxy1-2-oxo-ludartin (36). Colourless
gum; IR v ¢m~1: 1770 (y-lactone), 1725 (C=CCO,R, OAc,
C=0); MS m/z (rel. int.): 416.147 (M*, 8) {C,,H;,0y}, 258
(M — RCO,H, 96), 141 (RCO™*, 66), 99 (141 — ketene, 51), &1
(141 — HOAc, 100).

9f-Hydroxy-8f-(5-acetoxy-tiglinoyloxy1-2-oxo-ludartin (37).
Colourless gum; IR v&HC em=1: 3600 (OH), 1775 (y-lactone),
1735 (DAc, C=CCO,R, C=0): M5 m/z (rel. int.): 432.142 (M *, 1)
(C,,H,,0,), 414 (M — H,0, 2), 256 (414 — RCO,H, 12), 141
(RCO™, 100), 99 (141 — keteng, 25), 81 (141 — HOAg, 71).

9p-Hydroxy-8f-tiglinoyloxy-2-oxo-ludartin (38). Colourless
gum; IR vSH em=1: 3600 (OH), 1775 (y-lactone), 1720
(C=CCO,R, C=0); MS m/z (rel. int.): 374.137 (M*, 1)

1621

(Cy0H,,0,), 275 (M — OTigl, 12), 83 (C,H,CO", 100), 55
(83 — CO, 82).

9B-Acetoxy-3-chloro-8B-[S-aceroxy-riglinayloxy]-
dehydroleucodin (39). Colouriess gum; IR v$8%: cm ™1 1780 (3-
lactone), 1735 (OAc, C=CCQ,R), 1695 (C=CC=0); MS m/z (rel.
int.): 494 (0.3) and 492.118 (M *, 1) (C,,H,,CIG,), 336 (7) and
334 (M — RCO,H, 23),294 (21) and 292 (334 — ketene, 75), 141
(RCO™, 90), 99 (141 — ketene, 38), 81 (141 — HOAc, 100).

3-Chlore-8- [ S-acetoxy-tiglinoyloxy |-dehvdroleucodin - {40).
Colourless gum, IR vSE em ™t 1790 (p-lactone), 1730 (x-OAg,
C=CCO,R); MS m/z (rel. int.}: 436 {6) and 434.113 (M*, 18)
{C;;H,;CIO0,), 278 (8} and 276 (M — RCO,H, 20), 141 (RCO*,
75), 59 (141 — ketene, 46), 81 (141 — HOAc, 100).

3-Chloro-98-hydroxy-8f-[5-aceioxy-tiglinoyvioxy]-
dehydroleucodin (41). Colourless gum; TR vSES" cm~1; 3600
(OH), 1780 (y-lactone}, 1735{0Ac, C=CCO,R); 1700 {C=CCO};
MS myz (rel. int.): 452 (3} and 450.108 (M *, 10} (C,,H,,CIDy),
414 (M — HCI, 3), 392 (1) and 390 (M — HOAg, 3), 294 (2) and
202 (M — RCOZH, 5),141 (RCO™, 86),99 (141 — ketene, 36), 81
(141 = HOAc, 100);

589
—60

578
—62.5

546
-73

436 nm
—152.5

lalis = fe =04, CHCL,).
10mg 41 on oxidation with pyridine dichromate afforded after
TLC (Et,O-petrol, 4: 1) 5mg 42, colourless gum. For '"HNMR
see Table 6.

3-Methoxy-4,5-dihydroxy-phenyl  propanol  ester  (43).
Colourless gum; IR vE%4 cm~1: 3560 (CH), 1730 (CO,R); 'H
NMR (CDCl,): 6 643 (d,2-H,J = 2Hz), 6.29 (d, 6-H), 2.58 (2, 7-
H,J = 7Hz), 1.93 (&£, 8-H,J = 7, THz), 4.13 (¢, 9-H, J = 7Hz),
3.87 (5, OMe). 5.27 s (hr}, 5.24 s (br) and 2.85 (s (br) OH), 2.51 (dd,
J =15 35Hz), 240 (dd, J=15 9Hz), 400 [m,
COCH,CH(OH)], 1.27 [s (br), ((CH,),], 0.89 (r (br), Me), 0.87
(d, CHMe); MS m/z (rel. int.): 536408 (M ", 10} (C,,H.O¢), 522
1C3,H;,0,.7), 508 (Cy Hs, O, 22),494.361 (C, H 0, 5),198
(M — R—CH=C=0, 33), 180 (H,C=CHCH,CH,(OH),OMe,
100}, 153 (180 — CH=CH,, tropylium cation, 30). Smg 43 was
stirred overnight with Ac,O. After evapn 3 mg 44 were oblained;
"H NMR (CDCY,): 5 6.67 (4, 2-H, J = J = 2Hz), 6.61 (d, 6-H),
267 (t, 7-H, J = THz), 1.98 (&7, 8-H, J = 7, 7THz), 416 (1, 9-H,
J = 7Hz),3.83 (s, OMe),2.29 sand 2.27 5 {OAc), 2.51 (dd, J = 15,
3.5Hz), 2.39 (dd, J = 15, 9Hz), 3.99 [m, COCH,CH(OH)], 1.27
{s (br), CH;),. 0.88 (&, (br), Me), 0.86 (4, CHMEe).
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Brazil, for their help during plant collection and the Deutsche
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