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Abstract—The reinvestigation of the aerial parts of Liabum floribundum afforded seven new guaianolides, all with a
9B-hydroxy group, a related eudesmanolide, two epimeric dihydroxysabinanes, two guaiane endoperoxides and a
seco-sesquiterpene. The structures were elucidated by high field 'H NMR spectroscopy and a few chemical transform-

ations. The C-4 configuration of a guaianolide from Arctotis grandis has been revised.

INTRODUCTION

So far only a few species from the Central and South
American genus Liabum have been investigated chemi-
cally. In addition to tridecapentaynene and tridecaenete-
traynene, a few simple sesquiterpene lactones of different
types have been isolated [1-3]. We have now re-in-
vestigated in more detail L. floribundum collected in Peru.
The results are discussed in this paper.

RESULTS AND DISCUSSION

Previous investigations of small samples of L. flori-
bundum Less. from Peru [1] and Ecuador [2] gave differ-
ent, not very characteristic constituents. We have, there-
fore, re-investigated a larger sample which was collected
in Peru. The polar fractions afforded a complex mixture
which was separated with difficulty to give the guaianoli-
des 1-7, the eudesmanolide 10, the epimeric sabinane
diols 11a and b, the seco-diketone 13 and the endoperox-
ides 14 and 185.

The 'HNMR spectrum of 7 (Table 1) was close to that
of the corresponding 3-keto derivative which had been
reported from a Vernonia species [4]. However, the re-
placement of the keto group by a hydroxy group caused
some shift differences and a broadened double doublet at
J4.64 indicated the presence of an allylic hydroxy group.
The position of the latter followed from the allylic
coupling with H-15. The B-configuration of the hydroxy
group at C-3 was deduced from the couplings and from
comparison with the spectrum of zaluzanin C [5]. The
stereochemistry at C-9 also followed from the couplings
which agreed with those of 98-hydroxydehydrozaluzanin
[4]. As lactone 7 was not completely free from 5 it was
purified as its pyrazoline derivative 8 and also via the
pyrrolidine adduct 9 which was transformed to 7 by
reaction with methyl iodide and hydrogen carbonate [6].
The 'HNMR spectra of 8 and 9 (Table 1) and the
I3CNMR spectrum of 7 (see Experimental) also sup-
ported the structure.

The 'HNMR spectra of 5 and 6 (Table 1) clearly
indicated that they were the corresponding 11,13-
dihydro derivatives of 7. The couplings of H-11 and its
chemical shift indicated the configurations at C-11. The
'H NMR spectrum of the diacetate of 6 also supported
the structure (see Experimental).

The 'HNMR spectra of 1 and 2 (Table 1) showed
some similarities with the spectrum of 4f,15-dihydro-3-
dehydrozaluzanin C [7]. However, additional methyl
doublets at $1.30 and 1.22 as well as double quartets at
62.25 and 2.75, respectively and H-9 double doublets
indicated that 98-hydroxy derivatives of the correspond-
ing epimeric 11,13-dihydrolactones were present. Again,
from the couplings and the chemical shifts the configur-
ation at C-11 could be deduced. Furthermore, the sterco-
chemistry of 1 was established by the observed NOEs (H-
15 with H-5, H-1 with H-9, H-5 and H-7, H-6 with H-4,
H-88 and H-11 as well as H-14'" with H-28 and H-4).
Accordingly, lactone 1 is identical with a guaianolide
isolated from Arctotis grandis [8].

The *H NMR spectra of 3 and 4 (Table 1) were close to
those of 5 and 6, respectively, but also in part to those of 1
and 2. The differences clearly showed that these lactones
were epimeric at C-11. The stereochemistry was estab-
lished by NOE difference spectroscopy. As the lactones 3
and 4 both showed clear effects between H-15 and H-3
the former should be identical with a diol from Arctotis
grandis [9]. Comparison of the 'HNMR spectra, how-
ever, showed that they must be isomers. This was dedu-
ced from the observed clear NOEs of 4 epi-4 [9] between
H-15 and H-6 as well as between H-4 and H-3. Thus the
stereochemistry of the Arctotis lactone has to be revised
from 4a- to 4f-methyl.

The structure of 10a followed from the 'H NMR spec-
trum of its acetate 10b (Table 1) which differed markedly
from those of 1-7. A pair of doublets at §6.80 and 5.96 (J
=10 Hz) clearly indicated the presence of a conjugated
cyclohexenone derivative. These results suggested an eu-
desmanolide was present. Spin decoupling established
this assumption. Though the H-11 signal was overlapped
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the chemical shift indicated the presence of a 11-methyl
derivative. The 'H NMR spectrum was in part close to
that of tuberiferin [10] which is the corresponding 9-
desacetoxy derivative with an 11(13)-double bond.

The structure and the stereochemistry of 11a/b fol-
lowed from '"HNMR data (Table 2) and the periodate
degradation to {(+) sabina ketone. Therefore the diols
were epimeric at C-2. The relative configuration in the
case of 11b was determined by a NOE between H-6x and
H-7. The absolute configuration followed from the posi-
tive Cotton-effect of the sabina ketone (12) obtained by
degradation. Application of the inverse rule for cyclopro-
pyl ketones [11, 12] led to the shown configuration.

The diketone 13 gave no molecular ion in the EIMS,
but by CIMS an [M+1]* ion was obtained which

agreed with C,sH,,0,. Also in the '3C NMR spectrum
(see Experimental) 15 signals were visible. As, in addition
to the carbonyl signals at $208.9 and 210.6, only one
further low field signal at §160.5 was present the latter
must be due to an additional carbonyl carbon. The
chemical shift of the latter only agreed with a formate.
This was supported by a singlet at §7.69 in the '"H NMR
spectrum. Spin decoupling in C¢Dy led to a sequence
which required a tri-substituted cyclohexanone, one
being methyl, one 3-oxo-butyl and the last an isopropyl
group with a formate residue. The arrangement and the
configurations were established by NOE difference spec-
troscopy. Clear NOEs were obtained between H-14, H-1
and H-2, between H-12 and H-6, between H-13, H-6 and
H-7 as well as between H-7, H-1 and H-6. All data,
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Table 1. 'HNMR spectral data of compounds 1-9 and 10b (400 MHz, CDCl;)

H 1 2 3 4 5 6 7 8* 9% 10b}
1 296 br ddd 2.99 br ddd 2.74 br ddd 2.77 br ddd 2.82 br ddd 2.84 br ddd 2.85 m 2.87 br ddd 285 m 6.80 d
2 2.60 dd 2.60 dd 220m 219ddd 242 m 240 m 247ddd  245m 2.39 ddd } 506 d
2 249ddd 249ddd 180m 1.80 m 1.80ddd 181ddd 185ddd 188ddd 181 ddd )

3 — — 371ddd 372ddd 459brt 458brt 464brt 464brt 461 brt —
4 231ddq 230ddqg 180m 1.80m — — — — — 267 m
5 216ddd 217ddd 180m 1.80m 276 brdd 278brdd 285m 292dddd 278 brdd 208 dd
6 394 dd 407 dd 3.86 dd 4.00 dd 3.96 dd 4.09 dd 401 dd 4.90 dd 397 dd 422 dd
7 2.05 dddd 2.56 dddd 1.80 m 229dddd 192dddd 242m 285 m 225ddd 230dddd 225m
8 253 ddd 233ddd 236ddd 216ddd 243 m 221ddd 261ddd 180ddd 266ddd 215m
8 135ddd 141ddd 133ddd 143ddd 132ddd 141ddd 142ddd 1.50m 134 ddd 170 ddd
9 422brdd 423brdd 404brdd 407brdd 412brdd 413brdd 422brdd 409 brdd 4.16 brdd 481 dd
11 225dq 2.75 dq 220 m 2,67 dq 224 dq 2.70 dgq — — 288ddd 26Tm
6.274d 245 m

13 1304 122d 1.23d 116 d 126 d 1.19d 5554 150 m 245 m 123 d

14 543d 542 d 546 brs 542brs 543t 543 ¢ 5.44 t 546t 5421 } 127 s

14  482brs 482brs 513d 5124d 5201 519t 5251 526t 519t )

533 dd 534 dd 5.40 dd 5.48 dd 533 dd
15 1.25d 1.25d 1.194d 1204 { { { { { 140 d
5.29 dd 5.30 dd 532 dd 5.39 dd 5.29 dd

*H-16 4.79 ddd; H-16' 4.68 ddd.

tPyrrolidine 2.55m, 2.50 m, 1.76 m.

10Ac 2.15 s.

J[Hz): Compounds 1and 2: 1,2=1,5=5,6=85;1,2'=2,4=9,14=15;2,2'=19;4,15=11,13=7;4,5=8,9=10.5; 6, 7=10.5;
7,8=25,7,8=7,11=115;8,8=13;8,9=5.5 (compound 2: 7, 11=7); compound 3: 1,2=1,2'=1,5~85;2,2'=13;2,3=6.5; 2, 3
=3,4=9;5,6=6,7=9.5;7,8=3.5,7,8~8;7,11~10;8,8 =12;8,9=13.5;8,9=10; 11, 13=7; compound 4: 1,2=2,3=6.5; 1, 2' =1,
5=5,6=6,7~9;2,2'=125;7,8=3;7,8=11;7,11=11,13=75;8,9=3;8,9=11; 8,8 =12; compound 5: 1, 2=2,3~5;1,2'=1,5
=5,6=6,7~9;2,3=8;7,8=25;3.15=5,15~15;78=10,7,11=12; 8,8 =12;8,9=4;8,9=11; 11, 15=7;, compound 6: 1,2 =2,
3~=6,1,2=15=5,6=6,7=2,3~9;2,2=13;3,15=5,15~15;7,11=7,7,8=3;7,8=10;8,8 =13, 8,9=4;8,9=10; 11, 13=7;
compound 7-9:1,2=2,3=6;1,2'=5;2,2'=14;3,15=5,15=1;5,6=6,7=9; 7,8=8; 7,8 =10;7,13=3.5; 7, 13’ =3; 8, 8'= 14, 8,9
=5;8,9=10(compound 8: 3,15=5,15~1.5;7,8=5;7,8 =12;13,16=4;13,16'=9.5;13,16=9; 13',16'=7; 16, 16' = 17; compound
9:3,15=5,15=1.5;7,8=25;7,8=11";7,11=12; 11, 13=4) compound 10b: 1,2=10;4,5=10;4, 15=11,13=7;5,6=6,7=10.5; 7,
8'=10.5;8,8=12;8,9=4;8,9=105.

Table 2. 'THNMR spectral data of compounds 11a and 11b
(400 MHz, CDCl,)

The structure of 14 was also deduced by its 'H and
13C NMR spectra (see Experimental). Spin decoupling in
CeDg led to sequences which only agreed with the pres-

H 11a 11b multiplicity J [Hz] ence of the endoperoxide 14 and the observed NOEs led

to the proposed stereochemistry. Thus clear NOEs were
1 1.19 1.13 dd 8.5,3.5 observed between H-15, H-1 and H-6, between H-14, H-
3 1.59 1.23 ddd 13,13, 8 1, H-28 and H-9, between H-13 and H-6 as well as
3 1.72 1.67 dd 13,8 between H-4, H-3a and H-5. The structure of the second
4 1.90 1.56 ddd 13,13,8 endoperoxide was deduced from its '"HNMR spectrum.
&4 1.20 1.64 dd 13,8 The stereochemistry followed from NOEs between H-12
6a 0.73 0.25 dd 535 and H-6, H-13 and H-6, H-15 and H-6 as well as between
68 0.42 dd 85,5 H-6, H-11, H-12, H-13 and H-15. 14 and 15 are probably
7 3.55 358 d 1 formed by reaction of the corresponding guaiadienes
7 3.50 354 d 11 with singlet oxygen. Similarly, in the lactones 1-7 and
8 133 1.47 qq 7,7 10a the 9-hydroxy group is probably formed as a result of
9 0.88 091 d 7 reactions with singlet oxygen followed by reduction of
10 091 1.00 d 7 the corresponding hydroperoxides. This type of enzy-

matic reactions seems to be typical for the tribe Liabeae
as similar oxidation steps have been observed in other
therefore, agreed with the proposed structure of this members [1, 13, 14].
diketone which we have named secofloribundione. It is
probable that 13 is biogenetically derived from the

: S it EXPERIMENTAL
guaiane derivative 15 (see below) which is transformed

first to the corresponding bis-epoxide. The latter could
give a diketone by proton attack of the 1,5-epoxide
followed by rearrangement with ring contraction and
oxidative cleavage of a hemi-acetal.

PHYTO 27-6 ~ N

The air-dried aerial parts (350g, collected in Spring 1986 in
Peru, Prof. Ferenhafe, 15km SW of Incahuasi, slop of Rio de la
Leche, 2000 m, voucher Dillon et Skillman 4184 deposited in the
National Field Museum, Chicago, U.S.A.) were extracted with
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MeOH-Et,O-petrol {1:1:1) at room temp. The extract ob-
tained was first separated by CC (silica gel) into three crude
fractions (1 :petrol and Et,O-petrol, 1:3; 2: Et,O0-petrol, 1:1; 3
Et;O and Et,0-MeOH, 9:1). Fraction 1 gave by TLC (silica
gel, PF 254) triglycerides and 400 mg squalene. HPLC of frac-
tion 2 (MeOH-H,0, 7:3, always RP 18, ca 100 bar) gave Smg
13 (R, 3.4 min), 7 mg 14(R, 4.4 min) and a mixture which gave by
TLC (Et,O-petrol, 1:1) 3 mg 15 (R, 0.34). Fraction 3 was
defatted by treatment with MeOH and separated by flash
chromatography (silica gel, ¢ 30-60 u) affording four crude
fractions (3/1-3/4). TLC of 3/1 (CH,Cl,-Et,0, 4:1) gave 15mg
Ha/11bh. 20% of 3,2 gave by HPLC (MeQH-H,0, 9: 1) 10mg
5 (R, 1.6 min), 1.5mg 3 (R, 2.4 min.) and 17 mg 1 (R, 2.8 min),
HPLC of 3/3(MeOH-H,0,9: 11) afforded 40 mg of a mixture of
5 and 7 (R, 2.0min) which by addition of pyrrolidine and TLC
gave pure 5 and % {see below) and a mixture, which was treated
with Ac,0O (1 hr, 70°). HPLC (McOH-H,0, 7:3) gave 3mg 10}
{R, 1.4min). HPLC of 20% of 3/4 (MeQH-H,0, 2:3) afforded
7 mg 6(R, 0.9 min), 6 mg 2(R, 1.5 min), 7 mg4(R, 1.9 minjand a
mixture of 4 and 7, which was treated with CH,N, (see below).
Probably due to the minute amounts, the lactones could not be
induced 1o crystallize.
Sf-Hydroxy-48,15,11a,13-tetrahydro-dehydrozaluzanin € 2),
Coloarless oil; IR vZ1 om ™ ': 3600 (OH), 1755 {y-lactone), 1735
(C=0), MS m/z (rel. int) 264136 [M]* (51) (caled for
CsH200,:264.136), 246 (8), 109 (66), 107 (62), 95 (76), 93 {66), 81
(77), 69 (82), 55 (100).
9f-Hydroxy-48,15,118,13tetrakydrozaluzanin C (3). Colour-
less oil; TRV, em ™1 3600 (OH), 1770 (3-lactone), MS m/z
{rel. int.}: 266.152 | M]* (7) {caled for C, H,,0,: 266.152}, 248
{59), 230 (34), 220 (30), 175 (94), 121 (56), &1 (100), 55 (93).
9B-H ydroxy-45,15,1 L&, 13-terrahydrozaluzanin C {4). Colour-
less oil; IRvEETS, em ™' 3600 (OH), 1770 (y-lactone); MS m/z
(rel. int): 266 [M]* (3), 248.141 [M—H,0]* (12) (caled for
CyH; 404 248.141), 230 (17), 220 (18), 175 (83), 121 (52), 109
(76), 81 (92), 55 (100); [x]3% +27 (CHCl,; ¢0.57).
Sp-Hydroxy-115,13-dihydrozaluzanin C (5). Colourless oil;
IRV, em ™ 3600 (OH), 1770 {y-lactone), M5 m/z (rel. inL):
264.136 [M]™ {19) (calcd for C,.H,,0,:264.136), 246 (32), 228
{12), 218 (14), 173 (80), 91 (76), 55 (100); '*C NMR (CDCL,, C-
1-C-15): 540.6d, 38.71,73.1 d, 153.1 5,49.4 d, 83.8 4, 4R 6 d, 40.4
£,74.54d,153.25,416d, 17805, 13.1 ¢, 1103 ¢, 1100 ¢ (assigned
by 'H~'*C correlated spectrum).
9p-Hydroxy-11a,13-dihydrozaluzanin € (6). Colourless gum;
TRVEEC em™': 3600 (OH) , 1765 (y-lactone);, MS m/z {rel, int.);
264.136 [M1* (10} (caled for C, H,,0,: 264.136), 246 (23), 231
(7), 228 (8), 218 (15), 173 (82), 95 (68), 91 (76), 79 (86}, 55 (100);
[273* 483 (CHCI,; ¢0.24). Acetylation {Ac;0, L hr, 70° gave the
diacetate; "HNMR (CDCL,): $2.98 (ddd, H-1, J =9, 85, 5.5Hgz),
234(dt, H-2,7 = 14,8.5), 1.85(de, H-2, J = 14, 5.5), 5.58 (br dd, H-3,
J=5585),285(tt, H-57=9,2),408 (1, H-6, ] = 9.5), 247 (dddd,
H-7,0=25,9.57, 11), 220 (dr, H-8,J=12,4),155(t, H-%,J = 12,
11), 5.05 (dd, H-9, J = 11, 4), 2.24 (dg, H-11, J - 7.7, 1.21 (d, H-13,
J=7), 5.28 and 5.08 (br 5, H-14), 542 and 531 it, H-15, 7 =2).
98-Hydroxyzaluzanin € (7). To 27mg of a crude fraction
containing 7 in 2m! MeOH 30 mg pyrrolidin was added. After
48 hr at room temp., TLC (Et,O-McOH, 9; 1) afforded 15mg 9
(R, 0.3)("H NMR see Table 1). Tol5 mg 9 in 2 ml THF excess of
Mel was added. Aflter 1 hr the soln was stirred with NaHCO,
solution. Usual work-up afforded 8mg 7 colourless gum,
IRvEhT, cm ' 3600 (OH), 1770 (y-lactone) MS m/z (rel. int):
262,121 [M]" (6) {caled for C, H,,0,: 262.121), 244 (17), 226
(12}, 135 (3B}, 95 (56), 91 (57), 55 (100); 3C NMR (CDCl,, C-
1-C-15): 640.7 d,39.1 1, 73.2 4, 152.6 5, 49.5 d, §4.3 4, 42.1 ¢, 40.7
r,74.54d, 15305, 1383 5, 1698 5, 120.8 ¢, 1109 ¢, 109.9 1.
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To 10mg crude 7 contzining 3 excess of CH,N,, in Et,0O was
added. TLC (Et,0- MeOH, 20:1) afforded 4 mg 3 and 2mg §;
IRvENT®, em ™' 3600 (OH), 1780 (y-lactone)y MS m/z (rel. int):
276.136 [M -—NZ:J:’ (13) (caled for C, H,,0,: 276.136), 258 (30),
240 (17), 105 {72), 51 (100).

9B-Acetoxy-11a,13-dikydrotuberiferin (108}, Colourless gum;
LR ¥C0 cm ™ 1790 (j-lactone), 1745 (OAc), 1680 (C=CC=Q);
MS m/z (rel int) 306.147 [M]* (19} (calcd for C4H,,04:
306.147), 264 (30), 246 (38), 123 (94), 69 (100).

2a.7- and 2B7-Dikydroxysubinane (11a/b). Colourless oil;
RIS, em™ ' 3600 (OH)Y, MS m/z (rel. intk 139 [M
—CH,OH]" (100}, 121 (66), 109 (91), 81 (71).

10mg 11a/b in 2 ml MeOH was stirred for 30min with 20 mg
NalQ, in 0.5ml H,0. TLC (Et,O-petrol, 1:9) gave Smg 12;
'HNMR (CDCLL): 6167 (brdd, H-1, J =85, 3.5Hz), 2.15 (m, H-
3), 1.98 (m, H-4), L20 (hrdd. H-6. J=8.5 4.5), 1.10 (dd H-6" J
=4.5,3), 159 (yy, H-8,.J=7,7), 1.0l (d, H-9, J =7). 097 (d, H-10,
J=7}; CD (MeCN): Aeyys+2.1.

Seco-floribundione (13). Colourless oil; TR vESH cm™ ' 1720
{C=0} CIMS m/z (rel. inty 269 [M +1]% (3), 223 (100; *CNMR
(CDCl3, C-1-C-151: 4574 4, 28.71,41.3 1, 208.9 5, 210.6 5, 160.5 5,
S1.6d,2051, 344 1, 408 d, 84.5 5, 249 q, 235 ¢. 201 ¢, 299 ¢;
'HNMR (C,D,): 61.62 (brdt, H-1, J - 10.6 Hz), 1.78 (di, H-2, J
=6,7.5), 209 and 229 (i, H-3, J =17, 7.5), 7.69 (5. H-6), 3.1
(brdd, H-7, J=13, 5), 1.81 (m, H-8), 1.08 (dddd, H-8', /=13, 13,
13,3.5), 1.43 (dddd, H-9, J =13, 3,3, 3), 1.23 (m, H-9"), 1.18 {m, H-
10), 1.74 (3, H-12), 1.52 (5, H-13), 0.83 (d, H-14, / =6), 1.73 (s, H-
15).

68-Hydroxyguai-§-ene-78,10B-endoperoxide (14). Cotourless
oil IR vEEh em ™ 1 3600 (OH); CIMS myz (rel. int.): 253 [M + 17+
4), 235 (100); **CNMR (CyDy, C-1-C-15: 8523 d, 282 1, 3.1 1,
312d,329d,71.64, 8385, 1294 4. 13594, 79.9 5,43.04d, 18.7 g,
17.29,21.2 ¢, 158 ¢; ' HNMR (CyDy) 6206 (ddd, H-1, J = 16.5,
12.5,12.5Hz), 0.77 (dddd, H-26. J =12.5, 12.5, 10.5,9), 151 (dddd,
H-2a,J=12.5.7.5,6.5,2), 1.05 (m, H-3f), 1.81 (dddd. H-3a, J = 13,
10.5, 8.5, 2), 2.16 (dddgq, H-4. J = 3.5, 7, 8.5, 7). 0.99 {m, H-5), 3.75
(d, H-6, J =9), 5.76 (d, H-8, J = 10), 5.97 (d, H-9, J = 10}, 2.19 (gq.
H-11,J=7,7), 1.20 (4, H-12, J =7 1.15 (d, H-13, J =7}, 1.10 (s,
H-14), 0.93 {d, H-15, J = 1)

do-Hydroxyguai-5-ene-18,7-endoperoxide (15). Colourless
oil; [RvES, em ™ 3600 (OHY, MS m/z (rel. int.); 220 [M—-0,]"
(100), 205 (66), 202 (22} 187 (20), 149 (64), 125(58); CIMS: 253 [M
+ 117 (21, 234(100), 217 (34): 'H NMR (CDCL,): 52.27 and 1.80
(m, H-2), 1.80 (m, H-3), 6.11 {5, H-6), .75 (z, H-8, J =6 Haz), 2.19
and 1.23 (m, H-9), 2.11 (m, H-10), 1.86 (g9. H-11, J =7, 7), 0.99 {4,
H-12,0=7),096 (d. H-13, J =7}, 102 (d, J = 7). 1.54 (s, H-15).
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