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Abstract—The investigation of six Zinnia species afforded in addition to already known compounds two
eudesmanolides, five guaianolides, three germacranolides, five elemanolides and a dihydroxygeranylgeraniol. The
structures were elucidated by spectroscopic methods and some chemical transformations. The chemotaxonomic

situation is discussed briefly.

INTRODUCTION

So far five Zinnia species have been investigated
chemically. All contained sesquiterpene lactones[1—4],
mainly elemanolides [1,3,4], but some also guai-
anolides [1,4] and the germacranolide haageanolide [2].
We have now investigated again Z. haageana Regel and
five further species, which so far were not investigated, to
see whether new informations on the relationships of this
genus can be obtained from the chemical constituents.
Again all species afforded several sesquiterpene lactones,

fifteen not being isolated before, while two species
contained a geranylgeraniol derivative.

RESULTS AND DISCUSSION

The roots of Z. angustifolia HBK afforded the
widespread pentaynene 1, germacrene D, the sesquiter-
pene lactones 7[5],8 [6] and 9 [4] as well as three further
ones, which are the eudesmanolides 3 and 4 and the
germacranolide 22. The "H NMR data of 3 and 4 {Table
1) showed that they differed in the ester residue only. The

Table 1. 'H NMR spectral data of compounds 3-6 (270 MHz, CDCL, TMS as internal standard)

3 4 5 6a 6b
3-H 535 brdd 5.30 br dd 4.03 br dd 5.34 br dd 5.30 br dd
6-H 2.80 dd 279 dd 234 dd 2.37 dd
6'-H 20 m 20 m 215 dd 218 dd
7-H 3.08 ddddd 3.07 ddddd 187 m
8-H 452 dd 451 dd 407 m 408 br s
9-H 1.80 m 1.80 m
3.65 dd 3.65 dd
12-H - - { 3.52 dd { 3.57 dd
13-H 6.26 d 6.26 d
13’-H 5.64 d 5.63d }0'99 4 }0'99 d
14-H 1.19 s 1.18 5 1325 135s
15-H 1.68 br s 1.66 br s 174 br s 1.63 br s 1.61 br s
OCOR 6.06 qq 5.70 gq — 6.03 qq 5.65 br s
198 dq 2194 — 198 dgq 218 d
1.89 dg 190 d — 1.89 dg 189d

J (Hz): Compounds 3/4: 2,3 =7, 6,6 = 13.5;6,7=75;67=10;78=75;713=25;713 =2;
8,9 = 7.5; compounds 5/6: 23 =7;6,6' =13.5; 6,7 =3,6,7=13;11,13 =7, 11,12 = 7.5; 11,12 = 4;

12,12" = 10.

* Part 321 in the series “Naturally Occurring Terpene
Derivatives”. For Part 320 see Bohlmann, F., Gupta, R. K.,
Jakupovic, J., Robinson, H. and King, R. M. (1981)
Phytochemistry 20,1609.
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other signals were close to those of ivangustin and the
chemical shift of the proton at the ester group bearing
carbon indicated an allylic position, most probably at C-3
since from spin decoupling the signals of 6-H easily could
be deduced. The observed 3-H couplings further showed
i} at the ester groups were fS-orientated. Partial reduction
with LiAlH, gave the diol 6, while prolonged reaction led
to the triol 5. The chemical shifts of the proton at the
hydroxyl bearing carbon in the spectra of 5 and 6
supported the proposed position at C-3 as the signal of the
corresponding proton in ivangustin is at higher fields [7].

The diol 22 could be transformed to the monoacetate 23
and by addition of 4-pyrrolidinopyridine to the diacetate
2, Partial oxidation afforded the aldehyde 25 and sodium
b rohydride reduction gave the 11,13-dihydro compound
24 only. Careful investigations of the "H NMR spectra of
22 and those of 23-26 allowed the assignment of most
signals. The presence of an 8,12-lactone was deduced by
the chemical shifts of 6- and 8-H, which were assigned by
spin decoupling in the usual way, while the z-orientation
of 6- to 9-H followed from the corresponding couplings
observed. The stereochemistry at C-4, however, could not
be established with certainty as the signals of 4- and 5-H
always overlapped. The observed Eu(fod);-induced shifts
would agree better with a f-orientation of the CH,OH
group as the 4-H signal obviously is shifted very little,
which could be explained only if all the oxygen functions
and therefore the shift reagent were above the plane.
Although not all signals could be assigned, structure 22 is
the most probable one. The stereochemistry at C-11 in the
dihydro compound 26 followed from the couplings J- ;.

F. BOHLMANN et al.

We have named 22 zinangustolide. The aerial parts also
contained germacrene D, 22 and two further
sesquiterpene lactones, 9ux-angeloyloxydehydrocostus
lactone (10)[4] and the germacranolide 27, a dihydro
derivative of 22. The 'H NMR data of the latter (Table 2)
showed that 27 was the epimer of 26. obtained by
reduction of 22.

The roots of Z. elegans Jacq. afforded 9[4] and the
aerial parts germacrene D and the elemanolides 28-31 [4]
and 37-40 [4]. The roots of Z. haageana Regel gave 1,9
and the germacranolide 21, the angelate of haageanolide
(20)[2]. The 'H NMR data were similar to those of 20
(Table 3). The observed couplings Jg o required a f-
orientation of the angelate residue. The aerial parts
afforded germacrene D, 9, 20 and 21 and the guaianolide
15,its '"H NMR data (Table 4) being very close to those of
the senecioate 16[8], where the configuration was
erroneously written as 15-H. The couplings of 1- and 5-H
were those of similar guaianolides with cis-fused rings,
while those of 8- and 9-H indicated an o-orientation of the
angelate residue.

The roots of Z. linearis Benth afforded 1, germacrene D,
2-4 and 7-9, while the aerial parts contained germacrene
D, the guaianolides 10[4], 11[4], 14a[4] and three
further ones, the corresponding methylbutyrate 12 and
the isovalerate 13, which could not be separated, as well as
the angelate 19. The 'H NMR data of 12 and 13 were very
similar to those of 10 and 11 (Table 4) and the nature of
the ester residue clearly followed from the typical signals.
The structure of 19 was deduced from the 'H NMR data
too (Table 4). The presence of an angelate residue at C-14

Table 2. "H NMR spectral data of compounds 22-27 (270 MHz, TMS as internal standard)

22(C, Dy, 80°) A* 23(CDCly) 24(CDCl5) 25(C¢ Dy, 80°)  26(CDCl;) 27(CDCly)
1-H 6.14 br dd 0.20 6.08 br dd 603 m 587 m 6.08 br dd 615 m
2-H 203 m 0.09
3-H 1.40 m
4-H 1.30 m 0.07
5-H 145 m
5'-H 1.6 m 157 m
6-H 5.98 ddd 0.28 5.86 br d 573 brd 5.87 br dd 5.96 br dd 6.15 m
7-H 2.89 dddd 0.22 3.10 dddd 3.17 dddd 2.78 dddd
8-H 4.08 dd 0.19 4.57 dd 4.67 dd 3.99 dd 4.47 br dd 4.52 br dd
9-H 443 br s 0.22 4.73 br s 5.64 brs 410 br s 463 brs 448 br s
11-H - — — — — 2.74 dg 291 dg
i;}; 2%53 gig 2?64 6225 6.19 d }1‘42 p }md
- .2 . 5.52d 5514 5.66 d
14-H 1.32 brs 0.12 1.69 br s 1.76 br s 1.18 br s 1.69 br s 1.71 br s
15-1 {3‘20 dd 0.40 {3.92 dd {3.46 dd
310 dd 0.45 3.85 dd 382 m 927 s 334 dd 332m
OCOR 224 1q 0.09 226 tg 228 tg 222 1q 228 1g 228 m
1.67 ddg 0.08 1.62 ddgq 1.67 ddq 1.5 m 1.65 dg 16 m
14 ddq 0.08 1.42 ddq 1.44 ddq 13 m 1.45 ddq t4Sm
086t 0.08 088 ¢ 091 ¢ 088t 0.90 ¢ 0941
1.10 d 0.05 1.08 d 1.11d 1.08 4 1.10 d 1.16 d
OAc s 207 s 208 s -
207 s
* A-values after addition of Eu(fod).
J (Hz): 12=10; 12"=5; 415=65; 415 =8; 56=10; 56=35; 67=235; 78=65; 713 =2;: 89=35: 1515 = 10;

23 =34 =25 =7:3,"3, = 14; compound 26: 711 = 7; 11,13 = 7; compound 27: 7,11 = 10.5; 11,13 = 7.
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compound 21 (CDCl,)

was indicafed by the downfield shift of 9-H, which was
assigned by spin decoupling and the typical signals for 15-
H. Although some signals overlapped, the similarity with
those of dehydrocostus lactone clearly showed that the

1-H 524 br dd stereochemistry was the same in both lactones.
zH } 2422 m The roots of Z. tenuiflora Jacq. again afforded 1 and 9 as
3-H well as the guaianolides 14a, 14b[2] and 14¢[9] and
5-H 471 brd sitosterol, while the aerial parts contained germacrene D,
6-H 4.59 dd 9, the guaianolide 18, the 11,13-dihydro derivative of 14a,
7-H 2.77 dddd the elemanolides 28-31 and 37-40 as well as five further
8-H 223 brd, 208 m ones, the diesters 32-36, and the geranylgeraniol
9-H 5.31 dd derivative 41. The structure of 18 followed from the *H
13-H 6.31d NMR data (Table 4), which were similar to those of 14a.
13"-H 556 d The o-~orientation of the 11-methyl group was deduced
14-H 1.50 br s from the observed coupling J; ;. The '"H NMR data of
15-H 173 br s 32-36 (Table 5), which could be separated by HPLC only,
OCOR 6.09 qq showed that the stereochemistry must be the same in all
izg Zq compounds. All signals could be assigned by spin
. q

decoupling. The couplings of 8- and 9-H were different
from those of 28-31. Inspection of models clearly
indicated that the protons at C-8 and C-9 must be in the a-
position. The relative position of the different ester groups
was deduced by comparing the observed chemical shifts of
the signals of 6- and 9-H. In the diangelate 32 these signals
were shifted the farthest downfield, while in those lactones
which had a saturated ester group (33-35) the 9-H signal
appeared at higher fields, while the chemical shift of 6-H
was nearly the same. In the diester 36 the relative position

J (Hz): 1,2=10; 1,2'=5;
56=105; 6,7=9; 78=10;
78 ~1; 7,13=3.5; 7,13' =3;
89 =11;8,9=25.

Table 4. 'H NMR spectral data of compounds 12, 13, 15, 18 and 19 (CDCl,)

12 13 15 18* 19
1-H 3.24 ddd 3.02 ddd 2.92 ddd 27 m
2-H 1.88 m }1 85 m 1.83 ddd 1.62 dddd
2-H 202 m ’ 2.56 dd 22 m
3-H }2 55 brt 255m 5.63 dddd 2.40 dddd
3-H ’ 247 m — 2.54m
5-H 293 bre 2.84 br dd 2.85 br dd 27 m
6-H 3.95dd 405 dd 402 dd 398 dd
7-H 3.11 ddddd 321 ddddd — 27 m
2.38 ddd
8-H {1.69 ddd 5.08 ddd — 21m
9-H 237 dd
9-H }5.55 dd 274 dd }5.93 brd
13-H 625d 623 d }1 25 d 622 d
13’-H 548 d 564 d ’ 549d
14-H 516 s 531 brs }493 br s 4.66 br d
14'-H 496 s S11brs ’ 4.55 brd
15-H 528 brs 507 brs 5.41 dd 523 brs
15-H 509 brs 495 br s 531 dd 5050brs
OCOR 240 tg 224d 6.20 gq 6.11 gg 6.10 gq
1.65 m 215 m 2.04 dg 2.02 dg 2.00 dg
1.50 m 097d 1.94 dg 1.91 dg 192 dg
092 ¢
1.17d
* 11-H 2.24 dq.

J(Hz): Compounds 12/13: 12 =18; 12'=5; 15=8; 56=67=9; 78 =3.5; 78" = 10; 89 = 3.5;
7,13 =3.5;7,13 =3.5;7,13' = 3;compound 15: 12 = 7;1,5=7;5,6 = 10;6,7=9;7,8 = 9;7,13 = 3.5;
713 =3; 89=35; 99'=14; compound 18: 12=7; 1,5=7; 23=7; 22'=14; 315=15;
56=67=10;711=11; 11,13 = 7, compound 19: 1,2 =10;2,2' =13;2,3 = 9;2,3' = 10;3,3' = 17;
3,15=2;56=105;67=95;7,13=35; 7,13 = 3,89 = 8; 14,14’ = 13,
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Table 5. 'H NMR spectral data of compounds 32-36 (CDCl;)

2 33 4 35 36
1-H 5.62 dd 5.61 dd 5.58 dd 5.56 dd 5.60 dd
2t-H 498 d 497 d 498 4 496 d 497 d
2¢-H 504 d 503 d 5.054d 502d 503 4
3-H 6.55 s 6.54 s 6.5s 6.55 ¢ 6.55s
3-H 6.18 s 6.19 s 6.19 5 6.18 5 6.17 s
5-H 381d 377d 3.74 d 379d 381 s
6-H 5.44 dd 542 dd 548 dd 545 dd 541 dd
7-H 3.44 dddd 3.44 dddd 3.42 dddd 3.42 dddd 3.44 dddd
8-H 5.04 dd 497 dd 4.99 dd 5.00 dd 5.04 dd
9-H 536d 526d 523d 525d 536d
13-H 634 d 6.35d 6.37 d 6.36 d 6.34 d
13'-H 581d 581d 581d 582d 579 d
14-H i4ls 1.37 s 1425 139 s 142 s
15-H 940 s 940 s 9.39 s 939 ¢ 938 s
OAng 6.19 qq 6.19 gq 6.18 qq 6.19 gq 6.16 gq
202 dg 201 dg 201 dg 201 dyg 2,01 dg
1.95 dg 193 dg 194 dg 194 dg 1.87 dg
9.0COR 6.16 qq 23514 2045 118 4 6.13 ¢
202 dg 091 ¢ 1154 569 ¢
1.88 dg 1.15d 1.98 dd
JHz): 12t =17, 1,2¢ =11;56 =35,67=3,78=89=4;713=35:713 =3
was assigned by biogenetic considerations only. Therefore EXPERIMENTAL

the relative position of the esters was uncertain.

The structure of the diterpene triol 41 caused some
difficulties. We therefore prepared the mono-, di- and
triacetates 42-44 as well as the keto diacetate 45. Careful
investigation of the 'H NMR data of 41-45 including spin
decoupling (Table 6) allowed the assignment of the
positions of the hydroxyl groups. The data of 45 clearly
showed that the keto group was at C-12. The observed
downfield shift of the 10-H signal and irradiation of this
signal further showed that one of the acetates was at C-18,
while the position of the second was directly assigned from
the '"H NMR data by the coupling of t-H. The
stereochemistry of the 10,11-double bond followed from
the downfield shift of 10-H in the spectrum of 45, while the
configuration of the 2,3-double bond was deduced by
comparing the chemical shifts with those of geraniol and
related compounds. The only remaining problem was the
stereochemistry of the 6,7-double bond. Although the *3C
NMR signals could not be assigned with certainty the
observed values for the methyl carbons require one
double bond with the Z-configuration. Therefore the
stereochemistry seems to be established, except that at C-
12 which was not determined. The roots of Z. verticillata
Andr. afforded 1 and 9, while the aerial parts again
contained germacrene D, 18, 28-40 and 41.

If the compounds isolated from Zinnia species are
compared, it is obvious that for one group elemanolides
are characteristic, mostly with some guaianolides, but no
germacranolides were detected in these species. These are
present, again together with guaianolides, in three species
only. Of these the lactones 22 and 27 are closely related to
the typical elemanolides only. However, since the 4,5-
double bond is missing, the transformation to the latter is
blocked. So far the typical elemanolides of Zinnia have
never been found in any taxonomically related genera.

The air-dried plant material was extracted with Et,O—petrol
(1:2) and the extracts were separated first by column
chromatography (Si gel) and further by repeated TLC (Si gel).
Some of the sesquiterpene lactones could be separated by HPLC
only (reversed phase, RP 18, MeOH-H,0, 7:3). Known
compounds were identified by comparing the IR and 'H NMR
spectra with those of authentic material. Optical rotation:
CHCl3, 'H NMR, 270 MHz, TMS as int. standard.

Zinnia angustifolia (voucher RMK 8182). The roots (30g)
afforded 1 mg 1, 3mg germacrene D, 30 mg 3 (Et,O--petrol, 1:3),
6mg4 (Et,O—petrol, 1:3),0.5mg 7, 5mg 8, 5mg 9 and 5mg 22
(Et,0), while the aerial parts (1 kg) gave 50 mg germacrene D,
80mg 10 and 5mg 27 (Et,0O).

Zinnia elegans (grown from seeds, Bot. Garden Cologne, voucher
70/1340). The roots (150 g) afforded 50 mg 9 and the aerial parts
(400 g) S mg germacrene D, 10 mg 28-31 (nearly equal parts) and ~
10 mg 37-40 (nearly equal parts}).

Zinnia haageana (grown from seeds, Bot. Garden Dijon, voucher
70/1342). The roots (100 g) afforded traces of 1, 20mg 9 and S mg
21 (Et,O—petrol, 1:3), while the acrial parts (80 g) gave 10 mg
germacrene D, 3mg 1. 3mg 15 (CH,Cl,—C4H,, 1:1), 40mg 20
and 15mg 21.

Zinnia linearis (grown from seeds, Bot. Garden Padua, voucher
70/1411). The roots (50 g} afforded 1 mg germacrene D, 1 mg 1,
S5mg2,22mg3,3mg4,3mg7, 5mg8and 2 mg9, while the aerial
parts (600 g) yielded 20mg germacrene D, 5mg 10, 0.5mg 11,
3mg 12 and 13 (HPLC, MeCN--H,0, 3:2), 3mg 14a and 10 mg
19 (CH,Cl,-CHq, 1:1).

Zinnia verticillata (grown from seeds, Bot. Garden Dijon,
voucher 79/1382). The roots (30 g) afforded traces of 1 and 8 mg 9,
while the aerial parts (75g) yielded 2 mg germacrene D, 2 mg
phytol, 1 mg 18 (Et,O-petrol, 1:1), 2mg 28 and 29, 30 mg 30 and
31, 5mg 37 and 38, 25 mg 39 and 40 (nearly equal parts of these
four pairs). a mixture of lactones (Et,O-petrol, 7:3} (separated
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Table 6. 'H NMR spectral data of compounds 41-45* (CDCl;)

41 (C4Dg) 42 43 “ 45 41 (13C NMR)
1-H 402 br d 456 br d 4.56 br d 456 br d 4.56 br d C-1 59.1
2-H 542 tq 5.36 tq 537tq 5.36 tq 5.37 tq C-2 124.4%
45-H 200 m 212m 213 m 21t m 212 m C-3 139.61
6-H 515 tq 511 tq 512 tq 512 g 517 tg C-4 39.5
8-H 200 m 212 m 211 m 216 br t C-5 263
9-H (G150 226m 224m 247brig  C6 1247
10-H 544 br ¢ 552brt 572 brt 573 brt 6.85brt C-7 135.2§
12-H 4.16 br dd 417 br dd 412 br dd 521 brt — C-8 351
13-H {32(5) 323 {;;2 :indd 236m 338 brd C-9 25.9
14-H 522 g S13tg 513 tg 502 tq 531 1q C-10 1304
16-H 1.54 br s 161 brs 162 br s 161 brs 164 br s C-11 139.4%
17-H 1.69 br s 1.73 br s 1.74 br s 170 br s 1.76 br s C-12 799
18-H 426 br s 427 br s {:22 Z: j 4.64 br s 484 br s C-13 319
19-H 151 brs 1.66 br s 165 brs 1.70 br s 165 brs C-14 120.2
20-H 1.62 brs 177 brs 178 br s 1.78 br s 1.77 or s C-15 1349§
OAC — 205 s 207 s 207 s 2055 C-16 259
206 s 206 s 203 s C-17 18.1
203 s C-18 76.8
C-19 233
C-20 16.1

* The assignments of 16-, 17- and 19-H may be interchangeable in the spectra of 42-44.

1,1, § May be interchangeable.

JHz): 12=7; 24=220~15; 56=7; 68=619~15; 89=910=7; 1213 =7; 1314=17;

13,13" = 15; 14,16 = 14,17 ~ 1.5,

by HPLC yielding 2mg 32, 0.5 mg 33, 2mg 34 and 2 mg 36) and
3mg 41 (Et,0).

Zinnia tenuiflora (grown from seeds, Bot. Garden Marburg,
voucher 79/1339). The roots (50 g) afforded traces of 1, 2mg
sitosterol, 25mg 9 and 6 mg 14a—14¢ (1:3:2), while the aerial
parts (100 g) yielded 5 mg germacrene D, 5mg9, 2mg 18, 3 mg 28
and 29 (1:1), 35mg 30 and 31 (1:1), a mixture of 32-36
(Et,O-petrol, 7:3) separated by HPLC: 3mg 32, 1 mg 33, 2mg

Me [C=C],CH=CH, 1

14
O
R
13
1s
2 R=H

R = OAng
4 R =0Sen

[P

34,0.5mg 35,2mg 36, 3mg 37 and 38 (1:1), 30 mg 39 and 40 (1:1)
and 20mg 41.

38-Angeloyloxydesoxyinvangustin (3). Colourless crystals, mp
134° (Et,O-petrol); IR S cm ™! 1770 (y-lactone), 1710, 1650
(C=CCO,R); MS m/z (rel. int.): 330,183 [M1* (7) (C0H,60.),

230 [M - AngOH]* (43), 215 [230 — Me]* (33), 83
[C,H,CO1* (100), 55 [83 — COT* (87).
s89 578 546  436nm
i =216).
e =5 278 —352 —968 © )
OH
OH
RO”
5 R=H
6a R = Ang
6b R = Sen
\\\\\‘O
o
8
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OR
O
R’ OMeBu
20 R=H
21 R =Ang
(')H
O
Seo
11
HO OMeBu
26 tio-H 27 11fi-H
R
R’
32 33 34 35 36
R Ang MeBu Ac j-Bu Meacr R

41 42 43
R H Ac Ac
R H H Ac
X OH.H OHH OHH

10
11
12
13
14a
14b
1d¢
15
16
17

22
23
24
25

R R’

H QAng
H OSen
H MeBu
H i-Val
H H

H H

H H
OAng H
OSen H
O-i-Val H

R R’

H CH,OH
H CH,O0Ac
Ac  CH,OAc
H CHO

28 29 30 3
H H Ang Meucr
Ang Meacr H H

OR'

P

O
i
CHO g
37 38 39 40
H H Ang Meacr
Ang Meacr H H
OR

44 45
Ac Ac
Ac Ac
OAc,H =0
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To 10mg 3 and 4 (5:1) in 2ml Et,O was added 10mg LIATH,.
After 2 min dil H,80, was added. TLC {Et, O} afforded 6 mg 62
and 6b, colourless gum, For LH NMR see Table 1. 6mg6a and 6b
was reduced with excess LIAIH, in Et;O for 15min. TLC (Et,0)
afforded 3mg 5, colourless gum; IR v em ' 3620 (OH),
16206 (C=C); MS m/z (rel int.}: 254 DM 17 {113,239 M — Mel*
£12), 221 [239 ~ H,O1" (18}, 203 [221 - H,O1* (10, 236
M - H, 01" (1), 177 {236 — MeCHOH, }* (100).
3f-Senecioploxydesoxyivangustin (). Colourless erystals, mp
144° (B0 IRVGIDsem ™ 1760 {y-lactone), 1700, 1650
{C=CCO,R}; MS m/z {rel. int): 330183 [M]* 4}, 23¢
{M — SenOH3}" (28), 215 [230 — Me1* (14), 83 [C,H,CO1"

{100}, 55 [83 — COT™ @#4).
589 578 546 436am
- = 021).
Che=""315 34 a0 _joss ¢

9z-Isovaleryloxy- and  [D-merhyplbutyryloxyl-dehydrocostus
lactore {12 and 13). Colourless gum, which was not separated;
IR &5 em 1 : 1780 {y-lactone), 1735 {CO,R); MS m/z (rel. int.):
330183 M1 (7} {CyeH:0,), 228 [M ~ RCO,HTT (32), 85
[RCO)* {39), §7 [85 — CO1* {100).

589 578 546 436nm

B =0.25).
(2l 312 —2186 —256 -—s504 (e }

Su-Angeleyloxydekydrocostus lactene {15). Colourtess gum ; IR
vEC em ™ 1780 (y-lactone), 1720, 1650 (C=CCO,R); M8 m/z
frel.int.): 328168 [M1* (2} {C,,H,,0,), 228 [M —~ RCO,H]*

(31), 83 [C,H,CO* {100), 55 [83 — COI* {71).
589 578 546 436nm
By = =08).
T -y ry vy LRkl

114.13-Dihydrozaluzanin C-angelate (18). Colourless gum;
IR i S em ™1 1785 (y-lactone), 1720, 1650 (C==CCO,R}; MS
mfz (rel. int): 330383 M7 (1) (CuoH.,0y) 3231
M —~ OCOR]* (12), 83 [CoH,COT" (100}, 53 [83 — COT*
{49).

389 578 546 436nm
+770  +790 +890 +1350

iy = (c = 0.1}

14- Angeloyloxydehydrocostus lactone (19). Colourless gum;
RS em 4 1775 (y-lactone), 1720, 1650 (C=CCQO,;R); MS
mjz f(rel. int): 32B158 [M3" (4) (C,oH, 04 228
(M — AngOH ™ (28), B3 {C,H,CO™ {100}, 35 [83-COJ*
(433

589 378
~3538 3567

546
—~85.6

436 nm
—~119.3

{c = 0.45).

la =
Haageanolide angelate (21). Coloutless gum; IR viSlom 1
1770 (y-lactone), 1710, 1630 (C=CCQ,R); MS myz (rel. int):
330.183 [M1* (3) tCaH1604), 230 [M — RCO,HT* (i1}, 83
[C,H,COT* {55), 35 [83 — COT* (100).

58% S78 546 nm
+969 +10l.2 +117.6

flfa- = (e = 1.6).

Zingngustolide {22). Colourless gum; IR vC9 em™*: 3620
(OH), 1775 {y-lactone), 1720 (CO,R); MS m/z (rel. int.): 366.204
[M)® (1) (CyoHsOgh 264 [M—RCO,H]* (16). 246
[264 — H,077 (16), 228 [246 — H,07" (4), 218 [246 — COT*
(11), 85 [C.H,CO)* (30}, 57 [85 — COT* (100).

589 578 546 436 nm
+213 4224 +260 4468

[z} = {c = 8.3}

1629

Smg 22-in O.1ml Ac,O was heated for 3hr at 70°. TLC
(Et;O-petrol, 4:1} afforded 8mg 23, colourless gom;
IRvE em ~1: 3600 (OH), 1780 (v-lactone), 1740 (A, CO,R);
MS m/z (rel. int.): 408 [M 17 (3), 348 {M — HOAc]™ (0.5, 306
[M -~ RCOHI* (6}, 288 [306-H,01" (5), 246
306 — HOAcT {10, 228 [246 — H,O1" (10), 85 [C H,CO "
(38), 57 [85 — COY” {100} 4 mg 23 in 1 m! CHCI, was heated
with 10 mg4-pyrrolidinopyridine and 50 mg Ac, O for 2 hr at 60°,
TLC {E;O -petzol, 1:1) afforded Img 24, colourless gum;
IR vSSh em ™ ' 1785 fy-lactone), 1760 (OAc), 1740 (OAc, CO,RY;
MS miz (rel. int): 450 [M]* (1), 390 (M — HOAc]* (1),
288 [390 — RCO,HIY (5), 228 [288 — HOAc]* (8), 85
[C,HL OO (46), 57 [85 — COT* (100).

10mg 23 in 1 ml CHLCl, was stirred for 2hr with {0mg
pyridine dichromate. TLC ('Fiz{) petrol, 1:1) afforded | mg 25,
colourless gum; IRvESMom ™1 1780 {y-lactone). 1725 {CHO,
CO,R). For 'H NMR see Table 1.

To 5Smyg 22 in I m! MecOH was added 10mg NaBH,. TLC
{Et,0) afforded 3mg 26, colourless gum; IR v em =1 3610
{OH), 1780 {y-lactone), 1725 {CO,R): MS m/z (reh. int): 368
[M1* (3), 266 (M — RCO,H]™ (10), 248 [266 — H,01* (3),
220 [248 — COY* (M), 85 [C,H,COT* (28), 57 185 — CO1*
{1003

118,13-Bikydrozinangustolide  (27). Colourless gum: IR
vEC om™t: 3640 (OH), 1780 (y-lactone}, 1730 {CO,R); MS
mjz (rel int): 368220 [M1' {1) (CyuHi0) 266 [M —
RCO,H " (8), 248 [266 — H,O1* (9), 85 [C,H,CO]* (28), 57
[85 — COJ* (100).

589 i 346
—198 207 =238

436 nm
- 44,5

[#)54- = {c =042},

68.98-Diangeloyioxy-8-epizinamultifioride (32). Coloutless
gum; IR vl om ™' 1780 (y-lactone), 1730, 1650 {C==CCO,R),
1700 (CHO); MS m/z {rel. int.): 442.199 [M1° {10) (Cy5H 3,04
343 (M — AngO]* (4), 342 (M —AngOH}* (3), 243
[343 — ApgOH 1™ (4), B3 [C,H,COT* (100), 55 {83 — COJ*
(50).

589 578 546 436 nm
+323 +339 +400 +700

[x)ie = (c = 0.13).

6R-Angeloyloxy-9p-[2-methylbutyryloxy}-g=
epizinamultifioride (33). Colourless gum; IR v em ™12 1785 (y-
lactone), 1730 (C=CCO,R, CO,;R), 1700 (CHO): MS m/z (rel.
inL): 444215 [M1* (5) (CysHas ), 85 [C,H,COT* (37), 83

[CH,COTY (74), 57 (85— COTY (100, 55 [83 ~ COT* (87).
. 589 578 546  436nm
- — 008
{5 +413 +438 +500 +863 (e =008

6f-Angeloyloxy-9f-acetoxy-8-epizinamultifiuoride (34}
Colourless gum; IR cm™1: 1770 (y-lactone), 1760 {OAc),
1720, 1650 (C=CCO,;R), 1695 (CHO}, MS m/z {rel int):
402,168 [M1* (10) (C,,H.605), 303 M — OAng]™ (2), 302

M — AngOHE]* (1), 242 [302 - HOAc]® (6, 227
{242 — Me]* (6), 83 [C,H,CO]* (100},
589 578 546 436nm
{3 = {c = 03}

+80.7 +840 +967 +1720

65-Angeloyloxy-9 f-isobutyryloxy-R-epizinamultifioride (35}
Colourless gum; IRvES em™1: 1785 [y-lactone), 1730 (COLR),
1700 {CHOY; MS m/z (rel int.) 430,199 [M ™ {11) {Cy4H;3,04),
342 M — RCO,HT (15), 242 [342 — AngOH1* (8), 83
[CH,COT* (100), 71 [CH,COTH @7).

589 378 546
+28 +30 436

436 nm
+62

o 14

ALY

{c = 005).
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6f-Angeloyloxy-9 -methacryloyloxy-8-epizinamultifloride (36).
Colourless gum; IRvES cm ™ !: 1780 (y-lactone), 1720, 1650
{C=CCO,R), 1695 (CHO); MS m/z (rel. int.): 428.184 [M]*
(11), 399 [M — CHO]}* (7), 342 [M - RCO,H]" (2), 329
M — OAngl* (4), 243 [342 — QAng]~ (8). 83 [C,H,CO]"
(100).

589 578 546 436 nm

Age B e ¢ == ()3,
Bl =57 Va7 7727 1195 )

12,18-Dihyvdroxy-6,7Z-geranylgeraniol (41). Colourless gum:
IRvE% cm™~1: 3510 (OH), 1660 (C==C); MS m/z (rel. int.):
286.230 [M* —2H,0]" (1), 256 {286 — CH,O1" (2). 253
[M — Me,C=CHCH, 1" (1), 235 [253 - H,01" (8). 217
(235 - H,0]7 (28),199 {217 — H,O " (32),81 [C Ho 17 (100),
69 [CsHo 17 (97).

589 578 546 436 nm

e e (0 22 029)
+359 +376 +428 +776

[“54" =
To 19mg 14 in 1 ml C4H¢ and 0.1 ml pyridine was added 10 mg
AcCl. After 2 hr, TLC (Et,O-petrol, 1:1) afforded 4 mg 42, 6 mg
43 and 4mg 44.42: Colourless gum; IR vESH cm ™' 3640 (OH),
1740, 1240 (OAc); MS (CIL, i-butane) my- (rel. int.): 287
M+ 1 — HOAc, H,O1" (55), 269 [287 — H,O )" (100).

43: Colourless gum; IR v cm ~': 3600 (OH). 1740, 1240
(OAc); MS (CI, i-butane) m/z (rel. int.): 329 [M + 1 — HOAc.
H,01" (4), 287 [329 — ketene] (6), 269 [329 — HOAc]™ (35).
217 [287 — isoprene]” (100).

44: Colourless gum; IR vES) cm ™11 1740, 1240 (OAc); MS (CL
i-butane) m/z (rel. int.): 217 [M + | - 2HOAg, ketene,
isoprene 1™ (100). 159 [217 ~ CiHg1® (48), 141 {159 — H.O1"

F. BOHLMANN ¢t al.

{32). 6mg43 in 1 mi CH,Cl, was stirred 1 hr with 10 mg pyridine
dichromate. TLC {(Et,O-petrol, 1:1) afforded 4 mg45, colourless
gum; IR v$Sk om ™11 1740, 1235 (OAc), 1680 (C=CCO); MS (CI,
i-butane)m/z (rel. int.): 405 {M 7™ (0.5).345 [405 — HOAc]" (9),
285 [345— HOAc]" (78), 267 [285~ H,O1]" (30), 239
[267 — COT* (100).
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