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Abstract-The reactinn of acidic reagents with the Kermacranolide-herbolide B (2) and its derivatives was 
investigated. Cyclisation products of the eudesmanolide series were isolated in all cases. The chemical and physical 
data of these new compounds are descrrbed. 

We recently’ reported the isolation and characterisation 
of the germacranolides herbolides Al and B2 from Ar- 

temisiu herha albu Asso. 
Germacradienolides are well known for the facility by 

which they yield acid catalysed trans annular cyclisation 
products.2 No such products could be obtained however 
from herbolide A 1 which has an allylic acetoxy group at 
position 9. Several acidic reagents like boron triflu- 
oretherate. hydrochloric acid, and thionyl chloride were 
used with no success. Under mild conditions no reaction 
took place, while with more drastic methods. only de- 
composition products were obtained. In contrast. her- 
bolide B 2.‘ the l.lO-epoxide of herbolide A. was readily 
converted into cyclisation products. 

We wish to describe a series of eudesmanolides which 
were derived from herbolide B. with the aid of various 
acidic reagents. 

Treatment of 2 with acetic anhydride in the presence 
of p-toluenesulphonic acid yielded the three derivatives 
3. 4 and 5. acetyl a, 0 and y cycloherbolide B respec- 
tively. These products were analogous to those obtained 
from pyrethrosin under the same reaction conditions.4 

The structures of compounds 3. 4 and 5 were derived 
from their empirical formula, C,,H,,O, (elementary 
analysis and mass spectra) and spectroscopic results. 
The NMR data which are summarised in Table I are in 
accordance with the proposed structures. The decalin 
system was deduced from the pattern of the Me signals. 
Besides the C-II doublet. a sharp three proton singlet 
was observed for all three compounds. This signal was 
readily assigned to the angular Me group at C-IO. A 
signal for a third Me group which appeared as a broad 
singlet in compounds 3 and 5. and which was replaced by 
two methylene singlets in compound 4. was attributed to 
the C-14 protons. Furthermore, the C-6 proton. adjacent 
to the lactone oxygen. appeared as triplet with J = IO Hz, 
showing the trans diaxial disposition of H-S. H-6 and 
H-7. which is in accordance with the u-orientation of 
H-5. The signals of H-l and H-9 which appeared su- 
perimposed could not he differentiated even after ad- 
dition of Eu(fod),. 

Acetyl+-cycloherbolide -B (4) was ozonised to the nor 
ketone 6 whose structure was confirmed by its spectral 
data. (IR. MS and NMR). Compound 6 exhibited a 
remarkable large negative Cotton effect (AE = -5 at 
293 nm) as compared with the one exhibited by the 
analogous compound 7 published by Doskotsch ct a/. 
(Ae = - 1.3).” 

tThir acrd reagenr was mtroduced hy Doskotsch cr ul.” for 
CyctiSaIion of germacrdnohdes. 

Cyclisation with the aid of thionyl chloridet yielded 
only two pure cyclisation products 8 and 9. a and b 
cycloherbolide B. The parent peaks of both compounds 
(M’ 308) showed that isomerisation had occurred. An 
OH group was indicated in the IR region (3570 cm ‘) and 
was confirmed by the presence of one deuterium ex- 
changeable proton in the NMR spectra. All the NMR 
data which are summarised in Table I are in accordance 
with the proposed structures. They were further confir- 
med by acetylation of 8 and 9 to compounds 3 and 4 
respectively. a-Cycloherbolide -B 8 could be oxidised to 
the ketone 10 which exhibited in the IR spectrum besides 
the lactone and the acetate bands a further CO band due 
to the C-l keto group. Compound 10 gave a negative 
Cotton effect (AC = -1 at 3OOnm). 

Very good models for confirming the stereochemistry 
at C-l and of the A/B trans ring annulation were com- 

pounds 11. 12 and 13. These were obtained by acetic 
anhydride and thionyl chloride cyclisation of the ketone 
14 which had been prepared by CrO, oxidation of 
deacetyl herbolide B 15. In the NMR spectra well 
resolved signals for H-l were observed. This proton 
appeared in compound 11 as a triplet. J -8 Hz and in 
compounds 12 and 13 as double doublets, J 4. II Hz, 
(Table I). Both patterns are typical for an axial proton 
with one axial and one equatorial neighbouring proton.‘ 
Consequently the substituent at C-l is equatorial. 

Compound 13 exhibited bands in the IR at 3615cm-’ 
and at 3370 cm ‘. Since the appearance of the latter band 
was independent of concentration, an intramolecular 
C=O. . H-O must be present. and this is compatible 
only with trans ring annulation in the hydroxy ketone 13. 

The aromatic solvent-induced shifts (ASIS) in benzene 
were determined for the C-IO and C-II Me groups in 
various cycloherbolides (Table 2). In the non-ketonic 
compounds 3. 4. 8 and 9, the angular C-IO Me group 
undergoes an upfield shift of approximately 0.2 ppm. due 
to the OH and acetate substituents. However. in the 
corresponding ketones 11. 12. 13 and 10 the shifts were 
0.36 2 0.03 ppm. Since the ASIS are additive6 the con- 
tribution due to the ketones must be at least +0.2Oppm 
in all cases. This value is in accordance with the shift 
expected for an axial Me 0 to a CO function.’ 

The ASK which the C-II Me groups underwent was 
0.27 + 0.05 ppm in most cases. This is in accordance with 
its pseudo-equatorial orientation’ as was established for 
herbolide B.’ 

Further examination of the NMR data of the cyclo- 
herbolides B showed that while the chemical shifts of the 
Me groups at C-4 and C-II remained practically un- 
changed. the chemical shift of the Me group at C-IO was 
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Table I. The NMR data of the cyclic derivatives of hertmiide B”’ 

c-10 
aeth> 

c-4 I H-l 1 H-3 IH-5 H-6 !H-9 

CDCl 
3 

I .20 i.18 
Id,81 [si 
0.88 0.94 

1.99Isl 
1.96[51 
i .7Olsl 
1.681~1 

CDCl 
3 

I .20 

I I 
1.10 

td.71 tsl 

2.08 
IS1 

C&D6 1 0.91 IO.91 

CDC I 
3 

c6Db 

CDC I 
3 

1.23 I .lO 

Id,?] tsl 

0.96 0.88 

--+-- 
.06 
sl 
.b 
51 

.01 

51 

1.22 
t&7) ‘t? 

1 .oo 0.89 

1.74 

I .82 
[bres] 

2.01 

bl 
1.82 
Is1 

(e) The spectra were determined on a Varian HA-1000 N.N.R. spectrometer. 
using THS as internal standard. The chemical shifts are reported 
in 6 (ppm) units. 

(f) Becaure of the superposition of several signals, the exact chemical 
shifts cannot be assigned. 

fg) Taken on a JEOL 60 I4 SPeCtrOmeter. 

(h) Exact assignment could not be made. 

Figures in square brackets arc the coupling coretants (J, in t+z). 

Is] - singlet, id] - doublet, Iddl - do&le doublet, [ml * muitipict. 
It1 - triplet, (br] - broad, [brd] - broadened signal. 
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Table 2. The aromatic solvent-induced shifts (ASIS) of the methyl groups at C-10 and at C-II in the cyclo- 
herbolides 

Compound C-10 methyl C-11 methyl 

3 1.18 

4 1.09 0.93 

6 1.10 0.91 

8 

9 

10 

11 

12 

13 

1.10 0.88 

1.00 0.89 

1.32 0.91 

1.34 0.96 

1.25 

1.16 

0.87 

0.82 

6 Cm3 

consistently influenced by exchanging the substituents at 
C-l and C-9 (Table I). The cycloherbolides proved to be 
excellent models for confirming the additive effect which 
Q substituents exert on the chemical shift of angular Me 
groups.’ Thus exchanging an acetate group at C-l in both 
a- and p-cycloherbolides for an OH group always causes 
an upfield shift of 0.08-0.09 ppm (compare compounds 3 
and 8; 4 and 9; 12 and 13 Table 1). Furthermore sub- 
stitution of the C-9 acetate for a CO group gives rise to a 
constant downfield shift of 0.16ppm. (Compare com- 
pounds 3 with 11; 4 with 12; 9 with 3.) Moreover, the 
influence which a particular substituent has on the C-IO 
Me signal is almost identical when it is positioned at C-l 
or C-9. Thus the chemical shift in the I-oxo-Pacetoxy- 
derivative 10 is lower by only 0.02 ppm than in the 
I-acetoxy-9-oxo derivative 11, (6, 1.32 and 1.34ppm res- 
pectively). These observations seem to point to the Me 
group at C-IO as being placed equally between the two 
oxygen functions, although the lactone ring is annelated 
to ring B. 

The effect which substituents have on the chemical 
shift of the C-IO protons can thus be derived by compar- 

b 

0.24 

0.16 

1.23 

1.22 

1.24 

1.22 

1.22 

0.88 0.32 

0.97 

0.91 

0.96 

1.00 

0.23 

0.29 

0.27 

0.84 

0.91 

0.82 

0.22 

0.40 

0.31 

0.40 

ing our data with those reported for a- and /?-cy- 
clocostunolide (16 and 17 resp.). The increments (in ppm) 
due to /3-acetoxy, /3-hydroxy and keto functions at posi- 
tions C-l or C-9 were calculated accordingly and are 
summarised in Table 3. The similarity in the values 
derived from the Q- and &cycloherbolides show that in 
the eudesmanolide series introduction of a double bond 
at A4l4 instead of at A’. does not cause alterations in the 
observed increments. 

The cycloherbolides described in this paper are deriva- 
tives of compounds having a firmly established structure. 
Since till now no eudesmanolides with substituents at 
position 9 were isolated they may prove to be valuable 
reference compounds in the future. 

ExPERtMENTAL 

M.ps were determined on a Fisher-Jones m.p. apparatus. In- 
frared spectra were recorded with Perkin Elmer Models 577 or 
457 recording spectrophotometers. Optical rotations were deter- 
mined on a Perkin Elmer 141 M polarimeter. The CD values were 
determined on a Cary 60 spectrophotometer at room temp. Mass 
spectra were obtained on a Varian Model CH5 DF instrument 

Table 3. The effect of substituents on the chemical shift of the C-IO methyl protons 

coppOnd substituent *t SubBtituent at Chemical Shift 

a-cyc1.P 

costunolide (16) 
?I 

2 

8 
?I 

',o 

v 

B-cyc10- 

costunolide (17) 
1. 

4 
% 

9 
% 

12 
". 

13 
-a, 

C-l 

E-ok 

5-N 

0x0 

B-OAC 

B-ok= 

E-cm 

E-OAC 

0x0 

c-9 

a-oAc 

a-oA.2 

0x0 

a-on 

0.92(9' 

1.18 

1.10 

1.32 

1.34 

0.S6(9) 

1.09 

1.00 

1.25 

1.16 

Increment 
Calculated' 

a-c 0.115 

a-ofi 0.035 

0x0 0.275 J 0x0 0.265 

* Calculated by using cyclocustunolide as reference. 
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0 

0 R a , 
: __ 
0 -If 

0 
2: R=OAc 

14: R = 0 
15: R = OH 

RI R, 

3: R, = Rz = OAc 
8: R, = UAc: R, = OH 

10: R, = OAc: R, = 0 
11: R, = 0; R, = OAc 
16: R, = R, = H 

OAc OAc 

a / __ 
d 0 
5 

4: R,=R,=OAc 
9: R, = OAc: R, = OH 

12: R, = 0; R, = OAc 
13: R,=O: R,=OH 
17: R,=R,=H 

6: R,=R,=OAc; R,=H 
7: R, = R, = H; R, = OAc 

using direct inlet system (relative intensities are noted in paren- 
thesesb.Analytical T1.C was carried out on Silica gel GtMercki 
plates and developed by spraying with a soln containing 5 ml 
phosphomolibdic acid 0% in MeOH), anisaldehyde (2.1 ml). 
glacial HVAc (4’; ml). cont. H,SV, (22.5 ml) and MeVH (430 ml). 
The plates were heated to 100” after spraying. Silica gel 60 
(Merck) or Silica gel M.F.G. (Hopkin and Williamsj was used for 
column chromatography. Silica gel impregnated with AgNOl was 
prepared in the foltowing way: a SuspenSiOn of 41)g 5iliCa gel 
(Hopkin-Williams) in 801111 of aq. AgNO, (ZU%) was stirred for 
30 min. over a steam bath. After hlfration. the silica gel was dried 
overnight at 120” and stored in the dark. 

Amyi a-. ,6. and ~~~rlo~erb(Jlide3 B (3. 4 and 5) 
A soln of 2 430 mg in Ac:O f 15 ml) and a catalytic amount of 

p.toluenesulphonic acid was refluxed for 90 min. The acid was 
neulralised (NaHCO,. 5% in H$I and extracted with CHCI,. 
The CHCI, extract was dried tMgSV,l. Evaporation of the 
solvent yielded 47Umg of a mtrture which was applied to a 
column of hg silica gel (treated with AgNO,) and eluted with 
petroleum ether. isopropanol 24: 1. 

The first fraction (TLC-monitored) yielded the a-isomer 3 
(140 mgl crystallised from acetone-petroleum ether: m.p i73’; 

]a I”“’ +54.3’ tc 0.6. CHCI,); Y,., tCHCI,I. 1770. 1760. 1740. 
1430. 1375. 1275 and 124Ucm.‘: (m/e) 290 (M’&)l (981. 248, (6). 
230 (IOU) and 275 (77). (Found: C. 64.99; H, 7.50. C,,H,O* 
requires: C. 65.14; H. 7.43% l. 

Uert. the ylsomer 5 was eluted. crystallised from ether (33 mg): 
m.p. 145°C la],,“- 33”tc. 0.03. CHCI,,: Y,,, tCHCI,l. 1780. 1740. 
1735. 1415. I260 and 124Ucm~‘: (m/e) Xl (M’-60) IlUOl. 248 (80~. 
230 11001. 215 (60) and 204 (60). C,,H,,O, requires: tM’-6Ol 290. 

The third fraction yielded the B-Isomer 4 which was furrher 
purified on silica gel column eluent: petroleum ether-acetone 
10: 1 mp. t6S”C: ]a],,“ + 6?” fc. 0.2, CHCI,): P~~, (CHCI,) 1775. 
1745. 1735. 1650. 1475, 1260 and YlScm ’ (m/e) 317 (M’dO! 
OUOl. 261 18). 248 (40) and 230 (8U). C,pH&, requued tM-6U) 
ZYt?. 

14.?lor-4-oxo-ucelvl ,9-r~cMterbolide B (6). A soln of B 4 
(24 mg) in glacial AcVH (3 ml) was treated at 0’ with a stream of 
0, conraining 3% O1 for 30 min. The mixture was then shaken for 
30 min at ambient Iemp. with I50 mg of Zn dust and filtered. The 
residue remaining after evaporation of Ihe solvent was purified 
hy column chromatography eluent: CHCIr. ,MeVH 1OU:O.S Crys- 
Ialli~dt~on from ether yielded pure 6 (5 mg): m.p. 9S-96”; ]a]o”’ + 
II@ it‘, 0.22, CHCI,!: CD A,.. 2Y3 nm. Ae = -5.1 cc. 0.11. CHCXI 
Y,,, fCHC1,) 17x6. 1740. iy3.c. 1720. 16Uo. 146Q. 1370. ??ZU and 
1020cm~‘. (m/e) 352fM’) (I). 326t6). 309t4.1). ?92(iOOl. ?!0(24l 
and 232 (221. C,,Hz,V, requires: hf. 322. 

n- und ~.C~~~~Jbf,rbf~~ides B (8 und 9). 2. (200 mg) d&bed m 
chloroform (12 ml) and SOCI. (0.7 ml) was left for 90 min at 
room temp. After evaporarion’of the solvent at room temp. the 
residue was chromatographed on 7g silica gel treated with 
AgNV,, eluent: petroleum ether. isopropanol 20: I. 

The firl;t fraction l7Umpl which was further purified by 
chromatography on silica gel eluent chloroform. MeOH 3SU: I. 
yielded 35 my of tic pure 8 as an oil: ]a]or‘+ 23” 1~. 0.6. 

CHCI,): Y,,, (CHCI,). 3570. 1770. 1745, 1450. 1440, 1375 and 
125Ucm I; Cm/e 308 ihf)‘l 121. 290 (1.5). 266 (2). 248 t100). 230 
(211 and 215 (28). C,,H,,O, reauires: M‘ 308 f$-rvcloherbolide B ,. .- 
(9) was eluted next (35 mpl. further purific&n~an a silica gel 
column. eluent: CHCI,. MeOH 1UO:U.f;. yielded 25 mg of tlc- 

pure 9 as an oil. [ah,” + 65” fc. 0 44. CHCI,): v,,,~~ (CHCI,) 3SUU. 
1765. 1720. 1650. 1440, 1365. I?40 and 9USsm“; (m/e) M’ 308 

(22). 290 (28). 266 (24). 248 (IOUl. 230 (IOU) and 215 (67). C,?H,,O, 
require*: Y’ 308. 

Dehydr~,.a.c,~~/ohprholidp B (IO) 8 (?O mg) in 0.2 ml pyridine 
was oxidised with Cornforth reagent (6Umg CrO, in 
OU6ml H,V and 0.6ml pyridine). After standing for two 
days 111 room temp. ErVAc was added. and the insoluble 
chromium salts were filtered through a small column containing 
silica gel. The residue (I7 mg~. obtained after evaporation of the 
solvent. was purified on plc cluent: chloroform. MeVH. IM:?. 
C mg of the pure ketone 10 were obtained as an oil; ]o ]ot’ - 33” 
(c. 0.3 (‘HCI,): CD I\,,, 3UU nm ?rr = -1 (t. 0.15. CHCi,I; Y,,, 
tCHCI,l 1760. 1735. 1710. 1450. 1370 and IXtJcm r: (m/e) 306 
tM‘) 137.5). 265 (62). 247 (1001 and ?31 (29); C,,H:,O% requires 
M’ 306. 

I-Ace@/ a. und p-r~~lodeh~droherholides B (1 I and 12). The 
ketone I4 (72 mgl and a catalyhc amount of p-toluenesulfonis 
acid were dissolved in Ac,O t 1 ml) and refluxed for 20 min. Then 
chloroform was added and the ioln was washed wirh NaHCO, 
until neutral. The mixture obtained after evaporation of Ihe 
solvent was ChromaIographed on 7 g silica gel (neared with 
AgNVJ. eluenI:petroleum ether, Isopropanol 24: 1. 

The a-isomer I II) emerged first t2Omgl and was crystdllised 
from ether mp. 162°C: [alI,?‘-40° (t‘. 0.10. CHCI,l: CD Am., 
303nm. &.c-3.1 tt’, 0.06. CHCI,): pm,, (CHCI,) 1780. 173X 1710. 
1600, 1435. 1370 and 1230cm ‘: fnt/e) 246(M’-6Ul(lUUl. 2300 3) 
and 202 (6.6): (‘,,H,,O, requires fIM-.60) 246 

The fi.Isomer (12) was eluted ne\I from the column (20 mg). 
and was further purified by plc. CHCI,. MeVH. lOU~l.2 and 
crystallised from ether yielding 9mg pure 12. mp. 164°C: 

]q lo? - 90” fc. 0.12. CHCI,); CD A mr, 320nm dr = -0.3 tt‘. 0.1, 

CHCl,) Y,,, (CHCI,) 17X0. 1735. 1720. 1655. 16uO. 1450. 1435, 
1370. 1230 and YlUcm~‘: (m/r) M’ 306 (31), 264 (74). 246 (lUU) 
and 232 (X6). C,-H>& require\ M‘ 306. 

~-C’~ck,-de~cero.~)..deh?.dr~)he~(~/~d~ 8 (13). A toln of Id 
(60 mg) in CHCI, (3 ml) containing 0.6 ml SVCI?. was kept at 
room temp. for two days. After evaporation of the solvent at 
room temp. the residue was chromatographed on silica gel 
(treated wiIh AgNV,) and elutcd w&h petroleum ether iso- 
propanol. 24: I. Only the fl-tromer could be obtained in pure 
form; crysnrllised from benzene petroleum erher. m.p. 78-80°C 
]aJoZ’ _ t ‘So fc 0.8 CHCI,); CD A ?%nm. if = -0.3 (f. 0.10. 

CHCI,l; em,, ;CH;‘I,) 3.550. 177U.m;iOU, 1450. 1380. 1270. 1250. 
IwKt and 9OUcm ‘: fmir) M’ 264 (100). 250 rYUl.247 (70). 231 (20) 
and 220 (310. C,,H,,O, requires Mm 264 

Compound 13 wa\ afetyiated and the product was shown lo he 
idenrical with 12 (tic, IR), and inversely. hydrolysis of I2 fin 
MeOH, aq K&O,) yielded I3 ttlc. IRl. 

Duhvdrnkrbolidc R 114). IS (?30mg). dissolved in pyridme 
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