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Abe&act--Formulation of zubrcvin as 1 is based mainly on analysis of the NMR spectrat of zcxbrevin (1) 
and of the ketone 8 (Tables I and II). 

(%WINUNG our studies of the sesquiterpenoid constituents of members of the 
compositae family we have isolated from the aereal part of the Schrub Zexmenia 
breujfolia a new germacranolide for which we have proposed the name zexbrevin and 
formulated as 1 based on the following evidence. 

Zexbrevin C19HzzOs m.p. 217-218”, [a], + 41”, contains a y-lactone conjugated 
with an exocyclic methylene group as indicated by its IR bands (1760 and 1639 cm- ‘) 
and the characteristic NMR doublets’ at 568 (J = 3 Hz) and 6.30 ppm (J = 35 Hz). 
Zexbrevin contains a methacrylic ester as shown by the IR band at 1710 cm- ’ and 
the signals in the NMR spectrum at 1.82 ppm (3H, doublet of doublets J,,, = l-5 Hz, 
J d=a = la Hz) due to its vinylic Me group, the terminal double bond of the ester is 
shown in the NMR spectrum as two complex signals, both resulting of the over- 
lapping of two quartets, Hc appeared as five peaks centred at 5.95 ppm with relative 
intensities 1,4,6,4,1 and Hd as six peaks centred at 5.57 ppm with relative intensities 
1,3,4,4,3, 1. In the mass spectrum of zexbrevin the parent peak appeared at m/e 69 

(CH,=C[CH,]-&O) giving further support to the presence of the methacrylic 
ester. 

The two remaining 0 atoms in zexbrevin are present as part of a 3 (2H) foranone’* ’ 
as indicated by the characteristic IR bands at 1690 cm-’ (keto group) and at 1590 
cm- ’ (strong band due to the enolic double bond). 

The W spectrum of zexbrevin confirms the presence of the 3 (2H) furanone 
(A max 259 mp ; E, 11,255) ; the lactone and the methacrylic ester are shown by an 
additional maximum in the W spectrum (A max 210 rnp; E, 18,600). 

The oxygen bridge of the dihydrofuranone lies between positions C-3 and C-10 of 
the germacranolide; as represented in partial formula A. The Me group at C-10 
appeared in the NMR spectrum as a singlet at 1.38 ppm (3I-I). The signal which 
appeared at about 4 ppm in zcxbrevin and its derivatives is attributed to the lactone 
closure since it did not change its position after saponification. Whereas the signal 
appearing at lower field (5-14 ppm in 1) moved upfiekl in the desmethacryl derivatives 

l Contribution No. 291 from the Institute de Quimica de la Univemidad NacionaI Aut6noma de Mtxico. 
7 The NMR spectra were run on a Varian A&A and a Varian HA-100 spcctromctrm The spin da 

coupling experimenta were carried out with ao audio oscilIator Hewlett-Packard, Model #x) CD and 
200 AB. 
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(see later) and may be assigned to the hydrogen located at the carbon bearing the ester 

group. 
The ester group and the C-7 hydrogen must be at vicinal positions as shown by 

spin-decoupling experiments (Fig. 1) when H-7 was irradiated at 3 ppm the doublet 
of doublet of doublet at 514 ppm (ester attachment) collapsed to a doublet of doublets 

FIG 1. 

and the doublet of doublet of doublet at 4.45 ppm (lactoneclosure) was transformed 
into a doublet of doublets simultaneously, thus permitting us to write partial formula 
B. 
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The ester group of xexbrevin must be placed at C-8 since its neighbouring methylene 
group (C-9) showed eight signals as an ABX pattern (C-5 methylene give 16 signals) 
which on irradiation at 5.14 ppm (H-8) is simplified to four signals as an AB pattern. 
These experiments permit us to locate the ester group at C-8 and the lactone closure 
at C-6 as depicted in formula 1. 

Hydrogenation of xexbrevin (1) with paladium on charcoal afforded tetrahydro- 
xexbrevin (2) which still contains the 3 (2H) furanone as indicated by the IR bands at 
1705 and 1600 cm- i, the UV absorption at 260 mu (E, 12,450) and the NMR signal at 
5.56 ppm for the vinylic proton at C-2; H-8 is shown by a doublet of doublet of doublet 
centred at 5.1 ppm and the lactone closure showed a signal of similar multiplicity at 
4.58 ppm. 

The C-2 double bond of tetrahydroxexbrevin was saturated catalytically with 
platinum oxide in acetic acid, giving rise to hexahydroxexbrevin (3). 

A sodiumborohydride reduction of compound 2 produced octahydroxexbrevin (4) 
in which both the C-l carbonyl group and the C-2 double bond have been reduced. 
The latter was also obtained from hexahydrozexbrevin (3) by sodiumborohydride 
reduction. 

Hexahydroxexbrevin (3) afforded on basic hydrolisis the free compound (6) which 
did not show the signal due to the ester attachment, instead it showed a complex 
signal at 4.22 ppm which includes the lactone and ester closures, a milder basic 
treatment of 3 resulted in a mixture of the alcohol (6) and 11 epihexahydroxexbrevin 
(7). In the above experiments we did not find evidence of another free compound 
(lactone reoriented to C-8). 
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m A chromic acid oxidation of desmethacryl- 11 -epihexahydrozexbrevin (6) afforded 
the ketone 8. A detailed first order analysis of the NMR spectrum of 8 (Fig. 2) was 
possible due to the relatively large difference in chemical shifts of the vicinal protons. 
This, combined with spin decoupling experiments (double and triple irradiations) 
provided enough evidence for establishing the constitution and stereochemistry of 
this ketone as depicted in 8. 

The hydrogen on the C atom bearing the lactone produced an octuplet at 45 ppm 
due to interaction with H-7 (3.9 ppm) and with both protons at C-5 (16 signals as an 
ABMX pattern centred at l-7 ppm), the multiplicity observed for the protons at C-5 
is only possible with the lactone group closed to C-6. If the lactone group would be 
oriented to C-8 there would be no methylene group in the molecule which could show 
16 signals. In order to establish the stereochemistry of 8 we assume that the side chain 
at C-7 is 8 oriented as in all the sesqueterpene lactones already reported.4* ’ This is 
supported by the fact that H-7 is close to the heterocyclic oxygen of the furan ring 

TABLE 1. NMR SPECIR~MOFZEXBRE~IN 1 

Multiplicity coupling 
constants (Hz) 

Dihedral angles’ chemical 
shifts (ppm) 

H-2 = 554 
H-4=304 

d 
m 

J 2Ab 
J 4.5 

1.2 
I 

20 

4s 

4,5 

68 or - 
107 
33 or - 

131 
JW 1.4 

7 
14.5 H-5 = 260 

H-5’ = 2% 
H-6 = 4.45 

4d.d 
44d 
dd,d 

J 4. ah 
JS,Y 

J 6.1 9 6.5 

J 6.1' 1 6.5 

H-7 = 3.30 m J6.7 5 697 

18 or 
138 - 

70 or 
105 - 

45 or 
124 - 

J a.7 3*5b 
J b.7 3b 
57.0 1 

H.8630 
H, = 6.30 

d 
d 

7.8 71 or 
105 - 

48 or 
22 
6Oor - 

113 

H-8 = 5.14 44d Jo.9 45 

Jo.9 2.5 

15.5 H-9 = 2.67 
H-9’ = 2.27 
Cl,,-CH, = la?8 
C&Ha Q 1.34 : 

J 9.9 

l For ax% J value Karplus equation calculates two possible dihedral angles. Angles underlined arc those 
more compatibk with the Dteiding model of the mokcule. 

b Allylk coupling. 
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since it produces a signal at an abnormally low chemical shift value (3.9 ppm d,d ; 
J = 11 Hz). This proximity requires an a oriented C-7 hydrogen, as shown by a 
Dreiding model of the ketone 8. 

The large J values for the interactions of H-7 with its vicinal hydrogens (H-6, H-7; 
J = 10 Hz; H-7, H-11; J = 11 Hz) established in accord with Karplus equation6 
(Table 1) the configuration for H-6 and H-l 1 as shown in 8. 

The Me group at C-10 must be a oriented in order to permit the proximity of the 
ethereal oxygen to H-7. 

The stereochemistry deduced for the asymmetric centres C-6, C-7 and C-10 for the 
ketone 8 may be extended to zexbrevin (1) in which it only remains to determine the 
configuration at C-4 and C-8. 

The configuration of the oxygen function at C-8 was found to be a by the applica- 
tion of Horeau’s method&’ to the free compound (6). The Me group at C-4 is probably 
a oriented since the allylic coupling constant between H-4 and H-2 in zexbrevin (1) 
is 1.2 Hz; this small J value requires an angle between H-4 and C-2 double bond of 
about 20-3W.r’. ’ ’ A larger J value would be expected for a p oriented C-4 Me group. 
Hence the structure and the more probable stereochemistry for zexbrevin must be as 
depicted in formula I. 

4 5 6 
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TABLE 2. N MR ~PE~~RIJM OP mmmiz 8 

Chemical shifts in 
d values @pm) 

Multiplicity Coupling 
constalltfi (Hz) 

Dihedralangks 

H-2 = 2.17 

H-2’ = 2.4 

H-3 = 4.59 

H-4 = 2.9 m 

H-5 = 202 44d 

H-5’ = 1.75 

H-6 - 4.33 

H-7 = 3.9 

H-99 = 2,7 
C.-CH, = 1.24 
Cl&H, = 1.3 
CI &H, = O-95 

dd 

4d 

64d 

44d 

4d 

: 

: 

13.4 

J 4.5’ 

J 4.5 

J 4. CHS 

J 3.6 

J 5.1’ 
J 5’.6 

J 6.7 

J 7.11 

J 

J 

9.3 
19 
5.5 

40 

8 

2 

7 
3.5 

17 
3.5 

10 

11 

7 

7 

16 - 

42 126 

51 - 120 

135 

110 

26 - 

65 - 

54 - 

54 - 

0 

139 

118 

118 

142 - 

146 

EXPERIMENTAL+ 

Isolation of zexbreoin. ikwnenh brev$olM dried and ground (9.4 Kg) was extracted twice with EtOH 
(10 1) under rcflux for 8 hr. The combiicd extracts were concentrated to 12 1. and treated with lead acetate 
soln until no precipitation was observed, the suspension wax left at room temp overnight, filtered and 
concentrated to half ita volume and extracted with CHCl,. The extract wan evaporated to dryness the 
residue (120 g) was dissolved in a mixture of tic-hcxane 4: 1 and chromatographcd on 1.5 Kg alumina 
Alcoa F-20. Zcxbrevin cry&all&d in the fractions clutcd with benzene containing 15% hexanc, a rc- 
crystallization from acetone-ether aRordcd 14.8 g, m.p. 211-21C, a recrystallization from acetone 
isopropyl*ther raised the m.p. to 217-218”, [a]” -, +41”(c,102),~210,259mp;~18,600a~d11,255, 
respectively ; v, 1760,1710,1690,1625,1630 and 1585 cm-‘. (Found: C, 65.87; H, 6.41; 0.2782. Calc. 
for CIPHZ106: C, 65.88; H, 640; 0.27.72x). 

Tetrahydrotexbrerh (2). A soh of zexbrevin (2.75 8) in MaOH (100 ml) was hydrogenated with Pd/C 
(300 m8) until the HI uptake ceased, the catalyst wax filtered off and the soln concentrated, the substance 
crystaUized on addition of isopropyl-ether affording 1.6mg tctrahydrozcxbrevin m.p. 156-157”. 1,260 
mp; (6 lZ499); v- 1770, 1735, 1705 and 16CKl~m~~; NMR 6; 4-6 (H-6), 5.1 (H-8), 5.58 (H-2). (Found: 
C, 65.29; H, 735; 0.2742. Calc. for CLPHZ606: C, 65.12; H, 748; 0,27.40x). 

Hexahydrozexbreoin (3) and octahydrozexbrevin (4). A soln of zcxbrevin (2 g) in AcOH (50 ml) containing 
3 drops pcrchloric acid was hydrogenated until the uptake of H, cented. The catalyst was Bltercd off and 
the soln was treated with solid Na&O, (2 g) and conccntratai in vacua to a reduced volume. 

Hcxahydrozcxbrevin (l-5 g) m.p. 120-125” crystallized on addition of water. A recrystallization from 
acetone-isopropyl ether raised the lap. to 125-1270; v, 1755. 1725 cm-’ ; NMR 100 mHz: 6 H-8,495 
(1H d,d,d ; J = 1.3, 3.5 and 4.8 Hz), H-6.4.33 (1H d,d,d; J = 4, 5 and 8.5 Hz); H-3, 3.83 (1H d,t; J = 7.5 

l All m.ps were carried out in a Fisher Jonca m.p. apparatus and are unwrrticd. Analyse were dcter- 
mined by Dr. Franz Paschcr. Bonn, W. Germany. 

t We are grateful to Dr. A. G6mez Pompa from the Botanical Department of the Universidad Autbnoma 
de M&co for the identification of this plant. 



Structure and stereochemistry of zexbmin 1663 

and 2.5 Hz); H-7, 3a (1H d,d,d; J = l-3, 4 and 9 Hz). (Found: C, 64.81; H, 809; 0, 27.16. UC. for 
r&HzsO, : C, 64.75 ; H. 8.01; 0,27.24 %). 

The mother liquors were chromatographed affording an additional crop of 50 ml hexahydroacxbrevin 
and 40 mg octahydrozexbrevin m.p. 175-177”, a recrystallization from acetone-isopropyl ether raised the 
m.p. to W-1820 ; v, 3625, 1760,1725 cm-‘. (Found: C, 64.30; H, 8-63; 0.27038. Calc for C,,H,,OI: 
C, 64.#) ; H, 8.53 ; 0,27- %). 

Octahydrozexbreuin (4) obtained by NaBH. reduction o/ tetruhydrotexbreoin (2). A cold so111 of 2 (600 
mg) in MeOH (15 ml) was mixed with a cold soln of NaBH, (600 mg) in MeOH (15 ml). The reaction 
mixture was kept at 5” for 5 min and then for 10 min at room temp. It was acidified with AcOH and extracted 
with CHCI,. The solvent was eliminated by evaporation and the substance crystallized from isopropyl 
ether, yielding 280 mg m.p. 180-182” of octahydrozexbrevin (4). 

Octahydrozexbreoin (4) obtained by NaBH. reduction o/ hexahydrosexbreoin (3). A reduction of 3 with 
NaBH, in the same conditions as the preceding experiment gave rise to 25 mg of 4. 

Desmethacrylhexohydrozexbreuin (6). A soln of 3 (500 mg) in MeOH (10 ml) was treated with K&O, 
(500 mg) in water (500 ml) for 8 hr at room temp. extracted with CHCI,. The organic layer was washed, 
dried and evaporated, the residue crystallized from acetone-isopropyl ether yielding 175 mg of 6, m.p. 
201210”; NMR (6OMHz): 608 (3Hd; J = 7Hz); 1.2 (3Hd; J = 7Hz); 3.2 (lHddd, I = 8.5, 11.5, 
12 Hz) (H-7). a complex signal at 4.22 includes H-8, H-4 and H-6; v, 3610,176O cm- ‘. (Found: C, 63.52; 
H, 7.95; 0,28.23. WC. for CIsH210s : C, 63.81; H, 7.86; 0, 28.33 %). 

The same substance was obtained treating VI with MeONa. 
1 I-Epihxahydrozexbrevin VII. A soln of 3 (200 mg) in MeOH (10 ml) was treated with KHCO, (200 mg) 

in water (10 ml) and kept at room temp for 48 hr. The reaction mixture was extracted with CHCI,, dried 
and taken to dryness leaving 175 mg of residue which was separated in 3 components by TLC in silica, 
using a mixture qf benzenoEtOAc 1: 1. 

1 I-Epihexahydrozexbrevin was the less polar, the next was recovered product and the more polar was 
the free compound 6. 

Compound VfI was recrystallized from acetonchexane yielding white crystals m.p. 153-154”. (Found : 
C, 64.84; H, 8.26; 0,27.18. Calc. for C,,H,,06: C, 64.75; H, 891; 0,27-24%). 

Octohydrozexbreoin acetote (5) Acetylation of 5 with pyridine Ac,O for 48 hr at room temp afforded the 
oily acetate (S), v, 1760,174O cm- 1 (acetate and ester). 

Acetylation of desmethocrylhexu/tydrozexbreuin. Acetylation of 6 (80 mg) with pyridin.+Ac,O for 22 hr 
at room temp afforded 50 mg of 9, m.p. 198-m (from acctontisopropyl ether); v, 1760 (broad band 
which includes a y-lactone, an acetate and a cyclopentanone). (Found : C, 63-U ; H, 7.33 ; 0,29-47. Calc. 
for C, ,Hz*O, : C, 62.95 ; H, 746 ; 0,29.59 %). 

Dehydrodesmethacrylhexohydrozexbreuin (8). A soln of 130 mg of 6 in acetone (5 ml) was treated with 8N 
00, until the persistence of orange colour. Kept 2.5 hr at room temp, diluted with water and extracted 
with CHCl,. The organic layer was washed, dried and concentrated yielding 95 mg of 8, m.p. 105-106”. a 
recrystallization from acetoneether ra&ed the m.p. to 117-l 18” ; v, 1775 (r-lactone), 1755 (cyclopenta- 
none)and 17lOcm-‘(Ketoneon9memberedring).(Found: C,63-98; H,7~19;0,28~61.Calc.forC,,H,,O,: 
C, 64.27 ; H, 7.19 ; 0,28-54 %). 

Determination ofthe absolute configuration of the alcohol at C-8 in zexbreufn (1). The. method of&r~u 
was applied using the work up procedures outlined for similar compc :1t!s.‘. ’ A soln of 145.4 mg a- 
phenylbutyric anhydride in 3 ml dry pyridine was allowed to stand overnight at room temp and worked up 
as deacribeds~ 9 There was recovered 60 mg of the ester of 6. 105 mg of a-phenylbutyric acid [a]:’ - 12” 
corresponding to an optical yield of 53.5 %. 
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