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Abstract-Eleman-Ij?,lZohdes contammg a B-hydroxyl group at C-9 exist m eqmhbnum wth 8j&hydroxyeleman- 
9,12-ohdes Acetylatlon of 9&hydroxyelemanohdes gave a nuxture of S/?- and 9B-acetyl denvatwes m w&h the former 
predommates The structures of zmaflonn II acetate, zmaflorm III and other 9/?-hydroxyelemanohde acetates have been 
revised The absolute stereochemlstry of the d-lactone Jumpenn has been estabhshed by means of an X-ray 
crystallographic analysis 

INTRODLKTION 

Prevtous studtes of the genus Zlnnza showed the 
presence of elemanohdes with dtfferent combrnatlons of 
ester and hydroxyl functions at C-6 and C-9 [l, 21 
Elemanohdes with an acetal function (1) [3,4] and 6- 
elemanohdes (2) were also found as constituents of this 
genus [S, 63 

We recently established the structures of zmtionns I 
and II [4] as 3a and 3b The structure of zmaflonn II 
acetate not only reqmres a change in stereochemistry, but 
dso a maJor revision of the reported structure [7] 1s 
required, Smce its spectra show large unexpected dif- 
ferences when compared with those of zmatlonn II The 
structure of zmaflonn III [7]. whose mam spectroscopic 
features are slrmlar to those of zmafIorm II acetate, should 
also be revised 

RESULTS AND DISCUSSION 

The acetylatlon product of zmaflonn II, when prepared 
at steam bath temperature, no longer exhlblted the 
characterlstlc bands for a y-lactone m its IR spectrum 
Instead, a new band at 1735 cm-’ (&lactone) arose m 
conJunction with the acetate band, thus mdlcatmg the 
expansion of the y&tone into a Mactone This change 
was also evident m the ‘H NMR spectrum, which showed 
the exocychc methylene signals as smglets The signal due 
to H-8 was shifted downfield (6 5 50, J = 8,4 Hz) The H-9 
signal, which m zmaflorm II appeared as a doublet, had m 
Its acetate changed to a doublet of doublets due to long- 
range couphng with H-7, mdlcatmg a W-arrangement 
between H-9 and H-7 This estabhshed the stereo- 
chermstry of the proton at C-9 as a smce It should have the 
same onentatlon as H-7 The values of H-8 couphng 
constants mdlcated an a dlspowtlon of this proton, 

‘Contnbutlon No 712 of Instltuto de Quimlca, UN A M 

therefore the structure of zmaflorm II acetate should be 
represented by 4a rather than 3e [7] 

If the above arguments are extended to zmaflorm III, 
whose spectroscopic charactenstlc are quite slrmlar to 
those of zmaflorm II acetate (4a), its structure should be as 
represented by 4b 

The ‘H NMR spectrum of the natural b&tone Jum- 
perm (4~) [S] IS sumlar (except for the ester signals) to 
those of zmatiorm II acetate and zmafiorm III (see 
Table 1) 

To estabhsh the stereochermstry of Jumperm m every 
choral centre a crystallograpbc analysis was performed 
The resultmg structure IS depicted m 4c, and its perspec- 
tive molecular drawing 1s shown m Fig 1 Thus figure 
represents the absolute configuration If H-7 1s a as m all 
sesqmterpene lactones of authenticated stereochemistry 
Final positional and equivalent isotropic parameters for 
non-H atoms are listed in Table 2 

The established structure and stereochermstry for Jum- 
perm 4e also confirm the structures of zmaflonn II acetate 
and zmallorm III as 4a and 4b respectively, since then 
spectroscopic data are quite similar except for the ester 
groups at C-6 and C-9 

Having demonstrated the drastic transformations of 
the 9&hydroxyelemanohdes upon acetylatlon, we subrmt- 
ted zmailonn IV (la) of known structure [4] to the same 
acetylatlon condltlons The product was the rearranged 
acetate 7 

On examination of the chermcal hterature for other 
9-hydroxyzmnohdes and then acetylatlon products, we 
found that 9-hydroxy-6-angeloyloxyzmamultrflorrde (5a) 
[2] afforded, upon acetylatlon,a product whose ‘H NMR 
signals correspond to the rearranged acetate 6a 

The acetylation of zmaflorm II (3b), when camed out at 
room temperature, afforded two products The mmor one 
was characterized as the unrearranged acetate k since It 
showed IR bands at 1772,1720,1692 and 1635 cm-’ (y- 
&tone, acetate and double bonds, respectively) Its 
‘H NMR spectrum (Table 1) showed the expected signals 
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OH 

la R=Ang 

0 

4a R=Ang, R’=Ac 

4b R=Meacr, R’=Ac 

4~ R=a-OHIBU, R’=Ang 

4d R=Ang, R’=H 

0 

OR’ 

5a R=Ang, R’=H 

5b R=rBu, R’=H 

SC R=lBu, R’=Ac 

OR’ 

3a R=R’=Ang 

3b R=Ang, R’=H 

3~ R=Ang, R’=Ac 

0 

6a R=Ang, R’ =Ac 

6b R=IBU, R’=Ac 

11 H 
AngbJ 

7 

for an acetate with structure 3c The major product was 
the 8/?-acetyl-eleman-9,12-ohde (48) 

Approximately the same results were obtained upon 
acetylatlon at room temperature of the new 9-hydroxy- 
elemanohde-1 1,i 3-dlhydrozmarosm (5b) When this con- 
stituent of Z ucerosa was treated with pyndme-acetlc 
anhydnde at room temperature, a mixture of two acetates 
(6b and SC) were obtained m a ratio of 2 1 

These experiments can be explamed by assuming the 
existence of an equlhbrmm between 9B-hydroxy-y- 
lactones and 8/?-hydroxy-6-lactones m the elemanohde 
series This assumption IS shown to be correct on the 
followmg grounds the ‘H NMR spectrum of zmaflorm II 
m CDC& (Table 1) 1s in complete agreement with struc- 
ture 3b However, when the spectrum was run m C6Ds 
solutron contammg two drops of CDCIJ (heating was 
necessary to dissolve the sample) It showed strong ad- 
ditional signals The new spectral trace was equivalent to 
the combined spectra of zmaflorm II and the B#?-hydroxy- 
B-lactone (4d) m a ratio of 3 17 

When the solvent was evaporated and the ‘H NMR 
spectrum of the same sample was run m CD&, no change 
was observed When the solution was kept at room 
temperature for 5 days and the spectrum run again, It 
showed an increase m the signals correspondmg to the y- 
lactone In the IR spectrum, the band at 1775 cm-’ had 
increased to an estimated 6 y ratio of 2 1 This solution, 
which maintained the same 6 y relatlonshlp for 10 days, 
was then percolated through slhca gel, to give a mixture 
whose IR spectrum showed the y-lactone as the mam 
component, since the IR band at 1775 cm-’ had grown 

larger than that at 1735 cm-’ (d-lactone) 
The above experiment indicates the existence of an 

equlhbrmm as shown m Scheme 1 Similar equlhbna are 
found m the pseudo-gualanohdes hneanfohns A and B 
[S] Formation of the y-la&one 1s favoured m the pseudo- 
gusuanohdes and the b-lactone m elemanohdes, especially 
at higher temperatures 

EXPERIMENTAL 

Acetylatron of~maJoru~ II (3b) A soln of 3b (74 mg) m pyrldme 
(1 ml) and Act0 (1 ml) was left overmght at room temp The 
reactIon mixture was worked up III the usual manner and 
separated by prep TLC (hexane-CHCI,-EtOAc, 2 2 1, 3 x) 
affordmg 22mg 3c and 37mg 4a 3c colourless 011, 
IR v$~~~crn-’ 1772, 1720, 1692, 1635, MS m/z (rel mt) 
418 CM]‘, 389 [M-CHO]+, 376 [M-C,H,O]+, 335 
[M-C,H,O]+, 318 [M-C,H,O,]+, 83 [C5H,0]+ (100), 55 
[C&H,]’ (55) 4r mp 167-170”, IRv~c’3cm- 1735, 1725, 
1693,1635,1625, MSm/z (rel mt ) 418 [M]‘,389[M -CHO]+, 
376[M-C2H20]+,358[M-HOAc]+,318[M-CsHe02]+, 
276 [318-C2H20]+, 83 [C,H,O]+ (100x 55 [C,H,]+ (86) 

Acetylatlon ofzu~aflorm II (3b) A soln of 3b (116 7 mg) m 
pyndme (1 ml) and Ac,O (1 ml) was left for 4 hr on a steam bath 
Usual work-up ylelded 90 4 mg 4~ 

Acetylatlon of zu~g/lonn IV (la) A soln of la (51 7 mg) m 
pyndme (0 5 ml) and AczO (0 5 ml) was left on a steam bath for 
0 5 hr The usual work-up gave 17 1 mg acetate 7, mp 156158” 
(Me,CO-hexane) IR YEPI cm-’ 1735, 1660, 1640, 1625, 
MS m/z (rel mt) 418 [Ml’, 375 [M-C,H,O]+, 358 
[M-HOAc]+, 318 [M-C,H,O,]+, 83 [CsH,O]+ (100) 
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Table 1 ‘H NMR spectral data of compounds >7 (80 MHz, CDCI,, TMS as Internal standard) 

H 3b k 4s 4b 4c 4d 4P 5b 5c 6b 7 

13 

13’ 

14 

306t 
35 

26mt 

284~ 307dd 308dd 308dd 
3 3 5, 3 3 5, 3 3 5, 3 
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542dd 
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4 
628d 
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4 4 3 3 
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OCOR 6 15 q (br) 

8 
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3351 335d 
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25 25 
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3 1Odd 302t 
493 35 
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35 
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3 
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7 
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535dd 
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4 
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928s 
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7 
1 19d§ 
7 
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7 
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35 
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35 
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4,2 5 
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583s 5 88 s (br) 

144s§ 
542s 

267h 
7 

118dg 
7 
115dg 
7 
205~8 

3 76dd 
11,s 
440d 
11 
416d 
5 
502d 
2 
457d 
2 
2 82d (br) 
3 
531t 
3 
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55dd 

492 
4 55$ 
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iOld 
8 
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*Run m CsD, 
tIntenslty two protons 
SSupenmposed sIgna 
§Intenslty three protons 
J(Intenslty six protons 

Acetylatlon of 11,13_dehydrozn~osm (5b) A soln of 5b 

(203 mg) m pyrldme (2 ml) and Ac20 (2 ml) was allowed to stand 
overnight at room temp and then worked up to grve a nuxture of 
6b and k, which was separated by prep TLC (CHQ-MezCO, 
93 7) Compound Se, (43mg) crystalhzed from Me&O-I-PrzO, 
mp 154-155” IR v~~3cm-’ 1770,1740,1730,1690,1640, MS 
m/z (rel mt) 390 CM]‘, 361 [M-CHO]+, 331 [M-OAc]+, 
319 [M -C,H,O]+, 303 [M -C4H,01]+,43 (100) Compound 
6h (95mg), mp W-170” (MezCGr-Pr,O). IRvEcm-’ 1745, 
1735, 1690, 1640, 1630, MS m/z (rel mt) 390 [Ml’, 361 
[M-CHzOH]+, 348 [M-CzHzO]+, 330[M-HOAc]+, 320 
[M-C,H,O]+, 302 [M-C,,HsOa]+, 43 (100) 

FIN 1 X-Ray analysts ofiumpenn Smgle colourless pnsms of Jum- 

Z acerosa The whole plant (52Og), collected m San Luls 
Potosf, M6xlc0, m September 1981 (voucher on deposit at the 
Herbanum of the Instltuto de B~ologia, UNAM, MEXU 371498 
was extracted with CHCI, The solvent was evapd and the residue 
(16 1 g) chromatographed ma column containing 300 g slllca gel 
Elutlon with CHCIJ-Me2C0 (19 1) afforded crude 11,13- 
dehydrozmarosm (5b) After CC puticatlon, 1 5 g Sb was 
obtamed as a colourless 011 C,9Hz406, IR vsc’3 cm-’ 3520, 
1765, 1732, 1725, 1690, 1635, 1625 
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Scheme 1 

Table 2 Atoms: coordmates (x 104) and equwalent ISO- 
tropic temperature factors (A2 x 10”) for Jumperme 

u,* 
C-l 6584 (3) 5193 (3) 10004 (3) 50(l)* 
c-2 5727 (4) 4629 (3) 10370 (4) 67 (2)* 
c-3 5994 (4) 4614(3) 7176(3) 64 (2)* 
C-4 6863 (4) 4746 (2) 7744 (3) 48 (l)* 
C-5 7174(3) 5615 (2) 8265 (3) 41 (l)* 
C-6 7405 (3) 6380 (2) 7517 (3) 40(l)* 
c-7 7804 (3) 7234 (3) 8031(3) 44(l)* 
C-8 6981 (3) 7527 (2) 8819 (3) 44 (l)* 
c-9 6900 (3) 6798 (3) 9594 (3) 44(l)’ 
c-10 6458 (3) 5906 (3) 9179 (3) 42 (1)* 
c-11 8899 (3) 7104 (3) 8531(3) 49 (l)* 
c-12 8914(3) 6805 (3) 9596 (3) 52 (I)* 
c-13 9825 (4) 7247 (4) 8085 (3) 75 (2)* 
c-14 5233 (3) 6055 (3) 8920 (3) 52 (l)* 
c-15 7585 (4) 3978 (3) 7881 (4) 71 (2)* 
C-16 6564 (3) 6918 (3) 6020 (3) 47 (1); 
c-17 5444 (4) 7121(3) 5532 (3) 55 (1). 
C-18 4864 (5) 7796 (5) 6159 (4) 105 (3p 
c-19 4832 (5) 6294 (4) 5382 (5) 98 (2)’ 
c-20 7141(4) 9112(3) 8910 (4) 60(l)* 
c-21 7442 (4) 9858 (3) 9624 (4) 63 (2)’ 
c-22 7837 (5) 10600 (4) 9286 (4) 80 (2)* 
C-23 8048 (7) 10835 (4) 8261(4) 109 (3)* 
C-24 7238 (5) 9684 (4) 10737 (3) 76 (2); 
O-l 6090 (3) 5376 (2) 10942 (2) 72(l)* 
o-2 6431(2) 6574 (1) 6951 (2) 43 (l)* 
o-3 7342 (2) 8321(2) 9339 (2) 54(l)* 
o-4 7962 (2) 6652 (2) 10074 (2) 51(l)* 
O-5 9740 (2) 6704 (2) 10071 (3) 74 (l)* 
O-6 8349 (3) 3941(2) 8448 (3) 85(l)* 
o-7 7425 (2) 7043 (2) 5644 (2) 68 (I)* 
O-8 5672 (3) 7545 (2) 4591(2) 59(l)* 
o-9 6740 (3) 9170(2) 8074 (3) 76 (l)* 

*u, = (U,, x (I,, x u33)1’3 

perme grown by slow evapn of an EtOAc soln proved to be 
smtable for X-ray analysis 

Imtntl photographic studies showed the mmm Lave symmetry 
and systematic absences m hO0 with h = odd, Ok0 with k = odd 
and 001 urlth I = odd, thus umquely definmg the space group as 
P2, 2121 Umt cell dimensions were obtamed by a least-squares fit 
to the angular settmgs of 15 centred reflectlons on a Nlcolet R3m 
diffractometer eqmpped with a grapinte monochromator crystal 
Crystal data for Jumperm C24H3009, M, 462 5, II = 12 279 (3), 
b = 14901 (S), c = 13 324 (3) A, V = 2437 8 (3) A’, d& 
= 1 25 g/cm3, 2 = 4, space group P2*212,, p (Cl&) 
= 7 67 cm-’ The crystal chosen for mtenslty measurement had 
the dunenslons 0 24 x 0 24 x 0 32 mm, and was mounted ap- 

proxnnately along the c axis on a glass fiber Intensity measwe- 
ments were made with CuK, (I = 1 5418 A) radlatlon uhbzmg 
the *scan technique, the rate of scanning bemg vaned from 4 0 
to 29 3 deg/mm- 1 Two reflections were routmely monitored at 
Intervals of 100 measurements All reflections m the hkl octant 
according to 3” < 20 s: 115” (sm 0/l = 0 550 A-‘) were col- 
lected The total number of data collected was 1929, of which 
1711 refiectlons had I > 2 Ou (I) and these formed the basis of the 
structural solution and refinement, these reflections were cor- 
rected for Lorentz and polaruatlon effects, no absorption 
correctlon was apphed The crystal structure was solved by direct 
methods usmg the program package SHELXTL [9] The trial 
structure was refined by a blocked cascade least-squares pro- 
cedure with amsotroplc temperature factors for the non-H atoms 
and with a 6xed lsotroplc temperature factor, U = 0 06 A-‘, for 
the H atoms bonded to C atoms, the H atoms bonded to 0 atoms 
were found m a difference Founer map The function mmumzed 
was Zo ([Fo] -[PC])’ with a weighting scheme w = [u’ (Fo) 
+ G (Fo)‘] - ‘, where u IS the standard devlatlon of the observed 
ampbtudes, based on countmg statistics, and G 1s a varmble to be 
adJusted after each cycle, final G = 00026, maxll~lum shift of 
parameters m the last cycle 0 2u, no peaks > 0 3 e/A- 3, anomal- 
ous dlsperslon corrections were apphed to the scattermg factors 
for the 0 and C atoms, atormc scattermg factors were from 
fnternatlonal Tables for X-Ray Crystallography [lo], lsotroplc 
extmctlon parameter X = 0 0047, final R = 0 047, R, = 0 058 
(R, = XO”~ ([Fo] - [Fc])/Zo”’ [Fo], 

All computations were performed m the laboratory on a Nova 
4s computer and plots were drawn on a Tektronix plotter 

A list of the observed and calculated structure factors, 
anisotropic thermal parameters and atomic coordmates has been 
deposited at the Cambridge Crystallographic Centre 
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