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Abstract-Further mvestlgatlon of Montanoa tomentosa afforded two new gtuuanohdes as well as the known punuhn 
and the previously Isolated hehangohde zoapatanohde A The structures were established on the basis of spectroscopic 
studies and chemical evidence 

INTRODUCTION 

In our previous papers we have described the isolation 
and structure elundatlon of sesqulterpene lactones of the 
germacrohde type from Montanoafrutescens [l] and of 
the hehangohde type from M tomentosa [2] Recently, we 
have re-mvestlgated M tomentosa and Isolated, besldes 
zoapatanohde A [2], three gualanohdes, the known 
pumlhn (2) with estabhshed X-ray structure, prevtously 
isolated from Berlatuhera pumrla [3], and two new 
compounds which we have named zoapatanohdes C and 
D These represent the first gualanohdes isolated from the 
genus Montanoa The close structural relatlonshlp of the 
gualanohdes present m M tomentosa and those isolated 
from Berlandtera pumzla [3] and B subacaulzs [4] mrght 
have taxonomlc nnphcatlons 

RESULTS AND DISCUSSION 

The structures of zoapatanohdes C (la) and D (1 b) were 
established by extensive ‘H NMR studies and spm-spm 
decoupling as well as some chemical evidence 

Zoapatanohde C (la), CZ2HZ609, mp 130-132”, 
showed a UV end absorption at 207 nm (E 11544) and 
typical IR bands at 1762,163O and 3430 cm- ’ mdlcatmg 
the presence of a y-lactone moiety, an a&unsaturated ester 
and hydroxyl groups, respectively The unsaturated ester 
was shown to be an angelate by the typical mass spectral 
peaks at m/z 83 and 55 as well as the vmyl proton signal at 
S 6 2 and the vinyl methyl signals at S 2 03 and 1 96 m the 
‘H NMR spectrum (Table l), which also showed the 
presence of an acetate slgnal at S 2 12 The ‘H NMR 
spectrum of la, when determined m CDQ, only showed 
overlapping signals at 66 l-6 3 due to the exocychc 
methylene protons, the side-cham vinyl proton and H-9 A 
complex signal at S 3 8-3 9 was resolved mto a triplet of 
tnplets (H-7), a triplet (H-8) and a doublet (H-6) when the 
spectrum was run m C6D, A broad smglet at S 5 63 was 
asslgned to H-2 on the carbon bearmg the acetate group, 
since this slgnal shlfted upfield after hydrolysis A doublet 
at S3 77 (J =2 0 Hz) was assigned to H-3 on the carbon 
bearing the epoxy-function Fmally, the methyl groups on 
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C-10 and C-4 appeared as singlets at 6 166 and 160, 
respectively 

The acetylatlon product of la contained one more 
acetate signal m the ‘H NMR spectrum and showed a 
hydroxyl absorption (344Ocm-‘) m the IR spectrum 
suggesting the presence of a tertiary hydroxyl group and a 
secondary one m zoapatanohde C (la) which can be 
placed at C-5 and C-8, respectively, since the H-6 signal 
appeared as a doublet and H-S as a tnplet that shifted 
downfield upon acetylatlon 

All proton signals of the basic skeletal arrangement of 
zoapatanohde C (la) were mamly asslgned by extensive 
‘H NMR spm-decouphng experiments of the acetate lc 
m C,Ds Irradiation of the trlplet of triplets at S 3 9 (H-7, 
J = 10 5 Hz, J = 3 0 Hz) collapsed the exocychc meth- 
ylene doublets at S 5 17 (J = 3 0 Hz) and 6 06 (J = 3 1 Hz) 
to singlets, the triplet at S 5 04 (H-8, J = 10 5 Hz) to a 
doublet, and the doublet at S 2 81 (H-6, J = 10 3 Hz) to a 
singlet Thus these signals can be assigned to H-8 and H-6 
Furthermore, srnce H-6 1s a doublet, the tertiary hydroxyl 
group must be placed at the C-5 posltlon of the 
gualanohde skeleton, as m pumlhn [3] 

Irradiation at the frequency of H-8 (6 5 04) affected one 
of the C-13 protons and changed the H-7 triplet of triplets 
to a doublet of doublets (J = 10 5 Hz, J = 3 0 Hz), and 
the broad doublet at S 6 37 (H-9, J = 10 2 Hz) to a broad 
smglet Saturation of the H-6 doublet at 62 81 changed 

la R=OH, R’=H 

lb R=R’=H 

IC R=OH,R’=Ac 

Id R= H,R’= AC 
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Table 1 ‘H NMR data* of zoapatanohdes C (la) and D (lb) and acetates lc and Id (80 MHz, 
CDCI, , TMS as internal standard) 

H la lb lc Id 

2 
3 
5 
6 
7 
8 
9 

13a 
13b 
14 
15 
3 
4’ 
5’ 

AcO 

OH 

5 62 (5 4)t s (br) 5 77 (5 57 s (br) 5 65 (5 42) s (br) 5 76 (5 58) s (br) 
375 (343 (d 3 66 (3 37) d 3 77 (3 39) d 365 (335)d 

- 336(274)d 339 (2326)d 
38-40(29)d 3 64 (2 5) t 395 (281)d 376(23-26)d 
3 8-40 (372) tt 306(21l)U 4 12 (3 9) tt 3 27 (2 32 6) ct 
38-40(332)t 3 76 (3 13) td 52(504)t 512(489)t 
6&62(6&62)obs 544(515)d(br) 6 35 (6 37) d (br) 5 62 (5 46) d (br) 
6 2 (6 05) s (br) 6 23 (5 96) dd 545(517)d 5 43 (5 12) d 
6 2 (6 24) s (br) 6 23 (6 18) dd 6 15 (606) d 6 15 (602) d 
1 6 (1 47) s (br) 165 (146) s (br) 160 (1 52) s (br) 168 (1 54) s (br) 
167(15)s 169 (152) s 165 (146) s 168 (147)s 
6 l-6 3 (5 73) (br) q 6 15 (5 72) qq 62 (575)qq 6 17 (5 76) (br) q 
20 (193) dq 204 (191)dq 200(194)dq 2 02 (195) dq 
197 (18) s (br) 199 (1 76) qumt 1 85 (1 8) qurnt 1 86 (1 79) qutnt 
2 1 (1 7) s 2 14 (164) s 203,2 1 204,211 

(163, 164) s (1 6,1 63) s 
152d,292s 254d 3 07 s (br) 

J(Hz) 2,3=19,5,6=102,6,7=103,7,8=105,8,9=102,7,13a=30,7,13b=31, 
13a,13b=12,3’,4’=71,3’,5’=15,4’,5’=15 

Numbers m parentheses are chemical shifts m &D, 

the H-7 slgnal to a doublet of triplets (J = 10 5 Hz, J 
= 3 0 Hz) and lrradlatlon at the frequency of H-9 col- 
lapsed the H-8 triplet to a doublet and the broad C-14 
methyl singlet to a doublet (J N 10 Hz) Saturation of the 
broad H-2 signal at 6 5 42 changed the doublet at 6 3 39 
(H-3, J = 1 9 Hz) to a singlet and also sharpened the C-14 
methyl signal These results indicated a long-range W- 
coupling between H-14 and H-9 and a homoallyhc 
coupling between H-14 and H-2 Conversely, irradiation 
of the C-10 vinyl methyl signal changed the H-9 broad 
doublet to a doublet of doublets (J = 102 Hz, J 
_ 10 Hz) and the H-2 broad singlet to a triplet (J 
N 10 Hz) mdlcatmg coupling not only between H-14 and 
H-9 and H-14 and H-2, but also a residual coupling 
between H-9 and H-2 of the same magnitude The above 
spectral data established structure of zoapatanohde C 
(la) 

Zoapatanohde D (lb), C22H2008r mp 20%207”, dlf- 
fered from zoapatanohde C (la) by the lack of a hydroxyl 
group, most hkely the hydroxyl group at C-S, since the 
‘H NMR spectrum showed an extra proton signal as a 
broad doublet at 6 3 36 (J = 10 2 Hz) and the H-6 signal 
as a triplet Acetylatlon of lb corroborated the above 
assumption since the IR spectrum of the acetylation 
product ld did not show hydroxyl absorption The 
‘H NMR data of lb indicated close slmllarltles with la It 
showed the presence of an acetate, an angelate and a 
secondary hydroxyl group as m zoapatanohde C (la), but 
the H-9 and the H-7 signals were shifted upfield to 6 5 44 
and 3 06, respectively These differences in the chemical 
shifts of H-9 and H-7 strongly suggested that the configur- 
ation of the hydroxyl group at C-5 m zoapatanohde C (la) 
must be a, and strongly deshlelds the cc-protons at C-7 and 
c-9 

The stereochemistry at C-5 m zoapatanohde D (lb) and 
at C-6, C-7, C-8 and C-9 m both la and lb was derived 
from the coupling constants, which indicated a trans- 

diaxlal relationship between these protons The a- 
orlentatlon of the hydroxyl group at C-8 1s also strongly 
suggested by the deshleldmg effect on one of the exocychc 
methylene protons and the sphttmg of these signals due to 
the gemmal coupling [5], which was clearly observed 
when the ‘H NMR spectrum of lb was run m C6D6 

The stereochemistry of the acetate at C-2 and the epoxy 
group at C-3,4 was assumed to be fi and GI by comparison 
with analogues [4, S] 

EXPERIMENTAL 

Montanoa tomentosa Cerv (2 9 kg), collected at the UNAM 
Campus, Mexico City m July 1980, was extracted and frac- 
tlonated as described before [2] The CHCI, fractions were 
combmed and percolated on a column packed with 300 g Tonsil 
optimum extra (supphed by Tonsil Mexlcana) and eluted with 
petrol, CHCl,-Me&O Fourteen fractions (500 ml) were 
collected 

Zoapatanohde C (la) From fractions 3-5, after repeated 
chromatography, la was obtamed as an amorphous sohd (mp 
1 lO-115”), which was recrystalhzed from CHCl,-Et,0 
CZ2HZ609, mp 117-118”, UV lEH nm (E) 207 (11544), 
IR v,$z cm- ’ 3430, 1762, 1718, 1630, EIMS (probe) m/z (rel 
mt ) 256 [M - AngOH - HOAc - H,O]+ (1 1), 228 [256 
-C02], (0 8), 83[C,H,O]+ (1000). 55 [C,H,]+ (25 0), 43 
[C2H30] (9 7), CIMS (Isobutane) m/z435 [MH]+ (1),417 [MH 
- H,O]+ (5), 375 [MH - HOAc]+ (lo), 335 [MH -AngOH]+ 
(3), 275 [MH-HOAc-AngOH]+ (13), 257 [MH-HOAc 
- AngOH - H20]+ (35), 239 [MH - HOAc - AngOH 
-2H,O]+ (18), 101 [AngOH + 11’ (100) 

Zoapatanohde C acetate (lc) la (35 mg) was acetylated with 
A@-pyndme and worked up as usual to give 20 mg lc as a gum 
UV A:$” nm (s) 206 (51646), IR vlzcrn-’ 3440,1783,1740, 
1670,1650, EI MS (probe) m/z (rel mt ) 476 [M]’ (0 3), 416 [M 
-60]+(01),376[M-100]+(03),316[M-lOO--60]+(06),83 
[C,H,O]+ (lOOO), 55 [C,H,]+ (162), 43 [C2H30]+ (12 1) 
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Zoapatanolzde D (Id) Fraction 2 was rechromatographed on Ramos, Herbarmm of the Instttuto de Btologla (U N A M ), for 
slhca gel and eluted with petrol and mixtures of petrol-EtOAc ldentlficatton of the plant materM and Messrs R Saucedo, 
From fractions eluted wtth petrol-EtOAc (4 I), lb was obtamed J Cardenas, H BoJorquez, L Velasco, R Kllena and A Toscano 
as a sohd which was crvstalhzed from CHCI,-Et,O. C,,H,,O.. for ‘H NMR, IR, UV and mass spectra 
mp L02-204”, UV A$$t 

__ _” 1, 
nm (E) 205 (15965),-k vgl cm-’ 

3430, 1760, 1720, 1632, EIMS (probe) m/z (rel mt ) 418 [M]’ 
(05),358[M-60]+ (015),318[M-lOO]+ (02),83[C,H,O]+ 
(lOOO), 55 [C,H,]+ (234), 43 [C,H,O]+ (10 1) 1 

Zoapatanobde D acetate (Id) Acetylatlon of 14 5 mg lb gave 
the acetate Id as a gum after prep TLC UV AzzFH nm (E) 205 2 
(14048),IR vc:crn- ’ 1780,1750,1735,1650, EIMS (probe)m/z 
(rel mt) 460 [M]’ (07), 401 [M-59]+ (05), 361 [M-99]+ 3 
(1 1X 340 [M-120]+ (03), 83 [C,H,O]+ (IOOO), 55 [C,H,]+ 
(20 3), 43 [C,H,O]+ 411 6) 4 
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