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Abstract—Further investigation of Montanoa tomentosa afforded two new guaianolides as well as the known pumilin
and the previously isolated heliangolide zoapatanohde A The structures were established on the basis of spectroscopic

studies and chemical evidence

INTRODUCTION

In our previous papers we have described the 1solation
and structure elucidation of sesquiterpene lactones of the
germacrolide type from Montanoa frutescens [1] and of
the hehangolide type from M tomentosa 2] Recently, we
have re-investigated M tomentosa and isolated, besides
zoapatanohde A [2], three guaianolides, the known
pumilin (2) with established X-ray structure, previously
wsolated from Berlandiera pumila [3], and two new
compounds which we have named zoapatanolides C and
D These represent the first guaianohdes isolated from the
genus Montanoa The close structural relationship of the
guaianohdes present in M tomentosa and those 1solated
from Berlandiera pumila [3] and B subacauhs [4] might
have taxonomic implications

RESULTS AND DISCUSSION

The structures of zoapatanolides C (1a) and D (1b) were
established by extensive 'H NMR studies and spin-spin
decoupling as well as some chemical evidence

Zoapatanohde C (la), C,;,H,,09, mp 130-132°,
showed a UV end absorption at 207 nm (¢ 11 544) and
typical IR bands at 1762, 1630 and 3430 cm ™! indicating
the presence of a y-lactone mouety, an «,f-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 vinyl proton signal at
46 2 and the vinyl methyl signals at § 203 and 1 96 1n the
'"H NMR spectrum (Table 1), which also showed the
presence of an acetate signal at 212 The 'H NMR
spectrum of 1a, when determined 1n CDCl,, only showed
overlapping signals at 66 1-63 due to the exocyclic
methylene protons, the side-chain vinyl protonand H-9 A
complex signal at 3 8-3 9 was resolved nto a triplet of
triplets (H-7), a triplet (H-8) and a doublet (H-6) when the
spectrum was run tn C¢Ds A broad singlet at 5 63 was
assigned to H-2 on the carbon bearing the acetate group,
since this signal shifted upfield after hydrolysis A doublet
at 377 (J=20Hz) was assigned to H-3 on the carbon
bearing the epoxy-function Finally, the methyl groups on
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C-10 and C-4 appeared as singlets at 6166 and 1 60,
respectively

The acetylation product of la contamed one more
acetate signal i the 'H NMR spectrum and showed a
hydroxyl absorption (3440cm™') mn the IR spectrum
suggesting the presence of a tertiary hydroxyl group and a
secondary one 1n zoapatanolide C (la) which can be
placed at C-5 and C-8, respectively, since the H-6 signal
appeared as a doublet and H-8 as a triplet that shifted
downfield upon acetylation

All proton signals of the basic skeletal arrangement of
zoapatanohde C (1a) were mainly assigned by extensive
'H NMR spin-decoupling experiments of the acetate 1¢
1n C¢Dyg Irradiation of the triplet of triplets at § 3 9 (H-7,
J =105 Hz, J = 30 Hz) collapsed the exocyclic meth-
ylene doubletsat 6517 (J = 30 Hz)and 6 06 (J = 3 1 Hz)
to singlets, the triplet at 4504 (H-8, J =105 Hz) to a
doublet, and the doublet at 62 81 (H-6,J = 103 Hz)toa
singlet Thus these signals can be assigned to H-8 and H-6
Furthermore, since H-6 1s a doublet, the tertiary hydroxyl
group must be placed at the C-5 position of the
guaianolide skeleton, as in pumilin [3]

Irradiation at the frequency of H-8 (4 5 04) affected one
of the C-13 protons and changed the H-7 triplet of triplets
to a doublet of doublets (J/ = 105 Hz, J = 30 Hz), and
the broad doublet at 6 6 37 (H-9, J = 102 Hz) to a broad
singlet Saturation of the H-6 doublet at 62 81 changed

1a R=OH, R!'=H
1b R=R'=H

1c R=0OH,R'=Ac
1d R=H,R'=Ac
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Table 1 'H NMR data* of zoapatanohdes C (1a) and D (1b) and acetates 1¢ and 1d (80 MHz,
CDCl;, TMS as internal standard)

H 1a 1b ic 1d

2 562(54)ts(r)  57T(55Ts(br)  565(542)s(br) 576 (558) s (br)
3 375343 d 366 (337)d 377339 d 365(335)d

5 — 336 (274) d — 339 (23-26)d
6 3840294 364 (25)t 395(281)d 376 (23-26)d
7 38400371t 306 211) ¢ 412 (39) ut 327(23-26) 1t
8 3840(332)¢ 376 313)td 52(504)¢ 512489t

9 60-62(60-62) obs 544 (515)d (br)  635(637)d (br) 562 (546)d (br)
13a 62 (60S)s (br) 623 (596) dd 545517 d 543 (512)d

13b 62 (624) s (br) 623 (618)dd 615(606)d 615(602)d

14 16 (147)s (b) 165(146)s(br) 160 (152)s(br) 168 (154)s (br)
15 167(15s 169 (152) s 165(146) s 168 (147) s

¥ 61-63(573)q (br) 615(572) qq 62 (575) qq 617 (576) q (br)
4 20(193)dg 204 (191) dq 200 (1 94) dq 202 (195) dq

5 197 (18) s (br) 199 (176) quint 185 (18) quint 186 (1 79) quint
AcO 21(17)s 214 (164) s 203,21 204,211

(163, 164) s (16,163)s
OH 152d,2925 254d 307s (br)

J(Hz) 2,3=19,5,6=102,6,7=103,7,8=105,89=102, 7,13a=30, 7,13b =131,
132,13b=12,3,4=71,3,5=154,5=15
Numbers 1 parentheses are chemical shifts in C¢Dyg

the H-7 signal to a doublet of triplets (J = 105 Hz, J
= 30 Hz) and wrradiation 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 ~ 1 0 Hz) Saturation of the
broad H-2 signal at 65 42 changed the doublet at 3 39
(H-3,J = 19 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 homoallylic
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 =102Hz, J
~ 10Hz) and the H-2 broad singlet to a triplet (J
~ 10 Hz) indicating 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
(1a)

Zoapatanolide D (1b), C,,H,,0g, mp 205-207°, dif-
fered from zoapatanolide C (1a) by the lack of a hydroxyl
group, most likely the hydroxyl group at C-5, since the
'H NMR spectrum showed an extra proton signal as a
broad doublet at 63 36 (J = 10 2 Hz) and the H-6 signal
as a triplet Acetylation of 1b corroborated the above
assumption since the IR spectrum of the acetylation
product 1d did not show hydroxyl absorption The
'H NMR data of 1b indicated close similarities with 1a It
showed the presence of an acetate, an angelate and a
secondary hydroxyl group as in zoapatanohde C (1a), but
the H-9 and the H-7 signals were shifted upfield to 6 544
and 3 06, respectively These differences 1n the chemical
shifts of H-9 and H-7 strongly suggested that the configur-
ation of the hydroxyl group at C-51n zoapatanolide C (1a)
must be a, and strongly deshields the a-protons at C-7 and
C-9

The stereochemistry at C-5 1n zoapatanolide D (1b) and
at C-6, C-7, C-8 and C-9 1n both 1a and 1b was derived
from the coupling constants, which indicated a trans-

diaxial relationship between these protons The a-
orientation of the hydroxyl group at C-8 1s also strongly
suggested by the deshielding effect on one of the exocyclic
methylene protons and the sphtting of these signals due to
the geminal coupling [5], which was clearly observed
when the 'H NMR spectrum of 1b was run in C¢Dg

The stereochemustry of the acetate at C-2 and the epoxy
group at C-3, 4 was assumed to be  and o by comparison
with analogues [4, 5]

EXPERIMENTAL

Montanoa tomentosa Cerv (29 kg), collected at the UNAM
Campus, Mexico City 1n July 1980, was extracted and frac-
tionated as described before [2] The CHCI; fractions were
combined and percolated on a column packed with 300 g Tonsil
optimum extra (supplied by Tonsil Mexicana) and eluted with
petrol, CHCl;-Me,CO Fourteen fractions (500 ml) were
collected

Zoapatanohde C (1a) From fractions 3-5, after repeated
chromatography, 1a was obtained as an amorphous solid (mp
110-115°), which was recrystalized from CHCl;-Et,0
C22H,60,, mp 117-118°, UV AMOH ny (5) 207 (11544),
IR vKBrem~1 3430, 1762, 1718, 1630, EIMS (probe) m/z (rel
mt) 256 [M—AngOH-—-HOAc-—-H,0]* (11), 228 [256
—CO,], (08), 83[C,HsO]* (1000), 55 [C,H,]" (250), 43
[C,H;0] (9 7), CIMS (1sobutane) m/z435[MH]* (1),417 [MH
—H,0]" (5),375 [MH — HOAc] " (10), 335 [MH — AngOH]}"*
(3), 275 [MH - HOAc—AngOH]* (13), 257 [MH —HOAc
—AngOH-H,0]* (35, 239 [MH-HOAc-AngOH
—2H,0]" (18), 101 [AngOH +1]* (100)

Zoapatanolhide C acetate (1¢) 1a (35 mg) was acetylated with
Ac,O-pyridine and worked up as usual to give 20 mg 1casa gum
UV AMOH nm () 206 (51 646), IR vilm em ™1 3440, 1783, 1740,
1670, 1650, EI MS (probe) m/z (rel int) 476 [M]* (0 3),416 [M
—60]* (01),376[M — 100]* (03),316[M — 100 —60]* (06),83
[CsH,O]* (1000), 55 [C,H,]* (162), 43 [C,H,01" (121)
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Zoapatanohde D (1d) Fraction 2 was rechromatographed on
silica gel and eluted with petrol and mixtures of petrol-EtOAc
From fractions eluted with petrol-EtOAc (4 1), 1b was obtained
as a solid which was crystallized from CHCl;-Et,0, C;,H,003,
mp 202-204°, UV AMeOH ym (¢) 205 (15965), IR vEBrem ™!
3430, 1760, 1720, 1632, EIMS (probe) m/z (rel nt) 418 [M]*
(05),358 [M —60]* (015), 318 [M — 100]* (02), 83 [CsH,O]*
(1000), 55 [C4H,]" (23 4), 43 [C,H,;0]* (101)

Zoapatanolide D acetate (1d) Acetylation of 14 5 mg 1b gave
the acetate 1d as a gum after prep TLC UV AMeOH yiy () 205

max

(14048), IR vilm ¢y =1 1780, 1750, 1735, 1650, EIMS (probe) m/z

max
(rel it} 460 [M]* (07), 401 M- 59]+ (05), 361 [M — 99]*
(11) wer_wmwm\ 83 [C.H,01* (1000), 55 C,H,1*

ih 2% 12V W2, 82 L\/s..[\/ AV, 22 [ gqiigg

(203), 43 [C,H,0]* {11 6)
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