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Abstract

Macrophyllic acids A-E, five novel sesquiterpene acids with a new rearranged carbon skeleton, have been
isolated from the bark ofhula macrophylla Their structures were determined on the basis of spectral evidence
(especially by HREIMS and 2D NMR) as well as chemical transformations. The structure of macrophyllic acid
A was finally confirmed by an X-ray analysis. The absolute configuration of macrophyllic acid A was determined
by appropriate chemical conversion and the means of PGME. The possible biosynthetic pathway for macrophyllic
acids A-E is also discussed. © 2000 Elsevier Science Ltd. All rights reserved.

Keywords: Inula macrophyltacompositae; macrophyllic acids A—E; sesquiterpene acid; new carbon skeleton; NMR data;
chemical transformation; X-ray analysis; absolute configuration; biosynthetic pathway.

Aristophyllides A-D, the derivatives of the rearrangadelemane sesquiterpenes with a new carbon
skeleton, have been reported recehte report herein five novel rearranged eudesmane sesquiterpene
acids, macrophyllic acids A—E, which also possess a new kind of carbon skeleton and were isolated
from the bark oflnula macrophylla The structures of macrophyllic acids A—E were determined on
the basis of spectral evidence, especially by HREIMS and 2D NMR. The structure of macrophyllic
acid A (1) was finally confirmed by an X-ray analysis. The absolute configuration of macrophyllic acid
A was determined by appropriate chemical conversion and the means of PGME. Two pairs of stereo-
isomers, macrophyllic acids B—E-5), are the derivatives of macrophyllic acid &)( and their absolute
configurations were established by comparison of the spectral data with those of macrophyllicBcid A (

The MeOH extract of the powdered air-dried bark (1.6 kg). ohacrophyllawas partitioned between
H»O and CHC4. The CHCj-soluble fraction was chromatographed over a silica gel column and further
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purified by HPLC and GPC (general permeation chromatography), to give macrophyllic acid$-%}E (
(950 mg, 25 mg, 14 mg, 10 mg and 11 mg, respectively), (Fig. 1).
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Fig. 1. The structures of compouniisb

Macrophyllic acid A ()2 was obtained as colorless needles,3* 8.0 (CHCE, c=0.85). Its HREIMS
(m/z234.1608) indicated a molecular formula ofs82,0, (calcd 234.1620). Th&H NMR spectrum of
1 showed signals of two methyls at; 1.60 (3H, s, H-14) and 1.04 (3H, s, H-15)trans double bond
which should be conjugated with a carbonyl group based on their chemical shifts and coupling constants
( n7.08,1H,ddJ=15.7, 7.0 Hz, H-11; 4 5.82, 1H, ddJ=15.7, 0.7 Hz, H-12), as well as the signals
of other methylenes and methine. I&C NMR and DEPT spectra (Table 1) displayed signals of four
guaternary carbons, three methines, six methylenes and two methyls. Among these signals, the chemical
shifts of C-11 (¢ 156.8, d) and C-12 (¢ 118.6, d) further supported that this double bond should be
conjugated with the carbonyl groupd 172.6, s). There are no other oxygenated carbons except for
the carbonyl group i, based on its NMR data, suggesting this carbonyl group was a carboxy group.
Compoundl is an acid, which also can be inferred from experience since it was a long spot on TLC.

In the'H-tH COSY spectrum of, the correlations of H-12 to H-11, H-11 to H-7, H-7 to H-6 and H-8,
H-8 to H-9, H-1 to H-2, and H-2 to H-3, suggested the structure as shown. This structure was confirmed
by the observed correlations of H-11 to C-12, C-13, C-7, C-6 and C-8, H-12 to C-13, C-11 and C-7, H-15
to C-5, C-10, C-1 and C-9, H-14 to C-3, C-4 and C-5, and H-6 to C-7, C-8, C-11, C-4, C-5 and C-10
in the HMBC spectrum. All of the spectral data were assigned on the basis of the correlaftehsdf
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Table 1
The®3C NMR and DEPT spectral data of macrophyllic acids AZE5)

No 1 2 3 4 5
1 402t 346t 350t 355t 340t
2 19.0t 225t 2221t 16.7t 160t
3 3321t 32.1t 317t 312t 289t
4 1258 s 148.2s 15145 64.2s 63.6s
5 13325 86.5s 753 67.9s 68.9 s
6 30.5¢ 292t 356t 315t 308t
7 423d 355d 35.9d 40.4d 38.5d
8 276t 259t 259t 27.1t 26.6t
9 4151 33.8t 336t 355t 36.8t
10 3445 38.7s 38.0s 33.7s 333s
11 156.8d 156.2d 156.9d 154.8d 155.9d
12 118.6d 118.8d 118.6d 119.0d 118.9d
13 172.6s 1709 s 1719 171.4s 171.8 s
14 194q 111.7t 108.2 t 214q 20.7q
15 24.5q 21.1q 20.0q 23.0q 20.8q

100 MHz, CDCI, as solvents.

COSY, NOESY, HSQC and HMBC spectra. The structure of macrophyllic acid A was finally verified by
an X-ray analysis (Fig. 2.

Fig. 2. ORTEP drawing of compourid

In order to determine the absolute configuration of macrophyllic acitwas converted tda (Fig. 3,
the structure was confirmed B, 13C NMR, *H-'H COSY and HSQC spectral data). TI®-(and R)-
PGME (phenylglycine methyl ester) amides were obtained afievas treated withK)- and §-PGME,
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respectively (Fig. 3). Thus, the absolute configuratioi®fand10R for 1 can be elucidated according
tothe values( = S R)(Fig.3)*

34.0
KMnOy4 (3 mg) , +;%O :31 )
NalOy4 (232 mg) 0.8 +9. 2 76
K,CO3 (48 mg) H 0 0 08 .‘-‘H
7 Hy0 3 ml) 9 W ' PGME
COOH " \BuoH (1.5 ml) o COOH 0
o} +0
1 30mg) la (22 mg) o :'g%

A8 = 8S-6R
Fig. 3. The structures dfaand §)- and R)-PGME amides and their values

The NMR data of macrophyllic acid B)° were similar to those of compourdIts *H NMR spectrum
exhibited signals of exomethylene hydrogens gt5.05 (1H, s, H-14) and 4.74 (1H, s, H-14), and
one methyl signal aty 0.91 (3H, s, H-15). Thé3C NMR and DEPT spectra (Table 1) Bfindicated
an oxygenated quaternary carbon at 86.5 (C-5). These NMR data suggested the exocyclic double
bond was located between C-4 and C-14, and a hydroxyl group attached to Z-bhie HIEIMS {n/z
250.1587) gave a molecular formula ofsE,,03, which was identical with the proposed structure. The
observed HMBC correlations of H-14 to C-3, C-4 and C-5, H-6 to C-4, C-5, C-7, C-8, C-10 and C-11,
and H-15to C-1, C-9, C-5 and C-10 confirmed its structure.

The HREIMS /z250.1561) of macrophyllic acid G) indicated a molecular formula ofigH2,03,
the same as that & The NMR spectral data @ were very similar to those a2, and the evident
difference between them were the chemical shifts of C-5 (Table 1). The hydroxyl groups should adopt
an equatorial orientation and an axial orientatio end3 based on the chemical shifts of C-5, because
the axial orientation hydroxyl group has a stronger shielding effect. For confirming the struct@es of
and3, they have been treated with MeOH and DCC in aCH solution at rt for 2 h, which gave their
methyl esteraand3a. The methyl ester8a and3awere further acetylated using acetic anhydride and
pyridine in the presence of a catalytic amount of 4-dimethylamoniopyridine at rt over@iglitd 3b
were obtained.

The HREIMS of4 (m/z250.1556) and 50/z250.1580) gave the same molecular formula gfH2,03
and their NMR data were also very similar to each other. The NMR data of compelinaisd 5°
indicated that two methyls were attached to the quaternary carbons. The chemical shifts 4if G4 (
64.2, s;5: ¢ 63.6,s)and C-54  67.9,s;5: ¢ 68.9, s) suggested the existence of epoxy groups
in 4 and 5, which were also identical with their molecular formulas. The HMBC correlations of H-
14 to C-3, C-4 and C-5, and H-15 to C-1, C-5, C-9 and C-10 were observed fodlmoil 5; these
correlations verified that their epoxy groups were between C-4 and C-5. In the NOESY specBum of
H-14 correlated to H-15, suggested the two methyls wersirelationship in5. The signal of H-14 of
4 ( n 1.33) showed a downfield shift relative to that of 54(1.26), and the NOESY correlation between
H-14 and H-15 was not observed #rThus, macrophyllic acid D4 is an isomer of macrophyllic acid
E (5).

All of the H-7 of 1-5 should adopt the axial orientations by analysis of the splitting patterns and
coupling constants of H-6 (H-6ed; dd,J=13.7, 1.4 Hz2, dd,J=12.6, 2.4 Hz3, dd,J=13.2, 2.8 Hz4,
dd,J=13.8, 3.2 Hz5, dd,J=14.0, 3.7 Hz; H-6ax1, dd,J=13.7, 12.6 Hz2, dd,J=13.2, 12.6 Hz 3, dd,
J=13.2,12.7 Hz4, dd,J=13.8, 12.5 Hzb, dd,J=14.0, 12.8 Hz). The absolute configurations of C-7 of
2-5 should be the same as thatlpfsince all of these compounds were isolated from the same plant and
all of the H-7 of1-5 adopt the axial orientations. Thus, the absolute configuratiosm#are as shown

(Fig. 1).
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11(13)-Eudesmen-12-oic acid is a common natural product, and a number of these types of sesqui-
terpenes have been isolated from various plant matéritlsdowever, macrophyllic acids A-EL{5)
possess a new rearranged carbon skeleton, and this is the first report of this kind of sesquiterpene acids.
We speculate the possible biosynthetic pathway of macrophyllic acitl) A&¢m the related 11(13)-
eudesmen-12-oic acid to be as shown in Fig. 4.

0 +H,0 0 i
OH OH
HO
11(13)-eudesmen-12-oic acid
(0] . )
LEmneeent L ® OH Macrophyllic acid A (1)
Q OH )
® H H O

Fig. 4. The possible biosynthetic pathway of macrophyllic acidA (

It is worth to point out that macrophyllic acid AL) is one of the main components (950 rhdnas
been isolated from 1.6 kg material) of the barklotila macrophylla This suggests the biological
transformation from general 11(13)-eudesmen-12-oic acids to the presently reported new rearranged
carbon skeleton sesquiterpene acitlsh] is a main and easy biological reaction in the studied plant.
Macrophyllic acids B-EZ-5) were more possible derived from macrophyllic acid) than from the
related 11(13)-eudesmen-12-oic acids, dugisone of the main components of this plant.
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