Phytochemistry, Vol. 22, No. 2, pp. 523-525, 1983.
Printed in Great Britain.

0031-9422/83/020523-03$03.00/0
(. 1983 Pergamon Press Ltd.

GRINDELANE DITERPENOIDS FROM GRINDELIA CAMPORUM AND
CHRYSOTHAMNUS PANICULATUS

BARBARA N. TIMMERMANN, DORI1 J. LUZBETAK, JOSEPH J. HOFFMANN, SHIVANAND D. JOLAD*, KARL H. SCHRAM*,
ROBERT B. BATEST and ROBERT E. KLENCKY

University of Arizona, Office of Arid Lands Studies, Bioenergy Research Facility, 250 E. Valencia Road, Tucson, AZ 85706, U.S.A;
*University of Arizona, College of Pharmacy, Tucson, AZ 85721, U.S.A.; tUniversity of Arizona, Department of Chemistry, Tucson,
AZ 85721, US.A.

(Received 10 April 1982)

Key Word Index—Grindelia camporum; Chrysothamnus paniculatus, Compositae; Soladiginae; diterpenes; labdanes;
grindelic acid derivatives.

Abstract—The structures of nine grindelic acid related diterpenes isolated as methy! esters from Grindelia camporum

and Chrysothamnus paniculatus, were elucidated based on their spectral properties.

INTRODUCTION

We have previously reported the isolation and identifi-
cation of three diterpenes (1a, 2a, 12a) from Chryso-
thamnus paniculatus (Gray) Hall [1]. We now report the
isolation and structure elucidation of nine additional
diterpenes isolated as methyl esters (3b-11b) from the
same plant as well as from Grindelia camporum Greene,
both members of the tribe Astereae of the Compositae.

RESULTS AND DISCUSSION

The isolation of the diterpene methyl esters 3b-11b was
accomplished by methylating the acid fraction of the ethyl
acetate extracts of the aerial parts of Grindelia camporum
and Chrysothamnus paniculatus, followed by HPLC and
TLC.

Quantitative GC analyses of the methyl ester mixtures
of both plants displayed very similar chromatograms
except for the proportions of the components. Qualitative
GC analyses were performed in order to check the purity
of the isolated TLC pure components and to identify the

components present in any mixture. Based on the quanti-
tative analysis, five 17-substituted diterpene homologs
(4b—8b) were isolated from the methyl ester mixture of G.
camporum, while the methyl ester mixture of C. pan-
iculatus was used to isolate three additional diterpenes
(9b-11b). The presence of methyl 68-hydroxygrindelate
(3b) in the methyl ester mixtures of both plants was
established by direct GC retention time comparison with
an authentic sample.

Guerreiro et al. [2] reported the isolation of 1a and
9a—11a from G. pulchella and G. chiloensis,and Bohlmann
et al. [3] reported all compounds except 4b and 11b from
G. stricta, and 4b—8b and 11b from G. camporum. The
spectral data (IR and *H NMR) of our compounds are in
good agreement with those reported by these workers. We
present herein hitherto unreported '*C NMR spectral
data for 10b and 11b (Table 1) and mass spectral data for
4b-8b (Scheme 1), 10b and 11b (Scheme 2).

The nature and size of the side chain at C-17 in 4b-8b
were established from 'H NMR and mass spectral data.
The latter displayed very similar fragmentation modes
after initial retro-Diels-Alder breakdown as shown in
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Table 1. '*C NMR shifts (6) in CDCl; for 10b and 11b

C 10b tb
1 37.6 37.9
2 19.1 19.0
3 42.0 41.1
4 333 33.1
5 40.6 48.1
6 322* 129.1+
7 75.2 130.2%
3 148.1 147.2
9 935 89.1

10 42.1 415

11 25.9 25.8

12 32.0* 31.2

13 825 82.0

14 46.7 46.8

15 1714 171.9

16 26.5 275

17 111.1 110.9

18 334 328

19 22.0 224

20 16.8 17.4

MeO 514 51.2

*+The shift values with the same sign may be interchanged.

Scheme 1. Similarly, 10b and 11b exhibited very similar
fragmentation patterns (the former showing peaks dis-
played by the latter in addition to the peaks with

appropriate shifts to mass numbers higher by 18) verified
by high resolution data and, where indicated by m,
substantiated by metastable peaks (Scheme 2).

EXPERIMENTAL

See ref. [4] for the description of the analytical procedures
used here. Aerial plant material and vouchers of G. camporum and
C. paniculatus were collected in the Mojave Desert of California.
Voucher specimens are deposited in the Herbarium at the
University of Arizona. All plant material was air-dried and
ground to 3 mm particle size prior to exiraction.

Isolation of acid fraction. The ground G. camporum (2kg) was
extracted exhaustively with EtOAc, solvent freed and the result-
ing residue was extracted with MeOH, left in the freezer
overnight and filtered. The filtrate, after being freed from solvent.
was dissolved in Et,O and ppted with light petrol. From the
supernatant, after decantation from the resinous residue, the acid
fraction was separated following the usual work-up, decolorized.
solvent freed under vacuum and subjected to methylation.

In the case of C. paniculatus, the acid fraction was separated
from the Et,O-soluble fraction of the EtOAc extract of the plant
followed by pptn with light petrol as above. Repetition of the
pptn procedure followed by decolorization and work-up gave an
oil which was subjected to methylation.

Methylation of acid fraction. In dry Me,CO with K,CO; and
Mel for 6 hr under reflux. Removal of the solvent after work-up
gave a nearly colorless heavy oil (IR showing no C=0).

Separation of methyl ester mixture by HPLC. The methyl ester
mixture in 4% EtOAc in n-hexane was separated on a Waters
PrepPAK-500/Silica cartridge column with a refractive index

COOM]

R

240
268
282
296
310

Scheme 1. Major fragment ions (m/z ratios) in the mass spectra of 4b-8b. *Not observed.
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Scheme 2. Major fragment ions (m/z ratios) in the mass spectrum of 11b. *In 10b; m, metastable peak.

detector. The column was eluted with various EtOAc-hexane
mixtures: from 4:96 to 3:7 to give fractions I-IV. TLC and GC
analyses showed that fraction I contained 1b and 11b, while
fraction IT was essentially 1b. Fraction III, which was complex,
contained 4b—9b, while fraction IV contained 3b, 10b, and 12b.

Isolation of individual diterpene methyl esters. Final separation
and purification of each diterpene methyl ester from the above
fractions was carried out by repeated TLC (SiO, 60 PF-254) and,
where necessary, by EM 8iO, 60 CC followed by TLC. All the
isolated diterpene esters were pure colorless oils (as judged from
TLC and GC) except 7b and 8b which could not be separated
from each other. GC was performed on a Varian Model 3700 gas
chromatograph (FID) and Model 8070 Interface. The glass
capillary column (10m x 0.25 mm) was WCOT OV-101 with He
at 3.6 ml/min. The temp. program was 148° 15 min, 3°/min to
215°,hold 4 min. The GC data was analysed witha Varian VISTA
401 chromatography data system.

Acknowledgements—We are indebted to Mr. Pramuk Shivanonda
for technical assistance, Dr. Steven McLaughlin for plant samples
and Dr. Allan Rose for an authentic sample of 3b. This work was
supported by a research agreement with Diamond Shamrock
Corporation, Dallas, Texas, U.S.A.

REFERENCES

1. Hoffmann, J., McLaughlin, S, Jolad, S., Schram, K.,
Tempesta, M. and Bates, R. (1982) J. Org. Chem. 47, 1725.

2. Guerreiro, E., Kavka, J., Saad, J., Oriental, M. and Giordano,
O. (1981) Rev. Latinoam. Quim. 12, 77.

3. Bohlmann, F., Ahmed, M., Borthakur, N., Wallmeyer, M.,
Jakupovic, J., King, R. M. and Robinson, H. (1982)
Phytochemistry 21, 167.

4. Jolad, S., Hoffmann, J., Schram, K., Cole, J., Tempesta, M. and
Bates, R. (1981) J. Org. Chem. 46, 4267.



