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Abstract-An acid fraction of the dlchloromethane extract of Grrndelra squarrosa and a neutral fraction of the ethyl 
acetate extract of Grrndeha camporum yielded a number of previously known grmdelane dlterpenolds and flavonolds 
Along with the known aolates, two new grmdelane dlterpenoids, 13-lsogrmdehc acid and 17-grmdeloxy grmdehc acid, 
from G squarrosu were isolated and rdentlfied spectroscopically 

INTRODUCTION 

The occurrence of grmdehc acid and Its I’t-hydroxy 
derlvatlve, ilavonolds, phenol*: acids and monoterpen- 
olds m Gnndelza squarrosa (Pursh) Dunal, a member of 
the t&e Astereae, subtribe Solalltgmae, has been pre- 
vzously reported El-31 Dunng the course: of our phyto- 
chemical ~~ves~~tlon of thrs spenes, the actd fraction of 
the dlchloromethane extract of the aerzai parts of the plant 
yielded, m addition to grmdehc aczd and tts l7-hydroxy 
denvatlve, 11 previously known and two new grmdelane 
daerpenogds, I f-lsogrmdehc acid (14) and ~7-~ndeloxy 
gnndellc acid (15), all Isolated as methyl esters We wish to 
report here the structure elmdatgon of these two new 
dlterpenoids 

In contmuatton of our chemical mvestlgattons of G 
camporum [4], we now report eight naturally occurrig 
grmdelane methyl esters and four fiavonolds from tts 
neutral fraction 

The presence of grlndeIane acids m G~~~~~~ IS t~i~1 
of the l&lane-type dlterpenolds also found m Chryso- 
thamnus [5,6], Erigeron [7] and Haplopappus [S], all 
members of the tribe Astereae m the family Asteraccae 
Some gnndelanes were shown to have feedrng deterrent 
actlvlty towards aphids [9] 

RESULTS AND DWXJL%SION 

The acid fraction of the dlchloromethane extract of the 
aerial parts of G squat-rosa was SubJected to methylatlon 
and the resulting methyl ester nuxture, when subJected to 
normal and reversed phase preparative and senuprepara- 
tlve HPLC, gave 15 grmdelane dlterpenolds (I-IS). These 
included methyl grmdelate (1) and its su( denvatwes [6- 
0x0-(2), 1 ‘I-hydroxy-(3), dhydroxy-(4), 7a,8a-epoxy-(S), 
6,8(17)-dlene-(6), and 7-hydroxy-8(17)-dehydro-(7)], five 
17-substituted homologs [methoxy-(8), acetoxy-(9), 
proplonyloxy-(lo), isobutyryloxy-(1 l), and isoval- 
eroyloxy-(12)], methyl stnctanonoate (13). methyl 13- 
lsogrmdelate (14), and methyl 17-grmdeloxy grmdelate 

(15) We have previously reported the tsolatlon of natur- 
ally occurring acids of I,2 and 13 from the acid fraction of 
the ethyl acetate extract of Chrysothamnus panrculatus, 
another member of the tnbe Astereae of the Asteraceae, 
and 4-12 from the methylated acid fraction of the ethyl 
acetate extract of G cumporum [4,6 and references cited 
therem] 

All the known drterpenolds (1-13) were ldentfied by 
TLC, spectral and GC retention time comparison with 
authentic samples Structure 14 was proposed as follows 
The IR and mass spectra of methyl 13-lsogrmdelate (14), 
CzIHJaOJ, were very smular to those of 1 except for an 
intense [M -Me]’ peak However, 14, unhke 1, gave 
different mp, optical rotation, R, value, and GC retention 
time, strongly indicating that 14 IS an Isomer of 1 The 
‘HNMR spectrum of 14 was similar to that of 1 except 
for the C-14 methylene protons The two C-14 protons 
which appear as a doublet at 6 2.67 m 1 collapsed to a 
singlet at 6 2 58 m 14, mdlcatmg that the two C-lrlprotons 
have become equivalent due to free rotation, which 1s 
possible for a molecule with reverse configyatlon (9R 
and/or 13R) m contrast to the stencally hindered 9S,13S- 
configuration for 1, established by O’Connell from X-ray 
crystallography [ 10) However, for blogenetlc reasons the 
9Sconfiguratton would be preferred We therefore pro- 
pose that methyl 13-tsogrmdelate has the 9S,13R- 
configuration as shown m 14 

The other dlterpene was Identified as methyl 17- 
grmdeloxy grmdelate (15) The molecular formula, 
C4, He406, was deduced from its elemental analysis and 
confirmed by its fast atom bombardment (FAB) mass 
spectrum which displayed a molecular ion associated peak 
[MH]+ at m/z 653.5 

The ‘H NMR spectrum of 15 revealed the presence of 
two one-proton vinyl broad singlets at 6 5 9 and 5 4, a two 
protons singlet at 4 58, a methyl ester at 3 62, a four 
protons broad doublet centered at 2.64 and rune C-methyl 
protons mcludmg a vinyl methyl at 1 78 Furthermore, the 
charactenstlc ‘%NMR [4] peaks for grmdelane ester 
molecules were doubled in the ‘jCNMR spectrum of 15 
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These data suggested that 15 was an ester denved from 
grmdehc acid and its 17-hydroxy denvatlve 

The fast atom bombardment (FAB) mass spectral 
fragmentation of 15 (Scheme 1) was especially mformatlve 
and established uneqmvocally the M, of 15 Allyhc 
cleavage with charge retention by both fragments at C-17 
gave apr of peaks at m/z 333 and m/z 321 which includes 
an additional mass unit due to hydrogen transfer durmg 
the formation of the m/z 321 ion These ion peaks 
suggested that 15 consists of two gnndelane umts, 
strongly supported by their further fragmentation 
via retro-Dds-Alder (RDA) breakdown leading to two 
ions at m/z 209 and m/z 197, respectively, as shown m 
Scheme 1 The appearance of another peak at m/z 528 
(unprotonated), stemmed from [MH - 124]+ via RDA 
breakdown mvolvmg ring B of one of the two grmdelane 
units, further supports this view [4] 

Sapomficatlon of 15 gave two grmdelane umts, grm- 
dehc acid and Ill-hydroxy grmdehc acid These and their 
methyl ester denvatlves, prepared by dlazomethane, were 
Identical m all respects with the authentic samples 
Acetylatlon (A@-pynchne) of methyl 17-hydroxy grm- 
delate gave 9 I)lrect esterdicatlon of grmdehc acid with 
methyl 17-hydroxy grmdelate m the presence of phenyl 
dlchlorophosphate and pyndme gave a complex reaction 
product from which 15 was isolated by repetltlve prep- 
aratlve TLC and shown to be identical (TLC, IR and 
‘HNMR) with the natural sample 

From the neutral fraction of the ethyl acetate extract of 
the aenal parts of G. camporum, eight grmdelane diter- 
penolds, 1,2,4-7,9 and 10 and four previously reported 
ilavonolds, acacetm, kumatakenm, quercetm and Its 3,3’- 
dlmethyl ether denvatlve [l 11, were isolated by s&ca gel 
column chromatography The dlterpenolds were ldentt- 
fied by direct GC retention time comparison with those 
tsolated from G squarrosa We have previously reported 

the tsolatlon and ldenticatlon of correspondmg acids 
from the acid fraction of the ethyl acetate extract of G 
cumporum [4] 

EXPERIMENTAL 

NMR measurements were recorded on JEOL FX90 Q spectro- 
meter with TMS as an mt standard The FAB mass spectra were 
recorded on a Vanan MAT 311A mass spectrometer fitted with 
an 11 NF-FAB Ion-Tech Saddle Field gun using Xe as an lonlzlng 
gas at a pressure of lo-’ torr with an ermssion current of 10 mA 
and a potential of 8 0 kV m the positive mode Samples were 
deposlted as a thm film on a stamless steel probe tip by drssolvmg 
l-5 pg of sample m 5-10 ~1 of tetraethylene glycol dlmethyl ether 
(Aldnch Gold Label) and Introduced at amblent temp For other 
mstrumentatlon see ref [4] 

Known dlterpenmds were tdentfied by direct GC retention 
tme and spectral comparison with authentic samples Flavonmds 
were identified by co-TLC and spectral compartson with auth- 
entic samples 

Isolnt~on ofcompounds 14 and 15from G squarrosa The plant 
material used m this work was collected m Reno, NV, m 1981, 
extracted exhaustively wrth CHICI, and the extract, after re- 
moval of solvent, was stored at - 10” before work-up 

The procedure used for the lsolatlon of the acid fraction from 
the dlchloromethane extract, methylation (Mel-Me&O- 
K&OS) of rhe isolated acid fraction and separation of the 
resulting complex methyl ester rmXture mto four fractions (I-IV) 
by HPLC on a Waters PrepPAK-5OO/sdica cartridge column was 
essenttally solar to that described for the EtOAc extract of G 
camporum m ref [4] The GC analysis pattern of the methyl ester 
nurture obtained from G squarrosa was close to that of the 
methyl ester rmxture obtamed from G camporum [4] 

Methyl lsogrmdelate (14) was Isolated from fraction I, which 
contained 1,6 and 14, by slhca gel 60 column chromatography 
(hexane-EtOAc, 98 2) followed by prep TLC (slica gel 60 PF- 
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Scheme 1 Major fragment Ions m the FAB mass spectrum of 15 

254) usmg the same solvent system From fraction IV, which 
contamed 7, 9-13 and 15 (mayor component), methyl 17- 
grmdeloxy grmdelate (15) was separated by HPLC on a Waters 
PrepPAK-SO0 reverse-phase cartridge column followed by a 
~~-p~~uve reverse-phase column using MeOH The punty 
of 15 was assessed only by TLC since tt could not be detected by 
GC under our standard expenmental condmons The dlter- 
penolds of fractions II (1) and III (3-S and g-12) were Isolated by 
repetltwe prep and serm-prep HPLC on a Waters PrepPAK- 
SOO/Sdtca cartridge column and ~epP~~]I~ packed m a 
stamless steel column (1 m x 12 m ), respectively, usmg various 
solvent systems 

Methyl Isognndelate (14) Colorless crystals, mp 41-42 
IRvsa3cm-’ 1730 (COzR) [a]:: - 17 98” (CHCI,, c 205) 
Found C,7304,H, 1013 CzIHJ~OJreqnres C,754,H, 1017 
MS m/z (ret mt ) 334 CM]’ (0 S4), 319 [M -Me]’ (0 711,210 
[M-124]+ (lOO), 178 [210-MeOH]+ (370), 150 [210 
-AcOH]+ (377), 136 [2lO-AcOMe]+ (1133) ‘HNMR 
(90 MHz, CDC@ SS 32 (IH, br s, H-7), 3 59 (3H, s, C-is Me), 
2 58 (2H, s, H-14), 165 (3H, s, H-17), 132 (3H, s, H-16), 0 85 (3H, 
s, H-18), 0 84 (3H, s, H-19), 0 78 (3H, s, H-20) 

Methyl 17-gnmfefoxy grmdelate (15) Colorless rcs1IL, mp 
etQ6” IRvEcm -’ 1740 (COzR) UVIzH 21085nm 

PKYTO 24 5-J 

Cal2 - 123 IS” (CHCI,, c 15) Found C, 75 36, H, 940 
C41H6a06 requires C, 7541, H, 987 FAB MS m/z (rel mt) 
653 S [MH]+ (3 SO), 528,333,321,209,197,135 (yce Scheme 1) 
‘HNMR(~OMH~,CDC~,~~S~(~H,~~S,H-~),S~~(~H,~S,H- 
7~4S8(2~~H-l7),362(3H,s,H-lSMe~2~(4~~~d,H-l4, 
H-14’),178(3H,s, H-173,135 (6H,s,H-16,H-l6’),OSS(18H, br 
s, H-18, H-18’, H-19, H-19’, H-20, H-20’) ‘%NMR (CDCI,) 
38 862 (C-l)*, 38 592 (C-l’)*, 18 871 (C-2, C-2$42 275 (C-3, C-3’, 
C-S’); 33 282 (C-4, C-4’), 42 709 (C-Sk 32 741 (C-6, C-18); 33 012 
~~,C-~~~~32~(C-7),126S69(C-~~l3SO2O(C-8~1~912 
(C-8’), 90 760 (C-9)?, 89 839 (G9’)t, 40 975 (C-10, C-lo’), 24 559 
(C-11, C-11’), 27755 (C-12& 28405 (C-12’)& 816.59 (C-13, C- 
13’),47854(C-14),48612(C-14’),171371 (C-lS),170992(C-lS’), 
2773(C-16~27S39(C-16’),66436(C-17~22284(C-17’~22013~ 
(C-19), 210920 (C-19’), 16 866 (C-20, C-20’), 510% (OMe) The 
stuft values wth the same supempt symbol may be mter- 
changed 

Saponficat#on of compound 15 To a soln (100 ml) of 10% 
ICOH m MeOH was added 15 (120 mg) and the nuxture re- 
fluxed under argon for 2 hr The reactjon nurture was cooled, 
acxidied and extracted wnh Et,0 The EtzO extract, after removal 
of solvent, when subJected to prep TLC (s&a gel 60 PF-2S4, 
&H,-EtztXAcOH, 40 10 I), gave gnndebc acid and 17-hy- 
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droxy grmdehc acid, Identical Hnth the authentic samples 
Methylatlon (CHIN,) of hydrolysed products gave the cor- 
responding methyl esters, ldentfied by spectral comparison with 
authentic samples spectra Acetylatlon (A@-pyndme) of meth- 
ylated 1Fhydroxy grmdebc acid gave 9 

Prepuratron of compound 15 To a soh~ of grmdehc acid (68 mg) 
m 1,2dunethoxyethane (15 ml) at o”, were added sequentially 
distilled pyndme (0 24 ml), phenyl dlchlorophosphate 
[C6H,0PGC12] (0 5 ml) and methyl 17-hydroxy gnndelate 
(88 0 mg) [12] The muture was stirred at room temp under 
argon for 18 hr The soln was poured mto ice-cold 1 N HCI (40 
ml)and extracted with CHQ (4 x 30 ml) The combmed extracts 
were dned (MgSO,) and coned Repetitive prep TLC (nhca ge! 
60 PF-254) of the reaction nuxture wth toluene-EtOAc (9 1) 
gave, among other products, 15 (8 mg, 5 % yield) whose IR and 
‘H NMR spectra were identical to those of naturally occurnng 
15 
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