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Abstract-Ten sesqulterpenolds were isolated from the methylene chloride extract of Coreocarpus arlzonicus. Five 
were new, identified on the basis of spectral data as l(R),4(R),7(S)- and l(S),4@),7(S)-bisabol-2-en-1,4-diols and dlmers 
of perezone (biperezone) and its 12-(2-methylbutyroxyl) and 12-isovaleroxyl derivatives oxidatlvely coupled through 
C-4. The known sesquiterpenoids were costunohde, dihydrocostunolide, perezone, cr-plpitzol and spathulenol. 

INTRODUCTION 

As part of our continuing phytochemical investigation of 
and-adapted plants in search of biologically active com- 
pounds, we have examined the dichloromethane extract 
of the aerial parts of Coreocarpus arizonxus Gray 

(Asteraceae, Heliantheae; Coreopsidmae) from Anzona. 
This species is represented by branchmg suffrutescent 
perennials growing m rich soils along streams and on 
rocky slopes in southern Arizona and northern Mexico. 

RESULTS AND DISCUSSION 

The dichloromethane extract of the aerial parts of C. 
artzonicus gave a petrol-soluble fraction from which a 
polar fraction was separated by extracting with aqueous 
MeOH and submitted to silica gel CC. Preparative TLC 
of the resulting CC fractions afforded three new sesquiter- 
penolds (Z-4), five previously reported ones [costunolide 
(5, major constituent), dlhydrocostunolide (6), perezone 
(l), r-plpltzol (7) and spathulenol (S)] and two new 
blsabolane dtols (9 and 10) The new sesqmterpenoids 
(2-4) and dlols (9 and 10) were identified spectroscoplcal- 
ly as 6,6’-bis-[2-( 1,5-dimethyl-4-hexenyl)-3-hydroxy-5- 
methyl-p-benzoquinone] (blperezone, 2), 6’,6-bls-2-E 1,5- 
dlmethyl-4-hexenyl-6-(2-methylbutyroxy)]-3-hydroxy-5- 
methyl-p-benzoquinone (3), 6,6’-bls-[2-( 1,5-dimethyl-4- 
hexenyl-6-~sovaleroxy)-3-hydroxy-5-methyl-p-~~oquln- 
one] (4) and l(R),4(R),7(S)- and l(S),4@),7(S)-bisa- 
bol-2-en- 1,4-diols (9,10). The isomeric blperezone denva- 
tlves 3 and 4 were not separated from one another due to 
their identical R, values, but their structures were evident 
from the NMR and mass spectra of the mixture [75% (3) 
and 25% (4)]. The 77:23 mixture of blsabolane dlols 9 
and 10 was not separated for the same reason; their 
structure determinations were greatly facilitated by 
‘H NMR spectral comparison with a synthetic 1: 1 mix- 
ture of their enantlomers [l]. Like earlier work, we have 
not been able to tell which spectrum corresponds to 
which structure within the pair. 
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The IR (neat) spectrum of 2, [a]:: -6” (CHCl,; c 1.8), 
C,,H,,O, by HR mass spectrometry, displayed absorp- 
tion bands at 3390 (OH), 1655,163O (conjugated ketone), 
139&1375 doublet [<(Me),-] and 820 (:C=CH-) 
cm-‘. The ‘HNMR spectrum (Table 1) was similar to 
that of perezone (1) but lacked the absorption at C-4, 
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Table I ‘H NMR (250 MHz) chenxcal shifts (S, CDCI,) and couphng con- 
stants (J, m parentheses) for l-4 

H 1 2 3* 4t 

4 648 (1 8) q 
I 3.05 -sextet (7 0) 3 05 -sextet (7 1) 3 05 -sextet (6 8) 

10 507 -t(67) 508 --t (67) 5.43 hr t (7 0) 
12 164 hrs 165hr~ 443 -7 

13 206d (I 8) 1 88 s 188 b 

!4 ! !9d(70) ! 20 n (7 0), I22d (7 0) 1~ 21 d (6 9)_ 122 d (7 0) 

15 1 53 hr S 154/v\ 1 59 hr 5 
OH 699s 707 F 709Y 

Table 2 ‘% NMR (22 63 MHz) chemical slufts (6. CDCl,) for l-4 

C 1 2 3t 4: 

1 1509 1509 

2 11(73* 1848, 1849* ~~ 
3 !%5 !383 

4 :358 :4c 3 
5 184 3* 183 2* 

6 1245 1248 

7 29 3 23 5. 29 6 

8 34 1 34 1,342 

9 26 7 26 6 
10 1244 1242 129 1 

11 1314 1315 1303 

:2 257 LJ q‘z 7 I 
:3 ::: !2’f, !30 

14 18 2 18 1, 182 

15 17 6 :76 

*May be reversed wlthm columns 
tl’ 174.4Yz..41..1,3’ %.1,4.' l.l_.fLY Cflh 

y_' 171 r_< 2 414,. 3' 21 7,.4' 324 

1510 

1848, 1849* ~ 
!38 3 

?4!I!2 
1832* 

1245 

295 

33 5, 33 6 

26 7 
1293 

1302 

698 

!2? !?(! 

18 1 

!38 

suggesting the posslbllity that It was an oxldatlve dlmer 
through C-4 The ‘%NMR spectrum (Table 2) suppo- 
rted this view m that the off-resonance doublet for C-4 m 
1 was replaced by an off-resonance smglet. A doubling of 
five of the peaks m the ‘H spectrum and one peak m the 
13C spectrum for some of the nuclei near the centre of this 
dlmer molecule was consistent with the presence of equal 
amounts of both rotamers about the central bond, with a 
high energy barrier between them 

The mass spectrum gave strong confirmation for struc- 
ture 2 In the lower mass region of the EI mass spectrum, 
perezone fragments (m/z 205, 191, 177,167,166,149,109, 
69, 55) were seen, but m the upper mass region the two 
most abundant peaks, at m/z 412 and 330, were associated 
with the loss of 82 and 2 x 82 mass units from the [M]’ 
(m/z 494) from the dlmer 2 utu six-membered cychc 
transItIon states Addltlonal peaks at m/z 383 and 301, 
corresponding to the successive loss of side chams at C-6 

and C-6’ from the [M]’ and m/z 412, respectively, and 
peaks associated with the loss of carbon monoxide from 
the [M]’ (m/z 466), 412 (m/z 384), 383 (m/z 355), and 301 
(m/z 273) further supported this view. A group of un- 
expected peaks at m/z 495498 (above the [Ml’) appears 
to be due to the addition of 1 to 4 extra hydrogens to the 
four carbonyl functions of the dlqumone [M] ’ during 
heating of the sample for volatlhzation m the ion source 
(e g the m/z 498 peak is probably the [M]’ of the bls- 
hydroqumone from the reduction of 2). Fragments of 
appreciable Intensity, at m,iz 415 and 413, derived from 
the hydroqumone species (m/z 498 and 496, respectively) 
UKI b-cleavage were also present The absolute configur- 
atlon deplcted for 2 IS based on It having a negative 
optical rotation, hke perezone (I), and Its co-occurrence 
with perezone (1) m this plant 

The structures of 3 and 4 were apparent from com- 
parlson of the ‘H (Table 1) and 13C (Table 2) NMR 
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spectra of their 3: 1 mrxture with those of 2 and 2- 

The presence of two saturated 5-carbon acyl groups m 
3 and 4 produced peaks m the EI mass spectrum at m/z 

methylbutyrate and isovalerate esters of other primary 
alcohols [2]. The configuration of the double bond 

592 and 490 (base), correspondmg to the loss of one (102 

follows from the r3C NMR data of monoterpenes (com- 
pound number 23 in ref [3]). Again, most of the same 

mass umts) and two (2 x 102 mass units) mol of 5-carbon 

doublings of peaks were observed as for 2. The configur- 
ations withm the 2-methylbutyrate groups were not 

acid from the [M]’ (m/z 694). Further breakdown of 

determined. 

0 

m/z694 CM+‘,25 8) 

m/z 355 
Is’ C’ -co 

- m/z 524 - m/z 341 - mJz 313 

(26 8) (1 1 ) (194) (165) 

these two ions furnished fragments of appreciable inten- 
sity as shown m Scheme 1. The mixture of 3 and 4, like 2, 
showed peaks [m/z 695 (12 1%) and m/z 696 (3.3%)] 

The IR (neat) spectrum of mixture of 9 and 10 showed 

above the [M]’ [m/z 694 (25X%)] The IR (Ccl,) 

bands for the presence of OH (3380, 1120cm-‘), 3 

spectrum of the mixture of 3 and 4 showed bands srmilar 
to those of biperezone (2), the most striking difference 
being the appearance of a strong band at 1735 cm-’ in 

=CH- (3020, 1668, 825 cm-‘) and Me (1375 cm-‘) 

3-4 mdicating the presence of an ester carbonyl function 

groups The EI mass spectrum of 9 and 10 showed no 
[M] + (m/z 238) but exhibited minor but diagnostic peaks 

c I- -Me 
511 (198) I- 475 ( 19 7 ) 

m/z 592 

(134) 

I -Me 

m/z 395 

(133) 

Scheme 1 The dlagnostlc fragments m the EIMS of the mixture of 3 and 4 (relatwe mtensltles m parentheses). 

m/z127(624) 

m/z 138k p? 

-OH 
-co 

-Me 
m/zl23(327) - 

-Hz0 
-Hz0 

m/z 238 ( M+: not observed ) \ 
-Me 

r 

m/z 205 ( 3 6 ) 
I: 

-co 

h 

a 

-Hz0 -co 
- m/z 109(base) - 

RDA -Me 

r- 
m/2110(355) - 

m/z 81 (445) 

m/z 95 ( 43 4 ) 

m/zl20(102) 

m/z 121(214) 

m/z 95 ( 43 4 ) 

m/z 187(33) 

m/z 177(61) 

m/zl87(33) 

Scheme 2 Dragnostrc fragments m the EIMS of the mrxture of 9 and 10 (relatwe mtensittes in parentheses) 
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Table 3 

Compound CC Fr No of PLC Solvent/no of developments 

1 2 Crystallized out 
2 3 2 A/l, B,‘l 

3+4 38-39 1 C/2 
5 13-23 Crystalhzed out 
6 24-29 1 C/l 
I 5-6 2 D/multiple 
8 3 2 A/l, B,‘l 
9flO 45 2 E/l, F/l, E/l 

A petrol-Et&I (4 I)* B petrol-Et,0 (5 IL C petrol-Et&I (2 1) D 

petrol-Et,0 (7 I), E. petrol-Et,0 (I 3), F petrol-Et,0 (I 2) 

at m/z 220 [M-H,O]+, 205 [m/z 220_Me]+, 202 47 fractions [ 1800 (I), 250 (2-33). 500 (3444) and 2000 (4547) 
[M-2H,O] +, 187 [m/z 202-Me] + and very character- ml], combmed on the basis of TLC cornposItion and submitted 
istic peaks of appreciable Intensity in the lower-mass to prep TLC The Isolation of l--IO, performed quahtatlvely, IS 

range as depicted m Scheme 2. The ‘H NMR spectrum summarized m Table 3 
showed these substances to have the same constltutlons l(R),4(R),7(S)- and l(S),4(S),7(S)- Blsabol-2-en-1,4-dlols (9 and 

as a 1.1 mix of dlols prepared synthetically [l] The 10) The IR (text), [a]k5+125” (CHCI,, ( 16). ‘HNMR 

absolute configurations of the natural products 9 and 10, [(250 MHz, CDCI,-TMS, 6) 9, 0 95 d (6 8 Hz, H-14), 1 23 \ (H- 

which we assign to have the 7(S) configuration on the 13), I 60 s (H-12), 1 68 s (H-15), 5 07 t (7 2 Hz, H-lo), 5 47 d and 

basis of a common precursor in C. arlzonlcus with (-)- 5 70 d (10 2 Hz, H-2 and H-3), 10, same except 0 86 d (6 8 Hz, H- 

perezone (l), are apparently opposite to those of the 14). 5 IO t (7 2 Hz, H-lo), 5 49 d and 5 69 d (10 I Hz. H-2 and H- 
synthetic substances In the 9,10 pair, the 14-Me group in 3)] 13CNMR [(22 6 MHz. CDCI,-TMS, d, C I-15) 9. 720, , 
the nunor c~ampanent 10 ahsorhs u~~field (le it spends 132Z 1373, 694, 343, 287,421, 320, 263, 1244, 131 6, 176, 

more time above the rmg double hand) ISI the ‘!A NMR 24 7, 13 Q, 25 7,10,720, 132 II. 136 9,69 4,34 $28 $42 1, 3112, 

and downfield (probably mdlcatmg that it spends more 263, 1245, 131 5, 176, 267, 144, 25 71 and mass (Scheme 2) 

time ant1 to the 1 -OH) m the 13C NMR, but it 1s not spectra were m accord with the structures shown 
clear which rotamers about the 1,7 bond are favoured and 
we do not think it safe to assign which structure goes with Acknowledyrments~~We thank Dr Steven P McLaughlin for 
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EXPERIMENTAL 

JVant mater& was collected m the Coyote Mountains, Pima 1 
County, Arizona, m June 1987 A voucher specimen (SPM 4262) 

has been deposited m the Herbarium at the Umverslty of 

Anzona, Tucson All plant matenal was air-dried, ground to 
3 mm particle size and stored at 5” prior to extn. 2 

Extra&on and isolation The solvent-free CH,Cl, extract 

(21 g) of the aerial parts (1,240 g, cold percolation) was triturated 3 
with petrol (600 ml), stirred (2 hr), left at 5’ overnight and filtered 
The petrol-sol filtrate was extracted with 20% aq MeOH 4 

(200 ml x 5) and the combined aq. MeOH exts after evapn of 

solvent gave a residue (9 7 g) which was combined with sub- 5 
sequent batches to give a total of 42 g Slhca gel CC (1500 g 

packed m petrol) elutmg with petrol contammg Increasing 6 

concns of Et,O, Et,0 (100%) and CH,Cl,-MeOH (1 l), gave 
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