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Abstract-Chemical analysis of Squamopappus skutchli afforded a new eudesmanohde, chapmohn, and two new 
guaianohdes, skutchmohde A and B. Their structures were elucidated by ‘H NMR and mass spectral methods. 

INTRODUCTION 

In our biochemical systematic study of the tribe Heli- 
antheae (Asteraceae) [l] we were interested to learn 
about the chemical constituents of Squamopappus 
skutchiz since this taxon had recently been placed mto 
three different subtribes Originally classified by Blake as 
Calea skutchli of the subtribe Gahnsogmeae [2] it was 
later transferred to the subtribe Verbesiniae by Robinson 
[3], who expanded the genus Podachaenrum to include 
this taxon as P. skutchu Based on morphological 
grounds, Jansen et al [4] recently transferred it to the 
subtribe Echptinae as the monotypic genus Squamopap- 
pus skutchn. 

We wish to report here the structures of three new 
sesqmterpene lactones, two guaianohdes and a eudes- 
manohde, all of which were present m two populations of 
S. skutchu from Guatemala. In addition, the sesquiter- 
pene fi-eudesmol (1) was found in one of the populations 
and was characterized by comparison of its ‘H NMR and 
mass spectral data with those described m the literature 
[S] The structures of the three new compounds were 
established by spectroscopic techmques (NMR and MS) 
as described below 

RESULTS AND DISCUSSION 

Chapmohn (2) C&,H,,O,, was a gum with IR spectral 
bands at 1760 and 1715 cm- ’ indicating the presence of a 
y-lactone and an ester group, respectively The presence 
of an cr-methylene-y-lactone moiety was confirmed by the 
appearance of typical downfield doublets in the ‘H NMR 
spectrum at 66 12 (H-13a) and 5 54 (H-13b) and a multi- 
plet at 2.89 (H-7) The ester group was identified as an 
angelate based on diagnostic ‘H NMR signals (Table 1) 
and a typical mass spectral pattern with a base peak at 
m/z 83 B’) and another strong peak at m/z 55 (B’). 

A three-proton singlet at SO.89 indicated the presence 
of an angular methyl group, which suggested a eudes- 
manohde skeleton for chapinolm The rest of the signals 
m the ‘HNMR spectrum were assigned by extensive 
decouplmg experiments, the assignments being summar- 
ized in Table 1 

Irradiation of the signal at 62 89 (H-7) collapsed the 
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doublet of a doublet at 64.13 to a doublet, and the 
threefold doublet at 65.29 changed to a doublet of a 
doublet. On the basis of chemical shifts, the signals at 
64.13 and 5 29 were assigned to the lactonic proton and 
the proton on the carbon bearing the ester substituent, 
respectively. Saturation of the signal at 64 13 (H-6) affec- 
ted the multiplet at S2 89 (H-7) and the broad doublet at 
62.22 (H-5) collapsed to a singlet The above decouphngs 
allowed the followmg assignments. 62.22 (H-50$4 13 (H- 
6b), 2 89 (H-7x) and 5 29 (H-8/?). The magnitude of the 
coupling constants (J,,, = J,,, = J,,, = 110 Hz) was in 
full agreement with an antiperiplanar disposition of H- 
5/H-6, H-6/H-7, and H-7/H-8 Assuming that H-7 is CL as 
in all lactones from higher plants [6], H-5 should also be 
a- and H-6 and H-8 be /?-oriented. The two broadened 
one-proton singlets at 65.01 and 4.88 sharpened upon 
irradiation of H-5, mdicatmg allyhc couplmg of this 
proton with the exocyclic methylene protons (H-15a and 
H-15b). On the basis of chemical shift arguments, the 
doublet of a doublet at S3 52 was assigned to the proton 
at a carbon bearing the hydroxyl group. Its multiplicity 
suggested coupling to two protons. The only positions 
allowing for this arrangement are C-I and C-3 Attach- 
ment of the hydroxyl group at C-3 was excluded on the 
basis that H-3 would have shifted farther downfield near 
4 ppm due to its allylic position. Also, a more complex 
signal would have been expected for H-3 due to its allylic 
couplings to the two C-15 protons In contrast, the NMR 
data were in good agreement with the hydrdxyl group 
being attached to C-l. Based on the magnitude of the 
coupling constants of H-l (J,,z. = 11 0 Hz, Ji,,, 
= 5.0 Hz), the orientation of H-l should be axial or c(. 
Comparison of the ‘HNMR spectrum with data re- 
ported for the 8-desangeloyloxy compound reynosm [7], 
support stereostructure 2 for chapmolin. 

Skutchiohde A (3a) was a gum with a molecular for- 
mula of C,zH,,Oa. The ‘HNMR spectrum of 3a dis- 
played two one-proton doublets at 66.22 (H-13a) and 
5.67 (H-13b), and a multiplet at 3.45 (H-7) which are 
characteristic of an cc-methylene-y-lactone. An IR band at 
1770 cm- ’ confirmed the presence of a y-lactone moiety 
The IR spectrum showed two further bands at 
1710 cm-’ and 1720 cm-i which suggested the presence 
of two ester groups. A three-proton singlet at 6 2 03 m the 
iH NMR spectrum and mass spectral peaks at m/z 358 
(M - AcOH) and 43 (AC) indicated the presence of an 
acetate stde cham The other ester group was identified as 
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OH 

3a R = Ii 

3b R = -OCO-Ntl-COCCL3 

RO 

C 

an epoxyangelate moiety based on dlagnostlc ‘H NMR 
signals at 63 08 (quartet, H-3’), a three-proton singlet at 
1.57 (C-2’-Me) and a three-proton doublet at 1.35 (C-3’- 
Me) Typrcal mass spectral peaks at m/z 116 (A), 99 (A’) 
and 71 (A’) supported the NMR assignments Detalled 
‘HNMR double resonance experiments allowed the 
structural assignments of skutchmohde A (Table 1) 

Irradlatlon of the multiplet at 63 4.5 (H-7) collapsed the 
two doublets at 6622 (H-13a) and 65.67 (H-13b) to 
singlets, and changed the two doublets of doublets at 
63 87 and 5 31 into doublets On the basis of Its chemical 
shift, the slgnal at b3 87 was assigned to the lactomc 
proton (H-6) Saturation of the lactomc proton collapsed 
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the doublet at 62 85 to a broad singlet Irrddlatlon of the 
doublet of a doublet at 65 31 changed the doublet at 5 65 
to a smglet Based on these couplings, the chemical shifts 
were assigned as follows 62 85 (H-5), 3 87 (H-6). 5 31 (H- 
8) and 5 65 (H-9) The magnitude of the couphng con- 
stants (J5,6 = 9 6 Hz, J,, = 10 5 Hz, J; x = 100 Hz and 
J 8,y = 9 3 Hz), and takmg into account that H-7 IS x [6]. 
the protons from C-5 to C-9 must have antlperlplanar 
arrangements, suggestmg a stereochemlstry deptcted m 
the partial structure C The two one-proton singlets at 
S5 41 and 5 29 are typical of an exocychc methqlene 
group Smce both signals sharpened upon mrradratlon of 
H-9 the allyhc couphng mdlcated that the olefimc bond 
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Table 1 ‘H NMR spectral data of chapmohn (2) skutchmohdes A(3a) and B(4) and dertvattve 3b* 

H 2 3a 3hCL - Ll 4 

1 

2a 
2b 

3 

5 

6 
7 

8 

9a 

9b 

13a 

13b 

14a 
14b 

C-IO-Me 

15a 

15b 
C-4-Me 

MeCO 

3’ 

C-2’-Me 

C-3’-Me 

NH 

3.52dd (11.0, 50) 

2.29 m 
143m 

t 
222brd(llO) 

413dd(110; 110) 
rrxWddd_(J~l~~. t_t_(1.2Q&zrl). 

5.29ddd (11 0, 11 0; 4.0) 

2.54dd (13 0, 4 0) 

2.02t 
6.12d (3 0) 

5.54 d (3 0) 

- 

089s 

501brs 

4.88 br s 

6.17 br d 

188q 

199dq 

- 
290brd(165) 

2 53 br d (16.5) 
552brd 

2 85 br d (9.5) 
3.87 dd (10 5, 9 5) 
24.5M(.l_@%,. LQ.Q.z%,.rQ). 

5 31 dd (10.0, 9.3) 

5 65 d (9 3) 

6.22 d (3 5) 

5 67 d (3 0) 
541brd 

5.29 br d 
- 
- 
- 

186brd 

203s 

3 08 q (5 5) 
157s 

1 35 d (5 5) 

3 10 [0.20] 

3 10 co.573 

5 58 [0 061 

3.20 CO.351 

405 [O 171 
36% [(lxt]. 

520 [O 111 

5 63 [0 021 

6.31 [0 093 

5 76 [0 091 

5.70 [0 291 

5 56 [0 271 

190 [004] 
204 [OOl] 

3 10 [0.02] 

1 54 [O 031 

1.37 [O 023 

8.5 

- 
- 

621br st 

362m 

364mt 
‘14&m. 

5.29 m 

563d ( N 1O)t 

619d (30) 

560d (25) 
- 

- 

226s 
- 

- 

232br s 
2.13s 

3.11q(57) 

1.57s 
141 d (5 7) 

*Spectra were obtamed at 200 MHz tn CDCl, Multiple& are gtven by the usual symbols, chemical shafts (6) are recorded 

m ppm reiattve to TMS: Coupling constants (J) or line separatrons m H? are grven m parenttiesrs 

tobscured by other stgnals, therefore, couplings could not be accurately determtned 

must be between C-10 and C-14. This finding also sup- 
ported a guaianolide skeleton for skutchinohde A. When 
the vinyl proton signal at 65.52 (H-3) was irradiated, the 
doublets of doublets at 62 90 and 2.53 (2H-2) resolved 
into doublets with a coupling of 16.5 Hz each, suggestmg 
a gemmal relationship of the two latter protons 

Furthermore, the three-proton smglet at 61.86 (C-4- 
Me) also sharpened, indicating allylic coupling between 
an olefinic methyl group and the vinyl proton at 65.52 
(H-3). The absence of further couphngs, other than the 
gemmal coupling (J = 16.5 Hz) for the signals at 62.90 
(H-2a) and 2.53 (H-2b), suggested that thus methylene 
group must be placed next to a quaternary carbon. Since 
an IR band at 3410cm-’ indicated the presence of a 
hydroxyl group, it had to be attached to C-l. This was 
further confirmed by in situ preparation of the trtchloro- 
acetylcarbamate derivative (3b). The appearance of a 
one-proton signal at 6 8.5 in the ‘H NMR spectrum of 3b 
was evidence for the formation of one carbamate moiety, 
indicating the presence of one hydroxyl group m 3a The 
chemical shift difference of the H-2 triplet at 62.53 in 3a 
to 3.10 in 3b (ALI = 0.57) was in agreement with an ex- 
pected p-effect [S] In addrtron, H-5 shifted from 62.85 in 
3a to 3.20 in 3b (A6 = 0.35). Since H-5 had been assigned 
an a-orientation based on its large J-value with H-6, the 
above shown p-effect upon H-5 indicated that the hy- 
droxyl group of C-l must also be a-oriented. This estab- 
lished the skeletal arrangement and stereochemistry of 
skutchiolide A as shown m structure 3a, exclusrve of the 
site of attachment of the two ester groups. The attach- 
ment of the epoxyangelate and acetate morettes to C-8 
and C-9, respectively, or the reverse arrangements, was 

not resolved at this point. However, a tentative structural 
proposal will be presented together wrth the assignments 
of the skutchrohde B structure. 

Skutchiohde B (4) Cz2H,,0s, was a gum with an IR 
band at 1760 cm- ’ mdrcating a y-lactone. This was con- 
firmed by dragnostrc ‘HNMR signals two one-proton 
doublets at 6 6.19 (H-13a) and S 5.60 (H-13b) which were 
coupled to the multiplet at 63.48 (H-7). Two additional 
IR bands appeared at 1715 and 17OOcm-’ suggestmg 
the presence of two ester groups. The identities of the 
ester side chains were established as acetate and epoxy- 
angelate by comparrson of their spectral data with those 
of the stde chants of lactones 3a. Decoupling experiments 
allowed the assignment of the remaining ‘HNMR srg- 
nals (Table 1). 

The presence of two three-proton singlets at 62 32 and 
2.26 suggested two methyl groups attached to the j- 
carbons on an @unsaturated carbonyl moiety. Further- 
more, lactone 4 exhibited IR bands at 1670, 1650 and 
1620 cm-‘. The above ‘H NMR and IR absorptrons are 
typical of fragment D which can be found m other 
guaianolides [9]. 

Irradiation of the signal at 66.21 (H-3) caused sharpen- 
mg of the methyl smglet at 62 32 (C-4-Me) mdicatmg 
allyhc coupling Saturation of the H-7 signal collapsed 
the H-13a and H- 13b doublets and affected the signals at 
6 3 64 (H-6) and 5.29 (H-8). When the srgnal at 6 5.29 was 
irradiated the only changes observed were stmplification 
of the H-7 multiplet and collapse of the obscured doublet 
at 65.63 into a smglet. The lactomc proton was coupled 
to H-7 as well as to a signal at 63.62, which was assigned 
to the proton at C-5 Spectra1 characteristics of skutchiol- 
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rde B compared closely wtth those of pumthn (7) [9], 
which has an additional a-hydroxyl group at C-5. Based 
on the above finding, the guatanohde skeleton of skutch- 
tohde B IS that shown m structure 4 

The locatron of the ester substttuents m 3a and 4, 
acetate and epoxyangelate, were tentattvely asstgned by 
compartson of the ‘HNMR spectral data with those of 
17,18-epoxy-S-desoxypumthn-g-o-acetate (5) which has 
the same substttuents as 3a and 4 and the senectoate 
analogue (6) [lo]. The ‘H NMR absorptrons for H-7 m 
compounds 5 and 6 appear near 63.0 whereas lactone 4 
shows a multtplet at 3 48 Also, m 5 and 6 the H-8 and H- 
9 signals differ srgmficantly from those of skutchtohde A 
and B Therefore, we tentatively assign the ester sub- 
stttuents m the two new guaianohdes as shown m the 
respective structures 3a and 4 

The guaranolides found m S skutchu are drstmctly 
different in then substttutton pattern from those present 
m Podachaenrum [ll] and Calea [12] species. The mam 
differences reside m the presence of ester substrtuents at 
C-9 of the Squumopappus guatanohdes which are not 
present m the other two genera. This type of C-8, C-9 
substrtutton pattern 1s typical for guatanolides from Ber- 
lundtera species [9, 13, 141 of the subtrrbe Engelman- 
mnae [ 151, constituents of Montanoa [ 161 of the subtrrbe 
Montanomae and guatanohdes from Balsamorhtzu sagt- 
tutu [lo] of the Echptmae. Therefore, the new chemical 
data support the removal of S skutchtt from Calea and 
Poduchuenrum. The structural simtlarrttes of the S 
skutchrt sesqmterpene lactones with those isolated from 
B sugttata support the proposal based on morphologtcal 
findings that S skutchtt be placed as a new monotypic 
genus m the subtrtbe Echptinae [4] 

EXPERIMENTAL 

Squamopappus skutchn (S F Blake) R. Jansen, N. Harriman 

and L Urbatsch was collected on 11 January 1977 m Totomca- 

pan, Guatemala (L Urbatsch, No 3022, voucher deposited at 

LSU, U S A ) The an-drted ground material (1 1 kg) was extrac- 

ted and worked-up as prevtously described 1171, provtdmg 2 1 g 
of crude terpenotd extract Flash CC of the crude syrup wtth 

CHCl,-EtOAc (7 3) provided 25 fractions of 100 ml each Frac- 

tions 9, 10 (250 mg) were rechromatographed on a sthca gel 

column CHCI,-Me,CO mrxtures of mcreasmg polarity Twenty 

50 ml fractions were collected Fractions 5,6 were purified by 

prep TLC provtdmg 7 mg of skutchtohde A (3a) and 11 mg of 

skutchtohde B (4) Fractton 7, after separation on prep TLC, 

ytelded 8 mg of chapmohn (2) 

A second populatton of S skutthrr was collected on 12 Janu- 

ary 1977 m Quetzaltenango, Guatemala (L Urbatsch, No 3023, 

voucher deposited at LSU, U S A) The an-drted plant maternal 

(770 g) was ground and extracted and worked-up m the fashton 

descrtbed previously [17], provtdmg 17 g of crude extract 

Column chromatography of the crude terpenotd syrup wtth 

CHCI,-MeCO mtxtures of mcreasmg polartty furmshed 35 
fractions of 100 ml each Fracttons 20-22 (570 mg) were com- 

bined and rechromatographed on a sthca gel column with 

petrol-CHCl, and CHCl,-Me&O mixtures of mcreasmg 

polarity 75 fractions of 25 ml each were collected Fracttons 

I@- 16 (125 mg) were combmed and purified by prep TLC usmg 

a mixture of Et+petrol (2 3), provtdmg 60 mg of o-eudesmol 

(1) Fractrons 31-34 (53 mg) were combmed and further sep- 
arated by prep TLC using a mtxture of CHCl,-Me,CO (97 3), 

yteldmg 7 mg of chapmohn (2) The combined fractions 41-53 

(78 mg), after further purdicatton by prep TLC, furnished 12 mg 

of3aand8mgof4 
Chapmohn (2) C H 0 gum, IR Y~~~‘~ cm-’ 3400 (OH), ZO 26 5. 

1760 (y-lactone), 1765 (ester), 1635 (double bond); EIMS m,‘z (rel 
mt) 346 [M]’ (2), 246 [M-B]’ (14), 228 [M-B-H,O]+ 

(33).213[M-B-H,O-Me]~(19),202(25),185(10),157(15), 
145(13), 131 (16), 119(16), 109(19), 107(16). lO5(20), 91 (24) 83 

[B’]+ (100) 55 [B2]+ (49) 

Skutchroltde A (3a) C H 0 gum, IR vk!F13 cm -I 3410 12 2h 8, 
(OH), 1770 (y-lactone), 1720 and 1710 (esters) 1630 (double 

bond), EIMS m/-_ (rel mt ) 418 [Ml+ (0 2). 358 [M - AcOH]’ 

(2) 340 [M - AcOH ~ H,O] + (l), 302 [M -A] + (1) 284 CM 

-A--H,O]+ (2), 242 [M-A- H,O-CH,CO]+ (3), 225(12), 

214 (14) 199 (12), 185 (1 l), 169 (12). 147 (16). 116 [A] + (22) 83 

[A’-01’ (14). 55 [Ax-O]+ (12) 43 [AC]+ (100) 

Skutchroltde B (4) C,,H,,O,, gum, IR l’zy;‘.> cm ’ 1760 (y- 

lactone), 1720 (ester), 1715 (ester), 1670, 1650, and 1620 (frag- 

ment B), EIMS m/z (rel mt ) 416 [M] + (2) 374 [M - CH,CO] + 

(I), 356 [M -AcOH]+ (1) 317 [hl-A’]+ (04), 300 [M-A]’ 

(5), 275 [M - CH,CO - A’] + (5) 258 [M -A - CH,CO] + (45) 

241 [M-AA-AcO]’ (100). 229 (5) 213 (6) 185 (8). 161 (7) 135 
(6) 116 [A]’ (24). 43 [MeCO]’ (76) 

Acknowledgements- We thank Helga D Ftscher for technical 

asststance Thts research was supported, m part. by the 

U S Spain Jomt Committee for Sctenttfic and Technologtcal 
Cooperation (Prolect No CCB-8409023) 

1 

2 
3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

REFERENCES 

Stuessy, T F (1977) m The Bmlogy and Chetmstry oJ the 
Compostrae Vol 2 (Heywood, V H, Harborne, J B and 
Turner, B L , eds) Academic Press, London 

Blake S F (L914)I &‘a+. &iad SL.L i&4432 

Robmson, H (1978) Phytologta 38, 413 
Jansen, R K, Harrtman, N A and Urbatsch, L E (1982) 

System Botany 7, 476 
Marshall, J A and Pike, M T (1966) Tetrahedron Letters 
41,4989 
Fischer, N H, Ohvler, E J and Fischer, H D (1979) m 

Progress rn the Chemrstry c>J Organrc Natural Products 
(Herz, W, Grlsebach, H , and Kirby, G W , eds) Sprmger, 

Vienna 

Yoshloka, H , Renold, W , Fischer, N H , Hlgo. A and 

Mabry, T J (1970) Phytochemrstry 9, 823 
Samek, K and Budesmsky. M (1979) Collect Czech Chem 
Commun. 44, 558 
Korp, J D, Bernal, I, Fischer, N H, Leonard, C, Lee. I Y 

and LeVan, N (1982) d Heterocychc Chem 19, 181 

Bohlmann, F, Mlsra, L N, Jakupovlc, J, King, R M and 
Robinson, H (1985) Phptochemrwy 24, 2029 
Fronczek, F R, Vargas, D, Fischer, N H dnd Hostett- 

mann, K (1984) J Nat Prod 47, 1036 
Borges de1 Castillo, J , Manresa Ferrero, M T , Rodriguez 

LUIS. F, Rodrtquez Ubls, J C, Vasquez Bueno. P (1984) 

Rev Latrnonm Qulm 15, 96 
Herz, W, Bhat, S V and Srnnvasan, A (1972) J Org Chem 
37, 2532 
Cox, P J , Slm, G A and Herz, W (1975) .I Chem Sot 
Perktn II 459 
Robmson, H (1981) Smlthson Contlb. Botany 51, 48 

Seaman, F C., Malcolm, A and Fischer. N H (1985) 

Phytochemrstry 24, 2003 
Fischer, N H , Wdey, R A. Lm, H N, Kanmlan, R and 

Pohtz, S M (1975) Phytochemtstry 14, 2241 


