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Abstract-The aenal parts of Heteropappus altatcus afforded, m addition to more Hndespread compounds and known 
clerodane denvatwes, three new ones and a seco-clerodane acid Furthermore, a neryl geramol denvatlve was present 
The structures were elucidated by spectroscopic methods The stereochenustry was solved by NOE difference 
spectroscopy and by the Horeau method 

INTRODUCTION GMebu 
= 

The small East Asian genus Heteropappus (Composltae, = 
IL 

tnbe Astereae) has not so far been studied chermcally We 
12 13; 

H co 
have therefore investigated H altalcus (Wllld ) 
Novopokrov (= Aster altatcus Wllld ) from Mongolia 
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The results are discussed m this paper 
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RESULTS AND DISCUSSION CO,R 
LB 

The aenal parts of Heteropappus altatcus afforded 
germacrene D,caryophyllen-l&IO-epolde, famesol, 5-O- 
desmethylnoblletm, previously isolated from this species 
[l], (-)-hardwlcknc acid [Z], hautnwac acid [3], the 
correspondmg lactone 3 [4] and five more dlterpenes, the 
clerodanes I,4 and 5, the seco denvatwe 6 and the neryl 
geramol denvatlve 8 

1 R=H 

2 R=Me 

R 
: 

The identity of (-)-hardwicknc acid with known q 

absolute configuration was established by ‘H NMR 
spectroscopy of the corresponding methyl ester mcludmg 
spin decoupling and NOE difference spectroscopy, which 
clearly showed the a-onentation of the methyl groups at 
C-8 and C-9, while the A-ring was m a half-chair confor- 
matlon with H-la axially orientated The spectral data n 
and the optical rotations of the hautnwac acid and Its ” 
lactone 3 were identical with those of authentic matenals R d 

3H H 
4 OH H 

5 OH OH 

R ‘* 

The IR spectrum of 4, molecular formula Cz0Hz604, 
showed the presence of a y-lactone and a hydroxyl group, 
while the ‘H NMR spectrum (Table 1) clearly 
indicated a /?-substituted furan Furthermore, the spec- 
trum was similar to that of 3 However, the H-12 double- 
doublets were replaced by a broadened doublet at 64 88 
This clearly indicated that the hydroxyl group was at C- 
12 This could be supported by spin decoupling 
Irradiation at 6488 collapsed the double-doublets at 
6201 and 1 77 to gemmal coupled doublets (H-11) 
Furthermore, the presence of a 12-hydroxy denvative of 3 
was supported by the downfield shift of the H-14 and H-16 
signals, which obviously were induced by the deshleldmg 
effect of the oxygen function In the mass spectrum a 
prominent peak at m/z 97 agreed well with a fragment 
contanung the furan moiety wth a hydroxymethme group 
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6 CO,H Mebu 

7 CH,OH H 

R R’ 

8 H H 

9 Me AC 



1028 F BOHLMANN et al 

Table 1 ‘H NMR spectral data of compounds 2 and 4-7 (400 MHz, CDCI,, 
TMS as Internal standard) 

2* 4 
CMethyl 

5 ester 7t 

H-la 103 dddd 1 11 dddd 
522brddd 

212brd 

227m 
232m 
226m 

659brdd 675dd 
i 90ddd 
126dddd 
149 dddd 
113 dddd 

213brd 
234m 
225m 
673dd 
2 34dd 
143 ddd 

5 87brd 

724brdd 
261brd 
205brdd 

- 

4 12ddd 
, 188dq 

155m 

H-l/Y 
H-2a 
H-2/3 
H-3 
H-6a 
H-6B 
H-7a 
H-78 

187dda 
H-10 
H-10 

227brd 

H-11 212dd 
H-11’ 176dd 
H-12 5 89dd 
H-14 639brs 
H-15 734dd 
H-16 739brs 
H-17 069d 
H-19 
H-19 

124s 

H-20 ’ 0 70s 
OMe 367s 
OCOR 227tq 

157ddq 
1 38ddq 
075t 
106d 

182ddq 

2 19brd 

201dd 
177dd 
488brd 
641dd 
738dd 
739brs 
079d 
391dd 
428d 
057s 

- 
- 

225brd 

201d 
166dd 
484dd 
641 brs 
740dd 
739brs 
099d 
392dd 
428d 
083s 

- 
- 

141 ddq 
228dd 
188brd 
209dd 
161dd 
601dd 
639brs 
734dd 
741 brs 
078d 
503brs 
479brs 
072s 
377s 
2 30ddq 
161m 
141 ddq 
079t 
108d 

5 21 ddda’ 

5 91 brd 

598brs 
237brd 
2 02 ddd 
084m 
156m 
134ddq 
240brdd 
193 dddd 
181dd 
159dd 
492dd 
642dd 

7381 

076d 
496dd 
4 80dd 
090s 

- 
- 

* Remauung signals were overlapped multiplets 
t4 19ddd and 4086 (H-18) 
J(Hz)Compounds2,4,5 la,l~=la,2~=13,lc~,2a=4,la,10=12,l~, 

2a=35,lS,2852,201,28=18,2dC,3=7,28,3=2,~,68=13,64,701=~ 
78=3,68,7a=12,68,78=35,68,19a=2,7cr,8=12,78,8=35,8,17=7, 
11,11’=16,11,12=9,11’,12=3,14,15=15,16-15,compound2 2u,3 
=2~,3-3,11,11’=15,11,12=7,11’,12=55,compound56G1,7~=6~,7~ 
=78,8j?-3,compoundsCmethylesterand7 1,2=1,10=12,1,10’=4,1,3 
=2,3=2,18=3,18-15,6G1,6~=6~,71~=135,6~,7~=25,7a,8-10,7~, 
8-7, 8, 17=7, 11, ll’= 15, 11, 12=9, ll’, 12=25, (compound 7 6a, 19 
= 6a, 19’ - 1 5), OMebu 2’, 3,’ = 2: 32’ = 3: 4’ = 2: 5’ = 7, 3,: 32’ = 14, 

Also the 13C NMR spectrum (see Experimental) agreed 
well with the proposed structure (4) Only the relattve 
configuratton at C-12 had to be estabhshed Usmg the 
Horeau method [S], m addition to the phenyl butyrate of 
4, ( -)-Zphenylbutync actd tn an opttcal yield of 27 % was 
obtamed Therefore most likely 4 had a preferred confor- 
matlon, as already mdlcated by the differences of the 
couplings J1 1 12 and Jll , 12 Thrs was estabhshed by 
NOE difference spectroscopy Clear effects were observed 
between H-12 and H-8, between OH and H-10, between 
H-17 and H-l 1, and between H-71x and H-19 As followed 
from inspection of a Dreldmg model, these results 
required the given stereochemistry (see 4a) The configur- 
ation and conformation 4b would require a.n NOE 
between H-l 7 and H-l 1 (where .I1 1 i 1 IS large) and also the 
observed NOES could not be explained Oxidation of 4 
using pyrtdmtum dlchromate afforded the corresponding 
12-0~0 derivative, its ‘H NMR spectrum also supportmg 

2 

4a 4b 

the structure The ‘H NMR data of the phenyl butyrate 
showed some pronounced differences from those of 4 In 
addition to the expected downfield shaft of the H-12 
signal, a shleldmg effect of the phenyl group was visible, 
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which led to a clear upfield shift of the signals of the furan 
protons and even the chermcal shifts of the protons of nng 
A were affected 

The molecular formula of 5 indicated that this com- 
pound had one addttlonal oxygen function As followed 
from the fragmentation pattern by the double ehmmatlon 
of water, a dtol was present The ‘H NMR spectrum 
(Table 1) was close to that of 4 However, the additional 
hydroxyl group caused some clear differences The pos- 
ition of the new oxygen function followed from the 
H-8 signal, which was now a clear doublet quartet, and 
the deshteldmg effects on H-17, H-19’ and H-20 
Furthermore, these effects clearly showed that an axial 
hydroxyl group was present As the signals and couplings 
of H-l 1 and H-12 were almost the same as those of 4, the 
same configuration at C-12 had to be assumed 

The structure of 1, which was isolated as its methyl ester 
2, also followed from the ‘H NMR spectrum (Table 1) 
All signals, except those for H-l 1 and H-12, were nearly 
identical to those of the methyl ester of (-)-hardw~lcnc 
acid The presence of a lZmethy1 butyrate was deduced 
from the ‘H NMR spectral data, while the position of the 
ester group followed from the chenucal shifts of H-l 1 and 
H-12 Furthermore, btogenetlc conslderatlons supported 
the proposed identical configuration at C-12, as 4 and 5 
surely were formed both from hardwlclcuc acid as the 
common precursor 

The seco compound 6 was isolated as its methyl ester 
The ‘H NMR spectrum (Table 1) was close to that of the 
corresondmg 12-desacyloxy dertvatlve, called stflCtlc acid 
[6], which 1s Identical to seco-mdoresedlcacld [7,8], where 
however, the configuration at C-9 was not estabhshed 
The presence of an oxygen fun&on at C-12 was also 
indicated by the ‘H NMR data As the signals of H-l 1 and 
H- 12, as well as those of the ester residue, were close to the 
correspondmg ones of 2, an identical situation of the side 
chain was most likely Lithium alanate reduction of the 
methyl ester afforded the dtol 7, its ‘H NMR spectrum 
further supporting the proposed structure All signals 
(Table 1) could be assigned by spm decoupling Again, 
blogenetlc conslderattons led to the assumption that 6 had 
the same configuratton at C-12 as 1, 4 and 5 The 1,2- 
dehydro denvatlve of 1 could be the precursor of 6 A 
photochemically induced electrocychc reaction could 
give an tsomerlc tnene, which could be transformed by a 
1,7-H shift to 6 

The ‘H NMR spectrum of 9 (Table 2), obtained by 
esterticatlon and acetylatton of the natural compound, 
clearly showed that a detlvatlve of an ahcychc dlterpene 
with a primary acetoxyl group was present, where one 
olefimc methyl was transformed to a carbomethoxyl 
group Accordmgly, the positton of this function had to be 
established In the ‘H NMR spectrum m CDQ, sev- 
eral signals were overlapped and therefore concluave 
sequence determmatlon by spm decoupling was not 
possible. However, m deuterlobenzene all signals were 
separated Accordingly, the whole sequence could be 
estabhshed as the low-field tnplet at 66 95 obviously was 
that of the proton m the j_Gposltlon to the carbomethoxyl 
group Thus chemical shift further indicated the presence 
of a carbomethyl-bearmg double bond with the E- 
configuration The assignment of H-14 clearly followed 
from the sphttmg of the slgnal at 65 29 Starting spin 
decouplmg at this point, the signals of H-l 3, H-16 and H- 
17 could be asslgned As the H-l 3 signal was coupled with 
the low-field tnplet at 62 54, obviously that m the a- 

Table 2 ‘H NMR spectral data of com- 
pound 9 (4OOMHz, TMS as internal 

standard) 

H-l 
H-2 

In C6De 

466brd 
546tq 

In CDCIJ 

458brd 
539brt 

H-4 
H-5 

197brt 
207brdt 

207m 

H-6 
H-8 
H-9 
H-10 
H-12 
H-13 
H-14 
H-16 
H-17 
H-19 
H-20 
OAc 
OMe 

515tq ’ 513brt 
201 brt 207m 
221dt 225dl 
695t 672t 
254t 230t 
233brdt 207m 
5 29 tqq 5 13brt 
169brs 169brs 
162brs 159brs 
150brs 157brs 
153brs 166brs 
174s 204s 
351s 373s 

J (Hz) 1, 2 = 5, 6 = 9, 10 = 13, 14 = 7, 
2, 20 = 6, 19 = 14, 16 = 14, 17 _ 1, 4, 5 
=8,9=12,13=75 

position to the carbomethoxyl group, the posltlon of the 
latter was determmed Furthermore, a very small allyllc 
couplmg between the signals at 62 54 and 6 95 was 
present The stereochemlstnes of the A2- and A6-double 
bonds were asslgned by comparison of the observed 
chemtcal shifts wtth those of slmllar compounds 

EXPERIMENTAL 

The alrdned aenal parts (500 g, collected m the Mongolian 
Peoples Repubhc, Tow Aunak, near Tekngm-Balschm m July 
1983, voucher 60/83 deposited at the Academy of Sciences, 
Institute of Bmchexmstry of Plants, Halle, G D R ) were extracted 
with MeOH-Et&petrol (1 1 1) and the extract obtamed was 
worked up m the usual way [9] Fractions obtamed by CC (SlO,) 
were as follows 1 (petrol), 2 (Et@-petrol, 1 9), 3 (Et@--petrol, 
1 3), 4 (Et+petrol, 1 1, and Et,O) and 5 (Et,O-MeOH, 9 1) 
Fraction 1 gave 3 mg germacrene D (‘H NMR, GC/MS) 
Fraction 2 was purdied further by TLC (Slot, PF 254, 
Et@-petrol, 1 9) The less polar band gave 3 mg caryophyllen- 
1/3,10cr-epoxlde (ldentlcal with an authentic sample) The mam 
band was estenfied by the addltlon of CH2N2 TLC 
(Et,O-petrol, 1 20) of this mixture gave, after 2 developments, 
40 mg of a compound (R, 0 5), Ident& m all respects mcludmg 
optlcal rotation to the methyl ester ofhardwlckuc acid Fraction 3 
was esterdied by ad&Ion of CH2N2 and the ester nuxture was 
separated by TLC (Et,O-petrol, 1 3), affordmg two bands 

(R, 0 7 and 0 4) The first part was further punfied by TLC on 
AgNO,coated SIOz (Et+petrol, 1 9) to gwe 10 mg 2 (R, 041) 
and 10 mg &methyl ester (R, 0 20) The second band afforded on 
repeated TLC (Et+petrol, 1 3,2 developments) 20 mg of the 
lactone of hautnwalc acid (3) [4] (R, 030) Fraction 4 was 
separated by medium pressure chromatography (MPC) (60g 
BOz, @O-60 pm, ca 3 bar, 25 ml fractions) Fractions 5-9 
(Et&petrol, 1 1) gave 70 mg 6, which was punfied as Its methyl 
ester by TLC (Et@--petrol, 1 3, R, 0 42) Fractions l&12 (Et,O) 
gave 1 3 g farnesol (Identical with an authentic sample by 
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iH NMR and IR) and fractions 13-18 (EtzO) gave after TLC 
(Et&-petrol, 1 1) 100 mg 4 (R, 0 41) Fractions 19-25 (Et,O) 
gave nothing characteristic and 26-30 (EtzO) after TLC 
(Et&-petrol, 1 1) gave 5 mg 5 (R, 0 62) 

Crude CC fraction 5 was also separated by MPC (60 g, BOz, 
seeabove) Fractions l-8 (EtzO)afteraddition ofCHzNz gave on 
TLC (Et&petrol, 3 1) 20 mg methyl ester of hautnwaic acid 
(RI 0 68) Fractions 9-15 (Et@MeOH, 9 1) gave 180 mg S-O- 
desmethylnobdetm (mp 143”, lit 144-146” Cl], identified by 
‘H NMR and MS)and fractions 16-25 (Et+MeOH, 4 1) gave 
a crude fraction which showed in the iH NMR spectrum no 
acetate signal and was therefore acetylated in 10 ml CHCI, with 
1 ml AczO and 500 mg p-d~methylammopyndme [lo] TLC 
(Et&)-petrol, 1 1) gave a crude acid which was pm&d further, 
after addition of CHzNz, by TLC (Et+petrol, 1 3), affording 
20 mg 9 (RI 0 69) The purities of all the compounds were tested 
by TLC in different solvent mixtures and by 400 MHz iH NMR, 
where no impurities were visible 

12a-[2-MethylbutyryloxyJ-bardwtckiic acid methyl ester (2) 
Colourless oil, IR v~cn-’ 1725 (COzR, C=CCOzR), 1645 
(C=C), 875 (furan), MS m/z (rel int ) 430272 [M]’ (0 1) 
(talc for Cz6H3s05 430 272), 399 [M -OMe]+ (0 2), 381 
[399-HzO]+ (Ol), 328 [M-RCOzH]+ (55), 313 [328-Me]+ 
(7), 234 [M -C,,H,,03]+ (52), 219 [234-Me]+ (28), 203 
[234-OMe]+ (28), 175 [203-CO]’ (14), 85 [C4H9CO]’ 
(26), 57 [85-CO]+ (100) 

[a]hO 
589 578 546 436nm 

= (CHC&, c 0 
-113 -119 -138 -266 

94) 

12a-Hydroxyhautriwaic acid-1Plactone (4). Colourless crys- 
tals, mp 133” (Et@-petrol), IR vscm-’ 3600 (OH), 1775 
(y&tone), 875 (furan), MS m/z (rel int) 330 183 [Ml+ (100) 
(talc for Cz,,HzsO, 330 183), 312 [M-HzO]+ (30), 282 
[312-CHzO]+ (lo), 219 [M-C6H,02]+ (20), 218 
[M-C6Hs02]f(7),204[219-Me]+(41),189[219-CHzO]+ 
(30), 188 [218-CHzO]+ (45), 97 [CsH50z]+ (50) 

[al h 589 578 546 436nm = (CHCI,, c 2 
-115 -121 -139 -260 

64) 

‘“CNMR (CDC13, C-l-C-20) 205t, 276t*, 143 5d, 131 OS, 
457s, 342t, 279t*, 368d, 392s, 487d, 446t, 63ld, 1384s, 
1083d, 1383d, 1365d, 176q, 1696s, 719t, 156q (Signals 
labelled with an asterisk may be interchangeable ) 

20 mg 4 in 5 ml CH&lz was stirred for 12 hr with 20 mg 
pyruluuum &chromate TLC (Et@petrol, 3 1) afforded 10 mg 
of the starting material (R, 0 64) and 5 mg of the corresponding 
12-0~0 denvative (R, 068), colourless oil, IR v$$$cm-’ 
1780 (y-&tone), 1680, 1670, 880 (p-furan ketone), MS m/z 
(rel int ) 328 168 CM]’ (19) (talc for CZOHz404 328 168), 
284 [M-COz]+ (3), 256 [284-CO]+ (14), 219 [M 
- CHzCOC,HsO] + (100) 

To 518 mg 4 (0 157 mmol) in 2 5 ml dry pyndme, 158 mg 2- 
phenyl butync anhydnde (0 505 mmol) was added After stand- 
ing at room temp for 15 hr, Hz0 and after 5 hr Et,0 and 
NaHCO, soln were added The organic phase was shaken twice 
with haHC03 soln and the combined aq phases were aclchfied 
and the 2-phenyl butync acid was extracted with Et,0 130 mg 
2-phenyl butync acid was obtained, [a&, -4 8” (CsH6, c 2 6) 
[opt& yield 27 % (-)] 

The neutral phase gave after TLC (Et@-petrol, 1 1) 
49 9 mg of the corresponding ester (R, 0 63), colourless crystals, 

mp 164”, IR vscrn-l 1765 (y-lactone), 1725 (COzR), MS m/z 

(ret int ) 476 256 CM]’ (10) (talc for C30H360s 476 256), 330 
[M - O=C=C(Ph)Et] + (22), 312 [M -RCO~H]+ (24), 
219 [M-side chain]+ (34), 218 [McLafIerty]+ (41), 119 [ethyl 
tropyhum]+ (100~ 94 [vmyl furaii]+ (97), 91 [119-CzH4]+ 
(52) 

7a,lh-Dthydroxyhautnworc acui-19-lactone (5) Colourless 
crystals, mp 160”. IR v%Qs cm -’ 3600 (OH), 1755 (y&tone), 
875 (fiuaii), MS m/z (rel int) 346170 [Ml+ (10) (talc for 
CzOHz60s 346 170), 328 EM - H,O] + (S), 316 [M - CHzO] + 
(41),298 [316-HzO]+ (5),280[298 -HzO]+ (4),204(100), 176 
[204 - CO] + (4g), 97 [CeH30CH=OH] + (71) 

Cal $40 
589 578 546 436nm 

= (CHCI,, c 0 
-77 -81 -94 -177 

11) 

tZa-EZ-Melhy~~tyrylory3-st~tlc aczd me&$ ester (Gnethyt 
ester) Colourless ml, IR vscm-’ 3080,161O (C=CHz), 1725 
(COzR, C=&XOzR), 880 (furan), MS m/z (rel nit) 428 256 
[MJ+ (3) (talc for CZaHJ60s 428 256), 396 [M - MeOH] + 
(l), 326 CM-RCOzIi]* (12), 232 [M-side&am]’ (11X 201 
[232 - OMe]+ (9), 173 [201 -CO] + (28)., 85 [C,H&O]+ (59), 
57 [85-CO]” (100) 

578 546 436nm 
Ca] & 

589 
= (CHCl,, c 0 

-151 -162 -186 -334 
35) 

To 10 mg of the ester in 2 ml E&O, 20 mg LiAlH, was added 
After 15 mm usual work-up afforded 6 mg 7, colourless crystals, 
mp 164”(EtZO),IR VEIJ cm- 1 3580 (OH), 875 (furan), MS m/z 
(rel int ) 316 204 EM]’ (14) (talc for CzeHzsOs 316 204). 298 
[M - Hz01 + (7), 280 [298 - HzO]+ (S), 267 [298 - CHzOH] + 
(5A 97 [C,H~~CH=OH]+ (100) 

Cal S4” 
589 578 546 

436nm = 
-265 -270 -310 -568 

(CHCl,, c 0 OS) 

I-Aceloxy-I I-carbomethoxy-3,7,1 $-tnmethyl-hexa-deca- 
2~,6~,~O~,l~ze~r~e (9) Colourless oil, IR vc& cm- i 
1740, 1235 (OAc), 1715, 1640 (C=CCOzR), MS m/z 
(rel int) 316240 [M-HOAc]+ (65) (talc for CZII&Oz 
31624O), 285 [316-OMe]+ /2), 257 [316-COzMe]+ 
(@_ 135 fCH,ClMe~HCH,~Me~H~~z]~ (21X 69 
[MezC==CHCHz]+ (100) 
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