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Abstract-The aerial parts of Gutierrezia sarothrae afforded in addition to polyalthic acid, daniellic acid and nivenolide, 
14 new diterpenes, most of them closely related to polyalthic acid. One of these compounds has a new carbon skeleton. 
The structures were elucidated by spectroscopic methods and by some chemical transformations. 

INTRODUCTION 

Gutierrezin (Compositae, tribe Astereae) is a genus with 
about 20 species present only in North and South America 
[ 1,2]. So far six species have been studied chemically. In 
addition to widespread compounds [3,4], acetylenes [S] 
and labdane derivatives were isolated [4, 6, 73. From the 
roots of G. sarothrae (Pursh.) Britt. et Rusby only 
baccharis oxide was isolated [7], while the essential oil of 
the aerial parts gave common mono- and sesquiterpenes 
[8]. We now have studied the aerial parts of G. sarothrae 
in more detail. The results are discussed in this paper. 

RESULTS AND DISCUSSION 

The aerial parts of G. sarothrae afforded m addition to 
germacrene D, l,lO-epoxycaryophyllene and the Cl,- 
acetylenic compound 22 [9], several diterpenes including 
the known compounds polyalthic acid (1) [lo], daniellic 
acid (2) [ll] and nivenolide (16) [12]. The structure of 1 
was established by comparing the physical data with those 
reported in the literature and by rigorous ‘HNMR spec- 
troscopy including NOE difference spectra. The latter 
allowed the assignment of the complete stereochdmistry, 
while the absolute configuration followed from the optical 
rotation which agreed with that of polyalthic acid with 
known configuration [lo]. The ‘H NMR data of 2 were 
close to those of 1. However, the stereochemistry at C-4 
clearly followed from the chemical shift of H-5. The latter 
IS deshielded if the carboxy group is equatorial. Again the 
optical rotation indicated that an ent-labdane was present. 
The data of 16 also agreed with those reported in the 
literature [12] and the structure was further established 
by spin decoupling of the ‘H NMR spectrum. 

The main constituent of this species was a hydroxy acid 
which was purified as its methyl ester. The spectral data 
indicated that 3a, the methyl ester of 3a-hydroxy poly- 
althic acid was present (Table 1). The stereochemistry at 
C-3 followed from the couplings observed, while the 
equatorial carbomethoxy group led to the expected down 
field shift of the H-S signal. Spin decoupling allowed the 
assignment of nearly all signals, though a few were 
overlapped multiplets. Furthermore, the structure was 

supported by the ‘% NMR spectrum (see Experimental), 
where the signals were assigned by selective hetero- 
decoupling. 

The ‘H NMR spectral data of the methyl esters of 4-6 
(Table 1) indicated the presence of esters of 3a. The nature 
of the ester group at C-3 followed from the typical srgnals 
in the ‘HNMR spectra. The structures were further 
supported by the “C NMR spectrum of 5a which agreed 
well with the proposed formula. The ‘H NMR spectrum 
of 7a was close to that of 3a (Table 2). However, the 
changed stereochemistry at C-4 led to an expected 
difference in the chemical shift of the H-5 signals, 
indicating that the compound was 3a-hydroxydaniellic 
acid. 

In the ‘H NMR spectrum of 8 (Table 2) the presence of 
a labdane with hydroxy groups at C-18 and 19 followed 
from the corresponding pairs of doublets around 6 4. Spin 
decoupling indicated the presence of W-couplings be- 
tween H-3a and 19 and between H-18 and H-19’ which 
allowed a clear assignment of the signals. 

The structure of the dio19 followed from the ‘H NMR 
spectrum (Table 2) and was established by reduction of 3a 
with lithium alummmm hydride which afforded a dtol 
identical with the natural compound. Reduction of 7a 
gave 10, the ‘HNMR of which typically differmg from 
that of 9. 

The structure of 11, which was purified as its methyl 
ester 1 la, again could be easily deduced from the spectral 
data (Table 3). The relative position of the oxygen func- 
tions at C-4 followed from the chemical shift of H-S and 
also from the presence of a W-coupling between H-3a and 
H-19. 

The methyl esters of 12 and 13 differed tn the ‘H NMR 
spectra (Table2) by the presence of a Wcoupling of H-17 
in the spectrum of 13a. Inspection of models showed that 
this required a 8j,17-epoxide. The remaining signals of 
12a and 13a were close to those of 3a though the H-7 
signals were as expected, at higher fields. No pronounced 
differences were visible m the MS of 12a and 13a, only the 
relative intensities of the fragments differed slightly. 

The structure of the aldehyde 14a followed from its 
molecular formula (CZIHZ004), the characteristic signals 
m the ‘H NMR spectrum (Table2), and from the product of 
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boranate reductron, the alcohol 15s. The stereochemistry 
at C-4 could be deduced by comparing the ‘HNMR 
spectrum with that of 30, while the configuration at C-8 
followed from the chemical shift of H-7a and the coup- 
lings of H-8 which required an equatorial proton at C-8. 
The very small coupling Js,r, indicated a restricted 
rotation of the 8,17-bond. The ‘HNMR data of the 
corresponding alcohol 15a further supported the 
structure. 

The methyl ester of 18 showed no molecular ion in the 
MS. The highest fragment obviously was formed by loss 
of formyl radical leading to m/z 315 (C&H1,OJ). 
However, by chemical ionization a clear M + 1 peak could 
be observed [m/z 345 (lOO%)]. The ‘H NMR spectrum of 
18a (Table 2) clearly indicated the presence of a drterpene 
with only two furan protons (6 7.25 br s and 6.22 d). These 
shifts showed that one of the a-furane protons were 
missing. Spin decoupling allowed the clear assignment of 
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Table 1. ‘H NMR spectral data of 3a-6a and 1& (400 MHz, CDCls, TMS as internal standard) 

3a 3a* C,Db 4a sa 69 6a (CDC&-C,DJ IW 

H-la 
H-1jJ 1.21 ddd 
H-3/l 4.00 dd 
H-5 179 dd 
H-6U 1.52 dddd 
H-68 1.19 dddd 
H~K 2.36 ddd 
H7B 1.99 br ddd 
H-lla 
H-12 2.55 br ddd 
H-12 2.24 br ddd 
H-14 6.25 dd 
H-15 7.35 t 
H-16 7.18 br s 
H-17 4.88 br s 
H-17’ 4.59 br s 
H-18 
H-19 1.11 s 
H-20 0.70 s 
OMe 3.71 s 
OCOR - 

1.43 m* 
0.97 ddd 
4.02 dd 
1.90 dd 
1.32 dddd 
1.52 dddd 
2.31 ddd 
1.99 br dddd 

2.55 br ddd 
2.18 br ddd 
6.16 dd 
7.21 t 
7.13 br s 
4.90 br s 
4.62 br s 

- 
1.25 s 
0.62 s 
3.42 s 

1.8 rn$ 
1.31 ddd 
5.22 dd 
1.9 rn$ 
1.55 dddd 
1.15 dddd 
2.36 ddd 
2.01 br ddd 

2.55 br ddd 
2.27 ddd 
6.25 dd 
7.36 t 
7.19 br s 
489 brs 
4.60 br s 

- 
1.20 s 
0.72 s 
3.64 s 
6.00 44 
1.92 dq 
1.82 dq 

1.81 ddd 
1.32 ddd 
5.14 dd 
1.91 dd 
1.55 dddd 
1.15 dddd 
2.36 ddd 
1.99 br ddd 

2.55 br ddd 
2.24 ddd 
6.25 dd 
7.36 t 
7.19 br s 
4.89 br s 
4.60 br s 

- 
1.18 s 
0.72 s 
3.63 s 
2.31 tq 
1.41 m 
1.02 d 
0.83 t 

1.80 ddd 
1.31 ddd 
5.17 dd 
1.92 dd 
1.53 dddd 
1.16 dddd 
2.36 ddd 
2.00 br ddd 

2.55 br ddd 
2.25 ddd 
6.25 dd 
7.36 t 
7.19 br s 
4.89 br s 
4.60 br s 

- 
1.18 s 
0.73 s 
3.64 s 
2.46 44 
1.09 d 
1.09 d 

1.65 ddd 
1.19 rn$ 
5.18 dd 
1.90 dd 
1.48 dddd 
1.16 dddd 
2.30 ddd 
1.95 br ddd 

2.49 br ddd 
2 18 ddd 
6.16 dd 
7.25 br s 
7.11 br s 
4.85 br s 
4.57 br s 

1.19 s 
0.65 s 
3.52 s 
2.39 qq 
1.06 d 

1.75 m 
1.06 m 

1.83 dd 
1.59 m 
1.17 dddd 
2.89 dddd 
1.35 dddd 
2.05 m 
2.68 ddd 
2.52 ddd 
6.22 d 
7.25 br s 

9.76 d 
- 

1.14 s 
0.82 s 
3.64 s 

*H-2, 1.52-1.35 m; H-11, 1.57 m. 
tH-9, 1.75 m. 
*Overlapped. 
J(Hz):ltr,1~=1~,2a=14;la,2a=la,2~=1~,2~=2~,3-4;2~,3=11;4,~=12;5,6~=2.5;6,7or=~6er,6~=6cr, 

7~=12;6/?,7cc=6~,7/?=5;747/3=13;7u,17=7~,17- 1;11,12=5;11,12’=8;11’,12=11’,12’=7;12,12’=14;12,16 
. 1;14,15= 15,16- l;compoundl&:la,l~= 1&2a= lQlj,2/3= 5;5,6a= 12.5;6a,68= 13.5;6a,7a=3;6/?,7~=3;6/$ 
7fi =4;6a,7/?= 13;78,17 = 1.5;11a,12a=6;11~,12~ = 1.5;11/3,12a = 10;11/3,12a= 6.5;12,12’= 17;14,15 =2;OAng:3’, 
4’ = 7; 3’, 5’ = 4’, 5’ = 1; OMebu: 2’, 3’ = 2’, 3’ = 3’, 4 = 7; OiBu: 2’, 3’ = 2’, 4’ = 7. 

nearly all signals, only those of H-2, H-3 and H-l 1 were 
overlapping multiplets. The partial similarity of the 
spectrum with that of la showed that the stereochemistry 
at C-l to C-10 was identical m both compounds. A clear 
W-coupling of H-17 with H-78 showed that the doublet at 
6 9.76 was due to the aldehyde proton at C-17. The axial 
orientation could be deduced from this coupling, while 
spin decoupling allowed the assignment of the remaining 
signals. The couplings of H-12 further showed that these 
protons were those. of a cyclohexane ring. The down field 
shift of the H-7a signal indicated the a-orientation of the 
aldedhye group at C-8. The strong fragment m/z 315 [M 
-CHO] also supported the position of the aldehyde 
group. Most likely 18 was formed from 3 by 
transformation via 16 to give rise to the aldehyde 17, 
probably VB an 8,17-epoxide. Finally aldol condensation 
of 17 would give the aldehyde 18, which we name 
gutlerrezlal. Compounds with an isomeric carbon 
skeleton and a C-18 to C-14 rmg junction of the furan ring 
have been reported from sponges [ 131. 

The structures of the angelate 19 easily could be 
deduced from the ‘H NMR spectrum and from that of the 
corresponding diacetate 20, which was obtained by acety- 
lation (Table 3). The relative position of the methylol 
group followed from the absence of a Wcouphng between 
H-38 and the methyl01 doublets and from the chemical 

shifts of H-18. The stereochemistry of the Al3 double 
bond was deduced from the chemical shift difference in 
the spectra of 19 and 20 and by comparison with similar 
labdanes. 

As the absolute configuration of 1 and 2 was clear 
most likely all the diterpenes were em-labdanes. The roots 
afforded baccharisoxide [14] 1,3 and the angelate 21[15], 
which so far only was isolated from the tribe Senecloneae. 

The results show again that labdane derivatives are 
common in Gutierrezia species while baccharisoxide is 
widespread in the genus Baccharis. The CL-,-acetylene 22 
so far only was isolated from species which also belong to 
the tribe Astereae. Further detailed investigations may 
show whether chemistry is able to show clear limits of 
Gutierrezra. 

EXPERIMENTAL 

Air dried aerml parts (650g) (voucher RMK 9079, collected in 
Colorado) were extracted with Et&-petrol-MeOH, 1: 1: 1. The 
extract obtained was worked-up in the usual fasiuon [ 161. The 
CC fractions were combined following the ‘H NMR spectra of 
the crude fractions I (petrol and Et@--petrol, 1: lo), II 
(Et_@-petrol, 1.3, 1: 1 and 3.1) and III (Et,0 and 
Et,O-MeOH, 10: 1). 

Re-CC of fraction I gave with petrol 50 mg germacrene D, with 
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Table 2. ‘H NMR spectral data of 7a, g-10, and lla-1% (400 MHz, CDCls, TMS as internal standard) 

7a 8 9 10 lla 128 13a 14a’ 1st 

H-l/? 1.13 ddd 0.98 ddd 1.11 ddd 1.10 ddd 

H-3 3.10 ddd 
0.99 ddd 

{ 2.04 or ddd 3.64 dd 3.45 dd 

H-S 1.21 dd 1.27 dd 1.21 dd 1.16 dd 1.94 dd 1.86 dd 2.06 dd 
H-6a 2.03 dddd 1.37 dddd 1.41 dddd 1.27 dddd 1.51 dddd 1.75 dddd 1.97 dddd 
H-68 1.78 br d 1.54 dddd 1.80 m 1.81 br d 1.16 dddd 
H-7a 2.41 ddd 2.38 ddd 2.31 ddd 2.41 ddd 2.34 ddd 1.30 ddd 1.41 ddd 
H-7/l 1.98 m 1.94 br ddd 1.97 br ddd 1.94 br ddd 1.94 m 1.97 br ddd 1.82 br ddd 
H-12 2.55 br ddd 2.54 br ddd 2.54 br ddd 2.54 br ddd 2.54 br ddd 2.36 m 2.51 br da’d 
H-12’ 2.23 br ddd 2.23 br ddd 2.22 br ddd 2.22 br ddd 2.24 br ddd 2.30 m 2.35 br ddd 

1.36 dddd J 
2.68 br ddd 2.54 br ddd 
2.45 br ddd 2.33 br ddd 

6.27 dd 
7.36 t 
7.22 br s 

10.0 br s 3.70 br d 
3.58 dd 

H-14 6.25 dd 6.25 dd 6.24 dd 6.24 dd 
H-15 7.34 t 7.35 t 7 34 t 734t 
H-16 7.18 br t 7.19 br t 7.18 br t 7.18 br t 
H-17 490 brs 4.85 br s 4.87 br s 4.87 br s 
H-17’ 4.38 br s 4.57 br s 4.57 br s 4.57 br s 
H-18 3.88 d 3.66 d 
H-18’ 1 1.38 s 3.39 br d 3.38 d 

122 s 

H-19 - 3.92 d 4.18 d 
H-19’ - 370brd 0.83 s 3.30 br d 
H-20 0.51 s 0.63 s 0.71 s 0.62 s 
OMe 3.64 s - - - 
OH 326s 276 brs 

2.45 br s 

1.12 ddd 0.95 ddd 1.04 dd 

6.25 dd 
7.35 t 
7.19 br t 
4.86 br s 
4.58 br s 

- 
- 

3.89 br d 
3.74 d 
0.67 s 

I 1.3-1.7 m 

1.74 dd 1.72 m 
1.47 dddd 

-I 

2.29 ddd 
1.3-1.7 m 

6.24 br s 6.25 dd 6.28 dd 
7.34 t 7.30 t 7.38 t 
7.20 br s 720 brs 7.24 br t 
2.59 d 
235 d 

2.75 dd 
2.53 d 

- - - 

1.19 s 

0.90 s 
3.67 s 

1.20 s 

3.64 s 

1.12 br s 

0.11 s 
3.65 s 

1.14 s 

0.73 s 
3.65 s 

*H-8, 2 54 br t; H-11, 1.64 ddd 
tH-8, 1.95 m 
J(Hz).la,1~=1~,2a=14;5,6a=12;5,6~=2.5;6cr,7a-4;6q6~=6a,7~-12;6~,7a- 1;6,?,7/9-5;7a,78-13;7a,17=7,?, 

17 _ 1; 11, 12 = 5; 11, 12’ = 8; ll’, 12 = ll’, 12’ _ 7; 1212 = 14; 12,16 ... 1,14,15 = 15,16 _ 1, compound 7a: 2a, 3/l = 10; 28,3/I 
= 4; 38, OH = 12;compound 8: 2a,3a = 2/I, 3a = 2/I,3jl= 4; 2a, 3/l = 12; 3a, 38 = 14; 3a, 19 = 18,19’ _ 0.5; 18,18’ = 19,19’ = 11; 
compound 9: 2a, 3 = 11.5; 2/I,3 = 5; 18,18’ = 11; compound 10: 19,19’ = 11; compound 11~: 3a, 19 = 0.5; 19,19’ = 12; compound 
12a: 17, 17’ = 4; compound 13a: 78, 17 = 2; 17,17’ = 4; compound Ma: 8, 17 - 2; 8, 17’ = 17, 17’ = 10. 

Table 3. ‘H NMR spectral data of 19 and 
20 (4OOMHz, CD&, TMS as Internal 

standard) 

19 20 

H-3 
H-7 

5.00 br dd 4.91 br dd 
2.39 br d 239 brd 

2 18 br ddd 
H-12 2.16 m 2 O-1.8 m 
H-14 5.39 br t 5.32 br t 
H-15 4.14 br d 4.57 br d 
H-16 1.68 br s 171 brs 
H-17 485 brs 4.86 br s 
H-17’ 4.53 br s 4.53 br s 
H-18 335 brd 3.88 br d 
H-18’ 297d 3 72 d 
H-19 075s 0.84 s 
H-20 068 s 076s 
OAng 6.01 44 603 44 

198 dq 1.96 dq 
189 dq 1.86 dq 

OAc 2.07, 2.06 s 

J(Hz): 2a, 3 = 12, 28, 3 = 4.5, 3, 19 
_ 0 5,7a, 78 = 13,14,15 = 7; 18,18’ = 12; 
3’, 4’ = 7, 3’, 5’ = 4’, 5’ = 1 

Et+petrol, 1.10, 2 mg caryophyllene l,l@epoxtde, 2OOmg 1 
and a mixture of 1 and 2. After addttion of CH*N,, TLC (AgNOs 
coated SiOs, Et&petrol, 1: 20, detection with KMn04 spray- 
ing) gave 5Omg 2a (RI 0.45) and 20mg la (R,0.35). With 
EtrO-petrol, 1: 3,1.5 g 1 were obtained. To the next CC fraction 
(Et@-petrol, 1: 1) CH2N2 was added. TLC (EtsO-petrol, 1: 3) 
gave two zones. TLC (Et+petrol, 1: 10) of the first zone gave 
30mg la, a mixture of 4a and Sa (R, 0.60) and 150 mg Sa 
(R, 0.50), 15 mg of Sa were purified by HPLC (MeOH-HrO, 
17.3, R, 7.5 mm, always RP 8, flow rate 330 ca 100 bar). The 
mixture of4r and SP afforded by TLC (Et@-petrol, 1: 10) 20 mg 
Sa and 2 mg 4a (R, 0.52). TLC (EtrO-petrol, 1.10) of the polar 
TLC zone gave 30 mg Sa and 6 mg of a mixture of Sa and 6 (ca 
1: 1). HPLC (RP 8, MEOH-HsO, 17:3) gave 3 mg 6a 
(R, 5.8 mm.). The next zone gave by TLC (Et@-petrol, 1: 3) 
8 mg crystalline 18a (R, 0.50). TLC (CsHs-CHCls, 3.1) of the 
mother hquor of 18a gave 2 mg 1311 (R, 0 44) and crude 14a 
(R, 0 40) which was purified by HPLC (RP 8, MeOH-H,O, 4: 1) 
affording 5 mg 14a (R, 4.8 mm). The ‘H NMR spectrum of the 
next TLC zone showed the presence of 22, 14a and a further 
epoxide (ca 1 1.1) After addition of NaBH4 14~ was trans- 
formed to 1Sa and was separated by TLC (Et&-petrol, 1: 1). 
The less polar zone (R, 0.68) still contamed a mixture of 22 and 
the epoxide. After stirring with MnO, 22 was transformed to the 
correspondmg ketone and TLC (Et,O-petrol, 1.3) afforded 
2 6 mg 12a (R, 0.45). 

The second combmed part of the CC (II) was estertlied by 
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addition of CHzNl affordmg 3.8 g of an ester mixture which was 
separated by medium pressure chromatography (130g SiOz 
Q 30-60 pm with rrusmg amounts of EtzO, 25 ml fractions). 
Fractions 27-35 gave 200 mg la, 39-41 a mixture of 20 mg 5a and 
4s (ca 20 : l), 4244 30 mg Sa, 45-47 a mixture of 10 mg Sa and 6a 
(ca 10: l), 48-53 a nurture of 10 mg Sa, 6a, 14a and 18a (ca 
2 : 2.1: 3), 60-62 60 mg 7a (purified by TLC, Et+petrol, 1: 1, 
R, 0.68), 66-68 100 mg lla (purified by TLC, EtzO-petrol, 1: 1, 
R, 0 55), 78-80 1.5 g crude 3a and 84-86 a mixture, which by TLC 
(CHClJCsH6-Et20, 2: 2: 1) afforded 2 mg 16 (R, 0.50) and 
6mg 19 (R, 0.32) (fractions not mentloned did not contam 
delimte compounds). 

The last part (III) of the CC was combined with fractions 78-80, 
ester&d and separated also by medium pressure CC (180 g SIO,, 
25 ml fractions). With Et#--petrol, 1: 1, nothmg of interest was 
obtained (fractions l-11). Fractions 12-17 (Et,O) gave 80 mg 11, 
18-23 nothing definite, 24-31 4g 3a, 32-34 (EtzO) gave a 
mixture, which was separated further by TLC (EtzO-petrol, 3 : 1). 
The least polar zone gave by TLC (CHCla-CeH,-EtzO, 1: 1: 1, 
three developments) 10 mg 8p (R, 0.40). The more polar zone 
gave by HPLC (RP 8, MeOH-H,O, 3.1) 10 mg 9 (R, 8.5 min). 

The extract of 220 g roots gave by CC and TLC (s.a.) 80 mg 
bacchans oxide [identified by comparing with authentic matenal, 
TLC (Et,C&petrol, 1 20, R, 0.68), ‘H NMR spectrum identical], 
150 mg 1 and 80 mg 3. Compounds 4a-7a, 9 and lla-14a were 
011s. They showed no lmpurltles m their 400 MHz ‘H NMR 
spectra and were homogeneous by TLC and HPLC (reversed 
Phase). 

3cc-Hydroxypolyalthic acrd (3) Colourless 011, IR vs cm- ‘: 
360&2700,1700 (OH, COzH); ‘H NMR (CDCI,): 6 4.02 dd (H- 
3), 2.37 br d (H-7a), 2.02 ddd (H-28). 2.55 br ddd and 2.24 br ddd 
(H-12), 6 25 br s (H-14), 7.34 t (H-15), 7.19 br s (H-16), 4.89 and 
4.6Obrs (H-17), 1.19s (H-19), 070s (H-20) Methyl ester (3a) 
colourless crystals, mp 65” (Et,@petrol); IRvC2 cm-‘. 3600 
(OH), 1720 (COzR), 3080,1640,900 (C=CH2), 880 (furane); MS 
m/z (rel. mt.): 346 214 [M]’ (41) (talc. for Cz1H3,,04: 346.214), 
328 [M-H,O]+ (lo), 313 [328-Me]+ (4), 287 [M 
-C02Me]’ (6), 269 [287-H20]+ (lo), 187 [269-C,H,O]+ 
(35),81 [C,H~O,pyrryhumlon]+ (1OO);‘“CNMR (CDCl,) (C-l 
to C-20). 6 36.6, 37.1, 75.5, 53.9, 50.3, 26.3, 37 6, 147.1, 55.5, 38.6, 
24.2,23.3, 125.3, 110.9, 142.7, 138.7, 1073, 177.9, 10.6, 14.9, 52.1 
(OMe) (multlphclty determmed by DEPT spectroscopy, asslgn- 
ment by selective spm decouplmg). 

Cal&o 589 578 546 436 nm = (CHCl,; c 
-33 -33 -36 -59 

0.48) 

Methyl-3a-angeloyloxypolyalthoate (4a) Colourless oil; 
IRvg>cm-‘: 1730 (COIR, C=CCOzR), 905 (C=CHz), 880 
(furane), MS m/z (rel mt.) 428.256 [M]’ (14) (talc. for 
C,,H,,O,: 428.256), 328 [M - RCO,H]+ (ll), 269 [328 
-COzMe]+ (7), 187 [269 -C,H,O]+ (24), 83 [C,H,CO]+ 
(91), 81 [C,H,O]+ (60), 55 [83-CO]+ (100). 

Methyl-3a- [2-methylbutyryloxy]-polyahhoate (a). Colour- 
less 011; IR vg!& cm-‘: 1740 (CO,R), 3080, 1640, 900 (C 
=CHI), 880 (furane); MS m/z (rel. mt ) 430.272 [M]+ (11) (talc. 
for Cz6HJs05. 430 272), 328 [M - RCO,H]+ (22), 269 [328 
-C02Me]’ (9), 187 [269 -CSH60]+ (28), 85 [C,H,CO]+ 
(37), 81 [CSH50]+ (51). 57 [SS-CO]+ (100); 13CNMR 
(CDC13) (C-l to C-20): 6363, 26.7, 76.9, 52.2, 50.4, 26.1, 37.5, 
146.9, 55.5, 386, 24.3, 23.3, 125.2, 110.8, 142.8, 138 7, 107.4, 
176.5, 11.3, 149, OMe 52.1; OCOR: 1755, 41.3, 23.7, 16.4, 11.8. 

Cal $40 589 578 546 436 nm = 
-39 -40 -46 -76 

(CHCls, c 5.11). 

Methyl-3a-lsobutyrylxypolyaltboore (6a). Colourless 011; 
IR vgz$ cm-‘. 1735 (CO,R), 3080, 1640, 900 (C=CH& 880 

(furane); MS m/z (rel. int.): 416.256 [M]’ (42) (talc. for 
CZIH3605: 416.256), 401 [M-Me]+ (3), 328 [M - RCO,H]+ 
(24), 269 [328-COzMe]+ (12), 187 [269-CSHBO]+ (38), 81 
[C,H,O]+ (lOO), 71 [C,H,CO]+ (69). 

Methyl-3a-hydroxydanrelloate (7a). Colourless 011; 
IRvscn-‘: 3560,1715 (OH, COzR hydrogen bonded), 3080, 
1650, 905 (C=CHz), 880 (furane); MS m/z (rel. mt.): 346.214 
[M]’ (21) (talc. for C21H3004: 346.214), 328 [M - H,O]+ (3), 
287 [M -CO,Me]+ (7), 269 [287-HzO]+ (lo), 187 [269 
-C5H60]+ (18), 81 [CSHSO]+ (100). 

[00~4~ 589 578 
546 436 nm = (CHCl,; c 

-41 -43 -49 -81 
1.17). 

10 mg 7a in 3 ml THF was heated 30 mm with 10 mg LiAlH4 
After addltlon of dll H2S04 the compound was extracted with 
EtzO. After evaporation 5 mg colourless crystals were obtained 
from Et&petrol, mp 134”; IRvza3cm-: 3590 (OH), 3080, 
1640, 900 (C=CH2), 880 (furane); MS m/z (rel. mt.): 318.219 
[M]’ (17) (talc. for CzoH3003: 318.219), 300 [M - H,O]+ (lo), 
282 [300-HzO]+ (3), 269 [300-CH,OH]+ (lo), 187 [269 
-CSH60]+ (lo), 81 [C5HSO]+ (100). 

Cal&’ 589 578 546 436nm = c 
-60 

(CHCl,; 0 
-32 -33 -37 

38). 

ll-EIydroxydanlellol (8). Colourless crystals, mp 114” 
(EtzO-petrol); IRvg$cm-‘: 3615 (OH), 3080, 1640, 900 
(C=CH*), 880 (furane); MS m/z (rel. mt.): 318.219 [M]’ (18) 
(talc. for CZOH3003: 318.219), 300 [M - HzO]+ (9), 269 [300 
-CH,OH]+ (16). 187 [269-C,H,O]+ (15), 81 [CSHsO]+ 
(loo) 

Calh” 589 578 546 436 nm = c 
-31 -31 -36 -57 

(CHCl,; 0 07). 

3a,ll-Dlhydroxy-19-desoxydatnellol (9) Colourless oil; 
IRv:!$‘3cm-‘. 3620 (OH), 3080, 1650, 905 (C=CHz), 880 
(furane); MS m/z (rel. mt ) 318.219 [M]’ (38) (talc. for 
C20H3003. 318 219), 303 [M -Me]+ (4). 300 [M - H,O]+ (8), 
287 [M - CH,OH]+ (7), 285 [303 - H,O]+ (4). 269 [300 
-CH20H]+ (3), 81 [C,H,O]+ (100) 

Calh 589 578 546 436nm = 
-31 -32 -36 -58 

(CHC13, c 0.74). 

10 mg 3a in 3 ml THF afforded by reduction with LIAIH~ (s a.) 
6 mg 9, ldentlcal with the natural compound (‘H NMR, TLC, 
optical rotation). 

Methyl-19-hydroxypolyalrhoate (lla). Colourless 011; 
IRv$$‘4cm-‘. 3600 (OH), 1720 (COzR, hydrogen bonded), 
30841655,905 (C=CH& 885 (furane); MSm/z (rel. mt )’ 346.214 
[Ml+ (22) (talc. for C21H3004. 346.214), 328 [M - H,O]+ (lo), 
316 [M -CH,O]+ (2), 287 [M-CO*Me]+ (4), 269 [287 
-H,O]+ (5), 187 [269-C,H,O]+ (12), 81 [C,H,O]+ (100). 

Calh” 589 578 546 nm = 
-26 -26 -28 

(CHQ, c 7.13). 

Met hyNa, 17-epoxy-8,17-drhydropolyalthoate (12a). Colour- 
less 011, IR vs cm - ‘. 1725 (COzR), 875 (furane), MS m/z (rel. 
mt ). 346.214 [Ml+ (7) (talc. for CZ1H3,,04: 346 214), 328 [M 
-HzO]+ (6), 317 [M-CHO]+ (6). 287 [M-C02Me]+ (4), 
269 [287 - H,O]+ (4), 187 [269 -C,H,O]+ (22), 81 [C,H,O]+ 
(loo). 

Calho 589 578 546 436 nm = 
-19 -19 -23 -40 

(CHCl,; c 0 26). 

Methyl-ID,1 7-epoxy-8,17-drhydropolyalthoate (13~). Colour- 
less 011, IRvscm-‘: 1725 (CO,R), 875 (furane); MS m/z 
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(rel. mt.): 346.214 CM]’ (10) (talc. for CZzH3,,04. 346.214), 328 
[M-HzO]+ (7), 317 [M-CHO]+ (lo), 315 [M-CH,OH]+ 
(6), 287 [M - C02Me]+ (5), 269 [287 - HzO]+ (6), 187 [269 
-C5H60]+ (ll), 81 [C,H,O]+ (100). 

CalL” 589 578 546 436 nm = 
-35 -37 -42 -48 

(CHCI,, c 0.06). 

Methyl-17-oxo_8/?,17_dihydropolyalthoate (14a). Colourless 
o& IR vs cm- ‘: 2730,1725 (CHO, CO,R), 880 (furane); MS 
m/z (rel. int.): 346.214 CM]’ (10) (talc. for C2,Hs004: 346 214), 
328 [M-H,O]+ (4),318 [M-CO]+ (5),287[M-CO,Me]+ 
(8), 82 [CsHsO]+ (lOO), 81 [C,H,O]+ (58). 

Calho 589 578 546 436nm = 
-48 -49 

0 
-57 -109 

(CHCII; c 33) 

5 mg 141 were reduced in MeOH with 10mg NaBHe TLC 
(Et+petrol, 1: 1, R, 0.32) afforded 3 mg lSa, IR v$$ cm-z: 
3620 (OH), 1725 (C02R), 875 (furane); MS m/z (rel. znt.): 348.230 
[M]’ (1) (talc. for C2zH3204: 348.230), 330 [M -H,O]+ (l), 
289 [M-COzMe]+ (l), 271 [289-HzO]+ (2), 189 [271 
-C,H,O]+ (4), 82 [C,H,O]+ (lOO), 81 [C5H50]+ (44) 

Gutzerrezzal methyl ester (18n). Colourless crystals, mp 128” 
(petrol); IR v$$$ cm-z: 2720, 1720 (CHO, CO,R); MS m/z (rel. 
mt.): 315.196 [M -CHO]+ (51) (talc. for &H2,03. 315.196), 
255 [315-HC02Me]+ (12), 181 (22), 147 (31), 121 [C9H13]+ 
(100). CI (isobutane) 345 [M + 11’ (lOO), 315 [345 -CHzO]+ 
(7). 

Cal&” = 
589 578 546 

436 nm (CHC13; c 0.06). 
+427 +463 +548 +1225 

3a-Angeloyloxy-l5,18-dzhydroxy-ent-labda-8(17),13E-dzene 
(19) Colourless oil; IRvzcm-z: 3600 (OH), 1700, 1645 
(C=CC02R), 900 (C=CHI), MS m/z (rel. mt.): 304.240 [M 
-RCOzH]+ (4) (talc. for CZOH3202: 304.240), 289 [304 
-Me]+ (7), 273 [304-CH,OH]+ (8), 271 [289-H,O]+ (lo), 
259[289-CHIO]’ (10),256[271 -Me]’ (lo),83 [C,H,CO]+ 
(76), 55 [83-CO]+ (100). 

6mg 19 in 0.1 ml AczO were heated for 1 hr at 70”. TLC 
(Et@petrol, 1.1) gave 4.5 mg 20 (R, 0.75), colourless 011; 
IR vg$ cm-‘. 1740 (OAc), 1710, 1645 (C=CCO,R), 900 
(C=CH2); MS m/z (rel. int.): 428 293 [M - HOAc]+ (3) (talc. for 
C2,H4,,04: 428 293), 413 [428-Me]+ (2), 388 [M - RCO,H]’ 
(3), 373 [388-Me]’ (2), 328 [388 -HOAc]+ (21), 313 [328 
-Me]+ (11),269[328-OAc]+ (12),268 [328-HOAc]+ (20), 

253 [268-Me]’ (20), 83 [C.+H,CO]+ (lOO), 55 [83-CO]+ 
(98). 

CalL = 
589 578 546 

436 nm (CHCI,, c 0.45). 
-60 -61 -70 -118 
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