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Abstract-A reinvestigation of theaerial parts of Hebeclinium mucrophyllum afforded in addition to known compounds 
several further seco-labdane derivatives; all being epimeric pairs at C-5. The structures were elucidated by high field 
NMR techniques. The stereochemistry was assigned by NOE difference spectroscopy and the absolute configurations 
were deduced from the Cotton-effects of the natural compounds and of chemical transformation products. 

INTRODUCTION 

The genus Hebeclinium (tribe Eupatorieae) is placed in the 
subtribe Hebecliniinae Cl]. So far only one species has 
been studied chemically. A seco-labdane was isolated, in 
addition to a nerolidol derivative [2]. We have now 
reinvestigated a much larger sample of the same species. 

RESULTS AND DISCUSSlOh’ 

The extract of the aerial parts of Hebeclinium mucrop- 
hyllum (L.) DC, collected in Costa Rica. afforded several 
common compounds (see Experimental) and the seco- 
labdane derivatives la/Ma/b. These diterpenes were also 
present in the extract of a collection from Equador. 
However, only the structure of hebeclinolide (la/b) could 
be elucidated [2] as the amount of the other diterpenes 
was insufficient for further investigations and the stereoc- 
hemistry of I could not be determined. 

The lactones 2a and 2b were separated as their acetates. 
The ‘H NMR spectra (Table I) clearly indicated that 
these ketones were isomers differing from la/b by an 
additional oxygen function which could only be placed at 
C-3 as the pair of broadened doublets for H-3 were 
replaced by singlets at 65.14 and 5.44 respectively. The 
spectra of 2aAc and 2bAc mainly differed in the signals of 
H-3. H-5-H-7 and OAc indicating that they were epimers 
at C-3 or C-5. NOE difference spectroscopy allowed the 
assignment of the relative configuration and of the 
methyls at C-4. Thus in the case of 2aAc a 10% NOE 
between H-3 and H-5 required equatorial orientations of 
the substituents at these centres. By irradiation of the 
signal at 6 1.08 (H-19) NOE’s with H-3 (5 %), H-5 (5 %) 
and H-18 (5 %) were observed. A Wcoupling between H- 
18 (0.84 s) and H-3 indicated the axial orientation of the 
methyl group. Similarly NOE’s between H-3, H-6 (5 %). 
H-6’ (2 %) and H-19 (3 %). between H-18 and H-5 (5 %) 
and between H-19. H-5 (4 %). H-3 (4 %). H-6 (3 %) and H- 
6’ (2%) (always the first proton is the trradiated one) as 
well as a W-coupling between H-18 and H-3 established 
axial orientation of H-3 and of the large substituent at C-5 
in the acetate of 2b. The absolute configuration followed 
from the negative Cotton-effects in both acetates follow- 

ing the helicity rule [3] for a&unsaturated. transoid 
ketones. The configuration at C-12 was determined with 
the reaction products of la/b (s. below). The ’ % NMR 
spectra (Table 2)also agreed with the proposed structures. 

A careful reinvestigation of the ‘H NMR spectrum of 
la/b in deuteriobenzene indicated that again an epimeric 
mixture (C(I 7:3) was present. This was supported by the 
“C NMR spectrum (Table 2) were a few signals were 
doubled. However, all attempts to separate this mixture 
were unsuccessful. While the negative Cottoneffect of the 
mixture indicated the same configurations of the main 
compound at C-5 as in 28 the absolute configuration at C- 
I2 had to be determined. As the CD bands of the two 
chiral chromophores are overlapping we tried to remove 
the chiral centre at C-5 by converting the unsaturated 
ketone to a saturated, symmetric one using 1.4-addition of 
dimethyl lithium cuprate. Suprisingly, this led to the 
formation of two lactones (78/b) in which the As double 
bond was absent. A new methyl doublet, an additional 
pair of doublets around 62-3 and the absence of the signal 
ofan olefinic proton required, together with the molecular 
formula (C,, H2s04). the formation of a new ring. The 
structures of 7r and 7b followed from the spectral data. In 
the ‘H NMR spectra in deuteriobenzene (Table I) all 
signals could be assigned by spin decoupling. The stereo- 
chemistry was determined by the observed NOE’s. In the 
case of 7a clear effects were obtained between H-5, H-18 
(2 %). H-19 (3 %) and H-20 (4 %). between H-68 and H-3/I 
(3%). between H-20. H-5 (4%). H-l la (107;) and H-19 
(3~~)aswellasbetweenH-21.H-7/7(100/0)andH-12(10%) 
In the case of Ib, NOE’s between H-5 and H-20 (3%), 
between H-18. H-5 (5 %) and H-68 (4%). between H-20, 
H-3/? (3 %). H-5 (10 %) and H-9 (1 I %) as well as between 
H-21. H-7a (3%). H-11/I (11%) and H-12 (8%) were 
observed. For the assignment of the methyl signals the W- 
couplings were useful [7a: H-20/H-I& H-19/H-3p; 7b: H- 
20/H-la. H-19/H-3/I]. Inspection of models showed that 
all data required in the case of 7r the cyclohexanone ring 
in a chair and in the case of 7b in a boat conformation. The 
“CNMR spectra (Table 2) nicely agreed with the 
struc1ures. 

The formation of 7a and 7b clearly indicated that also 
hebeclinolide was an epimeric mixture at C-5. The 
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formation of these two lactones only can be explained if 
la was first attacked regio- and stereospecifically at C-9 
from the p-face leading to the anion 6a which then was 
transformed by Michael-addition thermodynamically 
controlled to 78. Similar lb only gave 7b. epimeric at C-5 
and C-10. The ratio of 7r/7b and la/lb was nearly 
identical as followed from the ‘H NMR spectra. Having 
now in hand two saturated cyclohexanone derivatives the 
absolute configuration could be deduced from the ob- 
served Cottoncffects by application of the octant rule. As 
expected the main product (In) showed a negative and the 
minor compound (7b) a positive Cotton-effect. It is very 
likely that the other diterpenes have the same absolute 
configuration. 

The ‘H NMR spectra of 3a/b and 4a/b (Table I) 
indicated that these compounds differed in a more 
pronounced manner from h/b and 2a/b. Signals C(I 64.8 
and 5.9 indicated that the furane was replaced by a 
butenolide moiety. Furthermore the Uactone ring was 

absent. Again spin decoupling allowed the assignment of 
all signals. The downfield shift of the H-9 signal in the 
spectrum of 4a/b required an aldehyde group at C-17 
which was supported by a singlet at 69.39. A broadened 
singlet at 64.07 in the spectrum of 3a/b showed that the 
corresponding alcohols were present. Though the 
‘HNMR spectra gave no indication of the presence 
of epimers the very weak negative Cotton-effect in the case 
of 3a/b favours the presence of mixtures of 5a-H and 
racemic compounds (3a/b and 4a/b). 

The ‘H NMR spectra of Sa and 5b (Table 1) again 
showed that these compounds were epimers. Spin dewup- 
ling allowed the assignment of all signals. The chemical 
shift of H-6 required the presence of an ester function at 
this carbon. An additional oletinic methyl signal further 
showed that no oxygen function was at C-17 while again a 
butenolide moiety was present. Accordingly, 5a and Sb 
were 6fl-acetoxy derivatives of 3a/b with no hydroxy 
group at C-l 7. The differences in the stereochemistry of 58 
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Table 1. ‘H NMR spectral dau of compounds la/Ma/b and 7a/b (400 MHz, CDCI,, d-values) 
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H Wb (GW 2aAc 2bAc 3a/b* 4albt Sal Sb: 7a§ GW 7b8 

1 

3 

3 

5 

6 

6 
72 

78 

9 

Ila 

11s 
12 

14 

I5 

16 
18 

19 

20 

OAc 

5.97 br s 

2.34 br d 

2.12 br d 

1.55 dd 

1.72 m 

1.41 m 
2.38 (2.24) m 

2.14 m 

5.74 br dd 

1.99 br dd 
1.72m 

4.84 (4.81) dd 

6.17 br s 

7.01 dd 

7.15 br s 

0.89 s 

0.87 s 

1.68 (1.66) d 

5.92, 5.84 q 5.86 br s 5.85 br s 

2.30 br d, 2.04 m 

1.78. 2.04 m 
1.69. 1.68 m 

2.58. 2.47 m 

2.42. 2.41 m 

6.69, 6.66 br dd 

2.71. 2.69 br dd 

2.62, 2.60 ddd 

5.42, 5.40 dd 

6.45. 6.45 br s 

7.42. 7.42 dd 

7.49. 1.49 br s 

0.84. 1.02 s 

1.08. 1.12 s 

2.01, 2.03 s 

2.19. 2.20 s 

5.94. 6.01 brs 

2.37 br d 2.34 br d 2.02 d. 2.41 br d 

2.07 d 2.04 d 2.31 br d, 2.10 d 

1.89 r 1.92 dd 2.01 d. 2.21 br d 

1.59 m 
1.66 m 
1.43 m I 

5.49 ddd 

2.11 t 2.37m 2.36, 2.17 dd 
2.31 m 2.21. 2.10 dd 

5.40 br t 6.41 t 5.14, 5.11 t 

2.34 dt 2.29. 2.28 dl 
2.66 m 

2.49 br t 2.42 br 1. 2.42 t 
5.86 br s 5.91 t 5.83, 5.83 II 

- - - 

4.74 d 4.78 d 4.72 d 

1.09 s 1.11 s 1.12. 1.00 5 

1.03 s 1.04 s 1.01. 1.25 5 

2.01 d 2.03 d 2.01, 2.05 d 

- - 1.89. 2.00 s 

1.90, 2.78 br d 

1.70 br d, 2.32 d 
1.89 br d. 2.29 d 

2.12. 1.92 br d 

2.35 br dd. 1.48 dd 
2.06. 2.56 dddd 
1.37 dddd. 1.61 m 

2.23 ddd. 2.09 br dd 

1.21, 1.06 ddd 

1.52. 1.80 ddd 

1.97. 1.80 ddd 

1.08. 1.15 &fd 

5.16. 5.12 dd 

6.20. 6.32 br s 

1.09. 7.07 dd 

7.15 br s. 7.07 dd 

0.15. 0.17s 

0.91. 0.87 s 

1.19. 0.73 s 
- 

OH-17 4.07 br s; tH-17 9.39s. $H-14 1.67. 1.65 br s. $H-21 0.72, 0.71 d; 

J[Hz]: Compounds la/k 1.20 = l;3.3’= lla,lljI- 17;5,6= 5.6’=9.1lg= 5;9Jla= 14.15 = 15.16 = 1.5;lla.12 = 11;11/?,12 

= 4.5;compound.s 28/k 1.20 = l4,lS = 15.16 = 1.5;9.1la = 2.5; 9.11s = 5.5; I la, 11s = 17.5; III, 12 = II; I I/?, 12 = 4.5; (za: 5.6 = 7); 

compounds Ja/band 4a/b: 1,20 = 14.16 = 1.5; 3.3’ = 17.5; 5,6 = 5; 9,ll = 7 (compounds 3a/b: 6.7 = 8.5; 11.12 = 7; compounds 4a/b: 

5,6’= S);compoundsSa/b:1.20 = 12.14 = 14,16 = I.S;3&3/I = 11.5;1,7' = 14;9.11 = 11.12 = 7; (compoundSr5.6 = 6.7’ = 3.5;6.7 

= 9.5; compound Sb: 5.6 = 2.5; 6.7 = 10; 6.7’ = 3) compound 7a: la. 1s = 12.5; 3a, 38 = 7a. 18 = 13.5; 5.C = 9.5; 5,6b = 10.5; 6a.6B 
= 13;6a,la= 10;6a,l8=68.7a=4.5;68,78= llq 12= 12;9.11a=4;9,11~=3;9.21 = 7; lla. llj?= 14; 11/l. 12= 5; 14. 15 

= 15.16 = 1.5;compound7b( la, Ifi = 16.5;3a.38 = 18;5,6a = ll;5,68 = 8.5;62.6/3 = 12;6a.7a = 68,1/I = 9.21 = 7;6q7/3 = 13; 

la. l/?= lla. 12 = 12.5;9,1lr = 3.5;9,11/?= 3; Ila. ll/?= 14; 11s. 12 =4.5; 14.15 = 15.16 = 1.5. 

Table 2. “C NMR spectral data of compounds la/b. 2a/bAc. Sa/b and 7r/b (67.9 MHz. CDCI,. d-values) 

C la/b 2a/2bAc 5a/ Sb 7a* 7bt 

I 125.2 d 

2 199.3 s 
3 41.1 r 
4 36.3 s 

5 50.9 d 

6 29.2 I 
7 31.0 r 
8 132.9 s 
9 143.7 d 

10 165.1 (164.1) s 

11 30.1 t 

12 10.4 d 

13 123.8 s 
14 108.5 d 

15 143.7 d 

16 139.9 (138.6) d 

17 171.8 (171.7) s 

18 27.1 q 

19 24.5 q 

20 24.6 q 

OAc - 

125.8, 124.1 d 125.8, 125.5 d 

192.8. 192.1 s 198.9. 198.6 s 
81.2, 77.2 d 47.0. 47.8 f 

42.1, 40.1 s 36.0. 35.5 s 

50.7. 53.3 d 54.7. 54.4 d 

27.3, 28.7 t 69.2, 71.4 d 

33.1, 31.5 18 25.6 I 
132.6. 132.5 s 133.4, 133.3 s 
143.7, 143.1 d 127.5, 128.0 d 

162.0. 164.2 s 159.4, 160.5 5 

30.4, 30.5 te 21.3. 28.41 
72.4. 12.4 d 46.3. 42.5 t 

123.8, 123.8 s 174.0 s 
108.0, 108.6 d 115.1 d 

140.0. 140.0 d 169.5. 169.5 s 
139.1. 138.9 d 73.0 I 
164.1, 164.6 s 16.2. 16.3 q 

15.1. 22.7 q 29.6. 25.7 q 

22.8, 23.9 q$ 26.3, 30.1 q 

24.6, 24.3 q$ 27.3, 28.0 q 

110.4. 170.4 s 169.6, 169.9 s 
20.1, 20.7 q 21.0. 21.1 q 

49.6,§ 50.4 I 5 
211.6. 211.7 s 

46.1.5 50.1 15 

31.7. 33.2 s 

54.0. 58.6 d 

25.8, 26.5 I 

32.8$, 35.6 r$ 

61.4. 60.5 s 
322 d 

52.6, 48.5 s 

31.8:. 33.6 r$ 

12.2. 11.7 d 

125.0, 125.1 s 
108.5 d 

143.7 d 

139.4 d 

115.6. 111.1 s 

31.2. 31.8 q 

26.8, 25.1 q 

30.1. 30.5 q 

V-21 18.6 q; t 17.8 q; $6 may be interchangeable. 
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