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Aba&act--The petrol-soluble fractions from the branchwood of four Abies U&J trees were examined. Only two trees 
contained sufficient amounts of ‘juvabione-type’ insect juvenile hormone analogues for isolation and characterization. 
The first contained juvabione (4R, l’R), 4’dehydrojuvabione (4R, 1’R) and its 4R, 1’S diastereomer in a ratio of 3 : 1, and 
juvabiol (4R, l’R, 3’S), isojuvabiol (4R, l’R, 3’R) and epijuvabiol (4R, 1’S, 3’S) in an approximate ratio of 7:3:2. 
4’-Dehydroepijuvabione (4R, 1’S) was the only ‘juvabione-type’ compound ioslated from the second tree. If it is 
accepted that juvabione and epijuvabione are enzymatically reduced forms of dehydrojuvabione and dehydroepi- 
juvabione, respectively; then for these two A. alba our results indicate that only one enzyme which is specific for R 
chirality at C-l’ is present, since epijuvabione is not observed. 

INTRODUCTION 

A number of studies on the extractive composition of 
Canadian coniferous species has shown the occurrence 
of (+ )-juvabione (4R, 1’R) (1) [l] and several other 
related insect juvenile hormone analogues (IJHAs) [2-53. 
With one exception, all ‘juvabione-type’ sesquiterpen- 
oids isolated from North American trees have R chira- 
lity at C-l’. That exception, epijuvabiol (4R, 1’S, 3’S) (2) 
with S chirality at C-l’, was found in the petrol-soluble 
fraction of the whole wood of a number of alpine lir 
(Abies lasiocmpa) trees [S]. 

A recent study [6 of three trees from the ‘A. bolsamea’ 
grove in the Bar&& B tiavnica arboretum showed that one 
tree contained epijuvabione (4R, 1’S’) (3), 4’dehydroepi- 
juvabione (4R, 1’S) (4) and 2 [3, 7-91. This result con- 
trasted with previous studies on A. balsamea which re- 
vealed only 4R, 1’R diastereomers to be present in this 
species [3,4]. In addition, the study of the three &echo- 
slovakian firs revealed that only the female parent was 
known; the seed came from another European arboretum. 
Because A. oh is the widespread European fir, it was 
considered as the likely male parent of these ‘Czecho- 
slovakian firs’ and thus the genetic source of the 4R, 1’S 
forms of juvabione. 

The study was undertaken to ascertain if these ‘juva- 
bione-type’ sesquiterpenoids occurred in A. alba trees 
and if the S configuration at C-l’ was general for firs of 
European origin. 

RESULTS 

Quantitative analysis of volatile leaf-oil monoterpcnes 
(listed in Table 1) [lo] showed a significant tree-to-tree 

*Part 6 in the series ‘Juvabione and its analogues’, for Part 5, 
see ref. [6]. 
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Table 1. Percentage compositions of leaf oils isolated from 
C.S.S.R. Abies alba 

Monoterpene Tree 1 2 3 4 
Commercial 

oil 

Santene 20 2.6 3.5 1.9 2.3 
Tricyclene 1.0 1.5 24 1.2 1.6 
a-Pinenc 12.8 8.6 28.6 37.8 26.4 
Camphene 9.0 11.8 19.7 10.4 14.8 
/3-Pinene 15.8 5.1 14.6 4.8 3.6 
Myrcene 1.6 1.6 0.9 1.4 1.1 
3-Carenc 0.05 0.2 0.05 tr 6.2 
Limonene 43.5 33.3 5.6 30.3 26.3 
p-Phellandrene (c 1) 123 24 0.5 1.5 
Bomyl acetate 4.4 10.1 9.4 1.9 5.4 

variation, but the characteristic terpenes of A. alba were 
present in the expected relative amounts [ 111. The petrol- 
soluble materials from the branchwood of four A. alba 
trees were examined, Table 2 lists percent yields for 
each of the four trees examined. The general isolation 

Table 2 Yields of some ‘juvabionc-type’ extractives from the 
branchwood d &es alba trees 

Yield %(GLC of petrol-solubles with 
(% o.d. wood) 

Tree Site* EtOH Petrol RR, 1.00 1.35 1.66 

1 1 15.4 1.6 33 4 63 
2 2 9.3 0.6 <0.5 <0.5 83 
3 2 1.7 0.3 <1 tl 7 
4 2 1.8 0.3 <0.5 <0.5 6 

*Site locations : (1) a planted forest near the arboretum at Ban- 
ti Stiavnica, C.S.S.R., and (2) a natural forest near HrabiEov, 
C.S.S.R. 
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and purification procedures have been previously repor- 
ted [2-S]. The purity ( > 90 %) and tentative identities of 
each ‘juvabione-type’ compound were determined by 
GLC, TLC, IR, MS and PMR. The final identification 
and assignment of absolute configuration for each ‘juva- 
bione-type’ compound from each tree was made after 
measurement of the ORD (of a hydrogenated sample) 
and/or, the “C-NMR spectra. 

Bee I 

This tree contained juvabione (1) (RR, = 1.00). The 
‘3C-NMRs~~rumofthismat~alsbowedittobehomo- 
geneous and was in complete agreemeat with published 
values for I [9]_ The R chiraiity at C-l’ was proven by 
comparing the ORD-molecular arhplitude (MA) of a 
hydrogenated portion of this material with that calcu- 
lated for the same ratio (GLC) of cis and tram isomers of 
dihydrojuvabione (8 and 9) (1’R). Since the agreement 
was well within experimental error, it confirmed the 
presence of only the 4s. 1’R isomer ofjuvabione. It should 
be noted that 13C-NMR cannot distinguish between the 
4R, I’R and 45. l’denantiomeric forms of juvabione and 
[aJo values cannot be used to differentiate between the 
4R, 1’R and 4R, 1’S forms of (+ Fjuvabione [3, S]. 

What appeared to be ~-dehydrojuvabione (5) (RR, = 
1.66) was also isolated from this tree by Si gel column 

chromatography. It was chromatographicaliy pure and 
exhibited physical parameters expected for compound 5 
[31. However, the “C-NMR spectrum of this syrup re- 
vealed the presence of a second, minor component as 
evidenced by the number (20) of distinct carbon reson- 
antes; compound 5 has only 15 [9]. T’he minor reson- 
ances at S 48.4, 33.0, 28.0, 25.7 and 15.9 were readily as- 
signable to those carbon resonances of 4 which differ in 
chemical shift: from those in 5 by more than 0.1 ppm [9]. 
In this manner, we were able to fully assign the carbon 
shifts observed Thus, this unresolved material was identi- 
fied as a 3 : 1 mixture of 5 and 4. The proportions were 
determined by ’ 3C-NMR from the intensity values for the 
C-3 resonances of each isomer. It is possible to extract 
fairly accurate quantitative (5 %) information by measur- 
ing intensities of the same carbon resonance of each com- 
ponent in an isomeric mixture. This has been verified by 
mixing known amounts of two of the pure compounds 
and determining their percentage composition by 
13C-NMR spectroscopy under the same experimental 
conditions as mentioned below. 

The isomeric ratio of 3 : 1 was confirmed by measuring 
the ORD-MA of a hydrogenated portion of this syrup. 
The value was one-half that calcuiated for 100 “/, R chira- 
lity at C-l’. 

Also obtained from this Si get column separation was 

Table 3. ‘%-NMR data for the ‘juvabione-type’ alcohols and their acetates from A. &a (tree No. I) 

6 

Alcohols 

Intensity 
Carbon 

(compound(s)) 6 

Alcohol acetates 
C&J&Xl 

Intensity (compound(s)) 

167.8 
139.7 
129.9 
102.7 

68.3 
67.4 
51.2 
47.6 
46.6 
42.2 
38.3 
37.2 
33.2 
32.8 
29.7 
z: 
25:8 

24.7 
24.6 
24.4 

24.3 
23.8 
23.3 
23.0 
22.0 
21.7 

18.3 
17.8 
16.2 
15.3 

*Impurity. 

8 
60 
21 
21 

65 
20 
81 
27 
60 
80 
24 
68 
69 
20 
72 
32 20 
22 

96 
63 
61 

73 
66 
65 
30 
26 
52 

48 
25 
6.5 
17 

7 (2 6.7) 
2 (2 677) 
1(2,6% 7) 

3’ 

(6)* 

3’ (2 7) 
8 (2,6,7) 
4’ (2,7) 
4’ (6) 
2’ (Z&7) 
4 (2.7) 
4 (6) 
t’(6) 
1’ (237) 
3 (6) 
3 3 (7) 
5 (2) 

(2) 
6 It,6 7) 
5’ (7) 
5’ 161; 5 0 

5’ (21 
5 (6) 
7’ (9 
7’ (2,7) 
6’ (2,7) 
6’ (6) 

_* 
n* 

8’ 
8’ (2,7) 

170.5 7 acetate 
167.8 7 7G6,Tt 
139.4 69 2 /2.6,7) 
139.0 7 _* 

‘130.1 i t&6,7) 
71.5 

z 
3’ (6) 

70.8 18 3’ (X7) 
51.3 69 8(547) 
44.3 25 Q’(57) 
43.3 13 4’ (6) 
39.4 21 2’ (2) 
39.2 14 2’ (7) 
38.9 St 2’ (6) 
38.2 7 4 (7) 
37.9 15 4 (2) 
37.5 33.4 67 71 4’ (6) 

l’(6) 33.1 24 
t’G 71 

29.7 78 3 161 
29.5 30 3 (77) 
29.4 ____ * 

28.1 

& 

3 (21 
25.9 22 5 (2) 
24.8 104 5(7);6(27I 
24.6 84 6(6);5’(56,7) 
24.1 77 5 (6) 
23.8 8 -I 

23.1 66 7’ (6) 
22.8 33 7’ Q&7) 
22.3 29 6’ (Z7) 
22.0 70 6’ (6) 
21.1 41 acetate 
16.1 66 8’ (67) 
15.7 18 8’ (2) 
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an alcohol fraction (RR, = 1.35). Sitosterol crystallized 
from this solution leaving a syrup that appeared to be 
juvabiol(4R l’R, 3’s) (6) or a mixture of6 and isojuvabiol 
(4R, l’R, 3’R) (7) as observed for A. balsamea [4]. Com- 
parative analysis of the r3C-NMR chemical shift data 
(Table 3) of this alcohol fraction, or that of an acetylated 
portion, with those values published [S] was only consis- 
tent with a threecomponent mixture. This mixture con- 
sisted of 6,7, and 2 in an approximate ratio of 7 : 3 : 2. No 
evidence of the fourth isomer (isoepijuvabiol) was detec- 
ted. 

pee 2 

Dehydroepijuvabione (4R, 1’S) (4) (RR, = 1.66) [3,6,7, 
93 was the only ‘juvabione-type’ compound isolated from 
the branchwood of this tree. It was identified by GLC, 
TLC, PMR and 13C-NMR. The S chirality at C-l’ was 
confirmed by measuring the ORD-MA for a hydrogen- 
ated sample. The absolute value was within experimental 
error, but the sign was opposite, as expected for an 
enantiomer. 

l+ees 3 and 4 

No ‘juvabione-type’ compounds were isolated from 
the branchwood of these two trees. Although traces were 
possibly present (see Table 2), they were not isolated due 
to the complexity of the petrol-soluble material. 

DISCUSSION 

The morphological and physiological characters of 
Abies alba are known to vary greatly from one tree to 
another [ 123. This we find to hold true also for the leaf-oil 
terpene composition of the four trees analyzed in this 
study (Table 1). However, an overall pattern of similarity 
isevident,andtherelativepercentagesofsantene(2-3.5 %), 
tricyclene (l-2.5 %), camphene (9-20 %) and bornyl ace- 
tate (2-10 %) are useful in characterizing A. alba individ- 
uals. The relatively higb a-pinene and limonene (except 
tree 3) percentages and correspondingly lower /I-pinene 
and especially b-phellandrene percentages may also 
have some diagnostic value [ll]. Comparison of 
the very low percentages of 3-carene in all four trees 
with about 6 y0 in the commercial leaf oil indicates that 
two phenotypes (one with low, the other with relatively 
higb percentages) may be present, just as was found in 
A. balsama populations of eastern Canada [ 101. Other 
phenotypic pairs may be present as well, but a large 
number of trees from natural stands will have to be 
analyzed to characterize these. Trees 1 and 23 and 4 show 
such phenotypic relationships with respect to a-pinene. 
The relationship of the leaf oil terpenes of A. alba, A. bal- 
samea, A. sibirica and A. lasiocarpa (santene-tricyclene- 
camphene-bomyl acetate type) and those of other 
North American true firs was discussed previously [ 111. 

Table 2 shows a clear distinction between two types of 

8 
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A. &~a trees. Trees 1 and 2 both correspond to the ‘juva- 
bione-type’ m’that the majority of the petrol-soluble 
material is accounted for by these sesquiterpenoids. In 
contrast, the nature of the petrol-soluble from trees 3 and 
4, which were from the same site as tree 2, were clearly 
different : less than 10 % of the petrol-soluble material 
could be attributed to juvabione-type compounds. Based 
on the lipid-extract fraction, trees 3 and 4 would appear 
to conform with that expected [ 131 for A. alba. However, 
since Grandos and co-workers did not mention the num- 
ber of trees examined in their study, our results may be 
more typical. 

Based on this study, it is apparent that A. alba trees have 
a more pronounced quantitative variability of occurrence 
of ‘juvabione-type’ IJHAs than was found in either A. 
balsameu [3,4] or A. lusiocurpu trees [S]. Moreover, due 
to the occurrence of either, or both, diastereomeric forms 
of these ‘juvabione-type’ compounds in individual A. alba 
trees, it is neither sufficient nor possible to identify these 
compounds by chromatographic techniques or by PMR. 

The utility of ’ 'C-NMR for identifying diastereomers, 
but not enantiomers, has been well established and was 
used extensively in studies on these IJHAs isolated from 
Abies species [S, 91. For example, it would have been 
extremely difftcult to identify the three-component-alto 
hol fraction by other means. The quantitative informa- 
tion obtained by r3C-NMR, using the methods already 
discussed, is fairly accurate and for the ketones was con- 
firmed by ORD-MA measurements (on hydrogenated 
samples). 

The technique ofhydrogenating the ‘juvabione’ and/or 
‘dehydrojuvabione’ samples to remove the chiral centre 
at C-4 is most useful, as it will not affect the stereocon- 
figuration at C-l’. The ORD curves of the 1’R or 1’S 
enantiomers are easily distinguished, since they are mirror 
images. Moreover, the ORD-MAs of the enantiomers, 
or mixtures of enantiomers, can be used for quantitative 
analysis of the C-l’ stereoconfigurational composition. 
In contrast, the ORD curves of the diastereomers (juva- 
bione and epijuvabione) are very similar [8], as are the 
[e]n values [l. 3, 6, 73; leaving the assignment of C-l’ 
configuration doubtful. 

This combination of i3C!-NMR and ORD-MA 
measurements of hydrogenated samples made possible 
the complete identification of each juvabione-type com- 
pound. Without exception, all juvabione-type IJHA 
compounds isolated from Abies species have the R chira- 
lity at C-4, but can have either R or S chirality at C-l’. 

The observation of both C-l’ stereoconfigurations of 
‘4’dehydrojuvabione’ (5 and 4), but only the C-l’ stereo- 
configuration of juvabione (1) in the same A. ulbu tree, 
was not expected. On the basis of previous isolations 
[3-71 from other Abies species, ‘juvabione’ and ‘dehydro- 
juvabione’ were expected to have identical stereo- 
configurations at C-l’, either both R or both S. In addi- 
tion, the observation of only 4’-dehydroepijuvabione (4) 
in the second tree, together with a 1: 3 mixture of 4 and 5 
in the first tree, could indicate that 4 and 5 are each pro- 
duced by a specific enzyme. It is unlikely that one enzyme 
could produce both diastereomers, in different trees of the 
same species, in just those ratios (1: 3 and 1:O) that would 
be expected on the basis of possible genetic inheritance. 

If one accepts the hypothesis that ‘juvabione’ is the 
dihydro analogue .of ‘dehydrojuvabione’, then it follows 
that A. alba has only the enzyme system which reduces the 
C-4’ double bond of 5. In addition, this enzyme appears 

to be specific for R chirality c-l’, since epijuvabione (3) 
isnotobserved,eventhough two treescontain4’dehydro- 
epijuvabione (4). 

It is concluded that juvabione-type sesquiterpenoid 
IJHAs appear to be normal coastituents of A. ulba trees ; 
they occur in the 4R, 1’R and/or the 4R, 1’S diastereomeric 
forms in A. alba; they appear to be widespread in the 
genus Abies; and their occurrence may be genetically 
controlled. This class of sesquiterpenoids could prove 
valuable in possible future chemosystematic studies of 
the genus Abies. Abies ulbu could be the ‘source’ of the 
epijuvabione found in the ‘Czechoslovakian tir’[6, 73. 

EXPERIMENTAL 

M&rids. Branches, from four Abies alba Mill. trees, com- 
plete with vigorous foliage were kindly supplied by Dr. L. Gre- 
guss, Director of the Arboretum at Banskb Stiavnica. C.S.S.R. 
The samples were from locations noted in Table 2. 

Volatile legf oil analyses. These were carried out according 
to an established procedure [lo]. The foliage samples were 
collected during the dormant season (January-March) to ensure 
strict comparability of the quantitative data. Leaf-oil monoter- 
penes percentage composition is listed in Table I. The general 
methods and spectral measurements followed the format out- 
lined previously [2-S]. All compounds isolated in this study 
had GLC, TLC and PMR values in accord with published values. 
The I “C-NMR spectra were recorded for samples in ca M CDCI, 
solns on a Varian CFT-20 spectrometer at 20 MHz. Chemical 
shill (kO.1 ppm) is given with respect to Me,Si using CDCI, 
(6 = 76.9 ppm) as internal standard. Generally, a pulse width 
of 10 psec (I = 45”), 8k data points and sweep width of 4OtM Hz 
(digital resolution kO.98 Hz = kO.05 ppm) were used. All spec- 
tra were multiplied with an exponential function (sensitivity 
enhancement = -0.4 set) prior to Fourier transformation. 

Cis and trans dihydrojuuabiones (8 and 9). These compounds 
were obtained previously [3] by hydrogenating an authentic 
sample of 1. They were separated by Si gel column chromatogra- 
phy using petrol--Et,0 (3 : 1) as eluent. They had ORD curves as 
follows: 8 (cisdihydrojuvabione) with 0.4 “/, 9 (c 0.476. MeOH; 
23”) [@]*,o * W, pjaso - ii+, p&;-- 833”, @l&oc; 
f@l,,. + 1577”: molecular amditude after correcting for 
L .,_“_ 

9 = -24.1; 9 (hansdihydrojuv~bione) with 4.2% 8 (c, 5.468, 
MeOH; 23”) [@],s,, = 0”. [@],,a - 149’, [@1x0, - 801”, 
[@Jz9, O”,[Q],,, + 1443”;molecularamplitudeaRercorrecting 
for 8 = -22.4. 

7)~ l,juoabione(4R, l’R)(I). Juvabione was isolated by column 
chromatography and was 95.8 “/, nure (by GLC:-it contained 
4.2 % ‘dehydrojuvabione’-actuafiy 3.1 c 5 and 1.1% 4). * 3C- 
NMR: b 209.8, 167.3. 138.8. 129.9. 521. 51.0. 47.4. 37.4. 32.3. 
29.4,24.5,24.2,22.2 and 16.2; fdent& to that observedprevio~~: 
ly [8] for North American isolations. Hydrogenation (in MeOH 
over 5 % Pd on charcoal) of a sample gave a mixture of 30.2 % 
cis- and 69.8 % fransdihydrojuvabiones, as determined by GLC, 
which had an ORD-MA of -22.2 (c 0.536, MeOH; 23’). The 
expected MA for this cis : trcns ratio was (0.302 x - 24.1 +0.698 
x -22.4) = -22.9; but correcting for contribution due to 
dehydroepijuvabione present in the original sample (i.e. sub- 
tracting twice the “/di form present due to the dehydrcepijuva- 
bione), this calculated value becomes 0.978 x -22.9 = -22.4, 
which is within experimental error of the observed value. 

%re 1,4’-dehydrojuvabione (4R 1’R) (S) and 4’-dehydroepijuva- 
biow (4R, I’S) (4). This mixture was isolated as before [3]. It was 
93 % pure (GLC) and contained 1.3 % juvabione and had [a r3 

In +77.7” (lit. value +49.0” for 5 [4] and + 102’ for (4) [7]. ’ C- 
NMR: S200.0, 167.1, 154.2, 138.7, 129.7, 123.7, 50.8, 484, 48.2 
37.4,33.0, 32.8.29.3, 28.0,27.0,25.7,24.4,20.1, 16.1,and 15.9. The 
ratio of intensities of the peaks at 6 29.3 and 28.0 (due to C-3 of 
each isomer 193) indicated a 3 : 1 ratio of S and 4. Hydrogenation 
resulted in 31.1% cis and 68.9 % trans isomers of ‘dihydrojuva- 
bione’anda measured ORD-MA of - 11.5(c 0.544, MeOH, 23”) 
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the calculated value, assuming 75 % R chirality at C-l’, is - 11.5. 
Tree 1, ‘Juvabiols’. A mixture of alcohols was isolated from 

this column and the sitosterol fraction separated by crystalliza- 
tion. Table 3 lists the * 3C-NMR intensities and 6 values observed 
for tbk mixture of ‘juvabiols’. By comparing the 6 values with 
those previously published [S), it is possible to identify three 
isomers of ‘juvabiol’. They are juvabiol (6) isojuvabiol (7). and 
epijuvabiol(2). No evidence for the occurrence of isoepijuvabiol 
(4R, 1’S, 3’R) was noted. The relative amounts of each isomer 
were determined from the observed intensities for the C-3 reson- 
ances. A portion of this syrup was acetylated in the usual manner 
and further purified by Si gel column chromatography. The 
intensities and 6 valuea for the carbon resonances observed 
for these ‘juvabiol acetates’ are also listed in Table 3. They con- 
lirm the results obtained from the alcohols. 

versity of British Columbia, for use of their Cm-20 NMR spec- 
trometer. 
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