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Abstract-Long-chain betulaprenols have been isolated from the leaves of twelve coniferous plants, which can be 
roughly classified into two categories with respect to the pattern of the chain length dlstrzbutzon A complex dlstnbutlon 
pattern with two maxima has been found m SIX of them for the first time 

INTRODUCTION 

Betulaprenols are polyprenols tn which two truns- 
lsoprene residues are linked to an o-terminal dlmethylal- 
lyl group and varzous numbers 0) of cu-lsoprene residues 
are successzvely linked to the trans-lsoprene units (1, 
z = 2) Short chain betulaprenols are found zn small 
amounts m the woody tissue of Betula verrucosa 
(betulaprenolsd to -9 0 = 3 to 6), 003 % wet wt) [l] 
and the cells of the bactenum Luctobaczllus plantarum 
(bactoprenol-I 1 (J = 8), 0 004 % wet wt) [2] Quite recently, 
however, it has been found that the leaves of Gznkgo bzloba 
[3] and the needles of pme trees [4] produce long-cham 
homologues (J = 8 to 20) of betulaprenols m fairly high 
yield (up to 0 8 % of wet wt , or 2% of dry wt ) 
Fzcaprenols, m which three trans-lsoprene reszdues are 
linked to the o-terminal residue (1, z = 3) [S] have been 
found predominantly in angosperms [l, 6-l l] The 
presence of betulaprenols m gymnosperms and fica- 
prenols m an@osperms 1s of chemotaxonomzc interest and 
led us to investigate further the occurrence of betula- 
prenols in other plants m the subdzvzslon Gymnospermae 

RESULTS AND DISCUSSION 

The leaves (or needles) of twelve plants of the order 
Comferales were taken for analysis (Table 1) The plants 
were ldenttied by Professor S KuroyanaB, Faculty of 
Agriculture, Okayama Umverszty, who used the classlfi- 
cation of Sporne [ 121 

w - residue 

1-l 

trans CIS CIS (a) - restdue 

1 

Table 1 Content of polyprenols and the degree of acetylatton 

Total 
polyprenols Acetylated 
(% of dry (% of total 

Plants leaf wt) polyprenols) 

Cryptomerza Japonzca 11 50 
Metasequoza glyptostrobozdes 02 -100 
Sczadopztys vertzczllata 14 * 

Chamaecyparzs obtusa 10 85 
Junzperus chznenszs 05 40 
J rzgzda 11 25 
Araucarza braszlzana 11 * 

Podocarpus macrophylla 23 45 
P nagz 21 90 
Cephalotaxus harnngtonza 02 -100 

subsp nana 
Tams cuspzdata 16 55 
Torreya nuczjera 05 -100 

*Polyprenyl acetate fractton was not separately exammed, 
smce the raw hptd extract was mrmedtately subJected to sapotufi- 
canon before purtficatton 

Structural characterzzatzon 

The polyprenols were present in the leaves (or needles) 
of the twelve plants as free alcohols or their acetates 
(Table 1) Hence, the structure determmatlons of the 
polyprenols were done for either form, dependmg on the 
relative contents in the leaves and other circumstances 
The total numbers (n = z +I + 1) of lsoprene residues were 
determined by FDMS of the components of each poly- 
prenyl mixture listed m Table 3 The IR spectra of the 
polyprenols (free. or acetylated) were m good agreement 
with previously reported ones [7] 

The ‘H NMR spectra (Table 2) of mdmdual free and 
acetylated polyprenols were also m good agreement with 
those reported [3,4] As the signals at 6 160,168 and 174 

2517 



T
ab

le
 

2 
R

el
at

w
e 

pe
ak

 m
te

ns
ltl

es
 

of
 m

et
hy

l 
‘H

 N
M

R
 a

n
d

 C
-l

 
m

et
hy

le
ne

 
13

C
 N

M
R

 
si

gn
al

s 
m

 p
ol

yp
re

no
ls

 
(f

re
e 

or
 a

ce
ty

la
te

d)
 f

ro
m

 c
om

fe
rs

 

Pl
an

ts
 

M
e 

‘H
 N

M
R

 
si

gn
al

s 
C

-l
 

“C
 

N
M

R
 

si
gn

al
s 

Fr
ee

 (
Fr

) 
or

 
N

um
be

r 
of

 
16

0 
16

8 
39

 7
4 

ac
et

yl
at

ed
 

is
op

re
ne

 
tr

am
 a

nd
 

C
IS

 an
d 

11
4 

32
01

 
32

 2
4 

32
 4

1 
tr

am
-t

ra
ns

 

(A
C

) 
um

ts
 

tr
am

 
(0

) 
C

IS
 (w

) 
C

lS
 (a

) 
L

ra
n.

w
x 

C
IS

--
cI

S 
cw

cz
s 

(a
) 

an
d 

O
-t

ru
ns

 

C
ry

pt
om

er
la

 J
ap

on
lc

a 

M
 

gl
yp

fo
st

ro
bo

de
s 

A
C

 

S 
te

rt
dl

at
a 

Fr
 

C
ha

m
ae

cy
pa

m
 

ob
tu

sa
 

A
C

 

J 
ch

~
ne

ns
~

s 
Fr

 
J 

rl
gt

da
 

Fr
 

A
 

br
as

dr
an

a 
Fr

 

P
 

m
ac

ro
ph

yl
la

 

P
 

na
gI

 
C

ep
ha

lo
ta

xu
s 

ha
rr

m
gt

on
ta

 
su

bs
p 

na
na

 

T
am

s 
cu

sp
da

ta
 

T
or

re
ye

 n
uc

lf
er

a 

A
C

 

Fr
 

Fr
 

A
C

 

A
C

 

A
C

 

I 22
 

17
 

I 
21

 
18

 

17
 

I 
21

 
17

 

18
 

17
 

I 
23

 
16

 

I 
23

 
16

 

23
 

18
 

I 
18

 
21

 
18

 

28
 

14
2 

11
 

12
 

11
8 

12
 

30
 

19
0 

10
 

31
 

15
0 

10
 

10
 

12
8 

14
 

29
 

18
0 

11
 

31
 

13
9 

11
 

09
 

13
1 

* 
29

 
14

1 
11

 
30

 
18

0 
10

 
12

 
15

7 
12

 
31

 
15

0 
09

 
13

 
13

6 
* 

31
 

13
8 

11
 

09
 

13
0 

* 
33

 
12

6 
10

 
32

 
19

8 
10

 
12

 
19

0 
l
 

31
 

12
9 

11
 

33
 

19
7 

10
 

10
 

19
0 

* 
32

 
19

9 
10

 
14

 
18

4 
* 

31
 

14
8 

11
 

11
 

12
5 

12
 

31
 

14
8 

12
 

08
 

13
2 

12
 

32
 

17
7 

11
 

31
 

15
0 

09
 

10
 

13
1 

10
 

18
 

18
 

20
 

19
 

22
 

21
 

19
 

20
 

22
 

21
 

19
 

19
 

*T
he

 s
lg

na
l 

fo
r 

C
IS

--
C

IS
 

(a
) 

IS
 o

ve
rl

ap
pe

d 
on

 t
he

 s
lg

na
l 

fo
r 

C
IS

-~
IS

 m
 f

re
e 

po
ly

pr
en

ol
s 



Polyprezzols from conifers 2519 

are due to the methyl protons of zsoprene residues in 
various configurations, then the relatzve peak areas of 
these signals can be used for the estzmatzon of the numbers 
of czs- and truns-zsoprene umts m the molecule [3,4] If a 
polyprenol (free or acetylated) molecule wzth a total 
number of zsoprene units of n has two internal rrurzs units 
and a as-a-terminal unit, then the relative peak areas 
normahzed for the total number of methyl groups wzll be 
3 (n - 3) 1 Thzs was the case for all the polyprenols (free 
or acetylated) listed zn Table 1 wzthzn experzmental error 

agreement wzth the theoretical ones based on the structure 
1 (1 = 2). 

From these results, zt was concluded that all the 
coniferous polyprenols (free or acetylated) exammed have 
the same czs and trans alignments as those from G bzloba 
[3] and pzne trees [4], z e long-chazn betulaprenols wzth 
an average number of zsoprene unzts (E) ranging from 15 
to 24 

The 13C NMR spectra of free and acetylated poly- 
prenols were identical with those prevzously reported 
[3,4], except for the relative mtensztzes of the peaks 
(Table 2) The peaks around 632 O-32 5 and 39 7 were 
assigned to the C-l* atoms and were conveniently used 
for the determination of the sequence structure of czs and 
tmns-zsoprene units (Table 2) No peak at 840 0 due to the 
C-l atom zn as-trans hnkage was present The experzmen- 
tal values for the relative peak areas for C-l were zn good 

Chazn length dzstrzbutzon 

75) 

In Table 3 and Fzg 1 are shown the chain length 
dzstrzbutzon patterns of the polyprenyl mixtures from the 
twelve conifers Figure 1 also mcludes the patterns of the 
other gyznnospezms reported zn the literature The dzstrz- 
butzon patterns of the native polyprenyl mzxtures zn the 
forzns of free alcohols and acetates, from the same plant, 
were zn good agreement wzth each other (Table 3), the 
latter being unaltered by saponzficatzon as exemplzfied zn 
the case of Taxus cuspzdata These findings strongly 
zndzcate that each of the pours of alcohols and acetates 
share a common bzogenetzc precursor 

*Nuznbenng system IS as follows -C(l)-C(2)==C(3)-C(4~ As shown zn Fzg 1, two maxima were observed m 

14 16 18 20 22 24 

(e) 

n ll” 
14 16 18 20 22 

14 16 I8 20 22 

- (g) 

nil”,n IL 
12 14 16 18 20 22 2# 26 

Ill-l (h) 
l-l n (n) 

(J) -JlliL- 
16 I8 20 22 

l-l”_ 
14 16 18 20 22 24 26 

n 

(I) -Jilkl- 
I4 I6 I8 P 

(m) 

-_J!k_ 
14 16 I8 20 22 

Numberof 6oprwe residues 
I2 I4 I6 I8 

Fzg 1 Chazn length dzstrzbutzon patterns of polypzwzols from (a)Cryptomerza~aponzca, (b) A4 glypzostrohdes, (c) 
S uerzzczllaza, (d) Chwecypuru ohsa, (e) J chzrzetzszs, ( f) J rzgzda, (g) A braszlzana, (II) P nzacrophylla, (1) P nugz, 0) 
Cephalotaxus hurrrtzgzonzo subsp nana, (k)Taxzzs cuspzdata, (I) Torreya nucz&u, (m) G bzlobo [3], (n) C&us deodara 
[4], (0) Anus strobus [4], (p) P syheszrzs [4], (q) P denszflora [4], (r) P thunbergu [4], and (s) Pzcea abzes [4] 
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respect of the cham length dlstrlbutlon for s1x plants 
Cryptomerla Japonlca, M glyptostrobouies, Chamaecy- 
pans obtusa, A brasdiana, P macrophylla and Taxus 
cusprdata This IS the first time that this type of datn- 
butlon pattern has been observed for a polyprenyl mrxture 
of plant ongm That this dlstrlbutlon pattern IS truly 
composed of a series of polyprenol homologues IS sub- 
stantiated by the fact that the NMR analysis showed that 
the two typlcal components m a senes have the same 
generic structure 1 (I = 2) (cf Table 2) A typlcal simple 
dlstrlbutlon with one maximum as in Pmaceae species [4] 
and G bzloba [3] was observed m two cases Cephalotaxus 
harrrngtonla subsp nana and Torreya nuclfera Deformed 
patterns were observed in the other four cases either one 
of the two maxima was very small (S uertlclllata and P 
nags), or the two maxima overlapped each other (.I 
chuzensrs and .I ngrda) 

The above multiphclty m chain length dlstrlbutlon 1s 
not directly related with taxonomy, smce the dlstrlbutlon 
patterns are quite different between Chatnaecyparls 
obtusa and J chutensls or J nglda, all of which belong to 
the fanuly Cupressaceae and between Taxus cuspzdata and 
Torreya nuctjkra of the family Taxaceae 

Although there IS conslderable variety m the complex 
dlstnbutlon patterns, the maxtmum posItIons, 1 e the 
number @‘i) of lsoprene umts m each prmclpal component 
of the two maxuna m each complex dlstrlbutlon, are 
roughly constant fi = 1618 and TI = 21-24 It IS note- 
worthy that for all of the simple dlstrlbutlons m Fig 1 Ti 
= 15-18, which IS nearly equal to that for the maxlmum 
with shorter cham lengths m the complex dlstrlbutlon 

EXPERIMENTAL 

Isolation and purtficatlon of polyprenols and polyprenyl oc- 
etates The leaves (or needles) of Cryptomena japonrca D Don 
and M glyptostroboldes Hu et Cheng were collected m June, 
those of Chamaecypar~s obtusa End1 m October, those of 
Torreya nuc$era Sleb et Zucc m November, those ofJ chtnensts 
L and J r&a Sleb et Zucc tn February, and those of Taxus 
cusptdata Sleb et Zucc, Cephalotaxus harnngtoma K Koch 
subsp nana (Nakal) titagawa, P macrophylla D Don, P nags 
Zoll et Montz ex Zoll and A brasrlrana A Rich m A nl m 

% Okayama prefecture, Japan The leaves of S oertlcsllata B b et 
Zucc were collected In Apnl m Wakayama prefecture, Japan The 
leaves were dried and extracted by maceratIon with ca IO-fold 

amount (v/w) of Me#O-n-hexane (1 1) for about a month, after 
which the residual leaf matenal was re-extracted by 
homogenuatlon Hrlth ca 5-fold amount (v/w) of the same solvent 
mixture of 5 mm The extracts were then pur&d and separated 
mto mdlvldual homologues of polyprenols or polyprenyl acetates 
by the method d-bed m our previous paper [3] The total 
polyprenol contents of dry leaves and the percentages of 
acetylated polyprenols are listed m Table 1 It should be noted 
that these concentrations do not necessanly correspond to the 
maximum ones obtamable from the leaves, since It IS now known 
that the amounts of polyprenyl compounds contamed In leaves 
are subject to age-dependent seasonal vanatlons [3,4,6] 

Spectroscopy MS JEOL JMS D-300 W/MS, ‘H and 
13C NMR spectra 200 MHz and 50 1 MHz, respectwely, using a 
JEOL FX-200 spectrometer, CDCI, with TMS as an mt 
standard at room temp (about 35”) A pulse repetition time 
7-15 set (45” pulse) wasapphed for the 13C NMR measurements 

Acknowledgement-The authors are grateful to Professor S 
Kuroyanagi, Okayama Unnerslty, for the leaf samples 
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