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Carbon 14-labelled cadaverine, A 1-piperideine and a-tripiperideine were administered to leaf 
disks of Lupinuspolyphyllus in short term experiments of 12—20 h duration. Whereas cadaverine 
was readily incorporated into lupanine in good yields, a 7 to 60 times lower incorporation was 
observed for tripiperideine or A 1-piperideine. In L. arboreus the incorporation of cadaverine into 
sparteine was 9 times better than that of A 1-piperideine. These results indicate that 
A 1-piperideine and tripiperideine are not direct intermediates of lupanine or of sparteine bio-
synthesis. 

Introduction 

Quinolizidine alkaloids (QA) are important sec-
ondary compounds of legumes (Fabaceae), especial-
ly of lupins (Genus Lupinus) and of broom (Genus 
Cytisus, Sarothamnus, Genista). Lupanine and spar-
teine are considered to be the main alkaloids from 
which most of the other QA are derived [1—3]. 
Mothes, Schütte and coworkers established that the 
amino acid lysine serves as the sole precursor (for 
review see [1, 4]). Lysine is decarboxylated to 
cadaverine, a reaction catalyzed by lysine decarboxy-
lase [5, 6]. It was demonstrated also by Mothes, 
Schütte, Nowacki and coworkers that cadaverine is a 
direct precursor of QA, such as sparteine, lupanine, 
13-hydroxylupanine, matrine, cytisine and lupinine 
[1], These results could be confirmed and further 
elaborated by Golebiewski, Spenser and Robins and 
coworkers in elegant experiments using deuterium 
and carbon-13 labelled cadaverines which allowed to 
study their incorporation into QA by deuterium- and 
13C NMR techniques [7-19]. 

Golebiewski and Spenser [7,11] have formulated a 
biogenetic scheme for sparteine and lupanine biosyn-
thesis (Fig. 1) which assumes A 1-piperideine and 
tripiperideine as intermediates. 

In this communication experimental evidence is 
presented that A 1-piperideine and tripiperideine are 

Abbreviations: GLC, gas-liquid chromatography; MS, 
mass spectrometry; EI, electron impact; CI, chemical 
ionization; FAB, fast atom bombardment; Q A , 
quinolizidine alkaloids; TLC, thin-layer chromatography. 

Reprint requests to Priv.-Dozent Dr. M. Wink. 

Verlag der Zeitschrift für Naturforschung, D-7400 Tübingen 
0341 - 0382/88/0500 - 0408 S 01.30/0 

not or at least not significantly incorporated into 
QA, indicating that both compounds are probably 
not intermediates of QA biosynthesis. 

Materials and Methods 

Plants 

Leaves of Lupinus polyphyllus were taken from a 
naturalized population near Grafrath/München, 
those of L. arboreus from plants kept in the green-
house. 

Feeding experiments 

Several leaflets of L. polyphyllus were cut into 
small pieces of 2—4 mm width as described in [20]. 
After mixing the leaf "disks", so that they formed a 
homogenous population, about 400 mg each were 
suspended in 5 ml tap water in a 100 ml Erlenmeyer 
flask. After adding a few pi of radioactive tracers, 
the flasks were incubated at room temperature 
(20-23 °C) under natural light conditions (8 h dark-
ness) for 12 to 20 h. 

For alkaloid extraction the leaf disks were col-
lected and homogenized in 15 ml 0.5 M HCl with 
mortar and pistil. After leaving the homogenate 
standing for 30 min at room temperature, it was 
made alkaline with 6 N NaOH and applied onto 
Chemelute columns (ICT, Frankfurt). Alkaloids 
were eluted with methylene chloride and concen-
trated in vacuo. The crude alkaloid mixtures were 
separated by thin-layer chromatography on silica 
plates (Merck 60 F 254) using cyclohexane/diethyl-
amine (7/3 or 9/1) as solvents. Radioactivity was 
monitored with a TLC scanner of Berthold (Wild-
bad) or by liquid scintillation counting. Alkaloids 
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were visualized on TLC plates with Dragendorff s 
reagent. 

Preparation of reference alkaloids 

Synthesis of 2,3,4,5-tetrahydropyridine trimer 
(a-tripiperideine) 

The following preparation is a slightly modified 
version of Schöpf et al. [21]: 5.7 ml acetic acid 
(100 mmol) was added dropwise to 9.9 ml piperidine 
(100 mmol) with ice-cooling and stirring. During the 
reaction 5 ml water was added to keep the solution 
fluid. This solution was added dropwise to 250 ml 
sodium hypochlorite solution (about 13% active 
chlorine) under cooling and stirring. After 2 h the 
mixture was extracted with methylene chloride. The 
organic phase was dried with sodium sulfate and the 
solvent was evaporated to 50 ml. This solution was 
added dropwise to stirred and refluxed ethanolic 
potassium hydroxide (11.2 g; 200 mmol) and the 
reaction was continued for 2 h. The reaction was al-
lowed to cool to room temperature. The precipitated 
potassium chloride was filtered off and the ethanol 
was evaporated. The resulting residue was dissolved 
in 40 ml I N NaOH, extracted with methylene 
chloride and dried NaS04 . After evaporation of the 
solvent, the residue was allowed to stand at room 
temperature for crystallization. The product was re-
crystallized twice from acetone to give 19.8 g (60%) 
a-tripiperideine, which was characterized as fol-
lowing: 

M.p.: 58 -60 °C. 
13C NMR (CDCI3): ô (ppm) = 81.8; 46.2; 29.0; 

25.6; 22.1; (similar to the data reported in [22]). 
Mass spectra (EI, CI, FAB), which have not been 

documented in detail are illustrated in Fig. 3. 

Preparation of isotripiperideine 

Synthesis was performed according to [23]: 1 g 
(4 mmol) tripiperideine was added to 50 ml 0.01 mol/1 
Tris/HCl (pH 7.5) and stirred at room temperature 
for 5 h. Then 13 g potassium carbonate was added, 
completely dissolved and extracted with methylene 
chloride. The organic solvent was dried with NaS0 4 

and evaporated, resulting in a crystalline residue. 
This product was recrystallized twice from acetone to 
give 0.77 g (77%) isotripiperideine which was iden-
tified by 13C NMR (CDC13) according to [22]: ô 
(ppm): 81.8; 81.0; 64.0; 48.0; 47.7; 45.5; 43.6; 29.6; 
28.5; 27.5; 26.3; 26.0; 25.2; 23.4; 23.3. 

Chemical synthesis of radioactive precursors 

Synthesis of 2-(3-chloropropyl)-l,3-dioxalane 

The following preparations are a modified version 
of the method of Roffey et al. [24]: A solution of 
14.1 g (100 mmol) 4-chlorobutyryl chloride in 50 ml 
toluene was hydrogenated with 10 g palladium (on 
barium sulfate; reduced palladium content 5%) at 
room temperature for 10 h. The mixture was then 
filtered and the filtrate was added to a solution of 
25 ml glycol and 0.5 ml concentrated sulfuric acid. 
After refluxing for 12 h, the toluene was evaporated 
and 7 g (35%) 2-(3-chloropropyl)-l,3-dioxalane was 
obtained by fractional distillation. 

'H NMR (CDCI3): ô (ppm) = 4.90 (t, 1H); 3.95 
(m, 2H); 3.85 (m, 2H); 3.59 (t, 2H); 1.90 (m, 2H); 
1.8 (m, 2H) . 

13C NMR (CDCI3): ô (ppm) = 103.7; 64.9 (2C); 
44.8; 31.0; 26.9. 

Synthesis of 2-(3-cyanopropyl)-l,3-dioxalane 

A mixture of 1 g (6.6 mmol) 2-(3-chloropropyl)-
1,3-dioxalane and 1 g (15.4 mmol) potassium cy-
anide in 10 ml DMF (dimethylformamid) was stirred 
at 50 °C for 2 d. The mixture was filtered and 0.5 g 
(54%) 2-(3-cyanopropyl)-l,3-dioxalane was recov-
ered from the filtrate by fractional distillation. 

'H-NMR (CDCI3): ô (ppm) = 4.9 (t, 1H); 3.95 
(m, 2H); 3.85 (m, 2H); 2.45 (t, 2H); 1.82 (m, 4H). 

13C NMR (CDCI3): ô (ppm) = 119.2; 103.2; 64.7 
(2C); 32.1; 19.7; 16.8. 

MS (EI, 70 eV): m/z = 140 (45); 96 (35); 73 (100); 
45 (55). 

Synthesis of 2-(4-aminobutyl)-l,3-dioxalane 

A solution of 0.5 g (3.5 mmol) 2-(3-cyanopropyl)-
1,3-dioxalane in 25 ml diethylether was added drop-
wise to 133 mg (3.5 mmol) lithium aluminum hy-
dride in 10 ml diethylether. After refluxing for 2 h, 
the mixture was stirred at room temperature for 2 d. 
The excess hydride was decomposed with 0.5 ml wa-
ter and then the mixture was filtered. The solvent 
was evaporated and 0.36 g (71%) 2-(4-aminobutyl)-
1,3-dioxalane was obtained by fractional distillation: 

'H NMR (CDCI3): ô (ppm): 4.9 (t, 1H); 3.95 (m, 
2H); 3.85 (m, 2H); 2.7 (t, 2H); 1.8-1.5 (m, 8H). 

13C NMR (CDCI3): Ó (ppm) = 104.5; 64.8 (2C); 
42.0; 33.6 (2C); 21.3. 
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Synthesis of [14C]A 1-piperideine hydrochloride 

A mixture of 0.7 g (4.6 mmol) 2-(3-chloropropyl)-
1,3-dioxalane, 0.7 g (10.8 mmol) potassium cyanide 
and 37 MBq (300 mg) [14C]potassium cyanide in 
10 ml D M F was stirred at 50 °C for 2 d. The mixture 
was filtered and the DMF was evaporated giving 2-
(3-cyanopropyl)-l,3-dioxalane (15.9 MBq; 43% 
radiochemical yield). This reaction product was dis-
solved in 25 ml diethylether and added dropwise to 
100 mg (2.6 mmol) lithium aluminum hydride in 
10 ml diethylether. After refluxing for 2 h, the mix-
ture was stirred at room temperature for 2 d. Excess 
hydride was decomposed with 0.5 ml water, the mix-
ture filtered and the filtrate extracted with 2 N hydro-
chloric acid (three 30 ml portions). The acidic extract 
was evaporated at 30 °C to give 110 mg (20%, 
1.4 MBq, 4% radiochemical yield) [14C]A1-
piperideine hydrochloride. 

Synthesis of [14C]a-tripiperideine 

A solution of 11 mg (93 pmol; 148 KBq) [14C]A1-
piperideine hydrochloride in 0.15 ml water was ad-
ded to 112 mg (2 mmol) K O H in 5 ml ethanol. After 
refluxing for 15 min, the mixture was allowed to cool 
to room temperature. The precipitated KCl was fil-
tered off and the ethanol was evaporated. The re-
sidue was dissolved in 2 ml 1 N NaOH and extracted 
with methylene chloride. After evaporating the sol-
vent, [14C]a-tripiperideine (3.1 mg; 28% yield; 
59 KBq) was obtained by crystallisation from 0.5 ml 
acetone at —20 °C. Its identity was confirmed by 13C 
NMR and by chromatographic comparison with au-
thentic material (see above). 

Enzymatic synthesis of radioactive precursors 

Preparation of [14C]cadaverine 

[14C-U]L-lysine (37 MBq; 2.6 pmol) was dissolved 
in 5 ml phosphate buffer (0.1 mol/1; pH 6.5) and de-
carboxylated with the aid of lysine decarboxylase 
(Sigma, München) at 37 °C for 5 h. This solution was 
then dispensed into 500 pi aliquots and stored at 
- 2 0 °C. 

Preparation of [14C]A 1-piperideine 

[14C]cadaverine (370 KBq; 26 nmol) was added to 
500 pi phosphate buffer (0.1 mol/1; pH 7.5) contain-
ing diamino oxidase (DAO) purified from Pisum 
sativum ( D A O was kindly provided by J. Thuhmann 
and M. H. Zenk). After 8 h at 37 °C the reaction 
mixture was transferred to —20 °C. TLC analysis re-
vealed a complete deamination of cadaverine. 

Spectroscopy 

Mass spectra (EI, CI, FAB) were recorded on a 
Finnigan M A T 8430; NMR spectra on a Bruker AM 
360. 

Results and Discussion 

According to the hypothesis of Golebiewski and 
Spenser [7] A 1-piperideine and its trimer 
tripiperideine should be precursors of Q A biosyn-
thesis. If this assumption is correct we should expect 
that both compounds are incorporated into QA in a 
similar or even better way than cadaverine which 
comes prior to both compounds in the biogenetic 
sequence (Fig. 1). As experimental system we have 

Fig. 1. Schemes of quinolizidine alkaloid biosynthesis A. according to [1], B. [7, 11]. 
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chosen leaf "disks" of Lupinus polyphyllus. Because 
of their small size a precursor can easily be taken up 
by the cells. Furthermore, we have shown previously 
that the incorporation of [14C]cadaverine into 
lupanine proceeds rapidly with a maximum after 
8 - 1 6 h [25], Especially these short term experiments 
in which only lupanine becomes labelled as the first 
key alkaloid should be best suited for the proposed 
study. 

Since carbon 14-labelled precursors, such as A l -
piperideine, a-tripiperideine, and isotripiperideine 

are not available commercially, the respective com-
pounds were synthesized chemically by methods 
modified from those described in [21, 23]. 
[14C]Cadaverine was prepared enzymatically from 
[14C]lysine. 

In a first set of experiments leaf disks of 
L. polyphyllus were incubated with either 14 KBq 
[14C]cadaverine (1 nmol) (Fig. 2a) or 15 KBq 
[14C]piperideine (9.3 pmol) for 12 h (Fig. 2b). As 
can be seen from Fig. 2 cadaverine is readily incor-
porated into lupanine, whereas tripiperideine be-

Fig. 2. Biosynthesis of lupanine and of sparteine in leaf disks of Lupinus polyphyllus and L. arboreus. Leaf disks were 
incubated with radioactive precursors as described in Materials and Methods. Alkaloid were extracted and separated by 
TLC. The radioactivity of the alkaloids was recorded by a TLC-scanner. The scanner was operated at the same sensitivity 
in corresponding experiments ( a - c , d, e, and f, g). 
a) Precursor: 14 KBq [14C]cadaverine (1 nmol) 
b) Precursor: 15 KBq [14C]A 1-piperideine (9.3 ^mol) 
c) Precursor: 15 KBq [14C]a-tripiperideine (3.1 ^mol) 
d) Precursor: 18 KBq [14C]cadaverine (1.3 nmol) 
e) Precursor: 18 KBq [14C]A 1-piperideine (1.3 nmol; enzymatic synthesis) 
f) Precursor: 37 KBq [14C]cadaverine (2.6 nmol) 
g) Precursor: 37 KBq [ ,4C] A 1-piperideine (2.6 nmol; enzymatic synthesis) 
400 mg leaf disks of L. polyphyllus ( a - e ) or L. arboreus (f, g) were used per flasks containing 5 ml tap water. Incubation 
was 12 h at room temperature over night. TLC conditions: cyclohexane/diethylamine (9/1) ( a - c ) or (7/3) d - g . 

S 

Lupanine 

S 

I 
°< -Tripiperideine A1-pi perideine 

Tetrahy droanabasine 
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came labelled in the piperideine experiment. These 
results were reproduced in two further experiments. 
One could argue that the specific radioactivity of our 
chemically synthesized A 1-piperideine was too low 
to give a good incorporation into lupanine. 

This objection was tested by applying 17 KBq 
[14C]A 1-piperideine (1.3 nmol) which was prepared 
enzymatically from [14C]cadaverine with the aid of 
diamino oxidase (Fig. 2e; for control compare 2 d). 
In this case both precursors, i.e. cadaverine and A l -
piperideine had almost the same specific and abso-
lute radioactivity. We have compared the incorpora-
tion of cadaverine and of A 1-piperideine into 
lupanine in 9 further experiments (Table I): The 
radioactivity in lupanine (which was isolated from 
the TLC-plate and evaluated by liquid scintillation 
counting) was always 7 to 50 times higher after the 
application of cadaverine as compared to that of A1-
piperideine. 

Preliminary data with Lupinus arboreus, which 
converts [14C]cadaverine into sparteine [25] show 
(Fig. 2f, g), that the application of identical amounts 
of cadaverine or of A 1-piperideine resulted in a 9-
fold better incorporation in sparteine in case of 
cadaverine. 

In a second set of experiments we applied 15 KBq 
[14C]a-tripiperideine (3.1 pmol) and for comparison 
15 KBq [I4C]cadaverine (1 nmol) to leaf disks of 
L. polyphyllus. Almost no incorporation of the a-
tripiperideine into lupanine was observed, however a 
transformation into tetrahydroanabasine and A l -
piperideine (Fig. 2c). (For mechanisms see [7, 11].) 

In a pilot experiment unlabelled a-tripiperideine 
was applied to cell suspension cultures of L. poly-
phyllus, which convert precursors or intermediates 
into lupanine [26]. The amount of lupanine or any 
other QA (as determined by capillary GLC) was un-
changed after 6 d in vitro as compared to untreated 
controls, indicating that no conversion of a-
tripiperideine took place, i.e. that it does not func-
tion as precursor of lupanine biosynthesis. 

How can we interpret these experimental results, 
which seem to contradict the assumption of Gole-
biewski and Spenser [7, 11]? There are some experi-
mental differences to be recalled. Golebiewski and 
Spenser [7, 9] applied about 2.1 MBq [14C]A1-
piperideine (48 MBq per mmol) to several plants by 
the wick method and they waited for 3 days before 
they analyzed the incorporation into OA. Using this 
procedure they found an incorporation of piperi-

Table I. Incorporation of cadaverine and of A 1-piperideine 
into lupanine by leaf disks of L. polyphyllus. Experimental 
procedures as in Fig. 2. Lupanine, which was visualized by 
Dragendorff s reagent on the TLC-plates was isolated and 
its radioactivity was determined by liquid scintillation 
counting. 9 separate charges of leaves were used in these 
experiments. For each series the incorporation of 
[14C]cadaverine (cad.) and that of [14C]piperideine (pip.) 
was determined independently. The absolute and specific 
radioactivity of both precursors was identical within each 
series. 

Experi- Radioactivity 
ment of precursor of Lupanine 

[KBq/nmol] [cpm] 

1. Cad. 37 KBq/2.6 nmol 67056 
Pip. 37 KBq/2.6 nmol 5000 

2. Cad. 37 KBq/2.6 nmol 70826 
Pip. 37 KBq/2.6 nmol 4600 

3. Cad. 18 KBq/1.3 nmol 49000 
Pip. 18 KBq/1.3 nmol 6800 

4. Cad. 18 KBq/1.3 nmol 42814 
Pip. 18 KBq/1.3 nmol 4800 

5. Cad. 18 KBq/1.3 nmol 19016 
Pip. 18 KBq/1.3 nmol 332 

6. Cad. 18 KBq/1.3 nmol 34720 
Pip. 18 KBq/1.3 nmol 1036 

7. Cad. 37 KBq/2.6 nmol 76690 
Pip. 37 KBq/2.6 nmol 7880 

8. Cad. 37 KBq/2.6 nmol 80310 
Pip. 37 KBq/2.6 nmol 7790 

9. Cad. 18 KBq/1.3 nmol 36000 
Pip. 18 KBq/1.3 nmol 3554 

deine into QA in Lupinus angustifolius and Sophora 
tetraptera and S. microphylla but they did not com-
pare the incorporation rates with those of cada-
verine. From their finding they concluded that A l -
piperideine was an obligatory intermediate of QA 
biosynthesis and they formulated the hypothesis out-
lined in Fig. 1 b. In view of our experiments presented 
in this paper we conclude, that cadaverine is the true 
precursor and intermediate and that piperideine may 
serve as distinct precursor but not as an intermediate. 
From enzymic studies it is likely that cadaverine is 
deaminated to 5-aminopentanal by a transaminase 
[26] and the biosynthesis proceeds via bound inter-
mediates. It is possible that piperideine is channelled 
into the correct biosynthetic sequence by a side way, 
i.e. via 5-aminopentanal, (with which A 1-piperideine 
is in equilibrium), which could than bind to the en-
zyme complex. 
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Fig. 3. Mass spectra (EI, CI, FAB-MS) of 
a-tripiperideine. 

It could be argued that the incorporation of 
piperideine and tripiperideine is so low because both 
compounds might not be taken up by the cells and 
thus do not reach the site of biosynthesis. Our ex-
perimental data show, however, that all three com-
pounds are taken up by the cells to a similar degree: 
Aliquots of the incubation mixture were removed 
after 16 h and their radioactivity was analysed by 
liquid scintillation counting. Thus, it could be deter-
mined that cadaverine, piperideine and tripiperi-
deine were taken up by 52%, 49% and 67%, respec-
tively. 

Summarizing the experimental evidence, we think 
that it is unlikely that A 1-piperideine and its trimers 

are direct intermediates of QA biosynthesis but that 
A 1-piperideine may serve as a distinct precursor to 
some degree. 
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