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SUHARY 

A new method was developed f o r  the preparation o f  t r i t i a t e d  
pu t resc ine  d i  hydrochloride ([2,3-3H]-1,4-diaminobuta e dihydro- 

radiochemical y i e l d  o f  16%. T r i t i a t e d  jacobine and other 
py r ro l  ‘ z id ine  a1 kaloids were then biosynthesized i n  SeneciQ jacobaea 
using 3H-putrescine.2HC1 as the precursor w i th  a radiochemical y i e l d  
o f  0.9% i n t o  t o t a l  py r ro l  i z i d i n e  alkaloids. Jacobine accounted f o r  
36% o f  the t o t a l .  This synthetic method provides a r e l a t i v e l y  
inexpensive source f o r  the preparation o f  these labe l led  compounds. 

Kev Wora: Pyrrol i z i d ine  a1 kaloids, putrescine, Senecio jacobaea, 
jacobine, tri t i um. 

chlor ide) from succ inon i t r i le  (1,4-butanedini t r i le)  and a H20, w i th  a 

INTRODUCTION 

Pyrrol  i z i d ine  a1 kaloids (PAS) are hepatotoxic and carcinogenic compounds 

found i n  a var ie ty  o f  p lants including Senecio .iacobaeq (1). This p lan t  

species i s  responsible f o r  many cases o f  l i ves tock  poisoning i n  the  western 

United States (2) and i n  other areas o f  the world (3). The major PA present i n  

t h i s  species i s  jacobine [I]. S. jacobaeg alkaloids have been shown t o  be 

excreted i n  the m i l k  o f  cows and goats tha t  have eaten PA-containing plants 

(4.5) and t o  also occur i n  honey (6). 

Ingestion o f  PAS has been implicated as the  cause o f  human veno-occlusive and 

other diseases i n  various parts o f  the world (3,7,8). 
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JACOB I N E  
1 

Studies on the metabolism and d ispos i t ion  o f  the PAS have been hampered by 

the lack  o f  radiolabel led compounds. Chemical syntheses o f  these alkaloids are 

d i f f i c u l t  because they contain several asymmetric carbon atoms. Use o f  

ca ta l y t i c  t r i t i u m  exchange i s  unsuitable because i t  causes saturat ion o f  the 

necine double bond (1). Several laborator ies have prepared radiolabel led PAS 

through biosynthet ic methods. 14C-labelled NaHC03 has been used i n  S.  vulqar is 

t o  produce PAS labe l led  i n  a l l  carbon atoms (9). Ornithine has been shown t o  

be incorporated i n t o  the PAS o f  5. jacobaeq (10) and several other SeneciQ 

species (11-14). Orni th ine i s  se lec t i ve ly  incorporated i n t o  the necine r i n g  o f  

the PAS (11,15,16). This por t ion  o f  the molecule binds t o  c e l l u l a r  

electrophi les, resu l t i ng  i n  t o x i c i t y  (17). Putrescine, another molecule 

se lec t ive ly  incorporated i n t o  the necine por t ion  o f  the PAS, has also been used 

as a labe l led  precursor (12,18,19). 

These methods are i n  general plagued by high cost, a r i s ing  mostly from the 

expense o f  the precursors. The present study was undertaken t o  develop new 

methods f o r  obtaining r e l a t i v e l y  inexpensive precursors useful f o r  producing 

radiolabel led jacobine and other PAS i n  S. hcobaea f o r  use i n  animal 

metabolism studies. 

MATERIALS AND METHODS 

Chemicals 

Succ inon i t r i le  and putrescine dihydrochloride were obtained from Sigma 

Chemical Co., S t .  Louis, Missouri. Borane-tetrahydrofuran complex (1M i n  

tetrahydrofuran (THF)) and sodium hydride (60% dispersion i n  mineral o i l )  were 
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purchased from A ldr ich  Chemical Co., Milwaukee, Wisconsin. Absolute ethanol 

was from U.S. Indus t r ia l  Chemicals Co., Tuscola, I l l i n o i s  and HC1 gas was from 

Matheson, Newark, Cal i fornia.  Dry THF was f resh ly  d i s t i l l e d  over sodium 

benzophenone ke ty l  . Deuterated water (99.8%) was purchased from Mall  ink rod t  

Chemical Co., S t .  Louis and t r i t i a t e d  water (0.225 mCi/nmole) was from Schwarz 

Mann, Orangeburg, New York. T r i t i a t e d  putrescine-2HC1 (33.1 Ci/mole; f o r  use 

as a standard) was obtained from New England Nuclear, Boston, Massachusetts. 

Putrescine dihvdrochlo r i d e  

Sodium hydride (0.61 mo les )  was dissolved i n  2 m l  o f  d ry  THF under d ry  

argon and cooled t o  0.C. A l l  glassware, etc. was thoroughly d r i ed  by vacuum 

desiccation o r  oven drying a t  130.C. Posi t ive pressure under i n e r t  gas was 

maintained w i th  rubber septa and argon- f i l l ed  balloons. Succ inon i t r i le  (0.67 

moles,  d r ied  i n  a vacuum desiccator) was dissolved i n  2 m l  dry THF and added 

dropwise v ia  a stainless steel  cannula t o  the NaH so lu t ion  over f i v e  minutes 

w i th  s t i r r i n g  and then allowed t o  s t i r  a fu r ther  15 minutes. T r i t i a t e d  water 

(0.56 moles,  10 pl, 125 pCi) was added and allowed t o  reac t  f o r  5 min. and 

then nonradioactive water (2 11, 0.11 mo les )  was added. A f te r  5 min. o f  

f u r the r  s t i r r i n g  the d i n i t r i l e  was reduced t o  the  diamine as described i n  the 

l i t e r a t u r e  (20,21). Borane-THF complex (8.1 m l  o f  1 M borane i n  THF) was added 

over two minutes and then heated a t  r e f l u x  f o r  16 hours. I n i t i a l  attempts a t  

reducing the n i t r i l e  w i th  l i t h i u m  aluminum hydrlde and w i th  l i t h i u m  

trimethoxyalusinohydride were unsuccessful, possibly due t o  condensation 

occurring a t  ac id ic  hydrogens (22). A f te r  cool ing t o  room temperature, 10 m1 

of absolute ethanol was added and then dry  hydrogen ch lo r ide  was bubbled 

through the  so lu t ion  f o r  30 sec. The prec ip i ta ted  putrescine.2HCl was 

col lected by cent r i fugat ion  and rec rys ta l l i zed  from 10 m l  95% ethanol. 

Jacobine 
F i r s t  year rosette-stage SeneciQ Wobaea plants (transplanted from loca l  

f ie lds)  were in jec ted  w i th  an aqueous solut ion o f  3H-putrescine.2HC1 i n t o  the 

vascular bundles o f  t h e i r  main stems. The 50 pl  in jec t ions  were made v ia  



1044 R. L. Reed and D. R. Buhlcr 

syringe and needle, and the plants were allowed t o  take up the l i q u i d  a t  t h e i r  

own rate.  A f te r  three weeks o f  growing i n  a greenhouse the plants were 

homogenized i n  a Waring blender and soxhlet extracted overnight w i th  methanol. 

PAS were extracted from the crude extracts by the method o f  Culvenor & id. 
(23). Alkaloids were analyzed and o r  p u r i f i e d  using high pressure l i q u i d  

chromatography on a Hamilton PRP-1 (Hamil ton Co., Reno, Nevada) reversed phase 

column eluted w i th  ace ton i t r i l e  ( 5 4 % )  and 0.1 M NHqOH, w i th  UV detect ion a t  

220 nm (24). 

Anal w e s  

Proton nuclear magnetic resonance spectra ( i n  D20) were obtained using a 

Varian FT-80A spectrometer (Varian Associates, Palo Alto, Ca l i fo rn ia )  and a 

Bruker AM400 spectrometer (Bruker Instruments, B i l l e r i ca ,  Massachusetts). 

In f ra red  spectra were obtained from a Perkin-Elmer 456 spectrophotometer 

(Perkin-Elmer, Nomal k, Connecticut) using KBr pe l le ts .  Mass spectra were 

obtained by d i r e c t  probe electron impact using a Finnigan Model 4023 

spectrometer (Finnigan, San Jose, Ca l i fo rn ia ) .  Radiochemical p u r i t y  o f  3H- 

putrescine-2HC1 was determined by t h i n  layer  chromatography (21) on Uniplate 

Cellulose GF (Analtech, Wilmington, Delaware) developed w i th  isopropanol :NH40H 

(7:3) and visual ized w i th  iodine vapor. Radioact iv i ty was measured i n  a 

Packard Model 4530 1 iqu id  s c i n t i l l a t i o n  spectrometer (Packard, Downers Grove, 

I l l i n o i s )  using ACS cock ta i l  (Amersham, Ar l ington Heights, I l l i n o i s ) .  

RESULTS AND DISCUSSION 

T r i t i a t e d  putrescine dihydrochloride was synthesized from succ inon i t r i l e  and 

t r i t i a t e d  water. F i r s t ,  sodium hydride was used t o  abstract ac id ic  protons 

from the alpha carbons o f  succ inon i t r i le .  The resu l t i ng  carbanions were then 

quenched w i th  3H2O t o  form [2,3-3H]-succinonitrile, which was then reduced w i th  

borane t o  putrescine and prec ip i ta ted  from solut ion as the dihydrochloride. 

The overa l l  chemical y i e l d  was 72% and the radiochemical y i e l d  was 16%. Thin 

l aye r  chromatography showed the product t o  have a radiochemical p u r i t y  o f  96% 
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and a spec i f i c  a c t i v i t y  o f  49 bCi/nmole. I den t i t y  was confirmed by I R ,  NMR, 

and MS i n  comparison t o  commercially avai lable unlabel led material.  The I R  

spectra (KBr pe l le ts )  o f  the synthetic and reference compounds were ident ical ,  

as were the NMR spectra (80 MHz; C1  & C4 protons a t  3.02 ppm, C2 & C3 protons 

a t  1.75 ppm). Electron impact mass spectra were i n  agreement, w i th  major peaks 

a t  m/e 59, 71 and 89. Deuterated putrescine.2HCl was produced by an analogous 

synthesis using D20 i n  an attempt t o  confirm the s i te (s )  o f  deuteration. The 

mass spectrum o f  the deuterated product showed peaks a t  m/e 60, 72 and 90, i n  

addi t ion t o  the peaks a t  59, 71 and 89. Proton NMR (400 MHz) showed the C2,C3 

peak t o  be smaller than the C1,C4 peak i n  a l l  o f  four t r i a l  syntheses, thus 

ind ica t ing  deuteration a t  carbons two and three. Comparison o f  integrated peak 

areas showed 35 k 6% (mean k SEM, n=4) o f  the product t o  be deuterated. As 

expected, t h i s  f i gu re  i s  about twice tha t  o f  the radiochemical y i e l d  using 

t r i t ium,  since t r i t i a t e d  water nominally has only one t r i t i u m  atom per molecule 

and only one hydrogen atom from each water molecule i s  added t o  the anion i n  

the reaction. 

T r i t i a t e d  jacobine was made biosynthet ical ly i n  S. jacobaea using the 3H- 

putrescine.2HCl synthesized from 3H20. Indiv idual  plants were given 1.4-10 mg 

amounts o f  precursor. The radiochemical y i e l d  o f  t o t a l  a lkaloids was 0.88 k 

0.14% (n=7). I n  t h i s  dosage range, the percent incorporation was apparently 

unrelated t o  dose. Jacobine was also biosynthesized from commercially 

avai lable 3H-putrescine*2HC1 (33 Ci/mnole). A t  a dosage o f  only 0.4 pg per 

p lan t  the radiochemical y i e l d  o f  t o t a l  alkaloids was 0.87 2 0.16% ( ~ 5 ) .  By 

HPLC analysis, jacobine accounted f o r  31.2 k 5.0% (n-5) o f  the t o t a l  a lka lo id  

rad ioac t iv i t y .  The other major t r i t i a t e d  alkaloids were seneciphyl l ine and 

senecionine. Since the incorporation o f  t r i t i u m  i n t o  jacobine was the same f o r  

low and high mass dosings o f  S. jacobaeq, i t  i s  concluded tha t  one can t rea t  

plants w i th  as much as 10 mg putrescine.2HCl per p lan t  without s ign i f i can t l y  

decreasing radiochemical y ie ld .  The i d e n t i t y  o f  isolated jacobine was 

confirmed by comparing i t s  mass spectrum with tha t  o f  the previously p u r i f i e d  

reference compound. T r i t i a t e d  jacobine was p u r i f i e d  t o  greater than 99% p u r i t y  

by preparative HPLC (24). 



1046 R. L Reed and D. R Buhler 

Ear l i e r  work by Rana and Robins using Senecio b a t i d e u z  (25) has shown tha t  

t r i t i u m  from the C2 and C3 posi t ions o f  putrescine resides on carbons number 2, 

6 and 7 o f  the py r ro l i z i d ine  a lka lo id  re t ro rs ine .  Retrorsine and jacobine both 

contain the necine base retronecine and d i f f e r  only i n  the s t ruc tu re  o f  the 

es te r i f i ed  necic acid. I n  the present work, a lka l ine  hydrolysis (23) o f  the 

3H-Jacobine t o  the necine base retronecine using barium hydroxide showed tha t  

99% o f  the incorporated t r i t i u m  resided i n  the  necine base (retronecine) 

port ion o f  the molecule. This i s  i n  close agreement w i th  previous work showing 

over 99% i n  the necine base o f  jacobine produced from jH-orni th ine i n  S. 

iacobaea (10) and over 95% f o r  re t ro rs ine  produced from 14C-putrescine i n  S. 

isat ideus (26). 

T r i t i a t e d  water i s  commercially avai lable (Amersham Corp.) a t  spec i f i c  

a c t i v i t i e s  o f  up t o  1500 Ci/gram. A t  t h i s  a c t i v i t y  level ,  10 pl contains 15 C i  

of t r i t i u m  and would be expected t o  produce t r i t i a t e d  putrescine and jacobine 

w i th  su f f i c ien t ly  high spec i f i c  a c t i v i t i e s  f o r  use i n  metabolism experiments. 

Since 3H20 i s  one o f  the  cheapest sources o f  t r i t ium,  t h i s  method provides a 

r e l a t i v e l y  inexpensive method f o r  the production o f  t r i t i a t e d  py r ro l i z i d ine  

a1 kaloids. 
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