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PURl FICATION OF S-ADENOSY L-l,8,DIAMINO- 
3-THIOOCTANE (AdoDATO) BY PREPARATIVE 

HIGH PERFORMANCE LIQUID 
CHROMATOGRAPHY 

J .  W. Cowens], L. Mead1, B. Paul1, 
and J. L. Alderfer2 

IGrace Cancer Drug Center 
2 Biophysics Depart m en t 

Roswell Park Memorial Institute 
New York State Department of Health 

666 Elm Street 
Buffalo,  New York 14263 

ABSTRACT 

Because polyamines a r e  c r i t i c a l l y  involved in  the pro l i fe ra-  
t ion  o f  neoplastic t i s sues ,  enzymes in  their  synthet ic  pathway 
present ra t ional  t a rge t s  f o r  the development of ant icancer  
dgents. AdoDATO i s  a potent and spec i f ic  t r ans i t i on - s t a t e  
analog inh ib i to r  of the key polyami ne bi osynthetic enzyme, 
spermidine synthase,  and i n  -- i n  v i t r o  systems leads t o  the in- 
h ib i t ion  o f  c e l l  p ro l i fe ra t ion  via polyamine depletion. In 
order t o  evaluate  the  i n  vivo e f fec t iveness  o f  AdoDATO, the 
synthesis  of this i n h i 6 i t o r a s  been scaled up using the 
reported procedure. T h i s  paper describes the  development of a 
preparative HPLC procedure f o r  the pur i f ica t ion  of AdoDATO by 
paired-ion chromatography. T h i s  methodology could a l so  be used 
t o  purify o ther  s t rongly basic compounds t h a t  contain hydro- 
phobic regions. 

793 

Copyright 0 1988 by Marcel Dekker, Inc. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
3
7
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



194 

INTRODUCTION 

COWENS ET AL. 

The polyami nes p u t r e s c i  ne , spermidi  ne and spenni ne are  

e s s e n t i a l  f o r  normal c e l l  p r o l i f e r a t i o n  ( 1 , Z ) .  I n  mammalian 

c e l l  s , these compounds are  syn thes ized from o r n i  t h i  ne and 

S-adenosylmethionine ( AdoMet) by f o u r  enzymes - o r n i  t h i n e  

decarboxylase, AdoMet decarboxylase, spermidine synthase, and 

spermine synthase ( 3 , 4 ) .  Two compounds t h a t  i n t e r f e r e  a t  

s p e c i f i c  p o i n t s  i n  the  polyamine b i o s y n t h e t i c  pathway, d i -  

f l  uoromethyl o r n i  t h i  ne (DFMO) and methy lg lyoxa l  b i  sguanyl- 

hydrazone (MGBG) , have been shown t o  be e f f e c t i v e  a g a i n s t  roden t  

tumor systems (5,6) and have been t e s t e d  i n  man where they  have 

shown d e f i n i t e  b u t  l i m i t e d  a c t i v i t y  (7,8). These f i n d i n g s  have 

prompted e f f o r t s  t o  i d e n t i f y  compounds t h a t  i n h i  b i t  t h e  o t h e r  

enzymes i n  t h e  polyamine pathway. AdoDATO ( F i g u r e  1) was 

designed by Coward and co l leagues (9) as a t r a n s i t i o n s t a t e  

i n h i b i t o r  o f  spermidine synthase, t h e  enzyme which ca ta l yzes  t h e  

convers ion  o f  pu t resc ine  t o  spennidine, and has been shown t o  be 

a p o t e n t  s p e c i f i c  i n h i b i t o r  o f  t h e  enzyme i s o l a t e d  from r a t  

p r o s t a t e  (10).  A t  drug concen t ra t i ons  o f  50 - 200 uM, i n  v i t r o  

c e l l  growth i s  i n h i b i t e d  i n  a dose dependent manner, and t h i s  

e f f e c t  can be prevented by t h e  a d d i t i o n  o f  s p e m i d i n e  t o  the  

media (10) .  I n  o rde r  t o  t e s t  t h e  a c t i v i t y  o f  t h i s  compound 

a g a i n s t  murine tumor systems and t o  con t inue  e x p l o r i n g  i t s  b i o -  

l o g i c a l  e f f e c t s ,  a scale-up o f  t he  pub l i shed  procedure f o r  t h e  
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PURIFICATION OF ADODATO 195 

OH OH 

Figure 1: Structure  of S-Adenosyl- 1,8,Di ami no-3-Thiooctane 
( AdoDATO) . 

synthesis  of AdoDATO ( 9 )  was undertaken. I n  the  course of this 

e f f o r t ,  i t  became necessary t o  develop a pur i f ica t ion  procedure 

f o r  AdoDATO. This paper describes the paired-ion high 

performance l iqu id  chromatographic ( H P L C )  technique which has 

been successful ly  applied f o r  t h i  s purpose. 

PATFPJALS AN@ VETHODS 

HPLC In s t rmen ta t ion  

The analyt ical  HPLC system (Waters Chromatography Division 

of P i l l i p o r e  Compapy, P i l fo rd ,  M A )  consis ted of a 710 WISP, two 

F%POOP solvent  del ivery systems, a M720 system con t ro l l e r ,  a 

M4al UV absorbance detector ,  and an  PCrvllOO radial  compression 

rnodiile; rad ia l  compression car t r idges  ( 8  mm X 10 cm) were packed 

w i t h  e i t h e r  UROVDAPAK C18 o r  with VYDAC Cle (15 - 20 LI) (The 
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196 COWENS ET AL. 

Separations Group, t lesperia,  C A ) .  The preparative HPLC systen. 

was a PPFP 5PP (Waters Chromatography Divisiop of Ki l l ipore ,  

Yilford,  PA),  a 441 UV absorbance de tec tor ,  and a PREP-PAK 500 

radial  compression module containing a 5.7 cm X 30 cm radial  

compression ca r t r idge  packed with VWAr r18 (15 - 21! N ) .  Analog 

clata was co l lec ted ,  d ig i t i zed  and s tored by a model 4400 tlelson 

Analytical  Chromatography Data System, r u n n i n g  XTPACHROR ‘oft- 

ware (Revision 7 . 2 ) .  

Mobile Phases 

A1 1 aqueous sol irtions were made w i t h  HPLC-grade water 

prepared w i t h  a Yi l l i -0  k’ater System ( P i l l i p o r e  Company, 

Bedford, K A ) .  T r i f luoroace t ic  acid (TFA) a n d  heptafluorobutyric 

acicl ( H F P P )  were purchased frov Pldr ich Chemical Co. (Milwaukee, 

P I ) .  HPLC-arade methanol a n d  a c e t o n i t r i l e  were purchaser‘ frolr, 

J .T. Baker Chemical Co. (Phi l l ipsburg ,  NJ). NaOH p e l l e t s  (ACS 

c e r t i f i e d )  were purchased f r o r  Fisher Sc ien t i f i c  Co. (P i t t sh rg ,  

P A ) .  

Ion Exchange Columns 

Dowex 1-X8 (3 .2  MEq/mg) was purchased from Bio-Rad 

Laboratories (Richmond, C A I .  The resin was converted t o  the 

hydroxyl form by running  25 bed volumes of 1 N NaOH over the 

resin on a f r i t t e d  glass  f i l t e r .  The resin was then washed w i t h  

water un t i l  the pH was 7.0. The res in  was washed with methanol 
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PURIFICATION OF ADODATO 797 

and d r i e d  i n  a des i ca to r  under vacuum f o r  one hour. It was then 

packed i n t o  glass columns where i t  was he ld  i n  place by plugs o f  

ny lon wool. 

Th in Layer Chromatography 

S i l i c a  gel  p la tes  ( 5  x 10 cm, Merck E60 F254) were 

developed w i t h  a so l ven t  system c o n s i s t i n g  o f  n-butanol : g l a c i a l  

a c e t i c  acid:5% sodium acetate (60:15:25). The p la tes  were d r i e d  

and sprayed w i t h  a Ninhydr in  s o l u t i o n  (0.3% Ninhydr in  i n  

n-butanol con ta in ing  3% ace t i c  ac id )  t o  v i s u a l i z e  the  spots. 

AdoDATO 

AdoDATO was synthesized by the  publ ished procedure ( 9 )  i n  3 

gm batches. A small amount o f  AdoDATO was k i n d l y  suppl ied by 

D r .  James Coward ( U .  Michigan, Ann Arbor) as a reference 

compound. 

Ana ly t i ca  HPLC o 

RESULTS 

AdoDATO Batches 

AdoDATO (F igu re  1) i s  a s t rong ly  basic compound and conta ins 

a hydrophobic he te rocyc l i c  r i n g ;  a d i r e c t  approach t o  developing 

an HPLC separat ion of t h i s  k i n d  of molecule i s  the use o f  

pa i red - ion  chromatography on a C18 column. A l i quo ts  (10 ~ g )  of 

15 batches o f  AdoDATO synthesized by The Chemistry Resource 

Labordtory vlere i n j e c t e d  i n t o  an HPLC system c o n s i s t i n g  o f  a 
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798 COWENS ET AL.  

r a d i a l  compression c a r t r i d g e  ( 8  mm X 10 cm) packed w i t h  

LIBOEJDAPAK C18 ( d  =I0 L I ~ ) ,  mob i l e  phdse o f  3.1% TFA/H20, 0.2% 

TFA/H20, 0.1% HFi3A/H20, 0.2% HFBA/H20 w i t h  methanol o r  
P 

d c e t o n i t r i l e  as o rgan ic  m o d i f i e r ,  and a f l o w  r a t e  o f  1 ml/min; 

t h e  components were es t imated  by making t h e  assumption t h a t  t h e  

a b s o r b t i v i t y  of AdoDATC) and i t s  i m p u r i t i e s  a re  t h e  same. The 

bes t  separa t i on  was ob ta ined  w i t h  a mob i le  phase of 0.2% 

tiFBA/H20:acetoni t r i l e  ( 7 5 : 2 5 ) .  Under these HPLC c o n d i t i o n s ,  

a l l  o f  t h e  batches syn thes ized by The Chemistry Resource 

Labora tory  have s i g n i f i c a n t  i m p u r i t i e s  e l u t i n g  be fo re  and a f t e r  

AdoDATO ( F i g u r e  2a, 2b) .  A l l  of  t h e  batches o f  AdoDAT3 showed 

a t  l e d s t  4 n i n h y d r i n  p o s i t i v e  spots  on t h i n  l a y e r  chromatography 

(TLL).  

Deterrni n a t i o n  o f  t h e  Parameters f o r  t h e  P repara t i ve  Separa t ion  

An HPLC separa t i on  us ing  d c e t o n i t r i l e  as t h e  organ ic  

m o d i f i e r  was then developed on a r a d i a l  compression c a r t r i d g e  (8  

mn x 10 cm) c o n t a i n i n g  VYDAC C18 (15-20 urn); w i t h  a f l o w  r a t e  of 

0.8 ml/min and a mob i l e  phase o f  .2% HFBA/H20:MeCN (80:20), 

AdoDATO was reso lved  from t h e  i m p u r i t i e s  ( F i g u r e  3) ;  t h e  a va lue  

f o r  AdoDATO and t h e  major  i m p u r i t y  was g r e a t e r  than 2. 

A1 i quots c o n t a i n i n g  i n c r e a s i n g  amounts of batch  82-97-3 were 

i n j e c t e d  i n t o  t h i s  HPLC system; t h e  AdoDATO peak was c o l l e c t e d  

and analyzed f o r  p u r i t y .  Chromatograms i n  F i g u r e  4 represent  

t h e  a n a l y s i s  o f  10 mg, 20 mg, 30 mg, r e s p e c t i v e l y ;  t h e  shaded 
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F i g u r e  2: ( a )  Chromatogram (NBONDAPACK C18) o f  ba tch  82-103-1 
o f  AdoDATO prepared by Chemistry Resource 
Labora tory .  

( b )  Chromatogram (pBONDAPACK C18) o f  batch B2-89-1 
o f  AdoDATO prepared by Chemistry Resource 
Labora tory .  

area represents  t h e  t i m e  of c o l l e c t i o n  f o r  t h e  AdoDATO peak. 

Chromatograms i n  F i g u r e  5 rep resen t  t h e  a n a l y s i s  o f  t h e  c o l -  

l e c t e d  m a t e r i a l  us ing  t h e  a n a l y t i c a l  HPLC method descr ibed 

above; t h e  es t imated  p u r i t y  o f  t h e  batches i s  99%, 99%, 90%, 
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800 COWENS ET AL. 

0 10 20 30 40 50 
Time (min) 

F i g u r e  3: Chromatogram (VYDAC C18) of batch  82-97-3 prepared 
by Chemistry Resource Labora tory .  

r e s p e c t i v e l y .  The m a t e r i a l  c o l l e c t e d  from the  10 mg and 20 mg 

separa t i ons  showed a s i n g l e  n i n h y d r i n  p o s i t i v e  spot  on TLC. 

These da ta  demonstrate t h a t  20 mg o f  AdoDATO can be loaded on to  

t h e  column w i t h  l i t t l e  l o s s  o f  r e s o l u t i o n .  The p r e p a r a t i v e  

r a d i a l  compression c a r t r i d g e  (RCC) has dimensions 5.7 cm X 30 cm 

and t h e  volume o f  i t s  s t a t i o n a r y  phase i s  150 X g r e a t e r  than t h e  

a n a l y t i c a l  RCC; t he re fo re ,  3 gms o f  AdoDATO should be ab le  t o  be 

p u r i f i e d  in each p r e p a r a t i v e  run. I f  t h e  mob i l e  phase 

compos i t ion  remains t h e  same (0.2% HFBA/H20 : aceton i  tri 1 e, 
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PURIFICATION OF ADODATO 801 

0 20 

I 

10 20 30 

Time ( m i d  

F igu re  4: Chromatogram o f  10 mg (a ) ,  20 mg ( b )  and 30 mg ( c )  
of batch B2-97-3 o f  AdoDATO loaded onto a VYDAC C18 
RCC. 
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802 COWENS ET AL. 

I C 

0 5 (0 15 20 

Time (mid  

F i g u r e  5: Chromatogram (pBONDAPACK C18) o f  mate r i a l  eluted 
from a VYDAC C18 RCC loaded wi th  10 mg ( a ) ,  20 mg 
( b )  and 30 mg ( c )  o f  batch  82-97-3. 
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PURIFICATION OF ADODATO 803 

80:20) and the  flow ra t e  i s  increased t o  120 m l / m i n  (150 x 0.8 

mL/min), a separat ion s imi l a r  t o  t h a t  seen i n  these loading 

experiments would be expected on a theore t ica l  basis.  

Preparat ive HPLC 

Because of the pressure l imi ta t ions  o f  the  PREP 500, the  

maximum flow r a t e  t h a t  could be a t ta ined  was 34 ml/min. I n  

order t o  t e s t  the  preparative procedure a t  this flow r a t e ,  3 yms 

of AdoDATO (Batch 82-103-1) was loaded onto a Vydac C18 prepara- 

t i v e  RCC o f  dimension 5.7 x 30 cm and eluted with a mobile phase 

of 0.2% HFBA/H20:acetonitrile (80:20).  Figure 6 shows the 

chromatogram of the  preparat ive separat ion;  the shaded area 

represents the time of co l lec t ion  of the eluant  from the 

column. After  t he  co l lec ted  material  was lyophi l ized,  i t  was 

pure by analyt ical  HPLC and TLC and had an elemental analysis  

cons is ten t  with the HFBA s a l t  of AdoDATO (AdoDATO ' 2H20' 

2 HFBA).  Because of the potent ia l  t ox ic i ty  of HFBA t o  the i n  

v i t r o  and i n  v i v o  t e s t  systems, a procedure t o  remove the HFBA 

was developed. 

- 

-- 

Varyi ng amounts o f  AdoDRTO s a l t  prepared by the  preparat ive 

HPLC procedure was dissolved i n  water,  f i l t e r e d  through a la rge  

fused g lass  f i l t e r ,  applied t o  f resh ly  prepared Dowex 1-X8 mini 

columns f o r  a f ina l  AdoDAT0:Resin r a t i o  of 1:1, 1:1.5 or  1:2; 

the AdoDATO was then eluted w i t h  H20 and lyophi l ized.  T h i s  

material  was pure by ana ly t ica l  HPLC and TLC and had an 
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804 COWENS ET AL. 

t 

0 100 200 
Time (min) 

F igu re  6: Chromatogram o f  3 gm of batch B2-103-1 loaded onto a 
VYDAC C18 p repara t i ve  RCC o f  dimensions 5.7 X 30 cm. 

elemental ana lys i s  cons is ten t  w i t h  the  carbonate s a l t  o f  AdoDATO 

( AdoDATO ' 2H20 ' H2C03). 

ana'lyt 

analys 

H2C03. 

A p p l i c a t i o n  o f  Preparat ive Procedure 

Twenty grams o f  AdoDATO was p u r i f i e d  by the procedure out -  

l i n e d  above. The l y o p h i l i z e d  ma te r ia l  obtained i s  ,9996 pure by 

c a l  HPLC and shows a s i n g l e  spot on TLC; i t s  elemental 

s i s  cons i s ten t  w i t h  the  s t r u c t u r e  AdoDATO '2H20 ' 

The o v e r a l l  y i e l d  o f  pure ma te r ia l  was 13 g. 

Nuclear Magnetic Resonance (NMR) Spectroscopy o f  P u r i f i e d  AdoDATO 

A 400 MHz Proton NMR spectrum (F igu re  71 was obtained on 

approximately 200 mg o f  AdoDATO dissolved i n  0.5 m l  o f  D20 
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PURIFICATION OF ADODATO 805 

F igu re  7: 400 MHz Proton NMR spectrum (40'C) o f  AdoDATO, 
obtained by t h e  preparat ive HPLC procedure, i n  D20 
(pH 9.5). 

w i t h  a Bruker AM-400 NMR Spectrometer. The i n t e g r a t i o n  o f  the 

spectrum conf i rms the  presence o f  t h e  expected 23 non-exchan 

able protons t h a t  are assigned as follows: H - 1  NMR (D20, 

9.5) 4OoC 68.15 ( lH,  Ado-H8), 7.95 ( lH, Ado-H2), 5.88 ( 

furanose Hl'), 4.76 ( lH,  furanose H 2 ' ) ,  4.26 ( lH, furanose H3 

4.12 ( l H ,  furanose H4'), 2.4-3.0 (7H, furanose H5' and H5", two 

CH2 adjacent t o  each NH2, methine hydrogen on carbon bonded 

t o  s u l f u r ) ,  0.8 - 1.7 ( l O H ,  f i v e  CH2 i n  a l i p h a t i c  amine s ide 
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806 COWENS ET AL. 

chains t h a t  a re  n o t  adjacent t o  the N H 2 ) .  These assignments 

have been confirmed by one-dimensional spectral  s tud ies  a t  pH 

8.5 and pH 9.5 and by a 2-dimensional COSY ( s c a l a r  cor re la ted)  

N M R  spectrum. The assignment regions f o r  the chemical s h i f t  

posi t ions of the a l ipha t i c  amine methylene groups a re  cons is ten t  

with those reported f o r  other  amines (11). 

DISCUSSION 

This study demonstrates t h a t  i t  i s  possible t o  develop 

preparat ive separation i n a s t ra ightforward way from data  

obtained on analyt ical  columns and out l ines  the preparation of 

13 g o f  pure AdoDATC) by preparative HPLC.  The material obtained 

was >99% pure by analyt ical  HPLC and TLC;  the  s t ruc tu re  of the 

pur i f ied  product was cons is ten t  w i t h  t h a t  of AdoDATQ by 

elemental analysis  and h i g h  resolut ion N M R .  

The approach used i n  this study t o  develop a preparat ive 

separat ion f o r  AdoDATQ follows t h a t  out l ined by Snyder and 

Kirkland (12)  f o r  the  i so l a t ion  o f  the  major component from a 

mixture and adapted t o  radial  compression technology by the  

Waters Chromatography Division of Mill ipore Company (13) :  1) 

develop an analyt ical  procedure t h a t  resolves the  component of 

i n t e r e s t  from the o ther  components o f  the mixture; 2 )  adapt this 

separation t o  a srnall diameter ( 8  mm)  radial  compression 

ca r t r idge  ( R C C )  containing the same packing t o  be used i n  the  

la rge  sca le  pur i f ica t ion  with special  a t t en t ion  t o  maximizing a; 
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3 )  determine the  maximum amount of the mixture t h a t  can be 

loaded onto the RCC before resolut ion decreases t o  such an 

ex ten t  t h a t  pure compound cannot be i so la ted  without an exces- 

s ive ly  narrow "hear t  cu t" ;  4) compute the  preparative LC condi- 

t ions  from t h a t  of the scale-up operation; 5) perform a t r i a l  

preparat ive separation u s i n g  these parameters; and 6 )  t e s t  the 

co l lec ted  material  f o r  puri ty .  

A1 though t h i s  concept of developing the preparat ive separa- 

t i o n  i s  s t ra ight-forward,  t he  pa r t i cu la r  physical propert ies  of 

AdoDATO make the  implementation of t h i s  approach d i f f i c u l t .  

Since AdoDAT'J i s  a s t rongly basic compound, i t  was not possible  

t o  e l u t e  AdoDATO from an analyt ical  column packed with s i l i c a  

even though mixtures of organic solvents  were doped w i t h  acids  

t o  decrease the  in te rdc t ion  of the  primary amine groups or' 

HdoDATO w i t h  the  s i lanol  groups of the s i l i c a .  Therefore, i t  

was necessary t o  use reverse phase chromatography f o r  th i s  

separat ion.  I n  general , the b u l k  of reported preparat ive 

separat ions have been car r ied  out w i t h  normal phase chromato- 

graphy; the only c l a s s  of compounds t h a t  have been extensively 

prepared with the  reverse phase technique a r e  the  polypeptides 

and proteins  (14). The  peptides a r e  prepared by ion-pair  

chromatography on a C-4 or  C-18 s ta t ionary  phase with TFA o r  

HFBA as  a counter ion; since AdoDATO i s  charged a t  low pli, t h i s  

IiPLC system would a l so  be appropriate f o r  resolving i t  from a 

complex mixture. Our r e s u l t s  demonstrate t h a t  i t  i s  possible  t o  
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develop a p r e p a r a t i v e  procedure f o r  AdoDATO us ing  p a i r - i o n  

c i l ronatogrdphy w i t h  HFUA as a c o u n t e r - i o n  and w i th  a VYDAC C-18 

s t d t i o n d r y  phase by f o l l o w i n g  t h e  approach o u t l i n e d  above. The 

a n a l y s i s  t i m e  f o r  t h e  p r e p a r a t i v e  separa t i on  was longer  than 

computed because t h e  pumping system used c o u l d  n o t  generate t h e  

requ i  r e d  f l o w  r a t e s  secondary t o  back pressure  1 i m i t a t i o n s  b u t  

t h e  r e s o l u t i o n  o b t a i  ned was s im i  1 a r .  

Since polyamines are  e s s e n t i a l  components f o r  c e l l  growth, 

compounds t h a t  i n t e r f e r e  w i  t h  t h e  a c t i v i t y  and/or r e g u l a t i o n  o f  

t h e  enzymes r e q u i r e d  f o r  t h e i r  syn thes i s  p resent  r a t i o n a l  

t a r g e t s  f o r  a n t i  tumor agents. G i  ven t h e  i n fo rmat i  on ava i  1 ab le  

on t h e  s t r u c t u r a l  requirements f o r  t r a n s i t i o n - s t a t e  analog 

i nh i  b i  t o r s  o f  those enzyme systems i n v o l v e d  i n  spermidi  ne and 

s p e m i n e  syn thes i s  ( i .e . ,  t h e  synthases),  i t  would be expected 

t h a t  such compounds would c o n t a i n  p o l a r  reg ions  t h a t  c o u l d  c a r r y  

a p o s i t i v e  charge (e.g., p r imary  o r  secondary amines) and non- 

p o l a r  hydrophobic reg ions .  When l a r g e  amounts o f  these com- 

pounds a re  synthesized, t h e  procedure o u t l i n e d  i n  t h i s  paper 

shou ld  be a p p l i c a b l e  i n  t h e i r  p u r i f i c a t i o n .  
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