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SEP-PAK PREPARATIVE CHROMATOGRAPHY: USE I N  
RADIOPHARMACEUTI CAL SYNTHESIS 

Michael R. Ki lbourn, Douglas D. Dischino, 
Carmen S. Dence, and Michael J. Welch 

Ma1 1 inckrod t  I n s t i t u t e  o f  Radiology 
Washington Un ive rs i t y  School o f  Medicine 

510 South K i  ngshi ghway 
St .  Louis, Missour i  63110 

ABSTRACT 

The use o f  SEP-PAKR c18 car t r idges  f o r  t h e  i s o l a t i o n  and 
p u r i f i c a t i o n  o f  radiopharmaceutical s, 1 abel ed w i t h  t h e  20.4 minute 
h a l f - l i f e  radionucl ide carbon-11, i s  reported. Synthes’ and 
SEP-PAK repara t ive  chromatographic p u r i f  i f f t  i o n  o f  [l-lfClpalmi t i c  

[ l -1 iC lpyruv ic  ac id  are described. 
car t r idges  has allowed development o f  rap id  and remote methods f o r  
handl ing o f  h igh  amounts 0 1 0 0  mCi) o f  rad ioac t i ve  products. 

ac id  [ 1P C-methyl lbenzyl  methyl ether,  [l- Clbutan-1-01 , and 
The use o f  SEP-PAK C18 

INTRODUCTION 

I n  the  synthesis o f  organic radiopharmaceuticals labe led  

w i th  radionucl ides o f  short  h a l f - l i f e  ( f o r  example carbon-11, 

t1 /2  = 20.4 minutes, o r  nitrogen-13, t 112 = 9.98 minutes) 

severe r e s t r i c t i o n s  are placed on t he  methods o f  i s o l a t i o n  and 

p u r i f i c a t i o n  o f  t h e  labe led  product. 

necessar i ly  be very rapid,  y e t  they must be reproducible and 

Such procedures must 
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y i e l d  products o f  h igh  radiochemical p u r i t y .  Furthermore, t h e  

h igh  r a d i a t i o n  l e v e l s  associated w i t h  hand l ing  o f  l a r g e  amounts 

(up t o  2 C i )  of these pos i t ron -emi t t i ng  rad ionuc l ides  requ i re  

procedures amenable t o  i nco rpo ra t i on  i nto  remotely con t ro l  1 ed o r  

automated apparatus, which w i l l  minimize r a d i a t i o n  exposure o f  

personnel i nvo l  ved.192 F i n a l l y ,  procedures must be use fu l  f o r  t h e  

i s o l a t i o n  of extremely small amounts of rad ioac t i ve  mater ia l ;  i n  

no-carrier-added synthesis w i t h  these radionucl ides,  t h e  actual  

amount o f  radiochemical produced i s  t y p i c a l l y  l ess  than 20 pmol. 

Various methods o f  chromatography (open columnl, f lash  

column3 and h igh  pressure 1 i q u i d  ~hromatography2,~)  a re  widely 

used i n  radiopharmaceutical syntheses. I n  many cases, however, a 

p r i o r  i s o l a t i o n  and p a r t i a l  p u r i f i c a t i o n  o f  reac t i on  products i s  

necessary, espec ia l l y  i n  con junc t ion  w i t h  p u r i f i c a t i o n  by HPLC, 

where reso lu t i on  and column l i f e  expectancy can be severely 

compromised by c e r t a i n  impur i t ies .  

t h e  app l i ca t i on  o f  SEP-?AKR c18 prepara t ive  chromatography t o  t h e  

i s 0  a t i o n  and p u r i f i c a t i o n  o f  several carbon-I1 labe led  organic 

rad opharmaceuticals. The use o f  SEP-PAK chromatography al lows 

f o r  t h e  development o f  rapid,  remotely con t ro l  l e d  procedures f o r  

i s o l a t i o n  o f  rad io labe led  products. 

We would l i k e  t o  descr ibe here 

EXPERIMENTAL 

Mater i  a1 s and Methods 

The SEP-PAKR C18 ca r t r i dges  were obtained from Waters 

Associates (Mi l fo rd ,  MA, USA) and p re -equ i l i b ra ted  p r i o r  t o  use by 
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washing w i t h  2 m l  of ethanol and 5 m l  o f  water. High pressure 

l i q u i d  chrornatograpphy was done using a Waters Model 210 l i q u i d  

chromatograph equipped w i t h  two 6000A pumps and a Waters Hodel 660 

so lvent  programer.  Gas chromatographic ana lys is  was done us ing  a 

Varian Model 3700 gas chromatograph equipped w i t h  e i t h e r  a 

5' x 1/4" s ta in less  s tee l  column packed w i t h  10% FFAP on Chrom 

60/80, o r  a 5 '  x 1/4" n icke l  column packed w i t h  Porapak Q (80/100 

mesh). 

The 11C02 was produced as prev ious ly  described7. Syntheses 

o f  [l-llC]palmitic acid, [llC-methyl lbenzyl  methyl e the r  and 

[l-llClpyruvic a c i d  have been prev ious ly  reported (5,6,7): 

mod i f ied  procedures using SEP-PAK chromatography are  d e t a i l e d  

be1 ow. 

t h e  

Radiochemical Synthesis 

[l-llCIPalmitic Acid. A stream o f  n i t rogen  c a r r y i n g  t h e  

11C02 was bubbled through 1 mL o f  a 0.1 M s o l u t i o n  o f  

pentadecylmagnesium bromide i n  d i e t h y l  ether. A f t e r  complete 

t r a n s f e r r a l  o f  t he  l1C02, 1 mL o f  1 N hydroch lo r ic  a c i d  was added, 

fol lowed by 10 mL o f  water. The mix tu re  was then passed through 

an ac t i va ted  SEP-PAK. The SEP-PAK was sequen t ia l l y  washed w i t h  10 

mL o f  water and 2 rnL o f  50% ethanol, then t h e  C1-11Clpalrnitic a c i d  

e lu ted  from t h e  SEP-PAK w i t h  2 mL o f  95% ethanol. The ethanol 

s o l u t i o n  was analyzed f o r  d i e t h y l  e the r  content us ing  GC (FFAP 

column, 60' C, 20 cc/min hel ium f low, FI detector:  RT d i e t h y l  

e the r  = 1.5 min, RT ethanol = 2.4 min). 
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C11C-MethyllBenzyl Methyl Ether. A stream o f  11C02 i n  

n i t rogen was bubbled through 0.15 mL o f  1 M l i t h i u m  aluminum 

hydr ide i n  tetrahydrofuran. A f t e r  t he  11C02 was transferred, t he  

n i t rogen f low was stopped, and 0.2 mL o f  water added. 

aqueous mixture was added 1.0 mL o f  d imethylsul foxide, 40 pL o f  

benzyl bromide (57 mg, 0.34 mnol), and 0.4 g o f  potassium 

hydroxide, and t h e  mixture s t i r r e d  f o r  seven minutes. 

added 8 mL o f  water and 1 mL of 1N hydroch lo r ic  acid, and the  

aqueous so lu t i on  passed through a SEP-PAK. The SEP-PAK was r insed 

w i th  10 mL o f  water, then the  labeled methyl e ther  e lu ted  o f f  t he  

SEP-PAK using 6 mL o f  25% ethanol. This s o l u t i o n  cou ld  be 

d i r e c t l y  i n jec ted  onto a HPLC column f o r  p u r i f i c a t i o n  (Waters 

P a r t i s i l  5 ODs-3 column, 4516 ethanol, 3.0 mL/min, RT = 3.9 min). 

To the  

To t h i s  was 

[1-11C]Butan-l-o1. I n  a conical  vessel were placed 0.5 mL o f  

dry d i e t h y l  e ther  and 0.5 mL o f  a 2.2 M propyl  magnesium ch lo r i de  

solut ion.  Through t h i s  was bubbled hel ium conta in ing  l1C02. When 

the  a c t i v i t y  was transferred, t he  hel ium f l o w  was increased and 

most o f  t he  e ther  evaporated. 

o f  1 8 l i t h i u m  aluminum hydr ide i n  THF added. 

shaken b r i e f l y ,  l e t  set  2 min, then the  so lu t i on  poured i n t o  

2.5 mL o f  cooled ( ice-water bath) 1.0 hydroch lo r ic  acid. The 

so lu t i on  was sw i r l ed  t o  d isso lve  t h e  s a l t s ,  then passed through 

t h e  two SEP-PAKS. The SEP-PAKS were washed w i t h  1 mL o f  water, 

and f i n a l l y  t he  C1-llClbutan-l-ol e lu ted  using 1.5 mL o f  95% 

ethanol. Analysis o f  t he  ethanol s o l u t i o n  was by HPLC (Waters 

P a r t i s i l  5 ODs-3 column, 30% ethanol, 3 ml/min, RT = 5.8 min). 

The hel ium was shut o f f  and 0.5 mL 

The vessel was 
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[l-llC]Pyruvic Acid. Me thy l l i t h ium (1.0 mL o f  a 1.6 fi 
s o l u t i o n  i n  d i e t h y l  e ther )  was added t o  1 mL o f  d ry  

tetrahydrofuran, t h e  s o l u t i o n  cooled ( ice-water bath),  and 250 VL 

(1.8 n o l )  o f  1,1,3,3-tetramethylbutylisocyanide added. A f t e r  30 

min. a stream o f  n i t rogen  ca r ry ing  11C02 was bubbled through t h e  

so lu t ion .  When t r a n s f e r  o f  t h e  1 k 0 2  was complete t h e  n i t rogen  

f l o w  was stopped, 250 VL o f  95% ethanol added, and t h e  so lvents  

evaporated. To t h e  residue were added 3 mL o f  5% hydroch lo r ic  

acid, and t h e  o i l y  brown mix tu re  b o i l e d  v igorous ly  f o r  10 min. 

The s o l u t i o n  was cooled, neu t ra l i zed  by dropwise a d d i t i o n  o f  

saturated sodium bicarbonate so lu t ion ,  then passed through two 

SEP-PAK ca r t r i dges  i n t o  an empty s t e r i l e  v i a l .  The c lea r ,  

co lo r l ess  s o l u t i o n  o f  sodium C1-11Clpyruvate was analyzed by GC by 

withdrawal o f  an a l i quo t ,  a c i d i f i c t i o n  (pH 2) ,  and i n j e c t i o n  onto 

a Porapak Q column. Analysis showed 95% [l-llClpyruvic ac id  and 

5% radiochemical impur i t i es  ([1-11CJacetic a c i d  and 

[2-11Clacetone), and no chemical impur i t i es .  

RESULTS AND DISCUSSION 

The SEP-PAK c18 ca r t r i dges  have been prev ious ly  used t o  

absorb l i p o p h i l i c  compounds present i n  low concentrat ions i n  l a rge  

volumes o f  water (8,9). We have u t i l i z e d  t h e  SEP-PAK C18 

ca r t r i dges  i n  a s t r i c t l y  analogous fash ion  i n  t h e  i s o l a t i o n  o f  

[l-llClpalmitic a c i d  and [11C-methyl lbenzy l  methyl ether. 

a l so  used these ca r t r i dges  t o  i s o l a t e  a not-so-hydrophobic 

molecule, [l-llCl-butanol, and t o  p u r i f y  (bu t  not i s o l a t e )  a 

We have 
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20 10 KILBOURN ET AL. 

hydroph i l i c  product, [1-11Clpyruvic acid. 

app l i ca t ions  o f  SEP-PAK c18 chromatography are de ta i l ed  below. 

The r e s u l t s  o f  these 

[l-llC]Palmi t i c  Acid 

This labeled f a t t y  ac id  i s  prepared by a c lass i ca l  Grignard 

react ion.  

d i e t h y l  e ther  and excess hydroch lo r ic  ac id  i s  c ruc ia l ;  a t  t h e  end 

o f  t h e  synthesis t h e  [l-llC]palmitic ac id  i s  prepared f o r  i n  v i vo  

i n j e c t i o n  by add i t i on  o f  a s a l i n e  s o l u t i o n  o f  human serum albumin, 

and t races  o f  d i e t h y l  e the r  or hydroch lo r ic  a c i d  can cause 

denaturat ion of t h e  albumin and render the  prepara t ion  useless5. 

Previous methods f o r  11C-palmit ic ac id  p u r i f i c a t i o n  have involved 

e x t r a c t i o n  o f  t he  product i n t o  d i e t h y l  ether,  repeated washings o f  

t he  e the r  w i th  s a l i n e  t o  remove HC1, then evaporat ion o f  t he  

ether.  The use o f  a SEP-PAK c18 ca r t r i dge ,  as shown i n  Table 1, 

can subs t i t u te  f o r  these i s o l a t i o n  and p u r i f i c a t i o n  steps. The 

ethanol so lu t i on  o f  [1-11CJpalmitic ac id  obtained v i a  SEP-PAK 

i s o l a t i o n  i s  a t  neut ra l  pH and contains l e s s  than 0.5% d i e t h y l  

e ther  impuri ty.  

The separat ion o f  t h e  labe led  p a l m i t i c  a c i d  from 

TABLE 1 
I s o l a t i o n  and P u r i f i c a t i o n  o f  [l-llC]Palmitic Acid 

So lu t ion  through 
C-18 SEP-PAK 

(1) Crude reac t i on  mix tu re  
(2 )  10 m l  H20 
(3 )  2 m l  50% ethanol 
( 4 )  2 m l  95% ethanol 

A c t i v i t y ,  mCi  
SEP-PAK Eluant 

32 2 
25 7 
23 2 
5 18 
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Ll lC-Methyl IBenzyl Methyl Ether 

This labe led  e ther  i s  prepared i n  two steps, t h e  reduc t ion  o f  

11CO2 t o  11CH30H us ing  l i t h i u m  aluminum hydr ide,  and t h e  reac t i on  

o f  t h i s  labe led  methanol w i th  benzyl bromide using potassium 

hydroxide i n  water-dimethylsul foxide so lu t ion .  

reverse-phase HPLC separat ion o f  methanol, benzyl bromide, and 

benzyl methyl e ther  i s  e a s i l y  achieved, t h e  presence of 

d imethy lsu l fox ide  and potassium hydroxide i n  t h e  crude reac t i on  

mix tu re  (both de le te r ious  t o  HPLC columns) makes a p re l im ina ry  

i s o l a t i o n  o f  t h e  product abso lu te ly  necessary. 

SEP-PAK works except iona l l y  we l l ;  t h e  l i p o p h i l i c  benzyl methyl 

e the r  and benzyl bromide are q u a n t i t a t i v e l y  re ta ined on the  

SEP-PAK, and washing w i th  water removes t h e  KOH, DMSO, and 90% o f  

t h e  IIC-methanol (see Table 2).  Washing o f  t he  SEP-PAK w i t h  25% 

ethanol i s  e f f e c t i v e  i n  e l u t i n g  o f f  84% o f  t h e  llC-benzyl methyl 

ether,  along w i th  on ly  a small amount o f  t h e  benzyl bromide. Using 

h igher  concentrat ion o f  ethanol (up t o  50%) gives more complete 

e l u t i o n  o f  t h e  labe led  benzyl methyl ether,  bu t  a lso  e l u t i o n  o f  

p ropor t i ona te l y  more benzyl bromide. 

Although a 

I n  t h i s  regard t h e  

F i n a l l y ,  a reverse-phase HPLC 

TABLE 2 
I s o l a t i o n  and P a r t i a l  P u r i f i c a t i o n  o f  [ l lC lBenzy l  methyl e ther  

So lu t i on  through 
C-18 SEP-PAK 

A c t i v i t y ,  m C i  
SEP-PAK Eluant 

(1 )  Crude reac t i on  mix tu re  125 62 

(2 )  6 m l  25% ethanol 19 105 
+ 10 m l  H20 
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separat ion affords [llC-methyl]benzyl methyl e the r  w i t h  a 

radiochemical p u r i t y  o f  99% and f r e e  o f  chemical impur i t ies .  

[l-llC]Butan-l-ol 

This low molecular weight alcohol  i s  obtained by a two step 

synthesis, a Grignard synthesis o f  [l-llC]butanoic ac id  fo l lowed 

by l i t h i u m  aluminum hydr ide reduc t ion  t o  t h e  alcohol. The 

llC-butanol i s  separated from chemical i m p u r i t i e s  ( d i e t h y l  ether,  

tetrahydrofuran, and hydroch lo r ic  ac id )  us ing  two SEP-PAK C18 

ca r t r i dges  i n  ser ies;  t y p i c a l  r e s u l t s  are shown i n  Table 3. As 

butanol i s  somewhat water soluble,  a procedure using a minimum o f  

water and a slower f l ow  r a t e  i s  necessary: 

l lC-butanol  i s  l o s t  i n  t h e  water wash step. HPLC ana lys is  o f  t he  

f i n a l  product s o l u t i o n  shows C1-11Clbutanol i n  100% radiochemical 

p u r i t y  w i th  small amounts o f  d i e t h y l  e ther  and methanol as 

chemical impur i t ies .  Attempts t o  e n t i  r e l y  remove these chemical 

impur i t i es  by se lec t i ve  washings o f  t he  SEP-PAK w i t h  var ious 

ethanol :water n i x t u r e s  proved unsuccessful. 

impur i t i es  do not i n t e r f e r e  w i t h  t h e  use o f  [1-11C]butan-l-ol f o r  

i n  v i vo  animal studies. 

however, 20% o f  t h e  

A t  present, these 

I n  those instances where a product o f  

TABLE 3 
I s o l a t i o n  and P u r i f i c a t i o n  o f  [ l - l lClbutan- l -o l  

Sol u t i  on through 
C-18 SEP-PAK 

(1 )  Crude reac t i on  mix tu re  
( 2 )  1.5 m l  H20 
(3 )  2.0 m l  95% ethanol 

A c t i v i t y ,  mCi  
SEP-PAK Eluant 

117 12 
94 23 
85 9 
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h igher  chemical p u r i t y  i s  desired, t he  so lu t i on  o f  11C-butanol i n  

ethanol i so la ted  using SEP-PAKS i n  t h i s  manner can be d i l u t e d  w i th  

water and sa fe ly  i n jec ted  onto a reversed-phase HPLC column f o r  

p repara t ive  chromatographic p u r i f i c a t i o n .  

has been p a r t i c u l a r l y  rewarding i n  t h i s  synthesis: 

noted t h a t  t he  a l t e r n a t i v e  method o f  i s o l a t i o n  by l i q u i d - l i q u i d  

e x t r a c t i o n  and evaporation cannot be u t i l i z e d ,  due t o  t h e  

v o l a t i l i t y  o f  the  radiolabeled product. 

The use o f  t h e  SEP-PAKS 

it should be 

[1-11C]Pyruvic ac id  

This a-keto ac id  i s  prepared i n  two steps: t h e  add i t i on  o f  

11CO2 t o  a l i t h i u m  aldimine fo l lowed by a c i d  hydro lys is  o f  t h e  

intermediate a-imino acid7. 

two major impur i t ies ,  1,1,3,3-tetramethyl butylamine and 

[ l - l lC ] -2 -  (1,1,3,3-tetramethyl b u t y l  ) - im i  nopropi onic acid. 

two SEP-PAK C18 car t r idges  i n  ser ies,  100% o f  these impur i t i es  can 

be e a s i l y  and qu ick l y  removed. 

o f  a so lu t i on  o f  50 m C i  o f  crude products through two SEP-PAKS gave 

17 mCi  o f  [l-llC]pyruvic acid, w i t h  11 m C i  re ta ined on the  SEP-PAK 

car t r idges  (93% o f  which could be e lu ted  w i t h  2 mL o f  95% ethanol).  

The e luant  from t h e  SEP-PAK chromatography then contains t h e  

desired C l - l l C ]  py ruv ic  ac id  i n  greater than 95% radiochemical 

p u r i t y  (by GC analysis:  

C2-11Clacetone). 

by both GC (F I  de tec tor )  and t h i n  l a y e r  chromatography. 

example, t he  SEP-PAKS are used t o  p u r i f y  (bu t  not i s o l a t e )  t he  

desired radiolabeled product by se lec t i ve  absorpt ion o f  t he  

The crude product s o l u t i o n  contains 

By using 

As a t y p i c a l  example, t h e  passage 

remainder i s  [1-11C]acetic a c i d  and 

The absence o f  chemical i m p u r i t i e s  was confirmed 

I n  t h i s  
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hydrophobic stde products, and i s  thus  i n  a sense an app l i ca t i on  

"opposite" t o  the  th ree  previous examples of i s o l a t i o n  o f  

hydrophobic products. 

The use o f  SEP-PAK C18 ca r t r i dges  i n  t h e  syntheses o f  

carbon-11 labe led  p a l m i t i c  acid, butanol, benzyl methyl ether,  and 

pyruv ic  ac id  are on l y  f o u r  examples o f  our many app l i ca t i ons  of 

SEP-PAK c18 chromatography t o  radiochemical syntheses. The 

syntheses o f  these compounds were chosen t o  i l l u s t r a t e  t h e  

v e r s a t i l i t y  o f  t h i s  i s o l a t i o n  and p u r i f i c a t i o n  technique. 

a1 so used SEP-PAK c18 chromatography i n  syntheses o f  carbon-11 

labe led  ethers6 and long-chain a lcoho ls lO,  i n  t h e  syntheses of 

several o ther  carbon-11 labe led  a-keto acids, and i n  t h e  synthesis 

o f  a carbon-11 labe led  a-amino acid, [l-llC]norvaline. 

incorpora t ion  o f  a SEP-PAK chromatography step has al lowed f o r  

shor te r  p repara t ion  t imes and safe hand l ing  o f  l a r g e r  amounts of 

rad ioac t i ve  products. 

1 abel ed spi  roper ido l  l1 (f l  u o r i  ne-18 i s  a pos i t ron -emi t t i  ng 

rad ionuc l ide  w i th  t1 /2  = 110 minutes), we have recen t l y  used 

SEP-PAK C18 chromatography t o  concentrate t h e  organic products 

p r i o r  t o  HPLC separation. 

radionucl ides the  speed of synthesis i s  no t  as c r u c i a l  as w i t h  

carbon-11, bu t  methods arnenable t o  i nco rpo ra t i on  i n  remotely 

con t ro l  1 ed apparatus are s t  i 11 needed. 

We have 

I n  general, 

F i n a l l y ,  i n  t h e  synthesis o f  f luor ine-18  

For f l uo r ine -18  and o ther  l onger - l i ved  

We f e e l  t h a t  SEP-PAK chromatography, and r e l a t e d  methods o f  

C l g - s i l i c a  gel bonded phase chromatography12, will be a valuable 
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a d d i t i o n  t o  t h e  chromatographic opt ions o f  t h e  radiopharmaceutical 

chemist. The SEP-PAK ca r t r i dges  have proven very ve rsa t i l e ;  they 

can be used f o r  product i s o l a t i o n ,  f o r  i s o l a t i o n  and p u r i f i c a t i o n ,  

o r  product p u r i f i c a t i o n  alone. 

c a r t r i d g e  should a l l ow  f o r  concent ra t ion  o f  a rad io labe led  product 

obtained i n  an e luant  from an HPLC column; t h i s  i s  important i n  

s i t u a t i o n s  where t h e  product i s  obtained i n  a so lvent  o r  volume 

incompat ib le with i n  v i vo  animal o r  human studies. 

F i n a l l y ,  use o f  a SEP-PAK C18 

SEP-PAK chromatography has thus taken i t s  place alongside 

column and high-pressure l i q u i d  chromatography as a p u r i f i c a t i o n  

technique used d a i l y  i n  our labora tor ies .  
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