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SUMMARY 

A new method was developed to  synthes ize  posi t ron labeled phorbol 

[l-lk] propyl  ketene was produced by  t h e  pyro ly t ic  
e s t e r s  for second messenger imaging based on a receptor  binding to  
protein kinase C .  
decomposition of [ 1 - l l C  bu tyr ic  a c i d .  This  new method was made possible  
b y  the  reaction of [ l - l lC]propyl  ketene to  the  hydroxyl  group of phorbol 
under  the non-carr ier  added condi t ions.  The precursor  protected i n  t h e  
20-hydroxyl group of phorbol  was acylated b [ 1- l l C  Ipropyl  ketene to the  
13-hydroxyl group producing phorbol 13- [ C lbutyrate  ( [ l1 C ]  P13Bu) . 
Total s y n t h e s i s  time was about  60 minutes and t h e  specif ic  ac t iv i ty  was 
greater  than 67 G B q / p o l  (1800 mCi/urnol). [ l l C ]  P13Bu w i l l  prove to be  
useful  ligand for PET s t u d i e s  due  to t h e  s imple procedures  requi red  for 
synthes is .  
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INTRODUCTION 

Y. Imahori et al. 

There is cur ren t ly  a great  in te res t  i n  protein kinase C1) which is 

associated with neuronal  func t ions .  The r o l e  of protein kinase C i n  cel l  

sur face  signal t ransduct ion through the  phosphat idyl  inosi tol  system has  

been ~ l a r i f i e d ’ ) ~ ) .  I t  h a s  a l so  been suggested that  protein kinase C has  a 

close connection with the  cent ra l  nervous sys tem,  that  i s ,  i t  h a s  been 

found to be concentrated i n  the  b r a i ~ ~ ~ ) ~ ) .  A s  h a s  a l ready  been es tab l i shed ,  

phorbol 12.13-dibutyrate (PDBu) is s u i t a b l e  for  the  ligand to  b ind  protein 

kinase C i n  i n  v i t r o  s t u d i e s  . 6 1 7 )  

This  s t u d y  was conducted to d e r i v e  a s y n t h e s i s  method of C-11 labeled 

phorbol e s t e r s ,  potent ia l ly  useful  posi t ron emitting radiol igands for  PET 

s tudies .  The label ing method descr ibed  for  the  s y n t h e s i s  of phorbol 13-[ 1- 

%] butyra te  ( [  l l C ]  P13Bu) depends on the  acylat ion by  a ketene compound 

which was produced by  the pyro ly t ic  decomposition of [ 1-l1C] b u t y r i c  a c i d ,  

of a hydroxyl  group of phorbol under  non-carr ier  added condi t ions.  The new 

labeling technique by using [ l - l l C ]  p ropyl  ketene proved to be effect ive to 

obtain acylated compounds such  a s  phorbol e s t e r s  with a high specif ic  

act ivi ty  

8 )  , 

MATERIALS AND METHODS 

Phorbol 20-methoxytrityl e t h e r  (PMTE) , phorbol  13-butyrate  (P13Bu).  

phorbol 12-butyrate  (P12Bu) and phorbol 12.13-dibutyrate  (PDBu),  were 

purchased from LC serv ices  Corporation (Woburn) ,  and n-propyl bromide, 

lithium and 4-dimethylaminopyridine (DMAP) were purchased from Wako Pure 

Chemical Indus t r ies  (Osaka) .  UV spec t ra  were measured i n  hexane i n  1 cm 

cel ls  i n  a spectrophotometer (Shimadzu model SPD-6AV) . Mass spec t ra  were 

measured for P13Bu by  SIMS (secondary ion MS; Hitachi M - 8 0 .  acceleration 

voltage SkV, xenon’. matrix with m-nitrobenzyl a lcohol)  mass spectrometer 

and for propyl  ketene by E I M S  (e lectron impact MS; Hitachi M - 8 0 .  d i rect  

in le t  system) mass spectrometer .  ‘H-NMR spec t ra  were measured by  NMR 
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spectrometer (JEOL GX-270). 

Synthesis  of phorbol 13-butyrate  employing propyl  ketene reaction 

Butyric  acid vapor  a t  room temperature  i n  a c a r r i e r  of helium gas (3.4 

nmol/ml) was introduced (flow ra te  of 100 ml/min) to a quar tz  glass  rea- 
" 

ction t u b e  containing quar tz  wool to fac i l i t a te  thermal exchange a t  530-C. 

The react ive product  i n  t h e  flow was bubbled in to  a glass reaction vessel 

containing a solution of phorbol 20-methoxytrityl ether (1 p mol) and DMAP 

( l p  mol) i n  0.5ml of d r y  p y r i d i n e  for  1 minute a t  room temperature .  The 

res idue  was dissolved i n  0 . 1  ml dichrolomethane a f te r  pyr id ine  was evapo- 

ra ted  under  reduced p r e s s u r e  a t  room temperature ,  followed by  a de t r i ty -  

la t ion with 3 m l  of 90% acet ic  acid for  15 minutes a t  60 C .  The reaction 

mixture  was analyzed by  HPLC (Zorbax SIL)  with eluent  of hexane / die thyl  

e t h e r  / isopropyl  alcohol (10 :2 :1 )  a t  a flow ra te  of 1 .8  ml/min. 'H-NMR and 

mass spec t ra  analyses  were performed to ident i fy  with t h e  s tandard  material 

of P13Bu. The acylation to phorbol was car r ied  out a t  severa l  temperatures  

i n  order  to determine t h e  optimal condi t ions of the  propyl  ketene react ion.  

0 

11 Preparation of [ 1- C] Butyr ic  acid ("Non-carrier added")  

Propyl  lithium was prepared by  the  reaction of propyl  bromide ( 3 . 3  mmol) 

with l i thium (14.4 mmol) i n  d r y  d ie thyl  e t h e r  (30 m l )  and the  reaction mix- 

t u r e  was s t i r r e d  for  30 minutes a t  room temperature .  The mixture was cen- 

trifuged af te r  the  termination of t h e  reaction and the  impuri t ies  were sub-  

s i d e d .  C-11 labeled carbon dioxide ("COZ) was produced by  a I4N(p.0, ) C 

reaction using a cyclotron (JSW Baby Cyclotron system located a t  Nishijin 

Hospital) and 11C02 gas was t rapped i n  a reaction vessel  immersed i n  i n  

l i q u i d  N 2 .  The superna tan t  (80 u 1 )  of propyl  l i thium solution was rap id ly  

injected i n  a mixture  of 11C02 and nitrogen c a r r i e r  gas .  A subsequent  

reaction of 11C02 with propyl  lithum occurred a f te r  taking the  reaction 

vessel  out of the  l i q u i d  N 2 .  Three minutes l a t e r  1 0 0 ~ 1  of water was added 

to decompose the  l i thium complex. After the  water i n  the  mixture  was 

evaporated under  reduced p r e s s u r e  i n  a 60 C b a t h ,  the  l i thium s a l t  of 

[ 1- C ]  bu tyr ic  acid (1) w a s  obtained.  

11 

0 

11 
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Fig. 1. Reaction scheme used in the synthesis 
of [I1 C) P 13 Bu. 

(In) OH 

( I 1 C3H7Br + 2Li-C3H7Li + LiBr 

c3 H7Li P C,H711COOH 
H+ (IT) “ 0 2  

PMTE 12) 

OH 

11 Synthesis  of phorbol 13-[ 1- C] bu tyra te  

The scheme for the  s y n t h e s i s  is shown i n  Fig.  1. 85% H3P04 ( 5 0 p  1) was 

added to the lithium s a l t .  After t h e  s a l t  d i sso lves  i n  t h e  a c i d ,  50 mg of 

P205 powder was added to  t h e  so lu t ion .  The reaction vessel  was connected to 

the quar tz  glass tube and the  [ l - l lC]butyr ic  acid vapor  was t ransfer red  by  

a helium gas flow from the  heated glass  vesse l  a t  160 C to the  heated 

quar tz  glass tube  at  530 C .  [ 1- C] p ropyl  ketene on c a r r i e r  helium gas 

(flow late  100 ml/min) was bubbled in to  a glass  reaction vessel  containing 

a solution of PMTE (2) (1 p m o l )  and DMAP (1 pmol) i n  0 .5  rnl of d r y  pyr i -  

d i n e .  When the reaction was complete. p y r i d i n e  w a s  evaporated.  followed by 

a de t r i ty la t ion  a s  descr ibed above. 

0 

0 11 
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A l l  phorbol e s t e r s  which were s tudied  were analysed by HPLC under  t h e  

same condi t ions a s  descr ibed i n  the  caption below Tab. 1. There were two 

main ingredien ts  i n  the  end products ,  whose retent ion times were 3.2 and 

7 . 3  minutes ,  respec t ive ly .  The retent ion time of 7.3 minutes was ident i f ied 

a s  being that  of s tandard  P13Bu. The retent ion time of 3.2 minutes supposed 

to be that  of t r i ty l ized  P13Bu (TrP13Bu). The de t r i ty l ized  product  was 

1 analized by 'H-NMR and SIMS. The 

value that  had been obtained with the  s tandard  material of P13Bu. Iden- 

t i f icat ion da ta :  'H-NMR ( C D C 1 3 ) .  6 (ppm)  1 . 3  ( - (CH)Z-) ;  2 .0  (-CHzCOO-); 2.5. 

3 .1 ,  4.0 and 5.6 (free hydroxyl  g r o u p s ) .  The mass spec t ra  data  by SIMS: 

m / e  417 (MH-H20)+; 435 (M+H)+; 457 (M+Na)+; 869 [2M+H)+. 

H-NMR data  gave good agreement with the  

Table 1. References of re tent ion times of 

phorbol e s t e r s  on HPLC analyses .  

Phorbol e s t e r s  Retention times (minutes )  

TrPDBu 1 . 8  

TrP13Bu 3.2 

PDBu* 4.3 

P13BuQ 7.3 

p M T E:.? * 11 .4  

P12Bu* 12.9 

HPLC condi t ions 

Column: Zorbax SIL (Dupont I n s t r u m e n t ) ,  4 . 6  m m  x 25 cm 

Mobile phase:  Hexane / Ether  / Isopropyl  alcohol (10:2:1)  

Flow ra te :  1 . 8  ml/min; Column temperature: 25 C 

Detector: UV wave length 240nm 

*Data taken from s tandard  mater ia ls  

**PMTE: Phorbol 20-methoxy t r i t y l  e t h e r  

0 
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Under the condi t ions of the  cold r u n  a s  descr ibed ,  the  reaction within 1 

minute produced one main product  20-methoxytrityl phorbol 13-butyrate 

(TrP13Bu).  The acylation to t h e  13-hydroxyl group was shown to be v e r y  

r a p i d .  One minor product ,  20-methoxytrityl phorbol 1 2  ,13-dibutyrate1 ac- 

counted for less than 1% of the  total p roducts .  However, the  reaction over 

3 minutes s ta r ted  to produce t h e  d i e s t e r  and  t h e  amount of the  minor pro- 

duct  increased with time. Accordingly to begin with,  the  propyl  ketene 

reaction produced a 13-monoester and t h e  d i e s t e r  was produced i n  the  next 

s t e p .  
11 Radiochemical yield of [ 1- C] b u t y r i c  acid calculated based on t rapped 

l1COZ was approximately 80%.  Shown i n  Fig.  2 is t h e  HPLC profi le  of the 

C-11 labeled propyl  ketene adduct  (3) of phorbol 20-methoxytrityl e t h e r  (2) 

7 
* 

- - 

i n  hot r u n s .  The yield of acylat ion with [ l-"C] p ropyl  ketene (1) to 

phorbol 20-methoxytrityl e t h e r  solut ion was approximately 16% of b u t y r i c  

a c i d .  Total synthes is  time was about 60min. Total radiochemical yield was 

3.20, based on 11C02 a t  EOB. Radiochemical p u r i t y  of f ina l  product  ( [ C] - 

P13Bu ( 4 ) )  - fractionated by  separa t ive  HPLC was grea te r  than 98%. The speci-  

fie act ivi ty  of ["C] P13Bu which was calculated from [ 11C]TrP13Bu on radio 

HPLC was greater  than 67 GBq/umol (1800mCi/pmol) a t  EOS. 

11 

Fig. 2. Radio HPLC of (11C)TrP13Bu and [11C)P13Bu 
Conditions described in Tab. 1. 
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This  is the  f i r s t  repor t  on the method of synthes is  of C-11 labeled 

phorbol e s t e r s  which should be  useful  positron emitting radiol igands for  

PET s t u d i e s .  The label ing method depends on t h e  use of [l- Clpropyl  ketene 

a s  a n  agent for  label ing l igands such  a s  phorbol e s t e r s .  [l- Clpropyl  

ketene was obtained by  pyro ly t ic  decomposition from t h e  b u t y r i c  ac id .  This  

method is appropriate  for  acylation of phorbol a s  i t  is an effect ive method 

with a high reac t iv i ty  to t h e  hydroxyl  groups.  In our  prel iminary s t u d y  

using R-%OCl a s  a n  acylat ing agent ,  which was prepared from R-'lCOOH with 

SOClz, the  res idua l  SOClz could not be removed completely, producing ill 

effects  on the  protected groups of phorbol ,  especial ly  i n  the  20-hydroxyl 

group.  With a Ketene method, which was chosen to resolve t h i s  problem, i t  

is easy  to obtain a pure  compound i n  an on l i n e  system. A s  shown i n  Fig. 3 

11 

11 

Fig. 3. Optimal thermal conditions for propyl 
ketene production. 

Temperature ("0 
* :  Yield is  expressed as the ratio of TrP13Bu 

to the total of TrP13Bu and PMTE 
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0 
the  optimal temperature  to  produce propyl  ketene was 530-550 C .  This  tem- 

perature  must be s t r i c t l y  maintained,  a s  propyl  ketene w i l l  not be produced 

at temperatures under  450 C .  I t  is c lear  tha t  the  reaction is dependent  

upon the temperature  i n  the  quar tz  reaction tube .  

0 

Generally ketene is a n  extremely unstable  compound. However, t h e  dimer 

formation of ketene will occur  when ketene is concentrated a t  room tem- 

pera ture .  Identification of the  propyl  ketene dimer was performed by EIMS 

(electron impact mass s p e c t r a ) .  A s  a r e s u l t  there  were severa l  peaks 

suggested to be propyl  ketene (m/e 71, M+H*; 140, 2 M + ' ) .  Ion M+H+ (m/e 71)  

is probably fragmental ion f rom t h e  ketene dimer.  Accordingly, i t  can be 

considered that PMTE was acylated by  propyl  ketene i n  t h i s  s y n t h e s i s .  

When t h e  reaction was processed i n  a non-car r ie r  added condi t ion,  the 

react ivi ty  of the  13-hydroxyl group of PMTE was shown to be c lear ly  higher  

than that  of the  12-hydroxyl group.  This  tendency was shown even though i n  

cold r u n s  with another  acylat ing agents when t h e  agent was highly d i lu ted .  

The only C - 1 1  adduct  that  i t  is possible  to obtain is [ l l C ]  TrP13Bu. Con- 

venient ly  enough,  t h i s  se lec t iv i ty  faci l i ta tes  the  preparat ion of mono- 

es te rs  to be used a s  l igands for  protein kinase C ,  that  is. P13Bu has a 

higher  aff ini ty  to  the  receptor  than P12Bu. based on analogy to s imilar  

compounds9). Due  to the  high reac t iv i ty  of t h e  20-hydroxyl group i t  is 

necessary to  provide protection against  t h e  agent employed. The 20-hydroxyl 

group can r e s i s t  acylation by ketene when using phorbol 20-methoxytrityl 

e ther  a s  a precursor .  The 4- and 9- hydroxyl  groups showed low react ivi ty  

and therefore ketene acylat ion did not occur  even without protect ion.  

The  specif ic  ac t iv i ty  obtained by  t h i s  method, determined by HPLC and UV 

detector ,  was shown to be v e r y  high and enough to perform ligand-receptor 

measurements i n  c l in ica l  appl ica t ions .  A 10 m C i  in ject ion of t h e  t racer  

would contain 5 .6  nmol of P13Bu. Assuming normal d i lu t ion  i n  human blood, 

the concentration of the  t racer  would be less than 1 . 5  nMol, which is about 

one f i f th  of the Kd value for PDBu"). Fur ther  basic  work is i n  progress  to 

character ize  P13Bu a s  a ligand for protein kinase C .  

In  t h i s  paper  we mentioned only the  preparat ion of ["C]P13Bu. [ ' l C ] -  
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P13Bu probably h a s  measurable a f f in i ty  a s  a ligand for  one or  more of the  

protein kinase C s u b t y p e s .  Due to  the  simple procedures  for  synthes is  of 

[11C]P13Bu. i t  w i l l  be  useful  l igands for  PET s t u d i e s .  A f u r t h e r  process ,  

i n  which the  12-hydroxyl group of ["C]TrP13Bu was acylated with cold 
1. 

propyl  ketene,  produced phorbol 12.13- [ l-"C]dibutyrate which is t h e  be t te r  

character ized ligand for  binding s t u d i e s  with protein kinase C ( Imahori ,  Y .  

e t  a l . ,  manuscript i n  prepara t ion) .  Many phorbol e s t e r s  which have biologi- 

cal  potencies have been reported The appl icat ion of t h i s  method of 

synthes is  enable  the  production of many o ther  C - 1 1  labeled phorbol e s t e r s .  
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