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SYNTHESIS OF [I IB-’H]PROSTACYCLIN 

Ian  A. B l a i r ,  Ch r i s topher  N. Hensby and John MacOermot 

Department o f  C l i n i c a l  Pharmacology, Royal Postgraduate Medical  School ,  

Oucane Road, London W12 OHS, England. 

SUMMARY 

The syn thes i s  o f  [ I I B -  3 H ] p r o s t a c y c l i n  and [ I I B -  3 H l 6 - 0 ~ 0 -  

p r o s t a g l a n d i n  F has been descr ibed.  The s t r a t e g y  

i nvo l ved  b o r o t r i t i d e  r e d u c t i o n  o f  p r o s t a g l a n d i n  02, 

f o l l o w e d  by c y c l i c  iodoether  fo rma t ion .  Adenylate cyc lase  

a c t i v a t i o n  i n  a neuronal  somat ic c e l l  h y b r i d  and 

GC-MS were used f o r  t h e  a n a l y s i s  o f  t he  t a r g e t  compounds. 

The ready a c i d  ca ta l ysed  k e t a l  f o rma t ion  o f  [ I I B -  H l 6 - 0 ~ 0 -  

p r o s t a g l a n d i n  F i s  noted. 

la 

3 

la 

Key words: GC-MS, t r i t i a t e d  p r o s t a c y c l i n ,  adeny la te  cyc lase,  neuronal 

h y b r i d  c e l l  l i n e .  

I NTROOUCT I ON 

P r o s t a c y c l i n  (1) i s  t he  most p o t e n t  n a t u r a l  i n h i b i t o r  o f  p l a t e l e t  aggrega- 

t i o n  ( I ) ,  and i t s  i n s t a b i l i t y  (2)  makes i t s  q u a n t i t a t i o n  a c h a l l e n g i n g  a n a l y t i c a l  

problem. A programme was i n i t i a t e d  f o r  s tudy ing  the  i n  v i v o  metabol ism o f  bo th  

p r o s t a c y c l  i n  (1) and i t s  s t a b l e  h y d r o l y s i s  p roduc t  6-0x0-prostaglandin Fla (?), 

and t o  develop q u a n t i t a t i v e  GC-MS assays f o r  t h e i r  me tabo l i t es .  A t r i t i u m  l a b e l  

was r e q u i r e d  t h e r e f o r e  a t  an access ib le ,  non-metabol ic s i t e  o f  t he  p r o s t a c y c l i n  

(1) molecule.  P ros tag land ins  r e a d i l y  undergo s ide -cha in  o x i d a t i o n  ( 3 )  d u r i n g  
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vivo metabolism, thus we sought to introduce the label into the cyclopentane 

ring. 
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Fig.1. 

There are two attractive positions for tritium labelling, namely 9f3 and 

118, and of these the 116 position was the site of choice for two reasons. 

Firstly, metabolism o f  prostacycl in (1) could conceivably proceed by oxidation 
at C-9, thus causing loss of any tritium label at this position, and secondly, 

borohydride reduction of prostaglandin D2 (5) proceeds almost exclusively 

(Fig.1) to give the natural Ila alcohol (see Experimental), prostaglandin F 

(6 ) .  
: 50 mixture of C-9 epimers which can only be separated by Lipidex chromatography 

(4). We envisaged utilising the method of Nicolaou (5)  for the cyclization of  

2a 

A similar reduction of prostaglandin E2 ( 9  ketone), however, produces a 50 

the [lla- 3 H]prostaglandin F (1) to [llB- 3 H]prostacyclin (2). 2a 
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3 We r e p o r t  t h e  syn thes i s  o f  [ I l g -  H ] p r o s t a c y c l i n  ( A ) ,  t he  t e s t  o f  i t s  

b i o l o g i c a l  a c t i v i t y ,  and i t s  h y d r o l y s i s  t o  [ I l B -  3 H]6-oxo-prostaglandin F ( 4 ) ,  la - 

which was analysed by GC-MS. 

The Upjohn group (6) (personal  communication, unpubl ished r e s u l t s )  have 

3 independent ly  completed t h e  syn thes i s  of  [ I  16- H ]p ros tacyc l  i n .  The syn thes i s  o f  

3 [9B- H]p ros tacyc l  i n  has appeared r e c e n t l y  (7) .  

EXPERIMENTAL 

M a t e r i a l s  and Methods 

P ros tag land ins  D2, F2a and 6-0x0-F were k i n d  g i f t s  o f  D r  J P ike,  Upjohn la 

Co.; p r o s t a c y c l i n  was a g i f t  o f  D r  S Moncada, Wellcome Research Labora to r ies .  

Sodium [ H lbo rohydr ide  was purchased f rom The Radiochemical Centre,  Amersham. 

T h i n  l a y e r  chromatography ( t .1 .c . )  was c a r r i e d  o u t  on pre-coated Merck 0.25 mm 

s i l i c a  ge l  60 F254, 20 x 20 cm and 5 x 20 cm p l a t e s .  

3 

Radiochromatographic 

ned on 

em (3% 

scanning was c a r r i e d  o u t  on a Packard Model 7201. Mass spec t ra  were ob ta  

a F i n n i g a n  4000 automated gas chromatograph-mass spectrometer (GC-MS) sys 

O V - l  column 2 m x 2 mm ( i n t e r n a l  d iamete r ) ,  255O) working a t  25 eV. 

The NCB-90 mouse neuroblastoma x b r a i n  o f  f o e t a l  Chinese hamster h y b r i d  (8 )  

was c u l t u r e d  and prepared f o r  assay o f  adeny la te  cyc lase  a c t i v i t y  as descr ibed 

p r e v i o u s l y  (9 ) .  C e l l  homogenates were assayed f o r  adenylate cyc lase  a c t i v i t y  

[ATP: pyrophosphate- lyase ( c y c l i z i n g ) ;  E C  4.6.1.11 by a m o d i f i c a t i o n  (10) o f  

method C o f  Salomon e t  a l .  ( I I ) ,  except  t h a t  i ncuba t ions  o f  9 min were performed 

a t  30' and pH 8.5 t o  m in im ise  t h e  spontaneous h y d r o l y s i s  of p r o s t a c y c l i n  t o  6 -  

0x0-p ros tag land in  Fla. P r o t e i n  was determined by a m o d i f i c a t i o n  o f  t he  method 

o f  Lowry g. ( 1 2 ) .  

[ I I B -  3 HIPros tag land in  F (7) 
2a - 

Pros tag land in  D2 (5) ( 5  mg, 15 l.mol) i n  e thanol  ( I  ml )  was t r e a t e d  w i t h  
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3 sodium [ H lbo rohydr ide  ( 2 5  m C i ,  550 mCi/mmol) a t  -20' f o r  15 min then a l lowed t o  

warm t o  room temperature over  20 min. 

added t o  complete the  r e a c t i o n  and excess 2N HCI  added dropwise u n t i l  gas 

e v o l u t i o n  ceased. The r e a c t i o n  m i x t u r e  was d i l u t e d  t o  50 m l  w i t h  water ,  the pH 

ad jus ted  t o  3, and e x t r a c t e d  w i t h  r e d i s t i l l e d  e t h y l  a c e t a t e  (3 x 50 m l ) .  The 

o r g a n i c  e x t r a c t s  were evaporated t o  dryness i n  vacuo a t  40' and t h e  res idue  

des iccated under vacuum (30 m in ) .  The crude f r e e  a c i d  was d i s s o l v e d  i n  methanol 

( I  ml) and conver ted t o  i t s  methy l  e s t e r  w i t h  e the rea l  diazomethane. P u r i f i c a t i o n  

was c a r r i e d  o u t  by chromatography on L i p i d e x  5000, e l u t i n g  w i t h  heptane : c h l o r o -  

3 form 80 : 20 v/v ( 4 ) ,  t o  g i v e  pu re  [ I I B -  H]p ros tag land in  FZa (7) (3 m C i )  as i t s  

methyl  e s t e r .  I t  has been shown (13) t h a t  t h e  methy l  e s t e r s  o f  I l a -  and 116-H- 

p r o s t a g l a n d i n  F2a a r e  separated under these c o n d i t i o n s .  

responded t o  a u t h e n t i c  116-H-prostaglandin F methy l  e s t e r .  

Sodium bo rohydr ide  ( 5  mg, 0.1 mmol) was 

The major  peak c o r -  

2a 

[I 1 ~ - 3 H ] P r o s t a c y c l  i n  (2) 

Pros tag land in  F2a (6) methy l  e s t e r  (30 mg, 84 p o l )  was d i s s o l v e d  i n  

3 dichloromethane ( 2  ml )  and d i l u t e d  w i t h  [IIB- H l p r o s t a g l a n d i n  F2a (7) methyl  

e s t e r  (600 p C i ) .  

potassium carbonate ( 2 8  mg, 0.16 mmol) and s t i r r e d  w h i l e  a s o l u t i o n  o f  i o d i n e  

( 2 8  mg, 0.1 mmol) i n  d ich loromethane ( 0 . 2 5  ml) was added. The r e a c t i o n  m i x t u r e  

3 was s t i r r e d  f o r  24 h a t  O o ,  f i l t e r e d  and evaporated t o  g i v e  the  crude [IIB- H I -  

iodo e t h e r  which was p u r i f i e d  ch romatog raph ica l l y  on two 20 x 20 cm, 0.25  mm 

s i l i c a  60 F 2 5 4  p l a t e s ,  develop ing w i t h  methanol : e t h e r  ( I  : 9 ) .  The p u r i f i e d  

m a t e r i a l  was taken up i n  e thano l  ( I  m l )  and a s o l u t i o n  o f  sodium e thox ide  i n  

ethanol  ( 0 . 2  m l ,  0.5 9/10 m l )  was added. The dehydrohalogenat ion was completed 

by hea t ing  t o  7 5 O  f o r  1 h. 

temperature,  s a p o n i f i e d  by adding water  (0 .2  m l )  and l e f t  t o  stand o v e r n i g h t .  

The 1116- H l p r o s t a c y c l i n  (2) was ob ta ined  as i t s  sodium s a l t  (21 mg, 382 p c i ,  7 

mCi/mmol) and s t o r e d  i n  water  : ethanol  ( 1  : 9) a t  -70°. 

The s o l u t i o n  was cooled t o  - loo ,  then t r e a t e d  w i t h  anhydrous 

The r e a c t i o n  m i x t u r e  was then cooled t o  room 

3 
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[I 1B-3H]6-oxo-Prostaglandin Fla (4) 

The [11~-3H]p ros tacyc1 in  (2) sodium s a l t  (2  mg, 40 VCi) i n  water  ( 2  ml) was 

a c i d i f i e d  w i t h  0.2 N H C I  t o  pH 3 u s i n g  a pH meter .  

immediate ly  e x t r a c t e d  w i t h  e t h y l  a c e t a t e  ( 2  x 10 m l ) ,  d r i e d ,  f i l t e r e d  and 

evaporated t o  g i v e  t h e  [ l I B -  H]6-oxo-prostaglandin Fla (i) (38 VCI).  The 

t . 1 . c .  i n d i c a t e d  a s i n g l e  compound, which corresponded t o  a u t h e n t i c  6-0x0- 

p r o s t a g l a n d i n  Fla (2) b o t h  by v a n i l l  in/HgS04 spray and radiochromatogram scanning. 

The aqueous s o l u t i o n  was 

3 

RESULTS AND DISCUSSION 

3 P r o s t a g l a n d i n  D 2  (5) was reduced smoothly w i t h  sodium [ Hlborohydr ide,  and 

3 t h e  [11B- H]p ros tag land in  F2a (2) separated as i t s  methy l  e s t e r  f rom ino rgan ic  

and o r g a n i c  by-products by chromatography on L i p i d e x  5000. D i l u t i o n  o f  t h i s  

p roduc t  w i t h  u n l a b e l l e d  c o l d  p r o s t a g l a n d i n  F2a was f o l l o w e d  by iodoether  form- 

a t i o n ,  dehydrohalogenat ion and s a p o n i f i c a t i o n  us ing  the  method o f  N ico laou  (5 )  

t o  g i v e  [11B- H ] p r o s t a c y c l i n  (2) as i t s  sodium s a l t .  I n  o rde r  t o  t e s t  t he  

p u r i t y  o f  t h i s  p roduc t  a p o r t i o n  was hydro lysed a t  pH 3, e x t r a c t e d  i n t o  e t h y l  

a c e t a t e  and r u n  o n  t.1.c. 

3 

Fig.2.  T o t a l  i o n  c u r r e n t  and mass spectrum showing the  major  peaks o f  t h e  d i -  

TMS e the r ,  methy l  e s t e r  o f  [ I  1B-3H]6-methoxy-prostaglandin 1 

i n t e n s i t y  and i o n  c u r r e n t  have been m u l t i p l i e d  by a f a c t o r  o f  16 f o r  nJr > 360. 

The sca les  o f  
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The radiochromatogram i n d i c a t e d  t h a t  a s i n g l e  compound had been formed. 

T h i s  band was e l u t e d  w i t h  methanol and d e r i v a t i s e d  (methoxyamine hyd roch lo r i de ,  

d iazomethane, N,O-bi s (  t r  imethy l  s i  1 y l  ) - t r  i f  luoroacetamide [BSTFA]) for a n a l y s i s  

by GC-MS. The recons t ruc ted  t o t a l  i o n  c u r r e n t  i n d i c a t e d  t h a t  a s i n g l e  compound 

had been formed (F ig.Z) ,  however t h e  mass spectrum was n o t  c o n s i s t e n t  w i t h  t h a t  

o f  t he  expected d e r i v a t i v e  o f  6-0x0-prostaglandin F (10) .  A c l o s e  i n s p e c t i o n  

o f  t h e  da ta  a l lowed assignment o f  t h e  s t r u c t u r e  as t h e  d i - t r i m e t h y l s i l y l  ( d i -  

TMS) e the r ,  methy l  e s t e r  o f  6-methoxy-prostaglandin 1 (2). The mass spectrum 

(Fig.2) showed an i o n  a t  m/z 510 which i s  c o n s i s t e n t  w i t h  the  loss o f  methanol 

f rom a mo lecu la r  i o n  a t  rrJ5 542. 

r e a d i l y  assigned: m/z 439 M-(MeOH + C H ) ,  "/z 423 M-(MeOH + CH2CH2COOMe), c/& 
420 M-(MeOH + TMSOH), m/f 389 M-(MeOH + Me0 + TMSOH), "/z 330 M-(MeOH + TMSOH + 

l a  - 

The ions  a t  t h e  upper mass range cou ld  be 

5 1 1  

TMSOH) . 

A p l a u s i b l e  mechanism fo r  t h e  f o r m a t i o n  of t h e  k e t a l  (i) i nvo l ves  an a c i d  

ca ta l ysed  r e a c t i o n  o f  methanol a t  t h e  ketone f u n c t i o n  o f  6-0x0-prostaglandin Fla 

(4). 
displacement o f  water ,  would p r o v i d e  t h e  observed p roduc t .  

p r o s t a c y c l i n  (1) i n  t he  same way, r e s u l t e d  i n  the  f o r m a t i o n  o f  an i d e n t i c a l  

p roduc t .  

i n  the r e a c t i o n  o f  diazomethane w i t h  6-0x0-prostaglandin F 

Subsequent i n t r a m o l e c u l a r  c y c l i z a t i o n  f rom t h e  9a-hydroxyl  group, w i t h  

Treatment of a u t h e n t i c  

T h i s  k e t a l  (g) was o r i g i n a l l y  observed by Sih (14) as i t s  methyl  e s t e r  

(3 ) .  la - 

The h y d r o l y s i s  p roduc t  for t.1.c. was d e r i v a t i s e d  (methoxyamine hydro- 

c h l o r i d e ,  diazomethane, BSTFA), r a t h e r  than s u b j e c t i n g  i t  t o  chromatography. 

GC-MS a n a l y s i s  i n d i c a t e d  t h a t  a d i f f e r e n t  compound w i t h  a l onger  r e t e n t i o n  t ime 

(9.2 min) had been formed (F ig.3) .  The mass spectrum was c o n s i s t e n t  w i t h  t h a t  

o f  the methoxime, tri-TMS e the r ,  methy l  e s t e r  o f  6-0x0-prostaglandin F (lo). la  

The molecular  i o n  appeared a t  m/r 629, and the  o t h e r  major  i ons  i n  t h e  
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spectrum could be assigned as fragments from the molecular ion:  

- m / t  598 M-OMe, z/t 558 M-C5Hl 

C H 1, m/z 449 M-(TMSOH 

(C5Hll + TMSOH + TMSOH). 

and an i d e n t i c a l  product was formed. 

m/z 614 M-Me, 

m/z 508 M-(OMe + TMSOH) , nJz468 M-(TMSOH + 

+ TMSOH) , m/z 418 M-(TMSOH + TMSOH + OMe) , m/z 378 M- 

Authent ic  p r o s t a c y c l i n  (1) was t rea ted  i n  the same way 

5 1 1  

100 

100 

100 1 

550 650 

___r_r 
50 100 

Scans 

Fig.3. Tota l  i on  cu r ren t  and a mass spectrum showing the major peaks o f  the 

tri-TMS ether ,  methoxime, methyl es te r  o f  [I 16- 3 H]6-oxo-prostaglandin F l a .  The 

scales o f  i n t e n s i t y  and i o n  cu r ren t  have been m u l t i p l i e d  by a f a c t o r  o f  8 f o r  

m/z > 320. - -  
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Fig.4.  

A l though a c i d  ca ta l ysed  k e t a l  f o rma t ion  i s  a v e r y  f a c i l e  process, the GC-MS 

3 t r aces  i n d i c a t e d  t h a t  h y d r o l y s i s  o f  [11B- H]prostacyc l  i n  (2) produced e s s e n t i a l l y  

pure [ I I B -  H]6-oxo-prostaglandin F ( 4 ) .  Having e s t a b l i s h e d  the  chemical la - 
p u r i t y  o f  l a b e l l e d  p r o s t a c y c l i n ,  t h e  b i o l o g i c a l  a c t i v i t y  was assessed. The 

[ l l g -  H ] p r o s t a c y c l i n  (2) was compared w i t h  a u t h e n t i c  p r o s t a c y c l i n  (1) and i t s  

h y d r o l y s i s  p roduc t  6-0x0-prostaglandin F (4 )  for a c t i v a t i o n  o f  adeny la te  

cyc lase  i n  a neuronal  somat ic c e l l  h y b r i d .  The shapes and p o s i t i o n s  o f  

t h e  curves (Fig.5) f o r  s y n t h e t i c  and a u t h e n t i c  p r o s t a c y c l  i n s  were almost i d e n t i c a l .  An 

Eadie-Hofstee p l o t  gave a Kact 

3 f o r  [ I  15- H]prostacyc l  i n  (Kact 

maximum a c t i v a t i o n ) .  

3 

3 

la - 

= 28 nM f o r  a u t h e n t i c  p r o s t a c y c l i n  and Kact 

= c o n c e n t r a t i o n  o f  p ros tag land in ,  producing h a l f -  

= 36 nM 
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Fig.5. Prostacyclin-dependent a c t i v a t i o n  o f  adenylate cyc lase i n  a homogenate 

o f  NCB-20 h y b r i d  c e l l s .  Resul ts  show the means (+ SEM) o f  t r i p l i c a t e  determin- 

a t i o n s  o f  adenylate cyc lase a c t i v i t y  i n  the presence o f  increas ing concentra- 

t i o n s  o f  au then t i c  prostacyc l  i n  ( 0 ) ,  

g land in  Fla (A). 

3 [I 18- H]prostacycl i n  (0) and 6-0x0-prosta- 

The synthes is  o f  [ 3 H ]p ros tacyc l i n  and [ 3 H]6-oxo-prostaglandin F l a ,  w i t h  the 

l abe l  i n  the 116 p o s i t i o n  prov ides chemical ly  pure compounds of’known b i o l o g i c a l  

a c t i v i t y .  We look forward t o  u t i l i s i n g  these ma te r ia l s  i n  metabol ic  s tud ies.  
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