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S w a r y  
The paper describes the synthesis of [5,6- 3 H2]PGEI, 

1 5-f luoro-l5-deoxy-f5, 6-3H&GEland 1 1 -deoxy-[5,6,10, 1 I -3H$GE, 

through selective hydrogenation in the presence of heteroge- 

neous and homogeneous catalysts. With heterogeneous catalysts, 

the yield of labelled compounds was 35%. If bulk substituents 

were introduced and (Ph P )  RhCl was used as the catalyst, the 

yield of labelled prostaglandins was increased t o  70%. 
3 3  

KEY WORDS: Selective hydrogenation, tritium-labelling 

of prostaglandins and their drivatives. 

INTRODUCTION 

Introducing the tritium label directly into natural and 

modified prostaglandins is an effective way to obtain radio- 

actively labelled derivatives of biologically active compounds. 

While natural prostaglandins with a high molar radioactivity 

can be synthesized by enzymic methods from tritium-labelled 

polyenic fatty acids, modified prostaglandins can be obtained 

either by isotopic exchange or by selective hydrogenation or 

by selective dehalogenation or by synthesis from labelled 

synthons. 
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The interest in labelling not only natural but also modi- 

fied prostaglandins - fluoro-deoxy-prostaglandins (FPG), deoxy- 
-prostaglandins, etc., is associated with their specific 
biological and pharmacological properties (1) . 

Procedures have been described for obtaining such compounds 

through isotopic exchange reactions. By this means tritium was 

introduced into methyl esters of 15-fluoro-15-deoxy-prostaglan- 

dins A2, E2 and F2J2) ,  i n t o  PGE2, PGFld and PGF222-4), into 

methyl esters of PGF2d ( 2 ) .  The yields were in the range 25-75%, 

and the molar radioactivity of the labelled compounds reached 

0.1 TBq/mmol. 

F o r  modified prostaglandins with a halogenated phenyl 

core one can obtain labelled compounds with a high molar radio- 

activity through selective dehal~genation(~). Upon the dehalo- 

genation of bromophenacyl esters of 15-f luoro-15-deoxy PGF2&, 

Il,l5-dideoxy -15-fluoro-PGE2 labelled prostaglandins were 

synthesized with a yield of 15-25% and a molar activity of 

0.22-0.26 TBq/mol .  

Another option for the synthesis of labelled prostaglan- 

dins modified at the carboxyl group is the condensation of the 

original compounds with labelled reagents. Thus, L3H lvaline 

with a molar radioactivity of 2 TBq/mmolwas used to obtain 

PGF2dvaline amide by the mixed anhydride method with a 90% 
yield (6) 

The most simple and widely used way of obtaining multiply 

labelled prostaglandins of the first series is selective hydro- 

genation of the C5=C6 bond by 

the catalyst, [5,6-3H2]PGE1 was synthesized with a molar acti- 

vity of 1.8 TBq/mmol, but the yield of the desired product did 

not exceed 6%. Hence the search for new, improved methods is 

necessary. This paper deals with the processes that occur when 

tritium is introduced into prostaglandins in the presence of 

heterogeneous catalysts. 

Using 5% Pd/C as 
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MATERIALS AND METHODS 
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Catalysts: I - 5%Pd/BaS04, 10% Pd/C, 5% Rh/C, 5% Pt/C, 

I1 - Lindlar catalyst (FLUKA,Switzerland), I11 - 5% Ni/CaCOj, 
5% Cu/CaCOg, LaNi Cu; Solvents (reagend grade) and prostaglan- 

dins were commercial preparations. Butyl dimethyl silyl ethers 

of PGE2 15-fluoro-15-deoxy-PGE2 (2xBDMS 15FPGE2) and PGA2, 

were synthesized by V.V.Bezuglov at the Shemyakin Institute 

of Bioorganic Chemistry, USSR Academy of Sciences. The 5% 
Pd/BaS04 catalysts (Produced USSR (a), PRG (b), Switzerland (c)) 

were deactivated by lead diacetate according to the method of 

Lindlar"), and solvents were purified by standard procedures. 

Mass spectra were obtained on the CH-5 mass spectrometer 

(Varian, USA) with the sample directly introduced into the 

ion source at the ionization chamber temperature of 25OoC, 

ionizing voltage 70 eV, evaporation temperature 70-1 OOOC. 

4 

spectra were registered on the WM-500 BRUKER spectrometer 

in deuterochloroform, Reaction mixture were analysed with a 

NILICHROM chromatograph (USSR)  equipped with a 2x60mm calm, 

stationary phase: NUCLEOSIL 5 C18, eluent: acetonitrile-water 
(55:45); capacity factor for bromophenacyl esters of PGE2, 

PGEl and PGEo was 7.0; 8.4; 9.6 respectively; detection at 

260 m. The preparative separation of the reaction mixture 

was performed on a GILSON liquid chromatograph (Gilson, France) 

equipped with a 4.6~250 nun column, stationary phase - Servachrorn 
Octadecyl Si-100, lop; eluent: acetonitrile-water-acetic acid 

(33:67:0.1), 1 ml/min, detection at 210 nm. Capacity factors: 

6.26, 7.13, 8.33 for PGE2, PGE, and PGE, free acids, respec- 

tively. Methyl esters of PGE,, 5,6-trans PGE2 and 13,14-di- 

hydro-PGE2 were separated in acetonitrile-water (40:60), 

capacity factors of 7.55 , 6.49 and 7.05 respectively. Prep- 

rative thin-layer chromatography (TLC) was performed on Plates 

with a layer of silica gel (Kieselgel-G) with 10% gypsm 
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(MERCK, FRG) impregnated with a 12% solution of silver nitrate. 

Analytical TLC was performed on Silufol plates (Kavalier, C S S R )  

impregnated immediately before use by a single passage of 12% 

silver nitrate solution followed by warm-air drying for 5 min. 

The reaction with diluted tritium (hydrogen-tritium mixture, 

1000:1), hydrogen and deuterium was carried out by the method 

described elsewhere . 
Synthesis of Bromophenacyl Esters of Prostaglandins (BPEPG). 

(10) 

To 5-50 yg of tested mixture evaporated to dryness was 
I 

added a fourfold excess of p-bromo phenacyl bromide (0.5% so- 

lution in acetone) and a twofold molar excess of triethylamine 

(0.5% solution in acetone). The reaction mixture was kept 

f o r  2-3 h at room temperature. The yield of p-bromophenacyl 

esters was 85-90%. 

Synthesis of 15, 6-3H7]PGE, from PGE?. 

5 mg of PGE2 15 mg of Lindlar catalyst and 1 ml of ethyl 

acetate were placed in a reaction ampoule. The mixture was 

frozen by liquid nitrogen, evacuated to a residual pressure 

of I~lO-~Torr and filled with gaseous tritium to 400 hPa. The 

contents of ampoule were thawed out, and the reaction mixture 

was stirred for 40 min at room temperature. 

Then the ampoule was again frozen by liquid nitrogen, and 

excessive tritium was removed. Labile tritium was removed by 

triple evaporation (at lowered pressure) of the reaction so- 

lution with 5 ml of methanol. After purification by HPLC and 

TLC - AgNO (chloroform-methanol-acetic acid-water, 95:7.5:1.0: 3 
0.61, [5,6-’H2]PGEl was obtained with a yield of 32%, a molar 

radieactivity of 1.8 TBq/mmol and a sadiochemical purity of 

95-377. 

Synthesis of b,  6-3H2]PGE, from 3BDRE PGE2. - 
5 mg of 3xBDUIS PGE2 and a solution of 5 mg of (Ph3P)3RhC1 

in 0.3 ml of dioxane were placed in a reaction ampoule, frozen, 
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evacuated and filled with tritium up to a pressure of 333 hPa. 

The contents of ampoule were thawed out and the reaction mix- 

ture was stirred for 6hat room temperature. Excess and labile 

tritium was then removed as described above. The labelled com- 

pound was purified by TLC (hexane-ether, 3 : l  Rf 3BDMS PGE, 

0.58). The butyl dimethyl silyl protecting group was removed 

through treatment of 4 mg of the substance dissolved in 1.5 ml 

of tetrahydrofuran with 0.5 ml of 50%(as)HF, stirring for 2 h 

at room temperature. Then the solution was diluted with 10 ml 

of chloroform and washed with saturated aqueous NaHCO 

( 1 5  ml x 2), water (5 ml x 3 ) ,  dried by Na2S04 and evaporated, 

The viscous residue dissolved in chloroform was placed on 

a column filled with 2.5 g of silica gel L (Lachema, CSSR) and 

the column w a s  eluted successively with chloroform (40 m l )  and 

a chloroform-methanol mixture, 95:5 (20 m l ) ,  9O:lO (40 ml), 

3 

taking 2 ml fractions. The fractions containing [5,6-3H2]PGE, 

(TLC-AgN03 test, see above) were combined, evaporated and dis- 

solved in 70% aqueous methanol. The labelled prostanoid was 

obtained with a 

TBq/mmol and radiochemical purity 95-9776. 

Synthesis of 

yield of 60-70%, molar radioactivity 1.8-2.0 

15-f luoro-l5-deoxy-[5, 6-3H2 JPGE~. 

The labelled compound was synthesized from 2xBDMS 15FPGE2 

by the procedure described above with a yield of 50-70%, molar 

radioactivity 0.9-1.1 TBq/mmol and radioohemical purity 95-97% 
(11 1 ) .  (for details of analysis and purification see reference 

Synthesis of 1 1 -d eoxy [ 5,6,10,11, -3H4 ]PGEl . 
The labelled compound was synthesized from 2xBDMS PGA2 by 

the procedure described above with a yield of 40-45%, molar 

radioactivity 2.6-3.0 TBq/mmol and radiochemical purity 95-9776 

( f o r  details of analysis and purification see reference . (1 2 I) 
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RESULTS AND DISCUSSION 

The p o s s i b l e  r e a c t i o n s  involved  i n  t h e  hydrogenat ion of 

PGE2 (wi th  no al lowance f o r  c i s - t r a n s  i somer i za t ion  o r  double- 

-bond mig ra t ion )  are i l l u s t r a t e d  i n  t h e  fo l lowing  diagram: 

PGE2 PGE, 

% 13 , 1 4-dihydro-PGE2 

The e f f e c t  of t h e  choice  of c a t a l y s t  upon t h e  s e l e c t i v i t y  

of r educ t ion  of t h e  5.6-double bond i n  PGE2 w a s  examined us ing  

a c t i v e  hydrogenat ion c a t a l y s t s  ( I ) ,  L i n d l a r  c a t a l y s t s  A-D ( I I ) ,  

and copper-and nickel-based c a t a l y s t s  (111). The r e a c t i o n  w a s  

c a r r i e d  ou t  f o r  3-180 rnin i n  dioxane. The c a t a l y s t s  of group I 

were found t o  cause  a f a s t e r  hydrogenat ion of PGE2: a l r e a d y  

a f t e r  3 m i n  t h e r e  was found 12% PGE2 i n  t h e  r e a c t i o n  mixture  

i n  t h e  presence  of 10% Pd/C o r  5% Pt/c', and only  4% PGE2 i n  

the  presence o f  5% Rh/C. The hydrogenat ion w a s  somewhat s lower 

i n  t h e  presence of 5% Pd/BaS04 (F igu re  I ) ,  bu t  i n  t h i s  ca se  

the  r educ t ion  of PGE2 t o  PGE, was no t  s e l e c t i v e .  

I n  t h e  presence  of t h e  c a t a l y s t s  of group 111 no hydro- 

gena t ion  of PGE2 w a s  observed. The most i n t e r e s t i n g  r e s u l t s  

were obta ined  f o r  L i n d l a r  c a t a l y s t s  (Table  1). I n  t h i s  expe- 

r iment  a mixture  of PGE2 and [5,6,8,11,14,15- 3 H7]PGE2 

(37bBq p e r  10 m g  of p ros t ag land in )  w a s  used as a model compound, 

and hydrogenat ion w a s  performed under  hydrogen. 

The l a r g e s t  y i e l d  of PGEl (Tables  1,2) was obta ined  wi th  

c a t a l y s t  D and wi th  e t h y l  a c e t a t e  used as so lven t .  The use of 

o t h e r  s o l v e n t s  (ace tone ,  benzene, dioxane,  chloroform, metha- 

n o l )  l e d  t o  a reduced y i e l d  of PGEl(Table 2 ) .  



[ ' H ]  Prostaglandins 1249 

FIGURE 1. Products  o f  PGE2 reduct ion:  - c a t a l y s t  5% Pd/BaS04, 

so lven t  dioxane; --- cat.D, so lve  e t h y l  a c e t a t e ;  

0 and 0 - PGE2; A and A - PGE, ; D and m - PGE, 

TABLE 1. Propor t ion  (%) of r e a c t i o n  products  upon s e l e c t i v e  

hydrogenation of PGE2 ( so lven t :  e t h y l  a c e t a t e ,  hydrogen 

p res su re  400 hPa, r e a c t i o n  time 30 min, a n a l y s i s  by TLC-AgN03) 

using d i f f e r e n t  L i n d l a r  c a t a l y s t s .  

C a t a l y s t  Compound t 1 
A I B t C i D* 

PGE2 50 62 92 22 

PGE, 1 7  5 3 11 

PGE, 39 33 5 67 

*D - Lind la r  c a t a l y s t  (FLUKA) 
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TABLE 2. Propor t ion  o f  r e a c t i o n  p roduc t s  upon s e l e c t i v e  

hydrogenat ion of PGE2 i n  d i f f e r e n t  s o l v e n t s  ( c a t a l y s t  D,  

hydrogen p r e s s u r e  400 hPa, r e a c t i o n  t ime 30 min, a n a l y s i s  

by TLC-AgN03 ) . 
Solven t  Compound 

E thy l  Acetone Benzene Dioxane Chloro Methanol 
a c e t a t e  f o m  

PGE2 28 43 45 74 67 19 

PGEl 52 48 43 24 23 17 

PGE, 20 9 8 2 10 64 

Kine t i c  s t u d i e s  were performed i n  e t h y l  a c e t a t e  in the 

presence  of c a t a l y s t  D and i n  dioxane i n  t h e  presence  of 5% 

Pd/BaS04 (F igu re  1 ) .  The h ighes t  y i e l d  of products  c a r r y i n g  

one reduced double bond w a s  observed a f t e r  30-40 min w i t h  

c a t a l y s t  D,  and a f t e r  20 min w i t h  5% Pd/BaS04. A s tudy  of t he  

c o r r e l a t i o n  between t h e  p r o s t a g l a n d i n / c a t a l y s t  r a t i o  and the  

PGE, y i e l d  showed the  b e s t  r e s u l t s  were achieved w i t h  a r a t i o  

of 1:3. 

React ion mixtures  were s e p a r a t e d  by HPLC (F igure  2a ) .  

For a more d e t a i l e d  s tudy  of f r a c t i o n  composition, t h e  pros ta -  

g landins  were methylated by diazomethane and re-analysed by 

HPLC (F igure  2b). 

The products  reduced by deuter ium under s i m i l a r  cond i t ions  

were analysed by mass spec t romet ry  (I3) and NMR(14). The r e su l -  

t i n g  compounds had c h a r a c t e r i s t i c  peaks i n  t h e i r  mass s p e c t r a  

due t o  t h e  s e p a r a t i o n  of H20, C5H11, OCH3, CH30H fragments  

i n  a vary ing  sequence. From t h e  NMR s p e c t r a  w a s  drawn conclus ions  

about t h e  presence  of double  bonds i n  t h e  p r o s t a g l a n d i n  mole- 

c u l e s  and t h e i r  c o n f i g u r a t i o n  (-C13H=C14H-, -C H-C H - ) a  5 - 6  
A s  t he  s tudy  demonstsated t h e  areduction of  PGE2 produced 

a mixture  o f  p roduc t s  ( f r a c t i o n s  I-VI, Figure  2a). The f irst  
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FIGURE 2. PGE2 reduction products (ethyl acetate, 

Lindlar catalyst, catalyst/substance ratio 3 :  1): a - analysed 
in the form of free acids ( G I L S O N  Chromatograph), b - analysed 
in the form of methyl esters? fraction I1 (MILICHROM Chroma- 
t ograph) . 
fraction contained the original PGE2, the second one contained 

the trans isomers PGE2 (I1 * ) , 13,l 4-dihydro-PGE2 ( 11" ) and 

PGE1 (IIt*l), the fourth-PGE,, the sixth-13,14-dihydro-l5-keto- 

-PGE2 and 15-keto-PGEo, while fractions 3 and 5 contained 

non-prostaglandin low-molecular compounds. 

The kinetic data were mathematically processed according 

to the above diagram, using first-order equations to describe 

each step. The rate constants of the 5,6-double bond hydro- 

genation were assumed to equal kl for both PGE2 and 13,14- 

-dihydro-PGE2. Likewise, for both PGE2 and PGEl the rate con- 

stants of 13,14-double bond hydrogenation were assumed to 

equal k2. Obviously, the yield of naturally structured PGE1 

depends on the k, /k2 ration. 

The use of active catalysts of group I did not appreciably 

change the rate constants kl and k2, resulting in low yields 

of the desired PGE1. F o r  instance, with 5% PdiBaSOq (Figure 1) 
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we obta ined  k,  = 0.1420.02 rnin‘l and k2 = 0.15+0.03 min-I.  

I n  t h i s  ca se  t h e  maximum y i e l d  of t h e  d e s i r e d  product  (PGE1) 

was only 18-19%, almost  equal  t o  t h a t  of i somer ic  by-product, 

13,14-dihydro-PGE2. 

The r educ t ion  of  t he  5 , 6 4 0 u b l e  bond i n  PGE2 w a s  more 

s e l e c t i v e  on L i n d l a r  c a t a l y s t s .  Under optimum c o n d i t i o n s  

(F igu re  1 )  t h e  va lues  of kl and k2  were 0.06+0.01 min” and 

0.03i0.006 min” r e spec t ive ly .  The y i e l d  of PGEt a t  t h e  kine- 

t i c  curve  maximum w a s  35% i n  comparison w i t h  14% f o r  13$14 dihyd- 

ro-PGE2, i n  good agreement w i t h  t h e  t h e o r e t i c a l l y  expected r e -  

s u l t s  (38% and 15% r e s p e c t i v e l y ) .  It i s  i n t e r e s t i n g  t h a t  t h e  

hydrogenat ion r a t e  decreased w i t h  t h e  use of d i f f e r e n t  hydro- 

gen i s o t o p e s  in t h e  protium-deuteriwn-tritium s e r i e s  ( t h e  r a t i o  

of PGE2 t o  r educ t ion  products  changed from 0.04 t o  0.25 t o  0.89 

r e s p e c t i v e l y ) ,  whi le  t h e  s e l e c t i v i t y  of t he  p rocess  remained 

almost  unchanged ( t h e  y i e l d  of PGEl w a s  3276, 34% and 30% respec-  

t i v e l y ) .  

Thus, as a r e s u l t  of  p re sen t  s tudy ,  we succeeded i n  syn- 

t h e s i z i n g  [5,6-’H2]PGE1 wi th  a molar  r a d i o a c t i v i t y  of 1 .“-I .8TBq 

/ m o l  and a y i e l d  of 30-357 by reducing  PGE2 w i t h  80% tritium 

on a heterogeneous c a t a l y s t .  To o b t a i n  a l a b e l l e d  p r e p a r a t i o n  

w i t h  a radiochemical  p u r i t y  of 95-97%, [5,6-3H2]PGE, was pu- 

r i f i e d  from t h e  i somer ic  products  ( f r a c t i o n  11) by chromatography 

on a rgen t i zed  s i l i c a  

ans lysed  by HPLC of t h e i r  p-bromophenacyl e s t e r s .  

The PGE2 reduc t ion  products  were 

To r a i s e  s e l e c t i v i t y  and t o  s i m p l i f y  the  s e p a r a t i o n  of t h e  

d e s i r e d  product  we a l s o  ?med PGE2 p r o t e c t e d  a t  t h e  hydroxyl  and 

carboxyl  groups. Large s u b s t i t u e n t s  a t  p o s i t i o n s  11$15 were used 

t o  reduce t h e  l i k e l i h o o d  o f  t h e  13,14-double bond of PGE2 being 

adsorbed, 1,11,15-tris-t-Butyldimethyl silyl-PGE2 ( 3 x B D h E  PGE2) 

served  as t h e  s t a r t i n g  compound: 
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2 X = H or 3H 
It is  very  convenient  t o  ana lyse  such d e r i v a t i v e s  by m a s s  

spec t romet ry  because t h e  degrada t ion  under t h e  e l e c t r o n  impact 

c h i e f l y  invo lves  t h e  a b s t r a c t i o n  of  t h e  t e r t i a r y  b u t y l  r a d i c a l  

C H 

l y s i n g  t h e  r e l a t i v e  i n t e n s i t i e s  of t h e  i o n  peaks i n  t h e  

( M  - 57)'' r eg ion  it w a s  p o s s i b l e  t o  eva lua te  t h e  p ropor t ion  

of  t h e  i n i t i a l  compound and p roduc t s  w i t h  vary ing  deuter ium 
con ten t  (15)  . 

and t h e  format ion  of t h e  i n t e n s e  ( M  - 57)"ion. By ana- 4 9  

The hydrogenat ion of 3xBDMS PGE2 in t h e  presence  of  he te -  

rogeneous c a t a l y s t s  (5% Pd/BaS04, 5% PdO/Al 0 ) proved ine f fec -  

t i v e ,  t h e  y i e l d  of 3xBDMS PGEl d id  no t  exceed 10%. Meanwhile 
2 3  

w i t h  (Ph3P)3RhC1 used as c a t a l y s t  t h e  y i e l d  of [5,6- 3 H2]PGEI 

reached 60-70%. In s p i t e  of t h e  need t o  remove t h e  p r o t e c t i v e  

groups,  t h e  procedure f o r  s e p a r a t i n g  t h e  l a b e l l e d  p roduc t s  

w a s  s imple r  t han  i n  t h e  prev ious  case. 

The proposed approach has  t h e  major  advantage of  permit-  

t i n g  t h e  t r i t i u m - l a b e l l i n g  of  p ros t ag land ins  w i t h  non-natural  

s t r u c t u r e s ,  which axe not  a v a i l a b l e  by enzymic methods. Using 

t h e  procedure e l abora t ed  f o r  t h e  s y n t h e s i s  of doubly l a b e l l e d  

PGEl , from 3xBDMS PGE2 , we obta ined  15-f luoro-I 5-deoxy [5,6- 

-3H2]PGE1 w i t h  a y i e l d  of  50-70% and 11-deoxy[5,6,10,11- 

-3H4]PGE, from 2xBDMS PGA2 w i t h  a y i e l d  of 40-45%. 
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