
Journaf of Labelled  omp pounds A n d  &UiiOphA?mACeUtiCAk- vat. xxvll, No. 10 

SYNTHESIS OF TRITIUM-LABELLED NATURAL PROSTAGLANDINS OF 

SERIES 1,2,3. 

V.P.Shevchenko, G.I.Myagkova, T,Yu.Lazurkina, P.M.Dyomin, 

S.I.Shrarn, D.A.Zabolotsky, I.Yu.Nagayev, Yu.Yu.Belosludtsev, 

R.P.Evstigneeva, N.F,Myasoyedov. 

Institute of Molecular Genetics, USSR Academy of Sciences, 

Kurchatov Sq., Moscow 123182; Lomonosov Institute of Fine 

Chemical Technology, Jtloscow 

s rnDk1ARY 

The complete chemical synthesis of unsaturated precursors 

of eicosanoids of series 1,2,3 is described. Selective hydroge- 

nation by gaseous tritium of eicosapolyenoic acid acetylenic 

analogues was used to introduce the label into dihomo-r-linole- 

nic, arachidonic and timnodonic acids, from which fH)GE, 

fH)PGD and rH]TXB2 were obtained by biosynthesis, From L3H ]PGE 

multiply labelled PGA, PGB, PGFa , PG12ME, 6-keto-PGFldME were 
synthesized by chemical methods. 

INTRODUCTION 

In order to obtain high-molar-radioactivity tritium-la- 

belled prostaglandins one needs precursors that allow the 

maximum amount of tritium atoms to be introduced. Acetylenic 

analogues of polyenoic acids are well-suited to this purpose. 

0362 -4803/89/ 101 177 - 17$08.50 
@ 1989 by John Wiley & Sons, Ltd. 

Received March 22, 1989 



1178 V. P. Shevchenko et a/ .  

Therefore our first task was to carry out the complete chemi- 

cal synthesis of the acetylenic analogues of dihomo-r-linole- 

nic, arachidonic and timnodonic acids: 8,11,14-eicosatriynoic 

(I) 5,8,11,14-eicosatetraynoic (11) and 5 ,8 J 11,14r~’i’-eicosa- 

pentaynoic (111) acids. 

Earlier we had developed preparative procedures for 

the synthesis of natural polyenoic acids based on inter- 

mediate polyacetylenic compounds (1-6). In this paper we 
describe improved methods for obtaining acids IIMII) 

(SCHEPILE 1), with propargylic benzenesulphonates, l-benze- 

nesulphonyloxy-2,5-udecadiyne (IVb), l-benzenesulphony- 

loxy-2,5,8-undecatriyne ( V b )  and terminal acetylene acids, 

8-nonynoic acid (VI) ( 

used as initial syntons. The polyacetylenic chain of corn- 

pounds (I)-(111) and ( V I I )  was constructed through conden- 

sation of acetylide-anions prepared from terminal acetylene 

acids (VI), (VII) and 5-hexynoic acid (VIII)(5) with benze- 

nesulphonates ( I V b ) ,  (Vb) and (l-benzenesulphonyloxy)-2-pro- 

pyne (IV). The use of benzenesulphonates (IVb),(Vb) and (IX) 

instead of the corresponding bromides enabled the 

reaction to proceed under milder conditions (20’ C) with a 

10-15% increase in yield. Diynic alcohol (IVa) was synthe- 

sized by condensing 1,4-decadiyne ( X ) ( 7 )  with paraformalde- 

hide, and bromide (XI) b.y successively treating propargyl 
bromide with 2 equiv of CH MgCl and lS4-dibromo-2-butyne. 

A reaction with a bromomagnesium derivative of l-tetrahydro- 

pyranyloxy-2-propyne followed by subsequent hydrolysis with 

TsOH catalysis was used to transform bromide into triynol 

(Va). Phenylsulphonylation of alcohols (IVa) and (Va) 

(acetone-water/KOH/K,,CO )produced benzeneaulphonates (IVb), 

( V b ) .  Condensation of bis(bromomagnesium) derivatives of 

terminal acetylenic acids(V1)-(VIII) with 2 equiv. of propar- 

and 5,8-nonadiynoic acid (VII) 

3 

L- 3 



['HI Prostaglandins 1179 

Ill Q 



1180 V. P. Shevchenko et al. 

g y l i c  benzenesulphonates  (VIb),(Vb) and (IX), fo l lowed by 

hydro lys i s  of i n t e rmed ia t e  propargyl  e s t e r s  f o r  t h e  t a r g e t  

comPounds(I)-(III )  and ( V X I )  w i t h  2 N  s u l p h u r i c  acid,  

produced polyace ty lene  a c i d s  (I)-(111) and ( V I I ) .  

The tritium l a b e l  w a s  in t roduced  i n t o  polyenoic  f a t t y  

a c i d s  without  t h e  use of  d e a c t i v a t i n g  amines, which may 

c a t a l y z e  t h e  d e s t r u c t i o n  of t he  o r i g i n a l  compound. When 

gaseous tritium w a s  used wi th  t h e  L i n d l a r  c a t a l y s t ,  a f t e r  

25-30 min t h e  a p p r o p r i a t e  ace ty l ene  p recu r so r s  gave,  accor-  

d ing  t o  GLC d a t a  , [3H]dihomo-~-linolenoic, L3H]arachidonic 
and [ 3 Hltimnodonic a c i d s  wi th  60-65% y ie lds .  The molar  

r a d i o a c t i v i t i e s  of t h e  r e s u l t a n t  subs t ances  are l i s t e d  i n  

Table 1. 

C3H]PGE, [3H]PGD and ['HJTXB were obta ined  from m u l t i p l y  

l a b e l l e d  polyenoic  acids by enzymatic syn thes i s .  P a r t i a l l y  

p u r i f i e d  p r e p a r a t i o n s  of PGH s y n t h e t a s e  and PGH-PGE isomerase 

were i s o l a t e d  from t h e  microsomes of  male sheep v e s i c u l a r  

g l ands ,  and PGH-PGD isomerase w a s  i s o l a t e d  from ra t  bra in .  

The use  of t h e s e  p u r i f i e d  enzymes inc reased  t h e  y i e l d  of  

l a b e l l e d  p ros t ag land ins  through r e d u c t i o n  of  nonspec i f i c  

p rocesses  occur r ing  du r ing  t h e  s y n t h e s i s ,  v i z .  t h e  s o r p t i o n  

of  s u b s t r a t e  and r e a c t i o n  products  on i n a c t i v e  p r o t e i n  and 

nonspec i f i c  c a t a l y t i c  convers ion  of s u b s t r a t e s  i n t o  by-products. 

The y i e l d s  of C3H]PGE reached 80% w i t h  l a b e l l e d  dihomo-$-lino- 

l e n i c  and arachidonic  a c i d s  as s u b s t r a t e s ,  and 50% w i t h  

timnodonic a c i d  (Table  1) .  

3 The maximum y i e l d  of [ HJPGD w a s  a t t a i n e d  when we used 

TLC-purified PGH t r e a t e d  wi th  t h e  c y t o s o l  f r a c t i o n  from rat 

b r a i n  (Table  2 ) .  

Label led a rach idon ic  a c i d  w a s  conver ted  i n t o  3 H]TXB2 

by means of two-step s y n t h e s i s  wi thout  i s o l a t i n g  L3H]PGH2. 
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Table I S p e c i f i c  r a d i o a c t i v i t i e s  of e icosanoids  

C omp ounds 

~~ 

S p e c i f i c  r a d i o a c t i -  
v i t y ,  PBq/mol 
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TAble 2. The use of PGH-PGD isomerase in the synthesis of 

multiply labelled prostaglandins 

Reaction mixture Prostaglandin content in 4% of total 
radioac t ivi t y 

[3H]PGF2d C3H] PGE2 [ 3H] PGD2 

1. l3H]PGH; + buffer 28.0 16.5 7.0 
2. r3H1PGH: + PGH-PGD 

3 .  ['H]PGH; + PGH-PGD 

- isomerase 18.5 7.0 26.0 

- isomerase 27.0 10.0 14.5 

a - purified TCX L3H]PGH2 

b - non-purified extract of PGH-s ynthe t ase re ac t ion products 

A2 
42 

0,fS 

0.1 

0 20 40 60 min 

A2 
I 

42 
0,fS 

0.1 

FIGURE 1, Kinetics of  PGE2+PGA2 conversion depending on the 

amount of acid added (a )  and on temperature (b). a-t20°C; 

IN H C 1  content: 5 (11, 20 ( 2), 50 ( 3 1 ,  100 (41,  20O)d(5); 

b - 2 0 ~ 1  1N HC1,  temperature 20 (l), 3 0 ( 2 ) ,  5OoC (31, 

FIGURE 2. Kinetics of PGE2-PGB2 conversion depending on the 

mount of alkali added (a) and on temperature ( b ) .  a-t30°C, 

8% KOH Content: 5 ( 1 ) ,  10(2), 1 5 ( 3 ) ,  20p1(4); b - 2 0 ~ 1  8N KOH, 

temperature 25(1 ) ,  30(2) ,  35 (3 ) ,  40(4), 45(5) ,  5OoC(6). 
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Preparations of PGH synthetase and TX synthetase (from 

human blood platelets) were added in succession to the 

reaction mixture with an interval required for the maxi- 

mum concentration of L3H]PGH2 to form. The yield of 

L3H]TXB2 was 10%. 

produced by chemical and enzymatic synthesis were purified 
and analysed by TLC, GLC and HPLC ( 8 )  . 

The multiply labelled eicosanoids 

There are well-known procedures for obtaining prosta- 

glandins A , B  ,F, I and 6-ket0-F;: 

the radiation dose in the case of multiply labelled compo- 

unds these procedures had to be modified so as to achieve 

the shortest possible duration of the reactions with the 

lowest concentration of the labelled component. 

2 ) ,  However, to reduce 

To determine the optimum conditions for the synthesis 

of multiply labelled PGA, a number of  experiments were per- 

formed at different temperatures and different concentrations 

of hydrochloric acid (Figure 1 ). 

As seen in Figure la, the rate of PGA formation from PGE 

grew with the amount of in HC1 increasing from 5 to 100 fil. 
The distribution of radioactivity along analytical thin-layer 

plates showed the radiochemical purity of PGA to reach a 

maximum (85-9076) at 20 pl of IN HC1. Therefore, t o  analyse 

the temperature dependence of the PGA formation rate, we 

added 20 pl of 1N H C 1  to the reaction mixture (Figure Ib). 

The degree of PGE - PGA conversion was monitored by absorp- 

tion at 218 m. 

As seen in Figure Ib, when the reaction proceeded beyond 

6 h, 4 h and 1 h at 2OoC, 30°C and 5OoC respectively, no more 

PGA was formed. When preparative synthesis w a s  performed at 

50°C (for 1 h) L3H]PGE turned into L3H]PGA with a yield of 

73-75% (as determined after chromatographic purification). 
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A s  t o  t h e  dependence of t h e  PGE - PGB i somer i za t ion  

r a t e  upon a l k a l i  c o n c e n t r a t i o n  and tempera ture  (F igu re  2 ) ,  

t h e  r e a c t i o n  r a t e  w a s  shown t o  i n c r e a s e  w i t h  growing a l k a l i  

concen t r a t ion  and temperature .  Already a t  3 O o C ,  w i th  10 pl 

o r  more of 8N ICOH, t h e  y i e l d  of PGB came t o  85-95%. When t h e  

r e a c t i o n  was h e l d  a t  3 5 O C  for 10 min i n  t h e  presence  of 20p1 

of  8 N  KOH, t h e  y i e l d  of mul t ip ly  l a b e l l e d  PGB af ter  chromato- 

g raph ic  p u r i f i c a t i o n  came t o  75-80%, The degree of  PGE - PGB 

convers ion  w a s  a s s e s s e d  by a b s o r p t i o n  a t  279 nm. 

The r e d u c t i o n  of C3H]FGE by L- se l ec t r ide  (Li+[J3B(CH(CH3)- 

-C2H5)3]-) f o r  40-50 m i n  i n  t e t r a h y d r o f u r a n  (THF)  a t  - 7 8 O C  

produced I3H)PGFd. When handl ing  microgram q u a n t i t i e s  of tri- 

t ium-labe l led  PGE (-0.5GBq) ( t o  p reven t  apprec i ab le  r a d i o l y s i s )  , 
we had t o  s t r o n g l y  d i l u t e  t h e  r e a c t i o n  mixture  wi th  THF and 

t o  perform t h e  r e d u c t i o n  w i t h  a l a r g e  excess  of  L - se l ec t r ide ,  

s o  a s  t o  a c c e l e r a t e  t h e  process .  Not on ly  PGE, bu t  t h e i r  

methyl e s t e r s  cou ld  be used as i n i t i a l  compounds (60-6576 

y i e l d  o f  L3H)PGFd and C3H]PGFdME). The d i r e c t  convers ion  of 

[3H]PGE2NIE i n t o  t3H]PGF2&ME al lowed i t  t o  be  used,  w i thou t  
any f u r t h e r  p u r i f i c a t i o n ,  f o r  t h e  s y n t h e s i s  of [ 3 H]PG12ME 

and L3H]6-keto-PGFidME (Table  1 ) . 
ICATERIALS AND XETHODS 

PGE, PGD, PGA, PGB, PGQ,PG12ME, 6-keto-PGFldME, TXB2 

were commercially s u p p l i e d  by SERVA (FRG) and t h e  T a l l i n  

i3xperimental P l a n t  (USSR). Eicosapolyenoic  a c i d s  were obta ined  

from t h e  I n s t i t u t e  of Marine Biology,  USSR Academy of Sc iences  

(Far-Eastern Branch) a t  Vladivostok and from FLUKA (Swi tzer -  

lanci). Tween-20 by MUIERCK (FRG), Lubrol  PX, hemin (Fe3+proto- 

porphyr in)  by SIGMA (USA), DEAE c e l l u l o s e  by Whatman (UK), 

Blue Toyopearl  650M-1 by TOY0 SODA ( J a p a n ) ,  L-adrenal ine by 

SEHVA (FRG), s i l i c a  g e l  p l a t e s  f o r  TLC by FLUKA (Swi tze r l and) ,  
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SILUFOL (Czechoslovakia), L-selectride by ALDRICH (USA). All 

syntheses were carried out in dry argon. IR spectra were recor- 

ded by a SHIMADZU IR-435 spectrometer (Japan) on film, "IR 

spectra by BRUKER WM250 (FRG) in CDC13 at 250 mHz, UV spectra 

by SPECORD M40 (GDR), the distribution of radioactivity over 

plates was determined by a BERTHOLD 2027 scanner (FRG), radio- 

activity was measured by a scintillation counter with 30% re- 

gistration efficiency in dioxane scintillator. Apart from TLC, 

tritium-labelled eicosanoids and their acetylene precursors 

were analysed and purified by gas-liquid chromatography on a 

CHROM 5 chromatograph (Czechoslovakia) with a 3xl2OOmm column, 
10% Silar, 10 CP on Chromosorb W-AW, 100-120 mesh, injector 

temperature 260°C, detector temperature 22OoC, carrier gas: 

nitrogen, v=20 ml/min, flame-ionization detector, high-pressure 

liquid chromatography on a MILICHROM chromatograph (USSR) with 

a 2x60m column, Nucleosil 5 C48 or Silasorb 7.5 C18, or on 

a GILSON chromatograph (France) with a 4.6x250mm column, Serva- 

chrom Octadecyl Si 100 Pol.yol o r  with a 3.3x150mm column. Sepa- 

ron 5 C18 equipped with radioactivity monitor with a cuvette 
of scintillation quartz glass. Labelled compounds were analysed 

both in the form of free acids and in the form of methyl and 

p-bromophenacyl esters; preparative separation was performed 

in the form of free acids as described in . ( 8 )  

1185 

THE ENZYNE PREPARATIONS 

PGH synthetase and PGH-PGE isomerase were obtained as 

described in(13, 4,  (all enzyme preparations were isolated 

and purified at 0-4'C). A microsomal fraction was obtained 

by centrifugation (60 min, 105000xg) from sheep vesicular 

gland homogenate, then treated with the Tween-20 detergent 

(l%, w/v)  for the solubilization of membrane proteins. PGH 

synthetase and PGH-PGE isomerase were separated and purified 
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on a column with DEAE cellulose. The activity of the resul- 

tant PGH synthetase amounted to 5.0-7.5pnol of arachidonic 

acid (AA) in 1 min per I mg of protein([M], - 0.2 m ~ ,  

pH 8, 25OC), and that of PGH-PGE isomerase to 0.17pmol of 

PGE2 in 30 min per 1 mg of protein([Ujo - 0.1 dd, pH7.4, 

32OC ) . 
PHG-PGD isomerase was isolated from the brain of  mon- 

grel rat 

by homogenate centrifugation ( 9 0  min, 1OOOOOxg) was concent- 

rated 10-fold by ultrafiltration and dialyzed. The activity 

of the resultant preparation of PGH-PGD isomerase was 

4.2 nmo1 of PGH2 in 1 min per 1 m g  of protein([PGHlo - 
pH 9.5, 25OC). 

as described ino5). The cytosol fraction obtained 

5P, 

To isolate thromboxane synthetase we used human platelets 

precipitated in the course of blood fractionation. The enzyme 

was purified by the procedure(16), which involved obtaining 

the microsomal fraction, solubilization of membrane proteins 

by the non-ionic detergent Lubrol PX (I%, w/v), chromatography 

on DEAE cellulose and chromatography on a column with B l u e  

Toyopearl 65OM-I. The thromboxane synthetase activity of the 

purified preparation came to 120 nmol of PGH2 in 1 min per 

1 mg of protein ( [PGHJ, - 5pM, PH 7.4, 25Oc)- ~ 1 1  enzyme 

preparations were kept at -4OOC. 

KINETIC STUDIES 

To obtain the kinetic curves of the PGE - PGA conversion 
we used a solution of 230Fg of PGE in 3 ml of dioxane and 

allowed the reaction to proceed at different temperatures 

and HCI. concentrations (Figure 1). 

To obtain the kinetic curves of the PGE - PGB isomeriza- 
tion we used a solution of 8bg of PGE in 0,3 ml of ethanol 

and allowed the reaction to proceed at different temperatures 

and KOH concentrations (Figure 2). 
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SYNTHESIS OF EICOSAPOLYYNOIC ACIDS 

2,5-Undecadiynol-l (Iva). To the reagent prepared from 

2.4 g (0.1 mol) of magnesium, 10.9 g (0.1 mol) of ethyl bro- 

mide and 13.4 (0.1 mol) of 1,4-decadiene in 70 ml of tetra- 
hydrofuran 9.0 g (0.3 mol )  of paraformaldehyde were added. 

The reaction mass was kept for 40 min at 6OoC, then cooled 
down to 2OoC, acidified with 2N H,S04, extracted with ether 

(3x2Oml), dried with Na2S04, whereupon the solvent was evapo- 

rated and the residue distilled. The yield came to 12.1 g 

(74%). B.P.98-101°C/0.1 Torr; Go 1,4857; IR spectrum (v*cm-'): 
~~oo-~~oo(oH), 2282(cSc), 1307(CH2-CZC); NMR spectrum (6,ppm): 

L 

0.98( t ,3H, CH3), 1,38(~, 6HsCH2 12 1 14( t 8 2H,CH2CaC 8 3- 1 1 

(rn,2H, CECCH2ZC), 4.37(t,2Ha CH20), 4.61 (S,H,OH). 

l-Bromo-2,5-octadi.yne (XIL. To the Grignard reagent 

obtained from 4.8 g (0.2 mol) of magnesium and an excess of 

methyl chloride in 100 m l  of tetrahydrofuran 0.1gof copper 

chloride (I) and 11.9 g (0.1 mol) of propargyl bromide in 

20 m l  of tetrahydrofuran were added during lh at 5-1OoC. 

The mixture was kept for 1.5 h at 5OoC, cooled down t o  5OC, 

then 0.1 g of copper chloride (1) and 25.4 g (0.12 rnol) of 

1,4-dibromobut-2-yne were added, The reaction mass was kept 

for 6 h at 6OoC, acidified with 2N H2S04, extracted with 

ether, dried with CaC12, then the solvent was evaporated and 

the residue distilled. The yield came to 9.4g (51%). B.P.68-70°C 

/0.42Torr; nD 2o 1.5294; IR spectrum (d,cm"):2223(CX!), 1319 

( C;CCH2), 620(CBr) ; NMR spectrum (&ppm) : 1 . 1 O (  t ,3H, CH3), 

2.1 4(m,2H,CH2CZC), 3.14(m, 2H,CsCCH2CZC), 4.1 5(t,2H,CZCCH2Br). 

2,5,8-Undecatri.ynol-l (Va). To the reagent prepared 

from 0.96 g (0.040 rnol) of magnesium, 4.36 g (0.040 m o l )  of 

ethyl bromide and 5.6 g (0.040 mol )  of tetrahydropyranyloxypro- 

pargyl alcohol in 100 m l  of tetrahydrofuran was added 0.1 g 
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of copper chloride (I) and 3.7 g (0.020 m o l )  of 1-bromo-2,5- 

octadiyne. The reaction mass was kept for 1.5 h at 2Ooc, aci- 

dified with 2N H2S04, extracted with ether, evaporated and the 

residue dissolved in 40 ml of methanol. After adding 1.0 g 

of p-toluenesulphoaic acid, the mixture was stirred for l h  

at 2OoC, dissolved with water (100 ml) and extracted with 

ether. The extract was dried with Na2S04,evaporated and the 

residue was chromatographed on a column packed with 100/160~m 

silica gel elution with ether:hexane (1.0:1.5). The yield 

was 2.1 g (65%). M.P. 27-28OC: I R  spectrum (d,cm'l):3400(0H), 

2400( C g C  ) ,1320( CH2CcC ) ;NMR spectrum (5,ppm) : 1.06 ( t , 3 H ,  CH3), 

2.1 0 (m, 2H, CH2CGC ) , 3.04 (m, 2 H , C X C H 2 C z C  ) ,3,12 (in, 2H, C X ' C H 2 C X C O )  , 
4.1 0 (t 9 2H 9 CH20 + 

proparg- To a mixture of 0.01 mol 

of propargyl alcohol and 0,OI 5 mol of  benzenesulphonyf chloride 

in 10 m l  of acetone, stirred and cooled down to 5 O C ,  was 

added 0.015 mol of KOH and 0.005 m o l  of K2C03 i n  5 ml o f  

water. The reaction mass was kept f o r  1.5 h at 2OoC, diluted 

with 50 ml of water, extracted with ether, dried with Na2S04, 

evaporated and the residue was chromatographed on a column 

packed with 40/100)~m silica gel elution with ether:hexane 

( 1 : 2 ) . I -Benzenesulphonyloxy-2,5-undecadiyne ( IVb) . The yield 
was 88%. IR spectrum (4, cm-'):2301(CZC), 1320(CH2CEC), 1365, 

1198, 1094 (OS02), 1584, 687(C6H5). l-Benzenesulphonyloxy-2,5,8- 

undecatriyne (Vb). The yield was 79%. IR spectrum (S,cm"): 

2340( CZC ), 1 325(CH2C-C), 1370, 1200; 1096 (OSO,) 1 588, 690 ( C6H5) . 
Eicosapolggnoic acids. To the reagent prepared from 0.01 

mol of magnesium, 0.01 mol of ethyl bromide and 0.005 mol o f  

0-acetylenic acid in 10 ml of tetrahydrofuran were added 0.02 g 

of copper cyanide (1 )  and 0.02 mol  of propargylic benzenesul- 

phonate in 5 ml of tetrahydrofuran. The reaction mass was 

stirred for 1.5 h at 2OoC, acidified with 2N H2S04, stirred 
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for 15 min at 2oocJ extracted with ether, then the extract 

was dried with Na2S04, evaporated and the residue was purified 

on the silica gel column, elution with ether:hexane (1:l). 

8,11,14-Eicosatriynoic acid(1): The yield was 78%. M.P. 
51-52OC; NMR spectrum (6,ppm):1.05(t,3H,CH3),1.41(m,12HJCH2) , 
1 , 79 (rn , 2H jCH2CCOO) s 2.13 (m J 4H,CH2CGC ) 2.23 (t ,2H,CH2COO) s 

3.1 5(m,4H,CXCH2CX!). 5 ,8,1 1,14-Eicosatetraynoic acid (11): 
The yield was 74%. M.P. 80-8loC; NMR spectrum (qppm): 

0.90( t ,3H, CH3 1, 1 .40(m. 6H,CH2 181.75 (m I 2HJCH2CCOO), 2.03 (m,2H, 

CH2CzC ) , 2.27(m, 2H,CH2CCCOO), 2,40( t ,2H,CH2COOH) $ 3  , 15 (m ,6H, 
CECCH2CZC). 5,8,11,14,17-Eicosapentaynoic acid (111): The 

yield was 71%. r~.~.114-116~c; NMR spectrum (Jppm): 
1,72(t,3H,CH3), 1.82(m,2H,CH2CC00), 2.18 (m,2HJCH2CaC), 

2.26 (m, 2H,CZCCH2CCCOO) ,2.49 (t , 2H,CH2COO) ,3.14 (m ,8H, 

CXCH2C=C ) . 
SYNTHESIS OF MULTIPLY LABELLED POLYENOIC ACIDS 

Selective hydrogenation by gaseous tritium was performed 

in the following manner. A dioxane solution of the appropriate 

polyynoic acid was placed in a reaction ampoule with a 2:l 

(mg/mg) ratio of Lindlar catalyst (FLUKA) to the substance, 

the ampoule was frozen with liquid nitrogen, evacuated to a 

pressure of I x ~ O - ~  hPa and filled with tritium to 400 hPa, 

thawed out and stirred while the reaction proceeded for 

25-30 mine Then the ampoule was frozen again and excess 

tritium was removed through evacuation, The catalyst was 

filtered off, washed with methanol (3mlx3), the filtrate 

was thrice evaporated with methanol to remove l a b i l e  tritium. 

The desired compound was purified by chromatographic proce- 

dure(8). The yield of L3H]polyenoic acids came to 60-65%. 

The molar radioactivities of these and other labelled eico- 

sanoids obtained by chemical synthesis are listed in Table 1. 
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ENZYMATIC SYNTHESIS OF r3H 3 PGD2 

synthetase as described in(17). CH);PGH2 was purified by 

preparative TLC at -2OOC in ethyl acetate-hexane-iso-propanol- 

-acetic acid (15:9:1:0.05, v/v/v/v). The yield of f3HJPGH2 in 

terms of radioactivity came to 25-30%. Then to 450 MBq of 

pH]€'GH2 was added 20 ml of PGH-PGD isomerase solution (2.5 g/ml) 

in 0.1 M tris-HCI (pH 9.5) pre-incubated at 25OC. After 20 mints 

incubation at 25OC 0.8 ml of 2M citric acid solution was added, 

and the reaction products were extracted with ethyl acetate 

(4xIOOml). The yield of L3HpGD2, after chromatographic purifica- 

tion came to 20-25%. 

1.85 GBq of ['HJAA was converted into C3H)PGH2 using PGH 

ENZYMATIC SYNTHESIS OF r3H1TXB2 

The initial reaction mixture (1.5 ml) containing a pre- 

paration of PGH synthetase (0.09 mg/ml), adrenalin (2 m),  
hemin (2 mM) in 20 mM potassium-phosphate buffer (pH 7.9) 

with 0.1 Lubrol PX was pre-incubated for 5 rnin at 25OC. 

Then 0.84 GBq of L3H]AA was added, the reaction mixture in- 

cubated for 1.5 min at 25OC and 6 ml of TX synthetase pre- 

paration was quickly added (to a final concentration of 

0.025 mg/ml) in 20 mM potassium-phosphate buffer (pH 7.4). 

The mixture was incubated for 60 min at 25OC, and the 

L3H]TXB2 product was isolated by chromatographic procedure. 

The yield of L3H]TXB2 was 10%. 

ENZYNIATIC SYN'PWES IS OF f3H]PGE 
The enzymic synthesis of [. 3 HlPGE was performed as des- 

cribed earlier' 

of PGH synthetase and PGH-PGE isomerase. The yield, after 

chromatographic purification, was 70-80% for L3H)PGE, and 

fH]PGE2, and 45-50% for L3H]PGE3. 

MULTIPLY LABELLED PGA 

9, using partially purified preparations 

23.0 rg of L3H]PGE in 0.3 ml of dioxane was treated with 
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20 pl of 7 M HC1 and kept  a t  5OoC f o r  1 h. After th i s  t h e  

r e a c t i o n  mixture  w a s  evaporated s e v e r a l  t imes  w i t h  methanol 

a t  room temperature  u n t i l  t h e  H C 1  was removed, t h e  d i s so lved  

i n  0.1 m l  of e thano l  and p u r i f i e d  by chromatography. The 

y i e l d  of L3H]PGA came t o  73-75%. 

MULTIPLY LABELLED PGB 

To 8 p g  of L3H]PGE i n  0.3 m l  of e thano l  was added 20 p l  

of 8 M KOH and kept  f o r  10 rnin a t  35OC. Then t h e  s o l u t i o n  w a s  

a c i d i f i e d  t o  pH 2 w i t h  1 M a c e t i c  a c i d ,  evaporated s e v e r a l  

t imes  wi th  methanol and p u r i f i e d  by chromatographic procedure. 

The y i e l d  of  c3H]PGB came t o  75-80%. 

MULTIPLY LABELLED PGFd 

A s o l u t i o n  of  3 6 p g  of f H P G E  i n  1 ml of  t e t r ahydro fu ran  

(THF) f r e s h l y  d i s t i l l e d  over  sodium w a s  s t i r r e d  at -78OC while  

being t r e a t e d  wi th  0.3 m l  of a Li+[HB(-CH(CH3)-C2H5)3]- solu-  

t i o n  i n  TKF (1  mmol/ml) f o r  40-50 rnin under argon. The r e a c t i o n  

mixture  w a s  decomposed wi th  water (0.3 m l )  a t  - 7 8 O C ,  then  

hea ted  t o  2OoC and p u r i f i e d  as i n  ( 8 ) .  The y i e l d  of f3H]PG3'' 

came t o  60-65%. 

MJLTIPLY LABELLED METHYL ESTERS OF PROSTACYCLIN AND 

6-KETO-PGF ., 
Highly l a b e l l e d  I - e the r  of PGIIME w a s  ob ta ined  by t r e a t i n g  

0.37 GBq of C3€i]PGF2&ME d i s so lved  i n  1 ml of ekher  a t  O°C i n  

t h e  presence  of 0.2 ml of s a t u r a t e d  aqueous sodium bicarbonate  

w i t h  0.1 m l  o f  2,5% i o d i n e  s o l u t i o n  i n  e ther .  A f t e r  t h e  reac-  

t i o n  mixture  w a s  s t i r r e d  f o r  1 2  h a t  O°C t he  excess  i o d i n e  

was removed wi th  5% aqueous s o l u t i o n  of sodium th iosu lpha te .  

The y i e l d  of t h e  l a b e l l e d  product  a f t e r  p u r i f i c a t i o n  w a s  55-56%. 

To a s o l u t i o n  of C3H]I-ether of PGIIME (0.15 GBq) i n  0.1 ml 

of abso lu te  to luene  w a s  added 0.1 m l  of DBU, and t h e  mixture  

was kept  f o r  3 h a t  l l O ° C .  The y i e l d  of L3H]PGI2ME a f t e r  pu r i -  
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