Acta Chemica Scandinavica, 1998: 52: 635-640
Printed in UK - all rights reserved

Copyright © Acta Chemica Scandinavica 1998

ACTA
CHEMICA SCANDINAVICA
ISSN 0904-213X

Synthesis of '"C/'3C-Labelled Prostacyclins

Margareta Bjorkman,*® Yvonne Andersson,®® Hisashi Doi,° Koichi Kato,°
Masaaki Suzuki,®® Ryoji Noyori,® Yasuyoshi Watanabe®f and Bengt Langstrom®®t-e-*

aDepartment of Organic Chemistry, Uppsala University, Box 531, S-751-21 Uppsala, Sweden, ®Uppsala University
PET centre, UAS, S-751-85 Uppsala, Sweden, °Department of Chemistry and Molecular Chirality Research Unit,
Nagoya University, Nagoya 464-01, Japan, “Department of Biomolecular Science, Faculty of Engineering,

Gifu University, Gifu 501-11, Japan, ®Subfemtomole Biorecognition Project, Japan Science and Technology
Cooperation (JST) and fOsaka Bioscience Institute, Osaka 565, Japan

Bjérkman, M., Andersson, Y., Doi, H., Kato, K., Suzuki, M., Noyori, R.,
Watanabe, Y. and Léngstrém, B., 1998. Synthesis of *!C/!3C-Labelled
Prostacyclins. — Acta Chem. Scand. 52: 635-640. © Acta Chemica
Scandinavica 1998.

A one-pot synthesis of (15R)-16-(3-[''C]methylphenyl)-17,18,19,20-tetranoriso-
carbacyclin methyl ester was performed using a palladium-promoted reaction of
[*'C]methyl iodide with (15R)-16-(3-tri-n-butylstannylphenyl)-17,18,19,20-tetra-
norisocarbacyclin methyl ester. The C-15 epimer (155)-16-(3-[1'C]methylphenyl)-
17,18,19,20-tetranorisocarbacyclin methyl ester was synthesised in the same
way starting from (155)-16-(3-tributylstannylphenyl)-17,18,19,20-tetranoriso-
carbacyclin methy! ester. The decay-corrected radiochemical yields were 33—45%
based on [!!C]methyl iodide produced, and the radiochemical purity of the
product was >95%. The total synthesis time was 35 min, counted from end of
radionuclide production to product ready for administration. The *!C-labelled
prostacyclin methyl esters were easily hydrolysed using sodium hydroxide
affording the '*C-labelled prostacyclin acids in quantitative yields. The stereoiso-
mers (15R)-16-(3-methylphenyl)-17,18,19,20-tetranorisocarbacyclin [*!C]methyl
ester and (155)-16-(3-methylphenyl)-17,18,19,20-tetranorisocarbacyclin [*!C]-
methyl ester were synthesised by esterification using [*'C]methyl iodide and
the tetrabutylammonium salts of (15R)-16-(3-methylphenyl)-17,18,19,20-tetra-
norisocarbacyclin acid and (155)-16-(3-methylphenyl)-17,18,19,20-tetranoriso-
carbacyclin acid, respectively. The decay-corrected radiochemical yields were in the
range of 55% counting from [!C]methyl iodide produced, and the radiochemical
purity of the product was >95%. The total synthesis time was 35 min, counting
from end of radionuclide production to product ready for administration. Both of
these labelling methods can be used for labelling with *3C when (**C)methyl iodide
is used. The methods described herein have already proved important since they
enable the in vivo use of PET to study the action of prostacyclins in the brain.

Prostaglandins and prostacyclin (prostaglandin I,) are
naturally occurring substances found in animals and
man, where they are biosynthesised from C,, poly-
unsaturated fatty acids.! Prostacyclin exerts a protective
effect against neuronal cell death and damage induced
by experimental ischemia. In the search for prostacyclin
receptors in the central nervous system, a novel plausible
subtype of prostacyclin receptor, with ligand specificity
clearly different from that of the known prostacyclin
receptors in platelets and peripheral tissues, was found.?3
Since (15R)-16-(3-methylphenyl)-17,18,19,20-tetranoriso-
carbacyclin 1a was found to be selective for this CNS
prostacyclin receptor, 1a and modified substances might
be useful tools for molecular and functional characteris-
ation of this receptor. To provide a means to investigate
these substances in vivo using positron emission tomo-
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graphy (PET) a method for the labelling of prosta-
glandins with 1!C was developed. PET enables the non-
invasive determination of the distribution and pharmaco-
kinetics of biologically active substances labelled with
positron-emitting radionuclides. The most commonly
used radionuclides are 130, 'C and !8F with half-lives
of 2.0, 20.3 and 109 min, respectively. In the production
of !'C-labelled compounds, the short half-lives of the
radionuclide and the limited number of !'C-labelled
precursors must be considered when developing the
synthetic route. The high specific radioactivity, that is
the high amount of radioactivity per unit mass,} also
needs to be taken into account.

+1In the case of '!C, the specific radioactivity is generally in
the range of 50-500 GBq pmol™! (1.3-13 Ci umol~!). The
amount of precursor in a reaction with 1 GBq would then be
approximately 2-20 nmol.
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The use of palladium-promoted reactions in synthesis
employing the labelled precursors [!!C]methyl iodide,
hydrogen [!'C]cyanide and ['!C]carbon monoxide has
recently been described.*® In the present paper the
palladium-mediated cross-coupling of [''C |methyl iodide
with prostacyclin trialkyltin compounds is presented. The
cross-coupling of trialkyltin compounds with organic
electrophiles in the presence of palladium is often referred
to as the Stille reaction.” The reagents in this reaction
are not particularly sensitive towards oxygen or moisture,
and the reaction can be performed in the presence of a
wide range of functional groups. The labelling of the
two C-15 stereoisomers of the isocarbacyclin derivative
(15R)- and (158)-16-(3-methylphenyl)-17,18,19,20-tetra-
norisocarbacyclin methyl ester 1a and 1b with '!C in the
tolyl position was carried out as illustrated in Scheme 1.
Compounds 1a and 1b were also labelled in the methyl
ester position via an esterification reaction with the
prostacyclin anion acting as a nucleophile on [*!C]methyl
iodide® (Scheme 2). The prostacyclin anion was obtained
from a reaction with tetrabutylammonium hydroxide
forming an ion pair. The prostacyclins labelled with 'C
in different positions have been used in a number of
in vitro studies and in vivo studies using PET and the
results from these experiments will be presented
elsewhere.®

Results and discussion

1 C.Labelling of prostacyclins in the tolyl position. (15R)-
16 - (3 - [*!C]Methylphenyl) - 17,18,19,20 - tetranoriso-
carbacyclin methyl ester (3a) was synthesised from (15R)-
16-(3-tributylstannylphenyl) - 17,18,19,20 - tetranoriso-

] i
1ICH; 1, Pd(0) o
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DMEF, 130°C, 7min
SnBu, UCH,
OH OH OH OH
2a 3a
Scheme 1.
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carbacyclin methyl ester (2a) and [''C]methyl iodide
in the presence of tris(dibenzylideneacetone)dipallad-
ium(0) [Pd,(dba);] and tri(o-tolyl) phosphine[(o-Tol ); P]
(Scheme 1). The [''C]methyl iodide used was obtained
from ['!C]carbon dioxide via a reaction with lithium
aluminium hydride and subsequent reaction with hydro-
iodic acid according to a previously described proced-
ure.'® The conversion of [!!C]carbon dioxide to
['!C]methyl iodide was performed using an automated
system for the production of radiopharmaceuticals.'!
The [''C]methyl iodide was transferred to a solution of
the palladium catalyst and 2a in dimethylformamide
(DMF) using nitrogen gas as a carrier. After heating,
the labelled product was purified by liquid chromato-
graphy (LC). The organic solvent was evaporated and
to the residue was added a sterile solution. The resulting
solution was sterile filtered and thereafter ready for
administration. The decay-corrected radiochemical yield
was 33-45% counted from the amount ['!C]methyl
iodide. The total synthesis time was 35 min counted from
the end of radionuclide production to product ready for
administration, and the radiochemical purity of the isol-
ated product was >95% as determined by analytical LC.
The identity of the labelled compound was assessed by
analytical LC, after addition of a reference substance,
and by LC-MS. Fragments of mass to charge ratio (m/z)
421 and 416 were observed and these represent [M + Na]*
and [M+NH,]". These fragments were present during
the analysis of both the reference compound and the
labelled product by LC-MS. The calculated molecular
weight (M) was 398.5. The labelled product was fully
retained on the column and the selected ion recording of
m/z 416 [M+NH,]" correlated with the signal from the
B*-detector.

The labelling synthesis of (15R)-16-(3-[1C]methyl-
phenyl)-17,18,19,20-tetranorisocarbacyclin 4a was con-
ducted as above with an additional hydrolysis of the
methyl ester using 5 M sodium hydroxide. The solution
was neutralised with 6 M hydrochloric acid before semi-
preparative LC-purification. The decay-corrected radio-
chemical yield was 35-40% based on [*'C]methyl iodide,
and the total synthesis time was 30 min counted from
the end of radionuclide production to product ready for
administration. The radiochemical purity of the isolated

5 M NaOH
DMF, 90°C, 4 min

OH
11CH;
&u OH
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product was >90% as determined by analytical LC. The
identity of the labelled product was assessed by analytical
LC after addition of a reference substance.

(158)-16-(3-[''C]Methylphenyl)-17,18,19,20-tetranor-
isocarbacyclin methyl ester 3b and (15S5)-16-(3-[''C]-
methylphenyl)-17,18,19,20-tetranorisocarbacyclin 4b were
obtained according to the methods described above. The
decay-corrected radiochemical yields of these compounds
were in the range 35-45% and the radiochemical purity
of the isolated products was >95% for 3b and >90%
for 4b as determined by analytical LC.

To verify the position of the !C-label, a combination
of [''C]- and (*3C)-methyl iodide was used in an experi-
ment employing the same conditions as described above
in the synthesis of 3a, except for a longer reaction time.
The product was purified by semi-preparative LC. After
decay of ''C, the solvent was withdrawn and the residue
dissolved in CDCl;. The 3C NMR spectrum of the
product showed one signal at 21 ppm which corre-
sponded to the position of the tolyl 3C NMR signal of
the reference substance 1a.?

Palladium-mediated cross-coupling of trialkyltin com-
pounds with organic halides or triflates has been reported
to be largely influenced by the type of ligand used in the
palladium complex.'? There have been several reports
that phosphine ligands are not an optimal choice in these
reactions since such ligands are known to coordinate
strongly to the palladium centre. This strong coordina-
tion may inhibit the transmetallation step and thereby
slow down the reaction. Less strongly coordinating
ligands such as triphenylarsine and trifurylphosphine,
reported*? to give good results in cross-coupling reactions
of Stille type, gave poor results in the present investi-
gation. One reason might be that the conditions
employed were too harsh for the palladium complex
formed from these ligands. To circumvent these prob-
lems, a relatively strong, but not sterically congested,
coordinating ligand, (o-Tol);P, was selected.!®

It has also been reported that an excess amount of
ligand, especially phosphine-type of ligands, may slow
down the reaction rate.!? If ligand dissociation is a key
step in the transmetallation, the reaction rate would be
dependent on the ligand concentration. To avoid an
excess amount of ligand the catalyst was prepared in situ
from one equivalent of Pd,(dba); and four equivalents
of the ligand. When using eight equivalents of the ligand,
lipophilic *C-labelled side products were observed chro-
matographically. The side-products seemed to be formed
in a larger amount in diglyme than in DMF, and the
reaction afforded low yields under these conditions. No
effort was made to investigate the identity of the side
products. However since they were very lipophilic and
labelled with 'C, one suggestion may be that they were
adducts of the catalyst, after oxidative addition of
['!C]methyl iodide, with different amounts of ligand
and other coordinating species such as the organotin
compound or the solvent. It has been shown that
['!C]methyl(triphenyl)phosphonium iodide can be
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formed in the reaction between [!'C]methyl iodide and
phosphine ligand,* however, this type of side product
did not prove to be a problem in these cross-coupling
reactions. The reaction with two equivalents of (o-Tol);P
ligand and one equivalent of palladium(0) gave satisfact-
ory radiochemical yields, a relatively short reaction time,
and there was no problem with formation of side prod-
ucts. Since an authentic reference substance was used to
verify the identity of the product formed in the cross-
coupling reaction, the possibility of alterations in the
stereochemistry, caused from the catalyst co-ordinating
to, for example, the allylic alcohol moiety, was ruled out.

Polar aprotic solvents enhance the coupling rates'*
and these solvents are also the most efficient in trappingi
of [*'C]methyl iodide, so DMF was a natural choice of
solvent. In a previous report on 'C-labelling of model
compounds, using palladium-promoted cross-coupling of
organotin compounds with [''C]methyl iodide,* a tem-
perature of 90 °C and a reaction time of 4 min was used.
However, these reaction conditions were not suitable for
C.labelling of the prostacyclins in this study. The
radiochemical yield was improved tenfold at a temper-
ature of 130 °C and a reaction time of 7 min. In spite of
the instability of the prostacyclin, no major degradation
was observed with an increase in reaction temperature.
Formation of polar 'C-labelled side products such as
[**C]methanol could be minimised if the palladium com-
plex solution was prepared only a few minutes before
trapping of the [!!C]methyl iodide. In addition it was
observed that it was important to use a fresh Sicapent®
drying tower to remove traces of water, from the hydro-
iodic acid, along with [''C]methanol, formed in the
['*C]methyl iodide reaction.

M C.Labelling of prostacyclins in the methyl ester position.
(15R)-16-(3-Methylphenyl)-17,18,19,20 - tetranoriso-
carbacyclin ['!C]methyl ester (7a) and (155)-16-(3-
methylphenyl)-17,18,19,20-tetranorisocarbacyclin [*!C]-
methyl ester (7b) were synthesised by direct esterification
of a tetrabutylammonium ion pair with [*'C]methyl
iodide. The tetrabutylammonium salt was prepared from
the prostacyclin acid and tetrabutylammonium hydroxide
according to a published method.’> The ['!C]methyl
iodide was transferred to a DMF solution of the tetra-
butylammonium salt of the prostacyclin acid 6a or 6b.
The reaction mixture was heated and the product purified
by semi-preparative LC. The organic solvent was evapor-
ated and the residue was dissolved in a sterile propylene
glycol-ethanol solution and sterile filtered after which it
was ready for administration. The decay-corrected radio-
chemical yield was in the range of 55% based on
[*!C]methyl iodide, and the product was obtained within
35 min counted from the end of the radionuclide produc-
tion to product ready for administration. The radio-

1 In this case trapping is the retention of [*'C]methyl iodide in
the solvent with >90% of the radioactivity remaining in the
solution after transfer of the radioactivity through the reac-
tion mixture.
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chemical purity of the isolated product was >95% as
determined by analytical LC. The identity of the labelled
compounds was assessed by analytical LC after addition
of reference compounds, and by LC-MS. The fragments
m/z 421 and 416 represent [M +Na]™ and [M+NH,]*.
These fragments were present during analysis of both
the reference compounds and the labelled products by
LC-MS. The calculated molecular weight was M, =
398.5. The labelled products were fully retained on the
column and the selected ion recording of m/z 416
[M+NH,]" correlated with the signal from the B*-
detector.

The position of the 'C-label was verified by synthesis
with a combination of [''C]- and (*3C)methyl iodide
using the same reaction conditions as described above
for the synthesis of 7a, with a reaction time of 15 min.
The product was purified by semi-preparative LC. After
decay of MC the solvent was withdrawn and the residue
dissolved in CDCl;. The *C NMR signal of the product
showed a signal at 51 ppm. This signal corresponds to
the signal of the methyl ester group of the reference
compound, 1a.?

It has been reported that the esterification of a prosta-
cyclin acid with ['!C]methyl iodide can be performed in
DMF using trimethylpiperidine as the base.!® However,
in the present investigation esterification with an ion
pair, formed from the prostacyclin acid and tetrabutyl-
ammonium hydroxide, acting as a nucleophile on
[*'C]methyl iodide afforded a better result. The isocarba-
cyclin acid was easily converted into the tetrabutyl-
ammonium salt.?

Experimental

General. [''C]CO, was prepared by the N(p,0)!'C
nuclear reaction in a nitrogen (AGA Nitrogen 6.0) gas
target containing 0.1% oxygen (AGA Oxygen 4.8), with
17 MeV protons produced by the Scanditronix MC-17
Cyclotron at the Uppsala University PET Centre. The
[''C]CO, was converted into ['!C]CH,]I via a reaction
with lithium aluminium hydride and subsequent reaction
with hydroiodic acid,'® using an automated system for
the production of radiopharmaceuticals.!! CDCl; was
used as the solvent when recording 3C NMR spectra at
75.4 MHz on a Varian XL-300 spectrometer. Chemical
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shifts are reported in ppm with CDCl; as an internal
standard (77.0 ppm). The LC-MS equipment consisted
of a Beckman 126 solvent delivery module, a CMA 240
autosampler (CMA Microdialysis, Stockholm, Sweden)
and a Fison VG Quattro mass spectrometer equipped
with pneumatically assisted electrospray and an RF ion
bridge. The column in the LC-MS system was a C-18
Beckman Ultrasphere ODS 5 pm (250 x 4.5 mm). A post
column 1:100 split was used, with 1% of the total flow
delivered to the electrospray probe and 99% delivery to
a Bioscan Flow-count B*-detector. Mobile phases were
(A) 25 mM ammonium formate buffer pH 3.5 and (B)
methanol. Isocratic elution 0-8 min with 70% B and
thereafter a linear gradient to 90% B after 8 min at a
flow of 1 ml min~! was used.

Chromatography. Semi-preparative and analytical LC
was performed using a Beckman 126 Pump and a
Beckman 166 UV detector in a series with a B*-flow
detector. Data collections were performed using
the Beckman System Gold chromatography software
package. A C-18 Beckman Ultrasphere ODS 5pum
(250 x 10 mm) column was used for semi-preparative LC.
The analytical column was a Beckman Ultrasphere Octyl
5 um (250 x 4.5 mm). Mobile phases were 50 mM ammo-
nium formate pH 3.5 (A) and acetonitrile-water (50/7
v/v) (B). LC was performed at room temperature and
the UV-detection wavelengths were 230 nm for semi-
preparative LC and 220 nm for analytical LC.

The following LC conditions were used for all sub-
stances. The semi-preparative LC purification of the
reaction mixtures was performed with isocratic elution
0-6 min 65% B, linear gradient to 95% B after 6 min
with a flow of Smlmin~!. The analytical LC system
used for identification and determination of radio-
chemical purity was isocratic elution 0-6 min 65% B and
a linear gradient to 90% B after 6 min with a flow of

1.5 ml min 1.

Chemicals. (15R)-16-(3-Tributylstannylphenyl)-17,18,
19,20-tetranorisocarbacyclin methyl ester (2a) and (155)-
16-(3-tributylstannylphenyl )- 17,18,19,20 - tetranoriso-
carbacyclin methyl ester (2b) and the reference com-
pounds (15R)-16-(3-methylphenyl)-17,18,19,20-tetra-
norisocarbacyclin methyl ester (1a) and (15S5)-16-(3-



methylphenyl)-17,18,19,20-tetranorisocarbacyclin methyl
ester (1b) were prepared according to a described
procedure.?

A sterile PPG solution containing 400 mg of propylene
glycol and 100 mg of ethanol in an aqueous solution
with a total volume of 10 ml, was purchased from
Apoteksbolaget, Sweden. Pd,(dba); (without chloro-
form) and the (0-Tol);P were purchased from Aldrich.
All other chemicals and solvents were of analytical or
gradient grade purity and used as received.

Synthesis of (15R)-16-{3-["1C]methylphenyl}-17,18,
19,20-tetranorisocarbacyclin methyl ester (3a) and (158S)-
16 - (3 - [11C]methylphenyl) - 17,18,19,20 - tetranoriso-
carbacyclin methyl ester (3b). A solution of 0.9 mg
(1 umol) of Pd,(dba); and 1.2 mg (4 pmol) of (o-Tol);P
in 350 pl of DMF was prepared in a dry 0.8 ml septum-
equipped vial and purged with nitrogen gas for 10 min.
[''C]CH,]I was passed through a Sicapent® drying tower
and trapped in the solution at room temperature. After
trapping the reaction mixture was transferred to a
septum-equipped vial containing 1 mg (1.4 pmol) of 2a
or 2b. The reaction vessel was heated at 130 °C for 7 min
and the reaction mixture was then injected onto the semi-
preparative column. The product fraction was collected
after 10.6 min for 3a and after 10.8 min for 3b and the
organic solvent was evaporated. To the residue were
added 6 ml of sterile PPG solution. The resulting solution
was passed through a sterile filter (Dynagard ME,
0.22 um pore size) into a sterile vial. Radiochemical
purity was determined by analytical LC; the retention
time for 3a was 9.5 min and the retention time for 3b
was 9.3 min. The identity was determined by adding an
authentic reference compound to the solution and analys-
ing by analytical LC.

Synthesis of (15R)-16-(3-[*C]methylphenyl)-17,18,
19,20-tetranorisocarbacyclin  (4a) and (15S)-16-(3-
[*C]methylphenyl) - 17,18,19,20 - tetranorisocarbacyclin
(4b). A solution of 0.9 mg (1 umol) of Pd,(dba); and
1.2mg (4 umol) of (o-Tol);P in 350 ul of DMF was
prepared in a dry 0.8 ml septum-equipped vial and purged
with nitrogen gas for 10 min. ["'C]CH,I was passed
through a Sicapent® drying tower and trapped in the
solution at room temp. After trapping the reaction
mixture was transferred to a septum-equipped vial con-
taining 1 mg (1.4 pmol) of 2a or 2b. The reaction vessel
was heated at 130°C for 7 min, 200 pul of 5M NaOH
were added to the mixture and the resulting solution was
heated for an additional 4 min at 90 °C. The mixture was
neutralised with 6 M HCI before purification by semi-
preparative LC, the product fraction was collected at
5.8 min for 4a and 6.0 min for 4b, and the organic eluent
was evaporated. To the residue were added 5ml of a
sterile PPG solution, and the resulting solution was
passed through a sterile filter (Dynagard ME, 0.22 um
pore size) into a sterile vial. The retention time for 4a
during analytical LC was 4.5 min and the retention time
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for 4b was 4.3 min. The identity was assessed by adding
an authentic reference compound to the solution and
analysing by analytical LC.

Synthesis of (15R)-16-{3-["1C]/(*3C)methylphenyl}-
17,18,19,20-tetranorisocarbacyclin methyl ester (3a). The
synthesis was performed as described above with the
modification that 10 ul of 10% (*3C)CH;I (15 pmol)
were added to the solution when the ["'C]CH;I was
trapped. The subsequent solution was transferred to the
reaction vessel and the reaction time was prolonged to
15 min. The product fraction with a retention time of
10.6 min during semi-preparative LC was collected. The
experiment was repeated four times and the product
fractions were combined. After decay of the 'C the
residue was dried in vacuo and dissolved in CDCl;. 13C
NMR (CDCl,): 8 21.0 (**CH;).

Synthesis  of (15R)-16-(3-methylphenyl)-17,18,19,20-
tetranorisocarbacyclin tetrabutylammonium salt (6a) and
(158) - 16 - (3 - methylphenyl) - 17,18,19,20 - tetranoriso-
carbacyclin tetrabutylammonium salt (6b). Three mg
(7.8 pmol) of (15R)-16-(3-methylphenyl)-17,18,19,20-
tetranorisocarbacyclin 5a or (155)-16-(3-methylphenyl)-
17,18,19,20-tetranorisocarbacyclin 5b were dissolved in
1 ml of H,0O and 1 ml of CH,Cl,. Tetrabutylammonium
hydroxide [10 ul of 1.5 M (15 pmol)] was added and the
mixture was stirred overnight at room temperature. The
organic layer was withdrawn and the aqueous layer
extracted twice with CH,Cl,. The combined organic
phases were filtered through a small column (5 ml syr-
inge) of anhydrous MgSO,. The filtrate was transferred
to an 0.8 ml septum-equipped vial, the solvent evaporated
and the remaining salt stored in a dessicator at —5°C.

Synthesis of (15R)-16-(3-methylphenyl)-17,18,19,20-
tetranorisocarbacyclin [ Cmethyl ester (7a) and (155)-
16-( 3-methylphenyl) - 17,18,19,20 - tetranorisocarbacyclin
[H1C]methyl ester (Tb). One mg (1.6 pmol) of 6a or 6b
was dissolved in 300 pl of DMF and the septum-equipped
vial purged with nitrogen gas for 1-5min. ['!C]CH,I
was passed through a Sicapent® drying tower and
trapped in the solution at room temperature, and the
reaction mixture was heated at 130°C for 7 min. The
mixture was injected into a semi-preparative LC column,
from which the product fraction was collected after
10.6 min for 7a and 10.8 min for 7b, and the organic
solvent was evaporated. The residue was dissolved in
sterile PPG solution and passed through a sterile filter
(Dynagard ME, 0.22 um pore size) into a sterile vial.
The radiochemical purity was determined by analytical
LC, the retention time for 7a was 9.5min and the
retention time for 7b was 9.3 min. The identity was
assessed by adding an authentic reference sample to the
solution and analysing by analytical LC.

Synthesis of (15R)-16-(3-methylphenyl)-17,18,19,20-
tetranorisocarbacyclin [*1C]/(**C) methyl ester (Ta). The
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synthesis was performed in the same way as described
above with the modification that 10 ul of 10% (*3C)CH,I
(15 umol) were added to the solution when the
[''C]CH,I was trapped and the reaction time was pro-
longed to 15 min. The product fraction with retention
time of 10.6 min during semi-preparative LC was col-
lected. After decay of ''C the residue was dried in vacuo
and dissolved in CDCl;. *C NMR (CDCl;): § 51.0
(°CHy).
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