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POSSIBILITIES OF SEPARATING SE/Z AND 15a/ß ISOMERS
OF PROSTACYCLIN CARBA-ANALOGS

BY HIGH PERFORMANCE LIQUID CHROMATOGRAPHY
The carba-analogs of prostacyclin (PGI 2 ) have been stated chemically
stable and biologically highly potent substances [ l>2 ]. Every variation
in their configuration (e, g., at C 5 and Cl5, prostaglandin numeration)
causes a drastic change in their activity [2 ],

In the synthesis of racemic prostacyclin carba-analogs the confi-
guration at CIS is usually not controlled by a synthetic method. So, the
problem of separating 15a/ß-isomers arises [3 > 4 ]. Moreover, the final
step of synthesis, the а-chain formation by the Wittig olefination, is
not stereoselective and leads to an E/Z mixture at C 5 of these compounds
[ s>6]. Therefore we have studied methods of separating ЪЕ/Z and 15a/ß-
isomers of compounds I—4 * that may be used on a preparative scale.

* The letter a at compound number denotes a prostaglandin-like structure of carba-
cyclin analogs (see formulas above) and the letter b at compound number denotes
a prostacyclin-like structure of prostacyclin carba-analogs. The letter c denotes the
15a-isomery of compounds, and d the 15ß-isomery.
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L. Floche et ai. [2 ] have used a reversed-phase mode of chroma-
tography to separate some of the SE/Z-isomers of prostacyclin carba-
analogs, but the method proposed by them requires troublesome ex-
traction of the product from the water-containing eluting mixture, and
therefore it should not be used for preparative separation. We have
chosen a liquid-solid mode of chromatography over silica gel and a
normal-phase mode of bonded-phase chromatography over nitrile-modified
packing, using easily removable hexane-isopropanol mixtures for elution.

Materials and methods

Apparatus. A DuPont HPLC system N 8845 with the UV spectrophoto-
metrical detector was used.
Columns. Zorbax SIL 4.6X150 mm, initially 9700 theoretical plates and
Zorbax CN 4.6X250 mm, initially 16200 theoretical plates, were used.
Solvents. Hexane (Reakhim) was used without purification; isopropanol
(Reakhim) was rectified, subsequently its water content was adjusted
to 3.5%.
Samples. Compounds I —4 were synthesized by the authors of the
present work and identified by 13C NMR spectroscopy at the Institute
of Chemical Physics and Biophysics, Tallinn.* To identify 4ac and
Aad, the compounds were subjected to preparative separation, methylation
with diazomethane and reduction with LiAlH4 to yield easily separable
olefinic prostanoids sac and s ad.

Аас. R 3=H; R 4 =OH sас. R3=H; R 4=OH
Aad. R3 =OH; R4 =H sad. R 3 = OH; R 4=H

The more polar isomer on TLC (benzene/acetone= 10/6) was taken
as s ac (ct-isomer) and the less polar isomer as sad (ß-isomer) by the
analogy with prostaglandins. Compounds Ab were tested in vitro on
rabbit blood platelets after their preparative separation.** A stronger
inhibitor of platelet aggregation was taken as Abe and a weaker inhib-
itor as Abd [2], The identity of compounds 3 was taken in a similar
manner.
Chromatographic conditions. Hexane and isopropanol in different ratios
were used as a mobile phase. Experiments were performed at 35 °C and
at a flow rate of 0.6 ml/min, and detection was performed at 210 nm.
Calculations. The capacity factors {k') were calculated according to the
formula

ur tR — lO ч

to '*

where tR retention time (measured from the chromatogram, mm),
t 0 retention time of unretained compound (mm). t 0 was calculated
* The authors are indebted to T. Välimäe for 13C NMR investigations.
** The authors are indebted to A. Lopp for platelet aggregation tests.
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from the operational values of the void volume of column (F 0), chart
speed and flow rate. V 0 was determined as an elution volume of toluene
using' a 75/25 hexane/isopropanol mixture as a • mobile phase. Vo for
Zorbax SIL was found to be 1.89 ml and for Zorbax CN 3.00 ml.

The resolution factors (a) were calculated according to the formulas:
a=k'b /k'a (for SF/Z-isomers),
a=k'c /k' (for 15a/ß-isomers) ,

where k' b , k' ~ k' , k' are capacity factors of the respective isomers
b, a, c, and d of compounds I—4.

The resolution function ( Rs ) was estimated according to [7 ].

Results and discussion

The results obtained in the resolution of E/Z- isomers of compounds I—4
on Zorbax SIL and Zorbax CN are listed in Tables 1 and 2, respectively.
It is evident that silica gel offers better selectivity for the resolution of
E/Z- isomers than a cyano-bonded phase, but in the latter case the
selectivity of the resolution (see Fig. 1A and 1Б) is sufficient, too
(except for compound 3). It is noteworthy that the silica gel columns
are to be deactivated with water to avoid peak tailing before the
resolution of carboxylic acids [7] that leads to serious problems in
preparing the columns. The cyano-bonded phase columns are superior
to the silica gel columns in this respect, and can be used successfully
when the resolution problem is not difficult. In the case of the mobile
phase and the types of packing used by the authors, the selectivity of

Table 1

Dependence of the resolution factor (a) and resolution function (R s) of E-
isomers of compounds 1 —4 and the capacity factor ( ) of compounds

and Z-
1b, 2b,

3be, 3bd, Abe and 4 bd on the isopropanol content in hexane using column
SIL (4.6X 150 mm).

Zorbax

Isopropanol Г.я1рп1я1рН
Compounds

content in
hexane, %

parameter 1 2 3c 3d 4c 4 d

k'
b

8.66 6.07 6.22 6.03 5.96 5,65

4 a 1.29 1.64 1.16 1.10 1.40 1.25

Rs large large large - 1.0 large large

k'
b

34.8 22.6 22.0 21.4 18.9 17.8

3 a 1.42 2.07 1.21 1.14 1.59 1.40

Rs large large large 1.25 large large
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Table 2

Dependence of the resolution factor (a) and resolution function (f? g ) of E- and Z-
isomers of compounds 1—4 and the capacity factor (k b ) of compounds 1b, 2b,
36c, 3bd, 4bc and 4 bd on the isopropanol content in hexane using column Zorbax

CN (4.6X250 mm).

Isopropanol
content in
hexane, %

Calculated
parameter

Compounds

1 2 3c 3d 4c Ы

4

k'ь 2.57 2.57 2.24 2.24

a 1.06 1.06 1.19 1.13

Rs 0.8 0.8 1.25 1.0

3

k'
ь 4.97 3.69 5.72 5.72 5.49 5.49

a 1.18 1.71 1.08 1.08 1.26 1.20

Rs 1.25 large 0.9 0.9 large 1.25

2

k'ь 9.76 6.64 10.7 10.7 8.44 8.44

a 1.27 2.00 1.12 1.12 1.36 1.29

Rs large large 1.0 1.0 large large

Table 3

Dependence of the resolution factor (a) and resolution function (/?*) of ISa/ß-isomers
of compounds 3 and 4 and capacity factor (kb ) of compounds 3ac, 3be, 4ac, Abe on
the percentage of isopropanol in hexane using column Zorbax SIL (4.6X150 mm).

Isopropanol
content in
hexane, %

Calculated
parameter

Compounds

3o 3b 4a 46

4

k'
C

5.37 6.22 4.25 5.96

a 0.98 1.03 0.94 1.06

Rs 0.5 0.6 1.0 1.0

3

k'
C

18.3 22.0 11.9 18.9

a 0.97 1.03 0.93 1.06

Ri 0.6 0.65 1.0 1.0
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resolution can be improved by reducing the isopropanol content in
hexane. In comparison with the reverse-phase mode chromatography [B],
the normal-phase mode of chromatography gives higher а-values for
the resolution of E/Z-i somers of prostacyclin carba-analogs. That means
that sufficient separation of these isomers may often be distinguished

Fig. 1. Chromatograms of separation of compounds 1 (Л) and 2 (B). Conditions:
Column Zorbax CN (4.6x250 mm); mobile phase hexane/isopropanol = 98/2; flowrate 0.6 ml/min; column temperature 35 °C; detection UV 210 nm; absorbance0.16 AUFS; chart speed 5 cm/h; sample size ~100 p,g (Л) and ~50 p,g (В ).
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using columns with a lower plate number, e. g. by conventional liquid
chromatography over silica gel or over cyano-bonded stationary phase.

Concerning the resolution of 15a/ß-isomers of compounds 3 and 4
columns Zorbax SIL and Zorbax CN (Tables 3 and 4, respectively) it
is evident that silica gel has also a higher selectivity than the cyano-

Fig 2. Chromatograms of separation of compounds 3 (A) and 4 (B). Conditions:
Column Zorbax SIL (4.6x150 mm); mobile phase hexane/isopropanol = 96/4;
flow rate 0.6 ml/min; column temperature 35 °C; detection UV 210 nm;
absorbance 0.16 AUFS; chart speed 10 cm/h; sample size '■'•'so pg (Л) and

~40 pg (B).
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bonded phase. A good resolution of 4ac from Aad and 4be from 4 bd
is demonstrated in Fig. 28. It permits preparative separation of 15a/ß-
isomers of compounds 4 for biological testing. Increasing the column
plate number up to 15,000—16,000 results in a complete resolution
(i? of those prostacyclin carba-analogs-isomers. The resolution
of 15a/ß-isomers of compounds 3 is insufficient (Fig, 2Л) for preparative
separation.

Conclusions

1. For the preparative-scale resolution of E- and Z-isomers of prosta-
cyclin carba-analogs, the normal-phase chromatography over silica gel
is the most convenient chromatographic method.
2. Normal-phase chromatography over the cyano-bonded stationary
phase may be also used for the preparative separation of E- and Z-iso-
mers of prostacyclin carba-analogs.
3. The semipreparative resolution of 15a- and 15ß-isomers of 5E- and
SZ-9-desoxy-13,14-didehydro-6,9a-methano-A5-PGFi was achieved using
the chromatographic method over silica gel.

Table 4
Dependence of resolution factor (a) and resolution function (/? s ) of 15a/ß-isomers
of compounds 3 and 4 and capacity factor (kc ) of compounds 3ac, 3be, 4ac and 4be
on the percentage of isopropanol in hexane using column Zorbax CN (4.6X250 mm).

Percentage of
isopropanol
in hexane

Calculated
parameter

Compounds

3a 3b 4a 4b

4

k'
C

2.43 2.57 1.88 2.24

a ~ 1 -1 0.95 ~ 1

Rs 0.65

3

k'
c

5.28 5.72 4.37 5.49

a ~ 1 -1 0.95

Rs 0.7

2

k'
c

9.61 10.7 6.20 8.44

a ~ 1 - 1 0.94 - 1

Rs 0.8



62

REFERENCES
1. Whittle, В. J. R., Moncada, S., Whiting, F., Vane, J. R. Carbacyclin a potent

stable prostacyclin analog for the inhibition of platelet aggregation. Prosta-
glandins, 1980, 19, N 4, 605—627.

2. Floche. L., Böhlke. H., Frankus, E., Kim, S.-M. A., Lintz, W., Loschen, G., Michel, G„
Müller, В., Schneider, J., Seipp, U., Vollenberg, U., Wilsmann, K. Designing
prostacyclin analogues. Arzneim.-Forsch./Drug Res., 1983, 33 (II), N 9,
1240—1248.

3. О-Yang, C., Fried, J. Separation of acetylenic prostaglandin isomers as cobalt
complexes. Tetrahedron Letters, 1983, 24, N 25, 2533—2536.

4. О-Yang, C.. Kertesz, D. J., Kluge, A. F., Kuenzler, P., Li, T., Marx, M. M., Bru-
no, J. J., Chang L. Synthesis and platelet aggregation inhibition activity of
a series of enantiomeric bicyclo [3.2.0] heptane-6-oximinoacetic acid. Prosta-
glandins, 1984, 27, N 6, 851—863.

5. Bartmann W.. Beck, G. Prostacyclin und synthetische Analoga. Angew. Chem.,
1982, 94, N 10, 767—780.

6. Newton, R. F., Wadsworth, A. H. Synthesis of stable prostacyclin analogues from
2,3-disubstituted bicyclo [3.2.0] heptan-6-ones. JCS Perkin I, 19§2, N 3,
823—830.

7. Snyder, L. R., Kirkland, J. J. Introduction to Modern Liquid Chromatography. 2nd.
ed. New York, Chichester, Brisbane, Toronto, 1979, 38—43, 374—383, 391
398, 791—807.

8. Lõhmus, M„ Parve, О., Müraus, A., Lopp, M., Lille, О. Resolution of E- and Z-
isomers of prostacyclin carba-analogs by high performance liquid chromato-
graphy. Proc. Acad. Sei. ESSR. Chem., 1985, 34, N 3, 221—230.

Academy of Sciences of the Estonian SSR, Received
Institute of Chemistry June 26, 1985

M. LÕHMUS, О. PARVE, Anne MÜRAUS,
M. LOPP, 0. LILLE

PROSTATSÜKLIINI KARBA-ANALOOGIDE SE/Z- JA 15a/ß-ISOMEERIDE
PREPARATIIVSE LAHUTAMISE VÕIMALUSED KÖRGEFEKTIIVSE

VEDELI KU KROMATOGRAAFIA ABIL
On uuritud prostatsükliini nelja erineva karba-analoogi ЪЕ- ja SZ-isomeeride ning
kahe analoogi 15a- ja 15ß-isomeeride preparatiivse lahutamise võimalusi normaalfaasi-
lisel kõrgefektiivsel vedelikukromatograafiameetodiL Leiti, et silikageelkolonn omab
suuremat selektiivsust uuritud isomeeride lahutamiseks kui nitriilmodifitseeritud ko-
lonn. Kromatograafiliselt õnnestus preparatiivselt lahutada 5E- ja SZ-9-desoksü-13,14-
didehüdro-6,9a-metano-A 5 -PGFi 15a- ja 15ß-isomeerid.

M. ЛЫХМУС, О. НАРВЕ, Анне МЮРАУС,
M. ЛОПП, Ю. ЛИЛЛЕ

ВОЗМОЖНОСТИ ПРЕПАРАТИВНОГО РАЗДЕЛЕНИЯ
SЕ/Z- и lSa/ß-ИЗОМЕРОВ КАРБА-АНАЛОГОВ ПРОСТАЦИКЛИНА

ПРИ ПОМОЩИ ВЫСОКОЭФФЕКТИВНОЙ ЖИДКОСТНОЙ ХРОМАТОГРАФИИ

Изучались возможности препаративного разделения 5£- и SZ-изомеров четырех
карба-аналогов простациклина при помощи нормально-фазной высокоэффективной
жидкостной хроматографии. Найдено, что силикагелевая насадка обеспечивает луч-
шую селективность разделения изученных изомеров, чем насадка, модифицированная
нитрильной группировкой. Хроматографически удалось препаративно разделить также
115а- и löß-изомеры 5Е- и SХ-9-дезокси-1|3,14-дидегидро-6,9а-метано-А5-ПГРI .
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	Рис. 1. Хроматограмма алифатических углеводородов смолы конверсии в 10%-ном растворе щелочи. Пики 13— 29 соответствуют числу атомов углерода в молекуле н-парафинов; il B—г‘2l —* изопреноидные структуры. Колонка: 4% силиконового эластомера Е 301 на хроматоне N-AW-DMCS, 3,7 м X 3 мм.�屵〴㐱屵〴㌰屵〴㍣屵〴㑦屵〴㑤⁜田㐲搮Ⱐ屵〴ㄲ屵〴㌵屵〴㌹屵〴㌴屵〴㌵屵〴㐰屵〴㍣屵〴㌰⁜田㐱挮†屵〴ㄸ屵〴㌷屵〴㌲⸠屵〴㄰屵〴ㅤ⁜田㐲摜田㐴ㅜ田㐴㉜田㐲ㅜ田㐲ㅜ田㐲〮⁜田㐲㕜田㐳㡜田㐳捜田㐳㡜田㐴昬‱㤸㘬⁜田㐴㈮″㔬ഊ屵㈱ㄶ‱Ⱐ屵〴㐱⸠䦗㘱霶 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	Fig. 2. Dependence of surface tension (a) of isethionates Се—Сю upon the concentra tion of their solutions at 20° C.�S�栀愀爀攀尀䌀漀渀昀椀最尀吀䰀唀ⴀ搀漀挀圀漀爀欀猀ⴀ䜀䰀䈀䰀⸀椀渀椀਀䰀漀挀愀氀倀愀琀栀㨀䌀㨀尀倀爀漀最爀愀洀 䘀椀氀攀猀 ⠀砀㠀㘀⤀尀搀漀挀圀伀刀䬀匀尀戀椀渀尀搀眀匀爀瘀尀䐀圀匀爀瘀㐀⸀攀砀攀਀刀攀瀀漀爀琀攀搀匀琀愀琀攀㨀㄀਀匀琀愀琀甀猀㨀倀爀漀挀攀猀猀椀渀最਀刀甀渀渀椀渀最䄀瀀瀀猀㨀਀䨀漀戀㨀䔀砀瀀漀爀琀堀䴀䰀਀䐀漀挀䤀䐀㨀㄀㠀㔀㜀㠀਀䘀椀氀琀攀爀㄀㨀䴀漀渀漀最爀愀瀀栀਀䘀椀氀琀攀爀㈀㨀吀䰀唀ⴀ䴀漀渀漀最爀愀瀀栀ⴀ匀䌀䄀一尀戀㄀㈀㘀㐀㤀㠀㐀ⴀ㄀㤀㠀㘀ⴀ㄀਀䘀椀氀琀攀爀㌀㨀吀䰀唀ⴀ䴀漀渀漀最爀愀瀀栀਀䄀挀琀椀漀渀㄀㨀倀爀漀挀攀猀猀椀渀最਀䄀挀琀椀漀渀㈀㨀匀愀瘀椀渀最 倀䐀䘀 ⸀⸀⸀਀䌀爀琀倀爀漀最爀攀猀猀㨀　਀䴀愀砀倀爀漀最爀攀猀猀㨀㄀਀䰀愀猀琀匀琀愀琀甀猀䴀漀搀椀昀椀挀愀琀椀漀渀吀椀洀攀唀吀䌀㨀㄀㐀㔀㠀㘀㐀㄀㘀㌀㜀਀刀攀瀀漀爀琀攀搀吀椀洀攀㨀㄀㐀㔀㠀㘀㐀㈀　㌀　਀伀䌀刀䔀渀最椀渀攀匀琀愀琀甀猀㨀䘀椀渀攀刀攀愀搀攀爀 ㄀㄀⸀　簀 刀甀渀渀椀渀最 漀渀 氀漀挀愀氀 洀愀挀栀椀渀攀 簀 甀渀氀椀洀椀琀攀搀 挀栀愀爀愀挀琀攀爀猀 氀攀昀琀⸀簀 伀䌀刀 戀椀渀愀爀椀攀猀 瘀攀爀猀椀漀渀㨀 㘀⸀㤀⸀㄀⸀㄀㌀਀匀琀愀爀琀吀椀洀攀㨀㄀㐀㔀㠀㘀㐀㄀㘀㌀㜀਀✀ 圀䠀䔀刀䔀 匀攀爀瘀椀挀攀一愀洀攀 㴀 ✀开倀刀伀䐀㐀开䐀圀匀爀瘀㐀开匀爀瘀开倀刀伀䐀㐀⸀琀砀
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