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The primary requirement the chiral biologically active compounds
must meet is their enantiomeric purity. Among enantiomerically pure
(e.p.) prostaglandin intermediates, bicyclo[]3.2.o] hept-2-en-6-one,
its epoxide, and bromohydrine are well-known [*2]. Chemical and bio-
technological methods have been proposed for the preparation of e.p.
parent ketone [*3%]. In the course of our search for alternative routes

to e.p. bicycloheptenone derivates [s] the transformation of ketone to
dithioketales with subsequent oxidation to chiral sulphoxides using the
modified Sharpless reagent was examined [& 7]. I

In the present work, HPLC resolution of the diastereomeric sulph-
oxides formed by the oxidation of dithioketales of ketone (1), its bro-

mohydrine (2), and epoxide (3) by a chiral oxaziridine derivative [Ё]is investigated. The oxidation yields four diastereomers (Fig. 1). The

separation of these diastereomers (on both analytical and preparative
scale) is complicated due to the presence of unreacted reagents, a

reduced oxidant, and side products in the reaction mixture. This paper

reports the results obtained.

* Eesti Teaduste Akadeemia Keemia Instituut (Institute of Chemistry, Estonian Aca-

demy of Sciences). EEOIOB Tallinn, Akadeemia tee 15. Estonia.

Fig. 1. The structure of diastereomers of

sulphoxides of heptenone (1), bromohyd-
rine (2), and epoxide (3) studied.
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Experimental

Apparatus. A Du Point HPLC system No. 8845 with a UV-spectrophoto-
metrical detector was used for analytical and semipreparative separa-
tions. For these purposes Zorbax SIL columns (250X4.6 mm I.D. and

250X9.4 mm 1.D.) with a theoretical plate number of about 15000—
18000 were used. The eluent flow rates were 0.8 and 3.5 ml/min for the

analytical and semipreparative columns, respectively. The columns

temperature was 35°C.

Preparative separation was carried out using a preparative HPLC

system PVK-31A, Special Designing Bureau of the Estonian Academy
of Sciences. The column (30030 mm 1.D.) was packed with 5 um
Separon SGX. The number of theoretical plates was approximately 5000.

Separations were performed at 35°C. The flow rate was 35 ml/min.
The UV-wavelength was chosen according to the transparency of the

mobile phase system used. It was 225 nm for the n-hexane-isopropanol
system, 254 nm for the chloroform-based system, 260 nm for the ethyl
acetate containing systems, and 265 nm for the carbon tetrachloride-iso-

propanol-water one.

Solvents. All the solvents (analytical grade) were purchased from

Reakhim, USSR. n-Hexane was used without purification. Chloroform,
isopropanol, and carbon tetrachloride were redistilled. Chloroform free
of a proton-donor stabilizer, ethanol, was prepared by washing it thrice
with an equal amount of water, drying overnight with CaCl,, and

redistilling over P»0s;. Ethyl acetate was redistilled over P;Os. Aceto-
nitrile was rectified. Bidistilled water was used as a mobile phase modi-
fier.

Samples. All the samples were synthesized and their structure was proved
as described in [?]. For analytical measurements a 10 pl aliqout of the
reaction mixture was taken and completely dissolved in 40 ul of benzene-

ethyl acetate (3:1); 5—20 pl was injected. In е first step of pre-
parative purification the reaction mixture was dissolved using dichloro-
methane (freshly distilled) and thereafter injected into the preparative
column. After further purification various solvent mixtures proved to be
useful for dissolving the sample. When polar solvents were used, the

samples were diluted with benzene or chloroform in order to avoid the

peak band broadening because of a high polarity of the solvent.

Calculations. The capacity and resolution factors were calculated а$

previously described [*°]. The void volume of the analytical column was

measured to be 3.41 ml [!]. .

Results and Discussion

To describe the chromatographic behaviour of different sulphoxides
(Fig. 1) the capacity and resolution factors (Tables I—4) of these com-

pounds are used. In our previous study [7] the mobile phase consisting
of carbon tetrachloride-methanol was used for the separation of hepte-
nones. In this work, however, when carbon tetrachloride-isopropanol-
water, the mobile phase with nearly comparable selectivity (mobile
phase 9; Tables 1 and 2), was used the degradation of sulphoxides took

place so that the carbon tetrachloride-based mobile phases were dis-

carded. The chloroform-based mobile phases (6 and 8; Tables 1 and 2)
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gave poor resolution of 1b and lc. At the same time the selectivity with

n-hexane-isopropanol-water mixtures (mobile phases I—3) is low for
la and Ib. 1d was not separated and identified. The formation of a

quaternary solvent system n-hexane-chloroform-isopropanol-water (mo-
bile phase 7) gives good compromise. The selectivity of n-hexane-ethyl
acetate-water mixtures (mobile phases 4 and 5) may be assessed as

satisfactory.
Considering these findings the chromatographic separation of hepte-

nones (1) was carried out as follows: for the measurement of a diaste-
reomeric ratio mobile phases 1 (see Fig. 2) and 3 were used. The
detection at 225 nm provided high sensitivity. The somewhat low а

value for la/lb is not critical for the analytical column. Oxaziridine and
its reduced form are more retentive (their capacity factors in System 1

are 10.2 and 9.0, respectively) and their elution does not interfere with

Only three diastereomers are identified and separated.
'~ Specially purified chloroform was used (iree of stabilizer),

. Heptenones*

Ag}?:;}: Mobile phase composition Гор ср
“No. VIVIV ; la lvlb l 1с |

n-Hex/iPrOH/H,O
1. 85/14.98/0.02 3.78 4.11 5.80
2. 85/14.4/0.6 : 2.35 2.73 347

3. 90/9.6/0.4 3.28 3.9 5.02
n-Hex/EtOAc/H,O

4. 20/79.2/0.8 . 2.03 2.33 2.96
5. 40/59.4/0.6 3.30 3.85 4.90

6. CHCls 100% 2.35 3.03 3.14

n-Hex/CHCIl3/iPrOH (0.1% H,0)
7. 43/56/1 3.44 4.20 4.82

CHCIl3/CH3CN/H»0
8.** 94/5.76/0.24 2.30 3.04 3.20

CCl,/iPrOH/H,0
9. 97/2.95/0.05 3.74 461 6.18

Bromohydrines

| 2a | 26 | 2 | 24
б

n-Hex/iPrOH/H,O
10. 75/24/1 3.73 2.63 3.24 3.59

n-Hex/EtOAc/H,O
11. 10/89.1/0.9 1.83 2.01 1.94 4.75

n-Hex/EtOAc/iPOH/H,0
12. — 68/9.9/21.1/1.0 2.90 2.38 2.60 3.32

CHCIl3/iPrOH/H,0
13. 93/6.93/0.07 1.73 1.09 1.98 3.85

№

Epoxides
3a | 3b | 3 | 34

n-Hex/iPrOH/H,O
14. 60/38.4/1.6 3.79 473 6.41 3.51

n-Hex/EtOAc/H,O
11. 10/89.1/0.9 454 5.71 5.71 4.35

CHCIl3/iPrOH/H,0O
15. 96/3.96/0.04. _ 1.98 3.28 2.50 2.17

Table 1

Capacity factors (k') of heptenones, bromohydrines, and epoxides

Column: Zorbax SIL (4.6)X250 mm), V,=3.41 ml. Temperature 35°C
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Resolution factors, «

Mobiie phase
U

No.* ' 1b/1a , lc/1b , 1с/1а

1. 1.09 1.41 1.53

2. 1.16 1.27 1.48

3. 1.19 1.28 1.53

4. 1.15 1.27 1.46

5. 1.17 1.27 1.48

6. 1.29 1.04 1.34 ,
7. 1.22 ' 1.15 1.40

8. 1.32 1.05 1.39

9. 1.23 1.34 1.65

i Table 2

Resolution factors (a) of heptenones

Column: Zorbax SIL. Temperature 35°C

Mobile phase composition see Table 1.

Mobile Resolution factors, a

hNo* 2bj/2a I 2c/2a ' 2c/2b l 2d/2a l 2d/2b l 2d/2c

10. 0.71 0.87 1.23 0.96 1.37 111

11. 1.09 1.06 0.97 2.60 2.36 2.45

12, 0.82 0.90 1.09 115 1.40 1.27

13, 0.63 1.15 1.82 2.23 353 1.94

Table 3

Resolution factors (o) of bromohydrines
Column: Zorbax SIL. Temperature 35°C

Mobile phase composition see Table 1.

Mobile Resolution factors, a

phase
No.* 3b/3a 3c/3a 3c/3b 3d/3a 3d/3b 3d/3c

14. 1.25 1.69 1.36 0.93 0.74 0.55
11. 1.26 1.26 1.00 0.96 0.76 0.77
15. 1.66 1.26 0.76 11° 0,66 0.87

Table 4

Resolution factors (o) of epoxides

Column: Zorbax SIL. Temperature 35 °C

Mobile phase composition see Table 1.
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the resolution of the compounds of interest. However, the case is not
so under preparative loadings, when the n-hexane-isopropanol-water
mixture does not give oxidant-free sulphoxides 1. In the first-step pre-
parative chromatography of heptenones, the mobile phase with a high
selectivity for the separation of reagents must be used. For this purpose
ethanolic chloroform or its mixture with a small amount of isopropanol
is the most advantageous. The oxaziridine products are eluted nearly
at a column void volume, as is the oxidation precursor, dithioketale (pre-
cursors of all sulphoxides, 1,2, and 3 elute near column void volume
in all the solvent systems investigated). In the course of this purifi-
cation step, the enriched fractions of la, Ib, and lc are also obtained.
Their final purification is carried out semipreparatively using mobile

phases 2,5, or 7.
:

The oxidation of the corresponding bromohydrinic precursor with
oxaziridine yields four diastereomeric sulphoxides 2. For the oxidation

products profiling the UV-transparent mobile phase n-hexane-isopropa-
nol-water is not suitable because of a very poor resolution of isomers

2a and 2d (see mobile phase 10, Table 3). On the other hand, by
using n-hexane-ethyl acetate-water (mobile phase 11), isomers 2a, 2b,
and 2c remain practically unresolved. So, a comparison of the retention

Fig. 2. A chromatogram of the separa-
tion of heptenones (1). Conditions:
column Zorbax SIL (4.6)X250 mm);
mobile phase: n-hexane-isopropanol-
water = 85:1498:0.02; Пом rate

0.8 ml/min; column temperature 35°C;
detection UV 225 nm; absorbance 0.32
AUFS; sample size: the reaction mixture

corresponding to 50 pg of the initial
dithioketale.

Fig. 3. A chromatogram of the separa-
tion of bromohydrines (2). Conditions:
column Zorbax SIL (4.6X250 mm);
mobile phase: chloroform-isopropanol-
water = 93:6.93:0.07; flow rate 0.8

ml/min; column temperature 35 °C;
detection UV 250 nm; absorbance 0.32

AUFS; sample size: the reaction mixture

corresponding to 100 pg of the initial
dithioketale,
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data of mobile phases 10 and 11 showed that the formation of a quater-
nary system should give complete resolution of all the four compounds.
Experimentally it was found that n-hexane-ethyl acetate-isopropanol-
water (68:9,9:21.1:1.0); mobile phase 12) meets this requirement.

Fig. 6. A chromatogram of the separation
of Mosher esters of bromohydrinic sul-
phoxides 2b. Conditions: column Zorbax
SIL (4.6X250 mm); mobile phase: л-

hexane-ethylacetate-isopropanol-wa-
ter = 68:99:21.1:1.0; flow rate: 0.8
ml/min; column temperature 35°C; de-
tection UV 260 nm; absorbance 0.16
AUFS; sample size 40 pg. The NAT-dia-
stereomer formed with enantiomer lead-
ing to natural prostaglandin. The ENT-

diastereomer leadixäg to ent-prostaglan-
1,

Fig. ‘4. A chromatogram of the separa-
tion of epoxides (3). Conditions: column

Zorbax SIL (4.6X250 mm); mobile
phase: chloroform-isopropanol-water =

= 96:3.96:0.04; flow rate 0.8 ml/min;
column temperature 35°C; detection UV

254 nm; absorbance 0.16 AUFS; sample
size: the reaction mixture corresponding

{0 100 pg of the initial dithioketale.

Fig. 5. The chemical
structure of the Mosher
reagent ((R)-(+)-a-me-

thoxy-a- (trifluorome-
thyl) phenylacetic acid).

Column: Zorbax SIL. Mobile phase n-hexane-ethyl acetate-isopropanol-water
68:9.9:21.1:1.0. Temperature 35 °C :

——— — —— ———tiii oi —————— o g

Diastereomer* l 2a I 2b ’ 2c l 2d

NAT 1.44 0.86 п.5.** n.s.

ENT n.s. 1.31 1.73 1.47 .

* NAT — diastereomer formed with enantiomer leading to natural prostaglandin.
ENT — diastereomer formed with enantiomer leading to ent-prostaglandin.

**
n.s. — compound not separated and identified from reaction mixture.

Table 5

Capacity factors (k') of diastereomers formed by the reaction of bromohydrines
with Mosher reagent
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Unfortunately, mobile phase 12 was not applicable to analytical and
first step preparative resolution because oxaziridine eluted very near to
isomer 2b (k’=2.34). For these purposes chloroform-isopropanol-water
(mobile phase 13) was suitable (reagent compounds are hardly retentive,
see Fig. 3). Using this solvent system the first step of preparative reso-

lution yielded pure isomers 2b and 2d. For complete purification of 2a

and 2c, semipreparative chromatography was used (by using mobile pha-
ses 10 or 13).

n-Hexane-isopropanol-water was not suitable for the profiling of the
formation of diastereomeric epoxides regardless of its most favourable

selectivity values (see Table 4; 14). This was caused by the simultaneous
retentinon of oxaziridine and 3d. Therefore, to measure the isomer ratio

chloroform-isopropanol-water (mobile phase 15) was used (see Fig. 4).
Mobile phases 11 and 15 were both used in the first-step preparative
purification (oxaziridine and compounds originating from it are only
slightly retained in the column). The fractions collected are reagent-
free, but diastereomers 3 could be separated only partly (3b and 3c
cannot be resolved by n-hexane-ethyl acetate-water). For their final

semipreparative separation, n-hexane-isopropanol-water mixture (mobile
phase 14) suits well. Mobile phase 11 allowed no resolution of isomers
3b and 3c. When mobile phase 15 is used, the purification of a minor

isomer, 3d, is disturbed by very near elution of an unknown impurity.
We can conclude that the methods used allow analysis of complex

diastereomeric mixtures of the oxaziridine oxidized dithioketales of bi-

cyclo[3.2.o]heptenone, its bromohydrine, and epoxide. Further we at-

tempted to determine e.p. of diastereomers 2a—2d using- the Mosher

ester (Fig. 5) separation method [!2]. The results are presented in Table

5. In case о isomers 2a, 2c¢, and 2d, we were able to determine only one

diastereomer formed. The e. p. of these diastereomers is higher than that
of 2b. However, the peaks of the side products on a chromatogram and
the nonquantitative course of ester formation (see Fig. 6) did not allow

precise determination of the content of the minor enantiomer. For this

purpose a suitable chiral separation column should be used.
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BITSUKLO[3.2.0|HEPT-2-EN-6-OONI, SELLE EPOKSIIDI JА BROMOHÜDRIINI
DITIOKETAALIDE OKSÜDEERIMISEL MOODUSTUNUD SULFOKSIIDIDE

DIASTEREOISOMEERIDE LAHUTAMINE KÕRGSURVEVEDELIK-

KROMATOGRAAFIA ABIL

Bitsiiklo[3.2.o] hept-2-en-6-ooni, selle epoksiidi ja bromohiidriini ditioketaalide oksii-
deerimine kiraalsete reagentidega on iiks voimalikke teid enantiomeerselt puhaste pros-

taglandiinide vaheiihendite siinteesiks. On uuritud oksiideerimisel saadud sulfoksiidide

diastereoisomeeride lahutamist korgsurvevedelikkromatograafia abil ning vilja todtatud
solvendisiisteemid nii siinteesisegude analiiiisimiseks kui ka individuaalsete isomeeride

preparatiivseks lahutamiseks.

Карин ВАЛМСЕН, Мадис ЛЫХМУС, Раиса ЯАЛАЙД, Маргус ЛОПП, Юло ЛИЛЛЕ

РАЗДЕЛЕНИЕ ДИАСТЕРЕОИЗОМЕРОВ СУЛЬФОКСИДОВ, ПОЛУЧЕННЫХ

ОКИСЛЕНИЕМ ДИТИОКЕТАЛЕЙ БИЦИКЛО![3.2.0]ГЕПТ-2-ЕН-6-ОНА, ЕГО

ЭПОКСИДА И БРОМОГИДРИНА МЕТОДОМ ВЫСОКОЭФФЕКТИВНОЙ
ЖИДКОСТНОЙ ХРОМАТОГРАФИИ

Окисление дитиокеталей бицикло[3.2.o]гепт-2-ен-6-она, его эпоксида H бромо-
гидрина хиральными реагентами — один из возможных путей получения энантио-

мерно чистых интермедиатов для синтеза простагландинов. В работе изучено раз-
деление полученных путем асимметрического окисления хиральных сульфоксидов с

помощью высокоэффективной жидкостной хроматографии. Разработаны сольвентные

системы для анализа реакционных смесей, а также для препаративного разделения
индивидуальных изомеров.
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