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SUMMARY

High-performance liguid chromatographic (HPLC) and gas-liquid ckremato-
graphic (GLC) separations of some steroidal ¢,f-unsaturated ketoximes, intermediates
in the synthesis of the oral contraceptive norgestrel, were investigated. When GLC
(trimethylsilyl derivatives) or reversed-phase HPLC was used, the syn- and anti-
isomers were not resolved. However, with the syn/anti ratio changing markedly in
the samples, these methods (especially reversed-phase HPLC) proved to be less
accurate because the physical properties relevant to detection were different for the
isomers examined. Improved accuracy can be achieved by using mormal-phase
HPLC and taking the corresponding isolated syn- and anti-isomers as reference
standards.

INTRODUCTION

The last steps in the synthesis of the steroidal contraceptive norgestrel involve
the following intermediates® (see Fig. 1): 138-ethyl-3-methoxygona-2-5(10)-dien-178-
ol (i), 138-ethyl-3-oximinogon-4-en-178-o0l (ii), 138-cthyl-3-oximinogon-4-en-17-one
(tii1) and 138-ethyl-17a-ethynyl-3-oximinogon-4-en-178-0l (iv). The oxime inter-
mediates (ii, iii and iv) appear as a mixture of syn- and anti-isomers. As deter-
minations of meciting points and optical rotation are of minor value in such instances,
separation methods were needed in order 0 give analytical support to the elaboration
of the synthesis.

In the past, steroids have been separated and quantitated by paper, thin-layer,
gas and column chromatography, but few papers, using thin-layer chromatography
(FLCY* and reversed-phase high-performance liquid chromatography (HPLC)Y,
bave dealt with the separation of steroidal oximes.

As pointed out by Hara ef al 3, the syn- and ainri-isomers of testosterone oxime
showed a 449/ difference in their molar absorptivities at 242 nm, and other steroidal
a,f-unsaturated ketoximes of the 4-en-3-ome or l-en-3-one series also differed
significantly in their physical properties.
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Fig. 1. Part of the synthesis of norgestrel.

Huetternann and Shroff* reported the determination of 17a-ethynyl-175-
acetoxy-19-norandrost-4-en-3-one oxime by reversed-phase HPLC using ultraviolet
(UV) detection at 254 am. With the isomers unresolved and having Hara er al’s

results in mind, issue can be taken with the accuracy of the reversed-phase method,
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and with that of reversed-phase HPLC methods in general, for the quantitative
determination of such oximes by UV detection, when the syn/anti ratio in the samples
relative to this ratio in the reference standard changes.

This paper dw_ls with the separation and determination of some gon-4—en—3—one

parameters of the xsolated syn- and anti-isomers.

EXPERIMENTAL

Gas-liquid chromatography

GLC separaticns were carried out with an HP 5830 A instrument equipped
with a flame-ionization detector (FID). The columans were 6 fi. X 4 mm LD. glass
coils with 39 OV-1 or 29, OV-17 on 80-100-mesh Gas-Chrom Q (phases and
support material frcm Applied Science Labs., State College, Pa., U.S_A.). The tem-
perature of the injection port, the column and the detector was 240°. The carrier gas
(nitrogen) flow-rate was 46 ml/min, the chart speed was 0.6 cm/min and -zl
solutions were injected. Cholestane (10 zg) was used as the internal standard.

Preparation of derivatives

Trimethylsilyl (TMS) derivatives were prepared with 0.1-0.2 mg of steroid and
with 120 ul of reagent mixture [bistrimethylsilyltrifiuoracetamide (BSTFA}-tri-
methylchlorosilane (TMCS)—pyridine (PY) (4:1:1) (reagents from Pierce, Rockford,
HL., US.A)jat 60° for 1 h.

Methyloxime (MO) derivatives were prepared with 0.1-0.2 mg of steroid and
with 100 gl of O-methyloxyammonium chloride (Pierce) in pyridine (16 mg/ml) at
60° for 3 h.

When preparing the MO-TMS derivatives, we first followed the procedure
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described for the MO derivatives. After the evaporation of the excess of pyridine
under nitrogen, 100 gl of BSTFA-PY (4:1) solution was added to the crude adduct
and the mixture was kept at 60° for 1 h.

Mass spectrometry

Compounds ii, iia, iii and iv were analysed by GLC-MS as their TMS, MO
and MO-TMS derivatives. An HP 5990 A gas chromatograph-mass spectrometer was
used. The column was a 2 ft. X 2 mm LD. glass coil packed with 29/ OV-10l on
100-120-mesh Gas-Chrom Q. The electron energy was 70 eV and the multiplier
voltage was 2600 eV.

High-performance liquid chromatography

A Varian 8500 HPLC pump (with stop-flow septumless injection) was used,
equipped with a variable-wavelength UV-VIS detector (Variscan, at 240 nm) and 2
Model A-25 strip-chart recorder for the analytical work, and with an ISCO Model
UA-5 (Type 6) absorbance monitor (254 nm, with peak separator and built-in
recorder), as well as a Model 328 fraction collector, for the HPLC isolation of the
syn- and anti-isomers. The HPLC columns (packings and dimensions} used are
indicated in Table IV. Micro-Pak columns were supplied by Varian (Palo Alto,
Calif., U.S.A)) and the remainder of the pre-packed columns were purchased from
Chrompack (Middelburg, The Netherlands). Chloroform, iseoctane, isopropanol
and dioxane (Chrom AR grade) were products of Mallinckrodt, (St. Louis, Mo.,
U.S.A)), and acetonitrile, n-hexane (Uvasol), dichloromethane, ethyl acetate (Li-
Chrosolve) and methanol (Selectipur) were obtained from Merck (Darmstadi, G.F.R.).
Other chemicals used were of the highest grade available.

HPLC analytical determinations were carried out using system V or VII (see
Table IV), with an eluent flow-rate of 100 ml/h and pure norgestrel as the internal
standard (mostly 10 gg/ml). The injection volume was 20 gl. Samples and the internal
standard were dissolved either in the eluent or in ethyl acetate-isooctane mixtures.

For the isolation of the syn- or anti-isomers in repetitive runs, we chose low-
boiling solvents (system V or III, the latter having been used with pure ii and pure
iv mixtures), injecting 40 zl of a solution containing 1 mg of isomer mixture in ethyl
acetate-methanol (3:1) each time. Coilected fractions containing the isomer of
interest were evaporated tc dryness at reduced pressure and ambient temperature. The
crystals obtained were weighed and stored protected from heat and light and used as
reference standards when needed. Stock solutions of a reference standard were
prepared by dissolving small amounts of the crystalline material in ethyl acetate to
give solutions of 1 mg/ml and adding an equal volume of iscoctane. If stored in a
refrigerator, the isomers were stable in stock solutions for at least ! week. When
preparing a calibration graph, additional dilutions of the stock solutions were
prepared with isooctane.

UV, infrared and nuclear magnetic resonance spectra and melting points

UV spectra were taken in ethanol on a Cary Model 118 C UV-VIS spectro-
photometer, and infrared (IR) spectra were recorded with a Perkin-Elmer 577 in-
strument (potassium bromide pellets). For the nuclear magnetic resonance (NMR)
analysis of the iii oximes a JEOL HL-60 spectrometer was used with CDCl; as the
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solvent, at room temperature, and with tetramethylsilzne as the internal standard.
Melting points were determined with a thermomicroscope (Boetius system).

RESULTS AND DISCUSSION

In order to determine optimal chromatographic conditions for the separation

volatile and stable derivatives had to be prepared.

We prepared 3,17-di-TMS and 3-MO-17-TMS derivatives of compounds ii
and iv, and 3-TMS and 3,17-di-MO derivatives of compound iii.

As can be seen in Fig. 2, the TMS derivatives of the syn/anti isomers of ii,
iit and iv were not resolved under the chosen conditions and were cluted as single
peaks. On the other hand, MO-TMS derivatives of ccmpounds ii and iv (and di-
MO derivatives of iii) eluted in double peaks, indicating a tendency for separation
and resulting in poorer quantitation possibilities (see Fig. 3). Thus, for reasons of
easier quantitation, we prepared the TMS derivatives and first examined the stability
of these derivatives under various derivatization conditions.
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Fig. 2. Typical gas chromatogram for TMS derivatives of compounds ii, iia, iii and ivona 29, OV-
17 6 ft. x 4 mm L.D. glass coil column. Column temperature: 230°.

Fig. 3. GLC of MO-TMS derivatives of compounds ii, iv and the di-MO derivative of compound
iii. Conditions as in Fig. 2.

With steroids containing ketone groups, the formation of enol-TMS ether
derivatives is possible during silylation, as reportad on by Chambaz ef al.®. However,
enol ether formation is less likely with 17-one steroids®.

Compound iii was subjected to prolonged silylation, for 24 h in BSTFA-
TMCS-PY (4:1:1) at 60°, but a0 enol ether was formed even when pyridine was
replaced with acetonitrile, tetrahydrofuran or dimethylformamide. As a corseguence,
there was no need to prepare MO-TMS derivatives.
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conditions reported, as indicated by tiie iinw calibration graphs obtained.

When compound i was converted into compound i, an additional peak
(iia, Fig. 2) appeared besides ii in the gas-liquid chromatogram (TMS). Having run
the mass spectra of components ii and iia, we found identical peaks in the spectra of
it and iia, differing only in relative intensities (see Table I)j. The fact that iia 1s a 4°
isomer of ii was comfirmed by comparing the GLC data and GLC-MS results for
synthetically prepared l3ﬁ-ethyl-3—ox1mmogon-5(lO)-en-l78—01 with those of com-
ponent iia.

Table I gives the GLC-MS data for the TMS, MO-TMS and di-MO derivatives
of the compounds examined. These data confirmed the formation of the derivatives

studied.

TABLEI

RELATIVE ABUNDANCES OF PRINCIPAL FRAGMENTS OF TMS, MO-TMS AND DI-MO
DERIVATIVES OF COMPOUNDS i, iia, iii AND iv AT 70¢V

Notations: 1 =[M — ‘CH,}*; 2 = rmgA C; 3 =KCisCiy) —HI*; 4 =M — 90]**; 5 =

IM—2x91":6=M—CsCui}*; 7T=M — ‘CH,CH,;}**; 8 = [M — ‘OCH;5}*; 9 = [M —

90 — “CH,I*.

Compound Molecular ion and Base peak Masses and relative intensities of
relative intensity some fragments

i 447 (59) 73 432 (15), 1977 (12), 129° (30)

(3,17-di-TMS)

it 389 (82) 73 358% (17), 299¢ (14), 268° (30)

(3-MO-17-TMS)

iia 474 3 432! (10), 1972 (10), 357¢ (52),

(3,17-di-TMS) 2675 (15), 1293 (39)

i 373(39) 358 1972 (10), 73 (55)

(3-TMS)

iii 344 (70) 313¢ 73(14)

3.17-3i-MO)

iv 471 (20) 331° 1533 (29), 456" (11), 4427 (25)

G3,17-3i-TMS)

iv 413 (33) 73 398 (9), 382% (10), 323 (M), 273° (37

(3-MO-17-TMS) )

In order to make the qualitative identification more reliable, we determined the
net retention times and retention indices of derivatized ii, ifa, iii and iv on OV-1 and
OV-17 stationary phases, as shown in Table II.

- Although the GLC method was applicable to the determination of compounds
ii, iii, iv, i and iia (the last two being difficult to quantitate by HPL.C), in our hands
there were slight changes in the slopes of the calibration graphs whenever reference
standards with significantly different syrnfanti ratios (the ratio having been determined
by HPLC) from that in earlier reference standards were used. Conseqguently, when the
synfanti ratio in a sample and in the respective reference standard differed greatly,
calculations led to more or less inaccurate results. In such instances we used the
relative molar response (RMR) method for the quantltatxon of the successive inter-

mediates insteadS,
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TABILEH

NET RETENTION TIMES AND RETENTION INDICES OF TMS DERIVATIVES OF COM-
POUNDS ij, iia, iii AND iv ON OV-1 AND OV-17 STATIONARY PHASES

Compourd OoV-1 ovV-17
Net retention time, Retention Net retention time, Retention
th () ® index tr (rime) " index
i (3,17-Di-TMS) i8.50 2953 15.20 30:9
iia (3,17-Di-TMS) 16.10 2900 13.37 2976
i (3-TMS) 15.10 2875 20.63 - 3122
iv (3,17-Di-TMS) 24.80 3059 2323 3161

* tx data of hydrocarbons (min): C;s = 12.32; Cy, = 16.10; C,, = 21.16; C,, = 27.66.
= £z data of hydrocarbons (min): Cs = 10.64; Cio = 14.38; C5; = 19.33; Cy; = 26.00.

On the basis of GLC (TMS) studies with HPLC-isolated syn- and anti-isomers
we found that these isomers exhibited identical retention properties but appear to
give different FID responses. Our efforts to elucidate the cause of this anomaly were
unsuccesful, as even single isomers wers converted into a syn/an#i equilibrium mixture
during the derivatization process, as was evidencad by the double peaks obtained after

High-performance liquid ckromatography

The principal UV absorber in steroidal e,f-unsaturated ketoximes is the
—N=C-C=C- z-electron system. As the lone pair of electrons on the oxygen atom
in the oximino group of a syn-isomer may interact, to some extent, with the chromo-
phoric system (through H-4 in 4-en-3-one oximes), whereas those in an anti-isomer
cannot, there is usuzlly some difference in the region and/or iniensity of the UV
absorption of such isomers, as pointed out by Hara er @l2. Thus, the accuracy of
an HPLC method with UV detection has to be treated with caution if the syn/anti-
isomers of such oximes are unresolved (e.g., in normal reversed-phase HPLC* and
in system IX, see Tables III and IV).

Huettemann and Shrofi* found a variation in the slope of the Beer’s law plot
“from time to time due to the quality of the solvent and/or temperature”. The cause
of the deviation may have been a change in the synfanii ratio in the oximes used as
reference standards, as this ratio can easily be influenced by an increase in the
temperature and/or a change in the quality of the solvent.

QOur a2im was to isolate ihe pure isomers and to use cach of them as reference
standard for the corresponding component in a mixture.

Some of the HPLC systems studied are shown in Tables III and IV. The best
separations were achieved using systems V (the “dryest™ of the silica systems), VII and
VHI (systems with a CN-bonded silica packing). In each pair, anti-isomers were
eluted first, in good agreement with TLC separation studies on other steroidal oxime
isomers of this type’. Systems II and III exhibited a greater selectivity towards syn-
isomers, all three being eluted after the anei group. System VII, the quickest of the
suitable sysiems, was used whenever compound ii in compound iii or compound 1ii
in compound iv was only to be examined (11, syn and iv, ansi are not separated in
this system; see Fig. 4). System V was used for preparative purposes and also in
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analytical examinations when a sample containing all six isomers had to be analysed
(see Fig. 5).
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Fig. 4. Scparation of a test mixture of some nosgesirel intermediates in system VII (see Table IV).

Table V gives some physical properties of the pure isolated syn- and anti-
isomers of ii, iii and iv. All three anti-isomers (the assignment of configurations
having been made by NMR spectroscopy, from the chemical shifts of the olefinic
proton) showed stronger UV absorption maxima at shorter wavelengths than the
corresponding syn-isomers. At 240 nm there was a 41 9{ difference between the UV
absorption intensities of the syn- and anti-isomers of compound iv, a 219 difference
between those of compound ii and 2 19 % difference between those of compound iii.

These data indicate the extent to which analytical results may be inaccurate
when extreme changes in the synjanti ratio occur and reversed-phase HPLC with
UV detection is used.

UV absorpton bands of ali three syr-isomers were broader than those of the
corresponding anti-isomers, as indicated by the molar absorptivities at 280 nm. If
combined with chromatographic data, both the UV absorption value at this wave-
length and the ratio of the IR band intensities at 860 and 890 cm™! (the ratio being
less than 0.75 for syn-isomers and greater than 1,20 for enti-isomers) can be used as
a means of distinguishing between syr- and anti-gon-4-en-3-one oxime isomers.

When isolating the isomers we used system III or V, depending on the com-
position of the starting mixture, and collected only central cuts of peaks in order to
avoid cross-contamination.



M. PATTHY, E. FOMORE

152

: o 0861 . 598 ,, OE¥ uds Al
W ool A A ufs 1
oI’ ge'L 0] 98°¢ 1ufs n
W'l (A1 o'l 899 o'l 't nuo . Al
ot 60’ LS o'l 90'¢ Juw 1
; §T9 §9'C N 1]
80'¢ ... BOEl 00'01 o CE6 08's1 o'l 0r's  uds  (fhnkyp
g € oo S0 e B ous o wwn LT g wl oy o s
. st'y ' £0°6 o'l 112 ' ¥6°L 09°¢l phet oz'ot Y61 oy uds
o SV 89 ., 8TL o 8P .o Tror Cho 008 o 0Tt mup (oL
wl e 11 ov'1 e 'l o EU' ort . $0'1 ¥
Y nE 76’9 e BI'S 1o 9L'y €7 §6'8 0Tl 9T'L VIl LI'T  uds
o9b'e £6°§ 9y 9T §TL 50'0 06’1 puw  (ouo-L1) 11}
BL'¢ 9I'e oLy JonsedoN
L | n A D A no ¥ n A n A L | no A L |
X1 i/ A 1 A Al m n i
(4/4 ‘ssuanpa ) u1dssds punoduio)

Al JJquL, 908 ‘SUId)8AS Jo suopsodt0d 10,
SUINOSI HNIXO ANO-E-NH-#-NOD HNOS HLIM SAIANLS ALIALLDATIS WHISAS OTdH

1 a1avi



153

HPLC AND GLC OF NORGESTREL INTERMEDIATES

1 1ourdosdoosg

o Jvemur £ ouoldoy ¢ OJLjU0IIY ¢ O[IJUONIY
SODF'HN) W 100 9 wiojosoD) ™) 01 wJojoIoD ™) 01 UHO0joIOf
09 9 juoOY b QuBKapy-u S QUBKOH -1 Gy SUUXAR{-H
T suwy008] Of 2UI5008] 0P duua00sy
‘a’Twu gy X 0¢ ‘01-HO Yod-0IfN QW g X ost ‘NS ao9lis qrwwyg X 05T ‘01-ND Yud-01IN
X! 117 1171 il
20°0 (A/#) 74 67 ‘vjuounuy

20'0 (A/M) % $T ‘euowuy T'oloutypp 70°0 (A/M) 7% 67 ‘vjuoWIWIY
80°0 joUvyRN 9 OJIU0IDY 9 N0y § ojuNuOIY 1 joundoxdos|
9 oITJoI00Y 6 duvlowoIo[ysl ™ 1 ouBY WO 07 duvxo|q 6! SN0y
v 6 WIojoIoIyD (M) Op duuRdY-1 O SUUXOH -1 §7 QUUNOY-U 0s wIojolod
8 QUUXORY-! i QUBXDY -1 Of OUBXOL{- (M) 05 SUUXOR-U 0 QUUKOL-
) ‘A'TWWE X 05T ‘M 01 § qrosioydg ‘A'TWW Yy X 067 ' (sIug
4 Al /) n Il

I 471aV.L NI daLYSIANT ANV adsn X

POIRINIES JOJOM = A\
-1 SWHISAS O1dH
Al 2719V



154 . : : - - M.PATTHY.E. TOMORE

TABLE V

PHYSICAL PROPERTIES OF PURE ISOLATED S¥N- AND £ANTFISOMERS OF SOME GON4-EN-3-
ONE OXIMES

_Conypround Melting uv IR: NMR:
point band intensity ratio, 6H — £ppm
(°C) Aswa cat 1 (860 cm=1) (H-C=C)
- - _ 289 nm P
e loge {l{mole-cm) £(890 em™?)
i (17-ol) anti 191-193 239 4326 (1 Xt 1.32
sy i80-182 242 4.16 2920 0.28
iii (17-cee) arti 202-303 238 443 0.0 1.22 5.85
sym 176-178 240 433 4650 0.52 6.53
iv (i7-ethynyl) anfi 128130 239 422 0.0 193
syn 134-13¢ 242 399 2060 074

The kinetics of interconversion was studied in crystailine form and in milli-
gram per millilitre solutions in methanol, acetone, chioroform, ethyl acetate and
ethyl acetate-isooctane mixtures at various tempetatures We found that elevated
oximes occurs q:ickly even at room temperatnrc. An i 1somer solution on standing in
acetone at room temperature gave a2 smalf amount of the corresponding isomer within
5 h. In crystalline form and in ethyl acetate or in ethyl acetate—isococtane mixtures
each isomer was stable. Stock solutions in the latter mixture can be used for at least
7-10 days if stored protected from heat and light.

In system V the detection limits of compounds iii (anti), iii (syn), 1i (anti),
i (syn), iv (anti) and iv (syn) were 5, 7, 10, 18, 15 and 33 ng, respectively. The precision
ranged from =+ 1.59% to =+ 3.5% and was highest for iii (anfi) and lowest for iv
(syn), decreasmo in the order of elution.
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