
HIGH-PERIXIRMANCE LEQUID CHR0MATOGRAPH.Y AND GAS-LIQUID 
CHROMATWRAPHY OF SOME NORGESTREL XN’FERMEDEATES 

PHYSICAL PROPERTIES OF THE ISOLATED SYIV- AND ANZ-I-ISOMERS 
OF OXIMES 

SUMMARY 

High-performance liquid chromatographic (HPLC) and gzs--liquid ckromat~ 
graphic (GLC) separations of some steroidal a,@z~saturated ketoximes, intermediates 
in the synthesis of the oral contraceptive norgestrel, were investigated. when GLC 
(trimethyisilyl Oerivatives) or reversed-phase HPLC was used, the syn- and anti- 
isomers were not resolved. However, with the synlanti ratio changing markedly in 
the sampIes, these methods (especially reversed-phase HPLC) proved to be less 
accurate hecause the physical properties relevant to detccon were different for the 
isomers examiued. Improved accuracy can be achieved by using normal-phase 
HPLC and taking the corresponding isolated syn- and anti-isomers as reference 
standards. 

INTELODUCXON 

The last steps in the synthesis of the steroidal contraceptive’norgestrel involve 
the foltowing intermediates1 (see Fig_ 1) : 13&ethyl-3-methoxygona-2-5( I Owen-17#?- 
01 (i), l3~~thyU-&minogon-Q-ea-l7j3-o~ (ii), 13&ethy~-3-oximinogon4en- 1 Tone 
(ii) and I3@ethyi-17a&hyny&%ximin ogon&n-f7&ol (iv]_ The oxime inter- 
m&a&s (ii, iii and iv) appear as a mixture of syn- and ant&isomers. As deter- 
mimtions of melting points and optical rotation are of minor value in such instances, 
separation methods were needed in order to give analytical support to the elaboration 
of the syntExsis. 

In the past, steroids have been separated and quantitated by paper, thin-layer, 
gas and column chromatography, but few papers, using thin-layer chromatography 
(TLc)rj and reversed-phase high-pcrfomance liquid chromatography (HPLc)I, 
have dealt with the separation of steroidal oxides. 

As pointed out by Hara et d-3* the sylr- and a&-isomers of testosterone oxide 
skewed a 44% di&rence in their molar absorptivities at 242 mn, and other steroid& 
s&msa~ ketoxims of the &en-3sne or l-en-3-one series also differed 
si@mtiy in their physical properties. 



146 

iia 

Fig. 1. Part of the !5yllChesk of norgestrel. 

Huettemann and Shroff’ reported ffie determination of 17aethynyE17@- 
acetoxy-l9-norandrost&en-3-one oxime by reversed-phase HPLC using uitraviolet 
(rUV) detection at 254 nm. With the isomers unresolved and having Ham et al.‘s 
results in mind, issue can be taken with the accuracy of the reversed-phase method, 
and with that of reversed-phase HPLC methods in general, for the quantitative 
determination of such oximcs by UV detection, when the sp/anti ratio in the samples 
relative to this _tatio in the reference standard changes. 

Tbis paper deals with the separation and determination of some gon4en-3-one 
oxirks (ii, iii and iv) by GLC and HPLC and the determination of some physical 
parameters of the isolated s);n- and anti-isomers. 

EXPERIMENTAL 

Gas-liquid chromarograph~ 
GLC separaticns were carried out with an HP 5830 A instrument equipped 

with a flame-ionization detector (FID). The columns were 6 ft. x 4 mm I.D. glass 
coils with 3% OV-1 or 2% OV-17 on 80-IOO-mesh Gas-Chrom Q (phases and 
support material from Applied Science Labs, State College, Pa, USA.)_ The tem- 
perature of the injection port, the co!umn and the detector was 240”_ The carrier gas 
(nitrogen) flow-rate was 46 m&nin, the chart speed was 0.6 cm/min and l-p1 
solutions were injected_ Cholestane (10 /rg) was used as the internal standard. 

Preparation of derbatives 
TtiethyIsiiyl (TMS) derivatives were prepared with 0. I-Q.2 mg of steroid and 

with 120 ~1 of reagent mixture ~istrimethyIsilyltuoracet.amide (sSFFA)-tri- 
methyIcbIorosila.ue (TMCS&pyridine (Py) (4:l :I) (reagents from Pierce, Rockford, 
Ill., USA.)] at 60” for 1 h_ 

Methyloxime (MO) derivatives were prepared with 0.1-O-2 mg of steroid and 
with 100 ~1 of G-methyloxyammonium chloride (Pierce) in pyridine (16 m&ml) at 
60” for 3 b_ 

When preparing the IMO-TMS detivatives, we first followed -the procedure 



described for the MO derhtives_ After the evaporation of the excess of pyridine 
Under nitrogen, IoO@ of BSTFA-PY (43) solution was added to the crude addua 
and the n&ture was kept at 60” for 1 h. 

kfczs.s spectromefry 
Cxxnpouds ii, tiz, iii and iv were analysed by GLC-MS as their TMS, MO 

and MO-TMS derivatives. An HP 5990 A gas chromatograp&mass spectrometer was 
used. The coiumn was a 2 r”t, x 2 mm I-D_ glass coil packed with 2% OV-101 on 
lOO-120-mesh Gas-Chrom Q_ The electron energy was 70 eV and the multiplier 
voltage was 2600 ev. 

High-performance 1zquid chromatography 
A Varian 85OQ HPLC pump (with stop-flow septumless injection) was used, 

equipped with a variable-wavelength W-VK detector (Variscan, at 240 run) and a 
Model A-25 stripchart recorder for the analytical work, and with an HSCQ Model 
VA-5 flype 6) absorbance monitor (2% 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 (packiugs and dimensions) used are 
indicated in Table IV. Micro-Pak columns were supplied by V&au (Palo Alto, 
Calif., U.S_A_) and the remainder of the pre-packed columns were purchased from 
Chrompack (Middelburg, The Netherlands). Chloroform, isooctane, isopropanol 
and dioxane (Chrom AR grade) were products of Mallinckrodt, (St. Louis, MO., 
U.S.A.), and acetonitriIe, n-hexane (Uvasof), dichloromethane, ethyl acetate (Li- 
Chrosolve) and methanol (Selectipur) were obtained from Merck (Darmstadt, G.F.R.). 
Other chemicals used were of the highest -made 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 pg/ml)_ The injection volume was 20 ~1. Samples and the internal 
standard were dissolved either in the eluent or in ethyl acetateisooctane mixtures_ 

For the isolation of the .syn- or anti-isomers in repetitive runs, we chose low- 
boiling solvents (system V or Hi, the latter having been used with pure ii and pure 
iv mixtures), injecting 40 ~1 of a solution containing 1 mg of isomer mixture in ethyl 
acetate-methanol @:I) each time. Collected fractions containing the isomer of 
interest were evaporated to 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 effiyl acetate to 
give solutions of 1 mg/ml and adding an equal voiume of isooctane. If stored in a 
refrigerator, the isomers were stable in stock solutions for at least 1 week. When 
preparing a calibration graph, additional dilutions of the stock solutions were 
prepared with isooctane. 

UV, infrared and mciear magnetic resonance spectra ad me&y points 
W spectra were t&en in ethanol on a Gary Model 1118 C W-VIS spectro- 

photometer, and infrared (JR) spectra were recorded with a Perkin-Ehner 577 in- 
stmment (potassium bromide pellets). FOF the nuclear magnetic resonance (NMR) 
analvsis 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 t&rnrnethylsilnne as the internat standard. 
Melting points were de* xrmiued with a tbermomicroscope @oetius system)_ 

RESUI.TS AND DECUSSION 

In order to determine optimal chromatographic conditions for the separation 
of compounds ii, iii and iv, GLC and HPLC studies were carried out. 

As compounds ii. iii and iv decompose e&y at higher temperatures, sufliciently 
vo!ati!e and stable deriv&ives h.zd to be prepared_ 

We prepared 3,17x&TMS and 3-MO-17-TMS derivatives of compounds ii 
aud iv, and 3-TMS and 3,174-MO derivatives of compound iii. 

As can be se:n in Fig. 2, the TMS derivatives of the syn/mti isomers of ii, 
iii and iv were not resolved under the chosen conditions and were elutcd as single 
peaks. On the other had, MO-TMS derivatives (and di- 
MO derivatives of iii) eluted in double peaks, indicating a tendency for separation 
and resuhing 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. 

Fig_ Z Typic4 gas chromatqga_m for T’MS derivatives of compounds ii. iii iii and iv on a 2% OV- 
17 6tt. x 4mzn I-D_ ti coil column_ GAumn tanpzr&urc: 230”. 

Fig_ 3_ GLC of MO-TMS derivatives of compounds ii, iv and the d&K0 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 reportcd on by Chambaz ef al.*. However, 
enol ether formation is less likely with 17-one stcroids5. 

Compound iii was subjected to prolonged silylation, for 24 h in BSTFA- 
TMCS-PY (41111) at 60”, but no enol ether was formed even when pyridine was 
replaced with acetonitril~ tetrahydrofuran or dimetbylformamide. As a consequence, 
there was no need to prepare MO-TMS derivatives. 
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TMS derivatives of compounds ii, iii and iv were stable under the operating 
cendxons reportt as i.il&cated by theEnear cAi&ation graphs obtained_ 

When compound i was converted into compound ii, an additional peak 
(iia, Fig. 2) appeared besides ii in the _-liquid chromatogram (TMS). Having run 
the mass spectra of components ii and iia, we found identical peaks in the spectra of 
ii and iia, &Eting onljc I’n reratke intensities (see Table Q_ The i%ct that ca is a ds 
isomer of ii was comkmed by comparing the GLC data and GLC-MS results for 
SyntheticalIy prepared 13jkthyI-34ximinogon-5( lO)-en- 17&ol with those of com- 
ponent iia_ 

Table I gives the GLC-MS data for the TMS, MO-TMS and d&MO derivatives 
of the compounds e xamixd. These data conkned the formation of the derivatives 
studied. 

TABLE I 

RELATIVE ABUNDANCES OF PRINCEPAL FRAGMENTS OF TM-S. MO--IiMS AND DI-MO 
DERIVATIVES OF CObWOuMlS ii, iia, iii AND iv AT 70eV 

N~~~:l=[hi--‘CH~+;2=ringAf~;3=f(C~5_C17)-*H]*;4=~--]+*;5= 
pa% - 2 x 901”; 6 = &f - C&CI,f+‘; 7 = m - ‘CH,CHJ+-; 8 = fb% - ‘OCHJ+; 9 = [M - 
90- ZH~f. 

COlNpd Mokculm ion and Basepeak Musses andreLztire intensities of 
:e&the intensity SOMefi~nlentS 

ii 
(3,l%di-This) .- 

&I-I7-TbW 
iia 
(3,17&i-TMS) ___ 

&MS, ___ 

&7&MO) 

&kWMS) 
iv 
(3-MO-17-TMS) 

447 (59) 73 432% (IS), 197~(12), 1293 (30) 

389 (82) 73 359 (17), W (14),x89 (30) 

447 (4) 73 432’ (LO), 1W (lo), 357d (52), 
2675 (15), 1293 (39) 

373 (99) 358’ L9P (IO), 73 (55) 

344 (70) 3139 73 (14) 

471(20) 3316 1 533 (24), 4W (1 i), 442’ (2.5) 

413 (33) 73 398’ (9), 382O (lo), 323* (7). 273’ (37) 

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

- Although the GLC me*&od was applicable to the determination of compounds 
ii, iii, iv, i and iia (the last two being diEEcu& to quantitate by EIPLC), in our hands 
there were slight &an@ in the slopes of the calibration graphs whenever reference 
standards with signifhntiy diEkent sp/mii ratios (the ratio having been determined 
by HPLC) from that in earlier refkrence standards were used_ Consequently, when the 
synlanti ratio in a sample and in the respective reference standard differed greatly, 
cakuktions fed to more or less inaaxm te resu!ts_ h such i~~Fances we used the 

relative molar response (RMR) method for the qnantitation of tile successive inter- 
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NErRETEBiiO~~~ ECEENXION lNDICES OF TMS DERIVATIVES OF COM- 
POUNDS ii, iia, iii AND iv OX OV-1 AND OV-17 STA-FHXJA!&Y PHASES 

ii (3.17~Di-Ths) x50 29.53 15.20 30h9 
iia (3,17-Di-TMS) 16.10 13.37 2976 
is (3--r&s) 15.10 2875 20-63 3122 
iv (3,17-DI-TMS) 24.80 3059 23.23 3161 

l r; data of b-k (mi;l): c, = 1232; Ctp = 16-10; C,, = 21-16: CA = 27_& 
-- r;, data of hydrocxbons @in): CB = 10.64; C, = 14.38; 6& = 19.33; C, = 26.00. 

On the basis of GLC flMS) studies with HPLC-isoiated syn- and mrti-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 
unsucce&ul, as even single isomers were converted into a syn/mti equilibrimn mixture 
during the deri~;ztizzion process, as was evidenced by the double peaks obtained after 
MO derivatization of singIe isomers of ii, iii or iv. 

High-perfornzmce @id chxomatogmphy 
The priucipaI UV absorber in steroidai ~&unsaturated ketoximes is the 

-N=C-C=C- ,-relectron system_ As the lone pair of electrons on the oxygen atom 
in the oximino group of a sjz-isomer may interact, to some extent, with the chromo- 
phoric system (through H-4 in kn-3-one oximes), whereas those in an anti-isomer 
cannel, there is usz&ly some difference in the region and/or intensity of the W 
absorption of such isomers, as pointed out by Hara et 01.~. Thus, tie accuracy of 
an HPLC method with W detection has to be treated with caution if the synlrti- 
isomers of such o_ximes are unresolved (e.g., in normal reversed-phase HPLC and 
in system M, see Tables IX and IV). 

Huettemann and Shrofi4 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 *he deviation may have been a change in the synlrmti ratio in the oximes used as 
reference s+adards, as this ratio can easily be influenced by an increase in the 
temperature and/or a change in the quality of the solvent 

Our aim was to is&ate the pure isomers and to use each of them as reference 
standard for the corresponding component in a mixture_ 

Some of the HPLC systems studied are shown in Tables LLI and IV. The best 
separations were achieved using systems V (the “dryest” of the silica systems), Wl and 
VIll (systems with a a-bonded silica packing)_ In each pair, rmti-isomers were 
ehxted fks& in good amment with TLC separation studies on other steroidaI oxime 
isomers of this w_ Systems 11 and III exhibited a greater sekctivi~ towards syrr- 
isomers, aII three being eiuted after the anti group. System VIP, the quickest of the 
suitable systems, was used whenever compound ii in compound iii or compound iii 
in compound iv was only to be e xamined (ii, *W and iv, mri are not separated in 
this system; -see Fig_ 4)_ System V was used for preparative purposes and&in 
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dytid examinations when a sample containing all six isomers had to be analysed 
(see Fig. 5)- 

4 6 mn 2 4 6 8 ~3 12 ~4mii-1 

Fii. 4. Separation of a test mixhu-e of some norgptre4 intermediates in system VII (see Table IV). 

I&_ 5. Sep;aration of the syn- and un&isomers of compounds ii, iii and iv in system V (see Table IV). 

Table V gives some physical properties of the pure isolated syn- and mrri- 
isomers of ii, iii and iv. All three anti-isomers (the assignment of con&urations 
having been made by MMR spectroscopy, from the chemical shif%s of the oletic 
proton) showed stronger UV absorption maxima at shorter vjaveIengths than the 
corresponding syn-isomers. At 240 run there was a 41% diEerence between the W 
absorption intensities of the syn- and anti-isomers of compound iv, a 21 oA difference 
between those of compound ii and a 19 % difference between those of compound iii. 

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

W absorption bands of ali three syn-isomers were broader than those of the 
corresponding anti-isomers, as indicated by the moIar absorptivities at 280 nm. If 
combined with chromatographic data, both the W 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 sp-isomers and greater &an 1,20 for rmti-isomers) can be used as 
a means of distinguishing between syn- and mrtl-gon4en-3-one oxime isomers. 

When isolating the isomers we used system III or V, depending on the com- 
position of the starting mixture, and cokted only central cue of peaks in order to 
zvoid cr~ss-contamination. 
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TABLEV 

PEEY.SLCAE PROPERTIES OF PURE ISOLATED SlW- AND A.LW~-I!~OMER~ OF SOME GQN4EW3- 
0NE0xxMEs 

_m- M_ uv i&Z: NMR: 

PO* bmrd hen.@ rafti, 

(‘Cl xzr 
ECi? 

bH - Qppm 

t8on.m 
I(860 cm-l] (Ii-C=Cl 

lrm rog& @rwk-cm] t(890 cm-‘] 
-- 

ii <1i-ol) ami 191-193 239 426 at3 1.32 
*= 18slSZ 242 4.16 2920 0.28 

iii (17-c+ edi 202-203 238 4_42 0.0 122 5.85 
syn 176-173 240 433 46s 0.52 653 

iv (17-ethynyI) mtri 128-130 239 4.22 0.0 1.93 
syn 134-13s 242 3.99 2!xa 0.74 

The kinetics of interconversion was studied in crystalline form and in milli- 
gram per millike solutions in methanol, acetone, chloroform, ethyl acetate and 
ethyl acetate-isooctane mixtures at various temperatures. We found that elevated 
temperatures should always be avoided. In methanol, isomer&tion of ii, iii or iv 
oxime5 occurs qikickly even at room temperature. An isomer solution on standing in 
acetone at room temperature gave a small amount of the corresponding isomer within 
5 h. In crystAke form and in ethyl acetate or in ethyl acetateisooctane mktures 
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 (syz), ii (rmfi), 
ii (w), iv (anti) and iv (m) were 5,7,10,18, I3 and 33 ng, res@vely. The precisiosx 
ran,@ from & 1.5 oA to f 3.5% and was highest for iii (ad3 and lowest for iv 
(.sJw), decreasing in the o*der of elution. 

. 
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