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SHORT COMMUNICATION
A NEW STEROID FROM SAFFLOWER
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Abstract—A previously unreported steroid glycoside has been isolated from safflower meal. Spectral analysis
of the steroid by MS, NMR, UV and IR reveals it to be a new structure of the form 15¢,208-dihydroxy-
A*.pregnen-3-one.

INTRODUCTION
AN INVESTIGATION of the bitter principles of safflower meal (Carthamus tinctorus L. Com-
positae) led to the isolation of a new steroid glycoside with unusual structural features for a
naturally occurring compound. Structural analysis of the steroid, here presented, reveals it
to be 15a,208-dihydroxy-A*-pregnen-3-one (I), present in glycosidic form in safflower seed.
To the authors’ knowledge, this steroid has not been reported pieviously.

In 1955, Wettstein,! discussing the microbiological conversion of steroids, regarded the
C-15 position, as well as other positions, as ‘unnatural’ for hydroxyls. However, a year
later, Djerassi et al.? presented the complete structure of digitogenin, stating that it rep-
resented ‘the first naturally occurring C-15 hydroxylated steroid’. Other C-15 oxygenated
steroids were found among the digitanol glycosides® although only one (purpnigenin)
possesses a C-15 hydroxyl; the others are C-15 keto. The orientations of the hydroxyls in
these two compounds differ in that digitogenin is a 158-hydroxy and purpnigenin is a
15a-hydroxy steroid.

Most plant steroids have a hydroxyl at C-3 (sterols). The safflower steroid, having a
A%-3-keto structure, is more closely related to animal steroids and would appear to be a
progesterone analogue. Progesterone has been found in a plant,* and although rare, there
are other instances of plant steroids having the 3-keto structure. However, this type of
structure as well as the C-20 hydroxyl is rare among plant steroids.

Isolation procedures for separating the steroid glycoside from safflower meal were
identical to those for isolating a bitter lignan glucoside® except for differences in elution
volumes and R,s. Acid hydrolysis of the glycoside showed the sugar moiety to be glucose.
The aglycones from both acid hydrolysis and enzymatic hydrolysis were identical.

Identification of the steroid aglycone proceeded from the following evidence. High
resolution mass spectrometry showed a parent peak at m/e 332-2330 from which an empirical
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formula of C,,H;,0, could be established. A steroid skeleton was then hypothesized. The
presence of an q,8 unsaturated CO group was indicated by UV absorption at 245 nm, a
PMR peak at § = 5-73 ppm (1H), and sharp IR absorption bands at 1660 and 1610 cm™ 1.
This was further substantiated by MS from an ion peak at m/e 124, which is characteristic
of this grouping occurring in the A ring of a steroid.® On the basis of these data the assump-
tion was made that it was a A*-3-keto C-21 steroid. The IR spectrum showed adsorption
bands for OH, as expected in the aglycone. A diacetate was formed on acetylation, as
determined by PMR. The steroid skeleton therefore lacked only the positioning of the two
hydroxyls and a methyl to satisfy the emprical formula. These positions were established
through analysis of the PMR spectra of the aglycone (I), its diacetate (IIa), and its oxidation
product (I1b).
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The presence of a C-20 hydroxyl and a C-21 methyl group was strongly indicated by the
shielding and splitting of the resonance assigned to the C-21 methyl protons in the aglycone
and its derivatives. A sharp singlet centered at 8 = 2-22 (3H) occurs in the oxidation product
spectrum and can be assigned to a methy! group (C-21) adjacent to a carbonyl. This peak
becomes a doublet centered respectively at 6 = 1-15 (J/ = 6 Hz) and 1-14 in the spectra of
the aglycone and its diacetate, indicating a methyl adjacent to a hydroxyl. As model com-
pounds for these resonances the C-21 methyl proton singlet of 15a hydroxyprogesterone
(IId) occurs at 8 = 2-13, and for 208 hydroxy-A*-pregnen-3-one (Iic) the corresponding
doublet (6 Hz) is centered at 8 = 1-14.

It is now generally recognized that the positions of the resonances from the angular
methyl protons accurately reflect in an additive fashion the locations and types of steroid
substituents.” By use of the substituent shifts tabulated by Bhacca and Williams® and
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Ziircher,® the chemical shifts of the C-18 and C-19 methyl protons were calculated for
the aglycone, its diacetate, and its oxidation product for various substituent locations
consistent with all the available spectral and chemical information. The only structure, for
which sufficient substituent shift data was available and gave agreement within 0-02 ppm
between observed and calculated shifts for all three compounds, was for a 178 configuration
for the CH(8 OH)CH,; group and for the skeleton hydroxyl to be at the 15« position. The
excellent agreement between observed and calculated values for the aglycone, its two
derivatives and two closely related steroids of known structure is shown in Table 1.

TABLE 1. CALCULATED* AND OBSERVED SHIELDINGS OF ANGULAR METHYL
RESONANCES FOR SEVERAL SUBSTITUTED PREGNENES

Methyl proton shielding value (8)
C-18 C-19

Compound?t Calc. Obs. Calc. Obs.
I 0-84, 0-83 1-20, 121

ITa 075, 076 1-20, 1-19

IIb 0754 0-74 1-20, 1-20

IIc 0-80y 0-80 1-204 1-18

1id 071, 0695 1-20, 1-20

* From values given in Ref. 8.
1 In CDCl,.

Introduction of a 15a-hydroxyl has been successfully achieved microbiologically in
progesterone, cortexone and testosterone.!® To verify the proposed structure of the steroid
aglycone, we started with 208-hydroxy-A*-pregnen-3-one (IIc) and followed the procedure
of Fried et al.,*! using an inoculum of Penicillium species ATCC 11598. The isolated product
was compared by mass spectral and NMR analysis to the steroid aglycone (I) from safflower
and found to be identical.

For further verification, we obtained an authentic sample of 15a-hydroxyprogesterone
(11d) which we oxidized to 15-ketoprogesterone (IIb) for comparison with the oxidation
product of the safflower steroid aglycone. Again the mass spectra and NMR spectra were
identical.

Thus the structure of the steroid aglycone from safflower has been established. The
composition and stereochemistry of the glucose moietics have not yet been determined.

EXPERIMENTAL

PMR spectra, with CDCl; as solvent, were obtained with an internally locked Varian HR 100 Spectro-
meter with TMS as the internal standard. Relative peak areas were consistent with their assignments. Mass
analyses were performed on a Consolidated Electrodynamics 21-100 Mass Spectrometer. IR spectra were
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determined on a Perkin—Elmer 257 and UV spectra on a Cary Model 15. Optical rotations were taken on a
Cary Model 60 Spectropolarimeter. Analytical and preparative layer silica gel plates were purchased from
Brinkmann Instruments.

Extraction and isolation procedures. 15¢,208-Dihydroxy-A*-pregnen-3-one glycoside was isolated con-
currently with matairesinol monoglucoside® from oil-free saffower meal by MeOH and EtOAc extraction
procedures. Dialysis, ion-exchange (Dowex-50(H*)) and gel filtration (Sephadex LH-20) chromatography,
and PLC completed the isolation. The ion-exchange column elution volume for the steroid glycoside was
15-8-20-4 1. Effluent volume from the gel filtration column was 1833-2045 ml. The steroid glycoside is a
hygroscopic white powder, dec. 175-178°, [a]Z -+ 72 in EtOH.

Since the last step in the preparation of the steroid aglycone and its derivatives was purification on silica
gel plates, appreciable amounts of contaminants derived from the plates were apparent in aimost all PMR
spectra. The nature of these impurities is unknown.!? Although their spectra are quite unlike steroid spectra,
their presence made total integrations impossible and prevented a detailed spectral analysis particularly in the
region 3:5-3-9 ppm. A ‘blank’ silica gel extraction preparation gualitatively accounted for the extraneous
peaks seen in all spectra.

Glycoside hydrolysis. A 56:2-mg sample of the purified glycoside was hydrolyzed with 5ml 0-5 N HCI
for 4 hr at 100° in an evacuated sealed tube. The aglycone was extracted with CHCl; and purified by the
same PLC technique described previously.® The sugar was similarly isolated and identified as glucose.

A 20-mg sample of glycoside was hydrolyzed enzymatically by reaction with 2 ml of a filtered Takamine
cellulase solution (33 mg/ml 0-1 M sodium acetate buffer, pH 5-0) for 48 hr at 40°, The resulting precipitate,
after being washed with water, was dissolved in CHCI; and applied to a silica gel semi-preparative plate for
development with EtOAc-CHCI; (9:1). The aglycone band was located under UV light, extracted from the
silica gel with CHCl,, and dried. The measured mass of the aglycone was 332-2330; calc. mass for C,;H3,03
is 332-2351. The major fragmentation peaks of the steroid aglycone occurred at m/e 55, relative abundance
34°%; mfe 45,24%; mle 91,23 %; mle 333,21 %; mle 105, 17 %; mje 107, 16 %; mje 124,16 %; m/e 147, 159,
The steroid aglycone has a m.p. of 222° and [)Z + 110 in CHCls.

Derivatives. Steroid aglycone (I) (3 mg) was acetylated with 0-1 ml pyridine and 0-1 ml Ac,0O at 37° for
17 hr. The excess reagents were removed under an N, stream. Analytical TLC showed the reaction to be
quantitative. The measured mass was 416:2583; calc. mass for C;sH36O;5 is 416:2563. A new peak in the
PMR spectrum at 8 = 2:00 (6H) showed that a diacetate had been formed. Only the residual impurity band
centered at 8 = 3-75 remained in the vicinity of 8 = 4-0, and a new broad band centered at & = 4-80 showed
that both hydroxyl-bearing carbons had been acetylated. Strong irradiation of this band caused the C-21
proton doublet centered at § = 1-14 (3H) to collapse to a singlet, showing that the hydroxyl on the adjacent
carbon had been acetylated.

The safflower steroid aglycone was oxidized by use of the Jones reagent in acetone.!? Aglycone (6 mg) in
3 ml of acetone was allowed to react with two drops of Jones reagent at 20° for 2 hr. The reaction mixture
was applied to a preparative silica gel plate and developed with CHCls-acetone (9:1). The oxidized aglycone
(I1b) band was located under UV light, extracted with CHCl;, and dried. The measured mass was 328-2063;
calc. mass for C,;H»50; is 328-2038. As expected, the C-21 methyl protons appear in the PMR spectrum at
8 222 (3H), and the doublet centered at § = 1-15 in the aglycone spectrum ascribed to this group was
absent. No peaks were present below & = 2-6 except for the C-4 proton singlet.

The authentic sample of 15a-hydroxy progesterone (IId) was oxidized to 15-keto progesterone (IIb) in the
identical manner. The PMR spectrum of IIb was virtually identical to that of the oxidized aglycone.

Microbiological synthesis of 150,20B-dilydroxy-As-pregnen-3-one. 208-Hydroxy-A,-pregnen-3-one (Iic)
(500 mg) (Mann Research Laboratories) was treated with an inoculum of Penicillium species ATCC 11598
according to the method of Fried ef al.? After pH adjustment and filtration the desired product was isolated
from the growth medium by extraction with CHCI;. The CHCI; extract, dried in vacuo, was applied to silica
gel preparative plates and developed with EtOAc—CHCI; (9:1). The pertinent band was extracted with
CHCl; and dried. Complete purification was achieved by a second PLC development with CHCl;-MeOH
(9:1). The measured mass was 332-2369; calc. mass for C,;H;,0; is 332-2351.
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