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13c NMR SPECTRA OF 6-HYDROXIMINOSTEROIDS
OF THE STIGMASTANE SERIES

N. V. Kovganko and Yu. G. Chernov UDC 547.92

®¥c NMR spectra were studied and signals of C atoms were assigned for 6-keto- and 6-hydroximinosteroids
1-10.

Key words: Be NMR spectra, 6-ketosteroids, 6-hydroximinosteroids.

We previously synthesized (24R,6E)-24-ethylcholest-6-hydroximino-4-en-3tOngL( 2]. This compound, which
was recently isolated fro@inachyrellamarine sponges [3], is the first steroid oxime found in nature. We developed schemes
[1, 2] for the preparation dfO from [-sitosterol using 5-hydroxy-6-ketosteroids and their corresponding 6-ketoximes as
intermediates.

The present article reports results from an investigatic’t? of C NMR spectra of these compounds, primarily 6-
hydroximinostigmastanes.

3¢ NMR spectra of 5-hydroxy-6-ketosteroids of various structure have been published in several places [4-8].
However,™® C NMR spectra of steroid oximes are less studied [3, 9]. Such compounds are also interesting because aromatas
inhibitors [9] and active progestins [10] have been observed among them.

We interpreted3 C NMR spectra of the steroids using mainly the chemical shifts of their signals and their multiplicity
determined by the DEPT method. Sterdidk) were synthesized froifisitosterol. Therefore, their structures are identical
in ringsC andD and the side chains. For this reason it is simple to assign unambiguously the signals for C atoms in these
structure fragments by comparing their spectra with thofesitbsterol and stigmastane steroids that we studied [7, 8, 11-13].

It should be noted that we have previously stutfied C NMR spedr8,0and9 [7]. However, the spectra of these compounds

are described under different conditions (in particular, different concentrations, solvents, and recording parameters) in the
present article. Therefore, their principal parameters differ, although not very substantially, from those previously#gported
Signals for the atoms in ringsandB in spectra of-10 were assigned assuming [14] that rather distant functional groups have

an insignificant effect on their chemical shifts.

This made it possible to assign certain signals to the resonances of actual atoms by comparing the spectra of compound:
of similar structure. Table 1 shows the principal spectral propertled®f Literature data fot0 are also given for sake of
illustration [3]. It can be seen that the C NMR spectréd(oare similar to analogous spectra that have been previously
reported [3].

One of the most important practical application§3of C NMR spectroscopy in the chemistry of steroids is establishing
the type of fusion of ring8 andB. The main criterion is the magnitude of the chemical shift of the angular 19-methyl C atom.

It is known [14] that the signal for C-19 in spectraigfA/B-steroids appears 8t22-23 ppm whereas it is situated at stronger
field atd 13-15 ppm in spectra @fansA/B-steroids. Considering that the compounds we studied include several pairs of C-5
isomers, it seemed interesting to determif2 if C NMR spectra could reliably provBthesion in 5-hydroxy-6-ketosteroids

and 5-hydroxy-6-hydroximinosteroids. Table 1 shows first of all that signals for cti9in C NoKRAGB-steroidss-8 are
situated ad 16.1-17.5 ppm. However, the signals for these same atoms in spectra of isane#¢B-steroidsl-4 have
chemical shift® 13.7-14.4 ppm.
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Therefore, we conclude that the difference in chemical shifts of C4tfris andcis-A/B-isomers of steroids with
5-hydroxyls becomes insignificant. Apparently this occurs because of the differences in the signs of the effects pragluced by 5
and P-hydroxyls on C-19. Thus, axthydroxyl exerts g+antiperiplanar effect on C-19 [4, 15]. As a result, the signal for C-19
shifts slightly to weak field in spectra ofrBhydroxysteroids compared with its position in spectra of steroids withomt a 5
hydroxyl.

A 5B-hydroxyl, in turn, has an ordinapeffect on C-19. Therefore, the signal for c-19%n CNMR spectrg-of 5
hydroxysteroids shifts to strong field compared with its position in spectra of compounds wit{Beuydxdxyl.

Conclusions about the relative positions of signals for equivalent atoms in 6-ketosteroids and their oximes can also be
made on the basis of the data in Table 1. A preliminary analysis showed that the chemical shifts for C-5, C-6, C-7, and C-8,
which are close to the O atom or hydroximino group, differed most. We composed Table 2 to estimate quantitatively these
differences. The data were obtained by subtracting chemical shifts for equivalent atom&’in the C NMR spectra of the
corresponding oximes and ketones without considering the solvent effect. However, it can still be concluded that replacing the
6-ketone by 6-hydryoxyimino in botinans-A/B- andcis-A/B-steroids shifts the signal for C-6 to strong field by 50-53 ppm.
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TABLE 1. Chemical Shifts of C Atom$,(ppm) in®®> C NMR Spectra 10

Atom 1 2 3 4 5 6 7 8 9 10  10[13]

c-1 317 301 322 323 249 255 315 321 317 356 3458 34.8
c-2 307 301 377 380 279 266 370 374 374 340 339 33.6
c3 66.8 67.2 2105 2114 655 66.9 207.1 207.9 2127 2023 201.8  201.0
C-4 376 379 452 475 372 394 480 488 497 1255 1225  122.6
c5 80.3 770 824 789 8109 780 838 851 806 1611 1629  162.3
c6 213.6 1626 2121  160.0 2127 159.4 2102 2102 160.2 1995 1555  156.0
c-7 42.8 251 422 258 415 285 414 424 284 468 296 29.6
c-8 376 350 377 354 374 350 374 371 344 342 326 32.7
c9 447 449 450 456 429 428 439 432 434 510  51.2 51.2

C-10 42.2 41.1 43.2 42.0 44.1 42.6 44.4 44.4 42.3 39.8 38.7 38.7
C-11 21.9 21.6 21.9 22.0 21.6 21.9 22.0 22.2 21.9 20.9 20.8 20.8
C-12 40.1 40.0 39.9 40.2 39.5 39.9 39.4 39.7 39.7 39.2 39.3 39.3
C-13 43.3 43.2 43.4 43.1 43.1 43.1 43.2 43.2 43.0 42.6 42.5 42.5
C-14 56.8 56.5 56.4 56.5 57.0 56.7 56.9 56.5 56.9 56.6 56.6 56.6
C-15 241 24.2 24.2 24.4 24.0 24.4 24.0 24.1 24.0 24.0 24.1 24.0
C-16 28.4 28.4 28.4 28.5 28.0 28.5 28.0 28.5 28.2 28.0 28.2 28.1
C-17 56.2 56.3 56.2 56.3 56.0 56.3 56.0 56.2 56.0 55.9 55.9 55.9
C-18 12.2 12.0 12.2 12.2 12.0 12.2 12.0 12.2 12.0 12.0 12.0 12.0
C-19 14.2 14.4 23.7 14.2 17.0 17.5 16.1 16.7 16.1 17.5 16.5 16.6
C-20 36.4 36.3 36.4 36.4 36.0 36.4 36.1 36.4 36.1 36.1 36.1 36.2
Cc-21 18.9 18.9 19.0 19.0 18.7 19.0 18.7 19.0 18.7 18.7 18.7 18.7
C-22 34.1 34.1 34.2 34.2 33.8 34.2 33.8 34.2 33.9 33.8 33.8 33.8
C-23 26.4 26.3 26.4 26.4 26.1 26.5 26.1 26.5 26.1 26.1 26.1 26.4
C-24 46.1 46.0 46.1 46.1 45.8 46.1 45.6 46.1 45.8 45.8 45.9 46.1
C-25 29.4 29.3 29.5 29.5 29.1 29.5 29.1 29.5 29.1 29.2 29.2 29.0
C-26 19.2 19.1 19.3 19.3 19.0 19.3 19.0 19.3 19.0 19.0 19.0 19.0
c-27 20.0 19.9 20.0 20.0 19.8 20.0 19.8 20.0 19.8 19.8 19.6 19.6
C-28 23.4 23.2 23.4 23.4 23.1 23.4 23.1 23.4 23.1 23.1 23.1 23.1
C-29 12.2 12.2 12.2 12.2 12.0 12.2 12.0 12.1 12.0 11.9 12.0 12.3

Solvent GON CDCt- GRN GRN CDCG GRN CDCf, GRN CDC, CDCy{ CDC} CDC}
CD;0D
(4:1)

An analogous shift by 44 ppm is observed in spectfd-steroids. Such large differences in the position of the signals for C-6
in *C NMR spectra of 6-ketosteroids and their oximes are surely due to the different electronegativities of the 6-hydroximino
and 6-ketone groups. It can also be noted that signals for C-7 in spectra of 6-hydroximinosteroids are shifted to diyong field
13-18 ppm compared with their positions in spectra of the corresponding 6-ketosteroids. Such a large shift is probably due to
theE-geometry of the 6-hydroximino group. Signals@#b6 and C-8 in spectra of oximestdins andcis-A/B-6-ketosteroids
are shifted to strong field by 3.2-3.9 and 2.3-3.0 ppm, respectively, compared with their positions in spectra of thedoogrespon
6-ketones. Also, analogous changes, although small, occur in spekfratefoids.

Thus, comparingl3 C NMR spectra of 6-ketosteroids and their oximes is a convenient method that significantly
simplifies their interpretation.
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TABLE 2. Differences in Chemical Sh¥tppm) of C Atoms if® C NMR Spectra
of 6-Ketosteroids and Their Oximes

transA/B-Steroids cis-A/B-Steroids A*-Steroids

Atom

Dy Dy Ags Ag A g9
C-1 -1.6 0.1 0.6 0.2 -0.8
Cc-2 -0.6 0.3 -1.3 0.4 -0.1
C-3 0.4 0.9 1.4 5.6 -0.5
C-4 0.3 2.3 2.2 1.7 -3.0
C-5 -3.3 -3.5 -3.9 -3.2 1.8
C-6 -51.0 -52.1 -53.3 -50.0 -44.0
Cc-7 -17.7 -16.4 -13.0 -13.0 -17.2
C-8 -2.6 -2.3 2.4 -3.0 -1.6
C-9 0.2 0.6 -0.1 -0.5 0.2
C-10 -1.1 -1.2 -1.5 2.1 -1.0
C-14 -0.3 0.1 -0.3 0 0
C-19 0.2 0.5 0.5 0 -1.0

EXPERIMENTAL

Melting points were determined on a Kofler block. IR spectra were recorded o/2@ idRrument in the range 700-

3600 cni® in KBr pellets.! H anf C NMR spectra were recorded on a Bruker AC-200 NMR spectrometer at working
frequencies 200 and 50.32 MHz, respectively. Chemical shifts drstizde were determined relative to TMS internal standard.
Details of the experiments have been published [12].

(24R)-24-Ethyl-Br-cholestan-B,5-diol-6-one 1) and (24R)-24-ethylcholest-4-en-3,6-dio®¢ \fere prepared by the
literature method [16]; (24R,6E)-24-ethyésEholestan-6-hydroximino@5-diol (2), (24R,6E)-5-hydroxy-24-ethyldbs
cholestan-6-hydroximino-3-ond)( and (24R,6E)-24-ethylcholest-6-hydroximino-4-en-3-a@®, (by the previous method [1];
(24R)-24-ethyl-B-cholestan-B,5-diol-6-one §), (24R,6E)-24-ethyl-8-cholestan-6-hydroximino#35-diol (6), and (24R,6E)-5-
hydroxy-24-ethyl-B-cholestan-6-hydroximino-3-on8)( by the literature method [2].

(24R)-24-Ethyl-5a-cholestan-5-0l-3,6-dione (3).A solution ofl (1.12 g) in THF (25 mL) was treated dropwise with
stirring with chromic acid (2.0 mL, 8 N). After 15 min the reaction mixture was treated with more chromic acid (0.4 mL,
8 N). After 15 min the excess of oxidant was destroyed by adding 2-propanol (2.5 mL).

The mixture was filtered through a thin layer of aluminum oxide. The solvent was removed in vacua. The solid was
crystallized from dioxane:ethanol.

Yield of 3, 1.01 g (91%), mp 235-237 C, lit. mp 222-225 C [16]. IR spectra of this compound and an authentic sample
that was synthesized previously [16] were identidal. H NMR spectyag(C & pwm, J/Hz): 0.67 (3H, s, 18-Me), 0.89 (3H,

d, J=6.0, 26-Me), 0.90 (3H, d, J = 6.0, 27-Me), 0.92 (3H, t, J = 6.0, 29-Me), 1.00 (3H, d, J = 6.0, 21-Me), 1.08 (3H¢),s, 19-M
2.31(1H,dd,J =13.0,J =4.0, i$72.87 (1H, d, J = 15.0, H-4), 3.08 (1H, t, J = 13.0,¢);B.23 (1H, d, J = 15.0, H-4),
8.12 (1H, s, &-OH).

(24R)-24-Ethyl-53-cholestan-5-0l-3,6-dione (7).A solution of5 (0.45 g) in THF (20 mL) was treated dropwise with
stirring with chromic acid (1.0 mL, 8 N). After 10 min, the reaction mixture was treated with more chromic acid (0.1 mL,
8 N). After 10 min the excess of oxidant was destroyed by adding 2-propanol (1 mL). The mixture was filtered through a thin
layer of aluminum oxide. The solvent was removed in vacua. The solid was crystallized from hexane. Yield 0.41 g (92%) of
7, mp 171-172 C. IR spectrum, (cm'l): 3450 (OH), 1730 ().

H NMR spectrum (CDGl 8, ppm, J/Hz): 0.68 (3H, s, 18-Me), 0.79 (3H, s, 19-Me), 0.80 (3H, d, J = 6.0, 26-Me), 0.81
(3H, d, J=6.0, 27-Me), 0.84 (3H, t, J = 6.0, 29-Me), 0.93 (3H, d, J = 6.0, 21-Me), 3.03 (1H, d, J = 15.0, H-4), 4,04 (1H, s
53-OH).
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