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13C NMR OF 2,3,14-TRISUBSTITUTED A*"-6-KETOSTEROIDS
AND RELATED COMPOUNDS

N. V. Kovganko and S. N. Sokolov UDC 547.92

3¢ NMR spectra have been studied and signals of C atoms assigned for fdy@idd 7-10, which are
close structural analogs of the natural ecdysteroids 4-dehydroecdysterdimilusterol A2, and 5¢,20-
dihydroxyecdysoné.
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Natural ecdysteroids include compounds that have a cyclic portion and typical functional groups: 2,3-thipdlrdxy-
A’-6-ketone, and adkibnal A*bonds. These compounds include 4-dehydroecdystetpifil],(diaulusterol A ) [2], and
phytoecdysteroids of the algaurentia pinnatafor example, acetylpinnasterol [3-4]. We developed [5-6] chemical syntheses
of steroids containing a/iZ%,b’,14a—trihydroxy—A4'7-6-ketone that are related to natrual ecdysterb@msd2. Several spectral
methods, including of courdéd C NMR, were required to establish the structures of these complicated compounds.

The present article repoFfs C NMR spectra of 2,3-disubstit\Mtédb-ketosteroids that we synthesized previously [5,

6] and of the starting materials, i.e., derivatives of 2,3,5-trihydAdx§-ketosteroids and structurally related compounds. This
is a continuation of research on e C NMR spectra of steroids prepared via chemical synthesis [7-9]. The main goal of our
research is to find reliable criteria for establishing the structures of this type of steroid€ using C NMR spectra.

Table 1 presents data for thle C NMR of the studied steroids. Signalsl?n the C NMR spectra were assigned to
resonances of particular atoms in the steroids using mainly chemical shifts and multiplicities determined using the DEPT
method. It should be noted that all discussed compounds were prepared from cholestésiioatetol. Therefore, signals
of C atoms in ring€ andD and side chains were assigned by comparing their spectra with those of the corresponding
cholestane and stigmastane steroids with the same structural fragments that we studied previously [7-9]. Comparison of the
analyzed spectra with those in the literature for structurally similar compounds, 4-dehydroecdyst¢idndidulusterol A
(2) [2], and ,20-dihydroxyecdysoné) [10], the data for which appear in Table 1, was very helpful in identifying the signals
of C atoms in ringé andB.

The®C NMR spectra d10 have certain common characteristic features, which is explained by the fact that they have
the same structural elements?-6-ketones and oxygen-containing substituents on C-2 and C-3. The latter feature causes the
signals for C-2 and C-3 to be located usually at weak field W@8-70 ppm. The presence of the6-ketone inl-10 results
in the C atoms having chemical shi®490-200 (C-6), 120-125 (C-7), and 160-170 ppm (C-8).

Table 1 shows that the presence.if of an additional 4(5)-double bond is easily proven using the positions of the
signals for C-4 & 125-130 ppm) and C-%(146-148 ppm). These signals are well resolved in the spectra and are easily
assigned. The presence of signals for C-6 (189-193 ppm), C-7 (123-125 ppm), and C-8 (160-170 ppm) proves that the
molecules contain A’-6-ketone. Comparison of the spectra-6fwith those in the literature [1, 11-13] for typical ecdysteroids
that have, as a rule, adhydroxy-A’-6-ketone andis-A/Bfusion, is useful. Thus, it can be concluded by comparison with
the published [1] spectra of 4-dehydroecdysterdparfd 20-hydroxyecdysone that conjugation ofAkés-ketone and tha%-
bond shifts the signal of C-6 to strong field by 13.6 ppm; the signals of C-7 and C-8, to weak field by 2.3 and 1.6 ppm,
respectively. The signal for allylic C-9 (43.5-47.8 ppm depending on the substituent on C-14) is charactafites of
ketosteroidd-5. Considering that this signal in spectra of ecdysteroids that do not have a 4(5)-double bond usually appears

Institute of Bioorganic Chemistry, National Academy of Sciences of Belarus, 220141, Belarus, Minsk, ul. Akad.
Kuprevicha, 5/2. Translated from Khimiya Prirodnykh Soedinenii, No. 2, pp. 142-146, March-April, 2001. Original article
submitted March 23, 2001.

162 0009-3130/01/3702-0162$25.00 2001 Plenum Publishing Corporation



TABLE 1. Chemical Shifts of C Atom$(ppm) in**c NMR Spectra ofl-10

Atom | 101 | 22| 3 4a | 4b | 4c 5 | quo1| 7a | 7b 8 9 10a |  10b

C-1 38.1 376 354 352 357 357 358 277 277 30.4 33.7 1228 1216
C-2 68.2 66.7 67.2 672 671 678 678 696 689 689 68.2 82.3 67.6 67.0
C-3 67.5 644 66.7 66.8 66.7 668 671 67.7 694 694 69.0 76.9 68.6 67.2
C-4 130.2 128.1 129.2 124.7 1275 127.2 1246 344 348 347 31.6 39.0 32.6 31.8
C-5 146.7 146.2 147.5 146.4 1465 146.0 1477 796 773 77.1 75.6 87.9 48.5 47.7
C-6 192.8 188.7 192.1 189.4 189.0 188.7 189.4 2009 197.6 197.7 196.2 192.0 201.0 200.3
C-7 124.4 123.6 123.5 123.6 124.6 125.0 1243 119.7 119.8 119.7 1199 1219 1198 119.8
C-8 169.5 166.9 168.8 166.4 162.2 160.7 167.2 166.7 165.1 1649 1650 167.0 163.8 163.6

C-9 44.6 440 437 435 438 478 381 444 442 44.2 44.7 48.1 71.9
C-10 40.3 39.3 388 390 387 392 446 402 402 43.0 47.8 1465 1504
C-11 21.8 21.0 206 207 206 237 21.8 219 218 21.7 21.9 33.1 35.8
C-12 32.3 30.8 304 298 298 395 313 388 388 38.9 38.8 40.7 37.0
C-13 48.6 46.9 46.6 480 489 454 479 449 448 45.0 44.9 48.7 48.2
C-14 85.2 848 849 964 982 568 839 556 556 55.8 56.0 57.0 50.1
C-15 31.8 314 316 246 257 226 318 225 225 225 22.5 22.0 214
C-16 21.4 269 265 266 267 282 214 280 280 27.7 27.7 28.6 27.9
C-17 50.6 509 505 509 509 568 49.8 56.3 56.3 56.3 56.0 56.6 56.2

C-18 18.0 125 162 158 166 168 131 176 125 124 12.5 12.5 13.5 12.3
C-19 22.6 211 224 221 221 220 231 169 18.8 1838 17.0 15.9 30.4 29.2

C-20 78.0 363 363 359 360 369 768 360 364 36.0 36.3 36.9 36.3
Cc-21 21.0 187 200 202 199 176 196 21.1 18.7 1838 18.8 18.9 17.7 18.8
C-22 78.4 344 340 340 339 343 774 360 337 36.0 33.7 34.4 33.8
C-23 27.3 26.7 264 264 265a 268 272 239 26.2 23.9 26.2 26.8 26.1
C-24 42.4 46.2 458 458 458 464 423 394 457 39.4 45.8 46.5 45.9

C-25 71.3 83.6 295 292 292 292 298 696 280 291 28.0 29.2 29.8 29.8
C-26 28.9 261 192 19.0 190 19.0 195 296 225 19.0 22.5 19.0 19.5 19.0
c-27 29.7 262 192 199 190 199 204 298 228 19.8 22.8 19.8 20.5 19.8

C-28 172.4 234 231 231 231 232 23.0 23.1 23.7 23.1
C-29 421 121 120 120 120 126 11.9 12.0 12.6 12.0
C-30 65.2
C-31 22.3
CH5CO 209 208 209 215 21.0 20.9 202 217 21.0
211 211 209 217 212 211 21.7 21.0
21.1
CH3;CO 170.3 170.6 167.7 170.9 170.3 170.2 1689 171.1 170.8 170.8
170.4 170.7 170.3 171.0 170.7 170.6 170.2 171.2 171.2
170.3
Solvent CQRROD CDC} CDG|- CDGl CDG CDGl CDGl € BN CDGl CDGl CDGl CDGl CDGl CDGI
CD;0D
(2:1)

at 34-35 ppm, the presence of such a large shift is useful for proving the structlifeseifetosteroids.
Table 1 shows that the presence on C-2 and C-3 of hydroxy or acetoxy groups catises the C NMR signals of these
atoms to appear at 64-69 ppm. A comparison of the spectrang@eadiol (2) and a 2,35-diol (3) indicates that the C-2 and
C-3 signals in the first instance occur at stronger field. However, in our opinion, these differences are not signifgtant enou
to use them to determine the stereochemistry of 2,3-diols'ffom C NMR spectra.
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TABLE 2. Effects of C-14 Substituentd, opm) on Chemical Shifts of Neighboring C Atomsia NMR Spectra ofta-c

a-Effect S-Effect y-Effect
Substituent
C-14 C-8 C-13 C-15 C-7 C-9 C-12 C-16 C-17 C-18
a-OH +28.1 -0.8 +1.2 +9.0 -0.7 -4.1 -8.1 -1.7 -6.3 +2.7
a-OOH +39.6 -5.0 +2.6 +2.0 +0.3 -4.3 -10.3 -1.6 -5.9 +3.5
a-OAC +41.4 -6.5 +3.5 +3.1 +0.7 -4.0 -9.7 -1.5 -5.9 +3.7

HO| .

AcO
AcO
4a:R=H 5 6
b: R=0H
c.R=Ac

AcO

AcO

Proving the presence of adtiydroxy is an important problem that constantly arises in elucidating the structure of
ecdysteroids and related compounds. The presence eflyfldoxy in A7-6-ketosteroids can be confirmed usthg H NMR
spectra only by indirect means, for example, by a shift to weak field of thedity®al [11]. In this respec]ﬁ‘ C NMR spectra
have definite advantageéc? C NMR spectra can be used to establish the presence in the 14-position of not only hydroxyls but

also other electronegative substituents, for example, hydroperoxide or acetate groups. These functional groups cause
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characteristic changes in the chemical shifts of nearby C atoms. Such changes are censtHeasd y-effects of the
substituents it® C NMR spectroscdiy]. Thea- andf-effects are most important for proving the structure. The effects of
C-14 substuents inA*'-6-ketosteroids were determined guantitatively by comparing the main spectral parameters of 14-
substituted steroidéa-c with those ob, which has no such substituent. Table 2 gives the results and shows that, as expected,
C-14 experiences the greatest shift to weak field frona-féect. The chemical shift of C-14 in the spectrurdto{96.4 ppm)
agrees with the published value [15] for a compound of analogous structure. The shift to weak field by 13.3 ppm for C-14 in
the spectrum afc compared with the signal in the spectrurdaf{so-called acetylation effect) is most probably caused by the
axial orientation of the acetoxy group [14]. Further analysis of Table 1 reveals a shift to strong field of the sigr&|<fdr2C-
and C-17 iMda-c compared with their positions in the spectrunb.ofThis is certainly caused byyagaucheeffect of the C-14
substituents. The presence (or absence) of this shift can be used to establish the structure of new compounds ofahsetype bec
the signals of these atoms are easily identified if'the C NMR spectrum.

The main parameters in the C NMR spectrasmh§droxy-A’-6-ketosteroidg-8 are in general similar to those of
5«,20-dihydroxyecdysoné [10] and 2,3,5-trihydroxy-6-ketosteroids [16]. The C-1 and C-4 signals were somewhat difficult
to assign.

In our opinion, the C-4 signal, which has two neighboring hydroxyls, should be located at weaker field than the C-1
signal. This can be seen in Table 1. A characteristic feature of the spé&ctnad& that confirms they contain ax81ydroxyl
is the presence of signals of quaternary C-5 at weak field (75-77 ppm). The C-5 signalag8thdi&cetoxysteroi® is
observed at stronger field compared with the position of such signals in the spe@Fafi@cetoxysteroidga-b. This same
phenomenon caused by-gaucheeffect of an axial 8-substituent is observed in the spectra of brassinosteroids [16, 17]. This
makes it possible to determine the configuration of C-3, of courseAf/Bieision is known, from the value of the C-5 chemical
shift.

Electronegative substituents occur on C-2, C-3, and C-% jBx2poxy-3t-acetoxyA’-6-ketosteroidd. For this
reason, these atoms are observed at weak field at 82.3, 76.9, and 87.9 ppm, respectively. The chemical shifts of C-2, C-3, an
C-5 typically are greater than those of the corresponding atoms in the spectra of 2,3-diacétykpBy-A’-6-ketosteroids
7 and8. This enables these compounds to be distinguished Eﬁ/ the C NMR spectra. The C-1 and C-10 signals in the spectrum
of 10a which is a Westphalen—Lettre rearrangement product, have chemical shifts of 122.8 and 146.5 ppm, respectively. This
indicates that there is a double bond between them. Furthermore, the signal of the 19-methyl is shifted significantly to weak
field (30.4 ppm) in this spectrum. This is surely caused by its location on C-5 and very close to the 6-ketone. Anp¢her featu
of the spectrum cfOais that fact that the C-11 signal appears at 33.1 ppm. Such a significant shift to weak field compared
with the position of signals of analogous atoms in spectte9ds caused by the lack of a methyl on C-1Q@a Thus, it can
be seen that the situation is analogous for 19-norsteroids, in which the C-11 signal appears at weak field (26-27 ppm) [14].

There is an additional#8hydroxy in 10b compared witiLOa Its presence causes several characteristic changes in
the®® C NMR spectrum. In particular, the C-9 signal in the spectrur@tok significantly shifted to weak field compared with
its position in the spectrum &Daby thea-effect of the 8-hydroxy. Thes-effect of this same hydroxyl also shifts C-10 and
C-11 to weak field. A shift to strong field from theeffect of the @-hydroxy is also noticeable for C-12 and C-14 in the
spectrum ofLl0Ob compared with their positions in the spectruni@d Analogous trends are observed in the spectra of
3,5a,9a-trihydroxy-A’-6-ketosteroids that wereeently found in fungj18, 19].

Thus, application of* C NMR can rather simply prove the presence of the principal structural elements in 2,3-
disubstituted derivatives df*’-6-ketosteroids andashydroxyA ’-6-ketosteroids.

EXPERIMENTAL
BCc NMR spectra were recorded on a Bruker AC-200 spectrometer at 50.32 MRB®vEthmg in 0.5 mL of solution.

Chemical shifts are reported on thecale relative to TMS internal standard. Conditions have been reported in detail [9].
Compounds3-5 and7-10 were synthesized by the literature methods [5, 6].
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