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13C NMR SPECTRA OF 5- AND 7-BROMO-6-KETOSTEROIDS
AND RELATED COMPOUNDS

N. V. Kovganko, S. N. Sokolov, and V. L. Survilo UDC 547.92

1Bc NMR spectra have been studied and signals of C atoms have been assigned for 5- and 7-bromo-6-
ketosteroids, which are intermediates in the synthesis of ecdysteroids.
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Steroidal Br- and @-bromo-6-ketones are well known as important intermediates in the synthesis of ecdysteroid insect
hormones [1, 2]. Thefhydroxy or 7-double bond, which aregessary structural elements for producing high biological
activity in ecdysteroids, are easily introduced if they are used. We used previously nametyliteee-6-ketosteroids to
synthesize ecdysteroids and their structural analogs [3-7]. The importarceaofcb &-bromo-6-ketosteroids prompted us
to study their® C NMR spectra. We hoped that the results would be useful for establishing the structures of new compounds
of this group. This research was also necessary because the scientific literature was limited to a sﬁ?dy of the C NMR spectrum
of only one Br-bromo-6-ketosteroid, Bacetoxy-5-bromo-&-cholestan-6-one.

Table 1 lists thé* C NMR spectrabfll. Besides 5-bromo-6-ketostero@isnd3 and 7-bromo-6-ketosteroids6

and9-11, Table 1 also contains spectra of compounds of similar structure, 6-kétand8a-b, 6-alcohol7a, and format&b.
Signals in thé®* C NMR spectra were assigned to resonances of particular atoms using mainly the chemical shift of the signals
for the C atoms and their multiplicity determined using the DEPT method. It should be noted that the studied compounds were
prepared from cholestergtsitosterol, or stigmasterol. Therefore, signals of C atoms in GregedD and the side chains were
assigned by comparing their spectra with those of steroids of analogous structure that we studied earlier [10-12]. CSignals of
atoms in the side chain &fwhich contains a 22,23-double bond, were assigned by comparing the position of analogous signals
in the spectrum of (22S,23S)-28-homobrassinolide [13].

Table 1 shows that the signals for C-6 atoms in spectra of sataratemo-6-ketosteroids appearda?03-204 ppm.

Thus, they are shifted to strong field compared with the analogous sigd&l&@212 ppm in spectra of 6-ketosterdldsnd
8a andb, which have n@-Br relative to the ketone.

Definite conclusions about the influence of an additional Br atom on the chemical shifts of proximal C atoms can be
made by comparing the spectralaind2. This situation shifts the signal for C-5 in the spectrutofweak field by 23.1
ppm compared with its position in the spectrum.ofThe observed shift is surely caused bydkedfect of the electronegative
Br atom. Also, thg3-effect of the &-Br shifts the signals of C-4 and C-10 in the spectrughtofweak field by 8.7 and 1.8
ppm, respectively, compared with their positions in the spectrum dfhe presence i@ of an axial ®-Br also causes a
significant shift to strong field of the signals for C-1, C-7, and C-9 by 6.0, 6.2, and 6.6 ppm, respectively, compareut with th
positions in the spectrum &fowing to ay-gauche effect. However, the signal for C-3, which is also origagediche with
respect to the Br is shifted to weak field in the spectruthbyfonly 1.8 ppm. It should also be mentioned that the signal for
C-19 in the spectrum & is observed at 14.5 ppm and is shifted by 1.5 ppm to weak field compared with its position in the
spectrum ofl. This phenomenon is due tgranti-periplanar effect of the Br on the 19-methyl [8, 14].

A comparison of the spectrafind3 shows that the signals for C-6, C-7, C-8, C-9, C-10, and C-19 have practically
the same chemical shifts in them. However, the chemical shifts of C-1 to C-5 depend on the nature of the C-3 substituent. The
position of the signal for C-5 changes insignificantly. Assigning the signal for CHin CNMR spectrallig simple.
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Therefore, the presence at weak field of a signal near 80 ppm provides a reliable criterion for proving the strachroenaf-5
6-ketosteroids.
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The position of the Br id-6 can be rather simply defined from e CNMR spectra listed in Table 1. Thus, the signal
for C-7 © 58.3-58.6 ppm) shifts significantly to weak field compared with its position in spectra of unsubsti#gi6 ppm)
and2-3 (5 40.4-40.5 ppm). Furthermore, DEPT spectra suggesttiian 4-6 is a methine. This also confirms that a Br atom
is bonded to it. Comparirilﬁ C NMR spectrd aihd4 reveals another series of changes in the chemical shifts of certain atoms
that are caused by the presencd of an additional Br atom in thex#position. Thus, the signal for C-8 in the spectrum of
4 shifts to weak field by 2.3 ppm compared with its position in the spectrdrash result of thg-effect of the Br. The axial
(i.e., ) orientation of the Br id is confirmed by the significant shift to strong field of the signals of4fpuche oriented C-5
(by 6.6 ppm), C-9 (by 7.9 ppm), and C-14 (by 4.4 ppm) atoms compared with their positions in the spekctrBataftise the
chemical shifts of the signals for C-5, C-7, C-8, C-9, and C-14 in the spedt@ark practically the same, it can be concluded

that this is a general rule that can be used to establish the structures of new compounds of this series.
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TABLE 1. Chemical Shifts of C Atomg, ppm) in*C NMR Spectra df-11

Atom 1 2 3 4 5 6 7a 7b 8a 8b 9a 9b 10 11

Cc1 364 304 319 362 361 311 348 334 379 379 383 383 388 36.0
cC2 269 260 315 268 267 323 339 321 319 320 317 318 319 295
C3 728 710 563 724 724 583 570 56.2 561 56.0 556 556 554 54.0
C4 261 348 397 259 258 379 424 419 311 311 305 306 317 134.0
C5 565 796 80.6 499 499 512 763 757 80.7 807 822 822 810 144.0
C-6 210.3 204.0 203.6 2039 2034 2034 759 752 211.8 211.9 2029 2029 203.0 1954
C-7 46.6 404 405 585 583 586 323 315 419 419 539 540 60.7 588
c8 379 36.2 36.2 40.2 402 401 301 305 373 373 391 391 470 377
C9 539 473 474 46.0 459 459 459 453 445 445 378 379 480 436
C-10 40.9 427 425 41.3 412 411 382 382 423 423 421 421 416 38.6
C-11 215 217 216 209 209 208 211 209 213 213 207 208 222 204
C-12 393 391 39.2 386 386 385 399 397 395 395 386 386 399 385
C-13 429 429 429 42.6 432 425 428 4277 431 431 428 429 447 423
C-14 56.8 557 558 524 523 524 559 556 564 564 526 527 56.7 522
C-15 240 238 238 229 230 228 241 240 239 239 230 232 272 228
C-16 28.7 28.7 28.7 285 276 285 282 281 280 281 278 279 285 27.8
C-17 56.6 56.3 56.3 55,6 519 555 563 56.1 561 56.0 555 556 554 557
Cc-18 122 123 123 126 123 126 122 121 120 120 125 121 120 123
C-19 13.0 145 146 126 126 129 168 164 140 140 141 141 154 20.0
C-20 404 404 404 405 422 404 358 357 357 361 359 361 361 359
c-21 211 211 211 211 146 211 187 186 186 187 187 188 19.0 18.6
Cc-22 138.0 1379 1379 1379 721 1378 362 361 361 339 361 339 338 36.0
C-23 129.6 129.6 129.7 1298 70.6 1298 239 238 239 261 238 262 26.1 23.8
C-24 512 512 513 51.3 495 514 395 395 395 458 395 459 458 395
Cc-25 319 319 319 319 269 318 280 280 280 29.2 280 292 29.2 28.0
C-26 213 213 21.2 212 217 212 226 225 226 190 226 191 19.8 225
C-27 19.0 19.0 19.0 19.0 177 190 228 228 228 19.8 228 199 202 2238

C-28 254 254 254 254 186 254 23.1 231 231
C-29 122 123 123 123 142 123 12.0 126 124
CH,CO 212 21.2 211 213
CH;CO 170.5 170.3 170.5 170.6
HCO 160.3

The presence of an additional-Bydroxyl in9a andb produces chemical shifts for C atoms in ridgandB that are
significantly different from those for the analogous atoms in the spectrum of the structurally&intilahould be noted that
effects due to adghydroxyl on the position of signals for pimal C atoms is well known [9, 14]. Signals for C atoms in ring
Ain spectra ofaandb and8a andb were assigned taking this into account. Because the®randb is located far from
the ringA atoms, their signals in tHé C NMR spectra have approximately the same chemical shifts as those in the spectra of
8aandb. On the other hand, the situation with the position of the signals foBringms is more complicated because they
are influenced simultaneously by the axiattbydroxyl and the Br on C-7. Thus, the-Bydroxyl and Br atom exert opposing
effects on the chemical shifts of C-5 and C-7. The effect of the hydroxyl dominates over that of the Br because of the greater
electronegativity of the O atom. However, both tiaehydroxyl and Br in9a andb have aygauche effect on C-9. This
significantly shifts the signal for C-9 to strong field compared with its position in the spectra of unsubstituted 6-kistosteroi
for examplel, and Br-hydroxy-6-ketosteroid8a andb and &-bromo-6-ketosteroid4-6.

One of the characteristic structural featurel0ofs the Br atom situated in the plane of the steroid. Therefore, several
C atoms immediately fall under its direct influence. Thus, signalS-for C-8, C-9, and C-14 and even C-15 shift significantly
to weak field in the spectrum @b compared with their positions in the spectrum of isonfic These differences in the
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chemical shifts for the signals of these atoms are so typical dhlaydyoxy-73-bromo-6-ketosteroids can be unambiguously
distinguished from their@-bromo isomers in th& C NMR spectra.

According to the® C NMR spectra, the presence afidoiomo-6-ketone in the studied compounds can be reliably
proved in the presence of not onlyaydroxyl but also a 4-double bond, aslih The double bond itself is reliably identified
by the presence in the spectrum of signals for the two vinyl C atoms C-4 and Cé&1®#t0 and 144.0 ppm, respectively.
The signal for C-7 in the spectrumldfhas a characteristic chemical shifdd8.8 ppm. This value practically coincides with
that of analogous ones in spectra-@&. The slight shift to strong field by 2.3-2.5 ppm of the signals for C-8, C-9, and C-10
compared with their positions in spectraded is also interesting. However, signals for C-14 in spectra obalirémo-6-
ketosteroid€-6 and11 characteristically have the same chemical shifts. The presence of a 4-double bond causes certain changes
in the position of the signals for rilgC atoms in the spectrum di compared with their positions in the spectrum of the
saturated analdg The chemical shifts of C-19@&R0.0 and 12.9 ppm, respectively, differ most. This provides yet more proof
of the presence il of an additional double bond.

Thus, our results show thdt  C NMR spectra can be used to determine reliably the principal structural elements of 5-
and 7-bromo-6-ketosteroids.

EXPERIMENTAL
3 NMR spectra were recorded in CRCI on a Bruker AC-200 NMR spectrometer at working frequency 50.32 MHz

with 20-50 mg in 0.5 mL. Chemical shifts on thecale were determined relative to TMS internal standard. Details of the
spectral experiments have been published previously [12].
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