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The C chemical shifts of 30 substituted 58,14B-hydroxysteroids are described and discussed. Substituent
chemical shifts for 12¢- and 12f-hydroxy groups were evaluated, and interesting y effects were observed. A
correlation is shown to exist between the H shifts of H-17 and the C shifts of C-17 for various C-12
substituents. A relationship for the distance of the substituent at C-12 from H-17 in the 148,20-lactones was
demonstrated, where an increased distance between these atoms is associated with smaller shift differences.

INTRODUCTION

A vast amount of *C NMR data on steroids has been
reported and reviewed.!? However, for the 583,148-
hydroxysteroids, substances related to cardioactive
compounds such as digitoxigenin (1), digoxigenin (13)
and their side-chain degradation products, only a few
investigations have been published.>® Shift assign-
ments in these steroids have been based on the well
documented 5f8,14a-skeleton, in particular the
hydroxylated bile-acid derivatives,® and the 5a,14f-
hydroxysteroids such as the antitumour-active
conduranogenins.’®!! In this paper we report an
investigation of the C NMR spectra of 20
58,14B-hydroxysteroids with different side-chain and
ten related 58,148-hydroxysteroid-20-lactones.

RESULTS AND DISCUSSION

The assignments of the *C signals were made on the
basis of single-frequency off-resonance decoupling
(SFORD) spectra, 2D experiments (‘H-'H and
BC-1H shift correlations), selective 'H decoupled *C
spectra, empirical correlations and comparison with
earlier literature data.™! The chemical shifts in the A
ring were only very slightly influenced by the
side-chain and by the substituent at C-12. These shift
values are in the range found for the A ring of
5B-cholestanes.! Results are given in Table 1.

The different side-chains in 1-12 exhibited their
main effects on the shifts of the D ring. The restricted
rotation of the side-chain in 10 and 11, caused by cis
fusion of the C-D rings, allowed elucidation of the
stereochemistry at C-20. The C-21 methyl group in the
20S-alcohol is closer on average, to the plane of the D
ring than the corresponding 20R-alcohol, resulting in
an upfield shift for C-16 (Ad-12 = —8.4 ppm) and
C-20 (Ab49.41 = —5 ppm). Apart from D ring effects,
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14f3,20-lactone formation causes a significant shielding
of C-8 (ca. —7.2 ppm) and variable effects on C-9 and
C-12.

Substituent chemical shifts (SCSs) for the introduc-
tion of 12« and 128 groups can be deduced from the
present data, and are shown in Table 2. The y SCSs
values for C-14 and C-18 are relatively constant within
each series, and those for C-18 are sufficiently
different to afford a convenient stereochemical probe
for the C-12 substituent geometry. The other y-SCS
values for C-9 and the unambiguously assigned C-17
show remarkable variability, and indicate the
operation of additional effects that are system specific.

All the 12-substituted steroids showed large
downfield shifts for the proton at C-17 compared with
the unsubstituted compounds. Closer examination of
the 'H and *C data (Table 3) for these compounds
indicated a linear correlation between the 'H shift of
H-17 and the 3C shift of C-17 (Fig. 1; slope = 7.7,
correlation coefficient r = ~0.977). That the effect is
dependent on the distance between the substituent at
C-12 and the proton at C-17 was demonstrated by the
data for the 148,20-lactones (Table 3), where the
magnitude of the individual shifts for similar
substituents is considerably smaller. Thus, there is a
BC shift difference of 11.5 ppm between 2 and 15,
while for the lactones 29 and 31 this is reduced to
3.7ppm. In the lactones, the hydrogen at C-17 is
twisted out of the plane of the D ring by lactone ring
formation, which results in an increase in the distance
between H-17 and the C-12 substituent. Although the
effect is weaker in the lactones, a linear correlation of
slope comparable to that of the cardenolides still
exists (Fig. 1; slope = —6.4, r = —0.966).

Analogous effects were not observed for the shifts
of H-18 and C-18, presumably owing to the free
rotation of the methyl group.’? A distinction between
steric and electronic interactions to interpret the cause
of the effects at C-17 is not possible. The *C shift
differences were all in the range expected for yguuche
effects. It is remarkable that 2, as well as 15 and 18,
where the conformation of the rings is changed and
the main interaction should result from anisotropic
effects, should correlate with the 12-hydroxy and
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12-ester compounds. For the «,8-unsaturated-12-oxo-
148,20 lactone 31 an increased effect was observed
compared with the 12-oxo steroid 26, as expected if
electronic interactions were responsible for the shifts.
In contrast, however, the highest shift difference in
the cardenolides was observed for 15 and not 18.
Further, no significant solvent effects on H-17 and
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C-17 could be determined, which were expected if
only polar interactions were responsible for the
observed correlation.

Further studies in progress are necessary for
5B,14B-hydroxysteroids and 58,14a-steroids with new
side-chains in order to find a satisfactory explanation
of these effects.
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Table 1. C NMR chemical shifts for 1-19 and 21-31°

Carbon 1 2 3 4 5 6
1 296 305 37.1 298 306 371
2 27.8 250 36.6 27.9 25.1 36.8
3 66.7 705 2128 669 705 212.7
4 331 305 421 333 306 43.2
5 359 368 436 36.2 370 438
6 264 264 265 266 264 266
7 21.2 212 210 209 209 209
8 416 417 416 399 40.1 400
] 353 356 366 392 352 354
10 353 356 352 352 352 35.0
1 21.2 212 212 211 215 216
12 339 399 398 39.1 39.3 394
13 496 496 496 49.2 493 493
14 854 853 853 847 849 850
15 328 331 331 340 340 340
16 269 269 269 249 249 249
17 50.9 51.3 50.8 623 625 625
18 16.7 158 158 153 154 154
19 237 237 226 226 238 238
20 175.3 175.1 1754 217.6 2175 217.6
21 736 736 734 333 335 333
22 117.3 1175 1178 — —_ —
23 1749 1744 1745 — — —
CHlAc) — 212 — —_ 214 —
COO(Ac) — 1708 — — 1706 —
Carbon 16 17 18 19 21 22
1 305 305 335 369 305 307
2 250 251 250 36.6 250 249
3 70.2 705 70.6 2115 70.2 704
4 305 305 313 419 305 306
5 369 370 376 434 369 37.2
6 263 263 259 274 263 257
7 215 211 213 21.2 215 216
8 414 420 413 4141 413 348
9 326 295 1657 33.6 324 304
10 350 350 41.0 352 352 350
n 30.2 297 1206 28.1 265 303
12 750 76.6 202.2 85.1 774 76.7
13 556 520 61.0 547 542 519
14 865 855 837 857 85.6 949
15 333 348 323 331 332 302
16 274 289 267 274 27.3 235
17 457 456 412 456 46.1 545
18 9.0 17.1 150 102 104 18.8
19 236 236 309 224 235 222
20 175.6 175.7 175.1 1744 1744 179.6
21 733 738 739 736 734 —
22 117.6 117.7 118.2 118.2 1179 —
23 1744 1746 1745 173.1 1738 —
CHs(Ac) 214 214 214 — 2x21.2° 214
COO(Ac) 170.4 1704 1706 — 2x170.4° 170.4
CH3;0CO
CH,0CO
CH3S0, 38.6

7

]

10

11

12

13

14

15

301 306 372 306 306 302 307 294 369
27.0 252 369 251 251 280 279 279 364
670 706 2125 706 706 67.0 666 66.5 211.5
336 306 423 306 306 337 335 337 418
366 370 439 370 370 366 368 36.1 436
279 265 267 264 263 272 266 26.2 26.2
213 210 211 21.0 206 208 219 219 214
409 408 409 407 407 402 413 414 411
358 367 377 356 356 357 326 333 34.2
357 352 353 352 32 358 355 357 354
217 213 212 213 214 218 300 374 373
40.1 398 398 401 416 422 748 2114 211
478 474 475 476 477 492 564 64.0 64.1
848 845 842 848 854 856 858 865 86.2
327 327 328 326 322 305 330 331 330
223 219 219 181 265 239 279 269 27.0
51.7 515 515 563 566 603 46.1 399 398
150 148 148 149 164 1841 94 165 16.5
240 238 227 238 233 240 238 233 222
625 626 627 656 706 73.1 177.1 1745 1747
— —_ —_— 221 238 315 746 737 739
— —_ — — — 319 117.0 1186 118.6
- — — —_ — — 1763 1735 170.6
— 214 — 214 214 — — — —
— 1706 — 1707 1707 — - — —
23 24 25 26 27 28 29 30 31
298 307 368 306 306 306 305 368 31.2
278 250 366 248 249 248 248 365 24.9
66.6 704 2118 697 743 706 70.1 211.1 70.1
336 306 420 305 304 306 305 420 328
361 371 435 368 367 370 37.0 434 376
259 256 269 259 256 255 257 258 26.3
218 217 214 219 217 216 21.7 212 2241
336 337 343 354 334 344 343 343 362
332 336 335 338 336 278 350 335 1645
356 354 353 358 3653 349 353 354 417
29.2 290 290 364 290 304 193 27.0 1221
674 676 669 2078 762 80.2 350 758 198.1
549 549 549 625 549 513 496 539 603
943 942 939 930 942 935 947 929 917
281 281 282 276 281 297 278 279 29.1
191 191 190 189 191 216 192 189 19.8
522 622 521 504 522 539 539 526 50.2
10.2 101 102 16.0 102 187 161 109 145
234 234 222 230 232 233 233 221 308
178.7 1788 1786 176.6 1788 177.7 179.2 177.3 1767
- 214 — 214 — 214 214 — 214
— 1704 — 1704 — 1704 1704 — 1704
54.5
155.3
38.7 38.6

® The *3C chemical shifts of 20 have not been completely assigned because of overlap of signals from the substituents.
® The chemical shifts for both acetoxy groups at C-3 and C-12 are identical.

EXPERIMENTAL

13C NMR spectra were recorded on a Bruker AM 300
NMR spectrometer at 75.5MHz (sweep width
18 518 Hz, temperature 24 °C, pulse width 32°, pulse
repetition 2.2 s, number of scans 400-1000, number of

data points 32K, internal lock, 5 mm tube). 'H NMR
spectra were recorded on the same. instrument at
300.1 MHz (sweep width 3311 Hz, pulse width 30°,
number of scans 48, pulse repetition 0.3 s, number of
data points 32K, internal lock, 5Smm tube). The
solutions were 0.2—0.4 mmol ml~! in CDCl;. Chemical
shifts are relative to TMS.

MAGNETIC RESONANCE IN CHEMISTRY, VOL. 23, NO. 11, 1985 961



G. G. HABERMEHL, P. E. HAMMANN AND V. WRAY

Table 2. SCS values for 12¢- and 12B-hydroxy groups in 5p,14pB-hydroxy-steroids

Compounds

17-1

22-29

13-1
16-2

Q

122 SCS
: 36.7. B: 8.5(11), 2.4(13). y: —5.8(9), 0.1(14), —5.3(17), 1.4(18)
1 41.7. B: 11.0(11), 2.3(13). y: —4.6(9), 0.2(14), 0.6(17), 2.7(18)
128 SCS
1 34.9. B: 8.8(11), 6.8{13). y: —2.7(9), 0.1{14), —4.8(17), —6.3(18)
: 35.1. B: 9.0(11), 6.0(13). y: —3.0(9), 0.2(14), —5.2(17), —6.8(18)

Table 3. 'H chemical shifts of H-17 and H-18 and “*C
chemical shifts of C-17 and C-18 for the
12-substituted 5f,14p-hydroxysteroids and their
lactone derivatives

Chemical shift (ppm)

Type Compound No. H-17 C-17 H-18 C-18
58,14B-Hydroxysteroids 2 28 51.3 094 158
21 29 46.1 090 104

20 3.2 457 0.80 114

19 34 456 09 102

16 34 457 080 9.0

17 34 456 085 17.1

18 40 41.2 092 15.0

15 42 39.8 1.10 16.5

Lactone derivatives 29 245 539 1.1 16.1
25 28 521 1.0 102

30 29 526 1.1 1089

22 28 545 1.1 188

28 29 539 1.15 187

26 3.0 504 1.3 16.0

31 31 502 13 145

Digitoxigenin (1) and digoxigenin (13) were
commercially available and were converted to their
acetates 2 and 21 in the usual manner with acetic
anhydride-pyridine. Compounds 4-6,° 10, 11,
14-17,** 19% and the 148,20-lactones 22-29¢ were
synthesized as described in the literature. Alcohol 7
was obtained by reduction of the corresponding
17B-carboxylic acid'” with LiAlH,; N-bromosuccin-
imide oxidation'® of 7 gave 9 and CrO; oxidation of 1
resulted in 3. Compound 12 was obtained by reaction
of 5 with methyllithium.> Reaction of 13 with
SEMCI*® gave 20 after 24 h.

3p-A cetoxy-14f-hydroxy-12-oxo-5f-
car-9(11),20(22)-dienolide (18)

38- Acetoxy-12-ox0-58-card-20(22)-enolide  (10.22
mol, 4.4 g) and pyridinium hydrobromide—perbromide
(3 g) were stirred in CH,Cl, (300 m!) for 1h at 25°C.
After extraction with NaHCQO, solution and water, the
solvent was evaporated in vacuo. The residue was
dissolved in DMF (200 ml) and refluxed with LiBr
(750 mg) and Li,CO; for 5 h. Dilution with water and
extraction with diethyl ether, after drying with NaSO,
and evaporation in wvacuo resulted in a syrup.
Crystallization from acetone—water gave 3.1g (70%)
of 18, m.p. 211-212 °C.

3p-A cetoxy-12-0x0-58-androst-9(11)-en-
17f-carboxylic acid 14f-lactone (31)

Lactone 26 (200mg) and selenium dioxide (120 mg)
were refluxed for 18 h in acetic acid (15ml). After
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Figure 1. Plot of the chemical shifts of 'H for H-17 against °C
for C-17. @, Cardenolides; M, 148,20-lactones.

neutralization with NaOH, extraction with CHCl; and
evaporation to dryness, the residue was chromato-
graphed on a short column of SiO, with ethyl
acetate—hexane (2:1) as eluant. Evaporation and
recrystallization from ethyl acetate—cyclohexane gave
120 mg (60%) of 31, m.p. 212-214 °C.

3p-A cetoxy-14f,20-dihydroxy-21-nor-58-pregnane (8)

38-Acetoxy-148-hydroxy-58-androstane-178-carboxy-
lic acid (10mmol, 3.2g) and carbonyldiimidazole
(2.2g) were stirred in THF (180ml) for 30 min.
Stirring was continued for a further 1 h after addition
of NaBH, (1g). The reaction was terminated with
acetic acid and the solution was concentrated in
vacuo. The residue was diluted with water and
extracted with CHCl;. The extracts were evaporated
to dryness to give a white residue, which on
crystallization from acetone—water gave 2.8 g (85%)
of 8, m.p. 194-196 °C.

All the synthesized compounds were analysed for C
and H and the results were within +£0.4% of the
theoretical values.
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