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Abstract 
The main 1H and 13C NMR characteristics of synthetic (25S)-5β-spirostantes are described. 
Changes on chemical shifts due to substitution at C-23 are briefly analyzed. 
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Introduction  
 
Steroidal sapogenins are closely connected with the history of organic chemistry in Mexico.1a,b 
In general, this family of compounds are widespread in both natural and synthetic domains. Dur-
ing the mid part of the last century this kind of compound attracted the attention of natural prod-
uct chemists due to the special reactivity of the heterocyclic side chain.1c Some of the members 
of this class have served as starting materials in the synthesis of sex hormones2 and corticoster-
oids.3 More recently, steroid sapogenin chemistry has experienced a revival; new reactions4 and 
new synthetic applications5 are being reported. 

Although the NMR characteristics of the spiroketal side chain have been described and re-
viewed,6 to the best of our knowledge, only one report has analyzed the changes on 1H and 13C 
chemical shifts derived from common substitution at C-23 of (25R)-spirostanes.6e We now pre-
sent an analysis of the 1H and 13C spectra of a number of synthetic (25S)-spirostanes bearing 
oxygenated or non-common functionality at C-23, which as a part of our program on bioactive 
steroidal derivatives, are being examined as synthetic precursors. Main changes on the side chain 
chemical shifts derived from this substitution are described and rationalized. 
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Results and Discussion  
 
Satisfactory single-crystals were obtained by slow evaporation for compounds 4, 6 and 7. Struc-
ture refinements revealed the expected geometries for the A-F steroidal nucleus, including cis 
A/B junctions. The PM3 optimized geometries are in good agreement with their corresponding 
X-ray structures. Bond lengths and angles for C23 unambiguously stand for sp2 hybridized atoms 
in the case of 4 and 6, while a sp3 hybridization is observed in the case of 7. For instance, C23-
N32 and C23-C23' bond lengths in 4 and 6, respectively, are 1.269(3) and 1.345(6) Å [1.323(6) 
Å for the second independent molecule], vs. 1.506(7) Å for the C23-C23' bond length in 7. As a 
consequence, one conformation should be observed in the solid-state for groups bonded to C23 
in 4 and 6, while a free rotation for the acetyt group at C23 may be expected in the case of 7. The 
observed conformations for the oxiimino and ethyliden groups in 4 and 6 are anti, respect to C22 
bonded. In both molecules, this conformation generates close contacts between H20 and N32 or 
C23' atoms; corresponding observed distances for H20···N32 in 4 is 2.49 Å, and H20···C23' in 6 
is 2.73 Å [2.72 Å in the second independent molecule]. The acetyl group at C23 in 7 is placed on 
an equatorial position of the F cycle, giving also a short contact, H20···C23' = 2.65 Å, similar to 
that observed in 6. Figure 1 shows the x-Rays structures of compounds 4, 6 and 7.  
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Scheme 1. (a) NaNO2/BF3/AcOH, (b) Al2O3, (c) NH2OH,HCl/AcONa/ethanol, (d) 
NaBH4/methanol, (e) KOH/methanol, (f) LiAlH4/THF, (g) Ac2O/pyr. 
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Figure 1. X-ray structures of compounds 4, 6 and 7, with thermal ellipsoids drawn at 30% prob-
ability level.9  
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Figure 2 shows the optimized geometries9 of the fragments corresponding to the side chains of 
componds 1 to 3 and 5. Spatial proximity between the group attached to C-23 and H-20 can be 
appreciated in compounds 2 and 3. 
  

 

 
 
Figure 2. PM3 optimized geometries10 of the side chains of compounds 1 to 3 and 5. 
 

As expected, substitution at C-23 does not exert significant influence on 1H and 13C chemical 
shifts at the steroidal A, B, C and D rings, which are in good agreement with the previously re-
ported shielding data,6d but significant differences for chemical shifts of H and C atoms in E and 
F rings were found as discussed below. 
 

1H NMR  
Introduction of the new functionality at C-23 produces the expected downfield shifts in both ax-
ial and equatorial H-24 signals. Table 1 shows the main 1H chemical shifts observed for com-
pounds 1 to 7.  
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Table 1. 1H Chemical shifts of sarsasapogenin acetate 1 and derivatives 2 - 7 (δ ppm) 

   Compound     
protons 1 2 3 4 5 6 7 
H-18 0.76  0.80  0.77  0.75  0.79  0.80  0.64  
H-19 0.98  0.99  0.98  0.95  0.98  0.98  0.97  
H-21 0.99  1.04  1.07  0.97  1.14  1.01  1.00 
H-27 1.07  1.07  0.95  1.00  1.24  0.99  1.08  
H-3 5.06  5.06  5.05 5.03 5.06  4.10  5.06 
H-16 4.40  4.54 4.61 4.45  4.49  4.39  4.41  
H-20 1.81 2.82 2.87 2.76 2.30 2.40 2.50 
H-24 ax 2.02 2.86 2.92 2.36 2.14 2.48 2.36 
H-24 eq 1.39 2.26 2.20 2.95 1.59 2.21 1.58 
H-26 ax 3.94 4.15 4.27 4.08 4.02 4.01 3.99 
H-26 eq 3.29 3.41 3.41 3.32 3.38 3.29 3.33 
H-23 ax 1.87 - - - - - 2.84 
H-23 eq 1.39 - - - 3.61 - - 
 

Downfield shifts are observed for H-20 signals in all C-23 substituted compounds when 
compared with those of the C-23 non-substituted 1. This fact could be rationalized in terms of 
van der Waals compression of H-20 due to the proximity of the substituent attached to C-23 in 
compounds 5 and 7, and a combination of such effect with the magnetic anisotropy caused by the 
double bond in compounds 2 - 4 and 6.  

Downfield shifts of axial H-26 signals of 23-nitroimino 2 and 23-keto 3 may be rationalized 
in terms of a combination ef electric field and magnetic anisotropy of the nitroimino and car-
bonyl functions. Additionally, the presence of a 23-axial hydroxyl group in compound 5 results 
on δ-syn interaction which produce a downfield shift of the signal corresponding to 27-methyl 
group. 
 

 

13C NMR 
Besides the expected downfield shifts on C-23 and C-24 associated to the introduction of the 
new functionality, the presence of a subsistent attached to C-23 exerts different effects at carbon 
nuclei of the side chain. Table 2 shows the assignments of chemical of the 13C chemical shifts 
observed for compounds 1 to 7. 
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Table 2. 13C Chemical shifts of sarsasapogenin acetate 1 and derivatives 2 - 7 (δ ppm)   

   Compound     
Carbon 1 2 3 4 5 6 7 
C-1 30.60 30.63 30.62 30.61 30.78 31.66 30.60 
C-2 25.96 25.04 25.01 25.01 25.02 27.88 24.99 
C-3 70.65 70.61 70.58 70.70 70.64 67.03 70.59 
C-4 31.73 31.61 31.72 31.61 31.95 33.60 31.52 
C-5 37.28 37.27 37.26 37.27 37.29 36.56 37.26 
C-6 26.43 26.42 26.41 26.42 26.43 26.63 26.42 
C-7 26.43 26.47 26.41 26.42 26.43 26.63 26.48 
C-8 35.28 35.28 35.25 35.24 35.42 35.21 35.12 
C-9 39.96 39.98 39.98 39.96 39.98 39.91 39.90 
C-10 35.01 35.04 35.09 35.03 35.03 35.33 35.03 
C-11 20.92 20.88 20.84 20.92 20.85 21.03 20.88 
C-12 40.21 40.04 40.01 40.55 39.90 40.57 40.16 
C-13 40.64 41.25 41.16 41.04 41.13 40.87 40.96 
C-14 56.30 56.39 56.48 56.35 56.42 56.38 56.20 
C-15 30.76 30.76 30.75 30.76 30.62 29.79 31.52 
C-16 80.94 82.81 83.45 81.72 81.42 80.57 81.25 
C-17 62.00 61.38 61.70 61.10 63.95 61.58 61.18 
C-18 16.55 16.47 16.27 16.55 16.37 16.73 16.35 
C-19 23.89 23.93 23.85 23.91 23.91 23.99 23.85 
C-20 40.10 36.15 35.09 36.41 40.22 38.35 38.80 
C-21 14.41 14.23 14.28 14.33 16.78 14.67 14.08 
C-22 109.54 108.32 110.50 109.02 109.14 111.40 108.26 
C-23 25.79 170.06 201.99 153.54 71.11 133.36 49.49 
C-24 24.99 33.81 43.89 27.00 33.56 30.00 29.39 
C-25 27.08 32.32 35.08 29.68 26.09 30.34 27.04 
C-26 65.05 64.34 64.49 64.98 64.95 65.07 64.34 
C-27 16.11 17.14 17.77 17.42 20.53 17.45 16.41 
C-231 - - - - - 119.14 210.19 
C-232 - - - - - 12.29 28.67 
C=O, 3Ac 170.51 170.51 170.37 170.61 170.48 - 170.42 
Me,  3Ac 21.65 21.64 21.55 21.60 21.61 - 21.58 
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The most salient feature is the shielding of C-20 in compounds 2 - 4, 6 and 7, which is in 
consonance with the van der Waals compression of H-20 due the γ-gauche interaction between 
C-20 and X-23.  See Figures 1 and 2. 

Downfield shifts of C-27 signals of compounds 2 - 4 and 6 (sp2 C-23) may be attributed to 
the lost of a shielding γ-gauche interaction present in compound 1, (sp3 C-23). Deshielding of C-
27 in compound 5 may be interpreted on term of 1,3 repulsive diaxial interaction with the axial 
hydroxyl group, which compress C-27. This respulsive interaction also produces a deformation 
of F-ring which results on weaker γ-shielding effects over C-17. Additionally, spatial proximity 
of the axial 23-OH to C-21 in compound 5 (See figure 2) produces a δ-deshielding effect on C-
21 signal. Table 3 shows the effects of the substitution at C-23 on the 13C shifts of the (25S) spi-
rostanic side chain. 
 
Table 3. Effects (∆δ ppm) of substituents at C-23 in compounds 2 - 7, referred to 1 

   Compound     
Carbon 1 2 3 4 5 6 7 
C-17 62.00 -0.62 -0.30 -0.90 +1.95 -0.42 -0.82 
C-20 40.10 -3.95 -5.01 -3.69 +0.12 -1.75 -1.30 
C-21 14.41 -0.18 -0.13 -0.08 +2.37 +0.26 -0.33 
C-22 109.54 -1.22 +0.96 -0.52 -0.40 +1.86 -1.28 
C-23 25.79 +144.27 +176.2 +127.75 +45.32 +107.57 +23.70 
C-24 24.99 +8.82 +18.90 +2.01 +8.57 +5.01 +4.40 
C-25 27.08 +5.24 +8.00 +2.60 -0.99 +3.26 -0.04 
C-26 65.05 -0.71 -0.56 -0.07 -0.10 +0.02 -0.71 
C-27 16.11 +1.03 +1.66 +1.31 +4.42 +1.34 +0.30 

 
 
Experimental Section 
 
Spectroscopy. NMR spectra were measured in CDCl3 on a Varian Mercury spectrometer at 400 
MHz for 1H or 100 MHz for 13C. Chemical shift are expressed on ppm downfield from TMS and 
were assigned with the aid of DEPT, HETCOR and COSY spectra.7 Single-crystal X-ray analy-
ses were carried out on a Bruker P4 diffractometer, at room-temperature, using standard proce-
dures for data collection as for structure solutions and refinements. In the case of 4 and 6, H at-
oms for the hydroxyl groups (including a water molecule for 6) were found on difference maps. 
Non-H atoms were refined anisotropically in final least-squares cycles, with a riding model for 
all H atoms. It should be mentioned that for 6, the asymmetric unit contains two independent 
molecules with very similar geometries. 
 
Chemistry. (25S)-5β-Spirostan-3β-ol, named sarsasapogenin, a well known steroidal sapogenin 
first isolated from the Mexican plant Smilax aristolochiaefolia,8 known as sarsaparrilla, was 
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converted into the acetate 1 using the standard Ac2O/pyridine procedure. Treatment of 1 with 
NaNO2/BF3 in glacial acetic acid as previously described5b,f,i afforded the 23-nitroimino 2 which 
on treatment with neutral Al2O3 led to the 23-ketone 3. Treatment of 3 with hydroxyl-
amine/sodium acetate in refluxing ethanol afforded the 23-oxime 4, meanwhile NaBH4 reduction 
of 3 produced the axial alcohol 5. 23-ethylidene sarsasapogenin 6 was obtained by LiAlH4 reduc-
tion of the previously described 22,26-epoxycholest-22-ene 8;4f basic treatment of 8 followed by 
acetylation led to 23-acetyl sarsasapogenin acetate (7). See Scheme 1. 
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