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Abstract. Commercial 3B-acetoxy-23,24-dinorchol-5-en-22-oic acid
was transformed into (205)-3p-acetoxy-23,24-dinorchol-5-en-22-
aldehyde in a two-step process. The key step was reduction of the
imidazolide derived from the above mentioned acid, which invariably
produced the target aldehyde and 22-hydroxy-23,24-dinorchol-5-en-
3B-yl acetate. In addition to these products, the work-up of the organ-
ic material from the latter reaction, afforded pregn-5-en-3p3-yl acetate
along with the mixture of the former acid and its unreacted imida-
zolide. Oxidation of 22-hydroxy-23,24-dinorchol-5-en-3f-yl acetate
with pyridinium chlorochromate and recycling of the mixture
acid/imidazolide, enhances the practical value of this process.
Structural analysis, based on 'H NMR spectroscopy and polarimetry
of intermediate and final products, and observations on the stability
of the imidazoly! derivative and aldehyde are briefly discussed.
Keywords: Pregn-5-ene-20-carboxaldehyde; 3-acetoxy-bisnor-5-
cholenaldehyde, dinorcholenic acid, bisnorcholenic acid, steroidal
imidazolid.

Resumen. El presente estudio describe la transformacion del acido
3B-acetoxi-23,24-dinorcol-5-en-22-oico al (205)-3B-acetoxi=23,24-
dinorcol-5-en-22-aldehido. La transformacion se realizo a través de la
(205)-22-(1 H-imidazol-1-il)-3B-acetoxi-23,24-dinorcol-5-en-22-ona,
cuya reduccién con hidruro de tri---butoxialuminio-litio dio el aldehi-
do mencionado arriba y el acetato de 22-hidroxi-23,24-dinorcol-5-en-
3B-ilo. Ademas de estos dos productos, la purificacién del crudo de
reduccién permitié aislar una pequefia cantidad del acetato de pregn-
5-en-3pB-ilo, el imidazélido sin reaccionar y el acido esteoidal de par-
tida. La posibilidad de reciclar el acido esteroidal y el imidazélido, y
de oxidar el acetato de 22-hidroxi-23,24-dinorcol-5-en-3p-ilo al pro-
ducto objetivo, son las caracteristicas distintivas del presente método.
Se incluye una breve discusién del andlisis estructural de los produc-
tos intermediarios y finales, y acerca de la estabilidad del imidazolido
y del aldehido deseado.

Palabras clave: Pregn-5-en-20-carboxaldehido, 3-acetoxi-bisnor-5-
colenaldehido, 4cido dinorcolénico, 4cido bisnorcholénico, imidazdli-
do esteroidal.

Introduction

A useful starting material for the synthesis of biologically acti-
ve steroids is (20S5)-3B-acetoxy-23,24-dinorchol-5-en-22-alde-
hyde (1). The carbonylic carbon of 1 allows to work on the
side chain, while the protected 3-hydroxy group and C5-C6
double bond allow modifications on rings A and B, respective-
ly. Aldehyde 1 is not commercially available but it can be pre-
pared either by ozonolysis of stigmasterol derivatives [1,2] or
by reduction of 23,24-dinorcholenic acid derivatives [3-5]. As
part of our current work on stereocontrolled condensations, it
has been necessary to search the most suitable procedure to
prepare several grams of aldehyde 1. Experimental results
showed that reduction and oxidation of compounds derived
from 3p-acetoxy-23,24-dinorchol-5-en-22-oic acid (2) afford
better results than ozonolysis of stigmasterol derivatives;
therefore, the present contribution is focused on the reinvesti-
gation of the procedure published by McMorris in 1970 [3].
Careful observations on stability, optical rotation and '"H NMR
data of intermediate and final products are discussed.

Results and discussion

The transformation of commercially available 2 into aldehyde
1, was carried out as it is outlined in Scheme 1: acid 2 was
treated with 1,1°-carbonyldiimidazole at 60 °C to give imida-
zolide 3. This reaction was performed several times with dit-
ferent ratios of acid 2 to 1,1 -carbonyldiimidazole, and the
corresponding results are shown in Table 1. Imidazolide 3,
was isolated as colorless small needles and its structure and
purity were corroborated by 'H NMR spectroscopy. Imidazo-
lide 3 was reduced with lithium tri-rert-butoxyaluminohydride
at 25 °C. All runs were performed with 10 % excess of the re-
ducing agent. After work-up and flash chromatography of the
crude product, aldehyde 1 was isolated in 67.4 % yield, based
on initial imidazolide 3. In addition to 1, four more compo-
nents were isolated and characterized as alcohol 4 (15.3 %),
pregnene 5 (0.3 %), imidazolide 3 (1.8%) and acid 2 (11.2%),
respectively. Alcohol 4 was transformed into aldehyde 1 with
pyridinium chlorochromate [4] in 86 % yield. Specific rota-
tion, melting point and 'H nmr spectra of aldehyde 1 prepared
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Table 1. Selected data in the transformation of acid 2 into imida-
zolide 3 with technical 1,1-carbonyldiimidazole.

Run Excess Reaction Conversion Yield (%)
of reagent (%) time (h)

1 165 0.75 complete 96

2 81 1 complete 97

3 36 1.5 complete 95

B 12 35 complete 94

either by reduction of 3 or by oxidation of 4 were similar,
indicating that both samples had the same configuration at C-
20.

Specific rotation for aldehyde 1 having 33-OTHP, 3-
TBDMS or 3B-OAc groups has been reported elsewhere; but
in some cases, authors have not mentioned the concentration
[6] or they have overlooked typographic errors on their data
[5]. Then, we decided to include the specific rotation in the
present contribution. The data are presented in Table 2 using
standard units [7].

Preparation of imidazolide 3. Staab and Briunling [8] pu-
blished that equimolar ratio of low molecular weight cabo-
xylic acids and pure 1,1°-carbonyldiimidazole give high yields
of imidazolides. In our case, 12 % excess of technical carbo-
nyldiimidazole, which contains about 90 % weight of 1,1-car-
bonyldiimidazole [9], was enough to afford quantitative trans-
formation of acid 2 into imidazolide 3 within 3.5 h. Therefore,
the two-fold excess of reagent used by McMorris [3] is unnec-
essary. Isolation of 3 was essentially done as described before
(3], but we found more convenient to dissolve and recrystal-
lize the wet crude product from CH,Cl, instead to dry it over
P,0s. This modification affords pure imidazolide 3 in a short
time.

Preparation of aldehyde 1. Reaction of 3 with tri-ters-butoxi-
aluminohydride was essentially carried out as described by
McMorris [3]. Aldehyde 1 was isolated as the main product,
its physical properties and structure are in agreement with the
shown configuration. This means that reduction occurs with
retention of configuration and that silica gel does not catalyze
epimerization of carbon C-20 [10]. Crystallized aldehyde 1
prepared by this method can be stored at 0 °C under nitrogen
for several weeks without decomposition; however, it under-
goes gently oxidation by air. Indeed, when a solution of pure 1
was stirred in an open container during 15 days, acid 2 was
isolated in 24 % yield along with 61 % of unreacted 1.

As expected, reductive action of tri-fert-butox ialuminohy-
dride transforms 1 into alcohol 4. Despite the low excess of
tri-fert-butoxialuminohydride, we used 10 % instead of report-
ed 56 % [3], alcohol 4 was invariably isolated in 15.3 % yield
in all runs performed between 5 and 25 °C. The high cost of
these steroids, made us to oxidize 4 with pyridinium chloro-
chromate and to increase the global yield of 1. After this
transformation, the yield of aldehyde 1 based on the initial a-
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mount of imidazolide 3, results higher than that reported by
McMorris [3], 80 versus 75 %. Evidently, the present result is
superior because recovered acid 2 and unreacted imidazolide 3
can be recycled.

Isolation of acid 2 from the reductive process of 3, made
us to search its plausible formation route. Our preliminary
results, shows that hydrolysis of imidazolide 3 occurs faster
than aerial oxidation of aldehyde 1; therefore, we propose that
acid 2 is formed during the work-up and purification process
of 1. A complete study on the hydrolysis of imidazolides will
be the subject of future contribution.

Formation of pregnene 5 as a by-product in the reduction
of 3 with tri-tert-butoxialuminohydride has not been reported
before. Despite its low yield, pregnene 5 was isolated in pure
form, its melting point specific rotation and 'H nmr spectrum
are identical with reported data [11, 12]. Our observations on
the stability of aldehyde 1 and acid 2 under normal laboratory
conditions, suggest that 5 could come from decarbonylation of
aldehyde 1 in the presence of tri-ters-butoxialuminohydride;
however, further experimental work is necessary to explain
this transformation. A closely related study, is the radical in-
duced reduction of steroidal phenylcarboselenoates and phe-
nyl selenocarbonates with tributyltin hydride [12].

'H NMR. The '"H NMR spectrum of acid 2 consists of a broad
signal centered at 9.630 ppm assigned to hydroxylic proton, a
doublet at 5.374 ppm (J = 4.5 Hz) assigned to H-6, a multiplet
centered in 4.602 ppm attributed to Ha-3, a doublet of quar-
tets in 2.434 ppm (J, = 6.8 Hz and J; = 10.5 Hz) assigned to
Hp-20, three single signals at 2.036, 1.022 and 0.707 ppm,
assigned to protons of acetyl, methyl C-19 and methyl C-18,
respectively, and a doublet at 1.244 ppm (J = 6.8 Hz) assigned
to protons of methyl C-21.

Acllf

Acllf

Scheme 1. Preparation of aldehyde 1 from acid 2. This process is
very convenient for the gram-scale synthesis of 1.



Improved Synthesis of (205)-3f3-Acetoxy-23,24-dinorchol-5-en-22-aldehyde 51

Table 2. Specific rotations of 1-5. Measurements carried out in chlo-
roform solution at an average temperature of 26 °C.

Sample Concentration Specific rotation,
g/ 100 mL 10-! deg cm=2 g! [7]
1 4.20 —66.2 [lit [5] -5.34 (4.2)]
2.07 —69.2
1.03 -70.0
0.52 —69.7
2 2.00 -77.9
1.00 -717.5
0.51 -73.7
3 4.20 -27.2
2.10 -27.2
1.05 -274
0.53 -30.1
4 2.00 —-59.0 [ lit [5] -53.8 (4.5)]
1.00 =59.9
0.50 -61.1
5 0.91 —-59.3 [lit [11]1-61.1 (0.5)]

The transformation of acid 2 into imidazolide 3 can be
easily recognized by inspection of their 'H NMR spectra. The
imidazolyl moiety gives an ABX system [13] and induces
downfield shifts in the resonance signals of the nearest pro-
tons. The magnitude of this deshielding is nearly proportional
to the distance between such protons and imidazolyl group, as
can be observed when the chemical shifts of HB-20, methyl C-
21 and C-18 on the spectrum of 2 are subtracted from those on
the spectrum of 3: AS values are 0.613, 0.127 and 0.087 ppm,
respectively. As expected, the effect of imidazolyl on the reso-
nance signals of H-6, Ha-3, methyl C-19 and acetyl group is
almost negligible.

'H NMR spectrum of aldehyde 1, shows a doublet at
9.572 ppm (J = 3.3 Hz) assigned to H-22, a multiple centered
at 2.362 ppm for HB-20 (partially overlapped with the signal
attributed to HaHpB-4 [14]) and a doublet at 1.138 ppm (J =
6.8 Hz) for methyl C-21. It must be noted that signals due to
HB-20 and methyl C-21 are shielded compared with the ce-
rresponding signals of imidazolide 3 and acid 2. The 'H NMR
spectra of 1 obtained either by reduction of 3 or by oxidation
of alcohol 4, gave only one downfield signal characteristic of
aldehydic proton and therefore, we concluded that we ob-
tained a single diastereomer [10]. Resonance signals of H-6,
Ha-3 and methyl C-18, C-19 and acetyl groups undergo very
small changes.

The spectrum of alcohol 4 shows the AB pattern of the
expected ABX system, due to methylenic protons C-22 and
methine C-20, (5, 3.640, 8g 3.361, J,5 = 10.5 Hz, J,x = 3.2
Hz, Jzx = 7.0 Hz), and a doublet at 1.052 ppm (J = 6.6 Hz)
assigned to methyl C-21. Resonance signals of H-6, Ha-3,
acetyl, methyl C-18 and C-19, show almost the chemical
shifts mentioned above for acid 2.

The spectrum of pregnene 5 shows the signals for H-6,
Ha-3, acetyl, and methyl C-19 with the multiplicity and
almost the same chemical shifts described above for acid 2.

The main feature on this spectrum is the triplet at 0.875 (J =
7.2 Hz) which is assigned to methyl C-21 and the single signal
at 0.579 ppm assigned to methyl C-18. These assignments are
in agreement with reported data for authentic pregnene 5 [11,
12]; and furthermore, we verified that the '*C NMR spectrum
of 5 contains the 23 expected signals.

Conclusions

We have improved the two-step preparation process of 22,23-
dinorchol-5-en-22-aldehyde 1 reported by McMorris [3] and
have measured the specific rotation, infrared and '"H NMR
spectra of the intermediate and final products. Aldehyde 1 is
readily oxidized by air and presumably deoxigenated by expo-
sure to tri-tert-butoxyaluminohydride and light.

Experimental

General. Reactions were performed under nitrogen atmos-
phere using dry THF evaporated from sodium and benzophe-
none. Solvents used for extraction and column chromatogra-
phy were freshly distilled. Technical grade 1,1’-diimidazol
carbonyl, 90 % [9] and tri-tert-butoxyaluminohydride (0.5 M
solution in THF), were purchased from Aldrich while 3p-ace-
toxy-23,24-dinorchol-5-en-22-oic acid was purchased from
Steraloids. These chemicals were used without further purifi-
cation. For tlc and the so called flash chromatography [15]
were used Merck sheets of Alufolien and silica gel 230-400
mesh, respectively.

Specific rotation was measured in chloroform solutions
in a PerkinElmer 341 polarimeter using a 6 mL cell, 10 mm
long. Solutions were prepared in 10 mL volumetric flasks.
The lectures were taken at a mean temperature of 26 °C and
units are 10-! deg cm=2 g-! [7]. Infrared spectra were record-
ed on a FT Vector 33 equipped with horizontal ATR accesso-
ry having a 45° ZnSe crystal. 'H NMR spectra were recorded
on a Bruker DPX 300 MHz spectrometer equipped with a 5
mm 'H probe. A weighed amount of the substrate was dis-
solved in CDCl, to give a 0.05-0.1 M solution at 25 °C. The
chemical shifts were referenced to internal TMS. Typical 'H
NMR spectra were obtained using pulse width of 11.5 ps
(45°), a pulse delay of 1 s, 32 transients in a spectral width of
3592 Hz digitized into 64K data points, resulting in a digital
resolution of 0.11 Hz per point. NMR data is given in stan-
dard format: & units, signal multiplicity, coupling constants in
Hz and assignment.

Preparation of (205)-22-(1H-imidazol-1-yl)-3f-acetoxy-
23,24-dinorchol-5-en-22-one (3). In a three-neck round-bot-
tom flask of 500 mL, equipped with condenser, addition fun-
nel and a stirring bar, were added 1,1’'-carbonyldiimidazole
(5.194 g, 28.829 mmol) and free-water THF (60 mL). A solu-
tion of 3B-acetoxy-23,24-dinorchol-5-en-22-oic acid (2) in
dry THF (10 g, 25.740 mmol / 50 mL) were transferred into
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the addition funnel by a double-ended needle. This solution
was added with stirring to the 1,1 -carbonyldiimidazole in 10
min at 25 °C. A further 15 mL portion of THF was added
through the addition funnel, and the resulting mixture was
heated under reflux for 3.5 h. Then, the solvent was evaporat-
ed under vacuum and the resulting solid was poured into
chilled water (250 mL), stirred for 5 min and filtered through
a Buchner funnel with glass fritted disc. After a second wash-
ing with 200 mL water, the white solid was dissolved in
CH,Cl; (100 mL) and the resulting emulsion was dried
(Na,SO,) and concentrated in rotavapor up to a tenth of the
initial volume and left on standing at 25 °C. Crystals of imi-
dazolide 3, small colorless needles (m.p. 223-224 °C, lit. [3]
220-223 °C), were filtered by suction and mother liquors
were subjected to further crystallization. The total amount of
dry imidazolide 3 was 10.610 g. Its specific rotation is given
in Table 2. IR (neat) v, 1717.8, 1244.4 and 1198.7 cm!. 'H
NMR, & 8.197 (1H, br s, H-2 imidazolyl); 7.509 (1H, t, J =
1.4 Hz, H-5 imidazolyl); 7.115 (1H, br s, H-4 imidazolyl);
5.377 (1H, d, J = 5.1 Hz, H-5); 4.6 (1H, m, Ha-3); 3.047 (1H,
dq, J = 6.9 and 9.7 Hz, HB-20); 2.038 (3H, s, Ac); 1.371 (3H,
d, ] = 6.8 Hz, Me C-21); 1.038 (3H, s, Me C-19) and 0.796
(3H, s, Me C-18).

Preparation of (205)-3B-acetoxy-23,24-dinorchol-5-

en-22-aldehyde (1). Method A. In a three neck round bottom
flask of 500 mL equipped with addition funnel and a stirring
bar, were placed the imidazolide 3 (11.8 g, 26.9 mmol) and
dry THF (120 mL). This mixture formed a white emulsion
which was chilled to 5 °C. In the addition funnel was placed
dry THF (40 mL) and the required amount of tri-fert-butoxya-
luminohydride (29.6 mL, 1 M in THF) and then it was slowly
added to the suspension of 3, in 70 min with stirring. Further
10 mL of THF were added through the addition funnel and the
temperature was raised to 25 °C. This mixture was stirred at
25 °C until all the solid disappeared and then for further 30
min at the same temperature. The solvent was evaporated
under vacuum and the yellowish residue was mixed with
chilled 1 N HCI solution (250 mL). The resulting suspension
was filtered by suction and the white solid was washed with
cold water (120 mL). The wet solid was poured with stirring
into CH,Cl, (200 mL), the organic solution was dried
(Na,S0O,) and concentrated in rotavapor. Tlc of CH,Cl, solu-
tion consisted of five spots having the following R, values:
0.607, 0.428, 0.167, 0.131 and 0.05 (hexanes-AcOEt, 4:1). A
rough separation of the two less polar components was carried
out by column chromatography (silica gel, CH,Cl,) and fur-
ther elution with AcOEt afforded the mixture of the three
more polar components. The main component, aldehyde 1
found in CH,Cl, fractions, was subjected to successive purifi-
cation by column chromatography (hexanes-AcOEt 46:4) to
afford 6.755 g of small colorless leaflets (m.p. 114-116 °C,
hexanes-AcOEt, lit. [1,3] 113-116 °C). IR (neat) v,
1725.3, 1255.1 and 1039.5 cm-!. 'H NMR of 1, § 9.572 (1H,
d, J = 3.3 Hz, H-22); 5.376 (1H, br d, ] = 5.0 Hz, H-6); 2.362
(1H, ddq, J = 6.8 Hz, J = 3.3 Hz, J = 10.2 Hz, HB-20); 2.036
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(3H, s, Ac); 1.138 (3H, d, J = 6.8 Hz, methyl C-21); 1.028
(3H, s, methyl C-19) and 0.731 (3H, s, methy C-18). The less
polar component, characterized as pregn-5-en-3f-yl acetate
(5), was also purified by column chromatography (hexanes-
AcOEt 48:2) and recrystallized from methanol to obtain 28
mg of small colorless needles (m.p. 144-147 °C, lit. [11] 148-
149 °C). IR (neat) v,,,, 1729.4, 1239.5 and 1028.3 cm!. 'H
NMR of 5, & 5.383 (1H, br d, J = 4.9 Hz, H-6); 4.606 (1H, m,
Ha-3); 2.035 (3H, s, methyl Ac); 1.026 (3H, s, methyl C-19);
0.875 (3H, t, J = 7.2 Hz, methyl C-21) and 0.579 (3H, s,
methyl C-18). The component that produces the spot of R,
0.167 (see above), identified as 22-hydroxy-23,24-dinorchol-
5-en-3B-yl acetate (4), was also purified by column chro-
matography (CH,Cl,) and recrystallized from ethanol to
afford 1.546 g (small colorless needles, m.p. 149-151 °C | lit.
[5] 153-154 °C). IR (neat) v,,,, 3271.0, 1726.8, 1259.4 and
1041.4 cm!. '"H NMR of 4, § 5.375 (1H, br d, J = 4.2 Hz, H-
6); 4.602 (1H, m, Ha-3); 3.640 (1H, dd, J,5 = 10.5 Hz, ], x =
3.2 Hz, H,-22); 3.361 (1H, dd, J,5 = 10.5, Jgx = 7.0, Hg-22);
2.035 (3H, s, methyl Ac); 1.052 (3H, d, ] = 6.6 Hz, methyl C-
21); 1.022 (3H, s, methyl C-19) and 0.703 (3H, s, methyl C-
18). The mixture of the two more polar components was
obtained as a yellowish solid. '"H NMR analysis of this mix-
ture showed to be composed by 86 % mol of acid 2 and 12 %
mol of imidazolide 3, and therefore, it was hydrolyzed and the
resulting solid recrystallized from CH,Cl, to afford 1.364 g of
acid 2 (colorless leaflets, m.p. 237-241 °C).

Method B. In a 100 mL round bottom flask with a stirring bar,
was placed a weighed amount of pyridinium chlorochromate
(0.972 g, 4.5 mmol) and covered with dry CH,Cl, (15 mL).
Then, a solution of alcohol 4 (1.12 g, 3 mmol in 30 mL
CH,Cl,) was added in one portion at 25 °C, and the resulting
dark mixture was stirred for 1.5 h. After this time, tlc showed
a single spot with R, 0.5 (hexanes-AcOEt 85:15). The dark
mixture was passed through a short column packed with silica
gel 70-230 mesh. Elution with CH,Cl, followed by evapora-
tion of the solvent and recrystallization of the yellowish solid
(hexane-CH,Cl,), afforded 0.960 g of a white powder, whose
m.p., specific rotation, IR and 'H NMR spectra resulted iden-
tical with those of aldehyde 1 prepared by method A.
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