
INTRODUCTION

In previous years, some amino steroid derivatives were
synthesized with a wide spectrum of biological actions, as
antibacterial1,2, antimalarial3 and antiviral4 drugs. For example,
there are reports4,5, which show the synthesis of 17β-[N-methyl-
N(aminoethyl)amino-5a-androsterone by reduction of oxime-
androsterone derivative using LiAlH5. Additionally, other
reports6 showed the synthesis of a series of 7-amino-sterol
squalamine analogues through a stereoselective titanium
reductive amination reaction. Walker and coworkers7 reported
the synthesis of several amino-steroids derivatives by the
reaction between methyl ester of cholic acid with polyamines
(spermine, pentamine or hexamine) using N-hydroxy-
succinamide. Other studies made by Acs et al.8 showed the
synthesis of 11-carboxamido-androstan-4,9(11)-diene using
palladium as catalyst. In addition, another reports indicate the
synthesis of 7a-[4´-(aminophenyl) thio]pregna-4-ene-3,20-
dione by the reaction between pregna-4,6-diene-3,20-dione
with 4-aminothiophe-nol9. In addition, there are some studies
which show the synthesis of a quaternary nitrogen-steroid using
1-ethyl-3(3-dimethylaminopropyl)-carbodiimide as catalyst10.
Other reports show the synthesis of 17α-amino-3α, 16α-
dihydroxy-5β-pregnane-11,20-dione was prepared from
3α-acetoxy-5β-pregnane-11,20-dione11. Recently, an amino-
steroid derivative was synthetized using 1-ethyl-3-(3-
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dimethylamino-propyl)carbodiimide12. All these experimental
data show several protocols for synthesis of amino steroid-
derivatives, nevertheless, the use of some reagents requires of
special conditions. Therefore in this work our initial design
included a facile synthesis of nitrogen-steroid derivative in
presence of boric acid. It is important to mention that this
steroid derivative contain in the A-ring of steroid nucleus an
arm with quaternary nitrogen.

EXPERIMENTAL

Progesterone and the other compounds evaluated in this
study were purchased from Sigma-Aldrich Co., Ltd. The melting
points for the different compounds were determined on an
Electrothermal (900 model). Infrared spectra were recorded
using KBr pellets on a Perkin Elmer Lambda 40 spectrometer.
1H and 13C NMR spectra were recorded on a Varian VXR-300/
5 FT NMR spectrometer at 300 and 75.4 MHz in DMSO-d6

using TMS as internal standard. EIMS spectra were obtained
with a Finnigan Trace GC Polaris Q. spectrometer. Elementary
analysis data were acquired from a Perkin Elmer Ser. II CHNS/
0 2400 elemental analyzer.

[2-17-Acetyl-10-13-dimethyl-1,2,6,7,8,9,10,11,12,13,

14,15,16,17-tetradecahydro- cyclo-penta[a]phenanthren-3-

yl-denecarbamoyloxy)-ethyl]-trimethyl-ammonium chloride:

A solution of progesterone (100 mg, 0.32 mmol), carbachol
(117 mg, 0.64 mmol), boric acid (40 mg, 0.65 mmol) in 10 mL



of ethanol:water (1:2) was stirring for 24 h to room temperature.
The reaction mixture was evaporated to a smaller volume. The
reaction mixture was diluted with water and extracted with
chloroform. The organic phase was evaporated to dryness
under reduced pressure, the residue was purified by crystalli-
zation from methanol:water (4:1) yielding 75 % of product,
m.p. 98-100 ºC; IR (νmax, cm-1):1712, 1670; 1H NMR (300
MHz, DMSO-d6) δH: 0.67 (s, 3H), 0.93-1.02 (m, 2H), 1.04 (s,
3H), 1.11-1.32 (m, 2H), 1.33-1.51 (m, 4H), 1.52-1.63 (m, 2H),
1.65-1.90 (m, 3H), 2.05-207 (m, 2H), 2.12 (s, 3H), 2.19-2.58
(m, 5H), 3.13 (s, 9H), 3.70 (t, 2H, J = 6 Hz), 4.42 (t, 2H, J = 6
Hz), 6.28 (m, 1H). 13C NMR (74.5 MHz, DMSO-d6) δC: 13.21
(C-18), 17.76 (C-24), 20.78 (C-5), 23.44 (C-15), 23.75 (C-9),
27.19 (C-8), 29.92 (C-25), 31.31 (C-11), 31.62 (C-16), 32.12
(C-10), 34.10 (C-3), 35.26 (C-17), 38.07 (C-6), 43.83 (C-1),
51.97 (C-4), 54.90 (C-31, C-32), 56.02 (C-2), 59.66 (C-27),
63.41 (C-7), 64.17 (C-28), 118.99 (C-13), 150.17 (C-22),
158.48 (C-12), 159.71 (C-14), 206.67 (C-19) ppm. MS (70
ev): m/z 443.50 [M+ Cl–]; Anal. calcd. For C27H43ClN2O3: C,
67.69; H, 9.05; Cl, 7.40; N, 5.85; 0, 10.02. Found: C, 67.63;
H, 9.08.

Evaluation of physico-chemical parameters: To estimate
the logarithmic octanol-water partition coefficient (log P) and
π of progesterone (1) and progesterone-carbachol derivative
(3), the ACDlab program was used13-19. The log Kow method
(atom/fragment contribution), introduced by Mannhold and
Waterbeemd20, available as the KOWWIN software was used.
Ina addition, the hyperchem 6.0 software to evaluate the elec-
tronic parameters of compounds studied.

RESULTS AND DISCUSSION

In this study, a straightforward route is reported for the
synthesis of progesterone-carbachol derivative(3). This stage
was achieved by reacting progesterone(1) with carbachol using
boric acid as catalyst to form a progesterone derivative (Fig.
1). It is important to mention that several amino-steroid
derivatives are available in the literature21-24. Nevertheless,
despite their wide scope, these procedures suffer from several
drawbacks. Some of the reagents are of limited stability and
preparation can be dangerous. Analyzing these data and the
report of Chaudhuri et al.25 show that the boric acid efficiently
catalyzes the addition of aliphatic amines to α,β-unsaturated
compounds to produce β-amino compounds. In this work,
boric acid was used as catalyst in the reaction between proge-
sterone and carbachol to form the compound 3. The results
indicate that 1H NMR spectrum of 3 showed several signals at
0.67, 1.04 ppm corresponding to methyls presents in the steroid
nucleus; at 1.11-2.07, 2.19-2.58 and 6.10 ppm for methylenes
involved in the steroid nucleus; at 2.12 ppm for methyl bound
to carbonyl group. Finally, other signals at 3.10 ppm for methyl
groups bound to quaternary amine; at 3.70 and 4.42 ppm for
methylenes involved in arm bound to steroid nucleus were
found. The 13C NMR spectra display chemical shifts at 13.18
and 17.70 ppm for the carbons of methyls presents in the
steroid nucleus of 3. Another chemical shifts at 20.78-27.19,
31.31-51.97, 56.02, 63.41, 118.70 and 158.70-159.68 ppm
for carbons of methylenes involved in the steroid nucleus were
exhibited. Additionally, several signals at 29.92 ppm for

methyl bound to carbonyl group; at 54.90 ppm for methyl
groups bound to quaternary amine; at 59.60 and 64.16 ppm
for methylenes involved in the arm bound to steroid nucleus.
Finally, two signals at 150.17 ppm for carbonyl bound to
nitrogen atom and at 206.60 ppm for ketone group were
exhibited. Additionally, the presence of the compound 2 was
further confirmed from mass spectrum which showed a
molecular ion at m/z 443.50.

CH

3

CH

3

O

CH

3

N

O O

N
+

CH

3

CH

3

CH

3

Cl
-

CH

3

CH

3

O

CH

3

O

O O

N
+

CH

3

CH

3

CH

3

NH2

+

1

2

3

Cl
-

Boric acid

Fig. 1. Synthesis of progesterone-carbachol derivative (3). Reaction
between progesterone (1) and carbachol (2) using boric acid as
catalyst

Evaluation of physicochemical parameters: There are
reports26,27, which indicate that biological activity of steroid
derivatives is a consequence of physicochemical parameters
involved in its geometrical (i.e. configuration, conformation)
and electronic structure of steroids (i.e. energy, electron distri-
bution, charge and reactivity). Nevertheless, there are little data
about the electronic structure of progesterone derivatives. There-
fore, in this study some physicochemical parameters involved
in the chemical structure of 3 were evaluated.

Electronic parameters: Some methods have been deve-
loped within the mathematical framework of the molecular
orbital theory to evaluate the electronic properties of several
compounds. For example, there are studies, which showed the
evaluation of the frontier molecular orbitals (HOMO-LUMO
gap) of some steroids using the MINDO and ZINDO
models28,29. In this study, HOMO-LUMO gap of compound 3
were evaluated using a theoretical method (ZINDO/S,
hyperchem 6.0). The results showed two energy levels
for HOMO (-302.70 eV) and for LUMO (4.76 eV) in the
compound 3. These frontier orbital molecular values were
compared with the data obtained for the compounds 1, in order
to evaluate if changes in their structure chemical affect the
energy levels. The results showed that HOMO/LUMO were
low for 3 in comparison with 1 (Table-1). This phenomenon
could be conditioned by π orbital which are localized in the
arm bound to A-ring (C=N) and carbonyl group (C=O) of
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compound 3 in comparison with 1. These data suggest that
functional groups involved in the arm bound to A-ring could
induce changes in the organic superconductivity of compound
3 as it happens in other steroid derivatives, which show that
molecular orbitals (C-2p) are aligned along of the molecular
axes30; this phenomenon could bring like consequence varia-
tions in the electronic transmittance (Figs. 2 and 3).

 Fig. 2. LUMO of progesterone using Hyperchem 6.0 software

 Fig. 3. LUMO of progesterone-carbachol derivative using Hyperchem 6.0
software.

On the other hand, it is important to mention that the
relation HOMO/LUMO gap has been relationship with the
changes in the dipole moment on other compounds31. There-
fore, in this study the dipole moment of 3 was evaluated and
compared with the values of 1. The results showed that dipole
moment was high in 3 in comparison with 1 (Table-1). This
data indicate that increase in the length of chain induce greater
dipole moment.

Hydrophobicity parameters: The most common prop-
erties32 that are correlated to biological activity are electronics
(π) in and lipophilicity (log P). log P describes the logarithmic
octanol-water partition coefficient at room temperature. There-
fore, it represents the lipophilic effects of a molecule that

includes the sum of the lipophilic contributions of the parent
molecule and its substituent33. The difference between the substi-
tuted and unsubstituted log P values is conditioned by the
π value for a particular substituent. Hammett showed that
π values measure the free energy change caused by a parti-
cular substituent to relate to biological activity34. In this study
it was interesting to evaluate these physicochemical descriptors
(log P and π) involved in the chemical structure of compound
3 using the method reported by Mannhold and Waterbeemd20.
It is important to mention that fragments 3 involved in the
chemical structure of 3 were also evaluated with the purpose
to know if the compound 1 induce changes in the lipophilicity
degree of 3. The results showed an increase in log P and π
values in the 3 compound with respect to 1. This phenomenon
is conditioned mainly by the contribution of all substituent
atoms involved in the chemical structure of the different comp-
ounds, as is showed in Tables 2 and 3. These results showed
that aliphatic carbons (-CH3, -CH2 and -C) in compound 3
contribute to the high lipophilicity in comparison with 1.

TABLE-2 
PHYSICOCHEMICAL PARAMETERS log Kow AND π OF 

DIHYDROTESTOSTERONE-VITAMIN B1 CONJUGATE (3) 

Compound log Kow fragment Contributions 
1 -CH3 [aliphatic carbon] 1.6419 

 -CH2- [aliphatic carbon] 3.9288 
 -CH [aliphatic carbon] 1.4456 
 =CH- or =C< [olefinc carbon] 0.7672 
 -C(=O) [carbonyl, aliphatic attach] -1.5586 
 -tert Carbon [3 or more carbon attach] 0.5352 
 -C(=O)- [carbonyl, olefinic attach] -1.2700 
 Fused aliphatic ring unit correction  -2.0526 
 Equation constant 0.2290 
 log Kow 3.6665 
 π  

 
TABLE-3 

PHYSICOCHEMICAL PARAMETERS log Kow AND π  
OF THE DANAZOL-VITAMIN B1 CONJUGATE (5) 

Compound log Kow Fragment Contributions 
2 CH3 [aliphatic carbon] 3.3838 

 -CH2- [aliphatic carbon] 4.9110 
 -CH [aliphatic carbon] 1.4456 
 -C [aliphatic carbon - No H, not tert] 0.9723 
 =CH- or =C< [olefinc carbon] 0.7672 
 -C(=O)- [carbonyl, aliphatic attach] -1.5586 
 -C(=O)O [ester, aliphatic attach] -0.9505 
 -tert Carbon [3 or more carbon attach] 0.5352 
 -N=C [aliphatic attach] -0.0010 
 >N< [+5 valence; single bonds; H attach] -4.6000 
 Fused aliphatic ring unit correction -2.0526 
 Reaction: nitrogen[+5] / ester 0.7000 
 Equation constant 0.2290 
 log Kow 3.6814 
 π 0.0164 

 

TABLE-1 
PHYSICO-CHEMICAL PARAMETERS (HOMO AND LUMO), ∆Hf, RMSg (RM GRADIENT)  

AND DIPOLAR MOMENT (µ) OF COMPOUNDS 1 AND 3 

Compound HOMO (eV) LUMO (eV) ∆HfRMSg (Kcal/mol) µ (Kcal/Å mol) (Debyes) 

1 -567.8763 -0.2464529 -157750.6 2018 0.8596 
3 -615.4523 -0.477154 -172552.3 1874 2.3900 
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Conclusion

All this data suggest that changes in the chemical structure
of progesterone to form progesterone-carbachol exert variations
in HOMO/LUMO, log P and π values.
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