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Abstract. The present work describes the conformational and config-
urational analysis of 2,5-dimethyltetrahydropyran-3-carboxylic acid
using the ALTONA software developed by the group of Joseph-
Nathan. The pyrancarboxylic acid was prepared from 23-ethylidene-
diosgenin acetate by a sequence of reactions that involve acid cat-
alyzed cleavage of the side chain of the sapogenin.
Keywords. NMR, sapogenins, ALTONA software, conformational
analysis, configurational analysis.

Resumen. El presente trabajo describe el análisis conformacional y
configuracional del ácido 2,5 dimetiltetrahidropirano-3-carboxílico
empleando el programa ALTONA desarrollado por el grupo de
Joseph-Nathan. El ácido piranocarboxílico fue preparado a partir del
acetato de 23-etilidendiosgenina, mediante una serie de reacciones
que involucran el rompimiento de la cadena lateral de la sapogenina
en medio ácido.
Palabras clave. RMN, sapogeninas, programa ALTONA, análisis
conformacional, análisis configuracional.

Introduction 

In 1990 the group of Joseph-Nathan, Zepeda and Cerda-
García-Rojas introduced the computational program
ALTONA [1] to calculate H-C-C-H dihedral angles from
experimentally determined 1H-1H coupling constant values
using a generalized Karplus-type equation based on the pro-
tocol developed by Altona [1] which takes into account the
electronegativity and orientation of the substituents attached
to the H-C-C-H fragment under evaluation. The ALTONA
protocol has been very helpful [2-14] for the assignment of
the conformation and configuration of natural products by
comparison of the experimental 1H-1H coupling constants
with those obtained with a generalized Karplus type relation-
ship using dihedral angles generated from theoretical calcula-
tions.

This paper describes the conformational and configura-
tional analysis of 2,5-dimethyltetra-hydropyran-3-carboxylic
acid using the ALTONA software. In turn, this acid was
obtained from diosgenin using the acid catalyzed transforma-
tion of its spiroketal side chain reported previously, as key step
[15-18]. It should be mentioned that sapogenins are precursors
for biologically relevant steroids, for this reason, the spiroketal
side chain has been the subject of intense efforts devoted to

study its chemical reactivity. Thus, furostane/ furostene (ii) or
cholestane (iii) frameworks have been obtained by selective
opening of ring F or opening of both E and F rings of i
(Scheme 1) [19,20].

Recently, it has been shown that the regioselective open-
ing of ring E in sapogenins produces a new skeleton, the
22,26-epoxycholestene [15-17]. From diosgenin (1), we have
shown that the corresponding (22E)-(25R)-23-acetyl-22,26-
epoxycholesta-5,22-dien-3β,16β-diol diacetate (2) is a very
useful starting material to introduce oxygenated functions at
C-22 and C-23 as in compound 3 [29] (Scheme 2).

A systematic study of the acetolysis of the side chain of
sapogenins, evidenced the important role of the protons at
position C-23 and the steric influence of the methyl group at
C-25 on the abstraction of H23ax that leads to different ratios of

Scheme 1. Structures commonly obtained by cleavage of E/F rings of
sapogenins.
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products from the regioselective E ring opening. Thus, a high
yield (94%) of compound 2 was found in the 25R series [15]
but it decreased to nearly 50% in the 25S series [16]. In con-
tinuation of our studies on the stereoselective cleavage of
sapogenins, we decided to investigate the acid catalyzed
spiroketal opening of a substrate with no protons at position C-
23 such as [23(231)E]-23-ethylidenediosgenin acetate 7b.

Results and Discussion

The formation of 23-ethylidenetigogenin (5) in about yield
70%, through the action of LiAlH4 on (22E)-(25R)-23-acetyl-
5α-furost-22-ene-3β,26-diol diacetate (4) was described by
Zderic [22] (Scheme 3).

Once we were able to optimize the preparation of com-
pounds 2 and 6, to practically quantitative yields [17,21] we
used Zderic’s methodology to obtain 23-ethylidenediosgenin
(7a) in 90% yield from (22E)-(25R)-23-acetylfurosta-5,22-
diene-3β,26-diol diacetate (6) as well as from 2 (Scheme 4).
13C NMR data of 23-ethylidenediosgenin were in agreement
with those of the previously reported 23-ethylidenesarsasa-
pogenin [23].

The formation of 7a from 2 can be explained by initial
reduction of the carbonyl groups present in the acetyl and
acetates, generating the intermediate i (Scheme 4) followed by
attack of the 16β-alkoxy group to C-22 through a Si side attack
of the double bond. This nucleophilic attack promotes the
elimination of the aluminate group at C-231. In the case of
furostene 6, the nucleophilic attack of 26-alkoxy group (inter-
mediate ii) at C-22 occurs from the Re face of the double
bond. In both cases the Si and Re attacks lead to the (22S)-
spirostene 7a, product with the natural configuration at C-22.

Satisfactory single-crystals were obtained by slow crystal-
lization in EtoAc. The X-ray diffraction analysis [24] of 7a per-
mitted to corroborate the E configuration at 23(231) position and
the natural configuration at C-20, C-22 and C-25 (Figure 1).

In contrast, when the reducing agent is 9-BBN or NaBH4
there is no formation of an alkoxide ion at C-16, therefore, the
hydride attacks the carbonyl of the 23-acetyl group. A further
participation of electrons from the furan oxygen atom leads to
(25R)-22,26-epoxy-23-vinylcholest-22-en-3β,16b-diol diac-
etate (8) through borinate (i) and proton elimination (ii,
Scheme 5) [25]. This result points out to the particular behav-
ior of the β-alkoxy-substituted-α,β-unsaturated ketone system.

Based on these results it was envisioned that the 23-eth-
ylidene substituted derivative 7b could lead, under acidic con-
ditions to a highly regioselective cleavage of ring F, as was
indeed observed. The treatment of 7b with p-toluenesulfonic
acid, at reflux in benzene led to a single product characterized
as (23S,231R,25R)-231,26-epoxy-23-ethylfurosta-5,20(22)-
dien-3β-ol acetate (9). The configuration at the C-23 y C-231

newly formed stereogenic centers was established from the
degradation products as shown in Scheme 6. Subsequent oxi-
dation of 9 with RuO4 afforded (2’R,3’S,5’R)-20-oxopregn-5-
ene-3β,16β-diol 3-acetate 16-(2’,5’-dimethyl)tetrahydropyran-

Scheme 2. Useful transformation of the 23-acetyl-22,26-epoxyc-
holestane framework 2.

Scheme 3. Preparation of 23-ethylidenetigogenin (5) from (22E)-
(25R)-23-acetyl-5a-furost-22-ene-3b,26-diol diacetate (4).

Scheme 4. Mechanism for the formation of [23(231)E]-ethylidene-
diosgenin 7a.

Fig. 1. Perspective view of 23-ethylidenediosgenin (7a).
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3’-carboxylate (10), which was submitted to basic hydrolysis
to give 16,17-didehydropregnenolone (11) and (2R,3S,5R)-2,5-
dimethyltetra-hydropyran-3-carboxylic (12).

The 400 MHz 1H NMR spectrum of 9 showed two close
multiplets at δ 4.66 and δ 4.53, for H-16 and H-3, respectively.
The signals at δ 3.75 and δ 2.93 were assigned to the 26eq
(ddd, J26eq,26ax = 11.0 Hz, J26eq,25 = 3.4 Hz and J26eq,24eq = 1.4 Hz)
and 26ax (t, J26ax,26eq = J26ax,25 = 11.0 Hz) diastereotopic protons.
The doublet at δ 2.37 corresponds to the allylic proton H-17
showing J17,16 = 10.0 Hz while the singlets at δ 1.57 and δ 2.00
fit with Me-21 and 3-OAc. The secondary methyl groups gave
signals at δ 1.09 (Me-232) and δ 0.75 (Me-27).

The APT spectrum showed the carbonyl signal at δ 170.4,
and two new sp2 carbons at δ 104.6 (C-20) and 152.1 (C-22),
characteristic for the vinyl carbons in the dihydrofuran moiety
of pseudosapogenins; the C-5 and C-6 double bond signals
appeared in 139.7 and 122.4 ppm while C-16, C-231, C-26 and
C-3 were at δ 84.4, 75.1, 74.4 and 73.8, respectively.

The mechanism for the formation of 9 is shown in
Scheme 7. Cleavage of the F ring leads to a positively activat-
ed α,β-unsaturated system (i) and an alcohol at C-26. The
hydroxy group then attacks the double bond from the Re side
at C-231, in a Michael type nucleophilic attack. Subsequent
protonation of Δ22 at C-23 from the Re face is promoted by the
furanic oxygen atom. The methyl groups at C-231 and C-25 if
placed equatorially, anchor the 6-membered furan ring, would
direct the protonation only by the Re face. As a result, all sub-
stituents of the pyran ring would be placed equatorially.

It should be noted that isopseudosapogenins having an
exo-furan double bond (as ii) have not been reported in the lit-
erature because the pseudosapogenin structure (as 9) is ther-
modynamically more stable (a difference of 6.5 kcal/mole has
been obtained from calculations using HyperChem 7.0 soft-
ware).

A selective oxidation of Δ20(22) using RuO4 was successful-
ly carried out leading to pregnanic ester 10 (Scheme 6). The
1H NMR of 10 showed a multiplet at δ 5.48 for H-16, which is
shifted to high frequencies, as expected for a proton at position
gem to an ester. The multiplet at δ 4.57 was assigned to H-3
and the diastereotopic protons at position 6’ appear at δ 3.80
and 2.97. The doublet of quartets (J2’,3’ = 9.6 Hz and J2’,2’’ = 6.1
Hz) at δ 3.42 was assigned to H-2´. The Me-21 and acetate
groups appear at δ 2.06 and 2.00 respectively, while the doublet
at δ 1.15 was assigned to Me-2´´.

The correlation between the diastereotopic protons at
position 6’ and the signal at δ 0.78, in the COSY spectrum,
allowed to confirm the assignment for 5´. Similarly, a correla-
tion with the signal at δ 1.15 (Me-2´´) allowed assignment of
H-2´.

The APT spectrum of 10 at 100 MHz shows a new signal
at δ 205.3 due to the carbonyl at position 20 and another one at
δ 173.4 for the carbonyl of the ester group at C-16 position. C-
16 was shifted from δ 84.4 to δ 74.6, compared to the starting
material 9.

In order to confirm the assignment of the newly formed
stereogenic centers in the pyran ring, the pregnane 10 was

Scheme 5. Mechanism for the formation of (25R)-22,26-epoxy-23-
vinylcholest-22-en-3β,16β-diol diacetate (8).

Scheme 6. Oxidative degradation of furostene 9 to afford the pyran
12.

Scheme 7. Proposed mechanism for the formation of furostadiene 9.
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hydrolyzed with KOH/MeOH to give 11 and 12 (Scheme 6).
In turn, 11 was characterized by comparison with an authentic
sample.

The stereochemistry at positions 2 and 3 of compound 12
was established from the coupling constants in the 1H NMR
spectrum using the ALTONA software [1a] in combination
with AM1 calculations (HyperChem 7.0).

Taking as reference the R configuration at C-5, the pyran
signals at δ 3.85 and 3.03 (which show the same coupling pat-
terns as the methylene protons at C-26 in the epoxycholestene
derivative 2), were assigned to the diastereotopic protons H-
6ax and H-6eq, respectively. The signal corresponding to the
new stereogenic center (C-2) appeared as a doublet of quartets
(J2ax,3ax = 9.9 Hz, J2ax,2’ = 6.2 Hz) at δ 3.48; showing a character-
istic trans diaxial coupling with H-3. The ddd at δ 2.30 (J3ax,4ax
= 12.5 Hz, J3ax,2ax = 9.9 Hz, J3ax,4eq = 3.7 Hz) was assigned to H-
3; the first two coupling constants are characteristic for trans
diaxial couplings with H-2ax y H-4ax and confirm the S con-
figuration for C-3. These results allow to determine that the
stereochemistry at C-5 is retained therefore it can used to
obtain the relative configuration at C-2 and C-3.

The assignments were confirmed by a COSY experiment
that shows that the signal at δ 3.48 (H-2) correlates with those
at δ 2.30 (H-3) and δ 1.23 (Me-2’).

In order to confirm the supposed configuration/conforma-
tion of 12, theoretical studies were undertaken. Firstly, experi-
mental coupling constants (JEXP) were used to calculate the
dihedral angle (fALTONA) by means of the ALTONA software
[1a]. On the basis of JEXP and fALTONA values Molecular
Mechanics (AM1) and Density Functional Theory (DFT) were
used to optimize the conformation of minimum energy of 12.
These values permitted to obtain theoretical coupling con-
stants from the ALTONA software (Table 1). The calculated
coupling constants give excellent agreement with the experi-
mental values, except for JH5ax-H6eq where the experimental
value is smaller. On the basis of these results, we conclude
that the pyrancarboxylic acid presents a chair conformation in
which all substituents are in equatorial positions. Very differ-
ent values were obtained from other configurational alterna-
tives (v.g. the 5S-isomer).

The minimum energy conformation for pyran 12 calculat-
ed using an AM1 semiempirical approach (HyperChem 7.0) is
shown in Figure 2.

The 13C-NMR spectrum of (2R,3S,5R)-2,5-dimethylte-
trahydropyran-3-carboxylic acid (12) at 100 MHz shows sig-
nals at δ 179.8 the carboxylic acid, δ 74.2 and 74.0 for C-6
and C-2, δ 40.3 for C-3, δ 35.9 for C-4, δ 29.9 for C-5 and δ
20.0 and δ 16.9 for the 2´ and 5´ methyl signals. It is worth
mentioning that the APT was very informative for the assign-
ment of C-2(CH) and C-6 (CH2), since these signals have a
chemical shift difference of only δ 0.2.

Conclusions

The 23-ethylidene derivative 7b was successfully transformed
into the epoxycompund 9 in acidic medium, through the
cleavage of the spirostane F ring. The driving force for the
cleavage of ring F is the formation of a positively-activated
planar α,β-unsaturated ketone intermediate with a maximum
of orbital conjugation. In contrast, cleavage of the E ring in 7b
would lead to a conjugated system with a twisted 6-membered
ring which is higher in energy.

Subsequent oxidation of 9 afforded the pregnanic ester 10
which after hydrolysis gave 16,17-didehydropregnenolone 11
and the chiral pyrancarboxylic acid 12. Detailed NMR analy-
sis of 12 allowed, with the help of ALTONA software, to
establish unambiguously the configuration at the newly
formed stereogenic centers which were found to be 2R,3S.
Therefore, the configurations at C-23 and C-231 in 23-ethyl-
231,26-epoxyfurost-5,22-diene 3β-ol acetate (9) must be 23R,
231S. The highly stereospecific formation of 9 is attributed to a
protonation-deprotonation sequence from 7 (Scheme 7).

Experimental Part

Melting points were determined on a Melt-temp apparatus and
were not corrected. NMR spectra were measured at 400 MHz
(1H) and 100 MHz (13C) with a JEOL Eclipse spectrometer,
using CDCl3 as the solvent and TMS as internal reference.
Optical rotations were measured at room temperature on a

Table 1. Experimental and calculated coupling constants (J)
and dihedral angles (f) for  pyran 12.

H2ax H3ax H3ax H4ax H4eq H5ax H5ax
-H3ax -H4ax -H4eq -H5ax -H5ax -H6ax -H6eq

JEXP 9.9 12.5 3.7 12.5 3.7 11.0 3.9
φALTONA -165 179 57 -179 -55 158 62
φAM1 -176 173 55 -175 -56 176 54
φDFT -177 173 56 -175 -57 176 57
JALTONA 10.8 12.2 4.0 12.2 3.5 11.6 5.0

Fig. 2. The minimum energy conformation for pyran 12
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Perkin Elmer 241 polarimeter in CHCl3 solutions using a 10
cm cell. The infrared spectra were determined using KBr pel-
lets on a Perkin Elmer FT-IR One. Mass spectra were obtained
on a HP 5989A. X-ray diffraction data were collected in a
Bruker P4 diffractometer.

Calcultations were carried out using a Pentium IV-based
PC. For molecular mechanics calculations the PCMODEL
program (Serena Software, Bloomington, IN, USA) was used.
DFT calculations were performed using Spartan at the
B3LPY/6-31G* level of theory. Molecular modeling was real-
ized using AM1 calculations (HyperChem 7.0).

[23(231)E]-23-ethylidenediosgenin (7a). LiAlH4 (186 mg, 4.9
mmol) was slowly added to a solution of 500 mg (0.925
mmol) of (25R)-23-acetyl-22,26-epoxycholesta-5,22-diene-
3β,16β-diol diacetate (2) in 30 mL of anhydrous THF. The
reaction mixture was refluxed for 2 h and cooled to room tem-
perature. Excess LiAlH4 was destroyed with EtOAc, MeOH
and water; the precipitate was filtered and the solvent evaporat-
ed under vacuum. The organic phase was extracted with ethyl
acetate, dried over Na2SO4 and evaporated to dryness to give
380 mg of crude, which was purified over silica gel, eluted
with petroleum ether/AcOEt (95:5) to give 360 mg of 7a (88%
yield) which was crystallized with EtOAc (mp 233-234 oC).

Note: The same product was obtained from (25R)-23-
acetylfurosta-5,22-diene-3β,26-diol diacetate (6) under similar
reaction conditions in approximately the same yield.

MS (70 eV): m/z (int. rel.): 440 [M] + (80), 425(100),
381(52), 165(67), 141(95). [α]D = -67.7o (CHCl3, c = 0.1). IR:
νmax cm-1 3493 (OH), 2930 (C-H), 1625 (C=C). 1H NMR (400
MHz, CDCl3) δ : 5.56 (1H, m, H-231), 5.28 (1H, m, H-6), 4.35
(1H, m, H-16), 3.49 (3H, m, H-26eq, H-26ax y H-3), 2.43
(1H, m, H-20), 1.61 (3H, d, J = 6.5 Hz, CH3 -232), 0.99 (3H, s,
CH3-19), 0.97 (3H, d, J20,21 = 6.0 Hz, CH3-21), 0.82 (3H, d,
J25,27 = 6.5 Hz, CH3-27), 0.79 (3H, s, CH3-18). 13C NMR (100
MHz, CDCl3) δ: 140.9 (C-5), 134.9 (C-23), 121.4 (C-6), 117.5
(C-231), 110.9 (C-22), 80.3 (C-16), 71.8 (C-3), 66.2 (C-26),
61.0 (C-17), 56.5 (C-14), 50.1 (C-9), 42.3 (C-4), 40.5 (C-10),
40.1 (C-20), 37.3 (C-1), 37.1 (C-12), 36.7 (C-13), 32.7 (C-7),
32.1 (C-15), 31.8 (C-8), 31.7 (C-2), 31.6 (C-24), 31.4 (C-25),
21.0 (C-11), 19.5 (C-19), 17.4 (C-27), 16.5 (C-18), 14.8 (C-
21), 12.7 (C-232). Anal. Calc for C29H44O3: C 79.04%; H
10.06%; O 10.89% Found: C 78.95%; H 10.11%, O 10.89%.

[23(231)E]-23-ethylidenediosgenin acetate 7b. A solution of
1 mL de pyridine, 2 mL de CH2Cl2 and 200 mg (0.45 mmol)
of 23-ethylidenediosgenin 7a was added by 2 mL (21 mmol)
of acetic anhydride and the reaction mixture was stirred at
room temperature for 5 hr. The reaction mixture was poured
over iced water and extracted with CH2Cl2/H2O, the organic
phase was washed with 5% HCl, neutralized with NaHCO3
and dried over Na2SO4.The solution was evaporated to dryness
to give 180 mg (83% yield) of 7b.

IR (KBr): νmax cm-1 1740 (AcO), 1629 (C=C), 1200 (C-O).
1H NMR (400 MHz, CDCl3) δ : 5.55 (1H, q, J231,232 = 6.2 Hz,
H-231 ), 5.33 (1H, d, J = 4.8 Hz, H-6), 4.57 (1H, m, H-16),

3.46 (2H, m, H-26eq, H-26ax), 2.43 (1H, m, H-20), 1.99 (3H,
s, 3-OCOCH3), 1.60 (3H, d, J = 6.5 Hz, CH3 -232), 1.00 (3H, s,
CH3-19), 0.96 (3H, d, J20,21 = 6.0 Hz, CH3-21), 0.80 (3H, d,
J25,27 = 6.5 Hz, CH3-27), 0.79 (3H, s,CH3-18). 13C NMR (100
MHz, CDCl3) δ: 170.6 (3-OCOCH3), 139.7 (C-5), 134.9 (C-
23), 122.4 (C-6) 117.5 (C-231 ), 110.9 (C-22), 80.3 (C-16),
73.9 (C-3), 66.1 (C-26), 61.5 (C-17), 56.4 (C-14), 50.0 (C-9),
40.4 (C-4), 40.0 (C-10), 38.1 (C-1), 37.1 (C-20), 37.0 (C-12),
36.8 (C-13), 32.7 (C-8), 32.1 (C-15), 31.8 (C-7), 31.7 (C-2),
31.4 (C-25), 27.8 (C- 24), 21.5 (3-OCOCH3 ), 20.9 (C-11), 19.4
(C-19), 17.4 (C-27), 16.5 (C-18), 14.8 (C-21), 12.7 (C-232).

(23S,231R,25R)-231,26-epoxy-23-ethylfurosta-5,20(22)-dien-
3ββ-ol acetate (9). A solution of 300 mg (0.62 mmol) of 7b
and 150 mg of p-TsOH, in 5 mL of benzene, was refluxed for
30 min. The solvent was evaporated and the residue dissolved
in CH2Cl2, washed with H2O, dried over Na2SO4 and evaporat-
ed to dryness. The residue was submitted to chromatography
over silica gel and eluted with petroleum ether/AcOEt (4:1) to
give 270 mg (90%) of 9. IR: νmax cm-1 1736 (AcO), 1629
(C=C). 1H NMR (400 MHz, CDCl3) δ: 5.33 (1H, d, J = 4.8
Hz, H-6), 4.66 (1H, m, H-16), 4.53 (1H, m, H-3), 3.75 (1H,
ddd, J26eq,26ax = 11.0 Hz, J26eq,25 = 3.4 Hz, J26eq,24eq = 1.4 Hz, H-
26eq), 3.39 (1H, dq, J23,23

1 = 9.54 Hz y J231,232 = 6.2 Hz, H-231),
2.93 (1H, dd, J26ax,26eq = J26ax,25 = 11.0 Hz, H-26ax), 2.37 (1H,
d, J17,16 = 10.0 Hz, H-17), 2.00 (3H, s, 3-OCOCH3), 1.57 (3H,
s, CH3-21), 1.09 (3H, d, J232,231 = 6.5 Hz, C-232), 0.99 (3H, s,
CH3-19), 0.75 (3H, d, J25,27 = 7.0 Hz, CH3-27), 0.63 (3H, s,
CH3-18). 13C NMR (100 MHz, CDCl3) δ : 170.4 (3-OCOCH3),
152.1 (C-22), 139.7 (C-5), 122.4 (C-6), 104.6 (C-20), 84.4 (C-
16), 75.1 (C-231), 74.4 (C-26), 73.8 (C-3), 64.0 (C-17), 55.0
(C-14), 50.0 (C-9), 43.3 (C-10), 41.1 (C-23), 39.5 (C-4), 38.2
(C-15), 37.3 (C-1), 36.2 (C-12), 36.0 (C-2), 34.2 (C-13), 32.2
(C-7), 31.2 (C-8), 31.0 (C-25), 27.8 (C-24), 21.5 (3-
OCOCH3), 21.0 (C-11), 19.8 (CH3-232), 19.4 (CH3-19), 17.1
(CH3-27), 13.9 (CH3-18), 11.6 (CH3-21).

(2’R,3’S,5’R)-20-oxopregn-5-ene-3b,16b-diol 3-acetate 16-
(2’,5’-dimethyl)tetrahydro-pyran-3’-carboxylate (10). To a
solution of 270 mg (0.56 mmol) of 9, in 2 mL de CH3CN and
4 mL de CH2Cl2, were added 400 mg (1.9 mmol) of NaIO4
(dissolved in 1 mL de H2O) and a catalytic quantity of RuCl3.
The reaction mixture was vigorously stirred at room tempera-
ture for 2 h, filtered over silica gel and washed with CH2Cl2.
The product was evaporated to dryness and the residue puri-
fied by chromatography over silica gel. The fractions eluted
with petroleum ether/EtOAc (9:1) gave 150 mg (52%) of 10.
IR: νmax cm-1 1736 (AcO), 1200 (C-O). 1H NMR (400 MHz,
CDCl3) δ: 5.48 (1H, m, H-16), 5.33 (1H, d, J = 4.8 Hz, H-6),
4.57 (1H, m, H-3), 3.80 (1H, ddd, J6´eq,6´ax = 11.0 Hz, J6´ax,5´= 3.4
Hz, J6´eq,4´eq = 1.8 Hz, H-6´eq), 3.42 (1H, dq, J2´,3´ = 9.8 Hz y
J2´,2´´ = 6.1 Hz, H-2´), 2.97 (1H, dd, J6´ax,6´eq = J26ax,25 = 11.0 Hz,
H-6´ax), 2.37 (1H, d, J17,16 = 10.0 Hz, H-17), 2.06 (3H, s, 3-
OCOCH3), 2.00 (3H, s, CH3-21), 1.15 (3H, d, J2´´,2´ = 6.5 Hz,
CH3-2´´), 1.05 (3H, s, CH3-19) 1.01 (3H, s, CH3-18), 0.78 (3H,
d, J5´,5´´ = 7.0 Hz, CH3-5´´). 13C NMR (100 MHz, CDCl3) d:
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205.3 (C-20), 173.4 (C-3’’), 170.7 (3-OCOCH3), 140.0 (C-5),
122.0 (C-6), 74.6 (C-16), 74.2 (C-2´), 73.9 (C-6’), 73.7 (C-3),
66.7 (C-17), 54.3 (C-14), 50.0 (C-9), 49.5 (C-3’), 42.1 (C-10),
38.1 (C-15), 37.9 (C-1), 37.0 (C-12), 36.7 (C-4), 35.9 (C-13),
35.4 (C-2), 31.6 (C-7), 30.8 (C-8), 30.4 (C-21), 30.0 (C-5’),
27.8 (C-4’), 21.5 (3-OCOCH3), 20.3 (C-11), 20.1 (CH3-2´´),
19.4 (CH3-18), 16.8 (CH3-5´´), 13.5 (CH3-19).

(2R,3S,5R)-2,5-dimethyltetrahydropyran-3-carboxylic acid
(12). To a solution of 100 mg (0.19 mmol) of 10 in 5 mL of
MeOH, was added 100 mg (1.78 mmol) of KOH in 0.5 mL of
H2O. The reaction mixture was refluxed for 30 min, then
extracted with CH2Cl2 (2x30 mL). The organic phase was
dried over Na2SO4 to give 3b-hydroxypregnan-5,16-dien-20-
one (11). The aqueous phase was neutralized with HCl and
extracted with CH2Cl2. The organic phase was dried over
Na2SO4 and evaporated to dryness. The residue was submitted
to chromatography over silica gel to give 29 mg (97% yield)
of (2R,3S,5R)-2,5-dimethyltetrahydropyran-3-carboxylic
(12). IR: νmax cm-1 3176 (OH), 1700 (C=O). 1H NMR (400
MHz, CDCl3) δ: 3.85 (1H, ddd, J6eq,6ax = 11.0 Hz, J6eq,5ax = 3.8
Hz, J6eq,4eq = 2 Hz, H-6eq), 3.48 (1H, dq, J2ax,3ax = 9.9 Hz, J2ax,2’ =
6.2 Hz, H-2), 3.03 (1H, t, J6ax,6eq = J6ax,5ax = 11.0 Hz, H-6ax),
2.30 (1H, ddd, J3ax,4ax = 12.5 Hz, J3ax,2ax = 9.9 Hz, J3ax,4eq = 3.7
Hz, H-3ax), 2.06 (1H, dtd, J4eq,4ax = 12.5 Hz, J4eq,5ax = J4eq,3ax =
3.7 Hz, J4eq,2eq = 2.0 Hz, H-4eq), 1.72 (1H, m, H-5), 1.37 (1H,
q, J4ax,4eq = J4ax,5ax = J4ax,3ax = 12.5 Hz, H-4ax), 1.23 (3H, d, J2ax,2´ =
6.2 Hz, Me-2), 0.82 (3H, d, J5ax,5´ = 6.6, Me-5). 13C NMR (100
MHz, CDCl3) δ: 179.8 (COOH), 74.2 (C-6), 74.0 (C-2), 40.3
(C-3), 35.9 (C-4), 29.9 (C-5), 20.0 (CH3-2´), 16.8 (CH3-5´).

Supplementary Data

Crystallographic data have been deposited at the Cambridge
Crystallographic Data Center with deposition number CCDC
603727 for compound 7a. Copies of the information may be
obtained free of charge from the Director, CCDC, 12 Union
Road, Cambridge CB1EZ, UK (fax:+44 1223 336; e-mail
deposit@ccdc.cam.uk or http://www.ccdc.cam.ac.uk).

Acknowledgements

The authors thank CONACYT (México) for financial support
(Grant 47632) and scholarships to R.E.R. and O.V.B., the ref-
erees and Prof. Cerda-García-Rojas for valuable comments to
the manuscript.

References

1. a) Cerda-García-Rojas, C.; Zepeda, G.; Joseph-Nathan, P.
Tetrahedron Comput. Methodol. 1990, 3, 113. b) Haasnoot, C. A.
G.; de Leeuw, F. A. A. M.; Altona, C. Tetrahedron 1980, 36,
2783.

2. Cerda-García-Rojas, C.M.; Coronel, A. del C.; de Lampasona,
M. E. P.; Catalán, C. A. N.; Joseph-Nathan, P. J. Nat. Prod.
2005, 68, 659.

3. Morales-Ríos, M. S.; Santos-Sánchez, N. F.; Pérez-Rojas, N. A.;
Joseph-Nathan, P. Magn. Reson. Chem. 2004, 42, 973.

4. Torres-Valencia, J. M.; Meléndez-Rodríguez, M.; Álvarez-
García, R.; Cerda-García-Rojas, C. M.; Joseph-Nathan, P. Magn.
Reson. Chem. 2004, 42, 898.

5. Burgueño-Tapia, E.; Hernández, L. R.; Resendiz-Villalobos, A.
Y.; Joseph-Nathan, P. Magn. Reson. Chem. 2004, 42, 887.

6. Cerda-García-Rojas, C. M.; Bucio, M. A.; Román, L. U.;
Hernández, J. D.; Joseph-Nathan, P. J. Nat. Prod. 2004, 67,
189.

7. Fragoso-Serrano, M.; Guillén-Jaramillo, G.; Pereda-Miranda, R.;
Cerda-García-Rojas, C. M. J. Org. Chem. 2003, 68, 7167.

8. Rivero-Cruz, J. F.; Macías, M.; Cerda-García-Rojas, C. M.;
Mata, R. J. Nat. Prod. 2003, 66, 511.

9. Torres-Valencia, J. M.; Quintero-Mogica, D. L.; León, G. I.;
Suárez-Castillo, O. R.; Villagómez-Ibarra, J. R.; Maldonado, E.;
Cerda-García-Rojas, C. M.; Joseph-Nathan, P. Tetrahedron:
Asymmetry 2003, 14, 543.

10. Meléndez-Rodríguez, M.; Cerda-García-Rojas, C. M.; Joseph-
Nathan, P. J. Nat. Prod. 2002, 65, 1398.

11. Meléndez-Rodríguez, M.; Cerda-García-Rojas, C. M.; Catalán,
C. A. N.; Joseph-Nathan, P. Tetrahedron 2002, 58, 2331.

12. Martínez-Ramos, F.; Vargas-Díaz, M. E.; Chacón-García, L.;
Tamariz, J.; Joseph-Nathan, P.; Zepeda, L. G. Tetrahedron:
Asymmetry 2001, 12, 3095.

13. Morales-Ríos, M. S.; Santos-Sánchez, N. F.; Joseph-Nathan, P. J.
Nat. Prod. 2002, 65, 136.

14. Flores-Sandoval, C. A.; Cerda-Garcia-Rojas, C. M.; Joseph-
Nathan, P. Magn. Reson. Chem, 2001, 39, 173.

15. Sandoval-Ramírez, J.; Castro-Méndez, A.; Meza-Reyes, S.;
Reyes-Vázquez, F.; Santillán, R.; Farfán, N. Tetrahedron Lett.
1999, 40, 5143.

16. Sandoval-Ramírez, J.; Meza-Reyes, S.; del Río, R. E.; Suárez-
Rojas, A.; Hernández-Linares, G.; Rincón, S.; Farfán N.;
Santillan, R. Steroids 2003, 68, 199.

17. Meza-Reyes, S.; Sandoval-Ramírez, J.; Montiel-Smith, S.;
Hernández-Linares, G.; Viñas-Bravo, O.; Martínez-Pascual, R.;
Fernández-Herrera, Ma. A.; Vega-Baez, J. L.; Merino-Montiel,
P.; Santillan, R.; Farfán, N.; Rincón, S.; del Rio, R. E. Arkivoc
2005 (vi) 307.

18. Sandoval-Ramírez, J.; Meza-Reyes, S.; Montiel-Smith, S.;
Bernès, S.; Hernández-Linares, G.; Viñas-Bravo, O. Acta Cryst.
2003, E59, 1817.

19. Coffey, S. “Rodd’s Chemistry of Carbon Compounds”, Vol. II,
part E. Elsevier Publishing Company: Amsterdam, 1971.

20. Coffey, S. “Rodd’s Chemistry of Carbon Compounds”,
Supplement Vol. II, parts D and E. Elsevier Publishing
Company: Amsterdam, 1974.



Conformational and Configurational Analysis of (2R,3S,5R)-2,5-Dimethyltetrahydropyran-3-Carboxylic acid 125

21. Rincón, S.; del Rio, R. E.; Sandoval-Ramírez, J.; Meza-Reyes,
S.; Montiel-Smith, S.; Fernández-Herrera, Ma. A.; Farfán, N.;
Santillan, R. Tetrahedron 2006, 62, 2594.

22. Zderic, J. A.; Cervantes, L.; Galvan, M. T. J. Am. Chem. Soc.
1962, 84, 102.

23. Viñas-Bravo, O.; Hernández-Linares, G.; Mata-Esma, M. Y.;
Martínez-Pascual, R.; Montiel-Smith, S.; Meza-Reyes, S.;
Bernès, S.; Sandoval-Ramírez, J.; Iglesias-Arteaga, M. Arkivoc
2003 (xi) 163.

24. Crystal data for : C29H44O3, M = 440.64, crystal system:
orthorhombic, colorless plate, 0.70 × 0.44 x 0.16 mm3, space

group P212121, unit cell dimensions a = 7.3789(6) b =
17.4492(12) c = 19.9518(17) Å, 6428 reflections collected on a
Bruker P4 diffractometer at room temperature, with the Mo-Ka
radiation (l = 0.71073 Å) in the range 2θ = 4.66 – 56.00 º, inde-
pendent reflections (a): 5612 (Rint = 0.031), Parameters refined;
290: Final R indices [I > 2 s(I)], R1 = 0.0456, wR2 = 0.1015, Final
R indices [all data] R1 = 0.0775, wR2 = 0.1185.

25. Sandoval-Ramírez, J.; Meza-Reyes, S.; del Rio, R. E.; Reyes-
Vázquez, F.; Santillan, R. L.; Achab, S.; Bohé, L. Eur. J. Org.
Chem. 2004, 3262.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


