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1H and 13C NMR assignments and conformational analysis
of some podocarpene derivatives
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ABSTRACT: This paper reports on the assignment of the1H and13C NMR spectra of five podocarpene derivatives.
Resonance assignments were made on the basis of one- and two-dimensional NMR techniques which included1H,
13C, DEPT and HMQC and also 1D NOE difference spectroscopy. The ratio of the different conformers in the six-
membered C-ring of the podocarpene system was determined by molecular mechanics calculations and analysis of
proton spin–spin coupling constants. Copyright 2000 John Wiley & Sons, Ltd.
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INTRODUCTION

In the past, several scopadulan terpenoids have been
isolated from medicinal plants.1 This new family of
tetracyclic diterpenes shows interesting pharmacological
properties.2 Recently, we reported the first diastereose-
lective synthesis of the simplest member of this group,
thyrsiflorin A methyl ester (6).3 Using our synthetic route,
several tricyclic podocarpene intermediates (1, 2, 4 and5)
(Scheme 1) have been prepared to achieve the synthesis
of the target6.

Scheme 1

In this paper, we show that the C-ring of these four
podocarpene derivatives (1, 2, 4 and 5) and also of the
14̌ -methylpodocarpenone3, which was obtained from
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2 by basic equilibration (see Experimental), can exist in
two different half-chair conformations. Since the energies
of the two conformations for podocarpenone1 differ
by only 0.9 kcal mol�1 .1 kcalD 4.184 kJ/, the presence
of substituents at C-12 (compounds2–5) has a great
influence on the conformational equilibrium. The effect
of several substituents at C-12 on the ratio of the two
conformers was studied using both molecular mechanics
calculations and1H NMR coupling constants.

RESULTS AND DISCUSSION

Assignments

All 13C NMR signals can be separated into different
classes of carbon atoms using the editing technique DEPT,
and according to their chemical shifts and multiplicities
most signals in this study were assigned (Table 1). Com-
plete assignment of the remaining signals was made on
the basis of their displacement, the1H–13C shift correla-
tion experiment (HMQC) and by comparison with similar
compounds. The1H NMR spectrum was assigned using
double resonance experiments,1H–13C HMQC shift cor-
relation experiments and some 1D NOE difference exper-
iments (NOED). The most relevant signals and coupling
constants for the conformational analysis are shown in
Table 2.

The assigned stereochemistries at C-12 in2–5 were
determined from their spectroscopic data and confirmed
by 1D NOE experiments. In the case of2 and5, the NOE
effect observed between protons H-15 (irradiated) and H-9
unambigously proved thę-orientation of the 12-methyl
group. For3 and4, the signals due to protons H-11˛ and
H-11̌ were enhanced when proton H-17 was irradiated,
confirming theˇ-orientation of the 12-methyl group for
both compounds.
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Table 1. 13C NMR data for compounds 1–5a

Carbon 1 2 3 4 5

1 39.3 39.4 39.2 38.9 39.1
2 18.7 18.8 18.7 18.6 18.6
3 41.7 41.8 41.7 41.6 41.6
4 33.4 33.4 33.4 33.3 33.4
5 53.8 54.4 53.6 53.5 53.8
6 21.9 22.5 21.7 21.9 21.7
7 35.6 35.8 35.1 35.1 35.0
8 165.8 164.5 164.5 165.2 164.7
9 51.6 48.4 52.4 49.6 48.4

10 38.9 39.6 38.4 38.7 38.7
11 20.5 27.6 29.3 32.0 30.1
12 36.8 39.6 40.3 —b —b

13 200.0 203.3 202.1 196.1 198.0
14 125.8 123.9 125.5 124.8 123.3
15 16.7 173.1 19.6
17 14.7 21.2 173.9
18 33.6 33.7 33.6 33.5 33.5
19 22.0 22.0 22.1 22.0 22.0
20 15.3 15.4 15.1 14.7 15.1

CO2Me 52.4 52.2

a Spectra measured in CDCl3 at 298 K and referenced relative to TMS.
b Signal was hidden.

Conformational analysis

The conformational study was carried out using molecu-
lar mechanics calculations by means of the PCMODEL
program. For every compound (1–5) a rotational analy-
sis incrementing the dihedral angle C-9—C-11—C-12—

C-13 by 5° steps from�85° to 85° using the option D-
DRV was performed. In all cases, two minimun energy
conformations, half-chair-1 (dihedral angle about�55°)
and half-chair-2 (dihedral angle about 40°), were found,
the rotational barrier between them being low (1–5 kcal
mol�1) (see Fig. 1).

The two conformers of each compound were indepen-
dently minimized. For4 and5 containing a CO2Me group
which can occur in different non-equivalent spatial orien-
tations, an independent rotational study for this group was
carried out in order to find the most stable conformation.

Figure 1. Rotational analysis for compounds 1–5.

Table 2. Selected 1H NMR chemical shifts (ppm) and coupling constants (Hz) of compounds 1–5a,b

1 2 3 4 5

H-7˛ 2.28 (ddddd,15.6, 2.27 (ddddd,14.5, 2.27 (ddddd,15.9, 2.27 (ddddd,15.7, 2.27 (ddddd,15.8,
12.8,6.6, 2.2, 1.5) 12.8,6.4, 1.8, 1.5) 13.0,6.7, 2.2, 1.5) 12.8,6.5, 1.8, 1.5) 12.8,6.7, 2.2, 1.3)

H-7ˇ 2.54 (ddd,15.6, 2.51 (ddd,14.5, 2.53 (ddd,15.9, 2.52 (ddd,15.7, 2.56 (ddd,15.8,
4.9, 2.0) 4.6, 1.8) 4.9, 1.9) 5.3, 1.9) 5.0, 1.8)

H-9 2.07 (dddd,9.5, 5.3, 2.11 (dddd,7.8, 6.0, 2.14 (dddd,10.8,5.1, 2.29 (dddd,10.4,5.3, 2.11 (dddd,11.0,5.0,
2.2, 1.5) 2.1, 1.5) 2.2, 1.5) 2.1, 1.5) 2.2, 1.3)

H-11̨ 2.00 (dddd,13.3,5.3, 1.73 (ddd,13.9, 1.96 (ddd,13.3, 2.42 (dd, 13.8,5.3) 1.84 (dd, 13.4,5.0)
5.3, 4.2) 6.0, 6.0) 5.1, 5.1)

H-11̌ 1.71 (dddd,13.7,13.3, 1.96 (ddd,13.9, 1.40 (ddd,13.5, 1.53 (dd, 13.8,10.4) 2.33 (dd, 13.4,11.0)
9.5, 4.8) 7.8, 5.2) 13.3,10.8)

H-12̨ 2.21 (ddd,15.9, 2.24 (ddc, 13.5,5.1)
13.7,5.3)

H-12̌ 2.40 (ddd,15.9, 2.45 (ddc, 6.0, 5.2)
4.8, 4.2)

H-14 5.88 (dd, 2.2, 2.2) 5.80 (dd, 2.1, 1.8) 5.86 (dd, 2.2, 2.2) 5.92 (dd, 2.1, 1.8) 5.81 (dd, 2.2, 2.2)
H-15 1.07 (d, 6.8) 1.32 (s)
H-17 1.10 (d, 6.8) 1.36 (s)
H-18 0.93 (s) 0.93 (s) 0.93 (s) 0.93 (s) 0.94 (s)
H-19 0.88 (s) 0.88 (s) 0.88 (s) 0.88 (s) 0.89 (s)
H-20 0.81 (s) 0.85 (s) 0.77 (s) 0.76 (s) 0.85 (s)
CO2CH3 3.66 (s) 3.74 (s)

a Spectrameasuredin CDCl3 at 298K andreferencedrelativeto TMS.
b Somecouplingconstantsweredeterminedby analysisof the multiplet in an NOE differencespectrumanddoubleresonanceexperiments.
c WhenH-15 (for 2) or H-17 (for 3) wereirradiated.
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Results obtained from these calculations are shown in
Table 3, together with the conformer population (nHC1,
nHC2) expressed as a molar fraction and calculated using
the relationship between the Gibbs free energy.G/ and
the equilibrium constant (K):4

GHC1�HC2 D �RT ln.KHC1�HC2/

whereR D 1.988ð 10�3 kcal K�1 mol�1 andT D 298 K.
ConsideringKHC1�HC2 D nHC2/nHC1, nHC1C nHC2 D 1 and
S ³ 0, so thatG ³ H ³ EMMX , then

nHC2 D 1/fexp[.EHC2� EHC1//RT] C 1g .1/

and
nHC1 D 1� nHC2 .2/

From the above results, it can be seen that in the
podocarpenone1 the half-chair-1 conformation (82% of
the population) is 0.9 kcal mol�1 more stable than the
half-chair-2 conformation (18% of the population). Also,
owing to the small barrier between them, this compound
exists at room temperature in a rapid conformational
equilibrium between the two half-chair conformations.
When a methyl group is present at R2 (2), the 1,3-diaxial
interaction between H-9 and the methyl group makes the
half-chair-1 conformation slightly less stable than before.
Hence the energy difference between the two half-chair

Table 3. Molecular geometry and distribution of the
different conformations of compounds 1–5

Half-chair-1 Half-chair-2

Dihedra Dihedra
Compound EHC1

a nHC1
b anglec EHC2

a nHC2
b anglec

1 29.24 0.82 �57 30.13 0.18 46
2 32.14 0.29 �55 31.62 0.71 49
3 30.37 1.00 �57 36.31 0.00 35
4 32.11 1.00 �59 38.66 0.00 32
5 34.19 0.94 �53 35.79 0.06 41

a Steric energy in kcal mol�1 obtained from MMX calculations.
b Molar fraction calculated from Eqns (1) and (2).
c Dihedral angle C-9—C-11—C-12—C-13.

conformations is reversed, the half-chair-2 conformation
being more stable (71% of the population).

In the case of3–5, in which a substituent different from
H is present at R1, the strong steric interaction between H-
20 and the R1 group makes the half-chair-1 conformation
clearly more stable. When R1 is a methyl group (see3
and 4), the energy difference is about 6 kcal mol�1, in
this case the half-chair-1 conformation being the preferred
form (100% of the population). If R1 is a �CO2Me
group (5), the sp2 hybridization of the carbonyl group
exerts a smaller steric interaction between this group and
protons H-20. Consequently, there is a decrease in the
energy difference to 1.6 kcal mol�1, thereby increasing the
population of molecules in the half-chair-2 conformation
until it reaches 6%.

Finally, it is worth noting that the calculated 1.25 kcal
mol�1 energy difference between the more stable conform-
ers of the epimeric compounds at C-12,2 and 3, means
that in an equilibration process between the two isomers,
at room temperarure, there would exist an 11% popula-
tion of 2 versus 89% of3. This theoretical calculation is
in good accordance with the 20 : 80 ratio obtained exper-
imentally (see Experimental).

1H NMR and coupling constants analysis

There are some signals in the1H NMR of 1–5 that are
useful for studying the favoured conformations adopted
by those compounds, specifically the coupling constants
between protons H-9 and H-11˛/H-11̌ . As can be seen in
Fig. 1, the dihedral angle between proton H-9 and the two
protons H-11 is different enough in the two conformations
to permit not only a qualitative but also a quantitative
study.

Coupling constant data [3J(HH)] between H-9 and H-
11̨ /H-11̌ for 1–5 are shown in Table 4. The3J(HH)
(Jhalf�chair�1, Jhalf�chair�2) values were obtained using the
PMR option of the PCMODEL program for each calcu-
lated conformation (Table 3). This option makes use of
a generalization of the Karplus equation.5 The average
3J(HH) was calculated by including the mole fractions
of both conformations from the formulanHC1Jhalf�chair�1C

Table 4. Coupling constants 3J(HH) (Hz) of H-9 protons of 1–5

Compound Vicinal protons Jhalf�chair�1
a Jhalf�chair�2

a Averageb Expt. Diff.c

1 9–11̨ 4.6 6.8 5.0 5.3 0.3
9–11̌ 12.1 1.2 10.0 9.5 �0.5

2 9–11̨ 4.8 7.0 6.4 6.0 �0.4
9–11̌ 11.9 1.1 4.0 7.8 3.8

3 9–11̨ 4.8 8.9 4.8 5.1 0.3
9–11̌ 12.0 1.0 12.0 10.8 �1.2

4 9–11̨ 4.6 9.5 4.6 5.3 0.7
9–11̌ 12.0 1.2 12.0 10.4 1.6

5 9–11̨ 4.5 8.2 4.7 5.0 0.3
9–11̌ 12.0 1.0 11.3 11.0 �0.3

a Coupling constants for the half-chair-1, and half-chair-2 conformations calculated from the option PMR of the
PCMODEL program based on Karplus’ generalization equation.7

b Calculated from the formulanHC1Jhalf�chair�1 C nHC2Jhalf�chair�2.8 (for nHC1 andnHC2, see Table 3).
c DifferenceD experimental� average.
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nHC2Jhalf�chair�2,6 wherenHC1 andnHC2, are calculated from
Eqns (1) and (2).

Reasonable agreement can be seen between the exper-
imental values and the calculated averages. Most of the
differences (last column in Table 4) can be explained by
the fact that the calculations were performed using only
the most stable conformations, without considering the
small vibrational variations and the possibility of similar
energy rotamers when the —CO2Me group is present. In
particular, in the case of2, the experimental values could
accommodate a higher population for half-chair-1 (about
50–60%). It can be concluded that the mole fractions cal-
culated using molecular mechanics are very similar to the
real values, and the study of the1H coupling constants
in general confirms the results of the previous MM-based
conformational analysis.

CONCLUSIONS

Podocarpene intermediates in the synthesis of scopadu-
lan diterpenes have a six-membered C-ring that can
exist in two different half-chair conformations. From a
detailed study of the1H NMR data together with molec-
ular mechanics calculations, the ratio of the two con-
formers (half-chair-1 and half-chair-2) of those systems
was calculated. It can be concluded that when no sub-
stituents different from H are present at C-12ˇ (1 and2),
both conformations have a similar energy. Hence these
compounds exist at room temperature in a rapid equi-
librium between the half-chair-1 and half-chair-2 con-
formations. However, when bulkier substituents (such as
Me or —CO2Me) at C-12̌ are present (3–5), the pop-
ulation in the half-chair-1 conformation increases to the
detriment of half-chair-2, owing to the strong steric inter-
action between protons H-20 and the substituent. When
the substituent at C-12̌is a methyl group (3 and4), the
energy difference increases to approximately 6 kcal mol�1,
in these cases the half-chair-1 conformation being the
favoured form.

EXPERIMENTAL

Calculations

Molecular mechanics calculations7 were performed using
the MMX force field, which is a derived version of the
MM2 program, developed by Allinger and implemented in
the PCMODEL (4.0) program (Serena Software, Bloom-
ington, In, USA).

Spectra

1H and 13C NMR and DEPT spectra were measured
on a Varian XL-300 spectrometer (299.95 MHz for1H
and 75.43 MHz for13C) operating at a probe temper-
ature of 298 K using a dual1H/13C 5 mm probe. The
1H measurement conditions were spectral width 4000 Hz,

90° pulse with 18µs, acquisition time 3.7 s, number of
transients 16–64 and 0.1 Hz digital resolution.

1H–13C HMQC and NOED spectra were measured
on a Varian 400 spectrometer (399.95 MHz for1H and
100 MHz for 13C) equipped with a 5 mm indirect detec-
tion probe operating at 298 K. Sample concentrations were
typically in the range 5–20 mg per 0.5 ml of CDCl3. The
signal of the TMS was taken as the reference. All these
experiments were performed either using standard pulse
sequences supplied by the spectrometer manufacturer or
slightly modified pulse sequences. NOED experiments
were typically acquired with 8K data points covering a
spectral width of 3200 Hz and with a 1.5 s presaturation
time. Spectra at each presaturation position were inter-
leaved in groups of four scans to minimize artefacts due
to instrument inconsistencies and processed with a 1 Hz
exponential line broadening to reduce subtraction arte-
facts. The HMQC spectrum was obtained using a spectral
width of 3200 Hz in the1H dimension and 16 000 Hz in the
13C dimension. A total of 256 increments were collected
with eight transients per increment and an acquisition time
of 0.1 s.

Preparation of 12b-methyl-8(14)-podocarpen-
13-one (3)

A solution of NaOMe in MeOH (2M, 2 ml, 4 mmol) was added to a solu-
tion of 12̨ -methyl-8(14)-podocarpen-13-one (2) (50 mg, 0.19 mmol) in
THF (1 ml) at 0°C. The reaction mixture was allowed to warm to room
temperature and stirred for a further 30 min. The solution was poured
into water and extracted with CH2Cl2. The organic extract was washed
with brine, dried over sodium sulfate and concentrated under vacuum
to give an oily residue which resulted in an 8 : 2.ˇ : ˛/ mixture (deter-
mined by 1H NMR) of epimers at C-12. When longer reaction times
were used, lower yields of the same 8 : 2.ˇ : ˛/ mixture were obtained.
Chromatography of the crude with hexane–ethyl acetate (from 9 : 1 to
8 : 2) gave the 12̌ epimer (3) as an oil which solidified on standing
(36 mg, 72%) and 9 mg (18%) of starting material (2).
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