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The stereochemistry of N-n-butyl-N-methyl-11-(16'a-chloro-3',17'B-dihydroxyestra-1',3',5'( 10 )-trien-7 a-
yl) undecanamide (4) and N-n-butyl-N-methyl-11-(16'a-chloro-3',17 a-dihydroxyestra-1',3',5 ( 10/ )-trien-
7'0-yl) undecanamide (5) at the 17-position was unambiguously established by one dimensional nuclear
Overhauser enhancement (NOE difference spectroscopy). Irradiation of H-18' led to the increase in the
signal of H-11'8, H-12'8, H-8'B, H-15'8, and H-16'8 for compound 4 and a very small increase in the
signal of H-17' indicating the B-orientation of the 17-OH. In contrast, for compound 5, the increase in
the signal of H-17' indicated the a-orientation of the 17'-hydroxy group. Complete assignment of the 'H
and '3C resonances is facilitated by the following one- and two-dimensional NMR experiments: 'H
homonuclear correlated spectroscopy (COSY), 'H-I3C heteronuclear shift correlation (HSC), 'H-"3C
heteronuclear shift correlation via long range couplings (COLOC), and distortionless enhancement by
polarisation transfer (DEPT). Comparison of the 'H and '>C NMR chemical shifts indicates that the
stereochemistry at the 17’ position is more easy to determine by analysing the chemical shifts of C-17,
C-12, and C-18'. (Steroids 59:493-497, 1994)
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Introduction

We recently reported the synthesis of a series of
7a-undecanamide-substituted 17f-estradiol with differ-
ent halogens (Cl, Br, I) at C-16." These compounds have
shown pure antiestrogenic activity in the highly sensitive
mouse uterine in vivo assay.? In order to support
biological applications, knowledge of the stereochemistry
of each new chiral center has primary importance.
Stereochemistry at the C-7 position of the steroids is well
established.> However, the stereochemistry at C-16 and
C-17 is incompletely understood. During the preparation
of these compounds, the last step was the reduction of
the C-17' ketone which could provide a mixture (¢ and
B) of alcohols. Normally, the S-methyl at C-18 provides
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an excellent selectivity for the reduction of 17-
ketosteroids with the 16-unsubstituted D ring. For
example, the reduction of compound 1 with sodium
borohydride gives 96% of the p-alcohol 2 (Figure 1).*
For compound 3 however, the same reduction with
lithium aluminum hydride is not selective and yields
55% of compound 4 and 29% of compound 5.! This low
selectivity is caused by the presence of a halogen at the
16a-position. Similar results were already reported for
16-halogeno-17-keto steroids.>’

In previous studies, the stereochemistry of compounds
4 and 5§ at carbons C-16' and C-17" was determined by
comparison of the chemical shifts and the coupling
constants of numerous derivatives studied on the basis
of the molecular models and the dihedral angles.5-8-1°
Compound 4 is a potent anti-estrogen and it is known
that most often the opposite isomer of the potent
compound has reduced biological activity. To further
pursue our studies of these potent molecules, we needed
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Figure 1 Structures of compounds 1 to 5.

to establish the stereochemistry of compounds 4 and 5
unequivocally and to create the data base of 'H and !3C
NMR chemical shifts to help identify and elucidate the
structure of new steroid analogues.

Consequently, in the present study we used the
following two-dimensional NMR experiments: 'H
homonuclear correlated spectroscopy (COSY),!! 'H-13C
heteronuclear shift correlation (HSC),!>'3 and the
'H-13C correlation spectroscopy via long range coup-
lings (COLOC).'* In addition to the standard 'H and
13C spectra, the one-dimensional NMR experiments
performed were the nuclear overhauser enhancement
difference (NOE difference)'® and the distortionless
enhancement by polarization transfert (DEPT).'® These
experiments led to the determination of the exact
stereochemistry at positions 16 and 17 and the 'H and
13C chemical shifts data of compounds 4 and 5.

Experimental

The synthesis of compounds 4 and 5 has been previously
reported.! For NMR experiments, the sample (5-10 mg for 'H
NMR or 38-100 mg for !3C NMR) was dissolved in 99.8%
atom chloroform-d (Omega, Québec, Canada) in a 5 mm NMR
tube. The spectra were recorded on a Bruker AC-F 300
spectrometer using a QNP probe head (Quattro Nucleus
Probe) tuned to 300.13 MHz (*H) and 7547 MHz (*3C). The
chemical shifts are referenced to chloroform (7.26 ppm (*H) and
77.00 ppm (13C)).

For the 2D COSY experiment, the following pulse sequence
was used: RD-90°-t,-90°- acq.'* Relaxation delay: 1 s; spectral
width in both dimensions: 1213 Hz; number of experiments:
128. The spectrum was acquired with 512 x 512 data points.

The 2D HSC spectrum was obtained using the standard
pulse sequence.!?!3 Relaxation delay: 2s; 1/2J = 345ms
(Jou = 145 Hz); 1/4J = 1.72 ms; number of experiments: 128.
Spectral windows: 9803 Hz (**C) and 1205Hz (*H). The
spectrum was acquired with 512 x 2K data points (1K = 1024
points).

The DEPT-135 and -45 experiments'® were done with the
following parameters: relaxation delay = 2 s; spectral width =
18518 Hz; data size = 16K ; variable pulse width = 135° or 45°.

The 2D COLOC experiment was performed using the pulse
sequence described in reference 14. Relaxation delay: 2s;
A, =41 ms; A, = 33 ms; number of experiments: 128. Spectral
windows: 13889 Hz (13C) and 2348 Hz (*H). The spectrum was
acquired with 512 x 4K data points.

The NOE difference experiments resulting from irradiation
of H-18' were obtained using a recycle time of 2 s, a delay of
700 ms and a pulse width of 90°. An irradiation at —2 ppm
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was done for the control spectrum. For each irradiation, 30
experiments of 32 transients were done.

Results and discussion

Figure 2 illustrates the 'H NMR spectrum of compound
4 in CDCl;. For the aromatic protons, the splitting as
well as the coupling constants were used to assign the
signals at § = 7.11, 6.66 and 6.60 ppm to H-1’, H-2', and
H-4', respectively. However, the aliphatic region which
involves more than 50 protons is complex, especially
between § = 1.0 and 2.4 ppm. Starting with the most
deshielded signals and considering the multiplicity of the
signals and the electronegativity of the substituents at
positions 16" and 17, it is reasonable to propose that the
multiplet at 6 = 4.11 ppm arises from H-16" whereas the
doublet of doublets at § = 3.84 ppm comes from H-17".17
For the amide group, it is well known that the rotation
around the C-N bond is slow on the NMR time scale
and this led to two separated signals which could be
assigned for two conformers.!® For instance, the 'H
NMR spectrum shows two distinct methyl peaks (NCH ;)
at 6 = 2.93 and 2.98 ppm and two sets of multiplets for
H-1" at 6 = 3.37 and 3.26 ppm. We also observed two
sets of triplets at = 0.92 and 0.95 ppm that come from
H-4". There are two deshielded signals at é = 2.84 and
2.70 ppm that should be assigned for the diastereotopic
protons at C-6' because they are next to the aromatic
ring. Finally, the last signal that can be identified in this
spectrum is the CH;-18 which is a singlet at
4 = 0.81 ppm.

For the assignment of other protons, we conducted
the following NMR experiments. Figure 3 shows the 2D
COSY contour spectrum of compound 4. Analysis of the
cross peaks in the COSY spectrum together with the 'H
NMR spectrum led to the assignment of protons H-2",
H-3", H-7'f, H-8'B, H-9'a, H-14'¢, and H-15' (Table 1).
Furthermore, the presence of a correlation with CH;-18'
from a long range coupling led to the identification of
H-12'0.'®

It is possible to determine the stereochemistry of the
alcohol at the 17'-position with a one-dimensional NOE
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Figure 2 300.13 MHz 'H NMR spectrum of compound 4 in
CDCl;.
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Figure 3 Two-dimensional homonuclear correlated spectroscopy
(COSY) spectrum of compound 4 in CDCl5.

difference spectrum.!® Figure 4A shows the NOE
difference experiment of compound 4 for which
irradiation of H-18' gives a complete map of the top
right-hand side of the molecule (by the increase in the
signals H-11'8, H-12'8, H-8'f, H-15'8 and H-16'6). The
very small increase in the H-17' signal indicates that this
proton is in o-orientation and the 17-OH is in
B-orientation. For comparison, the same experiment was
conducted with the isomer 5 (Figure 4B). In this case, the
increase in the H-17' signal indicated the f-orientation
of this proton and the a-orientation of the 17'-OH group.
Although the H-12'8, H-8f, and H-11'8 signals are
overlapped, it is important to note the chemical shift
difference between the H-12'# and the H-12'« protons of
compounds 4 and 5 (Table 1). Thus, when the 17'- alcohol
is in the B-orientation, H-12'f resonates at § = 1.90 ppm
and is thus more deshielded than H-12'«x that resonates
at § = 1.33 ppm. However, when the 17- alcohol is in
the a«-orientation, H-12'8 (6 = 1.65 ppm) is less de-
shielded than H-12'a (6 = 1.97 ppm).

Table 1 'H and '3C NMR chemical shifts (ppm) of compound 4 and 5 in CDCl;
Compound 4 Compound 5
Position H 3¢ H 3¢
1 711dJ=85Hz 126.57 713d J=85Hz 126.78
2 6.66 dd J = 8.5, 2.7 Hz 113.12 6.66 dd J = 8.5, 2.8Hz 113.12
3 154.46 154.34
4 660d J=27Hz 116.24 659d J=28Hz 116.24
5 136.43 136.61
6 270d J=16.8Hz 34.46 270d J=16.8Hz 34.71
284 dd J=16.8, 4.7Hz 284 dd J=16.8, 5.4Hz
7 (B) 1.65 33.21 (B) 1.67 34.31
8 () 1.60 41.24 () 1.63 41.89
9 (a) 2.35 37.97 (a) 2.35 37.82
10 130.29 130.83
11 (o) 2.30 26.73 (o) 2.32 26.71
(8) 1.40 (B) 1.47
12 (a) 1.33 36.56 (o) 1.97 31.62
(B) 1.90 (B) 1.65
13 4414 45.84
14 (a) 1.80 44.38 (o) 2.22 43.33
15 (x) 1.89 34.95 (x) 1.89 35.42
(B) 212 (8) 2.14
16' ) 411 m 64.21 (8) 461 m 62.83
17 («) 3.84dd J=16.5, 3.8Hz 90.48 () 3.70d J=4.6Hz 79.21
CH;-18' 081s 11.68 0.79s 17.42
1”7 3.37 mand 3.26t J=7.6 Hz 49.92 337mand3.26tJ=7.6 Hz 49.95
47.62 47.65
2" 1.50 and 1.55 29.31 1.51 and 1.57 29.40
30.51 30.63
3 1.35 19.96 1.32 19.97
19.85 20.06
4" 092tJ=73Hzand 095t 13.80 092tJ=74Hzand 0.95 t 13.86
J=73Hz J=74 Hz
NCH, 293sand 298 s 35.45 293sand 298 s 33.60
33.60 35.42
1 173.61 173.51
173.72 173.63
2 2.30 32.97 2.30 33.71
33.66 33.03
3 1.63 26.12 1.61 25.06
24.48 25.48
49 1.2-1.4 29.0-29.7 1.2-1.4 28.7-29.7
10 1.20 and 1.41 27.66 1.19and 1.40 27.51
1 1.05 and 1.30 25.18 1.05 and 1.30 25.06
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Figure 4 Nuclear Overhauser enhancement (NOE) difference
experiments with irradiation of H-18. A) Compound 4. B)
Compound 6. The NOE spectra are at the top and the ordinary
spectra are at the bottom.

Analysis of the DEPT-135, the 2D HSC, and the 2D
COLOC NMR spectra led to the assignment of the
carbons. For the DEPT-135 (Figure 5A) spectrum, ¢ five
quaternary carbons are indicated, not accounted for.
There are also three methyls (one of them has split into
two lines because of the slow rotation of the C-N bond),
nine methines, and methylenes which appear as the
negative signals. Analysis of this spectrum together with
the '3C NMR spectrum (Figure 5B) and the 2D
HSC'%!3 in Figure 6 led to the assignment of the
following carbons.

, JL,L/\LHNL-AAK
4:0 STO 2fo

Quaternary carbons

The two downfield signals at § = 173.61 and 173.72 ppm
are assigned to the carbonyl of the amide group C-1. In
the aromatic region, the downfield resonance at
0 = 154.46 ppm is assigned to C-3’' which is deshielded
by the hydroxy group. The high field quaternary carbon
at 0 = 44.14 ppm must be assigned to C-13' because there

4-9
NCHy |7
2
CDCly
15'
NCH,
A R T IR T 28 oi\l7
H 5'\1'4-2 T 2\l o
I ili2
mul i ’
T - T T T T T
150 100 50 40 30 20
PPM PPM

Figure 5 A) Distortionless enhancement by polarization transfer
(DEPT; 1356°). The CH3 and CH carbons appear as positive signals,
the CH, carbons appear as negative signals and the quaternary
carbons are absent. (DEPT-135) and B) '3C NMR spectrum at
75.47 MHz of compound 4 in CDCl5.
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Figure 6 Two-dimensional heteronuclear shift correlation (HSC)
spectrum of compound 4 in CDCl;. The one-dimensional '3C
spectrum is a DEPT-45.

is only one carbon of this type in the aliphatic region.
Finally, the carbons C-5' and C-10’ can not be assigned
with these present experiments.

Methine carbons

All methines (except C-7 and C-8 for which the
corresponding protons are overlapped in the 'H NMR
spectrum (Figure 2)) were easily assigned by their
correlations with the proton signals in the 2D HSC
experiment (Figure 6).

Methyl and methylene carbons

As for the methine carbons, the methyl and some
methylene signals for which the proton chemical shifts
are known were assigned by their correlations with the
proton signals in the 2D HSC experiment (Figure 6).

The other carbons that could not be assigned from the
above experiments were assigned by a 2D COLOC
experiment that is a 2D HSC experiment via small
coupling constants (Figure 7).!4 For example, in the
aromatic region, the quaternary carbons C-5" and C-10/
were assigned as follows: H-2' can correlate with C-10’
via 3J but not with C-5. Thus, the correlation at
6 =13029 ppm led to the assignment of the C-10'
carbon. Now, all the aromatic signals have been assigned
except the resonance at d = 136.43 ppm that must be
C-5' carbon. Furthermore, the correlation study of H-6'
in the aliphatic region led to the assignment of C-11.
Indeed, H-6' correlates with the methine carbons (C-7’
and C-8) and with only one methylene C-11 that
resonates at 6 = 25.18 ppm. Using this approach, the
majority of unknown signals were assigned.

The chemical shifts of carbons C-7" and C-8' of the
compounds 4 and 5 were determined by comparing with
steroids made in our laboratory* and with some other
steroids.?® For most of the steroids, the chemical shift of
C-8' is about 39 ppm and that of C-7' is about 27 ppm.
For compound 4, there are only two chemical shifts left

* Lévesque, C.; Mérand, Y. and Dufour, J. M. The results are not
published.
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Figure 7 Two-dimensional 'H-'3C correlation via long range
couplings (COLOC) spectrum of compound 4 in CDCls.

unaccountable for that region (6 = 41.24 and 33.21 ppm).
They thus correspond to C-8' and C-7', respectively.

Results presented herein indicate that the method of
choice to determine the stereochemistry at the 17
position is the NOE difference. However, for similar
compounds, it could be ideal to determine the
stereochemistry only with the *H and *3C chemical shifts.
Indeed, comparison of the 'H and !*C chemical shifts of
compounds 4 and 5 led to the observation that the '*C
NMR spectrum could be a better probe to differentiate
readily between the a- and S-isomers at the 17’-position.
There is more than 10 ppm difference between the '3C
NMR chemical shift of the a- and p-isomers (Table 1),
whereas there is only 0.14 ppm difference between the 'H
NMR chemical shift of H-17'« and H-17'8 (Table 1).
Moreover, in both cases, the chemical shifts for C-17' of
compound 4 are more deshielded than those of
compound 5. In contrast, the 'H NMR spectrum is a
better probe for the identification of the isomers at the
16'-position with a chemical shift difference of 0.50 ppm
for H-16'8. However, the '3C NMR spectra show a
difference of about 6 ppm between the two isomers (4
and 5) at the C-18’ position, whereas no difference was
noted in the 'H NMR spectra for the H-18" chemical
shifts. As mentioned earlier with the NOE difference
experiment, it is possible to locate the position of H-12'f
that is also influenced by the orientation of the alcohol
(Table 1). In the '3C NMR spectra, there is a difference
of about 5ppm between the chemical shifts of
compounds 4 (6 = 36.56 ppm) and 5 (6 = 31.62 ppm) at
C-12'. Finally, the above described observations lead to
the conclusion that the stereochemistry of the sub-
stituents at the C-17’ position could be easily determined
by analyzing the chemical shifts of C-12', C-17', and
C-18' with the '3C NMR experiments. In the future,
similar types of compounds which are under preparation
in our laboratory will be compared with their spectral
values to generalize this method of analysis.
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