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Abstract-4-Hydroxy- and 4-acetoxy-4-(3-aryloxy-1-propynyl)-1-(2-ethoxyethyl)piperidine hydroclorides in
aprotic solvents giverise to equilibrium mixtures of two epimers. In thecase of the acetoxy derivatives
(in CDCl3) the equilibrium is displaced toward the[less stable] epimer.This may be due to considerable
contribution of the skewed boatconformer with intramolecular hydrogenbond.

4-(3-Aryloxy-1-propynyl)-1-(2-ethoxyethyl)-4-hy-
droxypiperidinesI andII [1] and their acylation prod-
ucts were synthesized by us with the goal of obtaining
new pharmacologically active substances. In the1H
NMR spectra of some 4-aryloxypropynyl-4-hydroxy-
piperidines protons of the3CH2CÍÄ appear as two
singlets with an overall intensity of 2H. Inorder to
elucidate the reason for the observed signal doubling
we analyzed the1H NMR spectra of 1-(2-ethoxy-
ethyl)-4-hydroxy-4-[3-(p-methylphenoxy)-1-propynyl]-
piperidine (Ia), its hydrochloride Ib , 4-acetoxy-1-
(2-ethoxyethyl)-4-[3-(p-methylphenoxy)-1-propynyl]-
piperidine hydrochloride (IIIb ), and 4-acetoxy-4-
[3-(p-bromophenoxy)-1-propynyl]-1-(2-ethoxyethyl)-
piperidine hydrochloride (IVb ). Acetoxy derivatives
IIIa and IVa were synthesized by acylation of hydro-
chlorides Ib and IIb , respectively, with acetyl
chloride in acetic anhydrideand, without isolation
from the extract, were converted into hydrochlorides
IIIb and IVb (Scheme 1).

The 1H NMR parameters of compoundsI3IV are
summarized in Table 1. In the spectrum of baseIa
the CH2CÍÄ group gives a singlet atd 4.68 ppm.
Protons in positions3, 5 and 2, 6 of the piperidine
ring each give twogroups of signals belonging to
axial and equatorialprotons; this may be due to slow
inversion of thering. HydrochlorideIb shows in the
1H NMR spectrum (CDCl3) one signal only from the
CH3 group attached to the aromaticring, while
protons of the other fragments give rise to two sets
of signals with an intensity ratio of~1.2 : 1. The same
compound in CD3OD is characterized by a single set
of signals, but signals from the piperidine ring protons
are strongly broadened (no spin3spin coupling is
observed. The1H NMR spectrum of hydrochloride
IIIb in CDCl3 contains two set of signals (intensity
ratio ~1 : 3) from mostprotons. Ingoing to DMSO-d6,
the signal intensity ratiochanges to 1.1 : 1 (Table 1).
Like hydrochloride Ib , compoundIIIb in CD3OD
shows only one set of signals, and the piperidine ring

Scheme 1.

I , III , R = CH3; II , IV , R = Br.
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Table 1. 1H NMR spectra of compoundsIa, Ib , IIIb , and IVb , d, ppm (J, Hz)
ÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÂÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄ

Compd. ³ Solvent ³ ³ ³CH3C ³ ³ ³ ³
³ ³ CH3 ³CH3C(O) ³ ³ 3(5)-Hax ³ 3(5)-Heq ³ 2(6)-Hax ³ 2(6)-Heqno. ³ ³ ³ ³arom. ³ ³ ³ ³

ÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÅÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄ
Ia ³CDCl3 ³1.18 t (6.9)³ 3 ³2.27 s³1.7731.89 m³1.8731.96 m³2.3432.44 m³2.6532.74 m
Ib (1.2 : 1)a ³CDCl3 ³1.16 t (7) ³

3

³2.27 s³2.3732.51 m³2.0532.17 m³2.5132.65 m³3.1033.17 m
³ ³1.17 t (7) ³ ³2.27 s³2.7232.87 m³2.0532.17 m³3.1433.29 m³2.932.97 m

Ib (1.6 : 1)a ³DMSO-d6³1.12 t (6.9)³
3

³2.26 s³2.19 m ³1.932.0 m ³3.11 m ³3.21 m
³ ³1.12 t (6.9)³ ³2.26 s³2.01 m ³1.932.0 m ³2.83 m ³3.12 m

Ib ³CD3OD ³1.19 t (7) ³ 3 ³2.29 s³ 1.9932.18 m (4H) ³3.133.3 m ³3.333.47 m
IIIb (1 : 3)a ³CDCl3 ³1.17 t (7) ³ 2.07 s ³2.28 s³2.5832.70 m³2.5232.59 m³2.933.06 m ³3.19b

³ ³1.18 t (7) ³ 2.03 s ³2.28 s³2.5232.62 m³2.3932.48 m³2.7232.87 m³2.89b

IIIb (1.1 : 1)a³DMSO-d6³1.12 t (6.9)³ 2.02 s ³2.22 s³2.332.42 m ³2.45b ³3.0233.18 m³3.26b

³ ³1.12 t (6.9)³ 2.01 s ³2.22 s³2.332.42 m ³2.48b ³2.8432.98 m³3.15b

IIIb ³CD3OD ³1.20 t (7) ³ 2.04 s ³2.29 s³ 2.332.7 m (4H) ³ 2.833.5 m (4H)
IVb (1 : 2)a ³CDCl3 ³1.18 t (6.6)³ 2.07 s ³

3
³2.6032.75 m³2.5032.60 m³3.05 ³3.2b

³ ³1.19 t (6.6)³ 2.03 s ³ ³2.5532.70 m³2.4032.50 m³2.82 m ³ 2.99b

ÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÁÄÄÄÂÄÁÄÄÄÄÄÄÄÄÂÄÁÄÄÄÄÂÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄ
Compd. ³ Solvent ³ CH2N

+ ³ ³ ³ ³ ³³ ³ ³ OCH2 ³ CH2O ³ CH2C= ³ Harom ³ NH (OH)
no. ³ ³ (CH2N) ³ ³ ³ ³ ³

ÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄ
Ia ³CDCl3 ³ 2.56 t (6)³ 3.49 q (6.9)³ 3.52 t (6) ³ 4.68 s³6.48 d, 7.07 d (8.5)³ 3

Ib (1.2:1)a ³CDCl3 ³ ~3.5 ³ 3.46 q (7) ³ 3.89 t (4.5)³ 4.63 s³6.81 d, 7.06 d (8.1)³11.8 (4)
³ ³ ~3.5 ³ 3.47 q (7) ³ 3.82 t (4.2)³ 4.72 s³6.84 d, 7.08 d (8.1)³11.6 (3.4)

Ib (1.6:1)a ³DMSO-d6³ 3.34b ³ 3.45 q (6.9)³ 3.74b ³ 4.76 s³6.86 d, 7.09 d (7.8)³10.95 s (5.9)
³ ³ 3.34b ³ 3.45 q (6.9)³ 3.74b ³ 4.83 s³6.89 d, 7.09 d (7.8)³10.95 s (6.1)

Ib ³CD3OD ³ 3.22b ³ 3.53 q (7) ³ 3.73 t (5) ³ 4.75 s³6.86 d, 7.08 d (8.3)³ 3

IIIb (1:3)a ³CDCl3 ³ ~3.49 ³ 3.48 q (7) ³ 3.93b ³ 4.65 s³6.81 d, 7.07 d (8.4)³12.60 br.s
³ ³ ~3.49 ³ 3.48 q (7) ³ 3.86b ³ 4.75 s³6.86 d, 7.1 d (8.4)³12.40 br.s

IIIb (1.1:1)a³DMSO-d6³ 3.35b ³ 3.45 q (6.9)³ 3.77b ³ 4.77 s³6.85 d, 7.08 d (7.9)³11.52 br.s
³ ³ 3.35b ³ 3.45 q (6.9)³ 3.75b ³ 4.86 s³6.92 d, 7.11 d (7.9)³11.37 br.s

IIIb ³CD3OD ³ 3.22b ³ 3.54 q (7) ³ 3.74b ³ 4.83 s³6.87 d, 7.07 d (6.7)³ 3

IVb (1:2)a ³CDCl3 ³ ~3.5 ³ 3.5 q (6.6) ³ 3.94b ³ 4.66 s³6.86 d, 7.41 d (8.4)³12.70 br.s
³ ³ ~3.5 ³ 3.5 q (6.6) ³ 3.90b ³ 4.76 s³6.82 d, 7.37 d (8.4)³12.60 br.s

ÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄ
a For each compound, the upper line corresponds to epimerA, and the lower, toepimerB; the epimer ratio is given inparentheses.
b Unresolved signal.

protons appear as broadened unresolved signals. Two
sets of signals are also observed in the1H NMR spec-
trum of hydrochlorideIVb in CDCl3; the intensity
ratio is ~1 : 2.

The presence of two sets of signals in the spectra
of hydrochloridesIb , IIIb , andIVb can be explained
by formation of two epimersA and B (Scheme 2)
with different orientations of proton on the nitrogen
atom. Casy and McErlane [2]studied the13C NMR
spectra (CDCl3) of isomeric 4-hydroxy-1,2,5-tri-
methyl-4-phenylpiperidines and esters derived there-
from and found a double set of signals in the spectra
of hydrochlorides of theb-isomer and its acetoxy
analog. The authors presumed that theb-isomer

hydrochloride exists as a 1 : 1 mixture of two epimers
with the following configurations of substituents in
the piperidinering: t-1-Me-c-2-Me-t-5-Me-r-4-OR (C)
and c-1-Me-c-2-Me-t-5-Me-r-4-OR (D). In DMSO-d6
the epimer ratio was 9 : 1. Therefore, epimerC with
the equatorial hydroxy group was assumed to be more
stable than epimerD; the authors also noted that the
conformational equilibrium of epimerD is strongly
contributed by conformer having equatorial phenyl
group.

In the 13C NMR spectra of hydrochloridesIb and
IIIb in CD3OD we observed only one set of signals.
In CDCl3 and DMSO-d6 the intensity ratio of signals
belonging to different epimers was the same as in the
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Table 2. 13C NMR spectra (dC, ppm) of 1-(2-ethoxyethyl)-4-hydroxy-4-[3-(p-methylphenoxy)-1-propynyl]piperidine
hydrochloride (Ib ) and 4-acetoxy-1-(2-ethoxyethyl)-4-[3-(p-methylphenoxy)-1-propynyl]piperidine hydrochloride (IIIb )

ÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÄÄÄÄÂÄÄÄÄÄÄÂÄÄÄÄÄÄÂÄÄÄÄÄÄÂÄÄÄÄÄÄÂÄÄÄÄÄÄÂÄÄÄÄÄÄÂÄÄÄÄÄÄÂÄÄÄÄÄÄÂÄÄÄÄÄÄ
Comp. no. ³ Solvent ³ C2, C6 ³ C3, C5 ³ C4 ³ C7 ³ C8 ³ C9 ³ C10 ³ C11 ³ C12

ÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÅÄÄÄÄÄÄÅÄÄÄÄÄÄÅÄÄÄÄÄÄÅÄÄÄÄÄÄÅÄÄÄÄÄÄÅÄÄÄÄÄÄÅÄÄÄÄÄÄÅÄÄÄÄÄÄ
Ib a ³ CDCl3 ³ 48.31 ³ 34.75 ³ 61.38 ³ 59.80 ³ 66.38 ³ 64.07 ³ 14.71 ³ 89.02 ³ 78.70

³ ³ 50.90 ³ 35.79 ³ 64.38 ³ 56.53 ³ 66.38 ³ 64.07 ³ 14.71 ³ 87.18 ³ 81.43
³ DMSO-d6 ³ 47.02 ³ 34.30 ³ 60.28 ³ 55.20 ³ 65.19 ³ 63.60 ³ 14.78 ³ 90.09 ³ 77.52
³ ³ 49.46 ³ 35.37 ³ 63.40 ³ 55.20 ³ 65.19 ³ 63.60 ³ 14.78 ³ 88.05 ³ 80.51

Ib ³ CD3OD ³ 50.17 ³ 36.45 ³ 70.0 ³ 56.79 ³ 67.32 ³ 64.62 ³ 14.92 ³ 89.02 ³ 83.5
IIIb a ³ CDCl3 ³ 48.08 ³ 32.47 ³ 68.42 ³ 56.30 ³ 66.42 ³ 64.70 ³ 14.72 ³ 84.07 ³ 81.95

³ ³ 50.17 ³ 33.25 ³ 70.11 ³ 56.16 ³ 66.42 ³ 64.70 ³ 14.72 ³ 83.11 ³ 84.36
³ DMSO-d6 ³ 45.14 ³ 30.47 ³ 66.19 ³ 53.67 ³ 63.70 ³ 62.20 ³ 12.94 ³ 82.63 ³ 79.38
³ ³ 47.33 ³ 31.19 ³ 68.73 ³ 53.56 ³ 63.70 ³ 62.20 ³ 12.94 ³ 81.50 ³ 83.41

IIIb ³ CD3OD ³ 50.96 ³ 34.32 ³ 71.21 ³ 56.85 ³ 67.40 ³ 64.56 ³ 14.92 ³ 86.11 ³ 83.90
ÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÁÂÄÄÄÄÄÁÄÂÄÄÄÄÁÄÄÂÄÄÄÁÄÄÄÂÄÄÁÄÄÄÄÂÄÁÄÄÄÄÄÂÁÄÄÄÄÄÄÅÄÄÄÄÄÄ

Comp. no. ³ Solvent ³ C13 ³ C14 ³ C15 ³ C16 ³ Ci ³ Co ³ Cm ³ Cp

ÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÅÄÄÄÄÄÄÄÅÄÄÄÄÄÄ
Ib a ³ CDCl3 ³ 55.93 ³ 20.14 ³ 3 ³ 3 ³ 155.1 ³ 14.4 ³ 129.6 ³ 130.5

³ ³ 55.59 ³ 20.14 ³ 3 ³ 3 ³ 154.7 ³ 14.7 ³ 129.6 ³ 130.5
³ DMSO-d6 ³ 54.38 ³ 19.66 ³ 3 ³ 3 ³ 154.8 ³ 14.2 ³ 129.3 ³ 129.4
³ ³ 53.96 ³ 19.66 ³ 3 ³ 3 ³ 154.6 ³ 14.4 ³ 129.3 ³ 129.4

Ib ³ CD3OD ³ 56.29 ³ 20.17 ³ 3 ³ 3 ³ 156.4 ³ 15.6 ³ 130.5 ³ 131.4
IIIb a ³ CDCl3 ³ 55.80 ³ 20.11 ³ 168.3 ³ 21.32 ³ 154.6 ³ 14.5 ³ 129.5 ³ 130.5

³ ³ 55.45 ³ 20.11 ³ 168.7 ³ 21.13 ³ 155.1 ³ 14.8 ³ 129.7 ³ 130.8
³ DMSO-d6 ³ 52.75 ³ 18.11 ³ 166.6 ³ 19.41 ³ 153.2 ³ 12.8 ³ 127.8 ³ 128.1
³ ³ 52.59 ³ 18.11 ³ 166.7 ³ 19.32 ³ 153.0 ³ 13.1 ³ 127.8 ³ 128.2

IIIb ³ CD3OD ³ 56.20 ³ 20.17 ³ 170.1 ³ 21.15 ³ 156.3 ³ 15.8 ³ 130.5 ³ 131.6
ÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÁÄÄÄÄÄÄÄÁÄÄÄÄÄÄ
a See notea to Table 1.

1H NMR spectra (Table 2). The assignment of signals
to epimersA and B is confirmed by the13C NMR
data (monoresonancespectrum). Thehalfwidth of the
C11 signal of epimerA (~30 Hz) is considerably
smaller than the halfwidth of the corresponding signal
of epimerB (~45 Hz). This allows us to speak with
certainty that the aryloxypropynyl substituent inA
occupies equatorial position[3].

It is known that conformational equilibria of
4-hydroxy-1,2,5-trimethyl-4-phenylpiperidines or their
analogs, 4-hydroxy-1,2,5-trimethyl-4-organosilyl-
piperidines, in aprotic solvents can involve acon-
former having a structure ofskewed bathwhich is
stabilized by intramolecular hydrogen bond [4, 5]. In
such structure,[heavy] substituent,e.g., phenyl or

triphenylsilyl group,occupies equatorial position[4].
In our case structure C stabilized via H-bonding
between the

+
NH proton and oxygen atom of the

hydroxy or acetoxy group at C4 is also possible. As
a result, thearyloxypropynyl substituent in epimer
B occupies the energetically favorable equatorial
position. Probably, just this is the reason whycon-
former B of acetatesIIIb and IVb strongly pre-
dominates in weakly polar chloroform and why the
fraction of conformer B for acetate IIIb sharply
decreases in going to more polarDMSO.

EXPERIMENTAL

The 1H and 13C NMR spectra were recorded on
a Mercury-300 spectrometer at 300 and 75MHz,
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Scheme 2.

respectively. The chemical shifts were measured
relative to tetramethylsilane. CompoundsIa and
IIa were synthesized as described in [1]; physical
properties of the corresponding hydrochlorides (Ib
and IIb ) are also giventherein.

Hydrochlorides IIIb and IVb (general proce-
dure). To a solution of0.005 mol of hydrochlorideIb
or IIb in 0.05 mol of acetic anhydride we added
0.05 mol ofacetyl chloride, and the mixture waskept
for 24 h at 18320oC. Excess acetic anhydride and
acetyl chloride were distilled off under reduced pres-
sure, theresidue was dissolved inwater, thesolution
was made alkaline by adding aqueous sodium car-
bonate, and freebaseIIIa or IVa was extracted into
ethyl acetate. The extract was dried over anhydrous
MgSO4, and a solution of HCl in ether was added to
isolate hydrochlorideIIIb or IVb .

4-Acetoxy-1-(2-ethoxyethyl)-4-[3-(4-methyl-
phenoxy)-1-propynyl]piperidine hydrochloride
(IIIb). Yield 53%, mp 87389oC (from alcohol3ether).
Found, %: C 63.70; H 7.82; Cl 8.53; N3.71.
C21H30ClNO4. Calculated, %: C63.70; H 7.63;
Cl 8.95; N 3.53.

4-Acetoxy-4-[3-(4-bromophenoxy)-1-propynyl]-
1-(2-ethoxyethyl)piperidine hydrochloride (IVb).
Yield 66%, mp 96398oC (from alcohol3ether). Found,
%: C 52.16; H 5.92; Br 17.13; Cl 7.61; N 3.02.
C20H27BrClNO4. Calculated, %: C52.13; H 5.90;
Br 17.34; Cl 7.69; N 3.03.

The authors are grateful toS.G.Klepikova for
recording the1H and 13C NMR spectra.
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