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Abstract—trans-4-Amino-1-benzyl-3-hydroxypiperidines were synthesized by regio- and stercoselective
amination of a series of 1-benzyl-3,4-epoxypiperidines with primary and secondary aliphatic, aromatic, and
heterocyclic amines in the presence of lithium perchlorate. The regio- and stereoselectivity of the amination
process is ensured by specific activation of the oxirane ring in epoxypiperidine derivatives. Lithium cation is
coordinated simultaneously at the piperidine nitrogen atom and oxirane oxygen atom, which leads to greater
extension of the C*~O bond as compared to C*~O, so that nucleophilic attack is directed at the C* atom of the

piperidine ring.
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Numerous amino-and-hydroxy-substituted piperi-
dine derivatives constitute a subclass of hydroxylated
piperidine alkaloids or imino (aza) sugars and are
known as potent inhibitors of a number of glucosidases
and related enzymes. The presence of an amino group
in their molecules ensures selective inhibition of
particular glucosidases and hexosaminidases. For ex-
ample, 2-deoxy-2-aminoisofagomine (I) selectively
inhibits B-glucosidase [1], while 1-deoxynojirimycin
analog II selectively inhibits B-N-acetylglucosamini-
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dase [2]. Cisapride (III) is a serotonin (5-HT) receptor
blocker which is used to stimulate intestinal peristalsis
without side antagonistic effect on the D, dopamine
receptors [3, 4].

In the recent time, much attention was also given to
alkaloids pseudodistomins A—F which were isolated
from marine organisms and were shown to exhibit
anticancer activity [5—8].

Taking into account the above stated, B-amino-
substituted hydroxy piperidines are promising not only

o} 0]

L

A, X=R!, 5"cis;B,D,E,X=R", 5-trans; C, F, X =R%;
1 _ . pR2
R—Me/\/\/\pr’"\/\/\/,R—Me a2 e X
.

1050
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from the viewpoint of design of synthetic amino sugar
analogs but also as multipurpose building blocks in
fine organic synthesis. Despite so wide potential of 3-
and 4-amino hydroxy piperidines, only a few methods
of synthesis of such compounds have been reported up
to now [9, 10]; these methods are based on transforma-
tions of natural sugars so that they ensure preparation
of only one sterecoisomer via very tedious and multi-
step synthetic procedures [11-13].

In the present article we describe a short regio- and
stereoselective synthesis of trans-4-amino-3-hydroxy-
piperidines by aminolysis of 1-benzyl-3,4-epoxypiper-
idines; an efficient procedure for the preparation of the
latter was developed by us previously [14]. Nucleo-
philic opening of the oxirane ring in 1-acyl- or 1-car-
bamoyl-3,4-epoxypiperidines in various media under
different conditions is not selective, and the products
are mixtures of the corresponding 3- and 4-substituted
isomers [15—18]. There are almost no published data
on the aminolysis of N-alkyl-3,4-epoxypiperidines.

The reactions of epoxy derivatives IV and V with
an equimolar amount of aliphatic, aromatic, or hetero-
cyclic amine in acetonitrile in the presence of 1 equiv
of lithium perchlorate at room temperature gave only
the corresponding frans-4-amino-3-hydroxypiperidines
VI-XIX (Scheme 1). No oxirane ring opening oc-
curred in the absence of Lewis acid. The progress of
the reactions was monitored by TLC following disap-
pearance of the initial epoxide. The reaction time
strongly depended on the nucleophile structure and its
basicity (Table 1). In all cases, analysis of the reaction
mixtures by gas chromatography—mass spectrometry
revealed formation of only one compound with m/z
value of the molecular ion corresponding to the target
amino alcohol. Individual amino alcohols VI-XIX

Scheme 1.
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IV, VI-XVI, XX-XXII, R = H; V, XVII-XIX, R = Me;
VI, XVII, Nu = PhCH,NH; VII, Nu = EtNH; VIII, Nu =
cyclo-C¢HyCHoNH; IX, Nu = morpholino; X, Nu = 4-meth-
ylpiperazin-1-yl; XI, Nu = 4-(pyridin-2-yl)piperazin-1-yl;
XII, Nu = azepan-1-yl; XIII, Nu = 4-hydroxypiperidino;
XIV, Nu = Et;N; XV, XIX, Nu = PhNH; XVI, Nu =
2-FC¢H4NH; XVIII, Nu = pyrrolidin-1-yl; XX, Nu = CN;
XXI, Nu = Nj, XXII, Nu = PhS.
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Table 1. Conditions of synthesis, yields, and some '"H NMR
parameters of amino alcohols VI-XXII

Comp. | Reaction | Yield, |’ /.o 4.ar | 8(3-Hay), [ 3(4-Hyy),
no. |[time, days| % Hz ppm ppm
VI 1 86 9.1 3.43 2.33
VII 1 82 8.9 3.31 2.20
VIII 1 93 9.1 3.37 2.21
IX 2 88 9.8 3.59 2.18
X 2 83 10.0 3.58 2.20
XI 2 95 9.9 3.66 2.29
XII 2 89 9.9 3.49 2.21
X1r 2 81 9.6 3.57 2.17
XIv 3 52 9.8 3.51 2.28
XV 1 83 8.2 3.54 3.19
XVI 3 67 7.9 3.64 3.25
XVII 3 88 - - 2.43
XVIII 7 76 - - 2.34
XIX 4 75 - - 3.36
XX 7 51 7.0 3.92 2.60
XXI 7 56 7.9 3.60 3.31
XXII 0.3 69 7.7 3.58 2.93

* Data of [19].

were isolated as free bases or hydrochlorides, and their
purity was confirmed by elemental analysis.

The "*C NMR spectrum of amino alcohol VI was
consistent with the assumed structure. The signal at
d¢ 70.7 ppm was assigned to the carbon atom linked to
the hydroxy group, i.e., the aminolysis of IV with
benzylamine actually involves opening of the oxirane
ring. However, it remained to elucidate which of the
possible regio- and stereoisomers was obtained.

Using double resonance techniques we assigned all
signals observed in the '"H NMR spectrum of amino
alcohol VI. The triplet at 5 1.96 ppm (3J2_ax, F——
10 Hz) was assigned to the axial proton on C?; irradia-
tion at a frequency corresponding to resonance of
2-H,. gave responses on the 2-H,, (6 2.98 ppm) and
3-H,, signals (6 3.43 ppm). The most downfield signal
from protons in the piperidine ring (6 3.43 ppm) arises
from the axial proton on the C* atom linked to the
hydroxy group. These data indicate that amino alcohol
VI is 4-amino-3-hydroxy isomer. The coupling con-
stant 3J3_ax,4_ax = 9.1 Hz suggests axial orientation of
protons on C* (8 3.43 ppm) and C* (8 2.33 ppm) and
hence equatorial orientation of the 3-hydroxy and
4-amino groups. Thus amino alcohol VI has the struc-
ture of trans-4-benzylamino-3-hydroxypiperidine, i.e.,
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cleavage of the oxirane ring in 3,4-epoxypiperidine IV
with benzylamine in the presence of lithium per-
chlorate is completely regio- and stereoselective. We
also found that the 3-H signal in the "H NMR spectra
of all amino alcohols VI-XXII is located in the region
6 3.4-3.6 ppm, which is typical of a CH group linked
to OH. The signal from 4-H in alkylamino derivatives
VI-VIII appears at 6 2.2-2.3 ppm, and the corre-
sponding signal from arylamino derivatives XVI and
XIX is observed at 6 3.2-3.3 ppm. Therefore, aminol-
ysis of 3,4-epoxypiperidines with all the examined
amines is characterized by complete regio- and stereo-
selectivity (Table 1).

Scheme 2.
0 NHBz
PhCH,NH, : OH
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The reactions of epoxypiperidine IV with other
nucleophiles (benzenethiol, sodium azide, and sodium
cyanide) were also completely regio- and stereoselec-
tive, and they led to the formation of only trans
isomers XX—XXII (Scheme 1, Table 1). Likewise, the
aminolysis of cis-6-benzyloxymethyl-3,4-epoxypiper-
idine (XXIIIa) gave trans-amino alcohol XXIV as the
only product (Scheme 2). Initial epoxypiperidine
XXIIIa was synthesized by treatment of diastereo-
isomer mixture XXIIIa/XXIIIb [14] with 1.1 equiv of
lithium diisopropylamide (LDA). In this case, the rear-
rangement involved only the more reactive isomer
XXIIIb, whereas less reactive cis isomer XXIIIa re-
mained unchanged, and it can readily be isolated from
the reaction mixture by column chromatography on
silica gel (yield 45%; Scheme 3; Table 2, run no. 3). In
the presence of double amount of LDA both isomeric
epoxides XXIIIa and XXIIIb were transformed into
allyl-type alcohols XXVIa and XXVIb with different
conversions. According to the 'H NMR data, the reac-
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tion mixture contained approximately equal amounts
of epoxide XXIIIa and isomeric alcohols XXVIa and
XXVIb (Table 2, run no. 1).

Thus we have developed a simple procedure for
regio- and stereoselective opening of the oxirane ring
in 1-benzyl-3,4-epoxypiperidines with nitrogen-, car-
bon-, and sulfur-centered nucleophiles. Our results
radically differ from published data on reactions of
N-acyl- and N-carbamoyl-3,4-epoxypiperidines with
nucleophiles, which are always nonselective (mixtures
of the corresponding 3- and 4-substituted isomers are
formed).

We then tried to elucidate factors ensuring high
regio- and stereoselectivity in the reactions of epoxy-
piperidines with N-, C- and S-nucleophiles in the pres-
ence of lithium perchlorate using as model substrates
compound IV and isomeric 1-benzyl-6-benzyloxy-
methyl- and 1-benzyl-6-methyl-3,4-epoxypiperidines
XXIIa/XXIIIb and XXVIIa/XXVIIb [14]. We pre-
sumed that the observed regio- and steroselectivity
results from simultaneous coordination of lithium ion
at the oxygen atom in the oxirane ring and nitrogen
atom in the piperidine ring. Such coordination is pos-
sible for N-alkylpiperidines but is hardly probable for
N-acyl and N-carbamoyl derivatives in which the
basicity of the piperidine nitrogen atom is reduced due
to the presence of electron-withdrawing substituent. To
verify this assumption we performed ab initio quan-
tum-chemical calculations (HF/6-31G**) for the con-
formational equilibrium involving epoxide IV, as well
as for the complex of IV with lithium cation (complex
G; Scheme 4). Two stable conformations of molecule
IV were found: the first of these is characterized by
syn orientation of the piperidine nitrogen atom and
oxygen atom in the oxirane ring (syn-A), while the
corresponding atoms in the other conformer (anti-B)
are arranged anti. The latter (B) is more stable than the
former (A) by 1.6 kcal/mol.

The C*-O bond in syn-A is slightly longer than
C’-0; the opposite pattern is observed for anti-B. This
means that the predominant conformer anti-B should
react with nucleophiles preferentially at the C* atom

Scheme 3.
0
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Table 2. Rearrangement of an equimolar mixture of isomeric epoxypiperidines XXIIIa and XXIIIb (‘"H NMR data)

Run no. LDA, equiv Reaction time, h | Temperature, °C Ratio XXIIIa:XXVIa:XXVIb | Overall yield, %
1 2.2 2.5 10 09:1:1 65
2 2.2 5 10 0.7:1:1 20
3 1.1 5 -10 0.9:0:1 90

and that the C* atom should be more reactive in minor
conformer syn-A. In the presence of lithium ions the
conformational equilibrium shifts toward syn-A since
simultaneous coordination of lithium ion at the pi-
peridine nitrogen atom and oxirane oxygen atom to
form complex G is possible only in that structure
(Scheme 4). In keeping with the results of calculations
of complex G derived from syn-A, both C*-O
(1.437 A) and C*~O bonds (1.427 A) in the complex
are considerably longer than in the initial epoxy deriv-
ative IV (1.406 and 1.397 A, respectively, in syn-A).
Cleavage of the longer C*~O bond by the action of
nucleophiles should occur more readily than cleavage
of the shorter (and hence stronger) C*—O bond. This
conclusion is very consistent with the experimentally
observed selectivity of the reaction of 3,4-epoxypiper-
idines with amines. We also showed that the employed
calculation procedure appropriately reproduces geo-
metric parameters of molecules under study. For this
purpose, conformational equilibria of epoxypiperidine
IV and its analogs XXIa/XXIb and XXVIIa/XXVIIb
were examined using 'H and '*C NMR spectroscopy,
including double resonance techniques, and the results
were compared with the calculated data for conformers
of compound IV.

The 'H NMR spectral patterns were fairly complex,
especially for stereoisomeric 6-benzyloxymethyl- and

6-methyl-3,4-epoxy derivatives XXIII1a/XXIIIb and
XXVIla/XXVIIb; therefore, double resonance experi-
ments were performed to determine predominant con-
formations and orientations of the oxirane ring and
substituents in molecules 1V, V, XXIIIa, XXIIIb,
XXVlIla, and XXVIIb. In keeping with the geminal
(2J5_ax,5,eq = 14.6 Hz) and vicinal coupling constants
CJs-ax.6:ar = 9.4, *Js.ax.4a = 2.6 Hz) in the '"H NMR
spectrum of 1V, the multiplet signal at 6 1.99 ppm was
assigned to the axial proton on C°. On the basis of
these data we assigned all signals from protons in the
piperidine ring (Table 3). It should be noted that two
sets of signals with equal intensities were observed
in the spectra of 6-substituted 3,4-epoxy derivatives
XXIIIa/XXIIIb and XXVIIa/XXVIIb, indicating the
presence of cis and frans isomers. Because of strong
overlap, only the chemical shifts of protons in the
6-methyl group and 1-benzyl substituent and of 5-H in
isomeric epoxy derivatives XXVIla and XXVIIb were
determined.

To assign stereoisomers XXIIIa, XXIIIb, XXVIla,
and XXVIIb to cis and frans series on the basis of the
3J5_ax,6 and 3J5_eq,6 values, it was necessary to determine
orientation of the oxirane ring and substituent on C°
(Table 4). The coupling constants 3J5_ax,6 for isomeric
epoxides XXIIIa/XXIIIb and XXVIIa/XXVIIb are
fairly similar; they range from 6.6 to 8.2 Hz, which

Scheme 4.
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Table 3. Chemical shifts of protons (3, ppm) in the "H NMR spectra of epoxypiperidines IV, XXIIIa, XXIIIb, XXVIIa, and
XXVIIb in CDCl;

Compound no. CH; 2-H,, 2-H,, 3-H 4-H 5-H,, 5-H, 6-H,, 6-H,,
v - 2.67 3.01 |3.18-3.23" 1.99 2.03 2.19 2.32
XXIIIa - 2.83 3.02 3.12 324 |2.00-2.11° 2.92 -
XXIIIb - 2.77 3.04 3.10 3.27 1.95 2.06 2.79
XXVIla 1.08% 1.10° 2.83 3.02 3.12 3.24 1.85 2.09
XXVIIb 2.77 3.04 3.10 3.27 1.71 2.00 2.79

* Overlapping signals,
® 4B spin system.

¢ Similar chemical shifts of protons in the pseudoaxial and pseudoequatorial positions.

Table 4. Coupling constants J (Hz) in the "H NMR spectra of epoxypiperidines IV, XXIIIa, XXIIIb, XXVIIa, and XXVIIb

Coupling constant v XXIIIa XXIIIb XXVIIa XXVIIb
s a6 7.6 8.2 6.6 7.6
s g6 5.3 . 5.8 .
x5 0 - - 3.8 0
e 4.1 -2 - 0 3.9
i sear 2.6 0 3.1 1.3 3.5
i 50 1.5 4.4 0 3.0 0

* The coupling constant was not determined because of poor resolution of the multiplet signal.

corresponds to pseudoaxial orientation of 6-H. There-
fore, the substituent on C® in XXIITa/XXIIIb and
XXVIIa/XXVIIb occupies pseudoequatorial position.
This is possible only for the syn conformer of cis
isomers XXIIIa and XXVIla and only for the anti
conformer of trans isomers XXIIIb and XXVIIb.

We also determined vicinal coupling constants for
protons on C* and C*, on the one hand, and those on C?
and C°, on the other (Table 4). Analysis of their values
(*J = 0-4.7 Hz) revealed some general relations. In
particular, epoxy derivatives 1V, V, XXIIIb, and
XXVIIb are characterized by the following coupling
constants: 3J2_ax,3 ~ 0.0 Hz < 3J2_eq,3 ~ 3.9- 4.7 Hz;
asax = 2.6-3.5 Hz > *Jy 5., = 0.0~1.7 Hz. The op-
posite pattern is observed for isomers XXIIIa and

Table 5. Calculated and experimental coupling constants for
syn and anti conformers (A, B) of epoxypiperidine IV

Compound no. 3.]2_”,3 3J2_eq,3
anti-B-IV 1.4 6.0°
syn-A-IV 3.6 2.1°
1V, V, XXIIIb, XXVIIb 0.0 3.9-4.7
XXIIIa, XXVIIa 3.8 0.0

* Calculated values.

XXVIa: *Jy3 = 3.8 Hz > 3 = 0.0 Hz; *Jy 5.0 =
0.0-1.3 Hz < 3J4,5_eq ~ 3.0-4.4 Hz. These data suggest
that cis isomers XXIIIa and XXVIla and trans iso-
mers XXIIIb and XXVIIb have different conforma-
tions, syn-A and anti-B, respectively. We then calcu-
lated the vicinal coupling constants ./, 5 for syn-A and
anti-B; the results showed that 3J2,ax,3 < 3J2,eq,3 for
anti-B and that 3J2_ax,3 > 3J2_eq,3 for syn-A, which is
very consistent with the corresponding experimental
coupling constants (Table 5).

BzI\N‘ O o H
% AR
R S—
N
H Bzl
syn-A anti-B

cis-XXllla, cis-XXVlla trans-XXlllb, trans-XXVlib

Comparison of the experimental and calculated data
led us to conclude that 3,4-epoxypiperidines 1V, V,
XXIIIb, and XXVIIb adopt conformation B with anti
orientation of the oxirane oxygen and piperidine nitro-
gen atoms and that epoxy derivatives XXIIIa and
XXVlla are syn conformers (half-chair). As shown
above, the substituent on C°® in XXIIIa, XXIIIb,
XXVIIa, and XXVIIb occupies pseudoequatorial
position; therefore, epoxides XXIIIb and XXVIIb
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(anti-B) are in fact frans isomers. In contrast, syn con-
formers of XXIIIa and XXVIla (cis orientation of the
substituents) belong to the cis series. Thus both syn
and anti conformers of isomeric epoxypiperidines were
identified. Extension and polarization of the C*-O
bond and a considerable positive charge on the C*
atom (0.063 on C* against 0.029 on C°) in the syn
conformer of lithium complex G are likely to be the
main factors responsible for strictly selective nucleo-
philic attack on the C* atom of the piperidine ring in
3,4-epoxypiperidines.

We can conclude that the formation of complex G
is preceded by shift of conformational equilibrium of
1-benzyl-3,4-epoxypiperidines from energetically
more favorable anti conformer (anti-B) toward syn
conformer (syn-A). The regio and stereoselectivity in
opening of the oxirane ring of 1-benzyl-3,4-epoxypi-
peridines by the action of nitrogen, carbon, and sulfur-
centered nucleophiles in the presence of lithium per-
chlorate is determined by coordination of lithium ion
simultaneously at the nitrogen atom in the piperidine
ring and oxygen atom in the oxirane ring in the syn
conformer. The results of our study allowed us to iden-
tify preferential conformations of 3,4-epoxypiperidines
IV, V, XXIIIa, XXIIIb, XXVIIa, and XXVIIb on the
basis of the experimental and calculated coupling con-
stants, and criteria were proposed for the assignment of
epoxides XXIIIa/XXIIIb and XXVIIa/XXVIIb to the
cis and trans series.

EXPERIMENTAL

The 'H and 'C NMR spectra were recorded on
a Varian VXR-400 spectrometer (400 MHz for 'H)
using chloroform-d as solvent and tetramethylsilane as
internal reference. The mass spectra (electron impact,
70 eV) were obtained on a Finnigan SSQ7000 GC-MS
system (DB5 capillary column, 30 m). Thin-layer
chromatography was performed using silica gel plates
(Merck), and Silica gel 60 (Merck) was used for col-
umn chromatography.

trans-1-Benzyl-4-benzylaminopiperidin-3-ol di-
hydrochloride (VI). Anhydrous lithium perchlorate,
0.280 g (2.65 mmol), was added to a solution of
0.500 g (2.65 mmol) of 1-benzyl-3,4-epoxypiperidine
(IV) in 5 ml of anhydrous acetonitrile, the mixture
was stirred until it became homogeneous, 0.285 g
(2.65 mmol) of benzylamine was added, and the mix-
ture was stirred for 24 h at room temperature. The
progress of the reaction was monitored by TLC fol-
lowing disappearance of the initial epoxy derivative.
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The mixture was treated with 3 ml of water, the solvent
(acetonitrile) was distilled off under reduced pressure,
and the resulting dispersion was extracted with methyl-
ene chloride (5x2 ml). The extracts were combined,
dried over anhydrous sodium sulfate, and evaporated,
the residue (0.750 g) was dissolved in 10 ml of anhy-
drous ethanol, and a saturated solution of hydrogen
chloride in anhydrous ethanol was added to pH 4. The
solvent was removed on a rotary evaporator, and the
product was dried under reduced pressure over alkali
and phosphoric anhydride, recrystallized from anhy-
drous ethanol, washed with diethyl ether, and dried
under reduced pressure. Yield 0.840 g (86%), colorless
crystals, mp 213-214°C (decomp., from EtOH).
FOUIld, %: C 6184, H 725, N 7.38. C17H25C12N20.
Calculated, %: C 61.79; H 7.10; N 7.58.

trans-1-Benzyl-4-benzylaminopiperidin-3-ol (free
base). "H NMR spectrum, J, ppm: 1.33 m (1H, 5-H,,,
2s-ax.s-eq = 12.9, s ar.oax = 12.9, *Js.ax 60 = 4.5,
*Js-axaoae = 10.9 Hz), 1.90 t (1H, 2-H,y, *Joix2.0 = 10.5,
*hravzar = 9.7 Hz), 1.95-2.03 m (2H, 6-H,, 5-H,,),
2.03 d.d.d (1H, 4-Hu, Jaaesa 10.9, *Jigesa = 9.1,
*Ji-ar.5.¢ = 4.1 Hz), 2.60 br.s (2H, 3-OH, 4-NH),
2.80 m (1H, 6-H,y, “Js.cq.6.0x = 10.7 Hz), 2.98 d.d.d
(lHa 2'Heq: 2J2-eq,2-ax = 105: 3J2-eq,3-ax = 44, 4J2-eq,6-eq =
1.8 Hz), 3.43 d.t (1H, 3-Hyy, *Jsaxdax = 9.1, *Jraxnax =
9.7, *Jsav20q = 4.4 Hz), 3.49 (2H, PhCH,, 4B system,
2J = 13.2 Hz), 3.65 d (1H, PhCH,, °J = 13.2 Hz),
3.87 d (1H, PhCH,, *J = 13.2 Hz), 7.21-7.32 m (10H,
Harom). "C NMR spectrum, 8¢, ppm: 29.28 (C°); 50.66;
52.03, 58.54, 61.01, 62.54 (C%, C*, C°, PhCH,); 70.66
(C?); 126.98 (2C), 128.02 (2C), 128.12 (2C), 128.37
(2C), 129.03 (2C), 137.99, 140.18 (Carom)-

Compounds VII-XII, XIV-XVI, XVII-XXII,
and XXIV were synthesized in a similar way.

trans-1-Benzyl-4-ethylaminopiperidin-3-ol dihy-
drochloride (VII) was synthesized from 0.500 g
(2.65 mmol) of compound IV and 0.120 g (2.65 mmol)
of ethylamine (reaction time 24 h). Yield 0.550 g
(89%), colorless crystals, mp 233-234°C (from EtOH).
FOllIld, %: C 5490, H 793, N 9.04. C14H24C12N20.
Calculated, %: C 54.73; H 7.87; N 9.12.

trans-1-Benzyl-4-ethylaminopiperidin-3-ol (free
base). '"H NMR spectrum, &, ppm: 1.10 t (3H, CHs,
J=6.5 Hz), 1.56 d.q (1H, 5-H,y, *Js.ax.5.09 = 12.3,
3J5-ax,6-ax = 1167 3J5-ax,6-eq = 39: 3J5-ax,4-ax =12.1 HZ),
1.67 m (1H, 5-H,,, *Js-e s-ax = 12.3 Hz), 1.93 t (1H,
2-Hue, “raxneq = 10.1, *Jo 300 = 9.9 Hz), 2.00 d.t
(lHa 6'Haxa 2J6-eq,6-ax = 114, 3J6-ax,5-ax = 116: 3J6-ax,5-eq =
2.4 Hz), 2.20 d.d.d (1H, 4-H,,, 3J4,ax,5_ax =12.1,
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Jiars-ax = 8.9, Jiar.5.0x = 3.6 Hz), 2.45 m (1H,
CH,CH3), 2.72 m (1H, CH,CH;), 2.87 m (1H, 6-H,,,
Jseq.6.ax = 11.4 Hz), 3.18 d.d.d (1H, 2-Heg, *a-eg2-0x =
10.1, *Jreg 3-ax = 4.3, “reg60g = 1.0 Hz), 3.30 br.s (2H,
OH, NH), 3.55 (2H, PhCH,, 4B system, °J = 13.2 Hz),
3.31 d.t (1H, 3-Hyy, *J3ardoar = 8.9, *Jiax2:ax = 9.9,
*J-ax2-cg = 4.4 Hz), 7.21-7.34 m (5H, Ph).

trans-1-Benzyl-4-cyclohexylmethylpiperidin-3-ol
dihydrochloride (VIII) was synthesized from 0.500 g
(2.65 mmol) of compound IV and 0.300 g (2.65 mmol)
of cyclohexylmethanamine (reaction time 24 h). Yield
0.750 g (94%), colorless crystals, mp 258-259°C
(decomp., EtOH). Found, %: C 61.05; H 8.50; N 7.62.
C9H3,C11N,0. Calculated, %: C 60.79; H 8.59; N 7.46.

trans-1-Benzyl-4-cyclohexylmethylpiperidin-3-ol
(free base). "H NMR spectrum, 8, ppm: 1.06-1.14 m
(4H, CH,, cyclohexyl), 1.2-1.5 m (8H, 5-H,,, CH,,
CH, cyclohexyl), 1.70 m (1H, 5-Hey, *J5.0g.5.00 =
11.9 Hz), 1.90 t (1H, 2-Hy, “aneg = 10.0, *Jogezan =
9.8 Hz), 2.00 d.t (1H, 6-Hgy, Joeg.6.00 = 11.3,
oasa = 11.5, Joarseq = 2.6 Hz), 2.21 d.d.d (1H,
6'Hax> 3J4-ax,5-wc = 119: 3J4-ax,3-ax = 91, 3J4-ax,5-eq =
3.7 Hz), 2.40-2.55 m (3H, 3-H,,, NHCH,), 3.15 m
(1H, 2-H,,, *Jr.0g2.0c = 10.0 Hz), 3.37 d.t (1H, 3-H,,,
Uadar = 91, s = 98, rwre = 3.9 Hz), 3.55
(2H, PhCH,, AB system, °J = 13.4 Hz), 3.64 br.s (2H,
OH, NH), 7.20-7.33 m (5H, Ph).

trans-1-Benzyl-4-morpholinopiperidin-3-ol dihy-
drochloride (IX) was synthesized from 0.500 g
(2.65 mmol) of compound IV and 0.230 g (2.65 mmol)
of morpholine (reaction time 48 h). Yield 0.810 g
(88%), colorless crystals, mp 241-242°C (decomp.,
from EtOH). Found, %: C 54.91; H 7.94; N 7.68.
C16H26C12N202. Calculated, %: C 5502, H 750,
N 8.02.

trans-1-Benzyl-4-morpholinopiperidin-3-ol (free
base). '"H NMR spectrum, &, ppm: 1.54 d.q (1H, 5-H,,
2J5-ax,5-eq = 125: 3JS—ax,6—a)c = 119: 3J5—ax,6—eq = 41,
s-araax = 12.1 Hz), 1.72 m (1H, 5-H,y, *J5.0g.5.0x =
12.5 Hz), 1.89 t (1H, 2-Hay, *r-ax2eq = 10.4, *Jrgy 3.0 =
9.9 Hz), 1.98 d.t (1H, 6-H,,, *J6.cq.6.ax = 11.5,
Usaxsax = 11.9, *Jo.ar 5.0 = 2.5 Hz), 2.18 d.d.d (1H,
4'Hax, 3J4—ax,5»a)c = 121: 3J4—a)c,3—ax = 98, 3J4—ax,5»eq =
3.8 Hz), 2.43 m (2H, 2’-H, 6'-H), 2.72 m (2H, 2'-H,
6'-H), 2.94 m (1H, 6-H,y, *Joeq.6.0x = 11.5 Hz),
3.21 d.d.d (1H, 2-Hey, *rgrax = 10.4, * s g 300 = 4.6,
“Jreg.6cqg = 2.0 Hz), 3.43 brs (1H, 3-OH), 3.54 (2H,
PhCH,, 4B system, °J = 13.1 Hz), 3.59 d.t (1H, 3-H,,,
3J3-ax,4-ax = 98: 3J3-ax,2-ax = 99, 3J3-ax,2-eq =4.6 HZ),
3.71 m (4H, 3'-H, 5'-H), 7.21-7.34 m (5H, Ph).

VESELOV et al.

BC NMR spectrum, 8¢, ppm: 21.52 (C°); 48.84 (C%,
C®); 52.81 (C%); 58.72, 62.62, 65.81 (C?, C*, PhCH,);
67.43 (C¥, C*); 69.37 (C*); 127.06, 128.17 (2C),
129.06 (2C), 137.94 (Cyrom).

trans-1-Benzyl-4-(1-methylpiperazin-4-yl)piper-
idin-3-ol trihydrochloride (X) was synthesized from
0.500 g (2.65 mmol) of compound IV and 0.265 g
(2.65 mmol) of N-methylpiperazine (reaction time
48 h). Yield 0.875 g (83%), colorless crystals, mp 270—
271°C (decomp., EtOH). Found, %: C 51.18; H 7.35;
N 10.25. C7H;30CI3N30. Calculated, %: C 51.02;
H 7.58; N 10.54.

trans-1-Benzyl-4-(1-methylpiperazin-4-yl)piperi-
din-3-ol (free base). '"H NMR spectrum, 5, ppm:
1.53 d.q (1H, 5-Huy Jsase = 12.5, Jsmoa = 11.8,
Fs-axseqg = 40, Fsaeaw = 12.4 Hz), 1.71 m (1H, 5-H,,
Js-eqsar = 12.5 Hz), 1.88 t (1H, 2-Hy, ey = 10.2,
raxsar = 9.7 Hz), 1.97 d.t (1H, 6-Huy, “Jocq6ax =
11.2, Joaesar = 11.8, Joarseq = 2.4 Hz), 2.20 d.d.d
(IH, 4'Hax, 3J4—ax,5—ax = 1249 3J4—ax,3—ax = 100, 3J4—ax,5—eq =
4.0 Hz), 2.28 s (3H, NCH3), 2.35-2.51 m (6H, CH,,
piperazine), 2.72-2.80 m (2H, CH,, piperazine),
2.92 m (1H, 6-Hey, “Jsog6ar = 11.2 Hz), 321 d.d.d (1H,
2'Heq: 2J2—eq,2—ax = 102: 3J2—eq,3—ax = 46: 4J2—eq,6—eq =
1.8 Hz), 3.47 brs (1H, 3-OH), 3.53 (2H, PhCH,, 4B
system, °J = 13.4 Hz), 3.58 d.t (1H, 3-Hu, aardar =
10.0, *Syaerae = 9.7, *Jsaxreg = 4.6 Hz), 7.21-732 m
(5H, Ph). *C NMR spectrum, 3¢, ppm: 21.52 (C%),
46.01 (CHs); 48.30 br (C*, C%); 52.92 (C°%); 55.62 (C7,
C); 58.82, 62.64, 65.95 (C%, C*, PhCH,); 68.94 (C*);
127.01, 128.14 (2C), 129.05 (2C), 138.05 (Carom)-

trans-1-Benzyl-4-|4-(pyridin-2-yl)piperazin-1-yl]-
piperidin-3-ol (XI) was synthesized from 0.500 g
(2.65 mmol) of compound IV and 0.430 g (2.65 mmol)
of N-(pyridin-2-yl)piperazine (reaction time 48 h). The
precipitate of free base XI was filtered off, washed
with water (2x5 ml), dried under reduced pressure,
and recrystallized from ethanol. Yield 0.880 g (95%),
colorless crystals, mp 134-135°C (from EtOH).
"H NMR spectrum, 8, ppm: 1.56 d.q (1H, 5-H,.,
2J5—ax,5-eq = 125; 3JS—ux,6—ax = 120: 3J5—ax,6—eq = 41,
Usaaa = 12.1 Hz), 1.72 m (1H, 5-Hy “Jsegsa =
12.5 Hz), 1.92 t (1H, 2-Huy, “Jraeneg = 10.2, “gnzan =
9.9 Hz), 2.01 d.t (1H, 6-Huy, Jocg6ae = 11.5, o500 =
12.0, *Joar.5.0g = 2.5 Hz), 2.29 d.d.d (1H, 4-H,,,
naesar = 121, Jogesae = 9.9, Jyanse = 3.8 Hz),
2.54 m (2H, 2'-H, 6'-H), 2.85 m (2H, 2'-H, 6'-H),
2.95 m (1H, 6-H,y, “Jocg6.00 = 11.5 Hz), 3.24 d.d.d
(lHa Z'Heq: 2J2—eq,2—ax = 1029 3J2—eq,3—a.vc = 449 4J2—eq,6—eq =
2.0 Hz), 3.47-3.61 m (7H, 3'-H, 5'-H, 3-OH, PhCH,),
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3.66 d.t (1H, 3-Hu, *Jsaraar = 9.9, “Jsgxrar = 9.9,
saneg = 4.4 Hz), 6.61 d.d (1H, 5"-H, *Js s = 7.1,
3Js g = 5.0 Hz), 6.63 d (1H, 3"-H, *J3.4 = 9.0 Hz),
7.21-7.34 m (5H, Ph), 7.47 d.d.d (1H, 4"-H, *Jy 5 =
7.1, *Jprz = 9.0, YUy = 2.0 Hz), 8.18 m (1H, 6"-H,
Jgrsr = 5.0, YJgar = 2.0 Hz). °C NMR spectrum, 3,
ppm: 21.57 (C°); 45.72 and 48.32 (piperazine); 52.18,
58.74, 62.63, 65.99 (C%, C*, C°, PhCH,); 69.19 (C*);
107.02, 113.36 (CsH,N); 127.13, 128.02 (2C), 129.11
(2C) (Carom); 137.43 (CsH4N); 137.83 (Ph); 147.83,
159.43 (CsH4N). Found, %: C 71.50; H 7.89; N 15.70.
C,1HsN4O. Calculated, %: C 71.56; H 8.01; N 15.89.

trans-4-(Azepan-1-yl)-1-benzylpiperidin-3-ol
dihydrochloride (XII) was synthesized from 0.500 g
(2.65 mmol) of compound IV and 0.260 g (2.65 mmol)
of azepane (reaction time 48 h). Yield 0.850 g (89%),
colorless crystals, mp 236-238°C (decomp., from
EtOH). Found, %: C 59.75; H 8.45; N 7.63.
C13H30CLLN,O. Calculated, %: C 59.83; H 7.37; N 7.75.

trans-4-(Azepan-1-yl)-1-benzylpiperidin-3-ol
(free base). 'H NMR spectrum, 8, ppm: 1.46—1.71 m
(10H, 5-H,,, S—He%, CH,, azepane), 1.85 t (1H, 2-H,,,
*navneqg = 10.1, *Jrgesae = 9.9 Hz), 1.97 d.t (1H,
6'Ha)m J6—eq,6-ax = 115, 3J6—ax,5—ax = 115, 3J6—ax,5—eq =
2.8 Hz), 2.21 d.d.d (1H, 4-H,,, *Jyars.ar = 12.1,
iasar = 9.9, Jaaxseg = 3.9 Hz), 2.44-2.53 m and
2.76-2.84 m (2H each, 2'-H, 7'-H), 2.91 m (1H, 6-H,,,
Jsegoae = 115 Hz), 321 d.d.d (1H, 2-Hey, “rgrar =
10.1, *Jregiar = 4.6, “rgoeg = 2.0 Hz), 3.49 d.t (1H,
3'Hux: 3J3—ux,4—ax = 999 3J3—ux,2—ax = 997 3J3—ax,2—eq =
4.6 Hz), 3.53 (2H, PhCH,, 4B system, *J = 13.1 Hz),
3.64 brs (1H, 3-OH), 7.20-7.33 m (5H, Ph). >C NMR
spectrum, 8¢, ppm: 22.05 (C°); 25.81 (2C) and 29.79
(2C) (CH,, azepane); 51.18 (2C, CH,, azepane); 53.14,
58.84, 62.70, 66.94 (C2, C*, C°, PhCH,); 70.74 (C?);
126.97, 128.12 (2C), 129.05 (2C), 138.16 (Carom)-

trans-1-Benzyl-4-diethylaminopiperidin-3-ol
dihydrobromide (XIV) was synthesized from 0.500 g
(2.65 mmol) of compound IV and 0.190 g (2.65 mmol)
of diethylamine (reaction time 72 h). Yield 0.580 g
(52%), colorless crystals, mp 239-240°C (from EtOH).
Found, %: C 45.28; H 7.01; N 6.72. C;sH,3Br,N,O.
Calculated, %: C 45.30; H 6.65; N 6.60.

trans-1-Benzyl-4-diethylaminopiperidin-3-ol
(free base). '"H NMR spectrum, 8, ppm: 1.03 t (6H,
CHs, *J = 7.2 Hz), 1.52 d.q (1H, 5-Hyy, “Js.ar500 = 12.5,
saxoax = 12.0, Jsgroeg = 41, Tsaeaa = 12.3 Hz),
1.65 m (1H, 5-H,, 2.]5_&5,5_” = 12.5 Hz), 1.87 t (1H,
2-Hu, raxneg = 10.3, “opesae = 9.7 Hz), 1.97 d.t
(1H, 6-Hao Jsegoar = 114, Towesa = 12.0, *Joueseg =
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2.6 Hz), 2.28 d.d.d (1H, 4-H,,, *Jyars.0r = 12.3,
iarsax = 9.8, Jaarseqg = 4.1 Hz), 2.37 m (2H,
CH;CH,, *J = 13.8, °J = 7.2 Hz), 2.65 m (2H,
CH;CH,, °J = 13.8, °J = 7.2 Hz), 2.91 m (1H, 6-H,,,
Jsegoar = 11.4 Hz), 3.22 d.d.d (1H, 2-Hey, regrar =
103, *Jregiar = 44, rgoeg = 2.1 Hz), 3.51 dit (1H,
3'Hax: 3J3—ax,4—ax = 98, 3J3—ax,2—ax = 979 3J3—ax,2—eq =
4.4 Hz), 3.54 (2H, PhCH,, 4B system, °J = 13.2 Hz),
3.58 br.s (1H, 3-OH), 7.21-7.34 m (5H, Ph). >C NMR
spectrum, ¢, ppm: 14.67 (CHj); 22.29 (CS); 43.38
(CH,CHs); 53.19, 58.88, 62.71, 65.27, 66.46 (C*, C°,
C*, C° PhCH,); 126.99, 128.13 (2C), 129.07 (2C),
138.07 (Carom).

trans-1-Benzyl-4-phenylaminopiperidin-3-ol
dihydrochloride (XV) was synthesized from 0.500 g
(2.65 mmol) of compound IV and 0.250 g (2.65 mmol)
of aniline (reaction time 24 h). Yield 0.780 g (83%),
colorless crystals, mp 224-225°C (from EtOH).
Found, %: C 6088, H 701, N 7.80. C16H24C12N20.
Calculated, %: C 60.85; H 6.81; N 7.88.

trans-1-Benzyl-4-phenylaminopiperidin-3-ol
(free base). '"H NMR spectrum, 5, ppm: 1.40 m (1H,
5-Huy saseg = 134, o = 103, “Jsaseqg = 3.8,
saxdar = 9.8 Hz), 2.07 m (1H, 5-H.y, “Js.egs5ar =
13.4 Hz), 2.10-2.20 m (2H, 2-H,,, 6-H,,), 2.71 m
(1H, 6-Heyy “Joeg6.r = 11.4 Hz), 3.01 d.d (1H, 2-H,,
*Jrcgrax = 10.9, *Jy oy 300 = 3.8 Hz), 3.05 brs (2H,
3-OH, 4-NH), 3.19 d.t (1H, 4-H,,, *Jiar.5.00 = 9.8,
iarzar = 8.2, ianseg = 4.4 Hz), 3.53 (2H, PhCH,,
AB system, °J = 13.2 Hz), 3.56 d.t (1H, 3-H,,,
3J3—ax,4-ax = 829 3J3—ax,2—ax = 829 3J3—ax,2—eq = 3.8 HZ)»
6.63—6.68 m (2H, NHPh), 6.71 m (1H, NHPh), 7.15 m
(2H, NHPh), 7.22-7.35 m (5H, CH,Ph). °C NMR
spectrum, 6c, ppm: 29.74 (CS); 51.62, 56.99, 5791,
62.56 (C2, C*, C°, PhCH,); 70.81 (C%); 113.88 (20),
118.09, 127.14, 128.22 (2C), 129.07 (2C), 129.30
(2C), 137.73, 147.34 (Carom)-

trans-1-Benzyl-4-(2-fluorophenylamino)piperi-
din-3-o0l dihydrochloride (XVI) was synthesized from
0.500 g (2.65 mmol) of compound IV and 0.295 g
(2.65 mmol) of 2-fluoroaniline (reaction time 72 h).
Yield 0.660 g (67%), colorless crystals, mp 181-182°C
(from EtOH). Found, %: C 57.87; H 6.20; N 7.48.
CisH,3CIL,FN,O. Calculated, %: C 57.92; H 6.21;
N 7.50.

trans-1-Benzyl-4-(2-fluorophenylamino)piperi-
din-3-ol (free base). '"H NMR spectrum, 8, ppm:
1.48 m (1H, 5-Hu, “Jsaeseg = 13.5, *Jsanoa = 9.7,
sarbeg = 3.8, “Jsaxaae = 9.7 Hz), 2.08 m (1H, 5-H,,
Jseq5.ac = 13.5 Hz), 2.17-2.27 m (2H, 2-H,, 6-H,,),
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2.66-2.75 m (2H, 6-H.,, OH), 3.00 d.d (1H, 2-H,,,
*Jneegrax = 10.8, *Jyop 3.0 = 3.8 Hz), 3.25 m (1H,
4-H,,), 3.55 (2H, PhCH,, 4B system, °J = 13.2 Hz),
3.64 d.t (1H, 3-He, *Jsarsar = 7.9, “Jsaxoar = 7.9,
s-aeeq = 3.8 Hz), 3.72 br.d (1H, NH), 6.61-6.67 m
(1H, C¢Hy), 6.81 d.t (1H, C¢Hy), 6.93-7.00 m (2H,
CeHy), 7.23-7.36 m (5H, Ph).
trans-1-Benzyl-4-benzylamino-3-methylpiperi-
din-3-0l dihydrochloride (XVII) was synthesized
from 0.500 g (2.46 mmol) of compound V and 0.260 g
(2.46 mmol) of benzylamine (reaction time 72 h).
Yield 0.830 g (88%), colorless crystals, mp 221-222°C
(decomp., from EtOH). Found, %: C 62.52; H 7.45;
N 7.24. C,0H»3C1,N,0O. Calculated, %: C 62.66;
H7.36; N 7.31.
trans-1-Benzyl-4-benzylamino-3-methylpiperi-
din-3-ol (free base). 'H NMR spectrum, &, ppm: 1.22 s
(3H, 3-CH3), 1.42 m (1H, 5-H,, *Js.ur 5.4 = 13.8,
3J5—ax,6—ax = 899 3J5—ax,6—eq = 357 3JS—ax,4—ax = 8.8 HZ);
1.97 m (1H, 5-Hey, Jsegsax = 13.8, *Jsogax = 5.7,
s eqoeg = 41, segaar = 4.1 Hz), 2.03 d (1H, 2-H,,,
*raxreg = 104 Hz), 2.18 m (1H, 6-Hy, Joeg o = 8.9,
oacsax = 8.9 Hz), 2.43 d.d (1H, 4-H,, Jyarsa = 8.8,
ianseq = 4.1 Hz), 2.59 br.d (1H, 2-H,y, Vacgran =
10.4 Hz), 2.66 m (1H, 6-H,,), 3.45 d (1H, PhCH,, =
13.2 Hz), 3.54 d (1H, PhCH,, >J = 13.2 Hz), 3.68 d
(1H, PhCH,, J = 13.1 Hz), 3.91 d (1H, PhCH,, *J =
13.1 Hz), 7.19-7.43 m (10H, Ph).
trans-1-Benzyl-3-methyl-4-(pyrrolidin-1-yl)piper-
idin-3-ol dihydrochloride (XVIII) was synthesized
from 0.500 g (2.46 mmol) of compound V and 0.175 g
(2.46 mmol) of pyrrolidine (reaction time 4 days).
Yield 0.650 g (76%), colorless crystals, mp 170—171°C
(from EtOH). Found, %: C 58.84; H 8.25; N 8.25.
C,7H,3CLLN,0. Calculated, %: C 58.79; H 8.13; N 8.07.
trans-1-Benzyl-3-methyl-4-(pyrrolidin-1-yl)-
piperidin-3-ol (free base). 'H NMR spectrum, 5, ppm:
1.31 s (3H, 3-CH3), 1.56 d.q (1H, 5-Hu, “Jsarseg =
124: 3J5-ax,6-ax = 118: 3J5-ax,6-eq = 43: 31]5-ax,4-ax =
11.9 Hz), 1.68-1.77 m (5H, 5-H,,, 3'-H, 4’-H), 1.89 d
(1H, 2-Hay, “raxpeq = 10.4 Hz), 2.02 d.t (1H, 6-H,,,
Jsegoar = 113, Joaxsar = 11.9, Jouseg = 3.0 Hz),
2.34 d.d (1H, 4-Hu, Jawrsar = 11.9, T seg =
4.6 Hz), 2.64-2.73 m (5H, 2-H,,, 2'-H, 5'-H), 2.81 br.s
(1H, 3-OH), 2.91 m (1H, 6-H,,, *Jsep60c = 11.3 Hz),
3.43 d (1H, PhCH,, °J = 13.1 Hz), 3.54 d (1H, PhCH,,
J =13.1 Hz), 7.19-7.34 m (5H, Ph). >C NMR spec-
trum, 8¢, ppm: 22.38 (C°); 23.56 (C*, C*); 24.40
(CH;); 51.85 (C*, C”); 53.63, 62.50, 65.42, 68.26,
66.94 (C?, C*, C%, PhCH,); 71.76 (C°); 126.86, 128.12
(20), 128.71 (2C), 138.73 (Cyrom)-

VESELOV et al.

trans-1-Benzyl-3-methyl-4-phenylaminopiperi-
din-3-ol dihydrochloride (XIX) was synthesized from
0.500 g (2.46 mmol) of compound V and 0.230 g
(2.46 mmol) of aniline (reaction time 7 days). Yield
0.680 g (75%), colorless crystals, mp 224-225°C
(from EtOH). Found, %: C 61.92, 61.73; H 7.15, 7.34;
N 773, 7.34. C17H2(,C12N20. Calculated, %: C 6179,
H7.10; N 7.58.

trans-1-Benzyl-3-methyl-4-phenylaminopiperi-
din-3-ol (free base). 'H NMR spectrum, &, ppm: 1.25 s
(3H, 3-CH3), 1.54 m (1H, 5-H), 2.02 m (1H, 5-H),
2.25-2.56 m (4H, 2-H, 6-H), 3.09 br.s (2H, NH, OH),
3.36 d.d (1H, 4-H, °J = 6.3, 4.5 Hz), 3.51 d (IH,
PhCH,, *J = 13.2 Hz), 3.56 d (1H, PhCH,, *J =
13.2 Hz), 6.63-6.73 m (3H, NHPh), 7.15 m (2H,
NHPh), 7.21-7.35 m (5H, CH,Ph).

trans-1-Benzyl-3-hydroxypiperidine-4-carboni-
trile hydrochloride (XX) was synthesized from 0.19 g
(1 mmol) of compound IV and 0.100 g (1.5 mmol) of
KCN (reaction time 7 days). Yield 51%, colorless crys-
tals, mp 164-165°C (decomp., from EtOH). Found, %:
C 61.95; H6.79; N 11.10. C3H;7CIN,O. Calculated,
%: C61.78; H6.78; N 11.08.

trans-1-Benzyl-3-hydroxypiperidine-4-carboni-
trile (free base). Ry 0.4 (Silufol; hexane—acetone, 2:1).
'H NMR spectrum, &, ppm: 1.82 m (1H, 5-H, *J =
14.1,°J= 3.8, 7.03, 10.84 Hz), 2.09 m (1H, 5-H, J =
13.48, °J = 3.98, 4.4, 8.21 Hz), 2.34-2.45 m (2H,
2-H,,, 6-H,,), 2.54-2.68 m (2H, 4-H,,, 6-H,,), 2.81 d.d
(1H, 2-H,p, Jrcgroar = 11.6, *Jrop3.00 = 2.9 Hz),
2.92 brs (1H, 3-OH), 3.53 s (2H, PhCH,), 3.92 t.d
(1H, 3-Huy, *Sgcnae = 2.9, °J = 6.15, 6.95 Hz), 7.24—
7.39 m (5H, Ph). >C NMR spectrum, 3¢, ppm: 25.56
(C%); 33.55, 50.38, 57.28, 62.36 (C2, C*, C°, PhCH,);
66.84 (C); 120.24 (CN); 127.39, 128.37 (2C), 128.94
(2C), 137.27 (Carom)-

trans-4-Azido-1-benzylpiperidin-3-ol hydrochlo-
ride (XXI) was synthesized from 0.190 g (1.0 mmol)
of compound IV and 0.065 g (1.5 mmol) of sodium
azide (reaction time 7 days). Yield 56%, colorless crys-
tals, mp 155-156°C (decomp., from EtOH).

trans-4-Azido-1-benzylpiperidin-3-ol (free base).
R; 0.5 (Silufol; hexane—acetone, 2:1). '"H NMR spec-
trum, 8, ppm: 1.65 m (1H, 5-H,y, *Js.ax 500 = 13.8,
3J5—ax,6—eq = 381, 3JS—ax,4—a)c = 937; 3J5—ax,6—ax =9.38 HZ),
1.99 m (1H, 5-H,y, *J5.0q 5.0 = 13.8 Hz), 2.10-2.23 m
(2H, 2-H,,, 6-H,,), 2.63-2.73 m (2H, 3-OH, 6-H,,),
2.87 d.d (1H, 2-Hep, “Ja-cg.2oax = 11.0, *Joog 3oax =
2.4 Hz), 3.31 m (1H, 4-H,,, %J4_ax,5_eq =45, Jparsa =
7.9, *Jaax.5.ac = 9.37 Hz), 3.51 (2H, PhCH,, AB system,
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J = 13.2 Hz), 3.60 t.d (1H, 3-Huy, *J3.002.00 = 2.4,
3saxdax = 7.9 Hz), 7.23-7.34 m (5H, Ph). °C NMR
spectrum, 3¢, ppm: 27.92 (C?); 50.54, 57.19, 62.32,
63.54 (C2, C*, C° PhCH,); 69.85 (C?), 127.26, 128.30
(2C), 128.98 (2C), 137.66 (Carom)-

trans-1-Benzyl-4-phenylsulfanylpiperidin-3-ol
hydrochloride (XXII) was synthesized from 0.190 g
(1.0 mmol) of compound IV and 0.110 g (1.0 mmol) of
benzenethiol (reaction time 6 h). Yield 69%, colorless
crystals, mp 169-170°C (decomp., from EtOH).
Found, %: C 64.16; H 6.48; N 3.99. C,gH,,CINOS.
Calculated, %: C 64.36; H 6.60; N 4.17.

trans-1-Benzyl-4-phenylsulfanylpiperidin-3-ol
(free base). Ry 0.6 (Silufol; hexane—acetone, 2:1).
'"H NMR spectrum, 8, ppm: 1.67 m (1H, 5-H,,,
sanseg = 1348, Jsaxgeg = 3.81, Usargar = 9.1,
Jsax6ar = 9.4 Hz), 2.08 m (1H, 5-Hey “Jsoy 5.0 =
13.48 Hz), 2.13-2.22 m (2H, 2-H,,, 6-H,,), 2.68 m
(IH, 6-Heg, “Joagoa = 115, Yocgsar = 381, Jsegsey =
5.2 Hz) 2.93 td (1H, 4-Hy, Jiwses = 4.6, Jiwia =
7.68, *Jyars.ax = 9.1 Hz), 3.05 d.d.d (1H, 2-H,,
J2eq2ax_ 110 J2eq3ax 33 JZqueq_ 1.1 HZ)
3.50 (2H, PhCHz, AB system, °J = 13.48 Hz) 3.58td
(IH 3- Hax, J3—ax,2—eq 3. 3 3J3—wc,4—ax 7. 68 J3—ax,6—ax =
8.1 Hz), 7.20-7.46 m (10H, Hazom).

Kinetic separation of a mixture of cis- and trans-
1-benzyl-6-benzyloxymethyl-3,4-epoxypiperidines
XXIIIa and XXIIIb (Table 2, run no. 1). A solution of
0.160 g (2.2 mmol) of diisopropylamine in 5 ml of an-
hydrous tetrahydrofuran was cooled to —10°C, 1.40 ml
(2.2 mmol) of a 1.6 M solution of butyllithium in
hexane was added under argon, the mixture was stirred
for 30 min and cooled to —70°C, a solution of 0.310 g
(1.0 mmol) of an equimolar mixture of stereoisomers
XXIIIa and XXIIIb in 3 ml of anhydrous THF was
added, and the mixture was left to stand for 2.5 h at
10°C. It was then treated with 10 ml of a saturated
aqueous solution of ammonium chloride and extracted
with methylene chloride (5%10 ml). The extracts were
combined and dried over sodium sulfate, the solvent
was removed under reduced pressure, and the residue
was applied to a column charged with silica gel in
hexane. The column was eluted with hexane—ethyl
acetate (gradient elution, 0 to 20% of EtOAc), and
chromatographically similar fractions were combined.

cis-1-Benzyl-6-benzyloxymethyl-1,2,3,6-tetrahy-
dropyridin-3-ol (XXVIa). Yield 0.045 g (15%), light
yellow oily substance, Ry 0.5 (Silufol, hexane—acetone,
5:1). "H NMR spectrum, o, ppm: 2.28 br.s (1H, 3-OH),
2.46 d.d (1H, 2-H, *J = 11.9, °J, 5 = 2.3 Hz), 2.86 d.d
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(1H, 2-H, %J = 11.9, °J, 5 = 2.8 Hz), 3.20 m (1H, 6-H),
3.43 d (1H, PhCH,N, %/ = 13.6 Hz), 3.53 d.d (1H,
6-CH,, 2J=9.6,°J=5.6 Hz), 3.73 d.d (1H, 6-CH,, *J =
9.6, °J =4.3 Hz), 3.93 m (1H, 3-H), 4.12 d (1H,
PhCH,N, %J = 13.6 Hz), 4.53 s (2H, PhCH,0),
5.85 d.d (1H, =CH, *Js4 = 9.9, °J = 2.3 Hz), 6.01 d.d.d
(1H, =CH, *J, 5 = 9.9, °J = 4.9, J = 2.3 Hz), 7.20-
7.37 m (10H, Ph).

trans-1-Benzyl-6-benzyloxymethyl-1,2,3,6-tetra-
hydropyridin-3-0l (XXVIb). Yield 0.065 g (21%),
light yellow oily substance, R 0.5 (Silufol, hexane—
acetone, 5:1). '"H NMR spectrum, &, ppm: 2.00 br.s
(1H, 3-OH), 2.32 d.d (1H, 2-H, *J = 11.5, °J, 5 =
5.8 Hz), 3.04 d.d (1H, 2-H, %J = 11.5, °J,5 = 4.3 Hz),
3.32 m (1H, 6-H), 3.49 d.d (1H, 6-CH,, 2/ =9.9, °J =
5.6 Hz), 3.64 d (1H, PhCH,N, °J = 13.8 Hz), 3.69 d.d
(1H, 6-CH,, 27 =9.9, °J = 4.8 Hz), 3.95 d (1H,
PhCH,N, %/ = 13.8 Hz), 4.07 m (1H, 3-H), 4.52 s
(2H, PhCH,0), 5.83 d.d.d (1H, =CH, *Js4 = 10.1, °J =
2.8, %J = 0.8 Hz), 5.89 d.d.d (1H, =CH, *J, 5 = 10.1,
3J=12.8,% =2.0Hz), 7.21-7.36 m (10H, Ph).
XXVIa/XXVlIb picrate, mp 157-158°C (from EtOH).
Found, %: C 5823, H 465, N 10.31. C26H26N409. Cal-
culated, %: C 57.99; H 4.87; N 10.40.

Recovery of initial compound XXIIIa 0.090 g
(30%). '"H NMR spectrum, &, ppm: 2.00-2.11 m
(2H, 5-H, ngseq =153, 3Jm6 = 5.8, Jseg6 = 5.8,
JSM 1.3, J59q4 3.0 Hz), 2.83 d.d (1H, 2-H,,,
2 raxreq = 144, 3y 03 = 3.8 Hz), 2.92 m (1H, 6-H),
3.02d (1H, 2-H,, 2Jyegrar = 14.4 Hz), 3.12 t (1H,
3-H, °J3.4 = 3.5, °J30.0c = 3.8 Hz), 3.24 m (1H, 4-H),
3.43 d.d (1H, 6-CH,, 2/ =9.7, %/ = 5.3 Hz), 3.69 d (1H,
PhCHLN, %J = 13.4 Hz), 3.76 d (1H, PhCH,N, *J =
13.4 Hz), 3.78 d.d (1H, 6-CH,, J = 9.7, °J = 6.6 Hz),
4.47 s (2H, PhCH,0), 7.20-7.36 m (10H, Ph).

(3SR, 4SR,6RS)-1-Benzyl-4-benzylamino-6-ben-
zyloxymethylpiperidin-3-ol dihydrochloride (XXIV)
was synthesized from 0.100 g (0.32 mmol) of com-
pound XXIIIa and 0.030 g (0.32 mmol) of benzyl-
amine (reaction time 24 h). Yield 0.115 g (88%), color-
less crystals, mp 235-236°C (from EtOH). Found, %:
C 66.44; H 7.10; N 5.80. C,7H34CLLN,0O,. Calculated,
%: C 66.25; H 7.00; N 5.72.

(BSR,4SR,6RS)-1-Benzyl-4-benzylamino-6-ben-
zyloxymethylpiperidin-3-ol (free base). '"H NMR
spectrum, 8, ppm: 1.42 m (1H, 5-Hu,, sanse = 13.9,
s-axseqg = 5.5, Jsaxaar = 9.6 Hz), 1.86 brs (2H, NH,
OH), 2.12 m (1H, 5-H,,), 2.39 d.d (1H, 2-H,,,
= 11.6, *Jrgr3.ac = 8.6 Hz), 2.54 d.d.d (1H,

2J2 -ax,2- eq
9.6, “Jiarsar = 8.1, Jianseg = 4.0 Hz),

4- Hax, J4ax5ax_
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2.68 d.d (1H, 2-H,y, *hregrax = 11.9, *Jroy 300 = 4.3 Hz),
3.03 m (1H, 6-Hey), 3.35 td (IH, 3-Her, Jsaeoa = 8.6,
J3m4ax 81 J3axzeq 4.3 HZ) 344d(1H
PhCHLN, %J = 13.5 Hz), 3.50 d (1H, PhCH)N, %J =
13.2 Hz), 3.55 d (1H, PhCH,N, *J = 13.2 Hz), 3.58—
3.63 m (2H, 6-CH,), 3.80 d (1H, PhCH,N, *J =
13.5 Hz), 4.49 s (2H, PhCH,0), 7.20-7.35 m (10H, Ph).

This study was performed under financial support
by the Russian Foundation for Basic Research (project
nos. 08-03-00266a, 05-03-32658a).
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