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Abstract

Parkinson’s disease (PD) is a progressive neurodegenerative disorder whose primary
manifestation is motor dysfunction. Previous research showed that (1R,2R,65)-3-methyl-
6-(prop-1-en-2-yl)cyclohex-3-ene-1,2-diol (Prottremine) exhibits potent antiparkinsonian
activity in animal models of PD, with an efficacy comparable to levodopa. Herein, we report
the synthesis of a new Prottremine derivative, (1R,2R,65)-3-methyl-6-(3-(4-phenylpiperidin-
1-yl)prop-1-en-2-yl)cyclohex-3-ene-1,2-diol. The compound was fully characterized and its
structure was confirmed through single-crystal X-ray diffraction analysis.
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1. Introduction

Parkinson’s disease (PD) is a severe neurodegenerative disorder causing hypokinesia,
tremors, and rigidity [1-3]. Although most common in the elderly, it can also manifest in
younger individuals [4,5]. The key pathological features include the loss of dopaminergic
neurons in the substantia nigra, leading to dopamine deficiency, and the accumulation
of a-synuclein in Lewy bodies, which drive disease progression [6,7]. Currently, there
is no cure for PD, and the medications used to manage its symptoms are not always
effective while often causing problematic side effects [8,9]. For instance, while levodopa, a
dopamine precursor, is the most effective treatment for PD’s symptoms, its long-term use
can cause patients to experience rapid onsets of immobility following periods of normal
movement [10,11].

Previously it was shown that Prottremine (Scheme 1) exhibited antiparkinsonian
efficacy comparable to levodopa in vivo in 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine
(MPTP), rotenone, 6-hydroxydopamine (6-OHDA), and haloperidol models of Parkinson’s
disease in mice and rats at a dose of 20 mg/kg [12,13]. It should be noted that Prottremine
demonstrated low acute toxicity in mice (LDsg = 4250 mg/kg) [12]. Subsequent studies
showed that modifying the C-10 position of the isopropenyl fragment in the Prottremine
molecule yielded new active derivatives. In particular, compounds containing thiopropyl
and butyl substituents demonstrated pronounced antiparkinsonian effect [14]. We designed
a new derivative of Prottremine incorporating a phenylpiperidine fragment, a structural
motif similar to one present in MPTP. We hypothesize that this modification might influence
the interaction with dopamine transporters and, potentially, the antiparkinsonian activity.
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Scheme 1. Synthesis of (1R,2R,6S)-3-methyl-6-(3-(4-phenylpiperidin-1-yl)prop-1-en-2-yl)cyclohex-3-
ene-1,2-diol (2).

2. Results and Discussion

The synthesis of (1R,2R,6S)-3-methyl-6-(3-(4-phenylpiperidin-1-yl)prop-1-en-2-yl)cyclohex-
3-ene-1,2-diol began with the preparation of bromide 1 which was synthesized following
an improved procedure by boiling Prottremine and N-bromosuccinimide (NBS) in the
presence of (+-BuO); in 1,2-dichloroethane, the product yield being 60% [15]. Reaction of
bromide 1 with phenylpiperidine was carried out in chloroform by refluxing for 2 h. After
purification by column chromatography on SiO, product 2 was isolated with 54% yield
(Scheme 1).

The structure of product 2 was determined via 1D and 2D NMR experiments (HSQC,
HMBC, and COSY) and HRMS. Moreover, we successfully isolated crystals of compound
2 through recrystallization from ethyl acetate and confirmed the structure via an X-ray
diffraction analysis (Figure 1).

(b)

Figure 1. Molecular structure (a) and fragment of H-bonded 1D-motif in crystals of compound 2 (b).

The piperidine cycle has a chair conformation with sp3-hybridizied nitrogen atom
which deviates from the plane C10C1'C5’ by 0.454(3) A. Phenyl substituent on C3' lays
in axial position to piperidine cycle and is oriented with torsional angle C2'C3'C6'C7’
equaling to 75°. The hexene cycle adopts half-chair conformation, atoms C2-C5 lay in
common plane in the limits of +0.003(3)A while atoms C1 and C6 deviate from this plane
by 0.388(4) and 0.398(4) A correspondently. Both hydroxy groups on cyclohexene ring
are axial and oriented along intramolecular O1-H...N1 (Figure 1a) and intermolecular
O2-H...O1 (Figure 1b) H-bonds. The strong intramolecular H-bond O1-H. ..N1 between
the nitrogen atom of the piperidine ring and the hydroxyl group at position 1 restricts
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rotation around single bonds of N1C10C8C6 moiety, thus forming six-membered cycle
C10C8C6C101(H). . .N1 which adopts a distorted chair conformation with absolute values
of torsion angles being in the range from 41 to 76°. Due to the intermolecular O2-H...O1
hydrogen bond, the molecules in crystals are organized to hydrogen-bonded chains along
axis a with head-to-tail orientation of neighboring molecules (Figure 1b). The parameters
of these bonds are as follows: distances O-H—0.89(4) and 0.85(5), H...0—1.85(4) and
2.12(5) and O.. .N/O—2.714(3) and 2.907(3)A, angles O-H...N/O 164(4) and 154(4)° for
O1-H...N1 and O2-H.. .01, respectively. There are no other significant intermolecular
short contacts or interactions affecting the crystal packing.

3. Materials and Methods

General Information: 4-phenylpiperidine 97% (Macklin, Shanghai, China),
N-bromosuccinimide 99% (Alfa Aesar, Haverhill, MA, USA), di-tert-butyl peroxide 98%
(Sigma Aldrich, St. Louis, MO, USA). All reagents and solvents are commercially available
and used as supplied. Spectral and analytical measurements were obtained at the Multi-
Access Chemical Research Center SB RAS (Novosibirsk, Russia). Column chromatography
(CC): silica gel (S5iO,; 60-200 p; Macherey-Nagel); hexane/EtOAc 100:0 — 0:100. GC/MS
(purity control and products analysis): Agilent 7890A (Agilent Technologies, Santa Clara,
CA, USA) with a quadrupole mass spectrometer Agilent 5975C as a detector, HP-5MS
quartz column, 30,000 x 0.25 mm, He (1 atm) as carrier gas. Melting points were deter-
mined using a Mettler Toledo FP900 Thermosystem (Greifensee, Switzerland). Optical
rotation: polAAr 3005 spectrometer (Optical Activity LTD, Huntingdon, UK), CHClj3 soln.
HR-MS: DFS-Thermo-Scientific spectrometer (Thermo Fisher Scientific, Waltham, MA,
USA) in a full scan mode (15-500 m/z, 70 eV electron-impact ionization, direct sample
introduction). 1H- and B3C-NMR: Bruker Avance 400 (Bruker Corporation, Karlsruhe, Ger-
many) apparatus at 400.13 MHz (H) and 100.61 MHz (}3C) in CDCl3; chemical shifts § in
ppm rel. to residual CHCl3 (6 (H) 7.24, 5 (C) 76.90 ppm), | in Hz. Structure determinations:
by analyzing the 'H NMR spectra, including '"H~'H 2D homonuclear correlation (COSY);
J-modulated ¥*C NMR spectra (JMOD), and 13C-1H 2D heteronuclear correlation with
one-bond and long-range spin-spin coupling constants (C-H COSY, !J(C,H) = 135 Hz;
HSQC, 'J(C,H) = 145 Hz; HMBC, 23](C,H) = 7 Hz). All the target compounds reported in
this paper have a purity of at least 95%. Prottremine was synthesized according to [12]
from (15)-(-)-verbenone (Sigma Aldrich, St. Louis, MO, USA). Bromide 1 was synthesized
from Prottremine according to [15].

The X-ray diffraction experiment was carried out on a Bruker KAPPA APEX II
(Madison, WI, USA) diffractometer at 296 K (graphite-monochromated Mo K« radiation).
Reflection intensities were corrected for absorption by SADABS2016/2 program [16,17].
The structures were solved by direct methods using the SHELXT2014/5 [18] and refined
by anisotropic (isotropic for all H atoms) full-matrix least-squares method against F? of all
reflections by SHELXL2018/3 [19]. The positions of the hydrogen atoms were calculated ge-
ometrically and refined in riding model, while the hydroxyl hydrogen were localized from
density difference map and refined independently. Molecular structures of compounds are
drawn in Figure 1.

Synthesis of (1R,2R,6S)-3-Methyl-6-(3-(4-phenylpiperidin-1-yl)prop-1-en-2-yl)cyclohex-3-ene-1,2-diol (2)
4-Phenylpiperidine (127 mg, 0.79 mmol) was added to the solution of bromide 1
(163.2 mg, 0.66 mmol) in CHCl3 (15 mL). The reaction mixture was refluxed for 2 h, then the
solvent was evaporated, and the residue was diluted with EtOAc (10 mL) and washed with
brine (3 x 10 mL). The organic layer was dried over NaySOy4. The desiccant was filtered off,
the solvent was distilled off, and the residue was purified by column chromatography on
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510, with EtOAc/hexane gradient (0-100%). Compound 2 (116.5 mg, 54%) was obtained as
slightly yellow powder. Melting point: 132.3 °C (EtOAc) with subsequent decomposition.
[oc]2D2'7 — 21.4 (c 0.42, CHCl3). 'H-NMR (400 MHz, CDCl3 §, ppm): 7.29-7.23 (2H, m, H-7/,
H-11'), 7.21-7.14 (3H, m, H-8', H-9/, H-10), 5.64-5.60 (1H, m, H-4), 5.15 (1H, d, ] = 2.1 Hz,
H-9), 494 (1H, s, H-9), 3.89 (1H, d, ] = 3.4 Hz, H-2), 3.71 (1H, dd, | = 3.4, 1.8 Hz, H-1),
3.22-3.14 (2H, m, H-10, H-1" or H-5'), 3.06-2.99 (1H, m, H-1" or H-5'), 2.76-2.70 (2H, m,
H-10, H-6), 2.55-2.45 (1H, m, H-3'), 2.40-2.29 (1H, m, H-5), 2.26-2.18 (1H, m, H-1’ or H-5'),
2.01-1.92 (1H, m, H-5), 1.91-1.85 (1H, m, H-1’ or H-5'), 1.85-1.74 (7H, m, H-2/, H-4/, H-7).

I3C-NMR (101 MHz, CDCl3, 5, ppm): 146.2 (C-8), 145.4 (C-6'), 132.4 (C-3), 128.3 (C-7/,
C-11'), 126.7 (C-8', C-10'), 126.1 (C-9'), 124.4 (C-4), 119.0 (C-9), 73.6 (C-1), 72.5 (C-2),
62.1 (C-10), 54.7, 52.5 (C-1/, C-5), 42.8 (C-6), 42.3 (C-3'), 32.9, 32.6 (C-2/, C-4'), 26.1 (C-5),
20.8 (C-7). HR-MS: 327.2191 ([M*], C21Hy9NO,*; caled. 327.2193).

TH NMR, '3C NMR, and mass spectra of compound 2 are presented in Supplementary
Materials.

Crystallographic data for 2: CpyHNO,, M = 327.45, orthorhombic, P2;2;24,
a=9.3484(6), b = 13.914(1), c = 14.484(1) A, V = 1883.9(2) A3, Z = 4, Deyjcq = 1.155 g-em 3,
uMo-Ku) = 0.07 mm™~!, F(000) = 712, (8 = 2.6-27.0°, completeness (20 = 50°) 99.8%), col-
orless, 1.00 x 0.60 x 0.30 mm?3, transmission 0.855-0.901, 38,409 measured reflections in
index range —11 <h <11, —17 <k <17, —18 <1< 18, 4115 independent (R, = 0.052),
230 parameters, 0 restraints, Ry = 0.048 (for 3595 observed I > 20([)), wR, = 0.153 (all data),
GOOF = 1.08, largest diff. peak and hole are 0.23 and —0.16 e. A~3.

Crystallographic data for 2 have been deposited at the Cambridge Crystallographic
Data Centre as supplementary publication no. CCDC 2497127. Copy of the data can be
obtained, free of charge, on application to CCDC, 12 Union Road, Cambridge CB21EZ, UK
(fax: +44-12-2333-6033 or e-mail: deposit@ccdc.cam.ac.uk; internet: www.ccdc.cam.ac.uk).

4. Conclusions

The method for preparation of Prottremine derivative with phenyl-piperidine sub-
stituent at C-10 position was developed. According to this method, (1R,2R,65)-3-methyl-
6-(3-(4-phenylpiperidin-1-yl)prop-1-en-2-yl)cyclohex-3-ene-1,2-diol 2 was synthesized in
54% yield. Its structure was determined by 1D and 2D NMR experiments (HSQC, HMBC,
COSY), HRMS and XRD.

Supplementary Materials: The following supporting information can be downloaded online:
Figure S1: TH NMR spectra of compound 2; Figure S2: 13C NMR spectrum of compound 2; Figure S3:
HSQC spectrum of compound 2; Figure S4: HMBC spectrum of compound 2; Figure S5: HRMS of

compound 2.
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