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Abstract - A new and  efficient three-step  synthesis  of
(R)-2-(3-chlorophenyl)propan-1-amine is reported, which serves as an intermediate
in the synthesis of the antiobesity drug lorcaserin. The key step is a chiral
resolution due to the formation of a salt with I-(-)-3-phenyllactic acid. The structure

of the relevant salt phase is reported.

Obesity is defined as excessive fat accumulation and poses a substantial public health challenge. Recent
estimates indicate that roughly >650 million adults worldwide are obese.l Whereas lifestyle modification is
considered first-line therapy for obese patients, concomitant pharmacotherapy may be beneficial to
maintain the weight loss achieved. (R)-8-Chloro-1-methyl-2,3,4,5-tetrahydro-1H-benzo[d]azepine, also
known as lorcaserin, is one of the few drugs currently on the market for the treatment of obesity.* There
are several methods of preparation disclosed in the patent literature, frequently necessitating separation of
enantiomers.>2 We recently reported a new synthesis of enantiopure lorcaserin using an enantiopure cyclic
sulfamidate derivative for the introduction of the chiral center.!!

Herein we describe a new and short synthesis of an enantiopure intermediate which can be converted in

three steps into lorcaserin.!



1424 HETEROCYCLES, Vol. 99, No. 2, 2019

As shown in Scheme 1, (R)-2-(3-chlorophenyl)propan-1-amine (3) was obtained via Selective ring
opening!2 of cyclic sulfamidate 1,2 prepared from commercial (S)-(-)-1-amino-2-propanol. Subsequent
removal of a Boc group from 2 provided the enantiomerically pure amine 3 which was isolated as

hydrochloride salt 3-HCIL1!

\ //
//( MgCI /©\J HCI NH,-HCI

Et20 94% THF 91% Cl
1 2 3-HCI

Scheme 1. Preparation of chiral amine 3 hydrochloride

Since sulfamidates can be very cost-relevant when used on a larger scale, we were looking for an improved
synthesis of the chiral intermediate with a limited number of steps and increased yield. Starting from
commercially available 3-chlorobenzeneacetonitrile (4), alkylation with iodomethane in the presence of
LiHMDS at -78 °C, and subsequent hydrogenation of the cyano-group with Raney-Ni in ethanol gave the
racemic amine (3) in 58% yield over two steps. Notably, alternatives using sodium hydride as a base during
the alkylation, and BH3*THF for the reduction of the cyano-group gave a lower yield (32% over two steps).
By using dimethyl carbonate and K>COs as base and performing the reaction in an autoclave at elevated

temperatures yields could be improved to nearly 80% for these two steps.

LiIHMDS, THF H,, Raney Ni

CN -78°C CN upto 80%
cl cl P °y Cl £ NH,

(for two steps)

5 rac-3

Scheme 2. Preparation of racemic amine rac-3

Next, the optical resolution of the racemic amine rac-3 was investigated.
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Table 1. Chiral resolution of racemic amine rac-3
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H O)WOH
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o
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7 0 10.6 not isolated
0 o)k
HO
\”/O (0]
o 12
8 o = 4.5 not isolated
‘ _OH
HO
o)
13
9 o OHo 14.8 not isolated
@I/U\OH
14
10 74.1 20
OH
0
15
11 o) 80.5 33
OH
OH
16

1) Determined via chiral HPLC

The use of both enantiomers of malic acid in the optical resolution resulted in low ee-values (entries 1 and
2). Similar results were obtained when different enantiomerically pure derivatives of tartaric acid were used
(entries 4 to 7). The use of other chiral acids e.g. (R)-acetylmandelic acid, (S)-2-methylsuccinic acid or
(8)-2-phenylsuccinic acid (entries 3, 8 and 9) resulted in unsatisfactory values for enantiomeric excess as
well. Other enantiomerically pure acids which were investigated and not listed in the Table, e. g.
(8)-2-hydroxyisocaproic acid, (R)-2-hydroxyisovaleric acid, (R)-mandelic acid, (S)-2-chloropropionic acid
and (R)-lactic acid chiral did not form any crystalline salts together with rac-3. A good level of
enantiomeric excess was observed when using (R)-2-phenylpropionic acid (entry 10) which could be
improved from 74% to 98% ee by a single recrystallization in ethanol. Fortunately, by switching to
(8)-3-phenyllactic acid, the level of enantiomeric excess increased to 80% (entry 11) which could again be
improved to 97% ee by a single recrystallization, this time using isopropanol as solvent and (R)-3 could be

isolated in 33% yield.
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Figure 1. a) Molecular structure of (R)-3-lact showing non-H atoms as thermal ellipsoids drawn at the 50%
probability level.

— N—H-O link (R)-3-lact
— O—H--O link: lact-lact

b c
Figure 2. Crystal structure of (R))-3-lact: a) detail of the H-bonded layer) structure showing fused R34(10)
and R34(14) rings, colored orange and green, respectively; b) topology graph according to Hursthouse et
al.** showing the underlying 3,5L24 net of the H-bonded structure with (R)-3 (blue) and lact (yellow) units
serving as three-connected and five-connected nodes, respectively; different ring types are labelled orange
and green in correspondence with a); c¢) stacking of two adjacent H-bonded layer structures.
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The crystal structure of the (R)-3-lact formed by the crystallization of (R)-3 with (S)-3-phenyllactic acid
was determined in order to establish the structural basis for the enantiospecific crystallization behavior of 3
in this system (Figure 1). The protonated primary amine of (R)-3 forms one N-H---O bond to each of three
different carboxylate anions of 3-phenyllactic acid (lact). The lact unit accepts in turn three N-H---O bonds
from three different (R)-3 molecules and also forms an (hydroxyl)O—H---O(carboxylate) interaction with a
neighboring lact unit so that both carboxylate O atoms accept two H-bonds each. Altogether, an H-bonded
layer structure parallel to the ab plane is formed (Figure 2a) which contains two different rings of four
molecules which can be characterized as R?4(10) and R?4(14).2 Its underlying net has the 3,5L24 topology,
with (R)-3 and lact units serving as three- und five-connected nodes, respectively (Figure 2b). The
H-bonded layers are stacked along the ¢ axis (Figure 2¢). All classical H-bond donor sites of (R)-3 and lact
are employed within a dense chiral H-bonded layer structure, and the hypothetical replacement of every
other (R)-3 unit with (5)-3 would probably require major intra-layer geometrical adjustments and therefore
make such an arrangement unviable. Likewise, a hypothetical crystal structure in which the H-bonded
(R)-3-lact layers are alternately stacked with analogous (S)-3-lact layers are likely disadvantaged in

comparison to the respective phases with a single layer type.

O
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Cl N
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Cl %/ 19

BH,-THF
(R)a.—> /@\A J; . AIC|3
Na,COs o HOLTE% _ 65%
CHaCly, 95% © :
H HCI

17 18-HCI 20

Scheme 3. Three-step synthesis of enantiopure lorcaserin 20 via amide 17

Finally the chiral amine (R)-3 was converted in a straight manner in three steps and with 47% overall yield
to enantiopure lorcaserin 20 as shown in scheme 4.'! Further attempts to modify this route e. g. via Friedel
Crafts-reaction of 17 were unsuccessful since the desired product 19 could be detected only as minor

product in the mixture.
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EXPERIMENTAL

Reagents and solvents were purchased from Sigma-Aldrich. NMR spectra were recorded with a Bruker
Avance III 500 spectrometer. IR spectra were obtained with a Bruker ALPHA Platinum FT-ATR
instrument. High resolution mass spectra were measured with a Finnigan MAT 95 mass spectrometer.
HPLC was measured on Waters Alliance 2695 with Dual or PDA UV detector, column: Chiralpak AD-H
250x4.6 mm, mobile phase: A: n-hexane; B: 90% n-hexane/10% EtOH/0.20% butylamine; 75%A/25%B,
flow 1.20 ml/min, tr(el) = 12.7 min, tr(e2) = 19.3 min. UPLC was measured on Waters Acquity UPLC with
UV detector. LC/Mass spectra were recorded on an Agilent 1200 Series with a Bruker Esquire HCT mass

detector.

2-(3-Chlorophenyl)propionitrile (5)

To a solution of 2-(3-chlorophenyl)acetonitrile (4) (66.0 mmol; 10.0 g) in dry THF (250 mL) under
nitrogen atmosphere at -78 °C was added LIHMDS (66.0 mmol; 66.0 mL; IM in THF). The mixture was
stirred for 1 h at -78 °C followed by addition of methyl iodide (66.0 mmol; 4.20 mL). After stirring at
-78 °C for 1 h, the reaction mixture was allowed to warm to room temperature and stirred for 2 h.
Afterwards, it was quenched with water (200 mL) and extracted with EtOAc (3 x 150 mL). The combined
organic phases were dried over MgSOQsa, filtered and evaporated to the dryness. After purification by flash
chromatography (silica gel; mobile phase: n-heptane/EtOAc, EtOAc gradient 2-20%), an oily product (5)
was obtained (7.60 g; 72%). The 'H-NMR data were in agreement with known literature data.!®!” —
"H-NMR (500 MHz, CDCls) § 7.34 (m, 3H), 7.26 (m, 1H), 3.89 (q, IH, /= 7.2 Hz), 1.65 (d, 3H, J = 7.4 Hz)
ppm. — *C-NMR (125 MHz, CDCls) § 138.9, 135.0, 130.5, 128.4, 127.0, 125.0, 121.0, 31.0, 21.3 ppm.
Alternative procedure:

a) 2-(3-Chlorophenyl)acetonitrile (4) (3.00 g, 19.9 mmol) was dissolved in dry THF (50.0 mL) and cooled
to 0 °C under a nitrogen atmosphere. Sodium hydride (1.20 g, 29.9 mmol) was added slowly in several
portions. The resulting suspension was stirred at 0 °C for 40 min. Methyl iodide (1.90 mL, 29.9 mmol) was
added slowly and the mixture was stirred at 0 °C for 1 h and then warmed up to room temperature. Water
(50.0 mL) was added and the mixture was extracted with EtOAc (100 mL). The organic phase is washed
first with brine (50.0 mL) and then with 20% aqueous solution of sodium thiosulfate, dried over MgSO4 and
evaporated under reduced pressure to give 3.71 g of a yellow to orange oil. After purification by flash
chromatography (silica gel; mobile phase n-heptane/EtOAc, EtOAc gradient 7-60%), an oily product is
obtained (1.51 g, 46%).

b) 2-(3-Chlorophenyl)acetonitrile (4) (20.0 g, 132 mmol), potassium carbonate (910 mg, 6.60 mmol) and
dimethyl carbonate (214 g, 200 mL, 2.38 mol) were put into an autoclave, the reactor was purged with

nitrogen and closed. The temperature was raised to 180 °C and the mixture stirred for 18 h. Then the
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mixture was cooled, filtered and evaporated under reduced pressure to give 18.7 g of product as dark red

liquid which was used in the next step without purification.

2-(3-Chlorophenyl)propan-1-amine (rac-3), isolated as hydrochloride acid salt.
2-(3-Chlorophenyl)propionitrile (5) (18.7 g, 113 mmol), EtOH (210 mL), NH4OH (42.0 mL) and Raney-Ni
(5.60 g) were put into an autoclave. The mixture was shaken overnight at room temperature under 5 bar of
pressure of Ho. The reaction mixture was then filtered to remove Raney-Ni. The filtrate was partially
concentrated under reduced pressure to remove EtOH. The pH was adjusted to 2 by the addition of 2M
aqueous HCI solution and the mixture washed with zerz-butyl methyl ether (2 x 50.0 mL). NaCl was added
to the aqueous phase and the mixture extracted with CH>Cl,. Three layers were formed, the bottom and
middle layer were separated and, the top layer was extracted again with CH2Clz (2 x 30.0 mL). All organic
phases were combined, washed with brine, dried over Na>xSO4 and evaporated under reduced pressure to
give 18.6 g (80% yield) of product as a white solid. The NMR data were in agreement with known literature
data.l! - "H NMR (500 MHz, CDCl3) § 7.22 (m, 3H), 7.08 (d, 1H), 2.83 (m, 2H), 2.72 (m, IH), 1.23 (d, IH),
1.08 (bs, NH) ppm. — 13C NMR (125 MHz, CDCls) § 145.4, 133.2, 130.5, 127.2, 126.9, 126.1, 44.5, 37.1,
19.2 ppm.

Alternative procedure: To a solution of 2-(3-chlorophenyl)propionitrile (5) (45.3 mmol; 7.50 g) in toluene
(150 mL) under nitrogen atmosphere at 0 °C was added BH3*THF (136 mmol; 136 mL, IM). The reaction
mixture was stirred under reflux for 4 h. After cooling to room temperature, the reaction mixture was
quenched with water (150 mL) followed by extraction with EtOAc (1 x 300 mL). The organic phase was
dried over MgSQOyq, filtered and solvent was removed by evaporation. The pure product was isolated as a

hydrochloride salt by treatment of residue with HCI (Et2O-solution) in 70% yield (6.60 g) as a white solid.

(R)-2-(3-Chlorophenyl)propan-1-amine using (R)-2-phenylpropionic acid for the optical resolution
To a solution of 2-(3-chlorophenyl)propan-1-amine (rac-3) (3.00 mmol; 0.50 g) in EtOH (3.00 mL) at
70 °C was added a solution of (R)-2-phenylpropionic acid (15) (1.50 mmol; 0.20 g) in EtOH (1.00 mL). The
reaction mixture was stirred at 70 °C for 30 min and then slowly cooled to room temperature during several
hours. After stirring for 16 h, obtained precipitate was filtered, washed with cold EtOH and dried under
reduced pressure to give 0.29 g of salt (3-PP) (chiral HPLC: 74.1% ee, R-enantiomer).

Recrystallization: 0.28 g of obtained precipitated enantiomeric salt mixture was dissolved in EtOH (3.00
mL) at 70 °C. The solution was stirred at 70 °C for 30 min and then cooled to room temperature during
several hours. After stirring for 16 h, the formed precipitate was filtered, washed with EtOH and dried
under reduced pressure to give 0.19 g (19.8% yield) of salt (R)-3-PP (chiral HPLC: 98.1% ee,
R-enantiomer). — 'H (300 MHz, DMSO-ds): § 7.17 — 7.35 (m, 9H), 6.01 (bs, 3H), 3.51 (q, J= 7.1 Hz, 1H),
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2.70 —2.89 (m, 3H), 1.30 (d, J = 7.1 Hz, 3H), 1.18 (d, J = 6.5 Hz, 3H), ppm. — '*C (75 MHz, DMSO-de): 5
176.28, 147.24, 143.29, 133.00, 130.18, 127.97, 127.39, 127.13, 126.26, 125.99, 125.93, 46.83, 46.49,
40.13, 19.25, 18.91 ppm. — IR (neat, ATR): v 2977 (m), 2965 (m), 2920 (m), 2746 (b), 2697 (b), 2655 (b),
2200 (bw), 1638 (m), 1596 (m), 1536 (s), 1483 (m), 1383 (s), 1281 (s), 1187 (m), 1049 (m), 995 (m), 879
(m), 794 (s), 771 (m), 747 (s), 700 (s), 671 (m), 573 (m), 504 (m), 484 (m), 471 (m), 453 (m), 431 (s) em'~
HRMS (EI, 70 eV): m/z = (CoH13CIN)*(CoHsO) ; caled. 319.8106; found 319.1321.

(R)-2-(3-Chlorophenyl)propan-1-amine using (5)-3-phenyllactic acid for the optical resolution

To a solution of 2-(3-chlorophenyl)propan-1-amine (rac-3) (4.10 mmol; 0.70 g) in toluene (5.00 mL) at
70 °C was added (5)-3-phenyllactic acid (2.10 mmol; 0.30 g). The reaction mixture was stirred at 70 °C for
30 min and then cooled to room temperature in several hours. After stirring for 16 h, obtained precipitate
was filtered, washed with toluene and dried under reduced pressure to give 0.44 g of salt 3-lact (chiral
HPLC: 80.5% ee, R-enantiomer).

Recrystallization: 0.43 g of obtained salt mixture was dissolved in 'PrOH (2.00 mL) at 70 °C. The solution
was stirred at 70 °C for 30 min and then cooled to room temperature in several hours. After stirring for 16 h,
obtained precipitate was filtered, washed with 'PrOH and dried under reduced pressure to give 0.23 g
(32.6% yield) of salt (R)-3-lact (chiral HPLC: 96.7% ee, R-enantiomer). — 'H NMR (300 MHz, DMSO-dj)
8 7.13 - 7.39 (m, 9H), 5.89 (bs), 3.87 (dd, J = 8.4, 3.6 Hz, 1H), 2.95 - 3.09 (m), 2.64 (dd, J=13.7, 8.4 Hz,
1H), 1.24 (d, J= 6.6 Hz, 2H). — *C NMR (75 MHz, DMSO-ds) 6 176.33, 145.81, 139.75, 133.21, 130.41,
129.36, 127.72,127.20, 126.77, 126.09, 125.57, 71.84, 44.81, 40.77, 37.73, 19.11 ppm. — IR (neat): v 3283
(b), 3038 (w), 3026 (w), 2962 (b), 2922 (b), 2891 (b), 2795 (b), 2694 (b), 2230 (w), 1571, 1557, 1522(s),
1479, 1461 (s), 1453 (s), 1436, 1359, 1322, 1257 (s), 1083 (s), 861, 786 (s), 749 (s), 698 (s), 535 (s), 477
cmt. — HRMS (EI*, 70 eV): m/z = (CoH13CIN)*(CgHsOs); calcd. 335.81; found 335.1284. Single crystals
suitable for X-ray crystallography were obtained as follows: (R)-2-(3-Chlorophenyl)propan-1-amine
hydrochloride (3-HCI) (65.0 mg, 0.32 mmol) was partitioned between CH.Cl, and 1M sodium hydroxide
solution. The aqueous layer was separated and extracted twice with CH2Cl,. The organic layers were
combined, dried over Na,SO4 and concentrated. The residue was dissolved in 1.00 mL of hot 'PrOH and
(S)-3-phenyllactic acid (6.03 mg, 0.38 mmol) in 1.50 mL of hot 'PrOH was added. The resulting clear
solution was cooled to room temperature, and left at 4 °C overnight and crystallization was observed.
Aliquots of the supernatant were covered with petrol ether and let stand to crystallize at room temperature

to yield (R)-3-lact as fine needles.
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Single-crystal structure determination of (R)-3-lact

Intensity data were recorded at 203 K with a Bruker D8 Quest Photon 100 diffractometer using MoKa
radiation (1 = 0.71073 A). The crystal structure was solved by Direct Methods and refined by full-matrix
least-squares techniques.t®1® Visualization of the structures and measurements of distances and angles
were performed with the programs Ortep-322 and Mercury.2 The topology of the H-bonded structure was
determined and classified with the programs ADS and IsoTest of the TOPOS package.?! Crystal data:
moiety formula (CgH13CIN)*(CoHoO3); CisH22CINOs (M = 335.81 g mol™); Dx = 1.254 g cm3;
monoclinic space group P2; with Z = 2; a = 9.9291(7), b = 6.0792(4), ¢ = 15.5430(11) A; U = 889.71(11)
A3; 145098 reflections measured and 3127 independent reflections (Rint = 0.027); R1 [l > 25(1)] = 0.028;
WR: (all data) = 0.069; Flack parameter x = 0.007(18) based on 1283 quotients.2X CCDC reference
number 1868875.
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