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Abstract

A practical method for the preparation of high-purity (R, R)-dexmethylphenidate free base was developed. The method
involves a substitution reaction of 2-chloropyridine and phenylacetonitrile via hydrolysis followed by hydrogenation,
configuration inversion, chiral resolution, methyl esterification, and salification to give high-purity dexmethylphenidate
hydrochloride. The hydrochloride salt was then neutralized by powder sodium hydroxide overnight to give
dexmethylphenidate free base with over 99% purity. This method can be used for the industrial production of the
dexmethylphenidate patch API, which could also be further applied for the preparation of other types of amino acid
ester free bases.
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1. Introduction

The dexmethylphenidate hydrochloride slow-release capsule was developed by Novartis Inc. (Har et al., 2000), and it
was approved by the US Food and Drug Administration (FDA) in May 2005 for the treatment of attention deficit
hyperactivity disorder (ADHD) (Molkmar et al., 2003), which is the most commonly diagnosed behavioral disorder in
children. In July of 2010, the FDA approved the methylphenidate patch developed by Shire Plc inc, Inc. It was the first
non-oral drug for the treatment of ADHD and provided a more convenient treatment choice for children. The APIs used
in the capsule or patch treatments have two major differences, dexmethylphenidate chloride is a chiral, optically pure
molecule, where as methylphenidate is the racemic isomer. Furthermore, the hydrochloride salt of dexmethylphenidate
is used in the capsule, but it is too hydrophilic to be used in the patch because of the hydrophobic property of skin, for
which only the free base could be effective. The main functional groups on both dexmethylphenidate and
methylphenidate are amino acid esters (Figure 1). Amino acid esters are not very stable and can be easily hydrolyzed
when neutralizing the hydrochloride salt to free base, while there is no publication to report the synthesis method of
high purity free base of this kind of compound. Thus, the development of high-purity dexmethylphenidate free base
could be deemed as the key step for enabling the entire API development process to meet the safety and quality
requirements currently accepted by the International Conference on Harmonization (ICH).
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Figure 1. Structure of (R,R)-dexmethylphenidate free base (1)
As an effective therapeutic molecule, the synthesis of dexmethylphenidate has long attracted the attention (Prashad et al.,
2001) of chemists around the world, and different synthetic methods have been invented and reported in the past
decades. Of these, scientists from Novartis first invented a synthetic route (Prashad et al., 1999) in which the
asymmetric aldol reaction was introduced as the key step; they later further improved (Prashad et al., 1999) upon this
route. Following Novartis, additional scientists reported different methods (Gutman et al., 2007 & Davies et al., 1999),
such as the use of Evans amide as the key intermediate for the synthetic route by Matsumura (Matsumua et al., 1999 &

Matsumura et al., 2000) and coworkers. Moreover, Fox (Fox et al., 2000) and coworkers made an effective
improvement on the basis of Matsumura’s route by using methylbenzylamine as the key chiral auxiliary. For the
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purpose of future API industrialization, a concise method (Axten et al., 1998, Chan et al., 2010, Hu et al., 2000, Kumar
et al., 2008, Prashad et al., 2000 & Zhang et al., 2016) was finally confirmed as the synthetic route to
dexmethylphenidate. Herein, we report our work towards the convenient and high efficient synthesis of high-purity
dexmethylphenidate free base.

2. Results and Discussion

The synthetic route began from the commercially available starting materials 2-chloropyridine (2) and
phenylacetonitrile (3), which were treated with sodium amide to give 2-pyridyl-2-yl-phenylacetonitrile (4) in 78% yield.
The cyano group on 4 was hydrolyzed by concentrated sulfuric acid to the amide group of intermediate 5 in 85% vyield.
Owing to the aromatic property of the pyridine ring on compound 5, which had to be hydrogenated under pressure
(above 1.0 mPa) to give 2-pepridyl-2-yl-phenacetamide (6) in 95% yield. Compound 6 had two chiral centers with both
syn-form and anti-form, the anti-from was converted to the syn-form under the treatment of potassium tert-butoxide in
83% vyield to give intermediate 7 with syn-form only. Then, 7 as a racemic mixture was resolved by anhydrous
D-dibenzoyl tartaric acid in isopropanol to give the optically pure product 8 in 35% yield with over 99% ee values.
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PhMe 85%
78%
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Scheme 1. Synthesis of (R,R)-2-piperidyl-2-yl-phenylacetamide (8)

With highly optically pure compound 8 in hand, the condition screening of the methyl esterification reaction was then
processed. Concentrated sulfuric acid was used as catalyst, and the reaction was carried out in refluxing methanol for
various times. The excess sulfuric acid was neutralized with sodium hydroxide aqueous solution after the reaction was
completed to give compound 9 as light yellow oil, which was the crude dexmethylphenidate free base. Different
reaction times were investigated to ensure that the conversion of the methyl esterification reaction was as high as
possible. The results are listed in Table 1. Approximately half of reactant 8 was converted to 9 after 12 hours (Table 1,
entry 1). After 1 d, the conversion increased to 78% (Table 1, entry 2). Two days later, 94.2% of product 9 had been
synthesized (Table 1, entry 3). The reaction time was further extended to 3 d, and the conversion reached 96% (Table 1,
entry 4). Unfortunately, reactant 8 did not completely disappear after the reaction had been processed for 7 d; at least
1.1% of reactant 8 could not be converted to 9 in this system (Table 1, entries 5-7).

CLR LR
N - NH, MeOH NaOH (aq.) N o~

H H,S0, H :

O QO

Table 1. Condition screening of the methyl esterification reaction

entry Time (d) Ratio of 8(%) Ratio of 9(%)

1 0.5 52 47

2 1 21 78

3 2 5.1 94.2
4 3 3.0 96.0
5 4 1.9 98.0
6 5 1.1 98.4
7 6 1.2 97.6

The results shown in Table 1 indicated that the crude free base product was not qualified for API purity because of the
residue of reactant 8, so a purification procedure was needed. Consequently, concentrated hydrochloride acid was
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charged into the ethyl acetate solution of crude product 9. The dexmethylphenidate hydrochloride salt was precipitated
and filtered from the mother solution; then it was recrystallized from deionized water to give a white solid with up to
99.8% purity. Different neutralization methods were tried to obtain a high-purity free base form of dexmethylphenidate.

N o7 HCI NV SN N~ _base N o7
H = H = H =

AcOEt

O NG O

> 99.8% purity

Table 2. Condition screening of the neutralization reaction to free base

entry Forms of base Solvent time Purity of 1 (%) Yield(%)
1 10% NaOH (a.q.) AcOEt/H,0 10 min 90.7 88
2 10% LiOH (a.q.) AcOEt/H,0 10 min 94.2 90
3 NaOCHj; MeOH 10 min 85.0 60
4 tBuOK Toluene 10 min 76.2 53
5 NaOH (anhydrous solid) CH,Cl, 12h 99.7 86
6 LiOH (anhydrous solid) CH,Cl, 12h 99.8 91
7 KOH (anhydrous solid) CH,Cl, 12h 99.5 88

There are two requirements for high-purity free base, one is that no other impurity is formed or introduced and the
second is that the hydrochloride acid must be neutralized completely in the neutralization process. As the piperidine on
methylphenidate is a strong organic base, a stronger base is needed to neutralize hydrochloride acid completely from
piperidine. Our attempts (Table 2) began with using 10% sodium hydroxide aqueous solution to neutralize
hydrochloride acid, the result (Table 2, entry 1) indicated that only 90.7% purity of the product was obtained, and the
main by-product (Figure 2) 2-piperdyl-2-yl-phenylacetatic acid (11) was identified in this process. Though the purity
was improved to 94.2% by using 10% lithium hydroxide aqueous solution, it still remained unattractive (Table 2, entry
2) because the methyl ester group was still easily hydrolyzed in aqueous solution. Anhydrous conditions were
introduced using sodium methoxide and potassium tert-butoxide, but the results (Table 2, entries 3 and 4) were less
suitable because many unidentified impurities were observed. An alternative method was subsequently developed,
anhydrous sodium hydroxide powder and dexmethylphenidate hydrochloride solids were mixed as slurry into
dichloromethane under a nitrogen atmosphere and stirred vigorously overnight, followed by filtration of the insoluble
solid and concentration of the solution in vacuo. The high-purity methylphenidate free base was successfully prepared
using this method in 99.8% purity and 90% yield (Table 2, entry 5). The purity of the free base also up to 99.7% and
99.5% when using the anhydrous solids of lithium hydroxide and potassium hydroxide, respectively (Table 2, entries 6

and 7).
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Figure 2. Structure of (R, R)-2-piperdyl-2-yl-phenylacetatic acid (11)
3. Experimental

Nuclear magnetic resonance (NMR) spectra were recorded on a Bruker Ultrashield-600 spectrometer with TMS as an
internal standard. Chemical shifts (values) and coupling constants (J values) are given in ppm and Hz, respectively. ESI
mass spectra were obtained using on an Agilent 6210 TOF spectrometer. Reaction progress and chemical purity were
evaluated by HPLC analysis using a Waters symmetry C18 column (5 pum, 250 mm x 4.6 mm) with mobile phases A
(MeOH + 0.05% TFA) and B (0.3% TEA), 88:12 v/v, and detection at 230 nm; flow rate: 1.0 mL/min, temperature:
25 <. Palladium content was analyzed by Perkin Emler 800 AAS instrument. TLC analysis was conducted using
prepared HSGF254 TLC plates. Solvents and reagents were used as received. All the intermediates and products were
characterized by 1H & 13C NMR, high resolution ESI mass spectra, HPLC, melting point apparatus and optical rotation
apparatus (if needed).

Synthesis of 2-pyridyl-2-yl-phenylacetontrile (4): Sodium amide (3.5 kg, 89.7 mol) was added to toluene (25.0 L) ina
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100-L double layer reaction vessel under a nitrogen atmosphere at room temperature. Phenylacetonitrile (3, 6.5 kg, 55.6
mol) was added dropwise into the toluene solution over a period of 30 min; the temperature of the solutions was
approximately 40 to 50 <C, then cooled to 15 <C. Afterwards, 2-chloropyridine (2, 6.0 kg, 53.1 mol) was added
dropwise into the solution slowly; the reaction temperature temporarily increased to 70 <C and decreased to room
temperature after 1 h. The reaction was kept at this temperature for 4 h, quenched by dripping water (5.0 L), and then
washed by water (5.0 L, three times). Afterwards, approximately 20 L of toluene was distilled out, petroleum ester (5.0
L) was added in one portion, and the solution was cooled to 15 <C. The product was precipitated and filtered from the
mother solution as a light yellow solid (8390.0 g) in 81.5% yield and 99.83% purity, Mp. 84.0 — 86.0 °C. *H NMR
(600Hz, DMSO-dg) & 5.93 (s, 1H), 7.22 — 7.46 (m, 7H), 7.85 — 7.98 (m, 1H), 8.59 (s, 1H). *C NMR (150Hz, DMSO-ds)
§ 120.2, 122.9, 123.8, 128.6, 129.4, 129.6, 138.4, 150.2, 155.9. HRMS (ESI): Calcd for [Ci3H;oN,+H]" 195.0917,
[C13H1oN,+Na]* 217.0736, found: 195.0921, 217.0739.

Synthesis of 2-pyridyl-2-yl-phenylacetyl amide (5): 2-pyridyl-2-yl-phenylacetontrile (4, 8000g, 41.2 mol) was added
to concentrated sulfuric acid (10.0 L) in a 50-L round bottom reaction vessel and stirred at room temperature. After 24 h,
the reaction was quenched by adding water dropwise (10.0 L) and neutralized by 30% sodium hydroxide solution until
the pH was 13. Many solids were precipitated and filtered from the solution. The red-colored, crude product was dried
by heating in an oven for 6 h and recrystallized from ethanol to give the purified product as a white solid (6720 g) in
77.0% yield and 99.70% purity, Mp. 133.8 — 134.6 °C. 'H NMR (600Hz, DMSO-dg)  5.12 (s, 1H), 7.23 — 7.46 (m, 8H),
7.75 —7.95 (m, 2H), 8.59 (s, 1H). *C NMR (150Hz, DMSO-dq) & 59.8, 122.4, 123.5, 127.3, 128.7, 129.1, 137.0, 139.8,
149.2, 160.1, 172.7. HRMS (ESI): Calcd for [C13H1oN,0+H]", 213.1022, [C13H1,N,0+Na]™ 235.0842 found: 213.1023,
235.0839.

Synthesis of syn/anti-2-piperidyl-2-yl-phenylacetyl amide (6): 2-pyridyl-2-yl-phenylacetyl amide (6000.0 g, 28.3 mol)
and 10% wet Pd/C catalyst (1500.0 g, 40% dry base) were added into an acetic acid solution (25.0 L) and mixed well in
one portion of a 50-L sealed hydrogenation vessel. The vessel was heated to 80 <C for 8 h under hydrogen pressure
greater than 1.0 mPa. After the reaction was completed, the Pd/C catalyst was filtered, and the acetic acid was removed
in vacuo. The residue was dissolved in water (10.0 L) and neutralized by 30% sodium hydroxide solution until the pH
was 13. The product was precipitated and filtered from the solution and washed by water (10 L, three times) to give a
white solid (5860.0 g) in 95% yield with 84.25% anti-form and 15.74% syn-form, the palladium content is 2 ppm, Mp.
156.0 — 157.5 °C. 'H NMR (600Hz, DMSO-dg) & 0.82 — 0.96 (m, 1H), 0.98 — 1.10 (m, 4H), 1.14 — 1.31 (m, 4H), 1.38 —
1.48 (m, 3H), 1.57 — 1.65 (m, 1H), 1.72 (d, J = 9.0 Hz, 3H), 2.37 (t, J = 10.2 Hz, 2H), 2.47 — 2.54 (m, 2H), 2.66 (d, J =
11.4 Hz, 2H), 2.91 — 2.98 (m, 4H), 3.26 (t, J = 9.6 Hz, 4H), 6.82 — 6.86 (m, 2H), 7.16 — 7.37 (m, 14H), 7.51 — 7.56 (m,
3H). *C NMR (150Hz, DMSO-dg) & 24.6, 24.7, 25.5, 26.3, 26.4, 30.2, 31.0, 46.8, 46.9, 58.1, 58.6, 58.9, 127.1, 127.3,
128.6, 128.7, 128.8, 128.9, 138.9, 139.3, 174.1, 174.5. HRMS (ESI): Calcd for [Cy3H1gN,O+H]" 219.1492, found:
219.1493.

Synthesis of syn-2-piperidyl-2-yl-phenylacetyl amide (7): Syn/anti-2-piperidyl-2-yl-phenylacetyl amide (6, 2000.0 g,
9.2 mol) and potassium tert-butoxide (2000.0 g) were added into toluene solution (50.0 L) in a 100-L double layer
reaction vessel and mixed well. The solution was heated to 70 <C for 16 h, quenched by water, and washed by 6 N
hydrochloride acid solutions (1.0 L, twice). The aqueous phase was separated and combined. A 30% sodium hydroxide
solution was used to neutralize the solution until the pH value was 13. The product was precipitated, filtered, and dried
by heating in an oven for 6 h to give the purified product as a white solid (1710 g) in 85.5% yield and 97.76% purity.
Mp. 172.9 — 173.9 °C.*"H NMR (600Hz, DMSO-dg) & 0.82 — 0.88 (m, 1H), 1.09 — 1.16 (m, 2H), 1.22 — 1.28 (m, 1H),
1.45(d, J=12.0 Hz, 1H), 1.58 (d, J = 12.6 Hz, 1H), 1.72 — 2.11 (br, 1H), 2.47 — 2.56 (m, 1H), 2.84 — 2.95 (m, 2H), 3.88
(d, J = 10.2 Hz, 1H), 6.82 (s, 1H), 7.15 — 7.45 (m, 5H), 7.53 (s, 1H).."*C NMR (150Hz, DMSO-d¢) & 24.7, 26.4, 30.2,
46.8, 58.6, 58.9, 127.1, 128.4, 128.9, 139.3, 174.6. HRMS (ESI): Calcd for [CysH:gN,O+H]" 219.1492, found:
219.1494.

Synthesis of (R,R)-2-piperidyl-2-yl-phenylacetyl amide (8): To a 20-L double layer reaction vessel,
syn-2-piperidyl-2-yl-phenylacetyl amide (7, 600.0 g, 2.8 mol) and anhydrous D-dibenzoyl tartaric acid (1002.0 g, 2.8
mol) were added into isopropanol solution (12.0 L) and heated to 60 <C until all of the solids were dissolved. Then, the
reaction was cooled gradually to 30 <C. White solids were precipitated, filtered, and transferred into the 6 N
hydrochloride acid solution and stirred for 1 h; the precipitates were eliminated, and the solution was neutralized using a
30% sodium hydroxide solution until the pH was 13. The product was precipitated, filtered, and dried by heating in an
oven for 6 h to give the purified product as a yellow solid (213.0 g) in 35.5% yield, 99.30% purity, and 99.9% ee values,
Mp. 173.1 — 174.0 °C. '*H NMR (600Hz, DMSO-dg) & 0.81 — 0.87 (m, 1H), 1.04 — 1.16 (m, 2H), 1.21 — 1.27 (m, 1H),
1.34 (d, J = 7.2 Hz, 1H), 1.57 (d, J = 12.6 Hz, 1H), 1.83 (s, 1H), 2.39 — 2.51 (m, 2H), 2.93 — 2.96 (m, 2H), 3.33 (d, J =
10.2 Hz, 1H), 6.85 (s, 1H), 7.21 — 7.43 (m, 5H), 7.52 (s, 1H). *C NMR (150Hz, DMSO-d) & 24.7, 26.0, 26.4, 30.2,
58.6, 58.9, 127.1, 128.6, 128.8, 139.9, 174.5. HRMS (ESI): Calcd for [C13H1gN,O+H]" 219.1492, found: 219.1495.
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Synthesis of (R,R)-O-methyl-2-piperidyl-2-yl-phenylacetate hydrochloride (10):

(R,R)-2-piperidyl-2-yl-phenylacetyl amide (8, 200.0 g, 0.92 mol) was added to a methanol solution (500 mL) in a 2-L
round bottom flask with four necks. Concentrated sulfuric acid (200 mL) was added dropwise, and the solution was
refluxed for 3 d. afterwards, methanol was removed in vacuo. The residue was dissolved into a mixture of ethyl acetate
(3.0 L) and water (1.0 L), which was neutralized with a 30% sodium hydroxide solution until the pH of the aqueous
layer was 13. The top organic layer was separated and concentrated hydrochloride acid (50 mL) was added into the
solution and mixed well. The white solid was precipitated, filtered, recrystallized from deionized water (150 mL), and
finally dried by heating in an oven for 2 h to give the purified product as a white solid (186.0 g) in 75.5% vyield and
99.82% purity. [o] p % +87.39c=1,MeOH), Mp. 222.0 — 223.0, '"H NMR (600Hz, DMSO-ds) & 1.24 — 1.26 (m, 1H),
1.35-1.41 (m, 2H), 1.52 — 1.68 (m, 3H), 2.95 (s, 1H), 3.25 — 3.28 (m,1H), 3.39 — 3.47 (m,1H), 3.66 (s,3H), 3.78 — 3.84
(m,1H), 4.15(d, J = 9.6 Hz,1H), 7.27 — 7.49 (m,5H), 9.02 (br,1H), 9.74 (br,1H). *C NMR (150Hz, DMSO-d¢) & 21.8,
21.9, 26.1, 44.9, 53.1, 53.7, 57.2, 128.7, 128.9, 134.7, 171.7. HRMS (ESI): Calcd for [C14H20N,OCI - CI'T" 234.1489,
found: 234.1492.

Synthesis of (R,R)-2-piperdyl-2-yl-phenylacetatic acid (11): To a solution of methanol (20.0 mL)
(R,R)-O-methyl-2-piperidyl-2-yl-phenyl-acetate hydrochloride (10, 1.0 g) was added in one portion and 0.1 M sodium
hydroxide aqueous solution (10.0 mL) was added dropwise, the reaction was crrried out at room temperature for 3 hours,
then 1 N hydrochloride aqueous solution was dripping into until the pH values was up to 2. The white solids were
precipitated from the solution and filtered, which was dried by oven at 60 °C overnight to afford the product as white
solid (0.39g, 48% vyield) with 99.25% purity, Mp. 220.0 — 221.0 °C, [a] p ® +22.79c=1,H,0), '"H NMR (600Hz,
DMSO-dg) 6 1.25 —1.29 (m, 1H), 1.38 — 1.42 (m, 2H), 1.60 — 1.67 (m, 3H), 2.94 — 2.99 (br, 1H), 3.26 (d, J = 12.6 Hz,
1H), 3.64 — 3.72 (br, 1H), 4.06 (d, J = 9.0 Hz, 1H), 7.21 — 7.46 (m, 5H), 8.56 (s, 1H), 9.69 (s, 1H), 12.75 — 13.65 (br,
1H). °C NMR (150Hz, DMSO-dg) & 21.9, 26.1, 34.4, 45.1, 53.8, 57.2, 128.4, 129.0, 129.4, 135.4, 172.9. HRMS (ESI):
Calcd for [Cy3H17NO,+H]* 220.1332, [C13H17NO,+Na]* 242.1151, found: 220.1338, 242.1158.

Synthesis of (R,R)-O-methyl-2-piperidyl-2-yl-phenylacetate free base (1):

(R,R)-O-methyl-2-piperidyl-2-yl-phenylacetate hydrochloride (10, 30.0g, 112.0 mmol) and anhydrous sodium
hydroxide solid (4.93 g, 123 mmol) were added into dichloromethane (500 mL) in a 1-L round bottom flask and stirred
vigorously under a nitrogen atmosphere. After 12 h, the undissolved solids were filtered, and the organic solution was
washed with water (200 mL, twice) and dried with anhydrous magnesium sulfate. The inorganic solid was filtered and
the dichloromethane was removed in vacuo to give the final free base product as a colorless oil (22.3 g) in 86.1% vyield
and 99.69% purity, [o] p © +87.7c=1,MeOH), 'H NMR (600Hz, DMSO-dg) 5 0.82 — 0.88 (m, 1H), 1.07 — 1.14 (m,
1H), 1.15 — 1.27 (m, 2H), 1.38 — 1.43 (m, 1H), 1.59 — 1.61 (m, 1H), 2.46 — 2.51 (m, 1H), 2.92 — 2.99 (m, 1H), 3.01 —
3.03 (m, 1H), 3.34 (d, J = 9.6 Hz, 1H), 3.57 (s, 3H), 7.31 — 7.33 (m, 5H). *C NMR (150Hz, DMSO-dg) & 22.5, 24.6,
28.1, 44.6, 49.9, 52.1, 56.2, 125.7, 126.8, 127.1, 135.1, 171.7. HRMS (ESI): Calcd for [CisH:1oN,O+H]" 234.1489,
found: 234.1487.

4. Conclusion

In summary, a new, practical method towards high purity free base of methylphenidate was successfully developed via
seven steps starting from simple commercially available materials. This innovative method could also be used for the
synthesis of high-purity free base of other amino acid esters.
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Appendix A
NMR, HRMS and HPLC spectra of 2-pyridyl-2-yl-phenylacetontrile (4)
| X
CN
N/

YPJZ-4-DMSO-160704 m
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YPJZ-4-DMSO-160704-C13

S
T T T T T T T T T T T T T T
240 220 200 180 160 140 120 100 80 60 40 20 0 20 ppm
- - 1 0.00Kjs
Qualitative Compound Report g0
Data File 20160704-005.d4 Sample Name YPIZ-4
Sample Type Sample Position Vial 64
Instrument Name  Instrument 1 User Name
Acg Method IRM Calibration Status
DA Method MS.m Comment N20160704011
Compound Table
Dt ]
Compound Label RT Mass Abund Formula Tgt Mass | (ppm)
Cpd 1: C13 HION2|  -0.25|  194.0847] 71407 Ci3 H10 N2 194.0844[ 169
Compound Label (RT  Agorithm  iMass |
Cpd 1: C13 H10 N2 i-0.25  [Find By Formula 1194.0847 |
1S Zoomed Spectrum
%104 |Cpd 1: C13 H10 N2: +ESI Scan (-0.26 min) Frag=170.0¥ 20160704-005,d Subtract
7 217.0739
(M+hla)+
N 195.0921
(M+H)+
5
4
3
2.
5
0 . I I

MS Spectrum Peak List

Gounts vs. Mass-to-Charge (miz)

7z Calc Ay/z___ DI ppm) 7 [Abund_|Formuia Ton
195.0921 195.0817 192 1 54458|C13 H11 N2 {M+H}H
217.0739 217.0736 141 71407|C13 H10 N2 Na {M+Na)+
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Peak Resuits
Name | RT Area | WArea | Meaight
1 »00| ol o] e
rd 2561 | 6661812 QQA’A‘L’:‘A.’Q!\

NMR, HRMS and HPLC spectra of 2-pyridyl-2-yl-phenylacetyl amide (5)

YPJZ-5-DMS0-160704

N

7

N

0]

NH,

E2 - Zcguisizion Farameters

13

12
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YPJZ-5-DMSC-1€0704-C13

T T T T T

T T T T T T T T T
240 220 200 180 160 140 120 100 80 60 40 20 0 20 ppm

Qualitative Compound Report \~ XTI

Data File 20160704-006.d Sample Name YPIZ-5
Sample Type Sample Position Vial 65
Instrument Name Instrument 1 User Name

Acg Method IRM Calibration Status S
DA Method MS.m Comment N20160704012

Compound Tahle

DT}
Compound Label RT Mass Abund Formula Tgt Mass | (ppm)
Cpd 11 C13HIZNZ O -h28 212,0047] 134184 CLIHIZ N2 O 212.095 -1.06
CompoundLabel ~ |RT  |Algorithm
Cpd 1: CI3HIZN2ZO %-0.28 iF]l'Hd_Bg}'._Fp_I_myla
M5 Zoamed Spectrum
x10 & |Cpd 17 CTI3HI12 N2 OQ: +ESI Scan {-0.32--0.28 mln, 4 scans) Frag=170.0v 20160704-006.d Subtract
| 235.0839
.2 {M+Hal+
1 p
213.1023
0.8 (MeH)+
0.6
04
0.2
i | L

145 160 155 160 165 170 175 180 185 190 135 200 205 29D 215 220 226 230 236 240 245 250
Countes ve, Mass-to-Gharge (m/fz)
M$ Spectrum Peak List

/T Calcmjz __ |DIf{ppm) z [Abund [Formula Ton
213.1003 213.1022 048] 1 74546|C13 HI3 N2 O (M+H)+
235.0839 235.0842 -1.2 134184 C13 H12 N2 Na O (M+Na)+
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2 015
010
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gt bt brvel B ) A ) ! )4 1] [ it S Bt Ay biool MiAed M Sca v b4 ) i) FY I 304§ JENLBNLE b S )
000 500 2000 1500 2000 2500 3000 3500 40.00
Mines
Peak Results
Name| AT | Arec |%Area| Megnt
1 17.226| 9431968 | 9070 | 1523750
2 X702 456 o 2307
3 2000 E0| 020 a5

NMR, HRMS and HPLC spectras syn/anti-2-piperidyl-2-yl-phenylacetyl amide (6)
o]

NH,

Iz

©=Tacters Data Taameters
tRa TPIT-1-2002~ K e

o

REANAPHYE

RREERYS

4

A5] U=

g 5 ngégl
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YPJZ-6-DMS0O-160

704-C13

T T

T

T T T T T T T T
240 220 200 180 160 140 120 100 80 60 40 20 0 -20

ppm
- . b 0.00K}
Qualitative Compound Report o)
Data File 20160704-007 .4 Sample Name YPIZ-6
Sample Type Sample Position Vial &6
Instrument Name Instrument 1 User Name
Acg Method IRM Calibration Status
DA Method MS.m Comment N20160704013
Compound Tahle
DIt |
Compound Label RT Mass Abund Farmula Tgt Mass | (ppm}
Cpd 1: C13 H18 N2 O -0.25 218,142| 530097 CI3HIBN2 O 218,1419 0.45
Compound Label RT imigorithm  Mass |
[Cpd 1: CI3 HIBN2 O i-0.25 [FindByFormula _{218.142 |
MS Zoomed Spectrum
x10 & |Cpd 1: C13 H1B N2 O: +ES| Sean {-0.30--0.25 min, 4 scans) Frag=170.0V 20160704-007.d Sublract
219.3493
5 (MEH+
4
94
2
14
155 160 165 170 175 180 185 180 195 200 205 2i0 215 250 235 230 235

MS Spectrum Peak List

Counts vs. Mass-to-Chargs {m/z)

[il 3

calc ijz

Diff(ppm)

Abun ormuia

Ton

219.1493

2191492

0.45

530097|C13 H19 N2 O

(M+H)+

-~ End OF Report -—
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o
g
11.180

Peak Results
Nama | RT Area | % Area | Helght

' 6243 | 2TE5M0 | 84S | 13T

11860 59082 | #5748

NMR, HRMS and HPLC spectra of syn-2-piperidyl-2-yl-phenylacetyl amide (7)

0O

YN ONH,

YPJZ-7-DMS0-160704

11535 ~ ~ 4
1.1095 —
—
21817 w
79
4633

0.746

1.33
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YPJZ-7-DMSO-160704-C13

T T T

T T T T T T T T
240 220 200 180 160 140 120 100 80 60 40

T
20 0 -20

ppm

Qualitative Compound Report @/co

Data File 20160704-008.d Sample Name Ypiz-7
Sample Type Sample Position Vial 67
Instrument Name [nstrument 1 User Name
Acq Method IRM Calibration Status [Buccess
DA Method MS.m Comment N20160704014
Compound Table
Dilt
Compound Label RT Mass Abund Formula Tgt Mass | {ppm)
Cpd 1: CI3 HIB N2 O -(.28 218.1421| 215881 CI3HIENZ O 218.1419 0.95
Compound Label Agorithm _ (Mass__
Ede 1: C13 HI8 N2 O _.{Find By Formula [218.1421 |
MS Toomed Spectrem
105 |Cpd 1: G13 H18 N2 O: +ES| Svan (-0.31-0,30, -0.27 min, 3 scans) Frag=170.0V 20160704-008.d Sublract
) 2181494
24 (M+H)+
1,751
1.5
1.25-
7 -
0.75-
0.5
0.25
Y5 160 165 170 175 180 155 190 185 200 206 210 216 220 235 230 235
Couns vs. Mass-to-Charge (mfz)
MS Spectrum Pealc List
m/z Calcm/z  |Dilfippmy  |[Abund [Formwula Ton
219.1494 219,1492 0.56 215331'(:13 HI9 N2 O {(M+H+

41



http://ijc.ccsenet.org

International Journal of Chemistry

\ol. 8, No. 4; 2016

400 AL WVL.220 nevi
300—
200
100~
:
o 4 l.r. C.
en mny
I T T T T T T
a0 50 100 150 200 250 00 w0 400
No, | RetTime Peak Name Height Area RelArea Resolution Plates
min mAU mAU ‘min ¥
1 622 na 10 8699 08576 209 2445 32400
2 10 90 na 296 5871 44 B663 97 76 a7 31325
3 1284 na Q7052 00699 015 na 117437
Total: 308,162 45894 100.00 34 236
Chromatogram
200 1 150814-1 #24 [manipulated] mix UV VIS 1 WWL:220 nm
150
100+ 11 - 10.047
2
E 50 12 - 20,810
8
8
g 9 : T . T
=}
(=
504
-100
_1 5D - r T T T T T 1
0.0 5.0 100 15.0 200 25.0 30.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Resolution (EP) | Plates (EP)
min mAU*min mAU %
1 10.047 38.785 90.408 50.50 10.55 4023
2 20.910 38.016 40.669 49.50 n.a. 3415
Total: 76.801 131.077 100.00 10.55

NMR, HRMS and HPLC spectra of (R,R)-2-piperidyl-2-yl-phenylacetyl amide (8)

Iz

0]
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YPJZ-£-DMSO-160704

15 4 43 42 W 20 9

m_
1.0000\,
3.9781 =
1.0083
0.9898 —
08712

9954 \=

D093

YPJZ-8-DMSC-160704-C13

T T T T T T T T T T T T T T T
240 220 200 180 160 140 120 100 80 60 40 20 0 20 ppm
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~_Qualitative Compound Report

Data File 20160704-009.d Sample Name YPIE-8
Sample Type Sample Position Vial 68
Instrument Name Instrument 1 tser Name

Acq Method IRM Catibration Status

DA Method MS.m Comment

Compound Table

DilT |
Compound Lahe! RT Mass Abund Formula Tgt Mass | {ppm)
Cpd 1: CI3H1EN2 O 0.13 218,1423| 243151 CI3HIENZ O 218.1419 1.56
Compound Label  (RT  jAlgorithm  [Mass |
'de LCI3HIENZO ) |D.13 |Find By Formula |2 423

MS Zoomed Spectrum
10 5 |Cpd 1: €13 H1B N2 O: +ES| Scan (0.09-0.14 min, 4 scans) Frag=170.0v 20160704-009.d Subtract
251 219.4495
2.25- (M-
2
175
1.6
1.25-
;
0.75
0.5
0,25

185 160 165 170 {75 180 185 190 195 200 205 210 215 220 225 230 235
Counts vs. Mass-to-Gharge (m/fz)
MS Spectrum Peal List

m/z Calc ni/z_ |Ditf(ppm) _[Abund [Formula Tan
21914950 2191492 156 243151[C13HI9 N2 O (M+H)+
4501A0 9 :- 7220 v
g
e
300
200
100
Q
g )
I : | o A
50 . : . . , ] . -
0.0 50 10.0 15.0 200 250 30.0 350 40.0
No. | Ret.Time Peak Name Height Area Rel.Area Resoiution Plates
min mAU mAU min %
1 617 na 02026 0.0192 004 2323 28405
2 10.82 na 326 4462 509630 9930 915 28780
3 16 04 na 0 6400 03419 067 na 5224
Total: 327290 51324 10000 32387
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208 7] 1508141 #25 [manspulated) LEN20150015 UY_VIS_1WVL220 nim

i
§ 0 {4 Lt -10.067 L )
=4

-50 4
-100 4
'sa r T T T T T )
00 50 10.0 150 204 290 W00
Time [min]
No.  |Peak Name Retenson Time Area Heaght Relative Area | Resoluson (EP) | Plates (EP)
min mAU min mAU %
1 10 167 0073 0154 0.05 1053 3433
2 20703 133680 120529 | 9995 na 3954
Totai: 133.753 150.683 100.00 10.53

NMR, HRMS and HPLC spectra of (R,R)-O-methyl-2-piperidyl-2-yl-phenylacetate hydrochloride (10)

0]

NN o7
H =

HCI

YPJZ-10-DM30-160705

Tirwio
7 i b A ‘“CUrfent Data Paramesers
ey riiricd S AT YDJZ-10-DM30-160705

NN :

EZ - Acguizision Fazametess
Dase_ 20160705
18.02

ime
INSTROM
EROSHED

PULFROG

He
He
16 sec

00 us=ec
usez

7.9 K
D1 1.00030000 sec
TDO 1

CHRNNEL £1
SF01 600.1337060 ME=
18

Pl 10.50 usec
PLW1 23.00000000 W

EZ - Erocessing pazamesers
=1 £553¢8
B §00.1255840 ME=
WIW =

S3B 0
LB 0.30 Ho
GB a

ﬂ l L ) 1 | PC 1.00

T T T
15 14 13 12 11 10 9 8 7 6 5
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T T T T T T T T
240 220 200 180 160 140 120 100

80 60 40 20 0 20 ppm
Qualitative Compound Report Lo
Data File 20160704-010.d Sample Name YPIZ-10
Sample Type Sample Pasition Vial 69
Instrument Name Instrurnent 1 User Name
Acq Method IRM Calibration Status
DA Method M5.m Canimenit
Compound Table
oiff |
Compound Label RT Mass Abund Formula Tgk Mass | (ppm}
Cpd 1: C14 HI9 N Q2 0.32 233.1419| 53275 C14 H19 N 02 233.1416 1.33
CompoundLabel  RT |Aigorithm Mass
[Cpd 1: C14 HI9 N O2 (032 {Find By Formula  |233.1419

MS Zoomed Spectrum

234.7492

(MeH)>

%104 |Cpd 1: 14 H19 N O2: +ES1 Scan (0.32-0.24 min, 2 scans) Frag=170.0V 20160704-010.d Subtract
5_
4
3
2
" N
170 175 180 185 150 195 200 206 210 216 220 225 230 235 240 245 250
Counts vs. Mass-to-Charge (m/z)
MS Spectrum Peak List
[0 3 Calc m/z Biffippm)__ |Abund JFormula Ion
234.1492 234.1489 1,33| 53275|C14 H20 N 02 (M+H)+
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r voeps
00 FAT wo  zzonm
1 A
400 2
300
200
100+
: 3
I |
T
50 T B e S f A St e S S S
0o 50 100 150 200 250 300 350 400
No. | Ret.Time Peak Name Height Area Rel.Area Resolution Plates
min mAU mAU 'min %
1 1n21 na 09250 00774 0.08 179 122204
2 1144 na 1.1640 0.0919 0.10 1030 1336804
3| 1420 na 3663046 943027 0982 na 17697
Total: 368 484 94 472 10000 12093

NMR, HRMS and HPLC spectra of dexmethylphenidate free base (1)

TPIT-i~-DHSO-160¢€22

5T A Tavs Fasemeters
- b TeIT--IM3D-10I422

Illum

a j ¥
1 ¥ 8 727 1w 9 % 17 6 5 4 3 @ 1 0 ppm

sy

e b |-
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YPJZ-1-DMSO-160€22-C13

e S s e

T T T T

T T T T T T T T T T T
240 220 200 180 160 140 120 100 80 60 40 20 0 -20 ppm

Qualltat“fe compound Report @ 11 0.00Ks

Qo
Data File o 20160622-005.d Sample Name ’ YFIZ-1
Sample Type Sample Pesition Vial 7
Instrument Name Instrument 1 User Name
Acqg Method IRM Calibration Status
DA Method MS.m Comment

Compound Table

Compound Label RT Mass Abund Formula Tgt Mass | (ppm} |
Cpd 1: Cl4 H19 N O2 0.03 233.1414| 286354 C14 H19 N Q2 233.1416 -0.?8|
Compound Label  [RT _ Algorithm  |Mass
Cpd 1: C14 HI9 N Q2 003 [Find By Formula {233.1414
M5 Zoomed Spectrum
x10 5 {Cpd 1. C14 Hi9 N O2: +ESI Scan {-0.02-0.08 min, 7 scans) Frag=170.0v 20180622-005.d Sublract
1 234.1487
{M+H)+
2.5
24
1.5
14
0.5+
0 L] T T £l T T T T T T T T | T T T T
i80 185 190 1895 200 205 2910 215 220 225 230 235 240 245 250
Counts vs. Mass-to-Charge (m/z)
MS Spectrum Peak List
m/z Calcm/x Diff(ppm}  [Abund |Formula Ton
234.1487 234.1485 -0.78] 286354{C14 H20 N 02 {MH)+
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000 500 1000 1500 20m 00 000 »o 4000
Mirutes
Peak Results
Name | RT Area | % Area | Heght
[ taee| ara| oaos| 767
{2 nam| wmr| oan| s
£ 14184 | 0056070 | 9060 | 533745
4 r49] 3084 o003| 3
4UU o = ==
\1-10.497
300 4
— 200
5
<
£
8
&
£ 1004
2
Ed
0 J ! ;
-100 4
-150‘l T T T T T T T
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 15.0;
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Resolution (EP) | Plates (EP)
min mAU*min mAU %
1 10.497 134.069 345470 100.00 n.a. 5204

NMR, HRMS and HPLC spectra of (R,R)-2-piperdyl-2-yl-phenylacetatic acid (11)

N

Iz

0]
OH
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YPIT-14-TH50-LE0704

arameiere

arnrs
10008
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53063

YPJZ-11-DMSC-160704-CL3

T T T T T T T T T T T T T T T
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" M b 0.00K)s
Qualitative Compound Report &) .
Data File - 20160622-006.d Sample Name' YPIZ-11
Sample Type Sample Position Vial 8
Instrument Name Instrument 1 User Name
Acq Method IRM Calibration Status St
DA Method M5.m Comment N20160622020
Compound Table
Diff |
Compound Label RT Mass Abund Formula Tgt Mass | {ppm)
Cpd 1: C13 HI7 N D2 0.03 219.1265| 98729 C13H17 W02 2191259 2.76
/Compound Label  IRT  |Algorithm  [Mass
(Cpd 1:CI3HIZ7NO2 [0.03  |Find By Formula 12191265 |

MS Zoomed Spectrum

%10 5 |Cpd 1: C13 H17 N 02; +ES| Scan {-0.02-0.03 min, 4 scans) Frag=170.0V 20160622-006.d Sublract
14 220.1338
0.9 (M)
0.8-
7
0 2421158
0.6 (M Na)+
0.5
0.4
0.3
02
0.1 |
T T T T T T - T T T T ! T T T T
165 170 175 180 185 180 196 200 206 210 215 220 226 230 235 240 245 250 255 260
Counts vs. Mass-to-Charge (miz)
MS Spectrum Peak List
mjz Calcm/z __ |DIff(ppm) z [Abun ormula Ton
220.1338] 2201332 272 98729|C13 H18 N 02 (MH)+
0 08+ §
0.06
.04
0.02
-
o
<
] s .
0.00— e e — = -
T T ) - ™ T T ™7 | PaL A ) "—'-‘, = U 0 T DAL T T | P ™ L T T T T v ™ \
000 500 10.00 1500 20X 200 3000 0 4000
Mirnses
Peak Results
Name| RT | Area |% Acea|Height
1 | 11.408| 20622 | ©2.25| 85885
2 |1a83| 2%| 075 &
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