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1. Examples of powdered 4F-MPH and tablet products  
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2. TLC analysis of vendor sample containing both (±)-threo- and (±)-erythro- 
racemates of 4F-MPH, followed by LC-MS analysis of the isolated bands. 
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3. Preparation of 4F-MPH tablets for GC-MS/LC-MS analysis 
 
For analysis of the 4F-MPH tablets by gas chromatography mass 
spectrometry (GC-MS), the tablet was crushed using a mortar and pestle and 
10 mg was added to 1 mL of methanol. This solution was added to a Corning® 
Costar® Spin-X® centrifuge tube filter (cellulose acetate membrane, 0.45 µm) 
(Corning Inc, United States) and centrifuged at 2500 rpm for 3 minutes. 
Furthermore, 100 µL of this filtered solution was added to 900 µL methanol in 
a GC vial. 
 
For analysis of the 4F-MPH tablets by liquid chromatography mass 
spectrometry (LC-MS), the tablet was crushed using a mortar and pestle and 
10 mg was added to 1 mL of acetonitrile/water (1:1) with 0.1% formic acid. 
This solution was added to a Corning® Costar® Spin-X® centrifuge tube filter 
(cellulose acetate membrane, 0.45 µm) (Corning Inc, United States) and 
centrifuged at 2500 rpm for 3 minutes. Furthermore, 20 µL of this filtered 
solution was added to 980 µL acetonitrile/water (1:1) with 0.1% formic acid in 
a LC vial. 
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4. GC-induced thermal degradation of 4-fluoromethylphenidate isomers (4F-
MPH) to methyl 4-fluorophenyl acetate (7.26 min) 
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5. EI-MS data obtained for vendor samples 1-3 

Vendor 1: both (±)-threo- and (±)-erythro racemates of 4F-MPH (Powder) 
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Vendor 3: (±)-threo-4F-MPH only (Tablet) 

 
 

6. LC-ESI-MS of vendor samples 1-3 

Vendor 1: both (±)-threo- and (±)-erythro racemates of 4F-MPH (Powder) 

 
 

4 0 6 0 8 0 1 0 0 1 2 0 1 4 0 1 6 0 1 8 0 2 0 0 2 2 0 2 4 0
0

1 0 0 0 0

2 0 0 0 0

3 0 0 0 0

4 0 0 0 0

5 0 0 0 0

6 0 0 0 0

7 0 0 0 0

8 0 0 0 0

9 0 0 0 0

1 0 0 0 0 0

1 1 0 0 0 0

1 2 0 0 0 0

1 3 0 0 0 0

1 4 0 0 0 0

1 5 0 0 0 0

1 6 0 0 0 0

1 7 0 0 0 0

1 8 0 0 0 0

m / z - - >

A b u n d a n c e

S c a n  2 4 0 8  ( 1 8 . 1 2 2  m i n ) :  G M L 0 0 2 . D \ d a t a . m s
8 4

1 0 9

5 6

1 3 3 1 6 84 1 1 4 86 7 9 5 1 9 01 2 3 2 4 92 0 7

80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290
m/z (Da)

-2000

0

2000

4000

6000

8000

10000

12000

14000

16000

18000

20000

22000

24000

26000

28000

30000
252.100

100.00%

84.100

92.64%

253.100

17.15%

141.000

6.98%
85.100

5.41%

158.100

5.17%
105.100

4.28% 254.000

2.25%

196.100

2.04%
79.000

1.64%

235.800

1.41%
175.000

0.86%

139.900

0.79%

214.200

0.64%

/Users/gavinmc...rs/PVK000014.D/ Injection 1 Function 1 (C_Vendor1_4FMPH) MS + spectrum 8.79

(±)-threo-4FMPH	  

(±)-erythro-4FMPH	  



McLaughlin et al. Supporting Information Drug Testing and Analysis	  

 
 

Vendor 2: (±)-threo-racemate of 4F-MPH (Powder) 
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Vendor 3: (±)-threo-racemate of 4F-MPH (Tablet) 

 
 

7. 13C NMR spectra obtained for the isolated (±)-erythro- and (±)-threo- 
racemates of 4F-MPH (HCl salt in DMSO- d6). 

 

 

80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300
m/z (Da)

-5000

0

5000

10000

15000

20000

25000

30000

35000

40000

45000

50000

55000

60000

65000
84.100

100.00% 252.100

97.54%

253.100

16.05%

85.100

5.22% 105.100

2.66%

140.900

2.59%

192.200

2.51%
158.100

1.54%

254.200

1.45%
78.900

0.75%

/Users/gavinmc...rs/PVK000016.D/ Injection 1 Function 1 (E_Tablet_4FMPH) MS + spectrum 9.71

0102030405060708090100110120130140150160170180 ppm

pvk_top_hlc_6

  21
.93

22
.10

27
.39

45
.26

53
.00

53
.55

57
.55

11
6.4

9
11

6.6
3

12
9.8

5
13

1.5
2

13
1.5

7

16
2.0

0
16

3.6
2

17
1.3

6

(±)-erythro-4F-MPH HCl
(Isolated)

C-NMR (d  - DMSO, 150 MHz)13 6

0102030405060708090100110120130140150160170180
f1 (ppm)

21
.55

21
.94

26
.03

44
.84

52
.68

53
.05

56
.93

11
6.1

8
11

6.3
2

13
0.5

2
13

1.0
0

13
1.0

6

16
1.4

0
16

3.0
2

17
1.4

8

(±)-threo-4F-MPH HCl
(Isolated)

(±)-threo-4FMPH	  



McLaughlin et al. Supporting Information Drug Testing and Analysis	  

8. 1H and 13C NMR spectra obtained for the isolated (±)-erythro- and (±)-threo 

racemates of 4F-MPH (Free Base in CDCl3) 
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9. 13C and 1H NMR spectra obtained for one of the powdered 4F-MPH products 
identified as mixed (±)-erythro- and (±)-threo- racemates (HCl salt in DMSO- 
d6) 
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10. 13C and 1H NMR spectra obtained for one of the powdered 4F-MPH products 
identified as the (±)-threo- racemate (HCl salt in DMSO-d6) 
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11. Two-dimensional NMR experiments 

• Heteronuclear single quantum coherence spectroscopy (HSQC) 
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4F-‐MPH	  vendor	  product	  identified	  as	  	  (±)-‐threo-‐	  and	  (±)-‐erythro-‐4F-‐MPH	  
racemates	  (HCl	  salt	  in	  DMSO)	  
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DMSO)	  
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Heteronuclear	  Multiple	  Bond	  Correlation	  (HMBC)	  
	  

(±)-‐threo-‐4F-‐MPH	  racemate	  (HCl	  salt	  in	  DMSO)	  

	  
	  

(±)-‐erythro-‐4F-‐MPH	  racemate	  (HCl	  salt	  in	  DMSO)	  
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4F-‐MPH	  vendor	  product	  identified	  as	  	  (±)-‐threo-‐	  and	  (±)-‐erythro-‐4F-‐MPH	  
racemates	  (HCl	  salt	  in	  DMSO)	  

	  
	  

4F-‐MPH	  vendor	  product	  identified	  as	  	  (±)-‐threo-‐4F-‐MPH	  racemate	  (HCl	  salt	  in	  
DMSO)	  
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12. Infrared Spectroscopy - IR spectra for isolated (±)-threo-racemate, isolated 

(±)-erythro-racemate, and vendor samples 1-3 

 

 
	  

4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 400

42

46

50

54

58

62

66

70

74

78

82

86

90

94

98
[%T ]

(±)-Erythro-4F-MPH HCl

40

45

50

55

60

65

70

75

80

85

90

95
[%T] 

cm-1

2944 2643 2501

2578

2409
2432

1726

1509

1589

1606

1325

1440
1405

1452

1424

1295

1227
1152

1160

839
753

1004

700

812

801

(±)-Threo-4F-MPH HCl

4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 400 cm-1

1170

1210

1199

864
9461061

1111

983

826

887
927

1083

1032
1022

1274
1247

2416

2515

2719

2800
2949

2935

1743
1509

1434

1607

1587

1380

1349

1457 1325

1306

1192

1272

1226
1207 1160

1135

1015

1091

1075

1053
947

688

707

979

893

867

929

1175 1148 839

754829

805



McLaughlin et al. Supporting Information Drug Testing and Analysis	  

	  
	  

 
 
 
 

56
58
60
62
64
66
68
70
72
74
76
78
80
82
84
86
88
90
92
94
96

[%T]

4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650 cm-1

2935 2719

2515

1747

1510

1434

1606

1587

1325

13051091

1053

929

707

979

867

893

1272 754829

807

839

1015

1135

1160

1148
1175

1226
1207

Powdered product containing (±)-threo-4F-MPH racemate

56
58
60
62
64
66
68
70
72
74
76
78
80
82
84
86
88
90
92
94
96

4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650 cm-1

[%T]

2935 2717

1743 1728

1606

1588

1509

1434

1325
1272

1226

1015

1135

839
1149

1160

1173

1207

754
807

828

707

929

1090

1053

888

866

979

Powdered product containing mixture of (±)-erythro and (±)-threo-4FMPH racemate



McLaughlin et al. Supporting Information Drug Testing and Analysis	  

 
 
 

87.5

88.5

89.5

90.5

91.5

92.5

93.5

94.5

95.5

96.5

97.5

98.5

4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 650 cm-1

[%T] 

3326 2919
1748

1510

1435

Tablet containing (±)-threo-4F-MPH racemate



McLaughlin et al. Supporting Information Drug Testing and Analysis	  

13. X-ray crystallography supporting information 
 

 
 
Left: eythro salt hydrogen bonded dimer with hydrogen atoms omitted for clarity. The 
cell is shown. Only atoms involved in H-bonding interactions are labelled. Right: 
threo salt hydrogen bonding network extending parallel to the b-axis 
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14. High resolution mass spectrometry data obtained for isolated (±)-threo-
racemate, isolated (±)-erythro-racemate, and vendor samples 

 

Sample-ID Station

SupervisorSubmitter

Acquisition DateAnalysis Name GML_Erythro_4FMPH_RA6_01_4048.d 06/07/2016 15:04:11

Sample Description

Meas. m/z # Ion Formula m/z err [mDa] err [ppm] rdb N-Rule e¯  Conf mSigma
252.139659 1 C14H19FNO2 252.139433 0.2 0.9 5.5 ok even 4.3

SmartFormula Settings

Low value of mSigma indicates good isotopic pattern match

Trinity College Dublin
Bruker Open Access LC-MS  -  Formula Identification Report

1 of 106/07/2016 15:10:50 Page printed:Bruker Compass DataAnalysis 4.1

D:\Data\GML_Erythro_4FMPH_RA6_01_4048.dAnalysis Name
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Sample-ID Station

SupervisorSubmitter

Acquisition DateAnalysis Name GML_Threo_4FMPH_RA7_01_4049.d 06/07/2016 15:07:29

Sample Description

Meas. m/z # Ion Formula m/z err [mDa] err [ppm] rdb N-Rule e¯  Conf mSigma
252.139854 1 C14H19FNO2 252.139433 0.4 1.7 5.5 ok even 8.2

SmartFormula Settings

Low value of mSigma indicates good isotopic pattern match

Trinity College Dublin
Bruker Open Access LC-MS  -  Formula Identification Report

1 of 106/07/2016 15:14:04 Page printed:Bruker Compass DataAnalysis 4.1

D:\Data\GML_Threo_4FMPH_RA7_01_4049.dAnalysis Name
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Sample-ID Station

SupervisorSubmitter

Acquisition DateAnalysis Name GML_Vendor_1_RA8_01_4050.d 06/07/2016 15:10:46

Sample Description

Meas. m/z # Ion Formula m/z err [mDa] err [ppm] rdb N-Rule e¯  Conf mSigma
252.139584 1 C14H19FNO2 252.139433 0.2 0.6 5.5 ok even 2.8

SmartFormula Settings

Low value of mSigma indicates good isotopic pattern match

Trinity College Dublin
Bruker Open Access LC-MS  -  Formula Identification Report

1 of 106/07/2016 15:17:52 Page printed:Bruker Compass DataAnalysis 4.1

D:\Data\GML_Vendor_1_RA8_01_4050.dAnalysis Name
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Sample-ID Station

SupervisorSubmitter

Acquisition DateAnalysis Name GML_Vendor_2_RB1_01_4051.d 06/07/2016 15:14:03

Sample Description

Meas. m/z # Ion Formula m/z err [mDa] err [ppm] rdb N-Rule e¯  Conf mSigma
252.140197 1 C14H19FNO2 252.139433 0.8 3.0 5.5 ok even 3.4

SmartFormula Settings

Low value of mSigma indicates good isotopic pattern match

Trinity College Dublin
Bruker Open Access LC-MS  -  Formula Identification Report

1 of 106/07/2016 15:21:11 Page printed:Bruker Compass DataAnalysis 4.1

D:\Data\GML_Vendor_2_RB1_01_4051.dAnalysis Name
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Sample-ID Station

SupervisorSubmitter

Acquisition DateAnalysis Name GML_Vendor_3_Tablet_RB2_01_4052.d 06/07/2016 15:17:21

Sample Description

Meas. m/z # Ion Formula m/z err [mDa] err [ppm] rdb N-Rule e¯  Conf mSigma
252.139850 1 C14H19FNO2 252.139433 -0.4 -1.7 5.5 ok even 0.7

SmartFormula Settings

Low value of mSigma indicates good isotopic pattern match

Trinity College Dublin
Bruker Open Access LC-MS  -  Formula Identification Report

1 of 106/07/2016 15:23:26 Page printed:Bruker Compass DataAnalysis 4.1

D:\Data\GML_Vendor_3_Tablet_RB2_01_4052.dAnalysis Name


