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Analytical Methods for Regioisomers of Amphetamine-type and Phenylpiperazine-type Drugs
by High-performance Liquid Chromatography
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Amphetamine-type and phenylpiperazine-type drugs have regioisomers, which arise by substitution of a halogen atom from

a different position of the benzene ring. Not all of these isomers are restricted, because control laws do not cover all of the

regioisomers. Therefore, precise identification of the regioisomers is required for accurate analysis. We have been focusing on

high-performance liquid chromatography (HPLC), which has many parameters. The purpose of this study was to determine the

optimum conditions for analyzing regioisomers of amphetamine-type and phenylpiperazine-type drugs by HPLC. In cases

where authentic samples were not commercially available, they were produced by a known procedure. The results suggest that

with L-column ODS, 1-heptanesulfonic acid sodium salt is better than sodium dodecyl sulfate as an ion pair agent in the mobile

phase. With RP-AQUA, tetrahydrofuran is better than acetonitrile as an organic solvent in the mobile phase. The optimum

conditions for HPLC differ depending on the sample. Our data will provide a useful reference for defining the parameters when

analyzing regioisomers of amphetamine-type and phenylpiperazine-type drugs by HPLC.
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Fig.1 Reaction route of synthesis of 2-fluoroamphetamine
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L-Column ODS IZ2WT, Fii /2 A A X7 AL L, &

B e LCT ¥ b= b UVROND ABRREENR (50 mM, pH 2.8)

EEALE, 78 b= FUVREX, 5T ASORFEZEIIIG T

7550 & 37
Sample ]|
(position 1) R
L x
NaNO,

1

1

|

| W,

to tR (min)

Sample 2

(position 2) /R

W,
to ' tR 1 (min)
Separation factor:o. = (tg-tg) / to ~ (tr'-to’) / to’

[t < tr]
Resolution:R =2|tg - tr"| / (W1+ W»)

Fig.2 Determination of separation factor () and resolution (R)
to (to’): retention time of standard
tr (tr’): retention time of samples
W, (W»): width of peaks
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Table 1 {2 1 —~TH U ZVRET N U LEFH L2550,
IHRREIZ L DT & b= b U VR & ORBFRFR O R 28 LTz,
3.2.1(Q2) AEEOEAEORE

L-Column ODS |22\, RHHEOHMIREEE LCTr® b=}
UNERWEERE, T T8 a7 I v EAVERER2 ik L
7= (Fig.14) . WL b WARBER O/KFE & LT Y AMBREEIR (50 mM,
pH2.8) ZfEH L, A A _XTRIEL LT I—~T ¥ ANVKR R
TRV UL (5.0mM) ZMZ7z, Table2Z, 7 hT7E Rr7 T
EHRALESHED, oW EDT NI Ku 7T R LR
R ORER 2R LTz,
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Table 1 Ratio of acetonitrile (CH;CN) and retention time, tg (column:
L-column ODS, temperature: 40°C, mobile phase: CH;CN/50 mM
NaH,PO4-H3;PO4 (pH 2.8) with 1-heptanesulfonic acid sodium salt)

CH;CN/
NaH,PO,-H,po, ®[™MI
1- (2-Fluorophenyl) piperazine 20/80 8.374
1- (3-Fluorophenyl) piperazine 20/80 10.489
1- (4-Fluorophenyl) piperazine 20/80 8.856
1- (2-Chlorophenyl) piperazine 25/75 4.914
1- (3-Chlorophenyl) piperazine 25/75 6.444
1- (4-Chlorophenyl) piperazine 25/75 6.549
1- (2-Methoxyphenyl) piperazine 20/80 6.674
1- (3-Methoxyphenyl) piperazine 20/80 7.575
1- (4-Methoxyphenyl) piperazine 20/80 5.429
2-Fluoroamphetamine 20/80 6.937
3-Fluoroamphetamine 20/80 8.542
4-Fluoroamphetamine 20/80 8.734
2-Chloroamphetamine 25/75 3.969
3-Chloroamphetamine 25/75 5.569
4-Chloroamphetamine 25/75 6.128
2-Methoxyamphetamine 20/80 9.768
3-Methoxyamphetamine 20/80 7.959
4-Methoxyamphetamine 20/80 7.258
2-Methylamphetamine 25/75 3.972
3-Methylamphetamine 25/75 4.671
4-Methylamphetamine 25/75 4.820

/a7 = VERT Dy TAART 7 eI kN n
077 =4I OMEREROSTIE, T T k7 I
FERRFOSHEEN T 7 b= b U VERROSHEE % EElo7-,
2y A PFUT U7 =24 I OMBEREKROSTTCIL, T b=
b UV OSEEEN T b T & Fu 7 T RO EEE & F
Hl>7,

3.2.2 5NPE4D RU 5PYE4D (H 35 L) #RAV-HREEH OB

= M7 2=V FUEREANSNT A T 5 SNPE4AD KU E L
=NV T OVENE AN SN2 A T 2 SPYE4D O 3fERE% | L-Column
ODS D4y BfRE & b L 7= (Fig.15) , L-Column ODS (2 & 5 434713,
WHERE LCT b ok Ru 7T 0 O AREEHE (50 mM, pH
28) AL, |-~ F ALKV EEF Y 7 (5.0mM) &
Nz 77, SNPE4D KU\ SPYE4D A DIREERIZI A # / — VKN A
IEfE@ENR (50 mM, pH 2.8) ZfEH L, tEHIE L TR =T v
7y (10mM) 2MNx7z, NIZFATIVERINTLHE, H
T LDEIFL T ) —NED~v A% THIE LTHREL, ©—2TF
WrsETEs7,

INFAR T 2=V ERT VUK RA FF T 2= ERT Y
> DB RPEIRDS3HTIZF50 ) T L-Column ODS % L 72354,
SYBEEEDS 1 DL T CHBEREE R L DR H -7, LArL, SPYE4D %
BHTLE. ZNOATONBEN | 2B IBETRE 2o,

Table 2 Ratio of tetrahydrofuran (THF) and retention time, tg (column:
L-column ODS, temperature: 40°C, mobile phase: THF/50 mM
NaH,PO4-H3PO4 (pH 2.8) with 1-heptanesulfonic acid sodium salt)

THEF/ e [m]
NaH,PO,-H;PO,
1- (2-Fluorophenyl) piperazine 15/85 5.534
1- (3-Fluorophenyl) piperazine 15/85 8.700
1- (4-Fluorophenyl) piperazine 15/85 8.078
1- (2-Chlorophenyl) piperazine 20/80 4.561
1- (3-Chlorophenyl) piperazine 20/80 7.128
1- (4-Chlorophenyl) piperazine 20/80 7.847
1- (2-Methoxyphenyl) piperazine 10/90 8.812
1- (3-Methoxyphenyl) piperazine 10/90 11.705
1- (4-Methoxyphenyl) piperazine 10/90 8.714
2-Fluoroamphetamine 15/85 5.458
3-Fluoroamphetamine 15/85 7.731
4-Fluoroamphetamine 15/85 8.471
2-Chloroamphetamine 20/80 4.342
3-Chloroamphetamine 20/80 6.638
4-Chloroamphetamine 20/80 7.658
2-Methoxyamphetamine 10/90 13.094
3-Methoxyamphetamine 10/90 13.449
4-Methoxyamphetamine 10/90 12.080
2-Methylamphetamine 15/85 8.018
3-Methylamphetamine 15/85 8.989
4-Methylamphetamine 15/85 9.134

3.2.3 SunniestC18 (Hh3L) FAW=SBEEGO®KE

A7y T ) —NIOFBERO L, W7 A0 VIEEN-D Z
2 Sunniest C18 IZ2W T, BWHHROGIRE L LTT7E h=FV
NEMHALEBA L AL ) — LV E2ER LSS 2R LE

(Fig.16) . TRHEIR DK & U CIRERRSE T b U 7 SRR (10 mM.,
pH 10.5) ZMEM L, A A 7R D 5 WITEEANTINZ 227>
Too TORER, TR b= MU AT A X ) —NAERREO Sy EfREIC
RFET 2o T,

%72, Sunniest C18 D4y HfHE% . L-Column ODS D/ HfERE & L
L7- (Fig.16), L-Column ODS X 2547 Cid, &EERE LTT
M7t Fr 77 KO0 ARREERR (50 mM, pH2.8) AL,
1—~TH 2R BT Y UL (5.0 mM) ZIZ7Z, Ok
B ATFNAT 7 =& IV OAEBEERDHTIZISVN T, Sunniest
C18 Doy BRI UV BiEEE 23 L-Column ODS D4y BERE K OVr B
B RE o7,

3.24 RP-AQUA (A3 L) ZRAW=SEESEEORE
3.2.4(1) AEHROEAEORE

T B VENEAS NI T L RP-AQUA Z#Et L, &
BER DKM & LTY ABEENR (50 mM, pH 2.8) ZfEH L, A
F o RTHIED B VITSEA AN A TEBRE T o7, WHRROA
AL L7 b= U AZAWERERE, o Fer s
CERWERER A LT (Fig. 17), ZFOFEE, £ TofREICEk
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WT, TEF=MIAERELD T F T Fr 7T AR
FBEEDTTINRE DTz,

F7z. RP-AQUA D43fiifE % . L-Column ODS D43 HERE & b L
7= (Fig.17), L-Column ODS (2 L 5 53#r Tid, #&HEKE LTT b
Tt Fr7 I kO AEEER (50mM, pH2.8) Z{EHL, 1
=T B ANKEES Y U A (5.0 mM) EIIZ T2, Table 3 12,
RP-AQUA Z i LISFEHR OB LT Mo FrT T
ERWESEO, SHREIZEOT h T R 7 T VR LR
e OfE R Z R LTz,

Table 3 Ratio of tetrahydrofuran (THF) and retention time, tg (column:

RP-AQUA, temperature: 40°C, mobile phase: THF/50 mM
NaH,P0O4-H3;PO4 (pH 28))

THF/
NaH,PO,Hpo, ®[M
1- (2-Fluorophenyl) piperazine 2/98 9.787
1- (3-Fluorophenyl) piperazine 2/98 12.842
1- (4-Fluorophenyl) piperazine 2/98 10.973
1- (2-Chlorophenyl) piperazine 5/95 11.230
1- (3-Chlorophenyl) piperazine 5/95 18.148
1- (4-Chlorophenyl) piperazine 5/95 19.218
1- (2-Methoxyphenyl) piperazine 2/98 9.303
1- (3-Methoxyphenyl) piperazine 2/98 10.673
1- (4-Methoxyphenyl) piperazine 2/98 7.232
2-Fluoroamphetamine 2/98 7.907
3-Fluoroamphetamine 2/98 9.181
4-Fluoroamphetamine 2/98 11.413
2-Chloroamphetamine 5/95 8.862
3-Chloroamphetamine 5/95 14.565
4-Chloroamphetamine 5/95 17.482
2-Methoxyamphetamine 2/98 14.688
3-Methoxyamphetamine 2/98 12.614
4-Methoxyamphetamine 2/98 11.075
2-Methylamphetamine 2/98 18.899
3-Methylamphetamine 2/98 21.945
4-Methylamphetamine 2/98 21.699
X

1) TR : BB RSHTETR, 49, 51(2009).

2) KOARJEH] : “bEFERERI”, P2221 (1989), (HAL2EREIA)

3) KR : “YEFREEI”, P2426 (1989), CGEF{LERIA).
4y RAGER : “AbZEKEEL”, P2110(1989), (HE{LZERIA).
5) KRAEH] : “AbFREEI”, P2222 (1989), (HALZEFIA).

6) (t) AASH LSS « “OBESSHT”, P.101(1998), (FHAEE).
7)) FAREE D B X o LREELWNEY v Y S5EERT, P42 (2007),
8) A 1 YR mEDR”, P49 (2001), (FURHIEE).

VA =2=0r Ty ) P RN/ = i = iy N A0, S S N %
T T2 B IVROAFAT T =B 3 ONERMEED I
BWT, 7 b7t ke 77 %M L7 RP-AQUA O4yBfERE X
L-Column ODS D43 B 2 [[El -7z,

3.24(2) H7LEEDKE

RP-AQUA [Z2W T, T LDIREZL (25°C, 40°C. 60°C)
X DHERE~ DB AR L7z (Fig18), AHEERIZ 3.2.4(1) &
MEHERE S LI T F 7 Ra 7 J o KON AR (50 mM,
pH 2.8) ZMEH L. A A2 ~<T 8K 5\ FTUE A 20 25547
EITo7,

FORR, IAFa T o NSOk N aa 7 =L
AT DU O EBMERO ST, EEEAMEME &R L O
BT R E S RDMEAN H o7z, ZHUE, 40°CTIEIIHTED
AT BAORFEAIFIEFR U CHBEN#E L WS T, KV RIRIC
T 5 LB OGEMRENE DY | B ORFNEN -0 &
Ezbn5",

4. 8

AWFZETIE, HPLC 1L DT v 7 =2 Z I VR BT = =1
BT DRI DALE RN RD BRI OV TR L2, 47
MrZY 720, AFTERDS YOV TIAKR LT b DA
HAL7,

IS DGO OFEF, L-Column ODS 4 7 AMERFEOVE
BER DA A _XTEKIE, FTFUREET N) 7 A L0 11—
TR AN ST N U A ERGD EBEENE BTS2
o T,

F72. RP-AQUA 71 7 MERRFORBER DA AL, 7' B
=hIAED LT N T Ra 7T v EfH L6003 ke
NEhoT,

S HIZ, RP-AQUA 7 7 MERIRE, 77 AREAKIRICT 5 Z
& THBEREA M BT 2 OB b,

PLbDz Lt BIIDIEYITE U T HPLC DA T A, WHER
DOFEEEE I N T MREEOEG BN ET L2 LT 7
VT2 B IVREMR T = BT DRI O B
ERIFICHECE b0 EEZ LD,

ik
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Fig3 'H-NMR spectra of 2-fluoroamphetamine
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Fig.4 "H-NMR spectra of 3-fluoroamphetamine
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Fig.5 "H-NMR spectra of 2-chloroamphetamine
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lon Organic
pair | solvent Separation factor Resolution
agent ratio
2-, 3-, or 4- R .
or 2-t0 3-FMP 2- t0 3-FMP
Fluoro 16 3
_ SDS 40
amphetamine 1.3 2
(FMP) 1
3-to 2-10
SHS 20 4-FMP 4-FMP | 3-to 2-to
4-FMP 4-FMP
2-, 3-, or 4- - to 3-
or 2-to 3-CMP 2 10 3-CMP
Chloro 16 3
_ SDS 50
amphetamine 1.3 2
(CMP) !
3-to 2-10
SHS| 25 | acwmP 4-cMp| SO 2-t0
4-CMP 4-CMP
2-, 3-, or 4- 2- 1o 3-MA 2- to 3-MA
Methoxy 16 3
_ SDS 40
amphetamine 1.3 2
(MA)
3 10 2-to 3-t 2-10
SHS 20 4-MA - -10 -
4-MA AMA 4-MA
2', 3‘, or 4' 2' tO B'MMP 2_ tO 3_MMP
Methyl 1.6 3
_ SDS 50
amphetamine 13 2
(MMP) 1
3-to 2-to
SHS 25 4-MMP 4-MMmpP| 3-10 2-10
4-MMP 4-MMP
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lon Organic
pair | solvent Separation factor Resolution
agent ratio
27, 3-0r 4- Comparison of
Fluorophenyl SDS 40 5- 10 3-FPP 2-to 3-FPP
piperazine 16 SDS 3
SHS 20
3-to 2- to 3-to 2-t0
4-FPP 4-FPP | 4-FPP 4-FPP
2-, 3-, or 4- 2-to 3-CPP 2-to 3-CPP
Chlorophenyl 16
TOOPREIYE I sps | 50 3
piperazine 1.3 )
(CPP) 1
3-to
4-CpP 4-cpp| 4-CPP 4-CPP
2-, 3-, or 4- 2- to 3-MPP 2-to 3-MPP
Methoxyphenyl 16
COPIENT  sps | 40 3
piperazine 1.3 2
(MPP)
3-to 2-to
SHS 20 4-MPP 4-MPP| 3-to 2-to
4-MPP 4-MPP
Fig.13 Influence of ion pair agent in the mobile phase on separation factor and

resolution (column:

L-column ODS, mobile phase:

acetonitrile/50 mM

NaH,PO,-H3;PO, (pH 2.8), ion pair agent. — sodium dodecy! sulfate (SDS),
—— 1-heptanesulfonic acid sodium salt (SHS))
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) Organic
Organic ) .
solvent Separation factor Resolution
solvent )
ratio
2-, 3-, or 4- 2- to 3-FMP 2-to 3-FMP
Fluoro
_ CH5CN 20 2 4
amphetamine 15 g
(FMP) 1
3-to 2-10
THF 15 - 4-FMP| 3-1O 2-1o
4-FMP 4-FMP 4-FMP
2-, 3-, or 4- 2- to 3-CMP 2-to 3-CMP
Chloro
_ CH5CN 25 2 4
amphetamine 15 3
(CMP)
3-to 2-10
THF 20 | 4-CMP 4-cMp| 3-t0 2-to
4-CMP 4-CMP
2-,3-, or 4- 2- to 3-MA 2-to 3-MA
Methoxy 15
_ CH3CN 20 4
amphetamine 1.25 g
(MA) 1
3-to 2-10
THF 10 4-MA 4-MA | 3-to 2-10
4-MA 4-MA
2-, 3-, or 4- 2- to 3-MMP 2-to 3-MMP
Methyl 15
_ CH3CN 25 1
amphetamine 1.25
0.5
(MMP)
3-to 2-to
THF 15 4-MMP 4-MMP| 3-to 2- to
4-MMP 4-MMP
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Organic
Organic ) .
solvent Separation factor Resolution
solvent )
ratio
2-, 3-or 4- Comparison of
Fluorophenyl - . 2-to 3-FPP
COOPTEYE L cHeeN | 20 2-t0 3-FPP
piperazine »] CH.CN 4
(FPP) 158\ THF 3
THF 15 3-to 2- to
4-FPP 4-Fpp| 3-10 2- to
4-FPP A-FPP
2-, 3-, or 4- 2-to 3-CPP 5 10 3-CPP
Chlorophenyl “fo S
_ . CH5CN 25 2 4
piperazine 1.5 3
(CPP)
3-to 2-to
3-to 2-to
THF 20 - -
4-CppP 4-CPP1 4 cpp 4-CPP
2-, 3-, or 4- - -
e 2-t0 3-MPP 2-to 3-MPP
etnox en
CIOYPIEVE | chaeN | 20 2 4
piperazine 15 3
(MPP)
3-to 2-to 2 %0
THF 10 | 4-MPP 4-Mpp| 3-10 '
4-MPP 4-MPP

Fig.14

Influence of organic solvent as the mobile phase on separation factor and

resolution (column: L-column ODS, ion pair agent: 1-heptanesulfonic acid
sodium salt, mobile phase: — acetonitrile/50 mM NaH,PO4-H;PO, (pH 2.8),
—— tetrahydrofuran/50 mM NaH,PO,-H3PO,)
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Organic
Column solvent Separation factor Resolution
ratio
2-, 3-, or 4-

' 2-10 3-FMP 2-to 3-FMP
Fluoro ODS 15 ) 5
amphetamine 15 ‘3‘

2
FMP
(FMP) SNPE | 40 1
3-to 2-to
3-to 2-10
spyE | 30 | 4FMP AFMPL 4 Fvp A-FMP
2-, 3-, or 4- 2-to 3-CMP
2- to 3-CMP
Chloro ODS 20 9 5
amphetamine 15 g
CMP
( ) SNPE 40
3-to 2-10 | 3.10 2- to
5PYE 40 4-CMP 4-CMP| 4.cmp 4-CMP
27y 3, ord- 210 SMA 2- 0 3-MA
Methoxy ODS 10 ' 5
amphetamine 1.25 3‘
2
MA
(MA) SNPE | 40 1
3-to 2-to
4-MA 4-MA | 3-1O 2-10
S5PYE 30 4-MA 4-MA
2, 3-, or 4- 2- to 3-MMP 2- to 3-MMP
amphetamine 11 p
MMP 0.
( ) SNPE 40
510 a0 | gy 2- 1
4-MMP 4-Mmp| =10 - 10
S5PYE 30 4-MMP 4-MMP
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Organic
Column solvent Separation factor Resolution
ratio
2-,3-or 4- Comparison of 2_to 3-EFPP
Fluorophenyl ODS 15 2- to 3-FPP 5
piperazine »l ODS ‘3‘
FPP 5NPE
( ) 5NPE 40 5PYE
3-to 2- to| 310 2- 1o
5PYE 30 4-EPP 4-Fpp| 4-FPP 4-FPP
2-, 3-, or 4- 2- to 3-CPP 2- to 3-CPP
Chlorophenyl ODS 20 9 5
piperazine 15 ‘3‘
PP
(CPP) 5NPE 50
3-to 2-to
4-CPP 4-CPP 3-to 2-to
5PYE 65 4-CPP 4-CPP
2-, 3-, or 4- 2- to 3-MPP 2- to 3-MPP
Methoxyphenyl ODS 10 9 5
piperazine 15 %
MPP
( ) 5NPE 40
3-to 2-10
4-MPP 4-Mpp| 3-10 2-10
5PYE 30 4-MPP 4-MPP

Fig.15 Separation factor and resolution of 5SNPE4D (—), 5PYE4D (——) (mobile
phase: methanol/50 mM NaH,PO,;-H;PO, (pH 2.8) with triethylamine) and
L-column ODS (——) (mobile phase: tetrahydrofuran/50 mM NaH,PO,4-H;PO,
(pH 2.8) with heptanesulfonic acid sodium salt)
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Column/ | Organic

Organic | solvent Separation factor Resolution

solvent ratio
2-, 3-, 0r 4- oDS/ . 2- to 3-FMP 2- 10 3-EMP
Fluoro THE 2 4
amphetamine 15 g
FMP cis/
( ) 30 1

CH3CN

3-to 2-to
c18/ 4_FMP 4_FMP 3' tO 2' '[0
43 4-FMP 4-FMP

CH3OH
2-, 3-, or 4- - -

,3-,0 oDS/ 20 2-10 3-CMP 2-t0 3-CMP
Chloro THE 9 A
amphetamine 15 3
CMP c1s8/

(CMP) 30
CH3CN
3-to 2-10
c1s/ 4-CMP 4-CMp| 3-10 2-to
45 4-CMP 4-CMP
CH3OH
2-, 3-, or 4- oDSs/ 10 2- tO 3-MA 2-to0 3-MA
Methoxy THF 4
amphetamine 1.3 g
MA c1s/ i
(MA) 30
CH3CN
3-to 2-to
3-to 2-to
4-MA -
cil |, AMA T 4 va 4-MA
CH3OH
2-, 3-, or 4- oDSs/ . 2. t063 MMP 9- 10 3-MMP
Methyl THE 4
amphetamine 1.3 123
MMP C18/ 1
( ) 30
CH3CN
> 10 210 15y 2
cis/ 4-MMP 4-Mmp| <10 - o
43 4-MMP 4-MMP

CH3OH
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Column/ Organic
Organic solvent Separation factor Resolution
solvent ratio
2-,3-or 4- oDS/ . Comparison of
Fluorophenyl THE 2- to 3-FPP - to 3-EFPP
piperazine 9 oDS A
(FPP) c18/ 30 15 C18/CH;CN 3
CHsCN C18/CH3;0OH
c18/ 40 3-to 2- to 3
4-FPP 4-Fpp| 3-10 2-to
CH;OH 4-FPP 4-FPP
2-, 3-, or 4-
197 oDS/ 2-to 3-CPP
20 2-to 3-CPP
Chlorophenyl THE 9 A
piperazine 15 3
CPP cis/
(CPP) 30
CH3CN
3-to0 2- to
C18/ 4-CPP 4-CPpP| 3-to 2-to
43 4-CPP 4-CPP
CH3OH
2-, 3-, or 4- - -
oos/ | 2-10 3-MPP 2- to 3-MPP
Methoxyphenyl THE ' 4
piperazine 1 3
MPP c18/
(MPP) 30
CH;CN
3-to 2-t0 | 3-10 2 to
C18/ 40 4-MPP 4-MPP| 24-MmPP 4-MPP
CH3OH
Fig.16 Separation factor and resolution of Sunniest C18 (mobile phase: —,

acetonitrile/10 mM NaHCO;-NaOH
NaHCO;-NaOH (pH 10.5)) and L-column ODS (mobile phase:

(pH 10.5),

methanol/10 mM
(—

tetrahydrofuran/50 mM NaH,PO,-Hs;PO, (pH 2.8) with 1-heptanesulfonic acid

sodium salt))
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Column/ | Organic
Organic | solvent Separation factor Resolution
solvent ratio
2-, 3-, or 4- oDS/ 2- to 3-FMP 2- to 3-FMP
Fluoro 15 2
_ THF 4
amphetamine 15 )
FMP RP/
(FMP) 10
CHsCN
3-to 2-t0
2 4-FMP 4-FMP
THF
2-, 3-, 0r 4- obs/ 2-to 3-CMP 2- to 3-CMP
Chloro THE 15 2 9
amphetamine 1. 6
CMP RP/
(CMP) 15
CHsCN
3-to 2- to
3-to 2-to
RP/ 4-CMP ;
THF
2-, 3-, or 4- oDS/ . 2- t1053-MA 2- t0 3-MA
Methoxy THE ' 4
amphetamine 1.25
MA RP/
(MA) 10
CH3CN
3-to 2-to
3-to 2-t0
4-MA 4-MA
RP/ 5 4-MA 4-MA
THF
2-, 3-, or 4- oDS/ 2- to 3-MMP 2- to 3-MMP
Methyl THE 15 15 3
amphetamine 125 15
(MMP) RP/
15
CH3CN
3-to 2-to 3t
RP/ 4-MMP 4-MMP - 10 2-to
T 2 4-MMP 4-MMP
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Column/ Organic
Organic solvent Separation factor Resolution
solvent ratio
2-,3-or 4- oDS/ . Comparison of
F_Iuorop_henyl THE 2- to 3-FPP 2- 10 3-FPP
piperazine 2T ODS )
RP/CH;CN
RP/ 15
(FPP) 10 RP/THF
CH3CN
2-, 3-, or 4- oDS/ . 2- tg 3-CPP 2-to 3-CPP
Chlorophenyl THE 9
piperazine 1.5 6
PP RP/ 3
(CPP) 15
CH3CN
3-1to 2- to
4-CPP i 3-to 2-to
RP/ c 4CPP| 4 cpp 4-CPP
THF
2-, 3-, or 4- - -
o oDS/ . 2 t°23 MPP 2- to 3-MPP
ethox
_ ypheny THF 4
piperazine 1.5
MPP RP/
(MPP) 10
CH3CN
3-to 2-to
RP/ 4-MPP 4-mpp| 3-10 2-10
2 4-MPP 4-MPP
THF
Fig.17 Separation factor and resolution of RP-AQUA (mobile phase: —
acetonitrile/50 mM NaH,PO,;-H;PO, (pH 2.8), — tetrahydrofuran/50 mM

NaH,PO4-H3PO,

(pH 2.8)) and L-column ODS (mobile phase:

(_

tetrahydrofuran/50 mM NaH,PO,-H;PO, (pH 2.8) with 1-heptanesulfonic acid

sodium salt))
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Organic
Temp. . .
[l solvent Separation factor Resolution
ratio
2-, 3-, or 4- 2- to 3-FMP 2- to 3-FMP
Fluoro 25 3 16 4
amphetamine 13
(FMP) 40 5
3-to 2-t0
4-EMP 4-EMP 3-to 2-to
60 1 4-FMP 4-FMP
2-, 3-, 0r 4- 2- to 3-CMP 2- to 3-CMP
Chloro 25 10 25 9
amphetamine 1 g 6
CMP
( ) 40 5
3-to 2-to
60 3 4-CMP 4-CMP
2-, 3-, or 4- 2- to 3-MA 2- to 3-MA
Methoxy 25 3 19 4
amphetamine 125
MA
(MA) 40 2
3-to 2-10
3-to 2-to
60 1 4-MA 4-MA 4-MA 4-MA
2-, 3-, or 4- 2- to 3-MMP 2- to 3-MMP
Methyl 25 3 13
amphetamine 115 2
1
MMP
( ) 40 2
3-to 2-to 3-to 2-to
60 2 4-MMP 4-MMP | 4-MMP 4-MMP
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Organic
Temp. ) .
[l solvent Separation factor Resolution
ratio
2-, 3- or 4- Comparison of
Fluorophenyl 25 3 2-t0 3-EPP 2 to 3-FPP
piperazine 18 25°C
(FPP) 40 2 40°C
60°C
60 1 3-to 2- to| 3-to 2-t0
4-FPP 4-FPP| 4-FPP 4-FPP
2-, 3-, or 4- 2-to 3-CPP 2-to 3-CPP
Chlorophenyl 25 10 25 9
piperazine ’ é 6
CPP
( ) 40 5
3' tO 2_ tO
4-CPP 4-cPp| 3-to 2-to
60 3 4-CPP 4-CPP
2-, 3-, or 4- 2- to 3-MPP 2- to 3-MPP
Methoxyphenyl | 29 3 18 .
piperazine 14
MPP
( ) 40 2
3- 10 2-to
4-MPP 4-mpp| 31O 2- to
60 1 4-MPP 4-MPP
Fig.18 Influence of temperature on separation factor and resolution (column:

RP-AQUA, temperature: — 25°C, — 40°C, —— 60°C, mobile phase:
tetrahydrofuran/50 mM NaH,PO,4-H;PO, (pH 2.8))
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