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z -magnetization � equilibrium

x ,y -magnetization � signal intensity

100 %
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(a) UV: 370 nm

(b) MS: m /z  301

(c) MS: constant neutral loss of m/z 162
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If required

MSPD Extraction

On-flow LC−NMR−MS

Semi-preparative isolation

Off-line 2D NMR
(COSY, TOCSY, HSQC, HMBC,

ROESY)

Stop-flow LC−NMR
(1D, 2D)

D−H back−exchange
experiment

1H NMR data
MS data, number of
exchangeable protons
2D1H NMR data,
correlation information

Comprehensive
13C and 1H signal
assignment

Asterosaponin fraction

Specimen

Pure compound

Known compound?

If not
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LC-NMR-MS

+ 20 ml H2O
+ 9 g RP-18

Wash: 100 ml H2O

Elute: 2 � 10 ml H2O
2 � 10 ml CH3CN/H2O (10:90)
2 � 10 ml CH3CN/H2O (20:80)
2 � 10 ml CH3CN/H2O (30:70)

5g Animal material

Bed of 9 g RP-18

Asterosaponins  in fraction 11 (11 mg)
1 mg injected into LC−NMR−MS system

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
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20:1

HPLC unit

Peak sampling
unit (BPSU)

Flow splitter

Syringe pump

UV detector

Mass
spectrometer

NMR
spectrometer

Esquire LC
MS/MS
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peak 6 
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9-Z lycopene,
peak 5 

(c)

13-Z lycopene,
peak 3   

(d)

9,13'-ZZ lycopene,
peak 2

(e)

9,13-ZZ lycopene,
peak 4
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phthalic acid

LiChrospher RP 18

Time (min) B% Flow rate
(ml/min)

  0.1 94.0 0.4
  5.0 94.0 0.4
40.0 50.0 0.4

A: acetonitrile
B: 0.1 % TFA in D2O
UV: 254 nm
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Spherisorb S5CN
250 � 4.6 mm
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Oven with
(a) switching valve to
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(b) extraction cell,
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