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General scheme for sample work up

Product

i Fractionate whole
a liquid ‘
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Add water
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Experimental

Organic Chemistry Fig.3.31 General scheme for reaction work-up.
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General outline for the separation of a mixture

Organic solution of
acidic (AH), basic (B:), and
neutral (N) compounds

y Extract with aqueous acid

.

Organic solution Acidic aqueous
of AH and N solution of BH
s ot
Basify; extract
with organic
solvent
Extract with = o
y aqueous base
Organic solution Aqueous
of B: layer

]

Organic Organic solution
solution of A
of N

Acidify; extract with
organic solvent

Organic solution Aqueous
of AH layer

Fig.3.36 General outline for the separation of acidic (AH), basic (B:) and neutral (N)
components of a mixture.
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Extraction protocol for purification of a neutral compound

Reaction mixture or Impure compound

Work-up Dissolve in organic solvent

Organic solution
containing your
neutral compound

Extract with
2M NaOH (x2)

|

Organic solution Aqueous layer DlSca;rdl
containing your (contains acid
neutral compound impurities)
Extract with
2M HCI (x2)
y
Y
i
Organic solution Aqueous layer Discard |
containing your (contains basic

neutral compound impurities)

Extract with water (x1)
2. Extract with saturated sodium chloride (x2)

Organic solution Aqueous layer |—>— Discard l
containing your
neutral compound

1. | Dry organic solution
2. | Evaporate solvent

Isolate your
neutral compound

Fig.3.37 Extraction protocol for the isolation and purification of a neutral organic
compound.
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Extraction protocols for
purification of an acidic organic

compound

Reaction mixture

Organic solution
containing your
acidic compound

Extract with
aqueous base (x2)

Impure compound

Dissolve in organic solvent

Combined aqueous,
basic solution
containing your acidic
compound (as a salt)

Organic layer
(contains basic
and neutral
impurities)

Acidify

2. | Extract with organic solvent (x2)

Organic solution
containing your
acidic compound

1. | Extract with water (x1)

Discard |

Aqueous layer '—»— Discard l

Extract with saturated sodium chloride (x2)

Organic solution
containing your
acidic compound

1. | Dry organic solution
2. | Evaporate solvent

Aqueous layer |—>— Discard I

Fig.3.38 Extraction protocol for the isolation and purification of an acidic organic

compound.
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Extraction protocols for
purification of a basic organic
compound

Reaction mixture Impure compound

Dissolve in organic solvent

Organic solution
containing your
basic compound

Extract with
aqueous base (x2)

T

Combined aqueous, Organic layer j—»— Discard]
acidic solution

containing your basic

compound (as its HCI salt)

=

. | Basify
2. | Extract with 2M HCI (x2)

Organic solution Aqueous layer l—>— Discard |
containing your

Hasic compaund

-

Extract with water (x 1)
2. | Extract with saturated sodium chloride (x2)

Y ‘

Organic solution Aqueous layer J+ Discard |
containing your

basic compound

1. | Dry organic solution
2. | Evaporate solvent

Fig.3.39 Extraction protocol for the isolation and purification of a basic organic
compound.
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Purification Techniques for Natural Products

Liquid-liquid Extraction
Soxhlet Extraction
Fractional Distillation
Fractional Distillation under Vacuum
Steam Distillation
Sublimation
Thin layer Chromatography
Liquid Chromatography
Gas Chromatography
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Soxhlet Extraction

/[’L
condenser

water in o
clamp
™~
paper
thimble
. Soxhlet
solid to be
extracted SRS
)
clamp
) 88260,0%
thIIIng =ele — heat source
stones (mantle, water

bath etc.)

Fig.3.40 Soxhlet apparatus for the extraction of solids.
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Isolation of caffeine from tea leaves using Soxhlet extractor

1. Isolation of caffeine

Place the finely ground tea leaves in the thimble of the Soxhlet extractor and
arrange the apparatus for continuous extraction for 1h with 100mL ethanol.!
Transfer the extract to a 1L round-bottomed flask containing the magnesium
oxide and evaporate to dryness on the rotary evaporator, heating with a warm
water bath.2 Extract the solid residue with boiling water (4 x 50mL), and filter
the slurry with suction whilst hot in each instance. Add 12mL of 10% sulfuric
acid to the filtrate and reduce it to ca. one-third of its original volume on the
rotary evaporator with heating on a steam or boiling water bath. If a flocculent
precipitate forms at this stage, it should be filtered off whilst the solution is still
hot and the solution allowed to cool, before extracting four times with 15SmL
portions of chloroform. The yellow organic extracts can be decolourized by
shaking with a few millilitres of 1% aqueous sodium hydroxide followed by
washing with the same volume of water. Remove the solvent on the rotary
evaporator and recrystallize the residue of crude caffeine from the minimum
quantity of boiling water (<1 mL). Record the weight and mp of your product
and obtain the IR spectrum (CHCI,).

Tea leaves

1. Grinding

2. Extracting (ethanol)
3. Evaporation

Solid residue
Extracting (water)
Filtering
Evaporation
Extraction (CHCI3)
Washing
Evaporation
Recrystallizing

~N o ok W=
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Distillation

thermometer

condenser

— clamp

still head
— receiver
adapter

clamp

distillation
flask

heat
source

IF boiling
stones  receiving —
flask

(a)

Fig.3.48 (a) Apparatus for simple distillation. (b) Microscale distillation.

—— sand bath or
thermal block

(b)
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Fractional Distillation

thermometer ———
condenser ﬁ
still head —————— ()
)-Q;% i
arCc )
2
o3 :
— 'pig type’ .0 /
receiving adapter " a
fractionating ———- [ i
column = )
: - receiving flask 0
clamp ——— {111 . [ g
vy 1
5 :
G #
()
.0 @
; 0 ¢ ;
= laboratory jack r_ J ; L E———
s = to support flasks = ] support beads
clamp ——————L1 ] = U .
(a) (b) (©)
Fig.3.51 Some types of fractionating columns: (a) Vigreux: (b) Widmer: (c) column
heat — packed with glass beads.
source ‘

Fig.3.50 Apparatus for fractional distillation.
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Fractional Distillation under Vacuum

———————— thermometer

still head

= condenser
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— clamp

water in

clamp
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L magnetic stirrer/
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Fig.3.53 Apparatus for distillation under reduced pressure.

vacuum
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o
=
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Claisen
adapter

clamp

Steam Distillation

thermometer

steam in

l

still head
—— condenser

condenser

steam

heat —

source

(a) (b)

Fig.3.55 (a) Apparatus for steam distillation; (b) a still head for steam distillation.
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Main Chromatographic Techniques

Table 3.9 Main chromatographic techniques.

Stationary phase Mobile phase Technique (substances separated)

Solid Liquid Adsorption chromatography (wide range of

aliphatic and aromatic molecules)

Reverse phase chromatography (polar organic
molecules)

Gel permeation chromatography
(macromolecules)

Ion exchange chromatography (charged
molecules, amino acids)

Liquid Liquid Partition chromatography (thermally and acid
labile organic molecules)

Liquid Gas Gas-liquid chromatography (volatile organic
molecules)
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Thinlayer Chromatography

" solvent
front
[©) ——— component
spot
bl |a
baseline
R,:g

Fig.3.64 Determination of the retention factor.

% % *—N—x
A B A A+B B
(@) (b)

Fig.3.65 (a) Two compounds having similar R; values may be indistinguishable, even
when run on the same TLC plate. (b) Double spotting shows the typical ‘figure of
eight’ appearance of the two closely running but different compounds.
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Thinlayer Chromatography

‘ direction of
solvent flow

initial
point of

8
:
s
application —. ‘ "

first development rotation through 90° and second development

Fig.3.66 Stages in the development of a two-dimensional chromatogram.
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Liquid Chromatography

funnel containing

7 SOt additional solvent
: j— sand
clamps
\ sand
\\\ B grease applied
\ il adsorbant Ge clamps sparingly to the edge
\ of the stopcock only
/ \\

cotton wool

&

sand g|ass

sinter disk

\

Y/

(@) (b) ()

Fig.3.70 Common arrangements for percolation column chromatography.
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Liquid Chromatography Gradient Elution

‘ High-Pressure Solvent Programmer
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Sampling of Volatiles from Plants
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Sampling
of Volatiles
from Plants
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Adsorbent Material used in Trap

Trap Amount of Adsorbents in Trap

Adsorbent Key

Tenax A

Silica Gel 15

Activated Charcoal
Of A A/
Chro%?sglr)blelof?\«‘\;' E

Carbopack B

Carbopack C
Carbosieve S-I|1" g
Carboxen 1000 |5

Carboxen 1001

4 SP-2100 is equivalent
to OV-1.

® Patented
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Capillary Gas Chromatography

N

VF-5ht column -

Extends temperatures
up to 400 °C

VF 0.15 mm ID column -

Double sample throughput

i DESORPTION GAS (HE)

DESORPTION QVEN

SAMPLE TUBE

CARRIER GAS =»————
INJECTOR

COLD TRAP
HEATER

I

* LIQUID NITROGEN
TO COLD TRAP

GC OVEN

COLD TRAP

SPLITT VALVE

TO DETECTOR
OR MS
CAPILLARY COLUMN |
e e T e e e e |
Figure 2. Gas Chromatographic Inlet System
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Caplillary Gas
Chromatography
of Volatiles from
Tomato Leaves
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Fig. 1. Capillary gas chromatograms of wound-emitted volatiles. — A. L. hirsutum f. glabratum (LA 1223, 1 g of leaves). - B. L.
esculentum (cv 1da, 5 g of leaves). - Numbered peaks: (1) trans-2-hexenal, (2) cis-3-hexenol, (3) a-pinene, (4) a-terpineolene, (5)
a-phellandrene, (6) 2-undecanone, (7) a-copaene, (8) B-caryophyllene, (9) humulene, (10) a-curcumene, (11) 2-tridecanone, (12)
zingiberene, (13) 8-cadinene. - A fused silica column, i.d. 0.31 mm x 25 m of SE-30, linearly programmed from 30° to 230°C at
5°C/min.
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Sampling of Volatiles from Soil

PLASTIC (PvC)
POT

ADAPTER
(ACETAL PLASTIC)

SEPTUM
(SILICONE RUBBER)

SAMPLING TUBE

TO FLOW REGULATOR
AND VACUUM PUMP

Figure 1. Assembly for Sampling of Volatiles
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Capillary Gas Chromatography

TELLUS

!

mw-ti\ald Ul

Figure 3.
from Soil.
Tenax TA;

desorption:

to 230° at 5°C/min;

carrier gas:

.\W

\ Wl
J}M@'}i‘dﬁi W*MMLM :

adsorption:
column:

Capillary Gas Chromatogram of
Chromatographic data:
8 min at 200°C;

m"humw

W L

[V ¥

Volatiles
4 h on

fused
silica 0.3 mm, 20 m, SE33; temperature programming: 40
helium (50 cm/s).

Eigenvector projection

\
* -7 \®
i = ~ -

E:] ETU (BARLEY) <:::> SOIL {RrEFERENCE)
(::) TELLUS (BARLEY)

Figure 5. Eigenvector Projection (Principal Vector
Plot). A plane is least squares fitted to all the
data. This plane constitutes a two-dimensional window

into the multi-dimensional measurement space. The
projections of the object points down to the plane are
visualized in this plot.
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Solid Phase Micro Extraction

Retract
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Solid Phase Micro Extraction

Determine the type of fiber you need according to the molecular weights
and polarity of the analytes.

Low molecular weight or volatile compounds usually require a 100um

polydimethylsiloxane (PDMS)-coated fiber.

- Larger molecular weight or semivolatile compounds are more effectively
extracted with a 30um PDMS fiber or a 7um PDMS fiber.

- To extract very polar analytes from polar samples, use an 85um
polyacrylate-coated fiber.

- More volatile polar analytes, such as alcohols or amines, are adsorbed

more efficiently and released faster with a 65um polydimethylsiloxane/
divinylbenzene (PDMS/DVB)-coated fiber.

- A 60um PDMS/DVEB fiber is a general purpose fiber for HPLC.
~ For trace-level volatiles analysis, use a 75um PDMS/Carboxen fiber.

+ For an expanded range of analytes (C3-C20), use a 50/30
divinylbenzene/Carboxen on PDMS fiber.
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Solid Phase Micro Extraction

Figure B. Flavor Compounds in
Fruit Juice Beverage

SPME:
Cat. No.:

GC Column:

GRISvoNonswn -

100pm polydimethylsiloxane phase fiber

5-7300

10 min immersion sampling with stirring

(3mL sample, 0.6g NaCl added) 3 min desorption

Carbowax® 20M-type phase,

(Supelco recommendation: SUPELCOWAX 10)
30m x 0.25mm ID, 1pm film

available on request

50°C (2 min) to 220°C at 4°C/min

helium, 20cm/sec

MS (m/z = 35-400)

200°C, splitless (closed 2 min)

(1mm ID injector liner)

Dichloromethane 14. Linalool

Ethyl butyrate 15. P-Terpineol

Ethyl isovalerate 16. Butyric acid

Limonene 17.  2-Methylbutyric acid
Ethyl hexanoate 18. a-Terpineol

Isoamyl butyrate 19. Hexanoic acid

Hexanyl acetate 20. cis-Methyl cinnamate
cis-3-Hexenyl acetate 21. 1-(2-Furyl)-2-hydroxyethanone
Hexanol 22. Furaneol

cis-3-Hexenol 23, trans-Methyl cinnamate
cis-3-Hexenyl butyrate 24. y-Decalactone

Furfural 25. Dodecanoic acid
Benzaldehyde 26. (Hydroxymethyl)furfural

SPME (100pm polydimethylsiloxane)

2|
[
7
o JL‘?JJ“ll.Ll‘ rvvr‘ﬁ‘v"‘TJ l, e
5 10 15 20 25 30 35 40
Min
794-0865
Solvent Extraction (dichloromethane)
12, 4 10 2324
3 19 )
8 18
5 17] 26
I
35 40

794-0868

Figure E. Ginger Oil

Sample:  0.5g ginger oil

SPME:  100pm polydimethylsiloxane fiber
Cat. No.:  5-7300
1 min headspace sampling, 30°C
5 sec desorption, 250°C

GC Column:  B-DEX 120 (modified B-cyclodextrin phase),
30m x 0.25mm 1D, 0.25pm film
Cat. No.:  2-4304
Oven:  40°C to 220°C at 4°C/min
Carrier:  helium, 35cm/sec
Det.:  FID, 250°C
Inj.:  split (100:1), 250°C
12

Methanol
Acetone
Isopropanol
Ethyl acetate
Hexanal
2-Heptanone
(#)-0-Pinene
[-Myrcene
. (#)-Camphena
7 10. (£)-p-Pinene
11, (#)-Limonana
12, (+)-p-Phellandrane
13, (£}-Cineole

CBuDO B @R -

[ s 10 15 20 25 30
— 94-0277

Figure F. Lemon Oil

Sample:  0.5g lemon oil
100pm polydimethylsiloxane fiber
300

1 min headspace sampling, 30°C
5 sec desorption, 250°C

SPB-1 (poly[dimethylsiloxane] phase),
100m x 0.25mm ID, 1.0pm film

2-4220

40°C to 220°C at 4°C/min

hydrogen, 40cm/sec

FID, 300°C

split (100:1), 250°C

Camphene
Sabinene

[-Myrcene

{-Pinene

Octanol

a-Phellandrene 15 45 10
a-Terpinene n
p-Cymene
10. D-Limenene
11. yTerpinene
12, trans-Ocimene
13, Nonanal 15
14. Linalool
15. Terpinclene
16. Camphor
17, a-Terpinol
18, Nerol

19, Neral 23
20. Geraniol
21, Geranial B
22, Citronellyl acetate 24 .
23 Neryl acetate

24. Geranyl acetate 7
25, trans-
a-Bergamotena 1914
Caryophyllene
27. [-Bisabolene 16

6 18} |73,
_‘L IRTI A lljJJL
1

Min - - 94.0307

CEND nawN=

25

r
o

20 a0

Rancid Corn Oil Polyunsaturated oils are susceptible to oxidation
over time, and at accelerated rates on exposure to sunlight,
elevated temperatures, or metals. Increased levels of volatile
compounds formed from oxidation of linoleic acid (particularly
pentane, hexanal, and 2-heptenal), linolenic acid
(2,4-heptadienal), and oleic acid (octanal and nonanal) are
indicators of rancidity in vegetable oils, and headspace analysis
is an effective means of detecting these compounds (7-9). The
needle on the SPME device will penetrate the foil or plastic seal
on a bottle of cil and enable the analyst to sample the headspace
in the bottle without changing its composition. Headspace
SPME/capillary GC easily enables the analyst to monitor the
volatiles of interest (Figure G). Note that butylated hydroxytolu-
ene (BHT) also can be detected through the SPME/GC analysis.

Figure G. Rancid Corn Qil

Sample:  3.0g comn oil

SPME:  100pm polydimethylsiloxane fiber
Cat. No.:  5-7300
45 min headspace sampling, 40°C
1.5 min desorption, 250°C

GC Column:  SPB-5 (poly[5% dipheny
30m x 0.53mm ID, 5.0um film
Cat. No.. 2-5347
QOven:  40°C (5 min) to 220°C at 4°C/min
Carrier:  helium, 5SmL/min
Det: FID, 300°C
Inj.:  splitiess (1 min}, 250°C

] phase),

Propana
Pentane

Pentanol

Hexanal

2-Hexenal

2-Haptanona

2-Heptenal

1-Octen-3-ol
2-Pentylfuran

10. 3-Octen-2-one

11. 2-Octenal

12. 2-Nonenal

13. 2-Decenal

14.  trans,cis-2,4-Decadienal
15. trans \rans-2,4-Decadienal
16. 2-Undecenal

17. BHT

OENDDEDN -

L L L

Min 794-0861
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Solid Phase Micro Extraction

Pressure tested
desorption chamber
replaces sample loop

Solid Phase MicroExtraction (SPME) for HPLC
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Solid Phase Extraction
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All the elements in a diagram are color coded as follows:

B BLUE is POLAR
PALE BLUE is SLIGHTLY POLAR
[ PURPLE is INTERMEDIATE POLARITY
B PALE RED is SLIGHTLY NON-POLAR
Il RED is NON-POLAR
These colors represent relative polarities in a given diagram,
not absolute polarities, e.g., blue is not necessarily as polar
as water. PURIFIED
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Solid Phase Extraction

Octadecyl —S:i—CwHN
(] Octyl - ~Si- CgHyy
c2 Ethyl -Si- C2Hs
CH Cyclohexyl -Si- (O
PH Phenyl -Si- (O
POLAR
CN Cyanopropy! —S:i- CH,CH,CH,CN
20H Diol ~Si~CH,CH,CH,0CH,CH-CH,
OH OH
si Silica -Si-OH
NH, Aminopropy| ~Si- CH,CH,CH,NH,
PSA N-propylethylenediamine -S';i-CHZCHZCHal:ICHZCHQNHQ

ION EXCHANGE

SCX Benzenesulfonylpropyl —S:i— CH,CH,CH, —@8036

PRS Suforypropyl  -S-CHCHOH,S0O
CBA Carboxymethyl - S:i- CH,CO00

I ®
DEA Diethylaminopropy! -(?i- CH,CH,CH,N (CH,CH;),
H

I ®
Trimethylaminopropyl =Si= CHoCH,CH,N-(CH)s
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Solid Phase Extraction

All the elements in a diagram are color coded as follows:

| BLUE is POLAR
PALE BLUE is SLIGHTLY POLAR
Il PURPLE is INTERMEDIATE POLARITY
I PALE RED is SLIGHTLY NON-POLAR
[l RED is NON-POLAR
These colors represent relative polarities in a given diagram,
not absolute polarities, e.g., blue is not necessarily as polar
as water.

ION EXCHANGE
YELLOW indicates significant CATIONIC interactions
GREEN indicates significant ANIONIC interactions
WATER is BLUE (polar) when it has no ions or is weakly
jonic.
BLUE with a YELLOW stripe is water with significant
acidic properties.
BLUE with a GREEN stripe is water with significant basic
properties.

FRACTIONATION OF WINE COMPONENT

ANTHOCYANINS
[ ORGANIC ACIDS
I CARBOHYDRATES

CONDITION: METHANOL, WATER
APPLY WINE SAMPLE

ELUTION: METHANOLIC HCI
ELUTION: HCI

ININININININININ AN

NN
/N
N2y
)/\/\
YOI505

’
NN/

INININININININININ
NININANININININ NS
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Solid Phase Extraction

ION EXCHANGE
YELLOW indicates significant CATIONIC interactions
GREEN indicates significant ANIONIC interactions
WATER is BLUE (polar) when it has no ions or is weakly
jonic.
BLUE with a YELLOW stripe is water with significant
acidic properties.
BLUE with a GREEN stripe is water with significant basic
properties.

All the elements in a diagram are color coded as follows:

B BLUE is POLAR

PALE BLUE is SLIGHTLY POLAR
B PURPLE is INTERMEDIATE POLARITY
B PALE RED is SLIGHTLY NON-POLAR
B RED is NON-POLAR

These colors represent relative polarities in a given diagram,

not absolute polarities, e.g., blue is not necessarily as polar
as water.

DS FROM SERUM

E FATTY ACIDS

A PHOSPHOLIPIDS

El CHOLESTERYL ESTHER
[ TRIGLYCERIDE

H CHOLESTEROL

[E DIGLYCERIDE
MONOGLYCERIDE

SOLVENTS

Y 2:1 CHLOROFORM
: 2-PROPANOL

W 2% ACETICACIDIN
DIETHYL ETHER

W METHANOL

W HEXANE

V7 1% DIETHYL ETHER,
10% METHYLENE CHLORIDE
INHEXANE

W 5% ETHYL ACETATE
INHEXANE
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Dual Choice chamber

Ovipositing of the Large White Butterflies P. brassicae
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Cardenolides on Leaf Surface

Cardenolides on leaf surface

TEFLON TUBE
INNER ¢ 1,6mm

N\, HANDLE

Surface wash

HEATER

Figure 2. A: The steam spray apparatus used to wash of the surface
film of fresh leaves.
B: The spray apparatus used to wash of the surface
film with organie solvents. Leaf extract

| L

Fig. 1. Comparison of cardenolide contents in leaf extract and
on leaf surface of C. allionii. Liquid chromatograms of A; 50%
methanol-water extract and B; steam wash. Both samples with
phenolics removed. Chromatographic column: analytical 15 cm
4.8 mm id., packed with 4 um Novapac C18 (Waters). Flow:
1.0 ml/min. Oven temperature: 60°. Detection: UV adsorption at
220 nm. Mobile phase: gradient from 10 to 40% of methanol in
water in 35 min.
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Ovipositing of the Large White Butterflies P. brassicae

Inj.

min

Fig. 2. HPLC of a purified extract obtained from C. x allionii. Column: 30 cm x 8 mm i.d. 10 um Polygosil C18.
Column temperature: 60C. Mobile phase: methanol-water gradient from 10 to 25% in 5 min followed by 25-45% in
45 min. Detection: UV adsorption at 220 nm. Fourteen cardenolides were isolated from the methanol/water extract
of C. x allionii. Five are of the strophanthidin type and one of the uzarigenin type. The main cardenolide fraction (R,
40.15 min) does not represent all the activity in the plant extract but it has the strongest deterrent effect on
oviposition and was present in large amounts in the leaves of C. cheiri, C. x allionii and Erysimum scoparium

Table 6. Ovipositing of Large White butterflies P. brassicae in a dual choice

chamber.

Test leaves
sprayed with

Control leaves
sprayed with

Test fraction fraction carrier Eggs on
R, (min) (no. of eggs) (no. of eggs) test leaves (% of total)
20.50 540 2931 15.6
21.80 208 3710 5.3
24.50 113 2442 4.4
25.00 58 2219 2.5
36.75 371 2431 132
40.15 48 3453 1.3
44.50 329 2672 11.0
46.35 167 2660 59
48.05 263 3237 7.5
49.06 359 2388 13.1
Sum: 2456 28143 8.0

Sum of data from six (three hr) experiments involving ten females.
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Tarsal Contact Chemoreceptory

©~ e e

Fig. 3. Neural responses of a tarsal contact chemoreceptory hair of a female of Pieris brassicae to different stimuli:
(a) 0.01 M NaCl, (b) ODP, eggwash from 500 eggs/ml in water, (c) 0.05% strophanthidin glycoside in 0.01 M
NaCl, (d) 0.05% strophanthidin + eggwash from 500 eggs/ml, (¢) 0.01% M NaCl after three prior stimulations
with strophanthidin. In the latter case the hair was rinsed with aqua dest before stimulation with NaCl. All

recordings last one sec.
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Protocol for isolation of active component

ROUGH FRACTIONATION

re
BIOTEST

lActive part
PREPARATIVE CHROMATOGRAPHY
.
BIOTEST

1Active part

PREPARATIVE CHROMATOGRAPHY

¥
BIOTEST
.4
STRUCTURAL EXAMINATION
NMR , MS
PHENOLIE ACID CARDENOLIDES
GLYCOSIDES
¥ ¥
BIOTEST BIOTEST
¥ g
NOT ACTIVE ACTIVE
A4

SAMPLE WORK UP

¥
PREPARATIVE CHROMATOGRAPHY

¥
BIOTEST

¥
EXAMINATION OF CHEMICAL STRUCTURE
LC-MS NMR
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|dentification Techniqgues of Natural Products

« Gas and Liquid Chromatography
« Mass Spectrometry

« UV/Vis Spectrophotometry

* IR Spectrophotometry

* NMR Spectrometry

* Roentgen Diffraction
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Mass spectrometers separate ions according to

N

their mass to charge (m/z) ratios

Quantitative information about
samples

Qualitative structural information

Sensitive for a wide range of
compounds

Extremely selective
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Uses of Mass Spectrometry in Organic and Biological Chemistry

Application

Samples

Methods

Comment

Molecular weight

Pure compounds,

Recognize intact

Several ionisation

determination mixtures molecular ion in methods can be used for
spectrum confirmation
Molecular formula Usually pure High accuracy mass High accuracy alone

determination

compounds but also
mixtures by LC-MS or
GC-MS

measurement on
molecular ion

seldom gives a unique
molecular formula

Molecular structure
determination

Pure compounds or
mixtures by LC-MS,
GC-MS, and MS-MS

Spectrum-structure
correlations; library
comparisons

Confirmation of
suspected structures is
usual; de novo
interpretations rare

Sequence determination

Proteins, other
biopolymers

Tandem mass
spectrometry (MS-
MS)

Sensitive, very rapid and

increasingly useful

Isotopic incorporation and
fractionation

Naturally and artificially
labelled compounds
(13C, 2H, 180, etc.)

lon abundance
measurements

Precise isotope ratio
measurements require
special instrument

Quantification

Mixtures by LC-MS or
GC-MS

Selected ion detection
(SIR) or multiple
reaction monitoring
(MRM)

Sensitive and very
selective
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Components of a Mass Spectrometer

Vakuum System

Inlet lon Mass Mass o Detector = D212

e.g. LC Source Analyzer | Analyzer Il System
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Ion Sources

e High vacuum sources

Electron Ionization (EI)

Chemical Ionization (CI)

Field Desorption (FD, FI)

Fast atom bombardment (FAB. LSIMS)
Matrix-Assisted Laser Desorption (MALDI)

e Atmospheric Pressure Ionization (API)

Electro spray Ionization (ESI)
Atmospheric Pressure Chemical Ionization (APCI)
Atmospheric Pressure Photo ionization (APPI)

Atmospheric Matrix-Assisted Laser Desorption
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1000 000

100 000

10 000
Mw

1000

Application range of various ion sources

Electrospray

El

FAB

nonpolar

Polarity

Very polar
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High Vacuum Sources

— Electron lonization (El)

— Chemical lonization (ClI)

— Fast atom bombardment (FAB. LSIMS)

— Matrix-Assisted Laser Desorption (MALDI)
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lon Source for Electron Impact (El)

ELECTRON IONISATION (EI)

Filament

electron beam

focus
plates
/

Sample

n ion beam out

Trap

Source Block

Magnet

Figure 3. Simple lon Source, showing the housing (block)
with electron beam for El .
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El mass spectrum of methanol

100— K}

s r1+
22 3L

Relative intensity

1600

CHOH*

1400~

1200+~

1000

8001—

600

400—

200

0 1 1 1
0 20 30 40 S50 . 60 70 80 90 100
ELECTRON ENERGY (eV)

1. lonization efficiency curves for major ions in the mass spectrum of methanol.

Mass spectra (EI) are routinely obtained at an elec-
tron beam energy of 70 eV. The simplest event that
occurs is the removal of a single electron from the
molecule in the gas phase by an electron of the elec-
trom beam to form the molecular ion, which is a radical
cation (M *). For example, methanol forms a molec-
ular ion.

CH;OH + e — CH;0H * + 2e
milz 32

When the charge can be localized on one particular
atom, the charge is shown on that atom.

o+

CH,OH

The single dot represents the odd electron. Many of
these molecular ions disintegrate in 107°-1073 s to
give, in the simplest case, a positively charged frag-
ment and a radical. A number of fragment ions are thus
formed, and each of these can cleave to yield smaller
fragments. Again, illustrating with methanol

CH,OH'* — CH,OH~" (m/z 31) + H’

CH,OH * — CHj3 (m/z 15) + ‘OH

CH,O0H* — CHO™" (m/z29) + H;
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GC-MS
with El ionisation
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Advantages and Disadvantages of El

Advantage

Consequence

Reproducible method

Libraries of El allow compound identification

Extensive fragmentation occurs

Molecular structure information can be deduced

lonisation efficiency high

Method is sensitive: 1 in 1000 molecules is ionised

lonisation is non-selective

All vaporized molecules can be ionised

Disadvantage

Consequence

Only positive ions formed

Not ideal for all classes of compounds

Radical cations formed

Rearrangement processes complicate mass spectra

Sample must be volatile

Limited to relative low molecular weight compounds

lonisation is non-selective

All vaporized molecules contributes to the mass
spectrum

Relatively energetic (large interal
energy)

Often extensive fragmentation; limits value in
molecular weight determination
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Chemical ionisation (ClI)

fon chamber—\

Reagent gas —e

/

0% j

G re-entrant —

Direct insertion probe

_— Focusing apparatus

e

— To analyser

e
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CHEMICAL IONISATION (CI)

Reagent gas Molecular ion Reactive reagent ion . 100 - 149
B CO,CgH
H2 Hz™* Hz* E @ b
=
CsH1o CaHz™ CaH11* 2 CO,CgHyy
i 167
NH3 NH3™* NH4* _g 57 6 El
- + = T 13
CH3OH CH30H CH30H; s 4 ’ J (0
NO NO™ NO* ok 4 T —
100 200 300
(a) m/z
Figure 4. Some types of reagent gases and their reactive ions
100
9 391
=
=] 113
§ CI(CHy)
-1
CHEMICAL IONISATION (CI) o o -
S . 261
-4 L i
0 I 1 T
100 200 300
MH* + NH3 (a) (b) m/z
M + NH4* <
M.NH4* (b) 100+ 391
[}
CoH* +M  —— (M- H)*+ C2Hg + Ha (c) g
s
2 CI(CHMe;)
2
k=
Q
-
Figure 5. Typical CI processes in which neutral sample 0 ] i L T S |
molecules (M) can react with NH4" to give either (a), a 100 200 300 4
protonated ion (MH") or (b), an adduct ion (MNH4*); the (0 m/z

quasimolecular ions are respectively 1 and 18 mass units
greater than the true mass (M). In process (C), reagent ions
(CzH7") abstract hydrogen, giving a quasimolecular ion 1
mass unit less than M
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Fast atom bombardment (FAB. LSIMS)

FAB (Fast Atom Bombardment) och LSIMS (Liquid Secondary Ion Mass

Spectrometry)
K/ — _— S [ x
Sputtered Particl ;
Primary Incident Beam puttere ﬁ;u:.faﬁzs
SIMS (Cs*) ions
FAB (Xe°) electrons
LD (photon)
O
"""""""""""""" } '?{El{{}:&ge
egion
.I!\I\\lllll E ‘ () £ bc.'.-ﬂu t".n.‘u_'u__“f.j:__t

r\| )‘ - ‘"' ; g ' (l x ~_I "-\ '_' o O ‘:‘-‘ "-‘ ."-l
ﬁ\ )\' ’\W . ,\S{ LGBV 50 0 Ju
S k \Sample ".'\ }')-‘7_-‘\.‘"‘ ol ",". v

-" .‘ [ “ _’\(\ 1
L} -( - u_ -.. ™ o’
j‘g " \\. -‘ ] .~ " ’

Primary Incident Beam
K PI) (fission particles) /j

Figure 2. Simple illustration of an instantaneous co'iision cascade generated as a result of primary particle impact in desorptlion ionization
mass spectrometry.
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Fast atom bombardment (FAB. LSIMS)

Matrix in FAB/LSIMS

Glycerol
Thioglycerol more volatile
Mix glycerol/thioglycerol

Mix of di-thiothreitol (five parts)/di-thicerythritol (one part)
m-nitrobenzyl alcohol (m-NBA)

glycols
tri-ethylenglycol
tetra-ethylenglycol

tri-ethanolamine also for negative ion
di-ethanolamine "
2,4-ditertamylphenol

tetra-methylene-sulphone

conc. sulphuric acid

3-aminopropanel,2-diol negative ion
thiodiethylene glycol (TDEG) organometallic comp

Mix of TDEG/glycerol peptide

Problems caused by chemical reactivity:

ex.: m-NBA oxidation to aldehyde under ion bombardment and
reaction with analyte amino groups

ex.: formation of formaldehyde from glycerol

ex.: reduction of the analyte such as dyestuffs and peptides in glycerol
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Matrix-assisted Laser Desorption/lonization

Time-of-flight
Mass Analyser

Pulsed laser bearn

Extraction grid

/

‘ Desorbed “plume” of
/ riatrix and analyte ions
.
‘ - 4l = fnalyte
= Matrix
‘. o ® = Cation {eg. Ha* or H¥)
-

Sample -' < . < * .-
plate ' 4B .
-, - , ‘e .o
- - - = ] - -
« a»
s W . s T . A, » -.-- .
L ] L] [ ] -
. - * . - * .
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ar e s T A , « D e I

2000 PAUL GATES
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The mechanism of MALDI is not totally understood...:

The Formation of a
'Solid Solution'

Matrix Excitation

Analyte lonization

The analyte molecules are distributed throughout the matrix so
that they are completely isolated from one other. This is
necessary if the matrix is to form a homogenous 'solid solution'

Some of the laser energy incident on the solid solution is absorbed
by the matrix, causing rapid vibrational excitation, bringing about
localized disintegration of the solid solution, forming clusters made
up of a single analyte molecule surrounded by neutral and excited
matrix molecules. The matrix molecules evaporate away from
these clusters to leave the excited analyte molecule.

The analyte molecules can become ionized by simple protonation
by the photo-excited matrix, leading to the formation of the typical
[M+X]* type species (where X=H, Li, Na, K, etc.). Some multiply
charged species, di- and trimers can also be formed. Negative ions
are formed from reactions involving deprotonation of the analyte by
the matrix to form [M-H]- and from interactions with photoelectrons
to form the [M]" radical molecular ions.

These ionization reactions occur in the first tens of nanoseconds after
irradiance, and within the initial desorbing matrix/analyte cloud.
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Applications and Choice of Matrix

The most important applications of MALDI mass
spectrometry are: peptides and proteins, synthetic
polymers, oligonucleotides, oligosaccharides,
lipids, inorganics.

Numerous matrices have been found for these and
other classes of compounds; a summary is given in
figure.

Although electrospray ionization (ESI) is somewhat
competitive and certainly complementary, MALDI
remains the method of choice in several key areas,
particularly proteomics. The sensitivity of ESI is
reduced by the presence of salts, impurities, and
organic buffers which are more easily tolerated by
MALDI.

Oligosaccharide

propenylidene)malononitrile

1-Isoquinolinol

Determined molecule Abbrev. Product
Peptide/protein
Mass < 10 kDa CHCA a-Cyano-4-hydroxycinnaric acid
Mass > 10 kDa SA Sinapic acid
HABA 2-(4-Hydroxyphenylazo)benzoic acid
IR-Laser Succinic acid
UV-Laser 2,6-Dihydroxyacetophenone
UV-Laser Ferulic acid
UV-Laser Caffeic acid
Liquid rnatrix Glyerol
Liquid matrix 4-Nitroaniline
Oligonucleotide
Mass < 3.5 kDa THAP 2,4,6-Trihydroxyacetophenone
Mass > 3.5 kDa HPA 3-Hydroxypicolinic acid
Anthranilic acid
Nicotinic acid
Salicylamide
Synthetic polymer
Non-polar IAA Trans-3-indoleacrylic acid
DIT Dithranol
Polar DHB 2,5-Dihydroxybenzoic acid
IR-Laser Succinic acid
Organic molecules
DHB 2,5-Dihydroxybenzoic acid
Isovanillin
Carbohydrates
DHB 2,5-Dihydroxybenzoic acid
CHCA a-Cyano-4-hydroxycinnamic acid
3-Aminoquinoline
Acidic THAP 2,4,6-Trihydraxyacetophenone
Lipids DIT Dithranol
Dendrimers )
SA Sinapic acid 3
DIT Dithranol 2
Q
Fullerenes SA Sinapic acid %
Inorganic molecules DCTB T-2-(3-(4-t-Butyl-phenyl)-2-methyl-2- ;'T’_:
S
&
>
(o3}



Examples of MALDI
mass spectra
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Atmospheric Pressure lonization (API)

Electrospray lonization (ESI)

Atmospheric Pressure Chemical lonization (APCI)
Atmospheric Pressure Photo ionization (APPI)
Atmospheric Matrix-Assisted Laser Desorption
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Schematic of electrospray ionization process

Metal Plate
~100V
ESI Droplets
Taylor Cone o
Spray Needle / D DD
2-5kV / %ibf)ﬂ @ Mass
@ Spectrometer
ESI Solution @@@@ DD VI @ @ @ @
i o) B 9°"=} 043@ @@ @ ® @
> S @D ®
A
M \ %??;0 Reduction
Oxidation Excess Charge on Surface
(/) Solvent and neutralized ions ————» §
'
Iﬂa}r Current (7)
+ 2-5kV -
power supply

N B Cech & C G Enke Mass Spectrom Reviews 2001, 20, 362
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The major steps in ESI

Formation of a Taylor cone with excess of positive charge on
its surface

Formation of charged droplets

Shrinkage of droplets through evaporation and columbic
fission (droplet disintegration into smaller droplets due to
Increased charge density)

lonization takes place in gas-phase produced by ion
evaporation from small highly charged droplets

N B Cech & C G Enke Mass Spectrom Reviews 2001, 20, 362

E de Hoffmann & V Stroobant Mass Spectrom: Principles and
Applications, 2nd ed, J Wiley & Sons, 1999
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Electrospray ionization process

o — :
Analyte: A coulor:l?ilclzngx losion | |ion Oelr\yalln%ration de(cj:lrlilgg;in
Solvent: S P p g
logt neutrals
® @ SHT
+

@ ) @ AS AH

charged

droplet ot

liquid solids droplets

Suppression: Interacts with evaporation
or with gas phase ion formation

Needle tip
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Orthogonal Spraying

The concept used by most manufactures today

HEXAPOLE

10N BRIDGE

GAS MANIFOLD ) (10 mbar)
1 Y I

ISOLATION VALVE

ZSPRAY™

Waters

av ge|sAreuyusbeyuals



Advantages of ESI

Suitable to a wide range of polar non-volatile compounds
Sensitive (low pg amounts)

Soft ionization technique (gives molecular weight)
Robust

Accepts LC flow rates from low nl to over 1 ml/min

av ge|sAreuyusbeyuals



Atmospheric Pressure Chemical lonization APCI

Mobile phase and analyte are nebulized
Droplets are vaporized

Mobile phase molecules are ionized by electrons from
the corona discharge

Analyte molecules are ionized by the mobile phase ions
lonization takes place in the gas phase
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Analyte A
Solvent S

drying

drying

APCI lonisation process

Ql

droplet

chemical ionisation

T

solid particles

solids on surface
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Atmospheric Pressure Chemical lonization APCI

APCI Ionization (positive mode)
APCI Nebulizer

\?ﬁ.]}ﬂ'ri 7er ‘ ﬂ ‘_/_,f'fl

Corona needle
+ 2,000V

harged)

End Cap/End Plate
E -3,500V

Capillary
- 4,000V

Heated nitrogen
drying gas

m HEWLETT
PACKARD
maga F0

Agilent Technologies
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Compatability of API-MS with chromatography

TABLE 2. Compatability of API-MS with Various Chromatographic Modes

APCl

Comments

Mode ES |
Reversed phase ‘ + 4 +
Normal phase ' +
Size exclusion T4+
lon pair e

" Jon exchange +
Hydrophobic interaction +
Immunoaffinity +++

++

+++

++

+

Formation of ions in solution is
possible; usually limited
sample volatility

Ions in solution (nonaqueous
miscibility) may be a problem;
usually sample is volatile

Buffers to suppress nonexclusion
mechanisms may cause
problems; most likely sample
is not volatile and is a high
molecular weight

Reagent ions may compete for
ion-evaporation process;
volatility of mobile-phase
additive .

High ionic strength may be a
problem; limited volatility of
mobile-phase additives

Uses salt gradients to elute
biomolecules; salt is not
compatible with API-MS

Mobile phase often compatible
with API-MS, usually
nonvolatile sample

@ A greater number of plus signs indicates a larger dcgfce of compatibility.
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Mass Analyzers
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Quadrupole mass filter

9 )

The ion is transmitted along the quadrupole in a stable
trajectory Rf field. The ion does not have a stable
trajectory and is ejected from the quadrupole.
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Schematic of a Triple Quadrupole
Mass Spectrometer

lon source
Q1 g2 Q3 Detector
A\‘ s S
= | [ | T |

I I

g2 is a collision cell

Focusing lenses _
(quadropole using RF only)
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Triple Quadrupole Mass Spectrometer

MDS Sciex

Patented LINAC™

collision cell technology

The patented LINAC high-
pressure collision cell
accelerates ions through the
collision quadrupole, providing
increased sensitivity at greatly
reduced dwell times.
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MS/MS-scan functions

« Daughter ion scan — MS1 is set on parent ion mass and
MS2 Is scanned

 Parent ion scan — MS2 is set on daughter ion mass and
MS1 is scanned

* Neutral loss scan — MS1 and MS2 are linked with an
offset of the lost mass and both are scanned
synchronized
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Mass Analyzers

(a) MAGNETIC SECTOR (b) TIME OF FLIGHT

Radius of Sector

\ . Magnetic Field | / gg ‘ Acceleration
Sl Mass Resolving Slit Region
(c) QUADRUPOLE FILTER (d)

l—:—MJ— Ring

| e

T: Trapping Plates
Detector E: Excitation Plates
D: Detection Plates

Endcap
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iIme-of-flight mass spectrometry (TOF)

Linear TOF
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T8 pulsed down the

(b) 2. Ions have a velocity
| Spaceroous plane NEREEN relative to their

&

d=28

-

| - . e T e LI L |

' —— mass.
relative to their

] 3. Their arrival time at
Source éh “i— 2
Detector —rl]:’_ " _f«—— Raflectron _;.
NERNEN m/z.

the detector will be
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Time of flight (TOF) mass spectrometer

High accuracy, 0.005 mass units, 100x better than
quadrupole.

High resolution, peak width 0.05 mass units which is 10x
better than a quadrupole.

High scan speeds
High sensitivity, though lower than SRM in a quadrupole

Dynamic range 103, about 10-100 times lower than for a
triple quadrupole.
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Q-Tof Premier ESI schematic
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Attacked plants call the cops
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|Isolation of An Elicitor of Plant Volatiles from Beet
Armyworm Oral Secretion

« Crude secretion was centrifuged

« Sterile filtering (0.22um filter)

* Proteins precipitated and removed

« Solid phase extraction (RP18 column)
« Gradient HPLC (NP C18 column)

« Gradient HPLC (RP ODS column)

« Extraction into organic phase (methylene
chloride/acetic acid/water)

« Solid phase extraction (Diol column)
* |socratic HPLC (RP ODS column)
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Determination of glutamine

Determination of glutamine by adding 10ul aceticanhydride to 100 pl
of oral secretion. GC/MS with chemical ionization of the product
gave m/z 144 (M+H). GC/MS with El of the same product gave m/z
143, 84, 56 and 41 and was identified as the methyl ester of
pyroglutamate showing the presents of glutamine

Determination of methylester of hydroxy acetic acid

The same GC/MS analyze also show a second peak in the gas
chromatogram. The corresponding mass spectrum gave m/z 309 (M)
and 291 (M-18) with Cl. No molecular ion with EI but M-18 and a
fragment pattern corresponding to a straight hydrocarbon
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Elemental composition
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Accurate mass measurement gave elemental composition C,3HzgN,Oc.
Subtraction of glutamine linked via an ester or amide bond gave C,3H;,05 as
the elemental composition for the second part of the molecule.

Glutamine

HoN

A C18 hydroxy fatty acid with 3 double bonds
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Location of the hydroxyl group. Pyrrolidide derivatives of the fatty acid
methyl esters were prepared by dissolving a sample in 10 ul of 1% glacial
acetic acid in freshly distilled pyrrolidine and heating to 100°C for 30 min in
a sealed tube (Anderson, 1978). The product was cooled to room
temperature, 10 pl of CH,CI, were added, and the product analyzed by GC-
MS. This derivative significantly refine the characteristic hydrocarbon MS
fragmentation pattern of long chain fatty acids and was originally developed
to determine the location of double bonds in the chain. It also resulted in
increased intensity of diagnostic ions for the location of hydroxyl groups.

100 : : . ! .\
R 13 Q3 1QH:
Cn-c-cuﬂcaz),-t:ﬁz-cn cuz (caz),,-cua
2™ 7098 2z 224! 238! 2681 262) ] 6
> . .
‘@601 x'
s , M
£ 70 98 126 140 15 168 182 196 210 226 239 353
3% ] \ ! ; \ : M-18
2 / . ) ‘ / i ) 335
" / L / 278 ;1 ‘
- ; 264 292
> 250 %6 320
Y N mi l L l II. Lo b
"0 20 40 & B8 100 120 1so /zoo 220 240 2e0. 200 300 320 340 360 380

FiG. 20. Mass spectrum of N-12- hydroxy-octadecanoylpyrroline. LKB 9000, 70 eV, direct inlet.
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A HPLC method to analyze the acidic components
of the BAW oral secretion.

To 1 ml of filter sterilized oral secretion
100 pl acetic acid and 2 ml of CH,CI,
were added. The solution was shaken for
5 min, and the organic phase was
evaporated to dryness under vacuum.
One milliliter of 50 mM (pH 8) sodium
phosphate buffer was added and 10 pl of
the solution was analyzed on HPLC with
the ODS-AQ S-5 column. UV detection
at 200 nm.

H| |1
\,OH
.fé B
E K
J e
W

25 min.

FiG. 3. HPLC separation of acidic components in BAW oral secretion. The YMC ODS-
AQ S-5 column (4.6 mm ID X 250 mm long) was eluted at a flow of 1 ml/min with
a gradient 40-100% solvent B in A in 10 min and then 100% B for 15 min. A =
0.05% aqueous acid, B = 0.05% acetic acid in acetonitrile. The column eluent was mon-
itored by UV detection at 200 nm. B: Volicitin, (N-[17-hydroxylinolenoyl]-L-glutamine),
C: N-[17-hydroxylinoleoyl]-L-glutamine, D: 17-hydroxylinolenic acid, E: N-linolenoyl-
L-glutamine, F: 17-hydroxylinoleic acid, G: N-linoleoyl-L-glutamine, H: linolenic acid,
I: linoleic acid, J: unknown unsaturated Cg acid, K: oleic acid.
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