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GC
GC
GC Mass

30

(PPC)
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(Mass)
(GC)
IRS
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39

LSD

531

43
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16

Stas Otto
1
20
(LC)Z 3
(PPCY (EP) 10
(TLC) LC 20 7
EP
PPC TLC 18
TLC
PPC Carlesst
Schmall”  Goldbaumg 9 12
GC
Mass GC Mass IRS 13 14
NMR
PPC IRS
15 TLC GC Mass
Table 1 Elemental analysis of alkaloid reineckate complex
Analysis (%)
Alkaloid Formula Lowt | @P(O)
mot. Wt | (decomp.) Caled. Found
C H N C H N
Morphine CaHz03N7S «Cr 604 201 ~204 | 41.72 430 16.22 | 41.25 4.51 15.83
Codeine Cz2Hz03N78 «Cr 618 186 ~190 | 42.71 _4.53 15.85 | 41.80 4.51 15.03
Narcotine C2H20:N7S «Cr 732 151 ~153 | 42,62 4.09 13.38 | 43.38 4.37 11.62
Papaverine CuHz07N7S «Cr 706 207 ~210 | 40.79 3.96 13.88 | 44.46 4.22 13.96
Atropine CuHx03N7S «Cr 608 155 ~158 | 41.44 4.93 16.11 | 40.61 4.93 15.79
Scopolamine CaH»0:N7S 4«Cr 622 164 ~167 | 40.05 4.50 15.75 | 40.88 4.52 15.40

a) uncollected



100mg oml 0.1
10mi
15
60
200y mi
mp(decomp.)
mi
100y 05
40x40cm
12hrs.)
Model DC 301
0.1
1.09
A 70

Tatto

60

Table
Tatt
ml

10g 30ml 01

20ml

(PPO)

No.50
28cm

(IRS)
KBr
40x40cm

1.5cm

IRS

ml

x 40cm
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ml

500y ml

(Mass)
RMU

70eV 220
200 GC Mass GC

@)
GC APF SE
305 ) OV 101 m 3mme
300 270
He 60mI min
a)
Fig.1
A 0.5g
200 350
30
B
5ml CcC D

Heater

Ethyl alcohol Sample

Fig.1 Apparatus for thermal decomposition
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B Rf0.5
( V V) GC
A
b)
Lehmann 20 GC
GC
He Rf
K.K.JHP Rf0.49
590 15sec Rf0.64
GC APF
Rf0.53
PPC
Tatt
Rf
Table 3
520nm
PPC Table 3
IRS 100 VvV V) Rf
05
Table2 C
Rf
Rf0.95 Rf0S5 Fig.2
Rf 0.95
Rf
Table2 Rfvalues of alkaloid
Alkaloid BuOH-AcOH-Hz0=4 * 1 ® 1 BuOH saturated water-AcOH=10: 1
_ A B c
Morphine 0.48 0.13 0.11
Codeine 0.95 0.26 0.25
Scopolamine - — 0.39
Atropine - — 0.47
Narcotine 0.69 0.64 0.63
Papaverine 0.70 0.76 0.73

A,B:Used paper treated with 0.5% ammonium sulphate solution,C:Used paper treated with

5% ammonium sulphate solution.



Table 3 Rf values of alkaloid on various solvent
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Alkaloid I I il N v Vi
Morphine 0.85 0.68 0.76 0.85 0.70 0.47
Codeine 1.00 0.72 0.86 0.87 0.74 0.55
Narcotine 1.00 0.94 1.00 0.98 0.82 0.69
Papaverine 1.00 1.00 1.00 0.99 0.84 0.73
Solvent systems: .iso PrOH cHCl; NHsOH H0=5 4 1 1
iso PrOH CHCIls AcOH Hx0=5 4 1 1
iso PrOH NHs OH=3 1
iso PrOH AcOH=3 1
.MeOH AcOH H0=4 1 1
.BUOH AcOH Hx0=4 1 1
Tatt
21 PPC
PPC
(Rf 0.55) IRS
O O - PPC
0 -5 IRS
O Of=s O 010 -5 IRS
O -t 0 Fig.3 Fig.4
0 0 - o
-3 %T
O O -2 Q -3 SOE
0 ] 0 O - 60:
0 o=t 010101, . - of
20[
12 34 56 7 ABCDE %T;‘ ‘_I_J_-i‘l,.llu‘”“”lu
Fig.2 Paper chromatograms of opium alkaloids zgﬁ 1 5'
Solvent system:BuOH saturated water AcOH wf
10 1 1 morphine,2:codeine,3:scopolamine, wh Codeine—R
4:atropine,5:narcotine,6:papaverine,7: % T a1t 1y — iR
mixed of authentic samples used filter paper im 80 ;‘\\ [ N
pregnated in 5%(NH4)>SO4 solution. L
A:morphine atropine injection,B:opial scopola zg B

PN TV H O TN N < T Y T AN N T S S % N H O I I

mine injection,C:opium alkaloid,D:extract

4000 3400 3000 2600 2200 1900 1700 1500 1300 1150 1050 950 850 750 650
cnt (KBr)

from opium powder,E:standard substances.

Fig.3 Infrared absorption spectra of alkaloid

IRS reineckate complexes
—authentic sample ... extracted sample.

IRS
IRS
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o NHz3 1635cm 1
%Tr - 1260cm 1 830cm 1
80 /-
60 : ‘\\ »k.-'r,
wf M ;
20k i o Papaverine —R
%k TS W R A A 3460cm 1 v OH 2850cm
80 1 OCHz CH CNHs
60 1255cm: C O C
407
" r Atropine—R 1179cm 1 1130cm 1 & CHs
%T-IIIVII|J_\L}VilJl)II9Illlll‘l 1610cm t 1450cm !
50 b 1765cm
60 1. CO
wf W ] v
20 [ I Scopolamine —R 1720cm 1
%TL Ll ! [ | Ll
% _1 L 1 1l [ i L vC O
80 F
I 1
6ol 840cn
w0l IRS
20k NH, —Reineckate Table4
I I A R S A B NN A A DU A A A A IS IS A AN A A
4000 3400 3000 2600 2200 1900 1700 1500 1300 1150 1050 950 850 750 650
em? (KBr)
Fig.4 Infrared absorption spectra of alkaloid
reineckate complexes 10
—authentic sample ...... extracted sample
2080cm
SCN
2115¢cm 1t
3330cm 1 NH
NH;3
N Metal
1635cm 1 1260cm 1 830cm 1 Fe?
Table4 Assignment of infrar‘ed spectra of alkaloid reineckate
Alkaloid + | yC-0-C
reineckate | YOH | YNH | USCN | bC=0 | yC=C | vC=C | VN-C |”J 0 HyX-0-C 0C-H
Morphine 3460 2700 2080 1640 1618 1315 1068 785
2400 1500
Codeine 3460 2700 2080 1640 1635 1351 1268 1130 785
2400 1610
¢H:;PO4) 1504
Narcotine 3480 2600 2080 1770 1620 1280 1030
1485
Papaverine 2500 2080 1960 1610 1280 1025
1633 1595
| C=N) 1510
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Fig.5 U.V.spectraof Cu pyridine meconate
L el I I . A L L L 1 L 1 J.l i Ll 1 ] Lo I L 1L L
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Wave number(cm™ x10?) .
Fig.6 IR spectraof Cu pyridine meconate
and Cu meconate complexes
g 10ml
10
(60 40V V) PPC
Rf0.71
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Table5 Effect of water content in pyridine solvents on Rf values of Cu

complex by paper

chromatography
Rf  Values
*p/w 0/10 1/9 2/8 4/6 5/5 6/4 7/3 8/2 9/1
Cu-complex 1.0 0.9 0.9 0.82 0.76 0.72 0.5 0.40 0.3l
Meconic acid 0.98 0.9 0.9 0.85 0.80 0.71 0.5 0.55 0.5

* P/W . Pyridine water ratio

GC

Rf
GC
GC
27 8

2
GC

(A)

(B)

tR (min)

Fig.7 Gas chromatogram of low volatile compo
unds from samples decomposed
Column 2.25 m polyethylene glycol 6,000 on Dia
solid L;temperature 65 ;carrier gas flow 60ml
Hz min
A:from papaverine.B:from narcotine
Alkaloids were decomposed at 250

250 30

Fig.

Table6 Relative retention time and retention
volume of authentic samples by gas

chromatography
Authentic bp
samp]gsl (min)Rel. VRl iRel. VR ()
(a) (b)
Trimethylamine |[1.3 1.0 78(1.3 1.0 78| 3.3
Monomethylamine | 1.7 1.3 102'4.5 3.5 270 | 7
Dimethylamine 2.1 1.6 126(2.6 2.0 156 | -6.7
Methanol 5.9 4.5 354 (5.6 4.3 336 | 64
Ethanol 8.16.2 486/6.5 5.0 390 | 78
(c) (d)
Veratrol 3.9 1.0 234114.31.0 878(206
Guaiacol 5.7 1.5 342{18.7 1.3 1122|204
Homoveratrol 7.3 1.9 438)23.31.61398218
Creosol 9.2 2.4 552131.0 2.2 1860221
Piperonal 16.1 4.1 966 263
Veratraldehyde |22.5 5.81350 280
Pyrocatechol 40.513.82430 240
Vanillin 40.614.1 2436 285

(@ PEG 6,000 column, column 2.25m ; polyetylene
glycol6,000 on Diasolid L; temperature 65 ;
carrier gasflow 60ml H2  min.

(b) TEA column, column 1.5m; trietanol amine
on Caz;temperature 85 ;carrier gas flow
60ml Hz min.

(©) PEG 6,000 column, column 3m; polyethylene 6,000
on Diasolid L;temperature200 ; carrier gas flow
60miHz min.

(d) Thermol 3 column 3m ; thermol 3 on Cz ;
temperature 165 ;carrier gas flow 60ml H2 - min.
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Table7 Degradation products of samples at various temperature

Decomposition Narcotine

Papaverine

temperature

(CHs)sN  CH:NH.

(CHsy):NH CH;0H

(CHs):N  CH:NH, (CHs).NH CH:OH

200

220

250

300

350
tr(min)t

rel. IRt
Ratiot+ (%)

Do
S
OO W

NERN
oo ppy
OO

P
[

B

O YO
Je et |

DW=
B n
PET 4]
==X, k1=

Do
(o3

Decomposition time: 30 min

+ Column 3m; polyethylene glycol 6,000 on Diasolid L; temperature 200

sample decomposed at 350

; carrier gas flow 60ml H2  min;

++ Area ratio of each peak to sum of peak area calculated by the method of half width.

300 30

Table6

20

37 63

T 1 1

22 24

I ] L L

— T T
2 4 6 8 10 12 14 16 18 20

Fig.8 Gas chromatogram of high volatile com

pounds from samples decomposed

Column 3m; polyethyleneglycol 6,000 on Dia
solid L;carrier gas flow 60ml H2  min.
Alkaloids were decomposed at 350

A: from narcotine. B: from papaverine

Table7
220
350
250
300
Fig.8
Table (51.1%)
(27.4%)
Table8 Retention time of high volatile com
pounds from samples decomposed
Narcotine Papaverine
tr(min) Rel.tr Ratiot(%) tr(min) Rel.tr Ratiot(%)
3.7 1.0 0.1 3.7 1.0 4.0
5.7 1.5 28.0 5.7 1.5 58.1
7.3 1.9 127 7.3 1.9 18.5
9.2 2.4 511 9.2 2.4 19.3
16.1 4.1 0.9
22.5 58 274

Column 3m;polyethylene glycol 6,000 on Diasolid L;
temperature 200 ;carrier gas flow 60ml Hz min,
sample decomposed at 350

+ Area ratio of each peak to sum of peak area

calculatedby the method of half width.
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350

(12.7%) GC
GC
Fig.9
30
Fig.10
GC
(A) (B)
(C) (D)
- I | ! | I l
4 1 2 3 4 5

tg (min)

Fig.9 Gas chromatograms of direct thermal

degradation products from morphine and codeine
respectively

A: from morphine. column temperature 65 ;

B: from morphine. column temperature 200 ;

C: from codeine, column temperature 65 ;

D: from codeine, column temperature 200
column 3m; polyethylene glycol 6,000 on Diasolid
L; carrier gas flow 60ml He min.
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N

A (B)
() M (D)
i 5 5 10 12 U

tg (min)

AL

1 L | 2,

-
16 18 20 22 24

Fig.10 Gas chromatograms of direct thermal degradation products from narcotine and papaverine
respectively

A from narcotine, temperature 65 B from narcotine, temperature 200 C from papaverine,
temperature 65 D from papaverine,temperature 200

column 3m polyethylene glycol 6,000 on Diasolid I carrier gas flow He, 60ml  min

Fig.11
Goldschmidt 30 Freund3!
Ci
GC
GC
ECD
GC

GC
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L0

HCY,

H;CO

(1)

(1)

N-CH,
CH~ O H OH
COOH
Cco
OCHa H,CO CHO HQCO H;CO 1‘&
H,CO H9C0 H;CO

He @
0
HC
):NH,(CHs }aN

COOH

OCH, 'H; CH,
OCH;
CH,
\HOOC OCHa OCH,
OCH, OH
O0CH, HOOC CHNL
OCH, COOH SNH:

Fig.11 Scheme of thermal degradation of

GC
32 33 34 LSD
35
Martin 36
TMS
20
SE 30 SE 52 OV
GC
100ml
15
ml GC
SE 30 ov 101
Table9
SE 30 OV 101
270
ov 101

250

SE 30

narcotione () and papaverine ( )
These compounds could not be obtained by GC

Table9 Retention time of alkaloids

OV-101(3%) SE-30(3%)

Alkaloids Column temp. | Column temp.

GC 250°C 270°C | 250°C 270°C
Morphine 46 2.4 34 24

Eddy ¥ Codeine 4.0 1.9 2.0 1.6
Ethylmorphine| 4.4 2.1 24 2.0

Papaverine | 8.2 4.1 5.8 3.0

Narcotine 194 9.7 14.0 5.0

Apparatus Shimadzu 5APF, column length
2m, glass column, He 60ml min  FID

Eddy % Fig.12
100mg

Eddy

Fig.13
GC

GC Mass

PPC TLC UV
IRS



R(min)

Fig.12 Cas chromatogram of methanol extract
obtained from opium powder
GC conditions column SE 30(3%), glass
colunm, column temp.270
He 60ml  min., FTD
Peak 1 codeine, peak 2 morphine, peak

3 papaverine, peak 4  narcotine

0

(%)

30

20

Relative ratio

7
/
%
/,
%
|
/%
/
|
.

A B

Fig.13 Relative ratio of opium alkaloids
A Relative ratio to papaverine
B Relative ratio to narcotine

27 codeine
"1 morphine

papaverine(B),narcotine(A)

Relative intensity (%)
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Fig.14

3B LSD
35
Audier 40
GC
GC Mass
Fig.14
285
A
21u 228 268
49 256
lll lll .|
299
B
229
214 g 256 450 |284
I T A
313
C
284
243
1214 295 I 270 296 301
Pl | 7 | l
324 339
D
207
23 08
{
m/e
Fig.14 Mass spectra of opium alkaloids
A morphine,B codeine
C ethylmorphine,D papaverine
OH
M OH
m el62

N CHs
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Fig.15 Gas chromatogram of TMS derivatives
of authentic alkaloids
Peak 1 codeine TMS,peak2 morphine
TMS,peak3 ethyl morphine TMS
GC conditions column SE 30(3%), 2m,
glasscolumn, column temp 250
He 60ml  min, FID

PPC
Rf
PPC
IRS
342.5nm
VvV Vv
PPC
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Fig.16 Gas chromatogram of TMS derivatives SE 30 OV 101
of methanol extract obtained from opium GC
powder Rt(min)
Peak 1 codeine TMS, peak2 Morphine
TMS,peak3 papaverine TMS, peak 4 270
narcotine TMS oV 101
GC conditions are same as cited in Fig.15
73 A
~ 236 429
s 59 94 e o IL 287 324 414L
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. ||1]. | | ] ! l:ll M || IL Id 1 l
g 73
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Fig.17 Mass spectra of TMS derivatives of

alkaloids

A morphine TMS,B codeine TMS,

C ethylmorphine TMS
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