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Summary

Positive-ion electron impact (PIEI), positive-ion chemical ionization (PICI) and negative-ion
chemical ionization (NICI) mass spectra of cocaine, cocaethylene, cocapropylene and
cocabutylene, were presented, and each fragmentation mode was analyzed. In the PIEI mode,
molecular ions appeared for all compounds. Cations at m/z M—121, corresponding to
[M—OCOCeHs]t, constituted base peaks for all compounds. In PICI mass spectra, all
compounds showed intense [M+1]t quasi-molecular cations, which constituted base peaks,
together with small peaks at m/z [M+CHs]t and/or [M+CsHs]t. Cations at m/z
[M—OCOCsHs]t+ also appeared for all compounds. In the NICI mode, anions at m/z 121,
corresponding to the OCOCeHs moiety, constituted base peaks for all compounds. To check
sensitivity, the intensities of peaks obtained by total ion monitoring (TIM) were compared
with each other in the three modes. The detection limits for the compounds obtained by TIM
in PIEI, PICI and NICI modes with a DB-1 fused silica capillary column were 11—103,
102—1300 and 185—1146 nmol on-column, respectively.
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Introduction

Cocaine is a naturally occurring stimulant alkaloid derived from the leaves of Erythroxylon
coca, a tree or shrub indigenous to western South America. Cocaine may be taken
intranasally, injected intravenously, or smoked as cocaine “crack”, and is one of the most
frequently abused drugs. The present paper deals with positive ion electron impact (PIEI),
positive ion chemical ionization (PICI) and negative ion chemical ionization (NICI) mass
spectra of cocaine and its alkyl ester derivatives, cocapropylene, cocaethylene and
cocabutylene, and each fragmentation pathway has been analyzed. Such systematic studies on

these compounds in the three modes have never been reported to our knowledge.

Experimental
Materials

Pure powder of cocaineHCl was purchased from Shionogi & Co., Ltd. (Osaka).
Cocapropylene, cocaethylene and cocabutylene were synthesized from benzoylecgonine by the
method of Roy e al. [1]. DB-1 fused silica capillary columns (30 m X 0.32 mm i.d., film
thickness 0.25 zm) were obtained from J & W Scientific (Folsom, CA, USA). Other common

chemicals used were of analytical grade.

Conditions of Gas chromatography ( GC)/mass spectrometry ( MS)

Mass spectra in the PIEI, PICI and NICI modes were recorded on a JEOL JMS-AX505H mass
spectrometer (Tokyo) coupled to an HP5890 gas chromatograph (Hewlett-Packard Co., Palo
Alto, CA, USA) with a computer-controlled data analysis system.

The MS conditions were: accelerating voltage 3.0 kV, ionization current 300 uA, separator
temperature 260 C, and ion source temperature 240 TC; in the PIEI mode, electron energy 70
eV; in the PICI and NICI modes, electron energy 200 eV, reagent gas methane and chamber
pressure 1 Torr. '

The GC conditions were: column temperature 140—260 C (20 C/min); injection tempera
ture 250 C and helium flow-rate 3 ml/min. The samples were injected in the splitless mode and
the splitter was opened after 1 min. Each compound was dissolved in methanol, and a 1-p¢l

aliquot of it was subjected to GC/MS analysis.

Results and discussion
PIEI, PICI and NICI mass spectra of four compounds, and each probable fragmentation
mode, are shown in Figs. 1—3.

In PIEI mass spectra (Fig. 1), molecular ions appeared for all compounds. Cations at m/z

—222 —



Positive El

Relative Abundance

Relative Abundance

Relative Abundance

Relative Abundance

Cocaine
100 8
80
2 %
“l |
le3
40 !
/9% |
'97|os i
20 198 m
JH 2 s | ||
L 150 200 250 300 350 400
mz
Cocaethylene
00 19
%0
7] 3“,‘.;
60 | |
83 |
“© %
i
o \?7}05 272
- 212 I
12 450166 244
0 K e |
50 100 150 200 250 300 350 400
wz
Cocapropylene
o 210
80 8
M
0 31
83
0 ’196 272
‘._~ o
20 26
7
Jle 150'“ 180
0 L,
50 lso 200 250 300 350 400
wz
Cocabutylene
100 224
82
80
M
60 345
8
40 /96
97 272
i 10 240
20 4
77 u| 122 150 !,“ 207 { 33
L:L‘ | B b a — A
50 100 150 200 250 300 350 400
Mz

166
150 @7  H--ie
272w---

1 180~

H-{> H+

t->77

1501 Hobe
H
33te-i
vi
. CHy~CHy—CHyg?

Fig. 1. PIEI mass spectra of cocaine, cocaethylene, cocapropylene and cocabutylene

and their probable fragmentation modes.
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Fig. 2. PICI mass spectra of cocaine, cocaethylene, cocapropylene and cocabutylene
and their probable fragmentation modes.
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Fig. 3 . NICI mass spectra of cocaine, cocaethylene, cocapropylene and cocabutylene
and their probable fragmentation modes.
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M—121, corresponding to [M—OCOCeHs]*, constituted base peaks for all compounds. There
is also a structurally useful ion observed in common at m/z 82, which is formed by
fragmentation of the bicyclic ring system to form a protonated methylpyrrole structure for all
compounds. Additional cations to be mentioned are one at m/z 105, corresponding to the
benzoyl ion, and one at m/z 272, corresponding to the loss of the alkyl-oxyl group from the
molecular ion for all compounds. Small fragment peaks at m/z 77, 83, %4, 96, 97, 122, 150 and
166 were observed in common in four compounds.

In PICI mass spectra (Fig. 2), all compounds showed intense [M+1]* quasi-molecular
cations, which constituted base peaks, together with small peaks at m/z [M+CzHs]* and/or
[M+CsHs]*. Cations at m/z M—121, 82, 105 and 272, which had been observed in PIEI mode
(Fig. 1), also appeared for all compounds. Fragment peaks at m/z 123 and 151 were observed
in common in four compounds.

NICI mode gave very similar mass spectra in four compounds, showing base peaks at m/z
121, corresponding to the OCOCsHs moiety, and fragment peaks at m/z 150 and 288 (Fig. 3).

To check sensitivity of the present GC/MS method, the intensities of peaks obtained by total
ion monitoring (TIM) were compared with each other in the three modes. The detection
limits for all compounds in the PIEI, PICI and NICI modes were 11—103, 102—1300 and
185—1146 nmol on-column, respectively.

Screening of poisons or drugs is important in forensic science practice. Peaks at m/z 77, 82,
83, 105, 122 and 272 in the PIEI mode, and those at m/z 61, 82, 105, 123, 151 and 272 in the
PICI mode, can be good indication for possibility of the presence of cocaine and its analogues.

More than 50% of cocaine abusers are reported to use ethanol [2, 3]. Cocaethylene can be
formed #a transesterification of the carbomethoxy group of cocaine in the liver by the
co-administration of cocaine and alcohol [4]. Cocaine and cocaethylene produce qualitatively
similar psychomotor stimulant effects, but cocaethylene is more potent than cocaine in such
effects [5]. Therefore, it seems essential to measure cocaethylene together with precursor
cocaine to give proper judgement on the cause of death for cocaine abusers.

In the present study, we have presented PIEI, PICI and NICI mass spectra of cocapropylene
and cocabutylene. These compounds can be used as internal standard against cocaine and
cocaethylene to be analyze_d by GC, GC/MS and probably high-performance liquid
chromatography/MS.
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