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Illicit drugs that are produced clandestinely often contain trace impurities. 
The identification and quantitation of these impurities is of importance for forensic 
purposes, especially in providing evidence of conspiracyld. The trace compounds in 
illicit heroin which are used for forensic purposes include codeine and morphine and 
their acetylated by-products, namely, acetylcodeine, Oe-monoacetylmorphine (la) 
and 03-monoacetyfmorphine (Ib). Previous methods used to quantitate these sub- 
stances have utilized gas chromatography with flame ionization detection (FID)‘e6. 
The presence of the isomer Ib was not established by this procedure, however, due 
to its co-elution with major heroin by-products, as welI as its low levels in heroin. 
In addition, other studies have not satisfactorily demonstrated the presence of Ib in 
iliicit heroin’-“. Mcst of the derivative Ia resuits from hydrolysis of heroin (Ie), 

(a) R, = H G R, = COCH, 

(b) R, = COCH, ; Rr = H 

(~1 4 = COC,F,: R, = COCH, 

cd) R, = COCH, : R, q COC,F, 

(4 R, = COCH, : R, = COCH, 

* Presented in part at the 25th Annual Conference on Mass Spectrometry and Allied Topics, 
Washington. DC., May 2%June 3,1977, and at the Firsi Joint Meeting of the Mid-Atlantic Assacia- 
tion of Forensic Scientists zmd Northeast Associition of Forensic Scientists. Mt. Iaurel, NJ.. April 
1546.1977. 
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whereas most Lb results from the incomplete esterifkation of morphine with acetic 
anhydride=_ 

In order to allow for the accurate quantitation of trace-level impurities in 
illicit heroin, gas chromatography-electron-capture detection (GC-ECD) method- 
ology has been developed recently for codeine, morphine and G6-monoacetyl- 
morphine=. During ffie utiJ.ization of this method, a number of unidentified peaks 
appeared in the gas chromatograms of all of the illicit heroin samples examined. 
One of these peaks resulted from the presence of Lb. 

In the work described here the samples were derivatized with heptafluoro- 
butyric anhydride (HFBA) followed by GC-ECD quantitation. Earlier studies have 
reported the excellent response of ECD towards perfluorinated compounds1%15. 
Following the quantitative analysis, mass spectral characterization of the 06- and 
CY-monoacctyhnorphine derivatives (Ic, Id) was accomplished, applying the approach 
of Anggard and SedvalP6 used for the ECD quantitation of catecholamine metab- 
Oiites. 

EXPERIMENTAL 

The quantitative analysis was done on a Perkin-Elmer 990 gas chromatograph 
equipped with a 63Ni ECD and interfaced with an Infotronics CRS 208 integrator. 
The gas chromatograph was fitted with a 6 ft. x 4 mm I.D. glass column packed with 
3 % OV-17 on Gas-Cbrom Q (100-120 mesh). The column, injection and detector 
temperatures were maintained at CQ. 230, 275 and 300°, respectively. Nitrogen was 
used as carrier gas at a flow-rate of 100-120 ml/min. 

GC-mass spcctrometry (MS) studies were performed on a Finnigan 3lClOD 
GC-MS quadrupole instrument equipped with a jet separator. The GC-MS instru- 
ment was fitted with a 3 ft. x 2 mm I.D. glass cohunn packed with 3 % OV-17 on 
Gas-Chrom Q (SO-100 mesh). Other parameters: emission current, 0.5 mA; electron 
energy, 70 eV; preamplifier sensitivity, lo-’ A/V; electron multiplier, 2.8 kV. The 
column was programmed from 180” with a helium carrier gas flow-rate of 25 ml/mm. 

Solvents, chemicals and chromatogmphic materiah 
The solvents used in this study were distilled in glass, and all of the chemicals 

were of reagent grade quality. Chromatographic materials were obtained from the 
usual commercial sources. The standard of @-monoacetylmorpbine was obtained 
from the Division of Pharmaceutical Chemistry, Food and Drug Administration 
(Washington, DC., U.S.A.) and prepared by the method of Welsh’. All of the other 
standards were supplied by the Special Testing and Research Laboratory, Drug 
Enforcement Administration (McLean, Va., U.S.A.). 

Quantitative andysiE 

A quantity of l-10 mg of heroin was weighed accurately in duplicate into the 
bottom of a 13-mi conical centrifuge tube. 1.0 ml of acetonitrile (containing 0.20 mg/ 
ml of chlorpromazine hydrochloride internal standard) was added and the tube was 
swirled to dissolve the sample. Then 50 ~1 of HFBA were added and the tube was 
agitated to dissolve the HFBA and swirIed occasionally for 15 min. Finally, 2.0 ml of 
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light petroleum and 5.0 ml of saturated sodium bicarbonate (pEi 8.7; prepared fresh 
daily) were added. The tube was shaken vigorousiy for 5-10 set, vented carefuliy~and 
then centrifrrged ‘ro darify the layers. About 2-3 ~1 of the petroleum layer were 
injcctcd into the gas chromatograph under~the conditions described earlier- If 
necessary, further dilutions were made with petroleum. 

A working standard curve of 03-monoacetyhnorphine was cstabhshed by 
treating varying amounts (i&ZOOpg) of it with HFBA and pmcceding with the 
sample analysis -as above. AU of the cakulations were based on rektive-peak areas 
of the W-monoacctylmorphin~H_HFB and chlorpro msxine hydrochloride internal 
standard. 

GC-MS mlysz-s 
The derivatization method was modified for GC-MS analysis. The sample 

(ca. 30 mg) was dissoIved in 3.0 ml of acetonitrile in a 134 glass-stoppercd conk& 
centrifuge tube. About 50 ~1 of HFBA were added and the solution wti allowed to 
react at room temperature for 5 min. About 6 ml of light petroleum followed by 
5 ml of saturated sodium bicarbonate solution were then added. The mixture was 
shaken for ca. 10 set to extract the derivatized heroin impurities into the petroleum 
layer. The latter was then removed and evaporated to dryness. The sample was 

I 1 1 1 1 . t c 
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Fig. 1. Typical gas chromatcgram indicating the presence of the heptathxcrrcbutyrates 
morphine, 06-monoxetyImorphine and <r-monoaoetyhnorph 

of codeine, 
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Fig. 2. Tvlas spectrum of 03-monoac&y!morph (Id). 

redissolved in a small volume of anhydrous diethyl ether and injected into the GC- 
MS instrument. The procedure was used on standard 03- and O’%nonoacetyhnor- 
phine, as well as on several illicit heroin samples. 

About twenty illicit “uncut”, brown and white heroin samples were subjected 
to analysis (see Fig. 1 for a typical sample chromatograrn). AII of the sampks con: 
tained Ib, varying in content from 0.1 to 2%. In most of the samples the contents of 

Fig. 3. Mass spectrum of 06-monoacefzylmorph (EC). I 
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Ia and acetylcodeine varied from 3 to 15 %, those of morphine and codeine varied 
from 0.01 to 0.5 %_ It was interesting that, even in illicit samples of very high purity, 
Ib could be detected and readily quantitated. 

Most of the Ia in illicit heroin is due primarily to the ready cfeavage of the 
03-ace@ group in heroin during hydrochloride formation and solvent removal. On 
the other hand, the majority of Ib is due to incomplete acety!ation of morphine during 
the heroin synthesis. It has been observed that the formation of Ib is largely dependent 
upon the length and temperature of the reaction when using acetic anhydride. The 
product of reaction of morphine and acetic anhydride at room temperature is primar- 
ily 03-monoacetylmorphine’Z. 

It is evident from Fig. 1 that an accurate quantitation of Ib can be dependent 
upon the amount of Ia in the sample. Since Ib elutes closely after Ia, large quantities 
of the latter can tail into the former, thus afEcting the accuracy of the quantitation. 

Therefore, the chromatographic conditions may have to be modified in order to 
effect an accurate quantitation of Kb in some samples. 

m/e 310 

- \&/ /\ \ - . . 
H-O O=-- 

m/e 268 

Fig. 4. Fragmentation of ffie O%xetate and OS-beptafluorobutyrate estezs of 03-monoa~tyl- 
morphine-HFB (Id), showing the formation of the major ions, 



NOTES 81 

The HFBA derivatives in light petroleum were stable for several hours. HOW- 
ever, it is recommended that, upon derivative formation, the analysis be completed 
without delay. 

Massfragmentation of 03-monoacetyhorplzrire-HFB (Id) antI 06-monoacetyZmorphine- 

HFB (1~) 
The mm spectra of standard samples of Ib and Ia after derivatization with 

heptiuorobutyric anhydride were obtained (Figs. 2 and 3). The per&orinated deriv- 
atives were then observed by GC-MS in illicit heroin. The presence of the per- 
fluorinated group was supported by strong fragments at m/e 31 due. to the [CF]? 
fragment, m/e 69 due to the ]CF& fragment and m/e 8 1 due to the [CtFs]+ fragment. 
Both Id and 1c produced readily recognizable molecuhtr ions at .x/e 523. However, 
fragmentation of the ester groups (acetate and heptafluorobutyrate) at difierent 
positions in the moIecuIes produced different major ions which could in turn be used 
to distinguish the two isomers. 

03-Monoacetylmorphine-HFB produced a prominent ion at m/e 481 CM - 
(CH,CO)]? from 03-acetate fragmentation, m/e 3 10 [M -(CF,CF,CF&O,)]+ from 
fragmentation of the 06-petiuorinated moiety and m/e 268 CM-(CH,CO + 
CF,CF,CF,CO,)]?, resulting from both fragmentation processes (Fig. 4). The 06- 
acetyl group of 06-monoacetylmorphine-HFB fragmented to give a base peak at 
m/e 464 BZ-CH,CO,]t (Fig. 5). The hepta&orobutyryl portion at the O3 position 
fragmented to give m/e 326 [M -(CF,CF,CF,CO)]t, although only of minor inten- 
sity. Cleavage of the ethanamine bridge in the morphine moiety, [M -(CH,CO, -f 
CH, =CH-NHCH,)]?, would produce the fragment at m/e 407 (ref. 17) (Fig. 5) 
Finally, the fragment at m/e 411 could reasonably have formed via the retro Diels- 

rl?? 464 nve 407 

Fig. 5. Fmgmen tation of the OS-set&e and effianamin e bridge of O%nonoacetyknosphiFB (Icj, 
showing the formation of the major ions. 
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m/e 411 

Fig. 6. Formation of the ion at m/e 411 from 04-monoacetyknorph (Ic) via a retro Diels- 
Alder mechakm. 

Alder route shown by Audier e? ~1.” (Fig. 6). This involves loss of the acetoxyl group 
and ring C carbon atoms 6,7,8 and 14 (-C,H,O,; 112 a.m.u.). The resulting fragment 
then retains the heptafluorobutyrate at the O3 position. 
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