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ABSTRACT. The N-methyI-N-propyl, N-methyI-N-isopropyl, N-butyl, N-isobutyl, N-sec-butyl 
and N-tert-butyl amides of lysergic acid were synthesized to determine the specificity of electron 
impact mass spectroscopy (El/MS), when combined with other analytical techniques, for the 
identification of lysergic acid diethylamide (LSD). After separation of the Cs axial and equatorial 
isomers by preparative thin-layer chromatography, the amides were subjected to gas-liquid chro- 
matography (GLC), thin-layer chromatography (TLC), high pressure liquid chromatography 
(HPLC), and El/MS. El/MS, when combined with other analytical techniques, is shown to be 
capable of differentiating LSD from any of the other compounds included in this study. 

KEYWORDS: toxicology, lysergic acid, spectroscopic analysis, chromatographic analysis 

The dextrorotatory isomer of lysergic acid diethylamide (LSD) is probably the most potent 
hallucinogen known. It is a Schedule I substance under the Controlled Substance Act [1]. 
LSD is not naturally occurring but is made from lysergic acid. The lysergic acid is obtained 
by the alkaline hydrolysis of ergotamine or related alkaloids. Lysergic acid has two chiral 
carbon atoms, designated as Cs and C8. Thus, four stereoisomers are possible. However, the 
lysergic acid obtained by the alkaline hydrolysis of naturally occurring ergot alkaloids has 
exclusively the axial (d] hydrogen orientation at Cs, and the usual methods of synthesis used 
to produce LSD from lysergic acid preserve this orientation. Thus, LSD exhibits seen in 
forensic science laboratories contain only the d-LSD (Ca amide group equatorial) and iso- 
LSD (C8 amide group axial) isomers. Most of the difficulty encountered in obtaining an 
unequivocal identification of LSD is due to its low dosage. A single dose may contain as little 
as 50 #g of LSD. When soaked into paper, mixed and hardened with gelatin or mixed with 
excipients and binders and pressed into tablets, the LSD may constitute only 0.1% of the 
total weight. Early methods used for the identification of LSD include thin-layer chromatog- 
raphy (TLC) [2-4] and, later, high-pressure liquid chromatography (HPLC) [5-7]. These 
methods had adequate sensitivity for single-dose identifications, but chromatographic tech- 
niques alone are not generally regarded as specific. The use of infrared [8, 9] and mass spec- 
troscopy (MS) [!0.11] for the identification of LSD has been suggested. A clean infrared 
spectrum of the LSD extracted from a specimen is difficult to obtain because of the small 
amount of LSD present. This necessitates a rigorous cleanup followed by the use of micro 
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pellets, beam condensors, and so on. Mass spectroscopy has the necessary sensitivity for 
single-dose identifications of LSD but, when the sample is introduced via a solid probe inlet 
system, a clean spectrum is difficult to obtain. The low mass end of the spectrum, in particu- 
lar, is frequently contaminated with responses as a result of impurities in the specimen. 
Introduction of the specimen into the mass spectrometer through a gas-liquid chromato- 
graphic (GLC) system generally gives a cleaner mass spectrum. However, because LSD is 
thermally labile, the use of packed GLC columns for its chromatography has been generally 
unsuccessful without the use of derivative formation [12,13] or lightly loaded packings [14]. 
The introduction to GLC of capillary columns with thermally stable cross-linked stationary 
phases on fused silica has made GLC of LSD possible. Many mass spectrometers now use a 
capillary column as an inlet system. Under electron impact (EI) conditions, LSD produces a 
prominent molecular ion. Thus, only compounds which have a molecular weight identical to 
that of LSD could be mistaken for LSD when EI/MS is used for the identification of LSD. 
Compounds expected to have an EI mass spectrum similar to d-LSD include its diastereomer 
iso-LSD and iysergic acid amides which have a rearrangement of the four carbon atoms of 
the diethyl group, for example, lysergic acid methylpropylamide (LAMPA). Levorotatory 
LSD, expected to have an EI mass spectrum identical to that of LSD, is not likely to be seen 
in forensic science laboratories for the reasons given above. In addition, although d/-lysergic 
acid has been synthesized [15], its synthesis is tedious and involves many steps and low 
yields. Since I-LSD is not believed to be a potent hallucinogen, there is little profit incentive 
to produce it. Because iso-LSD is a diastereomer of LSD, there may be differences between 
their El mass spectra. It also is not a potent hallucinogen. Since iso-LSD can easily be con- 
verted to the much more potent LSD, most forensic science specimens do not contain large 
amounts of iso-LSD. Much work has been published showing that LAMPA can be separated 
from LSD by chromatographic means [16-19] and that their mass spectra can be distin- 
guished [17-19]. However, analytical data for related compounds is scarce. This report 
presents the E1 mass spectra and describes the TLC, HPLC, and GLC behaviors of lysergic 
acid methylisopropylamide and the n-butyl, isobutyl, sec-butyl, and tert-butyl amides of 
lysergic acid. Their structures are shown in Fig. 1 and Table 1. The corresponding informa- 
tion for iso-LSD and LAMPA is included for completeness. 

~NHCH3 
I 

H 

FIG. l--Structure of LSD and related compounds used in this stud), (see also Table 1). 
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TABLE t--Structure of compounds studied. 

Compound Ca Amide 

IA (LSD) CON(C:Hs)2 equatorial 
IB (iso-LSD) CON(C2Hs)2 axial 
IIA CON(CH3) (n-C3HT) equatorial 
liB CON(CH3)(n-C3HT) axial 
IIIA CON(CH3)(iso-C3HT) 
IIIB CON(CH3)(iso-C3HT) 
IVA CONH(n-C4Hg) 
IVB CONH(n-C4Hg) 
VA CONH(iso-C4Hq) 
VB CONH(iso-C4H~) 
VIA CONH(tert-C4H~) 
VIB CONH(tert-C4Hq) 
VI1A-1 CONH(sec-C4Hg) 
VIIA-2 CONH(sec-C4H~) 
VIIB- 1 CONH(sec-C4Ho) 
VIIB-2 CONH(sec-C4Hg) 

Experimental Procedure 

Apparatus 

Mass spectra were obtained on a Finnigan 4530 quadrupole mass spectrometer. Ionizing 
voltage was 70 eV. Source temperature was 200~ Scan rate was 0.5 s/scan, and the scan 
range was 40 to 400 mass units. Background subtraction was made. Specimen introductions 
were made via a 12-m by 0.32-ram inside diameter (ID) fused silica capillary column with a 
0.52-#m film thickness of OV-1. Split ratio was approximately 25 : 1. Column temperature 
was 260~ and the injector temperature 270~ Helium was used as a carrier gas at a flow of 
1.5 mL/min. HPLC data was obtained on a Perkin-Elmer Series 4 Liquid Chromatograph 
equipped with a Rheodyne 7125-0785 injection valve fitted with a 20-#L loop. Detection was 
by ultraviolet absorption at 309 nm. A 25-cm by 4.6-mm stainless steel column packed 
with 5 #m of Supelcosil LC-18 was used. The eluent consisted of phosphate buffer: methanol 
(60:40). The phosphate buffer was prepared by the addition of 10 mL of phosphoric acid 
(H3PO4) to 1 L of water, followed by the addition of sufficient 2N sodium hydroxide (NaOH) 
solution to raise the pH to 6.5. Analytical gas-liquid chromatography was performed using a 
Hewlett-Packard 5880A Series Gas Chromatograph fitted with a capillary injector operated 
in the split mode at a split ratio of approximately 25 : 1. The column, column temperature, 
and injection temperature were the same as for mass spectral work. Hydrogen was used as a 
carrier gas at a flow of 1.5 mL/min. Flame ionization detection was used. TLC was carried 
out using commercially purchased glass plates having a 250-#m coating of silica gel G 
(Analtech, Newark, Delaware). Chloroform: methanol (9 + 1) and acetone were used as 
developing solvents. The plates were developed for 10 cm in an unlined tank, the solvent 
allowed to evaporate from the plate, and the amides located by their native fluorescence 
under long wavelength ultraviolet radiation. 

Synthesis 

The amides were prepared from commercially purchased d-lysergic acid by the mixed an- 
hydride method of Pioch [20]. This procedure produces a mixture of Ca equatorial and Ca 
axial (iso) amides which were separated by preparative TLC. The plates, solvent (acetone), 
development, and visualization were the same as those described above. Following removal 
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of the separated isomers from the adsorbent, the amides were dissolved in sufficient metha- 
nol (CH3OH) to obtain a concentration of approximately 1 mg/mL. These solutions were 
used for all analytical tests. No attempt was made to assign a C8 amide orientation to a 
particular member of the separated set of isomers. Throughout the remainder of this paper, 
the member having the higher Re under the preparative TLC conditions used is designated 
as Compound A, and the member laaving the lower Rf is designated as Compound B. Thus 
LSD, having the higher Rf, is called Compound IA, and iso-LSD, having the lower Rf, is 
called Compound IB. 

Results and Discussion 

Thin-Layer Chromatography 

The results obtained using the two solvents are shown in Table 2. With both solvent 
systems, Compound IB (that is, iso-LSD), is easily differentiated frqm LSD. All of the di- 
substituted amides have lower Rf values and all mono-substituted amides have higher Rf 
values than their respective LSD counterparts. Two spots were noted for the sec-butylamide 
having the lower Rf. Because the sec-butyl group introduces a third chiral center into the 
molecule, four spots corresponding to the four dextrorotatory isomers are possible. The two 
isomers having the higher Rf values are apparently not resolved when using either TLC sys- 
tem. The resolution of the two isomers having the lower Rf value was not sufficient to allow 
the isolation of the individual isomers from the preparative plate. Thus, the two sections of 
the adsorbent removed from the preparative sec-butyl amide TLC plate each contain two 
diastereomers (Compounds VIIA-I, VIIA-2, VIIB-I, and VIIB-2). When only one system is 
used, some analogs could be misidentified as LSD, but this possibility can be reduced by 
using both TLC systems or by briefly heating the specimen in alcoholic KOH before chroma- 
tography. This procedure isomerizes the LSD, causing two spots corresponding to the two Ca 
diastereomers to appear on the TLC plate. The Rf of the two spots can then be compared 
with those produced by both LSD and iso-LSD. 

TABLE 2--TLC data for LSD and related compounds. ~ 

Solvent 

Compound CHCI 3 �9 CHjOH (9 + 1), RR Acetone, R R 

IA(LSD) 1.00(Rf = 0.53) 1.00(Rf = 0.58) 
IB 0.53 0.29 
IIA 0.85 0.84 
liB 0.SI 0.22 
I l ia  0.95 0.85 
IIIB 0.41 0.24 
IVA 1.26 1.50 
IVB 0.83 0.92 
VA 1.38 1.59 
VB 1.02 0.89 
VIA 1.42 1.57 
VIB 0.85 1.16 
VIIA-I 1.28 1.49 
VIIA-2 1.28 1.49 
VIIB-I 1.01 1.26 
VIIB-2 0.96 1.13 

aPlate: silica gel G, 5 by 20 cm. 
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High Pressure Liquid Chromatography 

The results obtained using HPLC are shown in Table 3. No separation was obtained be- 
tween LSD and Compound IliA. Partial, but not complete separation, was achieved be- 
tween LSD and iso-LSD and between LSD and Compound IIA (LAMPA). For all of the di- 
substituted amide diastereometric pairs studied, that member having the higher TLC Rf 
value has the shorter HPLC retention time. The reverse is true for all the mono-substituted 
diastereometric pairs studied. Compounds VIIA-I and VIIA-2, unresolved and removed to- 
gether from the preparative TLC plate, are partially resolved by HLPC. Compounds VIIB-1 
and VIIB-2, partially resolved but removed together from the preparative plate, apparently 
coelute. With this HPLC system, LSD can be differentiated from, but not completely re- 
solved from, all of the compounds studied except Compound IliA. 

Gas-Liquid Chromatography 

The results obtained using GLC are shown in Table 4. Only a partial separation of LSD 
and iso-LSD was achieved. Similarly, only partial separations of the members of the C8 dias- 
tereometric pairs of each of the studied di-substituted amides were achieved. For di-substi- 
tuted amides, that pair member having the lower TLC Rf value has the shorter GLC reten- 
tion time. Since both di-substituted amides studied have longer GLC retention times than 
LSD, the pair member having the lower TLC Rf elutes closer to LSD than does the member 
having the higher TLC Rf. Thus, iso-LAMPA (Compound liB) elutes closer to LSD than 
does LAMPA (Compound IIA). Iso-lysergic acid methylisopropylamide elutes even closer. 
For all studied pairs of mono-substituted amides, that pair member having the lower TLC Rf 
value has the longer GLC retention time. Mono-substituted amide pair members were com- 
pletely resolved except for the sec-butyl amides. Compounds VIIA- 1 and VIIA-2, unresolved 
by TLC, were partially resolved by GLC. The opposite is true for Compounds VIIB-1 and 
VIIB-2. 

TABLE 3--HPLC data for LSD and related compounds." 

Compound R t, min RR 

IA(LSD) 5.34 1.00 
IB 5.82 1.09 
IIA 5.66 1.06 
IIB 6.14 1.15 
IliA 5.34 1.00 
IIIB 5.77 1.08 
IVA 13.0 2.43 
IVB 6.51 1.22 
VA 12.9 2.42 
VB 6.19 1.16 
VIA 15.1 2.82 
VIB 6.73 1.26 
VIIA-I 11.7 2.20 
VIIA-2 12.9 2.41 
VIIB-I 5.71 1.07 
VIIB-2 5.71 1.07 

"Column: 25-cm by 4.6-mm ID packed with 5-#m Supelcosil 
LC-18. Mobile phase: pH 6.5 phosphate buffer, CH3OH 
(60/40). 
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TABLE 4--GLC data for LSD and related compounds." 

Compound R t , min R~ 

IA(LSD) 7.28 1.00 
IB 7.04 0.97 
IIA 8.06 1.1 l 
lIB 7.80 1.07 
IlIA 7.54 1.05 
IIIB 7.56 1.04 
IVA 7.00 0.96 
IVB 8.23 1.13 
VA 6.45 0.88 
VB 7.46 1.02 
VIA 4.61 0.63 
VIB 5.38 0.74 
VIIA-I 5.60 0.77 
VIIA-2 5.78 0.79 
VIIB-1 6.71 0.92 
VIIB-2 6.71 0.92 

uColumn: 12-m by 0.32-mm ID OV-1 260~ 

5 3 7  

Electron Impact~Mass Spectrometry 

Figures 2 to 16 show the EI mass spectra of the compounds included in this study. The 
combined mass spectra of Compounds VIIB-1 and VIIB-2, which could not be resolved by 
either TLC or GLC, are shown in Fig. 16. All the studied compounds have molecular weights 
of 323 and show prominent molecular ions. Di-substituted pair members having the higher 
TLC Rf and mono-substituted pair members having the lower TLC Rf show a m/z  221 base 
peak and all show prominent ions at m/z  207, 196, 181, 167, 154, 111, and 72. All except 
Compounds VIA and VIB (tert-butyl amides) have a prominent m/z  128. Thus, differentia- 
tion between LSD and the other studied compounds must depend upon the intensity ratios of 
the major fragments and the presence or absence of minor fragments. LSD (Compound IA) 
can be differentiated from iso-LSD (Compound IB) by the latter's more abundant m/z  207, 
181, and especially 196 fragments. Similarly, for the other two pairs of di-substituted 
amides, the pair member having the lower TLC Rf can be distinguished from the other pair 
member by its more abundant m/z 207, 196, and 181 ions. The opposite is true for the 
mono-substituted amide pairs. For these pairs, except for Compound VIIA-2, that member 
having the higher TLC Rf value has a m/z  196 base peak. LSD can be differentiated from 
the members of the other two pairs of di-substituted amides by its m/z 44 fragment and the 
near absence of a m/z  43 fragment. This m/z  43 fragment is a prominent feature of the 
spectra of the members of the other two pairs of eli-substituted amides but is nearly lacking 
in LSD and iso-LSD. The presence in the LSD spectrum of a m/z 100 fragment nearly as 
intense as the m/z 111 fragment response also serves to differentiate LSD from the other 
studied di-substituted amides. The LSD m/z 58 fragment intensity and the (m/z 58)/- 
(m/z 57) fragments intensity ratio differentiate LSD from all of the studied mono-substi- 
tuted amides. 

Conclusion 

El mass spectroscopy alone can differentiate between LSD and any of the studied com- 
pounds when standards are available for comparison and clean spectra can be obtained. 
However, since differentiation is based, in part, on low-mass fragments, a clean mass spec- 
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t rum is necessary. Chromatograph ic  techniques  can be used to augmen t  the different iat ion.  
Mass spectroscopy combined  with any of the ch romatograph ic  techniques  covered in this  
paper  can differentiate between LSD and  any of the  studied compounds .  
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