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Neutral cannabis constituents and cannabinoid acids were gas chromato- 
graphed with on-column methylation of phenolic hydroxyl groups and esterification 
of carboxylic acid functions. Injection of cannabis extracts as solutions in 2 44 dimeth- 
ylformamide dimethylacetal in pyridine gave quantitative or near-quantitative con- 
version of cannabinol and tetrahydrocannabinol into methyl ethers, while canna- 
bidiol gave a monomethyl and a dimethyl derivative, Also cannabidiolic acid, tetra- 
hydrocannabinolic acid and the tetrahydrocannabinol 7-acid metabolite chromato- 
graphed well as methyl esters and ethers. The mass spectra of the methyl derivatives 
eve more pertinent structural information than those of the corresponding TIMS 
derivatives. This simple derivatization procedure should conceivably prove useful for 
the analysis of other heat-labile biological samples. 

INTROD CiCfION 

Gas chromatography (GC) f o neutral cannabis constituents is a simple pro- 
cedure’_ Tetrahydrocannabinol (THC), cannabidiol (CBD) and cannabinol (CBN) 
with their propyl and methyl homologues elute as symmetric peaks from packed’ as 
welI as capillary columns3. Cannabinoid acids’“. on the other hand, cannot be gas 
chromatographed as such_ If, for instance, A’-tetrahydrocannabinol4’~arboxylic 
acid is introduced into the GC injector it will decarboxylate and give THC5s6. The 
cannabinoid acids are consequently derivatized prior to analysis and chromatograph- . 
ed as trimethylsi!yl (TMS) derivatives, with TMS protection of phenolic as welI as 
carboxylic acid fun&or&+‘, or as methyl esters with TMS protection of phenolic 
functions OllIJP- l1 In the preparation of TMS derivatives, however, the reaction _ 
mixture must be heated, which may cause decomposition of some cannabinoid con- 
stituer&. Also, the mass spectra of the TMS derivatives sometimes yield very little 
structuraI informatioti*12.. 

Dimethylformamide (DMF) dialkylacetals are excellent derivatizing agents for 
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carboxylic acidsr3. The reaction mixture of, for instance, DlMF dimethylacetal and a 
fatty acid in pyridine is usually injected directly onto the GC column, without prior 
heating, to give a quantitative yield of fatty acid methyl ester. The DMF dialkyl- 
acetals also alkylate phenolic hydroxyl functions’“. They are consequently potential 
derivatizing agents for neutral as well as acidic cannabis constituents, and this paper 
presents results demonstrating their practical usefulness. DMF dimethylacetal was 
used to alkylate cannabinoids under the mildest possible conditions, and the mass 
spectra of the derivatives proved readily interpretable. 

EXPERIMENTAL 

Samples and reagents 
Samples (100 mg) of cannabis resin (hashish) or marihuana, submitted for 

forensic analysis, were triturated with 1 ml of methanolx5. The suspension was placed 
in an ultrasonic bath for 20 min and then centrifuged. Aliquots of the clear super- 
natant were either injected on to the GC coiumn or derivatized as described below. 
Sample extraction, derivatization and analysis were performed on the same day, and 
the solutions were kept in the dark when not in use. 

Synthetic 4’-tetrahydrocannabinoi-7-acid (NIH, Bethesda, USA_) was a gift 
from Drs. Magnus Halldin and Stig Agurell Dimethylformamide dimethylacetal, 2 
:U in pyridine, IMethyl-8@, was purchased from Pierce (Rockford, IL, U.S.A.), as was 
the GC column packing, OV-I, 3 % on Chromosorb W HP, SO-100 mesh. 

Ahquots (25 ~1) of the methanohc cannabis extracts were transferred to con- 
ical, glass-stoppered test-tubes, and the solvent was evaporated under a nitrogen 
stream. The residues were then dissolved in Methyl-S (100 d)_ Samples (2-4 fi) of 
these solutions were injected on to the GC column. In addition, a “sandwich” injec- 
tion was tried; 1 fl of hashish extract followed by 5 ~1 of reagent in the same syringe. 

4’-Tetrahydrocannabinol-7-acid was injected as a freshly prepared 10s3 A4 
solution in Methyl-S. 

Equipment and gas chromatographic conditions 

The combined gas chromatograph-mass spectrometer was a Finnegan 4023 
EI/CI system interfaced with an INCOS data system (Sunnyvale, CA, U.S.A.). 

The gas chromatograms were run on a 196 cm x 2 mm I.D. glass column 
packed with 3 % OV-l_ The helium flow-rate was 25 ml/mm, the injector block tem- 
perature was 300°C and the glass jet separator was kept at 250°C. The derivatized or 
underivatized cannabis extracts were analysed in temperature-programmed runs: the 
oven temperature was first maintained for 2 min at 200°C then raised by 10cC/min to 
260°C and finally kept there for 5 min. The derivative of 4’-THC-7-acid was also 
analysed at 270°C oven temperature. 

Mass spectra were recorded continuously, at one scan every 3 set, and stored 
on the data disc. The ion source temperature was 250°C the electron energy was 70 05 

23 eY, the emission current was -0.28 mA, the EM voltage was - 1960 V and the 
preamplifier sensitivity was lo-’ A/V. When chemical ionization (CI) spectra were 
recorded, isobutane (99.5 “/d pure, AGA, Lidingii, Sweden) was added as make-up gas 
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to an indicated ion source pressure of 27 pA (0.20 torr). The ionizing current was 0.25 
mA at 70 eV. the EM voltage was - 1850 V and the preamplifier sensitivity was lo-” 
A/V. 

The data-processing included the plotting of chromatograms as reconstructed 
ion currents (RICs) and of background-subtracted_ mass spectra. The data system 
also allows the construction of mass chromatograms, ion intensity vs. time, at any m/r 
value. The mass chromatograms can be used to distinguish the mass spectra of two or 
more substances eluting as an unresolved GC peak and to check whether a peak in a 
spectrum belongs to “sample” or to “background”_ They can also, as in selected ion 
monitoring, be used for quantitation as well as for the localization of compounds 
with known mass spectra, that elute in amounts too small to give noticeable peaks in 
the EUC chromatograms. 

RESULTS AND DISCUSSION 

Gas chronzatogranzs of zozderivatized and derivatized catzrzabis extracts 
Figs I and 2 show the gas chromatograms of cannabis extracts with and 

without oncolumn derivatization. Tables I and II list the compounds identified in the 
four GC-MS runs, and their structures are given in Fig. 3. The small peaks of 
underivatized THC (their origin is discussed below) in the chromatograms B and D 
setve as reference peaks for the comparison of retention times between the four 
chromatograms. 

The methyl ether derivatives of tetrahydrocannabivarin, THC and CBN elute 
41. 51 and 51 see earlier, respectively, than the underivatized compounds. In the 
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Fig. 1. Temperature-programmed GC-MS runs (reconstructed ion lxrrexlt chromatograms) of (_A) a 
marihuana extract 2nd (B) the same extract with on-cotumn methylation. The arrow, marked Cl0 etc., 
indicate the positions of the peaks from a reference mixture of straightchain hydrocarbons run under the 
same cxxxiiti~xxs. The reman numerals refer to Tables I and II and to Fig- 3. 
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Fi_e 2_ Tempe-ature-programmed GC-MS runs (reconstx~cted ion c-nt chromatograms) of(C) a hash- 
ish e..mct and (D) the same erctrzct with on-column me&yIatiox~ The reman num& ref.. to Tables I 
and HI and to Fis 3. 

temperature pro_aamme 42 see corresponds to an elution temperature 7°C lower and 
51 set to an elution temperature S.YC lower_ Catmabidiol appears as two derivatives, 
a monomethyl ether (IX) eluting 36 set (6T) earlier than the underivatized com- 
pound and a dimethyl ether (VIII) eluting another 36 set (6’C) earlier. The chroma- 
togams B md D contain at Ieast five distinct peaks due to methyl esters of carboxylic 

T-ABLE I 

IDENTIFIED C_+NNABIS COSSTITtiENTS IN CI-IROMATOGRAIMS A AND C 

Relenrion rbne 

(min) in 
chroIrsIogram 

Compound M olecdar 
weighP 

R c 

- 
- 
- 
4.55 
5.25 
_ r- 
>.>,3 
5.70 

230 TetrahydrocannabiorcocoI (I) 258 
2.80 Cannabidivzrin (II) 286 
3.55 Tetrabydrocanna bivarin (III) 286 
4.45 Cannabidiol (IV) 314 
520 -ktrahydrOCWtta bicot (V) 314 
- (DioctyIphthaIate)* 
5.65 CannabinoI t%W 310 

* The sample was re-run under identical GC conditions but with 23 eV electron energy. which 
afforded dear identikation of aII molecular ions_ . 

** A ubiquitous contaminant from #sticizen. 
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TABLE II 

IDENTIFIED COMPOUNDS IN CHROMATOGRAMS B AND D 

RemmiJR Ki5n.e 
(min) ill 

Compound Molecular 
weighr* 

B D 

I-15 1.30 Methyl palm&ate 270 
LOS 2.20 (UnidenW) 296 
2.35 240 Methyl stezrate 2.98 
- 2.85 Y-0-Metbyketiahydrocaml abivarin (VII) 300 
3.15 3.25 !‘-O, Y-O-Dimethykznnabidiol (ViII) 342 
3.75 3-85 0-Methykanna bidiol (IX)* 328 
4-25 4.35 3’-0-MethyItctrahydr ocannabinol (X) 328 
- 4.80 3’-0-Metbykarma binol (XI) 324 
4.85 4.90 l’-O. Y-O-Dime&v1 _ annabidiolic acid methyl ester [XII> 400 
5.10 5.20 Tetnhydrocann abinoi (V) 314 
5.40 - (Dioctylphtalate)* 
5.55 5.60 0-MethykmnabidioIic acid methyl ester (XIII) p 386 
6.00 6.10 3’-0-MethyItetrahydrocaocanabinolic acid methyl ester (XIV) 386 
6.20 6.30 (Unidentified) 438 
- 6.85 (Unidentified) 41 
- 5.00 (Unidentified) 381 

l The samples were re-run under identical GC conditions but with the mass spectrometer operating in 
the CI mode. Tbe isobutaxte CI spectra afforded unambiguous determination of all molecular weights. 
Indeed, the CI spectra of compounds VII, X, XI and V consisted of an intense [M + H]’ ion peak and 
no fragment peaks of more than 5 “/, abundaace. 

* The two phenolic functions of cannabidiol are eqtivaIent_ 
- Contaminant from plasticizers. 

S The two pheno!ic functions ofcannabidiolic acid are not equivaIen& and the peak is probably due to 
a mi..ture of the two isomers. _ 

A B 
Fis 3. The structures of the cannabis constituents and the2 derivatives. The folkwing compounds are 
represent& by formula A: I. R, = R2 =H, R3 =CHx; III, R, = R2 = H, RS =C&; V, R, = R2 = H. R, 
=CJIll; VI, as V, but the Cl* cingaromati: VII_ R,=CH,. R==H, R,=C,H,; X, R,=CH3, R1=H, 
R,=C,H,,; XI, As X, but the Cl* ringaromatic; XIV, R,=CH,, R,=COOCH,, R3=CsHll. Formula 
B represents: II, R1=R2=R4=H, R3=C3H,; IV, R,=R,=R,=H, RS=CsH,,; VIII. R,=CH,, Rr 
=H, R,=CsH,,, &=CH,; IX, R,=Rz=H. R,=C5H,,, LI,=CH,;XII, R,=CH3, Rl=COOCHx, Ra 
=C,H,,. R,=CH,; XIII, R,=CHJ, &AH (or vice versa), Rx=COOCH,, R,=CsH,,. 
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acids. The di- and monomethyl ether derivatives of cannabidiolic acid methyl ester 
(XII and XIII) and 3’-0-methyltetrahydrocannabinolic acid methyl ester (XIV) elute 
in the same order and with the same time intervals as the corresponding neutral 
cannabinoid derivatives_ The increase in elution time due to the added methoxycar- 
bony1 functions is 103 + 2 set for the three compounds, which corresponds to an 
elution temperature 17’C higher. 

Derir-atization _vieMs 
The on-coiumn derivatization of cannabinol was more than 99.5 7; complete, 

as estimated from the mass chromatograms at nz/z = 309 (base peak of the derivative, 
see Table III) and nz/= = 295 (base peak of CBN). The proportion of underivatized to 
derivatized THC was estimated by quantitation of the mass chromatogram peaks 
given by the m/z = 313 and nz/z = 299 ions. This procedure was regarded as per- 
missible. even though the relative molar responses of the two compounds may be 
slightly different, because the mass spectral behaviour of THC changes very little on 
methylation (cf- Table iI1). The proportion of THC to methylated THC was 6.1 + 
2.7 ‘/d (mean f SD. of eleven experiments) under the conditions described. When the 
evaporation residue of 10 fl of cannabis extract was treated with 200 4 of reagent, no 
underivatized THC could be detected in the gas chromatogram, but the rather high 
dilution of the sample-is a disadvantage in the GC-IMS analysis. However, because 
underivatized tetrahydrocannabinolic acid decarboxylates and also appears as THC 
in the chromate_-, this peak represents the total amount of underivatized material 
from two components of the sample, and the methylation yield can stand comparison 
with that of silylation, which is typically 95-97 %“* Cannabidiol, as already described, 
gives two derivatives_ Judging by the mass chromatograms at nzfz = 231 (the base 
peak of CBD) there is no underivatized cannabidiol left. 

The “sandwich” injection of cannabis extract and reagent afforded 76 % meth- 
ylation of cannabinol and 37% methylation of tetrahydrocannabinol (one experi- 
ment only). 

T-ABLE III 

THE MASS SPECTRA OF METHYLATED NEUTRAL CANNABINOIDS COIMPARED WITH THOSE OF 
THEIR PARENT COMPOUNDS 

The major pwks (above nziz = 100) of the 70 eV spectra are presented. 

Tetrahydrocannabivarin (III) 203( IOO), 
0-Meshyl derivative (VII) 217(60). 

243(733, 271(93). 286(8>~ 
25?(59). 26b( 19). 285(100), 300(86) 

Tecahylrocamabino1 (V) 231(100), 
0-Methy derivative (X) 245(59). 

Cannabidiol (IV) 121(17), 
O-Methyl derkatile (IX) -. 
Dime&y1 derivative (VIII) -_ 

231(100), 
24q loo). 

Camabinol (VI) 193(29), 
O-Methyl derivative (XI) - . 

243(43), 258(30). 271157). 299(9 l), 314(83) 
257(37), 172( 12). X45(38), 2&X), 313(100), 338(84) 

-. 
i&S). 

I74m 193(13), -, -7 

&35). - 
I88(8), 

29k). 31&q 
22; (65). 235(M), Z&4). 

246(18). 
313(j), 

&00), -, 
328(I) 
342(2) 

&f12), G&12), 
=8(19). 295(100), 310112) 
252(9). 3~100). 324(14) 
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The mass spectra of the derivatives 
The mass spectra of the derivatives are given in Tables III and IV. 

TABLE IV 

ME MASS SPECTRA OF THE CANNABINOID ACID DERiVATIVES 

The major peaks (above m/z = 100) of the 23 eV spectra are presented. 

l’-O. Y-0-Diethylcanna bidiolic acid me*&yl ester (XII) 
249( 14). 263(32). 267(25), 269( IS). 279( 100). _794<28), 332(99). 353( IO), 36S( 13). 369( 13), 400(20) 

0-Methylcannabidiolic acid methyl ester (XIII)* 
MS(l), 303(100), 371(2), 356(S) 

3’-0-Methyltetrahydrocannabinolic acid methyl ester (XIV) 
270(2). 303(‘), 315(3), 330(4)_ 339(20). 354@)_ 355(S). 371(12), 3S6( 100) 

* Table 11, note p_ 

The well-explored t6-tg fragmentation paths of tetrahydrocannabinol and tet- 
rahydrocannabivarin are little affected by the introduction of 3’-O-methyl groups. 
The only major peaks in the spectra of derivatives VII and X that do not have exact 
counterparts (14 mass units lower) in those of the umnethylated compounds are the 
ones at M - 31 (loss of CH,O). Cannabidiol, as well as THC. undergoes fragmen- 
tation by two competing paths: loss of carbon atoms 4, 5 and S-10 in a retro-Diels- 
Alder reaction gives fn/z = 246, and loss of carbon atoms 4-6 and S-10, with ring- 

closure between carbon 1 and a phenolic oxygen, gives a chroman-Iike fragment at 
rtti= = 23 1 16J5--10_ The latter fra_aentation takes place in the monomethyl derivative 
IX, giving nz/c = 245, but it is blocked when both phenolic groups are methylated. 
Instead, for compound VIII the retro-Diels-Alder fragmentation predominates, 
giving nz/z = 274 and, with further loss of carbon atoms 1,2,6 and 7, nz/z = 221 (a 
tropylium ion)“. Cannabinol fragments by the loss of a methyl group to give the base 
peak at m/z = 295 and by further loss of a butyl radical from the side-chain giving 
m/z = 23816_ Tbis holds true also for the methyl ether XI, but the spectrrun of this 
compound still has a peak at m/z = 238, possibly indicating a loss of the whole side- 
chain. 

The mass spectrum of cannabidiolic acid methyl ester dimethyl ether (XII) is 
rather complicated. The expected clevzge of CH,O from the methyl ester function 
can, however, be observed (m/z = 369, which is the base peak of the isobutzue CI 
spectrum) as well as the loss of carbon atoms 4,5,8,9 and 10 in a retro-Diels-Alder 
reaction (m/z = 332) and the further loss of carbon atoms 1,2,6 and 7, which gives a 
tropylium type ion at ,njz = 279; cf- the fragmentation of compound VIII (Table III) 
and of cannabidiolic acid methyl ester?. The fragmentation of the monomethyl ether 
(XIII) occurs predominantly by loss of carbon atoms 4-6 and S-10 with ring-closure 
to a chroman-like fragment (m/z = 303; cf- the spectra of CBD and compound IX). 
There is also a small M - I5 peak. The same fragmentations can he discerned in the 
spectrum of the tetrahydrocamtabinolic acid derivative XIV, which, however, has a 
much more intense molecular ion peak; cf- the difference between the spectra of the 
analogous neutral cannabiuoid derivatives IX and X. This compound also loses 
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CH,O and CH30H (m/-t = 355 and 354) and gives a fragment at m/z = 339, which 
probably implies a Ioss of CH,OH and a methyl group. There is a corresponding peak 
at ~n/z = 325 in the mass spectrum of P-tetrahydrocannabinolic acid methyl estei”. 

Deriratizarion of rerr~~~rocannabino!-7-acid 

4’-THC-7-acid, a major metabolite of THC in manz3, gives a derivative with a 
very simpIe mass spectrum (Fig_ 4)_ The mo1ecula.r weight is 372, m/z = 357 equals a 
loss of a methyl group and m/z = 3i3 loss of the whoIe methoxycarbonyi function. 
This acid is a more polar compound than the naturally occurring cannabinoid acids, 
and its derivative elutes rather late in the temprature-programmed GC runs, at 7 
min. At 270°C coIumn temperature, the retention time of the derivative is 1.2 min. 

CsHu 

Fi_e A The s-a-ucture and i&V mass qxctrum of 3’-0-methyltetrahydrounn abmol-7-acid methyl ester. 

The usefulness of oncolumn alkyiation and esterification of heat-labile 
phencls and phenolic acids has been evaluated with cannabis constituents as model 
compounds. The methylation of the monophenohc compounds CBN and THC was 
quantitative or near-quantitative, whiie the diphenolic CBD appeared as two deriva- 
tives in the chromatograrns The derivatization yiehis of the acid cannabinoids couid 
not be estimated owing to lack of reference substances. The carhoxylic acid functions 
can, however, be assumed to react faster than the phenolic onesx4. The mass spectra 
of the derivatives are generally readily interpretzble and should compare favourably 
with those of the corresponding TMS derivatives, which are often dominated by an 
intense M- IS peak due to cIeavage of a methyl group from the TAMS function 
itseP-‘z. This very simple and rapid deriv+ation method shouid conceivably prove 
useful in the qualitative or quantitative analysis of other complex mixtures, such as 
p!ant extracts or other biological samples 
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