
MINOR COMPONENTS OF CANNABIS RESIN 

V. MASS SPECTROMETRIC DATA AND GAS CHROMATOGRAPHIC RE- 
TENTION TIMES OF CANNABINOID COMPONENTS WITH RETENTION 
TIMES SHORTER THAN THAT OF CANNABIDIOL 

LARS SI-RaMBERG 

Minor cannabinoid components of cannabis resin xvere analyzed by gs chro- 
nialography and mass spcctromctry. Complete mass spectra \vcre recorded !-or lhur 
SLICII compo;lents_ Two ot‘ these components were found to be cannabidivarol and 
c~~~~nabic~clol. while the other t\vo ‘r\‘cre isomers of cannabidiol but \vere cluted 
before cannabicyzlol. in contrast to liillicrro described natural isomers ol~cannabidiol_ 
The relative retention times of ei&t cannabinoids. includin g rlic major onL_s. were 
delermined on three diKerent stationary phases. 

INTRODLJC-IION 

In Parts I and II’-’ of this scritx the gas chromatoprapliic scpacuion ot‘minor 
components of a hashish extract was described_ Mass specrrometric data indicated 
that some of these components were terpenic compounds--- .’ WC- in agrcemenr \\-ith earlier 
in\-estigations. Anion% the minor components of cannabis resin there tire also isomers 
and l~omoloyes of the major cannabinoids cannubidiol (CBD). _ I’-2-~etral~_\-dro- 
cannabino! (_ II-“-THC) and cannabinol (CBN)_ as demonstrated by Vree cr crl.’ and 

others_ In this paper_ the mass spccrrometric data and stis cliron7nto~rnpIiic rcrcnrion 
times of some additional components of this type are reported and discussed. 

EXI’ERIMEXT_-\L 

The instrument used for combined gas clirc~matoprrtpli~-mass spectronieq 
(GC-MS) was nn LKB 9000. An IBM 1800 computer was l!sed l-or rlie calcuhtions. 
The inlet system (separator) and ion source temperatures were about 1SO and 300 _ 
respectively. The electron energy was 70 eV. 

The column used for CC-MS was a 4.5-m glass tube of0.D. 6 mm (0.25 in.) 
and I.D. 2 mm with a coil diameter of 100 mm, packed with Gas-Chrom Q (6040 
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mesh)_ coated with 3’,‘,; OV-101 methyl silicone. The coltm~n temperature was pro- 

tvammed from 130 to 200 5 at 4 .!min_ The ilow-rate ofcarrier gas (helium) wis about 
30 ml:‘min_ 

For the sttidy of retention times, the gas chromatograph used was a Perkin- 
Elmer FI I with a No_ 4 anaiyzer unit (all-@ss system and flame ionization detector)_ 
The cotumns were 1-9-m glass tubes of 0-D. 6 mm (0.15 in.) and I-D_ 2 mm with a 
coil diameter of I30 mm_ The injection temperature was about 220~ and the few- 
r;lte ot-carrier 2~1s (nitrogen) was about 30 ml.,fmin. The retention times v+ere deter- 
mined under isotherma conditions at the temperatures itnd on the liquid phases Iistcr! 
in Table :Il_ 

The hashish (the same material 9s previously investigated’-“) \vas extracted 

according to the procedure previously described”. The estract \\‘iis analyzed by GC- 
MS_ 

The US data were obt&ned by tlnalysis of the sis liactions corresponding to 
the numbered CC peaks in Fis I_ which corresponds to part ofrt previously published 

chromtltogram (ref. 3_ Fiz. I )_ Complete spectra were recorded for fractions 51. 52. 
53 and 54 and these spectra are shown in Figs. 2-5. The ten peaks of highest intensity 
observed in the spectra of fractions 51_ 51 and 53 are listed in T:tble I_ The l;>!lo~in~ 
comments can be made. 

fiuctiolz 5,-I_ The mass spectrum of this fraction (Fig_ 2) sho\\s a parent peak 
at IJ$~ 286. The frayiienttttion pattern indicates that the fraction consists essentially 
ok-the CBD-C3 homolope cannabidivarol, as five of the major peaks ofthis spectrum 

and the CBD-C5 spectrum’ ditikr from each other by 2s mass units (nrjc- 256, 215. 
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Frrrc-riozzs 52 mzd 53. In the III;ISS spectra of these tiactions (Figs. 3 and 4). the 

parent peaks lie at IZZ/L, 3 14_ The base peaks at IIZ,IP 23 I presumably represent the chro- 
rne~~yl ion; . a typical fragment ofcannabinoid molecules having ;I 1no1. n t. oF3 14 and 
corrving if pentyl side-chain (ret>. 5. 7. S i1Ild others). 

Other peaks_ typical of this type of cannabinoid”-:, are also present in both 
spectra, e__y__ at IZZ!P 299_ 271, 25s. 246. 24 3. 193 and 174_ indicating that frxtions 52 
and 53 consist essentially of compounds structurslly related to CBD and THC. 

it is known that the structure of the alicyclic ring system strongly influences 
the mass spectral fragmentation of the different types ofcannsbinoids~-;. III the IIUSS 

spectra of fractions 52 and 53, the intensities at DZ/C 1-N are low. which indicates that 
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m/t’ 295, which does not originate from cannabicyclol and is presumably due to an- 
other compound cfuted in the same fraction. This compound can be neither CBD nor 

Yrrtction 53”. as the mass spectra of these show no sppreciabie peaks at 02/c> 295_ 

II~ZCLSS _fi~~i~l~l~~llIO~l~~~~fI~~ 

In order to detect other minor cannabinoid components with a mol. RI. of 
314. mass frztgmcntogmphic (MF) analyses were carried out at nz/c- 3 I4 and 23 I 
under the conditions mentioned under Esperimental. In the two mass tiasmento- 
grams obtained, peaks were observed at retention times corresponding to those of 
fractions SOa. 52, 53. 54 and 51n shown in Fig. I. This result demonstrates the 
presence of peaks at tficse 112/c vafucs in the mass spectra of the ti-xtions mentioned. 
Tflc signal-to-noise ratio uxs better than 5: I l-or the lowest M F peak. 

In the sample used. the amounts of fractions 50x and St! \vere too small for 
their complete mass spectra to be recorded. Howver. conclusions concerning the 
peak heights ttt UI~C~ 231 aid 314 in these spectra can be drawn tioni the MF anaf- 
yses. Tfle occtIrrence of major M F peaks ;1t tflcsc uric~ ~;~fucs is typical ofcnnnitbinoicis 
having a 1w~1. m t. of 3 II and carrying a patty1 side-cfx&“-7-S_ 

In the MF an:~fyscs_ the correspondin g totai ionization current (TIC) peak 
heights otk~inrd \:iried owing to &I&rent sanipfe sizes :ind imperkct reproduction 
oftf~ecofun~n tcmpcraturc programme. Therefore. the 114 F peak heights obtained \\ere 
norma!ized by dividin g tfwm bv the heights of tfle cot-responding TIC peaks. Tfw 
set of norm:tfized M F peak fwig-hts correspondin 2 to i~fr 311 was then muftiplicd by 
an attenuation litctor. as the MF ttnafyses were carried out at dili‘erent instrument 
scnsitivitics_ The t\vo !kI F peak heig!lts of ;I particular fraction thus crtfculated no\\ 
correspond to the s;mw TIC signal tind tfle same sensitivity as in a conventionalf~ rc- 
corded mass spectrum. The normalized MF peak heights arc listed in Table I I-snd 
arc denoted by hill and hJtI_ In the fast cofunin of Table If the ratios /~~~~jlz~:~~ arc 
e.spressed as percentages. The ratios for tiactions 52.. 53 and 54 then correspond 
directly to the intensities at nl!c 314 in the compfixe spectra of-these frtlctiOilS_ as tflcse 
spectra xrc all narmalizcd f-w scttin s the inWnsitics at ni!c* 231 equtll to IOO'~,,. 

I-ABLE II 

.\IXSS i’Rr~C;~IENTOGR.I\Ptil~- DXTA OBTXINED FOR FR,\CTIOSS 20a. 51.53.5-l _-XXI> Ma 
The II vtllues mere obtained by diding thr nx~ss fr~gm~nrogr,~pl~i~ peak hrighs by rhr heights orrhc 
currcsponding timI ionization curt-cm peaks. 

Fruc-rim :\‘o. II~.,, 4,1 Ii,,, ‘Ii,,, IIll) 
(fTc_ iJ 

503 1 0.5 50 
51 x I_6 3) 
53 10 0.s s 
5-I 13 0A-l 3-J 
?I-?:1 6 -I 66.7 

As already mentioned. the /I ~afues in Table II were obtained by dividing klF 
peak fieigftts by the corresponding TIC peak heights. The TIC peak hcigfit may at feast 
be regarded as an approximate me;Lsure of the masimum total ion beam intensit> 
and consequently of the sum of all the peaks of the correspondin= ~3 niass spectrum. 
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Therefore, the /I value is a measure of the height of one peak relative to the sum of all 
the peaks of the actual spectrum_ Thus. the high intensities of the ~JZ/, 23 1 peaks in the 
spectra of fractions 52_ 53 and 51 correspond to /I~~, values of about 10, tls seen in 
Table II. 

These results indicate thttt the mass spectrum of fraction 54~ has its base peak 
at rrrlr 231 and a major peak at &e 313, and this fraction may therefore consist es- 

sentially of a cannabinoid of the actual type. The h values of fraction 503. on the 
other hand, indicate hat its mass spectrum has only minor peaks at m/e 23 I and 3 14. 
Ctrnnabinoids ofthe actual type should therefore not be present in appreciableamounts 
in this fraction. This assumption is supported by the low retention time, which is 

lower than hat uf the C3 honioloyue in fraction 51_ 
Further inhrmation concernin, ** fractions 5Oa and 5-h may be obtained by 

analysis of cannabis materials that contain larger amounts 01‘ these fractions_ The 
esistence of such materials does not seem unlikely: it is known that the chemical 

composition of ditli-rent cannabis tnarerials varies considerttbl_v. 

liy addition of cannabicyclol to rhe hashish exwact. it \vas found that it had 
the sane retention time as fraction 5-t on the OV-101 column_ This result supports 
the MS idenritication of this fraction wih crtnn:~bicyclol_ 

III order tostudy theretenrion times offrttctions 51-Non dilkrent liquid pkrscs. 
these fractions \tere iso!zted from the hashish extract using a semi-preparative OV-101 
column and a temperature programme not very diKerent from that emplo?_ed in the 
GC-MS anrilzsis Cc:/: Fig. I). The frrtcrions were easily idcnrilied by virruc of h5r 
elution order and relative peak heights_ 

The tiactions thus collected \i-ere then added lo samples of the original hashisil 
estract in such amounts that their concentrations \iere increased three to tive times. 
When XI?; chromatograms of these mixtures ;vere comptlred \vith th:lt of the original 
e_stract alone. the enhanced peaks could easily be recognized_ permitting the deter- 
mination of relative retention times. Such espsriments were carried OLII using columns 
\\irh three ditkent Iiquid phases (OV-lOI_ OV-17 and Dcssil NO) undtx rhc condi- 

tions menrioned under Esperimentai. The results we giv- LII in Table 111. The Ibllm~i~~ 

comments can be made. 
Retmtion titws OII 0 1;-1111 (metltd _silic.otw~_ The esperiments u ith the OV- 101 

coiumn shoxved that the retention times of the isolated fractions x;cre the S:~IIIL‘ as in 
the originai extract_ This result demonstrates the stability of the fractions under the 
conditions used in the isohtion process. As seen from Table III. rile OV-I01 COILII~I~ 

is superior to the orher coIumns for separatin, I= fractions 52, 53 and 5-i from each 
other_ 

Retetttioix timc3 oti 0 F-17 /u .W’,, pItc~~t~-I-srrf~~~-titt~t~~~i nietlt~-I _siiimiw.l _ AS 
seen from Table 111. a retention time ratio ot‘69;36 - 1.92 for CBD and tiacticm 51 
\VLIS obtained on the OV-17 column at 215 _ Correspondingly_ Vree L’t ~t/_~ obt*Gned ‘ 
;z ratio of2.04 for CBD and cannabidivzlrol (CBD-C-3) on OV-17 at 200 _ This result 
supports the assumption frotn the mass spectrometric analysis that fraction 51 COIl- 

sists essentially of cannabidivarol. 

Table III shows rhar. on the OV-17 column. frxrions 52 and 53 are both elured 
before cannabicyclol. in contrast to the known natural cannabinoids \vith a mol. wt. 
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bond. but it seems unlikely that this is the complete csplanation of the reversal of 
rhc elt‘ect on the retention times. 

Vree tv a/_ analyzed Lebanese hashish b\ r gas chromatography on OV-17 at 
100 (ref_ 9_ Fig. is)_ When esaminin~ their gas chromtltogram. it seems that peak 4 
has ;I retention time of about I .I relative to cannabidivarol. It is stated that this peak 
represents a mixture of a compound ofmol. \\ t. 3 14 and CBN-Cl_ in the present study. 
the ratio of the retention times of fraction 53 and cannabidiwroi (fraction 51) \\a 
39!36 -:: t-1 on the OV-17 column at 215 ‘_ as seen from Table III_ The compound 
found by Vree er al_ may thus be identical with the major constituent of fraction 52. 
As l%r as CBN-Cl is concerned- it does not seem to intcrkrc in the MS analysis of 
frxrion 52 (Fis- 3)_ us no appreciabic intensity is observed at frl/c 239. the base peal; 

in the mass spectrum of CBN-Cl (ret‘. 9). 
Rtvtwtion times m Dt~xsil AR! (po~~~~~ri~oratrc silosarw) _ Dessil 300 was used in 

an earlier stud>:’ in the 9s chromatography of the heavy minor components of can- 
nabis resin_ i-e._ those elutcd after CBN_ As seen in Table III. Dcssii 300 gives the 
best separation of fractions 51 and 52 while OV-101 is superior to DessiI 300 in 

separ:iting fractions 52 53 and 5-l from each other. Dexsii 300 tdso gives an esceiient 
seprrrrrtion of CBD, Il.“-THC and CBN and can be recommended for rhc routine 
dcttrmination of these cannabinoids. 

To summarise. the mass spectra and the retenrion times of frxtions 51 and 
-5-l strongly indicate that these fractions consist essentially of cannabidivaroi and 
eannrtbicycioi, respectively. The M F data indicate that fraction 54a ma? consisr 
essentially of u cannabinoid \\ith a mal_ wt_ of 313 and ;I pcntyi side-chain. whereas 
this is presumably not the case for fraction SOa. The mass spectra of fractions 52 
and 53 indicate that these fractions consist essentialI>- of eannabinoids_ structurally 
related to CBN and THC, having a mol. 1~ t. of 3 il and carryins a pentyl side-chain. 
Sume conclusions concerning the structure of their aiicyciic and aromatic rins systems 
can be draxvn from the mass spectra and the retention times hut the structures cannot 
be fully elucidated at present- 

In the present series of papers. MS data have been reported only for minor 
components elutcd before CBD on methyl silicone columns. Little is laoan xbour 
the minor components of cannabis that are eluted after CBN. The presence of such 
romponcnts in marihuana cigarette smoke \\;ls demonstrated in ;m earlier paper’. 
Conventional GC-MS analysis of these components is 3 difiicult task because liquid 
phases stable at 350400 wx-ould be needed_ Althou& good gas chromatogams can 
be obtained with Dessil 300 columns, bleeding interferes severely in the GC-MS 
rrnaiysis_ However, preliminary experiments have indicated rhnt 5vlS data ma: be 
oht&ed‘by M F or by the 
of these comp&ents_ 

_ _ 
method of continuous scannin g of the GC column eiuates 
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