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Abstract-Rapid miniaturised syntheses (l-20 mg.) of the cannabidiol, A’- and A’,“-tetrahydrocannabinol, can- 
nabinol, cannabigerol, cannabichromen, canndbicyclol and cannabicitran structures with Me, Pr”. Am” and 
Hcpt” side-chains have been carried out. This makes possible a GLC. and TLC. study of these 32 natural, or 
potentially natural. cannabinoids 

INTRODUCTION 

The cannabinoids are meroterpenes found in fresh 
or dried Cn/tnahis ,saticu [l-3]. Members of the 
class may be true natural products. or artefacts. 

R2 
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and include the psychotomimetically active sub- 
stances. Much of interest centres on the eight 
structure-types (l-8) although other cannabinoid 
types are known in Cannabis sources (e.g. methyl 
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Table I. Chromatographic characteristics of synthetic cannabmoids 

” Kicsclgcl G (0.5 mm) impregnated with HCONMe, c‘<‘l, (3: 3). dried at 20 ; I5 mui and clutcd with qclohcsane (20 x 31 cm. 
plates) 127. 3XJ. Colours bith Fast Blue Salt B rcagsnt arc less marked in this system. 

’ Kicsclgcl Ci (0.5 mm) cluted w11l1 CHCI, (70 x 30 cm plates). 
’ Relative to A’ THC <‘< standard = 0.5. 
” Kolati,~ to 11’ THC C‘i standard : 0.6. 
“o-Dx~nisidine tetruolium chloride (0.5”~ in 0 I N aq. NaOH (nanogram sensltivitv). 
’ Pale pink Illon-l?henolicl: dark brown with 1:. 
‘I Brick-red ~hw concentrated. orange when dilute. 
” P\IL’ 104 instrument: H;tmc ioniution detector at own temp. (‘hart qxcd 7.6 cm 4 min. 
’ Carhouax 10 M (I”,,) on 4W DMC‘S C‘hl-omosorh W (X0, 100 mesh) in glass columns (5 It x 1.4 in.). On-column l+ction: 

o\cn temp. 210 , N, llow 60 ml min. InJections 0.2 2.0 pl in hexa~w or t:t .O. Standards used: androst-4-cnc--7.1 ?-dionc 1391 (R, 
24.0 min) and d~hcwyl phthalate (43.2 min). 

/ Sample trcatcd with trisll before iqjectlon 
’ SC‘OT OV225 (50 It x 002 111.. Pcrhin Flmcr) columlx oven temp. 190 inpctlon 240 , NJ flop 3 ml. min. I+xtions $05 /II 

dil-ccl or _+ 2.0 111 using 3: 1 splitter ratio. Standard used: docosane (retention time S.0 min.) 
’ (“llillilllicitriiIls do not trimcthylsilclatc and loi-m wldc pcakj. Thcj have thercforc hecn e.xcluded l’rom the elation order- Dctcc- 

tlon I< ieaaihle 111 z mixture if the latter is not too complcu. 

ethers 14. 51. cannabielsoic acids (14) [S], and a 
reported cannabidiolic acid-tetrahydrocannabi- 
trio1 ester L7]): with intensive search among C’. 
strtirrr races. it seems likelj that new structures of 
related type may emerge. The eight structures (1 3) 
in themselves pox a problem in homolog\. Only 
eight members (lc SC) with rl-am!,1 side-chains 
___~----_____ ______ -.____ 

* Plant material also contains the salicqhc acid structures 
corresponding to (I 8) in the orientations (a- d) [ I i]: these arc 
rcndll) dccarhouylatcd to give members of the ahoie set ol‘ 32 
compounds and this simplifies recognition and estimation. Two 
memhcr~ ol’a wcond. iromeric. series are rcportcd [ 6. I?]. 

were originally rccognised. but from some varictics 
of Crrn/urhi.s u-propyl compounds c.g. cannabidi- 
varol (lb). A’-tetrahydrocannahivarol (2b). c:tnna- 
bivarol (4b) have recently been isolated [7 IO]. It 
is also known that rcprcsentativcs with methyl 
side chains e.g. cannabidiorcol (la). Al-tetrahydro- 
cannabiorcol (2b), cannabiorcol (4b) arc somc- 
times present in small amount [I I]. and with this 
downward bis-homologous cxtcnsion it seems 
possible that the n-heptyl scrics 111ay be found. This 
gives a problem in recognition and estimation 01 
13 closely related compounds.* 
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The requirements of investigations into the 
phytochemistry, pharmacology and forensic 
science of Cu~~uhis make desirable ready access to 
individual small specimens of cannabinoids. (in 
isotopically labelled or unlabelled form). Canna- 
binoids are not readily isolated in pure form from 
plant sources [ 141. Sometimes difficultly accessible 
plant races are required, or concentrations may be 
small, whilst in other cases the cannabinoid may 
not have been isolated from, or as yet discovered 
in. Cunnahis satica. A synthetic approach to the 
general problem of cannabinoid homology thus 
appeared of interest. The difficulty is the amount 
of time and effort involved. Normal-scale synthetic 
methods, developed in these and other labora- 
tories. have made all members of the n-amyl series 
(lc-SC) available and we have now adapted such 
methods to a miniaturized scale employing I- 
20 mg. of reactants. The small scale allows reac- 
tions and separations (by TLC) to be carried out 
rapidly and effectively. A search for suitable reac- 
tion conditions can also be effected with great 
economy of time and materials. From the four 
resorcinols (9a-d), which are available in radiola- 
belled and unlabelled form [IS], and the three 
monoterpenes geraniol, citral and p-menthadienol, 
the 32 cannabinoids (la-d to Sa-d) can be made 
available and their chromatographic behaviour 
surveyed. This has given reference data for both 
known. and as yet potential, natural products of 
Cun~uhis. Such an approach may be useful in other 
phytochemical problems in which series of speci- 
mens of related or homologous natural products 
riced to be obtained. 

RESL’LTS 

Initial investigations consisted of exploration of 
suitably miniaturized reactions for the production 
of the rl-amyl series (1~~8~):” reference specimens 

* ,“\;o~~~~latu~~~ crt~tl ~hh~~riatio~~.s. Existing names for the II- 
amyl series of natural origin are used and abbreviated [I] with 
a final descriptor [ 161 indicating the length of the II-alkyl side- 
chains: (lc) cannabidiol (CD C,): (2~) Al-tetrahydrocanna- 
binol (A’-THC-C,): (3~) A’,“-tetrahydrocannabinol (A’,“-~ 
THC-C,); (4~) cannabinol (CN~ Ci); (SC) cannabigerol (CC 
C,). (6c) cannabichromen (CC-C,); (7~) cannabicyclol (CCY- 
Cj); (SC) cannabicitran (citrylidenecannabis) CCIP?,). In the 
natural compounds terpcnic substitution is p- to the alkyl 
chain: the isomeric unnatural compounds are therefore desig- 
natcd as orrho-compounds e.g. (Ig) ortllo-cannabidiol (o-CD 
C,) etc. Compounds with side-chains other than Cj are desig- 
nated similarly e.g. (2a) A’-tetrahydrocannabinol-C, (A’- 
THC- C,): (51~) ortho-cannabigerol-C, (o-CC--C,). 

Table 2. Acid catalysed condensation of oiivetol (SC) with 
(-)-trans-verbenol (13)* 

9c (3 2 mg) + 13 A (200 /tl)V?O-.4 hi 3c (24). 2c (4,. 9c (7iT 
9c (7 2 mg) + 13 B(300~,1),20 ‘I.5 hr 3c (4). 2c (2). 9c (Xl- 

Compd. A (3hli 
Compd. B l?Oii 

A (3.X mg) + 13 B (XX) ,,I):60 ,‘Z hr 3Cll3~.2Cl4J 
Compd.A(3I) 

Compd Bllll 
A (3.X mg) + 13 B (200 ,dl/hO ,24 hr 3c (25) Compd A (2): 

* See ref. 1401 for the preparation of (-)-r~rrjts-verbenol. 
t Compound A is presumed to be the p-olivetyl pinenc. and 

B the o-isomer described by Mechoulam [ 171. 
$ No compound B observed: product gumm) and contains 

unidcntificd material. 
a ‘4 Recovery. 

of all the latter compounds were available from 
our earlier work. Conditions (60”/24 hr.) were 
established for the production of (-)-A’,“-tetra- 
hydrocannabinol (3~) in 25% yield by boron tri- 
fluoride catalysedcondensation of olivetol (SC) with 
(-)-trans-verbenol (13) [17] (Table 2). The acid 
catalysed condensation of olivetol with (+)-p- 
mentha-2,8-dien-l-01 (12) [ 1 S-201 proved particu- 
larly flexible (Table 3). At 60’ (2 hr) in the presence 
of toluene-p-sulphonic acid in methylene chloride 
the ( - )-A’ JJ -compound (3~) could be obtained in 
68%) yield, but at lower temperatures little A’.‘- 
compound formed and mixtures of (-)-A’-tetra- 
hydrocannabinol (2~) and ( - )-cannabidiol (1 c) ’ 
were obtained, from which two pure compounds 
were isolated. All three natural puru-amyl tcr- 
penoid compounds are accompanied by the unna- 
tural o&o-series (e.g. lg, 2g) and separation was 
effected by TLC. Table 4 shows the boron-trifluor- 
ide catalysed [ 141 conversion of isolated ( -)-can- 
nabidiol first (5 min) into (-)-A’-tetrahydrocanna- 

Table 3. Acid catalysed condensation ofolivctol(9c) with (+ )-/I- 
mentha-2,&diene- l-01 (12)* 

9c (7-O mgj + I2 H (2W 1’1j.5 IO I IhI Ic(lhLIg(lI,..k,II 
2c ,121. zp (?I+ 

9ciIIOme)+ I2 
9~(1s mgi+ 12 

D (22 ,,I) 20 ,3 days 
R (200 ,,I):20 2 h,- 

lc(lO1. IpiIhl9c(hil 
lc(40). IgoYl: 

%(I-?mei+ 12 B , IO0 Ull.60 ? lhr 3c (WI 
9cil-5mg~+l2 
9c (2.7 mgj + I2 

9c (2 3 mg, + I2 

B (400 ;,l,:XO 2 hr 
” (?oo {411:4? 4 l1r 

H (200 ,,11~5(1 I.5 hr. 

3c ,hl / 9c ( IO1 
lc(2Yl. lg(ll1 
2C(XL3C(<II 
Ic (JOI. Ig (34) 
2c(l?L2gt4l 

* IT-Menthadicnol added to 9c + acid catalyst: products Ic 
and 2c can be separated on silica/CHCl, with care, but Korte 
method [27] sometimes required. 

i_ 9c (17”J recovered; some his- and other products formed. 
$9~ (6TJ recovered; about 1 I”/, of hiscompounds. 



binol (SC,“,,) and then into increasing amounts of 
the (-)-A’.“-compound (14 hr. 67”,,). The acid 
catalysed condensation of olivetol with citral 
(1 I ) [ 17, 7 I. 321 was also examined (Table 5 ). ( i I- 
cis and (+)-r/.~rts-Forms of A’-tetrah!,drocanna- 
binol were accessible in small jicld. along with 
(i NC). 

Tahlc 3. Acid catalyvxl conversions of ( -- )-cannabidlol (Ic) 
iind ( ~~ )-~.‘-tctrahydroc~~nnahinol (2~) 

Kc.icl;iiit ItCdpCIIIX I’i<N,,lI~I\ I / 

Icli~lll~, \ liil ,/I, ‘,I i ililll 2r i-ih li ,4/, 
lc,i~,,,11, \ (iii ,/l, 21, 2 l,r 2L, IT Ii 114, 
li,iCli,P, \ iii) ,I,) Ill ‘.I /Ii 21 (14, 31 Ih:i 
Ii ,T 7 ,,,Cl , ,m,i !‘I, I 5 ,l,l,i ?. /w 3 11: 
Ic !i 7 1111’1 \ lili,i !,ll i7 ? hr 1’ ,,,,,, ?i /w li ai 
Ii ,.q ! l11’ii B ,fdKl ,,I, \,I 4% illil, ?i (45, .3L IhI. Yc I’1 
IL ,( I IllCi H ,hli,l ,,li\ii 2 /,I L-l .3Cl\ll 
Z‘ \Y ( ,,I$, \ ,Y,il ,/I, I; i lllil, 2L ,\(I. .31 ill 
L. ,‘i 5 rng \ ,?ilii ,.,I Ji lllill 2c ,,‘J) .3L I ::I 
ZL ,‘I< “I$ \ ,Y,,i ,I// I 2 /!I IX 1,111, 21,lhi h’;,, 

*’ A thii-ci uncharact~~,ia~d product present. 

Pyridinc-catalyscd condensation of citral with 
olibetol ( 1 IO ) [32 23] (Table 6) was used to obtain 
specimens of cannabichromen (6~) together with 
the unnatural o,.rl7o-compound and some his-chro- 
mcnylated product. Reaction at 140 :4 hr im- 

proved the yield of cannabichromen (33”,,) and in 
addition g-a\~c cannabicitran (cite-ylidcncclin~i~lbis. 
SC. 10”,,) togcthcr with small amounts of the two 
cannabicyclols (7c and 7g). Cannabigerol (SC) was 
obtained bq, condensing geraniol with olivetol un- 
der acid-catalyscd conditions [24 361. A yield of 
31”,, of (Sc) was obtained. together with 39”,, of (Sg) 
and small amounts of L’I’s-2’-(SC) and -(Sg) and his- 
alkylated olivetol (Table 7). 

Table 5. Acid catal)scd condensation of olivctol (9~) \\~th citral 
(II)* 

_.__~~_ 

Kc‘,cr‘ii,l\ I<<.lgCnt+ P,~ii.,LI\ /’ / 

9c (8 h mg, + II \ ,200 ,111 i ,\I 1 Ii! 1‘1121. Is141 2Li’)i 
Li\-2L (4, 

9cl_3?lnr,+ II H I /ill !lll 70 ‘4 111 IC(‘lI Igt2-1.2c~iI 
< i\~?C ,hI. 2p IYli 

9c(limg,* II I3 / ~011 ,‘I, 60 ? 5 ill 3c (‘7 2c i’l. 
, ,\~?L iii: 

* Products (i I-: citrol added to 9c plus actd catalyst: USC‘ of 
5 x IO ~a ,\-cthanol~ h>drogcn chloride gn~o :I \ariutb ot’other 
products. 

5- 9c (X”,,) rccovercd. and other products formed. 
$9~ (IY”,,) recovzrcd. and other products formed. 

With experience of the reaction. separation and 
analytical techniques gained in the rr-amyl series. 
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(b) CHCC, 

Fig. 1. NMR spectra at 100 MHz of A’-tetrahydrocannabinol (a) (0.08 mg) and cannabidiol (b) (0.08 mg). Pulsed 
Fourier Transform NMR with automatic block averaging using a Jeol JNM-PS-100s spectrometer and Nicolet 
108E computer (20K), 8K data points, 11K scans, pulse width 10 p set, repetition 5.0 set, frequency range 1000 

HZ. 

tions, on a similar scale, used to isolate the A’- 
tetrahydrocannabinols (2a-d) (13%26’%;) and the 
A1,h-tetrahydrocannabinols (3a-d). All of these 
syntheses involve (f )-p-mentha-2,8-dien- 1 -ol-oli- 
veto1 condensations catalysed by toluene p-sul- 

Table 9. Synthesis of the A’-tetrahydrocannabinol series (2a-d) 

RCXtant* Products I”,,) 

9a (3.2 mg) + 12 

9b (I 7 mg) + 12 

9c (2.3 mg) + 12 

9d (4.2 mg) + 12 

B (300 pl1/56 /I hr. 

B (100 ,11)/4X 12 hr 

B (X0 /dl,,Sh .‘? hr 

B (350 ~I)/56 :I hr. 

la (4). le ,I,. Za (301 
Ze (261.3Li (14) 
Ib(3lLlf(6).2h(?6) 
21(4). 3b (4) 
Ic (40). lg (24). Zc(l3). 
zg (41. 3c (01 
ld~2Y\lh(l21.2d(l4) 

phonic acid, conditions being varied to favour the 
different products required. Compounds of the 
cannabinol(4a-d) series were isolated by dehydro- 
genation of the specimens of (3a-d) using sulphur 
at 200” [29]. 

The four cannabigerols (5aad) were obtained by 

Table IO. Synthesis of the A1.h -tetrahydrocannabinol series 
(3a-d) 

RWAllfS 

9a (4-2 mg) + 12 
9b (4.3 mg) + 12 
9c (5.1 rng) + 12 
9d (94 mg) + II 

RLXgXllS 

B (300 pi)!77 12 hr. 
B (300 ,rN77 .I2 hr. 
B (400 /111/77 12 hr. 
B (600 pII/ ;2 hr 

Product\ (“,,I 

38 ,601 
3h(lll 
3c (641 
3d (52) 
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Table I I. Synthesis of the cannahigcrol rcrics (5 d)* 

gcranylation of the alkyl rcsorcinols as mentioned 
ahoie (Table I I ). Similarly the homologous canna- 
bichronicns (fki- d) and cannabicitrans (88 d) ucrc 
obtained by the pyridinc catalyscd condensation 01 
citral with Ihc alkylrcsorcinols (Table 12). Small 

specimens of each of the cyclols (921 d) \+crc made 
pholochcmicallq [30] from the chromcns (8a dl. 

With structures (1 8) in side-chain variants (a Ed) 
a\,ailablc. TLC data using two s!,stetns were 

obtained and data at-e recorded in Tab/c I. For 
GLC purposes. a variety of stationary phases on 
C’hromosorb W in gJ;tss (5 ft x I ,-t in.) s~Wms. or 
surface coated open tube systems (50 fl x 043 in.). 
ttsing intact and tritncth!lsil:lated s;~~nplcs. was 

examined. These inciudcd. in order of increasing 
polarity, SE30 [3 I ]_ OV I L.32]. OV 17 1.331, OV3. 
OVZlO. XE60 [%I], OV23 and C‘arbowax 
90 M [3S]. A tnixcd iicopcnt\igl~coladipatc trimcr 
acid (I 1’ I) column was also; investigated [?6]. As 
a result of this survc!. tMo s\stcnis wcrc sclcc\ed- 
C‘arbowa\ ?OM (5 Ii x I -Iin.) for intact canna- 
binoids. and OV225 (SCOT 50 ft x 043 in.) for tt-i- 
methylsilylated cannabinoids. Retention titnc data 
arc listed in Tahlc 1 li)r the 33 cannahinoids. IJ’ig. 
IA. B and C shows the alkyd chain-lengths vs. log 
retention time plots from the tuo column tjpcs: 
appt-ouimatc linoarith is follob\vd after the deviant 
first term of each series. /I Gmilar deviation has 
rcccnllq been noted in a group of A’.” THC‘ can- 
nabinoid structure‘s 1371. 

Fipurc 3 shows ~hc‘ separation achicvcd with 
mixtures of7X cannabinoids run as ;I sin& satnplc 
tnixturc. Four of the cannabinoids. ~hc citrans (%I 

d), hnvc not been included since thcb do not sily- 
late and t tiu4 give broad 40~ moving peaks on the 
OV23 systc:m (set Tabtc I ). f3> using Ihe two 
columns. conipounds \I-ith coincident rctcntion 

I 4 I-8 

08 12 16 20 08 I2 I.6 20 

Log retentm time 

Fi- b. 2. Relationship between alkyl chain length and GLC log retention time of cannabinoids. A. Carbowax 20 
M ( I”,) column 220 ; B and C. OV 215 SCOT 50’ column I90 Cannabinoids ln)cctcd after treatment with Trisil. 
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I1 0” 225 TMS ethers 

J 
Fig. 3. GLC of cannabinoid mixtures. 1. Carbowax 20M 1’:; 
on DMCS Chromosorb W SO/lo0 mesh. Glass column 5 ft x l/ 
4 in. Temperature programme: 15 min at 207 ’ increasing to 
230” at 2’/min; N,, 60 ml/min. F.I.D. at oven temp. 1~1. In- 
jected directly onto column. 2. OV 225 SCOT column 50 ft x 
0.02 in. Cannabinoids injected after silylation with Trisil. Tem- 
perature programme, 20 min at 182” increasing to 220“ at l’/ 
min; N Zr 3 ml/min. F.I.D. at oven temperature. Injection at 

240 , 0.5 ~1. 

In the tables. the reagents are abbreviated as follows: 
A = 05”,, BF, ethcrate in CH,CII. 
B = Saturated solution of toluene-p-sulphonic acid in reagent 
grade CH,C‘I, previously dried over NaZSO,. 
C = Pyridinc. 
D = N..~_Dimethylformamidedincopentyl acctal. 
E = 98 100” Formic,tcid. ‘ 

Sj~thesis 0; the cannubi~rol series (4aad). Compounds of the 
A’.“-tctrahydrocannabinol series(3a d) (Table IO) were heated. 
in mg. quantities. with sulphur (0.2 I mg.)at 200 /1 hr. in a sub- 
limation apparatus. Cannabinols (4aad) were formed (22- 
23”5: yield) and were purified by TLC on silica gel G in CHCI,. 

S~~rhc~.si.s of rlrc Cm~~u/~ic~dol Series (7a- d). Compounds of 
the chromen series (6aad) (Table 12) were dissolved (mg. 
amounts) in acetone cyclohexane (I: I) and irradiated wtth a 
medium quartz lamp (Pyrex filter) for 5 7 I,!2 hr [30]. The cyc- 
101s were purified from residual chromen by TLC on silica gel 
G in CHCI,. 

1, CCY-C, ; 2, CCY-C,; 3. CDC, + CC-C,; 4, A’.6 THCC, ; 
5, A’PTHC-C,; 6, CCY-C,; 7, CD-C, + CC-C,; 8, A’.‘- 
THC-C, ; 9, A’-THCC,; 10. CN-C, + CCY-C,; I I, CD 
C, + CCC,; 12. A1,6-THC-C, + CG-C,: 13, A’-THC-C,; 
14, CN-C, ; 15, CGPC, ; 16. CD-C, + CC-C, ; 17, A’,“-THC 
C,; 18, A’-THC-C,; 19, CN-C,; 20. CG-C,: 21. CN-C,; 

A~X~lnw/rrl~/c,~,~~,~~/.s -The authors express their thanks to the 
Medical Rcscarch Council for support of this work. Thanks arc 
also due to the Science Research Council for provision of ‘H 
pulsed Fourier transform NMR facilities and to Mr. C. C. 
Bryan (Firmcnich) for a generous gift of p-menthadienol. 

22, CC-C,. REFERENCES 
a, CDC,; b, CD-C, + CCY-C,; c, CC-C,; d, CG-C, + 
A’,h-THC-C,; e, A’-THCX, + CCY-C,; f, CD-C,; g, CC- 
C, + CG-C,; h, A’,h-THC--C,; i, A’-THCC,; j, CN--C,; k, 
CCY-C, ; 1. C&C, ; m, CC-C, + CC--C, ; n, A1 .‘-THCC, ; o, 
CN-C,; p. A’-THC-C,; q, CCY-C,; r, CG-C,; s. CC-C,; t, 

A’,hpTHC-C,; u, CN-C,; v. A’PTHCX,; w. CN-C,. 

I. 

2. 

Joyce. C. R. B. and Curry. S. H. Eds. (1970) The Bottrrry (I)I~ 
C’hrmistr~ qf’Cumnhi.s. J. and A. Churchill. London. 
(a) Mcchoulam, R. and Gaoni. Y. (1967) Fortsrk~~. C/X,IJI. 
Ore). ivrtrrrrstofi~,. 25, 175: (b) Mechoulam. R. (1970) Sciertce. 
168, 1159; (c) Mechoulam, R. Ed., (1973) Murijuunu. 
Academic Press, London, 
(a) Razdan. R. K. (1973) Progrrss in Orqmic C/wn~isrr~~ 
(Carruthers. W. and Sutherland, J. K. Eds.) No. 8. p. 7X: (h) 
Bercht, C. A. L.. Lousberg, R. J. J. C.. Kiippers. F. J. E. M. 
and Safemink. C. A. (1974) P/r~roc/renrisrr~~. 13, 619. 
(a) Yamauchi. T.. Shoyama. Y.. Matsuo. Y. and Nishioka, 
I. ( 1968) Chcm. Phctrrrr. Bull. 16, 1 164: (b) Shoyama. Y.. 
Kuboe. K.. Nishioka. I. and Yamauchi. T. (1972) Chcrn. 
P/lu~m. Lhrll. 20. 2072. 

times on one column can be separated on the 
other, although new overlaps may occur. With 
curve resolution an accurate analysis of the 28 
natural, and potentially natural, cannabinoids can 
be achieved. 

EXPERIMENTAL 

Reactions were usually carried out in Reactivials (Pierce Che- 
micals) of 0.6 ml total capacity using I 10 mg. of alkyl resor- 
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