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Abstract-Alkylation of otivetol with p-menth-den-3,6-&I (3) afforded A’-tetrahydrocannabiiol, an unknown 
isomer of the hashish active constituent A’-THC, together with the “abnormal” isomer. The attack of olivdol onto the 
Do&ions 3 and 5 and reso. 3 and 8 of (31 vielded derivatives of 2,6-methano-2H,l-benzoxocin-7-ol and new 
i,3,4,4a-tetrahydroxanthenei. 

. 

In a preceding paper’ we have reported the synthesis of tent with the expected alkylation and dehydration. The 
new cannabinoid derivatives by alkylation of resorcinols presence of only one OH and of two singlet signals for the 
with p-menthen-3& in aqueous acid medium. Although methyls at 1.2l%(MerC-O) indicates that cyclization 
the yields of the reaction were low, this method made has occurred besides the attack on olivetol. The analysis 
possible for the first time the extensive use of the easily of NMR spectra of (6) and (2) (Table 1) is consistent with 
accessible p-menthen-3-01s as starting materials for the the expected structure. The presence of only one olefinic 
synthesis of hashish derivatives.’ This paper concerns a proton, of a Me-CH Me group, and of a proton at cu. 3.6 S 
new application of this general scheme, i.e. the synthesis (benzylic), rules out the other isomers with the double 
of A’-tetrahydrocannabinol (A’-THC), the last unknown bond in a different position in the cyclohexene ring. 
isomer among those of the active constituent A’-THC Coupling constants are also in agreement with those 
with a double bond in a different position in the monoter- expected on the basis of molecular models. The assign- 
penoid moiety. All the other four isomers are syntheti- ment of the respective formulae (6) and (7) is based on 
cally accessible.2” For the synthesis of A’-THC with the NMR and UV data. We have already observed’ on a 
above said method, we needed p -mentha-Q-dien-3-01 or number of examples that it is possible to distinguish the 
an equivalent synthon. Recent work’ has made p-menth- so-called “normal” tricyclic cannabinoids (the natural 
4-en-3,8diol (3) readily available via photooxidation of ones) from the “abnormal” ones (isomers with the 
pulegol (4) or of pulegone (l), followed by reduction. monoterpenoid unit attached to the position 4 of olivetol) 

The two allylic OH groups in (3) make this a convenient 
starting material as both the 3 and 8 positions are prone to 
yield a carbonium ion by protonation, and elimination of 
water. (Scheme 1) Thus (3) was reacted with olivetol in 
the presence of p-toluenesulfonic acid in benzene. There 
is no reason to use a particularly mild acidic medium, as 
acid-induced cyclization is required in this case. 

The reaction gave a mixture of products (total yield 
50%), from which, by careful chromatographic procedure, 
five compounds could be isolated and purified. Their 
structural assignment is based on spectroscopic data, 
especially on NMR analysis. The compounds (6) and (7), 
although rather different in polarity on TLC, exhibited 
very similar spectral features. Both are monohydroxy- 
derivatives, as they yield a monoacetate, and show a 
molecular peak at 314 m/e in the mass spectrum, consis- 
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on the basis of the specific solvent effect of benzene on 
the aromatic protons in NMR, and of the UV absorption 
maxima. The two aromatic protons of (6) are shifted 
apart going from CC& (H+ 6.11 and HZ, 5.94) to benzene 
(6.56 and 5.74) whereas for (7) they become closer (6.19 
and 6.03 to 6.33 both). The UV absorption maxima of (6) 
(274 and 282nm) are in the usual range for “normal” 
isomers, whereas they move to longer wavelength (282, 
288) in (7). Moreover, the chemical shift of the H% proton 
appears particularly indicative in this respect. It appears 
at lower field (3.05) in (6) than in (7) (2.01). This difference 
must be attributed to the effect of the proximity of the OH 
to the equatorial H2, that does not happen in (7). This 
effect has been already observed in A’-THC and in 
hexahydrocannabinol (HHC). 

In order to confirm the structure of (6) and to establish 
its stereochemistry, this compound was hydrogenated and 
the reduced compound was compared with those (9 and 
10) obtained by reduction of Aa-THC (8), prepared 
through a known procedure.6 NMR spectrum of (10) 
shows a proton at 3.00 S, as a S-line signal of width 
22.5 Hz, which must be attributed to the proton Ha. The 
analysis of the system (three Js of 11.5, 4.5 and 6.0) 
requires the proton to be axial, in order to have two axeq 
and one ax-ax couplings. The ring junction must thus be 
cis. In the isomer (9), the signal assignable to proton 3 has 
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Table 1. NMR data (&I&,) for 6-10 

L 
. 8, G,Wdth) I”,-,,- JHS-Hti 

6 3.05 1.0 3.72 4 IO 
7 2.1 0.8 3.54 3.5 11.5 
9 3.4 I.1 3.27(q) 3 5 

10 -2.4 I.3 3.00 (22.5) 4.5 or 6.0 11.5 
11 2.75 (22) 

‘From decoupling experiments. 

a width of cu. 9 Hz, suggesting an equatorial orientation of 
H, (three small couplings) on a cis ring junction.t Com- 
pounds (9) and (10) must thus differ for the relative 
orientation of the Me group on C-l. In each of the two 
compounds, the Me could be either axial or equatorial. 
Examination of Dreiding models shows clearly that in 
both compounds (1,3 cis or l$-trans arrangement) the 
most stable conformation is the one where the Me group 
is disposed equatorially. This observation allows us to 
assign I$-& co&uration (Me-eq, H,-eq) to the isomer 
(lo), and 1,3-tram (Me-eq, H&x) to the isomer (9). The 
chemical shift of the methyl group on C-l of (10) in the “C 
NMR spectrum (22.4 ppm, CDCb) confirms its equatorial 
orientation.’ Since reduction of (6) gave a compound 
identical with (lo), the configuration of (6) is also 
established. This would also explain the fact that (10) is 

c&H 
!I 

- Q&.,, 
Scheme 1. 
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Another compound was isolated from the reaction 
mixture, to which the structure (12) could be attributed. A 
small amount of the isomer (13) was obtained as a mixture 

W-L, 

Hog3 
13 

with (7), and could be identified in the NMR spectrum of 
the mixture. The structure of (12), which clearly comes 
from the attack of olivetol on the usual position 3 of the 
terpene (3) and by cyclization onto the allylic position 5, 
or oice versa, is consistent with the mass, UV and NMR 
spectra. Particularly, the NMR shows two singlets for the 
Me groups on a double bond (1.5 1 and 1W) and two 
signals with small couplings (equatorial orientation) for I& 
(benzylic and allylic, 4.33) and HZ (adjacent to C-O, 5.23). 
These data are unambiguously in favour of the structure 
(12). That (12) is the “normal” isomer, appears again from 
the NMR (aromatic protons shit by benzene) and UV 
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obtained selectively with respect to trans-HHC, since 
hydrogenation takes place from the less hindered side, 
(opposite to the aromatic ring). Although the “abnormal” 
isomer of (8) was not available, the close similarity 
between the benzylic proton of (11) (width 22 Hz, 5 tines), 
obtained by similar reduction of (7), with H, of (lo), 
prompts us to draw the same conclusion, i.e. that a 1,3-cis 
orientation must compete also to compound (11) and (7). 
Since (6) and (7) have been obtained from (+)-pulegone, 
the formulae (6). (7), (9) and (10) also represent the 
absolute configuration of these compounds. 

t Trans ring junction must be ruled out also by comparison of 
the spectrum with that of the known trans-HHC.’ 
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spectra.’ These data gave no clues for tbe assignment of 
the configuration of the methyl group in position 1. 
However, the chemical shift of this methyl in the “C 
NMR spectrum of (12) is consistent with an equatorial 
orientation (22 ppm, CDCl,).’ It follows that the aromatic 
and Me substituents have a 1,3-trans orientation on the 
monoterpene moiety. Hydrogenation of (12) yielded the 
corresponding dihydroderivative (14), in the NMR of 
which the Me groups (doublets, J = 6) the benzylic proton 
and H2 (no more allylic) have shifted to higher field. The 
mass spectrum of (14) is consistent with the assigned 
structure, as it shows a new peak at 260 m/e besides the 
usual M, M-15, M43, that corresponds to the loss of the 
ring C to give a stable benzopyrylium ion. 
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The last couple of compounds which were isolated as 
crystalline solids from the reaction mixture were the 
isomeric (15) and (16). These two compounds are very 
simihu in their spectroscopic properties. Their mass 
spectra are not characteristic, and again the most sign& 
cant structuraI hints come from NMR spectra. These 
show the methyls as singlets around 1+1*7 6, whereas 
two protons appear at low field, both with smaII couplings, 
at 4.35 and 5.75 in (15) and 4.27 and 565 in (16). They 
must be attributed to CH-O-R and to a -CH= group. 

pJp*“ll rJgoH 

OH C,H,, 

15 16 

These data rule out aII of the possible isomers with 
tetrahydrocannabinol structure. Sulfur dehydrogenation 
of (15) gave (17), whose spectral properties, certainly 
different from those of cannabinol, are consistent with a 
xanthene backbone (UV spectrum’). so supporting, to- 
gether with the other data, the structures of 2,3,4,4a- 
tebahydroxanthene derivatives for (15) and (16).t Both 
(15) and (16) give a monoacetate and are reduced to 
dihydroderivatives with PtOl in methanol. Each of them 
gives a couple of dihydroderivatives. In the NMR spectra 
of these compounds the olefinic proton has disappeared 
and the H, hydrogen is now around 4.08 as a not- 
resolved signal (width IX. 9 Hz) for (18) and (29). or as a 
Mine signal (width cu. 25 Hz) for (19) and (21). We 
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suppose that the compounds with the huge H, signaI (19 
and 21) have a trans ring junction (two large and one 
small coupling for I-L,) and the others have a cis ring 
junction @L equatorial with three smaII couplings). 
These results are in very good agreement with the coucIu- 
sions reached by Moreau et ~1.~ for unsubstituted hex- 
ahydroxanthenes. 

They too assign the large signal for H, to the isomer 
with the tran.t junction and vice ncrsa. Also the difference 
in the chemical shift of Hc in the pairs (18-28) and (19-21) 
(4.3 against 3.8 in CCL) is consistent with the data of the 
French authors, who have attributed the higher shielding 
to the purely axial proton in the fmns junction. There are 
no unambiguous data concerning the orientation of the 
methyl group on position 1 of the four isomers, so that the 
configuration of this group remains unassigned also for 
(15) and (16). 

The formation of (15) and (16) in the reaction between 
(3) and (5) is understandable if one supposes that the 
carbonium ion formed by protonation of (3) at C-8 attacks 
olivetol and then the OH can substitute on the position 3 
(or on the corresponding allylic position 5). 

Scheme 2. 

The biological activity of the compounds reported here 
has not yet been tested. 

-AL 

All m.ps are uncorrected UV spectra were measured in 95% 
EtOH soIns. NME secctra (values in & J in Hz. TMS as internal 
standard, benzene-6 as solvent unless’otherw& indicated), with 
Varian XL-15-100 spectrometer, Mass spectra with a Hitachi 
RMU6D instrument at 70 eV (80 A), samples being directly intro- 
duced in the ion source at 2W. Chromatographies were per- 
formed with silica gel Og5-OG2mm Merck for cohunns, and 
Merck HF, for TLC. 

p-Menth+en-3,Wiol was prepared by hematoporphyrin- 
sensitized photooxidation of p&gone and NaRH, reduction as it 
was descrii in the literature.’ 

4.1 g of olivetol and 35g of p-menth-4-en-3&diol in 2OOml 
benzene were added with 75Omg of p-toluenesulfonic acid and 
left at room temp. for 2 days. Taking up with water separation and 
evaporation of the solvent gave a mixture, which was chromatog- 
raphed on a column of silica gel with hexane containing in- 
creasing percentage of benzene. The chromatography was moni- 
tored with TLC using hexanelbenzeoe l/l as eluent, spraying the 

tAgain the assignment of the respective structure (“donnaY or 
plates with F&I, solution. The fractions were eventually mixed 
and purified by preparative TLC with the same eluent. The 

“abnormal”) is based on the effect of benzene on the aromatic fOllOWi0g products were thus isolated: 
protons and on UV absorption. (a) Compound 15 (0.65 g), m.p. lOWO6”c (petrolether), 
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Found(: C, 79%; H, 9.70, CaH,OI requires: C, 80.21, H, 9.62%. 
[a$? = t3.70” (c = 0.35 MeOH). UV: 232 sh, 275,282 (5380,5300), 
NMR: 083 (Me-CA2 s), 0.85 (Me-CH d), I.66 and I.74 (f&-C s), 
l-2.3 (11 H), 2.37 (CHrPh 1) 4.35 (If,. m width = lo), 5.75 (If, m 
width = IO Hz), 5.65 and 6.60 (2 H aromatic J = 2), 4.35 OH MS.: 
314.299.257.242.200. . . Acetvlation rave the monoacetate. oily. 

NMR: 0.81 (MbCHl8), 0.83~(Me-Cc d), 1.43 and 1.54 (Me&C a); 
189 (AC), 4.20 (H, width 10 Hz), 5.63 (H, m width 10 Hz), 666 
and 6.76 (H, and H,, J = 2). 

(b) Compound 6 (0*85g), a viscous oil, UV 2348h, 274, 282, 
(2500,2500), [a]g = t65.2” (c = 0.32 MeOH)t, M.S. 314,299,271, 
257,243, NMR: 0.85 (Me-CHz t), 0.93 (Me-CH d), 1.24 and 1.52 
(MM s), 1.0-2.2 (3 C&, m), 240 (CH=Ph, t), 3.05 &..,, ddd J 
12,2.5,4), I.0 (H,), 3.72 (H, m), 5.60 (H,, ddd J 6.9,2.5,2*5) 5.74 
and 656 (2 H aromatic), 4.26 (OH). Monoacetate, MS.: 356,341, 
314, 299,271 . . . . 

(c) A mixture of 6 and 12 (0.43 8). 
(d) Compound 12 (04Og), a viscous oil MS: 314,299,271,257. 

UV 234 sh 272,282, NMR: 0.7 (Me-CH d) 084 (Me-CHl t), 1.51 
and 1.60 (Me&C a), t-2.3 (11 H), 2.42 (CHrPh), 4.33 (I& 
width = 9 Hz), 5.23 (HZ width = 9) 5.91 and 6.58 (2 H aromatic 
J = 2 Hz), 4.85 (OH). Monoacetate. MS: 356, 341, 313, 297, 271, 
257... 

(e) Compound 16 (3Omg), m.p. 99-100” (petrolether), MS: 314, 
299, 257, 243, UV 2308h, 282, 288 (2600, 2680), NMR: 0.82 
(Me-CH, t), 0.96 (Me-CH d), I.50 and 1.51 (Me.& 8), l-2.3 (11 H 
m), 2.7 (CH,Ph m), 4.27 (H.. m width = 9) 5.65 (H, m width = lo), 
6.26 and 6.28 (2 H aromatic). 3.7 (OH). 

(f) Compound 7 (0*9g), oily, MS: 3i4, 299, 271, 257, 243, UV: 
23Osh, 282, 288 (2500, 2500), [ab= t20.2 (c =0.27 MeOH), 
NMR: 0.86 (Me-CHz, 1). 0.88 (M&H, d), I.24 and 1.51 (Me&, 
s), l-2.2 (3 CH1, m), 2.55 (CHrPh, m), 088 (H& 2.1 (H*. m), 
3.54 (H,, ddddd J 11.5, 3.0, 3.5, 3.5. 3.5), 557 (H,, m), 6.33 (2 
arom. H), 4.57 (OH). 

Hydrogenation experiments 
(a) Hydrogenation of 6 (100 mg) in 20 ml MeOH with Pt02 as a 

catalyst for 12 hr in a Parr apparatus gave a product from which, 
after prep TLC with benzene, 10 was obtained, aa an oily product, 
MS: 316,273,260. 193; UV: 23Osh, 273, 281 (2%0,2900); NMR: 
0.85 (Me-CH2, t), 0.89 (Me-CH, d). 1.32 (Me&, s), 19-2.0 
(13 H), 244 (CHrPh, t), 2.4 (Hz), 3.00 (H,, ddd J = 11.5, 6, 4.5) 
586 and 660 (2 arom. H). 4.20 (OH). 

(II) Similar hydrogenat& of the acetate of 7 gave, after TLC 
purifn., 11 AC, oily, MS: 356,341,313,299,271,257,243; UV: 283, 
288 (2400, 2400); hydrolysis of (11 AC) gave (ll), 9,lOa - ci.r - 
lOa& - cis - I - pentyl - 6,6,9 - trimethyl - 6a,7,8,9,10,10a - 
hexahydro - 6H - diinzofb,d]pyran - 3 - 01, NMR: 0.83 (Me-CH2, 
t), 0.85 (Me&H, d), 1.38 and 1.34 (Me&), l&2.0 (14 H), 2.50 
[EHHfPh. m), 2.75 (H,, m. width 22 Hz), 6.30 (2 arom. H), 4.30 

(c)‘Hydrogenation of A’-THC, 8’ with PtO, in AcOH at room 
temp gave a mixture from which, by prep TLC with hexane- 
benzene, two compounds could be separated: (lo), identical on 
TLC and by spectral comparison with the compound obtained by 
hydrogenation of 6, oily, MS: 316,273,266, 193,136, NMR: 084 

tMeasured on a sample put&d only by TLC. 

(Me-CH,, t), 094 (Me-CH, d), I.08 and 1.26 (Me&, 8). l-1.8 
(12 H m), I.1 (If&, 2.40 (CH,Ph), 340 (If%, m J = 13 Hz), 3.27 
(width = 9 Hz), 5.67 and 6.52 (2 H aromatic J = 2), 4.20 (OH). 

Hydrogenation of 12 with PtO, in MeOH overnight gave 14, 
oily, MS: 316,273,260,233,217, 192.. . NMR: 068,080 and 087 
(3 Me-CH, d), 0.85 (Me-CHz, t), l-2.3 (13 H), 2.43 (CHrPh, t), 
346 (H, m width = 11) 4.55 (H2 m width = 9). 599 and 6.55 (2 H 
aromatic J = 2), 5.10 (OH). 

(e) Hydrogenation of IS in AcOH with PtO, at 2atm (room 
temp) 8ave a crude product, which was purified by TLC to give 18 
as a glassy product, MS: 316,301,300,290,260,231,207, 193.. . 
UV 275, 283, NMR: 0.85 (Me-CH, 1) 086 (Me-CH, d), 1.43 and 
154 (Me&. s). I-2.3 (14H). 2.38 (CH,Ph. 1). 4.24 &. m 
width.= 10 Hz) 562 and 656 (2’aromatfc J = 2 Hz); 4.24 (OH).The 
product contains another compound, that from the NMR spec- 
trum appears to be the stereoisomer 19, 4a9a - trims - 399 - 
trimethyl - 6 - pentyl - 8 - hydroxy - 1,2,3,4&& - hexahydroxan- 
thene, NMR: 882 (Me-C& d), 8.85 (Me-CH, 1). I+-and 1.57 
(Mkt. 8). l-2.3 (14 H). 2.38 (CH,Ph 1). 386 @I, ddd J = 10.10. 
5) 5:62;6:56 (2 H‘aromatic J = 2): 4.30 (OH). . - ’ ’ 

(f) Hydrogenation of 16 in the same conditions gave two 
products which were separated by repeated preparative TLC 
(benzene-ether 9: 1, then benzene, four runs) to give 28, MS: 316, 
309,272,259,244,230, 177, 165, 149,136, 121,9i.. . UV 282,288 
NMR: 084 (Me-CHz t), 087 (Me-CH, d), 1.30 and 1.32 (Me&, 
s), l-2.3 (14 H m) 268 (CHrPh, m), 4.26 (H.. m, width = 9 Hz), 
6.29 and 6.33 (2 H aromatic J = 2), 480 (OH), and 21 MS: 316,301, 
273. 260. 245. 219. 193. 175. 161. 149.. . NMR: 082 lMe-CH d). 
0.85 (Me-&, 1); 1.M and’1*34’(Me s), l-2.3 (14H m), 2.76 
(CHrPh, m), 3.85 (Hc ddd J = IO, 10, 5), 6.29 and 6.33 (2H 
aromatic J = 2), 4.15 (OH). 

Dehydrugenution of (15). Heating 10 mg of (Is) with eXW88 of 
aufphur at w for 28 min.“, and extn with ether and purfficatfon 
bv TLC zave (17). (mass: 310.299. 2%. 295,238: UV: 251.280. .., 
289, NhirT (CfXl,): 090 (Me-chain), I eti (M&C-9), 2.31 (Me-3); 
2.50 (Aryl-CHz), 6.21 and 646 (Hr and H,), 6.79 (H.), 686 (Ha), 
7.30 (H,). 
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