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Abtrxt Reactions of the eplmeric %oxo-hexahydrocannabinol tosylhydrazom acetates (2a and L) are 
described. Under aprotic basic -ion conditions followed by acztylation both unnpounds kad to the 
known A’%ztrahvdrocannabinol acetate (6): under protic condwons the axial isomer undergoes ring 
expansion (to -).-the equatorial one giv& 6. 

We recently reported’ that in the presence of base the 
stereochemical preference at C-l of certain canna- 
binoids depends on the proximity of the free phenolic 
group. Thus in la, unexpectedly, the isomer with the 
axial carbomethoxyl group predominates on basic 
equilibration; in lb (in which the phcnolic group is 
blocked as an ether) the equatorial carbomtthoxyl 
group is the major isomer. We were interested to find 
out whether the reactions in base of cannabinoids 
tosylhydrazones are likewise dependent on a prox- 
imal fra phcnolic group. While we have not been 
able to reach a definite conclusion on this point, we 
wish to report some interesting results in this series 
which throw light on the stereochemical requirements 
of the various reactions of cannabinoid to- 
sylhydrazoncs in base. 

The tosylhydrazone 2a, in which the C-l substitu- 
cnt is axial. was prepared by the reaction of to- 
sylhydrazine with the appropriate 79x0- 
hcxahydrocannabinol aatate (CO group axial) (3). 
The tosyl hydrazone 4a, in which the C-l substituent 
is equatorial was prepared from the respective (cqua- 
torial) aklehyde 5. The aldchydcs 3 and 5 were 
prepared by reduction of II-oxo-A’-THC aatatc.’ 

When either 2a or 4a were boiled with sodium 
mcthoxide in bcnzcne or digylme (“aprotic” 
Bamford-Stevens reaction conditions’), followed by 
aatylation. only the known’ A’p)-THC aatatc (6) 
was obtained (in 3@ 4@‘4 yield) in addition 10 starting 
material. 

When 21 was treated with the Na salt of tthykne 
glycol in boiling ethylene glycol (“prodc” 
Bamford-Stevens reaction conditions’) followed by 
aatylation the major product obtained was 7b, the 
resuh of a ring expansion. 

The structure of 7b was determined as follows. The 
known’ 8 was reduced by catalytic hydrogenation 
over Pd-C to the raamic 9. in which the stereo- 
chemistry at the common carbons of the pyran and 
the cyclohcptan rings is presumably cis. on the basis 
of the aaxptcd cis addition of hydrogcns on catalytic 
reduction. The rcaamic, cir compound 9 was isomer- 
i7ed to raamic fruns pyran 10 on treatment with 
aluminium trichloride, following known prazedents.* 
In addition to 10 we obtained a further compound lo 
which we assign the furan ring containing structure 

11. on the basis of spectral data. Of particular 
rckvancc to this proposed structure (11) are a. a six 
proton double doubkt at 6, 9.12 which we assign to 
the methyl groups of the isopropyl moiety and b, the 
prcscna of a base peak a1 M ‘42 in the mass 
spectrum. which is typical for the loss of a tertiary 
isopropyl group. The formation of I1 is not un- 
expected, as the isomerization of 9 10 10 involves the 
cleavage of the pyran ring and formation of a cationic 
antre at the isopropyl tertiary carbon which can 
equilibrate with the adjacent tertiary carbon position 
on the cyclohcptanc ring. 

Reduction of 7b with hydrogen over Pd-C gave 12 
which was shown to be the lcvorotatory form of 
above dcscrihed 10. The IR, NMR and MS spectra 
of 10 and 12 were identical. This correlation conclu- 
sively establishes the structure of the rearrangement 
product 7b, except for the position of the double 
bond. This position was determined on the basis of 
the UV spectrum and by comparison of the NMR 
spectrum of 7b with those of several related com- 
pounds (Table I). Thus the UV spectrum indicates 
that the double bond in n cannot occupy a position 
conjugated 10 the aromatic ring. Plausibk math- 
anisms (sa below) of Ihe ring expansion reaction 
place the double bond at either the /3.y position (to 
the aromatic ring) or a1 a y.6-onc. nK latter position 
is tentatively excluded, as one would expect identical 
or close chemical shirts for both olefinic protons (cJ 
7-nor-d’ THC and its acetate in the Table I). We 
prefer to plaa the double bond in the p;i position on 
the basis of the considcraMe downfield shift of one of 
the olefinic protons (at 6 5.82) which is comparable 
10 that in A ‘-THC aatate (at 6 5.92), and is dis- 
tinctively difiercnt from that of the olcfimc proton in 
A‘-THC aatate (at 6 5.38) (Tabk I). In the free 
phenol (78) this okfinic. proton moves upticld (to 
6 6.17). as expected. The same phenomenon is ob- 
served with A ‘-THC (b 6.33) but is absent in A’-THC 
(6 5.35) or ‘I-nor-Ab-THC (Table I). These rc- 
lationships indicate that one of the okfinic protons in 
the rearrangement product I) is in the proximity of 
the phenolic group, which is compatible with a /?,y 
position of the double bond (as drawn) and not a 7.6 
position. 

Whik. as described above. the axial tosyl hy- 
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drazonc t undergoes a rearrangement under the 
conditions of a “protic” Bamford Stevens reaction. 
the equatorial tosyl hydrazone (&) undergoes an clim- 
ination under these conditions giving 6. No rearranged 
product was isolated or ohserved on TLC. 

A further type of reaction takes place when the 
tosyl hydrazones 2a and 4a arc reacted upon with 
excess butyllithium. An alkylation takes place leading 
IO 13 and 14 respectively. In the reaction with h in 
addition to 13 the oxo-cannabinoid 15 is also ob- 

taincd. 

When the methyl ethers 2b and 4b were submitted 
to the “protic” Bamford ~Stevens reaction conditions, 
no identifiable products could be isolated probably 
due IO initial dcmethylation. Hence it was imposJibk 
to verify our supposition as to the influcna of the 
fra pbmolic group on reaction paths involving the 
“hop” of the cannabinoid mokcuk (phcnolic group, 
C-l, c-2, C-7). 

The formation of an identical reaction product (6) 
from both the axial (t) and equatorial (C) tosyl 
hydrazones in the “aprotic” Bamford-Stwens reac- 
tion is to be expcc~cd on the basis of the carbcnoid 

pathway generally assumed for this type of rcac- 
tion.‘,” The alkylation reactions of b and C arc 
likewise uncxaptional.‘.” However the production of 
7b and 6 from 2a and C respectively under the 
“protic” Bamford-Stevens conditions is of some in- 
terest. Assuming that these reactions proozed though 
a cationic pathway, the reqctivc diazonium ions, 
ion A and ion B, will be formed. Ion A is prone to 
ring expansion kading through ion C to 7b. Ion B 
presumably gives 6 through commitant loss of NI 
and the C-l proton. This mechanism follows the 
accepted notion that in many reactions tosyl hy- 
drazones decompose by concerted collapse of a di- 
azonium ion.’ 

exPmmlENlAL 

Unkss othcmisc stated t!~ followmg apply. UV ma- 
sunzments wm o-&e for rolns in EtOH. IR spectra were 
uken in Nujol for crystalline annpounds aod as thin film 
00 NaCl plates for oils. ‘H NMR dau vex dctamiocd in 
CDCI, with Me& as intcmal standard. Ilc was performed 
on 0.2oxm pnmxtcd siba @. 6OF, (Merck). and tbc 
platawcrevisuakdwitbFastBlucphamlnrpatorby 
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1.37 (s, 3). 1.29 (5. 3). 0.90 (I. J = 5.0 Hr. 3); MS m/c(% 

tnsc peak) 358 (39, M’). 343 (17). 316 (5s). 300 (39). 273 
(100). 260 (2g). 245 (17). 231 (16). 217 (II). 207 (II). 193 
(44); UV (EtOH) X, 275 (t 2ooO). 281 (t 2100) nm; IR 
1770. 1630, 1580. 1430. 1380. 1210. 1040 cm-‘; (Found: C, 
77.03. H, 9.62; Cak for C=H,,O,: C, 77.09. H. 9.50%). 

Rrarrangemem of coupound 9 10 ccqcunds 10 and 11: 
Compound 9 (60 mg. 0.17 mmol) was dissolved in dry 
CH,Cl, (5 mL). under dry N, and Ihc soln was cooled to 0”. 
AICl, (70 mg) was nddcd. w?Ih sdmng. The mixture was kf1 
overnigh and worked-up in the usual manner. The mixture 
ohIatncxi was chromatographed on silica. EluIion tnth Iv/, 

F.110 in pcIrolcum cIherb.p. 6&1)0” pve II (35 mg. Se<) an 

oil; NMR (CDCl#: 6.45 (s. I). 6.35 (s. I). 3.36 (m. I). 2.53 
(I. J = 5.6 HL 2), 2.27 (s. 3). 0.91 (dd, J = 6.2 Hr_ 6). 0.88 (I, 

J = 6.7 Hr.. 3): MS m/c (% base peak) 358 (47. M ‘), 316, 
(47). Ml (8). 299 (17). 287 (5). 274 (100). 260 (8). 259 (9). 245 
(7).243(9).23l(5).229(7),217(17).216(15).215(12).M3 
(16). 193 (40). 173 (25); UV (ErOH) L 275, (t 1790). 281 
I# 173l)nm: lR 1770. 1630. 1595. 1435. 1370. lm5. 
lOSSan ‘_ FurIhcr c&on wiIh Ihe same &cn~ gave 10 
(21 mg. 3-Q). an oil with q~~~ral data identical 10 those of 
12. and significantly dilTcrcn1 (in parucular the NMR spec 
Irum) from those of Ihe cis 9. 

Rrducmu alkylarion of compowsd h IO rompowui 14. The 
Iosylhydraxonc 4 (60 mg, 0. I I mmol) was dissolved in dry 
EI,O (3 mL) under N, and n-BuLi (0 3 mL. 0.7 mmol. IS”,: 
soln n-BuLi in hcxanc) was added with a syringe, with 
uirring. After 2 hr Lbe mixture was worked-up and aaIy- 
latcd in the usual manner, IO yield I4 (27 mg, 59”/). an oil. 
(z}o - 83’ @OH): NMR (CiXl#: 6.54 (s. I). 637 (s. I). 
2.70 (br. d. I). 2.49 (I. J = 7.4 Hr 2). 2.28 (s. 3). 1.36 (s. 3). 

1.06 is. 3),0.89 (m. 6): MS m/e (‘4 &se p&k) 414 (IS. M ‘). 
372 (23). 354 (7). 329 (13). 316 (IS). 314 (13). 299 (II), 297 
(ll).2s4(l0).271(11).258(13).246(23).243(16).239(18), 
236 (36). 231 (18). 214 (56). 209 (100). 205 (49); UV (EtOH) 
&_, 277, (C 2171). 282 (c 224O)nm; IR 1760. 1625. 1560. 
1415. 1360. 1300. I2OOcm-‘. 

Prqwation of compwds 13 and IS/ram cwnpound t. 
The Iosylhydraronc 2a (60 mg. 0. I I mmol) was dissolved in 
dry Et,0 (4 mL) under N, and n-BuL (0.3 mL. 0.71 mmol, 
IS:: in hexane) was added with a syringe. ARa 2 hr the 
mixture was worked up and aaIylaIcd in the usual manner. 
Chromatography on silica (eluuon with IOg, EI,O in pctro- 
Icum ether b.p. 6&M’ ) yielded I3 (Mmg. 44%) an oil. 

(a)o - 74 (EIOH); NMR (CDCl#: 6.55 (s, I), 6.39 (s, I), 

2.50 (m. 4). 2.29 (s, 3). I.35 (s, 3). 1.07 (s. 3). 0.89 (m. 6): 
MS m/e (% base peak) 414 (65. M’). 372 (100). 355 (64). 
32g (90). 316 (41). 301 (12). 299 (6). 289 (6). 287 (4). 273 (4). 
259 (9). 245 (12). 231 (IS). 217 (17). 193 (85); UV (EIOH) 
i, 277, (r lRo4). 283 (f 2OlS)nm; IR 1770, 1630. 1560. 
1420, 1365. 1305. 1200. 1130. 103Ocm ‘. Further chro- 
matography with ~hc same elucm gave IS (5 mg 011. I I:@); 
(alo - 90 (EtOH); NMR (CDCl,)t5. 6.57 (I. I). 6.36 (s. I). 
2.84 (hr. d. I). 2.46 (m, 5). 2.28 (s. 3). 1.37 (s, 3). 1.07 (s. 3). 
0 91 (I. J = 6.9 tlr_ 3). 0.875 (I. J - 5.9 Hx. 3); MS m/e (“_ 
bascpcak)428(31.M’),413(4).386(100).371 (8).369(11). 
342 (12). 330 (30). 301 (I I). 287 (4). 285 (3). 2g3 (6). 263 (7). 
257 (5). 245 (I I), 235 (4). 231 (IO). 219 (8). 217 (7). 207 (IO). 
I93 (38); UV (EIOH) & 275 (t 1815) 286 (I 1849) nm; IR 
1770. 1710. 1620. 1560. 1420. 1360. 1200. II25 lO25cm ‘, 
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