
discussed. 

i - ) - a%; * 3,4 - ~~~~~ - Tetrabydroca~~~b~~ol STOCK I 
and ( ‘-’ f * ;I” * 3.4 * ~~~~~ * THC 2 are the phys~o~~ic~ly 
most active constituents of marijuana and have been the 
object of intensive synthetic and @~tm~~l~&d in- 
vestigations for many years.’ -l-he A’-isomer is commonly 
found in Cannabis s;dcu I.., whereas the A*-isomer 
occurs only in a few varieties, Relatively little is k~o~~~ 
however, cQ~cer~~~~ their 3,dSiS * c~~~te~~s which 
have yet to tK found in the plant. 

A one-step synthesis of ( f f-A’-cis-THC 3a, from 
citral and olivetnl in the presence of 04005N hydroch- 
loric acid, was first reported by Taylor el 41.’ in 1966. 
Taylor also claimed that the same reactants with 
~F,.ctberate gave ( 2 )-A”-ck-“WC 4a; ~echoul~d later 
shuwed it was ~ct~~~ A’J-istt-TNC 5. A second 
synthesis of f z )_3a was published by re~~~tz et 4L’ 
in 1%7. 

In 1975. in a preliminary communication, we reported 
the synthesis of the elusive (+ )-A’-3,44~-THC 40 by 
three unambiguous routes.” In the present paper, WG 
present the detains of our synt~~s, and describe the 
first total synthesis of o~tjc~~y active A’- and A’-cis- 
THC’S. 

We previously reporte& a novel, stereospecific. in- 
tramolecular epoxidc ckavage by phenolate anion, which 
was discovered during our studits on cannabidiol 
derivatives, In this reaction, the tpoxidc of cannabidiol 
djacetate 5 on tr~at~~t with a base under mild con- 
diti~~~, adorned the di~ydrof~~~ de~~ti 
soin 7 in excellent yield. We therefore env 
similar transformation of the epoxidc 8 
I t: )-A’-cis-THC acetate 3b would lead to the cor- 
responding dihydrufuran derivative 9. Dehydration of 9 
and subsequent ckavate of the 
the b~the~o u~~~ow~ ( 2 $-Ab- 
THC 3a would be expected as well if eq~~ib~t~~~ of t2_rc 
anion between CZ and Cd occurs during the reductive 
cleavage. 

Thus ( + )-3b, upn oxidation with m-chloroperbenwic 
acid in CHIC& at CPC. gave the epoxidc 8 (80% yield), as 
indicated in the SMR by the absence of a vinylic proton 
signal and the presence of a m~~tjplct (centered at 6 3.00) 
co~es~~~d~ng to two protons at CT and C3. The as- 
~i8nment of the c~n~gu~tion for the epoxide ring as /3 
(i.e. on the same side as the hydrogen% at C3 and Cd) is 
based on the arsumption that the peracid attacks from 
the less hindered side. Under basic hydrolytic conditions, 
the tpoxidc was opened by an intro 

the phe~late anion at C2 lScheme 1) to f~~~sb the 
2,~-~i~-~~~of~~n 9 in QO% yield. The facility of this 
epoxidc opening supports a ~-~~en~tion of the oxirane 
ring; an cpoxide with the u-configuration is sterically 
unable to achieve the required geometry for a favorabk 
#runs-opening. The reaction probably pro-ceeds by an 
~~~j-~~~~~u~~~ opening of the Maxine ring to give, 
~nit~a~y, a boat 6” ring, whih then ass~rn~s the more 
stable chair cu~format~~ with the oxygen fu~t~ons 
equatorial. In addition, as a consequence of this opening. 
the stereochemistry at C2 and C3 is fixed as cir. The 
observed coupling constant of 9 Hz between the C2 and 
C3 protons is in accord with the values reported for the 
cannabie~sojc acid series (J-6 Hz)’ and for vi&al cis- 
protons irr the d~~ydro~n~ofu~s 17 Hz).” ~~~es~~- 
ding ~~u~~di~ydrofu~~s have smiler coupling con- 
stants (2-3 Hz).’ The high field si 0.83) observed 
for the CINCH, group is consiste 
king within the shielding cone of the benzene ring. This 
further supports its axial orientation. 

~hydration of 9 with WC% and ~y~dine gave the 
exwyclic allylic ether 10. ~~yd~~~~~ with hexamet 
phosphoram~e PHYLA) at 240°C gave a rn~~ture of 
exe-I# and &o-l1 allylic ethers (ratio of t : I by NMR), 
In contrast, cannabielsoin 7, which has an axial CI- 
hydroxyl group, gave upon dehydration (SOCII. pyri- 
dine), a product with an cndocyclic double bond.” These 

findings in the cannabielsoic acid series.’ 
The mixture af 10 and 11 as isolated from the reaction 

with HMPA was treated with potassium and liquid am- 
monia for 1.5 h, which cleaved the allylic ether bond,‘O 
a~ord~~g a rni~?~~e (7: 3 by GM: after 
f t )-A’- and -~‘.sis-THC’s (Sa and +%a, 
Because 3a and 40 were separated more 
acctatcs 3b and 4b, the mixture was acetylatcd and 
separated by hi& pressure liquid chromatography 
(HPLC). Hydrolysis of db at room temperature with 
dilute methanolic sodium hydroxide furnished ( r )-A”- 
cis-THC. 

Treat~~t of Cp with ~-tQ~~e~s~~fo~~c acid in b&fin 
benzene gave A*~-~~u-THC S as the major pr~uct. f 2 )- 
A’-cis-THC undergoes the identical transformation on 
acid catalysis.“~” When the acetate db was subjected to 
these conditions, the equilibrium mixture consisted of 
isomer 3b (?7%c) and. uncxpectcdty, a substantial quan- 
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tity of 4b (23%). The same mixture was formed starting 

with 3b; this is contrary IO the result reported by Gaoni 

and Mechoulam.’ The mixture was separated and the 
fraction containing 4b was hydrolyzed as before. This 

thus constitutes a second synthesis of ( f )_A*-cis-THC 

4a. 
In a third synthesis. the acetate 12b (sChcmc I) ob- 

tained from the known cis-tertiary alcohol 12a.’ in the 
presence of thionyl chloride and pyridine at WC for 0.5 h 

furnished a mixture of 3b and 4h (3:2 by G1.C after 
hydrolysis and silylation). ( z )-Ab-cis-THC 4s was ob 

tained from the acetate as previously described. 
The use of tiLC alone for rhe identification of the four 

THC isomers (Table I) can lead to misinterpretations 
because of the similarity of retention times. In our ex- 

perience, these compounds are reliably differentiated by 

the NMH position (Table I) of (a) the CCa-Cur, which 
is shielded IO a greater extent in the frons-isomers (6 
1.05) than in the cis-isomers (6 1.25 or 1.22). and (b) the 
vinylic proton which appears at 6 5.30 or 5.32 for the 

A”-isomers and at 6 6.27 or 6.2R for the Al-isomers. 

Acetylation causes a shift (upfield) of the vinyl signal in 
c&-A’- and rrans-A’-THC’s only (0.52 and 036ppm 

respectively). The C8-a-CH, signals are unaffected by 
acelylation. 

We reported earlier” an entry into cannabinoids Via 

carene derivattves. a one-step stereospecific synthesis of 
( - )-A’-rrans-THC 2. In this reaction (Scheme 2) ( + )- 
rrans-2carene oxide I3 and olivetol 14 in the presence of 
RF, etherale gave a complex mixture containing optically 
active A’-(runs-THC I and A’-cis-THC 3s. 

We have restudied this reaction. and have separated 
the cis-THC from its isomers by the following sequence 

of reactions. The crude mixture was acetylated and 

allowed to react with rn-chloroperbenzoic acid. IO 

presumably give a mixture containing optically active 

epoxides 8 and IS. Hydrolysis with dilute methanolic 

sodium hydroxide was accompanied by an intramole- 

cular opening of the epoxide ring (as in the racemic case, 
Scheme I) which occurred exclusively with the 3,6cis- 

isomer 8. resulting in the dihydrofuran derivative 9. 
Conformational constraints introduced by the 3,4rrans- 
ring junction in IS would prevent the formation of the 

corresponding dihydrofur-n (16. Scheme 2). After alkali 
treatment the cis-furan 9 was easily isolated as a neutral 

fraction by extraction with hexane. The neutral com- 

ponent was then dehydrated. reductively cleaved. and 
purified IO give pure ( t )-A’-cis-THC, 0.7%. [aIn t 121” 

(ethanol). A second component isolated in smaller 
amounts was identified as ( ‘V )_A”-cis-THC. 0.06%, [ah, + 

104” (ethanol). the thermodynamically less stable isomer. 
As expected.” (+ )-A’-c_is-THC is much less biologi- 

cally active than (- )-A’rrons-THC. The details of the 

pharmacological profik will be published elsewhere. 

NMR spectra were measured on a b’artan T&l spcciromew h 
Vanan Acrograph Model 1440 *as used for c1I.C under con. 
drtions derailed m Tahlc I IK yxcrra were recorded on a Yerkin 

Elmer 700 instrument High.prcssurc lrquld chromatography was 
performed on a Waler\ .4ssocla1cs AI.C-202 chromatograph 

equipped with a Model 6ooo wlwnr dch\cry $y\rcm. 

.?.?’ . Epory 23.4 cis . hcxahydm I hydmxy . 2’ 
dtcloxwtnncrhinoI 9. A wluGon of Zx! mg (I.65 mmolb of m- 

chloropcrbcnroic actd m 30 ml of Cll,C12 *as added dropwise IO 
a solution of WI mg (I.40 mmol) of ( +. b-J,-rts-THC acetate M’ 
in 75 ml of CH,C& held in an ICE bath al (rC’C ‘The solution uac 
allowed IO come IO room temp. and uas stlrred overnight. The 

CHJIz was rcplaccd b! ether and the \olutlon ua\ washed with 

- . I sa clrhcr\ 

I 

! 
v 

Scheme ! 
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IN NaOH. IN HCI. and brine. The crhcr solurion was drkd over 
NafO, and the solver0 was removed under vacuum to give 

418 mg @@%I of resinous IS.28 . epoxy . 3.4 cir . hexahydro- 
cannabinol acerarc 8. NMR(CCI,) 6: 6.40 1s. 2. aromarics). 3.00 

lm. 2. C2-H. C3-HI. 2 50 lm. 2. aCY,). 2.2a (5. 3. acelateI. I.30 
1s. 3. Cl-CH,). 1.23. I20 (2s. 6. CR-(CH,)r). 0.90 (I. 3. ~Ctj,). 
lhc epoxide (250 rng. 0.67 mmol). wtrhour furrhcr purification. 
was dissolved in 15 ml of 44 aqueous NaOH and enough M&H 
for homogcnciry The now purple rolurion was allowed IO srir ar 
room Icmp. for 2 h and rhcn was neurralizcd with 2S HCI. Ether 

was added and rhe organic phase was washed wirh brine and 
dried over Sa$XI,. The reacrion producrs were separated by 
preparative T1.C rtdica gel. I : I ctherlperrokum ether) to give 
200 mg 1%) of 9 as colorkss crystals. m p. IOP (pcrroleum 

crhcr). NMR ((‘Cl,) 6. 6.00 (s. 2. aromarics). 4.73 (d. I. J .= 9 Hz. 

C2-HI. 3.65 (dd. 1. I:., = 9 Hr. J,., = 6 Hz. C3.H). 2.45 (m. 2. 

u-C&I. 1.34. 1.30 (2s. 6. CWZH,)3.0.90 (1. 3. (u-CH,I. 0.83 (s. 3. 
ClCH,I; IR (CCl,)cm ‘: 3725 (O-H). 2950. 1610; mass spectrum 
(70eV) m/r (%I. 330 (Mr. 90). 315(9). 312W. 297rll). 2KIrIlI. 
27416). 247(58). 231(9). 205(100). 204453). IuU42). 14700). 

Arm/. Calc. for C~,H,&,: C. 76.31. H. 9.16. Found: C. 76.26: 
H. 9.17%). 

fkhydrafton ol compound 9 with huomethyl- 
phosphorum~c(HMPA).Compound 9 (200 mg. 0.61 mmol) was 
dissolved in 20ml of HMPA and hcakd to 240°C. Reaction was 

compkre (TLC) withtn 20 min. ‘Ihc solurion was aIlowcd IO cool 
to room kmp poured inro I!Oml of ice-waler. and ncurralircd 
with 2N HCI. Etrracrion with ether was followed by washing lhe 
organk phase wirh II:0 and brine. Afkr drying over MgSO,. Ihc 

ether was removed under vacuum IO give 170mg (W’%) of a 
mixrure of IO and I I (1 I by NMR); N MR(CCI,) of I1 (as part of 
a mixrure) 6. 5.98 ft. aromatics). 5 38 (hr. C6.H). !.02 fd. J = 

9Hr. C2.H). 3.62 lm. C3.H). 2.47 rm. 2. a-CH,). 1.72 1s. Cl-CH,l. 

1.351s.CIUCH,J,).O 88lt.u.(‘~,),massspeclrum(?OeV)m/clQI: 
312 (Mr. loOI. 297150). 2W22). 27o(Il1. 269(28). !!7(44). 256(42). 
24J(44). 21436). lhis mixlurc u-as uxd in rhe DCXI skp wirhour 

purificarion. 
Lkhydrorion o/ rompound 9 witrh SoCl,/pyridine. Compound 

9 (100 mg. 0 30 mmol) m 5 ml of pyridrne ar 0°C was treated wirh 
SOCI, (39 mg. 0.33 mmol) After 2 h rhc reacrkn was quenched 

with 2% HCI. Afrcr addillon of 200 ml of efhcr rhc organic phase 
uas separated and washed with 2S HCI and brmc. The crher 
solution uas dried over MgSO. and removed under vacuum IORIW 
w) mg of dark oil. Purikcarion by prepararivc TIC (silica gel. 1. I 
erhcrlpcrrolcum crhcr. rf 0 68) gave 25 mg 127%) of compound IO. 
NMR (CU.) 6: 6 Ox. 5.98 (2s. 2. aromartct). 5.23-5.00 cm. 2. C2.H. 
and C7-H). 4.72 (br. I. C7.H). 3.55 (dd. I. Jr, = R Hr. I,. = 6 HZ. 

C3-H). 2.47 lm. 2. o.CH:l. 1.33 1s. 6. CWCH,):). 0 R8 (I. 3. U-CH,) 

( z )-A’. ond -~b-c~s-TH’H(’ accfafcs 3b’ and 4b. The mrxlure of 

furano compounds IO and II (I70 mg. 0.55 mmol) in 50 ml of 
liquid NH, in a dry-kc bath was rreared wirh etccss polassium 
mcral. ‘Ibc inuial blue color faded afrer 0.5 h. Solid NH,CI was 
added and rhc liquid NH, was allowed lo evaporalc. 

Ether tvat added and the solution was wathcd wirh brine 10 

give a mixrurc of rhc c-is.‘I’HC’s. 3r and C (7: 3 by GLC. afrcr 

silylnrion) in quanritarivc yield. A solurion of 260 mg (0.84 mmol) 
of ruch a minrurc (from several etpcrimcnrs) and 43Omg 
(4 21 mmol) of acetic anhydride in 10 ml of pyridine was slined 
ovcrnighr ar room rcmp. Erhcr was added and lhc solurion wat 
washed wirh 2N HCI. sarurakd NaHCO,. and brine. and was 
dried over Na,SO, Evaporalion of solvcnr lcfl 3lX)m~ of a 
mixrurc of ~hc accrarcs 3b and 4b. whkh was separared by 
high-pressure liquid chromalography A 7-H * 3/8-m COhn 

packed wirh Poravil r’ and 1% crhcr-hctane as cluanr tvcre used 
for the prcpararivc scpararton The capaciry facror (k’) war 0.72 
for rhc A’.iromcr and 0 88 for lhc Ab-itomcr. giving a xparalion 
facror (a) of 1.22. Afrcr 5 rccyclcs. baseline separalion was 
achieved. and 100mg of 4b was isolakd. NMR (CCI,I 6, 6.48. 
6.33 (AB. 2. J .- 2 Hrl. 5.3R rbr. I. C6-HI. 3.05 (br. 1. (‘3-H). 2 47 

rm . .?.o.CH,). 2.23 r\. 3. acc~ak). 165 (x 3. Cl4?j,,. 1 35. I.25 
(2s 6. CIWH,):l. 0.92 (I. 3. W-CH,): IR (CCI,Icm I: 2950. I760 
tC=O). 1620. 1205. 

( 2 )~JLar-17f( Aa. A solution of 100 mg (0.28 mmol) of ( Z )- 
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A’-cis.THC aceIaIc 4b In 10ml of equal parIs of 4% aqueous 
NaOH and Mc.tC)H was allowed to sIand aI room Iemp. for 2 h II 

was then neutralized with IN HCI and cxIracIcd wiIh ether. The 

crher solulion was dried over SalSO, and lhc solvent removed. 

leaving I?& mg of ( * )-A*-cir-THC 4a as an orange oil; CiLC and 

NMR (Table II. mass spcclrum (70eV) ml&): 314 (M:. 221. 

?99(7). 271(10). ZSR(6). ?46(21). !31(100). 193(S). IR (CCl>cm I: 
3700 (c&H). 29SO. 1620. lS85. 

Synrhcsi~ o/ 4a b) cyuilibrorion of 3b To 40 mg (0.1 I mmol) 
of 3b’ in 10 ml of benzene a1 rcflux was added 3 mg of p- 
tolucncsulfomc acid monohydrate. After 90 min. when equdi. 
bration was judged complete (G1.C; hydrolysis and sdylaIion). 

sarurarcd aqueous EaHCO, was added to rhc her solurion. The 

organic phase was scpararcd and dried over Na,SO,. Removal of 

benzene pvc in quanIiIaIivc yield a mixrurc of A’- and A’-cir. 

THC aceIaIes in a ratio of 77:23 (GLC. afrcr hydrolysis and 

silylarion) The mixrure was scparaled by HP1.C. and the frac- 
tK)n conrainmg 4b was hydrolyzed as described ahove. IO yrld 
( t b-4. idcnftcal In all rcrpccfc (SMR. GLC. T1.C. mass spcc. 

&urn) wiIh an auIhenItc sampk. 

Formation oj 3b by cqudibmfion of 4b. Equilibration was 
carned out ar described above The reaction was quenched after 
6Omin. Analysis of rhc mixlure hy GLC (after hydrolysis and 

silylation) and NMR mdrcarcd a A’- IO A*-cis-THC ratio of 
n:23. 

give a mixture of oplically achve Ja and 4a. This mixture was 

separated by HPLC. and hydrolyzed as described above. IO 

produce ( 4 &A’-cis.THC ([all, + IW (ethanol)) and ( + )_A’-&- 

THC ([ajo t 104’ (elhanol)) in overall yields of 0.7% and 0.06t. 

respectively. The compounds were identical in all respects 

cxcep~ optical rotation (NMR. G1.C. TLC. mass spectrum) with 
authcnlrc samples of (r)_3a and (?)4r. The analytical sample 
of ( t )-l\‘-cis-THC was obraimd afIer a further purificalion by 

HPLC (r-Porasil. F& cthcrlisoocti; k’= 3 3): [a&,- 121’ 

(eIhand). And. (Yak. for C,,H,&: C. Ko !I; H. 9.62. Found: C. 

80.33. H. 9.65%). 
Tnormnr r>/ ( + )-A’-cis-THC wifh p.ro/uencsul/~nic octd (p 

XA). A solution of 7 mg of (r)4a and IO mg of p-TSA.H:O in 

10 ml of benzene was refluxcd for 2 h. Saturated aqueous NaH. 
CO, was added IO quench ~hc reaclion. The organtc phase was 

scpara~cd. dried, and evaporaIcd IO leave a gum. which contamed 

A’.*-iso-THC 5 as rhc major producl (NMR. GLC) 

Achovlrdgrmmrs-This work war carried OUI with rhc support 
of Nauonal Institutes of DNR Ahusc (NIDAI (Grant No. DA- 
005X-03). We are nra~cful IO Prof. John C. Sheehan for helpful 

discussion and Ix &tries E. Hignirc of Xt.1.T. for mass spcftral 

data (NIH Grant No. RR-00317) 

Swrrhrsis of 4a from It 
( *_ ) 1 Hydrory . 3.4 cis . hrxahydrocannabinol acetaft 

IZb. Afrcr 2 h aI 0°C. a soluricm of 320 mg (0.W mmol) of 12r’ 

and l.Oml (IO 6mmol) of acetic anhydride in 1Oml of pyridmc 

was dilurcd with ether. It was washed with 2S HCI. saturated 

NaHCO,. and brine, and dried over Sa,SO,. Heroval of solvent 
gave 360 mg (ICKY%) of ~hc acetate I2b a an orange oil: NMR 
((XI,) 6: 650.6 w (AH. 2. J = 2 Hz). 3.08 (m. 1. ?atj). 2.25 (s. 3. 

CH,CO). 1.35 (5. 3. ClCfj,,. 1.20 (5. 3. cscy,,. 1.10 (s. 3. 

CSCY,). 0.90 (I. 3. w.Clj,) The acetate was used without 
further purificauon. Thlonyl chloride tl6Omg; 1.36mmol) was 
added IO a suned solution of 360 mg IO.% mmol) of 12b m 10 ml 
of pyndine a1 0°C. After 30 mm. the reaction was quenched with 

saturated ?IaHCO, Erhcr was added and the solurion was 

washed with brine. The organic layer was dried fSa+X,) and 

removal of the solvent gave a quanfltative yield of a mixture of 
3b and 4b O:? by G1.C). which was separated by HPLC as 
bcforc Alkaline hydrolysl< of the A’&mcr as dcscrlbcd above 

yielded 4a: Identical In all respects INMR. GLC. TIS. mass 

spectrum) lo an aulhcntic sample. 
Synrhtsis of ( - ).A’- and -f-c1~-7HC’s from carnw oridt. 

( + ) Iran5 . ? . Carenc oxide (13. 25.3 g. 0.14 mol). olivelol (14. 
25.3 g. 0.17 mul). and 3.0 ml of BF,~Ef,O were allowed IO react in 
350 ml of mcthylcnc chloride at 0°C for 2.4 h. The reactton was 
quenched wlrh SaHCO, and the products were isolated by 

washing and drying in the usual ftihion. The crude material. 
dissolved in 7C ml of pyndinc and 86.7 g (0.85 mol) of ace1K 
anhydnde. was acctylatcd after standing overnight a1 room temp. 
Ether was added and the solution was washed with 2N HCI. 
saturdred SaHCO, solution. and brine. and dried over Nam,. 

‘The ether was removed and replaced with 250 ml of CH+& A 
solur& of 38 0 g (0.22 mol) of m-chloropcrbcn?on: acd in 300 ml 
of CH$I, was added IO the acelate solution a1 0°C. After being 

stirred a1 room temp. overnight. 1h.c solution was cvaporarcd m 

C~CYO and 300 ml of a I I mixture of 4% aqueous iiaOH and 
MCOH was added The solution bccamc dark purple. Aflcr being 
stirred overnight. the solurmn was qrnpprd of methanol in tacuo 
and the aqueous residue was cx~ractcd with hcxanc After drying 
(F;a,SO,). the solutmn war evaporated to give I2g of a hrown 
oil. II was chromatographcd on Florisil (4oog) and elured with 
graded mixtures of ctherlpe1roleum ether IO g~vc 2 3 g (5% yield 
from carene oxide) of 9 as a gum It was dehydrated and 
rcducuvely ckavcd a$ dcwrihed for rhc racemtc compounds. IO 

“Part XIX. For Pars XVIII. KC: R. K. Razdan. H. C Dalrell 

and P. Hcrliby. J. Hctcrucydic Chum. 13. 1101 (1976); ‘Preh- 
minvy Communication of raccmic synthesis: D. B. Bliss. R. K 
Razdan. H C. Dalrcll and G. R. Handrick. Jnrahcdron l~frrs 
4369 (1975); ‘Prescnrcd in part at the 170th National Meeting of 
the American Chemical Society. San Francisco. Calif . u) Aug 

1976. ORGN I?. 
‘Rcvicws: R. K. Razdan. In Pm~nrs in (Manic- Chrmisrry 
(Edited hy W. Carruthcrs and 1. K. Sutherland). Vol 8. But. 

~erworths. London (1973): Marihuana. Chrmirfry. Phar. 
macology. Mefabolirm and Clinic-al Eftcrs (Fdired by R. 

Mcchoulam). Academic Press. New York (1973): R. Mcchou. 
lam. N. K. McCallum and S. Burst&. Chemical Hrr 76. 75 
(1976). 

‘E. C. Taylor. K Lcnard and Y. Shvo. 1. Am. Chcm. Ser. 1. 
367 (1966) 

‘Y (iaoni and R. Mcchoulam. ‘Ibid US.5673 (1966): ‘!sr I (‘hrm. 
6. 679 (1968). 

‘K. F.. Fahrcnholtz. M Lunc and R. W. Kientead. Ibid 89.1934 

(1%7). 
bD. B. UIISS, R. K. Razdan. H. C. Dalzell and G. R. Handrick. 1. 

Am. Chcm. Sot. 96. 7372 11974). 
‘A Shani and R. Mechoulam. 7ilrahtdron -Y. 2437 (1974). 
‘E. C. Hayward. S. D. Tarbell and 1. C Colebrook 1. Org 
(lhtm. 33. 399 (1968); W. Gheraldoni. V. Pcstellini and C 

Musan~e. Gaze. Chim. 11al 99, 1273 (1969): M. P. Mcr~cs. 1.. I. 

Powers and E. Shefrer. /. (‘hem. SK Chat. Commun. 620 
(1970); M. P. Mcnes. 1.. 1. Powers and N. M Hava. I Med. 
Chem. 14. Ml (1971). 

‘D. H. R. Barton. A. da S. Campos-Ncves and R. C. Cookson. I 

chcm. sot. 3500 (19%) 
‘mis transformauon has been used in THC and other classes of 

compounds. See for example: R. K. Razdan. H. G. Pars. W. R. 
Thompson and F. E. Granchclli. Tttrahcdmn f.t~frn 4315 

(1974); K. W. Be&y. R. Robinson and A. E. Wain. 1. Chcm. 
!bc. 958 (19521: A. 1. Birch and M. Maung. Tetrahedron l.r~fcn 

3275 (IW7); A I. Birch, P 1. Macdonald and V. H. Powell. 1. 
Chrm SC. (C) 1469 (1970); C. W. Wdson. III and P. F. Shaw. 
I 0rg. Chem 38. 1684 (1973). 

“R K. Razdan and B. A Zirko. Tcvahedmn f_tucrs 4947 (1%9). 
“R K. Razdan and G R Handrick. 1. Am. Chum Sot. 92,6061 
( 1970). 

“D B. Bliss. H. C. Dafrcll. G. R Hand&k. I. F. Howes and R. 
K. Razdan. 1. Med. Chem. 18. 213 (1975) 


