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tigate the pyrolysis of III in the gas phase under condi
tions in which the keto ketene intermediate IV could be 
trapped by methanol. Indeed, pyrolysis of III vapor in 
a stream of nitrogen at 25 m m over a glowing Nichrome 
wire at ca. 750°, and introduction of a stream of 
methanol vapor directly above the Nichrome wire, gave 
I in 4 5 - 5 0 % yield, mp 54-55° {Anal. Found : C, 
68.10; H, 4.63); Xmax (dioxane) 215 my. (log e 3.98), 
242 (3.78), 285 (3.13), and 295 (3.08); vmsiX 1780 and 
1735 c m - 1 ; 5 3.73 (singlet, 3 H), 5.07 (singlet, 1 H) , 
and 7.50 ppm (multiplet, 4 H) . The carbonyl absorp
tion at 1780 c m - 1 and the ultraviolet spectrum are fully 
consistent with the corresponding values for other 
benzocyclobutenones.6 The mass spectrum of I in
cluded peaks with m/e 176 (molecular ion), 148, 133 
(base peak), 105, 89, and 77, with metastable peaks for 
the transitions 176 -*• 148, 148 -»• 133, 133 -*- 105, and 
105 -*• 77. Ultraviolet irradiation of I in methanol gave 
dimethyl homophthalate (VI). The spectroscopic data 
for I and its photochemical conversion to VI makes the 
structural assignment secure. 

Illy 
750° CHsOH 

[IV] » I 

Attempted vpc of I on an SE-30 column at 160° gave 
an isomer, mp 56-61°; Xmax (dioxane) 231 ra/j, (log e 
4.40), 240 (4.31), 270 (4.04), 280 (4.03), and 346 (3.52); 
vmgLX 1742 and 1645 cm-1; 5 3.87 (singlet, 3 H), 5.53 
(singlet, 1 H), 7.33 (multiplet, 3 H), and 8.10 ppm 
(multiplet, 1 H), considered to be 3-methoxyisocou-
marin (IX), which probably arises via thermal cleavage 
of I to the o-quinodimethane (V). The mass spectrum 
of IX is identical with that of I, suggesting that I re
arranges to IX in the mass spectrometer prior to frag
mentation. Treatment of IX with dilute HCl gave, after 
preparative vpc,10 homophthalic anhydride (X). 

I 2*222^. [V] —>. 

No evidence for the existence of the enol tautomer 
II of I has been obtained. The nmr spectrum of I con-

(10) Under these vpc conditions (a 6 ft X 0.25 in. column of 2.5% 
SE-30 on Chromosorb W at 160°) homophthalic acid is dehydrated to 
homophthalic anhydride. 

tains no low-field signal typical of a hydrogen-bonded 
enolic proton, and the ratio of aromatic signals to 
methine signal to methyl ester signal is 4:1:3, as re
quired by the keto tautomer I. Furthermore, solutions 
of I give a negative ferric chloride test. 

The synthesis of I from III is the first example of the 
formation of a strained ring system by an uncatalyzed 
thermal Wolff rearrangement, in contrast to the now 
widely employed photochemical Wolff rearrangement.11 

In addition, the fact that I cannot be prepared from III 
by irradiation suggests that the pyrolysis of diazo 
ketones in the vapor phase may prove to be of use in the 
synthesis of other strained but photochemically unstable 
systems! 
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Total Synthesis of A8-(A1(6))-Tetrahydrocannabinol, a 
Biologically Active Constituent of Hashish (Marijuana) 

Sir: 

Total syntheses1-3 have been reported of (±)-A8- and 
^-tetrahydrocannabinols,4 which occur in the corre
sponding enantiomorphic forms as psychotomimeti-
cally active constituents of hashish.5 Recently, (—)-
cannabidiol, which is convertible to the naturally occur
ring (—)-A8- and ^-tetrahydrocannabinols,6,7 has been 
synthesized from olivetol and (+)-cis- and -trans-p-
mentha-2,8-dien-l-ols.8 We now report a total synthe
sis of (—)-A8-tetrahydrocannabinol which, since it in
volves the optical resolution of a racemic intermediate, 
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also provides the first total synthesis of the correspond
ing unnatural ( + ) enantiomorph. 

These syntheses depended initially on the observation 
that, since the cinnamic acid I,9 from its method of 
preparation by the Knoevenagel reaction of malonic 
acid witn the corresponding aldehyde, should have the 
anti configuration, it may be predicted, from the rule 
governing the retention of configuration of the dieno-
phile constituents in the Diels-Alder reaction {e.g., see 
ref 10), that the racemic adduct of I with isoprene9 

should have the trans configuration II analogous to that 
found in A8- and A9-tetrahydrocannabinol.2'6'n The 
anti configuration of I is confirmed by the pmr spec
trum, in which the olefinic protons display a coupling 
constant, / , of 16.5 cps, in good agreement with the 
value of 17 cps observed for a?m'-styrenoid protons and 
quite distinct from the value of 10 cps found for corre
sponding syn protons.12 The racemic adduct II, from I 
and isoprene, mp 114-116° (lit.9 115-115.5°), was re
solved by fractional crystallization of its diastereoiso-
meric (+)-l-l'-naphthylethylamine salts from hexane. 
Fusion of the resulting (-)-II ,1 8 mp 137.5-138.5°, 
H 2 4 D - 6 3 ° (c 1.00, CHCl3), with methylmagnesium 
iodide at 165°1,14 demethylated the dimethoxybenzene 
ring and converted the carboxyl to a 2-hydroxylpropyl 
group giving what, from its infrared and pmr absorp
tion spectra, is probably the crude triol III, and the 
latter, on distillation (bath temperature 200° (0.01 
mm)) and filtration in benzene through neutral Al2O3, 
gave in 47% over-all yield from II a gum, [a]24D —173° 
(c 1.20, C2H5OH),15 which was separated by preparative 
glpc16 into pure ( —)-As-tetrahydrocannabinol (IV) ob
tained as a gum [<X]24D - 256° (c 0.99, C2H5OH) (lit. 
- 2 6 6 ° , U b -260° 7 ) . The 100-Mcps pmr spectrum17 

displayed the following signals: three-proton triplet at 
6 0.88, J = 6 cps (w-CH3); three-proton singlets at 5 1.09 
and 1.36 (getn-CHu); three-proton singlet at 5 1.70 (C9 

CH3); two-proton triplet at 5 2.43 (benzylic CH2); one-
proton broad doublet at 5 3.18, half-band width 15 
cps (C10a H); one-proton broad multiplet at 5 5.42(C8 

H); one-proton doublets at 5 6.08 and 6.26, J for both 
= 1.6 cps (C2 and C4 H), in excellent agreement with 

(9) R. Adams and R. B. Carlin, J. Am. Chem. Soc, 65, 360 (1943). 
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McCormack, / . Am. Chem. Soc, 70, 4127 (1948). 

(15) Optical rotations were measured on a Carl Zeiss photoelectric 
precision polarimeter, accurate to 0.005°. 
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280° packed with 45-60 mesh Gas Chrom P containing 20% (w/w) SE-
30; 20-mg samples were injected in 0.2 ml of CH2CIS. The crude ma
terial had previously been shown to be 70-75 % pure by glpc using He at 
a flow rate of 40 cc/min as the carrier gas in a Perkin-Elmer Model 881 
chromatograph having a 6-ft column (0.25 in. o.d.) packed with 80-100 
mesh AW DMCS Chrom G maintained isothermally at 150° for 1 min 
and thereafter programmed at 4°/min to 250°, the sample being in
jected in CHaCk at 250°. Under these conditions IV had a retention 
time of 24 min, the main impurity had a retention time of 22 min, and 
trace impurities appeared at retention times of 20, 21, 24.7, and 25 min. 

(17) Measured on the Varian HA-100 spectrometer using 2-3% solu
tions in CDCU containing tetramethylsilane as the internal reference 
standard. Chemical shifts are given in & units as parts per million mea
sured downfield from the reference, and coupling constants are given in 
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the values given2 for (±)-IV except for a 0.07-ppm dis
crepancy for the C10a proton signal, which may be due 
to differences in estimating the center of this broad 
signal in the two spectra. The mass spectrum18 showed 
principal ions at m/e 314, 299, 271, 258, 246, 243, 231, 
and 193, in accord with the data presented for an authen
tic sample.19 

The residual salts from the foregoing resolution were 
decomposed with 3 N hydrochloric acid and the result
ing acid was resolved by fractional crystallization of 
its (—)-l-l'-naphthylethylamine salts from hexane to 
give the unnatural enantiomorph (+)-II, mp 137.5-
138.5°, [Q;]24D +63° (c 1.07, CHCl3), which was con
verted, as for ( - ) - I I , to (+)-IV, [a]24D +250° (c 1.04, 
C2H5OH), which was chromatographically and spec-
trographically identical with ( —)-IV. 

Biological testing is currently underway with ( ± )-IV 
and will be extended to both of the constituent enantio-
morphs. The authors hope to report the results in a 
later full communication. 
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A Stereospecific Synthesis of (—)-Ax- and 
(—)-A ^'-TetrahydrocannabinolsJ 

Sir: 

A number of total syntheses of racemic A ̂ tetra
hydrocannabinol (A^THC) (I) and A1^-THC (II) have 
been published recently.2 No resolution has been reported 
so far, and hence these syntheses are of limited value 
in psychobiological research for which compounds 
with the natural modification are required.3 

We report now a facile, stereospecific synthesis lead
ing to (-)-A1(«-THC and thence to ( -VA^THC. A 
pinane derivative was chosen as a starting material 
for the following reasons: (i) its bulky dimethyl-
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