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(aromatic system). The NMR spectrum of (IT) showed the

following signals: 6 1.40, s, 6 C/CH
g S1g 5% TNew,
2; »>C—CH,~CH,—C—0; 2.48,t (J=7 Hz), 2, >C—CH,—
CH,—C—-0; 3.80, s, 3, —~COOCHj,; 3.83, s, 3, —OCH,; 5.63,
m, 2, NH,; 7.27, s, 1, aromatic proton. .
Condensation of (II) with 1,2, 3,4-tetrahydronorhar-
man-1-one (III) performed with POC], in refluxing to-
luene!, gave the dihydroparaensine (IV), C,,H,;3N,0,
(M+ 401), mp 305° (from isopropyl ether) which was found
to be identical (mixed mp, TLC and IR spectrum) with
the dihydroderivative of the natural product.

%.1.89, t (J=7 Hz),

Riassunto. Dalla corteccia della Euxylophora pavaénsis
Hub. viene isolata la paraensina (I) che si rivela essere il

CMR Spectral Analysis of Tetrahydrocannabinol

The biologically active constituents of Cannabis sativa
L. (marijuana) have aroused much public and scientific
interest in recent years. In view of the advent of a power-
ful, new tool of structure analysis, ¥C nuclear magnetic
resonance (cmr) spectroscopy, its application to investiga-
tions of the chemical make-up of the major psychoto-
mimetic marijuana (hashish) principle, 1-4°-tetrahydro-
cannabinol (4°-THC) (la), and related substances was
undertaken. :

The 6 values of all carbons of six tetrahydrocannabinol
substances and model 5, olivetol dimethyl ether, derived
from their noise resonance decoupled and single frequency
decoupled spectra? are listed in the Table. Assignment of
the chemical shifts of the aromatic carbons is based on
chemical shift theory? and former electron density calcu-
lations?®. Shift data of 5 and consideration of substituent
effects among alkanes? leads to the identification of three
centers of the »n-pentyl chain. The remaining g and
carbons can be distinguished by inspection of the single
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primo alcaloide di tipo indolopiridochinazolinico a conte-
nere una unitad isoprenica.
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and its Isomers!

frequency decoupled spectrum of a g, f-dideutero deriva-
tive of B, prepared by sodium deuteroxide-induced deu-
teration of w-butyl 3,5-dimethoxyphenyl ketone and
treatment of the product with lithinm aluminum hydride
and aluminum chlorideb.

1 Carbon-13 Nuclear Magnetic Resonance Spectroscopy of Naturally
Occurring Substances. IX. For the preceding article see E. WEN-
KERT, C.-J. CHANG, D. W. CocHrAN and R, PELLIcCIARI, Experien-
tia 28, paper No. 1099 (1972).

2 J. W. EmsLEY, J. FEENEY and L. H. SurcLirre, High Resolution
Nuclear Magnetic Resonance Spectroscopy (Pergamon Press, New
York, N.Y. 1966), vol. 2.

3 R. A. ARCHER, D. B. Bovp, P. V. DEMARCoO, I. J. Tyminsky and
N. L. ALLINGER, J. Am. chem. Soc. 92, 5200 (1970).

¢ E. G. Paur and D. M. GraNT, J. Am. chem. Soc. 86, 2984 (1964).

5 R. F. Nystroum and C. R. A. BERGER, J. Am. chem. Soc. 80, 2896
(1958).

Me0

Me0

Lo, R-H
b, R=Me
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Chemical shifts of carbon tetrachloride solutions cited in ppm upfield from carbon disulﬁde (Besy = Seagt+ 96.5 ppm)
1a ib 2 3 4a 4b 5=

C(1) 38.5 44.3 38.3® 37.8» 40.2 36.4 34.8

C(2) 82.9 77.6 82.4 82.9 83.0 88.2 86.5

C(3) 51.1 50.9 51.0 49.6 49.8 50.5 48.5

C(4) 85.1 79.0 85.2 89.9 -83.0 82,7 86.5

C(4a) 38.5 38.2 37.9® 37.6® 38.6 39.0 34.8

C{6) 115.9 115.9 116.3 116.7 115.2 115.8

C(6a) 146.8 147.2 147.5 145.8 68.5 68.5

C(7) 167.4 167.8 160.9 164.0 167.0 167.1

C(8) 161.0 161.7 73.8 72.2 161.8° 162.0

C(9) 60.6 59.0 58.2 58.2 163.6 163.6

C(10) 67.8 68.9 156.4 153.4 155.7 155.8

C(10a) 158.7 158.6 164.6 164.9 60.8 61.0

C(10Db) 83.6 77.9 82.2 76.3 81.8 88.2¢ 95.2

9-Me 169.2 169.4 169.0 168.9 170.5 170.7

6a-Me 173.2 173.4 174.0 169.9 167.0 167.1

64-Me 164.9 165.3 164.9 174.2 168.6 168.8

a-C 157.0 157.7 156.9 159.0 157.0 156.5 156.2

p-C 161.0 161.3 160.9 160.4 161.0 161.1 160.9

y-C 162.0 162.5 161.9 161.5 162.0° 162.0 161.4

d-C 170.0 170.3 169.9 169.9 170.0 170.1 169.9

e-C 178.4 178.7 178.4 178.3 178.4 178.5 178.5

C=0 25.9

CMe 172.0

OMe 137.6 138.1
138.1

#For sake of comparison the THC numbering system is used for5. ® These values within any column may be reversed. ¢ Weak signal visible only

in the single frequency decoupled spectrum.

JonnsoN’s method of analysis of residual coupling® is
utilized on the off-resonance proton-decoupled spectra of
A%-THC (1a) and A3-THC (2) for the differentiation of the
bridgeheads C(6a) and C(10a) in 14, its acetate (1b), 2 and
its cis isomer (3). Use of the charge density data?® facilitates
distinguishing these bridgeheads from each other in
compounds 4. The expected low-field position of an oxy-
genated, non-protonated carbon identifies the remaining
heterocyclic carbon site, —C(6).

The combination of effects of the 9-methyl group
deshielding C(8) and C(10), C(1) moderately shielding C(10)
and the gem-dimethyl function powerfully shielding C(7)
makes the & values of C(7) and C(10) of substances 2, 3
and 4 predictably different and identifies C(7) and C(8)
of A*-THC (l1a) and its acetate (1b). Furthermore, allylic
carbons of cyclohexene rings possessing signals normally
downfield of their homoallyl neighbors? places C(8) of 4a
and 4b in proper shift relationship with C(7) and C(10).
The assignments of chemical shifts of all other alicyclic
carbons evolve from standard theory2.

Methylcyclohexane® and 1-methylcyclohexene? serve
as models for the 9-methyl group of compounds 4 and the
group of substances 1, 2 and 3, respectively. Differentia-
tion of the C(6) methyl groups depends on their conforma-
tion, an analysis of which has been recorded?®, and the
expectation of an axial substituent to be upfield of an
equatorial one® 9.

Zusammenfassung. Die BC-NMR-Spektren des Tetra-
hydrocannabinols und seiner Isomeren wurden aufgenom-
men und vollstindig analysiert.
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