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the previous H,O layer. The aqueous solution was washed
with 20 ml of Et,0, and the pH adjusted to 5 with 5% HCL
After saturating with NaCl, the aqueous phase was extract-
ed twice with 50 ml of ethyl acetate. The combined ethyl
acetate extracts were dried (Na,SO,) and evaporated to
give an oil which solidified upon stirring with 40 ml of
HZO. :

Recrystallization of the solid from aqueous ethanol gave
2.2 g (55%) of the product 2 as a white crystalline powder
(m.p. 124-125°C). Elemental analysis, NMR and IR data
confirmed that the product was the hydroxamic acid 2.
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Degradation of 2,3,7,8-tetrachlorodibenzo-p-dioxin in organic solvents by gamma ray irradiation
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Summary. The effect of gamma ray irradiation on 2,3,7,8 tetrachlorodibenzo-p-dioxin (TCDD) dissolved in organic
solvents is described; TCDD is degradated with the loss of 1 or more chlorine atoms.

2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) is recognized
as one of the most potent low mol. wt toxins known. TCDD
has a number of toxic effects*®, such as teratogenicity,
mutagenicity, immunosuppression and carcinogenicity; fur-
thermore, it is a chemically and metabolically inert com-
pound with a very long half-life both in the environment 1
and in living systems''"*. Therefore the possibility of
TCDD accumulation in the food chain represents a serious
health hazard. '

The most serious case of environmental contamination by
TCDD occurred about 2 years ago near the Italian town of
Seveso, when a large, densely populated area was contami-
nated as a consequence of an explosion in a reactor
producing 2,4,5-trichlorophenol®. Since the population is
still living in the contaminated areas, the problem of
decontamination must be solved urgently, in order to
reduce the possibility of adverse biological effects due to
chronic exposure.

So far the only known methods of degrading the TCDD
molecule are photoreduction by UV rays in organic sol-
vents’?2 and incineration at a temperature above 750 °C%,
These methods are now under investigation with a view to
their practical application to the situation in Seveso.

As an attempt to contribute to solving this problem, we
report the outcome of preliminary experiments on the
effects of gamma rays on TCDD dissolved in organic
solvents.

All irradiations were accomplished with an experimental
irradiator (BC-27 model) containing ‘a 10,000-Ci %Co
source. The dose rate was 10 rad/h. The changes caused by
gamma ray irradiation were studied varying the total dose
of radiation absorbed by solutions of TCDD in dioxane,
acetone or ethanol at a concentration of 100 ng/ml. Ali-

quots of 0.5 ml were put into glass screw-capped vials
which were then submitted to irradiation at room tempera-
ture.

The irradiated solutions were directly analyzed for TCDD
content and compared with control samples prepared and
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Effect of gamma ray irradiation on TCDD concentration. TCDD
was dissolved in ethanol (A), acetone (O) and dioxane (@) at a
concentration of 100 ng/ml. Solutions were irradiated at a dose rate
of 10% rad/h and their TCDD concentration was measured after
10,20 and 30 h.
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handled in the same manner. The samples were also
analyzed for the presence of trichlorodibenzo-p-dioxins
and dichlorodibenzo-p-dioxins possibly formed as a conse-
quence of the irradiation. Analyses were carried out by
mass fragmentography using an LKB 2091-B gas chromato-
graph-mass spectromer operating in the EI mode, equipped
with an LKB 2130 computer system for data aquisition and
calculation.

The results summarized in the figure indicate that TCDD
disappearance is directly related to the total dose of radia-
tion absorbed. Although these data are merely preliminary,
it is also clear that the type of solvent used is important for
the efficiency of the degradation process.

Since it is known that substances chemically related to
TCDD retain a high degree of toxicity, an analysis was
carried out in order to identify compounds other than
TCDD, present in irradiated solutions. In all these samples,
it was possible to detect trichloro- and dichloro-dibenzo-p-
dioxins, suggesting that the degradation process occurs, at
least in part, with the loss of chlorine atoms from the
TCDD molecule. Further studies are in progress to verify
the possible application of this method to degradation of
TCDD in contaminated soil samples.
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(+)9,10-dihydroxy-4%2(19%).tetrahydrocannabinol and (= )8,9-dihydroxy-4%2(1%)._tetrahydrocannabinol: 2 new

cannabinoids from Cannabis sativa L.
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Summary. The structures of 2 new polyhydroxylated cannabinoids, (+)9,10-dihydroxy-4°(%)-tetrahydrocannabinol
and (1)8,9-dihydroxy-4%*1%_tetrahydrocannabinol, obtained from a hexane extract of an Indian Cannabzs variant
were determined by spectral means and correlation with cannabinol.

To date more than 50 cannabinoids, among which the
psychotomimetic 4°-tetrahydrocannabinol have been iso-
lated and/or detected in Cannabis®. In a previous com-
munication from our laboratory* we have reported the
isolation and structure elucidation of 2 new cannabinoids,
namel?f (+)-cannabitriol and (- )-10-ethoxy-9-hydroxy-
A%20%)_tetrahydrocannabinol from a Cannabis extract. The
presence of these hydroxylated cannabinoids and reports
on polyhydroxylated cannabinoids as minor constituents
of Cannabis™® have stimulated our interest in the isolation
and characterization of minor components of Cannabis.

Material and methods. A polar fraction obtained by silica
gel column chromatography of the hexane extract of an
Indian variant of Cannabis sativa L. showed the presence of
2 phenols; 1a and 2a, with R, 0.58 and 0.51 (EtOAc-
CHCI;; 1:1). These compounds were only observed in the
GC as their TMS derivatives, 1b and 2b (RRT 0.28 and
0.35, respectively)’. Separation of the 2 compounds was

achieved by repeated chromatography. For details on
instrumentation as well as preparation of different deriva-
tives see Elsohly et al.%,

Results and discussion. Compound 1a, R; 0.58, C,H;,0,
(HRP-MS), was obtained as a yellow optically inactive oil.
The IR-spectrum showed bands at v_,, (CHCl;) 3500-3150
(br.) (OH) and 1620 cm™! (C=C, Ar) and no carbonyl
absorption. The UV-spectrum was characteristic for a
styrene chromophore'®, A, MeOH 302 (sh, loge 3.76) nm,
276 (3.88) and 228 (2.92).

The 'H-NMR-spectrum was indicative for the olivetol
moiety of a cannabinoid. The 2 aromatic protons were
found at § 6.40 (s, 1 H) and § 6.44 (s, 1 H) and the terminal
CH, group of the pentyl side chain at § 0.97 (s, 3H)
and the benzylic protons at § 2.28 (broad, m).

In addition resonances were found at 6 1.52 (s, 3H), 1.47
(s, 3H) and 1.28 (s, 3 H) assigned to methyl groups on



