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Tetrahydrocannabinol 1, the active constituent of Cannabis sntivn Linn, is a wcll-known CNS-active compound and 

introduction of a nitrogen atom at thc ring junction of thc pyran and alicyclic ring is of considerable interest.   his promptcd 
the synthesis of 7H-indolo1 l,2-c] [I ,3]-, 5H-imidazolo[ I ,2-C] [ I  ,31,- and 7H-benzimidazolo[ I ,2-c] [1,3]-benzoxazine, a 
novel heterocyclic system. 2-(2'-Hydroxyphenyl) indoles, 2-(2'-hydroxyphcnyl) in~itlazoles, and 2-(2'-hydroxyphenyl) ben- 
zirnidazoles are suitable intermediates for the preparation of this type of bcnzoxazincs, as  the second hctcrocycle (ring B) can 
then bc constructed by introduction of a rnethylene bridge between the hydroxyl of the 2'-hydroxy phenyl substituent and the 
irnino group of thc heterocyclic system. 
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L e  titrahydrocannabinol ( I ) ,  le constituant actif du Cantlabis sativcr Lint? cst un composC dont I'activitd sur le C N S  est 

bien connue et I'introduction d'un atome d'hydrog6nc B la jonction cntre Ic cyclc pyranne et I'alicycle prisente beaucoup 
d'intiret. Ceci nous a conduit i~ rialiser la synthkse des 7H-indolo[l,2-c]. 5H-irnidazolo[l.2-c] et 7H-benzimidazolo[l,2-c] 
I1,3]benzoxazines, un nouvcau systkrnc hdttrocycliquc. Lcs (hydroxy-2 phCnyl)-2 indolcs, (hydroxy-2 ph6nyl)-2 imidazoles 
et (hydroxy-2 ph6nyl)-2 benzirnidazoles sont des intermediaires bicn adapt& h la prtparation d e  cc type d e  benzoxazines 
puisque le deuxikrne hCttrocycle (cyclc B) peut alors etre construit par l'introduction d'un pont mtthylkne entrc I'hydroxyle 
du substituant hydroxy-2' phtnyle et le groupe imino du systkme hCtCrocycliquc. 

[Traduit par Ic journal] 

Introduction 
Tetrahydrocannabinols I ,  active constituents of C~lnn~lbis 

sutiva Lir~rl, are among a very small number of non-nitrogenous 
compounds which are central nervous active. T o  bring about 
a suitable modification in the activity, several nitrogen-con- 
taining analogs have been synthesized; some of these com- 
pounds showed CNS activity, but no separation of biological 
activities could be achieved ( 1  -6). 1ntroduction.of a nitrogen 
atom at the ring junction of the pyran ring (ring B) and the 
alicyclic ring (ring C )  of THC appears to be of considerable 
interest in studying the structure-activity relationship among 
this class of compounds. 9 , l 0 ,  l I ,  1 l a-Tetrahydro 6 H , 8 H -  
pyrido[ 1,2-c] [ 1,3]benzoxazine 2 has been prepared as a model 
compound containing a nitrogen atom at the ring junction (7). 

Some well-known CNS-active agents are reported to have in- 
dole, imidazole, and benzimidazole in their structural makeup 
(8- 10); therefore it was thought that molecules having mixed 
features of cannabinoids (ring A and B) and substituted pyrrole 
and imidazole as ring C ,  with a nitrogen atom as a part of both 
ring B and C ,  would be of great pharmacological interest. Such 
heterocyclic systems would be novel and have not been 
prepared before. In this paper we wish to report on the prep- 
aration and studies of 7,7-dimethyl-7H-indolo[ I ,2-c] [ I ,3]ben- 
zoxazines, 5H-imidazolo[ l ,2-c] [ I  ,3]benzoxazines, and 7 H -  
benzimidazolo[l,2-c1 [ 1,3]benzoxazine. 

Discussion 
For the preparation of the benzoxazine systems an ingenious 

method has been developed. A methylene bridge has been 
constructed between the hydroxyl group of the 2'-hydroxy- 

phenyl substituent and the imino group of the heterocyclic 
system - indole, imidazolo, or benzimidazole. This is 
achieved by boiling the properly substituted heterocyclic com- 
pound with either (a) dry acetone in presence of p-toluene 
sulphonyl chloride (1 I)  or (b) methylene dibromide in potas- 
sium carbonate - dimethylformamide mixture. 2-(2'-Hy- 
droxyphenyl) indoles, on refluxing in dry acetone in presence 
of p-toluene sulphonyl chloride, gave the expected product, 
7,7-dimethyl-7H-indolo[1,2-c] [I ,3]benzoxazines, in good 
yields. The use of methylene dibromide, however, resulted 
in a number of compounds, from which the expected 7H-  
indolo[ l,2-c] [ 1,3]benzoxazine could not be isolated ( 12). 
Condensation of 2-(2'hydroxyphenyl) imidazoles and 2-(2'-hy- 
droxyphenyl) benzimidazoles with methylene dibromide in 
K2C03-DMF gave 5 H-imidazolo[ l ,2-c] [ 1,3]benzoxazines 
and 7H-benzimidazolo[l,2-c] [ I  ,3]benzoxazines. It has also 
been noted that the phenolic group in ring A is essential for the 
biological activity (1 3 ,  14). 
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Nuclear magnetic resonance studies 
The nmr spectrum of 7,7-dimethyl-7H-indolo[I ,2-c] [I ,3]- 

benzoxazine 6 a  showed a sharp singlet at 6 1.8 1 for -the gem- 
dimethyl at the 7 position. The other protons of benzoxazine 
are at comparable values to the 2-(2'-hydroxyphenyl indole) 
protons. In the case of the imidazolo benzoxazines, in addition 
to the signals for aromatic protons, a singlet at 6 5.67 inte- 
grating for two protons which can be assigned to methylene 
protons at position 5 in the molecule has been observed. 

Mass spectral analyses 
The molecular ions in the mass spectra of compounds 

7,7-dimethyl-7 H-indolo[ I ,2-c] [ I ,3]benzoxazine 6 a  and its 
10-hydroxy derivative 6 g  appeared at m / z  249 to 265 re- 
spectively. Loss of one methyl radical from molecular ion 6 a  
at position 7 resulted in the predominant fragment at m / z  234 
which is the base peak. The molecular ions undergo a loss of 
propyne molecule to yield an ion at m / z  209 which corresponds 
to the molecular weight of the 2-(2'-hydroxyphenyl) indole 
ion. These ions split into further fragments which are common 
in 2-phenyl indoles (15), shown in Chart I .  However, a peak 
at m / z  117 which corresponds to unsubstituted indoles defi- 
nitely results by a rearrangement process. The ion displays all 
the characteristic fragmentations reported for indoles (16). 

The molecular ion of compound 6 a  also suffers a loss of 
acetone molecule resulting in an ion at m / z  191. An alternative 
pathway to this ion, m / z  191, involves the loss of acetyl radical 
from the peak cation appearing at m / z  234 (Chart I ) .  The most 
intense peaks in the mass spectra of the compound 6 a  are m / z  
249, 234(100%), 209, 191, 180, 117, 90, 89, 77, 63, and 51. 
Spectral peaks m / z  265, 250(100%), 225, 196, 1 17, 89, 77, 
63, and 51 in the case of the 10-hydroxy derivative can be 
explained in a similar way. 

Experimental 
All melting points reported are uncorrected. Infrared spectra werc 

reported on a Beckman IK-20 spectrophotometer (h,,,.,, in cm-') and 
nmr spectra werc recorded on Varian A-60D and Brucker WH-270 
spectrometers with TMS as an internal standard. The mass spectra 
were scanned on a spectrophotometer cquipped with a direct inlet 
system at 70 eV and at filament current 100 FA. Compounds were 
routinely checked for their homogeneity by tlc on silica gel-G plates 
and spots were visualized by exposure to iodine vapours. 

Corresponding phenylhydrazones were prcpared by condcnsation of 
phenylhydrazine with respective acctophenones, propiophenoncs, and 
butrophenones (17), which in turn wcrc prepared by condensation of 
phenols or resorcinols with the corresponding carboxylic acids. 

2-(2'-Hydroxyphetz)ll) indole (5) 
A mixture of 2-hydroxyacetophenone phcnylhydrazone (8.4 g ,  0.04 

mol) and polyphosphoric acid (60 g. prepared from 40 g phosphorous 
pentoxide and 20 g orthophosphoric acid) was heated on an oil bath 
at 120°C for I h and left overnight at room temperature. The reaction 
mixturc was pourcd into ice-cold watcr. The precipitated product was 
filtered, washed with water. and dried. I t  was crystallized from meth- 
anol to yield 5.0 g (68%) of the title compound, mp 162- 164°C; ir 
(KBr): 3445, 3440 (OH and NH) cm-';  nmr (DSS) (NaOD): 6.68 (t, 
I ,  H-3'), 6.82 (m, I ,  H-5'). 7.18-7.35 (m, 4, H-3, H-4, H-4', H-6'), 
7.54 (d, J = 6.7 Hz, I, H-5), 7.65 (d, 3 = 6.7 Hz, I ,  H-6), 7.70 (d, 
J = 6.7 Hz, I, H-7). 

7,7-Dimetlz~~l-7H-inclolo[l,2-c] [ I  ,3]benzoxazirze (621) 
A mixture of 2-(2'-hydroxyphenyl) indole (5) (3.0 g, 0.015 mol), 

p-toluene sulphonyl chloride (0.05 g), and dry acetone (50 mL) was 
refluxed on a steam bath for 50 h. The solvent was removed irl vacuo. 
'The residue was taken up in chloroform and washed with water, dried 
(NaZSO,), filtered, and concentrated to yield 2 g (56%) of the title 
compound which, after recrystallization from ethanol/cthyl acetate 
( I  : I), had mp 1 10- 1 12°C; nmr: (CDC13): 6.00 (s, 2H, 2CH3), 
6.88-7.97 (m, 9H, ArH); ms m/e (%): 249(55), 234(100), 209(27), 
180(19), 117(48), 90(20), 89(26), 77(25), 63(32), 51(28), 191(31). 
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TABLE I. Physical data of 7.7-dimethyl-7H-indolo[I -2-c] 1 I ,3]bcnzoxazincs (6) 

Mclting Analysis (%) 
Compound Yield point Molecular 

No. R' R ' R' (%) ("c) formula Calculated Found 

Viscous 
oil 

I I -Mefhoxy-7,7-ditnefhgl-7H-it1dolo[l,2-c] [I ,3]benzo,rnzine (6b) 
Condensation of 2(2'-hydroxy-5-methoxyphenyl) indole (2.4 g, 

0.01 mol) in a similar way with dry acetone and p-toluene sulphonyl 
chloride yielded the I I-methoxy derivative (6b). I t  was crystallized 
from ethanol/ethyl acetate ( I  : I) to give 1.28 g (55%) of the titlc 
compound, mp I 10- I 1  1°C; nmr (CDCIj): i : 8 18 (6H, (CHj)?), 2: 22 
(s, 3H, CHI), 6.81 -7.59.im. 8H, ArH). 

IO-Hydro.ry-7,7-ditnefh~~l-7H-it1doIo[l,2-c] [I  ,3/betlzo.rnzitle (6g) 
By the same procedure used for the preparation of 6n, 2-(2',4'-di- 

hydroxyphenyl) indole (2.25 g, 0.01 mol) was converted to 1.3 g 
(55%) of the title compound, mp 170- 173°C; nmr (CDCII + DMSO- 
do): 1.75 (s, 6H, (CH3)?), 4.83 (m, IH, OH), 6.83-7.71 (m, 8H, 
ArH). 

2-(2'-Hydroxyphet1yl)-4,5-(Iip/1et1yI itnidnzole (9a) 
A mixture of salicylaldehyde (6.1 g, 0.05 mol), benziI(10.5 g, 0.05 

mol), ammonium acetate (30 g), and glacial acetic acid (150 mL) was 
refluxed for a period of 2 h ,  cooled, and treated with ice-cold water 
to give 10 g (64%) of the title compound which, after recrystallization 
from methanollether, had mp 238-240°C; ir(KBr): 3435, 3250 (OH 
and NH) cm-'.  Alrnl. calcd. for CzlH1(,N20: C 80.76, H 5.13, N 8.9; 
found: C 80.45, H 5.00, N 8.87. 

2,3-Diphenyl-5 H-imiclnzolo[l,2-c] [I ,3]benzoxnzit1e (10) 
A mixture of 2-(2'-hydroxypheny1)-4,5-diphenyl imidazole (90) 

(3.12 g, 0.01 rnol), anhydrous potassium carbonate ( I0  g), methylene 

bromide (7 mL), and dry dimethylformamide (40 mL) was heated on 
a steam bath for 16 h. it was filtered to remove the inorganic salts and 
the filtrate was concentrated under vacuum. Thc residue was triturated 
with water to yield 2.4 g (74%) of the title compound, mp 60-62°C; 
nmr (CDCIj): 7.60-7.03 (m, 14, ArH), 1.67 (s, 2, H-5). 

2-(2'-Hydro~ryphetzyl)-4,5-bi.s(p-mefho~ryphet1yl) itnidnzole (9b, 
R' = OCH.,) 

This compound was prepared in a similar way as 9 from 
4,4'-dimethoxy bcnzil (8b) (2.7 g, 0.01 mol) and salicylaldehyde (7) 
(1.22 g, 0.01 mol) to yield 2.38 g (70%) of the title compound, mp 
92-95°C; nmr (TFA): 3.90 (s, 6, (OCHI)Z, 6.65-7.45 (m, 12, ArH), 
3.16 sweep of set 500 Hz (m, 2, NH. OH). Annl. calcd. for 
C21H20N20: N 8.23; found: N 8.00. 

2,3-Bis(p-mefhox~~phenyI)-5 H-imidnzolo[l,2-c] [I ,3]bet1zo,~azit1e 
(10, R '  = OCH,) 

This compound was prepared by condensation of 
2-(2'-hydroxypheny1)-4.5-bis(p-methoxyphey) imidazole (9b) (1.7 
g, 0.005 mol) with methylcne bromide, as in the method described 
above for 90 (R' = H) to yield 1.23 g (70%) of the title compound, 
mp 80°C; nmr(CDC13): 3.97 (s, 6. (OCH?)?). 5.80 (s, 2, H-5), 
7.10-8.30 (m, 12, ArH). Anal. calcd. for C24H20N20: C 81.82, H 
5.68, N 7.95; found: C 81.65, H 5.50, N 7.72. 

2-(2'-Hydro,ryp/1et1yl) benzitnidnzole (13) 
A mixture of phenyl salicylate (8.56 g, 0.04 mol) and 0 -  
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phenylenediarnine (4.32 g, 0.04 rnol) was heated at 180°C in an or1 
bath for 5 h; the reactlon mixture was cooled and then dissolved In 
10% sodium hydroxide solution. I t  was acidified with ice-cold acetic 
acid to give 6.0 g (71%) of the t~tlc compound, rnp 240-241°C (lit. 
(18) rnp 238°C); ir(KBr): 3430. 3320 (OH and NH) crn-'. 

7 H-Benzimidnzolo(l,2-c] [I .3]betzzoxrrzine (14) 
To a solution of 2-(7'-hydroxyphenyl) benzirnidazole (4.2 g, 0.02 

rnol) in dry dirnethylforrnarnide (40 rnL) in the presence of anhydrous 
potassium carbonate (5 g), rnethylcnc bromide (7 rnL) was added and 
the reaction mixture was filtered and concentrated under vacuum. The 
residue was treated with chilled water to yield 3.1 g (70%) of the title 
compound, rnp 151-153°C; nrnr (CDCI,): 6.00 (s, 2H, -CH2), 
7.10-8.17 (rn, 8H, ArH);tn/e (%) rns: 222(100), 221(100), 220(10), 
194(83), 193( loo), 169(53), 168(100), 167(67), 140(34), 1 13(100), 
104(41), 103(50). 98(71). 93(35), 91(34), 85(41), 79(100). 
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