
J. Med. Chem. 1983, 26, 367-372 367 

concentration of 0.2 nM using 10 fM (+)-butaclamol to determine 
nonspecific binding. IC50 values were determined by linear re
gression analysis with three to five concentrations of each com
pound assayed in triplicate. Results are expressed as the mean 
IC50 for three to five separate observations. 

Contralateral Turning in 6-Hydroxydopamine-Lesioned 
Rats. In the anesthetized female Sprague-Dawley rat, weighing 
140-170 g, 6-hydroxydopamine (8 ;ug/4 ML of 0.9% saline) was 
infused into the substantia nigra over a 4-min period with a Sage 
syringe pump. The 30-gauge injection needle was stereotaxically 
positioned rostral to the right substantia nigra with coordinates 
derived from Kdnig and Klippel.16 One and two weeks after 
surgery, each rat was given apomorphine (1 mg/kg ip), and it was 
observed for contralateral turning, a sign of CNS dopamine re
ceptor activation. Each rat that did turn was added to a colony 
that was used not more than once a week. With a random and 
blind design, three to eight doses of each compound were given 
ip to six rats housed three per cage. The presence or absence of 
contraversive turning was ascertained at 0.5 h after dosing. EDso 
values and the 95% confidence limits were determined using log 
probit analysis.17 

(16) Konig, J. F. R.; Klippel, R. A. "The Rat Brain"; Williams & 
Wilkins: Baltimore, 1973. 

The 1,4-benzodiazepine ring system has been extensively 
explored in CNS drug research, especially in the search 
for new antianxiety agents.3 The 2-benzazepine ring 
system, a carbon isostere of a 1,4-benzodiazepine, has re
ceived much less attention in this area4 but has been in
vestigated for other therapeutic uses.6 As part of our 
continuing program to develop novel heterocyclic systems 
of therapeutic benefit in the CNS area, we have investi
gated the synthesis and the biological activity of 4,5-
heteroring-fused 2-benzazepines. In this report we describe 

(1) Dedicated to the memory of Dr. Willy Leimgruber, deceased 
July 8, 1981. 

(2) For previous paper, see Gilman, N. W. Synth. Commun. 1982, 
12, 373. 

(3) (a) Sternbach, L. H. "The Benzodiazepines"; Garattini, S.; 
Mussini, E.; Randall, L. O. Eds.; Raven Press: New York, 
1973, pp 1-26. (b) Gschwend, H. W. "Anxiolytics"; Fielding, 
S.; Lai, H., Eds.; Futura: Mt. Kisco, NY., 1979; pp 1-40. 

(4) (a) Benjamin, L.; Fryer, R. I.; Gilman, N. W.; Trybulski, E. J. 
J. Med. Chem., in press, (b) Gschwend, H. U.S. Patent 
3947585, 1976. 

(5) (a) Wittekind, R.; Lazarus, S. J. Heterocycl. Chem. 1971,8 495. 
(b) Loer, B. U.S. Patent 3 686165,1972. (c) Shtacher, G.; Erez, 
M.; Cohen, S. J. Med. Chem. 1973,16, 516. (d) Sawa, Y.; Kato, 
T.; Masuda, T.; Hori, M.; Fujimura, H. Chem. Pharm. Bull. 
1975, 23, 1927. 

Acknowledgment . The authors are indebted to Mr. 
J. P. Moreau for chemical analysis, Dr. D. W. Cochran and 
Ms. J. S. Murphy for spectral data, and Ms. T. H. Brunner 
for manuscript preparation. 

Registry No. (±)-l, 84057-01-2; (±)-2, 84056-98-4; (±)-3, 
77291-60-2; (±)-4, 77306-59-3; (±)-5,77291-61-3; (±)-6a, 77306-60-6; 
(±)-6b, 77291-64-6; (-)-6b, 81244-91-9; (+)-6b di-p-toluoyl-Z-tartoric 
acid salt, 84064-66-4; (-)-6b di-p-toluoyl-d-tartaric acid salt, 
84057-00-1; (±)-6c, 77291-65-7; (±)-6d, 77291-66-8; (±)-6e, 
84056-99-5; (±)-9, 81274-84-2; chloroacetyl chloride, 79-04-9; 
dopamine, 51-61-6; CH3CH=CH2Br, 106-95-6; CH3CHO, 75-07-0; 
CH3CH2CHO, 123-38-6; CH3(CH2)2CHO, 123-72-8; CH3(CH2)3C-
HO, 110-62-3. 

Supplementary Material Available: Tables I, II, and III 
containing fractional unit cell coordinates, bond lengths, and bond 
angles and a figure showing the crystallographic numbering system 
for (-)-6b and di-p-toluoyl-d-tartaric acid (5 pages). Ordering 
information is given on any current masthead page. 

(17) Miller, L. C; Tarnter, M. L. Proc. Soc. Exp. Biol. Med. 1944, 
57, 261. 

(18) Martin, G. E.; Williams, M.; Clineschmidt, B. V.; Yarbrough, 
G. G.; Jones, J. H.; Haubrich, D. R. Life Sci. 1982, 30, 1847. 

the facile synthesis and some of the pharmacological ac
tivities of triazolobenzazepines and the related dibenzo-
triazoloazepines. 

Chemistry. The readily available acetylenic benzo
phenones 1, whose preparation has been previously de
scribed,6 provided a convenient starting point for the 
synthesis of these ring systems, as shown in Scheme I. 
Treatment of l a - e with sodium azide in warm dimethyl 
sulfoxide containing acetic acid resulted in the formation 
of the triazoles 2a-e.7 Removal of the phthaloyl group 
from 2a-e with 40% aqueous methylamine in ethanol 
generated the opened derivatives 3a-e, which spontane
ously ring closed to the desired triazolobenzazepines 4a-e,7 

respectively. 

When the benzophenone was substituted in the ortho 
position with a halogen atom, the sodium azide addition 
to the acetylene required the use of at least 1 equiv of 
acetic acid or a similar proton source. In the absence of 
acetic acid the initially formed triazole anion displaced the 

(6) Trybulski, E. J.; Reeder, E.; Walser, A.; Fryer, R. I. J. Org. 
Chem. 1982, 47, 2441. 

(7) The position of the triazolo hydrogen was arbitrarily assigned 
to the 2-position For the conversion of 2b into 5, the anion 
must be on the 3-position of the triazole ring. 
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The facile synthesis of [l,2,3]triazolo[4,5-d][2]benzazepines and dibenzo[c,/][l,2,3]triazolo[3,4-a]azepines by the 
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benzazepine series. The dibenzotriazoloazepines were found to be inactive in four standard CNS screening procedures. 
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Scheme I a 

a a : X = C l ; Y = H . b : X = C l ; Y = F . c : X = Y = C l . d : X = 

ortho halogen8 and resulted in the formation of the tri-
azolodibenzazepine 5. The use of acetic acid allowed 
protonation of the initially formed anion, and the resulting 
triazole, a weaker nucleophile, was less likely to displace 
the halogen. This method worked well where the ortho 
substituent was chlorine (e.g., 2c and 2d). The displace
ment of fluorine in 2b could not be satisfactorily sup
pressed with acetic acid; thus, it was necessary to deac
tivate the carbon atom bearing fluorine by reduction of 
the carbonyl group to give the benzhydrol 6. Reaction of 
6 with sodium azide and acetic acid in dimethyl sulfoxide 
gave the triazole 7. Oxidation of 7 with Jones reagent9 gave 
2b. 

An alternate procedure for the synthesis of 4a utilized 
the reaction of sodium azide with the benzoate 8. By this 
method, not only was the triazole ring formed but also 
azide ion displaced the benzoate group in 8, resulting in 
the triazolo azide 9. Hydrogenation of 9 with Raney nickel 
as catalyst gave the amino compound 3a, which cyclized 
in situ to the triazolobenzazepine 4a. 

The displacement of fluoride ion and the formation of 
the triazolodibenzazepines also occurred in this sequence 
of reactions and was not affected by the use of acetic acid. 
In addition, the complete conversion of benzoate into azide 
in the formation of the triazolodibenzazepine was not at
tained. Since the conversion of 1 into the desired tri
azolobenzazepine or triazolodibenzazepine was straight
forward, this method was not pursued further. 

In the absence of a proton source, the reaction of lb with 
sodium azide provided a facile synthetic entry into the 
dibenzotriazoloazepine ring system. Structurally this ring 
system resembles the tricyclic antidepressants and /or 
neuroleptics in which there is a 6-7-6 tricyclic ring system 
with a basic side chain attached to the seven-membered 
ring.10 In order to evaluate these novel tetracyclic de-

(8) For an example of fluoride displacement, see Walser, A.; Flynn, 
T.; Fryer, R. I. J. Heterocycl. Chem. 1975, 12, 737. 

(9) Reagent prepared according to the procedure of Djerassi, C; 
Engle, R. R.; Bowers, A. J. Org. Chem. 1956, 21, 1547. 

Trybulski et al. 

= H;Y=C1. e : X = Y = H . 

rivatives as potential CNS agents, we synthesized a limited 
number of analogues (Scheme II) in which the 1-position 
of the triazole ring was substituted with a basic side chain. 

Reaction of sodium azide with lb in dimethyl sulfoxide 
at 100 °C gave excellent yields of the triazolodibenzazepine 
5. Removal of the phthaloyl group from 5 with 40% 
aqueous methylamine in ethanol yielded the amino com
pound 10. Methylation of 10 by the Eschweiler-Clark11 

procedure gave the corresponding dimethylamino deriva
tive 11. 

Addition of sodium azide to the acetylenic benzo-
phenones 12 and 13 in dimethyl sulfoxide at 100 °C gave, 
after treatment of the reaction mixture with aqueous hy
drochloric acid, the corresponding alcohols 14 and 15. 
Oxidation of 14 with Jones reagent9 led to the carboxylic 
acid 16. Treatment of 16 with phosphorous pentachloride, 
followed by iV-methylpiperazine, gave the amide 17. Re
duction of 17 with lithium aluminum hydride gave 18, 
whereas reduction of 17 with sodium borohydride gave 19. 

Treatment of the alcohol 15 with methanesulfonyl 
chloride in the presence of triethylamine gave the mesylate 
20, which was subsequently treated with methylamine to 
yield 21. Methylation of 21 by the Eschweiler-Clark 
procedure11 gave the dimethylamino derivative 22. Re
duction of the ketones in 21 and 22 with sodium boro
hydride gave the corresponding alcohols 23 and 24. 

Results and Discussion 
The triazolobenzazepines 4a-e were evaluated for their 

antianxiety properties by the anti-pentylenetetrazole test.12 

Compounds active in the anti-pentylenetetrazole test 

(10) Kaiser, C; Setlef, P. E. "Burger's Medicinal Chemistry", 4th 
ed.; Wolff, M. E., Ed.; Wiley Interscience: New York, 1981; pp 
1018-1031. 

(11) Icke, R. N.; Wisegarver, B. B. "Organic Syntheses"; Wiley: 
New York, 1955; Collect. Vol. Ill, p 373. 

(12) (a) Lippa, A.; Nash, P.; Greenblatt, E. "Anxiolytics"; Fielding, 
S.; Lai, H., Eds.; Futura: Mt. Kisco, NY 1979; pp 41-47. (b) 
Everett, G. M.; Richards, R. K. J. Pharmacol. Exp. Ther. 1944, 
81, 402. 

la-e 2a-e, R = Phtii 8 
3a-e, R = NH2 
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Table I. Triazolobenzophenones" 

no. 

2a 
2b 
2c 
2d 
2e 

X 

CI 
CI 
CI 
H 
H 

Y 

H 
F 
CI 
CI 
H 

reaction 
time, h 

90 
48 
48 
24 
60 

reaction 
temp, 

°C 

72 
50 
50 
90 
90 

mp, °C 

135-137 
147-148b 

186-187 
105-106b 

204-205 
a Compounds were prepared by the procedure for synthesis 

foams at the melting point. 

Table II. Triazolobenzazepines0 

no. 

4a 
4b 
4c 
4d 
4e 

X 

CI 
CI 
CI 
H 
H 

Y 

H 
F 
CI 
CI 
H 

mp,°C 

199-200 
192-193 
176-177 
191-193 
205-207 

yield, 
% 
60 
88 
76 
60 
91 

formula 

C16HnClN4 
C16H10C1FN4 
C16H10C12N4 
C16HnClN4 
C16H12N4 

anal. 

C, H, N 
C,H, N 
C, H, N 
C, H, N 
C,H, N 

a Compounds were prepared by the procedure for the 
synthesis of 4c described under Experimental Section. 

(4a-e) were further tested in the rotarod13 and inclined 
screen14 procedures. In addition, the compounds were 
tested in vitro in the [3H] diazepam binding assay as de
scribed by Mohler.15 Table III lists the results of these 
tests, the toxicity data for 4a-e, and the corresponding data 
for diazepam. 

The triazolobenzazepines follow the well-established 
structure-activity relationships of the benzodiazepines in 
the anti-pentylenetetrazole test. Substitution of a halogen 
atom at the ortho position of the 6-phenyl substi tuent 
increased the activity (compounds 4b,c) whereas removal 
of the halogen substituent from the 8-position (compounds 
4d,e) greatly diminished the activity. 

The discovery of the benzodiazepine receptor sites15 and 
the development of the [3H] diazepam binding assay have 
greatly facilitated the search for new anxiolytic agents. 
Since this discovery, the description of antagonists and 
partial agonists of the receptor sites has been reported.16 

The assay procedure in its most simple form, however, 
does not distinguish between agonists and antagonists,17 

since the assay only quanti tates a compound's ability to 
displace radiolabeled diazepam from the receptor sites and, 
presumably, its ability to bind to the same receptor sites. 
The agonist or antagonist profile of a compound that has 
been found active in the [3H] diazepam binding assay can, 
however, be roughly determined by comparison of these 
results with data obtained from an in vivo screening pro
cedure. For preliminary work we have used the anti-
pentylenetetrazole test as our in vivo screening procedure.12 

The triazolobenzazepines 4a-c are potent in the [3H]dia-
zepam binding assay, which parallels their activity in the 
anti-pentylenetetrazole test. Compound 4d, which lacks 
a chlorine in the 8-position, however, was unexpectedly 
potent in the [3H]diazepam binding assay, yet inactive in 

(13) Dunham, N. W.; Miya, T. S. J. Pharm. Sci. 1957, 46, 208. 
(14) Randall, L. O.; Schallek, W.; Heise, G. A.; Keith, E. F.; Bagdon, 

R. E. J. Pharmacol. Exp. Ther. 1960, 129, 163. 
(15) (a) Mohler, H.; Okada, T. Life Sci. 1977, 20, 2101. (b) Squires, 

R. F.; Braestrup, C. Science 1977, 198, 849. 
(16) (a) Hunkeler, W.; Mohler, H.; Pieri, L.; Pole, P.; Bonetti, E. P.; 

Cumin, R.; Schaffner, R.; Haefely, W. Nature (London) 1981, 
290, 514. (b) Yokoyama, N.; Ritter, B.; Neubert, A. J. Med. 
Chem. 1982, 25, 337, and references cited therein. 

(17) For description of an in vitro assay to distinguish agonists from 
antagonists, see Mohler, H.; Richards, J. G. Nature (London) 
1981, 294, 763. 
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yield, % formula anal. 

57 C24HI5C1N403 C, H, N 
26 C24H14ClFN4Cy0.65CH2Cl2 C, H, N 
63 C24H14C12N403 C, H, N 
47 C24H15ClN4Cy0.9CH2Cl2 C, H, N 
66 C24H16N4Q3 C, H, N 

2c described under Experimental Section. b Compound 

the anti-pentylenetetrazole test. These results suggest that 
4d will have antagonist-type properties and 4a-c will have 
diazepam agonist like activity. 

The dibenzotriazoloazepines, on the other hand, were 
found to be inactive in a number of CNS screens, including 
[3H] diazepam binding (IC50 > 1000 nM), anti-pentylene
tetrazole (ED50 > 60 mg/kg), rotarod (ED^ > 100 mg/kg), 
and tetrabenezine ptosis (ED50 > 100 mg/kg, po).18 

In summary, the triazolobenzazepines represent a novel 
series of compounds tha t resemble diazepam in their ac
tivity in the anti-pentylenetetrazole test and are weaker 
than diazepam in the rotarod and inclined screen proce
dures. The possible antagonist properties of compound 
4d have been noted, and a more detailed description of 4d 
and other antagonist-like 2-benzazepines will be the subject 
of forthcoming reports. 

The dibenzotriazoloazepines despite their tricyclic 
structure were found to be inactive in a series of standard 
CNS screening procedures. 

Experimental Sect ion 
Melting points were determined in open capillary tubes and 

are uncorrected. Infrared spectra were determined on a Beckmann 
IR-9 or a Perkin-Elmer 621 grating spectrometer; mass spectra 
were determined on a CEC-21-100 instrument, and NMR spectra 
were recorded on either a Varian A-60 or HA-100 spectrometer, 
with tetramethylsilane as a standard. Merck silica gel 60, 70-230 
mesh, was used for all column chromatography separations. 
Anhydrous sodium sulfate was used for drying of organic solutions. 

4-[4-Chloro-2-(2-chlorobenzoyl)phenyl]-5-(iV-phthal-
imidomethyl)-2J?-l,2,3-triazole (2c). A mixture of 6.8 g (15.6 
mmol) of lc,6 5.0 g (85 mmol) of sodium azide, 1.0 mL (17 mmol) 
of acetic acid, and 75 mL of Me2SO was heated to 50 °C for 48 
h. The mixture was cooled, diluted with water, and extracted 
with CH2C12. The CH2C12 solution was washed with water, dried, 
and concentrated in vacuo to give 6.5 g of a yellow foam. Pu
rification by column chromatography (eluent CH2C12 to 5% ether 
in CH2C12 gradient) gave 4.7 g (63%) of 2c as colorless prisms: 
mp 186-187 °C; IR (KBr) 3300 (N-H), 1773 and 1710 (C=0) and 
1660 (C=0) cm"1; NMR (CDC13, Me2SO-d6) & 4.82 (s, 2, CH2), 
7.1-7.9 (m, 11, arom H), 14.00 (br s, 1, N-H); mass spectrum, m/e 
476 (M+). Anal. (C24H14C12N403) C, H, N. 

8-Chloro-6-(2-chlorophenyl)-2jy,4H-[l,2,3]triazolo[4,5-
d][2]benzazepine (4c). A mixture of 4.7 g (10 mmol) of 2c and 
10 mL of 40% aqueous methylamine in 50 mL of ethanol was 
stirred at room temperature for 12 h. The mixture was concen
trated in vacuo, and the residue was triturated with a 1:2 mixture 
of CH2C12 and ether. The filtrate was washed with water, dried, 
and concentrated in vacuo to give 2.0 g (60%) of 4c after crys
tallization from ether. A sample was recrystallized from a mixture 
of ether and CH2C12 to give 4c as colorless prisms: mp 176-177 
°C; IR (CHCI3) 3435 (N-H) and 1620 (C=N) cm"1; NMR (CDC13, 
Me2SO-d6) 6 4.86 (s, 2, CH2), 7.1-8.0 (m, 8, arom H and N-H); 
mass spectrum, m/e 328 (M+). Anal. (C16H10C12N4) C, H, N. 

The methanesulfonate salt of 4c was prepared by the addition 
of equimolar amounts of 4c and methanesulfonic acid to methanol, 

(18) A number of the dibenzotriazoloazepines were active (IC50 = 
11-660 MM) in an [3H]imipramine binding assay. However, the 
interpretation of these findings is not clear. 
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Scheme II 

R 
\ , -N 

5 — I 11 > = \ 

0 

10, R= NH2 

11, R= NMe2 

0 0 

20, R = OMs 
I 21, R = NHMe 

Me ' 22, R=NMe 2 

23, R = NHMe 
24, R = NMe2 

18 19 

and it was isolated by precipitation of the salt by the addition 
of ether. Recrystallization from a mixture of methanol and ether 
gave the methanesulfonate salt of 4c as yellow prisms: mp 326-327 
°C; IR (KBr) 2400-2850 (N-H), and 1642 (C=N) cm"1; NMR 
(Me2SO-d6) 8 2.46 (s, 3, CH3), 4.78 (s, 2, CH2), 7.08 (d, J = 2 Hz, 
1, arom H), 7.3-8.1 (m, 8, arom H and 2 N-H). Anal. (C17HU-
C12N403S) C, H, N. 

ll-Chloro-l-[(l,3-dihydro-l,3-dioxo-2H-isoindol-2-yl)-
methyl]dibenzo[c,/][l,2,3]triazolo[l,5-a]azepin-9(9.ff)-one 
(5). A mixture of 30 g (72 mmol) of lb and 12 g (184 mmol) of 
sodium azide in 500 mL of Me2SO was heated to 80 °C for 6 h. 

Trybulski et al. 

The mixture was cooled and diluted with water, and the resulting 
precipitate was collected by filtration. The precipitate was washed 
with water and when air-dried to constant weight gave 27 g (81 %, 
mp 247-252) of 5 as an off-white solid. Recrystallization of a small 
sample from CHC13 gave 5 as colorless crystals: mp 252-253 °C; 
IR (CHC13) 1773, 1720 (C=0) and 1673 (C=0) cm"1; NMR 
(Me2SO-d6, TFA) <5 5.13 (s, 2, CH2), 7.6-8.3 (m, 11, arom H); mass 
spectrum, m/e 440 (M+). Anal. (C24H13C1N403) C, H, N. 

4-[4-Chloro-2-[(2-fIuorophenyI)hydroxymethyl]-
phenyl]-5-(iV-phthalimidomethyl)-2fr-l,2,3-triazole (7). A 
mixture of 1.5 g (3.5 mmol) of 6,19 1.0 g (30 mmol) of sodium azide, 
and 0.4 mL (6.6 mmol) of acetic acid in 30 mL of Me2SO was 
heated in an oil bath to 90 °C for 4 days. The mixture was cooled 
and diluted with water, and the resulting precipitate was collected 
by filtration to give 1.3 g of 7 as a yellow solid. A sample of the 
yellow solid was recrystallized from ether to give 7 as off-white 
prisms: mp 160^162 °C; IR (CHC13) 3500 (OH), 3430 (NH), 1772, 
1718 (C=0) cm"1; NMR (CDC13) 5 4.77 (s, 2, CH2), 5.88 (s, 1, 
CHOH), 6.6-7.9 (m, 11, arom H), 13.30 (br s, 1, NH); mass 
spectrum, m/e 462 (M+). Anal. (C24H16C1FN40) C, H, N. 

4-[4-Chloro-2-(2-fluorobenzoyl)phenyl]-5-[iV-phthal-
imidomethyl]-2fM,2,3-triazole (2b). A solution of 2.66 M Jones 
reagent (5 mL, 13.3 mmol) was added dropwise to a solution of 
1.0 g (2.1 mmol) of 7 in 20 mL of acetone. The mixture was stirred 
at room temperature for 1 h, and the excess Jones reagent was 
discharged by the addition of 2-propanol. The acetone solution 
was decanted and concentrated at reduced pressure. The residue 
was dissolved in CH2C12, washed with water, and dried. Con
centration of the CH2C12 solution in vacuo and trituration of the 
residue with ether gave 0.6 g (60%) of 2b as pale yellow crystals. 
Recrystallization from a mixture of CH2C12 and ether gave 2b as 
light-sensitive prisms: mp 147-148 °C (foams); IR (CHC13) 3240 
(N-H), 1773,1710 (imide C=0) , and 1663 (ketone C=0) cm"1; 
NMR (CDCl3-Me2SO-d6) 5 4.86 (s, 2, CH2), 5.23 (s, CH2C12), 
6.8-7.8 (m, 12, arom H); mass spectrum, m/e 460 (M+). Anal. 
(C24H14ClFN4O3-0.65CH2Cl2) C, H, N. 

3-(Benzoyloxy)-l-(2-benzoyl-4-chlorophenyl)propyne (8). 
A mixture of 10.1 g (36 mmol) of 3-(2-benzoyl-4-chloro-
phenyl)-l-hydroxy-2-propyne,20 13 g (57 mmol) of benzoic an
hydride, 13 mL (160 mmol) of pyridine, and 50 mg of 4-(di-
methylamino)pyridine in 250 mL of CH2C12 was stirred at room 
temperature for 24 h. The CH2C12 solution was washed with 
aqueous CuS04 and water, dried, and concentrated in vacuo to 
give 10 g of a brown oil. Trituration of the oil with a mixture 
of ether and petroleum ether gave 5.8 g (36%) of 8 as a colorless 
solid. A sample was recrystallized from ether to give 8 as colorless 
crystals: mp 66-67 °C; IR (CHCI3) 1725 (C=0), 1668 (0=0) cm"1; 
NMR (CDCI3) <5 4.82 (s, 2, CH2), 7.3-8.1 (m, 13, arom H); mass 
spectrum, m/e 374 (M+). Anal. (C23H16C104) C, H, N. 

4-(Azidomethyl)-5-(2-benzoyl-4-chlorophenyl)-2ff-1,2,3-
triazole (9). A mixture of 5.9 g (16 mmol) of 8, 5.2 g (80 mmol) 
of sodium azide, and 210 mL of DMF was heated in an oil bath 
to 80-90 °C for 30 h. After cooling, the mixture was poured into 
520 mL of ice-water and extracted with CH2C12. The CH2C12 
solution was washed with water, dried, and concentrated in vacuo. 
The residual oil was crystallized from a mixture of CH2C12 and 
hexane to give 2.4 g (45%) of 9 as light tan crystals. Recrys
tallization from a mixture of CH2C12 and hexane gave 9 as off-white 
crystals: mp 128-131 °C; IR (CHC13) 3435 (N-H), 2105 (N3), 1668 
( 0 = 0 ) cm"1; NMR (CDC13) 5 4.37 (s, 2, CH2), 7.25 (m, 9, arom 
H and NH). Anal. (C16HnClN60) C, H, N. 

8-Chloro-6-phenyl-2flr,4ir-[l,2,3]triazolo[4,5-d][2]benz-
azepine (4a). A mixture of 3 g (8.9 mmol) of 9 and 3 teaspoonfuls 
of Raney nickel in 150 mL of ethanol was hydrogenated in a Parr 
apparatus at 5 psi for 1 h. The catalyst was removed by filtration, 
and the filtrate was concentrated in vacuo to give 2 g of a gummy 
solid. Purification of the residue by column chromatography 
(eluent, 1:1 CH2Cl2-ethyl acetate) gave as the major component 
0.7 g of 4a as colorless crystals. Recrystallization from a mixture 
of ethyl acetate and petroleum ether gave 4a as colorless prisms: 

(19) Prepared from the corresponding iodobenzhydrol by an adap
tation of the preparation of lb,6 mp 158-160 °C. 

(20) Prepared from the corresponding iodobenzophenone by an 
adaptation of the preparation of la,6 mp 79-80 °C. 
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Table III. Pharmacological Activity of Triazolobenzazepines 

compd 

4a 
4b 
4c 
4d 
4e 
diazepam 

IC,„. nM: 
[3H]diazepam 
binding" (rat) 

11 
0.76 
0.76 
5.2 

420 
5.4 

antipentylene-

ED 

tetrazole6 '0 (mice) 

4.2 
2.1 
2.6 

>100 
>100 

1.4 

»50, mg/kg, 

rotarodc ' 
(mice) 

26 
48 
57 

2.6 

po 
d inclined screenc 'e 

(mice) 

>400 
302 

>400 

25 

LDS0, mg/kg, 
po (mice) 

>1000 
>1000 
>1000 

900 
775 
710 

a The conditions of Mohler and Okada15a were used for this assay procedure. b The test was carried out on 50-54 day 
old CF-1 male mice by a modification of the method of Everett and Richards.12b The EDS0 is calculated as the dose that 
would prevent convulsions in 50% of the mice tested after administration of 70 mg/kg of metrazole by the iv route. e Re
sults are reported as 95% fiducial limits. d The conditions of Randall were used in this procedure.13 e The conditions of 
Dunham were used in this procedure. 

mp 203-208 °C; IR (CHC13) 3200 (NH), 1612 (C=N) cm"1; NMR 
(Me2SO-d6, CHC13) 5 3.1 (s, 1, NH), 4.83 (s, 2, C4 H), 7.2-8.1 (m, 
8, arom H); mass spectrum, mje 294 (M+). Anal. (Ci6HuClN4) 
C, H, N. 

l-( Aminomethyl)-ll-chlorodibenzo[c,/][ 1,2,3 ]triazolo-
[l,5-a]azepin-9(9ff)-one Hydrochloride (10). A mixture of 
27 g (61 mmol) of 5 and 50 mL of 40% aqueous methylamine in 
500 mL of ethanol was stirred for 12 h. The solvent was removed 
in vacuo and the residue was dissolved in a mixture of ether and 
CH2C12. The organic solution was washed with water, dried, and 
concentrated in vacuo to a yellow glass. The glass was dissolved 
in an excess of 6 % methanolic HC1, and the resulting salt was 
precipitated by the addition of ether to give 21 g (98%) of 10 as 
a light yellow solid. Recrystallization from a mixture of methanol 
and ether gave 10 as colorless needles: mp 265-268 °C; IR (KBr) 
3050-2640 (NH3

+) and 1665 (0=0) cm"1; NMR (Me2SO-d6) S 4.35 
(s, 2, CH2), 7.5-8.2 (m, 7, arom H), 8.94 (br s, 3, NH3

+). Anal. 
(C16H12C12N40) C, H, N. 

l l -Chloro-l-[(dimethylamino)methyl]dibenzo[c,f ]-
[l,2,3]triazolo[l,5-a]azepin-9(9H)-one (11). A mixture of 13.9 
g (45 mmol) of 10 (from 15.5 g of the HC1 salt), 100 mL of 40% 
aqueous formaldehyde, and 100 mL of formic acid was refluxed 
for 12 h. The volatiles were removed at reduced pressure, and 
the residue was basified with NH40H. The resulting precipitate 
was collected by filtration, washed with water, and air-dried to 
constant weight to give 13.0 g (86%) of pale yellow crystals. 
Recrystallization from a mixture of CH2C12 and petroleum ether 
gave 11 as pale yellow prisms: mp 176-178 °C; IR (CHC13) 1670 
(C=0) cm"1; NMR (CDC13) S 2.4 (s, 6, CH3), 3.55 (s, 2, CH2), 
7.5-8.0 (m, 5, arom H), 8.24 (dd, J = 2 and 8 Hz, 1, arom H), 8.56 
(d, J = 9 Hz, 1, arom H); mass spectrum, mje 338 (M+). Anal. 
(C18H16C1N4C) C, H, N. 

[5-Chloro-2-[3-[(tetrahydro-2£r-pyran-2-yl)oxy]-l-
propynyl]phenyl](2-fluorophenyl)methanone (12). Di-
hydropyran (8.4 mL, 100 mmol) was added dropwise to a solution 
of 18 g (66 mmol) of [5-chloro-2-(3-hydroxy-l-propynyl)-
phenyl](2-fluorophenyl)methanone21 and 0.5 g of p-toluenesulfonic 
acid in 125 mL of CH2C12, which was cooled to 0 °C. After stirring 
for 30 min, the solution was poured into a stirred solution of 
NaHC03. The CH2C12 solution was washed with water, dried, 
and concentrated in vacuo to dryness. The residue was purifed 
by plug filtration (CH2C12, eluent) to give 16 g of 12 as a red oil, 
which was used without purification in the next step: IR (CHC13) 
1665 (C=0) cm"1; NMR (CDC13) 6 1.4-1.9 (m, 6, CH2), 3.4-4.0 
(m, 2, CH2), 4.16 (s, 2, CH2), 4.50 (br s, 1, CH), 7.4-8.0 (m, 8, arom 
H); mass spectrum, m/e 354 (M+). 

[5-Chloro-2-[4-[(tetrahydro-2.ff-pyran-2-yl)oxy]-l-buty-
nyl]phenyl](2-fluorophenyl)methanone (13). Compound 13 
was prepared from [5-chloro-2-(4-hydroxy-l-butynyl)phenyl](2-
fluorophenyl)methanone22 by the procedure described for com
pound 12 to give light yellow prisms, mp 61-63 °C: IR (CHC13) 
2235 (C=C), 1667 (C=0) cm"1; NMR (CDCy S 1.55 (m, 6, 3 CH2), 

(21) Prepared from the corresponding iodobenzophenone by an 
adaptation of the preparation of la:6 oil. 

(22) Prepared from the corresponding iodobenzophenone by an 
adaptation of the preparation of la,6 mp 76-77 °C. 

2.34 (t, J - 7 Hz, 2, CH2), 3.1-3.9 (m, 4, CH2OTHP, CH20), 4.51 
(s, 1, CH02), 7.0-7.8 (m, 7, arom H); mass spectrum, m/e 386 (M+). 
Anal. (C22H20C1PO) C, H, N. 

ll-Chloro-l-(hydroxymethyl)-9#-dibenzo[c,/][l,2,3]tri-
azolo[3,4-a ]azepin-9-one (14). A mixture of 41 g (0.11 mol) of 
13 and 22 g (0.34 mol) of sodium azide in 880 mL of Me2SO was 
heated on a steam bath for 24 h. The solution was cooled, poured 
over ice, and filtered to give a gummy tan solid. The solid was 
dissolved in 440 mL of methanol and treated with 200 mL of 6 
N aqueous HC1. Stirring at room temperature was continued for 
30 min, followed by filtration of the resulting precipitate. The 
solid was washed successively with water, methanol, and ether 
to give, after air-drying, 16.2 g (48%) of 14 as an off-white solid. 
A sample was recrystallized from a mixture of ethanol and CH2C12 
to give 14 as off-white crystals: mp 226-227 °C; IR (KBr) 3240 
(OH) and 1665 (C=0) cm"1; NMR (Me2SO-d6) 8 4.69 (d, J = 2 
Hz, 2, CH2), 5.71 (t, J = 2 Hz, 1, OH), 7.7-8.3 (m, 7, arom H). 
Anal. (C16H10ClN3O2) C, H, N. 

ll-Chloro-l-(2-hydroxyethyl)-9.ff-dibenzo[c,/][l,2,3]tri-
azolo[l,5-a]azepin-9-one (15). Compound 15 was prepared in 
the same manner as 14 from 13 to give off-white crystals: mp 
201-203 °C; IR (KBr) 3535 (OH), 1670 (C=0) cm"1, NMR 
(Me2SO-d6) 5 3.03 (t, J = 4 Hz, 2, CH2), 3.87 (q, J = 4 Hz, 2, 
CH20), 4.79 (t, J = 4 Hz, 1, OH), 7.6-8.2 (m, 7, arom H). Anal. 
(C17H12C1N302) C, H, N. 

ll-Chloro-9-oxo-9K-dibenzo[c,f][l,2,3]triazolo[l,5-a]-
azepine-1-carboxylic Acid (16). A solution of 2.7 M Jones 
reagent9 (45 mL, 120 mmol) was added dropwise to a solution of 
9.0 g (27 mmol) of 14 in 1350 mL of acetone over 10 min. Stirring 
was continued at room temperature for 1 h, followed by the 
addition of 2-propanol until the orange color of the excess Jones 
reagent was discharged. The acetone solution was decanted and 
poured over ice. The resulting precipitate was collected by fil
tration, washed with water, and dried to constant weight to give 
6.4 g (73%) of 16 as an off-white solid. A sample was recrystallized 
from a mixture of CH2C12 and methanol to give 16 as off-white 
needles: mp 285-287 °C; IR (KBr) 2750-2565 (OH), 1687 (C=0) 
cm"1; NMR (Me2SO-d6) 5 7.6-8.3 (m, 7, arom H); mass spectrum, 
m/e 325 (M+). Anal. (C16H8C1N303) C, H, N. 

ll-Chloro-l-[(4-methyl-l-piperazinyI)carbonyl]-9ff-di-
benzo[c,/][l,2,3]triazolo[l,5-a]azepin-9-one (17). A stirred 
suspension of 6.0 g (18 mmol) of 16 and 6.0 g (29 mmol) of PC15 
in 450 mL of CH2C12 was refluxed for 1 h. The solution was cooled 
in an ice bath, and a solution of 12 g (120 mmol) of iV-methyl-
piperazine in 300 mL of CH2C12 was added dropwise. The mixture 
was stirred at 0 °C for 1 h, washed with water, dried, and con
centrated in vacuo to dryness. The residue was triturated with 
ether to give 7.2 g (98%) of 17 as an off-white solid. A sample 
was recrystallized from a mixture of ethanol and CH2C12 to give 
17 as off-white needles: mp 228-230 °C; IR (KBr) 1672 (C=0), 
1640 (C=0) cm-1; NMR (Me2SO-d6) 5 2.03 (br s, 2, CH2), 2.13' 
(s, 3, CH3), 2.36 (br s, 2, CH2), 3.31 (br s, 2, CH2), 3.67 (br s, 2, 
CH2), 7.6-8.3 (m, 7, arom H). Anal. (C21H18C1N502) C, H, N. 

ll-Chloro-l-[(4-methyl-l-piperazinyl)methyl]-9H-di-
benzo[c,/][l,2,3]triazolo[l,5-a]azepin-9-ol (18). A stirred 
suspension of 2.0 g (52 mmol) of LiAlH4 and 3.2 g (8 mmol) of 
17 in 160 mL of dry THF was refluxed for 2.5 h. The mixture 
was cooled, and 7 mL of water and 3.5 mL of 1 N aqueous NaOH 
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solution were added successively dropwise. The resulting pre
cipitate was removed by filtration, and the filtrate was concen
trated in vacuo. Trituration of the residue with warm ether gave 
2 g (63%) of 18 as an off-white solid. A sample was recrystallized 
from a mixture of ethanol and CH2C12 to give 18 as colorless 
prisms: mp 233-236 °C; IR (KBr) 3085 cm"1; NMR (Me2SO-d6) 
8 2.14 (s, 3, CH3), 2.2-2.6 (m, 8, 4 CH2), 3.61 (s, 0.2) and 3.64 (s, 
0.8) (CH2 conformers), 5.4 (d, J = 4 Hz, 0.8) and 5.7 (d, J = 3 
Hz, 0.2) (C9 H conformers), 5.8 (d, J = 3 Hz, 0.2) and 6.71 (d, J 
= 4 Hz, 0.8) (OH), 7.3-8.2 (m, 7, arom H). Anal. (C21H22C1N60) 
C, H, N. 

ll-Chloro-l-[(4-methyl-l-piperazinyl)carbonyl]-9iT-di-
benzo[c,/"][l,2,3]triazolo[l,5-a]azepiii-9-ol (19). Sodium bo-
rohydride (0.3 g, 9 mmol) was added portionwise over 3 min to 
a suspension of 2.4 g (6 mmol) of 17 in a 1:1 mixture of THF and 
methanol. Stirring at room temperature was continued for 1 h. 
The solution was diluted with CH2C12, washed with water, dried, 
and concentrated in vacuo to give 1.7 g (69%) and 19 as off-white 
crystals. Recrystallization from a mixture of ethanol and CH2C12 
gave 19 as off-white plates: mp 234-236 °C; IR (KBr) 3370 (OH), 
1650 (C=0) cm"1; NMR (Me2SO-d6) 8 2.09 (s, 1) and 2.15 (s, 2) 
(conformers CH3), 2.1-2.5 (m, 4, 2 CH2), 3.1-3.8 (m, 4, 2 CH2), 
5.57 (d, J = 4 Hz, 0.67) and 5.85 (br s, 0.33) (C9 H conformers), 
5.89 (br s, 0.33) and 6.77 (d, J = 4 Hz, 0.67) (OH conformers), 
7.4-8.0 (m, 7, arom H). Anal. (C21H10ClN6O2) C, H, N. 

11-Chloro- l-[2-[(methyIsuIfonyI)oxy ]ethyl]-9£T-dibenzo-
[c,/"][l,2,3]triazolo[l,5-a]azepin-9-one (20). Methanesulfonyl 
chloride (2.3 mL, 30 mmol) was added dropwise to a mixture of 
9.0 g (28 mmol) of 15, 8 mL of triethylamine, and 200 mL of 
CH2C12 at 0 °C. The resulting solution was stirred at 0 °C for 
15 min and washed with cold water, 1 N HC1 solution, and aqueous 
NaHC03. The CH2C12 solution was dried and concentrated in 
vacuo to yield 10.1 g (91%) of 20 as a yellow solid. Recrystal
lization from a mixture of CH2C12 and ether gave 20 as off-white 
prisms: mp 193-194 °C; IR (CHC13) 1675 (C=0), 1363,1177 (S02) 
cm"1; NMR (CDC13) 5 3.15 (s, 3, CH3), 3.38 (t, J = 6 Hz, 2, CH2), 
4.65 (t, J = 6 Hz, 2, CH2), 7.7-8.0 (m, 6, arom H), 8.20 (d, J = 
7 Hz, 1, arom H); mass spectrum, m/e 403 (M+). Anal. (Ci8-
H14C1N304S) C, H, N. 

ll-Chloro-l-[2-(methylamino)ethyl]-9Jf-dibenzo[c,/]-
[l,2,3]triazolo[l,5-a]azepin-9-one Hydrochloride (21). A 
solution of 8.4 g (21 mmol) of 20 and an excess of anhydrous 
methylamine in 400 mL of DMF was stirred at room temperature 
for 18 h. The reaction mixture was diluted with CH2C12 and 
washed with water. The organic solution was dried and con
centrated in vacuo to dryness. The resulting yellow oil was 
dissolved in a mixture of CH2C12 and ether, treated with an excess 
of 1.4 M methanolic HC1 solution, and concentrated in vacuo to 
yield 6.5 g (83%) of 21 as a yellow solid. Recrystallization from 
methanol gave 21 as off-white needles: mp 285-286 °C; IR (KBr) 
3420 (OH), 2750, 2680 (NH2

+), 1688 (C=0) cm"1; NMR 
(Me2SO-d6) 8 2.58 (s, 3, CH3), 3.36 (s, 4, 2 CH2), 7.6-8.1 (m, 6, 
arom H), 8.16 (d, J = 8 Hz, 1, arom H), 9.34 (m, 2, NH2

+); mass 
spectrum, m/e 295 (M + - CH2NCH3-HC1). Anal. (C18H16C12N40) 
C, H, N. 

ll-Chloro-l-[2-(dimethylamino)ethyl]-9.ff-dibenzo[c)/]-
[l,2,3]triazolo[l,5-a ]azepin-9-one (22). A mixture of 2.7 g of 
21 (from 3.0 g, 7.9 mmol, of its HC1 salt), 25 mL of 37% form
aldehyde solution, and 25 mL of 95% formic acid was heated on 
the steam bath for 90 min. The reaction mixture was concentrated 
in vacuo to a small volume, diluted with CH2C12, and poured slowly 

into ice-cold aqueous NaHC03. The CH2C12 solution was washed 
with water, dried, and concentrated in vacuo. The residue 
crystallized from ether to yield 2.0 g (71%) of 22 as a pale yellow 
solid. Recrystallization from a mixture of CH2C12 and ether gave 
22 as off-white prisms: mp 91-93 °C; IR (CHC13), 1675 (C=0) 
cm"1; NMR (CDC13) 8 2.23 (s, 6, CH3), 2.83 (m, 2, CH2), 3.13 (m, 
2, CH2), 7.5-8.0 (m, 6, arom H), 8.24 (d, J = 7,1, arom H); mass 
spectrum, m/e 352 (M+). Anal. (C19H17C1N40) C, H, N. 

ll-Chloro-l-[2-(methylamino)ethyl]-9H-dibenzo[c,f]-
[l,2,3]triazolo[l,5-a]azepiii-9-oI (23). Sodium borohydride (0.2 
g, 5.2 mmol) was added to a solution of 0.9 g of 21 (from 1.0 g, 
2.6 mmol, of its HC1 salt) in 25 mL of methanol at 0 °C. The 
resulting mixture was stirred for 45 min and then concentrated 
in vacuo. The residue was triturated with water and collected 
by filtration to yield 0.8 g (89%) of 23 as a colorless solid. Re
crystallization from ethyl acetate gave 23 as colorless prisms: mp 
183-185 °C; IR (KBr) 3255 (NH), 2800-2680 (OH) cm"1; NMR 
(Me2SO-d6) 8 2.29 (s, 3, CH3), 2.96 (m, 4, 2 CH2), 5.42 (s, 0.75) 
and 5.78 (s, 0.25) (C9 H conformers), 6.72 (br s, 1, OH), 7.3-8.0 
(m, 8, arom H, NH); mass spectrum, m/e 297 (M+ - CH3N=CH2). 
Anal. (C18H17C1N40) C, H, N. 

ll-Chloro-l-[2-(dimethylamino)ethyl]-9ff-dibenzo[c,/]-
[l,2,3]triazolo[l,5-a]azepin-9-ol Hydrochloride (24). Sodium 
borohydride (0.3 g, 7.8 mmol) was added to a solution of 1.4 g 
(3.9 mmol) of 22 in 60 mL of methanol. The resulting solution 
was stirred at 0 °C for 45 min and concentrated in vacuo. The 
residue was dissolved in ether, decolorized with charcoal, and 
acidified with 2.6 mL of a 1.4 M methanol solution of HC1. The 
resulting precipitate was collected by filtration to give 0.9 g (60%) 
of 24 as a colorless solid. Recrystallization from a mixture of 
methanol and ether gave 24 as colorless prisms: mp 257-260 °C; 
IR (KBr) 3210 (OH), 2550, 2460 (NH+) cm"1; NMR (Me2SO-de) 
5 2.84 (s, 6, CH3), 3.25-2.65 (m, 4, CH2), 5.48 (d, J = 4 Hz, 1, axial 
CH), 5.82 (s, 1, equatorial CH), 6.89 (d, J = 5 Hz, 1, OH), 7.4-8.0 
(m, 2 CH2, 7, arom H); mass spectrum, m/e 354 (M+ - HC1). Anal. 
(C19H20Cl2N4O) C, H, N. 
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