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Abstract - The synthesis of new tetracyclic 1,4-diazepine derivatives is des-
cribed. In these compounds, an additionat five-membered heterocycle is fused on
the known tricyclic ring systems imidazo[1,5-a][1,4}benzodiazepine and
imidazo[1,5-a]thieno[3,2-fj[1,4]diazepine. Many of these new compounds
display a very high affinity to the benzodiazepine receptor in mammals.

Introduction

In the search for appropriate ligands of the benzodiazepine receptor with anxiolytic activity devoid of sedative
effects and with optimal duration of action, we synthesized new tetracyclic compounds of general structure

(Dand{II}).
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These compounds are characierized by an additional heterocyclic ring D (1,2,4-triazole, imidazole or pyrazole).

In the following, we report on the synthesis of selected examples of several ring systems studied (for more
examples, see ref.1).

Synthesis of tricyclic benzo- and thienodiazepinones (10, 11, 17 and 21)

Tricyclic 1,4-benzodiazepinone and thieno[3,2-f1[1,4]diazepinone derivatives in which the diazepine ring is
annelated with 1,2,4-triazole rings on the 4,5-bond have previously been described?5 Breuer? wok advantage
of a quinazoline-diazepine rearrangement to prepare compounds (10a, 10¢, 11a and 11¢) (Scheme 1).
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Scheme 1. Synthesis of the tricyclic benzo- and thienodiazepinones (11, 17 and 21)
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He started from the 4-chloro-2-chloromethylquinazolines (62 and 6¢, R = CHpCl) and built up the fused triazole
ring by reacting them successively with hydrazine and trialky] orthoformate. He reported that the rearrangement
of 8a or 8¢ (R = CHCl) with sodium hydroxide afforded a mixture of the isomeric triazolobenzodiazepinones
(10 and 11, a and c) with 11 being the major product. In our hands, however, 11 was practically the only
reaction product and 10 was obtained in such small amounts (less than 5 %) that a synthesis of 10 by this route
was not convenient. Triazolo[4,3-d]benzodiazepinones of type (10), carrying an alkyl or an arylalkyl group on
N-6, have been synthesized by Vogt et al.? and Wade er al.4 following another route. However, this approach
was not useful for our purposes, since we needed N-6-unsubstituted tricyclic benzodiazepinones. For the
synthesis of substituted thienotriazolodiazepinones of type (11h), Shishoo et al.5 used a route similar to that of
Breuer.

Compounds (4, 6, 7 and 8) where R is a chloromethyl group are skin irritants. The use of those irritating
intermediates could be avoided by performing the synthesis sequence with compounds carrying a hydrogen ora
methyl group instead of the chloromethyl group. Subsequently, the triazoloquinazolines (8) were easily
hydrolysed to the corresponding ring-open compounds (9). Condensing these compounds with chloroacetyl
chloride and cyclising the chloroacetyl intermediate under alkaline conditions afforded 11 (in some cases together
with small amounts of 10) in yields comparable to those achieved by the direct rearrangement from
8 (R = CH2Cl) 10 11.

We prepared the new imidazo[1,2-d}benzodiazepinones (17) by following a similar pathway, where compounds
(6) were reacted with 2-aminoacetaldehyde acetals instead of hydrazine; the relatively unstable intermediates (12)
were in most cases cyclised without purification to the imidazo[1,2-c]quinazolines (14). Normally, acetic acid
was used as cyclising agent; however, in the case of 12e and 12g, no cyclisation occurred with acetic acid and
polyphosphoric acid was used. 6f did not react with 2-aminoacetaldehyde acetal, possibly because of steric
hindrance by the bromine atom. However, we were able to react 6f with 2-bromoethylamine to yield the dihydro
intermediate (13), which was then dehydrogenated using manganese dioxide to afford 14. The transformation of
14 into 17 was conducted in two different ways as described above for the triazolo compounds. Compounds
(14) with R = CH,Cl were directly reacted with sodium hydroxide yielding 17, compounds with R=H or CHj
were first hydrolysed to 15, and then reacted with chloroacetyl chloride under basic conditions. Under the
strongly basic conditions described for the rearrangement of 14 to 17, we observed a partial hydrolysis of the
seven-membered ring to the amino acids (16). Ring closure of 16 to 17 was easily done with trifluoroacetic
acid.

The synthesis of the pyrazolo[1,5-dlbenzodiazepinones (21) started from 4-quinolinols (18). Heating the latter
with hydrazine hydrate, a transposition to the 2-(3-pyrazolyl)anilines (19) occurred, as described by Alberti® and
by de Stevens et al.” 19 was reacted with chloroacetyl chloride and cyclised, under acidic conditions, to the
pyrazolo[1,5-c]quinazolines (20). The ring enlargement of 20 to 21 proceeded in a similar manner as described
above for 11 and 17.




896 HETEROCYCLES, Vol. 39, No. 2, 1994

Synthesis of the tetracyclic imidazo[1,5-¢](1,4]diazepinecarboxylic acids (23, 32, 36 and 43)

As shown in Scheme 2, the annelation of the tricyclic lactams (11, 17 and 21) to the tetracyclic alkyl imidazo-
[1,5-g1[1,41diazepinecarboxylates (22, 35 and 42) was achieved by reaction of an activated form of these
lactarns with the anion of an isocyanoacetic ester, using a method first described by Walser and Fryer.8

Scheme 2. Annelation of the tricyclic benze- and thienodiazepinones (11, 17 and 21) with isocyanoacetic esters

a\l"""{—coon
|

N

D

[~ cl i

N

r
[l

N -
D /
11, 17, 21 22, 35, 42 23, 36, 43
! I I
Ring A:
g R N N
NN N‘/) ~N
see Schame 1 ~
Compounds Compounds Compounds
1, 22, 23 17, 35, 36 21, 42, 43

The tetracyclic imidazo[1,5-a]1[1,2,4]triazolo[4,3-d][1,4]diazepines (31) were synthesized by another route
(Scheme 3): the tricyclic imidazobenzodiazepinone esters (29)% were reacted with Lawesson's reagent in
pyridine, producing the corresponding thiolactams (30). 30 was successively treated with hydrazine hydrate and
then with trialkyl orthoformates providing the triazolo derivatives (31). The use of 2-aminoacetaldehyde acetals
instead of hydrazine and cyclisation of the intermediates {34) with acetic acid led to the diimidazo esters (35).

Scheme 3. Fusing a heterocyclic ring D (1,2 4-triazole or imidazole) on tricyclic imidazobenzodiazepinones (29)
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Synthesis of the oxadiazole rings, final compounds (24, 33, 37, 44, 28, 41 and 48)

The transformation of the acids (23, 32, 36 and 43) into the corresponding oxadiazolyl derivatives was
achieved by known procedures (Scheme 4). Both isomeric substitutions with oxadiazole (24, 33, 37, 44 and
28, 41, 48 respectively) were prepared, the key step being in both cases the reaction of an amidoxime with the
imidazolide of a carboxylic acid.

Scheme 4. Synthesis of the 5- and the 3-(1,2,4)-oxadiazolyl rings from carboxylic acids
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Conclusion

By the routes described above, we achieved the synthesis of new letracyclic benzodiazepine and thienodiazepine
derivatives. Most of them fulfilled our expectations regarding affinity to the benzodiazepine receptor and
pharmacological profile.2

a) The final compounds (24, 37, 44, 28, 41, 48) are very good ligands to the BZR. Suprisingly, in contrast to
the the [1,5-d]triazolo derivatives (24), the isomeric [4,3-d]triazolo derivatives (33) had a clearly lower affinity.
Many of these compounds showed the desired pharmacological profile of a partial agonist at the benzodiazepine
receptor.
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EXPERIMENTAL

Melting points are not corrected. 'H-Nmr specira were recorded in CDCl3 at 250 MHz, Chemical shifts are given
in ppm relative to TMS. Mass spectra were recorded at 70 ¢V ionizing voltage. Ms spectra are presented as m/z
(% rel. int.). Ir specira were taken in KBr on a Nicolet FT IR apparatus. Abbreviations: r.t. means room
temperature.

Starting materials: 2-amino-6-chlorobenzonitrile (2e), 2-amino-6-methylbenzonitrile (2g) and 4-quinclinol (18a)
are commercially available,

The following compounds were prepared by literature methods: 2-amino-5-fluorobenzamide (Ib, R' = NHj),10
methyl 2-amino-5-methylbenzoate (1d, R’ = OMe),11 2-aminothiophene-3-carbonitrile (2h),12 6-fluoroquinazo-
lin-4(3H)-one (4b, R = H),13 5-bromoquinazolin-4(3H)-one (4f),14 5H-[1,2,41wriazolo[1,5-d][1,4]benzo-
diazepin-6(7H)-one (11a) and 10-chloro-5H-{1,2,4]triazolo[1,5-d][1,4]benzodiazepin-6(7H)-one (11¢),2
7-fluoroquinolin-4-ol (18b),15 ethyl 5,6-dihydro-6-oxo-4H-imidazo[1,5-a)benzodiazepine-3-carboxylate (29a)
and its 8-fluoro (29b), 8-chloro (29¢) and 8-methyl (29d) analogs.?

Quinazolines and thienopyrimidines (6 and 12)

2-Chloromethyl-6-methylquinazolin-4(3H)-one (4d, R = CH3Cl). A weak stream of dry HCl was
introduced at 5° to 15°C for 8 h into a solution of methyl 2-amino-5-methylbenzoate (1d, R' = OCH3, 91.4 g,
533 mmol) and chloroacetonitrile (23.4 ml, 372 mmol) in 1.0 1 of abs. dioxane. After 4 h, further chloroaceto-
nitrile (23.4 ml, 372 mmol) was added and the mixture stirred at r.t. for 18 h. The solvent was then evaporated
in vacuo. The crystalline residue was suspended in 2.5 1 of ice/water, adjusted to pH 8 to 9 with 25% NH4O0H
and stirred at 59C for 1 h. The crystals were filtered off, washed with water and dried, affording
4d (R = CHyCl, 114.1 g, 98 %), mp 263-265°C. Anal. Calcd for C1gHgN,OCI: C 57.57, H 4.35, N 13.43,
Found: C 57.66, H4.35, N 13.13.

2,5-Dimethylquinazolin-4(3H)-one {4g, R = CH3). A weak stream of dry HC] was introduced over
8 h at 59 to 70C into a solution of 2-amino-6-methylbenzonitrile (2g, 26.5 g, 200 mmol) and acetonitrile
(8.8 g, 214 mmol) in 300 ml of abs. dioxane. The mixture was then stirred at r.t. for 15 h, After cooling 1o
59C, further acetonitrile (4.4 g, 107 mmol) was added, dry HCI was introduced for 8 h, and the mixture was
stirred at r.t. for a further 15 h. The solvent was then removed under reduced pressure at 30°C. The crystalline
residue was triturated with 280 ml of water, cooled below 5OC, neutralized with saturated NaHCO3, filtered off,
washed and dried, affording crude 4-amino-2,5-dimethylquinazoline (3g, R = CH3, 42.8 g) containing some
inorganic salts. (A sample recrystallized from EtOH melted at 198-1990C. (Anal. Calcd for CjgHjN3: C 69.34,
H 6.40, N 24.26. Found C 69.15, H 6.44, N 24.21). 42 g of the crude 3g (R = CH3) were heated in 1.01
of 6N HCI at 95°C for 20 h. The mixture was concentrated in vacuo and then neutralized with saturated
NaHCO3. The crystals were filtered off, washed with water and dried, affording 4g (R = CH3, 34 g, 90 %)
mp 255-257°C (after recrystallisation in MeOH). Anal. Calcd for CygH1gN20: C 68.95, H 5.79, N 16.08.
Found: C 68.96, H 5.74, N 16.02.
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In a similar manner, 2-chloromethyl.6-fluoroquinazoline-4(3H)-one (4b, R = CH2CI),
mp 244-2459C (recryst. from ethyl acetate), was obtained in 64 % yield from 2-amino-5-fluorobenzamide
(1b, R' = NH3) by reacting with chloroacetonitrile and HCl. Anal. Calcd for CogHgNoOCIF: C 50.84,
H 2.84, N 13.18. Found: C 50.66, H 3.09, N 13.13.

4-Chloro-2-(chloromethyl)thieno[2,3-d]pyrimidine (6h, R = CHCl). A weak stream of dry HCl
was bubbled into a solution of 2-aminothiophene-3-carbonitrile (2h, 17.3 g, 139 mmol) and chloroacetonitrile
(13.3 g, 324 mmol) in abs. dioxane (1.51) at 50C for 7 h. The mixture was stirred at r.t. for 15 h and then
evaporated at 35°C in vacuo. The crystalline residue was triturated with 500 ml of ice-cold water, the crystais
were filtered off, washed and dried, affording crude 6h (R = CH2Cl, 26.2 g). Yield: 85 %. A sample was
recrystallized from hexane; mp 66-68°C, Anal. Caled for C7H4N2Cl2S: C 38.38, H 1.84, N 12.79. Found
C 38.36, H 2.01, N 12.76.

In a similar manner, 4,5-dichloro-2-chloromethylquinazoline (6e, R = CH;Cl), mp 140-1430C
(cryst. from Et;0), was obtained in 72 % yield from 2-amino-6-chlorobenzoniwrile (2e). Ms: 250, 248, 246
(167 50 / 52, M*), 215,213,211 (14 7 66 / 100, M-C1), 178, 176 (7.5 / 22), 138, 136 (5 / 19).
Ir: 1598, 1564, 1542, 1479 (aromatic and heteroaromatic rings).

5-Bromo-4-chloroquinazoline (6f, R = H). N.N.4-Trimethylaniline (106 ml, 337 mmol) and POCI3
(41 ml, 448 mmol) were added at r.t. to a suspension of 4f (R =H, 33 g, 147 mmol) in CHCl3 (1.21). The
mixture was stirred at reflux for 16 h, then cooled and poured into 51 of saturated NaHCQ3 and stirred for
30 min. The organic phase was separated and the aqueous phase was extracted with CH2Cls. The combined
organic phases were dried over Na2SO4 and chromatographed over silicagel (2 kg). First, N,N,4-trimethyl-
aniline was eluted with CH2Cls and CHjCla/ethyl acetate 98:2, then 6f (R =H, 29.0g, 81 %) with
CH»Cly/ethyl acetate 9:4. After recrystallisation from Et2O/iPr20, 6f (R = H) melted at 124-126°C. Anal.
Calcd for CgH4N2BrCl: C 39,46, H 1.66, N 11.51. Found: C 39.60, H 1.70, N 11.53.

Table: Compounds (6), prepared from 4 in a similar manner to 6f

Com- R= Reaction Conditions  Yield mp (°C) Molecular Microanalyses (%)
pound solvent time (h)/ (%) formula C H N
temp.(°C) (recryst. Caled Caled Caled
6b CH2Cl CHCl3 24h/reflux 84 123-124 CoHsNoCIoF 46,78 2.18 12.12
(iPr0) 46.71 211 12.00
6d CHzCl CHCI3 24h/reflux 81 111-112 C1gHgN2Cla 5289 355 1234
(AcQEY) 5287 351 1224
6g CHj CHCl3 20h/reflux 73 76-71 C1oHgN2Cl a)
(EtzO/hexane)

a) Ms: 194, 192 (7 / 22, M*), 157 (100, M-CI), 116 (13).
Ir: 1606, 1586, 1479 (aromatic and heteroaromatic rings).
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6-Fluoro-quinazoline-4(3H)-thione (5b, R = H). Crude 4b (R=H, 2.7, 16.4 mmol) and
2,4-bis(4-methoxyphenyl)-2,4-dithioxo-1,3,2,4-dithiophosphetane ("Lawesson's reagent”, 7.5 g, 18.5 mmol)
were stirred in pyridine (50 ml) for 8 h at 110°C bath temperature, The mixture was concentrated in vacuo, the
residue taken up with saturated NaHCO3 (80 ml) and stirred at r.t. for 30 min. The mixture was cooled to
159C, the crystals were filtered off, washed with ice-cold water and dried, affording crude 5b (R = H). After
recrystallization from ethyl acetate, yellow crystals of Sb(R=H, 2.8 g, 95 %) mp 294-2970C, were
obtained. Anal. Calcd for CgHsN2FS: C 53.32, H 2.80, N 15.55. Found: C 53.06, H 2.80, N 15.28.

Compounds (8, 14 and 20)

5-Chloromethyl-9-fluoro-1,2,4-triazolo[4,3-c]quinazoline (8b, R = CH2Cl). To a cooled sus-
pension of 6b (R = CH3Cl, 5.7 g, 247 mmol) in absolute THF (80 ml), a solution of hydrazine hydrate
(2.4 ml, 484 mmol) in THF (10 ml) was added dropwise at 10-15°C within 5 min. A solution resulted thereby
and the temperature rose to 20°C. The reaction mixture was stirred at r.t. for 3 h and then poured into a stirred
mixture of saturated NaHCO3 (150 ml) and CHCIl3. The crystals were filtered off, washed with water and dried.
4.8 g of 7b (R = CH3Cl) were obtained. The CHCI3 phase of the filtrate was separated and the aqueous phase
was extracted with CHCl3. By evaporation of the organic phases, further Tb (R = CHaCl, 0.6 g) was obtained.
Total yield: 5.4 g of crude 7b (R = CH3Cl), which was suspended in ethyl orthoformate (150 ml) and
refluxed for 1 h, then cooled and concentrated in vacuo. The precipitate was filtered off, yielding crude 8b
(R = CHaCl, 2.2 g). The filtrate was evaporated to dryness in vacuo and the residue crystallised from ethanol
and diethyl ether, yielding a further 2.9 g of 8b (R = CH;Cl). Total yield: 5.1 g (87 %). A sample was
recrystallized from EtOH, affording pure 8b (R = CH2Cl) mp 183°C (decomp.). Anal. Calcd for
C10HgN4CIF: C 50.76, H 2.56, N 23.68. Found: C 50.64, H 2.51, N 23,51,

Table: Compounds (8), prepared from 6 in a similar manner to 8b

Com- R= Reaction Conditions Yield mp (°C) Molecular Microanalyses (%)
pound solvent time (h)/ (%) formula C H N
temp.(°C) (recryst. Caled Caled Calcd
_solvent) Found Found Found
8d CHCl 1)THF 4h/15° 92 175 CiHgN4Cl 5678 3.90 24.00
2YHC(OEt)3 0.5 h /reflux (HC(OED/Et;0) 57.04 410 2380
8e CHpCl 1) THF 1.5h/rt. 76 184-186 CioHsN4Clz a)
2) HC(OEt)3 0.5 h/reflux {CHCl3/EtOH)
8h CHoCl 1) THF 35h/rt. 66 >120decomp. CgHsN4CIS 4277 2.24 2494
2) HC(OEt)3 1.5 h/ reflux (AcOED 4283 2,14 24.66

a) Ms: 256, 254, 252 (11 / 65 / 100, M*), 219,217 (5 / 14.5, M-CD).
Ir: 1624, 1550, 1476 (aromatic & heteroaromatic rings).

9.Fluoro-1,2,4-triazolo[4,3-clquinazoline (8b, R = H). To a suspension of 2.9 g (16.1 mmol) of
crude 5b in THF (75 ml), hydrazine hydrate (7.9 ml, 160 mmol) was added at r.t. while stirring, After about
15 min, a solution resulted for a short time, then a precipitate appeared. The mixture was stirred at r.t. for 3 h,
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triethyl orthoformate (75 ml, 450 mmol) was then added and the THF was distilled off, The residual suspension
was stirred at reflux temperature for 3 h. The solvent was removed in vacuo and the residue taken up in H20
(300 ml), stirred at r.t. for 1 h, and then cooled to 15°C. The crystals were filtered off. Crude 8b (R = H,
2.9 g) and, after recrystallization from cthanol, pure 8b (R =H, 2.4 g, 80 %), mp 193-1959C, was obtained.
Anal, Caled for CgHsN4F: C 57.45, H 2.68, N 29.78. Found: C 57.44, H 2.62, N 29.88.

5-Chloromethylimidazo(1,2-¢cJquinazoline (14a, R = CH3Cl}. To a suspension of 6a
(R = CH2Cl, 88 g, 413 mmol) in THF (1 1), 2,2-dimethoxyethylamine (92 ml, 849 mmo!) was added while
stirring at 100C. The mixture was stirred at r.t. for 2.5 h and then cooled to 09C, The crystals were filtered off,
the solvent was evaporated in vacuo and the residue taken up in ethyl acetate (3 1). An insoluble constituent was
filtered off and the filtrate was evaporated in vacuo. The residue (containing 12a, R = CH2Cl) was heated in
acetic acid (1.2 1) to 100°C for 3 h and then concentrated in vacuo. The residue was partitioned between CHCl3
and saturated NaHCQO3. The CHCl3 extract was chromatographed over silica gel. 14a (R = CHCl) was eluted
with CHCl3/EtOH 99.5:0.5. The eluates were crystallized from ether, affording 14a (R = CH2Cl, 30.2 g,
33 %) of mp 153-1549C, Anal, Caled for C;1HgN3Cl: C 60.70, H 3.70, N 19.31. Found: C 60.77,
H 3.97, N 19.36.

In a similar manner, 5-chloromethyl[-9-fluoroimidazo{l,2-c]quinazoline (14b, R = CH3Cl},
mp 171-1729C (recryst. from ethyl acetate), was obtained in 36 % yield from 6b. Anal. Calcd for
C11H7N3CIF: C 56.07, H 2.99, N 17.83. Found: C 55.75, H 3.12, N 17.69.

5,10-Dimethylimidazo[1,2-¢]quinazoline (14g, R = CH3). To a suspension of crude 6§g
(R = CH3, 12.8 g, 66 mmol) in THF (300 ml), 2,2-dimethoxyethylamine (17.4 ml, 160 mmol) was added
at 50C while stirring. The mixture was stirred at r.t. for 24 h, then further 2,2-dimethoxyethylamine (5 mi,
46 mmol) was added and the mixture stirred again for 40 h. The solvent was removed in vacuo and the residue
partitioned between CHCl3 and saturated NaHCO3. CHCl3 was evaporated in vacuo and the residue (21 g)
chromatographed over silica gel (150 g). 4-(2,2-Dimethoxyethylamino)-2,5-dimethylquinazoline (12g,
R = CH3) was eluted with ethyl acetate. After recrystallization from hexane, 12g (R = CH3, 16.3 g, 94 %),
mp 48-490C, was obtained. 15.8 g (64,1 mmol) of 12g (R = CH3) were heated in polyphosphoric acid
{300 g) at 1559C for 24 h, and then poured into a mixture of ice and aqueous 25% NH4OH, The mixture was
extracted four times with CHCl3. CHCl3 was evaporated in vacuo, affording crude 14g (R= CH3, 12.1 g).
Chromatography through siliga gel (280 g), elution with dichloromethane and recrystallization from ethyl acetate
afforded pure 14g (R = CH3, 10.1 g, 85% from 12g), mp 159°C. Anal. Caled for Cy2H11N3: C 73.07,
H 5.62, N 21.30. Found: C 73.08, H 5.77, N 21.51.

In a similar manner, 10-chloro-5-chloromethylimidazo{1,2-c]quinazoline (lde, R = CH:Cl),
mp 171-1720C (recryst. from ethyl acetate), was obtained in 66 % yield from 6e (R = CH2Cl). Anal. Calcd
for C11H7N3Cly: C 52.41, H 2.80, N 16.67. Found: C 52.21, H 2.99, N 16.66.
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10-Bromo-2,3-dihydroimidazo[l,2-c]quinazoline (13f, R = H) A solution of 6f (R =H,
5.63 g, 23.1 mmol) in THF (300 ml) was treated with NaHCO3 (10.5 g, 125 mmol) and 2-bromoethylamine
hydrobromide (5.76 g, 27.5 mmol) and stirred at r.t. for 66 h. The mixture was evaporated in vacuo and the
residue was stirred in 300 ml of water. The crystals were filtered off, washed with water and dried, affording
13f (R =H, 5.7 g, 98 %). After recryst. from ethyl acetate: mp 180-181°C, Anal, Caled for CioHgN3Br:
C48.02, H 3.22, N 16.80. Found: C 48.04, H 3.29, N 16.77.

10-Bromoimidazo[1,2-c]quinazoline (14f, R = H). MnQO2 (242 g, 2.78 mol) was added to a hot
solution of 13f (22 g, 88 mmol) in benzene (2 1) in a reaction vessel which was provided with a water separator.
The mixture was heated at reflux for 15 h. Further MnO2 (8 g, 9.2 mmol) was then added and the mixture was
heated again at reflux for 1 h. The hot reaction mixture was filtered through Dicalite. The filter cake was rinsed
with hot benzene (1 1), then again boiled up in 1.5 1 of CH2Cly/EtOH 199:1 and again filtered. The filtrate was
concentrated to about 1.51in vacuo. A byproduct crystallized, which was filtered off (1.65 g). The filtrate was
chromatographed over a column of silicagel (2 kg). 12.0 g of 14f (R = H) were eluted with CH2Cly/ethanol
99:1. After crystallization from AcOEVEt20, 11.7 g (53 %) of 14f (R = H), mp 214-216°C, were obtained.
Anal. Caled for CjpHgN3Br: C 48.42, H 2.44, N 16.94, Found: C 48.47, H 2.53, N 16.85.

2-(2H-Pyrazol-3-yl)aniline (19a). A mixture of 4-quinolinc! (18a, 10.0 g, 82.5 mmol) and hydrazine
hydrate (30 g, 100%, 0.6 mol) was heated to 170°C in an autoclave for 6 h. After cooling, the reaction mixture
was dissolved in aqueous 3N HCl (total volume of the solution about 300 ml, pH about 1). The mixture was
then made slightly alkaline (pH about 9) with 25% NH4OH. The separated crystals were filtered off and dried,
affording 19a (8.0 g, 73 %) mp 122-1230C, Anal. Calcd for CoHgN3: C 67.90, H 5.70, N 26.40. Found:
C 67.93, H 5.47, N 26.50.

In an analogous manner, 4-fluoro-2-(2H-pyrazol-3-yl)aniline (19b), mp 91-92°C, was obtained in 33 %
yield from 6-fluoro-4-quinolinol (18b). Anal. Calcd for CoHgN3F: C 61.01, H 4.55, N 23.72. Found:
C61.08, H4.41, N 23.66.

5-Chloromethylpyrazolo[1,5-c]quinazoline (20a). To a solution of 19a (8.6 g, 54 mmol) in THF
(800 ml), K2CO3 (75.3 g, 545 mmol) was added. After cooling to 59C, a solution of chloroacetyl chloride
(6.7 ml, 84 mmol) in ether (40 ml) was added dropwise within 10 min. After stirring at 5°C for 30 min, a
further solution of chloroacetyl chloride (0.67 ml, 8.4 mmol) in ether (5 ml} was again added dropwise, and
the mixture was stirred for a further 15 min. An insoluble constituent was filtered off, the filtrate evaporated in
vacuo and the residue partitioned between saturated NaHCO3 and CH>Cly. The aqueous phase was extracted
several times with CHpCl. The organic extracts were dried over Na2SO4 and evaporated in vacuo, The residue
was taken up in 0.4 N HCI in dioxane {560 m!) and stirred at 90°C for 1 h. The solution was evaporated in
vacuo and the residue was partitioned between saturated NaHCO3 and CH,Cl, The CHaCl2 extract was
evaporated in vacuo, affording 20a (11.4 g, 97 %). After recrystallization from diisopropyl ether, the mp was
135-1369C. Anal. Calcd for C11HgN3Cl: C 60.70, H 3.70, N 19.31. Found: C 60.89, H 3.61, N 19.25.
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In an analogous manner, 5-chloromethyl-9-fluoropyrazolo[1,5-clquinazoline (20b), mp 155-157°C,
was obtained in 96 % yield from 19b. Anal. Caled for CyH7N3CIF: C 56.07, H 2.99, N 17.83. Found:
C 56.06, H 2.92, N 17.74.

2) Synthesis of 11, 17 and 21

16-Fluoro-5H-[1,2,4]1triazolo[1,5-d][1,4]1benzodiazepin-6(7H)-one (11b). 4.72 g (20 mmol) of
8b (R = CH»Cl) were dissolved in hot dioxane (140 ml). The solution was cooled to 109C and then added 1o
a mixture of 1IN NaOH (40 ml) and dioxane (20 ml) in such a manner that the temperature rose to about 15°C.
The mixture was stirred at r.t. for 45 min and then poured into 1.4 1 of ice-cold water, and made neutral with 3N
HCl. The solution was extracted with CHCl3 (5 times). The solvent was washed with brine and evaporated in
vacuo. The residue (4.35 g) was dissolved in AcOFEt (250 ml) and chromatographed through silica gel (200 g).
11b (3.7 g, 85 %) was eluted with mixtures of hexane and AcOEt 1:1 and 4:6. After recrystallization from
AcOEt, 11b melted at 243-245°C. Anal. Caled for C1pH7N4OF: C 55.05, H 3.23, N 25.68. Found C 55.00,
H 297, N 25.76.

Table: Compounds (11), prepared from 8 (R = CHzCl} in a similar manner to 11b

Com- Reaction Conditions Yield mp (°C) Molecular Micreanalyses (%)
pound solvent time (h)/ (%) formula C H N
temp.(°C) (Tecryst. Calcd Caled Caled
solvent) Found Found Found
11d dioxane / 24h/rt 62 206-208 C11HgN4O 6167 471 26.15
1 N NaOH (AcQOEr) 61.54 4.84 2615
11e dioxane / 10h/rt. 61 280-282 C10H7N40Cl a)
1 N NaOH
11h dioxane / 60h/rt 48 260 CgHgN4OS 4659 293 27.17
1 N NaOH (EtOH) 4628 3.01 2695

a) Ms: 236, 234 (33 / 100, M+), 207, 205 (16 / 44, M - -COH), 179 (51) 152 (42).
Ir: 1682 (C=0), 1599, 1575, 1495 (aromatic and heteroaromatic rings).

10-Fluoro-5H-[1,2,4]triazolo[1,5-4][1,4]benzodiazepin-6(7H)-one (11b). 5.0 g (30.5 mmol) of
8b (R = H) were stirred in 6N HC1 (90 ml) at 959C for 1 h. Afier cooling to 5°C, the solution was poured into
25% NH4OH (65 ml) and stirred in an ice bath for 10 min. The crystals were filtered off, washed with ice-cold
water and dried, affording 4-fluoro-2-(1H-1,2,4-triazol-3-ylaniline (9b, 4.35 g), mp 142.5-144.5°C (a
sample recrystallized from water melted at 145-146°C).

A solution of 9b (4.3 g, 24.1 mmol) in dioxane (200 ml) and abs. pyridine (2.3 ml) was cooled to 129C, A
solution of chloroacetyl chloride (2.2 ml, 27.6 mmol) in ether (8 ml) was then added dropwise within 5 min at
129 to 159C. The mixture was stirred at 100 to 12°C for 15 min and then treated within 5 min with aqueous
2N NaOH (28.8 ml). The mixture was stirred at r.t. overnight. The pH thereby dropped to about 9. The
mixture was adjusted to pH 8 with 3N HCI and evaporated at about 40°C in vacuo. The residue was stirred at
159C for 30 min in 150 ml of water and 5 ml of ethyl acetate. The crystals were filtered off, washed with cold
water and dried, affording 11b (3.78 g, 65 % from 8b, R = H), mp 232.5-238°C. This substance was
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identical with 11b obtained from 8b (R = CH2Cl). Further substance could be obtained from the aqueous
phase as follows: it was evaporated to dryness in vacuo and the residue stirred in 10 mi of trifluoroacetic acid at
r.t. overnight. The mixture was evaporated in vacuo, the residue was stirred at r.t. for 1 h in saturated Na2CO3
(60 ml) and ethyl acetate (2 ml). The crystals were filtered off, yielding further 0.5 g of 11b. The mother liquor
contained small amounts of 10b, which was crystallised from EtOH; mp 325-326°C. Anal. Calcd for
C10H7N4OF: C 55.05, H 3.23, N 25.68. Found: C 55.06, H 3.02, N 25.50.

SH-Imidazo[1,2-d][1,4]benzodiazepin-6(7H)-one (17a). A solution of 14a (R = CH2Cl, 21.4 g,
98.3 mmol) in dioxane (500 ml) was added dropwise at 15°C to a mixture of 1IN NaOH (197 ml) and dioxane
(100 ml). The reaction mixture was stirred at r.t. for 2.5 h, then poured into 4 1 of brine and extracted several
times with CHCl3. The dried CHCl3 extracts were evaporated in vacuo and the residue (18.5 g) recrystallized
from ethanol-ether, yielding 17a (15.0 g, 76 %} of mp 265-266°C. Anal. Caled for C;1HoN30: C 66.32,
H 4.55, N 21.09. Found: C 66.21, H 4,80, N 21.06.

Table: Compounds (17 and 21), prepared from 14 and 20 in a similar manner to 17a

Com- Reaction Conditions Yield mp (°C) Molecular Microanalyses (%)
pound solvent time (h)/ (%) formula C H N
temp.(°C) (recryst. Calcd Calcd Calcd
solvent) Found Found Found
17b dioxane / 4h/rt 22 282-283 C11HgN3OF 60.83 3.71 19.53
1 N NaQH {AcOE) 60.65 3.70 19.26
17e dioxane / 24h/rt. 97 176-177 C11HgN30Cl1 56.54 345 1798
1 N NaOH (AcOEyE20) 56.69 3.67 18.11
21a dioxane / 25h/rt 40 239-240 C11HgN30O 66.32 455 21.09
1 N NaOH (EtOH) 66.10 4.52 21.05
21b dioxane / 275h/rt 61 258-260 C11HgN3OF 60.83 371 1935
1 N NaOH (EtOH) 60.69 3.84 1939

3-Bromo-2-(1H-imidazol-2-ylaniline (15f). A spspension of 14f (R=H, 11.6 g, 46.7 mmol) was
stirred in 6N HCI (170 ml) at 90°C for 6.5 h and then cooled in an ice bath. The solution was poured into a
mixture of 25% NH4OH (30 ml) and ice (50 g) and stirred for 10 min. The crystals were filtered off, washed
with water and dried, affording 15f (9.85 g). The aqueous phase was saturated with NaCl and extracted three
times with CHCl3. Further 15f (1.5 g) was obtained after concentration of the organic extracts. Total yield:
11.35 g (~100 %). After recrystallization from water, 15f melted at 164-165¢C. Anal. Caled for CoHgN3Br:
C 45.40, H3.39, N 17.65. Found: C 45.46, H3.41, N 17.58.

11-Bromo-5H-imidazo[1,2-d]{1,4]benzodiazepin-6{7H)-one (17f). A solution of chloroacetyl
chloride (2.4 ml, 30.1 mmo)) in ether (10 ml) was added dropwise at 5°C within 15 min to a solution of crude
15f (6.0 g, 24.2 mmol) in dioxane (150 ml) and pyridine (6.1 ml, 75 mmol). The mixture was stirred at 50C
for 10 min and then again, a solution of chloroacetyl chloride (0.25 ml, 3.1 mmol) in ether (5 ml) was added.
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The mixture was stirred at 100 to 12°C for a further 30 min, then treated within 5 min with a mixture of
1IN NaOH (75 ml) and dioxane (150 ml). The mixture was stirred at r.t. for 45 min, then poured into 11 of
water and extracted four times with CHCl3. The CHCl3 extracts were evaporated in vacuo. The oily residue was
crystallized from CH2Cly/ether. 0.99 g of 17f of mp 234-235°C was obtained. The aqueous phase was
evaporated to dryness in vacuo. The residue (containing 16f) was dissolved in trifluoroacetic acid (150 ml) and
left at r.1. for 16 h. The mixture was evaporated in vacuo and the residue was partitioned between saturated
NaHCO3 and CHCl3. The residue from the CHCl3 extracts was crystallized from CH3Cla/ether, affording
further 3.37 g of 17f. Total yield 4.36 g (62 %). Anal. Calcd for C;1HgN3OBr: C 47.51, H2.90, N 15.11.
Found: C 47.66, H3.15, N 14.86.

In a similar manner, 11-methyl-SH-imidazo[1,2-d][1,4]benzodiazepin-6(7H)-one {17g), was
obtained in 61 % yield from 15g. The intermediate 3-methyl-2-(1H-imidazol-2-yl)aniline (15g),
mp 193-1949C, was reacted without purification with chloroacetyl chloride in dioxane and pyridine, followed
by IN NaOH to yield 17g, mp 188-1890C (recrystallized from AcOEt). Anal. Caled for Cj2H11N3O:
C 67.59, H5.20, N 19.71. Found: C 67.51, H 5.24, N 19.82,

Imidazo[1,5-aldiazepine esters (22, 35 and 42) from tricyclic lactams (11, 17
and 21)

tert-Butyl 9H -Imidazo[1,5-a][1,2,4]triazolo[1,5-d]1[1,4]benzodiazepine-10-carboxylate (22a,
R = tBu). POCl3 (23 ml, 251 mmol) was added to a suspension of 11a 4 (16 g, 80 mmol) in CHCl3 (1 1) and
N,N 4-trimethylaniline (60 ml, 417 mmol) and the mixture refluxed for 16.5 h. A further 12 ml (83.4 mmol)
of N,N 4-trimethylaniline and 4 ml (43.6 mmol) of POCl3 were added and the mixture was refluxed for a
further 1.5 h. The mixture was cooled, then poured into saturated NaHCO3 (1 1) and stirred intensively for
30 min. The aqueous phase was separated and extracted with CHCl3 (2 x 0.5 1). The combined CHCl; extracts
were evaporated, leaving a mixture of 6-chloro-5H-[1,2,4)triazolo[1,5-d}[1,4]benzodiazepine and N,N,4-tri-
methylaniline, which was dissolved in THF (100 ml) (Solution A),

A solution of rert-butyl isocyanoacetate (15.3 g, 108.4) in THF (40 ml) was cooled to -25°C. 134 ¢
(119.4 mmol) of potassium serr-butylate were added (Solution B). Solution B was stirred at -10°C for 1 h, and
then cooled to -609C. Solution A, obtained as described above, was added to solution B, whereby the
temperature rose to -15°C, The mixture was stirred at r.t. for a further 2.5 h and then poured into 51 of brine.
The mixture was extracted four times with CHCl3. The solvent was removed in vacuo, the residue dissolved in
CHCl3 and chromatographed over silica gel. Elution with CHCl3/EtOH (99.8:0.2 to 99:1) gave crude 22a
(R =tBu, 18.6 g). After recrystallization from ethyl acetate, pure 22a (R = tBu, 15.1 g, 58 %),
mp 247-249°C (decomp.), was obtained. Anal. Caled for C17H17N502: C 63.15, H 5.30, N 21.66. Found:
6292, H5.42, N 21.68,
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Table: Compounds (22, R = tBu), prepared from 11 in a similar manner to 22a (R = tBu)

Com- R= Reaction Conditions  Yield mp (°C) Molecular Microanalyses (%)
pound solvent time (h)/ (%) formula C H N
temp,(°C) (recryst. Caled Caled Calcd
solvent) Found Found Found

22b tBu 1) CHCIz 17h/reflux 58 192-193 Ci17H1sNsOz2F  59.82 472 20.52
2) THF start at -65° {AcOEtAPr20) 5983 4.66 2035
l5h/rt

22¢ Bu 1) CHCl3 22h/reflux 30 217-218 Ci1HigNsO2Cl  57.07  4.51  19.57
2) DMF start at -500 (AcOEt) 57.08 439 19.52
1.5h/rt. .

22e tBu 1) CHCl3 24h/reflux 34 271 C17HigNsO2Cl  37.07 4.51 1957
2) THF start at -60° (AcOEY) 5712 4.64 1945
2h/rt.

22h tBu 1) CHCH3 18h/reflux 69 217 C15H1sNsO9S 5470 459 21.26
2) THF start at -65° (AcOE) 5456 480 21.22
25h/rt.

Ethyl 3.Fluoro-9H-imidazo[1,5-a][1,2,4}triazolo[1,5-d][1,4]benzodiazepine-10-carboxylate
(22b, R = ethyl). POCl3 (12.5 ml, 136.5 mmol) was added to a suspension of 11b (19.64 g, 90 mmol) in
alcohol-free CHCl3 (0.62 1) and N,N,4-irimethylaniline (32.8 ml, 228 mmol) and the mixture was refluxed for
24 h. Further N,N,4-trimethylaniline (6.6 ml, 45.8 mmol) and POCl3 (2.5 ml, 27.3 mmol) were added and the
mixture was refluxed for a further 7 h. The mixture was cooled to 30°C, poured into 1.3 1 of 10% NayCOs,
stirred intensively for 45 min and then left to stand overnight. The CHCl3 phase was separated. The aqueous
phase was again extracted with 50 ml of CHCI3 (alcohol-free). The combined CHCl3 extracts were filtered
through Dicalite and dried over 70 g of Na2504. About 650 ml of CHCIl3 were distilled off in vacuo at 35° to
409C. The residual solution contained a mixture of 6-chloro-10-fluoro-54-[1,2,4]triazolo[1,5-d}[1,4]benzo-
diazepine and NN, 4-trimethylaniline (Solution A).

A solution of ethyl isocyanoacetate (11.3 g, 100 mmol) in THF (2.5 1) was stirred under argon and cooled to
-250C. KOtBu {11.4 g, 101 mmol} was added thereto, in portions, below -10°C. This suspension was stirred
at -10°C for 45 min and then cooled to -65CC. The previously obtained solution A was added within 15 to
30 min at -35© to -30°C. The mixture was then stirred at 209C for a further 1 h. Acetic acid (3.8 ml) was
added, the mixture stirred for a further 15 min and then poured into a mixture of 1.0 1 of 5% NaHCO3 and 0.21
of ethyl acetate. After standing overnight, the crystals were filtered off, washed successively with AcOEt
(50 ml), with HO (100 ml) and with AcOEt (50 ml) and dried, yielding 22b (13.65 g, R = Et, 48 %) of
mp 254-2580C. A further 0.57 g of 22b (R = ethyl) of mp 259-260°C could be obtained from the organic and
aqueous phases., Anal. Caled for CysH2NsOzF: C 57.51, H 3.86, N 22.35. Found: C 57.38, H4.12,
N 22.12.
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Table: Compounds (22, R = Et), prepared from 11 in a similar manner to 22b (R = Et)

Com- R= Reaction Conditions  Yield mp (°C) Molecular Microanalyses (%)
pound solvent time (h)/ (%) formula C H N
temp.{°C) (recryst. Caled Caled Caled
solvent) Found Found Found
22a Et 1) CHCIz 20h/reflux 58 233-234 C15H13N50O2 61.01 444 2372
2) THF start at -60° (EtOH) 60.86 4.36 23.57
3h/rt
22¢ kRt 1) CHCl3 24h/reflux 56 255-256 CisHioNsO2Cl  54.64  3.67 21.24
2) THF start at -500 (CH,Clo/AcOEL) 5449 363 21.14
2h/rt
22d Et 1) CHCl3 20h/reflux 74 204-206 CigH15N502 62.13 4.89 22.64
2) THF start at -500 (AcOED) 6232 494 2281
2h/rt
22¢ Et 1) CHCl3 14h/reflux 73 227-228 C15H19NsO2Cl 5464 3,67 21.24
2) THF start at -60° {AcOEY/EtOH) 5477 3.60 21.20
2h/rt

Ethyl 1-Bromo-9H-diimidazo[1,5-a:1',2'-d][1,4]benzodiazepine-8-carboxylate

{351, R = ethyl). To a solution of ethyl isocyanoacetate (2.86 g, 52.3 mmol) in THF (120 ml), KOtBu
(2.8 g, 25 mmol) was added at -15°9C. The mixture was stirred at -10°C for 1 h. Separately, 17f (5.56 g,
20.0 mmol) was dissolved in DMF (100 ml). NaH (0.85 g of an about 80% dispersion in mineral ¢il, about
28 mmol) was added at -15°C and the mixture stirred at -10°C for 1 h. The solution was cooled to -40°C,
diphenylphosphoryl chloride (5.66 ml, 27.4 mmol) was added dropwise within 10 min, the mixture stirred at
-40°C for 30 min and then cooled to -60°C. At this temperature, the previously prepared suspension of ethyl
isocyanoacetate potassium salt was added. The cooling bath was then removed, the mixture stirred atr.t. for 2 h
and then adjusted to pH 6 to 7 with acetic acid. The mixture was poured into 2 1 of saturated NaHCO3 and
extracted four times with CHCl3. The organic phases were washed once with saturated NaHCOs, once with
brine and then evaporated in vacuo. The residue was crystallized from AcOEt and diethyl ether, affording
35f (R = ethyl, 4.8 g, 64 %) of mp 246-247°C. Anal. Caled for C1gH13N4O2Br: C 51.49, H 3.51, N 15.01.
Found: C 51.57, H 3.52, N 14.89.

Table;: Compounds (35 and 42, R = Et), prepared from 17 and 21I in a similar manner to 35f (R = Er)

Com- R= Reaction Conditions  Yield mp (°C) Molecular Microanalyses (%)
pound solvent time (h)/ (%) formula C H N
temp.(°C) (recryst. Caled Caled Caled

35a tBu DMF/THF 1)1h/-15° 45 188-190  CigHigN4O2  67.07 5.63 17.38
2) -600 (AcOEt/ 6671 6.02 17.26
3) 3h/rt. E10/iPr0




708 HETEROCYCLES, Vol. 39, No. 2, 1994

Table: Compounds (35 and 42, R = Et), prepared from 17 and 21 in a similar manner to
35f (R = Et) (continued)

Com- R= Reaction Conditions  Yield mp (°C) Molecular Microanalyses (%)

pound solvent time (h)y/ (%) formula C H N
temp.(°C) (recryst. Calcd Caled Calcd

35e¢ Et DMF/THF 1)15h/-100 44 213-215 CisH13N4O2Cl 5845 3.99 17.04
2) -650 (AcOEY) 5836 378 16.79
32h/rt

35g E DMF/THF 1)2h/-106 76 220 C17H16N402 6622 5.23 18.17
2)-65° (ExOH) 6597 5.36 18.03
3H1h/re

42a Et DMF/THF 1)2h/-100 66 180-182 CisH14N402 65.30 479 19.04
2) -65¢ (AcOEYE0) 65.18 4.84 1897
3N1h/rt

42b Et DMF/THF 1)2.5h/-14° 535 213-215 CigH1sN4O9F 6153 420 17.94
2) -600 (AcOEY) 6142 417 17.87
325h/rt.

Imidazo[1,5-a]lbenzodiazepine esters (31 and 35) from 29

Ethyl 5,6-Dihydro-6-thioxo-dH-imidazo[1,5-a][1,4]benzodiazepine-3-carboxylate (30a).

A suspension of 29a (10 g, 36.7 mmol) in pyridine (110 ml) was treated with 2,4-bis(4-methoxyphenyl)-
2,4-dithioxo-1,3,2,4-dithiadiphosphetane ("Lawesson's reagent”, 15 g, 37.1 mmol). The mixture was heated to
100°C for 48 h and then evaporated in vacuo. The residue was suspended in 120 ml of methanol and refluxed
for 20 min, After cooling the crystals were filtered off, yielding crude 30a (9.2 g, and after concentrating the
filtrate, further 0.5 g). Recrystallization from ethanol gave pure 30a (6.7 g, 63.5%), mp 273-274°C. Anal.
Calcd for C14H3N3025: C 58.52, H 4.56, N 14.62. Found: C 58.37, H 4.58, N 14.65.

Table: Compounds (30}, prepared from 29 in a similar manner to 30a

Com- Reaction Conditions Yield mp (°C) Molecular Microanalyses (%}
pound solvent time (h)/ (%) formula C H N
temp.(°C) (recryst. Caled Caled Caled
solvent) Found Found Found
aob pyridine 120k / 1000 B0 302 decomp. C14H1pN1ORFS 5507 396 13.76
(DMF/toluene) 55.17 399 13.73
30¢c pyridine 95h/ 1000 83 285-287 Ci4HjaN30-CIS 52,26 3.76 13.06

(DMFfioluene) 5242 385 13.1%8
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Table: Compounds (30), prepared from 29 in a similar manner to 30a (continued)

709

Com- Reaction Conditions Yield mp (°C) Molecular Microanalyses (%)
poun solvent time (h)/ (%) formula C H N
temnp.(¢C) (recryst. Caled Caled Caled
_solvent) Found Found Found
30d pyridine 72 h /1000 90 274-275 CisHisN1O»S 5978 5.02 13.94
(AcOED) 59.69 5.19 1395

29c, mp 286-288 and 29d, mp 277-2799C, were prepared in an analogous manner to that described for 29a.9

Ethyl 3-Fluoro-9H-imidazo[1,5-a][1,2,41triazolo[4,3-d][1,4]benzodiazepine-10-carboxylate
(31b, R = Et). To a suspension of 30b (15.4 g, 50.4 mmol) in THF (1 1), hydrazine hydrate (12.3 ml,
248 mmotl) was added, and the mixture was refluxed for 20 h. The resulting solution was cooled to -10°C and
ether (500 ml) was added. The crystals were filtered off, washed and dried. Ethyl 8-fluoro-6-hydrazino-
4H-imidazo[1,5-a][1,4]benzodiazepine-3-carboxylate (12.8 g), mp 232-2339C was obtained. By concentrating
the mother liquor to about 150 ml and adding 150 ml of ether, further 1.8 g could be isolated.

Ethyl 8-fluoro-6-hydrazino-4H-imidazo[1,5-al[1,4]benzodiazepine-3-carboxylate (14.6 g, 48.1 mmol) was
suspended in ethanol (850 ml) and triethyl orthoformate (25 ml, 150 mmol) was added. The mixture was
refluxed for 14 h. Charcoal was then added and the mixture filtered through Dicalite. The filtrate was
concentrated 1o 150 ml and the crystals filtered off, washed and dried, yielding 31b (R = Et, 12.1 g, 76 %) mp
233-2340C. Anal, Calcd for C1sH13NsO9F: C 57.51, H 3.86, N 22.35. Found: C 57.27, H 3.60, N 22.25.

In an analogous manner, ethyl 9H-imidazo[1,5-a][1,2,4]triazolo[4,3-d][1,4]benzodiazepine-
10-carboxylate (31a, R = Et), mp 263-2640C, was obtained in 42 % yield from 30a. Anal. Calcd for
C15H13NsO2: C 61,01, H 4.44, N 23.72. Found: C 60.72, H 4.83, N 23.61.

In an analogous manner, ethyl 3-chloro-9H-imidazo[1,5-a][1,2,4]triazolo[4,3-d][1,4]benzodiaze-
pine-10-carboxylate (31c, R = Et), mp 226-227°C, was obtained in 70 % yield from 30c. Anal. Calcd for
CisH12N502CL: C 54.64, H 3.67, N 21.24. Found: C 54.29, H 3.84, N 21.07.

Ethyl 2-Fluoro-9H-diimidazo[t,5-4:1',2'-d][1,4]benzodiazepine-8-carboxylate

(35b, R = Et). A suspension of 30b (30.0 g, 98.2 mmol) in 2,2-dimethoxyethylamine (150 ml, 1.38 mol)
was stirred at 959C for 57 h. The mixture was filtered from unreacted starting material (3.6 g) and the filrate
was evaporated in vacuo. The residue was dissolved in acetic acid (450 ml) and heated to 105°C for 2.5 h. The
reaction mixture was evaporated in vacuo and the residue was partitioned between CHCl3 and saturated
NaHCO3. The organic phases were washed with brine, dried and evaporated in vacuo. The residue was
chromatographed through silica gel. 35b (R = Et) was eluted with CHCI3/EtOH 99.5:0.5 and crystallized from
ethyl acetare, affording 35b (R = Et, 9.2 g, 34 %) mp 213-215°C. Anal. Calcd for C1gH13N4O2F: C 61.53,
H 4.20, N 17.94. Found: C 61.66, H 4.29, N 18.13,
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Table: Compounds (35, R = Et), prepared from 30 in a similar manner to 35b

Com- R= Reaction Conditions  Yield mp (°C) Molecular Microanalyses (%)
pound solvent time (h)/ (%) formula C H N
temp.(°C) (recryst. Caled Caled Calcd
_solvent) Found Found Found
A5c Et AcOH 2h/100°0 17 228-229 CicH13N4OCl 5845 399 17.04
(AcOE1) 5841 4.16 16.86
3Sd Et AcOH 69h/100° 64 221-222 C17H16N402 6622 5.23 18.17
(CH2Clo/AcOE) 6588 5.41 18.19

Table: IH-Nmr spectra of representative esters (22, 31, 35 and 42) (CDCl3, 250 MHz)

12 6 =N
COOR COOR 8 COOR * COOR
L ! 4 N
2
qg q q Q; 9
Xz Xz N
X4 Nl\/ \/ ’>7 X, 13 [ N
. 8 ] 12 12
22a Xg=X4=H 22h 31a 35 b Xy=H, Xo=F 42b
2b X3=F, X4=H 35 f Xy=Br, Xp=H
229 X3=H,X4=C| 35 gX1=c}‘*3' X2=H

22a (R=tBu): 6§ 1.67 (9H, s, 3 CH;), 5.90 (2H, s, H-C(9)), 7.66 (3H, m, 3 arom. H), 7.88 (1H, s,
H-C(12)), 7.98 (1H, s, H-C(6)), 8.20 (1H, m, arom. H).

22b (R = tBu): 8 1.66 (9H, s, 3 CHj,), 5.70 (2H,,s, H-C(9)), 7.40 (1H, m, H-C(2)), 7.62 (I1H, m,
H-C(1)}, 7.84 (1H, s, H-C(12)), 7.90 (1H, m, H-C(4)), 7.97 (1H, s, H-C(5)).

22¢ (R=Et): 8 1.45(3H, 1,J=71Hz, -CH,-CHy), 446 2H, q, ] = 7.1 Hz, -CH,-CH3), 5.09 and
6.72 (2H, each d, J = 16 Hz, H-C(9)), 7.52 (1H, m, arom. H), 7.63 (1H, t, J = 8.0 Hz, H-C(2)}, 7.75 (1H, m,
arom. H), 7.86 (1H, s, H-C(12)), 8.07 (1H, s, H-C(6)).

22h (R = tBu): & 1.66 (9H, s, 3 CHj), 5.93 (2H, s, H-C(9)), 7.29 and 7.57 (2H, each d, J = 5.5 Hz,
H-C(2) and H-C(3)), 7.81 (1H, s, H-C(11)), 7.97 (1H, s, H-C(5)).

31a (R=Et): 8 146 (3H, t, J=7.1 Hz, -CH,-CH,;), 446 (2H, q, J=7.1 Hz, -CH,-CH,), 5.75
(2H, broad, H-C(9)), 7.69 (3H, m, 3 arom. H}, 7.89 (1H, s, H-C(12)), 8.33 (1H, m, arom. H), 8.36 (1H, s,
H-C(7)).

35b (R=Et): §1.46 (3H, t, J=7.1Hz, -CH)-CH;), 445 (2H, q,J = 7.1 Hz, -CH,-CH3), 5.64 (2H,

broad, H-C(9)), 7.18 and 7.21 (2H, ¢ach d, J -04 Hz, H-C(ll) and H-C(12)), 7.27 (lH m, H-C(3)). 7.55
(1H, m, H-C(4)), 7.81 (1H, s, H-C(6)), 7.90 (1H, m, H-C(1)).
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Table: 1H-Nmr spectra of representative esters (22, 31, 35 and 42) (CDCl3, 250 MHz)(continued)

35f (R=Et): 5145 (3H, t, J=7.1 He, -CH,-CHy), 445 (2H, q, ] =7.1 Hz, -CH,-CH,), 4.89 and
6.26 (2H, each d, J = 15.2 Hz, H-C(9)), 7.16 and 7.29 (2H, 2 s, H-C(11) and H-C(12)), 7.46 (2H, m,
H-C(2) and H-C(3)), 7.80 (1H, s, H-C(6)), 7.92 (1H, m, H-C(4)).

35g (R=Et): 3145 (3H,t, J=7.1Hz -CH,-CH,), 2.70 (3H, 5, CH3-C(1)), 4.43 and 445 (2H, 2 q,
J=7.1 Hz, -CH,-CH,), 4.83 and 6.21 (2H, each d, J =15.1 Hz, H-C(9)), 7.11 and 7.21 (2H, AB,
I=1.1 Hz, H-C(11) and H-C(12)), 7.31 (1H, m, 1 arom H), 7.45 (2H, m, 2 arom. H), 7.79 (1H, s,
H-C(6)).

42b (R =Et): 3145 (3H, t, I=7.1Hz, -CH,-CHy,), 4.56 (2H, q, J =7.1 Hz, -CH,-CH3), 5.5 - 6.5
(2H, very broad, H-C(9)), 6.57 and 7.53 (2H, each d, J =2.0 Hz, H-C(12) and H-C(13)), 7.27 (IH, m,
1 arom H), 7.42 (1H, m, 1 arom. H), 7.59 (1H, m, 1 arom. H), 7.83 (1H, s, H-C(6)).

Imidazo[1,5-a]diazepinecarboxylic acids (23, 32, 36 and 43) from 22, 31, 35
and 42)

9H -Imidazo[1,5-a][1,2,4]triazolo[1,5.d][1,4]benzodiazepine-10-carboxylic acid (23a). 22a
(R =tBu, 9.5 g, 29.4 mmol) was dissolved in triflucroacetic acid (200 ml) and left to stand at r.t. for 5 h.
The trifluoroacetic acid was evaporated in vacuo and the residue recrystallized from ethyl acetate, affording 23a
(7.5 g, 95 %) of mp 283-285°C (decomp.). Anal. Calcd for C13H9Ns5O2: C 58.43, H 3.39, N 26.21. Found:
C58.14, H 3.69, N 26.21.

Table: Compounds (23 and 36), prepared from 22 or 35 in a similar manner to 23a

Com-  Reaction Conditions  Yield mp (°C) Molecular Microanalyses (%)
pound solvent time (h)/ {%) formula C H N
temp.(°C) (recryst, Calcd Caled Caled
solvent) Found Found Found
23h CF3C00H 25h/rt. 98 266-267 decomp. Cp1H7NsO28 4835 2.58 25.63
(AcQEL) 4842 279 2510
36a CF3;COOH 3h/rt 96  267-268 decomp. Ci4H1oN4O2 63.15 3.7% 21.04
(H20) 62778 384 2089

2) Cale with 0.05 mol AcOEw: C 48.45, H 2.69, N 25.22.

3.Fluoro-9H-imidazo[1,5-a]{1,2,4]triazolo[1,5-d][1,4]benzodiazepine-10-carboxylic acid
(23b). To a solution of 22b (R = Et, 17.0 g, 54.3 mmol) in hot abs. ethanol (0.51), a solution of NaOH
(2.65 g, 66 mmol) in water (80 ml) was added and the mixture refluxed for 1 h. The solvent was removed in
vacuo, the residue dissolved in water (0.5 1) and the solution acidified with conc. HCI (6.6 ml). The crystalline
slurry was stirred at 10°C for 1 h and then filtered. The crystals were washed with ice-cold water and dried,
affording 23b (14.5 g, 94%) of mp 2769C (decomp). Anal. Caled for Cy3HgNsOoF: C 54.74, H 2.83,
N 24.55. Found: C 54.74, H 3.07, N 24.28.
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Table: Compounds (23, 32, 36 and 43), prepared from 22, 31, 35 or 42 in a similar manner to 23b

Com-  Reaction Conditions  Yield mp (°C) Molecular Microanalyses (%)
pound solvent time (h)/ (%) formula C H N
temp.(°C) (recryst. Caled Caled Caled
solvent) Found _ Found Found
23¢ EiOH/HQ  2.5h/reflux 100 270-271decomp. C;3HgNsO2Cl  51.76 2.67 23.21
(Hx0) 51.66 2.8 2289
23d EiOH / HyO 3 h/reflux 95 281-282 decomp. Ci14H;11N5O2 59.78 3.94 2490
(H20) 59.85 4.10 25.00
23e EtOH/HO  25h/reflux 96 277-279 decomp. CisHgNsO2Cl 5176  2.67 23.21
(H20) 51.37 290 2273
32a EtOH/H;O0  4h/reflux 99 256-257 decomp. Cj3HgN502 58.43 3.39 262149
(AcOEYEIOH) 5745 398 24.13
32b EtOH /HyO 1.5h/reflux 100 272-273 decomp. Ci3HgNsCHF 5474 2.83 24.55
(Hz0) 5446 279 2436
32¢ EtOH/H20 2 h/reflux 100 282-283 decomp. Cj3HgNsO2Cl 51,76 2.67 23.21
(HO) 51.39 2.82 23.11
32d EtOH/HO  1h/reflux 100 276-277 decomp. C14Hp11N5O2 59.78 3.94 2490
(H20) 59.61 4.31 2499
36b EtCH/HyO 3 h/reflux 95 270-271 decomp. C14HgN4OzF 59.16 3.19 19.71
Hx0) 58.94 3.31 1970
36¢c EWOH/HD 2 h/reflux 67 277-278 decomp. Ci4HgN4O2Cl 5592  3.02 18.63
15518} 33.27 3.23 1831
36d EiOH/HO0 2h/reflux 93 259-261 decomp. Ci5H12N402 6428 432 1999
(H20) 6396 4.38 19.77
36e EtOH/HO  25h/reflux 97 300-302 decomp. C14HgN4OC1 B
43a EtOH/HO 0.75h/reflux 95 257-238 decomp. Ci4H;oN4O2 63.15 379 2104
(AcOE 63.01 390 2091
43b EtOH/HO 1h/reflux 98 258-260 decomp. C14HgN4OzF 59.16 3.19 1971
(AcOED 59.03 3.02 1943

8) Caled with 0.5 mol EtOH: C 57.93, H 4.17, N 24.13.  b) Ms: 302, 300 ( 33, 100, M+), 284, 282 (14, 43,
M - Hy0), 256 (72, M - COy), 254 (73, M - HCOOH), 228 (76). Ir; 2481, 1681, 1297, 1213 (-COOH).

Synthesis of 24, 33, 37 and 44

10-(3-Cyclopropyl-1,2,4-0xadiazol-5-y1)-3-fluoro-9H-imidazo[1,5-a][1,2,4]triazolo[1,5-d]-

[1,4]benzodiazepine (24b, R = cyclopropyl). 1,1'-Carbonyldiimidazole (12.1 g, 74.6 mmol) was
added to a suspension of 23b (11.0 g, 38.5 mmol) in DMF (450 ml). After 15 to 30 min, a solution was
obtained, whereafter the imidazolide of 23b precipitated. Cyclopropanecarboxamidoxime (7.1 g, 70.8 mmol)
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was then added and the mixture stirred at 80°C overnight. The solvent was removed, finally in high vacuum at
609C. The residue was dissolved in acetic acid (250 mi}} and stirred at 1100C for 2.5 h. The solution was
evaporated to dryness in high vacuum. The residue was briefly suspended in hot ethyl acetate (80 ml), cooled to
r.t. and poured slowly into 7% NaHCOs (200 ml). The mixture was stirred at r.t. for 1 h, the crystals filtered
off, washed firstly with ethyl acetate (20 ml), then with water (2.01) and dried, affording 24b (11.05 g,
R = cyclopropyl) mp 215-2180C. By concentrating the organic phase and by chromatography of the residue,
further 24b (0.48 g, R = cyclopropyl) was obtained. Anal. Caled for Ci7H12N7OF: C 58.45, H 3.46,
N 28.07. Found: C 58.37, H 3.67, N 28.03.

Table: Compounds (24, 33, 37 and 44), prepared from 23, 32, 36 and 43 in a similar manner to 24b

Com- R= Reaction Conditions Yield mp (°C)  Molecular Microanalyses (%)
pound solvent time thyf (%) formula C H N
Reactant temp.(°C) (recryst. Caled Caled Caled
solvent) _Found Found Found
24a cPr@ 1) DMF 16h/80c 84 230-233 Cj7Hy;aN70 61.62 395 2959
cPrC(NOH)NH; (ACOEY 61.51 4.10 29.47
2) AcOH 1.5h/1100 ErO)
24b (CH2)2OMe
1) DMF 2h /900 54 181-182 Ci7HuN+#O»F 5558 3.84 26.69
3-methoxypro- (AcOEY 55.63 3.81 26.72
pionamide oxime hexane)
2) AcOH 2h/1100
24¢ cPr 1) DMF 3nh/70° 80 255-256 Cj7Hp;oN,OC1 5582 331 26.81
cPrC(NOH)NH2 (AcOE) 5577 3.35 26.60
2) AcOH 2h/110°
24d cPr 1) DMF 2h /900 77 236-237 CigH1sN70 62.60 438 28.39
¢PrC(NOH)NH3 (AcOED) 62.56 4.48 28.44
2) AcOH 3h/100°
24¢ cPr 1) DMF 20h/800 70 280-282 Ci7HppN7OC1 5582 3.31  26.81
¢PrC(NOH}NH2 (EtOH) 5570 347 26.68
2) AcOH 1h/100°
24h cPr 1) DMF 16h/80° 65 219-220 CjsHiiN;OS 5340 3.29 29.06
cPrC(NOH)NH, (AcOED 53.11  3.43 29.09
2) AcOH 1.5h/110°
33a ¢Pr 1) DMF 16h/80c 64 298-300 Cy7H13N70 61.62 395 2959
cPrC(NOH)NH, (EtOH / 61.51 4.24 2945
2) AcOH 1.5h/110° MeOH)
33b ¢Pr 1) DMF 2h /900 73 253254 Ci7HppN7OoF 5845 346 28.07
¢PrC(NOH)NH; (ExOH / 58.24 351 27191

2) AcOH 2h/1i00 MeOH)

3) ¢Pr = cyclopropyl
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Table: Compounds (24, 33, 37 and 44), prepared from 23, 32, 36 and 43 in a similar manner to 24b

(continued)
Com- R= Reaction Conditions Yield mp (°C) Molecular Microanalyses (%)
pound solvent time (hY (%) formula C H N
Reactant temp.(°C) (recryst. Caled Caled Caled
solvent) Found Found Found
33¢ cPr® 1)DMF 2h /900 74 268-270 Cp7H1;2N70C1 55.82 3.31 26819
cPrC(NOH)NH, (EtOH) 5576 3.56 2621
2) AcOH 2h/1100
37a cPr I)DMF 16h/B0° 63 224-226 C1gH14NgO 6544 427 2544
cPrC(NOH)NH; (AcOED) 65.24 432 25.81
2) AcOH 2h/1100
37b cPr 1) DMF I6h/80° 73 226227 CigH13NgOF 62.07 3.76 24.13
cPrC(NOH)NH> (AcOEY) 6204 385 24.00
2) AcOH 1.5h /1000
37¢ cPr 1) DMF 3h/50° 80 222 CisH13NgOCl 59,27 3.59 23.04¢9
cPrC(NCH)NH; (EtOH) 5898 390 2276
2) AcOH 2h/1100
37d cPr 1) DMF 2h/900 73 270-271 C1gH;6NgO 6627 4.68 24409
cPrC(NOH)NH; (AcQED 66.08 4.74 23.86
2) AcOH 3h/1300
37e cPr 1) DMF 20h/80° 63 247248 CigH13NgOCl 59.27 3.59 23.04
¢PrC(NOH)NH3; (EtOH) 5901 344 2290
2) AcOH 1.5h/110°
44a c¢Pr 1) DMF 20h/80° 69 208-210 CigH14NgO 6544 427 2544
cPrC{(NOH)NH; (AcOEt/ 6543 4.35 25.50
2) AcOH 2.5h/1100 EtOH)
44b cPr 1) DMF 16h/80° 70 217-218 C)gH|3NgOF 62.07 3.76 24,13
cPrC{(NOH)NH; (AcOEp) 61.86 379 2398
2y AcOH 4h /1100

8) cPr = cyclopropyl. b Caled with 0.18 mol EtOH: C 55.74, H 3.52, N 26.21. ©) Caled with 0.1 mol EtOH:
C 59.18, H3.71, N 22.75. 9 Calcd with 0.18 mol AcOEt: C 66.06, H 4.76, N 23.96.

37t (R = cPr) from 35f (R = Et): 35f (R =Et) was hydrolyzed to 36f in the same manner as 22b
(R = Et) to 23b. The acid 36f (mp 304-306°C} was transformed without purification into 37f (R =cPr) in a
manner similar to that described above for 24b from 23b. Yield: 82% from 35f, 37f (R = cPr):
mp 243-244°C (recryst. from AcOEt). Anal. Caled for C1gH3NgOBr: C 52.83, H 3.20, N 20.54. Found:
C 52.86, H 3.28, N 20.48.
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In a similar way, 37g (R = cPr) was obtained in 69 % yield from 35g (R = ethyl). 37g (R = cPr):
mp 200°C (recryst. from EtOH). Anal. Calcd for C39H 6N6O: C 66.27, H 4.68, N 24.40. Found: C66.17,
H4.75, N 24.21.

Synthesis of 28, 41 and 48

9H.Imidazo[1,5-a][1,2,4]triazolo[1,5-d][1,4]benzodiazepine-10-carboxamide {25a).
1,1'-Carbonyldiimidazole (13.6 g, 83.8 mmol) was added to a solution of 23a (10.9 g, 40.8 mmol) in DMF
(700 mi). The mixture was stirred at r.t. for 4 h, and then 25% NH4OH (485 ml) was added thereto. After
stirring for 5 min, the solution was treated with water (1.2 1). The resulting precipitate was filtered off, washed
with water and dried, affording 25a (10.0 g, 92 %) of mp 324-329°C. Anal. Caled for C13HoNgO: C 58.64,
H 3.79, N 31.56. Found: C 58.31, H 4.09, N 31.30.

Table: Compounds (25, 38 and 45), prepared from 23, 36 and 43 in a similar manner to 25a

Com- Reaction Conditions Yield mp (°C) Molecular Microanalyses (%)
pound solvent time ¢h)/ (%) formula C H N
temp.{°C) (recryst. Caled Caled Calcd
__solvent) Found Found Found
25b 1) DMF 3h/rt 97  340-343 C13HgNgOF 5493 3.19 29.57
2y conc. NH4OH O0.5h/rs (MeOH) 55.01 3.20 29.60
25¢ 1) DMF 3h/rt 95  »295 Cy13HgNgOCL 5192 3.02 2795
2)conc. NH4OH 2h/rt (DMF/H;0) 5229 318 2771
25d 1) DMF 3h/rt 98  »300 C14H12NgO 5999 432 2998
2)conc. NH4OH 2 h/rt. H0) 59.81 437 30.08
25¢ 1) DMF 45h/rt. 76 309311 C13HgNgOCI 5192 3.02 2795
2)conc. NH4OH 05h/rt (H20) 5195 3.14 2778
38a 1) THF 16 h/rt 83 276-279 Ci14H11N50 63.39 4.18 26.40
2yconc. NHAOH O hbh/ri (AcOEL) 6299 434 25.82
ash 1) DMF 3h/rt 96  287-289 C14H1oNsOF 59.36 3.56 2472
2yconc. NH4OH 05h/rt (AcOED) 58.83 3.48 2485
38¢ 1) DMF 3h/rt 96  >295 CigHoNsOC1  56.10 336 23.37
2) conc. NH4#OH 1h/re (DMF/H20) 55.87 3.52 2299
38d 1) DMF 3h/rt 87 >295 C15H13NsO 64.51 4.69 2507
2yconc. NH4OH 2 h/rt (AcOQE) 63.96 4.42 24429
38e 1) DMF 45h/rt. 85  342-343 C14H1oNsOC!  56.10 3.36 23.37
2)conc. NH4OH 025h/rt (H20) 5592 341 2313
45a 1) DMF 3h/rt 99  318-320 Ci14H11NsO 63.39 4.18 26.40
2)conc. NH4OH 1h/rt (AcOEVEOH) 63.18 4.13 26.19
45b 1) DMF 3h/rt 100  342-344 C14H10NsOF 5936 3.56 24.72
2)conc, NH4OH 1h/rt (E1OH) 59.25 3.70 24.35

) Calcd with 0.05 mol AcOEt: C 63.98, H 4.73, N 24.55.
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9H-Imidazo[1,5-a](1,2,4]triazolo[1,5-4)[1,4]benzodiazepine-10-carbonitrile (26a) Trifluoro-
acetic anhydride (6.25 ml, 45 mmol) was added at 59 to 10°C within 15 min to 25a (10.0 g, 37.5 mmol) in
THF (280 ml) and pyridine (7.3 ml, 90 mmol) and the mixture was stirred at r.t. for 2 h. Further pyridine
(1.45 ml, 18 mmol) and wifluoroacetic anhydride (1.4 ml, 10 mmol) were added. After stirring at r.t. for 1 h,
the mixture was poured into ice-cold saturated NaHCO3 (2.0 1) and extracted 5 times with CHCIl3. The CHCl3
extracts were washed with brine and evaporated in vacuo. The residue was recrystallized from ethyl
acetate/diisopropyl ether, affording 26a (8.35 g, 89 %), mp 228-232°C. Anal. Calcd for C3HgNg: C 62.90,
H 3.25, N 33.85. Found: C 62.68, H 3.58, N 33.68.

Table: Compounds (26, 39 and 46), prepared from 25, 38 and 45 in a similar manner to 26a

Com- Reaction Conditions Yield mp (°C) Molecular Microanalyses (%)
pound solvent time (h)/ (%) formula C H N

temp.(2C) (recryst. Caled Calcd Calcd

solvent) Found Found Found
26b dioxane/pyridine 2.5h/r.t 83 257-258 C13HqNgF 58.65 2.65 31.57
(AcOEtiPr:Q) 58.89¢ 290 3131
26¢ DMF/pyridine 24h/rt. 80  255-256 C13HNgCl 5523 250 2973
(AcOED) 5503 266 29.56
26d DMF/pyridine 24h/rt. 88 275-276 C14H1gNg 64.11 3.84 32.04
(AcOED 64.20 4.07 3204
26¢ dioxane/pyridine 20 h /r.t. 76  283-285 C13H7CINg 5523 250 2973
(AcQOEY) 55.16 2,59 2971

39a dioxane/pyridine 19 h/r.t 85 226-228° Cy14HgN5 68.01 3.67 28329
(AcOEx) 66.62 420 25.32
39b dioxane/pyridine 19 h/r.t. 75 211-212 C14HgNsF 63.39 3.04 2640
{AcOEYiPro0 63.22 295 26.38

39¢ dioxane/pyridine 24 h/r.t 57 231-232 C14HgNsCl1 59.69 2.86 24.86b)
(MeOH) 5934 323 2443
39d DMF/pyridine 24h/rt. 74 267-269 Ci5Hi1Ns 6895 424 26.80
(AcOEt) 69.10 4.09 2643

39e dioxane/pyridine 20 h/rt 82 207-208 Ci14HgNsCl 59.69 2.86 24.86¢)
(EtOH) 59.57 298 2447
46a dioxane/pyridine 16h/rt 86 248-250 C14HgNs 68.01 3.67 28.32
(AcOEYERO) 67.89 355 28.06
46b dioxane/pyridine 16 h /1.t 64 261-262 C14HgNsF 6339 304 2640
‘ (AcOEt /EO) 6326 3.05 2644

8) Calcd with 0.3 mol AcOEt: C 66.71, H 4.20, N 25.59.

N 24.58.

€) Calcd with 0.1 mol AcOEt: C 59.58, H 3.01, N 24.49.

b) Calcd with 0.1 mol MeQH; C 59.44, H 2.97,
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10-(5-Cyclopropyl-1,2,4-oxadiazol-3-yl)-9H -imidazo[1,5-a][1,2,4]triazolo[1,5-d]{1,4]ben-
zodiazepine (28a, R = cyclopropyl). To a suspension of 26a (8.35 g, 33.6 mmol) in ethanol (160 ml)
were added hydroxylamine hydrochloride (2.7 g, 39 mmol) and then a solution of NaHCOs3 (3.34 g,
39.7 mmol) in water (40 ml). The mixture was stirred under reflux for 1.5 h. The resulting precipitate was
filtered off and washed, affording crude 9H-imidazo[1,5-a][1,2,4]triazolo[1,5-d][1,4]benzodiazepine-
10-carboxamidoxime 27a (7.6 g). A further 0.5 g of 27a could be obtained by concentrating the filtrate.
Cyclopropanecarboxylic acid (46 ml, 0.58 mmol) was dissolved in DMF (240 mi) and treated at 35°C with
1,1'-carbonyldiimidazole (7.0 g, 43.2 mmol). The mixture was stirred at 35°C for 1 h and at r.t. for 2 h, then
crude 27a (8.1 g, 28.8 mmol) was added thereto and the mixture stirred at 80°C for 15 h. The solvent was
removed in vacuo, the residue dissolved in cyclopropanecarboxylic acid (50 m!) and heated at 130°C for 3.5 h,
The solution was e¢vaporated in vacuo and the residue chromatographed over silica gel. Elution with
CHCl/EtOH 99:1 yielded crude 28a (R = cyclopropyl, 7.8 g). By recrystallization from EtOH, pure 28a
(R = cyclopropyl, 7.4 g, 66 %), mp 216-217°C, was obtained. Anal. Caled for Cy7H3N70: C 61.62,
H3.95, N 29.59. Found: C 61.55, H4.11, N 29.58.

Table: Compounds (28, 41 and 48, R= cPr), prepared from 26, 39 and 46 in a similar manner to 28a

Com- R= Reacton Conditions  Yield mp (°C) Molecular Microanalyses (%)
pound solvent time (h)/ (%) formula C H N
temp.(°C) (recryst. Caled Caled Caled
solvent) Found Found Found

28b cPr 1EWQCHMH2O 25h/reflux 65 223-224 Ci7H19N7OF 5845 346 28.07
2) DMF 16 h/BOP {AcOEY) 5833 3064 2794
3HcPrlCOOH  4h /1300

28¢c cPr 1ECHMH20 2h/reflux 80 261-262 Ci7HpoN7OCL 5582 331 26.81
2) DMF 16h/80° (AcOEY) 5553 341 26.64
3)cPrCOOH  4h/ 1300

28d cPr  1EOH/H2O 2h/reflux 80 238-239 Ci1gHj5N70 62.60 4.33 28.39
2) DMF 18 h /800 (AcOEm) 62.42 434 2834

3)cPrfCOOH  4h/1300

28e cPr 1)EtOHHO 2h/reflux 75  266-267 Ci7H12N7OCl 55,82 3.31  26.81
2) DMF 16 h/ 809 (EtOH) 55.73 340 2675
3)cPrCOOH 3.5h/1300

41a cPr 1DEOHM;O 25h/reflux 51 187-189 CigH14NgO 65.44 427 25449
2) DMF 16h /800 (AcOEYERO) 6540 433 2511
3)cPrCOOH 4h /1300

41b cPr 1DEOHH0 1.5h/reflux 60 181-183 CisH1aNgOF  62.07 376 24.13
2) DMF 16 h/80° (AcOEiPr;0) 62.03 3.67 2398
3)cPrCOOH 3 h/130°

a) Calcd with 0.4 mol AcOEt: C 65.33, H4.32, N 25.17.
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Table: Compounds (28, 41 and 48, R= ¢Pr), preparcd from 26, 39 and 46 in a similar manner to 28a

(continued)
Com- R= Reaction Conditions  Yield mp (°C) Molecular Microanalyses (%)
pound solvent time (hy/ (%) formula C H N
termp.(°C) (recryst, Caled Caled Caled
solvent) Found Found Found
41¢ cPr 1 EOH/H20 2h/reflux 86 213-215 CigH13NgOCl  59.27 3.59 23.04
2) DMF 18 h/80° (AcQEm) 59.17 3.59 2293

3)cPrCOOH 3 h/1300

41d cPr 1)EtOH/H0 2 h/reflux 65 255-257 CigH1sN6O 66.27 4.68 24.40Y)
2) DMF 18h/80P (AcOED 6570 4.65 24.08
3)cPrCOOH 4 h/1300

4le cPr DEOHMHYO O0S5h/reflux 60 176-177 CigHisNgOCl  59.27 3.59 23.04
2) DMF 16 h /800 (EtOH) 59.44 3.47 23.03
3)cPrCOOH 3 h/1300

48a cPr 1)EtOH/MH20 125h/reflux 52 207-209 C1gH14NgO 6544 427 2544
2) DMF 18 h / 800 (AcOEY) 6542 435 2551
3)cPrCOOH 3 h/1300

48b cPr 1EOH/MH0 1.5h/reflux 85 200-202 CisH13NgOF  62.07 3.76 24.139)
2) DMF 3.5h/80°. (AcOEt) 61.84 394 2338
3)cPiCOOH  4h/ 1300

b} Caled with 0.16% of HyO and 0.072 mol of AcOEt: C 66.06, H 4.76, N 23.97.
¢} Caled with 3.65% of AcOEt: C 61.79 H 3.96, N 23.25.

Table: Compounds (28 and 41, R not ¢Pr), prepared from 26 and 39 in a similar manner to 28a:
instead of cyclopropanecarboxylic acid, the corresponding acids R-COOH were used

Com- R= Reaction Conditions  Yield mp (°C) Molecular Microanalyses (%)
pound solvent time (h)/ (%) formula C H N
temp.(°C) (recryst, Caled Caled Calcd
lven Fi Foun
28b Me 1)EOH/H;O 3h/reflux 78 293-294 CisHigN7OF 5573  3.12 30.33
2) DMF 18 h /800 (EtOI) 5573 291 30.13
3) AcOH 6h/1100
28h Et D EtOH/H20 3 h/reflux 72 267-269 CigH1oN70OF 5697 3.59 29.07
2) DMF 17h/80° (EtOH) 5722 359 29.19

3) EtCOCH 6h /1250

28b iPr 1)EtOH/H;0 3h/reflux 76 207-209 Ci7H1aN7OF  58.12  4.02 2791
2) DMF 20h/80° (EtOH) 5792 4.02 2771
3)iPrCOOH 6h/1250
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Table: Compounds (28 and 41, R not cPr), prepared from 26 and 39 in a similar manner to 28a:
instead of cyclopropanecarboxylic acid, the corresponding acids R-COOH were used (continued)

Com- R= Reaction Conditions  Yield mp (°C) Molecular Microanalyses (%)
pound solvent time (hY (%) formula C H N
temp.(°C) (recryst. Caled Caled Calced

solventy  Found Found Found

41le iPr 1 EOHH20 1h/reflux 33 156-157 CigHisNgOCl 5894 4,12 2291
2) DMF 20h /800 (AcOEr) 5892 413 2287
3)IiPrCOOH  4h/1250

4le EOCH;
1) E©OH/H0 1 h/reflux 57 178-180 CigH1sNg02Cl 56.48  3.95 21.95
2) DMF 20 h/80° (EtOH/ACOE) 5636 4.06 21.90
3) ethoxy-
aceticacid 4 h/ 1300

4le 2-Me-cPr
1) EtOH/H20 1 h/ reflux 64 183-185 CioH1sNgOCl 6024 3.99 22.19
2) DMF 20 h/ 800 (iPrOH) 60.03 395 2212

3) rac trans-2-Me-
cPrCOOH 2h/ 1300

3-Fluoro-10-[5-(2-methoxyethyl)-1,2,4-0xadiazol-3-yl]-3-fluoro-9H -imidazo[1,5-21[1,2,4]-
triazolo[1,5-4][1,4]benzodiazepine (28b, R = methoxyethyl). To a suspension of 26b (3.63 g,
13.6 mmol) in ethanol (70 ml) were added hydroxylamine hydrochloride (1.2 g, 17.3 mmol) and then a
solution of NaHCO3 (5.82 g, 69.3 mmol) in water (70 mi). The mixture was stirred under reflux for 3 h, The
resulting precipitate was filtered off and washed, affording crude 3-fluoro-9H-imidazo[1,5-a][1,2,4]triazolo-
[1,5-d][1,4]benzodiazepine- 10-carboxamidoxime 27b (3.93 g). A further 0.07 g of 27b could be obtained by
concentrating the filtrate.

A solution of 3-methoxypropionic acid (1.9 ml, 20.2 mmol) in DMF {100 ml) was treated with 1,1'-carbonyl-
diimidazole (3.2 g, 19.7 mmol). The mixture was stirred at r.t. for 3 h, then crude 27b (4.0 g, 13.3 mmol)
was added and the mixture stirred at 80°C for 18 h. The solvent was removed in vacuo, the residue dissolved in
ethyl acetate (50 ml) and refluxed for 5 h. The solvent was removed in vacuo, the residue dissolved in CH2Clz
and washed with saturated NaHCO3. The organic phase was evaporated and the residue chromatographed over
silica gel. CH2Clz/methanol (99:1 to 97:3) eluted 3.6 g of product which, after recrystallization from ethyl
acetate, afforded pure 28b (R = methoxyethyl, 3.1 g) of mp 196-197°C. Anal. Calcd for C17H14N702F:
C 55.58, H 3.84, N 26.69. Found: C 55.61, H 3.81, N 26.79.
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Table: Compounds (28, R not ¢Pr) prepared from 26 as described above;
instead of 3-methoxypropionic acid, the comresponding acids R-COOH were used.

Com- R= Reaction Conditions  Yield mp (°C) Molecular Microanalyses (%)
pound solvent time (h)y (%) formula C H N
temp.(°C) (recryst. Calcd Caled Calced
solvent) Found Found Found

28b EOCH>
DEOH/MH0 2 h/reflux 60 187-188 Ci7H14aN7OoF 5558 3.84 26.69
2) DMF 17 h/ 800 (AcOE) 55.52 391 2670
3) AcOEt 4h/1300

28b MeaNCHz
1)EtOH/MH,O 2 h/reflux 38 196-197 Ci7HisNgOF 5573 4,13 30.5¢
2) DMF 64 h /80P (AcOEt) 55.37 4.00 30.28
3) AcOEt 5h/120°

28b 2-thenyl
D EOH/H20 2 h/reflux 44  182-183 Cj9H12N70FS 56.29 2.98 24.19
2) DMF 24h/800 (AcOEt/hexane) 55.71 3.15 2421
3) AcOEt 2h/1200

28b  benzyl
DEOHMO 1.5h/reflux 25 182-183 C Hi4aN7OF  63.15 3.53 24.5
2) DMF 18 h/ 800 {AcOEt/hexane) 63.07 3.38 24.37
3) AcOEt 3h/1200

28b 2-F-benzyl
DEOH/MH;O  1.5h/reflux 50 202-204 CyH)sN7OF,  60.43  3.14 2349
2) DMF 24 h /800 (AcOEt/hexane) 60.24 3.23 2361
3) AcOEt 3h/130°

28b 3-F-benzyl
DEOHMHO 1.5h/reflux 57 188-189 CoiHi3N70F2 6043 314 2349
2) DMF 24 h /800 (AcOEthexane) 60.44 3.23 2355
3) AcOEt 3h/1300

28b 4-F-benzyl
DEOHMHO 15h/reflux 51 191-192 C21HisN7OFz 6043  3.14 2349
2) DMF 24h /800 (AcOEvhexane) 60.27 3.38 23.65
3) AcOEt 3h/1300

28b 4-MeO-benzyl
DEOHMHO 15h/reflux 56  205-206 CoHjgN7OpF  61.54  3.76 22.83
2) DMF 24 h /800 (AcOEv/hexane) 6144 3.88 2283
3) AcQOEt 3h/130°

28b 4-CF3-benzyl
DHEOHM,O 15h/reflux 55 206-207 CpHisN7OFy 5654  2.80 2098
2) DMF 18 h /800 (AcOEyhexane) 56.30 2385 20.82
3) AcOEt 4h /1300
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