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Abstract - The synthesis of new tetracyclic 1,4-diazepine derivatives is des- 
cribed. In these compounds, an additional five-membered heterocycle is fused on 

the known tricyclic ring systems imidazo[l,5-a][l,4]benzodiazepine and 

imidazo[l,5-a]thieno[3,2-fl[l,4ldiazepine. Many of these new compounds 
display a very high aflinity to the bendazepine receptor in mmods .  

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 

(I)and(II). 

These compounds are characterized by an additional heterocyclic ring D (1,2,4triazole. imidaz.de or pyrazole). 
In the following, we report on the synthesis of selected examples of several ring systems studied (for more 

examples, see ref.'). 

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

Tricyclic 1.4-benzcdiazepinone and thieno[3,2-fl[l,4]diazepinone derivatives in which the diazepine ring is 

annelated with 1.2.4-hiazole rings on the 4.5-bond have previously been described? Breue9 took advantage 

of a quinazoline-diazepine rearrangement to prepare compounds (10a. lOc, l l a  and l lc )  (Scheme 1). 
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Scheme 1. Synlhesis of the tricyclic benzo- and thienodiazepinones (1 1.17 and 21) 
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He started from the 4-chloro-2-chloromethylquinamlines (6a and &, R = CH2Q) and built up the fused niaznle 
ring by reacting them successively with bydrazine and uialkyl orthoformate. He  ported that the mangement  

of 8a or & (R = CHzCl) with sodium hydroxide afforded a mixture of the isomeric triamlobenzodiazepinones 
(10 and 11, a and c) with I1 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-dlbendazepinones of type (lo), carrying an alkyl or an arylalkyl group on 
N-6, have been synthesized by Vogt et a1.3 and Wade et aL4 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 thienottiazolodiazepinones of type (llh),  Shishoo et al.5used a route similar to that of 

Breuer. 
Compounds (4,6,7 and 8) where R is a chloromethyl group are skin Lritants. The use of those irritating 

intermediates could be avoided by performing the synthesis sequence with compounds carrying a hydrogen or a 
methyl group instead of the chloromethyl group. Subsequently, the niazoloquinazolines (8) were easily 
hydrolysed to the corresponding ring-open compounds (9). Condensing these compounds with chloroacetyl 

chloride and cyclising the chlmacetyl 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 = CHzC1) to 11. 
We prepared the new imi&w[l,2-d)benzodjazepinones (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 imidam[l.2-c]quinawlines (14). Normally, acetic acid 
was used as cyclising agent; however, in the case of 12e and 12g, no cyclisation occurred with acetic acid and 

plyphosphoric 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 niazolo compounds. Compounds 
(14) with R =  CHzCl were directly reacted with sodium hydroxide yielding 17, compounds with R = H  or CH3 

were fust hyydrlysed to 15, and then reacted with chloroacetyl chloride under basic conditions. Under the 

suongly 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 ttifluoroacetic 

acid. 
The synthesis of the pyrazolo[l,5-dlbenzodiazepinones (21) started from 4quinolinols (18). Heating the latter 
with hydrazine hydrate, a transposition to the 2-(3-pyrazolyl)anilines (19) occurred, as described by A l b d 6  and 

by de Stevens et 01.7 19 was reacted with chlomacetyl chloride and cyclised, under acidic conditions, to the 

pyramlo[l,5-clquinazolines (20). The ring enlargement of 20 to 21 proceeded in a similar manner as described 
above for 11 and 17. 
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Synthesis of the tetracyclic imidazo[l,5-al[l,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- 
11.5-a][l,4]diazepinecarboxylates (22.35 and 42) was achieved by reaction of an activated form of these 

lactams with the anion of an isocyanoacetic ester, using a method fmt described by Walser and Fryer.8 

Scheme 2. Annelation of the tricyclic benzo- and thlenodiazepinones (11. 17 and 21) wlh isocyanoacetk esters 

vN COOR s-J- 
Ring A: Ring ~ = "4" 
see Scheme 1 N.5 Compounds Compounds compounds 

11, 22, 23 17, 35, 36 21. 42, 43 

The tetracyclic imidazo[1,5-a1[1,2,4lhiazolo[4,3-4[1,4]diazepines (31) were synthesized by another route 
(Scheme 3): the hicyclic imidazobenzodiazepinone esters (29)9 were reacted with Lawesson's reagent in 

pyridine, producing the corresponding thiolactams (30). 30 was successively treated with hydmiie hydrate and 
then with trialkyl orthoformates providing the triazolo derivatives (31). Tbe use of 2-aminoacetaldehyde acetals 

instead of hydrazie 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-lriazole or imklazole) on tricyclic imidazobenzodiazepinones (29) 
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Synthesis of the oxadiazole rings, final compounds (24.33.37. 44, 28, 4 1  and 48) 

The transfornation 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 

imidawlide of a carboxylic acid 

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

1 RIG A: see Scheme 1 . 

Ring D: d = >iN 
4 

\d N d) 
Compounds Compounds Compounds Compounds 
23 - 28 32 - 33 36 - 41 43 - 48 

Conclusion 

By the routes described above, we achieved the synthesis of new tetmcyclic benzodiazepine and thienodiazepine 
derivatives. Most of them fulfilled our expectations regarding affinity to the benzodiazepine receptor and 
pharmacological profi1e.a 

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

Melting points are not comcted. IH-Nm spectra were recorded in CDC13 at 250 MHz. Chemical s h i i  are given 
in ppm relative to TMS. Mass spectra were recorded at 70 eV ionizing voltage. Ms spectra are presented as d z  

(% rel. int.). Ir spectra were taken in KBr on a Nicolet IT IR apparatus. Abbreviations: r.t. means room 

temperame. 

Starting materials: 2-amino-6-chlorobenwnitrile (Ze), 2-amino-6-methylbenwnihile (Zg) and 4-quinolinol(18a) 
are comnmcially available. 

The following compounds were prepared by literature methods: 2-amine5-fluorobenzamide (lb, R' = NHZ),IO 
methyl 2-amino-5-methylbenwate (ld. R' = OMe),ll 2-aminothiophene-3-carbonimle (2h),l2 6-fluoroquinazo- 

lin-4(3H)-one (4b, R = H),'3 5-bromcquinazolin-4(3H)-one (40,14 5H-[1,2,4]triazolo[l,5-d][l,4]benzo- 
diazepin-6(7H)-one ( l la )  and lO-chloro-5H-[l,2,4]triazolo[1,5-d][1,4]benzodiazepin-6(7H)-one (llc),2 

7-fluoroquinolin-4-01 (18b),ls ethyl 5,6-dihydro-6-oxo-4H-imidazo[l,5-albenzodiazepine-3-carboxy1ate (29s) 
and its 8-fluoro (29h). 8-chlom (2%) and 8-methyl (29d) anal0~s.9 

Quinazolines and thienopyrimidines (6 and 12) 

2-Chloromethyl-6-methylquinazolin-4(3H)-one (4d, R = CHzCI). A weak stream of dry HC1 was 

introduced at So to lS°C for 8 h into a solution of methyl 2-amino-5-methylbenzoate (Id, 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 chlomaceto- 

nihile (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 icelwater, adjusted to pH 8 to 9 with 25% NH40H 
and stirred at 50C for 1 h. The crystals were filtered off, washed with water and dried, affording 

4d (R = CHZCI, 114.1 g, 98 96). mp263-26S0C. Anal. Calcd for C~OH~NZOCI: C 57.57, H 4.35, N 13.43. 

Found: C 57.66, H4.35, N 13.13. 

2,s-Dimethylquinazolin-4(3H)-one (4g, R = CH3). A weak stream of dry HCI was introduced over 

8 h at 50 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 to 

50C, 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 300C. The crystalline 

residue was hiturated with 280 ml of water, cooled below 50C, neutralized with saturated NaHC@, fdtered 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 C1& lN3: 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 1.0 l 

of 6N HCI at 950C for 20 h. The mixture was concentrated in vacuo and then neutralized with saturated 

NaHC03. The crystals were filtered off, washed with water and dried, affording 4g (R = CH3, 34 g. 90 96) 
mp 255-257T (after recrystallisation in MeOH). Anal. Calcd for C10H10N20: 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 (4h, R = CHzCI), 

mp 244-2450C (recryst. from ethyl acetate), was obtained in 61 % yield from 2-amino-5-fluorobenzamide 

( lb,  R' = NH2) by reacting with chloroacetonitrile and HC1. Anal. Calcd for C~H~NZOCIF: C 50.84, 
H2.84, N 13.18. Found: C 50.66, H 3.09, N 13.13. 

4-Chloro-2-(chloromethyl)thieno[2,3-~pyrimidine (6h, R = CHzCI). A weak stream of dry HCI 

was bubbled into a solution of 2-aminothiophene-3-carbonitrile (Zh, 17.3 g, 139 mmol) and chloroacetonihile 

(13.3 g, 324 mmol) in abs. dioxane (1.5 1) at S°C for 7 h. The mixture was stirred at r.t. for 15 h and then 
evaporated at 350C in vacuo. The crystalline residue was triturated with 500 ml of ice-cold water, the crystals 

were filtered off, washed and dried, affording crude 6h (R = CHzC1, 26.2 g). Yield: 85 96. A sample was 
recrystallized from hexane; mp 66-68OC. Anal. Calcd for C T H ~ N ~ C I ~ S :  C 38.38, H 1.84, N 12.79. Found 

C 38.36, H 2.01, N 12.76. 

In a similar manner, 4,s-dichloro-2-ehloromethylquinazoline (6e, R = CHzCI), mp 140-1430C 

(cryst. from EtzO), was obtained in 72 % yield from 2-aminc-6-chlorobenzonitrile (2e). Ms: 250, 248,246 

(161 50 1 52, M+), 215,213,211 (14 1 66 1 100, M-CI), 178, 176 (7.5 I 22), 138, 136 (5 I 19). 
Ir: 1598,1564, 1542,1479 (aromatic and heteroaromatic rings). 

5-Bromo-4-chloroquinazoline (61, R = H). NJf.4-Trimethylaniline (106 ml, 337 mmol) and POCl3 

(41 ml, 448 mmol) were added at r.t. to a suspension of 4f (R = H, 33 g, 147 mmol) in CHCI3 (1.2 1). The 

mixture was stirred at reflux for 16 h, then cooled and poured into 5 1 of saturated NaH- and stirred for 

30 min. The organic phase was separated and the aqueous phase was extracted with CHzClz. The combined 

organic phases were dried over NazS04 and chromatographed over silicagel (2 kg). F i t .  N,N,4-trimethyl- 
aniline was eluted with CHzC12 and CH2CI2lethyl acetate 98:2, then 6f (R = H. 29.0 g, 81 %) with 

CHzC12jethyl acetate 9:4. After recrystallisation from Et20liPr20, 6f (R = H) melted at 124-126°C. Anal. 
Calcd for CgH4NzBrCI: 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 61 

Com- R =  Reaction Conditions Yield mp (OC) Molecular Microanalyses (%) 
pound solvent time @)I (%) formula C H N 

temp.(OC) (recryst. Calcd Calcd Calcd 
solvent) Fpunb_Epund Found 

6b CHzCI CHC13 24 h lreflux 84 123-124 C9HsNzClzF 46.78 2.18 12.12 
(-0) 46.71 2.11 12.00 

6d CHzCl 24 hlreflux 81 111-112 C10HgN2C12 52.89 3.55 12.34 
(AcOEt) 52.87 3.51 12.24 

a) Ms: 194, 192 (7 122, M+), 157 (100, M-Cl), 116 (13). 
Ir: 1606,1586,1479 (aromatic and heternaromatic rings). 
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6-Fluoro-quinazoline-4(3H)-thione (5h, R = H). Crude 4b  (R = H, 2.7 g, 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 concenwted in vacuo. the 
residue taken up with saturated NaHC03 (80 ml) and stirred at r.t. for 30 min. The mixture was cooled to 

150C, 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 5b  (R = H, 2.8 g, 95 %) mp 294-2970C, were 

obtained. Anal. Calcd for C~H~NZFS:  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-clquinazoline (8b, R = CHzCI). To a cooled sus- 

pension of 6b (R = m C I ,  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 tbe temperature rose to 20°C. The reaction mixNre was stirred at r.t. for 3 h and then poured into a stimd 
mixture of saturated NaHC03 (150 ml) and CHC13. The crystals were filtered off, washed with water and dried. 

4.8 g of 7b (R = CHzCI) were obtained. The CHC13 phase of the filtrate was separated and the aqueous phase 

was exaacted with CHC13. By evaporation of the organic phases, further 7b (R = CHzCI, 0.6 g) was obtained. 
Total yield: 5.4 g of crude 7b (R = CHzCI), which was suspended in ethyl orthoformate (150 ml) and 
retluxed for 1 h, then cooled and concentrated in vacuo. The precipitate was filtered off, yielding crude 8b 

(R = CHzCI, 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 = CHzCI). Total yield: 5.1 g (87 8). A sample was 

recrystallized from EtOH, affording pure 8 b  (R = CHzC1) mp 183OC (decomp.). Anal. Calcd for 

CI&N~CLF: 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 (OC) Molecular Microanalyses (%) 
pound solvent time (h)/ (%I formula C H N 

temp.(OC) (recryst. Calcd Calcd Calcd 
solvent) Found Found Found 

8h C w l  1)THF 3.5 h I r.t. 66 >I20 decomp. CgH5N4CIS 42.77 2.24 24.94 
2) HC(OEt)3 1.5 h Ireflux ( A m )  42.83 2.14 24.66 

a) Ms: 256,254,252 (11 / 65 1 100, M+), 219,217 (5 1 14.5, M-CI). 
Ir: 1624,1550,1476 (aromatic & heternaromatic 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 stimng. 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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methyl 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 Hz0 

(300 ml), stirred at 1.1. 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 ethanol, pure Sb (R = H, 2.4 g, 80 %), mp 193-1950C was obtained. 
Anal. Calcd for CgHgNqF: C 57.45, H 2.68, N 29.78. Found: C 57.44, H 2.62, N 29.88. 

5-Chloromethylimidazo[l,2-clquinazoline (14a, R = CHzCI). To a suspension of 6 a  
(R = CH2C1, 88 g, 413 mmol) in THF (1 I), 2.2-dimethoxyethylamine (92 ml, 849 mmol) was added while 
stirring at 10°C. The mixture was stirred at r.t. fa 2.5 h and then cooled to 0°C. 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 = CH2CI) was heated in 

acetic acid (1.2 1) to 100°C for 3 h and then concentrated in vacuo. The residue was pardtioned between CHCb 

and saturated NaHCe. The CHC13 extract was chromatographed over silica gel. 14a (R = CH2Cl) was eluted 

with CHC13/EtOH 99.5:0.5. The eluates were crystallized from ether, affording 14a (R = CHzCI, 30.2 g, 
33 %) of mp 153-154°C. Anal. Calcd for C11HgN3C1: 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]quinazoine (14b, R = CHzCI), 

mp 171-1720C (recryst. from ethyl acetate), was obtained in 36 % yield from 6b. Anal. Calcd for 

ClIH7N3C1F: C 56.07, H 2.99, N 17.83. Found: C 55.75, H 3.12, N 17.69. 

5,lO-Dimethylimidazo[1,2-clquinazoline (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-diiethoxyethylamine (5 ml, 
46 mmol) was added and the mixture stirred again for 40 h. The solvent was removed in vacuo and the residue 
partitioned between CHC13 and saturated NaHCO3. CHC13 was evaporated in vacuo and the residue (21 g) 
chromatographed over silica gel (150 g). 4-(2,2-Dimethoxyethylamino)-2,5-dimethylquinazoline (lzg, 
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 1Zg (R = CH3) were heated in polyphosphoric acid 

(300 g) at 1550C for 24 h, and then poured into a mixture of ice and aqueous 25% NH40H. The mixture. was 
extracted four times with CHC13. CHC13 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 IZg), mp 159OC. Anal. Calcd for C12HllN3: C 73.07, 

H5.62, N 21.30. Found: C 73.08, H 5.77, N 21.51. 

In a similar manner, l0-chloro-5-chloromethylimidazo[l,Z-c]quinazoline (14e, R =  CHzCI), 
mp 171-1720C (recryst. from ethyl acetate), was obtained in 66 % yield from 6e (R = CH2C1). Anal. Calcd 

for CllH7N3C12: C 52.41, H 2.80, N 16.67. Found: C 52.21, H 2.99, N 16.66. 
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l0-Brorno-2,3-dihydroimidazo[l,Z-c]quinazoIine (131, R = H) A solution of 61 (R = H, 
5.63 g, 23.1 mmol) in THF (300 ml) was treated with NaHCO3 (10.5 g, 125 mmol) and 2-hromoethylamine 

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. Calcd for Cl&N3Br: 

C48.02, H 3.22, N 16.80. Found: C 48.04, H 3.29, N 16.77. 

10-Bromoimidazo[l,2-clquinazoline (14f, R = H). MnO2 (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 MnOz (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 CH2C12EtOH 199:l and again filtered. The fdtrate was 

concentrated to about 1.5 1 in 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 141 (R = H) were eluted with CH2Cldethauol 
99:l. After crystallization from AcOEVEtzO, 11.7 g (53 8) of 14f (R = H), mp 214-216°C, were obtained. 
Anal. Calcd for CloH6N3Br: C48.42, H 2.44, N 16.94. Found: C 48.47, H 2.53, N 16.85. 

2-(2H-Pyrazol-3-y1)aniline (19a). A mixture of 4-quinolinol (18s. 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 b. After cooling, the reaction mixture 
was dissolved in aqueous 3N HCI (total volume of the solution about 300 ml, pH about 1). The mixture was 
then made slightly alkaline @H about 9) with 25% NH40H. The separated crystals were fdtered off and dried, 

affording 19a (8.0 g, 73 %) mp 122-123°C. Anal. Calcd for CgHgN3: 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-pyrazoI-3-yl)aniline (19b). mp 91-92T, was obtained in 33 % 

yield from 6-fluoro-4-quinolinol (18b). Anal. Calcd for CgHgN3F: C 61.01, H 4.55, N 23.72. Found: 
C 61.08, H 4.41, N 23.66. 

5-Chlorornethylpyrazolo[l,5-clquinazoline (20a). To a solution of 19a (8.6 g, 54 mmol) in THF 
(800 ml). K2C03 (75.3 g, 545 mmol) was added. After cooling to P C ,  a solution of chloroacetyl chloride 
(6.7 ml, 84 mmol) in ether (40 ml) was added dropwise within 10 min. After stining at 50C 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 NaHCOj and CH2C12. The aqueous phase was extracted 

several times with CH2Cl2. The organic extracts were dried over Na2S04 and evaporated in vacuo. The residue 

was taken up in 0.4 N HCl in dioxane (560 ml) and stirred at 900C for 1 h. The solution was evaporated in 

vacuo and the residue was partitioned between saturated NaHC03 and CHzClz. The CHzCl2 exuact was 

evaporated in vacuo, affording ZOa (11.4 g, 97 %). After recrystallization &om diisopropyl ether, the mp was 

135-1360C. Anal. Calcd for CIIHSN~CI: 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[l,5-clquinazoline (20b). mp 155-157'C, 

was obtained in 96 % yield from 19b. Anal. Calcd for C I ~ H ~ N ~ C L F :  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 

10-Fluoro-5H-[1,2,4ltriazolo[l,5-dl[l,41benzodiazepin-6(7H)-one (llb).  4.72 g (20 mmol) of 
8h (R = CHzCI) were dissolved in hot dioxane (140 ml). The solution was cooled to l00C and then added to 

a mixture of 1N NaOH (40 ml) and dioxane (20 ml) in such a manner that the temperature rose to about 15OC. 

The mixture was stirred at r.t. for 45 min and then p o d  into 1.4 1 of ice-cold water, and made neuual with 3N 

HC1. The solution was extracted with CHC13 (5 times). The solvent was washed with brine and evaporated in 

vacuo. 7he residue (4.35 g) was dissolved in AcOEt (250 ml) and chromatographed through silica gel (200 g). 
l l b  (3.7 g, 85 %) was eluted with mixtures of hexane and AcOEt 1:l and 46. After recrystallization from 
AcOEt, l l b  melted at 243-2450C. Anal. Calcd for C I ~ H ~ N ~ O F :  C 55.05, H 3.23, N 25.68. Found C 55.00, 

H 2.97, N 25.76. 

Table: Compounds (11). prepared from 8 (R = CHzCI) in a similar manner to l l b  

Com- Reaction Conditions Y i  mp (OC) Molecular Minoanalyses (%) 
~ound  solvent time (h)/ (%) formula C H N . . 

temP:(oC) (recryst. ~alcd ~ a l ~ d  ~alcd 

l l d  dioxane I 24 h 1 1.1. 62 206-208 C ~ I H ~ $ Q O  61.67 4.71 26.15 
1 N NaOH (AcOEt) 61.54 4.84 26.15 

l l e  dioxane I 10 h I r.t. 61 280-282 C1oH7N4OCl a) 
1 N NaOH 

l l h  dioxane I 60 h 1 r.t. 48 260 C&N40S  46.59 2.93 27.17 
1 N NaOH @OH) 46.28 3.01 26.95 

a) Ms: 236,234 (33 I 100, M+), 207,205 (16 144, M - COH), 179 (51) 152 (42). 
Ir: 1682 (C=O), 1599, 1575, 1495 (aromatic and heteroaromatic rings). 

10-Fluoro-5H-[1,2,4ltriazolo[l,S-~[l,4]benzodiazepin-6(7H)-one ( l lb) .  5.0 g (30.5 mmol) of 

8b (R = H) were stirred in 6N HCl(90 ml) at 95°C for 1 h. After cooling to P C ,  the solution was poured into 

25% m 0 H  (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-fluom-2-(1H-1,2,4-triazol-3-yl)aniline (9b, 4.35 g), mp 142.5-144S°C (a 

sample recrystallized from water melted at 145- 146OC). 
A solution of 9b (4.3 g, 24.1 mmol) in dioxane (200 ml) and abs. pyridine (2.3 ml) was cooled to lZ°C. A 

solution of chloroacetyl chloride (2.2 ml, 27.6 mmol) in ether (8 ml) was then added dropwise within 5 min at 

120 to 15oC. The mixture was stirred at 100 to lZ°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 400C in vacuo. The residue was stirred at 

150C for 30 min in 150 ml of water and 5 ml of ethyl acetate. The crystals were fdtered off, washed with cold 

water and dried, affording l l b  (3.78 g, 65 % from 8b, R = H), mp 232.5-238% This substance was 
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identical with l l b  obtained from 8b (R = CH2CI). Further substance could be obtained from the aqueous 
phase as follows: it was evaporated to dryness in vacuo and the residue stirred in 10 ml 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 Na2C03 

(60 ml) and ethyl acetate (2 ml). The crystals were filtered off, yielding further 0.5 g of l lb.  The mother liquor 
contained small amounts of lob,  which was crystallised from EtOH, mp 325-3260C. Anal. Calcd for 

CIOH~N~OF:  C 55.05, H 3.23, N 25.68. Found: C 55.06, H 3.02, N 25.50. 

5H-Imidazo[l,2-dl[l,4lbenzodiazepin-6(7H)-one (17a). A solution of 14a (R = CH2C1, 21.4 g, 
98.3 mmol) in dioxane (500 ml) was added dropwise at 150C to a mixture of 1N 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 CHC13 exuacts 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. Calcd for CllH9N30: C 66.32, 

H4.55, 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 (OC) Molecular Microanalyses (9%) 
pound solvent time @)/ (%I f d a  C H N 

temp.(oC) (recryst. Calcd Calcd Calcd 
solvent) Found Found Found 

17b dioxane / 4 h / r.t. 22 282-283 C I I H ~ N ~ O F  60.83 3.71 19.53 
1 N NaOH (AcOEt) 60.65 3.70 19.26 

17e dioxane 1 24 h / r.t. 97 176-177 CllHgN30Cl 56.54 3.45 17.98 
1 N NaOH (AcOEt/Etu)) 56.69 3.67 18.11 

21s dioxane 1 2.5 h / r.t. 40 239-240 C11H9N30 66.32 4.55 21.09 
1 N NaOH @OH) 66.10 4.52 21.05 

21b dioxane / 2.75 h 1r.t. 61 258-260 CllH8N30F 60.83 3.71 19.35 
1 N NaOH &OH) 60.69 3.84 19.39 

3-Bromo-2-(lH-imidazol-2-yl)aniline (]Sf). A suspension 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% NH40H (30 ml) and ice (50 g) and stirred for 10 min. The crystals were filtered off, washed 

with water and dried, affording 151 (9.85 g). The aqueous phase was saturated with NaCl and extracted three 

times with CHCl3. Further 151 (1.5 g) was obtained after concentration of the organic extracts. Total yield: 
11.35 g (-100 %). After recrystallization from water, 15lmelted at 164-1650C. Anal. Calcd for C9HgN3Br: 

C 45.40, H 3.39, N 17.65. Found: C 45.46, H 3.41, N 17.58. 

ll-Bromo-5H-imidazo[1,2-dl[l,4lbenzodiazepin-6(7H)-one (171). A solution of chloroacetyl 

chloride (2.4 ml, 30.1 mmol) in ether (10 ml) was added dropwise at 5OC within 15 min to a solution of crude 

151 (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 12oC for a further 30 min, then treated within 5 min with a mixture of 

1N NaOH (75 ml) and dioxane (150 ml). The mixture was stirred at r.t. for 45 min, then poured into 1 l of 
water and extracted four times with CHQ.  The CHC13 extracts were evaporated in vacuo. The oily residue was 

crystallized from CHzC12/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 triflumacetic acid (150 ml) and 

left at r.t. for 16 h. The mixture was evaporated in vacuo and the residue was partitioned between saturated 
NaHC03 and CHCl3. The residue from the CHC13 extracts was crystallized from CH2Clz/ether, affording 

further 3.37 g of 17f. Total yield 4.36g (62 %). Anal. Calcd for C11HgN3OBr: C47.51, H 2.90, N 15.11. 

Found: C 47.66, H 3.15, N 14.86. 

In a similar manner, 1l-methyl-5H-imidazo[1,2-dl[1,4]benzodiazepin-6(7H)-one (17g), was 

obtained in 61 % yield from 15g. The intermediate 3-methyl-2-(1H-imidazol-2-y1)aniline (15g). 
mp 193-1940C, was reacted without purification with chlomacetyl chloride in dioxane and pyridine, followed 

by 1N NaOH to yield 17g, mp 188-189°C (recrystallized from AcOEt). Anal. Calcd for C1zHllN30: 
C67.59, H 5.20, N 19.71. Found: C 67.51, H 5.24, N 19.82. 

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

tert-Butyl 9H-Imidazo[l,5-a][1,2,4ltriazolo[l,5-dl[1,4lhenzodiazepine-lO-carboxylate ( 2 2 ~ .  

R = tBu). POCl3 (23 ml, 251 mmol) was added to a suspension of l l a  (16 g, 80 mmol) in CHC13 (1 1) and 
NSJ.4-himethylaniline (60 ml, 417 mmol) and the mixture refluxed for 16.5 h. A further 12 ml (83.4 mmol) 

of N,N,4-aimethylaniline and 4 ml (43.6 mmol) of POC13 were added and the mixture was refluxed for a 
further 1.5 h. The mixture was cooled, then poured into saturated NaHCe (1 1) and stirred intensively for 

30 min. The aqueous phase was separated and exhacted with CHCl3 (2 x 0.5 1). The combined CHClj extracts 
were evaporated, leaving a mixture of 6-chloro-SH-[1,2,4]t1iazolo[l,5-dl[l,4lbenzodiazepine and N,N,4-ui- 
methylaniline, which was dissolved in THF (100 ml) (Solution A). 

A solution of ferr-butyl isocyanoacetate (15.3 g, 108.4) in THF (40 ml) was cooled to -25OC. 13.4 g 
(119.4 mmol) of potassium terf-butylate were added (Solution B). Solution B was stirred at -100C for 1 h, and 

then cooled to -600C. Solution A, obtained as described above, was added to solution B, whereby the 

temperature rose to -15OC. The mixture was stirred at rs. for a further 2.5 h and then poured into 5 1 of brine. 

The mixture was extracted four times with W 3 .  The solvent was removed in vacuo, the residue dissolved in 

CHC13 and chromatographed over silica gel. Elution with CHC13jEOH (99k0.2 to 99:l) gave crude 22a 

(R = tBu, 18.6 g). After recrystallization from ethyl acetate, pure 22a (R = tBu, 15.1 g, 58 40). 
mp 247-249OC (decamp.), was obtained. Anal. Calcd for C17H17N~02: C 63.15, H 5.30, N 21.66. Found: 

C 62.92, H 5.42, 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 (OC) Molecular Microanalyses (%) 
pound solvent time001 (%) formula C H N . ~ 

 temp;(^) (recryst. calcd Calcd Calcd 
solvent) Found Found Found 

22b tBu 1)CHCl3 17 hlreflux 58 192-193 C17Hl&450fl 59.82 4.72 20.52 
2) THE stan at -650 (AcOEflER20) 59.83 4.66 20.35 
1.5 h I r.t. 

22c tBu 1)CHC13 22hlreflux 30 217-218 C17H1&4fiCI 57.07 4.51 19.57 
2) DMF start at -500 (AcOEt) 57.08 4.39 19.52 
1.5 h 1 r.t. 

22e tBu 1) CHC13 24 htreflux 34 271 C17H1&450zCI 57.07 4.51 19.57 
2) THF start at -600 (AcOEt) 57.12 4.64 19.45 
2 h 1 r.t. 

Ethyl 3-Fluoro-9H-imidazo[1,5-al[1,2,4ltriazolo[l,5-dl[l,4lbenzodiazepine-lO-carboxyIate 
(22b, R = ethyl). POCl3 (12.5 ml, 136.5 mmol) was added to a suspension of l l b  (19.64 g. 90 mmol) in 
alcohol-free CHCI) (0.62 1) and Nfl.4-trimethylaniline (32.8 ml, 228 rnmol) and the mixture was rctluxed for 

24 h. Further Nfl.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 300C, poured into 1.3 1 of 10% NazCOj, 
stirred intensively for 45 min and then left to stand overnight. The CHQ3 phase was separated. The aqueous 

phase was again extracted with 50 ml of CHC13 (alwhol-free). The combined CHC13 exuacts were filtered 

through Dicalite and dried over 70 g of NazS04. About 650 ml of CHCl3 were distilled off in vacuo at 350 to 

4WC. The residual solution contained a mixture of 6-chloro-lO-fluoro-SH-[1,2,4]triazolo[1,5-~[1,4]benm- 
diazepine and Nfl.4-trimethylaniline (Solution A). 

A solution of ethyl isocyanoacetate (1 1.3 g, 100 mmol) in THF (2.5 1) was stirred under argon and cooled to 

-250C. KOtBu (1 1.4 g, 101 mmol) was added thereto, in panions, below -100C. This suspension was stirred 

at -1WC for 45 min and then cooled to -650C. The previously obtained solution A was added within 15 to 

30 min at -350 to -300C. The mixture was then stirred at 2WC 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% N a H a  and 0.2 1 

of ethyl acetate.. After standing overnight, the crystals were filtered off, washed successively with AcOEt 

(50 ml), with Hz0 (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 259-2600C wuld be obtained from the organic and 

aqueous phases. Anal. Calcd for ClsH12Ns02E: C 57.51, H 3.86, N 22.35. Found: C 57.38, H 4.12, 
N 22.12. 
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Table: Compounds (22, R = Et), prepared from 11 in a similar manner to 22b (R = Et) 

Corn- R =  Reaction Conditions Yild mp (OC) Molecular Microanalyses (%) 
pound solvent time001 formula C H N 

temp.(OC) (recryst. Calcd Calcd Calcd 

22a Et 1) MC13 
2) THE 

2 0 h I d u x  58 233-234 C I ~ H I J N ~ ~  61.01 4.44 23.72 
stall at -600 @OH) 60.86 4.36 23.57 

24hI rdux  56 255-256 Clfl1fl$&Cl 54.64 3.67 21.24 
stall at -500 (M2CIdAcOEt) 54.49 3.63 21.14 

20 hlreflux 74 204-206 Cl&llsN$& 62.13 4.89 22.64 
stall at -500 (AcOEt) 62.32 4.94 22.81 

14 hlreflux 73 227-228 ClsHl~Ns@Cl 54.64 3.67 21.24 
stall at -600 (AcOEt/EOH) 54.77 3.60 21.20 

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

(35f, 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 -150C. The mixture was stirred at -1OOC 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% dispmion in mineral oil, about 

28 mmol) was added at -150C and the mixture stirred at -10°C for 1 h. The solution was cooled to - W C ,  
diphenylphosphoryl chloride (5.66 ml, 27.4 mmol) was added dropwise within 10 min, the mixture stirred at 

-400C 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 at r.t. for 2 h 

and then adjusted to pH 6 to 7 with acetic acid. The mixture was poured into 2 1 of saturated NaHC03 and 

extracted four times with CHCl3. 'Ile organic phases were washed once with saturated NaHCO3, 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 246-247OC. Anal. Calcd for C1&l13N&Br: 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 21 in a similar manner to 35f (R =El) 

Com- R =  Reaction Conditions Yield mp (OC) Molecular Microanalyses (%) 
pound solvent f k f i ) /  @) formula C H N 

temp.(OC) (recryst. Calcd Calcd Calcd 
solvent) Found Found Found 

35a tBu DMFITHF 1) 1 hl-15O 45 188-190 C18H18N& 67.07 5.63 17.38 
2) -600 (AcOEt 1 66.71 6.02 17.26 
3) 3 h 1r.t. EtzO 1 W 
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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 (T) Molecular Microanalyses (%) 
pound solvent time (h)/ (%) formula C H N 

temp.(OC) (recryst. Calcd Calcd Calcd 
solvent) Found Found Found 

Imidazo[l,S-a]benzodiazepine esters (31 and 35) from 29 

Ethyl 5,6-Dihydro-6-thioxo-4H-imidazo[l,5-a~[l,4lbenzodiazepine-3-carboxylate (30a). 

A suspension of 29a (10 g, 36.7 mmol) in pyridine (I10 ml) was treated with 2.4-bis(4-methoxypheny1)- 
2.4-dithioxo-1.32.4-dithiadiphosphetane ("Lawesson's reagent", 15 g, 37.1 mmol). The mixture was heated to 

lOOT 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, funher 0.5 g). Recrystallization from ethanol gave pure 30a (6.7 g, 63.5%), mp 273-2740C. Anal. 

Calcd for C14H13N302S: 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 (OC) Molecular Microanalyses (%) 
pound solvent time @)I (%) formula C H N 

temp.(OC) (recryst. Calcd Calcd Calcd 
solvent) Found Found Found 

30b pyridine 120 h I 100° 80 302 decomp. C I ~ H ~ Z N ~ % F S  55.07 3.96 13.76 
(DMFItoluene) 55.17 3.99 13.73 

30c pyridine 95 h / 1000 83 285-287 CI~HIZN~%CIS 52.26 3.76 13.06 
(DMFbluene) 52.42 3.85 13.18 
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Table: Compounds (30), prepared from 29 in a similar manner to 30a (continued) 

Corn- Reaction Conditions Y~ld mp(0C) Molecular Microanalyses (90) 
wund solvent time (h)/ (70) formula C H N . . . . 

temp.(OC) (recryst. Calcd Calcd Calcd 

29c, mp 286-288 and 29d, mp 277-279OC. were prepared in an analogous manner to that described for 29a.9 

Ethyl 3-Fluoro-9H-imidazo[1,5-al[1,2,4ltriazolo[4,3-d][l,4]benzodiazepine-lO-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 mmol) 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-imidaw[l,5-a][l,4]benzodiazepine-3-carboxylate (12.8 g), mp 232-233OC was obtained. By wncenwting 

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-a1[1,4lbenzodiazepine-3-carboxylate (14.6 g, 48.1 mmol) was 

suspended in ethanol (850 ml) and niethyl 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 

wncentrated to 150 ml and the crystals filtered off, washed and dried, yielding 31b (R = Et, 12.1 g. 76 %) mp 

233-234OC. Anal. Calcd for C15H13N502F: 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[l,5-a][l,2,4]triazoIo[4,3-dl[l,4]benzodiazepine- 
10-carboxylate (31a, R = Et), mp 263-2640C, was obtained in 42 % yield from 30a. Anal. Calcd for 

C15H13N502: 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 (3lc, R = Et), mp 226-2270C, was obtained in 70 % yield from 30c. Anal. Calcd for 

C15H{2Ng02Cl: C 54.64, H 3.67, N 21.24. Found: C 54.29, H 3.84, N 21.07. 

Ethyl 2-Fluoro-9H-diimidazo[l,5-a: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 95OC for 57 h. The mixture was filtered fmm unreacted starting material (3.6 g) and the filaate 
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 CHClj and saturated 
NaHC03. 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 CHClfitOH 99.5:0.5 and crystallized from 
ethyl acetate, affording 35b (R = Et, 9.2 g, 34 %) mp 213-2150C. Anal. Calcd for C16H13N402F: 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 (OC) Molecular Microanalyses (90) 
w m d  solvent &01)/ (96) formula C H N 

temp.(OC) (recryst. Calcd Calcd Calcd 
solvent) Found Found Found 

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

22e (R = Et): 6 1.45 (3H. t, J = 7.1 HZ, -CHZ-CH3), 4.46 (2H, q, J = 7.1 Hz, -C&-CH3), 5.09 and 
6.72 (2H, each d, J = 16 Hz, H-C(9)). 7.52 (lH, m, arom. H), 7.63 (lH, t, J = 8.0 Hz, H-C(2)). 7.75 (lH, m, 
mom. H), 7.86 (lH, s, H-C(12)), 8.07 (lH, s, H-C(6)). 

31a (R = Et): 6 1.46 (3H, t, J = 7.1 Hz, -CH2-C&), 4.46 (2H, q, J = 7.1 Hz, -C&-CH3), 5.75 
(2H, broad, H-C(9)). 7.69 (3H, m, 3 arom. H), 7.89 (lH, s. H-C(l2)). 8.33 (lH, m, arom. H), 8.36 (lH, s, 
H-C(7)). 

35b (R = Et): 6 1.46 (3H, t, J = 7.1 Hz, -CH2-CH3), 4.45 (2H, q, J = 7.1 Hz, -C&CH3), 5.64 (2H, 
broad, H-C(9)). 7.18 and 7.21 (2H, each d, J = 0.4 Hz, H-C(11) and H-C(12)). 7.27 (lH, m, H-C(3)). 7.55 
(1H. m, H-C(4)). 7.81 (lH, s, H-C(6)). 7.90 (lH, m, H-C(1)). 
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Table: l ~ - ~ m r  spectra of representative esters (22.31.35 and 42) (CDC13, 250 MHz)(continued) 

35f (R = Et): 6 1.45 (3H, t, J = 7.1 Hz, -CHZ-Cfi3), 4.45 (2H, q, J = 7.1 Hz, -az-CH3) ,  4.89 and 
6.26 (2H, each d, J = 15.2Hz. H-C(9)). 7.16 and 7.29 (2H, 2 s, H-C(l1) and H-C(l2)). 7.46 (2H, m, 
H-C(2) and H-C(3)), 7.80 (lH, s, H-C(6)). 7.92 (lH, m, H-C(4)). 

35g (R = Et): 6 1.45 (3H, t, J=7.1 Hz, -a2-CB3) ,  2.70 (3H, s, CH3-C(l)), 4.43 and 4.45 (2H, 2 q, 
J=7.1  Hz, -C&-CH3), 4.83 and 6.21 (2H, each d, J =  15.1 Hz, H-C(9)). 7.11 and 7.21 (ZH, AB, 
J = 1.1 Hz, H-C(l1) and H-C(l2)). 7.31 (lH, m, 1 arom H), 7.45 (2H, m, 2 arom. H), 7.79 (lH, s, 
H-C(6)). 

42b (R = Et): 6 1.45 (3H, t, J = 7.1 Hz, -a2-CE3) ,  4.56 (2H, q, J = 7.1 Hz, -C&-CH3), 5.5 - 6.5 
(2H, very broad, H-C(9)). 6.57 and 7.53 (ZH, each d, J = 2.0 Hz, H-C(12) and H-C(13)), 7.27 (lH, m, 
1 arom H), 7.42 (lH, m, 1 mom. H), 7.59 (lH, m, 1 arom. H), 7.83 (lH, s, H-C(6)). 

Imidazo[l,5-a3diazepinecarboxylic acids (23, 32, 36 and 43) from 22, 31, 35 
and 42) 

9H-Imidazo[l,5-ol[l,2,4ltriazolo[1,5-dl[l,4lbenzodiazepine-lO-carboxylic acid (23a). 22a 
(R = tBu, 9.5 g, 29.4 mmol) was dissolved in trifluoroacetic acid (200 ml) and left to stand at r.t. for 5 h. 
The mfluoroacetic acid was evaporated in vacuo and the residue recrystallized tium ethyl acetate, affording 23a 
(7.5 g, 95 9%) of mp 283-28S0C (decomp.). Anal. Calcd for C13H9N~q: C 58.43, H 3.39, N 26.21. Found: 
C 58.14, H 3.69, N 26.21. 

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

Com- Reaction Conditions Yield mp (OC) Molecular Mimanalyscs (%) 
wund solvent time&)/ (9%) formula C H N 

temp.(OC) (recryst. Calcd Calcd Calcd 
solvent) Found Found Found 

23h CF3COOH 2.5 h / r.t. 98 266-267 decomp. C11H7N5CQS 48.35 2.58 25.63 
(AcOEt) 48.42 2.79 25.10a) 

36a CF3COOH 3 h1r.t. 96 267-268 decomp. C14HmN402 63.15 3.79 21.04 
(Hfl) 62.78 3.84 20.89 

a) Calc with 0.05 mol AcOEt: C 48.45, H 2.69, N 25.22. 

3-Fluoro-9H-imidazo[1,5-al[l,2,4ltriazolol,5-d][l,4lbenzodiazepine-lO-carboxylic acid 
(23b). To a solution of 22b (R = Et, 17.0 g, 54.3 mmol) in hot abs. ethanol (0.5 I), 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. HCl(6.6 ml). The crystalline 

slurry was stirred at l P C  for 1 h and then fdtered. The crystals were washed with ice-cold water and dried, 
affording 23b (14.5 g, 94%) of mp 2760C (decomp). Anal. Calcd for C13H8N502F: 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 (OC) Molecular Microanalyses (%) 
pound solvent timefi)/ (%) formula C H N 

temp.(OC) (reclYst. Calcd Calcd Calcd 
solvent) Found Found FPvnQ 

EtOHIHzO 2.5 h / reflux 100 270-271 decomp. C13HgN5qCI 51.76 2.67 23.21 
(Hzo) 51.66 2.89 22.89 

EtOH /Hz0 3 h / reflux 95 281-282 decomp. C14HllNfi 59.78 3.94 24.90 
(Hfl) 59.85 4.10 25.00 

EOHIHZO 2.5 h / reflux 96 277-279 decomp. C13H8NfiCl 51.76 2.67 23.21 
(HZ@ 51.37 2.90 22.73 

EtOHIHz0 4 hlreflux 99 256-257 decomp. C13H9N502 58.43 3.39 26.21 a) 
(AcOEr/EtOH) 57.45 3.98 24.13 

EtOHIHfl 1.5 hlreflux 100 272-273 decomp. C I ~ H ~ N S W  54.74 2.83 24.55 
(HzO) 54.46 2.79 24.36 

ElOHIHzO 2 hlreflux 100 282-283 decomp. C13HgNsWI 51.76 2.67 23.21 
W20) 51.39 2.82 23.11 

EtOHlH20 1 h Ireflux 100 276-277 decomp. C14HllNfi 59.78 3.94 24.90 
0320) 59.61 4.31 24.99 

EtOH /Hz0 3 h Ireflux 95 270-271 decomp. C I ~ H ~ N ~ W  59.16 3.19 19.71 
W20) 58.94 3.31 19.70 

EtOHIHzO 2 hlreflux 67 277-278 decomp. C14H9N4WI 55.92 3.02 18.63 
0120) 55.27 3.23 18.31 

EtOH/Hfl 2 hlreflux 93 259-261 decomp. C I ~ H I Z N ~ ~  64.28 4.32 19.99 
(H20) 63.96 4.38 19.77 

EtOH / Hz0 2.5 h / reflux 97 300-302 decomp. C14H9N&Cl b) 

EtOH /Hz0  0.75 hlreflux 95 257-258 decomp. C14HloN402 63.15 3.79 21.04 
(AcOEt) 63.01 3.90 20.91 

EtOHlHzO 1 h / reflux 98 258-260 decomp. C l a 9 N 4 O p  59.16 3.19 19.71 
(AcOEt) 59.03 3.02 19.43 

a) Calcd 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 - HzO), 256 (72, M - C q ) ,  254 (73, M - HCOOH), 228 (76). Ir: 2481, 1681, 1297, 1213 (LOOH). 

Synthesis of 24, 33, 37 and 44 

10-(3-Cyclopropyl-l,2,4-oxadiazol-5-yl)-3-fluoro-9H-imidazo[1,5-al[l,2,4]triazolo[l,5-d]- 

[1,4]benzodiazepine (24b, R = cyclopropyl). 1,l'-Carhonyldiimidazole (12.1 g, 74.6 mmol) was 

added to a suspension of 23b (11.0 g, 38.5 mmol) in DMP (450 ml). After 15 to 30 min, a solution was 

obtained, whereafter the imidawlide of 23b precipitated. Cyclopropanecarboxamidoxime (7.1 g, 70.8 mmol) 
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was then added and the mixture stirred at 800C overnight. The solvent was removed, finally in high vacuum at 
600C. The residue was dissolved in acetic acid (250 ml) and stirred at 1 lOOC for 2.5 h. The solution was 

evapomted 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% N a H m  (200 ml). The mixture was stirred at r.t. for 1 h, the crystals filtered 

off, washed fiistly with ethyl acetate (20 ml), then with water (2.0 1) and dried, affording 24b (I 1.05 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. Calcd for C17HnN70F: 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 Y~eld mp (OC) Molecular Microanalyses (%) 
pound solvent dme&)/ (a) formula C H N 

Reactant temp.(OC) (recryst. Calcd Calcd Calcd 
solvent) Fou n d Found F ound 

24a cRa) 1) DMF 16 h 1 8 8  84 230-233 C17H13N70 61.62 3.95 29.59 
cPrC(N0H)NHz (ACOW 61.51 4.10 29.47 

2) AcOH 1.5hI1100 Etfl) 

24b (CH2)zOMe 
1) DMF 2 h / W  54 181-182 C17H14NmF 55.58 3.84 26.69 

3-methoxypm ( M a '  55.63 3.81 26.72 
pionamide oxime hexane) 

2) AcOH 2h11100 

24d c R  1) DMF 2 h / W  77 236-237 Cl$Il5N@ 62.60 4.38 28.39 
cRC(N0H)NHz (AcOEt) 62.56 4.48 28.44 

2) AcOH 3 h 1 1 W  

2) ACOH 1.5 h / l l 00  

33a cPr 1) DMF 16 h l  8 8  64 298-300 C17H13N70 61.62 3.95 29.59 
cPrC(NOH)NH? @OH I 61.51 4.24 29.45 

33b cPr 1)DMF 2 h / W  73 253-254 C17H12N702F 58.45 3.46 28.07 
cPrC(N0H)NHz ( W H l  58.24 3.51 27.91 

2) AdlH 2 h I 1 1 8  M a H )  

a) cPr = 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 (OC) Moleculsr Microanalyses (90) 
pound solvent time @)I (%) formula C H N 

Reactant temp.(OC) Calcd Calcd Calcd 

33c cRa) 1)DMF 2 h / W  74 268-270 C17H1zNpCl 55.82 3.31 26.81 b) 
cRC(N0H)NHz 55.76 3.56 26.21 

2) AcOH 2hll lOo 

378 cR  1)DMF 16 h l 8 P  63 224-226 CigHi4N60 65.44 4.27 25.44 
cRC(N0H)NHz (AcOEt) 65.24 4.32 25.81 

2) AcOH 2hI1100 

37b cR  1)DMF 16 hI800 73 226-227 C18H13N60F 62.07 3.76 24.13 
cRC(N0H)NHz (AcOEt) 62.04 3.85 24.00 

2) AcOH 1.5 h I 100'' 

37c cPr 1)DMF 3 h / W  80 222 ci8H13N6OC1 59.27 3.59 23.04C) 
cPrC(N0H)NHz 58.98 3.90 22.76 

2) AcOH ZhIllOo 

37d c R  1) DMF 2 h 1900 73 270-271 CigHidN60 66.27 4.68 24.40d) 
cW(N0H)NHz (AcOEt) 66.08 4.74 23.86 

2) AcOH 3 h /  130° 

37e c R  1) DMF 20 h/8W 63 247-248 C18H13N60Cl 59.27 3.59 23.04 
cM(N0H)NHz 59.01 3.44 22.90 

2) AcOH 1.5h1118 

448 c R  1) DMF 20 h/80° 69 208-210 CigH14N60 65.44 4.27 25.44 
cM(N0H)NHz (AcOEt / 65.43 4.35 25.50 

2) AdlH 2.5hlllOo EtOH) 

44b c R  1) DMF 16hI800 70 217-218 Clfl13N60F 62.07 3.76 24.13 
cPrC(N0H)NHz (AcOEt) 61.86 3.79 23.98 

2) AcOH 4hI1100 

a) c R  = cyclopmpyl. b) Calcd with 0.18 mol EtOH: C 55.74, H 3.52, N 26.21. c) Calcd with 0.1 mol E1OH: 
C59.18,H3.71,N22.75. d)Calcdwith0.18molAcOEt:C66.06,H4.76,N23.96. 

37f (R = cPr) from 35f (R = Et): 351 (R = Et) was hydrolyzed to 361 in the same manner as 22b 

(R = Et) to 23b. The acid 36f (mp 304-306OC) was transformed without purification into 37f (R = cR) in a 
manner similar to that described above for 24b from 23b. Yield: 82% from 35f. 37f (R = cPr): 

mp 243-244OC (recryst. from AcOEt). Anal. Calcd for C18H13N60Br: 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 C I ~ H I ~ N ~ O :  C 66.27, H 4.68, N 24.40. Found: C 66.17, 

H 4.75, N 24.21. 

Synthesis of  28, 41 and 48 

9H-Imidazo[l,5-a][l,2,4]triazolo[1,5-d~[l,4]benzodiazepine-lO-carboxamide (25a). 

1.1'-Carbonyldiimidazole (13.6 g, 83.8 -01) was added to a solution of 23a (10.9 g, 40.8 -01) in DME 

(700 ml). The mixture was stirred at r.t. for 4 h. and then 25% NH40H (485 ml) was added thereto. After 
stirring for 5 min, the solution was mated 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. Calcd for C13Hlfl6O. C 58.64, 

H3.79, N 31.56. Found: C58.31, 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 (Q Molecular Microanalyses (8) 
pound solvent &@)I (%) formula C H N 

tempPC) (recr~st Calcd Calcd Calcd 
solvent) Found Found Found 

1) DME 3 h / r.t. 97 
2) wnc. NQOH 0.5 h 1 r.t 

1) DME 3 h / r.t. 95 
2) conc. N h O H  2 h / r.t. 

1) Dh4F 3 h / r.t 98 
2) wnc. N h O H  2 h / r.t. 

1) DME 4.5 h / r.t. 76 
2) conc. NH40H 0.5 h / r.t. 

1) THF 16 h / r.t. 83 
2) conc. N h O H  0.1 h / r.t 

1) DMF 3 h / IS. 96 
2) conc. W O H  0.5 h 1 r.t. 

1) DMF 3 h / r.t. 96 
2) conc. W 0 H  1 h 1r.t. 

1) DME 3 h / rs. 87 
2) conc. W O H  2 h / r.t. 

1) DME 4.5 h / r.t. 85 
2) conc. NH@H 0.25 h 1 r.t 

1) DMF 3 h / r.t. 99 
2) conc. N h O H  1 h / r.t. 

1) D m  3 h / r.t. 100 
2) conc. NH40H 1 h / r.t 

a) Calcd with 0.05 mol AcOEt: C 63.98, H 4.73, N 24.55. 
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9H-Imidazo[l,5-al[l,2,4ltriazolo[1,5-dl[l,4lbenzodiazepine-lO-carbonitrile (26a) Trifluoro- 

acetic anhydride (6.25 ml. 45 mmol) was added at 50 to lOOC within 15 min to 25a (10.0 g. 37.5 mmol) in 

THE (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 hifluoroacetic anhydride (1.4 ml, 10 mmol) were added. After stirring at r.t. for 1 h, 
the mixture was poured into ice-cold saturated NaHC03 (2.0 1) and extracted 5 times with CHC13. The CHC13 

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 C13HsN6: 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 (oC) Molecular Mimanalyses (%) 
pound solvent time @)I (%) formula C H N 

temp.(OC) (recryst. Calcd Calcd Calcd 
solvent) Found Found Found 

dioxanelpyridine 

DMEJpyridine 

DMFIpyridine 

dioxaneipyridine 

dioxanelpyridine 

dioxane/pyridine 

dioxaneipyridine 

DMEipyridine 

dioxanelpyridine 

dioxanelpyridine 

dioxane/pyridine 

257-258 C13H7N@ 
(A&Et/EPrzO) 

255-256 C13H7NgCI 
(AcOEt) 

275-276 Ci4HloN.s 
(AcOEt) 

283-285 c13H$lN6 
(AcOEt) 

231-232 C14HgNsCl 

267-269 C15HllN5 
(AcOEt) 

8) Calcd with 0.3 mol AcOEt: C 66.71, H 4.20, N 25.59. b) Calcd with 0.1 mol MeOH: C 59.44, H 2.97, 
N24.58. c) Calcd with 0.1 mol AcOEt: C 59.58, H 3.01, N24.49. 
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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 NaHC03 (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[l,5-a][l,2,4]aiazolo[1,5-d1[1,4]benzodiazepine- 
10-carboxamidoxime 27a (7.6 g). A further 0.5 g of 27a could be obtained by concenuating the filtrate. 
Cyclopropanecarboxylic acid (46 ml, 0.58 mmol) was dissolved in DMF (240 ml) and mated at 350C with 

1.1'-carbonyldiimidazole (7.0 g, 43.2 mmol). The mixture was stirred at 3S°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 800C for 15 h. The solvent was 

removed in vacuo, the residue dissolved in cyclopropanecarboxylic acid (50 ml) and heated at 1300C for 3.5 h. 
The solution was evaporated in vacuo and the residue chromatographed over silica gel. Elution with 

CH2C12LEtOH 991 yielded crude 28a (R = cyclopropyl, 7.8 g). By recrystallization from EtOH, pure 28a 
(R = cyclopropyl, 7.4 g, 66 %), mp 216-217T was obtained. Anal. Calcd for CI7Hl3N70: C 61.62, 

H3.95, N 29.59. Found: C61.55, H4.11, N29.58. 

Table: Compounds (28, 41 and 48, R= cPr), prepared from 26.39 and 46 in a similar manner to 28a 

Corn- R = Reaction Conditions Yield mp (OC) Molecular Microanalyses (%) 
pound solvent h@)/ (%) f m u l a  C H N 

temp.(OC) (recryst. Calcd Calcd Calcd 
solvent) Found Found Found 

28b c R  1)EtOWH20 2.5 hlretlux 65 223-224 C I ~ H I ~ N P F  58.45 3.46 28.07 
2) DMF 16hl800 (AcOEt) 58.33 3.64 27.94 
3)cPlCOOH 4h11300 

28c c R  1)EtOWHfl 2hlreflux 80 261-262 C ~ ~ H I Z N ~ O C I  55.82 3.31 26.81 
2) DMF 16hl800 (AcOEt) 55.53 3.41 26.64 
3)cPlCOOH 4h11300 

28d c R  I)ElOH/H20 2hIreflux 80 238-239 C18H15N70 62.60 4.38 28.39 
2) DMF 18h1800 (AcOEt) 62.42 4.34 28.34 
3)cPlCOOH 4b11300 

28e c R  1)EtOWHfl 2hIreflux 75 266-267 C17H12N70Cl 55.82 3.31 26.81 
2) DMF 16h1800 @OH) 55.73 3.40 26.75 
3) cPrCOOH 3.5 h 1 1300 

41a c R  1)ElOH/H20 2.5 hlreflux 51 187-189 C18H14N60 65.44 4.27 2 5 A a )  
2) DMF 16hl800 (AcOEt~Etfl) 65.40 4.33 25.11 
3) cPrCOOH 4 h 1 1300 

41b c R  I)EOH/H20 1.5hIreflux 60 181-183 C18H13N60F 62.07 3.76 24.13 
2) DMF 16hl800 (AdEVmO) 62.03 3.67 23.98 
3) cPlCOOH 3 h I 1300 

a) Calcd with 0.4 mol AdEt :  C 65.33, H 4.32, N 25.17. 
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Table: Compounds (28, 41 and 48, R= cPr), prepared from 26.39 and 46 in a similar manner to 28a 
(continued) 

Corn- R = Reaction Conditions Yield mp (OC) Molecular Microanalyses (%) 
pound solvent t imew (%) formula C H N 

temp.(OC) (recryst. Calcd Calcd Calcd 
solvent) Found Found Found 

41c c R  l)EtOH/HzO 2hlreflux 86 213-215 C18H13N6W1 59.27 3.59 23.04 
2) DME 18hl800 ( A m )  59.17 3.59 22.93 
3)cPrCOOH 3h11300 

41d cPr 1) EtOWH20 2 h Ireflux 65 255-257 ClgH16N60 66.27 4.68 24.40 b, 
2) DME 18hl800 (AcOEt) 65.70 4.65 24.08 
3)cPrCOOH 4hl1300 

41e c R  l)EtOH/Hfl OShlreflux 60 176-177 C18H13N60C1 59.27 3.59 23.04 
2) DME 16hl800 (E1OH) 59.44 3.47 23.03 
3)cRCOOH 3 h I 1 3 8  

48a cPr 1) ElOH/Hfl 1.25 hlreflux 52 207-209 C18H14N60 65.44 4.27 25.44 
2) DMF 1 8 h l 8 8  (AcOEt) 65.42 4.35 25.51 
3)cRCOOH 3hl1300 

48b c R  1) EtOWHzO 1.5 h Ireflux 85 200-202 C I ~ H ~ ~ N ~ O F  62.07 3.76 24.13 C) 

2) DME 3.5 h 1800. (AcOEt) 61.84 3.94 23.38 
3)cPrCOOH 4 h 1 1 3 8  

b) Calcd with 0.16% of Hz0 and 0.072 mol of AcOEt: C 66.06, H 4.76, N 23.97. 
C) Calcd with 3.65% of AcOEt: C 61.79 H 3.96, N 23.25. 

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

Com- R =  Reaction Conditions Yield mp (W) Molecular Microanalyses (%) 
pound solvent time@)/ (%) formula C H N 

temp.(OC) (recryst. Calcd Calcd Calcd 
solvent) Found Found Found 

28b Et 1) EtOWHfl 3 hlretlux 72 267-269 C16HlzN70F 56.97 3.59 29.07 
2) DME 17hl800 57.22 3.59 29.19 
3) EtCOOH 6 h I 1250 

28b M 1)E tOWfl  3hlreflux 76 207-209 C17H14N70F 58.12 4.02 27.91 
2) DME 20hl800 @OH) 57.92 4.02 27.71 
3) iPrCOOH 6 h 11250 
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Table: Compounds (28 and 41, R not cPr), preparcd from 26 and 39 in a similar manner to 28a: 
instead of cyclopropanecarboxylic acid, the corresponding acids R-COOH w m  used (continued) 

Corn- R = Reaction Conditions Yield mp (OC) Molecular Mimanalyses (46) 
pound solvent timeb)/ (46) formula C H N 

temp.(OC) (recryst. Calcd Calcd Calcd 
solvent) Found Found Found 

41e iPr 1)EtOWHzO 1 hlreflux 55 156-157 CISHISN~OC~ 58.94 4.12 22.91 
2) DMF 20h1800 (AcOEt) 58.92 4.13 22.87 
3) iPrCOOH 4 h / 1250 

41e EtOCHz 
l)ElOH/H20 lhlreflux 57 178-180 ClsHl~N60~Cl 56.48 3.95 21.95 
2) DMF 20h1800 (EtOWAcOEt) 56.36 4.06 21.90 
3) ethoxy- 

aceticacid 4 h / 1300 

4 1e  2-Me-cPr 
I)EtOH/H20 lhlreflux 64 183-185 C ~ ~ H ~ S N ~ O C I  60.24 3.99 22.19 
2) DMF 20h1800 ( W H )  60.03 3.95 22.12 . ~~ 

3j rac uans3-Me- 
cF'ICOOH 2h11300 

3-Fluoro-10-[5-(2-methoxyethyl)-1,2,4-oxadiazol-3-yl1-3-fluoro-9H-imidazo[1,5-a1[1,2,41- 

triazolo[l,5-dl[l,4lbenzodiazepine (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 NaHC03 (5.82 g, 69.3 mmol) in water (70 ml). 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]trimlo- 

[1,5-~[1,4]henzodiazepine-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,l'-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 800C for 18 h. The solvent was removed in vacuo, the residue dissolved in 

ethyl acetate (50 mi) and refluxed for 5 h. The solvent was removed in vacuo, the residue dissolved in CH9212 

and washed with saturated NaHCOj. The organic phase was evaporated and the residue chromatographed over 
silica gel. CH2Cldmethanol (99:l 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 196-1970C. Anal. Calcd for C17H14N702F: 

C55.58, H 3.84, N26.69. Found: C 55.61, H3.81, N26.79. 
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Table: Compounds (28, R not cPr) prepared from 26 as described above; 
instead of 3-methoxypmpionic acid, the comsponding acids R-COOH were used. 

Corn- R = Reaction Conditions Yield mp (00 Molecular Minoanalyses (40) 
pound solvent time (hi' (40) formula C H N 

temp.(OC) (recryst. Calcd Calcd Calcd 
solvent) Founh-Epund Found 

~ ~ D M F  - 
3) AcOEt 

MezNCHz 
1) EtOWH2O 
2) DMF 
3) AcOEt 

2-thenyl 
1) EtOWH20 
2) DMF 
3) AcOEt 

benzyl 
1) EtOWH20 
2) DMF 
3) AcOEt 

2jDMF - 
3) AcOEt 

3-F-benzyl 
1) EtOWH20 
2) DMF 
3) AcOEt 

4-F-benzyl 
1) EtOWHzO 
2) DMF 
3) AcOEt 

4-Me@-benzyl 
1) EtOWHzO 
2) DMF 
3) AcOEt 

2jDMF - 
3) AcOEt 

2 hlreflux 
17 hI800 
4h11300 

2 hlreflux 
64111800 
5 h /  1200 

2 h / mflux 
24h1800 
2h11200 

1.5 h / reflux 
18hl800 
3h11200 

1.5 h / mflux 
24h1800 
3 h11300 

1.5 h / reflux 
24hI800 
3 h11300 

1.5 h / reflux 
24h1800 
3 h11300 

1.5 h I reflux 
24h1800 
3 h11300 

1.5 hlreflux 
18hl800 
4h11300 

187-188 C17HlflfiF 55.58 3.84 26.69 
(AcOEt) 55.52 3.91 26.70 

196-197 C17H15NflF 55.73 4.13 30.59 
(AcOEt) 55.37 4.00 30.28 
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