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1 .5-Benzodjazepjpe Derivatjyes 

This invention relates to novel 1 ,5-benzodiazepine derivatives, to processes for 
their preparation, to pharmaceutical compositions containing them and to their 
use in medicine. 

I 

1 O In particular the invention relates to compounds which are potent and specific 

15 

20 

25 

30 

antagonists of gastrin and/or cholecystokinin (CCK). 

Thus, the invention provides compounds of general formula (I) 
1 

R 

1 ~~o (R)m~ . 2 I NHCONHR 

.~ ~ 
R' 0 (I) 

wherein 
R1 represents a phenyl, C3.7cycloalkyl, C7.11 bridgedcycloalkyl or C1.5alkyl 
group which alkyl group may be substituted by a hydroxy, phenyl, C1-
5alkoxycarbonyl, C3.7cycloalkyl, or C7.11 bridgedcycloal~yl group; 
R2 represents a substituted or unsubtituted phenyl group (wherein the 
substitutents may be 1 or 2 of halo, C1.4alkyl, nitro, cyano, trifluoromethyl, 
trifluoromethoxy. C1 .4alkylthio or (CH2)n R4 wherein R4 is hydroxy. C1 _ 
4alkoxy, C02R5 or NR6R7. 
R3 is phenyl optionally substituted by one or two halogen atoms; 
R5 represents hydrogen or a C1.4alkyl group; 
R6 and A 7 independently represent hydrogen or a C1 .4alkyl group. 
RB represents hydrogen or a halogen atom; m is zero, 1 or 2; 
n is zero or 1 ; and pharmaceutically acceptable salts and solvates thereof.. 

It will be appreciated that compounds of formula (I) possess at least one 
asymmetric carbon atom (namely the carbon atom occupying the 3-position o_f __ 
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the diazepine ring) and the compounds of the invention thus include all 
stereoisomers and mixtures thereof including the racemates. 
In t~e compounds of formula (I) 'alkyl' when used as a substituent or part or a 
substituent group means that the group may be straight or branched. Thus, C1-

5 6 alkyl includes methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl or tert-butyl, 
n-pentyl, isopentyl neopentyl, n-hexyl, isohexyl, 1,3-dimethylbutyl, 3,3-
dimethylbutyl, 2,3-dimethylbutyl. 

For the group R1 the t~rm C3.7cycloalkyl as a group or part of a gr9up refers to 
1 o a monocyclic alkyl group such as cyclopropyl, cylobutyl, cyclopentyl, cyclohexyl 

or cycloheptyl. The term C7.11 bridged cycloalkyl refers to groups such 
adamantyl, norbornanyl or norbornenyl. 

For the gro~ps R5 R6 and A 7 the te.rm C1 .4alkyl includes 3-4- cycloalkyl {e.g. 
15 cyclopropyl or cyclobutyl) as well as straight or branched chain alkyl groups as 

defined above. 

20 

25 

Halogen in the definition of compounds of formula {I) may represent a fluoro, 
chloro, bromo or iodo substituent. 

When R2 is a phenyl group substituted by a single substituent this may. be in the 
ortho, para or more preferably in the meta position. 

When RB is halogen this is preferably chlorine or fluorine·. 

When m is 1 or 2 the halogen atom{s) e.g. chlorine or fluorine are preferably in 
the 7 and/or 8 positions. 

The compounds of formula {I) posses at least one asymmetric carbon atom 
30 (namely the carbon atom occupying the 3-position of the diazeine ring) and 

. . 
particularly preferred compounds of the invention or those having the relative 
stereochemistry shown in formula {1 a) 

·----------- ---------. 
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1 
R 

(Rs)m~t~O H ' 
I 11NHCONHR 

~ N . 

. ~ 0 
3 

R 
. (la) 

. . 
wherein the solid wedge bond indicates the group is above the plane of the 
diazepine ring and the broken bond indicates the group is below the plane of 
the diazepine ring. 

When R1 represents an alkyl group substituted by a hydroxyl group this is 
preferably a C3_5alkyl group substituted by hydroxy. Examples of such groups 
include 2-hydroxypropyl, 2-hydroxy-3-methylbutyl and 2-hydroxy-3,3-
dimethylbutyl of which 2-hydroxy-3-methylbutyl, and 2-hydroxy-3,3-dimethylbutyl 

1 O are particularly preferred. 

15 

When R1 represent an alkyl group substituted by a C3_7cycloalkyl group this is 
preferably a C2.3alkyl group such as ethyl or 1-methylethyl, substituted by a C3. 
7cycloalkyl group such as cyclopentyl. 

When R1 is a bridged C1-11cycloalkyl group this may be for example an 
adamantyl group such as 1-adamantyl or 2-adamantyl group or a 2-norbornanyl 
group. 

20 When R 1 is an alkyl group substituted by a bridged C1-11 cycloalkyl group this is 
preferably an ethyl group or more especially a methyl group substituted by a 
bridged C1-11 cycloalkyl group. Examples of suitable briged cycloalkyl groups 
include adamantyl such as 1-adamantyl or 2-adamantyl, 2-norbornanyl or 5-

norbornenyl. Most preferably R1 represents 1-adamantylmethyl. 
25 

When R1 is alkyl substituted by phenyl this may be for ex.ample benzyl or 
phenethyl. 
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When R 1 is alkyl substituted by alkoxycarbonyl this is preferably methyl 

. substituted by alkoxycarbonyl such methoxycarbonyl or as t-butoxycarbonyl. 

A preferred class of compounds of formula {I) is that in which R1 represents a 

5 phenyl, adamantyl, norbornanyl, phenethyl, C4_5alkyl e.g. n- butyl, 3-methyl 

butyl, 3,3-dimethyl butyl, 1,3-dimethylbutyl, 2,3- dimethylbutyl, C3_5 hydroxy 

alkyl e.g. 2-hydroxypropyl, 2-hydroxy-3- methylbutyl, 2-hydroxy-3,3-

dimethylbutyl, C1-2alkyl substituted by a bridged C1-1ocycloalkyl group e.g. 2-

norbornanylmethyl, 5-norbornenylmethyl, 2-adamantylmethyl, 2-adamantylethyl, 

1 o 2-(1-adamantyl)ethyl, 1-adamantylmethyl, alkoxycarbonylalkyl, e.g. 

methoxycarbonylmethyl or t-butyoxycarbonylmethyl, or 2-cyclopentylethyl. 

A particularly preferred class of compounds of formula {I) is that in which R1 is 

3-methylbutyl, 3,3-dimethylbutyl, 2-hydroxy-3-methylbutyl, 2-hydroxy-3,3-

15 dimethylbutyl, 2-cylopentylethyl, 5-norbornenylmethyl or 1-adamantylmethyl. 

A further preferred class of compounds of formula {I) is that in which R2 

represents phenyl optionally substituted by bromine, chlorine, fluorine, methyl, 

methoxy. methylthio, trifluoromethoxy, cyano, dimethylamino or {CH2)nC02R5 

20 wherein Rs is hydrogen or ethyL Most preferably R2 represents phenyl 

optionally substituted by methoxy, dimethylamino, cyano, methylthio, C02H or 

C02C2H_s. ,. 

A further preferred class of compounds of formula (I) is that in which R3 

25 represents phenyl or phenyl mono- or di-substituted by fluorine, preferably in the 

ortho and/or para position{s). Preferably R3 represents unsubstituted phenyl or 

orthofluorophenyl·. 

A preferred group of compounds of formula {I) those wherein R1 represents C4_ 

30 5alkyl such as 3-methylbutyl, 3,3- dimethylbutyl, 2-hydroxy-3-methylbutyl, 2-

hydroxy-3,3-dimethylbutyl 2-cyclopentylethyl, 5-norbornenylmethyl or 1 

adamantylmethyl; R2 represents phenyl or phenyl substituted by methoxy, 

cyano, nitro, carboxyl, ethoxycarbonyl, methylthio, or dimethylamino and 

preferably the substituent is in the meta 1-position ; 

-- . ---· ···········-···---·--·-·------------· -
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R3 represents phenyl or ortho fluorophenyl; RB represents hydrogen, chlorine 
of fluorine; and enantiomers and salts thereof. 

A particularly preferred group of compounds of formula (I) are those wherein R1 
5 is ~-methylbutyl; R2 is phenyl optionally substituted in the meta position by 

methylthio or dimethylamino group; R3 is phenyl or ortho fluorophenyl; Ra is 
hydrogen or chlorine or fluorine and m is zero, 1 or 2. 

A further particularly preferred group of compounds of formula (I) are those 
10 wherein R1 represents 1-adamantylmethyl R2 is phenyl optionally substituted in 

the meta position by a methyl, methoxy, methylthio, nitro, dimethylamino, 
ethoxycarbonyl or carboxyl group; R3 is phenyl and RB is hydrogen. Within this 
group especially preferred compounds are those wherein R2 is phenyl optionally 
substituted by diinethylamino, ethoxycarbonyl or carboxyl group 

15 

.. 20 

Preferred compounds according to the invention include: 
N-phenyl-N'-[2,3,4,5-tetrahydro-2,4-dioxo~ 1-(3-methylbutyl)-5-ph enyl-1 H-1,5-
benzodiazepin-3-yOurea; 
N-[1-{3,3-Dimethyl-2-hydroxybut-1-yl)-2,4-dioxo-5-(2-fluoropheny 1)- 3,4,5-
tetrahydro-1 H-1,5-benzodiazepin-3-yl]-N'-phenylurea 
N-phenyl-N'-[2,3,4,5-tetrahydro-2,4-dioxo-1-(3 ,3-dimethylbutyl}-5-phenyl-1 H-1 ,5-
benzodiazepin-3-yl]urea;. 
N-phenyl-N'-(2,3,4,5-tetrahydro-2,4-dioxo-1-(1-adamantylmethyl)-5- phenyl-1 H-
1,5-benzodiazepin-3-yl]urea; 

25 N-[2,4-Dioxo-1-(2-hydroxy-3-methylbutyl)-5-phenyl-2,3,4,5- trahydro-1 H-1,5-
benzodiazepin-3-yl]-N'-phenylurea 
N-(3-dimethylaminophenyl)-N'-[2,3,4,5,-tetrahydro-2,4-dioxo-1-(3 - methylbutyl)-
5-(2-fluorophenyl)-1 H-1,5-benzodiazepin-3-yl]urea; 
N-[1-(1-Adamantylmethyl)-2,4-dioxo-5-phenyl-2,3,4,5-tetrahydro-1 H-1,5-

30 benzodiazepin-3- yl)-N'-(3-ethoxycarbonylphenyl)urea 
N-[1-(1-Adamantylmethyl)-2,4-dioxo-5-phenyl-2,3,4,5-tetrahydro-1 H-1,5-
benzodiazepin-3- yl]-~'-(3-(N,N-di~ethylamino)phenyl]urea 

N-[1-{1-Adamantylmethyl)-2,4-dioxo-5-phenyl-2,3,4,5-tetrahydro-1 H-1,5-
benzodiazepin- 3-yl]-N'-(3-carboxyphenyl}urea 
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N-[1-(Adamantane-1-methyl)-2,4-dioxo-7-fluoro-5( 4-fluorophenyl)-2,3,4,5-
tetrahydro- 1 H-1,5benzodiazepin-3-yij-N'(3- dimethylamim~)phenylurea 
and(+) enantiomers and salts thereof. 

5 Particularly preferred compounds according to the invention include: 
N-phenyl-N'-[2,3,4,5-tetrahydro-2,4-dioxo-1-(1-adamantylmethyl)-5- phenyl-1 H-
1,5-benzodiazepin-3-yl]urea; 
N-[1-(1-Adamantylmethyl)-2,4-dioxo-5-phenyl-2,3,4,5-tetrahydro-1 H-1,5-
benzodiazepin- 3-yl]-N'-(3-carboxyphenyl)urea 

· 1 O N-phenyl-N'-[2,3,4,5-tetrahydro-2,4-dioxo-1-(3-methylbutyl)-5- phenyl-1 H-1,5-
benzodiazepin-3-yl]urea; 
N-(3-din:'ethylaminophenyl)-N'-[2,3,4,5,-tetrahydro-2,4-dioxo-1-(3 - methylbutyl)-
5-(2-fluorophenyl)-1 H-1 ,5-benzodiazepin-3-yl]urea; 

15 
and the(+) enantiomers thereof and salts thereof. 

The pharmace·utically acceptable salts of the compounds of formula (I) include 
conventional salts formed for example from pharmaceutically acceptable 
inorganic or organic acids as well as quaternary ammonium acid addition salts. 
Examples of suitable salts include hydrochloric, hydrobromic, sulphuric, 

20 phosphoric, nitric, perchloric, fumaric, acetic, propionic, succinic, glycolic, formic, 
lactic, maleic, tartaric, citric, pamoic, malonic, hydroxymaleiq, phenylacetic, 
glutamic, benzoic, salicylic, fumaric, toluenesulphonic, methanesulphonic, 
naphthalene-2-sulphonic, benzenesulphonic and the like. Other acids such as 
oxalic, while not in themselves pharmaceutically acceptable, may be useful in 

25 the preparation of salts useful. as intermediates in obtaining the compounds of 
the invention and their pharmaceutically acceptable salts. 

The compounds of formula (I) in which R5 represents hydrogen may form 
pharmaceutically acceptable salts with suitable cations. Suitable 

30 pharmaceutically acceptable cations include alkali metal (e.g. sodium or 
potassium) and alkaline earth metal (e.g calcium or magnesium) cations. 

35 

References hereinafter to a compound according to the invention includes both 
compounds of formula (I) and their pharmaceutically acceptable salts and 
solvates. ----------------·--



• I 

. . 
CH166C 

7 

The compounds of the invention are potent and specific antagonists of gastrin 
and/or CCK. The compounds of the invention have been shown to be 
antagonists of CCK, particularly at CCK-B receptors as demonstrated for 

5 example by the compound's ability to inhibit the contractile actions of CCK-4 in 
the presence of a CCK-A antagonist, in the guinea-pig isolated ileum 
longitudinal muscle- myenteric plexus. 

The compounds of the invention have also been shown to be antagonists of 
1 O gastrin as demonstrated by their ability to inhibit pentagastrin-stimulated acid 

secretion from rat isolated gastric mucosa.using the procedure described by J.J. 
Reeves and R. Stables in Br. J. Pharmac .. 1985, 8§., p.677-684. 

Compounds of the invention have also been found t~ have a significantly 
15 weaker activity at CCK-A receptors compared with their activity at gastrin and/or 

.CCK-B receptors, as demonstrated by their ability to inhibit the contractile 
activity of CCK-8 in guinea-pig siolated ileum longitudinal muscle-myenteric 
plexus. 

20 The preparation and use of guinea-pig isolated ileum longitudinal muscle­
myenteric plexus has been described by K-H Buchheit et al in Nauyn­
Schmeideberg's Arch. Pharmacol, (1985}, 329, p36-41 and by V.L. Lucaites et 
al.(1991) in J. Pharmacol. Exp. Ther., 256, 695-703. 

25 The greater affinity of the compounds of the invention for.the CCK-B receptor 
over the CCK-A receptor has also been established using the CCK receptor 
binding assays described by G Dal Fornes et al., J. Pharmcol. Exp & Ther. 2§1, 

1056-1063, 1992. 

30 The compounds of the invention are therefore useful for the treatment and/or 
prevention of disorders in mammals, especially humans, where modification of 
the effects of gastrin or CCK is of therapeutic benefit. Thus the compounds of 
the invention are useful for the treatment of central nervous system disorders 
where CCK and/or gastrin are involved. For example anxiety disorders 

35· (including panic disorder, agoraphobia, social phobia, simple phobia, obsessive 
________ __, ___ -----··· - ··--- --------·- ----

liil1iiilrr1r 
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compulsive disorders, post traumatic stress disorder, ·and general anxiety 
disorder), tardive dyskinesia, depression, Parkinson's disease or psychosis. The 
compounds of the invention are also useful for the treatment of gastrointestinal 
disorders especially those where there is an advantage in lowering gastric 

5. acidity. Such disorders include peptic ulceration, reflux oesophagitis and 
Zollinger Ellison syndrome. They may also be useful for the treatment of 
gastrointestinal disorders such as irritable bowel syndrome, excess pancreatic 
secretion, acute pancreatitis, motility dis~rders, antral G cell hyperplasia, fundic 
mucosal hyperplasia or gastrointestinal neoplasms. They may also be useful for 

1 O the treatment of dependency on drugs or substances of abuse and withdrawal, 
Gilles de la Tourette syndrome, or dysfunction of appe~ite·regulatory systems; 
as well as the treatment of certain tumours of the lower oesophagus, stom~ch, 
intestines a11d colon. Compounds of the invention are also useful ·for directly 
inducing analgesia, or enhancing opiate or non-opiate mediated analgesia, as 

15 well as anaesthesia or loss of the sensation of pain. 

20 

Compounds of the invention have also been found to exhibt anxiolytic activity in 
conventional pharmacological tests. For example in mice in the black-white box 
test and in the rat social interaction model. 

The invention therefore provides a compound of formula (I) or a 
pharmaceutically acceptable salt or solvate thereof for use in therapy, in 
particular in human medicine. 

25 According to another aspect the invention provides the use of a compound of 
formula (I) or a pharmac~utically acceptable salt or solvate thereof for the 
manufacture of a medicament for the treatment of conditions where modification 
of the effects of gastrin and/or CCK is of therapeutic benefit. 

30 According to a further aspect of the invention we provide a method ·for the 
treatment of a mammal, including man, in particular in the treatment of 
conditions where modification of the effects of gastrin and/or CCK is of 
therapeutic benefit which method comprises administering an effective amount 
of a compound of formula (I) or a pharmaceutically acceptable salt or solvate 

35 thereof to the patient. 

11i1ii1ii1imf 
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It will be appreciated by those skilled in the art that referen1-:e herein to treatment 
extends to prophylaxis as well as the treatment of established diseases or 
symptoms. 

It will further be appreciated that the amount of a compound of the invention 
requ_ired for use in treatment will vary with the nature of the condition being 
treated and the age and the condition of the patient and will be ultimately at the 
discretion of the attendant physician or veterinarian. In general however doses 

1 O employed for adult human treatment will typically be in the range of 0.01-
2000mg per day e.g 0.01-500mg per day. 

The desired dose may conveniently be presented in a single dose or as divided 
doses administered at appropriate intervals, for example as two, three, four or 

15 more sub-doses per day. 

20 

Because the compounds of the invention antagonise the function of CCK in 
animals, they may also be used as feed additives to increase the food intake in 
animals in daily dosages of around 1 mg/kg to 1 Omg/kg. 

While it is possible that, for use in therapy, a compound of the invention may be 
administered as the raw chemical it is preferable to present the active ingredient 
as .a pharmaceutical formulation. 

25 The invention thus further provides a pharmaceutical formulation comprising a 
compound of formula (I) or a pharmaceutically acceptable salt thereof together 
with one or more pharmaceutically acceptable carriers therefor and, optionally, 
other therapeutic and/or prophylactic ingredients. The carrier(s) must be 
'acceptable' in the sense of being compatible with the other ingredients of the 

30 formulation and not deleterious to the recipient thereof. 

35 

The compositions of the invention include those in a form especially formulated 
for oral, buccal, parenteral, implant, or rectal administration. Oral administration 
is prefe~red. 
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Tablets and capsules for oral administration may contain conventional 
excipients such as binding agents, for example, syrup, accacia, gelatin, sorbitol, 
tragacanth, hydroxypropyl cellulose, mucilage of starch or_polyvinylpyrrolidone; 
fillers, for example, lactose, sugar, microcrystalline cellulose, maize-starch, 

5 calcium phosphate or sorbitol; lubricants, for example, hydrogenated vegetable 
oils, magnesium stearate, stearic acid, talc, polyethylene glycol or silica; . 
disintegrants, for example, potato starch or sodium starch glycollate, or wetting 
agents such as sodium lauryl sulphate. The tablets may be coated according to 
methods well known in the art. Oral liquid preparations may be in the form of, 

1 O for example, aqueous or oily suspensions, solutions emulsions, syrups or elixirs, 
or may be presented as a dry product for constitution with water or other 
suitable vehicle before use. Such liquid preparations-may contain conventional 
additives such as suspending agents, for example, sorbitol syrup, methyl 
cellulose, glucose/sugar syrup, gelatin, hydroxyethyl~ellulose, carboxymethyl 

15 cellulose, aluminium stearate gel or hydrogenated edible fats; emulsifying 
agents, for example, lecithin, sorbitan mono-oleate or acacia; non-aqueous 
vehicl.es (which may include edible oils), for example, almond oil, fractionated 
coconut oil, oily esters, propylene glycol or ethyl alcohol; and preservatives, for 

· example, methyl or propyl j2-hydroxybenzoates or sorbic acid. The 
20 compositions may also be formulated as suppositories, e.g. containing 

conventional suppository bases such as cocoa butter or other glycerides. 

25 

For buccal administration the composition may take the form of tablets or 
lozenges formulated· in conventional manner. 

The composition ac~ording to the invention may be formulated for parenteral 
administration by injection or continuous infusion. Formulations for injection 
may be presented in unit dose form in prefilled syringes, vials and ampoules, or 
in multi-dose containers with an added preservative. The compositions may 

30 take such forms as suspensions, solutions, or emulsions in oily or aqueous 
vehicles, and may contain formulatory agents such as suspending, stabilising 
and/or dispersing agents. Alternatively the active ingredient may be in powder 
form which may be obtained by freeze drying for constitution with a suitable 
vehicle, e.g. sterile, pyrogen-free water, before use. 

35 

i1iiifli~ii 
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The composition according to the invention may also be formulated as a depot 
preparation. Such long acting formulations may be administered by · 
implantation (for example subcutaneously or intramuscularly) or by 
intramuscular injection. Thus for example, the compounds of the invention may 

5 be formulated. with suitable polymeric or hydrophobic materials {for example as 
an emulsion in an acceptable oil) or ion exchange resins, or as sparingly soluble 
derivatives, for example, as a .sparingly soluble salt. 

The compositions according to the invention may contain between 0.1 - 99% of 
· 1 O the active ingredient, conveniently from 30-95% for tablets and capsules and 3-

50% for liquid preparations. 

Compounds of general formula {I) and salts thereof may be prepared by the 
general methods outline~ hereinafter. In the following description, the groups 

15 R1-RB are as defined for the compounds of formula (I) unless otherwise stated. 

According to a first general process (A) compounds of formula (I) may be 
prepared by reacting a compound of formula (II) in which X represents the group 
-N=C=O, or NHCOR9 wherein R9 is an optionally substituted phenoxy group or 

20 a 1-imidazole group. 

25. 

1 
R 
I o 

~·~x 
~ 0 (II) 

with an amine of formula (Ill) 

optionally in the presence of a base such as a tertiary amine (e.g. triethylamine). 
The reaction conveniently takes place in a suitable solvent such as a 

30 halogenated hydrocarbon (e.g. dichloromethane) or an ether (e.g. 
tetrahydrofuran} or an amide e.g. N,N- dimethylformanide optionally at a 

-···--····­·-· -·-·· -·---·----

l1ii~i~f. 
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temperature ranging from room temperature to the reflux temperature of the 

solvent. 

In a pa~icular aspect of the process (A) when X is the group NHCQR9 and R9 is 

5 a 1-imidazole group, the imidazolide (II) may be formed jn sjtu in which case the 

amine of formula (Ill) will be mixed with a compound of formula (IV) 
1 

R 
I o 

ca·~~~ 
r~ (IV) 
R 0 

1 O in the presence of carbonyldiimidazole under the aforementioned conditions. 

For process A when X is the group NHCOR9 and R9 is optionally substituted 

phenoxy group the reaction with the primary amine (Ill) is preferably carried out 

in the presence of a base such as a tertiary amine e.g. triethylamine. 

15 For process A when X is the isocyanate group -N=C=O the reaction with the 

primary amine (Ill) is preferably carried out in an aprotic solvent such as a 

halohydrocarbon e.g. methylene chloride. Conveniently the isocyante is 

generated in situ prior to the addition of the primary amine (Ill). 

20 The compounds of formula (II) wherein R9 is an optionally substituted phenoxy 

group may be prepared from the primary amine (IV) by reaction with the 

corresponding optionally substituted phenyl chloroformate in the presence of a 

base such as pyridine. The reaction may be carried out in a solvent such as a 

halohydrocabon e.g. dichloromethane and at a temper!lture from o-soO. 
25 

Compounds of formula (II) wherein R9 is a 1-imidazole group may be prepared_ 

by reacting a compound of.formula (IV) with carbonyldiimidazole in the presence 

of a suitable solvent such as a halogenated hydrocarbon (e.g. dichloromethane) 

or an ether (e.g. tetrahydrofuran) at a temperature ranging from oO to aoO 
30 (conveniently at room temperature). 

---------
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Compounds of formula (II) wherein X is the isocyanate grouping -N=C=O may 

be prepared from the primary amine {IV) by reaction with phosgene (COCl2) in 

a suitable solvent such as methylene chloride. 

5 According to a further general process {B) compounds of formuJa (I) may be 

prepared by reacting a compound of formula (IV) 

with an isocyanate of formula (V) 

0=C=N-R2 (V) 

10 
or a carbamoyl chloride of formula {VI) · 

CIC(O)NHR2 {VI) 

15 The reaction conveniently takes place in the presence of a suitable solvent such 

as a halohydrocarbon {e.g. dichloromethane), an ether {e.g tetrahydrofuran) or 

a nitrile {e.g. acetonitrile) or a mixture thereof at a temperature in the range of 

ooc to aooc. 

20 Compounds of formula (IV) may be prepared by reduction of compounds of 

25 

formula (VII) 

(VII) 

wherein W is ·cH-N3 or C=N-NHPh. 

Compounds of formula (VII) wherein W is CH-N3 may be reduced to a 

compound of. formula {IV) by hydrogenation in the presence of a suitable 

catalyst such as palladium, on a support such as carbon or calcium carbonate, 

or platinum (IV) oxide. The reaction conveniently takes place in the presence of 

30 a solvent such as an alkanol {e.g. ethanol) an ester (e.g. ethyl acetate) or acetic 

acid. 
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Compounds of formula {VII} wherein W is C=N-NHPh may be reduced to a 
compound of formula {IV} by reaction with zinc and acetic acid. This. reaction 
·may be carried out a temperature with the range 0-500. 

Compounds of formula {VII} wherein W is CHN3 may be prepared from a 
compound of formula {VII} wherein W is CH2 by treatment with a strong base 
such as sodium hydride or potassium tert-butoxide followed by tri-isopropyl 
benzene.sulphonyl azide. The reaction conveniently takes place in a solvent 

10 such as an ether {e.g. tetrahydrofuran} at a temperature in the range of-780 to 
200. 

15 

Compounds of formula {VII} in which W is C=NNHPh may be prepared by 
reaction of the ortho-phenylenediamine {VIII} with the diacid chloride (IX}, in a 
suitable solvent such as an ether e.g. tetrahydorfu.ran 

. 1 

R 
I 

(Rs)~NH 

~~ 
R 

(VIIl) 

a~ NNPh aor 
(IX) 

Compounds of formula (VII} wherein W is CH2 prepared by reaction of the 
20 corresponding compound {X) 

H 0 

~·~ OQ r, o 

with a compound R1 Y where Y is halogen {e.g.a chlorine or bromine atom) or a 
25 mesylate group under strongly basic conditions. Thus the reaction may 

conveniently be carried out by pretreating the compound of formula (X) with a 
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strong base such as sodium hydride in a suitable aprotic solvent such as an 
amide (e.g. N.N~ dimethylformamide) at a temperature ranging from oO to reflux. 
In the above described reaction scheme when the group R1 contai~s an 
hydroxyl group then this may be present in a protected form e.g. as an ether 

5 such as an arylmethyl ether e.g. a benzyl ether. 

10 

Compounds of formula (VIII) ar~ either known compounds or may be prepared 
by analogous methods. Thus for example a compound of formula (VI II) may be 
prepared by alkylatiori of the amine {XI). 

(XI) 

Thus the amine (XI) may be reacted with the compound R1Y, in which Y is 
chlorine or bromine, optionally in the presence of sodium iodide in a solvent 

15. such as N,N-dimethylformamide. 

Compounds of formula (VIII) wherein R1 represents the group - CH2-
CH(OH)R 1 a where A 1 a is a C1 _4alkyl group may be prepared by reaction of 
compound (XI) with the epoxide (XII) in a solvent such as an alkanol e.g. 

20 ethanol and in tile presence of an acid catalyst such as p-toluene sulphonic 
acid. 

nl'°'-ciL 1 -.oz-- R. (XII) 

25 Compounds of formula (VIII) where in R1 is an optionally substituted alkyl group. 
May also be prepared from compound (XI) by reaction with a suitable aldehyde 
or ketone with concomitant or subsequent reduction of the reaction product. 
Thus for example a compound formula (VIII) wherein R1 is 1,3-dimethylbutyl 
may be prepared from compound (XII) by reaction with methylisobutyl ketone 

30 followed by reaction with sodium borohydride. 

---·-----· 
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In general, the compounds of formula (Ill}, V and (VI} are either known 
compounds or may be prepared ~ccording to methods used for the preparation 
of known compounds, 

5 According to a further process (C) a compound of formula (I) may be converted 
into another compound of formula (I) using conventional techniques. 

Thus compounds of formula (I) wherein R2 is a phenyl group substituted by a 
carboxyl group may be prepared by hydrolysis of the corresponding compound 

1 o of formula (I) wherein R2 is a phenyl group substituted by an alkoxycabonyl 
group. 

·.In the processes described above the group R1 and R2 in the intermediates II, 
Ill, V and VI may be a group as defined in formula (I) or a group convertible 

15 thereto. 

The foregoing series of reactions involve a number of alternative pathways 
which may start with the 1,5-benzodiazepine of formula (X) as defined above. 
Thus according to a further general process (D) a compound of formula (I) may 

20 be prepared by reacting. a compound of formula (X). in one or more stages with 
reagents serving to introduce the groups R1 and NHCONHR2. 

Compounds of formula (I) contain at least one asymmetric carbon atom, namely 
the carbon atom of the diazepine ring to which the substituted urea grouping is 

25 attached. Specific enantiomers of the compounds of formula (I) may be obtained 
by resolution of the racemic compound using conventional procedures such as 
chiral HPLC. Alternatively the required enantiomer may be prepared by the 
corresponding enantiomeric amine of formula (IV) using any of the processes 
described above for preparing compounds of formula {I) from the amine {IV). 

30 The enantiomers of the amine {IV) may be prepared from the racemic amine 
{IV) using conventional procedures such as salt formation with a suitably 
optically active acid such as R- camphorsulphonic acid .. 

The following examples, which are non-limiting, illustrate the invention. 
35 

----------
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In the Preparations and Examples,unless otherwise stated: Melting points (m.p.) 
were determined on a Buchi m.p. apparatus and are uncorrected. All 
temperatures refer to OC. Infrared spectra· were measured in chloroform-d1 
solutions on a FT-IA instrument. Proton Magnetic Resonance (1 H-NMR) 

5 spectra were recorded at 300MHz as solutions in chloroform-d1. Chemical shifts 
are reported in ppm downfield (d) from Me4Si as an interna I standard, and are · 
assigned as singlets (s), doublets (d), doublet of doublets (dd) or multiplets (m}. 
Column chromatography was carried out over silica gel (Merck AG Darmstadt, 
Germany). Solutions were dried over anhydrous sodium sulphate. "Petrol" refers 

1 O to petroleum ether,b.p.40~6ooc. Dichloromethane was redistilled over Calcium 
hydride; tetrahydrofuran was redistilled over sodium; ethyl ether was redistilled 
over sodium and ethyl acetate was dried over activated molecular sieves. The 
following abbreviations are used in the text. EA = ethyl acetate, CH = 
cyclohexane, P = petroleum ether 40-soOc, THF = tetrahydrofuran, DCM = 

15 dichloromethane, EE= ethyl ether, DMF = N,N-dimethylformamide. Tic refers to 
thin layer chromatography on silica plates. All the compounds are intended as 
racemic mixtures unless otherwise indicated. 

20 lntermedjate 1 
2-F!uom-2'-(.3-methylbut-1-yl)amjno-djphenylamjne 
1-Bromo-3-methylbutane (4.33ml} was added to a solution of the 2- amino-2'­
fluorodiphenylamino (7 .Og) and sodium iodide (5.24g) in dimethylformamide 
(250ml) under a nitrogen atmosphere. The solution was stirred at 1200 for Sh, 

25 then cooled to room temperature, diluted with w ater (300ml) and extracted with 
diethyl ether (2x250ml). TJ:le combined organic extracts were washed with brine 
(300ml), dried and concentrated in vacuo to an oil, which was purified by flash 
chromatography {eluting with CH-EA 95:5) to give the title compound as a 
yellow oil (6.3g}. T.l.c. CH-EA (9:1) Rf 0.75. 

30 
lntermedjate 2 
2,4-Djoxo-5-(2-fluoropheny!)-1-(3-methylbut-1-yl)-3-phenylhydra zono-2.3,4.5-
tetrahydro-1 H-1 ,5-benzodjazepjoe 
The intermediate 1 (6.3g) and the 2-phenylhydrazonomafonyfdichloride (6.Bg) 

35 were each taken up in THF (150ml) and dropped in a flask containing THF 

ilil iITTlll ~fli 
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(200ml} maintained at .50 under a nitrogen atmosphere. After complete addition 

1he solution was allowed to warm to room temperature and then heated to soO 
for 2h. The solution was concentrated in vacuo to an oil, which was purified by 

flash chromatography (eluting with CH-EA 8:2) to give the tjt!e compound as a 

5 yellow solid (5.Bg). M.p.104-1050 T.l.c. CH-EA ( 7:3), Rf 0.59. 

loiermedjate 3 

3-Amjno-2,4-djoxo-5-(2-f!uorophenyl)-1-(3-methylbut-1-yl)-2.3.4 .5-tetrahydro-

1 H-1.5-benzodjazepjne 

1 o A solution of the intermediate 2 (5.Bg) in glacial acetic acid (SOml) was 

added,dropwise, to a suspension of zinc dust (6.37g) in glacial acetic acid 

(20ml} cooled to oO. The mi~ure was stirred at 230 for 3h, then diluted with 

water (200ml) and decanted from zinc. Solid sodium carbonate was added until 

pH=9 and the mixture extracted with ethyl acetate (2x300ml). The combined 

15 organic extracts were washed with brine (300m!), dried and concentrated in 

·vacuo to an oil which was purified by flash chromatography (eluting in gradient 

from CH-EA 2:1 to EA) to give the tjt!e compound as a white foam (2.Bg). M.p. 

12~-so. T.l.c. DCM-methanol (30:1), Rf 0.38. 

20 lntermedjate 4 

2-(3.3-Djmetby!but-1-yl}amjno-2'-f!uoro-djphenylarojne 

Sodium borohydride (22.7g} was added portionwise to a mixture of the 2-amino-

2'-fluorodiphenylamine (8.0g), sodium acetate trihydrate (16.33g) and 3,3-

dimethylbutyrraldehyde (Sm!) in acetic acid (12.Sml), water (50ml) and ethanol 

25 (40ml) cooled to oO. The solution was stirred at 230 for 30 min.,then diluted with 

ethyl acetate (300ml) .The organic layer was washed with a 1 Oo/o solution of 

sodium hydroxide (3x200ml) and brine (200ml),dried and concentrated in vacuo 

to an oil, which was purified by flash chromatography (eluting with CH-EA 9:1) to 

give the tjt!e compound as a yellow oil {7.44g). T.l.c. CH-EA {9:1 ), Rf 0.85. 

30 
lntermedjate 5 

1-(.3,3-Dimethy!byt-1-yl)-2.4-djoxo-5-(2-f!uorophenyl)-3-phenylh ydrazono-

2.3,4.5-tetrahydro-1 H-1 .5-benzodjazepjne 

The tntermediate 4 {7.73g) and the 2-phenylhydrazono- malonyldichloride 

35 {7.97g} were each taken up in THF {100ml) and dropped in a flask containing 
----------- -
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THF (300ml} maintained at .50 under a nitrogen atmosphere. After complete 

addition the solution was allowed to warm to room temperature and then heated 

to soO for 3h. The solution was concentrated in vacuo to an oil, which was 

purified by flash chromatography (eluting with CH-EA 8:2) to give the 1itki 
5 compound as yellow solid (1 O.Sg). M.p.112-1140. T.l.c. CH-EA (8:2), Rf 0.40 .• 

lntermedjate 6 

3-Amjno-1-(3.3-djmethylbut-1-yl)-2,4-djoxo-5-(2-flyorophenyl)-2 .3,4.5-

tetrahydro- 1 H-1.5-benzodjazepjne 

10 A solution of the intermediate 5 (10.1 g} in glacial acetic acid (80ml) was 

added,dropwise, to a suspension of zinc dust (1 O.Bg} in glacial acetic acid 

(20ml) cooled to oO. The mixture was stirred at 230 for 2h, then diluted with 

water (200ml) and decanted from zinc. Solid sodium carbonate was added until 

pH=9 and the solution then extracted with ethyl· acetate (3x250ml}. The 

15 combined organic extracts were washed with brine (400m!), dried and 

concentrated in vacuo to an oil, which was purified by flash chromatography 

(eluting in gradient from CH-EA 2:1 to ethyl acetate) to give the title compound 

as a white foam (5.4g}. M.p. 98-1000. T.l.c. DCM-methanol {20:0.5}, Rf 0.3. 

20 lntermedjate 7 

2,4-Djoxo-5-(2-flyoropheny!)-3-jsocyaoate-1-(3-methy!but-1-yl)-2.3.4.5-

tetrahydro-1 H-1 .5-beozodjazepjoe 

Phosgene in toluene (1.93M solution; Zml} was added to a solution· of the 

intermediate 3 (0.2g) in dichloromethane (3ml). The resulting solution was 

25 stirred at 230 for Sh, then concentrated in vacuo at soO for 3h to give the lilia 
compound as a white solid (0.21g). M.p. 167-ao~ 

lntermedjate 8 

2.4-Pioxo-5-(2-fluorophenyl)-1-(3-methylbut-1-yl)-3-(phenyloxyc arbonylamjno)~ 

30 2.3.4.5-tetrahydro-1 H-1.5-benzodjazepjne 

Pyridine (0.137ml) and phenyl chloroformate (0.21 ml) were added to a solution 

of the intermediate 3 (0.3g) in dichloromethane (15ml) under a nitrogen 

atmosphere. The resulting solution was stirred at 230 for 30min, then washed 

with a 1 % solution of hydrochloric acid {15ml), a 5% solution of sodium 

35 hydrogen carbonate (15ml) and brine {20ml). The organic layer was dried and 
----·--
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concentrated in vacuo to a solid which was triturated with ethyl acetate to give 
the tjt!e compound as a white solid (0.3g). M.p. 226-70. T.l.c. CH-EA (1 :1 ), 
Rf=0.75. 

5 lntermedjate 9 

1-(3.3-Djmethylbut-1-yl)-2.4-djoxo-5-(2-fluorophenyl)-3-(phenyl 
oxycarbonylamjno)- 2.3,4.5-tetrahydro-1 H-1.5-benzodjazepjne 
Pyridine (0.64ml) and phenyl chloroforr:nate (1.0ml) were added to a solution of 
the !ntermediate 6 (1.5g) in dichloromethane (1 OOml) under a nitrogen 

1 O atmosphere. The resulting solution was stirred at 230 for 30min, then 
washed with a 1 % solution of hydrochloric acid (2x70ml), a 5% solution of 
sodium hydrogen carbonate (2x70ml} and brine (1 OOml). The organic layer was 
dried and concentrated in vacuo to a solid which was triturated with diethyl 
ether to give the title compound as a white solid (1.4g}. M.p. 199- 2000. T.l.c. 

15 CH-EA (1 :1 ), Rf=0.82. 

lntermedjate 10 

2-(3.3-Dimethyl-2-hydroxybut-1-yl)amjno-2'-fluorodjphenylamjne 
1,2-Epo?Cy-3,3-dimethylbutane (7ml} was added, portionwise, to a mixture of the 

20 2-amino-2'-fluorodiphenylamine (7.46g) and p.toluenesulfonic acid (0.6g) in 
ethanol (30ml) heated to socr. The mixture was stirred at soO-for 19h, then 
concentrated in vacuo and partitioned between water (1 OOml) ·and ethyl acetate 
(150ml). The organic layer was washed with a 5% solution of sodium hydrogen 
carbonate {2x1 OOml), brine (150ml), dried and concentrated in vacuo to an oil, 

25 which was purified by flas~ chromatography (eluting with CH-EA 80:20) to give 
the title compound as a:yellow oil (3.21 g). T.l.c. CH-DCM (1 :1) , Rf 0.25. 

lntermedjate 11 

1-(,3 .3~Dimethyl-2-hydroxybut-1-yl}-2.4-djoxo-5-(2-fluocophenyl) -3-
30 phenylhydrazono- 2.3.4.5-tetrahydro-1 H-1.5-benzodjazepjne 

The intermediate 1 O (1.Sg) and the 2- phenylhydrazonomalonyldichloride 
(1.76g) were each taken up in THF (35ml) and dropped in a flask containing 
THF {30m!) maintained at - 150 under a nitrogen atmosphere. After complete 
addition the solution was allowed to warm to room temperature and then heated 

35 to soO for 3h. The solution was concentrated in vacuo to an oil, which was 
--- --------
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purified by flash chromatography (eluting with CH-EA 8:2) to give the li1le. 
compound as a yellow solid (2.1 g). fyl.p.217-80. T.l.c. CH-EA (2:1 ), Rf 0.71. 

lntermedjate 12 

5 3-Amjno-1-(3.3-djmelhyl-2-hydroxybut-1-yl}-2,4-djoxo-5-(2-fluor ophenyl}-

2.3.4.5- tetrahydro-1 H-1.5-benzodjazepjne 

Zinc dust (2.17g) was added portionwise to a solution of the intermediate 

11 (2. 1 g) in glacial acetic acid (30ml) previously cooled to oO. The mixture was 

stirred at 230 for 20h, then diluted with water (1 OOml) and decanted from zinc. 

1 O Solid sodium carbonate was added until pH=9, and the mixture was extracted 

with ethyl acetate (3x1 OOml).The combined organic extracts were washed with 

brine (200ml), dried and concentrated in vacuo to an oil, which was purified by 

flash chromatography (eluting with EA) to give the title compound as a white 

foam (1.09g). M.p. 104-50 T.l.c. EA- methanol (20:2), Rf 0.66 and 0.61. 

15 
lntermedjate 13 

3-Amjno-1-(.3.3-djmethy!-2-hydroxybut-1-yl)-2.4-dioxo-5-(2-f!uor ophenyl)-

2.3,4.5- tetrahydro-1 H-1.5-benzodjazepjne (diastereomer I: 13a and 

djasJereomer II: 13b) 

20 The diastereomeric mixture, intermediate 12 was separated by preparative 

HPLC (Column Spherisorb 5uCN 25x0.46cm) eluting with 

hexane/ethanol/isopropanol 85:10:5 and isopropylamine 0.05% (flux 2ml/min, 

detection UV at 235nm) to give the tjt!e compound .13a..(retention time 8.9min) 

~s a white solid (0.3g) M.p. 164-50 T.l.c.- EA-methanol (20:2), Rf 0.66. and the 

25 tjt!e compoynd 13b (retention time 6min) as a white foam (0.35g). T.l.c. EA­

methanol (20:2), Rf 0.61. 

lntermedjate 14 

2-(1 .3-djmethylbyt-1-yl)amjno-djphenylamjne 

30 Sodium borohydride (0.4g) was added portionwise to a mixture of 2- amino­

diphenylamine (0.5g), sodium acetate trihydrate (0.5g) and 4-methyl-2-oxo­

pentane (0.25ml) in acetic acid (1.7ml), water (5ml) and ethanol (4ml) cooled at 

oOc. A further amount of sodium borohydride (2.0 g) and of .4-methyl-2-oxo­

pentane (3ml) were added and the solution was stirred at 230 for 30 min. ,then 

35 diluted with ethyl acetate (1 OOml) and water ( 1 OOml) .The organic layer was 
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washed with a 10% solution of sodium hydroxide (50ml) and brine (50ml), 

dried and concentrated in vacuo to give an oil, which was ·purified by flash 

. chromatography (eluting with CH-EA. 90:10) to give the title compound as a 

yellow oil (0.42g). T.l.c. CH-EA (90:10), Rf 0.79. IA :3420 (NH) ,1599, 1514 

5 and . 1497 (C=C) cm-1 ; 

lntermedjate 15 

1-(1.3-Djmethylbut-1-yl)-2.4-djoxo-5-phenyl-3-phenylhydrazono-2 .3,4.5-

tetrahydro- 1 H-1.5-benzodjazepjne 

1 o The intermediate 14 (0.42g), and ·2- phenylhydrazonomalonyldichloride 

(0.46g) were each taken up in THF (20ml) and dropped in a flask containing 

THF (10ml} maintained at oO under a nitrogen atmosphere. After complete 

addition the solution was allowed to warm to 230 and stirred for 20h. A further 

amount of 2-phenylhydrazonomalonyldichloride {0.13g} was added and stirring 

15 continued for 1 h at 230 and then at soO for 90 min. The reaction mixture was 

diluted with ethyl acetate { 200ml); the organic layer was washed with a 10% 

solution of sodium hydroxide (60ml} and brine ( 2x70 ml ), dried and 

concentrated in vacuo to give an oil, which was purified by flash 

chromatography {eluting with CH-EA95:5, increasing polarity to 90:10} to give 

20 the title compound as a yellow solid (0.43g}. T.l.c. CH-EK (70:30), Rf 0.73. 

IR :1668, 1653 (C=O); 1591 (C=C} cm-1; 

lntermedjate 16 · 

3-Arnjno-1-{1 .~-djrnethylbut-1-yl}-2.4-djoxo-5-phenyl-2.3.4.5- tetrabydro-1 H-1 .5-

25 benzodjazepjne 

Zinc dust (0.55g) was added portionwise to a solution of the intermediate 15 

(0.42g) in glacial acetic acid (10ml) cooled at Oo. The mixture was stirred at 230 

for Bh, then decanted from zinc, diluted.with ethyl acetate {50 ml}, washed 

with a 10% solution of sodium hydroxide { 60 ml), brine {2x60ml), dried and 

30 concentrated in vacuo to give an oil which was purified by flash 

chromatography (eluting in gradient from CH-EA 1 :1 to DCM-methanol 90:1 o } 
to give the tjt!e compound as a white foam (0.22g). T.l.c. DCM-methanol 

(90:10), Rf 0.53. IR :3500-3000 (NH2}, 1703 and 1672 (C=O}, 1593 (C=C) 

crn-1; 

35 
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Potassium carbonate (29g) and sodium hydrosulphite (25.3g) we~e added 
portionwise over 1 hour to a suspension of 5-chloro-2- nitrodiphenylamine (8g) 

5 in 95% ethanol {250ml) and water (250ml).The mixture was stirred at 230 for 

20h, then a further amount of sod ium hydrosulfite (1 g) was added and stirring 
continued for 1 h. The reaction mixture was acidified to pH4 with cone. 
hydrochloric acid and then a 10% solution of sodium hydroxide was added until 
the pH was 1 O. The solution was concentrated in vacuo and extracted with ethyl . . 

1 O ether (2x250ml). The combined organic extracts were washed with brine 

15 

(2x250ml), dried and concentrated in vacuo to give the crude compound as a 
yellow solid (7.8g) which was purified by flash chromatography (eluting with P­
EE 1 :1) to give the tjtle compound as a yellow foam (4.4g) . T.l.c. CH-EA (1 :1 ), 
Rf 0.50. IR: 3412 and 3320 (NH), 1592-1589 (C=C) cm-1; 

lntermedjate 18 

5-Chloro-2-(,3-methylbut-1-yl)amjno-djphenylamjne 
Sodium borohydride (2g) was added portionwise to a mixture of the intermediate 
17 (2g), sodium acetate trihydrate (2.28g) and 3- methylbutyraldehyde (2ml) in 

20 acetic acid (8ml), water {15ml) and ethanol {35ml) cooled to oOc. The solution 
was stirred at 230 for 30 min,then diluted with ethyl acetate (200ml) .The 
organic layer was washed with a 10% solution of potassium carbonate (1 OOml) 
and brine (1 OOml),dried and concentrated in vacuo to give an oil, which was 
purified by flash chromatography {eluting with CH-EA 95:5) to give the .ti1ls. 

25 compound as a yellow oil (O.Sg). T.l.c. CH-EA .(1 :1 ), Rf 0.72. 

lntermedjate 19 

7-Chloro-2.4-djoxo-1-(3-methylbut-1-yl)-5-phenyl-3-phenylhydraz ono-2.3,4.5-
tetrahydro-1 H-1 .5-benzodjazepjne 

30 The intermediate 18 (1.15g) and 2-phenylhydrazonomalonyldichloride (1.17g) 
were each taken up in THF {30ml) and added dropwise in a flask containing 
THF (1 Om!} maintained at oO under a nitrogen atmosphere. After complete 
addition the solution was allowed to warm to 230c, stirred for 30 min., then 
heated at soO for 2h. The solution was diluted with ethyl acetate {150ml), 

35 washed with brine (2x1 OOml), dried and concentrated in vacuo to give an oil, 
---·----------------
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which was purified by flash chromatography (eluting with CH-EA 95:5 , 

increasing polarity to 70:30) to give the tjt!e compound as a yellow solid (1.12g). 

T.l.c. CH-EA (1 :1);· Rf 0.61. IA : 3452 (NH), 1664 (C=O) cm-1; 

5 !ntermedjate 20 

3-Amjno-2,4-djoxo-Z-chloro-5-pheoyl-1-(3-methylbut-1-yl)-2.3.4. 5-tetrabydro-

1 H-1.5-benzodjazepjne 

A solution of the intermediate 19 (0.6g) in glacial acetic acid (~ 4ml) was 

added,dropwise, to a suspension of zinc dust (0.76g) in glacial acetic acid ( 14 

10 ml) cooled at oO. The mixture was stirred at 230 for 3h, then decanted from 

zinc, washed with ethyl acetate ( 80 ml) and then with 10% sodium hydroxide 

(1 OOml) and brine (70ml). The combined organic extracts were dried and 

concentrated in vacuo to give an oil which was purified by flash 

chromatography (eluting in gradient from CH-EA 1 :1 to EA -methanol 27:3 ) to 

15 give the tjtle cgmpoynd (0.3g). T.l.c. DCM-methanol (27:3), Rf 0.5 .. 

lntermedjate 21 

4-Chloro-2-njtrodjpheoylamjne 

A mixture of 4-chloro-2-nitroaniline (5.5g), bromobenzene (20ml), potassium 

20 carbonate (1.63g) and copper(!) iodide (0.68g) was heated to 1 aoO for 36h. The 

reaction mixture was cooled to room temperature, then ethyl acetate (200ml) 

and water (300ml) were added ; the organic extracts were washed with brine 

(2x150ml), dried and concentrate~ in vacuo to give the crude compound whic~ 

was purified by flash chromatography {eluting with CH-EA 95:5) to give the lilhi 
25 compoynd (3.67g). T.l.c. CH-EA {1 :1), Rf 0.71. 

lntermedjate 22 

2-Amjng-4-chlorodjphenylamjne 

Potassium carbonate (13g) and sodium hydrosulphite (11'.4g) were added 

30 portionwise over 3 hour to a suspension of 4-chloro-2- nitrodiphenylamine (3.6g) 

in 95% ethanol (1 OOml) and water (1 OOml).The mixture was stirred at 230 for 

20h. The reaction mixture was t. hen acidified to pH=4 with cone. hydrochloric 

acid {20ml); then 10% solution of sodium hydroxide {BOml} was added until 

pH=1 o and the solution extracted with ethyl acetate (2x150ml). The combined 

35 organic extracts were washed with brine {2x150ml), dried and concentrated in 
------·-·-·- .. --.... -
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vacuo to give the crude compound as a yellow solid (7 .8g) which was purified 
by flash chromatography (eluting with CH-EA 90:10 then 70:30) to give the 1ilJii 
compound as a yellow foam (2.37g) . T.l.c. CH-EA (1 :1 ), Rf 0.6~. 

5 lntermedjate 23 
4-Ch!oro-2-(3-methylbut-1-yl)amlno-djpheny!amjne 
Brome 3-methylbutane (0.62ml) was added to a solution of the intermediate 22 
(1.00g) and sodium iodide (0.7g) in dimethylformamide (40ml) under a nitrogen 
·atmosphere. The solution was stirred at 1200 for 12h, then cooled at 23°C, 

1 O diluted with ethyl acetate (150ml) and washed with brine {3x1 OOml). Th~ 
combined organic extracts were dried and concentrated in vacuo to give an oil, 
which was purified by flash chromatography (eluting with CH-EA 95:5) to give 
the tjt!e compound as a yellow oil {0.74g). T.l.c. CH-EA (1 :1), Rf 0.76. 

15 !ntermedjate 24 
8-Cb!oro-2,4-Dioxo-1-(3-methylbut-1-yl)-5-pheny!-3-phenylbydraz ono-2.3,4.5-
tetrahydro-1 H-1 .5-benzodjazepjne 
The intermediate 23 (0. 7 4g) and the 2- phenylhydrazonomalonyldichloride 
{0.75g) were each taken up in THF {15ml) and dropped in a flask containing 

20 · THF {20ml) maintained at oO under a nitrogen atmosphere. After complete 
addition, the soh.rtion was allowed to warm to 230c, stirred for 30min., then 
heated at 600 for 2h. The solution was diluted with ethyl acetate (120ml), 
washed with brine (2x1 OOml), dried and concentrated in vacuo to give an oil, 
which was purified by flash chromatography (eluting with CH-EA 95:5 , 

25 increasing polarity to 70:30) to give the title compound as a yellow solid {0.91 g). 
T.l.c. CH-EA (1 :1 }, Rf 0.68 

lntermedjate 25 
3-Amjno-8-ch!oro-2,4-djoxo-1-(3-methylbut-1-yl)-5-phenyl-2.3.4. 5-tetrahydro-

30 1H- 1.5-benzodjazepjne 
To the solution of intermediate 24 (0.9g) in glacial acetic acid {20ml) at oO, zinc 
dust (1.14g) was added portionwise . The mixture was stirred at 230 for 1 h, then 
decanted from zinc, washed with ethyl acetate {150ml) and then with 10% 
sodium hydroxide (150ml) and brine (1 OOm!). The combined organic extracts 

35 were dried and concentrated in vacuo to an oil which was purified by flash 
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chromatography (eluting in gradient from CH-EA 1 :1 to EA-methanol 27:3 ) to 
give the tjt!e compound (0.53g). T. I.e. EA-methanol (27:3}, Rf 0.6. 

Intermediate 26 

5 4.5-Dichloro-2-njtrodjphenylamjne 

A mixture of 4,5-dichloro-2-nitroaniline (5.0g}, bromobenzene {16ml} potassium 

carbonate (1.17g) and copper(!) iodide (0.46g} was heated to 1500 for 36h. The 
reaction mixture was concentrated in vacuo to give the crude compound which 
was purified by flash chromatography (eluting with CH-EA 90:10) to give the~ 

10 compound (4.34g) T.l.c. CH-EA (1 :1), Rf 0.7. 

lntermedjate 27 

2-Amjoo4.5-djchloro-djphenylamjne 

Potassium carbonate (13.8g) and sodium hydrosulfite (12.1 g) were added 
15 portionwise over 3 hour to a suspension of_ 4,5-dichloro-2- nitrodiphenyla~ine 

(4.34g) in 95% ethanol (100ml) and water (100ml). The mixture was stirred at 
230 for 20h. The reaction mixtu re was then acidified to pH=4 with cone. 
hydrochloric acid ( 20ml }, then 10% solution of sodium hydroxide (80 ml ) was 
added until pH=1 O and the solution extracted with ethyl acetate (2x120ml). The 

20 combined organic extracts were washed with brine (2x1 OOm I}, dried and 
concentrated in vacuo to give the crude compound which was purified by flash 
chromatography (eluting with CH-EA 90:10 then 80:20) to give the 1Wa 
compound as a yellow foam (2.1 Sg) . T.l.c. CH-EA (1 :1 ), Rf 0.54. 

25 

30 

35 

lntermedjate 28 

4.5-Dich!oro-2-(3-methylbut-1-yl)amjno-djphenylamjne 

1-Bromo-3-methylbutane (1.2ml) was added to a solution of the intermediate 27 
{2.15g) and sodium iodide (1.3g} in dimethylformamide (70ml} under a nitrogen 
atmosphere. The solution was stirred at 1200 for 9h,and at 230c for 20h." A 
further amount of bromo-3-methylbutane (0.5ml) was then added and stirring 
was continued at 1200 for 8h. The reaction mixture was diluted with ethyl . 
acetate (300ml) and washed with brine (150ml). The combined organic extracts 
were dried and concentrated in vacuo to give an oil, which was purified by 
flash chromatography (eluting with CH:EA 95:5) to give the tjt!e compound as a 
yellow oil {1. 72g). T. I.e. CH- EA (1 :1 ), Rf 0. 70. 
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!ntermedjate 29 

7-8-djchloro-2.4-Djoxo-1-(3-metbylbut-1-yl)-5-phenyl-3-phenylby drazono-
2.3,4.5- tetrahydro-1 H-1.5-benzodjazepjne 

5 The intermediate 28 (1. 72g) and the 2- phenylhydrazonomalonyldichloride 
(1.53g) were each taken up in THF (15ml) and dropped in a flask containing 
THF (40ml) maintained at oO under a nitrogen atmosphere. After complete 
addition the solution was allowed to warm at 230c, stirred· for 45 min., then 
heated at 600 for 1 h and 30min. The solution was diluted with ethyl acetate 

1 O (150ml), washed with brine {2x1 OOml), dried and concentrated in vacuo to give 
an oil, which was purified by flash chromatography (eluting with CH-EA 95:5, 
increasing polarity to 80:20) to give the tjt!e compound as a yellow solid {1.85g). 
T.l.c. CH-EA (1 :1 }, Rf 0.66. 

15 lntermedjate 30 

3-Amjno-7-B-djchloro~2.4-djoxo-1-(3-metby!but-1-yl)-5-pheny!-2. 3,4.5-
tetrabydro- 1 H-1.5-benzodjazepjne 

To the solution of the intermediate 29 (1.0g) in glacial acetic acid (15ml) ~t oO, 
zinc dust {0.65g) was added portionwise . The mixture was stirred at 230 for 6h, 

20 then decanted from zinc, washed with ethyl acetate (150 ml) and then with 10% 
sodium hydroxide (150ml) and brine {1 OOml). The combined organic extracts 
were dried and concentrated in vacuo to give an oil which was purified by flash 
chromatography (eluting in gradient from CH-EA 1 :1 to EA-methanol 80:20) to 
give the tjtle compoynd (0. 44g). T.!.c. EA-methanol (27:3), Rf 0.59. 

25 

!ntermedjate 31 

4-Fluoro-2-njtrodjpheoylamjne 

A mixture of 4-Fluoro-2-nitroaniline {5.0g), bromobenzene {20ml), potassium 
carbonate (1.54g) and copper(!) iodide (0.61g) was heated1o 1500 for 30h. The 

30 reaction mixture was cooled at 230c , then ethyl acetate ( 200 ml ) was added ; 
the organic extracts were washed with brine (1 OOm!)," dried and evaporated in 
vacuo to give the crude compound which was purified by flash chromatography 
(eluting with CH-EA 95:5) to give the tjtle compound (2.4g) T.l.c. CH-EA (1 :·1 ), 
Rf 0.68. 

35 
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. lntermedjate 32 

2-amjno-4-Eluoro-djpbenylamjne 

28 

Potassium carbonate (9.3g) and sodium hydrosulfite (8.2g) were added 

portionwise over 3 hour to a suspension of 4-fluoro-2- nitrodiphenylamin~ (2.4g) 

5 in 95% ethanol (70ml) and water (70ml).The mixture was stirred at 230 for 20h. 

The reaction mixture was the n acidified to pH=4 with cone. hydrochloric acid ( 

15ml ), then 10% solution of sodium hydroxide (50 ml ) was added until pH=1 o, 
and the concentrated solution extracted with ethyl acetate (2x1 OOml). The 

combined organic extracts were washed with brine (2 x80ml), dried and 

1 O concentrated in vacuo to give the crude .compound which was purified by flash 

chromatography (eluting with CH-EA 90:1 O then 80:20) to give the li1lil 
compound as a yellow foam (1.44g). T.l.c. CH-EA (1 :1), Rf 0.72 .. 

lntermedjate 33 

15 4-Eluoro-2-(,3-methylbut-1-y!)amjoo-djpheoylamjoe 

1-Bromo 3-methylbutane (1.0ml) was added to a solution of the intermediate 32 

(1.44g) and sodium iodide (1.1 g) in dimethylformamide (60ml) under a nitrogen 

atmosphere. The solution was stirred at 1200 for 9h; the re.action mixture was 

diluted with ethyl ac etate (300ml) and washed with brine (3x150ml}. The 

20 combined organic extracts were dried and concentrated in vacuo to give an oil, 

which was purified by flash chromatography (eluting with CH-EA 9S:5) to give 

the ttt!e compound as a yellow oil (0.96g). T.1. c. CH-EA (1 :1), Rf 0.74. 

lntermedjate 34 

25 2,4-Dioxo-8-fluoro-1-(3-metbylbut-1-yl)-5-phenyl-3-phenylhydraz ono-2.3,4.5-

tetrahydro-1 H-1.5-benzodjazepjne . . 
The intermediate 33 (0.96g) and 2-phenylhydrazonomalonyldichloride (1.01 g} 

were each taken up in THE (15ml) and dropped in a flask containing THE 

(40ml) maintained at -oO under a nitrogen atmosphere. After complete addition· 

30 the solution was allowed to warm at 230c, stirred for 30miri., then heated at soO 
for 2h. The solution was diluted with ethyl acetate (120ml), washed with brine 

(2x100ml), dried and concentrated in vacuo to give an oil, which was purified.by 

flash chromatography (eluting with CH-EA 95: 5 , increasing polarity to 80:20) to 

give the tjt!e co'mpound as a yellow solid {1.3g). T.l.c. CH-EA {1 :1 ), Rf 0. 7 4. 

35 
·--~--------
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!ntermedjate 35 

3-Amjno-2.4-djoxo-8-Fluoro1 -(3-methylbut-1-yl)-5-phenyl-2.3,4.5 -t~trahydro-

1 H- 1.5-beniodjazepjne 

5 To the solution of the intermediate 34 (1.3g) in glacial acetic acid (20ml} at oO, 

zinc dust (1.2g) was added portionwise . The mixture was stirred at 230 for 1 h, 

then decanted from zinc, washed with ethyl acetate (150ml) and then with 10% 

_ sodium hydroxide (150ml} and brine (1 OOm!). The combined organic extracts 

were dried and concentrated in vacuo to give an oil which was purified by flash 

1 O chromatography {eluting in gradient from CH-EA 1 :1 to EA-methanol 80:20) to 

give the title compound {0.72 g). T.l.c. EA-methanol (27:3), Rf 0.47. 

lntermedjate 36 

2.4-Pioxo-5-pheny!-1-(2-pheoy!ethyl)-2.3.4.5-tetrahydro-1 H-1.5-benzodjazepjne 

15 Sodium hydride 80°io dispersion in oil {0.13g) was added portionwise to a 

solution of the 2,4-dioxo-5-phei:iyl-2,3,4,5-tetrahydro-1 H-1,5- benzodiazepine 

(compound a) (1 g) in DMF {1 Bml) previously cooled at oO . The reaction was 

stirred for 20min at oO, then a solution of 2~ phenylethyl bromide {0.85ml} in . 

DMF {2ml) was added dropwise, the mixture was stirred at 230 for 15h, then 

20 diluted with EA {BOml) and washed with brine (3x1 OOml), dried and concentrated 

"in vacuo". The crude product was purjfied by flash chromatography {eluting 

with CH- EA 1 :1) to give the tjtle compound as a white pQwder (0.85g). T.l.c. 

CH-EA {1 :1), Rt=0.27. 

25 lniermedjate 37 . 

3-Azido-2,4-djoxo-5-phenyl-1-(2-phenylethyl)-2.3.4.5-tetrahydro -1 H-1 .5-

benzodjazepjne · 

A solution of the intermediate 36 (0.85g) in THE (20ml), cooled to - 100, was 

added dropwise to a solution of potassium tert-butoxide (0.3g) in THF (1 Oml) 

30 ~oled to -100, under a nitrogen .atmosphere. The mixture was stirred for 20min 

at -100, then a solution of 2,4,6- triisopropylbenzenesulphonyl azide {0.96g) in 

THE (15ml), previously cooled to -100 and acetic acid (0.14ml) were added. The 

reaction mixture was allowed to stand at 230 and stirred for 1.5 h, then more 

acetic acid (0.14ml) was added and the mixture was stirred for 2 h. Ethyl acetate 

35 {150ml) was added and the solution was washed with a saturated solution of 
------------
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sodium hydrogen carbonate (1 OOml) and brine (3x1 OOml), dried and 
concentrated "in vacuo". The crude product was purified by flash 
_chromatography (eluting with CH-EA 90:10) to give the title compound as a 

_ white foam (0.38g). T.l.c. CH-EA (1 :1 ), Rf=0.57. 

· lntermedjate 38 

3-Amjno-2.4-djoxo-5-phenyl-1-(2-pheny!ethyl)-2.3.4.5-tetrabydm -1 H-1.5-
benzodjazepjne 

A solution of the intermediate 37 {0.38g) in ethanol (15ml) and ethyl acetate 
1 O (15ml) was stirred under hydrogen, at 1 atm., in presence of 5% Pd/CaC03 

(0.25g), at 230, for 3h. The catalyst was filtered off on a pad of celite, washing 
with dichloromethane {25ml) and ethanol {25ml} anq the organic layer was 
concentrated "in vacuo". The crude product was purified by flash 
chromatography {eluting with DCM-ethanol 90:1 O) to give the title compound as 

15 a white foam (0.3g}. T.l.c. DCM-ethanol (90:1 O}, Rt=0.1. 

lntermedjate 39 _ 

1-{1-Adamantyl}methyl-2.4-djoxo-5-phenyl-2.3.4.5-tetrabydro-1 H-1 .5-
benzodjazepjne 

20 Sodium hydride 80% dispersion in oil (0.07g) was added portionwise to a _ 
solution of the compound (a} (0.5g) in DMF {50ml). The reaction mixture was 
stirred for 30min, then a solution of 1-adamantylmethyl me~hanesulfonate 
(0.537g} in DMF (3ml) was added. The reaction mixture was stirred at 1200 for 
7h and at 230 for 15h, then concentrated. The residue was diluted with ethyl 

25 acetate (1 OOml) washed with brine {2x30ml) and water {SO ml), dried and 
concentrated "in vacuo". The crude product was purified by flash 
chrol'!latography (eluting with CH-EA 1 :1} to give the tjt!e compound as a ~hite 
foam {0.15g). T.l.c. CH-EA {1 :1 ), Rt=0.42. 

30 lntermedjate 40 

1-{1-Adamantyl}metbyl-1-{2-pheny!ethyl)-3-azjdo-2.4-djoxo-5-phe nyl-2.3.4.5-
tetrahydro-1 H-1 ,5-benzodjazepjne 

A solution of potassium tert-butoxide (0. 146g) in THF {7ml) was added dropwise 
to a solution of the intermediate 39 (0.4g) in THF {15ml}, cooled to -100, under a 

35 nitrogen atmosphere. The mixture was stirred for 20 min at -100, then a solution 
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of 2,4,6- tri_isopropylbenzenesulphonyl azide (0.53g) in THF (7ml}, previously 
cooled to -100 and acetic acid (0.14ml} were added. The reaction mixture was 
allowed to stand at 230 and stirred for 15h, ethyl acetate {70ml} was then added 
and the solution was washed with water (2x50ml} and brine (2x30ml}, dried and 

5 concentrated "in vacuo". The crude product was purified by flash 
chromatography (eluting with CH- EA 70:30} to give the tjtle compound as a 
white foam (0.338g}. T.l.c. CH-EA (1 :1 }, Rf=0.73. 

lntermedjate 41 

1 O 1-(1-Adamantyl)methyl-3-amjno-2,4-djoxo-5-phenyl-2.3,4.5-tetrah ydro-1 H-1 .5-
benzodjazepjne 

A solution of the intermediate 40 (0.1 Bg) in ethanol (1 Oml) and ethyl acetate 
(5ml} was stirred under hydrogen, at 1 atm., in presence of 5o/o Pd/CaC03 
(0.2g), at 230, for 3h, then the catalyst was filtered off on a pad of celite and the 

15 organic layer was concentrated "in vacuo". The crude product was purified by 
flash chromatography (eluting with DCM-methanol 90:1 O) to give the 1i1lil 
compound as a white foam (0.15g). T.!.c. DCM-methanol (90:10), Af=0.51. 

lntermedjate 42 

20 1-{2.2-Djmethyletboxycarbonylmethyl)-2.4-djoxo-5-phenyl-2.3.4.5 -tetrahydro-
1 H- 1 .5-benzodjazepjne 

Sodium hydride 80o/o dispersion in oil (0.155g) was added portionwise to a 
solution of the compound (a) (1.022g) in DMF (30ml) previously cooled to oO. 
The reaction was stirred for 15 min at 230, then t- butyl bromoacetate {0.7ml) 

25 was added. The solution was stirred at 230 for 1 h, then brine (1 OOml) was 
added and the mixt~re extraC1ed with ethyl acetate {3x30ml), dried and 
concentrated "in vacuo". The crude product was purified by flash 

30 

. . . 
chromatography (eluting with CH- EA 60:40) to give the tjt!e compound as a 
white powder (1.31 g). T.l.c. CH-EA (60:40), Rf=0.4. 

lntermedjate 43 

3-Azjdo-1-{2 .2-djmethylethoxycarbooylmethyl)-2.4-djoxo-5-phenyl -2.3.4.5-
tetrahydro- 1 H-1 .5-benzodjazepjne 

A solution of the intermediate 42 {0.5g) in THF (6ml), cooled to - 100, was 
35 added dropwise to a solution of potassium tert-butoxide (0.168g) in THF {6ml) 
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cooled to -100, under a nitrogen atmosphere. The reaction mixture was stirred 
for 30min at -100, then a solution of 2,4,6-triisopropylbenzenesulphonyl azide 
(0.556g) in THF (6ml), previously cooled to -100 and acetic acid (0.078ml) were 
added. The reaction mixture was allowed to stand at 230 and stirred for 1 Bh, 

5 ethyl acetate (30ml) was added and the solution was washed with brine 

10 

(3x1 OOml), a saturated solution of sodium hydrogen carbonate (20ml), brine 
(20ml), dried and concentrated "in vacuo". The crude product was purified by 
flash chromatography (eluting with CH-EA 70:30) to give the tjtle compound as a 
white foam (0.5g). T.l.c. CH- EA (1 :1 ), Rf=0.36. · · 

lntermedjate 44 

3-Amjno-1-(2.2-djmetbylethoxycarbony!methyl)-2.4-djoxo-5-phenyl -2.3,4.5-
teirahydro-1 H-1 .5-benzodjazepjne 

A solution of the intermediat~ 4.3 (0.354g) in a mixture of ethanol (1 Oml) and 
15 ethyl acetate (2ml) was stirred under hydrogen, at 1 atm., in presence of 5% 

Pd/CaC03 (0. 183g), at 230, for 3h, then more 5% Pd/CaC03 (0.183g) was 
added and the reaction stirred for 1 Sh. The catalyst was filtered off on a pad of 

· celite, washing with dichloromethane (9ml) and methanol (5ml) and the organic 
layer was concentrated "in vacuo". The crude product was purified by flash 

20 chromatography (eluting with DCM-methanol 96:4) to give the tjtle compound as 
a white foam (0.33g).T.l.c. DCM-methanol (95:5), Rt=0.5. 

!ntermedjate 45 

1-(3.3-Djmethy!bytyl)-2.4-djoxo-5-phenyl-2.3.4.5-tetrahydro-1 H-1.5;, 
25 benzodjazepjne 

Sodium hydride 80% dispersion in oil (0.1 OOg) was added portionwise to a 
solution of the compound (a) (0.7g) in DMF (60ml). The reaction mixture was 
stirred for 30min, then a solution of 3,3-dimethylbutyl .methanesulfonate (0.575g) 
in DMF (3ml) was added. The reaction mixture was stirred at 900 for 50 min, af 

30 230 for 15h, at 900 for 2h and at 1400 for 45min, then concentrated. The 
residue was diluted with water (30ml) and brine (20ml) and extracted with ethyl 
acetate (150ml); the organic layer was washed with water (2x50ml) and brine 
(50ml), dried and concentrated "in vacuo". The crude product was purified by 
flash chromatography (eluting with CH-EA 1 :1) to give the title compound as a 

35 white foam (0.4g). T.l.c. CH-EA (1 :1 ), Rt=0.39. 
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!ntermedjate 46 

3-Azjdo-1-{3.3-djmethylbutyl)-2.4-djoXo-5-phenyl-2.3.4.5-tetrah ydro-1 H-1 .5-

benzodjazepjne 

5 A solution of potassium tert-butoxide {0.146g} in THF (7ml}, cooled to -100, was 

, added dropwise to a solution of the intermediate 45 (0.4g) in THF (15ml}, cooled 

to -7o0, under a nitrogen atmosphere. The solution was stirred for 20 min at -

100, then a solution of 2,4,6-triisopropylbenzenesulphonyl azide (0.530g} in THF 

(7ml), previously cooled to -100 and ·acetic acid (0.139ml)' were added. The 

1 O . reaction mixture. was allowed to stand at 230 and stirred for 18h, then ethyl 

acetate (75ml) was added and the solution was washed with water (2x50ml) and 

brine (2x30ml), dried and concentrated "in vacuo". The crude product was 

purified by flash chromatography {eluting with CH-EA 30:70) to give the~ 

compound as a white foam (0.338g). T.l.c. CH-EA (1 :1), Rf=0.73. 

15 

lntermedjate 47 

3-Amjno-1-(3.3-dimethylbytyl}-2,4-djoxo-5-phenyl-2.3.4.5-tetrah ydro-1 H-1 .5-

benzodjazepjne 

A solution of the intermediate 46 {0.298g} in a mixture of ethanol {1 Bml) and 

20 ethyl acetate (7ml) was stirred under hydrogen, at 1 atm., in presence of 5% 

Pd/CaC03 (0.186g), at 23~, for 1.5 h, then more 5% Pd/CaC03 {0.180g) was · 

added and the reaction stirred for 1 h. The ~talyst was filtered off on ~ pad of 

celite, washing with ethanol {20ml) and the organic layer was concentrated "in 

vacuo". The crude product was purif.ied by flash chromatography (eluting with 

25 DCM-methanol 90:10) to give the title compoynd as a white foam (0.205g).T.l.c. 

DCM-methanol {90:1 O), Rf=0.46. 

lntermedjate 48 

1-{.3 .3-Dj methylbytyl)-2 .4-djoxo-3-jsocyanato-5-phenyl-2 .3,4.5-t etrabydro-1 H- · 

30 1.5- benzodjazepjne 

To a solution of the intermediate 47 (0.3g) in dichloromethane (20ml), a 1.93M 

solution of COCl2 in toluene (1 Oml) was added. The reaction mixture was stirred 

for Sh at 230, then concentrated "in vacuo" at soO for 3h to obtain the title 

compound as a white foam (0.3709). IR: 2218 (N=C=O); 1693, 1668 (C=O), 

35 (C=C) cm· 1 ; 
---------
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lntermedjate 49 

1-(3.3-Dimethylbutyl)-2.4-djoxo-5-pheny!-3-pheoyloxycarbonylamj no-2.3,4.5-
tetrahydro-1 H-1 .5-benzodjazepjne 

5 To a solution of the intermediate 47 (1 g) in dichloromethane {50ml), pyridine 
{0.46ml) and phenylchloroformate (0. 7ml) were added. The reaction mixture 
was stirred for 30min at 230, then washed with a 1 % solution of hydrochloric 
acid (20ml), a 5% solution of sodium hydrogen carbonate {20ml), water (20ml), 
brine (20ml), dried and concentrated "in vacuo". The crude product was tritured 

1 O with acetonitrile (1 Om!) to obtain the tjt!e compound as a white powder (1.2g). 
T.l.c. CH-EA (1 :1) Rf=0.8. 

lotermedjate 50 

1-(2-(1-adamantyQethyQ-2,4-djoxo-5-pheny!-3-phenyloxycarbpnyla mjno-2.3,4.5-
15 tetrahydro-1 H-1.5-benzpdjazepjne 

To a solution of the intermediate 53 (0.1 g) in dichloromethane (1 Om!), pyridine 
(0.03ml) and phenylchloroformate (0.01 ml) were added. Ttie reaction mixture 
was stirred for 2h at 230, then diluted with dichloromethane (30ml), washed with 
a saturated solution of ammonium chloride (30ml) and brine (40ml), dried and 

20 concentrated "in vacuo"·. The crude product was triturated with acetonitrile 
(1 Oml) to obtain the title comppund as a white powder (0.05g). T.l.c. CH-EA 
(1 :1) Rf=0.77. 

!ntermedjate 51 

25 1-[2-(1-Adamantyl}ethyl)-2 .4-djpxo-5-phenyl-2.3 .4.5-tetrahydro-1 H-1 .5-
benzpdjazepjne 

Sodium hydride 80% dispersion in oil (0.15g) was added portionwise to a 
solution of the compound (a) (0.8g) in DMF (20ml) previously cooled to oO. The 
re.action was stirred for 15min at oO, a solution of 2-(1-adamantyl)ethyl bromide 

30 {O.Bg) in DMF (1 Oml) was added dropwise, the mixture was stirred at 230 for Sh, 
then diluted with DMF (20ml) heated at 800 for 1 h and allowed to stand at 230 
for 2 days. ethyl acetate (200ml) was added and the solutie;n was washed with 
brine (3x100ml), dried and concentrated "in vacuo". The crude product was 
purified by flash chromatography (eluting with CH-EA 70:30) to give the lill& 

35 compound as a white foam (0.45g). T.l.c. CH-EA (1 :1 ), Rt=0.42. 
-----------
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!ntermedjate 52 

1-(2-(1-Adamantyl}ethy!]-3-azjdo-2 .4-djoxo-5-pheny!-2.3,4.5-tetr ahydro-1 H-1 .5-
benzodjazepjoe 

5 A solution of potassium tert-butoxide (0.2g) in THF (1 Om!) was added dropwise · 
to a solution of the intermediate 51 (0.67g) in THF (20ml), cooled to -100, under 
a nitrogen atmosphere. The ~ixture was stirred for 20 min at -100, then a 
solution of 2,4,6- triisopropylbenzenesulphonyl azide (0.65g) in THF (1 Oml), 
previously cooled to -100 and acetic acid (0.1 Bml) were added. The reaction 

1 O mixture was allowed to stand at 230 and stirred for 15h, then EA (150ml) was 
added and the solution was washed with a 5% solution of sodium hydrogen 
carbonate (80ml) and brine (1 OOm!), dried and concentrated "in vacuo". The 
crude product was purified by flash chromatography (eluting with CH-EA 90:10) 
to give the tjt!e compound as a white foam (0.71 g). T.l.c. CH-EA {1 :1 ), Rf=0.68. 

15 

lntermedjate 53 

1-(2-(1-Adamantyl}ethy!]-3-amjno-2,4-djoxo-5-phenyl-2.3.4.5-tetr ahydro-1 H-1 .5-
benzodjazepjne 

A solution of the intermediate 52 (0. 71 g) in ethanol (30ml) and ethyl acetate 
20 (15ml) was stirred under hydrogen, at 1 atm., in presence of 5% Pd/CaC03 

(0.7g), at 230, for 3h. The catalyst was filtered off on a pad of celite, washing 
with methanol (50ml) and the orQanic l~yer was concentrated "in vacuo". The· 
crude product was purified by flash chromatography (eluting with DCM­
methanol 90:10) to give the title compound as a white foam (0.Sg). T.l.c. DCM-

25 methanol (90:10), Rt=0.62. 

lotermedjate 54 
1-(2.3-Dimetbyl)bytyl-2.4-djoxo-5-pbeny!-2.3.4.5-tetrahydro-1 H-1.5- · 
benzodjazepjne 

30 Sodium hydride 80% dispersion in oil (0.06g) was added portionwise to a 
solution of the compound (a) (0.38g) in DMF (1 Oml). The reaction was stirred at 
230 for 1 h, then 2,3-dimethylbutyl methanesulfonate (0.32g) was added. The 
mixture was stirred at 230 for 1 Sh, then water (70ml) was added and the 
solution was extracted with ethyl acetate (2x50ml)and the combined organic 

35 layer were washed with brine (2x50ml), dried and concentrated "in vacuo". The 

i11i1iU1limllr 
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crude product was purified by flash chromatography (eluting with CH- EA 80:20) 

to give the tjt!e compound as a white foam (0.23g). T.l.c. CH-EA (1 :1 ), Rf=0.4. 

!otermedjate 55 

5 3-Azjdo-1-(2.3-djmethylbUtyl)-2.4-djoxo-5-phenyl-2.3,4.5-tetrah ydro-1 H-1.5-

benzodjazepjne 

A solution of potassium tert-butoxide (0.121 g) in THF (1 Oml) was added to. a 

solution of the intermediate 54 (0.33g) in THF (20ml), cooled to -100, under a 

nitrogen atmosphere. The mixture was stirred for 30 min at -100, then a solution 

1 O of 2,4,6- triisopropylbenz~nesulphonyl azide (0.349g) in THF (1 Oml), previously 

cooled to -100 and, after 20 min, acetic acid {O.OSml) were added. The reaction 

mixture was allowed to stand at 230 and stirred for 24h, ethyl acetate (50ml) 

was added and the solution washed with a 5% solution of sodium hydrogen 

carbonate {2x50ml) and brine {2x50ml), dried and concentrated "in vacuo". The 

15 crude product was purified by flash.chromatography (eluting with CH-EA 80:20) 

to give the title compound as a white foam {0.1g). T.l.c. CH-EA (1 :1), Rf=0.53. 

!ote[medjate 56 

3-Amjno-1-(2.3-dj methylbutyl)-2 .4-djoxo-5-pheoyl-2 .3 .4.5-tetrah ydro-1 H-1 .5-

20 benzodjazepjne 

A solution of the intermediate 55 (0.19g) in ethanol {1 Sml) and ethyl acetate 

(3ml) was stirred under hydrogen, at 1 atm., in presence of 5% Pd/CaC03 

{0.1 Sg), at 230, for 4h. T~e catalyst was filtered off on a pad of celite, washed 

with ethyl acetate and the organic layer was concentrated "in vacuo". The crude 

25 product was purified by flash chromatography (eluting with EA-methanol 90:10) 

to give the title compound as a white foam {0.95g}. T.l.c. EA-methanol (90:10), 

Rt=0.55. 

lntermedjate 57 

30 . 1-Buty!-2,4-djoxo-5-phenyl-2.3,4.5-tetrahydro-1 H-1.5-benzodjaze pjne 

Sodium hydride 80% dispersion in oil (0.031 g) was added portionwise to a 

solution of the compound {a} (0.3g} in DMF {1 Sml) at oO, under a nitrogen 

atmosphere. The reaction was allowed to stand at 230 for 30 min, then. a 

solution of .1-bromobutane (0.154ml) in DMF (3ml) was added dropwise. The 

35 mixture was stirred at 230 for 2h, then water (30ml} was added and the solution 
- --- ----·------

li1iil1ii 1iITlii 
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was extracted with ethyl acetate (2x60ml} and the combine,d organic layer were 

dried and concentrated "in vacuo". The crude product was nurified by flash 

chromatography (eluting with CH-EA 60:40} to give the title compound as a 

white foam (0.057g). T.l.c. CH-EA (70:30}, Rt=0.53. 

lntermedjate 58 

3-Azjdo-1-butyl-2.4-djoxo-5-phenyl-2.3.4.5-tetrahydm-1 H-1.5- benzodjazepjne 

A solution of potassium tert-butoxide (0.0418g} in THF (2ml} Was added to a 

solution of the intermediate 57 (0.104g) in THF (2ml}, cooled to -100, under a 

10 nitrogen atmosphere. The mixture was stirred for 30 min at -100, then a solution 

of 2,4,6- triisopropylbenzenesulphonyl azide (0.136g) in THF (1 Oml), previously 

cooled to -100 and acetic acid (0.019ml) were ad~ed. The reaction mixture was 

allowed to stand at. 230 and stirred for 24 hrs, ethyl acetate (50ml) added and 

the solution washed with a 5% solution of sodium hydrogen carbonate (1 Oml), 

15 brine (10ml}, dried and concentrated "in vacuo". The crude product was purified 

by flash chromatography (eluting with CH-EA 80:20) to give the title compound 

as a white foam (0.043g). T.l.c. CH-EA (60:40), Rt=0.67. 

lntermedjate 59 

20 3-Amjno-1-butyl-2,4-djoxo-5-phenyl-2.3A.5-tetrahydro-1 H-1.5- benzodjazepjne 

A solution of.the intermediate 58 (0.217g) in ethanol (4ml) and ethyl acetate 

(1 Oml) was stirred under hydrogen, at 1 atm., in presence of 5% Pd/CaC03 

(0.1 Bg), at 230, for 1 Oh. The catalyst was filtered off on a pad of celite, washed 

with ethyl acetate (3x5ml} and ethanol (3x5ml) and the organic layer was 

25 concentrated "in vacuo". The crude product was purified by flash 

chromatography (eluting with EA-methanol 90:1 O} to give the tjtle compound as 

a white foam (0.094g). T.l.c. EA-methanol {95:5}, Rt=0.25. 

lnterrnedjate 60 

30 2,4-Dioxo-5-pheoy!-1-(3-methyl-2-oxo}butyl-2.3.4.5-tetrahydro-1 H- U: 
benzodjazepjne 

Sodium hydride 80% dispersion in oil (0.4g) was added portionwise to a solution 

of the compound (a) (2g) in DMF (50ml), previously cooled to O C. The reaction 

was stirred for 15 min at oO, then a solution of 1-bromo-3-methyl-2-oxobutane 

35 (2.6g) in DMF (1 Oml) was added dropwise, the mixture was stirred at O C for 45 
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min, ethyl acetate (450ml) added and the solution washed with brine (4x1 OOml), 
dried and concentrated "in vacuo". The crude product was purified by flash 
chromatography (eluting with CH-EA 1 :1) to give the title compound as a white 
foam (2.3g). T.l.c. CH-EA (1 :1 ), Rt=0.19. 

!ntermedjate 61 

3-Azjdo-2 ,+djoxo-1-(3-methyl-2-oxo)butyl-5-pheoyl-2 ,3 ,4,5-tetr abydro-1 H- 1 ,5-
benzodjazepj ne 

A solution of potassium tert-butoxide (0.185g) in THF (1 Oml) was added 
1 o dropwise to a solution of the intermediate 60 (0.5g) in THF (20ml), cooled to -

100, under a nitrogen atmosphere. The mixture was stirred for 20 min at -100, . 
then a solution of 2,4,6- triisopropylbenzenesulphonyl azide (0.688g) in THF 
(10ml), previously cooled to -100 and acetic acid (0.2ml) were added. The 
reaction mixture was allowed to stand at 230 and stirred for 15h, ethyl acetate 

15 (400ml} added and the solution was washed with brine {3x1 OOml}, dried and 
concentrated "in vacuo". The crude product was purified by flash 
chromatography (eluting with CH-EA 1 :1) to give the title compound as a foam. 
T.l.c. CH-EA (1 :1 ), Rf=0.51. 

20 lntermedjate 62 

3-Amjno-2,4-djoxo-1-(.3-methyl-2-oxo)butyl-5-phenyl-2,3,4,5-tetr ahydro-1 H-1,5-• 
benzodjazepjne 

A solution of the intermediate 61 {0.85g} in ethanol (35ml) was stirred under 
hydrogen, at 1 atm., in presence of 5% Pd/CaC03 (1 g}, at 230, for 2h. The . 

25 catalyst was filtered off on a pad of celite, washing with ethanol (30ml) and the 
organic layer was concentrated "in vacuo". The crude product.was purified by 
flash chromatography (eluting with DCM-methanol 90:1 O) to give the li1l&. 
compound as a white foam (0.5g}. T.l.c. DCM-ethanol (95:5), Af=0.56. 

30 I ntermedjate 63 

N-[2,4-Djoxo-1-(3-metby!-2-oxo)butyl-5~phenyl-2.3.4,5-tetrahydro -1 H-1,5-
benzodjazepjn-3-yO-N'-phenylurea 

Phenyl isocyanate (0.2ml) was added to a solution of the intermediate 62 
(0.43g) in dry acetonitrile (15m!) under a nitrogen atmosphere. The mixture was 

35 stirred at 230 for 1 h and the formed precipitate filtered washing with acetonitri!e 
---l__ ____________ ·--·- ···- ·-·--·---
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(30ml} to give the tjt!e compound as a white solid (0.37g). T.l.c. CH-EA (1 :1), 
Rt=0.27. 

!ntermedjate 64 

5 2.4-Djoxo-1-(3-metbylbut-1-yl)-5-pheoy!--2.3.4.5-tetrahydm-1 H-1 .5-
benzodja:zepjne 

NaH 80% dispersion in oil { 0.057g ) was added to a solution of 2,4- dioxo-5-
phenyl-2,3,4,5-tetrahydro-1 H-1,5-benzodiazepine (0.40g) in dry DMF (15ml). 
The reaction mixture was cooled at oO and stirred for 15 min, 1-bromo-3-

1 o methyl-butane (0.23ml) in dry DMF (4rril) was added and stirring continued for 
2h. The reaction mixture was then diluted with water (1 OOml}, extracted with 
ethyl acetate {3x1 OOml), washed with brine {2x50ml), dried and concentrated in 
vacuo to give an oil (0.75g} which was purified by flash chromatography (eluting 
with CH-EA 60:40) to give the title compoynd as a.white solid {0.44g). T.l.c. 

15 CH-EA (1 :1 ), Rf. 0.36 

lntermedjate 65 

3-Azjdo-2.4-Djoxo-1-(3-methylbyt-1-yl)-5-phenyl-2.3,4.5-tetrahy dm-1 H-1.5-
benzodjazepjne 

20 A solution of the intermediate ~4 (0.397g ) in dry THF (7ml) was added to 
potassium tert-butoxide (0.154g) in dry THF {6ml) cooled at -780. The reaction 
mixture was stirred for 30min, then a cooled (- 780) solution of 2,4,6 -
triisopropyl-benzenesulphonylazide (0.49g) in dry THF {7ml) was added . After 
5 min glacial acetic acid (0.07ml }. was added and the solution was allowed to 

25 warm at 230 and stirred for 24 h. The reaction mixture was diluted with ethyl 
acetate {40ml} and washed with water (20ml) saturated sodium hydrogen 
carbonate solution {20ml) and brine (20ml). The combined organic.extracts 
were dried and concentrated in vacuo to give an oil (0. 7g}. Purification by flash 
chromatography {eluting with CH-EA 60:40} gave the tjtle compoynd as a white 

30 solid (0.25g} T.l.c. CH- EA (60;40), Rf 0.3. 

lntermedjate 66 

3-Amjno-2,4-Djoxo-1-(3-methylbut-1-yl)-5-phenyl-2.3.4.5-tetrahy dro-1 H-1 .5-
benzodjazepjne 
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5% Pd/CaC03 (0.61 g) was added to a solution of intermeoiate 65 (1.21 g) in 
ethyl acetate (60ml) and ethanol (60ml) and the reaction mixture was 
hydrogenated at 1 atm for 3h and 30 min. The catalyst was filtered off and the 
solvent evaporated in vacuo to give the tjt!e compound as a pale yellow foam 

5 (1.14g). T.l.c. DCM-methanol (95:5) , Rf 0.55. 

lntermedjate 67 
3-Amjno-2.4-Djoxo-1-(3-methylbut-1-yl)-5-phenyl--2,3,4,5-tetrah ydro-1 H-1 ,5- · 
benzodjazepjne (1S)-(+)-10-camphorsulphonjc salt 

10 To intermediate 66 (2.05g) dissolved in hot ethyl acetate ('35 ml), (1S)-(+)-10-
camphorsulphonic acid was added. The resulting salt (Sb) was crystallized out 
from the cool solution by dropwise addition of cyclohexane; the precipitate was 
filtered off and washed with cold cyclohexane to give a(+)/(-) 3/97 mixture of 
diastereomeric salt (1.11 g) and ~other liquors. Recrystalfization (twice ) from 2-

15 propanol afforded the pure title compound (0.49g). IR: 2750-2600 (NH3), 173_6 
,1713, 1700 (C=O) cm-1; 1H-NMR:9.0-7.~ (m); 7.5 (d): 7.45-7.2 (m); 7.18 (t); 
6.97 (d); 5.05 (s); 4.58 (m); 3.68 (m); 3.20 (m); 2.72 (m); 2.42 (m); 2.22 (m); 2.0 
(m) ;1.2 (m); 1.0-0.7(m). 

20 lntermedjate 68 
(-)3-Amjno-2,4-Djoxo-1-(3-methylbut-1-yl)-5-phenyl--2,3.4,5- tetrahydrb-1 H-1,5-
benzodjazepjne 

Intermediate 67 (0.47g) was suspended in ethyl acetate and washed with 5% 
ammonia solution {2x20 ml) and brine {2x20 ml). The organic layer was dried 

25 and concentrated in vacuo to give the tjtle compoynd as a white foam (0.27g). 
T.l.c. DCM-methanol (9 5:5), Rf 0.55. [alpha]D= -114. IR: 3377 (NH2), 1705-
1670 (C=C), 1593cm-1;1 H-NMR :7.5- 7.1(m);6.95 (dd); 4.55(m), 4.23 (s); 3.7 
(m}; 1.B(m); 1.64- 1.4(m) ; 0.92(d); 0.89 (d). 

30 lntermedjate 69 
3-Amjno-2.4-Dioxo-1-(3-methylbyt-1-yl)-5-phenyl--2,3,4,5-1dtrah ydro-1 H-1,5-
benzodjazepjne (1 8)-(-)-10-camphorsulphonjc salt 
The mother liql:Jors obtained after the initial precipitation of intermediate 67 were 
evaporated to dryness to give a solid (2.19g). The residue was taken up in 

35 ethyl acetate {30ml), extracted with a 5% ammonia solution (20ml) and washed 
-·--·-----·-· --------·-··--·--



------------------------------------·---"-·-

. . . . 

l,;Hl bolo; 

41 

with brine {20ml), the organic layer dried and evaporated in vacuo to give a 
residue (1.0g). {1 R)-(-)-10-camphorsulphonic acid in ethyl acetate { 6ml) was 
added to the solution of the residue {1 g) in ethyl acetate { 5ml ) and the resulting 
solution was stirred at '0° for 2h .The obtained precipitate was filtered off, 

5 washed with ethyl acetate {20ml) and dried to give the tjtle compound {0.97g). 
1 H-NMR : 9.0-7.2{m); 7.5 {d): 7.45-7.2 {m); 7.18 {t); 6.97 (d); 5.04 {s); 4.6 (m); 
3.68 ( m); 3.20 {m); 2.70 {m); 2.42 (m); 2.22 {m); 2.0 -1.S{m); 1.7-1.2 {m); 1.0-
0.7{m). 

10 lntermedjate 70 
(+)-3-Amjno-2,4-Djoxo-1-(3-methy!but-1-yl)-5-phenyl--2.3.4.5-te trahydro-1 H-
1 .5- benzodjazepjoe . 
Intermediate 69 {0.95g) was suspended in ethyl acetate {130_ml), washed with 
a 5% ammonia solution {70ml) and stirred at 230for10 min.The'organic layer 

15 was separated, washed with brine (3x70ml) dried and concentrated in vacuo to 
give the crude compound. Purification by flash chromatography (eluting with 
acetone-methanol 9:1) gave the tjt!e compound as a white foam (0.51 g). 
(alpha]p; IR: 3375{NH2),1715-1661{C=C), 1591cm-1;1H-NMR :7.5-
7.1 {m); 6.95 {dd); 4.6-4.5{m), 4.24 (s); 3.8-3 .65{m); 1.B(m); 1.62-1.4(m) ; 

20 0.92{d); 0.89 (d). 

lntermedjate 71 
3-Amjoo-2.4-djoxo-5-(2-fluorophenyl)-1-(3-methylbut-1-yl)-2.3.4 .5- tetrahydro-
1 H-1 .5-benzodjazepjne. (1R)-(-)-10-camphorsulfonate 

25 . . A hot solution of (1R)-{-)-10-camphorsulfonic acid (1.685g) in ethyl acetate 
(15ml) was added, .dropwise over 30', to a solution of the intermediate 3 (3.0g) 
in ethyl acetate {7ml) previously heated to 90 to under a nitrogen atmosphere. 
The resulting solution was heated to 90 for 1 O', then concentrated in vac~o. The 
residue triturated with EE-petroleum gave a(+)/{-) 50/50 mixture of 

30 diastereomeric salt {4.6~g). Recrystallization from 2-propanol gave the 1i1lii 
compound (0.9g). M.p.216-7. (alpha]D=+67 .8. 

!ntermedjate 72 . 
3-{+)-Amjoo-2.4-djoxo-5-(2-flyorophenyl)-1-(3-methy!byt-1-yl)-2 .3.4.5-

35 tetrahydro- 1 H-1 .5-benzodjazepjne 
-------------
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Intermediate 70 (0.85g} was dissolved in a 5% ammonia solution (50ml} and 

extracted with ethyl acetate (2x40ml}. The combined organic extracts were 

washed with brine (60ml}, dried and concentrated in vacuo to give the 1i1I& 
compound as a white foam {0.5g} . M.p. 125-60. 

5 T.l.c. DCM-methanol (30:1 ), Rf 0.38. [alpha]D=+ 115.2. 

lntermedjate 73 

2-{Adamant-2-yl)amjno-djphenylamjne 

Sodium borohydride (1.873g} was added portionwise to a mixture of 2-

1 O aminodiphenylamine 1 (0~61 g}, sodium acetate trihydrate (1.36g} and 2-

adamantanone (0.5g} in acetic acid {2.1 ml), water (Bml} and ethanol (6.5ml) 

cooled to o. The reaction mixture was stirred at 23 for 1 h, then diluted with ethyl 

acetate (1 OOml}. The organic layer was washed with water (30n:tl}, a 10% 

solution of sodium hydroxide (2x25ml}, water {30ml) and brine (20ml}, dried and 

15 concentrated in vacuo to yield a residue which was taken up in DCM and the 

unreacted solid 2-adamaritanone was removed by filtration. The filtrate was 

concentrated in vacuo and purified by flash chromatography (eluting-with CH-EA 

95:5} to give the tjt!e compound as a yellow solid (0.185g}. 

20 

T.l.c. CH-EA (90:1 O}, Rf 0. 73. 

!ntermedjate 74 

1-(Adamant-2-yl)-2.4-djoxo-5-pheny!-3-phenylhydrazono-2.3.4.5-t etrahydro-1 H-

1.5- benzodiazepjne 

The intermediate 73 {0.96g} and 2-phenylhydrazonomalonyldichloride (0.89g} 

25 were each taken up in THF (1 Oml) and dropped in a flask containing THF 

{50ml} maintained at o under a nitrogen atmosphere. After complete addition the 

solution was allowed to warm to room temperature and then heated to 50 for 3h. 

The reaction mixture was concentrated in vacuo to give an oU, which was 

purified by flash chromatography (eluting with CH-EA 90:1 O} to give the 1i1I& 
30 compound as a yellow solid (0.758g). 

T.l.c. CH-EA { 80:20), Rf 0.60. 

lntermedjate 75 

1-(Adamant-2-yl)-3-amjno-2,4-djoxo-5-phenyl-2.3,4.5-tetrahydro-1H-1.§: 

35 benzodjazepjne 



• -. 
CH166C 

43 

A suspension of the intermediate 7 4 (0. 7 45g} in glacial acetic acid (1 Oml) was 

added to a mixture of zinc dust (0.956) in glacial acetic acid (5ml), cooled to o. 
The mixture was stirred at 23 ·for 3h, then diluted with water (1 OOml) and 

decanted from zinc. Solid sodium carbonate was added until pH=9 and the 

5 mixture extracted with ethyl acetate (3x100ml).The combined organic extracts 

were dried and concentrated in vacuo . The residue was triturated with ethyl 

acetate to give the tjt!e compound as a white solid (0.51 g}. M.p. 231-30 (dee). 

T.l.c. DCM-methanol (90:1 O}, Rf 0.61. 

10 lntermedjate 76 

1-{Adamant-2-yl)-2,4-djoxo-3-jsocyanate-5-phenyl-2.3,4.5-tetrah ydm-1 H-1.5-

benzodjazepjne 

Phosgene in toluene (1.93M solution, 1 Oml) was added to a solution of the 

intermediate 75 (0.285g ) in dichloromethane (1 Oml); the resulting solution was 

15 stirred at 23 for 4h, then concentrated in vacuo at 50 for 2~5h to give the li1lil 
compound as a white foam (0.29g). 

20 

IR : 2220 (N=C}, 1697 and 1676. (C=O) cm-1; . 

1H-NMR: 7.50-7.15 (m); 7.05-6.95(m}; 4.7 (s); 4.55 (m}; 3.05 {m); 2.35 (m}; 

1.95-~ .1 (m). 

lntermedjate 77 

2-(2-cyclopentyl-ethyl)-amjno-2'fluoro-djphenylamjne. 

Sodium borohydride (17.86g) was added portionwise to a mixture of 2-amino-2'­

fluoro-diphenylamine (6.47g}, sodium acetate trihydrate {4.24g) and 

25 cyclopentylacetaldehyde (3.58g} in acetic acid (19.6ml), water (76ml) and 

ethanol (60m!} cooled to Oo. The reaction mixt ure was stirred at 230 for 1 h and 

30 min.,then diluted with ethyl acetate (200ml}. The organic layer was washed 

with water (?Om!}, a 10% solution of sodium hydroxide (?Oml), and brine (50ml}, 

dried and concentrated in vacuo to yield a residue which was p urified by flash 

30 chromatography (eluting with CH-EA 9:1) to give the title compound as a yellow 

oil {3.35g). T.l.c. CH- EA (9:1 ), Rf 0.78 

!ntermedjate 78 

1-(2-cyc!openty!-ethy!)-2.4-djoxo-5-(2-fluorophenyl)-3-phenylhy drazono-2.3.4.5-

35 tetrabydto-1 H-1.5-benzodjazepjne 
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The intermediate 77 (3.30g) and 2-phenylhydrazonomalonyldichloride (3.25g) 

were each taken up in THF (25ml) and .dropped in a flask containing THF 

(150ml) maintained at Oo under a nitrogen atmosphere. After complete addition 

· the solution was allowed to warm to 23°C; the reaction mixture was then 

5 heated to 550 for 3h and concentrated in vacuo . The residue was taken up in 

cyclohexane/EA 7/3 ( 40 ml); the precipitate was filtere,d off and washed with 

cyclohexane to give the tjtle compound as a yellow solid (3.75g). T.l.c. CH-EA 

(1 :1 }, Rf 0. 71. 

10 lntermedjate 79 

3-Amjno-1-(2-cyclopentyl-ethyl)-2.4-djoxo-5-(2-fluoro)pheoyl-2. ~.4.5-tetrahydro-

1 H-1.5-benzodjazepjne 

·To a suspension of Zinc dust (4.70g) cooled to oO, intermediate 78 (3.70g) in 

glacial acetic acid (50ml) was added. The mixture was Stirred at 230 for Sh, 

15 .then, diluted with water (250ml) and decanted fro_m the zinc. Solid sodium 

carbonate was added until Ph 9 , then EA( 300ml) was added ·and the organic 

extracts were dried and concentrated in vacuo to give a residue which was 

purified by flash chromatography (eluting with CH-EA 1 :1) then with 

DCM/methanol 9:1 to give the tjt!e compound (2.55g) as a white foam. 

20 T.l.c. DCM-methanol (90:10), Rf 0.63. 

lntermedjate 80 

1-(2-cyclopenty!-etbyl)-2.4-djox0-5-(2-fluropheoy!)-3-jsocyanat e-2.3.4.5-

25 tetrabydro-1H-1.5-benzodjazepjne · 

30 

Phosgene in toluene (1.93M solution, 25ml) was added to a solution of the 

intermediate 79 (0.734g) in dry dichloromethane (SOml); the resulting solution 

was stirred at 230 for Sh, then concentrated in vacuo at soO for 3h to give the 

title compound as a white solid. T.l.c. DCM-methanol (90:1 O}, Rf 0.63. 

lntermedjate 81 

2-(Bjcyclo [2.2. 1 ]-5-heptene-2-yl-methyl)-amjno-djpheoylamjne 

To a solution of 2-aminodiphenylamine (3.06g) in toluene (1 OOml) 5-

norbornene-2-carboxaldehyde (2ml) was added and the mixture was refluxed 

35 under a nitrogen atmosphere, in the presence of 4A molecular sieves, for 6 hrs. 
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The solution was decanted from the sieves and the solvent was evaporated. 

The residue was dissolved in methanol (1 OOml) and sodium borohydride 

(5.70g) was added portionwise. The mixture was stirred at 230for12 hr., diluted 

with_ethyl acetate (100ml), washed with a 10% potassium carbonate solution 

5 (2x1 OOml) and brine (1 OOml), then dried and concentrated jn vacuo . The crude 

material was purified by flash chromatography ( eluting with CH-EA 95:5) to give 

the title compound (0.92g) as a yellow glass. T.l.c. CH-EA (95:5), Rf 0.56. 

. lntermedjate 82 

1 O 1-(Bjcyclo [2.2.1 J-5-heptene-2-ylmetbyl}-2.4-djoxo-5-phenyl-3-phenylhydr 

azono-2.3.4.5- tetrahydm-1 H-1.5-benzodjazepjoe 

Intermediate 81 (0.85g) and 2-phenylhydrazonomalonyldichloride (0.87g) were 

each taken up in dry THF (40ml) and dropped into a flask containing THF 

(1 Oml). The mixture was refluxed, under nitrogen, for 2 hrs, then it was diluted 

15 with ethyl acetate (50ml) and washed with a 5% sodium biearbonate solution 

(50ml) and brine (50ml). The organic layer was dried, concentrated jo vacuo and 

purified by flash chromatography (eluting with CH-EA 9:1} to give the.li11il . 

compound (1.27g) as a yellow foam . .M.p. 149-1510. T.l.c. (CH-EA 8:2) Rf 

0.34. 

20 lntermedjate 83 

3-Amjno-1-(Bjcyclo(2.2.1 ]-5-heptene-2-yl-methyl)-2.4-djoxo-5-phe nyl-

2.3.4.5-tetrabydro-1 H-1 .5-benzodjazepjne 

Zinc dust (1.5g) was added to a solution of the intermediate 82 (0.49g) in glacial 

acetic acid (20m!). The mi:Xture was stirred at 230 for 12 hrs, then it was filtered 

25 through a pad of celite. The filtrate was concentrated jo yacuo; the residue was 

taken up in ethyl acetate (70ml) and washed with a 10% sodium hydroxide 

solution (2x50ml) and brine (2x50ml), then dried and concentrated jn vacuo. 
Purification by flash chromatography (eluting with EA- MeOH 9:1) afforded the . 

tjt!e compound (0.26g) as a light yellow foam. T.l.c. {EA-MeOH 9:1), Rt 0.37. 

30 

lntermedjate 84 

3-Amjno-1-( bjcyclo [2.2.1]-2-heptylmethyl}-2,4-djoxo-5-phenyl- 2.3,4.5-

tetrahydm-1 H-1 .5-benzodjazepjoe 

The intermediate 82 {0.506g), suspended in methanol (20ml), was 

35 hydrogenated at 1 atmosphere, in the presence of 5% Pd/C (0.271 g) and 
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concentrated hydrochloric acid (1.6ml}, for 7h. Then, the mixture was filtered 
through a pad of celite and the solvents were evaporated. The residue was 
taken up in ethyl acetate (1 OOml) and washed with a 5o/o sodium hydroxide 
solution (2x1 OOml) and brine (1 OOml); the organic layer was dried, concentrated 

5 jn vacuo and purified by flash chromatography (eluting with EA-MeOH 9:1) to 
give the tjtle compound (0.31 g) as a white foam. 
T.l.c. (EA-MeOH 9:1) Rt o.55. 

lntermedjate 85 
10 2-[Bjcyc!o[2,2,1]-2-heptyl]amjno-djpheoy!amjne 

A mixture of 2-aminodiphenylamine (5.0g), 2-norbornanone (3.0g} and 
molecular sieves in dry toluene {200ml) was heated to 1200 for Sh. The mixture 
was allowed to cool to room temperature, filtered and the solution concentrated 
in vacuo. The residue was dissolved in ethanol (200ml), then sodium 

15 borohydride (3.0g) was added portionwise. The resulting mixture was stirred at 
230 for 30 min, diluted with water {150ml) and extracted with ethyl acetate 
(300ml). The organic layer was washed with brine (2x200ml), dried and . 
concentrated in vacuo to an oil which was purified by flash chromatography 
(eluting with CH-EA 9:1) to give the tjtle compound as a yellow oil (3.Sg). T.l.c. 

20 CH-EA (9:1), Rf 0.74. 

lntermedjate 86 
1-[Bjcyclo[2,2, 1 ]-2-heptyl]-2,4-djoxo-5-pheoyl-3-phenylhydrazono-2,3 ,4,5-
tetrahydro-1 H -1,5-benzodjazepjne 

25 The intermediate 85 (3. 77g) and the 2- phenylhydrazonomalonyldichloride 
(3.98g) were each taken up in THF (70ml) and dropped into a flask containing 
THF (60ml) under a nitrogen atmosphere. After complete addition the solution 
was heated to soO for 1 h. The solution was concentrated in vacuo to an oil 
which was purified by flash chromatography (eluting with CH-EA 8:2) to give the 

30 tjt!e compound as a yellow solid (6.0g). M.p.110-1110 T.l.c. CH-EA (7:3), Rf 
0. 72 and 0.66. 

lntermedjate 87 
3-Amjno-1-[bjcyclo[2,2, 1 ]-2-heptyl]-2,4-djoxo-5-phenyl-2,3,4,5-te trahydro-1 H-

35 1 ,5- benzodjazapjne 
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Zinc dust (3.26g) was added to a solution of the intermediate 86 (3.0g) in glacial 
acetic acid (30ml). The mixture was stirred at 230 for 4h, then decanted from 
zinc. The solution was basified until pH=9 using 10% sodium hydroxide solution 
and extracted with eth_yl acetate (2x1 OOml). The combined organic extracts were 

5 washed with brine (150ml), dried and concentrated in vacuo to a residue which 
was tr!turated with diethyl ether to give the tjtle compound as a white solid 
(1.34g). M.p. 172-30. T.l.c. EA-MeOH (95:5), Rf 0.3. 

lntermedjate 88 

1 O 2-(2-Adamantylmethyl)amjno-djphenylamjne 
A solution of sodium acetate trjhydrate (6.45g) and acetic acid (5ml) in water 

. was added to a mixture ·of 2~adamantanecarboxaldehyde (2.6g) and 2-
aminodiphenylamine 1 (2.84g) in ethanol (130ml). Then sodium borohydride 
(5.97g) was added portionwise. The resulting mixture was stirred at 230 for Sh, 

.15 then diluted with water (BOml) and extracted with ethyl acetate (2x150ml). The 
combined organic extracts were washed with brine (150ml), dried and 
concentrated in vacuo to a residue, which was purified by flash chromatography . 
to give the tjtle compound as a yeUow oil (2.15g). T.l.c. CH~EA (8:2), Rf 0.86. 

20 !otermedjate 89 

1-(2-Adamantylmethyl)-2.4-djoxo-5-pheny!-3-phenylhydrazono-2.3. 4.5-
tetrahydro~ 1 H-1.5-benzodjazepjne 
A solution of 2-phenylhydrazonomalonyldichloride (1. 78g) in THF (50ml) was 
added to a solution of the intermediate 88 (2.0g) in THF (50ml) under a nitrogen 

25 atmosphere.The resulting solution was heated to soO for 1 h., then concentrated 
in vacuo to a residue which was purified by flash chromatography (eluting with 
CH-EA 9:1) to give the title compound as a yellow solid (1.95g). M.p.135-

0 . . 6 (dee) T.l.c. CH-EA (8.2), Rf 0.48. 

30 lntermedjate 90 

1-(2-Adamantylmetbyl)-3-amjno-2.4-djoxo-5-phenyl-2.3,4.5-tetrah ydro-1 H-1 .5-
benzodjazepjne 

Zinc dust (1.84g) was added to a solution of the intermediate 89 (1.9g) in glacial 
acetic acid (20ml). The mixture was stirred at 23C for 2h, then decanted from 

35 zinc. The solution was basified until pH=9 using 10% sodium hydroxide solution 
···~·· 

11i1~i1n1r 
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and extracted with et_hyl acetate (2x80ml). The combined organic extracts were 
washed with brine (1 OOml), dried and concentrated in vacuo to a residue which 
was purified by flash chromatography (eluting in gradient from CH-EA 1 :1 to EA) 
to give the tjt!e compound as a yellow solid (0.95g). M.p. 209-21 oO. T.l.c. EA-

5 MeOH (20:1 ), Rf 0.38. 

Intermediate 91 

5-Elyoro-N-(4-Eluorophenyl) 2-nitro aniline . 

A mixture of 2,4-difluoronitrobenzene (5.Sml),4-fluoro aniline (14.2ml) and 
1 o sodium ".arbonate (5.3g) was heated at 1 aoO for 3h. The reaction mixture was 

cooled to room temperature, then diluted with DCM , washed with water (SOml), 
brine (2x50ml) dried and evaporated under vacuum to give the crude compound 
(22.6g), which was purified by flash chromatography with CH-EA 4/1 to give the . 
title compound as an orange solid (12.35g).M.p. 115,;50 T.l.c. CH-EA (10:1), ~f 

15 0.52. 

lntermedjate 92 

4-E!yoro N'-[4-f!yorophenyl]-1.2-benzendjamjne 
A solution of potassium carbonate (8.292g) and sodium.hydrosulfite (6.964 g) in 

20 water (200 ml) was added to a suspension of the intermediate 91 (2.502g ) in 
95% ethanol (350ml). The mixture was stirred at 230 for 1 h, the reaction mixture 

· was acidified to pH=3.5 with cone. hydrochloric acid and concentrated in 
vacuo to half volume. A 10% solution of sodium hydroxide was added until 
pH=1 o and the solution was extracted with ethyl acetate (200ml). The combined 

25 organic extracts were washed with brine (200ml), dried and concentrated in 
vacuo to give the crude compound (2.93 g) which was purified by flash 
chromatography using CH-EA 3/2 as eluent to give the tjtle compound as a 
brown oil (1.64 g). M.p.83- 940. T.l.c. CH-EA (2:1 ), Rf 0.35. 

30 lntermedjate 93 

N'-(Adamantane-1-methyl)-4-Eluoro-N"-(4-flyoropbenyl)-1.2- benzendjamjne 
To a solution of 1-adamantanecarboxaldehyde (1 _.223g) and intermediate 92 
(1.64g) in ethanol (50ml) a buffer prepared with sodium acetate trihydrate (3.04 
g) and glacial acetic acid (004ml) in water (25ml) was added and the mixture 

35 was stirred at 230. ____________________ _ 

1ii1£1il1ii1ii 
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A further amount of ethanol (15ml) was added to get a clear solution and 

sodium borohydride (2.Bg) was added portionwise. The mixture was stirred at 

230 for 20h, and then diluted with ethyl acetate (30ml). The combined organic_ 
extracts were washed with potassium carbonate (30ml) with brine (30ml), dried 

5 and concentrated in vacuo to give a red oil (3.102 g) which was purified by.flash 

chromatography {eluting with CH-EA 15:1 to give the tjtle compound as an 
orange oil (0.854g) . T.l.c. CH-EA (9:1) , Rf 0.59. 

1 O lntermedjate 94 

1-(Adamantane-1-methyl)-2.4-Djoxo-Z-fluoro-5-(4-flyoro phenyl) -3-
pheoylhydrazono- 2.3,4.5-tetrabydro-1 H-1.5-benzodjazepjne. 

The intermediate 93 (0.850 g) and the phenylhydrazonomalonyldichloride 
(0.565g) were each taken up in THF (30ml) and dropped in a flask containing 

15 THF (30ml) maintained under a nitrogen atmosphere. After complete addition 

the solution was heated to 70C for 3h. The solution was diluted with EA 
(100ml), washed with 5% sodium hydrogen carbonate solution (100ml) and 
brine (1 OOml) , dried and con~e-ntrated in vacuo to a red foam (1.268 g) , which 
was purified by flash chromatography (eluting with CH-EA 3:1) to give the mia 

20 compound as a yellow foam (0.562g). T.l.c. CH-EA ( 3:1), Rf 0.46. 

!ntermedjate 95 

1-(Adamantane-1-metbyl)-3-Amjno-2.4-djoxo-7-f!yoro-5-(4-f!yoro phenyl)-
2.3,4.5- teirahydro-1 H-1.5-benzodjazepjne 

25 Zinc dust f.0.673g) was added to a solution of the intermediate 94 (0.557g) in 
glacial acetic acid (20ml). The mixture was stirred at 23C for 6h,filtered and 
evapo.rated to dryness; the residue was dissolved in water (80ml), the solution 
was basified with solid sodium hydroxide until ph=9, extracted with with EA 
(100ml). The combined organic extracts were washed with brine (2X 30ml), 

30 dried and concentrated in vacuo to give a yellow foam (0.547g) which was • 

35 

purified by flash chromatography (eluting with EA- Methanol 9 /1 to give the title 
compound as a white solid (0.322g) M.p. 232-30. T.l.c. EA-methanol (9:1), Rf 

0.56. 

----····---·---·-----
!ntermedjate 96 
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N-1-(Adamantane-1-methyl)-3-amj no-5-pheoyl-2 .3 ,4.5-tetrahydro-1 H-1 .5-

benzodjazepj ne. (18)-(-)-10-camphorsulphonate 

A solution of (18)-(-)-10-camphorsulphonic acid (13.2g} in acetonitrile (1035ml} 

was added dropwise to a solution of intermediate 41 (33g} in acetonitile 

5 (1089ml} ~nd the stirred mixture was left overnight at room temperature. The 

precipitate was filtered and washed with acetonitrile, {80ml} ethyl acetate (50ml} 
and petroleum ether {50ml) to give, after drying in vaccurri, the tjtle compound 

(16.17g} as a white solid. M.P. 270-20. 

10 lntermedjate 97 

(+) N-1-(Adamantane-1-methyl)-3-amjno-2,4-djoxo-5-pheny!-2.3,4.5- tetrahydro-

1 H-1.5-benzodjazepjne 

A suspension of intermediate 96 {6.05g) in ethyl acetate (395ml) was mixed with 

So/o aqueous ammonia {395ml} for 5 min, and the organic layer separated. The 

15 aqueous layer was washed with ethyl acetate (395ml) and then the ethyl acetate 
phase separated. The combined organic extracts were dried and the solvent 

. . . 

evaporated to give the tjt!e compound as a white foam ( 4.1 g ). T.l.c. EA-

methanol {95.5), Rf 0.33 [alpha]0 = +31. 

20 lntermedjate 98 

4-Elyoro-N'-(3-methylbut-1 ~yl)-N"-phenyl-1.2-benzendjamjne 

Bromo 3-methylbutane {0.38ml) was added to a solution of the 5-fluoro N'­
phenyl-1,2-benzendiamine (0.645 g} and sodium iodide (0.476g} in 
dimethylformamide (25ml) under a nitrogen atmosphere. The solution was 

25 stirred at 1200 for 1 Oh, then cooled to room temperature, diluted with water 

(30ml) and extracted with ethyl ether (2x25ml}. The combined organic extracts 

were washed with brine (30ml), dried and concentrated in vacuo to give a red 

oil, which was purified by flash chromatography (eluting with CH-EA 9:1) to give 

the tjt!e compound as a brown oil (0.467g). T.l.c. CH-EA (2:1}, Rf 0.78. 
30 

!ntermedjate 99 

2.4-Djoxo-7-flyoro-1-(3-methylbyt-1-yl)-5-pheoyl- 3-phenylhydrazono-2,3,4.5-
tetrahydro- 1 H-1 .5-benzodjazepjne. 

The intermediate 98 (0.454 g) and the phenylhydrazonomalonyldichloride 
35 (0.49g) were each taken up in THF (15ml) and dropped in a flask containing 

iiliiili!Tif 
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THF (15ml) maintained under a nitrogen atmosphere. After complete addition 
the solution was heated to 100 for 1 h. The solution was diluted with EA (20ml), 
washed with 5% sodium hydrogen carbonate solution (20ml) and brine (20ml), 
dried and concentrated in vacuo to an oil, which was purified by flash 

5 chromatography (eluting with CH-EA 8:2) to give the tjtle compound as a yellow 
foam (0.565g). T.l.c. CH-EA ( 4:1), Rf 0.33. 

lntermedjate 100 

3-Amjno-2.4-djoxo-7-f!uoro-1-(3-methylbut-1-yl)-5-pheny!-2.3.4. 5-tetrahydro-
10 1 H.;1,5- benzodjazepjne 

Zinc dust ( 0.822g) was added to a solution of the intermediate 99 (0.559g) in 
glacial acetic acid (20ml). The mixture was stirred at 230 for 2h, then diluted 
with 10% solution of sodium hydroxide until pH=9 and the mixture extracted 
with ethyl acetate (2x30ml). The combined organic extracts were washed with 

15 brine (30ml), dried and concentrated in vacuo to give a brown oil (0.529g) 
which was purified by flash chromatography (eluting with CH-Methanol 19 /1 to 
give the tjt!e compound as a yellow foam (0.323 g). M.p. 125-SC. T.l.c. EA­
methanol (19:1), Rf 0.45. 

20 EXAMPLE 1 

N-[2.4-Djoxo-5-(2-f!uorophenyl)-1-(3-methylbut-1-yl)2.3.4.5-tetr ahydro-1 H- 1 .5-
benzodjazepjn-3-yl]-N'-pheny!urea 

Phenyl isocyanate (0.136ml) was added to a solution of the intermediate 3 
(0.4g) in dry acetonitrile (1 Oml) under a nitrogen atmosphere.The mixture was 

25 stirred at 230 for 1 h, filtered and the solid washed with diethyl ether to give the 
tjtle compound as a white solid (0.45g). M.p. 254-50. T.l.c. CH-EA(l :1 ), Rf 
0.65. IR :3450 (NH), 1707 and .1670 (C=O), 1601 and 1533 (C=C) cm- 1; 1 H­
NMR :7.459 (dd); 7.4-7.1 (m); 7.03 (m); 6.989 (dd); 6.933 (bs); 6.353 (d); 5.366_ 
(d); 4.457 (m); 3.70 (m); 1.6-1.4 (m); 0.902 (d); 0.888 (d). 

30 

EXAMPLE 2 

N-[1-(3.3-Djmethylbut-1-yl}-2.4-djoxo-5-(2-f!uorophenyl)-2.3.4.5 - tetrahydro-1 H- -
1.5-benzodjazepjn-3-yl]-N'-pheoylurea 

Phenyl isocyanate (0.106ml) was added to a solution of the intermediate 6 
35 (0.3g) in dry acetonitrile (5ml) under a nitrogen atmosphere. The mixture was 
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stirred at 230 for 1 h, filtered and the solid ·washed with diethyl ether to give 
the tjt!e compound as a white solid {0.27g). M.p. 271-20. T.l.c. CH-EA (7:3), 
Rf 0.32. IR :3310 {NH), 1718,1668 and 1639 (C=O), 1601 and 1556 {C=C) cm-
1; 1 H-NMR :7.45 (dd); 7.4-7.10 (m); 7.06-6.97 {m); 6.414 (d); 5.362 {d); 

5 4.476-4.373 {m); 3.757-3.656 (m); 1.503 {m); 0.924 {s). 

EXAMPLE3 

N-[2.4-Dioxo-5-(2-fluorophenyl)-1-(3-methylbut-1-yl)-2 .3 .4.5- tetrahydro-1 H-1 .5-
benzodjazepjn-3-yl]-N'-(3- methy!mercapto}phenylurea . 

1 O 3-Methylmercaptoaniline {0.065ml) was added to a solution of the intermediate 
7 {0.2g) in dichloromethane (1 Om!) under a nitrogen atmosphere. The solution 
was stirred at 230 for 3h, then concentrated in vacuo and triturated with 
acetonitrile to give the tjtle compound as a white solid (0.132g). M.p. 246-70. 
T.l.c. CH-EA {1 :1 ), Rf 0,58. IR: 1711, 1691, 1680 and 1670 {C=O), 1595 {C=C) 

15 cm-1; 1 H-NMR :7.46 {dd); 7.4-7.3 {m); 7.26-7.1 O (m); 7.04-6.9 {m); 6.82- 6.76 
{bm); 6.257 (d); 5.333 (d); 4.46 (m); 3.700 (m); 2.436 {s); 1.6-1.4 {m); 0.906 

. {d); 0.886 (d). 

E)(AMPLE4 

20 N-[2.4-djoxo-5-(2-fluorophenyl)-1-(3-methy!but-1-yl)-2.3,4.5- tetrabydro-1 H-1 .5-
. benzodjazepjn-3-yl]-N'-(3-djmethy!amjno}phen ylurea 
Triethylamine (0.32ml) and 3-dimethylaminoaniline dihydrochloride {0.24g) were 
added to a suspension of the intermediate 8 (0.22g) in dry dimethylformamide 
(5ml) under a nitrogen atmosphere. The resulting mixture was heated to 1600 

25 for 2h, then cooled to room temperature,. diluted with water (20ml) and 
extracted with ethyl acetate (2x20ml). The combined organic extracts were 
dried, concentrated in vacuo and triturated with acetonitrile to give the lilJil 
compound as a white solid (0.12g). M.p. 252-30. T.l.c. CH.,.EA (1 :1), Rf 0.5. IR: 
3312(NH),1707,1676and1639(C=O),1593and1558 (O=C) cm-1; 1H-NMR 

30 :7.45 (dd); 7.41-7.28 (m); 7.25-7.1 (m); 7.134 (t); 6.981 (dd); 6.818 (t); 6.634 
(bs); 6.599 (dd); 6.455 {dd); 6.365 {d); 5.359 (d); 4.509-4.409 {m); 3.741 -3.645 
(m); 2.918 (s); 1.6-1.42 {m); 0.908 (d); 0.896 (d). 

E){AMPLE 5 
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N-(1-(3.3-Qjmetby!but-1-yl)-2.4-djoxo-5-(2-fluorophenyl)-2.3.4.5 - tetrahydro-1 H-
1 .5-benzodjazepjn-3-yl]-N'-(3- methylmercapto)pheoylurea 

3-Methylmercaptoaniline (0.19ml) was added to a solution of the intermediate 9 

(0.3g) in dry dimethylformamide (5ml) under a nitrogen atn :osphere. The 
5 solution wa~ heated to 1 soO for 5h, then cooled to room temperature, diluted. 

with water and extracted with ethyl acetate (2x20ml). The combined organic 

extracts were dried, concentrated in vacuo and triturated with acetonitrile to 
give the tjt!e compound as a white solid (0.08g). M.p. ·249-500. T.l.c. CH-EA 

(7:3}, Rf 0.33. IR: 3308 (NH), 1707,1676and1643 (C=0),.1607 (C=C) cm-1; 
10 1 H-NMR : 7.48-7.30 (m); 7.28-7.1 O (m); 7.04-6.90 (m); 6.83 (bs); 6.29 (d); 5.34 

(d}; 4.41 (m); 3.71 (m); 2.44 (s); 1.50 (m}; 0.93 (s). 

EXAMPLES 

N-(1-(3.3-Qjmethy!byt-1-yl)-2A-djoxo-5-(2-f!yorophenyl)-2.3.4.5 - tetrahydro-1 H-
15 1.5-benzodjazepjn-3-y!]-N'-(3-djmethylamjno)phen y!yrea 

Triethylamine. (0.43ml} and 3-dimethylaminoaniline dihydrochloride (0.324g) 

were added to a solution of the intermediate 9 (0.3g} in dry dimethylformamide 
(5ml) under a nitrogen atmosphere. The solution was heated to 1 soO for 2h, 

then cooled to room temperature, diluted with water and extracted with ethyl 
20 acetate (2x20ml). The combined organic extracts were dried, concentrated in 

vacuo and triturated with acetonitrile to give the tjt!e compoynd as a white solid 

(0.16g). M.p. 255-60. T.l.c. CH-EA (6:4) 1 Rf 0.28. IR: 3308 (NH), 1717 (C=O), 
1637 (C=C) cm-1; 1 H-NMR :7.48-7.10 (m); 6.98 (dd); 6.81 (t); 6.66-6.56 (m); 
6.46 (dd); 6.34 (d); 5.36 (d); 4.41 (m); 3.70 (m); 

25 

EXAMPLE7A 

N-[1-{3.3-0imethyl-2-hydroxybyt-1-yl)-2.4-dioxo-5-(2-f!yorop_heny 1)- 2,3,4.5-

tetrahydro-1 H-1 .5-benzodjazepjn-3-yl]-N'-phenylu rea 

Phenyl isocyanate (0.068ml) was added to a solution of the intermediate 12 
30 (0.2g) in dry acetonitrile (Sm!) under a nitrogen atmosphere. The mixture was 

sti"rred at 230 for 20h, concentrated in vacuo and the residue triturated with 
diethyl ether to give t he tjt!e compoynd as a white solid (0.2g). M.p. 248-90. 
T.!.c. CH-EA (1 :1 }, Rf 0.60 and 0.58. IA :3308 (NH), 1709 and 1670 (C=O), 

1639 and 1601 (C=C) cm-1; 1 H-NMR :7.66 (d}; 7.46-7.06 (m); 7.02-6.9 (m}; 
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6.8-6.7 (bs); 6.62 (d); 5.412 (d); and 5.402 (d); 4.492 (bd); 4.303 (bm); 3.936 
(d); 3.95-3.85 (m); 3.613 (bt); 3.48 (bs); 2.634 (bs); 2.504 (bs); 0.918 (s) . 

. E)(AMPLEZB 

5 N-(1-(3.3-Djmetbyl-2-hydroxybut~ 1-yl)-2,4-djoxo-5-(2-fluorapheny 1)- 2.3 ,4.5-
tetrabydf9-1 H-1.5-benzodjazepjn-3-yl]-N'-phenylurea (.djastereomer I) 
Phenyl isocyanate (0.0984ml) was added to a suspension of the intermediate 
13a (0.29g) in dry acetonitrile (5ml) ·under a nitrogen atmosph~re. The mixture 
was stirred at 230 for 20h, concentrated in vacuo and the residue triturated 

1 O with diethyl ether to give the title compound as a white solid (0.29g). M.p. 255-
50 (dee). T.l.c. CH-EA (1 :1), Rf 0.6. IR :3352,3282 and 3253 (NH and OH), 
1705and1680(C=O),1630and1599 (C=C) cm-1; 1H-NMR :7.905 (dd); 7,38-
7.24 (m); 7.24-7.1 (m); 7.05 (bs); 6.98-6.85 (m); 6.80 (bs); 5.395 (d); 4.513 
(bd); 3.936 (bs); 3.598 (bt); 2.521 (bs); 0.924 (s). 

15 

E)(AMPLE7C 

N-(1-(3.3-Dlmethy!-2-hydroxybut-1-yl)-2.4-dioxo-5-(2-fluoropheny 1)- 2.3,4.5-
tetrahydro-1 H-1.5-benzodjazepjn-3-yl]-N'-phenylurea (dja:;,1ereomer II} 
Phenyl isocy;inate (0.12ml) was added to a suspension of the intermediate 13b 

20 (0.33g) in dry acetonitrile {5ml) under a nitrogen atmosphere. The mixture was 
stirred at 230 for 3h, filtered and the solid washed with diethyl ether to give the 
tjtle compound as a white solid {0.27g). M.p. 204-50. T.l.c. CH-EA {1 :1), Rf 
0.58. IR:3308 {NH and OH), 1718and1670 {C=O), 1601 {C~C) cm-1; 1H­
NMR: 7.86 {d); 7.4-7.12 {m); 7.02-Ef.94 {m); 6.577 (d); 5.414 {d); 4.312 {t); 3.931 

25 {d); 3.454 (bs); 2.560 {bs); 0.919 {s ) • 

. ·E}(AMPLE 8 

N-[1-(1.3-Djmethylbyt-1-yl)-2.4-djoxo-5-phenyl-2.3.4.5-tetrahydr o- 1 H-1.5-
benzodjazepjn-3-yQ-N'-phenylurea 

30 Phenyl isocyanate (0.1 ml) was added to a solution of the intermediate 16 
{0.22g) in dry acetonitrile (1 Oml) under a nitrogen atmosphere. The mixture was 
stirred at 230 for _1 h, concentrated in vacuo to give an oil which was purified by 
flash chromatography {eluting with CH-EA 80:20 to give a crude sample 
which was triturated with 1 /1 mixture of petroleum/ethyl ether ( 30 ml) to give the 

35 tjt!e compound { 0.12 g). T.l.c. CH-EA{1 :1), Rf 0.53. IR :3370 {NH), 1701 and 

,· 
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1670 (C=O), 1651 and 1601 (C=C) cm-1; 1 H-NMR :7.44-7.35 (m); 7.34-
7.24 (m); 7.24-7.15 (m); 6.982 (m); 6.538 (d); 6.529 (d); 5.328 (d); 5.321(d); 
4.576 (m); 4.438(q); 2.11(m);1.74-t.64(m); 1.64-1.44(ni); 1.542 (d); 1.435(d); 
0.886 (d); 0.882 (d); 0.873 (d); 0.827(d). 

EXAMPLE9 

N-LZ-Ch!oro-2,4-djoxo-1-(.3-metbylbut-1-yl)-5-pheoyl-2.3.4.5- tetrahydro-1 H-1 .5-
beoz0djazepjo-3~yl)-N'-phenylurea 

Phenyl isocyanate (0.1 ml) was added to a solution of the intermediate 20 (0.2g) 
10 · in dry acetonitrile (9ml) under a nitrogen atmosphere. The mixture was stirred at 

oO for 2h, filtered and the solid triturated with petroleum ether/ethyl ether 
(2/2ml) at oOc, filtered off , washed with 1 /1 mixt_ure petroleum ether/ethyl ether 
(10 ml) to give the tjt!e compound as a white solid (0.17g). T.l.c. CH-EA(1 :1), 
Rf 0.59. IR :3312 (NH), 1713 and 1684 (C=O), 1639 and 1605 (C=C) cm-1; 

15 1H-NMR :7.45-7.00 (m); 7.10(m); 6.989 (dd); 6.97 (d); 6.42 (d); 5.31 (d); 
4.51 (m); 3.59(m); 1.58".'1.46 (m); 1.46-1.38(m); 0.87 (d); 0.85(d). 

EXAMPLE 10 

N-[8-Ch!oro-2,4-djoxo-1-(3-methylbut-1-yl)-5-pheoy!-2.3.4.5- tetrahydro-1 H-1 .5- . 
20 b9nzodjazepjo-3-yQ-N'-phenylurea 

Phenyl isocyanate (0.1 ml) was added to a solution of the intermediate 25 (0.2g) 
in dry acetonitrile (4ml) under a nitrogen atmosphere. The mixture was stirred at 
oO for 30min, then petroleum ether was added and stirring was continued for 1 h. 
the solid was filtered off , washed with 3/1 mixture petrole_um ether/ethyl ether 

25 (15 ml ) to give the tjt!e compoynd as a white solid (0.22g). T.l.c. CH-EA(1 :1 ), 
Rf 0.63. IR :3310 (NH), 1717,1668and1641 (C=O), cm-1; 1 H-NMR :7.44-7.35 
(m); 7.32(t); 7.25-7.16 (m); 7.14(m);7.03 (m); 6.92 (d); 6.41(d); 5.31 (d); 
4.52(m); 3.62(m); 1.60- 1.40 (m); 0.89(d); 0.87(d). 

30 EXAMPLE 11 

N-[7.8-djchloro-2,4-Dioxo-1-(3-methylbut-1-yl)-5-pheny!-2.3.4.5- tetrabydro-1 H-
1 .5-benzodjazepjn-3-y!]-N'-pheny!yrea 

Phenyl isocyanate (0.09ml) was added to a solution of the ·intermediate 30 
(0.19g) in dry acetonitrile (2.5ml) under a nitrogen atmosphere. The mixture was 

35 stirred at oO for 20min, then evaporated to dryeness and the resulting solid 
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solid triturated with 1 /1 mixture petroleum ether/ethyl ether (1 Oml) at oOc for 1 h, 
filtered off, washed with 1/1 mixture petroleum ether/ethyl ether (15 ml) to give 
the title compound as a white solid (0.15g). T.l.c. CH-EA(l :1), Rf 0.6. IR :3375 
(NH), 1711,1684and 1655(C=O),1599, 15479C=C) cm-1; 1H-NMR :7.51 

5 (s); 7.46-7.32(m); 7.28- 7.14 (m); 7.05 (s); 7.06-7.00 (m); 6.40 (d); 5.31 (d); 
4.50m); 3.56(m); 1.60-1.40 (m); 0.89(d); 0.86(d). 

E)(AMPLE 12 

N-[2.4-Djoxo-8-Fluoro--1-{3-metbylbut-1-yl)-5-pheoyl-2.3.4.5- tetrahydro-1 H-1 .5-
1 O benzodjazepjn-3-yQ-N'-phenylurea 

Phenyl isocyanate (0.1 ml) was added to a solution of the intermediate 35 (0.2g) 
in dry acetonitrile (2.5ml) under a nitrogen atmosphere. The mixture was stirred 
at oO for 30min, then diethyl ether (5 ~I) was added and stirring continued for 
1 h. The resulting solid was filtered off , washed with 1 /1 mixture petroleum 

15 ether/ethyl ether (1 Oml ) to give the tjt!e compound as a white solid (0.25g). 
T.l.c. CH-EA(l :1), Rf 0.53. IR :3312(NH), 1718,1670(C=0), 1639, 1605 ( C=C) 
cm-1; 1 H-NMR :7.44-7.36 (m); 7.32(t); 7.30-7.1O(m);7.06-6.9 (m); 6.35(d); 
5.33 (d); 4.52(m); 3.62(m); 1.60-1.40 (m); 0.90(d); 0.87(d}. 

20 E)(AMPLE 13 

N-[-2.4-Dioxo-5-pheoyl-1-(2-phenylethyl)-2 .3 ,4..5-tetrahydro-1 H-1 .5-
benzodjazepjn-3-yQ-N'-phenylurea 
Phenyl isocyanate (0.1 ml) was added to a solution of th~ intermediate 38 (0.3g) 
in dry acetonitrile (15ml) under a nitrogen atmosphere. The mixture was stirred 

25 at 230 for 1 h, EE (30ml) was added and the formed precipitate was stirred for 
45 min at oO. The precipitate was filtered, washed with diethyl ether (25ml) to 
give the tjt!e compound as a white solid (0.27g). T.l.c. CH-EA (1 :1), Rt=0.45. IA: 
3310(NH),1707, 1678(C=O);1643, 1603, 1556 (C=C) cm· 1; 1H-NMR: 7.428 
(dd), 7.36-7.27 (m), 7.27-7.12 (m), 7.07-6.94 (m), 6.484 (d), 5.361 (d), 4.78-4.66 

30 (m), 3.98-3.86 (m), 2.927 (m). 

EXAMPLE 14 
N-[1-{1-Adamantyl)methyl-2.4-djoxo-5-phenyl-2.3.4.5-tetrahydro-1 H-1..5:: 
benzodiazepjn-3-yQ-N'-phenylurea 

--------- ----- --------·---
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Phenyl isocyanate (0.039ml) was added to a solution of the intermediate 41 

(0.13g) in dry acetonitrile (7ml) under a ~itrogen atmosphere. The mixture was 
stirred for 1.5 hrs and the formed precipitate was filtered washing with 

acetonitrile (3ml) to give the title compound as a white solid (0.085g). ·T.l.c. CH-
S EA (1 :1), Rf=0.23. IR: 3294 (NH), 1717, 1705, 1680 (C=O); 1643 (C=C)-cm-1; 

1 H- NMR: 7.5-6.96 (m}, 7.08 (bs), 6.50 (d), 5.31 (d), 4.49 (d), 3.37 (d), 1.84 .(m), 
1.6-1.3 (m). 

E){AMPLE 15 

1 O N-[1-(2.2-Dimethylethoxycarbonylmethy!)-2 .4-djoxo-5-phenyl-2.3 .4 .5-

letrahydro-1 H-1 .5-benzodjazepjn-3-y!]-N'-pheoylurea 

Phenyl isocyanate (0.091 ml) was added to a solution of the intermediate 44 

(0.244g) in dry acetonitrile (16ml) under a nitrogen atm~sphere. The mixture 

was stirred at 230 for 2h, dichloromethane (30ml) was added and the organic 

15 ·· layer was washed with brine (2x1 Om!), dried and concentrated "in vacuo". The 
crude product was purified by flash chromatography (eluting with DCM­
methariol 98:2), to give the tjtle compound as a white solid (0.232g). T.l.c. DCM­
methanol (95:5), Rf=0.8. IR: 3431, 3395 (NH), 1745, 1684 (C=O) cm-1; 1H­

NMR: 7.4-6.95 (m), 7.1 (bs), 6.5 (d), 5.45 (d), 4.61 (dd), 1.40 (s). 

20 
E){AMPLE 16 

N-[1-(.3.3-Djmethylbutyl)-2.4-djoxo-5-pheoyl-2.3 ,4.5-tetrahydro-1 H-U: 
benzodjazepjn-3-yl]-N'-phenylurea 

Phenyl isocyanate (0.067ml) was added to a solution of the intermediate 47 
25 (0.190g) in dry acetonitrile (1 Oml) under a nitrogen atmosphere. The mixture 

was stirred at 230 for 1 h and the formed precipitate was filtered washing with 
acetonitrile (3ml), to give the tjt!e compound as a white solid (0.198g). T.l.c. CH­
EA (1 :1), Rf=0.57. IR: 3431, 3350 (NH), 1745, 1668 (C=O) 1599 (C=C) cm-1; 

1 H- NMR: 7.48-7.26 (m), 7.26-7.14 (m), 7.04-6.96 (m), 6.523 (d), 5.352 (d), 
30 4.511-4.409 (m), 1.467 (t), 0.915 (s). 

E){AMPLE 17 

N-[2.4-Qjoxo-1-(2-hydroxy-3-methylbutyl)-5-pheoy!-2.3.4,5- tetrahydm-1 H-1 .5-
benzodjazepjn-3-yO-N'-pheoylurea 
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to a solution of intermediate 63 {0.12g) in methanol {20ml) and water {3ml), 
sodium boro hydride {1.5g) was_ added portionwise at oO, maintaining the pH at 
7-7.5 by adding a 1 M solution of hydrochloric acid. During the reaction, further 
methanol was added. The reaction mixture was stirred for 1 hr, then 

5 concentrated, diluted with ethyl acetate (1 OOml) and washed with brine 
{3x70ml),.dried and concentrated "in vacuo". The crude product was dissolved 
in diethyl ether {5ml} and precipitated with petroleum ether (1 Oml), to give the 
tjt!e compoynd as a white solid (0.07g). T.l.c. CH-EA (1 :1), Af=0.36. IR: 3337 
(NH, OH), 1701, 1647 {C=O); 1597, 1553 (C=C) cm-1; 1H-NMA:7.6-6.65 (m}, 

1 o 5.37 {d), 5.35 {d), 3.92 {bro}, 3.48 {bm}, 4.50 {dd), 3.80 {dd), 4.34 (dd}, 3.57 
(dd}, 2.50 (bm), 1.58 (m), 0.93- 0.87 (m). 

EXAMPLE 18 

N-(1-(3,3-Djmethy!bytyl}-2,4-djoxo-5-phenyl-2,3.4,5-tetrahydto-1 H-U: 
15 benzodjazepjn-3-yQ-N'-{3-triflyoromethoxypheny!)yrea 

A solution of 3-trifluoromethoxyphenylamine (0.047g) and intermediate 48 
(0.1 OOg) in dich.loromethane {5ml) were stirred for 20h at 230 under a nitrogen 
atmosphere, then conce'1trated "in vacuo". The crude product was triturated 
with acetonitrile {2ml) to obtain the title compound as a white solid (0.067g}. 

20 T.l.c. CH-EA (60:40}, Af=0.57. IA: 3317 {NH), 1717, 1650{C=O};1609, 1558 
(C=C) cm-1; 1 H-NMA: 7.53 (bs), 7.46 (dd), 7.45-7.30 (m), 7.30-7.18 (m), 7.10 
(t), 7.00 (dd}, 6.88 (m}, 6.77 (m), 6.66 (d}, 5.35 (d), 4.44 (m}, 3.70 {m), 1,54-1.42 
(m), 0.91 (s}. 

25 EXAMPLE 19 

30 

35 

N-[l -(,3,3-pjmethylbutyl}-2,4-djoxo-5-phenyl-2,3,4.5-tetrabydro-1 H-U: 
benzodjazepjo-3-yQ-N'-(3-cyanophenyl)urea 
A solution of 3-cyanophenylamine (0.118g} and intermediate 48 {0.339g) in 
dichloromethane (1 Oml) were stirred for Sh at 230 under a nitrogen atmosphere, 
then concentrated "in vacuo". The crude product was triturated with acetonitrile 
(8ml), filtered and washed with acetonitrile (3ml) to obtain the title compound as 
a white solid (0.216g). T.l.c. CH-EA (1 :1), Af=0.55. IA: 3319 (NH}, 2230 (C=N), 
1711, 1647 (C=O); cm-1; 1H-NMA: 7.91 (bs}, 7.52-7.30 (m), 7.30-7.12 (m), 7.01 
(dd}, 6.88 (d), 5.34 {d), 4.52-4.38 (m), 3.80- 3.68 {m), 1.51 (m), 0.91 (s). 
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EXAMPLE 20 

N-[1-(3.3-Pimetbylbutyl)-2.4-djoxo-5-pheoyl-2.3.4.5-tetrahydro-1 H-1.5.:. 

benzodjazepjn-3-yl]-N'-(3-methy!thjophenyl)urea 

To a solution of the intermediate 49 (0.20g) in dry DMF (5ml}, 3-

5 methylthiophenylamine (0.218ml} was added and the reaction mixtur~ was 

stirred for 4h at 1200, under a nitrogen atmosphere. Ethyl acetate.(50ml} added 
and the solution washed with water (2x25ml), and brine (25ml), dried and 

concentrated "in vacuo". The crude product was triturated with acetonitrile (4ml} 
to obtain the tjtle compound as a white solid (0.115g). T.l.c. CH-EA (1 :1), · 

10 Rt=0.62. IR:3300(NH),1705, 1674, 1641(C=O);1607 (C=C) cm-1; 1H-NMR: 
7.48- 7.10 (m), 7.02-6.90 (m), 6.82 (s}, 6.30 (d), 5.30 (d), 4.46 (m), 3.70 (m), 

2.44 (s), 1.48 (t), 0.93 (s). 

EXAMPLE 21 

15 N-[1-(3.3-0imethylbutyl)-2.4-djoxo-5-phenyl-2.3,4.5-tetrabydro-1 H-1..5: 

benzodjazepjn-3-yl]-N'-(3-N.N-djmethylamjnopheoy!)urea 

To a solution of the ·intermediate 49 (0.20g} in dry DMF (Bml), 3- N,N­

dimethylaminophenylamine hydrochloride (0.177g}.and triethylamine (0.118ml} 
were added and the reaction mixture was stirred for 4h at 1200, under a 

20 nitrogen atmosphere. Ethyl aceate (50ml) added and the solution washed with 
water (2x25ml) and brine .(25ml), dried and concentrated "in vacuo". The crude 

product was purified by flash chromatography (eluting with CH-EA 60:40), then 

triturated with a mixture of ethyl acetate and petroleum ether to obtain the lillii 
compound as a white solid (0.076g). T.l.c. CH-EA (1 :1}, Rt=0.31. IR: 3500 (NH}, 

25 1794, 1707, 1666(C=O);1607 (C=C} cm-1; 1H-NMR:7.46-7.10 (m), 6.99-(dd}, 
6.82 (t), 6.60 (m}, 6.46 (m}, 6.53 (bs), 6.31 (d}, 5.31 (d), 4.47 (m}, 3.69 (m}, 2.94 
(s}, 2.93 (s), 1.47 (m}, 0.94 (s}. 

EXAMPLE22 

30 N-[1-[2-(1-Adamantyl)ethyl]-2.4-djoxo-5-phenyl-2.3 ,4.5-tetrahydro - 1 H-1 .5-
benzodjazepjn-3-yl]-N'-(3-N ,N-djmethylamjnophenyl)urea 

To a solution of the intermediate 50 (0.12g} in dry DMF (2ml), 3- N,N­

dimethylaminophenylamine dihydrochloride (0.084g} and triethylamine (0.1 ml} 
were added and the reaction mixture was stirred for 9h at 1200, under a 

35 nitrogen atmosphere. Ethyl acetate (50ml} added and the solution washed with 
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a saturated solution of ammonium chloride (50ml) and brine (3x50ml), dried and 

concentrated "in vacuo". The crude product was triturated with acetonitrile 
(1 Oml) to obtain the tjt!e compound as a white solid (0.030g). T.l.c. CH-EA (1 :1 ), 

. Rf=0.37. IR: 3373 (NH), 1707, 1682, 1660 (C=O); 15951580 (C=C) cm-1; 1 H-

5 NMR: 7.45-6.35 (m), 7.34-7.26 (m), 7.22- 7.1.5 (m), 7.116 (t), 6.978 (dd), 6.740 
(bs), 6.563 (dd), 6.44 (dd), 6.418 (d), 5.314 (d), 4.523-4.420 (m), 3.721-3.621 

(m), 2.911 (s), 1.936 (bs), 1.672 (bq), 1.500 (d), 1.332 (t) .. 

E){AMPLE 23 . 

1 O N-[1-(2.3-Djmethyl)butyl-2,4-djoxo-5-pheoyl-2.3.4.5-tetrahydro-1 H- .L5:. 
benzodjazepjn-3-yQ-N'-phenylyrea 

Phenyl i~ocyanate (0.03ml) was added to a solution of the intermediate 56 
(0.087g) in dry acetonitrile (3ml), at oO, under a nitrogen atmosphere. The 

mixture was allowed to stand at 230 and stirred for 1 h, then petroleum ether 
15 was added and the formed precipitate was stirred for 4h, filtered and washed 

with petroleum ether. The precipitate was triturated with a mixture petroleum­

ether/diethyl ether (1 :1 ; 1 Oml) for 1 hr and filtered to give the title compound as 
a white solid (0.08g). T.l.c. CH-EA (1 :1), Rf~0.49. IR: 3300 (NH), 1707, 1641 
(C=O); 1558, 1541 (C=C) cm-1; 1H- NMR: 7.46-7.10 (m), 6.9 (m), 6.4 (m), 5.32 

20 . (d), 5.29 (d), 4.61 (dd), 4.48 (dd), 3.60 (dd), 3.42 (dd), 1.8 (m), 1.4 (m), 0.86 (d), 
0.80 (d), 0.77 (d), 0.75 (d), 0.73 (d), 0.70 (d) .. 

E){AMPLE 24 

N-[1-Buty!-2,4-djoxo-5-phenyl-2.3,4.5-tetrahydro-1 H-1 .5- benzodjazepjo-3-y!]-N'-

25 pheoylurea 

Phenyl isocyante (0.04ml) was added to a solution of the intermediate 59 
(0.09g) in dry acetonitrile (1 Oml), at 230, under a nitrogen atmosphere. The 

mixture was stirred for 3h, dichloromethane (30m!) added and the solution 

washed with water (50ml), purified by filtration on a pad of silica (eluting with 

30 DCM), to give the tjt!e compound as a white solid (0.1g). T.l.c. DCM-methanol 
(95:5), Rf= 0.65. IA: 3431 (NH), 1707, 1670 (C=O); 1599 (C=C) cm-1; 1 H-NMR: 
7.4- 7.00 (m), 6.66 (bs), 6.22 (d), 5.3 (d), 4.55 (m), 3.7 (m), 1.53 (m), 1.3 (m), 

0.88 (t). 

35 E)(AMPLE 25 

ilif il1ii~1r 
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N-[2.4-Dioxo-5-phenyl-1-(3-methylbut-1-yl)-2.3.4.5-tetrahydro-1 H - U: 
benzodjazepjn-3-yl]-N'-phenylurea 

Phenyl isocy~nate {0.08ml) was added to a solution of intermediate 66 {0.206g) 

in dry acetonitrile {12ml) under a nitrogen atmosphere. The mixture was stirred 

5 at 230 for 1 h, then dichloromethane was added until complete dissolution of the. 

precipitate. The organic layer was separated, washed with brine {3x20ml) dried 

and concentrated in vacuo to give the crude compound {0.3g) which was 

purified by flash chromatography (eluting with DCM-methanol 98:2) to give the 

tjtle compound as a white solid {0.06g). T.l.c. DCM- methanol (95:5), Rf 0.87. 

10 IR: 3440-3350 (NH), 1701 and 1680 (C=O), 1616 and 1599 {C=C) cm-1; 1 H­

NMR :7.44-7.16 (m); 7.00 (m); 6.4(m}; 5.33(d}; 4.53(m); 3.68 (m); 1.6.;1.4 (m); 

0.89 {d); 0.86(d}. 

E)(AMPLE 26 

15 {+)-N-[2.4-Djoxo-5-phenyl-1-(3-methylbut-1-yl)-2.3.4.5-tetrahydr o- 1 H-1.5-

benzodjazepjn-3-yl]-N'-phenylurea 

Phenyl isocyanate (0.15ml) was added to a solution of intermediate 70 (0.42g} 

in dry acetonitrile (20ml} under a nitrogen atmosphere. The mixture was stirred 

at 230 for 1 h,then the precipitate was filtered off and washed with acetonitrile 

20 {1 o ml} and dried to give the tjtle compound as a white solid (0.52g}. 

[alpha]D=+116. T.l.c. DCM-methanol (95:5}, Rf 0.87. IR:. 3308 (NH) ;1703-

1674(C=O),1645and1601(C=C) cni-1; 1H-NMR :7.5-7.1{m};6.98 (m); 

6.58(d); 5.34{d); 4.53(m); 3.68 {m}; 1.58-1.4 (m}; 0.87(d); 0.84(d}. 

. 25 E>CAMPLE 27 

(±)-N-[2,4-0joxo-5-(2-fluorophenyl)-1-(3-methylbut-1-yl)-2.3.4.5 -tettahydro-1 H-

1 .5-benzodjazepjn-3-yQ-N'-(3-(N ,N-djmethy!amjng)pheny!]urea 

3-(N,N-Oimethylamino)phenyl isocyanate} (0.257g) was added to a solution of 

the intermediate 72 {0.47g} in dry acetonitrile (10ml) under a nitrogen 

30 atmosphere. The reaction mixture was stirred at 230 for 1 h and the formed 

precipitate was filtered to give the tjt!e compound as a white solid (0 .• 58g} in 

enantiomeric ratio {+)/(-}=93n. A sample was purified by HPLC to give the pure 

title compound. M.p. 252-3. T.l.c. CH-EA (1 :1}, Rf 0.50. [alpha]0=+109.6. IR 

{nujo1):3420{NH),1717,1701,1690and1649{C=O},1616and1560 (C=C) cm-

35 1; 1 H-NMR : 7.45 (dd}; 7.42-7.28 {m); 7.25-7.1 (m}; 6.98 (dd); 6.82 (t}; 6.60 
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(m); 6.45 {dd); 6.356 {d); 5.36 (d}; 4.52- 4.38 (m); 3.80-3.eo {m}; 2.92 (s); 1.66-

1.4 {m); 0.90 {d); 0.89 {d). 

EXAMPLE 28 

- 5 N-[1-(Adamant-2-yl)-2,4-djoxo-5-phenyl-2.3,4.5-tetrabydro-1 H-1.5 -

benzodjazepjn-3-y!]- N'-[3-(N .N-djmetbylfimjnopheny!)]urea 

Triethylamine (0.065ml) and 3-dimethylaminoaniline -dihydrochloride {0.049g) 

were added to a solution of the intermediate 76.(0.1 g) in dichloromethane {5ml) 

under a nitrogen atmosphere. The solution was stirred at 23 for 3h, then 

1 O concentrated in vacuo and purified by flash chromatography {eluting with CH­

EA 1 :1) to give the_ title compound (0.052g) as a white solid. T.l.c. DCM­

methanol {95:0.5), Rf 0.72. IR: 3300 {NH), 171~ and 1676 (C=O), 1637 and 

1610 {C=C) cm-1; 1H-NMR: 7.4-7.1 {m); 6.99 {m}; 6.80 {t);_ 6.62 (m}; 6.56 

{dd); 6.45 {dd); 6.31 {d); 5.31 (d); 4.52 {m}; 2.91 (m); 2.32 (m}; 2.0-1.1 (m}. 

15 

EXAMPLE 29 

N-(2-cyclopentyl-ethyl)-2.4-djoxo-5-(2-fluorophenyl)-2 .3 .4.5-te trahydro-1 H-1 .5-

benzodjazepjn-3-yl]-N'-phenylurea 

Phenyl isocyanate (0.044ml) was_ added to a solution of the intermediate 79 

20 (0.154g} in acetonitrile {5ml) under a nitrogen atmosphere. The mixture was 

stirred at 230 for 1 h; the obtained solid was filtered and washed with acetonitrile 

( 2 ml ) to give the the tjtle compound (0.163g) as a white solid. Mp 255-257° 

T.l.c.CH-EA (1 :1), Rf 0.58 . IR: 3400 (NH), 1718 and 1650 (C=O), 1600 (C=C} 

cm-1; 1 H-NMR : 7.46 {dd); 7.4-7.1 (m); 7.0( t }; 6.98 (d); 6.52 (d);5.38 (d); 

25 4.44(m); 3.66 (m); 1.84-1.40 (m); ·1.20-1.00 (m). 

EXAMPLE 30 

N-(1-(2-cyclopentyl-ethyl)-2.4-djoxo-5-(2-fluorophenyl)-2.3.4.5-tetrabydro-1 H,; 

1 .5- benzodjazepjn-3-yQ-N'-[4- (djmethylamjno)phenyl]urea 

30 Triethylamine (0.184ml) and 4-(dimethylamino)aniline (0.138g) were added to a 

solution of the intermediate 80 {0.270g) in dry dichloromethane (50ml) under a 

nitrogen atmosphere. The solution was stirred at 230 for 4h, then diluted with 

dichloromethane (20m I) and washed with water (20ml), 5% HCI solution ( 20ml 

), water ( 20ml )and brine (15ml}. The organic layer was dried, concentrated in 

35 vacuo, and the residue was purified by flash chromatography (eluting with 
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DCM-methanol 95:5) to give the title compound (0.077g) as a white solid. T.l.c. 
DCM-methanol (9:1), Rf 0.81. IR: 3304 (NH), 1718-1641(C=O),1605~1549 

(C=C) cm-1; _ 1 H-NMR : 7.46(dd); 7.40-7.10 (m); 6.98 (dd); 6.6.8 (d); 6.28 (bs); 
6.07 (d); 5.32 ( d ); 4.41 ( m ); 3.66 (m); 2.91 (s); 1.84-1.00 (m). 

EXAMPLE 31 

N-(1-(Bjcyc!o (2.2.1 ]-5-heptene-2-y!methyl}-2 .4-djoxo-5-pheoy!-2.3,4.5-tetr 
ahydro- 1 H-1.5-benzodjazepjn-3-yl]-N'-pheoylurea 

Phenylisocyanate {0.026ml) was added to a solution of the intermediate 83 
10 (0.074g) in dry acetonitrile (5ml) and the mixture was stirred at 230, under 

nitrogen, for 1 h. Dichloromethane (50ml) was added until complete dissolution 
of the precipitate, then the solution was washed with brio~ (20ml), dried and 
concentrated jn vacuo. The residue was triturated with diethyl ether to give the 

title compound (0.0521 g) as an off-white solid. 

15 M.p.184-6 C. T.l.c. (CH-EA 7:3) Rt 0.32. IR:3308-(NH), 1715-1670 (C=O), 

1639-1599 9C=C); 1H-NMR: 7.5-7.0 (m); 6.84 (bs); 6.80 (bs); 6.33(d); 6.31 (d); 
6.18-6.10 (m); 6.12-5.96 (m); 5.90-5.84 (m); 5.64-5~60 (m); 5.32.(d); 5.29 (d); 

4.64 (m); 4.4-4.2 (m); 3.8 (m); 3.45-3.30 (m); 2.80 (bs); 2.74 (bs); 2.6-0.60 (m). 

20 EXAMPLE 32 

N-(1-(Bjcyclo [2. 2. 1 ]-5-heptene-2-y!methyl}-2 .4-djoxo-5-phenyl-2;3.4.5-tetr 

ahydro- 1 H-1.5-benzodjazepjn-3-yl]-N'-(.3-njtrophenyl)-urea 

To a solution of the intermediate 83 (0.072g) in dry acetonitrile (1 Oml) 3-
nitrophenylisocyanate (0.048g) was added and the mixture was stirred at 230, 

25 under nitrogen, .for 1 h. The resulting precipitate was filtered, washed with 
diethyl ether, and dried to give the tjt!e compound (0.0712g). M.p .. 195-7 C. 

T.l.c. (CH-EA 7:3) Rf0.24. IR: 3300(NH);1713(C=O);1651(C=O);1556 

(C=C)cm-1. 1 H-NMR : 8.26-6.92 (m ); 6. 13- 5.58 (m);5.34-5.25 (m); 4.70-3.83 
(m); 2.80-0.45 (m). 

30 

EXAMPLE33 

N-(1-(Bjcyclo [2,2, 1 ]-2-beptylmetbyl}-2.4-dioxo-5-pheny!-2,3.4,5-tetrahydro-1 H-
1 ,5- benzodjazepjn-3yl]-N'-pheoy!urea 

Phenylisocyanate (0.03ml) was added to a solution of the intermediate 84 
35 (0.088g) in dry acetonitrile (1 Om!) and the mixture was stirred at 230 , under 
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nitrogen, for 1 h. The resulting precipitate was filtered, washed with diethyl 

ether and dried to give the title compound (0.0858g) as a white solid. M.p. 255-

50. T.l.c. (CH-EA 7:3) Rt 0.29. IR: 3400-3200 (NH), 1711 and 1705 ( C=C ); 

1H-NMR: 7.50-7.10 (m),7.02 (m), 6.38 (m),6.91(bs),6.42-6.34 (m), 5.35-

5 5.27(m), 4.71-4.61 (dd), 4.48 (dd), 4.38 (dd), 3.65 (dd), 3.59 (dd)~.37 (dd), 3.55 

(dd), 2.3-0.50 (m). 

EXAMPLE34 

N-[1-(Bjcyclo [2.2. 1 ]-2-heptylmethyl)-2.4-djoxo-5-pheny!-2.3.4.5-tetrahydro-1 H-

10 1.5- benzodjazepjn-3yl]-N'-(3-methoxyphenylurea 

To a solution of the intermediate 84 (0.0883g) in dry acetonitrile (1 Oml) and the 

mixture was stirred at 230 under nitrogen, for 1 h. The resulting precipitate was 

filtered, washed with diethyl ether. and dried to give the tjt!e compound (0.0858g) 

as a white solid. M.p. 255-60. T.l.c. (CH-EA 7:3) Rf 0.29. IR: 3400-3200(NH), 

15 '1711and1705(C=C);1H-NMR: 7.5-6.9(m); 6.75-6.69(m); 6.60-6.SS(m); 

6.44(m); 5.31 (m); 4.71-4.62(m); 4.49(dd) 4.38(dd); 3.75(s); 3.65(dd); 3.59(dd); 

3.56(dd); 3.38(dd); 2.25-0.6(m). 

Example 35 

20 N-(1-[Bicyclo[2.2.1]-2-hepty0-2.+dioxo-5-phenyl-2.3.4.5-tetrahyd ro-1 H-1.5-

benzodjazepjn-3-yO-N'-phenylyrea 

Phenyl isocyanate (0.056ml) was added to a solution of the intermediate 87 

(0.1 Sg) in dry acetonitrile (Sm!) under a nitrogen atmosphere. The mixture was 

stirred at 230 for 1 h, then filtered. The solid obtained was washed with diethyl 

25 ether and dried in vacuo to give the tjt!e compoynd as a white solid (0.12g). 

M.p. 267-80. T.l.c~ CH-EA(1 :1)~ Rf 0.62. · 

IR :3300(NH),1705, 1678and1645(C=O),1599and1556 (C=C) cm-1; 1H­

NMR :7.46-7.12 (m); 7.026-6.94 (m); 6.423 (d); 6.436 (d); 5.328 (d); 5.321 (d); 

4.5-4.4 (m); 3.459 (s); 2.637 (s); 2.396 (m); 2.180 (m); 1.958 (m); 1.6 (m); 1.54-

30 1 :38 (m); 1.38-1.1 (m); 0.99 (m); 0.864 (m). 

Example 36 

N-[1-(2-Adamantylmethyl)-2.4-djoxo-5-phenyl-2.3.4.5-tetrahydro-1 H-1 .5-

benzodjazepjn- 3-yl]-N'-pheoylurea 
--··---···-----



CH166C 

65 

Phenyl isocyanate (0.063ml) was added to a solution of tht. intermediate 90 

(0.2g) in dry acetonitrile (5ml) under a nitrogen atmosphere. The mixture was 

stirred at 230 for 1 h, then filtered. The solid obtained was washed with diethyl 

ether and dried in vacuo to give the tjtle compound as a white solid (0.22g). 

5 M.p. 192-30. T.l.c. CH-EA (1 :1), Rf 0.73. 

IR :3306 (NH), 1717and1701 (C=O), 1643and1620 (C=C) cm-1; 

1H-NMR :7.5-7.14 (m); 7.00 (m); 7.049 (m); 6.47 (d); 5.33 (d); 5.05 (m); 3.59 

(m); 2.02 (m) ; 1.84-1.36 (m). 

10 E)(AMPLE 37 

N-[1-(1-Adamantylmetbyl)-2,4-djoxo-S~phenyl-2.3.4.5-tetrahydro-1 H-1.5-

benzodjazepjn- 3-y!]-N'-(3-methoxvpbenyl)urea 

3-Methoxyphenyl isocyanate (0.066ml) was added to a solution of the 

intermediate 41 (0.2g) in dry acetonitrile (1 Oml) under a nitrogen atmosphere. 

15 The mixture was stirred at 230for16h, then diluted with dichloromethane · 

(15ml) and washed with brine (15ml). The organic solution was dried, 

concentrated in vacuo and the residue was purified by flash chromatography 

(eluting with CH-EA 2:1 ); the solid obtained was further purified by trituration 

with diethyl ether to give the tjt!e compound as a white solid 

20 (0.2g). ·M.p. 267-80. T.!.c. CH-EA (2:1), Rf 0.2. IR :3302 (NH), 1713,1674 and 

1641 (C=O), 1612 and 1558 (C=C) cm-1; 1 H-NMR :7.492 (dd); 7.45-7.35 (m); 

7.35-7.25 (m); 7.162 (m); 7.120(t); 7.0.41 (t); 6.992 (dd); 6.904 (s); 6.738(m); 

6.578 (m); 6.413 (m); 5.292 (d); 4.496 (d); 3.744 (s); 3.382 (d); 1.857 (s); 1.66- . 

1.32 (m). 

25 

E)(AMPLE 38 

N-[1-(1-Adamantylmethyl)-2,4-djoxo-5-pbenyl-2.3.4.5-tetrahydro-1 H-1 .5-

benzodjazepjn- ·3-y!]-N'-(3-methy!phenyl)urea 

3-Methylphenyl isocyanate (0.064ml) was added to a solution of the 

30 intermediate 41 (0.2g) in dry acetonitrile (1 Om!) under a nitrogen atmosphere. 

The mixture was stirred at 230 for 1 h, then diluted with dic.11!.Jromethane (15ml) 

and washed with brine (15ml). The organic solution was dried, concentrated in 

vacuo and the residue was triturated with diethyl ether to give the li1hi 
compound as a white solid (0.2g). M.p. 244-60. T.l.c. CH-EA (2:1), Rf 0.32. IR 

35 :3300(NH),1715and1672 (C=O), 1645and1616 (C=C) cm-1; 1H-NMR 
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:7.493 (dd); 7.45-7.35 (m); 7.35-7.25 (m); 7.21~7.15 (m); 7.135 (t); 7.034 (m); 

6.992 {dd); 6.854 {m); 6.751 (s); 6.318 {d); 5.293 (d); 4.498 {d); 3.384 (d); 2.287 

{s); 1.865 (s); 1.68-1.3 (m). 

5 E)(AMPLE39 

N-[1-{1-Adamanty!methyl)-2,4-djoxo-5-phenyl-2,3,4.5-tetrahydro-1 H-1 ,5-

benzodjazepjn- 3-y!]-N'-(3-njtrophenyl)urea 

A solution of 3-nitrophenyl isocyanate {0.082g) in dry acetonitrile {8ml) was 

added to a solution of the intermediate 41 (0.2g) in dry acetonitrile (1 Oml) under 

1 o a nitrogen atmosphere. The mixture was stirred at 230 for 2h, then diluted with 

dichloromethane {15ml) and washed with brine (15ml). The organic solution was 

dried, concentrated in vacuo and the residue was triturated with diethyl et~er to 

give the tjt!e compound as a white solid (0.229g). M.p. 213-50. T.l.c. CH-EA 

(2:1 ), Rf 0.33. IR :3296 (NH), 1713 and 1645 (C=O), 1597 {C=C) cm-1; 1 H-

15 NMR :8.25 {s); 8.15 (t); 7.64 (m); 7.52 {dd); 7.45 {m); 7.36-7.29 (m); 7.24-7.17 

{m); 7.13 (t); 7.06 {d); 7.0? (dd); 5.27 (d); 4.51 (d}; 3.40(d};1.86 {s}; 1.66-1.34 

(m}. 

·E)(AMPLE40 

20 N-[1-{1-Adamantylmethyl)-2,4-djoxo-5-phenyl-2,3.4,5-tetrahydro-1 H-1,5-

benzodjazepjn-3- yl]-N'-{3-bromophenyl)urea 

3-Bromophenyl isocyanate (0.063ml} was added to a solution of the 

intermediate 41 {0.2g} in dry acetonitrile (1 Om!} under a nitrogen atmosphere. 

The mixture was stirred at 230 for 1 h, then filtered. The solid obtained was 

-25 washed with diethyl ether to give the title compound as a white solid (0.25g). 

M.p. 254-60. T.l.c. CH-EA (2:1), Rf 0.53. IR :3290 (NH), 1717 and 1672 (C=O) 

cm-1 ;_ 1 H-NMR :7.56-7.15 {m); 7.03-6.88 (m}; 6.99 {dd); 6.93 (dd); 6.73 (d); 

5.29 (d); 4.49-3.38 ·(m}; 1.83 (m); 1.64-1.30 (m}. 

30 EXAMPLE 41 

N-[1-{1-Adamantylmethyl}-2,4-djoxo-5-phenyl-2,3.4,5-tetrahydro-1 H-1.5-

benzodjazepjn-3- y!]-N'-{3-ethoxycarbonylphenyl)urea 

3-Nitrophenyl isocyanate (0.1 g) was added to a solution of the intermediate 41 

{0.41 Sg) in dry acetonitrile (13ml) under a nitrogen atmosphere. The mixture 

35 was stirred at 230 for 1 h, then diluted with dichloromethane. (20m!) and_ washed 
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with brine (20ml). The organic solution was dried, concentrated in vacuo and 
the residue was triturated with diethyl ether to give the tjt!e compound as a 

white solid (0.407g). M.p. 246-80. T.l.c. CH-EA {2:1), Rf 0.37. IA :1709, 1690 
and 1670 {C=O) cm-1; 1H-NMR:7.93 (t);.7.64-7.50 (m); 7.44-7.39 (m); 7.38 

5 (s); 7.35-7.27 {m); 7.24- 7.14 {m); 6.89 {dd); 6.58 (d); 5.31 {d); 4.50 (d); 4.34 
(m); 3.38 (d); 1.85 (m); 1.61-1.51 (m); 1.45-1.37 {m); 1.35 (t). 

·e)(AMPLE42 

N-[1-(1-Adamantylmethyl)~2.+dioxo-5-phenyl-2.3.4.5-tetrahydro-1 H-1 .5-
10 benzodjazepjn-3- yU-N'-L3~(N .N-djmethy!amjno)phenyl]yrea 

A solution of 3-{N,N-dimethylamino)phenyl isocyanate (0.122g) in dry 
acetonitrile (7ml} was added to a solution of the intermediate 41 (0.2g) in dry 
acetonitrile (7ml} under a nitrogen atmosphere. The mixture was stirred at 230 

for 30min, then diluted with dichloromethane (20ml) and washed with ~rin~ 
15 (20ml). The organic solution was dried, concentrated in vacuo and the residue 

was triturated with diethyl ether to give the tjt!e compoynd as a white solid 
(0.221 g}. M.p. 263-50. T.l.c. CH-EA {1 :1 ), Rf 0.52. IA :3300 (NH), 1717 and 
167~ {C=O) cm-1; 1H-NMR:7.48 (dd); 7.45- 7.24 {m); 7.19-7.10 (m); 6.98 

(dd); 6.93 {dd); 6.61 (s); 6.58-6.45 (m); 6.38 {d); 5.29 {d); 4.49-3.37 (m); 2.92 

20 (s}; 1.87 (m); 1.63- 1.53 {m}; 1.44-1.34 (m). 

E)(AMPLE43 

·N-[1-(1-Adamantylmethyl)-2,4-djoxo-5-pheny!-2.3.4.5-tetrahydro-1 H-1.5-
benzodjazepjn- 3-y!]-N'.:(3-carboxyphenyl)yrea 

25 An aqueous 0.1 M solution of lithium hydroxide {6.6ml) was· added to a solution 
of Example 41 (0.2g) in THF (15ml) previously cooled to oO. The solution was 
stirred at 230 for 16h,then heated to 600 for 1 h and .to 800 for 13h. The solution 

was cooled to 230, neutralized with acetic acid, concentrated in vacuo and the 
residue purified by flash chromatography {eluting in gradient from CH-EA 3:1 to 

30 DCM and finally to DCM-MeOH 10:1) to give the tjt!e compoynd as a white solid 

(0.183g), still containing traces of inorganic salts.A sample was further purified 

by dissolution in DCM and washing with 10% hydrochloric acid; the organic 
layer was dried, concentrated in vacuo and the residue triturated with diethyl 
ether to give the pure title compoynd. M.p. 260-700(dec). T.l.c. EA, Rf 0.64. IA: 

. . : 

·.·i1ili~r 
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33!_>4 (N~ and OH),m 1701 and 1684 (C=O) cm-1; 1H-NMR:9.21{s);7.9-7.8(m); 
7.6-7.16(m); 7.0- 6.9{m); 4.99(d); 4.30(d); 3.60(d); 1.83(s); 1.65-1.2(m). 

EXAMPLE44 

5 N-[1-(Adamantanmethyl)-2.4-djoxo-7-f!uoro-5(4-fluorapheoyl)-2.3. 4.5-

tetrahydro- 1 H-.1.5benzodjazepjn-3-y!]-N'(3- djmethylamjno}pheny!urea · 

A solution of 3-Dimethylaminophenyl isocyante {0.043g) in dry acetonitrile {3ml) 
was added to a solution of the intermediate 95 (0.079g) in dry acetonitirle {Sm!) 
under a nitrogen to a solution of the mixture was stirred at 23C for 1 h diluted 

1 O with DCM, washed with brine (30ml), evaporated to give the crude compound 

{0.145g) which was triturated with ethyl ether to give the title compound as a 

white solid (0.046g) M.p. >270. T.!.c.·CH-EA (1 :1), Rf 0.61.' IR: 3439, 3333{NH); 
1715 (C=O), 1610and1590 (C=C) cm·1; 1H-NMR: 7.46{dd); 7.38-7.3(m)l 7.20-
7.10{m); 7.06-7.00(m); 6.78(t); 6.69- 6.58(m); 6.49(dd); 6.27(d); 5.26{d); 

15 4.49(d); 3.28(d); 2~93(s}; 1.88(bs); 1.67-1.30(m). 

EXAMPLE45 

20 -{+}-N-[1-(AdBmantanmethyl}-2.+dioxo-5-pheny!-2.3.4.5-tetrabydro - 1 H-
1.5benzodjazepjn-3-yO-N'-phenylurea 

Phenyl isocyante (0.033ml) was added to a solution of intermediate 97 (0.096g) 
in dry acetonitrile (9ml). The mixture was stirred at 230 under a nitrogen 
atmosphere for 1 h, then it was diluted with dichloromethane {40ml) and washed 

25 with brine (2x20ml). The organic layer was dried and concentrated jn vacuo. 
Crystallisation of the crude material from ethyl acetate afforded the li1ki 
compound (0.075g} as white needles. M.P. 264-50. T.l.c. CH-EA (50:50}, Rf 

0.77 [alpha]o = +38.4. IR (nujol): 3400(NH); 1707 and 1653 (C=O), 1597 and 
1551 (C=C} cm-1. 1 H-NMR: 7._'.4_8(d); 7.46-7.20(m); 7.16(m); 7.04-6.94(m); 

30 6.92(s); 6.37(d}; 5.29(d); 4.48(d); 3.38(d); 1.85(m); 1.64-1.30(m). 

EXAMPLE46 

(+} N-[1-(Adamantylmethy!)-2.4-djoxo-5-pheoyl-2.3.4.5-tetrabydro- 1 H-1.5-
benzodjazepjn-3-yQ-N'-(3-etboxycarbonylphenyl)lyrea 
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3-Ethoxycarbonylphenyl isocyante {0.152ml) was added to a solution of 
intermediate 97 (0.490g) in dry acetonitrile {20ml) under a nitrogen atmosphere. 
The mixture was stirred at 230for1 h, then diluted with dichloromethane (20ml) 
concentrated under vacuum and the residue was triturated. with diethyl ether to 

5 give the tjtle compound as a white solid {0.543g}. M.p. 220-10. [alpha]o= +60.8, 
(CHCl3, C=1.020) T.l.c. CH-EA {2:1), Rf 0.35. IA: 1709, 1670 and 1690 
(C=O)cm-1; 1 H-NMR: 7.93{t); 7.64(m); 7.44-7.39(m); 7.35-7.27(m}; 7.24-
7.14(m); 7.38(bs); 6.89(dd); 6.58{d); 5.31(d);4.50(d); 4.34{q); 3.38(d); 1.85(m); 
1.61 (m); 1.51 (m); 1.45(m}; 1.37(m}; 1.35(t). 

10 

E)(AMPLE47 

(+) N-[1-(1-Adamantylmethyl)-2.+dioxo-5-pheny!-2.3,4.5-tetrahydr o- 1 H-
1.5benzodjazepjn-3-y!]-N'(3-carbm(yphenyl}urea 

Aluminium iodide {0.13?g} was added to a suspension of Example 46 (0; 1 Og) in 
15 dry acetonitrile (1 Om!}. T~e reaction mixture was stirred Sh at aoO then cooled to 

230,, diluted with dichloromethane (30ml) and poured into ice (10g}. The 
aqueous layer was acidified with a 1 Oo/o solution of hydrochloric acid (1 ml), . . 
washed with 5% solution of sodium thiosulphate (20ml) and extracted with 
dichloromethane (2x25ml). The collected organic p~ases were washed with 

20 water {30ml) and brine (1 Om!) dried and evaporated to give a white solid 
{0.118g).This material was purified on silica· gel, eluted with CH/EA 1/1 and then 
EA/Methanol 1/1 to give the title compound {41 mg}. T.!.c. EA, Rf 0.64. IA: 3354 
{NH and OH}, 1701 and 1684 (C=O) cm-1; 1H-NMR:9.21(s);7.9-7.8(m}; 7.6-
7.16(m); 7.0-6.9(m); 4.99(d); 4.30(d); 3.60(d); 1.83(s);.1.65-1.2(m). 

25 

EXAMPLE48 
N-[2.+dioxo-7-fluoro-1-(~-methy!but-1-yl)-5-phenyl-2.3.4.5-tetr abydro-1 H-1 .5-
benzodjazepjn-3~y!]N'-(3-dimethylamjno)pheoy!urea 

3-Dimethylaminophenyl isocyante {0.055g} was added to-a solution of the 
30 intermediate 100 {0.08g) in dry acetonitrile (5ml) under a nitrogen atmosphere. 

The mixture was stirred at 230 for 30min.; the obtained precipitate was filtered 
and washed with ethyl ether to give the tjt!e compound as a white solid {0.086g}. 
M.p. 249-510. T.l.c. CH-EA (1 :1), Rf 0.5. IA: 170.5, 1672 an~ 1636 (C=O), 1607 
(C=C) cm-1; 1H-NMR:7.0-7.50{m); 6.81 (bt); 6.68(dd); 6.62-6.46(dd); 6.51 (bs); 

35 6.28(d); 5.31 (d); 4.54-3.60(m); 2.92(s); 1.6-1.40(m); 0.95-0.85(d). 

• I 
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Pharmacy Example 

5 Capsules or Tatllets 

10 

15 

Active ingredient 

Polyethyleneglycol 

Lactose 

Starch 

Magnesium stearate 
Silicon dioxide 

Sodium Laury! Sulphate 

mg/dosage form 

0.1 

15.0 

52.4 

30.0 

0.5 

1.0 

1.0 

100.0 

The active ingredient is dispersed in a suitable solvent {e.g. ethanol) together 
with polyethyleneglycol. The solvent is removed. The powder so obtained is 
blended with the other excipients. The blend can be used to fill gelatine 

· 20 capsules or compressed using appropriate punches. The tablets can be coated 
using conventional techniques and coatings. 

25 

30 

Active ingredient 0.1 
Povidone 15.4 
Lactose 74.0 
Hydrogenated vegetable oils 3.0 
Silicon dioxide ·1.0 
Sodium Laauryl sulphate 1.5 .--------------

Crospovidone . 5.0 This Sheet Has Been Replaced 

100.0 1111111111111111111111111 

The active ingredient is dispersed in a suitable solvent {e.g. ethanol) together 
with povidone. The solution is sprayed on to lactose and the solvent removed. 

35 The powder obtained is blended with the other excipients. The blend is used to 
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fill gelatine capsules or comprssed using appropriate punches. The tablet can 
be coated using conventional techniques and coatings. 

Oral ligujd 

Active ingredient 
ethanol 
Sodium saccharinate 
Propylene glycol 

lnjectjon Eormu!atjon 

Active ingredient 
Sodium phosphate 
NaOH 
glyerol 
water for injection 

70-100 micrograms/dose 
5-15% 
0.1-1 o/o 

q.b. 100% 

0.1-100 microgramms 
1.50 mg/ml 

qs desired pH {range 3-9) 
10-500 mg/ml 

qs to 0.5-10ml 

Pack in glass {ampules) with a rubber stopper {vials, syringes) and a 
plastic/metal oversea! (vials only). An inert gas atmosphere (for example 
nitrogen) may be introduced into dead space of container. 

CCK - Antagonjst Activity" 

The CCK-A antagonist and CCK-8 antagonist activites of compounds of the 
invention were determined using the guinea pig isolated ileum longitudinal 

25 muscle myenteric plexus preparation. The compounds were tested using the 
procedure G Dal Forno et al J. Pharmacol. Exp & Thee . .2e1 - 1056-1063 1992 
and the pKb value for each compound was determined. 

The results obtained with representative compounds of the invention were 
as follows: 
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Compounds of Ex· No. ~Kb 

CCK-A CCK-B 

4 5.5 10.1 

14 6.8 8.5 

25 <6.0 9.1 

26 .s:5.5 8.7 

45 ·5,9 8.9 

CCK - Receptor Bjndjog 

The binding affinity of the compounds of the invention for the CCK-A 

receptor (Pancreas Assay) and CCK-B receptor (guinea pig cortex assay) was 

determined using the procedure of G Dal Forno et al J. Pharmacol. Exp & Th!i!r. 

2§1- 1056-1063. The pKi values determined with respresentative compounds of 

1 O invention were as follows: 

-----··---
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Compound Ex No QKi 

CCK-A CCK-B 

4 6.9 9.6 

7A 6.33 8.71 

9 6.02 8.31 

11 5.80 8.01 

14 6.15 8.64 

16 . 6.95 9.17 

25 6.49 8.81 

26 6.30 8.81 

27 6.83 9.54 

30 7.00 9.14 

31 6.76 8.82 

39 6.52 8.72 

41 6.09 8.53 

45 5.95 9.02 

5 The compounds of the invention are essentially non-toxic and therapeutically 

useful doses. Thus fore example no untoward effects. were obserbved when the · 

compound of Example 45 was given orally to mice and rats at doses at which 

the compound exhibits anxiolytic activity. 

10 
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CLAIMS 

5 1. Compounds of general formula (I) 

wherein 

1 
R 

(R.8)~1~0 2 
I NID>NHR 

~ ~ 
R3 0 (I) 

R1 represents a phenyl, C3_7cycloalkyl, C1-11 bridgedcycloalkyl or C1-salkyl 

1 O · group which alkyl group may be substituted by a hydroxy, phenyl, C1-

5alkoxycarbonyl, C3_7cycloalkyl, or C1-11 bridgedcycloalkyl group; 

R2 represents a substituted or unsubtituted phenyl group. (wherein the 

substitutents may be 1 or 2 of halo, C1-4alkyl, nitro, cyano, trifluoromethyl, 

trifluoromethoxy, C1_4alkylthio or {CH2)n R4 wherein R4 is hydroxy, C1-
15 4alkoxy, C02R5 or NR6R7. 

R3 is phenyl optionally substituted by one or two halogen atoms; 

RS represents hydrogen or a C1 _4alkyl group; 

R6 and R 7 independently represent hydrogen or a C1 _4alkyl group. 

RB represents hydrogen or a halogen atom; m is zero, .1 or 2; 

20 n is zero or 1 ; and pharmaceutically acceptable salts and solvates thereof. 

2. Compounds as claimed in Claim 1 wherein R1 represents phenyl, phenethyl, 

bridged C1-1 ocycloalkyl, C4_5alkyl, C3_5 hydroxyalkyl, C1-2alkyl substituted by 
bridged C1-1ocycloalkyl, alkoxycarbonylmethyl or C2-3alkyl substituted by C3_ 

25 7cycloalkyl. 

----------­
~eplaced 

\\ii\i \\\ \\\\ 
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3. Compounds as claimed in Claim 1'or Claim 2 wherein R1 represents 3-

methylbutyl, 3,3-dimethylbutyl, 2-hydroxy-3-methylbutyl, 2-hydroxy-3,3-

dimethylbutyl, 2-cyclopentylethyl, 5-norbornenylrriethyl or 1-adamantylmethyl. 

5 4. Compounds as claimed in any of Claims.1to3 wherein R2 represents phenyl 

optionally substituted by bromine, chlorine, fluorine, methyl, methoxy, 

methylthio, trifluoromethoxy, cyano, dimethylamino, or (CH2)nC02R5 wherein 

R5 is hydrogen or C1.4alkyl. 

10 5. Compounds as claimed in any of claims 1to4 wherein R2 represents phenyl 

·optionally substituted by methoxy, cyano, nitro, methylthio, dimethylamino, 

ethoxycarbonyl or carboxyl. 

6. Compounds as claimed in any of C_laims 1 to 5 wherein R3 represents phenyl 

15 optionally substituted by fluorine in ortho or para position. 

7. Compounds as claimed in any of Claims 1to6 wherein RB represents· 

hydrogen, chlorine or fluorine. 

20 8. Compounds as claimed in any of Claims 1 to 7 having the configuration 
1 

R 
' . 0 

(p_8)~N=tH . 
I q '" ~ NHCONHR 

N 
~ 0 

3 
R 

(la) 

9. N-phenyl-N'-[2,3,4,5-tetrahydro-2,4-dioxo-1-(1-adamantylmethyl) -5- phenyl-

1 H-1,5-benzodiazepin-3-yl]urea and the(+) enantiomer thereof and salts 

25 thereof. -----
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1 o. N-[1-{1-AdamantyJmethyl)-2,4-dioxo-5-phenyl-2,3,4,5-tetrahydro-1 H-1,5-

benzodiazepin- 3-yl]-N'-(3-carboxyphenyl)urea 

N-phenyl-N'-[2,3,4,5-tetrahydro-2,4-dioxo-1-(3-methylbutyl)-5- phenyl-1 H-1,5-
benzodiazepin-3-yl]urea; 

5 N-(3-dimethylaminophenyl)-N'-[2,3,4,5,-tetrahydro-2,4-diox·o-1-(3 - methylbutyl)-
5-{2-fluorophenyl)-1 H-1,5-benzodiazepin-3-yqurea; 

10 

and the{+) e_nantiomers thereof and salts thereof. 

11. Compounds as claimed in any of claims 1 to 1 O for in therapy. 

12. The use of a compound as claimed in any one of Claims 1 to 1 O in the 
manufacture of a medicament fo~ the treatment of conditions where a 
modification of the effects of gastrin and or CCK is of therapeutic benefit. 

15 13. Pharmaceutical compositions comprising a compound as claimed in any o~ 
Claims 1 to 1 O in admixture with one or more physiologically acceptable carriers 
or excipients. 

14. A method of treatment of a mammal including man for conditions where 
20 modification of the effects of gastrin and or CCK is a therapeutic benefit 

comprising administration of an effective amount of a compound as claimed in 
any of claims 1 to 10. 

15. A proces~ for the preparation of compoul"!ds as defined in Claim 1 which 
25 comprises {a) reacting a compound of formula: (II), wherein R1, R3, RB and m 

are as defined in formula (I) and X represents the group -N=C=O or NHCOR9 
wherein R9 is an optionally substituted phenoxy group or a 1-imidazole group 

I 
R 
I o 

~·~x 
~on 
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with an amine of formula (111) 

wherein R2 has the meaning defined in formula (I) or is a group convertible. 
thereto. 

(b) acylating an amine of formula (IV) 
. 1 
R . 

CR'>m~l~O . I NI\ 
~ . 

~ (IV) 
R 0 

by reaction with an isocyanate of formula (V) or a ca~bamoyl chloride of formula 
(VI). 

CIC(O)NHR2 (VI) 

(c) hydrolysis of a compound of formula (I) in which R2 is a phenyl group 
substituted by an t;ilkoxycarbonyl .group to yield a compound of formula (I) in 
which R~ ·is a phenyl group substituted by carboxyl; 

and thereafter, if necessary or desired converting the resultant compound, either 
20 before or after any separation into its stereochemical isomers into another 

compound of the invention. 

25 
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