
United States Patent (19) 
Hassall et al. 

(54) BENZOPHENONE GLYCINAMIDE 
OERVATIVES 

Cedric H. Hassall, Welwyn; William 
H. Johnson, Hitchin; Antonin Krohn, 
London; Carey E. Smithen, Welwyn 
Garden City; William A. Thomas, 
Eaton Ford, all of England 
Hoffmann-La Roche Inc., Nutley, 
N.J. 

(21) Appl. No.: 929,383 
(22 Filed: Jul. 31, 1978 

(75) Inventors: 

73 Assignee: 

Related U.S. Patent Documents 

Reissue of: 
(64) Patent No.: 4,007,219 

Issued: Feb. 8, 1977 
Appl. No.: 605,580 
Filed: Aug. 18, 1975 

(30) Foreign Application Priority Data 
Jul. 20, 1974 GB United Kingdom ............... 36567/74 
May 21, 1975 (GB) United Kingdom ............... 2182 1/75 
Aug. 11, 1975 GB) United Kingdom'............... 36567/75 
(5) Int. Cl. ............................................ CO7C 103/52 
52 U.S. C. ............................................. 260/112.5 R 
58) Field of Search ................................. 260/112.5 R 
(56) References Cited 

U.S. PATENT DOCUMENTS 
3,674,787 7/1972 Frey et al. .................... 260/112.5 R 
3,772,371 1 1/1973 Tachikawa et al. ........ 260/558 AX 
3,883,591 5/1973 McCaully ........................ 260/562 N 
3,931,314 lAl976 Greve et al. ..................... 260/562 N 

OTHER PUBLICATIONS 
CIBA, CA 56:3562g (1962). 
Primary Examiner-Delbert K. Phillips 
Attorney, Agent, or Firm-Jon S. Saxe; Bernard S. Leon; 
Frank P. Hoffman 

Re. 30,473 
Jan. 6, 1981 

11 E 

(45) Reissued 

(57) ABSTRACT 
This invention is directed toward pharmacologically 
active compounds of the formula 

R CEO 

k 
wherein A represents a nitrogen atom which may be 
substituted by a methyl, cyclopropylmethyl, di(C1-4alk 
yl)aminoethyl, methoxymethyl or hydroxyethyl group 
and B represents a carbonyl group or A and B together 
represent a grouping of the formula 

in which R represents a hydrogen or a lower alkyl or 
hydroxymethyl group and X represents a nitrogen atom 
or C-R wherein R represents a hydrogen atom or a 
lower alkyl or hydroxymethyl group; R represents a 
halogen atom or a nitro or trifluoromethyl group; Rl 
represents a hydrogen atom or a lower alkyl group; R2 
represents an acyl group derived from a naturally oc 
curring amino acid (all such groups which contain an 
asymmetric carbon atom having the L- or D,L-configu 
ration) and R represents a phenyl, halophenyl or 2 
pyridyl group and acid addition salts thereof. 
Also provided are methods for their preparation and 
intermediates thereof. These compounds exhibit activ 
ity as anticonvulsants, muscle relaxants and sedatives. 

6 Claims, No Drawings 
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BENZOPHENONEGLYCINAMIDEDERIVATIVES 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions made 
by reissue. 

DESCRIPTION OF THE INVENTION 

The present invention is concerned with substituted 
phenyl ketones and a process for the manufacture 
thereof. 
The substituted phenylketones provided by the pres 

ent invention are compounds of the general formula 

R CEO 

k 
wherein. A represents a nitrogen atom which may be 
substituted by a methyl, cyclopropylmethyl, diC1-4alk 
yl)aminoethyl, methoxymethyl or hydroxyethyl group 
and B represents a carbonyl group or A and B together 
represent a grouping of the formula 

O 

15 

20 

25 

35 
N 

M N 
Ra-C X 

N a 
Nair C 

/ N 

in which R represents a hydrogen atom or a lower 
alkyl or hydroxymethyl group and X represents a nitro 
gen atom or C-R wherein R represents a hydrogen 
atom or a lower alkyl or hydroxymethyl group; R rep 
resents a halogen atom or a nitro or trifluoromethyl 
group; R represents a hydrogen atom or a lower alkyl 
group; R represents an acyl group derived from a natu 
rally occurring amino acid (all such groups which con 
tain an asymmetric carbon atom having the L- or D,L- 
configuration) and R represents a phenyl, halophenyl 
or 2-pyridyl group 
and acid addition salts thereof. 

It will be appreciated that formula I hereinbefore 
embraces compounds of the general formulae 

R4 Ia 
a 

N-C 
N 
CH-NH-R2 

O 

45 

50 

55 

65 

2 
-continued 

Ib 

and 
c 

wherein R, R, R2, R., Ra and Rh have the significance 
given earlier and R represents a hydrogen atom or a 
methyl, cyclopropylmethyl, di(C1-4alkyl)aminoethyl, 
methoxymethyl or hydroxyethyl group. 
As used in this specification, the term "lower alkyl' 

means a straightchain or branched-chain alkyl group 
which preferably contains from 1 to 6 carbon atoms 
(e.g., methyl, ethyl, propyl, isopropyl, butyl, hexyl and 
the like). The methyl group is the preferred lower alkyl 
group. The term "halogen" means fluorine, chlorine, 
bromine or iodine. The acyl group denoted by R is 
preferably derived from a naturally occuring alpha 
amino carboxylic acid such as glycine or L- or D,L-ala 
nine, -leucine, -phenylalanine, -isoleucine, -serine, -ly 
sine, -methionine, -proline and the like. Especially pre 
ferred acyl groups are those derived from L-amino 
acids, particularly from L-phenylalanine or L-lysine. 
The preferred halogen value for R is chlorine or bro 
mine when R3 represents a phenyl or halophenyl group 
and bromine when R3 represents a 2-pyridyl group. The 
halophenyl group denoted by R includes a 
monohalophenyl group, especially an o-halophenyl 
group such as o-chlorophenyl or o-fluorophenyl, and a 
dihalophenyl group, especially an o.o'-dihalophenyl 
group such as o,o'-dichlorophenyl. 

Preferred compounds of formula Ia hereinbefore are 
those in which R represents a chlorine or bromine atom 
or a nitro group, R represents a hydrogen atom, R 
represents a phenyl, o-fluorophenyl, o-chlorophenyl or 
2-pyridyl group and R represents a hydrogen atom or 
a methyl, diethylaminoethyl or methoxymethyl group. 
Examples of compounds of formula Ia hereinbefore are: 
L-phenylalanyl-N-(4-bromo-2-picolinoylphenyl)- 
glycinamide, 

glycyl-N-(4-bromo-2-picolinoylphenyl)glycinamide, 
L-leucyl-N-(4-bromo-2-picolinoylphenyl)glycinamide, 
L-lysyl-N-(4-bromo-2-picolinoylphenyl)glycinamide, 
L-isoleucyl-N-(4-bromo-2-picolinoylphenyl)glycina 

mide, 
L-gamma-glutanyl-N-(4-bromo-2-picolinoylphenyl)- 
glycinamide, 

L-alanyl-N-(4-bromo-2-picolinoylphenyl)glycinamide, 
L-arginyl-N-(4-bromo-2-picolinoylphenyl)glycinamide, 
L-alpha-glutamyl-N-(4-bromo-2-picolinoylphenyl)- 
glycinamide, 

glycyl-N-(2-benzoyl-4-chlorophenyl)glycinamide, 
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glycyl-N-(2-benzoyl-4-nitrophenyl)glycinamide, 
L-prolyl-N-(2-benzoyl-4-nitrophenyl)glycinamide, 
glycyl-N-(2-benzoyl-4-chlorophenyl)-N-methyl 

glycinamide, 
L-alanyl-N-(2-benzoyl-4-chlorophenyl)-N-methyl 

glycinamide, 
L-phenylalanyl-N-(2-benzoyl-4-chlorophenyl)-N- 

methylglycinamide, 
L-lysyl-N-(2-benzoyl-4-chlorophenyl)-N-methyl 
glycinamide 

and 
L-leucyl-N-(2-benzoyl-4-chlorophenyl)-N-methyl 

glycinamide, 
L-phenylalanyl-N-(2-benzoyl-4-nitrophenyl)glycina 

mide, 
L-arginyl-N-(2-benzoyl-4-chlorophenyl)glycinamide, 
L-alanyl-N-(2-benzoyl-4-nitrophenyl)glycinamide, 
L-alanyl-N-2-(2'-fluorobenzoyl)-4-nitrophenyl-N- 

methylglycinamide 
and 
L-phenylalanyl-N-(2-benzoyl-4-chlorophenyl)-N-meth 

yl-L-alaninamide 
Preferred compounds of formula Ib hereinbefore are 

those in which R represents a chlorine atom, Rl repre 
sents a hydrogen atom, R represents a phenyl or o 
chlorophenyl group and Ra represents a methyl or hy 
droxymethyl group. 

Examples of compounds of formula Ib are: 
5-chloro-2-3-(L-phenylalanylaminomethyl)-5-methyl 

4H-1,2,4-triazol-4-yl)benzophenone, 
5-chloro-2-3-(L-lysylaminomethyl)-5-methyl-4H-1,2,4- 

triazol-4-yl)benzophenone, 
2",5-dichloro-2-3-(L-phenylalanylaminomethyl)-5- 

methyl-4H-1,2,4-triazol-4-yl)benzophenone, 
2,5-dichloro-2-3-(L-lysylaminomethyl)-5-methyl-4H 

1,2,4-triazol-4-ylbenzophenone and 
2,5-dichloro-2-(3-glycylaminomethyl-5-methyl-4H 

1,2,4-triazol-4-yl)benzophenone. 
Preferred compounds of formula Ic hereinbefore are 

those in which R represents a chlorine atom, R repre 
sents a hydrogen atom, R3 represents a phenyl or o 
fluorophenyl group, R represents a methyl or hydroxy 
methyl group and R represents a hydrogen atom. 
Examples of compounds of formula Ic are: 

5-chloro-2'-fluoro-2-(5-(L-leucylaminomethyl)-2-meth 
yl-1-imidazolylbenzophenone and 

5-chloro-2'-fluoro-2-(5-(L-alanylaminomethyl)-2-meth 
yl-1-imidazolylbenzophenone. 
According to the process provided by the present 

invention, the substituted phenyl ketones aforesaid (i.e., 
the compounds of formula I hereinbefore and their acid 
addition salts) are manufactured by 

a. cleaving off in accordance with methods known 
per se the protecting group or protecting groups pres 
ent in the group R20 in a compound of the general for 
mula 

R 

A-B-CH-NH-R20 

wherein A, B, R, R and Rhave the significance given 
earlier and R20 represents the acyl group of a naturally 
occurring amino acid in which the amino group or 

O 

15 

20 

25 

30 

35 

45 

50 

55 

65 

4. 
amino groups present is/are in protected form and any 
other functional group which may be present is in pro 
tected form where required (all such acyl groups which 
contain an asymmetric carbon atom having the L- or 
D.L-configuration) or 

b. resolving a racemate of formula I hereinbefore into 
its optical isomers and isolating the L-isomer or 

c. for the manufacture of a compound of formula I in 
which A represents nitrogen atom which may be substi 
tuted by a methyl, cyclopropylmethyl, di(C. alkyl) 
aminoethyl, methoxymethyl or hydroxyethyl group 
and B represents a carbonyl group, R represents a nitro 
group and R2 represents an acyl group derived from a 
naturally occurring amino acid which is not affected by 
nitrating agents (all such groups which contain an 
asymmetric carbon atom having the L- or D,L-configu 
ration), nitrating a compound of the general formula 

wherein R, R and Rhave the significance given ear 
lier and R represents an acyl group derived from a 
naturally occurring amino acid which is not affected by 
nitrating agents (all such groups which contain an 
asymmetric carbon atom having the L- or D,L-configu 
ration) - 
and, if desired, converting a free base obtained into an 
acid addition salt or converting an acid addition salt 
obtained into a free base or into a different acid addition 
salt. 
The amino group or amino groups present in the acyl 

group denoted by R20 in formula II can be protected 
with any amino protecting group which is well known 
in peptide chemistry. Especially suitable amino protect 
ing groups for the purpose of the present invention are 
aralkoxycarbonyl groups, particularly the benzylox 
ycarbonyl group, and the tertbutoxycarbonyl group. 
The amino protecting group may also be a formyl, trityl 
or trifluoroacetyl group. Any carboxy or hydroxy 
group which may be present in the acyl group denoted 
by R20 in formula II can be protected by a conventional 
carboxy protecting or hydroxy protecting group re 
spectively. For example, a carboxy group may be pro 
tected by conversion into an alkyl ester (e.g., a tertbutyl 
ester) or an aralkyl ester (e.g., a benzyl ester). Again, for 
example, a hydroxy group may be protected, for exam 
ple, by means of an aralkoxycarbonyl group (e.g., ben 
Zyloxycarbonyl), an alkanoyl group (e.g., acetyl, propi 
onyl, etc.), an aroyl group (e.g., benzoyl), an alkyl 
group (e.g., tertbutyl) or an aralkyl group (e.g., benzyl). 
The protection of other functional groups present in the 
acyl group denoted by R20 may be carried out in a 
known manner. 
The removal of the protecting group or protecting 

groups present in the acyl group denoted by R20 in a 
compound of formula II is carried out in accordance 
with methods known per se; that is to say, methods in 
actual use for or described in the literature on the re 
moval of protecting groups. In a preferred embodiment 
of the present process, the acyl group denoted by R20 
carries a protecting group or protecting groups which 
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are removable by hydrolysis. Thus, for example, an 
aralkoxycarbonyl group (e.g., benzyloxycarbonyl) or a 
tertbutoxycarbonyl group may be removed by treat 
ment with a mixture of hydrogen bromide and acetic 
acid. The tertbutoxycarbonyl group may also be re 
moved by means of hydrogen chloride in an organic 
solvent (e.g., dioxan) or by means of trifluoroacetic 
acid. A benzyloxycarbonyl or a tertbutoxycarbonyl 
group may also be removed by treatment with boron 
trichloride or boron tribromide in an inert organic sol 
went such as dichloromethane. 
A racemate of formula I hereinbefore can be split up 

into its optical isomers in accordance with known meth 
ods; for example, with the aid of an appropriate opti 
cally active acid. The desired L-isomer can be obtained 
according to known methods such as fractional crystal 
lization of the diastereoisomeric salts obtained. 
The nitration of a compound of formula III hereinbe 

fore can be carried out according to methods known 
per se. For example, the nitration can be carried out 
using an alkali metal nitrate, preferably potassium ni 
trate, in the presence of a strong mineral acid, prefera 
bly anhydrous sulfuric acid, or a strong organic acid, 
preferably anhydrous trifluoroacetic acid. The acyl 
group denoted by R2 in the compounds of formula III 
is preferably derived from glycine or L- or D,L-alanine, 
valine, leucine, isoleucine, lysine, proline or aspartic 
acid. 
The starting materials of formula II hereinbefore can 

be prepared by a variety of routes. 
Thus, starting materials of formula II can be pre 

pared, for example, by condensing an amine of the gen 
eral formula 

R W 

wherein A, B, R, R and R3have the significance given 
earlier with an appropriately protected amino acid or a 
reactive derivative thereof. 
The condensation can be carried out in accordance 

with methods which are known perse in peptide chem 
istry; for example, by the mixed anhydride, azide, acti 
wated ester or acid chloride method, 

In one method, an appropriate amine of formula IV 
can be condensed with an appropriately protected 
amino acid in which the terminal carboxy function is a 
mixed anhydride residue formed with an organic or 
inorganic acid. Suitably, such an amino acid carrying a 
free carboxy function is treated with a tertiary base such 
as a tri(lower alkyl)amine (e.g., triethylamine) or N 
ethylmorpholine in an inert organic solvent (e.g., tetra 
hydrofuran, dichloromethane or 1,2-dimethoxyethane) 
and the resulting salt is reacted with a chloroformic acid 
ester (e.g., the ethyl or isobutyl ester) at a low tempera 
ture. The mixed anhydride obtained is then suitably 
condensed in situ with the amine of formula IV. 

In another method, an appropriate amine of formula 
IV can be condensed with an appropriately protected 
amino acid in which the terminal carboxy group is in 
the form of an acid azide. This condensation is prefera 

O 

15 

20 

25 

30 

35 

45 

6 
bly carried out in an inert organic solvent such as di 
methylformamide or ethyl acetate at a low temperature. 

In yet another method, an appropriate amine of for 
mula IV can be condensed with an appropriately pro 
tected amino acid in which the terminal carboxy func 
tion is in the form of an active ester group (e.g., the 
p-nitrophenyl, 2,4,5-trichlorophenyl or N-hydroxysuc 
cinimide ester group). This condensation is suitably 
carried out at about -20° C. in an inert organic solvent 
such as dimethylformamide. 

In a further method, an appropriate amine of formula 
IV can be condensed with an appropriately protected 
amino acid in which the terminal carboxy function is in 
the form of an acid chloride. This condensation is pref 
erably carried out in the presence of a base and at a low 
temperature. 

Alternatively, starting materials of formula II in 
which A represents a nitrogen atom which may be 
substituted by a methyl, cyclopropylmethyl, di(C-3alk 
yl)aminoethyl, methoxymethyl or hydroxyethyl group 
and B represents a carbonyl group can be prepared by 
condensing a compound of the general formula 

R4 W 

NH 

R CEO 

k 
wherein R, Rand Rhave the significance given earlier 
with an appropriately protected dipeptide or a reactive 
derivative thereof using one of the methods described 
hereinbefore in connection with the condensation of an 
amine of formula IV with a protected amino acid or a 
reactive derivative thereof. 
The amines of formula IV hereinbefore in which A 

represents a nitrogen atom which may be substituted by 
a methyl, cyclopropylmethyl, di(C1-4alkyl)aminoethyl, 
methoxymethyl or hydroxyethyl group and B repre 
sents a carbonyl group can be obtained, for example, by 
condensing a compound of formula V hereinbefore 
with an appropriately protected amino acid or a reac 
tive derivative thereof followed by removal of the pro 
tected group in the manner previously described. 

Alternatively, the amines of formula IV in which A 
represents a nitrogen atom which is substituted by a 
di(C-4alkyl)aminoethyl group and B represents a car 
bonyl group and/or R3 represents a 2-pyridyl group or 
in which A and B together represent a grouping of 

55 

65 

formula (i) hereinbefore can be obtained by hydrolyzing 
a 1,4-benzodiazepine of the general formula 

w 

wherein A, B, R, R30 have any of the values accorded 
to A, B, R, R and Rhereinbefore with the proviso that 
when A' represents a nitrogen atom which may be 
substituted by a methyl, cyclopropylmethyl, methox 
ymethyl or hydroxyethyl group and B represents a 
carbonyl group, then R30 represents a 2-pyridyl group 
with a mineral acid. Thus, a 1,4-benzodiazepine of for 
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mula VI can be hydrolyzed with sulfuric acid, nitric 
acid, phosphoric acid or, preferably, a hydrohalic acid 
such as hydrochloric acid. The hydrolysis is preferably 
carried out at a temperature of ca 20-30 C. 
The 1,4-benzodiazepines of formula VI hereinbefore 5 

in which A" and B" together represent a grouping of 
formula (i) wherein X represents C-R do not form 
part of the present invention, but their preparation is 
described herein for sake of completeness. They may be 
prepared, for example, by the nitrosation of a com 
pound of the general formula 

10 

NH-CH W 

N=c' 15 
CH-R 

/ 
R EN 

k 
20 

wherein R,R and R3have the significance given earlier 
to give a compound of the general formula 

fH, VIII 25 
N-NO 

W 
NEC 

W 

?ch-R 
R CEN 30 

s 
wherein R, R and R have the significance given ear 
lier. 

This nitrosation may be carried out using nitrous acid 
which is formed in situ. Reagents which may be used 
for this purpose include alkali metal nitrites (e.g., so 
dium nitrite) in the presence of an inorganic or organic 
acid (e.g., glacial acetic acid) and an aqueous or non 
aqueous solvent, alkyl nitrites (e.g., methyl nitrite) in 
the presence of an inert solvent such as an alkanol, a 
chlorinated hydrocarbon or dimethylformamide, and a 
solution of nitrosyl chloride gas in an inert solvent and 
in the presence of an acid acceptor (e.g., pyridine). Such 
a nitrosation should be carried out at a temperature 
below room temperature (e.g., a temperature in the 
range of -20° C. to 25 C.). 

It will be appreciated that the grouping -N(CH3) 
(NO) in the 2-position of a compound of formula VIII is 
a leaving group and that equivalent leaving groups may 
be present in said position. Examples of such equivalent 
leaving groups include groups such as alkoxide groups 
such as -OCH3, alkylthio groups such as -SCH3 and 

35 

45 

50 

phosphate groups such as 55 

-O-PO N O 

\-/ 60 

Reactions to provide alkoxide and alkylthio groups 
are well known; see, for example, G. A. Archer and L. 
H. Sternbach, Journal of Organic Chemistry, 29, 231 65 
(1964) and U.S. Pat. No. 3,681,341. 
A compound of formula VIII is then condensed with 

a nitroalkane of the general formula 

R" -CH2-NO2 X 

wherein R represents hydrogen or lower alkyl to give 
a compound of the general formula 

No. X 
H C-Rh 

CH-R 

wherein R, R, R and Rb" have the significance given 
earlier. 
The reaction of a compound of formula VIII with a 

nitroalkane of formula IX (e.g., nitromethane, nitroeth 
ane, etc.) is carried out in the presence of a base which 
is sufficiently strong to generate the nitroalkane anion. 
Suitable bases include alkali metal and alkaline earth 
metal alkoxides (e.g., potassium tert. butoxide), amides 
(e.g., lithium amide) and hydrides (e.g., sodium hy 
dride). The reaction is preferably carried out in an inert 
solvent such as dinnethylformamide, dimethylsulfoxide 
or an ether (e.g., tetrahydrofuran) at a temperature 
below or above room temperature (e.g., in the range of 
-50° C. to 150° C.), preferably at about room tempera 
ture. 

A compound of formula X is then reduced by cata 
lytic hydrogenation (e.g., using hydrogen in the pres 
ence of Raney nickel) or by means of a reducing agent 
such as lithium aluminum hydride to give a compound 
of the general formula 

wherein R, R and R have the significance given 
earlier and R' represents a halogen atom or an amino or 
trifluoromethyl group. 
The above definition of R' in formula XI results from 

the conversion of a nitro group into an amino group 
under the conditions used in the reduction of a com 
pound of formula X. 

Solvents suitable for the hydrogenation in the pres 
ence of Raney nickel include alkanols (e.g., ethanol), 
ethers (e.g., tetrahydrofuran, diethyl ether, etc.), hydro 
carbons (e.g., toluene) and dimethylformamide. The 
temperature at which this catalytic hydrogenation is 
carried out may be above or below room temperature 
(e.g., -50 C. to 150 C.). This catalytic hydrogenation 
may be carried out with or without pressure (e.g., a 
pressure of one atmosphere or above). 

Solvents suitable for the reduction using a reducing 
agent such as lithium aluminum hydride include ethers 
such as tetrahydrofuran, dioxane and diethyl ether and 
mixtures of ethers and hydrocarbons such as tetrahy 
drofuran and benzene. This reduction may be carried 
out at a temperature of from below room temperature 
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to the reflux temperature of the mixture, preferably at a 
temperature in the range of -50° C. to 60° C. 
A compound of formula XI is then acylated with an 

acylating agent yielding the moiety R' CO-, in which 
Ra' represents hydrogen or lower alkyl, such as an acid 
halide or acid anhydride (e.g., acetic anhydride and 
acetyl chloride) to give a compound of the general 
formula 

NH-COR X 

wherein R, R3, Ra' and R' have the significance given 
earlier, R has the same significance as in formula XI 
and Y represents a hydrogen atom or the moiety R' 
CO-. 
The acylation of a compound of formula XI may 

yield a mixture consisting of the predominant monoacy 
lated product (i.e., in which the amino group is con 
verted into a -NH-COR" group) and the diacylated 
product in which both the amino group and nitrogen 
atom in the 1-position are acylated. The yield of diacy 
lated product may be increased by subjecting a com 
pound of formula XI to more rigorous conditions (i.e., 
the use of excess acylating agent and increased acyla 
tion time). 
The acylation is preferably carried out in the pres 

ence of an aqueous or non-aqueous solvent (e.g., water, 
methylene chloride, benzene, chloroform, etc.) and 
preferably in the presence of an acid acceptor such as an 
organic base (e.g., an alkali metal carbonate) or an inor 
ganic base (e.g., triethylamine or pyridine). 
A compound of formula XII is subsequently cyclized 

to yield a compound of the general formula 

XI 

wherein R, R, Ra' and Rb" have the significance given 
earlier and R' has the significance given in formula XI. 
The cyclization of a compound of formula XII is 

carried out using a dehydrating agent such as phospho 
rous pentoxide, polyphosphoric acid or other suitable 
acid catalysts (e.g., an organic or inorganic acid such as 
concentrated sulfuric acid). A solvent is not required, 
but a solvent such as an aromatic hydrocarbon (e.g., 
toluene or xylene) may be used. The cyclization is car 
ried out at a temperature of from about 100° C. to 200 
C. 
A compound of formula XI can also be reacted with 

an acylating agent such as an orthoester (e.g., trie 
thylorthoacetate), an orthoamide (e.g., the N,N-dime 
thylformamide dimethyl acetal) or tris (dimethylamino) 
methane, if desired in the presence of an acid catalyst 
such as an organic acid (e.g., paratoluenesulfonic acid) 

10 
or an inorganic acid (e.g., phosphoric acid) and at room 
temperature or a temperature above room temperature 
(e.g., 25 C. to 150 C.), in which instance the cycliza 
tion, to a compound of formula XIII occurs spontane 
ously. Other useful acylating agents include esters (e.g., 
methyl acetate), amides (e.g., acetamide), nitriles (e.g., 
acetonitrile) and ester imidates. 
A compound of formula XIII is then dehydrogenated 

to yield an imidazobenzodiazepine of the general for 
O mula 

MN XV 
5 ^ C-Rh 

N a 
N - C 

V 
CH-R 
W 

R EN 
20 

wherein R, R, R and R' have the significance given 
earlier and R' has the significance given in formula XI. 
The dehydrogenation of a compound of formula XIII 

is preferably carried out using manganese dioxide or 
palladium-on-carbon, although potassium permanga 
nate may also be used. Solvents which may be used 
include chlorinated hydrocarbons, aromatic hydrocar 
bons, dinnethylformamide, etc. The dehydrogenation is 
carried out at room temperature or at a temperature 
above room temperature (e.g., in the range of from 
about 25° C. to 200 C.). 
The foregoing procedure may be carried out from 

compounds of formulae X or XI without isolation of 
any further intermediate compounds. 
Compounds corresponding to formula XIV but 

wherein R' represents a hydroxymethyl group can be 
prepared as follows: 
A compound of formula VIII or a corresponding 

phosphate is reacted with dimethylmalonate, under the 
conditions described earlier for the reaction of these 
compounds with a nitroalkane of formula IX, to give a 

25 

30 

35 

45 compound of the general formula 

fooch, XV 
C-COOCH SO ? 
V 
CH-Ri 
/ 

R CEN 

3. 
55 R 

wherein R, R and R3have the significance given earlier 
which is then converted into a compound of the general 
formula 

60 

CH-COOCH XV 
H A 
N-C 

CH-R 
65 

R CN 

k 
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wherein R, R and Rhave the significance given earlier 
by refluxing with methanolic potassium hydroxide. 
Upon treatment with nitrous acid (e.g., by adding so 
dium nitrite to a solution of a compound of formula 
XVI in glacial acetic acid) there is formed a compound 
of the general formula 

NOH 

C-COOCH 

NC 

CH-R 

CN 

k 
wherein R, R and R3have the significance given earlier 
which is then catalytically hydrogenated (e.g., in the 
presence of Raney nickel) to a compound of the general 
formula 

NH2 XVI 

C-COOCH 
H A 
N-C 

CH-R 

R CeN 

wherein R, R and Rhave the significance given earlier 
which is then treated with an orthoester of the general 
formula 

R" C(OCH5) XX 

wherein R has the significance given earlier to yield a 
compound of the general formula 

/N XX 
-/ C-COOCH 

N a 
N- C 

V 
CH-R 

A 
R CN 

3 R. 

wherein R', R, R and Ra' have the significance given 
earlier. The carbomethoxy group in the 3-position of 
the compound of formula XX can be converted into the 
hydroxymethyl group by means of lithium aluminum 
hydride. 

1-Hydroxymethyl-4H-imidazol,5-a1,4)benzodiaze 
pines can be prepared starting from corresponding l 
methyl compounds. By treatment with an N-oxide pro 
viding agent such as m-chlorobenzoic acid, there can be 
obtained three different N-oxides, viz. the 5-oxide, the 
2-oxide and the 2,5-dioxide, which can be separated by 
chromatography. The 2-oxide function can be selec 
tively rearranged with acetic anhydride to give a 1 
acetoxymethyl-2-desoxy compound and it is thus not 
necessary to separate the 2-oxide and the 2,5-dioxide for 
the preparation of the aforementioned 1-acetoxymeth 
yl-2-desoxy compound since the 5-oxide function of a 
product obtained by subjecting a 2,5-dioxide to the said 
selective rearrangement can be reduced by phospho 
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12 
rous trichloride. The acetoxymethyl group in the 1 
position of the compounds thus obtained can be easily 
converted into the hydroxymethyl group, e.g., by 
means of sodium methoxide in methanol. 

It will be appreciated that when a compound of for 
mula XI or XVIII in which R" represents an amino 
group is acylated, then such amino group may be acyl 
ated to an acylamino group. An acylamino group can be 
converted back into an amino group by mild hydrolysis. 
It will also be appreciated that compounds in which R' 
represents an amino group can be converted into corre 
sponding nitro compounds by the well known Sand 
meyer reaction; see, for example, E. R. Ward, C. D. 
Johnson and J. G. Hawkins, J. Chem. Soc., 894 (1960). 
The starting materials of formula III hereinbefore can 

be prepared in the same manner as described hereinbe 
fore for the manufacture of the corresponding com 
pounds of formula I, but using appropriate compounds 
in which R represents a hydrogen atom. 
The compounds of formula I hereinbefore form acid 

addition salts with inorganic acids (e.g., hydrohalic 
acids such as hydrochloric acid and hydrobromic acid, 
sulfuric acid, phosphoric acid and nitric acid) and with 
organic acids (e.g., acetic acid, succinic acid, glycolic 
acid, lactic acid, gluconic acid, tartaric acid, citric acid, 
maleic acid, malic acid, fumaric acid, methanesulfonic 
acid, paratoluenesulfonic acid, oxalic acid, ascorbic 
acid, benzoic acid, hydroxyethane sulfonic acid, 1,2-die 
thane sulfonic acid, etc.). The pharmaceutically accept 
able acid addition salts are preferred. The acid addition 
salts can be prepared according to well known methods; 
for example, by treating a base with an appropriate acid. 
An acid addition salt may also be converted into a dif 
ferent acid addition salt by means of a suitable anion 
exchange resin (e.g., Amberlite IRA-401 in the chloride 
form). 
The compounds of formula I hereinbefore and their 

acid addition salts possess sedative, muscle relaxant and 
anticonvulsant activity. Of particular interest are those 
pharmaceutically acceptable acid addition salts which 
are water soluble since they can be readily administered 
by injection; for example, in dentistry for the induction 
of anaesthesia and in the management of acute convul 
sive disorders and status epilepticus. 
The anticonvulsant activity of the substituted phenyl 

ketones of the present invention is demonstrated by 
administering them to mice and then subjecting the 
thus-treated mice to the well known pentatetrame 
thylenetetrazole test. In this test, L-phenylalanyl-N-(2- 
benzoyl-4-chlorophenyl)-N-methylglycinamide hydro 
bromide, which has an LD50 of 70 mg/kg i.v. in mice, 
has an ED50 of 2.0 mg/kg i.v. in mice. Also in this test, 
5-chloro-2'-fluoro-2-5-(L-leucylaminomethyl)-2-meth 
yl-1-imidazolylbenzophenone, which has an LD50 of 
119 mg/kg i.v. in mice, has an ED50 of 2.0 mg/kg i.v. in 
mice. The muscle relaxant activity can be demonstrated 
in the well known rotating rod test. In this test, L 
phenylalanyl-N-(2-benzoyl-4-chlorophenyl)-N-methyl 
glycinamide hydrobromide has an ED50 of 4.2 mg/kg 
i.v. in mice. Also in this test, 5-chloro-2'-fluoro-2-(5-(L- 
leucylaminomethyl)-2-methyl-1-imidazolyl-benzophe 
none has an ED50 of 20 mg/kg i.v. in mice. 
The compounds of formula I and their pharmaceuti 

cally acceptable acid addition salts may be used as medi 
caments; for example, in the form of pharmaceutical 
preparations which contain them in association with a 
compatible pharmaceutical carrier material. This car 
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rier material can be an organic or inorganic carrier 
material suitable for enteral or parenteral administration 
(e.g., water, lactose, gelatin, starches, magnesium stea 
rate, talc, vegetable oils, gums, polyalkyleneglycols, 
petroleum jelly, etc.). The pharmaceutical preparations 
can be made up in a solid form (e.g., as tablets, dragees, 
capsules, etc.) or in a liquid form (e.g., solutions, suspen 
sions or emulsions). Pharmaceutical preparations in a 
form adapted for injection purposes are preferred. The 
pharmaceutical preparations may be subjected to con 
ventional pharmaceutical operations such as steriliza 
tion and/or may contain conventional pharmaceutical 
adjuvants such as preservatives, stabilizers, wetting 
agents, emulsifiers, buffers, etc. 
The dosages in which the compounds of formula I 

and their pharmaceutically acceptable acid addition 
salts may be administered can vary depending on the 
requirements of the patient and the directions of the 
attending physician. A dosage of from 0.01 mg/kg/day 
to 1 mg/kg/day is, however, preferred. 
The following examples illustrate the process pro 

vided by the present invention. The structure of all 
products obtained was confirmed by standard proce 
dures including infrared and nuclear magnetic reso 
nance spectroscopy. 

EXAMPLE 1. 

The Preparation of the Starting Material 
i. 100g. of 7-bromo-1,3-dihydro-5-(2-pyridyl)-2H-1,4- 

benzodiazepin-2-one were dissolved in 750 ml. of 2-N 
hydrochloric acid and left at room temperature over 
night. The solution was evaporated to an oil which was 
dissolved in water and re-evaporated. The final traces 
of water were removed by shaking the oil with 50% 
methanol/toluene followed by evaporation. This treat 
ment was repeated three times with 50% methanol/tol 
uene and twice with toluene. There was obtained a 
pale-yellow to orange solid which was dried at 50° C. 
under a vacuum. The product was characterised by its 
spectral data and was shown by titration to contain 2.5 
moles of hydrogen chloride to one mole of 2-amino-N- 
(4-bromo-2-picolinoylphenyl)acetamide (133.5g: 99%). 
After prolonged drying over sodium hydroxide, there 
was obtained an analytical sample which was stoichio 
metric. 

Analysis for C14H4BrCl2N3O2 (407.11): Calculated: 
C: 41.31, H: 3.47; N: 10.32; Br: 19.63; Cl: 1742; Found: 
C: 41.02; H: 3.61; N: 10.11; Br: 20.08; Cl: 17.82. 

ii. 7.24 g. of N-benzyloxycarbonyl-L-phenylalanine 

O 
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N-hydroxysuccinimide ester were dissolved in 80 ml. of 50 
dimethylformamide, the solution was cooled to -20 
C. and 8.48 g. of the dihydrochloride, prepared as de 
scribed in paragraph (i), were added. 6.16 ml of N 
ethylmorpholine were then added over a period of 0.5 
hour to the vigorously stirred suspension. The resulting 
mixture was subsequently stirred for 1 hour at -20° C. 
and overnight at room temperature. The solvent was 
removed in vacuo and the residue dissolved in a mixture 
of chloroform and water. The layers were separated 
and the aqueous layer extracted with a further portion 
of chloroform. The combined organic phases were 
washed five times with water, dried over magnesium 
sulphate and evaporated to an oil. Crystallisation from 
hot ethanol yielded 10.0 g. (64%) of (N-benzyloxycar 
bonyl-L-phenylalanyl)-N-(4-bromo-2-picolinoyl 
phenyl)glycinamide of melting point 157-183° C. (slow 
decomposition). 

Analysis for C3H27 BrN4Os (615.50): 

55 
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Calculated: C: 60.49; H: 4.42; N: 9. 10; Found: C: 

60.44; H: 4.41; N: 8.90. 
B. The Process 
4.0 g of (N-benzyloxycarbonyl-L-phenylalanyl)-N- 

(4-bromo-2-picolinolyphenyl)glycinamide were stirred 
for 1 hour in a solution of 35% hydrogen bromide in 
glacial acetic acid. Dry diethyl ether was then added 
and the separated solid was filtered off, washed with 
diethyl ether and dried in vacuo. The crude product 
was dissolved in a minimum amount of dry methanol 
and treated with ethyl acetate, whereby the product 
separated. There were obtained 3.8 g. (91%) of L 
phenylalanyl-N-(4-bromo-2-picolinoylphenyl)glycina 
mide dihydrobromide of melting point 182 C. (decom 
position); a)20D = +28.4 (c = 1 in water). 

Analysis for C23H3Br3N4O3 (643.20): Calculated: C: 
42.95; H: 3.60; N; 8.71; Br: 37.27; Found: C: 42.53; H: 
3.68; N: 8,35; Br: 37.04. 

2.0 g of the foregoing dihydrobromide were dis 
solved in 10 ml. of water and dilute ammonium hydrox 
ide solution was added slowly with stirring until the 
solution was basic. The yellow oil which separated 
crystallised on standing. The product was filtered off, 
washed with water, dried in vacuo and recrystallised 
from ethanol/water. There were obtained 1.18 g. (79%) 
of the free base, L-phenylalanyl-N-(4-bromo-2- 
picolinoylphenyl)glycinamide, of melting point 60° C. 
(decomposition) and a D20 = +26.7 (c = 1 in 1-N- 
hydrochloric acid). 

Analysis for C23H2BrNO3 (481.36): Calculated: C: 
57.39; H: 4.40; N; 11.64; Br: 16.60; Found: C: 56.96; H: 
4.42; N; 11.48; Br: 16.42. 

EXAMPLE 2 

In a manner analogous to that described in Example 
1, there was obtained glycyl-N-(4-bromo-2-picolinoyl 
phenyl)-glycinamide of melting point 97-100° C. 

Analysis for C6H15BrN4O3 (391.23): Calculated: C: 
49.11; H: 3.87; N: 14.32; Br: 20.42; Found: C: 48.95; H: 
3.92; N: 14.15; Br: 20.55. 

EXAMPLE 3 

In a manner analogous to that described in Example 
1, there was obtained L-lysyl-N-(4-bromo-2-picolinoyl 
phenyl)-glycinamide trihydrobromide of melting point 
220 C. (decomposition); ap20 = -- 16.8 (c = 1 in wa 
ter). 

Analysis for C20H27BraNsO3 (705. 11): Calculated: C: 
34.07; H: 3.86; N: 9.93; Br: 45.34; Brion: 34.00; Found: 
C: 34.29; H: 4.25; N: 9.73; Br; 44.60; Brion: 33.32; H2O: 
0.96; Water-free: C: 34.62; H: 4, 18; N: 9.82; Br: 45.03; Br 
ion: 33.64. 

EXAMPLE 4 

A. The Preparation of the Starting Material 
3.18 g. of N-benzyloxycarbonyl-L-isoleucine were 

dissolved in 25 ml. of dry tetrahydrofuran and cooled to 
-10° C. 1.57 ml. of isobutylchloroformate and 1.52 ml. 
of N-ethylmorpholine were added and the resulting 
solution was stirred at -10° C. for 20 minutes. 4.24 g. of 
2-amino-N-(4-bromo-2-picolinoylphenyl)-acetamide 
dihydrochloride, prepared as described in part A(i) of 
Example 1, were added and the resulting suspension 
was cooled to -20 C. 3.13 ml. of N-ethylmorpholine in 
25 ml. of dimethylformamide were added to the vigor 
ously stirred suspension over a period of 0.5 hour. The 
resulting mixture was stirred at -20°C. for a further 40 
minutes and left at room temperature overnight. The 
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product was worked up in a manner analogous to that 
described in part (A) (ii) of Example 1. Recrystallisation 
from ethanol yielded 4.2 g (60%) of (N-benzyloxycar 
bonyl-L-isoleucyl)-N-(4-bromo-2-picolinoylphenyl)- 
glycinamide of melting point 174-176 C. 

Analysis for C28H29BrN4O5 (581.48): Calculated: C: 
57.84; H: 5.03; N: 9.64; Br: 13.74; Found: C: 57.84; H: 
5.02; N: 9.39; Br: 13.67. 

B. The Process 
2.0 g. (N-benzyloxycarbonyl-L-isoleucyl)-N-(4- 

bromo-2-picolinoylphenyl)glycinamide were stirred for 
1 hour in a solution of 35% hydrogen bromide in glacial 
acetic acid. Dry diethyl ether was then added and the 
solid which separated was filtered off, washed with 
diethyl ether and dried in vacuo. Two precipitations 
from methanol/ethyl acetate yielded 1.9 g. (91%) of 
L-isoleucyl-N-(4-bromo-2-picolinoylphenyl)glycina 
mide dihydrobromide of melting point 174 C. (decom 
position). 

1.0 g of the foregoing dihydrobromide was dissolved 
in 10 ml of water and dilute ammonium hydroxide 
solution was added with stirring until the solution was 
basic. The resulting oil crystallised on standing, the 
crystals were filtered off, washed with water and dried 
in vacuo to give 0.65 g. (89%) of the free base, L-isoleu 
cyl-N-(4-bromo-2-picolinoylphenyl)glycinamide, of 
melting point from 54 C. (slow decomposition); 
ap20 = + 29.6 (c = 1 in 1-N hydrochloric acid). 
Analysis for C20H23 BrN4O3 (447.34): Calculated: C: 

53.70, H: 5.18; N; 12.52; Br: 17.87; Found: C: 52.97; H: 
5.23; N: 12.26; Br: 17.85; H2O: 1.75; Water-free: C: 
53.37; H: 5.18; N; 12.35; Br: 17.98. 

EXAMPLES 

In a manner analogous to that described in Example 
4, but using N-benzyloxycarbonyl-L-arginine monohy 
drobromide, there was obtained L-arginyl-N-(4-bromo 
2-picolinoylphenyl)glycinamide trihydrobromide hy 
drate as a lyophilised solid ap = + 10.9" (c= 1 in wa 
ter). 

Analysis for C20H29BrNJO4 (751.14): Calculated: C: 
32.00; H: 3.89; N: 13.05; Brion 31.92; Found: C: 31.85; 
H: 3.88; N: 13.00; Brion 32.20. 

EXAMPLE 6 

In a manner analogous to that described in Example 
4, but using N-benzyloxycarbonyl-L-glutamic acid y 
tertbutyl ester, there was obtained a-glutamyl-N-(4- 
bromo-2-picolinoylphenyl)glycinamide hydrobromide 
(1:1.85) of melting point 153-170° C. (slow decomposi 
tion); apo = -20.0 (c = 1 in water). 

Analysis for C19H19BrN4Os. 1.85 HBr (612.98): Cal 
culated: C: 37.23; H: 3.43; N: 9.14; Br: 37.15; Found: C: 
36.68; H: 3.69; N: 8.64; Br: 36.55; H2O: 1.28; Water-free: 
C: 37.16; H: 3.59; N: 8.75; Br; 37.02. 

EXAMPLE 7 

A. The Preparation of the Starting Material 
In a manner analogous to that described in Example 

4A there was obtained (N,N-ditertbutoxycarbonyl-L- 
lysyl)-N-(4-bromo-2-picolinoylphenyl)glycinamide of 
melting point 135-137° C. 

Analysis for CoHaoBrN5O7 (662.59): Calculated: C: 
54.38; H: 6.09; N: 10.57; Br: 12.06; Found: C: 54.33; H: 
5.87; N: 0.34; Br: 12.24. 

B. The Process 
1.0 g of (N,N-ditertbutoxycarbonyl-L-lysyl)-N-(4- 

bromo-2-picolinoylphenyl)glycinamide was stirred for 
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hour in a solution of hydrogen chloride in dioxan 

(4-M). Diethyl ether was added and the solid which 
separated was filtered off, washed with diethyl ether 
and dried. The solid was dissolved in methanol and 
precipitated with ethyl acetate. The precipitate was 
dissolved in 20 ml of water and, after extraction with 
chloroform, the aqueous solution was lyophilised to 
yield 0.7 g (88%) of L-lysyl-N-(4-bromo-2-picolinoyl 
phenyl)glycinamide trihydrochloride 1.5 HO; 
ap20 = --20.1 (c = 1 in water). 
Analysis for C20H27BrCl3N5Oa. 1.5 H2O (598.76): 

Calculated: C: 40.12; H: 5.05; N: 11.70; Cl; 17.76; 
Found: C: 40.27; H: 4.92; N: 11.57; Cl; 17.62. 

EXAMPLE 8 

In a manner analogous to that described in Example 
4, there was obtained L-y-glutamyl-N-(4-bromo-2- 
picolinoylphenyl)-glycinamide of melting point 
158-161° C. (decomposition); ap20 + 121.1 (c = 1 in 
l-N-hydrochloric acid). 
Analysis for C19H19BrN4O5 (463.30): Calculated: C: 

49.26; H: 4.13; N: 12.09; Br: 17.25; Found: C: 48.26; H: 
4.40; N: 11.94; Br: 17.35; H2O: 1.24; Water-free: C: 
48.87; H: 4.31; N; 12.09: Br: 17.57. 

EXAMPLE 9 

In a manner analogous to that described in Example 
1, there was obtained L-alanyl-N-(4-bromo-2- 
picolinoylphenyl)-glycinamide of melting point 76-78 
C.; a D20 = -- 17.4 (c = 1.0225 in methanol). 

Analysis for C17H17 BrN4O3 (405.26): Calculated: C: 
50.38; H: 4.23; N: 13.82; Br: 19.71; Found: C: 50.43; H: 
4.21; N: 13.56; Br; 19.74. 

EXAMPLE O 

A. The Preparation of the Starting Material 6.56 g. of 
tertbutoxycarbonyl-L-leucyl N-hydroxysuccinimide 
ester were dissolved in 80 ml. of dimethylformamide, 
the solution was cooled to -20 C. and 8.48 g. of 2 
amino-N-(4-bromo-2-picolinoylphenyl)acetamide di 
hydrochloride were added. 6.16 ml. of N-ethylmorpho 
line were then added over a period of 30 minutes to the 
vigorously stirred suspension. The mixture was then 
stirred for one hour at -20° C. and overnight at room 
temperature. 
The working-up was carried out in the same manner 

as described in Example 1 (A) (ii). The resulting oil was 
crystallised from a mixture of ethanol and water and 
recrystallised from the same solvent mixture to yield 5.1 
g. (47%) of pure (N-tertbutoxycarbonyl-L-leucyl)-N- 
(4-bromo-2-picolinoylphenyl) glycinamide of melting 
point 129-132 C. 

Analysis for C25H3BrN4O5 (547.46): Calculated: C: 
54.85; H: 5.71; N: 10.23; Br: 14.60; Found: C. 54.73; H: 
5.83; N: 10.02; Br; 14.95. 

B. The Process 
2.0 g. of (N-tertbutoxycarbonyl-L-leucyl)-N-(4- 

bromo-2-picolinoylphenyl)glycinamide were stirred for 
one hour in a solution of hydrogen chloride in dioxan 
(4-M). Ethyl acetate was added and the solid which 
separated was filtered off, washed with ethyl acetate 
and dried in vacuo. The solid was dissolved in a mini 
mum amount of methanol and the product, L-leucyl-N- 
(4-bromo-2-picolinoylphenyl)glycinamide hydrochlo 
ride, separated on the addition of ethyl acetate. 
The hydrochloride as dissolved in 50 ml. of water and 

dilute ammonium hydroxide solution was added slowly 
with stirring until the solution was basic. The yellow oil 
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which separated crystallised on standing. The product 
was filtered off, washed with water and dried in vacuo. 
There was obtained 0.85 g. (53%) of L-leucyl-N-(4- 
bromo-2-picolinoylphenyl)-glycinamide of melting 
point 53 C. (decomposition); (a)D0= +26.0 (c = 1 in 
1-N hydrochloric acid). 

Analysis for C20H23BrNO3 (447.34): Calculated: C: 
53.70, H: 5.18; N: 12.52; Found: C: 53.35; H: 5.14; N: 
12.21; H2O: 1.32; 

Water-free: C: 54.06; H: 5.06; N: 12.37. 
EXAMPLE 1 

A. The Preparation of the Starting Material 
15.9 g of N-benzyloxycarbonylglycylglycin were 

suspended in 600 ml. of dry 1,2-dimethoxyethane and 
the suspension was cooled to -5° C. 6.06 g. of N 
methylmorpholine and 8.22 g of isobutylchloroformate 
were added and the resulting mixture was stirred at -5 
C. to -10 C. for 2 hours. Unreacted starting material 
and N-methylmorpholine hydrochloride were sepa 
rated by filtration and the filtrate (stored at -5°C. to O' 
C.) was added portionwise over a period of several 
hours to a refluxing solution of 14.7 g of 5-chloro-2- 
methylaminobenzophenone in 200 ml. of dry 1,2-dime 
thoxyethane. The resulting solution was then stirred 
under reflux overnight. 
The mixture was evaporated in vacuo and the residue 

taken up in 600 ml. of ethyl acetate, washed three times 
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with 150 ml. of water each time and with 150 ml. of 30 
saturated sodium chloride solution, dried over anhy 
drous magnesium sulphate and then evaporated to give 
30 g. of a yellow gum. Column chromatography of this 
gum on Florisil using mixtures of benzene and methanol 
yielded 12 g. (40%) of pure (N-benzyloxy-carbonyl 
glycyl)-N-(2-benzoyl-4-chlorophenyl)-N-methyl 
glycinamide as an almost colorless light-sensitive gum 
which was characterised by its spectroscopic properties 
and elemental analysis, 

Analysis for C26H24C1N3Os (493.95): Calculated: C: 
63.23; H: 4.90; N: 8,51; Cl; 7.18; Found: C: 63.61; H: 
4.87; N; 8.37; Cl: 7.02. 

B. The Process 
9.87 g. of (N-benzyloxycarbonylglycyl)-N-(2-benz 

oyl-4-chlorophenyl)-N-methylglycinamide were dis 
solved in 50 ml, of glacial acetic acid and treated with 
50 ml. of a 30% solution of hydrogen bromide in glacial 
acetic acid. The resulting solution was stirred at room 
temperature for 1 hour, treated with excess dry diethyl 
ether and the separated solid washed with several addi 
tional portions of dry diethyl and then dried in vacuo. 
The thus-obtained hygroscopic solid (7.5 g) was mainly 
glycyl-N-(2-benzoyl-4-chlorophenyl)-N-methyl 
glycinamide hydrobromide of melting point 140-150 
C. (decomposition). 

Analysis for C18H8ClN3O3. 1.2 HBr (456.9): Calcu 
lated: C:47.32; H: 4.24; N: 9.20; Brion: 20,99; Found: C: 
46.86; H: 4.59; N: 9.11; Brion: 20.70. 

4.6 g. of the foregoing crude hydrobromide were 
purified by solution in 100 ml. of 0.2-N sodium acetate 
and extraction of the solution with ether in order to 
remove by-products. The aqueous solution was then 
basified with excess sodium carbonate and extracted 
with dichloromethane to yield, after evaporation and 
de-gassing in vacuo, glycyl-N-(2-benzoyl-4-chloro 
phenyl)-N-methylglycinamide as an almost colorless 
light-sensitive glassy foam which was characterised by 
its spectroscopic properties. 
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EXAMPLE 12 

A. The Preparation of the Starting Material 
In a manner analogous to that described in Example 

8(A), there was obtained (N-benzyloxycarbonylglycyl)- 
N-(4-bromo-2-picolinoylphenyl) glycinamide of melt 
ing point 139-141 C. (from ethanol). 

B. The Process 
In a manner analogous to that described in Example 

8(B), (N-benzyloxycarbonylglycyl)-N-(4-bromo-2- 
picolinoylphenyl)-glycinamide was converted into gly 
cyl-N-(4-bromo-2-picolinoylphenyl)glycinamide of 
melting point 97-100° C. 

EXAMPLE 13 

A. The Preparation of the Starting Material 
a. 20.9 g of N-benzyloxycarbonylglycine were sus 

pended in 1500 ml. of dry 1,2-dimethoxyethane and the 
suspension was cooled to -20°C. 10.1 g of N-methyl 
morpholine and 13.7 g of isobutylchloroformate were 
added, the resulting solution was stirred at -20 C. for 
1 hour and then filtered. The filtrate (stored at -10 C. 
to 0° C.) was added portionwise over a period of serv 
eral hours to a refluxing solution of 24.55g. of 5-chloro 
2-methylaminobenzophenone in 200 ml. of 1,2-dime 
thoxyethane, the resulting mixture was boiled overnight 
and then evaporated to dryness in vacuo. The yellow 
residue was dissolved in ethyl acetate, washed with two 
portions of water and one portion of saturated sodium 
chloride solution, dried over anhydrous magnesium 
sulphate and then evaporated in vacuo. Column chro 
matography of the residue on Florisil using mixtures of 
benzene and chloroform yielded 35 g. (80%) of pure 
2-(N-benzyloxycarbonylamine)-N-(2-benzoyl-4-chloro 
phenyl)-N-methylacetamide as a pale yellow gum. 

Analysis for C24H2ClN2O4 (436.9): Calculated: C: 
65.98; H: 4.85; N: 6.41; Found: C: 65.91; H: 5.03; N: 6.51. 

43.7 g of 2-(N-benzyloxycarbonylamino)-N-(2-benz 
oyl-4-chlorophenyl)-N-methylacetamide were dis 
solved in 200 ml. of a 30% solution of hydrogen bro 
mide in glacial acetic acid and the resulting solution was 
stirred overnight at room temperature. The mixture was 
added slowly to a large excess (2000 ml) of dry ether 
with vigorous stirring. The product which separated 
was allowed to settle and the supernatant liquors were 
decanted off. The residue was triturated with 150 ml. of 
acetone and the product filtered off, washed consecu 
tively with the minimum amount of acetone and dry 
ether and dried in vacuo to give 29.5 g. (77%) of 2 
amino-N-(2-benzoyl-4-chlorophenyl)-N-methylaceta 
mide hydrobromide as a white hygroscopic powder of 
melting point 194-195 C. (decomposition). 

Analysis for C6H16BrClN2O2 (383.7): Calculated: C: 
50.10; H: 4.21; N; 7.30; Brion: 20.83; Found: C: 44.98; 
H: 3.83; N: 7.15; Brion: 21.14. 

b. 84 g. of N-benzyloxycarbonylglycine were sus 
pended in 500 ml. of alcohol-free chloroform and the 
suspension was cooled to -20° C. The stirred suspen 
sion was treated portionwise over a period of 15 min 
utes with 90 g of phosphorus pentachloride and the 
stirring was continued until a clear solution was ob 
tained. At this point, the cold mixture was added drop 
wise over a period of 30 minutes to a cold (-5 C.) 
vigorously stirred emulsion consisting of 82 g. of 5 
chloro-2-methyl-aminobenzophenone, 347 g. of potas 
sium bicarbonate, 700 ml. of chloroform and 1400 ml. of 
water. The resulting mixture was stirred for a further 1 
hour at -5° C. and then overnight at room tempera 
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ture. The stirring was then discontinued and the liquid 
phases allowed to separate. The chloroform layer was 
washed three times with 500 ml. of water each time and 
evaporated in vacuo to give 150.7 g of a viscous yellow 
gun which was shown by physical methods to be al 
most pure (above 95%) 2-(N-benzyloxycar 
bonylamino)-N-(2-benzoyl-4-chlorophenyl)-N- 
methylacetamide. 
The product obtained according to the preceding 

paragraph was dissolved in 650 ml of a 30% solution of 
hydrogen bromide in glacial acetic acid and treated in 
an identical manner to that described in part (a) of this 
Example to give 2-amino-N-(2-benzoyl-4-chloro 
phenyl)-N-methylacetamide hydrobromide in a 77% 
overall yield from 5-chloro-2-methylaminobenzophe 
O. 

c. 3.96 g of N-benzyloxycarbonyl-L-phenylalanine 
N-hydroxysuccinimide ester were dissolved in 50 ml of 
dry dimethylformamide. The resulting solution was 
cooled to -20 C, and there were added 3.84 g of 2 
amino-N-(2-benzoyl-4-chlorophenyl)-N-methylaceta 
mide hydrobromide followed by the dropwise addition 
of 1.15 g of N-ethylmorpholine. The resulting mixture 
was vigorously stirred for 1 hour at -20° C. and then 
overnight at room temperature. The solvent was evapo 
rated in vacuo and the residue dissolved in a mixture of 
dichloromethane and water. The organic and aqueous 
layers were separated and the aqueous phase extracted 
with further portions of dichloromethane. The com 
bined organic phases (250 ml) were washed three times 
with 50 ml of water each time, dried over anhydrous 
magnesium sulphate and evaporated in vacuo to give 
5.8 g of a yellow oily residue which was shown by 
physical methods to consist of a mixture of 7-chloro-1,3- 
dihydro-1-methyl-5-phenyl-2H-1,4-benzodiazepin 
2-one and (N-benzyloxycarbonyl-L-phenylalanyl)-N- 
(2-benzoyl-4-chlorophenyl)-N-methylglycinamide in 
the approximate proportions of 1:3. 
The foregoing mixture can be purified by column 

chromatography on Florisil to give pure (N-benzylox 
ycarbonyl-L-phenylalanyl)-N-(2-benzoyl-4-chloro 
phenyl)-N-methylglycinamide as an almost colourless 
light-sensitive brittle foam; a D 20= - 13.6° (c = 1 in 
ethanol). 

Analysis for C33H30ClN3O5 (584.1): Calculated: C: 
67.86; H: 5.18; N: 7.19; Cl: 6.07. Found: C: 67.76; H: 
5.08; N; 6.84; Cl: 6.16. 

Alternatively, the foregoing mixture can be subjected 
directed to removal of the protecting group as follows: 

B. The process: 
i. 5.8 g of the mixture aforesaid were dissolved in 20 

ml of a 30% solution of hydrogen bromide in glacial 
acetic acid and the solution was stirred at room temper 
ature for 3 hours. 200 ml of dry diethyl ether were then 
added. The solid which separated was collected and 
dissolved in 100 ml of water, treated with excess sodium 
carbonate and extracted with four 75 ml portions of 
diethyl ether. The combined ether extracts were then 
shaken with six 50 ml portions of 0.1-N acetic acid in 
order to separate the more strongly basic products from 
the more weakly basic byproduct (the benzodiazepin 
2-one). The combined aqueous acidic solution was 
washed with 100 ml of diethyl ether, made basic with 
excess sodium carbonate and extracted with four 75 ml 
portions of dichloromethane. The dichloromethane 
extracts were then combined, washed with saturated 
sodium chloride solution, dried over anhydrous magne 
sium sulphate and evaporated in vacuo. Thorough de 
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20 
gassing in vacuo gave 3.1 g (68%) of pure-L-phenylala 
nyl-N-(2-benzoyl-4-chlorophenyl)-N-methylglycina 
mide as an almost colourless light-sensitive brittle foam; 
a) D 20= - 11.6° (c= 1 in ethanol), 
Analysis for C25H4ClN3O3 (449.9): Calculated: C: 

66.74; H: 5.38; N: 9.34; Cl; 7.88. Found: C: 66.71; H: 
5.47; N: 9.23; Cl; 8.14. 
Treatment of the foregoing free base with an equimo 

lar amount of anhydrous (+)-tartaric acid in warm 
isopropanol gave colourless crystals of the hydrogen 
(+)-tartrate of melting point 198-200 C. 

Analysis for C29 H30ClN3O9 (600.00): Calculated: C: 
58.05; H: 5.04; N: 7.00; Cl: 5.91. Found: C: 58.32; H: 
4.98; N: 6.73; Cl: 5.90. 

ii. 5.8g of the mixture aforesaid were dissolved in 75 
ml of dry nitromethane and a slow stream of hydrogen 
bromide was passed through the solution for 10-15 
minutes. The solution was then stirred for a further 2 
hours at room temperature and then treated with an 
excess of dry diethyl ether. The solid which separated 
was treated in an identical manner to that described in 
part (i) of this Example to give 2.4 g (53%) of L 
phenylalanyl-N-(2-benzoyl-4-chlorophenyl)-N-methyl 
glycinamide, 
The foregoing free base was converted into the hy 

drochloride as follows: 4.5 g of L-phenylalanyl-N-(2- 
benzoyl-4-chlorophenyl)-N-methylglycinamide were 
dissolved in a minimum volume of methanol at room 
temperature and treated, by titration, with an exact 
equivalent of 1-N-hydrochloric acid. The solvent was 
removed from the resulting solution by evaporation in 
vacuo at room temperature and finally by lyophilisation 
to give, in quantitative yield, L-phenylalanyl-N-(2- 
benzoyl-4-chlorophenyl)-N-methylglycinamide hydro 
chloride as a hygroscopic white light-sensitive amor 
phous powder of melting point 130-150° C. (slow de 
composition); a D 20= +41.7 (c = 1 in water). 

Analysis for C25H25Cl2N3O2 (486.4): Calculated: C: 
61.74; H: 5.18; N: 8.64; Clion: 7.29. Found: C: 60.24; H: 
5.22; N: 8.30; C1 ion: 7.31; H2O: 2.17. Water-free: C: 
61.58; H: 5.08; N: 8.48; Clion: 7.47. 

EXAMPLE 14 

In a manner analogous to that described in Example 
13, there was obtained glycyl-N-(2-benzoyl-4-chloro 
phenyl)-glycinamide of melting point 136-138 C. 
(from ethanol), 

Analysis for C7H16CN3O3 (345.79): Calculated: C: 
59.05; H: 4.66; N; 12.15; Cl: 10.26. Found: C: 59.03; H: 
4.63; N: 11.79; Cl: 10.26. 

EXAMPLE 5 

In a manner analogous to Example 13, there was 
obtained glycyl-N-(2-benzoyl-4-nitrophenyl)glycina 
mide of melting point 121-123 C. (from ethanol). 

Analysis for C17H16N4O5 (356.34): Calculated: C: 
57.31; H: 4.53; N: 15.72. Found: C: 57.54; H: 4.58; N: 
15.73. 

EXAMPLE 16 

In a manner analogous to that described in Example 
13, there was obtained L-prolyl-N-(2-benzoyl-4-nitro 
phenyl)glycinamide of melting point 165-167 C. 

EXAMPLE 7 

In a manner analogous to that described in Example 
13, there was obtained L-alanyl-N-(2-benzoyl-4-chloro 
phenyl)-N-methylglycinamide hydrochloride of melt 
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ing point 115°-130° C. (slow decomposition); (a) D 
20= +7.09 (c- 1 in water), 

Analysis for C19H2Cl2NO3 (410.31): Calculated: C: 
55.62; H: 5.16; N: 10.24; Clion: 8.64. Found: C; 55.86; 
H: 5.20; N: 9.95; Clion: 8.42. 

EXAMPLE 1.8 

A. The preparation of the starting material: 
In a manner analogous to that described in Example 

13 (A), there was obtained (No, Ne-bisbenzyloxycarbo 
nyl-L-lysyl)-N-(2-benzoyl-4-chlorophenyl)-N-methyl 
glycinamide as an almost colourless light-sensitive gum; 
a D 20= -9.3 (c = 1 in ethanol). 
Analysis for C38H39ClN4O7 (699.2): Calculated: C: 

65.28; N; 5.62; N: 8.02; Cl: 5.07. Found: C: 64.90; H: 
5.56; N: 7.84; Cl: 5.25. 

B. The process: 
i. (No, Ne-Bisbenzyloxycarbonyl-L-lysyl)-N-(2-benz 

oyl-4-chlorophenyl)-N-methylglycinamide was con 
verted using a 30% solution of hydrogen bromide in 
glacial acetic acid into L-lysyl-N-(2-benzoyl-4-chloro 
phenyl)-N-methylglycinamide dihydrobromide which 
was obtained as a hygroscopic powder of melting point 
145°-160° C. (decomposition); (a) D 20= + 15.6 (c = 1 
in water). 

Analysis for C22H29Br2CN4O3 (592.8): Calculated: 
C: 44.58; H: 4,93; N: 9.45; Br ion: 26.96. Found: C: 
43.58; H: 5.17; N: 9.21; Brion: 27.43; H2O: 0.99. Water 
free: C: 44.02; H: 5.11; N: 9.30; Brion: 27.70. 
Treatment of the foregoing dihydrobromide in aque 

ous solution by passage over an excess of an anion 
exchange resin such as AMBERLITE IRA-401 in the 
chloride form followed by lyophilisation of the eluate 
gave, in quantitative yield, L-lysyl-N-(2-benzoyl-4- 
chlorophenyl)-N-methylglycinamide dihydrochloride 
as a hygroscopic white light-sensitive powder of melt 
ing point 125-145 C. (slow decomposition); a) D 
20 = + 19.3 (c= 1 in water). 

Analysis for C22H29Cl3N4O3 (503.86): Calculated: C: 
52.45; H: 5.80; N: i 1.12; Cl; 21.12; Found; C: 51.58; H: 
5.80; N: 11.18; Cl: 20.80; H2O: 0.99. Water-free: C: 
52.10, H: 5.75; N: 11.29; Cl: 21.10 

ii. 1.4 g of (No, Ne-bisbenzyloxycarbonyl-L-lysyl)-N- 
(2-benzoyl-4-chlorophenyl)-N-methylglycinamide 
were dissolved in 30 ml of dry dichloromethane, cooled 
to approximately -70 C. and treated, while stirring, 
with 2 ml of pre-cooled boron trichloride. The mixture 
was stirred under anhydrous conditions at approxi 
mately - 70° C. for 30 minutes and then allowed to 
warm slowly to room temperature over a period of 2 
hours. The mixture was evaporated to dryness in vacuo, 
the residue re-dissolved in 30 ml of fresh dry dichloro 
methane and the solution again evaporated to dryness in 
vacuo. This operation was repeated twice using dichlo 
romethane and then four times using methanol in order 
to remove the residual boron compounds as volatile 
trimethylborate. A concentrated methanolic solution of 
the residue was added slowly to 750 ml of anhydrous 
diethyl ether with vigorous stirring, the solid hygro 
scopic product collected by filtration and dried in 
vacuo. This product was dissolved in 30 ml of water, 
shaken with three 20 ml portions of ethyl acetate to 
remove traces of 5-chloro-2-methylaminobenzophe 
none and the aqueous solution lyophilised to give 0.7g 
of L-lysyl-N-(2-benzoyl-4-chlorophenyl)-N-methyl 
glycinamide dihydrochloride which was identical to 
that described in part (i) of this Example. 
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EXAMPLE 1.9 

In a manner analogous to that described in Example 
13 there was obtained L-leucyl-N-(2-benzoyl-4-chloro 
phenyl)-N-methylglycinamide in the form of a pale 
yellow gum; ap20 = -2.2" (c = 1 in ethanol). 

Analysis for C22H26ClN3O3 (415.9): 
Calculated: C: 63.54; H: 6.30; N: 10.10; Cl; 8.52; 

Found: C: 63.25; H. 6.69; N: 9.75; Cl: 8.33. 
EXAMPLE 20 

In a manner analogous to that described in Example 
13, there was obtained L-phenylalanyl-N-(2-benzoyl-4- 
nitrophenyl)-glycinamide of melting point 144-146' C. 
(from methanol); ap20 = -29.4 (c = 1 in dioxan). 

Analysis for C24H22N4O5 (446.47): Calculated: C: 
64.56; H: 497; N; 12.55; Found: C. 64.39; H: 4.95; N: 
12.74. 

EXAMPLE 21 

A. The preparation of the starting material: 
In a manner analogous to that described in Example 

13(A) there was obtained (No, Ne, No-trisbenzylox 
ycarbonyl-L-arginyl)-N-(2-benzoyl-4-chlorophenyl)-N- 
methylglycinamide as an almost colourless light-sensi 
tive brittle foam; a)20 = -2.4 (c = 1 in ethanol). 

Analysis for C46H45Cl N6O9 (861.35): Calculated: C: 
64. 14; H: 5.27; N: 9.76; Cl: 4.12; Found: C: 63.44; H: 
5.17; N: 9.59; Cl: 4.65; Solvent-free*: C: 63.90; H. 5.20; 
N: 9.68; Cl: 3.91. 
*The dichloromethane content was estimated by nuclear magnetic 
resonance spectroscopy to be 0.10-0.02 moles, 

Calculated for C4H45CN609, 0.1 CH2Cl2 (869.84): 
C; 63.66, H: 5.24; N: 9.66; Cl: 4.80. 

B. The process: 
i. 5.0 g of (No, NC, N-trisbenzyloxycarbonyl-L- 

arginyl)-N-(2-benzoyl-4-chlorophenyl)-N-methyl 
glycinamide were dissolved in 60 ml of dry dichloro 
methane, cooled to 0 C. and treated, while stirring, 
with 4 ml of boron tribromide. The mixture was stirred 
under anhydrous conditions at 0° C. for 2 hours and 
then allowed to warm to room temperature overnight. 
Excess boron tribromide was neutralised by the drop 
wise addition of a solution of anhydrous methanol in 
dry dichloromethane until no further reaction was ob 
served. The mixture was evaporated to dryness in 
vacuo, the residue re-dissolved in 30 ml of anhydrous 
methanol and the solution again evaporated to dryness. 
This operation was repeated a further twice using meth 
anol in order to remove the residual boron compounds 
as volatile trimethyl borate. A concentrated solution of 
the residue in methanol was added slowly to 1 liter of 
anhydrous diethyl ether with vigorous stirring. The 
solid hygroscopic product was collected by filtration 
and dried in vacuo. This product was dissolved in 100 
ml of water, shaken with three 50 ml portions of ethyl 
acetate to remove traces of 5-chloro-2- 
methylaminobenzophenone and the aqueous solution 
lyophilised to give 3.2 g of L-arginyl-N-(2-benzoyl-4- 
chlorophenyl)-N-methylglycinamide dihydrobromide 
as an almost colourless light-sensitive amorphous pow 
der; ap20 = + 12.8 (c = 1 in water). 

Analysis for C22H27 Br2CN603 (620,77): Calculated: 
C: 42.56; H: 4.71; N: 13.53; Brion: 25.74; Found: C: 
40.74; H: 4.91; N: 13.29; Brion: 26.08; H2O: 1.89; Water 
free: C: 41.52; H: 4.79; N: 13.55; Brion: 26.58; Calcu 
lated for C22H25C1N6O3.2.1 HBr (631.29): C: 41.86; H: 
4.65; N: 13.31; Brion: 26.96. 
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The foregoing dihydrobromide was treated in a man 
ner analogous to that described in part (B) (i) of Exam 
ple 18 to give, in quantitative yield, L-arginyl-N-(2- 
benzoyl-4-chlorophenyl)-N-methylglycinamide dihyd 
rochloride as a white light-sensitive amorphous powder 
of melting point 155–160° C. (slow decomposition); 
a) DO = + 14.9 (c = 1 in water). 
Analysis for C22H27ClsN6O3 (531.87): Calculated: C: 

49.68; H: 5.49; N: 15.80; Cl: 19.99; Found: C: 48.47; H: 
5.75; N: 15.84; Cl: 20.16; H2O: 1.17; Water-free: C: 
49.04; H: 5.69; N: 16.03; Cl: 20.40; Calculated for 
C22H25CNO3. 2.1 HCl (535.52): C: 49.34; H: 5.48; N: 
15.69; Cl: 20.52. 

EXAMPLE 22 

A. The preparation of the starting material: 
a. In a manner analogous to that described in EXam 

ple 13(A) (b) there was obtained 2-(N-benzyloxycar 
bonylamino)-N-(2-benzoyl-4-chlorophenyl)-N-methyl 
propionamide as a pale yellow gun; (a) D20 = -3.75 
(ca. 1 in ethanol). 

Analysis for C5H23ClN2O4 (450.92): Calculated: C. 
66.60; H: 5.14; N: 6.21; Cl: 7.86; Found: C: 66.27; H: 
5, 18; N; 5.88. 
The product obtained according to the preceding 

paragraph was dissolved in an excess of a 30% solution 
of hydrogen bromide and treated in a manner identical 
to that described in Example 13(A) (a) to give 2-amino 
N-(2-benzoyl-4-chlorophenyl)-N-methylpropionamide 
hydrobromide as an almoat colourless hygroscopic 
powder of melting point 140-145 C. (slow decomposi 
tion) (from acetone/diethyl ether); a)D20= + 13.2 
(c= 1 in ethanol). 

Analysis for C17H18ClN2O2 (397.70): Calculated: C: 
51.34; H: 4.56; N: 7.05; Brion: 20.10; Found: C: 50.98; 
H: 4.73; N: 6.78; Brion: 2005; H2O, 0.75; Water-free: C: 
51.37; H: 4.68; N: 6.83; 1 Brion: 20.20. 

b. In a manner analogous to that described in Exam 
ple 13(A) (c) there was obtained mixture of 7-chloro 
1,3-dehydro-1,3-dimethyl-5-phenyl-2H-1,4,benzodiaze 
pin-2-one and (N-benzyloxycarbonyl-L-phenylalanyl)- 
N-(2-benzoyl-4-chlorophenyl)-N-methyl-L-alanina 
mide in the approximate proportions of 2:1. 

B. The process: 
6.0 g of the mixture obtained according to the preced 

ing paragraph were dissolved in 40 ml of a 30% solution 
of hydrogen bromide in glacial acetic acid and the solu 
tion was stirred at room temperature for 3 hours. The 
mixture was worked-up in a manner analogous to that 
described in Example 13(B) (i) to give 0.6 g of L 
phenylalanyl-N-(2-benzoyl-4-chlorophenyl)-N-methyl 
L-alaninamide as an almost colourless light-sensitive 
brittle foam; ap20 = -34.9" (c= 1 in ethanol). 

Analysis for C26H26ClN3O3 (463.97): Calculated: C: 
67.30; H: 5.65; N: 9.06; Cl: 7.64; Found: C: 66.98; H: 
5.79; N; 8.82; Cl: 7.74. 
The foregoing free base was converted into the hy 

drochloride as follows: L 
0.5 g of L-phenylalanyl-N-(2-benzoyl-4-chloro 

phenyl)-N-methyl-L-alaninamide was dissolved in a 
minimum amount of methanol at room temperature and 
treated, by titration, with an exact equivalent of 1-N 
hydrochloric acid. The solvent was removed from the 
resulting solution by evaporation in vacuo at room 
temperature and finally by lyophilisation to give, in 
quantitative yield, L-phenylalanyl-N-(2-benzoyl-4- 
chlorophenyl)-N-methyl-L-alaninamide hydrochloride 
as a white hygroscopic light-sensitive amorphous pow 
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24 
der of melting point 130-140°C. (slow decomposition): 
oD20 = -40.0 (c = 1 in water). 
Analysis for C26H27Cl2N3O3 (500.43): Calculated: C: 

62.39; H: 5.44; N: 8.40; Clion: 7.09: Found: C: 60.84; H: 
5.65; N: 8.03; Cl ion: 7.36; H2O: 2.05; Water-free: C: 
62. 11; H: 5.53; N: 8.20; C ion: 7.5l. 

Calculated for C26H26ClN3O3.1.05 HCl (502.28): C: 
62.17; H: 5.42; N: 8.36; C ion: 7.41. 

EXAMPLE 23 

A. The preparation of the starting material: 
a. In a manner analogous to that described in Exam 

ple 13(A) there was obtained 2-(N-benzyloxycar 
bonylamino)-N-(2-benzoylphenyl)-N-methacetamide as 
a pale yellow gum. 

Analysis for C24H22N2O4 (402.45): Calculated: C: 
7.63; H: 5.51; N: 6.96; Found: C: 71.33; H. 5.45; N: 6.90. 

b. Treatment of the compound obtained according to 
the preceding paragraph in a manner analogous to that 
described in Example 13A) gave L-alanyl-N-(2-ben 
zoylphenyl)-N-methylglycinamide as as an almost co 
lourless light-sensitive foam. 

Analysis for C19H21N3O3 (339.40): Calculated: C: 
67.24; H: 6.24; N: 2.38; Found: C: 66.93; H: 6.01; N: 
11.98. 

In addition, 1,3-dihydro-1-methyl-5-phenyl-2H-1,4- 
benzodiazepin-2-one of melting point 151-154 C. was 
isolated as a major by-product. 

B. The process: 
3 g of L-alanyl-N-(2-benzoylphenyl)-N-methyl 

glycinamide were dissolved in 10 ml of anhydrous sul 
phuric acid at room temperature. The resulting mixture 
was cooled to -5° C. and treated dropwise by the 
addition of a solution of 0.94 g of potassium nitrate in 3 
ml of anhydrous sulphuric acid. The resulting mixture 
was stirred at 0° C. for 10 hours and finally allowed to 
warm to room temperature overnight. The mixture was 
then poured into an excess of ice-water. The pH of the 
mixture was adjusted to approximately pH 9 by the 
addition of concentrated ammonium hydroxide, care 
being taken to maintain the temperature at ca 0° C. The 
mixture obtained was extracted with several portions of 
dichloromethane. The combined organic phases were 
washed successively with a 2-N sodium carbonate solu 
tion and water, dried over anhydrous magnesium sul 
phate and evaporated in vacuo. The residue (ca 3 g) was 
dissolved in a minimum amount of chloroform and 
subjected to column chromatography on Florisil using 
mixtures of methanol in chloroform in increasing pro 
portions. Fractions were collected using 5% (vol/vol) 
methanol in chloroform and evaporated in vacuo to 
give 1.75 g (52%) of pure L-alanyl-N-(2-benzoyl-4- 
nitrophenyl)-N-methylglycinamide as an almost colour 
less light-sensitive foam; a D20 = -2.1 (c = 1 in etha 
nol). 

Analysis for C19H20N4O5 (384.40): Calculated: C: 
59.37; H: 5.25; N: 14.57; Found: C: 59.94; H: 5.43; N: 
14.17. 
The foregoing free base was dissolved in a minimum 

amount of methanol at room temperature and treated, 
by titration, with an exact equivalent of 1-N hydrochlo 
ric acid. The solvent was removed from the resulting 
solution by evaporation in vacuo at room temperature 
and finally by lyophilisation to give, in quantitative 
yield, L-alanyl-N-(2-benzoyl-4-nitrophenyl)-N-methyl 
glycinamide hydrochloride as a white amorphous solid 
of melting point 165-175 C. (slow decomposition): 
oD20 = -- 7.5" (c-- 1 in water). 
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Analysis for C19H2ClN4O5 (420.85): Calculated: C: 
54.23; H: 5.03; N: 13.31; Clion: 8.42; Found: C: 54.12; 
H: 5.30; N: 13.05; Cl ion: 8.42. 

EXAMPLE 24 

A. The preparation of the starting material: 
i. 2.0 g of 8-chloro-1-methyl-6-phenyl-4H-s- 

triazolo4.3-a 1,4-benzodiazepine J. B. Hester Jr., A. 
D. Rudzic and B. V. Kandar, J. Med. Chem., 1971, 14, 
1078 were dissolved in 40 ml of dilute hydrochloric 
acid and left at room temperature overnight. The solu 
tion was evaporated to an oil which was dissolved in 
water and re-evaporated. The final traces of water were 
removed by shaking the oil with 50% methanol/toluene 
followed by evaporation. This treatment was repeated 
three times with 50% methanol/toluene and twice with 
toluene. This gave 5-chloro-2-(3-aminomethyl-5-meth 
yl-4H-1,2,4-triazol-4-yl)benzophenone hydrochloride 
as a foam. 

ii. The foam prepared as described in the preceding 20 
paragraph was dissolved in 25 ml of dry dimethylform 
amide and to the resulting solution were added 2.64 g of 
N-benzyloxy-carbonyl-L-phenylalanine N-hydroxysuc 
cinimide ester. The solution obtained was then cooled 
to -20° C. A solution of 2.1 ml of N-ethylmorpholine 
in 8.4 ml of dimethylformamide was added to the vigor 
ously stirred solution over a period of 0.5 hour. The 
resulting mixture was stirred for 1 hour at -20 C. and 
left overnight at room temperature. The solvent was 
removed in vacuo and the residue was dissolved in a 30 
mixture of dichloromethane and water. The layers were 
separated and the aqueous layer was extracted with 
additional dichloromethane. The organic solutions 
were combined, washed five times with water, dried 
over magnesium sulphate and evaporated to an oil 
which was chromatographed on silica gel. Elution was 
carried out initially using chloroform and then using 
2% methanol in chloroform, 15 ml fractions being col 
lected. Fractions 1-25 comprised the chloroform eluate 
and the product was contained in fractions 48-57. These 
latter fractions were combined, evaporated to dryness 
and the residue crystallised from ethyl acetate/pe 
troleum ether. 1.8g (45%) of 5-chloro-2-(N-benzylox 
ycarbonyl-L-phenylalanyl)aminomethyl-5-methyl-4H 
1,2,4-triazol-4-ylbenzophenone of melting point 
84-88 C. were obtained. 

B. The process: 
0.50 g of 5-chloro-2-(N-benzyloxycarbonyl-L- 

phenylalanyl)aminomethyl-5-methyl-4H-1,2,4,-triazol 
4-ylbenzophenone was treated with a 35% solution of 
hydrogen bromide in glacial acetic acid for 1 hour. Dry 
diethyl ether was then added and the separated solid 
was filtered off, washed with ether and dried in vacuo. 
The crude product was purified by precipitation from 
methanol/ethyl acetate. There was obtained 0.36 g 
(79%) of 5-chloro-2-3-(L-phenylalanylaminomethyl)- 
5-methyl-4H-1,2,4-triazol-4-yl)benzophenone dihydro 
bromide of melting point 164-171 C. (slow decompo 
sition). 

Analysis for C26H26Br2ClNsO2 (635.79): Calculated: 
C: 49.12; H: 4.12; N: 11.02; Cl: 5.58; Br: 25.14; Found: C: 
48.15; H: 4.14; N: 10.66; Cl: 5.32; Br: 24.52; H2O: 1.83; 
Water-free: C: 49.05; H: 4.01; N: 10.86; Cl: 5.42; Br: 
24.98. 

EXAMPLE 25 

In a manner analogous to that described in Example 
24, but using N, N'-ditertbutoxycarbonyl-L-lysine 
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26 
N-hydroxysuccinimide ester, there was obtained 5 
chloro-2-3-(L-lyslyaminomethyl)-5-methyl-4H-1,2,4- 
triazol-4-triazol-4-yl)benzophenone trihydrobromide as 
a lyophilised solid; a D20 = -- 11.0 (c = 1 in water). 

Analysis for C23H30BryCiO2 (697.71): Calculated: C: 
39.60, H: 4.33; N: 12.05; Br: 34.36; Found: C: 38.23; H: 
4.38; N: 11.55; Br: 33.40; H2O: 2.58: Water-free: C: 
39.24; H: 4.21; N: 11.86; Br: 34.28. 

EXAMPLE 26 

In a manner analogous to that described in Example 
24, there was obtained 2,5-dichloro-2(3-(L- 
phenylalanylaminomethyl)-5-methyl-4H-1,2,4-triazol-4- 
yl)benzophenone dihydrobromide of melting point 
188-193 C. 
Analysis for C26H25Br2Cl2N5O2 (670.25): Calculated: 

C: 46.59; H: 3.76; N: 10.45; Br: 23.84; Cl: 10.58; Found: 
C: 46.02; H: 3.83; N: 10.03; Br: 23.33; Cl: 10.35; H2O: 
1.90; Water-free: C: 46.91; H: 3.69; N: 10.22; Br: 23.78; 
C: 0.55. 

EXAMPLE 27 

In a manner analogous to that described in Example 
24, there was obtained 2,5-dichloro-2-3-(L- 
lysylaminomethyl)-5-methyl-4H-1,2,4-triazol-4-ylben 
zophenone hydrobromide (1:2.9) of melting point 
240-245' C.; ap20 = +9.8 (c = 1 in water). 

Analysis for C23H26Cl2N6O2.2.9 HBr (724.07): Calcu 
lated: C: 38.15; H: 4.02; N: 11.61; Brion 32.00; Found: 
C; 37.84; H: 4, 13; N: 11, 18; Brion: 31.30; H2O: 1.23; 
Water-free: C: 38.31; H: 4.04; N: 11.32; Brion: 31.69. 

EXAMPLE 28 

In a manner analogous to that described in Example 
24, there WaS obtained 2,5-dichloro-2-(3- 
glycylaminomethyl-5-methyl-4H-1,2,4-triazol-4-yl)ben 
zophenone dihydrobromide methanolate of melting 
point 235-240° C. 

Analysis for C20H23Br2Cl2N5O3 (612. 15): Calculated: 
C:39.24; H: 3.79; N: 11.44; Br; 26.11; Cl: 11.58: Found: 
C: 39.39; H: 3.67; N: 11.30; Br: 26.10; Cl: 11.58. 

EXAMPLE 29 

A. The preparation of the starting material: 
a. i. A solution of 200 g of 7-chloro-1,3-dihydro-5-(2- 

fluorophenyl)-2H-1,4-benzodiazepin-2-one in 2 liters of 
tetrahydrofuran and 250 ml of benzene was saturated 
with methylamine with cooling in an ice-bath. A solu 
tion of 190g of titanium tetrachloride in 250 ml of ben 
zene was added through a dropping funnel within 15 
minutes. After completion of the addition, the mixture 
was stirred and refluxed for 3 hours. 600 ml of water 
were added slowly to the cooled mixture. The inor 
ganic material was separated by filtration and was 
washed well with tetrahydrofuran. The water layer was 
separated and the organic phase dried over sodium 
sulphate and evaporated. The crystalline residue was 
collected to give 7-chloro-5-(2-fluorophenyl)-2- 
methylamino-3H-1,4-benzodiazepine of melting point 
204-206' C. An analytical sample was recrystallised 
from methylene chloride/ethanol and had a melting 
point of 204-206' C. 

a. ii. 8.63 g of sodium nitrile were added in three 
portions over a 15 minute period to a solution of 30.15 
g of 7-chloro-5-(2-fluorophenyl)-2-methylamino-3H 
1,4-benzodiazepine in 150 ml of glacial acetic acid. 
After stirring for 1 hour at room temperature, the mix 
ture was diluted with water and extracted with methy 
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lene chloride. The extracts were washed with saturated 
sodium bicarbonate solution dried over sodium sulphate 
and evaporated, at the end azeotropically with toluene 
to yield 29 g of crude 7-chloro-5-(2-fluorophenyl)-2-(N- 
nitrosomethylamino)-3H-1,4-benzodiazepine as a yel 
low oil. 
This oil was dissolved in 100 ml of dimethylformam 

ide and added to a mixture of 200 ml of dimethylform 
amide, 50 ml of nitromethane and 11.1 g of potassium 
tert.butoxide which had been stirred under nitrogen for 
15 minutes. After stirring for 1 hour at room tempera 
ture, the mixture was acidified by the addition of glacial 
acetic acid, diluted with water and extracted with meth 
ylene chloride. The extracts were washed with water, 
dried over sodium sulphate and evaporated. Crystalliza 
tion of the residue from diethyl ether yielded 7-chloro 
1,3-dihydro-5-(2-fluorophenyl)-2-nitromethylene-2H 
1,4-benzodiazepine of melting point 170°-172° C. An 
analytical sample was recrystallised from methylene 
chloride/ethanol and had a melting point of 174'-176 
C. 

a. iii. A solution of 16.5 g of 7-chloro-1,3-dihydro-5- 
(2-fluorophenyl)-2-nitromethylene-2H-1,4-benzodiaze 
pine in 500 ml of tetrahydrofuran and 250 ml of metha 
nol was hydrogenated with 5 teaspoonsful of Raney 
nickel for 2.5 hours at atmospheric pressure. Separation 
of the catalyst and evaporation left 14 g of crude 2 
aminomethyl-7-chloro-2,3-dihydro-5-(2-fluorophenyl)- 
1H-1,4-benzodiazepine. 

a. iv. 7 ml of acetic anhydride were added to a solu 
tion of 6.16 g of crude 2-aminomethyl-7-chloro-2,3- 
dihydro-5-(2-fluorophenyl)-1H-1,4-benzodiazepine in 
200 ml of methylene chloride. The solution was layered 
with 200 ml of saturated aqueous sodium bicarbonate 
and the mixture was stirred for 20 minutes. The organic 
layer was separated, washed with sodium bicarbonate 
solution, dried over sodium sulphate and evaporated to 
leave 6.2 g of resinous 2-acetaminomethyl-7-chloro-2,3- 
dihydro-5-(2-fluorophenyl)-1H-1,4-benzodiazepine. 
This material was heated with 40 g of polyphosphoric 
acid at 150 C. for 10 minutes. The cooled mixture was 
dissolved in water, made alkaline with ammonia and ice 
and extracted with methylene chloride. The extracts 
were dried and evaporated and the residue (5.7g) was 
chromatographed over 120 g of silica gel using 20% 
methanol in methylene chloride. The clear fractions 
were combined and evaporated to yield resinous 8 
chloro-3a,4-dihydro-6-(2-fluorophenyl)-1-methyl-4H 
imidazo-1,5-a1,4)benzodiazepine. A mixture of this 
material with 500 ml of toluene and 30 g of manganese 
dioxide was heated to reflux for 1.5 hours. The manga 
nese dioxide was separated by filtration over Celite. 
The filtrate was evaporated and the residue crystallised 
from diethyl ether to yield 8-chloro-6-(2-fluorophenyl)- 
1-metnhyl-4H-imidazoll,5-a1,4benzodiazepine of 
melting point 152-154 C. An analytical sample was 
recrystallised from methylene chloride/hexane. 

b. i. 2.0 g of 8-chloro-6-(2-fluorophenyl)-1-methyl 
4H-imidazol1,5-a1,4)benzodiazepine were dissolved 
in 15 ml of dilute hydrochloric acid and left at room 
temperature overnight. The solution was evaporated to 
an oil which was dissolved in water and re-evaporated. 
The final traces of water were removed by shaking the 
oil with 50% methanol/toluene followed by evapora 
tion. This treatment was repeated three times with 50% 
methanol/toluene and twice with toluene. This gave 
5-chloro-2'-fluoro-2-(5-aminomethyl-2-methyl-1- 
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28 
imidazolyl)-benzophenone dihydrochloride as a pale 
yellow solid. 

b. ii. The solid prepared as described in the preceding 
paragraph was dissolved in 20 ml of dry dimethylform 
amide and to the resulting solution were added 1.56 g of 
N-benzyloxycarbonyl-L-leucyl N-hydroxysuccinimide 
ester. The solution obtained was then cooled to -20° C. 
A solution of 2.5 ml of N-ethylmorpholine in 10 ml of 
dimethylformamide was added dropwise with vigorous 
stirring over a period of 20 minutes. The mixture was 
stirred for 1 hour at -20° C. and left overnight at room 
tenperature. The solvent was removed in vacuo and 
the residue dissolved in a mixture of chloroform and 
water. The layers were separated and the aqueous layer 
was extracted with additional chloroform. The organic 
layers were combined, washed five times with water, 
dried over magnesium sulphate and evaporated to an oil 
which was chromatographed on 100 g of silica gel. 
Elution was carried out using 4% methanol in chloro 
form, 15 ml fractions being collected. The product was 
eluted in fractions 25-36. These fractions were com 
bined and evaporated to dryness and the resulting oil 
was crystallised from ether. 1.4 g (43%) of 5-chloro-2'- 
fluoro-2-(5-(N-benzyloxycarbonyl-L-leucyl)-aminome 
thyl)-1-imidazolyl)benzophenone of melting point 
63-75 C. (decomposition) were obtained, 

Analysis for C32H32ClFN4O4 (591.09): Calculated: C: 
65.02; H: 5.46; N: 9.48; Found: C: 64.66; H. 5.61; N: 9.19. 

B. The process: 
0.40 g of 5-chloro-2'-fluoro-2-(5-(N-benzyloxycarbo 

nyl-L-leucyl)aminomethyl)-1-imidazolylbenzophenone 
was treated with a 35% solution of hydrogen bromide 
in glacial acetic acid for 45 minutes. Dry diethyl ether 
was then added, an oily solid being obtained. The prod 
uct was precipitated from methanol/ethyl acetate, dis 
solved in water and freeze-dried. There was obtained 
5-chloro-2'-fluoro-25-(L-leucylaminomethyl)-2-meth 
yl-l-imidazolylbenzophenone dihydrobromide in a 
yield of 0.25 g (60%); at 0 = - 5.5 (c=0.2708 in wa 
ter). 

Analysis for C24H28Br2ClFN4O2 (618.77): Calcu 
lated: C: 46.59; H: 4.56; N: 9.05; Br: 25.82; Found: C: 
44.93; H: 4.74; N: 8.56; Br: 25.04; H2O: 3.55; Water-free: 
C: 46.58; H: 4.50; N: 8.87; Br; 25.96. 

EXAMPLE 30 

In a manner analogous to that described in Example 
29, there was obtained 5-chloro-2'-fluoro-5-(L- 
alanylaminomethyl)-2-methyl-1-imidazolyl)benzophe 
none dihydrobromide of melting point 90-110' C. 
(slow decomposition). 

EXAMPLE 31 

The following Example illustrates a typical pharma 
ceutical preparation containing one of the substituted 
phenyl ketones provided by this invention: 

EXAMPLE A 

An injection solution containing the following ingre 
dients is prepared in a conventional manner: 

L-lysyl-N-(2-benzoyl-4-chlorophenyl)- 
N-methylglycinanide dihydrochloride 10.00 mg 
Sodium acetate 3H2O 22.32 mg 
Acetic acid 2.16 mg 
Chlorocresol 1.00 mg 
Sodium chloride q.S. 
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-continued 
ad .00 ml Water for injection 

The foregoing solution should be protected from 5 
light prior to use. 
We claim: 
1. A compound of the formula 

10 

R4 
O 

15 

wherein R is selected from the group consisting of a 
halogen atom, nitro and a trifluoromethyl group; R is a 20 
hydrogen atom or a lower alkyl group; R2 is an acyl 
group derived from a naturally occurring amino acid; 
R is selected from the group consisting of phenyl and 
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30 
halophenyl; and R“is selected from the group consisting 
of a hydrogen atom, a methyl, cyclopropylmethyl, 
di(C1-4 alkyl) aminomethyl, methoxymethyl and a hy 
droxyethyl group and the acid addition salts thereof. 

2. The compound of claim 1 wherein R is a chlo 
rine, bromine or a nitro group; R is a hydrogen atom; 
R is a phenyl, o-fluorophenyl, o-chlorophenyl; and R' 
is a hydrogen atom, a methyl, diethylaminoethyl or 
methoxymethyl group, and acid addition salts thereof. 

3. The compound L-prolyl-N-(2-benzoyl-4-nitro 
phenyl)glycinamide. 

4. The compound L-lysyl-N-(2-benzoyl-4-chloro 
phenyl)-N-methylglycinamide. 

5. The compound L-phenylalanyl-N-(2-benzoyl-4-nitro 
phenyl)-glycinamide. 

6. The compound L-arginyl-N-(2-benzoyl-4-chloro 
phenyl)-N-methylglycinamide. 

7. L-arginyl-N-(2-benzoyl-4-chlorophenyl)glycinamide. 
8. L-phenylalanyl-N-(2-benzoyl-4-chlorophenyl)-N- 

methyl-L-alaninanide. 
k 


