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vent was evaporated. The residue was recrystallized from toluene 
to give 6.6 g (55%) of 98, mp 221-223°. 

l-Ethyl-4,6-dihydro-3-methyl-8-(«,a,a-trifluoro-o-tolyl)pyra-
zolo[4,3-e-][l,4]diazepin-5(l H)-one (111). Method L. Compound 
83 (11 g, 0.029 mol) was dissolved in 110 ml of glacial HOAc and 
hydrogenated in the presence of 1 g of 5% Pd/C for 2.5 hr. The 
mixture was filtered and the filtrate was evaporated in vacuo. 
The residue was dissolved in CH2CI2. washed twice with a satu
rated NaHCC>3 solution, and dried (MgS04), and the solvent was 
evaporated. The ir spectra suggested the presence of the uncy-
clized 4-(2-aminoacetamido) derivative, so the oil was refluxed 2.5 
hr in toluene containing 1 ml of HOAc. Evaporation of the solvent 
and crystallization of the residue from toluene gave 5 g (49%) of 
111, mp 195 197'. 

l-(2-Azidoacetamido)-l-ethyl-3-methylpyrazol-5-yl u,o.«-
Trifluoro-o-tolyl Ketone (83). A mixture of 14 g (0.033 mol) of 82 
and 3.2 g (0.05 mol) of NaN3 in 25 ml of DMF was stirred at 40° 
for 3 hr and poured into 400 ml of ice water. The precipitate was 
collected, washed with H2O. and air-dried to give 11.8 g (92%l of 
83. mp 104-105° (EtOAc-petroleum ether). 

4-(2-Bromoacetamido)-l-ethyl-3-rnethylpyrazol-5-yl a.o.o-
Trifluoro-')-tolyl Ketone (82). A solution of 14 g (0.047 moll of 67 
in 200 ml of ClbH2CH2Cl was mixed with 50 ml of H 2 0 and 10 g 
of CaOOs was added. Bromoacetyl bromide (13 g, 0.065 mol) was 
added dropwise as the temperature rose to 40°. The mixture was 
stirred another 2 hr and filtered. The organic layer was separated 
and dried (MgS04) . and the solvent was evaporated. The residue 
was crystallized from ether to give 14 g (717c) of S2, mp 122-124°. 

4,6-bihydro-2,3,4-trimethyl-8-phenyl-5tf-pyrazolo[4,3-e]di-
azepin-5-one (87). Method M. A solution of 7.5 g (0.03 mol) of 
86 in 40 ml of DMF was treated portionwise with 1.5 g (0.03 mol) 
of XaH (50% dispersion in mineral oil). After stirring for 0.5 hr. 3 
ml of methyl iodide was added and stirring was continued for 4 
hr. The mixture was diluted with 250 ml of H 2 0 and extracted 
with CH2(T2. The extracts were dried (MgS04). the solvent was 
evaporated, and the residue was crystallized from CHCla-petrole-
um ether to give 4 g (50%) of 99, mp 170-173°. 

8-(m-Bromophenyl)-l-ethyl-4,6-dihydro-3-methylpyrazolo-
[4,3-e][l,4]diazepin-5(lH)-one (109). Method N. Compound 98 
(20 g, 0.075 mol) was dissolved at room temperature in a mixture of 
90 ml of concentrated H 2 S0 4 and 10 ml of H 2 0 : then 12 g of bro
mine and 14 g of silver sulfate16 were added in portions with vig
orous stirring as the temperature rose to 36°. The mixture was 
stirred for 6 hr. allowed to stand overnight, and filtered. The fil
trate was poured into 600 ml of ice water and made basic with 
concentrated XaOH, and the mixture was extracted with 
OH2CI2. The organic extract was dried (MgSC>4) and evaporated. 
The residue was crystallized from EtOAc to give 18.5 g (71%) of 
109, mp 227-228°. 

l-Ethyl-4,(i-dihydro-3-methyl-8-(m-nitrophenyl)pyrazolo[4.3-
e][l,4]diazepin-5(lH)-one (110). Method N. Compound 98 (15 g. 
0.055 mol) was dissolved in 40 ml of concentrated H2SO4 and was 
added dropwise with stirring at 10° to a mixture of 40 g of fuming 
H2SO., (20% SO;,) and 13 ml of 90% HMO.-, acid. The mixture was 

1 -Polyfluoroalkylbenzodiazepines.11 

The medical impor tance of the benzodiazepines (e.g.. 
d iazepam, la) as compounds possessing ant ianxie ty , mus 
cle re laxant , and sedat ive act ivi ty 2 encouraged the present 
s tudies which were a imed at p repar ing po ten t agents with 
t he rapeu t i c advan tages over known compounds . Since 
metabol ic s tudies have shown t h a t with d iazepam, for ex
ample , the pr incipal phase I react ion is dealkyla t ion and 
then further oxidat ion to yield a mix tu re of compounds 
each with a mix of act ivi t ies ,3-4 the idea of prepar ing 

- stirred at 10° for 1 hr. then an additional 2 hr at 25°. and then 
added slowly to a mixture of 350 g of ice and 350 ml of concen
trated NH4OH. The yellow precipitate was collected, washed 

1 with H 2 0 . and dried at 50° in vacuo to give 15.3 g (88%) of 110. 
1 mp 155-157° dec. Hydrolysis gave a single amino ketone (i(i in 73% 
? yield whose HC1 salt melted at 192-194° 
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compounds more res is tant to dea lkyla t ion 5 arose and 1.1-
dihydroperf luoroalkyl groups, such as trif luoroethyl and 
pentaf luoropropyl , were incorporated into the s t ruc ture 
(Ib,c).f It was subsequent ly found t h a t the ma in urinary-
metabo l i t e of h a l a z e p a m in m a n (after deconjugation) is 

t There is considerable evidence that biological oxidations may involve 
an oxenoid mechanism (analogous to carbene) according to Hamilton.1' 
Thus, the lowered electron density of the methylene in the 1,1-dihydroper 
fluoroalkyl group would not be expected to facilitate oxygen insertion. 
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A series of l-polyfluoroalkylbenzodiazepin-2-ones, -2-thiones, and l-polyfluoroalkyl-2.3-dihydrobenzodiazepine 
derivatives was prepared and found to have potent antipentylenetetrazole activity combined with low toxicity. The 
structure-activitv relationships are discussed as well as svntheses and structural determinations. 
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Table I." o-Aminobenzophenones and Derivatives 

N o . 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

X 

CI 
CI 
CI 
H 
N 0 2 

CI 
CI 
CI 
CI 
CI 
H 
N 0 2 

N 0 2 

Y 

H 
CI 
F 
H 
H 
H 
H 
H 
CI 
CI 
H 
H 
H 

R 

CH2CF3 
CH2CF 3 
CH2CF3 
CH2CF3 
CH2CF3 
CH2CF2CF3 
CH2CF 3 
CH2CF3 
CH2CF3 
CH2CF3 
C H 2 C F 3 

C H 2 C F 3 

H 

Ri 

H 
H 
H 
H 
H 
H 
C O C H 2 B r 
C O C H 2 P h t h c 

C O C H 2 B r 
C O C H 2 N H 2 

COCH 2 Br 
COCH 2 Br 
N H C H 2 C O N H 

CF3GH.2 

Mp, °C 

100-101 
119-120 

54-57 
87-89 
97-98 
91-92 

115-116 .5 
201-201 .5 

95-97 
161-162 
134-136 
122-124 
224-225 

Yield, 
% 

75 
72 
20 
71 
27 
45 
85 
33 
80 
55 
95 
20 

100 

Purification 
solvent 

E t O H 
Hex" 
Pentane 6 

CHCla 
CHCls-Hex" 
Hex ' 
P h H - H e x 
E t O H 
CH2C12-Hex 
CH2Clo-Hex 
P h H 
CH,C12-Hex 
CH2C12-Hex 

Fo rmu la 

C l 6 H „ C l F , N O 
Ci5H1 0Cl2F3NO 
C15HioClF4NO 
Ci5H1 2F3NO 
C I 6 H „ F 3 N 2 0 3 

C 1 6 H„C1F 6 N0 
C „ H 1 2 B r C l F 3 N 0 2 

C25H16C1F3N204 
C 1 7 H„BrCl 2 F 3 N0 2 

d , H 1 3 C l 2 F 3 N 2 0 2 

C n H 1 3 B r F 3 N 0 2 

CnH 1 2 BrF 3 N 2 0 4 

C n H „ F 3 N 3 0 4 

Analyses 

C, H, CI, F , N 
C, H, N 
C, H, CI, F , N 
C, H, F , N 
C, H , N 
C, H , N 
C , H , N 
C, H, N 
C, H , CI, N 
C, H, N 
C, H, N 
C, H, N 
C, H, N 

"Starting material for 1, 2, 4, and 6 was available from Aldrich Chemical Co.; for 5, see K. Schofield and R. S. Theobald, 
J. Chem. Soc, 1505 (1950). Compound 3 was prepared by method K. 6First subjected to chromatography on silica gel with 
PhH-Hex. <\Phthalimido. 

the 3-hydroxylated derivative.! Preliminary clinical re
ports indicate that halazepam has antianxiety activity 
without adverse effects.6'7 

la, R 
b, R 
c, R 

CH3 diazepam 
CH2CF3 Sch 12041, halazepam 

Chemistry.§ The l-trifluoroethylbenzodiazepin-2-one 
system (III) was prepared in low yield by forming the 
anion of II and adding trifluoroethyl iodide. This reaction 
could not be substantially improved by altering the reac
tion conditions or by the use of trifluoroethyl benzenesul-
fonate8 as the alkylating agent. 

NaOCH, 

CH2CF3 

CF,CH,Z 

Z = I, OS0 2 C 6 H 5 , 0 S 0 2 C C 1 3 

The possibility of introducing the polyfluoroalkyl group 
at an earlier stage in the synthesis was then investigated. 
Dickey9 has prepared some trifluoroethylanilines by treat
ment of the aniline with 2-chloro-l,l,l-trifluoroethane, 
and other variations, all of which are autoclave reactions. 

t Unpublished data, Dr. B. Katchen, Department of Biochemistry, 
Schering Corp. 

§ Roman numerals are used to indicate generic formulas. 

These methods, however, would not be useful for alkylat
ing the aminobenzophenones due to their tendency to 
dimerize.10 Hanson11 has described trifluoromethanesulfo-
nate esters (triflates, IV) as active alkylating agents 
(Scheme I). In the present work the corresponding trichlo-
romethanesulfonates (triclates, V) were prepared and used 
as a perhaps more convenient alternative to obtain the 
N-alkylated anilines and aminobenzophenones, VIa,b. 
Compound Va is a more active alkylating agent than the 
corresponding benzenesulfonate8 or tosylate,12 both of 
which were also investigated in attempts to prepare these 
compounds (VI). Yields of VI ranged up to 95%; in most 
cases no attempt was made to optimize yields. The tri
clates V were not found to substantially improve the di
rect alkylation of the benzodiazepinone system (II —» III). 

Scheme I 

CF3S02OCH,RF 

IV 

CC13S02C1 + RFCH,OH — CCl3SO,OCH2RF 

Va,b 

2ArNH2 + V —»- ArNHCH2RF + ArNH2-CCl3S03H 

VIa,b 

a, RF = CF3 

b, RF = CF3CF2 

Scheme II illustrates two varieties of a generally appli
cable pathway to the benzodiazepine system via a dehy
dration to form the imine bond.13 '14 The intermediates 
and products are listed in Tables I—III. All structures of 
type X spontaneously cyclized with method B except for 
one case, 10 (X = Y = CI). The corresponding 2-one sys
tem 37 was prepared by oxidation of 39. 

The 2,3-dihydrobenzodiazepine system XV was pre
pared by cyclizing the appropriate benzoyl derivative of 
an ethylenediamine (Scheme III).15 The ethylenediamines 
were prepared by treatment of an aniline with ethylen-
imine or alternatively by reduction of the aminoacetyl-
aniline 23 with diborane to give 24. 
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Scheme II 

! 

.J2 

J0 

VIII, R 

CH,RF 

1 I 
N-C0CH,R 

N = 0 

irv 
= Br 

0 

XI 

Scheme III 
CH,CF3 

NH H 
LA 
A1CI. . ^ r 

CH2CF3 

N-

X' ~ H,N 

XII xm 
CH2CF, CH,CF, 

23 24 

Oxidat ion wi th R u 0 4
1 6 provides ano ther general p a t h to 

the 2-one system XVI and t r e a t m e n t of the la t te r with 
P2S5 in dioxane gives the 2-thiones XVII . In general, pyri
dine has been used as the solvent in the prepara t ion of 2-
th iones , 2 ' 1 7 b u t in th is series P2S5 in pyr idine gave unsa t 
isfactory resul ts , and the use of dioxane as solvent great ly 
improved the react ion. 



T a b l e I I I . Benzodiazepines 

N o . X R R 3 R4 M p , °C Yield, % 
Purification 

solvent F o r m u l a Analyses 

ED 6 0 , m g / k g po, vs. 
pentylenete t razole 

Method" convulsions in mice 

I 

31 

32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 

CI 

CI 
CI 
CI 
CI 
CI 
CI 
CI 
CI 
CI 
CI 
CI 
CI 
CI 
CI 
CI 
CI 
H 
CI 
N 0 2 

H 
CI 
N 0 2 

7,9-(N02)2 

7-C1-9-NO. 
B r 

H 

H 
H 
H 
H 
H 
o-Cl 
o-Cl 
o-Cl 
o-Cl 
o-Cl 
o-F 
o-F 
o-F 
o-F 
o-F 
o-F 
H 
m - N O j 
H 
o-F 
H 
o-F 
o-F 
o-F 
o-F 

O 

O 
O 
O 
S 
H 2 

O 
O 
H 2 

H 2 

H 2 

O 
O 
O 
S 
H 2 

H 2 

O 
O 
O 
H 2 

O 
H 2 

H 2 

H 2 

H 2 

O.H.2C».F3 

C H 2 C F 3 

C H 2 C F 3 
C H 2 C F 3 
C H 2 C F 3 
C H 2 C F 3 
C H 2 C F 3 

C H 2 C F 3 
C H 2 C F 3 
C H 2 C F 3 

C H 2 C F 3 

C H 2 C F 3 

C H 2 C F 3 

C H 2 C F 3 

C H 2 C F 3 

C H 2 C F 3 
C H 2 C F 3 
C H 2 C F 3 
C H 2 C F 3 
C H 2 C F 3 
C H 2 C F 3 

C H 2 C F 2 C F 3 

C H 2 C F 3 

C H 2 C F 3 

C H 2 C F 3 

C H 2 C F 3 

H 

H 
OAc 
O H 
H 
H 
H 
H 
H 
H 
OAc 
H 
H 
OAc 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 

O 

O 

O 

O 

O 

164-166 

192-194 
193-194 
186-187 
169-170 

6 6 - 6 7 . 5 
105-107 
208-210 
188-198 
137-138 
127 131 
124-127 
196-199 
156-158 .5 
138-139 
83-85 

163-165 
138-139 
230-231 
161-162 
91 93 

196-197 
123-125 
188 190 
138-139 
97 98 

3 . 6 
50 
48 
70 
75 
75 
40 
40 
57 
19 
42 
66 
63 
65 
55 
60 
64 
75 
83 
65 
74 
20 
66 
64 
14 
11 
41 
82 

Me 2 CO Hex 

M e 2 C O - E t 2 0 
M e 2 C O - H e x 
E t O H Hex 
CH2C12-Hex 
P e t . e ther 
CH 2C1 2-Hex 
CH2C12-Hex 
E t O H - E t 2 0 
CH 2C1 2-Hex 
E t 2 0 Hex 
CH2C12-Hex 
CH 2 CI 2 -Hex 
CH2C12 Hex 
CH2C12-Hex 
CH 2C1 2-Hex 
CH2C12 Hex 
E t O H 
Me 2 CO 
M e 2 C O - M e O H 
E t 2 0 Hex 
C H C U - H e x 
CH 2C1 2-Hex 
CH 2 C1,-Hex 
P h H - H e x 
E t 2 0 Hex 

Ci 7H 1 2ClF 3N 20 

C„H 1 2 C1F 3 N 2 0 2 

Ci 9 H 1 4 ClF 3 N 2 0 3 

C17H12C1F3N202 

C n H 1 2 ClF 3 N 2 S 
C i 7 H i 4 C l F 3 N 2 

C„H„C1 2 F 3 N 2 0 
C„H„C1 2 F 3 N 2 0 2 

C„H1 3C12F3N2-HC1 
C17H13C12F3N20 
C,9H1 5C12F3N202 

C n H „ C l F 4 N 2 0 
C „ H „ C 1 F 4 N 2 0 2 

C1 7H I 3C1F4N203 

C1 7H„C1F4N2S 
C17H13C1F4N2 

C17H13C1F4N20 
C 1 7H 1 3F 3N 20 
C 1 7 H„C1F 3 N 3 0 3 

C 1 7H 1 2F 3N 30 3 

Ci 7H ] 4F 4N 2 

C,8H1 2C1F5N20 
C 1 7 H„F 4 N 3 0 2 

C1 7H1 2F4N404 

C,7H,2C1F4N302 

C1 7H1 3BrF4N2 

C, H , N 

C , H , N 
C, H , N 
C, H , N 
C, H , N , S 
C, H , CI, F , N 
C, H , N 
C, H , N 
C, H , N 
C. H , N 
C, H , N 
C, H , CI, N 
C, H , N 
C, H , N 
C, H , F , N 
C, H , CI, F , N 
C, H , CI, F , N 
C, H , F , N 
C, H , CI, N 
C, H, N 
C, H , N 
C, H , F , N 
C, H , N 
C, H , N 
C, H , N 
C, H, Br , N 

A 
B 
C 
G 

D 
H 

H 

D 
G 

J 
B 

B 

2 . 5 

1.7 
10 

1.2 
5 
5-10 
1 

17 
0 . 5 

>30 
>30 

0 . 1 
5 (3-10) 
0 . 8 (0 .3-1) 
0 . 4 
1 

36 
100 

60 
30 

>100 
30 

2 . 5 
>100 
>100 

0 .15 ( 0 . 1 - 0 . 3 ) 

^ 
c 
3 
0 
0 

35 
<T1 

O " 

2' 
~-0 
3-
3 
S' 
,~1 

~̂-
s (, V

ol 

03 

"Where applicable. 



Since benzodiazepines are generally metabolized to 3-
hydroxy derivatives, the latter were prepared for testing 
by first employing the Polonovskii rearrangement18 on the 
nitrones XVIII and XX to obtain XIX and XXI. respec
tively. The acetates were hydrolyzed to the corresponding 
3-hydroxy compounds (Scheme IV). In one case of the oxi
dation of XV (X = Y = CI, 39) with m-chloroperbenzoic 
acid, the nitrone of the 2-one system, XVIII. was obtained 
as well as the expected nitrone XX, after chromatographic 

It was found that several 7-nitrobenzodiazepines were 
not accessible by the methods in Schemes II and III due 
to the unexpected rearrangement shown in Scheme V. 
The bromoacetamidobenzophenone 12 and the bromo-
acetylaniline 17 give 13 and 19, respectively, upon treat
ment with ammonia. Similar rearrangements of nitroben-
zophenones have been observed by other workers.19-20 The 
amide 19 was treated with diborane to obtain the diamine 
18. The mono-o-fluorobenzoyl derivative 28 was prepared, 
but this was not the desired intermediate for benzodi
azepine synthesis. All the spectral data supported these 
structures, in particular the mass spectra. 

The desired nitrobenzodiazepines were prepared under 

mild nitrating conditions, KNO3-H2SO4 in the cold 
(Scheme VI). All structures are unequivocal on the basis 
of nmr. In addition, the structures of 49, 50, and 53 could 
be predicted from previous work21-22 which indicates that 
nitration occurs first in the 7 position, if it is available, 
and then in the meta position of the 5-phenyl ring. Com
pound 50 was hydrolyzed to benzophenone 5 which was 
independently prepared. 

Structures 54 and 55 were expected because the fluorine 
in the 5-phenyl deactivates the ring to further substitution 
and then once the 7 position is substituted, further substi
tution occurs in the 9 position. The nmr for 53 (100 MHz) 
shows as the most downfield shift H-8 at <5 8.57 as four 
lines (J„ = 9. Jm = 3 Hz) and H-6 at 6 7.86 as a doublet 
(Jm = 3 Hz). Compound 54 (100 MHz) shows H-8 as the 
most downfield proton at <5 8.76 (Jm = 3 Hz) and H-6 at h 
8.02, a four-line multiplet (Jm = 3 and JY = 1 Hz). Com
pound 55 shows only H-8 separated from the rest of the 
aromatic multiplets at 5 7.90 (Jm = 2.5 Hz). 

Spectral Data. An examination of the nmr spectra of 
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s t ruc tures 36, 31, and 35 i l lus t ra tes generali t ies in th is se
ries. C o m p o u n d 36, the 2,3-dihydro system, has a two-pro
ton qua r t e t for the - C H 2 C F 3 group a t 5 3.75 ( J = 8.5 Hz) ; 
t he other four a l ipha t ic pro tons on C-2 a n d C-3 coinci-
dent ly appea r as a singlet a t the s ame chemical shift, 5 
3.75. (In D M S O the q u a r t e t and singlet are separa ted . ) 
T h e 2-one sys tem 31 shows the -CH2CF3 group as an 
ABX3 sys tem with 13 of the 16 lines (for four quar te t s ) 
visible, th ree lines being coincident with other l ines. T h e 
shifts are &A 5.19 ( J A x = 9 Hz) , oB 4.05 ( J B x = 8 and J A B 
= 15 Hz) . T h e C-3 protons appea r as two doublets , 5D 4.84 
and 5E 3.79 ( J D E = 11 Hz) . T h e spec t rum of t he 2-thione 
system, 35, is vi r tual ly ident ical b u t shifted downfield. 

CH2CF3 

M. > 

36. X = H. H 
31. X = 0 
35, X = S 

P h a r m a c o l o g y and Structure-Act iv i ty Relat ionships . 
T h e t e s t used as a measure of t ranqui l iz ing act ivi ty was 
an tagon i sm of penty lene te t razo le- induced convulsions in 
mice . 2 3 T h e compounds were admin i s t e red to groups of 
five male C F No . IS mice and pentylenete t razole , 125 
m g / k g ip, was admin i s t e red 1 hr after the test compound . 
Antagonism was measured by the per cent of mice pro
tec ted agains t tonic extension. ED50 values were calculat
ed by the me thod of Litchfield a n d Wilcoxon (Table 
I I I ) . 2 4 

T h e tes t used as a measure of neurological i m p a i r m e n t 
or side effect po ten t ia l was i m p a i r m e n t of wire m a n e u v e r 
performance, also called the t rac t ion t e s t . 2 5 2 6 T h e per
centage of mice unab le to c l imb onto a wire and ba lance 
themselves within 15 sec after being suspended by the fore-
paws was de te rmined 60 min after admin i s t r a t ion of 
each tes t compound . T h e oral dose (mg/kg) to produce 
i m p a i r m e n t in 50% of the mice (ID50) was de te rmined ac
cording to Litchfield and Wilcoxon. 2 4 

A comparison of 31 , the 1-trifluoroethylbenzodiazepi-
none, and 52, t he corresponding 1-pentafluoropropyl, 
shows t h a t the tr if luoroethyl group confers greater activi
ty. In light of previous f indings2 it is surpris ing t h a t 50, a 
7-ni t robenzodiazepinone, is not more act ive, since elec
t ron-wi thdrawing groups a t C-7, including ni t ro , are said 
to give active compounds . An or tho halogen in t he 5-phe-
nyl ring consistent ly increases act ivi ty in th is series. A 
compar ison of the act ivi t ies of compounds which differ 
s t ruc tura l ly only a t the 2-carbon a tom indicates C = 0 > 
C = S > CH2 for act ivi ty (42, 45, a n d 46, respectively) . 

A compar ison of d i azepam, la, a n d ha l azepam, lb , in 
the present tes t sys tem shows t h a t d i azepam is more po
t e n t (ED50 of 1 and 2.5 m g / k g , respectively) . However, 
the 1-tr if luoroethylbenzodiazepines in general produce 
less neurotoxici ty in mice t h a n d i a z e p a m . T h e relative 
specificity of the t ranqui l iz ing effect of a drug is ind ica ted 
by the t he rapeu t i c index ( ID 5 o/ED 5 o) , a larger n u m b e r in
d ica t ing greater specificity and less neurotoxici ty . T h e 
t h e r a p e u t i c indices of some represen ta t ive compounds are : 
d i azepam, 2.0; h a l a z e p a m , 8.0; 36, 5.3; and 35, 13.6. Fur
the rmore , the oral L D 5 0 in mice for d i azepam is reported 
to be 620 m g / k g while in exper iments wi th ha l azepam, 
there was no le tha l i ty a t 4000 m g / k g . 6 ' 7 

Exper imenta l Sect ionr 

Benzodiazepin-2-one Syntheses. 7-Chloro-l-(2,2,2-trifluo-
roethyl)-1,3-dihydro-5-phenyl-2H-1,4-benzodiazepin-2-one (31). 
Method A. A solution of 0.51 g (0.022 g-atom) of Na in 50 ml of 
MeOH was added to 5.0 g (0.019 mol) of 7-chloro-l,3-dihydro-5-
phenyl-2//-l,4-benzodiazepin-2-one13 in 150 ml of MeOH. The so
lution was evaporated to dryness in vacuo and the Na salt dis
solved in 30 ml of DMF. This solution was slowly treated with 
5.85 g (0.028 mol) of 2,2,2-trifluoroethyl iodide. After stirring 
overnight at 60-70° the solution was cooled and evaporated to a 
residue which was treated with H 2 0 and extracted with Et20. 
The organic layer was dried and evaporated and the residue was 
dissolved in PhH and chromatographed on alumina (100 g) using 
PhH to elute. The appropriate fractions were recrystallized from 
acetone-hexane to give 31. 

Ammonia Treatment of Bromoacetyl Derivatives. Method 
B. A solution of 0.1 mol of the 2-bromoacetamidobenzophenone or 
bromoacetylaniline in alcohol-free CHCI3 was treated with NH3 
gas for 18 hr at room temperature. After washing with H2O and 
drying (Na2SO,i), the solvent was evaporated and the residue re-
crystallized from the solvent indicated to yield either XI. 10, 13, 
19, or 23. (In the preparation of benzodiazepinone 31, the first 
crop was a higher melting side product which will be described 
elsewhere.) 

7-Chloro-l-(2,2,2-trifluoroethyl)-l,3-dihydro-5-phenyl-2#-
l,4-benzodiazepin-2-one (31). Method C. A solution of 0.5 g 
(0.001 mol) of 8 in 25 ml of EtOH containing 0.15 g (0.003 mol) of 
H 2 NNH 2 -H 2 0 was heated under reflux for 2 hr, concentrated to 
about half-volume, and cooled. The precipitate was removed by 
filtration and the filtrate was acidified with 5% HC1, heated to 
80°, and cooled to room temperature. The solution was made al
kaline with 5% NaOH and extracted with CH2C12. The organic 
layer was dried and evaporated at a residue which was crystal
lized with acetone-hexane; recrystallization yielded 31. 

l,3-Dihydro-5-aryl-2H-l,4-benzodiazepin-2-ones (XI). Meth
od D. A solution of 2.8 mmol of XV in 30 ml of CH2C12 at 0° was 
treated with 10 mmol of Ru0.j (prepared from Ru02

2 7) in 225 ml 
of CCU over 30 min. After another 30 min at 0°, 7 ml of i-PrOH in 
200 ml of H 2 0 was added. The mixture was filtered through Ce-
lite, dried (Na2S04), and evaporated in vacuo. Hexane was added 
to the residue and crystals were obtained. 

Ethylenediamines. Method E. To a solution of 17 ml of 1 M 
borane in THF under N2 at 0° was added 2.8 g (0.01 mol) of 19 in 
20 ml of THF. 2 8 After a further 10 min at 0°, the solution was 
heated to reflux for 15 min and then cooled to room temperature. 
HC1 (10 ml, 6 N) was added slowly. The THF was removed as H2 

was evolved. NaOH solution (50%) was added to pH 11, and the 
solution was extracted with CH2C12 three times. The combined 
organic extracts were dried (Na2SO,i), treated with Darco, and 
evaporated to a residue which was crystallized to yield 18. 

In the same manner, treatment of 23 gave 24 as an oil which 
was not distilled but used to make 30. 

Method F. The method of Kaegi was used.15 It was found that 
the commercial ethylenimine did not require distillation before 
use. 

Benzodiazepine Oxidations (Scheme IV). Benzodiazepin-2-
one 4-Oxides (XVIII). Method G. CH3CO3H (40%) in 
CH3C02H was used according to Bell, et al.29 

Oxidation of 7-Chloro-5-(2-chlorophenyl)-l-(2,2,2-trifluo-
roethyl)-2,3-dihydro-lH-l,4-benzodiazepine (39). Method H. A 
solution of 7.5 g (0.02 mol) of 39 and 4.14 g (0.024 mol) of m-chlo-
roperbenzoic acid (MCPB) in 30 ml of C1CH2CH2C1 was refluxed 
for 4 hr, cooled, diluted with 100 ml of CH2C12, and washed with 
5% HC1, 10% NaOH, and then H 2 0 . After removal of solvent in 
vacuo the residue was chromatographed on 400 g of silica gel 
using CH2Cl2-EtOAc (1:1), collecting 250-ml fractions. Fractions 
4-6 yielded, after crystallization, 40. Fractions 10 and 11 yielded, 
after crystallization, 38. 

7-Chloro-l-(2,2,2-trifluoroethyl)-5-(2-fluorophenyl)-2,3-dihy-
dro-lH-l,4-benzodiazepine 4-Oxide. Method J . A solution of 0.1 

- Nmr spectra were determined on a Varian A-60A spectrometer (60 
MHz) or when indicated on the HA-100 spectrometer (100 MHz), in CDCI3 
(Me-tSi) unless other solvent is specified, and mass spectra on a Varian-
Mat CH5 spectrometer using an electron impact source at 70 eV and 250°. 
All melting points were determined on a Kofler apparatus and are correct
ed. The ir spectra (Nujol) were determined with a Perkin-Elmer 221 spec
trophotometer and uv spectra (MeOH) with a Cary 15 spectrophotometer. 
Where analyses are indicated only by the symbols of the elements, analyti
cal results obtained for these elements were within ±0.4% of the theoreti
cal values. 
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g (0.28 mmol) of 46 and 0.054 g (0.31 mmol) of MCPB in 10 ml of 
CICH2CH2CI was stirred at 45° overnight and then refluxed for 3 
hr. After cooling, the solution was adsorbed on a column of 35 g of 
silica gel and ether was used to wash off the front-running yellow 
material. The material remaining was then obtained by treating 
the removed adsorbent with EtOAc. Crystallization yielded 47. 

Hydrolysis of Benzodiazepin-2-ones to Aminobenzophenones 
3 and 5. Method K. The hydrolyses were carried out according to 
Sternbach, et al.22 

Polyfluoroalkyl Trichloromethanesulfonates (V). A mix
ture of 5.0 g (0.05 mol) of 2,2,2-trifluoroethanol and 11.3 g (0.052 
mol) of trichloromethanesulfonyl chloride in 15 ml of H2O was 
stirred at 50° and 2.2 g (0.055 mol) of NaOH in 9 ml of H 2 0 was 
added. After 2 hr at this temperature it was allowed to cool over
night. Petroleum ether was used to extract the sulfonate ester and 
this solution was then washed several times with concentrated 
aqueous NH 3 and then H2O. After filtering and evaporating the 
solvent, the remaining oil was distilled: 101-102° (38 mm): 7.9 g 
(87%); n245

D 1.4240. Anal. (C3 H2C13F303S) CI. F. S. 
The pentafluoropropyl ester was prepared in the same manner 

in 75% vield: bp 77-79° (10 mm); n24-5
D 1.4085. Anal. (C4H2CI3F5-

03S)C1, F, S. 
2-Polyfluoroalkylaminobenzophenones (VII) and Af-(2,2,2-

Trifluoroethyl)anilines (XII). A solution of 2 mol of the amino-
benzophenone or aniline and 1 mol of polyfluoroalkyl trichloro-
methanesulfonate in 600 ml of xylene was stirred under reflux for 
10 hr and then cooled and filtered. The filter cake was washed 
with Et20 and the washings were combined with the filtrate. 
(The starting aminobenzophenone or aniline was recovered from 
the precipitate by treatment with Na2C03 solution.) The organic 
solution was concentrated in vacua and the residue was either 
distilled, crystallized, or chromatographed and then recrystal-
lized. 

2-Bromoacetamidobenzophenones (VIII) and Bromoacetylan-
ilines. A solution of 0.1 mol of the base and 0.12 mol of bromo-
acetyl bromide in 500 ml of benzene was refluxed for 4 hr. The so
lution was then cooled, washed with water, dried, and concen
trated in vacuo. The crystalline residue was recrystallized. 

2-[iV-(2,2,2-Trifluoroethyl)phthalimidoacetamido]-5-chloro-
benzophenone (8). 2-[Ar-(2,2,2-Trifluoroethyl)amino]-5-chloroben-
zophenone (4.60 g. 0.015 mol) in 150 ml of PhH was added to 3.26 
g (0.015 mol) of phthalimidoacetyl chloride30 in 150 ml of PhH 
and the mixture was refluxed for 3 hr and cooled. After washing 
with saturated aqueous NaHC0 3 and H2O. the PhH solution was 
dried and evaporated to a residue which was crystallized from 
EtOHtoyie ldS. 

l,3-Dihydro-5-aryl-2rY-l,4-benzodiazepine-2-thiones (XVII). 
A solution of 25 g (0.071 mol) of the benzodiazepin-2-one 31 and 
17.3 g (0.078 mol) of P2S3 in 250 ml of dry p-dioxane was heated 
under reflux for 5 hr. The solvent was removed under reduced 
pressure and the residue was dissolved in CH2CI2 and filtered 
through activated alumina. Chromatography on silica gel using 
PhH as eluent gave 35. 

The thione 45 was prepared in analogous fashion from 42 except 
that the residue in CH2CI2 was filtered through silica gel and 
then subjected to crystallization to give 45. 

Nitrations of Benzodiazepines and Benzodiazepin-2-ones. A 
solution of 0.1 mol of KNO3 in 20 ml of cold concentrated H2SO4 
was added dropwise with stirring to 0.1 mol of the benzodiazepine 
or benzodiazepin-2-one in 100 ml of concentrated H2SO4 at 0-5°. 
After stirring at this temperature for about 4 hr the mixture was 
poured onto ice and neutralized with XH4OH at 0". The precipi
tate was collected, washed with H2O. and either crystallized or 
chromatographed first. 

3-Acetoxybenzodiazepines (XlXa and XXIa). The acetic an
hydride method of Bell was used.18 

3-Hydroxybenzodiazepin-2-ones (XlXb). The 3-acetoxy deriv
ative (3.0 g) in 30 ml of EtOH and 30 ml of NH 4 0H was allowed 
to stand overnight. The solvent was decanted from the crystals 
which were then recrystallized. 

.V-Aroylethylenediamines (XIV and 28). A solution of 1 mol of 
the ethylenediamine and 1 mol of triethylamine in 1 1. of dry PhH 
was treated with 1 mol of the aroyl chloride at 0°. After stirring 
overnight at room temperature the solid was filtered off and the 
filtrate was washed with 10% aqueous Na2C03 and then H2O. 

After drying the solvent was removed in vacuo and the residue 
was crystallized (or first chromatographed). 

2,3-Dihydro-5-aryl-lr7-l,4-benzodiazepines (XV). The cycli 
zation was accomplished with P2O5 and POCI3 according to 
Kaegi15 and the benzodiazepines were isolated either as the free 
base or, in one case, as the HC1 salt. 

A c k n o w l e d g m e n t s . The au tho r s are indebted to Dr. 
Allen Ba rne t t for the biological d a t a reported herein and 
to the Physical and Analyt ica l Chemical Research De
p a r t m e n t for the spect ra and microanalyses . 
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