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Abstract 

The title compounds, C13H10N203 and C14HllFN203, 
were prepared by acid degradation of the 1,4-benzo- 
diazepine drugs nitrazepam and flunitrazepam, respec- 

tively. The structure of 2-amino-5-nitrobenzophenone 
reported here is a polymorphic form of a known 
structure. 

Comment 
The 1,4-benzodiazepine drugs nitrazepam and flunitraz- 
epam are prescribed for the short-term treatment of 
insomnia. Both drugs are hydrolysed in aqueous acid 
solution to produce substituted benzophenone products 
via a ring-opened intermediate. Thus nitrazepam, (I) (see 
scheme below), hydrolyses to 2-amino-5-nitrobenzo- 
phenone, (II) (Han et al., 1977; Broxton & Morrison, 
1985; Davidson & Smail, 1991; Anisuzzaman, 1995), 
and flunitrazepam, (III), to 2-methylamino-2'-fluoro-5- 
nitrobenzophenone, (IV) (Debruyne et al., 1984; Moro 
et al., 1991; Anisuzzaman, 1995). Crystal structures 
have been reported for (I) (Gilli et al., 1977), (II) 
(Dvorkin et al., 1985) and (III) (Butcher et al., 1983), 
but not for (IV). We report here two new structures, 
namely, that of (IV) and that of a polymorph of the 
previously reported compound (II). 

5 "' 
\ O \ O 

N--~ 

+H.O" ~ / X  '" IqH 2 
N N ~,-'~-~ N(~2 "<-"" "N~ O 

~ R 2 -H?O" ~ R  2 

( I )  R 1 = H , R  2 = H 

(III)R 1 = C H  3,R 2 = F 

H30- 

R 1 
\ 

"2 ~ R  

(II) R 1 = H.R 2 = H 

(IV) R I = CH 3.R 2 = F 

Benzophenones almost always crystallize in the pro- 
peller conformation, with the torsion angles ,,:1 and v~2 
(see scheme below) taking the same sign (Rappoport 
et al., 1990). This is indeed the case for compounds 
(II) [~1 = 21.7 (3) and ~2 = 45.9 (3) °] and (IV) [~1 = 
-8 .5  (4) and v~2 = -57.7  (4)°]. The previously reported 
polymorph of (II) has ~1 = 24.6 and ,,~2 = 49.1 ° . 
By way of comparison, the corresponding angles ob- 
served in energy-optimized structures of benzophenone 
are ~1 = ~2 = 26.2 ° (Kendrick, 1990) and ,,.¢1 = ~2 = 
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30 ° (Rappoport et al., 1990), while in the crystal struc- 
ture of benzophenone ~1 = 29.4 and ~2 = 30.9 ° (Fleis- 
cher et al., 1968). 

cl, ~ ~ c ~ \  

¢1 ~l~ "7 ¢2 v 

0 

In both compounds, an amino H atom forms an 
intramolecular hydrogen bond with the carbonyl O 
atom, O1 [in compound (II), H1B-.-O1 - 2.03A, 
and in compound (IV), H I . . -O1 = 1.98A]. Another 
feature common to both structures is the presence 
of a single intermolecular hydrogen bond between an 

l amino H atom and an O atom [ H 1 A . . . 0 3 ( - 1  +x,  ~ - y ,  
l + z )  = 2.14,~, in (II) and H 1 . - . O l ( - x ,  - y ,  - z )  = ~, o 

2.42A in (IV)]. These features are shown in Figs. 1 
and 2. 

NIHI X ~c 

\ 
03' 

Fig. 1. The atomic arrangement and hydrogen bonding in molecules 
of (II). Displacement ellipsoids are shown at the 50% probability 
level. H atoms have been set artificially small for clarity. 03 '  is 
related to 0 3  by the symmetry operation - 1  + x, ~ . J - -  V,  - - ' ~  + Z .  

_ 

02 " ~  N2 .. 
• 0 3  

c4 /. c5 

C "1- 2 ' ~ ' ~  ~ % C 9  " 

Fc,, 

I 
I 

Fig. 2. The atomic arrangement and hydrogen bonding in molecules 
of (IV). Displacement ellipsoids are shown at the 50% probability 
level. H atoms have been set artificially small for clarity. Primed ('1 
atoms are generated from their unprimed counterparts by inversion 
through the origin. 

Atom H 1 in compound (IV) therefore acts as a donor 
for two hydrogen bonds in a bifurcated system. The 
previously published polymorph of 2-amino-5-nitro- 
benzophenone, (IIP) (Dvorkin et al., 1985), is also 
monoclinic (P21/b, a = 7.851, b = 12.686, c = 11.121 ,~, 
and 7 = 95.58 °) and possesses a similar hydrogen- 
bonding network to that of the structure reported here. 
The amino H-atom bond geometries for these three 
compounds are given in Table 3, where the O-atom 
coordinates of (IIP) are transposed by - x ,  ~ - y, - ½ + z. 

A scan of the close contacts in the crystal struc- 
ture of (IV) also reveals a short C - - H . . . O  contact: 

1 I H 1 4 C . . . 0 2 ( ~ - x ,  ~+Y, 5 - z ) = 2 " 3 8 k ' "  

E x p e r i m e n t a l  

Nitrazepam was hydrolysed with aqueous HCI to give (II), and 
flunitrazepam was hydrolysed with aqueous HCI to give (IV). 
Crystals of (II) were obtained from aqueous HCI solution, 
while (IV) was recrystallized by slow evaporation of an 
ethanol solution. 

Compound (II) 
Crystal data 

C~3HmN203 Mo Ko~ radiation 
Mr = 242.23 A = 0.7107 



858  C I 3 H l o N 2 0 3  A N D  C I 4 H I I F N 2 0 3  

Monocl inic  Cell parameters from 250 Refinement 
P2~/c reflections Refinement  on F 2 (/\/o.)max < 0.001 
a = 5.7358 (15) .4, 0 = 2 .10 -25 .09  ° R[F 2 > 2o.(F'~)] = 0.033 Apm.~ = 0.156 e , - 3  

o 

b = 14.693 (2) A ~ = 0.107 mm -I  wR(F ~-) = 0.068 z2~pmin = --0.139 e ~ - 3  
C = 13.1120(12)  .~ T = 150 (2) K S = 0.496 Extinction correction: none 
/3 = 98.87 (4) ° Needle  1946 reflections Scattering factors from 
V =  1091.8 (3) ~3 0.20 x 0.15 x 0.15 mm 184 parameters International Tables for 
Z = 4 Yellow H atoms: see below Crystallography (Vol. C) 
D~ = 1.474 Mg m -3 w =  llo-2(F,~) 
Dm not measured 

T a b l e  2. Selected geometric parameters (A, °) for (IV) 
Data collection F1---C9 1.365131 O3--N2 1.236 (3) 
Delf t  Instruments FAST 1004 reflections with 01--c7 1.23(5(31 N1--C2 1.34313) 

diffractometer I > 2o-(/) O2--N2 1.236 (3/ N 2 ~ 5  1.447 (41 

Area-detector  scans Rint = 0.082 C6---C1~7~C8 -8.514~ C 1 ~ 7 ~ 8 ~ 9  -57.714) 

Absorpt ion correction: none 0m,.,x = 25.09 ° 
4705 measured reflections h = - 6  ---, 6 
1705 independent  reflections k = - 17 ---, 17 

l = - 1 5  ~ 11 

Refinement 

Refinement  on F z 
R[F 2 > 2o.(F2)] = 0.038 
wR(F 2) = 0.077 

S = 0.757 
1705 reflections 
164 parameters 
H atoms: see be low 
w = I/[O.2(F,~) + (0 .0128P) 2] 

where P = (Fo + 2F,2)/3 

(A/o.)m~,~ = 0.037 
Apmax = 0.192 e ,~-3 
A/groin = - 0 . 1 4 3  e ,~-3 
Extinction correction: none 
Scattering factors from 

International Tables for 
Cr)'stallography (Vol. C) 

T a b l e  1. Selected geometric parameters (A, °) for (II) 
O3--N2 1.243 (21 N I--C2 1.336 (3~ 
O2--N2 1.225 (2) N2--C5 1.443 (3) 
O1--C7 1.236 (2) 

C6--C1--C7--C8 21.7 (31 CI--C7--C8--C9 45.9 (31 

C o m p o u n d  (IV) 

Crystal data 

C14HIIFN203 
Mr = 274.25 
Monocl inic  
P21/n 
a = 4.2150 (17) * 
b = 13.6020 (18 o) ,~ 
c = 21.547 (7) A 
/3 = 94.7480 (11) ° 
V 1231.1 (7) A 3 

Z = 4  
Dx = 1.480 Mg m -3 

Data collection 
Delft  Instruments FAST 

diffractometer  
Area-detector  scans 
Absorpt ion correction: none 
5315 measured reflections 
1946 independent reflections 

M o  K a  radiation 
A = 0.7107 ,~, 
Cell parameters from 250 

reflections 
0 = 2 .42 -24 .98  ° 
# = 0.116 mm -~ 
T = 150 (2) K 
Needle  
0.22 x 0.18 x 0.12 mm 
Yellow 

736 reflections with 
I > 2o-(/) 

Ri,t = 0.094 
0max = 24.98 ° 
h =  - 4 - - +  3 
k -  - 1 5 - - '  14 
1 = - 2 5  ---+ 24 

T a b l e  3. Hydrogen-bond geometry (A, °) 

N--H O. • .H N. • .O N--H. • .O 
(115 Cintra) 15.86 2.[)3 2.664 (3) 123 
{11) (inter) O.86 2.14 2.972 (3) 164 
[IV) Cintra5 0.88 1.97 2.65814) 134 
(IV~ (inter~ (I.88 2.41 3.112 ~4~ 137 
[liP) (intra) 1 .(50 2.01 2.698 124 
(lIP) {inter5 0.92 2.18 3.083 175 

The unit-cell and intensity data were obtained using the rou- 
tines ENDEX, REFINE and MADONL in the MADNES suite 
of  software (Pflugrath & Messerschmidt ,  1989) and processed 
using ABSMAD (Karaulov, 1992), detailed procedures are de- 
scribed by Darr et al. (1993). All non-H atoms were refined 
with anisotropic displacement  parameters.  The H atoms were 
initially placed in calculated posit ions and thereafter a l lowed 
to ride on their attached atoms with a common  isotropic dis- 
placement  parameter, which converged to 0.027 (2) ,~2 for 0 IL  
and to 0.026 (3) (non-methyl)  and 0.070 (6)•2 (methyl) for 
(IV). We attribute the poor value of  S for structure (IV) to the 
effects of  uncertainties on F -~ in a very weak data set. 

For both compounds ,  program(s)  used to solve structures: 
SIR92 (Altomare et al., 1994). Program(s)  used to refine 
structures: SHELXL93 (Sheldrick, 1993) for (II); SHELXL97 
(Sheldrick, 1997) for (IV). For both compounds ,  molecular  
graphics: ZORTEP (Zsolnai, 1997). 

T h e  u se  o f  the  E P S R C  X - r a y  C r y s t a l l o g r a p h i c  S e r v i c e  

at the  U n i v e r s i t y  o f  W a l e s ,  Ca rd i f f ,  W a l e s ,  is g r a t e f u l l y  

a c k n o w l e d g e d .  

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: BM 1214). Services for accessing these 
data are described at the back of the journal. 
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Comment  
Azo compounds are widely used in the textile industry 
as synthetic colouring materials. The structure of the 
title compound, (I), is very similar to the structures of 
azo compounds studied previously (I~ik et al., 1997; 
Glowka & Olubek, 1994: Rodrigues et al., 1996). The 
two phenyl rings are in a trans configuration. The 
lengths of the two C - - N  bonds are almost identical and 
have an average value of 1.410 (3) A. The average value 
of the C - - N - - N  anogles is 115.7 (2) °. The N = N  bond 
length is 1.274 (3)A,  in accordance with the expected 
value for aromatic azo compounds. The whole molecule, 
except for two methyls of the tert-butyl  group, lies on 
a crystallographic mirror plane, so that the molecule is 
perfectly planar. 

/ C H 3  

o 

H 3 C - - C - -  ('H 3 

I 
CH 3 

(I) 
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Abstract 
The structure of the title compound, C I T H 2 0 N 2 0 2 ,  shows 
features characteristic of azobenzene derivatives and 
is perfectly planar in the solid state with a trans 
configuration. The molecule has an intramolecular O I - -  
H 1 . . .N  1 hydrogen bond. 

t IUPAC name: 2-tert-butyl-4-methoxy-6-(phenyldiazenyl)phenol. 

The planarity of the molecule facilitates an O1- -  
HI . . .N I  intramolecular hydrogen bond, in which the 
O1 hydroxyl group adjacent to the N = N  bond serves 
as the donor to the N1 atom. The O1--H1-. .N1 angle 
is 149.6(2) ° and the !ength of the hydrogen bond 
(H1- . -N1)  is 1.598(2)A. The length of the O1...N1 
bond is 2 .534 (2 )A ,  which is shorter than a typical 
hydrogen bond of this type [N..-O = 2.78(10)A; 
Vinogradov & Linnell, 1971]. This shows the presence 
of a very strong intramolecular interaction in the mol- 
ecule. There are no intermolecular interactions other 

(,16 

& 
• ('8 ,- r.. 

" NI C 

) (•14 

Fig. 1. ORTEPII (Johnson, 1976) view of the title molecule and 
the atomic numbering. The displacement ellipsoids are at the 50~ 
probability level. H atoms are shown as spheres of arbitrary size. 

I [Symmetry code: (i)x, ~ - y. z,] 
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