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Crystals of 2-methyl-3-phenyl-4-(N-methyl-N-hydroxyamidin)isoxazolin-5-one hydrobromide are or- 
thorhombic, space group Pbca, with a =  19"539 (2), b= 10"676 (2) and c= 13-418 (2) A. There are eight 
formula units per unit cell. The structure was solved by the heavy atom method employing 2954 inten- 
sity data collected on a Weissenberg apparatus. It was refined by least-squares methods with anisotropic 
thermal parameters for all the non-hydrogen atoms to an R index of 0.075 for 1452 independent observed 
reflexions. Bond distances are in reasonable agreement with the corresponding values for related sub- 
stances. The nitrogen atom of the iminic group is protonated. The planarity of the N-methyl-N- 
hydroxyamidin chain indicates the occurrence of two mesomeric forms for this group. 

Introduction 

The present X-ray study was undertaken in order to 
determine the molecular  structure of the product of  

the reaction between ethyl-c~-cyano-fl-methoxy-fl-phe- 
nyl acrylate and an excess of methylhydroxylamine  
because spectroscopic data and chemical behaviour  
did not confirm which of the two stereoisomers (I) and 
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(II), among several possible compounds, was formed 
(Adembri & Tedeschi, 1967). The two chemical reac- 
tions can be sketched as it follows: 

C( H s C N 
\ / 

C ,C 
/ 

CH~O 

C~H 5 C OH / \ /  
/ \ CH~ 

CH~-- N ~ o / C = O  

li H 
" " ~ %  C6H5 C \  /CH 3 

" / T CH3. / C  C 

\N / ~C ~° 
I II 

OH 0 

(II) 

Experimental 

Crystals of the hydrobromide of the reaction com- 
pound were kindly supplied by Professor Tedeschi of 
the Institute of Organic Chemistry of Florence Uni- 
versity. They are short, prismatic in habit and colour- 
less, but turn brown after a long exposure to the air 
and to X-rays. Their melting point is 204-206°C. 

From preliminary oscillation and Weissenberg 
photographs, crystals were assigned to the ortho- 
rhombic system, space group Pbca, and approximate 
lattice parameters were determined. Cell constants 
were refined by a least-squares method employing 20 
values of 37 high Bragg-angle reflexions, measured on 
hkO and hOl Weissenberg photographs. 

The density, measured by flotation in an aqueous 
solution of potassium iodomercurate, is 1.53 g.cm -a, 
in agreement with the calculated value of 1.556 g.cm -a 
if eight molecules are assumed present in the unit cell. 
Crystal data are reported in Table 1. 

Table 1. Crystal  data f o r  2-methyl-3-phenyl-4-(N-meth-  
y l -N-hydroxyamidin) isoxazol in-5-one hydrobromide 

F.W. : 328.1 
Melting point: 205 + 1 °C 
Systematic absences: Okl k = 2n + 1 ; hOl l= 2n + 1 ; 

hkO h = 2n + 1 
Space group: Pbca 

a= 19.539+0.002/~ V=2799 ,~3 
b = 10.676_+ 0.002 Z= 8 
c= 13.418 _+ 0.002 

Dm = 1 "53 g.cm-3 Dz = 1"556 g.cm-3 
F(000) = 1328 a(Cu Ke) = 45.0 cm-1. 

For the structural study, reflexions from the hkO 
to hklO layers were collected from a well formed crys- 

tal elongated in the e direction with dimensions 
0.8 x 0.4 x 0.3 mm. Since this crystal turned brown 
during X-ray exposure, intensity data from the hOl to 
h7l layers were collected from a second crystal with a 
different shape and approximate dimensions 0.6 x 0.2 x 
0.3 mm. 

An integrating Weissenberg apparatus was used em- 
ploying equiinclination and multiple-film techniques 
and Cu Ke radiation. 2954 independent diffraction ef- 
fects were obtained, of which 1502 were too weak to 
be measured. These reflexions were given an intensity 
value of zero. 

Intensities were measured with a microdensitometer 
and converted to F 2 values, corrected by the Lorentz 
and polarization factors. An approximate cylindrical 
absorption correction was applied to the h k O ~ h k l O  
data set. A correction according to the method of De 
Meulenaer & Tompa (1965) was applied to hOl,,,h7l 
data. 

In order to obtain a unique set of data, the scaling 
of the F2's from different layers was carried out by 
the correlation of the common reflexions, employing 
the least-squares method of Rae (1965). 

Determination and refinement 

The structure was solved by the heavy atom method; 
the coordinates of the bromine atom were determined 
from a three-dimensional Patterson function and a 
complete, but approximate, structural model, with 
the exclusion of the hydrogen atoms, was derived by 
means of successive electron density maps leading to 
a reliability index of 0.27. This model was consistent 
with the chemical formula (I). 

The structure was refined by the least-squares meth- 
od. The weighting scheme used in the refinement was 
l'w--1 for observed reflexions with IFol<_41Fm~,l, 
[/w=41Fm~,[/[Fo[ for observed reflexions with ]Fo[> 
4IFm~,l. After five cycles of calculation, using the 
block-diagonal approximation and individual iso- 
tropic thermal parameters, the R index dropped to 
0.14. At this stage two more cycles, with anisotropic 
thermal parameters, were computed. The R index de- 
creased to 0.12. 

A difference Fourier synthesis was then computed, 
which revealed residual peaks at the positions ex- 
pected for the hydrogen atoms. In the last cycle, the 
coordinates of all the atoms and the anisotropic ther- 
mal parameters of the Br, C, O, N atoms were refined 
(an isotropic value of 5 A s was set for all the hydrogen 
atoms). The final R value was 0.075 for all the observed 
reflexions. 

The atomic scattering factors used in the calcula- 
tions were taken from International Tables f o r  X-ray  
Crystallography (1962). 

Observed and calculated structure factors are given 
in Table 2. Final atomic coordinates and thermal par- 
ameters with estimated standard deviations are listed 
in Tables 3 and 4 respectively. 
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Table  3. Fractional atomic coordinates with standard 
deviations in parentheses 

Atomic coordinates are ( x 10 4) for non-hydrogen and ( x 10 3) 
for hydrogen atoms. 

x y z 
Br 1353 (1) 1123 (1) 1923 (1) 
C(1) 1515 (5) 1624 (10) 4738 (8) 
C(2) 984 (6) 792 (10) 4574 (9) 
C(3) 950 (6) -328 (11) 5052 (10) 
C(4) 1471 (7) -648 (12) 5751 (11) 
C(5) 1980 (7) 176 (12) 5926 (10) 
C(6) 2028 (6) 1319 (11) 5408 (9) 
C(7) 1517 (5) 2820 (10) 4223 (8) 
N(1) 2096 (4) 3352 (9) 3918 (7) 
O(1) 1949 (3) 4537 (7) 3468 (6) 
C(8) 1244 (5) 4736 (10) 3564 (9) 
C(9) 983 (5) 3622 (9) 4036 (7) 
C(10) 268 (5) 3525 (9) 4355 (7) 
N(2) 102 (4) 3423 (8) 5304 (6) 
N(3) -217  (4) 3612 (8) 3672 (7) 
C(11) - 133 (7) 3496 (13) 2581 (9) 
0(2) -886  (4) 3610 (7) 4006 (6) 
C(12) 2716 (5) 2810 (12) 3503 (10) 
0(3) 1004 (4) 5707 (7) 3314 (6) 

H[C(2)] 60 (6) 89 (12) 408 (9) 
H[C(3)] 64 (6) - 107 (11) 503 (10) 
H[C(4)] 135 (6) -167 (12) 615 (9) 
H[C(5)] 230 (6) - 2 9  (12) 631 (9) 
H[C(6)] 243 (7) 197 (12) 549 (9) 
H(1)[N(2)] 55 (6) 319 (12) 554 (9) 
H(2)[N(2)] - 3 6  (6) 355 (11) 546 (9) 
H(1) [C(11)] 33 (6) 308 (12) 254 (10) 
H(2) [C(ll)] - 2 3  (6) 442 (12) 236 (11) 
H(3) [C(ll)] - 4 5  (6) 265 (12) 246 (10) 
H[O(2)] -109 (6) 465 (12) 398 (9) 
H(1) [C(12)] 274 (6) 249 (13) 289 (9) 
H(2) [C(12)I 269 (6) 199 (12) 370 (9) 
H(3) [C(12)] 310 (6) 319 (12) 383 (9) 

Results and discussion 

The pro jec t ion  of  the s t ructure  a long  the b axis is 
shown in Fig. 1. Bond  distances and  angles are report -  
ed in Fig. 2 and  in Table  5. 

The heterocycl ic  ring is p lanar  in the limits o f  exper- 
imenta l  error.  The equa t ion  of  the best p lane (plane I) 
t h rough  the five a toms  of  the ring, referred to the crys- 
ta l lographic  axes, is given in Table  6. Devia t ions  f rom 
this p lane are repor ted in the same table. 

Table  5. Interatomic distances and bond angles with 
standard deviations in parentheses 

(a) Distances 
C(1)--C(2) 1.38 (1) 
C(2)--C(3) 1.36 (2) 
C(3)--C(4) 1.42 (2) 
C(4)--C(5) 1.35 (2) 
C(5)--C(6) 1.41 (2) 
C(6)--C(1) 1.38 (2) 
C(1)--C(7) 1.45 (2) 
C(7)--N(I) 1.33 (1) 
N(1)--C(I 2) 1.45 (1) 
N(I)--O(1) 1.43 (1) 
O(1)--C(8) 1.40 (1) 
C(8)--O(3) 1.19 (1) 
C(8)--C(9) 1.44 (1) 
C(9)--C(7) 1.37 (1) 
C(9)--C(10) 1-46 (1) 
C(10)-N(2) 1.32 (1) 
C(10)-N(3) 1.32 (1) 
N(3)--O(2) 1-38 (l) 
N(3)--C(11 ) 1-48 (2) 

C(2)--H[C(2)] 1.01 (12) 
C(3)--H[C(3)] 1-00 (12) 
C(4)--H[C(4)] 1.24 (12) 
C(5)--H[C(5)] 0.95 (12) 
C(6)--H[C(6)] 1-05 (13) 
N(2)--H(i) [N(2)] 0"97 (12) 
N(2)--H(2) [N(2)I 0.93 (12) 
C(11)-H(1) [C(11)l 1.00 (12) 
C(11)-H(2) [C(I 1)] 1.05 (13) 
C(11)-H(3)[C(11)] 1.11 (13) 
O(2)--H[O(2)] 1.18 (13) 
C(12)-H(I) [C(12)] 0.89 (12) 
C(I 2)-H(2) [C( 12)] 0.92 (13) 
C(12)-H(3) [C(12)] 0.97 (13) 

Table  4. Anisotropic thermal parameters (× 104) for non-hydrogen atoms 

Temperature factors axe in the form 

Br  
C(1) 
C(2) 
C(3) 
C(4) 
C(5) 
C(6) 
C(7) 
Y(1) 
O(1) 
C(8) 
C(9) 
C(10) 
N(2) 
N(3) 
c(11) 
0(2) 
C(12) 
0(3) 

T= exp ( - hZfl I -- k2f22  - 12f33 - 2hkfll 2 - 2hlfl 3 - -  2klf23). 

f i l l  fl22 fl33 i l l2 i l l3 fl23 
30 (1) 136 (1) 61 (1) - 7  (1) - 2  (1) - 6  (1) 
22 (3) 89 (11) 55 (6) 12 (4) 1 (3) - 5  (7) 
28 (3) 93 (12) 70 (8) 4 (5) 5 (4) 2 (7) 
34 (4) 99 (13) 85 (9) 0 (6) 11 (5) 6 (9) 
53 (5) 98 (13) 80 (9) 15 (7) 12 (6) 3 (9) 
41 (4) 114 (15) 73 (9) 21 (6) - 7  (5) 25 (9) 
28 (3) 104 (14) 76 (8) 19 (5) - 1 (4) - 16 (9) 
22 (3) 97 (12) 51 (6) 3 (4) 2 (3) -11  (7) 
22 (2) 90 (10) 81 (7) 3 (4) 2 (3) - 1 6  (6) 
23 (2) 78 (8) 79 (6) 0 (3) 10 (3) 3 (5) 
30 (3) 80 (12) 59 (7) 6 (5) 9 (4) - 5  (7) 
21 (2) 77 (10) 49 (6) 0 (4) 0 (3) - 5  (6) 
27 (3) 63 (10) 52 (6) 6 (4) 0 (3) - 5  (6) 
25 (3) 101 (10) 54 (5) 4 (4) 5 (3) 18 (6) 
22 (2) 105 (11) 64 (6) 3 (4) - 4  (3) 2 (7) 
46 (5) 162 (18) 46 (7) 21 (7) - 6  (5) - 1 5  (9) 
22 (2) 113 (9) 88 (6) 0 (3) - 1 (3) 7 (6) 
28 (3) 112 (15) 103 (10) 8 (6) 12 (5) - 7  (10) 
32 (2) 88 (8) 77 (6) 8 (4) 12 (3) 19 (5) 
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Table 5 (cont.) 

(b) Angles 
C(1)--C(2)--C(3) 121.7 (1.1) ° 
C(2)--C(3)--C(4) 119.2 (1.1) 
C(3)--C(4)--C(5) 119.0 (1-2) 
C(4)--C(5)--C(6) 121.9 (1.2) 
C(5)--C(6)--C(1) 118.4 (1.0) 
C(6)--C(1)--C(2) 119.7 (1.0) 
C(2)--C(1)--C(7) 119.4 (0.9) 
C(6)--C(1)--C(7) 120.9 (0.9) 
C( 1 )--C(7)--N(1 ) 121.6 (0.9) 
C(1)--C(7)--C(9) 129.2 (0.9) 
N(1)--C(7)--C(9) 108"9 (0"9) 
C(7)--N(1)--O(1 ) 109"7 (0"8) 
C(7)--N(I)--C(12) 131.0 (1.0) 
C(12)-N(1)--O(1) 111"0 (0"8) 
N(1)--O(I)--C(8) 107-0 (0.7) 
O(1)--C(8)--C(9) 105.3 (0.8) 
O(1)--C(8)--O(3) 119.7 (1.0) 
O(3)--C(8)--C(9) 134.9 (1.0) 
C(8)--C(9)--C(7) 109.0 (0.9) 
C(8)--C(9)--C(10) 121.6 (0.9) 
C(7)--C(9)--C(10) 128.9 (0.9) 
C(9)--C(10)-N(2) 121.5 (0.9) 
C(9)--C(10)-N(3) 118"4 (0"9) 
N(2)--C(10)-N(3) 120"0 (0"9) 
C(10)-N(3)--O(2) 116"9 (0"8) 
C(10)-N(3)--C(I 1) 127.0 (0.9) 
O(2)--N(3)--C(11) 115.2 (0.8) 

C(1) C(2)--H[C(2)I 127 (7) ° 
H[C(2)]. C(2)--C(3) 112 (7) 
C(2) --C(3)--H[C(3)] 135 (8) 
H[C(3)] . . . .  C(3)--C(4) 106 (7) 
C(3) C(4)--H[C(4)] 111 (6) 
H[C(4)] C(4)--C(5) 129 (6) 
C ( 4 )  C(5)--H[C(5)] 104 (8) 
H[C(5)] C(5)--C(6) 133 (8) 
C(5) C(6)--H[C(6)] 124 (7) 
C(10) N(2)--H(1) [N(2)] 97 (7) 
C ( 1 0 )  N(2)--H(2) [N(2)] 116 (8) 
N(3) O(2)--H[O(2)] 108 (6) 
N(3) -C(ll)-H(l) [C(ll)] 101 (8) 
N(3) C(l 1)-H(2) [C(11)] 100 (8) 
N(3) --C(1 l)-H(3) [C(11)] 98 (7) 
N(I) C(12)-H(I) [C(12)] 124 (7) 
N(1) C(12)-H(2) C(12)] 103 (7) 
N(I) - C(12)-H(3) C(12)] 108 (7) 
H(1) [N(2)]--N(2)--H(2) [Y(2)] 147 (11) 
H(I) [C(11)l-C(11)-H(2) [C(11)] 124 (10) 
H(I) [C(11)l-C(11)-H(3) [C(11)] 98 (9) 
H(2) [C(I 1)]-C(I I)-H(3) [C(11)] 129 (10) 
H(1) [C(12)]-C(12)-H(2) [C(12)] 84 (11) 
H(I) [C(12)]-C(12)-H(3) [C(12)] 122 (11) 
H(2) [C(12)]-C(12)-H(3) [C(12)l 109 (10) 

Bond distances in the isoxazolin-5-one ring are com- 
parable with those found in two other analogous com- 
pounds, i.e. in N-methyl-4-phenylisoxazolin-5-one 
(Sabelli & Zanazzi,  1969a) and in N-methyl-3-phenyl- 
4-bromoisoxazolin-5-one (Sabelli & Zanazzi,  1969b). 

The phenyl ring is p lanar ;  the equation of the best 
plane (plane I I )as  well as the atomic deviations from 
this plane are listed in Table 6. The bonds C(1)-C(7) 
(1.45 A) and C(9)-C(10) (1.46 A) are significantly 
shorter than a single C - C  bond while C(7)-C(9) is 
longer than a double C=C bond (1.37/~). This seems 
to indicate a certain degree of conjugation between 

the phenyl ring and the atoms C(7), C(9) and (C10). 
However, the high value (39045 ' ) of  the dihedral angle 
between plane I and plane II is consistent with only 
partial conjugation. 

Table 6. Least-squares planes 
(a) Least-squares plane of the heterocyclic ring 

2.542x + 4.591y+ 11.987z-6-752 =0 

Atoms Atoms not 
included included 

in plane A in plane A 
C(7) -0.01 A C(1) +0.06 ,~ 
N(1) +0-02 C(10) +0.15 
Of 1 ) --  0-02 0 ( 3 )  + 0" 10 
C(8) +0"01 C(12) --0-57 
C(9) 0"00 

(b) Least-squares plane 

- 10.355x 
C( 1 ) + 0-00 
C(2) + 0.01 
C(3) - 0"01 
C(4) -0.01 
C(5) + 0.02 
C(6) -0.01 

(c) Least-squares plane 

of the phenyl ring 

+ 4.608y + 9-795z- 3.818 =0 
A C(7) + 0.05 A 

of the amidinic chain 

1-172x+ 10.656y+ 0.183z- 3.818 = 0 
N(2) -0.06 
C(10) +0.05 
N(3) +0.07 
0(2) o.oo 
C(ll) -0.06 

,~, c(9) + 0-23 A 

The proton of the hydrobromic  acid has been found 
linked to the iminic nitrogen atom N(2). 

In the amidinic  chain, the distances C(10)-N(3) and 
C(10)-N(2) are equal;  a resonance of the following 
type 

~ a  

Fig. 1. Projection of the structure along the b axis. 
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Fig.2. Intramolecular bond distances and angles. 
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can account for this and for the approximate coplan- 
arity of O(2), N(3) C(10), N(2) and C(9) (the equation 
of the least-squares plane - plane III - is given in Table 
6, with the deviations of the atoms from the plane). 

The C-H bond lengths have an average value of 
1.02/~,. The mean N - H  distance is 0.95/~. Each brom- 
ide ion links two different molecules by hydrogen 
bonds to 0(2) of one molecule and N(2) of another. 

The distance Br . . .O(2)  is 3.09, Br . . .N(2)  3.31 ~.  
The corresponding bromine-hydrogen distances are 
Br . . .HO(2)  2.05 ,~ and B r . . . H ( I )  N(2) 2.53/~. 
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