192

Acta Cryst. (1969). B2S, 192

The Crystal Structure of N-Methyl-3-phenyl-4-bromoisoxazolin-5-one
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N-Methyl-3-phenyl-4-bromoisoxazolin-5-one, C;¢HsNO,Br, crystallizes in the monoclinic space group

P2,/n with cell dimensions a=7-551, b=18-310, ¢=7-626 A

and B=100-85°. There are four

molecules in the unit cell. The structure, solved with the ‘heavy atom’ method after localization of
the bromine atom from Patterson maps, was refined by three-dimensional anisotropic full-matrix least-
squares analysis. A final R index of 0-065 for 1008 observed reflexions was obtained. Bond lengths
and angles are normal; the planes of the phenyl and isoxazolinone rings contain a dihedral angle of
50-4°, The results are compared with those for N-methyl-4-phenylisoxazolin-5-one in order to explain
the differences found in the solid phase between 3-aryl and 4-aryl derivatives of N-methylisoxazolin-5-

one.

Introduction

In the solid phase the 4-aryl derivatives of N-methyl-
isoxazolin-5-one exhibit different physical properties
from those of the 3-aryl derivatives. In the preceding
paper (Sabelli & Zanazzi, 1969) the crystal structure
of N-methyl-4-phenylisoxazolin-5-one, a member of
the former group of compounds, is reported. The main
purpose of the present investigation is to obtain in-
formation on the crystal structure of 3-aryl substituted
N-methylisoxazolin-5-ones, in order to give an inter-
pretation of the differences found.

The crystal structure of N-methyl-2-phenyl-4-bromo-
isoxazolin-5-one, which has been briefly described else-
where (Cialdi ‘& Sabelli, 1967), was therefore refined,
and the results, as well as the general conclusions, are
reported in this paper.

Experimental and structure determination

Suitable crystals for X-ray investigation were obtained
by recrystallizing from alcohol the material kindly

supplied by Dr De Sarlo of the Istituto di Chimica
Organica of Florence University. The crystals are
monoclinic, with:

a= 7-551+£0-001 A
b=18-310+ 0-009

c= 7626 +0-005

B=100-85+0-07°

Space group: P2,/n

Cell contents: 4C,,HsNO,Br
Dp=161gcm™3, D;=1-63 g.cm™3.

The lattice parameters were determined at room tem-
perature. 1431 reflexions from hkO to hk4 were col-
lected by the Weissenberg method, with [001] as rota-
tion axis (Cu K« radiation); of thece, 423 were too
weak to be measured. These unobserved reflexions
were given an intensity value just below the minimum
observed and they were included in least-squares re-
finement, as indicated later. The layer lines were put
on the same scale by the method used in the previous

paper.

Table 1. Fractional coordinates of non-hydrogen atoms and thermal parameters
The estimated standard deviations are given in parenthesis and refer to the last decimal places of the respective values.

The temperature factors are in the form:

T=exp [— (B11h2 + Baak2 + B3312 + 2B12hk + 2B13h1 + 2823k1)].

x y z A B2 B33 b2 Bis Ba3
Br 06731 (1) 03827(1) 06544 (2) 00164 (1) 00035 (1) 00272(4) 00010 (1) 00096 (2) —0-0017 (1)
O(1) 0:6972 (6) , 0-5596 (3) 0-7463 (9) 0-0131 (9) 0-0034 (2) 0-0183 (19) —0-0026 (3) 0-0055(9) —0-0007 “
0(2) 0-4207 (6) 0-5562 (2) 0-8155(8) 0-0136 (8) 0-0022 (1) 0-0149 (18) —0-0014 (3) 0-0066 (9) —0-0014 (3)
N 0-2905 (6) 0-5006 (3) 0-8212 (9) 0-0107 (10) 0-0022 (2) 0-0129 (23) —0-0009 (3) 0-0049 (10) —0-0007 ©)
C(D 0-2058 (12) 0-3336 (4) 0-5746 (15) * 0-0250 (18) 0-0031 (2) 0-0046 (31) —0-0008 (5) 0-0044 (17) —0-0015 6
C(2) 0-0975 (14) 02677 (5) 0-5717 (22) 0-0294 (22) 0-0041 (3) 0-0215 (45) —0-0021 (7) 0-0062 (23) —0-0062 (10)
C@3) 0-0371 (12) 0-2455 (4) 0-7176 (16) 0-0252 (18) 0-0028 (2) 0-0108 (40) —0-0013 (5) 0-0084 (19) 0-0013 (7)
C@4) 0-0661 (11) 0-2854 (4) 0-8692 (17) 0-0181 (15) 0-0029 (2) 0-0199 (40) —0-0018 (5) 0-0017 (16)  0-0012 (7)
C(5) 0-1639 (10) 0-3488 (4) 0-8816 (15) 0-0161 (12) 0-0023 (2) 0:0120 (35) 0-0008 (4) 0-0048 (14) 0-0015 (5)
C(6) 0-2364 (8) 0-3721 (3) 0-7389 (12) 0-0116 (10) 0-0027 (2) 0-0022 (26) —0-0009 (3) 0-0011 (12) 0-0000 )
C(7) 0-3454 (8) 0-4391 (3) 0-7519 (11) 0-0109 (9) 0-0020 (2) 0-0033 (24) 0-0001 (3) 0-0023 (10) 0-0002 (4)
C(8) 0-5140 (8) 0-4503 (3) 0-7152 (11) 0-0133 (11) 0-0027 (2) 0-0042 (25) —0-0009 (4) 0-0024 (11) —0-0011 (5)
C9) 0-5656 (8) 0-5238 (3) 0-7536 (10) 0-0146 (11) 0-0022 (2) 0-0064 (25) —0-0009 (3) 0-0056 (12)  0-0000 (4)
C(10) 0-1107 (8) 0:5332 (5) 0-7736 (17) 0-0108 (12) 0-0036 (3) 0-0264 (35) 0-0009 (4) 0-0094 (14) —0-0008 (7)
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The positions of the bromine atoms in the cell were
readily found from a three-dimensional Patterson func-
tion. Oxygen, nitrogen and carbon atoms in the struc-
ture were then located by means of subsequent Fourier
syntheses. After the improvement of atomic coordinates
by a final more detailed electron density map, the R
index, defined as X ||Fo| —|F¢l|/ Z |Fol, was 0-17.

Refinement of the structure

The crystal structure of N-methyl-3-phenyl-4-bromo-
isoxazolin-5-one was refined three-dimensionally by
the least-squares method on the IBM 7090 computer*
with the program of Busing & Levy adapted by
Stewart (1964). The function minimized was
2 wW(|Fo|l —|F¢l)2, where Yw=1 for observed reflexions
with F < 4Fmnin and for unobserved reflexions for which
Fe> Frin; )/w=4Fmnin/F for observed reflexions with
Fz4Fnin and Yw=0 for unobserved reflexions with
F, < Fnin and for some strong reflexions with low
value of sin /4, which showed extinction. Two cycles
of full-matrix least-squares refinement using individual
isotropic temperature factors, each followed by a
proper rescaling of Fy,’s, reduced the R index to 0-15.
Individual anisotropic thermal parameters were then
applied and R dropped to 0-076 in two cycles. At this
stage a difference Fourier synthesis was computed. On
the maps small peaks were found at, or very close to,
the positions expected for hydrogen atoms. With the
contribution of these atoms, to which an overall iso-
tropic thermal parameter of 5 A2 was assigned, R
reached the value 0-065 for all the observed reflexions
included in the refinement. The atomic coordinates and
thermal parameters for non-hydrogen atoms are listed
in Table 1. The positional parameters of hydrogen
atoms are given in Table 2. The observed and calcu-
lated structure factors are shown in Table 3. The atomic
scattering factors used for Br, O, N, C and H were
those from International Tables for X-ray Crystallo-
graphy (1962).

Discussion

Fig.1 shows the structure of N-methyl-3-phenyl-4-
bromoisoxazolin-5-one projected along the ¢ axis. The
bond lengths and angles with their e.s.d.’s are listed
in Table 4.

The equations of the best planes through the six
carbon atoms of the phenyl group and through the
five atoms of the isoxazolinone ring are respectively:

5:961x—9-617y+1:246z+1-264=0
1:952x—4-821y+ 6590z —3:537=0

where x, y, and z are fractional atomic coordinates
referred to the monoclinic axes. The deviations of the
atoms from these planes appear in Table 5. As in the

* The calculations were carried out at the Centro Nazionale
Universitario di Calcolo Elettronico of Pisa University.

Table 2. Fractional coordinates of hydrogen atoms

x y z
H(l) 0-260 0-345 0-440
H(2) 0-:070 0-255 0-420
HQ@3) —0-040 0-200 0-730
H4) 0-015 0-270 0-960
H(5) 0-160 0-375 0-980
H(6) 0-070 0-565 0-880
H(7) 0-095 0545 0-630
H(8) 0-000 0-500 0-810

case of N-methyl-4-phenylisoxazolin-5-one (Sabelli &
Zanazzi, 1969), both rings are planar within the ex-
perimental limits. A significant difference was found
for the dihedral angle between phenyl and isoxazoli-
none planes. This angle is 50-4°.

The phenyl ring has a mean observed C-C bond
distance of 1-385 A. The interatomic distances in the
isoxazolinone ring are similar to those found for the
4-phenyl derivative: the bond lengths lie between the
corresponding single and double bond values, so con-
firming the presence of resonance in the ring.

The bond length between the bromine atom and C(8)
is 1-843 A, in agreement with the value of 1-85 A given
by International Tables (1962) for bromine bound to
the aromatic ring. The displacement of Br from the
isoxazolinone plane (0-24 A) has to be attributed to
the steric hindrance of the phenyl group: the resultant
distances between bromine and C(1) and H(1) are 3-58
and 3-31 A respectively.

It is worth pointing out that the distance between
the nitrogen atom and the carbon atom of the methyl
group, which has a value of 1-464 A, nearly the normal
value for the single N-C bond, is somewhat longer
than the corresponding distance found in the 4-phenyl
compound, 1421 A. This carbon atom, C(10), shows
a considerable deviation (0-79 A) from the mean isox-
azolinone plane. Most likely this displacement is a
consequence of the steric hindrance between the methyl
and phenyl groups: the interatomic distances are 3-48 A
for C(10)-C(5), 3-28 A for C(10)-H(5), 3-04 A for
H(8)-C(5) and 2-79 A for H(8)-H(5). This strained
position of the methyl group could account for the
exceptional behaviour of the compound when heated
in alkaline solution: the reaction yields 3-phenylisox-
azolin-5-one, thus showing that a demethylation oc-
curs at the N atom (De Sarlo & Renzi, 1966).

The C=0 bond, 1-200 A long, is somewhat shorter
than that (1-217 A) in the 4-phenyl derivative, and this
feature agrees with the higher value of the infrared
C=0 stretching frequency.

The interatomic C(6)-C(7) distance between the two
rings is 1-470 A, greater than the corresponding dis-
tance in the 4-phenyl compound (1-455 A). This dif-
ference was expected, because of the higher value of
the tilt angle between phenyl and isoxazolinone rings
in N-methyl-3-phenyl-4-bromoisoxazolin-5-one, which
does not allow the two rings to be conjugated in the
same way as in the 4-phenyl derivative. However, the
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Table 3. Observed and calculated structure factors

The columns are A, 10F, and 10F.. Unobserved reflexions are indicated with * and have been given F, values just below the
estimated minimum observable intensity. The letter E indicates reflexions affected by extinction.
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Table 3 (cont.)
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C(6)-C(7) bond length is shortened in relation to a
single C-C bond, and this is indicative of a small
double bond character.

The mean C-H bond length is 1:06 A.

The intermolecular distances are listed in Table 6.
The shortest contact involving a bromine atom is
Br-H(8) (@) with a value of 3-07 A.

Because of the type of data rescaling, anisotropic
thermal parameters are only of semiquantitative value.
In Table 7 the axes of thermal ellipsoids, with angles
relative to the cell edges, are listed. All the atoms were
found to vibrate with marked anisotropy, but the

Compound
No. R R’ o m.p.
1 CeHs H 43-45°
2 CgHs CH; 67-69°
3 CeHs Br 108-109°
4 H C¢Hs 144-146°
S CH; CsHs 112-113¢
6 H p-Br-CeHy 173-174°
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thermal motion is lower than that in N-methyl-4-
phenylisoxazolin-5-one (previous paper) and the rigid
body molecular displacement is not so evident.

Conclusions

In the preceding paper and in the Introduction to the
present one, it was pointed out that the 3-aryl and 4-aryl
derivatives of N-methylisoxazolin-5-one have similar
physical properties in solution, but some differences
arise in the crystalline state, as can be seen in the follow-
ing table (after De Sarlo, Fabbrini & Renzi, 1966):

Solubility in ve=g (cm~1) Dipole moments
ether at 18°C in benzene
(mg.ml-1) Solid CCl, soln. solution
160 1743 1751 6:00 Debyes
130 1730 1745 5-73
26 1745 1760 620
1-5 1700 1758 5-40
4-2 1706 1742 565
1-4 1680 1760 5-83

(R is the substituent in position 3 and R’ the substituent in position 4 in the isoxazolinone ring).
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Table 4. Bond distances and angles with their standard deviations

C(N-C(8) 1-369 (8) A
C(8)-Br 1-843 (6)
C(8)-C(9) 1-416 (7)
C(9)-0(1) 1:200 (7)
C(9)-0(2) 1-402 (7)
0(2)-N 1-421 (6)
N—C(10) 1-464 (8)
N-—C(7 1-342 (8)
C(7)-C(6) 1:470 (7)
C(6)-C(1) 1-418 (11)
C(1)-C(2) 1-455 (12)
C(2)-C(3) 11342 (17)
C(3)-C(4) 1-350 (14)
C(4)-C(5) 1-369 (10)
C(5)-C(6) 1374 (12)
C(1)-H(1) 1-19
C(2)-H(?) 116
C(3)—H(@3) 1-03
C(4)—H(4) 0-90
C(5)—H(5) 0-90
C(10)-H(6) 1-09
C(10)-H(7) 110
C(10)-H(8) 1-11

On the basis of the determination of the crystal
structure of N-methyl-4-phenylisoxazolin-5-one (num-
ber 4 in the table) and of N-methyl-3-phenyl-4-

Table 5. Deviations from the least-squares planes

The equations of the planes were computed with the first six
and first five atoms for the phenyl and isoxazoline rings
respectively.

Phenyl C(1) —0:001 A
C(2) —-0-016
C(3) 0-019
C4) —0-003
C(5) —-0-014
C(6) - 0016
C() 0-039
H(1) 0-04
HQ2) —-0-25
H(®3) 0-01
H@4) —0-05
H(5) -017

Isoxazolinone O(2) —0-022
N 0-029
(e/@)) —0-024
C(8) 0:009
C(9) 0-008
C(6) 0-001
o(1) 0-05
C(10) —-079
Br 0-24

C(7)-C(8)—Br 128-7 (4)°
C(9)-C(8)—Br 1215 (4)
C(7)-C(8)—C(9) 109-3 (5)
C(8)-C(9)—0(1) 135-0 (6)
0(2)-C(9)—0(1) 119:3 (5)
C(8)-C(9)—0(2) 105-7 (5)
C(9)-0(2)—N 107-2 (4)
0(2)-N—-C(10) 1083 (5)
C(7)-N-——C(10) 1258 (6)
C(7)-N-—0(2) 1088 (5)
C(8)-C(7)—N 108-8 (5)
C(8)-C(7)—C(6) 1299 (5)
N—C(7)—C(6) 121-1 (6)
C(7)-C(6)—C(1) 1181 (7)
C(6)-C(1)—C(2) 115:0 (9)
C(1)-C(2)—C(3) 121-1 (1°1)
C(2)-C(3)—C(4) 1213 (8)
C(3)-C(4)—C(5) 1211 (1:0)
C(4)-C(5)—C(6) 119:9 (9)
C(5)-C(6)—C(1) 1215 (6)
C(5)-C(6)—C(7) 1205 (7)
C(6)-C(1)—H(1) 130
C(2)-C(1)—H(1) 115
C(1)-C(2)—H(2) 100
C(3)-C(2)—H(2) 138
C(2)-C(3)—H(3) 127
C(4)-C(3)—H(3) 111
C(3)-C(4)—H(4) 118
C(5)-C(4)—H(4) 121
C(4)-C(5)—H(5) 114
C(6)-C(5)—H(5) 125
H(6)-C(10)-H(7) 130
H(6)-C(10)-H(8) 77
H(7)-C(10)-H(8) 114
N——C(10)-H(6) 114
N-—C(10)-H(7) 104
N——C(10)-H(8) 115

bromoisoxazolin-5-one (number 3 in the table) as re-
presentative members of the two series of compounds,
it is possible to make an allowances for the differences
in physical behaviour.

Table 6. Shortest intermolecular distances

Distances are less than 3-5 A for non-hydrogen atoms; less
than 3 A for contacts involving carbon, nitrogen and oxygen
atoms with hydrogen atoms; and less than 27 A for contacts
between hydrogen atoms.

(@ x-1, y , z

(b) —X+i‘, y_‘}, ——2+-§—
() —x+1, —y+1, —z+1
d) —x+1, —y+1, —z+2
(€ —x ,—y+1, —z+2
0(2)—0(2) (d) 3:51A
N—-=O(1) (d) 3-46
N——-O0(2) (d) 335
C(1)—0(1) (o) 3-32
C(3)—0(2) (b) 3-50
C(5)—0(1) (d) 3-29
C(1)—O0(2) (d) 3-44
C(8)—0(2) (d) 3-52
C(9)—N@d) 3:25
C(10)-0(1) (a) 313
H(1)—0(1) (¢) 2-31
H(5)—0(1) (d) 2:47
H(8)—0(1) (a) 2:50
H(6)—H(S) (e) 2:42
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The most significant difference between these two
substances is the value of the dihedral angle between
the two rings of the molecule, i.e. between phenyl and
isoxazolinone planes. This angle is =~ 50° for compound
3 and ~12° for compound 4. This feature may be ex-
plained on the basis of general considerations on the
thermodynamic stability of organic crystals, according
to the theory of Kitajgorodskij (1965). This stability
is reached when the free vibrational energy, as a sum

0
H(8)C(10)
o
H(6)
|
|
|
1

of intra- and intermolecular energies, corresponds to a
minimum. In substances such as these the energies
involved are the potential energy, depending on the
effects between the atoms forming the molecule, the
resonance energy and the lattice energy. The first term
reaches a minimum when the phenyl ring is perpen-
dicular to the isoxazolinone ring. On the contrary, the
other two energy terms attain a minimum when the
two rings are coplanar.

asinp

Fig. 1. Projection of the structure along the ¢ axis.
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Table 7. Principal axes of thermal ellipsoids

The root mean square displacement U; (A) corresponds to the
ith principal axis of the ellipsoid and 6:a,6:0,68:c are the
angles (°) between the ith axis and the crystallographic axes
a,b,c respectively. The B; are equal to the corresponding
8n2U;2.

B: U: Oia Oiv B1c
Br 4-87 0-25 60-5 329 82:2
6-66 0-29 79-3 111-1 30-2
237 0-17 316 1139 1190
o) 3-92 0-22 94-0 67-5 233
5-46 0-26 117-0 359 106-1
1-92 016 273 635 106-3
0(2) 2-35 0-17 91-8 382 52:2
4:52 0-24 60-2 121-6 54-0
2-:04 0-16 29-8 70-7 1219
N 2:60 0-18 83:2 42-5 50-8
362 0-21 114-6 49-8 123-4
1-79 0-15 256 78-3 123-0
c) 414 023 1085 1590 77-3
562 0-27 20-6 106-3 88-0
0-72 0-10 98-8 77-3 12-7
C(2) 6-13 0-28 16-6 779 111-8
8-74 0-33 106-6 44-9 1254
1-74 0-15 89-8 47-5 43-5
C(@3) 4-08 0-23 84-4 283 639
5-88 0-27 247 105-6 81-7
1-37 0-13 1140 113-0 27-5
c@@ 3-96 0-22 120-2 74-3 1352
5-62 0-27 127-0 552 48-5
2-86 0-19 51-8 39-1 103-8
C(5) 298 0-19 141-1 53-5 69-7
4-16 0-23 53-8 54-2 64-1
1-96 0-16 102-3 123-6 33-8
C(6) 2-37 0-17 156-9 112-6 84-2
379 0-22 112:6 22:6 87-0
0-48 0-08 94-3 90-5 65
C() 2-39 0-17 13-8 96-3 88-4
272 0-19 843 67 87-5
0-65 0-09 102-6 92-2 29
c®) 269 018 1547 1151 82-4
3-92 0-22 1139 277 98-5
0-77 0-10 97-5 78-9 11-4
co) 272 019 63-5 341 75-4
369 022 402 1233 79-1
0-90 0-11 117-8 96-3 18-2
C(10) 484 025 755 17-4 833
621 028 792 1024 24-9
1-50 0-14 18-1 101-9 1139

The molecular configuration in the crystal depends,
of course, on the equilibrium of these terms. In 3-aryl
compounds the most important term is the potential
energy of the molecule, and the steric hindrance be-
tween the methyl group linked to the nitrogen atom
of the isoxazolinone ring and the phenyl group in the
3 position rules out the possibility of the molecule
being planar. In 4-aryl compounds, however, the pres-
sure exerted by the crystalline field upon the molecule
gives a tendency towards planarity and, though the
molecular energy is increased, the total free energy de-
creases in agreement with the decrease of the lattice
energy, because of the possibility of a closer packing
of molecules. This fact is responsible for the higher
melting points and the lower solubility in ether of 4-aryl
compounds in comparison with the 3-aryl ones.

As regards the shift in the keto group stretching
frequency, it could be said that it is in agreement with
differences in C=0 bond lengths for both the com-
pounds whose structures have been solved. However,
the shift is not easily explained on the basis of the
different conjugation between the phenyl and the isox-
azolinone rings. It might be thought that the shift of
ve=o0 in the 4-aryl compounds is to be attributed to
crystal intermolecular interactions; this could also be
ascribed to the different packing possibilities of the
molecules of the two series of compounds. '

The authors are indebted to Prof. G. Adembri of the
Istituto di Chimica Organica of the Florence Univer-
sity for the valuable discussions.
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