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conclusion directly by the neutron diffraction method.

This rather fully developed system of hydrogen
bonds together with the ionic interaction between posi-
tive diazonium nitrogen atoms and sulfonate oxygen
atoms in all probability provides the necessary minimi-
zation of the energy to make the diazonium form so
stable. Also the zwitterion character of the molecule
and the electrostatic attraction in the crystal structure
account for the infeasibility of preparing alkaline salts
of the compound.
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Crystal and Molecular Structure of 3-Hydroxy-5-phenylisoxazole (f form)
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The crystal structure of the 8 form of 3-hydroxy-5-phenylisoxazole has been determined from three-
dimensional X-ray data. The crystals, which are obtained either by sublimation or by slowly cooling
the melt in the atmosphere, are monoclinic, space group P2;/c, with four molecules in the unit cell.
The cell dimensions are: a=875, b=>564, c=16-10 A, f=959°. The structure was refined by the
block-diagonal least-squares method to a final R value of 0-084 for 1116 observed reflexions. The
molecule is present in the hydroxyl form and the values of bond distances suggest a conjugation effect
between isoxazole and benzene rings. Pairs of molecules form dimers linked together by two hydrogen

bonds across a centre of symmetry.

Introduction

In the course of the investigation of the crystal structure
of 3-hydroxy-5-phenylisoxazole (Fig. 1), two crystalline
forms were identified. One (&) is obtained when an
n-hexane solution is allowed to crystallize; the crystals
are colourless prisms, space group P2,/c. The crystal

structure has already been reported in a short commu-
nication (Cannas & Mocci, 1965) and the refinement,
based on three-dimensional data, is now being com-
pleted. A second type of crystallization () was detected
during the determination of the melting point of the
o form with a hot stage microscope. It was noticed that
at a temperature around 140°C the compound sublimes
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and forms needle-shaped crystals. The analysis of the
Debye spectra confirmed the presence of two crystallo-
graphic forms.

The investigation of the crystal structure of the §
form of 3-hydroxy-5-phenylisoxazole was undertaken
to make possible a comparison of the two polymorphic
forms.

Experimental

3-Hydroxy-5-phenylisoxazole was prepared by the meth-
od of Bravo, Gaudiano, Quilico & Ricca (1961).
Crystals of the f form suitable for X-ray analysis were
obtained by slowly cooling the melt in the atmosphere.
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Fig, 1. Molecular diagram representing the principal axes of
the thermal ellipsoids, bond lengths (A) and angles (°). The
diagram was produced with the program of Johnson (1965);
bond lengths and angles were calculated by the X-Ray 63
Bondla program (Stewart et al., 1964), which takes account
of the standard deviations of both the lattice constants and
the atomic parameters.
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The unit-cell dimensions were determined from zero
level Weissenberg photographs around [100] and [010].
Their values, compared with those of the & form, are as
follows:

3-Hydroxy-5-phenylisoxazole (CoH;NO), M.W.161-66,
m.p. 163-64°.

f form o form
a= 875+002A a=10424+002 A
= 5-64+0-02 = 3-89+0-02
c=1610+0-04 ¢=20-82+0-04
£=959 +0-2°. f=113-6°+0-2°,

D¢ (Z=4) 1-35g.cm™3
Space group P2;/c

D;(Z=4) 1-38 g.cm™3
Space group P2,/c

Two crystals, with approximate cross section 0-3 x
0-3 mm, were used for the X-ray analysis, one mounted
along the a axis and the other along the b axis. Inte-
grated equi-inclination Weissenberg photographs were
taken on multiple films for the layers 0<A<3 and
0 <k <4, using Ni-filtered Cu Ku« radiation. Of the 1591
independent reflexions recorded, 1131 were in the ob-
servable range and their relative intensities were
determined photometrically with the aid of a micro-
densitometer. Intensities were converted to observed
structure factors in the usual way. No correction for
absorption was made. A standard deviation for each
intensity was estimated in the following manner. The
reflexions were divided into five intensity ranges: with-
in four of these a constant fractional error was assumed
and, with this assumption, the standard deviation is
given by 62=K I, where K=1;0-5;0-3; 0-1 respectively.
The reflexions which appeared in the fifth range were
too weak to be estimated with any accuracy and they
were excluded from the rescaling and refinement pro-
cedures. The data were placed on the same relative scale
by the least-squares procedure of Rae (1965). The
atomic scattering factors were interpolated from the
values given in International Tables for X-ray Crys-
tallography (1962).

Structure solution and refinement

The Patterson projection along the unique axis showed
a similar distribution of peaks in the two polymorphs,
if the relative orientations of the a and ¢ axes were
properly chosen. In this situation the relationship of
the indices of the planes in the two forms is

ho=—hp—% I,

.= 1Ig.
An electron density projection, evaluated by assigning
to a set of low @ Fy; the signs of the pertinent Fj,, gave
the structure which was refined with four successive
Fourier synthesis to an R value of 0-22 for the observed
h0! reflexions.

The y coordinates were then estimated from the pro-
jected distances by a comparison with the expected
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values and three-dimensional refinement was carried
out by the block-diagonal least-squares method, using
the programs I.C.R. No. 4 (van der Helm, 1962) and
I.C.R No. 7 (Johnson & Glusker, 1966). The mini-
mized quantity is Zw(kF,—Fc)?. The weights were
given values equal to 1/¢2. The initial R value was 0-45,
which was reduced to 0-14 with twelve cycles of isotro-
pic refinement based on heavy atoms. In the last two
cycles the hydrogen atoms of the benzene ring were
introduced at the expected positions and were assigned
isotropic temperature factors, with B=4-5 A2 Neither
the positional parameters nor the temperature factors
for the hydrogen atoms were allowed to vary through-
out the subsequent least-squares cycles, though their
contributions to the structure factors were always in-
corporated. '

Final refinement was carried out by assigning to the
heavy atoms anisotropic temperature factors of the
form

exp [ — (B11h? + Bk + B33l2 + Prohk + Pishl+ Poskl)] ;

15 of the strongest reflexions, which were suspected of
suffering from secondary extinction or from particu-
larly bad measurements were given zero weight. After
six cycles no atom parameter shifted as much as one
half of its standard deviation. A difference map was
computed at this point and all the hydrogen atom posi-

STRUCTURE OF 3-HYDROXY-5-PHENYLISOXAZOLE (8§ FORM)

tions were readily found; no attempt has been made to
refine their parameters. The final R value for 1116
observed reflexions is 0-084. The final positional and
thermal parameters and their standard deviations are
listed in Table 1. The observed and calculated struc-
ture factors are shown in Table 2.

Discussion

In contrast to the isomeric 3-phenylisoxazolin-5-one
previously reported (Cannas, Biagini & Marongiu,
1969), 3-hydroxy-S-phenylisoxazole exists in the hy-
droxyl form in both polymorphs. Bravo et al. (1961)
proposed this form after infrared and ultraviolet studies
of the solution.

The bond distances and angles involving the heavy
atoms are given in Fig. 1, and those involving the hydro-
gen atoms are given in Table 3.

The geometry of the benzene ring is not significantly
different from the expected hexagonal symmetry, with
an average C-C distance of 1-393 A. Bond lengths and
angles in the isoxazole ring can be compared with those
found in 5-5"-biisoxazole (Cannas & Marongiu, 1968),
because in both molecules the inter-ring bond is through
C(5). It is found that the possibly significant differ-
ences in the ring parameters are those involving the
C(5) atom: C(4)-C(5) bond lengths are 1-323 A in

Table 1. Final positional and thermal parameters

The estimated standard deviations given in parentheses refer to the last decimal position.

X Y z
0o(6) 0-1669 (4) 0-1157 (5) 0-5821 (2)
o(1) 0-0944 (3) 0-3832 (5) 0-3883 (2)
NQ) 0-0627 (4) 0-2096 (6) 0-4479 (2)
Cc@3) 0-1609 (5) 0-2518 (8) 0-5135 (2)
() 0-2597 (4) 0-4427 (7) 0-5006 (2)
C(5) 0-2132 (4) 0-5239 (7) 04217 (2)
6] 0-2618 (4) 0-7096 (7) 0-3689 (2)
c®) 0-3846 (5) 0-8616 (7) 0-3980 (2)
C(9) 0-4312 (5) 10431 (8) 0-3491 (3)
C(10) 03563 (5) 1-0843 (9) 0-2708 (3)
C1) 02350 (5) 0-9372 (9) 0-2403 (3)
C(12) 01873 (5) 0-7546 (9) 0-2886 (3)
H(6) 0-074 —0-018 0-574
H4) 0-345 0-546 0-541
H(8) 0-428 0-814 0-455
H(9) 0-534 1-150 0-373
H(10) 0395 1196 0-234
H(11) 0188 0-960 0179
H(12) 009 0620 0265

11 2 33
0(6) 0-02390 (56)  0-05499 (133)  0-00534 (14)
o(1) 0-01582 (39)  0-04828 (119)  0-00541 (13)
NQ@) 0-01500 (48)  0-04562 (146)  0-00526 (15)
Cc(3) 001605 (56)  0-04120 (162) 000476 (17)
C(4) 0-01663 (59)  0-04624 (186)  0-00510 (19)
C(5) 0-01208 (48)  0-03426 (156)  0-00524 (17)
1)) 0-01293 (47)  0-04255 (166) 000495 (17)
C(®) 0-01663 (60) 004293 (177)  0-00574 (19)
C(9) 0-01839 (72)  0-04781 (200)  0-00652 (23)
C(10) 001993 (82)  0-05710 (226)  0-00642 (24)
C(11) 001817 (67) 006032 (220)  0-00618 (22)
C(12) 001721 (66) 005789 (197)  0-00597 (20)

B] BZ B3
442 5-88 963
3-83 5-82 7-11
3:96 5-87 6:06
4-33 4-98 579
4-39 5-85 6-05
3-59 415 573
3-82 4-73 592
4-46 562 637
4-67 6-16 7-50
509 6:92 7-67
4-64 5-88 9-27
4-39 6-64 7-86

12 13 23

—0-01493 (152)
—0:00542 (122)
—0-00430 (147)

0-00104 (165)
—0:00397 (172)

0-00084 (151)

0-00356 (147)
—0-00474 (185)
—0-00996 (194)
—-0-00009 (209)
—0-00882 (203)
—0-01040 (202)

—0-00437 (43)
—0-00310 (36)
—0-00116 (43)
—0-00015 (48)
—0-00058 (52)
0-00005 (44)
0-00056 (46)
0-00059 (55)
0-00214 (63)
000597 (73)
—0-00266 (60)
—0-00150 (60)

0-00417 (69)
0-00153 (63)
0-00209 (76)
—000244 (84)
~0:00130 (90)
—0-00282 (80)
—0-00277 (83)
—0-00360 (95)
—0:00523 (105)
0-00277 (117)
0-00754 (110)
—0-00058 (108)
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5,5'-biisoxazole and 1:372 A in 3-hydroxy-5-phenyl-
isoxazole (f form); the C(5)-O(1) bond lengths are
1-343 and 1-372 A and the inter-ring bond lengths 1-483
and 1:439 A respectively. These differences might be
attributed to the difference in the conjugation effect
between the rings in the two molecules, which should
be greater in 3-hydroxy-5-phenylisoxazole (§ form).

2111

The interaction between isoxazole and benzene rings
has been investigated in phenylisoxazoles by Pino &
Speroni (1955) and by Del Re (1962). They concluded
that interaction takes place in the case of 5-phenylisox-
azole as a result of the combination of the presence of a
diene chain connected head to tail to the phenyl group
and to the low aromaticity of isoxazole.

Table 2. Observed and calculated structure factors

Columns are: h, [, 10Fobs, 10Fca1c. Unobserved reflexions are marked with an asterisk and have been given values corresponding
to half the estimated minimum observable intensity. Reflexions marked with two asterisks are apparently affected by extinction.

K20 -s512 87 56 -9 3 3 1 -n; 1;

1 0 285 ss 3ap 612 22 23 10 3 2% - 1
2 0 506 ea -843 -612 2 22 -10 3 20 - 26 110
3 0 318 ss -386 712 40 - 21 0 4 22 25 - 110
« 0 102  -l16 - 712 4s « 1 4 871 79 210
5 0 14l 144 812 1 -1 -1 4 342 ee 423 - 210
6 0 137 -153 -812 20 14 2 4 323 342 310
7 0 82 -84 -912 19 18 ~2 & 125  -126 - 310
8 0 9 -7 014 57 62 3 4 153 157 « 10
9 0 35 - 35 114 120 -80 -3 4 32 -2 « 10
100 18 =22 -114 61 63 “ 4 46 «2 5 10
oo 27 23 214 184  -188 -4 & 98 96 - 510
0 2 25% s+ 3la - 21« 28 33 5 4 T4 ~ 80 6 10
12 314 53 - 42 -5 4 77T -7 - 610
-1 2 164 -187 - 314 63 - ba 6 4 15 - 76 710
2 2 81 -7 “ e 7 40 -6 4 40 - a1 - 710
-2 2 164 183 -4 14 59 54 74 33 - 36 8 10
3 2 167 158 5 14 35 27 -1 & 66 - 69 - 810
-3 2 358 ss ~4l5 -5 14 51 52 8 & 91 - 94 -9 10
4 2 104 106 6 16 &2 33 -8 4 15 13 -10 10
-4 2 12 ~118 -6 14 8 - 6 9 4 57 - 51 o1
5 2 147 152 716 17 14 -9 & 36 37 11
-5 2 286 =301 -714 17 16 10« 23 2 -1n
6 2 35 13 -814 Te 13 -10 & 23 - 23 21
-6 2 171 -p87 016 16 14 o s 87 80 EERY
T2 T -8 116 B8« s 15 123 -124 311
-7 2 132 140 - 116 s «8 -1 5 4 - 31 -3
8 2 65 - 61 216 64 - 64 2 5 85 - 82 o1
-8 2 28 29 -216 8 3 -2 5 146 -les -4
9 2 14 -718 310 78 - 63 35 6% e 5 11
-9 2 23 -2 -316 80 78 -3 5 55 -2 -5 11
10 2 26 - 22 4 16 16 14 “ 5 123 -119 611
-10 2 [ 1 -4 16 b4 71 -4 5 218 223 -6 1t
0 & 39 - 34 516 9 5 5 5 47 “2 711
1 4 64 =82 -516 17 -0b -5 5 a7 a4 - 711
-1 & 159 180 6 16 27 - 21 6 5 8 11 8 11
2 & 211 289 ~616 26 - 22 ~6 5 38 33 -8 11
-2 & 292 =333 018 20 15 75 93 97 - 911
3 & 119 19 118 13 - 11 -1 s e 17 012
-3 4 47 -w - 118 33 26 8 5 43 w2 112
“« & 301 3% 218 1e 12 -8 5 3 o 112
-4 4 112 =115 -218 37 35 9 5 68 -~ b4 212
5 4 231 251 318 11 @ -9 5 8 - 11 -212
-5 4 106 ~124 - 318 4s «3 105 10 ~10 312
b6 & lbs 180 “18 15 8 -10 5 28 - 31 -312
-6 4 45 37 - 418 41 -40 0 & 30 26 “12
1 4 85 - 87 -s518 21 -9 1 6 9 ~o98 -4 12
-7 4 43 «0 -618 3. 5 16 32 -135 512
8 « 564 - 58 02 as 5 2 6 95 99 -512
-8 4 48 52 120 3 3 -2 6 92 -395 612
9 & 21 -~ 27 120 4% - 5 3 6 294 285 -6 12
-9 4 8w o -220 4= 5 -3 6 145 167 712
10 « 28  -25 ~320 4 - 3 “ 6 161 164 =112
-10 4 45 - 42 ksl - 6 9 -1 8 12
-11 &4 20 -22 1 0 8 -388 5 6 28 - 25 -812
0 6 423 436 2 0 34b se -ad4 -5 6 28 -20 - 912
1 6 316  -349 3 0 339 s -423 6 & 81 - 80 013
-1 6 32 -T2 4 0 143 145 -6 6 65 - 63 113
2 6 113 11 5 0 8 T4 76 3e -2 -113
-2 6 40 40 6 0 4l 36 -7 6 47 - 33 213
3 6 33 36 7 0 s« =51 8 6 9 11 - 213
-3 6 31 26 3 0 3 - o -8 6 55 54 313
a o 118 113 s 0 9 14 9 6 35 -3 -313
-4 6 110 106 100 3. 5 -9 6 17 -2 413
5 6 88  -102 1o 19 23 10 6 30 - 31 - «13
-5 6 34 - 35 o1 18 81 -0 6 24 - 23 513
6 6 84 30 11 7 38 o 7 110 122 - 513
-6 6 104 -105 -1 1 291 s+ 348 17 56 55 613
76 218 231 21 162 133 -1 7 127 - 613
-7 6 39 37 -2 1 569 se =773 2 1 219 -263 713
8 6 14 - & 31 23 =21 -2 7 118 125 -713
-8 6 18 21 -3 1 88 1 3 71 61 - 57 - 813
9 6 46 -39 1 222 233 -3 7 140 152 0 14
~9 6 Tw® -1 -4 1 129 127 “« 1 82 -10 11
10 6 28 -25 5 1 103 =100 -4 1 43 -3 -1 1a
-10 6 29 =26 -5 1 16 ~-7T3 5 1 15 - 16 2 14
o 8 229 241 6 1 138 131 -5 7 33 -9 -2
-18 s5e 10 -6 1 48 -5 6 T b4 o7 314
2 8 130 ~134 71 37 - 35 -6 1T 24 - 22 -3 14
-2 8 142 -4 -7 1 56 -4 T 1T 3. s “ 14
3.8 25 24 8 1 25 24 -1 7 22 18 -4
-3 8 719 75 -8 1 38 39 8 1T 3 35 5 14
4 8 13 13 91 5. 7 -8 1 2 28 -5 14
-4 8 29 33 -9 1 51 54 9 7T 11 - 14 6 14
5 8 21 [¥4 10 1 . s -9 1 15 -6 -6 14
-5 8 173 -188 -0 1 20 17 10 7T 16 =19 714
6 B 144 -149 0 2 19 =210 o 8 107 104 -7 1
-6 8 s - 3 1 2 252 -274 18 24 18 -8 14
78 55 58 -1 2 486 %e 635 -1 8 3 - & 015
-7 8 31 32 2 2 143 -154 2 8 32 -29 115
8 8 130 112 -2 2 704 es 993 -2 6 53 53 - 118
-8 8 41 «0 3.2 15 151 3.8 69 - 66 215
9 8 15 15 -3 2 4 56 -3 8 1 -1 -21s
-9 8 19 =10 4 2 16 9 “ 8 33 25 315
-10 8 37 - 33 -« 2 120 -l16 -« 8 8. =719 - 315
010 95 95 5 2 177 -1Te 5 8 147 157 “ 15
110 167 166 -5 2 119 -9 -5 8 16 - 14 -4
~110 39 - 47 6 2 8 -85 6 8 b 45 515
210 69 - 66 -6 2 4 -51 -6 8 8 -13 -515
- 210 123 131 7 2 98  -102 18 28 =25 615
310 37 =31 -7 2 3s - -71.8 3 -6 15
- 310 140  -148 8 2 65 -e7 8 8 20 -15 - 715
“10 46 -4l -8 2 8-+ 9 -8 8 41 -~19 -815
-410 116 -123 9 2 a1 “s 98 6 - 4 o1le
51 20 - 20 =92 22 25 -9 8 28 -2 116
-510 52 57 1002 34 33 -10 8 18 19 - 118
610 12 14 -10 2 21 -6 o ¢ 133 135 216
-5 10 62 60 o 3 212 225 19 712 ~10 - 216
710 3 o 13 228 232 -1 9 249 283 3 16
-7110 25 25 1 3 639 s -892 2 9 66 -2 - 316
810 32 £ 203 -2 9 4 o1 “ 16
810 16 2 -2 03 39 a1 - 7 - 416
910 21 -1% 303 -3 9 80 -85 5 16
-910 31 -29 -3 3 “« 9 133 144 - 516
-10 10 43 “0 “ 3 -4 9 30 -2 -6 16
012 65 59 -3 5 9 T3 ~w0 - 716
112 5 - 62 s 3 o1 -5 9 a3 - 017
-112 a7 22 -5 3 12 76 6 9 106 -113 117
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-212 9 - 97 -6 3 80 -7 19 3 e - 4 217
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1 12 517 8 20 61l b+ 10
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ot %0 717 s -3 5 81l 2e -
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18 It “ o4 3 710 3 -~ i “« 3. o
46 43 -4 4 239 - 710 28 - 38 5 0 3. 1
3. 5 5 4 108 810 21 22 6 0 ab 53
3. 3 -5 & 28 - 810 3 e - 3 T 0 22 20
5. 7 6 & 55 910 3 -5 8 0 3. o
3 - 1 -6 4 86 011 5% 60 9 0 3w 10
14 8 7 e s L1 ey - 4 10 0 13 14
8 -7 4 e - 111 es 72 0 1 155 164
3o A & 62 211 128 128 11 3« - 3s
28 -8 « 100 - 211 7 - -1 1 88 b8
17 9 & 5 311 2e 18 z 1 10% 104
25 -9 & 3. 311 31 33 -2 1 - 3
7. 10 4 6 411 10¢  ~104 301 19 -9
17 ~10 4 17 - 411 T - 4 -3 1 21 -2z
14 o5 2 511 6 - 61 “ 1 3. 5
] 15 S9 - 511 .. 16 =4 1 14 - 12
25 -1 5 67 611 42 - 46 5 1 &l 39
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Table 2 (cont.)

o5 8 6 32 12 -T12 3w 7 -4 2 67 71 2 8 100 =92 016 11 13 -3 -
6 1 T -8 & 3. 2 -8 12 7e - 8 5 2 29 23 -2 8 35 40 1 16 17 21 o :z 2:? . 253
-6 1 9 6 6% - 9 013 36 33 =5 2 43 -7 3 8 <5 39 -116 15 =23 116 33 -
T -9 & 3 3 113 35 30 6 2 5. 6 -3 8 15 - 84 2 16 3 - o -1 14 3 -~ g
-1 1 0 T 149 ~158 -113 28 27 -6 2 3¢ - 4 4 8 83 72 -2 16 3% -~ &4 - 214 4 6
81 3 17 2 213 81 -380 T2 32 31 -4 8 43 - a7 =316 3. 4 “316 4w 5
-8 1 4 -1 1 712 -8 213 Te - 3 -7 2 49 ~45 5 8 37 33 -416 5w s K=b
9 1 13 2 7 130 124 313 32 - 32 8 2 9 1 -5 8 20 -19 017 6« 8 0 0 38 -
-9 1 3 -2 7 8 - 81 - 313 9 e -~ 10 -8 2 3« - 5 6 B 2 15 - 117 3. o 1 0 g'_{‘
10 1 2 37T s 59 413 3. 3 9 2 3 -1 -6 8 24 23 K5 2 0 8 . ”,3
-0 1 5. 5 S3 T s 36 -4 13 22 25 -9 2 3 - 2 -1 8 62 o1 10 8 1 30 9
o 2 99 89 4 7 50 50 5 13 3 1 0 3 30 25 -8 8 7 9 2 0 67 67 0 1 &7 - 42
12 29 29 -4 7 38 -37 -513 3 - & 13 82 - % o9 32 32 3.0 47 =49 11 19 24
-1 2 e - 63 s 1 48 =1 613 5 -7 -1 3 718 7o 19 5. 0 0 1 3. 10 -1 1 18 -
2 3 18 20 -5 1 s1 -0 ~613 3 - 2 2 3 58 52 19 29 21 11 8 -7 21 sae %
22 "8 -2 6 7 4s - 9 -113 3 3 -2 3 3 8 2 9 39 -30 11 s =5 -2 1 8
3 2 133 128 -6 1 38 38 - 813 2 1 3 3 7. 6 -2 9 40 - 46 2 1 109 -110 31 19 ZB
-3 % Jos ~114 77 . 5 014 17 18 -3 3 68 12 3 9 34 30 -2 1 22 - 20 ~3 1 15 - 20
4 2 15 -a11 -7 1 1. . 12 114 457 - 43 43 17 -6 -3 9 31 .37 31 62 =65 o2 'ss %
-4, 2 21 18 8 7 3 . & =1 16 39 37 -4 3 31 ~ 30 4 9 &7 43 -3 1 15 18 12 8w -
s 2 143 -134 -8 1 16 21 214 36 34 5 3 62 - 82 -4 9 1 146 o 2 L 9 -1 2 s - i
_s 3 e 20 9 T 3 -4 214 T - 4 -5 3 22 -1 5.9 18 -15 12 92 -92 22 lae 1%
6 2 4% - 12 0 8 8= 3 3 14 38 35 6 3 3 6 ~5 9 25 25 -1 2 8 = -2"2 8. M
% % e TS 18 61 -2 310 18 -13 -6 3 s 12 I - % 22 0% 7 32 9. %
T2 18 79 -18 18 =13 414 3. 9 73 se - 3 -6 9 39 <41 -2 2 12 65 -3 2 9s 17
-7 2 34 - 32 2 8 T - 3 -4 16 31 - 30 -1 3 12 -1 79 3 2 3.2 45 50 0 3 66 -1
g 2 1 12 -2 8 43 - 40 5 14 Se - & 8 3 11 - 15 -7 9 14 - 21 -3 2 1s -8 1 3 a6 - 47
8.2 ‘6 3 38 61 =63 -5 18 15 ~8 3 3s - 4 -8 9 18 19 03 17 -2 -1 3 s 8
92 3. 3 -3 8 38 <135 616 3 13 ~9 3 18 -2 010 50 - 4s 13 8w -7 23 2 26
-9 2 18 20 « 8 106  -10¢ ~714 6% - 8 0 4 108 1 110 45 - 44 -1 03 2 18 -2 3 s
-10 2 6 = 9 ~ 4 '8 109 95 0 15 68 - 5 I« 96 96 =110 47 “6 2 3 10+ -8 3 3 9 :
o 3 1s2 153 5 8 41 - 36 115 2 26 -1 & 62 60 210 15  -710 -2 3 38 %6 -3 3 9 N
13 55 “9 -5 8 103 102 ~115 - 5w 2 2 4 41 %z -210 9 10 33 %6 -8 o+ 37 3
Sy e 29 5 8 30 31 215 52 5 -2 « 28 =21 310 50 - 43 -3 3 27 21 1 4 a2 - 30
2 3 M - 61 -6 8 11 -1 -215 Te - & 3 4 85 - 76 -310 Te - 1 0 4 8 -~ 2 -1 4 28 3
-3 3 3% o 7 8 48 9 315 28 - 21 -3 4 35 <33 410 33 34 1 4 25  -28 2 < 5 B
33 16 =13 -18 10 9 =315 10 16 4« &« 80 -~79 ~410 3 -7y -1 « 8o oz I
-3 3 21 1 8-8 17 15 15 3. 5 -4 & 89 -5 510 33 38 2 4 4 - 43 3 9 4
4 3 28 30 -8 8 11 - 13 -4 15 8 8 5 4 13 1 -5 10 16 - 17 -2 4« 52 58 ~3 4 9. 15
-4 3 48 50 -9 8 38 - 3 515 3 - 2 -5 4 3. 2 6 10 15 19 3 4 22 29 o s T . 7
5 3 9 10 0 9 40 - 31 - 515 3e - 5 6 4 36 33 - 610 &2 38 -3 4 9. 6 1 5 a7 - 54
-5 3 &b - 68 1 9 144 ~1%0 -615 5 - & -6 4 12 -7 710 3. 3 o 5 19 - 23 -1 s 6. 1
6 3 29 31 19 17 16 016 se - 2 T 4 3w o -7110 12 10 15 3w 1 25 g. .13
-6 3 154 -153 2 9 22 21 118 3e - 2 -1 422 - 18 -8 10 Te -2 -1 5 [ 14 -2 s 8 - 9
7 3 P 3 -2 9 50 - 45 - 116 s 1 8 4 3 - 8 011 ) 4 2 5 34 n 3 5 7. «
-1 3 11 8 3 9 35 34 216 10 14 -8 « 3. 6 11 21 - 18 -2 5 59 62 -3 5 9% - 2
8 3 16 - 23 -3 9 11 - 14 -2 16 5 1 - 412 - 13 -111 18 - 16 3 5 9« 11 0 6 14 - 19
-8 3 17 20 4 9 20 20 316 14 17 0 5 33 33 211 28 26 -3 5 22 21 16 6w 1
9 3 3% - & -4 9 28 - 28 -318 19 - 20 15 8. s -211 18 - 21 0 6 22 -13 -1 6 b - o
-9 3 12 17 s 9 -6 co418 1) - 14 -1 5 <0 37 3 9 9 I I 2 6 21 21
-10 3 9 - 186 -5 9 13 T2 -&16 13 12 2 5 s 47 -3 11 3r - -1 6 &6 T4 -2 & g -
0 4 224 -242 6 9 36 - 4 -~ 516 8 12 -2 5 42 “3 4“1 3. 3 2 6 40 - 34 3 & 7. 6
L& 11 89 -6 9 34 32 017 48 - 5 305 21 21 - 411 3 - 0 -2 6 45 52 -3 6 7. 14
-1 4 98  -103 19 32 37 117 11 -5 -3 5 %6 -a7 s 1 3. s 3 &6 45 <5 o 7 20 20
2 & 230 220 -7 9 38 - -117 3. 1 “ 5 28 22 - 511 9 - 8 -3 6 9% - & 17 5 e - 2
-2 & 103 -105 8 9 20 25 217 13 15 -4 5 2 - 25 6 11 3. o 0o 1T 13 - 15 -1 7 6. 1
3 4 99 91 -8 9 20 25 -217 40 - 5 5 e - & -811 14 - 15 17 8e - 3 2 7 Te -
R A B 010 161 161 317 s H -5 5 22 21 T 3 1 -1 71 11 23 i1 1. 1Y
4 4 19 -8 110 5 s s -317 1 11 6 5 28 =31 012 68 -« 5 2 7 36 33 37 7. 7
-4 & 9 15 - 110 89 8 - &17 15 13 =& 5 17 -3 112 s1 -« =21 9. =10 -3 7 Te -2
5 & 47 - 39 2 10 15« ~148 - 517 2. 0 T s 3 1 ~ 112 &7 pes 3 7 48 31 0 8 12 - 20
-5 4 113 -113 -210 Te - 4 018 14 14 -1 s 4 -5 212 20 - 20 -3 7 9. 7 18 5% -
6 4 45 43 310 w0 - 39 118 2% - 1 & 5 17 - 20 -212 25 21 o 8 8. o -1 8 v 3
-6 & &b “4 - 310 sg ~ 60 - 118 6= 9 -8 5 a9 - 22 312 19 - 19 1 8 19 - 26 2 8 18 22
7 4 22 17 410 47 - %6 - 218 3 - 8 -9 5 2= ~ 3 -312 13 13 -1 8 28 32 -2 8 T
-7 4 &1 3 - 410 34 27 -318 3% - 0 0 6 99 100 412 9 11 2 8 9 9 3 8 4. H
8 « 28 32 510 26 - 22 Ko 16 4l «2 - a2 -13 -28 9 6 ~38 1% - 2
-8 4 3. 7 -510 52 53 0 0 24 15 -1 6 22 - 22 5 12 -1 3 8 9 - o 9 s e 1
5 < 3. 3 610 10w 12 1 0 7 s 17 2 6 58 “9 - 512 -3 8 9 -7 1 9 5.
-9 4 12 16 - 610 18 17 2 0 16 - 67 -2 6 58 - s2 6 12 o9 8 6 -1 9 5 . :
o 5 39 - 34 710 3 - & 3 0 s7 - s& ER 9. o - 612 19 8 s 2 9 aw
1 5 114 115 -710 19 -7 « 0 112 101 =3 6 63 - 63 - 112 -1 9 23 - 25 -2 9 Te %
-1 5 30 -39 8 10 5= 11 S 0 46 4 6 50 -6 013 2 9 8« 12 3 9 ce - 7
2 5 23 22 - 810 3¢ - 8 6 0 8 10 -5 6 68 - 16 113 19 -2 9 9. s -3 9 4 -1
-2 5 83 - 8 01l 74 65 7 0 33 3 5 6 5 -0 - 113 - 30 3 9 9 = 10 0 10 .
35 1 69 111 « - 38 8 0 32 -3 -5 6 8 ~-12 213 e « -3 9 29 31 HET ST S
-3 5 27 - 18 -111 6 - 11 9 0 2 -~ 9 6 6 &3 42 -213 &6 ® 1 010 T - 13 -1 10 3 e -
P-4 e 211 108 -9 o1 1e 12 -6 6 12 10 313 4. h 110 21  -2s 210 o« H
-4 5 3 26 -2 n B - 4 11 43 a1 To6e 16 -18 =313 21 - 18 110 8 1 -210 4 2
5 s 4 -7 31r 17 -12 -1 1 94 87 -1 6 30 32 « 13 6% - 15 210 8. 9 - 310 4.
-5 5 148 -150 -311 29 - 26 2 1 95 - 85 8 6 3 -8 - <13 3. 7 -210 8 e -3 011 3= 4
b 5 28 - 29 4 11 16 - 16 -2 1 98 - 3, ) 23 5 13 E 7 310 35 36 -1 1 9 1;’
-6 5 35 - 3% ~ 411 33 35 31 8. 5 -9. 6 298 - 3 - 513 3. 2 -3 10 98 ~ 7 -2 11 5. 7
75 P 11 5 11 ER s -3 1 3 - 28 o 7 6 e - S5 ~ 613 LRI 6 11 T 13 K=7
-7 5 28 24 - 511 42 «0 4 1 26 -2 11 76 - 71 014 51 41 111 13 15 1 0 16 18
8 5 3. 1 611 8 -2 -4 1 14l 148 -1 71 s 90 114 ‘e - 2 - 111 b= 15 2 0 14 0
-8 5 17 16 ~611 10« 11 5 1 8s - 75 2 1 <2 33 ~11e 6= 7 211 T - 2 o 1 ?
9 s 9 10 7113 16 -5 1 2 25 -2 1 1. 16 214 4s - 2 ~211 8= 18 11
“10 5 9 - s - 711 3 s 6 1 3¢ - 4 371 13 104 214 22 -1s 311 1S - 18 -1 1
0 6 31 -21 -8 11 2 1 -6 1 53 - 44 -3 7 e 316 16 - i -311 9 & - 17 2 1
16 1 -s2 012 8 - 5 71 1n 41 23 -9 314 s -3 012 sa -12 -1
-1 &6 68 - 67 112 92 89 -7 1 25 - 28 & 7 36 - 38 4 1e -2 2 112 23 - 17 0 2
2 6 31 30 -112 sz s1 8 1 3. 57 3 - 5 -5 14 2. 2 -112 s . 2 1 2
-2 6 170 -182 212 45 a1 =8 1 16 19 -5 1 5 3 -61s S5 - & 212 1. 1 -1 2
3 6 &3 38 -212 8. 2 9 1 13 - 19 6 7 A 5 015 29 - 31 -212 Ta - 9 2 2
-3 6 98 - 92 312 53 - 52 -9 1 b o 7 -6 1 27 28 115 21 - 27 312 4. 8 -2 2
4 8«17 - 46 =312 1 -1s 0o 2 28 25 T 3« 8 115 25 21 ~-312 1 13 o 3
-4 6 19 - 24 « 12 33 - 33 12 15 70 -r 1 37 - 3 213 b 15 013 36 20 1 3
s 6 43 - -412, 4 7 -1 2 29  -25 8 7 se s -215 16 - 1a 113 “se 10 -1 3
-5 6 19 201 512 26 - 26 2 2 32 3 -8 7 8 -10 318 9 13 -113 23 ‘21 -2 3
6 & 11 61 -512 17 ~1s -2 2 35 -39 ° 8 22 - 22 - 315 9 -12 213 40 - g 0
-6 6 83 88 612 3 14 3 2 -1 1 8 51 - «1 -4 15 3. 3 -213 7Te - 1 1 4
7T 6 4 46 - 612 3. 3 -3 2 100 108 -1 8 6@ 7 -5 15 6. 9 313 3. 3 -1
-7 & 58 - 55 712 s3 - 8 4« 2 3 - 60

: Table 3. Bond distances and angles involving hydrogen atoms*

0(6)-H(6) 1113 A C(10)-H(10) 095 A
C(4)-H(4) 1-10 C(11)-H(11) 1-04
C(8)-H(8) 0-99 C(12)-H(12) 1-17
C(9)-H(9) 1-15

C(3)—O0(6)-H(6) 106-2° C(9)—C(10)-H(10) 121-0°
C(3)—C(4)-H(4) 134-6 C(11)-C(10)-H(10) 1187
C(5)—C(4)-H(4) 1193 C(10)-C(11)-H(11) 1187
C(7)—C(8)-H(8) 110-4 C(12)-C(11)-H(11) 1205
C(9)—C(8)-H(8) 1284 C(11)-C(12)-H(12) 123-6
C(8)—C(9)-H(9) 1201 C(7)—C(12)-H(12) 115-6
C(10)-C(9)-H(9) 1195

* Because of the lack of accuracy in deriving the hydrogen atom positional parameters from the difference map, the standard
deviations in both distances and angles involving hydrogen should be considered to be 0-10 A and 3 ° respectively.
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Fig.2. Projection of the structure along the b axis. Dotted lines are intermolecular hydrogen bonds.

The least-squares planes through the entire molecule
and the two rings separately were calculated according
to the method of Schomaker, Waser, Marsh & Berg-
man (1959); the results of this analysis are given in
Table 4.

Table 4. Least-squares planes

Description of planes:
I Complete 3-hydroxy-5-phenylisoxazole molecule
II Isoxazole ring
III Phenyl ring

I —5997x+3502y+7-192z=3-587
II —6:050x+3-512y46-979z=3-487
III —5-983x+3-471y+7-376z=3-621

The equations of the planes are referred to the direct cell.
The angle between II and III is 1:6°.

Distances from planes

O(6) —0-0035 0-0273* —0-0753*
o(l) 0-0188 0-0020 —0-0081*
N(2) 0-0080 0-0040 —0-0348%
C@3) —0-0227 —0-0082 —0-0776*
C4) —0-0059 0-0090 —0-0539*
C(5) —0-0017 —0-0067 —-0-0320*
C(7) 0-0192 0-0036* 0-0037
C(8) 0-0141 0-0094* -0-0037
C(9) 0-0097 —0-0049* 0-0058
C(10) —0-0207 —0-0561* ~0-0078
C(11) —0-0077 —0-0542% 0-0080
C(12) —0°0076 —0-0446* —0-0059

* Atoms not included in least-squares plane calculation.

Fig.2 gives a view of the molecular packing along
the b axis; all the intermolecular distances between
non-hydrogen atoms which are less than 3-7 A are
quoted, whereas for those involving hydrogen atoms,
only those less than 3-1 A are quoted. Pairs of mol-

ecules form planar dimers across a centre of symmetry
linked together by two hydrogen bonds. The distance
O-H...Nis 2726 A and the O-H...Nangle is 174-2°.

The computations in the present analysis were car-
ried out on the IBM 1620 of the Centro di Calcolo of
this University.
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