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The crystal structures of syn- and anti-ethyl benzohydroximate,
CeH; —C(=NOH)—-OC;H;, have been determined, using three-
dimensional diffractometer-collected X-ray data. Both compounds
crystallize in the space group P2,/c with 4 molecules in unit cells with
dimensions, respectively, of a=12.001(9), b=5.800(6), c=17.44(1)A,
p=132.01(4)°,anda=11.52(1),b=6.373(9),c=15.87(1)A, §=129.01(7)°.
The crystals of each compound are composed of dimers formed by
pairs of OH:--N hydrogen bonded molecules. The configurations about
the C=N bonds agree with the assignment, based on dipole moment
measurements.

The configurations of the two stereoisomeric forms of the ethyl esters of
benzohydroximic acid, C¢H,—C(=NOH)-OC,H;, were originally in-
vestigated by Werner,! but dipole moment and 'H NMR studies, performed
by Exner et al.,** indicated that the configurations proposed by Werner should
be reversed. The present X-ray investigation was proposed by Exner as
a means to obtain an unambiguous determination of the molecular structures.
The research is also part of a conformational study of hydroxylamine deriva-
tives, especially of hydroxamic acids, which have been found to possess nu-
merous biological activities, e.g. inhibitory effect on DNA synthesis.5 A pre-
liminary description of the conformations of the molecules as determined
by the X-ray diffraction method, and a comparison of these with the results
deduced from the dipole moment measurements have been given recently.®

EXPERIMENTAL

Crystals suitable for X-ray study were kindly provided by O. Exner, the J. Heyrovsky
Institute of Polarography, Prague. The colourless, rod-shaped crystals of both compounds
were volatile at room temperature, and it was necessary for the diffraction work to seal
them in Lindemann glass tubes. Some crystal data for the compounds are listed in Table 1.
The densities were measured by flotation in potassium iodide solution.

The lattice parameters were calculated from a series of diffractometer-measured
6-values. The intensity data were collected with a NONIUS 3-circle automatic dif-
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Table 1. Crystal data for syn- and anti-ethyl benzohydroximate.

syn anty
Mol. formula C.H,,NO, C,H,,NO,
M.W. 163.20 163.20
M.p. 53 — 54° 67— 68°
Space group P2,/c P2,/c
a 12.001 +0.009 A 11.562+0.01 A
b 5.800+0.006 A 6.373+0.009 A
c 17.444£0.01 A 15.87+0.01 A
B 132.01 + 0.04° 129.01 +0.07°
4 902.0 A3 905.4 A3
Z 4 4
D, 1.201 g/cm? 1.196 g/cm?®
D,, 1.207 g/em® 1.197 g/em?
MoK« 0.94 cm™ 0.93 cm™?
Cryst. size 0.2%x0.3 x 1.0 mm? 0.17% 0.3 x 1.2 mm?
Rot. axis b b

fractometer by the moving crystal-stationary detector technique, using crystal mono-
chromatized Mo-radiation (A=0.71069 A). Intensities of reflexions were measured in
the range 3° < < 25° and the intensity of a reference reflexion was measured for every
25 reflexions. Thus about 1500 independent reflexions were collected from each crystal. A
reflexion was considered unobserved and was omitted when the intensity observed was
less than 2.5 times its corresponding estimated standard deviation. Consequently, the
numbers of observed reflexions were reduced to 802 and 834 for the syn- and anti-com-
gounds, respectively. These data were corrected for Lorentz and polarization effects,
ut no corrections for absorption or extinction were made.

STRUCTURE DETERMINATION

~ Both structures were determined by a symbolic addition procedure for
centrosymmetric crystals,?,8 based on the satisfaction of the 3, relationship.®

syn-Ethyl benzohydroximate. Four strong reflections, 1 2 4, 2 3 10, 0 2 5,
and 2 5 5, all with |E|> 3, were assigned symbols to represent their phases,
and were used as ‘“knowns’’ to implement phase determination, using the
>, relationship between the 330 observations with |E|>1.16. After six cycles
of the usual iterative procedure, 163 signs had been determined, either directly
or in terms of the “known” starting symbols. The reflexions 1 2 4, 2 3 10, and
2 5 5 were given plus-sign to specify an origin, while the phase of the 4th
reflexion, 0 2 5, was assigned to be minus, this combination of the four signs
being much more probable than the “all plus” combination.

The E-map computed, using the 163 terms, whose phases were determined
from this assignment, revealed the positions of all 12 non-hydrogen atoms of
the structure. The coordinates of these atoms, as read from the E-map, were
subjected to a Fourier refinement, during which the conventional R-value
dropped from 0.56 to 0.32. The atomic scattering factors were taken from
International Tables® This refinement was followed by 3+ 3 cycles of full
matrix least squares refinement, in which positional parameters as well as in-
dividual atomic thermal parameters were varied, isotropic and anisotropic,
respectively. The function minimized was Jw(|F,|—!F.)?,  where
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Table 2. Observed and calculated structure factors for syn-ethyl benzohydroximate. The
columns are I, 10x |F,|, and 10x F..

Hy=5,0 -2 5 4t S 31 45 Hy=2,13 -2 78 =70 3 242 249 Hy=1,10
-2 15 -ee =3 12¢ 134 =10 34 -38 -3 31 -8 5 65 69 -8 112 =111
-1 153 150 -4 3 21 He=3,5 -8 95 93 ~4 259 =264 6 81 90 =T 59 =61
=5 13 =72 3 1¢4 -102 =7 149 =154 -6 31 40 T 42 36 -6 58 54
Ho=5,1 -6 15¢ 162 2 123 135 -4 -7 48 -37 =5 39 38
2 29 47 () 32 -38 -3 63 =~59 -9 65 <64 Hi=1,3 -4 135 -130
0 3¢ -27 Hy=4,3 -1 81 -86 =2 114 1 s 80 -88 =3 45 47
-3 22 -1 -6 1C3 1CE -2 57 145 Ky=2,3 4 78 8l -1 70 =73
-5 1C =~€e =3 159 =148 He=2+12 -9 2 =715 3 65 ~67 0 58 53
¥Hy=5,2 -4 &5 7§ -5 €9 63 -1 T2 =62 -8 118 119 2 164 -156 1 44 <36
-4 21 1 =3 11C 102 -8 65 =67 =2 6% =64 -7 31 3¢ 1 149 149
-2 25 =2C -1 22 -7 -9 37 =26 -6 61 63 ~6 30 39 0 346 1355 He=1,11
=1 122 14¢ ¢ 125 11§ =1 170 =162 -5 68 76 -1 589 -574 -1 9 =-38
7 €t 1 164 -1¢64 Hy=3,¢€ -8 4 -4 175 163 -2 382 -363 -3 100 99
1 102 167 2 3 s2 -9 ~83 -9 49 =35 -2 126 -109 -3 157 160 =4 41 =27
3 s s2 -8 112 -114 =10 47 -43 -1 130 116 -4 158 ~156 =5 49 42
Ke=%,3 -€ 55 =44 0 205 -193 -5 114 -118 -6 38 -27
0 && -s@ Ho=4,2 -3 1C6 =99 He=2,11 1 81 82 -6 T4 -T1 -8 78 =75
-1 60 -¢3 3 -1 127 ~142 - 51 62 2 332 322 -9 88 84
-2 12€ 1e? 2 1CC -10% ¢ 70 =68 -9 44 =22 3 154 -150 He=1s4 =10 153 =147
=2 4T 3¢ 1 1¢7 1¢? 1 72 -70 -7 30 -12 4 104 101 -8 88 -83
=4 40 ~42 0 124 ~11% 2 es 89 -4 86 87 & 35 45 -1 51 He=1,12
-1 143 =147 3 ez -8t =3 69 =67 -6 40 =35 11 45 -39
He=504 -2 &l se -1 61 65 ke=2,42 ~5 137 -138 =10 96 105
-5 &4 12 -5 80 ~8C He=3,7 0 66 -T1 6 107 -107 -4 55 48 -9 114 112
-4 72 -72 -6 1C¢ 101 57 -52 5 49 46 =3 169 174 -8 111 -110
-3 22 4 -2 1C8 109 He=2410 4 67 64 =2 407 =41} -7 48 53
~2 14 82 Ho=4y1 -4 €9 =69 59 58 3 1ns-n7 ~1 €18 -642 -6 55 62
-1 52 -%4 -5 8 -5 50 40 -2 95 95 2 158 -143 1 140 ~155 -5 29 =35
-4 58 =¢z =& 45 49 =3 111 ~-116 1 201 190 3 137 143 =3 122 117
He=%,5 =3 ¢ M -1 1C9 -108 -4 46 36 o 82 72 4 109 ~104 -2 38 -33
¢ % 17 -1 29C -282 -9 25 -4 -5 31 27 -1 93 &1 6 45 38 -1 34 39
=2 16C 1¢S5 0 166 1é4 -6 38 27 =2 417 371
=2 & mNn 2 22 -2 He=3,8 =7 30 -35 =3 109 -111 He=1e5 Hy=1,13
-4 ec =13 3 12 117 -9 57 -6 -8 38 48 -4 113 112 s 6 =1 45 ~44
-5 e¢ &2 4 72 ¢ -8 ee  -95 =9 41 =49 -5 51 =52 3 17 -7 -5 74 -18
5 108 ~114 -5 26 =41 =10 72 74 -6 53 64 2 72 65 -6 83 =-75
Fo=5,6 =3 42 =34 =7 35 37 0 28 -24 =7 100 99
-3 e1 9 Hy=4,C -2 1€3 176 Hy=2,9 -8 109 109 =1 412 ~419 -8 120 -110
-2 32«24 0 117 -t1¢ =1 163 -1¢65 -9 44 <3% =2 34 55 =10 114 =99
-1 51 -7 =1 54 4B ¢ s1 -100 -8 90 -96 Hy=2,1 -3 278 -292
-2 %4 5¢ -6 154 151 -8 67 69 =5 368 ~365 Hi=1,14
Fo=E47 =2 40 -4E He=3,9 =5 42 =45 =T 125 124 =6 194 196 -10 17 T4
-4 1€2 -112 1 38 =49 -3 62 59 -4 56 62 ~1 48 -58 ~9 38 -48
He=3,0 -1 129 137 -1 159 157 =3 146 128 -9 &0 61 -8 61 =68
Fo=4,y11 -5 124 -12¢ -2 48 =59 0 112 -113 =2 373 ~324 -10 59 -58 «7 115 120
-1 44 22 -4 1258 12%f -3 1 65 -1 103 103 -6 82 =91
-6 £2  £4 =3 184 177 -4 68 =101 Hy=248 0 266 211 Hi=146 =5 40 =47
-5 ee =-ee -2 261 =22¢ -t €9 64 2 49 52 1 53 -52 =10 47 -37
-1 &8 47 -1 35 =35 -1 31 33 2 410 396 =7 1121 119 Hi=1415
te=4y10 -2 190 181 3 108 -106 =5 41 =44 -5 &5 =66
-2 52 &0 He=3y1 Hy=2,1C -3 87 19 4 136 130 -4 35 39 -8 57 =53
=3 151 -148 4 ¢ =72 -9 23 =40 -5 158 148 5 48 50 -3 119 129 =9 44 ~40
-4 42 2@ 3 123 121 -8 50 S2 -6 18 66 6 17 81 -2 209 208
-2 47 £ 2 &S =11 -5 125 136 =7 68 64 T 35 =33 -1 136 =138 He=1,16
-7 5C ~51 1 285 -254 -4 27 =37 =9 113 119 0 145 ~143 -9 82 -87
0 163 128 -2 €0 57 =10 %0 -51 Fe=2,0 1 200 ~202 -6 66 =61
Ho=49 -1 36 =22 -2 217 229 0 202 161 2 31 271
-7 41 -8 =2 214 -16€¢ He=2,7 =1 235 -27¢ 3 3c =21 H10436
-t 52 ¢4 -3 32¢ 3¢C2 He=3y11 -9 120 ~126 -2 73 70 4 50 =45 =5 43 40
4 &1 -1 -4 50 =5°¢ -1 $7 106 -6 11 T -3 111 -112 -9 34 =25
=3 144 157 =5 44 =54 -2 127 =123 5 150 =140 =4 148 154 Hy=147
-2 41 ce -1 3} ec -5 22 32 =4 131 -123 -5 60 =65 47 45 HeOr14
-6 47 =62 -3 256 255 -6 96 =100 1 128 131 -4 59
He=2,2 -7 €3 n -2 80 -78 -8 41 37 ] 56 =57 -5 41 =24
-24 -7 126 13¢ -2 50 <~50 0 159 =158 -1 75 =81 -6 57 =63
£ -4 151 141 -9 ¢ =32 2 T4 ~67 Fi=1,0 -2 129 14 -7 30 ~16
-3 4 3e -8 92 8¢ =3 250 -249 -8 34 38
-zl -1 B¢ =Sz He=2,12 He=2+6 -4 55 =45 =4 343 335 -9 227 -229
~£5 0 280 =261 -8 61 =64 4 37 -19 «3 147 ~-152 -5 213 =210 -10 29 =20
1 17¢ 1és -1  €C =56 1 38 27 -2 364 382 -6 184 192 -11 69 69
2 23 =44 -5 51 51 0 186 -189 =1 163 =175 =1 90 19
3 1€5 1cCC -4 148 144 -1 154 -152 ~8 36 40 He0,12
-58 5 7 ec -3 35 18 -2 205 =207 Fy=141 -10 34 318 0 77 -7
.43 [ 45 =21 -2 41 34 -3 95 97 ] 51 =49 -1 81 75
4€ ~4 262 =235 5 52 =53 Hy=1,8 -2 33 23
-te Hy=2,2 Hy~3,13 =5 154 145 4 263 264 ~11 31 -2 -4 124 116
5 41 4C -4 59 66 -6 11 -86 3 71 -1 =10 32 =28 =5 41 -44
3 1C2 -104 -5 % 8 2 387 =395 -9 48 =59 ~6 119 =127
2 151 18¢ -6 114 ~111 Hy=2,5 11142 1226 -8 83 -89 “8 196 194
1 2ce -192 -8 24 58 -9 104 =99 40 -51 -1 13 13 -9 272 =272
0 116 117 -8 50 4S5 -1 174 244 -6 87 T4 =11 34 =30
-1 121 122 He=3,14 =T 50 =47 -2 21 -3 -4 127 -127
=2 4¢ =5C -6 €2 =63 -6 115 106 -3 116 107 -2 239 248 He0s10
~3 4 &4 -5 95 -89 -4 59 -S7 -1 S50 =57 2 16 13
-4 43 <32C Hy=2,15 =4 51 =46 -5 120 117 ¢ 93 97 1 103 -96
=T 1%5 1éC -9 6 72 =3 230 211 -& 125 ~115 0 63 =62
-8 es  =7¢ -8 44 =27 =1 305 -304 -1 29 30 Hei=1,9 -2 92 =91
-1 €4 =93 0 354 -364 -8 56 55 1 66 &9 -3 51 59
Hy=2,4 -¢ S4 95 1 126 136 0 106 -114 -4 392 39
-7 231 -5 58 ~58 2 83 =81 Hy=1,2 -2 62 sS4 =5 121 =115
2 =6 39 -42 3 82 -M =6 148 141 =3 36 =42 -7 157 162
22 -5 S8 4L Hi=2,14 4 53 48 -5 81 90 -4 93 101 -8 37 47
-se -4 103 1CC -3 1¢5 107 5 34 -33 ~4 83 -89 -5 285 276 -9 11 =17
=3 192 17C -4 29 40 =3 119 115 =6 37 =46 =10 105 98
=2 239 3¢ -5 61 =60 Hy=244 -2 222 208 -8 147 152 -11 51 -39
3 (1] -1 £1 =4S -6 &4 42 2 153 -148 =1 295 ~296 -9 31 -8
2. 97 -1ct 0 ES  S% -8 29 <~34 1 416 419 0 s30 511 =10 44 =61 He0,8
o 11 -7 2 5¢ ~Si1 -9 23 36 0 29 =20 1 el8 638 3 68 ~65
=1 &&  4c 3 53 ¢l -1 217 =204 2 115 -111 2 169 172
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Table 2. Continued.

Fe0,8 -4 e& et Hy=3,10 Ho-4e4 He=3s12 -3 44 29 Hy=1,17
41 s -5 32 -3¢ -3 31 =49 -8 37 -17 - 42 -2 35 19
-1 102 -11¢ -6 4 M -1 39 -84 A A6 =% He=2,17 -1 335 4
-2 12 -2 -9 a1 -28 Ho=3,13 -1 34 26 -9 40 =32
-3 202 204 Hy=byC Hei=4y8 -3 -55 -8 62 =62 -10 94 83
-4 214 -220 -1 43 -3t He=5,9 -9 41 -51 -9 40 -46 -9 S8 60
-3 143 1£2 o & -n “1 90 -94 Hy-1,18
-6 192 1€ 1 4C -t -4 se =60 Hy=4,12 Hyo=3,14 Hy-2,18 -10 54 48
-8 85 -ec -2 2 -41 -9 58 66 -10 39 35 -t 48 -43 -5 43 44
-$ 107 4 Fy=€el -8 48 -39
10 4¢ =29 1 €1 =65 He=5,8 Ho-4e13 -4 43 -42 Hy=2,19 He=1,19
-1l A7 .42 [ I 1 0 5 30 -3 82 -1 =3 33 -34 -1 41 23 -10 38 38
-1 13 e -4 59 87 -4 33 20 -2 42 -29 -9 34 32
#4006 -2 &1 -ge -5 22 -98 Hy0,2
5 ¢4 e -6 €3 69 He=dy14 He=3,1%5 He=1,0 -10 45 40
4 20 24 Ho=692 -8 39 -48 -1l AT =27 -7 60 -85 =10 38 -27 9 53 48
1 g -1 -¢ 3 32 -6 32 -38 -a 78 88
2 94 1 -4 1e 12 Ho=8,7 -3 34 <37 -1l 34 32 Hy=141 H,0,4
1 132 144 -3 34 52 -1 80 -9 -12 ST -a6 & 54 57 7 49 =59
-1 122 14¢ 4 39 -2t -6 29 36 Feo4,15 -1 1 -1
-2 138 -1%4 -5 42 46 -6 33 -3 Fe=3,16 He=1,2
-3 18¢ 159 Hy=€y2 -1 &0 %4 -8 51 49 -10 53 -46 H10,6
-4 465 =415 1 35 -0 ¢ 23 25 Hy=4,16 -1 AL =34 -11 40 =52
=5 420 4%4 o &1 e ~1 35 32 -5 36 40 Hy=143 T 44 -32
-6 127 -182 -2 46 ~32 Hy=8,6 -6 45 -38 T 94 -8s
-7 200 1s¢ -3 e -g¢ 2 35 -2 -5 36 30 Ky=3,17 -1 39 27 H,0,8
-8 104 S1 -4 91 7 ¢ 31 20 -6 54 42 6 46 38
-8 42 22 -¢ 10 78 Ho=406 =1 39 -4 Hy=1,5 -12 45 37
Hy-b04 -8 102 -102 T A5 45
F10s4 -4 42 3% He=5,93 3 31 38 He=2,2 Hy0,10
6 129 -121 -2 31 302 1 2 -3 8 4 -29 He=1,7 =13 51 4s
5 € e -1 1 e Mooty 7 s s¢ 51 3 46 =29
3129 <139 Hy=5,4 4 39 -3 Fo=2,7 -1l 3% -42
2 64 -e4 Ho=ty 8 2 M o-n 2 44 =40 3 22 He0y14
1121 12¢ 2 3% -2e -6 28 -43 -9 M -7 He=1e9 0 42 -44
C 439 -4e9 =3 4% ~a4 Fe=2,9 3 T4y 4 0 A4 -4s
-1 258 -420 -4 89 e¢ Hp=5,3 He=4,9 - 52 152 34
-2 128 -asc -6 4§ =48 -6 36 <43 -8 56 <61 He=1,10
-3 €1 st -5 54 92 -9 66 8l He=2,11 12 sa %9 He0,16
-4 194 =152 Hy=tye 3 24 -a3 1 40 30 4 39 =31 -13 33 -l4
-5 z2¢ -211 -2 45 a1 s 23 -7 Ho=4,10 -1l 86 93 “11 160 148
-8 228 -242 ¢ 35 -42 11 39 36 12 A4 =34 Ho=1,11 <3 49 46
-1 153 1%e He=5,2 I (O £ -12 43 38
-8 29 2¢ Ho=by? -5 11 €8 He=2,12 H,0,18
-10 s& 7 -5 31 A -6 %3 -3 Ho=4y11 -12 55 S3 He=1,12 -13 33
-6 50 -5C A 5 62 139 -3 12 41 42 =12 %6 -4
#9042 1 60 63 ¥e=2,13 1 S8 =571  -11 49 4s
6 120 -122 Ho=6¢$ Hy=5,C -8 83 -79 -1 713 12 -9 35 39
s 100 11% -4 £2 -ut -4 41 32 -9 AT 4 He=1,13 -6 81 56
4 127 -158 -5 70 se Hy=2y14 -29 -4 35 -3
3 2 .22 Hy=4,0 He=3,1 =13 33 <34 o 37 25
2 47¢ 472 Hy=8y12 -6 2% 3 7 46 -3¢ -12 37 N2 H40,20
1252 -2% -9 o2& 4t ~11 35 -15 Hi=1414 ~12 41 =29
=3 148 -1%5¢ -6 45 Al Hy=4yl Hy=3,6 -2 A5 <44 ~11 58 -63
-4 215 22¢ 6 % 60 S 46 32 “1 83 19 He0,0
-5 251 -261 Hy8y12 -2 29 37 He=2/18 -9 65 52
-6 94 =tp -1 31 -3 He=3,8 -4 64 -63 He=1y16
-8 30 -7 Ho=4,2 3 56 -31 -10 37 45
Fi=Sy11 3 2 -3 Fy=2416, -5 43 38
HyCy0 -9 23 32 T 1l R He=3,10 -8 63 -62 -4 Al -28
-2 55 -a -8 2 €2 10 %9 s -1 69 &9 -3 70 -s8
-3 402 420 -5 35 -2

w=1/(A+B|F |+C\F,?. The coefficients 4, B, and C were chosen in such
a way that reflexions with 26 <|F | <100 were given unity weight, and re-
flexions with |F_| <26 and |F,| > 100 were given weights less than 1.0.

The R-value was reduced to 0.102, and at this stage, a difference Fourier
map was computed. It revealed unambiguously the positions of all 11 hydrogen
atoms. Although the contributions of the hydrogen atoms to the scattered
amplitudes were now included, the parameters of these atoms were not varied
during 2 further cycles of least squares refinement of the heavier atoms. The
hydrogen atoms were given isotropic temperature factors of 4.0 A2 The final
R-value was 0.072.

Observed and calculated structure factors are listed in Table 2. Table 3
lists the fractional coordinates of the heavier atoms and the approximate
fractional coordinates of the hydrogen atoms. Table 4 lists the final thermal
parameters of the non-hydrogen atoms.

anti-Ethyl benzohydroximate. Five strong reflexions, 9 0 12,2 3 10, 2 2 1,
T0 1 11, and 7 2 13, with |E|> 2.3, were assigned symbols to represent their
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Table 3. Fractional atomic coordinates for syn-ethyl benzohydroximate.

x y z
c@) 0.7695 (6) 0.6100 (9) 0.5306 (4)
c(2) 0.9029 (7) 0.5886 (10) 0.5531 (5)
C(3) 1.0044 (7) 0.4134 (13) 0.6212 (5)
C(4) 0.9670 (9) 0.2674 (11) 0.6642 (5)
C(5) 0.8345 (8) 0.2922 (10) 0.6410 (5)
C(6) 0.7324 (7) 0.4632 (10) 0.5741 (4)
c(7) 0.6627 (7) 0.7971 (9) 0.4580 (4)
N(8) 0.5777 (5) 0.8785 (8) 0.4712 (3)
0(9) 0.4684 (4) 1.0374 (7) 0.3941 (3)
0(10) 0.6676 (5) 0.8428 (6) 0.3858 (3)
C(11) 0.6387 (8) 1.0754 (10) 0.3423 (5)
c(12) 0.7036 (8) 1.0791 (12) 0.2928 (6)
H(2) 0.930 0.703 0.517
H(3) 1.112 0.395 0.642
H(4) 1.044 0.130 0.716
H(5) 0.806 0.175 0.674
H(6) 0.625 0.482 0.555
H(9) 0.395 1.106 0.405
H(111) 0.518 1.109 0.285
H(112) 0.689 1.206 0.401
H(121) 0.681 1.252 0.261
H(122) 0.635 0.940 0.243
H(123) 0.820 1.090 0.360

Table 4. Thermal parameters for syn-ethyl benzohydroximate.
T,=exp [— 1/4(B,h*a*? + B,;k*0*? + B,ylic*? + 2B ,hka*b* + 2B hla*c* + 2B, klb*c*)].

By, B By, By, B, By,
c() 4.7 (3) 2.6 (3) 4.3 (3) 0.1 (3) 3.0 (2) —-0.5(2)
C@) 5.3 (4) 3.8 (3) 6.7 (3) 0.7(3)  4.2(3) 0.5 (3)
C(3) 6.0 (4) 5.7 (4) 7.4 (4) 1.6 (4) 4.4 (4) 0.9 (4)
C(4) 8.1 (5) 3.5 (3) 6.8 (4) 1.1 (3) 5.2 (4) 1.2 (3)
C(5) 7.1 (4) 3.2 (3) 5.8 (3) —0.6(3)  4.5(4) —0.2 (3)
C(6) 6.1 (4) 2.9 (3) 5.1 (3) —0.2(3) 3.9 (3) —0.1(3)
C(7) 5.3 (4) 3.2 (3) 4.5 (3) —0.1(3) 3.8 (3) —0.7 (2)
N(8) 5.5 (3) 3.0 (2) 5.4 (3) 0.0(2)  3.8(2) —0.2 (2)
0(9) 6.1 (2) 4.2 (2) 6.6 (2) 1.8(2)  4.4(2) 0.8 (2)
0(10) 8.1 (3) 3.0 (2) 6.0 (2) 1.2 (2) 5.5 (2) 0.6 (2)
C(11) 9.5(4)  3.1(3) 8.6 (4) 1.4 (3) 7.0 (4) 1.9 (3)
C(12) 9.6 (5) 4.6 (4) 11.2 (5) 0.6 (4) 8.2 (5) 2.0 (4)

phases. These were used as “knowns’’ in a phase determining process, analogous
to that described in the preceding section. 420 reflexions with |E|>1.0 were
used for investigating >, relationships, and, after eight iterations, signs or
symbol combinations representing signs had been allotted to 232 of these. The
reflexions 9 0 12,10 1 11, and 7 2 13 were given plus-sign to specify the origin,
following which signs of minus and plus for 2 3 10 and 2 2 1, respectively,
were indicated as being the most probable.
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Table 5. Observed and calculated structure factors for anti-ethyl benzohydroximate.
The columns are I, 10 x |F,|, and 10 x F,

2040 40 =34 -5 103 -93 HedW? LITI}Y
2 2371 -21¢ 139 =140 -6 152 =141 -9 3 34 6 51 -
3 €27 -7C¢ -8 60 359 -8 69 65 5 78 -80
4 % -Mm He242 “9 46 ~41 -1 S0 =59 4 68 =69
£ 128 ~1l44 97 102 “10 36 27 -6 66 <-63 3 177 117
9 3¢ 2e 20 1 ~5 26 =25 2 167 162
16 21 24 121 =116 2410 -4 28 3 1 170 169
89 99 ~10 61 =57 -2 55 =50 0 92 -83
FyCy2 456 =405 -8 33 -20 0 8% 89 -1 240 -259
-8 28 -22 213 -206 -1 59 55 -5 32 -3
-1 E2 -€2 236 =223 -t 42 =41 Hy356
-& 20§ -21% 42 41 ~5 61 =64 -58 Hede2
=5 1 ¢ 354 351 -3 132 127 -1 151 135 - 84
~4 244 2t% 173 178 =2 135 140 -2 93 91 =5 1271 135
“3 18 1§ 3 -70 -1 34 =26 =3 124 126 -4 41 A3
1 12¢ 141 122 «119 0 34 -3 -4 50 -47 “2 96 =94
2 158 13¢ 29 28 ~6 98 <-95 0 171 -161
3 122 -127 ¥12,11 -1 93 =~g8 1 43 =57
4 2ce -211 Hi1243 0 45 Al -8 64 -65 5 S1 &
5 105 -S4 7 =1 163 148 =9 112 116
& 2 =24 113 -102 -2 33 27 Hed,3
T 46 42 308 -300 =3 61 -S54 HedyS 4 8 =56
151 -152 -4 61 =53 e 27 3 46 48
k1044 112 104 =5 A0 =47 -5 61 59 2 %4 &l
=10 55 M 60 81 -6 79 ~75 -4 1 26 =23
-9 5% -22 144 123 -7 62 ~60 =3 149 ~141 =1 38 48
=7 112 -118 189 174 -2 76 -69 -2 123 115
-t 209 =272 23 2 k2,12 -1 n 59 =3 113 102
~% 1€l 11¢ 157 140 -1 -69 0 131 132 -4 187 =190
-4 2¢ ~1¢ 26 =30 -8 46 -29 1 45 43 =5 141 -150
=2 223 24C 174 =163 -1 85 76 2 61 -61 =6 46 =49
-2 21 =fC =5 43 <38 3 40 -4l -7 9 96
-1 €24 81C He2oh -4 67 =83
0 z=f =287 68 64 -3 49 44 Heds 4 Hybok
271 -7¢ 75 67 -2 28 20 4 1 =50 -7 100 -87
4 B2 «fS 263 =251 -1 73 66 3 51 51 -6 74 N
£ 28 -2 115 -107 2 9% -9 =5 11 .113
297 290 Fy2413 1 91 94 ~4 142 141
FoCr6 9t 87 -3 3 =74 0 105 101 =3 45 ~44
-8 €2 4 291 -284 -4 46 31 -1 95 90 -2 719 75
-7 EC =-S5 114 104 -5 42 33 =2 170 147 -1 35 -3¢
-t €2 -8 66 T2 =T 148 =128 =3 12¢ -11¢ 0 74 =67
-4 8% =6¢ 35 -38 -8 64 =58 -4 142 130 1 24 13
=3 T4 &4 -9 34 30 -5 60 =57 2 104 -106
=2 1eé 164 He2s5 -6 68 -62 3 61 -70
-1 21 -1 36 =26 Fi2414 -1 236 -242
0 e -e€1 109 -111 -8 42 =35 -8 105 100 HodoS
1 s4 =12 61 53 -7 41 30 3 49 =53
2 10¢ 115 216 210 - 19 15 Heds3 2 26 32
5 &g -se 365 =371 -5 51 53 -8 43 =35 4 62 63
42 -2 -7 128 130 -1 29 28
k0,8 303 278 ¥+3,13 -6 93 86 -2 98 95
=10 21 %9 160 150 - 1 -5 95 92 ~3 100 93
-5 48 =47 55 =49 -5 31 45 -3 66 <~63 -4 80 -82
=7 1€2 121 99 ~94 -2 90 -80 =5 127 -116
-¢ 29% 217 27 =26 Fi3,12 =1 45 <-34 -6 7 =96
=4 14C -16% 43 -4) - 92 1 0 221 -207 -1 8 79
=2 z%] -282 =4 114 ~104 1 192 -190
=2 162 -1€2 He246 =5 46 <44 2 2% =25 Hebs6
-1 22 ze 48 41 =1 1 M 3 120 120 -8 55 =55
2 1 ss 46 34 4 120 125 -7 66 =59
2 2 EX] 63 61 Fe3y1l 5 53 s7 -6 56 56
108 -93 -9 62 =54 -5 a9 94
134 =115 -8 35 ~-35 He302 -4 59 59
198 ~188 -6 53 ~47 73 =40 -2 52 55
96 -104 -4 31 21 2 1 66 «1 132 -127
316 304 -3 76 13 1 62 52 78 88
61 5% =2 140 128 o 197 -162 2 50 ~-58
40 50 -1 149 135
83 17 k3,10 -4 176 162 Hody 7
53 <-49 =39 ~5 26 =34 8 =19
=1 126 =121 =6 146 =147 0 62 57
0 24 -4% He2s7 -2 227 220 =7 111 ~115 =3 42 45
11 3s “3 49 48 -2 111 108 -4 61 69
93 82 -4 32 2 =7 42 ~42
k0,12 52 =46 -5 90 =~83 .
-9 180 22¢ 144 141 ~7 55 =49 -7 105 89 Hedy8
=8 111 14¢ 244 =229 -6 124 123 -8 93 =92
“& 124 =144 70 =60 Fe309 -3 80 80 =7 35 31
-5 28 =17 99 101 -8 -23 -1 263 =265 -5 104 105
-4 21 =27 82 84 -1 47 =37 0 394 ~354 -4 58 54
=3 64 ~1CE 102 -100 -¢ 9¢ =95 1 248 =224 -3 120 120
-1 42 -€1 -4 105 109 2 216 19} -2 124 -129
Hy2,8 =3 131 137 3 218 224 =1 71 -74
0,14 56 =48 -2 32 32 4 94 95
=6 122 174 11 110 () 46 =49 S 46 -4b He4y9
=& &5 -7t 31 20 1 43 ~37 -1 33 =26
-4 48 =47 182 -170 He340 =2 133 -13}
125 -11% Fe3,8 -1 40 -32 =3 114 114
Fely14 212 208 32 30 -2 386 -377 =4 163 165
-4 34 ze 47 =57 0 97 =93 =3 179 169 «5 713 8l
=5 51 48 35 36 =1 43 49 -4 121 107 -6 71 ~73
-&  £4 -Ef 41 39 =2 137 135 -5 88 89 -7 110 -103
=1 81 =s1 -4 24 20 -6 123 -119
-8 tE =74 He249 -5 35 36 He4o 10
34 37 -6 28 -1l6 Hedy 0 -6 30 =~26
Fsly13 171 168 -7 60 =-58 -6 13 70 =4 110 106
=1 42 s 66 =62 -8 145 -135 -5 33 23 =3 104 109
-9 28 -7 38 40 =9 39 42 -4 50 =49 -2 32 -18
-8 ee  €¢ 32 -20
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Table 5. Continued.
Fo4ell HetyC -1l 46 51 He249 -2 31 39 o 56 -47 He5,6
-4 46 £s 54 =71 11 53 45 =11 34 <24 3 34 33
-6 48 -42 176 1ce Hel 12 Hy4e11
C £l 48 He2,10 Fi3,11 o 40 -29 Hi504
Fi5,8 Higyl -11 8 50 -12 55 45 -12 39 28 -2 42 -43 -7 48 44
-3 g9 -es 153 =51 =12 27 42 -11 54 38  -11 40 17 -8 T 68
-5 se 1S ¢ 71 -8z  -13 2 -16 2 30 -23 0 53 -48 -s 40 37 He5,3
-1 42 4t T 68 -60 -10 €3 =70 -7 69 -73
Fy5eT Hel,11 He2,11 -11 50 -36 6 48 52
-6 44 4S Fo€y2 -12 2 43 -32 ¥e3,10
-5 €1 ek -2 41 s¢ -11 85 719 2 EH Hedy12 He$,2
-4 EE 14 -1 e -n Hi1,10 -1 31 =28 -10 34 24 4 61 64
-2 £2  -4S e 27 =2§ =11 42 41 Hy2412 -1 21 =22 -1 38 “2
-1 ¢ 2% -12 20 33 -12 43 42 k43,9 -4 41 30 -8 39 40
HeCyC 1 31 -20 -1 28 ~33
Fe5s6 9 ac 28 Hol,9 2 37 -30 Hy4y13 Hy6,y0
-1 eo €2 1 4 24 4 23 43 Fi3,8 -3 713 -64 -4 48 -60
-3 1%¢ 154 He2413 4 49 43 ~6 38 34
~4 48 wf2 FaCy2 Helel 0 24 -1 28 15 Hobol
-5 52 €1 -1c €4 12 -11 32 39 -1 61 ST k13,7 s 31 34
-6 81 €4 410 46 37 -11 41 =23 Heds14 3 41 57
FiCy4 Hyle? -1l %6 T4 -8 36 -24
ke85 7071 -11 36 =49 k13,6 429 23 He6e2
-6 26 a1 e 12 -2 € 51 =55 He2e14 4 16 -7 -2 34 -23 1 14 85
-E 24 4f -9 63 =55 3 31 -34
-4 14 g1 1Cye Heleb 3 81 -n +i3,4 Hy4e15
-2 121 142 .11 27 &S & 11 =20 -9 46 41 -6 17 He6s3
-1 e 12 1 H12,15 4 35 29
o &5 -1C1 Hily4 -2 3 Fe3,3 He5013 0 54 -57
[ 124 =37 4 35 33 <10 40 -33 -5 6 -3 51 -59
FiEe4 4 21 -2¢ -6 46 =35 -9 37 -31 -6 35 -34 -4 38 -46
2 24 -1 He1,3 -7 80 -&9 ¢ 38 -30 -5 41 48
1 26 -1f HyC,y1C T el -67 -9 50 35 HySel2 -6 45 50
-1 135 14C =12 -£2 ki3l -6 41
-2 te -¢2 2 32 ¢ Hyl,y2 He2y16 -9 42 =32 -1 65 54 Hobo 4
-1 pe -52 4 31 -3 g 20 28 -6 28 22 -9 59 -s8 -6 31 =37
-4 £2 -te -5 42 39 Fohyl 5 71 83
¢ 1 4s HiCy12 Hilyl T 3 28 HiSell -4 33 42
=12 41  =4E -9 40 a8 Hy3y16 -9 38 33 -9 56 56 -3 100 118
k15,3 26 4c -5 58 =52 -7 33 .32 -2 80 89
-5 15 €2 o712 ez Hel,0 -6 30 -22 Fe4y2 -6 26 -12
-4 108 1z s 12 63 -8 53 45 -8 81 -Mm -5 35 31 Hybe5
-2 ee 102 HeCyl4 -5 11 -63 -1 68 =78
-2 49 ~5C -1 22 -sc -1 26 -17 Hi3,15 Fe4y3 HyS5,1¢C -2 33 -38
1 8f e -9 31 -n 5 33 -30 -3 32 26 -3 41 =51
2 g1 -te BoCole He2,2 -8 63 44 -9 48 35 -4 40 -39
-1l 27 -¢¢ -11 23 -28 -6 51 45 He5e9 -5 30 138
Fe8y2 -9 36 -3 -5 55 42 Fodod -10 31 -28 -6 13 84
1 62 =¢€1 HoCylE -5 40 =30 -9 49 =41 -7 20 36
c 1 1 -e 2 41 Hy2,3 Hy3,14 - -8 45 =34 -1 43 -42
-1 2 -7 -¢ 31 1 T4l 37 -3 88 74 s 12 N -¢ 56 6l Hi616
-4 21 -1 -1¢ 21 20 -4 33 21 -5 74 18 -7 43 44
-5 €4 =13 Helol? -5 44 =40 Koy 7 -4 76 .1 -5 47 =50
-1 2 4 Hi204 -6 48 -38 3 40 -38 -1 58 -s8 -4 32 -26
Fegyl ~10 24 =42 729 -18 -7 45 40 2 36 31 0 37 -35 -3 38 40
-5 44 ) -1l 34 =22 -9 104 =96 2 29 9 -2 34 44
-3 6B =74 Hal,1€ Hi2,5 -1 30 13
-2 e -¢E 3 T o-1c 20 15 He3e13, Hi5e8 Ha6,7
C 165 1¢S e 28 -24 -10 =45 ke4qe8 30 -2 -80
2 42 -42 Ho2,€ -9 87 -T9 -1l 30 -22 -1 41 -40
2 4 -sC Hely15 -12 29 -15 -8 43 -44 -9 21 21 -6 86 84
-8 ae 41 -4 40 =34 -8 8 =19
Fi5,0 Hezo? -2 41 30 Fy4s10
2 H] holyl4 £ 20 -26 ‘ -9 55 =56 HeSe?
1 149 1%% 0 2 34 Hy3412 -e 39 -3¢ -9 -57
-1C 7 &< -1 5 =46 -1 26 =29 ¢ 63 ~64

The E-map computed from the 232 terms, for which absolute signs could
now be allotted, revealed the positions of all 12 non-hydrogen atoms of the
molecule. The R-value derived from the structure postulated from this map
was 0.42, and reduced to 0.34 after 5 cycles of Fourier refinement. The refine-
ment was continued, using the full matrix least squares method. Again an
overall scale factor and atomic coordinates were varied for all cycles. For the
first 3 cycles, isotropic temperature factors were also varied. These were
replaced by anisotropic parameters for a further 3 cycles, after which the R-
value was 0.108. The weighting scheme and atomic scattering factors used
were the same as those described for the syn-compound. A difference Fourier
map was calculated at this stage, and it showed clearly all 11 hydrogen atoms
of the molecule. As for the syn-compound, the contributions of the hydrogen
atoms to the scattering were included in the remaining 2 cycles of least squares
refinement, but their positional parameters and temperature factors of 4.0 A2
were not varied. The final R-value was 0.088.
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Table 6. Fractional atomic coordinates for anti-ethyl benzohydroximate.

x Yy z
c@) 0.7139 (7) 0.9063 (10) 0.4560 (5)
C(2) 0.5763 (8) 0.9170 (12) 0.4306 (5)
C(3) 0.4784 (9) 1.0813 (15) 0.3680 (6)
C(4) 0.5264 (10) 1.2372 (13) 0.3344 (8)
C(5) 0.6641 (9) 1.2282 (11) 0.3624 (6)
C(6) 0.7618 (8) 1.0635 (10) 0.4234 (5)
c(7) 0.8142 (7) 0.7268 (09) 0.5213 (5)
N(8) 0.9007 (6) 0.6264 (08) 0.5132 (4)
0(9) 0.8949 (5) . 0.6915 (06) 0.4257 (4)
0(10) 0.8009 (5) 0.6708 (07) 0.5964 (4)
c(11) 0.8742 (9) 0.4754 (11) 0.6575 (8)
c(12) 0.8239 (11) 0.4362 (14) 0.7199 (8)
H(2) 0.544 0.794 0.461
H(3) 0.366 1.084 0.345
H(4) 0.452 1.368 0.284
H(5) 0.701 1.355 0.335
H(6) 0.873 1.055 0.445
H(9) 0.969 0.606 0.417
H(111) 0.844 0.346 0.600
H(112) 0.995 0.490 : 0.709
H(121) 0.874 0.293 0.763
H(122) 0.710 0.450 0.680
H(123) 0.800 0.550 0.760

Table 7. Thermal parameters for anti-ethyl benzohydroximate. (The expression for the
temperature factor is given in Table 4.)

B, By, B B, B By,
c(1) 42(4)  3.3(3) 41(3)  0.5(3) 2.5 (3) —0.2 (3)
c(2) 5.0(4) 5.2 (4) 5.6(4) 0.7 (4) 3.4 (4) 0.5 (4)
C(3) 63(5)  7.1(5) 7.1(65) 2.8 (5) 4.2 (4) 1.0 (5)
C(4) 7.8(5) 4.8 (5) 6.0(4) 2.7 (4) 4.3 (4) 1.0 (4)
C(5) 7.2(5)  3.5(4) 5.7(4) 0.6 (4) 3.4 (4) —0.1 (3)
c(6) 5.5(4)  3.1(3) 5.1(4)  0.1(3) 3.1 (4) ~0.4 (3)
c(7) 49(4) 28(3) 44(3)  0.0(3) 2.8 (3) 0.0 (3)
N(8) 63(3) 2.4(3) 6.1(3)  0.6(2) 4.5 (3) 0.1 (2)
0(9) 71(3)  3.4(2) 7.0 (2) 1.1 (2) 5.3 (3) 0.8 (2)
0(10) 7.8(3)  3.4(2) 8.5(2)  2.0(2) 4.9 (3) 1.4 (2)
c(1) 7.7(5) 4.0 (4) 6.4 (4) 1.7 (3) 4.3 (4) 1.7 (4)
c(12) 12.6 (1) 6.6 (5) 1.8 (7) 4.4 (5) 10.3 (7) 4.7 (5)

Observed and calculated structure factors are listed in Table 5. Table 6
lists the fractional coordinates of the heavier atoms and the approximate
fractional coordinates of the hydrogen atoms. Table 7 lists the thermal param-
eters of the non-hydrogen atoms.

Most of the calculations were performed on the IBM 7094 computer at
NEUCC, Lundtofte, Denmark, using mainly the integrated program system
X-RAY-631 In addition were used a least squares programme for refinement
of the cell parameters, as described by Liminga,!? and the series of programmes
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for executing the symbolic addition procedure for centrosymmetric structures,
written by Dewar.}3 Programmes to produce an input tape to, and to process
the output tape from the diffractometer have been written by Sarensen.l

DISCUSSION

The X-ray investigation showed that the configurations proposed by
Exner et al? were correct, the compound with the lower melting point (53°)
being the syn-isomer (i.e. Z-ethyl benzohydroximate), and the compound
with the higher melting point (67°) being the anti-isomer (i.e. E-ethyl benzo-
hydroximate).

The geometry of the molecules is illustrated in Fig. 1. The benzene ring of
both molecules is planar within the experimental error, and the coplanarity
includes the carbon atom C(7). In addition, the atoms C(1), C(7), N(8), O(9),
and O(10) of the side chains are nearly coplanar, as expected. Deviations
from the coplanarity, expressed as distances of the atoms from the planes

SYN ANTI

Fig. 1. Description of the conformations of syn- and anti-ethyl benzohydroximate. The

numbers in the angular parentheses are the distances (A) from the planes defined by

C(1), C(7), and N(8). In addition, the dihedral angles of the C(1)—C(7), C(7)—0(10),
and O(10)—C(11) bonds are given.

defined by C(1), C(7), and N(8), are given in Fig. 1. The angles between the
two planes are 29° and 39° for the syn- and anti-form, respectively. This twist
is in both cases larger than needed, to relieve the steric strain between the side
chain and the hydrogen atom in the ortho position of the benzene ring, and is
probably determined by the packing of the molecules rather than by steric
interference effects within the molecule.
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The carbon atoms of the ethyl groups are not coplanar with the aforenamed
atoms of the side chains. This is indicated in Fig. 1, where the dihedral angles
of the C(7)—0(10) bonds are given. The larger angle of the syn-compound is
probably due to steric strain between the methylene group and the hydroxyl
group. The intra-molecular distance between C(11) and O(9) is 2.74 A. In both
compounds, the O—C,, , bond is situated approximately s-cis to the C=N
bond. This conformation is in accordance with the stable conformation of
carboxylic esters.l® The ethyl group of both isomers has the preferred staggered
conformation.

SYN ANTI

Fig. 2. Intra-molecular distances (A) and angles (°) for syn- and anti-ethyl benzo-
hydroximate. Dashed lines indicate short, non-bonded distances. The standard deviations
on the bond lengths are 0.007—0.021 A, and on the angles 0.5 —1.0°.

Bond lengths and valency angles of both molecules are shown in Fig. 2.
There is good agreement between corresponding bonds and angles of the two
isomers, all differences being less than three times the estimated standard
deviations. The only exception is the valency angles of the trigonal hybridized
carbon atom C(7). In the syn-form, the angle O(10)—C(7) —N(8) is expanded
to 130°, whereas in the anti-form, the angle C(1)—C(7) —N(8) is 130°. In both
cases, the expansions from the ideal 120° can be ascribed to van der Waals
strain between the oxygen atom of the hydroxyl group and another part of the
molecule, i.e. in the syn-form, the methylene group, C(11), and in the anti-
form, the ortho hydrogen atom, H(6).

In addition, the dimensions of the oxime moiety of the molecules,
—~C—-C=N-OH, agree remarkably well with those found in the crystal
structures of some benzenoid oximes, e.g. syn- and anti-p-chlorobenzaldoxime.18
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The lengths of the bonds C—C, C=N, and N -0, and the angle C—~N—O are
identical within the experimental error. The opening of the C—C=N angle of
the anti-compound mentioned above was also observed in the anti-forms of
the oximes.’® This seems to be the normal way of relieving van der Waals

SYN ANTI

Fig. 3. Vibrational ellipsoids at the 50 9%, level for syn- and anti-ethyl benzohydroximate,
prepared from the computer program of Johnson.!®

O Carbon O Carbon
@ Nitrogen @ Nitrogen
® Oxygen @ Oxygen

Fig. 4. Projection of the structure of syn- Fig. 6. Projection of the structure of anti-
ethyl benzohydroximate along the b-axis. ethyl benzohydroximate along the b-axis.
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strain, whereas the torsional angles about the C, . —C ;. bond show consid-

erable variations, probably determined by the packing conditions in the
appropriate crystal.

The dimensions of the ethoxy groups do not differ significantly from the
values given for carboxylic esters® or ethyl carbamate,’” although the ester
groups of these molecules are planar.

The relatively high standard deviations on bond lengths and angles (Fig. 2)
are probably due to the large atomic vibration of both molecules (¢f. Table 6).
The directions of the vibrational ellipsoids are illustrated in Fig. 3. As ex-
pected, the terminal methyl C-atoms have the largest thermal motion.

The molecular arrangement in the crystals of both compounds is dominated
by OH:-'N hydrogen bonds, which in both cases couples the molecules to
dimers around centers of symmetry (c¢f. Figs. 4—5). A similar system of
hydrogen bonding is found to be quite normal for aromatic syn-oximes, whereas
anti-oximes normally are linked to infinite chains by OH - --N hydrogen bonds.1®
No other short ¢nter-molecular distances were found in the crystal structures
of the compounds. ‘
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