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Crystal Structure of Some Benzoxazoline Derivatives
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The compounds investigated (six in all) are of the type with
X =8, O, benzylimino, and Y =H, CH,: (I) 3-methyl-benzoxazoline-2-
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thione; (II) benzoxazoline-2-thione; (III) 3-methyl-benzoxazoline-2-
one; (IV) benzoxazoline-2-one; (V) 2-benzylimino-3-methyl-benzoxa-
zoline; and (VI) 2-benzylimino-benzoxazoline. Neither methylation
nor substitution of S with O changes the geometry significantly for
(I) = (IV). For the methylated compound (V) there are very small
changes also on substitution with N —CH,— C.H,. The molecules of
(VI) form dimers with N...H...N bonds of length 2.933 A. Some
averaged bond distances and angles for (I)— (V) with corresponding
values for (VI) in parentheses are: O —C7: 1.383(1.375) A; N—CT:
1.349(1.310) A; C1—0—C7: 107.4(104.0)°; O—C7—~N: 107.8(114.2)%
C7—-N-Cl: 109.9(105.1)°. The differences are probably related to the
hydrogen bond formation.

he interactions of benzoxazolone, benzoxazolethione, and their derivatives

with fatty, aromatic, and alkylaromatic amines have been studied by Simov
et al.1~4 The main features are: (1) the heteroatomic ring is opened and asym-
metric di- or tri-substituted ureas or thioureas are obtained; (2) the products
are derivatives of 2-aminobenzoxazole;® and (3) substitution of H in NH by
CH, reduces the interaction rate in the case of benzoxazolone, while it has the
opposite effect for benzoxazolethione.

Infrared stretching frequencies of C=N in iminobenzoxazolines have been
determined to lie in the interval 1717 — 1745 cm~1.% This is considerably higher
than reported values (1670 —1690 cm™) for azomethine groups in non-conju-
gated positions to conjugated systems.”,®

Hoping to elucidate these and some other characteristics, X-ray crystal
structure analyses of the following benzoxazoline derivatives have been carried
out:
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(I) 3-methyl-benzoxazoline-2-thione, (II) benzoxazoline-2-thione, (I1I) 3-
methyl-benzoxazoline-2-one, (IV) benzoxazoline-2-one, (V) 2-benzylimino-3-
methyl-benzoxazoline, and (VI) 2-benzylimino-benzoxazoline. The crystal
structure determination of (I) (based on film data) has been presented earlier.?
For comparison some results will be included in this paper.

For the compounds (IT)—(VI) the intensities have been measured on an
automatic four circle diffractometer with a highly orientated graphite crystal
monochromator. The radiation used was MoK« and 20, ranged from 45°
to 50°. No corrections for absorption or secondary extinction effects were car-
ried out.

The phase problems for (IIT) — (VI) were solved by direct methods 1°* while
the solution for (IT) was obtained from the Patterson function. All structures
have been refined by full-matrix least squares technique with weights calculated
from the standard deviations in intensities, o(), taken as

o(I) =[Cy + (0.02C, 2]t

where C is the total number of counts and Cy the net count (peak minus
background). Anisotropic temperature factors were introduced for all non-
hydrogen atoms, the expression for the vibration being:

exp — (By k2 + Bygk? + Bygl? + Byohlk + Byghl + Byghl)

Crystal data and final R-values are given in Table 1. Methyl hydrogens were
localized in difference Fourier maps; other H-positions were calculated. Refine-
ments of isotropic thermal parameters for hydrogens gave reasonable results
for (II) and (IV) only. Final fractional coordinates and thermal parameters
with estimated standard deviations are given in Tables 2 and 3. A comparison
between observed and calculated structure factors is presented in Table 4.

The principal axes of the thermal vibration ellipsoids were calculated from
the thermal parameters of Table 2. :

* All programs used are included in this reference.
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BENZOXAZOLINE DERIVATIVES 947

Table 1. Crystal data and final R-values.

Compound  Space Cell dimensions VA Qcale Oops Observed R 9 Ry %
group reflections

a= 924 A

I P2,/c b= 6.90 4 135 1.34 674 7.7 11.3
c= 12.86
A= 99.0°
a = 8.573(3)A

II P2, b= 9.039(3) 2 149 1.49 545 3.2 3.7
c= 4.353(2)
A= 90.00 (3)°
a = B5716(1)A

111 P2,/c b= 4.340(1) 4 140 1.37 912 3.3 3.8
c = 29.506(4)
B = 105.00 (1)°
a= 4.457(2)A

v P2,2,2, b= 6.654(3) 4 144 143 506 2.7 3.0
c = 20.996(7)
a = 14.267(5)A

v P2, b= 5.540(1) 2 1.28 1.25 957 5.1 5.5
c = 8.946(3)
B = 119.44 (3)°
a = 13.265(4)A v

VI P2,/c b= 17.556(3) 4 1.30 1.28 1016 3.8 4.6
c = 12.270(4)
B = 111.96 (3)°

Root mean square amplitudes, the corresponding B-values for the atomic
anisotropic thermal vibration along the principal axes, as well as their com-
ponents along the crystal axes are listed in Table 5.

By including all atoms in the molecules, the r.m.s. discrepancies between
atomic anisotropic vibration tensor components calculated from the thermal
parameters of Table 2, and those calculated from the rigid-body parameters
obtained by analysis of librational, translational and screw motion ! are:

(I) (IT) (11I) (V) V) (VI)
0.0080 0.0031 0.0018 0.0021 0.0061 0.0051

The values for (I1I) and (IV) support the assumption of regarding these mole-
cules as oscillating rigid bodies. However, the r.m.s. librational amplitudes are
moderate:

(IIT) L1=5.4°, L2=3.7°, L3=3.4°

(IV) L1=6.0°, L2=4.8° L3=3.7°

and no bond distance increased more than three times e.s.d. when corrected
for libration. Uncorrected values for bond distances and angles are therefore
presented in Table 6.
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Table 2. Fractional atomic coordinates and anisotropic thermal vibration parameters with esti-
mated standard deviations (multiplied by 10°). For numbering of atoms, see Fig. 1.

Atom y 2 B, By, By, By, B,s By;
II)
S — 16237 50000 —08389 01583 01048 05966 — 00081 — 00292 — 00731
10 20 15 13 59 39 40 78
(0] 05887 38945 27322 01553 00663 05978 — 00020 00586 — 00054
53 32 100 59 39 219 72 170 146
N 07392 63036 22841 01584 00690 05384 — 00012 00596 00352
65 45 122 70 50 249 91 2056 171
Cl1 18584 43555 44423 01211 00879 04555 00061 01211 00025
65 62 131 85 59 323 104 270 187
C2 28553 35168 61025 01641 01069 06811 00283 01043 00945
77 73 152 99 73 364 153 310 269
C3 40512 42855 758356 018756 01564 05863 00666 01017 01427
92 87 182 123 98 386 179 368 309
C4 41853 58117 73870 01309 01537 05866 — 00031 — 00121 00109
87 85 175 86 87 359 146 294 291
Cb5 314564 66496 57007 01599 00986 06289 — 00267 01136 — 00372
74 75 139 97 69 362 122 290 251
Cé 19944 58849 41907 01412 00813 04438 00017 01202 —00001
68 61 128 04 60 306 106 286 203
Cc7 — 00869 51069 14042 01497 00832 04542 — 00021 01479 — 00262
36 76 70 48 47 170 145 150 278
(IIT)
01 23850 05901 43900 05114 09109 00216 - 01027 00816 00204
24 35 5 58 106 2 124 20 26
02 16386 30043 36851 03374 07063 00197 — 01196 00319 — 00208
19 29 4 40 85 2 97 16 22
N 51493 39313 41963 03251 06574 00156 00060 00325 — 00310
23 33 4 49 97 2 113 16 26
Cl 29478 50369 34816 03236 05289 00170 00222 00345 — 00355
28 40 6 59 102 3 133 22 28
C2 22918 62688 30432 03876 06877 00183 00522 00137 — 00337
36 48 7 68 133 3 162 24 34
C3 39747 82174 29206 05089 06498 00182 01223 00531 — 00108
37 46 7 80 127 3 176 27 34
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Table 2. Continued.

20 .

C4 61710
37
C5 68101
32
Cé 51339
28
c1 30472
32
CM 70878
39
o1 48036
36
02 14726
28
N 25362
39
¢l -01331
37
Cc2 —20513
49
C3 —33607
50
C4 27438
51
C5 —07933
47
Cé 05126
38
C7 31358
48
0 23120
N1 19308
25
N2 12481
24
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88316
46

75495
45

56207
38

23409
46

37979
67

38626
30

31072
21

07379
31

13934
28

11422
47

— 07291
49

— 22479
44

— 19796
37

— 00998
31

26487
37

71900
75930
93

101778
106

32345
36789
37960
41291

7

46198

20099
10

12387
19347
10

10816
11

05757
12

05194
15

09440
14

14491
14

15064
11

17668
11

48112
30

19240
41

32170
38

04609
80

03384
60

03103
58

03767
65

04272
7

Iv)

08708
116

05823
84

05761
103

03983
90

04846
111

04761
121

05382
138

05683
122

03841
91

05564
117

00632
21

00591
25

00522
25

06225
126

06530
119

05193
101

06593
120

09934
184

03794
57

02158
34

02560
49

02055
48

03192
74

03868
88

02672
66

02171
57

02045

02608
63

03690
134

04741
195

04132
171

00212
00191
00168
00178

3

00168

00311
00254
00204
00215
00239
00284
00372
00310
00214

00215

01474
52

01551
64

01380
63

—00302
161

— 00586
149

00679
124

00448
155

00525
203

— 03531
144

—00718
87

00964
121

00248
109

00247
156

— 01147
169

— 01692
169

00687
141

00802
109

— 00526
148

00836
109

00116
131

005687
132

00813

00427

00375

00522

00281

— 00542

— 00272

— 00282

00120

— 00250

—00111

00579

00684

00260

— 00104

00920

01091

00868

949

~00178

29 25
— 00498

23 34
— 00420

20 27
- 00302

24 33
- 00309

26 40
— 00466

39 30
00108

28 23
00143

38 28
— 00007

34 27
00171

44 40
— 005668

48 46
- 00618

56 43
00063

49 41
~ 00032

38 29
— 00151

41 33
01137

55 157
— 00459

67 201
00639

65 194
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Table 2. Continued.

C1
Cc2
C3

C4

6
7
8
C9
10
c11
c12
13
Ccl4

CM

N1
N2

Cl1

19998
30

22753
33

18751
35

12318
37

09464
34

13480
29

18308
30

26260
39

36952
31

41465
33

51445
38

56738

40

52195
37

42286
36

05663
40

80232
13

98300
16

87039
16

71998
20

85614
103

81456
116

98070
124

116716 .
120

120543

126

104029
100

82921
99

55334

124

62633
101

48115
116

54041

129

74331

132

89143

122

83354
109

116275
129

23283
22

31827
28

40006
27

26057
33

58089
46

74840
52

82012
57

72510
56

55327
55

48421
45

31832
47

21394
69

22746
48

15573
51

17245
63

25964
62

32704
55

31261
56

17160
59

51889
13

60403
16

41039
17

40993
21
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00516 03443

29 193
00582 04188
31 215
00763 05196
37 266
00764 04223
35 225
00610 04449
31 217
00437 03112
28 171
00453 03229
30 192
00705 04533
35 238
00562 03655
32 199
00621 03548
32 210
00742 04918
38 249
00624 05759
38 283
00696 03780
36 220
00704 04150
35 220
00588 04291
30 217
(VI)

00641 01888
15 44

00632 - 01980

19 54

00654 - 01353
19 47

00559 01582
20 62

01310
73

01405
77

01390
82

01800
91

01940
90

01342
78

01419
74

01970
96

01192

71

01672
84

02317
107

02176
105

01997
93

01631
83

01697
80

00714
17

00544
19

00743

22

00663
24

— 00154
148

— 00125
160

— 00329
196

00017
173

00132
168

— 00049
140
00057
145

— 00689
178

00262
138

00196
162

01096
192

00325
201

— 00300
171

— 00035
174

00538
158

— 00478
53

— 00139
54

— 00272
50

— 00251
60

00919
77

00772
80

01073
91

01413
94

01193
87

00678
75

00701
78

01349
95

00811
82

00864
84

01506
107

01216
111

00796
97

00983

92

00754
83

00536
28

00216
32

00587
33

00451
39

- 00151
226

00077
232

— 00781
280

— 01053
262

00283
269

00276
222

00092
215

— 01334
2175

00201
209

- 00277
234

00603
210

00957
328

— 00369
271

— 01005
247

01873
256

00284
46

00541
55

00151
53

00049
65
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Table 2. Continued.

C2 61464 20388 37215 00670 02394 00975 —00638 00758 00019
22 43 26 26 76 30 73 47 79

C3 54822 24949 25919 00552 02542 00909 —00092 00384 —00216
23 42 24 22 85 30 70 45 86

C4 58865 35198 19011 00694 01961 00768 00453 00307 00072
22 38 25 25 72 27 69 43 73

C5 695565 40994 23031 00663 01635 00721 00135 00446 00160
21 36 22 23 63 27 65 43 65

C6 76126 36343 34354 00506 01343 00672 —00141 00443 — 00251
18 31 20 21 56 24 56 37 61

Cc7 88988 32220 51161 00656 01235 00707 —00202 00708 00147
20 32 21 22 54 26 58 41 61

C8 98988 24026 71608 00705 01659 00700 —00145 00538 00349
22 40 22 23 62 25 64 41 67

C9 110656 21027 79414 00656 01228 00671 — 00131 00530 00251
20 32 20 22 53 25 59 38 60

Cl0 114644 26424 91017 00812 01892 00659 — 00046 00546 00164
24 37 22 25 68 25 69 41 70

Cll 125247 23244 98301 00952 02456 00685 —00318 00371 00214
25 43 25 30 82 26 81 48 79

Cl2 132214 14545 94109 00739 02194 01003 00118 00240 00616
25 42 27 26 81 33 74 48 81

C13 128414 09183 82581 00770 01949 01162 00432 00737 00170
24 41 29 26 78 34 74 51 83

Cl4 117802 12269 75326 00868 01703 00754 — 00071 00626  — 00049
23 37 25 28 68 27 69 46 70

The molecules (I), (II), (III), and (IV) are planar to within 0.02 A. By
excluding CM in (V), the parts of the molecules (V) and (VI) separated by the
N1—C8-bond are also planar to within 0.02 A, with angles between the planes
of 89° and 117°, respectively. CM is out of the plane through O, N1, N2, C1,...,
C7 by 0.14 A. (For numbering of atoms, see Fig. 1.)

In the reactions mentioned above the opening of the heteroatomic ring oc-
curs at the C7— O bond. As mentioned above, the interaction rate is larger for
(I) than for (IT). The C7— O distance of (I) (1.393 A) seems to be somewhat
longer than that of (IT) (1.369 A). However, the standard deviations are large,
and the difference is not significant. The opposite effect for benzoxazolone,
(IV) reacting faster than (III), is not at all reflected in the C— O distances
(1.379 A for (III) and 1.368 A for (IV)). The bonds are equal within error limits.
For the iminobenzoxazolines, however, the C—O bond distance of the 2-

Acta Chem. Scand. 27 (1973) No. 3
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Fig. 1. (I) 3-Methyl-benzoxazoline-2-thione viewed along¥[010], (II) benzoxazoline-2-

thione viewed along [001], (III) 3-methyl-benzoxazoline-2-one viewed along [010], (IV)

benzoxazoline-2-one viewed along [010], (V) 2-benzylimino-3-methyl-benzoxazoline
viewed along [010], and (VI) 2-benzylimino-benzoxazoline viewed along [010].
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BENZOXAZOLINE DERIVATIVES 953

Table 3. Fractional atomic coordinates and isotropic thermal parameters, with estimated
standard deviations, for hydrogen atoms. Hm and Hm,n are bonded to Cm, HM,n to

CM and HN to N.
Atom z y z  B(A?»)  Atom ® y z  B(A3)
(IT) V)
HN -0523 '7221 1734 ?g H2 2770 .6748 8147 5.0
: 33 96 48
H2 '27g3’ 2887 '6433 ‘;'(2) H3 2056  .9816  .9387 5.0
‘ 32 95 53
H3 4885 '33§§, '9‘1’21,8 ?‘Z He 0058  1.2711  .7757 5.0
' 34 89 50
H4 '5023 '6323 'ngf N ®m 0405  1.3416  .4799 5.0
: 32 95 49
Hb s a6 6365 3 msy 2244 4322 .1203 5.0
: 33 90 52
(III)
HS,2 2748 .4603 3123 5.0
H2 0780 5791  .2831 5.0 23 02 Be
33 40 6
H10 3603 .3024  .0870 5.0
H3 .3657 .9193 .2603 5.0 30 92 48
32 42 7
HI1 5443 4457  .1242 5.0
H4 7344 1.0100 3136 5.0 34 97 49
33 43 6
Hi2 6335  .8028  .2664 6.0
H5 .8293 L7947 3808 5.0 34 90 50
34 41 6 :
HI3 5563 1.0399  .3014 5.0
HM,1 7347 5769 47656 5.0 33 111 50
33 47 6
Hl4 3884  .0465  .3599 5.0
HM,2 .8498 3017 4557 6.0 31 90 48
35 44 6
HM,] —.0109 L1577 .1441 5.0
HM,3 .6671 .2370 4851 5.0 37 96 51
32 47 6
HM,2 08156  1.1345  .0888 5.0
(v 32 80 52
HN 3331 .0064  .2227 4.3
49 38 15 06  HMS3 0671 13208 2177 6.0
35 97 51
H2 —.2432 2131  .0204 4.6
52 42 14 07 (VI)
H3 —~.4630 —.0998 .0183 6.6  HN2 9181 5187  .4097 5.0
60 53 19 0.6 18 36 20
Ht —~.3686 —.3553 .0010 5.0  H2 5875 1424 4103 5.0
52 41 14 05 e 35 22
H5 —.0317 —.3023 .1763 47  H3 4706 2128 2247 5.0

45 44 14 0.6 22 35 22
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Table 3. Continued.

Atom, x y 2 B(A?) Atom x y z B(A?)

H4 5376 3774 1078 5.0 H1l 1.2775 2711 1.0657 5.0
21 34 23 21 35 24

H5 7243 4860 1834 5.0 HI12 1.3925 .1200 .9941 5.0
20 36 23 22 34 23

HS,1 .9499 .1285 6946 5.0 H13 1.3303 0305 7981 5.0
20 36 22 20 37 22

HS8,2 .9506 .3223 L1573 5.0 Hl14 1.1483 .0844 6721 5.0
20 36 21 20 34 23

H10 1.0896 .3221 9363 5.0
20 35 21

methyl derivative (1.408 A) is significantly longer than that of (VI) (1.375 A).
The reaction rates of these compounds are unknown to the author.

By taking into account the estimated limits of error, it may be seen from
Table 6 that none of the bond distances and angles of (I) and (III) differ sig-
nificantly from the corresponding values for (II) and (VI), respectively. This
means that the geometry is unchanged on methylation. By comparing the
geometry of (I) with (III), and (IT) with (IV) it is also clear that no significant
changes occur on substitution of S with O.

The C=N bond of (V) (1.264(5) A) corresponds to that of «-p-dimethyl-
aminobenzaldoxime (1.264(5) A).22 The authors point out that this is slightly
longer than what, according to Bayer and Héflinger,’ is a normal C— N double
bond (1.225 A). However, in cyclohexane-1,4-dioxime 14 the two independent
C=N bonds are 1.275(4) A and 1.277(3) A, respectively, and the C=N infrared
stretching frequency is about 1670 cm™1. The crystal structure determination
of diiminosuccinonitrile has recently been carried out,’® and shows C=N
bond distance of 1.275(2) A. The corresponding IR frequency for this compound
is 1630 cm—1. C— N double bond lengths found by microwave investigations of
formaldoxime ¢ and N-methyl-methylenimine 17 are 1.276 A and 1.30 A, re-
spectively. The difference between the values above and that of (V) are not
significant, and do not account for the high C=N stretching frequencies of
iminobenzoxazolines.

The molecules of (VI) form dimers with strong intermolecular hydrogen
bonds of length 2.933 A (Fig. 1 (VI)). Since the hydrogen atom of this bond
could not be localized in the difference Fourier map, multiplicity factors of
half-hydrogens at N1 and N2 were refined. Five cycles of least squares refine-
ment did not discriminate between the sites. The lowest E-factor was obtained
with H at a distance of 1.09 A from N2. However, the R-value differences were
small, and it cannot be stated with confidence that this is the true position.
The N1...H...N2' distance of (VI) is somewhat shorter than a similar hydrogen
bond in isocystine,!® where two centrosymmetrically related molecules are
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Table 4. Observed and calculated structure factors (on 10 times absolute scale).

h k | Fo k & Fo Fc h k | Fo Fc h k ! Fo Fc h k | Fo Fc h k t Fo
t 0 0 299 [ sto2 s 1 36 33 -6 2 2 15 -1 A2 27 2 5 5 3% u5
2 0 0 s 9 1 2% 25 3 s 1 52 52 -5 2 2 53 52 0 & 2 WM 32 06 5 3wt
10 0 79 [ L I T 4 6 - 2 2 97 95 1 8 2 106 104 <6 6 3 24
“ 0 0 55 [ JEEY 72 7% 5 5 1 as 86 =3 3 2 iag 138 2 v 2 & 6% -5 6 3 36
s [ 1 a3 n 1 267 283 L3 s 1 17 20 -2 2 2 15 L] 3 L] ? 28 26 <% L) 3 15
A 0 0 66 0 1 A0 190 ? 5 3 5 17 -t 2 2 420 418 b 8 2 2a 27 -2 5 Y 37
To0 0 us 0 1 115 120 -6 & 1 55 s 0 2 2 30 % S 8 2 5 53 -1 6 3 3
s 0 o a1 0 1 51 7 -5 & 1 62 % 1 2 2 60 S <4 A 2 Y 37 0 5 31 22
9 0 8 61 ¢ 1 w2 Y -4 K1 103 100 2 2 2 172 165 Y 9 2 &1 o1 6 3 1
11 0 200 t 1 29 25 -r 5 4 33 a0 T2 2 1w 133 =2 9 2 76 76z 6 % 9
2 1 0 17 11w o2 s 1 % 33 4 2 2 sa €0 -t 9 2 &1 oY 63 27
10 12k 11 1% 132 oy R 4 121 s S 2 2 As 8 8 9 2 40 v 5 6 Y W
] 1 1] 102 1 1 24 25 0 L] 1 132 125 5 2 2 6n 143 1 e 2 51 50 =5 r 3 20
s 1 0 172 11 54 S8 1 R4 b L33 7 22 25 26 =" 0 % 25 25 <% 7 3 17
5 1 0 63 11 35 W 2 6 1 s 19 & 2 2 3 EL I S I 4 15 -3 7 3§57
7 10 12 11 55 53 v 6 1 a7q 169 a > 2 29 2 =5 0 3 112 115 -2 7 % 1%
L B 11 sy S0« 6 1 19 39 -4 31 2 s3 53 =4 0 3 220 225 -1 7T 3 3
a 1 0 L 1 1 “ L3 5 6 1 119 112 -k A 2 76 76 =3 0 3 13 13y 0‘ 7' !J ]ZlE‘
010 16 11 155 158 6 6 1 6n 0 s 3 2 &0 s =2 0 3 32 noc s 45
0 2 0 urs T 1 220 229 7T 6 4 24 % . 3 2 32 32 -1 0 3 67 s Yy
12 0 210 11 62 64 8 6 4 1 33 .3 31 2 3 3 0 8 3 w2 o W v 3 3
> 2 0 14 11 o o6 7 1 83 S T O I S R
T2 0 22 1t 15y 15¢ =5 7 1 7 27 .1 3 2 49 6 2 ¢ 3 68 7 x4 ¥ 1
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Table 4. Continued.
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8 3 & 266 256 4 . 3un 32 1 & 7 a a 2 1 84 83 2 5 11 bad 303 . 76 ”
3 s s s 1 I %1 6 8 76 o2 ot 59 6 2z 5 12 29 M 3 3 s s
3 8 14 13 1 180 12 1 o« 9 12 12 2t 97 s 2 5 13 56 3 3 6 125 124
° S 7 187 a7 1 1 S 4 4 10 6 e 2 1 136 136 2 5 th  wA Wy 3 2 2
3 . £ 52 1 18 2 1 s 11 22 3 2 1 “6 % oz s 18 23 23 3 3y 8 89 89
@ 3 9 9% 99 1 36 36 1 6 12 75 75 2 1 34 3% 2 5 17 20 20 3 3 9 100 100
o 3 10 51 s 1 37 37 14 & 13 110 1z 2t 56 % 2 6 0 91 3 0% 10 70 16y
0 3 11 a3 3 1 a5 L I Ty 35 2t ue 72 6 1 21 2 3 31 25 23
. 3 12 11 [ 26 2 1 & 15 78 o2 1 27 2r 2 6 2 i 830y 3 12 29 2
° 3 13  so 57 1 3 2 1 & 16 50 W 2 1 19 2 2 & 3 3 bR T Tt B9 52
3 1 sz 7 1 39 % 1 6 17 s7 5 2t 19 82 6 & 6t b T TR .
115 e n o1 167 160 1 & 18 36 y 2 2 103 2 6 5 3 ¥ 03 316 29 28
316 2 29 1 528 528 1 A 19 7 w22 1w a0 2 6 6 19 23 3 2 F3
3 17 19 1 157 32 g 20 25 a 22 123 124 2 6 727 2% 3 3 18 11 3
Vo8 as w1 405 402t & 21 19 s 22 173 18 2 6 8 23 23 4 e s o
¥o1a 29 7 %19 s7 L 5 & 79 a2 2 78 g7 2 6 9 29 23y 41 s ey
3 2 %0 W1 22 27 1t s 1 a2 53 2 2 90 % 2 6 10 2 2oy 4oz w2 w2
3 22 ot 276 2%t s 2 73 a2 2 e 0 2 6 12 13 2 03 & 3 n n
3 2y 62 56 1 58 8 1 0§ 3 a7 i 22 243y 22 2 7T 0 54 %oy 4 8 39 39
. st 1 103 106 1 5 & a2 3 2 2 s 2 r ot 19 3 4 s n u
“ 178 186 1 70 M 1 5 5 15 5 2 2 169 a2 72 37 J s 46w “
“ 35 % 1 190 1% 1 8§ 6 73 o2 2 22 a 2 7 3 2 2% s 4« 1 7s
4 51 51 4 99 15 7 93 g 2 2 59 6 2 7 & 29 % 3 8w 3
o 92 1 12 77 1 s 8 49 w 2z 2 102 s 2 7 5 38 :'0 3 8 9 21 24
. 15 159 1 w2 1 8 9 99 g0 2 2 9 o2 T & 42 HE R R 2t
. 11 119 4 3 3 1 5 1w e e 2 2 3 % 2 7 7 A7 PR BRI 11 3t
. [ Y 6 % 1 05 11 W W 2 2 52 % 30 F B OB 3l & @
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Table 4. Continued.

h k | Fo Fc h k
3 6 13 1e 153 %
3 LY 30 20 3 1
3 & 18 26 26 3 s
3 & 16 21 20 3 6
3 s 1) 26 26 3 1)
3 £ 1 .2 . 9
3 s 2 29 30 3 .
3 5 3 11 13 L) e
1 s - w2 “w . L]
3 s s 1] 45 . 0
3 s ] 26 26 - e
v 5 14 33 32 . 0
3 5 L] 29 27 . 1]
3 s b 18 17 . L
3 5 10 o1 “2 Y
3 s 11 31 b Y
3 s a2 17 13 4 1
3 5 13 17 w4 g
T 6 8 30 T 2P
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Table 4. Continued.

h k t Fo Fc h k | Fo Fc h k | Fo Fc h k t Fo Fc h k t Fo Fc h k | Fo Fc
2 -3 ue “w § s 3 27 2% i s -2 2 7 4 s 19 a2 1 5 8 28 20
2 -2 W3 . 3 ' 3 24 22 1 4 -1 18 3B 6 65 69 2 5 -6 18 15
2 -5 36 3l 4 s * 3 73 s 0t 4 0 20 23 6 & 70 712 5 -5 46 W
2 b a0 “w &3 s 3 1] 7 4 4 L 8s 9 6 % 36 48 2 5 =3 2t 19
2 -2 3 2 & 3 s 3 30 o1 o« 2 08 32 6 60 69 2 5 -2 1 69
3 -8 25 23 & 3 [ 2 % 1 & 3 3 FL A “3 Ww 2 5 -1 M 50
3 -7 & HE 9’ 3 66 63 1 & & 0 2 7 21 13 2 5 3 1 4
3 -6 .8 4 3 9 3 31 3 1 4 5 20 187 26 25 2 5 1 35 3%
3 -5 e 1 4 3 L] 19 20 1 & 6 22 2 7 a8 37 7 2 %5 2 39 36

0 3 - M3 w43 3 43 M2 4 T 2 2 7 . I 7 2 5 3 2 22

¢ 33 N 7 P 3 34 % 2 & -8 62 7 %0 s 25 21 20

¢ 3 -2 150 155 4 3 3 or o7 2 8 - 63 % 7 33 W9 3 5 -5 36 35

8 3 a1 83 68 4 3 3 52 62 2 & -3 2 25 7 e 46 48 3 5 ~b 66 7

s 3 1 T2 68 4 3 3 39 2 2 6 .2 55 5 7 & 53 g 3 8 -3 38 36

6 3 2 171 158 & 3 3 9 2 2 & -1 65 6 7 4 I 3303 5 2 2 26
33 o5 3 3 60 58 2 v 53 61 7 33 3 3 5 -1 59 66

[ B S T w6 5 3 3 27 % 2 & 1 Se 53 8 26 26 3 5 0 82 51

0 3 5 146 gk 5 3 3 41 a2 6 2 8 [ 24 32 3 5 1 22 1

¢ 3 6 53 56 5 3 3 35 Iy 2 4 3 e ST 8 51 62 3 5 2 25 26

0 3 7 63 58 5 3 3 S0 72 & 629 29 8 & 7”2 s ¥ %3 3 19 21

1 3 -8 25 25 5 3 3 “1 36 2 4 5 28 2% 8 & 78 83 4 5 -3 65 60

103 -7 a4 3 5 3% 3 17 % 2 6 6 s 2 8 68 s 5 68 ”

1 3 -6 16 112 5 3 3 35 L 37 8 27 27 o 5 9§ 38 9

t 3 -5 w2 s 3 3 .2 0 3 4 -6 80 79 9 & 26 22 & 5 1 58 51

103 e ey W s 3 3 36 3 3 4 -5 8 3 9 & 25 26 8z e 45

103 3 9 s 5 3 s 37 33 4 ek 33 3 9 4 60 63 & 5 3 2 16

13 -2 179 185 5 3 3 23 26 3 4 -3 88 8 9 20 39 4 5 6 26 19

13 -1 13 1% % 3 k] 33 3y & -2 T 72 9 18 17 5 5 -6 28 25

13 o e 5 3 3 21 19 3 & a1 57 8 9 27 2% 8% 85 -5 19 32

1 3 1 101 as 6 3 3 3 37 3 &« 0 67 o9 25 26 s 5 =% “0 3%

13 2 W % 6 3 3 33 28 3 4 2 a3 99 & 33 3 5 5 -2 40 ue

103 3 s “ s 3 3 32 32 03 « 3 e 53 10 & 21 6 5 5 2 2 27

PO Y 2 38 6 3 3 35 37 3 6 s o8 “8 10 & 19 15 6 5 <6 50 w5

103 6 a2 “ 6 3 3 b1 o 36 5 3 [IEET I 22 26 6 5 =3 53 50

13 7 2 2 6 3 3 9 101 3 &4 6 24 21 10 & 38 36 5 -1 27 28

2 % -6 6 B 6 3 3 62 60 LI Y 23 18 10 . 36 53 6 5 1 30 34

PR B 1 % 6 3 3 23 24 4 & -7 33 28 11 4 26 % 65 5 2 30

2 3 -4 67 nor o3 3 3 17 6 & -6 Sk T 35 a7 7 5 -6 32 39

2 3 2 78 [ ] 3 21 13 % b 5 9 9% 11 4 27 20 7 5 -4 27 29

2 3 -1 57 3 7 3 3 38 33 4w ek 104 112 12 & i3 W 7 5 -3 2 1

2 3 0 9 7 3 3 w2 M6 6 -3 83 13 & 26 20 1T 8 2 26 27

z 3 1 7 % or o3 3 b 3B 6 4 -2 83 65 0 5 25 w75 26 20

2 3 2 s wor o3 3 24 18 4 & 0 16 12 0 s 61 57 &4 5 -5 39 8

2 3y 3 59 s8 7 3 3 26 9 4 & 1 ek 6 0 5 17 6 0 6 -2 32 39

2 3 &4 e 61 7 3 3 19 2 & 4 2 w9 53 0 8 28 30 6 1wl we

2 s 6 TG 9 7 3 . 19 2 4 6 3 29 27 0 5 18 18 0 6 0 46 51

2 3 7 s se 7 3 D “2 6 6 4 39 3 0 5 s 330 6 54 b

303 -8 3 9 7 3 o 17 10 5 & -8 25 23 0 s 8 16 0 6 2 46 39

3 3 7 51 56 7 3 “ 23 23 5 a6 %6 0 5 66 s7 0 6 3 19 13

33 -6 88 88 s 3 3 a8 49 5 4 -5 18 22 0 5 22 18 1 6 2 27 26

33 -5 9 8 8 3 “ 51 515 W -3 68 7 o1 s s 3 1 6 1 22 17

308 e 1nt 133 s 3 4 69 89 5 4 -1 68 "m o1 s 23 21 1 6 3 17

3 3 -3 98 LI | 4 16 12 5 4 0 19 % 3 9 134 “s 2 6 =3 134 17

3 03 -2 9% 7 & 3 “ 59 s 5 4 1 32 a4 15 53 5 2 6 1 29 23

303 -1 110 111 8 3 " 95 9 5 4 2 27 $2 1 5 25 %6 2 6 2 3z 28

3 3 0 T2 67 4 3 [y 31 23 5 4 3 53 58 1 5 o3 34 3 6 1 bl ue

3 3 1 13 1 s 3 “ 39 b1 6 4 =7 25 2 1 s 5 63 L 33 3

3 3 2 28 2% 8 3 & -5 33 376 4 -6 k2 49 1 s s 5

33 3 M 38 8 3 o o4 20 22 6 & -5 55 63 1 5 33 28

308 & 3 3 8 3 s -3 &3 16 4 -4 w6 58 1 S 24 18

h Fo fFc h k | Fo Fc h k t Fo Fc h k h ko 3

] 182 - 183 6§ =14 70 - 72 43 0 10 0k - 106 3 1 ¢ 1 2 1

. 315 321 8 812 70 - 69 43 0 -8 iu6  tek 3 1 6 1 3 1

° 222 ~215 & 8 -8 179 179 13 0 -6 it& - 113 3 1 6 1 6 1

] 129 126 0 =6 613 - 6Ok 43 8 -6 118 - 117 3 1 6t 7 1

. 11 170 6 9 =4 25« = 251 13 -2 167 - 158 3 1 T 1 -1l 1

] 97 9% & 8 =2 - 6 810 6 6 3 1 71 .12 1

1 %0 w2 6 0 & 189 197 44 0 - 68 6 3 1 Tt en .

1 3 - 43 8 0 219 =229 16 0 -6 125 - 126 3 1 T o110 1

1 683 - 675 7 @ =12 132 131 8 1 4 80  A85 3 1 T 1 -9 i

1 120 430 7 8 -40 451 153 9 1 2 s70 Se8 3 1 T ey 1

1 202 214 ? 9 -8 3 - 32 & 1 3 17 w3t T o1 .5 1

1 435 531 7 0 -6 162 -138 g 1 & 207 209 3 7 1 -3 1

1 373 386 7 8 % 363 -3 ¢ 1 S5 162 -139 3 o1 o-2 1

1 AL - 78 7 8 <2 513 =52 g 1 6 148 = 149 & 1 ot 1

t 386 376 7 0 475 48§ 4 8 %9 - 58 & 1 LN 1

1 112 109 T 38 9 0 1 10 117 - 118 & % 7 13 1

1 259 257 1 8 53 “w6 9 4 11 59 5 6 1 oL 1

1 7 9 7 9 236 - 206 9 1 42 a7 e 52 4 1 r 15 1

2 8.1z 155 - 155 T ¢ 60 ~ 53t 140 161 157 4 1 8 112 1

2 010 63 - 60 8 @ 222 216 4 1 =9 e w1 8 ety 1

2 8 -6 232 .22 8 8 23 11 -8 152 e 4 2 8 410 1

2 0 = 287 -2t & 2 95 - 96 4 4 o7 9% - 95 & & 8 1 -8 1

2 0 2 62 ~621 & 0 61 53 1 4 -6 32 381 8 1 . 2

2 - * 0 130 129 g4 1 -5 142 - 3% b 1 8 1 o5 2

2 - ] 138 18 4 g 6 17 LI 8 1 - 2

2 - ] 296 <302 4 3 -3 ¥ - 70 & 1 ¢ 1 e 2

? . 38 33 1 1 -2 30e 291 .ot 1 -2 2

3 0 78 721 1 -1 322 306 & 1 1. 2

3 L] 57 - &1 1 1 8 357 351 b1 T 0 2

3 [] 56 62 11 1 229 236 & 1 11 2

3 . 89 % 1 1 2 9 - 8 & 1 1. 2

3 . 156 135 1 1 3 175 - 168 5 1 1 6 2

3 ] 66 62 1 1 & 228 -2ar 5 1 i -8 H

3 130 123 1 4 5 40 . 35 35 o 1 -6 2

3 107 199 1 1 6 t21 116 5 1 1 -5 2

3 60 - 65 1 1 8 86 33 5 1 1 - 2

3 167 156 1 1 9 08 5 1 t -3 2

3 58 - 6 1 1 10 .76 85 1 1 -2 2

. 97 - 9% 2 1 .12 68 5 1 1 -1 2

. 122 128 2 1 « 57 5 1 101 2

. 51 50 2 1 w 51 12 2

. 79 w2 4 - 85 5 1 103 2 -2 82 - T8

“ 95 - 9% 2 4 -2z 5 1 1. 2 et 47 - 6

“ 162 169 2 3 200 85 % 112 2 0 33 - 36

. 143 69 2 1 - 136 5 1 1 -10 2 1 3 - 105

“ 70 86 2 1 193 5 1 1 -8 2 2 80 - 80

. 55 2 2 g e 5 1 1 -6 2 3 2 - 12

“ 8 & 99 100 1t 65 - 81 2 4 1495 & 1 1 5 2 & 22 -7t

s 8 -12 137 -139 11 62 9 2 4 ~a0 8 1 1 - 2 5 27 .27

5 910 70 - 66 11 137 =163 2 g .33 & 1 1 -1 2 6 212 - 205

§ 0 -8 167 169 11 25 221 2 1 -7 6t 18 2 7 su

5 8 -6 193 205 11 A - 8 2 g % 6 1 11 2 8 60

5 0 - 26 39 12 8 - 7 2 1 -262 6 1 12 2 10 162

5 8 -2 ay - 50 12 122 =115 2 122 6 1 13 2 .13 63

5 ¢ 5 17 - 32 12 127 - 128 2 1 226 & 1 110 2 .12 89

s 2 2 36 3 12 12 66 2 1 99 6 8 1 -8 2 -10 82

LI WD - 48 12 109 - 100 2 1 137 6 1 1 -7 2 -9 L1

s 4§ 6 58 57 12 65 = 5 3 1 - 169 & 1 1 -6 2 -8 93

s ¢ 8 L 8y 13 59 - 52 3 g -2 & 1 1 -5 2 -7 93
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Table 4. Continued.

h kK 1 Fo Fc h k 1 Fo h & h ok Fo Fc h & Fe h & Fe
2 2 -8 228 228 % 213 89 s 3 2 & 79 7T 1S - 8 2 6 13
2 2 5 17 . 2 % 2 =9 a8 s 3 2 55 s 108 33 120
2 2 . 72 w9 2 -8 13 5 3 2 . 118 - 116 1 S - 17 3 8 - 109
2 2 -3 a7 2 9 2 -7 a7 - s 3 F Y 79 - 86 1 8 073 e a
2 2 -2 1323 137 ¥ 2 -6 116 - s 3 2 . 109 - 16 g 5 I 3 s 5
2 2 -1 1160 1138 4 2 5 33 s 3 Py 52 - 59 1 5 19 3 . 58
2 2 0 106 -100 ? T =% 154 - s 3 3. 62 6 1 S - i8I ¢ o
2 2 I 76 ¥ 2 -3 135 - s 3 3 61 - 87 2 5 s 6 163
2 2 215 213 2 2 -2 183 s 3 3 . 198 200 2 8 -9 3 -9
z 2 190 - q81 3 2 =1 1% s 3 3 60 - & 2 8 % 3 6 59
2 2 - 3 2 0 99 . 5 3 3. a - 47 2 S now o6 - 52
2 2 93 - 94 * 2 1 136 5 3 3 n (13 6 2 5 =115 & e 69
2 2 72 13 9 2 & 136 o s 3 LY 157 - 156 2 S -128 6 6 - s
2 2 98 98 2 .12 89 6 3 3 . 242 - 251 2 S 7 a6 - 59
2 2 4“8 - 52 2 -10 78 - s 3 3 . 151 =182 2 S - % 4 & - 299
2 2 76 7 ? -2 1 6 3 3 . 128 - 125 2 8 07 4 e 14
32 73 68 2 -8 9 o 6 3 3 . 70 - ea 2 S % & 5 . 8
3 2 49 51 2 -7 76 ¢ 3 I . 101 98 2 5 58 & 6 70
3 2 52 5 2 -5 92 . 3 3. 9% - 98 2 5 55 & 8 L14
3 2 126 = 126 2 -5 118 - . 3 3 . 297 ~297 2 S 8 & & - 76
3 2 85 87 2 -3 61 6 3 3 . 38 W 3 s -9 s 6 - 56
3 2 160 - 146 2 -2 % s 3 3 4 - 33 3 S ® 5 s -~ 65
3 2 226 - 228 2 0 &7 - 6 3 3 % - 66 3 8 1 5 8 - 143
3 2 180 176 2 1 [ 3 143 -108 3 5 <5 92 - 9 5 - 108
3 2 127 - 120 2 2 153 < 5 3 F Y 11 .11 3 S -2 83 - 57 5 ¢ 68
32 238 2u6 2 -6 148 6 3 2 - 57 4 & 49 s1 3 5 -1 30 - 27 5 g o7
32 463 437 2 -5 82 - T3 el U7 -7 6 N 56 56 3 5 8 103 - 10s 5 & . e
3 2 318 325 2 - 98 . Ty 89 - 95 4 30 - 2 3 % 1 02 25 5 g . n
3 2 261 228 2 -3 arz LA 79 - 82 % 69 - 70 3 3 2 76 - T2 § & - 9
3 2 1z a2 2 -t n T 3 s 73 7”8 s “% - 3 3 5 3 a1 7 5 g - 73
3 2 17 19 2 0 10k - 7 3 - 61 - 68 & & 362 e 3 5 8 45 - 8% & & - 127
3 2 166 = 175 210 88 % 7 3 0 251 - 4 s 166 168 3 5 7 49 - 51 & & 39
3 2 35 156 2 -8 75 8 7 3 1 120 -126 & & 248 251 3 S ” nooe 8 a8
3 2 235 285 2 -3 62 € 7 3 3 77 - T 4 s 165 - 165 & 5 100 - 9% & & - 53
3 2 76 4 2 -6 9 I S B R T UL 173 169 & S 355 - 37 & 8 -
3 2 127 123 2 -2 9 9 LA T 1 52 (13 . . a0 - 82 L 233 - 282 6 6 - 86
2 163 159 2 -8 67 - S 8 312 83 83 4 4 3o~ 3% 8 S -3 108 18 7 & ]
3 2 55 54 3t 33 -288 8 31 87 - 91 4 4 79 - 75 % 5 -2 6 T Y 137
‘o2 n - 79 33 s . 8 3 -8 179 176 4 52 - 46 & 5 4 152 152 7 8 69
P 8 2" 3 s 3 32 8 3 -7 128 =127 a4 & 68 - 65 & S 2 a5 - w0 7 & 59
. 2 85 -yl 3 s 41 338 3 -5 147 - by P 4 - 75 & S5 3 52 - 5a Y s 50
. 2 a2z - sn’ ¢ 3 6 s 398 3 -4 176 175 5 4 106 - 116 & 5 8 89 - 9 7 & - 102
“ 2 69 - 65 0 3 8 111 113 8 3 -2 6 6 5 4 & 5 & 65 - 70 7 6 -7
P 74 700 1 3 79 43 - w6 8 3 -1 A7 - 93 g N 5 8 87 - 83 8 & 78
v o2 16 114 3 3 7 W - e 8 3 0 39 - 32 5 4 s 8.1 71 62 8 6 7
“ 2 207 -229 1 3 6 9% - 92 & 3 4 82 - 8 5 o § 510 85 [ 38
“« 2 172 163 1 3 <5 153 149 8 3 87 & 5 . 5 5 -9 125 <128 8 & o
. o2 196 - 18 1 3 < 76 - 78 9 3 58 52 g & 5 5 -5 5 - 3 8 6 - 110
. 2 26 2 103 -3 165 148 9 3 82 9 s . S 5 -5 185 =190 & & -6
. 2 151 - 156 1 3 =2 229 -226 9 3 42 - 33 5§ & 5 % -1 . 33 9 6 118
“ 2 4y - 41 1 3 -1 215 =190 9 3 95 5 . [ 38 - 35 9 6 - 57
Vo2 35 27 4 3 0 s 61 9 3 192 =102 5 s 5 5 4 s = 6L 1t 6 -7
PR 104 = 106 13 1 252 - 261 9 3 73 % LY s 5 2 39 - 3t [ - 115
“ 2 29 13 2 a2 83 9 3 130 - 138 5 s 5 5 108 - 106 8 7 -7
“ 2 12 13 1 3 3 43 162 9 3 140 17 8 & 5 5 6 100 - 102 & 7 56
. 2 123 122 13 & 43 - W3 9 3 14 - 117 6 & 6 5 10 2 R Te
s 2 60 - 68 1 3 5 126 =129 9 3 228 233 6 6 5 -6 229 2% 1 7 - 88
s 2 83 A2l 4 3 6 29 - 228 3 3 [y o8 8 6 8 o5 49 7 4 7 a9
s 2 17 -g21f + 38 95 - 97 10 3 101 - 107 6 & 6 3 e 63 5 17 s
s 2 78 - 67 13 9 129 .27 10 3 7 56 & 6 5 <3 143 137 1 7 . 54
5 2 72 - 65| 3 10 8s 8% 10 3 128 =120 6 & 6 85 -2 120 110 1 7 - 55
s 2 182 g7a) 0t 3 11 57 - 53 49 3 02 - 56 6 & 6 5 1 43 - a0 1 7 116
5 2 106 =101f 2 3 -9 112 - 121 10 3 126 10 6 4 6 5 & 7 oL 7 9
5 2 166 t6el 23 -8 9% 14 3 ™. 6 e 6 5 5 130 -125 2 7 92
5 2 249 - 258 2 3 -7 22 25 11§ LI Y Y 75 -9 1 . 2 7 - w2
5 2 153 - 147 2 3 -6 175 M 41 3 $3 - 63 6 & T s 7 T ” o3 7 60
5 2 133 129 2 3 -5 182 137 43 3 17 =126 7 4 ? 5 .6 8 8 3 7 - 56
s 2 196 =193 2 3 -k 639 - 436 11 3 83 - 85 7 ros - o 3 7 3
s 2 S5 - 32 2 3 3 43t e 427 11 3 8t “ 7. TS <2 143 -1a 3 7 - 66
5 2 108 105 2 3 =2 55 s3 1t 3 56 “ N 7 5 -4 91 3 3 7 - 82
s 2 100 =201 2 3 =1 157 169 11 ¥ 73 . 22 T 4 ? s e 209 3 7 66
5 2 135 =435 2 8 0 260 2% 11 3 83 LI Y TS 1 6k = T6 4 7 ”
6 2 22 a7 203 1 =T 43 L - 87 7T % T s 2 1 2 & 7 . 76
6 2 o7 w2 23 2 20 21 13 80 - 8k 7T 4 s b oy 13 8 7 59
6 2 194 206 23 3 164 157 12 3 -6 (1] 61 T & ¢ 5 -7 10& w0 s 7 7"
6 2 181 - 178 23 & 182 - 183 42 3 0 122 ~420 7 & e 5 5 80 7 s 7 - 51
6 2 100 % ¢ 3 5 3 52 13 3 -6 85 LA B 8 5 -4 124 - 127 8 7 98
5 2 w2 e qen 23 6 125 . 125 4 3 - 52 s 8 .3 .1 57 s 7 63
s 2 58 - 51 2 3 8 207 -205 44 ¥ 66 61 . [ 82 0 6 7 - 98
6 2 38 323 9 88 - T2 g 20 3 “ [ 6A 6 6 7 . 1T
5 2 133 - 425 2 3 10 82 7o 167 148 3 9 5 o5 60 62 & 7 &7
6 2 161 - 3wz 3 3 =10 156 156 0 & 182 184 . T 5 3 i1k -6 & 7 62
6 2 32 2 ¥ 3 -9 89 7 8 e 149 thé 8 & 9 5 0 9 « 9 8 ¥ - 56
6 2 195 196 3 3 -8 AS - A 8 1538 143 8 35 2 13 =129 & 7 - 57
6 2 73 - 65 33 -6 103 . 97 g 4 156 ~ 157 9 & 19 5 -8 57 - 59 1 7 - 9
r 2 9 « 91 3 3 -5 96 %8 56 57 9 & 15 52 1 7 60
T2 76 - 8 3 3 -3 25 = 19 ¢ a0 97 9% 9 & s ™o o7 . 102
r 2 89 % 3 3 -1 63 = 55 4 4 12 79 .9 4 105 . 61 r 7 . 91
7 2 55 0 3 3 0 12 119 4 & -8 186 - 188 9 & s ] 56
v o2 23 s 3 3 1 189 =97 4 4 o7 32 3% 9 & 148 - 82 4 95
ro2 57 - 66 3 3 2 4 ” 1 4 e 85 9 9 11 s 65 8 . 83
ro2 178 200 3 3 3 12 - M35 4 4 -5 W (TR I [ - 169 3 98
v o2 51 - 48 33 6 A3 <210 g 4 3 444 = 1S 10 & 0 e -1 1 70
7 2 164 157 3 3 5 170 163t 4 -y 52 56 40 & "6 53 1 78
T2 281 - 275 3 3 72 52 T4 0 15 8L 18 & . 6 - 752 55
v 2 115 - 116 3 3 8 156 - 450 3 6 1 W3 w6 1. [ - 2 - 7
v o2 99 « 103 4 3 -10 89 1 8 2 30 28 10 & [ 101 2 -7
ro2 169 178 4 3 -8 64 474 4 4 3 230 234 (9 4 ] % 2 I
s 2 9% - 9 ¢ 3 -7 s0 S5 1 4 & a5 8 11 . 16 18 3 8 61
s 2 160 136 & 3 -6 50 < 55 1 &4 6 63 61 11 & 1. -3 & 8 s7
8 2 89 - 85 * 3 -5 162 171 16 10 16 72 12 . 1 . 56 4 8 69
s 2 117 - 26 4 3 b 688 681 2 4 .10 90 - 91 12 & 16 % & 8 - 55
s 2 by - 32 4 3 -3 374 384 2 4 -8 80 02 12 1 6 - 86 . 8 59
e 2 51 - 59 4 3 <2 274 <277 i 4 o7 68 62 o 5 1 6 % 5 8 103
s 2 56 w7 430 13 125 2 4«6 1% - 451 g 5 1.6 - 67 s 8 102
s 2 29 1306 3t 183 - 188 2 4 .5 22 2 0 5 2 6 59 s 8 - 70
s 2 o8 s3 4 3 3 7% 72 6 -3 297 e300 0 S 2 s - 32 6 8 - 9%
.2 11 - 43 4 8t 80 2 4 -2 79 -775 8 5 2 . 107 6 8 51
2 a3 78 ¢ 3 5 11 114 2 4 =t 53 - A 5 2 8 106 . 8 59

2 58 62 L] 3 T 111 - 108 2 “ 0 86 89 5 2 [ - 111

2 90 S L R 108 2 & 1 122 - 125 5 2 6 168

2 163 - 167 5 3 -1t 68 8 2 4 2 76 -~ & 5 2 . s

% 3 -16 196 = 196 2 & 3 13 139 5 2 s - 68
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Table 5. The principal axes of the thermal vibration ellipsoids given by the components
of a unit vector in fractional coordinates e,, e,, e,; the corresponding r.m.s. amplitudes,
and the B-values.

Atom » ey es (uht A B(Az)
(II)

.069 .028 —.176 .249 4.88

S .093 —.038 116 241 4.57
.016 .100 092 .200 3.15

.084 —.002 159 .251 4.99

0 .081 .001 —.166 .228 4.11
.001 111 .004 .166 2.16

.102 .005 112 .249 4.90

N —.057 017 .198 222 3.88
.004 .109 —.036 167 2.21

.085 .006 157 .236 4.42

C1 .010 .109 —.038 191 2.88
—.079 .020 .163 181 2.59

.068 035 173 277 6.07

C2 —.094 012 133 .231 4.21
012 —.104 073 .201 3.20

075 .068 106 .298 7.03

C3 —.089 .057 .090 .237 4.43
.001 —.067 .184 214 3.61

—.006 .109 .035 .263 5.04

C4 .016 .017 —.225 .237 4.44
115 .003 .033 .220 3.83

.080 —-.022 161 .268 5.68

C5 —.081 .013 164 .222 3.90
.026 .108 .013 .198 3.11

.098 .001 126 .245 4.74

Cé6 .063 013 —.191 .188 2.78
—.009 110 .022 .183 2.65

097 —.006 127 .255 5.13

C7 .050 077 —.132 191 2.87
—.041 .079 139 .180 2.56

(I1T)

.076 .110 .030 .308 7.49

(6] 110 —.180 .011 .300 7.12
122 .093 —~.015 .263 5.04

.007 —.064 .003 291 6.70

02 —-.070 .203 .006 .263 5.46
167 .088 .011 .221 3.87
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Table 5. Continued.

.002 .1563 -.025 272 5.86

N 012 172 .023 232 4.24
181 —.014 .008 224 3.96

.002 —.096 .031 276 6.02

Cl1 174 .060 .012 225 3.98
—.051 .201 .011 211 3.52

.058 097 —.026 .303 7.24

C2 —-.072 .201 .006 .246 4.76
.156 .0567 .023 .235 4.37

.163 091 .002 .286 7.45

C3 .053 —.049 .034 275 5.99
—.059 .206 .007 .240 4.53

104 -.037 .033 .303 7.27

C4 139 .106 —.008 .248 4.86
—.054 .201 .010 .240 4.56

025 —.119 .030 297 6.97

C5 —.084 .166 .013 .232 4.25
.158 107 .013 226 4.02

.001 —.119 029 272 5.83

Cé .162 .089 .016 224 3.98
—.081 176 .012 195 3.01

031 -.120 .030 .281 6.24

c7 136 143 015 .250 4.92
—.116 135 011 .226 4.03

.028 .209 -.012 316 7.90

CM —.105 .093 .019 .267 5.62
145 027 .027 .249 4.89

Iv)

159 —.106 .003 .336 8.93

(03} .106 .061 —.037 .293 6.78
118 .087 .030 .208 3.42

—.162 .051 .029 .258 5.26

02 137 —.016 .037 .226 4.05
074 .140 —.006 214 3.63

.169 .098 —.004 .255 5.14

N —.110 .096 .028 .238 4.47
.099 —.060 .038 .198 3.11

073 .019 045 221 3.87

C1 043 145 —.009 .216 3.67
—.208 .037 014 197 3.06

.001 144 014 271 5.80

C2 140 : .034 —.036 .238 4.46
175 —.027 .029 209 3.46
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Table 5. Continued.

Cc3

C4

C5

Cé

C7

N1

N2

C1

Cc2

C3 .

C4

C5

C6
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027
—.128
182

.078
—.151
.147

129
091
—.160

121
034
~.186

.102
.186
072

.046
—-.037
055

.003
.068
—.043

.028
.006
075

.016
.067
041

—.011
.050
.062

.018
077
017

.016
.076
—.020

..013
.036
071

-.004
.003
.080

—-.131
.050
.055

—.074
.069
111

022
121
.086

.062
122
.063

—~.129
046
.062

145
027
—.105

177
.014
.035

.168
—.061

—.176
.037
.010

A77
.035
.002

-.175
033
.033

—.154
.053
.078
173

—.051

—.007
157

011

V)

023
.036
022

.038
.028
.008

.038
.021
.019

.035
027
.018

.012
.022
041

055
.069
.094

.021
112
.059

.033
.116
045

.019
110
.063

.008
045
120

.029
033
121

.067
.074
.081

.036
.123
.002

L0562
.099
063

315
.238
.206

.323
.226
.209

.285
224
.209

227
219
181

.249
.236
211

.263
.220
189

274
222
.196

.261
.203
.192

.233
.204
187

.256
223
.205
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271
.246
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Table 5. Continued.

Cc7 .005 178 021 224 3.98
.003 .026 —.108 .216 3.67

.080 -.012 .066 .188 2.79

.037 —.144 .073 .287 6.50

C8 .028 .103 .105 224 3.96
.066 .035 -.009 218 3.77

025 172 016 241 4.60

c9 .073 —.055 .027 .207 3.40
.022 -.010 125 .190 2.84

.015 119 —.0567 .250 4.93

C10 .008 125 .086 224 3.96
.076 —.053 077 217 3.71

044 150 .047 .298 7.01

Cl1 022 —.055 119 .262 5.42
.063 —-.085 .005 .204 3.30

013 .168 .037 .306 7.39

Cl12 .022 —.065 117 252 5.02
.076 -.011 .025 215 3.65

—.029 .003 .082 276 6.01

C13 .035 —.160 048 .248 4.87
067 .084 .087 .220 3.82

.006 152 —.055 .269 5.71

Cl4 077 —.038 .039 .236 4.41
.022 .090 .109 .209 3.46

.010 142 076 .287 6.49

CM .058 .083 -.022 234 4.31
.055 —.092 .101 .188 2.80

(VI)

—-.039 .104 017 .259 5.30

O .059 .013 079 .220 3.81
.040 .081 —.034 .185 2.71

-.033 .097 .032 .264 5.50

N1 .065 076 .012 .220 3.83
.036 —.049 .081 174 2.39

072 —.061 .018 .231 4.20

N2 025 .044 .083 .223 3.93
.030 109 —.023 .182 2.61

—.043 .102 011 227 4.06

Cl 040 —.007 .087 .208 3.43
.056 .084 —.006 193 2.95

.038 -.116 .007 279 6.15

C2 .035 017 .087 .253 5.07
.063 .061 —.010 194 2.99
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Table 5. Continued.

.003 —.124 030 274 5.94
03 —.012 046 061 251 4.99
.080 011 042 205 3.30
.051 073 —.025 267 5.63
C4 004 1090 062 234 4.32
063 —.064 1058 1204 3.29
067 .025 —.017 .232 4.25
Cs 022 1094 062 225 4.01
041 —.090 .060 1207 3.40
.026 —.071 074 218 3.75
c6 —.063 043 018 198 3.10
044 1103 043 186 2.74
074 —.016 .063 232 4.26
o7 ~.019 088 .050 208 3.40
029 098 —.036 an 2.31
—.047 .084 .023 243 4.64
c8 1066 052 063 227 4.08
007 1089 —.058 ‘192 2.92
075 —.039 010 226 4.05
C9 .030 057 079 216 3.68
011 113 — 036 176 2.43
077 —.031 011 252 5.02
C10 1024 123 028 236 4.38
014 —.038 083 204 3,97
~.059 071 012 .296 6.93
c11 044 110 008 255 5.13
1,035 —~.019 087 210 3.47
—~.026 053 .059 .299 7.08
c12: 1050 —.103 -009 252 4.99
059 —.063 064 213 3.50
026 .020 087 277 6.07
C13 055 1087 —.005 258 5.27
054 —.098 013 217 372
080 —.012 .020 259 5.30
Cl4 001 —.019 047 293 3.92
014 075 072 219 3.79

linked by bonds (of length 2.980 A) between heterocyclic and amino nitrogens.
This type of hydrogen bond occurs also in adenosine,!® but is there much longer
(3.133 A). Other bond lengths reported 25 show that the value 2.933 A corre-
sponds to a strong hydrogen bond of this type.

The considerable change in geometry of the heterocyclic part of (VI) with
respect to (V) (and the others) are probably related to the hydrogen bonds.
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Table 6. Bond distances and angles with estimated standard deviations.

Distance (4) Distance (A)
I (IT) (9] (II)
S—-C7 1.629(7) 1.643(3) C2-C3 1.370(12) 1.396(11)
0-C17 1.393(9) 1.369(8) C3-C4 1.368(13) 1.387(6)
N-C7 1.354(8) 1.347(8) C4-C5 1.397(13) 1.381(10)
0-0C1 1.414(8) 1.383(7) C5-Cé6 1.374(10) 1.385(10)
N-C6 1.404(9) 1.398(8) C6—Cl 1.375(10) 1.390(5)
Cl-C2 1.390(12)  1.352(9) N-CM 1.470(9) -
Angle ) Angle °)
I (I1) I) (I1)
S-07-0 123.1(5) 122.8(4) N-C6-C5 133.2(7) 134.1(6)
S—-C7-N 129.5(6) 129.7(5) C1-C2-C3 114.1(8) 115.6(6)
0-C7-N 107.3(6) 107.5(3) C2-C3—-C4 121.7(8) 121.8(9)
C7—-0-C1 108.5(5) 108.6(3) C3-C4-Cs 123.3(8) 121.7(9)
C7—-N-C6 109.6(6) 110.5(4) C4—C5-C6 116.2(8) 116.5(7)
0-C1-C8 106.9(6) 108.3(6) C5-C6—Cl 119.0(7) 120.7(17)
N-C6—Cl 107.8(6) 105.2(6) C6—C1—C2 125.7(7) 123.7(7)
0-Cl-C2 127.4(7) 128.1(5) C6—N—-CM 125.5(6) -
C7—-N-CM 124.9(6)
Distance (&) Distance (A)
(I1II) (Iv) (I1I) (IV)
01-C7 1.210(2) 1.211(3) C2-C3 1.397(3) 1.380(4)
02-C7 1.379(2) 1.368(3) C3—-C4 1.380(3) 1.375(4)
N-C7 1.355(2) 1.346(3) C4-C5 1.384(3) 1.383(4)
02-C1 1.390(2) 1.386(2) C5-C6 1.382(3) 1.385(3)
N-C6 1.388(2) 1.390(3) C6-Cl 1.373(2) 1.366(3)
C1-C2 1.360(3) 1.374(3) N-CM 1.441(2) -
Angle 4) Angle (°)
(I1I) Iv) (II1) (Iv)
01-C7-02  122.2(2) 121.7(2) N-C6-C5 132.9(2) 133.7(2)
01-C7-N 129.7(2) 129.9(2) C1-C2-C3 116.5(2) 116.0(3)
02-C7-N 108.1(2) 108.4(2) C2-C3—C4 120.7(2) 121.5(2)
C7-02-Cl 107.2(1) 106.8(2) C3—C4—C5 122.0(2) 121.9(2)
C7-N-C6 109.5(1) 109.8(2) C4-C5-C6 116.8(2) 116.6(3)
02-C1-C6 108.8(2) 109.5(2) C5-C6—C1 120.7(2) 120.8(2)
N-C6-Cl 106.4(1) 105.5(2) C6—C1—C2 123.3(2) 123.2(2)
02-C1-02 127.9(2) 127.3(2) C6—N—CM 126.4(2) -
C7-N-CM 124.1(2) -

Acta Chem. Scand. 27 (1973) No. 3



BENZOXAZOLINE DERIVATIVES 967

Table 6. Continued.

Distance (&) Distance (A)
(V) (VI) V) (VI)

N1-C7 1.264(5) 1.329(3) C6—-C1 1.365(6) 1.379(3)
0—C7 1.408(4) 1.375(3)  N2-CM 1.453(6) -

N2-C7 1.345(5) 1.310(3) N1-C8 1.461(6) 1.467(3)
0-Cl 1.401(5)  1.390(3)  C8—C9 1.524(6) 1.502(4)
N2-Cé6 1.395(5) 1.399(3) C9-Cl10 1.371(6) 1.382(4)
Cl-C2 1.369(5) 1.366(4) C10-Cl11 1.396(6) 1.376(4)
C2-C3 1.395(7) 1.379(4)  C11-Cl2 1.365(8) 1.381(4)
C3-C4 1.366(7) 1.395(4) C12—-C13 1.357(7) 1.373(4)
C4—C5 1.399(6) 1.387(4)  Cl3-Cl4 1.392(6) 1.375(4)
C5—-C6 1.377(6) 1.381(3) C14-C9 1.381(6) 1.394(4)

Angle °) Angle (°)
V) (VI) (V) (V)

N1-C7-0 125.3(4) 118.2(2) C6-C1-C2 124.0(4) 123.9(2)
N1-C7—-N2  126.9(4) 127.6(2)  C6—N2—CM 126.4(4) il

0—C7—N2 107.8(3)  114.2(2)  C7—-N2—-CM 123.3(4) -

C7-0-Cl 106.1(3) 104.0(2)  C7-N1-C8 119.2(4) 121.4(2)
C7—-N2-C6 110.2(3) 105.1(2) N1-C8-—-C9 113.0(4) 110.3(2)
0—Cl—-C6 109.4(3) 108.1(2)  C8-C9—Cl0 119.3(4) 121.2(2)
N2—C6-Cl  106.4(4) 108.5(2)  C8—C9—Cl4 121.5(4) 121.3(2)
0-Cl1-C2 126.6(4) 128.0(2) C9-Cl10-Cl1 120.1(5) 121.5(3)
N2-C6-C5h 132.5(4) 131.7(2) C10-C11-C12 120.2(5) 120.3(3)
Cl1—-C2-C3 115.5(5) 116.7(3) Cl11-C12-C13 120.1(5) 119.0(3)
C2—C3—-C4  121.0(4) 120.2(3)  C12—-C13—Cl4  120.3(5) 120.6(3)
C3—C4—C5  122.8(5) 122.2(3)  C13—Cl14—C9  120.1(5) 121.1(3)
C4—C5-C6  115.6(5) 117.0(3)  C14—-C9—Cl0  119.2(4) 117.4(3)

C5-C6—Cl 121.1(4) 119.8(2)

Fig. 2.
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C7—N1 is longer, in fact even longer than C7—-N2, which, on the other hand,
is significantly shorter than in (V). The effect on the O —C7 bond is the same
(see Fig. 2). Together with these changes in bond lengths, there are corre-
sponding differences in angles. The angle O — C7—N2 is opened by 6.4°, while
C1-0-C7 and C7—N2-C6 are 2.1° and 5.1° smaller, respectively. In agree-
ment with the longer bond, the C7—N1 stretching frequency of (VI) has re-
cently been determined 26,27 to bee about 1650 cm—1.

The C=S distances (1.629 A) and (1.643 A) agree within error limits with
the value obtained for 1,3-dithiolane-2-thione (1.652 A),20 but is significantly
shorter than that of ethylenethiourea (1.708 A)2! 1.210 A and 1.211 A for
C=0 bonds correspond to the value of 1.211 A in 2-oxazolidinone,? which,
however, has a considerably shorter N —C7 bond (1.304 A). The O —C7 bond
of 2-oxazolidinone is also shorter (1.354 A) than in the benzoxazoline deriva-
tives. The angles C—O0—-C, C-=N—C and O—C—N of the heterocyclic ring
resemble those of N-methyl-5,5-dimethyl-oxazolidine-2,5-dione,? and also the
N — C(methyl) single bond distance of this compound (1.461 A) agrees with the
values of (I), (ITII), and (V). The geometry around the central bond, C1—C8,
corresponds to that of 2-acetyl-3-indazolinone.2

Bond distances and angles in the benzylidene parts of (V) and (VI) have
normal values.

Except for the hydrogen bond in (VI), no short intermolecular contacts
have been observed.

Acknowledgement. The author would like to thank Dr. K. Davidkov* for supplying
the compounds and preparing the crystals.
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