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The crystal and molecular structu(e of the macrocyclic 2,11-dimethyldibenzo[6,7,13,14]-1,5,8,12-
tetraazacyclotetradeca-2,4,6,8,10,13-hexaene-nickel(II) complex, C,oH gN,Ni, was elucidated
with the aid of three-dimensional X-ray structural analysis. The dark purple crystals are ortho-
rhombic with the space group symmetry Pca2,. The unit cell dimensions are a 18:77(2), b 11-26(1),
¢ 7-81(1) A. The molecular structure is influenced by the steric effect of the two methyl groups
adjacent to the w-electron system. The macrocyclic radical represents a flexible skeleton. The
benzene rings of the complex are tilted upwards and the planes of the carbon chains connecting
the phenylenediamine groups are tilted downwards from the plane of the four nitrogen atoms
co-ordinating the metal atom. The normals of these four planes are placed at the angles +25,
412, —21, and —17°, respectively, to the reference plane NiN,. The complex is diamagnetic.
The average interatomic Ni—N distance is 1-85 A. The average C—C distance in the benzene
rings is 1-39 A. The standard deviation values are 0-02 A for the Ni—N bonds, and from 001
to 0-04 A for the C—N and C—C bonds. The resulting R-factor for 1235 reflections is 9-8%.

The X-ray study of the crystal structures of the dimethyl ester of 2,4-diacetyldeuterio-
porphyrine-nickel(II) (ref.') and of ethioporphyrine-nickel(II} (ref.?) has shown
significant deviations from the planarity of the porphyrine skeleton. The skeleton
of ethioporphyrine nickel(IT) (ref.?) is deformed in such a way that two of its pyrrole
rings are tilted upwards and the other two downwards, from the plane of the four
nitrogen atoms. The deviations from planarity have been explained by an angle
strain in the o-bonds' or by the presence of bulky substituents on the porphyrine
skeleton, where close packing of molecules is achieved at the expense of losing
planarity®. For this reason, a study was now carried out of the effect of the delocalized
n-bonds and of sterical effects in the fourteen membered macrocyclic complex,
2,11-dimethyldibenzo[6,7,13,14]-1,5,8,12-tetraazacyclotetradeca-2,4,6,8,10,13- hexaene
nickel(I1), (I), on the molecular arrangement, using X-ray structural analysis. ‘

EXPERIMENTAL l

Chemical and measurements. The macrocyclic nickel(II) complex () is a condensation product
mino-1-buten-3-one) with o-phenylgne-
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2120 Hanic, Handlovi&, Lindgren :

diamine*, The melting point of the dark purple crystals is 272—274°C, accompanied by thermal
decomposition. The prismatic crystals are elongated in the direction of the c-axis. The space
group symmetry is Pca2, or Pcam. The dimensions of the unit cell of the orthorhombic crystals
were determined by the least squares method from the powder diffraction data, using lead(Il)
nitrate as an internal standard: a 18:77(2), b 11-26(1), ¢ 7-81(1) A. The unit cell is formed by
4 NiC,,H,gN,. The measured value of the density g, is 1-49 gcm‘g’; the calculated value,
04 is 1:50 g cm™ 3. In order to perform the structural analysis, the intensities of 1140 indepen-
dent reflections were measured with the automatic diffractometer, Pailred, using the Mo K,
radiation. Ninety five unobserved reflections were substituted by the statistical values according
to Hamilton®. All intensities were corrected for the background and recalculated to the structure
factors on the relative scale, | Fy|.), using a programme which included corrections for the Lorentz
and the polarization factors, and for the absorption. The scale factor and the general temperature
factor were calculated with the help of the Wilson statistical relation between the mean intensity
and the sum of the squares of all the atomic factors of all the atoms in the unit cell®.

Determination of the structure. The position of the nickel atom was determined from the three-
dimensional Patterson function. With the help of the nickel co-ordinates were determined the
probable phases of the structure factors. For the co-ordinate zy; 0-250, the position of the nickel
atom is identical with the position of an atom in the plane of symmetry of the centro-symmetrical
space group Pcam. Probable phases, calculated only from the contributions of the nickel atom,
yield a centro-symmetrical function of the electron density for a structure, consisting of the
correct positions of the atoms and their “mirror” images, reflected on a plane of symmetry which
is oriented perpendicularly to the c-axis. It was possible to carry out the choice of the correct
atom positions, corresponding to the space group Pea2,, by means of crystallochemical considera-
tions of the structure of the complex compound. The co-ordinates obtained in this manner were
refined by the least squares method. The computations were performed on the IBM 360/65
computer (University of Géteborg), using a system of programs which is at disposal at the Insti-
tute of Inorganic Chemistry, First, the co-ordinates and the individual isotropic temperature
factors of 25 atoms, together with the scale factors of particular layers, were refined (the intensi-
ties around the c-axis were obtained). The program for the least squares method employed the
block diagonal approximation. After five cycles, the value of R decreased to 12:1%. In this phase,
corrections for anomalous scattering and anisotropic thermal vibrations were included in the least
squares method refinement. After another five cycles, the R-factor decreased to the final value
9-8% (9-4% for 1140 observed reflections). Unobserved reflections (95) were not included in the
refinement.

The resulting atom co-ordinates and their standard deviations are given in Table 1. Table IT
summarizes the observed and calculated structure factors. The distances and angles are shown
in Table 111, together with the standard deviations. The intramolecular distances and the bond
angles are represented in Fig. 1.

RESULTS -AND DISCUSSION

The structure consists of the diamagnetic molecules NiC,,H,¢N,. The macrocyclic
ring of 2,11-dimethyldibenzo[6,7,13,14]-1,5,8,12—tetraazacyclotetradeca-2,4,6,8,10,13-
hexaene is co-ordinated to the metal atom through four—N= groups (I). The hetero-
cyclic radical exhibits significant deviations from planarity. The atoms in the molecule
are arranged on the following planes: the reference NiN, plane, 4, the planes of the
two benzene rings, B and C, and the planes of the side chains, D and E, connecting
the phenylenediamine groups.
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TabLE II
Absolute Values of the Observed and

Calculated Structure Factors

H K FO FC |[H K FO FC |HX FO FC |HK FO FC |H K FO FC‘
L=0 31 596 636 515 47° 57| 814 46° 23[12 6 236 282
0 1 421 390, 3 21057 971| 6 0 70 98| 815 184 3012 7 181 171 ’
0 212411223 3 3 235 171 6 1 172 43| 915 885 849|12 8 229 208
0 3 258 235 3 4 186 147| 6 2 97 47| 9 2 144 89|12 9 187 207
0 4 362 351| 3 5 144 27| 6 3 157 146 9 3 328 336 1210 171 39
0 5 360 323 3 6 270 294| 6 4 25° 17| 9 4 173 184(1211 233 222 ‘
0 6 502 535\ 3 7 233 260| 6 5 27° 41| 9 5 160 138(13 1 176 166
0 7 643 64| 3 8 239 205 6 6 2111 194 9 6 113 69[13 2 178 175
0 8 556 557| 3 9 174 207{ 6 7 31° 37| 9 7 209 133(13 3 83 17
0 9 393 407| 310 378 400] 6 8 33° 26| 9 8 352 345(13 4 240 265
010 376 450| 311 38 43/ 6 9 3-5° 39| 9 9 195 214[13 5 196 108
011 206 22:1| 312 225 222| 610 37° 2:0| 910 369 363[13 6 120 127
012 40° 18] 313 42° 44| 611 3:9° 34| 911 241 272[13 7 91 18 ‘
013 284 304| 314 97 125] 612 165 153|10 01288 1199[13 8 130 134
014 105 57| 4 0 191 165 7 1 484 47-7|10 1 168 99|13 9 40° 31
11 479 450 4 1 51 03| 7 2 222 251(10 2 912 927|1310 41° 61
1 2 494 454| 4 21156 1061 | 7 3 518 S67[10 3 328 294[13 11 43% 29 ‘
13 786 769| 4 3 313 238| 7 4 203 122/10 4 363 335(13 12 46 34
1 4 107 106| 4 4 509 468 7 5 318 31-1[10 5 129 127[14 0 429 435
15 220 199| 4 5 269 237| 7 6 190 214410 6 429 480|14 1 125 137
1 6 545 513| 4 6 219 31:0| 7 7 388 42610 7 390 394|14 2 513 522
17 157 153| 4 7 194 30| 7 8 493 562|10 8 311 343|14 3 153 138
1 8 150 175 4 8 356 328| 7 9 216 182|10 9 37° 72|14 4 455 452
19 92 43| 4 9 397 432 710 356 4041010 39° 6014 5 275 309
110 172 131 410 36 43| 711 311 362|10 (1 186 205 14 6 228 248
111 157 165| 4 11 183 239| 712 215 270[1012 43° 21|14 7 116 130
112 122 128 412 40° 37| 713 149 11:0[10 13 289 258|14 8 229 175
113 87 77| 413 170 106, 714 187 98|11l 1 28 63|14 9 175 158
2 01594 1644 5 1 751 72:8| 8 01054 100211 2 312 331[14 10 194 234
2 1 304 209| 5 2 6146 593 8 1 189 46|11 3 155 155(14 11 216 258
2 213371310 5 3 130 156| 8 2 338 347|11 4 145 102[15 1 312 350
23 1:9° 58| 5 4 485 5248 3 151 12:3[11 5 124 84[15 2 242 215
2 4 227 251| S 5 234 205| 8 4 167 16211 6 33° 36|15 3 321 337
2 5 126 145 5 6 251 247 8 5 28 26|11 7 304 21-1|15 4 271 292
2 6 454 4150 5 7 504 499| 8 6 397 40311 8 11-8 84[15 5 243 259
2 7 393 409| 5 8 460 43-5| 8 7 187 22:0/11 9 196 171|15 6 192 22:8
2 8 298 298| 5 9 384 383 8§ 8 448 488(12 0 694 73415 7 184 200
2 9 241 233| 510 473 491 8 9 241 266|12 1 376 357|15 8 208 236
210 207 187 511 399 49| 810 21-4 17-7|12 2 482 496(15 9 231 227
211 246 253 512 458 478| 811 40° 60[12 3 165 167[1510 271 295
212 40° 56| 513 43% 26| 812 124 10512 4 447 453|16 0 118 119
213 211 142| 514 207 22:4| 813 175 20:9|12 S 199 22:4[16 1 175 131

Collection Czechoslov. Chem. Commun. /Vol. 37/ (1972)



Crystal and Molecular Structure 2123

TasLE IT
(Continued)
HK FO FC |HK FO FC |[HK FO FC HK FO FC |H K FO FC
16 2 166 20:7(21 4 189 170, 3 1 963 991 513 489 36 811 225 247
16 3 119 95(21 5 43° 14| 3 2 511 488| 514 94 125| 812 185 204
16 5 36° 57|21 6 44° 45| 3 3 799 750 6 0 648 625| 813 206 240
16 5 37% 27(21 7 100 112| 3 4 313 298| 6 1 203 154 9 1 700 680
16 6 38° 1822 0 44 62| 3 5 274 274| 6 2 835 7970 9 2 278 258
16 7 2100 21:0(22 1 122 10-0| 3 6 223 231! 6 3 480 428| 9 3 497 527
16 8 197 118|122 2 234 259| 3 7 329 331| 6 4 750 732| 9 4 172 184
17 1 240 184{22 3 113 11:3| 3 8 193 198| 6 5 455 447 9 5 356 406
17 2 163 '172|22 4 185 153 3 9 290 299 6 6 357 380, 9 6 233 251
17 3 259 252(22 5 88 77| 310 358 384| 6 7 348 376| 9 7 41-9 463
17 4 159 97 311 91 11-1| 6 8 S02 516 9 8 232 266
17 5 380 433 L=1 312 166 174 6 9 S68 631, 9 9 155 160
17 6 101 71 313 56 50| 610 161 1i45] 910 155 177
17 7 95 84| 1 11399 1438| 314 91 99| 611 336 381| 911 3.9 3.9
17 8 187 203 1 210621035 4 0 50 17-8| 612 11:0 97| 9 12191 167
17 9 153 130 1 31204 1090 4 1 759 67-3| 613 227 214 913 206 67
1710 233 2431 1 4 134 113/ 4 2 866 736| 614 51 52|10 0 593 60-0
18 0 117 102| 1 5 544 567| 4 3 432 447| 615 188 14-8|10 1 150 171
18 1 174 157| 1 6 588 572 4 4 706 7i-4| 7 1 424 41310 2 253 264
18 2 38% 35| 1 7 408 420, 4 5 594 562| 7 2 391 356 10 3 171 213
18 3 38% 35| 1 8 411 39'8‘ 4 6 430 467 7 3 565 50710 4 189 201
18 4 66 4111 9 255 271 4 7 399 393| 7 4 268 280[10 5 170 174
18 5 11-:0 73( 110 271 31'6‘ 4 8 2144 2177 5 123 77110 6 238 246
18 6 212 20:6| 111 180 15‘5‘, 4 9 412 451 7 6 139 154,10 7 354 380
18 7 87 91| 112 177 189 410 189 180, 7 7 83 9510 8 154 139
18 8 437 37 113 108 89| 411 354 355/ 7 8 153 97(10 9 238 274
18 9 191 176 114 191 143| 412 45 517 9 171 148(1010 46° 46
19 1 234 264| 2 0 914 92'9‘ 413 200 207 710 17-8 19610 11 78 49
19 2 159 144 2 1 929 924 414 103 12:2| 711 155 80|10 12 52 50
19 3 263 286 2 2 107-2101:1| 415 23 191| 712 78 81|1013 63 47
20 0 146 155[ 2 3 101-1 889 5 1 124 140| 713 83 67|11 0 699 702
20 1 40 20 2 4 700 652 5 2 425 366 8 0O 698 65911 2 226 22:1
20 2 82 882 5 334 319 5 3 228 232 8 1 134 77(11 3 58-4 60-4
20 3 41° 19| 2 6 223 216 ‘ 5 4 140 108| 8 2 787 1753 ! 11 4 275 301
20 4 181 1720 2 7 164 180, 5 5 381 386 8 3 422 393 11 5 421 41-9
20 5 42° 642 8 84 925 6 153 135/ 8 4 557 543|11 6 361 353
20 6 179 1812 9 206 197, 5 7 164 165| 8 5 258 262|11 7 280 290
20 7 95 58| 210 102 ]1'0‘ 5 8 142 162 8 6 294 30-1/11 8 115 11-3
20 8 133 131|211 226 26515 9 92 96 8 7 520 554!11 9 178 173
21 1 133 12:6| 212 181 [5'4‘ 510 192 11-4| 8 8 223 239|101 10 195 173
21 2 427 13| 213 123 16‘6\1 SI11 bt 1210 8 9 318 355[11 11 60 48
21 3 227 168 214 64 46| 512 88 108 810 212 23611 12 17-0 2141
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TabrLe II

(Continued)

HK FO FC |[HK FO FC |HK FO FC |HK FO FC|H K FO FC
1113 43 54|15 3 174 149|19 3 87 60| 1 2 555 514, 4 6 271 294
11 14 192 18015 4 149 13:1|19 4 46* 46| 1. 3 404 332| 4 7 160 195
12 0 99 10115 5 257 28119 5 172 165| 1 4 147 188| 4 8 160 195
12 1 62 34|15 6 182 177(19 6 21-1 35| 1 5 555 499| 4 9 183 213
12 2 29* 29|15 7 166 20819 7 115 122 1 6 11-1 96| 410 164 133
12 3 238 273|15 8 170 174|119 8 172 7.8 1 7 133 108, 411 160 187
12 4 327 32{15 9 177 173(20 0 93 106 1 8 156 109 5 1 638 641
12 5 69 871510 103 87|20 1 175 99 1 9 141 144| 5 2 518 457
12 6 91 861511 44 5920 2 203 196| 2 0 576 507| 5 3 816 808
12 7 76 34|16 0 323 345|20 3 89 822 1 76 67| 5 4 414 341
12 8 137 11:3|116 1 92 82(20 4 191 183| 2 2 991 971 5 5 603 612
12 .9 145 15516 2 326 31-8/20 5 185 161| 2 3 294 333 5 6 479 482
1210 81 101|16 3 115 145(20 6 174 146| 2 4 1207 1109, 5 7 503 508
1211 64 70|16 4 281 289(20 7 170 150 2 5 296 303| 5 8 273 287
13 1 464 49-8|16 5 237 20921 1 198 237| 2 6 547 587| 5 9 257 258
13 2 65 68|16 6 188 224|201 2 83 63| 2 7 504 494 510 260 286
13 3 51-1 517|116 7 228 23721 3 204 1i41| 2 8 151 128 511 1044 103
13 4 188 224|16 8 138 122(21 4 11:1 101| 2 9 340 359 512 175 194
13 5 430 494|16 9 194 16:5(21 5 198 168 210 184 173 513 73 100
13 6 186 1651610 182 20:6|21 6 49* 54| 211 272 288| 514 274 254
13 7 138 156|17 1 72 70(21 7 108 13-8| 212 137 167| 6 0 422 450
13 8 148 20217 2 175 181(21 8 172 11-6| 213 247 194| 6 1 95 114
13 9 182 17817 3 43 39|22 0 69 97| 214 29 74 6 2 1244 100
1310 163 195|17 4 13:0 139 215 190 214 6 3 94 83
1311 102 7817 5 73 68 L=2 3 1 908 753| 6 4 125 147
1312 124 11817 6 95 91 3 2 691 653 6 5 171 189
1313 48° 47(17 7 66 72| 0 1 826 764| 3 3 552 573 6 6 206 211
1314 198 162[17 8 118 12:8| 0 2 761 743| 3 4 290 320/ 6 7 134 69
14 0 332 402|117 9 67 66| 0 3 173 131 3 5 936 950 6 8 142 87
14 1 143 1021710 100 92| 0 4 548 567| 3 6 399 405 6 9 173 157
14 2 213 225(18 0 237 242| 0 5 648 650| 3 7 372 377 7 1 625 633
14 3 118 77(18 1 131 130/ 0 6 534 526 3 8 31-5 347, 7 2 108 118
14 4 170 172118 2 210 227 0 7 443 476| 3 9 159 148 7 3 650 604
14 5 244 272[18 3 195 11-2| 0 8 164 17-7| 310 198 201 7 4 487 526
14 6 76 9318 4 248 292, 0 9 351 37-1| 311 106 103| 7 5 574 565
14 7 188 20118 5 109 109 010 11-1 62| 312 209 230 7 6 460 440
14 8 187 22:3|18 6 231 27-0| 011 230 214 4 0 774 644 7 7 362 350
14 9 209 19118 7 205 221 012 213 166| 4 1 95 11:3| 7 8 409 436
1410 77 74|18 8 173 129| 013 215 202| 4 2 254 237 7 9 212 213
1411 190 143718 9 21-1 225 014 147 112 4 3 169 168| 710 246 236
15 1 281 278,19 1 206 186| 015 207 21-4| 4 4 486 480 711 173 158
15 2 91 72019 2 51 3501 1 336 317 4 5 119 88, 712 228 236
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TaBLE II
(Continued)

HK FO FC |[HK FO FC |HK FO FC |HK FO FC |H K FO FC
L=2 1011 196 15314 9 168 21-6|22 2 232 280| 310 316 374

1012 71 9215 1 379 410(24 1 189 35| 311 45 52

713 37 38(1013 258 280|15 2 144 97|24 2 204 196| 312 184 11-1
714 207 23311 1 152 17-7|15 3 210 202 4 0 370 354
8 0 479 439(11 2 164 157(15 4 64° 34 L=3 4 1 156 11-8
8 1 242 24011 3 194 139|15 5 64 99 4 2 91-8 917
8 2 504 550({11 4 167 13:1|15 6 241 263| 1 1 700 809| 4 3 272 259
8 3 35t 33611 5 302 325(15 7 1799 197| 1 2 202 2211| 4 4 621 622
8 4 382 341|111 6 222 27315 8 222 194| 1 3 708 750| 4 5 569 560
8 5 54% S57(11 7 182 200|15 9 122 141| 1 4 537 534| 4 6 363 335
8 7 340 367(12 0 657 594|1510 201 158| 1 5 552 52:6| 4 7 282 294
8 6 172 164(12 1 139 97|16 0 275 302| 1 6 370 364| 4 8 SI-1 513
8 8 64° 4312 2 619 622(16 1 99 82| 1 7 280 248| 4 9 76 53
8 9 241 26312 3 360 40016 2 199 17-3| 1 8 382 43:0| 410 204 125
810 62% 4712 4 610 683|16 3 11:1 80| 1 9 189 21-7| 411 264 267
811 574 165(12 5 284 265[16 4 186 180| 110 237 205| 412 60° 82
812 202 109|12 6 415 433|16 5 63% 79| 111 196 17-0| 4 13 277 295
9 1 454 480[12 7 164 13:3|16 6 233 248| 112 258 289| 415 236 257
9 2 265 24712 8 251 24117 1 317 361| 113 67 74| 5 1 217 180
9 3 21133 205112 9 320 30817 2 64* 31| 2 0 115 147| 5 2 474 425
9 4 147 159(1210 54% 53|17 3 269 287 2 1 279 278| 5 3 366 354
9 5 278 261[1211 193 207|17 4 169 155| 2 2 483 501 5 4 128 121
9 6 275 293[1212 319 24(17 5 178 180| 2 3 358 290| 5 5 137 122
9 7 283 282(1213 193 167|17 6 2744 307| 2 4 287 317| 5 6 187 162
9 8 176 200|1214 209 101(17 7 206 181| 2 5 239 247| 6 0 912 874
9 9 11:0 149113 1 33i3 33-6|17 8 234 234 2 6 292 313| 6 1 29 71
910 61% 11:7[13 2 59* 30[17 9 172 146| 2 7 212 130! 6 2 442 479
911 174 68|13 3 244 266|18 0 256 273| 2 8 211 242| 6 3 440 450
912 185 189(13 4 62 29|18 1 167 181| 2 9 233 195| 6 4 484 531
913 287 45(13 5 21-6 23819 1 166 157| 210 21-4 84| 6 5 351 396
914 228 11-8(13 6 233 23419 2 102 86| 211 13-4 134| 6 6 487 440
10 0 388 389(13 7 164 132(19 3 208 206| 212 40° 13| 6 7 302 294
10 1 133 151(13 8 199 175(19 4 186 151| 213 2144 165| 6 8 362 397
10 2 432 446|14 0 264 272|19 5 163 200| 3 1 426 496| 6 9 177 153
10 3 119 102|14 1 202 21-5/19 6 11:0 12:4| 3 2 341 284| 610 149 178
10 4 468 462|14 2 344 355(19 7 183 170| 3 3 817 1737| 6 11 287 300
10 5 277 27014 3 129 135(20 0 212 27-0| 3 4 556 539| 612 119 5-0~
10 6 471 497(14 4 356 396[21 1 219 192| 3 5 659 654| 613 21-4 213
10 7 338 352(14 5 110 99|21 2 103 136 3 6 151 140 7 1 102 90
10 8 64° 58[14 6 132 17921 3 180 130, 3 7 267 258| 7 2 393 326
10 9 201 183|14 7 122 102/22 0 217 230| 3 8 186 180| 7 3 514 517
10 10 59% 10414 8 172 208(22 1 4-4% 30| 3 9 214 239| 7 4 272 256

Collection Czechoslov. Chem. Commun. /Vol. 37/ (1972)



Hanic, Handlovi¢, Lindgren :

2126
TaBLE 11
(Continued)
HK FO FC |H K FO FC
L=3 11 2 216 250
11 3 523 525
75 162 182|11 4 228 240
7 6 192 209(11 5 569 571
7 7 131 11-5[11 6 181 23-8
7 8 179 165[11 7 227 239
7 9 154 140(11 8 313 278
710 190 155(11 10 22:8 233
8 0 497 501(12 2 200 227
8 1 173 16112 3 221 235
8 2 337 361[12 4 152 105
8 4 386 41012 5 165 169
8 5 229 224(12 7 190 186
8 6 372 37512 8 228 166
8 7 228 24913 1 323 270
8 8 2244 21013 2 310 338
810 199 200/13 3 562 554
811 206 206 13 4 248 258
812 92 154[13 5 302 310
813 2144 234(13 6 163 95
9 1 452 464 13 7 264 293
9 2 193 187[13 8 155 180
9 3 326 379[13 9 419 21
9 4 164 166[13 10 238 254
9 5 257 247(14 0 365 362
9 6 257 23714 1 207 203
9 7 74° 71|14 2 320 293
9 8 1770 207|14 3 135 83
9 9 204 171|14 4 162 145
910 205 185(14 5 212 188
912 97 195014 6 120 98
914 221 17214 7 148 137
10 0 501 532(|14 8 148 173
10 1 133 136|14 9 210 156
10 2 407 383[14 10 184 153
10 3 302 266(15 1 308 345
10 5 134 129(15 2 275 287
10 6 185 20-1[1S 3 231 240
10 7 75% 39(15 4 200 218
10 8 223 258[15 5 160 97
10 9 188 220[15 6 72 78|
11 1 553 589(15 7

19:9 184‘

H K FO FC

15 8 62° 63
15 9 87 82
1510 194 202
16 0 278 342

16 1 163 191
16 2 281 298
16 3 185 155
16 4 226 286
16 5 238 247
16 6 2144 156
16 7 238 234
16 8 92 124
16 9 235 209
18 1 172 196
18 0 401 470
18 2 228 248
18 3 126 116
18 4 203 176
18 5 63 31
18 6 180 209
18 7 94 88
18 8 85 116
18 9 202 180
1810 226 114
18 11 226 167
19 1 677 59
19 2 105 104
19 3 174 172
19 4 40° 48
19 5 93 84
19 6 52 49
20 0 337 348
201 80 27
20 2 217 164
21 1 218 230
L=4

0 1 181 197
0 2 770 838
0 3 160 123
0 4 467 430

HX FO FC |H K FO FC !
0 5 144 118] 311 116 111
0 6 673 695| 312 225 203 '
0 7 608 634 4 0 749 715
0 8 350 333| 4 1 200 212
0 9 2744 289| 4 2 308 297
010 132 132| 4 3 247 236 ’
011 2110 168| 4 4 369 333
1 1 180 208| 4 5 199 235
12 39 69| 4 6 181 175 |
13 190 191| 4 7 177 163
1 4 121 140| 4 8 116 111
15 247 234| 4 9 175 157
16 127 91| 5 1 646 669
1 7 183 198 5 2 529 535 ]
18 170 127| 5 3 617 597
19 176 1111] 5 4 341 362
110 81 695 5 567 584 ‘
111 170 117 5 6 481 533
112 101 148 5 7 369 373
113 193 13-8| 5 8 322 357
2 0 607 514 5 9 182 194
2 1 61 44| 510 199 206
2 2 410 421| 511 217 216
2 3 201 235| 512 224 199
2 4 548 502| 6 0 319 251
25 293 303| 6 1 136 105
2 6 373 382| 6 2 191 167
2 7 182 228| 6 3 131 120
2 8 204 192] 6 4 157 185
2 9 238 216 6 5 117 147
210 167 140| 6 6 77% 57
211 219 186 6 7 168 1715
31 472 448 6 8 83% 30
3 2 198 157] 6 9 158 129
3.3 371 363 7 1 702 667
3.4 151 183] 7 2 249 252
35 318 317 7 3 441 435
36 214 234| 7 4 144 178
37 525 463| 7 5 521 567
3 8 321 316 7 6 329 338
39 64 T1|7 7 152 169
310 146 138 7 8 242 219
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TasLe II
(Continued)
HK FO FC |HK FO FC |[HK FO FC |[HK FO FC |HK FO FC
L=4 12 1 195 21419 4 61° 56| 3 9 145 76| 8 4 513 531
122 373 358|119 5 262 306| 310 255 272 8 5 192 163
7 9 169 16112 3 233 233{20 0 236 257| 4 0 462 462 8 6 256 304
710 216 214412 4 364 343(20 1 53% 69| 4 1 50 71| 8 7 241 226
711 182 15612 5 837 11-:3{20 2 190 221| 4 2 446 487 8 8 14-8 136
8 0 396 36812 6 291 333/20 3 190 193| 4 3 156 136| 8 9 216 154
8 1 158 12:5\12 7 222 127,20 4 63° 11-4| 4 4 477 479 9 1 462 51-0
8 2 379 379(12 8 215 187 4 5 241 257| 9 2 200 207
8 3 68 73|12 9 213 221 L=5 4 6 155 154| 9 3 244 276
8 4 284 288(1210 577 1141 4 7 195 228, 9 4 166 156
8 5 160 1241211 290 290/ 1 1 400 51-6| 4 8 177 203 9 5 246 236
8 6 204 19:1(13 1 242 279 1 2 202 182 4 9 341 339 9 6 223 238
8 7 240 20714 0 382 4211| 1 3 604 60-6| 410 180 180| 9 7 207 20-5
9 1 451 40014 1 83 91 1 4 222 207/ 5 1 295 273 9 § 156 167
9 2 97 154|14 2 317 330| 1 5 281 206| 5 2 86 26 9 9 148 186
9 3 478 498|14 3 160 176| 1 6 335 330 5 3 170 17'4‘: 910 196 178
9 4 41% 33114 4 3122 302 1 7 369 395 5 4 132 146 |10 0 148 153
9 5 301 28914 5 21-1 200 1 8 305 298| 5 5 191 16911 1 262 265
9 6 155 175|14 6 1944 176| 1 9 211 193 S 6 216 243 !ll 2 154 162
9 7 245 253|114 7 136 151| 110 353 382 6 0 651 680 11 3 228 203
9 8 272 297(14 8 110 12:2| 111 118 162 | 6 1 67 10-5 (114188 252
9 9 78 68|14 9 219 21-7| 112 248 28i| 6 2 784 74411 5 248 240
910 182 243|15 1 281 295 2 0 369 391| 6 3 205 24111 6 227 250
10 0 646 61315 2 166 177] 2 1 127 144| 6 4 381 397111 7 263 308
10 1 7-1% 64|15 3 297 332 2 2 238 246| 6 5 189 226 11 8 151 207
10 2 335 370{15 4 205 205( 2 3 256 277| 6 6 257 227 11 9 216 157
10 3 159 148'16 0 166 182 2 4 375 363| 6 7 251 24-2111 10 247 203
10 4 468 490|16 1 134 126 2 5 140 140 6 8 228 227112 0 156 114
10 5 283 299(16 2 45% 64| 2 6 395 409 6 9 277 28012 1 162 126
10 6 323 314,16 3 449 40| 2 7 155 151| 6 10 145 20612 2 214 175
10 7 321 342(16 4 157 180 2 8 169 175 611 207 21-2|12 3 197 127
10 8 147 13116 5 190 12:1| 2 9 198 21:3| 7 1 165 174 12 4 180 170
109 190 19717 1 235 299| 210 135 65| 7 2 127 7.7 13 1 254 273
111 53 4117 2 697 70| 211 189 202| 7 3 203 207 13 2 195 212
11 2 175 211117 3 344 378 3 1 450 498| 7 4 148 129113 3 275 267
11 3 3144 366[18 1 92 60/ 3 2 205 209 7 S 247 27813 4 225 222
1 4 225 253118 2 86 61| 3 3 285 233 7 6 75 62113 5 219 239
115 231 21-8{18 3 117 103| 3 4 278 281| 7 7 163 102 13 6 239 245
11 6 64° 64|18 4 154 146, 3 5 185 172| 8 0 484 474(13 7 236 176
117 62% 90(19 1 216 257 3 6 266 282| 8 1 131 8113 8 145 268
11 8 179 124|19 2 111 92| 3 7 527 53| 8 2 403 37413 9 108 140
120 291 277|119 3 248 246| 3 8 285 242| 8 3 68 45(13 10 238 205
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TabLE III ’

(Continued)

HK FO FC |[HK FO FC |[HK FO FC HK FO FC H K FO FC '

14
14
14

% Unobserved reflections.

S

L=S5 14 20-8 18515
194 15-5|15

3 2614 33415
4
194 17614 5 517 49|15
6
7

53¢ 38|16
188 133 |16
204 91|16
199 196|16

217 19116
259 28717
100 7-1|17
352 39418

507 26|18

253 273
4-8% 81 ‘
4-6° 39

253 279

103 57 ‘

24-5 142]14 2006 19315
26:5 27-3|14 22:0 163|135

VoA W
[N
_O W NN

143.Cldhea /C(16)

cE CEE

32 |135
130,.C2) 142, N2} N0 C(6)1.38
Gy 140G )8 dge CUT Cts)
ha e ) ws. |
C0) 145.CB) g ~186 ({235 Cle)
u.a\cm MING N2 SoEri

|28 |1as

cun 2Ly

136D NCro)

iy, _C)
Q) 122> ¢
ol T

124

o NG BN

S5 /114 35CLTB

T(111> 1 O7H™ g6 1,3cogm’8120(15>
220 N2 g 18 123

e 13 A0 94 W) B
O PN N(3) 57 10~ {e”

cm)ﬂ.5 oo
R AN

FiG. | I, R!=R?=H, R*=R*= CH,

Intramolecular Distances (@) and Bond 1 R!=R%?=H, R =R*= CeHs
Angles (b) in the NiC,oH,gN, Complex I R' = R* = R® = R* = CH,
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Tasre IIT
Bond Lengths and Angles in NiC,oH, gN,

Bond A Bond A
Ni-N(1) 1-85 (2) C(3)-C(4) 141 (3)
Ni-N(2) 1-84 (1) C(4)-C(5) 134 (4)
Ni-N(3) 1-86 (1) C(5)-C(6) 1:38(3)
Ni-N(4) 1-86 (2) C()-C(12) 1440 (2)
NI)-C(1) 1:40 (2) C(7)-C(8) 142 (3)
N(1)-C(15) 1:38 (3) C(8)-C(9) 1-45 (3)
N@)-C(7) 142 (2) C(9)-C(10) 1443 (3)
N(2)-C(13) 132 (4 C0)-C(11) 142 (4)
N(3)-C(2) 142 (2) C(11)-C(12) 1-30 (3)
N@3)-C(19) 136 (3) C(13)-C(14) 1-43 (4)
N(#)-C(8) 142 (2) C(14)-C(15) 1-42 (3)
N@)-C(17) 1-28 (3) C(15)~C(16) 1-47 (4)
C(1)-C(2) 1-45 (3) C(17)-C(18) 136 (3)
C(1)-C(6) 1-41 (3) C(18)-C(19) 1-42 (3)
C2)-C(3) 1:35(2) C(19)-C(20) 1-41 (2)

angle (°) angle (°)
N(1)-Ni-N(2) 959 (0-7) N(D)-C(1)-C(6) 126:6 (1-8)
N(1)-Ni-N(3) 85-1 (0-7) C(2)-C(1)-C(6) 1207 (1-6)
N(1)-Ni-N(4) 178:8 (0-6) N(3)-C(2)-C(1) 111-5(2-4)
N(2)-Ni-N(3) 1780 (0-8) N(3)-C(2)-C(3) 130-1 (2-4)
N(2)-Ni-N(4) 85-3 (0-7) C1)-C(2)-C(3) 1182 (1-7)
N(3)-Ni-N(4) 93-7(0-7) C(2)-C(3)-C(4) 119-3 (2-5)
Ni-N(1)-C(1) 1131 (1-5) C(3)-C(4)-C(5) 1232(1-9)
Ni-N(1)-C(15) 123-0 (1-0) C(4)-C(5)-C(6) 120-4 (1-8)
C(1)-N(1)-C(15) 123-6 (1-7) C(1)-C(6)-C(5) 118-3 (2:4)
Ni-N(2)-C(7) 1142 (1-4) N(2)-C(7)-C(8) 1126 (1-3)
Ni-N(2)-C(13) 123-9 (1-4) N(2)-C(7)-C(12) 1302 (2-1)
C(T)-N(2)-C(13) 1210 (1-6) C(8)-C(7)-C(12) 1172 (2:0)
Ni-N(3)-C(2) 112:4(1-2) N(4)-C(8)-C(T) 1123 (1:9)
Ni-N(3)-C(19) 1261 (1-1) N(4)-C(8)-C(9) 125-4 (2:1)
C(2)-N(3)-C(19) 121-0 (1-4) C(T)-C(8)-C(9) 1223 (1-5)
Ni-N(4)-C(8) 1142 (1-5) C(8)-C(9)-C(10) 112:9 (2-2)
Ni-N@)-C(17) 123-3 (1-3) C(9)-C(10)-C(11) 124-8 (24)
C(8)-N(4)-C(17) 121-8 (1:9) C(10)-C(11)-C(12) 1176 (1-8)
N()-C(1)-C(2) 1126 (1-4) C(7)-C(12)-C(11) 125:1 (2:3)
N(2)-C(13)-C(14) 125-7 (2-1) N(4)-C(17)-C(18) 127-4 (2-1)
C(13)-C(14)-C(15) 122:4 (3-2) C(17)-C(18)-C(19) 125-4 (2+4)
N(1)-C(15)-C(14) 122:0 (2-3) N(3)-C(19)-C(18) 17517
N(1)-C(15)-C(16) 1234 (1-7) N(3)-C(19)-C(20) 124:6 (1-8)
C(14)-C(15)-C(16) 114-4 (1-5) C(18)-C(19)-C(20) 117:6 (2-1)
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Plane A, computed by the least squares method for the atoms N(1), N(2), N(3), and N(4),
is defined by the equation

—0-4482x — 0-7315y — 0-5137z = —3-2622.

The deviations of the atoms from the reference plane A4 are as follows: N(1)- —0:02, N(2): 0-02,
N(3): 0:02, N(4): —0-02, Ni: —0-01, C(1): 0-45, C(2): 0-48, C(3): 1-02, C(4): 150, C(5): 1-49, C(6):
0-96, C(7): 0-28, C(8): 0-23, C(9): 0-44, C(10): 0-73, C(11): 0-74, C(12): 0-57, C(13): —0-39, C(14):
—0-75, C(15): —0-57, C(16): —0:91, C(17): —0-39, C(18): —0-60, C(19): - 0-49, C(20): —0-83 A.
The benzene ring plane, B, computed by the least squares method from the atoms C(1), C(2),
C(3), C(4), C(5), and C(6), is represented by the equation:

—0-7270x — 0-3030y — 0-5631z = — 3-3870.

The deviations of the atoms from the mean plane are as follows: C(1): 0-00, C(2): 0-00, C(3): 0-01,
C(4): —0-01, C(5): 0-00, C(6): 0-00 A. The plane of the other benzene ring, C, computed by the
least squares method from the positions of C(7), C(8), C(9), C(10), C(11), and C(12), is given by the
equation

—0-2741x — 0-8344y — 0-4782z = — 36044 .

The computed distances of the atoms from the central plane are as follows: C(7): 0-00, C(8):
0:00, C(9): 0:00, C(10): 0-01, C(11): —0-02, C(12): 0-02 A. The side ring plane, D, computed by
the least squares method from the atoms C(13), C(14), C(15) and C(16), is given by

—0-5684x — 0-8037y — 0-1761z = —2:4533,

The following deviations of the atoms from the mean plane were calculated: C(13): 0-03, C(14):
—0-03, C(15): —0-02, C(16): 0-02, N(1): 0-06, N(2): —0-05 A. The side ring plane, E, computed
by the least squares method from the atoms C(17), C(18), C(19), and C(20), is given by

~—0-2383x — 0-6584y — 07173z = —2:9679 .

The deviations of the atoms from the plane are as follows: C(17): —0-01, C(18): 0-01, C(19):
0-02, C(20): —0:02, N(3): 0-13, N(4): —0-03 A.

The normals of planes B, C, D, E deviate from the normal of the reference plane, 4,
by +25°, +12°, —21°, and —17°, respectively. The two benzene rings are tilted
upwards and the planes of the side chains connecting the benzene rings are tilted
downwards, from the plane of the nitrogen atoms co-ordinated around the metal
atom. The angle between the normals to the benzene rings, B and C, is 37°, the angle
between the normals to the planes superimposed on the side chains, D and E, is 38°.
The macrocyclic radical represents a flexible skeleton. The steric effects of the two
methyl groups in. positions 2 and 11 on the macrocyclic ring affect the molecular
structure and the skeleton deformation. The close approach of the methyl groups
and the benzene rings can be alleviated only at the expense of losing planarity. The
intramolecular distances C(6)—C(16) and C(3)—C(20) are 2:96 and 2:97 A, where
C(16) and C(20) are the carbon atoms of the methyl groups. The bond angles C(14) to
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C(15)—C(16), 114°, and N(1)—C(15)—C(16), 123°, are unsymmetrical. Similar dif-
ferences are observed between the bond angles C(18)—C(19)—C(20), 118°, and
N(3)—C(19)—C(20), 125°.

The average bond length in the benzene ring, B, is 1-38 A, in the benzene ring, C,
is 140 A. There are significant differences among the C-N bond lengths. The average
C-N distances in the phenylenediamine groups are 1-41 and 1-42 A. The C-N bond
lengths between the carbon atoms, C(15) and C(19), which connect the methyl groups
with the nitrogen atoms, N(1) and N(3), are 1-38 and 1-36 A, respectively. Significantly
shorter are the N(2)-C(13) and N(4)-C(17) distances: 1-32 and 1-28 A, respectively.
This indicates the partial double character of the bonds, N(2)-C(13) and N(4)-C(17),
and a limited delocalization of the n-bond.

The average C-C bond length in the side chain is 1-42 A. The two methyl groups,
adjacent to the m-electron system, partially enter the conjugation present in the macro-
cyclic ring. This follows also from the short C(15)-C(16) and C(19)-C(20) distances:
1-47 A and 1-41 A, respectively. The average Ni-N interatomic distance, 1-85 A, is
short, but typical for diamagnetic nickel complexes. The standard deviations for the
Ni-N bonds lie within 0-01 to 0-02 A, while for the bond angles they have the value 0-7°,

It is interesting to note that the bathochromic shift in the electron absorption
spectra of the derivatives, II and III, can be related to the presence of bulky substi-
tuents on the macrocyclic ring, which cause further atomic deviations from planarity*.
The presence of the —(CO)Me substituent in the meso position (I¥), which affects
the charge transfer from the ring, causes a hypsochromic shift in the electron absorp-
tion spectra, probably due to a more general n-bond delocalization in the macrocyclic
radical, with the more planar arrangement.

The crystals of NiC,gH,gN, were prepared by Dr E. G. Jiger, University of Jena, GDR.
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