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Crystal Structure of Cyclooctasarcosyl
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The crystals belong to the orthorhombic system with space
group Pbca and cell dimensions a=18.34, A, b=18.27, A, c=18.87, A.
There are eight molecules in the unit cell. The phase problem was
solved by direct methods. The R-value arrived at for 3471 observed
reflections was 7.2 9,. The ring conformation is surprisingly open with
the inner volume filled by a cluster of four water molecules, which
participate in a network of inter- and intra-molecular hydrogen
bond bridges. Each of the four pairs of diametrically placed amino-
acid residues is related by an approximate two-fold axis of symmetry.
The conformation is cis, cis, trans, trans, cis, cis, trans, trans.

Cyclic oligopeptides of sarcosine of the general formula (I) have been studied
by Dale and Titlestad.! To account for the relatively high observed

o)
I
CH,~N-CH,-C— |— n=23,.8 (1)

resistance to ring inversion, transannular interactions between N and C
(carbonyl) were suggested. Such interactions have been reported to exist
in certain cyclic aminoketones.? In the 10-ring lactone of 6-keto-9-hydroxy-
nonanoic acid3 there is strong evidence for transannular donor-acceptor
attraction between the ‘‘ether”” oxygen of the ester group and the carbonyl
carbon atom.

In order to establish whether transannular N...C (carbonyl) attractions
actually are stabilising the oligomers (I), and to obtain detailed information
of the ring conformations and the geometries of the amino-acid residues, single
crystals of some of these compounds are being examined by X-ray methods.
Results for the cases n=2 and n=4 have been reported earlier.%° In cyclo-
tetrasarcosyl (n=4) the transannular N...C (carbonyl) distance was 3.08, A,
and no conclusion concerning stabilising transannular donor-acceptor at-
traction could be drawn. In the present paper the results of the crystal struc-
ture determination of cyclooctasarcosyl (n=8) are presented.
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The crystals belong to the orthorhombic system and the systematic ab-
sences lead to the space group Pbca. The cell parameters, measured by means
of a four circle diffractometer, and their estimated standard deviations are:

a=18.340(3)A, b=18.279(3)A, ¢=18.875(2)A

With eight molecules per unit cell the calculated density is g, =1.20 g cm™2.
The observed density, o,=1.34 g cm~3, corresponds to a difference in molecular
weight of 72 which is accounted for by assuming the presence of four water
molecules per asymmetric unit.

With 20(max)=50° and MoKa-radiation, about 5000 independent reflec-
tions were measured on an automatic four-circle diffractometer. Using an
observed-unobserved cutoff at 2.50(I), 3471 were recorded as observed. No
corrections have been made for absorption or secondary extinction effects.

Table 1. Final fractional coordinates and anisotropic thermal vibration parameters with

estimated standard deviations (multiplied by 10° for nonhydrogens and 10* for hy-

drogens). The symbols CC, CM and OV are used for carbonyl carbons, methyl carbons
and water oxygens, respectively. Hnl and Hn2 are bonded to Cn.

ATOM X Y 4 8 811 822 833 812 83 823
0t 76827(¢190) 18723(20) 35288(20) 220¢ 42) 353¢ 1%3) 383(¢ 18) e182( 22) 138¢ 24) o91( 28)
02 55212(18) 283686(17) 29976(19) 286( 13)  217¢ 11)  J11C 14)  ef9( 19)  e32( 22) 473C 20)
(2] 43418(20) 26792€18) 41388(19) 415( 15) e42(¢ 1) 203¢ 13) 141¢ 8)) w213( 23) ej26¢ 21)
04 25182(19) 34098(18) 308%34(20) 333¢ 18)  477C 11)  396C 1B) widi( 283 62( 24) 4)
0s 24735(17) 57014(19) 3IS9r9(19) 280¢ 12) e 1Y) 333¢ 14) =83( 20) «78( 22) 148( 24)
08 44802(17) 55267(18) 31185(19) 196¢ 12} 289( 1Y) 307¢ 13) 21 20) e108( 21) w179( 22)
[-14 86889(20) 46143(18) 41377(19) 365¢ 18) 278( 13) 232¢ 1)) 48¢ 2)) 118¢ 29) 2
08 74355(20) 42383(19) 40803(21) 296¢C 14) 1700 $1)  364( 14)  e69( 19) ei4d( 23) as¢ 23)
ovi 47653(24) 44883(22) 20700(22) A74C 18) 412¢ 16) 373¢ 17) 81( 29) eI31C 20) w189( 27)
ov2 52356(29) 3@892(25) 19480(26) 669( 23)  479( § 827( 22) 493 383  114( 37) 302 34
ov3 39965(22) 42211(2)) 8128(22) 392¢ 16) 442¢ 173 Ir2( 16) 8¢ 27) «93( 27) -8( 28)
ove 49236(23) 38748(23)  3794(24) 475( 18)  485¢ 17)  Jes( 17) 10 30)  @87( 20)  «35C 29)
Ny 658306020) 12147(20) 36315(2Y) 188¢ {31 168C 13)  265¢( 38) 28¢ 21) 7¢ 24) I8¢ 23)
N2 45848(20) 14147(28) 34812(23) 163( 13)  178¢ 13y 389( 17) 44t BY1) @18 24)  eddC 24)
N3 37232(23) 31473(21) 3I1886(22) R64( t8) 220¢ 14) 2%0¢ 1%) 158¢ 2%) «78( 26) we144( 26)
N4 28332(23)  43016(20) 43437(22) 293¢ 16)  160( 13)  2066( 16)  ed43( 24) 167 27) e21( 24)
NS 34992(21) 63230(19) 30958(22) 1910 143 147¢ 12)  317C 16) 300 28) 64¢ 28) 29¢ 24)
NG 54677(20) 59628(21) 36929(22) 193¢ §3)  185¢ 13)  288¢ 18) 27( 22)  w28( 25)  e32( 24)
N7 62824(22) 42961(21) 3I1462(22) 244( 18) 193¢ 13)  259¢ 18)  144C 2))  ei2( 26) 29¢ 25%)
N8 71260(21) 29534(20) 43841(23) 2370 18)  471¢C 13)  278( 1%) 70 23)  e82( 25) I8¢ 24)
€1 $8284(26) 11383(24) 30679(22) 193¢ 16)  127¢ 14)  282( 19}  «38( 28) e7( 29) s4( 28)
c2 40744(27) 19053(27) I1333(28) 181¢ 17)  238¢ 17)  38iC 20) 68( 29)  e71( 31) w124t 33)
c3 36743(27) 38345(27) 35864 (28) 258¢ 18)  188( 17)  292¢ 19) 89( 29) w48 33) 19¢ 31)
ce 33296(27) 50978(24) 43687(27) 268( 18)  139C L14) 241 18) 23¢ 28) 42 31)  ~25¢ 27)
cs 42516(27) 62845(24) 41399(29) 208( 17)  166C 18) 31 20)  ei0¢ 27) e8¢ 31)  =97( 29)
ce 59282(25) 55034(26) 32387(27) 155( 16)  281¢ 16)  283C {P) 22¢ 27) 39( 38)  e10¢ 38)
[34 63620(20) 33600(26) 34749(29) 273¢ 19)  163¢ 16)  314( 21) s9( 28)  er7( 34) 17¢ 31)
cs 66769(38) 23279(28) 43206(33) 208¢ 19)  191C 18)  271( 21) 3t 38) 9( 34) 80¢( 34)
cHy 68728(38)  6696(29) 31219(31) 283( 20)  246( 20) 0S¢ 22) 88¢ 33)  eti( 35) e222( 3%)
cn2 42078(31)  8698(38) 39737(32) 257¢ 28)  272¢ 20)  367¢ 23) «138( 34)  158( 38) s8¢ 37)
CH3 33320(35)  38825(32) 24836(32) 303¢ 28)  369( 23)  252¢ 21)  202( 48) e234¢ 383 @70 41)
cMa 21360(34) 458(1(32) 47466(35) 364( 28)  296¢ 23)  439¢ 27)  «18C I8  503( 44) 13¢ 42)
cHs 32819(31)  69281(29) 34494(34) 283( 28)  186( t7)  413¢ 28) S8( 32) 108 38)  223¢ 36)
CH8 $8018(32) 62977(32) 43483(34) 319¢ 23)  328¢ 23)  391( 26)  «S8( 38) e234( 48) #270( 40)
cmy 86739(32) 43997(30) 24489(30) 328( 23)  J26( 22)  224( 28)  114( 37)  183¢ 35) «5¢ 37)
cHe 77972(32) 29054(38) 48336(31) 281¢ 21)  270C 21)  344( 23)  «43( 34) e202( 37)  3420¢ 37}
ccy 69908(27) 17986(26) 3I7865(27) 189¢ 17) 161 16)  218( 19) 55¢ 20)  w16( 30) 66¢ 29)
cc2 53026(27) 15588(26) 34030(20) 180¢ §7) 148 18)  257C 19) a8s¢ 27) 19¢ 38)  e62( 29)
ccy 40602(26) 26125(29) 3I5309(28) 1980 17)  218( 19)  237¢ 19) 59¢ 38) 9¢ 32)  w88¢ 32)
cce 29563¢20) 38951(26) 39839(20) 293¢ 19)  151( 16)  216¢ 18) 67( 29)  w2s( 31) 87( 30)
ccs 30654(28) 57222(26) 39044(27) 2081( 18)  186C 16)  204( 18) 16¢ 29) 86¢ 38) e3¢ 29)
cce 47464(26) 98952(26) 36073(28) 168¢ 18)  167¢ 18)  232( 18) a¢ 28)  «3i( 30) 10 29)
(134 89433(26) 47847(27) 35485(28) 185¢ 17)  {88( 17)  204( 18) 13¢ 28)  <89¢ 31) 6t 29)
cce 72287(29) 35385(26) 39767 (28) 231¢ 18)  156¢ 16)  223C {9) S6¢ 20)  el4( 31)  w74L 3D
M1t 5748(24) 1266(23) 4381(27) 1,8201,10)

W12 5712(¢25) 663(25)  I848(24)  1,84(1,10)

H2g 38562(26)  1703(26)  3f7@(2%)  1,08(1,18)

"2 427@(25)  1981(23)  2645(27)  2,93(4,08)

N34 3686(25)  4244(25)  3154(28)  2,77(3,10)

H32 4105(27)  3914(24)  3877(25)  4,008(1,11)

R4y 3823(26)  4946(24)  4171(24)  4,@8(1,13)

Ha2 3354(28)  5228(24)  4906(26) 3, 42(1,11)
wsy 4362(25)  6265(24)  4395(28)  1,62(1,10)

H82 4448(24)  6725(28)  4222(24)  2,30(8,11
Hey 6420(26)  8678(24)  3229(23)  3,18(1.11)

o2 8714(28)  3469(23)  2653(25)  4,44(1,12)

L3 6393(25)  3198(25)  3085(2%)  3,35(1,11)

N72 5874(27)  3452(25)  3773(28)  2,39(1,108)

N8t 8227(27)  2468(28)  4244(25)  3,81(1,15)
ne2 6609(28)  2119(28)  4825(27)  2,79(§,19)
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STRUCTURE OF CYCLOOCTASARCOSYL 3219

Table 2. Observed and calculated structure factors on 10 times absolute scale.

s 0,ks 0 19 153 159 8 447 465 1 395 408 Hs 1,Ks 18 14 443 450 17 107 23 4 16 89
2 766 690 Mz 0,Kz 12 9 199 209 2 1110 1060 1 153 {41 13 222 240 He 2,Ks 13 6 410 408
4 5919 6922 0 821 877 10 555 535 4 370 370 2 204 {88 16 229 243 O 240 238 9 132 120
6 356 297 2 135 106 11 432 422 5 473 a4y 4 258 256 18 106 3 2 486 800 12 187 221
8 774 795 3 194 184 12 572 693 6 925 913 B 149 184 20 181 160 3 199 (88 W 2,Ks 21
10 438 470 4 303 582 14 284 273 7 122 108 10 123 85 21 165 146 4 416 423 1109 113
12 a4 459 6 120 148 15 218 235 8 759 774 Ha  1,Ks 19 22 143 130 8 213 248 3 173 144
15 214 221 7 417 466 18 126 76 9 108 89 1169 134 Me 2,k 5 7 107 9 5 217 183
18 580 368 8 388  3al 18 185 202 10 303 300 2 107 79 2 323 482 9 231 239 7 134 137
27 358 387 9 202 187 19 72 147 11 423 452 3 190 198 3 s 854 11 335 328 B 134 147
“s 0,k 13 242 230 20 325 307 12 779 784 6 167 19t 4 1307 1238 {3 11231 194
11070 1211 Ms 0,Kz |4 He 1,8 3 13 382 37 8 168 138 s 561 14 He  2,ks 22
2 198 126 1 508 5ng 96 14 368 376 10 188 158 6 248 279 18 0 208 i85
s 8e8 672 3 278 330 2 1109 1182 16 349 334 Wa t,Ks 20 7 658 899 H 1176 161
a4 458 a5y 4 171 154 3 88 937 {7 248 208 3 37 300 8 602 383 0 ¢ 128 121
5 3a19 3302 8 739 759 4 106 110 18 244 2% 5 228 209 11 270 303 t s 122 123
6 658 621 7 291 275§ 1324 1268 WE  {,Ks 10 6 190 152 13 131 182 2 7 204 174
7 268 194 A 237 238 6 843 803 {281 281 9 232 222 14 173 474 3 We  2,ks 23
8 107 98 9 490 460 8 709 678 2 488 473 11 19 149 13 163 170 4 0 190 180
9 1188 1134 11 245 276 9 456 452 3 205 167 12 150 138 {6 354 368 5 He 3,ks 0
30 364 392 12 144 132 10 319 319 4 744 694 Ha 1,Kks 2 18 188 {73 6 2 386 362
13 855 903 13 286 297 1?2 132 143 S 217 230 3 158 146 39 128 105 b4 4 804 718
15 108 125 15 173 431 13 210 202 10 357 381 W {,Km 22 M 2,Xs 6 [] 6 113 69
16 162 145 1A 123 65 14 185 173 13 102 96 6 339 307 0 268 204 9 8 218 259
§7 183 182 19 200 200 16 348 297 16 137 12/ 8 170 132 11875 1486 10 10 211 236
19 214 212 M3 n,X3 16 18 182 174 ME  f,Ks 11 10 126 143 2 154 72 1y 12 37 2
Mx 0,Kx 4 0 621 655 Mz 1,z 4 1 870 610 HE {,Kx 23 31778 1812 14 20 146 134
0 2650 2767 1297 299 1 516 638 3 12t 98 2 158 147 4 727 709 22 148 128
2 334 393 2 s34 499 2 247 201 4 203 216 4 184 143 5 1245 1163 He  3,Kks
3 240 234 3 284 298 Y1777 1773 8 432 432 7 182 99 6 386 407 1 1207 1388
43715 3748 8 220 232 5 1662 1370 7 702 709 W 2,ke 0 7 709 77y 2 1747 1908
5 389 413 7 288 324 A 94 85 B 465 49 2 2139 2215 8 490 487 3 946 933
6 2358 207 a 269 291 7 292 289 9 133 {18 6 1139 1236 10 124 126 3 148 28
7 290 269 9 166 153 & 224 233 10 196 180 8 1835 1699 14 {56 106 6 683 711
8 1739 1844 10 158 170 9 618 635 11 589 608 10 443 414 15 380 3a8 7 515 846
9 536 509 11 158 99 11 219 195 14 {77 123 {2 263 260 17 368 388 8 266 210
10395 375 1% 295 292 12 213 222 13 233 241 14 274 298 19 266 234 9 34 249
11899 584 16 3A4 349 13 122 128 M® 1,Ks 12 16 199 237 HE  2,Kka 7 1 10 82 103
12338 344 M3 0,xa 18 17197 218 1 93 21 18 423 399 o 881 780 1 11 238 223
19 223 220 0 283 297 M {,Ke 5 2 147 181 22 179 193 1 472 405 13 14 347 889
14 413 432 t 18R 187 1 832 52 3 683 659 HE 2,ks 2 440 427 14 15 149 (84
15 634 661 2 123 19 2 380 440 4 114 a8 1 518 514 3 257 247 15 18 493 178
18 272 251 3 980 922 3 855 61% 3 101 103 3 1180 1374 4 662 696 18 19 487 44p
18 227 194 4 165 1A8 4 2378 2278 7 668 687 4 755 68 6 106 119 20 163 142
20 197 188 5 364 377 5 1504 1407 s 123 97 5 134 204 7 248 247 a3 87 176
2% 220 187 & 2%0 237 a3 1 9 423 403 7 455 458 8 189 221 He 3,ks 2
W 0,Kx & 7 357 413 5 828 817 11 160 149 8 114 116 9 182 147 47 533
n 1138 995 9 123 157 10 s03 313 12 138 149 9 406 406 10 158 149 2 3003 3147
1 849 833 10 128 148 11 244 264 13 27y 269 10 287 262 11 158 164 230 175
2 245 256 11 123 141 13 611 640  Hs {,Ks 13 1 303 335 13 95 64 4 500 469
3 1598 1628 M3 0,xs 20 14 164 150 2 173 148 12 495 489 44 383 38% 5 234 234
4 B0 866 0 227 2%t 15 230 231 3 308 334 13 2% 267 1S 368 376 ¢ 2060 286
5 2164 1990 ¢ 178 147 18 183 178 6 166 181 15 106 82 (6 329 328 1 7 539 829
& 1000 957 7 218 203 19 138 87 8 278 297 18 188 181 {8 173 {42 | 8 434 440
7 229 242 8 176 177 20 139 125 9 325 330 22 149 143 20 147 143 9 79 108
A 279 245 9 181 167 He f,Xz 8 19 229 198 Hs  2,Ks Hs 2,ks 8 10 Yy 3y
o 381 351 ws 0,ka 22 1 126 11 154 133 11359 1506 0 821 {7 11 433 O8
10 566 556 LEETE 6s 4 95 169 12 288 273 2 251 221 2 463 508 12 435 446
11 418 401 3 204 209 S a8 13 13 399 373 3 1696 1684 4 820 04y 13 188 208
12116 87 7 44R 3M8 6 1219 1160 13 155 143 4 655 892 s 121 103 14 296 299
13 104 94 Ha  N,Ks 24 7 33 338 16 142 114 S 474 RLT 7 37 391 18 184 144
15 240 282 1 188 130 8 593 550 Hm  {,Ks {4 8 93 @ 8 772 758 16 398 384
16 191 166 2 260 186 10 808 816 1 145 154 7 895 825 10 914 928 17 213 287
17 312 273 3 175 177 11 299 310 3 189 191 8 487 464 11 425 438 o 19118 112
§8 256 258 W3 1,<s 0 12 %21 85y 6 191 179 9 381 417 12 399 397 4 Ne  3,Ks

22 175 144 2 234 287 18 236 240 6 697 681 12 118 103 13 284 204 14255 1110
We 0,z 8 4 255 271 16 134 113 7 108 92 13 583 867 14 268 267 2 1023 973
02908 2717 6 411 3% 18 233 190 8 150 149 {4 148 167 {7 210 17y 3 1648 1570
§ 4% 465 8 138 158 21 120 87 10 350 381 17 126 133 He 2,k ¢ 2000 1882
2 2132 2061 10 140 107 L YL 1123 88 21 214 202 0 1004 984 5 745 698
3 262 281 12 202 174 1 633 534 12 251 227 Hs  2,Kkm 3 1938 93t 6 208 259
4 1409 1413 14 136 163 2 236 214 14 134 108 O 1488 . 1334 2 w8 a4 10 v 37 324
5 319 326 16 220 227 3 797 798 A= {,Ks {8 1 1848 1463 3 867 808 14 s 196 477
6 1243 1221 18 129 128 4 237 244 1220 22t 2 1085 93 4 558 801 {8 [T Y]
7 644 639 HE 1,43 1 s a1 3 2 127 {40 S 887 612 5 135 100 16 10 186 169
8 1185 1143 1 1147 1452 6 579 536 3 280 297 6 413 406 8 831 817 11 209 269
9 320 M7 2 1509 1867 7 1184 1157 4 43 442 7 751 738 7 388 38y 13 99 117
10 439 4356 3 826 1010 9 436 438 8 420 403 o 557 8593 8 202 283 14 225 230
11 847 586 4 1087 1141 10 141 184 7 108 91 9 520 519 9 149 144 16 469 468
12161 8a 5 9385 89 12 206 189 9 104 90 10 246 242 11 129 138 16 392 a1
13 468 504 6 999 839 13 151 154 10 200 177 41 159 113 12 294 297 17 214 214
14 600 607 7 405 337 14 12} 19§11 136 118 12 147 140 13 136 163 19 170 61
16 478 492 9 605 572 13 13 95 {7 252 245 |3 344 388 {4 107 146 | 20 238 227
17 128 122 10 976 545 18 6 93 18 171 143 14 480 473 15 186 475 | 118 132
18 233 225 1) 328 304 s i,Kke 8 M §,Km 16 18 277 26t 19 106 118 M 3,xn 4
19 174 167 13 187 187 1 652 613 1 1103 1149 19 120 157 Hs  2,Ks 10 1 1240 964
He  0,k5 10 14 189 180 2 120 144 7 360 20 108 92 0 193 99 2 335 308
[ 6 170 15 126 138 3 498 817 3 291 338 23 103 94 1333 320 3 820 848
1 229 210 16 103 96 ¢ 199 134 850 560  He 2,Kke 4 2 241 202 ‘ 347
2 192 220 19 239 209 S 260 471 10 143 116 0 177 239 4 220 198 8 1046 1076
3 340 362 21 186 154 6 120 147 Hs 1K= {7 1 108 97 S 239 214 7 1864 1899
. 128 22 133 123 7 189 198 1118 a9 2 830 700 6 187 181 e 13 97
5 1151 1254 Hs  {,Xe 2 8 234 252 4 674 653 I 73 64 7 396 372 9 449 430
7 134 118 1 348 320 9 138 208 8 225 2 4 881 832 8 190 188 11 842 044
8 337 382 2 434 8539 11 114 123 6 125 90 5 228 192 9 261 278 12 448 126
9 699 686 3 148 177 12 117 433 7 182 207 6 676 625 11 278 241 15 271 263
12 680 591 4 2091 1947 13 204 190 @ 266 273 7 344 323 12 487 473 17 184 179
15 373 381 5 462 500 15 {16 69 9 208 188 8 220 280 13 115 120 18 187 187
16 272 284 6 528 492 17 136 186 i1 277 280 9 616 629 14 144 171 190 123 o4
17 11 118 7 259 287 M 1,Kkm 9 14 208 188 10 1160 13132 16 207 176 2 368 366  Hm 3I,Ks §
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Table 2. Continued.

1 799 743 L]
2 a4 100 11
3 796 689 13
4 1143 1042 13
5 982 985 {7
8 694 689 we
7 110 123 1
8 128 202 2
9 806 834 5
10 478 458 [
11 465 502 4
12 240 240 9
14 209 2%0 10
15 428 420 12
19 138 120 18
21 122 L1 19
LI PLT ) e
1 534 479 1
2 287 320 2
3 148 yaE 4
4 673 625 8
5 2369 36} 14
6 136 152 8
8 354 336 11
11 173 192 14
14 354 370 Ha
15 18y 164 1
18 321 300 2
19 108 104 3
M 3,Kz 7 S
1 607 &Y 6
2 204 333 7
3 104 136 1
4 222 2y’ 14
s 746 873 “a
6 1000 969 1
7 482 490 ?
A 429 466 3
10 188 222 .
12 577 604 5
13 364 388 ’
14 319 309 []
16 215 215 °
Hs 3,ks R 10
1 1812 1867 13
2 495 477 18
3 655 668 e
4 851 566 1
5 796 792 2
6 197 212 3
7 203 189 4
8 346 384 [
9 288 321 (3
12 216 176 »
14 375 382 12
15 138 148 (1]
16 202 218 2
17 223 210 s
18 183 197 [
HE 3,k 9 8
1 213 206 12
2 511 s08 13
3 300 269 He
5 162 140 4
6 437 442 L]
7 127 189 7
& 175 230 9
9 129 107 13
11 112 107 e
12 204 242 [}
13 174 163 3
14 200 239 4
186 106 77 L
17 162 124 4
18 173 148 S
Ha 3,Km g0 9
1 459 488 ns
2 908 a78 1
4 526 a8y 2
5 109 114 3
6 182 120 6
7 340 34 L]
10 2%9 282 “e
11 108 138 1
13 128 115 3
14 29 232 7
s 3, 11 Lod
1 142 200 o
2 19y 198 2
3 432 451 [
4 262 B2 L]
8 425 a6 10
6 529 493 12
7 sel 537 16
8 231 241 20
9 342 349 L]
10 162 161 o
1 278 323 1
12196 184 ?
14 168 141 3
16 132 127 .
19 18 120 5
We 3,Ks 12 6
2 1% 186 7
8 286 225 10
6 140 157 11
7 3 387 13

199 198
144 138
208 278
122 78
163 149
APLEIRE ]
164 148
193 202
199 188
450 50§
353 347
1ne 109
e 398
186 1%0
169 155
109 28
3,Ks 14
10t 109
182 179
879 534
149 138
103 17
140 170
130 142
185 154
3,%3 15
622 656
410 43
2338 286
226 231
186 162
103 70
1o 18
156 143
3,4a 1%
98 28
309 314
as a3y
323 343
99 89
288 317
129 138
116 107
126 1n9
160 116
182 128
3, K {7
150 159
131 167
169 212
263 272
218 249
198 216
140 113
11y 138
3,K= §8
341 328
105 117
146 169
113 92
118 145
138 125
3, X8 19
239 24y
199 156
219 217
120 o
181 131
3.,xs 20
182 178
106 108
108 181
Joxs
139 18
117 1"
116 111
3, s
158 149
462 439
203 198
307
178 162
3,Xs 23
137 184
167 173
210 10t
4,ks 0
51y an2
1376 1293
168 72
701 607
291 mw
730 766
393 403
200 164
4,Ks |
2203 2086
977 930
954 904
1772 1649
1741 1634
723 638
460 492
420 47
a8 430
223 236
129 147

-
CAA-OZUNCOEYGRAROIAUICE Ve B,k

aano
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- 2
384
107 %
[T
143 104

288

388
146 109
[ 130
1 &
23
103 o8
dyNe (B
340 394
294 38
226 282
232 02
636 477
172 178
141 488
209 208
7
109 131
146 429
4)K8 16
7 1%
358 a2
3 384
189 208
10, 84
168 180
170 166
030 192
111 68
4,08 |7

0 543 887 Mi ’ 208 208
3 146 149 1 10
4 368 385 2 1
7 166 156 3 13
8 134 114 s 14
9 128 107 ’ 18
13 176 15 s 17
13 1086 188 9 He
Me  4,km 18 11 °
0 113 124 12 It
1219 230 18 2
3 118 17 Ll 3
10 181 142 1 4
13129 144 2 s
He  4,Ks {9 3 M
1 350 308 H H
3 1n 79 . 8
4 176 186 ° 0
5 116 138 10 10
6 137 97 12 11
8 135 126 13 12
Hs  4,Ks 20 Ne 13
Q0 568 552 1 14
3 120 124 2 18
4 190 182 3 16
3 120 29 4 10
Hs  4,Km 2] L] He
o 207 190 L] 0 309
8 128 113 14 1
10 18 ? 922
1 “a 3 244
L 1 4 33
s 4 8 er2
M s 8 1281
Lad L] 7 300
0 1 .
3 L) 9 298
3 10
‘ 14
s 16
? 18
16 1
ne s
1 [
2 2
3 3
4 .
7 s
10 (]
Ha  5,ks 18 7
3 186 211 L]
4 164 149 9
8 19 148 10
7 240 212 11
s 178 159 12
11 190 163 1
Ne B,Ks 19 14
1 268 204 18
4 2 138 16
s 292 287 L}
7 80 186 0 1009
He B8,X= 20 1
1 112 17 4
2 23 228 3 1448
5 190  j68 4 4d
7 e s
" e 0
- S ’
1 9 643
pa
T3
[ 4+ oo
8
w b {5
s e 59} 04
14 74 303 0
16 366 368
18
22
Hs
[] []
1 [
2 1
3 I? e
; i
: t: 148
’ ns
[ [3
1 ‘ 109
] 0
3 )
4 14
L4 15
? 18 4y
[} (%4
9 ue .
12 [ Yy
13 1 14
16 N 1
17 486 [
18 {11 e 13 383 38 L [
19 100 94 16 104 108 5 643 1
a1 242 2y 17 228 220 7 797 2 448 453
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STRUCTURE OF CYCLOOCTASARCOSYL 3221

Table 2. Continued.

4 330 3% 4 100 70 14 167 182 11 18 136 182 3 a3 288 16 339 RR3 9 340 368
5 823 529 7 146 126 15 119 123 He He 8,z 8§ 6 178 135 {7 {06 121 10 247 218
7 321 333 10 201 208 16 415 403 t [T TR 1) 7 195 191 20 220 219 11 462 42
8 371 403 HE  6,Ks 21 HE 7,Ks 7 2 1 768 766 8 278 283 He 9,k 3 12 238 230
11 174 207 1119 13 1 333 267 4 2 159 156 9 188 164 1 355 363 1y 203 180
13 367 373 Ha  8,Xs 22 2 274 280 5 3 397 400 10 2

14 68 180 1 108 a9 3 144 122 s 5 478 483 12 3

19 229 218 3 191 178 4 41e 27 g0 6 433 431 10 (3

16 147 149 5 114 100 5 381 363 13 7 108 113 s ’

He  6,Ks J0 Ha  6,Ks 23 6 364 401 He 8 287 29y 1] 8

0 286 285 2 104 L1 7 173 186 2 9 220 22y 1 9

1 508 842 HE  7,ks O 9 265 238 [} 10 194 180 2 2

2 262 266 2 399 397 11 305 34 [] 11 416 440 3 4

3 157 10% 4 417 408 |2 562 608 12 12 318 328 ] L]

5 138 172 6 232 236 13 140 173 e 15 142 126 6 [

8 181 189 10 396 432 14 245 239 2 16 240 240 ’ 1

9 478 496 14 337 369 16 287 259 3 17 107 23 ] 2

19 300 323 16 151 1% 106 1t He 8,Kks 6 [3

1191 219 HE  7,Km Hz 7,Kks 8 13 0 448 474 11

12 158 179 1 499 386 11003 968 He 1 88 71 14

13 176 193 2 983 942 3 328 30 3 2 119 116 16

14 117 133 4 782 790 4 109 114 L] 3 1029 10%0 He

15 154 148 S 590 608 s 300 33 y 4 128 109 1

17 160 198 6 90 28 6 217 233 [ S es 81 2

18 126 138 7 931 840 7 7 7% 9 6 159 139 3

19 148 121 8 1005 986 8 233 221 s 7 e 820 4

He  6,KE 11 9 100 124 9 337 380 [ 8 96 70 14

1 5 279 10 205 {83 10 129 131 14 9 581 58y ]

2 199 174 12 262 260 {1 620 680 Ha 10 244 288 9 s

3 194 212 13 248 276 12 155 148 2 11 678 669 Ha 318

4 315 302 t4 189 139 {3 232 21 3 14 259 268 0 216

7 393 356 16 217 204 14 210 {87 . 15 452 440 1 271

A 8543 544 {8 187 179 19 8 6% 14 9 100 174 2 718

9 436 442 He  7,Kx 2 M2 J,xm 9 s Hs  8,Ks 7 3 243

10 192 164 2 984 992 3 137 128 i 0 116 14y 4 818

1 178 173 3 123 107 5 208 209 1 1 122 128 ’ 134

14 244 228 4 430 369 6 437 432 e 2 are  47» (] 170

17 156 144 6 457 3A7 8 234 234 0 3 878 870 11 499

He 8,Ks 12 7 108 1%4 9 97 126 2 4 176 154 13 246

1121 130 8 106 130 12 180 203 . 5 136 129 15 251

2 94 129 9 100 112 13 106 87 [ 8 370 38y Ha [ 6

3 197 183 10 397 373 14 114 123 3 7 467 478 1 1 281

4 376 400 12 193 194 s 7,ks 10 10 8 8508 498 [ 2 668

8 223 229 14 149 1A} 1 7 120 12 9 193 187 9 3 146

8 536 s62 15 212 214 2 556 892 14 10 246 236 40 ¢ 871

9 191 201 16 178 140 3 171 188 6 12 168 175 13 ] 330

11 172 170 18 148 123 4 4y 4p9 14 153 170 e 8 299

12 175 179 19 212 191 6 385 396 0 1649 16 115 815 [] L] 875

15 148 114 HE  7,Ks 3 7 119 91 He 8,ks 8 1 11 120 6

18 139 140 1 Ins 280 a 217 242 2 0 424 426 3 12 568 y

Ns  6,¥u 13 2 402 4n6 12 102 108 3 1 2%0 232 ’ 18 57 ]

1297 274 3 1229 1244 14 243 246 ‘¢ 2 394 487 12 16 197 3

S 244 289 4 715 710 18 188 182 s 3 196 192 He e 7 W

8 199 183 S S47 343 Mo 7,Ke 1t 6 4 205 24y [ 1 109 3

7 246 283 6 378 59y 1 629 626 7 s 121 127 s 3 188 14

8 163 172 7 3o 35y 2 408 397 [ 6 97 98 6 ) 187 [

9 141 142 8 807 618 3 478 48y 9 7 118 11y 7 7 685 ?

10 208 2% 9 178 1%8 4 116 88 10 8 282 296 Ne 9 218 (]

11 124 135 10 254 263 5 285 204 12 9 214 224 0 152 138 10 472 460 12 142 103
He  8,K8 14 11 207 220 6 302 288 13 10 119 150 2 108 143 42 254 292 He o 9,Ks 19
0 385 383 {2 181 174 Y 717 702 14 11297 304 3 176 188 14 111 114 s 470 183
1911 93t 13 103 1t 8 259 265 18 12 125 108 6 178 186 13 %2 142 ? a1y 8
3 348 340 14 117 154 9 200 174 Lo 14 182 178 7 216 198 17 309 301 11142 87
4 244 239 18 102 87 10 209 228 (] He 8,kx 9 9 182 151 18 202 192 he 9,Ks 20
S 47t 214 16 213 194 §1 462 442 1 0 222 248 We B,Ks 20 He D,Kks B 2 138 ¥
9 255 2605 20 206 190 12 203 222 2 1 126 96 2 196 178 1393 361 ? 162 141
11 276 244 Ha 7,8 4 14 218 189 3 2 383 32 4 108 104 2 137 138 10 131 418
14 140 108 1 627 595 {5 188 189 ] 3 409 368 6 168 176 3 217 2y Hs 9,Km 21
Mo 6,X= {5 2 128 139 16 186 161 (] 5 428 449 Ha  B,Ks 21 8 587 632 4 266 248
0 249 235 3 191 202 47 126 77 4 6 490 494 S 170 149 9 304 310 He O,Km 22
1 103 108 4 196 200 He 7K 12 ] 7 214 212 9 213 191 10 238 242 5 133 100
2 274 279 5 (160 1134 1 112 68 1 10 291 322 He  8,Ks 22 f1 228 220 ke 10,k 0
3 278 300 6 206 187 2 142 11 1) 11 382 371 7 9 122 1% 3138 1W 0 1160 111
8 517 843 7 7%t 754 3 273 260 14 13 438 407 Ha 9,k 0O 16 179 174 2 998 924
7 178 170 8 300 308 4 194 192 18 15 116 93 2 543 827 17 430 142 4 814 815
11 288 2%2 9 260 272 5 103 132 He 16 220 226 6 423 401 20 393 177 6 268 270
17 119 12% 10 147 130 6 209 300 ) 17 177 178 14 293 290 HE  9,Kn 8 480 478
Hs  6,K% 16 11 297 316 7 103 93 2 18 289 236 18 270 269 3 147 149 10 110 “
0 438 480 {3 363 363 8 202 289 3 20 121 110 He 9,Kke 4 4 190 167 14 328 31
3 159 147 18 163 213 9 498 529 ¢ He 8,Ks 10 1311 300 s j08 98 18 208 220
6 293 277 17, 150 156 {1 165 186 ] 0 288 322 2 a2 6 132 130 20 179 44
8 272 247 18 124 67 13 308 28y ] 1342 368 3 642 o028 8 117 143 He {0,Xs 1
10 151 41 21 168 170 14 109 54 y 2 136 130 4 187 240 10 202 174 0 417 413
14 195 168 HE 7,k 8 16 {70 139 [] 3 298 299 6 359 393 {7 184 14) 2 293 248
15 174 432 1 8 422 He  7,Ks 13 0 8 129 124 7 255 288 18 119 135 3 169 140
Ha  6,Ke £7 2 703 630 1191 190 11 7 208 212 9 190 187 Ns  9,Ks 10 4 210 217
3 36 a17 3 124 99 2 208 182 12 8 273 278 10 143 183 1 213 201 6 270 269
9 243 272 4 310 308 6 190 213 13 9 632 637 11 208 203 2 353 366 6 310 294
8 236 249 S 481 465 7 233 219 14 11 495 520 43 {24 148 4 210 197 7 120 166
Y oarn 283 7 86 47 9 300 312 1 12 282 2%2 14 {87 187 s 2987 246 8 224 219
9 309 347 9 314 301 11 104 56 18 13 476 448 16 294 276 6 202 302 1f 188 188
10 188 189 10 521 456 14 192 191 s 15 263 259 19 119 9 7 26 214 12 130 120
12 120 98 11 197 180 Hs  7,Ke 14 (] 18 120 94 He 9,Ks 2 8 394 413 45 136 144
13 163 133 12 792 810 1 2% 269 1 Ha  8,Ke 11 1 L) 186 s 90 2 Ns 10,ks 2
Hs  6,Ks 18 13 150 158 3 248 262 2 0 313 283 2 448 454 11 290 270 1 702 685
? 127 138 14 223 208 4 143 103 3 4 117 1y 3 161 135 12 37 S8y 2 181 153
13 161 128 18 448 457 9 183 172 ] 8 {07 108 4 461 452 13 11 80 3 &82 &4
14 196 189 18 31 102 He  7,Ks |8 s 9 304 322 s 99 118 14 137 129 8 3¢ 330
15 432 04 Hs  7,Ks 8 1 208 218 [ 10 448 448 6 329 319 15 @8 272 Y 279 293
He  6,Km 19 2 299 289 3 389 389 ’ 11 823 817 7 130 108 18 $40 156 8 134 120
1 211 188 3 99 116 4 176 179 [} 12 261 226 8 893 B9 {7 122 146 9 437 %0
2 308 79 4 580 388 8 141 160 (] 14 125 100 ’ 97 b4 19 262 246 10 112 403
6 179 149 7 158 136 1209 218 1t 15 150 182 10 262 238 He  9,Ks 11 12 78 189
7 180 163 8 930 967 He  7,Ks 46 12 He B,Ks 12 11 231 288 4 38 379 13 427 403
9 102 101 9 134 130 2 98 a3 13 0 622 657 12 508 832 8 107 113 18 263 280
10 180 188 10 209 221 3 288 288 14 1 129 103 1y 200 213 6 227 RS9 16 $41 136
He  8,Ks 20 12 904 933 S 428 434 18 2 99 8 14 303 2080 Y 168 199 19 167 {50
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Table 2. Continued.

7 174
4 4 81 299 10 109 104 13 119 125 4 112 107 4 214 212 17 1
;. ;?&K. 6?7 ; ;;: 2:; 5 557 273 14 186 150 We (2,K8 6 6 121 40 5 104 82 HE I‘;K' 534
1 683 698 6 314 332 7 288 296 s 11,Ke 12 o 188 123 ;l }:;Kl ‘2! : ::; :;g l; :;7 513
L] 28 1 30 357 1134 102
: g:; :g: l: i;? li: 10 ;;; ;79 2 339 4 201 ?:1 : i:z ::; !: fé; ::: 3 ;3; gg;
4 25 219 13 108 115 1193 183 4 101 98 7 632 68} 4
8 141 126 16 {1y 80 5 845 (]
6 705 708 14 116 118 12 329 322 S 394 368 8 103 122 38 Mo 13ike 10 : s P
7 519 839 16 178 179 13 133 149 7 428 452 11 218 243 10 301 ’ N
86 12 200 180 1 i67 200 & 329 301
11 243 246 He 10,Km 12 14 311 291 9 307 M2 19 219 l’ i 520 198 2 1o S 10 250 228
13 144 140 2 298 298 Ha 1f,Xs 4 11 333 321 Ne 12,Ks 1 243
00 16 113 13 4 277 292 11 280
15 185 182 4 148 155 1 11 847 We §1,Ks 13 1 284 3 a2
S0 He {3,Ka 5 186 174 13 179 1
1% 100 122 8 175 173 2 122 100 1 176 187 3 s47 8 S
s 4 100 72 B 672 648 17 177 4
19 197 175 8 138 139 3 a7 421 2 520 524 4 310 30 HI R4 I o [ AN
Hz 10,Kz 4 He 10,Xx 13 4 o4 83 3 183 172 5 108 86 ;
3 126 94 8 182 193 o 107 3
0 830 868 0 232 208 5 594 893 5 {80 190 7 51 838 H
4 203 2268 10 207 178 1 315 30!
2 225 217 1 188 165 7 218 224 & 277 268 8 326 302 .
s L14 17 14 290 293 3 745 748
08 o FO I s 2 HtH A A Y 5 7 350 367 M {13,Ks |1 8 395 394
4 743 740 s 112 14} 9 180 156 8 188 174 10 2%0 238 . %%
8 287 256 { 203 293 7 115 1
5 218 220 7 199 209 10 108 116 12 3% 323 11 110 129 9 38 2
o 387 3 197 210 8 106
6 715 689 8 144 171 11 130 138 ME 11,Ks 14 13 2 59 £+
103 118 4 281 285 9 322 3
7 276 273 9 389 aro 12 240 250 1 187 Hs 12,Kks 8 l; i 4 s 44 Teé 12 1os 148
8 540 546 10 123 11t 14 127 134 2 %47 588 o 378 1 ; H b o
4 L] 57 1 140 146 14 120 108 LIl 178 1
:g ?gf :3‘0’ :; :;3 gg :; l}, l:g ; :Qg :95 2 330 383 17 103 lg? ;1. ::;Kl ::q :. ;:;K. 9;5
93 HE 13,Ks
13 155 13% Hs 10,Ks 14 HE Li,x= 8 8 13 133 S 204 1 e 09
90 2 440 483 2 362 384 1
1 a 4 : % 9 HEEH 44 o 208 I H 4 406 415 3 628 606 4 463 472
17 28t 226 2 14 140 2 23 262 14 114 100 8 543 534 33 208
57 6 28l 310 4 170 180 5 2
Hs 10,Ks 5 3 188 204 3 446 429 He 11,Ks {5 10 376 3 H H e
241 7 126 129 6 289 240 1
0 167 222 s 1N 129 4 336 S14 1103 L1 12 218 > 201
7 1 304 302 7 189 172 9 1
1 136 180 6 239 268 L] 90 a6 2 1%0 184 16 316 29 H i
2 236 228 8 211 asy 10 21 1
2 107 109 9 126 101 7 270 271 3 116 95 HE [2,K3 9 ‘5 : H A
1 199 9 123 109 11 1
3 124 92 10 13 142 8 60} 629 5 2%1 274 0 510 508 l’ 1 he 10 130 HH HEHH HH
4 359 L LY 11 286 290 9 248 261 9 173 187 1 301 313 1 1 H o 163
82 Hs 13,X= 3 11 110 124 1 1
5 24 19% e 10,Ke 18 12 M5 318 14 {16 a3 2 97 0t It
1 98 7 14 108 8 15 1
6 348 361 0 602 616 14 184 153 M 11,X3 36 3 176 184 2 309 364 e 130ke 18 v deke ta
7 140 138 1 287 293 15 182 141 1 138 164 4 448 48) H . I 83
Ja2 384 2 247 264 ) 2
8 28y 276 2 156 141 16 273 271 4 110 99 s 129 141 s 94 3 266 308
18 3 139 127 3 180 1
9 251 233 4 479 487 17 102 116 13 118 96 6 222 2 H s 406 397
920 88 6 399 406 6 138 2
I b i e i s 1w e 13 59 7 16y 186 7 142 140 o 184 193
13 318 309 He 1N,Kz 16 He 11,Kks 6 1 9 141 11 160 1 o i 122 o0
3 108 s 10 432 422 9 129
14 118 112 0 110 82 2 418 403 2 14} 145 1 we 13.ks 14 13 178 108
5 161 132 13 148 481 " 13,Ks 4
15 185 127 1 211 226 3 163 184 3 3 148 1 X H 1 H ] 2 5 331 He ta,xs 9
I R I RO T O A T B TP
21 159 156 3 201 224 6 518 515 4 202 187 0 24 2 ’ 4 3a0
634 1 592 594 Mz 13,Ks 8 13
He 10,Ks 6 4 133 1mn 7 316 318 6 110 115 3 59% i 2 128 144 . o) it 3 128 107
1 19 108 6 140 139 9 166 179 M 1],Ks )9 5 4906 H1A
33 238 238 6 13¢ 20 B 210
2 92z 42 7 108 128 10 217 216 5 234 208 6 116 12, H 28 HH M W - H 1 1
5 330 64 10 262 226 11 140 134 s 12,ks 0 7 516 521 ‘5. oy P z H 12 142 126
7 778 787 14 171 138 15 118 138 0 485 482 11 108 29 : 6 H
280 288 He 13,Ks |? 15 213 21
8 228 234 HE 10,K=s {7 16 196 174 2 37 329 16 158 129 H 38
Ks 11 8 17 109 2 20 208 16 120 k)
11 162 169 272 244 18 114 80 4 386 342 W {2, i N B4 11 o HA 1 128
12 264 272 4 154 133 19 164 132 6 820 793 0 2 ‘s 10
6 356 13 488 439 Me 13,Ke 18 W 14,
1 373 378 6 194 176 20 222 203 8 398 “Ji 1 3 H " %
15 153 144 2 79 278 11 1
15 157 208 10 112 102 HE 11,Kks 7 10 363 363 3 536 861 H o b4
58 185 17 248 23 4 166 141 1
16 127 140 He 10,Xw 18 1 4 459 12 306 326 4 1 H e 134K 19 5 319 it
20 235 14 118 12% 5 198 168 19 1Y 152 ’
Bifen SR i om wield 8 & Rhel Ll i
o 822 507 11 114 114 4 174 171 1 28 293 7 299 v xe 11
J 2 217 2 838 886 ] 8 [ 2] He 14, 1
1 104 73 He §0,XKm 19 7 382 a9 3 3w 344 10 2% H s b 3
os 149 3 63 623 2 683 875
4 23 216 0 414 496 9 453 450 4 198 219 14 2 T 3 360 © 38 328 1 tes 13
6 153 103 1 213 11 164 143 6 12t 126 He 12,K= | 01 220
48 S 4n 439 8 610 603 3 2
T 202 208 4 127 149 15 191 169 7 245 2468 1 1] 1 M 25 e
a8y 6 33 321 8 207 228 (1
8 286 267 M3 10,Kx 20 16 167 163 8 293 293 2 248 b HH
3 7 3 342 10 »2 364 5 1
9 261 249 9 L4y 126 Hs {1,ks B 9 94 54 3 148 1 H ” tH
19 122 8 223 201 14 161 172 1
11 113 1y Hs $0,K3 22 1 335 3668 10 102 94 4 191 22 s 220 B e e 11 44 He
12 149 134 0 1368 122 2 2w %4 15 120 122 5 t 2 o5 HITH o
6 155 173 11 235 247 0 224 2
14 110 124 3 125 66 4 198 188 He 12,k 3 H I A 9 ! i s be 1aone 12
W 10,Kn 8 He t1,Xs O s 201 1935 1 s 402 7 178 1 H o 798 788
3 476 492 8 1y 124 13 115 98 2 1173 184
Ve b PRy 2 7 1% it 5 los ims oy a2 e g8t w0z 3 3 3e 4 oue 47
3 1 1
2 888 578 8 277 8 240 257 7 294 334 13 1] 1 H 12 72
3T 18 (31 118 8 130 152 1
3 148 140 10 116 114 9 427 462 9 201 200 He {2,Ks § HEE 328
479 He {3,Xs 6 6 114 102
4 188 169 12 185 184 10 199 214 10 97 33 0 489 H b4 b
[ ] 440 1 180 148 7 109 199 1
8 106 130 16 138 18 12 189 178 ME 12,Ks 3 1 ay 44 6 189 197
33 2 208 207 2 209 307 8 204 |
12 129 133 L} m'(l 1 13 189 149 0 Iy 3 H o B 1ee 13
91 4 318 306 3 141 123 9 43 '
13 155 148 1 T TR O O T I 3 g ke dae 13
3§ 341 333 4 Se4 608 10 i I
14 121 103 2 sg 329 15 233 216 2 128 1 It " 1 323 316
78 7 164 183 8 239 256 13 20 1
17 118 132 3 490 19 176 184 4 140 HEE 188 § 203 213
s 332 339 8 10y r8 8 708 746 1
;g el :3; : b’z w . }:‘15“ 120 6 276 261  He 12,ks 14 10 o3 §;g g- :;6" 155 ] gg: :;;
3 220 12 24
H® 10,Ke 9 ? 294 5 37 378 7 258 260 0 1 141 336 o 141 180
8 168 227 1 4y a4y 16 7 148 1
’l’ 375 E:g l: 4:: 4:2 g ;:g é:: 9 492 516 3 838 :g: ‘l ::;Kl ‘;’ ; :;: ;:: :g ::2 1;:
78 416 4 114
D T MR ot S M i LI Ul s i 3w oo P R
2 201 M7 6 142 437 3 134 4% 11
: :e‘\; ::; :i m :g: }; :;: :;2 is 161 182 He 12,Ks 18 ; ::: ::: g ;:: ;:; ’Y“ :g?" ::l
3N
7 198 214 185 {48 123 15 19 172 HE 12,Ks 4 0 32 e S T 13 )
1] 1 144 132 8 334 386 He 14,
8 155 169 18§68 158 s {1,Xs 10 0 22 24 o s80 8 123 HA
5 2 4 168 144 7 tes 2 0 2
9 35t 382 19 161 160 2 Ss4&7 554 2 3 h 1] 3 e i1 10 171 184
3 203 8 138 122 8 245 282
10 114 102 Ho {{,ks 2 3 212 211 4 19 s T 200 o7 Ne 14,Ke 16
8 10 131 117 40 280 278
11 283 273 2 N 146 4 546 e08 6 484 “‘ 1 “ H14 o o B b1 1A Rt H
LTI T U I T LI I SR T LR AL Lo ta e tsae a8 o100 dee 4 E 112
He 10,XKs 10 4 1118 6 394 416 10 456 458 12, s 77 790 s 187 It
81 0 205 203 2 235 268
1 468 479 8 100 98 T o122 143 11 164 1 460 w48 7 123 100
5, 48 10 338 316 3 876 IY) 9
FEEEEEREEREREL R E LR BEE
7 99 87 1 184 118 6 29
FONs 40 41 de M5 12 N3 B2 Neadwe 8 3 200 214 Soioe ga o ouzoum s 40 e
1 160 138
8 13 13 1 136 164 15 188 182 0 193 148 ) i 2 237 Ne f4oKs 19
as Hs 12,Ks 18 10 183 170 1
11 218 241 14 182 196 18 1852 152 1 44 3 Pl +14 301 11 268 271 Ne Ldokm 4 0 180 143
14 118 105 15 222 202 ME {l,Ke {1 2283 20 4 308 301 1 208 274 We lka 4 0 A0 4
15 281 288 16 109 76 1 299 291 4 179 170 M 6 136 109 e 152 160
81 Me 12,8 20 He 13,Ke
ol At e FEE T AR A 0 195 185 1 192 208 7 421 429 B 238 282
0 440 473 1 438 408 3 28 285 & 233 229 56 166 12 5t HH
38 118 2 288 292 31 4
99 4 2 327 298 6 3y 353 9 d24 382 2 1 22 e 18,Ks g
: 208 é‘l 3 181 143 7 282 300 11 197 210 3 180 154 3 208 ars 13 116 1 ’
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STRUCTURE OF CYCLOOCTASARCOSYL 3223

Table 2. Continued.

123 230 4 507 498 s 203 211 M 18,K2 14 11135 143 9 208 288 5 146 143 ¢ 224 214

2 333 a4 6 120 146 He 16,z 4 2 199 134 12 127 165 1 27 106 9 172 44 s 188 127

3 211 216 12 138 134 0 112 128 s 208 203 He 17,Ks 12 208 188 W 19,Ks ¢ 10 138 140

6 174 163 Hs 18,K3 1} 1 273 247 9 169 130 1 152 132 He 18,Ks 4 L 124 N8 20,Xs 5

7 188 157 1 506 488 3 165 130 “s 16,Ke |8 3 307 294 0 706 695 5 1964 180 11 114

8 183 198 3 167 132 NE 16,ks 8 0 170 162 S 17t 189 1 128 110 7 233 a2y He 20,K=

11 230 222 8 434 47 0 528 543 1 114 138 6 117 103 2 197 188 11 229 214 1 274

12 126 133 7 13 59 1 422 a3y 6 130 130 7 158 21 3 127 07 Ne 15,Ke 9 328 62

He 15,Ks 2 11142 134 2 143 160 M 16,K% 16 9 116 78 4 203 283 9 170 189 M 20,

2 166 109 13 226 195 3 202 217 8 294 273 HE {7,ks 9 6 228 210 12 138 134 10 2 203

a4 538 593 He 15,2 12 4 124 16 7 135 100 1 145 14y 7 146 115 13 283 200 He 20,Ks

9 130 14 1129 134 6 100 33 Hm 16,Kn 17 3 1rs 182 He 18,Kkx & He 19,Ks & LY 154

13 102 a8 2 144 109 7 132 170 0 115 118 4 214 206 0 250 2 120 112 M 20,Ks

14 135 147 3 241 238 He 18,Kks 6 1 146 113 6 136 102 1142 138 7 136 124 5 1 122

He 15,k8 3 4 1y 83 0 228 202 W 17,ks 0 He 17,Kks 10 3 184 183 8 181 145 K 20,Ks 10

1 320 332 5 185 189 1498 495 2 172 188 2 0 238 4 152 159 32 148 ] 73

2 265 280 8 178 191 2 14e 122 4 194 170 4 171 193 S 111 103 N% 1D,Ks 7 He 20,K¥ 13

3 260 269 9 249 229 3 238 283 6 291 309 7 117 188 9 4 196 6 133 120 1 176

9 328 307 11 149 171 4 127 97 10 133 132 1t 130 139 He 18,Ks 8 e 10,Kx 8 N= 20,Ks 12

10 117 108 43 149 129 s 260 277 Ha {7,k 1 He 17,Kk= 11 7 180 147 0 224 1 139

11128 110 He 15,K3 13 7 110 89 2 264 264 1 280 226 9 259 Ha 19,k 9 Hs 20,Ke 13

13 159 130 1 40 100 9 400 398 s 159 172 2 182 166 He 18,Ks 7 3 108 98 11 97

Mz 15,ks 4 2 118 81 10 142 121 6 238 258 3 230 23 0 208 217 8 176 183 He 21,Ks

1 627 657 4 130 118 13 215 209 8 341 333 He {7,xe 12 4 149 108 9 188 144 1 174
184 181 8 121 98 15 115 140 12 139 132 1 0 138 He 18,Kn He §9,Ks 10 4 212 202

7 232 232 HE 15,K8 14 Ha 16,Kk3 7 He 17,ks 2 3 128 87 0 105 67 2 188 194 21y y82

8 180 167 1132 100 1 105 126 1104 109 4 131 139 4 162 129 6 233 201 9 151 320

11219 203 4 2335 214 2 196 198 4 170 174 HE 17,K= 13 6 169 167 10 131 98 He 21,km 2

12 174 170 7 123 M 3 107 101 s 171 189 1 4 92 12 162 138 WE {9,Kn 11 2 157 188

13 186 162 H2 18,Ks 185 6 222 201 6 568 671 2 150 112 HE 18,k 9 2 {62 180 4 215 196

Ha 15,Kk3 8 1 104 104 7 154 136 8 28y 277 3 189 161 10 1 122 164 154 6 {41 302

1 262 282 3 202 200 9 192 206 9 137 163 Ha 17,Kk= 14 1 13 148 s 1y 112 W= 21,ks 3

3 244 236 4 217 198 He 16,Kkx 8 10 276 247 4 231 208 We 18,Ke 10 M= 19,Ks 12 ] 153

5 178 186 6 120 98 ] ana 12 173 156 7 14t 124 [ 127 1 24 220

6 273 267 7 200 176 4 481 470 Mw 17,Ks 3 8 181 140 1 234 2y 4 108 968

7 245 263 Wz 15,43 18 6 215 199 2 183 169 He 17,Kn 18 5 201 208 S 246 D44

8 125 137 1 9 234 8 (65 176 3 406 403 t 161 128 9 223 232 He 19,Ks 13

10 274 269 He 15,Ks 18 12 190 {47 § 150 148 2 145 114 Ha 18,Km 11 4 206 208

11 306 300 4 130 132 He 16,z 9 7 364 361 6 157 122 [] 213 He 19,Ka 14

14 136 133 He 16,Xa 5 217 200 8 133 105 HE 17,Kn 16 6 202 192 2 17 148

HE 15,Ks 6 0 197 166 10 169 156 9 146 146 3 126 105 10 220 208 He 20,Kx O

2 327 3y 4 387 152 11 144 14§ HE 17,k 4 HE 17,KE 17 He 18,K3 12 (] 268

S 181 134 6 162 197 13 145 164 1 472 478 1139 89 0 8 288 4 414 404

He 15,Kn 8 426 107 14 144 136 3 265 296 Ne 18,Km 0 6 101 104 8 243 212

1109 68 10 533 500 Ha 16,k {0 5 233 197 0 374 410 He 18,K8 13 10 149 326

2 186 198 14 383 3y [} 90 6 139 174 2 137 189 6 1 114 12 254 238

3 350 333 16 13y 105 1 145 145 7 228 198 4 770 766 7y 232 228 Wm 20,Ks ¢

7 432 432 My 16,Kx 1 3 252 245 10 428 89 6 189 186 Ha 18,Ks 44 0 236 244

11139 144 0 216 229 6 168 151 He 17,km Y 8 239 298 3 239 229 1 162 458

15 188 143 1117 147 7 381 362 1 349 156 10 133 107 S 289 283 4 187 139

17 189 200 3 124 167 He 16,K= 11 2 72 2 14 138 g4 7 178 140 5 116 141 0

He 18,ks 8 4 385 397 [ 9 140 3 246 229 W 18,Ks | Hs 10,Ks 6 134 14y 2 240

1102 9t s 263 297 3 17t 161 s 127 123 o o7 97 2 127 93 7 164 148 4 143 136

4 120 110 7 339 32 4 183 179 6 113 89 3 148 4131 10 132 96 10 168 172 6 497 434

S 326 314 8 420 427 5 168 166 7 103 [ S 181 147 HE {9,Kx | 11182 146 8 192 168

9 247 234 9 342 3 6 126 140 15 106 84 7 243 248 4 163 g2 He 20,Ks 2 W 22,Ks 2

12 123 103 10 10t 59 He 16,K2 12 He 17,ks 68 12 138 123 7 124 96 1 182 202 6 143 31

15 154 141 He 16,Kx 2 2 120 118 2 323 338 Ha 18,Kks 2 s 107 73 3 279 2% 9 218 228

HE 35,Ke 0 99 57 4 126 124 4 220 215 0 {14 106 12 149 154 s 27 218 He 22,K= 4

2 427 438 1 252 272 10 159 196 6 295 280 1 106 78 13 167 144 7 208 198 0 184 68

4 290 290 3 1% 178 11 135 116 7 112 (3] 3 169 132 W 19,Ks 2 9 104 (3 4 111 128

5 175 178 8 474 455 He 16,Ks 13 8 110 111 5 132 a8 2 136 129 We 20,Ke 3 Ke 22,Ks B

6 114 112 He 16,Ks 2 21 194 12 202 202 7 108 80 6 158 138 0 136 113 1 102 98

8 251 275 0 200 237 3 263 266 He 17,Ks 7 He 18,kx 3 He 10,Ka 3 1138 12y Ne 23,Ks 2

12 225 223 1113 92 6 123 140 2 184 184 0 244 282 1179 160 8 124 127 2 204 108

16 118 106 2 134 148 7 130 148 5 131 104 5 190 174 2 277 2w He 20,Ks 4 He 23,ks

He 18,Ks 10 3 300 334 9 119 75 8 161 189 6 160 145 3 243 2y 0 16 93 3 14 418

2 W4 372 4 326 338 12 172 176 9 181 190 8 262 2w 4 206 179 2 123 1%

The structure was solved by direct methods and refined by full-matrix least
squares technique. Methylene hydrogen atom positions were calculated as-
suming C—H bond lenghts of 1.0 A. Neither the methyl nor the water hy-
drogens could be localized in the difference Fourier map, and are not included
in the calculations. Anisotropic temperature factors were introduced for O, N,
and C-atoms, and weights in least squares were calculated from the standard
deviations in intensities, o(I), taken as

o(l)=[Cr+ (0.02C )]}

were (' is the total number of counts and Cy the net count (peak minus
background). The conventional R-value arrived at was 7.2 9, (weighted value
R, =17.79) for 3471 observed reflections. The form factors used were those
of Hanson et al.® except for hydrogen.” Final fractional coordinates and
thermal vibration parameters are given in Table 1. The expression for aniso-
tropic vibration is:
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exp — (B11h2 + B22k? + B3312 + B12hk + B13hl + B23kl)

A comparison between observed and calculated structure factors is presented
in Table 2.

The principal axes of the thermal vibration ellipsoids for oxygen, nitrogen,
and carbon atoms were calculated from the temperature parameters of Table 1.
Maximum root mean s%uare amplitudes range from about 0.20 A for carbonyl
carbons to about 0.30 A for methyl carbon atoms and water oxygens. Due to
the size of the molecule, no rigid-body analysis of translational and librational
motion has been carried out.

Interatomic distances, bond angles, and dihedral angles are given in
Table 3. The standard deviations, given in parentheses, are estimated from
the correlation matrix of the last least squares refinement cycle. Fig. 1
shows the molecule viewed along [001].

Fig. 1. The molecule viewed along [001].

By averaging bond distances of Table 3, and comparing with the results
of the corresponding dimeric* and tetrameric® compounds, no significant
differences are observed:

Distance Cyclodisarcosyl Cyclotetrasarcosyl Cyclooctasarcosyl
CC—-CM 1.506 A 1.531 A 1.527 A
CC—-N 1.348 A 1.358 A 1.344 A
CcC-0 1.234 A 1.225 A 1.228 A
C-N 1.455 A 1.458 A 1.456 A
CM—-N 1.475 A 1.467 A 1.483 A
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Table 3. Interatomic distances, bond angles and dihedral angles with estimated standard

deviations.
DISTANCE &y DISTANCE o) DISTANCE &
01 « CCt 1,227¢ %) 02 « CC2 1,234¢ 3) 03 « CC3 1,234¢ 9
04 = CC4 1,222¢ %) 0% « CCS 1,219¢ 8) 06 « CC8 1,233¢ )
07 e CCY 1,227¢ %) 08 e CC8 1,238¢ %) N1 o CNY §1,488( 8)
N2 » CM2 1,479¢C 6) N3 o CM3 1,480¢ 6) Nd = CM4 $,483¢ &)
NS e (MY 1,481¢ 6) N& v CM6 1,487¢ 6) N7 o CM? $1.,487C 6)
LI N e C1 1,484¢( 6) N2 o C2 §,482( 6)
NI . N4 @ C4  1,440( 6) N5 e C8 1,451 6)
NG = N? e C7 1,452¢ 8) NS w C8  §,447C 8)
Nl = N2 = CC2 1,352¢( 6) N3 e CC3 1,339¢ 6)
NG o NS = CC5 1,3%0( o) N6 o CC6 1,338¢ 0)
NY e N8 e CCO 1,338¢ 6) C1 » CC2 1.,519¢ 7)
€2« €3 = CC4  1,836( 7) C4 = CCS  1,831¢ 7)
C5 = C6 = CC? 1.526¢ 7) C? = CC8 1.5200 7)
co ~ Ovi = 0V2, 2,787¢( 6) 0vL = OV3 2,743¢ 6)
ove « ov3 =« 08 2,868¢( 6) 0vV2 e Ova 2,928¢ 7)
ove » 06 =« 0OVi 2,791 8) ovVy = 0OV4 2,0864¢ 8)
o) t*)
. 124,94(46) - 121,79(486)
- 122,55(47) - 121,90(48)
- 122,93(46) . 121,99(458)
- 121,72(47) . 12 6(46)
- 120,84(46) . 121,26(43)
. 123,92(48) . 12! 6(46)
- 12 1(48) - 120,02(¢43)
- 12 6(47) . 120,51 (45)
- 116,87 (41) . 118,99 (43)
- 116,31(43) - 116,60(44)
. 116,20¢41) . 118,08(41)
- 118,29(43) - 117,33(43)
- 119,15¢39) - 123,68(43)
- 124,064(43) - e CC4 118,37(4)
- 119,10(42) . . CC6 122,83(43)
- 124,27 (42) - - CCO 118,20¢42)
M 117.36(42) . ° N2 116,88(44)
- 116,53(44) - o N4 117,24(45)
- 116,23(43) - - N6 117,98(44)
- 117,11(43) - e N8 117,73(44)
- 123,62(42) - . c2 116,76(44)
- 118,82(43) - e C4 125,03(45)
- . - C6 11 7(42)
. . e €8 123,79(44)
- - e CC3 11 6(43)
- - - CCY 11 4(44)
- 112,36(44) - 110,38(42)
- 110,80(44) 111,86(44)
. 149,97 33) 132,15(22)
M 83,23(18) 115,40(19)
0V2 « Ov4 o 03" 148,08(22) ® CCI  144,55(36)
0vV4 « 0V2 = 02 134,41(22) 0vd = 0vV2 e OV) 91,60(17)
06 « OVl = OV2 141,19(20) 08 « OVl OVJ. 127 ,46¢19)
OV4 = OVI = 08" 121,82(19) OV = OV4 = 03 111,78(18)
0Vy e« OV) « OV4 93,75€17) OVy o Ovd « OV2 80,68(16)
OIHEORAL ANGLE t®) DINEDRAL ANGLE tey
€CY1 « N{ « (C1 e CC2 -77,50(60) Ni » Ci » CC2 @« N2 -167,51(4))
Cl @« CC2 » N2 @ C2 ~169,68(44) CC2 » N2 o . 70,99(64)
N2 @« C2 o CCI @ NI =157,60(44) €2 » CCY o ~=178,20(46)
CC3 = NI o C3 e CC4 93,12(57) NI e (3 e -179,39(4)
C3 @« CCd o N4 @ C4 -1,080(75) CC4 » N4 o C4 o CCS -10 9(36)
Ne = Cdéd » CCS5 =« NS 179,76(43) C4 o CCS @« NS = (3 ~19,80(69)
CC5 » NS » C35 = CCS -72,30(63) NS o (5 @ CC6 » NS -1687,04(4))
CS o CC6 o N6 = (6 =171,72(48) CC8 = N6 w (6 = CC7 77,83(385)
NS @ C8 o CC7 @ N7 =173,83(41) C6 o CC? o N7 o €7 =173,04(4))
CC? = N7 « C7 @ CC8 83,87(57) N7 » C7? @ CC8 « N3 =172,52(44)
C7 «CCO = N3 o (8 -5,60(73) CCB « N8 o (B « CCY -91,88(38)
NS o €8 o CCI e NI =173,36(42) €O o CCl o Nl o CI -9,00(67)

The geometry of the cis and trans amide groups, respectively, is roughly
the same as for cyclotetrasarcosyl:

Angle

(CM —~N —CC)cis
(CM — N —CC)trans
(C—N—-CC)ces
(C—N —CC)trans

Cyclotetrasarcosyl

119.8°
124.3°
123.9°
120.1°

Cyclooctasarcosyl

118.7°
123.9°
123.8°
117.2°

The corresponding angles in cyclodisarcosyl, where the amide group has the
cis conformation, are 119.7° and 124.6°, respectively.

Acta Chem. Scand. 27 (1973) No. 9



3226 P. GROTH

As may be seen from Fig. 1, the ring has an open conformation with the
inner volume filled by a cluster of four water molecules which participate in
a network of inter- as well as intra-molecular hydrogen bond bridges. The four
water oxygens are situated at the corners of a somewhat distorted square with
OV -0V -0V angles of about 81°, 91°, 85°, and 93°, and OV...OV bondlengths
ranging from 2.743 A to 2.920 A. The two OV-..O bond distances of the intra-
molecular hydrogen-bond bridge are 2.791 A and 2.814 A, respectively. The
OV...0 distances of the two inter-molecular bridges, linking different sym-
metry related molecules, are somewhat longer: OV3..08'=2.868 A,
OV4...03"=2.883 A. The OV—-0OV -0 angles are distributed over a wide
range (from 112° to 150°).

There are no direct transannular interactions to be held responsible, as
originally thought,? for the rigity of this rather large ring. Since, from IR-
spectra, it can be stated that the same conformation persists in CHCl, solution,
where no water molecules are present to form transannular bridges, the ex-
planation must be sought in the intrinsic conformation of the peptide chain
itself.8

Fig. 1 clearly shows that the ring conformation is cis,cis,trans,trans,cis,
cis,trans,trans. It might also be seen that each of the four pairs of diametrically
placed amino-acid residues is related by an approximate two fold axis of
symmetry.

Apart from the hydrogen bonds, no short intermolecular distances are ob-
served.
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