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Crystal Structure of Cyclopentasarcosyl Dihydrate

P. GROTH

Department of Chemistry, University of Oslo, Oslo 3, Norway

The crystals belong to the monoclinic system with space group
P2,/c and cell dimensions a=9.31, A, b=30.15, A, c=17.81, A,
p=113.7,°. There are four molecules in the unit cell. The phase
problem was solved by direct methods, and the R-value arrived at for
2298 observed reflections was 7.6 9. The conformation is css, cis, cis,
trans, trans. The water molecules participate in a network of inter-
molecular hydrogen-bond bridges. Bond distances and angles are
compared with those of cyclotetrasarcosyl and cyclooctasarcosyl.

yelic oligopeptides of sarcosine of the general formula are studied by Dale
and Titlestad, mainly by spectroscopic methods.’;? For the pentameric

compound there is strong NMR-evidence for one preferred conformation in
solution.! From symmetry arguments it could be concluded that the conforma-
tion is a mixture of cis and frans amino acid residues. Whether or not this
conformation persists in the solid could not be decided by IR-spectroscopy.
However, by dissolving the crystals in chloroform at low temperature (— 50°C),
and slowly heating the solution, no essential changes in the NMR-spectra
recorded at different temperatures were observed.? In order to obtain detailed
information of the molecular geometry, an X-ray crystallographic investiga-
tion of cyclopentasarcosyl has been carried out.

The crystals belong to the monoclinic system and the systematic absences
lead to the space group P2,/c. The cell parameters measured by means of
a four circle diffractometer, and their estimated standard deviations are:

a=9.316(2) A, 5=30.154(8) A, c=17.818(1) A, p=113.71(1)°
With four molecules per unit cell the calculated density is p.=1.17 g cm™3.
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3420 P. GROTH

The observed density, g, =1.28 g ecm=3, corresponds to a difference in molecular
weight of 36, which is accounted for by assuming the presence of two water
molecules per asymmetric unit.

Whith 20(max)=50° and MoK«-radiation, about 3800 independent re-
flections were measured on an automatic four-circle diffractometer. Using
an observed-unobserved cutoff at 2.5¢(I), 2298 were recorded as observed.
No corrections have been made for absorption or secondary extinction effects.

The structure was solved by direct methods and refined by full-matrix
least squares technique. Methylene hydrogen atom position were calculated.
Neither the methyl nor the water hydrogens 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(), taken as

o(I)=[Cr+(0.02 O]t

where (' is the total number of counts and Cy the net count (peak minus
background). The conventional R-value arrived at was 7.6 9, (weighted value
Ry =17.9 %) for 2298 observed reflections. The form factors used were those
of Hanson et al.® except for hydrogen.* The final fractional coordinates and
thermal vibration parameters are given in Table 1. The expression for aniso-
tropic vibration is:

exp [ — (Byyh?+ Byk? + Byyl® + Byohk + B ghl + Bygkl)]

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

estimated standard deviations (multiplied by 10° for non-hydrogens and 10* for

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

tATOM x v 7 ) LY} 022 833 "2 "s 823

ot $0603(43)  21235(12) 38273(53) 1798¢ 69) 182 6) 2320¢ 97) 93¢ 32) 1361(139) 41t 38)
02 127433 (41)  19168(12) 34720(49) 1132¢ 57)  169( 6) 2629( 92)  «86( 39) e327(127) 28¢ 37)
03 109303(46)  5189(13) 51049(53) 1986¢ 72)  176( 6) 3IB41(102)  876( I6) 1364(148)  396¢ 42)
04 73795(42) 13112(12) 6463(46) 1965¢ 69)  117C 6) 2306( 98) 10 32)  1192(127)  188¢ 34)
08 48592(43)  {1314(11)  8056(49) 1963¢ 7@)  122( 8) 2058( 8%) 28¢ 30)  716(128)  288( 34)
Ny 77820(45) 21664(13) 32392(54) 1137¢ 88)  104( 8) 2104(182)  «64( 32)  120(138) 13¢ 37)
N2 $2070(48) 10394(14) 49215(56) 1309¢ 72) 1110 6) 2158(102)  206( 34)  €68(147) J0( 39)
w3 89357(54)  6312(13)  8449(56) 1842¢ 85)  121( 6) 2P46(104)  196( I7) 4208(161) 08( 40)
Na 43894(52) 11318(14) »21666(59) 1814C 83)  124C 6) 1696( 99) wd( 38)  141(158) w113 41)
NS 35051 (48) 19509(13)  8879(59) 1190¢ 72)  131¢C 6) 2175(110)  102( 34) S5(147)  e87( 42)
(13 49181 (88) 20329(18) 22109(78) 1200( 89) 84C 6) 2325(137)  197¢ 38)  838(198) «8( 47)
cc2 87292(56) 18400(16) 42763(67) 978(¢ 79)  122C 7) 1921(114)  «i10( 41)  €97(187)  e48( 47)
ccs 99383(63)  7810(18) 41360(74) 1308¢ 89)  §16C 7) 2207(137)  122( 4¢)  794(187)  172( 52)
cc4 70372(66)  9282(19) w4598(69) 19440107)  118C 7)  1853(124) 1( 50) 1871(196)  e85¢ 81
ccs 41179(55)  13153(16) 7323(78) 1118¢ 02) 107 7) 1878(125) 1480 ID) e174(17R) 23 82)
cy 63918(58) 20856(18) 16591(71) 1210¢ 86) 98¢ 7) 1708(128)  «36( 39)  257¢167) 24¢ 49}
€2 89572(87) 13746(17) 39068(91) 1437( 96) O7( 7) 2145(149)  {73¢ 42)  I78(21I)  «dB( 49)
€3 93861(71)  8138(22) 20633(81) 1701€112) 1520 9) 2B33(153)  142( 63) 1413(213)  269¢ 61)
t4 83014(78)  7571(20) «17262(91) 23120128) 1140 8) 2232(150)  +53( 54)  063({238) ey76( 88)
3] 34220(78) 17843(18) 90447 (74) 12210 93)  120¢ @) {778(131) 19¢ 46)  #323(183)  122¢ 33)
[T} 02944(67) 26407(16) 3I6136(74) 25210111) 93¢ 7Y 2763(143) «3ISL( 48)  TE7(209) e119( 48)
cH2 98820(6V)  9064(18) 69566(68) 2427(124)  198( 8) 1661(124) a3c $2) 12320207 93¢ 82)

[LH] 77119€80)  1780(17) 104185(82) 3208(149) 06¢ 7) 3254(169)  116( $4) 1929(264) 284 %4)

cHa 390QE(79) 13655(21) »39755(79) 2601 (138)  222( 18) 1435(124)  181( 63)  TRG(214)  144( 37)
cHs 21624(68) 18818(26) 13183(93) 1016( 92)  346( 15) I061(190)  w4d( 61) 1779(231) 326¢ 86)
ovt 26896(48)  263(13) 38504(50) 2249( 88)  194( 6) 3I9@7(128) 69( 37) 2635(1668)  vd2( 43)
ove 49560(58)  4379(16) 33197 (71) JBBAC106)  284¢ 8) BOAI(LVL)  290( 49) 3I731(220) 1364( 64)
Hit 6273¢58)  2335(17) 92069)  8,2(1,3)

Hi2 6355(43)  1813(13) 922(51)  2,6¢ ,9)

W21 7641¢59)  1338(16)  2000(74)  4,5(1,3)

W22 7269(67)  1378(18)  4505(73)  6,4(1,8)

H3§ 10614(72) S33(18)  1740(77)  8,4(1,6)

W32 9655(56)  1125(17)  1720(63)  4,8(1,))

Hay 8919(67) 820(19) «=1867¢77)  6,4(1,7)

Ha2 8310¢51) 640(14) @3047(87)  4,1(1,1)

w8y 2242(70)  1837(17) «1784(73)  6,3(1,3)

w82 4054(49)  1968(13) 1413(54)  2,9(3,8)
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CYCLOPENTASARCOSYL DIHYDRATE 3421

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

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

Hs  0,L8e12 8 203 276 10 129 127 26 38 29 15 84 77 32 58 41 9 243 244
87 s 7

2 9 168 180 1 69 55 27 90 88 19 65 35 33 L1} t4 10 478 176
s O,Lmett 10 108 115 12 82 9 29 69 59 20 1] L4 34 2] 32 11 o8 74
21 269 269 13 73 68 3 80 63 21 42 38 HE  {,ise | 12 107 104
He  O,L==10 12 216 213 14 207 205 He O,Ls S 26 %9 11072 1183 13 28 aa
4 13 211 206 18 37 16 t 107 111 He  {,(se¢ 5 3 1048 1206 14 82 7
21 49 32 16 85 LL] 16 390 382 2 14 137 1 L] 4 1473 1599 19 36 34
25 8 10 17 110 120 17 130 108 4 131 127 L1 44 L L} 270 16 100 ”
Hs  O,Lse 9 18 4 30 18 286 292 5 46 3s 3 W 82 6 724 728 (7 137 141
s S, 3 19 72 79 19 336 338 9 4 48 4 92 1] 7 374 a6 18 240 2%2
] sS4 86 20 265 281 20 208 203 10 7% 173 s 4 40 9 ass g2 20 123 123
11 5 42 21 38 38 21 223 230 12 6 34 7 110 10 26y 285 22 223 225
He O,LEz= 8 22 07 108 22 148 140 13 206 207 10 50 1 220 187 as 7 74

1% 5 4 28 108 110 32 58 67 18 (1] 6s 22 30 16 229 216 1 240 4
HE  O,Lze 7 30 a5 38 37 79 68 22 54 s 23 17 47 12 186 169
1 82 31 102 92 Hs O,Ls 2 23 62 (1] 24 103 18 447 458 4 14 127
2 L1 87 34 82 50 0 654 1 24 149 137 W S 49 19 60 38 9 (24 L3
38 59 3% 48 15 1 332 367 25 68 S Mz t,La» 4 20 73 89 ¢ 315 132
4 76 76 39 1 S 2 140 134 30 54 L1} [ 670 21 7 102 7 69 L1
5 112 104 0)Lze 2 3 69 40 31 a7 54 118 108 22 16 121 [ 114 247
9 89 a 2 387 4 412 443 Ns O,L= & (14 6 23 64 161 ’ 243 234

6
7
]

Hs  O,Le= S 34 74 65 3 89 51 13 79 70 2 325 254 18 158 162 176 171
1 107 114 37 57 51 39 a7 4 15 50 40 3
2 144 137 39 57 4 Hs  0O,Lx 3 16 84 62 4 56 55 20 49 45 260 266
a 127 127 LEBNDRE LN} 1 204 195 19 74 56 L} 89 9 2 67 82 173 172
5 sn s 2?2 253 295 213 194 22 48 40 6 107 72 22 222 214 180 188
9 59 48 3 408 407 187 172 ve O,L® 8 LA t 24 130 23 89 3 78 590
8
9

22 58 65 12 80 A9 13 212 208 1 52 44 17 108 122 1 0o 28 5 aQ
2y 68 65 14 205 206 16 B4 84 Me  0,L® §0 19 88 81 3 404 397 29 95 97
24 147 137 18 387 352 17 117 119 15 48 20 174 179 S 31 312 30 56 48
25 86 86 17 123 109 18 42 30 Hs  0,Ls 1} 21 99 L1 6 712 678 L 5
30 48 43 18 288 293 19 68 79 24 53 3 22 12y 112 s 112 1068 9 79
31 4 55 19 336 336 20 270 280 Hs f,Lze O 24 259 269 9 173 17y 93 100
He O,Luee 4 20 204 204 21 39 30 1 58 35 25 189 202 10 610 554 187 182

sS4
64
28 4 34 32 74 100 42 22 1y 148 17 38 24 34 1] 58
29 %2 59 34 49 42 11 59 61 a“ 69 18 175 162 Hs 1w 2 2 a2
3s 52 38 38 87 84 13 a8 58 L1 94 20 108 93 0 182 212 167 168
3 80 64 N N,L3 | 14 270 293 65 71 21 S4 4 1 126 109 o4 a9
e O,Lse 3 48 9 18 159 183 194 1585 22 72 144 2 045 774 11 100 109
1 03 1 2 250 295 16 161 170 127 131 2y 107 104 3 93 69 12 141 147
2 203 194 3 78 407 47 92 81 10 133 148 25 42 s 4 728 635 |4 109 (1)
3 185 172 5 318 382 19 150 163 1 74 7 26 79 s S 518 404 15 66 60
4 239 220 6 1386 1309 20 183 153 12 82 L34 27 o 48 ¢ 217 178 17 118 106
6 196 184 8 207 249 21 169 183 13 69 58 28 4 9 7 a2 421 20 64 40
7 3se 368 ? 217 190 25 207 193 14 94 9 29 63 s LI 134 486 e f,ls 7
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Table 2. Continued.

24 74 s LiJ 14 n 73
a8 a5 S0 o 15 164 189
M8 2,Lee 3 1 %4 " 60
1 9 600 2 18 127 130
2 306 299 3 19 118 (23
399 109 . 20 4 61
4 1959 156 L] 21 34 55
5 270 266 . 22 103 109
6 175 176 4 2?6
7 225 208 [J He 3,is 3
8 227 22% 9 1 15 109
9 38 294 10 2 116 112
10 234 228 i 3 102 o
11 347 353 12 4 55 54
12 214 204 14 3 220 217
13 121 115 16 6 198 192
16 74 96 17 e 3 2
15 266 248 18 10 56 "
16 66 69 19 11 s 9
18 118 128 20 13 0 20
19 116 120 21 14 78 73
20 128 128 22 16 82 L1}
22 173 174 23 18 ” 9
23 80 93 24 19 46 60
24 111 98 28 Hs  J,Ls 6
26 40 24 29 o 4
27 403 e 30 1 118 110
28 55 39 L1 2 60 32
ELET a 1 3 108 107
32 84 39 ? 4 (1] 72
He 2,Lse 2 3 5 61 63
1 423 431 4 7 60 194
2 1046 915 s 8 142 1)y
3 279 274 L] 9 69 94
4 566 805 . 10 80 L3
$ 1050 1008 11 12 T8 70
6 495 497 12 13 9 97
7 876 495 13 Wz 3J,Le 7
A 85 7% 15 2 1] 65
9 34 58 16 5 4e a8
11 265 273 17 He  d,LEe 9
12 118 114 18 [] ) 25
13 4 34 21 HE  d,Lee 8
14 213 204 22 1 64 33
15 147 148 23 3 62 Se
16 57 84 24 6 20 72
17 4 73 28 10 85 st
18 175 y7a 28 HE  d,Lme ¥
19 91 98 3 1 2 a
21 110 19 HE 2 210 199
22 124 324 0 s e o
2y 77 77 1 8 127 427
26 a8 53 2 123 121
25 a3 a“ 3 10 83 89
27 112 11 ] 1 o4 es
28 79 (1] 6 12 7 6
29 sa 49 8 15 110 109
3 80 58 ° 16 44 40
HE  2,l3= | 10 HE 4, 30 6
1 8 744 1 0o 9
33 36 12 1 92 "“
4 343 294 13 2 115 116
S 205 177 14 3 43 53
& 680 607 16 4 52 63
7 796 824 17 6 110 12
8 146 149 18 FAN T 84
9 824 531 19 ? 196 196
10 80 60 20 14 L 1} (1]
1279 2%9 21 16 63 6
12 2%0 206 2 19 56 a
13 110 107 25 21 78 67
14 236 256 26 22 139 122
15 176 176 29 a4 89 52
16 176 179 32 27 e 56
17 176 170 E e 4,lme §
1 57 55 1 1 13 128
19 17¢ 189 2 2 118 122
21 108 1058 3 4 194 193
22 53 4y 4 s
a3 a7 49 L] e 178 168
26 111 123 6 7 179 203
s 72 es 14 L1 37
a6 221 224 s 10 123 138
a7 4 46 * 11 106 109
29 76 89 10 12 114 122
3 63 62 11 13 123 120
32 60 a6 12 14 69
He 2,Lx 0 13 13 108 104
Q 506 571 14 14 87 70
1 1118 1081 15 19 (1} 82
2 147 14 17 20 121 120
3 388 366 19 22 49 4y
4 631 523 20 24 7 65
5 626 649 22 25 L1} 7
6 1081 971 23 20 4" 36
7 488 418 24 27 2 4
e 737 680 23 He  4,Lme &
10 249 297 2 0 134 1
1y 329 k14 1 286 2y
12 354 352 28 2 24 83
13 184 108 30 3 70 78
14 372 3¢ 32 4 138 148
18 252 232 34 3 (1] (1]
16 165 180 He 6 126 147
17 218 212 0 14 a7 83
19 76 64 1 218 218
20 183 153 3 LI 1} e
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CYCLOPENTASARCOSYL DIHYDRATE

Table 2. Continued.

Ns  S,Lx= 7 15 138 134 17 113 103
46 4 1 E

7 98 106 17 45 33 24 &3 PH
L 83 81 18 LL} 95 Hz 5,Ls 4
9 56 55 20 164 16% 0 174 156
1 102 110
2 95 101
3 73 89
19 S8 40 27 55 46 4 185 188
6 112 108
7 124 138
Atz 102

151 1458 79 89 L] ar 1%
52 24 14 44 @ 14 82 ag
21 a3 9 15 67 a4 Ha  f,Lze 8
25 82 72 16 105 214 2 56 4“6
Hs 5,Lz= 5 17 148 184 Hx  6,Laa 7
2 101 105 18 120 137 1 98 b

13 75 67 0 124 138 20 5 2
14 122 121 1 74 78 Ha  6,Lsw 6

15 115 132 2 247 250 0 225 245
17 52 57 3 172 170 1 245 248
19 65 67 4 152 154 3 138 132
20 44 31 El a7 33 4 55 65
21 50 60 6 62 55 5 67 66
26 70 67 8 48 85 Ll 73 69
28 51 32 9 139 136 8 1%0 158

HE S5, == 4 1 49 hd 9

4 1
10 56 69 98 192 4 114 1z
11 a6 53 74 74 5 102 L1
17 157 180 146 157 6 155 161
20 52 49 138 154 in 108 99
21 a4 a7 17% 182 12 80 99

1 313 294 28 78 72 29 S8 a7
2 247 258 Mz S,Ls 3 He  b,Lz= 3

3 64 68 1 88 96 193 94
4 85 69 3 129 119 2 123 123
6 56 58 4 283 390 5 105 106
7 280 289 6 72 86 6 %2 au
8 217 227 7 75 68 7 240 243
9 155 144 9 52 45 9 189 197

12194 190 13 64 St 13129 145
13 48 38 4 A2 84 14 64 62
14 188 170 16 49 46 15 103 103
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167 176
109 107
121 119
211 210
113 119
58 80
62 61
56 52
100 97
72 76
SsLm 3
180 191
62 a6
99 91
259 239
84 77
108 114
78 86
75 89
12% 132
38 60
112 121
. 54
74 r0
LAY
66 61
74 69
ey 70
a5 21
53 35
B,L» 5
60 36
54 82
98 91
TiLee 8
3 40
ad 3
s0 4
Pilne 7
5 69
141 133
5 3
72 63
4 45
7,0 6
97 195
70 53
66 66
76 (3]
96 84
04 n
47 33
48 a5
7.lae §
142 147
45 35
43 59
151 154
79 66
88 85
70 86
58 98
90 74
Vilme 4
120 124
83

94 L1
61 )
38 32
4?2 30
58 56
96 92
79 79
45 50
75 74
sy 82
57 533
68 39
(1] 85
4 39
a“ 20
7ilue 3
62 40
56 74
103 88
113 107
82 35
43 37
112 112
) 99
84 70
(1] 68
86 79
63 59
7 64
48 L} ]
L sy
48 42
7,Lee 2
205 197
125 126

ISNAU~TOa

118 123
145 130
106 108
80 83
70 60
139 146
99 127
40 35
170 163
159 158
155 161
99 93
1Y 64
a7 a6
7 Lmw t

E24%

138 151
257 260
113 119
a2 36
79 78
231 228
223 225
261 274
199 203
163 159
79 13
(3] 79
108 110
98 102
64 s
44 39
51 53
Tix O

177

137 143
158 158
154 164
108 123
80 78
182 184
186 194
183 183
63 80
73 68
69 8y
122 120
43 37
62 65
31 20
53 42
94 84
Tils 1

101 1o
o6 104
117 109
256 263
176 166
184 154
161 186
a o1
60 64
176 174
57 50
72 74
84 77
81 83
90 L1
T/l 2

82 78
41 40
40 43
4 35
124 121
48 28
83 82
68 75
T, 3

45 ar
81 L1}
48 40
63 52
a“ 32
52 @2
62 5
74 14
7,Ls 4

4@ 45
89 84
43 31
78 63
8,Lxe 8

50 40
4 3a
8,Lew 7

62 51
43 50
69 61
54 as
a4 37
8)Lme &

NINTAOINGUmINGNU=OIN Ao
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3424 P. GROTH

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 squares amplitudes range from about 0.28 A for carbonyl
carbons to about 0.40 A for methyl carbon atoms and water oxygens. Due
to the size of the molecule, no rigid-body analysis of translational, librational,
and screw motion has been carried out.

Interatomic distances, bond angles and dihedral angles are given in Table 3.
The standard deviations, given in parantheses, are estimated from the correla-
tion matrix of the last least squares refinement cycle. Fig. 1 shows the molecule
viewed along [0 0 1].

/'.‘>ov2'

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

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

Distance cycotetrasarcosyl cyclooctasarcosyl cyclopentasarcosyl
CC-C 1.531 A 1.527 A 1.530 A
CC-N 1.358 1.344 1.345
CC-0 1.225 1.228 1.232

C-N 1.458 1.456 1.453
CM-N 1.467 1.483 1.487

The somewhat longer CM-N distances of cycloocta- and cyclopentasarcosyl
are possibly connected with the fact that methyl hydrogens were localized
for the tetrameric compound, but not for the other two.

The geometry of the cis and trans amide groups, respectively, is also
roughly the same:

Angle cyclotetrasarcosyl cyclooctasarcosyl cyclopentasarcosyl
(CM-N-CC)cis 119.8° 118.7° 118.6°
(CM-N-CC)trans 124.3 123.9 123.5
(C-N-CC)cis 123.9 123.8 122.8
(C-N-CC)trans 120.1 117.2 117.5

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



CYCLOPENTASARCOSYL DIHYDRATE 3426

Table 3. Interatomic distances, bond angles and dihedral angles with estimated standard

deviations.
DISTANCE k) OISTANCE 13 DISTANCE 13}
0f « cCt  1,236¢ 8) 02 « CC2  1,227¢ 8) 03 = €C3  1,235¢ 6)
04 » CC4 1,223¢ 6) 08 « CC5 1,236( 6) N1 o CMY 1,499¢ &)
N2 o CM2 1,495¢ 6) N3 < CM3 1,479( 6) N4 o CM4 1,487( 8)
NS o NS 1,473¢ 7) €ClL « NS 1,387( 6) €2 e Ny 1,352( 8)
CC3 » N2 1,325¢ 6) CC4 « N3 1,357¢ 6) CCS « N4 1,326(¢ 6)
cCt «» €y 1,518¢ 7) cC2 « €2 1,317¢ 7) CCy » C3 1,337¢ 7)
CC4 » C4 1,544¢ 8) ccy = CS 1,337¢ 7y Nl o () 1,456( 8)
N2 » C2 1,455¢ 6) N3 » C3 1,489¢ 7) N4 = C4 1,460¢ 7)
NS » €8 1,433¢ 6) 03 v OVI  2,748( 6} 03 » OV2  2,747C §)
ovy e Ov2 2,735¢ 6) ovy - Ov2 2,736t &)
ANGLE ) ANGLE )
NS e CCL e O1  122,2( 8) 0t o €CI o C1  124,7¢ 8)
Nl e CC2 o 02 122,8¢ 4) 02 o CC2w €2 120,9¢ &)
N2 e CC3 @ 03 121,1( B) 03 » CEI o €3 117,00 8)
N3 « CCa ¢ 04 122,6( 8) 04 » CC4 o C4 110,6( 8)
Né = CC5 @ 08  §22,1( B) 08 » CC8 « C3  118,6¢ 8)
€l e Ni e CHL  118,4¢ &) €M1 e NI o CC2  119,9¢ 6)
€2 = N2 e C¥2 117,50 %) €N2 o N2 w €C3  118,4( &)
€3 = N3 e CM) 146,8¢ 8) CMI o NS o CC4 124,40 9)
Cé o N o CHA 118,70 8) CM4 » N4 = CCO  122,8¢ 8)
€5 « NS o CMS 119,0( 5) CHS » NS o CCH 117,8¢ 8
NS @ CCt w CI  116,1( 8) Nl » CE2 e €2 116,4C 4)
N2 o CCY » (€3 12t,8( %) NS o CC4 o C4 110,8¢ 3)
Ne e CCS e €8 §19,1C 8) €t o € s Nt 113,40 &)
€2 e C2 o N2 112,8¢ &) €3 e 3¢ N 114,8¢ 8)
CCa o Cho NE  107,9( &) €C5» €S e NS  111,2¢ &)
€1 » Ni e CC2 123,6( &) €2 « N2 o CC3 124,1¢ 8)
€3 e N3 w CCe 119,00 8) €4 e N& o CCB 116,00 §)
€5 « NS e CCH 120,8( %) 0¥l » OV2 ¢ 03 128,0( 2)
0V2 « 03 » CC3 187,70 ) 03 « OVy = OV2 $102¢ 2)
€C3 « 03 @ OV 326,1¢ 4) D3 » OV3 » OV2  113,1¢ 2)
0V2 « OVy e OV2 87,7¢ 2) 0VY e OY2 o 05 139,7¢ 2)
DINEORAL ANGLE ) DIMEDRAL ANGLE )
NS w CCl » C1 @ N ~1768,2¢ &) CCy @ C§ » Nt e €C2 89,1¢ 8)
Cle NloCC2e C2 -9,1¢ 1) N wCC2e C2 e N2 173,4( 8)
€C2 @« C2 ¢ N2 w CC3 -102,8( 6) €2 e N2 o (CC3 e €3 —-1,1( 8)
N2 « CC3 » C3 & NI -78,0¢ 7) CCI = €3 ¢ NI @ CC4 122,7(¢ 8)
€3 e« NI o CC4 e C4 “179,40 8) N3 o CCd o C4 & N¢ 147,7¢ 8)
CC4 » C4 =« N4 « CCS -83,6¢C 7) CA » N& o CCS « C3 161,7¢ 8)
Nd @ CC8 o CS ¢ NS ~174,9( 8) CCS » CO o NG o CCY 08,6¢ §)
€5« NS » CCl e Cf 14,10 7

Fig. 1 shows that the ring conformation is cis, cis, cis, trans, trans. The
two water molecules participate in a network of inter-molecular hydrogen-
bond bridges only. The four OV-O- and OV-OV distances are all about
2.74 A. The angle OV2-OV1-0V?2’ is 87.7°, while other angles of the hydrogen-
bond bridges range from 110° to 158°.

Since the shortest CC..-N distance across the ring is longer than 3.5 A,
no direct transannular contact can be held responsible for the rigidity of this
15-membered ring. As in the case of cyclooctasarcosyl, the explanation must
be sought in the intrinsic conformation of the peptide chain itself.2

Apart from the hydrogen bonds, there are no short inter-molecular contacts.

Acknowledgement. The author thanks cand.real. K. Titlestad for preparing the crystals.
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