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The Crystal Structure of Myxin

By A.W.HANsoN
Division of Pure Physics, National Research Council of Canada, Ottawa, Canada

(Received 20 September 1967)

A crystal-structure analysis of the antibiotic myxin has been carried out at —160°C. The crystal is
monoclinic, P2i/a, with a=15-08, b=29-36, c=4-87 A, $=99-9°, Z=8, formula C;3H;oN2O4. The
structure was determined entirely by the symbolic addition method. Ultimate refinement was by
block-diagonal least-squares to an R index of 0-052. Myxin was found to be 1-hydroxy-6-methoxy-
phenazine 5,10-dioxide, a simple derivative of the antibiotic iodinin. The packing is unusual in that
there is one apparently non-bonded intermolecular oxygen—oxygen distance of 2:577 A.

Introduction

The X-ray analysis of this recently discovered
antibiotic was undertaken in order to test the molec-
ular structure proposed for it by Edwards & Gillespie
(1966). Contrary to their expectations, the present
analysis indicated the structure (I) for myxin, which
is thus seen to be a simple derivative of the known
antibiotic iodinin (II; Clemo & Daglish, 1950). This
conclusion has been reached independently by Weigele
& Leimgruber (1967), who achieved the synthesis of
myxin by alternative procedures. The present work
serves merely to confirm their finding, and to provide
a reasonably quantitative description of the molecule.

0— 00
i’

Experimental

Crystal data at —160°C: monoclinic
a=15-08 +0-01, b=29-36 + 0-02, c=4-870 +0-003 A,
B8=99-90 4 0-05°

[Assumed wavelengths: 1:54050 A (Cu Ka,); 1-54434 A
(Cu Ko)]

V'=2124-1 A3; formula C;3H,,N,0,; F.W. 258-2
Dz=1:614+0:004 g.cm—3; Dyp=1-54+0:02 g.cm=3 (at
20°C); Z=8

pu=11-9 cm—1 (Cu Ko) .

Space group P2,/a (from precession and Weissenberg
photographs. Systematic absences: h0/ for 4 odd; 0k0
for k odd) .

Molecular symmetry: none .

The material supplied was brick-red, acicular ¢. A
needle of cross section 01 x0-1 mm was cut to yield
a specimen 0-2 mm long. The cell constants and relative
intensities were measured with a General Electric
XRD 5 spectrogoniometer and goniostat equipped with
a scintillation counter. Copper K« radiation was used,
and reasonable monochromatization was achieved by
means of a Kp filter and a reverter (pulse-height ana-
lyser). In view of the large number of reciprocal-lattice
points within the copper sphere, it was decided to use
the rapid stationary-crystal, stationary-counter method,
with the counter centred on Koy (Furnas, 1957). The
more intense reflexions in all ranges were also measured
by the moving-crystal, moving-counter method, and a
curve was prepared for the correction of the high-angle
intensities for lost counts due to dispersion. Goniostat
settings were precomputed, and applied by hand. The
specimen was maintained at the working temperature

" of —160°C by immersion in a stream of cold gaseous

nitrogen which was itself surrounded by an envelope
of dry nitrogen at room temperature. Of the 4746 ac-
cessible reflexions (those for which 26<165°) signi-
ficant counts were recorded for 3335. Absorption cor-
rections were considered to be unnecessary. The range
of the observed intensities was about 1 to 16,000.

Structure determination

The structure was determined entirely by symbolic
addition procedures, using the X, relationship (Karle
& Karle, 1966). Preliminary operations, such as deri-
vation of the K curve, calculation of E values, and
listing of triplets for E>1-500 were carried out using
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the programs of Hall (Ahmed, Hall, Pippy & Huber,
1966). The signing of reflexions was carried out entirely
by hand, using a stringent probability criterion and
many checks for consistency. About ten symbols were
assigned, but all of these were eventually eliminated.
The signs of 555 reflexions were estimated, and only
one of these ultimately proved to be incorrect. A
Fourier synthesis of the E values indicated clearly the
positions of all 38 non-hydrogen atoms in the asym-
metric unit.

Refinement was begun by means of Fourier syn-
theses, and completed with eight cycles of block-
diagonal least-squares analysis. The program used was
that of Ahmed (Ahmed er al, 1966), written in
FORTRAN IV for the IBM system 360 computer. The
quantity minimized is Z w(F,— F¢)%. The matrices used
are 3 x 3 for the position parameters and 6 x6 (or 1x 1
for isotropic thermal motion) for the thermal param-
eters of each atom. The scale of F, and the overall
isotropic temperature factor are refined with a 2x2
matrix (Cruickshank, 1961). Schomaker’s correction is
applied to the shifts of the thermal parameters (Hodg-
son & Rollett, 1963). The weighting scheme used was:
w=18/F, for F;>18; Jw=F,/18 for F,<18. The
nominal minimum observable value of F, was 4-5. No
convergence acceleration factors were used. Thermal
motion was assumed to be isotropic for the hydrogen
atoms (initially located in a difference map) and aniso-
tropic for the others. The scattering factor curves of
Hanson, Herman, Lea & Skillman (1964) were used
throughout. A small correction for extinction was ap-
plied to the three most intense reflexions. It did not
exceed 16% of the observed intensity for any reflexion
and, considering the nature of the weighting scheme,
was of negligible importance in the refinement. Un-
acceptable discrepancies between F, and Fe were found
for 6 weak reflexions. These reflexions (identified in
Table 4) were omitted from the least-squares totals in
the final cycles. In the last cycle no parameter shift
for a non-hydrogen atom exceeded 0-3 e.s.d.’s. Final
parameters for all atoms are given in Tables 1 and 2.
It will be observed that the temperature factors for the
hydrogen atoms are considerably smaller than the mean
isotropic values for the atoms to which they are at-
tached, and are sometimes negative. This is the typical
result of using an inappropriate scattering-factor curve
for bonded hydrogen.

Thermal motion and correction of bond lengths

Despite the working temperature of —160°C, thermal
motion in the structure is appreciable, and it is neces-
sary to consider the possible effects on the observed
bond lengths. An analysis in terms of rigid-body modes
has therefore been carried out in the manner described
by Cruickshank (1956). The analysis is of course not
entirely realistic, as it is impossible to specify a unique
centre of libration. Such a centre has been assumed to
lie at the centroid of the equally-weighted non-hydro-
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Table 2. Final parameters (and e.s.d.’s)
of hydrogen atoms
+(x, 0,25+ x,3—y,2)
X y z B
x 104 x 104 x 104
Molecule 4
H(1) 3324 1060 7947 —0-35 A2
19 10 58 0-52
H(2) 2337 1665 6870 —1-14
17 8 50 0-44
H(7) 4563 2760 — 2389 -0-77
18 9 54 0-47
H(8) 5873 2732 —4233 —-0-09
20 10 60 0-55
H(9) 6833 2123 — 3082 016
20 10 62 0-58
H(14) 4696 950 6245 —1-10
17 8 52 0-44
H(15) 2616 2454 2252 0-34
21 11 64 0-61
H(19a) 7860 1643 —982 —-0-59
18 9 55 0-49
H(19b) 7776 1107 — 683 0-51
21 10 65 0-63
H(19¢c) 7249 1370 —3288 0-62
21 11 64 0-64
Molecule B
H(20) 4541 3166 2104 0-07
20 10 61 0-56
H(21) 3802 3540 5297 —-0-52
18 9 56 0-51
H(26) 6675 5401 8418 0-15
20 10 62 0-58
H(27) 7967 5712 7117 0-10
20 10 61 0-57
H(28) 8726 5350 3983 —0-43
19 9 56 0-52
H(33) 5960 3465 835 —1-03
17 8 51 0-44
H(34) 4674 4558 8278 1-:53
24 11 71 0-74
H(38a) 9153 5052 114 0-83
22 11 68 0-66
H(38b) 9452 4527 —217 0-60
22 11 67 0-64
H(38c) 9656 4752 3076 0-69
22 11 65 0-64

gen atoms of each molecule; however, only the 14-atom
phenazine nuclei have been treated as rigid bodies. The
results, summarized in Table 3, are reasonable: for
each nucleus the r.m.s. deviation of observed from
calculated U’s is 0-0017 A2, compared with an aver-
age e.s.d. of 0-0009 A for the observed Uyy’s. The most
important point is that the greatest amplitude of libra-
tion of either nucleus about any axis is only 1-8°, so
that corrections to bond lengths in the phenazine nuclei
are unnecessary. However, a further analysis which
includes the four oxygen atoms of each molecule indi-
cates increased librations, and worse agreement. It is
thus reasonable to infer non-rigid behaviour (probably
wagging) of the N-O and C-O bonds. These bonds
have therefore been corrected for riding motion of the
oxygen atoms (Busing & Levy, 1964). Because of the
appreciable (though small) libration of the phenazine
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nuclei these corrections have probably been somewhat
overestimated. The situation for the methoxyl groups
is more complicated. These groups undoubtedly behave
non-rigidly, but the correlation between the motions
of oxygen atom and methyl group is quite unknown.
For the O-CH; distances, therefore, only upper and
lower bounds can be given, and the range of possible
values is quite large (Busing & Levy, 1964). Details of
the bond lengths, and their corrections, are given in
Table 5.

Assessment of results

The agreement between observed and calculated struc-
ture amplitudes is reasonable (Table 4), and there can
be no doubt of the essential correctness of the pro-
posed structure. The agreement residual (R= X ||Fy|
—|Fel|/ Z |F,l) is 0-052, for observed reflexions only.
A difference synthesis shows no detail inconsistent with
the proposed structure, as the residual electron density
does not exceed the limits +0-3 e.A-3. The e.s.d. of
position of the non-hydrogen atoms ranges from 0-0017
to 0-0031 A, depending on type and thermal motion,
and the average e.s.d. of bond lengths is 0-0035 A.
With the exception of the O—CH; distances (discussed
in the previous section), differences between corre-
sponding non-hydrogen bond lengths in the two mol-

THE CRYSTAL STRUCTURE OF MYXIN

ecules are not significant. This statement is true for
both corrected and uncorrected values, and suggests
that the nominal e.s.d.’s are realistic. For the O-CH;
distances, however, the difference between the uncor-
rected values is 0:029 A. As the nominal e.s.d.’s are
0-0031 A and 0-0036 A, the difference is certainly
significant, and an explanation is necessary. Several
hypotheses can be advanced:

(a) The true O—CH; distance differs significantly in
the two otherwise identical molecules .

(b) Serious systematic errors in the intensity data affect
the apparent O—CHj distance in one or both mol-
ecules. These errors either do not affect the other
distances, or affect corresponding distances equally.

(c) The difference in the magnitude and character of
the thermal motion of the two methoxy groups is
sufficient to cause the observed difference in the
apparent bond lengths.

Of these hypotheses, (¢) seems by far the most plau-
sible. The range of possible values for each O—CH;
distance is given in Table 5. If it is assumed that the
true distance is the same for each molecule, then it is
reasonable to conclude that this distance lies some-
where in the region of overlap of the two ranges.

Table 3. Rigid-body thermal parameters
(Phenazine nucleus only)

Molecule 4
Assumed centre of libration 6-982, 5:416, 0-790
156 ~1 0 12 5 1
T = 138 —~13 | x10-4 A2 L = ( 10 8 | x10-1(°)2
172 26 )
6 6 6 12 6 10
o(D)= 7 7 | x10-4 A2 o(L)= 5 6 | x10-1(°)2
8 9
Principal axes of T Principal axes of L
Eigenvalue Direction cosines ( x 103) Eigenvalue Direction cosines (x 103) )
0-0178 30 —-312 950 2:90 160 404 901
0-0159 999 —-29 —40 1-46 840 424 —339
0-0135 A2 38 950 311 043 (°)2 519 —811 271
Molecule B
Assumed centre of libration 9:384, 13-088, 2:104
214 43 -16 31 6 5
T = 150 6 | x10-4 A2 L= 20 —6 ) x10°1(°)2
181 18
6 6 6 12 10 4
a(M= 6 7 ) x 10-4 A2 o(L)= 12 4 ) x10-1 (°)2
9 3
Principal axes of T Principal axes of L
Eigenvalue Direction cosines ( x 103) Eigenvalue Direction cosines (x 103)
0-0240 884 417 —213 3-34 919 368 145
0-0183 89 297 951 2-52 164 — 688 707
0-0126 A2 460 —859 225 0-98 (°)2 359 —626 —692

The reference system is orthogonal, with x||a, y||b, z|lc*
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Table 4. Observed and calculated structure factors ( x 10)

An asterisk following 10F, indicates that the reflexion was too weak to observe; the estimated threshold value is given instead.
A minus sign preceding 10F, indicates that the reflexion has been omitted from the least-squares analysis.

L s KC [ L fFO R L f6 fC L F0 fC L fg fC L FO FC L f0¥C L F0 FC L f0  sC L fo FC L fO FC
He 0y ks O 3 249 239 1 -5 155 146 | M= 1, Xe 12 2 358 -35e | -4 269 297 | me 2, %= 11 2 462 ATe | He 3, k= 1 -4 31 <357
4 56 =30 | -5 63 n 3 490 a5 [ -5 are  2s 3 -3 2T 282
1366 =38 s 208 -202 0 490 -850% 4 101 -82 | -& 209 202 0 160 -166 “ 0 659 623 -6  ase 4
~492 He 1, ke 2 1 -138 [ -1 335 -m7 1 266 231 -1 1 eee -22
759 | e 0y xe 18 ? =233 | -2 146 1es | e 20 ke 1 2 202 -2e1| -2 2 9z 91 He Ay Ke 1
-23 108 -069 3 =30 | -3 80 9 3 see a1 | -3 3 53 -12
2 0 803 -rel ate 912 - 56 | =« 80 -31 ur 100 4 183 200 | -¢ 4 80 -8 0 90 a5
[) 142 12e 171 1es s -125 17 12 s 202 -300 | -5 5 a8 24 L1 -a
2 91 12 s3e 21 [ -1 -807 | Me 1, K= 24 96 100 | -1 88 -09 -1 133 -7 2 539 343
1 3 sze 2 163 1ee | -2 ~113 520 =33 He 2, ke 23| -2 2%9 26 3 6% 6e
o 16T =144 noo-r| o -y -85 0 ses 23 212 -207 =3 Al -aed & 12 =58
~o18 5 a5 99 96 | -4 -94 1389 -38e ase 11 0 199 -205 [ -4 69 =74 3 ase -31
2 307 264 | -3 -38 2 18 188 69 ) 1379 <379 [ -5 are 26 -1 365 3e8
~121 [ w= 04 ke 19 226 238 3 on 54 192 -157 2 216 ~28% | -8 230 219 -2 115 -lo4
-4% 225 =236 | He 13 D 411 400 3 3 97 -3 288 =293
-26 13 e 167 t12 -1 81 81 268 -2%2 4 100 105 | me 3, ke 2 -4 226 220
10 2 sas 15 108 111 0 763 78a | -2 126 -125 9 -a7 -1 13 -1e0 -2 s 203 201
3 139 In a3 23 1 381 =362 | -3 13 -13) are -y -2 109 -112 v ese 23| - -6 ase 14
2 .21y -21e 2 m -4 s 69 -71 -3 89 -80 1 891 889 | -
5 223 219 | Me 1y xe 3 3 %0 90 =4 117 =108 2 91 -1 | -5 He 4y ke 2
¢ 21s 2% o a8s o53 [ Ms a1y xe 23 | we 2, ke 2 3 80 %
1 972 -915 | e 0, ke 20 0 1385 1366 5 a5e 39 He 2, ks 24 « 208 225 | ue 0 123y -132
2 206 -20 1 489 aas | -1 194 1590 0 183 1y 0 624 -%98 s 9 112 1 sse 3
3 381 -378 o 230 -238 2 see <22 | -z 376 -392 1 4 aTe 1 301 -z84 0 see a0 | -1 832 -eo7 [ 2 3% 385
4 3l =311 1 250 233 3 2719 202 | -3 e21 -a17 2 193 1Te 2 18 1y 1 196 -18a [ -2 218 208 1 3 168 139
s 17 2 111 =129 . o -10 | -4 191 177 3197 189 3 %28 34 2 312 33a | -3 es 1 2 4 520 18
6 &1 s2 3 161 lal 5 106 101 =5 137 -1e1 4 288 200 4 298 -308 3102 -123 [ -4 see g4 3 s 81 -e9
4 ase -3 o -12 -1 188 193 s 490 b2 PSR Y] -5 81 -ea . -1 433 09
He 0, ke 3 S 1e® 131 | -1 273 <287 | He 3, Ke 14 | -2 158 16} s 39 -s1 -1 s1e 6| -o 185 -180 5 -2 193 -117
-2 179 -17y -3 98 -9 -1 125 123 -2 18 -142 -1 =3 83 -2
1 571 -512 | me 0y xs 21 [ -3 Deo 356 0 397 -403 | -4 a5e 10| -2 139 128 -3 Je7  1e) [ me 3, ke 3| -2 -4 123 18
2 121 -109 -4 @8 -91 1200 193 -3 367 -)se -4 aae 12 -3 -3 153 -lag
3 s6e 4l 1 1ee 169 | -5 106 101 2 122 128 | we 1y xe 26 [ -4 1264 112 0 340 374 | - -6 226 -0
4 246 =242 2 296 236 | -6 &5 -39 3 % 38 «5 206 208 He 2, K 23 1825 en | -3 .
s a9 11 3 82 o 4 95 -7 0 191 -191 [ -s 107 113 2 90 -9 Mo &y ke 3
6 81 <%0 4 240 =236 | Me 1, ke 4 TR -1 1 74 -ar 0 9 -102 3 285 -283 | He
5 e0e =33 -1 13 -139 2 85 10 [He 2, ke 3 1 s 21 4 80 -91 o 393 5T
Ne Oy ke & 0 398 -a0s | -2 8 3 49 -8% 2 381 338 s s -122 [ 1 8 (33
He 0y ke 22 1 508 -a71 | -3 292 -290 4 132 -10% 628 -597 3 a0 37| -1 176 117 1 2 208 222
o 198 203 2 9 -5 -6 a18 391 | -1 1er 138 3l -3le 4 55 a0 | -2 138 181 2 3 s 9
1423 a07 0 sas -1o 3 e)  es | -3 ase a2 | -2 ase a2 225 -211 -1 221 -218 3 & 9 [
2 159 -149 1398 402 o 283 -287 -3 e1 83 108 -109 -2 118 113 . 3 113 106
316 -7l 2 290 290 3 a6e 22 {Me 1y ke 15 [ -4 o7 77 15 =83 | me 2, ke 14| -3 106 102 s -1 %9 8
«oan -rs 3 sge 27 6 390 31 500 51 -4 ase 21 -1 -2 816 M1
5 s0e 2% 4 140 -148 | -1 1153 -1196 0 132 129 | He 1, ke 27 358 22 -2 -3 94 oa
6 8 i s ¥ 7| -2 291 -210 1 % 108 100 -129 He 2, K= 26 -3 -4 176 172
-3 16 a1 2 s 7 o 326 -327 937 -3a4 - -5 212 259
He 0. ks 8 [me 0.xme 23| -4 102 87 3 230 -230 1338 346 631 ~6C1 0 sz -5 -6 157 -le1
-3 87 19 4 206 213 2 138 -1e2 Sas 48 1 %8
1 o2ee 27 1291 -206 | -6 a20 -a) 3 55 -al [ STIRE Ty 120 -107 2 sse He 3, ke 27 [ Me 4y xs 4
2 212 -4 2 1 1z -1 159 181 . o -se 3 a7
3 4ty -am2 3 we teme 3 [ -2 75 -7 | -1 8 -mve 4 140 0 268 -26
. 269 -218 4 111 -10s =) 662 -63%6 | -2 90 -82 !l me 2, ke & -1 100 1 1 8
s 200 205 01133 -1136 | -6 67 =55 [ -3 &7 -39 -2 a2 2 1a8 133
6 62 6% {He 0, ke 24 1597 <3719 | -5 ass 28 | -4 ase 222 0 10% -680 -3 ave 3 sy
2 60 %1 1 3044 3079 -4 a8 4 52 -2
He O, ke & 0 173 178 3 526 -as Me 1, ke 28 2 1% 171 | me 5 143 -122
1 228 -218 4 188 -1e3 3 60 -70 Me 2, ks 2T -1 e37 -e31
¢ 303 29 2 1 -n s 82 81 o 188 =212 4 18 133 [ =2 174 -les
1226 -205 339 -m 6 175 181 1 208 23 5 118 120 1 9 310 33 -3 388 158
2 100 106 4 88 -78 | -1 1% -137 2 aes 22 | -1 298 -292 z 1 Lt -4 19 120
3 ses 23 -2 659 -3 3 149 128 1 -2 333 340 3 2 16 19 -$ 306 28%
4 1T -165 | e -3 83 4 370 gl -3 518 -513 . 3 215 220 -6 170 173
s 300 -9 -4 112 -103 -1 274 =268 | -4 134 -las s 4 2133 -11s o
4 93 -9 1 -5 abe 26 -2 410 12| -3 see 12| -1 1 He
2 -6 a3 -2 =3 ase  as | =6 11x 7| -2 0 439 -ass 2 a1 -207
He 0y ke 7 3 -4 103 -99 -3 1 -0 -3 3 4 =51 o
4 He 1y ke 8 e 2, ke 5 [ s 2 131 125 | -1 ate  ap 1
1 ele =317 He 1, ke 29 -5 3237 236 | -2 153 ~187 2
2 16 93 | me o 682 -112 [} 4 59 -es | -3 216 216 ’
3 198 191 1 832 828 0 38« 06 11883 3878 | ne s a3 -1 | -4 51 -
4 13 82 o 326 8 2 9 118 1 18 -T0 2 18y -179 -1 280 -302 s
5 98 1 233 -2e1 3 206 216 2 9 -9 3 230 -2e2 ° -2 143 =138 | Me 3, ke 29 | -1 =63
6 107 120 2 112 -118 4 1% 133 3 ase 36 s 203 20% 1 -3 206 215 -2 1111 -101%
3 U3 11 s ase -2 -1 419 -3 s 86 ~I1 2 -4 208 204 0 are 32| -3 sas -26
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. Lo FC L of0 #C L F0RC L o0 R L oF0 R L FO FC Lof0 K [ [ [ L FO FC
-1 185 -161 | -6 1 -2 481 -as0 2 180 -176 3 118 -109
-2 288 267 2 -3 s3e 18 3 250 25 -1 208 -248
73 | ne 3 -4 310 -8 e 3 -3 | -2 1es 142
4 -3 301 =298 s ale 28| -3 152 137
0 -1 -6 e2e L[ -1 22 -e15 | -4 199 a5
1 -2 -2 201 =232
2 -3 He 8o ks 3| =3 830 ) | ome
3 - -4 1311
. 0 AT -183 | -3 50 -ae °
H He 1 489 -and 1
-1 2z a9z -em1 2
-2 o &2 e 3 209 201 3
-3 1 1 M 4 82 78 -1
He 4, xe 12 -4 2 123 -148 150 -147 -2
5 -5 3 ase 27 [ -1 3es 361 -3
© .4t 382 - 4y 40 [ -2 38 338 -+
1181 14 -1 315 -329 | -3 99 -10¢
2 1 <are ne - s | -4 323 -323 He
3 23 -2% -3 129 11| -5 100 -79
4 13 -12¢ ° “4 2% 239 | -6 als 23| -2 sz 3 °
5 ST e 1 -3 119 19 1
-1 s28 -s02 H Mo S, ke 26 | He 6 Ke 4| -& ame 13 2
-2 319 - 3 -t 50 -as 3
-3 1w . o e 12 0 -1
-4 s2e s s o 1 61 as 1 -2
-5 87 -9 -1 1 2 abe 33 2 -3
-2 2 3 164 3 -4
He 4y ke 13 - 3 -1 308 -30e 4
-+ . -2 101 12 s He
o stz -s27 -5 s =3 ame 12 [ -1
1 s2e -8 1 . n | -2 0
2 153 -147 -2 -3 1
3 410 -sl0 -3 He 3, ke 27| -4 2
4 208 -202 -4 -3 3
3 5 % -5 o ate -5 -1
-1 423 3% 1 are -2
-2 336 3 - 2 1 He -3
-3 20 -37 3 a9 -4
4 320 M 0 3 aee 0
-5 106 % 1 -1 346 1 He
2 -2 are 2
He a4y xa L4 3 -4 254 -238 3 ° T ke 38
. . 1 -2
0 156 172 s He 8, xe 28 s 2 o m 11| -3
1T ”n o s 62 -1 -1 3 =1 3es a8 -
2 63 1 -2 -2 -1
3 245 231 2 2% “-210 -3 -3 -2 He
4 3 112 126 -4 -4 -3
3 see 28 4 10 -5 -3 °
-1 %9 A8 -1 33 -M7 0 -5 He 6, x= 30 1
-z s4e 18 | -2 267 202 1 " 2
=3 s34 | -3 179 170 2 Ha 0 334 -3 H
-4 e 12| -4 MW 3 o, 1 dee I
-5 139 -139 . 1 [ o 145 -130 2 119 112 3
He 4 ke 27 s 2 1 1 -1 e 13 -t
Mo 4y K 13 3 2 2 -2 & 12 -2
] . 3 3 -3 21 -3
1 s . 4 267 -278 -4
2 -1 H =1 131 1T [He ey ke M1 -3
3 -2 -t -2 520 34 -6
-1 -3 -2 -3 326 0 300 -277
-2 -4 -3 -4 a0 14 1 48 =26 "
-3 e S. ke & | -5 -4 EEI (S 1Y 2 0
oy -5 -1 170 [
0 338 -s42 | He -8 -2 181 1
He 1 -3 a2 2
2 ° He 3
0 3 1 He 6y K= 32 4
1 4 2 ° s
2 s 3 1 o 113 -113 -1
3 4 2 1 -2
0 7Y -3 -1 -1 3 2 18 =130 -3
1 o -a2 [ -2 -2 . -1 103 108 -
2 o g6 [ -3 -3 3 -2 43¢ o 0 -3
3 839 -eT2 [ -4 -4 -1 -3 e s 1 -
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Table 4 (cont.)
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2 =3 210 23 [ -3 a%e 24 1 s8 -es | -2
3 0 @5 a3 | -4 118 <121 -4 a3e 1s 2 e s1| -3 205 -19¢
-1 1 & ol -5 0 wm 3 a9 o280 | -4 ase 17
-2 -1 4 10 He 10, ke 24 -1 A 23 [ -s aae -2
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Mo 4, ke A | =2 106 117 | -6 116 <101 [ -2 2e6 22| -3 1 72 0 110 108
-3 81 -2 -3 111 =107 [ -4 1ee  15s 1 oase 12
[ 52 -6 - ELLd 22 M= 14, K= 18 - 54 56 2 36 =8
1 159 146 . He 15, R 9 ~1 112 -11s
2 194 =190 | He 14, ke 11 0 ase -28 [ we 15, ke 2 -2 211 -19%
3 210 258 1 ase -12 0 164 -148 [ -3 150 -138
-1 208 198 0 530 -as 2 a3 -0 0 9% -9 1 are -12
-2 e 14 181 =90 | -1 140 -138 1 ase 33 2 116 108 [ me 13, xe 17
-3 143 =140 2 ase 31| -2 108 1la 2 380 =338 | -1 245 236
-4 s 3 46 -30 | -3 a7 e9 3120 -136 [ -2 o1 e o 18 9
-3 59 =-70 =1 45 483 -1 159 =178 -3 9 -89 9% -99
-2 178 -183 He 14y K 1 - 30 -37 -4 101 70 -1 43 -2
He 14, K S =3 (33 ~ss -3 103 99 -2 4 -63
-4 58 -ab 0 184 168 | =4 123 115 | We 15, Ke 10 | =3 237 -232
e o2 1 e 3
1033 350 [ me ley ke 12 2 39 s lwe 15, xe 3 0 221 -216 | me 13, xv 18
2 308 -1 9% -9 aTe 18
3 31 =30 ° T -T8 -2 Ll 10 o ATe -9 2 43¢ -18 o 4% 18
-t 52 " 1 8 ar -3 60 ~-s7 1 ATT -~a80 -1 299 ni 1 223 209
-2 820 a0 2 8 -7 2 187 -157 | -2 a9 33 [ -1 110 =98
-3 ese 47 85 =72 [ue 14, xe 20 3 44 50| -3 39 -as | -2 aAe -y
=& 127 17| -1 285 300 -1 101 120 | -4 212 <208 | -3 Ay 28
-z 8 o1 0 131 129 [ -2 1es -139
Mol ke 8| -3 aTs -1 10087 er | -3 a0 3 [ Me 18, ke 11 | me 18, ke 19
B O e T O R G ]
o 105 -101 -2 a5 10 0 208 -2%8 o 113 -
1238 201 | e 14y Ke 13| <3 63 42 | M 18, ke & 1126 -12% 1 a2e 17
2 185 =183 2 Lo 46 -1 " 75
3 47 43 o 344 -3 e 14y k= 21 o ATe 20 -1 229 225 -2 Ll L33
=1 200 =209 1 149 139 1 a T -2 480 33 -3 58 sl
-2 52e 2 2 1354 143 o 456 =30 2 I -3 58 o
-3 9% 108 -1 21s 210 1 4)e T 3 150 -~1e3 -4 Ale 2 He 15, 20
-4 st -3 -2 190 185 -1 lad 14 -1 59 49
-3 aee 33 | -2 T3 -8 [ -2 a7e <27 | Me 15, x= 12 0 e -19
Me lepXe 7| -4 43¢ d0| -3 43 &3 -3 e 9 1 16 87
-4 a3 20 0 202 -23a | -1 4se 13
6 235 <231 | He 1ay Ke 1s | We 14, Ke 22 1 ase 3| -2 4w 1)
1 sae -39 Mo 1S, ke S
2 149 138 0 L8y -1a7 0 394 =364 N He 15, K 21
3 13 -126 1118 =116 1 8 -9y o 12 =80
-1 250 2ar 2 e 0| -1 142 -126 1 63 1 o s &3
=2 197 -1e&7 -1 133 s =2 A4 -39 2 kel =62 121 133
=3 221 -202 | -2 a9 x| -3 62 77| -1 are 42 <1 en 68
-4 81 -se | -3 121 -109 -2 121 129 -2 106 -17
- T3 | Me ley ke 23| =3 aTe -1a
Me 14, Ke L] -4 130 -l&) He 13, K 22
He ley ke 18 o 12a «122
€ 135 10 1 400 =10 [ e 13, K= & o 3¢ 2e
1 2 [3) © 143 -~13% -1 280 238 =1 110 =14
2 $? ~56 1 1 -57 -2 4) 3 L] ATe 122 -2 40¢ E13
3 ur 11s 2 43 49 1 16} -lel
-1 ol “b -1 9 9 M= 14, X= 24 2 Ll 13, R= 23
-2 afe -12 -2 430 -15 -1 L] il
-3 480 T -3 T =60 o 2%2 258 -2 ATe 23 o 202 203
-4 s “ -4 42e -28 =1 104  -92 -3 AT =31 -1 Ale s
B T I T B P T
Mo 14, ke 9 | Me 14, Xe 18 e 18, ke 0
. He 14, Ks 25 | M 18, ke 7
© age -y o 127 131 0 ase -al
1 et -8 9% -0 o 219 220 o 100 1 a1 -ar
2 132 -12e 2 aee -4z | -1 a1 -2 1 aee 2 308 -206
3 a2 31| -1 sse 30| -2 2 -% 2112 -188 -1 87 -1
-1 3% 339 | -2 48 48 -t 171 =188 -2 ape a7
=2 132 -1 -3 T2 7 Me  14s K= 26 -2 LILd 24 -3 70 -8
=3 112 =124 - a1 26 -3 aTe 20 -. (1} “4
- k1 ~-60 -1 T -1t -4 248 22
He 14, k= 17
Hs  1s, ks 10 . He 15, Ke 1 He 13, Ko L]
e 107 ~110
© 218 -220 1 oade -2 5 12 e 0 136 -131
1 ase -0 2 1 et 1218 281 T e e
2 57T es | -1 95 .93 2 aee o3 2 sae )
3 aoe -3¢ | -2 e -1t 3 266 =139 [ -1 173 198 | me 15, ke 16
-1 382 -3 123 136 =1 143 134 -2 262 =268

The nominal e.s.d. of position of the hydrogen atoms
is about 0-03 A. However, the standard deviation of
the lengths of the eighteen C-H distances in the struc-
ture is about 006 A, and this value is probably a more
realistic measure of the errors in the hydrogen posi-
tions.

Discussion

The molecular geometry is summarized in Figs. 1 and 2
and Tables 5 and 6. Both molecules are approximately
planar, but each departs from planarity in a different
way, doubtless because of differences in environment.
Such differences may also be responsible for the mar-
ginally significant difference between the correspond-
ing angles C(7)-C(8)-C(9) and C(26)-C(27)-C(28)
(4=1-1°; the difference is significant at the 0-1% level).
For other pairs of corresponding angles, differences
are not significant. Corresponding bond lengths (ex-
cept, perhaps O-CHj, previously discussed) are effec-
tively equal, and it is appropriate to treat as definitive
their mean values as in Fig. 1(b).

The N-O distances in the average molecule differ by
0035 A (a difference of only 0016 A would be signi-
ficant at the 0-01% level). The reason for this dif-
ference may be the presence, on one side of the mol-
ecule, of the chelated hydrogen atom; the lone-pair
electrons of the oxygen atom on this side of the mol-
ecule are presumably delocalized in forming the weak
(OH)-O bond. On the other side of the molecule the

L FO fC vof0 FC L FO FC L FO KC L F0 FC L f0 FC

-4 a3e 27 o Tt S0 He 174 ke 7 He 18, ke 8
T ST 70 [ Me 16, xe 18 Ne 1T, ke 1T

He 16, K= 2 2 92 & o T3 -7 0 43 24

-1 110 2 o 118 =101 1 ade -3 0 146 155 | -1 T8 63

© 118 -119 | =2 4ée -10| -1 51 43| -1 83 <-88 | -1 42 <-a0 | -2 &3 31
1111 100 | =3 ese 18 | -2 420 24| -2 aes 52| -2 e 2

2 21 285 [ ~a 310 23 -3 os a8 He 18, XK= 9
-1 26) 288 He 16y ke 19 Ne 17, ke 18

=2 115 128 | He 18, K= 10 He 1T, Ke @ 0 202 -197

-3 ase 19 o 220 212 =1 e -1 | -1 o117 -1

-4 a20 -4y 0 468 =21 [ -1 43¢ -9 o ST e -2 ™0
1 4se a4 [ -2 119 -102 1 4) =21 | M= 18, K= ©

Me 16, Xe 3 2 e1s 21 -1 %% -7 He 18, k= 10
-1 aTe 3 | He 16, ke 20| -2 18 117 o 160 153

0 101 115 | -2 a5 -1 -3 eae 3t 1 18 =70 0 165 -172

1168 <149 | -3 148 138 o 38 19 R D e S

2 a3 -0 -1 105 106 | M= 17, k= 9| -2 90 82| -2 228 -211
“1 46 <14 [ ne 18, ke 11| -2 360 -3 -3 207 -19t

-2 % =103 o 13 109 He 18, k= 11
-3y 19 -7 0 45¢ 31 [ me 16 we 21 1 44 ~14 | He 18, K» 1

-4 123 129 1188 -188 -1 a¥ 20 o 40e -9

2 370 10| <1 88 93| -2 s T 0 153 -~1a7 | -1 119 uv

He 16y K= & | -1 4se -39 ~3 83 -1 81 -Ta | -2 57 8y
~2 T 58 | We 17, ke 1 -1 Ase 28

¢ 1 =126 | -3 a3 -1 e 17, ks 10| ~2 55 46 [ He 18, ke 12
1 ase 1o 0 66 -~a9 ~3 136 ~132

2 200 -205 | He 164 K= 12 1 ase —as o 35 8% [ SR T

-1 190 197 2 330 -n 1 Aze 1) | He 18, ke 2| -1 als -8

-2 a8 13 0 83 37| ~1 ast 29| ~1 Ase 35 -2 o1 87
-3 aae 26 L A 20| -2 ase =21 | -2 132 -132 o ey 87

=4 133 ~1a2 | -1 ase 29 | -3 134 -121 | -3 el -s0 1 114 =120 | He 18, K« 13
-2 a0 —4s “l A4e a1

Me 16y ke 5 | +3 646 -4 | Me 1T, ke 2 [ Me 17, Xe 11 | -2 aSe -8 | -1 TT -7
=3 243 -237

0 a8s 33 | e 16, Ke 1) 0 234 227 ° -8 He 18, K+ 14
1 169 el 1 80 =59 1 420 ~10 | ne 18, ke 3

2 181 ~183 0 182 140 2 202 -2¢2 | -1 %8 5y -1 3 20
-1 365 =376 1 a4s -9 | -1 90 -jos | -2 92 70 o 181 186

-2 48 -3q | -1 108 -9 | -2 120 -120 | -3 38  Se T8T =98 | M 19y K= 1
-3 74 =60 [ -2 138 -139 | -3 &3 =34 -1 96 105

=4 14 137 | -3 se -4 Mo 1T, ks 12 [ 2 e 1S o 10 9

He 1T, Ke ) ~3 80 AT ] ~1 45 35

He 16y Ke & [ He 16, Ko 14 0 115 =10t -2 186 17C
0 ase -5 1 416 -3 | He 18, k= &

o spe 91 0 234 228 1135 129 | -1 123 -1l He 19, ke 2
1% W 1 Tr -6 | -1 140 139 | <2 5T as 0 ase -27

2 122 3121 | -1 43 =37 | -2 ave -24 | -3 330 303 1 84 -e3 o 8T 103

“1 120 135 | =2 45w <17 [ <3 ase 26 -1 107 95 [ -1 a1s 20

-2 A8 Al | -3 62 -es He 17, Kw 13 | =2 440 18 | -2 a&  acC
-3 s1 -8 He 17, ke 4 -3 1 -s2

4 4y =35 | He 16y Re 13 0 1735 187 He 19, k= 3
o 10& 108 U376 -27 | We 18, k= 5

Mo 16y ke T 0 268 246 1ase 28 | -1 48 ~a7 o 3% 38

1 38 =17 | -1 ase 1| -2 177 -101 0 a3 -1s [ -1 s0e 9

© 181 139 [ -1 51 -ST | -2 AT =43 | =3 1 17 1 380 1l -2 3re -n
189 a3 | -2 55 -39 [ -y ur -107 -1 ey 52

2 M 83| -3 zen 218 He 17, ke 14 | -2 8¢ -Te [ He 10, ke &
-1 ane e e 17, k= 8 -3 12 -s8

“2 AT ST | W= 16y K= 186 o 131 st 0 e &

=3 ass -13 0 719 T -1 82 -60 {He 18, xx & | -1 4l 23

~ a1e -7 o 283 284 1 ase =23 | -2 144 -148 L o=2 68 =82
1150 ~151 | ~1 168 183e o 1 80

He 16y ke B | -l a0 9 | =1 64 =80 | He 17, K= 15 310 He 19, Ke S
-2 %0 -89 | -3 10 22 -1 102 -11%

o %6 81| -3 91 -9 0 217 M | -2 & 33| -1 uz
182 -39 He 17, ke & [ -1 aee -12 | -3 37 10

2 a2 =23 [ me L6y Ke QT -2 121 He 19, ks 6
-1 e8e -0 0 4ee -9 Ne o 18, ke T

=2 a7e -5p 0 Jes 340 1 440 26 | W= 17, k» 18 -1 1z -155
=3 Ase 35 139 =21 | -1 88 % o 8z 1

-4 39 -3 | -1 33 39| -2 100 -102 0 137 133 [ -1 4% -4 | He 19, &s 7
-2 a3 2 [ -3 a3 -3 | -1 89 &2 | -z & -9

He 16y ke 9] -3 284 =233 -2 113 - -1 75 -93

Table 5. Comparison of intramolecular distances (A)
in the two independent molecules of myxin

Mean.
e.s.d.
Mean x 1000

1-406 4

Uncorrected Corrected
length length
1-400 -1
1-411 -
1-:374 -
1-:372 -
1-438 -
1-440 -
1-368 -
1-367 -
1-:370 -
1-365 -
1-416 -
1-410 -
1-361 -
1-358 -
1-404 -
1-411 -
1:382 -
1-377 -
1-448 -
1-440 -
1-380 -
1-379 -
1-390 -
1-393 -
1:412 -
1-406 -
1-383 ~
1-375 -
1-415 -
1-412 -

C(1)—C(2)
C(20)—C(21)
C(2)—C(3)
C(21)-C(22)
C(3)—C(4)
C(22)-C(23)
C(4)—N(5)
C(23)—N(24)
N(5)—C(6)
N(24)-C(25)
C(6)—C(7)
C(25)-C(26)
C(7)—C(8)
C(26)-C(27)
C(8)—C(9)
C(27)-C(28)
C(9)—C(10)
C(28)-C(29)
C(10)-C(11)
C(29)-C(30)
C(11)-N(12)
C(30)-N(31)
N(12)-C(13)
NG1)-C(32)
C(13)-C(14)
C(32)-C(33)
C(14)-C(1)
C(33)-C(20)
C(4)—C(13)
C(23)-C(32)

1:373 4
1-439 4
1-368 3
1-368

w

1-413
1-360
1-408
1-380
1-444
1-380
1-392
1-409
1-379

B N - 7= T " T S S S S N

1-414
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Table 5 (cont.) considerations might be expected to favour a staggered
Mean arrangement. (Such bonding, however, is apparently
Uncorrected  Corrected es.d.  not strong enough to override packing considerations
length length Mean  x1000  e[sewhere in the structure, as the intermolecular con-
8(3)5*8% (1)) i:gg - } 1-426 4 tacts of molecule A are quite normal.) The observed
S R e 1350 | distance O(35)---0(35) () is 2553 A, with es.d.
C(22)-0(34) 1-347 1-353 1:352 3 0-004 A. If the thermal motion of these atoms is rea-
C(10)-0(18) 1-349 1-356 1-358 3 sonably assumed to be non-correlated, the corrected
5(259)—8(%) igfg }g;? I distance is 2:577 A, but in any case the upper bound
(7949 a3 1 1323 3 s only 2602 A (Busing & Levy, 1964). This is very
N(24)-0(35) 1 ..
N(12)-0(17) 1-273 1287 1 |oee ,  muchless than the sum of van der Waals radii (2-80 A);
N(31)-0(36) 1-280 1-288 | it is in fact in the range of distances usually reported
0(18)-C(19) 1-446 12‘5“2‘? 1446 to for O-H---O bonds, but there is no hydrogen atom,
1-418 1-498
0(37)-C(38) 1-417 1-498 H{15) (0°040)
0O(15)-0(16) 2-511 - 2.503 16 (-0-008) H(34) (-0-041)
0(34)-0(35) 2:496 - 35(-0007) ® 15 (-0-080)
O(17)-0(18) 2-546 - 2.549 34(0004)
0(36)-0(37) 2-553 -
O(15)-H(15) 0-84 - ] A _
O(34)-H(34) 096 - 0070 26000 aaioosy  A3Gee
O(16)-H(15) 1-74 — 1-66 70 226 ) 2(— )
0(35)-H(34) 1-58 - 2 (0°022)
C(1)—H(1) 0-86 - 0-94 60 8 (0034) 21(-0009)
C(20)-H(20) 1-01 - 27 (0°000) 25(0006) 23(-0°001)
— 0-90 _
88)1)-}1}2?1) 1‘34 _ 0-97 60 9(0'015) 11 (-0-010) 13 (-0°017) 1 10:041
C(7H—H() 0-90 - 0-96 60 28(0002) 30 (-0008) 32 (000 20((0'016))
C(26)-H(26 1-01 - )
CES))—HES)) 096 - 095 60 0016 12“01023) T (0:017)
C(27)-H(27) 0-93 - 29(0020; 31-0052) 330025
C(9)—H(9) 0-89 - X
C(28)-H(28) 001 - 090 60 18(:0052)
C(14)-H(14) 1-10 - 1-06 60 37(0°074) 17 (-0-050)
C(33)-H(33) 1-01 ~ 36 (-0152)
C(19)-H(19a) 0-96 - 18 1-0-200)
C(19)-H(195b) 0-98 - 38 (0'263) (a)
C(19)-H(19¢) 0-93 - 0-99 60
C(38)-H(38qa) 1-01 -
C(38)-H(38b) 1-00 -
C(38)-H(38¢) 1-08 -

absence of such a bond allows the lone-pair electrons
to remain localized on the oxygen atom, and thus to
contribute to the ionic character of the N-O bond. The
result should be a shorter bond, as observed. It is there-
fore surprising to learn that this oxygen atom is the 1408
more easily removed by reduction (Edwards, 1967).
One might naively predict the opposite, assuming bond
length to be a criterion of bond strength.

The O-H---O distance in the average molecule is
0-046 A less than the equivalent non-bonded distance
O---OCH;. This quantity is presumably the reduction
which results from the presence of the chelated hydro-
gen atom. CH, X >

It remains to describe some unusual intermolecular
relationships in the structure. In Fig.2() it can be seen  Fig.1. Molecular geometry. (a) The numbering scheme for
that molecule B is very close to the one related to it both molecules, and the distances (A) of the non-hydrogen

11 . atoms, and of the chelated hydrogen atoms, from the mean

by the _centre of symmetry at 3,%,1. Moreover, this plane of the appropriate phenazine nucleus. The equations
centre lies only 0-041 A from the mean plane of the of these mean planes are: Molecule 4, 0-3743x+0-5423y +
phenazine nucleus of either molecule, and it follows 0-7522z - 6-1655=0; Molecule B, 0-4223x—0-5230y+

: : 0-7404z+41-3344=0. (The reference system is orthogonal,
that the two molecules are practically coplanar. This with xlia:ylb,zllc*) (b Intramolecular distances (A).

circumstance, together with the unusual proximity, The formal charges also are indicated on this sketch (Ed-
suggests some sort of bonding, as otherwise packing wards & Gillespie, 1966).

(b)
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nor any significant residual electron density in the
region between these atoms. The distance O(35)---
H(34) (1) (2-39 A with e.s.d. 0:06 A) is also signifi-
cantly less than the corresponding sum of van der
Waals radii (2-60 A).

No other intermolecular distance in the structure is
significantly less than the sum of the appropriate van
der Waals radii. Minimum values for non-hydrogen
atoms [other than those given in Fig.2(5)] are: O---0O,
3-37A; N---O, 3-08A; N---N, 328 4; C---0,
3-12A; C---N, 326A; C---C, 3:13A. The last

THE CRYSTAL STRUCTURE OF MYXIN

quantity is the distance between the methyl carbon
atom C(38) and the one related to it by the centre of
symmetry at 1,3,0, and is unusually small. However,
the shortest H---H distance involved in this contact
is 243 A, and there is therefore no violation of pack-
ing principles. (Perhaps the most surprising aspect of
this short methyl-methyl distance is that it has not been
reported before. A possible reason is that most obser-
vations have been made for structures at room tem-
perature, and presumably most of the methyl groups
studied have been in a condition of hindered rotation.

Table 6. Comparison of bond angles in the two independent molecules of myxin

Mean
C(2)—C(1)—C(14) 121-6° } 121.8°
C(21)-C(20)-C(33) 122:1
C(1)—C(2)—C(3 1213
C(20)—C(21)—C(2)2) 120-8 } 1210
C(2)—C(3)—C(4) 1187 ,
C(21)-C(22)-C(23) 1184 } 118:6
C(2)—C(3)—0(15 1206
CEZ)I)-C(zz)—OEMg 120-1 } 120-4
C(4)—C(3)—0(15) 1207 } 11
C(23)-C(22)-0(34) 121-5
C(3)—C(4)—N(5) 1216
cgz)z)-cgzg)-Ngu) 120-9 } 1212
| C(3)—C(4)—C(13) 119-3
C(22)-C(23)-C(32) 119-5 } 1194
N(5)—C(4)—C(13) 119-1
N(24)-C(23)-C(32) 119-6 } 119-4
C(4)—N(5)—C(6 1211
cgz)s)-Ngzzt)-cfz)s) 121-1 } 1211
C(4)—N(5)—0(16) 1202 } 1201
C(23)-N(24)-0(35) 1200
C(6)—N(5)—O0(16) 1186
C(25)-N(24)-0(35) 119:0 } 118-8
N(5)—C(6)—C(7) 1189 } 1186
NQ4)-C(25)-C(26) 118-4
C(5)—C(6)—C(11 1200
cgzzt)-cg)S)—coo; 120-0 } 1200
C(7)—C(6)—C(11) 1210 } 1213
C(26)-C(25)-C(30) 1216
C(6)—C(7)—C(8) 1189
C(25)-C(26)-C(27) 1192 } 1150
C(7)—C(8)—C(9) 121-9
C(26)-C(27)-C(28) 1208 } 1214
C(8)—C(9)—C(10 1212
C£2)7)-C(28)—C(29g 1217 } 1214
C(9)—C(10)-C(11) 1190 } 1190
C(28)—C(29)—C(30) 1191
C(9)—C(10)-O(18) 1235
C(28)-C(29)-0(37) 123-4 } 123-4
C(11)~C(10)-0(18) 1176 } 176
C(30)-C(29)-0(37) 1176

Mean
C(13)-N(12)-0(17) 117-8° } 11780
C(32)-N(31)-0(36) 1179
C(4)—C(13)-C(14) 1206
C(23)—C(32§—C(33) 120-9 } 1208
C(4)—C(13)-N(12) 1208 _
C(23)-C(32)-N(31) 1201 } 1204
N(12)-C(13)-C(14) 118-6 } 188
N(31)-C(32)-C(33) 1190
C(1)—C(14)-C(13 118-4
c&%)_cm%_cﬁaz% 1182 } 118:3
C(10)-0(18)-C(19) 1164 } 166
C(29)-0(37)-C(38) 1169
C(3)—0(15)-H(15) 106 } 102
C(22)-0(34)-H(34) 99
N(5)—O(16)-H(15) 99 } 59
N(24)-0(35)-H(34) 99
C2)—C(1)—H() 123 } 1o
C(21)-C(20)-H(20) 116
C(14)-C(1)—H(1) 115 } 119
C(33)-C(20)-H(20) 122
C(1)—C@)—H(Q) 120 } 1o
C(20)-C(21)-H(21) 118
C(3)—C2)—H(2) 119
C(22)-C(21)-H(21) 121 } 120
C(6)—C(7)—H(D) 119 } i
C(25)-C(26)-H(26) 119
C®)—C(7)—H(7) 122 } 12
C(27)-C(26)-H(26) 122
C(7)—C(8)—H(8) 119 } 1o
C(26)-C(2N-HET) 118
C(9)—C(8) —H(8) 119 } 120
C(28)-C(2D-H(27) 121
C(8)—C(9) —H(9) 119 } 19
C(27)-C(28)-H(28) 118
C(10)-C(9)—H(9) 119 } 120
C(29)-C(28)-H(28) 120
C(13)-C(14)-H(14) 117 } 7
C(32)-C(33)-H(33) 117
C(1)—C(14)-H(14) 124 } 4
C(20)-C(33)-H(33) 125
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Table 6 (cont.)

Mean Mean

CLEREY Mo} e gmemme
— — ) . — - )
0(18)-C(19)-H(19¢) 111 109
C(6)—C(11)-N(12) 119-5 } 1195 0(37)-C(38)-H(38a) 110
C(25)-C(30)-N(31) 1195 88%_883%8?); 106
— - 4
883338881583 1239 } 122:8 H(19a)-C(19)-H(19) 109
H(196)-C(19)-H(19¢) 111
C(11)-N(12)-C(13) 1194 } 195 H(190)-C(19)-H(19a) 110 1o
C(30)-N(31)-C(32) 1196 ggggzg-ggggg-gggb)) 107
- - c
C(11)-N(12)-0(17) 1229 } 122:6 H(380)-C(38)-H(38a) 113
C(30)-N(31)-0(36) 1224

E.s.d.’s of angles not involving hydrogen range from 0-19 to 0-24°.
E.s.d.’s of angles involving hydrogen are about 4°,

asin B

O Hydrogen (O carbon € Nitrogen @ Oxygen

(a)

(b)

Fig.2. Packing details. (@) The structure, viewed along c. (b) Molecules B and B(1) (related by the centre at 1,1,1) viewed normal
to the mean plane of the phenazine nucleus. The distances indicated are: 1, O(35)-O(35)(1)=2-553 A (2-577 A if corrected for
non-correlated thermal motion); 2, O(35)-H(34)(1)=2:39 A; 3, O(35)-0(34)(1)=3-028 A; 4, O(35)-H34)=1-58 A. The angles
indicated are: I, O(34)-H(34)-0(35)=159°; II, O(34)-H(34)-0(35)(1)=124°.
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A rotator can be expected to require more space than
a stationary group; perhaps the short distance in this
case indicates that the group is really stationary.) This
comparison of C---C and H---H distances empha-
sizes the necessity of considering the positions of any
hydrogen atoms involved in intermolecular contacts.
The shortest intermolecular distances involving hydro-
gen atoms [other than those glven in Fig.2())] are, w1th
their e.s.d.’s: O---H, 2-49 (6) A; N---H, 3:25 (6)
H---H, 2:30 (9) A. None of these distances is 51gn1-
ficantly less than the sum of appropriate van der Waals
radii. It therefore seems unlikely that the exceptional
distances given in Fig.2(b) represent a reduction in the
van der Waals radii resulting from the low temperature.
A more plausible explanation of the unusual prox-
imity is that the hydrogen atom H(34) participates in
a bifurcated bond, joining O(34) not only to O(35) but
also to O(35) (1). The combined pull of the two weak
symmetry-related bonds 0(34) H(34)---0(35) (1) and
0(34) (1)-H(34) (1)---0O(35) is sufficient to balance the
repulsion between O(35) and O(35) (1). However, there
are some objections to this hypothesis. The distance
0(34)---0(35) (1) is 3028 A, and thus is readily ex-
plicable as a normal van der Waals contact. Also, if
H(34) were even weakly bonded to O(35) (1), it could
be expected to move towards that atom, with a con-
sequent increase in the angle C(22)-O(34)-H(34). In
fact this angle is 99°, compared with the correspond-
ing value of 106° in molecule 4. The e.s.d. of these
angles is about 4°, so that the difference is probably
not significant; however such evidence as is available
does not support the hypothesis. Finally, it can be seen
in Fig.2(b) that the opposing attractive and repulsive
forces are not in equilibrium; O(34)---0O(35) (1) could
be reduced, and O(35)---0O(35) (1) increased by a
translation of the molecule parallel to the long axis of
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the phenazine nucleus. In spite of these objections, the
hypothesis of the bifurcated hydrogen bond is probably
the best that can be advanced at this time. It is hoped
that work now in progress in this laboratory on the
crystal structure of iodinin (II) will throw additional
light on the problem.

The specimen material was supplied by Dr D.C. Gil-
lespie. Computer programs used in the analysis are
those of Ahmed, Hall, Pippy & Huber (1966). Dr O.E.
Edwards contributed much helpful discussion. The as-
sistance of these people, and the continued encourage-
ment of Dr W.H. Barnes, are gratefully acknowledged.
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The Crystal and Molecular Structure of L-Cysteine

By MARJORIE M. HARDING AND H.A.LONG
Department of Chemistry, University of Edinburgh, West Mains Road, Edinburgh 9, Scotland
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The structure of L-cysteine, HSCH,.CH(NH,).COOH, has been determined from three-dimensional
X-ray diffraction data, and refined until R=0-127. The crystals are monoclinic, P2,, with a=11-51,
b=15240, ¢=9-517 A, $=109-13°, The bond lengths and angles in the two cysteine molecules (zw1tter-
ions) in the asymmetric unit are not significantly different from each other or from expected values,
but their conformations differ by twists of 118° around the C,— Cj bond and 33° around C—C, bond.

The crystal structure of L-cysteine,
HS.CH,.CH(NH,).COOH,
has been determined. The free amino acid was

obtained from L-cysteine hydrochloride by neutra-
lization with sodium hydroxide and crystallization
from hot water.



