A.J. OLSON, J. C. HANSON AND C. E. NORDMAN

magnitudes of yy and yc indicate easier deformability
at the nitrogen atom, in agreement with the observa-
tion of Winkler & Dunitz.
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The Crystal Structure and Absolute Configuration of the Antibiotic Actinobolin

By JosepH B. WETHERINGTON AND J. WILLIAM MONCRIEF
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The structure of a solvated derivative of the title compound (C;3H;;N,O; 1~ .H,0.1C,H;N) has been
determined from diffractometer data and refined to an R; of 0-089. The crystals are monoclinic, P2,
a=19-340 (2), b=24-202 (3), c=7-968 (3) A and f=102-32 (2)°, with four molecules of actinobolin. HI,
four water molecules and one acetonitrile per asymmetric unit. The absolute configuration was deter-
mined from the anomalous scattering of the iodides. The four independent molecules of actinobilin have
similar molecular conformations and are involved with the iodides and solvate molecules in a complex
network of intermolecular, intramolecular and bifurcated hydrogen bonds.

Introduction

The antibiotic actinobolin was first isolated in 1959 as
a sulfate salt from submerged aerated broth cultures
of Streptomyces griseoviridis var. atrofaciens (Pitillo,
Fischer, McAlpine, Thompson & Ehrlich, 1959; Has-
kell & Bartz, 1959). Initial investigations of its biolog-
ical activity showed actinobolin to be a broad-spectrum
antibiotic exhibiting low toxicity (Haskell & Bartz,

1959) and mild anticarcinogenic activity (Sugiura &
Reilly, 1959; Burchenal, Holmberg, Reilly, Hemphill
& Reppert, 1959; Teller, Wolff & Wagshul, 1964; Cap-
puccino, Oettgen, Murphy, Reilly & Burchenal, 1960;
Merker, Bowie & Ando, 1962).

In 1968 the structure of actinobolin free base was
shown by Munk, Nelson, Antosz, Herald & Haskell
(1968) to be 4-(2-aminopropionamido)-3,4,42,5,6,7-
hexahydro-5,6,8-trihydroxy-3-methyl isocoumarin.
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Additional evidence was later presented for the struc-
ture of actinobolin and the absolute configuration was
proposed based on n.m.r. studies and the isolation of
L-alanyl-L-threonine following mild permanganate oxi-
dation of the free base (Antosz, Nelson, Herald &
Munk, 1970).

In 1970 actinobolin was shown to be a potentially
useful cariostatic agent (Hunt, Sandham & Caldwell,
1970; Hunt, Navia & Lopez, 1971). Additional studies
demonstrated that actinobolin exhibits low oral toxi-
city (Hunt, Bradley & Bachmann, 1970), inhibits pro-
tein synthesis in bacteria (Hunt & Narkates, 1971) and
serves to increase the hardness of human enamel (Hunt,
Armstrong, Black & Narkates, 1972). Actinobolin has
also been found to be inhibitory for mixed bacteria as-
sociated with peridontal disease (Armstrong & Hunt,
1972). In vitro studies have demonstrated that actino-
bolin has comparable activity with other antibiotics
used in the treatment of peridontal disease and dental
caries (Hunt, Armstrong, Black & Narkates, 1972). In
addition, cross-resistance studies have shown that lab-
oratory-derived strains of bacteria resistant to actino-
bolin were not resistant to several commonly used anti-
biotics; the converse was also found to be true (Hunt,
Armstrong, Black & Narkates, 1972).

Owing to the current interest in the biological activity
of actinobolin, especially as related to the problems
of dental caries and peridontal disease, a crystal-struc-
ture determination was begun on an iodide salt of
actinobolin with X-ray diffraction data collected by
Professor Charles E. Bugg.

Experimental*

Crystals of actinobilin. HI were obtained by passing a
solution of actinobolin sulfate,

(C,3H,oN,06),H,SO,. H,O, through a strong anion
exchange column charged with Nal. The resulting ma-
terial was recrystallized from acetonitrile. Examination
of the crystals revealed a monoclinic space group with
systematic absences 00, £ odd. These absences with
the known optical activity of the compound established
the space group as P2,. Immediately after diffraction-
data collection accurate values of the cell parameters
were determined by least-squares refinement of 20 val-

* Professor Charles E. Bugg, Institute for Dental Research
and Department of Biochemistry, University of Alabama at
Birmingham, Birmingham, Alabama, U.S.A,

STRUCTURE AND CONFIGURATION OF THE ANTIBIOTIC ACTINOBOLIN

ues for seven high-angle Cu K¢, and nine low-angle
Cu Ko, reflections. These cell parameters with other
physical and crystallographic data are given in Table 1.
A preliminary density calculation indicated eight mol-
ecules per unit cell, four per asymmetric unit.

Table 1. Summary of physical and crystallographic data
Jfor actinobolin.. HI
C13H2 N,O61.H,0 . 1C,H;N

P2,
19340 (2) A

Stoichiometry
Space group
a

b 24-202 (3)
c 7968 (3)
B 102:32 (2)°
Density (obs) 164 (1) gem ™3
Density (calc) 1-66
Z 8
u 1443 cm~*
Reflections:
F?>20; 4792
Total 6233
R, (F?>20y) 0-086
R, (all data) 0110

Intensities were collected on a Picker FACS-1 dif-
fractometer with a scintillation counter and nickel-
filtered Cu K« radiation. A 0-20 scanning technique
was used for measurement of the 6233 independent
reflections with 26 < 128°. Three standard reflections
monitored periodically showed decreases in intensity
of 23, 33, and 20 %. A scaling procedure similar to that
described by Ibers (1969) was used to correct for this
decline. Variances, a(I)?, were assigned to the inten-
sities where

o(I)*=¢? (counting statistics) +(0-035)?,

S being the scan counts. The data were corrected for
Lorentz and polarization effects and for absorption.

Structure determination and refinement

The coordinates of the four independent iodide ions
were determined from a Patterson map by vector super-
position techniques. From an electron-density map
computed with the iodides as a phasing model, the co-
ordinates of 46 atoms were determined. Repeated
Fourier synthesis resulted in the location of all 88 ex-
pected lighter atoms; R, =0-30.

Block-diagonal least-squares refinement of all posi-
tional and anisotropic thermal parameters lowered R,
to 0-11. A difference map was computed which revealed
the presence of four water molecules and one molecule
of acetonitrile per asymmetric unit.

Absolute configuration determination

After convergence of the 95-atom model at R=0-089,
terms due to the anomalous scattering of iodine were
included in further block-diagonal least-squares refine-
ment, resulting in R, =0-096 for the original and R, =
0-086 for the opposite enantiomer. The weighted R



JOSEPH B. WETHERINGTON AND J. WILLIAM MONCRIEF

Table 2. Final atomic positions (x 10%) and anisotropic thermal parameters (x 10%) with their estimated
standard errors for actinobolin. HI

T=exp [— (Buh?+ Pak® + Bssl®+ Brohk + Bishl+ BaskD)].

x/a y/b z/c Bu B2 B3 JiP) B Bas
O(A1) 3940 (6) 4809 (4) 7501 (15) 41 (4) 9(2) 235 (29) 8 (5) 31 (16) —-6(12)
C(A42) 3826 (8) 4307 (7 6859 (21) 36 (5) 14 (3) 192 (32) 4 (7) 53 (21) —42(18)
C(A43) 3228 (7) 4027 (6) 6646 (17) 33 4) 10 (3) 101 (23) 12 (6) 65 (15) —12(14)
C(A44) 2665 (8) 4287 (7) 7259 (17) 34 (5) 17 (3) 70 (23) —=20(7) 31(17) -21(15)
O(A5) 2691 (6) 4765 (4) 7832 (14) 41 (4) 12 (2) 221 (23) —15(5) 60 (15) —40(12)
0(A46) 2069 (5) 4033 (5) 7220 (14) 25 (3) 23 (3) 214 (22) —4 (5 64 (12) —6(14)
C(AT) 1954 (7) 3440 (7) 6434 (21) 14 (4) 19 (3) 195 (32) 20 (6) 19 (18) 17 (19)
C(A8) 1370 (9) 3187 (9) 7284 (24) 29 (5) 30 (5) 271 (42) 8(9) 54 (23) —19 (26)
C(A9) 2637 (7) 3116 (7) 6767 (18) 22 (4 15 (3) 102 (25) 1(7) 12 (17) 16 (16)
N(A410) 2906 (6) 3041 (5) 8574 (14) 30 (4) 14 (2) 88 (20) 50 32 (14) -3(13)
C(A11) 3003 (6) 3544 (6) 9309 (17) 20 (3) 10 (2) 136 (24) —6(6) 44 (15) 11 (16)
0(A12) 2842 (6) 2130 (5) 8546 (15) 49 (5) 12 (2) 203 (24) 5(6) 15(17) 7(13)
C(A13) 3370 (7) 2531 (7) 11212 (19) 28 (4) 16 (3) 147 27) —-15(8) 31 (18) —18(19)
N(A414) 3113 (8) 2056 (5) 12032 (18) 64 (6) 11 (2) 176 (27) 24 (7) 45 (21) =21 (14)
C(A15) 4174 (7) 2504 (10) 11403 (22) 16 (4) 44 (6) 192 (33) 16 (10) 19 (19) 30 (28)
C(A16) 3164 (7) 3443 (7) 5952 (18) 26 (4) 15 (3) 114 (25) -7 (6) 53 (16) 15 (16)
C(A17) 3885 (8) 3169 (7) 6194 (21) 35(5) 12 (3) 19531 —-19(7) 72 (19) —15(18)
0(A18) 3782 (5) 2639 (5) 5368 (14) 37 (3) 22 (3) 199 (22) —16(6) 27 (14) 43 (19)
C(A419) 4414 (8) 3502 (D) 5540 (18) 31 (5) 20 (4) 11525 —-11 () 64 (17) —-20(17)
0(A420) 5068 (5) 3243 (6) 5712 (15) 24 (3) 36 (3) 328 (25) —-36(5) 133 (12) —73 (16)
C(A21) 4542 (8) 4087 (8) 6418 (26) 21 (5) 254 339 (44) -3(8) 47 (23) —-32(26)
O(B1) 6622 (5) 4773 (5) 1210 (16) 30 (3) 23 (3) 329 (29) —-38(5) 67 (15) —34(16)
C(B2) 6773 (7) 4254 (7) 1812 (20) 20 (4) 19 (4) 182 (30) -3 48 (17) —13(19)
C(B3) 7435 (7) 4052 (7) 2025 (15) 23 4) 254 66 (20) 2 74 (12) 35 (15)
C(B4) 7973 (7) 4379 (6) 1499 (17) 29 (4) 12 (3) 82 (22) -2 (6) 48 (15) 8 (14)
O(BYS) 7878 (5) 4849 (5) 900 (13) 32 (3) 15 (2) 185 (21) —1(5) 43 (13) —-5(12)
O(B6) 8608 (5) 4162 (4) 1468 (13) 33(3) 14 (2) 156 (19) 10 (5) 42 (13) —-18(12)
C(B7) 8789 (7) 3620 (6) 2228 (21) 20 4 11 (3) 261 (33) —18(6) 78 (17) —40 (17)
C(B38) 9449 (7) 3437 (9) 1507 (24) 10 (4) 37 (5) 300 (38) —8(® 70 (18) 26 (26)
C(B9) 8175 (6) 3233 (6) 1809 (18) 13 (3) 11 (3) 152 (26) 0 (6) 17 (16) —34(15)
N(B10) 7917 (6) 3142 (5) —34 (14 32 ) 72) 107 (20) —13(5) 32 (14) 1(12)
C(B11) 7878 (6) 2649 (7) —744 (15) 10 (3) 26 (4) 59 (20) -8 (6) 22 (12) 39 (15)
O(B12) 8090 (7) 2232 (5) 10 (16) 65 (5) 13 (2) 218 (25) —20(6) 61 (18) —54(13)
C(B13) 7466 (8) 2651 (7) —2595 (19) 39 (5) 16 (3) 170 (26) 23 () 97 (17) 58 (16)
N(B14) 7667 (8) 2180 (7) —3509 (21) 58 (6) 21 (3) 385 (36) 30 (8) 160 (22) 116 (18)
C(B15) 6660 (7) 2627 (8) —2719 (20) 30 4 28 (4) 167 (30) 40 (7) 40 (19) 17 (21)
C(B16) 7571 (8) 3452 (7) 2674 (18) 36 (5) 16 (3) 124 (25) 5@) 81 (16) —28 (16)
C(B17) 6929 (7) 3118 (7) 2377 (19) 16 (4) 17 (3) 144 (28) —-5(6) 12 (17) 9 (18)
O(B18) 7092 (5) 2603 (5) 3216 (13) 34 (3) 22 (3) 195 (21) 8 (6) 64 (13) —12(14)
C(B19) 6363 (8) 3425 (8) 3212 (19) 29 (5) 26 (4) 151 (27) 21 (8) 69 (17) 65 (18)
O(B20) 5752 (5) 3092 (6) 3036 (16) 253) 394 315 (27) 39 (5) 104 (13) 39 (18)
C(B21) 6131 (8) 3950 (8) 2187 (24) 25 (5) 26 (4) 275(39) -—-23(8) 58 (21) —13(29)
ocny 3154 (5) —280 (6) 3922 (16) 27 (3) 27 (3) 274 (29) 8 (6) 22(16) —19(17)
C(C2) 3252 (8) 25(8) 4297 (18) 37 (5) 21 (4) 252 (28) 309 16 (19) 55 (21)
C(C3) 2569 (7) —118 (6) 3963 (16) 29 (4) 14 (3) 105 (22) 10 (7) 16 (16) 23 (15)
Cc(Cc9 2352 (1) — 648 (6) 3065 (17) 26 (5) 15 (3) 55 (23) 15 (6) 66 (17) 54 (14)
O(C5) 2800 (6) —964 (5) 2662 (14) 35(3) 14 (2) 105 (21) 13 (5) 15(14) —16 (12)
O(C6) 1701 (5) —814 (4) 2732 (14) 29 (3) 11 (2) 219 (27) —-11@ 22 (14) 5(14)
C(CD 1144 (8) —492 (7) 3234 (19) 30 (5) 22 (3) 213 (40) —19(8) 31 (22) 33 (21
C(C3) 441 (9) — 683 (9) 2077 (24) 25 (5) 28 (3) 126 (46) —12(7) —11 24) —57(22)
C(C9) 1292 (8) 128 (6) 3099 (20) 29 (3) 12 (4) 248 (22) —14 (7) 15 (13) 25 (20)
N(C10) 1265 (6) 307 (5) 1379 (14) 28 (4) 16 (3) 175 (22) —8 (6) 46 (15) —25(14)
C(C11) 776 (7) 671 (6) 627 (17) 22 (4) 14 (3) 86 (21) —1(6) 32 (13) 22 (15)
0O(C12) 314 (5) 867 (5) 1254 (13) 23 (3) 32(2) 101 (18) —38 (4) 112 (11) —-78 (11)
C(C13) 843 (8) 829 (7) —1186(19) 32 (5) 18 (3) 238 (29) 4 (7) 71 (18) 5(15)
N(C14) 164 (7) 1112 (6) —2057 (16) 28 (3) 26 (3) 140 (24) —21(6) —28 (15) —33(15)
C(C15) 1472 (9) 1220 (8) —1077 (19) 39 (6) 28 (5) 141 (36) —13(9) 13 21 7 (24)
C(C16) 1999 (8) 256 (7) 4395 (18) 28 (5) 15 (3) 84 (28) —15(7) —-27(19) 29 (15)

C(C17) 2212 (7) 849 (6) 4233 (21) 22 (7) 10 (4) 85(34) -—-9(10) 81 (24) 8 (20)
0O(C18) 1709 (6) 1178 (6) 4700 (17) 38 (7) 23 4) 280 (32) -3 (10) 65 (21) —14(21)
C(C19) 2930 (9) 931 (7) 5608 (23) 40 (12) 13 (3) 353 (38) 7 (10) 67 (35) 41 (19)
0(C20) 3162 (6) 1470 (5) 5652 (16) 48 (8) 23 (3) 273 (28) 25 (8) 82 (23) 91 (15)

C(C21) 3508 (7) 577 (8) 5122 (20) 17 (7) 29 (4) 327 (38) 28(9) -35@27 41 (23)
O(D1) 5489 (5)  —309 (6) 7976 (16) 21 (3) 29 (3) 283 (27) —8(6) 6 (16) —20(16)
C(D2) 5981 (8) —-34 (9 7452 (19) 28 (5) 274 127 (25) ~7(9) -3 (19 38 (18)
C(D3) 6655(7) —195(7) 7610 (17) 24 (4 19-(3) 51200 -=3(7) 1(15) —-13(14)

C(D4) 6831 (8) —737(6) 8450 (17) 309 12(3) 71 (22) —11(6) —-1(15) =354

503
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Table 2 (cont.)

STRUCTURE AND CONFIGURATION OF THE ANTIBIOTIC ACTINOBOLIN

x/a y[b zle Bu B2 Bss B2 Bis Bas
O(D5) 6423 (5) —1021 (4) 8963 (13) 35 (4) 13 (2) 178 (24) =16 (5) 38 (16) 5(13)
O(D6) 7509 (5) —895 (5) 8685 (15) 25 (3) 15(2) 318 (23) =27 (9) 56 (14) —-35(12)
C(D7) 8045 (9) —618 (7) 8051 (24) 38 (5) 15 (4) 326 (28) 8(7) 122 (19) —19 (18)
C(D8) 8735(@8) —814 (N 9190 (25) 30 (5) 12 (5) 375 41) —-10(9) 73 (25) —47 (25)
C(D9) 7949 (6) —10 (8) 8019 (16) 17 (5) 30 (3) 108 (30) —26(7) 60 (200 —17 (16)
N(D10) 8077 (7) 266 (6) 9754 (15) 47 4 14 (3) 124 (19) 24 (5) 73 (13) 15 (13)
C(D11) 8465 (7) 734 (7) 10011 (16) 22 (4) 18 (3) 93 (29) —9 (6) 72 (16) 1(15)
0O(D12) 8671 (5) 1001 (4) 8886 (12) 36 (3) 12 (3) 157 (20) 20 (5) 86 (10) 1(14)
C(D13) 8672 (8) 925 (7) 11875 (18) 38 (5) 16 (4) 92 (27) —-15(D) 36 (17) —44 (18)
N(D14) 9102 (6) 1458 (6) 11899 (15) 18 (4) 18 (3) 149 (25) 3(7D) -8 (17) 10 (16)
C(D15) 8077 (9) 1036 (9) 12659 (23) 55 (6) 31 (4) 251 (26) 52 (9) 140 (21) 51(21)
C(D16) 7219 (8) 137 (6) 6932 (19) 44 (5) 73) 165 (25) 5 74 (18) 25 (15)
C(D17) 7024 (10) 758 (8) 6927 (22) 63 (4) 17 (3) 190 (35) —13(6) 102 (18) —41 (18)
O(D18) 7501 (9) 1051 (7) 6176 (19) 105 (4) 35(3) 379 (31) 22 (6) 232 (18) —36(18)
C(D19) 6252 (13) 814 (7) 5843 (24) 110 (6) 93 192 (39) —33(8) 47 (34) 39 (20)
O(D20) 6058 (9) 1383 (6) 5568 (17) 121 (4) 17 (3) 240 (29) —-32(6) 160 (18) =39 (15)
C(D21) 5710 (10) 524 (9) 6685 (24) 45 (4) 24 (4) 191 (30) —-24(7) —16 (19) 12 (19)
(1) 1504 (1) 2500 2596 (2) 41 (0) 24 (0) 219 (2) 11 (1) 23 (2) 36 (2)
1(2) 441 (1) 4939 (1) 4405 (2) 44 (0) 27 (0) 183 (2) =2 (D) 62 (1) —4(2)
I(3) 6000 (1) 1582 (1) 1140 (2) 55 (0) 32 (0) 240 (3) 34 (1) 35 (2) 13 (2)
1(4) 9280 (1) 2627 (1) 5953 (2) 41 (0) 55(1) 300 (3) -7 38(2) —-133Q2)
w(l) 9931 (7) 2060 (6) 9928 (18) 38 (4) 26 (3) 286 (28) 9 (6) 28 (18) 38(17)
W) 289 (7) 1564 (8) 4684 (16) 57 (5) 58 (5) 176 (26) 31 (10) 9(19) —24(22)
wW(3) 4800 (12) 1879 (8) 6867 (31) 120 (10) 38 (5) 757 (73) =77 (11) — 193 (44) 86 (34)
W(4) 5397 (9) 2896 (14) 9316 (25) 82(8) 128 (14) 576 (53) 0(17) 21429 156 (45
N(1) 3416 (11) 972 (11) 782 (29) 68 (8) 54 (7) 433 (56) —48 (13) —1(35) 62 (35)
C(2) 3955 (13) 753 (11) 814 (31) 75 (10) 35 (6) 339 (55) 40 (13) 94 (36) 25 (33)
C(@3) 4632 (12) 393 (14) 1038 (37 54 (9) 47 (9) 654 (85) 3(16) 156 (41) 48 (49)

values for the two refinements are 0-082 and 0-078,
respectively, yielding a weighted R value ratio of
1-0513. Only those data with intensities greater than
twice their standard errors were included in these re-
finements and the weighting scheme w=1/c% was em-
ployed. The scattering factors for iodine are those of
Cromer & Waber (1965) while those for carbon, nitro-
gen and oxygen were obtained from International
Tables for X-ray Crystallography (1968). The values of
f’ and f for iodine were taken from Cromer (1965).

By application of Hamilton’s (1965) R value ratio
test the determination of the absolute configuration is
significant at greater than the 0-5% level. The absolute
configuration of actinobolin is R, R, S, R, Rand R at
C(7), C(9), C(13), C(16), C(17) and C(19), respectively,
in agreement with previous findings (Antosz, Nelson,
Herald & Munk, 1970). Hydrogen-atom positions were
not determined. A final difference map revealed no
residual electron density above 0-60 e A~3. The atomic
coordinates and anisotropic thermal parameters and
their estimated standard errors are given in Table 2.*

Discussion of the structure

The observed conformations of the four crystallo-
graphically independent molecules of actinobolin are

* A list of structure factors has been deposited with the
British Library Lending Division as Supplementary Publica-
tion No. SUP 30699 (44 pp., 1 microfiche). Copies may be
obtained through The Executive Secretary, International
Union of Crystallography, 13 White Friars, Chester CH1
1NZ, England.

similar except for small but significant differences in
bond distances and angles. In addition, molecule D
engages in an intramolecular hydrogen bond not pres-
ent in the other three molecules (see section below on
hydrogen bonding).

The observed bond distances and angles and their
estimated standard errors are presented in Tables 3
and 4. The correct absolute configuration and the val-
ues of the bond distances and angles averaged over
the four independent molecules are shown in Fig. 1.
The average estimated standard errors of the bond dis-
tances and angles are rather large (0-02 A and 1-3°),
reflecting the size of the structure. Within these error
limits the averaged values of the bond distances and
angles in actinobolin are comparable with those ob-
served in other structures (Pauling & Corey, 1953;
Marsh & Donohue, 1967; Sutton, 1958).

The estimated standard errors of the positional and
thermal parameters of the water molecules and the
acetonitrile are larger than those of the other atoms,
suggesting partial occupancy. Less than full occupancy
of the solvent molecules is also supported by the ob-
served density, which is significantly less than that cal-
culated for four waters and one acetonitrile per asym-
metric unit (Table 1).

The N(1)-C(2) distance of 1-164 A in the acetonitrile
is close to that observed in a microwave study (Thomas,
Sherrard & Sheridan, 1955) of the free molecule (1:157
A) and in the crystal structure (Massaux, Bernard &
Le Bihan, 1971) of CuBr.C,H;N (1-158 A). However,
the C(2)-C(3) distance and the N(1)-C(2)-C(3) angle
differ substantially from values previously observed



JOSEPH B. WETHERINGTON AND J. WILLIAM MONCRIEF

Table 3. Observed bond distances and their estimated
standard errors (A) for the four crystallographically
independent molecules of actinobolin. HI

Molecule  Molecule Molecule Molecule
A B

O(1)—C(2) 1-314 (21) 1-352(23) 1-302 (23) 1-302 (23)
C(2)—C@3) 1-:378 (25) 1-347 (22) 1-336 (24) 1-340 (24)
C(2)—C(21) 1-530(26) 1:526 (25) 1-525(28) 1-528 (31)
C(3)—C(4) 1-433(23) 1:441(23) 1-486(22) 1-478 (23)
C(3)—C(16) 1-514 (24) 1-543 (26) 1-521 (24) 1:543 (24
C(4)—O0(5) 1-239(21) 1-232(20) 1-248 (20) 1-182 (20)
C(4)—O0(6) 1-301 (21) 1-342(20) 1-294 (19) 1:340 (20)
0(6)—C(7) 1-560 (22) 1-458 (20) 1-453 (21) 1-414 (22)
C(7H)—C(8) 1-:562 (25) 1:556 (22) 1-542 (22) 1-524 (22)
C(1H—C(9) 1-509 (23) 1-506 (22) 1-537 (27) 1-480 (30)
C(9)—N(10) 1-435(8) 1-464 (8) 1426 (8) 1-507 (14)
C(9)—C(16) 1-541(22) 1-570 (21) 1-558 (19) 1-534 (20)
N(10)-C(11) 1-333(21) 1-315(22) 1-336 (20) 1-350 (23)
C(11)-0(12) 1-180 (19) 1:203 (21) 1-209 (18) 1-238 (15)
C(11)-C(13) 1-531(10) 1-517 (10) 1-527 (13) 1-525(11)
C(13)-N(14) 1-462 (23) 14450 (23) 1:512(21) 1-532 (24
C(13)-C(15) 1-530(23) 1-542 (24) 1-529 (28) 1-446 (26)
C(16)-C(17) 1-519 (24) 1-460 (24) 1-508 (25) 1-550 (27)
C(17)-0O(18) 1-436 (21) 1-417 (21) 1-370 (21) 1-395 (27)
C(17)-C(19) 1-481 (24) 1-585(23) 1-588 (19) 1-563 (31)
C(19)—-0(20) 1-391 (21) 1-413 (23) 1-380 (25) 1-431 (26)
C(19)-C(21) 1-575(29) 1-527 27) 1-520 (26) 1-529 (32)
Acetonitrile
N(1)—C(2) 1-164 (38)
C(2)—C@3) 1-555 (41)

for acetonitrile complexes (Massaux, Bernard & Le
Bihan, 1971; Marstokk & Stremme, 1968). These ob-
served differences may possibly be attributed to the
errors associated with the acetonitrile position, partial
occupancy of the molecule and effects due to the
N(414)- - -N(1) hydrogen bond.

Fig. 2 is a stereoscopic drawing of the unit cell illus-
trating the molecular packing and conformation of
actinobolin. HI. The hexahydroisocoumarin portion of
the molecule has a double-chair conformation as pre-

505

dicted by Antosz, Nelson, Herald & Munk (1970) on
the basis of n.m.r. studies. The conformation of the
2-aminopropionamido side chain is similar to that
observed in the threonyl portion of L-threonyl-L-phen-
ylalanine p-nitrobenzene ester hydrobromide (Malli-
karjunan, Rao, Venkatesan & Sarma, 1965) and in
L(s)-threonine (Shoemaker, Donohue, Schomaker &
Corey, 1951).

Hydrogen bonding

The hydrogen-bonding scheme of actinobolin. HI is ex-
tremely complex. All 36 hydrogen atoms theoretically
available to hydrogen bond appear to do so. Despite
the absence of experimentally determined hydrogen
positions, sufficient information is available from the
‘heavy’-atom positions to make specific statements con-
cerning donor-acceptor roles in the hydrogen-bond-
ing scheme. Arguments similar to those below have
previously been applied (Donohue, 1952) in the deter-
mination of self-consistent models for hydrogen bond-
ing. Fig. 3 is a schematic representation of the proposed
hydrogen-bonding network with distances given be-
tween ‘heavy’ atoms involved in hydrogen bonds. A
complete set of interatomic angles appears in Table 5.
In Fig. 3 the positioning of a filled circle (hydrogen
atom) closer to one atom than another implies that the
nearer atom is the hydrogen donor. In some situations
the distinction between a close contact and a weak
hydrogen bond is not clear and an alternative interpreta-
tion may be possible.

In each of the four crystallographically independent
molecules of actinobolin. HI, intramolecular hydrogen
bonds of the type O(1)-H---O(5) are observed with
an average O(1)- - -O(5) distance of 2-50 A. This dis-
tance is similar to the values 2:47 and 2-53 A observed
in the unsymmetrical O- - - O hydrogen bonds of harun-
ganin (Alden, Stout, Kraut & High, 1964) and obtusi-

Fig. 1. Drawing of actinobolin showing the correct absolute configuration and values of the bond distances and angles averaged
over the four crystallographically independent molecules.
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folin (Narayanan, Zechmeister, Réhrl & Hoppe,
1971).

In each of the four crystallographically independent
molecules of actinobolin. HI there exist intermolecular
hydrogen bonds N(10)-H-..-O(5’) with an average
N(10)- - -O(5") distance of 3-02 A. This average dis-

tance is similar to those observed in N-acetylglycine,
3-030 A (Donohue & Marsh, 1962); glycylphenylala-
nylglycine, 2-89, 3-00 A (Marsh & Glusker, 1961) and
a-glycylglycine, 2:966 A (Biswas, Hughes, Sharma &
Wilson, 1968). In three of the four independent mol-
ecules the angle C(9)-N(10)---0(5’) is significantly

Table 4. Observed bond angles (°) and their estimated standard errors for the four crystallographically
independent molecules of actinobolin. HI

Molecule
A

O(1)—C(2)—C(3) 121-9 (16)
Oo(1)—C(2)—C(21) 112-3 (16)
C(3)—C(2)—C(21) 125-8 (16)
C(2)—C(3)—C(4) 117-6 (15)
C(2)—C3)—C(16) 120:4 (15)
C(4)—C(3)—C(16) 121-7 (15)
C(3)—C(4)—0(5) 124-1 (14)
C(3)—C(4)—O0(6) 121-2 (16)
O(5)—C(4)—0(6) 114-7 (15)
C(9—O(6)—C(7) 1197 (12)
O(6)—C(7)—C(8) 104-0 (12)
O(6)—C(1H—C(9) 111-3 (11)
C(®)—C(H—C(9) 113-9 (14)
C(DH—C(9)—N(10) 111-0 (10)
C(7)—C(9)—C(16) 106-9 (13)
N(10)-C(9)—C(16) 1109 (11)
C(9)—N(0)-C11) 122:9 (12)
N(10)-C(11)-0(12) 122:9 (7)
N(10)-C(11)-C(13) 116-5 (13)
O(12)-C(11)-C(13) 120:6 (14)
C(11)-C(13)-N(14) 109-2 (13)
C(11)-C(13)-C(15) 110-3 (10)
N(14)-C(13)-C(15) 111-0 (16)
C(3)—C(16)-C(9) 109-6 (11)
C(3)—C16)-C(17 111-1 (13)
C(9)—C((16)-C17) 113-3 (13)
C(16)-C(17)-0O(18) 107-3 (13)
C(16)—C(17)—-C(19) 113-7 (14)
O18)-C(17)—C(19) 111-3 (12)
C(17)—C(19)-0(20) 113-8 (15)
C(17)-C(19)-C(21) 112-8 (12)
0(20)-C(19)-C(21) 107-8 (13)
C(2)—C(21)-C(19) 110-7 (15)
Acetonitrile

N(1)—C(2)—C(@3) 170-7 (27)

Molecule Molecule Molecule
120-7 (16) 124:2 17) 125-6 (19)
113-2 (14) 114-0 (15) 111-7 (16)
126:2 (17) 121-8 (17) 122-7 (18)
119:2 (17) 1189 (15) 115-3 (16)
118-4 (15) 122:5 (16) 124-0 (16)
122-2 (14) 118-6 (13) 1206 (14)
124-2 (15) 120-9 (14) 124-5 (15)
120-7 (15) 121-9 (14) 116-0 (14)
114-6 (14) 117-1 (14) 119-4 (14)
119-6 (12) 121-6 (13) 125-8 (13)
104+6 (12) 106-6 (12) 104-7 (11)
110-4 (11) 110-2 (13) 112-2 (14)
1144 (14) 113-9 (14) 114-2 (14)
113-7 (10) 113-2 (10) 115-4 (10)
109-0 (12) 107-2 (12) 109-6 (14)
111-5 (10) 1151 (13) 111-5 (13)
123-1 (11) 120-5 (12) 119-2 (11)
1243 (7) 1259 (9) 1256 (8)
112-7 (14) 113-3 (13) 115-1 (11)
122-8 (15) 120-8 (13) 119-3 (14)
110-2 (13) 107-9 (12) 107-2 (10)
112:1 (9) 1091 (9) 114:2 (13)
108-3 (14) 110:4 (15) 108:6 (15)
105-1 (11) 107-9 (11) 108-4 (10)
1129 (13) 1087 (14) 108-5 (15)
115-3 (13) 110-3 (11) 114-8 (14)
108-5 (12) 107-9 (13) 108:0 (17)
108-1 (14) 105-8 (12) 106-6 (15)
108-6 (11) 107-9 (10) 111-1 (12)
109-1 (15) 111-5(13) 110-8 (17)
108-5 (11) 1097 (11) 112:5 (11)
106-2 (13) 1067 (16) 108-9 (20)
110:3 (14) 114-5 (14) 111-7 (18)

Fig. 2. Stereoscopic drawing of the unit-cell contents of actinobolin. HI. The horizontal axis is @ and the vertical axis is b.



JOSEPH B. WETHERNIGTON AND J. WILLIAM MONCRIEF

larger than the angle C(11)-N(10)---O(5") (average
value of 127-9° as compared with 113-4°) as has pre-
viously been observed (see Fuller, 1959, for a review).
In molecule D the C(9)-N(10)--.0(A45) angle is ob-
served to be smaller than the C(11)-N(10)---0(A45)
angle, presumably because of a slight change in molec-
ular conformation resulting from an O(D18)-H---
O(D12) intramolecular hydrogen bond not observed
in the other three independent molecules. In each of

MOLECULE A @
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the independent molecules the atoms C(9), N(10),
C(11) and O(5’) are nearly coplanar (sum of the angles
about N(10) averages 360-0°) as required for this type
of hydrogen bonding (Donohue, 1952).

The charged amino nitrogen N(A414) is approached
closely by four possible hydrogen acceptors as shown
in Fig. 3(a). The acetonitrile nitrogen N(1) and the
iodide ion I(1) are both in positions suitable for the
formation of rather strong hydrogen bonds. The

MOLECULE B

MOLECULE D

Fig. 3. Schematic representations of the hydrogen bonding of actinobolin.HI. See text for further explanation.
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N(A14)---1(1) distance of 3-409 A is the shortest iodine
contact observed in this structure and is significantly
shorter than the values of 3-54 and 3-52 A reported for
the charged amino N- - -1 hydrogen bonds in L-leucine
hydroiodide (Chaney, Seely & Steinrauf, 1971). The
N(A14)- - N(1) hydrogen bond is to the authors’
knowledge the first report of an NH3 -acetonitrile hy-
drogen bond. The N(414)- - -N(1) distance of 2:911 A
is somewhat shorter than the values of 3-12, 3:12 and
321 A reported for amino-nitrile hydrogen bonds in
diaminomaleonitrile (Penfold & Lipscomb, 1961). The
two hydroxide oxygens O(C20) and O(418’) both ap-
proach N(A14) at distances slightly longer than the
average N- - - O hydrogen-bond distance (Fuller, 1959),
and with C-N.. .0 angles widely different from the
desired near-tetrahedral value. The situation is similar
to that found in the crystal structures of the « and p
forms of glycine (Marsh, 1958; Iitaka, 1960) where bi-
furcated hydrogen bonds were observed. If a hydro-
gen atom were to be placed along the line bisecting the
O(C20)---N(A14)---O(A18') angle and in the plane
of the three atoms, the C(A413)-N(414)---H angle
would be 115° close to the expected value. On the
basis of this evidence and the further hydrogen-bond-
ing activity of O(C20) and O(A18) such a bifurcated
hydrogen bond is likely.

N(B14) is observed to form three hydrogen bonds
with I(4), O(D18), and O(BI18’). The C(B13)-N(B14)
---O(D18) angle of 141-8° deviates strongly from the
tetrahedral value but the short N(B14)- - -O(D18) dis-
tance of 2-785 A is highly suggestive of the presence of
a hydrogen bond (Fuller, 1959).

N(C14) forms two hydrogen bonds to water mol-

OF THE ANTIBIOTIC ACTINOBOLIN

ecules W(1) and W (2) with N(C14)-..W distances
similar to those tabulated by Fuller (1959). The
C(C13)-N(C14)-- - W and the W---N(C14)--- W an-
gles are also close to the expected tetrahedral values. The
iodide ion 1(2) and the amido oxygen O(D12) also form
close contacts with N(C14). Although the N(C14)-- -
O(D12) distance of 3-145 A is rather long for hydrogen
bonding, the N(C14)- - -1(2) angle of 92-0° casts some
doubt upon I(2) being the sole acceptor of the third
hydrogen of N(C14). If, as with N(414), a bifurcated
hydrogen bond is considered and a hydrogen is placed
along a line bisecting the I(2)---N(C14)---H angle
and in the plane of the three atoms, the C(C13)-N(C14)
-« +H angle would be 114°. In Fig. 3(¢) such a bifurcated
hydrogen bond is indicated. Alternatively, the struc-
ture may be viewed as a ‘bent’ N(C14)- - -I(2) hydro-
gen bond with the displacement in the direction of
O(D12).

A situation similar to that encountered in N(A414)
also exists for N(D14). Two water molecules and two
amido oxygens approach N(D14) with an average
N(D14)- - -O distance of 2:87 A. Water molecule W(2)
and the amido oxygen O(B12) are both in suitable
hydrogen acceptor positions. As in molecule A4, two
additional oxygen atoms O(C12) and W(1) form an
approximate equilateral triangle with N(D14). While
the C(D13)-N(D14)---O(B12) angle of 103-5° is rea-
sonable for a hydrogen bond, the close contact with
W (1) is left unexplained. Placement of a hydrogen atom
along the line bisecting the O(C12)- - -N(D14)- - - W(l)
angle and in the plane of the three atoms would result
in a C(D13)-N(D14)- - -H angle of 119°. Such a bifur-
cated hydrogen bond explains in part the rather close
O(C12)- - - W(l) contact of 3-109 A.

The hydroxide oxygen O(A418) acts as the donor
atom in a hydrogen bond to W(3). The O(418)- - - W(3)
distance of 2775 A is typical of those reported by
Donohue (1952) and Fuller (1959).

The hydroxide oxygen O(A420) donates a hydrogen
to water molecule W(4) and accepts a hydrogen from
the hydroxide oxygen O(B20). A water molecule W (4’)
translated one unit cell in the z direction donates a
hydrogen to O(B20) thus linking the 4 and B mol-
ecules in an infinite chain parallel to ¢. It is possible,
although the angles are less favorable, that O(420) is
the acceptor of a hydrogen from W(4) and O(B20) in
turn accepts from O(420) and donates to W (4').

The hydroxide oxygen O(B18) donates a hydrogen
to the iodide ion I(3) and accepts a hydrogen from
N(B14). The O(B18)---1(3) distance of 3-437 A is
slightly shorter than the 3-57 and 3-54 A distances ob-
served in other structures (Fridrichsons & Matheison,
1963; Pilotti, 1971).

The hydroxide oxygen O(C18) donates a hydrogen
to the iodide ion I(1) and accepts a hydrogen from
water molecule W(2).

The hydroxide oxygen O(D18) donates a hydrogen
to the amido oxygen O(D12) of the same molecule.
Such an intramolecular hydrogen bond is not observed
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Table 5. Interatomic angles (°) involved in the hydrogen-bonding network of actinobolin. HI

C(A2) ——O(A1) - - - - O(A45) 88-2 C(C11)—O0(C12)---N(D14) 1654
C(B2)——O0(B1)- - -O(B5) 879 C(C11)—O0(C12)- - - W(1) 111-6
C(C2)——0(C2)- - -~ O(C5) 86-9 N(D14)---O(C12)- - - W(1) 57-0
C(D2)——O0(D2) - - - - O(D5) 858 C(D11)—O(D12)+--N(C14) 1321
C(A4)——O0(A5) - - - - O(A1) 88-0 C(D11)—O(D12) - - -1(2) 1113
C(B4)——O(B5) - - - -O(B2) 87-8 C(D11)—O(D12)---O(D18) 1045
C(C4)——O0(CS5) - - -+ O(C2) 89-1 N(C14)---O(D12)- - -1(2) 529
C(D4)——O(D5) - - - -O(D2) 889 N(C14)---O(D12)---O(D18) 1166
C(A4)——O(A45) - - *N(D10) 1299 I(2)eeeveee O(D12)-++ -O(D18) 852
C(B4)——O(B5) - --N(C10)  122:2 C(A13)—-N(A14) -+ -I(1) 1026
C(C4)——O(C5)----N(B10) 111+4 C(A13)—N(A414)- - - N(1) 116:4
C(D4)——O(D5) - - - -N(410) 1152 C(A13)—N(A414)---O(C20) 1436
O(Al1)- - -O(A4S) - - - -N(D10) 1337 C(A13)—N(A14) - - -O(A18) 84-4
O(B1)----O(B5)----N(C10) 1413 1) - - -+ -N(414)- - - O(C20) 82-7
O(Cl)----0(C5)----N(B10)  154-8 (1) N(414)- - -O(A18) 88-2
O(D1)----O(D5) - - - -N(410)  151-8 ) ERRREE N(A14)- - -N(1) 125-8
C(49)——N(A10) - --O(D5)  123-8 O(C20)- - -N(A14)- - -O(A18) 595
C(B9)——-N(B10) - -O(C5) 1251 0(C20) - - - N(A14)- - - N(1) 865
C(C9)——N(C10)---O(B5) 1249 0(A18) - - -N(A14) - - - N(1) 129-6
C(D9)——N(D10)- - -O(45) 1143 C(B13)—N(B14)- - -1(4) 99.5
C(A11)—N(410)---O(D5) 1125 C(B13)—N(B14)---O(D18)  141-8
C(B11)-—N(B10)---O(C5) 1113 C(B13)—N(B14)- - -O(B18) 94-9
C(C11)—-N(C10)---O(B5) 1143 1) - N(B14)---O(D18)  113-2
C(D11)—N(D10)- - -O(A45) 1262 14y~ -~ N(B14)- - -O(B18) 87-7
C(A11)——O(A12) - +-O(C20) 1413 O(D18) - - -N(B14)- - -O(B18) 1052
C(B11)—O0(B12) - -*N(D14)  158:0 C(C13)—N(C14)- - -1(2) 92:0
C(C13)—N(C14)---O(D12) 1271 N(B14)---O(B18)- - -1(3) 105-4
C(C13)—N(C14)- - - W(1) 109-7 C(C17)—O(C18)- - - W(2) 1560
C(C13)—N(C14)- - W(2) 110-8 C(C17)—O0(C18)- - - I(1) 113-8
1)~ N(C14)---O(D12) 806 W@y o(C18)- - -I(1) 72:6
I2)+ + - -N(C14)+ - W(1) 1512 C(D17)—O(D18)---N(B14) 1226
I2)- -+ N(Cl4)- - W(2) 84-7 C(D17)——O(D18)- - - O(D12) 98-5
O(D12) - - -N(C14)- - W(1) 712 N(D14)---O(D18) - - O(D12) 85-0
O(D12) - --N(C14)- - - W(2) 120-4 C(A19)—O0(A420)- --O(B20) 1240
Wy ---- N(C14)- - W(2) 104-3 C(A19)—O0(A420)- - - W(4) 103-2
C(D13)—N(D14)- - - W(2) 1155 O(B20) - - -O(A20) - - - W(4) 1327
C(D13)—N(D14)---O(C12) 923 C(B19)—O0(B20)- - -O(420) 1121
C(D13)—N(D14) - - - (1) 141-8 C(B19)——0(B20)- - - W(4) 1017
C(D13)—N(D14)---O(B12) 1035 0(A420) - - -O(B20)- - - W(4) 138-9
W) N(D14)---O(C12) 684 C(C19)—0(C20)- - -O(A12) 1140
W2y N(D14)- -+ W(l) 89-5 C(C19)—0(C20)- - -N(A14) 1168
W2 N(D14)---O(B12)  133-8 C(C19)—0(C20)- - -O(A18)  172:5
O(C12)- - -N(D14)- - W(1) 654 0(A412) - - -O(C20)- - - N(A14)  119-4
0(C12)---N(D14)---O(B12) 1356 0(A412) - - -O(C20)- - - O(A18) 73-4
Wy« N(D14)---O(B12) 774 N(A414) - - -O(C20)- - - O(A418) 578
C(A1T)—O0(A418)- - -O(C20)  143-1 C(D19)—O0(D20) - - -1(3) 103-6
C(A17)—O0(A18) - --N(414) 1437 C(D19)—0(D20)- - - W(3) 1215
C(A17)—O0(A418)- - - W(3) 1123 I3)- -+ 0(D20)" - - W(3) 1150
O(C20)- - -O(A418)- - -N(A414) 578 CcQ) N(1)---- - - 0(412) 1413
0O(C20)- - -O(A418) - - - W(3) 67-2 I(A)- - W) 1(4) 1227
N(A414) - - -O(A418) - - - W(3) 101-5 IO ERRERE W)+ N(D14) 1098
C(B17)—O(B18) - --N(B14)  139-9 O(B20)- - - W(4)- -~ w(3) 1357
C(B17)—O(B18) - - -1(3) 1107 O(B20)-- - W(4)- -~ - - 1(3) 755
I4)- -+ W)~ N(D14)  124-7 O(B20)---W(4)--- - - 0(420) 1540
I4) -+ o W(l)-eee 0(C12) 1343 W3y - W)+ 13) 669
14y W(l) -+ N(C14) 832 26 ERREE Wy - 0(A420) 694
N(D14) - - W)+ o(C12) 576 I(3) - W) 0(420) 1294
N(D14)-- - W(1)- -+ N(C14) 939 Wy I(1)-eeee- N(414) 1217
O(C12) - - W(1)- -+ N(C14) 526 N(C14)--1(2) - -+~ - o(D12) 464
N(C14)- - W(2)- -+ 1(4) 819 (1) v--- W(ly- - 0o(C12) 878
N(C14)---W(2)- - - o(C18) 978 I(1)----- W)+ N(C14) 1111
N(C14)- - W(2)- - - N(D14) 117-5 O(B18) -+ -1(3) - -+~ w@3) 1197
1) v W) o(C18) 1451 O(B18) -+ -I(3) - -+~ w(4) 70-2
T4) e W(2) e N(D14) 834 O(B18)---1(3) -+ - - 0(D20) 74-5
O(C18)-+ W(2)-+--- N(D14) 1255 W@y I3)- -+ 70 51-7
13)- -« W3y 0(A418) 1396 wa)----- IQ3) - o(D20) 1442
I3) -+ W(3)---- 0o(D20)  81-4 wdy----- () ERRRER o(D20) 1176
I3):++--- W3)e---- W(4) 61-4 W(l)-«--- I(4) -+--- w(2) 81-7
O(A18) - - - W(3)+++ 0(D20)  130-7 W) 1) e N(B14) 856
O(A18)- - W(3)----- W(4) 83-2 W) 1)« - N(B14) 1126

O(D20)---W(3)----- W(4) 107-3
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in the other three independent molecules of actinobo-
lin.HI. O(D18) also acts as the acceptor in a hydrogen
bond with N(B14).

The hydroxide oxygen O(D20) acts as the donor in
a hydrogen bond with iodide ion I(3) and as the accep-
tor in a hydrogen bond with water molecule W (3).

Fig. 3(¢) summarizes the hydrogen-bonding activity
of the four independent water molecules. The distances
and angles (Table 5) between the atoms involved in
these hydrogen bonds often differ from the values
found in less complicated hydrogen-bond networks [see
Donohue (1952), Fuller (1959) and Baur (1965) for
reviews]. The likelihood of partial occupancy of the
waters together with the steric factors involved in such
a complex network of hydrogen bonds are likely ex-
planations for these anomalies.

Table 6 is a summary of the observed hydrogen-
bond parameters averaged according to the appropri-
ate classifications. It is remarkable how well these dis-
tances and angles conform to the values observed in
much less complicated systems. These stringent steric
requirements possibly explain the presence of four
molecules of actinobolin. HI per asymmetric unit and
the inclusion of solvent molecules.

Table 6. Summary of observed hydrogen-bond param-
eters averaged according to classification

The number in parentheses indicates the number of indepen-
dent hydrogen bonds used in the average.

Average Average

X- .o Y C_X .. Y
Donor Acceptor  distance (A)  angle ()
NH C=0 (lactone) 3-02 (4) See text
NH; C=0 (amido) 297 (3)t 103-5 (1)
NH; C-OH 295 (Mt 1184 (2)
NH; H,O 2-87 (Ot 1120 (3)
NH; 1 3-42 (3)T 101-1 (2)
NH; C.H,N 291 (1) 1164 (1)
C-OH C=0 (lactone) 2-50 (4)* 872 (d)*
C-OH C=0 (amido) 2:88 (2)* 1063 (2)*
C-OH C-OH 2:76 (D 112-1 (1)
C-OH H,O 2:85(2) 107-8 (1)
C-OH 1 3-52 (3) 1094 (3)
H,0O C=0 (amido)  3-10 (1)t
H.0 C-OH 2:79 (4)
H,O H.O 3:20 (1)
H,0 I 3-51(3)

* Includes intramolecular hydrogen bonds.
1 Includes bifurcated hydrogen bonds.
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Structure Cristalline de I’Orthostannate de Potassium K;SnQ;,

PAR R.MARCHAND, Y.PIFFARD ET M.TOURNOUX
Laboratoire de Chimie Minérale B,* UER de Chimie, B.P. 1044, 44037 Nantes Cedex, France

(Regu le 15 juillet 1974, accepté le 18 septembre 1974)

Potassium orthostannate, K4,SnO,, crystallizes in the triclinic system with a=648 (2), b=6-51 (2), c=
9:70 (2) A, x=71-82 (20), f=99-89 (20), y=113-13 (20)°, space group PT. The structure was determined
from 4006 independent reflexions collected on an automatic diffractometer with Mo Ka radiation. The
crystal structure was refined by the full-matrix least-squares method to an unweighted R value of 0-029
and a weighted R,, value of 0-029. This compound consists of discrete tetrahedral SnO, groups which are
bounded by potassium cations. The Sn—O distances are between 1-947 (3) and 1-960 (3) A. The O-Sn-O

angles are between 105-72 (9) and 114-37 (9)°.

Introduction

L’orthostannate de potassium K,SnO, peut &tre pré-
paré par action a 900°C du nitrate de potassium KNO;
sur 'oxyde stannique SnO, (Tournoux & Hagenmul-
ler, 1963). L’examen des diagrammes de poudre a in-
diqué une relation d’isotypie entre les phases K,M'VO,
(M=Si, Ti, Cr, Mn, Co, Ge, Sn, Pb) et Na,MO,
(M =Ti, Cr, Mn, Ge, Zr, Sn, Hf, Pb) (Olazcuaga, Reau,
Devalette, Le Flem & Hagenmuller, 1974). Le spectre
de réflectance diffuse et les propriétés magnétiques de
K,CrO, et K,MnQO, ont montré que dans ces phases
le cation M™ a une coordinence tétraédrique. Il était
donc intéressant de déterminer la structure d’un de ces
composés d’autant que I’existence de phases du type
K,MOQ, avait récemment été mise en doute (Schartau
& Hoppe, 1973). La relation d’isotypie entre une série
de composés MiM'VO, allant du silicate au stannate
et au plombate peut paraitre a priori surprenante, les
cations Sn'v et Pb'Y exergant habituellement une co-
ordinence octaédrique dans leurs composés oxygénés.
Cette remarque nous a conduit a déterminer la struc-
ture cristalline de K4SnO,.

Partie expérimentale

Les monocristaux de K,SnO, sont obtenus par action
d’un excés de nitrate de potassium sur I’oxyde stan-

* Equipe de recherche associée au CNRS,
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nique. Les cristaux se présentent sous forme de pla-
quettes incolores. Leur extréme sensibilité a I’humidité
atmosphérique nécessite leur manipulation en boite
séche ou sous un liquide inerte. Un monocristal de
dimensions 0,4 x 0,2 x 0,2 mm a été placé dans un tube
de verre de Lindemann.

L’enregistrement des réflexions a été effectué a I'aide
d’un diffractomeétre automatique Nonius CAD 3 (ray-
onnement Mo Kea, monochromateur en graphite) avec
un balayage #-26. L’affinement de la structure a été
conduit a partir des 4006 réflexions indépendantes satis-
faisant au test o(1)/1<0,20 avec o(I)/I=[Iy + 1% F,+
)Yy —t(Fy+ F;)] ou 7 est le rapport du temps de
comptage de la réflexion I, sur le temps de comptage
du fond continu (F,+F,); dans le cas présent t=1.
Les intensités ont été corrigées du facteur de Lorentz—
polarisation, les corrections d’absorption ont été né-
gligées (u=58 cm™%).

La transformation de Delaunay (1932) appliquée
aux parametres donnés dans le Tableau 1 permet
d’obtenir la maille: a=6,50; 5=9,85; ¢=7,18 A;
a=104,25; f=123,42; y=94,81°; qui a été utilisée
pour indexer les diagrammes de poudre des phases
K,MOQO, (Olazcuaga et al., 1974). Elle peut €tre obtenue
a partir de celle donnée au Tableau 1 a l'aide de la

matrice
T 0 0
011
1 1 0/.



