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Fig. 2. Stereoscopic view of the molecular packing. The a axis 
points from left to right, the b axis upwards, and the c axis onto 
the plane of the paper; the H atoms are omitted. 

H ( l l ) . . . O ( 2 ) - C ( 1 0 )  116.4(5)°].  The sheets are 
stacked along a by van der Waals interactions with 
normal interatomic contacts. 
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Abstract. Cl0 H1405, M r= 214.22, orthorhombic, 
P21212 l, a = 14.1084 (6), b = 10.6443 (3), c = 
7 .1970(1)A,  V = 1 0 8 0 . 8 0 ( 6 ) A  3, z = 4 ,  D x =  
1.317 Mg m -3, Cu Ks, 2 = 1.5418/~, ~ = 
0.8571 mm -~, F(000) = 456, T =  293 K, R = 0.052 
for 816 observed [3o(1)] Friedel pairs. The determined 
absolute configuration may be described as 3S,4R,5R,  
the five-membered ring having an envelope confor- 
mation, with the bulky substituents at cis positions. The 
bond lengths and angles are in agreement with those of 
the bromoacetoxy derivative. 

Introduction. Acetomycin, (3S,4S,5R)-5-acetoxy-3- 
acetyl-3,4-dimethyldihydro-2(3H)-furanone, is an in- 
teresting antibiotic, both for its unique structure and for 
its biological properties. The correct molecular struc- 
ture was established by Keller-Schierlein, Prelog and 
co-workers in a series of classical papers (Ettinger et 
al., 1958; Keller-Schierlein, Mihailovic & Prelog, 1958; 
Bosshard, Goeckner & Keller-Schierlein, 1959; 
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Bachmann, Gerlach, Prelog & Zahner, 1963). Even 
though it is not a first-line antibiotic, its broad activity, 
on bacteria, fungi (Ettinger et al., 1958), mycobacteria 
(Uhr, Zeeck, Clegg, Egert, Fuher & Peter, 1985) and 
protozoa (Carrasco, 1984), makes it worthy of further 
study. The structural assessment and the relative and 
absolute configuration at the three chiral centres led us 
to undertake this study. Having finished our work, we 
received a preprint, from Professor Zeeck, with the 
absolute configuration of a bromoacetoxy derivative 
(Uhr et al., 1985), both studies supporting the other's 
results. 

Experimental. Samples were kindly supplied by Pro- 
fessors Prelog and Keller-Schierlein to whom we are 
indebted.* Cell constants obtained from a least-squares 
fit using 83 reflexions up to 0 = 4 5  ° and CuKt~ 

*The sample shows an optical rotation of [a]~°c=-157 ° 
(ethanol) as already described (Uhr et al., 1985). 

© 1988 International Union of Crystallography 



920 A C E T O M Y C I N  

radiation.  A colourless polyhedron of  dimensions 
ranging from 0 .30  to 0.35 mm was used for the 
analysis on a Philips P W  1100 diffractometer,  with 
Cu Kct radiation,  graphite monochromato r ,  09/20 scans, 
bisecting geometry,  1 min per reflex,on, up to 65 o in 0. 
Good  stability for the sample checked every 90 min. 
After each measurement  the Friedel pair was collected. 
2234 data  gave 1090 independent  [h: 0 -16 ;  k: 0 - 1 2 ;  
l: 0-8] .  No absorpt ion correct ion was applied Cur ~ 
0.3). 

The structure was solved by direct methods  (Main et 
al., 1980) and refined by one-block-matr ix least-squares 
procedures on I Fobsl (Stewart, Machin,  Dickinson,  
Ammon ,  Heck & Flack,  1976). All the H atoms were 
located on a difference synthesis. An empirical weight- 
ing scheme, so as to give no trends in (wAEF) vs (IFol)  
and ( (s in0) /2) ,  was introduced. The final shift/e.s.d. 
was 0.03 with max imum peak in the final AF of 
0.21 e/~-3.  The final R and wR values were 0 .0519 and 
0 .0547 respectively with S = 1.164. The enant iomeric  
structure gave R and wR values of  0-0520 and 0 .0549 
and so was rejected (Hamil ton,  1965). r / re f inements  

Table 1. Final atomic coordinates and thermal 
parameters (A 2 x 103) 

Ueq = ~ Y[ Utja* a~ a iajcos(a t, aj)l. 

x y z Ueq 
O1 0-2527 (2) -0.0823 (2) -0.3515 (4) 55 (1) 
02 0.1956 (2) 0.1 I01 (2) -0.3067 (5) 76 (1) 
03 -0.0634 (2) -0.0847 (4) -0.2952 (4) 94 (1) 
O4 0-2014 (1) -0.2756 (2) -0.2496 (4) 48 (1) 
05 0-3533 (2) -0.3319 (3) -0.2366 (5) 74 (1) 
C1 0.1811 (3) 0.0033 (4) -0.3532 (6) 51 (1) 
C2 0-0891 (2) -0.0533 (3) -0.4225 (5) 39 (1) 
C3 0.1256 (2) -0.1773 (3) -0.5102 (5) 42 (1) 
C4 0.2187 (2) --0.2023 (3) -0.4113 (5) 46 (1) 
C5 0.0194 (2) -0.0763 (4) -0.2585 (6) 50 (1) 
C6 0.0535 (4) --0.0880 (6) -0.0642 (6) 61 (2) 
C7 0.0418 (3) 0.0332 (4) -0.5611 (7) 55 (1) 
ca 0.0566 (3) -0.2861 (4) -0.5186 (8) 63 (2) 
ca 0.2757 (2) -0.3369 (3) -0.1701 (6) 49 (l) 
C 10 0.2474 (4) -0.4020 (5) 0.0004 (8) 66 (2) 

Table 2. Selected geometrical parameters (/~, o ) a n d  
main steric interactions (H . . .  O < 2 .7 /~)  

OI-Cl 1.361 (5) C2-C7 1.513 (6) 
Ol-C4 1.430 (4) C3-C4 1.518 (5) 
C 1-O2 1.202 (5) C3-C8 1.514 (6) 
C 1-C2 1.516 (5) C4-O4 1.422 (5) 
C2-C3 1.551 (5) O4-C9 1.361 (4) 
C2-C5 1.555 (5) C9-O5 1.196 (4) 
C5-O3 1.200 (4) C9-C 10 1.465 (7) 
C5-C6 1.484 (6) 

C1-OI-C4 110.2 (3) O1-C1-O2 120.3 (3) 
O1-CI-C2 111.9 (3) O2-C 1-C2 127.9 (4) 
C1-C2-C3 100.8 (3) O1-C4-C3 106.0 (3) 
C2-C3-C4 104.2 (3) O4-C9-C 10 111.7 (3) 
O5-C9-C 10 127.3 (4) 

OI-C 1-C2-C3 -14.4 (4) C 1-C2-C3-C4 23.7 (3) 
C2-C3-C4-O1 -25.9 (4) C3-C4-OI-C1 17.7 (4) 
C4-O1-C 1-C2 -1.6 (4) O4-C4-C3-C8 -40.5 (4) 
C8-C3-C2-C5 35.3 (4) CI-C2-C5-C6 -21.9 (5) 
C1-C2-C5-O3 158.4 (4) C8-C3-C4-O4 -40.5 (5) 
CI-O1-C4-O4 -99.3 (3) O1-C4-C3-C8 -156.2 (3) 
C4-C3-C2-C5 -156.2 (3) H8A-C8-C3-C4 53 (3) 
H8A-C8-C3-H3 171 (4) C2-C3-C4-H4 -145 (3) 

H3...OI' 2.61 (4) H4...O1' 2.05 (5) 
H4...O4' 2.08 (5) H4...O5' 2.42 (5) 
H6A...04' 2.50 (5) H6C...O3' 2.45 (5) 
H7C...O3 ~ 2.48 (4) H8A...04 ~ 2-47 (4) 
H10A...O4 ~ 2.56 (9) H10B...O4 ~ 2.62 (7) 
H10C...O5 t 2.53 (7) H3..-O2 i' 2.68 (4) 
H4...O2 n 2.67 (5) HTB...O1 ti 2.65 (5) 
H6C...O5'" 2.67 (5) H7C...O5 'v 2.69 (4) 
H8B...O5 'v 2.56 (4) HIOC...O3 ~ 2.56 (7) 

Symmetry code: (i)x, y, z; (ii) ½-x , -y , -½+z ;  (iii) -½ + x, -½-y,  
z; (iv) -½ + x , - ½ - y , - 1  - z ;  (v) ½ + x , - ½ - y , - z .  

(Rogers,  1981) gave, with wR = 0 . 0 5 4 7 ,  an r/ of  
0 .937 (18) and confirm the proposed chirality, which 
was again confirmed by compar ing  Friedel pairs 
(Mart inez-Ripol l  & Fayos ,  1980) and by the ment ioned 
preprint  (Uhr et al., 1985).* All the calculat ions were 
performed on a V A X  11/750 computer .  The atomic 
scattering factors were taken from International Tables 

for  X-ray Crystallography (1974). Table 1 shows the 
final non-H atomic coordinates  corresponding to Fig. 1 
(Johnson,  1965). 

Fig. 1. An OR TEP view of the molecule showing the atomic 
numbering used in the present crystallographic work. 

Discussion. Table 2 presents the main geometrical  
parameters  describing the ace tomycin  molecule as it 
appears in Fig. 1. Here, as in the b romoace toxy  
derivative (Uhr et al., 1985), the molecule presents an 
enlargement  of  the O2- -C1- -C2  and O 5 - - C 9 - - C 1 0  
angles and both have values of  O 1 - C 1 - C 2  and 
O 4 - C 9 - C 1 0  which are quite similar. The five- 
membered  ring adopts an envelope conformat ion ,  
flap at C3, with all the substituents, apar t  f rom the 

* Lists of anisotropic thermal parameters, observed and cal- 
culated structure amplitudes, with their Friedel pairs, H-atom 
parameters, all bond lengths and angles and a list of the 12 most 
significant reflexions used in the chirality determination have been 
deposited with the British Library Document Supply Centre as 
Supplementary Publication No. SUP 44742 (18 pp.). Copies may 
be obtained through The Executive Secretary, International Union 
of Crystallography, 5 Abbey Square, Chester CH 1 2HU, England. 
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C7 methyl group, on one side. While the acetoxy 
substitution at C4 presents the same conformation as in 
the bromoacetoxy derivative (C9 trans to C3 and C 10 
trans to C4), the main differences between them are due 
to the substitution at 03  and are reflected by the torsion 
angles C 1-C 2 - C  5 - C 6  and C 1 - C 2 - C  5-O3,  
- 2 1 . 9  (5) and 158.4 (4) ° vs 56.1 (3) and 175.1 (3) ° in 
the derivative. The above conformation gives rise to 
some steric interactions in the packing as well as within 
the molecule (Table 2) (Vainshtein, Fridkin & Inden- 
born, 1982). 
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Abstract. CaHsN204, M r = 148.12, monoclinic, P21/n , 
a = 7 . 4 3 9 ( 1 ) ,  b = 4 . 7 5 8 ( 1 ) ,  e =  8.301(1) A, f l=  
102.21 (1) °, v =  287.2 (1) ,/t 3, z = 2, D x =  
1.713 g cm -3, 2(Cu Ka) = 1.54184 A, /t = 12.9 cm -1, 
F (000 )=  156, T = 2 9 5  K. The structure has been 
refined to R = 0.034 for 516 unique reflections with 
I _> 2.50(/). The asymmetric unit of the double zwitter- 
ionic title compound consists of one half molecule. The 
NH~- protons are involved in N - H . . . O  intermolecular 
hydrogen bonds. Each molecule is connected to eight 
neighbouring molecules by 12 hydrogen bonds. Two 
unique hydrogen bonds connect molecules which lie in 
sheets parallel to b and one hydrogen bond serves as a 
link between these sheets. 

Introduction. The lack of structural information on the 
class of a,a'-diaminodicarboxylic acids and our general 
interest in hydrogen bonding of a-substituted carbox- 
ylic acids led us to the structure analysis of the first 
member of this class, meso-a,a'-diaminosuccinic acid. 
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For a long time this compound attracted our attention 
because of its high density (1.713 gcm -3) and its low 
solubility in water and in a wide variety of organic 
solvents, which are indicative of strong intermolecular 
hydrogen bonding of this supposedly double zwitter- 
ionic compound. However, numerous attempts to 
obtain single crystals of sufficient size and quality 
applying conventional methods were unsuccessful over 
a period of years. By using an alternative crys- 
tallization procedure crystals of excellent quality were 
obtained and we now report the crystal-structure 
analysis. 

Experimental. Because of the insolubility of the title 
compound no standard crystallization technique was 
useful. Therefore lithium and hydrogen chloride salts 
were prepared and crystallization attempts were made 
in acidified gels (Li salt) and in basic gels (HCI salt). 
This procedure only yielded twinned crystals in 
different silica and agarose gels. Finally single crystals 
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