
HELVETICA CHIMICA ACTA - Vol. 62, Fasc. 8 (1979) - Nr.  256 2525 

256. The Structure of the Antibiotic Hedamycin. 
V. Crystal Structure and Absolute Configuration') 

by Margareta Zehnder 
Institut fur Anorganische Chemie der Universitat, Spitalstrasse 5 1, CH-4056 Basel, Switzerland 

and Urs SBquin and Heinz Nadig 
Institut fur Organische Chemie der Universitat, St. Johanns-Ring 19, CH-4056 Basel, Switzerland 

(13.1X.79) 

Summary 
The crystal structure of the antibiotic hedamycin (1) has been solved by direct 

method and refined by least squares techniques to R=0.091 for 2289 of 2643 
independent reflexions. Crystals of C4,HS,,N,0 are orthorhombic, space group 
P2,2,2' with lattice parameters a=24.239 (12), b=21.440 (lo), c=7.369 (4) A, 
Z =  4. The structural features of hedamycin derived earlier by chemical and spectro- 
scopical means are confirmed. Optical rotation and circular dichroism indicate that 
hedamycin (1) has the absolute configuration of the related antibiotic kidamycin (3). 
The conformation of ring F is a chair form with the aryl substituent almost axial. 
The bioxirane part of the antibiotic is in a synclinal conformation. 

Introduction. - The structure of the antitumor antibiotic hedamycin (1) has 
recently been elucidated by chemical and spectroscopic means (cf. [ l ]  and ref. 
therein). The relative configurations in the two tetrahydropyran rings E and F on 
the one hand, and in the diepoxide side chain on the other hand were also deter- 
mined. It was not possible, however, to derive the relative configuration of the side 
chain with respect to rings E and F, nor to determine the absolute configuration 
of the whole molecule. 

A crystal structure analysis seemed to be the best means to fill these gaps and 
yield additional insight into conformational aspects of hedamycin and related 
compounds. We were not able to prepare a suitable heavy atom derivative, but 
hedamycin itself could be crystallized from chloroform/heptane in a form suitable 
for X-ray structure determination. 

Results and discussion. - The X-ray structure determination revealed the 
molecular structure shown in Figure 1 (the figure does not give the absolute con- 
figuration). Structural features that had been determined by chemical and spectro- 
scopic means [2] [3] are confirmed, including the unique diepoxide side chain and 
the relative configurations within this particular fragment [ 11. 

1) Presented in part at the fall meeting of the Swiss Chemical Society in Bern, October 19, 1979. 
Part IV: [I]. 
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Fig. 1. ORTEP plot of the hedamycin molecule. This figure does not define the absolute configuration. 
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Table 1. Optical rotations of hedamycin, kidamycin and their triacetates 

2527 

[a ID [@ID A[@lD= Compound mw 

Kidamycin (3) 689 + 476" [4] + 3279" 
Tri-0-acetylkidamycin (4) 815 + 256" [4] + 2088" 

Hedamycin (1) 747 + 406" + 3032" 
Tri-0-acetylhedamycin (2) 873 + 147" + 1283" 

[@]acetate- [@]parent compound 

- 1191" 

- 1749" 

Since diffractions were not made on a heavy atom derivative, no information 
about the absolute configuration could be obtained. However, a first indication 
that hedamycin might have the same absolute configuration as the closely related 
antibiotic kidamycin (3) [4J came from a comparison of the optical rotations of 
the two antibiotics and their tri-0-acetyl derivatives 2 and 4 (cJ Table I ) .  If one 
assumes the diepoxide side chain in hedamycin is remote enough from the tetra- 
hydropyran rings for Freudenberg's principle of optical superposition [5] to hold, 
and further that the increment of the side chain to the total optical rotation of 
hedamycin is not affected by acetylation, one would expect similar increments 
in molecular rotations A [a] upon acetylation of hedamycin and kidamycin if their 
absolute configurations were the same. Opposite increments, however, should be 
observed if the two antibiotics had opposite absolute configurations. Since the 
observed increments A [a] are both negative and of comparable magnitudes 
(cJ Table l )  hedamycin ( 1 )  must have the same absolute configuration as kida- 
mycin (3). This result is further corroborated by the close resemblence of the CD. 
curves of the two antibiotics (Fig. 2). Thus the absolute configuration of hedamycin 
is (14R, 16S, 17R, 18S, 2'R,  3'S,  4'R, 6'R, 2"S, 3"S, 4"S, 6"R), as shown in 
formula 1. 

The crystal structure also reveals interesting details of the conformation heda- 
mycin adopts in the crystal. The conformation of ring F is of particular interest. 
An X-ray study of a kidamycin derivative having the two dimethylamino groups 
quaternized with methyl iodide, showed ring F in a non-chair conformation [4] [6]. 
Thereafter, kidamycins, hedamycins and pluramycins were represented as in 
formula 5 with ring F as a boat or twisted boat form, even when the amino groups 
were not quaternized. NMR. measurements of 'H, 'H-coupling constants and 
13C-acetylation shifts seemed to point to a flexible non-chair conformation for 
ring F also in solution [3]. The basic assumption of that discussion was that the 
large aryl group should be in an equatorial or pseudoequatorial position. Figure I 
indicates that in hedamycin crystals ring F is surprisingly in a chair conformation 
with the aryl group axial. It can clearly be seen, however, that the orientation is 
not truly axial, but rather bent outwards to relieve strain. Consequently, the ring 
is somewhat flattened with the endocyclic bond angles at C(5"), C(6") and O(1") 
opened up as compared with the corresponding angles in ring E (cJ: Table 4 ) .  
Hedamycins and related compounds are thus more accurately represented by 
formula 1 than by formula 5. Our findings demonstrate the advantage of measuring 
the parent compound rather than a heavy atom derivative, since the conformation 
found by study of a heavy atom derivative is not necessarily representative of the 
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Fig. 2. CD. curves of hedumycin (1) and kidumycin (3)  in absolute ethanol 

nm 

conformation of the parent compound. The dihedral angles between the protons of 
ring F were calculated from the atomic coordinates. They are 63 O between H-C (2”) 
and H-C(3”) and 41” and 77” between H-C(6”) and the two H-C(S”). The 
corresponding ‘H, ‘H-coupling constants calculated from the Karplus equation [7] 
would be 1, 5 and 0 Hz. These values, when compared with the experimental data 
of 3, 7 and 5 Hz [8], indicate that the conformation of hedamycin in solution is 
hardly the one the molecule displays in the crystal. Thus, despite the astounding 
crystal conformation found, we believe that our earlier discussion of the conforma- 
tion of ring F in solution [3], which pointed rather to a flexible twist form, is still 
valid. 

The present X-ray study also gives information about the solid state conforma- 
tion of a substituted bioxirane. Whereas the crystal structure of bicyclopropyl was 
determined by Eraker et al. some years ago [9 ] ,  no bioxirane derivative has ever 
been X-rayed to our knowledge. In bicyclopropyl the bond between the three- 
membered rings was 1.487 (4) A, which is shorter than a normal single bond. 
This was interpreted in terms of conjugation between the rings. In contrast, the 
corresponding bond in hedamycin (1.507 (17) A) is not significantly shorter than 
a normal C,C-bond. Furthermore, bicyclopropyl was shown to be in an anti- 
periplanar conformation in the crystal. The solid state conformation of bioxiranes 
was examined by Liittke & de Meijere by IR. and Raman spectroscopy [lo]. Their 
measurements indicated that the meso-form 6 was in a antiperiplanar conformation, 
whereas for the chiral isomer 7 and its enantiomer no conclusion could be drawn 
from the spectral data. Our experiments show that the diepoxide side chain of 
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hedamycin, which is a derivative of the chiral bioxirane 7, is in a synclinal con- 
formation with dihedral angles of 33" between the two 0-atoms and 108" between 
C(14) and C(18). In this arrangement, each of the two epoxide oxygen atoms lies 
right above the plane of the other oxirane ring. 

We thank Dr. W. T.  Bradner, Syracuse, and Dr. M .  Furukawa, Tokyo, for samples of hedamycin 
and kidamycin, respectively. The CD. spectra were kindly measured by Dr. P. Moser and K. Jakel of 
Ciba-Geigy AG, Basel. We thank Prof. U. Thewalt, Ulm University, for allowing us to use the 
diffractometer, and the Universitatsrechenzentrum (URZ), Basel, for careful operating. Financial 
support by the Swiss National Science Foundation (project 2.624-0.7612.122-0.78) and the CZBA 
Foundation is gratefully acknowledged. 

Experimental Part 

General remarks. Spectra were measured by K.  Aegerter in the spectral laboratory of the Institut 
fur Organische Chemie on the following instruments: UV. Beckman DK 2; IR. Perkin-Elmer 125; 
'H- and 13C-NMR. Bruker WH 90. Optical rotations were determined on a Perkin-Elmer polarimeter 
141. Elemental analyses were carried out by E. Thommen of the Znstitut fur Organische Chemie. CD. 
spectra were recorded by Dr. P. Moser and K. Jakel (Ciba-Geigy AG, Basel) on a Jasco 5-20 spectro- 
polarimeter. 

Hedamycin (1) was a gift of Dr. W. T. Bradner, Bristol Laboratories, Syracuse, NY. [u@= + 406"f 2" 
(c=O.I, CHCl3). - Spectral data: [2] 13). - CD. ( 1 . 1 0 ~  in abs. ethanol, cf: Fig. 2): 202 (-50900), 237 

Crystals for X-ray structure determination: The open test tube containing hedamycin dissolved 
in a small amount of CHC13 was kept at RT. and in the dark in a sealed jar containing some heptane. 
After about 2 weeks an amorphous, resinous deposit of hedamycin had formed on the bottom of the 
test tube, from which relatively large crystals had grown. These were collected and their density deter- 
mined by flotation in cyclohexane/l,3-dibromopropane. 

11,3', 3"-Tri-O-acetylhedamycin (2). Hedamycin (101 mg) was dissolved in pyridine (40 pl). After 
the addition of acetic anhydride (400 pl), the reaction mixture was heated to 40" for 5 min and then 
left at 23" in a sealed tube in the dark for 3 days. Then, 10 ml of ice cold 10% aqueous NaHC03 were 
added and the mixture extracted with CHC13 (4x  25 ml). The combined CHC13 extracts were washed 
with 60 ml of water, dried (Na*S04), filtered and evaporated. The residue was dried in vacuo to yield 
115 mg (98%) of an amorphous yellow product, homogeneous by TLC. (SiOz plates; CHCldCH30H 
9:l). M.p. of the amorphous material: 141-144" (dec.). [.IF= + 147"f2"  (c=0.09, CHC1,). - UV. 
(ethanol): 213 (35160), 240 (35900), 263 (35160), 369 (8690). - IR. (CHC13): 1770 (Ar-OAc), 1735 
(R-OAc). - 'H-NMR. (CDC13): very similar to the spectra of hedamycin (1) [2] and tri-0-acetyl- 
kidamycin (4) [4], prominent signals: 2.51 (s, 3 H, Ar-OAc); 2.19 (s, 3 H, R-OAc); 2.14 (s, 3 H, 
R-OAc).- I3C-NMR.(CDC13): see [3]. 

C47H56N2014 (872.92) Calc. C 64.67 H 6.47 N 3.21% Found C 64.41 H 6.43 N 3.12% 

Table 3. Positional and thermal parameters assigned to hydrogen atoms 

(+ 58100), 247 (+ 36000). 267 ( + 46900), 294 ( -  19300), 370 (+ 17400), 399 (+ 12800), 410 (+ 14000). 

Atom") X Y Z U 

0.2599 (44) 
0.2767 (44) 
0.3049 (44) 
0.4632 (43) 
0.5385 (43) 
0.6210 (44) 
0.5463 (42) 
0.5621 (41) 

- 0.1555 (47) 
- 0.2549 (48) 
- 0.2861 (87) 

0.1279 (48) 
0.0832 (48) 

- 0.0230 (46) 
- 0.0486 (47) 

- 0.0222 (47) 

1.4722 (87) 
1.2953 (86) 
1.6820 (87) 
0.3877 (85) 
0.291 1 (85) 
0.2217 (85) 
0.6416 (83) 
0.41 12 (83) 

0.0495 (9) 
0.0527 (9) 
0.0497 (9) 
0.0489 (9) 
0.05 13 (9) 
0.0493 (9) 
0.0485 (9) 
0.0501 (9) 

") The numbering is that of Figure I .  
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Kidamycin (3) and 11,3’,3”-tri-O-acetylkidamycin (4). See [3] [4]. CD. of kidamycin ( 1 . 1 6 ~  in abs. 
ethanol, cJ Fig. 2): 204 (-31900), 245 (+ 17600), 255 (+ 11000), 270 (+23500), 296 (-6200), 308 

X-ray structure determination. The systematic absences in Weissenberg photographs (hOO for 
h=2n+ 1, OkO for k = 2 n +  1 and 001 for 1=2n+ 1) led to the space group P212121. Lattice constants 
are a=24.239 (12), b=21.440 (lo), c=7.369 (4) A, V=3829.55 A3, Dabs,= 1.290, Dcalc,= 1.296 g/cm3 
for Z=4. Diffractions were made on a Philips PW-1100, University of Ulm, FRG, using the 8/28 scan 
mode. The intensities of 2643 independent reflexions were collected in the range 2< 6’< 28” with a 
fine focus molybdenum tube and a graphite monochromator to select MoK, (A=0.71069 A). N o  
absorption correction was made. The structure was solved by direct method using the program 
Shelx-76 [ 111. Scattering factors for neutral atoms and terms for anomalous dispersion were taken from 
Cromer et al. [ 121. Phases were calculated for those 346 I El -values greater than 1.2. From the top of the 
convergence list 3 phases, each with one zero index for fixing the origin [I31 (no ggg combination), and 
a restricted reflexion with no zero index for the enanthiomorph together with additional multi-solution 
reflexions were selected by hand. The corresponding E-Fourier map revealed the positions of 4 0- 
and 17 C-atoms. Subsequent least squares refinement and difference Fourier map led to the location 
of all atoms. All protons are localized, but only 8 were considered and refined. According to the 
criterion (F,) > lr~(F,), 2289 reflexions were used in the anisotropic refinement steps. All parameters 
converged. A final difference Fourier map showed no electron density peak larger than 1.14 e/A3, 
the R-index is 0.091 (R=CI/ F,I - I F,II /.Zl F,I). Atomic positional and thermal parameters are given 
in Table 2, positional parameters of relevant H-atoms are given in Table 3, while interatomic distances 
and selected bond angles are listed in Table 4. 

(-2400), 323 (-4100), 380(+ 16400). 

REFERENCES 

[l]  M. Ceroni & U. Sequin, Tetrahedron Letters 1979, 3703. 
[2] U. Sequin, Tetrahedron 34,761 (1978). 
[3] U. Sequin & M .  Furukawa, Tetrahedron 34,3623 (1978). 
[4] M .  Furukawa, I .  Hayakawa, G. Ohta & Y. Iitaka, Tetrahedron 31,2989 (1975). 
[5] K.  Freudenberg, Mh. Chem. 85,537 (1954). 
[6] M .  Furukawa, A .  Ztai & Y. Zitaka, Tetrahedron Letters 1973, 1065. 
[7] H. Giinther, ((NMR. Spektroskopie)), Georg Thieme Verlag, Stuttgart 1973, p. 113. 
[8] U. SPquin, C. T. Bedford, S. K .  Chung & A .  I .  Scott, Helv. 60, 896 (1977). 
[9] J.  Eraker & C. Rsmming, Acta chem. Scand. 21,2721 (1967). 

[lo] W .  Liittke & A .  de Meijere, Tetrahedron Letters 1966,4149. 
[ 111 G. Sheldrick, Gottingen, unpublished. 
[12] D.T.  Cromer & J.B.  Mann, Acta crystallogr. A24, 321 (1968); D. T. Cromer & D. Libermann, 

J. chem. Physics 53, 1891 (1970). 
[ 131 J.  Karle, in ‘International Tables of X-Ray Crystallography, Vol. IV’, Kynoch Press, Birmingham, 

England 1974, p. 339-349. 


