
THE STRUCTURE OF THE ANTIBIOTIC HEDAMYCIN-IIt 

CDMPA~ISDN OF HEDAMYCIN AND KiDAMYCIN 

Ab4tm&-A de&&d spectrpT cmp~rison between kibmycin t and kdamycin $3 &met that rk two rntiba~s have 
almost identical structures. Howcwr. rk okbnic side chain at C-2 et kidamycin is rcplaccd in Wamycin by a 
1.3.4.5dicpoxyG?hecxyl group. 

T%c antitumor antibiotic hedamycin was ckssifkd as 
being of the “plur?mycin ty~“.’ From this group of 
antibiotics, kidamyctn 1 has a H-NMR spectrum which 
strikingly rcsembks that of hedamycin. Furthermore. 
kidamycin is the only compound of tbc plu~m~cin group 
the structure of which has been fully elucidated: X-ray 
analyses of two d&rent derivatives were made.*” As 
kidamycin shows also many similarities with the partial 
structures derived so far for h&my&,’ a cfoser 
comparison of the two antibiotics was necessary. 

crdomycln. i 

Xi~ycin is a mctaboiite of ~r~r~y~~s pftacowr- 
licillufw. it has a mokcular formula C&frN$.b and 
thus contains CIHzQ (and one cquivaknt of un- 
saturation1 less than hedamycin. Kidamycin shows 
similar cotour reactions to those of hcdamycin Qttrptt 
with aikaii. purpk with Mg“, blue with Ni”, yellowish 
brown with Fe”). 

Both compounds have almost identical UV spectra We 
Tabk 1). This suggests that both compounds cotMitt the 
3ome main ch~rn~~~ t&awn with hemvy tines in the 
Scheme below). perhaps even with the same substitution 
pattern. Hedamycin, of course, cannot contain a~ ok&&z 
side chain at the pyrom ring. However, the conjugated 
extension in kidamysin from the pyrone ring into the 

tpfcsented in pari rt the fail mecling of the Swiw Ckmicai 
Sobcry in Awau. 4 October. 19% Prcviour paprr of this s&es. 

ok&tic side chain probably does not contribute very 
much to the overall spectrum. 

The effect of different side chains on this chro~p~re 
was investigated by F&kc‘ in connection with a 
structural study of the irtdomycins. Four indomycinone 
derivative&’ (isotated or obtained by partial synthesis) 
were compared (spectra in ~~~i~d~x~ I:& a- 
indomycinom 2, dihydr~u-i~~yc~no~ 3. tetrahydro- 
o4ndomycinom 1 and &indomycinonc J (see Tabk 2). 
They have similar UV spectra, the main differences 
being in the band around 27Onm. which is shifted 
according to the number of doubk bonds in the side 
chain conjugated to the pyrone. The extension of the 
chromophort by one doubk bond, as in dihydro-a- 
indomycinonc 3. shifts the absorption by 5 nm. from 267 
to 272. A sir&r diiennce is seen between hedamycin, 
at 264, and kidamycin. at 270 nm. con~ming the idea that 
hedamycin possesses the same chromophore as kidamy- 
tin but with a saturated substituent at the pyronc ring. 

Comparison of kidamycin 1 with the aliphatic frag 
ments derived from the ‘H-NMR double resonance 
experiments’ shows that he&my& most probably 
contains very similar. if not the same tctrahydropyran 
units as kidamycin. This, together with the information 



%? u. i%@AN 

T&k I. UV spcctn of bedrmycin and kkhnycin in melhnoi fvdues for mcthutoUdioa~~ i:l in pucntbcscs) 

fbdamycin A: 213 (213) 244 (240 244~1264) 434 1228) nm 

,: 34000 46200 29600 0900 

Kidmycin 1: 216~(216) 243 (243) 270sf269) 434 (229) MI 

t: 37600 47000 33uOo 8500 

B = shoulder 

Tabk 2. W spectra of indomycinom derivatives io methnoVdiouae 1: I’ 

o-Indomycinone (1) A: 242 282 418 rim 

4: 34600 24Cxo 9800 

Dlhydro-u-lndomyclnone 0, A: 240 272 416 nm 

4: 39400 28100 8800 

T8trahydroo-lndomycinons (j) 1% 241 267 416 M 

6: 48cOo 25200 8800 

3-Indomycinons (21 A: 239 267 (I? mw 

4: 37400 22600 8500 

gained from the analysis of the UV spectra, kads to the 
proposition of structure 6 for hcdamycin. The subsfitucat 
R in formula 6 must be consistent with fragment A from 
the ~co~li~ experiments’ and thus has to contain the 
partial structure 7 as well as ah the structural elements 
that have not yet been accounted for in fomnda 6, i.e. a 
C-rnctbyl group, two ether oxygen atoms and two rings. 
This is summa&d in 8, wbcrt X is oxygen. Structures 
%Ftl seem possibk for R The most appealing one is the 
dkpoxidt a, as this type of side chain resembles (and in 
terms of biosynthesis is equivaknt to) the ones found in 
~t~lly~c~n~ indomycines and indomycinoncs (2 
and 5).*.’ 

Whether the substitution pattern of the anth- 
mquinonc/pyronc in hcdamycin is really the same as in 
kidamycin still remains to be proved. 

The IR spectra too, share many common features. 
some of them even in the fingerprint region (see Fir. 1). 
The most prominent difference is seen in the carbonyl 
bands. Whereas hcdamycin shows two &arty resolved 
peaks, kiimycin has only one. which is very strong and 
rather broad. The additional doubk bond conjugated to 

7 
I+& H H H 
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the pyronc carbonyl is expected to lower the frequency of 
this latter group. And the okftnic doubk bond will also 
absorb in the region of t&W-1650 cm‘ ‘. The sum of these 
two absorptions and those of the quinonc carbonyls. 
apparently, gives the broad band observed. 

The ‘H-NHR spectra of hcdamycin and kidamycin are 
very much alike (see Fe. 2 and Tabk 3). Common to 
both spectra arc the OH s&ml at - llppm, the three 
aromatic singkts. the broad doubkt at SJppm, the 
sin&et methyl at 3.0, the two dimcthykmino groups and 
the sin&t methyl at -0.7ppm. The major diffcrmtccs 
are as follows: A vinyl proton can be seen in the 
spectrum of kidamycin as a quartet at 7.5 ppm. It is 
coupkd to the adjacent methyl group and further, by 
allylic coupling, to the second methyl group of the side 
chain. These two methyl groups have resonances l t 2.01 
(doubktf and 2.OOppm Wgktf. This latter si#ral 
obviously does not correspond to the methyl sin&et at 
1.W ppm in h&my&, which therefore must beknp to 
the saturated sub&tent at the pyronc. 

The hedamycin spectrum features a cluster of lhrce 
methyl doubkts around 1.5 ppm. The decoupling 
experiments’ have shown that the two signals at 1.51 
(I = S.9 Hz) and 1.43 ppm (I = 5.9 Hz) belong to the 



Tk stroctwc of the antibiotic bfxhmycin-11 

Fio_ I. fR spccv~ of bcdmycia (A) and kiiycin (B) in CHCI,. 

$2 to a a c ? o#t, 

Fii. 2. PO MHx FI NMR spectra of hcdmycin (A) and kidunycin (Cl) in CDCI,. 

te~y~p~ frvtpmls, wbeas cbe melhyt with t.ht! 
smalkr coupling constant (1.U ppm, I - 5.3 Hz) belongs 
to the cpoxidc fmga9cnt.t In kidamycin the same fluster 
consists of only two doubkts at l.sO ppm (J = 6.2 Hz) 
and f.lZppm <J = f.9Hzl. which is in reason&k 
agrcewnt with the bcdmycin value&t The doubkt 
corresponding to the methyl @toup of tbc cpoxidc 
rragmcat ia bcdunycin, is in the Gdamycin spccmlm, of 
course. &lent. 

Flu&r ttsmbcts between the two spmm can be 
seen in tbc regicm around 3ppm. This is where the 

absorptious of the methine protons of the tpoxide 
fiagnuut 8rc in the Wamycin spectrum. 

The NKR spectra Kern to k suit&k for a further 
Juc~ioa of the subtitution prttcm of the antb 
~~~~~~~u~ syslcm. It CM be most probay 
exclukd ttrrt the two ~~y~~ rings are in an 
MbOrrktiDIIshipiabedunyCia,UinSUCh*caK9~llR 
stcric inttnctin between the tembydropynn rings 
wouki kad to cbcmical rbift di&rences, both in ‘H- and 
‘*C-NMR (see be&w). 

One or mart of the fdiowiag ebxnps in rbt sub 
Sthtioa pattcm still have IO be coarw: (a) tbc two 
cemt@mpm rings bw Cbaapd plces; (b) the 
amwicmethyllpouphintbcolb?tfneporitioaof 
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The line showing the largest shift difference is that for 
the pym prom. the shift dilTerencc coming from t& 
additional conjugated double bond in kidamycin. The 
d-value of about 6.4ppm fails well in the ray of 
f5M.S ppm exhibi&ed by simihu pyronc protons.‘. This 
vahtr also proves that the side chain cannot be in 
position 3 of ihc pyrcme ring, as tbc praton, which then 
would be at C-2, w&d have a chcmicat shift of about 
7.7 ppm.‘: 

T& line at abut 8ppm, which on ckse ~x~~~t~~ 
showts Ion@ range soupiing, ~~CS~~3 tQ the proton 

oftho to the ~~~~ m&t goup, the signrtl of which is 
somewhat broadened ad in some spectra cvtn split with 
a CMpIing CoWant of cu. 0.6 I& ~~~~ by a ‘H,‘W 
decoupling experiment). Since this rcso~~ce at (Ippm 

end the r~~jni~ one at 8.3 ppm hwc identical chmicai 
shifts i@ both spectra, th45 su~titut~~ patterns must be 
the same in both antibiitics. The onfy diiftrenet stili 
possibk is * in&f&an@ of Xbe ?WQ t~t~y~~~~. 

Iht twa “C-NMR spectra again are salty a&e @et 
Fi. 3 ad Tabk 4~. In the d~w~~eld regirtn, the ten lines 
betwctn I88 and tJ7ppm as we11 as the thnt 
signaIs between 119 and I1Qppm in the Wamycin 

spervum seem to We their cwntnpprts in tk 
kidamycin spectrum showing the same mulfipiicitics 

upon off-resonaftcc &coupii~ and similar cbcmti 

shifts. Six af these 13 f&s bavc id&& d,-vaIues iG 
both spectra ( ~02 ppm), the ather seven show 

diffctcnces in the range of 0.2 to 2.6ppm. In the tcgi~ 
b&we&n 135 ami t2sppm a Qnc-to-OtK &ationship 
between the sign& in the sptctfa of the tws antibiiticS 
eoufd ixrt be established. However, whereas Mmycin 
has two &ubkts and two sin&s ~~~-~~~~~ 
~e~upl~~ rn~t~pIkit~~~ keyed showr three dou- 
bitts and thm si*ts in this regmrr. Tbesc additionaI 
two lines concspcmd, of coup, to the two okfInk 
carbon atoms in the side chain. 



Tk mucturc of rk rnti&btr kdamycin-ii 

Titc most jpectocuhr rescmbtcnce, baweva. is in th 
upiicld ngioa (0 to %oppm), whfm 16 rtGwmKes* 

tbc spectrum of Watnycin, six linei, whictr were 

npnstttting 18 urboa Wt% kc idtxtticli cbmiaI 

obrwd in tbt hcdmycin spectrum are bent, i.e. 63.9 

sbas in bat spcctfa (ztO.1 ppmf and tbc s8mc mt.tI- 
fdk ST.7 (s), 55.4 fd), 51.8 (d). 17.2 tq) attd 14.5 ppm (9). 

tipkitics upon off-moruatt decoupling. In add&ion. in 
Ott rbc orhfx band, two new signals al 14.9 (9) and 
12.lppm (4) were attscrvcd. This is exactly whtU is 

Tab& 4. Cotnpukooa of the “C-NMR rpectta of hcdmyciu rad kidmy& 

188.0 s 

183.1 II 

176.7 * 

166.3 * 

159.8 s 

lf6.L * 

149.8 8 

140.2 s 

L38.6 s 

137.3 * 

133.2 d 

126.2 s 

125.9 d 

1215.8 s 

t19.2 * 

116.1 * 

110.0 d 

77.3 d 

15.2 d 

71.9 d 

30.9 d 

69.6 d 

168.2 II 

183.0 s 

179.3 a 

163.7 8 

IS?.? s 

1SS.f a 

i49.6 s 

140.0 u 

138.4 I 

137.0 il 

134.2 d 

333.0 d 

127.2 * 

325.8 * 

125.4 d 

t2s.o a 

118.9 a 

116.1 d, 

108.7 d 

71.3 d 

7S,2 d 

71.9 d 

70.0 d 

69.6 d 

67.4 d 

67.3 d 

63.9 d 

57.5 * 

51.3 I) 

s5.4 d 

51.3 d 

40.4 q 

36,8 q 
33.7 t 

28.3 t 
24.1 q 

18.9 q 

17.6 q 

17.2 q 

.n 

I4*S q 

12.4 q 

67.4 a 
67.2 d 

47.4 8 

40.4 q 

36.8 q 
33.6’ t 

28.3 t 

24.0 q 

I%,9 q 

i7.6 q 

14,9 q 

i2.3 q 

12.1 q 

The chaalcsi shifts are dC-v41uas In pp from Internal 

TlIs in clxX3. Spuccral width 6CK30 Xx, ek/lk data paints, 

corre*pandtnq to I.5 Hz par point or 0.065 ppI per point. 
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expected from the differences between bedamycin and 
kidamycin which have so far been recognircd; the two 
methyt groups in the side &in have d&rent chemical 
shifts as they belong either to a saturated system 
(~yc~) or an ok&tic residue ~ycin~. l%e four 
resonances behveen 64 and Slppm missii in the 
k&my&l spectrum comspwd to the four carhon 
atoms ho&d to oxygen in the epoxick side chain of 
hedamycin; t&e of them are Cw’s, one is quamrmuy, 

The chemical shifts of the six carbons belongin to the 
C-2 side chain in b&my& do not permit a decision 
about the structure of this side chain, since hardly any 
suit&k model compounds for the structural frafpnents 
9-11 are avail&k. it is noteworthy, however, that * 
two methyl shifts observed UXrespond very welt to 
those reported for similar metbyl groups in epoxides like 
asp&in,‘* aspyfone,” 8nd ovakin,” and t&us support 
tht diepoxi&% Further evidence for structure 9, however, 
can be obtained from C-H coupling dota. 7%~ three 
nwnances belonging IO the CH groups of the hedamycin 
side chain sbow direcr C-H coupling cona~ts of 17F 
InHz. whereas the coupGngs for the remamino CH 
groups bonded to oxytten arc in the range of IM-$46 Ht. 
The large values measured for the side chain resonances 
are a ckar indication that the corrcspondiap carbon atoms 
must he part of oxirane rings. since the coupling in oxirane 
itself is 176 Hr.‘” Thus, structure 9 is indeed the correct 
representation of the C-2 substituent of bedamycin; yet the 
stereochemistry of this substituent sill remains to be 
established. 

From the fact that the 18 carbon atoms having 
identical chemical shifts in both spectra, comprise aR the 
carbon atoms of the two te~y~p~n rings. including 
the methykne groups. methyl and dimethylamino sub 
stituents, the foRowu5R conclusion must be drawn: The 
two tetrahydropyran rings in hedamycin are, in fact, the 
same as those found in kidamycin, with respect to 
constitution, relative confkuration and even cofffor- 
matkn. Any chmqte in conformation woutd change the 
sterk relationship of the carbon atoms and thus alter the 
C&UN chemical shifts. 

Fold desorption @‘II) mass spectra of hedamycin and 
bidamycin, and tltctron impact (El) sptctrat of their 
tris(trimetbykily1) derivatives unambipuousty confirmed 
the mokcuiar weights of the hvo pntiiiotics as 746 and 
688, respectively. Both compounds show similar f* 
mentation pattems ia the FD and ES mass spectra, which 
further corroborates the proposed ClOK FthtioOShip 

btwtta bedamycin and bidamycin. 
From all the d&a described above the conciusion must 

be drawn that bcdamycin is extremely cksely related to 
bidamycio. Chromophore, substitution pattern fthe two 
tetrabydropy-rans might be iatercbanged~ and two of the 
major subsdtuents seem to be identicaf. The thi sub+ 
tuent in bedamycin has bben shown to be the 23.4.S 
d&epoxy-t.bexyigronp. 

Anotir‘dtnktumt possibiIEty ~0~~~~~~ 
bus not been di8ccuss6d so far and which features a 
d&eat annelation of the pyrone ring. can be rukd out 
consider& C-H coupbog data. The bydroacn at Cd is 
expected to split the resonance of a vi&al cutronyl with 
a coupling constant of 3-S HZ.” In kidamycin the two 
~~~~ carbonyi feswances we wily pss&bed 
from their chemical shifts (188.2 for the bydroRen 

bonded C-12 f83.0 for C-71. Ia a fuhy proton co&M 
“C-NMR spectrum of bidamycin the line at 183.Oppm 
is indeed split into a douhkt with a coupiii coasta& of 
3 Hr. whereas the Line at 188.2 ppm is a sharp sifigkt. 
Exactly the same khaviour is shown by the two 
correspomiing carhonyt resonances in bedamycin, thus 
precblding structure I2 where the hydrogen boerded 
carbonyl shot&l show vi&al C-H couphng. 

It is the aim of further studies to elucidate the sm 
chemistry of the substituent at the pyrone riq and to Rive 
undo Cafe of the arnr&Snunt of the 
tewahydropytaa rings. So fat, the moJt probabk structure 
for ~ycin is rcpnscntai by formula 13. 
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