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Haiamycio (1) ad Kidamycin (3) arc M~~NIDD~ active 
at&otiapoddbySlrcpta?wurpecick’Ibc 
stNctlWofkidamy&~~rfcwycArsyo 
byPunhvaad.‘~cbemialdrpcctroscopk 
kdeece as wed as X-lay 8lulyses of two dkrhtiver. 
S6quin recady proposed a smhcturc for bdunycir 
basal upoa a +c*mpQ of*Y& 
aad kkhmych. 
compaub~~~witbtbcex&of 
the tltbstitltalt at c-2. Ichmycin fcanlm an akfltk 
side ChairI, wbcreas in b&nlycin this Mhtitueat is 
nturatalwitbthc&poxi&auctuElbowninformuh 
1. 

Siacc’CNMR rptcaoscopYhprovedVayu=fd 
for the iovatigboo of bbbgkdy importaot 
aqnxnnhdbiomyntbeticstudia.wenowwishto 
present a &tailed andysh of tbc “C NMR spcctn of 
bahycin, kid8myciu 8ad 8oaK duhtivca. 

Tabk1tiusaUtkchcmicdahiftato@tcrwithtbe 
muttipk&obcmdupoooff-nroarace~ 
llEu&nmcatsm8derckcttbcYhiftd&caces 
expcctaifromthcditYcrcecea inSbUctUElkrhmYCioVS 
kidamyciD),in&gccofacctyWqMdin~o 
at Cd’ &idamyciu n iddamyciu, tk 6’cpimer of 
kihmycin).DlWtotbcbcWysalbatiartioo,~Pisinr 
twist amfonmtbo (at kast in tbc crys&ls, a8 wu 
rcvakd by X-ray adysb?. Acctybh of its ?aH 
gNCtpwitlmortptO4dY*thCd0rWi0fldrillgF 
dgivemukais&iftafocaIlarboasofriPgFuwdlaa 
farrowarbominriplDoftbeuoadc~.Tbc 
Iuly is me, of course. for iovenioa of tbc Cd 

hahmycioandkidamyciomustbcbaptothcsidcclmins 
ate-2.Ttnlstklincsat I4Jd 172ppmillbak4mycill 
(and at 14.2 ad 17.2ppm in ita hcetatc 2) must cor- 
respond to c-15 and c-19 respcdvdy; the diatinstioo 
bctwcentbctwowuum&byspecitkpnWdecoupiino 
(SPD)s d C-IS with bcdamycin. Tbc dgnmcnta ma& 
giveflut&stuppontotkdicpoxickttnrturroftbc 
sidcc&iIl,utbccbemialsMtro4aerval~in~ 
rqbemeatwitbtbemctbylahiftaiathemodel 
axlpoud ovdicio: Wpcrthl’ sod aspyrow.’ IO 
kihycio tbc tines at 12.1 aad 14.9 ppm were 8ssigDcd 
to cubotta IS and 17. rcspedvdy. Here the distinctkio 
wasmukfromtk~ofrca7Hzb~rqc 
corrplinlfortbc~1112lppmvsthec~33Hzcx- 
hibitai by tbc 14.9ppm rcWancc.simiQr~ 
comt8lluaodchcmicddliftswcrefoundintigiicaca. 
Tbcaa+ahauutdearcc.oathmtwithtboscfor 
ampambkmetbyigorpcinvinnrinAdcfivuiva~ 

TbeuomatickCesrwp.C-13,wuusigncdfromSPD 
expaimta with btdnmycin. It ahon 8 coIlstant Gift of 
a.24ppmthrou&tbcw&ksaiudcompotm&u 
ee. 

hrC_ITrdiftof I23ppmwasfoundbySPDwitb 
bCd8mYcia.ThharbooirCXpCCtdtobCdtiftdltpoll 
acetyU~odtbc~POH~radtfm~~rvrswip 
ned the B at 13.8~ in 4, 5 and 6. IO tbc 
hkidamycinsuka,arboa(r@!eiDgaoaxhlh4egroup) 
wudgncdt&hk fe8oaaa8thiBat&ld. 

Asa~ofcatoma~and7-wupodbkio4 
fromSPDcxpaimetla.TbeMe~riapE,C-f.tcnpec- 
taltosbowahwatnockmial8hiftvuiuhwitb 
atxtwkmOt~ofthcC4’coablpntioo,wtn?feu 
C-~atringFwiUexhibitdiuhct&ifta.Promthia.tbc 
liDcatcal8.9ppmwa8atthtalhd~to 
c-r. the * hk B to c-r. 

CahayfcuhaTbcthrccthaatbwat&ldintk 
lpcctr8avrapodtotbcthnxco@wp6.i.c.c4,c-7 
and C-12. Tky,arc easily un&d from compuho with 

?Wx Ts-by+=y- (pdoat ad BWooc. Tbc 
dgnmaaarmdtarcamhcdbytbcdtiftatbaclim 
CXPChCCupoa8tXQhIbOdths~bytbcCU. 

3623 



1: hedomycin RL = = R2= R3= ” 

2: RL 5 iI . R’ = f$ = R3 = AC 

1; kidamycm R’= “ 

L_: RL = 11 

5: R’= N 

6: RL= #I 

l R’ =R2=f&” 

. R’ =R2zR3=Ac 

, R’ = R2= AC, R3= H 

s R’ =H, R2=R3 = AC 



‘Tab& I. “C NMR cpccar of bahmyciua. kidnmycirn ad is&i&my& 

5 149.7 

6 Wd 
6a 137.3 

7 183.1 

74 126.2. 

6 140.2 

9 Ku* 
10 lM.6 
11 159.e 
114 116.1 

12 lea.0 
124 119.2 

13 %.A0 
14 57.7 

15 udq 

16 Ma 
11 55.4 a 
18 51.6 6 
19 17.2 q 

2' 77.3 a 
3' 71.9 d 
4' 61.4 d 
5' 29.3 t 
6' !I3 d 
7' 18.9 q 
d'WQ312 0.4 q 

6' 6P.6 d _ -_ 
7. 17.6 q 
1. g.2: 

cw(a3)2 . 

4coty1- 

pmW. 

155.0 155.7 154.9 155.7 154.9 155.6 155.0 
165.7 163.7 163.6 163.7 163.6 163.6 163.7 
110.5 0 =a 106.7 d 108.7 d me.7 a me.7 d me.8 a 
178.7 179.2 179.6 119.3 1?9.7 179.2 179.7 
126.0 125.0 125.0 125.8. 125.8 125.9. 125.9 

148.3 
125.0 d 
136.6 
163.9 
128.5 

149.6 148.1 

itEa SK3 
183.0 164.1 
125.6 1m.7 

149.6 148.2 149.4 148.2 
125.3 d 124.4 d 125.3 d 124.5 d 
137.0 1X.8 136.9 136.5 
183.0 le4.2 m2.e 164.1 
116.1. 128.7 125.6. 129.0 

143.7 1w.o 143.7 1m.e 144.1. lW.0 143.7. 
131.0 a u.LQd us?.kad 132.4 6 131.0 d 132.6 d 131.5 d 
144.4 138.4 144.5 138.3 144.P 139.0 143.3. 
145.4 159.7 145.4 159.4 145.4 150.7 145.4 
127.1 116.0 127.0 115.6 127.0 115.4 127.3 

ml.0 
121.2 
23.7 q 
57.3 

ALzq 

63.5 d 
55.6 d 
51.6 d 
17.2 q 

lSe.1 
11a.9 
24.0 q 
127.2 
12.1 q 

181.2 
121.0 

1%' 
12.0 q 

187.9 181.3 187.7 lei.2 
118.8 121.0 118.6 121.1 
24.0 q 23.8 q 24.0 q 23.8 q 
127.2 127.6 127.1 127.6 
12.1 q 12.0 q 12.0 q 12.0 q 

u¶Jd ALad 134.2 d 133.3 a 134.0 d 133.3 d 
14.9 q 14.7 q 15.0 q 14.1 q 14.9 q 14.7 q 

75.5.6 77.3 d LL.zd 15.7.d 77.8 a zL.kd 
73.0 d 71.9 a zzpd 73.1 d 11.7 d 2&A d 
64.6 d 67.4 d Hd!d 64.8 a 67.6 e P19a 
31.7 t 20.3 t 31.6 t m.9 L 29.6 t 28.3 c 
75.4.d lIi4 d 7,LYd 75.3.6 15.6.6 ?.Lhd 
18.5 q 10.9 q &Iq 10.5 q le.9 q 18.7 q 
40.7 q 40.4 q 40.7 q (0.e q 40.5 q w.5 q 

1zps 
73.0 d 

!?c 

25.id 
le.4 q 
w.7 q 

70.3 d 
64.8 d 
51.9 
42.0 t 
75.0.d 
14.0 q 

IrL/d 
RJ.6 d 
57.4 
33.6 L 

6% d 
17.6 q 
12.3 q 
X.8 q 

,“: 
57.9 
42.0 c 
15.7w ____ 
lfLzq 
13.0 q 
39.1 q 

69.9 d 10.2 a u&x& ?lga 
64.6 d 64.0 d ?Qd 6 12.1.0 
57.1 57.9 58.7 51.6 
41.1 t 42.0 t 37.0 c le.6 t 
16.3.6 75.8.4 71.0 d 71.4.0 
15.0 q 14.7 q 18.0 q 11.9 q 
13.7 q 13.0 q 10.9 q 12.0 q 
39.4 q 39.2 q 36.7 q 37.6 q 

110.5 
170.2 
169.1 
21.3 q 
21.2 q 
21.1 q 

170.5 
1m.2 
166.9 
21.3 q 
21.1% 

lm.4+ 

Il.I*q 
im.3 

168.9 
Il.l+q 

171.0 
170.6 
169.1 
21.3*q 
to.9 q 

e C-lb abowr with Hb; C-l la shows eo a~@& 
at all. la tk collIpolmds wbcle tk pbcnol i8 acetyhta!. 
the C-lh raoaamx h at I21 ppm, again cxmlhd by 
the obscnd aniphg. C-llr must cxpcfknce a hrg!c 
downBddrhatupoarcetyhtioaoftbcpbtnd(rbout 
9pQmkexpectdfnml -pUiKJOWdJlji@llC~Mdil 

thu6wa@dtk~Ua. I27ppmio2,4,4d8.N0 
~nnpco@&COQldbcdiecaadfor~tiBcg.Ia 
ddithn,tbcybrvcrduivdybwhthtia iDtbCcpec- 
tn(&.l)ductobagapietkcrrhutiootimcs,u 
imvethecOrrapoDdiBgrcso~illtherpectnof1,3. 
3 ad 1. 

A -0 of tbe apecb8 of buhmycia and 
khmycin abows tht the tiDe rt 127.2ppm in tk 
kid8mycin@xtNmcbtYnotimveitsamntaputin 

hahmycioaadt&fefofckutobc~toC-l4of 
tbeokhicskkch8in.simiMytbcc-l4raoaMccwal 
fouDdrtl27.sppmintbcduiv8tiva8wbl!fctbcpbeml~ 
acctyiDtal.llKruonur+rbonrtypial~into 
Jt kast foul tina. which b simpucd when dip&tic 
pro&u8arcifdhtcd. 
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2: isokidamycin Rt = ff2 = R3 = H 

RI = R2 = R3 = AC 



7%c Hllume of the Mtibio& bcdanlycin-Ill 3627 

cArmedtbeassignmeotam&bycompa63onwitb 
compound 4 for c atom) 2, c aad 6’. in addha. tbe 
mooaa# of c-r cotlid be ass&d urrrmbiguowlY. -f-be 
ranaia& two tines ai 72.1 and ?I.lppm muat cor- 
respond to c-r and Cb’. 

In ilolidunycin f-0 tbt a%dgMmtsofCmr,C 
aad 6’ as well as r ami 6’ c&d be made from SPD 
experiments. These as&nmeats found for c-r, c4 and 
C-6’ kd to tbc ixmcspe* asdgnmcot3 in compounds 
4,3and1,wberetkcarboosofr&Ea.twexpoctedto 
exbiit$imihrsbifts.Tkhatbtxein6ootyetas&Ded 
(71.7 ppm) must then belong to C-3’. the same being true 
for~~~~~~~~~~~BY 
cx~~~~~for~~~~~~~l~ 
3,asweUufor~in7alntbenbemade. 

Very rncently Kondo a ul. have qortod on the 
a&ucuue and “C NMR spectra of the closeiy related 
compounds neopkramycin and pluramycin A atKl their 
dhcetates.” Neophramycin was found to be kidmycin 
3@-8umc (and thus its dhcetate is identical twith 4). 
wbik pbuamycin A seem8 to be the T-acetate of a 
bedamycin derivative witb a 17,iS dot&k bowI instead 
of the epoxide. TlK a.ssigtlments given for these 
~~~~~~by~~~~~~ 
hen. Yet there are some discrepancies; tire most severe 
onesared&usKdt!ekw. 

(a) Tbc assignmeats of the two side chain Me groups, 
C-IS sod C-17, in neopMmycin and its diacetau must 
be reversed. (b) Kondo tr al. have not observed the 
resonance of c-12 in the spectra of their fuliy acetyhtod 
compounds, most certa8y because the experimentat 
conditions used were inapproprhte. As a consequence, 
C-12 was assigned a line at 170.6ppm. which, in fact, is 
one of the acetyl resonances. Theo. the s&al at 
163.7ppm was attnhtcd to an acetyl group in neo- 
pkramycin diacetate whereas the correspoodittg 
~~~~y~A~~~at 
167.4ppm. Tbeee two vabres are not consistent sod we 
cannot set any reason, why these two CO resonances 
sbmdd show such a large shift difference. the cor- 
~~~~~~~~~~rn~s~~ 
witbin 0.1 ppm. (cl The resonances of C-11 and C-2 are 
not correctly assigned. (d) Carbon la is chimed to 
experience a huge up&M rbift of co. IOppm upon 
acetyl8tioo of the pberml. We can hardly see a rauoo for 
thisrodsuggest~thtPss~tofC_lliiathcf~y 
acetyhted compom& k revise& fe) An extreme up&M 
acetyhtiion shift of co. f0ppm is aho propos& for C-10, 

wtichiskdtybciicvabkwbcocamprndwitbtbecQ. 
12ppm &w&Id shift given for C-l la &bktt we 
consider to be correct). Here too, the ass&meats for 
neopknmycin diacetate and pbtramycin A diacetates 
must be revised. (f) Fmtbmmom, Kondo u oL have 
reported reversed aas&mertts for the two tetrabydro- 
pytMmetbykoegroups.Ouraas@mentsarebasedoo 
~~~~~~y~~~y 
acetyhted kidamycins and are tmamb+igmnm. (&I FtnaDy. 
tbetinesarouod#ppmarenotduetoCb*butratberto 
C-T as we have shown by an SPD experiment. 

‘l-be “C NMK at&nment!t made shed 1igbt Ott the 
conformatkus the two bigMy substituted tetrabydro- 
pymllringbadoptmsOtt&tl. 

KingEwassbown’tobeitttbechairccmforma&a9 
in the crystal. All rubstitlkots are equatorial. There is no 
doubt that the same arrangement will aho be the prefer- 
red one in solution. Tbia assumption is suppo#d by ‘H- 
aod “C NMR data. Proton-proton cottpiitqt constanta 
have been measured in bodamycin at 27OMHt; they 
indicateatransdhxial amuqemettt of all the protons at 
ring E.” The ‘% NMR acetyhtion shifts observed for 
the C atoms of the same ~~y~~ ring are 
compikd in Tabk 2. For C-3’, b&q t& OH group, and 
its n&&bon C-Z and C-4’ the observat acetyhtioo 
shifts correspond with respect to their signs to what is 
expected from the acetyhtion dxta of tmnr4t-butyl- 
cycbbexonol.” They are furtbermorc ia reaso&k 
agreement (sign and magni&e) with the acetyhtion 
shifts measumd for &@&rcose,” wbicb are smalkr by 
aboutafactortwotlbantbesbiftsobservedintbecarbo- 
cyclic t-butykyclobexanol. !%nce tk most stabk coo- 
formations of both tbeae model compounds are &air 
forms with equatorial OH groups, WC co&u& that r%q 
E also assumes the &air couformation 9 in solution. 

An unexpcctecuy hrge dowufkki acetyhtioa shift of 
3.4 ppm was observed for the metbykne group of ring E, 
C-~.Wedoootthi&tbattbisor&atesfromasteric 
effect within the ~y~~~ ring but ratber from an 
aJteratio0 of the torsion an& about the C&/C-8 bond, 
wbicb would bring tire tnetbykne C-S’ into d&rent 
positions relative to the aromatic nuckus and tbc CO 
#oup c-7. An additional coatributioo to the downfkid 
acetyhtion shift of C-y comes from eat&cation of the 
pbenolic OH group. This coatriitioa is +0.7 to 
+l.3pgm~abbesecaftomacomprrisooof4aod~or 

T&k 2. “C NMR wrybdba skifts A& for Uw artwn atoms of rhg E ia bcdunycinr. kidunycim ml 

&kidUltYCiill 

I C-2’ C-1’ C-4’ C-5’ Cd’ C-7’ *fen,)* 
_ ~~_ 

ObHrmd A$’ -1.5 ‘1.1 -2.6 l 1.3 -0.2 0.3 to.2 
to to ?a to to t.0 to 

-2.0 l 1.5 -2.9 l 3.5 -0.6 -0.4 +0.3 

&#=b in ubn*-4-r-butyl- 

cyc1obDwmol &quarai*l -3.7 42.7 -3.7 0.1 0 

cat ” 

-1.8 *l‘s -1.8 4.2 
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(md3.Tbtotbaarbomof~Errr.ingcacrrl.oaly thothedown6ddrhiftofC-~urs#tstlmtriegPhu 
e&iblyirducndbytbcaa?tyhtioaoft&pbeDd. insohthachircunformatioafcatur&~tiOH 
lknctshiftofC3’ductoacetylAooftbeOHgroup grwp. An cquuorial OH would have caud tbc 
uC-Tic+26pgmualadrtsdfromd~J.~(& downfkldacetythntbatofC-rtobcwtitbe 
WOCXXlW~mtObtrdditiVC. shiftsforC-2’andC4asisthccucforringEandfor 

Rip, P in tbc hokidnm~cin s&s prefers a chair thetwocqlntorirlmo&l~cTabk2). 
cunforlwhintbcay8td withtbctwo&!ut,llb&& RilQPwassbowIl~tohwetbctwiltamf~11 
tabam. afyi aad ctktby&aho, in cqmta&l positions iutbccTy8td,witbtbcarylaoddimctbyhmioowb@ti- 
a+eO~grwpandtbctcrtiuyMe~(C_83u tucota pladocqurtorbl. OH end tcrtiuy Me (C-87 

aub&u!nu(cf1~.Tbtobtcrvedocctyltiooshaa pachaxdladwitbthe~Ir(e~(c-nia 
g& 3) for c-r, c-r aDd CI UC agaio in agreeant an isociid position. OIK would, boweve, expect tbc 
ufuaatbc*ic comxmcd with tbc v8Jlm for abDststab&conforumtiootobcolx.wbcrctk@alid 
ci~4+butykyd0bcxaaol, a modd compound with a0 slhstmwats arc in isochal posith.” Tl!luB. confor- 
axidOHgoap.Tkiro&tukismtiwnlkrthan alahol2witb&alcthyhahgroupandtcrtiuyMein 
tk shifts dmuved for tbc cydokanol. PI wan already isodidpo$itioacandwitbaryld~k 
aoticedfof~E(8ndforgtucoK).Tbcfrct.tbrtt& pw&equUorhlwouldsccmmorcfavonb&;inti 
upWd&iftsforC-~andCIarcsdkriumagnhk vt onty ant substitwt, OH, would be pseu- 

T~3.‘CNYR~ylrtioo~b~foctbrarboo~d~PioIrdrmy~,~y~lad 
iSO&ihyCiM 

C-2’ C-3’ C-4’ C-5’ C-6. C-1. c-c *(a,)2 

dQa c&ar*d In laohlb- t1.1 a.4 
to to 

qcinm 
0.5 l 1.0 -1.1 l l.6 l 1.1 0.1 l 1.1 w.9 

4' 
obrr*d In hda- l 2.7 4.0 w.1 l 7.5 l 5.0 -2.4 l 1.4 l 2.3 

yc1n. rd UdMyclru 
to u, u) tQ to to to to 

l 3.0 4.1 a.9 l e.4 l 6.9 -2.8 l 1.9 l 2.6 

A+" in c1w4-t-buey1- 

q&shUuVl bxlal -2.7 l 1.7 -2.7 ua.9 4.5 

CW 
13 

Mcb 1n Uan8-4-t-tutyl- 

yclohurnol (oquuxld -1.7 +2.7 -1.7 0.1 0 

Oa) 1' 

‘4 - 0cttrlac9t~td - +u,nr antlblotic) 

“AC - ~cmwcl - (1,lmw 



&axial. However, there tbc OH group by an unfavor- . . 
t inumctloo (ctihdd 

Zf 0 ca.3Y)witbttlebulkybulltyy&minogrorp, 
wbtrtusuchrstaicnhtio~inllbktwceotbc 
OHandti~~kuv~recoaduyMc~From 
tbc Karpius cquatmo tbc fobwiog ‘H-H coupli~ 
con)tants wadd be expected for canfimnujoo Ikt H- 
Z/H-r: 5 Hz, H-Sa’M6’: 8 Hz, H-SbYHd’: 5 Ht, and 
forcoafo~tion1l:~1,9mdlHr,Tk~of3,7 
andSHt&umincdforbahmycin~scuntoindkate 
coaformltioo11~tlmal2.Thcyahorukouta 
chair confonltuioo with cquatod aryt stibstitueat. since 
~~ba~~~of~~H~‘~~ 
axial proton at C-f wdd have to be IO-13 Ht Yet web 
odmircoaformMwouldmywaybcc~tobeku 
fIVOr8bk due to tbc axid 8nqwotoftbcdiwthyl_ 
amino group it would involve. The “C NMR shifts 
imhcedinthcCatomsofringFuponwxtyUoo(T~ 
3) show M rcscmW whtsocver with the V&KS for 
cycbbexaaoIs with eqtmtod or d OH goups. 
Rntbamontbc~ofthaeshiftsismtihrpr 
tbanwintwnsobwrvufinrhgEorinringFofthe 
isokhmycins. &ah, tbc mcthykw #oup (C-r) is 
shiftal oussivcly dowddd (thh time by ca 8 ppm) and 
agaiaabout1ppmoftbiashifttduetotheacctyhho 
oftbepbtDolrsaabseeofromrcamperisoaof4uwd 
S.~~s~~~~~f~~E~~ 
fouad for C-T, c-r: C-6’ as wen 8s fix the sccwdwy 
Me (C-T) and the N-Me gmups. Tksc uwmous 
Myhtioo¶hiftscanadybcilwpntcdintcrmaofr 
drastic cbutgc of conf~o of rin# P upoo acetyc 
ation.Wet.krefoncot&dctlmtriogPinlMwcetyl- 
ated bcdunycina 8nd kidunycim prefers tbc hibk 
tit aeon 11 in s4hltio0, wbidt an be altrrcd 
up00 aaqwoo to f&eve s&&l. 

--We Ummk I’d. A. I, Scott. Texas A&M 
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