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Flambamycia, ca~H20 is a member of a 
new class of antiitics which iDchxk% -yci&’ 
avilamycia? everr&mj&B,’ m_h’O 
evemioomicio-D-*” and eve&nom&-2”’ Soau 
progresstowaKlstheehM5dakmofthestrWunxof 

prelimhmry communic&na for the ~v-B,~ 
4.9 *, -D” amI -2.* All tkae antibiotics are esters 
derived from dkhbroisocvanhdc acid (1, re&ue A). At 
thispointitisalsode&abktorefcrtoan&zcommon 
sbucuKalfeatlue~thatthisfamiiyofentibiotics 
containorthoestergoup&.lIliaIlmlWalfcaturcis 
discus&inmoredetaillatcr(Se&n11).Inaddition, 
the aatural occurrence of other antibioticd MntaGl2 
orthoester grouphgs which am not esters of di- 
chloroisoevemioic acid iochldc the destomycius,“~* 
hygromycin B,“’ the antibiotic A-3!SI”8 aud the aati- 
biotic !S&C!.‘” 

andhighresohltjDnma8sspecbwnetry.Wbaeap- 
propriatesUchrWlt8areblk?nym&maIinthiaprpa: 
themasaspec@alresuttanowN!?o~(F’art~arerlmoa 
entirelyIimitedtothec~of~by 
t&irparentpeaks.Detaikdcorrel8tionand~ 
for the “C NMR SpcctIa of+mbamy& ti $8 
d~adaa~ucta are_2ivea m Part 11,12 and tIqr 

~pattemsaredkussedm 

2: Cumcln 

RO 

(I) Pldiminary chaMctaisarion of jlambmycin 
The antibiotic was 811 optkally active cdourkss 

Fund, m.p. 20X03”,, w!dcb showed CO abmptbn 
- ,I735 ad 171Scm- ) m Its IR q&rum. Its UV 

spectrum rLx 288om(t1725)]indicatedtbepnWnce 
of an aromaric chromophorc. 

Its ‘H NMR specbum (100 MHz) did not demonstrate 
theprMlceofaromatkprotoasbutass@maltawere 
possible for four OMe groups (sin&ts, 6 395,3.65,3.59 
and3.2!4,onearomaticMeandoncMeketoltefWtion 
(siIl&ts,d2.26aad2.24)oneter&yc-Me(shl&8 
151) and seven secow C-Me Broups @nlbkts, 8 
1.4&1.06). The presence of two Cl atoms was Scatal 
bythtmessspa%umwhkhshowedfraqentkms(mlc 
233and235)a8~withaMy~benzoyl 

cat& c40HxMeH0Me)cI~. 
Acetylation with acetic anhydrid~pyridinc at room 

temperatusc gave nambamychl hexa-xctate (v, 3500, 
1785 and 175Qcm-‘) ~MEW+ the presemx of six OH 
group8 phu one or more UWonal OH group8 (u, 
3soocm-‘) which were not acctyIaW under these mild 
conditions. 

~Ide$jkti of ocidc hydndysti products of jIarn- 

Ashortperiodofheatiq(7F,3Omin)offlambamycin 
with dilute aquwua hydmchlok acid (OS% w/v) and 
ether extmctioo yielded curacin (2).” The qlxous 
hydrolysatc was subjected to further heating (IW, 3 hr) 
with ditute aqueous hydrochloric acid (0.946 w/v) and 
neutral&k followed by chromrtoorapbic fractionrtion 

!? c ___c+j 

“.H 

Ho Me 

5: 3.S-Olhydroxy-y- 
caprolactone 

68: 2.6-Di-O-methyl-P 
mannqae, R - Ii 

(b: R=Mek: 
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yielded $5 - dihydroxy - y - caprdadone (31, D-cYabsc 
(4)~4-o.-methyl-D-fucose(s1),26-di-q-~~~- 
D-marmosc((1),L-tyxosc(7a),aDdarkwmBacdrende 
(&?a) named tlambahksc. 

curacin(2)hadbccnprWiouslyobtahkdruanacidtc 
hydrolysis product of curamycin and avihtmycin.8 The 
identity of the flambamyciu byways product (2) 
(charact&ed as its O-mcthyigtycoaidc, phmolk CMfc 
derivative and tri-Gac&tc) was Ermly estabikhcd by 
~~n~~p~~~‘~~ 
cmacin aud its derivatives. frr our handa, aysta&ation 
of curacin from chlorof~ gave the ff-anomer (2) whose 
glycosidic ccn6guration followed from it3 ‘H NKR 
spectrum (glycoaidic B, d 5.29, J,* 1 and 3 Hz). 

3,5-Dihydroxy-y-cqrokctonc was prcvmusly obtaiMd 
by the acidic hydrolysis of avilamycin.’ However, this 
dihydroxylactoae was not isolated a8 such, but as a 
crystauine di-(SaccW, mp. 1W? flw! dihydroxyy- 
~(3)~~~~y~~~~~ 
hydrolysatc: it gave a cry8taihrk di-C&&te, m.p. 1 I?. 
ComparisonoftheIRand’HNMRspcctraofthcdi-G 
acetate: m.p. 102” and the d&O-acetate, m.p. 113” 
(acne) i&catca their &k&y. 

From the acidic hydDAysia of tlambamyciu, we 
isolatuf a sugar, C&Q, which at the time of its 
isoktiott had Dot beat described p&ousIy. In vkw of 
the frequent aasociatka of mu&tics with uuusual 
carbohydrate residues,” a detailed investigatum of this 
sugar, C,HI,OS was umkrtaken and the structum 4 wan 
established. subsoquentfy this stNcture 4 w&r a&Mti?d 
to ~-cvalosc, a hydrolysis pmduct of evatetrorrt-BP 
Howev&, our &rivation of tk con&u&A of D 
evalose (4kis quite di$nmt from the method $r+y 
de&i, ~itis~~~~ 
of~*~of~~~~~~a~~ 
proachtoadif&uhprobkmwhkhisstfU~in 
carbohydrate cbcmktry,” namely the de&muWm of 
~~~~~~~Of~.WC 
~ev~~~p~bkrn~~e~~~~ 
of ~-evafosc by evakating the downfkkl ‘H shifts in- 
duced by What&k shift reagmns. 

~&alose, C,H,.Os &I+’ -Ha, m/r 160) was obtained 
as a mixture of pyranose (4)-, fitranosc- and akkhydo- 
forms, which therefore gpve a con&cated NMR apec- 
trum. DEvaloti (4) yiehkd a crystalline methyi gly- 
co&k, m.p. 132” U&I&N) 4.96 (y-1) and 391 m-2) 
(AB systems, r, 15 Hz), 3.29 (8irtgk~ Oc&), 1.67 
(aingkt, kctiary C-CBA 1.48 (doublet, accondary C- 
C&, J 6Hz)l. aEva& (4) also gave a uystalibe 
tetra-acetate, m.p. 132”. f&C&N) 629 (‘#j-2), and 5.62 
&f-l) (AB SY8tem, Ju 1 Hz); 556 gr4)‘ 3,87.(&5), 1.33 
B-CL_&) (ABb system JU 9, Jti 0, hx 6Hx); 1.62 
(sin&t‘ tertkry C-c&); 1.98. 1.98, 1.98, 134 
(ococ~3)& These assignmcPtcr for these two deriva- 
tivcs settk the constitution (4) for DWaklle. The 
conf@ratiam at C4 could be inferred by comparison of 
the relative downtkld shifts obtained when methyl 2-Q 
methyl ~v~op~~~ (9) was treated with the ouro- 
pium shift ma@& Eu (fodh; [(CD&) m-1 b 4.8-+6.0), 
(H-2 6 3.05+5.7), @4 8 3.74126). (rl-5 8 3.7+69)]. 
The dramatic comparative downfkld shift of B-4 in- 
~i~~~~n~~~~H~*~~ 
teading to the rcktive co&umtion (4) for DWakr8c. 
The absofutc conf@ation (4) for Dwabc ball been 
independently aud fumly estabW~cd by Ganguly and 
Sakscna.* This Dfzafose residue is common to ever- 
ninomiciu-Bw and flambamyck. 

40Methyl-Mucosc (!!a), 2,6 - di - 0 - methyl - D - 
mannose &a) aud L-lyxose (7a) were initiaUy recogniscd 
~~~~~rn~nof~‘HN~s~~,~ 
specitic rotations with reported data. The mondsac- 
char&s (Sa and 6m) had been prcviousl~ i+ated as 
acidic hydrolysis products of cmycin, avdamycin” 
and e~o~-B~ -(?” and -I),” L-Lyxoac (7a) was 
also obtained from curamycin and avikmycin whereas 
the corresponding monosaccharide obtained from ever- 
~o~~-B, C and -D was 2~~~y~-~-lyx~. 4-O- 
Mctbyl-Dfucose (sa; curacosc “‘) was charactcriscd 
as its ukccmte, m.p. 1139 2CD+-methyl-D 
mannose (6, cnramicos~‘~) was cm as its * 
trtaewc l m.p. 76’ and L-iyxose (?a) as methyl - 23,4 - 
tri - 0 - &tyl - L - lyxopyranoside, m.p. W. 

The new di!W!char&, nambabiose @a), C,SHuO,a 
m.p. 1919 was non-rcducit~ and was ckarly associated 
with l-l union of ruidues derived from 26 - di - 0 - 
methy - D - mannoac #a) and L-Iyxosc (7a). It was 
characterkcd as tlambabiosc pcota-acetate, (8b) m.p. 
1StP. The structure 8a for flambabiosc was supported by 
its ‘H NMR spectrum, its “C NhiR spectrum,” and the 
mass spectral fragmcntatiotI pattern of its pcntaacetate 
(sa). ” 

(3) Ac&fic ~~$~ md back of fu~~~~ 
An important pm&~ct was obtained by the acidic 

hydrolysis (J;N-HCI, 70”. 18 hr) of fkmbamycin. The 
product was isolated as formakkhyde 2,4- 
~~n~y~ (65% ykfd). ‘Ibis high yield was 
cut&y &u&ant and iudicatcd, for exampk, the 
pnweacc of a methykncdioxy group. However, it was 
not possible at this stage to spcculatc pro&tably upon 
~~~~a~y~y~~w~~- 
atcd e&Y with one of the hydrolysis products which 
had been isoktcd or with some waidentifkd portion of 
the f&mbamycin mok.cuk, 

Thiswascatticdoatusingtheckasicalmethodof 
permethyktion followed by acidic metbanolyaia yieldiqt 
four partidly mcthylafed mono-saccharides (!M2) in 
which the positiona of secondary OH ipoups were 
ekcidated by dctam&tion of the downtWd shift of 
associamd protons. C&OH, in the derived acetates, 
C&W&E. 

Flambamycin, methyl iodide and aodium hydride in 
dimethyl sulpho~ (room temp., 1 br) yielded “flam- 
bamycin permethyl eti&‘, m.p. 147-W. D&t treat- 
ment with boiling me&am&c hydrogen &k&k (4% w/v, 
1 hr) gave a mixture of ffvc Me giycoauks (9-13) which 
were sqmra@d by c@matogqby. The Me $ycosides 
(9-i2) were &mctcnA as their @aStates. 

Theconrpotmdwnamcd kocuracin trimcthyi ether is 
ckariy &ted to the curacin (2) residue of tlamhamycin 
(1). The n@atiml of the dkbkro-i8ocvcrttiDo~ group@ 
frompos&Atopo&ion-3ofthc2deoxy-D&amm~ 
~Brnuut~~~~~~~~~ 
ratknco&ion8amo&edwiththepcrmethylationof 
tlambamychl. Tbc 3-poaitkn of the dk3rlo&Wcvcr- 
ninoylr&iucinkocwac& trimethyL ether (W) 1u 
~~~~~~(2)~~ 
by con&urn of the H-3- and 84 cbemkai shifts 
(c&N) in cat&n (2) (bt- 4.78, d. 5.U), cur&a tri- 
smtatc 0% 5.47, 8,295) and ~~~e~ 
03) tds 5.4% 64 295). ‘Ilwsc muits cstaMiclh &at tbc 

curacin(2)nsiducfntkmbafnycin(1)istcrmiMiaQdis 
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linked through the glycosidic oxygen of the 2-deoxy-[~ 
rhamnose residue B. 

The isolation of methyl 2 - O - methyl - D - 
evalopyranoside (9) proved that the 2 - OH group 
of the D - evalose (4) was free in flambamycin (1). 
The 2-position of the additional O-Me group in the 
derivative 9 was established by comparison of the H-2- 
chemical shifts (CDCI3) of methyl D - evalopyranoside - 
2,3,4 - triacetate (cf. 4; 82 5.67) and methyl 2 - O - methyl 
- n - evalopyranoside - 3,4 - diacetate (cf. 9; 82 4.06). 
Thus the 2-OH group of the D-evalose residue D must be 
free in flambamycin (1) whereas its O atoms in positions 
1 and 4 and possibly 3 are used in bonding in flam- 
bamycin. 

The determination of the constitution of the methyl 
glycoside (10) essentially involved the location of the 
additional O-Me group in either position-2 or position-3 
of the 4 - O - methyl - n - fucose residue. The methyl 
glycoside (10) was first examined by treatment with 
acetic anhydride - p - toluenesulphonic acid. This acid- 
catalysed transformation yielded a di-O-acetate which 
was initially formulated 6 as 3,4 - di - O - methyl - D - 
fucopyranoside - 1,2 - di - O - acetate. This proposal was 
subsequently recognised as being incorrect. This became 
clear when it was recognised that the ~H NMR spectrum 
of the di-O-acetate could in fact be assigned, in the 
absence of information regarding the configuration of the 
anomeric centre, to two possible constitutions; either 
3,4 - di - O - methyl - D - fucopyranoside - 1,2 - di - O - acetate 
or 2,4-di-O-methyl-D-fucopyranoside-l,3-di-O-acetate. 
i t  was chrly important to settle this matter unequivocally 
because this evidence was used to determine the location 

fFlambatriose isobutyrate and flambatetrose isobutyrate have 
been described 2 as single compounds (16a and 17a), but in view 
of the "doubling" of many of the resonances in their mH 
(Experimental) and t3C NMR spectra, ~2 we now believe that 
these two compounds are in fact mixtures of flambatdose isobu- 
tyrate (16a) and its isomer and flambatetrose isobutyrate (lTa) 
and its isomer. In these two pairs of isomers, the isobutyrate 
group has partially migrated from position-2 to positiun-3 of the 
L-lyxose residue G. 

of the D-E intermonosaccharide linkage in flambamycin 
(1). This was initially proposed 2-6 as linking C-22 and C-30, 
however, on the basis of the following additional evidence 
it has now been established that the D-E intermonosac- 
charade linkage unites C-22 and C-31. 

Base catalysed acetylation of the methyl glycoside (10) 
yielded methyl 3 - O - acetyl - 2,4 - di - O - methyl - D - 
fucopyranoside whose constitution was firmly 
established by its 'H NMR spectrum (Experimental) 
(H-I 8 4.92, doublet, J 4Hz; _H-2, 8 3.82, multiplet; _H-3, 
8 5.40, double doublet, J 3 and 10Hz; H-4, 8 3.82, 
multiplet). These assignments were clearly supported by 
two spin-decoupling experiments. Irradiation at 8 3.82 
causes the collapse of two signals (8 5.40 double 
doublet ~ singlet and 8 4.92 doublet-* singlet). Irradiation 
at 8 5.40 did not transform the doublet (8 4.92). 

Independent evidence for the existence of the C-22 to 
C-31 glycosidic linkage in flambamycin (1) and in ap- 
propriate degradation products containing residues D and 
E was provided by the discovery that acetylation of the 
hydroxyl group at C-30 was associated with a significant 
upfield shift ( - 1 0 5 ~ 1 0 0 p p m )  in the t3C resonance 
of the anomeric carbon at C-29. This is discussed in 
detail in Part II. 12 Finally much reassurance regarding 
the constitution of flambamycin (1) was provided by the 
220 MHz 1H NMR spectrum of flambeurekanose penta- 
acetate (24b). This spectrum was obtained after our 
experimental investigation of flambamycin was 
completed. However, a detailed interpretation of the 
220 MHz IH NMR spectrum of flambeurekanose penta- 
acetate (24b) (Section 8) clearly indicated the presence of 
an acetoxyl group at position-2 of the 4 - O - methyl - D - 
fucose residue. Thus the o-evalose residue D must be 
glycosidically linked to position-31 in flambamycin (1). 

The structure of the methyl glycoside (11) follows 
from the chemical shift (CsDsN, 8 5.61) of H-4 in its 
monoacetate. Thus the 2,6 - di - O - methyl - D - mannose 
(tin) residue F in flambamycin (1) must be linked through 
its two O atoms in positions-I and -4: its association 
through position-1 with the L-lyxose (Ta) residue G has 
already been established by the formula (8) for flam- 
babiose (Section 2). 

The L-iyxose derivative (12) isolated by methanolysis 
of "flambamycin permethyl ether" was shown to be the 
2-O-Me derivative because it yielded methyl 2 - O - 
methyl - L - lyxopyranoside - 3,4 - diacetate, (CDO3, 83 
5.56, 8, 5.56). Comparison of the structure of flam- 
babiose (8) with that of the 2 - O - methyl - L - lyxose 
derivative (12) posed an interesting question. Why are 
the 3- and 4-OH groups of the L-lyxose (Ta) residue G 
not O-methylated in "flambamycin permethyl ether"? 
The answer to this question is provided later (Section 8). 

(5) Isolation and structural elucidation of flambatriose 
(14a) and flambatetrose (15a) 

Mild hydrolysis of flambamycin (1) with dilute aqueous 
hydrochloric acid (0.5% W/v) initially at 78 ~ (30 man) then 
31" (17 hr) gave, after neutralisation and evaporation, a 
mixture which was fractionated chromatographically 
yielding flambatriose (14a), flambatetrose (lSa) and flam- 
batetrose isobutyrate (17a).t Flambatdose isobutyrate 
(16a)t was isolated from the acidic methanolysis of tiam- 
bamycin (Section 6). 

Flambatriose, C2oI-I~sO4, m.p. 125", was characterised 
as its hexa-acetate, m.p. 119 ~ and hexamethyl ether, m.p. 
68--69 ~ Acidic hydrolysis of flambatriose with aqueous 
hydrochloric acid (1.8% w]v; 100~ 2.5 hr) gave 4 - O - 
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16b: Flrmbatetfor heptwcetate 

b-4 
24a: Ft8mbwekan0ao 



16~ FlambatetmW. R = R’ = H 
lib: R’-Ii: R-AC 
lbc:R=R=Ac 
15d: R=H:R-Ma 
150: R-R’aMe 

etl&[mlc 363, CIIHt&(OMe~,t its o&methyl ether 
[m/r 371, C,Ji,&(OMe)s]t and its hepta-acetate [mlc 
447, C&2O~OAcb],lt @We the indkamd frag- 
mcotions.Theoriginoftheacionsaswci&dwiththe 
commoo cleavage (c) (see l!!b aml uh !kbcam 1) 
estabhshed that in !kmbfatetrose the D-W&se (4) residue 
waslinhedglycosidicaUytoeitberposSon-2ortoposL 
tion-3ofthe4-O-methyi-D-tuooseresidue.Ibe 
deciioo between tbcse two pos&ilitka was Iuuk 
possiMebytheisdationofmethyl~-di-0-wthyl- 
D - fucopyranoside (10) from the Xidk mthndysate of 
‘nambamycin pcrmcthyl ether” (se&o 4). In faL% the 
isolatioo of the methyl glycos+s (9, 10, 11 and 12) 
obviously cstabh&ed the antsbWoo ISa for fkm- 
batetrose and its derivatives (Mb-Me). 

Independeotly of these chemical dqRs&kns and 
transformations of fkmbaDiose (Ma) aud dembatetrose 
(lsa), detaikd correlations of their ‘H NMR spectra 
(Experimeotal) and their mass spectra (Part. ItIT were 
d9OpOSSiblC.-lkIlbSSSSpCCtd~ 
ofnambaDiose,namhatetroseandtbcir~~ 
1lcaIld1*1se)c%nbcinterprctaihdctail”aud~ 
vide satisfying suppott for all aspects of the pqosed 
structures. Mass specual information also prow an 
excellent basis for propo& shucWes for the two 
transformatioo products: lkmba&X kobutyW (IW 
and fiaahtcm isob@Ta (17&t 

Fkmbauiose isobutyrate (Ma), m.p. 11~117”, was 
cbaractcrised as its pen&acetate (Mb), m.p. W. Flam- 
batetrose isobutyrate (17a), mp. 145”. simiMy ykkkd a 
hexa-acetate (17b), mg. 1150. The ‘H NMR spectra of 
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14~ Flambatrlose. R = H 
I#: R-AC 
14~: R-Me 

(43) (42l 
18~ Flambatrkaa iaobutyrate, R = H 
164: R=Ac 

lx3 
17~ Flambatetrose laobutymte, R = R’ = Ii 
17b: R’=H; R-AC 
17~: R’=R=Ac 

the two pain, (0 flaltlm (Ma) and tlembatriosc 
isobutyratc (Ma), and (ii fbunbatetrose (lsa) and flam- 
batetrose isobutyrate (17a), showed an entirely accept- 
abk correlation. lhe presence of an isobutyrate grouping 
in ikmb&iose i!WbWymtc (Ma) was also ckarly 
supported by its “C NMR spe&tuu” Corrqo&tg 
sigalsforanSMyrate~upingwerealsoobservdin 
the “C NMR specuum” of nambamycin (1). 

~ewerenowinapositkotoconsidertklocatiooof 
the isobutyrolyloxy group in tkmbamycin. Comparkon 
of the mass spectral fragnu!otatioo patterns” of the two 
pairs (f) WlbaukW hexaacetate (Mb) and nambauiose 
isobutyrate peota-acetate (Mb) and (iii 6ambaMrose 
bcpta+uMate (Mb) and fkmbatetrosc isobutyratc hcxa- 
acetate (17b) establishaP the locatko of the isobuty- 
royloxy group oo the L-lyxosc residue G. The question 
posedinthelastparagmphofscctioo4wuldoowbe 
answered. Ckarly the isobutyroyloxy group present in 
dambamycin (1) was cleaved and the resulting OH group 
was methyhued during the &?nemDoo of ‘nambamycin 
penncthyl ether”. ?berefore the isdatioo of 2 - 0 - 
methyl - L - lyxose (14) by hydrolysis of %mbamycin 
permcthyl ether” was not incompatible with the locatioo 
of the i&utyroyloxy &oup 00 c-2 of the Llyxosc 
residue G in flambamychr (1). 

(6) Acidic metha&vis of jlambwnycin 
It wan oow possibk to consider prmss towards the 

determi&oo of the constitutioo of flambamYCh 
CdI&l&$ in terms of its relation to four sienidcant 
degrAuo0 products: curacin (2). c,sH*&O7; 33 - 
dihydroxy - y - caprolactone (3). CHtoO4; tlambatctro3e 

isobutymtc (17a). C,,H&; and fonnafdehydc, CH10. 
7%~ products had been mainly derived by aqueous 
acidichydrolysis,soinordertotrytoshed~~liehton 
thepossibknatureofth!aeightunidetltukdCatomsas 



well as on the structural or@ of formaldehyde, 
~QIIWMOO of fkmbamycin by methanolysis was 
explored. 

Mild treatment of lkmbamycin with IMtbaAic 
hydro8en chloride (05% w/v, room temp. 90 min) yielded 
a mixture of curacin methyl dycoside (cf 2), methyl 
DMllopyTanoside (& 4), nanlbatrioS (Ma) tkm- 
batetrose (Ua), flambatriose isobutyrate (Ma) and dam- 
bat&rose i&utym& (17a). In addition three new 
compounds were isolated: tIambakctonc (lit), methyl 
fkmbate (l9h) and methyl eurekanate (2&; Section 7). 

Flambakctone, Cz,H&l&,, mp. 217, has been 
shown’ to have the structure (18) mainly on the basis of 
spectroscopic evidence in asso&tion with its empirical 
relation to curacin (2), C,&Clh, and 35 - dihydroxy - 
7 - clrprolpctqne (9, C6HloO4. Fkmbakctone (16) has 
been chmWuued as its mono-&n&y1 derivative, m.p. 
ZW, prqmred by methylation of its phenolic OH group 
with diaxomethane. Fiambakcto~ (18) yields a trio 
acetate, m.p. 15V, and a tris-trichloroacetyl carbamate. 

The y-lactmw (3) sbowr a CO band at the expected 
position ( YCO 1780 cm-‘) wbaess tlambalactone (18) and 
ita d&a&s show (Tabk 1) a CO band (pm 1740 cm-‘) 
indica&thatthislWidlleispresentinnambalactoQeas 
its Macto~ equivaknt 

Two possible structures may be considered for tlam- 
balactone ia which the auacin residue A-B is linked 
8lyamidiaUy to either C-3 or C4 of a 3.4 - dihydroxy - 
6-crprdactoneresidueC.Ckuly,thelatterconst&ion 
(18) is dcmaaded by the marked downfield shift of I_& in 
lIambaiactouc triacctate (6 5.43) and ilembalactone tris- 
trichloroacetyl cubama& (8 5.57) .(Tabk 1). The “C 
NMR qectrum”’ andtbemassspectralfragmentation 
pattern’ offlambalactoaeareinfullaccordwiththe 
foimuktion (18): the indicated Ative stereochemistry 
asso&tal with the Mactone is derived from the coap- 
I& cat&ants (Table 1): JCD 3: 3~s 8-85 Hz 

Methyl ilambate, CaHdl2018, m.p. 90-W. was 
showntohavethestructuel9bbyit.spartialsyntbesis 
from tlambakctone (18) and methanolic hydrogen 
chloride (0.15% w/v: room temp.). Methyl llambate (Mb) 
showed the expected spectroscopic properties (Experi- 
mental) and mass spectml fragmentation pattern::: it was 
&racW&d as a tetra-acctate, m.p. 61-W. 

The isolation of llambakctone (18). methyl darnbate 
(1%) aud tlamm isobatyra& (17a) by the 

6-l lOa: Flamblc acid. R = H 
1): mamblaotona 1*: MY~ fimbate, R= MO 
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Qlct&nolyris of fIamtmmycia u&r extemely mild 
amditionll wax an cll~ nWdt. However, the most 
exciting development was the isolation of methyl eure- 
kauate (Za), C,dLO,, in &n&ant ykld (28%). The 
elucidation of tlkc coWitution of methyl eu&anatc4 is 
discuxaedin&ailinScction7butevcnacaxualin- 
spcction of its ‘H NMR q&nun showed the presence 
of a mcthykncdioxy group. Acidic hydrolysis of methyl 
eurekanate gave formaldehyde! Our search for a furthe 
euctmal fcatvc of aFullbaaIycin--cur&anic acid, 
csH,4o%ofitscquivakllt-badatl8atbccorcwarde4i 

andonrfee~an,wehope,redectedinourcboiceof 
its name. 

Apar&larlys@6cantrtaultwasobhinedwben 
flambamycill (1) wxs treated Erxt with IWkWlic 
hydrogcnchlo&andtbcntbcmixtnrcofmc&ajmI~I 
prodllctxwasacctykMdirccuy.~ 
tiollatiotl gave rlWswiugly good yields of L 
i!3obutyratchcxa-accW (nb; 18%). dsmbatetrose iso- 
butyratc hcpta-acctate (17~; 45%). methyl 9ambatc tctra- 
acetate (d. 17b; 65%) rad methyl eurekanate 
monOacetate (#a; 72%). 

amctboxycarboayl~~ckarlyaupporMbytbe 
trfalufd of methyl enrekanate (2W ipto cthyi 
eurekanate (ak) by &mnolic hyWnchb$ z 
w/v, room temp., 18hr). Wthermo , 
h$o~M&WHcX ‘oomtemp., ‘8.W yiddqd -kaaic 

-(~aahy~-tolumc 
- p .’ sulphordc acid, room temp., 18 hr) ax curekank sid 
diacetate (2u). 

(b) MO- (a, 2.28, UC0 172ocm-‘). TIE prc8cnce 
ofaMeketoncfmu3ionwasclsuiyindkaWlbythe”C 
NMRspa3rumflabk2)ofmcthyieurakaW(&.2a1, 
6co2O7.2ppm)aQditsmaWspedrumshowadtheloxsof 
a &CO group and hydnqen tnnsfer (m/e 248+2M). 

(c) -O-CH,,H& (IL S.1O.h 4.69, Jti 0 Hz). Tbcse 
‘HNMR&t&l&iftxand~conxtxntare 
highlycherrrcteristic”ofamethyknegronp~iua 
lJdioxolan~Dimcthyl2J:45-di-q-mcthykp 
gdactae(21)‘bmexcdlentmodel:l~~mofoplc 

mcth~xygroupsamtailldiaa~pmtom 
(8~ 5.24.8~ 5.06, J~u < 1.0 Hz)= which sbmu a &gfy& 
cornMollwitbtlln3cofmctbylcur&ouc.’Ibe~y- 
kacdkxy gnwql in metllyi eufckaltatc @#a) w8!3 
co&med by ita acidic hydrdyak (5 N Ha, NW, 6 hr) 
which gave formsldchyde i&ted from the hydro&uc 
as formaldehyde 2,4di&topheoyihydraxonc (55% ykkl). 

(a) hf&H(OI&OW. ‘Ile ~~CWIEC of this 

sxo&uy+atiaryo~ycdsyxtemwas~bytbt 
‘HNMRSpCCtWtOflWhylUECkxIWCwbiCh&lWd 
two signals (6 4.15 and 8 2.58) removed by add&a of 
dcut&m oxide. Methyl u~~kan8tc ykkkd a 
monoacetate (20d), m.p. 8T, with acetic an- 
hydride pyndinc (room temp., 18 br) and a diu&atc (a) 
withaccticmhydlidc-tohmc-p-~rdd(room 
temp., 24hr). Ibe ‘H NMR spcctmm of methyl eun- 

bx 4.18, J,,x 6.5Hz) &~~WCXU 

Tk~&~rboV~iUtam*dthC~Il9 

(ad)canbcxumaurWbytbcparGalcetnqrhoam 
inFii1.Tiliakad8tothefa0po8sib&uJMMk6d 
formulae (FEO. 1. (i), (ii), (ii 8nd (ii)] fur methyl atre- 
klulate. 

llBdcci&mbetwecnthcfourpossibk~ 
forrrmke lprt 1, 0, (3 (iii) and (ii)1 nxta on (a) 
~mparisonUftk’HfIlUPCNMRSpCCtIaolt&@ 

InadditioatOthCiUf~OnmetbylC~ 

(Tabk1,!kbanc2)whichdc&mioathe&ctiond 
furmulao(m)fromFig.1formethylaIrchMtc,tbue 
isadditk&suppor&evideacefortbixcon&tJ& 
whkbfollowsfromthegeQeraldes&p&tafotuuc 

spc&oW& invcxt$4t&l of nambamycin (Pat 
ID)“andthedisc&moftbc~spectra0fdam- 
bamycin and it8 dezivativu (plpl m.” 
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Tabk 2 Corn&on of the ‘Ii and ‘“c cbauicd shifta @pm dodidd from tehmethyldane) for comrpondiw 
~msinmethyle~(~)uddimethylU:45~mcthykru~U(21).Theporition oft&atom 

ucidiatcdbytbcutasiatbsformala(zI)~(21) 

NAiRspedn Me. CbH cc ca CB Cf& c, - cJ - 

5.10: 4-w - 3.78 - 2.28 

5.u:s.O6x - 95.9 171.7 SE8 241.2 26: 
- - - 73.1 78.9 9611 170.6 526 - - 

R - CH* (m/e 131) 
R-C[k(m/e 134) 

ROSC-CHAH, 

R = Ck (m/e 103) 
R - CD. (m/e 106) 

(m/s 145) 

(m/s 115) 
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Me 
RZO'---~b/OR = 

"COMe 

H 2 

20a: Methyl eurekanate, R' = R 2= H, R a= Me 
20b: R 1 = R 2= H; R a= Et 
20c: R I = R  2=H; R a=CD3 
20d: R'=H;  R2=Ac; R =Me 
20e: R ~ = R  2=Ac;  R 3 = M e  
2Of: R I = R  2=Ac;  R s=H 
20g: R 1 = R 2 = CI3CCONHCO, Rs= Me 

h g H H H H g h 
Me02C"'  " l e d \  0~, le/~ C02Me 

H2 H2 

21 

provided by either acidic hydrolysis or acidic 
methanolysis. It was therefore necessary to explore the 
possibility of obtaining additional structural evidence by 
examining the degradation of flambamycin by basic 
reagents: this approach provided important complemen- 
tary structural information. At this point, it is important 
to emphasise that although products were obtained from 
the alkaline hydrolysis of flambamycin by aqueous 
sodium hydroxide (10% w/v) at room temperature for 
various periods, it was not initially appreciated that the 
genesis of these alkaline hydrolysis products also in- 
volved the acid hydrolysis of acid-sensitive intermediates 
(Section 9). These circumstances initially provided some 
interesting puzzles in mechanistic interpretation. 
However, these difficulties were ultimately removed 
when it was recognised that conditions of mild acidic 
hydrolysis were also involved in subsequent trans- 
formations of the so-called alkaline hydrolysis reactions 
of flambamycin. Our understanding of this aspect of these 
degradative transformations also provided excellent and 
satisfying supporting evidence for several of the novel 
structural features of flambamycin (1) which were quite 
unusual for a natural product. To clarify these matters, it 
is sufficient to state finally that the mild acidic hydrolysis 
of various acid-labile intermediates derived from flam- 
bamycin occurred during the work up of alkaline 
hydrolysis products when neutralisation by the addition 
of aqueous hydrochloric acid was followed by evapora- 
tion under diminished pressure. It was gratifying to dis- 
cover that these acid-labile intermediates could indeed 
be isolated (Section 9) when the alkaline hydrolysates 
were neutralised by saturation with carbon dioxide and 
then worked up under carefully controlled conditions. 

The flambamycin constitutional formula (1) can be 
conveniently divided into eight residues labelled A, B, C, 
D, E, F, G and H. Evidence for the sequence, D--E-F-G 
has been provided by the structural elucidation of flam- 
batetrose isobutyrate (17a) described in Section 5. The 
evidence for the sequence A-B--C is based upon the 
isolation of flambalactone (18) and methyl flambate (19b) 
discussed in Section 6. We now present the argument for 
further structural aspects of flambamycin based upon its 
alkaline hydrolysis followed by mild acidic hydrolysis. 

Alkaline hydrolysis (3 days) of flambamycin followed 
by acidification yielded dichioro-isoeverninic acid (22: 
60% yield). 

C02H 
M e ~ ' ~ O M e  

C l ~ C t  

OH 
22 

~ C~,O'-(~ 

23a: Bamflalactone R = H 
23b: R = Ac 

Alkaline hydrolysis (5 days) of ttambamycin, followed 
by neutralisation with aqueous hydrochloric acid, careful 
evaporation and treatment of the residue with acetic 
anhydride-pyridine (18 hr, room temp.) yielded a mixture 
of acetates. Chromatographic separation yielded 
bamflalactone triacetate (23b; 36% yield) and tlam- 
beurekanose penta-acetate (24b, 33% yield). 

During our structural investigations, bamflalactone 
(23a) itself has not been isolated but equivalent structural 
interpretations are possible on the basis of the isolation 
of its triacetate (23b). Bamflalactone triacetate (23b), 
m.p. 131 ~ had a molecular formula, cl2at704(OAc)3, 
which indicated its relation to residues B and C in 
flambamycin derived from 2-deoxy-D-rhamnose and a 
lactone of 3,4,5-trihydroxyhexanoic acid. Bamflalactone 
triacetate (23b) and flambalactone triacetate (Table 1) 
showed the expected correspondence of spectral pro- 
perties. 

Alkaline hydrolysis (18 hr) of flambamycin followed by 
~aeutralisation with dilute hydrochloric acid, careful 
evaporation and chromatographic fractionation, gave 
flambeurekanose, C~HssO23, m.p. 191-192 ~ in remark- 
ably high yield (85%). Flambeurekanose was charac- 
terised as a penta-acetate, C~-Is3Ot8 (OAt)5, m.p. 196". 
The isolation of flambeurekanose was obviously a highly 
significant advance and its molecular formula, 
C~I-I58023, showed an encouraging relation to the mole- 
cular formulae of flambatetrose, C2714_~Oz8, and eure- 
kanic acid, C9Hv,OT. This possible empirical correlation 
is summarised by the equation: 

C36H58023 + 2H20 ~ C27H48018 -Jr- C9H1407 

Flambeurekanose Flambatetrose Eurekanic acid 

This possible correlation was fully confirmed by the 
mild acidic methanolysis (MeOH-HCI, 0.5% w/v, 90 rain, 
room temp.) of flambeurekanose which yielded flam- 
batetrose (15a; 31%) and methyl eurekanate (20a; 51%). 
The problem of proposing a constitutional formula for 
flambeurekanose could therefore by considered on the 
basis of dehydrative condensation involving the removal 
of two molecules of water from one molecule of flam- 
batetrose and eurekanic acid. This approach was also 
limited by the following facts. (i) The 2-OH group of the 
L-Iyxose residue G is acylated with an isobutyroyloxy 
group in flambatetrose isobutyrate (17a) (see last 
paragraph of Section 5). (ii) The 3- and 4-OH groups in 



Methyt o’mblb (*I 17.4 68.4 84.2 74.6 81.5 93.9 171.7 207.2 26.1 
Pkm-t (24a) 14.2 83.4 821 70.0 8O.S 96.7 119.8 210.8 27.6 

thcL-lyxoschducGarenotmctllyl8tedin”dam- 
b8mycinpermethyletba”(seel8st~ofscc?ion 
4). @ii Fhmb&tcti (151) forma a fully ciuwtad 
llcpta~(lsb)whenaslm&ridenticd- 
(acetic anhydridepyridine; 18hr, room temp.) dam- 
beprekamse formS II pentrr-acetate. CN) comparisoa 
(Tabk3)oftbc”cNMRspcctWfjucthyl~ 
(2Waadkbeurc~~~the~ 

cqmnaon(Tabk3)~ttmttilccster 

notprescntasmcstcrlin&cinlhlbaKe~(24a) 
bccaunc C, shows a hatatic upkld chemicd shift (C,; 
d 119.8ppm) in e. +IIhmc fti (ii-v) show 
tlmttheunhlbetwceatbe- andeurhnic 
acidrcskhusrcJquk3tkremovaloftwo~of 
watuinvolvingtbecuboxy1groupofthcclnhnicacid 
n?siducandthrecsecondery0Hgroltpa(croHaad 
C~HoftkL-lyxoaereaidncphtbesecondary~Hd 
thceur&allic8cidruiduc).lbew~kiulto 
a single co- propoMl for fh&aWhW 
(24a)inwbkhtbcrAyxoscnxiducGklhkcdtocurc- 
hiCacidMidllCHVhUlO&OC8tagIWpil&Thi9b 
comp3t&witht&ob&?rved’~NMRcha&lsbift 
(CI;8 119.8ppm),theatobilitpof- 

mcthemlicllydrogcnchbridc. 
lnuktithtothechemicaUybascddcrivationoftbc . . 

4xmmtmn (24) for lhmbeurckaoose, a SaMying 
aknative proof of stN&urc was provided by a 
compeoa(scbcmc1)oftbcnlass~fraemep 
tation pr#ant of n8mbatctro8e hop- (lsb), 
arlm- (2h) and - penta- 
acetate (24b)._Tbcsc result8 when collshwl in addition 
totllosereportcdinPartII”kavenodoubtaboutthc 

The fragnint (m/e 331) from flrunbcure~ cor- 
rcqxmds(schcm1)withtbcfngmcnt(m/c373)from 
hmbcurekanoae pcnta-acetatc: tbcsc fmgmellb both 
amtainthe orthoeWgrorrpiaealKl~tbead- 
jaccn&ft&~-lyxoacrcsiducGandtl~~e~~ocid 
rcsiducH.Purtkmore,thercisastrikhguxAatbn 
(scbcmc1)betwL?cntbcfmgWtahpattcms0feam- 
batdrox kpta-acctatc and tklmbcuTcLamwe penta- 
acetate which sbow coalaWn frqmcnt L2.5 at h&2 245, 
447and679.‘fl1erclativehbilityofthis- 
8KWpingbCtwCCntknsiduesGllUdHIlildCr~ 
of elcY%oll impact is nateworthy. 

l+ss+gW’ d&rminhll of the 
am&t&on of fhmbamy: (l$iad been p”virkd by ‘H 
NhfR(6oand 1oohfH&Expchcntal), ‘cNMR(Part 
Il)‘~andbwandhi&res&ionmassspcctra(Part 
Ill).“Howcvcr,itwasonlywhcna220MHzspcckum 
on iIambcurckanosc pcnta-acetatc (24b) was obtakd 
8ftUtkCCXpUillWllUillV~wsSoomplCtCdth8t 
weappr&ed(i)tlmtJlligbcrrcsohltbnlMnyoftbc 
‘HNMRs@alsoffhmbeu~kanosepeata-autate(24b) 
could be con&htly assigocd, (iii that comparison of tk 
‘H NMR spectra (100 MHz) of hhabiose pcnta-acctak 
(a$5mbatriosc hobutye pcnta-W (Mb), nam- 
batctrosc octa-acetak (we) and flam- isoh@- 
rate hepta-a=Wc (17~) with the ‘H NMR spcctru 
(23oMHz) of e pcntacct& (24b) was 
extremely inform8tive and (iii th8t tbc zqlfoach (i) and 
(ii-lkdtomiiWeahtuunpkmcntaryptoofthrttbe 
constiMion~tpropowSfor9amb8mycinwasiacurect 
and that relocation of the intera~nosaccberide D-E link- 
a@ to C(22W-W) now shown in the constitution (1) 
=rtquind 

24a: Flrmkurekanoao, R’ = I? - I?‘- H 
Mb: R’-W-AC; FP=H 

0 
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InthecoiqmlisontoftheNMRspectraof~l(h 
l!k, 17c aad 24b putkukr 8ttadou was paid to 
n8ollanccainthcrasge84~51w&ichculldbc8ttxi- 
buted to =amdav acctata, C?j (OAc), glycosidic 
(anomeric) centnr, O-C&O, and mcthyklK!dioxy 
groups~(Fqto.Altbolleb~as@mmtsto 
particukfaigdswaenot~,witbinthenpoe 
d 4.S5.2 infomdve ampo&na ci,tenw of chall- 
icdsh&nNdtiplkiixod~ c0MtdJ)couldbC 
rsoenised.Mermtively,forlmirsof~~ 
ted from sh 16lh life, 17~ and uh “subtnam 
commOnSipdSmeanttht&l~~dbe 

tlSS@dtOprotonswhicbW~ptwentinOnecompoppd 

butwhichwereabacntfromtheothcrcumpoud 
‘TbisapproachisexcmpIi6cdbyddngwiththc 

compo+sstudkdwhichexhibitdintbcrauge84.~ 
52sigdsia8caXdwithtbcidicednambaof~ 
tolla (& 7uL (lea, 99), (BG llmD, (17G IlB, m 
11~.llK%Csigd~MltidKdldQUxigO&kbUt 
they do c4nTcapond PumcricIiny with the Cjj(OAc), o- 
~4hd~gKwphgaprcacntiathc- 
tlod formllkc a& 16b, lsc, 17c 8Qd 24b. nms 
com@sonoftbe’HNMRspecbeofthcderivatives* 
and16bshowsthatthespechumofl6bhasmrdditionrl 
si@whosecbcmkalshift(84.24)xadmultiplicity 
(doubkt,l*38Hx)&IMlld8itx~tothe~- 
cosidkC(29~oflusidleE.~~~/,~ 
8Hxisqpn+tcforrtmiwdiuidrektionoftheC 
(~IjadtbcC(3o)-goffcsidncE.Illsmnmxfy,donbkt 
silPk (J19 8Hx) = the c e&u of lIcdA&N 
oct8-acctatc(Uc,b4~~1,~=8Hz)lmdhm- 
batdose idayntc bepta-atatc (17c; 8 439, da&i& 
Ju 8 Hz). 

1twasnowpossibktocomparethe100MHz,’HNMR 
spectrum of hmbrtetrose daiv8tives (lsc and 17c) with 
the22OMHx’HNMRspcdnunofildauckawa 
m- (a). IO e PentMcetrte 
(24b)signdsd11etol1-Hqpredint&~84.X2. 
ncEcitbch&d#vcn~rilpibaadfoarm~.. 
Tbc seven single! sigda (8 4.76,4.76,437,5.09,5.09,5.23, 
551) cdd not be lKpuatcly assigd bcc8nsc dthoqh 
lOC&dStithat~~vicinrl~liQgWaSpOSSi- 

Lie, the aupling LxnlSmSwaeobviouay~tozcro. 

Incontrasttkfoordtipktsiotbc’HNMRqcctrum 
of llalnbcw 
adgacd 8s foibws: 

pmtracetate (_) Qp a@ be 

C (25-$D’(8 4.83. doubkt, l,s 10 Hz); 
C (29N(843&doubkt,1,38Hx); 
C (3OHJ (8 5.06, dmibk dimbkt, As 8 and 1; 

IO Hz); 
C (3&U (8 4.94, doubk donbkt, J,.s 4 ad &., 10 Hx). 
Tbcvicindtrrmrdkxidrcktkn(1138Hx)betwceaC 

(29)-IjxndC(30~~isckaThisocccss&sbowsth8t 
C(30)-~hasachaniadshift(85.06)wbichde1uds 
tbatC(3O)bausanacctoxylgroup.Thcdorcthe~E 
iotalo~~linkagclmwtbctoc(31). 

On.thcbasisoftbc’HN?dRspa%aI&uuddksof 
the anomaic proton8 (+&zv8d& axmbard 
ko- pen- 
octa-acetate (lk; 8 4.36); 

&e- 

ecetatc (17~; 8 4.39); and e m 

(9) ‘Ihc ColutltyHon of l&mbompcirc (1) 
The d&xtioa of a compkte colddon for 5m- 

bamyciu, G&C!l&rHaO, could now be amsided 
olltbcblMisditapoaibkcmpiridnlationton8albk 
scid(uI)anddambaaeLsnore~(uc).Fbrm- 
bCUEhOSCillObQWradhmbicrdd&VSti~ 

iSohtcdudeqndrtionprodpdrd-vcin.but 

tbe.irhypd&tidaaeiustnddpuposdsisncvIreva- 
thekMfuIlyr4ccquk,bcaIucitinrlnedyM- 
upivoaIly~(sactions)tlmttbrd~y- 
bxygroapprascntinikmbamyciaisIocatuIunC-2of 
thcL-Iyxoaere&due.llJeempirialrehtionbctwecn 
dambic~~irobotyntedhm- 
bamycinissummuidbytbcfoIlowingcquxtbn: 

G&ClZOI,+GOHUO!U-2HlO-G1HrQou 
Pkmbkd FkmbemeLaaore f%l&UllyciU 

(a) w (UC) (1) 

Conccnlabouttheposaitythatthisaqprtioaculld 
bCmidCdUgbCUU8C~yCiIliSnamgy~ 
.3sUlU?dlydlYitC&,ILCl&HlOis~~wellb8ECd 
bccawc~~h8sbeencbandat#dxsrhcx& 
acctxtcwhichisnathydratl!d.I%u&moR,tbetr8ns- 
fo!mdmsofnamb8mycindct8ikdioscction10pl8cc, 
bcyoddaa&tbevkwtluttbcdc&ltkndaumstitn- 
tiad fanmk far fkmbamycin &ameda the dchy- 
drxtiveremovaloftwomokcdaafwxtcrfromaMlbk 
ad and lkmbanekanoec kobutya. Ibb bbdehy- 
dmtionmllsthvolvctbcgcamdonda~ortbo- 
cstcxptpiDgbctwumt&arboxylgroppofitambic 
acid, -one OH pwp of 5nmbic acid (19a) aed two 
r&m OHmw of- iso& 

OftbcixOHgroupaprernth~~ 
kobuty&(2&)adytbctbreeOH~Iocatcdin 
poaolls-2,-3,and4aftbctamidNvdosegmqiog 
(24c,rddueD)area&dlyanihbkfarposaibkin- 
volvaM?ntin8a~poppipQ.Ibk~totwo 
poMibk~forfhlnbam~dwhicjltht~ 

ethcrprovaltbattbcC&Haftbe~evabmercsidue 
wasfreein&abamydnandthdoretbeC,-OHand 
C,-OHwcrcinvoivcdintbeurtboda grollpias(* 
4).(iiiTbe’CNMRqn!ctNmof~ycioabowcd 
twosignds(C&N,8 119.8and8 12OJppm)whkhcan 
bcass&K!dtotwoortbolegroapioeqTbe#~, 
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10c&blishtheprwcnceoftwoorthoestagroupipss 
located between the C-D and the &Ii re&hes. (iv) 
JMcnsivehighrcaoWmmass~ntndksofaam- 
bam~cioapditsderivaivesarc~iadetailinPart 
III.’ Howcvcr,itisuecfulatthispointtorcferparti- 
cularlytothrccfragWltionsobtai&fromnam- 
bamycin (scheme 3). 

m/e 233 m/e 401 
-+ 

ml0 505 

Tk obsavation of tk bn (m/r 401) is pathlady 
ras,uriDg~theprcsenccoftk~be- 
twM?lIr&hlCSGandHlUKltlK?associationafthC 
isobutyroykxy gropp with the ~-Iyxose re$duc G. 
Fiiyitisill@&ngtonotcthattkobservrhonoftbe 
twoians(mlcu)Baadm/c4o1)doeatppuentfyindkatc 
adi&cnceincascofcka~byekctnmimpectofthc 
two orthoc3tcX group&a in fkmbamycin (1). 

(10) 

be Wstabk but cleavable under acidic reaction condi- 
tiorlx. 

whcnn8mbnmycinwaaheatcdundcrrcflux(4omin) 
with pota&um carbon& in metha@ this gave .a 
potassium salt (?I!&), which with carbun dioxide in 
aqWXls sohlelm gave deaibobutyroyl tlxm~yciu(25r; 
81%. m.p. 202-2W)..lEia result provide8 an informative 
colltrastwiththctransfornWionof~ycininto 
flamb~~kanosc (!kction 8). Des-isob~~~yl tkm- 
bamycin (Ur) with acaic anhydride-pyridinc (18 hr. room 
temp.) gxve the expected lqta-acetate (2S), m.p. 198- 
1W. 

It is noteworthy that a highly selective cleavage of one 
of the two orthocater group&B ia flambamycin is possi- 
ble. Flambxmycio (1) with an Ambcrlyst acid& resin in 
moist ethyl acetate at room Wlpleme (3omin) is 
transformal in remarkably high ykkl @I%) into flam- 
bcurckxnose iIambate isobutyratc (24d), m.p. M-163” 
hxra&rW as ita hcpta-ac&atc (24e). mp. 135-W 

L its octa-acMatc (2y), m.p. 150-1W. ‘Ibe factors 
whkharcassockMwiththcmildacidichydrolysisof 
t&C-Dorthoc&rgroup&andthcsmvivaloftheGH 
ort&uQr group& provide a stimulating bask for spe- 
culation. Tbei relative stability is an intcres~ general 
aspect of the chemistry of ort&stcrs which is not, at 
present, understood. 

An entirely analogous tran8fomlation occurred when 
dea-isabutyroyl lIambamycia (ur) was transformal into 
flembeunLanose &unbatc (24& 31%). m.p. 17&176”, 
chenctaised as its octa-acetate (2e), ill.p. 1W abd its 
eon-acetate (2&), m.p. 143-1450. The transformation 
(tsr)+(zsr) also lmequivoally CstabWA the prcscnce 
oftheo&ocs&groitpisebetweenrcsiducsC-Dandthc 
dire&n of ckavqc of this orthocstcr &roup& follows 
from the feet that tIxmbcurek8noac dambate (#r) forms 
all octa-ac&atc (ub) ImdlT expclilxEntal coleon! 
whicharcknownnottonsultinthca&yktknofthc 
tqtiaryOHgroupoftheDevabaercsiducD. 

The aMigament of StrWurc (251) to dcs-isobutyroyl 
aambamyci& sbuctlxe (24a) to lIxmbcurckxcKmc barn- 
bateandstlWurc(~toflambeure~dsmbate 
SWyratewasmadcpouibkfromacompa&nof 
their ‘% NMR !3pectm with that of nambamycin (l), 
whcrctheprcscnceofthcC-Dortbocstcrgroupiaginl 
and2!T&aadthCGDestagWp&ill~Uld#dwaS 
CS~f?OlIlt&!cbemica8hiftV81~“~ 

with C-16 in l(8 1209). zk (8 1209). 26a (6 1725) and 
26d (8 1726). ‘I& presence and location of the iaobu- 
tyroyloxygroupingonG45ofthclyxoscresidueGin 
Wkanosc nful&aW~te (lld).was in- 
dicxtcdbya comparison” of the CiNmical shift values of 
G44 in fkmbamycio (1; s 95.3) and fIambcu&anosc 
nambatcisolWye(2@695.2)~withthost!ofc44ia 
des&obutyroyI !lambullycin (2s8; b 98.7) alId dam- 
beureknore aambatc (2& 8 w1.7). This upfkld shift 
(8 98.7+6 95.2 ppm) in the “C rcsonqce of the 
xnomclkcarbonatc-44isaWcia&dwithacyktionof 
thcOH~atC45,aodisdis&scdiamorcdctailin 
Part II.’ 

rnthetransfonna&ls(1+~)xnd(tSl+~)itmust 
be rcco&al that the hydrolysis of the C-D athocster 
gMUpiUgb&MpWitkilltiMttbCdCliWdC3tClB(aLd 
alUl2WCWaillCSt@Bouprk&CdiathCS+X&&Uy 
positionc-25oftheDevabscruiducD. 

~inaccordwitheltpectrtionbasaiuponthe 
experkea rqmrtal iu !kction 8, Bambamyciu and 
aqucoua sodium hydroxide (10% w/v) at room tcmpcra- 
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211~ Desisobutymyl flambamycin, R = H 
26b: R-AC 

Z&: Fhmbeurdanoae flambrh. R - R’ - # = H 
26bt R-R’-Ao, V-H 
plo: RIR’-#=Ac 
Ild: Flunkurakanou flambat, Iaobutymte. R - d - H, R’ -COCHMea 
280~ R=Ac,f?‘=COCHh&R’=H 
2M R=P-AC. R’=COCHll& 



27: Dsbdlchlorolsasverninoyl-des-lsobutyroyl flambamycin. 
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ture (2(h) followed by the passage of carbon dioxide 
ykldul(44%) desdichbroisoevczainoyldcs-i&mtyroyl 
buys (27, m.p. 2127. In this aMine hydrol- 
ysis (l-27) of Bambamyciu botb ester gro@ngs 
have been ckaved and both oftbWstcr group& have 
becnrct&lai. 

These icsults confirm in all nqccts the more sub& 
falturesoftkunlstiMion1plupo&forthcantibiotic, 
fhUlbamyCilLIllC’~NMRspWWispedraofCOcompounds 
zk, ma, Se a$ -27, provide e+knt ?upport for the 
p$osedconstIMlon!MldareBIcmPtimRsrt 

Flambamycin (I) bdollgs to a Qew class of antibMu 
which iacMes curamycin,’ avikmycin’ and the 
eve~~.~‘* Ihe corns of alramycia’ and 
avilamycin: have not yet beea fuIly eMdated bat 
considerable de@ative evidence has been reported. 
BcceJ8tly, com@te cxm&&ls have been amKRmc& 

7RisllewclassofantibSuisapparentfychiuac- 
~by~p~~ofan~~of~~ 
turalfaatwes:(i)atcrmimdcsterr&ueAdcrivedfn#a 
3Jdicbloroisoevaninic acid (ul),“‘” (iii a residue c 
derived from 3,4~~y~o~~ &c&-‘* (iii) 
OligMC&& assWa&dwithvarioas 

Itosacchacbjc rzzzzivcd firom 2dcoxy+rham- 

- D - ~~DuDsc (ir) ““p L:!yxose (?a), (iv) tW0 orthocsta 
groupings. The m relation betwecll the I& 
duesBandCderivedfrom2-dsoxy-D-Wand 
3.43 - hihydroxy - hexamic acid is noteworthy alld 
CoIlid be of biosynthctk siga&%ncc,‘S 

Illeaatnral occurence of ortboatersW might be 
expectedtobeunustlalbutthepcWa&m ~tptY_=kta 
~~~~~by~~~ 

Mmuhoa of MtrodotoxiIL’D 
subsequeIltly six stmctnmny related antibio&s (k+) 
aad (30) were isolated.” They were shown to have three 
nsiducsassoc&dwitbadiamiarccyctitol(*C),~ 

t&se or D-F (ring B), and a polyhydroxyamino 
acid~r&A).‘IIeseantibioticswereunasuaIiothattbey 
centaiaed one M&ester liakqc. The strWuml ebicida- 
tion of hygromycin B (zk) by ‘% NMR spectroscopy 
wBIl a classic inv&gatim~*‘~ and particular man& 
shouldbemadeoftheRcoguonthatort&stWwere 
~~ with a chawcteristic cbcmical shift (8 12@.& 
~h-omcarbondisdphid:totetramethylsilanees 
cbernica shift nference). similar chemkal !&ifts bsve 

‘lLr fw tbc orth&er c 8tom ia tbc 
Em=!& d 30) (8 121.2, destomycin A; 8 
121.7, dcstomycin B; 8 121.2, dcstomycin C). 
~p8SClhCCOfhVO-~iDg2ill&un- 

bqeixl (1) and t&c evm (24h-d) is a novel 

raQ@ionofthepresemx 
MKirstrnctmesofortboestergroapinIpinassockrtion 
with carbohydrate rcsiduu. 

~~~Of~S~~~~~ 
ortbosomycins, there are, nevuthckss, remark&k 
StlWtWal di&enccs between tbc complete umstitutions 
of&mbamy&l(1)andtbcev~ (28). Rcsiducs 
A,B,C,EandFarecommon. 

Residue D is derived from ~evaIose (4) in fkmbamycin 
(1) and evcz&a&i~B @a)” hot the correspondii 
residaeine W&WI&&-C (28br. ev~~D 
(tk)‘* pnd tVd~2 (2U),‘OL b dcrkd from a 
Dew sugar D-cvcrmicose.“’ ~~Evermicosc is the 2- 
deoxy-izevaose. 

Residue G is derived from ~-lyxtxe (74. In the case of 
theev~(~,theL-lyxosensidlleoccursas 
its 2-&nethyl etlK!T whereas ill nambamycin (1) the 
residue G is derived from 2*~yj-L-l~~. 

TbedegWWonoftheeverninomicirrs(arcd)togive 
prodWtsmlabgoutomctbyleurekanate(~)hasbeen 
rqort~&-*‘~ ‘Die r&doe H ia fkmbamycin (1) 
~~~~~~~~~H~~ 
have been ideatitkd in tbc evenainomicins (arca). 

Tbc most strikiq stn&m!l diRercnccs between 
~~~ (1) ami tbc eves (zlca)isthat 
thcev&nomiciasamtaina~sugarresSc.This~. 



EwJminomicin-6, R - OH: R = CH(OMe)Me 
E~m~nomicln~, R = W - H 
Ewtminomicln-0, R - H; W = CHfOMe)Ms 

2#: Ewrninomlcln-2 
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(195 m& 7096) (R, 0.3O-O.36A fhmb8cs (41 II& 9%) (JQ 0.21- 
0.29) and Llyzo8c (25 mg, 12%) (& O.OO-O.10). 

(i) cumdn (2). Thin +Ztkl aytz8uw from CHCl3 88 the 
uw, m.p. 14>14Y (lit.” 14S9. (Fotmd: C 463; I& 5&, C& 
17.9; r. m/r 380. c8k.. far c’&Cl&osip: c, 46.3; H. 
4.9: cl, 18.2%; y. 380); [&~+5&6p+27S @toA. Ubr); VP 
36OO. w)o, 8nd 173Ocm-‘; a [(CDJ)zC0] s29 (dd. rlummse 
fwidw u-1, hz 1, Iln 3HzA 4.76 (f r!L8mmm raiduc WA, 
Ju= J, - 10 Hz). 4.09 (m, rb8mam rcaidue a-5). 3.86 (a, 
0C&A 2.35 (1. AK&A 217 (&?s), 1.74 (l&2& 4.O9 (8-3) (AEX 
prtOf8DAEXYryrhm.~ICailbE-C&8Dd~-3),129 
(d. rhmacne r&w MC&, I 6Hz). 6 (Cm 5.71 (hod 
doabkf liumm8e fesidw u-1, 1'2 3HzA 5.u (L rh8mw8e 
miduc 84. Ju= I,_, = 10 Hz). 4.76 (m, rb8mwac H-3 
md B+). 4.00 (a, 0CkA 2.54 (a, M&A 1.60 (6 CHCB> J 
6 Hz). 

hfetbylntkmofcw8ci&uaiug~g8vecw8& 
mttbylc!tbu’~wbkbw8aa&8kd(5Lz%)ucxlkkSa~ 
(from bau4Tnc). m.p. 1 Ik flit.” I lb1193 Ipopad: g., m/e 394. 
Ck for CMHI~ @Ma 42. WI; vm m 3uQ 

1740cm-‘;as~(dd~~~-1,h~11.Jlz3Hs), 
4~(I,rbrmnnereridue~~,~~-J~-lOHtA36,3~(r,Z 
0qM. 3.m (m. liumm8c lwidnc &sA 269 (&hA 220 (8-2s) 
8D’i4.U(&3)(ABxp8rtofmABXYsyata&rb8mm8em8L 
S 8nd U-3). 2.35 (\M&). 1.29 (ds QK& J 6Hz). 

ClK8ciamethyldycaide w8aob&cd(58%)8sc&&aa 
ayztala (fnxn 8qwoua rcetoac). m.p. llblw (lit.” 1um 
rFoand: 46’, m/e 394.OsutL c!&. far cMHlL!& (Ok)& r& 
3MO5661; Ip (KBr) 35OO. 3300, 172Ocm-‘; d [(CD&CO] 4.76 
(&rbrmnrneElidlle&l.J,r 1.11~3HzA4.79(fr&mnow 
residue 84, Ju=Ju=,lOHzA 3.87 rpd 32ll (a, 2 0C&A 3.7 
(m, rhrmnore rz&k H-n, 2.35 (a, ArCH3. 217 (tl-2~). 1.77 
we), 4.O7 W-3) (AEX pwt d m ABfi ayatan-rb&ao80 
nsidw-CH~mdH-3).1~(d.CHCHsJ6Hz). 

kaa ayar& (from EtOIi), q .p. lw (lit.” 193-19c) [poood: C, 
49.7: IL 411: c2. 141): w. m/e 5Ok C&. far CuHucbol 
(Ok,): c, 49.7; H, 4s;.q 13;996;; && w; Pm 1m 1750 c& 

ruk& &A 3.82 (a, 0Cg& L37,221,2Oi 8ad 199 (a, ArC& 3 
0COCUsA 1.43 (d, CK& J 6 Hz). 

Cmlud#*ti-M w8a ?rqwa& iu 
bc~fromau8cin8rldtnchbrorcstyc 
iaocy88&, 6 [(CD&CO] 6.32 (a, fb8mnow lwidw U-l), 
5.12 (6 rbrmaow raid08 84, I,r=lu=lOHzA 4.U (m, 
rtnmmme midps M-5). 3.92 (r. 0CJ&A 2.50 @-2aA 230 (B-ze) 
8nd532tH--3)(ABX~utdmABXYantcar~rlmmw8cmidnc 

4.65 (48 Is-i Ju a, Jsml6 HZA 435 WV 84 A.4 a. Ju 8 Hz), 
3.03 M-2). 275 0,497 (H-3) (ABX mtem airh X 8ddiGm- 

6.6; C;H@ (&c), nqpinr: C, 5u); H.-U%]; v- 1760. 
17sOan- ; 8 v&Lm 6.29 @J-IA s&2 (B-2) (AB mtLm. Ju 

4.94 (6 w. Ju (a w) 3, h (B -moma)7HzL4.22(& 
8-Z h J 7, JU 10 Hz), 3.70. 3.66 [a, 0C& (u 8nd /kuanm)], 
1.37, 1.35 [d, CHQj.l (u 8fld /3 -A J 6Hz]. kty&Um 
(mctbodD)ykkkd@4%)tbe1,2$o&ctwerr8mizturada- 
8nd&8mawlafromwbichtlm/3-8maK!z w8nobt8iacd~)8a 
cobuiw ayar8la q .p. 11T, from bbez8nc [polmd: c, 51.6; H, 
7.0. C,H+ (OAc), q&a: C, 51.3; II, 6.6961; vm (KBr) 
175Ow ;a w306.u7(d, ~~,~~s~z~~.~(dd.~~h~a, 
Ju 10 Hz), 5.42 (4% b-3, lu 10, J3.4 3 Hz), 392 (dq, &$, I&q 1, 
JJLTB, 6 Hz), 3.46 (a 0C&A 241,205 194(a, 3 0C0C&A 128 (d, 
CHC&, I 6 Hz). 

(v) 2,MNOmethylomo (k) was obtakd u a cobur- 
ku oil [up + 63 @OH) @I.” lug’+ 10s 0); 8 (C&N) 
5.71(d,~-1.11~1JHz),351,333(a,2~3.~(metbod 
D) pave the 1344dmtute which was obid (S6%) II door- 
lc4anadl#.m.~.76&.‘8O-82?.fromctbex4bez8oeIpamd: 
C49$H,67.&k.f& GH'303~0Ach:c,so~H,66661;~, 

@W 173ocm-'; 8 (C,D,N) 6.43 (d, u-1. I,> 2 Hz), 5.n (1.84, 
JM= Ju- 1OHz). 5.55 (dd, M-3. I,_, =J,- 1OHz). 4.16 (dt, 
kf-5. Ju 10, &.a& 4 HzA 3.87 (dd, U-Z ha 5 JY_l 3 HzA 3.56 
(centnalABofABXaystcmwitbX8dd&uUy~ 
-C&0). 339.331 (k 2 0C&). 206 203,200 (I,3 0C0C@. 

(vi) LLylM (78) w8a owllai 8a 8 c&&sa h 
aolkt taloB+lr 0). ckl boil& WiIb meklc&ca 
(4%r/v,3br)itw8accmwlaitomottlylL-iyzopyMaids~ 
rttapPrieationIwbodB,Iotv~Cd)]w88ollt8w(6O%)8ar 
cob&aa on, 8 xl5 (d, B-1. Ju 2HzA 3.37 (as 0Cw. k4yL 
~(methodD)ofmc&I&xo~ynwkknwtbe23rC 

mqikoa: C; 4!i.7; H, 63%]; 
~_ _~ .~ ~~,_ 

I, (i(Br)~l7&!ac’; 8 (C&N) 
5.57 (m. u-2 g-3 8nd &tA 4.78 (a. u-1. Ju 2HzA 4AIO$ 3.64 
(~cydem,q?z0,Jlu 11,lAx5,I~9HzA3.B((r,0C&) 
2.Ol,lse, 136 (1.3 0alC&). 

(@I R&&oIe (&) w8# obt8M u c&arb8a czyu& 
m.p. 191*, from McQH+&w. [o~s-69.T 0; 8 (Cm 
sd7 :4 .tr-1, Jr3 2HzA S.3O (a, B-1). 3.6O. ‘a. (8, 2 CE&A 
Fhmbbwnew8zhyqorcopicaoitw8s&ac&mwdby~ 
rtion(m8tbodD)wbkhpve&1~M&~~epatusfdotr((L) 
05%) 8l colOwkaa uysu. m.p. lsv, from n-bemm [powdz c, 
50.1; H, 6.2. C&,0, (OAc), rcquiwa: C, saz; H, 6.2%]; 8 465 
(&.&::‘i 3.60.3.33 (a, 2 0C&A LIZ 210,2&S, ZM, 



(CiMek 6: c, s1.i; H, 5.7; c& 165W; llil fgBr) 
173OaIl-‘: I &mm 5.72 (m. ximmmw midw H-31.4.81 1d& 

Acetyhtion(ambodE)~pmieatiaP[mdhodB,~cnt 
(xii] of the product (1) gave @I%) tbc 3,+dlpukau (& 0.6ld.71) 
aswhIJicas##lks,m.p. ll~,fmlii&tpmh?mJpaud:Cl 
ns; H, 7.9. C&PI (OAch rquh: c, 538; H, 7m. YY 
17#cm-‘; a S.M(d. y14,iu lOHz),4.64(dJl-l,J,, 15 H&4.% 
(6 Y-2113 15 HtA3.68(4,ltf-3.J4s lOJ5,* 6Hz),334,3Ws,2 

~ihj~~~~4-rif-o-~rt~~-~-fwcy?Tnuoridc~~e~rpu 
obraill&Madourkae~(from&?jgtIt~),nl.p. 
99-101’. u tbc 0-8mmK, 8 GD5Fq 4.32 Cd g-1, lu 8 HZA 3.67, 
3.60, 350 (s, 3 0C&A 1.35 (do C.Iia f 7w. Acdyhth 

It; loHz), 352V 3.42 (s, 2 0qJA 
bLCHC!ILi6Hz~.- 
i&&d ii-& Et&z &It t!et&m(1:l)u sot&ltJoftllc 

Ama;iitc ifxbeiw resin (Ho--form) aid llltud IlIe 
m8tewucwapomdaldth:rakbmlmixtlnerepurted 
bctbml B, m!mt (iv)1 &ins 5 @aat, 27%) (4 OSO.44A 
6 (8 ml, 26516) (If/ 0.4O-O5sA md 7 (4 m& 14%) (I4 Om-O*lOA 

h’== rrridpr W-1). ii6 (d. foam-i ra& &l& 6HzA 3.& 
3.61*339(r,30C&AlJi& 157(6f&xucsldmbwrc&fiJa 
CM& J 6HzA 153 (r, ev8bm mi&c Cc&). h!tyhth 
(mtkod D) aul p&atioo (ambod 8, ml-t (viii] pve 
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flambatetrose hepta-acetate (lSb) which was obtained (33%) as 
colourless crystals, m.p. 119 ~ from ether-n-hexane; ~'m~ 
1750 cm-~; 8 (CsD~N) 3.64, 3.52, 3.32 (s, 30CH-3), 2.21, 2.21, 2.00, 
2.00, 1.97, 1.97, 1.84, 1.62 (s, 70COC_H~ and evalose residue 
CCH-3), 1.35, 1.27 (d, fucose and evalose residues, CHC_Ha, J 
6 Hz). Flambatetrose octa-acetate (15r was prepared by acetyl- 
ation (method E) of flambatetrose and purification [method B, 
solvent (viii)] and was obtained (36%) as colourless crystals, ra.p. 
115 ~ from ether-n-hexane, [Found: C, 51.4; H, 6.94. C27H,~O~0 
(OAc)s requires: C, 51.8; H, 6.5%]; Vm~ 1750cm-~; 6 4.36 (d, 
fucose residue _H-l, JL2 8 Hz), 3.57, 3.53, 3.37 (s, 30CH-3), 2.11, 
2.10, 2.07, 2.07, 2.07, 2.02, 1.97, 1.87,1.71 (s, 80COCH_ 3 and evalose 
residue CCH_3), 1.28, 1.21 (d, fucose and evalose residues 
CHC_H3, J 6 Hz). Methylation (method F) of fiambatetrose and 
subsequent purification [method B, solvent (v)] of the product 
yielded flambatetrose heptamethyl ether (15d; R! 0.504).55) and 
flambatetrose octamethyl ether (15r R/0.55--0.60). Flambatetrose 
heptamethyl ether (15d) was obtained (23%) as colourless crys- 
tals, m.p. 119 ~ from n-hexane [Found: C, 53.3; H, 8.5. C24I-I32Os 
(OMeh0 requires: C, 53.8; H, 8.2%]; 8 (C~D~N) 5.52 (d, Ji.2 2 Hz), 
5.09, 5.04 (s), (three signals, evalose, raannose and iyxose resi- 
dues _H-l), 3.72, 3.68, 3.62, 3.58, 3.58, 3.58, 3.40, 3.37, 3.33, 3.30 (s, 
10 OCI:I3), 1.38 (s, evalose residue CC_H3), 1.30, 1.24 (d, fucose 
and evalose residues CHC _H3, J 6 Hz). Flambatetrose octamethyl 
ether (15e) was obtained (31%) as colourless crystals, ra.p. 96 ~ 
from n-hexane [Found: C, 53.5; H, 8.3, M +', role 772. C24H3~O7 
(OMe)H'H20 requires: C, 53.2; H, 8.4%. _M, 772]; 8 5.27 (d, Jl~ 
2 Hz), 4.76, 4.70 (s, three signals, evalose, mannose and lyxose 
residues H_-I), 4.35 (d, fucose residue H--l, J ~  7.5 Hz), 3.67, 3.60, 
3.60, 3.52, 3.48, 3.47, 3.47, 3.46, 3.45, 3.35, 3.27 (s, 11 OCH-s), 1.29, 
1.27 (d, fucose and evalose residues CHCH_~, J 6 Hz), 1.20 (s, 
evalose residue CCH3). 

Acidic hydrolysis of flambatetrose (15a). Formation of 
D-evalose (4), 4 - O - methyl - D - fucose (5), 2,6 - di - 0 - methyl - D 
- mannose (6) and L-lyxose (7). A mixture of flambatetrose 
(95 mg) and dfl. HCI (20 nil, 1.8% w/v) was heated at 10ft' for 3 hr, 
neutralised with Amberlite ion-exchange resin (HO--form) and 
filtered. The filtrate was evaporated and the residual mixture 
separated [method B, solvent (vi)] glvins, 2,6 - di - O - methyl - D 
- mannose (19.5 rng, 65%; R~ 0.40-0.55), 4 - O - methyl - D - 
fucose (16rag, 63%; R/ 0.35-0.44), D-evalose (15mg, 59%; Rt 
0.30-0.36) and L-lyxose (11 rag, 51%; R! 0.00-0A0), which were 
identical with those previously isolated (Section 2). 

(iii) Flambatetrose isobutyrate (17a) was obtained as a 
colourless solid, m.p. 145 ~ from EtOH-n-hexane (Found: C, 
50.6; H, 7.5. C3;H54O19"2H20 requires: C, 50.9; H, 7.5%); Um~ 
(KBr) 3650, 1740cm-~; 8 (CsDsN) 3.73, 3.67, 3.33 (s, 30CH-3), 
2.49 [m, OCOCH-(CH3)2] 1.58, 1.27 (d, evalose and fucose resi- 
dues CHCH-3, J 6 Hz), 1.54 (s, evalose residue CCH-3), 1.13, 1.07 
[d, unequal intensities OCOCH(CH_3)2, J 7Hz]. Acetylation 
(method D) of flambatetrose isobutyrate and purification [method B, 
solvent (vii)] of the product gave (51%) Ilambatetrose isobutyrate 
hexa-acetate (17b; R~ 0.37-0.40) as colourless crystals, ra.p. 115 ~ 
from benzene-fight petroleum [Found: C, 51.1; H, 6.7. C3~I'hsO~a 
(OAc)6"I.5H20 requires: C, 51.1; H, 6.9%]; Um~, 3600, 1650 era-l; 
8 (C~D~N) 3.65, 3.60, 3.34 (s, 30CH-a), 2.52 Ira, OCOCH. (CH3)z] 
2.22, 2.21, 2.01, 2.10, 2.01, 1.85, 1.64 (s, 60COCH_ 3 and evalose res- 
idue CCH_ ~), 1.36, 1.29 (d, evalose and fucose residues CHCI:I~, 
J 6Hz), 1.14, 1.10 [d, unequal intensities OCOCH(CH_ ~)~, J 7 Hz]. 
Similar acetylation (method D, 24 hr) of flambatetrose isobuty- 
rate and purification [method B, solvent (iii)] yielded (70%) 
flambatetrose isobutyrate hepta-acetate (17r R! 0.40-0.60) as 
colourless crystals, m.p. 124-126 ~ from EtOAc-light petroleum 
[Found: C, 51.8; H, 6.9. C3~I-h70~2 (OAc)7"H20 requires: C, 51.8; 
H, 6.8%]; Uma~ (KBr) 1750cm-~; 8 (CsDsN) 4.39 (d, fucose 
residue H--l, JL: 8 I-Iz), 3.63, 3.54, 3.31 (s, 30C_H3), 2.53 [m, 
OCOCH-(CH3)2], 2.19, 2.19, 1.99, 1.99, 1.99, 1.99, 1.82 (s, 7 
OCOCH-3), 1.59 (s, evalose residue CCH-a), 1.34, 1.27 (d, evalose 
and fucose residues CHCH-3, J 6Hz), 1.14, 1.09 [d, unequal 
intensities, OCOCH(C_H~h, J 7 Hz]. 

(6) Acidic methanolysis of flambamycin (1). Isolation of O) 
curacin methyl glycoside (2b) (ii) methyl D-evaiopyranoside (lib), 
(iii) flambatriose (i4a), (iv) flambatetrose (lSa), (v) flambattiose 

isobutyrate (16a), (vi) pambatetrose isobutyrate (17a), 
(vii) flambalactone (18), (viii) methyl flambate (19b) and (ix) methyl 
eurekanate (20a) 

A mixture of flambamycin (5g) and raethanolic HCl soln 
375 ml, 0.5% w/v) was kept at room temp. for 90 rain. The soln 
was then neutralised by the addition of CaCO3 and filtered. The 
filtrate was concentrated to 70 nil, diluted with water (100 ml) and 
extracted with ether (2 • 100 nil). Evaporation of the combined 
ethereal extracts gave a colourless oil (1.97 g) which was purified 
[method A, solvent (ii)] and yielded curacin methyl glycoside 
(462 rag, 33%; R 1 0.80-0.86), methyl eurekanate (102 rag, 12% R~ 
0.76-0.80) (see Section 7), flambalactone (450 rag, 25%; R I 0.25- 
0.35) and methyl flambate (101 rag, 5%; R! 0.10-0.18). 

The aqueous soin after ether extraction was extracted with 
CHCl3 (2 • 100 ral) and the combined CHC13 extracts evaporated. 
The residue gave, on purification [method B, solvent (ii)] a further 
quantity (145 rng, 16%), of methyl eurekanate (see Section 7). 

The aqueous soln was evaporated and the solid residue (3.5 g) 
was triturated with anhyd EtOH and filtered. Evaporation of the 
filtrate gave a colourless oil (2.7 g) which was separated [raethod 
A, solvent (i), then solvent (iii)] givin 8 methyl D-evaiopyranodde 
(750rag, 67%) [R/ (i) 0.44-0.55; (iii) 0.464).54], ]lambatriose 
isobutyrate (442 rag, 22%) [R/(i) 0.40-0A8; (iii) 0.13--0.18], flam- 
batetrose isobutyrate [151 rag, 6%] [R l (i) 0.25-0.40; (iii) 0.05- 
0.11], flambatriose (219 rag, 13%) [R I (i) 0.30-0.35; (iii) 0.0-0.05] 
and flambatetrose (121 rag, 5%) [R t (i) 0.05-0.15]. 

(i) Curacin methyl glycoside (2b) was identical with that 
obtained previously (Section 2). 

(ii) Methyl D-evaiopyranoside (4b) was obtained as coiourless 
crystals, ra.p. 132 ~ from ether-n-hexane (Found: C, 50.1; H, 8.4. 
CsH~605 requires: C, 50.0; H, 8.4%); Vm~ (KBr) 3450, 3350 cra-~; 
8 (CsDsN) 4.96 (d, H--l, Jl~ 1.5 Hz), 3.95 (ra, H--4 and H--5), 3.91 
(d, _H-2, J1.2 1.5 Hz), 3.29 (s, OC.H3), 1.67 (s, CCH-3), 1.48 (d, 
CHCH-3, J 6 Hz). Acetylatiun (method D) and short-path dis- 
tillation at 130 ~ and 0.3ram Hg of the product gave the 2,4- 
diacetate which was obtained (62%) as a colourless gum, Um~ 
1750cm-~; 8 5.17 (d, H--4, J4~s 9.5 Hz), 5.07 (d H--2, JL2 1.5 Hz), 
4.91 (d, _H-l, J1.2 1.5 Hz), 4.07 (dq, H--5, J4~ 9.5 JXCH3 6 Hz), 3.63 
(s, OCH_3), 2.89 (hr s, OH_), 2.44, 2.40 (s, 20COCH_3), 1.68 (s, 
CCH-3), 1.49 (d, CHC_H3, J 6 Hz). The corresponding 2,3,4-tr/- 
acetate was prepared (method E for 18 hr) and obtained (52%) as 
colourless crystals, ra.p. 157 ~ from n-hexane [Found: C, 53.0; H, 
6.7 C8H1302 (OAc)3 requires: C, 52.8; H, 7.0%]; u , ~  (KBr) 
1750era-m; 8 5.67 (d, _H-2, ./1.2 1.5 Hz), 5.20 (d, H_-4, J4~s 10Hz), 
4.68 (d, H--I, Jl~ 1.5 Hz), 3.86 (dq, H--5, -/4.5 10, Js.cu3 6 Hz), 3.39 (s, 
OCH-3), 2.14, 2.10, 1.96, 1.75 (s, CC.H-s and 30COC _H3), !.23 (d, 
CHCH-3, J 6 Hz). 

(iii) Flambatriose (14a), (iv) flambatetrose (15a) and (vi) flam- 
batetrose isobutyrate (17a) were identical with those obtained 
previously (Section 6). 

(v) Flambatriose isobutyrate (16a) EtOAC was obtained as a col- 
oufless solid, ra.p. 115-117 ~ from EtOH-light petroleum (Found: C, 
49.5; H, 7.3 C24H420~5 0.5H20 requires: C, 49.7; H, 7.5%); v ~  
(KBr) 1730cm-~; 8 (C5DsN), 3.71, 3.55 (s, unequal intensities 
OCH-3), 3.63 (s, OC_H3), 3.31, 3.28 (s, unequal intensities, OC_H3), 
2.53 Ira, OCOCH(C_H3)2], 1.27 (d, CHC_H3, J 6Hz), 1.10, 1.04 [d, 
unequal intensities, OCOCH(CH-3)2, J 7 Hz]. Acetylation (method 
D) of flambatriose isobutyrate and purification [method B, 
solvent (iv)] of the product gave the flambatriose isobutyrate 
penta-acetate (16b) (R I 0.60-0.66) which was obtained (56%) as 
colourless microcrystals, m.p. 86 ~ from EtOAC-iight 
petroleum (Found: C, 51.4; H, 6.7%. C2j-I3701o (OAc)5.H20 
requies: C, 51.8; H, 6.9%]; Um~ 1750cm-m; 6 4.24 (d, fucose 
residue H--l, Ji.2 8 Hz), 3.53, 3.48, 3.35 (s, 30CH-3) 2.31 [in, 
OCOCH(CH3)2] 2.11, 2.08, 2.04, 2.00, 2.00 (s, OCOCH-3), 1.28 (d, 
CHC_H3, J 6 Hz), 1.19, 1.08 [d, unequal intensities, 
OCOC_H(CH3)2, J 7 Hz]. 

(vii) Flambalactone (18) was obtained as colourless crystals, 
m.p. 2170, from CHCI3 (Found: C, 49.4; H, 5.4; O,  14.1; M +', mle 
508.0896. C2~H~sCI20~o requires: C, 49.6; H, 5.2; CI, 14.0%. _M, 
508.0903); [a]D~+ 15.70 (EtOH); v ~  1740cra-~; ~ [(CD3hCO] 
4.87 (ra, rhamnose residue _H-l), 4.80 (t, rhanmose residue _H-4, 
3"3.4 = A z  = 10 Hz), 4.26 (dq, lactone H--5, ./4.5 8, J~.cu~ 6 Hz), 3.86 (s, 
OCH-3), 3.69 (ra, rhamnose residue _H-5, lactune H--3 and H-d), 
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2.98 (lactoue _H-2), 2.40 Oactoue _H-2) and 6.25 Oactone _H-3) 
(ABX system with X additionally coupled, ] m  17, JAX = JBx = 
6 Hz), 2.35 (s ArC_H~), 2.35 (rhamnose residue _IJ-2), 1.76 (thorn- 
nose residue i2I-2), 4.22 (rhamnose residue _H-3) (ABX system 
with A, B, and X additionally coupled), 1.39, 1.36 (d, lactoue and 
rhamnose residues CHC_H~, J 6 I/z). 

Methylation of flambalactone, using diazomethaue, gave 
flambalactone methyl ether which was obtained (76%) as colour- 
less crystals, m.p. 201 ~ from CHClr--ether iFound: C, 50.5; H, 
5.5; C1, 13.9; _M +', role 522.1057. C~0H=CI:O~ (OMeh requires: C, 
50.5; H, 5.4; CI, 13.6%, _M, 522.1059]; v=~, 1740 cm-~; ~ [CDCtr- 
(CD3)~COI 4.85 (t, rhamnose residue 1J--4, J~.4 = J4~ = 10 HZ), 4.77 
(rid, rhamnose residue H_-I, J t ~  10, Jt.2~ 2 Hz), 3.89, 3.87 (s, 2 
OCH~), 3.00 (laetone _1:1-2) 2.50 flactone _H-2), 6.15 (taetoue _lJ-3) 
(ABX system with X additionally conpled, , , r  16.5, .lr^x 5, Jax 
3 Hz), 2.36 (s, ArC_HD 1.42, 1.38 (d, lactone and rhamoose resi- 
dues CHCH3, J 6 Hz). Acetylation (method D) of flambalactoue 
gave llambalactone t~iacetate which was obtained (82%) as 
eolourless crystals, m.p. 159", from ether [Found: _M*', rote 
634.1230. CxtH~CIzO~OAe)~ requires: _M, 6MA220]; v ~  1782, 
1740cm -t. ,5 5.08 (t, rhamnose residue -H-4, J~.4=h,~--9Hz), 
4.74 (dd, rhamnose residue H_-I, J ~  10, Jt,z, 2 Hz), 4.23 (dq, 
lactone .H-5, J~.~ 8, J~.cH~ 6Hz), 3,86 (s, OC.H~), 3.59 (m, rham- 
nose residue I-J_-5 and lactoue H_-4), 2.93 (laetone H_-2), 2.66 
(lactone .I=1-2) and 5.51 (iactone _121-3) (ABX system with X ad- 
ditionally coupled, JAB 16.5, JAX = IBX -- 4 HZ), 2.39, 2.29, 2.06, 2.06 
(s, ArC_H~ and 30COC_H~), 2.47, 1.71 (ABX system, rhamnose 
residue CH,), 1.45, 1.36 (d, 2 CHC_H~, ] 6 Hz). 

A soln of ~ambalactone tris-tfichloroacetylcarbamate was 
prepared by addition of trichloroacetylisoeyanate (2 drops) to a 
soln of fiambalactoue (50 rag) in hexadeuterioaeetone (0.4 ml); 
[(CI~hCO] 5,10 (m, rhamnose residue H-I, I:1-3 and .H-4), 4.40 
(m, lactone IJ-5), 3.89 (s, OC-H~), 3.78 (m, thamnose residue I=1_-5, 
and lactoue _H-4), 3.23 (lactone CH_ 2), 2.62 ilactone CO:) and 5.57 
(laetone _H-3) (ABX system with X additionally coupled, ,/As 17, 
J ~  = JBx * 5 Hz), 2.33 (s, ArC-Hg, 1.45, 1 37 (d, 2 CHC H_ ~, J 6 Hz). 

(viii) Methyl flambate (19b) was obtained as a eolourless solid 
m.p. 90-92", from EtOAc--light petroleum (Found: C, 48.8; H, 5.5. 
C22HmCI20~t requires: C, 48.8; H, 5.6%); v=,~ (KBr) 1735 cm -~, 
,5 [(CD3hCO] 4.76 (t, rhamnose residue _I:1-4, J~.~ = A.~ = 10 I-Iz), 
4.75 (rid, rhamnose residue _H-l, J t.z, 10, 3 ~ 2 l-lz), 3.84, 3.62 (s, 
C(hC_H~ and OC_Hg, 2.71, 2.49 (caproic ester residue C I:Iz) (AB 
of ABX system 1 ~  17, J ~  = Jax = 5 I/z), 2.33 (s, ArC _H~), 1.30, 
1.21 (d, 2 CHCH~, J 6Hz). 

Methyl flambate (19b) was also obtained from flambalactone 
when a mixture of flambalactoue (50 rag) and methanolic He1 
soln (Sml, 0.15% w/v) was kept at room temp. for I hr and the 
soln was then neutralised by Amberlite ion-exchange resin IR-4B 
(HO--form). Filtration and evaporation of the filtrate gave a solid 
which was dissolved in EtOAc. Addition of light petroleum to the 
soln gave methyl flambate as a eolourless solid (42 rag, 79%), 
m.p. 90--92*. 

(ix) Methyl eurekanate (see Section 7)--Acidic methanolysis 
o/ flambamycin (1) followed by direct acetylation. Isolation of O) 
flambatetrose isobutyrate hexa-acetate (17b), (ii) flambatetrose 
isobutyrate hepta-acetate (17e), 0it) methyl r tetra- 
acetate (c.L 19h) and (iv) methyl eurekanate monoacetate (20d). A 
mixture of fiambamycin (0.5 g) and methanolic HCI soln (50 nil, 
0.15% w/v) was kept at room temp. for I hr and the soln was 
ueutlalised by addition of Amberlite ion-exchanga resin IR-4B 
(HO--form). The solid, obtained, after filtration and evaporation 
of the filtrate, was acetylated (method D) and the mixture of 
products separated [method B, solvent (iii)], This procedure 
yielded flambatetrose isobutyrate hexa-acetate (Section 5) 
(60 rag, 18%: Rt 0.17--0.29), flambatetrose isobutyrate hepta-aeetate 
(Seetiun 5) (160rag, 45%; R! 0.29--0.52), methyl eurekanate 
monoacetate (see Section 7) (73rag, 72%; Rt 0.83-0.91) and 
methyl J~ambate tetra-acetate (161 nag, 65%; Rt 0.91--0.99) which 
was obtained as eoiourless crystals, m.p. 61--63", from n-hexane 
[Found: _M +', role 708.1581. C=HasCtzOr (OAck requires: .M, 
708.1587]; 8 5.00 (m, rhamnose residue _I:1-3 and _H-4, caproie 
ester residue _H-5), 4.53 (rid, rhamnose residue H-I, J' ~aa 10, 3" ~ 
2 l'iz), 3.96 (rid, caproie ester residue _H-4, d ~  3, J~,~ 7 I-Iz), 3,85, 
3.67 (s, CO2CH~ and OClJ~), 3.47 (m, rhamnose residue H.-5), 

2.97, 2.60 (caproic ester residue C-H2), 5.45 (caproic ester residue 
_H-3) (ABX system with X additionally coupled, J^o 17, J,~x 7, 
lax 6 Hz), 2.39, 2.28, 2.05, 2.03, 2.01 (s, ArC_H~ and 40COC_H~), 
1.32, t.26 (d, 2 CHCHj, J 6.5 Hz). 

(77 The constitution of methyl eurekanate (2On) 
Methyl eurekanate (20a) was obtained (Section 6), after short- 

path distillation at 145 ~ and 0.6ram Hg, as a colour]ess oil 
(Found: C, 48.5; H, 6.5; O, 45.3" M*. role 248. C~I~O~ 
requires: C, 48.4; H, 6.5; O, 45A%. _M, 248); [~x]D~-55.2 ~ 
(EtOH); vm,~ 3600, 3460, 1750 (~ 268), 1720 (f 268) cm-t; ~ 5.10 
(_HA) and 4.89 (_FIB) (AB system, O-4~-H2-O, J^a 0 Hz), 4.68 (_HA), 
4.66 (_Ha) (AB system, O-C-H--CH-O, JAB 6Hz), 1,03 (HA). 4.18 
(_Hx) [A,X system C( _H~,)~-CH_ • JAx 6.5 Hz], 4.15 (br, O_H), 
3.78 (s, CO2C _H3), 2.58 (br, O-H) 2.28 (s, COC-H3). 

Acetylation (method D) of methyl eurekanate (70rag) and 
purification [method B, solvent (i)] of the product (R: 0.50-0.60) 
gave methyl eurekanate monoacetate (20d; 36rag, 44%) as 
colourless needles, m.p. 87 ~ from [ight petroleum [Found: C, 
50.0; H, 6.4. Ct0Hl~O6 (OAc) requires: C, 49.6; H, 6.3%]; vm~ 
3450, 1750 (,  569), 1730 (e 285) cm-1; 8 5.39 (H_ x), 1.07 (H_^) [A3X 
system, C(H_ A)3-C_Hx(OAc)--, lAX 6.5 HZ], 5.13 (HA), 4.93 (-Hs) 
(AB system, 4)--CIJ_ 2-O-, /AS 0Hz), 4.83 (_HA). 4.58 (_HB) (AB 
system, O-CH-C_H-0, 3"AS 4 Hz), 4.18 (br. OH_), 3.79 (s, CO2C _H3), 
2.36, 2.08 (s. OCOCH_3 and COCH_ 3). 

Acetylation (method E, 24 hr) of methyl eurekanate (ll4mg) 
and purification [method B, solvent (iv)| of the product (R: 
0.85--0.95) gave the diacetate (20e) as a colourless syrup (101 rag, 
77%); Vm,, 1750cm-~; ,5 5.57 (Hx), 1.29 (_HA) [A~X system, 
C(_H^)r-C_Hx(OAc)--, -fAx 6.SHz), 5.16 (-HA), 4.94 (Ha) (AB 
system, O-CHz-O, JAa 0 HZ), 4.87 (-HA), 4.87 (_Ha), (s, AB system 
O--C-HA-CH_ B-O, JAB 0 HZ), 3.79 (s, CO,C_H3). 2.15, 2.13.2.05 (s, 
C _H~CO and 20COC_H3). 

Methyl eurekanate bis-trichioroacetylcarbamate (20g) was 
prepared from methyl eurekanate and trichloroaceiylisocyanate 
in hexadeuterioacetone 8 [(CD~)2CO] 5.36 (-Hx), 1.14 (_H^) [A~X 
system, C(_HA)r-C-Hx(OCONHCOCCI3) JAx 6.5 HzL 5.15 (_HAL 
4.79 (-HB) (AB system, O-C-Hz--O, J^a 0Hz), 4.98 (_HA), 4.64 (-HB) 
(AB system, O'-4:_HA--C_HB-'O, J m  4Hz), 3.68 (s. CO2CH~) 2.37 (s, 
COCI:J;). 

Mild acidic hydrolysis of methyl earekanate. Isolation of eure- 
kanic acid diacetate (201). A mixture of methyl eurekanate 
(60 rag) and 5N HCI (5 ml) was.kept at room temp. for 18 hr, and 
neutralised by addition of solid NaHCO~. Evaporation and 
aeetylation (method E, 18 hr) of the residual solid gave eurekanic 
acid diacetate as a colourless oi] (17 rag, 23%) [Found: _M +', role 
318. C9H1205 (OAc)2 requires: _M, 318]; vm,~ 1730 cm t; 8 5.56 (q, 
CH3C_H, J 6.5 Hz), 5.01 (_HA), 4.85 (IJ_ ~) (AB system, O-C_Hz--O, 
JAB 0 Hz), 5.21 i_H^), 4.95 (FIB) (AB system O-CH. A--CH_ ~-O, JAB 
4Hz), 2.17, 2.07 (s, OCOC-H3), 1.32 (d. CHCIJ_ 3, J 6.5 Hz). 

Acid hydrolysis of methyl eurekanate. Isolation o~ formalde- 
hyde 2,4-dinitrophenylhydrazone. A mixture of methyl eure- 
kanate (60 rag) and 5N HCI (10ml) was heated at 10& for 6hr 
whilst a slow stream of N2 was passed through the mixture and 
into a saturated soln of 2,4-dinitrophenylhydrazine in 2N HCI. 
The formaldehyde 2,4-dinitrophenylhydtazone which separated 
was obtained (28 rag, 55%) as yellow needles, m.p. 164 ~ from 
aqueous EtOH and was identical with an authentic sample. 

Acidic ethanolysis of methyl eurekanate. Isolation of elhyt 
eurekanate (20b). A mixture of methyl eurekanate (20 rag) and 
ethanolie HCI soln (10 ml, 0.5% w/v) was kept at room temp. for 
18hr. Evaporation and short-path distillation, at 144 ~ and 
0.f5 mm Hg, of the residue gave ethyl eurekanate as a colourless 
oil; 3 5.09 (-Ha), 4.88 (_Ha) (AB system O-CH_ ~0, JAB 0 Hz), 4,66 
(1J^), 4.65 (-Ha) (AB system, O--CHA--C-HB--O, JAn 4Hz), 4.16 
(-Hx), 1.02 (HA) [A~X system C(_HA)r-C-Hx(OH)~, J^x 6.5 Hz], 
2.28 (s, C-Hr-CO), 1.29 (t, C_H3CHr-, J 7 Hz). 

Period, ate oxidation of methyl eurekanate. Isolation of acetal- 
dehyde 2,4-dinitrophenylhydrazone. A soln of methyl eurekanate 
(74rag) in water (Sin t) was mixed with a soln of sodium 
metaperiodate (t07 rag) in water (Sml) and kept at room temp. 
for 35 rain whilst a slow streaan of N2 was passsed through the 
mixture and then through a saturated solution of 
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2,4-dinitrophenylhydrazine in 2N HCI. The acetaldehyde 2,4- 
dinitro-phenylhydrazone (34mg, 54%) which separated was 
obtained as yellow crystals, m.p. 168 ~ from aqueous EtOH, and 
was identical with an authentic sample. 

Trideuteriomethyl eurekanate (20c). A soln of methyl eure- 
kanate (50 rag) in tetradeuteriomethanolic HCI (0.4 ml, 0.4% w/v) 
was kept (in an NMR tube) at room temp. until exchange of 
methoxycarbonyl protons (8 3.40) was complete (45 rain). 
Evaporation of the soln gave trideuteriomethyl eurekanate as a 
colourless syrup (50 mg, 99%). 

(8) Alkaline hydrolysis of ltambamycin. Isolation and structural 
elucidation of bam]talactone (23a) and ]lambeurekanose (24a) 

(i) Isolation of dichloroisoeverninic acid (22). A ntixture of 
flambamycin (2g) and NaOH aq (10% w/v, 20ml) was kept at 
room temp. for 3 days, acidified with 10N HCI and extracted with 
EtOAc (3x25ml). The combined EtOAc extracts were 
evaporated and the residue was crystallised from ether--light 
petroleum giving dichlorisoeverninic acid (0.21g, 60%) as 
colourless needles, m.p. 132 ~ (lit. TM 129-130") (Found: C, 43.2; H, 
3.2; CI, 28.2. Calc. for CgFIsCI204: C, 43.1; H, 3.2; Ci, 28.2%). 

(ii) Isolation of bam/talactone triacetate (23b). A mixture of 
flambamycin (0.5 g) and NaOH aq (10% w/v, 5 ml) was kept at 
room temp. for 5 days and neutralised to approximately pH 7 with 
2N HCI. The soln was evaporated and the residue extracted with 
anhyd EtOH. The extract was evaporated and acetylation 
(method D) of the residue and purification [method C, solvent (v) 
followed by method B, solvent (iii)] of the product gave J/am- 
beurekanose penta-acetate (12ling, 33%; R,, 0.1--0.2) (as 
described below) and bam~alactone triacetate (50 rag, 36%; RI 
0.8-0.9) which was obtained as coiourless needles, m.p. 131 ~ 
from light petroleum [Found: M +', role 402. Ct2H1704 (OAc)3 
requires M_, 402], 8 2.03, 2.01, 1.99 (s, 30COCFI_ 3), !.44, 1.18 (d, 2 
CHC_H3, J 6 Hz). 

(iii) Isolation of flambeurekanose (24a). A mixture of flam- 
bamycin (2g) and NaOH aq (10% w/v, 20ml) was kept at room 
temp. for 18 hr and neutralised to approximately pH 7 with 2N 
HCI. The soln was evaporated and the residue was triturated 
with cold anhyd EtOH. Evaporation of the ethanolic filtrate and 
fractionation [method A, solvent (i)] yielded ]tambeurekanose 
(1.05g, 85%; RI 0.10-0.20) which was obtained as colourless 
crystals, m.p. 191-192", from EtOAc--light petroleum [Found: C, 
48.0; H, 6.8; *Me 10.5. C33H4902o (OMe)3.2H20 requires: C, 
48.3; H, 7.0; *Me, 10.4%1; u ~  (KBr) 1710era -~ (E 266); 8 5.35, 
5.12, 5.08, 4.99 (br s, 4 anomeric protons); 8 (CsDsN) 3.64, 3.61, 
3.27 (s, 3 0 C  _H3), 2.40 (s, COCH_ 3), 1.53, 1.25, 1.21 (d, 3 CHC _H3, J 
6 Hz), 1.47 (s, CC_H3). 

Acetylation (method D) of flambeurekanose and purification 
[method B, solvent (ix)] of the product gave 1tambeurekanose 
penta-acetate (43%; R; 0.50-0.65), as colourless crystals, m.p. 
196 ~ from EtOAc-light petroleum [Found: C, 51.3; H, 6.5; _M +', 
role 1068. C~,I-Is30~s (OAc)s requires: C, 51.7; H, 6.4%; M, 1068]; 
~'m~x (KBr) 3470, 1755cm-t; 8 (CsDsN) 3.62, 3.40, 3.30 (s, 3 
OC_H3), 2.44, 2.20, 2.16, 2.00, 1.98, 1.88, 1.61 (s, 1 CFI_3CO, 5 
OCOCH_ 3 and 1 CCH_ ~); 8 (220 MHz, CDC13) 5.51, 5.23, 5.09, 5.09, 
4.97, 4.76, 4.76 (s, evalose, mannose and lyxose residues _H-I, 
evalose and lyxose 11-2, and eurekanic acid residue --O--CH_ r-O-), 
5.06 (dd, fucose residue H_-2, J~_~ 8, J~.3 10 Hz), 4.94 (dd, mannose 
residue H_-3, J~.~ 4, J~.4 10 Hz), 4.83 (d, evalose residue II_-4, ./4: 
10 Hz), 4.38 (d, fucose residue _H-I, J~.~ 8 Hz), 3.54, 3.47, 3.36 (s, 3 
OC _H~), 2.30, 2.11, 2.10, 2.09, 2.05 (s, 50COCH_ ~), 1.29 (s, evalose 
residue CC_H~), 1.27, 1.21, 1.04 (d, evalose, fucose and eurekanic 
acid residues CHCH_ ~, J 6 Hz). 

Acidic methanolysis of ]tambeurekanose. Isolation o.f /tam- 
batetrose (15a) and methyl eurekanate (20a). A mixture of flam- 
beurekanose (1.2 g) and methanolic HCI soln (75 ml, 0.5% w/v) 
was kept at room temp. for I hr. The soln was evaporated and the 
residual mixture separated [method A, solvent (i) followed by 
method B, solvent (x)] yielding flambatetrose (206 rag, 31%) and 
methyl eurekanate (152 mg, 51%) which were identical with the 
substances obtained previously [Section (5) and Section 
(7)]. 

(10) Trans[ormations of flambamycin yielding des-isobutyroyl 
flambamycin (25a), flambeurekanose flambate (26a), flam- 
beurekanose flambate isobutyrate (26r and des- 
dichlo?oisoeverninoyl-des-isobutyroyl flambamycin (27). 

(i) Des-isobutyroyl flambamycin (25a). A mixture of flam- 
bamycin (2.9g), MeOH (100ml) and anhyd K2CO3 (0.14g) was 
boiled for 40 min and the soln was evaporated. The residue was 
crystallised from EtOH-EtOAc giving the K-salt as colourless 
crystals (2.68 g, 99%), m.p. 235-240 ~ The K-salt was dissolved in 
water (50ml) and the soln was saturated with CO2 when 
des-isobutyroyll~ambamycin separated as a colourless solid (0.8 g, 
81%), m.p. 202-203* (Found: C, 49.1; H, 6.3; CI, 5.0. 
C57Hs2C12032'2H20 requires: C, 49.4; H, 6.3; C1, 5.1%). Vmax 
(KBr) 3460, 1715 cm -I. 

Acetylation (method D) of des-isobutyroyl flambamycin gave 
des-isobutyroyl flambamycin hepta-acetate (25b; 61%) as 
colourless crystals, m.p. 198-199", from EtOAc-light petroleum 
[Found: C, 51.8; H, 6.1. C57H75C12025 (OAc)7 requires: C, 51.9; 
H, 5.9]; ~'max (KBr) 3460, 1786, 1752 cm -~. 

(ii) Flambeurekanose flambate (26a). A mixture of des-isobu- 
tyroyl flambamycin (0.5 g), EtOAc (100ml), water (0.5 ml) and 
Amberlyst 15 resin (0.5 g) was stirred at room temp. for 10 min 
and filtered. Evaporation of the filtrate and purification [method 
A, solvent (ii)] of the residue gave .flambeurekanose flambate, 
which was obtained as a colourless solid (0.15g, 31%), m.p. 
174--176", from EtOAc-light petroleum (Found: C, 49.3; H, 6.3. 
C57H84CI2033'H20 requires: C, 49.4; H, 6.4%); Vmax (KBr) 3440, 
1725 cm -~. 

Acetylation (method D) of flambeurekanose flambate and 
purification [method A solvent (ii)] gave flambeurekanose 
flambate octa-acetate (26b; 26%) as a colourless solid, m.p. 1870 
from EtOac-light petroleum [Found: C, 51.8; H, 6.4. 
C57H76C12025 (OAc)s requires: C, 51.4; H, 5.9%]; ~,,ax (KBr) 
3450, 1785, 1745 cm -~. 

Acetylation (method D, RT, 18hr then 90*, I hr) of flam- 
beurekanose flambate and purification [method A, solvent (ii)] 
gave flambeurekanose ]tambate nona-acetate (26r 36%) as 
colourless crystals, m.p. 143-145 ~ from EtOAc-light petroleum 
[Found: C, 51.1; H, 6.1; CI, 3.9. C57H75C12024 (OAc)9 requires: 
C, 51.6; H, 5.9; CI, 4.1%]; vm,x (KBr) 3450, 1785, 1745 
cm -t. 

(iii) Hambeurekanose ~ambate isobutyrate (26d). A mixture of 
flambamycin (2.0 g), EtOAc (50 ml) and Amberlyst 15 resin (0.5 g) 
was" stirred at room temp. for 30 min and filtered. Evaporation of 
the filtrate and purification [method A, solvent (iii)] of the residue 
gave .[lambeurekanose ]tambate isobutyrate, which was obtained 
as a colourless solid (1.62g, 80%), m.p. 160--163 ~ from EtOAc- 
light petroleum (Found: C, 50.3; H, 6.34. C6~H~0CI2034"H20 
requires: C, 50.3; H, 6.4); ~:m~ (KBr) 3450, 1750 cm-~; 8 (CsDsN) 
3.86, 3.50, 3.48, 3.20 (s, 40CH_3), 2.37, 2.34 (s, ARCH3 and 
COCH_ 3), 1.44--1.00 (m, 7 CHCFI3 and evalose CC .H3). 

Acetylation (method D) of flambeurekanose flambate isobuty- 
rate gave flambeurekanose ]tambate isobutyrate hepta-acetate 
(26e; 48%) as a colourless solid, m.p. 135-138 ~ from EtOAc- 
light petroleum [Found: C, 50.9; H, 6.0; CI, 4.0. C61H83C12027 
(OAc)7.H20 requires: C, 51.4; H, 6.1; CI, 4.0%]; ~'m~x (KBr) 3450, 
1782, 1745 cm -t. 

Acetylation (method D, RT, t8hr then 90 ~ l hr) of flam- 
beurekanose flambate isobutyrate and purification [method B, 
solvent (ii)] gave /lambeurekanose flambate isobutyrate octa- 
acetate (261; 35%) as colourless microcrystals, m.p. 150-153 ~ 
from EtOAc-light petroleum. 8 (CsDsN) 3.81, 3.61, 3.38, 3.29 (s, 4 
OCH_ 3), 2.45, 2.38 (s, ArC _H3 and COCH_ 3), 2.21, 2.18, 2.16, 2.04, 
1.98, 1.98, 1.81, 1.66 (s, 80COCH_ 3 and evalose CCH_ 3), 1.48, 1.40, 
1.36, 1.26, 1.25, 1.18, 1.11 (d, CHCH_ 3, J 6Hz). 

(v) Des - dichloroisoeverninoyl - des - isobutyroyl flam- 
bamycin 12 (27). A mixture of flambamycin (0.5 g) and NaOH aq 
(5ml, 10%) was stirred at room temp. for 24hr and the soln 
saturated with CO2. Evaporation, trituration of the residue with abs. 
EtOH (100 ml) and purification [method A, solvent (ii)] gave des - 
dichloroisoeverninoyl - des - isobutyroyl /tambamycin, ~2 which 
was obtained as a colourless solid (0.1 g, 44%), m.p. 212", from 
EtOAc-light petroleum, V,n~ (KBr) 3430, 1710 cm -~. 
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