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w - Isolation, structural assignment, and anhblotlc efficiency of the new moenomycm antiblohcs C3 
(lb) and C4 (lc) IS decnbcd The previously pubhshcd structure of phohpomycm (ld) 1s modified 

Zntroduction 

The fanuly of moenomycm-type antibiotics includes the components of the flavomycmR complex, the 

prasmomycms, diumycms (marcarbomycms), 11837 R P , 8036 R.P (quebemecm), 19402 R P , 

ensachomycm, prenomycm, teshomycm, and phohpomycm 1 They are very efficient mhlbltors of the bacte- 

nal cell wall peptldoglycan blosynthesls (m vrvo acbvlty mamly agamst gram-posmve bactena) Work by van 

HeiJenoort and coworkers has demonstrated that moenomycm A interacts with the enzyme(s) that catalyses 

the formation of the linear peptldoglycan strands from a membrane dlsacchande phosphohpid mtermedlate 2 

Structurally, the moenomycm-type anbblohcs are rather complex Unhl now, only the structure of 

moenomycm A (la) seems to be firmly established 3 Practically nothmg 1s known on the biosynthesis of la 

and related antlblotlcs We reasoned that from the structures of further members of the family at least some 

hints might be gamed on how the rather comphcatcd array of bulldmg blocks 1s assembled m the course of 

the biosynthesis Even w the days of highly developed tools, the structure elucidation of these compounds IS 

by no means simple X-ray analysis cannot be used, smce (at the best of our knowledge) none of the 

mocnomycm antlblotlcs has ever been obtamd crystallme More importantly, 1H NMR spectroscopy 1s 

usually of lltte help In most mstances very broad peaks are observed, probably the result of the well-known 

association of these compounds m aqueous soluhonl and of other hmedependent phenomena. 

In the present paper we descnbe the structure elucldatlon of the new flavomycmR component moenomycm 

C3 and propose a structure for moenomycm C4 Included 1s some work on phollpomycm The structure of 

this antlblotlc was previously eluadated, relying on the moenomycm A work 4 In view of the recent 
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Structures of some moenomycm antibiotics 3093 

modtficatton of the moenomycm A structures (mm F, see formula la, IS derived from the armde of 

moenuromc acid rather than from the free acid, as ongmally assumed) It seemed probable that the structure 

of pholipomycm also needed some modAza&on 

TIC plates of the trade product flavomycmn (solvent system I-propanol - 2N NH3 70 30) show two spots 

for moenomycm A (la) and the less polar moenomycm C (ratto 3:1).5 Reversed-phase HPLC has now de- 

monstrated moenomycm C to be a nuxture of several components Careful chromatographX sepamhon of 

th:s mlxNre has led to the Aabon of two new anhblotics which were named moenomycm Cs and C4 

(according to their retenhon hme@). 

A careful analysis of the posittve ion FAB mass spectra of moenomycm A (la) and dcgmdahon products 

denved thereof has revealed that all struc~rally relevant fragments can be asigned as summarrzed m 

formula 1. Cleavage of the glycosidlc bonds of the pyranose umts C, E, and F gtves rise to the formatton of 

cations c+, e+, f+, stabthxed by the respe&ve pyranose oxygens Cleavage of either phosphonc acid &ester 

bond yields the protomxed phosphonc monoesters l&f-f+ZH] + and [g+2ITJ+, respecWely.3 Apphcatton of 

these rules to moenomycm Cs clearly mdtcated its strucNre to differ from that of moenomycm A by the 

absence of both the glucose umt D and the OH group at C-6 of the ammo sugar motety E, see formula lb 

The W NMR spectrum of moenomycm Cs was very mformattve showmg the presence of the moenocmol 

unit I, the chromophore part A, the carbamoyl group, four sugar umts (we11 separated anomenc carbon 

signals), two of them bemg 2-N-acetylammo-2-deoxy sugars (C-2 stgnals at 8 = 56 2 and 57.2), and the 

3tP,W coupling m the vtcimty of the phosphate group. The assignments are collected m the Expertmental 

Treatment of moenomycm Cs with tnfluoroacehc acid (5h at 6O”C), a method known to cleave the 8- 

glycostdtc bonds of 2a-acetylammo-2deoxy sugars rather spec1fically,7 followed by (1) trappmg the 

mtermedtate oxaxohmum ion with methanol, (ii) acetylatton, and (in) chromatograpluc separahons furmshed 

2 along wrath a 3 2 mixture (iH NMR) of 3 and 4, from which pure 3 was obtamed by crystalhxatton. The 

stmNre of these compounds was ngorously estabhshed by comparison wth the products that were obtamed 

when moenomycm A (la) was submrtted to the same condmons 8 

Hydrogenanon of lb m 33 1 methanol-acetic acid (Pt catalyst)9 provided decahydromoenomycm CJ (Sb) in 

95% yield Cleavage of 5b under rather vrgorous condmons wrth tnfiuoroacehc acid (16.5 h at 60°C), 

followed by ester formation wtth 1 5% HCI in methanol, and separations provided the known compound 610 

m 47% overall yteld Thts part of the work proves, that moenomycm Cs contams umts A-B-C and H-I 

Sb was then submmed to the stepwise degradahon developed for Sa 9 Thus, oxidation of Sb with 

KslFe(CN)6] m 0 37 mol/l K&Z03 soluhon removed umt A SekttVely to give 7 m 53% yteld From 7 the 

galacturomc acrd moiety B was degraded by (1) dtol cleavage wrth NaI04 m 50 % acehc actd contammg 

sodium acetate (5h at 4O”C), (n) reversed-phase chromatography, (m) treatment wtth N,N- 

dimethylhydraxme m 2-propanol - 1 mol/l H2SO4 (3h at 85”(J), and (iv) chromatographic separahons to 

furmsh 8 in 54% yteld A second degradahon cycle m whzh ammoma was used mstead of N,N- 

dtmethylhydrazme converted 8 mto 9b (33%) 
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Positive mn FAB spectra of compdunds 9, 7, 8, and 9b have been obtamed fully m accord wrth the 

proposed structures (see Experrmental) The W chenucal shifts for compounds 7, 8 and 9b (see Table 1) 

were assigned makmg use of the DEPT sequence and by comparison with known moenomycm A degradahon 

products. The presence of two ddeoxy sugars m 7 carrymg ether subsutuent at C-4 1s indrcated by the two 

low-field agnals at 6 = 86 1 and 6 = 84 3 11 In 8 one and m 9b both these srgnals are absent. Thrs result 

seems only to be consistent with a lm 4 ltnkage between untts C and E. For the first ttme under carefully 

selected experimental condrtrons (solvent CDCls-CDsOD-&O 18:ll 2 7) mformattve W NMR spectra of 

moenomycm-type compounds have been obtamed The results are collected m Table 2. Assignments are 

based on H/H COSY From the couphng between the nng protons of umt E (see Table 2) gluco 

configurauon, 4C!r@) conformahon and a g-glycosldrc lmkage to unit F may be deduced.12 Simlarly, J = 

8 3 Hz for tbe couphng between 1-H and 2-H of the qumovosamme umt C m 8 IS indxatlve of a B-glycosldlc 

bond. From J2,3 (F) = 10 5 Hz it may be concluded that the moenuromc acid moiety F also adopts the X!t(D) 

conformahon 

Table 1 13C NMR spectral data of compounds 7, 8, and 9b (6 values) 

7a 8b 9bb assrgnment unit 
173 4 173 1 C-l H 
172 1 172 2 172 3 Cd F 
171 1 172 1 NHcOCH3 C 
170 5 C-6 B 
170 0 ;72 0 172 3 NHcOCH3 E 

156 9 157 2 7 WONH2 103 8 C-l : 
102 1 101 7 102 0 C-l E 

101 5 101 7 C-l 93 8 94 6 -94 6 C-l Fc 

86 1 85 8 75 1 C-4 84 3 74 9 c-4 : 
80 8 77 6 77 8 c-2 H 
76 0 76 7 75 7 c-2 
74 6 73 4 c-3 : 
74 3 c-3 B 
74 3 74 1 74 3 c-3 F 
72 9 72 4 72 5 F 
72 5 71 7 71 5 

:: 
E 

72 1 72 0 72 0 F 
71 7 71 6 73 3 

::; 
E 

70 8 c-s B 
70 2 c-2 B 

69 8 68 9 69 7 :3 : 
67 5 69 3 69 3 C-l I 
663 660 660 c-3 H 
55 8 55 3 
55 2 54 8 55 5 

c-2 C 
c-2 E 

7 ? 36 0 c-2 I 
24 5 22 0 22 0 E 
24 4 

NHCOcH3 
21 7 219 C 

7 16 7 
NHCKH3 

12 2 C-6 E 

8 m DMSO_cb b m CDCl3-CD30D-D20 18 11 2 7 + trlfluoroacetauc acid (6 pl/mL) 
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Table 2.1H NMR tral data of 8, !Bb, and moenomycm A degradahon 
product r (S and J values~ 

8 9b 9a assignment umt 

4 17 
3 43 
3 12 
2 83 
3 10 
1 10 
1 72 

J1,2=8 3Hz 
J2,3= 10 5Hz 
J3,4=8 9Hz 
J4,5=8 9Hz 

4 17 
3 39 
3 28 
286 
3 14 

; 
1 72 

Jl,2=8 3Hz 
J3,4/J4,5=8 OHz/ 

10 OHz 

5 49 5 47 
3 31 3 33 
4 75 4 75 
4 08 4 10 
7 0% 
J2,3= 10 5Hz J2,3= 10 8Hz 

3 83 3 83 
3 89-3 97 3 91,3 94 

: 

: 
C 
C 

E 
E 

: 
E 

E 

F 
F 

: 
F 

H 
H 

1 3 16, 3 20 3 25,3 39 3 17,3 31 CH2-1 
1 03, 1 07 1 27, 1 39 1 10. 1 32 CH?-2 I 

*III CDC13CD30D-D20 18 11 2 7 

4 17 
3 36 
3 16 
2 82 
306 

1 05 

Jl,2=8 3Hz 
J2,3=9 OHz 
J3,4=9 OHz 
J4,5=9.OHz 

4 20 
3 25 
3 12 
2 98 
2 95 
337,350 

1 67 

Jl,2= 8 6Hz 
J2,3= 10 OHz 
J3,4= 10 OHz 
J4,5= 10 OHz 
J5,6” 5 8Hz 
J5,6’ 2 OHz 
J6,6’= 13 OHz 

5 63 
3 33 
4 69 
400 
9 

J1,2= 3 5Hz 
Jt,p= 8 OH2 
J2,3 = 10 8Hz 

3 75 
3 82,3 86 
J2,3=3 5Hz 
J2,3*=8 OHz 

3-H 
4-H 
5-H 
CH3-6 
NHCOCH3 

1-H 
2-H 
3-H 
4-H 
5-H 
6-H, 6-H’ 
CH34 
NHCOCH3 

1-H 
2-H 
3-H 
5-H 
CH36 

2-H 
CH2-3 



From the FAB MS (for detatls, see Fqertmental) it was obvtous that moenomycm C4 contamed one more 

oxygen than moenomycm Cs (lb) Fragmentation e (see formula 1) led to an ion that was 16 mass umts 

largerthanmthecaseoflbwhentsfragmen~oncwasthesameasfoundpreviouslymmoeRomycmA 

(la). Thus the extra oxygen (wth respect to lb) is located m umt E. We propose, therefore, structure lc for 

moenomycm C4. Thrs structure IS well m accord wrth the r3C NMK spectrum (see Expertmental), but it has 

not ngorously heen proven 

As was already menuoned above, in view of the recent structural revrsron of moenomycm A it seemed very 

probable that unit F of phohpomycm also contams the anude of moenuromc actd rather than the free uromc 

acid And mdeed, a careful mass determmatton of the M+K ton of both pholqomycm and its decahydro 

derrvauve has unambrgously shown that the molecular mass of phohpomycm IS one mass unit less than the 

structure with moenuromc acrd in tts free acrd form requnes Thus, as m the case of all the other 

moenomycms, phohpomycm has a uronarmde unit F and should be represented by formula Id 

Bioloeical achvitv of rnv C2 and 6_ 

The minimum mhrbrtory concentrattons (MIC) of moenomycms C3 (lb) C4 agamst various 

have by a two-fold agar drlutron method (Miiller Agar) 

addrtron, mhrbruon of 

lb), 
C4 (lc), and A (la, for comparrson) agamst varrous test organisms 

test orgamsm lb lc la 

Staph aureus SG 511 
Strept pyogenes 77 
Strept pyogenes 308 
Pseud 1771 aerug 
Pseud 1771M aerug 
E co11 DC 2 
Sslm typhrmurmm 
Klebs 1082E aerog 
Ent cloacae 1321E 

0 10 0 05 005 
< 001 < 001 < 001 

25 6 25 25 
50 25 100 
1 56 1 56 3 13 

25 JO 
100 

1: 
>lOo 

100 100 >lOO 
1 56 0 78 156 

Table 4 Effect of moenomycms Cs (lb), CT.4 (lc), and A (la, for comvson) on the rn-vztro UDP-N- 
acetylmuram 1 pentapeptide-dependent mcorporauon of [ 14C]UDP-N-acetylglucosam.me into 
cross-h&d ; rgh-molecular weight pephdoglycan 

concentrauon 46 mhrbtuon 
(mg/L) 

lb lc la 
1 

::1 
:z z :: 

0 0 0 
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Finally, the lnhibltory effect of lb and lc directly on the transglycosylation Won was de!Wmud by the 

zn V&IV assay developed earher III one of our laboratoriesl~ which uses a particulate fracth from Ecoli and 

as substrate the hptd u@rmedlate whtch IS the immedtate precursor of uncross-linked pqtldoglyan. The 

results are summarized III Tables 3 - 5. 

Table 5 Effect of moenomycins A (la, for comparison)))“› Cs (lb) and Cd (lc) on the UI-WJO formation of 
peptidoglycan by transglycosylatron~ 

final concen- 
tratlon (l@W 

10 
1 

lb 

100 
loo 

46 nrhlbnmn 

lc 

:: 

la 

Fl 

aAssays were cam4 out as descrmed previou~ly~~ 

DlSCUgiJQQ 

Lrke moenomycm A (la), the new moenomycms lb and lc are in-vlrro highly acuve only agamst gram- 

posrhve bactena (see Table 3). As far as their mhrbrtory effect on the transglycosylatron reaction 1s 

concerned, la, lb, and lc possess prackally the same mhlbrtory efficmncy (Table 5). Thrs IS well III 

agreement with the prevrously estabhshed structure-achvrty relahons which state, that only umts E-F-G-H-I 

are essenhal for full transglycosylase mhlbttmg acttvrty From the results collected in Table 4 one may amve 

at the same conclusron 

The structures of the moenomycrn antrbtotics described above seem to shed some hght on brosynthehc 

events Obvrously, first the whole complicated structure is assembled and is subsequently mod&d. One is 

tempted to speculate that phohpomycin (ld ) is the precursor of the other members of the group which could 

be formed from Id by glucosidauon and deoxygenahons, n%peChVdy 

EXPEH&ENTAL 

@- or moisture-aensitrve reactrons were performed m ovendrred glassware under a posrtrve pressure of 
Lrqurds and solutrons were transferred by syrmge Small-scale reactions were performed III Wbeaton serum 
seated wnb ahtmmium caps wnh open top and Teflon-faced septum (Aldrrcb) Solvent evaporatrons were performed in 
vacua at 4O’C usmg a rotatury evaporator, lyophrhxatrons Leybold-Heraeus GT2. Solvents were purrtied by smndard 
techniques The hrstrumentatron used was rH NMR: WP So (Bruker), AM 400 (Bruker), W NMR. AM 400 (Bruker 
at 100 6 MHz), EI MS MAT CH5 (Vanan), FAB MS (I) MAT 731 (Vamn) w~tb a moddkd Saddle Field Source, 
(II) VG AUTOSPEC, (III), VG Analytical ZABZ-SEQ (BEQQ configurauon), LC (preparatrve gravnatronal hquld 
chromatography) srhca gel (ICN Bromedezals S111ca 63-loO), MPLC (medium-pressure hqurd chromatography): 40 0 
cm x 4 5 cm glass tubes, 50 pm srhca get (Amrcon), Duramat pump (Cffi). Tbomachrom UV detector (Rerchdt), 
analytical TLC Merck precoated s111ca gel 60 F254 plates (0 2 mm), spots were rdentrfied under a UV lamp (Camag 
29 200) and by spraying with a 2 22 mol/l HsSO4 soluuon whmh contamed Ce(SO&x4HsO (10 g/l) and 
Hs[~&fo@,),$]xH2G (25 g/t)‘6 and heating at 14O’C For crude reversed-phase SeparatiOnS polystyreae r&l HP- 
20 (Mrtaubuhr) was used - Carbon and proton numbering in tbe subumts (see NMR data) follows the moenomycin 
nomenclature (see formula 1) Two molecular masses are always communicated, the tirst refers to W, tH, tW,l4N, 
31P (mono-notopre masses), the second was calculated using the Intemationsl Atonuc Masses 
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of mow 
Sdrca gel chromatography (300g SrQ, Grace 60-200 F) of moenomycm complex (Flavomycmn, 12 0 g) performed 
ss described prevtouslyt7 provided moenomycm C complex (1 05 g) and pure moenomycin A (1 87 g) A moenomycin 
C mixture (1 35 g) was separated by preparattve HPLC (Waters prep LC 500, Merck LiChroprep RP-18, 2540 pm, 
mobde phase methanol-acetomtrde-water 52 8 40, flow rate 25 mL/mm) Fast the column was washed with 1 1 of 
the solvent mtxture then 15 mL fracttons were taken Fracttons 52-68 contamed moenomycm Cs (130 mg) and 
fracttons 69-80 (173 mg) moenomycms C3 (55%) and C4 (38%) The latter fractton was further purtfied under the 
same condmons and fumtshed pure moenomycm C4 AnalytIcal HPLC Sphertsorb ODS 5 pm, solvent system 
methanol-acetomtrdeXlO2% phosphate buffer @H 7 8) 4 1 5, UV detectton at 258 nm 

Moenomvclp C3 (1 bI 
UV 1s Amax (s) m methanol 259 (21000). m methanol + HCI 243 (12000) - t3C NMR ((100 6 MHz, D&K!DsOD 
1 1, DEPT) 8 = 16 10 (CH3), 16 29 (CH3), 17 80 (CH3), 17 84 (CH3). 17 95 (CH3), 23 15 (CH3), 23.20 (CH3). 
23 33 (CH3), 23 38 (CH3) 23 97 (CH3), 25 96 (CHs), 27 59 (CH2), 27 82 (CH3, C-231, C-241), 31 47 (CH2), 32 21 
(CH2); 32 60 (CH2), 33 40 (CH$, 35 89 (C-121), 36 39 (CI), 40 80 (C-151), 42 77 (C-91), 56 24 (C-29, 57 19 (C- 
2C), 67 04 (C-Q, 68 63 (C-3”), 70 66 (CH), 71 44 (CH), 72 28 (CH), 72 65 (CH), 73 48 (CH), 73 86 (CH), 74 22 
(CH), 75 99 (CH), 76 52 (CH), 78 37 (C-2p), 80 51 (C-2H), 84 60 (tXC), 87 72 (C4’Q 95 91 (C-19, 103 42 (C- 
lc), 103 93 (C-lE), 104 70 (C-ln), 109 27 (C-22’), 111 29 (C-2A), 123 09 (C-131). 123 44 (C-21), 125 26 (C-171), 
126 83 (C-61), 132 24 (C-181), 137 30 (C-14’), 141 23 (C-3’), 141 45 (C-7’), 151 02 (C-lit), 159 20 (GCONIQ), 
159 23, 170 23 (C-an), 173 82 (0, 173 92, 174 46 (NHCGCH3), 174 56 (NHCGCH,), 177 05 (C-lH), 199 54 
(C-lA, C-3A) - CaHasN&sP (1403 6, 1404 5), FAB MS (matrtx lacttc actd) 1480 4 ([M+ZK-HI+, 1442 4 
([M+K]+), 916 2 ([f-H+K]+), 684 1 ([e-H+K]+) 

Decahvdromoenomvcm Cl&) 
lb (51 2 mg, 36 pmol) and Pt@ (12 8 mg) m 30 1 methanol-acetic actd (5 2 mL) were stirred under hydrogen for 3d 
at 20°C Progress of the reactton was monrtored by HPLC (5 pm RP-18, methanol-water-acetonitrd (6 3 l), and by 
TLC (chloroform-methanol-water 18 11 2 7) After tihratton, solvent evoparatton and lyopbtltratton the reactton pro- 
duct war purtfied by reversed-phase LC (20 g HP 20, gradient water - methanol) to gave pure 5a (49 1 mg), 95 46) - 
6 = 56 38 I 57 41 (C-2E and C-2C), 68 52 (C-l]), 70 14 (C-3H), 70 70. 71 59, 72 41, 72 75, 73 58, 73 78, 73 98, 
74 21,74 47,75 92,76 77,78 60, 84 74 (C+, 87 80 (C&), % 12 (C-lp), 103 55 I 104 11 I 104 80 (C-lc, C-lE, 
C-lu), 111 62 (C-2A), 159 16 (GCONIQ), 170 21 (Cde), 173 60, 174 20, 174 75 (2xIYHCOCH3, C#, C-lH), 
198 92 C-lA, C-3A) - CesHtusN&sP (1413 7, 1414 5), FAB MS (matrrx methanol - mtrobenxylalcohol) 1458 7 
([M+2Na-HI+), 1436 6 ([M+Na]+), 10203 ([g+2Na]+), 9003 (f+Na-HI+), 668 3 ([e+Na-HI+), 5594 ([M- 
f+Na+H]+), 459 ([cl+) 

b(RI M I -- xvorotuon 
In a 1 mL sealed vessel a mixture of 5b (49 1 mg, 34 7 cmol) and trtfluoroacettc actd (TFA, 0 25 mL) was stu-red at 
60°C for 16 5 h After TFA removal (stream of argon) the dark brown reardue was treated wub 1 5 per cent HCI m 
methanol at 70°C for 4h After ddutton wuh CH2Cl2, and solvent evaporatton the residue was taken up m CHzCl2 (6 
mL) Washmg wtth 5 per cent aq NaHC@ sohmon (2 x 1 mL), Hz0 (2 x 1 mL), drying, and solvent evaporatton, 
followed by LC (2 5 g SI@, CHCls-MeOH 100 1) of the restdue (13 4 mg) yielded pure 6 (7 6mg, 46%), tdentlcal 
with a sample obtamed from la - 1H NMR (80 MHz, CDCls) 6 = 0 80-I 60 (stgnals of utut I), 3 80 (s, GCHs), 
3 82-4 10 (2-HH, CHZ-~~, CH2-II) - C29 H 5s 04 (470 4, 470 8), EI-MS 470 @I+ ), 452 ([M-H20]+ ), 440 
([C28H5603]+ ), 411 ([M-CGOCHsl+), 349 ([CuH491+), 273 ([M-C,&91+). 239,238, 169, 121 &H904]+) 

&gradatton of lb W&I tnfluoroace~te 
a) A mtxture of lb (300 1 mg, 0 21 mmol) and trtfluoroacettc actd (1 5 mL) was heated to 60°C for 5h m a sealed 
vessel Most of the trtfluoroacettc actd was then removed by blowmg argon over the mixture The restdue was 
dtssolved in dry methanol and the solutton was allowed to stand at 40°C for 17 h After solvent evaporatton and LC 
(25 g SI&, chloroform-methanol-water 18 11 2 7) the fracttons contauung compounds wnh Rf values m the range of 
0 1 (287 6 mg, TLC chloroform-methanol-water 18 11 2 7) were collected, evaporated to dryness, and the residue 
was dtssolved m 1 1 pyrtdute-acettc anhydrtde (6 mL) and left at 20°C for 24 h Solvent evaporatton, lyophdtxatton, 
and MPLC (column B, chloroform-methanol-water 30 5 0 5) gave a fractton (21 2 mg) whtch accordmg to the 400 
MHz tH NMR spectrum was a mrxture of 3 and 4, and a fractton conststmg of the more polar compound 2 (27 4 mg) 
Both fracttons were rechromatographed under the same condtttons (using column A) 3 and 4 whtch could not be 
separated chromatographlcally but ytelded pure 3 (10 4 mg) on crystalluatton from hexanes-ethyl acetate 
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b) Moenomycm A (la) was degraded under the same conditions, to gave 2 and 3 whtch were tdenttcai with the 
samples obtatned from lb 

1-C 4)-2- 

M p. of the sample obtained from moenomycin Cs (lb) 241-243°C (from hexanes-ethanol), m p of the sample 
obtatned from la 241-243°C (fkom hexanee-ethanol) - For 1H Nh4R and mass spectra, see ref &. sb 

D-2.3.4Trt-C-85&yl 8 D w N (1 hy.dt’~xv-3-oxo-l-cvc~ __ - _ - _ _ _ -(14)-2-acetamldo _ _ 

P~-O-~QWJ&WWP _ - -a- - D al- 
M p of the sample obtamed from moenomycm Cs 265-267°C (from hexanes-ethanol), m p of the sample obtained 
from la 265-266°C (from hexanes-ethanol) - For 1H NMR and mass spectra, see ref &. sb 

12-~+0-(f5S)-5~arhgBMvl _- _ 6 L arm v 6 D x__ _ 

1-3-O-q&~pvl l-O-ff(~l4.18-he~ - - _ 

nonad~H4-C p&yl _ u- - D m 
Sb (362 3 mg, 0 26 mmol) was degraded with Ks[Fe(CN)sl (841 2 mg. 2 49 mmol) essentrally as described m ref 9 
for 5a MPLC (2 x column B, chloroform-methanol-water 18 1 I:2 7) gave pure 7 (179 0 mg, 53 %) - W NMR (62 9 
MHz, DMSOd,j, DEPT) 8 = 24 4 (NHCW3). 24 5 (NHCmH3), 55 2 (C-29, 55 8 (C-2C), 66 3 (C-3B), 67 5 
(C-11). 68 9 (C5C), 69 8 (C-@), 70 2 (C-26), 70 8 (C-59, 71 7 (C-39, 72 1 (C-59, 72 5 (C-59, 72 9 (C_4q, 74 3 
(C-3n, C-39.74 6 (C-3C), 76 0 (C-29, 80 8 (C-2n), 84 3 (C4C), 86 1 (C_4e), 93 8 (C-19, 101 5 (C-lo), 102 1 (C- 
ln), 103 8 (C-In), 156 9 (OCONH2), 170 0 (NHcOCH3), 170 5 (CdB), 171 1 (NHcOCH3), 172 1 (Cq, 173 4 
(C-In) - CssHto,+N&eP (1317 7, 1318 5), FAB MS (glycerol) 1385 ([M+3Na-ZH]+). 1379 ([M+Na+K-HI+), 
1363 ([M+2Na-HI+), 1341 ([M+Na]+), 1319 ([M+H]+), 804 ([f+Na-HI+), 597 ([M-f+Na+K]+), 581 ([M- 
f+ZNa]+), 572 ([e+Na-HI+), 559 ([M-f+Na+H]+) 

7 (189 8 mu. 0 14 mmol) was degraded wnh (I) Nat04 and then with dtmethylhvdraxme exactlv as described m ref9 
Two chrot&ographtc se&uattor& a) LC (8 g.St@, chloroform-methanol-v&e-r 10 6 1). b) MPLC (column B, the 
same solvent system) gave pure 8 (89 7 mg, 54 96) - Cs2HssN&tP (1142 6, 1143 3), FAB MS (TEA) 1204 
([M+Na+K-HI+), 1188 ([M+2Na-HI+), 1182 ([M+K)+), 1166 ([M+Na]+), 1144 flM+H]+). 629 ([f+Na-HI+), 
597 ([M-f+Na+K]+), 581 [M-f+2Na]+), 559 ([M-f+Na+H]+), 397 ([e+Na-HI+), 375 ([e]+) 

v1)_30c&g8gWl-1-0-11Is‘)-2-carboxv-2-(3. 
vl-nonadecvloxv)-ethoxvl-hvdroxMhosohorvl]~vl D-elm 

8 (89 0 mg, 77.9 cmol) was degraded with (I) NaI04. (II) 25 w"~ aqueous NH3 exactly as described in refe 
MPLC (column A, chloroikm-methanol-water 18 11 2 7) provided pure 90 (24 9 mg, 33 %).- Q.H~NsOt7P 
(955 5, 956 1). FAB MS (matru mtrobenxylakohol) 1022 5 (IM+3Na-2Hl+), loo0 6 ([M+2Na-HI+), 581 (M- 
f+ZNa]+)# 559 3 ([M-f+Na+H]+), 442 2 ([f+Na-HI+). 

UV lmax (a) m methanol 259 (XOtXI), m methanol + HCI 243 mn (12000) - t3C NMR (100 6 MHx,CDsOD at 
50°C. DEPT) 8 = 16 16 (CH3), 16 39 (CH3). 17 76 (CH3), 18 15 (CH3), 23 20 (CH3), 23 34 (CH3). 23 93 (CH3), 
25 84 (CH3), 27 74 (CH2), 27 89 (CH3, C-231, C-24r), 31 68 (CH2), 32 37 (CH2), 32 59 (CH2), 33 53 (CH2), 35 97 
(C-121), 36 42 (C-8r), 40 79 (C-151), 42 94 (C-9r), 56 20 (C-29, 57 49 (C-Z=), 61 06 (C&J), 67 07 (C-H), 68 28 (C- 
3H), 70 78 (CH), 71 86 (CH), 72 40 (CH), 72 78 (CH). 73 82 (CH), 74 08 (CH), 74 52 (CH), 76 14 (CH), 76 78 
(CH), 78 11 (CH), 79 56 (C-29, 81 55 (GW), 84.93 (C4=), 95 91 (C-19, 103.14 (C-l=), 104 38 (C-19, 109 82 
(C-ln), 109 24 (C-221), 111 55 (C-2A)). 123 15 (C-13$ 123 49 (C-2I), 125.38 (C-17r), 126 86 (0, 132.17 (C-19. 
137 33 (C-W), 141 62 (C-31, C-7r), 151 15 (C-lit), 159 50 (DCONH2). 169 85 (Cde), 173 80 (C#), 174 34 
(2xNHcOCHs), 177 62 (C-In), 192 44 (C-W, C-3+ t&HasN&P (1419 6, 1420 5). FAB MS (matru- lactrc 
acid) 14% 3 ([M+ZK-H+). 1458.4 ([M+K]+), 932 1 ([f-H+K]+), 700 1 Qe-H+K]+). 603 1 ([M-f+2K]+), 565 2 
([M-f+H+K]+), 497 0 ([c-H+K]+). 459 1 ([cl+), 417 ([c-42]+). 
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Id WPS purified by prepamve HPLC (10 c RP la, m&am1 -rcstoartrild).~~m phoepbpts buflrcr (PH 7 a) 10:2+5, 
followed by LC (HP 20 (17g), &ution with water and methanol) The me&am1 i?actioo co& Id.- W NMR 
((100 6 MHz, CWD) 8 = 16 12, 16 37, 17.79, 23.11, 23 30, 23 97, 25.95,27.72, 27 86, 30.44, 30.68, 30 77, 
31 70, 32 34, 32 70, 33.54,35.94, 36.46.40 89.42 89.56 24 157.22 (G2E and C-2c),61 21 161.51 (Cbc awl C- 
@), 67.11, 68.92, 70 80, 72.17, 73 59, 74.07, 74.20, 74 33, 74 40, 75.97, 76.03, 7691, 76.%, 79.13, 79 56, 
79 64, 80.92, al 23, 96.03 (C-19, 103.32 I 1W 15 I 104 49 (C-lc, C-le, C-lB), 109.24 (C-229, 111.18 (C-m), 
123 50, 125 36, 12694, 132 20. 137 33, 140 76, 141 4a8. IS1 08, 159 43 (GCONHZ), 170 12, 173 80, 174 42, 
174.51, 177 70.200.00 (C-IA, C-3+ C&$i&&eP (1435 6. 1436.5). FAB MS (narrow voltage scan, raohmoo 
7300, mternal refeance. PEG-MO,, matrm. -Mot) lalz (mean of 3 meaMma&, s f 0.002) = 
1474 57 ar4f + K]+, talc 1474 57).- 

Told(l3Omg)andPQ(4mg)wereaddedme&anoi(l5mL~radretlcaad(49~),andthemuturewasstured 
under Hz for 135 min. F&ratloo, sohalt eveporiltion, alli prqmtive HPLC (RP 18, mcternol-wrtsr-recronitrd 
6 2 1) furmshed 5d (9 4 mg) - &Hl&$O& (1445 7.1446 5). FAB MS (condition, II de&bed for la)* 148165 
([M + K]+, talc 1484 65) 

m - The group at B&urn kmdly acknowled~a fiaanaal supPort by the Ponds der Chenusd~en 
Industrie and the Hoe&t AG 
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