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Abstract - Moenomycin A (18) on reaction with the diazonium salt derived from bifmtctional 
(protected) 15 yields the coupling product 19 which on reduction is converted into the 
moenomycin thiol derivative 21. Thiol21 has been used to prepare selectively moenomycin 
dansyl and biotin adducts 26 and 28, respectively. This work was performed with the aim to 
use moenomycin as a tool for studies of the transglycosylation step in peptidoglycan 
biosynthesis. 0 1997 Elsevier Science Ltd. 

Introduction 

The biosynthesis of bacterial peptidoglycan is a two-stage process. First a disaccharide peptide monomer is 

formed in the cytoplasm and at the cytoplasmic face of the membrane, respectively. Then, at the outer thee of 

the membrane two polymerization steps occur, a transglycosylation reaction, which leads to linear glycan 

strands and subsequently a transpeptidation reaction which cross-links the peptide units of dii strands. 

In E. coli both reactions are catalyzed by biictional enqmes, the high-molecular weight peniciht-bin&g 

proteins such as the PBPs la and lb.’ The transpeptidase active site is located in the C-terminal module and ist 

study has been greatly facilitated by the covalent binding of radiolabelled penicillin. The N-terminal module (at 

the outer sur&ce of the cytoplasmic membrane) &alyzes the tmnsglycosylation reaction. The 
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tmnsgiyw~on reaction is believed to proceed in such a way that the growing peptidoglycan chain linked to 

a C!rs polypraiol @acterioprenol) via a pyrophosphate bridge acts as the glycosyl donor whereas the 

Scheme I 

disaccharide intermediate, the so-called lipid II, is the glycosyl acceptor (see Scheme I). This mode of glycan 

chain elongation is not explicitly proven for E. coli but has been demonstrated for a poorly lytic mutant of 

Bacillus lichen#mnis.2 The active site of the transglycosylase is still unknown and the mechanism of the 

transglycosylation reaction is poorly understood. 

The moenomycin antibiotics have been shown to bid reversibly to PBP lb and to be highly active inhibitors of 

the enzyme.3 The close structural similarities between moenomycin A (18) and structural analogues related to it 

on the one hand and the donor and acceptor components of the transglycosylation reaction (see Scheme 1) on 

the other are striking and have been taken as a hint that the moenomycins are competitive inhibitors. However, 

until now this assumption is not substantiated by experiment. The transglycosylase may be discussed in the 

broader context of glycosyltransferases which catalyze the transfer of sugar residues from activated glycosyl 

phosphate derivatives to specific acceptors.’ In a number of cases it has been demonstrated that glycosyltrans- 

ferases recognize &!I the glycosyl donor and the glycosyl acceptor.5 Accepting this view, moenomycin could 

in principle bid both at the donor and the acceptor site of the enzyme.6 

Leaving the structural determinations aside, investigations on the moenomycins until now have concentrated on 

structure-activity relations.’ This work may turn out to be useI3 for mapping the biidmg sites at the enzyme. 

However, the potential of the moenomycins as tools to ident@ and characterize the transglycosylase active site 

directly has not yet been exploited. A tlrst step into this direction is the subject of the present publication. We 

were interested to 6nd reactions that would allow to couple moenomycin A (18) to solid supports (for aflinity 
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chromatography), to reactive of activatable groups (for aflinity labelling), to proteins (for raising antibodies), 

and so forth. 

Work on structure-activity relations has shown that units E, F, G, I-I, I of moenomycin A (18) are indispensable 

for transglycosylase inhibll propetties. Very few structural changes in this part of the molecule are tolerated 

without loss of activity. This means that additional groups have to be attached to either of units A to D. 

Moenomycin A (18) has a large array of timctional groups with different reactivities. The reaction anticipated 

to combine the tools mentioned above with moenomycin had to be chemoselective and attack the antibiotic at a 

single position. Furthermore, we wanted to establish a modular system, i.e. to introduce a new functional group 

into the moenomycin molecule with an orthogonal reactivity to all genuine fbnctional groups of the antibiotic. 

This new functional group would then have the duty to attach moenomycin to all labels and solid supports. We 

assumed that the enolii D-diketone (unit A, the so-called moenomycin chromophore&“) would serve the first 

purpose and could selectively be attacked by both sot? nucleophiles and electrophiles. For the linking purposes 

a thiol lunction was anticipated although one could also think of groups reacting in thermal cycloaddition 

reactions. 

Reaction of 1 with Tbiopbenol 

Enolii Rdiketones are readily converted into the corresponding vinylsulfides by (i) tosylate, triflate or phos- 

phate formation and (ii) reaction with a thiol.‘z13 Simple enolii 1,3diietones can also be converted into the 

correspondmg vinylsulfides on acid-catalyzed reaction with a thiol.” Thus, under these conditions 1 on reaction 

with thiophenol provided 2 in 76% yield (Scheme 2). However, the reaction failed with moenomycin.‘5 

Reaction of moenomycia A (18) and model compounds with soft electrophiles. 

We based our studies on selective reactions of moenomycin A (18) on work described some 30 years ago by 

Stetter,16 Eistert and Regit.z.” Thus, model compound 3 (prepared from dimedone by (i) reaction with tosyl 

azide’” and (ii) hydrogenation in the presence of acetic anhydride’? on treatment with benzenediazonium chlo- 

ride in aqueous solution in the presence of an excess of sodium acetate (OOC, 15 min) yielded triazole derivative 

4, which accordmg to the results of Regitz and Eistert is formed by Japp-Rlingemann reactiona of the initially 

formed azo dietone intermediate to give an amidrazone of type 10 and subsequent cycliition. For the synthe- 

sis of 7 the tosyl azide route failed. Therefore, 5 was treated with benzenediazonium chloride whereupon 6 was 

formed. On hydrogenation&etylation 6 yielded 7.” This compound did not react with benzenediazonium chlo- 

ride, but with the more electrophilic o-nitro derivative 8 amidrazone 10 was obtained nicely. On prolonged 

standing under the reaction conditions 10 cyclked to provide 9. 
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When moenomycin A (18) under the same conditions was treated with o-nitrobenzenediazonium chloride (S), a 

clean reaction occurred, and the desired derivative 20 was isolated by reverse phase chromatography (HP 20, 
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water-methanol gradient) in about 56./o yield (Scheme 4). Thus, the desired selective chemistry with moenomy- 

ChWsSathfd. 

Synthesis of the heterobifuactional reagent 15 

We started from S-amino-2-nitrobenzoic acid (12). The amino and nitro functions were needed for the reac- 

tions described above, whereas the carboxylic acid group was chosen to carry the thiol function via a deiiber- 

ately exchangeable spacer. For a first generation of tools we coupled cysteamine to 12 using Staab’s proce- 

dure.= The thiol tknction was then protected with 2,2’-dipyridyl disulfide to give 15. In a model experiment 15 

was converted into the corresponding diazonium salt and this was then coupled with 7 to give 16 by the 

sequence of reactions discussed above. Finally, the disulfide 16 was reductively deprotected with dithiothreitol 

@TT) to furnish thiol 17. 
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Scheme 3 

Introduction of the orthogonal thiol function into Moenomycin A (18) 

The diazonium salt obtained from 15 was coupled to 18. HPLC indicated the formation of the amidrazone 

(identified by the UV absorption at 384 run) which slowly (within 2 days) cyclized to fimish triazole 19 
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(no UV absorption at > 300 MI) in 90% yield. 19 was characterized by ‘H and 13C NMR spectroscopy and fin- 

nished the correct molecular ion (ES1 MS). On reduction with DTT the desired moenomycin derived thiol21 

was obtained in 61% yield. When 18 was converted into 21 without isolation of 19, the overall yield was 75%. 

Purification was performed by ultraliltration (cutoff at 3.000 daltons). 

Coupling of 21 to suitably derivntized mnleimides. 

Thiols such as 21 are known to react with soft electrophilic reagents such as a-haloesters and maleimides, 

respectively. In our case the second type of reagents proved to be advantageous. Thus, in a model experiment, 

21 on reaction with makimide provided coupling product 27 in 25%. The low yield resulted from purification 

problems. In a second series of experiments 25 was prepared from dansyl chloride (22) using a known proce- 

dure.= 25 was then treated with 21 to knish the moenomycin-dansyl construct 26. Purification was performed 

by (i) ultrafiltration and (ii) gel filtration (Sephadex G-25M@). The yield was 41%. When this compound was 

excited with 340 nm light, the emission wavelength was at 517 nm in a water/T&on X-100 solution. 

Finally the commercially available N-(3-maleinimidopropionyI)-biocytin was coupled to 21 to provide the bio- 

tin-lab&d moenomycin derivative 28. This compound was purified by preparative reverse phase HPLC and 

characterized by ‘“C NMR and FAB MS. 

Antibiotic and tnasgtycosylrse inhibiting properties of 20,21,26,27, and 28 

The biological activities of the new moenomycin derivatives were studied in the Izaki, Matsuhashi, and 

Strominge? test (slightly modified version25) which measures the inhibition of the UDP-N-acetylmuramyl 

pentapeptidedependent incorporation of [ W]UDP-N-acetylglucosamine into cross-linked high-molecular 

weight peptidoglycan, and by the inhibitory effect directly on the transglycosylation reaction (determined by the 
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Scheme 6 

in vitro assay developed earlier in one of our laboratories,26 using a crude extract from an over-producer of 

polymerase PBP lb (E. coli JA2OOpk19-19) and as substrate lipid II which is the immediate precursor of un- 

cross-linked peptidoglycan). Furthermore, the minimum inhibitory concentrations (MIC) against various micro- 

organisms (serial two-fold agar dilution method, Muller Hinton Agar) have been determined. 

The results (see Tables 1,2, and 3) demonstrate that all compounds tested are active in the in-vitro and the in- 

vivo (gram-positive bacteria) test systems. Most importantly, coupling products 26, 27 and 28 are active, 

although less than moenomycin. However, it should be noted that both 26 and 28 have considerably higher 

molecular masses than moenomycin A (18). Thus, on the basis of molar concentrations the activity differences 

are smaller. We assume that moenomycin at the active site is bound to the membrane via its lipid moiety and 

that the sugar part is in a polar surrounding. It may be that the newly introduced groups interact with the mem- 

brane leadmg to a change of the overall conformation and thus the in-vivo activity of moenomycin. This point is 

under study. 
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Table 1: E&t of 20,21,26,21, and 28 on the in-vitro formation of uncross-linked 
peptid@ycan by transglycosylation. 

Fi concentration I % 

20 

26 

27 

28 

@@-I inhibition 

10.0 97 

1.0 50 

10.0 74 

1.0 22 

1.0 95 

0.1 78 

1.0 89 

0.1 65 

Table 2: Effect of compounds 20,26,27,28 and moenomycin A (18, for comparison) on 
the in-vitro UDP-N-acetylmuramyl pentapeptide-dependent incorporation of 
[14C]UDP-N-acetyl-giucosamine into cross-linked high-molecular weight 
eptidoglycan. 

18 

20 

tinal concentration % 
(mg/L) inhibition 

10 96 
1 95 
0.1 55 

10 94 
1 87 
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Minimum inhibitory concentrations (in mg/L) of compounds 20,21,X, 27,28, 

and of moenomycin A (18, for comparison) against various test organisms. 

18 0.049 0.049 

20 0.015 0.008 

21 4 2 

26 0.781 0.781 

27 0.391 0.391 

28 1.563 1.563 

In conclusion: It has been demonstrated that a thiol function can be selectively introduced into moenomycin 

and that this thiol can be used to couple moenomycin to differently substituted maleimides. This chemistry has 

been performed without protecting group chemistry (as far as moenomycin is involved). As a first application, 

moenomycin has been labeled with a dansyl and a biotin group, respectively. Further applications will be repor- 

ted in due course. 

Experimental 
Methods and materials. For flash chromatography (FC), see ref*’ The matrix for the FAB mass spectra was 
3-nitrobenzylalcohol. For HPLC the following instrumentation was used: Analytical HPLC: Jasco PU-980 
pump with Uniflows Degasys DG-1310 system, Sepsil column (Cl8, 5 pm, 250 mm x 2.1 mm), Sepsil 
precolumn (Cl8, 5 pm, 20 mm x 2.1 mm), flow rate 0.5 ml/mm, sample volume 20 pl, eluent: a 63:37 mixture 
of buffer (0.6 g KHzPO,, 26.2 g K2HPOd.3 H20, water, final volume 1 1) and acetonitrile, adjusted to pH 8 
with phosphoric acid2*, detection with the Jasco MD-910 diode array detector, data processing with the DP- 
L 910/V software. Preparative HPLC: Jasco PU-987 pump, Jasco 875UV UV-VIS detector, Sepsil column 
(C18, 10 pm, 250 mm x 20 mm), 0.5 ml sample volume.- Either an Amicon gas-pressurized cell (model 8050) 
with an Amicon membrane (3000 daltons pore size) or reverse phase chromatography (HP-20 resin, swollen in 
methanol for 12 h, washed with acetone, water, 0.1 M NaOH, water, 0.1 M HCl, water, methanol, water) or 
gel filtration (PD-10 prepacked columns, Sephadex G-25M 9.1 ml) were used for the removal of low molecu- 
lar weight impurities and inorganic salts. The fluorescence spectra were recorded with the Fluoromax-2 
(SPEX). For all other methods, see ref. w Special abbreviations: A’ for the modified unit A of moenomycin, TA 
for triazole, DAE for 1,2-diaminoethane, MI for maleimide, DA for &alanine, SUC for the COCH2CH2CO unit, 
BTK the ring part of biotin. 
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Reaction of 2-methykyclopeatan-1,3-dione (1) with thiophenol 
a) To a solution of 1 (SO.7 mg, 45.2 mmol) and camphorsulfonic acid (5 mg, 2.0 mmol) in methanol (1 ml) 

thiophenol(54 rng, 49.0 mmol) was added and the reaction mixture was stirred at SO’C for 21 h and then 
the solvent was evaporated. The resulting residue was purified by FC (ethyl acetate-ethanol-triethyiarnine 
400:80: 1) to give 2 (79.5 mg, 76 %). 

b) To a solution of 1 (45.1 mg, 40.2 mmol) and camphorsulfonic acid (0.7 mg, 0.3 mmol) in methanol (1 ml) 
thiophenol(lO7.3 mg, 97.3 mmol) was added and the reaction mixture was stirred at 20°C for 96 h. Solvent 
evaporation and FC (ethyl acetate-ethanol 1O:l) furnished 2 (64.3 mg, 78 %) and 3-methoxy-2-methyl- 
cyclopent-2-enone (5.0 mg 10 %). 

2-Methyl-3-phenylsulfanyl-cyclopent-2-enone (2)” 
&= 0.82 (ethyl acetate-ethanol lO:lO).- W (methanol): 14, (E) = 283.5 (23600), 205 nm (12900).- W 
(methanol, + HCl): & (E) = 284.5 (23600), 205 nm (13300).- W (methanol, + NaOH): L (E) = 283.5 
(23400) 205 in (26500).- ‘H NMR (200 MHZ, CDCl3): S = 1.75 (s, 3 H, CH3-6), 2.28 (s, 4 H, CHz-4, 
CHz-5), 7.35 - 7.54 (m, 5 H, 2k-H, 3”-H, 4A”-H, 5&-H, 6k-H).- ‘H NMR (300 MHz, CsDa): S = 1.75 
(m, 2 H), 1.90 (m, 2 H, CH2-4, CHzJ), 1.81 (s, 3 H, CH3-6) 7.00 - 7.23 (m, 5 H, 2A”-H, 3*-H, 4h-H, 5*-H, 
SA”-H).- 13C NMR (50 MHz, CDCl3): S = 9.1 (C-6), 30.0 (C-4), 34.8 (C-5), 128.8 (C-2), 129.8 (C-2”, C-69, 
130.3 (C-49, 134.3 (C-19, 135.9 (C-3”, C-59, 170.9 (C-3), 205.3 (C-l). 

3-Methosy-2methyl-cyclopent-2enone (formula not showrQ31 
Rr= 0.53 (ethyl acetate-ethanol lO:lO).- W (methanol): L (E) = 250 (17600).- W (methanol, + HCI): I- 
(E) = 250 nm (17000).- W (methanol, + NaOH): &- (E) = 250 (17700) 207 nm (12150).- ‘H NMR 
(200 MHz, CDC13): S = 1.59 (s, 3 H, CB-6) 2.40 (m, 2 H), 2.61 (m, 2 H, CH2-4, CH2-5) 3.92 (s, 3 H, 
CH3-7).- r3C NMR (50 MHZ, CDCI,): S = 6.4 (C-6), 25.1 (C-4), 33.9 (C-5), 56.9 (C-7), 116.6 (C-2), 184.9 
(C-3), 205.3 (C-l). 

3~DimethyE~(5-methyl-l-phenyl-1H-[1,2,4]trinzol-3-yl)-5-oxopentanoic acid (4) 
TO a solution of freshly distilled aniline (46.6 mg, 0.50 mmol) in 9 per cent HCI (0.5 ml) a solution of sodium 
nitrite (34.5 mg, 0.50 mmol) in water (1 ml) was added dropwise at 0°C. After 15 min at O°C this solution was 
added dropwise to a solution of 3 (100 mg, 0.50 mmol) and sodium acetate (400 mg) in water (10 ml). The 
reaction mixture was stirred for 15 min at 0°C and was then allowed to warm to 20°C (1 h). Solvents were 
removed by tkze-drying and the residue was stirred in acetone (30 ml). Filtration, solvent evaporation and FC 
(CHCb-ethyl acetate 1O:lO; then CHCkethyl acetate-acetic acid 10: 10:O. 1) furnished 4 (110.1 mg, 72%).- Rr 
= 0.75 (CHCIX-methanol-acetic acid lO:lO:O.l).- IR (KEIr): v” = 1707, 1502, 1462, 1405, 1382, 1338, 1248, 
1218, 1151, 1082 cm-‘.- W (methanol): k- (E) = 242 nm (11170).- ‘H NMR (200 MHz, 
C,H COSY, CDCl3): S = 1.18 (s, 6 H, CH3-6, CH3-7), 2.55 (s, 5 H, ST*-CH3, CHz-2), 3.22 (s, 2 H, CHz-4) 
7.43 - 7.54 (m, 5 H, 2-H’+, 3-Hk, 4-HA: 5-H*, 6-H?.- 13C NMR (50 MHz, gated decoupling, APT, 
C,H COSY, CDCl3): S= 13.6 (q, Jcn = 130.1 Hz, 5TA-CH3), 28.6 (q, Jcn = 126.6 Hz, C-7, C-6), 33.7 (bs, 
C-3), 45.8 (t, Jcn = 128.6 Hq C-2), 48.8 (t, Ja = 127.8 Hz, C-4), 125.3 (dt, &, = 136.8 Hz., J = 5.9 Hz, 
C-2A: C-69, 130.0 (t, partly hidden, C-49, 130.1 (dd, Ja = 164.8 Hz, J = 7.3 Hz, C-3k, C-59, 137.2 (t, 
.I = 7.5 Hz, C-19, 154.6 (q, .I = 7.2 Hz, C-5TA), 160.0 (s, C-3TA)32, 177.3 (t, J = 6.6 Hz, C-5), 193.6 (t, 
J = 6.0 Hz, C-l).- CuH19N303 (301.4, 301.1), FAB MS: m/z = 302.0 [M+H’J’, 324.0 w+Na]‘. 
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COx~~benyl-hydrrzono~beuaoic acid (formula not shown) 
1 (112.0 mg, 1 .O mmol) was treated with benzenediazonium chloride as described above. After kezedrying 
the residue was partitioned between water (50 ml) and CHCl3 (3x 50 ml). The organic layer was dried 
(Na$O,), concentrated, and the resulting residue was purified by FC (ethyl acetate-petroleum ether 1:l) to 
give 4-oxo-S-(phenyl-hydrazono)-hexanoic acid (98.1 mg, 42%).- & = 0.23 (ethyl acetate-CHCls 1: l).- IR 

p = 1713, 1660, 1640, 1602, 1562, 1497, 1372, 1233, 1203 cm-‘.- UV (methanol): h, (E) = 335 

E), 294 (6270), 233 nm (9400).- ‘H NMR (200 MHz, CDsOD): 6 = 1.99 (s, 3 H, CH&, 2.62 (t, J = 6.8 
Hz, 2 H, CHr2), 3.22 (t, J = 6.8 Hz, 2 H, CHs-3), 6.94 (m, 1 H, 4k-H), 7.26 - 7.36 (m, 4 H, 2*-H, 3k-H, 
5h-H, 6&-H).- ‘k NMR (50 MHz, CDsOD): 6 = 8.8 (C-6) 29.9 (C-2), 32.5 (C-3), 115.5 (C-2&, C-69, 
123.1 (C-49, 130.5 (C-3A”, C-Sk), 141.1 (C-19, 145.9 (C-5), 177.4 (C-l), 199.6 (C-4).- CIzH1&I& (234.3, 
234. l), EI MS: m/z = 234 N”. 

Z(Pheny~hydrrzoao)~o~n~n~l~dione (6) 
5 (97 mg, 0.98 mm01) was treated with benzenediazonium chloride as described above. Solvent was 6: 1 etha- 
nol-water (3.5 ml), after reaching 20°C the reaction mixture was stirred for 8 h. 6 precipitated from the solu- 
tion and was obtained by filtration (181.3 mg, 88 %).- Rr= 0.81 (CHCls-ethyl acetate l:l).- M.p. 184.6T, 
decomp. (CHCls-petroleum ether).- IR @k): v = 1703, 1654, 1531, 1467, 1437, 1417, 1301, 1127 cm-‘.- 
W (CHCb): h (E) = 408 (12000), 247 run (6030).- ‘H NMR (200 MHz, CDCls): 6 = 2.69 (s, 4 H, CHA, 
CHz-5) 7.25 (Jo ca. 7.0 Hz, 1 H, 4k-H), 7.39 (52.1 LX. 7.0 Hz, 2 H, 3&-H, 5*-H), 7.51 (J2,3 ca. 7.5 Hz, 2 H, 
2k-H 6&-H), 14.56 @s, 1 H, NH).- ‘H NMR (200 MHz, [Drlpyridme: 6 = 2.66 (s, 4 H, CHs-4, CH*S), 7.20 
(m, 1 H, 4*-H), 7.35 (m, 2 H, 3&-H, 5&-H), 7.57 (m, 2 H, 2kH, 6&-H).- “C NMR (50 MHz, gated da 
coupling CDCls): 6 = 32.3 (t, Jcsr = 133.5 Hz), 34.0 (t, Jw = 133.9 Hz, C-4, C-5), 117.9 (d, JcIl = 164.0 Hz, 

C-2*, C-69, 128.3 (d, JcsI = 163.3 Hz, C-4’+), 130.2 (d, Jw = 164.0 Hz, C-3*, C-59, 131.8 (s, C-2), 140.7 
(s, C-l”>, 199.1 (s), 201.4 (s, C-l, C-3).- 13C NMR (50 MHz, ps]pyridme): 6 = 33.0 (C-4, C-5), 117.2 
(C-2k, C-69, 127.0 (C-49, 129.8 (C-3”, C-5’+), 132.1 (C-2), 141.3 (C-l”>, 199.3 (C-l, C-3).- CIIHION20r 
(202.2,202. l), FAB MS: m/z = 203 FI+Hl+. 

A mixture of 6 (179.0 mg, 0.88 mmol), 10 per cent Pd/C (3 mg), acetic acid (10 ml), and acetic anhydride 
(0.5 ml) was stirred under hydrogen (1 bar) at 2OT (until = 50 ml hydrogen were consumed). Solvent evapo- 

ration and FC (tert-butyl methyl ether-tolueneacetic acid 60:40:0.1) fiunished 7 (120.0 mg, 87 %).- Rr= 0.18 
(CHCls-ethyl acetate+cetic acid lO:lO:O.l).- M.p. 166 “C (CHCls-petroleum ether) (Lit.” 164-169”C).- IR 
(KBr): r = 3269, 1620, 1544, 1363 cm-‘.- UV (methanol): X.-(E) = 257 run (13200).- UV (methanol, + 
HCl): X, (E) = 243 nm (lOlOO).- W (methanol, + NaOH): L(E) = 259nm (20100).- ‘H NMR (200 
MHz, CDCl3)“: 6 = 2.16 (s, 3 H, CH3-7), 2.47 - 2.52 (m, 4 H, CHz-3, CH+l), 8.38 (bs, 1 H, NH), 13.23 (bs, 
1 H, OH).- ‘H NMR (200 MHz, [DSIDMSO): 6 = 2.06 (s, 3 H, CH3-7) 2.40 (s, 4 H, CHs-3, CH&), 9.53 (bs, 

lYNH).- 13C NMR (50 MHz, CDCl3): 6 = 22.9 (C-7), 26.0 (C-3), 32.6 (C-4), 115.6 (C-l), 171.8 (C-6), 
174.4 (C-2), 198.0 (C-5).- 13C NMR (50 MHz, pe]DMSO): S = 22.1 (C-7), 29.1 (C-3, C-4), 114.6 (C-l), 
171.5 (C-6), 187.1 (bs, C-2, C-5).- C,HgNOj (155.2, 155.1), EI MS: m/z = 155 @f-j”, 113 [M - CH2CO]*. 

SAeetyluaino-S[Znitropbenylhydrrzono]-dnoic acid (10) 
A solution of the diazonium salt obtained from Znitroaniline (47.1 mg, 0.30 mmol) as described above was 
added dropwise at OT to a solution of 7 (47.1 mg, 0.30 mmol) and sodium acetate (400 mg) in water (10 ml). 
A&r 1 h at OT the mixture was allowed to warm to 2OT. After acidiication with dilute HCI (to pH = 3), 
usual work-up (CH&) and FC (ethyl acetate-CHCl,-acetic acid 100: 100:O. 1) gave 10 (67.6 mg, 70??).- Rr = 
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0.65 (CHC@neth=d-acetic acid lO:lO:O.l).- IK (KEBr): v” = 3435, 3288, 1700, 1690, 1678, 1603, 1579, 
1490, 1342, 1156 an-t.- W (methano1): L (E) = 402 (8010), 321 (12080), 276 (7700), 220 nm (16550).- 
‘H NMlZ (200 MHz, [DsDh@o): 6 = 2.19 (s, 3 II, CH3-7) 2.50 (m, partly hidden by the DMSO signal, 2 I-I, 
CH2-2), 3.24 (t, partly hidden by the water signal, J = 6 Hz, 2 I-I, CH2-3), 7.15 (dd, J = 8 Hz, J = 7 Hz, 1 II, 
4-I-I’+), 7.82 (dd, J = 8 Hz, J = 7 Hz, 1 II, S-H?, 8.00 (d, J = 8 Hz, 1 H, 6-H?, 8.20 (d, J = 8.0 Hz, 1 I-I, 
3-H?, 10.94 (bs, 1 H =N-NH).- “c Nh4R (50 m APT, [Ds]DMSC): 6 = 22.9 (C-7), 28.8 (bs, C-2), 32.3 
(C-3), 116.6 (CA?, 121.2 (C-49, 126.1 (C-39, 133.4, 135.2 (C-2”, C-5), 136.9 (C-59, 139.6 (C-19, 
169.8 (C-6), 174.2 (bs, C-l), 194.3 (C-4).- Cr3HJ’I,O~ (322.3, 322.1) FAB MS: m/z = 323.0 [M+H]+, 345.0 
[M+Na]‘. 

C[~Methyl-l-(Zaitrphenyl)-1H-11,2,4]t~l-~yl]-~ox~bu~noic acid (9) 
A solution of the diazonium salt obtained from 2-nitroaniline (44.8 mg, 0.32 mmol) as described above. was 
added dropwise at 0°C to a solution of 7 (51.4 mg, 0.33 mmol) and KOH (400 mg) in water (3.5 ml). After 1 h 
at 0°C work-up as described for 10 and FC (ethyl acetate-CHCl,-acetic acid 100: 100:O. 1) tkrnished 9 
(80.7 mg, 78 %). 10.5 mg (20 %) of 7 were recovered.- IQ = 0.63 (CHCl,-methanol-acetic acid lO:lO:O.l).- 
W (I&O-methanol 1:l): no absorption > 250 nm.- ‘H NMR (200 MHz, CDC13): 6 = 2.36 (s, 3 I-I, 5TA-CH3), 
2.55 (bs, 2 I-I, CH2_2), 3.22 (bs, 2 I-I, CH2-3), 7.63 - 7.87 (m, 3 H, H@, H-5*, H-69, 8.10 (d, J = 8.0 Hz, 
1 I-I, H-33, 9.34 (bs, 1 I-I, COO&Q- 13C Nh4K (50 MHz, APT, CDCl3): 6 = 12.6 (ST*-CH,), 29.7 (bs, C-2), 
35.4 (C-3), 130.4 (C-29, 126.3, 130.3, 132.2, 135.3 (C-3*, C-4*, C-5”, C-69, 145.5 (C-13, 156.7 
(C-sTA), 159.7 (C-3TA)34, 178.2 (bs, C-l), 193.6 (C-4).- 13C NMK (50 MHz, APT, ps]DMSO): 6 = 12.2 
(ST*-CH3), 29.8 (C-2), 35.7 (C-3), 129.3 (C-29, 126.1, 129.8, 132.3, 135.3 (C-5”, C-S”, C-4*I, C-69, 145.1 
(C-19, 155.8 (C-5T^), 159.4 (C3TA)34, 175.7 (bs, C-l), 192.7 (C-4).- C,3Hr2N403 (304.3, 304.1) 
FAB MS: m/z = 304.9 [M+H]‘, 326.9 [M+Na]‘, 348.9 [M-H+2Na]‘. 

(SAmho-2-nitro-pbenyl)-imidazol-I-yl-methmone (13) 
To a solution of 12 (100.0 mg, 0.54 mmol) in 1: 1 pyridine-CHCI, (20 ml) N,N-carbonyldiimidazozole (130.0 mg, 
0.80 mmol) was added and the reaction mixture was stirred at 20°C for 1 h. Solvent evaporation and FC 
(CHCb-ethyl acetate-acetone 10:5:5) furnished 13 (121.2 mg, 95%).- IQ = 0.68 (CHC13-methanol l:l).- IR 
(KHr): r = 2940, 1729, 1607, 1585, 1477, 1382, 1316, 1307, 1266, 1248, 1240, 1075, 1065, 1056 cm-‘.- W 

(Aceton): & (E) = 374 nm (15300).- ‘H NMK (200 MHz, CDpOD): 6 = ca. 4.9 (bs, 2 II, NH2), 6.74 (d, J = 
2.5 Hz, 1 I-I, 6-H?, 6.88 (dd, J = 9.1 Hz, J = 2.5 Hz, 1 H, 4-H?, 7.14 (bs, 1 I-I, 5-H’“), 7.53 @s, 1 I-I, 4-H”), 
8.06 (bs, 1 H, 2-H), 8.14 (d, J = 9.1 Hz, 1 I-I, 3-H?.- ‘H NMK (200 MHz, C,H COSY, Il)3]pyridine): 6 = 
6.95 (dd, J= 9.1 Hz, J= 2.5Hz, 1 I-I/l-HS,7.10(d, J=2.5Hz, 1 I-&6-H’+‘),7,27(m, 1 I-I, 5-H”), 7,7O(m, 
1 H, 4-H’“), 7.90 (bs, 2 Ii, NHz), 8.16 (d, J = 9.1 Hz, 1 H, 3-H?, 8.46 (bs, 1 II, 2-H’).- 13C NMK (50 MHz, 
APT, [D,]pyridme): 6 = 113.0 (C-69, 115.1 (C-49, 117.7 (C-4’“), 128.8 (C-39, 132.0 (C-S’“), 133.5, 134.0 
(C-IA’, C-29, 138.3 (C-2’), 156.6 (C-59, 165.3 (CONHA?.- C,r,HaN403 (232.2, 232.1) EI MS: m/z = 232 

M”. 

SAmino-N-[2-sulfanyl-ethyl]-2-nitro-benumide (14) 
To a solution of 13 (412.0 mg, 1.8 mmol) in pyridine (10 ml) cysteamine hydrochloride (201 mg, 1.8 mmol) 
was added and the solution was stirred at 20°C for 8 h. Solvent evaporation and FC (CHCla-methanol 10: 1) 
finnished 14 (202.9 mg, 47%).- l2r = 0.37 (CHCb-methanol 1: l).- M.p. 184 “C (CHCb-methanol).- IR (KBr): 

“kiignmeatsmayhavetebcexchangad 
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c = 1650, 1580, 1550, 1500, 1310, 1250 cm-‘.- UV (methanol): L (E) = 373 nm (SSOO).- ‘H NMR (200 
MHz, homonuclear decoupling, [Dr]pyridine): 6 = 2.31 (t, J = 8.4 Hz, 1 H, SH), 3.00 (dt, J = 8.4 Hz, J = 
6.5 Hz, 2 I-I, CHs-29, 3.85 (dt, J = 5.6 Hz, J = 6.4 Hz, 2 II, CH2-ls, 6.78 (dd, J = 9.0 Hz, J = 2.5 Hz, 
1 H, 4-H?, 7.12 (d, J = 2.5 Hz, 1 H, 6-H?, 7.44 (bs, 2 I-I, NH& 8.04 (d, J = 9.0 Hz, 1 II, 3-H?, 9.67 (bt, 
J = 5.6 Hz, 1 Ii, CONH).- ‘H NMR (200 MHz, homonuclear decoupling, [Ds]DMSO): 6 = 2.43 (t, 1 I-I, SH), 
2.63 (dt, 2 H, CI&-29, ca. 3.3 (CHrl*, partly hidden by the water signal), 6.49 (d, J = 2.5 Hz, 1 I-I, 6-H?, 
6.62 (dd, J = 9.0 Hz, J = 2.5 Hz, 1 H, 4-H?, 6.77 (bs, 2 H, NH,), 7.99 (d, J = 9.0 Hz, 1 I-I, 3-H?, 8.51 (bt, 
J = 5.6 Hz, 1 II, CONH).- 13C NMR (50 MHz, [Drlpyridine): 6 = 24.7 (C-2’?, 44.0 (C-19, 113.4, 113.5 
(C-6&, C-49, 128.4 (C-39, 135.2 (C-l”>, 138.5 (C-29, 155.9 (C-59, 169.0 (CONI?‘).- 13C NMR 
(50 MHz, [DSIDMSO): 6 = 23.4 (C-2’?, 42.8 (C-l”‘), 112.2, 112.7 (C-6&, C-49, 127.7 (C-39, 133.2 
(C-l”>, 137.2 (C-29, 155.0 (C-59, 167.4 (CONI-I?.- C91-IllN303S (241.3,241.1), EI MS : m/z = 241 M”, 
195 w-N&]+.- FAB MS: 242.2 w+H+]. 

Onopot formation of 14 
To a solution of 12 (150.0 mg, 0.8 mmol) in acetonitrile (10 ml) N,N’-carbonyldiimidazole (133.7 mg, 
0.8 mmol) was added and the mixture was stirred at 20°C for 1 h. A solution of cysteamine (93.7 mg, 
0.8 mmol) in pyridme (5 ml) was added and the mixture was refluxed for 2 h. Solvent evaporation and FC 
(methanol-CHCb 1:20) Iinnished 14 (85.5 mg, 44%).35 

5-Amin~2-nitro-N-[2-(pyridin~2-yldbulfanyl~ethylJ-ben~mide (15) 
To a solution of 2,2’-dipyridyl disulfide (200 mg, 0.90 mmol) in methanol (10 ml) a solution of 14 (84 mg, 
0.34 mmol) in methanol (5 ml) was added dropwise and the mixture was stirred at 2O’C for 2 h.36 Solvent 
evaporation and FC (CHCb-methanol 20: 1) furnished 15 (114.2 mg, 92 %).- Rf = 0.38 (CHClr-methanol 
lO:l).- R, = 4.11 min (RF-I-IFLC, methanol-H20 1:9).- IR (KBr): ? = 2922, 1639, 1603, 1580, 1317, 1260 

-I.- UV (methanol): Ic, (E) = 370 (9850) 282 nm (4200).- ‘H NMR (200 MHz, [Dr]pyridine): 6 = 3.32 
;tmJ = 6.5 Hz, 2 I-I, CH,-2c”), 4.02 (dt, J = 6.5 Hz, J = 5.5 Hz, 2 H, CH2-Icy?, 6.77 (dd, J = 2.5 Hz, J = 
9.0 Hz, 1 I-I, H-49, 7.01 (ddd, J = 1.0 Hz, J = 4.8 Hz, J = 7.3 Hz, 1 I-I, H-49, 7.12 (d, J = 2.5 Hz, 1 I-I, 
H-69, 7.42(bs, 2H,NH&7.57(ddd, J= 1.8Hz, J= 7.3 I-D, J= 7.8 Hz, 1 I-I, H-39, 7.75 (d, J= 7.8Hz, 
1 I-I, H-29, 8.03 (d, J = 9.0 Hz, 1 I-I, H-39, 8.44 (d, J = 4.8 Hz, 1 I-I, H-59, 9.71 (t, J = 5.5 I-Iq 1 II, 
coNH~.- 13C NMR (50 MHz, AFT, [Drlpyridine): 6 = 38.7 (C-2*), 39.5 (C-1’9, 113.3 (C-49, 113.5 
(C-67, 120.3 (C-29, 121.5 (C-49, 128.3 (C-39, 135.0 (C-l”>, 137.8 (C-39, 138.3 (C-29, 150.2 (C-59, 
155.8 (C-59, 160.5 (C-lpr), 169.1 (CONHA?.- 13C NMR (50 MHz, C,H COSY, CD30D): 6 = 39.1 (C-25, 
40.3 (C-19, 113.7 (C-49, 114.7 (C-69, 121.8 (C-29, 122.9 (C-49, 129.2 (C-39, 135.2 (C-l’+), 137.7 
(C-29, 139.6 (C-3r’-), 150.7 (C-59). 156.5 (C-59, 161.3 (C-lP”), 171.4 (CONH?.- C1,H,&I&Sz (350.4, 
350.1), FAD MS: m/z = 35 1.2 [M+Hj+. 

~(~MethyCl-{dnitro-3-[2-(pyridioo2-yldisuffnnyl)-l]-phenyl}-lH-[1,2,4] triaz&3_yl)- 
4-oxobutaaoic acid (16) 
A solution of the diazonium salt obtained from 15 (150 mg, 0.43 mmol) as described above was added to a 
solution of 7 (66.4 mg, 0.43 mmol) and sodium acetate (1000 mg) in water (25. ml). The reaction mixture was 
stirred at 0°C for 30 min and at 20°C for 5 h. Usual work-up (CHClr) and FC (CHClr-methanol-acetic acid 
6: 1: 0.1) fUrnished a mixture (212 mg) of 16 and the corresponding amidrazone.37 AtIer a second FC (ethyl 
acetate-CHCh-acetic acid 1O:iO:O. 1) some pure 16 (50 mg) was obtained besides a fraction containing 16 and 
the amidrazone (103.5 mg). Since it was impossible to obtain the pure amidrazone because of its instability the 
103.5 mg 6action was stirred at 2O’C for 24 h in 1:20 acetic acid-methanol. Under these conditions the 
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amidrazone Wu Corup]~ converted into 16. The overall yield was 132 mg (60 %).- & = 0.42 (CHC13- 
methanol, lO:l).- IR (KBr): G = 2950, 1706, 1655, 1587, 1574, 1556, 1534, 1417, 1345 cm”.- 
UV (methanol): &,,.x (e) = 276 run (11700).- ‘H NMR (200 MHZ, homonuclear decoupling, 
C,H COSY, BPMSO): 6 = 2.61 (t, 2 H, J = 6.5 HZ, CHs-2*j, 2.64 (s, 3 H, STA-CH3), 3.05 (t, 2 H, J = 
6.5 HZ, C&2cr), 3.29 (t, 2 H, J= 6.5 HZ, CHs-3*j, 3.57 (dt, J = 5.5 HZ, J = 6.5 HZ, 2 H, C-lcr’), 7.26 (m, 
1 H, H-49, 7.82 (d, J = 1.3 HZ, 1 H, H-2Py ), 7.84 (m, 1 H, H-343, 7.94 (d, 1 H, ‘J = 2.3 HZ, H-69, 8.04 
(dd, 1 H J= 8.7H~,J=2.3H~,H-49, 8.31 (d, 1 H, J= 8.7HqH-39, 8,46(m, 1 H, H-Sq), 9.14(t, 1 H, 
J = 5.5 HZ, CDNHk).- 13C NMR (50 MHZ, APT, DdDMSO): 6 = 13.5 (5’*-CH3), 27.9 (C-2*j, 34.7 (C-3Aj, 
37.2 (C-29, 38.8 (C-19, 119.6 (C-2r’j, 121.5 (C-44), 125.1 (C-69, 126.2 (C-39, 126.7 (C&), 133.9 
(C-19, 138.1 (C-39, 140.3 (C-29, 146.6 (C-59, 149.9 (C-59, 155.4 (C-5TA)34, 158.9 (C-19, 159.3 
(C-3TA). 164.6 (CDNH?, 174.0 (C-lAj, 192.0 (C-4*j.- CZ,H~N~O& (516.6, 516.1), FAB MS: m/z = 517.0 
[M+H’J’, 538.9 W+Na]‘. 

~{l-[~2-Me~pt~thyl-carbamoyi~~nit~phenyl]-~methyi-lH-[1,2,4]tri~l-~yl}-~oxobu~neic 
acid (17) 
TO a solution of dithiothreitol (420.0 mg, 2.72 mmol) in methanol (20 ml) a solution of 16 (82.0 mg, 0.15 
mol) in methanol (20 ml) was added dropwise and the mixture was stirred at 20°C for 3 h. Solvent evapora- 
tion and FC (CHC&-ethyl acetate-acetic acid 500: 500: 1) furnished 17 (55.4 mg, 86 %).- IQ = 0.29 (CHC&- 
methanol lO:l).- ‘H NMP (200 MHZ, CDsOD): 6 = 2.68 - 2.80 (m, 7 H, CHZ-2K, ST*-CHs, CHZ-2’3, 3.38 (t, 
J = 6.5 Hz, 2 H, CHZ-3*j, 3.56 (t, J = 6.9 Hz, 2 H, CHZ-lCr), 7.94 (s, 1 H, H-69, 8.00 (d, 1 H, 
J = 8.6 HZ, H-49, 8.33 (d, 1 H, J = 8.6 HZ, H-3*3.- ‘H NMR (200 MHZ, [DI]DMSO): 6 = 2.50 - 2.80 (III, 
7 H, CHZ-~~, ST*-CHg, CHz-2”‘), 3.25 (t, J = 6.5 HZ, 2 H, CHZ-3*‘), 3.39 (m, 2 H, CHZ-lc”), 7.92 (d, J = 
2.2 Hz, 1 H, H-69, 8.00 (dd, J = 8.8 HZ, J = 2.2 HZ, 1 H, H-49, 8.27 (d, J = 8.8 HZ, 1 H, H-39, 9.01 (t, 
J = 5.4 HZ, 1 H CONHy.- 13C NMR (50 MHZ, C&OD): 6 = 13.8 (5**-CH,), 24.4 (C-2”‘) 28.8 (C-2*-), 
35.6 (C-3*), 44.8 (C-19, 126.4 (C-69, 127.7 (C-39, 127.8 (C-49, 135.7 (C-l”>, 142.3 (C-29, 147.7 
(C-59, 157.2 (C-5TA)34, 160.3 (C-3TA), 168.1 (CONHA”), 176.5 (C-l*j, 193.4 (C&j.- 13C NMR (50 MHZ, 
ps]D@: 6 = 14.0 (5*“CH3), 23.9 (C-25, 28.3 (C-2Aj, 35.2 (C-3A’), 43.6 (C-l”‘), 125.9 (C-69, 126.9 (C- 
39, 127.4 (C@), 134.8 (C-19, 141.0 (C-29, 147.3 (C-59, 156.1 (C-5TA)34, 159.6 (C-3TA), 165.3 
(CONH?, 174.6 (C-l#), 192.8 (C-4*j.- C1&,N50sS (407.4, 407.1X FAB MS: m/Z = 408.1 w+H]+. 

Conversion of Moenomycin A (18) into 19 
A solution of the diazonium salt obtained from 15 (48.9 mg, 0.14 mmol) was added at 20°C to a solution of 
Moenomycin A (18) (200.1 mg, 0.13 mmol) and sodium acetate (400 mg) in water (50 ml) and the mixture 
was stirred at 2O“C. Progress of the reaction was monitored by RP-HPLC-DAD (buffer-acetonitrile 6337). 
After 2 d the intermediate amidrazone (formula not shown, R, = 21.3 min (RP-HPLC, buffer-acetonitrile, 
63:37); UV (buffer-acetonitrile 63:37): & at 384 and 287 nm, ratio II 4:l) was completely converted into 
triruole 19. Ultrafiltration followed by FC (CHCls-methanol-H20 20: 11:0.3) furnished 19 (234.2 mg, 90%). 

2-O-{2-AcetPmido-~~[2-acetrmid~~O-((5~~(5-(3-errbory-propionyl)-2-(4-nitro-3-(2din~2- 
yldithio-ethylcrrbamoyl~phenyl]-~-[l~,4]t~~l-~yl}~-~a~binopy~nosyl~2,~dideo~-~-~ 
glucopynnosyl]-2-deoxy-6-O-B-D-glueopyrano~l-~~glucopy~no~l}-~~carbamoyl-l-~([(~2- 
carbory-2((~,6E,13E)-3,8,8,14,l~pen~methydll-methylen~nonodeca-2,6,13,17-tetnenyloxy)- 
ethoxy]-hydrory-phosphoryl)-4-C-methyl~-~glucopyranu~namide (19) 
R, = 21.4 min (RP-HPLC, buffer-acetonitrile 63:37).- UV (buffer-acetonitrile 63:37): I,- = 279 MI.- 
‘H NMR (300 MHZ, [De]DMSO): (low quality spectrum, characteristic signals) 6 = 0.92 (s, CHs-23’, CH3-245, 
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1.54 (s), I.55 (s), 1.62 (a), 1.67 (s, CH3-2Or, CH3-2lr, CH&, CH3-251, 2.64 (d, CHz-121, 3.03 (bs, 
cHszc3.7.24 (nz H-44), 7.68 (m, H-34),7.8 1 (m, H-24),7.95 (bs, 1 I-I, H-29,8.14 (bd, 1 II, H&j, 8.24 
@d, 1 9 H-59, 8.44 @d, 1 I-I, H-59, 9.01 (bs, 1 II, CONI@‘).- 13C NMB (50 MHz, CD&D): 8 = 15.1 
(C-21?, 15.5 (bs, 4’CH3), 16.8 @s, C-4’, C-2d), 22.4 (bs, NHCOCH?‘), 22.9 (bs, C-25’). 25.0 (C-19’), 26.7 
(C-161, 26.9 (C-23’, C-24’), 27.5 (bs, C-3*), 29.7 (bs, C-2*)), 31.3 (C-lo’), 31.7 (C-5’) 32.5 (C-4’), 35.0 
(C-121, 35.5 (C-S’), 37.4 @s, C-29, 39.4 @s, C-lc”), 39.9 (C-15r), 41.8 (C-9*), 55.7 (non-resolved signals, 
C-2’, C-29, 61.8 (by, C-6”>, 66.6 @, C-3”, C-l’), 68.0 - 77.9 (not identified broad signals), 81.7 @s, C-2”) 
84.5 @s, c-49, 95.0 (bs, C-l’), 102.0 (bs), 103.1 (bs), 103.8 (bs), 104.4 (bs) (C-l”a**o), 108.4 (C-22*), 
120.5 (C-29, 121.7 (C-49, 122.0 @s, C-25, 122.6 (C-135, 124.5 (C-17’), 125.7 @S, C-29, 126.0 (C-6’) 
126.4 (bs, C-69, 128.1 (bs, C-59, 131.3 (C-185, 134.2 (C-39, 136.5 (C-14’), 138.5 (C-39, 140.7 (C-7’) 
140.9 (C-3*), 141.6 (C-49, 146.8 (C-19, 149.7, 150.2 (C-5*, C-l?), 154.8 (C-3TA)34, 158.4 (oi;oNH2p), 
159.2 (C-5’*), 160.2 (C-19, 167.0 (CONH?, 172.6 - 175.4 (complex of signals, NI-ICCCH3 ofunits C and 
E, C-a”, C-l”, COOHA), 192.5 (bs, C-l*).- “C NMB (50 MHx, [DSIDMSO): 6 = 16.5 (C-211, 17.1 @s, 4F- 
CIt), 18.1 @s, C-6’), 18.4 (C-20’) 23.8, 23.9 (bs, NHCOCHs” 3, 24.1 (bs, C-251, 26.3 (C-19’), 26.9 
(C-16’), 28.0 (C-23’, C-24’) 29.9 (bs, C-3*), 31.6 (C-10’) 31.8 (C-5’). 32.8 (C-4’) 35.3 (C-121, 36.1 (C-8’) 
37.6 (C-25, 37.8 (?), 55.8 @s, C-2”‘), 62.3 (IX, C-6E), 65.7 @s, C-3H, C-l’), 68.0 - 86.6 (not identified 
broad Signah+, 94.9 (bs, C-19, 102.1 - 105.0 broad signals (C-lG”B*u), 109.7 (c-22’) 120.3 (c$), 122.3 
(c-4?, 122.7 (C-13’) 124.1 (bs, C-2’), 125.0 (C-17’), 126.4 (C-61, 131.7 (C-18’), 134.0 (C-39, 136.8 
(C-14’), 138.4 @s, C-3’) 138.9 (C-39, 140.8 (C-7’), 141.6 (bs, C-49, 147.6 (C-19, 150.1, 150.6 (C-11’, 
C-59, 155.5 (C-3TA)34, 157.3 (DCCNHzr), 159.7 (C-5’“). 160.1 (C-19, 165.4 (CONH~, 167.4 - 176.5 
complex of signals (NI-IcOCH3 c E c-SF C-l”, COOHA), 193.5 (bs, C-l*).- CsJH,19N,00&P (1944.0, , 
1942.7) ES1 MS: m/z = 1965 [M+Na]+, 1943 [M+I-Ij+. 

20-[2-Ace~mid94-0-(2-aeetpmido-CO-{(SS)-5-[~carboxy-l-(2-nitro-phenylhydrrzono)-2-oxPbutyl- 
~rbrmoyl]u-~arrbinopy~no~l}-2,6-did~xy-~-~glucopyrano~l~~d~xy-~~~-~~ucopy~no~l- 
&~glucopyrrmosyl]-~~carbamoy~-l-O([(~~2-c~bo~-2-((~,6~,l3~3,8,8,l4,l~pen~methy~ll- 
metbylenenonodeca-2,6,13,17-tetmenyloxy~ethoxy]-hydro~-phospho~l}-~C-methyl~-~~ucopyran- 
uronamidc (20) 
A solution of the diaxonium salt obtained from 2-nitroaniline (2.8 mg, 20 umol) as described above was added 
dropwise to a solution of the moenomycin complex (Flavomycin@, 33.5 mg, 21 umol, based on the molecular 
mass of moenomycin A) and sodium acetate (400 mg) in water (15 ml). After 1 h at 0°C the mixture was 
allowed to warm to 20°C and was then freeze-dried. The residue was purified by RP chromatography (HP-20, 
gradient water + methanol). The separation was monitored by RP-HPLC (methanol-acetonitrile-Hz0 6:3:1). 
Before HPLC the fractions were evaporated and lyophiliied, the residues taken up in water (50 ml) and then 
analyxed. 21 mg (56%) of pure 20 were obtained3*- & = 10.4 min (RP-HPLC, acetonitrile-methanol-Hz0 
6:3:1).- UV (methanol): & (E)= 403 (8820), 324 (12730), 272 nm (9120).- ‘H NMB (200 MHz, CD30D): 
characteristic signals 8 = 0.97 (s, CHs-23’, CHs-245, 1.60, 1.67, 1.77 (3s, CH3-20’, CH3-2l*, CH3-19’, 
C&-2Sr), 1.80 - 2.35 (m, CHz-lo’, CHz-15’, NHCOCH3”, NHCOCH3c, CHz-16’, CHz-5’, CH&), 2.69 (d, J = 
7.0 Hz, CHrl21, 5.95 (bs, I-H’), 7.11 (dd, J = 7.7 Hz, J = 8.4 I-Ix, 4-H?, 7.73 (dd, J = 7.7 Hz, J = 8.1 Hz, 
S-H?, 8.06 (d, J = 8.1 I-Ix, 6-H?, 8.22 (d, J = 8.4 Hz, 3-H?.- 13C NMR (50 MHz, C&OD):39 8 = 16.4 
(4’-cH3), 16.7 (C-211, 18.0 (C-6’), 18.3 (C-205, 23.7, 23.9 (NHCxH3e.c), 24.2 (C-251, 26.2 (C-K+), 
27.1,39 27.9, 28.1 (C-16’, C-23’, C-245, 29.3 (C-4*), 32.6, 32.9, 33.2, 33.6 (C-5’, C-4*, C-ld, C-3*), 36.2 
(C-12’), 36.7 (C-S’), 41.1 (C-15’), 43.1 (C-9’>, 68.0 - 80.0 not identified broad signals, 85.2 (C-49, 96.4 
(C-l’), 103.0 (bs) - 105.0 (bs, c-lB*c*D*E ), 109.5 (C-225, 118.1 (C-69, 122.4, 122.8 (bs) (C#‘, C-2’), 123.7 
(C-13’) 125.6 (C-171, 127.1, 127.2 (C-6r, C-39, 132.5 (C-181, 133.6 (C-29, 135.5, 137.6, 141.2, 141.9 
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(C-S*, C-l”, C-l”, C-14*, C-7’, C-31, 151.4 (C-11*), 159.0 (bs, KONH?), 170.1, 173.0 - 175.0 (complex of 
signals), 176.8 (C-l”, C-6’, COOHX, NHCOCH sGE C-6r”F) 195.2 (C-2*j.- The mass spectrum displayed two 
series of sgnals corresponding to the moenomycin k and C,’ derivatives, respectively. CkHro0NsO3rP (1571.6 
1570.7), mctenomycin C3 derivative, GHrr3NsOsB (1749.7, 1748.7), moenomycin A derivative, FAB: m/z = 
1593.6 [C&-Ir~sNsO3rP+Na]+, 1609.6 KkJ-bo~Ns0~~P+Kl+r 1749.4 [C,sH,,rNsOo,P+H]+, 1771.4 
[CrsHrr3N&rP+Na]‘, 1787.4 [CT~H~~~N~O~B+K]+. 

To a solution of dithiothreitol (DTT) (175.0 mg, 1.13 mmol) in methanol (5 ml) a solution of 19 (220.3 mg, 
0.11 mmol) in methanol (10 ml) was added dropwise and the reaction mixture was stirred at 20°C for 2 h.” 
Solvent evaporation, ultrafiltration followed by FC (CHCh-methanol-Hz0 20: 10:2) and RP-HPLC (methanol- 
Hz0 63:37) tknished 21 (127.5 mg, 61%).- & = 12.5 min, KP-HPLC, (buffer-acetonitrile 63:37).- l_JV (buffer- 
acetonitrile 63:37): k = 275 MI.- ‘H NMK (300 MHz): Unresolved signals in 40 and [D6]DMS0 solution.- 
13C NMR (75 MHZ, DzO): 6 = 15.2 (49CH3), 15.9 (C-21’) 16.9 (C-6’), 17.7 (C-20’), 22.8 (bs, 
NHCOGH3s’c), 23.6 (C-25’), 25.7 (C-19’), 26.7 (C-16’), 27.3 (C-23’, C-241, 30.7 (bs), 31.6 (bs), 32.1 (bs, 
C-lo’, C-5’, C-4’) 34.9 (C-12r), 35.4 (C-8’) 39.8 (C-15’), 41.7 (C-9’), 55.0 (bs), (C-2s’c), 60.6 (bs, C-SE), 64.8 
- 85.0 (not identified broad signals), 94.5 (bs, C-lF), 101.0 - 103.3 broad signals (C-lCqRBqn), 108.9 @, C-22’) 
121.5 (bs, C-2’) 122.2 (C-135, 124.5 (C-175, 125.8 (bs, C-6*), 131.0 (bs, C-18’), 133.1 @s, C-39, 136.1 (bs, 
C-14’), 140.6 (bs, C-7’, C-3’) 141.2 (bs, C-49, 146.2 (bs, C-19, 149.5 (bs, C-11’), 153.7 (C-3TA)34, 158.1 
@s, OGONH:), 158.7 (C-STA), 172.6 - 180.2 broad signals (NH~OCHscE, C-6F, C-lH, COOH*j, 195.0 (bs, 
C-l*‘).- ‘“C NMR (50 MHz, APT, [Dh]DMSO): 6 = 15.7 (C-21’), 16.0 (bs, 4F-CH3), 17.2 (bs, C-S’), 17.5 
(C-20’), 22.9, 23.0 (bs, NHCOcH3E.c), 23.3 (C-25I), 25.5 (C-19’) 26.1 (C-16’) 27.1 (C-23’, C-24’), 28.5 (bs, 
C-3Aj, 30.7 (C-10’) 30.9 (C-S’), 31.9 (C-4’), 34.5 (C-12I), 35.2 (C-8*), 36.4 (bs, C-2*), 40.9 (C-9’) 54.6 - 
55.3 (C-2eC), 61.3 (bs, C-6’), 64.8 (bs), 66.8 (bs, C-3H, C-l’), 68.0 - 77.6 (not identified broad signals), 80.0 
(C-2”, C-33, 84.3 (bs, C-6’) 93.6 (bs, C-lF), 101.0 (bs), 101.8 (bs), 102.8 (bs), 103.3 @IS, C-lC*e.B*o), 108.7 
(C-22’), 121.7 (C-13’) 123.1 (bs, C-2’) 124.0 (C-175, 125.4 (C-65, 125.9 (bs, C-29, 127.7 (bs, C-6*, C-59, 
130.6 (C-18’) 133.1 (bs, C-39, 135.7 (C-14’) 137.3 (bs, C-3’) 139.8 (C-7’), 140.6 (bs, C-45, 146.6 (bs, 
C-19, 149.1 (C-11’) 154.6 (C-3TA), 156.6 (0-CO-NHzF), 158.5 (C-ST*), 164.4 (CONHA”), 169.9, 171.6, 
173.6, 174.4 complex of signals (NHcOCH3C*E, C-SF, C-l”, COOH*j, 192.0 (bs, C-l*‘).- C,&IuaN903,SP 
(1834.9, 1833.7) FAB MS: m/z = 1856.7 [M+Na]‘, 1872.6 w+K]‘. 

One-pot formation of 21 
A solution of the diazonium salt obtained 6om 15 (84.0 mg, 0.24 mmol) was added at 20°C to a solution of 
moenomycin A (18) (361.1 mg, 0.23 mmol) and sodium acetate (1000 mg) in water (30 ml) and the mixture 
was stirred at 2O’C. Progress of the reaction was monitored by RP-HPLC-DAD (buffer-acetonitrile 63:37). 
AtIer 65 h the intermediate amidraxone (formula not shown, It = 21.3 min (RP-HPLC, buffer-a&o&rile, 
63:37); UV (buffer-acetonitrile 63:37): I.,- at 384 and 287 MI, ratio = 4: 1) was completely converted into 
triazole 19. Then dithiothreitol (200 mg, 1.29 mmol) was added and the solution was stirred at 20°C for 4 h. 
Ultrafiltration followed by FC (CHC&methanol-Hz0 18:11:2.7) fknished 21 (314.8 mg, 75%).- & = 13 min, 
RP-HPLC (buffer-acetonitrile 63:37), k,- = 275 nm. 
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tcr6B~tyl[2(5d~~~in~upLtblkne-l-suUoaylnmino~thyl]-~~ama~ (23) 
23 was prepared as described in ref?- &= 0.48 (ethyl acetate-CHCl, 5:1).- IR (KBr): r = 1690, 1162, 1145 
cm-t.- UV (methanol): h, (E) = 335 (6975), 250 (21500), 221 nm (35450).- ‘H NMR (200 MHz, CDt&)“: 
6 = 1.35 (s, 9 H, (CH&?), 2.85 (s, 6 H, N(CH&), 3.00 (m, 2 H), 3.13 (m, 2 H, CH2-2D’=, CH2-lDm), 5.00 
(bt, 1 H, @-), 7.17 (d, J = 7.8 Hz, 1 H, H-6”=), 7.46 - 7.58 (2H, H-3Dm, H-7-), 8.17 - 8.31 (2H, 
H-2”““, H-87, 8.53 (d, J = 8.4 Hz, 1 H, H-4-.- 13C NMR (50 MHz, CDCI,): 6 = 28.7 ((LH3)$?=), 
40.8,44.0 (C-lW, C-2Dm),45.8 @J(CH&), 80.1 (C-l’“), 115.7(C-6r’=), 119.2, 123.6, 128.9, 129.9, 130.0, 
130.4, 130.9 (C-4-, C-2-, C-7D”, C-8”““, C-P, c-loD”, c-3ul”), 135.1 (C-17, 152.5 (C-5”>, 
156.8 (O-CO-NH).- C&~rN304S (393.5, 393.2), FAB: m/z = 809.5 [2M+Na]‘, 787.5 [2M+Hl+, 416.2 
w+Na]+, 393.2 w+H-H]+. 

5-Dimethylrmino-naphthalene-l-sulfonic acid (2-amino-ethyl)-amide (24) 
24 was prepared as described in ref?- & = 0.20 (CHr&methanol l:l).- JR (KHr): c = 2927, 2855, 1631, 
1615, 1589, 1459, 1315, 1142 cm”.- UV (methanol): I- (E) = 336 (3750), 250 (11700), 217 nm (23670).- 
‘H NMR (200 MHz, CDCls): 6 = 2.88 (s, 6 H, N(CH&), 2.70 (t, 2 H), 2.92 (t, 2 H, CH2-lD*, CH,2DAB), 
7.17 (d, J = 7.8 Hz, 1 H, H@““), 7.46 - 7.58 (m, 2 H, H-3DM, H-7”““), 8.24 (m, 2 H, H-2”“, H-87, 8.53 
(d, J = 8.4 Hz, 1 H, H-4-.- C,J&,N302S (293.4,293. l), FAB MS: m/z = 294.2 [M+H]+. 

S-Dimethylamino-naphthaleool-sulfonic acid [2-(2,5-diore-2,S-dihydro-pyrrol-l-yl)-ethyl]-amide (25) 
25 was prepared as described in ref?- Rr= 0.31 (ethyl acetate-CHC13 l:l).- IR (KBr): P = 1710, 1409, 1319, 
1162, 1143, 792 cm-‘.- UV (methanol): L (E) = 334 (4000) 250 nm (12300).- ‘H NMR (200 MHZ, CDC$): 
6 = 2.84 (s, 6H N(CH&), 3.15 (dt, 2H, CHz-lDAE), 3.53 (t, 2H, CHZ-~~~), 5.51 (bt, 1 H, NH=), 6.33 
(s, 2 H, H-3m, H-4r’rr), 7.12 (d, J = 7.8 Hz, 1 H, H-6D-), 7.43 - 7.53 (2 H, H-3-, H-77, 8.18 (m, 2 H 
H-2-, H-87, 8.48 (d, J = 8.4 Hz, 1 H, H@““).- 13C NMR (5OMHz, CD(&): 6 = 37.6, 42.0 (C-IDAB, 
C-2Dm), 45.9 (N(CH,)& 115.6, 119.5, 123.7, 128.9, 129.8, 130.3, 130.9 (Cdbm, Wh, C-2D”, C-7D”: 
C-8”‘-, c-9==, c-lo”, c-3m=), 133.9 (C-3”, Wm), 134.8 (C-lb’“), 152.5 (C-SD”), 171.0 (C-2”, 
C-5m).- CuH,9N304S (373.4, 373.1) FAJ3: m/z = 374.2 [M+Hl+, 373.2 w+H-H]‘, 371.2 w+H-Hz]+. 

5-Amino-N-(2-(l-[2~5-dimethylamino-naphthalin-l-sulfonylamino>ethyI]-2,5-diox~pyrrol 
ylsulfanyl}-ethyl~2-nitrobenzamide (formula not shown) 
To a solution of 25 (18.6 mg, 0.05 mmol) in ethanol (1 ml) a solution of 14 (12.1 mg, 0.05 mmol) in ethanol 
(1 ml) ~88 added and the mixture was stirred at 20°C for 20 min. Solvent evaporation and FC (CHC13-ethyl 
acetate-methanol 25:25:8) fknished 26.4 mg of the desired product (86%).- Rr= 0.70 (methanol-CHClr l:l).- 
IR (KBr): p = 2927, 2855, 1703, 1645, 1602, 1584, 1501, 1401, 1319, 1259 cm-‘.- UV (methanol): A_ (a) = 
367 (9970), 250 (11870) 221 nm (18500).- ‘H NMR (200 MHz, [De]DMSO): 6 = ca. 2.4 (1 H, HA@=), 2.84 
(s, 6 H N(CH&), 2.60 - 3.50 (m, CHZ-~~, CH2-lDa, CH2-lcP, H-3’=, CHZ-~~~), 3.86 (33 von ABX, 1 H, 
Ha-4’p?. 6.48 (d, J = 2.5 Hz, 1 H, H-39, 6.60 (dd, J = 9.0 Hz, J = 2.5 Hz, 1 H, H-59, 6.77 (bs, 2 H, 
NT-b?, 7.27 (d, J = 7.8 Hz, 1 H, H-67, 7.57 - 7.68 (m, 2 H, H-3”‘=, H-7au’), 7.91 (d, J = 9.0 Hz, 1 H, H- 
69, 8.07 - 8.26 (m, 3 H, H-2m’“, H-8”““, NH), 8.45 - 8.52 (m, 2 H, NH, H-4-).- r3C NMR (75 MHz, 
[Ds]DMSC): 6 = 30.5 (C-4*), 36.2 (C-3*, C-2’9, 45.3 (N(CH,)I), 112.1 (C-49, 112.7 (C-69, 127.7 
(C-39, 115.5, 119.2, 123.9, 128.2, 128.6, 129.2, 129.4, 129.8 (C-6”“, C@““, C-2D”, C-7”-“, C-S”, 
C-F, c-lOa”, C-3Do3, 133.2 (C-19, 135.9 (C-l-), 137.2 (C-29, 151.7 (C-SD”), 155.0 (C-59, 167.4 
(CCNH?, 175.0, 176.9 (C-2’=, C-5’3.- CnH3&&,S~ (614.7,614.2), FAB MS: m/z = 615.2 FI+Hl+, 614.2 
[M+H-H-j’. 
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TO a solution of 21 (100.0 mg, 0.055 mmol) in ethanol-water (l:l, 10 ml) a solution of 25 (21.0 mg, 0.056 
mol) in ethanol (2 ml) was added and the mixture was stirred at 20°C for 30 min. The pH was adjusted to 8 
by addition of triethyhmine and the mixture was stirred at 20°C for 2 h. Atter solvent evaporation the residue 
WBS pifid by FC (CH&methanol-Hz0 18:11:2) and gel filtration (PD-10 column, Sephadex G-2SM@, 
equilibrated with water) tbnished 26 (SO.1 mg, 41%).- Rr= 0.28 (CHC&-methanol-buffer 18:11:2.7).- 
F~UORSCUU spectra: Exitation at 340 nm, emission at 5 17 nm, in water/T’riton X-100 solution, the Triton X- 
100 concentration was 4 times the cmc.- ‘H NMR (300 MHz, [De]DMSO): characteristic signals 6 = 0.96 (s, 
CHs-23’, CB-241, 1.57 (s), 1.65 (s), 1.70 (s, CH3-20’, CH3-21’, CHs-19’, CHs-251, 2.67 (d, J = 7.0 Hz, CH2- 
121, 2.85 (s, N(CH&), 5.73 (bs, l-e), 7.28 (d, 6-H?, 7.58 - 7.72 (m) and 7.98 - 8.30 (m, aromatic H’s), 
8.48 (d, 6-H-.- 13C NMR (SO MHz, &O): 6 = 15.2 (4’-CH,), 15.9 (C-211, 17.0 (bs, C-6’), 17.6 (C-205, 
22.8 (bs, NHCOGHa” ‘), 23.5 (C-251, 25.7 (C-19’), 26.7 (C-16’), 27.2 (C-23’, C-24’), 29.9 es), 31.6 (bs), 
32.2 (bs, C-3*; C-lo’, C-S’, C-45, 34.8 (C-12’), 35.3 (C-8’), 39.8 (C-151, 41.7 (C-9’). 45.3 (N(CH&), 55.0 
(bs), 55.3 (bs, C-2”), 60.9 (bs, C-6E), 64.0 - 88.0 (not identified broad signals), 94.5 (bs, C-19, 101.0 - 103.8 
(bs, c-lC* E. B, 4, 108.9 (C-221, 121.2 (C-2’), 122.3 (C-13’), 124.5 (C-171, 125.9 (bs, C-6’, C-29, 115.8, 
119.5, 123.6, 126.0 - 130.5 broad signals (C-6”“‘, GIDw, C-2Duy, C-7-, C-8k, C@‘“‘, C-10”““, C-3”“, 

C-6As, C-Sk), 130.8 (C-185, 133.3 (bs, C-39, 135.0 (C-lD”“), 136.0 (C-14’), 140.2, 141.0 (C-7’, C-49, 146.4 
(C-19, 149.3 (C-11’), 151.4 (C-SD”), 153.8 (C-3TA)34, 158.1 (0-CO-NHzF), 158.6 (C-S’“), 166.5 (CONHk), 
172.8 - 179.6 broad signals (NH~OCHxCVE, C-6F, C-l”, WK, C-2’=, C-Ss”), 194.7 (bs, C-l*).- 13C NMR 
(75 MHq [Da]DMSO): 6 = 16.0 (C-211, 16.4 (bs, 4F-CH3), 17.5 (bs, C-6’), 17.8 (C-20’), 23.4 (bs, 
NHCOc&@- ‘), 23.7 (C-25’), 25.8 (C-K”), 26.4 (C-161, 27.4 (C-23’, C-24’), 28.6 - 32.0 (bs, C-3*; C-lo’, 
C-S’, C-41, 34.8 (C-121, 35.5 (C-S’), 36.2 - 38.0 (bs, C-2*‘, C-2’“, C-3’“=), 45.3 (N(CH&), 55.0 (bs), 55.5 
(bs, C-2e*C), 61.9 - 79.0 (not identified broad signals), 80.4 (bs, C-2H, C-3’), 85.6 (bs, C-43, 94.3 (bs, C-IF), 
101.3 - 103.8 (bs, C-1’. e. ‘* 4, 109.0 (C-225, 122.1 (C-13’), 124.4 (C-171, 125.8 (bs, C-6’, C-29, 115.5, 
119.3, 123.9, 128.3, 128.6, 129.0, 129.3, 129.4, 129.9, 131.9 (C-6”“‘, WD”“, C-20=, C-7-, C-8a”, 
C-SD”, c-10D”, c-3k, C-S”, C-69, 131.0 (C-181, 133.4 (bs, C-39, 136.0 (C-lk), 136.1 (C-14’), 140.2 
(C-7’), 140.8 (bs, C-49, 147.0 (bs, C-19, 149.5 (C-l I’), 151.7 (C-Sk), 154.9 (C-3TA)34, 156.9 (O-CO- 
NHzF), 158.9 (C-ST*), 164.6 (CONHA?, 167.3 - 175.0 (NHcOCH3cV E, C-6F, C-l”, C-4K), 175.1, 176.9 
(C-2’“, C-S’“), 192.5 (bs, C-l*).- C&‘35N’20&P (2208.3, 2206.8), FAEI MS: m/z = 2229.9 [M+Na]‘, 
225 1.8 [M+2Na-H]‘. 

2-O-(2-Acetnmido-~O-{~ace~mido-eO-[(5R)-~(5-(3-carboxy-p~pionyl)-2{3-(Z((~2,Sdioro 
pyrrolidin-lyltbio)-etbyl~rbPmoyl]-~nitr~pbenyl}-~-[1,2,4]tri~C3-yl~-~a~bioopynaoryl)-2,6 
dideoxy-~-~glucopyrrnosyl)-2-deoxy-6-O-Bl-l- 
~{[(~2-carbory-~((~,6~,13~3,8,8,14,1&pentPmetbyl-ll-metbylenononod~-2,6,13,l7-tetnenyl- 
oxy)-etboxy]-bydroxy-pbospbo~l}-~C-metby~-~glucopyranuronamide (27) 
To a solution of 21 (20.0 mg, 10.9 pool, R, = 14.1 min, RP-HPLC, (buffer-acetonitrile 63:37), lb, = 275 nm) 
in buffer (10 ml) maleimide (2 mg, 20.6 pool) was added and the mixture was stirred at 20°C for 2 h. Ultrafil- 
tration followed by RP-HPLC (methanol-Hz0 63:37), UV-detection at S = 208 MI) fknished 27 (5.2 mg, 
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25 %).- IG = 13.6 min, RP-HPLC (buffbacetonitrile 63:37), L = 275 MI.- C~HII~NIOO&P (1931.9, 
1930.7). FAB: m/z = 1953.6 w+Na]‘, 1969.7 w+K]‘, 1991.6 [M+Na+K-H]‘, 2007.6 w+2 K-H]+. 

To a soh~tion of 21(80.0 mg. 43.6 pool) (R1= 13.6 min, RP-HPLC (buffer-acetonitrile 63:37), I._ = 275 MI) 
in water (5 ml) N-(3-maleimidopropionyl)-biocytin (20.4 mg, 38.9 pmol) was added and the mixture was 
stirred at 20°C for 1 h. Lyophilimtion followed by RP-HPLC (methanol-Hz0 37:63, UV detection at X = 
208 nm) furnished 28 (60 mg, 65 %).- R = 8.9 mitt, RP-HPLC, (buffer-acetonitrile 63:37), I,_ = 275 nm.- 
‘H NMR (300 MHz): unresolved signals in D20 and [Ds]DMSO solution.- 13C NMR (75 MHz, [D6]DA4S0, 
broad signaki)4z: 8 = 15.7 (C-211, 16.0 (bs, 4’-CH,), 17.2 (bs, C-63, 17.5 (C-20’), 22.8, 22.9 (bs, 

mcwfiB.3, 23.2 (C-255, 25.4 (C-H+), 26.0 (C-16’), 27.1 (C-23’, C-245, 25.2, 27.9, 28.1, 29.0,29.5, 29.9, 
32.2, 33.1 and 35.8 (not identified broad signals from the cysteine, succinimide, D&nine, biocytine moieties 
and the sueoinyl part derived from unit A), 30.6 (C-lo’), 30.8 (C-51, 31.8 (C-4’), 34.4 (C-12’) 35.1 (C-8’), 
40.9 (C-9’), 53.9, 54.3 (bs), 55.0 (bs, C-2”) 55.3, 59.2, 61.0 (C-4Bn’,C-3aBm, C-6arrrs), 60.2 (‘?), 62.9 - 78.0 
(not identitled broad signais), 80.0 (C-2H, C-3’), 93.6 (bs, C-l’), 101.1 - 102.8 (broad signals) (C-1” a B* 4, 
108.7 (C-225, 121.7 (C-131, 123.1 (bs, C-21, 124.0 (C-17r), 125.4 (C-6’), 125.9 (C-29, 127.6 @s, C-6”, 
C-59, 130.7 (C-18’), 133.0 (bs, C-39, 135.8 (C-145, 137.4 (bs, C-31, 139.8 (C-7’), 140.5 (bs, C-49, 146.5 
@s, C-19, 149.1 (C-l l’), 154.6 (C-3TA)34, 156.7 (O-CO-NJ-@, 158.6 (C-5TA), 162.8 (C-2Brs), 164.3 
(CONH?, 168.3, 169.7, 170.2, 171.5, 171.9, 173.6, 174.7, 176.3 (NHCOCH3c “, C-6*, C-2&, C-S”, 
CCC*, CC)CH? C-l”, OH*), 192 (bs, C-l*).- C,o,Hr4sN,40&P (2358.5, 2356.9), FAB MS: m/z = 
2379 w+Na]‘, 2397 w+K]‘, 2417 [M-H+K+Na]‘. 
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See also, Tsckcbe, R.; Blumbacb, J.; Welael, P. Liebigs Ann. Chem. 1973,407-418. 
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Akbrem, A. A.; Lakbvicb, F. A.; Kluipacb, V. A.; Klebanovicb, I. B.; Pozdecv, A. G. Khim Geterotsiki. S&in. 

1976,5,625-628, C. A. 1976,85,46478; Ebeeeaer, W. J. Synth. Commun. 1991,21,351-358; Mac&ma& G.; 
Lewis, N. J.; Taylor, R. J. K. J Chem. Sot., Chem. Commun. 1996,2647-2648. 
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407423. 
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See also Sub- R.; Bar&u, P. D.; I&&s, G. Y. M.; Watson, W. H.; Galloy, 1.J Org. Chem. 1982. 
47,4491-4498. 
T&e w oftbe “C sigaals at 6 = 154.6 (C-S’*) and 6 = 160.0 (C-34 is based on a pmton coupled “C 

mm. 
S&me&r, K.; Zeck A. Tetrahedron. Lett. 1973,29,4995-4998; Onda, M.; Konda, Y.; Hinotozawa, K.; Gmura, 
S. Chetn. Phum. Bull. 1982,30,1210-1214. 
Assigmnmtsinanalogyto4. 
Under tk basic coaditions the tbiol is easily oxidized to give the corresponding disulfide.- ‘H-NMR (200 MHz, 
[D&yridhe): 6= 3.26 (t, J= 6.7 Hz, J= 8.4 Hz ,CHr29,4.04 (dt, J= 6.7 Hz, J= 5.6 Hz, CH#“‘), 6.80 (dd, 
J=2.5~J=9.OHz,H-ok), 7.2O(d,J=2.5 HqH-69, 7.42(bs,Ar+JH2), 8.05 (d,J=9.OHz,H-39, 9.74 
(bt, J = 5.6 Hz, CONI+‘). - ‘%NMR: (50 MHz, [Ds]pyridine): 6 = 38.5 (C-29, 39.8 (C-l*), 113.5 
(C-4*, C-69, 128.3 (C-39, 135.0 (C-19,138.3 (C-29, 155.8 (C-59,169.2 (CONI@‘). 
The procedure has to be followed exactly, otherwise the disulfide is formed.” 
‘3C+JMR (50 MHz, CD,OD, taken hm the spectrum of the mixture): 22.1 (C-7*), 28.0 (C-2*), 32.0 (C-3*) 
37.5 (C-2_), 39.1 (C-l+), 113.5, 114.5 (C-6& , C-49, 120.6 (C-29, 121.7 (C-49, 127.3 (C-39, 133.2 
(C-19, 134.4 (C-29, 138.4 (C-39, 139.2 (C-I’+), 146.5 (C-59, 149.6 (C-59, 160.1 (C-l@), 169.1 (C-69, 
175.7 (C-l*), 192.2 (C-4*). 
W-control of the conversion of Moenomycin A (18) into 20. A solution of the diazonium salt obtained from 2- 
nitmanihe (22.4 mg, 0.33 mmol) was prepared as described above. The W maximum of this solution was at 

I,-=225 nm. Moenomycin A (18) (0.3 mg, 0.2 pool) was dissolved in buffer (lOml, pH= 7.75). The W 
maximum of this solution was at &= 259 nm. Addition of a small amount of the diazonium salt solution 
(= 0.02 ml) caused the absorption at J. = 259 nm to increase (formation of the au, compound). Within 5 min the 
absorption at 259 nm decreased and a slow increase of the amidrazone band at k = 320 nm was observed. 
Signalsat 14.1, 14.7,20.8,20.9, 21.2,27.1, 30.5,30.7,31.0, 71.6wuldnotbeassigned. 
Release of thiopyridone was indicated by the increase of the W abmptions at k = 271 nm und k = 350 am. 
Assignment of the dansyl signals follows Ik& H.; Nakamura, M.; Ise, N.; O~uma, N.; Nakamura, A.; Ikeda, 
T.; Toda, F.; Ueno, A. J. Am. Chem. Sot. 1996,118, 10980-10988. 
Assignment of the signals of the biotin part follows Liu, F. Z.; Leonard, N. J. J Am. Chem. .%c. 1979,101,996- 
1005. 
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