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Abstract - Disaccharide derivative la is the smallest transglycosylase inhibiting compound known up to 
now. Structurally closely related compounds llb and 19c have been synthesized. They do not inhibit the 
transglycosylase demonstrating the high specificity of the interaction between inhibitor la and the bindiig- 
site at the enzyme. 

Introduction 

Among the different constituents of the bacterial cell wall, the most important for the survival and integrity 

of the cell is peptidoglycan, a R-l,4-linked glycan consisting of a repeating unit N-acetylglucosaminyl-N- 

acetylmuramyl-L-Ala-D-isoGlu-L-Lys (or DAP)-D-Ala. The peptide chains are at least partially cross- 

linked, either directly or through short peptide chains. * 
The two successive final reactions in the biosynthesis of cross-linked peptidoglycan from the membrane 

precursor N-acetylmuramyl-(pentapeptide)-pyrophospho~l-und~aprenol are (i) the transglycosylation that 

extends the glycan chain and (ii) the transpeptidation that cross-links the glycan chains through two peptide 

units. A number of bifunctional enzymes (penicillin-binding proteins, PBP’s) have been identified that 

catalyze both transglycosylation and transpeptidation2 Moenomycin A and related antibiotics belong to the 

rare compounds that have been found to inhibit efficiently the transglycosylase activity of the PBP’s.’ 

Extensive moenomycin degradation studies as well as syntheses of structural analogues have been 

performed in order to establish the structural basis of the transglycosylase inhibition.4 At present, 

disaccharide derivative la is the smallest structural analogue of the moenomycins that elicits full transglyco- 

sylase inhibiting activity.5 On the contrary, both lb6 and le.’ which differ Tom la configurationally (D- 
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galacto vs. D-gluco configuration in unit F) and by the lack of the methyl group at Cd, are completely 
inactive. In the trisaccharide series, compounds both with a moenuronic acid- and a D-galacturonic acid- 
derived unit F (2a, 2b, and 2c) are lUy active inhibitors of the transglycosylase.7** Still unresolved is the 
question whether in the disaccharide series transglycosylase inhibiting activity is linked to D-gluco 
configuration in unit F and/or the presence of the C&-methyl group. Compound Id would possibly answer 
at least some of these questions. The present paper describes work that was set out to establish whether D- 
gluco configuration of unit F is a prerequisite of transglycosylase inhibiting activity in the disaccharides. 
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Scheme 1. 

Synthesis of a Structural Anrlogue llb of Moenomycin A with a D-Clucosoderived Unit F 

Guided by results from van Boom’s laboratory9 we expected TIPS-protected 41° to react regioselectively at 
the 2-position with glycosyl donor 5 11.12 In the event, the p-toluenesulfonic acid-catalyzed reaction 

between 4 and 5 (in 1: 1 toluene-nitromethane solution) furnished only a 1.8: 1 ratio of 7a and 6 (total yield 
71%). The structural assignments rest mainly on one- and two-dimensional NMB spectra (summarized in 
the Experimental). Most specifically, in the glucose unit the C-2 signal in 7a and the C-3 signal in 6, 
respectively, are downfield shifted by approximately 10 ppm when compared with 4 (l3 effect). In the COSY 
spectrum of 6 a cross-peak for the coupling of the OH proton with 2-H was observed, and in the COSY 
spectrum of 7a for the coupling between OH and 3-H. Jt2 = 8.5 Hz in the N-acetyl-D-glucosamine unit was 

visible, indicative of the g 1+2 and D l-+3 linkage in 7a and 6, respectively, 
For the introduction of the carbamoyl group, trichloroacetyl isocyanate (TAI) was used.13 7c was obtained 
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in 79% overall yield by a one-pot procedure consisting of a) reaction of 7a with TM in CH&l, (7r+7b), 

b) CH@H quench, and c) hydrolysis with 5% aq. K2C03. Next, the ally1 protecting group was removed by 
treatment with PdClz in 0.1 mofn sodium acetate in 20: I acetic acid-water solution (21 h at 2oOC) to give 
7d in 71% yield.14 

AC r 

b/H H- 
Scheme 2. 
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For the construction of the phosphoric a+ diester grouping we used the phosphite methodology as adapted 

to the synthesis of moenomycin analogues. Is Thus, the sequence (i) treatment of 2,2,2-trichloro-l,l- 

dimethylethyl dichlorophosphite 8 (X=CI) with two equivalents of lH-1,2,4_triazole,~6 (ii) reaction of the 

thus prepared reagent 8 (X=triazolyl) with 7d, (iii) subsequent addition of 9b17 and (iv) oxidation of the 

intermediate phosphite triester with bis(trimethylsilyl)peroxide Is furnished the phosphate triester lOa 

(probably a mixture of stereoisomers isomeric at the P centre). Removal of the phosphate protecting group 

was achieved under the Imai conditions’9 with freshly prepared Zn-Cu couple6 to provide lob. 

From lob the silyl protecting group was cleaved off with tetra~butylammonium fluoride (TBAF) in THP. 

lla was 72% yield. According to the IV NMR spectrum, it contained 20% of an impurity 

which we were unable to remove by chromatographic separation. From this impure sample the targe-t 

compound lib was then obtained by base-catalyzed ester cleavage followed by careful chromatographic 

purification. Structural assignment rests on the 13C NMR and mass spectral data. According to these 

spectra, 1 lb was free of impurities. 

The inhibitory effect of 1 lb directly on the transglycosylation reaction was determined by the in vitro assay 

described previouslyZ0 using as substrate the lipid intermediate which is the immediate precursor of uncross- 

linked peptidoglycan. In these experiments lib turned out to have no inhibitory effect at a final 

concentration of 10 &nL. 

Studies on the Synthesis of Id 

D-Glucuronolactone derivative lta was expected to be a promising starting material for the synthesis of Id 

by a route invoking only a limited number of protecting group manipulations. 12a was converted into 12b 

either by ttiuoromethanesulfonic acid-catalyzed reaction with ally1 trichloroacetimidat&~~ zor by treatment 

with ally1 bromide in the presence of freshly prepared23 silver oxide. 24 The latter procedure provided 12h in 

better yields. In a model series, we wished to open the lactone by methanolysis. From precedent, the 

corresponding ester 14a could be expected to be very sensitive and revert easily to the lactone.25 Therefore, 

12b was treated with methanol in the presence of a weakly basic ion exchange resin,26 and the reaction 

product was (after filtration and solvent evaporation) immediately converted into the urethane 13a making 

use of the Kocovsk$ procedure.27 

With NH3 in methanolic solution the lactonic ring of 12b was opened to furnish uronamide 13b in almost 

quantitative yield.28 13b was then converted into 13d by (i) treatment with trichloroacetyl isocyanate (13b 

-+13c, 100% yield), (ii) removal of the trichloroacetyl group with Amberlite IRA 93 (OH- form, 96% 

yield). The presence of the carbamoyl &m&on in 13a and 13d was evident from the chemical shift of 3-H 

(~~5.2) and, in the case of 13d, from the characteristic ‘SC NMR signal at 6 = 155.4.2g 

Simple reaction of 13a with allylalcohol in the presence of a cation exchange resin @I+ form) at elevated 

temperature30 effected both acetonide cleavage and ally1 glycoside formation. 158 and 1Sb were obtained in 

a 1:1.6 ratio (total yield: 67%). In the next step, 15a turned out to be less reactive (vide i&a) than 15b. 

Therefore, from 15a a further portion of 15b was obtained by treatment with ally1 alcohol in the presence of 

a cation exchange resin to establish the pseudo-equilibrium (34:66)31 between both isomers. For the same 

type of transformation in the uronamide series a two-step procedure consisting of (i) acetonide cleavage 

with 90 per cent trifluoroacetic acid 32 (13d+lSc, quantitative yield) and (ii) camphorsulfonic acid - 

catalyzed ally1 glycoside formation (WC+ 1Sd + 1st. I : I, 76%) was found to give better results.33 
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The stage was now set for joining these acceptors with 5 as N-acety~gh~cosamine donor. For the reaction of 

151 and 15b with S the conditions had to be carefi~lly optimized.~~ Nevertheless, the yields were at best 

modest, 4% of 14b and 25% of 148. 15~ was the less reactive acceptor in these experimen& probably a 

result of the cis-disposition of the substituents at C-l and C-2. Removal of the allyl protecting group both 

from 14a and 14b with PdCIz in an acetate buffer provided the desired 16. The NMR spectra indicated that 

in solution only the a anomer was present. In the model series, the arrival at 16 demonstrated that, in 

principle, the synthesis of compounds of type Id, commencing from 121 should be possible in the desired 

sense, i.e. without too much protecting group chemistry. However, as in many other instances, the results 

obtained for the model compounds could not be translated into the real series. All attempts, to achieve 

disaccharide formation between 15e and 5 were completely fruitless. Very polar 15e was only sparingly 

soluble in solvents such as acetonitrile or nitromethane. We believe that the low concentration of the 

glycosyl acceptor in the reaction mixtures is the main reason for the failure of these experiments. In any 

case, the glucuronolactone approach to moenomycin analogues such as Id had to be given up at this stage. 
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Schane 3. 

Synthesis of 19c 

It was also tried to prepare compound Id via lSg, but unfortunately, disaccharide formation using both the 

oxazolin method and the a-trichloroacetimidate of 2-azido-3,4,6-tri-O-benzyl-2-deoxy-D-giucoWranose as 

glycosyl donor12 was completely unsuccessful, again for solubility reasons.34 This will be discussed in detail 
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elsewhere. Here we describe the synthesis of 19c where the aminosugar residue is mimicked by the N- 
acetylglycyl residue. It was speculated that the N-acetylated amino acid might replace C-2 with its 
substituent and the ring oxygen of the aminosugar unit E of Id. Starting material was 17a,ss a 4,6- 
benzylidene derivative of D-glucose with an ally1 protecting group in the anomeric position. 17a was 

converted into 17b using Corey’s procedure. 36 The benzylidene acetal was then to be opened reductively to 
tirnish Ma. For this type of operation a number of reagents have been recommended (LiAlH+IC13~7 
borane-trimethylamine complex-AlC13,38 NaBH,CN-trimethylsilyl chloriddg). In the case of 17b, the 
LiAlIQAlCI3 method was used, and 18a was obtained in 50% yield. The position of the benzyl group was 
evident from the ‘H NMR spectnrm (coupling between the OH proton and the CHz-6 protons). For the 
oxidation of the primary OH group a two-step procedure was used, consisting of (i) SW& and (ii) 
sodium chlorite oxidation.41 Usually, uranic acid 18b was immediately converted into amide 18~ making 
use of an improved version42 of Staab’s imidazolide procedure. 
When 18~ under caretXly selected conditions was treated in 955 THF-water solution with TBAF,43 only 
the silyl ether grouping at C-3 was cleaved to fin&h 18d (70% yield). The carbamoyl grouping was 
established by treatment with trichloroacetyl isocyanate followed by reductive (Zn dust in methanol) 
removal of the trichloroacetyl group (18d+18f, 90% yield). Getting rid of the remaining silyl protecting 
group of 18f, though chemically simple, turned out to be experimentally demanding: (i) The reaction 
conditions had to be chosen cautiously (tetrabutylammonium fluoride in 95:s THF-water), otherwise the 

carbamoyl group was also lost (formation of 18e), (ii) extraction could be accomplished only with a very 
pblar solvent (3:l ethyl acetate-1-butanol), and (iii) tetrabutylammonium salts had to ke removed by ion 

exchange chromatography. Highly polar 18g was esterified with N-acetyl glycine in DMF solution by 
treatment with dicyclohexylcarbodiimide and Steglich’s base4s (18g+2Oa, 84% yield). At this stage we met 
another example of the difficulties associated with the removal of the ally1 protecting group from the 
anomeric position.46 Many of the established procedures could not be used for solubility reasons, and with 
Rh(1) no isomerization could be achieved. The PdCI, procedure gave unsatisfactory results (32% yield). We 
then applied our recently introduced two-step sequence which consists of(i) Wacker oxidation (ZOa+ZOb) 

and (ii) cleavage of the C-O bond a to the carbonyl group by electron transfer in the photoexcited state.14 
Lack of material excluded optimization of this step, but still, this method gave the best results (56% yield). 
For the construction of the phosphoric acid diester grouping we used the version described above (see 

Scheme 2). The ester grouping in 2Oc demanded, however, a slight modification. In all previous cases 
methyl ester 9b has been used as 2-0-alkyl glyceric acid equivalent. In the present case, methyl protecting 
was unacceptable in view of the ester linkage to the glycine unit which had to be retained in the final 
deprotection step. Thus, benzyl ester 9c was used instead, prepared either from 9a by acid-catalyzed 
esterification with benzyl alcohol, or Tom methyl ester 9b by Ti(IV) isopropoxide-mediated 
transesterification.47 For the final deprotection hydrogenolytic cleavage of the benzyl ester could be used to 

provide the desired target 19c. 

Inhibition of the UDP-N-acetylmuramyl pentapeptide-dependent incorporation of [ I4C]UDP-N- 

acetylglucosamine into cross-linked high-molecular weight peptidoglycan was studied with a slightly 

modified48 version of the assay described by Izaki, Matsuhashi, and Strominger.49 Under these conditions 

19c turned out to be completely inactive. 
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Conclusions 

From the results summarized in the introductory part it is clear, that the structure-activity relations for 

transglycosylase inhibition are very strict and that monosaccharide analoguesSO and even disaccharides such 

as 3, which was prepared recently,st can possibly not be expected to be active.s2 In keeping with this, 

structural analogues llb and 19c are also inactive. It seems quite important now to test the 

transglycosylase-inhibiting properties of Id, and we hope that the difftcuhies associated with the synthesis 

of Id as discussed above can be overcome. 

EXPERIMENTAL 

02- or moisture-sensitive reactions were performed in oven-dried glassware under a positive pressure of argon. 
Liquids and solutions were transferred by syringe. Small-scale reactions were performed in Wheaton serum bottles 
sealed with aluminium caps with open top and Teflon-faced septum (Aldrich). Usual work-up means partitioning the 
reaction mixture between water and an organic solvent (given in parenthesis), dtying the combined organic soh&as 
over Na2S04 and removal of solvent either by distillation in vacua at 40°C using a rotatory evaporator or by 
lyophilization (using the L&old-Heraeus GT2 apparature). Solvents were purified by standard techniques.- The in- 
strumentation used was: ‘H NMR: AM 400 (Bruker, at 400 MHz); t3C NMR: AM 400 (Bruker, at 100.6 MHZ); 
FAB MS: MAT 73 1 (Varian) with a modified Saddle Field Ion Source (Ion Tech Ltd.); Liquid SIMS: MATCH-5 
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instrument (Varisn) with a Cs ion gun or VG AUTOSPEC; LC (prepamtive gravitationaJ liquid dyomstognphy): 
silica gel (ICN Biomedicals Silica 63-100); MPLC (medium-pressure liquid dyomatography): 30.0 cm x 2.5 cm or 
40.0 cm x I.5 cm glass tubes, 50 pm silica gel (Amicon), Duramat pwnp (CKI); auaJyticaJ TLC Merck pmcoated 
silica gel 60 F2s4 plates (0.2 mm), spots were identified by spraying with a 2.22 mol& H2SO4 solution which 
contained Ce(SD.&x4H20 (JO g/L) and H3[P04(Mo30g)&JI20 (25 g&)53 and heating at 140°C, or with the 
phosphate-specific spraying reagent of Dittmer and Lester. Ez Carbon and proton numbering in the subunits (seeNMR 
data) iUuvs the moenomycin nomencJature (see formula I). where appropriate, hvo moJecuJar masses are 
ccmmuuicated, the first was caJcuJated using the International Atomic Masses, the second refers to 18C. ‘II, laO, 14N, 
31P, 35C1 (mono-isotopic masses). Straightforward protecting group NMR signals are not reported. 

Coupling of 4 and S 
AJlyJ 4,6-0-(1,1,3,3-tetraisopropyJdisiJoxane-1,3diy1)u-D-gJucopyranoside (4) (132.6 mg, 0.287 nuuol) was 
dissoJved in a 0.117 moJ/L solution of 2-methyJ-(3,4,6-tri-O-acetyl-1,2dideoxyu-DgJucopyrano)-[2,Jd]-2- 
oxazoline (5) in I:1 toluene-nitromemane (2.5 mL, 0.293 mmol). Afler addition of a 0.031 moJ/L solution of 
anhydrous p-toJueuesuJfbnic acid in toluene (0.5 mL, 15.5 umol). the mixture was stirred at 70°C. After 14.5 h again 
2.5 mL of the 0.117 moJ/L solution of S (0.293 mmol) and 0.5 mL of the 0.031 moliL solution of ~i-toluetmsulf&ic 
acid (15.5 ~unol) were added. After 24 h at 70°C further 1.25 mL of the 0.23 I moJ/L solution of S (0.289 mmol) were 
introduced into the reaction flask. After a total of 40 h the reaction was stopped by addition of pyridiue (1 mL). 
Evaporation at 4oOC and MPLC (petrol-ethyl acetate-edtanol 6:1:0.6) gave 7s (103.9 mg, 46%) and 6 (56.0 mg, 
25%); 20.3 mg (16%) of 4 were recovered. 

AlJyl IO-(2ecetunido-3,4,6-tri-O-rreetyl-2-~o~-~-D-gJucopyr~osyl~,~O-(l,l~,~~r~opropyldi~Jo~ 
lJ-diyl)-a-D-glucopyrsnoside (6) 
M.p. J45-148°C (petrol-edtyl acetate).- ‘H NMR (400 MHz, CDCJ,, H,C COSY): unit E: 6 = 4.84 (J-H), 3.97 (2- 
I-I). 5.04 (3-H), 5.10 (4-H). 3.61 (5-H) 4.01 (6-H), 4.21 (6-H’), 6.31 (NH), 1.90 (NHCOCH,), 1.96. 1.99, 2.00 
(OCOCH3), Jig = 8.5 Ha, Js e. = 4.0 Ha, Je,s, = 12.2 Ha, J2m = 8.3 Hz, unit F: 4.90 (J-H), 3.51 (2-H) 3.72 (3-H), 
3.71 (4-H) 3.51 (5-I-Q 3.83 (6-I-I) 4.08 (6-H’). 2.45 (OH), 0.82-1.15 (iPr signals), J12 = 4.1 Ha, Js,e = 1.1 Ha, Js,e 
= 1.9 I-Ix, J2,0B = 9.8 Hz, Je6’ = 12.7 Hz- 13C NMR (100.6 MHz, CDCJ,, DEPT): 6 = 101.92 (c-lg), 97.29 (C- 
JF), 83.33 (c3P), 74.01 (c-iE), 73.60 (c-2P), 72.71 (c-5g). 71.70 (C-JF), 68.66 (c-~s8~1), 68.17 (C-G), 66.86 (c- 
4F). 62.05 (C..6E), 60.57 (C+, 54.54 (C-ZE).- JR (CHCJ3): 3600-3160 (OH, NH). 1740 (GO), 1680 (amide I), 
1525 cm-1 (amide II).- FAB MS (matrix: DMSO-gJycerol): mla= 792 ([M+H]+), 734, 330 ([e]+).- C3$-IelN01~Si~ 
(792.04,791.36), talc (for C3$Ie1N01$i2 x ethyl acetate) C 53.22, H 7.90, fbund C 53.46, H 7.80. 

AJJyJ 20-(2-~eetunido3,4,6-tri-O-rcetyl-2-deoxy-~-D-gJucopyr~osyJ~,~O-(l,1,J,3-~tr~sopropyldisilounc 
1,3-diyl)-a-D-glucopyranoside (7r) 
M.p. 246-249OC (Petrol-ethyl acetate).- ‘H NMR (400 MHz, CDCI,, H,C COW): unit E: 6 = 4.86 (J-H), 3.92 (2- 
II), 5.17 (3-H), 5.02 (4-H), 3.67 (5-H), 4.12 (CH,-6), 5.69 (broad, NHAc), 1.93 (NJ-KOCH,), 2.02-2.07 (OCOCH, 
signals), Jl> = 8.5 Hz, J2.3 = I I Hz, J3,4 = J4.5 = 9.5 Hz; unit F: 4.98 (J-H), 3.46 (2-H) 3.94 (3-H), 3.70 (4-H), 3.54 
(5-H) 3.80 (6-H) 4.06 (6-H’), 2.67 (OH), 0.94-1.16 @Pr signals), JIJ = 4.0 Ha, JzJ = 10.0 Hz, J3,4 = J4,5 = 9.5 Ha, 
J5,=J.1Ha,J56.=1.8Ha,J66.= 12.7 I-Ix- ‘3C NMR (100.6 MHz, CDCJ3, DEPT): 6 = 101.98 (c-JE), 97.40 (C- 
l+), 81.59 (C-2+), 72.63 (C-34, 72.19 (CJF), 71.72 (C3F), 71.89 (C-JE), 69.48 (c_qF), 68.54 (WE), 68.62 (C- 
Jellyl), 62.30 (C-SE), 60.67 (C_6F), 54.86 (c-2E).- IR (nujol): 3580, 3260 (broad, OH, NH), 1740 (C=O), 1650 
(amide I), 1570 cm-1 (amide II).- FAB MS (matrix: DMSO/glyceroJ): m/z = 792 ([M+H]+), 734, 330 ([e]+).- 
C&lNOl$i2 (792.04,791.36), talc C 53.08, H 7.76, found C 52.86, H 7.70. 

Ally1 2-O-(tacetunido-3,4,6-tri-O-acetyJ-2-~oxy-~-D-gJucopyrenosyl~,~O-(l,l~,~tetraisopropy~ 
disiJox~ol,fdiyJ)-fO-triehlorosce~JcarbamoyJ-a-~gJucopyranoside (7b) 
To a solution of 7a (31.1 mg, 39.3 pmol) in CH2CJ2 (0.9 mL) slowly trichloroacetyl isocyanate (6 pL, 50.6 ~uuol) 
was added. TJte reaction mixture was left at O’C for 160 min and was then quenched with dry CH30H. Solvent 
evaporation and MPLC (petrol-CHCl+hauoJ 7:1:0.7) gave 7b (15.7 mg, 41 %) and a fraction of 7b (22.0 mg) 
slightly contaminated with two degradation products.- IR (CHCJ3): 3580-3260 (NH), 1805 (CCJ3C=O), 1740 (C=O), 
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1675 an-l (amide I).- C&I&13N20+~ (980.4). talc C 46.55, H 6.27, fbund C 46.80. H 6.40. 

From 7s (147.0 mg, 185.6 pmoi) and trichlomacetyl kqanate (27 pL. 0.228 mmol) 7b was prepared as described 

above. Afta qwn&ing with dry CH30H (0.5 mL) and addition of 5% aq. K,CO, (3.0 mL) the mixture was stirred at 
2O=C for 10 d. Work-up (CH#,) and MPLC (petrol-ethyl -01 6:1:0.6) gave 7c (122.6 mg, 79 %).- IR 
(CHCI,): 3560-3130 (NH). 1730 (GO), 1675 (amide I), 1590 cm-l (amide II).- LSI MS (matrix: DhiSO-glyccrol): 
m/z = 835 ([M+Hj+). 330 ([e]+).- C3&&2N2O#z (835.06, 834.36), talc C 51.78, H 7.48, found C 51.81, H 7.52. 

A mixture of 7c (58.3 mg, 69.8 pmol) and PdClz (30.8 mg, 173.8 pmol) in 0.1 moVL aq NaOAc in 2O:l acetic acid- 
water (3.5 mL) was stirred at 2O“C for 2 1 h. Usual work-up (ethyl acetate) and MPLC (petrol-CHC13&anol 6: 1:O.S) 
gave 7d (39.4 mg. 71 %); 5.5 mg (10 %) of 7c were recovered.- ‘H NMR (80 MHz, CDC13) proved the removal of 

the ally1 group.- IR (CHCl3): 3580-3140 (NH), 1735 (C=O), 1670 (amide I), 1580 cm-1 (amide II). 

To a solution of IH-1,2,4-wiaxole (17.5 mg, 253.4 pmol) in 4:l CH,CI,-pyridinc (0.2 mL) l,l,l-tichloro-2-mcthyl- 
prop-2-yl dichloropbosphite 8 (X=CI, 12.0 )IL, 59.9 pmol) was added at O’C, and the mixture was stirred at 0°C for 
10 min. A solution of 7d (39.1 mg, 49.2 pmol) in CH$lz (0.4 mL) was added and stirring was continued at O°C for 
5.5 h. A solution of 9b (27.3 mg, 58.0 pmol) in CH$I, (0.3 mL) was added. After being stirred at O’C for 2 h, the 
solution was treated at 0°C with bis(trimethylsilyl)peroxide (15.0 pL, 70.6 pmol) and stirred at 20°C for 18.5 h. 
MPLC (petrol-ethyl acetateethanol-triethylamine 7:1:0.5:0.08) gave 10a (21.7 mg, 30 %).- ‘H NMR (80 MHz, 
CDC13): Characteristic signals at 6 = 5.93 (dd. IH, INF), 6.54 (d, broad, II-I, NHAc).~J~~ = 6.5 Ha, J,3F = 3.4 HZ, 
J~J = 7.6 Hz.- Two COOCH3 signals at 6 = 3.80 and 3.82 indicated the presence of two diastereomeric phosphates. 

tO-(2-Acetamido-3,4,6-tri-O-teetyl-2-deo~-~-~glucopyranosy~)-~O-carb~oy~-l-O-([(R)-2-methory- 

carbonyl-2~3,8,8,11,14,1~hexamethyl-nonadecyloxy)-ethoxyj- 

isopropyldisiloxane-1,3-diyl)-a-D-glucopyranose (lob), triethylammonium salt 

Zn-Cu couple (5.9 mg) and 2,4-pe-ntanedione (12.0 pL) were added to a solution of IOa (7.9 mg, 5.3 pmol) in pyridine 

(0.3 mL), and the mixture was stirred under argon for 6 h at 20°C. Solids were filtered off and tbe filtrate was 
evaporated a&r addition of toluene. LC (ethyl acetate-methanol-trietbylamine 8:1:0.3) furnished the 

triethylammonium salt of lob (5.7 mg, 76 %).- IH NMR (400 MHz, pyridined,, H,C COSY): unit E: 6 = 5.54 (I-H), 
4.28 (2-H), 5.95 (3-H), 5.36 (4-H). 3.88 (5-H), 4.49 (6-H), 4.36 (6-H’), 8.98 (NHAc), 2.26 (NHCOCH,), 1.94,2.02, 
2.09 (OCOCH, signals), J ,2 = 8.3 Hz, J2,3 = J3,4 = J.,5 = 9.8 Hz, J2m = 9.5 Hz; unit F: 7.46 (broad, 0CONH2), 
6.40 (I-H), 4.22 (2-H), 5.87 (3-H). 4.34 (4-H), 4.42 (5-H). 4.33 (CH2-6), J,5 = 3.2 Hz, Jlp = 6.8 Hq Jzp = 2.8 Hz, 
J2.3 = J3.4 = 9.6 Hz; unit H: 4.52 (2-H), 4.72 (3-H). 4.63 (3-H’). 3.74 (OCOCH,); unit 1: 3.80 (I-H), 3.66 (I-H’), 
1.74 (2-H), 1.51 (2-H’).- 13C NMR (100.6 MHz, pyridineds, DEPT): 6 = 157.56 (OCONH2), 101.79 (C-IE), 95.71 
(C-IF, 2J,g= 4.2 Hz), 79.81 (c-2H. 2J cs= 6.7 Hz), 79.57 (C-ZF, 3Jc,p= 9.1 Hz). 73.75 (C-34, 73.39 (c-3E), 73.09 
(CJF), 71.97 (C-JE), 69.82 (CqE), 69.68 (C-l’), 69.16 (C-qF), 66.3 I (C-3H, ~J,Q’ 8.3 Hz), 62.54 (C&), 61.55 
(CdF), 55.33 (C-ZE), 51.81 (COOCH,).- IR (CHCI,): 3550-3 100 (NH), 2470 (I-I-N+Et3), 1740 (GO), 1665 (amide 
I), 1595 (amide II), 1550 cm-l: Ce2Hl 15N2022PSi2xCgHlSN (1428.93, 1427.84). FAB MS (mat& DMSO- 
glycerol): m/z = 1429 ([M+H]+), 330 ([e]‘). 

2-0-(2-Acetamido-3,4,6-tri-O-acetyl-2-deoxy-~-D-glucopyranosyl)-~O-carb~oyl-l-O-([(R)-2-wthoxy- 

carbonyl-2-(3,8,8,11,14,18-hexamethyl-nonadecyloxy~thoxy~-hydroxy-phosphoryl}~-D-glucopyr~o~ (lla) 
To a solution of lob (41.0 mg, 28.7 pmol) in THF (1.0 mL) a I mot/L solution of TBAF in THF (80.0 FL) was 
added. Tbe mixture was stirred at 20°C for 4 h. Addition of water (0.1 mL), lyophilization and MPLC (CHCI,- 
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methanol-water 20:5:0.5) gave 118 (24.3 mg, 78 %).- 13C NMR (100.6 MHZ, CD,OD. DEPT): 6 = 159.50 
(DCDNH& 103.11 (C-lE), 96.23 (C-IF), 80.21 (2Jc - 

r 
8.6 Hz) and 79.74 (2Jcg = 8.7 Ha, C-2B and C-2F), 75.63, 

74.26, 73.85, 72.86, 70.58, 70.28, 70.25 (c-3E, C-3 , C-5g. C-SF, c&, c-tF, C-l*), 66.92 (CJB), 63.42 (C&‘), 
62.18 (C6F), 55.70 (C-ZE).- According to the ‘3C NMR spectrum lla contained m 20% of an impurity).- 
C5oH89N841P (1085.23. 1084.57). FAB MS (matrix: DMSO-glycerol): m/z = 1129 ([M+2Na-m), 1107 
([M+Nar), 655 @+H+Na]+). 595,573 ([M-fi2Na]+). 

20-(tAc~do-tdeo~-~D-glucopyr~osyl>l-l-O-([(R)-2-carboxy-2(3,8~,l1,14,1& 

hexametbyi-nonadacyloxy)-cthoxy]-hydroxyphosphoryl)-a-D-glucopyranose (11 b) 

To a solution of lla (11.7 mg, 10.8 pmol) in anhydrous THF (2.0 mL) at 0°C a 0.29 moVL aq. LiOH (0.5 mL) was 
added, and the mixture was stirred at 0°C for 8 min. Excess base was neutralized by addition of Dowex 5OWX2-200, 
(H+ form). Filtration, lyophilization and LC (SiO2 (5.5 g), CHCIJ-methanol-water 18:7:0.9) provided a mixtum of 

products containing llb (9.7 mg). 29.8 mg of such a mixture obtained in several runs was sepamkd by mvemed- 

pbase LC (HP-20 (6.0 g), ehition with water-methanol lo:0 to &IO), followed by mveraed-pbase MPLC (column A, 
long, 19 g of RP 18, methanol-water-acetonitri&riethyhimine 8:1.1:3:0.1) to give pure Ilb (10.6 mg).- DC NMR 
(100.6 MHq CDC13-methanold4D20 18:11:2.7): 8 = 159.1 (OCONH~F), 103.0 (c-lg), 95.9 (C-IF), 80.0 (C-ZB), 
78.2 (CgF), 76.9 (C-SE), 74.8 (C-3F), 74.7 (C-P), 73.2 (c-5F), 70.8 (c-G), 69.1 (c&, C-II), 66.9 (cJB), 61.5 
(tXF, C@ ), 56.9 (C-ZE), 23.1 (NHCOCH3E).- C43H81N20,8P (945.09, 944.52), FAB MS (mstrix: trietbanol 
amine): m/z = 1011.5 ([M+3Na-2H]+), 1005.5 ([M+K+Na-HI+), 989.5 ([M+2Na-HI+), 983.5 (m+K]+), 967.5 
([M+Na]+), 613 ([M-f+2K]+), 597 ([M-f+Na+K]+), 581 ([M-f+2Na]+), 575 ([M-f+K+H)+), 559 ([M-f+Na+w), 
43 1 ([f+Na-HI+), 409 ([fl+). 

1,20-lsopropyli&n-5O-rllyl-a-~glucofur~osiduron~6~la~one (12b) 
(i) To a solution of 128 (4.94 g, 22.8 mmol) and ally1 trichloroacetimidate (4.68 g, 23.1 mmol) in CH8CI8 (80 mL) 
trifluoromeumnesulfonic acid (0.1 mL, 1.1 mmol) was added. The mixture was stirred at 20°C for 4.5 h. ‘Ihen 
additional portions of allyl trichloroacetimidate (1.20 g, 5.9 mmol) und trifluoromethanesulfonic acid (0.1 mL, 1.1 
mmol) were added end stirring was continued for 4.5h at 2O“C. Work-up (CH2CI2) and MPLC (Petrol-ethyl acetate 
9:2) furnished 12b (3.28 g, 56%). 0.85 g (17%) of 12a were recovered. 
(ii) In the dark, to 12s (66.4 mg, 307 umol) end freshly prepared Ag20 (142.3 mg, 615 umol) ally1 bromid (67 pL, 
770 pmol) and CH2C12 (1.5 mL) were added and the mixture was stirred at 20°C for 3.5 h. Filtration, solvent 
evaporation, and LC (petrol-ethyl acetate 3:l) yielded 12b (68.9 mg, 88%).- ‘H NMR (80 MHZ, CDCI,): 6 = 6.01 (d, 
I-H), 4.92 (dd, 4-H), 4.79 (d, 2-H), 4.74 (d, 3-H), 4.29 (d. 5-H), Jl2 = 3.6 Ha, 12.3 < 1 Hz, J3.4 = 2.6 HZ, J4.5 = 4.2 
Ha.- IR (CHC13): 1800 (GO), 1597 cm-l (C=C).- EI MS: m/z (%) = 256 (M+*, 3), 241 (22), 215 (8), 200 (5), 157 
(39), 114 (26), 59 (57), 41 (lOO).- C,2H,606 (256.3), talc C 56.25, H 6.29, found C 56.34, H 6.23. 

Methyl (1,2-O-isopropyliden-5-O-rllyl-3-O-crrbamoyl-a-~glucofuranosid)urona~ (138) 

To 12b (3.17 g, 12.4 nun@ dry methanol (70 mL) and Amberlite B&93@ (OH- form, m 3 g,) were added, and the 

mixture was stirred at 2OT for Ih. After filtration, washing the resin with methanol, solvent evaporation and car&d 
drying, the residue was redissolved in CH$I, (40 mL), trichloroacetylisocyanate (1.33 mL, 11.2 mmol) was added 
and the mixture was stirred at 20°C for 20 min. Excess reagent was destroyed with methanol (0.5 mL). After 
concentration the remaining solution was transferred to the top of a column charged with alumina (neutral, grade 2,60 
g). Elution was performed with ethyl acetate. Fractions containing 12b were resubmitted to the same treatment. The 
combined filtrates after solvent evaporation and LC (petrol-ethyl acetate 1: I) yielded 13a (2.06 g, 50%). 0.44 g (14%) 
of 12b were recovered.- M.p. 144.5 - 145’C (ethyl acetate-petrol).- ‘H NMR (80 MHz, CDCI,): 8 = 5.90 (d, I-H), 
5.24 (d, 3-H), 4.99 (broad, NH,), 4.56 (d, 2-H), 4.45 (dd, 4-H), 4.08 (d, 5-H). 3.80 (s, OCH3), J12 = 3.6 Hz, J2,3 C 
lHz, J3,4 = 3.0 Hz, JdV5 = 8.6 Hz- IR (CHCI,): 35 10, 3400, 3370 - 3100 (NH), 1760 (C=O), 1578 cm-’ (amide II).- 
EI MS: m/z (%) = 316 (7). 272 (lo), 202 (20) 144 (30). 59 (42). 41 (loo).- C,4H2,0aN (331.3), talc C 50.75, H 

6.39, found C 50.74, H 6.39. 

Acid-catalyzed reaction of 13a with ally1 alcohol 

A mixture containing 13s (603.7 mg, 1.82 nunol), Dowex 5OWX8@ (H+ form, 1.1 g), and ally1 akobol (10 mL) was 
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stirred at SOT for 3.3 h. After filtration, washing the resin with ethyl acetate, solvent evaporation, and MPLC @etrol- 
ethyl acetate&hanoltriethyiethylamine 7:4:0.5:0.01) 13a (47.8 mg, 8%), 1Sa (158.8 mg, 26%), and 1Sb (248.9 mg, 41%) 

were obtained. 

Methyl (~lyCS_O_lllyC10_earbunoy~-~~ucofur~osid)urona~ (15a) 

M.p. 89 - 9O“C (CH&I2petrol).- ‘H NMR (400 MHx, CD30D): 8 = 5.28 (t, 3-H) 5.01 (d, I-H), 4.48 (t, 4-H). 4.24 
(dd, 2-H). 4.11 (cl, 5-H) 3.75 (s, OCH,), JIJ = 4.3 Hz, J2.3 = 6.3 Hz, J3,4 = J4.5 = 6.8 HZ- 13C NMR (100.6 MHZ, 
CD,OD, H,C COSY): 8 = 172.69 (C-6). 158.51 (CONH2), 101.47 (C-l), 78.49 (C-5), 77.98 (C-3), 77.54 (C-4) 
76.20 (C-2), 70.10, 73.70 (C-la8y’), 52.56 (OCH3)-. IR (CHCI,): 3545 - 3180 (NH, OH), 1745 (C=O), 1585 cm-1 
(amide II). FAB MS (matrix: glycerol): m/z = 332 ([M+H]+), 314 ([M+H-H20]+), 274 ([M-OAh1+).- C14H2,0sN 
(331.3), talc C 50.75, H 6.39, found C 50.80, H 6.42. 

Methyl (~lyCS-O-~lyl-3-0-carbunoyCD-D-glucofur~osid)uronate (15b) 
IH NMR (400 MHz, a&on-de): 8 = 5.05 (dd, 3-H). 4.89 (s, I-H), 4.83 OH), 4.42 (d, (dd, 4-H), 4.13 3.97 (d, 5-H), 
(dd, 2-H) 3.73 (s, OCH3), JIM < 1 HZ, J2.3 = 1.2 HZ, J2,oR ~4.0 HZ, J3.4 = 5.3 HZ, J4.5 = 9.2 HZ- 13C NMR (100.6 
MHz, acetonde, H,C,COSY): 6 = 171.99 (C-6), 156.57 (CONH2), 108.86 (C-l), 80.45 (C-4), 80.08 (C-2). 77.97 
(C-5), 77.45 (C-3). 68.94.72.08 (C-la”y’), 51.91 (OCH,).- IR (CHCI,): 3540 - 3150 (NH. OH), 1740 (C=O), 1585 
cm-l (amide II). FAB MS (matrix: glycerol): m/z = 274 ([M-OAll]+).- C14H2,08N (331.3), talc C 50.75, H 6.39, 
found C 50.78. H 6.44. 

Isomerixation of 1Sa 

A mixture of 15a (38.5 mg, 116 pmol), Dowex 5OWX8 @I’ form, 200 mg). and ally1 alcohol (I .5 mL) was stirred at 
20°C for 3d. Filtration, washing of the resin with ethyl acetate, solvent evaporation and MPLC (petrol-ethyl acetam- 
ethanol-triethylamine 7:4:5:0.0 1) furnished 1Sa (9.7 mg, 25%) and 1Sb ( 18.8 mg, 49%). 

Methyl [allyl-2-O-(2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-g-D-glucopyr~osyl~~O-allyl-~O-~rb~oy~~~ 

glucofuranosidbtronate (14b) 

lSb, oxaxohne S (1.5 equiv, another portion (1.0 equiv) after I h), and p-toluenesulfonic acid were heated in 1,2- 
dichloroethane solution at 65’C for 10 h. The reaction was stopped by addition of pyridine (0.5 mL) and &ring at 
20°C for 30 min. After filtration, solvent evaporation, and MPLC (CHCl3methanol 25: l), then further qaration of 
the 14b containing fractions by MPLC (petrol-ethyl acetateethanol 1O:lO:l) and the 1Sb containing fractions by 

MPLC (petrolethyl acetate-ethanol 5:5: 1) yielded 14b (29%). 38% of 1Sb were recovered. Yield, based on consumed 
1Sb: 46%.- M.p.: 192 - 193’C (ethyl acetate-petrol).- ‘H NMR (400 MHz, pyridined,, H,H COSY): unit E: 8 = 5.59 
(I-H), 4.58 (2-H), 5.83-5.97 (3-H). 5.46 (4-H). 3.93 (5-H), 4.25 (6-H), 4.45 (6-H’), 9.46 (NH), J,l = 8.6 Hz, J2,3 = 
9.2 Hz, J3/, = 9.2 Ha, J4,5 = 10.0 Hz, J,,e = 2.4 Hz, Js,e’= 4.3 Hz, ]J,,,. I= 12.2 Ha, JNHs = 8.8 Hz; unit F: 5.34 (l- 
H), 4.90 (2-H) 5.79 (3-H), 4.94 (4-H). 4.52 (5-H) 3.72 (OCH,), 7.81,8.23 (CONH,), Jl2 < 1 HZ, J2.3 < 1 Ha, J3.4 
= 5.1 Hz, J,,, = 9.4 Ha.- 13C NMR (100.6 MHz, pyridined5, DEPT, H,C COSY): 8 = 169.76 (C&P), 157.10 
(CONH2), 107.21 (C-IF), 100.82 (C-IE), 86.20 (C-2F), 80.50 (C-QF), 77.46 (c-5F), 75.02 (c-3P), 73.46 (C-P). 
72.33 (CjE), 69.39 (CAE), 69.11, 71.89 (C-P+“), 62.18 (c&), 54.82 (c-2g). 51.85 (OCH3).- FAB MS: (matrk 
glycerol); m/z = 603 ([M-OAll]+), 330 ([e]+), 288, 270, 210, 168, 150, 126, lO8.- C28H40016N2 (660.63, 660.28) 
talc C 50.91, H 6.10, found C 50.90, H 6.15. 

Methyl [allyl-2-O-(2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-~-D-glucopyranosyl~~~allyl-3-O-c~b~oy~-~ 

glucofuranosid]uronrte (14~) 

lSa, oxaxoline. S (1.5 equiv, tkther portions I .O quiv, after 1 h and 2.2 equiv after 23 h), and p-toluenesulfonic acid 
(another portion 0. I5 equiv afkr 23 h) were heated in I,2dichloroethane solution at 70°C for 31 h. The reaction was 
stopped by addition of pyridine (0.5 mL) and stirring at 20°C for 30 min. At&r filtration, solvent evaporation, and 
MPLC (CHC13-methanol 25: I), then further separation of the 14a containing fractions by MPLC (petrokthyl ace- 
tate&01 1O:lO:l) and the 15s containing fractions by MPLC (petrol-ethyl acetatecthanol 5:5:1) yielded 14a 
(14%) 43% of 1Sa were recovered.- M.p.: 228 - 229°C (ethyl acetate-petrol).- ‘H NMR (400 MHa, pyridine+: unit 
E: 6 = 5.58 (I-H), 4.22 (2-H), 6.03 (3-H). 5.39 (4-H). 3.91 (5-H). 4.12-4.34 (6-H) 4.46 (6-H’) 9.37 (NH), Jlj = 8.5 
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& J2.3 = 9.2 I.k 
(I-H), 4.84 (2-H). 

‘3.4 = ‘4.5 = 10.2 Hz, Jsb = 2.5 Hz, Js,6’ = 4.5 Hz, jJ6,a,I = 12.4 Hz, Jw = 8.3 Hz; unit F: 5.38 
6.20 (3-H). 4.99 (4-H). 4.47 (5-H). 3.72 (OCH3). Jt2 = 4.5 HZ, ‘2.3 p ‘3.4 t 6.9 HZ, ‘4.5 = 6.8 

Hz.- 13C NMR (100.6 MHz, pyridineds): 6 = 169.86 (C-6E), 157.09 (CONHd, 101.32 (C-IF), 100.52 (C-IE), 
82.72 (C-ZF), 78.00 (C-JF), 76.27 and 74.90 (c& and C-3F), 73.07 (c-3E), 72.59 (c-5E), 72.20, 69.14 (C-I@“), 
69.70 (C-44, 62.53 (C.sE), 55.58 (C-2E), 51.93 (GCH3).- C281$o0,6N2 (660.63, 660.28). FAB MS: (matrix: 
glycerol): m/z = 661 ([M+H]+), 603 ([M-GAII]+), 330 ([e]+), 210, 168, 150, 108. 

Methyl 2-0-(2-a#luaido-3,4,6-tri-O-~~l-2-deoxy-R-D-glucopyr~o~l~~~~~~oyl~-~~~ 
pyranuronate (16) 
(i) 148 (17.4 mg, 26.3 lunol) sod palladium(l1) chloride (23.7 mg, 133.6 pmol) io 0.1 m&L sodium acotatc in 20~1 
acetic acidhater (0.5 mL) wcrc stirred at 2OT for 42 h. The resultii mixture was separated by gel filtration 
(Sephadex G-IO, 18 g, elution with water, 50 mL& fraction volume. lo-12 mL). Fractions 2 and 3 were combined. 
Lyophiliiion followed by LC (petrolzthyl acetate-ethanol 2:2: 1) furnished 16 (7.5 mg, 49%). 
(ii) The ally1 protecting group was removed from 14b as described for 14a. Yield: 40% - tH NMR (400 MHz, 
pyridineds): unit E: 6 = 5.58 (I-H), 4.53 (2-H), 6.10 (3-H). 5.30 (4-I-Q 3.98 (5-H). 4.25 (6-H), 4.42 (6-H’). 9.07 
(NH), ‘12 x8.5 HZ, ‘2.3 = 9.2 HZ, ‘3.4 = ‘4.5 = 10.0 HZ, J5,6 = 2.5 HZ, J,,b*= 5.5 HZ, p6,6’1= 12.2 HZ, Jw = 8.3 
Hz; unit F: 6.08 (I-H), 4.19 (2-H), 6.25 (3-H), 4.17 (4-H). 5.28 (5-H). 3.71 (OCH,), 7.49 (CONH2). J,J = 3.5 Hz, 
J2,3 = 10.1 Hz, J3,4 = ‘4.5 = 9.8 HZ- 13C NMR (100.6 MHz, pyridineds): 6 = 169.98 (c-@), 158.38 (CONH2), 
102.72 (C-P), 94.04 (C-IF), 80.90 (c-2F). 74.77 (c-3F), 73.07 (c-3E), 72.55, 72.11, 71.99 (c-5E, C9, C-SF), 
69.93 (C-qE), 62.68 (C-gE), 55.97 (C-ZE), 52.11 (OCH,).- C22H320,6N2 (580.5) 

I,tO-l.sopropylidene-S-O-allyl-a-D-giucofuranosiduronamide (13b) 
Methanol was saturated with ammonia at O°C. A solution of 12b (1.182 g, 4.62 rnmol) in me&anolic ammonia was 
stirred at OT for 80 min. After solvent evaporation and drying pure 13b (1.242 g, 99%) was obtakd- Mp. 131°C 
(CHC13-petrol).- 1H NMR (80 MHz, CDCI,): 6 = 5.88 (I-H), 5.80-5.95, 6.78 (NH2), JIJ = 3.6 Hz.- IR (CHC13): 
3520, 3405,337O - 3090 (NH2, OH), 1685 (amide I), 1570 cm-1 (amide II).- C12H1906N (273.3) , talc C 52.74, H 
7.01, found C 52.96, H 6.96. 

l,tO-Isopropytid~~lyl-~~tric~oroacetylca~~oy~-D-glucofuranosiduron~de (13~) 
At -15’C trichlomwetyl iwcyanak (527 ~.IL, 4.45 mmol) was added to a solution of 13b (1.216 g, 4.45 mmol) iu dry 
CH& (30 mL). A&r 20 min at -15°C methanol (I mL) was added. Solvent evaporation left pure 13~ (2.047 g, 
100%) .- tHNMR (80 MHz, CDCI,) :S = 8.87 (broads, NH), 5.97 (I-H), 5.70-5.85, 6.45 (NH2), 5.68 (3-H), 4.62 
(2-H), 4.51 (4-H), 4.19 (5-H), JIJ E 3.6 HZ, ‘2.3 < IHz, ‘3.4 = 3.0 HZ, ‘4.5 = 6.0 HZ.- IR (CHCl3): 3520, 3410 
(NH& 3370 - 3095 (NH2, NH), 1810 (COCCI,), 1755 (OCONH, amide I), 1695 (CONH2; amide I), 1575 (CONH2; 
amide II), 1490 cm-1 (OCONH; amide II).- C15H1908N2C13 (461.7). 

1,2-O-Isopropylid~O-~lyl-lO-ca~~oy~-D-glucofur~osiduron~ide (I3d) 
Ambcrlite IRA 93 (= 4 g, OH- form) was added to a solution of 13c (2.047 g, 4.43 mmol) in CH2C12 (60 mL), and the 
mixture was stirred at 20°C for 24 h. Filtration, careful washing of the resin with methanol, and solvent removal from 
the combii filtrates gave 13d (1.345 g, 96%).- M.p. 256’C (water; melting with decomposition).- tH NMR: (80 
MHz, pyridind,): 6 = 8.10 (broads, NH2), 7.63 (broad s, NH2), 6.13 (I-H), 5.79 (3-H), 4.96 (4-H), 4.82 (2-H). 4.53 
(5-H), Jig = 3.6 HZ, ‘2.3 C IHz, ‘3.4 = 3.0 HZ, ‘4.5 = 9.0 HZ.- 13C NMR (100.6 MHz, DMSO+): 6 = 171.51 (C-6), 
155.40 (OCONHz), I II.13 (C(CH3)2), 104.51 (C-l), 82.64 (C-2). 78.25 (C-5), 76.42, 74.95 (C-4 and C-3), 70.36 
(C-latlyl).- IR (DMSO): 3520 - 3100, 3460, 3 190 (NHz), 1735 (OCONH2; amide I), 1690 (CONH,; amide I), 1630, 
1585 cm-’ (amide II).- EI MS: m/z (%) = 301 (4). 272 (14). 258 (7). 226 (18), 202 (17), 182 (63), I59 (20), I44 
(32), 140 (33), I15 (41), 100 (loo).- C13H200,N2 (316.3), talc C 49.36, H 6.37, found C 49.46, H 6.40. 

S-O-Allyl3-0-carbamoyl-D-glucofuranuronamide (1%). mixture of anomers 
13d (110.0 mg, 348 pmol) was treated with 90 per cent trifluoroacctic acid (0.8 mL), and the mixture was stirred at 
2OT for 40 min. Water (170 mL) was added and solvents were removed by lyophilization to give pure 15c (95.1 mg, 
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100%). tH NMR (400 MHz, DMS0d6): S = 6.22, 6.5 I, 7.12. 7.32 (broad signals, NH2, OH), a-anomor: 5.15 (d, I- 
H, J,l = 4.0 Ha), 4.99 (dd, 3-H J3,4 = 4.8 Hz), 4.18 (dd. 4-H, J4J = 9.0 Hz), 3.84-3.88 (2-H J2,3 = 3.6 Ha), 3.82 
(d, 5-H). P+mome r: 4.98 (broad s, I-H, Jt2 < I Hz), 4.84 (dd, 3-H J2.3 = 1.6 Ha). 4.23 (dd, 4-H J3,.4 = 4.8 Ha, J,,5 
= 8.5 Ha), 3.77 (broads. 2-H), 3.67 (d, IH, 5-H).- C,,,H,607Nz (276.3) 

Ally1 plycoside formation of 15c 
(i) A mixture of 1Sc (103.5 mg, 375 umnl), Dower 5OWX8@ (H’ form, = 300 mg), and ally1 alcohol (5 n&) were 
stirred at 2O“C for 50 nun. Filtration, washing the resin first with ally1 alcohol, then with methanol-triethyiamine, 
solvent removal from the combined filtrates, and LC (petrokthyl acetate-ethanol 2:2:1) gave 15d (29.1 mg, 25%), 
15e (25.0 mg, 21%), and a fraction containing both 1Sd and 1%~ (9.2 mg, 8%). 
(ii) A solution of lk (481.0 mg, 1.74 mmol) and camphorsulfonic acid (420.0 mg, 1.81 mmol) in ally1 alcohol (20 
mL) was stirred at 20°C for 50 min. A&r adddition of pyridine (3 mL), solvent removal and subsequent LC (petrol- 
ethyl -I 3:3:1) furnished 1Sd (187.2 mg, 34%). 15e (210.8 mg, 38%). and a fraction containing lsd aod 
15e (22.1 mg, 4%). 

Ally1 S-O-allyl-3-O-carbamoyLa-D-glucofuranosiduronamide (ISd) 
tH NMR (400 MHz, pyridined,): 5.38 (I-H), 4.94 (2-H). 6.18 (3-H). 5.22 (4-H), 4.49 (5-H), 7.97 and 8.39 (NH$, 
JIJ = 4.4 Hz, J2,3 = J3/, = 6.5 Hz, J4,5 = 6.2 Hz.- DC NMR (100.6 MHZ, pyridineds): 6 = 173.15 (C-6), 157.59 
(OCONH2), 101.42 (C-l), 80.17 (C-5), 77.99 and 77.67 (C-3, C-4). 75.88 (C-2), 69.10, 72.62 (C-Iany’).- FAR MS 
(matrix: DMSO-glycerol): m/z = 339 ([M+Na]+), 317 ([M+H]+), 259 ([M-OAll]+)- Ct3H2n07Nt (316.3) talc C 
49.36, H 6.37, found C 49.42, H 6.46. 

Ally1 5-O-~lyl-3-O-carbamoyl-0-D-glucofuranosiduronamide (1Se) 
tH NMR (400 MHz, pyridineds) 6 = 5.48 (I-H), 4.91 (2-H), 5.95 (3-H). 5.21 (4-H). 4.60 (5-H) 7.68 (NH2), 8.10 
and 8.27 (NH2), J,2 < 1 Hz, J2,3 c 1 Ha, J,,., = 5.5 Hz, J4,5 = 8.7 Hz.- 13C NMR (100.6 MHz, pyridined~): S = 
173.65 (C-6). 157.45 (OCONH,), 109.29 (C-l), 81.13, 79.81, 79.56, 78.11 (C-2-C-5). 69.04. 71.81 (C-la”y’).- 
Ct3H2c07N2 (3 16.3), FAR MS (matrix: DMSO-glycerol): m/z = 339 ([M+Na]+), 317 ([M+Hj+), 259 ([M-OAll]+). 

Ally1 4,6-0-benzyIidene-2J-di-O-~butyldimethylsilyl-~-D-glucopyr~oside (17b) 
A solution of ally1 4,6-O-benzylidene-g-D-glucopyranoside (171, 8.87 g. 28.7 nunol) tbutyldimethylsilyl chloride 
(14.3 g, 95 mmol), and imidazole (13. I g, 190 nunol) in dimethylfonnamide (I 10 mL) was stirred at 40°C for 5 d. 
Usual work-up (ethyl acetate) and LC (Petrol - ethyl acetate 2O:l) gave 17b (14.1 g, 92%).- tH NMR (80 MHZ, 
CDCI,): 5.40 (s, IH, acetal H), 4.35 (d, I-H, JIsz = 7 Hz).- IR (CHCI,): 1690 cm-1 (C=C).- EI MS: m/z (%) = 479 
(O.OSS), 179 (100) 135 (22) 105 (42) 77 (28).- Cz8H4sO& (536.85, 536.29) talc C 62.64, H 9.01, found C 
63.22, H 9.11. 

Ally1 4-O-benzyC2,3-di-~tbutyldimethylsilyl-B_noside (18r) 
To a solution of 17b (846 mg, 1.57 mmol) in methylene chloride (20 mL) and ether (20 mL) lithium ahuninum hydride 
(149 mg, 3,9 mmol) and subsequently a solution of aluminum trichloride (635 mg, 4.73 mmoi) in ether (30 mL) were 
added. The mixture was stirred at 20°C for 30 min, ethyl acetate and saturated aq. ammonium sulfate were added. 
Solids were removed by filtration. Usual work-up (ethyl acetate) and LC (petrol - ethyl acetate 1O:l) furnished 18a 
(425 mg, SO%).- tH NMR (400 MHz, CDCI,): 6 = 4.84 and 4.57 (CHI-Ph, J, = 12 Hx), 4.34-4.28 (2*1H, d, I-H, 
Jlj = 7 Hz and ddt, I-H“‘“y’), 3.75 (ddd, IH, 6-H, Js,6 - - 2.5 Hz, 1 Je,e. 1 = 8,5 Ha), 3.69-3.59 (2+1H, t, 3-H J2J = 
J3.4 = 7.5 Hz and ddd, 6-H’, Js,6s = 6.5 Hz), 3.50-3.38 (3*1H, 1,2-H, m, 5-H and t, 4-H J4.5 = 7.5 Ha).- IR (CHCl$: 
3300-3660 (OH), 1050-I 120 cm-l (C-O-C).- EI MS m/z (%): 423 (3.2). 288 (7.1) 231 (7.4). 199 (5.2), 115 (8), 91 
(100). 73 (46), 41 (9).- C,sH,cO,$i, (538.87, 538.31) talc C 62.41, H 9.35, found C 62.39, H 9.09. 

Ally1 4-0-benzyl-2~di-0-*butyldimetbylsilyl-~-D-glucopyranosiduronic acid (18b) 
(i) Swem oxidation: To a solution of oxalyi chloride (29 pl, 0.329 mmol) in metbylene chloride (0.4 mL) at -78°C a 
solution of DMSO (45 ul, 0,634 nunol) in methylene chloride (0.4 mL) was added. The mixture was stirred at -78°C 
for 2 min, then a solution of 18a (68. I mg, 0.126 mmol) in methylene chloride (I .2 mL) was added. After 15 min of 
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additioltalstirringat-78~Ctriethylamine(160)rlfwasadded,andthemixturewasstimdat-78~CfotSminandat 

20°C for 15 mm. After usuai workup (CH&), the aidehyde was immed&iy used for the neat step. 

(ii) Sodium ohhxite oxidakn: To a solution of the above Swem oxidatkm produot and 2~i-2~~ (600 pi) in 

tbutanol (2.4 mL) a solution of sodium chlorite (104 mg, I.155 mmoi) and sodium d&&ogen phoaphak (122 mg, 
0.888 mmol) in water (1 mL) was added dowse within IO min. A&r 30 mm at 20°C solvents were mostiy 

evaporated, the mixture diluted with water and extra&xl with hexene. Then the aqueous phase was adjusted with 
dilute HCI to pH 3. AAtr work-up (ether) and solvent ~~~i~ crude 18b (72.5 mg) was obtained- IR (CHCi& 
3~3580 (COON, 1610 cm** (C=O). 

Allyl ~0-be~~Z,3-dd0-tbutyldimethy~iiyl-~-~giucopyr~o~duron~~ (Me) 

To a stirred mixture containing 18b (38.5 mg, 0.07 mmol), methykne chloride (I mL), and 4 A moieudar sieves a 

solution of 1,i ‘+arbonyIdiiidazole (13.6 mg, 0.08 mmoi) in methylerm chloride (0.5 mL) wns added. Stirring was 
contiauod at 20°C for 4 h. Then, at O*C, gaseous, dry ammonia was passed through tIni reaetioo Bask for 40 min. 
Usual work-up (methylene chloride, washing with dilute aq NH, solution) and LC (petrol - ethyl acetate 3:i) provided 
18~ (34.4 mg, 89% based on Ma).- M.p. 74°C (CHCI,-petrol).- ‘H NMR (400 MHz, benzenede): 6 = 6.05 (broad s, 
NH), 4.95 (broad s, iH, NH), 4.83 (d, l-H, J’l= 7 Hz), 4.56 und 4.60 (CH2-Ph, JAB = 11.5 Ha), 4.42 (d, S-H, J4s 
=I.5 Hz), 4.15-4.22 (2H, I-H*‘b” and 4-H), 4.08 (3-H, J2 3 = 1.5 Hz, J,,, = 4 Ha). 3.88 (2-H).- IR (CHCI,): 3500, 
3400 (NH), 1680 (GO), 1550 cm-’ (C=C).- El MS, m/z (%): 494 (12), 436 (IO), 386 (9), 362 (19), 346 (12), 254 
(8), 214 (6), 172 (7). 115 (IO), 91 (100) 73 (50).- C2sH49OeNSi2 (551.87, 551.30) talc C 60.94, H 8.94, fouud C 
60.93, H 8.79. 

Treatment of 18~ with TBAF in THF-water 

To a solution of 18~ (534 mg, 0.97 mmol) in THF (32 mL) and water (1.6 mL) 8. I mL. of a 0. I mol/L THF solution 
of TBAF was added in three equal portions (interval: I h). Stirring at 20°C was then continued for 1 h. Usual work-up 
(ethyl acetate) and LC (petrol -ethyl acetate 3:l) furnished 18d (295 mg,70%) and diol 18e (60 mg, 19%).- 

Ally1 4-O-benzyi-2-0-*butyIdimethylsilyl-~-D-glucopyranosiduron~ide (18d) 

M.p. 153°C-1S50C (ethyl acetate-petrol).- *H NMR (400 MHz, pyridineds): 6 = 6.30 (broad s, NH). 5.52 (broad s, 
OH), 4.79 and 4.68 (CHz-Ph, J, = 11.5 H&4.384.32 (2*1H. ddt, I-H*“Y’andd, I-H, JIz= 7.5 Hz), 3.82 (d, S-H, 
J4,S = 9.5 Ha), 3.63 (t, 3-H, JJ,4 = J2.3 = 9.5 Hz), 3.48 (t, 4-H), 3.46 (dd, 2-H).- IR (KBr): 3382 (OH), 1684 (GO), 
1646 cm-’ (C-C).- EI MS: mlz (%) = 380 (0.2). 362 (8) 322 (7), 214 (11) 117 (3). 91 (lOO).- t&H,SOeNSi 
(437.60,437.22) talc C 60.38, H 8.06, found C 60.52, H 7.96. 

Allyi 4-0-benayi-B-D-glucopyrnnosiduronamide (18e) 

M p. l76’C (methanol).- ‘H NMR (400 MHz, pyridineds, H,H COW): 6 = 8.59 and 8.39 @&I$, 5.41-5.32 (2*lH, 
dq, 3-I-&sal’Y’ and d, CHI-Ph), 5.24 (d, lH, CH,-Ph, J 
I-H*“v’ and d, 5-H 

- II Hz), 4.82 (d, IH, I-H, Jlj= 7.5 Ha), 4.55-4.47(ddt, 
, J 4,5 = 9 Hz) 4.38-4.29 (2t 4 H p” - - , ~4=9Hzandbt,3-H,J~~=9Hz),4.04(broadt,2-H).-iR 

(KBr): 3220-3600 (OH, NH), 1698 (amide I), L575 crnsi (amide II).- EI MS, m/z~/o): 265 (O.lS), 217 (2.1), 155 (4), 
118 (IO), 100 (24), 91 (IOO), 41 (34).- Ci6Hz106N (323.34, 323.13) talc C 59.43, H 6.54, found C 59.3’3, H 6.49. 

Aiiyi eO-beayi-2-O-tbutyidimethylsiiyi-3-O~arb~oyl-~-D-glucopyranosiduron~ide (18f) 

To a soiution of lttd (567 mg, 1.30 mmol) in methylene chloride (25 mL) TAI (200 pl, 1.69 mmol) was added at 
20°C. The mixture was left at 20°C for 14 h. Excess reagent was destroyed by addition of methanol (4 mL). A&r 
stirring at 20°C fix 1 h and solvent evaporation, the residue was taken up in methanol (16 mL). Zn dust (S 10 mg, 13.0 
mmoi) was added and the reaction mixture was stirred at 20°C for 5 h. Filtration, followed by care~lly washing the 
residue with 8:2 methanol - water, solvent ev~mti~, and LC (petrol - ethyl acetate 21) yielded 18f (567 mg, 

90%).- M.p. 19i-193°C (ethyl acetate -petrol).- ‘H NMR (400 MHz, py~di~d~): 6 = 6.28 (broads, HI, NH), 5.53 
(bs, IH, NH), 5.01 (t, 3-H. J2,3 = J3,4 = 9 Hz), 4.68 (d. IH, CH2-Ph. JAB = II Ha), 4.58 (2* IH, d, CH*-Ph and bs, 
NH), 4.41 (d, I-H, J,2 = 7.5 Hz), 3.96 (d, 5-H), 3.63 (t. 4-H. J4,5 = 9 Hz), 3.52 (dd, 2-H).- IR (KBr): 3~3~ 
(OH, NH), 1686, 1610 cm-’ (GO).- EI MS, m/r (%): 423 (2) 362 (7), 214 (7). I31 (4). 118 (20), 91 (lOO).- 
C*~H~~O,N~Si (480.63,480.22) talc C 57.47, H 7.55, found C 57.13, H 7.80. 



Structural analogues of moenomycin A 2043 

Ally1 4-O-benxyEfO-rarbamoyl-fLD-ghtcopyrauosiduronamide (18g) 

At 2O“C to a solution of 18f (499 mg, 1.04 mmol) in 955 ‘H-IF-water (30 mL) 0.1 moVL TBAF io THF (3 mL) was 
added iu small portions within 1 h. The mixture was stirred at 20°C for 4 h. Workup (3:l ethyl acetate - nbutaaol, 
washing with saturated aq. NaCI), LC (CHC13 - MeOH 20: 1). and subsequent removal of ammonium salts by passing 
a methauolic solution through a column with Dowex 5OWX2-200 @I+ form) provided 1Sg (216 mg, 57%).- Mp. I76- 
177’C (methanol).- ‘H NMR (400 HMz, pyridiied~): 6 = 8.65 (broad s, IH, NH), 8.43 (broad s, H-I, NH), 5.85 (t, 
3-H J2,x = Jj,., = 9.5 Hz), 5.17-5.08 (3’lH dq, 3-HtruuagY1 and 2*d, CHz-Ph, JAB = 1 I Hz), 4.88 (d, I-H, J,2 = 7.5 
Ha), 4.56-4.48 (2*1H, ddt, I-Ha”y’ and d, 5-H, J4,5 = 9.5 Ha), 4.38 (t, 4-H) 4.10 (dd, 2-H).- IR (ICDr): 3100-3700 
(OH, NH), 1704. 1686 (C=O), I615 cm-l (C=C).- FAB MS (lactic acid): m/z = 733 ([2M+Hl+), 367 ([M+IIJ+).- 
C17H2207N, (366.37,366.14), talc C 55.73, H 6.05, found C 55.64, H 5.90. 

Ally1 4-O-bemyE~O-carbamoyl-t-O-(N-ace~lglycyl~~-D-glucopyr~osiduron~ide (20a) 

Solutions of 180 (33.1 mg, 0.09 mmol), N-acetylglycine (15.9 mg, 0.13 mmol), 4dimethylaminopyridine (11 mg, 
0.09 mmol), and DCC (20.5 mg, 0.10 mmol), each in DMF (0.5 mL), were combined and the mixture stirred at 20°C 
for 24 h. After addition of solid sodium hydrogen carbonate the content of the reaction flask was directly transferred 
onto the top of a chromatography column (LC). Elution with toluene-CHCI,-EtOH l&6:2) provided pure 2Oa (35.5 
mg, 0.08 mmol, 84%).- ‘H NMR (400 MHz, pyridined& 8 = 9.20 (broad t, lH, NH). 8.68 (broad s, HI, NH), 8.58 
(broad s, D-I, NH). 7.78 (broad s, 2H, NH2), 5.95-5.82 (2*lH, 2-H al’y1 and t, 3-H, Jzs = J3/, = 9.5 Ha), 5.61 (dd, 
lH, 2-H J,J = 8 Hz), 5.14-4.93 (3-Htru,, al’y’, CH2-Ph and I-I-I), 4.55-4.32 (5-H, J4 5 = 9.5 Hz, C&NHAc, 4-H and 
I-HallY1), 2.09 (s, 3H, CH&- IR (KBr): 1759, 1717, 1685, 1633 (C=O), 1620 crni (C=C).- FAB-MS (lactic acid): 
m/z = 931 ([2M+H]+), 466 ([M+H]+).- C2,H2,09N3 (465.46,465.17), talc C 54.19, H 5.84, found C 51.71, H 5.80. 

Removal of the ally1 protecting group from 20a 

(i) A mixture containing 20r (105 mg, 0.224 mmol), 0.1 mol/L aq sodium acetate in 20: I acetic acid-water (5 mL), 
and palladium(B) chloride (58 mg, 0.328 mmol) was stirred at 2OT for 24 h. Water was added and inorganic cations 
were removed by stirring with Dowex 5OWX2-200 (I-I+ form). After filtration and can&l washing of the residue 
solvents were removed by evaporation and lyophilzation, respectively. LC (CHCI,-methanol 10: I) provided 2Oc (30.6 
mg, 32%) and methyl ketone 2Ob (not completely pure, IO mg, 9%). 

(ii) To a solution of 2Oa (100 mg, 0.213 mmol) in DMF (8 mL) and water (1.4 mL) palladium(B) chloride (9.5 mg, 
0.053 mmol) and copper(I) chloride (63 mg, 0.636 mmol) were added. At 20°C oxygen was passed into the stirred 
mixture by means of a syringe. After 8 h a further portion of palladium(I1) chloride (5 mg, 0.028 mmol) was added, 
and the mixture was stirred for another 28 h. For working up the products were partitioned bctwecn 3: 1 ethyl acctate- 
I-butanol and water. The organic phase was washed with brine. Solvent evaporation, followed by LC (CHQ- 
methanol 10: 1) furnished 21k (12 mg) and methyl ketone 20b (59 mg). The latter fraction was dissolved in acctonitrile 
(140 mL); the solution purged with argon (30 min), then triethylsmine (87 pl, 0.629 mmol) was added and the mixture 
then exposed to UV light (Philips HPK 125, quartz vessel) for 35 min. Solvent evaporation and subsequent LC 
(CHCI,-methanol IO: I) provided 2Oc (39 mg). The overall yield was 56%. 

4-O-Benzyl30-carbunoyl-2-O-(N-ace~lglycyl~a-D-glucopyranuron~ide (20~) 

IH NMR (400 MHz, pyridined$ 6 = 9. I8 (broad t, IH, NH), 8.78 (broad s, IH, NH), 8.49 (broad s, H-I, NH), 6.42 
(t. 3-H, J2g = J,,, = 9.5 Hz), 5.99 (d, I-H, J,,* = 3 Hz), 5.49 (dd, 2-H), 5.25 (d, 5-H. J4,5 = 9.5 Hz), 5.07 and 5.11 
(CH2-Ph, JAB= 10.5 Hz), 2.08 (s, CH,).- C,,H2,09N3 (425.39) 

2-Oxopropyl 4-O-benzyl-lO-carbamoyl-2-O-(N-acetylslycy~~~-D-glucopyranosiduron~i~ (20b) 

*H NMR (400 MHz, pyridine-ds): 6 = 9.22 (broad t, IH, NH), 8.68 (broad s, IH NH), 8.58 (broads, lH, NH), 7.80 
(broad s, lH, OH), 5.92 (t, IH, 3-H. J,,, = J,,., = 9.5 Hz), 5.65 (t, IH, 2-H, J12 = 8.5 Hz). 2.25 (s. 3H, methyl 
ketone), 2.09 (s, 3H, CH3-NHAc).- C21H,,O,oN, (481.46). 

Benxyl (R)-3-hydroxy-2-(3.8.8.1 1,14,18-hexamethylnonadecylorytpropanoate (9c) 

(i) A mixture of methyl ester 9b (62 mg, O.l32mmol), benzyl alcohol (0.5 mL), and titanium(IV) isopropoxide (30 pl) 
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were stirred at 6O’C for 5 d. SC (Petrol - ethyl acetate 15: I) furnished 9c (54.7 mg, 76%). 
(ii) Acetyl chloride (50 pl, 0.703 mmol) was added to a solution of 9a (212 mg, 0.465 mmol), in benayl al&l (0.5 
mL). The solution was stirred at 6O’C for 5 d. Dowex 5OWX2-200 (I-I+ form) served equally wwll as acid catalyst. 
TLC indicated only the presence of 9c besides starting material 9a. LC (Petrol - ethyl acetate I5:l) provided 9t (149 
mg, 58%)~ lH NMR (400 MHZ, CDCl$: 6 = 7.41-7.31 (Ar-H’s), 5.17, 5.21 (CH2-Ph, JAB - 12.5 Hz), 4.01-3.42 
(SH, 2-HH, CH2-3H, CH&, 2.11 (bt, IH. OH), 1.71-0.81 (a&l-H’s).- l3C NMR (100.6 MHz, CDCI,)? 8 = 
170.89 (C-IB), 135.63, 128.85, 328.65, 128.44 (AS’s), 79.88 (c-2B), 79.78 (c-2B), 70.03 (C-l*), 69.91 (C-II), 
66.91 (C-3H), 63.70 (CH2-Ph), 42.20-19.79 (C-2* -C-25*).- IR (nujol): 3368 (OH), 1746 cm-l (C-O).- C3&04 
(546.87). EI MS: m/z (%) = 516 (0.25), 243 (4) 180 (18), 11 I (16), 91 (100) 71 (56), 57 (76). 43 (38). 

CO-Beazyl-3-O-carbunoyl-2-O-(N-ace~lglycyl~l-O-{[(R~2-belrcyloxy~rbonyl-2-(3~,8,11,14,1& 
hurmdhylnonadccyloxy)-cthoxyl-(2trichlo~~hyl-2-prop~loxy~phospho~l}~-D-~uc~y~ur~~& 
(19a), (P diastereomers) 
To a solution of IH-1.2.4~triazole (37 mg, 0.528 mmol) in 1:4 pyridineCH2CI2 (1 mL) 2,2,2-trichlom-l,l- 
dimethylethyl dichlorophosphite (19 pl, 0.094 mmol) was added at OOC. The mixture was stirred at O°C for 20 min. A 
slurry of2tk (32 mg, 0.075 mmol) in 1:4 pyridineCH2CI2 (2 mL), was added and the reaction mixture stirmd for 4 h 
at 0°C. After addition 9c (122 mg, 0.226 mmol) dissolved in CH&I, (1.5 mL) in three portions over a period of 2 h 
the mixture was stirred for I h at 0°C. Bis(trimethylsilyl)peroxide (23 pl, 0. I05 mmol) was injected into the tea&ion 
flask and the stirred mixture was maintained at O°C for I5 h. The reaction mixture was filtered, and solvent 
eqoration followed by LC (CHCI,-MeDH 30: I) yielded 19a (46 mg, 520/o).- l3C NMR (100.6 MHz, pytUned5): 8 
= 157.19 (OCONH8), 95.56 (C-IF), 90.83/90.77/90.72 (CC13G), 78.44/78.34/78.10; 75.16/75.06; 71.77/71.72; 
71.65; 70.05/69.99; 68.69; 67.23 (c-2R; c-2F; CH,-Ph; C-3F; C-l’; C-5F; C-3B). 61.76 (CH$‘lHAc), 42.30-19.57 
(C-2* - C-251 and CH3 signals).- lH NMR (400 MHz, pyridineds): 8 = 9.15/9.05 (2*bt, 2*1H, 2*NH, 2:l mixture of 
diastereoisomers isomeric at P), 7.59-7.15 (Ar-Ii), 6.52/6.49 (2*dd, 2*1H, 2*1-H, Jl2 = 3.5 Ha, Jig = 6.5 Ha).- 
CS,Hn90,5N3 (1193.00). 

4-O-Bensyi-3-O-carbamoyl-2-O-(N-acetylglycyl)-l-O-{ [(R)-2-benzyloxycarbonyE2-(3,8,8,11,14,18- 
hurunethylnonadecyloxy)-ethoxyl-hydrory-phospho~l}-a-~glucopyr~uronami~ (19b) 
To a solutioo oftriostor 19a(49 mg, 0.041 mmol) in dry pyridii (2 mL) Zn-Cu couple (freshly prepared, 27 mg, 0.41 
mmol) and 2.4~pentanedione (48 pl, 0.41 mmol) were added and the mixture was stirred at 20°C for 4 h. Excess Zn- 
Cu couple was removed by filtration (washing with ethanol). After solvent evaporation the residue was redissolved in 
1O:l water-ethanol (70 mL), and ZIG+ ions were removed by treatment with Dowse 5OWX2-200 (I-I+ form). 
Filtration, lyophilixation, and MPLC (CHCIS-methanol-I-butanol 4:1.25:1) yielded 19b (27.8 mg, 0.027 mmol, 
669/o)).- l3C NMR (100.6 MHZ, CDCI,-methano+D,O 18:13:2.7): 6 = 156.72 (OCONH8). 91.66 (C-IF), 
78.36178.32; 74.34; 71.71/71.49/71.08; 70.48; 69.8ll69.61; 66.73; 65.22 (c-2? c-2? CH2-Ph; c.3F; C-l’; C-5F; 
C-JH), 60.51 (CH#IAc), 48.56-18.73 (C-2’ C-25’ and CH3).- C53H840,SN3P (1034.23, 1033.56), FAB MS 
(matrix: lactic acid): m/z = 1078 ([M+2Na-HI+), 1072 ([M+K]+), 1056 ([M+Na]+). 

~O-Benzyl-3-O-carbunoyl-2-O-(N-ace~lglycyl~l-O-{[(R~2-carbo~-2-(3,8~,l1,l4,18-hcramethylnona- 
decyloxy)-ethoxy]-hydrosy-phosphoryl)-a-D-plucopyranuronamide (19~) 
19b (27.8 mg, 0.027 mmol) dissolved in ethanol (4 mL) was hydrogenated over IO per cent Pd/C (5 I mg) for 5 d at 
20°C. Filtration, washing the residue with water, methanol, and ethanol, followed by solvent evaporation and LC 
(CHCI3methanol-water l6:7:1) gave 19c (I2 mg, 52%).- 13C NMR (100.6 MHz, CDCI,-methanoldd-D,O 
18:13:2.7): S = 157.58 (OCONH$, 92.05 (C-IF), 71.52; 70.85; 69.33 (C-2F; C-3F; C-l’), 48.46-18.74 (C-2’ -C-25* 
and CH,).- C39H72015N3P (853.98, 853.47), FAB MS (matrix: lactic acid): m/z = 898 ([M+2Na-H]+), 892 
([M+K]+), 876 ([M+Na]+). 
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