
MOfINURONlC ACID: SYNTHETIC STUDIES AND ABSCXUTE CONFKWRATION 

Petor W&ml: Hens-Peter Bulls, Armln M~Iefqm, Dietrlch MOlIor, 

end GOnther Wtzke 

Abtellung f6r Chemle der Ruhr-Unlverrit&t 

Poatfech 102148. D-4630 Bochum (FRO) 

(Rewid rn Gemwny 8 May 1984) 

Abotroct - The rbrolute conflguretlon of the moenuronlc rcid moiety of 
-lotIc moenomycin A hea been eatebll8hed by l pertlrl rynthrric 
rtertlng from D-wlectooo. The relotlon between the l beolute cmformetion 
of a-hydroxy Iectonee end their chlroptlcel propertIe Is dlacuaaed In detell. 

The l ntlblotlc moenomycln A (1) ’ Is the meln conatltuent of the trede product flevomycln @ 

which Ia utlllred In l nlmel nutrltlon. 
2 

1 belonga to the most l fflclent Inhibitora of the bloayntherls 

of becterlel toll well peptldoglycens. 
3 

Unlt F of 1 la the crrbemete of l new methyl-bronchd uronlc l cld celled moenuronlc l cld. After 

trlfluoroecetlc l cld degredetlon of 1 the 3-0-corbemoyl-1-photpheto 2 of moenuronic l cld we8 laole- 

ted 4 wbreu cleange of 1 with dilute hydrochloric l cld followed by glycoslde formetlon ylelded 

the ethyl furmwldurono-6,3-lrctoctmo 3. ’ After treetment of 1 or 3 wlth 2n HCL (20 h et 1OO.C) 

recomlc 7 woa obtolnrd. 
5 

Prerumebly, Intermedlrteo of type. 5 end 6 l re involved In thir degredetlon 

reaction. 

Conrtltution end reletlvo conflguretlon of moenuronlc l cld were e8migned on the baolo of deteiled 

apectro8coplc enelyree. 
5 The propo$ed rtructurr wu recently conflrmed by pertlel syntherlr. ’ The 

l bsolute conflgurotlon depicted in 2 end 3 I8 besed on chlropticel dete. 3 end the cloooly reletod 

D-glucuronlc l cld derlvrtivr 4 heve l lmort identlcel CD rglctro 
5 

(aeo Teblo 2). Since It is prlncl- 

pelly Impossible to l oteblloh both conformetlon end l tmolute coofiguretion by one CD experlment the 

usumptlon bed to be moda that both 3 end model compound 4 l xl#t proforentlolly in the ume con- 

formetloo. Unfortunrtely, no lnformrtlon on the conformetlon of the Iectone ring In 3 Is l ccoarlblr 

by ‘H-NMR-tpectro8copy. ’ Recently, Keto end coworkorr dlacuased l case whorr from CD dete the 

wrong l beolute conflguretlon wu deducrd beceume en lncorrrct conformetlon had been l ssumed. 
7 

In 

or&r to rrtebllti the l baoluto confl@Jrrtlon of the moenuronlc l cld molrty of moenomycln A con- 

clualvely, we decided both to corrrletr moMuronlc l cld chemlcolly wlth l compomd of known l bw- 

lute cmflgurotlon end to study In some detell the CD of uronolectonrr of type 3. 

@the818 of D-moenuronlc l cld derivetlve~ from D-prlrctose 

D-Clelectote wu trrnrformed Into thr known tirlvetlvo 8. ’ Selrctlvo l llylatlon of tM eq6atorlel 

3-OH group In I wu l chleved under the condltlono reported by Devld and coworkers. 
0 

Thus, 8 wee 

treruformed Into the otennylene derlvetlve 0 which In tolwne Iolutlon (roflux) wee troeted wlth l llyl 

bromide In the presence of totre-n-butylemmonlum bromldo to give 10 In en overell ylrld of 87%. 

Oxldrtlon of 10 to ketone 16 turned out to be wmowhet dlfflcult, prewmebly, becaue 16 Ir l 
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4 

5 6 

rather unstable compound. Best results wore obtalnad using Corey’s 
10 

dlmothyl~lfidr/N-chloroarcfln- 

lmldo (7Q% ylald) or the Sworn procedure ” (84% yield). Mlljkovic l t al. l2 have first rrported that 

under proper condltlons mrthylmagnarlum lcdido adds starwsrlrctlvely to hrxopyrancmld-4-ulosrs of 

type 16 to furnish axcl~slvely addltlon products such aa 19 with an o -(equatorial) mathyl Oroup 

wharaas methylllthlum yields solely IO-methyl compounds such as 13 with an axlrl mrthyl group. In 

our hands the rractlon of 16 with commorclal methylllthlum at -78*C Iod to a mlxturr (u -rant 

from tha ‘H-NMR wctrum) of 13 and 19. 

Rcutlnrly, separation was not performad at this stap slnca separatlen of 14 and 20 tumod out to 

be much slmplar. Ramoval of the ally1 group from 13 and 19 was l chlavod by a wall-•stabll- 

two-step procsduro. Firstly, the ally1 ether was lsomerlred Into tha prop-1-onyl ether function (rho- 
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dlum(l) catdysls) l3 which wu than l fflcloMly cloowd by oxymerCuratiof8 
14 

to furnish aftor chro- 

matographlc soparotion 14 and 20 In 61% and 11% ylmld, rsrpectlvoly, based on 16. The conflguratlon 

at C-4 In 14 and 20 was l stabllshed by 
13 

C-NMR spectroscopy. According to Mlljkovlc l t al. ” In 

branched-choln sugars of thlr typo an axial methyl group absorbs l t highrr flrld ( 6 g 14.6 for 14) 

thrn an equrtorlal one ( b . 21.3 for 20). Rrmoval of the knzyl protecting groups from 14 by hydro- 

9onolyrls furnlahed 12 which haa already beof~ descrlbad by Yorhlmura l t al. ‘. We wlshrd to Intro- 

ducr the 3-0-crrbamoyl group present In unit F of 1. This wu l chlevod uslng the Kishl procodurr. 
16 

Thus, brief treatment of 14 with CUM oqulvalmt of trlchloroacetyl Isocyanrto followrd by hydrolysis 

yloldod 15 In 73% yirld. Hydrwatlon of 15 occurred smoothly to give 11 In 94% yield. Finally, 

catalytic oxldrtlon ” of 11 Iod to the desired moonuronlc rcld dorivatlva 17. By treMm@nt of 17 u 

~011 u of 18, which w.8 propared from 12 om doscrlkd by Ycahlmura l t al. 
6 

with 0.1 m HCI In 

l thmol for 15 h at reflux tomporoturo l thylfuranoslduronolactona 3 r*w formod In &out 27% ymld. 
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This compound proved idrntlcal with a sample obtalnod from 1. 5 
k403t SlQnlflcMtly, both s8mpl.s 

showed a positive CD wlthln the Iactonr absorption band. This proves that the moenuronlc acid rrsidw 

of mwnomycln A belongs indeed to the D-series u prevlwsly usumod. 
5 

Maas spectra of compounds 10 - 20 

As may bo expected compounds 10 - 20 did not glvo moloculor ion8 wln(j the El tochnlque. On the 

other h8nd under proper l xwrimental cond8tions excellent FAB ma= spectra -era obtaimd In the 

positive ion mode fully in accord with the proposed structures. The resulb are shown in Table 1. 

When a matrix of trlethonolamlno (TEA) ww wed, the characteristic cluster ions (M+TEA+H)’ and 

(M.TEA-HI+ were formed m most cases. Very Intonslve quasimolecular ions (MeLI)’ wore obtalnod 

after addition of LICI to the sample dissolved In TEA. In some Cases (M+Li)’ wOS the bOS@ wak of 

the spectrum. 
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Some pnsral remarks on tha chlroptlcal propertlas ot a-hydroxy Isctonas 

Thara l xlst two rules lor hydroxy lactonas of type 3 pradlctlng the sign of the n-r l CD of tha lac- 

tona chromophora. The rule of Okuda 
18 

says that the slq, of this CD is determined by the disposl- 

tioo of the OH group in a-position to the CO function. Using projecttons 21 and 22 the Cotton 

aftect should be positlva it the OH group Is above tha plane ot tha Iactona rmg as In 21, and nega- 

tive it It Is below as in 22 Baacham 
19 

on the other hand stated that it IS the chirallty of tha 

Iactona rlng which titarmlnas tha sign 01 the n -I ’ Cotton etfect (Wolf-Legrand rule 20’2’). For a 

negative torsional angle (0-)C-Ca(-CD) as In 23 a positive CD has to be expected. If tha torsional 

angle is positive (saa 24) a negative CD results. Actually. these rulas do not dillor conceptually 

from each other. The perturbing lnflwnca 01 a chirally arranged bond connected to tha C,,atom of 

tha Iactona molaty is mainly through-bond, and It should not matter wather this bond is within tha 

rlng or axocyclic to It. The magnltuda of the perturbation is approximately tha same (or C and 0 

as regards tha chiroptical propertlas, that 01 H is, however, much smaller. It tallows than that (or a 

small torsIonal angle (0-)C-Ca(-CR) withln the ring the influence 01 the OH group should prevail, 

whereas ring contormatlon should determlne the Cotton aftects when thus angle is larger (this torslo- 

nal angle is not tha same as that defined by the C.I.P. rules 
22 

!). All this is valid, however. only it 

tha carboxylic chromophora is coplanar and, therefore, Inherently achlral. X-ray studies have shown 

that this is l pproxlmataly tha casa for most lactones invastlgatad, at least in the sol16 state. 
23 

For D-glucuronlc acid 6.3-lactona (25) thasa ralavant torsional l nglas (in the crystalline state) ara 

-17’ (wlthln tha ring) and -142. (O-C-C-OH, i.e. l 38” in C.I.P. notation), respectively. From mole- 

cular medals It can be daducad that It Is the sterlc interaction between the SO-OH and tha atoms 

01 tha turana rlng which stablllzas this conlormation 01 tha Iactone ring, and both chlral perturbations 

giva posltlva cootrlbutions to tha n-s l - Cotton affact. For tha corraspondlng a -athyl glycosida 26 

wa round AC . 02.85, and no furthar starlc Intaractlon Is Introducad by tb OEt moiety according to 

molacular medals. Thlr rtarlc rapulrlon should becoma more pronounced, howavar, tar the O-ethyl 

glycorida 4, rtablllzlng thls sama con(ormation avan mora. Indeaa. a romawhat larger posltlva CD (AC 

a l 3.67) has bean maaaurad. For tha O-mathyl glycorlde 27 25 this sama starlc rapulsion is obviously 

much waakar as can ba daducad from tha Aa - valua of l 2.92. 

Formatlon 01 an addltlonal dloxolana rlng as In 28 
20 

should also scarcaly change this contormatlonal 

l qulllbrlum, and this vlaw is supported by Aa s l 2.40 for l catonida 28. Eplmarlzation at C-5 to tha 

L-ldo compound 29 27 will ralaasa this ataric Intaractlon at tha R-rlda of the Iactone ring, but it is 

dltflcult to pradlct from molacular modal8 which conformatlon ot the Iactone rlng should hara ba 

tb prafarrad ona. Tha contrlbutlon 01 tha OH group to the Cotton alfact Is now nagatlva, ana as 

Ar = -0.96 wa can concluda tram this small valua that tha Iactona rlng is not prasant solaly In the 

second wsalbla contormation 24, slnca than wa should axpact a larger nagatlve CD. Ramoval of the 

5-OH group loads to 30 2e2g for which a nagatlva CD 01 AC = -1.52 has baan recorded. Clearly, tar 

30 tha second Iactona rlng contormatlon (c-f. 24) with tb positive torslonal angle (0-)C-Ca (-CO) 

withln the rlng prapondaratas hero. According to molecular models lntroductlon 01 tha additional 

mathyl group at C-4 present In the moanuronlc acid Iactona 3 should not drastlcally change the con- 

~ormaticnal aqullibrlum 01 tha Iactona ring. Thus, a positive CD Is l xpactad for 3, m lull l graament 

with the experlmantal facts (AC = 02.42 was tourd tar a sample 01 3 obtained by dagradatlon 01 1 
5 

and AL = l 2.91 tar synthatic material). 

The direct contribution 01 the I-methyl group is predicted from tha corresponding sactor rula to be 

althar negllgable or weakly positive, depending on the ring ctmtormatton 
24 

; anyway, it wuld be 01 

margmal mtluenca orrly compared to the other through-bond interactions. 

In this s~ecl(lc case the datermlnatlon of tha absolute cm(lguration ot a sugar Iactona from Its CD 

gave the correct result. As can be saen from the other axamplas one must, howevar, ba very cautlocr, 

In tha interpretation 01 CD data 01 a -hydoxy Iactonas. On tha othar hand, once tha a&lute con- 

tlguratlon is known, tram the CD data vary valuable Informatloru about the protarred conformation 

01 tha Iactona ring in solution can be obtalnad. 
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Table 2: CO dota for uronolactonos 3, 4. and 26 - 30 

Compound 
A max(nm) 

3 223 

4 221 

2B 222 

21 220 

26 222 

29 229 

30 216 

AC 
mar 

l 2.91 

. 3.67 

. 2.85 

. 2.92 

l 240 

- 0.96 

- 1.52 
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EXPERIMNTAL 

All 02- or morsture-sensitive reactions wore performed in oven-dried glassware under a positive 

pressure of argon. Sensitive liquids and solutions were transferred by syringe, and were Introduced 

into reaction flasks through rubbrr septa. Usual work-up moans partitioning the reaction mixtura be- 

tweon water md an organic solvent (given in parenthesis), drying the combined organic layers with 

Na2S0, and removal of solvent by distillation in vacua using a rotatory evaporator. The Instrumenta- 

tion used was: 
t 

H-NMR: WP 80 (Brukrr), WH-250 (Bruker); 
13 

C-NMR: WH 250 (Brukrr); IR: Perkin 

Elmer 257 and 681; CD: J&in-Yvrn-ISA dichrograph Mark III connected onllne to a PDP-8/e; LC: 

Medium pressure chromatography using 31.0 cm x 2.5 cm glass tubes. silrca gel Grace (58 y m), 

Duramat pump (CfG); UV detector Chromatochord III (Servo). 

The FAB mass spectra wore obtained wing a Flnnigen MAT 731 Instrument. Samples wore dissolved 

In dimethylwlfoxlde, and the matrix (glycerol or triethanolamine 
38 

or a solution of LiCl in glycerol 

and triethanolamlne, respectively) was added. The solutions were placed rm a stainless steel probe 

tip 3t and bombarded with 6 KeV Xenon from e modified Saddle Field Ion Source. 

Methyl 3-0-Allyl-2,6-di-0-benen2yl~-D-galactopyranoside (10). 

A mixture of 8 e (3.74 g, to.0 mmol) and dl-n-butyltin oxide (2.56 g, 10.3 mmol) in toluene (300 

ml) was refluxed (using a Dean-Stark water trap) for 7 h. After removal of 100 ml of the solvent 

ally1 bromide (6.1 ml, 70 mmol) and tetrabutylammonlum bromMe (1.83 g, 6.0 mmol) were added 

end the resulting mixture was refluxed for 8 h. The solvent was removed under reduced pressure and 

the residue partitioned between ether (30 ml) and two 20 ml portlons of 5% NaHC03. The organic 

layer was dried (Na2S0,) and l nporated. LC (EtOAc/petrol 14) furnished 10 (3.80 g, 67%) as a 

colourless oil.- IR (Ccl,): 3590 (OH), 3100-3000, 1650, (500, 1100, 698 cm-‘.- ‘H-NMR (80 MHz, 

CDC13): 6 = 2.68 (s, lH, OH); 3.37 (s, 3H, CCH3); 3.50-4.15 (m, 6H, 2-H. 3-H, 4-H. S-H, CH2-6); 

4.17 and 4.19 (m, 2H, JAB (from decouplmg experiments) = 3.0 Hz, -0-Cy2-CH.CH2); 4.45-4.80 (m, 

SH, l-H, benryllc H’s);5.07-5.45 (m, 2H, mCH2);5.70-6.22 (m, tH, J 
h&C/H 

. 10 Hz, J 
H%C,, 

= 18 Hz (from decoupling experiments), -Ci=CH2); 7.33 (s, lOH, aromatic H’s). - FAB-MS: see 

Table t.- C24H3g06 (414.5); Found m/r q 421 (MLi*, FAB-MS). 

Methyl 3-0-Allyl-2,6-di-O-~zyl~-D-xylo-hex~yranosid-4-ulo~ (16). 

a) To a solution of N-chlorosucclnlmide (192 mg, 1.44 mmol) in toluene (3 ml) at O°C was added dl- 

methylsulfide (0.145 ml, 197 mmol). After the solution had stirred for 30 mln at O*C 10 (200 mg, 

0.48 mmol) was added at -30°C and the reaction kept at -26OC for 3 h. Then a solution of triethyl- 

amine (0.205 ml, 1.47 mmol) in toluene (1 ml) was added and the mixture allowed to warm to 

ambient temperature. After addition of ether ((0 ml) usual work-up (ether) and LC (acetone/petrol 

16) furnished 16 (156 mg, 79x) es a colourless oil. 

b) To a solution of oxalyl chloride (0.38 ml, 4.34 mmol) in CH2C12 (7 ml) at -60°C was added a 

solution of DMSO (0.67 ml, 9.40 mmol) in CH2C12 (1 ml). After slow addition of 10 (1.63 g, 3.93 

mmol) dissolved in CH2C12 (9 ml) at -7O’C the reaction mixture was stirred for 25 mln at -tS°C. 

At -3O’C trlethylamine (2.51 ml, 18 mmol) dissolved In CH2C12 (2 ml) was edded and the mixture 

stirred at -lS°C for 5 min. Addition of water (25 ml), usual work-up (CH2C12), end LC (ethyl ace- 

tate/petrol t:7 then 1:s) furnished 16 (1.352 g, 84X).- IR (CC14): 3100-3000, 1745, 1605, 1500, 700 
-1 

cm .- ‘H-NMR (80 MHx, CDC13): 6 .. 3.48 (s, 3H, 0CH3); 3.55-3.90 (m, 3H); 3.95-4.47 (m, 4H); 

4.57 (s. 2H, benzylrc H’s); 4.63-4.86 (m, 3H, l-H, benzylic H’s); 5.10-5.50 (m, 2H, =CH,); 5.72-6.24 

(m, lH, -CH=CH2); 7.32 and 7.35 (lOH, aromatlc H’s).- FAB-MS: see Table l.- C24H2806 - 

Found m/a . 419 (ML,*, FAB-MS). 

Reection of 16 with MeLi. 

(412.5); 

To a cooled (-78’C) solutron of 16 (2.91 g, 7.04 mmol) In ether (200 ml) was ad&d 0.80 M MeLi 

In ether (32 ml, 29 mmol). After stirring at -78OC for 7 h, warming to ambient tomperaturo, and 
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l ddltlc-n of watrr the mixture YU worked up u usual. LC (acetone-petrol 1:8 and 15) furnIshed a 

mlxturr of 13 and 19 (2.M Q, 62%). 

Methyl 3-0-AIlyl-2,6-dl-O-~nzyl-4-C-mrthyl-o-D-9lucopyr~narido (13). 

From tha mlxturo of 13 and 19 l small Mmplr of purr 13 woa obtalned by LC (rthyl l cotato-petrol 

lz88).- IR (CC14): 3800-3540 (OH), 3100~3000, 1500, 700 cm-‘.- ‘H-NMR (80 MHz, CDC13): 6 = 1.15 

(s, 3H, CH3); 2.63 (a, lH, OH); 3.40 (a, 3H, OCH3); 3.2O-4.00 (m, SH, 2-H, 3-H, 5-H, CH2-6); 

4.24-4.47 (m, 2H, 0-Cfi2-CH.CH2); 4.47-4.92 (m, SH, I-H, benzyllc H’S); 5.05-5.48 (m, 2H, &HZ); 

5.75-8.30 (m, lH, -Ci=CH2); 7.34 (lOH, aromatic H’s).- FAB-MS: aem Tablr l.- C25H3206 (428.5); 

Found m/r m 435 (MLI*, FAB-MS). 

Removal of the ally1 proup from 13 8nd 19. 

A solutloo of the mlxturo of 13 and 19 (972 m9, 2.27 mmol) and 1,4-diazoblcyclo [ 2.2.2 1 octul 

(113 mg, 1.0 mmol) In 9:l l thanol/wotor (36 ml) was rrfluxod for 5 min. Aftor addition of 

Rh(ph3)3CI (243 mg, 0.26 mmol) the rooctlon mixture wu rrfluxod for 2 h. Aftor this porlod it 

wu cooled to l mblont temperoturo, flltared to romovr tb catalyst, diluted with toluonr and rvapo- 

roted In vacua to drynors. The rosldur VU token up In 1:s mthyl l cototo-petrol and flltorrd throu@ 

a short slllco layer (30 9). Aftor rvlporatlon to drynra the rraction products wera dlsaolved In 

acetone (36 ml) and watrr (2.7 ml) and treated for 40 mln at l mblent trmporaturo with HoC12 

(488 mg, 1.79 mmol) and HQO (702 mg, 3.24 mmol). The suspotulon wu than fIltered, ttw clear 

solution rvrporatrd, and the rrsldue taken up In ether. Wuhlng the solution sovoral tlmoa with 3O% 

Klaq, usual work-up (ether) and LC (ethyl acetate-prtrol 1P than 1:l) furnlshod 14 (855 m9, 74% 

based cx-~ 16) and 20 (112 mg, 13% based on 16). 

Methyl 2,8-Di-0-benzyl-4-C-methyl-o-D-glucopyranoslde (14). 

h4.p. 8?-8Q*C (from ethyl acetate).- IR (CHC13): 3595, 3580-3140 (OH), 3100-3000, 1805, 1500, 
-1 

1076, 702 cm .- ‘H-NMR (250 MHx, CDC13): b = 1.14 (3, 3H, I-CH3); 3.18 (broad s. 2H, 2 OH’s); 

3.29 (dd, IH, 2-H); 3.33 (3. 3H, 0-CH3); 3.56 (ABX, lH, 8-H); 3.75 (ABX, lH, 6’-HI; 3.85 (ABX, 

lH, 5-H); 3.94 (d, lH, 3-H); 4.51 and 4.56 CAB, 2H,lJABl. 11.9 Hx, benzyllc H’S); 4.68 and 4.72 

(AB, 2H,( JABI = 12.2 Hz, banzyllc H’s); 7.32 ((OH, aromatic H’s). J 
1P 

= 4.0 HI, J2,3 q 10.1 Hz, 

J5,6 
q 7.4 Hr, J5,6, q 4.2 Hz,IJ6,6,1 = 10.1 Hz.- 13C-NMR (62.9 MHz, CDC13): b . 14.85 (I-CH3); 

55.04 (OCH3); 68.81; 71.12; 73.00; 73.39; 73.48; 74.85; 70.20; 97.59 (C-l ); 127.56; 127.71; 127.98; 

128.10; 126.41; 128.50; 137.87; 136.06 (aromatIc C’s).- (Found C 68.78, H 6.94. Calc. for CnH2606 

(368.5) x 0.5 H20: C 88.48, H 7.35.- FAB-MS: see Table l.- C22H2806 (366.5); Fourd m/z . 395 

(MLI., FAB-MS). 

Methyl 2,8-DI-0-bonzyl-4-C-methyl-o-D-9alactopyronoslde (20). 

IR (CHC13): 3575, 3500 (OH), 31O+3OOO, 1605, 1500, 1075, 700 cm-l.- ‘H-NMR (e0 MHz, CDC13):6 

= 1.25 (s, 3H, I-CH3); 2.30 (broad s, 3H, OH); 3.15 (broad s, lH, OH); 3.37 (3, 3H, OCH3); 3.60-3.90 

(m, SH, 2-H, S-H, CH2-8); 4.5&4.6.O(m, SH, l-H, bonzyllc H’S); 7.33 (lOH, aromatic H’s).- 13C-NMR 

(82.9 MHz, CDC13): 21.6-O (I-CH3), 55.34 (OCH3), 89.82, 71.85, 72.90, 73.00. 73.83, 73.07, 77.28. 

98.13 (C-l), 128.88, 126.93, 127.61, 127.91, 127.97, 128.09, 120.51, 129.08, 137.48, 130.25.- FAB-MS: 

3.. T0bi0 i.- C22~2806 (366.5); F0md m/r = 538 (M-HeTEA)*, 536 (M*H+TEA)*; FAB-MS). 

Methyl 4-C-Methyl-a-D-plucopyranoslde (12). 
8 

A mlxturr of 14 (36.6 mg, 1.0 mmol), rthonol (70 ml) and 10% palladium-on-charcoal (80 mg) ww 

stlrrod &r hydrmn at room temporaturo rnd atmospheric prrsauro. After 4 h, the mlxturo wu 

filtered and the solvent rvlporated. LC (rthyl l cotrte-methanol 7:l than 5:l) provided 12 (204 mg, 

96%).- M.p_ 142*C (from ethyl acetate-methanol).- IR (KBr): 3700-3050 (OH), 2640 (0CH3); 105O 
-1 

cm .- ‘H-NMR (80 MHz, pyridlno-d5): b n 1.62 (s, 3H, 4-CH3); 3.49 (a, 3H, 0CH3); 3.90-4.70 (m, 

5H, 2-H, S-H, CH2-8); 5.14 (d, lH, J 
12 

q 4.1 Hz, 1-H); 5&O-8.70 OH, 4 OH’s).- FAB-MS: SIP 

Tablo l.- C6H1606 (208.2); Found m/r n 209 (MH*, FAB-MS). 
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Methyl 2,6-DI-0-benzyl-3-O-corb~moyl-4-C-m~thyl-a-D-Qlucopyronosid (15). 

To a solution of 14 (390 mg, 1.004 mmol) In dry CH2C12 (15 ml) at -lO°C trlchloroacotyl isocyanats 

(125 ,,I, 1.05 mmol) wps added. After warming to ambient temperature (2 h) methanol (0.1 ml) and 

then 5% K2C03 l q. (10 ml) were added. The resulting suspension wu stIrred at room tempermturo 

for 2 h. Usual work-up (CH2C12) and LC (ethyl acetate-petrol 12 then 1:l) furnished 15 (316 mg, 
-1 

73%) as e colourleu sirup.- IR (CHC13): 3640-3100 (OH), 3100-3040, 173.0 (CO), 1600, 699 cm .- 

‘H-NMR (25.0 MHz, CDC13): b = 1.10 (3, 3H, I-CH3); 3.41 (I, 3H, 0CH3); 3.44 (dd, lH, 2-H); 3.57 

(A~x, in, 6-H); 3.62 (ABx, in, ~I-H); 3.93 (ABx, IH, S-H); 4.02 (broad s, 1H, OH); 4.54 and 

4.57 (AB, 2H,IJABl = 12.5 Hz, bennrylic H’s); 4.59 and 4.66 (AB, 2H,IJABl = 12.1 Hz, benrylic H’s); 

4.66 (d. lH, 1-H); 5.04 (d, lH, 3-H); 5.15 (2H, NH2); 7.32 and 7.34 (lOH, aromatic H’S).- J1 2 = 

3.9 Hz, J2 3 1 10.2 Hz, J5 6 = 3.0 Hz, J5 6, q 7.5 Hz,IJ6 6,1 = 10.5 Hz.- “C-NMR (62.9 MHz, c,b,,: 

b q 15.6 il-CH3); 54.7 (&H3); 69.1 (Ch2-6); 72.6, 7i.1, 73.2 (C-4 and knzyilc C’S); 73.7, 77.3, 

79.0 (C-2, C-3, C-5); 97.7 (C-l); 156.6 (-OCONH2).- FAB-MS: see Table l.- C23H2gN07 (431.5); 

Fovld m/r = 436 (MLi*, FAB-MS). 

Methyl 3-0-Carbamoyl-I-C-methyl-o-D-Qlucopyranosidr (11). 

A mixture of 15 (110 m9, 0.25 mmol), methanol (20 ml) and 10x palladium-on-charcoal (45 mQ) 

was stirred wder H 2 at room temperature md l tomosppherlc pressure. Aftor 4 h, the mixture was 

filtered and the solvent evaporated. LC (ethyl l cetoto-methanol 1O:l) furnished 11 (60 mQ, 94x).- 

M.p. 96-96OC (from ethyl acetate-mrthanol).- IR (Karl: 3700-3040 (OH, NH), 1700 (CO), 1615 
-1 

cm .- ‘H-NMR (80 MHz, pyridme-d5): b = 1.50 (5, 3H, I-CH3); 3.42 (3, 3H, DCH3); 3.90-4.70 (m, 

4H, 2-H, S-H, CH 

J 2,3 q 10.0 Ht.- 13 
-6); 5.12 (d, lH, 1-H); 5.64 (d, lH, 3-H); 6.05-6.35 (2H, NH2); J 

12 
. 4.0 Ht, 

C-NMR (22.6 MHt, DMSO-d6): b q 15.0 (4-CH3); 54.1 (OCH3); 59.2; 69.2; 71.6; 

75.0; 77.1; 99.0 (C-l); 157.3 (OCONH~).- FAB-MS: soa Toblo l.- CgH17N0, (251.2); Found m/t = 

256 (ML,*. FAB-MS), C 40.14, H 7.10, N 5.33. Calc. for CgH1707N x H20: C 40.15, H 1.11, N 

5.20. 

Methyl 3-O-Carbomoyl-4-C-mothyl-o-D-Qlucopyranooiduronic acid (17). 

A mlxturr of 11 (211 mg, 0.64 mmol), water (15 ml), l nd Adam’s catalyst (600 mg) was adjusted 

to pH 6 with NaHC03 and than stirrod u&or O2 at 6O.C and l tmasporic prrsauro. Aftrr 7 h, the 

mixture w*u fllterrd and the solvent romcved by lyophilltatlon. LC, firrt Dowrx 50-H. (30 ml), tbn 

sIIIca ~1 (CHC13-methanol-H20-CH3COOH 10:8:l.SR.l) glvo (after mporatlon and lyophilitaticn) 17 

(109 mg, 49%) as a colourlrrs solid.- IR (KBr): 3700-3020 (OH, NH), 1715 (CO), 1620 cm-l.- 13C- 

NMR (62.9 MHt, DMSO-d6): b . 17.2 (I-CH3); 54.6 (OCH3); 69.8; 71.5; 72.6; 76.3; 99.5 (C-1); 

156.9 (OCONH2); 172.4 (C-6).- FAB-MS: soo Tablr l.- CgH15N06 (265.2); Fotnd m/t = 272 (MLI*, 

FAB-MS). 

Ethyl I-C-Methyl-6-D-Qlucofuranwldurono-6,3-lactono (3). 

a) A solution of 17 (50 mg, 0.169 mmol) in 0.1 M l thonolic HCI (10 ml) wu rofluxed 

Evaporation to drynrsa and LC (ethyl acotatr-patrol 3:l) furnished 3 (11 mg, 27%) u a 

slrup, Idonticrl with rn l uthontlc umplr. 
5 

for 15 h. 

colourlon 

b) Similarly, 18 which wan obtrlnod from 12 u dwcribrd by %to et al. ‘, WV* S In 11% ylold. 

‘H-NMR (250 MHt, CDC13): b = 1.19 (1, 3H, J . 7.0 Ht, -0-CH2-CE3); 1.67 (0, 3H, 4-CH3); 2.46 

(d, lH, 2-OH); 2.75 (d, lH, S-OH); 3.52 and 3.73 (m, D-Cl+2-CH3); 4.14 (d, lH, 5-H); 4.42 (d, lH, 

2-H); 4.57 (s, lH, 3-H); 5.13 (9, lH, 1-H). J2 OH . 4.2 Ht, J5 OH . 9.2 Ht). CD (ethanol, c . 1.1 

mmol/l): Amax (AC ) = 226 nm (r3.10). 
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