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15. Total Synthesis of the Gastroprotective Substance GI-77-B 
and of Analogues’) 

by Jean-Marc Durgnat’) and Pierre Vogel* 

Section de Chimie de l’Universit8, rue de la Barre 2, CH--1005 Lausanne 

(22.VI11.92) 

The Diels-Alder adducts 8 of furan to I-cyanovinyl acetate were converted into (methyl 3-chloro-5-0-(3- 
chlorohenzoyl)-2,3-dideoxy-cc -DL-arahino -hexofuranosid)uronic acid ((&)-Ma) and into (methyl 3-azido-5-0 -(3- 
chlorobenzoyl)-2,3-dideoxy-a -DL-riho -hexofuranosid)uronic acid ((+)-4la). These compounds were condensed to 
(3S)-3-[(1’S)-1’-amino-3’-methylbutyl]-3,4-dihydro-8-hydroxyisoconinarin hydrochloride ((-)-2); the resulting 
mixtures of diastereoisomeric amides were transformed and separated to give the gastroprotective substance 
AI-77-B ((-)-1) and analogues. 

Introduction. - The AI-77’s are a group of related 8-hydroxyisocoumarin derivatives 
isolated from the culture broth of Bacillus pumilus BN 103 [2]. One of the major compo- 
nent, AI-77-B ((-)-l), was shown to have a potent antiulcerogenic activity against stress 
ulcers without anticholinergic, antihistaminergic, or central suppressive effects [3]. The 
absolute configuration of 1 was determined from spectral data and by X-ray diffraction 
studies together with chemical studies [4]. This new class of antiulcer agents led Shioiri 
and coworkers [5] to complete the first total synthesis of AI-77-B ((-)-1) in 1989 by 
coupling the aminodihydroisocoumarin (-)-2 to the partially protected (2S,3S,4S)-4- 
amino-5-cyano-2,3-dihydroxypentanoic-acid derivative 3 (see Scheme I ); the latter was 
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derived from D-glutamic acid. The second synthesis of (-)-1 was reported in 1991 by 
Thomas and coworkers [6] who condensed (-)-2 with thep -1actame derivative 4 derived 
from L-aspartic acid. Gesson and coworkers [7] obtained the protected forms 5 of the 
(2S,3S,4S)-3-amino-2,3-dihydroxyhexanedioic acid moiety of (-)-1 from methyl 2,3- 
dideoxy-4,6-0 -benzylidene-3-(trifluoroacetamido)-a -D-ribo -hexopyranoside. More re- 
cently, Ward and Procter [8] synthesized (-)-1 from @)-leucine and (&’)-aspartic acid. 

’) 

’) 

‘Naked Sugar’ as Synthetic Intermediates, Part XXIII. Part XXII, see [I] .  This work was presented at the 
autumn meeting of the Swiss Chemical Society, Bern, Oct. 18, 1991. 
Present address: Department of Chemistry, University of California in Los Angeles. 
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We report here a new approach to the total synthesis of (-)-1 and analogues starting 
with 7-oxabicyclo[2.2.l]hept-5-en-2-yl derivatives ('naked sugars') for which we have 
developed methods that transform these readily available synthetic intermediates into all 
kinds of rare D- or L-hexose derivatives and analogues [9]. Our first strategy planned the 
condensation of (-)-2 to the partially protected 3-chloro-2,3-dideoxy-arabino -hexofura- 
nuronic acid derivatives 6 and the subsequent SN2 displacement of the chloride by an 
azide moiety. A better alternative appeared to be that involving the condensation of (-)-2 
to (methyl 3-azido-2,3-dideoxy-ribo -a -D-hexofuranosid)uronic-acid derivative 7, fol- 
lowed by the one-step oxidation of the furanoside moiety into the corresponding aldono- 
lactone. 

Results and Discussion. - The mixture of Diels-Alder adducts 8 of furan to 1- 
cyanovinyl acetate was converted into the chloroketone (*)-9 (90 %) following the 
procedure developed by Warm and Yoget [lo] (Scheme 2). Treatment of (+)-9 with 1.2 
equiv. of N-[(tert- butyl)dimethylsilyl]-2,2,2-trifluoro-~-methylaceta~de and 2 equiv. of 
Et,N [l 11 led to the corresponding silyl enol ether (*)-lo (78 %). In CH,Cl,, (&)-lo 
reacted with 55 YO 3-chloroperbenzoic acid (3-C1C,H,CO3H) already at -78'. The reac- 
tion was retarded in the presence of tetrahydrofuran (THF). With 1.1 equiv. of 3- 
ClC,H,CO,H (THF, 25", 2 h), compound (1t)-13 was isolated in 77% yield. It resulted 
probably from the acidolysis of the intermediate epoxide 11 by 3-ClC6H,CO,H, leading to 
the hypothetical adduct 12 that underwent an acyl-group migration to give (f)-13 [12] 
[13]. Heating (f)-13 to 180" for 10 min provided the protected a-hydroxyketone (f)-14 
[I41 which was reacted with 1.1 equiv. of 3-CIC6H,CO,H in the presence of NaHCO, to 
furnish the corresponding lactone (A)-15 (61 YO based on (f)-13). This compound was 
unstable at room temperature, reacting with MeOH to give 16 and 17 together with HC1 
and polymeric material. Treatment of (&)-15 with MeOH and 1.1 equiv. of methanesul- 
fonic acid at -15" gave a 95:5 mixture of the methyl furanosides (3=)-18a and (f)-18b. 
This product ratio decreased to 78 :22 when the acidic methanolysis of (&)-15 was carried 
out at Oo. Pure (&)-Ha (78 %) was obtained by crystallization from CHClJhexane. 
Treatment of (&)-Ma with CH,N, in MeOH afforded the corresponding methyl uronate 
(f)-19 (80%). 
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The reaction of (&)-18a with benzotriazol- 1-01 (BtOH) and dicyclohexylcarbodiimide 
(DCC) in CH,Cl,/DMF 3 : 1 (OO, 20 min) followed by the addition of 1 equiv. of (-)-2 
(prepared according to [5]) and of Et,N in CH,Cl,/DMF 3 : 1 led to a 1 : 1 mixture of the 
corresponding amides (-)-20 and (-)-21 which were readily separated and purified by 
flash column chromatography (FC) on silica gel (35 and 36% yield, resp.; Scheme 3). 
Heating (-1-20 in DMF to 1 10" in the presence of NaN, led to only 43 YO of the expected 
azido derivative (-)-22, together with products of decomposition. The use of azide-anion 
sources such as CsN, or (Bu,N)N, were less successful than NaN,. The selective saponifi- 
cation of the 3-chlorobenzoate moiety of (-)-22 was carried out with anhydrous MeOH 
containing a catalytic amount of KCN and gave the corresponding alcohol 23 that was 
characterized as the monoacetate (-)-24 obtained by treatment (25", 2 h) with Ac,O 
pyridine. On prolonged heating with Ac,O/pyridine (45", 15 h), the diacetate (-)-25 was 
obtained in 96% yield. Saponification of (-)-20 (MeOH, KCN, 20") afforded 26, the 
treatment of which with NaN, or CsN, in DMF failed to give 23. 
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Among the different methods existing for the conversion of a methyl furanoside into 
the corresponding aldonolactone [15], we chose that proposed by Grieco and coworkers 
[16] which transformed (-)-25 into (-)-27 (66%) by treatment with 3 equiv. of 3- 
ClC,H,CO,H and 0.1 equiv. of BF,. Et,O (25O, CH,Cl,). Under these acidic conditions, 
the phenolic acetate moiety was cleaved. The same procedure applied to the chloroben- 
zoate (-)-22 afforded (-)-28 in 96% yield. Reduction of the azide moiety in (-)-28 with 
H, in the presence of a catalytic amount of 5 % Pd/C in 50 % aqueous THF (25") gave a 
1 : 1 mixture of (-)-29 and of an unknown compound. In AcOEt/AcOH 95 : 5, the same 
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hydrogenation led to a 7: 1 mixture of (-)a and the same unknown compound. Reduc- 
tion of (-)-27 with Ph,P [I71 afforded the desired amine (-)-29 in a mediocre yield 
(15-25%). Finally, under the conditions described by Cumano and Robbins [18] using 
tributylstannane (benzene, 80", 30 min), (-)-29 was obtained pure in 95 YO yield. Under 
the conditions used by Thomas and coworkers [6] for the saponification of the aldonolac- 
tone moiety (50% aqueous EtOH, pH 9), (-)-29 was converted into a 1:l mixture of 
AI-77-B ((-)-1) and 30. When employing MeOH/H,O 1 : 1 instead of EtOH/H,O 1 : 1 as 
solvent ( 0 . 1 ~  NaOH, pH 1 l), the acyl migration leading to 30 was significantly retarded 
(probably because of the higher reactivity of MeOH compared with that of EtOH toward 
the lactone), and (-)-1 was obtained as unique product of the aldonolactone hydrolysis. 
After neutralization with 0.1~ HC1 (pH 6.5) and purification by filtration on Amberlite 
XAD-2 and column chromatography, (-)-1 was obtained in 65 YO yield. Its physical and 
spectral data were identical to those reported for this compound in the literature. 

Because of the relatively low yield (43%) obtained in the chloride displacement 
reaction (-)-20-+(-)-22, we examined the possibility to introduce the azido group earlier 
in our synthesis. We first found that (+)-19 could be converted into (f)-31 (69%) on 
heating (120") in anhydrous DMF with 3 equiv. of CsN,. Attempts employing LiN,, 
NaN,, and (Bu,N)N, all failed to give (f)-31. Attempts to substitute the endo-C1-atom in 
the bicyclic ketone (+)-9 (Scheme 2) via SN2 displacement with azide anion failed also, 
probably because of the too low nucleofugacity of the C1-atom. To circumvent this 
difficulty, we prepared the bromoketone (f)-34 from 8 as shown in Scheme 4. Addition of 
benzeneselenenyl bromide to 8 [19] gave adduct 32, the oxidation of which with 30% 
H,O, in THF afforded the bromoalkene 33. The latter was saponified with 4 N  KOH into 
the corresponding cyanohydrine that afforded the bromoenone (&)-34 in 78 YO yield 
(based on 8). Reduction of the alkene moiety in (f)-34 with diimide [20] led to (f)-35 
(87%). The treatment of (f)-35 with an excess of NaN, ( 5  equiv.) in DMF (llO", 12 h) 
afforded the azido-ketone (&)-36 in 66% yield. Better yields could not be obtained with 
CsN,, LiN, or (Bu,N)N,. Deprotonation of (&)-36 with potassium bis[trimethylsilyl]- 
amide (K[(Me,Si),N]) in THF (-78') followed by reaction with ( t  -Bu)Me,SiCl provided 
the silyl enol ether (&)-37 (85 %). Lithium diisopropylamide was not sufficient to carry 
out this transformation. Treatment of (f)-37 with 3-ClC6H,CO,H in THF (25") gave a 
mixture of (f)-38a and (f)-38b (structure established, as for (+)-13, by NOE measure- 
ments in the 360-MHz in 'H-NMR spectrum) which was converted into the protected 
a-hydroxyketone (&)-39 on heating to 120" for 10 min. Bueyer-Villiger oxidation of 
(*)-39 with 3-ClC6H,C0,H in CHCl, (0") afforded the uronolactone (&)-40 (43 YO based 
on (&)-37). The high regioselectivity of this oxidation paralleled that transfonning (&)-14 
into (f)-15 and that of other 7-oxabicyclo[2.2.l]heptan-2-one derivatives [9] [21]. Acidic 
methanolysis (MeOH, MeSO,H, - 1 5 O )  of (&)-40 gave a 9:l mixture of the methyl 
furanosides (f)-41a and (f)-41b (63 YO) from which pure (f)-41a could be isolated by 
crystallization from CHCl,/pentane (51 %). Treatment of (f)-41a with BtOH/DDC and 
then with (-)-2 gave a 1:l mixture of amides (-)-22 and (-)-42 (84%) that could not be 
separated by usual chromatographic techniques. 

Treatment of the mixture (-)-22/(-)-42 with 1.1 equiv. of 3-C1C,H4C0,H and 0.1 
equiv. of BF,.Et,O in CH,Cl, at 25" gave a 1:l mixture of aldonolactones (-)-28 and 
(-)-43 that were readily separated by flash chromatography on silica gel. The dia- 
stereoisomer (-)-28 was transformed (Scheme 3 )  into (-)-l, whereas (-)-43 was reduced 
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with Bu,SnH giving (-)-44 and then saponified (MeOH/H,O 1:1, 0 . 1 ~  NaOH) to yield 
the stereoisomer (-)-45, the physical and spectral data of which were quite different from 
those reported for (-)-1 (see Exper. Part). 

The structures of the new compounds described in this work were established unam- 
biguously by their mode of formation, their reactivity, and by their spectral data. The 
‘H-NMR signal attributions were confirmed by double-irradiation experiments, includ- 
ing nuclear Overhauser effect (NOE) measurements. 

Conclusion. - The racemic Diets-Alder adduct mixture 8 of furan to 1-cyanovinyl 
acetate was converted into AI-77-B ((-)-1) following two procedures that condense the 
(5’)-leucine-derived (3S)-3-[(1’S)-l’-amino-3’-methylbutyl]-3,4-dihydro-8-hydroxyiso- 
coumarin hydrochloride ((-)-2) to either (methyl 3-chloro-5-0 -(3-~hlorobenzoyl)-2,3- 
dideoxy-a -m-arabino- hexofuranosid)uronic acid ((&)-lSa) or (methyl 3-azido-5-0-(3- 
chlorobenzoyl)-2,3-dideoxy-a -DL-ribo -hexofuranosid)uronic acid ((f)-41a). The first 
approach led to an overall yield of 1.5% (based on 8) and implied the isolation of 12 
intermediates, whereas the second method gave an overall yield for (-)-1 of 1.8 YO (based 
on 8) and required the isolation of 10 intermediates. The uronic-acid derivatives (&)-Ma 
(6 steps from 8,26 % overall yield) and (&)-41a (6 steps form 8,8 .3  YO overall yield) can be 
prepared optically pure in both enantiomeric forms starting from the readily prepared 
optically pure ‘naked sugars’ (+)-46 (or (+)-47) and (-)-48 (or (-)-49) [8] [22]. Our 

& OR‘ 

(+ )-46 R* = (1 S)-camphanoyl (-)-48 R = (1 R)-camphanoyl 

methodology is thus applicable, in principle, to the total synthesis of AI-77-B and its 
analogues without the necessity of a chromatographic separation of diastereoisomeric 
intermediates and thus, our overall yields for (-)-1 should be at least the double of those 
given here. 

We thank the Swiss National Science Foundation, F. Hofmann-La Roche AG, Basel, and the Foncls Herbette, 
Lausanne, for generous financial support. 
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General. See [23]. None of the procedures was optimized. 

( i ) -2 -  {[( tert-Butyl)dimethylsi[yl]oxy}-5- endo-chloro-7-oxabicyclo[2.2.l]hept-2-ene ((*)-lo). A mixture of 
(&)-9 [9] (1 g, 6.82 mmol), Et,N (2 ml), anh. DMF, and N-[(tert-butyl)dimethylsilyl]-2,2,2-trifluoro-~-methylac- 
etamide (1.3 ml, 7.5 mmol) was stirred at 75" for 20 h. The solvent was distilled off (50°/0.05 Torr) and the residue 
purified by filtration on silica1 gel (Merck 9385, 60 g, AcOEt/light petroleum 1:12): 1.38 g (78%). Colourless 
crystals. M.p. 4142'. IR(KBr): 2950, 1625, 1470, 1340, 1310, 1260, 1220, 1210, 1155, 1120, 1025. 'H-NMR(250 
MHz, CDCI,): 5.03 (d, = 2.0, H-C(3)); 4.9 (ddd, ' J  = 4.2, 2.0, 4J = 1.0, H-C(4)); 4.54 (dd, 3J =4.5, 4J = 1.0, 
H-C(1));4,32(ddd,,J= 9.0,4.2,3.0,H-C(5));2.46(ddd,2J = 12.2,,J =9.0,4.5,HeX,-C(6)); 1,45(dd,,J = 12.2, 
' J  = 3.0, Hend,-C(6)); 0.95 (s, t-Bu); 0.22,0.18 (2s Me2Si). ',C-NMR (62.9 MHz, CDCI,): 162.6 (s, C(2)); 100.5 (d, 
'J(C,H) = 173, C(3)); 81.6 (d, 'J(C,H) = 160, C(1)); 80.2 (d, 'J(C,H) = 163, C(4)); 54.9 (d, 'J(C,H) = 160, C(5)); 
36.0 (t. 'J(C,H) = 141, C(6)); 29.7 (s, Me,C); 25.5 (q, 'J(C,H) = 125, Me,C). CI-MS (NH,): 279 (100 [ M  + 19]'), 
260 (1, M+') ,  223 ( S ) ,  168 (7), 167 (52), 150 (12), 149 (90), 132 (6), 121 (5), 113 (16), 112 (19), 105 (13), 104 (26), 97 
(lo), 95 (9), 91 (7), 84 @), 83 (31), 81 (13), 77 (II) ,  76 (19), 71 (58), 70 (50). Anal. calc. for Cl2H2,C1O,Si (260.85): C 
55.25, H 8.11; found: C 55.'19, H 8.04. 

( I  RS.2 SR.3 RS,4 RS,6 RS) -3- endo-{ [ ( tert-Butyl)dimethylsiyl]oxy}-6- endo-chloro-3 -exo-hydroxy- 7-oxabi- 
cyclo[2.2.I]hept-2-exo-yl 3-Chlorobenzoate ((i)-13). A mixture of (*)-lo (550 mg, 2.07 mmol), THF (10 ml), 
3-CIC6H4C03H (85 %, Fluka ; 462 mg, 2.28 mmol) was stirred at 25O for 1 h (TLC control, AcOEtjlight petroleum 
1:3): Rf 0.7, ((+)-lo), 0.4 ((*)-13)). After evaporation the residue was purified by column chromatography (CC; 
silica gel Merck 9385 (25 g), 0", AcOEt/light petroleum ether 1:l l) :  688 mg (77%). White powder. M.p. 100-102° 
(dec.). IR (KBr): 3400,2950,2800, 1790, 1700, 1430, 1285, 1160, 1120, 1000, 870,840,775. 'H-NMR (250 MHz, 
CDCI,): 8-05, 7.95, 7.60,7.43 (4 H, arom. CH); 5.52 (s, H-C(2)); 4.50 (dd, ' J  = 5.2, 4J = 1.3, H-C(4)); 4.24 (ddd, 
, J =  lO.l,5.1,4.8,H-C(6));4.20(dd,3J=5.1,4J=1.3,H-C(1));2.4(ddd,2J=13.2,3J=10.1,5.2,H,,o-C(5)); 
2.23 (dd, ,J = 13.2, ' J  = 4.8, H,,-C(5)); 0.9 (s, t-Bu); 0.13 (2s, Me,). CI-MS (NH,): 451 (2, [ M  + IS]+), 246 (6), 
232(5), 147(5), 144(4), 131(4), 122(8), 117(12), 110(6), 109(7), 107(12), 106(19), 105(34),104(15),98(26),91 
(IOO), 81 (25), 78 (40), 70 (22). Anal. calc. for C19H25C1205Si (432.38): C 52.77, H 5.82; found: C 52.83, H 5.89. 

(IRS,2SR,4RS.6RS)-6-endo-Chloro-3-oxo-7-oxabicyclo[2.2.I]hept-Eexo-y1 3-Chlorobenzoate ((i)-14). 
Under stirring, (1.1-13 (0.5 g, 1.15 mol) was heated to 180" for 10 min. After cooling to Oo, the solid residue was 
washed with hexane (5 ml) and then dissolved in a small amount of CH2C1,. After addition of hexane (diffusion 
CH2C12/hexane), 1.84 mg (53%) of white crystals were collected. M.p. 161-162'. UV (95% EtOH): 270 (200), 230 
(2260); final absorption: eZIO= 11800. IR (KBr): 3300, 1785, 1725, 1570, 1430, 1255, 1120, 995, 940, 775, 745. 
'H-NMR (250 MHz, CDCI,): 8.05,7.95,7.60,7.41 (4 H, arom. CH); 5.87 (s, H-C(2)); 4.88 (d, 3J = 5.2, H-C(1)); 
4.52(d,,J=6.7,H-C(4));4.33(ddd,,J= 10.2,5.2,4.8,H-C(6));2,82(ddd,'J= 13.9,,J = 10.2,6.7,HeXo-C(5)); 
1.90 (dd, 2J = 13.9, 3J = 4.8, H,d,-C(5)). 13C-NMR (62.9 MHz, CDCI,): 203.0 (s, C(3)); 164.0 (s, PhCO); 136.5, 
134, 130.6, 130.1, 130.0, 128.2 (6 arom. C); 82.8 (d, 'J(C,H) = 165, C(2)); 79.3 (d, 'J(C,H) = 168, C(4)); 71.2 (d, 
'J(C,H) = 156, C(1)); 51.3 (d, 'J(C,H) = 164, C(6)); 35.9 ( t ,  'J(C,H) = 137, C(5)). EI-MS (70 eV): 302 (1, 
[ M  + I]+), 301 (I), 300 (I), 141 (30), 139 (IOO), 113 (lo), I 1  1 (3), 76 (9), 75 (27), 74 (27), 69 (6), 53 (7). 51 (6), 50 (9). 
Anal. calc. for C13HloC1204 (301.13): C 51.85, H 3.34; found: C 51.90, H 3.37. 

3-Chloro-5- 0- (3-chlorobenzoyl)-2,3-dideoxy$ -DL-arabino-hexofuranurono-6,1-lactone ((+)-15). Under N,, 
(*)-13 (1 g, 2.3 mmol) was heated to 180" for 10 min. The brownish liquid solidified on cooling to Oo. It was 
dissolved in CHCI, (8 ml), and NaHCO, (200 mg, 2.4 mmol) was added. A soh. of 3-CIC6H4C0,H (85%; 51 5 mg, 
2.53 mmol) in CHCI, (5 ml) was then added dropwise under stirring. The reaction was instantaneous (TLC control 
(CH,CI,/AcOEt 30:l): same &for (*)-15 and (+)-14, but only ( i ) -15 gave a black spot with vanilin). Evaporation 
and CC (Florisil, CH2C12/light petroleum ether 3:1, Rf ((*)-15) 0.33) yielded 446 mg (61 %). Unstable, colourless 
oil, can be stored in CHCI, soh. at -2OO. UV (95% EtOH): E~~~ = 1430, E~~~ = 10950. UV (Et,O): e2;' = 3675, 
E~~~ = 11250. IR(CH2C12): 3060,1770,1735,1475,1425,1380,1295,1240,1200,1165,1120, 1070,1000. 'H-NMR 
(250MHz,CDC13):8.08,8.00,7.61, 7.45(4H,arom.CH);6.20(d,3J=0.7,H-C(5));6.02(d,3J=4.5,H-C(1)); 
4.91 (dd, ' J  = 6.7, 0.7, H-C(4)); 4.61 (ddd, ' J  = 10.5, 6.7, 4.8, H-C(3)); 3.00 (ddd, ' J  = 14.5, ' J  = 10.5, 4.5, 
Hexo-C(2)); 2.40 (dd, ,J = 14.5, ' J  = 4.8, H,,d,,-C(2)). I3C-NMR (62.9 MHz, CDCI,): 163.0, 162.0, ( 2 ~ ,  2 CO); 
134.7, 133.8, 130.3, 130.0, 129.9, 128.2 (6 arom. C ) ;  102.2 (d, 'J(C,H) = 186, C(1)); 80.6 (d, 'J(C,H) = 164, C(5)); 
68.8 (d, 'J(C,H) = 151, C(4)); 50.3 (d, 'J(C,H) = 160, C(3)); 42.8 ( t ,  'J(C,H) = 138, C(2)). EI-MS (70 eV): 316 (27, 
M") ,  206 (21), 168 (30), 164 (25), 126 (46), 125 (32), 124 (24), 120 (33), 117 (29), 115 (26), 111 (34), 97 (30), 96 (62), 
91 (59), 86 (29), 83 (55), 82 (El), 78 (loo), 73 (31). 

(Methyl 3-Chloro-5- 0-(3-chlorobenzoyl) -2.3-dideoxy-a -oL-arabino-hexofuranosid) uronic Acid ((&)-18a). 
MsOH (226 PI, 3.5 mmol) was added dropwise under stirring to a soh. of (f)-15 (1 g, 3.15 mmol) in anh. MeOH (20 
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ml) cooled to -15". After stirring at -15O for 30 min (TLC control, AcOEt/light petroleum ether 1 :3), AcONa (517 
mg, 6.3 mmol) was added to precipitate MsONa. Evaporation CC (silica gel (60 g), CH,CI,/MeOH 9:1, R, 0.1 
((&)-18a) and 0.2 ((&)-18b)), and recystallization from CHCl,/pentane of the 2nd fraction yielded 859 mg (78%) of 
(*)-Ma. White crystals. M.p. 138". UV (95% EtOH): 283 (150), 231 (350) ,~ , ,~  = 12500. IR (CH2CI,): 3090,2900, 
2890,2380,1760,1730,1575,1470,1425,1380,1355,1295,1245, 1190, 1120,1100,1065, 1025,1000,950. 'H-NMR 
(250 MHz, CDCI,): 8.01, 7.94, 7.59, 7.42 (4 H, arom. CH); 5.50 (d, 'J = 8.5, H-C(5)); 5.34 (dd, 'J = 5.3, 3.5, 
H-C(1)); 4.70 (ddd, = 6.0, 4.1, 3.0, H-C(3)); 4.65 (dd, ' J  = 8.5, 4.1, H-C(4)); 3.40 (s, MeO); 2.61 (ddd, 
*J = 15.0, ,J = 5.3,3.0, H-C(2) trans to Cl); 2.48 (ddd, 2J = 15.0, ' J  = 6.0,3.5, H-C(2) cis to CI). ',C-NMR (62.9 
MHz, CDCI,): 171.5, 163.9, (2s, 2 CO); 134.7, 133.6, 130.4, 130.0, 129.9, 128.1 (6 arom. C); 104.8 (d, 
'J(C,H) = 169, C(1)); 77.9 (d, 'J(C,H) = 153, C(5)); 71.6 (d, 'J(C,H) = 153, C(4)); 58.4 (d, 'J(C,H) = 163, C(3)); 
56.0 (9, MeO); 43.5 ( t ,  'J(C,H) = 133, C(2)). EI-MS (70 eV): 368 (3, [M + 19]+), 366 (4, [M + 17]+), 317 (12), 275 
(4),253(10),227(3), 141 (7), 139(13), 113(11), 111 (14),99(35),93(12),91 (11),77(14),76(15),74(22),72(8),75 
(32), 71 (loo), 69 (14), 51 (9). Anal. calc. for C14Hl,C1206 (349.17): C 48.16, H 4.04; found: C 48.21, H 4.05. 

Methyl (Methyl 3-Chloro-5- 0- (3-chlorobenzoyl) -2.5-dideoxy-cc -DL-arabino-hexofuranosid) uronate ((+)-19). 
A soln. of CH2N2 in EtzO was added (until persistence of the yellow colour) to a stirred soh. of (f)-18a (1 g, 2.86 
mmol) in MeOH (20 ml) acidified to pH 2 with 2N HCI and cooled to Oo. The temp. was allowed to reach 20°, the 
solvent evaporated, and the residue purified by CC (silica gel (70 g), AcOEt/light petroleum ether 1.4, R, 0.33 
((&)-19)). 916 mg (80%). Colourless oil. IR (CHCI,): 3670, 3250,2950,2450,2105, 1730, 1670, 1670, 1575, 1385, 
1360, 1295, 1200, 1110, 1030,955,646. 'H-NMR(250MHz, CDCl3): 8.15,7.95, 7.59,7.43 (4H, arom. C); 5.41 (d, 

H-C(4)); 3.86 (s, MeO); 3.38 (s, MeO); 2.61 (ddd, 2J = 14.8, 3J = 5.3,3.0, H-C(2) cis to Cl); 2.45 (ddd, 2J = 14.8, 
' J  = 6.3, 3.6, H-C(2) trans to Cl). I3C-NMR (62.9 MHz, CDCI,): 168.9, 164.0, (2s. 2 CO); 134.0, 133.6, 130.7, 
130.0, 129.9, 128.1 (6 arom. C); 104.5 (d, 'J(C,H)= 170, C(1)); 78.3 (d, 'J(C,H) = 154, C(5)); 72.3 (d, 
'J(C,H) = 154, C(4)); 58.4 (d, 'J(C,H) = 164, C(3)); 55.6 (4. MeO); 52.7 (q, C0,Me); 43.6 ( t .  'J(C,H) = 132, C(2)). 
EI-MS(70eV): 141 (24), 139(100), 137(13), 135(45), 111 (41),99(70),75(20),71 (71),69(12),59(10).Anal.calc. 
for CISHI6CI2O6 (363.18): C 49.60, H 4.44; found: C 49.51, H 4.44. 

3" -chloro-S" - 0- (3-chtorobenzoyl) -2",3"- 
dideoxy-a -D-arabino-hexofuranosid)uronyl]amino ]butyl]-  I H-2-benzopyran-1-one ( = {Methyl 3-Chloro-5- 0- (3- 
chlorobenzoyl) -2.3-dideoxy-N-( (1's) - I , - [  (3" S) -3.4"-dihydro-8"-hydroxy- I"-oxo- I"H-2"-benzopyran-S"-yIl-3'- 
methylbutylj-cc -D-arabino-hexofuranosid}uronamide; (-)-20) and (3 S)-3,4-Dihydro-&hydroxy-3- { ( I ' S ) - 3 ' -  
methyl- I,- { f (methyl 3-chloro-5"- 0- (3-chlorobenzoyl) -2",3"-dideoxy-a -L-ara bino-hexofuranosid)uronyl]amino )- 
hutyt}-l H-2-benzopyran-I-one ( = {Methyl 3-Chloro-5-0-(3-chlorobenzoyl)-2.3-dideoxy-N- { ( I ' S ) - I ' - f  (3"s)- 
3",4"-dihydro-B"-hydroxy- I"-0x0- I"H-Z"-benzopyran-3"-yt] -3'-methylbutyl} -a-L-arabino-hexofuranosid}uron- 
amide; (-)-21). BtOH (66 mg) and DCC (88 mg) were added to a stirred soln. of (*)-l8a (170 mg, 0.5 mmol) in 
anh. CH,CI, (4 ml) and anh. DMF (1.4 ml) cooled to 0". The soh.  was stirred at 0" for 20 min. The precipitate 
was filtered off and the soh. was added to a soh.  of (3S)-3-[(1'S)-l'-amino-3'-methylhutyl]-3,4-dihydro- 
8-hydroxy-lH-2-henzopyran-1-one [5] ((-)-2; 140 mg, 0.5 mmol) in anh. CH,CI, (1.8 ml) and DMF (0.6 ml) 
containing anh. Et,N (68 pl) within 15 min under Ar. The mixture was stirred at 25O for 30 min. (TLC control, 
AcOEt/light petroleum ether 1:2) and evaporated and the residue purified by CC (silica gel (10 g), AcOEtllight 
petroleum ether 1 :12). A 1st fraction yielded 101 mg (35%) of (-)-20, and a 2nd fraction afforded 102.2 mg (36%) 
of (-)-21. 

Characteristics of (-)-20. M.p. 98-99', [a]:& = -113, [cc]:& = -132, [a]$6 = -120, = -142, 
[a]:& = -208 (c =0.13, CH2C1,). IR (KBr): 3320, 2940, 1760, 1680, 1620, 1540, 1460, 1300, 1280, 1120, 1030, 
1010,950,910, 875,810, 745. 'H-NMR (250 MHz, CDCI,): 10.85 (s, OH); 8.00,7.92, 7.58, 7.43 (4 H, arom. CH); 

' J =  5.8, 4.6, H-C(1")); 5.26 (d, ' J  =9.5, H-C(5")); 4.63 (m, H-C(3), H-C(3")); 4.58 (dd, ' J  =9.5, 3.0, 
H-C(4"));4.45(ddd,'f = 9.3,4.7, 1.1, H-C(I'));3.43(s,MeO); 3.29(dd,,J = 15.5,'J = 13.0,H,,,,-C(4)3));2.82 
(dd, 2J = 15.5, ,J = 2.5, H,js-C(4))3); 2.68 (ddd, = 15.0, ' J  = 5.8, 1.0, H,;s-C(2)4)); 2.48 (ddd, *J = 15.0, 
' J =  6.0, 4.6, H,,,,,-C(2"))4); 1.92 (ddd, 'J = 13.8, ' J  = 10.3, 4.7, H-C(2')); 1.74 (ddq, ' J  = 10.3, 6.4, 5.0, 
H-C(3')); 1.47 (ddd, 2J = 13.8, 3J = 9.3, 5.0, H-C(2')); 0.98 (2d, 3J = 6.4, 2 Me-C(3')). "C-NMR (62.9 MHz, 
CDCI,): 169.2 (s, COO); 167.5, 163.4 (2s, 2 CO); 162.1 (s, C(8)); 139.8 (s, C(4a)); 136.5 (s, 'J(C,H) = 160, arom. 
CH);134.5(s,arom.C);133.5(d,'J(C,H)= 180,C(6));130.6(s,arom.C);129.9,129.8,127.9(3d,arom.C);118.3, 

' J  = 8.5, H-C(5)); 5.43 (dd, ' J  = 5.3, 3.6, H-C(1)); 4.71 (ddd, = 6.3, 3.9,3.0, H-C(3)); 4.61 (dd, 3J = 8.5, 3.9, 

(3 S) -3,4-Dihydro-8-hydroxy-3- { (I' S )  -3'-methyl- 1'- {[(methyl 

7.43(dd,3J=8.5,7.5,H-C(6));6.91,6.74(2d,3J=8.5,7.5,H-C(5),H-C(7));6.36(d,3J= lO.O,NH);5.39(dd, 

,) With respect to O(2). 
4, With respect to CI. 
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118.3 (2d, 'J(C,H) = 165, 163, C(5), C(7)); 108.0(s, C(8a)); 105.4(d, 'J(C,H) = 172, C(1")); 81.5 (d, 'J(C,H) = 155, 

'J(C,H) = 143, MeO); 49.1 (d, 'J(C,H) = 137, C(1')); 43.5 (dd, 'J(C,H) = 140, C(4)); 40.9 (t, 'J(C,H) = 128, 
C(2)); 30.2 (t, 'J(C,H) = 132, C(2')); 24.4 (d, 'J(C,H) = 125, (C(3')); 23.1, 21.8 (2q, 'J(C,H) = 123, 2 Me-C(3')). 
CI-MS (NH3): 582 (8, [M + 2]+), 385 (9), 357 (1 l), 356 (12), 333 (17), 318 (5), 298 (9), 288 (9), 263 (15), 261 (30), 249 
(10),231(15),224(12),215(18), 196(23), 193(21), 157(17), 139(93), 133(18), 112(21), 111(27), 105(19),99(15), 
91 (38), 75 (100). Anal. calc. for C2,H3,C12N08 (580.47): C 57.90, H 5.34; found: C 57.80, H 5.17. 

Characteristics of (-)-2l. M.p. 97-98". [0(]:s9 = -11, [a]::, = -15, [a]:& = +4.3, [a]136 = +53, [a]:& = +148 
(c = 0.19, CH2CI2). IR(KBr): 3330,2950,1760,1675,1620,1540,1460,1160,1110,1090,1030,1010,950,805,750. 
'H-NMR(250MHz,CDC13): 10.6(s,OH);8.03,7.94,7.58,7.41(4H,arom.CH);7.41(dd,3J=8.5,7.5,H-C(6)); 

' J  = 5.8,4.8,H-C(1"));4.64(m,H-C(3),H-C(3"));4.60(dd,3J =9.1,4.5,H-C(4));4.44(ddd,3J= 8.8,4.9,0.8,  
H-C(1')); 3.22 (dd, *J = 16.5, 3J = 13.0, H,r,,-C(4))3); 3.10 (s, MeO); 2.86 (dd, *J = 16.5, 3J = 2.5, HcZs-C(4)),); 
2.62 (ddd, 2J = 15.0, 3J = 5.8, 1.0, Hc,s-C(2''))4); 2.4 (ddd, 'J = 15.0, 3J = 6.0, 4.8, H,,0nJ-C(2))4); 1.91 (ddd, 
'J  = 13.8, 'J = 9.8, 4.9, H-C(2')); 1.66 (ddq, 'J = 9.8, 6.6, 5.0, H-C(3')); 1.50 (ddd, *J = 13.8, ' J  = 8.8, 5.0, 
H-C(2')); 0.98 (2d, 3J = 6.6, 2 Me-C(3')). I3C-NMR (62.9 MHz, CDCl,): 169.5 (s, arom. C); 167.5, 163.8 (23, 2 
CO); 162.1 (s, C(8)); 139.7 (s, C(4a)); 136.5 (d, 'J(C,H)= 160, arom. CH); 134.6 (s, arom. C); 133.5 (d, 
'J(C,H)= 180,C(6)); 130.6(s,arom. C); 129.8, 129.7, 128.0(3d,arom. C); 118.1, 118.1 (2d, 'J(C,H)= 165, 163, 
C(5), (77)); 107.9 (s, C(8a)); 105.3 (d, 'J(C,H) = 172, C(1")); 81.3 (d, 'J(C,H) = 155, C(3)); 78.1 (d, 'J(C,H) = 160, 
C(5")); 73.0 (d, 'J(C,H) = 152, C(4)); 59.6 (d, 'J(C,H) = 165, C(3")); 55.8 (4. 'J(C,H) = 143, MeO); 49.2 (d, 
'J(C,H) = 137, C(1')); 43.5 (dd, 'J(C,H) = 140, C(4)); 40.6 (t. 'J(C,H) = 128, C(2")); 30.1 (t, 'J(C,H) = 132, 
C(2')); 24.6 (d, 'J(C,H) = 125, C(3')); 23.6, 21.9 (2q, 'J(C,H) = 123, 2 Me-C(3')). CI-MS (NH,): 582 (11, 
[M + 2]+), 581 (5, [M + I]'), 580 (6, M") ,  341 (6), 331 (7), 278 (8), 263 (lo), 261 (26), 234 (lo), 229 (1 I), 226 (6), 
225(38),224(31),220(9),219(9), 175(9), 141 (15), 139(19), 127(12), 128(12), 114(8), 110(14),99(38),98(21),96 
(12), 85 (48), 83 (37), 71 (100). 

3"-uzido-s"- 0- (3-chlorobenzoyl) -7,Y-dide- 
oxy-a -D-ribo-hexofuranosid)uronyl]umino}butyl)-1 H-2-benzopyran-I-one ( = {Methyl 3-Arido-5- 0- (3-chloro- 
benzoyl) -2.3-dideoxy-N- { (1's) -I(-[ (3" S) -3",4-dihydro-8-hydroxy-l"-oxo-l" H-2-benzopyran-3"-yl]-3'-methyl- 
butyl}-a -n-ribo-hexofurano3id)uronamide; (-)-22). A mixture of (-)-20 (50 mg, 0.09 mmol), NaN, (78 mg, 0.45 
mmol), and anh. DMF (1 ml) was heated to 110' for 12 h (TLC, AcOEt/light petroleum ether 1 :3, R,(0.3 (-)-20) 
and 0.4 ((-)-22)). Evaporation (0.1 Torr) and CC (silica gel, AcOEt/light petroleum ether 1:6) yielded 41 mg 
(43%). Colourless oil. [a]:& = -80, [a]::, = -87, [a]::6 = -131, [a]::, = -209 (c = 0.74, CH2C1,). IR (CHC1,): 
3420,2950,2100, 1760, 1680, 1580, 1460, 1230, 1110, 1045,800. 'H-NMR (250 MHz, CDCI,): 10.79 (s, OH); 8.00, 
7.91, 7.58, 7.43 (4 H, arom. CH); 7.43 (dd, 3J = 8.5, 7.5, H-C(6)); 6.90, 6.71 (2d, 3J = 8.5, 7.5, H-C(5), H-C(7)); 
6.2(d,3J= lO.O,NH);5.32(d,3J=5.0,H-C(5"));5.03(dd,3J=5.2,1.2,H-C(1"));4.62(ddd,3J= 13.2,2.7, 1.3, 
H-C(3)); 4.43 (ddd, ' J  = 10.5, 4.5, 1.3, H-C(1')); 4.38 (dd, 3J = 5.0, 4.8, H-C(4)); 4.25 (ddd, 3J = 9.1, 4.8, 2.9, 
H-C(3")); 3.35 (s, MeO); 3.19 (dd, *J = 16.3, 3J = 13.2, Ht,0n3-C(4)3)); 2.80 (dd, 2J = 16.3, 3J = 2.7, H,,,-C(4)3)); 
2.38 (ddd, 2J = 14.2, = 9.1, 5.2, H,,,,,-C(2'r)S)); 2.09 (ddd, *J = 14.2, 3J = 2.9, 1.2, HCts-C(2)')); 1.82 (ddd, 
' J =  15.0, 'J = 10.5, 4.6, H-C(2)); 1.62 (ddq, 3J = 12.8, 6.3, 4.6, H-C(3')); 1.40 (ddd, 2J = 15.0, ' J  = 12.8, 4.5, 
H-C(2')); 0.95 (2d, 3J = 6.3, 2 Me-C(3')). l3C-NMR (62.9 MHz, CDCI,): 169.6 (s, arom. C); 166.6, 164.2 (2s, 2 
CO); 162.2 (3, C(8)); 139.6 (s, C(4a)); 136.6 (d, 'J(C,H) = 162, C(6)); 136.6, 133.9, 130.0 (3d, 'J(C,H) = 160, arom. 
CH); 130.3 (s, arom. C); 118.3, 116.2, (2d, 'J(C,H) = 160, C(5), C(7)); 108.2 (s, C(8a)); 105.0 (d, 'J(C,H) = 168, 
C(1")); 81.9 (d, 'J(C,H) = 154, C(3)); 81.4 (d, 'J(C,H) = 154, C(5")); 74.4 (d, 'J(C,H) = 152, C(4)); 60.9 (d, 
'J(C,H) = 152, C(3")); 55.3 (q, 'J(C,H) = 141, MeO); 49.2 (d, 'J(C,H) = 140, C(1')); 40.7 ( t ,  'J(C,H) = 130, C(4)); 
38.6 (t. 'J(C,H) = 140, C(2)); 30.2 ( t ,  'J(C,H) = 132, C(2')); 24.6 (d, 'J(C,H) = 130, C(3')); 23.1, 21.6 (2q, 
' J (C ,H)  = 125,2 Me-C(3')). CI-MS (NH,): 423 (lo), 373 (41), 374 (15), 356 (23), 317 (1 I), 292 (1 l), 283 (25), 279 
(19),271 (10)260(13),254(17),250(18),237(21),216(36),204(20), 196(17), 186(11), 181 (18), 157(22), 142(31), 
135 (25), 125 (17), 86 (100). Anal. calc. for C~,H3,C1N40, (587.03): C 57.29, H 5.32; found: C 57.25, H 5.34. 

(3 S)-3,4-Dihydro-8-hydroxy-3- {(I' S) -3'-methyl-]'- {[(methyl 3"-uzido-Z",3"-dideoxy-u -D-ribo-hexofuruno- 
sid)uronyl]umino)butylyl)-1 H-2-benzopyran-I-one ( = {Methyl 3-Azido-2.3-dideoxy-N- { ( l ' S ) - l r - [  (3" S)-3",4-di- 
hydro-8-hydroxy-1"-0x0-I" H-2"-benzopyrun-3-yl]-3'-methylbutyl)-a -D-ribo-hexofurunosid juronamide ; 23). A 
mixture of (-)-22 (20 mg, 0.034 mmol), KCN (0.5 mg), and MeOH (2 ml) was stirred at 25" for 30 min. 

C(3)); 78.0 (d, 'J(C,H) = 160, C(5")); 73.0 (d, 'J(C,H) = 152, C(4)); 59.9 (d, 'J(C,H) = 165, C(3")); 56.2 (q, 

6.89, 6.70 (2d, 3J = 8.5, 7.5, H-C(5), H-C(7)); 6.38 (d, 3J = 9.7, NH); 5.32 (d, ' J  = 9.1, H-C(5")); 5.27 (dd, 

(3 S) -3,4-Dihydro-8-hydroxy-3- { (1' S) -3-methyl- 1'- {[(methyl 

') With respect to N,-C(3"). 
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Evaporation and CC (silica gel, AcOEt/light petroleum ether 1:6) yielded 13.9 mg (91%). Colourless oil. IR 
(CHCI,): 3400, 2900, 2100 (N,), 1680, 1580, 1400, 1200, 850. 'H-NMR (250 MHz, CDCI,): 7.40, 6.80, 6.70 (3m, 
H-C(6), H-C(5), H-C(7)); 6.75 (d, ' J  = 10, NH); 5.08 (dd, 3J = 5.0,0.8, H-C(1"));4.80(ddd, ' J  = 13.0, 3.0, 1.2, 
H-C(3)); 4.37 (ddd, ' J  = 9.5,5.0, 1.2, H-C(1')); 4.25 (m, H-C(4), H-C(3")); 3.40 (d, 'J = 3.5, H-C(5")); 3.17 (s, 

' J  = 14.5, 3J = 8.1, 5.0, H,,,,,,-C(2)')); 2.04 (ddd, '5 = 14.5, 3J = 2.7, 0.8, Hch-C(2")5)); 1.87 (ddd, ' J  = 13.5, 
MeO); 3.10 (dd, ' J  = 16.5, 3J = 13.0, H,,,-C(4)3)); 2.84 (dd, *J = 16.5, 3J = 3.0, HCts-C(4),)); 2.31 (ddd, 

' J  = 10.5, 5.0, H-C(2')); 1.67 (m, H-C(3')); 1.38 (ddd, ' J  = 13.5, = 9.5,4.7 H-C(2')); 0.92 (2d, 2 Me-C(3')). 
13C-NMR (62.9 MHz, CDCI,): 170.7 (s, C(1)); 169.4 (s, C(8)); 162.1 (s, C(6)); 139.2 (s, C(4a)); 136.6 (d, 
'J(C,H) = 160, C(6)); 118.3 (d, 'J(C,H) = 160, C(5)); 116.2 (d, 'J(C,H) = 160, C(7)); 107.8 (s, C(8a)); 105.1 (d, 
'J(C,H) = 175, C(1")); 83.7 (d, 'J(C,H) = 155, C(3)); 81.1 (d, 'J(C,H) = 150, C(5")); 70.9 (d, 'J(C,H) = 148, 
C(4)); 60.6 (d, 'J(C,H) = 148, C(3")); 55.0 (q, 'J(C,H) = 140, MeO); 49.2 (d, 'J(C,H) = 137, C(1')); 40.7 (t, 
'J(C,H) = 140, C(4)); 38.6 (t. 'J(C,H) = 130, C(2")); 30.3 (t. 'J(C,H) = 140, C(2')); 24.7 (d, 'J(C,H) = 125, C(3')); 
23.0,21.7 (2q, 'J(C,H) = 124,2 Me-C(3')). CI-MS (NH,): 448 (3, M+.), 416 (4), 374 (8), 373 (13), 356 (13), 307 (9), 
279(7),276(12),254(5),215(9), 198(10), 193(10), 186(16), 185(13), 182(91), 163(26), 141(24), 139(78), 115(19), 
86 (100). 

(3 S)-B-Acetoxy-3.4-dihydro-3- {(I' S)-3'-methyl-Ir- {/(methyl 5'- O-acetyl-3"-azido-2",3"-dideoxy-a- D-ribo- 
hexofuranosid)uronyl]amino }butyl)-1 H-2-benzopyran-I-one ( = {Methyl 5- O-Acetyl-3-azido-2,3-dideoxy-N- 
{ (1's) -1'-/(3" S) -3".4-dihydro-8"-hydroxy-l"-oxo-l~~~-2"-be~zopyrun-3~~-yl]-3'-me~hylbutyl}-a -D-ribo-hexofura- 
nosid}uronamide ; (-)-25). A mixture of (-)-22 (220 mg, 0.49 mmol), KCN (2 mg), and MeOH (6 ml) was stirred at 
25O for 30 min. After evaporation the residue was dissolved in pyridine (3 ml) and Ac'O (1 5 ml) and stirred at 45" 
for 15 h. The solvent was distilled off in vacuo, the residue taken with toluene (5 ml), and the solvent evaporated. 
The latter operation was repeated twice: 192 mg(96%). Colourlesscrystals. M.p. 68". [a]$,9 = -146, [a]:& = -147, 
[a]:& = -159, [a]& = -271, [a]:& = -496 (c = 0.09, MeOH). IR (KBr): 3440, 2960, 2100 (N,), 1730 (CO), 1650 
(CO), 1610, 1535, 1470, 1360, 1200, 1155, 1050. 'H-NMR (250 MHz, CDC1,): 7.55 (dd, 3J = 7.8,7.5, H-C(6)); 7.1 
(d, = 7.5, H-C(5)); 7.03 (d, 3J  = 7.8, H-C(7)); 6.23 (d ,  3J  = 9.8, NH); 5.13 (d, ' J  = 3.9, H-C(5")); 5.0 (dd, 
' J  = 4.9, 1.2, H-C(1")); 4.54 (ddd, 3J = 12.4, 2.7, 1.0, H-C(3)); 4.37 (ddd, 3J = 10.5,4.7, 1.0, H-C(1')); 4.25 (m, 
H-C(4), H-C(3")); 3.30 (s, MeO); 3.10 (dd, ' J  = 16.5, ,J = 12.4, H,,,,,-C(4)3)); 2.82 (dd, *J = 16.5, 3J = 2.7, 
Hc,s-C(4)3)); 2.40 (s, AcO-C(8)); 2.31 (ddd, ' J  = 13.6, ' J  = 8.1, 4.9, H,r0,,f-C(2'')5)); 2.20 (s, AcO-C(5")); 2.00 
(ddd, *J = 13.6, 3J = 2.9, 1.2, H,j,-C(2)5)); 1.87(ddd, 2J = 13.8, 3J = 10.5,4.8, H-C(2')); 1.67 (ddd, ,/ = 9.3, 6.5, 
4.8, H-C(3')); 1.38 (ddd, ' J  = 13.8, ' J  = 9.3,4.7, H-C(2')); 0.92 (2d, 'J = 6.5,2 Me-C(3')). ' k -NMR (62.9 MHz, 
CDCI,): 169.7, 169.6, 167.0, 161.7 (43, 4 CO); 151.7 (s, C(8)); 141.3 (s, C(4a)); 134.7 (d, 'J(C,H) = 162, C(6)); 
125.4, 122.7 (24 'J(C,H) = 162, C(5), C(7)); 117.2 (s, C(8a)); 105.0 (d,  'J(C,H) = 170, C(1")); 82.0 (d, 
'J(C,H) = 153, C(3)); 80.0 (d, 'J(C,H) = 149, C(5")); 73.8 (d, 'J(C,H) = 150, C(4)); 60.7 (d, 'J(C,H) = 150, 
C(3")); 55.1 (q, 'J(C,H) = 140, MeO); 48.8 (d, 'J(C,H) = 140, C(1')); 40.5 ( t ,  'J(C,H) = 125, C(4)); 38.5 (t ,  
'J(C,H) = 136, C(2")); 30.9 ( t ,  'J(C,H) = 131, C(2')); 24.4(d, 'J(C,H) = 130, C(3')); 23.1,21.5 (2q, 'J(C,H) = 122, 
2 Me-C(3')); 21.0, 20.7 (2q, 2 MeCO). CI-MS (NH,): 531 (1, [M - I]'), 374 (7), 373 (14), 356 (22), 355 (15), 307 
(7),277(6),276(6),240(7),232(6),215(9),211(13). 194(14), 193(100), 192(12), 163 (lo), 156(6), 155(6), 143(14), 
135(15), 124(8), 115(7), l08(15), 105(6), 98(8),96(6),87(10),86(72),84(15),78(9), 77(11),71(13),70(8).Anal. 
calc. for C2sH32N409 (532.54): C 56.38, H 6.06; found: C 56.36, H 5.97. 

(3 S )  -3,4-Dihydro-8-hydroxy-3- { ( I '  S)-3'methyI-1'- ([(methyl 3"-chloro-2",3-dideoxy-a -D-arabino-hexofura- 
nosid)uronyl]umino}butyl}-1 H-2-benzopyran-1-one ( = {Methyl 3-Chloro-2,3-dideoxy- N- { ( S S ) - I ' - [  (3"S)-3",4- 
dihydro-8 - hydroxy - I" - 0x0- 1" H-Z" - benzopyran-3-yl] -Y -methylbutyl )-a -D-arabino-hexofurnnosid juronamide ; 
26). A mixture of (-)-20 (15 mg, 0.026 mmol), KCN (0.5 mg), and MeOH (1.5 ml) was stirred at 25" for 30 min. 
Evaporation and CC (silica gel (5 g), AcOEtjlight petroleum ether) yielded 10.5 mg (91%). Colourless oil. IR 
(CHCI,): 3680,2950, 1685. 1540, 1460, 1210, 1105, 1050, 1020,950, 900, 810, 800. 'H-NMR (250 MHz, CDCI,): 
10.81 (8, OH); 7.41 (dd, ' J  = 8.5, 7.5, H-C(6)); 6.90, 6.71 (2d, ' J  = 8.5, 7.5, H-C(5), H-C(7)); 6.78 (d, 3J = 10.0, 
NH); 5.39 (dd, ' I  = 6.4, 5.9, H-C(1")); 4.62 (m, H-C(3), H-C(3")); 4.41 (ddd, 3J = 10.1, 5.1, 1.5, H-C(1')); 4.24 
(d,,J = 9.3,H-C(5')); 3.98(dd,3J = 9.3,2.9,H-C(4)); 3.8(m,OH);3.42(s,MeO);3.09(dd,'J = 16.8,,J = 12.8, 
H,,,,,-C(4)3)); 2.85 (dd, 2J = 16.8, 'J = 3.1, H,,-C(4)')); 2.64 (ddd, ' J  = 15.2, 3J = 5.9, 0.8, Hc,.v-C(2")4)); 2.35 

6.5, 4.7, H-C(3')); 1.40 (ddd, ' J  = 14.0, ' J  = 13.2, 5.1, H-C(2')); 0.95 (2d, 3J  = 6.5, 2 Me-C(3')). CI-MS (NH,): 
442 (4, [M + 1]+), 401 (24), 37 (4), 350 (5), 340 (34), 293 (6), 288 (42), 284 (28), 251 (9), 244 (1 l), 235 (17), 213 (26), 
212 (27), 193 (29), 182 (63), 163 (100). 

(3s) -3- { (1's) -1'- {/ (5'-0-AcetyI-3"-azido-2,3-dideoxy-a -o-ribo-hexaro-I",4"-lactone)-6"-0yl]amino}-3'- 
methylbutyl}-3,4-dihydr0-8-hydroxy-l H-2-benzopyran-I-one ( = { 2- O-Acetyl-4-azido-4,5-dideoxy-N- { ( I '  S )  -1'- 
/ (3" S)-3",4-dihydro-8"-h~~droxy-l"-oxo-1"H-2-benzopyran-3"-yl]-3'-methylbu~yl]-a -~-ribo-hexaro-6,3-lactone }- 

(ddd, ' J  = 15.2, ' J  = 6.4, 1.1, H,,,,,-C(2")4)); 1.82 (ddd, 2J = 14.0, ' J  = 10.1, 4.7, H-C(2')); 1.64 (ddq, 3J = 13.2, 
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I-amic Acid; (-)-27)6). The 3-ClC,H,C03H (85%; 100 mg, 0.45 mmol) was added portionwise to a stirred soh. of 
(-)-25 (80 mg, 0.15 mmol) in anh. CH2C12 (0.3 ml). After the addition of BF, .Et,O (10 kl), the mixture was stirred 
at 25O for 5 h (TLC control, AcOEt/light petroleum 1:l). Evaporation and CC (silica gel (5 g), AcOEt/light 
petroleum ether) yielded 48 mg (66%). Unstable colourless oil. [a]:& = -65, [a]:+s = -87, [a]:& = -88, 
[a]& = -121, [a]:& = -187, (c = 0.6, CH2C12). 'H-NMR (250 MHz, CDCl,): 10.72 (s, OH); 7.43 (dd, 3J = 8.3, 
7.5, H-C(6)); 6.90 (d, 'J = 8.3, H-C(7)); 6.71 (d, 'J  = 7.5, H-C(5)); 6.4 (d, 'J = 9.8, NH); 5.4 (d, 'J = 2.5, 
H-C(5")); 4.80 (ddd, 'J = 8.8, 4.8, 4.3, H-C(3")); 4.61 (dd, ' J  = 4.3, 2.5, H-C(4)); 4.59 (ddd, ' J  = 13.0, 3.2, 1.1, 
H-C(3)); 4.38 (ddd, ' J  = 10.5,4.0, 1.1, H-C(1')); 3.10 (dd, 2J = 18.5, 'J = 8.8, H,,0fi,-C(2")5)); 3.00 (dd, 2J = 16.8, 
3J = 13.0, H,,0n,-C(4)3)); 2.85 (dd, 'J  = 16.8, ' J  = 3.2, H,,-C(4)')); 2.55 (dd, 2J = 18.5, 3J = 4.8, HCi3-C(2)')); 
2.19 (3, Ac); 1.94 (ddd, 2J = 13.5, 'J = 10.5, 4.5, H-C(2')); 1.62 (ddd, 'J = 9.2, 6.6, 4.6, H-C(3')); 1.42 (ddd, 
2J = 13.5, ' J  = 9.2, 4.0, H-C(2')); 0.96 (2d, ' J  = 6.6, 2 Me-C(3'),)). "C-NMR (62.9 MHz, CDCI,): 173.0 (s, 
C(1")); 169.0 (s, C(1)); 165.0, 163.8 (2s, 2 CO); 162.1 (3, C(8)); 139.3 (s, C(4a)); 136.7 (d, arom. CH); 135.2 (s, arom. 
C); 134.5 (d, 'J(C,H)= 162, C(6)); 130.3, 129.9, 127.8 (34 arom. CH); 129.5 (s, arom. C); 118.4, 116.2 (2d, 
'J(C,H) = 163,162, C(5), C(7)); 108.1 (s, C(8a)); 83.0 (d, 'J(C,H) = 158, C(3)); 80.0 (d, 'J(C,H) = 148, C(5")); 73.8 
(d, 'J(C,H) = 149, C(4)); 57.7 (d, 'J(C,H) = 151, C(3")); 49.4 (d, 'J(C,H) = 139, C(1')); 40.5 (t, 'J(C,H) = 120, 
C(4)); 35.0 (t.  'J(C,H) = 138, C(2")); 30.1 ( t ,  'J(C,H) = 130, C(2')); 25.0, (d ,  'J(C,H) = 130, C(3')); 25.0-20.0 (3q, 
'J(C,H) a 122,2 Me-C(3'), 2 MeCO). 

(3 S)-3- ((I' S) - l ' -  ([ (3-Azido-5"-0- (3-chlorobenzoyl)-2".~~-dideoxy-a-~-ribo-hexaro-1",4-lactone)-6"-oyI]- 
amino}-3'-methylbutyl}-3,4-dihydro-8-hydro~y-l H-2-benzopyran-I-one ( = (4-Azido-2- 0- (3-chlorobenzoyl) -4,s- 
dideoxy-N-((1's) -1'-[(YS) -3",4"-dihydro-8"-hydroxy-l"-oxo-l"H-2"-benzopyran-3-yI]-3'-methylbutyl)-c -D- 
ribo-hexaro-6,3-lactone}-l-amic Acid; (-)-28),). Prepared by the above procedure from (-)-22. (-)-28: M.p. 91". 
[a]:&, = -66, [a]& = -71, [a]::6 = -93, [a]::, = -222, [a]:& = -512 (c = 0.09, MeOH). IR (KBr): 3415 (OH), 
2960, 2100 (N,), 1790, 1730, 1670, 1620 (CO), 1530, 1460, 1285, 1240, 1160, 1110, 1045. 'H-NMR (250 MHz, 
CDCI,): 10.7(s,OH);7.98,7.89,7.64,7.47(4H,arom.CH);7.47 (dd,'J=8.5,7.5,H-C(6));6.9O(d,'J=8.5,H, 
H-C(5)); 6.75 (d, ' J  = 7.5, H-C(7)); 6.5 (d, 'J = 10.0, NH); 5.66 (d, ' J  = 2.1, H-C(5")); 4.97 (ddd, 'J = 8.5,4.7, 
4.2,H-C(3"));4.69(dd,3J=4.2,2.2,H-C(4));4.61(ddd,3J= 12.5,2.8,2.2,H-C(3));4.40(ddd,3J= 10.5,4.8, 
2.2, H-C(1')); 3.18 (dd, 'J = 18.0, 'J = 8.5, H,,,,-C(2)')); 3.15 (dd, 2J = 16.5, 3J = 12.5, H,rnns-C(4)3)); 2.80 
(dd, 2J = 16.5, ' J  = 2.8, HC;$-C(4)')); 2.64 (dd, 'J  = 18.0, 'J = 4.7, HC;$-C(2)')); 1.81 (ddd, 2J = 13.5, 'J = 10.5, 
4.8, H-C(2')); 1.60 (ddd, 'J = 9.0, 6.5, 4.8, H-C(3)); 1.47 (ddd, ' J  = 13.5, 'J = 9.0, 4.8, H-C(2')); 0.93 (2d, 
' J  = 6.5, 2 Me-C(3')),). "C-NMR (62.9 MHz, CDCI,): 172.7 (s, C(1")); 169.4 (s C(1)); 165.7, 163.9, (2s, 2 CO); 
162.1 (s, C(8)); 139.2 (s, C(4a)); 136.7 (d, arom. CH); 135.1 (s, arom. C); 134.4 (d, 'J(C,H) = 162, C(6)); 130.2, 
129.9, 127.8 (34 arom. CH); 129.7 (s, arom. C); 118.4, 116.2 (2d, 'J(C,H) = 166, 164, C(5), C(7)); 107.8 (s, C(8a)); 
83.4 (d, 'J(C,H) = 160, C(3)); 80.9 (d, 'J(C,H) = 148, C(5")); 73.8 (d, 'J(C,H) = 149 C(4)); 57.7 (d, 
'J(C,H) = 153, C(3")); 49.4 (d, 'J(C,H) = 137, C(1')); 40.5 ( t ,  'J(C,H) = 124, C(4)); 34.7 ( t ,  'J(C,H) = 135, C(2)); 
30.1 (t ,  'J(C,H) = 133, C(2')); 24.7 (d, 'J(C,H) = 130, C(3')); 23.0, 21.7 (2q, 'J(C,H) = 122,2 MeeC(3')). CI-MS 
(NH,): 590 (3, [M + 2 + 18]+), 589 (5, [M + 1 + 18]+), 588 (5, [M + 18]+), 575 (7), 574 (21), 573 (37), 572 (57, 
[M + l]+), 571 (53, M+.) ,  570 (7), 553 (5), 552 (4), 407 (6), 372 (3), 252 (20), 231 (18), 230 (23), 225 (14), 224 (lo), 
210 (15), 209 (20), 198 (20), 197 (31), 163 (12), 156 (21), 141 (31), 139 (loo), 135 (13), 111 (21), 93 (15), 86 (34), 84 
(21), 77 (15), 75 (I l ) ,  71 (14), 70 (10). Anal. calc. for C,IH2~ClN.& (570.99): C 56.79, H 4.77; found: C 56.78, H 
4.87. 

(3 S) -3- { (1's) - 1'- {[ (3"- Amino-Y-0- (3-chlorobenzoyl) -2".3-dideoxy-a-o-ribo-hexaro-1",4-lactone)-6"- 
oyllamino ~-3'-methylbutyl]-3,4-dihydro-8-hydraxy-l H-benzopyran-I-one ( = {4-Amino-2-0- (3-chlorobenzoy1)- 
4,5-dideoxy-N-( ( I '  S) -I'-[ (7 S)-Y.~-dihydro-8"-hydroxy-I"-oxo-I"H-Z"-benzopyrun-3-yl]-~-niethylbuty~~-a -D- 
ribo-hexaro-6,3-lactone}-l-amic Acid; (-)-29). A soh. of (-)-28 (1 10 mg, 0.19 mmol) in anh. benzene was degassed 
by a flow of Ar for 30 min under boiling. Bu3SnH (281 ~ 1 ,  0.96 mmol) and 2,T-azobis(isobutyronitri1e) ( = 2,Z'- 
dimethyl-2,2-azobis[propanenitrile]; AIBN; 5 mg) were added, and the mixture was heated under reflux for 1 h 
(TLC, AcOEt/light petroleum ether 1:3, Rf 0.3 ((-)-28), and 0 ((-)-29); Rf (CH2CI,/MeOH 20:l) 0.1 ((-)-29)). 
After evaporation CHC1, (7 ml) and H,O (5 ml) were added, and the mixture was vigourously stirred at 25" for 30 
min. The org. layer was collected, the aq. phase extracted with CHCI3 (50 ml, 3 times), the combined org. extract 
dried (MgSOJ and evaporated, and the residue purified by CC (silica gel (7 g); CH,Cl,, then CH2C1,/MeOH 19 :l): 
100 mg (96%) of (-)-29 that were recrystallized from CHCl,/hexane. M.p. 104-106". [a]:& = -69, [a]:& = -98, 
[a]&, = -109, [a]!:, = -106, [a]$,, = -168 (c = 0.11, MeOH): IR (CHCI,): 3400, 2980, 1790, 1730, 1680, 1620, 

~~ ~ 

6, For commodity reasons, the numbering of the corresponding (methyl hexofuranosid)uronic acid is employed 
here. 
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1535, 1460, 1230, 1210, 1110, 810. 'H-NMR(250 MHz,CDCl,): 7.88, 7.82, 7.58, 7.40(4H, arom. CH); 7.40 (dd, 
'2 = 8.5,7.5, H-C(6)); 6.87 (d, ' J  2 7.5, H-C(7)); 6.70 (d, 3J = 8.5, H-C(5)); 5.63 (d, 3J = 2.5, H-C(5")); 4.60 
(ddd,3J=12.4,2.6,2.1,H-C(3));4.50 (dd,'J=5.5,2.5,H-C(4));4.37(ddd,'J=9.8,4.5,2.1,H-C(1'));4.13 
(ddd, ' J  = 8.4, 6.8, 5.5, H-C(3)); 3.18 (dd, 2J = 16.5, ' J  = 12.4, H,,,,-C(4)3)); 3.00 (dd, 2J = 18.0, 3J = 8.4, 
H,,,,,-C(2")')); 2.80 (dd, ' J  = 16.5, 3J = 2.6, HLi8-C(4)')); 2.40 (dd, 2J = 18.0, 3J = 6.8, HCj3-C(2)')); 1.92 (ddd, 
2J = 13.7, 3J = 9.8, 4.8, H-C(2')); 1.68 (ddd, 3J =9.3, 6.5, 4.8, H-C(3')); 1.49 (ddd, *J = 13.7, ' J  =9.3, 4.5, 
H-C(2')); 0.93 (2d, ' J  = 6.5, 2 Me-C(3')). "C-NMR (62.9 MHz, CDC1,): 174.2 (s, C(1")); 169.4 (s, C(1)); 166.2, 
164,O (2s,2 CO); 162.0 (s, C(8)); 139.4, (s, C(4a)); 136.6 (d, arom. CH); 134.9 (s, arom. C); 134.2 (d, 'J(C,H) = 160, 
C(6)); 130.1, 129.8, 127.8 (3d, arom CH); 128.8 (s, arom. C); 118.4, 116.1 (2d, 'J(C,H) = 165, 163, C(5), C(7)); 
107.9 (s, C(8a)); 86.3 (d, 'J(C,H) = 155, C(3)); 81.0 (d, 'J(C,H) = 156, C(5")); 74.8 (d, 'J(C,H) = 152, C(4")); 49.4 
(d, 'J(C,H) = 143, C(3")); 49.3 (d, 'J(C,H) = 138, C(1')); 40.3 (t ,  'J(C,H) = 127, C(4)); 38.0 (t. 'J(C,H) = 136, 
C(2")); 30.1 (t. 'J(C,H) = 132, C(2')); 24.6 (d, 'J(C,H) = 123, C(3')); 23.0, 21.6 (2q, 'J(C,H) = 124, 2 Me-C(3')). 
CI-MS (NH,): 545 (8, M"),  408 (4), 382 (5) ,  339 (7), 282 (4), 275 (I2), 273 (4), 269 (7), 268 (9, 259 (9,258 (6), 244 
(5),232(6),230(12),227(5),201 (8), 197(3), 188(3), 176(5), 172(16), 170(30), 163(11), 156(143), 155(13), 145(9), 
141 (30), 140 (13), 139 (loo), 111 (38), 86 (79). Anal. calc. for C2,Hz9C1N20, (545.01): C 59.47, H 5.32; found: C 
59.6, H 5.13. 

(3 S)-3- ( (1's)- I,-[ (3-Amino-2,3"-dideoxy-a -~-ribo-hexar-6-oyl)amino]-3'-methylbutyl)-3.4-dihydro-8-hy- 
droxy-1 H-2-benzopyran-I-one ( = (4-Amino-4.5-dideoxy- N- { (1' S ) - l ' - [  (3" S)-3",4-dihydro-8-hydroxy-l"-oxo- 
1"H-2"-benzopyran-3-yI]-3'-methylbutyl~-a -D-ribo-hexar-I-amic Acid; AI-77-B; (-)-1). At 25O, 0. I N  NaOH was 
added dropwise to a stirred suspension of (-)-29 (24 mg, 0.44 mmol) in MeOH/H,O 1 :l so as to maintain the pH 
at ca. 11 (TLC control, silica gel, BuOH/H20/AcOH/pyridine 4 :2:1: 1, Rf0.2 ((-)-l). After the end of the reaction 
(ca. 6 h), the pH was adjusted to 6.5 with 0 . 1 ~  HCl. After 1 h stirring at 25". the mixture was poured onto a column 
of Amberlire XAD-2 (20 ml) previously treated with H20. After washing the column with H20/MeOH 4:1(100 ml), 
the products were eluted with H20/MeOH 1 :4: 12 mg (65%) of (-)-1 which was recystallized from MeCN/MeOH 
at -25'. M.p. 130' (dec.; [4b]: 139-140'). [a]:& = -71, [a]:& = -76, [a]:& = -72, [a]& = -104, [a]:& = -240 
(c = 0.28, MeOH; [4b]: [a]:: = -78.2 (c = 0.08, MeOH)). IR (THF): 3570, 3500, 2800, 1800, 1680, 1630, 1590, 
1520, 1000. 'H-NMR (250 MHz, CD3CN): 7.50 (dd, ' J  = 8.3,  8.1, H-C(6)); 7.4 (d, 3J = 10.0, NH); 6.87,6.83 (2d, 

= 8.3, 8.1, H-C(5), H-C(7)); 5.04 (dd, ' J  = 2.5,2.3, H-C(4)); 4.57 (ddd, ' 5  = 8.5, 7.9,4.3, H-C(3)); 4.50 (d, 

Hci$-C(4)3)); 3.04 (dd, 2J = 18.8, 3J = 9.0, H-C(2")); 3.03 (dd, *J = 16.5, 3J = 8.5, Hi,ans-C(4)3)); 2.72 (dd, 
' J  = 2.3, H-C(5")); 4.30 (ddd, ' J  = 9.0, 2.8, 2.5, H-C(3")); 4.20 (m, H-C(1')); 3.08 (dd, ' J  = 16.5, ' J  = 4.3, 

2J = 18.8, 35 = 2.8, H-C(2)); 1.61 (m, H-C(3'), H-C(2')); 1.33 (ddd, ' J  = 14.5, 3J = 11.0, 4.5, H-C(2)); 0.92 
(2d, ' J  = 6.3,2 Me-C(3')6)). "C-NMR (62.9 MHz, CD,CN): 173.9 (s, C(1")); 170.5 (s, C(1)); 170.7 (s, C(8)); 161.8 
(s, C(6")); 139.6 (s, C(4a)); 137.2 (d, 'J(C,H) = 160, C(6)); 119.1, 116.0 (2d, 'J(C,H) = 155, 160, C(5), C(7)); 108.8 
(s, C(8a)); 82.7 (d, 'J(C,H) = 155, C(3)); 82.0 (d, 'J(C,H) = 152, C(5")); 72.1 (d, 'J(C,H) = 148, C(4)); 49.0 (d, 
'J(C,H) = 139, C(3)); 48.4(d, 'J(C,H) = 155, C(1')); 38.6 (1 ,  'J(C,H) = 125, C(4)); 33.7 (t. 'J(C,H) = 137, C(2)); 
29.3 (i, 'J(C,H) = 130, C(2')); 24.6 (d, 'J(C,H) = 135, C(3')); 22.9, 20.7 (2q, 2 Me-C(3'))6). CI-MS (NH,): 432 
(4,[M + 18]+),425(3,[M + 1]'),407(10),390(10),384(5), 341 (4), 320(11), 308(3), 306(4),275(15),244(12),233 
(15), 230 (20), 227 (17), 214 (39, 199 (23), 188 (30), 86 (100). 

(3 S )  -3- { (1's) - 1'- {{3" -[ (-  Clilorobenzoyl)amino] -2",3"-dideoxy-a-~-ribo-~iexar-6-oyl)l- 
buiyl-3,4-dihydro-8-hydroxy-I H-2-benzopyran-I-one ( = 4-1 (3-Chlorobenzoyl)amino]-4,5-dideoxy- N- ( (1' S j-1'- 
[ (3" Sj-3",4"-dihydro-8"-hydroxy- 1"-0x0- I"H-Z"-benzopyran-3"-yl]-~-methylbuiyl) -o-ribo-hexar-l-arnic Acid; 
30)6). When MeOH/H,O 1 :1 was replaced by EtOH/H,O 1:1 in the above procedure, a 1 :1 mixture (-)-1/30 was 
obtained. These two compounds were separated and purified by reversed-phase HPLC (column Protein and 
Peptide Separation Vidac C18, No. 218TP1022, 1214 nm, Me,CN/H,O; MeCN 30%, 40 min+MeCN 80%, 
5 min-+MeCN 100%). 

Characteristics of 30: IR (CHCl,): 3600,2900,1780, 1670,1570,1530, 1460,1200, 11 10. 'H-NMR (250 MHz, 
CD'CN): 7.7-7.3 (m, arom. CH); 7.30 (dd, ' J  = 8.5, 7.7, H-C(6)); 7.1 (d, 3J = 9.5, NH); 6.80, 6.65 (2d, 3J = 8.5, 
7.7, H-C(5), H-C(7)); 4.84 (dd, ' J  = 2.4, 2.1, H-C(4")); 4.71 (m, H-C(3)); 4.62 (ddd, ' J  = 9.1, 3.8, 2.4, 
H-C(3")); 4.45 (d, 3J = 2.1, H-C(5")); 4.22 (m. H-C(1')); 2.95 (dd, 2J = 18.5, 3J = 9.1, H-C(2")); 2.88 (dd, 
2J = 16.6, ' J  = 11.5, H,,,,-C(4)')); 2.82 (dd, *J = 16.5, ' J =  3.5, Hcjs-C(4)')); 2.50 (dd, ,J = 18.5, 3J = 3.8, 
H-C(2")); 1.63 (m, H-C(3'), H-C(2')); 1.27 (ddd, ' J  = 13.2, 8.7, 4.5, H-C(2')); 0.90, 0.80 (2d, ' J  = 6.5, 2 
Me-C(3')). "C-NMR (62.9 MHz, CDC13): 174.0, 168.9, 167.1, 163.3, (43, 4 CO); 162.0 (s, C(8)); 138.7 (s, C(4a)); 
136.8 (d, arom. CH); 134.7 (s, arom. C); 132.0 (d, 'J(C,H) = 160, C(6)); 129.8, 129.7, 127.5 (3d, arom. CH); 125.0 

') With respect to NH,-C(3). 
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(s, arom. C); 118.4, 116.4 (2d, 'J(C,H) = 165, 163, C(5), C(7)); 107.6 (s, C(8a)); 85.6 (d, 'J(C,H) = 155, C(3)); 80.6 
(d, 'J(C,H) = 156, C(5")); 49.8 (d, 'J(C,H) = 143, C(3")); 47.3 (d, 'J(C,H) = 138, C(1')); 39.7 ( t ,  'J(C,H) = 127, 
C(4)); 36.4 (f, 'J(C,H) = 136, C(2")); 30.1 ( t ,  'J(C,H) = 132, C(2")); 24.6 (d, 'J(C,H) = 123, C(3')); 23.0,21.5 (2q, 
'J(C,H) = 124, 2 Me-C(3')). 

Methyl (Methyl 3-Azido-5- 0-(3-chlorobenzoyl)-2,3-dideoxy-a -DL-ribo-hexofuranosid)uronare ((&)-31). A 
mixture of(*)-19 (100 mg, 0.28 mmol), CsN, (240 mg, 1.37 mmol), and anh. DMF ( 5  ml) was heated to 120° under 
Ar for 20 h. After cooling to 20", EtZO (10 ml) was added and the soln. washed with H 2 0  (10 ml, twice) and dried 
(MgS04). Evaporation and CC (silica gel ( 5  g), AcOEt/light petroleum ether 1:4) yielded 71.3 mg (69%). 
Colourless oil. IR (CHZCl2): 2960,2930,2100,1735,1570, 1430,1240,1125, 1105, 1045,890. 'H-NMR (250MHz, 
CDCI,): 8.05, 7.95, 7.60,7.44 (4 H, arom. CH); 5.57 (d, 'J = 2.9. H-C(5)); 5.14 (dd, 3J = 5.0, 1.0, H-C(1)); 4.49 
(dd,3J=4.5,2.9,H-C(4));4.25(ddd,9.0,4.5,2.7,H-C(3));3.85(s,C02Me);3.40(s,MeO);2.42(ddd,2J= 14.3, 
' J  = 9.0, 5.0, H-C(2) trans to N3); 2.13 (ddd, 'J  = 14.3, 3J = 2.7, 1.0, H-C(2) cis to N3). 13C-NMR (62.9 MHz, 
CDCI,): 167.7,164.3(2~,2CO); 134.9, 133.6,130.4, 130.0,129.9,127.7(6arom.C); 104.9(d, 'J(C,H) = 17l,C(l)); 
81.8 (d,  'J(C,H) = 152, C(5)); 72.5 (d, 'J(C,H) = 152, C(4)); 60.0 (d, 'J(C,H) = 153, C(3)); 55.3 (4, MeO); 52.5 (q, 
C0,Me); 39.0 (I, 'J(C,H) = 133, C(2)). EI-MS (70eV): 266 (9), 232 ( I l ) ,  217 (9). 200 (13), 185 (26), 142 (58), 105 
(55.5), 91 (100). Anal. calc. for C I S H I ~ C ~ N ~ O ~  (369.76): C 48.72, H 4.36, N 11.36; found: C 48.36, H 4.01, N 11.29. 

( +)-5-Bromo-7-oxabicyclo[2.2.l]hept-5-en-2-one ((f)-34). A soln. of benzeneselenenyl bromide (96 % pure; 
40 g, 0.17 mol) in CH2Cl2 (300 ml) was added slowly to a soln. of Diels-Alder adducts 8 of furan to 1-cyanovinyl 
acetate (30 g, 0.17 mol) in MeCN (100 ml). After staying at 20° for 7 days, the solvent was evaporated and the 
residue dissolved in THF (400 ml). After cooling to O", 30% aq. H202 soln. (160 ml, 1.6 mol) was added slowly 
under stirring. After 4 b stirring at 20°, the soln. was cooled to Oo and sodium pyrosulfite (Na2S20s; 200 g, 1.05 mol) 
added portionwise (dec. of excess H,O2-rNa,SO4 precipitate). When the KI test was negative, the temp. was 
allowed to reach 20°, and KOH/H20 (200 ml) was added (PH 9). After stirring at 20° for 30 min, formaline (37% 
H2C0 in H20; 130 ml, 1.7 mol) was added and the mixture stirred for 1 h. The org. layer was collected and the aq. 
phase extracted with Et,O (300 ml, twice), then with CH2Cl (300 ml, 3 times). The combined org. extracts were 
washed with ZN HC1 (100 ml) and then with brine (300 ml, 3 times). The solvent was distilled off under reflux 
(Vigreux column). The residue was filtered though a pad of silica gel (300 g, CH2C12): 23 g (76%). Yellow oil. IR 
(CHCI,): 1770, 1580, 1275, 1120, 910, 823. 'H-NMR (250 MHz, CDCI,): 6.44 (d, 'J = 2.4, H-C(6)); 5.07 (d,  
'J = 4.2, H-C(4)); 4.55 (d, ' J  = 2.4, H-C(1)); 2.37 (dd, 'J = 17.0, 3J = 4.2, H,,-C(3)); 2.16 (d, 2J = 17.0, 
H,,d0-C(3)). I3C-NMR (62.9 MHz, CDCI,): 203.9 (s, C(2)); 132.7 (s, C(5)); 128.1 (d, 'J(C,H) = 179, C(6)); 83.7, 
83.3 (24 'J(C,H) = 175, C(4), C(1)); 32.5 ( t ,  'J(C,H) = 141.5, C(3)). EI-MS (70 eV): 188 (1, M"),  148 (94), 146 
(loo), 118 (lo), 81 (16), 53 (46), 52 (22), 51 (39), 50 (27). Anal. calc. for C6H,BrOz (189.01): C 38.13, H 2.67; found: 
C 38.16, H 2.74. 

(&)-5-Bromo-7-oxabicyclo[2.2.Z Jheptan-2-one ((*)-35). A soh. of (&)-34 (2 g, 10.05 mmol) in anh. dioxane 
(10 ml) was added to a vigourously stirred suspension of potassium azodicarboxylate (5 g, 25 mmol) in anh. 
dioxane (100 ml) under Ar. AcOH (10 ml) was then added dropwise in ca. 1 h (N2 evolution, yellow-white, 
precipitate; TLC control, AcOEt/light petroleum ether 1 :12, detection with 2,4-dinitrophenylhydrazine). After the 
end of the reduction (ca. 3 h), the precipitate was filtered off and washed with CHCI, (50 ml). The filtrate was 
treated with 2N HCl(120 ml) and stirred at 20° for 12 h. The org. layer was washed with a sat. aq. NaHCO, soin. (50 
ml, 3 times), H20 (50 ml), and brine (30 ml, 3 times). After drying (MgSO,), the solvent was distilled off under 
reflux (Vigreux column) and the residue purified by filtration on a short column of silica gel (CH2C1,): 1.75 g 
(87%). Yellowish oil. IR (CHC13): 3000, 1670, 1430, 1395, 1270, 1260, 1220, 1160, 1000,940. 'H-NMR (250 MHz, 

,J(5,3exo) = 1.2, H-C(5)); 2.95 (d, ' J  = 18.0, Hend,-C(3)); 2.60 (ddd, 'J = 14.6, ' J  = 10.5, 6.5, H,,-C(6)); 2.42 
CDCI,): 4.88 (dd, = 5.8, 5.5, H-C(4)); 4.33 (d, 'J = 6.5, H-C(1)); 4.20 (dddd, ' J  = 10.5, 5.5, 4.0, 

(ddd, 'J  = 18.0, 3J = 5.8, 4J = 1.2, Hex0-C(3)); 1.76 (dd, 'J = 14.6, ' J  = 4.0, H,,d0-C(6)). I3C-NMR (62.9 MHz, 
CDCl,): 208.5 (s, C(2)); 80.3 (d,  'J(C,H) = 168, C(1)); 78.0 (d, 'J(C,H) = 165, C(4)); 42.9 (d,  'J(C,H) 165, C(5)); 
40.0 (I, 'J(C,H) = 135, C(3)); 36.2 ( t ,  'J(C,H) = 135, C(6)). ELMS (70 eV): 192 (8, [M + 1]+), 190 (8, M f ' ) ,  111 
(24), 83 (85), 55 (loo), 54 (12), 53 (21). Anal. calc. for C6H,Br02 (191.02): C 37.72, H 3.69; found: C 37.37, H 3.59. 

(&)-5-exo-Azido-7-oxabicyclo[2.2.1 Jheptan-bone ((+)-3f9. A mixture of (+)-35 (5 g, 26.2 mmol), NaN, (8.5 
g, 131 mmol), and anh. DMF (50 ml) was heated to 110" for 20 h (TLC, AcOEt/light petroleum ether 1:6). The 
solvent was evaporated, the residue taken in Et20 (200 ml), the soln. washed with H20 (50 ml, 5 times) and brine 
(50 ml), dried (MgS04), and evaporated, and the residue purified by filtration on a short column of silica gel (1 10 g, 
AcOEt/light petroleum ether 1:6): 2.38 g (66%). Colourless crystals. M.p. 30°. UV (95% EtOH): 210 (1250). IR 
(KBr): 2940,2100, 1770, 1440, 1405, 1350, 1250, 1165, 1145, 1010,940,875, 785. 'H-NMR (250 MHz, CDCI,): 
4.88 (br. d, 3J = 6.4, 4J = 1.3, H-C(4)); 4.48 (br. d, 'J = 6.2, 4J = 1.0, H-C(1)); 3.78 (ddd, 3J = 7.3, 3.3, 4J = 1.0, 
H-C(5)); 2.53 (ddd, ' 5  = 17.8, 3J = 6.4, 4J = 1.3, Hex0-C(3)); 2.20 (dd, 'J = 14.0, ' J  = 7.3, Hend0-C(6)); 2.08 (ddd, 
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2J = 14.0, 3J = 6.2, 3.3, Hcx0-C(6)); 2.02 (br. d, 3J = 17.8, HendO-C(3)). ',C-NMR (62.9 MHz, CDCI,): 208.7 (s, 
C(2)); 81.1 (d, 'J(C,H) = 165, C(1)); 78.9 (d, 'J(C,H) = 163, C(4)); 61.5 (d, 'J(C,H) = 150, C(5)); 40.3, 32.5 (2f, 
'J(C,H) = 140, 135, C(3), C(6)). ELMS (70 eV): 153 (10, [ M  + l]'), 149 (8), 128 (7), 125 (12), 11 1 (IS), 97 (9), 70 
(12), 69 ( S O ) ,  68 (16), 55 (loo), 54 (65). Anal. calc. for C6H,N,O2 (153.00): C47.05, H 4.61; found: C 47.05, H 4.79. 

(i)-5-exo-Azido-2- {[ (tert-butyl)dimethylsilyl]oxy )-7-oxabicyclo[2.2.1 fhept-2-ene ((+)-37). In a Schlenk 
tube (magnetic bar), KH (903 mg, 22.52 mmol) and anh. THF (20 ml) under Ar were cooled to 0". (Me,Si), NH (4.5 
ml, 22.52 mmol) was added and the mixture stirred at 25" for 45 min (end of H2 evolution). After cooling to -78O, 
a s o h  of (+)-36 (1.15 g, 7.5 mmol) and (f-Bu)Me2SiC1 (3.4 g, 22.52 mmol) in anh. THF (18 ml) was added 
dropwise. After 30 min, the soln. was poured into 5 %  aq. NH4CI soh.  (100 ml) cooled to 0". The mixture was 
extracted with Et20 (50 ml, 3 times), the combined org. extract washed with H 2 0  (50 ml) and brine (50 ml) and 
evaporated, and the brownish residue purified by CC (silica gel (80 g), AcOEt/light petroleum ether 1 : 15): 1.7 g 
(85%). Pale yellow oil. IR (CHCI,): 3010,2960,2940,2845, 2090, 1775, 1660, 1485, 1340, 1165,870, 840. 'H-NMR 
(250 MHz, CDCI,): 4.85 (s, H-C(3)); 4.84 (s, H-C(4)); 4.54 (d, ' J  = 4.5, H-C(1)); 3.52 (dd, ' J  = 6.9, 2.1, 
H-C(5)); 1.99 (dd, 12.1, 3J = 6.9, H,d,-C(6)); 1.79 (ddd, ' J  = 12. I, 3J = 4.5,2.1, Hex,,-C(6)); 0.80 (s, t-Bu); 0.20, 

(d, 'J(C,H) = 166, C(1)); 78.4 (d, 'J(C,H) = 162, C(4)); 61.5 (d, 'J(C,H) = 150.6, C(5)); 32.5 ( t ,  'J(C,H) = 135, 
0.14 (2.7, Me2Si). I3C-NMR (62.9 MHz, CDC1,): 165.1 (s, C(2)); 100.5 (d,  'J(C,H) = 171, C(3)); 83.9 

C(6)); 25.5 (4, 'J(C,H) = 124, t-Bu); 0.5, 0.4 (24, 'J(C,H) = 125, 2 Me). ELMS (70 eV): 212 (3), 211 (5), 182 (20), 
156(16), 155(100), 141 (IS), 125(16), 111 (10),85(16),81 (14),75(28),73(63),69(18),59(30),67(20),55(40),54 
(14). Anal. calc. for Cl2H2,N,O2Si (267.41): C 53.89, H 7.92; found: C 52.76, H 7.44. 

( I  RS,2RS,3 RS,4SR,S RS)-6-exo-Azido-3- endo-{[ (tert-butyl)dimethylsilyl foxy}-3-exo-hydroxy-7-oxabicy- 
c10[2.2.1 fhept-2-exo-yl3-Chlorobenzoate ((+)-38a) and (1 RS.~RS.~SR,~SR,SSR)-S-~XO-A~~~O-~-~~~O- {[( tert- 
bufy1)dimethylsilyl f oxy }-3- exo-hydroxy-7-oxabicyclo[2.2.1 fhept-2- exo-yl 3-Chlorobenzoate ((+)-38b). The 3- 
CIC6H4C0,H (85%; 800 mg, 3.92 mmol) was added to a stirred suspension of (+)-37 (1 g, 3.74 mmol) and 
NaHCO, (630 mg, 7.5 mmol) in CH2C12 (20 ml) cooled to 0". After 30 min stirring at 0", the solvent was distilled off 
under vacuum and the residue purified by CC (silica gel (50 g), +15O, AcOEt/light petroleum ether 1:9): 800 mg 
(48%) of (&)-38a (Rf0.4) and 206 mg (12.5%) of (+)-38b (R,0.32). 

Characteristics of (+)-%a: M.p. 120" (dec.). IR (KBr): 3660, 3580, 3000-2860,2100, 1780, 1730, 1580, 1470, 
1425, 1350, 1260, 1120, 1040, 1000,910,870,840. 'H-NMR (250 MHz, CDCI,): 8.04, 7.95,7.60, 7.42 (4 H, arom. 
CH); 4.65 (s, H-C(2)); 4.47 (br. s, 4J = 1.4, 1.3, H-C(l)); 4.30 (dd, ' J  = 5.7, 1.4, H-C(4)); 3.85 (dd, ' J  = 7.8, 3.0, 
H-C(6));3.62(~,OH);2.62(dd,~J= 13.5,3J=7.8,Hm,,0-C(5));1.75(dddd,2J= 13.5,3J=5.7,3.0,4J= 1.4,1,3, 
Hcxo-C(5)); 0.90 (s. t-Bu); 0.10, 0.05 (23, 2 Me2Si). ',C-NMR (62.9 MHz, CDCI,): 164.3 (s, CO); 134.8, 133.8, 
130.5, 129.8, 127.9(6arom.C); 102.8(s,C(3));86.1,83.5,81.2(3d, 'J(C,H)= 155, 150, 16O,C(l),C(2),C(4));59.4 
(d, 'J(C,H) = 150, C(6)); 31.6 ( I .  'J(C,H) = 135, C(5)); 25.7 (9. Me$); 17.6 (s, Me,C); -1.0 (9, 2 Me). CI-MS 
(NH,): 382 (4), 226 (31,215 (21,213 (31, 142 (3), 141 (25), 140 (9, 139 (73), 132 (4), 129 (3), 95 (3), 93 (5),92 (7), 84 
(5) ,  77 (6), 75 (100). Anal. calc. for C19H26CIN30,Si (439.97): C 51.86, H 5.96, N 9.55; found: C 51.38, H 5.84, 
N 9.60. 

Characteristics of (+)-38b: Colourless crystals. M.p. 116-1 18" (dec.). IR (KBr): 3950, 3700, 3550,3000,2690, 
2520,2400,2300,2100, 1735, 1420, 1250, 1110, 1000,900, 840. 'H-NMR (250 MHz, CDCI,): 7.95, 7.92, 7.55, 7.40 
(4H,arom.CH);4.70(d,3J =5.5,H-C(I));4.40(br.~,~J = 1.3, 1.2,H-C(4));3.79(d,3J=4.5,H-C(3));3.6(dd, 
' J  = 7.8, 2.9, H-C(5)); 3.1 (d, 3J = 4.5, OH); 2.33 (dd, ' J  = 14.5, ' J  = 7.8, Hend0-C(6)); 1.93 (dddd, ' J  = 14.5, 
' J  = 5.5, 2.9, 4J = 1.2, Hex,,-C(6)); 0.84 (s, t-Bu); 0.12, 0.05 (2s, 2 Me). ',C-NMR (62.9 MHz, CDCI,): 163.0 (s, 
CO); 134.6, 133.6, 130.9, 129.8, 129.3, 127.5 (6 arom. C); 105.2 (s, C(2)); 87.3, 80.4, 76.7 (3d, 'J(C,H) = 165, 162, 
150, C(1), C(3), C(4)); 59.0 (d, 'J(C,H) = 150, C(5)); 31.8 ( t ,  'J(C,H) = 135, C(6)); 25.2 (4. 'J(C,H) = 125, Me,C); 
17.9 (s, Me,C); -0.7 (q, 2 Me). CI-MS (NH,): 333 (loo), 315 (12), 301 (33), 298 (15), 258 (14), 226 (12), 243 (9), 129 
(14), 126 (9), 113 (lo), 92 (17), 91 (lo), 90 (26), 75 (39). Anal. calc. for Cl,H26C1N30,Si (439.97): C 51.86, H 5.96, 
N9.55;found:C51.56,H6.00,N9.65. 

6-exo-Azido-3-oxo-7-oxabicyclo[2.2.I]hept-2- exo-yl3-Chlorobenzoate ((+)-39). The crude mixture (+)-38a/ 
(+)-38b was heated to 120" for 20 min under stirring. After cooling to 0°, the solid was washed with hexane (5 ml) 
and then dissolved in a minimum amount of CH2C12. Addition of hexane (crystallization by solvent diffusion) gave 
400 mg (81 %) of white crystals. M.p. 114-115'. IR (KBr): 3250, 2100, 1780, 1730, 1570, 1430, 1370, 1340, 1290, 
1260, 1130, 990, 905, 820, 740. 'H-NMR (250 MHz, CDCI,): 8.00, 7.93, 7.57, 7.40 (4 H, arom. CH); 4.91 (s, 
H-C(2)); 4.82 (br. s, 4J = 1.1, H-C(1)); 4.63 (d, 3J = 6.2, H-C(4)); 4.05 (dd, 3J = 7.7, 3.2, H-C(6)); 2.32 (dd, 
' J  = 14.5, 'J = 7.7, Hend0-C(5)); 2.15 (dddd, 2J = 14.5, ' J  = 6.2, 3.2, 4J = 1.1, H,,-C(5)). "C-NMR (62.9 MHz, 
CDCI,): 164.6 (s, C(3)); 134127 (6 arom. C); 85.1 (d, 'J(C,H) = 168, C(1)); 77.9 (d, 'J(C,H) = 172, C(2)); 71.0 (d, 
'J(C,H) = 150, C(4)); 58.9 (d, 'J(C,H) = 150, C(6)); 32.4 ( I ,  'J(C,H) = 139, C(5)). CI-MS (NH,): 308 (6, 
[ M  + I]'), 158(3), 156(7), 142(2), 141 (31). 140(6), 139(100), 128(2), 126(9), 125(2), 123(2), 114(2), 113(7), 111 
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(20), 104 (2), 99 (5). Anal. calc. for C13HloCIN304 (307.69): C 50.74, H 3.28, N 13.66; found: C 50.65, H 3.18, 
N 13.67. 

3-Azido-5- 0- (3-chlorobenzoyl) -2,3-dideoxy-p -~L-ribo-hexofuranurono-6,1-lactone ((f)-40). The 3- 
CIC6fi4C03H (85%; 1.14 g, 5.6 mmol) was added portionwise to a soln. of(f)-37 (1 g, 3.74 mmol) in THF (20 ml) 
stirred at 25' (TLC, CH,Cl,/light petroleum ether 3 :1, R,0.53 ((i)-37), 0.43 ((f)-38a)). After 45 min, the solvent 
was evaporated and the residue heated to 120' for 15 min. After cooling to 25", CHCI, (20 ml) was added and the 
soin. cooled to 0". NaHCO, (I  g, 12 mrnol) and 3-CIC6H4C03H (85 %; 800 mg, 3.92 mmol) were added, and the 
mixture was stirred at 0" for 3 h (TLC, AcOEt/CHzCI, 1 :30, Rf 0.6 ((6)-40)). The precipitate was filtered off and 
washed with CH2C12 (10 mi, 3 times), the combined org. phase washed with 5% aq. NaHCO, soh. cooled to Oo 
(ice), dried (MgSO,), and evaporated without heating, and the residue recrystallized from CH,Cl,/hexane: 527 mg 
(43.3%). Unstable, colourless crystals. M.p. 47'(dec.). UV (95% EtOH): 280 (lOOO), 230 (5000): E ~ , ~  = 17600. IR 
(CHCI,): 3040,2100, 1770, 1735, 1445, 1375, 1235, 1180, 1140,990. 'H-NMR (250 MHz, CDC1,): 8.08, 8.00,7.61, 
7.45(4H,arom.CH);6.18(dd,3J=4.8,4J< l.0,H-C(I));5.45(d,3J< I.O,H-C(5));4,76(d,'Jc l.O,H-C(4)); 
4.31 (dd, 3J = 7.5, 2.8, H-C(3)); 2.80 (dd, 'J  = 15.1, '1 = 7.5, Hendo-C(2)); 2.38 (dddd, 'J  = 15.1, ' J  = 4.8, 2.8, 

l,Hexo-C(2)). "C-NMR(62.9MHz,CDCI,): 164.0, 161.0(2~, 2CO); 134.1, 133.7, 130.2, 130.0, 129.8, 128.3 
(6 arom. C); 102.8 (d, 'J(C,H) = 188, C(1)); 84.4 (d, 'J(C,H) = 165, C(5)); 70.6 (d, 'J(C,H) = 145, C(4)); 59.4 (d, 
'J(C,H) = 151, C(3)); 40.6 ( t ,  'J(C,H) = 135, C(2)). ELMS (70 eV): 324 (2, [M + I]+), 312 (2), 226 (57), 143 (30), 
142 (20), 140(24), 129 (79), 126 (31), 101 (28), 85 (15), 75 (loo), 73 (77), 71 (19), 69 (15), 61 (18), 59 (50), 57 (48), 55 
(52), 54(17). Anal. calc. for C13H,oC1N30S (323.56): C48.21, H 3.10; found: C 48.35, H 3.22. 

(Methyl 3-Azido-S- 0- (3-chlorobenzoyl)-2,3-dideoxy-a- and $ -oL-ribo-hexofuranosid) uronic Acids ((f)-41a 
and (*)-4lb, resp.). MsOH (22 pl, 0.34 mmol) was added to a stirred soln. of (k)-40 (100 mg, 0.31 mmol) in anh. 
MeOH (5 mi) cooled to -15" under Ar. After stirring at -15' for 2 h, AcONa (33.5 mg, 0.4 mmol) was added 
(precipitation of MsONa). The precipitate was filtered off and washed with Et,O (5 tnl, 3 times). The combined org. 
phase was washed with HzO (5  ml) and 5% aq. NaHCO, soin. (3 ml, 5 times). The combined aq. phase was 
extracted with CHCI, (5 ml). After acidification of the aq. phase to pH 3 with 2N HCI, it was extracted again with 
AcOEt (5 mi, 3 times). The combined latter org. extracts were washed with brine (5 ml, twice), dried (MgSO,), and 
evaporated: 69 mg (63 %) of a 9 : 1 mixture 41a/41b. Recrystallization from CHCl,/pentane yielded 58 mg (5 1 %) of 
pure 41a. 

Characteristics of (*)-4Ia: Colourless crystals. M.p. 6849". UV (EtOH): 280 (6700), 240 (8750); eZIO = 17000. 
IR (CHC13): 2900,2100 (N& 1760 (CO), 1420, 1240, 1125, 1100, 1050,965,900. 'H-NMR (250 MHz, CDCI,): 
8.10, 7.95, 7.60, 7.43 (4 H, arom. CH); 5.60 (d, = 2.9, H-C(5)); 5.16 (dd, 3J = 5.1, 1.0, H-C(1)); 4.52 (dd, 
3J = 4.9, 2.9, H-C(4)); 4.46 (ddd, 3J = 9.0, 4.9, 2.5, H-C(3)); 3.41 (s, MeO); 2.48 (ddd, 'J  = 13.5, 3J = 9.0, 5.1, 
H-C(2) trans to N3); 2.12 (ddd, *J = 13.5, ' J  = 2.5, 1.0, H-C(2) cis to N,). "C-NMR (62.9 MHz, CDCl,): 172.1, 
164.5 (2s, 2 CO); 140-130 (6 arom. C); 105.0 (d, 'J(C,H) = 171, C(5)); 81.7 (d, 'J(C,H) = 153, C(1)); 72.3 (d, 
'J(C,H) = 152, C(4)); 60.0 (d, 'J(C,H) = 152, C(3)); 55.3 (q. MeO); 38.9 (t, 'J(C,H) = 133, C(2)). ELMS (70 eV): 
355(1,M+'),324(1),224(1),223(1),211 (1),210(1),208(1), 157(1), 156(3), 142(3), 140(2), 139(25), 111 (19),86 
(IS), 84 (13), 75 (17), 59 (14), 58 (loo), 55 (10). Anal. calc. for C14H14C1N306 (355.56): C 47.27, H 3.99; found: C 
46.93, H 3.99. 

Characteristics of (6)-41b (from the mixture with (i)-41a): 'H-NMR (250 MHz, CDCI,): 8.10-7.43 (4 H, 
arom. CH); 5.40(d,3J = 4.7,H-C(5)); 5.16(d, ' J  =4.9, H-C(l));4.58 (dd,H-C(4));4.4O(ddd, 'J = 7.1,4.7,2.9, 
H-C(3)); 3.23 (s, MeO); 2.42 (m, H-C(2) trans to N,); 2.21 (m. H-C(2) cis to N,). 13C-NMR (62.9 MHz, CDC1,): 
172.5, 170.7 (2s, 2 CO); 140-130 (6 arom. C); 105.0 (d, 'J(C,H) = 171, C(5)); 82.4 (d, 'J(C,H) = 153, C(1)); 72.6 (d, 
'J(C,H) = 152, C(4)); 60.3 (d, 'J(C,H) = 152, C(3)); 55.3 (q, MeO); 38.8 (c, 'J(C,H) = 133, C(2)). 

Mixture of (-)-22 and (3S)-3,4-Dihydro-8-hydroxy-3- { (l'S)-S'-methyl-l'- {[(methyl 3-azido-5"-0-(3- 
chlorobenzoyl)-2",~-dideoxy-a-~-ribo-hexofuranosid)uronyl]amino}butyl}-1 H-2-benzopyran-I-one ( = {Methyl 
3- Azido-5-0- (3-chlorobenzoyl) -2,3-dideoxy-N- (S S )  -1'-[ (3" S) -;I",P-dihydro-8-hydroxy-l"-oxo-I"H-Y-benzo- 
pyran-3"-yl]-3'-methyIbuCyl}-a -L-ribo-hexofuranosid}uronamide ; (-)-42). Obtained by the procedure described 
above for the preparation of (-)-20, starting with (-)-2 (11 1 mg, 0.38 mmol) and (f)-41a/(*)-41b (136 mg, 0.38 
mmol). CC (silica gel (10 g), AcOEt/light petroleum ether 1.6) gave 187.3 mg (84.3%) of a non-separable 1:l 
mixture (-)-22/(-)-42. 

Pure (-)-42 was also prepared following the procedure described above for the preparation of (-)-22, starting 
with (-)-21 (50 mg) and NaN, (78 mg): 37 mg (39%) of (-)-42. Colourless oil. [a]:& = -34, [a]$8 = -46, 
[a]& = -46, [a ]&  = -73, [a]:& = -158 (c = 0.48, CH2CIz). IR (CHCI,): 3420, 2950, 2100, 1760, 1680, 1580, 
1460, 1230, 1110, 1045, 800. 'H-NMR (250 MHz, CDCI,): 10.76 (s, OH); 7.92, 7.81, 7.58, 7.39 (4 H, arom. CH); 
7.39 (dd, ' J  = 8.5, 7.5, H-C(6)); 6.83, 6.68 (2d, 3J = 8.5, 7.5, H-C(5), H-C(7)); 6.20 (d, ' J  = 10.0, NH); 5.35 (d, 
' J  = 4.1,H-C(5)); 5.01 (dd,,J = 5.2, 1.2, H-C(I"));4.58(ddd, ,J = 13.5,3.1, 1.3, H-C(3));4,39(ddd, = 10.5, 
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4.5, 1.3, H-C(1')); 4.37 (dd, 3J = 4.1, 4.8, H-C(4)); 4.25 (ddd, ' J  = 8.9, 4.8, 2.9, H-C(3")); 3.27 (s, MeO); 3.09 
(dd, ' J  = 16.5, ' J  = 13.5, Hlranf-C(4)3)); 2.78 (dd, ' J  = 16.5, 3J = 3.1, H,,,-C(4)3)); 2.38 (ddd, *J = 14.2, = 8.9, 
5.2, Hlr0nr-C(2)5)); 2.07 (ddd, 2J = 14.2, 3J = 2.9, 1.2, HCa-C(2")')); 1.88 (ddd, 2J = 15.5, 3J = 10.5,4.6, H-C(2')); 
1.62 (ddq, 3 J =  12.7, 6.5, 4.6, H-C(3')); 1.40 (ddd, ' J =  15.5, 3 J =  12.7, 4.5, H-C(2')); 0.95 (2d, ,J=6.5,  2 
Me-C(3)). l3C-NMR (62.9 MHz, CDCI,): 169.1 (s, arom. C); 166.9, 164.4 (2s, 2 CO); 162.1 (s, C(8)); 139.3 (s, 
C(4a)); 136.6 (d, 'J(C,H) = 162, C(6)); 134.9, 133.0, 130.0 (34 'J(C,H) = 160, arom. CH); 129.9 (s, arom. C); 
118.3, 116.2 (2d, 'J(C,H) = 160, C(5), C(7)); 107.6 (s, C(8a)); 105.1 (d, 'J(C,H) = 168, C(1")); 81.9 (d, 
'J(C,H) = 154, C(3)); 81.1 (d, 'J(C,H) = 154, C(5")); 74.8 (d, 'J(C,H) = 152, C(4)); 60.7 (d, 'J(C,H) = 152, 
C(3")); 55.2 (4. 'J(C,H) = 141, MeO); 49.1 (d, 'J(C,H) = 140, C(1')); 40.7 (t, 'J(C,H) = 130, C(4)); 38.6 ( f ,  
'J(C,H) = 140, C(2")); 30.1 (f, 'J(C,H) = 132, C(2')); 24.6 (d, 'J(C,H) = 130, C(3')); 23.1,21.7 (2q, 'J(C,H) = 125, 
2 Me-C(3')). CI-MS (NH3): 417 (6), 374 (20), 373 (28), 356 (29), 307 (14), 246 (14), 231 (9), 215 (12), 211 (23), 210 
(15), 195 (13), 173 (16), 135 (29), 86 (100). 

Mixture of (-)-28 and (3s)-3- { ( Y S ) - I ' -  {[(Y-Azido-Y- 0-(3-chlorohenzoyl)-2",3"-dideoxy-u-~-ribo-hex- 
uro-1",4-luctone)-6"-oyl]amino )-3'-methylhutyl)-3,4-dihydro-8-hydroxy-l H-2-henzopyran-I-one ( = {4-Azido-2- 
0 - (3 - chlorobenzoyl) - 4.5 - dideoxy - N - { ( I '  S) -I'  - [ (3" S ) - 3",4 - dihydro-8-hydroxy- I "-0xo- I H-2"- henzopyran-3"- 
yl]-Y-methylbutyl)-c( -~-ribo-hexaro-6,3-lactone)-l-amic Acid; (-)-43),). The 3-ClC6H4C0,H (35%; 16 mg, 
0.075 mmol) was added to a stirred soln. of a 1:l mixture (-)-22/(-)-42 (40 mg, 0.068 mmol) in anh. CH2C1, 
(0.15 ml). BF'. Et,O (3 drops) was then added and the mixture stirred at 20' for 4 h. Evaporation and CC (silica gel 
( 5  g), AcOEt/light petroleum ether) gave first 16.9 mg (43.5%) of (-)-28 (see above) and then 20 mg (51.5%) 
of (-)-43. 

(-)-43: Colourless crystals. M.p. 92". [a]:& = -42, [a]::s = -47, [a]::, = -58, [a]:&, = -135, [a];& = -309 
(c = 0.17, MeOH). IR (KBr): 2960,2430 (OH), 2100 (N,), 1790, 1730, 1670, 1620 (CO), 1530, 1460, 1285, 1245, 
1160, 1110, 1045. 'H-NMR (250 MHz, CDCI,): 10.66 (s, OH); 7.92, 7.85, 7.62, 7.45 (4 H, arom. CH); 7.47 (dd, 
3J = 8.5, 7.6, H-C(6)); 6.91 (d, 3J = 8.5, H-C(5)); 6.73 (d, ' J  = 7.6, HC(7)) ;  6.38 (d, ' J  = 9.5, NH); 5.60 (d, 
3J=2.4,H-C(5"));4.90(ddd,3J=8.5,4.8,4.6,H-C(3"));4.72(dd,3J=4.6,2.4,H-C(4));4.58(ddd,3J= 13.0, 
3.1, 1.3, H-C(3)); 4.37 (ddd, '1 = 10.5, 4.7, 1.3, H-C(1')); 3.09 (dd, ' J  = 18.0, 3J = 8.5, Hf7afis-C(2'')4)); 3.01 (dd, 
' J  = 16.3, ' J  = 13.0, H,,,,,-C(4)3)); 2.80 (dd, ' J  = 16.3, ' J  = 3.1, Hcjs-C(4)3)); 2.64 (dd, 2J = 18.0, ' J  = 4.8, 
Hcj3-C(2")4)); 1.85 (ddd, *J = 13.5, 'J = 10.5, 4.7, H-C(2')); 1.41 (ddd, 3J = 9.0, 6.6, 4.7, H-C(3')); 1.24 (ddd, 
2J = 13.5, ' J  = 9.0,4.7, H-C(2')); 0.93 (2d, 3J = 6.5,2 Me-C(3')). "C-NMR(62.9 MHz, CDC13): 172.7 (s, C(1")); 
168.9 (s, C(1)); 165.7, 164.1 (2s, 2 CO); 162.1 (s, C(8)); 138.9 (s, C(4a)); 136.6 (d, arom. CH); 135.1 (s, arom. C); 
134.5 (d, 'J(C,H)= 162, C(6)); 130.3, 129.9, 127.8 (3d, arom. CH); 129.6 (s, arom. C); 118.2, 116.3 (2d, 
'J(C,H) = 164, 165, (C(5), C(7)); 108.0 (s, C(8a)); 82.8 (d, 'J(C,H) = 165, C(3)); 80.7 (d, 'J(C,H) = 147, C(5")); 
74.0 (d, 'J(C,H) = 149, C ( 4 ) ) ;  57.4 (d, 'J(C,H) = 153, C(3")); 49.4 (d, 'J(C,H) = 136, C(1')); 40.4 (t. 
'J(C,H) = 125, '74)); 34.6 (t, 'J(C,H) = 135, C(2")); 30.2 (/, 'J(C,H) = 132, C(2')); 24.6 (d, 'J(C,H) = 127, C(3')); 
23.0, 21.5 (2q, 'J(C,H) = 123, 2 Me-C(3')). EI-MS (70 eV): 591 (22), 590 (38), 589 (56, [ M  + 18]+), 586 (47), 575 
(13), 574 (36), 573 (57), 572 (89 [ M  + 1]+), 571 (72, M"),  553 (9), 545 (lo), 544 (12), 543 (9), 322 (7), 252 (25), 232 
(12),231(23),230(25),225(14),224(14),215(10),210(11), 198(39), 197(44), 175(15), 163(16), 156(17), 141 (31), 
139 (loo), 111 (19). 93 (18), 86 (51), 77 (19). 

(3 S)-3- ( ( I ' S ) - l ' -  ([ (3"-Amino-5"- 0- (3-chlorobenzoyl)-2,3-dideoxy-x- ~-ribo-hexaro-I",4-luctone)-6-oyl]- 
amino )-3'-methyIbutyl)-3.4-dihydro-8-hydroxy-1 H-2-benzopyrano-I-onr ( = {4-Amino-2-0-(3-chlorohenzoyl)- 
4.5-dideoxy-N - { 11' S)-l'-((3" S) -3".4-dihydro-8"-hydroxy-I"-oxo-I"H-2"-henzopyran-3"-yl]-3'-methylhutyl )-u -L- 

ribo-hexaro-6,S-luc/one )-I-amic Acid; (-)-44)6). Prepared as described above for (-)-29, starting with (-)-43. 
Yield 89%, colourless crystals. M.p. 94-95". [a]:& = -10, [a]& = -18, [a]::, = +20, [a]& = +122, [a]:& = +123, 
( c  = 0.15, MeOH): IR(KBr): 3400,2980,1790,1730,1680,1620,1535,1460,1230,1210,1110,810. 'H-NMR(250 
MH~,CDC13):7.87,7.80,7.57,7.40(4H,arom.CH);7.39(dd,'J=8.5,7.5,H-C(6));6.85(d,~J=7.5,H-C(7)); 
6.60(d,3J=8.5,H-C(5));5.60(d,3J=2.6,H-C(5"));4.62(dd,35=5.5,2.6,H-C(4"));4.55(ddd,3J= 13.0,2.9, 
2.1, H-C(3)); 4.37 (ddd, ' J  = 10.6, 4.9, 2.1, H-C(1')); 4.22 (ddd, 3J = 8.2, 6.8, 5.5,  H-C(3")); 3.05 (dd, 2J = 16.5, 
13.0, H,r0,,-C(4)3)); 2.97 (dd, *J = 17.9, ' J  = 8.2, H,r0ns-C(2'')5)); 2.80 (dd, 'J = 16.5, ' J  = 2.9, H,,-C(4)4); 2.40 
(dd, *.I = 17.9, = 6.8, Hc8s-C(2)5)); 1.92 (ddd, ' J  = 13.9, 3J = 10.6,4.8, H-C(2')); 1.68 (ddd, ' J  = 9.3, 6.5, 4.8, 
H-C(3')); 1.49 (ddd, ' J  = 13.9, 3J = 9.3, 4.9, H-C(2')); 0.93 (2d. ' J  = 6.5 2 MeeC(3')). ',C-NMR (62.9 MHz, 
CDCI,): 173.9(s,C(l"));169.l(s,C(l)); 166.1, 164.3(2s,2CO); 162.0(s,C(8)); 139.0(s,(4a)); 136.5(d,arom.CH); 
135.0 (s, arom. C); 134.2 (d, 'J(C,H) = 160, C(6)); 130.1, 129.7, 129.7 (3d, arom. CH); 127.8 (s, arom. C); 118.2, 
116.2 (2d, 'J(C,H) = 165, 163, C(5), C(7)); 107.6 (s, C(8a)); 85.6 (d, 'J(C,H) = 155, C(3)); 80.9 (d, 'J(C,H) = 156, 
C(5")); 74.1 (d, 'J(C,H) = 152, C(4)); 49.3 (d, 'J(C,H) = 143, C(3")); 49.1 (d, 'J(C,H) = 138, C(1')); 40.1 (I, 

'J(C,H) = 127, C(4)); 37.8 (t, 'J(CH) = 136, C(2")); 30.1 (t, 'J(C,H) = 132, C(2')); 24.5 (d, 'J(C,H) = 123, C(3')); 
23.0, 21.4 (2q, 'J(C.H) = 124, 2 Me-C(3')). CI-MS (NH,): 546 (3, [ M  + 1]*), 545 (9, M") .  383 (3, 382 (32), 366 
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(12), 339 (37), 270 (9), 258 (S), 248 (15), 232 (9), 230 (12), 215 (lo), 201 (12), 178 (S), 175 (9), 157 (30), 156 (37), 155 
(82), 141 (47), 139 (IOO), 135 (23), 11 1 (43), 101 (22), 96 (20), 93 (24), 86 (90), 77 (43). 

(3 S) -3- {(I’ S ) - l ’ - [  (3”-Amino-2”,3”-dideoxy-a -L-ribo-hexar-6-oyl) amino]-3’-methylbutyl)-3,4-dihydro-8-hy- 
droxy j-1 H-benzopyran-I-one ( = {4-Amino-4,5-dideoxy-N- { ( l ’ S ) - I ’ - [ ( 3  S)-3,4-dihydro-8”-hydroxy-l”-oxo- 
1” H-2-benzopyran-3-y1]-3’-methylbutyl}-u -L-ribo-hexar-I-amic Acid ; (-)-45). Prepared as described above for 
(-)-1, starting with (-)-44. Yield 60%, colourless oil. [a]:& = -11, [a]:& = -7, [a]$& = +I,  [a].& = +15, 
[a]:& = +I0 (c = 0.48, MeOH). IR (THF): 3570, 3500, 2800, 1800, 1680, 1630, 1590, 1520, 1000. ‘H-NMR (250 
MHz, CD’CN): 7.43 (dd, ’J = 8.4, 8.1, H-C(6)); 7.2 (d, ’J = 10.0, NH); 6.82, 6.79 (2d, ’J = 8.4, 8.1, H-C(5), 
H-C(7));4.95(dd,,J = 2.7,2.3,H-C(4”)); 4.63(ddd,,J = 8.3, 7.9,4.3,H-C(3)); 4.50(d,?I =2.3,H-C(5”));4.30 
(ddd, 3J = 9.0,2.8,2.7, H-C(3”)); 4.21 (m H-C(1‘)); 3.10 (dd,*J = 16.6, ,J = 4.3, H,,,-C(4)3)); 3.04 (dd,*J = 18.5, 

= 9.0, H-C(2”)); 3.03 (dd, ’5 = 16.6, ’J = 8.5, H,,a,-C(4)3)); 2.72 (dd, ’J = 18.5, ,J = 2.8, H-C(2)); 1.70 (m, 
H-C(3‘), H-C(2’)); 1.40 (ddd, ’J = 14.4, ’J  = 11.0, 4.5, H-C(2’)); 0.93 (2d, ’J  = 6.3, 2 Me-C(3’)). ”C-NMR 
(62.9 MHz, CDCI,): 72.8 (s, C(1”)); 170.2 (s, C(1)); 170.4 (3, C(8)); 161.7 (s, C(6)); 139.9 (s, C(4a)); 137.2 (d ,  
‘J(C,H) = 160, C(6)); 119.1, 116.0 (2d, ‘J(C,H) = 155, 160, C(5), C(7)); 108.5 (s, C(8a)); 82.0 (d, ‘J(C,H) = 155, 
C(3)); 81.0 (d, ’J(C,H) = 152, C(5”)); 71.1 (d, ‘J(C,H) = 148, C ( 4 ) ) ;  48.7 (d, ‘J(C,H) = 139, C(3”)); 48.6 (d, 
‘J(C,H) = 155, C(1’)); 38.8 (t ,  ‘J(C,H) = 125, C(4)); 32.9 ( 1 ,  ‘J(C,H) = 137, C(2”)); 29.3 ( t .  ‘J(C,H) = 130, C(2’)); 
24.2 (d, ’J(C,H) = 135, C(3’)); 21.3, 19.4 (2q, 2 Me-C(3‘)). CI-MS (NH,): 451 (15), 439 (I]), 433 (2), 419 (S), 320 
(ZO), 306(11),262(6),244(21),230(13),201 (21), 144(13), 135(47), 122(13), 114(12), 107(15), 86(100). 
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