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Absrrnct- Methyl 4-O-dichloroisoeveminyl-a-Darabino-hexopyranoside, the methyl 
glycoside of curacin, 2, which is the chromophoric A-B terminus of orthosomycins. was 
synthesiz.ed by esterification of methyl 3-O-bcnzyl-2,6didcoxy- a-D-arabino-hcxopyrosidc 
(9) with 4-benzyloxy-3,5-dichloro-2-methoxy-6-methylbenzoyl chloride (12) with the help 
of n-butyl lithium, followed by hydrogcnolytic debenzylation. The estcrificadon of methyl 
2,6_dideoxy- a-D-arabino-hexopyranoside (8) with 4-benzyloxy-3.5dichloro-2-hydroxy-6- 
mcthylbenzoic acid (13) in the presence of CBI/DBN afforded after mcthylation with 
diazomethane and hydrogenolytic debcnzylation the methyl glycoside of isocuracin, the 
artificial regioisomcr of curacin, 5. Derivatives of dichloroisoeverninic acid (10) 
decomposed under the reaction conditions of various estcrification methods. 

Curacin (eveminocin) 1, which is the chromophoric terminus of several orthosomycin antibiotics’. c.g. curamycin2. 

flambamycin3, avilamycins4 and evcrninomic&. has been proved to be the 4-O-estcr6 of 

2.6-dideoxy-D-arabino-hexose (canarose, chromose C. olivose)7 7 (residue 8) and dichloroisocveminic acid* 10 

(residue A) (Scheme 1 and 2). 

The methyl glycoside of methyl curacin 3 has been claimed to be synthcsizcd9. However. orthosomycins and 

their degradation products, whose. phcnolic hydroxyl group of the dichloroisoeveminyl residue have been substituted, 

arc reported to be pharmacologically inactive l*lo. Obviously, this phcnolic hydroxyl group influences the 

structure-relationship considerably. A selccdvc cleavage of the aryl methyl ether 3 leading to methyl a-cuncinoside 2 

does not seem to bc promising, since methyl ethers of phenols adjacent to a carbonyl group are cleaved more c&y1 l. 

Till now curacin 1 was only accessible by the dccomposidon of natural orthosomycin specimen. We have now 

achieved the first syntheses of the methyl glycosides of curacin and of the altematc 3-0-regioisomcr isccuracin (J), 

whose tri-O-methyl ether 6 is described as an artificial degradation product of flambamycin3. 

As methyl 2,6-didcoxy-a-D-arabino-hcxopyranosidc7 8 is predominantly acylated in the 3-0-position12*13, a 

protection of this hydroxyl group during the estcrification reaction leading to methyl a-curacinoside 2 is ncccssary. 

The acidic para-phenolic hydmxyl group of dichlomisocverninic acid8 10 has to bc blocked in order to avoid the 

formation of polyesters14 . Protecting groups which arc removed in neutral or mild acidic media without cleaving the 

alkali-labile ester and acid-labile glycosidic linkage are suitable. The benzyl ether protecting group16 tumcd out to be 

most successful in both cases; the hydrogenolytic dcbcnzylation did not affect the chlorine subsdtuents in the 

dichlomisocvcminyl residue. 

Synthetic routes to methyl curacinosidc 2 and methyl isocuracinoside 5. involving 4-O-protected and 
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carboxyl-activated derivatives of dichloroisoevcrninic acid 10. demonstrate the peculiar bchaviour of 

multifunctionalised aromates. The activation of the bcnzyl ether 11 with various reagents, e.g. a.a-dichloromcthyl 

methyl ether, oxalyl chloride, thionyl chloride and phosphor halides*6, and other mild in situ-methods failed. 

Employing the reagents N.N-dimethylchloroformamidinium chloride/pyridine, DMAP or PPY17, cyanuric 

chloridc/NEt3*8, thionyl chloride/DMAP19, methane sulphonyl chloride/DMAP20, 2-halopyridium salts2*, 

dicyclohexylcarbodiimidc/DMAP or PPY22, N,N’-carbonyldiimidazole (CBI)/1,8diaza-bicyclo[5.4.0]-7-undecene 

(DBU)23, S-2-pyridyl-chloroformate/CuBr224 and l,l’-(carbonyIdioxy)-diber1zotriazole/NEt3~~ decomposed the acid. 

Recently WC observed how pyridine solutions of dichloroisocveminic acid 10 decarboxylatc on standingl. Even the 

benzyl ether 11 could not be prepared via the direct etherification of methyl dichloroisoeverninatc, but had to bc 

initially introduced during the synthesis8 of dichloroisocvcminic acid 10. 

Tctramcthyl-a-halogenamincs arc reported to be very effcctivc in preparing acyl halides from carboxylic acids 

under csscntially neutral conditions2q The 4-0-benzyl-dichloroisoeveminic acid8 11 was converted into the acyl 

chloride 12 with 1 chloro-N.N,2-trimethylpropenylamine 27 in fairly good yield (82%). The crude product obtaincd 

after evaporation of volatile material is pure enough for further preparations. Methyl 3-0- 

bcnzyl-2,6-dideoxy-a-D-arabino-hexopyranosidc13 9 was easily obtained by regioselectivc bcnzylation of methyl 

a-D-olivoside 8 via the 0-di-n-butylstannylene aceta128 in high yield (85%). The esterification reaction of the 

sterically demanding 3-0-bcnzyl sugar 9 with the sterically hindered acyl chloride 12 rcquircd an efficient method. WC 

transfercd 9 with n-butyl lithium29 into the alkoxidc and afforded the expected ester 14 in a satisfactory yield (56%). 

Subsequent hydrogenolytic dcbcnzylation provided the methyl glycoside of curacin 2 in excellent yield (95%) (Scheme 

3). Regioselective benzylation of 2 with phcnyldiazomethane30 resulted in the formation of 15 (76%). 

For the synthesis of methyl a-isocuracinoside 5 WC used the 4-0-benzyl protected ortho-0-unsubstitutcd 

aromatic8 13 as precursor. Ortho-hydroxyl groups of hydroxybcnzoic acids do not interfcrc in esterification reactions. 

bccausc the ortho-hydroxyl functions form strong intramolecular hydrogen bonds with the carboxyl group3t. So WC 

allowed unprotected 8 to react with the acid 13. which was best activated with N,N’-carbonyl- 

diimidazolc/l$diazabicyclo[4.3.0]-5-nonenc (DBN). This reaction proce.cds selectively to the 3-O-ester 16 (11.5%). 

Rcgioselcctive mcthylation of the phcnolic hydroxyl group to 17 was accomplished with diazomethane in good yield 

(70%). Hydrogenolytic dcbenzylation produced the methyl glycoside of isocuracin 5 in high yield (89%) (Scheme 4). 

EXPERIMENTAL 

General.- Melting points were determined with a Btlchi 510 K melting point apparatus and are uncorrected. Optical 

rotations were measured with a Perkin-Elmer 141 polarimetcr. *H-NMR spectra were recorded on a Varian VXR 300 

(300 MHz) rcsp. on a Varian EM-390 (90 MHz) spectrometer, and 13C-NMR spectra using a Varian VXR 300 (75 

MHz) or a Varian CFT-20 (20 MHz) instrument. Mass spectra wcrc obtained by using a Finnigan MAT 212 

spcctromctcr (70 cV). TLC was carried out on Merck 0.2 mm silica gel 60 F254 analytical aluminium plates. For 

column chromatography silica gel 60 (140-270 mesh, Machcrcy & Nagcl) was used. 

Methyl 3-0-bentyl-2,6-dideoxy-a-D-arabino-hexopyranoside (9).- A mixture of 8 (2.07g. 12.76mmol) and 

di-n-butyldnoxidc (3.8lg. 15.32 mmol) in 10: 1 bcnzcne-methanol (88ml) was boiled under rcflux for 2h. The solvent 

was cvaporatcd, and the solid residue was sdrrcd with DMF (22ml) and benzyl bromide (2lml) for 2h at 1 10°C 
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[TLC.l:l EtOAc-cyclohexane; Rf= 0.63 (9); Rf= 0.26 (8)], cooled. evaporated in high vacua, and the residual oil 

chromatographed on silica gel with 1:lO EtOAccyclohexane to remove faster moving impurities (about l-1.5&, 

yielding 2.7413 (85%) of 9, colourless syrup, [alD26= +53” (c=1.39. CHC13) [lit.13: [a]D20= +32’ (c=O.23. 

CH30Hl. IH-NMR data (300 MHz. CDC13): 8 1.27 (d,3H,CH3-6). 1.58 (ddd,H-2a). 2.23 (ddd,H&). 2.9 (bs,4-OH), 

3.18 (t.H-4J=9.2 Hz). 3.28 (s,3H,OCH3). 3.63 (dq, H-5), 3.71 (ddd, H-3). 4.46 and 4.61 (AB,2H,CH2,Bn), 4.72 

(d,H-lJ=2.7 HZ), 7.42 (m,SH,Aryl-H); JI,~~= 3.6, JI,~~= 1.3, J2a,2e=12.9. J2a,3= 11.5. J2e,3= 4.9, J3,4= 8.9, 

J4,5= 9.4, J5,6= 6.3, JAB= 11.5 Hz. l3 C-NMR data (75 MHz, CDCl3): 6 17.88 (C-6). 34.79 (C-2). 54.49 (OCH3). 

67.43, 76.08, 77.06 (C-3,4,-5). 71.08 (CH2,Bn). 98.39 (C-l), 127.69, 127.73, 128.46 (Cortho,Cmeta,Cpara~Bn), 

138.41 (CJ,Bn). 

(Found: C, 66.43; H. 8.21. Calcd. for C14H2004: C, 66.65: H. 7.99). 

4-Benzyloxy-3,5-dichloro-2-me~hoxy-6-merhylbenroyl chloride (12).- 1-Chloro-N,N.2-trimethylpro- 

pcnylaminc (2.2Og. 16.47mmol) is added to a solution of 11 (5.62g, 16.47mmol) in abs. dichloromethane (lOOmI) at 

-10°C and stirred for 4h (jOYI). Solvent and N,N-dimethylisobutyramide are evaporated in vacua (I5 Torr), at least in 

high vacua, to yield 4.86g (82%) 12 as a yellow oil. JR (CDC13): v 1775 cm-l (C=O). MS: 358/360/362/364 

(M+.97:100:34:4). 323/325/237 (M+-C1,100:63:13), 232/234/236 (323-C7H7, 100:66:12). 91 (C7H7+.basepeak). 

Methyl 3-0-benzyl-4-0-(4-bentyloxy-3,S-dichloro-2-~~hoxy-6-me~hylben~oyl~-2,6-dideoxy-a-D-ara- 

bino-hexopyranoside (14).- To a solution of 9 (2.62g, 10.38mmol) in anhydrous THE (15ml) was added under 

nitrogen and under exclusion of light during 15min 5.0ml (12.5mmol) of 2.5M n-butyl lithium in hexane. After 

30min the resulting solution was treated during Smin at 2O“C by the dropwise addition of 12 (4.48g. 12.46mmol) in 

anhydrous THF (IOml), refluxcd for 16h mC, 215 EtOAc-cyclohexane; Rt= 0.56 (14); Rf= 0.25 (9)]. cooled in an 

ice bath, and hydrolyzed by the addition of water (10ml). The aqueous phase was extracted with diethyl ether, the 

combined organic phases were dried (MgSO4). evaporated and the residue chromatographed on silica gel with 1:lO 

EtOAc-cyclohexane, yielding 3.33g (56%) of 14. m.p. 98-100°C, [a]D21= +25.9’ (c=1.04. CHC13). IH-NMR data 

(300 MHz. CDCl3): 6 1.38 (d,3H,CH3-6). 1.76 (ddd,H-Za), 2.18 (s,3H,ArCH3), 2.34 (ddd.H-2e). 3.30 

(s,3H,l-OCH3). 3.84 (s,3H,ArOCH3). 3.85 (dq,H-5). 3.98 (ddd,H-3), 4.47 and 4.61 (AB,2H,CH2,3-0-Bn). 4.80 

(d,H-l,J=2.5 Hz), 5.00 (s2H,CH2,4’-0-Bn). 5.05 (t,H-4J=9.5 Hz), 7.25-7.58 (m,lOH,Aryl-H,Bn); Jl,h= 3.6, J1ze= 

1.1. J~a.2~’ 13.0, Jb,3= 11.4, Jk,3= 5.1, J3,4= 9.3, J45= 9.8, J5,j= 6.3,JAB=11.6 Hz. l3C-NMR data (75 MHz. 

CDC13): 6 17.35 (ArCH3), 17.60 (C-6), 35.19 (C-2). 54.70 (I-0CH3). 62.18 (ArOCH3). 65.84, 74.14, 77.34, 

(C-3,4,-5). 70.58, 74.83 (CH2,3- and 4’-0-Bn). 98.16 (C-l), 121.36. 126.08 (C-3’,-53, 127.34. 127.49, 128.23, 

128.46, 128.49 (Cor~o,Cmeta. Cpara .3- and 4’-0-Bn). 127.51 (C-1’). 133.63 (C-6’). 136.06 (C!l,4’-0-Bn), 138.16 

(C1,3-0-Bn), 152.12, 152.72 (C-2-.4’), 165.81 (COO). 

(Found: C, 62.81; H, 5.60. Calcd. for C3OH32O7Cl2: C. 62.61; H, 5.60). 
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Merhyl 4-0-(35-dichloro4-hydroxy-2-me~hoxy-6-~~hylbensoyl)-2.6-dideory-a-D-arabino-hexopyranosi& 

(methyl a-curacinoside) (2).- A solution of 14 (3.22g. 559mmol) in methyl tert.butyl ether (6OOml) was shaken 

wilh 10% Pd on charcoal (1 .OOg) at 20°C for 2.5h under hydrogen (1.2 bar). After filtration of the catalyst. the filtrate 

was concenuatcd to yield 2.1Og (95%) of 2, m.p. 151-153’C (1:l methanol-water) [lit.: 145-146°C 6, 148-1500C3~g], 

[alD23 = +70.8” (c=1,06, CHC13) <kg: [alD24 = +54.5’ (CHC13)>. lH-NMR data (300 MHz. D5-pyridinc): 6 1.58 

(d.3H,CH3-6), 2.09 (ddd,H-2a). 2.49 (ddd,HG?e), 2.53 (s,3H,ArCH3). 3.33 (s,3H,LOCH3). 4.04 (s.3H.ArOCH3). 

4.10 (dq.HJ), 4.53 (ddd.H-3). 4.88 (d,H-lJ=2.9 Hz), 5.36 (t,H4J=9.6 Hz), 8.9 @s,2H,3-and 4’-OH); JI,~~= 3.6, 

Jl,2e= 1.0, J2a,2e= 13.1, J2a,3= 11.6, J2e,3= 5.2, J3,4= 9.3, J4,5= 9.8, J5,6= 6.3 Hz. 13C-NMR dam (75 MHz, 

D5-pyridine): 6 17.90 (ArCH3), 18.17 (C-6). 39.74 (C-2). 54.60 (l-OCH3). 62.21 (ArOCH3). 66.40.66.48 (C-3,-5), 

80.40 (C-4). 98.83 (C-l), 115.11 (C-33, 119.85 (C-l’), 123.12 (C-5’). 133.54 (C-6’), 152.84 (C-2’), 153.07 (C-41, 

166.91 (COO) [lit. ref. 321. MS: 394/ 396/398(100:72:13), M+ for 35~12.35~137~1.37~12 

(Found: C, 48.82; H, 5.31. Calcd. for Cf6H2007C12: C. 48.62; H, 5.10). 

Methyl 4-0-(4-benzyloxy-3~-dichloro-2-metho*y-6-me~hylbenzoyl)-2.6-dideoxy-a-D-arabino-hexopyranoside 

(15).- To a solution of 2 (l.OOg. 2.53mmol) in ether (50ml) was added at 0°C under exclusion of light during 20min 

an ethercal solution of phcnyldiazomclhane [prepared from N-niuoso-N-benzyl-p-tolucnesulfonamide (6.12g. 

21.08mmol). sodium mcthoxide (l.l4g, 2l.lOmmol) in a mixture of methanol (4ml)ether (1OOml); s.ref. 301. The 

mixture was stirred for 19h at 20°C [TLC, 1: 1 EtOAc-cyclohexane; Rf= 0.51 (15); Rp 0.30 (2)], absorbed on silica 

gel (log) and chromatographed on silica gel with 1:lO EtOAc-cyclohexane to give 932mg (76%) of 15. m.p. 

135-137’C. [a]D22 = +54.9“ (c=l.Ol. CHC13). IH-NMR dam (300 MHz, CDC13): 6 1.34 (s,3H,CH3-6). 1.80 

(ddd.H-2a), 2.23 (ddd,H-2e). 2.38 @.3H,ArCH3), 2.7 (bs,lH3-OH), 3.31 (s,3H,l-OCH3), 3.81 (dq,H-5), 3.89 

(s,3H,ArOCH3), 4.12 (ddd.H-3), 4.78 (d,H-lJ=3.0 Hz), 4.84 (t.H-4, J=9.5 Hz), 5.02 (s,2H,CH2,Bn), 7.32-7.58 

(m,SH.Aryl-H,Bn); Jl,2a= 3.6, Jl,2e= 1.0. J2a,2e= 13.2. J2a,3= 11.8, J2e,3= 5.2, J3,4= 9.2, J4,5= 9.7, J5,6= 6.3 

Hz. 13C-NMR data (75 MHz. CDC13): 6 17.44 (ArCH3). 17.63 (C-6), 37.86 (C-2). 54.74 (I-OCH3), 62.38 

(ArOCH3). 65.25. 67.21 (C-3,-5), 74.93 (CH2,Bn), 80.40 (C-4), 98.24 (C-l), 121.41. 126.36 (C-3.,5’), 127.20 

(C-l’), 128.49, 128.51, 128.53 (Cor~ho.C,~~a,Cpara, Bn). 133.30 (C-6’), 135.99 (Cf,Bn). 151.93, 152.94 

(C-2’.4), 166.41 (COO). 

(Found: C. 57.13; H, 5.29. Calcd. for C23H2607Cl2: C, 56.92: H, 5.40) 

Methyl 3-0-(4-benzyloxy-3~-dichloro-2-hydro~-6-me~hyibenzoyl)-2,6-~deo~-a-D-arabino-hexopyranosi& 

(16).- TO a solution of 13 (2.3Og. 7.03mmol) in THF (50ml) was added N.N’-carbonyldiimidazolc (1.2Og, 

7.41mmol) and stirred at 25°C for 40min. A solution of 8 (1.14g. 7.04mmol) in THF (20ml) and 

1.5-diazabicyclo[4.3,0]-5-noncnc (0.9ml. 7.25mmol) was boiled under reflux for 28h. The cooled reaction mixture was 

poured inlo ether (2OOml), washed with brine dried (Na2S04) and chromatographed on silica gel with 1:lO 

EtOAc-hexane producing 380.6mg (11.5%) of 16, colourlcss oil, [a]D25= +49.1° (c=O.935. CHC13). IH-NMR data 

(90 MHz, CDC13): 6 1.32 (d,3H,CH3-6), 1.82 (ddd.H-2a). 1.94 (dd.H-2c). 2.61 (s,3H, ArCH3). 3.34 (s.3H.l-0CH3). 



Syntheses of the methyl glycosides of curacin 4139 

3.39 ([*H-4), 3.72 (dq,H-5), 4.75 (d,H-1). 5.00 (s,2H,CH2,Bn). 5.39 (ddd,H-3). 7.25 (m,SH.Aryl-H,Bn), 10.50 

(s.lH.ArOH); Jl,2a= 3.6. Jl,2e= 1.3, Jb,b= 13, Jti,3=11, J2e,3= 5. J3,4=J4,5= 9.0, J5,6= 6 Hz. 13C-NMR data 

(20 MHz, CDC13): 6 17.66 (q,C-6,1J=128 Hz), 19.50 (q.ArCH3, lJ=l29 Hz), 35.26 (t.C-2.1J=132 Hz), 54.71 

(dq,l-OCH3.1J=142, 3J=4 Hz), 67.88 and 74.75 (d,C-3.4. lJ=l48 Hz), 74.78 (t, CH2,Bn,*J=l47 Hz), 75.04 

(~C-5.~J=l48 Hz). 97.78 (d,C-l.1J=168 Hz), 112.22 (q.C-5’J=4 Hz),, 115.56 (SC-33, 122.12 (q,C-1’&5 Hz), 

128.49 (d.Cortho,CmemCpara. Bn,*J=l60 Hz), 135.98 (s.Cl,Bn). 137.49 (q,CX’,J=6 Hz), 155.21 (~$4’). 156.34 

(SC-~‘), 169.85 (d,COO,Jd Hz). 

(Found: C, 55.90; H, 5.22. Calcd. for C22H2407Cl2: C, 56.06; H, 5.13). 

Merhyl 3-0-(4-benzylo~-35-dichloro-2-methoxy-6-~~hylbenzoyl)-2.6-dideoxy-a-D-arabino-hexopyranoside 

(17).- To a stirred solution of 16 (380mg 0.8lmmol) in ether (lOm1) was added a solution of diazomcthane 

(20mmol) in ether (40ml) at 0°C and stirred at 0°C for 15h. The reaction mixture was concentrated, and 

chromatography on silica gel with 1:5 EtOAc-hexane yielded 276.4mg (70%) of 17, m.p. 87-88’C, [a]~25 = +42.5O 

(c=l.O3, CHCt3). ‘H-NMR data (90 MHz. CC14): 8 1.27 (d,3H,CH3-6). 1.69 (dt.H-Za), 2.26 (dd,H-Zc), 2.32 

(s,3HArCH3), 2.74 (d,lH.4-OH), 3.17 (dt,H-4), 3.32 (s,3H,l-0CH3). 3.66 (dq.H-5). 3.84 (s.3H.ArCCH3). 4.66 

(d,H-1). 4.95 (s,2H,CH2,Bn), 5.26 (ddd,H-3). 7.25-7.52 (m,SH.Aryl-HBn); Jl,h= 3.5, JI,~~= 3. J2a2e= 12, J2a3= 

11.5. J2c,3= 5, J3,4= J4,5= 9. J4,4_CH= 4.7, J5,6= 6 Hz. 13C-NMR data (20 MHz. CClq+l% C6Dg): 8 17.05 

(ArCH3). 17.65 (C-6). 35.03 (C-2). 54.20 (I-OCH3). 61.83 (ArOCH3), 67.63, 73.87, 74.45, 75.06 (C-3.4,-5 and 

CH2,Bn). 97.50 (C-l), 121.31. 125.89. 127.18, 133.11 (C-l’.-3’-5’,-6’). 128.04. 128.12 (Cortho, Cmeta,Cpara,Bn), 

136.00 (Cl,Bn), 152.09, 152.80 (C-2’,4’). 165.70 (COO). 

(Found: C. 57.09; H, 5.43. Calcd. for C23H26O7Ct2: C, 56.92; H, 5.40). 

Melhyf 3-0-(3J-dichloro4-hydroxy-2-mefhoxy-6-me~hylbenzoyl)-2,6-dideoxy-a-D-arabino-hexopyranoside 

(melhyl a-isocuracinoside) (S).- A solution of 17 (276mg, 0.57mmol) in methyl tertbutyl ether (lOOmI) was 

shaken with 10% Pd on charcoal (1OOmg) at 25’C for 5h under hydrogen (1.2 bar). After filtration of the catalyst, the 

filtrate was conccntratcd and the rcsiduc recrystallized from chloroform-hexane to yield 200mg (89%) of 5, m.p. 

169-170°C [o]D25 = +37.8” (~0.502. CHC13). IH-NMR data (90 MHz. D5-pyridinc): 6 1.55 (d,3H,CH3-6). 1.97 

(dt,H-Za), 2.40 (s.3H.ArCH3). 2.62 (ddd,H-2e). 3.32 (s,3H.l-OCH3). 3.67 &H-4), 3.98 (s,3H,ArOCH3), 4.06 

(dq.H-5). 4.87 (dd,H-I), 5.60 (ddd,H-3), 8.2 (bs.lH,ArOH); Jl,b- - 3.6, Jl2e= 1.2, Jb,2e=J2a,3= 12.6, Jk,3= 5.2, 

J3 4=J4 5= 9.3, J5,6= 6.3 Hz. 13C-NMR data (20 MHz. D5-pyridine): 6 17.68 (C-6). 18.49 (ArCH3). 35.97 (C-2). . . 

54.50 (1-CCH3). 62.19 (ArOCH3). 69.12, 74.29, 74.72 (C-3.-4.-5), 98.40 (C-l), 115.16 (C-33. 119.67 (C-5’). 

123.04 (C-l’), 133.29 (C-63, 152.97 (C-4’). 153.04 (C-2’). 166.69 (COO). 

(Found: C. 48.71; H, 5.22. Catcd. for Cl6H2007Cl2: C. 48.62: H, 5.10). 
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