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The nucleosrde antrbrotrcs amrcetm (l), bamrcetm (2), and phcacetin (3) 

contam, as the sugar morety, a monoammo-pentadeoxy drsacchande that IS closely 
related to maltose (4-U-cr-D-glucopyranosyl-D-glucose). In vrew of the reported 

antrbrohc and an0tumour actlvlty of these pynrmchne nucleosrdes’P2, we have 
mrtrated studies of the total syntheses of these drsacchande nucleosrdes and closely 

related anaiogues, directly from the drsaccharrde maltose, which IS readily avarlable. 
Imtrally, we have mvestrgated the reactron of methyl fl-mahosrde (4) wrth sulphuryl 
clzionde with the arm of arrrvmg at drsacchandes, contarmng severaI chloro sub- 
strtuents, which could be employed as potent& precursors of the polydeoxy frame- 

work that IS found m the anttbrotrcs 1-3 

N HR3 

NH 

1 R’= R2=CH3,R3=L-a-methqlseryl 
2 R’ = CH3,R2=H,R3=L-a-methyiseryl 
3 RI= R2=CH3,R3=H 

Treatment of methyl &maItosrde (4) w& sulphuryl chloride, followed by 

dechlorosuIphatton wrth sodmm rodrde m methanol3 and subsequent acetylatron, 
gave, after chromatography, a highly crystalhne, tetrachloro denvatrve m 48% yreld 
The product was identrfied, on the basis of elemental analysts, 220-MHz ‘H n m r 

spectroscopy, and mass spectrometry, as the berm-ethanolate of methyl 2-O-acetyl- 

*Present address Merck, Sharp and Dohme Research Laboratones, Rahway, New Jersey, U S A 
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3,6-dlchloro-3,6-~deoxy-4-0-(2,3-di-O-acetyl-4,6-dlchloro-4,6-~deoxy-a-D-g~aCto- 
pyranosyl)-@%llopyranosrde (7) The mtermedtate tnchlorosulphate (5) and 
dechlorosulphated denvattve (6) were not isolated 

OMe 

4 5 R = SO&I 
6 R=H 

7 R =Ac 

The n m r assrgnments (see Table I) were confirmed by spm-decouphng 
expenments The allo configuratron m the 4C, conformatron of the pyranosyl rmg at 
the reducmg end of the drsacchande was mdrcated by the resonances of H-l-4 The 
H-l srgnal appeared as a doublet (Jr,2 7 7 Hz), mdrcatmg that H-l and H-2 have an 
antrperrplanar arrangement The H-Z srgnal appeared as a quartet through add&o& 
small couplrng (3 3 Hz) wrth H-3, m accord wrth a syn-clmal drsposrtron of H-2 and 
H-3 The H-3 srgnal was Identified as a narrow trlplet as a result of further coupling 
(2 8 Hz) wrth the syn-clmal H-4 The H-4 s1gna.l appeared as a quartet through 
additional, large couphng (9 1 Hz) wrth H-5, m accord w&h an anhperiplanar 
arrangement of H-4 and H-5 The galactu configuratron m the C’z conformatron of 
the pyranosyl nng at the non-reducing end of the drsacchande was also clearly 
mdrcated by the H-l ‘-4’ resonances * The H-l’ srgnal appeared as a doublet (.F1, 2 
3 6 Hz), mdrcatmg that H-l’ and H-2’ are gauche-disposed. The H-2’ and H-3’ signals 
appeared at lowest field, as a pau of strongly coupled quartets4p5 (J2, 3 10 8 Hz; 
J3 ,+ 3.2 Hz), whrch m&cated that H-2’ and H-3’ are attached to the same carbon 
atoms as the acetoxy groups4 The H-4’ signal appeared as a narrow quartet through 
couplmg (i 3 Hz) wrth H-5’ The rather small couphng J4.,5, 1s mdrcatrve of an axial 
4-substrtuent since, m this case, both hydrogens bear an antrperrplanar arrangement 
wuh ~~mal electronegatrve substrtuents6 (O-5’ and CM’, respectively) 

The mass-spectral fragmentatron of 7 IS shown m Scheme 1 The major pathway 
was nutrated by cleavage of the mterglycosrdrc bond [l’-(C-O)] to grve the glycosyl 
carbomum ran (m/e 283) of the non-reducing end of the drsaccharrde, which then 
underwent sequentml loss of HOAc, CH,CO, HCI, CO, and HCl The first stage, 

*The rmg pos~hons of the pyranosyl mole@ at the non-reducmg end of the dlsacchande are designated 
mth pruned numbers , 
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TABLE I 

NMRSPECTRAL DATA FOR 7 IN smzm+d6 AT 220 MEW 

Chemxal shifts (r) 

Allopyranosyl 

Mg 5254 503dd 525t 602dd 6 lldt 
Galacto- 6 SO-6 68m 

PyranosYl 
mg 485d 457dd 449dd 532dd 581t 

3 1.2 52 3 J3 4 J 4.5 J 5.6 J 5.6 Js 6’ 

Allopylanosyl 

mg 77 33 28 91 25 39 - 
GaIactopyranosyl 

mg 36 108 32 13 ~63 - 

“Ethanol of crystalhzation gave rise to a mplet at t 9 04 and a quartet at r 6 66. 

Scheme 1 Mass-spectral fragmentation of 7 

-Cl 
:71+ __c m/e 519 (cot%) 

m/e 283’ 160%/o)t 

I -HOAc 

CHzCI 

OAc 
mfe 223 ( 72 %I 

I -CH>CO 

-AcOCHO l 

OAc 
m/e 167(3 7%) 

Cl OAc 

mje 255*(25%) 

/&AC \HCI 

m/e 195*(11%) m/e 219*U2%) 

-CHpCO 

m/e 177 (19%) 

m/e 145 (33%) 

m/e 117(29%1 

HS 

m/e 81 W3%) 

* Verlfled by accurate mass measurement All stated mp values are based on J5CI 

t Percentage relattve to base Peak mle 43 fCH3CO+) 
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being the loss of acetic acid, 1s m&cafive of a 3’-acetoxy group, and the followmg loss 
of ketene suggests the presence of a 2’-acetoxy group ‘. These factors are consistent 
mth a 4,6-dlchloropyranosyi structure for the “non-reducmg” end of the &sacchande 
The fragment havmg m/e 255 ongmated from the reducing end of the lsacchande 
and was formed either by cleavage of the 4+-O) bond, or by cleavage of the 
C-1’-C-2’ bond followed by rearrangement of the 3’-acetoxy group to C-l’ and 

cleavage of the C-l’-O-5 bond to gve the fragment m/e 343 (AcOCH=~R, R= 
“reducmg-end” glycosyl group)_ The loss of AcOCHO would afford’ the fragment at 
m/e 255 This structural analysis demonstrates the potentla1 of a combmatlon of hgh 
field-strength n m r and mass spectrometry for structural stuQes of ohgosacchandes, 
which circumvents the more tedious, classrcal procedures 

The structure of the tetrachloro-tetradeoxy denvatlve 2 may be rationahsed 111 
terms of the stereoelectromc forces that have been demonstrated to Influence the 
course of nucleopluhc displacement reactlons in carbohydrate molecules9 Thus, the 
conversion of the a-D-glucopyranosyl rmg at the non-reducmg end mto a 4’,6’- 
dzhloro-galactopyranosyl residue 1s m agreement wth previous results obtained with 
methyl c?-D-glueopyranoslde’O The resrstance of the eqnatonal chlorosulphate group 
at C-3’ to chsplacement by chloride ion IS attnbuted to the presence of a vlcmal, ax&- 
chloro substltuent at C-4 and to the B-rrajzs-&axial effect of the C-l ’ su5st&uentg. In 
the j?-D-glucopyranosyl rmg at the reducmg end, the C-l substltuent has the equatonal 
orientation, and, m addition, reactlon at C-4 1s blocked by the presence of the sugar 
residue, therefore, the equatonal C-3 chlorosulphate group can undergo hsplacement 
by chlonde ion to gve a 3,6-dlchloro-allopyraosyl residue The lack of reactlvlty of 
the chlorosulphate groups at C-2 and C-2’ IS pnmanly due to the bgh energy of the 
transition state m the nucleopluhc displacement reactlon resulting from an unfavour- 
able ahgnment of dipoles9 Similar converslon of a j?-D-glucopyranosyl rmg into a 
3-chloro-allopyranosyl system has been observed urlth methyl 4,6-O-benzyhdene- 
~-D-glucopyranosrde~” and methyl 2,2’,3’,4’,6,6’-hexa-0-acetyl-P-maItoslde’ 1 

Jenmngs and Jones’ ’ have reported that treatment of maltose urlth sulphuryl 
chloride, followed by formatlon of the methyl glycosrde and dechlorosulphatlon, 
gives a low yield of a tnchloro denvative, the structure of whch was asslgned as 
methyl 6-chloro-6-deoxy-4- 0-(4,6-dlchloro-4,6-dldeoxy-cr-D-galactopyranosyl)-D- 
glucopyranoslde, the anomenc cotignrafion was not ascertamed In tbs case, the 
lack of reacfivlty of the C-3 chlorosulphate group m the glucopyranosyl rmg at the 
reducing end can be attributed to the 1,3-stenc hindrance9 by the Cal, anomenc 
chloro-subsfituent m rts thermodynarmcally more-stable configuration Hence, 
dependmg upon whether the methyl glycoslde 1s formed before or after treatment ~th 
sulphuryl chloride, either a tnchloro or a tetrachloro denvatlve may be obtamed The 
relatively good yield of the tetrachloro-tetradeoxy denvative 7 here described makes 
feasible its further transformation mto polydeoxy systems analogous to those found 
m the naturally occurrmg, blolo@cally active, “maltose nucleoslde” antibiotics 
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ExPERlMENTAL4 

Methyl /I?-maltoszde monohydrate (4) - Tlus compound was prepared from 
maltose by shght mod&atron of the procedure of Wolfram et al. 1 3 In the glycoada- 
bon reactton, mercunc cyamde was replaced by mercuric acetate, and the de-ester- 

ificatron step was effected by the ZempICn method Crystallization of the residue from 
95% ethanol gave the desired product as the monohydrate, m p 109-ill”, ht l4 
mp 110-111” 

Meti?yl Z-O-acety~-3,6-dichlichloro-3,6-dzdeoxy-4-0-(2,3-dz-O-acetyi-4,6-dzchloro- 
4,6-dzdeoxy-a-D-galactopyranosyl)-B-D-alZopyranoszde (7) - To a slurry of dry methyl 
/3-maltosrde (5 0 g, dried over phosphonc oxrde under drmmrshed pressure at 100’) 
m anhydrous chloroform (60 ml) and dry pyndme (30 ml) at - -7O”, sulphuryl 
chlonde (15 ml) was added dropwrse wrth vrgorous strrnng The reactron rmxture was 

cooied for an additional 2 h and then stirred at room temperature for 24 h_ After 
tiutton with chloroform (100 ml), the mxxture was washed wrth 3M hydrochlonc 
acrd, aqueous sodmm hydrogen carbonate, and water, drred (MgSO,), and con- 
centrated. The syrupy resxdue was dissolved m methanol (200 ml), and a 10% solutron 

of sodmm lo&de m I. I methanoI-water was added dropwise m?th stirring unttl iodme 
was no longer hberated The solution was then neutrahzed wtth sohd sodmm hydrogen 
carbonate, filtered, and concentrated to a residue that was partitioned between 
chlorofom~ and water The water layer was extracted several trmes w&h chloroform, 
and the combmed orgamc extracts were drred (MgSO,) and concentrated to a syrup 
that was acctylated wrth acetic anhydrrde and pyrrdme overnight at room temperature 
m the usual way. The reactron mrxture was then poured into Ice-water and extracted 

with drchloromethane (4 x 40 ml). The combmed orgamc extracts were washed wrth 

10% sulphunc acrd, aqueous sodmm hydrogen carbonate, and water, dned (MgSOJ, 
and concentrated The resrdue was chromatographed on s~hca gei (7734, Merck), 
using ether-dtchloromethane (125) as the eluant. The frachons contammg the product 
were collected and evaporated to a sohd, wluch was recrystalhzed from ethanol to grve 

7 as a hemr-ethanolate (3 9 g, 48%), m p 129-135” (loss of ethanol of crystalhzatton), 
161-162”; [# + 118 9” (c 2 4, chloroform) (Found C, 41.5, H, 5 1, CI, 24 6 
C19H26C14010 0 5CzH60 talc: C, 41 5, H, 5 1; Cl, 24 5%) 
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