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The hey step of the syntheslb Involves the reaction of glycals [3,4.6-tri-Gacciyl- 

D glucal (I), the net\ gljcal den\atl\e 4-O-acetql-1,s anh~dro-~,tj-dldco~~-3-C- 
methyl-3-0-mertql-r_-r&-hex- I -enltol (2). and 3-acelamrdo-3,6-dl-0-acetll- 
I ,S-anhydro-2,3-dldeo~y-D-urahlno-ham- I -enltol (3)] Hlth i 5 molar cqulraienls of 

several alcohols in the presence of Wbromosuccinlmlde In ncetonitrrle to .gl\e 

mamly the corresponding Zbromo-_- ’ deokv-r-glycopgranosrdeb (4-21) The glyco- 

pyranosldes (4 8 and 16-21) from I and 3 haw the a-D-n~anno configuratron and those 

(10-15) from 2 hahe the ir-.-altro contiguratlon The yields are high from 1, ~~rn.all~ 

quanwstive from 2, and moderate from 3 Debrormnation of the I-bromo-Z-deouy 

compourlds \%~ib trrbutylslannane and a radical mluator Gwen the correhpondlng 

2-deouy-,r-glycopyrsnosldeh (22-38) In quantltatl\e yleldq In particular, the branched- 

chain glqcal 2 reacts wrth slcohols to gve exclu>l\ely the corresponding IX-glyco- 

pyranosldes (27-32) of cladlnose m stnhlogly tigh owrall yrelds The htereobelectwt} 

and re@osoecIticity of rhe bromlnatlon reaction are dehcnbed IJ-Dlbromo-j,j- 
dlmethylhydahtorn and N-bromoscctamlde are also found to be useful for the 

reaction 

INTRODUCTION 

2-Decsy-a-glycosldes are \icclI hnown IO be blologca!lj Imporrant as structural 

umts In the field of natural products, partIcularI\ In sugar-contalnrng antlblotlcs’ 

Including the macrohde and anthraqcllne groups Although various methods tor 

synthesis of 2-deouy-z-glycosldes have been Investigated’ 3, most of them do not 
lead ewluswery to a-glycosldes In recent years, 2-deouy-lsncchandes ’ haling the 

r-lmhage have been prepared In moderate yields bv the method of Lemieux ef 01 ’ 

With simple alcohols, this method also leads to 2-deouy-/%glycosldes An cfficlent 
sqnthebls of a 3-armno-&_ i-dldeo\y-;x-glycopyranostde has heen nchwed by using the 

acid-catalyzed addltloo of an alcohol to an acetylated glycalb However, thus reactlon 

cannot be apolled to acid-labrle gl)cals such as branched-chain glqcclls and O-acetyl- 

glycals, because of their tendency to decompose or undergo allyhc rearrangement 
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On the other hand, It has been reported that halogenatlon of an alhene wrth 
N-bromosuccrmnude m aqueous dlmethyl sulfonde resulb rn the formatlon of a 
:rans-halohydnn’ Interest In ths reachon led us to consider that glycals mlgbt react 
wth an alcohol and N-bromosuccmlmlde to gee alkyl2-bromo-2-deoxy-a-glycosldes 
wh~h could then be converted into the correspondmg 2-deoxy-z-glycosldes 

The present paper dehneates a method for the synthesis of 2-bromo-2-deoxy- 
a-glycosldes and for their conversion rnto 2- deoxy-cr-glycosldes The stereoselechvlty 
and reaospeclficlty may be rationahzed In terms of a reaction mcchamsm Involvmg 
the &aual opening of a cychc bromomum Ion IU the transItloo sta&e, and 15 Influenced 
particularly by the anomenc effect All 2-bromo- 2-deoxy-a-glycosldes thus obtamed 
were debrormnated by usmg tnbutylstanaane and x z’-a.zobls(rsobutyronrtnJe) to eve 
the corresponchn g 2-deouy-a-glycosldes m virtually quaotltatlve yields 

RESULTS AND DJSCUSSION 

The stamng glycals used were 3,4,6-trr-0-a~tyI-~-glucals (3,4,6-tn-O-acetyl- 
1,5-anhydro-2-deoxy-D-uf~~~~~-heu-I-enltol, I), the new glycal demrabve 4-O-acetyl- 
I,S-anhydro-2,6-~deoxy-3-C-metbyl-3-O-methyl-L-rrbo-hex-l -emtol (2), and 
3-acetzmdo-4,6-Q-O-ace@-I ,5-anhydro-2,3-dideoxy-D-arabma-hex-l -erutoi’ (3), and 
the alcohols employed were methanol, ethanol, Isopropyl alcohol, cycloheuanol, 
rerr-bury1 alcohol, I,L,3,+tetra-O-acetyI-~-D-glucopyranose’0, and methyl 2,3&tn- 
O-bel~l4-D-~uwpyranoslde (47) 

AC 

1 2 3 

The glycal 1 reacted with 1 5 molar equivalents of Isopropyl alcohol ana 
I 2 molar cqulbalents of N-bromosucclmmlde (NBS) In dry acetomtnle at room 
temperature to give mamly isopropyl 3,4,6-tn-CLace@-2-bromo-2-deouy-U-D- 
mannopyranoslde (S), obtamed III 86% yield (Table I) The alternative rrans-addition 
product, Isopropyl 3,~,6-tn-O-acetyl-2-bromo-2-deo~y-~-D-glucopyranos~de, was 
Isolated In only 4% yield The structure of 5 was determmed as foliows Its p m r 
spectrum &owed a sharp, narrow doublet at b 5 15 fJ1,2 I 5 Hz) and a quartet 
&splaJlng small couphag constants (J, 2 I 5 and fz,a 3 5 Hz) at S 4 38, wluch could 
be assigned to H-l and H-2, respectively, mdlcahng that 5 had either the a-manno or 
the #?-manl;o configuration. Quantitative debromlnatlon of 5 by using tnbutylstannane 
wtb a radxai mmator [a,a’-azobls(IsobutyronItnle)J yielded the corresponding deoxy 
denvatlve 23, the new methylene group (H-2a and 2e) of wiucb gave t\io doubled 
quartets at # 1 80 and 2 22, hawng J, ?a 4, J, 2c I 5, J2. 2c 13, J=. 3 1 I, and Jzc 3 
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5 5 Hz ID rts p m r spectrum These couphng constants showed that 23 was isopropyl 
3,4,6-tn-O-acetyI-2-deoxy-cr-D-arabmo-hexopyranos~de ’ ’ Therefore, 5 must have 
been the 2-bromo-Zdeoxy-a-D-nrtnno product 

TABLE I 

YIELDS OF BROHO ADDUCIS 

TABLE II 

YIELDS OF 2-DEOXY GLICOSlDES 

El- 

LIQCH - 

23 28 

40: 56'1 

24 I 29 

952 93'. 

93x 49x 90X 

26 31 37 

RbOAC. &AC R'.d-OAc. 17'.Pc R' .POM*r, d cdp 

32 38 

97% 91% 
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Slmllarlq, the glycal 1 reacted with NBS and 1 5 molar equivalents of ethanol 
cyclohexanol, rerf-butyl alcohol, or 1,2,3,4-tetra-0-acetyl+o-glucopyranose fo 

give III tugb yrelds (Table I), the correspondmg 3,4.6-tn-U-acetvl-2-bromo-2-deouy- 
Lc-D-m_innopyranosldes (4. 6, 7, and 8. respecokeely), thebe were also debrominated to 
the corresponding deosv compounds (2 2, 24, 25, and 26) in virtuallv quantitatl\e 
yields, as shomn In Table I! Their strucrures iiere confirmed by p m r spectroscopy 
hloreo\er, the physical propernes of the dsacetylated deoxy products (40.41, and 42) 
\iere found to be identxal \\ith those of the hnown compounds3 ’ The corresponding 
Z-bromo-2-deou,-/3-D-glucopyrano\ides, u hlch could be detected by t I c , were not 
isolated but \kere estlmafed to be present to the extent of less than 5% 

In contrast, the reactlon of 1 and methanol In the presence of NBS at Y gave a 
mlvture (9) of methyl rl-D-manno- and /.?-D-f&co-pyranosldes, in the rauo of 4 I, as 
determined by p m r btudiesi z ReactIon at room temperature gave the mixture of 
cc-manno- and p-glucopyranosides in 2 I ratio 

In the formation of the aforementioned 2-bromo-2-deouv-r-D-manno- 
pjranoaides, if seems reasonable to suppose that the gl>cal 1 reacts with NBS to give 
an Intermehate, cychc bromonium ion (A) that IS resonance-stabilized as the oxo- 
carbomum ionI C through ring-oxygen pnrtlclpatlon The bromonlum ion 4 ma] 
undergo nucleopluhc attach by an alcohol from the avlal side at the anomenc center, 
the onen auon of attach may be pobemed by the anomenc effect, promotmg dlavlal 
opcmng of the imlt~al bromoolum ron A and, consequently, g:lvrng mainly the 2-bromo- 
2-d~ory-a-D-mannopyraDosIde in the reaction of 1 wrh methanol, holtever, another 
c~chc bromomum ion (B) and otocarbonlum ion (D) appear to tabe part In the 

, 
CH O/k 

AC : 

cl a 

CH3 C”3 

I 

AC AC 

A C 

react.on as ~ntermediares, g\lng methyl ?-hromo-P-D-glycopyranoside by equatorral 

attach of methanol Perhaps the higher rate of reactron with methanol does not allow 
complele equibbratlon of rhe bromomum ion to the more-stable, IMUVIU bromonlum 
ion (X) The gko bromomum ion (B) would be desiablhzed by the reverse anomerlc 

effect” Eq ua t orlal approach to the anomenc center of alcohols larger than methanol 
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may also be subject to steric hindrance This mechamcm IS compattble wvrth that for 
metho\yhalogenahon of gl\cals proposed by Lemleuv et al 3 ’ ’ 

Attention was next focused on the synthesis of branched-chain 2-deoky-r- 
glycosides, whxh are important constituents e~pec~nllq tn mac;o!lde antlblotlcs The 

starting gl~cz4 chosen ~fas the acid-labile HO-acerql-I,5-anhydro-2 6-dldeoky-3-C- 
methyl-3-O-methyl-L-r,bo-hcu-I-eoltol (2), ~$hlch was prepared ~rut~ally by treatment 
of I-O-acetylcladmose (46) with mes! I chloride or tobyl chlonde In pyndlne 

Treatment of 2 with I 5 molar equl\alents ol the aforementioned alcohols In 
the presence of NBS gake the corrcbpondlng 2-bromo-z-L-altropvranosldeb IO-13 
eucluslvely and even gave a d~ssccbarrde (14) tn more than 9Oo/o weld, as shown In 
Table I Furthermore, It was noteworth> that eken Lhe reactloo ~11th methanol gale 

meth} I 4-0-acetj I-Z-bromo- 1,6-dideou),-3-C-meth}l-3-O-methyl-~-L-altropyranosidc 
(15) exluslvclv, isolated m 91 “/‘o hleld ltlthout formation of the p anomer The 
structrlrej of the products Her J confirmed by p m r spectroscopv [J, z (or J,. :,) = 
I-l 5 5I.z and for the correhpondnng debromlnated compounds ?7-32 (Table II) 

J, z:, (or J, 2 ,) = 4 5 Hz and J, 2e (or J, 2eC) = - I Hz] 
TIK kghly srereoselectl~e and reprospeclfic reactlon of &e branched-chain 

glycal 2 appears mecbamstlcallj slmllar to that of 1, ho\\e\er. the o\ocarbonlum Ion 
G IS presumably more favored tban the Ion i-4 as the latter would be very unstable 
because of the sterically unfavorable, gauche-effect of the hindered bromlrle atom at 
C-2 kxt\kecen rhe gemInn methyl and methoxvl groups at C-3 Consequently. the shift 
of the equlhbrlurn strongly favor5 rhe one lntcrmedlate (E) over Lhe other (F), 
mnhng dlavlal opening of :he cqcllc bromonlum Ion (E) e\clusl\e, glrlng o,-ily 
2-bromo-a-r-altrop\rsnosldes Thus, the gauche effect, together w~tb the anomerlc 
effect In the transltron state ebldently overcome the l,3-dlaual lnteracuon that \\ould 
be created bet\feeen the alcohol approaching the anomerlc center from the axial side 
and the C-3 aual methoxjl grwp, and thereb> govern the >pec~Iic reacuwtv Acldlc 
methanolysls of rrythrom>cln gake a I 4 ml\ture of metbyl c(- and /I-cladloosldes. 
and tlus ratio may reflect the operation of the aforementioned IJ-dlaxlal interaction 
(see Experimental) Acidic ethanolybls llhewlse gave ethyl jkladrcoslds, predo- 
nunandy as the maJor product Acetates of methyl and ethyl j5cladmosldes (4-I and 
45) were prepared by the foregoing alcoholvsls reacuon to probrde references for the 
correspondrng bynthetlc a-cladlnosldes (32 and 27) 

Fmally, the apphcauon of this synthetic method to the sjnthcsls of 3-amino- 
2-deoxjglqcoaldes was ln\esugarcd Treatment of 3-acetnmldo4,6-dl-O-acetbl-I ,5- 
anhydro-2,3-dldecuq-D-arabrrlo-heu-l-e~itolY (3) wfth alcohols In the presence of 
NBS gave the expected 3-acetarmdo-3-bromo-- 7-dcouJ -a-D-mannopyranoside acrlaIes 
(16-20) However. In companbon with the aforementioned glycals 1 and 2, the yields 
(Table ;) \seere not so high for some compounds Certain by-products hake been 

ibolated, and their strucrural elucldatlon may help In efforts to Improbe the yields 
However, In contrasr to the reacoon of 1, the gl~cal 3 reacted \%lth methanol to g~vr 
c~lus~vely methyl 3-acetamldo-4 6-dl-U-acetyl- 2-bromo-2,3-dldeouj-a-D-manno- 

pyranoslde (tl), Isolated rn 93 O,b yield The stereoselecflve reaction of 3 may be 
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ascrlbed to parbapatroa by the 3-acetarmdo group Although no endence was 
obtamed and no by-product was Identified, it seems probable that the nucleoptic 
acetmdo group may attack the gluco bromomllm IOU (analog of B) from the top 
side of the sugar nng to form an oX=mum mtermedlate. mvmg an c+mannopyrano- 

slae in low yleld, except with methanol and ethanol For methanol or ethanol, reachon 
of alcohol with the manno bromomum .on (analog of A) may be far faster than that 
of the aforementioned attack of the ace*mdo group, Bvmg high yields of methyl or 
ethyl Z-bromo-2deox}-+mannopyranoslde (21 or 16) Witkop and coworhers’ ’ 
hake described a related, mu-amolecular particlpatlon of an acctamldo group 

Debrommatlon of the aforementioned 2-bromo denvatives gave the cor- 
respondmg 3-acetanudo-2-deo~y+D-aru~~~o-hexopyranos~des (33-38) In approxl- 
mately 90% ylelds, as shown In Table II 

In the p m r spectra of the ethyl 2-bromo-2-deoxy-z-giycosldes (4, 10, and 16) 
and ethyl 2-deoxy-cr-glycosldes (22, 27, and 33), IC was of Interest that two protons 
(H and H’) of the methylene porboo of the ethyl groups Here not equivalent, thus 
lealog to two doubled quartets (.I,--,,cHI 7, and J,.,” 9 5-10 Hz) having dflerent 
chcnucal sbfts Also. the p m r spectrum of the /3-anomer 44 showed two doubled 
quartets 

In the reacuon of the glycals with NBS and alcohols, change of the orgamc 
solvent (acetorutnle to ether) used did not greatly affect the yields of the resulhng 
2-bromo-2-deouy-a-glycosldes, use of a loner temperature gave more of the a- 
glycosldes than 8-glycosldes, especially In the reaction with methanol, as described 
for 9 

As regards the molar ratlo of alcohol to glycal, I 2 molar eqluvalents of the 
former gale essentially the same yields as those obtined wrth I 5 molar equivalents 

but the reacttons ~rlt.h lerr-butyl alcohol gave lower yields A reactlon time of one 
hour was satdactory for completion of the reaction n~tb most of the alcohols, but 
reacbon overmrght or for 3 days was rrqulred for rerr-butyl alcohol 

I ,3-Dlbromo-5,5-&methylbydantom and N-bromoacetamlde were also used, 
rnstead of NBS, without greatly affecbng the yields Moreover, because they reacted to 
,olve more-polar products (dlmethylhydantoln and acetarmde) than succuurmde, they 
were useful for synthesis of 2-bromo-2deoxy-r-glycosldes that nere separated from 
succuurmde only with difficulty by column chromatography 

In summary, the glycals 1 and 2 reacted with alcohols III the presence of 
brommahng reagents to @ve high yield of 2-bromo-Zdeoxy-cc-glycopyranosldes 
which could be converted rnto the correspoodmg Zdeouy+glycopyranosldes tn 
essenbally quanhtabve yrelds The glycal3 gave the correspondmg 2-bromo-2deoxy- 
a-glycopjranosldes m variable yields, decreasmg as the molecular size of thy’ alcohols 
Increased 

in particular, the tughly stereoselectlve and regiospeclfic reactlon of the 
branched glycai 2, followed by quanutative debrommatlon, provides an etliclent 
approach for the synthesis of branched-&am 2-deoxy-a-glycosldes 
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EKPERIMErUTAL 

General - Melting points Here detemuned on a Yanacc hlP-S3 apparatus and 
are uncorrected Specific rotabons were measured (0 2-dm tube) ~10.1 a Carl Zetss 
Photoelectnc Precrslon polarlmerer The p m r spectra were deternuaed, unless 
otherwise state, fcr solutions tn chloroform-d mlth Vanan A60 and XL100 spec- 
trometers Chemical shifts are gven rn 6 umts relat:ve to Internal tetramerhylsliane 
(for CDCI,) and sodium 4,4’-drmethyl4sllapentane-I-sulfoaate (for D,O) Couphng 
constants were obtamed by measunng spacings of spectra Judged to be first-order 

Column chromatography was performed on s~hca gel (Wakogel C-300) developed 
Hlth the followlng solvent systems A, 20 I chloroform+zthyl acetate, B, IO 1 

chloroform-ethyl acetate, C, 3 I he\ane+zthyl acetate, D, 4 1 chloroform-ethyl 
acetate, E. 5 I heuane-ethyl acetate, F, 3 I chloroform-ethyl acetate, G, 2 I heuane- 
acetone, H , 2 I chloroform-acetone, and others Thrn layer chromatography (t I c) 
was performed on Wakogel B-5 iwth the same solkenr svstem as descrbed for column 
chromalography, and the chromatograms were developed by spraymg wth sLlfunc 
acid 

Tn-O-acetyl-D-glucals (1). 3-a~.etarmdo-4,6-d~-O-acetvl-l,5-anhydro-2,~~- 
dldeoxy-D-arabmo-hex-I-emto19 [3, m p 157-ISS”, [ti]A6 965” (c 1 0, chloroform):, 
1 ,2,3,4-tetra-O-acetyl-j?-o-glucopyranose’” [m p 127-l 29”. [cz];~ + 9 78” (c 6, 
chloroform)], and tnbutylstannane’6 were prepared according to pubhshed procedures 

General nlethod for the prrpararron of acetates of 2-bronze-2-deox) -a-g/J cooades 

(4-w - Method A (used unless otheruue slated) To an Ice-cold, stirred solution of 
:he glycal (1, 2, or 3, 0 5 mmol) In dry acetomtnle (approulmately I ml) was added 
the alcohol (0 ?5 mmol) followed by NBS (107 mg, 0 6 mnol) The resulting solutron 
was stIrred at the scme temperature (-5”) for 0 5 h and at room temperature for I h, 
and then concentrated rn Lacuo to afford a residue, which was chromatographed on 
a column of silica gel (10 g) urlth an appropriate solvent system The eluates contzumnng 
the maJor product Here co.mbmed and evaporated m cac~lo to gve the acetylated of 
3-bromo-2-deoxy-a-glycoslde as P sobd or syrup Sohds w,.e recrystalhzed from an 
appropnate solvent 

Method B As method A, except that 0 3 mmol of l,3-dlbromo-5,5-dlmethyl- 
hydantoln (86 mg) was used In the place of NBS 

hferhod C As method A, except that 0 6 mmol of N-bromoacetamlde (83 mg) 
has used Instead of NBS 

Ethyl 3,4,6-rn-O-aceryf-Z-bromo-2-deo r~l-a-D-mannopyranosrde (4) - Com- 
pound 1 (173 mg, 0 63 mmoi) was treated with ethanol by the general method 
described Punficatlon by column chromatography (solvent 4) gave syrupy 4, [a];” 
+2l 3’ (c 1 0, chloroform), p m r 6 1 27 (t, 3 H, JC-,,CH2 7 Hz, CHa of Et), 2 07, 
2 10, and 2 I2 (s, 3 H each, OAc), 3 59 and 3 83 (dq, I H each, JH,” IO Hz. H and H’ 
of CH? of Et), 3 93 3 (m, 3 H, H-5,6, and 6’), 449 (q, I H, J, 2 I 5, J,,, -3 5 Hz, 
H-2). 5 I3 (d. I H, H-l), 5 29 (q, I H, J, J -9 5 Hz, H-3), and 5 5 (t. I H, JJ,5 9 5 Hz, 

H-4) 
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Arral Cnlc for ClAH7,Br08 C, 42 33, H, 5 33, Br, 20 12 Found C, 42 19, 
H, j 18, Br, 2009 

Isoprop rd 3,4,6-rn-O-acetyl-2-bror,lo-2-deo L) -a-D-mannop~ranosldc (5) - Com- 
pound 1 (1 I1 mg O-II mmol) was treated wth isopropyl alcohol by the general 
method described Punficauon bv column chromatography (solbent C) gave the 
a!-D-mmno product 5 (145 mg, S6?‘0) as a faster-movmg component (RF 0 35) on 
t I c The product was a syrup, [ti]r + 27 5’ (c I 0, chloroform), p m r o I 20 and 

I 26 (d 3 H each, Jc,,, cH 6 Hz, hle,C), 3 06 ,2 09, and 2 10 (s, 3 H each, Ok). 

3 74 35 (m -I H, H-5,6,6’, and CH of Isopropyl group), 4 38 (q, 1 H, J, z 1 5, 
3 5 Hz H-2), 5 15 (d. 1 H, H-l), 5 22 (q, 1 H, J, A -9 5 Hz, H-3), and 5 38 

(:: ; H, Ja , -9 Hz, H-4) 

-inal Calc for C, 5H23BrOs C, 43 81, H, 5 6-1, Br, 19 43 Found C, 44 01, 
H 561,Br 196-l 

IboproprI 3,4.6-trl-O-ace!] I-Abronlo-2-deo t_t -/hD-ghrcop_J ranosrde (7 mg, 4%) 
was Isolated ah the sloiser-mowog product (R, 0 30 on t I c ) and gave needles (ether- 
hexme), m p 112-l I3 Y, [z]A6 +-E 5’ (c 1 0, chloroform). p m r 6 I 24 and 1 28 

(d, 3 !-I each, JCH ,--, 6 Hz, (hIe,C), 2 02, 2 OS, and 2 09 (s, 3 H each. Ok), 3 6-3 8 

(m, 1 H, H-5), 3 75 (q, 1 H, J, ,? 8 5, J,,, - 10 Hz H-3). 3 9-4 4 (m, 3 H, H-6,6’, and 
CH of isopropyl group), 4 60 (d, 1 H, H-l), 4 95 (t, 1 H, J,,, = J4 5 - 9 Hz, H--I), 
and 5 29 (q. I H H-3) 

Ar~al Calc for C,,H-,,BrO, C, 43 81, H, 5 6-l, Br, 19 43 Found C, 4-l@4, 
H, 561, Br, 1963 

Preparnoon by methods B and C also gaw 5, III 83 and 750,/o ywlds, respectively 
Ct cioire \_I I 3,4,6-h-r-O-am} I-2-bronco-2-deoq -r-D-mannop yranosrde (6) - 

Compound 1 (142 mg, 0 51 mmol) was ueated ~11th c}clohe\anol by the general 
method described Purlficatlon by column chromatography (solvent B) gave byrupy 6, 
[r]: +30- (c 1 0, chloroform), p m r b l-2 (m, 10 H. 5 x CH2 of cycloheubl group), 
3 6 (m, 1 H, CH of c>cloheryl group), 4 39 (q, 1 H, J, 3. 1 5, Jz 3 3 5 Hz, H-2), and 
5 18 (d, I H, H-l) 

Anal Calc for C,,H,,BrOB C, 47 90, H. 603, Br, 17 70 Found C. 47 66 
H 592 Br. 1796 

tert-Blrf]i _?,4,6-rrt-0-arzt I I-~-bronlo-2-dt~ouIl-cl-o-l,raruropJ~rc}roside (‘7) - Com- 

pound I (196 m_e. Cl 72 mmol) \+as treated wth rerf-butyl alcohol by the general 
method described exept that reaction \ias extended to 3 days Punficatlon by column 
chromaro_qaphy (solLent C) ga\e 7 as a bjrup, [a];” +22 5” (c 1 0, chloroform), 
p m r 2, I 30 (s, 9 H, hle,C), 2 07 (s, 3 H. Ok), 2 10 (s, 6 H, 2 x Ok). 4 36 (q, 1 H 
J ,?15 J,, 3 5 Hz H-3), and 5 36 (d, 1 H, H-l) 

Anal Calc for C,,H,,BrO* C 45 19, H 5 93, Br, 18 79 Found C, 45 36, 
H-588 Br, 1883 

6-O-(3,-&6- Trl-0-acetJ I-2-bromo- 2-deox v-u-D-mamop~ ranosi I)- 1,2,3,4-Ietra- 
0-ac~rg.I-P-D-gllrcoprrmlose (8) - Compound 1 (119 mg. 0 44 mmol) HIS treated 
wth I ,2 3,-Ltetra-O-acetyl-/I-D-glucopyranose tn a ml\ture (1 ml) of acetomtnle and 
ether (I I) by the general method described Purtficatlon by column chromatography 
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(solvent D) and recryatalhzatlon from ether gave rosettes of 8, m p 154-l 56’, [xl;’ 

+ 32 5” (c 1 0, chloroform), p m r 3203, 301, 206, 207, 209, 2 II, and 2 13 

(3, 3 H each, OAc), 3 54 3 (m, 6 H, CH?-6, CH1-6’, H-5, and H-5’), 4 50 ly I H 

J, 2 1 5, J, 3 3 Hz, H-2 ), 4 9-5 5 (m, 5 H, H-2,3,3’,4, and 4’), 5 06 (d, \khlch 

collapsed to d smglet on wradlatlon at S 4 50, I H, H-I ‘), and S 69 (d, I H J, I 7 Hz, 

H-l) 

Ana/ Calc for C,,H,,BrO,, C, 4 65, H, 5 04, Br, I I 13 Found C, 4-I 81 

H, 5 02, Br, I I 64 

nil 1illrt? (9) of me ltl) 1 3,4,6-rrt-o-aicl L I-2-brottJo-bdeo\~ -,z!-D-nJa,Jtlo- atrd -/j-D- 

&co-pJranosrJ.ev - Compound 1 (90 mg, 0 33 mmoi) i[aT treated wth methanol at 

room temperature bj ihe genersl method dexnbed Punficatlon by column chromato- 
graphy (I I he\ane-ethql acetate) gave svrupy mixture 9. p m r o 3 45 acd 3 60 

(s, 3 H In total rclatrke Intensltv - 2 I, Me0 of u-JJJantio and /%g/lrco Isomer3 ’ 

respecu\ely), 4 5.5 (d, J, 2 8 Hz, H-l of B-D-&co Isomer), and 5 0 (d, J, ,? I 5 H7, 

H- 1 of U-D-JJlU~lJlO rsomer) 

Reacrlon at 5” game the IIIl~tUrr Of ci-D-JIluutzo and fi-D-g///co l$omer~ ~lth 

relative InterwIle> of -4 I of therr O-methyl signals 

Ethvl d-~-~~et~~;2-br@JtJo-2,6-drd~~O~4’-3-C-JJleff~~~-3-~-JJJt~lil~~-~-L-a~tro- 

pi ranosrde (10) -Compound 2 (100 mg, 0 5 mmol) \\a~ treated ~11th ethanol by the 

general merhod described Punficatlon b> column chromatography (IO I hexux- 

erhyl acetate) gabe 10 A 3 slrup, [A]:, - 65’ (c I 0, cllloroform) p m r 3 I IS 

(d. 3 H, J, cH, 6 5 Hz, CH,-5), I 33 (t, 3 H, JCt,, CH 7 Hz, CH, of Et), I 40 (s, 3 H, 
CH,-3) 2 I5 (s, 3 H, Ok). 3 33 (5. 3 H CH,O-3). 3 5C and 3 80 (dq 1 H each, 

JH H IO Hz, H and H’ of CH2 of Et), 4 33 (d, 1 H, J, 1 I 5 Hz, H-2), 4 35 (dq, I H, 
J 45 s 9 5 Hz, H-S), 5 06 (d, I H, H-l). and 5 23 (d, I H. H-4) 

Anal Calc for C,,H,,BrO, C, 44 32 H, 6 51, Br, 2-i 57 Found C, 4-iO8, 

H, 6 31, Br, 2-I 33 

isopropI/ 4-O-aCe!J I-2-bronro-2,6-dldeol I -3-C-JJleItl~11-3-0-~JJer~JJ I-a-L-allro- 

pjranoszde (11) - Compound 2 (64 mg, 0 33 mmol) was treated \tlth IsoproDyl 

alcohol by the general method described Punficatton by column chromntograph> 
(solkent A) gave 11 as a syrup that gradually cqstalbzed m p 64-67’ [a]: -72 5’ 

(c I 0, chloroform), p m r ti 1 15 (d, 6 H, JcHJ ,-” 6 Hz, Me&), ! 31 (d, 3 H, 

J , CH, 6 Hz, CH,-j), I 38 (s, 3 H, CH,-3), 2 10 (s 3 H, Ok), 3 26 (s, 3 H, CH,O-3), 
3 88 (septet, I H, CH of tsopropyl group), 4 23 (d, I H, J, z I 5 Hi, H-L), 4 3-I (dq, 

1 H-J_, 9 5 HZ. H-S), 5 09 (d, 1 H, H-l), and 5 20 (d, I H, H-4) 

Anal Calc for C,3H23Br0, C, 4603, H, 6 83, Br, 23 55 Found C, 46 I-I, 

H. 6 73, Br, 23 31 
CJ clok 11~1 4-O-ace!J I-?-brorno- _7,6-d~deo~~-3-C-JJlelh~~f-3-0-nJerfJ~i-a-L-airro- 

p_~ rnosrde (12) - Compound 2 (56 mg, 0 28 mmol) was [reared wth cyclobevanol 

by the general method dexrrbed Punficat~on by column chromatography (8 I 
he\,ane-eth>l acemte) gake crystal3 of 12, m p 63-66”, [r],!,’ -70 (c I 0, chloroform), 
p m r 3 3 65 (rn, I H, CH of cjclohexyl group), 3 31 (d, I H, J, z 1 Hz, !-I-2), 4 10 

(dq, 1 H, J.a., 9 5, JS.CII, 6 5 Hz, H-j), 5 I5 (d, I H, H-l), and 5 25 (d, 1 H, H-4) 
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Anol Calc for C,,Hz7Br0, C, 5057, H, 7 18 Br, 21 07 Found C, 5085. 
H 708. Br, 21 15 

tert-Bur~r1 I-O-ace11 I-, ~-bromo-2,6-drdeor~~-3-C-metf~yl-3-0-met~~y~-a-~-altro- 

p>rwlosrde (13) - Compound 2 (84 mg, 042 mmol) was treated \h~th tert-butyl 
alcohol by the general method described except for reaction ovemlght Punficatlon 

by column chromatograohy (solvent E) gave syrupy 13, [alA -66 3” (c I 0, chloro- 
form), p m r 6 I 13 (d, 3 H, J5 CH, 6 5 Hz, CH,-S), I 26 (s, 9 H, MeJ), 1 37 (s, 3 H, 
CH,-3), 3 23 (d, I H, J, I I 5 Hz, H-2), 4 45 (dq, I H, J5,5 9 5 Hz, H-5). 5 22 (d, 1 H, 
H-4), aod 5 27 (d, 1 H, H-l) 

Anal Calc for C,,H,,BrOS C, 47 60, H, 7 13, Br, 22 62 Found C, 47 36 
H, 7 01, Br, 22 49 

6-0-(4-0-Acetyl-2-brorno-2,6-d~deo.~~-3-C-n~etl~~~f-3-O-methyi-a-~-aftro- 

plranosl l)-1,2,3,4-tetra-0-acet)I-/3-D-glucopyranose (14) - Compound 2 (76 m,o 
0 38 mmol) \\as treated Rlth 1,2,3,4-tetra-O-acetyl-/l-D-glucopyranose In a I I 
mixture (1 ml) of acetomtnle and ether by the general method described Punficatlon 
by co’umn chromatography (4 1 chloroform-ethyl acetate) and recrystalhzauon from 
ether gave needles of 11, m p 173-174”, [IZ];’ - 26 3” (c 1 0, chloroform), p m r 
6 I 12 (d, 3 H, J, CH, 6 5 Hz, CH,-5’). 1 37 (s, 3 H, CH,-3’), 2 01, 2 03, 2 M. 2 12. 
and 2 14 (s, 3 H each, Ok), 3 32 (5, 3 H, CH,O-3’), 3 3-3 9 (m, 3 H, H-5 and 
CH,-5), 4 30 (dq, 1 H, fA 5 10 Hz, H-5’), 4 33 (d, 1 H, J, ,2 1 Hz, H-2’), 4 90 
(sharp d, 1 H H-l’), 4 95-j 35 (m, 4 H, H -2,3,4, and 4’), and 5 65 (d, 1 H, J, z 

75Hz. H-l) 

Anal Calc for C,,H,,Br0,4 C, 45 94, H, 5 62, Br, I2 74 Found C, 46 13, 
H, 5 59, Br, 1276 

Meth~i 4-0-acetJI-2-bromo-2 6-d1dcoxy-3-C-meth_~l-3-O-methy~-a-~-aftro- 

p_v’anorzde (15) - Compound 2 (50 mg, 0 25 mmol) Has treated with methanol by 
the general method described Puntkat~on by column chromatography (4 1 hexane- 
ethyl acetate) ga\c syrupy 15, [51]h5 -61 3” (c I 0, chloroform), p m r 6 1 02 (d, 3 H, 
J , CH, 6 5 Hz, CH,-5), 1 33 (s, 3 H, CH,-3), 2 07 (s, 3 H, OAc), 3 21 (s, 3 H, CH,O-I) 
3 31 (s, 3 H, CH,O-3), 4 I9 (d, 1 H, J, 2 I Hz, H-2), 4 2 (tn. 1 H, H-5), 4 82 (d, 1 H, 
H-l), and 5 09 (d, 1 H, J4,, 9 5 Hz, H-4) 

rinof Calc for C, , H19Br0, C, 42 46, H, 6 15, Br, 25 68 Found C, 42 28, 
H, 5 93, Br, 25 45 

Ethyl 3-acetmnldo-4,6-d~-O-acety[-2-bronlo-2,3-dldeor,~-a-v-mannop~ranoadt 

(16) - Compound 3 (100 mg, 0 37 mmol) was treated wrth ethanol by the general 
method described Punfication by column chromatography (solvent F) and recrystal- 
hzatlon from chloroform+zther-hexaoz gave needles of 16, m p 1 l&120”, [a]h6 + 50- 
(c I 0, chloroform), p m r 6 I 27 (t, 3 H, JCH, CH2 7 Hz, CH3 of Et), 1 99 (s, 3 H, 
NAc), 2 OS and 2 11 (s, 3 H each, OAc), 3 60 and 3 83 (da, I H each, JH H 10 HZ. 

H and H’ of CH1 of Et), 3 9-44 (m, 3 H, H-5,6, and 6’), 440 (q, 1 H, J1,2 1 5, 
Ja 3 3 5 Hz, H-2), 4 71 (dq, 1 H, J,,, 10 J3,NH 8 5 Hz, H-3). 5 12 (d, 1 H, H-l), 5 20 
(q. 1 H, JJ 5 9 5 Hz, H-4), and 5 9 (broad d, 1 H, NH) 
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Anal Calc for C,,Hz2BrN0, C, 42 44, I-I, 5 60, Br, 20 17, N, 3 54 Found 
C,=161, H, 553, Br,2040, N,356 

Isoprop_si 3-acetamldo-4,6-d~-O-acet~~-Z-bromo-t,3-d~deox~ -a- D-mama- 

pi fanosrde (17) - Compound 3 (IO0 mg, 0 37 mmol) was treated wth isopropyl 
alcohol by the general method uescnbed Punfkahon by column chromatography 

(solvent F) and recrystalhzahon from chloroform-efier-hexane ga\e needles of 17, 
m p 152-l 530, [~L]A~ + 52 5” (c 1 0, chloroform), p m r 3 I 21 and 1 28 (d. 3 H each, 
J CH, CH 6 Hz, Me,C), 4 38 (9. ’ H, J,,z 1 5, J,,, 3 5 Hz. H-2). and 5 21 (d, 1 H. H-l) 

rlnaf Calc for C,,HI,BrNO, C, 43 91, H, 5 90 Br. 19 38, N, 3 41 Found 
C,++OO, H, 594, Br, 1936, N, 326 

Preparation by methods B and C also gave 17, rn 55 and 62% ylclds, respectively 
CJ clohe red 3 - acetamrdo - 4,6- rlr - 0 - acetyl- 2- bromo - 2,3 - dldeo ry - z - D - matrno- 

pi ranoslde (IS) - Compound 3 (1 I8 mg, 0 44 mmol) was treated wrth cyclchexanol 
by the general method described Purlfkabon by column chromatography (solvent F) 
and recrystalhzatlon from chloroform~ther-helane ga\e needles of 18, m p 133- 
134”, [ZIP + 50” (c I 0, chloroform) p m r 6 3 7 (m, 1 H, CH of cyclohexyl group), 
4 36 (q, 1 H, J, ? I 5, J2,3 3 5 Hz, H-2). and 5 23 (d, 1 H, H-l) 

Anol Calc for C,,H,,BrNO, C, 48 01, H. 6 27, Br, 17 7-l N, 3 I I Found 
C,4778, H.6 15 Br, 1760, N, 322 

tert - Brri~ I 3- acetamrdo- 4,6- dl - 0 - actitJV- 2- bromo - 2,3 - dideo ry - u - D - manno- 
pi ranowde ( 19) - Compound 3 (113 mg, 0 42 mmol) \\a~, treated with rerr-butyl 
alcohol by the general method described,, except for reaction overmght Punfkatlcn 
by column chromatography (solvent F) and recrystalhzatlon from chloroform-ether- 
hexane gave needles of 19, m p 149-l 50”. [a];” + 47 5- (c I 0, ch!oroform) p m r 
b 1 33 (s, 9 H, Me&), 4 28 (q, 1 H, J, ,? I 5, .I,,, 3 Hz, H-2), and 5 27 (d, 1 H, H-l) 

Arral Calc for C,6H,,BrN0, C, 45 29, H, 6 18, Br, 18 83, N, 3 30 Found 
C,4507, H, 596, Br, 1898, N, 3 17 

Afelhli 6-0-(3-acetamrdo-4,6-dr-O-acet~I-2-bromo-2,3-drdeor~-a-D-n~anno- 
p~ranos~l)-2,3,4-rn-O-bef?=~ I-r-D-glucop)ranosrdt~ (20) - Compound 3 (14-l mg, 
0 53 mmol) -as treated with methyl 2 3,4-tn-O-benrql-a-o-glucopjranoside (47) by 
method B except for a 2-b reacuon time In I I acetomtnle-ether Punlicatlon by 
column chromatography with solvent G followed by rechromatogrlphy mth 7 I 
chloroform-acetone gave 20 as a sohd, m p M-48”, [z];’ + 67 5” (c 1 0, chloroform), 
p ‘II r 6 1 97 (s, 3 H, NAc), 2 04 (s, 6 H, 2 x OAc), 3 39 (s, 3 H, CH,O-I), 4 37 

(q, 1 H, J, .z 1 5. J, ,3 3 5 Hz H-2’), 5 09 (d, 1 H, H-l ‘), 5 80 (d, 1 H, J, NH 
S 5 Hz, NH), and -7 3 (sharp signals, 15 H, phenyl of benzyl groups) Irra&aUon at 
J 4 37 caused a doublet at 6 5 09 to collapse to a sharp singlet 

Anal Calc for C,,H4,BrN0, 2 C, 58 97, H, 5 94, Br, 9 81, N, 1 72 Found 
C, 58 76, H, 5 98, Br, 10 04, N, I 60 

MetilJ I 3-acetanudo-4,6-dr-0-acetJ I-2-bromo-2,3-drdeoxl -a-D-nlanno~~lr~oslde 
(21) - Compound 3 (153 mg, 0 56 mmol) was treated with methanol by the general 

method described Punficatlon by column chromatography (solvent F) and recrystal- 
hzatlon from ether gake rods of 21, m p 99-IOO”, [a];’ +47 5’ (c I 0, chloroform), 
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p m r (5 1 99 (s, 3 H, NAc), 2 07 and 2 I 1 ( s, 3 H each, Ok), 3 44 (s 3 H, CH,O-I), 
3 94 3 (m, 3 H, H-5 6, and 6’), 4 36 (q, 1 H J, ,?. 1 5, J, 3 3 S Hz, H-Z), 4 62 (dq, 1 H, 
J 3 s 1% J, NH S 5 Hz, H-3), 4 95 (sharp d, 1 H. H-l), 5 I 1 (I, 1 H, J4 5 10 Hz, H-4), 

and 6 02 (d, 1 H, NH) On lrradmtloo at 0 6 02, a doubled quartet at r) 4 62 changed 
to a quartet lrradlatloo at S 4 95 caused a quartet at 5 4 36 to change to a doublet 

drlal Calc for C13HloBrNO; C, 40 35. H, 5 27, Br, 20 91, N, 3 66 Found 
C.4063 H,5 18, Br 2073 N,351 

General tuerhodjor the preparalrorr of acetate3 of ?-de0 X-J -a-glycosn~es (22-38) - 
To a solution of the aforementioned acetate of 2-hromo-2-deoxy-r-glycoslde (d-21, 

0 2 mmol) In dry benzene (approxlmstely 1 ml) under an argon atmosphere was added 
tnbutylstannane (70 mg 0 2-i mnol) and il a’-azoblslscbut~romtnle (2 mg) The 
~olut~oo was shrred for 1 h at 60” and then concentrated III lacuo to afford a residue, 
wtuch was chromatopnphed L\lth an appropnate solvent sybtem on a column of about 
a IOO-fold wetght of s~hcs gel In relation to the amount of starting glqcoslde The 
eluate contalomg the product was evaporated ~1 Z~UCZIO lo yield the sohd or syrupy 
2-deouy-a-glvcoslds Solids wre recrqstalhzed or subhmed 

‘Ethyl 3,J,6-~r~-O-acef;I-2-~it~o~~-x-D-amb~no-he~op~rai~osrde (22) -Compound 
5 (150 mg, 0 37 mmol) iias debromloated b) the general method described Purl& 
cation by column chromatography (solvent B) game 22 as a ~\rup, Id]; + II?’ 
(c 1 0. chloroform), p m r 0 1 22 (t, 3 H, JCI,,,CH_ 7 Hz CH, of Et), 1 S (dq, 1 H. 
J , zn4, 5233 11 5 Jz,ze 13 Hz H-?a), 2 33 (dq, 1 H, J, 2e 1 5, J2c,3 5 5 Hz, H-2e), 
3 45 and 3 65 (dq, which collapsed to an AB quartet on lrrddlatlon at 5 1 24 I H 

each, JH H 10 Hz, H and H’ of CH, of Et), 3 95 (m, 1 H, H-5), 4 05 and 4 30 (q, 1 H 
each, J, b 3, J,,, 4 5. Jb,6 12 5 Hz, H-6 and 6’), 4 94 (q, 1 H, H-l), 4 97 (t, 1 H, 
J JaS= 34= 9 5 Hz, H-4) and 5 33 (dq, 1 H, H-3) 

Anal Calc f@r C,,HIaOs C, 52 S2, H, 6 97 Found C, 52 74 H, 6 S6 

Ixopropj I 3,4,6-frr-O-met 1 I-_?-deo 11 -a-D-arabl no-ht vopJ ranoslde (23) - Com- 
pound 5 (120 mg, 0 29 mmol) \ias debromlnated b} the general method described 
Punfic3tlon by column chromato,vmphy (solvent B) gave 23 as an analytically pure 
syrup [x],!,~ + I 17” (L 1 0, chloroform) that crqstalhzed on standing Recrjswlhzsllon 

from pentane gake needles of 23 m p 73’, [zJA” + I 19” (c I 0, chloroform) [ht ’ ’ 

m p 73-74’, [o1]A3 + 127’ (c 1 0, chloroform)], p m r 6 1 17 and 1 23 (d, 3 H each, 
J CH,,CH 6 I-Lc Me,C), 1 80 (dq. I H, J, 2a 4, J2,, 3 I I, Jz3 le 13 Hz, H-?a), 2 02, 
2 05, and 2 09 (s, 3 H each, Ok), 2 22 (dq, 1 H, J, ,2e 1 5, Jzc 3 5 5 Hz, H-2e). 
37-46(m 3H H-5,6,and6’) 502(r,lH,J3~=J~5=35Hz,H-4),512(q,lH 
H-l), and 5 -I2 (dq. 1 H, H-3) 

Arral Calc for C,,H,,O, C, 53 21, H, 7 28 Found C, 54 27, H, 7 30 

Civlolleu>f 3,4,6-m-0-ace11 I-2-dto\~-1-D-arrrblno-lre\op~ranonde (24) - Com- 
pound 6 (250 mg, 0 55 mmol) iias debromlnated by the general method described 
Punficatlon by column chromatography (solvent C) gave syrupv 24, [CL];~ + 107’ 

(c 1 0 chloroform), p m r 0 l-2 (m, 10 H, 5 Y CH2 of cyclohexjl group). 1 8 (dq 

1 H, J,,z. 4, Jzs.3 11, J,, zc 13 Hz, H-2a), 2 23 (dq, 1 H. J, ,2c 1 5, Jze 3 5 5 Hz 
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4 50 (dq, I H, Jj 5 10 Hz, J5.=“, 6 Hz, H-5), 4 85 (d, I H, H-4). and 5 04 (q. I H, 
H-l) 

Anal Calc for C,,H,,O, C, 63 97, H, 9 40 Found C, 63 74, H, 9 15 

tert-BuzJi 4-O-acet~i-2,6-drdeory-3-C-me:hyf-3-O-methjI-a-L-nbo-hexo- 
p) ranosrde (30) - Compound 13 (93 mg, 0 26 mmol) was debrommated by the 
general method described Punficatlon by column chromatography (solvent A) gave 
30 as a sohd, m p 73-74”, [r)h5 -155”(c lO,chloroform), pmr d109(d,3H, 
J 5 CH, 6 i-iz, CH,-5), 1 I I (s, 3 H, CH,-3), 1 26 (s, 9 H, Me,(I), I 62 (q. I H, .I, 2n 4 5, 
J 2a zc I5 5 Hz, H-2a), 2 23 (q. 1 H, J, 2c I Hz, H-2e), 4 52 (dq, 1 H, J, 5 10 Hz, 
H-5), 4 80 (d, I H, H-4), and 5 19 (q, 1 H, H-I) 

ilnul Calc for C,,Hz60, C, 61 29, H, 9 56 Found C, 61 14, H, 9 40 

6-0-(4-O- -Icet~I-2,6-drdeox~-3-C-meth~~-3-O-met~~~~-a-~-n bo-herop,*rarlosy/)- 
Z.2.3,~-tetra-O-ocet~~1-~-~-gl~rcop~ra~ose (31) - Compound 14 (123 mg, 0 19 mmol) 
was debrommated by the general method described Pnnfkatton by column chromato- 
g-ra$hy (solvent G) and recrystalhzatlon from ether gave needles of 31, m p 129- 130”. 

~4” -62 5” (c I 0, chloroform), p m r S I 07 (d, 3 H, J, ,CHa 6 5 Hz, CHJ-5’). 
I 10 (s, 3 H, CH,-3’), 1 54 (q, 1 H J,. ?‘a 4 5, J2 8 l,c 15 5 Hz, H-2’a), 201, 2 10, 
and 2 15 (s, 3 H each, OAc), 2 03 (s, 6 H, 2 x OAc), 2 35 (q, I H, J, ,z e - 1 Hz, 
H-2’e), 3 32 (5, 3 H, CH,O-3’), 3 3-3 9 ( m, 3 H, H-5 and CH,-S), 4 25 (dq, I H, 
J -L0,5 9 5 Hz, H-5’), -I 63 (q, 1 H, H-l ‘), 4 67 (d, 1 H, H-4’). 4 9-5 35 (m, 3 H, H-2,3, 
and 4), and 5 66 (d, I H, J, z 7 5 Hz, H-i) 

Ar~al Calc for C,,H,,O,, C, 52 55. H, 6 62 Found C, 52 37, H, 6 40 

Methyl 4-0-acetj 1-2,6-drdeoxj~-3-C-methyi-3-O-meth~ I-a-L-nbo-heropJ ranoslde 
‘32) - Compound 15 (61 mg, 0 19 mmol) was debronunated by the general method 

xnbed Punficat~on by column chromatography (solvent B) and subhmahon 
(m 15 mm, WI gave crystals of 32, m p 51-52”, [ci#,’ - 179” (c I 38, chloroform), 

P m r fi 1 11 (d, 3 H, J~,=H, 6 5 Hz, CH,-5-), 1 1 I (s, 3 H, CH,-3). 1 60 (q, 1 H, 
J 1 ?a 4 5, Jza,zc 15 5 Hz, HGa), 2 14 (s, 3 H, OAc), 2 32 (q, 1 H, J, ,zc 1 Hz. H-2e), 
3 30 (s, 3 H, CH,O-3), 3 34 (s, 3 H, CH,O-I), 4 28 (dq, 1 H, J4,5 10 Hz, H-S), 4 67 
(q, 1 H. H-l), and 4 74 (d, 1 H. H-4) 

Anal Calc for C, ,H,,O, C, 56 SS, H, 8 68 Found C, 56 76, H, 8 56 

Elf~ I 3-ucstam1do--#,6-dr-0-ucetj I-2,3-drdeor> ax-D-arabmo-heuop) ranosrde (33) 
- Compound 16 (80 mg, 0 20 mmol) was debromoated by the general method 
described Puniicahon by column chromatography (solvent H) and recrystallzahon 
from ether gave plates of 33, m p 137-138”, [alA’ + 125” (c 1 0, chloroform), p m r 
6 1 23 (t, 3 H, &,, C-a 7 Hz, CH, of Et), I 63 (dq, 1 H, J, 2a 3 5, J?, 3 12, J2= 2c 

13 5 Hz, H-b), 1 93 (s, 3 H, NAc), 2 08, and 2 10 (s, 3 H each, OAc), 2 21 (dq, 1 H, 
J l ze I, Jzc,3 4 5 Hz, H-2e), 3 46 and 3 70 (dq, 1 H each, JH,H 10 Hz, H and H’ of 
CHI of Et), 3 95-4 15 (m, 2 H, H-5, and 6), 4 36 (q, 1 H, J5,6 5, J6,6 I2 5 Hz, H-6’), 
4 55 (m, 1 H, H-3), 4 74 (q, 1 H, J3 J 9 5, Js,s 10 Hz, H-4), 4 90 (q, 1 H, H-l), and 
5 68 (broad d, I H, NH) Irradlahon at 6 I 29 caused doubled quartets at 6 3 46 and 
370 to collapse to an AB quartet 
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Anal Calc for C,AH21N0, C, 52 99, H, 7 31, N, 4 41 Found C, 53 19. 
H, 7 29, N, 4 23 

Isoprop} I 3-aceranudo-4,6-dr-0-acetJ I-2,3-d/dear\ -a-o-arablno-he ropyranosrde 

(34) - Compound 17 (25 mg. 0 06 ~TUIIOI) was debromlnated by the general method 
described Punficat~on by column chromatography (solkent H) and recrystalilzatlon 

from ether gave needles of 34, m p 132-133” [a]A5 + 135’ (c I 0, chloroform), p m r 
b 1 I8 and I 25 (d, 3 H raach, JCH, ,-” 6 5 Hz, Me,C), I 65 (dq, 1 H, J, 2a 3 5, JZa,3 12, 
J zo,7c I3 5 Hz, H-b), 2 25 (dq. 1 H, J, -,= I, J,, ?I 4 5 Hz, H-2e), and 5 I5 (q, I H 
H-i) 

Anal Calc for C,5H,,NOT C, 54 37, H, 7 60, N, 423 Found C, 5525, 
H, 7 47, N, 4 18 

C~clolle reel 3-acetamtdo-&&dr-O-acet 1 I-_, 7 3-drdeo VJ -a-o-arablno-he lop> ranosrde 

(35) - Compound 18 (1-I mg, 0 05 mmol) was debromlnated by tne general metnod 
described Punficauon by column chromatography (solbent H) and recrystalllzatlon 
from ether gave needles of 35 that melted at 113-l I-l”, resohdlfied, and then remelted 
at 124-l28”, [alA + 128’ (c I 0, chloroform), p m r 5 I O-2 0 (m, IO H, 5 x CH2 
of cyclohexyl group), I 66 (dq, I H, J, ?, 3 5, Js. 3 I I 5, J?, zc 13 Hz, H-2a), 2 27 

(dq, I Hs JI .2e 1, Jz, 3 4 Hz, H-2e), 3 65 (m, I H, CH of cyclohexyl group), and 
5 I9 (q, I H, H-l) 

Anal Calc for C,,H,,NO, C, 58 21, H, 7 87, N. 3 77 Found C, 58 43, 
H, 7 85, N, 3 5-5 

tert-But) 1 3-acetamrdod,6-dl-0-acet) I-_, 7 3-dldt o vj-a-c-arablno-he~opyranoslde 

(36) - Compound 19 (22 mg, 0 05 mmol) was debromlnated by the general method 
described Punficatlon by column chromatography (solbent H) and recrystalllzatlon 
from ether gave needles of 36, m p I 16-l l7”, [xl;’ + I20 (c i 0. chloroform), p m r 
b 1 28 (s, 9 H, Me,C), I 66 (dq, 1 H, J, ,2n 3 5, Jza 3 12, JzJ,,c I3 Hz, H-2a), 2 22 

(dq, 1 H, Jl.2c I 5, J2, 3 4 5 Hz. H-2e), and 5 36 (q, I H, H-l) 
Anal Calc for C,,,H,,NO, C, 55 64, H, 7 88, N, 4 06 Found C, 55 47, 

H, 7 67, N, 3 82 
hlethyi 6 - 0 - (3 -aretamrdo - 4,6 - dl - 0 - acerJ I- _3,3 - dldeo y - ct - D - arablno - he \o- 

p)fanosy)‘l)-2,3,4-rn-O-6en~yf-a-D-g~ucop~ranosrde (37) - Compound 20 (42 mg, 
0 05 mmol) was dcbromlnated by the general method described Punfkation by 
column chromatography \\Ith 5 I cnloroform-acetone and recrysia!ltzatlon from 
chloroform-ether gave needle> of 37, m p 197-l 98’, [a]; + 90’ (c I 0, chloroform), 
p m r 6 I 58 (dq, 1 H, J,. 2 B 3 5, J, ,, 3 12, J, B 2 c I3 Hz, HG’a), I 91 (s, 3 H, 
NAc),202and204(s,3Heach,OAc),226(dq, I H, J, zc -I, Jzc3 -45Hz, 
H-2’e), 3 39 (s, 3 H, CH,O-I), 5 55 (d, I H, J, NH 8 Hz, NH), and 7 3 (sharp stgnals, 
I5 H, phenyls of benzyl groups) 

Anal Calc for CA,,H,9N0,z C, 65 23, H, 6 71, N, 190 Found C, 65 16, 
H, 6 69, N, I 84 

Methyl 3-acetamldo-4,6-dl-0-acrt)l--., 7 3-drdeo~~1-a-o-arablno-iieuosl’ranoslde 
(38) - Compound 21 (137 mg, 0 36 mmol) was debromlnnted by the general method 
described Punficatton by column chromatography (solvent H) and recrystilllzatron 
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from chloroform+tber gave needles of 38, m p ISi- 82’. [a]F + 135” (c I 0, 

chloroform) p m r b I 63 (dq 1 H. J, 2n 3 5, J2, 3 13, J,, -.= 13 Hz, H-2a), 1 93 
(s,3H,Nk),2OY,and2 lO(s,3Heach,OAc),22~(dq, I H, J, Ic -I J,,,4SHz 

H-2e), 3 37 (s, 3 H. CH,O-I), 3 912 (III, 2 H, H-5, and 6). 4 37 (q, I H, J, 6, 4 5 
J 66 I2 Hz, H-6’), 4 5 (m I H, H-3), 4 75 (t, 1 H, J,,, = Ja,, = 10 Hz, H-4), 4 79 
(q, 1 I-i, H-l), and 6 55 (broad d I H, J, NH 8 5 Hz, NH) Irradlatlon at 6 I 68 

changed the quartet at 6 4 79 to a very sbarp doublet 
Amal Cslc for C13HZ,~07 C, 51 4S, H. 6 9S, N, 4 63 Found C, 51 72. 

H, 6 38, N, 150 
Efft] I 2-deo\ r-r-o-arabino-fre~op~runosrde (39) - 4 soluuon of 22 (96 mg, 

0 30 mmcl) ILI dry mcthnno! (I 5 ml) contalmng M mcthanohc sodium mcthoxlde 
(0 15 nlj i+as hept o\ernqht at room temperature The solution ~\as neurrahzed bq 
4mberhre CC;-50 (H’ type) rem and evaporated, and the rebldue isas chromato- 
graphed on a column OF s~hca gel (log) slrh 4 I chloroform-xhanol The eluate 

cocmmng the producr i\‘as evaporated to a sobd that wan recrystalhzed from 
met’lanol-benzene tc pve needles (56 mg, 97%) of 39, m p 126-l 27” [x]b’ + 150’ 
(c 1 0, methanol), p m r (D20) C> 1 21 (t, 3 H, Jc-,,,--, 7 Hz, CH, of Et), I 6s 

(dq, 1 H, J1.2. 4, J,, 3 11 5, J2, 2c I3 5 Hz, H-‘a), 2 14 (dq, I H J, 3o I 5, Jze 3 

5 5 Hz, H-Z!), and 5 01 (q. I H, H-l) 
dnaf Calc for CsHlc05 C 49 99, H, 8 39 Found C, 5002, H, 8 22 
Cl cfohex I f2-dea I I -I-D-arabino-ffe LO~J rattosfde (40) - Compound 2-I ( I70 mg, 

0 46 mmol) was treated as desnbed for 39 to gl\e needles (IO-I rnp, 93%) of Jo, 

m p 11!3-1X3, [z];’ + 130’ (C IO, met5anol) [llr 3 m p 1X--124”, [~‘]n +I29 3 

(c I I, vethanoI)] p m r @,O) b I 70 (dq I H J, za 4, Jzr,3 II 5, Jza,?= 13 5 Hz, 
H-2a), 2 15 (dq, I H, J, 2c 1 5, JZe 3 5 5 Hz, H-2e), and 5 23 (q, 1 H, H-l) 

Axial Calc for C,zHazO, C 58 52, H, 900 Found C, 58 68 H, 8 79 
tert-Bull/ a-deot I -x-D-arabino-he\o~~ranosrd~ (4J) - Compound 25 (I 15 mg, 

0 33 mmol) was treated as desznbed for39 to gne plates (67 mg, 92%) of41, m p 14-l-- 
145’, [a]:: + 125” (L I 0, methanol) flit 3 m p 136-138” and l&l-145”, [a],, +123- 
(c 0 7, methanol)]. p m r (D,O) 6 I 27 (q 9 H, Me,C), I 70 (dq, I H, J, 2m 3 

J za 3 11 5, Jwc I3 5 Hz, H-%I), 2 05 (dq, I H, J, zc 2, J,, 3 5 5 Hz, H-2e), and 

5 33 (q. I H, H-l) 
rlrlal Calc for C,,HzOO, C, 5-l 53, H, 9 15 Found C, 54 44, H, 3 03 
6-0-(-7-D~o~~-~-D-ar~bino-frc~op~ratios~f)-D-g/ucore (42) - A solution of 26 

(25 mg, 004 mrnol) In 90% aqueous methanol (I ml) contanlng rrlethylarmne 
(0 1 url) was hept ovcrmght at 37’ and thzn neutrahzed bq kmberlltc CC-50 (r-I+) 
resin The solbent \\as evaporated off and rhe residue chronatographed on a column 
of sihca gel (-1 g) wrth 2 I I ethyl acetate-ethanol-nater to ,g~ve a sohd Repreclpltation 
from water-acetone ga\e 42 as an amorphous solid (12 6 mg, 96O6), m p 98-104” 
(with foamlog), [LX];’ t-82 5” (c I 0, water, 24 h) [bt 5 svrup, [rl]A” +85 2” (c I 4, 
water, 24 h) and [r]: +90 6” (c 0 6, itafer, 24 h)], p m ; (D?O) (5 I 67 (dq, I H, 
J l 2 1 3 5, J2 a 3 11 5, J2 a,? e I3 5 Hz, H-2’a), and 2 I9 (dq, 1 H, J, ,L e I 5. 
J z = 3 5 0 Hz, H-2’e) 
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Anal Calc for C,2Hsz0,0 C, 44 17, H, 6 80 Found C, 43 95 H, 6 86 
dfet/lJl _g-acctamrdo-_’ 3-dtdt~oy-z-D-arablno-hetoprranoslde (43) - Com- 

pound 38 (47 mg, 0 1555 mmol) was treated as described for 39 Recrystnlllzatron 
from meihaool-hexane gale roda (32 mg. 94%) of 43 m p I41 5-142 5’, [xl;” + 159” 

(c I 0. methanol) [IIt g m p 135-I 37’, [x]~ + I456 (c I 2. methanol)], p m r (D,O) 
o I 68 (dq, 1 H, J, lo 3 5, J1a,3 12, J,, 2c I-I l-lz, HA), 2 01 (5, 3 H, NAc), 3 IO 

(dq, 1 Hv J1.2: I 5, Jzc.3 - 5 5 Hz, H-2e), 3 41 (s, 3 H, CH,O-I), 3 54 0 (m, -I H, 
H-4,5,6, and 6’) ~4 2 (m, I H, H-3), and 4 91 (q, I H. H-l) 

Auai Calc for C,H17N05 C, 49 31, H, 7 82, N, 6 3S Found C, 49 49, 
H, 765 N, 623 

Erlgl 4-O-acer~i--3.6-dtdt~o~~ -3-C-r,rerl~~1-3-O-nlet~~~~i-P-i-nbo-herop)runosrd~ 

(4) - A solution of erythromycm A (2 0 g, 2 72 mmol) In 0 5Y0 ethanohc hydrogen 

chlonde solution (‘10 ml) was kept owrnrght at room temperature nnd then cva,Jord*cd 
rn Laruo toglea re>ldue\\kuch waaco-evaporated \-lfh toluene The reblduekbas treated 

w,rh acew anhydnde (I 5 ml) and pyndlne (30 ml) overmght at room temperature 

After addlnon of ethanol (15 ml), the resulting solution was concentrated to a rwdue 

that \bas chromntographed on a column of s11vza gel (SO g) Hltb 5 1 hexanc-butanone 

The eluate (conramlng the maJor producf, \ihlch had RF 0 5 bv I I c r%lch the same 
solvent sqstcm) was evaporated to a syrup that wa< rechromatographed on a column 

of >~bcci gel to gl\e 44 as a pure llquld (780 mg, 42%), [IX];’ - 3 46” (c 2 17, chloro- 
form), p m r b I 13 (s, 3 H, CH,-3), I lj (d, 3 H, J, CH, 6 Hz, CH,-5) I 13 (t, 3 H, 
J ,-.,,, C-2 7Hz, CH, of Et), I 49 (q, I H, I, 2o -10, J,, _= 14 Hz, H-23) 2 II (5 3 H. 

Ok), 2 21 (q, I H, J, Ic 2 Hz, H-2e), 3 30 (s, 3 H, CH,O-3), 3 51, and 3 92. (dq. I H 

each, JH,” 9 5 Hz, H and H’ of CH, of Er), h 3 95 (m, I H, H-3) 4 65 (d I H, 
J J , IO Hz, H--I), and 4 69 (q, I H, H-l) Irradlatlon at 3 I 26 caused doubled quartets 
at c> 3 51 and 3 92 to change to an AB quartet 

Ana! C&z for CIZHzzO, C, 58 52, H, 9 00 Found C, 58 61, I-I, 8 38 
Merlzyl I-0-acer) i-2,6-d&o r) -3- C-melll) l-3-0-me~r11~~f-~-~-~ bo-fre hop I ranoslde 

(45) - A soluuon of erythrom,an A (530 me. 0 722 mmol) In 0 5% metbanohc 

hydrogen chlonde (5 3 ml) was hept overmght at room temperature and then 
neutralized by addition of sohd so&urn hydrogencarbonate The mixture was 
evaporated and the residue chromate,. vaphed on a column of s~hca gel (50 g) irrth 
5 I chloroform-ethyl acetate The cluate contzuning the product (RF -0 35 bq t I c 
with rhe same solbent sIbtern) nas evaporated to g\e a byrupy ml\ture of methyl 
1x- and @zladlnohidea (I IO mg) The ratlo of the a- and /3-anomers Ha\ determined to 

be I 4 by the relatlbe Intensities of the methl I signals of the anomerlc O-meth} I groups 

(at 8 3 32 and 3 46, respecbvely) In the p m r spectrum (CDCI,) The corresponding 
acetylated mlvture also showed two singlets attnbutablc to the anomenc O-methql 
roups of the a anomer (32) and tne p anomer (4S), at S 3 34 and 3 59, re~pecu\ely, 
with the same ratlo of intensltles as Just described 

The foregoing byrup (I IO mg) wlch showed IWO spots having RF 0 42 (minor, 
x-anomer) and 0 40 (major, /I-anorncr) on t I c with the other solbent b)stern (3 I 

hexane-butanone), mas chromatographed on a column of sllrca gel (jog) with the 
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