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ABSTRACT 

Efficrent halogenatlon of carbohydrates and certam nucleosrdes can be effected 
by treatment with trrphenylphosphme-N-halosuccnnmrde (bromo, chloro, or rodo) 
Groups commonly used m the protectron of hydroxyl and ammo functrons are 
unaffected under the mild condrtrons of balogenatton Selective halogenatron of 
hydroxymethyl groups m polyhydroxy compounds can be effected 

INTRODUCTION 

The replacement of a hydroxyl group by another group that possesses functronal 
utrhty, such as a halogen0 group, IS the basrs of a large number of Important synthetm 
transformatrons m carbohydrate chemrstry The use of halogen0 sugars’ 3 m the 
syntheses of ammodeoxy, deoxy, anhydro, and unsaturated sugars has been adequately 
outhned m the hterature. Although the classrcal approach to halogen0 sugars that 
mvolves drsplacement of sulfonrc ester groups4 s wrth the approprrate hahde 1s stall 
m use, procedures have now become avarlable that ahow the drrect replacement of 
a pnmary hydroxyl group by a haIogen atom’*‘. Of these, mentton may be made of 
the Rydon-type6 reagents7, Vrlsmeter-type? reagentsgl“‘, sulfuryl chlorrde’ ‘, 
tnphenylphosphme-carbon tetrachloride “--I 4, and related reagents’ 5’ ’ 6 

We report herem the details of a halogenatron reactron (excludmg fiuoro 
denvatives) that appears to be apphcabIe to a vartety of carbohydrate denvatrves, 
including nucIeostdes The halogenatton reaction involves treatment of a solution 
of an alcohol m N,N-drmethyIformamrde (DMF) wrth two equrvalents each of trr- 

DMF 
RCHzOH+Ph3P+NXS w RCH2X+Ph3P-+O+succ~de 

where X = Br, Cl, or I 

*Part of a series on Preparative and Exploratory Carbohydrate Chemistry, see abo ref I 
**Post-doctoral fellow, 1970-1971 
***Undergraduate research participant, 1971 
TFor a review, see ref 8 
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phenylphosphme and the a?propnate N-halosuccmmude*. Yields are generalIy high, 
and essentially no ede-products are encountered under normal operating condltlons 
The by-products of the reaction are succlmmlde and tnphenylphosphme oxide, which 
can be separated from the halogen0 sugar denvatlves rn a variety of ways Of several 
solvents tned, DMF appears to be the most smtable, p~cularly because of Its 
excellent solvent properties 

In our lmtlal expenments, the halogenatlon reactlon was tned with partially 
substituted carbohydrate denvatlves m which a pnmary hydroxyl group was free 
With N-bromosuccmlmrde (NBS) as the source of bromme, a reactlon time of i-2 h at 
50” was usually sufficient to effect the replacement of the primary hydroxyl group by 
a bromme atom In some cases, brommatlon occurred even at room temperature, but 
the time needed for complete reaction vaned with the substrate** 

In subsequent work, it was found that both chlonnation and lodlnatlon could 

also be effected by this method Scheme 1 illustrates some of the deoxyhalogeno sugar 
denvatrves that were prepared by the use of triphenylphosphme-N-halosuccmlmlde 

R=ar or Cl 

CH,R 0 R 

7-7 
0 * 

\ A0 C Me2 

R 

R=OH or NHAc 

CH,Er 
0 i-W 

w 
AcO OAc 

R=ar Cl or1, Rzurocll-1-yl 

R = Br , R’=hypoxanthm - l-y, 

CH,ar 

Scheme ’ 

*The murture of NBS and PPhs m benzene has been used to convert ethanol and tetrahydrofurfuryl 
alcohol mto the correspondmg bromides, see ref 17 
**Benzyl alcohol IS converted Into benzyl bronude even a. 0” 
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Provided that moisture IS excluded from the reaction mixture, and that the acid 
hberated IS neutralrzed durmg the subsequent processmg, most acid-sensltlve groups 
are stable under the reactlon condltlons Thus, glycosldes, acetals, and esters are 
unaffected 

Because of the nature of the mtermedlate involved*, cychc acetals may m some 
cases rearrange, partlcuIarIy when the hydroxyl group to be replaced IS secondary and 
when the attack of the halogen IS hmdered Thus, m an effort to extend the halogena- 
tlon to secondary alcohols, the reactlon of 1,2 5,6-&-O-lsopropyhdene-cc-D-gluco- 
furanose with Ph3P-NBS was attempted A smgle product was formed m high yield, 
and the bromme atom m It was situated on C-6, that IS, the product was 6-bromo-6- 
deoxy-1,2 3,5-dl-U-lsopropyhdene-a-D-glucofuranose Such acetal rmgratxons had 
previously been observed m slmllar halogenation reactIons’ ’ ‘*, and a related 
mechamsm7* l9 may be Involved Except for the anomenc hydroxyl group m 2,3 5,6- 
dl-O-isopropyhdene-D-mannofuranose, secondary hydroxyl groups situated in five- 
and SIX-membered rmgs were not repIaced by bromme under the mild reaction condo- 
tIons** The method 1s thus suitable for the facile preparation of glycosyl halides 
from appropnately substituted sugars havrng the anomenc hydroxyl group free 

Prehmmary experiments mdlcate that secondary hydroxyl groups situated m acyclic 
chams can be replaced by use of lugher temperatures and longer reactlon times 

Nttcleosrdes - Direct replacement of the primary and, m some cases, secondary 
hydroxyl groups m certam nucleosldes by halogen atoms can be effected with the 
Rydon-type reagents2’ and by other methods2’-23 The products are valuable mter- 
mediates m the chemical modlficatlon of nucleosldes, particularly for blologcally or 
medlcmally oriented ObJectives Moreover, halogenated nucleosldes and antlblotlcs 
contarnmg hafogenated carbohydrates 24 formed by the chemical modlficatlon of , 
the parent compound, may have srgnticantly Improved blolo@cal propertles 

The reagent trJphenylphosphme-N-halogenosucclnlrmde m DMF was found 
to be a convement and ef!?clent combmatlon for the brommatron, chlormatlon, or 
lo&nation of 2’,3’-O-lsopropylldeneurldme In the purme nucleosrde series, 2’,3’-O- 

lsopropyhdenemosme was converted mto the correspondmg 5’-bromo denvahve m 
over 50% yield Treatment of 2’,3’-0-benzyhdeneundme with tnphenylphosphme- 
NBS m DMF at 50” afforded a 64% yield of crystallme 2’,3’-O-benzyhdene-S’- 
bromo-5’-deoxyundmel It 1s of interest that treatment of the same startmg-matenal 
with NBS in a chlorinated solvent affords crystalhne 3’-O-benzoyl-2’,5-dlbromo-2’- 
deoxyurldme m 56% yield 25 Thus dependmg on the presence or absence of tn- 
phenylphosphme m such reactxon &tures, either of two halogen&on reactIons*** of 

*The uutral formation of alkoxyphosphomum salts as mtermedlates 1s mdlcated m prehmmary 
studxes on the mechamsm of this halogenatlon These studies, now m progress, w111 be reported at a 
later date 
**The reagents were present III shght excess only (2 equivalents per 1 of the alcohol) The effect of 
higher concentrations of brommatmg agent is bemg mvestlgated 
***Clearly, two different mechamsms are operative m these two halogenation reactlons, one 
mvolvmg the formation of alkoxyphosphomum salts W&I the alcohol group, and the other passmg 
through benzoxomum eons 

Carbuh~d Res , 24 (1972) 45-56 



48 S HANESSIAN,M M PONPIPOM, P LAVALLEE 

considerable synthetic importance m nucleoslde chemistry can be aclueved The 
sequential apphcatlon of these reactlons to benzyhdene acetals of carbohydrates m 
general, and to nucleosldes m particular, should provide efficient procedures for the 
regospecific mtroductlon of one or more halogen atoms m the molecules 

Selectivity - Provided that the reactlon condlttons are compatible with the 
substrate, and that the yields are acceptable, an important consideration m such 
&r$ct replacement reactions IS the selectrv&y of the substltutlon In dealing with 
halogenatlon reactlons, it IS desirable to have condltlons that allow the selective, and 
possibly sequential, replacement of pnmary and secondary hydroxyl groups respec- 
tlvely, but It appears that few such procedures are available A particularly attractive 
feature m the halogenatlon by use of tnphenylphosphme-N-haIogenosuccmmude is 
the selectlvlty observed m replacing only primary hydroxyl groups, m the presence of 
secondary hydroxyl groups Thus, methyl a-D-glucopyranoside was converted mto 
methyl 2,3,4-tn-O-acetyl-6-bromo-6-deoxy-a-o-glucopyranos~de by brommatlon m 
DMF foIIowed by acetylatlon (overall yield, 66%) By the same procedure, methyl 
2-acetamido-2-deoxy-a-D-glucopyranoslde was converted into methyl 2-acetamldo- 
3,4-dl-U-acetyl-6-bromo-6-deoxy-cr-D-glucopyranoslde (overall yield, 55%) 

The selective brommatlon of primary alcohol groups was also observed m the 
case of some nucleosldes Urldme was converted mto 5’-bromo-5’-deoxyundme, 
isolated m the form of Its 2’,3’-0-lsopropyhdene derlvatlve m 70% overall yield 
Thus method compares favorably with and complements others reported m the literature 
for effecting selective halogenatlons of undme” 21 and some of Its denvatlves Ino- 
sme was also selectively brommated, to give 5’-bromo-5’-deoxymosme, isolated as 
its crystallme dlacetate in 59% overall yield Although 2’,3’-0-lsopropyhdenemosme 
has been halogenated” at C-5’, the direct, selective brommatlon of mosme Itself at 
C-5’ has not, to the best of our knowledge, lutherto been reported In connectlon with 
studies on mosme denvatlves, Haga and co-workers 22 had reported that halogenatlon 
with the combrnatrons Ph3P-CCb, Ph3P-Brz, Ph,P-BrCN, or Ph,P-I,, in the 
presence of trlethyl phosphate, did not occur when DMF was used as the solvent, 
this behavior may be due to a rapld reaction of the solvent with a reactive species 
formed m the nuxture 

Prellmmary experiments with adenosme, cytldme, and N4acetylcytldme hake 
now revealed that the reaction with Ph;P-NBS 1s not so selective as for undme and 
mosme, as evidenced by studies by thin-layer chromatography Extension of this 
method of halogenatlon to these and other nucleosldes IS m progress In conclusion, 
we have shown that the reaction of polyhydroxy compounds with the combmations 
Ph,P-NXS (where X = Br, Cl, or I) provides efficient and facile routes to halogen0 
sugars, mcludmg the glycosyl group of nucieosldes These procedures will undoubtedly 
have important apphcatlons m synthetic work mvolvmg precursors to bloloucally 
derived deoxy”, ammodeoxy27, and reiated sugars24. as well as m chemical modlfi- 
cation of intact antibiotIc substances contalmng sugar residues 
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EXPERIMENTAL 

General - Meltmg pomts are uncorrected N m r spectra were recorded for 

solutrons m chloroform-d (unless stated otherwise) at 60 or 100 MHz, with tetra- 
methykllane as the Internal standard I r spectra were recorded w&h a Beckman IR-8 
spectrometer Mass spectra were obtamed with a Hltacti-Perkm-EImer medmm- 

resolution and an MS-902 high-resolution mass spectrometer OptIcal rotations were 
measured with a Perkm-Elmer Model 141 automatic spectropolanmeter Thm-layer 
chromatography (t I c ) was performed wrth plates coated with Slhca Gel GFzs4, and 
the spots were detected with a sulfunc acid spray Column chromatography was 

conducted 1~1th short columns of the same slhca gel by apphcatlon of moderate 
suctron Conventional processing consisted m drymg orgamc solutions with anhydrous 
sodmm sulfate, filtration, and evaporatron of the filtrate under dlmmlshed pressure 

All of the halogenated products were adequately characterized by n m r - 
spectral and mass-spectral (halogen-Isotope peaks) features 

Comments on processmg - The halogenated products were separated from 
succmrmrde and trlphenylphosphme oxide m a variety of ways, dependmg on the 
structure and solublllty of the product 

Procedztre A For water-soluble products, the residual semi-crystalhne syrups 
were extracted lvlth chloroform to separate the product from Ph,PO A convenient 
method for freeing the product of succmlmrde consisted m evaporatmg the aqueous 
portlon and acetylating the residue 

Procedzrre B For products soluble m orgamc solvents, a prehmmary extraction 
with water removed the succmlmlde A large proportron of the Ph,PO could be 
separated by tnturatmg with cold ether and filtermg The desired hahde could be 

Isolated by passing the mixture through a short column of s&a gel, by du-ect crystah 
zatlon, or by dlstdlatlon 

Procedztre C. For nucleosldes contammg lomzable hydrogen atoms (-NH), 
the mmal crude mixture was dissolved in dlchloromethane, and the solution was 
extracted with cold 0 5ni sodmm hydroxide, the Ph3P0 was thus removed m the 
organic Iayer Acldlficatlon of the aqueous layer liberated the halogenated nucleoslde, 
which could then be extracted Into chloroform, leavmg the succmlmlde m the aqueous 
Iayer Unsubstltuted, halogenated nucleosldes were Isolated by first removing the 
Ph,PO by extractron with chloroform, and convertmg the product mto a smtable 
derivative (an acetal or peracetate) In some cases, traces of residual startrng-material 
were removed by column, or preparative thm-layer, chromatography 

Methyl 5-~romo-5-deoxy-2,3-O-zsoprol?ylrde~~e-~-~-ri~ofz~ranoslde - Method A 
In dzchloronzerhane To a cooIed solution of methyl 2,3-0-lsopropyhdene-/?-D-D-nbo- 
furanoade2’ (I 0 g, 4 9 mmoles) and NBS (1 75 g, 9 8 mmoles) m drchloromethane 
(50 ml) was gradually added triphenylphosphme (2 57 g, 9 8 mmoles), with stimng 
The reaction was exothermlc, and the color of the solution changed from pale-yellow 

to orange, and back to pale-yellow upon complete addltlon of the tnphenylphosphme 

Banum carbonate (0 4 g) was added to the solution, and the suspension was bolled 
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estimated by n m r spectroscopy) A portton was purified by preparative t 1 c wtth 
10 1 benzene-methanol as the developer, to afford the title compound as a colorless 
hqmd, [a]; - 93” (c 2 04, chloroform), n m r data r 4 95 (s, H-l), 5 2 (d, J2 3 
6 0 Hz, H-2), 5 35 (d, J3,2 6OHz,H-3),570(dofd, JaSV5 9Oand75Hz,H-4), 
6 43-6 60 (m, H-5,5’), 6 73 (s, OMe), and 8 5 and 8 65 (s, CMet) 

6-Bromo-6-deoxy-I,2 3,4-dl-0-rsopropylrdene-a-D-galactopyranose - Triphenyl- 
phosphme (I 97 g, 7 5 mmoles) was gradualiy added to a cooled solution of 1,2 3,4- 
di-U-isopropylrdene-a-r+galactopyranose30 (2 0 g, 7 5 mmoies) and NBS (1 34 g, 
7 5 mmoles) m DMF (50 ml), and the mrxture was heated, wrth shrrmg, for 2 h at 50’ 
(bath temp ) Methanol and then butanol were added, and the solution was evaporated 
to a syrup that was dissolved m ether The solution was washed wtth water, and the 
water was extracted wtth ether The ether extract and solutron were combmed (300 ml), 
and processed m the usual way, to give a chromatographtcally homogeneous, pale- 
yellow syrup (yreld 2 3 8, 70%) A pure sample of the trtle compound was obtamcd 

by column chromatography on srhca gel, followed by crystalhzatron from hexane, 
m p 56”, b p lOl-102”/0 1 torr, lit 31 m p 48-49” 

Reduction of the product with hthmm alummum hydride in ether, or catalytt- 
tally (Pd-C), gave the correspondmg 6-deoxy-I ,2 3,4-di-O-isopropyhdene-E-D- 
galactopyranose, which gave a characteristic green color9 wrth the molybdate spray3” 
A portlon was purified by preparatwe t 1 c (usmg 10 1 benzene-methanol) to give a 

pure hqmd, [~]r -48” (c 2 55, chloroform), ht g*33*34 [a]: -47 1” (chloroform) 
6-C/ltoro-6-deouy-I,2 3,4-dr-0-wopropylrdeile-cc-D-gaIactop_vrano&e - To a 

cooled solution of 1,2 3,4-dt-O-isopropyl~dene-a-D-galactopyranose30 (1 0 g, 3 76 
mmoles) and N-chlorosuccmimtde (1 0 g, 7 5 mmoles) m DMF (50 ml) was gradually 
added triphenylphosphme (1 97 g, 7 5 mmoles), with sturmg The mixture was heated 
for 2 h at 50’ (bath temp ) and cooled After the usual processmg (procedure B), the 
title compound was obtamed m 68% yield (n m r spectroscopy) A portion was 
purrfied by column chromatography on srlrca gel, and then had physrcal constants 
tdentical with those of an authentic specimen’ 31*35 36, b p lOO-lOlo/ 1 torr, 
[a]k5 -64” (c 1 0, chloroform) 

Methyl 2,3,4-tr~-O-acetyl-6-bromo-6-deoxy-a-D-g~~~copyranos~de - To a cooled 
solution of methyl 2,3,4-trt-O-acetyl-a-D-glucopyranostde3 7 (0 47 g, 1 46 mmoles) and 
NBS (0 52 g, 2 92 mmoles) m DMF (25 ml) was gradually added tnphenylphosphme 
(0 77 g, 2 92 mmoles), with stn-rmg The mixture was heated for 1 h at 50”, cooled, 
and processed accordmg to procedure B, to grve a pale-yellow, partly crystalhne 

syrup Recrystalhzatton from 95% ethanol gave 0 43 g (77% yield) of the tttie com- 
pound, m p_ 110-l 15” A second recrystalhzatron from the same solvent afforded 
pure material, m p 116-l 17”, [ali + 123” (c 1 0, pyridme), In 38 m p 117”, [a]z 
+ 125 8” (m pyndme) 

6-Bromo-6-deoxy-I,2 3,5-dr-0-rsopropylrde~le-a-D-g~~icoJirr - Triphenyl 
phosphme (2 02 g, 7 7 mmoles) was added m small portions to a cooled solutton of 
1,2 5,6-dr-O-rsopropylidene-a-D-glucofuranose3g (1 0 g, 3 84 mmoles) and NBS 

(1 37 g, 7 7 mmoles) m DMF (50 ml) The mixture was stirred for 1 h at 50”, cooled, 
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The extract was successively washed with aqueous sodmm hydrogen carbonate and 
water, and evaporated under diminished pressure to a syrup Water was ad&d. and 
the solution was evaporated an tacuo, this process was repeated a few times, to grve 
a crystalline mass which was then tnturated with cold ethanol, giving 0 8 g of crystals 
An additional amount of product (80 mg) was obtained from the mother liquors, 
givmg 0 88 g (55% overall yield) of methyl 2-acetamido-3,4-di-O-acetyI-6-bromo-2,6- 
dideoxy-a-D-glucopyranoside, m p 160-163” Recrystalhzatton from ether afforded 
pure materiai, m p 164165”, [ali + 89 5” (c 1 47, chloroform) 

Anal Calc for C13H2,-,BrN07 C, 40 83, H, 5 26, Br, 20 90, N, 3 67 Found 
C,4105,H,580,Br,2063;N,388 

5’-Bromo-5’-deoxy-2’,3’-O-~sopropyhdeneur~duze - Tnphenylphosphme (0 36 g, 
1 75 mmoles) was added m small portions to a cooled solution of 2’,3’-O-isopropyl- 
rdeneundme4’ (0 142 g, 0 5 mmole) and NBS (0 223 g, 1 25 mmoles) m DMF (10 ml)* 
The mixture was heated for 3 5 h at 50” (bath temp ), and the excess of the reagents 
was decomposed by adding methanol Processing accordmg to procedure C gave a 
sohd that was recrystalhzed from chloroform-hexane to yield 0 136 g (79%) of the 
title compound, m p 183-185” Recrystalhzation from the same solvent-mixture 
afforded pure material, m p 184-186” [ht m p 179-181” (ref 21), 184-186” (ref 4211, 
mass spectra1 data m/e 346,348 (Mt), 331,333 (M- CH,); 288,290 (M-acetone), etc 

5’-Deoxy-S-rodo-2’,3’-0-lsopropylrdenewdme - To a cooled solution of 2’,3’- 
0-isopropyhdeneuridme41 (0 142 g, 0 5 mmole) and tnphenylphosphme (0 458 g, 
1 75 mmoles) m DMF (10 ml) was gradually added N-rodosuccnumide (0 281 g, 
1.25 mmoies), with stimng The solution was heated for 2 5 h at 50” (bath temp ), 
cooled, and processed as usual (procedure C) The crude nucleosrde derrvatrve was 
obtained as a solid Recrystalhzation from chloroform-hexane afforded 0 132 g 
(67%) of the title compound, m p 164-166” (ht ‘O 43 m p 165-166”), mass spectral 
data nz/e 394 (M*), 379 (M--H,), 336 (M-acetone), etc 

S-Chloro-5’-deoxy-2’,3’-0-zsopropJ Irdeneundtne - To a cooled solutron of 
2’,3’-0-rsopropyhdeneundme (0 142 g, 0 5 mmole) and tnphenylphosphme (0 458 g, 
1 75 mmoles) m DMF (10 ml) was slowly added N-chlorosuccmlmrde (0 167 g, 
1 25 mmoles), with stn-rmg The mixture was stirred for 2 5 h at 50” (bath temp), 
cooled, and processed by procedure C, givmg a syrup which crystallized from chloro- 
form-hexane to yield 0 134 g (89%) of the title compound, m p 175-178” (lit ” 
m p 174178”), mass spectral data m/e 304, 302 (M+), 289,287 (M-CH,), 246-24-4 
(M-acetone), etc 

2’,3’-0-Benzyhdene-5’-bromo-S-deoxyrrrldme - To a cooled solution of 2’,3’- 
0-benzylrdeneuridme4” (0 166 g, 0 5 mmole) and tnphenylphosphme (0 786 g, 
3 0 mmoles**) m DMF (10 ml) was gradually added NBS (0 134 g, 0 75 mmole), wrth 
sturmg The mixture was heated for 4 h at 50”, cooled, and processed by procedure 

*In the halogenat!on of undme derwatwes, a shght excess of trlphenylphosphme was used, m order to 
mmrmxze brommation at C-5 of the uracl1 residue by NBS 
**A shght excess of tnphenylphosphme was used, m order to rmnmuze brommatlon at C-S of the 
uracll residue by NBS 
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C, to give a syrup which was purified by column chromatography on sd~clc acid to 
afford the product Recrystalllzatlon from chloroform-hexane gave 0 126 g (64%) 
of the title compound, m p 139-141” Recrystalhzation from the same solvent-mixture 
ylelcied pure material, m p 140-142”, [a]r -31 2” (c 3 4, chloroform); n m r data 
z 2 6 (aromatlc protons), 2 80 (d, J6 s 8 0 Hz; H-6); 4 03, 4 16 (s, PhCH, dlastereo- 
rsomers), 4 32 (d, J5,6 8 0 Hz, H-5), 4 40 (d, J1 2 2 5 Hz, H-l’), 5 0 (m, H-2’, H-3’), 
5 52 (m. H-4’), 6 25 (m; H-5,5’), mass spectral data m~/e 397, 395 (M*) 

Anal Calc for C16H15BrN205 C, 48 58, H, 3 79; Br, 20 24, N, 7 10 Found, 
C, 48 35, H, 3 85, Br, 20 20; N, 6.78 

S’-Bromo-5’-~eoxy-2’,3’-O-rsopropylrrieilelmosrne - To a cooled solution of 
2’,3’- 0-lsopropylidenemosme45 (0 5 g, 1 02 mmoles) and NBS (0 578 g, 3 24 mmoles) 
m DMF (25 ml) was slowly added trlphenylphosphme (0 916 g, 3 50 mmoles), with 
stlrrmg, and the solution was kept for 1 5 h at 50” (bath temp ) Methanol and then 
butanol were added, and the solution was evaporated m uacuo to a syrup Dlchloro- 
methane (50 ml) and water (30 ml) were added, and the mixture was processed 
accordmg to procedure C Processing of the final dlchloromethane extract gave a 
s&d which was trlturated with ethanol, and the suspension filtered Recrystalhzation 
from methanol gave pure tltIe-compound (0 3 g, 50%), m p 198” (dec ), ht ” m p 
194” (dec) Because of the difference m melting pomt, the compound was analyzed 

Anal Calc for C13H14BrNaOa C, 42 05, H, 4 10, Br, 21 60, N, 15 10 Found 
C, 42 20, H, 3 66, Br, 21 80, N, 15 34 

Bronmatron of rrndme - To a cooled solution of urldme (0 122 g, 0 5 mmole) 
and tnphenylphosphme (0 46 g, 1 75 mmoles) m DMF (10 ml) was gradually added 
NBS (0 223 g, 1 25 mmoles), with stlrrmg, and the mixture was heated for 3 h at 50” 
(bath temp) Methanol and then butanol were added to the yello,v solution, and the 
solution was evaporated ut Lacuo to a syrup Dlchloromethane (30 ml) was added, 
and the soIutlon was extracted with water (4 x 40 ml) The extracts were combined, 
and neutralrzed with IR-45 (OH-) ion-exchange resm, and the suspension was 
filtered The fiItrate was evaporated to a syrup which contained a trace of urldme 
(t I c with 10 4 1 chIoroform-hexane-methanol) 5’-Bromo-5’-deoxyurldme was 
isolated by preparative t 1 c and obtained as a syrup that did not crystallize 

The product was treated with a solution of 2,2-dlmethoxypropane m DMF 
(4 ml), and p-toluenesulfomc acid monohydrate (5 mg) was added After bemg kept 
overmght at room temperature, the mixture was made neutral with aqueous sodmm 
hydrogen carbonate, and the solution was extracted with dlchloromethane Processing 
of the extract gave 0 12 g (70%, overal1) of 5’-bromo-5-‘deoxy-2’,3’-O-lsopropyl- 
Ideneurldme, m p 184-185”, Iit 42 m.p 184-186” 

Bronnnatron of mosme rsolatzon of 2’,3’-dr-O-acet~~l-S’-bromo-5’-neoxylnos~~~e 

- To a cooled solution of mosine (0 268 g, 1 mmoIe) and tnphenylphosphme (0 92 g, 
3 5 mmoles) m DMF (10 ml) was slowly added NBS (0 445 g, 2 5 mmoles), with 
stlrnng, and the mixture was heated for 2 5 h at 50” Methanol and then butanol 
were added, and the solution was evaporated zn tiacuo to a syrup Dlchloromethane 
(30 ml) was added, and the solution was extracted with water (3 x 40 ml) The extracts 
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were combmed, neutrahzed with IR-45 (OH-) ion-exchange resm, the suspension 
was filtered, and the filtrate was evaporated under drmmlshed pressure to a pale- 
yelIow syrup, traces of water were removed by co-evaporation with benzene 

Acetylatlon of the resulting syrup wrth acetlc anhydnde m pyrrdme gave the 
title compound, which crystalhzed from ethanol (0 243 g, 59%), m p 175-180” 
Recrystalhzatlon from ethanol gave pure material, m p 182-185”; [OT]~ +48 1 o 
(c 1, chloroform) 

Anal Calc for C14Hi4BrN406 C, 40 60; H, 3 41, Br, 19 30, N, 13 50 Found- 
C, 40 89; H, 3 70; Br, 19 62, N, 13.15 

ACKNOWLEDGMENT 

It IS a pleasure to acknowledge generous fmanclal support from the iVatlonal 
Research Councd of Canada 

REFERENCES 

1 M M PONPIPOhI AND S HANESSIAN, Curbo/qd Res , 18 (1971) 342 
2 J E G BARNFIT, Aduan Carbohjd Chem ,22 (1967) 177 
3 S HANEWAN, Aduurz Cknz Ser , No 74 (1968) 159 
4 R S TIPSON, Advan Carbohyd Chem , 8 (1953) 107 
5 D H BALL AND F W PARRISH, AdLan Car&ohyd Clzem Bzochenz ,24 (1969) 139 
6 S R LANDAUER AND H N RYDON, J Chenz Sot, (1953) 2224 
7 N K KOCHETKOV AND A I Usov, Tetrahedron, 19 (1963) 973 
8 H EILINGSFELD, M SEEFELDER, AND H WEIDINGER,AII~~U Chem, 72 (1960)836 
9 S HANESSIANAND N R PLESSAS, J Org Chem , 34 (1969) 2164, Chenz Comnzun , (1967) I152 

10 M E EVANS, L LONG, JR, AND F W PARRISH, J Org Chem, 33 (1968) 1074 
11 H J JENNIVCS AND J K N JONES, Can J Chem , 43 (1965) 2372, and earlzer papers 
12 P C CROFTS AND J M DOWN& J Chem Sac , (1963) 2559 
13 J B LEE AND T J NOLAN, Carz J Chem, 44 (1966) 1331, Tetrahedron, 23 (1967) 2789 
14 C R HAYLOCK,L D MELTON,K N SLESSOR,ANDA S TRACEY, CarbohJd Res,16(1971)375 
15 C INOECA~A,K SEO, H YOSHIDA,ANDT OGATA, Bull Chenz Sot Jap.44(1971)1431 
16 N K KOCHETKOV,E E NIFANT'EV,AND M P KOROTEEV, Dokl Akad NaakSSSI?, 194(1970) 

587 
17 S TRIPPET& J Chem Soc,(1962)2333, E E SCH~EIZER,~ S CREASY, K K LXGHT, AND 

E T SHAFFER,J Org Chem,34(1969)212 
18 E HARDEGGER, G ZANETTI, AND K STEINER, Helu Cfzrm Acta, 46 (1963) 282, D C C S~H, 

J Chem Sot, (1956) 1244, J B ALLISON AND R M HIXON, J Anzer Chenz Sot, 48 (1926) 406 
19 J BADDILEY,J G BUCHANAN, AND F E HARDY, J Cbem Sot, (1961) 2180. 
20 J P H VERHEYDEN AND J G MOFFA-I-F, J Org Chem ,35 (1970) 2319,2868, and previous papers 
21 R F DODS Ah= J S ROTH, J Org Chenz, 34 (1969) 1627 
22 K HAGA, M YOSHIKAWA, AI-.D T KA-~o, Ball Chem Sor Jap ,43 (1970) 3922 
23 K K~KUGAWA APTD M ICHINO, Tetrahedron Letr , (1971) 87 
24 S HANESX&N AND T H HASKELL, m W PIGMAN Ah?> D HOR~OV (Eds), The Carbolz_~drates, 

2nd edn , Vol 2, Academic Press, New York, 1970, p 139 
25 M- M PoNp1por.f AND S HANSSIAN, Carbohyd Rex, 17 (1971) 248, Catz J Cfzem ,50 (1972) 246, 

253 
26 S IIAr&sszAN, Adoan Carboh>d Chem , 21 (1966) 143 
27 D HORTON, II-I R W JEANLOZ (Ed ), The Ammo Sugars, Vol 1 A, Academrc Press, New York, 

1969, Chap I 
28 N J LEONARD AND K L CARRAWAY, J Heterocycl Chem , 3 (1966) 485, P A LEVENE AND 

E T STILLER, J Bzof Chem , 104 (1934) 299 

Carbohyd Res ,24 (1972) 45-56 



56 S -SIAN, M M PONPIPOM, P LAVALLEE 

29 H M KESMAN AND B R BAKER, 3 Amer Chem Sot, 79 (1967) 5534 
30 R S TIPSON, Me&o& CarbohJd Chem ,2 (1963) 246 
31 IS. A PETRov, E E NIFANT’EV, A A SHCHEGOLEY, AND V G TEREKHOV, J Gen Chem USSR, 

34 (1964) 1459, Chem Abstr , 61 (I964) 5738 
32 W MEYER ZTJ RECKENDORF, Chem Ber ,96 (1963) 2019 
33 K. FREUDENBERC AND K RUCHIG BPY~ 60 (1927) 1633 
34 H SCHMID AND P KARRER, Helu Chmz Acta, 32 (1949) 1371 
35 K R. WOOD, A FISHER, AND P W KENT, J Chem Sot. (C), (1966) 1994 
36 K W BUCK AND A B FOSTER, J Chem Sot, (1963) 2217 
37 B HELFERICH, H BREDERECK, AND A SCHNEIDMULLER, Ann, 458 (1927) 1 I I 
33 B HELFERICH, W KI_EN, AND W SCHAFER, Ber, 59 (1926) 79 
39 0 T SCH~~IDT, Merho& Carbohyd Chem , 2 (1963) 318 
40 H VAN GRUNENBERG, C BREDT, AND W FREUDENBERG, J Amer Cbem Sot ,60 (1938) 1507. 
41 H P. M FROMAGEOT, B E GRLFFIN, C B REESE, AND J E SULSTON, Tetruhedron, 23 (1967) 2315 
42 D M BROWN, W C COCHRAN, E H IMEDUN, AND S VARADARAIAN, J Chem SOC, (1956) 4873 
43 P A LEVENE AND R S TIPSON, J Btol Chem , 106 (1934) 113 
44 N BAGGFII, A B FOSTER, J M WEBBER, D LIPKIN, AND B E PHILLIPS, Chem Ind (London), 

(1965) 136, J M GULLAND AND H S~~ITH, J Chem Sot, (1947) 338 
45 M IKEfcARA, H UNO, AND F. ISHIKAWA, C'hem Pharm B&i (Tokyo), 12 (1964) 267 

Carbolryd Res , 24 (1972) 45-56 


