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Although the openmg of oxlrane denvatlves of carbohydrates IS widely used m 

synthesis’*‘, there has been llttle systematic study We now descnbe an mltlal 
approach to studymg this problem We had at our disposal the complete stereo- 

chermcal senes of methyl 2,3-anhydro-4,6-0-benzyhdene-D-glycosldes (or and p, allo, 

gulo, manno, and taZo), and then openmg mth avde Ion under standard conditions 
was Investigated T 1 c was used to determine the time of complete disappearance of 
each oxlrane Although this IS a crude form of kmetlc study, the 72-fold difference m 

rate between the fastest and slowest compounds makes the approach usable The 
txmes (h) so determmed were as follows- 

aII0 manno guzo 

2 85 18 
6 75 1 16 

tale 

2 
0 25 

Nucleophihc rmg-opemng of epoxldes IS known’ ’ to Bve exclusively trans- 

products, and where the oxlrane nng IS attached to a six-membered rmg It normally 
opens according to the Furst-Plattner rule3 to gve the dlaxlal product Thus 1s clearly 
a kmetlc effect, the dmxml transttlon-state bemg more favoured than the alternatlve495. 
Where trans-dlequatonal products are formed, the oxirane rmg may react ma a 
genuinely dlequatonal mtermelate, or there may be changes in conformation prior 
to, and after, reaction 2,3Anhydropyranosldes can exist only m the half-charr 
conformations 1 and 2, and those of the 4,6-0-benzyhdene-alloslde and -mannoslde 
senes are further restncted to the OHS form Thus, the cc-alloade 3, on audolyws, 
would be expected to undergo dlaxlal attack (at C-2) to gve methyl 2-audo-4,6-0- 
benzyhdene-2-deoxy-cr-D-altropyranoslde, whereas the mannoslde 4 would slmllarly 
be expected to undergo attack at C-3 to Bve the 3-audoaltroade. The situation is 
comphcated, however, by the electromc dflerences between poslhons 2 and 3. 
Nucleophhc rmg-openmg reactions occur preferentmllysD6 by attack at the centre 
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whrch carr more readily sustam a positive charge (r e , the reaction has some S, 1 
character) For 2,3_anhydropyranosides, C-2 is therefore deactivated by electron- 
withdrawing groups attached to C-l Thrs deactrvation remforces the stereochemrcal 
effect in the reaction of the mannoside 4 and so, on azrdolysis, only the 3-azido- 
altroslde IS obtamed7. A snmlar result was obtamed’ wrth the j?-mannoside 5, except 
that the reactron of the a-mannosrde 4 required 8 5 tunes as long for completion The 
anomerrc methoxyl-group of the a compound 4 IS m a pseudo-axral onentatron and 
therefore stencally hinders attack by the incoming nucleophrle at C-3 This effect, 
whrch IS absent m the b-anomer 5, may account for the difference rn reactivity of the 
anomers 

3 d=H.F?=OMe 4F?= H,Ri=OMe 

6 R’= CX-le,R*= H 6 R’ = OMe.R*=H 

In the azrdolysrs reactron of the ahosrdes, the electromc and stereochemrcal 
effects are opposed The stereochemical effect predominates for the reactions of both 
the cc and fl anomers azidolysis of the a-anhydroallostde 3 gave’ the 2-aztdoaltrostde 
m 75% yield and methyl 3-azrdo-4,6-O-benzyhdene-3-deoxy-a-D-glucopyranosrde 
(from drequatonal opemng) m only 5% yield, from the snmlar reactron of the 
j3 anomer 6, a 40% yreld of the draxral product (from attack at C-2) and a 7% yield of 
the &equator& product were obtained’ Under standard condrtrons, reaction of the 
a compound 3 was complete after 2 h, whereas the j? anomer 6 requrred 6 75 h for 

complete reaction Agam, It was the compound (B anomer) having MeO-I czs to the 
mcoming nucleoplle whrch reacted the more slowly, however, thrs group IS pseudo- 
equatorial and 1s not expected to Interfere stencally w&h the mcommg group It is 
possible that polar mteracrion between the attacking ion and the lone pairs of 
electrons of the anomenc oxygen atom was responsrble for mhibitlon of the attack 

Thrs mhrbrtory effect on attack at C-2 of the /I comlpound also accounts for the 
relatrvely large proportron of glucosrde produced m the reactxon Attack at C-3 of the 
allosrdes probably mvolves genume diequatonal attack on the molecule m the ground- 
state conformatron 

Consideration of the reactions of the gulosldes and talosides 1s comphcated by 
the less-ngrd geometry of the molecules, whrch allows the pyranoslde nng to assume 
either half-charr conformatron. The or-taloslde appeared (from n m r data’) to be 



NOTE 357 

mainly III the OHS conformation 7 at normal temperatures, and reacted in thus 
conformatlon to @ve methyl 3-azido-4,6-U-benzyhdene-3-deoxy-cw-D-idopyranoslde, 
as the only Isolated productlo, by dlaxlal op emng This reaction was conslderably 
more rapld than that of the correspondmg mannoslde 4 The c+taloslde and c1- 
mannoslde dfler only m the orientation of the substituent at C-4, and It thus appears 
that the pseudo-equatorial O-4 of the mannoslde 4 hmdered attack by avde at C-3, 
cf the effect of MeO-1 on the attack of the /?-aIIoslde 6 

7 n’s H.R%OMc 
9 10 

8 R’= OMC, R2=H 

There 1s no substltuent cw to a nucleophlle attacking at C-3 m the @%Joside, 
and the avdolysls proceeded even more rapldly to ave predommantly the 3-azldoido- 
side In view of the ease of attack at C-3, It was surpnsing to find that a by-product, 
beheved to be methyl 2-audo-4,6-O-benzylrdene-2-deoxy-8-D-galactopyranoslde1 ‘, 
was produced m the reaction The 3-azldoidoslde presumably resulted from dlaxlal 
opexung of the oxrrane m the OH5 conformation (8) For 2-azidogalactoslde to have 
been formed, by electromcaIIy Iess-favourable attack at C-2, some of the oxlrane must 
have reacted m the aItel=atlve 5H0 conformation (9). 

The reactions of the a- and /?-anhydroguiosides proceeded at approximately 
equal rates, and more slowly than the reactlons of the anhydroallosldes, to Bve the 
dxaxlal products l1 The low reactivity, relaave to the allosrdes, is accounted for by the 
I,3-dlaxlal Interaction between the mcommg nucleopme and the pseudo-axial group 
present at C-4 m the gulosxdes when m the OH5 conformatlon (e g , lo), but absent 
from the alIosldes Reaction at C-2 of the /?-guioslde shouId be further hindered by the 
anomenc czs (pseudo-equator&) substltuent, and It 1s therefore surpnsmg that thus 
compound &d not react more slowly than the 01 anomer (cf the CI- and &aIIosldes) In 
contrast to the allosldes, the gulosxdes did not undergo attack at C-3, despite their 
possible conformational mobfity Attack m thus way was probably mhlblted by the 
adjacent cw substltuent m the gulosides (pseudo-axlaI m the OHS form, pseudo- 
equatorial m the ‘Ho form), and m the /3-guloslde by mteraction \~t.h the pseudo- 
axlaI MeO-1 of the ‘Ho form 

From the above results, it therefore appears that, in addltlon to the factors 
already known to influence the ring-opemng reactions of oxlranes, the onentation of 
the groups adJacent to the reactlon centre 1s also important InInbltlon of the reaction 
appears to be caused by pseudo-axial groups that are CIS to the mcommg nucleopiule 
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when they are adJacent (for diequatonal openmg) or m the /?-poation (for dmxial 
opening) to the reactron centre, and (for draxral opemng) by adJacent pseudo- 
equator& groups that are CIS to the mcommg nucleophrle Thus last mteractlon IS 
postulated as a polar one and rt would be mterestmg, for thrs reason, to compare the 
reactions of charged and uncharged nucleophrles on these oxrrane systems 

ExPERIMENTAL 

AzldoIym of epoxrdes under standard condrtlons - In a typrcal experrment, a 
solutron of methyl 2,3-anhydro-4,6-U-benzylldene-cr-D-allopyranosrde (3) (250 mg), 
ammonmm chlorrde (250 mg), and sodmm azrde (500 mg) m 2-methoxyethanol 
(25 ml, water content, 0 1% by g 1 c) was bolled under reflnx Samples were removed 
at Intervals for exammatron by t 1 c (methanol-toluene, 1 9), startmg matenal was 
detectable after 1 5 h, but only a trace was vrsrble after 2 h 

Smular expervnents were camed out on the other methyl 2,3-anhydro-4,6- 
O-benzyhdene-D-hexopyranosrdes shown below (werght of startmg matenal, t 1 c 
solvent system, and tune required for drsappearance of starting matenal are grven), 
the quantrtres of reagent and solvent used were proportronal to the werght of startmg 
matenal j?-allosrde 5, 50 mg, methanol-chloroform 1 19, 6 75 h, cr-mannosrde 4, 
250 mg, methanol-toluene 1 19, 8 5 h, &mannosrde 6, 7 mg, methanol-toluene 1-19, 
1 h, cr-gulosrde, 50 mg, methanol-toluene 1 19,18 h, &guloslde 10,100 mg, methanol- 
toluene 1 19, 16 h, cr-talosrde 7, 510 mg, chloroform, 2 h, j?-talosrde 8, chloroform- 
benzene 1 1, 15mm 

ACKNOWLEDGMENT 

One of us (J A L ) thanks the S R C for the award of a student&p 

REFERENCES 

1 R D GIJTHRIE, In W PIGMAN AND D HORTON (Eds ), The Curbohydmtes, Vol I A, Acade- 
rmc Press, New York, 1972, p 423 

2 N. R WILLIAMS, Adban Curbohyd Chem Bzochem ,25 (1970) 109 
3 J A MILLS, cited by F H NEWTH AND F HOMER, J Chem Sot, (1953) 989 
4 S J ANGYAL, Cixem Ind (London), (1954) 1230 
5 R C COOKSON, Chem Ind (London), (1954) 223, 1512. 
6 R E PASKER AND N S ISAACS, Chem Reo , 59 (1959) 737 

7 R D GUTHFUE AND D MURPHY, J Chem Sot, (1963) 5288 
SRDGLXHRXE, A M PRIOR, AND S E CREASEY, J Chem Sot, (1970) 1961 
9 J A LIFFYMANN, D PHIL Thesis, Unwerslty of Sussex, 1971 

10 S HANESSIAN AND T H HASKELL, J Org Chem, 30 (1965) 1080 
11 R D GUTHRIE Am J A LIEBMANN, J Chem Sot , Perkm I, In press 


