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Ab&a&-Substitution of btnzylattd or m&y&d glycopyranosyl and furanosyl bromidts with silvtr cyanide 
givts rist to ~y~yti~y~~ as main prnducts. Tht isocyanide stntcture is tsctrtaintd by physical (‘C NMR, 
IR) and by chemical methods (hydrolysis, isommisation to nitrilts). 

Substitution of glycosyl halides with metallic cyanides is 
a general route to glycosyl nitriks which in turn are good 
precursors in the synthesis of C-nucleosides.‘” The 
reaction is generally performed with mercuric cyanide 
and the two isomeric nitriles are obtained in yields 
ranging from 30% to 60% in both the pyranosyl and the 
fllranosyl series*~’ 

When the su~ti~tion is performed with silver cyanide 
on a haiogenosugar having a participating group in the 
C-2 position, such as 2.3.4.6 - Ma - 0 - acetyl- a - D - 
glucopyranosyl bromide, the reaction occurs quite 
differently and the main product is 3.4.6 - tri - 0 - acetyl- 
12 - 0 - (1 - cy~~~y~ne) - a - D - glucopyranos8 
and not, as previously stated: 2SA.6 - f&a - 0 - acetyl- 
D - glycosyi cyanide. Very recently. this reaction has 
been reinves@kd and two isomeric 2$,4,6 - tetm - 0 - 
acetyl - D - *opymnosyl isocyanides have been 
isolated in low yields together with the main cyano- 
e~yli~~c compoundSo 

The formation of t-isocyano sugars was previously 
suspected as an intermediate during the reaction of 2M 
- tri - 0 - benxylarabinofuraaosyl bn-nnide with silver 
cyanide’ and was confirmed in the coutge of preliminary 
studies in our laboratory in a column” concern- 
ing benxylatad halogen0 sugars. These studies have now 
been extended to other series and d&nitive proof for the 
&cyanide structure are given in the present paper. 

Very ncently, when Ihis paper was in p-n, 
glucosyl isocyaaides have been obtained via dehydration 
of the ~~s~n~ng N-formyl ~u~~~yl amines.” 

RlcmLTsMDDiscEWM 
Nuckophilic attack of the ambident cyanide ion”.” on 

alkyl halides can lead either to nitriks or isocyanides. 
Better yields of isocyanides are obtained with silver 
cyanide (via metal-isocyanide complexes) whilst mer- 
curic cyanide leads ahnost exclusivdy to alkyl 
n~es*ls’16 The resuits obtained in the substitution of 
glycosyl halides are in gmwl mment with those 
obtained with a$..1 ha&s. Mercuric cyanidekads to 
glycosrl nit&s whilst silver cyanide leads to isocy- 
anides .IQll or to products derived from isocyanides. Our 

reinvestigation of the reaction of 2,3,4.6 - tetra - 0 - 
acetyl - a - D - ~u~p~sy~ bromide with silver 
cyanide in boiling xylene seems indeed, to indicate that 
the cyanoethylidenic compound obtained as main 
product could, in fact, be derived from the isocyanide 
intermediate. as proposed by Coxon et CJ.,’ since the last 
isocyanides am trallsformed in part &o cyaiiU&y- 
lidenic compounds when treated in the same conditions. 

On the other hand, isomer&ion of afkyl &cyanides 
to nitriks occurring at temperam higher than lW”*‘L 
was probably also observed by Acton et 111.’ with the 
hypothetical giycosyl &cyanide at the same temperature 
(refluxing xylene). The substi~~n of 2,3,4,6 - tetra - 0 - 
a&y1 - a - D - glucopyranosyl bromide with silver 
cyanide at elevated temperature (14(p) is therefore com- 
plicated by isomerisation (leading to nitriles) and rear- 
rangement @ding to ethylidenic compounds) before 
further decomposition of the reaction products and does 
nol constitute a good access to the glycosyl isocyanides. 

As pointed out in our earlier cofnmtmiartion” the 
substitution of Jycopyranosyl bromides with silver 
cyanide in the benxytated series leads to &cyanides and 
occursatroom tempaanue. The higher reactivity of the 
ctberified glycosyl bromides as compared with the 
ester&d ones allows an extension of this reaction to the 
metbylated glycosyl bromidea as well as to the benzyl- 
atcd and methylated fiuanosyl bromides, as is tistrated 
in Tabk 1. 

The yields and times of reaction are strongly depen- 
dent on the solvent used and on rhe reactivity of the 
giycosyl halide engaged in the substihltion. The best 
results obtained in aprotie solvents of medium polarity 
such as dichlorom&ane are recorded in Tabk 1. In non 
polar solvents the reaction is slow except for the very 
n#ctive COPIOUS a 7. a h plar s~hts, SUCK BS 
nim~tlmnc, the reaction occurs about twice as fast as 
in dichloromethane but the yields are lower, due to the 
formation of byproducts. 

~c~of~~n~~y~~~~~of 
formation of the anomeric oxoaubenium ion and 
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(B) Ident~atioon of 1-isocyano sugars 
(a) Spectmscopic mdltodr. SpaAromctric diikcnces 

bctwecnnitril~aadisocyaai~occurinthcstn?tc~ 
frquenck of the GN bond in i&arcd spectroscopy 
and in the CbemiaIl lifts of the c&on of the functional 
group in “C NMR. 

The ‘“C NMR chemical shifts for the sp carbon of 
alkyl nitrikd appear at llZl26ppm and for isocyanidcs 
at 156158ppm.” In the 8lycosyl nitriks the chemical 
shifts arc of the same order (114.~117ppm) as in the 
alkyl scliu.p 

In our previous communication” the rcaonance of the 
carbon!Sofisocyanidcswasassumedtoumksccwith 
that of the qua&nary carbon of the bcnzyl8roups 
(139ppm) since we observed no other signal in this 
region. However our recent observations in the mcthyl- 
atcd.s&sindkatcthatthis~nwaswrong.In 
effect, the signal of the isocyanide c&on is of low 
intensity but the observed chemical shifts (ull, 163.8; 
wb, 162.3 ppm) are in good agreement with that of the 
isacyano+&on reported by Ma&-Lomns et al. 
(164.4ppm)” and Nolte d aL (166.1 and 165.1 ppm).” 

ThcIRC%Nstrctchingfrequenckaconstitutethemain 
spectroscopic difference between nitriks and isocy- 
anides; they arc rcsp&vely around 22SOcm-’ and 
21SOcm-’ in alkyl scric~.~ The GN stretching signals 
are not dctcctabk in ~J.K spectra of elycosyl nit&~’ 
however a sharp intensive band in the rq$on 2120- 
215Ocm-’ is observed in the spectra of glycosyl isocy- 
anide3.Thcprccisefrcquencyofthi!Sbandisdircctly 
related to the. anomeric coafiluration of the iltocyani&: 
a-anonI& v(N SC) 2123-2129; &anomL?r u(-N SC) 
2141-2146cm-‘. The data listed in Tabk 2 indicate that 
these stretchin frcqucncics may be uaal in order to 
determine the con!$ln&n of any glycosyl isocyani&. 

(b) chemical tmnsformationr. chemical pruof conlirm 
the isocyanide structure of compounda 9 to 16. Acid 
hydrolysis’ of cyanides leads to acids whilst that of 
isocyanides leads to N-alkyl fornnm&s and then to 
primary amines.” Tile hydrolysis of the bl!luyktcd iso- 
cyanides 9 to 12 gives rise to the N-glycosyl formamides 
17 to 1 in almost quantitative yields with ntentioa of 
the anomeric configur+n. Dehydration of the 

formam& 17 to 28 with phosphoNs oxychloridcm 
giVCSiS4XyMlidCS9tol2ba&. 

The hydrolysis performed under more. drastic con+i- 
tions results in the breaking of the anomeric N-C bond 
and lerds to the formation of the correspolidin8 reducing 
carbohydrates. 

The isomcrisation.of kocyaniti to nit&3 occurs at 
14(p and abovc.““L This iaomrisatio~~ is also observed 
for compounds 9 and l3. In the case of compound 9, the 
formation of by-products of elimiMion reactions 
competes witb the isomc&ation (i.e. 23 from 9). With 
compound 10, elimi&on only occurs at 110” and leads 
to 3,4,6 - tri - 0 - benzyl - D - ~~KxII. The frasile 
compounds 11, ls and 16 ficumposc bctwccll110” and 
140” whilst for compound I2 elimination occurs only in 
z xykne and the glucosane 24 is obtained in low 

The isomcrisation isocyanidcz&rile has been care- 
Mystudkdforcompoundl3bccauscinthiscascno 
side leactions occur. Both the anomcric isocyanides l3a 
and l3b upon rcfluxing in xykne solution gave the 
anomeric mixtures of glycosyl cyanidea 221 and 23b. The 
Q-anumer l& kada to a mixture of thcrmostabk nitriks 
of~+~(4:1)inUhrw~tthe~-anomrWbyields 
a similar mixture (3 : 2) in 65 hr. Anomcrisation of the 
starting glycosyl isocyanidcs ia also obscxvai in the 
course of this iaomerisation thereby expb the lack 
of stcrcos&ctivity of this mmcnt which, in the 
case of alkyl isocyanides, occurs with retention of 
con6guration.m 

Substitution of bcnzylatcd or nuthyktcd glycosyl 
bromides with silver cyanide constitutes a good synthesis 
of the corresponding glycusyl isocyanides. The reaction 
which probably occurs with Walden inversion, is ac- 
cqmpankd by anomcrisa&n and good yields of mixtures 
of a-8 glycosyl isocyanidea are thcrcfmc obtained. In- 
fmrai spectromctry is useful in d&&nation of the 
anomeric ax&urations of glycosyl isocyanides, the 
N 2C stretching frequency of both anomers being quit5 
Merent In the cast of mcthylatcd isacyanides, their 

Tabk 2. IR NZC stretching frcqucncia in glycosyl isocyanida @xxxded on a Pcrkio-Elmer 225 IR spcc 
ttDDEttT) 

glycoryl imxymldam 

B 10 1.1 12 13 14 15 18 

-NIC 8 (0) 2124.5 2123 2123 2123 2126 2129 2125 2127 

atretch fraquencl*n 
(Cm-5 b (8) 2141.5 - 2143 2142 21445 2145.5 - - 

plflrcpwtcdbyNoitedd"foraand/3 raOmarOf23,4d-tan-o-bensyl-D-~Ucop~ideirocy- 
midc arc mpectivdy 2124* I cm-’ and 2142* I cm-'. 
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lhcmtal i.YomcrisatiQtl to the comsponding nilliks 
repmcnls a possiilc 3yntlmis of glycosyl nitriks. 

Glycosyl isocyanides comtitute a new class of potcn- 
Wly reactive carbohydrates: a-mtaUation= could give 
acccw to C-glycosidm or C-nuckosidu; wtdditbns, 
cycloaddi~ns, or the use of i!Jocm in peptide 
syntbcsii’” could be the main use of isocyanidcs. 

M.ps are detumioed in capilkry tubes with SO+ qqwatue 
uldueoo1conrrtaf.0ptirotatioa,slre~witba 
PukinEbnerl4lpokriamter.xRspectxauerecord#iwitb 
PrxkinEboer225radPcrltinElmer237spectmmeters.’HNMR 
M mcorded UsiDg vnrka AdO cod vmimi HA-100 apec- 
tmomters (iuteroel Me&, ‘q NMR spe&a with a Vukn 
xL100 spectrom Opel-et& at 252IuHz (iitem8i MQSQ. 
Cdumo cbmmrtoplphka are p&rmed on eitice gel Merck 
(wrror, me& 

Glycoryf bmmidm 1 to 8, Olywlyl bromides 1 and 7 wwe 
prepared by dkpiaoemeat of the c~rrupon&hl p-nitrobwoete 
dr&atiivtrwitbHBriIlrmixtureofdkldommethMeud 
~~5:l‘~~~~~o~~~~~~~ 
wpIWdWitboUtftUtbWptUiIIcotioh 

Compoonds 5 and 8 were obtaioed by eubstitmioos of the 
cotwepoadiog ppameric acUetee with HBr io tolueoe. After 

wpomboooftheecidfomleddorio@tbereMiotltbe 
productlwerewdwitboutflutberputi3~ 

compoundzrad3wereobbintdfrom3Af,-tri-0-benzyl- 
D - glucal mepectively by edditioo of HBr or Brz eccordio# to the 
pmcedlw elrmdy ducliw.“* 

Compoond 4 was obteined fmm the cormepoodiog gtycollyl 
cblotide” via the ciamical route ueiog the epimmis glymsyl 
acewe sobsequeotly trated with HBr. Eixcqst for compouod 6, 
the gIycesy1 bmmides 1 to 8 were very mective lad uoshbk 
duivtivueodimdtobeLuedimmedi&yeftersyntbuklod 
cm&lly protected from oloisture. 

GIycosy! imqanidu 9 IO l3, l5.16. To tbe freshly prepsed 
glymsyl bromide (2 mmoke) dimo1val io sml dry solveot 
~~kl)l~ofmoftcuhr~~(4ij)pad1.1(gtmhlypnpuad 
~N(lO~~)~~~~~~~tk~~ 
eodmegoetMy&edfortbetimein&atedioTebklend 
tbellBltaai,evapomtedtodrynessaodcbzo~on 
&ice gel; ehwlt~:beozeoe:bueoe 1:2:2, @etKykM 
cwpolmde); ethyl acetete:bexmte I:2 (metbyktal compouode); 
tbererpe&eykldsam+oioTebkl. 

23,4~-T~~-0-bau]ti-D-~COpy~S~~h 
9b. Pnppnd from 1 (~c~~~~, Mbr, yield: 75%). 
CompouaQkaad9bwerescpmtdiabwyicldbcmrof 
tkirntLbbouriql~ 

Compound k: oily mete& (Fouodz C, 75.95; H, 6.31; N, 2.39. 
Culi,&N requires: C, 76.4& H, 442: N, 2.55%). [XII? +524* 

(c 3.6, CHCI,); ER: v, 2124.5cm-‘; NMR (CDJCOCD& 
5.63 (1, d. H-l. Jl.2 3.6 Hz). 

Compotmd Jb: oily mataiai (Fouad: C, 76.04; Ii, 638; N, 2.58. 
&H&N teqoims C, 76.e; H, 6.42 N, 255%). fa)om +22-y 
(c 2.5, CHCl,): m: v, 21415cm-‘: NMR fCW0C4): 4.5-5.0 . 
(9, m, H, + beozylk CH& 

3.4.6 - Tri - 0 - bazyl - 2 - dmxy - a - D - mbino - 

h?xopymlo3yl is& lo& Prqmlrd from 2 (toblell~ 15 ti, 
ykkk 8096) oily met&al (Fotmdz C. 75.51; W, 6.73; N, 2.8484. 
&H&N m&me: C, 75a H, ds9; N, 3.16%). fahr” t#’ (c 
1.4. cfich): IR: v-. 2123 cm-‘: NFdR (ClM0CDs): 5.48 (1. dd. 

I. - ._ _. 

H-l, J*3 3.4 Hz; I,3 1.5 Hz). 
3.46 - 7U - 0 - fie& - 2 - bmw - 2 - dwxy - D - 

gfucopyt~110J~ &0Cw 11. Prepysd fIWI 3 @* 

chbronlc~ 48 hr. yicid: 85%). coalpomd¶ lb and lib were 

not sqmbk4iiy material (Found: C, 64.37; H, 5.44: N, 2.49. 
C&,O,NBr reqnbcs: C, 643; H. 5.4O: N, 2.68%); IR: v, 
2123.2143 cm-‘, NMR (CD,CAX!D.& 5.60 (0.2 d. H-l (lIeI. J,J 
3-S Hz) 5.14 (0.8, d, H-l (lib), J,X 8.7 Hz). 

3,4,6-M-0-b&uyi-2-ch/on,-2-dtWXy-D-~ 
$llcopynwoX~ iXocyaiti& 12 Pnpsnd from 4 @ii- 
cbbrometbu# 7 &y* yield: 40%). conlpounds 11* aad 13b 
were not sepmbhily mated (Found: C. 70.43: H, 5.90~ N, 
2.81. C&,&NC1 mquira: C. 70.95; H, 5.93; N, 2.9696); IR: 
v, 2123,2142 cm-‘; NMR (CD@CD& 5.62 (0.3.6 H-l 02mI. 
J,$3.9 Hz) 5.09 (0.6,6 H-l (Ip), JIJ 8.4 Hz). 

23.4.6 - Tdm - 0 - nwtkyl - D - #wo$yrmwsyf isocronih a 
I3b. Prqmmd from s (dicbkmmetl!aw 17br. yield: 8096). 
~~~~~w~~~ona~~~ 
colw (ehleotcthyl ec4!t8te:bexaoe 1: 1). l3w oily olnwifd 
(Foood. C. 111.00: H, 7% N, 556. C,,H&N ru+es: C, 5386; 
if, 7.81; N, 5.71%): [aIDI +28.1’ (C 1.8. CHCM: IR: *- 
2123cm-‘; NMR (C& 4.96 (1. d, H-l, 112 45Hz); “C NbfR 
(CDg0c41163.8 (N 2 cl. 

compmlnd s3b wilite needks. m.p. w-w (petrolaM etb&; 
(Fumdz C. 53.W. H.7.m N. 5.51. C,,H&N reqoitw C, 53.a 
H, 7.81; N. 5.71%); [aJo= +2&l* (c, 1.8, CHCL); IR: v, 
2144.5 cm-‘, NMR (C&) 4.O3 (I. d, H-l, JIJ 8.2 Hz); “C NMR 
(CDgoc4) 162-3 (N ZC). 

~5-Tn’-O-~-a-o-orabirrofrrrmoJy~~~ 
lSa Prepued fr0m 7 (etbcr, 3kr. yield: 4896). COmpOd Ha 
was atways con- by UL (<S%)-oify twerki @wad: 
C, 74.22; H, 6-2& N, 3.14. &H&N ixquka: C, 75.50; H, 6W 
N, 3.26%); [u)D= +4P (c 0.5, CHCI,); IR: v, 2125 cm-‘; NMR 
(CD&0c4) 552 (1.4 H-I). 

~~-Tn’-0-mdh~-ar-D-urrrbinofumnoJJIisgpcutidc 
16~ Pmpuod fmm 8 (ether, 3 br, yk@ 45%). Compwod 1h was 
&aye CoatamioMd by a smsdl emount of i6b (<5%-Y 
mete&l (Fwnd: C, 53.91; H, 7.4% N, 6.89. C&0& Wok=: 
C, 53.R; H, 7.51; N. 6.96%); lolo= +73’ (c 0.5, CMW; IR: 
vu 2127cm-‘; NbfR (CD,CoC&) 5.38 (1, s H-1). 

&d&y& of kocyanided 9 to l2. The same exprrimcotsl 




