
‘l’e~,k&an Letters. Vol. 34, No. 19. pp. 3047-3050.1993 

Printed in Great Britain 
oo40-4039r93 56.00 + .oo 
Perg-PressLkl 

ArSCl Adducts of Glucal Derivatives in the Preparation of 
C-Glucosides 

Irina P. Smolyakova*, William A. Smit, Elena A. Zal’chenlco, Oleg S. Chixhov, A. S. Shashkov 

Zcliusky Institute d Oq@c Chemistry. Rassiau Academy of Sckncc pa. Lenina, 47, Moscow. Russia 117913 

R. Caple*, S. Sharpe, C. Kuehl 

Abstmct: Reaction of the ArSCl adducts fcrmed in situ from the protected glucals with carbon 
nucleophiles in the presence of SnC!Lj is proposed as a novel route for a stereoselective synthesis of 
various C-p-D-glucosides. 

Recently the interest in the synthesis of C-glycosides has risen dramatically owing both to the discovery of 
biologically active natural compounds of this type, e.g. C-aryl glycosidea,l and also to the tmmendous promise of 
carbohydrates bearing functionalixed side chains as chiral precursors for the preparation of a plethora of 
biologically active compounds* including various non-hydrolyzable enzyme inhibitors.3 The incmased reactivity 
of anomeric acetal centers offers numerous oppommities for using carbohydrate derivatives as electrophiles in C- 
C bond forming reactions.4 However, in many cases the scope of application of these reactions is rather liited 
due to the unsatisfactory stereoselectivity of C-glycosylation. 4 On the other hand, it is well lmown that a nearly 
complete stereospecificity of a closely related O-glycosylation process can he achieved with the intermediacy of 
bridged electrophiles generated from carbohydrate derivatives containing appropriate substituents at C-2.5 These 
bridged intermediates am usually formed in the presence Lewis acids from the AdE adducts of protected glucals 
with various electrophiles.6 To the best of our knowledge this sequence has never been employed for the 
preparation of C-glycosides, presumably because of the alleged low carbophilicity of the hrldged electrophiles. 

As was shown previously, episulfonium ions generated upon the action of Lewis acids at ~arylthioalkyl 

chlorides (AdE adducts of alkenes with ArSCl) are able to alkylate various carbon nucleophiles (Nut) with 
complete mgio- and stemcspecificity.7 The tandem sequence of ALE ma&on of I-alkoxy alkmes with ArSCl and 
coupling of the formed in situ adducts with a set of xdonors has heen elaborated as a novel procedure for the 
preparation of polyfunctional adducts from simple precursors. * It was anticipated that application of this reaction 
to unsaturated carbohydrate derivatives might offer novel opportunities for the preparation of chiral compounds, 
promising intermediates for the synthesis of C-glycosides. Here we report preliminary results attesting to the 

usefulness of this route. 
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The readily available tri-O-benzyl- (la) and tri-O-acetyl- (lb) D-glucals were taken as model compounds. 
Reaction of la with p-TolSCl proceeded readily upon mixing of the reagents in CH2C12 solution at ambient 
temperature and gave adduct 2a which was used further without any purification.9 We have found that in the 
presence of SnCl.4, 2a is converted into an active electrophile, presumably ES1 3, which is capable of 
participating in C-C bond forming reactions with the set of standard n-donors 4a-g used as Nut (see general 
Scheme and Table). It was also noted that the presence of Lewis acid is unnecessary if more active nucleophiles 
like PhMgBr (4h) are utilized and in these cases the reaction can be carried out directly with 2a. The respective 2- 
desoxy-2arylthiosubstituted C-glycosides Sa-h are formed in fair to good yields and with a high stereoselectivity 
(from 1O:l up to > 19: 1 in favor of the p-isomer). The use of p-ClPhSCl gave essentially the same results as was 

shown for the preparation of the corresponding analog of 5c. A similar sequence with lb required the use of a 
more polar solvent (CH3CN) for the preparation of ArSCl adducts (2b, R=Ac). The interaction of the latter with 
4c gave 5i as the nearly individual p-stereoisomer. However, the same reaction leading to Sk proceeded in a 

non-stereoselective way and produced both P-D-gluco Sk and a-D-manno 51 isomers in comparable amounts. 
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The typical experimental procedure is as follows: To a solution of p-TolSCl(O.159 g, 1 mmol) in CI-IsClz 
(1 ml) at room temperature was added a solution of la (0.416 g, 1 mmol) in CH2C12 (10 ml). After 10 min the 
mixture was cooled down to -78” C and a solution of TMSCN (0.119 g, 1.2 mmol) in CH2Cl2 (2 ml) was added 
followed by a dropwise addition of SnCLt (0.14 ml, 1.2 mmol) in CH$Zl2 (2 ml). The mixture was stirred for 30 
min at -78’C, quenched with aq. NaHC@, and extracted with ether. Usual workup and pnparative TLC on Sia 
gave adduct l-cyano-3,4,6-(tri-0-bcnzyl)-2-@-tolylthio)-~-D-glucopyr~osi~ 4a (0.497 g, yield 88%), Rf 0.45 

(ether-hexane, 1:l) as a colorless liquid (the presence of ca.396 of isomeric adduct, presumably with a- 

configuration was detected from PMR spectrum). *H NMR (CDC13, 200 MHZ): 2.38 (s, 3H, CH3), 3.21 (m, 
J1,2=11.4, J2,3=lO.2, lH, I@), 3.40 (m, lH, Hs), 3.53 (m, lH, H3), 3.73 (m, 3H, H4, Hea, H6b), 4.08 (dd, 
JI,2=11.4, J=l.l, lH, Hi), 4.55, 4.62 (two d, JAB=~.~, 2H, OC&Ph), 4.64, 4.67 (two d, JA~=l0.8, 2H, 
OC&Ph), 4.99, 5.20 (two d, JA~=10.3, 2H, OCHzPh), 7.40 (m, 19H, Hsr). HRMS calcd for CkH3sS04N 
(M+) m/e 565.2287, found m/e 565.2333. 

Data given in Table demonstrate the broad scope of the suggested procedure for the synthesis of 2- 
arylthio-Zdesoxy C-glycosides. In fact this method is applicable for the introduction of a set of substituents 
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Table. Synthesis of C-glucosides 5a-k from glucals la,b. 

Entry Glucal Nut Product” 
Yield, Ratio of 

% isomers, p:a 

1 la 

2 la 
%FB 

3 

4 la 

5 la qm 

6 x OTMS 
lb 

4f OMe 

7 la -Jr 

8 la 

9 

10 

11 

la 

lb 4c 

lb 4b 

4a 

PhMgBr 
41 

,OBn 

5c 87 15:l 

BnO. 

B\;o*Ph 5h 60 >19:1 

88 .19:1 

79 *19:1 

73 1O:l 

48 .19:1 

31 1O:l 

40 1O:l 

63 1O:l 

61 >19:1 

66 3:2 



containing aliphatic, cycloaliphatic, or aromatic fragments bearing various functional group into a molecule of a 
starting glucal derivative. Gne.can easily envisage the obvious ramifications for the synthetic utilixation of these 
products owing to the pmsence of the intmduced functional substituents such as cyan0 or carbonyl groups, double 
bonds, aryl, or cyclopropylcarbonyl residue at C-l as well as arylthio gmup at C-2. 

A few additional comments am warranted for the adducts formed with the use of vinyl ethers 4g,h as the 
nucleophiles. Here the nature of the final pmduct depends on the manner of quenching of the reaction mixture. 
For example, aldehyde Se was obtained if water was used for the quenching. If the latter step was carried out 
under strictly anhydrous condition with abs. MeOH as the quencher, the respective dimethoxy acetal SC was 
obtained in 76% yield. These data provide good reasons to suggest as a viable option for further studies the 
utilixation of the next carbon nucleophile as a quencher at this step which would lead eventually to the creation of 
the second C-C bond in a way similar to that described earlier for the simpler models.t* 

The results described in this communi cation provide an entry for the elaboration of an efficient protocol for 
the general and stemocon trolled synthesis of various C-glycosides. 
Acknowledgment. This study is based on a project supported by the National Science Foundation, Grant No. 
8921358. 
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