
Carbohydrate Research, 104 (1982) 183-193 
Elsevier Scientific Publishing Company, Amsterdam - Printed in The Netherlands 

SYNTHESIS OF gem-DI-C-SUBSTITUTED DERIVATIVES OF CARBOHY- 
DRATES BY WAY OF NUCLEOPHILIC-ADDITION REACTIONS OF ALDO- 
HEXOFURANOID 3-C-METHYLENE DERIVATIVES* 

YOUSIF Au+. DOIA-IRAI M. W&t, ROBERT C. NABIXQGER~, AND WALTER A. SZAREKSS 

Carbohydrate Research Institute and Department of Chemistry, Queens University, Kingston, Ontario 
K7L 3N6 (Canada) 

(Received June 12th, 1981; accepted for publication, September 16th, 1981) 

ABSTRACT 

Nucleophilic Michael-type additions to aldohexofuranoid 3-C-methylene 
derivatives, namely, 3-deoxy-1,2 : 5,6-di-O-isopropylidene-3-C-nitromethylene-a-D- 
r&o-hexofuranose and 3-C-[cyano(ethoxycarbonyl)methylene]-3-deoxy-1.2 : 5,6-di- 
0-isopropylidene-a-o-ribo-hexofuranose employing phase-transfer catalysis, afforded 

novel gent-di-C-substituted sugars. The conversion of 3-deoxy-1,2 : 5,6-di-O-iso- 
l~ropylidene-3-C-methyl-3-C-nitromethyl-a-~-allo-hexofuranose into a 3-C-hydroxy- 
methyl-3-C-methyl derivative with titanium trichloride, and that of the nitromethyl 
groups of 3-deoxy-I .2 : 5,6-di-O-isopropylidene-3,3-di-C-nitromethyl-cr-D-ro-hexo- 
furanose, and 3-deoxy-1,2 : 5,6-di-O-isopropylidene-3-C-methyl-3-C-nitromethyl- and 
-3-C-nitromethyl-a-D-&o-hexofuranose into cyano groups with phosphorus tri- 
chloride in pyridine is also described. 

INTRODUCTION 

Our interest in exploring synthetic methods for the introduction of a gem-di-C- 
alkyl branch in carbohydrates stems from the presence, in some naturally occurring 
antibiotics, of a sugar compound having a gem-di-C-methyl group’. During the past 
few years, various synthetic approaches for carbon<arbon-bond formation at C-4’ 

in nucleosides and C-4 in aldopentofuranoid and aldohexofuranoid sugars have been 
reported; these include enamine alkylation3, photoamidation reactions4, and formose 
reaction?. Introduction of a gem-di-C-alkyl branch at C-5 in an aldopentofuranoid 
sugar has been accomplished by the addition of an organozinc reagent to an alde- 
hyde6, whereas introduction of such branching at C-5 of hexose derivatives has been 
accomplished by Grignard reactions with sugar l+lactones and keto derivatives’. 

*For a preliminary report of part of this work, see ref. 1. 
tDn Icave from the Department of Chemistry, University of Baghdad. 
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A few total syntheses of gem-di-C-alkyl carbohydrate derivatives involving Diels- 

Alder reactions’, and employing furan or oxabicycloketone derivatives9 have also 
been reported. Fraser-Reid et al.” employed photochemically-induced addition of 
oxycarbinyl species to hex-2-enopyranosid-&.rloses to produce a genr-di-C-alkyl 

branch at C-2. The only reported examples of such branching at C-3 are those 

described by Tronchet and Bourgeois”, and by Rosenthal and Dodd”, which in- 
volved nucleophilic Michael-type additions to 3-C-methylene aldofuranoid derivatives_ 

A previous communication’ from this laboratory reported the synthesis of 
novel gem-di-C-alkyl carbohydrate derivatives by phase-transfer-catalyzedr3 addition 

reactions to 3-C-methylene derivatives, namely, 3-deoxy-1,2 : 5,6-di-O-isopropylidene- 

3-C-nitromethylene-r-D-ribo-hexofuranoser4 (I) and 3-C-[cyano(ethoxycarbonyl)- 
methylene]3-deoxy-I ,2 : 5,6-di-O-isopropylidene-r-D-ribo-hexofuranose’2 (2) In the 

present work, the preliminary studies have been extended, and the synthesis from 
1 and 2 of a variety of genz-di-C-alkyl carbohydrate derivatives has been achieved. 

RESULTS AND DISCUSSION 

-4ddition of nitromethane to 1,2 : 5,6-di-O-isopropylidene-r-D-ribo-hexo- 

furanos-3-uIoser5 (3) using phase-transfer conditions, namely, benzene-O.2M sodium 
hydroxide and tetrabutylammonium bromide as the catalyst, gave the known’” 

1,2 : 5,6-di-0-isopropylidene-3-C-nitromethyi-nose (4) in 71 o/o yield; no 

trace of the glrlco epimer’ 6 was found. This result is consistent with that of Zhdanov 
et al.“, who also obtained exclusively the alio epimer from the phase-transfer- 

catalyzed nitromethane addition to the 1,2 : 5,6-di-0-cyclohexylidene analog of 3. 

Treatment of 4 with dimethyl sulfoxide-acetic anhydride, by the procedure described 
by Albrecht and MoEatt14 , gave the 3-C-methylene derivative 1. 

Nucleophilic additions to both endo- and exo-cyclic carbohydrate nitroolefins 
are 4nown’ ‘-lg. Phase-transfer-catalyzed additions of active methylene compounds 

to endocychc carbohydrate nitroolefins have also been reported2 ‘_ 

Treatment of 1 with potassium cyanide in benzene-0.2M sodium hydroxide 

using tetrabutylammonium bromide as the catalyst afforded crystalline 3-C-cyano-3- 

deoxy-I ,2 : 5,6-di-U-isopropylidene-3-C-nitromethyl-rr-D-gluco-hexofuranose (5) in 
73 % yield. The i-r. spectrum confirmed the presence of both alkyl functions, showing 

a nitro absorption at 1545, and a weak nitrile-absorption at 2210 cm- ‘_ Previous 

workers have shown that, in contrast to the corresponding monophase systems, 
phase-transfer-catalyzed addition of hydrogen cyanide” or of nitromethane2’ to 

I,2 : 5,6-di-O-cyclohexylidene-ar-D-ribo-hexofuranos-3-ulose affords the kinetically 

controlled products. Additions to analogous 3-C-methylene derivatives have been 

shown also to occur from the less hindered, kinetically favored e_..o-side1’*14*22. 

Accordingly, the glztco configuration was assigned to 5. 
Addition of nitromethane to 1 under the same conditions as just described 

afforded, in 82% yield, syrupy 3-deoxy-1,2 : 5,6-di-0-isopropylidene-3,3-di-C- 
nitromethyl-a-D-ribo-hexcfuranose (6). During the course of the present study, 
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1 R = CHN02 4 R = CHgOz.R’= OH 

2 R = FC02Et 5 R =CN,R’=C%NO, 

6 R = R’ = CH,NO, 
CN 

3’R = 0 7 R = &COzEt, R’ = Ctizq 

8 R=Me.R’=CH2N02 
9 R = Me, R’ = CH,OH 

10 R=Me,R-=CH20Ts 
11 R = H , R’ = CH2N02 

12 R=H.R’=CN 

13 R =Me,R’=CN 

14 R = R’ = CN 

15 R = CN , R’ = CH2CN 

16 R = OH , R’ = CN 

17 R = CN , K = CHC02Et 

the preparation of compound 6 was reported by Hall et aI. by Michael addition 
of nitromethane in the presence of triethylamine to the nitroolefin 1. Likewise, the 
reaction of ethyl cyanoacetate and 1 afforded, in 73 % yield, crystalline 3-C-[(R,S)- 
cyano (ethoxycarbonyl)methyl]-3-deoxy- I,2 : 5,6-di-0-isopropylidene-3-C- nitro- 
methyl-a-D-allo-hexofuranose (7) The i-r. spectrum of 7 showed a nitro absorption at 
1560, and a carbonyl absorption at 1745 cm-‘. 

In order to incorporate a methyl group as a component of a gem-di-C-alkyl 
branch, attempts were made to add a methyl Grignard reagent to nitroolefin 1. Initial 
attempts using methylmagnesium iodide at 25, 0, and -2515~ were unsuccessful. 
However, upon lowering of the temperature to -50 O, the reaction proceeded smoothly, 
to afford 3-deoxy-1,2 : 5,6-di-O-isopropylidene-3-C-methyl-3-C-nitromethyl-a-~-alio- 
hexofuranose (8) as a syrup, in 60% yield. The ‘H-n.m.r. spectrum of 8 showed a 
methyl singlet at 6 1.24, and the i-r. spectrum displayed a nitro absorption at 1550 
cm-l. 

Nieuwenhuis and Jordaan reported24 the conversion, in carbohydrates, of a 
nitromethyl into an aldehyde group by use of the titanium trichloride method origi- 
nally developed by McMurry and Meltonz5. In the present work, 8 was converted 
into the nitronate salt with sodium methoxide, and the salt was treated with titanium 
trichloride to yield a syrup that was reduced immediately with sodium borohydride; 
syrupy 3-deoxy-3-C-hydroxymethy$1,2 : 5,6-di-0-isopropylidene-3-C-methyl-sr-D-allo- 
hexofuranose (9) was obtained in 38 % yield, and p-toluenesulfonylation in pyridine, 
afforded, in 77 % yield, crystalline 3-deoxy-1,2 : 5,6-di-0-isopropylidene-3-C-methyl- 
3-C-@-tolyIsulfonyioxylr_ethyl)-a-D-aZZo-hexofuranose (IO). 
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The normal sequence used in the transformation of a nitromethyl into a nitrile 
group involves converting the nitromethyl into an aldehyde group, and oxime forma- 
tion by use of hydroxylamine, followed by dehydrationz6 of the oxime. Direct trans- 
formation of a nitromethyl into a nitrile group involves the use of either diethyl 
phosphorochloriditeZ7, or phosphorus oxychioride in N,N-dimethylformamide’8. 
The former method resulted in low yields, while the latter required vigorous conditions_ 
Wehrli and Schaer reported” a novel method for this transformation, which uses 
phosphoryl chloride in pyridine under mild conditions. Since no direct trans- 
formation of a nitromethyl into a nitrile group in the case of carbohydrates has been 
reported, it was felt that the method of Wehrli and Schaerzg could be useful in the 
synthesis of novei, branched monosaccharide derivatives_ 

3-Deoxy-1,2 : 5,6-di-0-isopropyhdene-3 - C-nitromethyl- Z-D -allo-hexofuranose 
(ll), prepared by sodium borohydride reductionlJ of 1, was chosen as the initial 
substrate for testing the conversion of a nitromethyl into a nitrile group. Treatment 
of 11 with phosphoryl chloride in pyridine for 1 h at 40” afforded crystalline 3-C- 
cyano-3-deoxy-1,2 : 5,6-di-0-isopropylidene-z-o-allo-hexofuranose (12) in 49 % yield. 
In analogous fashion, treatment of 8 and 6 with phosphoryl chloride in pyridine, 
under the same conditions, afforded 3-C-cyano-3-deoxy-I ,2 : 5,6-di-O-isopropylidene- 
3-C-methyl-z-o-allo-hexofuranose (13) in 47 % yield, and the geJH-di-C-nitriile 3- 
deoxy-3,3-di-C-cyano-I ,2 : 5,6-di-0-isopropylidene-a-D-ribo-hexofuranose (14) in 52 % 
yield, respectively. 

A variety of gem-di-C-substituted carbohydrates have been obtained also in 
the present work by nucleophilic addition reactions to 3-C-[cyano(ethoxycarbonyl)- 
methylenel-3-deoxy-1,2 : 5,6-di-O-isopropylidene-r-D-ribs-hexofuranose (2). Com- 
pound 2 was obtained in crystalline form, in 85 “/, yield, by treatment of 1,2 : 5,6- 
di-O-isopropylidene-rx-D-ribo-hexofuranos-3-ulose (3) with ethyl cyanoacetate in 
benzene-O.2hr sodium hydroxide in the presence of tetrabutyIammonium bromide at 
room temperature; 2 had been obtained previouslyr2 as only a minor product (5% 
yield) from the condensation of 3 with ethyl cyanoacetate and ammonium acetate in 
N,N-dimethylformamide at room temperature. Treatment of 2 with potassium 
cyanide in ethanol at reflux, under the conditions described by Nallet et aL3’, 

afforded 3-C-cyano-3-C-cyanomethyl-3-deoxy-I,2 : 5,6-di-0-isopropylidene-cr_D-gluco- 
hexofuranose’ ’ (15) in 30% yield. Addition of cyanide ion to 2, in benzene-0.2hr 
sodium hydroxide in the presence of tetrabutylammonium hydrogensulfate, gave 
3-C-cyan0 -3 -C- J-(R,S)-cyano(ethoxycarbonyl)methyl J-3-deoxy-1,2 : 5,6-di-O-isopro- 
pylidene-r-D-&co-hexofuranose (17), in 65% yield, and a small proportion of the 
known3’ cyanohydrin derivative 16. 

Thegem-di-C-substituted derivatives described herein are of significant synthetic 
potential, since their modification should yield carbohydrates containing two differ- 
ent function& groups at the branch point- The structural assignments for some of 
the adducts are based on the assumption that the addition reactions to the substituted 
methylene derivatives had occurred in a manner similar to those previously reported 
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S3 T;), [x]F i-43.0” (c O.S, chloroform); ~2:’ 1555 (NO,) cm-‘; ‘H-n-m-r.: 6 5.75 

(d, 1 H, J,.z 3.5 Hz, H-1),.5.09 (d, 1 H, H-2), 4.09 (4 H, 2 CH2N02), 4.49-3.52 

(m, 4 H, H-4, -5, -6,6’), 1.52, 1.42, 1.32 (s, 12 H, intensity ratio 1 : 1:2, 2 CMe,). 

Ainal. Calc. for C,,H2,N,0,: C, 46.4; H, 6.1; N, 7.7. Found: C, 46.6; H, 6.2; 
N, 7.6. 

3-C- [(R,S)-C_~azzo(etho-~~carborz~i)zzzet/l]-3-deo_~y- I,2: 5,6-di-O-isopropyli- 

dene-3-C-nitronzetir)-i-x-D-allo-/zexojirrazzose (7). - Compound 1 (ref. 14, 0.8 g) 

and ethyl cyanoacetate (0.5 mL) were stirred in benzene (20 mLjO.2hf sodium 
hydroxide (5 mL) in the presence of tetrabu?$ammonium bromide (SO mg) for 12 h 

at room temperature. The aqueous layer was then separated and extracted twice with 

benzene (5 mL). The combined organic layers were dried (potassium carbonate) and 

evaporated under reduced pressure to afford a syrup, which crystallized upon the 

addition of 2-propanol. Recrystallization from 2-propanol gave 7 (0.8 g, 73%), 
m-p. 136-138”; Vale’ 1745 (C =0) and 1560 cm-’ (NO& ‘H-n.m.r.: 6 6.10 (d, 

1 H, J,,z 3.8 Hz, H-l), 5.17 (d, 1 H, J,,,,- 16.6 Hz, H-l’), 4.90 (d, 1 H, H-2), 4.66 
(d. 1 H, H-l”), 4.50-3.54 (m, 7 H, H-4, -5, -6,6’, CHCN, CH=CH,), and 1.55-1.15 

(m, 15 H, 2 CMe2, CH2CH,). 

Anal. Calc. for C,,Ht6N,0,: C, 52.2; H, 6.3; N, 6.5. Found: C, 52.2; H, 6.3; 

N, 6.9. 

3-Deoxy-I,2 : 5,6-di-0-isoprop~lne-3-C-methyt- 3-C-nitronzet/zyl- Z-D-allo- 

lzesofirranose (8). - Methyl iodide (4.5 mL) was added, dropwise with stirring, to 

magnesium turnings (100 mg) in diethyl ether (20 mL) at room temperature. Upon 
consumption of the magnesium, the solution was diluted with diethyl ether (20 mL) 

and cooled to -50’. A solution of citroolefin 1 (1 g) in diethyl ethrr (20 mL) was 

added dropwise to the methylmagnesium iodide solution, with the temperature being 

maintained at -50”. The reaction mixture was allowed to warm gradually to room 
temgerature, and stirred for an additional 1 h. The reaction was quenched with 

saPJrated ammonium chloride solution (50 mL), and the aqueous layer was separated 

and washed three times with diethyl ether (50 mL). The combined organic layers were 

dried (magnesium sulfate) and the solvent was evaporated to afford a brown syrup_ 

The product was purified by column chromatography with 20 : 1 (v/v) benzene-ethyl 

acetate as the eIuent. Compound 8 was isolated as a colorless syrup (650 mg, 60%), 

[=]k3 i-27.3” (c 1.2, chloroform); vE:F 1550 cm-l (NO,); ‘H-n.m.r.: 6 5.80 (d, 

1 H, J1,* 3-S Hz, H-l), 4.70 (s, 2 H, H-l’,l”), 4.56 (d, 1 H, H-2), 4.24-3.43 (m, 4 H, 
H-4, -5, -6,6’), l-54, 1.45, 1.39 (s, 12 H, intensity ratio 1: 1 : 2, 2 CMe,), and 1.24 
(s, 3 H, Me). 

Anal. Calc. for C,,H,,NO,: C, 53.0; H, 7.3; N, 4.4. Found: C, 52.9; H, 7.3; 
N, 4.3. 

3-Deoxy-3-C-izydro_xynzet/zyl-I,2 : 5,6-di-O-isopropylidene- 3-C -methyi-a-D-alio- 
hexojirranose (9). - Compound 8 (1 g) was dissolved in dry methanol (5 mL), and 
0.32&r sodium methoxide so!ution (10 mL, methanol) was added. After 10 min at 

room temperature, a freshly mixed, aqueous solution of 15% titanium trichloride 
(20 mL )-3.3x ammonium acetate (30 mL) was added rapidly to the reaction mixture, 
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and the resultant solution was stirred for 20 min at room temperature under nitrogen. 

The aqueous solution was extracted three times with diethyl ether (70 mL), and the 
combined ether extracts were washed with 5 7: sodium hydrogencarbonate (100 mL) 
and saturated sodium chloride solution (100 mL). The ethereal solution was dried 
(magnesium sulfate) and evaporated to afford a syrup (600 mg), which was used 
directly for borohydride reduction. 

The syrup was dissolved in ethanol (20 mL), and, at O”, sodium borohydride 

(100 mg) was added in portions. The reaction mixture was allowed to warm to room 

temperature, and stirred for an additional I h; t.1.c. (5 : 1, v/v, benzene-ethyl acetate) 

showed the presence of a major component, which had a much lower RF (0.25) than 

that of the starting material, and of a minor component which migrated at the same 

rate as the starting material. The solution was evaporated to dryness, and methanol 

(30 mL) was added to and evaporated from the residue five times. The residue was 

dissolved in water (50 mL), and the aqueous solution was extracted three times ;vith 

dichloromethane (30 mL). The combined organic extracts were dried (magnesium 

sulfate) and evaporated to afford a syrup. Column chromatography with 3 : 1 (v/v) 
toluene-ethyl acetate as the eluent afforded the star-tin g material 8 (52 mgj and the 
desired product 9 (352 m,, m 38 o/0 based on recovered starting material), [sr]? f25.0” 

(c 0.4, chloroform); Vale 3450 cm-’ (OH); ‘H-n.m.r.: 6 5.73 (d, 1 H, J,_? 3.6 Hz, 

H-l), 4.27 (d, 1 H, H-2), 4.23-3.45 (m, 6 H, H-l’,l” -4, -5, -6,6’), 2.96 (s, 1 H. OH), 

1.55, 1.46, 1.37, 1.34 (s, 12 H, 2 CMe2), and 1.07 (s, 3 H, Me). 
Anal. Calc. for C,,H,,O,: C, 58.3; H, 9.1. Found: C, 58.2; H, 9.0. 
3-Deosy-1,2 : 5,6-di- 0-isopropylidene - 3 - C - methyi- 3-C- (p-tol~lsuifooll~[o_~~~le- 

t~z~I)-r-D-allo-lze_~ofnranose (10). - Compound 9 (165 mg) was dissolved in pyridine 

(5 mL), and p-toluenesulfonyl chloride (165 mg) was added. The solution was stirred 

for 16 h at room temperature, and then poured into ice-water (25 mL). The mixture 

was extracted three times with dichloromethane (20 mL), and the combined organic 
extracts were dried (magnesium sulfate) and evaporated to afford a crystalline residue. 

Recrystallization of the residue from diethyl ether-petroleum ether afforded 10 
(195 mg, 770/,), m-p. 134.5-136”, [Y]F t39.5” (c 1.1, chloroform); ‘H-n.m.r.: 

6 7.92-7.18 (m, 4 H, aryl), 5.64 (d, 1 H, Jl,z 3. 6 Hz, H-l), 4.31-3.75 (m, 7 H, H-l’,l”, 
-2, -4, -5, -6,6’), 2.44 (s, 3 H, aryl Me), 1.35, 1.31, 1.22 (s, 12 H, intensity ratio 2: 1 : 1, 

2 CMe2), and 1.02 (s, 3 H, Me). 

Anal. Calc. for C,,H,,O$: C, 57.0; H, 6.9; S, 7.2. Found: C, 57.0; H, 6.9; 

s, 7.1. 
3-C-Cxano-3-deoxy-I,2 : 5,6-di-0-isopropyfidene-oz-D-allo-hexofiranose (12). - 

Compound 11 (ref. 14) was dissolved in pyridine (7 mL) and the solution was treated 
with phosphoryl chloride (400 mg) at 40” for 18 h. The reaction was carefully 
quenched with ice-water (50 mL), and the aqueous solution was extracted three 
times with dichloromethane (30 mL). The combined organic extracts were dried 
(magnesium sulfate) and evaporated to a syrup that crystallized. Recrystallization 
from 2-propanol-petroleum ether afforded 12 (210 mg, 49 %), m.p. 109-L LO”, [a]:: 
74.5” (c 0.6, chloroform); $!:‘3 2250 weak cm-’ (CN); ‘H-urn-r.: b 5.88 (d, I H, 
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Jl_t 3.7 Hz, H-l), 4.85 (dd, 1 H, .Tz,s 3.8 Hz, H-2), 4.41-3.67 (m, 4 H, H-4, -5, -6,6’), 
3.15-2.87 (m, 1 H, H-3), and 1.65, 1.54, 1.42 (s, 12 H, intensity ratio 1 : 1 : 2,2 CMe,). 

Anal. Calc. for C,,H,sNOS: C, 58.0; H, 7.1; N, 5.2. Found: C, 57.8; H, 7.2; 

N, 5.2. 

3-C-Cyano-3-deoxy-I,2 : 5,6-di-0-isopropylidene-3-C-met&I- r-D-allo-hexofura- 
nose (13). - Compound 8 (380 mg) was dissolved in pyridine (5 mL), and the solution 

was treated with phosphoryl chloride (400 mg) for 1 h at 50”. The reaction mixture 
was poured carefully into ice-water (20 mL), and the mixture was extracted twice 

with dichloromethane (20 mL). The combined organic extracts were dried (potassium 

carbonate) and evaporated to afford a crystalline residue. Recrystallization from 

2-propanol-petroleum ether afforded 13 (153 mg, 45%) m-p. 127-Z-128”, [a]k3 

+27_4O (c 0.8, chloroform); Y~~~‘J 2240 weak cm-’ (CN); ‘H-n.m.r.: 6 5.76 (d, 

1 H, J1-z 3.8 Hz, H-l), 4.40 (d, 1 H, H-2), 4.25-3.60 (m, 4 H, H-4, -5, -6,6’), and 
1.64-1.13 (m, 15 H, 2 CMe2, Me)_ 

Anal. Cab for C14HZ1N05: C, 59.3; H, 7.5; N, 4.9. Found: C, 59.4; H, 7.3; 
N, 5.0. 

3,3-Di-C-cyano-3-deoxy-1,2 : 5,6-di-0 -isopropylidene- or-D-ribo-hexofuranose 

(14). - To a solution of 6 (500 mg) in pyridine (10 mL) was added phosphoryl 

chloride (900 mg), and the solution was heated for 1.5 h at 50°. The mixture was 

poured carefully into ice-water (25 mL), and the aqueous solution was extracted 

three times with dichloromethane (30 mL). The combined organic extracts were 
dried (magnesium sulfate) and evaporated to afford a crystalline residue. Recrystalli- 

zation from 2-propanol-petroleum ether afforded 15 (210 mg, 52%) m-p. 113-l 15O, 

[c~]g~ f25.8” (c 0.6, chloroform); vzc’3 2250 weak cm-’ (CN); ‘H-n.m.r.: 6 6.00 

(d, 1 H, J,., 3.8 Hz, H-l), 4.96 (d, 1 H, H-2), 4.51-4.01 (m, 4 H, H-4, -5, -6,6’), and 

1.66, 1.55, 1.45 (s, 12 H, intensity ratio I : 1 :2, 2 CMe,). 

Anal. Calc. for C,,H,,N,O,: C, 57.1; H, 6.2; N, 9_5_ Found: C, 57.2; H, 6.4; 
N, 9.4. 

3-C-[C~ano(etfzo_rycarbonyl)methyZene]-3-deoxy-I,2 : 5,6-di-O-isopropylne-u- 
D-ribo-hexofuranose (2) - Compound 3 (7 g), dissolved in benzene (100 mL), 
was treated with ethyl cyanoacetate (3.1 mL) for 20 h with constant stirring at room 

temperature, in the presence of 0.2hi sodium hydroxide (12 mL) and tetrabutyl- 

ammonium bromide (0.7 g)_ The aqueous layer was extracted three times with benzene 
(10 mL). The combined benzene layers were dried (magnesium sulfate) and evapor- 

ated to afford a brown syrup. The syrup was passed through a short column of silica 

gel with 20 : 1 (v/v) benzene-ethyl acetate as the eluent. The solvent was removed 

under reduced pressure to afford 2 as a syrup that crystallized (8.5 g, 85 %)_ A sample 

was recrystallized from 2-propanol-hexane to afford white needles, m-p. 90-91 O, 

[c~]g f79.0” (c 1.1, chloroform); ‘H-n.m.r.: 6 5.93 (d, 1 H, J1 vt 4.0 Hz, H-l ), 4.60 

(d, 1 H, H-2), 4.53-4.02 (m, 6 H, H-4, -5, -6,6’, CH,CH,), and 1.75-1.25 (m, 15 H, 

2 CMe,, CH,CH,)_ 

Anal. Cak. for C,,HZ3N07: C, 57.8; H, 6.5; N, 4.0. Found: C, 57.7; H, 6.7; 

N, 3% 
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3-C-Cyano-3-C-cya:zometIzyl-3-deosy-I,2 : 5,6-di-O-isopropyiidene-a-D-gluco- 

he_xofzrtranose (15). - Compound 2 (2 g) was dissolved in ethanol (25 mL) and 
treated with potassium cyanide (1.2 g) for 12 h at reflux temperature. The solvent was 
then removed, and the residue was extracted twice with dichloromethane (50 mL). 
The combined organic extracts were washed hvice with water (25 mL), dried (magne- 
sium sulfate), and evaporated to a syrup. Column chromatography with IO: 1 (v/v) 
benzene-ethyl acetate as the eluent gave a syrup that crystallized_ Recrystallization 
from 2-propanol afforded 15 as white crystals (0.52 g, 30x), m-p. 116-I 18”, [a]; 
t21.6” (c0.S,chloroform) (lit.” m-p. 121.5-123”, [a]n +21.0” (cO.S,chloroformj); 
vz$” 2250 weak cm-’ (CN); ‘H-n.m.r.: 6 6.03 (d, 1 H, J,,, 3.8 Hz, H-l), 4.93 (d, 
1 H, H-2), 4.58-3.54 (m, 4 H, H-4, -5, -6,6’), 3.30 (d, JI.I, 16.6 Hz, H-l’), 2.80 (d, 
1 H, H-l”), and 1.60, 1.46, 1.40 (s, 12 H, intensity ratio 1: 1 : 2, 2 CMe?). 

Anal. Calc. for C,,H,,N,O,: C, 58.4; H, 6.5; N, 9.1. Found: C, 58.4; H, 6.5; 
N, 8.9. 

3-C-Cyano- 3-C- [(R,S)-cyazzo(e?Jzoq~carbo~zyZ)nzetJzyZ] -3 -dczo_xy-I,2 : 5,6-di-O- 
isopropylidene-r-D-gluco-Jzexofzrose (17). - A solution of 2 (500 mg) in benzene 
(20 mL) was treated with potassium cyanide (200 mg) for 2 h with stirring at room 

temperature, in the presence of 0.2~ sodium hydroxide (4 mL) and tetrabutylammo- 
nium hydrogensulfate (100 mg). The aqueous layer was extracted hvice with benzene 
(5 mL), and the combined organic layers were dried (magnesium sulfate) and 
evaporated to a syrup. Fractionation of the syrup by column chromatography with 
20: 1 (v/v) benzene-ethyl acetate as the eluent afforded a trace amount of 3-C- 
cyano-1,2 : 5,6-di-O-isopropylidene-a-D-glucofuranose3’ (16), and a less-polar com- 
ponent that crystallized. Recrystallization of the less-polar component from 2- 
propanol-hexane afforded 17 as white crystals (350 mg, 65x), m.p. 92-93”, ‘H- 
n-m-r_: 6 5-96 (d, 1 H, JIs2 4.0 Hz, H-l), 5.16 (d, 1 H, H-2), 4.64-3.96 (m, 7 H, 
H-l’, 4, -5, -6,6’, CH,CH,), and 1.76-1.21 (m, 15 H, 2 CMe,, CH2CH3). 

Arzal. Calc. for C,,H2,N,0,: C, 58.4; H, 6.4; N, 5.2. Found: C, 58.3; H, 6.5; 
N, 5.2. 
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