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ABSTRACT 

Stereospecific hydroxylation of (E)3-deoxy-1,2:5,6-di-0-isopropylidene-3-C- 
(methoxycarbonylmethylene)-a-D-xylo-hexofuranose (2) with potassium- permanga- 
nate in pyridine afforded pure 3-C-[(R)-hydroxy(methoxycarbonyl)methyl]-1,2:5,6-di- 
0-isopropylidene-a-D-galactofuranose (5) in 55% yield. Mesylation of the diol 5 in 
pyridine yielded the monomethanesulfonate 6 and, in addition, a small proportion of 
an unsaturated, exocyclic sulfonate 7. Treatment of 6 with sodium azide in N,N- 
dimethylformamide and reduction of the resultant a-azido ester 9 afforded methyl 
D- (and L-) 2-(1,2:5,6-di-O-isopropylidene-a-D-galactofuranos-3-yl)~ycinate, (lla) 

and (lOa), respectively_ Basic hydrolysis of lla and 10a yielded D- and L-2-(1,2:5,6- 
di-O-isopropylidene-cr-D-galactofuranos-3-yl)glycine (llb) and (lob), respectively. 
The structures of the glycosyl a-amino acids were correlated with that of L-alanine by 
circular dichroism. 

DISCUSSION 

In continuation of studies * on the synthesis of branched-chain glycosyl a-amino 
acids that are structural analogs of the sugar moiety of the polyoxins2-6 we now 
report the synthesis of two substituted D-galactofuranose analogs having an L- and 
D-a-amino acid moiety attached by a carbon-carbon linkage to C-3 of the furanosyl 
ring. The rationale for this synthesis has been outlined previouslyIV7 and the present 
work arose as a consequence of an unexpected epimerization at C-4 of the sugar 
discovered during application of the Wittig reaction to 1,2:5,6-di- O-isopropylidene-a- 
D-ribo-hexofuranos-3-close’ (1). Wh en ketose 1 was treated with phosphonoacetic 
acid trimethyl ester in the presence of potassium tert-butoxide in N,N-dimethylfor- 
mamide at room temperature tbe main products were Q- and Q-3-deoxy-1,2:5,6-di- 
0-isopropylidene-3-C-(methoxycarbonylmetnose~ (4), to- 
gether with a variable yield (5-12%) of a 5~1 mixture of Q- and (Z)-3-deoxy-1,2:5,6- 
di-O-isopropylidene-3-C-(methoxycarbonylose (2) and 
(3) respectively. The yield of the xylo-unsaturated sugars appears to be dependent 
upon the purity of the potassium tert-butoxide. With absolutely pure, anbydrous base 

*Used in an extended sense, through the indicated, non-anomeric carbon atom. 
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and subsequent formation of both possible amino esters has been previously dis- 
cussed’, It is thought to result from two competing displacement-mechanisms, one 
via the intermolecular SN~ mechanism to afford the amino ester having the opposite 
cor@uration from the starting diol. The second mechanism invokes intramolecular 
displacement of the sulfonate by the tertiary hydroxyl group to give an epoxide, 
followed by opening of the epoxide at the exocyclic position by azide to yield an a- 
amino ester having the same configuration as the starting diol. 

The configurations of the resultant a-amino esters were assigned from evidence 
of cd. studies on the esters and the free amino acids obtained after basic hydrolysis. r 4 
Methyl L-2-(1,2:5,6-di-O-isopropylidene-a-D-galactofuranos-3-yl)glycinate exhibited 
an intense positive Cotton effect at 204 run in 95% ethanol. Conversely, methyl 
~-2-(1,2:5,6-di-O-isopropylidene-a-~-galactofuranos-3-yl)~ycinate exhibited an in- 
tense positive Cotton effect at 206 run in 95% ethanol, in contrast to the positive 
Cotton effects observed with other L-amino acids14. 

Hydrolysis of lla and 10a in 1.25% aqueous methanolic sodium hydroxide 
followed by deionization afforded in high yield the crystalline amino acids D- and 
~-2-(1,2:5,6-di-O-isopropylidene-a-D-galactofuranos-3-yl)~ycine, llb and lob, respec- 
tively. The c.d. spectra of these compounds revealed intense Cotton effects of the same 
sign as the corresponding a-amino esters, when determined in 0.5~ hydrochloric acid 
in 95% ethanol at a wavelength of 210 MI, thus supporting the configurational 
assignments for 10a and lla. 

General. - P.m.r. spectra were determined in deuteriochloroform solution with 
Me,Si as the internal standard by using a Varian XL-100 spectrometer. Optical rota- 
tions were measured at ambient temperature with a Fe&in-Elmer Model 141 auto- 
matic poiarimeter. The cd. measurements were performed on a Jasco J-20 and a J-5 
automatic recording spectropolarimeter at room temperature, and i-r. spectra were 
recorded on a Perkin-Elmer 337 spectrometer. Column chromatography was per- 
formed on t.1.c. grade silica gel, without binder, under a pressure of 4-8 lb. in- ’ and 
flow rates of 70-140 ml h- ’ ; t.1.c. on Silica Gel G was used to monitor all reactions. 
Melting points were determined on a Leitz microscope heating-stage, model 350, and 
are corrected. Chemical analyses were performed by Mr. P. Borda, Microanalytical 
Laboratory, University of British Columbia. 

(E)- and (Z)-3-Deoxy-I,2:5,6-di-O-isopropylidene-3-C-(?nefhoxycarbonyZ)- 
methylene-c;r-D-ribo-hexofuranose (4) and (E)- and (Z)-3-deoxy-1,2:5,6-di-O-isopro- 
pyZidene-3-C-(~net~~o~carbonyl)methylene-~-~-xylo-hexofur~ose (2) and (3). - Ac- 
cording to the previously published procedure1 the anhydrous ketose 1, (20 g) was 
treated with phosphonoacetic acid trimethyl ester (17.5 g) and potassium terr-butoxide 
(9.5 g) in N,N-dimethylformamide (60 ml). The product (17.9 g) was chromatographed 
on silica gel (Davison, 60-200 mesh, column dimensions:45 x 7.5cmj with 4~1 benzene- 
ethyl acetate as developer. The more-mobile zone (4, yield 11 .O g, 45%) has been pre- 
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viously characterized. The less-mobile zone (2.8 g, 12%) was shown to consist of two 
new unsaturated sugars (2 and 3) in a ratio of 5:l as shown by n.m.r. The major isomer 
crystallized readily from the mixture ir n-hexane, and is tentatively assigned the 
structure 2: m.p. 68.0-69.0”, [E];’ -67.0” (c 1, chloroform); r (CDCI,) 3.86 (d-d, I, 
J le.2 0.5 Hz, J1a.4 2 Hz, H-l’)*, 4.13 (d, 1, J1,2 4 Hz, H-l), 4.60 (d.d, 1, J4,5 6.5 Hz, 
H-4), 5.15 (d-d, 1, H-2), 5.43 (q, I, Jss6 6.5Hz, H-5), 6.10 (d, 2, H-6), 6.25 (s, 3, 
CO,CH,). Irradiation at r 4.13 colIapsed the double doublet at T 5.15 to a doublet 
(JO.5 Hz), and similarly irradiation at x 4.60 collapsed the signal at r 3.86 to a narrow 
doublet (J 0.5 Hz). 

Anal. Calc. for C1sHZ207: C, 57.32; H, 7.05. Found: C, 57.23: H, 6.95. 
3-C-[(R)-hydroxy(methoxycarboizyl)metity-1,2:5,6-di-O-isopropylidene-a-D-ga- 

Zactofirranose (5). - Oxidation of pure 2 (1.71 g) in water (20 ml) and pyridine (4.0 ml) 
was conducted as previously described’ at - lo”, with potassium permanganate 
(0.95 g) in water (40 ml) added dropwise as oxidant. The reaction mixture was 
extracted with chloroform (6 x 150 ml), and the combined organic extracts were 
washed with water, dried (sodium sulfate), and evaporated to yield a pale-yellow 
syrup (1.04 g, 55%) that crystallized on trituration with ethanol. An analytical sample 
of 5 was prepared by recrystallization from ethanol; m.p. 145.5-146.5”, [aIF- 12.0” 
(c 1, chloroform); cd. (c 0.3, ethanol) [e],,,- 1930, [t&o-23~ (trough), [0]22o 
-1730, [Q,,, 0, [0]237 780 (peak), [6],,, 0; ?‘C’3 4.12 (d, 1, J1,2 ~-HZ, H-l), 5.32 
(d.t, 1, Js.6 8 Hz, Js.4 6 Hz), 5.40 (d, 1, H-2), 5.68 (d, 1, JI,,L,_oH9 Hz, collapses to a 
singlet on D,O addition, H-l’), 5.82-6.25 (multiplet, 2, H-6), 6.06 (s, 1, 3-OH, ex- 
changes in D,O), 6.14 (s, 3, CO,Me), 6.33 (d, 1, l’-OH, exchanges in D,O). 

-4naZ. Calc. for C15H240g: C, 51.72; H, 6.34. Found: C, 51.58; H, 7.07. 
1,2:5,6-Di-O-isopropylidene-3-C-[(R)-met~zyZsz~lfony~oxy(met~zox_vcarbonyl)~~ze- 

zJzyl]-cu-o-galarrojirranose (6) and 3-deoxy-1,2:5,6-di-0-isopropyridene-3-C:- 
IzyZoxy(~nrethoxycarbon),l)mefhyZenel-cr_ (7) - MethanesulfonyI chloride 
(0.1 g) was added dropwise to a solution of 5 (83 mg) in pyridine (5 ~1) at 0”. After 
stirring the mixture overnight at room temperature, chloroform (10 ml) and ice-water 
(10 ml) were added, and the resultant aqueous phase was extracted wi:L chloroform 
(4 x 10 ml). The combined organic extracts were washed with saturated sodium 
hydrogen carbonate solution (10 ml) and water (10 ml), dried (sodium sulfate), and 
evaporated under diminished pressure to afford a yellow syrup (120 mg). The product 
was chromatographed under a pressure of 8 lb. in - 2 on a column of t.l.c.-grade silica 
gel (25 g) packed and eluted with 3:7 benzene-ethyl acetate, to afford two pure 
compounds. 

Compound 7 (29 mg, 30%) was recrystallized from ethanol; m.p. 154155”, 

MF -8” (c 0.5, dichloromethane); ~~~~~ 4.08 (d, 1, J1,* 4.0 Hz, H-l), 4.57 (d, 1, 
JdS5 6.5 Hz, H-4), 4.67 (d, 1, H-2), 5.43 (d.d, 1, J5,6 6.5 Hz, J5,6, 7.2 Hz, H-5), 6.10 
(s, 3, CO,Me), 6.12 (multiplet, 2, H-6), 6.64 (s, 3, SO,Me). 

Anal. Calc. for C&H2_+01,,S: C, 47.06; H, 5.92. Found: C, 47.24; H, 5.72. 

-- 
*H-l’ denotes proton on the C-3 side-chain. 
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Compound 6 (61 mg, 60%) was analyzed as the pure, undistilled syrup as it was 
unstable on distillation; [@Ii3 +3.4’ (c 0.6, chloroform); P’Cr~ 4.06 (d, 1, J1 ,z 4 Hz, 
H-l), 4.66 (s, I, H-l’), 5.48 (d, 1, H-2), 5.4-5.6 (m, 1, H-5), 5.90 (d, 1, J4,5 7 Hz, H-4), 
5.94-6.35 (m, 2, H-6), 6.12 (s, 3, C02Me), 6.83 (s, 3, S02Me). 

Anal. Cab for C16HZ6011S: C, 45.07; H, 6.15. Found: C, 45.14; H, 6.11. 
1,2-O-lsopropyZlideene-3-C-[(R)-methyZs~~n(~ethoxycarbony- 

galactofurmose (8). - To 6 (200 mg) was added 65% aqueous acetic acid (20 ml) and 
the solution was stirred for 5 h at room temperature (after which time all starting 
material had been consumed) to afford at least four components, as evidenced by 
t.1.c. (silica gel, ethyl acetate). The reaction mixture was then evaporated (oil pump) 
and azeotropically dried with toluene (3 x 5 ml) to yield a mobile syrup (170 mg) 
which, after column chromatography on t.l.c.-grade silica gel (45 g) (column packed 
and eluted with ethyl acetate under a pressure of 8 lb-in- 2 afforded 8 (40 mg, 22%). 
Recrystallized from ethanol, it had m.p. 119.5-120.0” (decomp.), [~~]~~+225.5~ (c 0.1, 
dichloromethane); ,(DZo) 3.90 (d, 1, 4 Hz, H-l), 4.34 (s, 1, H-l’), 6.05 (s, 3, CO?Me), 
6.62 (s, 3, S02Me), 8.34 (s, 3, Me), 8.62 (s, 3, Me). 

Anal. Calc. for C13H22011S: C, 40.41; H, 5.74. Found: C, 40.55; H, 5.71. 
Methyl L-2-(1,2:5,6-di-O-isopropylidene-a-D-gaZactofur~os-3-y~glyci~zate (1Oa) 

and methyl D-2-(1,2:5,6-di-O-isopropyZidene-a-D-gaZactofur~os-3-y~gZycinate (lla). - 
Sulfonate 6 (100 mg) and sodium azide (100 mg) in anhydrous N,N-dimethyl- 

formamide (7 ml) were stirred in the dark for 40 h at 60’ under anhydrous conditions. 

The reaction mixture was then evaporated to dryness, taken up in dichloromethane, 
filtered, and evaporated, to afford a clear syrup that was immediateIy hydrogenated 
for 7 h in anhydrous benzene with 5% Pd-on-charcoal (50 mg) under hydrogen at 

1 atm. Filtration and evaporation of the filtrate afforded a clear syrup (77 mg) that 

contained two ninhydrin-positive components, R, 0.52 (major), and R, 0.31 (minor) 
(silica gel, 5:5:1 ethyl acetate-dichloromethane-ethanol). No unreacted sulfonate was 
detected. Column chromatography on t.l.c.-grade silica gel (20 g), packed and eluted 
with the aforementioned solvent system, under a pressure of 8 lb.in-2, afforded the 
two pure components. 

10a (31 mg, 38%), recrystallized from ethanol had m.p. 158.0-I58.5”, [a]h3 -21” 

(c 0.3, chloroform); cd. (c 0.13, 95% ethanol) [0],.. 4050 (peak), [0],,, 3880, [B]220 0, 

PI 232-3380 (trough), [e]240-2160, [e],,, 0; rcncr3 4.09 (d, 1, J,,, 4 Hz, H-l), 5.38 

(d-t, 1, Js.4 8 Hz, Js.6 8 Hz, Js.6’ 6 Hz, H-5), 5.55 (d, 1, H-2), 5.84-6.12 (m, 2, H-6), 
6.16 (d, 1, H-4), 6.21 (s, 3, CO,Me), 6.32 (s, 1, C-I ‘), 6.9-8.5 (v. broad s, 3, NH,, 
OH, exchanges in D,O). 

Anal. CaIc. for C,,H,,O,N: C, 51.88; H, 7.25; N, 4.03. Found: C, 51.70; H, 
7.18; N, 3.87. 

Compound 113 (8 mg, 9.5%), was obtained pure by recrystallization from etha- 
nol, and was then sublimed at 120” and 0.1 mm Hg; m.p. 175.5-176.5”, [a]E- 15.4” 

(c 0.5, chloroform); c.d. (c 0.15, 95% ethanol) [0]2,,4- 3820, [f?],,, -4550 (trough), 

m22, - 1150, [el,,, 0, [e],,, 3400 (peak), 101252 0; rCDC13 4.05 (d, 1, J,,, 4.0 Hz, H-l), 
5.48 (d, 1, H-2), 5.55 (m, 1, H-5), 5.91 (d, 1, J& 7 Hz, H-4), 6.08 (d.d, 1, Js,5 6 Hz, 
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H-6), 6.19 (s, 4, H-l’, CO,Me), 6.42 (dd, 1, J5,6. 8 I%, H-6’), 7.1-8.2 (v_ broad s, 3, 

NT&, OH). 
Anal. Calc. for C15H2sN0s: C, 51.88; H, 7.25; N, 4.03. Found: C, 52.17; H, 

7.15; N, 4.01. 

L-2-(I,2:5,6-di-O-isupropyZidene-a-D-galactof~r~os-3-y~gZycZne (lob). - The 
a-amino ester 10a (28 mg) in 1.25% aqueous methanolic sodium hydroxide (2 ml of 
1:l solution) was stirred for 30 min at room temperature. T.1.c. (silica gel, 5:5;1 
dichloromethane*thyl acetate-ethanol) indicated that the reaction was complete 
after this time. The solution was then passed through 5 ml of Rexyn RG-51 @It) 
(polystyrenecarboxylic acid-type resin) that had been prewashed with 1% acetic acid 
and then water until the effluent was neutral. Elution of the column with water, and 
combination and evaporation of the ninhydrin-positive fractions afforded the crys- 
talline or-amino acid lob (24 mg, 89O/,). An analytical sample was recrystallized from 
ethanol; m.p. 180-181” (decomp.), [cr]? -22.7” (c 1, ethanol); c.d. (c 0.17, 0.5~ HCI 
in 95% ethanol) [&,, + 5900, [QJ210 +7100 (peak), [OlzzO f4540, [@JzSO +2560, 
C&,0 + 400. 

Anal. Calc. I”or C,,H,,NO,: C, 50.46; H, 6.95; N, 4.20. Found: C, 50.37; H, 
6.97; N, 4.10. 

D-2-(1,2:5,6-di-O-isopropyZidene-a-D-gaZactofuranos-3-y~gZycine (llb). - A 

solution of lla (8 mg) in 1.25% aqueous methanolic sodium hydroxide (1 ml of 
1:l solution) was stirred at room temperature for 30 min (complete reaction by t.I.c., 
silica gel, 5:5:1 d’ hl IC oromethane-ethyl acetate-ethanol) and then passed through 5 ml 

of Rexyn RG-51 (Hi) prewashed as before. Elution as in the preceding experiment 

afforded the crystalline amino acid llb (7 mg, 88%). An analytical sample was 
recrystallized from methanol; m-p. 214-215” (decomp.), [~]F-l3.6~ (c 0.2, 1:1 
ethanol-water); cd. (c 0.14, 0.5~ HCl in 95% ethanol) [0],,, -5240, [0],,, -6420 

(trough), r_8izz0-4780, [eizSO - 1670. 
Anal. Calc. for CI,H,,NO,: C, 50.46; H, 6.95; N, 4.20. Found: C, 50.21; H, 

6.85; N, 4.18. 
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