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1360, 1172 (sulfonate), 1105 (C-0-C), 760, 720, 700 (C&5), 
no C 3 0  near 1765 crn.-'. 

Anal .  Calcd. for C Z I H ~ ~ O ~ S :  C, 57.8; H,  5.54; S, 7.34. 
Found: C,57.7; H ,  5.54; S,7.30. 

Similarly, reduction of 105 mg. (0.29 mmole) of XXX gave, 
after recrystallization from absolute ethanol-petroleum ether, 
97 mg. (92%) of methyl 4-6-O-benzylidene-2-O-mesyl-a,~- 
allopyranoside (XXXIIIb) as white needles: m.p. 143-145'; 
[a]"D +58.0 f. 1.5'; vmex 3540 (OH), 1360, 1180 (sulfonate), 
1130, 1110 (C-0-C), 755, 700 (CBHL), no C 4  near 1760 cm.-'. 

Anal .  Calcd. for ClsH2oORS: C, 50.0; H ,  5.59; S, 8.90. 
Found: C, 50.1; H,5.66; S,8.77. 
Methyl 4,6-O-Benzylidene-0-~-allopyranoside (XXXIV). A.- 

A mixture of 200 mg. of lithium aluminum hydride (5.3 mmoles), 
427 mg. of XXXIIIa (0.98 mmole), and 30 ml. of dry tetrahydro- 
furan was refluxed with stirring; after 18 hr. an additional 200 
mg. of lithium aluminum hydride was added, and the reaction 
was refluxed for an additional 25 hr. The excess hydride was 
decomposed by dropwise addition of ethanol; then water was 
added until the inorganics formed an insoluble cake. The mix- 
ture was filtered and the solids were washed with hot ethanol, 
then hot acetone. The combined filtrate and washings were 
spin evaporated in vucuo. Crystallization from ethanol-pe- 
troleum ether gave 199 mg. (72y0) of thick needles, m.p. 174- 
178". Recrystallization from the same solvent pair afforded 
white crystals: m.p. 175-177'; [ C Y ] ~ ~ D  f117 f 2'; vmax 3500, 
3450 (OH), 1120, 1095 (c-0-C), 745, 705 (CeHa), no sulfonate 
absorption near 1360or 1180 cm.-'. 

Anal .  Calcd. for C14H1806: C, 59.7; H,  6.44. Found: C, 
59.7; H, 6.60. 

Hydrolysis of 137 mg. of XXXIV with hot 1 N sulfuric acid 
gave, after work-up and recrystallization from 1 drop of water 
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by.addition of methanol and ethanol, white crystals of D-allose, 
m.p. 122-126', that was identical with an authentic samplez8 
by mixture melting point and by comparative infrared spectra. 

B.-A solution of 63 mg. of XXXIIIa and 9.5 mg. of sodium 
methoxide in 0.75 ml. of methanol was refluxed for 5 hr., then 
diluted with several volumes of water. Unchanged XXXIII 
(18 mg., 29%) was removed by filtration. The combined 
filtrate and washings were extracted with three IO-ml. portions 
of chloroform. The combined extracts, after being washed 
with water, were spin evaporated in vacuo; yield 23 mg. (80%), 
m.p. 165-172'. The residue was dissolved in methanol and 
diluted with water. The trace of unchanged starting material 
was removed by filtration and the filtrate was evaporated in 
uucuo. Crystallization from absolute ethanol-petroleum ether 
gave pure XXXIV, m.p. 175-177', that was identical with 
preparation A. 

Neither methyl 2,3-anhydro-a-~-mannopyranoside nor methyl 
2,3-anhydro-a-~-allopyranoside~~ could be detected by thin 
layer chromatography of the mother liquors. Although this 
reaction was run only once, it is probable that increasing the 
reaction time and quantities would give near quantitative yields. 

C.-Lithium aluminum hydride cleavage of 37 mg. (0.10 
mmole) of XXXIIIb, as described in preparation A, gave 16 mg. 
(55%) of product, m.p. 176-178', that was identical with prepa- 
ration A; in this case the oil remaining on spin evaporation was 
partitioned between water and chloroform prior to crystalliza- 
tion. The water-washed chloroform solution was then spin 
evaporated in vacuo, and the residue was recrystallized. 

(28) This sample was kindly provided by Professor I .  J .  Goldstein of this 
university who, in turn, had obtained it from Dr. N. K. Richtmyer, Na- 
tional Institutes of Health, Bethesda, Md. 
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Oxidation of methyl 3-benzamido-4,6-0-benzylidene-3-deoxy-~-~-altropyranoside (la) and methyl 3-bene- 
amido-4,6-0-benzylidene-3-deoxy-a-~-glucopyranoside (IVa) with phosphoric acid and dicyclohexylcarbodiimide 
in dimethyl sulfoxide-the Pfitzner-Moffatt reagent-gave the identical ketone, methyl 3-benzamido-4,6-0- 
benzylidene-3-deoxy-a-~-arubino-hexopyranosid-2-ulose ( IIa) in 86 and 96% yields, respectively; the axial 
benzamido group of Ia, after oxidation of the hydroxyl to a ketone, was isomerized to the more stable equatorial 
configuration of IIa. Much lower yields, but similar results, were obtained with the corresponding 3-acetamido 
derivatives, Ib and IVb. Reduction of the two ketones with sodium borohydride proceeded virtually stereo- 
specifically by axial attack to regenerate IVa and IVb. Oxidation of methyl 2-benzamido-4,6-0-benzylidene-2- 
deoxy-a-D-altropyranoside (Va) and methyl 2-benzamido-4,6-0-benzylidene-2-deoxy-~-~-glucopyranoside (XIa) 
gave the same ketone, methyl 2-benzamido-4,6-0-benzylidene-2-deoxy-a-~-ri~o-hexopyranosid-3-ulose (VIa), in 
83 and 95% yields, respectively; the benzamido group adjacent to the ketone again was equatorial, showing 
an isomerization of the benzamido group during oxidation of Va. Reduction of the ketone VIa with sodium 
borohydride proceeded virtually stereospecifically by equatorial attack to give methyl 2-benzamido-4,6-0- 
benzylidene-2-deoxy-a-~-allopyranoside with an axial hydroxyl a t  C-3. Similar results, but lower yields, were 
obtained with the corresponding acetamido sugars. 

Oxidation of either primary or secondary sugar 
hydroxyl groups to ketones with phosphoric acid- 
dic yclohexylcarbodiimide-dimet h yl sulfoxide, the Pfitz- 
ner-Moffatt reagent,3 bears promise to take its place 
among the most useful in the carbohydrate area.2$3 
Its use for oxidizing sugar alcohols bearing an adjacent 
sulfonyloxy function has been described in the previous 
paper in this series.2 In  this paper are presented studies 
on the oxidation of some pyranosidic alcohols bearing 
an adjacent acylamido group with the Pfitzner-Moffatt 

(1) This work was generously supported by Grant CA-05845 from tbe 

( 2 )  Paper LXIII B. R. Baker and D.  H. Buss, J .  Ore. Chem., SO, 

(3) K .  E. Pfitzner and J. G. Moffatt, J .  Am. Chem. Soc., SS, 3027 (1963). 

National Cancer Institute, U. S. Public Health Service. 
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reagent and the stereospecific reduction of the resultant 
ketones by sodium borohydride. 

When either methyl 3-benzamido-4,6-O-benzylidene- 
3-deoxy-a-~-glucopyranoside (IVa) 4*5 or the correspond- 
ing altroside (Ia)6ve was oxidized with the Pfitzner- 
Moffatt reagent, the identical ketone was obtained in 
96 and 86% yields, respectively; since it was more 

(4) R. D .  Guthrie and G. P. B. Mutter, J .  Chem. Soc.. 1614 (1964). 
(5) Methyl 3-amino-4.6-0-benzylidene-3-deoxy-a-~-altropyranos~de and 

methyl 2-amino-4.6-0-bensylidene2-deoxy-a-~-altropyranoside were Pre  
pared by the method of W. H. Myers and G. J .  Robertson [ J .  Am.  Chem. 
Soc., 66, 8 (1943)l; from the mother liquors of the latter, methyl 3-aceta- 
mido- or 3-benramido-4,6-0-benzylidene3-deoxy-~-~glucopyranoside were 
obtained by selective N acylation.6 

(6) D.  H. Buss, L. Hough, and A. C. Richardson, J .  Chem. Soc., 5295 
(1963). 
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likely that the benzamido group adjacent to the ketone 
could epimerize from axial to the more stable equatorial 
conformation than vice versa, the ketone probably had 
the D-arabino configuration depicted in IIa. That the 
structural assignment for IIa was correct was shown by 
reduction with sodium borohydride to the glucoside 
(IVa) in %yo yield. I t  is clear that the borohydride 
attacked the carbonyl group from the axial side to give 
the equatorial hydroxyl of IVa. The possibility for 
equatorial attack is considerably hindered by the 
axial C-1 a-methoxyl group; as can be expected with 
the equatorial C-1 P-methoxyl group, reduction of 
methyl p-~-arabino-hexopyranosid-2-ulose with boro- 
hydride proceeds less stereospecifically by 65% equa- 
torial and %yo axial attack.' It is interesting to note 
that the C-1 methoxyl groups of I Ia  did not epimerize 

O=CR / I1 

I t  

IV I11 
a, R=C6H5 

to the more stable equatorial conformation under the 
oxidation condit,ions. 

The ketone IIa  formed a crystalline phenylhydrazone 
(IIIa) ; whether catalytic reduction of I I Ia  will form a 
2,3-diamino sugar derivative with trans diequatorial 
groups of D-gluco configuration, as might be antic- 
ipatedlsa remains to be determined.8b 

Oxidation of the corresponding acetamido sugars Ib 
and IVb to the crystalline ketone IIb proceeded in 3 
and 29y0 yields, respectively-considerably poorer 
than with the corresponding benzamido sugars (86 and 
96y0). Nevertheless, sodium borohydride was still 

b, R=CH3 

( 7 )  0. Theander, Advan. Carbohydrate Chem., 1'7, 223 (1962). 
(8) (a) Reduction of the sterically hindered oxo group of m-epi-inosose-2 

has been shown to  proceed by equatorial attack to  give an  axial hydroxyl 
with either sodium borohydride or platinum and hydrogen: see D. Reymond, 
Helv .  Chim. Acto, 40, 492 (1957); N. Z. Stanacev and M. Katea, J .  O r a  
Chem.. 26, 912 (1981). Thus reduction of the phenylhydrazone I I Ia  with 
platinum catalyst could be expected to  give an equatorial 2-amino group. 
(b) Whether the phenylhydrazone is a true phenylhydrazone or an isomeric 
phenylazo derivative is not yet known with certainty; if a reduction pro- 
ceeds through a phenylazo derivative, the stereochemistry will probably be 
controlled by the equatorial phenylazo group to give an equatorial amine, 
whereas, if the reduction would proceed through a true phenylhydrazone, 
the stereochemistry of reduction will be dependent upon which side of the 
C=N group is least hindered (equatorial attack a t  C-3, axial attack a t  C-2). 
The colorless nature of the phenylhydrazone and the sharp, strong band in 
the infrared a t  1805 cm.-I would indicate that this is a true phenylhydra- 
zone, since the N=N group would impart a yellow color and would be un- 
likely to  have a strong sharp band near 1605 cm.-l: see R. D. Guthrieand 
L. F. Johnson, J .  Chem. Soc., 4166 (1961); G. J. F. Chittenden and R. D. 
Guthrie, Proc. Chem. Soc.. 289 (1904); L. L. Bellamy, "The Infrared Spectra 
of Complex Molecules," John Wiley and Sons, Inc., New York, N. Y., 
1980, p .  272. I t  is possible that a phenylazo peroxide, obtained by air 
oxidation of the phenylhydrazone, may also have to be considered: see A. 
J. Bellamy and R. D. Guthrie, Chem. I d .  (London), 1675 (1984). 

virtually stereospecific in its reduction of IIb,  the D- 
gluco configuration (IVb) being obtained in better than 
77% yield. 

Attention was then directed to the oxidation of 2- 
acylamidopyranosides by the Pfitzner-Moff a t t  reagent. 
Both methyl 2-benzamido-4,6-O-benzylidene-2-deoxy- 
a-D-glucopyranoside (XIa) and the corresponding altro- 
side (Va)5Jj gave the same ketone in 95 and 83% yields, 
respectively ; presumably the ketone had an equatorial 
benzamido group (VIa); VIa was further charac- 
terized by formation of the phenylhydrazone VIIa.8b 
It had previously been shown that oxidation of methyl 
4,6-0-benzylidene-2-0- (p- tolylsulfony~)-a-~-gluco-  
pyranoside with the Pfitzner-Moffatt reagent gave 
methyl 4,6-0-benzylidene-2-0- (p-to1 y 1 sul f on y 1 ) - WD- 
ribo-hexopyranosid-3-ulose with an equatorial sulfonyl- 
oxy group2; since reduction of this ~-ribo-hexosid-3- 
ulose gave a D-allo derivative with an axial 3-hydroxyl 
group, it was anticipated that VIa should also reduce 
to the D-allo configuration. Sodium borohydride re- 
duction of VIa was virtually stereospecific giving an 

0 

OH OCH3 
V 

X R 
VIII, R ' = H  

IX, R'= CH.84 

c6H6T& 
1 OCH3 

o=c 
1 

R XI, R' = H 
XII, R'= CHsSOz 

a, R = C6H5 
b, R = CHs 

88% yield of an unknown 2-benzamido pyranoside that 
was isomeric to Va and XIa,  but which was proven 
below to have the expected D-allo configuration (VIIIa). 
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Oxidation of the 2-acetamidopyranosides Vb and 
XIb  also gave the identical ketone, which was pre- 
sumed to have an equatorial 2-acetaniido group (VIb), 
in 74 and 90% yields, respectively. Sodium boro- 
hydride reduction of VIb gave the %acetarnido-~- 
allopyranoside VIIIb that was identical with a sample 
of VIIIb prepared by neighboring-group inversion9 of 
the 3-O-mesyl-~-glucosaminide (XIIb) as described by 
JeanlozlO; the properties of the 0-acetyl derivative 
IXb agreed with those reported.1° 

An attempt to convert the 2-benzamido-3-0-mesyl- 
glucoside (XIIa) to VIIIa by a neighboring group re- 
action was only partially successful, since the inter- 
mediate 2'-phenyloxazoline was quite stable to hydro- 
lytic conditions. An authentic sample of the benz- 
amido-D-alloside VIIIa was finally synthesized by basic 
hydrolysis of the acetamido-D-alloside VIIIb to X fol- 
lowed by selective N-benzoylation with benzoic an- 
hydride in ethanol. 

Thus, methyl 3-benzamido-4,6-0-benzylidene-3-de- 
oxy-a-~-arabino-hexopyranosid-2-ulose (IIa) is now 
readily available from methyl 4,6-0-benzylidene-a-~- 
glucopyranoside either via Ia5t6 or via IVa4; methyl 
2-benzamido-4,6-0-benzylidene-2-deoxy-cr-~-ribo-hexo- 
pyranosid-3-ulose (VIa) is also readily available 
from methyl 4,6-O-benzylidene-a-~-glucopyranoside 
via Va5!B or from D-glucosamine via XIa. These two 
ketones should be able to serve as intermediates for syn- 
thesis of a wide variety of unusual amino sugar deriva- 
tives. 

Experimental'' 
Methyl-3-Benzamido-4,6-O-benzylidene-3-deo~-~-~-arabino- 

hexopyranosid-2-ulose (IIa). A.-To a stirred solution of 7.10 
g. (18.4 mmoles) of Ia5t6 in 200 ml. of dimethyl sulfoxide was 
added 14.7 g. (71.3 mmoles) of dicyclohexylcarbodiimide; then 
4.65 ml. (88.8 mmoles) of anhydrous orthophosphoric acid waa 
added portionwise with cooling so that the temperature waa 
25-30". After being stirred in a stoppered flask 21 hr., the 
mixture waa filtered and the insoluble dicyclohexylurea waa 
washed with a little dimethyl sulfoxide and acetone. The com- 
bined filtrate and washings were diluted with several volumes of 
chloroform, then water was added, and finally 2.4 M potassium 
carbonate solution was added to about pH 8. The aqueous 
layer was thoroughly extracted with chloroform and the com- 
bined extracts were washed with water until neutral. Spin 
evaporation of the chloroform solution in vacuo and dilution of 
the residue with ether gave 6.10 g. (86%) of white needles,12 
m .p. 248-249" dec. Recrystallization from acetone-petroleum 
ether gave the analytical sample: m.p. 247-248' dec.; [aIz6D 
-18 f 2'; vmax 3300 (NH), 1750 (ketone C=O), 1650, 1530 
(amide I and 11), 1120, 1100, 1070 (C-0-C), 743, 695 (CSH~),  
and 725 cm.? (CH of benzoyl). 

Anal. Calcd. for CZ1HzlN06: C, 65.8; H, 5.52; N, 3.65. 
Found: C, 65.9; H, 5.70; N, 3.67. 

B.-Treatment of 602 mg. (1.56 mmoles) of IVa4t6 in 25 ml. 
of dimethyl sulfoxide with 1.2 g. (5.82 mmoles) of dicyclohexyl- 
carbodiimide and 0.41 ml. (7.82 mmole) of anhydrous orthophos- 

(9) B.  R.  Baker and R.  E. Schaub, J .  Org. Chem., 19, 646 (1954). 
(10) R. W. Jeanloz, J .  Am. Chem. Soc., 79, 2591 (1957). 
(11) Melting points were determined in capillary tubes with a Mel-Temp 

block and those below 230° are corrected. Infrared spectra were deter- 
mined in Nujol mulls with a Perkin-Elmer Model 137B spectrophotometer. 
Thin layer chromatograms (t.1.c.) were run with Brinkmann silica gel G and 
spots were detected by iodine vapor. Optical rotations were determined 
in N,N-dimethylformamide in a 1-dm. microtube. Petroleum ether was 
a fraction boiling at  4&60°. 

(12) (a) Thin layer chromatography with chloroform-acetone ( 2 :  1. 
3 : l .  or 4 : l )  or chloroform-methanol ( 4 : l  or 9 : 1 ) ,  depending upon the 
mobility of the product, was employed to  show the absence of dicyclohexyl- 
urea. (b) The presence of larger amounts of dicyclohexylurea could be 
detected by the broadening of the carbonyl band near 1650 crn-1 in the 
infrared as well as by an auxiliary band in the urea at 895 cm. -I .  

phoric acid as described in procedure A gave, after recrystalliza- 
tion from acetone, 575 mg. (967') of nearly pure white needles,12 
m.p. 240-243" dec., that were identical with preparation A. 

Phenylhydrazonesb of Methyl 3-Benzamido-4,6-O-benzylidene- 
3-deoxy-a-~-arabino-hexopyranosid-2-ulose (IIIa) .-A suspension 
of 437 mg. (1.14 mmoles) of IIa in 80 ml. of ethanol containing 
0.25 ml. (2.54 mmoles) of phenylhydrazine waa refluxed for 30 
min. The solution waa spin evaporated an vacuo and the residue 
waa recrystallized from absolute ethanol-petroleum ether: yield, 
468 mg. (87%) of white needles; m.p. 217-221" dec.; [ a I a6~  
+90 f 3"; vmax 3325 (NH), 1655, 1530 (amide I and 11), 1605 
(C=N), 1095 (C-0-C), 745, 695 (C6Hs), and 740 c m . 3  
(CH of benzoyl), no ketone C=O near 1750 cm. -l. 

Anal. Calcd. for C27H27N308: C, 68.5; H ,  5.75; N, 8.87. 
Found: C, 68.7; H, 5.93; N, 9.01. 

Sodium Borohydride Reduction of Methyl 3-Benzamido-4,6-0- 
benzylidene-3-deoxy-cu-~-arabino-hexopyranosid-2-~ose (IIa) .- 
To a stirred solution of 124 mg. of IIa in 1.3 ml. of N,N-dimethyl- 
formamide waa added 20 ml. of methanol; then about 100 mg. of 
sodium borohydride waa added portionwise. After 2 hr., during 
which time crystals separated, the mixture waa filtered and the 
product was washed with methanol; yield, 97 mg. (780/0), m.p. 
329-331 ' (identical with authentic IVa4). 

The combined filtrate and washings were diluted with water 
and extracted with chloroform. From the chloroform solution 
could be isolated an additional 21 mg. of IVa (total 95%). 

Methyl 3-Acetamido-4,6-0-benzylidene-3-deoxy-~~-~-arab~no- 
hexopyranosid-2-ulose (IIb) . A.-Oxidation of 104 mg. (0.32 
mmoles) of IVb4v6 aa described for the preparation of IIa gave an 
oil on evaporation of the chloroform solution. The oil waa dis- 
solved in hot ethanol and decanted from some insoluble gum. 
Evaporation of the ethanol in vacuo gave a solid which waa a 
mixture of several compounds, aa shown by thin layer chroma- 
tography, and which could not be purified further by recrystalliza- 
tion. The material waa purified by preparative thin layer chro- 
matography with chloroform-methanol (9: 1 ) .  The ketone- 
containing fraction (& about 0.6) waa scraped from the plates 
and eluted with hot chloroform and ethanol. Spin evaporation 
of the extract in vacuo gave 29.5 mg. (297') of product, m.p. 
252-254' dec. Recrystallization from ethanol-ether afforded 
white crystals: m.p. 254-255" dec.; [aIzsn +44 f 4'; v,.,3320 
(NH), 1755 (ketone C=O), 1665, 1555 (amide I and 11), 1100 
(C-0-C), 750, and 697 cm.-l (CBHS). 

Anal. Calcd. for ClsHlPNO6: N, 4.36. Found: N, 4.17. 
B.-Oxidation of 98.5 mg. (0.30 mmoles) of Ibs,la as described 

in preparation A gave 3 mg. (3y0) of white crystals, m.p. 247- 
250" dec., that were identical with those of preparation A. 

Sodium Borohydride Reduction of Methyl 3-Acetamido-4,6-0- 
benzylidene-3-deoxy-or-~-arabino-hexopyranosid~2-ulose (IIb) .- 
Sodium borohydride reduction of 13 mg. of IIb, aa described 
later for the reduction of VIa, gave, on recrystallization from 
absolute ethanol-petroleum ether, 10 mg. (77%) of methyl 
3-acetamido-4,6-0- benzylidene-3-deoxy-~~-~-glucopy ranoside 
(IVb), m.p. 311-313' dec., that waa identical with an authentic 
sample of IVb.'r6 No attempt waa made to isolate a second 
crop, although thin layer chromatography showed that additional 
IVb waa present. 

Methyl 2-Benzamido-4,6-0-benzylidene-2-deoxy-a-~-glucopy- 
ranoside (ma) .-To a solution of the crude 2-benzamido-2- 
deoxy-~-glucose~~ from 16.6 g. (77.4 mmoles) of D-glucosamine 
hydrochloride in 350 ml. of methanol waa added 18 g. of Dowex 
50W-X8 [H' form, dried a t  80" (1 mm.) over PzOb]. The mix- 
ture waa refluxed with stirring for 11 hr. and then filtered and 
the resin waa washed with hot methanol. Concentration of 
the solution to a smaller volume gave 8.7 g. (71% based on D- 
glucosamine hydrochloride) of crude methyl 2-benzamido-2- 
deoxy-~u-~-glucopyranoside~~: m.p. 226-228' dec., [CY] 26D +looo 
(1.25% in HzO). NeubergerlB has recorded a melting point of 

(13) B. R. Baker and T. Neilson, J .  Org. Chem., PO, 1057 (1964). 
(14) Y. Inouye, K. Onodera, S. Kitaoka, and S. Hirano, J .  Am. Chem. 

Soc., 78, 4722 (1956). 
(15) The stereospecific conversion of 2-acetamido-2-deoxy-D-glucose to 

its a-methylpyranoside with a dry cationic exchange resin in the H + form 
has been reported by S. A. Barker, M. Stacey, and D. J. Tipper [Nature. 
184, 1718 (1959)). This method has also been used on 2-benzamido-Z- 
deoxy-D-g~ucose [L. Hough and J. Tjebbes, private communication to 
D. H. B.]. 

(16) A. Neuberger, J .  Chem. Soc., 47 (1941). 
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225-226' and [ a ] ~  +114O (H20).  The corresponding ,9 anomer" 
had @D -24" (1.49% in HzO). 

The above crude methyl 2-benzamido-2-deoxy-a-~-glucopy- 
ranoside (7.7 g. containing some inorganic material) was dissolved 
as quickly as possible in 38 ml. of 98% formic acid, then 38 ml. of 
benzaldehyde was immediately added. After being shaken at  
ambient temperature for exactly 5 min., the mixture was poured 
into a stirred mixture of 450 ml. of 2.4 M aqueous potassium 
carbonate and 400 ml. of petroleum ether. The solid was col- 
lected on a filter and washed with petroleum ether until free of 
the odor of benzaldehyde. Recrystallization from ethanol-water 
gave 6.35 g. (64%) of white needles: m.p. 253-256"; [a]"D 
+72 i 2'; vmsx 3450 (OH), 3330 (NH), 1640, 1550 (amide I 
and 11), 1115, 1100, 1080 (C-0-C), 755, 700 (C&), and 735 
cm.-1 (CH of benzoyl). 

Anal. Calcd. for C~lH23N06: C, 65.4; H,  6.02; N,  3.63. 
Found: C, 65.0; H,  6.18; N ,  3.40. 

This new method for formation of other 0-benzylidene deriva- 
tives has been developed by Schwarz .18 

Methyl 2-Benzamido-4,6-O-benzylidene-2-deoxy-a-~-ribo- 
hexopyranosid-3-dose (VIa) . A.-Oxidation of 2.25 g. (5.84 
mmoles) of Va,6 as described for the preparation of IIa, gave, 
after recrystallization from acetone-petroleum ether, 1.87 g. 
(83y0) of product, m.p. 202-206'. Recrystallization from same 
solvent pair afforded 1.57 g. (70%) of white needles,12 m.p. 204- 
206" dec., whichshowedonespoton t.1.c.: [a]26u +114 f 1'; vmaX 
3340 (NH), 1745 (ketone C=O), 1640, 1530 (amide I and 11), 
1135, 1120, 1080 (C-0-C), 752, 700 (CBH~) ,  and 725 cm.-l 
(CH of benzoyl). 

Anal. Calcd. for C21HzlNO6: C, 65.8; H, 5.52; N, 3.65. 
Found: 

When further recrystallized from chloroform-methanol an 
apparently different crystal form, m.p. 212-215" dec., was ob- 
tained, although the infrared spectra were the same. 

B.-Oxidation of 1.06 g. (2.75 mmoles) of XIa, as described 
for the preparation of IIa, gave, after recrystallization from chlo- 
roform-methanol, 0.99 g. (95y0) of long needles,'% m.p. 213-215" 
dec., identical with those of preparation A. 

The phenylhydrazone VIIasb was prepared from 112 mg. (0.29 
mmoles) of VIa as described for the preparation of I I Ia  with a 
reflux time of 1 hr. After evaporation of the ethanol in vacuo, 
the residue was triturated with ether; the insoluble, unchanged 
VIa (14 mg., 12%) was removed by filtration. Evaporation of 
the ether and recrystallization of the residue from absolute eth- 
anol-petroleum ether gave 67 mg. (557, based on unrecovered 
VIa) of phenylhydrazone. Recrystallization from the same 
solvent pair gave white needles: m.p. 240-242" dec; [ ( Y ] ~ D  
+140 f 3"; vmax 3320 (NH), 1630,1535 (amide I and 11), 1605 
(C=N), 1130, 1090 (C-0-C), 745, 690 (c&), and 725 cm.-l 
(CH of benzoyl), no C=O near 1745 cm.-l. 

Anal. Calcd. for C Z ~ H Z ~ N ~ O ~ :  C, 68.5; H, 5.75; N, 8.87. 
Found: C,68.5; H,  5.93; N,8.81. 

Methyl Z-Acetamido-4,6-O-benzylidene-2-deoxy-a-~-ribo- 
hexopyranosid-3-dose (VIb) . A.-Oxidation of 1.92 g. (5.94 
mmoles) of Vb,5818 as described for the preparation of IIa, gave a 
crude product that was difficult to separate from dicyclohexylurea 
by crystallization.lZb The product was purified by column chro- 
matography on silica gel (grade 950, 60-200 mesh, Will Scientific, 
Inc., Buffalo), being eluted by chloroform-acetone (2: 1); 
VIb was obtained initially as an amorphous solid that was analyt- 
ically pure; yield, 1.41 g. (74%). Ultimately it was crystal- 
lized by prolonged heating with acetone under reflux as white 
crystals: m.p. 227-228" dec.; [ a I z 6 ~  +I10 f 4'; vmax 3320 
(NH), 1740 (C=O), 1650, 1545 (amide I and 11), 1115, 1080 
(C-0-C), 757, and 700 cm.? (CBH5). 

Anal. Calcd. for C16HlsNOe: C, 59.8; H, 5.96; N, 4.36. 
Found: C, 60.1; H,  5.95; N, 4.37. 

B.-Oxidation of 590 mg. (1.83 mmoles) of XIbM was per- 
formed as described for IIa; from acetone, 527 mg. (90%) of 

C, 66.0; H,  5.73; N ,  3.83. 

(17) F. Micheel and H. Kochling, Chem. Ber. ,  93, 2372 (1960). 
(18) J.  G. Buchanan and J. C. P. Schwarz, J. Chem. soc., 4770 (1962). 
(19) A. B. Foster, M. Stacey. and S. V. Vardheim, Acta Chem. Scad., 

13, 1605 (1958). 

amorphous solid12 was obtained. Crystallization from N,N- 
dimethylformamide by addition of water gave white crystals, 
m.p. 223-225' dec., identical with those of preparation A .  

Methyl 2-Acetamido-4,6-O-benzyl~dene-2-deoxy-a-~-allopyran- 
oside (VIIIb) .-Reduction of 64.5 mg. (0.20 mmoles) of VIb with 
sodium borohydride, as described for the reduction of VIa, gave, 
after recrystallization from ethanol, 49 mg. (74%) of white 
needles: m.p. 215-216'; vmaX 3500, 3375 (NH, OH), 1635, 
and 1520 cm.-l (amide I and 11), no C 4  near 1740 cm.-'. 
This compound was identical with an authentic sample prepared 
from XIIb by the method of Jeanloz.lO 

Acetylation of a small portion of VIIIb gave the 0-acetyl de- 
rivative IXb, m.p. 216-218', that showed ester absorption a t  
1730 cm. -1; JeanlozIo has recorded m.p. 213-214" (uncor.). 

Methyl 2-Benzamido-4,6-O-benzylidene-2-deoxy-~-~-allo- 
pyranoside (VIIIa). A.-To a stirred solution of 140 mg. (0.365 
mmole) of VIa in 1.5 ml. of N,N-dimethylformamide diluted 
with 20 ml. of methanol was added about 100 mg. of sodium 
borohydride. After 35 min. a t  ambient temperature, the mix- 
ture was heated to boiling, then concentrated to about 1-2 ml. 
by spin-evaporation in vacuo. Diluted with several volumes of 
water, the mixture was thoroughly extracted with chloroform. 
The combined extracts were washed with water, then spin 
evaporated in vacuo. Crystallization from absolute ethanol- 
petroleum ether gave 124 mg. (8873 of product, m.p. 170-175'. 
Recrystallization from the same solvents gave white needles: 
m.p. 176-178'; [ a ] % D  +81 f 4"; vmax 3450, 3380 (OH, NH), 
1630, 1530 (amide I and 11), 1125, 1100 (C-0-C), 750, 696 
(CEHS), and 715 cm.-l (CH of benzoyl), no C 4  near 1745 
cm. -l. 

Anal. Calcd. for C21HaN06: C, 65.4; H,  6.01; N,  3.63. 
Found: C, 65.6; H, 6.01; N, 3.69. 

B.-A solution of 34 mg. (0.105 mmoles) of VIIIb in 4 ml. of 
1 N aqueous sodium hydroxide was refluxed for 19 hr., cooled, 
and extracted with chloroform (five 3-ml. portions). The com- 
bined extracts were washed with a small amount of water, then 
spin evaporated in vacuo. The residual X crystallized on addi- 
tion of ether: yield, 18mg. (61%); m.p. 166" (turbid); vm,,3450, 
3350 (OH, NH), and 1570 cm.? (NH), no amide I or I1 near 
1630 and 1520 crn.?. No attempt was made to purify this com- 
pound (X) further, but the N-acetyl of VIIIb was clearly re- 
moved. 

To a solution of 11 mg. of m in 2 X1. of ethanol was added 12 
mg. of benzoic anhydride. After 20 min., the solvent was re- 
moved in vacuo and the residue was recrystallized from absolute 
ethanol-petroleum ether yielding 9.5 mg. (63%) of VIIIa aa 
white crystals, m.p. 177-179", that were identical with those of 
preparation A. 

Methyl 2-Benzamido-4,6-0-benzylidene-2-deoxy-3-O-mesyl- 
a-D-glucopyranoside (XIIa) .-To a solution of 438 mg. (1.14 
mmoles) of XIa in 6 ml. of reagent pyridine was added 0.22 ml. 
(2.88 mrnoles) of methanesulfonyl chloride. After 26 hr. a t  
room temperature in a stoppered flask, the solution was diluted 
with water and the product was collected on a filter. Recrystal- 
lization from ethanol containing a little acetone gave 453 mg. 
(86y0) of white needles, m.p. 193-197" dec. One more recrystal- 
lization gave the analytical sample: m.p. 195-197"; [a] 2 6 ~  

+77.8 f 1.6'; vmax 3250 (NH), 1640, 1540 (amide I and 11), 
1370, 1170 (sulfonate), 1125, 1100, 1090 (C-0-C), 750, 695 
(C6H5), and 725 cm.? (CH of benzoyl). 

Anal. Calcd. for C22H~5NOsS: C, 57.0; H,  5.44; N ,  3.02; 
S,6.92. Found: C, 56.8; H,5.21; N,3.06; S,6.67. 

An attempt to convert XIIa to VIIIa with sodium acetate in 
boiling 9593 2-methoxyethanol gave as the major product the 
intermediate 2-phenylo~azoline,@~~~ m.p. 195-202" dec., which 
showed C=N absorption a t  1640 cm.?, but no amide I and I1 
near 1640 and 1540 cm.-l; the compound was not further 
characterized. When the supposed oxazoline was refluxed with 
0.5 A' sodium hydroxide in 50% aqueous 2-methoxyethanol for 
20 hr., the material was recovered unchanged. 

(20) W. Roth and W. Pigman. J .  Am. Chem. Soc., 88, 4608 (1960). XIb 
was prepared in our work from methyl 2-acetamido-2-deoxy-a-~-gluco- 
pyranoside in 38% yield by the method used for XIS. 


