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ABSTRACT 

Lead tetraacetate oxidation of 6-acetamido-6-deoxy-D-galactose ( I S )  yielded a syrup which 
was converted to a compound formulated as 4-acetamido-4-deoxy-l,2-0-i~o~ropylidene-D- 
threofuranose (XII). The same syrup was obtained by alkaline degradation of the product of 
oxidation of 5-acetamido-5-deoxy-D-xylose diethyl dithioacetal (XVII) with peroxypropionic 
acid. Treatment of compound XI1 with p-toluenesulfonyl chloride yielded crystalline 
4-acetamido-4-deoxy-1,2-0-isopropylidene-3--p-tolysufo1yl-~-threofuranose (XIII).  

Dernercaptalation of 6-acetamido-2,3,4,5-tetra-0-acetyl-6-deoy-~-gaactose diethyl dithio- 
acetal (SS) with mercuric chloride and cadmium carbonate ~n aqueous acetone did not 
yield a nitrogen-containing septanose ring but  an acyclic derivative. 

CARBOHYDRATES CONTAINIXG NITROGEZV IN A FIVE-MEMBERED RING 

In a previous paper (I)  froin this laboratory the synthesis of methyl 4-acetamido-4- 
deoxy-L-erythrofuranoside (I),  the first example of a sugar with nitrogen in a five- 
inenlbered ring, was described. Very shortly after this announcement, Hanessian and 
Haslcell (2) reported that  they had obtained syrupy 4-acetamido-4-deoxy-L-erythro- 
furanose by the alkaline degradation of 5-acetamido-5-deoxy-L-arabinose diethylsulfonal. 
In the same paper Hanessian and Hasltell reported the preparation of a novel sugar 
derivative, 4-amino-4-deoxy-D-erythronolactain (11). In the present publication we de- 
scribe the synthesis by two different routes of derivatives of 4-acetamido-4-deoxy-D- 
threofuranose (XI).  

1,2;3,4-Di-0-isopropylidene-a-~-ga1actopyran0se (IV) (3) was prepared from D-galac- 
tose (111) and treated with p-toluenesuIfony1 chloride in pyridine to give 1,2;3,4-di- 
O-isopropylidene-6-0-p-to~ylsulfonyl-a-~-galactop~ranose (V) (4). Con~pound V reacted 
with sodium azide in N,N-dimethylformamide t o  afford a homogeneous pale yellow oil, 
the infrared spectrunl of which showed the highly characteristic azide group absorption 
a t  2 100 cm-I but no aromatic ring and sulfonate group absorptions. The new substance 
is therefore G-azido-G-deoxy-1,2;3,4-di-0-isopropylidene-a-~-galactopyranose (VI). This 
derivative could be reduced to 6-ai1~ino-6-deoxy-1,2;3,4-di-O-isoprop~~lidene-a-~-galacto- 
pyranose (VII) ( 5 )  by merely stirring it  with an  excess of Raney nickel, a procedure 
described by Wolfrom et al. (6). Treatment of compound VII with acetic anhydride in 
pyridine afforded a glass which gave a negative ninhydrin reaction. The glassy product 

'Preset~ted i n  part at the Intertzational Synzposiunz on Carbohydrate Clzeftzistry, Miinster, Ju ly  13-17,1964. 
2Present address: Ohio State University, Colunzbz~s, Ohio. 
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showed ainide I and ainide I1 bands in the infrared, and thus is 6-acetainido-6-deoxy- 
1,2;3,4-di-0-isopropylidene-cr-~-galactopyranose (VIII). Hydrolysis of VIII xvith Amber- 
lite IR-120 (H form) resin yielded glassy 6-acetamido-6-deoxy-D-galactose (IX), which 
was characterized by its conversion to crystalline 6-acetamido-6-deoxy-D-galactitol (X) 
on sodiuin borohydride reduction. 

A l l  

I t  has been known for some time that  aldohexoses, when treated with lead tetraacetate, 
rapidly consume 2 moles of oxidant, after which the reaction becomes very slow (7, 8). 
Thus, Perlin and Brice (8) were able to degrade D-glucose selectively to di-0-formy]-~- 
erythrose by oxidation with 2 moles of lead tetraacetate. The ester groups were easily 
hydrolyzed, giving D-erythrose in an overall yield of a t  least 80% of theory. D-Galactose 
showed similar behavior, but the product formed was D-threose esterified with 1.8 forlnate 
groups per molecule (9). Significantly, substitution of the C-6 hydroxyl group in D-glucose 
did not alter the rate of uptake of lead tetraacetate (10). This result implies that the 
primary carbinol group is not involved in the oxidation of D-glucose itself. 

The results cited above suggested that oxidation of 6-acetamido-6-deoxy-D-galactose 
(IX) with 2 moles of lead tetraacetate would yield a 4-acetarnido-4-deoxy-~-threose 
derivative in which there existed the possibility of forination of a nitrogen-containing 
furanose ring. Oxidation of compound I X  with 2 moles of lead tetraacetate follo~ved by 
hydrolysis of the ester groups by heating of the product in water afforded a syrup which 
was reducing towards Fehling's solution and whose infrared spectrum showed absorption 
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SZAREK AND JONES: CARBOHYDRATES CONTAINING KITROGEN 2347 

attributable to OH and a very broad amide I band, but no significant ainide 11 band. 
The infrared data suggested that the new substance exists primarily in the furanose form 
(XI). The results of periodate oxidation in unbuffered aqueous solution were consistent 
also with the proposed structure. The n.1n.r. spectruin in deuterium oxide (Fig. 1) could 

FIG. 1. Nuclear magnetic resonance spectrum of "4-acetamido-4-deoxy-D-threofuranose" a t  room 
temperature. 

not be satisfactorily interpreted, however, on the basis of this formulation. In the region 
1.96-2.15 p.p.m., characteristic of the protons of an N-acetyl group (11), there are five 
pealrs. The portion of thespectru~n from 5.24 p.p.m. to5.43 p.p.m., which can be attributed 
to anoineric protons (12), is also unusually complex. An attractive suggestion is that  the 
new substance is a mixture of a- and 0-anomers, and that each anomer displays restricted 
rotation about the CO-N bond. Such hindered internal rotation has been deinonstrated 
in inethyl 4-acetamido-4-deoxy-L-erythrofuranoside and in two nitrogen-containing 
pyranose sugars (13). In addition there inay be present a small ainount of the acyclic 
form of the compound. 

The new substance appeared on both paper and thin-layer chro~natograins as two spots 
\vhich inoved very close to one another. A separation of the two components by prepara- 
tive paper chromatography was attempted. The zones were located and extracted with 
methanol. Examination of the two extracts on paper chromatograms still showed in each 
case, however, the presence of the two original con~ponents. This observation indicated 
that a transformation of one con~ponent into the other occurred during the extraction or 
chromatography process. 

Treatment of the oxidation product with dry acetone in the presence of anhydrous 
copper (11) sulfate and concentrated sulfuric acid afforded a pale yellow syrup. In contrast 
to the starting material, the product migrated as a homogeneous spot on a thin-layer 
chromatogram. The infrared spectrum of this material showed a doublet of approximately 
equal intensity attributable to a C(CI-13)2 grouping, absorption attributable to OH,  
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and an  amide I band bu t  no amide I1 band. This evidence is consistent with structure X I 1  
for the new compound, which is named 4-acetamido-4-deoxy-l,2-0-isopropylidene-~- 
threofuranose. T h e  n.il1.r. spectrum in deuterium oxide a t  rooin temperature (Fig. 3) 
shows two pealts a t  1.36 and 1.41 p .p .n~ .  which may be assigned to  the protons of an iso- 
propylidene group, and two pealts a t  2.08 and 2.16 p.p.111. in the region characteristic of 
the protons of N-acetyl groups. Since there is no possibility of anoillers in 4-acetamido-4- 
deoxy-l,2-0-isopropylidene-D-threofuranose, the two signals in the  N-acetyl region inay 

FIG. 2. Nuclear magnetic resonailce spectrum of "4-acetamido-4-deoxy-L-erythrofuranose" a t  room 
temperature. 

FIG. 3. Nuclear magnetic resonance spectrum of 4-acetamido-4-deoxy-l,2-0-isoprop~~lidene-~-threo- 
furanose (LXSSVI)  a t  room temperature. 
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arise froin restricted rotation about the CO-N bond. At  80°, however, there was no 
measurable merging of the two signals. Treatment of con~pound XI1 with p-toluene- 
sulfonj~l chloride in pyridine yielded crystalline 4-acetamido-4-deoxy-l,2-0-isopropylidene- 
3-0-p-tolylsulfonyl-D-threofuranose (XIII) .  The  five-membered ring structure of XI11 
was indicated by the absence of the ainide I1 band in its infrared spectrum. The 
n.m.r. spectruin of 4-acetarnido-4-deoxy-1,2-0-isopropylidene-3-O-~-tolylsulfonj~1-~-threo- 
furanose in deuterochloroforn~ a t  roo111 temperature is presented in Fig. 4. The group 
of peaks centered a t  7.60 p.p.m. with an intensity corresponding to four protons inay be 
assigned to  tosyl ring protons. The pealz a t  2.47 p.p.m., corresponding to  three protons, is 
assigned t o  the tosyl methyl group. The n.nl.r. spectruin shows also two peaks a t  1.35 
and 1.39 p.p.n~.  attributable to  the protons of an isopropylidene group. Evidence in favor 
of restricted rotation about the CO-N bond was obtained by the appearance of two 
peaks a t  2.00 and 2.17 p.p.m. which may be assigned to  the protons of the N-acetj.1 group, 
and two doublets a t  5.90 and 6.20 p.p.m. in the general region characteristic of anomeric 
protons. 

In the present work the preparation of the syrupy product obtained by lead tetraacetate 
oxidation of 6-acetamido-6-deoxy-D-galactose was accomplished also by a different 
approach. 1,2-O-Isopropy~idene-5-0-p-toly~sulfonyl-~-xyose (XIV) was prepared fro111 
D-xylose by the method of Levene and Raymond (14). Treatment with sodium azide in 
N,N-dimethylforn~amide gave crystalline 5-azido-5-deoxy-l,2-0-isopropylidene-~-~~lo~~ 
(XV). This compound was readily reduced with Raney nickel a t  room temperature to 
give a crystalline product which, when treated with aqueous acetic anhydride, gave 
5-~c~tainido-5-deoxy-1,2-0-isopropylidene-~-xylose (XVI) (15). The furanose ring of XVI 
could be opened by treatment with ethanethiol and hydrochloric acid to give crystalline 
5-acetamido-5-deoxy-D-xylose diethyl dithioacetal (XVII). Oxidation of co~npound XVII 
with peroxypropionic acid afforded a glass, probably 5-acetamido-5-deoxy-D-xjllose 
diethylsulfonal. Treatment of this material with aqueous ammonia afforded crystalline 
bis (ethylsulfonyl) methane and a syrup. The infrared and proton magnetic resonance 
spectra and chrolnatographic properties of this material were the same as those of the 
syrup obtained fro111 the lead tetraacetate oxidation. 
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SZ.AREK AND JONES: CARBOI-IYDRATES CONTAINING SITROGEN 2351 

I t  is of interest to note that hydrolysis with Amberlite IR-120 (H form) resin of met11)-1 
4-acetainido-4-deoxy-L-erythrofuranosid (I) (1) afforded a reducing syrup which exhibited 
behavior entirely analogous to that shown by the product derived froin the two degrada- 
tion procedures described above. The infrared spectrum of the syrup showed absorption 
attributable to OH and a broad amide I band, but no significant absorption in the region 
characteristic of an ainide I1 band. On the basis of the infrared data and the structure of 
the precursor I ,  a reasonable formulation of the new syrup would be that shon-n by SVI I I .  

The results of periodate oxidation in unbuffered aqueous solution could be accoininodated 
also by this structure. The n.ni.r. spectrum in deuterium oxide (Fig. 2), ho\vever, is 
very complex but resembles closely the spectrum shown in Fig. 1. Two spots \liere detected 
again by both paper and thin-layer chromatography, and an attempted separatioil of the 
components by preparative paper chroinatograph)~ indicated that they are inter- 
convertible. 

ATTEMPTED SYNTI-IESIS O F  A CARBOHYDRATE CONTAINING NITROGEX I N  A 
SEVEN-MEMBERED R I N G  

The synthesis of derivatives of seven-meinbered ring sugars or septanoses has beell 
achieved by iVIicheel et al. (16-18). By a series of reactions a- and 0-1,2,3,4,5-penta-0- 
acetyl-D-galactoseptanose were prepared. The septanose structure was confirmed by 
conversion of the pentaacetate to a methyl tetra-0-methyl-D-galactoseptanoside \vhich, 
upon oxidation with nitric acid, gave tetra-0-methylmucic acid (17). In the present work 
the synthesis of a sugar derivative with nitrogen as the hetero atom in a seven-membered 
ring was attempted by a method analogous to that described by i\/Iicheel and Suc1;fiill (16). 

Treatment of 6-acetainido-6-deoxy-l,2;3,4-di-0-isopropylidene-a-~-galactopyrai~ose 
(VIII) (vide supra) with ethanethiol and hydrochloric acid gave crystalline G-acetamido- 
6-deoxy-D-galactose diethyl dithioacetal (XIX). Acetylation of X I X  with acetic anhydride 
in pyridine then afforded crystalline 6-acetamido-2,3,4,5-tetra-0-acetyl-6-deoxp-~- 
galactose diethyl dithioacetal (XX). Deinercaptalation of compound X X  \\-it11 mercuric 
chloride and cadmium carbonate in aqueous acetone, by the method employed by Wolfronl 
(19) to prepare the monoethyl alcoholate of 2,3,4,5,6-penta-0-acetyl-aldelzydo-galactose, 
gave a crystalline product XXI which, on heating, reduced Fehling's solution. The 
infrared spectruin of this material showed strong absorption attributable to OH, absorption 
owing to 0-acetyl groups, an ainide I band, and an amide I1 band. Thus coinpound XXI  is 
presuinably the aldehydrol of 6-acetamido-2,3,4,5-tetra-O-acetyl-6-deoxy-alde1~ydo-~- 
galactose. Accordingly, compound XXI was allowed to stand in dry pyridine for 24 h and 
then treated with acetic anhydride. The presence of an amide I1 band in the infrared 
spectrum of the product indicated, however, that the desired cyclizatioil to form a 
nitrogen-containing septanose ring had not occurred. 

EXPERIMENTAL 

Melting points were determined on a Fisher-Johns melting point apparatus. Optical rotations were 
measured with a Hilger standard polarimeter. Infrared spectra were measured with a Perkin-Elmer model 21 
spectrophotometer. The 1l.m.r. spectra were determined a t  60 Mc/s with a Varian rl-60 n.rn.r. spectrometer 
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using approximately 10yo by weight solutions; che~nical shifts were determined as  p.p.m. downfield from 
tetramethylsilane as an  external standard for the deuterium oxide solutions and as  an  internal standard for 
the deutero chloroform solutions. Paper chromatography was carried out by the descending method a t  room 
temperature on Whatrnan No. 1 filter paper for qualitative purposes or on Whatman 3 MM filter paper for 
preparative purposes in the following solvent systems (v/v): (A) butan-1-ol:ethanol:water, 3 : l : l ;  (B) ethyl 
acetate:acetic acid:formic acid:water, 18:3:1:4. Sugars were detected on paper chromatograms by the follow- 
ing spray reagents: (i) alkaline silver nitrate (20); (ii) p-anisidine hydrochloride (21); (iii) sodiu~n meta- 
periodate - potassium permanganate (22). Rates of movement of the sugars on paper chro~natograms are  
given relative to that of rhamnose (R,I,). Thin-layer chromatography was carried out on Silica Gel G supplied 
by Research Specialties Company, Richmond, California. The  developed plates were dried in air, sprayed 
with concentrated sulfuric acid, and the11 heated in an  oven a t  about 150". Raney nickel catalyst in water was 
supplied by Aldrich Chemical Co., Inc., hiIilwaukee, Wisconsin. 

1,2;3,4-Di-0-isopropylidene-6-O-p-tolyls~rlfonyl-a-~-galactopyra~cose ( V )  
1,2;3,4-Di-0-isopropylidene-a-D-galactopyrnose (IV) was prepared from D-galactoSe (36 g) according to 

Tipson (3). The crude product (33 g) was dissolved in dry pyridine (65 ~ n l )  and p-toluenesulfonyl chloride 
(36.8 g, 1.5 moles) was added a t  room temperature. After 3 h the mixture was poured into 400 ml of ice-water 
and the precipitated product (44.1 g, 84y0) was isolated in the usual way. After two recrystallizations from 
~nethanol the compound had m.p. 101.5-102.5" and [a]oC5 = -62" (c, 4.33 in chloroform containing 0.75% 
ethanol). Foster et al. (4) report m.p. 89-91' and [ f f ] ~  = -63.4" (chloroform); Freudenberg and Raschig (23) 
report m.p. 102-103". 

6-Azido-6-deo.vy-1 ,2;3,4-di-0-isopropylidene-a-D-galactopyratcose ( V I )  
T o  a solution of 1,2;3,4-di-0-isopropylidene-6-0-p-tolylsulfo1yl-a-~-galactopyranose (V) (27.0 g) in N,N-  

din~ethylformamide (230 ml) was added water (12 ml), sodium azide (6.38 g, 1.5 moles), and urea (0.8 g). 
The mixture was heated for 19 h a t  120' under a stream of nitrogen. The  cooled solution was poured into 
600 ml of ice water and extracted several times with chloroform. The combined extracts were washed with 
aqueous sodium hydrogen carbonate, then with water, dried over anhydrous magnesium sulfate, and con- 
centrated under reduced pressure to leave a pale yellow oil (15.6 g, 84%), [a]u2' = -92.1" (c, 1.48 in chloro- 
form containing 0.75y0 ethanol). Thin-layer chromatography in methanol:benzene, 1:9 (v/v), showed only 
one component. The infrared spectrum of this material in chlorofor~n showed azide absorption a t  2 100 cnl-1, 
but no aromatic ring and sulfonate group absorptions, and no hydroxyl group absorption. 

6-An~itzo-6-deoxy-l,2;S,4-di-0-isopropylidene-a-~-galactopyra~ose ( V I I )  
A solution of 6-azido-6-deoxy-1,2;3,4-di-0-isopropylidene-a-~-galactopyranose (VI) (14.4 g) in methanol 

(300 ml) was treated with Raney nickel (SO g) for 44 h, filtered, and concentrated to  give a pale yellow syrup 
(13.7 g). The infrared spectrum of this material in chloroform showed N-H deformation vibration a t  
1587 cm-I and N-H stretching vibration in the 3 300 cnl-I region, but no absorption attributable to  an  
azide grouping. The product was distilled to  yield a mobile colorless syrup which had [ f f ] ~ ~ '  = -44.0" (c, 1.31 
in methanol). Veksler et al. (5) report [a]uZL = -40.1' (in methanol) for syrupy 6-amino-6-deoxy-1,2;3,4-di- 
0-isopropylidene-a-D-galactopyranose. 

6-Acelamido-6-deoxy-1,2;S,4-di-0-isopropylidene-a-~-galactopyanose ( V I I I )  
T o  a solution of 6-amino-6-deoxy-1,2;3,4-di-0-isopropylidene-a-~-galactopyranose (VII) (12.2 g) in 

reagent pyridine (45 ml) was added acetic anhydride (17 ml) portionwise with ice-cooling. After 20 h a t  room 
temperature the solution was poured into 400 ml of ice water, and the mixture was extracted several times 
with chloroform. The combined chloroform extracts were washed with water, then shaken with an aqueous 
solution of cadmium chloride (to remove pyridine). The pyridine - cadnliunl chloride con~plex was filtered, 
the chloroforrn solution washed with water, dried over anhydrous magnesium sulfate, and concentrated 
under reduced pressure to  leave an almost colorless glass (15.5 g). This material gave a negative ninhydrin 
reaction and had [ff]DZ3 = -8.3" (c, 1.81 in chlorofor~n containing 0.75% ethanol). The infrared spectrum in 
chloroforrn showed N-H stretching vibration absorption a t  3 440 cm-I, an  a~n ide  I band a t  1 663 cm-I, an 
amide I1 band a t  1 520 cm-I, and a doublet a t  1 387 cnl-I and 1 376 cnl-I attributable to  C-H deformation 
vibrations of a C(CH3)a grouping. 

6-Aceta7izido-6-deoxy-~-galactose ( I X )  
A suspension of 6-acetamido-6-deoxy-1,2;3,4-di-0-isopropylidene-a-~-galactopyranose (VIII) (1.5 g) in 

water (225 ml) was stirred with 7.5 g of Amberlite IR-120 (H form) resin a t  60' for 3; h. The  resin was then 
removed by filtration, and the filtrate was shaken briefly with a small amount of Duolite A-4 (OH form) 
resin to  remove any trace of acid. The  resin was removed, and the clear colorless solution was concentrated 
under reduced pressure to  leave a colorless glass (1.2 g). This material was reducing towards Fehling's solu- 
tion, and had [ f f ] ~ ~ ~  = +81° (constant, during 24 h) (c, 1.24 in water). Thin-layer chromatography in 
3-propanol:benzene, 1:2 (v/v), showed only one component; paper chromatography also showed only one 
component with R r e  0.50 (solvent A, sprays i and ii). 
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6-Acetaiizid0-6-deoxy-~-,oa~attito~ ( X )  
T o  a cold solution of 6-acetamido-6-deoxy-D-galactose (IX) (0.26 g) in water (10 ml) 0.26 g of sodium 

borohydride was added, with shaking. The solution was allowed to stand in a refrigerator for 3 h and then 
30 min a t  room temperature. Excess sodium borohydride was destroyed by the addition of acetone, and the 
solution was then passed through Amberlite IR-120 (H form) exchange resin. The eluate and washings were 
concentrated to dryness under reduced pressure. Boric acid was removed by repeated distillation with 
methanol. .-I white crystalline material was obtained which was recrystallized from methanol to give crystals 
(0.12 g) which had [a]D2' = +20.4' (c, 1.38 in water), R,L 0.6 (solvent A, spray i), and m.p. 183-183.5'. 
The infrared spectrum in Nujol mull showed strong absorption a t  3 280 cm-I attributable to OH and NH, an  
alnide I band a t  1 645 cm-I, and an  amide I1 band a t  1 557 cm-I. 

.%rial. Calcd. for C ~ H ~ T O G N :  C, 43.04; H, 7.68; N, 6.28. Found: C, 42.78; H, 7.58; N, 6.48. 

Lead Tel~aucetate Oxidatiott of 6-Acetanzido-6-deoxy-D-galactose ( I X )  
T o  a rapidly stirred solution of 6-acetan1ido-6-deoxy-~-galactose (0.53 g, 0.00238 mole) in 2 ml of water 

and 50 ml of acetic acid was added lead tetraacetate (2.2 g, 0.00497 mole), prepared according to the pro- 
cedure of \'ogel (24), over a period of 3 to 4 min. After 18 min oxalic acid dihydrate (ca. 0.7 g), dissolved in 
glacial acetic acid, was added, and the suspension was stirred for an  additional 30 min; a negative potassium 
iodide - starch test was then obtained. The precipitate was filtered ocf and washed with acetic acid, and the 
filtrate was concentrated under reduced pressure a t  35' to a volume of a few milliliters. Ethyl acetate was 
added and the precipitate which formed was triturated with several portions of ethyl acetate. The extracts 
were combined, filtered, and concentrated to a syrup which was further purified by extraction with ethyl 
acetate. The product was a pale yellow syrup (0.40 g). 

The yellow syrup was talren up in water (25 ml) and heated on a stream bath for 3 h. The solution was then 
concentrated under reduced pressure to yield a light brown syrup (0.26 g) which was examined on paper 
chromatograms. Sprays i and ii showed the presence of 6-acetamido-6-deoxy-D-galactose a t  R,,, 0.5 and two 
closely moving components a t  R,h 1.05 and 1.32 (solvent A). The two components having R,I, 1.05 and 1.32 
were separated as one fraction from the 6-acetamido-6-deoxy-D-galactose by preparative paper chromatog- 
raphy in solvent A. The syrupy fraction was purified by dissolving it in water and washing the solution with 
chloroform. Concentration of the aqueous phase under reduced pressure gave an  almost colorless syrup (ca. 
0.14 g) which reduced Fehling's solution in a few minutes on heating, and had [a]D2' = -15.5" (c, 1.68 in 
methanol). In solvent B the syrup was revealed as two spots a t  R,I, 1.06 and 1.13 (sprays i and ii). Two spots 
were detected also by thin-layer chromatography in 2-propanol:benzene, 1:2 (v/v). The infrared spectrum 
of this material (smear between "IRTRAN-2" plates) showed strong absorption a t  3 380 cm-I attributable to 
OH, and a very broad band a t  1 627 cnl-I attributable to N-Ac. 

A separation of the two components was attempted by preparative paper chromatography using solvent A. 
The zones were located (spray i),  cut, and extracted with methanol. Examination of the two extracts on paper 
chromatogra~ns still showed in each case the presence of the two original components. 

~ - A c e t a ~ 1 z i d o - / t - d e o x y - 1 , 2 - 0 - i s o p r o p y l ~ ~ r a z o s e  ( X I I )  
T o  a portion (0.096 g) of the lead tetraacetate oxidation product were added dry acetone (20 ~ n l ) ,  anhydrous 

copper sulfate (2 g), and concentrated sulfuric acid (1 drop). The mixture was shaken mechanically for 24 h 
and filtered, and the filtrate was then poured into a rapidly stirred saturated aqueous solution (ca. 24 ml) 
of sodium hydrogen carbonate. Most of the acetone was removed by evaporation under reduced pressure 
and the solution was then continuously extracted with chloroform overnight. The chloroform extract was 
dried over anhydrous magnesium sulfate and concentrated under reduced pressure to leave a pale yellow 
syrup (0.058 g). This material was distilled under vacuum to yield a syrup which had [ a ] ~ ~ "  +162" 
(c, 1.64 in methanol). Thin-layer chromatography in methanol:benzene, 1:9 (v/v), showed only one com- 
ponent. The inrrared spectrum of this material in chloroform showed absorption a t  3 420 cm-I attributable to  
OH, a doublet of approximately equal intensity a t  1382 and 1391  cm-' caused by an  isopropylidene group- 
ing, and an amide I band a t  1 645 cnl-' but no aniide I1 band. 

Anal. Calcd. for C ~ H L ~ ~ O I N . ~ H ? O :  C, 51.5; H,  7.62; N, 6.68. Found: C, 51.9; H, 7.28; N, 6.15. 

4-Acetanzido-4-deosy-1 , d - 0 - i s o p r o p y l ~ o s e  ( X I I I )  
Syrupy 4-acetan~ido-4-deoxy-1,2-0-isopropylidene-~-threofuranose (0.51 g) was dissolved in dry pyridine 

(10 ml) and p-toluenesulfonyl chloride (0.57 g, 1.2 moles) was added a t  room temperature. After 24 h the 
solution was poured into ice water; a crystalline material separated after a few min. The product (0.61 g) 
was recr)stallized from ether to give crystals which had m.p. 129-129.5' and [a]D = +84O (c, 1.73 in 
chloroform containing 0.75% ethanol). The infrared spectrum in (ICBr) showed absorption a t  1600 cm-I 
attributable to an aromatic ring, and an amide I band a t  1 6 5 3  cm-1, but no absorption attributabIe to OH, - 
nor an aiuide I1 band. 

Anal. Calcd. for C ~ G H ~ ~ O G N S :  C, 54.07; H, 5.96; N, 3.94. Found: C, 53.86; H ,  5.76; N, 4.05. 

1,2-0- Isopropylidette-5-0-fi-tolylsz~lfolylose ( X I  V) 
This compound was prepared from D-xylose (33 g) by the method of Levene and Raymond (14). T h e  
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crystalline product (44 g, 58)y0 was recrystallized from ethyl acetate and it then melted a t  133-134" and had 
[ f f ] ~  = -12.4" (c, 2.9 in chloroform containi~ig 0.75% ethanol). Levene and Raymond report m.p. 133-134' 
and [ a ] ~ "  = -13.0" (6, 2.0 in chloroform). 

6-Azido-6-deoxy-l,2-O-isopropylidene-~-xylose ( X  V )  
T o  a solution of 1,2-0-isopropy~idene-5-0-p-to~y~su~fo1iy-~-xyose (14.0 g) in iV,N-diinethylforinlide 

(125 ml) was added water (6.5 ml), sodium azide (3.4 g), and urea (0.25 g). The  ~iiixture was heated over- 
night a t  110" under a stream of nitrogen. The  cooled solution was poured into 150 ml of ice water and extracted 
with chloroform. The combined extracts were washed with aqueous sodium hydrogen carbonate, then with 
water, dried over anhydrous magnesium sulfate, and concentrated under reduced pressure to leave a yellow 
syrup (9.2 g) which appeared as  one spot on a thin-layer chromatogram run in methanol:benzene, 1:9 
(v/v). This syrup was crystallized from ch1oroform:n-hexane, ca. 1:15 (v/v), as  long needles. X further 
recrystallization gave material of m.p. 58.5-60" and [a]~'l = 44' (c, 1.55 in methanol). The  infrared spectrum 
in chloroform showed absorption a t  3 480 cm-I attributable to OH, a doublet of approximately equal 
intensity a t  1 382 and 1 391 cm-I caused by an isopropylidene grouping, and strong absorption a t  2 115 cin-I 
caused by an azide group, but no aromatic absorptions. 

Anal. Calcd. for CsH130eN3: C, 44.64; I1,6.09; N, 19.53. Found: C, 44.66; H, 6.07; N, 19.62. 

6-Acetamido-6-deoxy-l,2-0-isopropylidene-~-xylose ( X  V I )  
T o  a solution of 5-azido-5-deoxy-l,2-0-isopropylidene-~-xylose (2.0 g) in methanol (60 1111) was added 

Raney nickel (35 g). The mixture was shaken inechanically overnight, fresh catalyst (10 g) was added, and, 
after it was shaken for an  additional 4 h, the solutioli was filtered and concentrated under reduced pressure 
to  give a crystalline product (1.1 g). This material could be readily recrystallized from ether. A sharp melting 
point was not obtained, however, but rather the crystals started to  soften a t  104' and finally melted a t  
107.5-109". The substance is hygroscopic, and satisfactory analytical results were not obtained. The  
infrared spectrum in chloroform showed absorption a t  3 350 cm-I attributable to  OHand  NHaiid absorption 
a t  1 382 and 1 392 cm-I caused by a n  isopropylidene grouping, but  was devoid of azide absorption. 

A portion (0.95 g) of the crystalline compound obtained above was dissolved in water (7.7 1111) and treated 
with acetic anhydride (1.1 ml). The  solution was allowed to  stand for 20 inin with occasional shakiiig, 
then was concentrated under reduced pressure to leave a light brown syrup (0.98 g) which crystallized on 
standing. Recrystallization from chloroform-hexane-ether gave rectangular plates with the saiiie melting 
point and infrared spectrum as  those of the previously reported (15) 5-acetamido-5-deoxy-1,2-0-isopropyl- 
idene-D-xylose. 

6-Acetamido-6-deoxy-D-xylose Diethy1 Dithioacetal (X V I I )  
5-Acetamido-5-deoxy-1,2-0-isopropylidene-~-xylose (0.4 g) was suspended in ice-cold concentrated hydro- 

chloric acid (2.8 inl). Cold ethanethiol (2.8 ml) was then added, and the mixture was stirred in an  ice-water 
bath for 7 h and finally left to stand in a refrigerator overnight. The  mixture was then diluted with cold 
methanol and neutralized with lead carbonate and filtered, and the filtrate concentrated under reduced 
pressure to  leave a clear colorless syrup which crystallized immediately (0.4 g, 78%). This inaterial was 
recrystallized from methanol-ether to  give white glistening crystals which had n1.p. 106-107°, [ff]D2" 0° 
(c, 2.50 in methanol), and R,1,2.3 (solvent A, spray iii and iodine vapor). The infrared spectrum in chloroform 
showed absorption a t  3 460 cin-I attributable to O H  and NH,  a n  amide I band a t  1 662 cm-1 and an amide 
I1 band a t  1 525 cm-l. 

Anal. Calcd. for Cl1H?3OdNSz: C, 44.4; H, 7.80; N, 4.71. Found: C 44.33; H,  7.85; N,  4.73. 

Sulfone Degradatiott 
T o  a solution of 5-acetamido-5-deoxv-D-xvlose diethvl dithioacetal (0.30 cr) in dioxane (5 1111) was added. , , % ", ~, 

dropwise with shaking, peroxypropionic acid (25) (15yo excess over the required 4 molar equivalents) over a 
period of 10 min. The  solution was allowed to  stand for 10 min and then cooled in ice for 1 h. The  clear 
solution was then concentrated under reduced pressure to  a syrup which was repeatedly dissolved in methanol 
and reconcentrated until only traces of peroxypropionic acid remained. The  syrup was dried over potassium 
hydroxide in a desiccator to  yield a colorless glass (0.38 g), the infrared spectrum (chloroform) of which 
showed amide bands a t  1 653 and 1 545 cm-I. Spray iii showed the presence of only one coinponent a t  R,I, 
2.02 (solvent A). 

The preceding product (0.33 g) was dissolved in dilute aqueous aininonia (5 ml, pH 8-9). After 5 min the 
pH fell to  5 and was restored with more ammonia solution. Paper chromatography indicated that degradation 
was nearly complete in 5 h. The solution was allowed to  stand a t  room temperature overnight. X small 
amount of a fine precipitate appeared which was removed by filtration. The pH of the filtrate was adjusted 
to 3 4  with dilute acetic acid, and the solution was then passed through Amberlite IR-120 (H form) and 
Duolite A-4 (011 form) ion exchange resins. The  eluate was extracted three times with chloroform, and the 
combined extract was dried over anhydrous magnesium sulfate and concentrated under reduced pressure to 
yield a white solid (0.087 g). After recrystallization from water this material melted a t  101-102°, and showed 
no depression on the melting point on admixture with a n  authentic sample of bis-(ethylsulfonyl)-methane. 
The  aqueous phase was concentrated under reduced pressure to  leave a syrup (0.10 g) whose infrared and 
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n.m.r. spectra and chromatographic properties were the same as those of the product from the lead tetra- 
acetate oxidation. 

Hydrolysis of Jfetlzyl 4-Aceta7izido-4-deory-L-erythrof ltra7roside (I) 
aqueous solution (25 ml) of methyl 4-acetamido-4-deoxy-L-erythrofuranosid (I) (0.094 g), purified 

through the di-0-acetyl derivative (I) ,  was stirred with 1 g of ilmberlite IR-120 (I3 form) resin a t  60' for 1 h. 
The resin was then removed by filtration, and the filtrate was shaken briefly with a small amount of Duolite 
A-4 (OH) form) resin to remove any trace of acid. The resin was removed, and the solution was concentrated 
under reduced pressure to leave an almost colorless syrup (0.075 g) which was examined on paper chromato- 
grams. Sprays i, ii, and iii showed the presence of components a t  R,I, 1.00 and 1.18 (solvent A). In solvent B 
an elongated spot a t  Rrl, 1.12 (possibly two spots) was detected. Two spots were detected also by thin-layer 
chromatography in 2-propanol:benzene, 1:2 (v/v). The syrup was reducing towards Fehling's solution and 
had [a]~~' = -6.6" (c,1.54 in methanol). The infrared spectrum of this material (smear between "IRTRAN-2" 
plates) showed strong absorption a t  3 360 c~n-1 (OH) and a very broad band a t  1 617 cm-I (N-Ac). Attempts 
were made to separate the two components by preparative paper chromatography using solvents A and B. 
The zones were located (spray i), cut, and extracted with methanol. Examination of the extracts on paper 
chromatograms still showed in every case the presence of the two original components. 

Periodate O.vidatio7zs 
The compound under examination (10-15 mg) was dissolved in water containing 0.3 ilJ sodium metaperio- 

date solution (1 ml). The total volume was made up to 25 ml with additional water. il blank experiment 
was carried O L I ~  a t  the same time. The oxidation was carried out in the dark and a t  room temperature. Formic 
acid yield and periodate ~~ptalce  were determined in the usual fashion (26). The results are summarized in 
Table I. 

TABLE I 
Periodate oxidations 

(a) "4-Acetamido-4-deoxy-D-threofuranose" 
Time (h) 0 .35 1 .35  4.92 9.94 25.1  76 .1  
Periodate (moles/mole) 1 .08  1 . 2 4  1.39 1 .75 1 .74 1 .77  
Form~c  acid (moles/mole) 0.79 0.93 1 .13 1 .51 2.04 

( b )  "4-Acetamido-4-deoxy-L-erythrofuranose" 
Time (h) 0 .35 1 .28 5 .85 10.8  25.6  74.7 
Periodate (moles/mole) 1 .42 1 .60 1.77 1 .70 1 .75 1 .84 
Formic acid (moles/~nole) 0.72 0.97 1 .10 1 . 2 5  1.29 1 .35  

6-Acetanzido-6-deo.vy-D-galactose Diethyl Ditlzioacetal (XIX) 
A solution of 6-acetamido-6-deoxy-1,2;3,4-di-0-isopropylidene-a-~-galactopyraose (VIII) (7.7 g) in 

concentrated hydrochloric acid (46 ml) a t  0 "C was stirred with ethanethiol (45 ml) for 12 h a t  0 O C .  The 
mixture was then diluted with cold methanol and neutralized with an excess of lead carbonate. The solution 
was filtered and concentrated under reduced pressure to a volume of about 100 ml, whereupon a white crystal- 
line material separated from solution (5.0 g). This solid was recrystallized from methanol-ether to give crystals 
which had m.p. 182.5-184", [ a ] ~  = +16.6" (c, 1.00 in methanol), and Rrh 2.18 (solvellt A, spray iii, and iodine 
vapor). The infrared spectrum (Nujol mull) showed strong absorption a t  3 270 cm-I attributable to OI i  and 
NH, and arnide I band a t  1 645 cm-I and an amide I1 band a t  1 564 cm-l. 

Anal. Calcd. for C12I-I?,OENS?: C, 44.0; H, 7.64; N, 4.28. Found: C, 44.2; H, 7.S2; N, 4.68. 

6-Aceta~tzido-2,S,~,5-tetra-0-acetyl-6-deosy-~-gnlactose Dietlzyl Dithioacetal (XX) 
A solution of 6-acetamido-6-deoxy-D-galactose diethyl dithioacetal (4.7 g) in dry pyridine (100 ml) \\.as 

cooled in an ice-watcr bath and treated with acetic anhydride (28 ml). The clear colorless solution was left 
to stand in a refrigerator for 22 h, then a t  room temperature for 1 h and poured into ice water (800 ml), 
and the niixture extracted several tiines with chloroform. The combined extracts were washed with water, 
then shaken with an  aqueous solution of cadmium chloride. The pyridine - cadmium chloride complex was 
liltered, and the chloroform solution \\'as washed with water, dried over anhydrous magnesium sulfate, and 
concentrated under reduced pressure to leave a white crystalline material (6.0 g, %yo). Two recrystallizations 
from methanol-water gave crystals which melted a t  131°, and had [a]n = 84" (c, 1.73 in chloroform containing 
0.75% ethanol). The infrared spectrum in chloroform showed N H  stretching vibration a t  3 430 cm-l, absorp- 
tion a t  1743  cm-I caused by 0-acetyl groups, an amide I band a t  1 675 cnl-l, and an amide I1 band a t  1520  
c111-l. 

Anal. Calcd. for C?oH330gNS2: C, 48.48; H, 6.71. Found: C, 48.36; H, 6.53. 

Demercaptalation of 6 - A c e t a ~ r 1 i d o - b , S , 4 , 5 - t e t r a - 0 - a ~ e t y l - 6 - d e o ~ 1 a c t 0 s e  Diethy1 Dithioacetal 
6-Acetamido-2,3,4,5-tetra-0-acetyl-6-deoxy-~-galactose diethyl dithioacetal (1 g) was dissolved in acetone 

(14 ml). Water (6 ml) and an excess (2 g) of c a d m i ~ ~ m  carbonate were added, and under rapid stirring a 
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solution of mercuric chloride (1.96 g, 3.6 moles) in acetone (8 ml) was gradually added. Stirring was main- 
tained a t  room temperature for 24 h with occasional additions of cadmium carbonate. The solution was then 
filtered, a n  excess of fresh cadmium carbonate being placed in the suction flask, and the precipitate was 
washed with acetone. The filtrate and washings were then concentrated under reduced pressure (water bath 
temperature 35') and in the presence of excess cadmium carbonate. The residue was extracted several tinles 
with warm chloroform; the  combined extracts were then cooled and filtered. The chloroform filtrate was 
washed with water, with aqueous solution of potassiunl iodide and again with water. The chloroform solution 
was dried over anhydrous magnesium sulfate and concentrated under reduced pressure to leave n thiclc 
syrup (0.35 g). Thin-layer chromatography of this material in 2-propanol:benzene, 1:2 (v/v), showed an 
elongated spot (possibly two spots) which moved a t  a slower rate than the  starting material. The syrupy 
product crystallized on contact with ether. The  ether was evaporated and the  crude product was dissolved 
in acetone:ether, 2:l  (v/v);  hexane was then added to opalescence. The crystals (XXI)  which separated 
(0.10 g) reduced Fehling's solution on heating and migrated as  a single spot with slight tailing on a thin-layer 
chromatogram. The  mother liquors had trace quantities of two faster nloving components. The  crystals did 
not melt sharply, but rather started t o  soften a t  90' and finally melted a t  116". The  infrared spectrum (Xujol 
mull) showed strong absorption a t  3 400 cm-I attributable to OH, absorption a t  1 753 cm-I caused by 0-acetyl 
groups, an  amide I band a t  1 663 an-', and an alnide I1 band a t  1 553 cm-I. 

Attempted Cyclisation of X X I  
The preceding product X X I  (0.072 g) was allowed to stand in dry pyridine (5 ml) for 24 h a t  room tempera- 

ture. In a few hours the solution assumed a yellow color and finally darkened to  orange. The solution was 
then cooled in an  ice bath and treated with acetic anhydride (0.75 ml). After 1 h a t  0' and a t  roonl tempera- 
ture overnight, the solutio~l was poured into ice water, and the product extracted with chloroforn~. The extract 
was washed with water, then shaken with an  aqueous solution of cadmium chloride. The  pyridine - cadmium 
chloride complex was filtered off, the chloroform filtrate washed with water, dried over anhydrous n~agl~esiuln 
sulfate, and concentrated under reduced pressure to  leave a slight brown syrup (0.026 g). This nlaterial was 
distilled under vacuum to yield a yellow syrup. Thin-layer chromatography in 2-propanol:benzene, 1:2 (v/v), 
showed the  presence of only one component which migrated faster than XXI.  The infrared spectrum in 
chloroform showed weak absorption a t  3 525 cm-I attributable to N H  stretching vibrations, strong 
absorption a t  1 757 cm-'caused by 0-acetyl groups, a n  amide I band a t  1 685 cm-I, and an amide I1 band a t  
1 528 cm-I. 
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