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A program of synthesis m tLs laboratory 1s concerned with 4-ammo-4-deoxy 
sugars1-3 The 4-ammo-,+deoxyhexoses ht vmg the D-m~nno and D-tale configurations 
have been prepared3B4 In an earher report5. +he syntheas of gacetarmdo-4,5-drdeoxy- 
L-xylose was described,, and It was shown that the sugar ex1st.s m aqueous solution 
mamly as the anomenc furanose forms, with mtrogen as the nng hetero-atom 
Concordant observations have been reported6 for the D enantiomorph In the 
case of 4,5-dlacetamrdo-4,5-&deoxy-r_.-xylose, which has been reported as a syrup6 
and also m crystalline form’, the more favorable, pyranose ring-form IS possible, 
and tls appears to be the ring form adopted m aqueous solutlon, mtrogen IS agam 
the hetero-atom in the rmg An acetamldo sugar has been prepared by Dick and Joaess 
by treatment of methyl 2,3,4-tn-O-(methylsulfonyl)-a-o-xylopyranoslde wltb sodmm 
azxde, followed by a senes of transformations on the product, and It was deduced on 
mechamsW grounds and from data of penodate ox&&on that the product was 
4-acetanudo-4-deoxy+xylose Infrared spectral data mdlcated that the favored nng 
form of the acetamldo sugar IS pyranold, mth oxygen as the hetero atom m the nng 
A degradatlve route to denvatlves of GUS ammo sugar, by way of uromc acldmter- 
mediates, has been notedg. 

The present report describes the synthesis of 4-acetamldo-4-deoxy-L-xylose 
by a stereochemlcally defimtlve route mvolvmg C-5 to C-6 cleavage of a 2-ammo- 
2-deoxy-D-glucltol denvative It IS shown that the sugar exists m aqueous solution as a 
mncture of the anomenc pyranose forms 

The startmg pomt In the synthesis was a-deoxy-2-(2,4-dmitroamhno)-D- 
glucltol (l), prepared lo from 2-ammo-2-deoxy-D-glucltol hydrochlonde The latter 
couid be obtamed by reductlon” of 2-ammo-2-deoxy-D-glucose hydrochlonde wth 
hydrogen over Raney mckel Yields were only moderate when this reduction was 
performedon a 100-g scale N-Acetylafion’2 of the ammo sugar, followed by reduction’ l 
with hydrogen over Raney mckel, gave 2-acetamrdo-2-deoxy-D-gIua?o!, wbch was 
hydrolyzed to @ve 2-ammo-2-deoxy-D-glucltol hydrochlonde , all products were 
obtamed m crystalhne form and m a Iugh yleId 

Acetonation of 1 gave the crystalhne 3,4 5,6dusopropyhdene acetal (2), 
which was further characterized as Its r-0-(p-tolylsulfonyl) denvatlve. The pos~~ons 

*For a prehnunary communIcatlon, see ref I 
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of the U-lsopropyhdene groups m 2 were asslgned by analogy with the known 2-acet- 
anudo analog” of 2, and also w&h 2-acetanudo-2-deoxy-3,4 5,6-&-O-lsopropyhdene- 

D-glucose &ethyl Qthoacetal ’ l4 ls Subsequent converslons from 2 verified this 

assgnment 
Pamal hydrolysis by acid of the dnsopropyhdene acetal(2) under nuld conditions 

removed one O-isopropyhdene group, and the product was shown to be z-deoxy-a- 
(z,+dnutroaruhno)-3,4-U-lsopropyhdene-D-glucltol (3) by the fact that on penodate 
oxidation It consumed one mole of oxidant urlth the formation of a pentose derivative. 
Substance 3 was encountered as the orange, anhydrous form, m p 128-12g”, and also 
as a stable, yellow, solvated form, m p 95-96” The latter was converted mto the former 
by vigorous drymg or by heatmg to IIOO, but it could be recrystallized unchanged 
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from chloroform Acetylatlon of either form gave the I,g,6-tnacetate of 3 Removal 

of the IV-substltuent from 3 by treatment with Dowex-I (OH-) Ion-exchange lesm, 
mth subsequent acetyiatlon, gave crystalhne 2-acetanudo-r,5,6-trM)-acetyl-2-deoxy- 
3,4-O-lsopropyhdene-D-ghWo1. 

Preparative penodate oxldatlon of 3 (either form) gave 4-deoxy-&z,g&mtro- 
amhno)-a,3-O-isopropyhdene-&?e&&L-xylose (4) as a glass, whch m the infrared 
spectrum showed absorption for the aldehyde group Cyclization of this denvative is 
presumably prevented by the fact that a trans-fused 2,3-O-lsopropyhdene group 
would result Hydrolysis of the O-lsopropyhdene group wth aqueous acetic acid gave 
crystaIhne4-deoxy-&,&mtroamhno)-L-xylopyranose (5) The rmg size of this prod- 
uct was m&cated by the absence of carbonyl absorption m the Infrared spectrum, and 
by the fact that acetylation w&h acehc anhydride-pyndme gave a syrupy tiacetate 
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which showed absorptrons for the NH group in the infrared and n m r. spectra A 
furanose form would have gtven a tetraacetate havmg no NH group, and an acychc 
form of the free sugar wouid have exhtbited carbony absorption. 

Acetonatron of 5 gave a crystalhne mono-U-rsopropyhdene denvatrve m hrgh 
yxeld, whrch was shown to be 4-deoxy-4-(a,@mitroamlmo)-1,2-U-rsopropyhdene-cr- 
L-xyIopyranose (6), acetylation gave the crystalline 3-acetate of 6 The structure assrg- 
ned to 6 was based on the followmg facts; the substance was nomeducmg; rt was 
drfferent from 4; and removal of the N-substrtuent from 6 gave a nonreducmg +ammo- 
4-deoxypentose derivative (7) which consumed one mole of penodate Further con- 
cordant data were provrded by the n m r spectra of some of the transformation 
products No further acetonation of 6 was observed when treatment wrth acetone 
was prolonged, even though a 1,2 3.5~dx-0-rsopropyhdene denvatrve of the furanose 
form might be consrdered possrble 

Removal of the N-(2,4dnutrophenyl) group from 6 gave crystalline +ammo- 
gdeoxy-r,a-0-rsopropyhdene-a-L-xylopyranose (7) III good yreld, the product 
consumed one mole of periodate rapidly (5 mm) The oxrdant consumptron remamed 
constant for several h, and slow overoxrdatron was subsequently observed 

Acetylatron of 7 gave crystalhne +acetanudo-3- 0-acetyl-4-deoxy-r ,a- U- 
Isopropyhdene-a-L-xylopyranose (S), and O-deacetylatron of 8 gave the correspondmg 
syrupy 3-hydroxy denvattve (9) Removal of the O-lsopropyhdene group from 9 by 
mud, acrd hydrolyses gave4-acetamrdo-+deoxy-L-xylose(lO) as a chromatographtcally 
homogeneous, crystalhne product, m p 155-157”, [aID -_53+-49” (water) The 
acetamrdo sugar 10 could also be prepared duectly, m one step, from 4-ammo+ 
deoxy-r,z-0-rsopropyhdene-a+xyIopyranose (7), by treatment of 7 m aqueous 
solutton wrth acettc anhydnde, selectrve N-acetylatron took place and the acetrc 
acrd formed by hydrolysis of the excess acetrc anhydrrde caused cleavage of the 
0-rsopropylidene group 

The yields for all steps m the syntheas were at least 50%, and most were consi- 
derably higher The overall yreld m the conversron of t-ammo-2-deoxy-D-glucose 
hydrochloride mto 4-acetamrdo+deoxy-L-xylose (10) wa x about IO % when punfica- 
tron at some of the mtermedrate stages was onutted The meltmg point observed for 
the final product (10) IS m good agreement wrth the value (157-158”) reported by 
Dick and Jones8, but the specific rotation (-22-+---16~ m water) reported* for 10 
by these authors differs from that found m the present work* 

The Infrared spectrum of the crystalhne acetamrdo sugar 10 showed absorptrons 
typrcal of the amtde carbonyl and amrde NH groups A solutton of the sugar m deute- 
num oxrde, at room temperature and at mutarotattona1 eqmhbnum, showed a narrow 
doublet m the n m r spectrum, at z 4 78, J r ,2 3 c p s , assrgned to the equatonal H-I 

*In a personal commumcat~on (June 20, I 965) Professor J K N Jones has stated that the i r spectra 
of our substance 10, and the product of Dxk and Joness. are Identical. In a repeat preparatron, Dxk 
and Jones have observed an eqmhbrmm specfic rotation of -43 5” (c o 93, water) for their product 
A sample provided by Professor Jones had an X-ray powder dlffractlon pattern ldentlcal to that of 
substance 10 
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of the a-L-pyranose anomer of 10. The signal of the axral H-I of the /I-L anomer was 
not observable at room temperature because of interference by the HOD signal The 
latter srgnal was shrfted upfield16S17 m the spectrum measured at 80” (Ag I), and the 
(axial) H-I signal of the P-L pyranose anomer was clearly observable at r 5 44 as a 
wade doublet, J1,2 7 6 c p s , the total mtegral of both H-I signals corresponded 
to one proton The magmtudes of the observed J, 2 couplmgs leave no doubt that the 
anomenc pyranoses are mvoived, and the fact that the chemical shrfts of the H-I 
signals of the anomers correspond closely to those reported16 for the anomenc 
n-xylopyranoses provides further con&-matron Integration of the spectrum indicated 
that the a-~ and B-L anomers of 10 are present m a 2 3 ratio at eqmhbnum 

Fig I The 6o-MC p s n m r spectrum of &acetarmdo-4-deoxy-L-xylose (10) at eqmhbrmm m deu- 
tenum oxide, at 80” 

The small amount of mutarotatlon observed wrth 10, m relation to the anomeric 
composlhon at eqmhbnum m aqueous solution, suggests that the crystalhne product 
1s a co-crystalhzed mixture of anomers (compare ref. 17). A solution of 10 in methyl 
sulfoxide-d6 showed srgnals for H-I of both pyranose auomers. 

The n m r. spectrum of 4-acetamido-3- O-acetyl-4-deoxy-r,2- O-lsopropyhdene- 
a-L-xylopyranose (S), when measured m chloroform-d, showed (Frg 2) a broad, 
one-proton signal at low field (r 3 60), w&h was assigned to the NH proton, since it 
disappeared on deuteratron ‘flus observation provided independent evidence that 
compounds 6,7, 8, and 9 do not have the mtrogen atom m the ring A two-proton 
multrplet at T 4 91 in the spectrum of 8 (m chloroform-d) was assigned to H-I and H-3, 
the two protons most strongIy deshlelded of those attached to carbon The overIap 
of these two signals made analysrs drfhcult, but the signals were well separated when 
the spectrum was measured m benzene (Frg 2). A sharp doublet at r 4 g6 was assrgned 
to H-I (J,,z 2 5 c p s ), and the narrow signal at r 4 72 (total wrdth IO c p s ) was 
assrgned to H-3 The fact that the H-3 signal was not observed as a wade (18-20 c p s), 
symmetrmal triplet mdrcated that H-2, H-3, and H-4 are not trans-duuual [S in the 
IC (L) conformatron], and that the observed data accord with the formulation of 8 
in a skew conformatron (11) It has been proposed18*‘g that 1,2-O-alkyhdene acetals 
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of arabmopyranose, glucopyranose, and related derivatrves adopt a skew form as the 
favored conformation. 

The 2 +rmtroanihno denvatives stuled m this work all showed signals at 
low field for the three aryl protons and the NH proton None of the signals drsappeared 
when the samples were deuterated in the usual way, even durmg severai days, a fact 
which mndrcates that the NH proton could not be exchanged by deuterium oxide alone 
However, the srgnal of the NH proton could be assigned defulltively by adding a small 
amount of trrbutylamine to the prepared sample m chloroform-dcontaimng deutenum 

H 

Fig z The 60-MC p s II m r spectrum of 4-a~tarmdo-3-O-acetyl-4-deoxy-r,z-U-nopropyhden~- 
r-xylopyranose (8) 

cH,oAc” ” 
I 

HC-NH 

I 
QY 

’ \ No, 

Fig 3 The 60-MC p s. n m r spectrum of r,~,6-tr~-UO-acetyl-z-deoxy-z-(2,~-d~mtroandmo)-~- 
glucltol m chloroform-d, and m chloroform-d coutammg tnbutylamme m dzutermm oxide. 
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owde; thrs caused immediate exchange ofthe NH proton A typrcal example is provided 
by the spectrum of r,5,6-tn-O-acetyl-2-deoxy-2-(2,4-~m~oam~o)-3,4-O-lsopropyl- 
idene-D-glucitol, which IS shown (Fig. 3) before and after add&on of trrbutylamme 
m deutenum oxrde The broadened doublet at T I or, whrch disappears on treatment 
with base, may clearly be assrgned to the NH proton The narrow doublet at lowest 
field (r o 85), the doublet of doublets (r x.60), and the wade doublet (r 2 68) can thus be 
assrgned unambrguously to H-3, H-5, and H-6, respectrvely, of the 2,4-dmttrophenyl 
group. In a number of 2,4-chmtroamhno denvanves of sugars20*21, the signal of the 
NH group appears as a mde doublet, and unambrguous drfferentratton of thts srgnal 
from the signal of H-6 of the aryl residue cannot be made wrthout exchange of the 
NH proton Exchange expenments have now shown that the tentative assrgnments 
made for the aryl H-6 and the NH proton, of the anomenc 2-deoxy-2-(2,4-dmrtro- 
an&no)-rr-glucopyranose tetraacetates” and the derived r-bromtde’r , must be reversed. 
N m r data on N-methyl-2,4-dm~troamhne22 and N-(2,4drmtrophenyl)serme denva- 
tlves” are in agreement with the present work 

Further detarls of rtm r measurements and assrgnments, for a number of com- 
pounds in thts work, are given m the experimental section 

EXPERIMENTAL 

General 

Meltmg points were determmed with a Thomas-Hoover “Urnmelt” apparatus 
(Arthur H Thomas Co , Phrladelphra, Pennsylvama) Specrfic rotations were deter- 
mmed in a 2-dm polanmeter tube Infrared spectra were measured with a Perkm-Elmer 
“Infracord” infrared spectrometer N m r spectra were measured with a Vanan A-60 
spectrometer eqmpped with a Vanan V-6040 vanable-temperature probe Tetra- 
methylsilane (r IO 00) was used as the Internal standard, except for spectra measured 
m deutenum oxrde, for whrch the Internal standard was sodmm 4,4-drmethyl-4- 
srlapentane-r-sulfonate (z IO 00) The first-order couphng constanrs recorded are the 
measured peak spacmgs and are considered accurate to f o 5 c p s Unless otherwise 
stated, the spectra were measured at about 40’ Deuteratron was performed by addmg 
one drop of deuterrum oxide to the prepared sample Mrcroanalytrcal determmations 
were made by W. N. Rond X-ray powder drff’ractron data gave mterplanar spacmgs, 
A, for CuKa radiation The camera diameter was I 14 59 mm Relative mtensitles were 
estrmated visually s, strong, m, moderate; w, weak, v, very. The strongest hnes are 
numbered (I, strongest), double numbers mdrcate approxrmately equal mtensrtres 
Thm-layer chromatography was performed on Srhca Gel G (E Merck, Darmstadt, 
Germany) activated at IIOO, with sulfuric acid as the indicator Unless otherwise 
stated, ethyl acetate was used as the developer 

Preparation of 2-acetamrdo+?.-deoxy-D-glucitol” 

2-Amino-2-deoxy-o-glucose hydrochloride (IOO g) was N-acetyIated’2 and the 
resultant, crystalline 2-acetamido-2-deoxy-a-D-glucose (95-100 g), dissolved in 20% 
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aqueous ethanol (I I), was shaken in a 2-l autoclave with Raney nickel* (40 g) for 
36 h at 100~ under an atmosphere of hydrogen at 1000 lb mS2 pressure The catalyst 
was filtered from the cooled suspension, the filtrate was concentrated, and the product, 
which crystalhzed on standmg, was filtered off and washed with a httle ethanol, yield 
92 g (gr%), m p 15o-151”, [bc]El -g-&I” (c 1.3, water) [Ilt l1 m p 153O, [a]:‘--II” 
(water), A=; 3 oo (OH, NH), 6 05,6 30 ,u (NHAc), no absorption m the range I I 7-12 I 
p, X-ray powder dlffractxon data 16 06 m, IO 16 m, 8 g3 vw, 6 70 vs (I,I), 4 g2 vs 
(LI), 4 69 m, 4 41 m, 4 27 m, 4 06 s (2,2), 3 91 s (2,2), 3 46 s (3)- 

Preparatzon of 2-deoxy-t-(2,~-dznztroanz~zno)-D-ghcito~10 (1) 
2-Acetamldo-%deoxy-D-glucitol (30 g) was heated urlth 6~ hydrochlonc acid 

(400 ml) for I h at roo”, the solution was evaporated (codlstlllatlon urlth propyl 
alcohol), and the crystallme residue was recrystalhzed from methanol-ether to gve 
2-amino-2-deoxy-D-glucltol hydrochlorrde, yield 25 g (85x), m p 160-162~ (ht l1 
160-161O), [LY]F -2 7fo 6” (c I 8, water), nmhydnn-posltlve, 15:: 3 o (OH), 3 30, 
4 go, 6 18 p (NH:); X-ray powder dIffractIon data 7 47 m, 5 64 m, 5 29 m, 4 53 w, 
4-33 vs (IJ), 4 15 vs (1,~)~ 3 74 vs (~),3 63 vs (w), 3 44 Y 3 35 my 3 26 s (2), 3 13 my 
300 m 

To a solution of the foregomg product (20 g) in 50% aqueous ethanol (240 ml) 
was added so&urn hydrogen carbonate (15 4 g) and r-fluoro-2,4-dmltrobenzene (17 o g) 
and the mixture was stirred for 18 h at room temperature. The yellow sohd which 
separated was filtered off, washed with small amounts of water and ethanol, and 
then washed thoroughly with ether, yreld 22 g (69 %) Recrystalhzatlon from methanol 
gave 1 as fine yellow needles, m p 162-163~ (ht lo 163-164O), [cx]g4 +g5”(c I, methanol), 
RF o 12, E_E!j; 3 o (NH, OH), 6 14,6 30,6 70 (aryl C=C), 7 44 (NO,), 13 45 p (substl- 
tuted benzene), X-ray powder dlffractlon data g II w, 8 Ig m, 7 rg m, 6 23 w, 5 40 VW, 

4 74 s (2,2), 4 62 m, 4 21 s (2~)~ 3 98 m, 3 83 s (2,2), 3 61 -, 3 38 vs (I) 

t-Deoxy-a-(2&dznztroanzlzno)-3,q 5,6-dz-0-zsopropylzdene-D-ghcztol(2) 
A solution of 1 (II g) in dry acetone (200 ml) was shaken with concentrated 

sulfuric acid (2 ml) and anhydrous cupric sulfate (15 g) for 21 h at room temperature 
The nuxture was filtered, the filtrate was poured into an excess of aqueous so&urn 
hydrogen carbonate, the acetone was evaporated, and the resultant solution was 
extracted urlth 3 IOO-ml portions of chloroform The combmed extracts were washed 
with water, dried (sodium sulfate), and evaporated, and the crystalhne residue was 
recrystalhzed from ether; yield 8 5 g (63x), m p 164-165O, [a]2 -+103fr” (c o 7, 
chloroform) ; RF 0.9, ;I=: 2 91 (OH), 3 08 (NH), 6 20, 6 32, 6 70 (aryl C=C), 7 30 
(CMe,), 7 55 (NO,), 13 48, 13.80 .u (substituted benzene), n m r data (chloroform-& 
r o 85 (r-proton doublet, J,:,’ 2 8 c p s , H-j’), 7 o go (I-proton broadened doublet, 
unchanged on deuteration, disappears after add&on of o or ml of trlbutylamme, NH), 

* Raney mckel catalyst, no 28, Rangy CataIyst DIVISION of the W R Grace Co ~ Chattanooga, 
Tennessee 
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z I 72 (r-proton quartet, J516’ g 5 c p s , H-5’), z 2 79 (r-proton doublet, H-6’), 
t 5 48-6.52 (8-protonmultiplet, H-1,2,3,4,5,6), z 7 3g (r-protontnplet, J 6 c p s , Is- 

appears on deuteration, OH), z 8 48, 8.57. 8.65, 8 68 (3-proton singlets, CMe,), 
X-ray powder drfEactron data- 8.84 m, 7 86 w, 6 88 vs (I), 6 60 vw, 6 02 m, 5 60 s (2), 

514w,472m,415m,397m,386m,376m,359w. 
Anal Calc for C18Ht5N309. C, 50 58, H, 5 85, N, g 83 Found: C, 50 88, 

H,573;N,g89 

2-Deoxy-2-(2,4-dz~rroanzlmo)-3.4 5,6-dz-O-zsopropylzdene-I-O-(p-tolyIsufinyl)-D- 
gIucztoI 

A solutron of 2 (o 6 g) m pyndme (5 ml) was treated at o” wrthp-toluenesulfonyl 
chlonde (o 38 g), and, after 24 h at 25O, the rmxture was poured into water to yield a 
sohd Recrystalhzation from ethanol gave very fine, yellow crystals, yreld o 6 g (75 “/,), 
m p. 161-162O, [&]g’ + 60-1-1” (c I 2, chloroform), RF o 88 (g I benzene-methanol); 
AK& 3 03 (NH), 6 18,6 28,6 67 (aryl C=C), 8 50 (sulfonate), 13 43,13 70 p (substrtuted 
benzene). 

Anal Calc for C25H31N3011S C, 51 63; H, 5 33; N, 7 23, S, 5 50 Found: 

C, 5156, H, 5 45, N, 7-55, S, 5 45 

z-Deoxy-z-(z,q-dinztroanrhno)-3,q-O-:sopropy~zdene-D-glucztoI (3) 
To a solutron of 2 (2 o g) m methanol (95 ml) was added N aqueous hydrochlonc 

acid (25 ml), and the mrxture was kept for 5 h at 25O An excess of lead carbonate 
was added and the mrxture was atered The Gltrate was concentrated untrl most 
of the methanol had been removed, water was added to a total volume of 75 ml, and the 
small amount of sohd startmg-matenal whrch separated was removed by Gltratron 
The titrate was extracted wrth 3 75-ml portrons of chloroform, and the aqueous 
phase, which contamed a small amount of 1, was &carded The dned (magnesium 
sulfate) chloroform extract was concentrated to 30 ml, and the yellow sohd (solvate 
of 3) which separated on standmg was filtered off, yreld 0.1 g. The remarmng chloro- 
form solu~on was evaporated and the resrdual syrup was crystalhzed from ether to 
grve solvent-free 3 as orange granules, yreld o 85 g (47x, total yreld of both forms 53 %), 
m p. r28-r2g0, [oil? +78f2” (c I, acetone), I&o 22, AE!ji 3 oo (OH, NH), 6 18,6.30, 
6 60 (aryl C=C), 7 20 (CMe,), 7 50 (NO,), 13 48 p (substrtuted benzene); n m r 
data (acetone-d,) r o 98 (r-proton doublet, J3t5’ 2 7 c p s , H-3’), r I oo (I-proton 
broad doublet, NH), 7 I 82 (r-proton quartet, H-53, 7 2.71 (r-proton doublet, J,:,’ 
g 5 c p s , H-6’), 7 8 51,8 60 (3-proton smglets, CMe2), X-ray powder drfE?actron data. 

1126m,gggw,842vw,686vs(2),615vw,586vw,554vs(I),47gm,448m, 
4 07 m, 3 78 m, 3 53 vw, 3 37 s (3), 3 27 s 

Anal. Calc for CISHZLN309 C, 46 51, H, 5 42, N, IO 85 Found C, 46.30, 

H,54g,N, 1106 
Periodate oxrdation of 3, at 25O wrth a s-molar excess of oxrdant, showed a 

consumption of oxrdant (Fleury-Lange methodz4) of I oo mole/mole after 5 mm, 
1.05 moles/mole after 24 h 
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The preparatron was repeated 20 bmes, and although the total yield of both 
forms was approxunately the same each time, the proportron of the solvated form 
was frequently much higher than that described,, and the ratro of the two forms 
appeared to depend on minor va.rlatIons in expenmental procedure Recrystallization 
of the solvate from chloroform gave fine, yellow needles, m p 95-96” (wrth efferves- 
cence, solnhfymg at higher temperature and remeltmg at 126-127~); RF o 22; X-ray 
powderdufractrondata I227m,g4ow,811w,681m,632w,5gow,557s(2), 
5.12 vs (I). 

Anal Calc for (&Hz rNaO& - CHCl,- C, 43.12, H, 5 03, N, g 84 Found 

C,4272;H,492;N, IO34 
A sample of the solvate, kept for 2 h at I 10~ over phosphonc oxrde, lost IO % 

of its weight (talc 9 4%) and gave the solvent-free form, m p and mixed m p I26-127~ 
Anal Calc for C!rSHt,N,09* C, 46 51, H, 5 42; N, IO 85 Found C, 46.33, 

H, 5 27, N, ILII 

The solvate showed the same molar uptake of penodate as the non-solvated 
form, and the n m r spectra of the two forms were identical except for the fact that 
the solvate showed an additIonal sIgna at r 2 80 (singlet, 1/3 proton, CHCI,) The 
i r. spectra (KBr disc) of the two forms were very sImllar, but were not completely 
superposable. 

A solutton of 3 (8 g) m acetone (280 ml) and water (120 ml) was passed slowly 
through a column (35 x 3 5 cm) of Dowex-I (OH-) Ion-exchange resin which had been 
pre-washed w&h 7 3 (v/v) acetone-water_ The column was washed wtth 7.3 (v/v) 
acetone-water untn the effluent gave a negative ninhydnn reactron, and the combined 
effluent was evaporated The dried residual syrup (4 2 g) was dissolved m pyrnlme 
(25 ml), acetIc anhydnde (45 ml) was added, and the solutron was kept for 18 h at 
room temperature The solution was poured mto Ice and water (200 ml), and the 
nnxture was extracted with 3 75-ml portions of chloroform The extract was washed 
successtvely at o0 with drlute sulfunc acid, aqueous sodmm hydrogen carbonate, 
and water, the dried (sodmm sulfate) solutron was evaporated, and the residue was 
crystalhzed from ether, yield 2 21 g, m p 93-94”. [a]:’ +31&P (c I 7, chloroform), 

&o 42, GE: 3 08 (NH), 5 73 (OAc), 6 08,6 53 (NHAc), 7 28 ,U (CMe2); n m r. data 
(chloroform-6) r 3 8g (I-proton doublet, J 8 5 c p s , NH), r 4 80 (x-proton octet, 
width 16 c p s , H-5), o 5 30-6 30 (-/-proton multlplet, H-1,2,3,4,6), r 7 8g,7.g5 (singlets, 
3 and g protons, acetyls), 7 8 59,s 61(3-proton singlets, CMe,) , X-ray powder drffrac- 

tmndata 76gs(I),697w,57Im,543m,464m,425s(2),38Im 
Anal Calc for C1,H2,N09- C, 52 44, H, 6 94, N, 3 60 Found C, 52 52; 

H, 6 89; N, 3 84 

r,5,6-Trz-O-acetyl-t-deoxy-~-(~,~-dmztroanrlzno)-~,~-O-lsopropylzdene-~gluczto~ 
A solution of 3 (430 mg) m pyridine (4 ml) was treated with acetic anhydride 

(2 5 ml) at room temperature, and after 24 h, the solution was poured mto water. 
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The product was extracted with &chloromethane and processed m the usual way, to 
Bve the tnacetate of 3 as a yellow glass, yield 435 mg (76%); RF o 54 (I 3 ethyl acetate- 
benzene), A:&’ 3 02 (NH), 5 77 (OAc), 6 20, 6 30, 6 60 (aryl C=C), 7.34 @Me,), 
13.25 p (substituted benzene); n m r data in chloroform-d(See Fig 3): z 0 85 (I-proton 
doublet, J,:,’ 2 7 c p s , H-3’), t I OI (I proton, broad, NH), r I 60 (r-proton quartet, 
H-5’), z 2 68 (r-proton doublet, .T,:,’ g 5 c p s , H-6’), T 4 78 (I-proton octet, width 
16.5 c p s., H-5), r 5 26-6 30 (7-proton multlplet, H-1,2,3,4,6), 5 7.85, 7 87, 7 g8 
(3-proton smglets, acetyls), T 8 40, 8 50 (3-proton smglets, CMe,) 

Anal Calc for C2rH2,N30r2 C, 49 12, H, 5 62, N, 8 Ig Found C, 48 66; 
H, 5 89, N, 8.16. 

The signal at T I OI was not affected by deuteration, even after 57 h at room 
temperature, but the slgnal dlsappeared (Fig 3) rapnlly when o OI ml of tnbutylamme 
was added to the prepared sample, and a I-proton singlet appeared at z 5 31 (HOD) 

Acetylatlon of the yellow solvate of 3 gave a product whose n m r spectrum 
was Identical to that recorded above 

~-Deoxy-~-(2,~-dmztroanzlmo)-2,~-O-rso~ropyZzdene-aldehydo-~-xyZose (4) 
A solution of sodmm metaperrodate (1.81 g, I I molar eqmv ) in water (30 ml) 

was added to a solution of 3 (3 o g) m I 4 ethanol-water (75 ml) The mixture was 
kept for 25 mm m the dark at room temperature, and was then evaporated at 30” 
Anhydrous sodmm sulfate (~3 g) was added to the residue, and the sohd mixture was 
extracted repeatedly w&h ether Evaporation of the extract gave 4 as a yellow glass, 

yield 2 4 g (87%), RF o 40~12:: 2 95 (OH), 3 05 (NH), 3 5o,5 80 (CHO), 6 2o,6 30, 
6 65 (aryl C=C), 7 33 (CMe,), 7 55 (NO,), 12 25, 13 20 p (substituted benzene) 

Anal Calc for C,qH17N308 C, 47 32, H, 4 79, N, II 83 Found C, 47 18; 

H,546,N, 1177. 

q-Deoxy-q-(2,q-dznztroandmo)-L-xylopyranose (5) 
A solution of 4 (3 2g g) m 50% aqueous acetlc acid (16 ml) was heated for 

2 5 h at g5”, and then evaporated Addmon of ethanol to the residual syrup gave 
the crystalhne product, yield 2 54 g (84%), m p Ig4-195” (dec ), [&Ii3 +37&I” 
(c I, acetone), RF o 15, RF o 6g (papergram, 40 I I rg butyl alcohol-ethanol-water); 

2::: 2 9 (OH), 3 05 0, 6 20, 6 30, 6 60 (a@ C=C), 7 52 (NO,), 13 50, 14 o P 
(substnuted benzene); X-ray powder dlffractlon data IO 46 m, 6 02 m, 5 08 vs (I), 
444m,406m,344s(3),32os(2),3o6~,2gIvw 

Anal Calc for C,1H,3N30, C, 41 go, H, 4 21, N, 13 33 Found C, 4142, 

H, 4 38, N, 13 59 

To a solution of 5 (o 5 g) m pyndme (6 ml) was added acetlc anhydride (3 ml) 
The mixture was kept for 24 h at room temperature, and then processed m the usual 
way to sve the product as a yellow, dlstdlable glass, yield o 35 g (50%), RF o 60 and 
o 70 (I I ethyl acetate-benzene), If,$J 3 05 (NH), 5 70 (OAc), 6 15. 6 30, 6 60 (aryl 
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C=C), 13 40 p (substituted benzene), n m r data (chloroform-d) T-O 88, I o-r 2, 
I 68, 2 78 (multiplets, 4 protons, H-3’,5’,6’, and NH, of anomers), z 7 77, 7 81, 7 gr, 
7 95 (singlets, g protons, acetyls) 

Anal Calc for C,,H,,N,O,, N, g 52 Found N, g 74 

4-Deoxy-4-(2,4-d~nltroantI~~~o)-~,2-O-~sopropylidene-cr-L-xylopyranose (6) 

A solution of 5 (I 84 g) III acetone (400 ml) was shaken urlth anhydrous cupnc 
sulfate (5 g) and cone sulfunc aced (o 5 ml) for I day at room temperature The mixture 

was filtered, the filtrate was neutrahzed with aqueous sodmm hydrogen carbonate, 
the acetone was evaporated, and the product was extracted urlth 3 75-ml portions of 
ethyl acetate The extract was washed with water, dried (sodmm sulfate), and evapor- 
ated, and the crystallme residue was recrystalhzed from ethyl acetate, yield I 64 g 
(79% m P 22o-222’ (dec >, ML5 fr7512” (c r I, aceton,), RF 070, A”,:; 3 00 
(OH, NH), 6 20, 6 32, 6 62 (aryl (C=C), 7 22, 7 30 (CMe,), 7 56 (NO,), 13 42, 
14 IO ,U (substituted benzene), n m r data (pyndme) T 4 39 (I-proton doublet, J1 2 
2 c p s , H-I), o 5 24-6 13 (5-proton multiplet, H-2,3,4,5), 7 8 23,8 60 (3-proton smglets, 
CMe2), X-ray powder &ffractlon data 13 2g w, 8 g7 w, 7 86 w, 6 70 m, 5 57 vs (I), 
5 15 s (2), 4 79 s (3,3), 4 53 s (3,3), 4 27 s (3,3), 4 09 s (3,3), 3 77 s (3,3), 3 63 s (313) 

Anal. Calc for C,.+H17N308 C, 47 32, H, 4 82, N, I I 83 Found C, 47 55, 
H, 5 09, N, 12 23 

Only one product could be detected by t 1 c m the above preparation, and no 
chfference in the yield of 6 was observed when the time of reaction was extended 
to 4 days 

A solution of 6 (175 mg) m pyndme (2 ml) and acetlc anhydnde (3 ml) was 
kept for I day at room temperature, and then poured into ice and water The preclpl- 
tated solid was filtered off, washed with water, tied, and recrystalhzed from methanol, 
yield 130 mg (66x), m p 171--172O, [a];’ +rgo&z” (c I, chloroform), Rr 0 84; 2::: 
3 02 (NH), 5 77 (OAcI, 6 18, 6 30, 6 60 carol C=C), 7 30 @Me,), 13 45, 14.10 P 
(substituted benzene), n m r data (chloroform-n) z o 84 (I-proton doublet, J315’ z 7 

c p s , H-3’), r o 88 (r-proton, broad, disappears on addttlon of tnbutylamine m deu- 
tenum orude, NH), T I 66 (I-proton quartet, H-5’), 7 2 68 (r-proton doublet, JS:6’ 
g 5 c p s , H-6’), r 4 6g (a-proton multiplet, wdth IO c p s , H-I, H-3), o 5 92-6 38 
(4-proton multlplet, H-2,4,5), T 7 78 (pproton smglet, OAc), T 8 33, 8 62 (3-proton 
smglets, CMe,) 

Anal Calc for CIBHIgN,O, N, IO 58 Found N, IO 72 

~-Amzno-q-deoxy-r,2-O-zsopropyZzdene-ar-L-xyZopyranose (7) 
A solution of 6 (o 72 g) m acetone (60 ml) and water (20 ml) was stirred with 

Dowex-r (OH-) Ion-exchange resin, added m small portlons at 45-50” untd the 
solution became colorless. The rmxture was atered, and the resm was washed with 
hot methanol (500 ml) The liltrate and washings were evaporated to a colorless syrup 
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whch crystalhzed from ether, yield 0 247 g (65x), m p 13I-I32o, [a]h4 +32 5&I” 

(c I, methanol) ; 1::: 3 4, 6 3 (NH), 7 25 p (CMe,), X-ray powder ddfractlon data 
7.97 vs (21, 6 23 w, 5.79 vw, 5 27 vs (I), 5 01 m, 4.77 m, 4 39 s (3), 4 oo m, 3 64 m, 
3.14VW, 3 01 VW,285 IXl. 

Anal. Calc for CsH15N04- C, 50 80, H, 7 93; N, 7 40 Found- C, 50 62, H, 7 73, 
N 7 67 

Penodate oxldatlon of 7 (40 mg) at 25O in water (20 ml) contamng a s-molar 
excess of oxulant showed consumption of oxnlant (Fleury-Lange method24) as follows 
(tnne and moles per mole of oxuiant consumed given) 5 mm, I 03, I h, I 05, 2 h, 
Io7,4h,II4.8h,I.28,22h,I51;46h,I75;7oh,182 

q-Acetamido-~-O-acetyZ-yl-q-deoxy-r,z-O-zsopropyftdene-a-~-xylopyr~ose (8) 

A solution of 7 (590 mg) m pyndme (5 ml) and acetrc anhydnde (5 ml) was 
kept for I day at room temperature, and then poured into ice and water. The product 
was extracted with 3 60-ml potions of dichloromethane, the extract was washed 
with aqueous sodmm hydrogen carbonate, dned (sodium sulfate), and evaporated 
(co&stdlatlon wth toluene) The resulting syrup crystalhzed on storage, and recrys- 
tallization from chloroform gave 8 as fine needles, yield 596 mg (70x), m p rag-I IOO, 

[aJg2 +68&I” (c I, chloroform), & 0 40, 15:: 3 04 (NH), 5 73 (OAc), 6 08, 6 52 
(NHAc), 7 22 ,u (CMe,), n m r data m chloroform-d (see Fig 2) T 3 60 (r-proton 
broad doublet, J 8 c p s , drsappears on deuteration, NH), r 4 gI (2-proton multlplet, 
H-I&, t 5 85-6.50 ($-proton multiplet, H-2,4,5), f 7 go, 8 03 (3-proton singlets, 
acetyls), T 8 38,8.63 (3-proton smglets, CMe2), in benzene (see Fig 2) T 4 72 (r-proton 
multlplet, width IO c p s , H-3), r 4 g6 (r-proton doublet, J1,2 2 5 c p s , H-I), T 5 70- 
5 95 (I-proton multlplet) and f 6 20-6.5O &proton muhplet) (H-2,4,5), z 8 33, 8.37 

(3-proton singlets, acetyls), r 8 51, 8 82 (gproton smglets, CMez); X-ray powder 
tiactlon data 8 88 m, 7 47 vs (3), 6.23 m, 5 54 vs (2). 5-15 s, 4-72 m, 4 37 vs (I), 

408m,392m,358m.343w,3 18m,298m. 

Anal. Calc for C,.H,.NO, C, 52 74, H, 6 96, N, 5.12 Found. C, 52 79, 
H, 6 86, N, 5 05 

q-Acetamxdo-4-deoxy-r,z-O-isopropy~ldene-a-~-xy~opyr~ose (9) 

A solution of 8 (o 5 g) m anhydrous methanol (IO ml) was treated wrth a very 
small piece of metalhc sodnxm, and after 2 h at room temperature, the solution was 
neutralized with Amberhte IR-120 (H‘+) Ion-exchange resm Evaporation of the solu- 
tlon gave 9 as a colorless syrup, yield o 36 g (85t/o), RF o 15; nE:F 2 85-3 IO (OH, NH), 
6 IO, 6 50 WHAc), 7 30 (CM+) 

&Acetamido-&deoxy-L-xylopyranose (10) 
(a) Fronr q-acetam~o-q-deoxy-~,z-O-xsopropyI~derrs-a-c-L-xylopyranose (9). A 

solution of 9 (350 mg) m water (IO ml) was stirred wrth Amberhte IR-120 (H’) 
ion-exchange resm (I 5 g) for 2 5 h at 60”. The resin was filtered, and washed with 
methanol, and the filtrate was evaporated to a chromatograplncally homogeneous 
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syrup whxh crystalhzed after tnturatlon wth ethanol and ethyl acetate, yield 
152 mg (53%) After recrystalhzatton from methanol-ether, the product had 
m p I55-I57”, k&4 -53+ -49” (e 3 3, water), RRhmnMse o 85 (papergram, 
3.1-1 butyl alcohol-ethanol-water) ; A if; 3 oo broad (NH, OH), 6 18, 6 44~ (NHAc), 
X-ray powder clffractlon data g 30 m, 7 86 VW, 6 02 s (3,3), 5 71 vs (2), 5 og w, 
4 67 vs (0, 4 33 s (3,3). 4 03 s (3,3), 3 80 m, 3 64 m, 3 37 -, 3 18 m, 3 05 m, 2 93 s 

Anal Calc. for C,H,3NOs. C, 43 97, H, 6 85, N, 7 32 Found C, 43 67, H, 6 gr ; 
N 7.69 

For tins compound, prepared by a Merent route, Dick and Jones reported* 

m P- 157-158”~ [aI, -22+-16~ (c I, water) and &,,,O., 0.81 (papergram, 3 I:I 
butyl alcohol-ethanol-water); a revised value of [&, - 43 5O (equil , c o 93, water) 
was subsequently reported (see footnote p 193) 

(b) From q-ammo-q-deoxy-r,z-O-wopropropyl~de~-a-~-xy~opyra~se (7) To a 
solution of 7 (200 mgj m methanol (I ml) and water (4 ml) was added acetlc anhydrlde 
(I ml), and the mixture was kept for 2 h at room temperature Exammatlon by t 1 c 
(I 2 isopropyl alcohol-benzene) revealed that the startmg matenal 7 (RF o 17) was 
completely convertedmto 9 (RF o 72) Water (2 ml) was added and the solution was 
heated for 3 h at go”, by which time converslon of 9 mto 10 (RF o 07) was complete 
Evaporation of the solution (co&stlllatlon wnh toluene), and crystalhzatlon of the 
residue from ethanol-ether gave 10, yield 120 mg (60x), m p 155-157”, ldentlcal by 
nuxed m p and I r spectrum with the product prepared by procedure (a) 

N m r spectrum of q-acetamldo-a-deoxy-L-xylose 
The II m r. spectrum of 10 (Fig I), measured at 80’ m deutermm oxide with 

an eqmhbrated solution gave the followmg data T 4 78 (doublet, J1 2 3 o c p s , 
H-I of a-L anomer) and r 5 44 (doublet, Jr,z 7 6 c p s., H-I of b-~ anomer) (total 
Integral, I proton, relative mtensitles 2 3), r 5 89-6 28 (5-proton Idtlpkt, H-2,3,4,5), 

7 7 gg (3-proton singlet, NAc) The srgnal at T 5 44 was partially obscured by the HOD 
signal when the spectrum was measured at 40”. 

A spectrum of 10, measured 2 mn after cbssolutzon m deutenum oxide. showed 
the slgnal at r 4 78 The relative mtenslty of the latter was not appreciably merent 
from Its mtenslty m the spectrum of the eqmhbrated solution The spectrum of 10, 
measured 30 mm after &ssolutlon in methyl stioxlde-d,, showed signals at r 4 7g 
(H-I of a-L pyranose anomer) and T 5 46 (H-I of B-L pyranose anomer), a smglet 
at ‘c 8 oo (NAc), and a broad signal, t N 4 7 wluch dIsappeared on deuteratlon (NH) 
The spectrum of the deuterated sample, measured at So”, showed the H-I sxgnals as 
sharp doublets at T 4 7g (J1,2 28cps)andz546(J1,,72cps),totalmtegral~ 
proton, 111 approximately 2 3 ratlo. The H-2,3,4,5 signals were observed as a 5-proton 
multlplet, r 5 95-6 86 
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SUMMARY 

Acetonatlon of 2-deoxy-2-(2,4-dinitroamhno)-D-glucitol (1) gave the 3,4 5,6- 
dusopropyhdene acetal(2), which was converted by mild, acid hydrolysis mto the 3,4- 
monoisopropyhdene acetal (3) Penodate oxldatlon of 3, followed by mdd hydrolysis 
of the oxidation product (4) gave 4-deoxy-4-(2,4-dlmtroamhno)-L-xylopyranose (5), 
which underwent condensatlonwlthacetone to gve the 1,2-O-lsopropyhdene derivative 
(6) Removal of the IV-substltuent from 6 gave gamma-4-deoxy-I,2-O-lsopropyhdene- 
a-L-xylopyranose (7), whch was acetylated to gve 4-acetamrdo-3-O-acetyl-4-deoxy- 
1,2-O-~sopropyhdene-a-L-xylopyranose (8) O-Deacetylatlon of 8, followed by mdd 
hydrolysis of the product (9), gave 4-acetamldo-4-deoxy-L-xylose (lo), substance 10 
was also prepared from 7 m one step In aqueous solution, the acetarmdo sugar (10) 
underwent equrhbratlon to gve a mixture of the CL-L and j?-L pyranose anomers m 
2 3 ratio Structural assignments were supported by n m r. and other physical data 
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