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ABSTRACT 

The synthesis of B-azido- and 6-amino-2,3,6-trideosy-o-er),rhro-hexose (19 and 
22) and several of their derivatives is described. Hydrogenation and hydrogenolysis 
of methyl 4,6-O-benzylidene-~3-dideouy-rr-D-e~~f/zf~-hex-~~no~~anoside (1) gave 
methyl 2,3-dideoxy-a-o-eryfhro-hexopyranoside (3). which was transformed into 
methyl 6-~ido-2,3,6-trideo~y-?-o-er~rhro-hexopyranoside (9) cia the 6-tosylate or the 
6-0-tris(dimethylamino)phosphonium bromide derivative. The +acetate (8) of 9 was 
also prepared from methyl -I-O-acctyl- 2,3-dideoxy-6-O-toluene-p-sulphonyl-r-o- 
erq’rhro-hexopyranoside (7). Hydrogenation of S in methanol-acetic anhldride gave 
the diacetate 12. Reduction of 8 in methanol gave a mixture (1:2) of unstable 4-O- 
acxtyl-6-amino-2,3,6-tn’deoxy-cr-D-eryr~ro-hexop)iranoside (10) and methyl 6- 
aoztamido-:!,3,6-trideouyr-o-er~~/~fo-hexopyranoside. Reduction of 9 afforded methyl 
6-amino-2,3.6-trideoxy-cz-r+qV~/~ro-hexopyranoside (13). Transformation of 1, ciu 
the 6-bromo4O-benzoyl derivative 15, into methyl 6-azido3-0-benzoyl-2,3,6-tri- 
deoxy-z-D-eryfhro-hexopyranoside (16), followed by O-debenzoylstion, afforded 9. 
Hydrogenaticn of 16 in the presence ofacetic anhydride gave methyl 6_scetamido40- 
benzoyl-2,3,6-trideoxy-sr-D-eryrhro-hexopyranosIde (17), which yielded 1 P on O- 
debenzoylation. Acid hydrolyses of 3 and 9 liberated the corresponding free sugars IS 
and l!J. Hydrolysis of 11 gave 6-acetamido- 2,3,6-trideoky-o-etyfhro-hexopyranose 
(20) and minor amounts of the l,6-anhydro derivative 21. Acetolysis of 11 afforded 
6-acetamido4O-acetyl-I,6-anhydro-2,3,6-trideoxy-~-o-~f~ff~fo-hexopyranose (22), 
the 0-deacetylation of which yielded a mixture of the bicyclic compound 21 (major 
product) and 20. 

INTRODUiIlON 

The chemistry of aminopolydeoxyhexoses has not been syskmatically in- 
vestigated, although they are components of some antibiotics’ and of polysaccharides 

l AJnino sugars: Put I. 
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of biological interest’. We now report the preparation of 6-amino-?,3,6-trideoxy-D- 
eqllro-hexopyranose. 

RESULTS Ah’D DISCIJSS~ON 

Methyl 4,6-O-benzytidene-2,3-dideoxy-cr-D-e~~ti~ro-he~-2~nop~oside3 (I) 
was catalytically hydrogenated @alIadium catalyst) to yield syrupy methyl 2,3-d& 
dcoxy-cr-D-eryfhro-hexopyranoside (3). The reaction goes through the intermediates I4 
and rhe Cbenzyl ether 2 which can be isolated if the hydrogenation is stopped before 
completion. The structure of 2 was as=rtained by using n.m.r. spectroscopy and the 
shift reagent” Eu(fod),. Treatment of 3 with I mol. of ioluene-p-sulphonyl chloride 
In pyridine gave crystalline methyl 2,3-dideo~y-6-O-tolucne-p-SulphOnyl-;r-D-~~~~~~IfO- 

hexopyranoside (6, 65%); a 77 O/b yield was obtained by using N-rosylimidazole. 
Ready displacement of the toluene-p-sulphonyloxq group in 7 occurred with sodium 
azide in iV,rV-dimetbylformamide, affording methyl 4-O-acelyl-6-azido-2,3,6_trideoxy- 
a-D-eqtlrro-hcxopyranoside (8). Reduction of 8 over palladium-cbarcoai in methanol 
containing acetic anhydride _~ve 12; if the amtic anhydride was omitted, a I:2 
mixture of methyl l-O-ncetyl-6-~oo-2,3,6-trideoxy-cl-D-eopyranoside (10) 

and methyl 6-acetamido-2,3,6-trideo\-y-a-D-er)lrhro-hzxopyranos~de (11) was obtained. 
The rearrangement i0 + 11 occurred spontaneously. 

0H;C 

?llC’H ;G fb O GM. P 

The azido compound 9 was obtained by reaction of 6 with sodium azide in 
rV,M-dimethylformamide (56% yield from 1) or by keatment of 3 in N,N-dimethyl- 
formamide nitb hevamethylphosphoric triamide and carbon tetrabromide’ followed 
by azide displacement of the resulting phosphonium compound (76% yield from 1). 
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Catalytic reduction of 9 gave 6-amino-2,3,6-trideoxy-a-D-er]~rhro-hexopyranoside (13) 
as the crystalline hydrochloride (61.6% overall yield by the phosphonium route). 

An alternative route involved azide displacement on methyl 4-O-benzoyl-6- 
bromo-2,3,6-trideoxy-a-D-er~f/rro-hexopyranoside6 (IS) to give the 6-azido-4O- 
benzoyl derivative 16 \\hich, upon catalytic 0-debenzoylation, produced 9 (31% 
from 1, cf- 76% by the rou te described above). Hydrogenation of 16 in methanol- 
acetic anbydride gave methyl 6-ac.etamido+O-bznzoyi- 2,3,6-trideoxy-cz-v-erjNrro- 
hexopyracoside (17), O-debenzoylation of which gave 11. 

Acid hydrolysis of 3 and 9 produced the free sugars 18 and 19, but 11 gave two 
products that were separated by column chromatography. The main component was 
a reducing syrup for which the elemental analysis and i.r. aqd p.m.r. spectroscopic 
data were consistent with the acetamidotrideoxyhexopyranose structure 20. The 
minor product was crystalline and non-reducing, and was formulated 3s 6-acetamido- 
1,6-anhydro-2,3,6-trdeoxy-B_~-e~~f~ro-hesopyranose (21) since the i.r. and n.m.r. 
spectroscopic data (see Experimental) were characteristic of a sugar haking a tertiary 
acetamido group built into a ring ‘. Both 20 and 21 gave the same 2,4dinitrophenyl- 
hydrazone. 

H.OH 

18 R = OH 21 R = H 

19R= N, 22ir = AC 

20 R = IuHAc 

Acid hydrolysis of 13 gave a complex mixture of products. 
Attempted acetolysis of 3 and 9 gave the acetylated methyl glycosides 4 and 9. 

respectively. Complex mixtures resulted when concentrations of acid higher than I ‘XI 
were used. Acetolysis of 11 gave 22, catalytic 0-descetylation of which ga\c a mixture 
of the hexopyranose 20 and its 1,6-anhydro derivative 21, the latter being the main 
product. 

EXPERIMENTAL 

General met/rods. - hklting point> are uncorrected. Solutions were dried with 
anhydrous sodium sulphate, and concentrated under diminished pressure at ~49”. 
Light petroleum refers to the fraction having b.p. 6040”. Identification of products 
was based on mixture m-p. and comparison of i.r. spectra and chromatograpbic 
mobilities. T.1.c. was performed on Silica Gel HF,,, (Merck) or Silica Ge: cbromato- 
plates (Eastman Kodak). Detection was effected by charring with sulphunc acid or by 
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exposure to U.V. light of 254 nm. Optical rotations at 5461 A were determined for 
solutions in chloroform with a Bendix NPL polarimeter; @ID values were measured 
with a Belllngbam and Stanley Ltd. instrument. 1.r. spectra were obtained with a 
Perkin-Elmer 621 spectrophotometer. The p.m.r. spectra (100 MHz) were recorded 
for soluiions in chloroform-d(internal ivfe,Si), unless otherwise stated, with a Varian 
XL spectrometer. 

Acetates. p-nitrobenzoates, and 2,4_dinitrophenylhydrazones were prepared by 
conventional procedures. 

Itf~rl~_r*l ~.3-dideox~,-Y-D-eryto-hcxop~f~osid~ (3). - A solution of methyl 

4,6-0-ben~lidene-2,3-dideo~y-a-D-er~f/~~o-heh-2-enopyranosidc (1; 50 g, 0.2 mol) in 
dr;l methanol (I litre) containing IO% pa!lndium-on-charcoal (9 g) was hydrogenated 
at 4 atmos. at room temperature. After I h, t.1.c. (ethyl acetate) showed that no 
starting material (RF 0.85) remained and that methyl -1.6-O-benzylidene-2,3-dideoxy- 
sr-o-err.r/rro-hexopyranosidz (14, R, 0.67) H’~S present. X scsond product, methyl 
IlO-ben~l-2,3-dideoxy-a-D-ef~~~~o-hexopyranoside (2, RF 0.57) appeared sub- 
secluently. After 48 b, 3 (R, 0.18) was the only product detected. The mixture was 
filtered, and concentrated to yield a syrup (32.0 g, 98%) which was eluted from 
silica gel with erhyl acerate~thanol (8: I) to give 3, [XI&, + I 15” (c I.@, RF 0.10 
(ch!oroform) and 0.37 (ethyl acetate-&hancl, 8:l); \l’A’ 3390 (OH), 16U, 1212, 1202, 
1133, 1070, 1040, 995, 971. 941, 900, 878. 862, and 839cm-I. P.m.r. data: 6 1.80 
(m, 4 H. H-2,2’,3.3’), 2.86 (bm, OH), 3.32 (s, 3 H, OMe). 3.55 (m. 2 H, H-4,5). 
3.79 (m, 2 H, H-6,6’), and 4.67 (m, I H, H-l). 

Anal. Calc. for C,HIJOa: C, 51.86: H. 8.70. Found: C, 51.95; H. 8.80. 

When the hydrogeostlon was stopped after 2 h and the reaction mixture was 
worked-up as indicawd above, 14 (85%) mas obtained; m.p. 82-84” (from ether- 
he:;ane). [a]:iB, + 125’ (c 0.52): lit.6. m.p. SZ-84”. [,z], + 118”. 

When the mixture, after hydrogenation for IS h, was worked-up and tbe product 
eluted from silica gel with ethyl acetate, syrupy 2 (80%) was obtained; [a]$’ + 151” 
(c 1.2): mll - +HC13 7-UO (OH), 1490. 1450, 1370, 1217, I 175, I 130, 1085, 1050. 978,950, 
910, 885 870, and 845 cm- I. P.m.r. data: 6 1.78 (m, 4 H, H-2,2/,3,3’), 2.17 (bs, I H, 
OH), 3.33 (s, 3 H, OMe), 3.67 (m. 2 H, H-4,5), 3.76 (m, 2 H, H-6,6’), 4.55 (q, 2 H, 
PhCH,). 4.66 (m. 1 H, H-l). and 7.32 (s. 5 H. Ph). 

The benz) levy group was shown to be at C--l by the use of Eu(fod), (europium 
I. I, I .3,2.3,3-hzptaRuoro-7,7-dim2thy!~.6-octanedionate) as shift reagent in the 
chloroform-dsolution of2. 

.-lnal. Calc. for C,,H:,O,: C. 66.35; H, 8.36. Found: C, 66.26; H, S.50. 

The 4,6-diacetare (1) of 3 had b.p. lX15/2 Torr; [XI:” + 109”, [z]~~,, + !57” 
(c 1); R, 0.60 (ethyl acetate); L,._ J”~ 1745 (AcO), 1327 (AcO), I1 70, I 122, 1077, IOM, 
990, 950. and 843 cm - ‘. P.m.r. data: 5 1.80 (m, 4 H, I-52,2’,3,3’), 2.03, 2.07 (2 s, 
6 H, 2 AcO), 3.35 (s, 3 H, Ohie), 3.87 (m, 2 H, H-4,5), 4.20 (m, 2 I-I, H-6,6’), and 
-1.7b3 (m. 1 i-i, H-I). 

Anal. Glc. for C, , H,806: C, 53.65; H, 7.37. Found: C, 53.50; H, 7.45. 
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The 4,6-bis(p-oitrobcnzoatc) (5) of 3 had m.p. 153-l 55’ (from benzene), 

[al%3 I + 185” (c 0.5). 
Anal. Calc. for C,,H2,,N20,0: C, 54.78; H, 4.39; N, 6.12. Found: C, 54.90; 

H, 4.48; N, 6.32. 
2,3-Did~ox~-D-erythro-hexo~~fa,7ose (1s). - A solutioc of 3 (0.6 g) in 0.1~ 

HCI (15 ml) was heated at 100’ for 25 min. The cooled mixture was neurralizsd viiith 
Amberlite IRXKl(CO~-) resin, filtered, and concentrated. The syrupy residue (0.5 g, 
97%) was eluted from si!ica gel with ether-methanol (9:l) to give 18 (0.X g, 4394): 

bl% I + 38”, [a];” +35.5” fc 0.53); RF 0.25 (ether-methanol, 9:l); ry,; 3350 (OH), 
1640, 1436, 1307, 1207, 1 I 12, 1054,974, 930, 903, 862, 840, and 8 I8 cm - I. 

Anal. Calc. for C6H,IOG: C, 48.6-l; H, 8.16. Found: C, 45.61; H, 7.92. 
The 2,4dinitrophenylhydrazone of 18 had m.p. 134-135’ (from ethanol), 

[a]$, - IO” (c 0.5, pyridine). 
Arral. Calc. for C, IH,tiN,O,: C, 43.90: H. 4.91 ; N, 17.07. Found: C, 43.97; 

H, 5.10; N, 17.27. 
hleihJ1 2,3-drd~o.~~~-6-O-rol~~~ne-p-sulpIron~~i-x-~-erythro-t~e.rop~~rm~osid~~ (6). - 

(a) A mixture of 3 (31 g, 0.191 mol) and toluene-p-sulphonyl chloride (36.29 g, 
0.191 mol) in dry pyridine (150 ml) leas stored at room temperature for 0.5 h. Water 
(2 ml) was then added, sod the solvents were evaporated to give a syrup that \vas 
partitioned between water and ether (I: I, 500 ml). The aqueous lsyer was extracted 
with erher (3 x 50 ml), and the extracts \\ere dried, concentrated to a small volume. 
and stored at 0”. The product was collected, vvashed with light petroleum, dried in 
L’UCUO at 4Y, and rccrystsllised irom benzene-light petroleum to give 6 (39.2 g. 65’?&), 
m.p. IOO-102.5”, [Y]: +78’ (c I), RF 0.55 (ethyl acetate); L$,~~” 3520 (OH), 1595 
(phenyl). 1190 and I I75 (-SO,-), 1130. 1055, 950, 910, and 815 cm- ‘. P.m.r. data: 
6 1.75 (m, 4 H, H-2,2’,3,3’). 2.43 (s, 3 H, Ph-Me), 3.27 (s, 3 H, Oivfe). 3.60 (m. 2 H, 
H-1,5), 4.27 (m, 2 H, H-6,6’), 4.60 (m, I H, H-l), 7.35 (m, 2 H, aromatic), and 7.50 
(m, 2 H, aromatic). 

Anal. Calc. for C,SH,,O,S: C, 53.16; H, 6.37; S, 10.12. Found: C, 53.26; 
H, 6.57; S, 10.39. 

(6) A mixture of 3 (3.X g, 20 mmol) and tolurnc-p-sulphonylimidazole (1. I6 g, 

20 mmoi) in dry p-dioxane (25 ml) was stirred for 3 h at 35”. Evaporation of the 
solvent and treatment of the residue with water save an oil that \vas extracted witi: 
ether (3 x 20 ml). The extracts were dried, concentrated to a small volume, and stored 
at 0” overnight. The product Has recrystallized from benzene-light petroleum to give 6 
(4.74 g, 759/o), m.p. IOO-102.5”, R, 0.55 (ethyl acetate). 

The 4-acetate (7) of 6 had m.p. Y3-94’ (from benzene-light petroleum), 

MA0 + 117” (c I): R, 0.72 (ethyl acetate), 0.61 (3:1, chloroform-zthyl acetate); 
vC)(C’r 1730 (A&), 1595 Cphenyl), 1230 (AcO). 1190 and 1175 (-SO,-), I 130, 1050 m,r 
(glycoside), 960, 880. and 670 cm- ‘. P.m.r. data: 6 1.75 (m, 4 H, H-2,2’,?,3’), 1.95 
(s, 3 H, AcO), 2.45 (s, 3 H. CH,-Ph-), 3.30 (s, 3 H, Ohle). 3.90 (m, 2 H, H--&5), 
4.12 (m, 2 H, H-6.6’), 4.60 (t. I H, H-l), 7.30 (m. 2 H. aromatic), and 7.78 (m, 2 H, 
aromatic). 



294 A. CANX+RODRiGUEZ, A. hf. TOBED, A. G. SANCHEZ, C. hl. MADERO 

Anal. Cdc. for C,&,,O,S: C, 53.62; H, 6.18; S, 8.94. Found: C, 53.34; 
H. 6.30; S, 9.13. 

Meit?_v1 B-O-acet~f~-a=ido-2,3,6-rrideox~-a-o-e~~o-hrxop~rno~ide (8). - A 

solution of 7 (0.5 ,o, 1.4 mmol) and sodium azide (0.3 g, 4.6 mmol) in dry IV,A’- 
dimethylformamide (10 ml) was stirred at 80” for 16 h, and then concentrated 
(I Torr). The residue was partitioned between water (20 ml) and chloroform 
(3 x 50 ml). The extracts were washed with water (3 x 25 ml), dried, and concentrated, 
and the residue was distilled to @ve 8 (0.28 g, 87%), b.p. 129”/1 Torr; [a];’ +122”, 

bl:,“, 1 + 165” (c I), RF 0.23 (chloroform) and 0.65 (ethyl acetate); Y:: 2095 (NJ), 
15’40 (A&), 1282, 1235 (AcO), 1173, 1126, 1095, 1011, 1000, 951, ?13, 885, and 
818 cm-‘. P.m.r. data: d l.M(m, 4 H, H-2,2’,3,3’), 2.02 (s, 3 H, A&), 3.30(m, 2 H, 
H-6,6’), 3.35 (s, 3 H, OMe), 3.86 (qujotuplet, 1 H, Ja,, ~9, J5,s ‘v JS,an zz 5 Hz, 

H-5). 4.60 (m, I I-I. H-4), and 4.69 (t, I H, H-i). 
Artal. Calc. for C,H,,NJO,: C, 47.15; H, 6.60; N, 18.33. Found: C, 47.07; 

H, 6.75; IU, 18.50. 
Mrlh~l 6-c=ido~-O-ben=o~f-2,3,6-rrideoxJ,-a-D-erythro-hexo~~rano~jde (16). - 

A solution of methyl 4-O- benzoyl-6- bromo- 2,3,6-trideosy-a-D-e&rro-hexo- 
p:!ranosidc” (15; 23.3 g, 70.7 mmol) and sociium azide (IO g, 153 mmol) in dry 
V,:V-dimerbqtformamide (200 ml) a’ns stirred at 60-70’ for 36 h. After evaporating 
the solvent (1 Torr), the residue was diluted with wntzr (200 ml) and extracted with 
dichloromethane (3 x 100 ml). The combined extracts were washed with water, dried, 
and concentrated to give a syrupy product (18.7 g, 9l?b) which was pure enough for 

the subsequent step. Purification by t.1.c. gave 16, [a]$, + 152” (c 0.3, ethanol); 

yr’tm 2100 (N,). 1720 (BzO), 1600 and 1585 fpbenyl), 1355, 1315, 1260, 1220, 1175, man 
1110, 1050, 1030, 1010, IOCO, 955, S90, 550, 710, and 685 cm-‘. P.m.r. data: d 1.96 
(m, -l H. H-2,3’,3,3’). 3.36 (m . 2 H, H-6,6’), 3.42 (s, 3 H, OMe), 4.04 (m, 1 H, H-5), 
4.73 (t, 1 H, J,,-, = J,,,. 2 2 Hz, H-l), 1.92 (t, I H. Hd). 7.40 (m, 3 H, aromatic), 
and 7.97 (m, 2 H, aromatic). 

Anal. Calc. for C,,H,,N,O,: C, 57.72; H, 5.88; N, 14.43. Found: C, 57.56: 
H, 5.64; N, 14.70. 

Melhj*l 6-a=ido-3,,7,6-frtdeo.~~1-a-D-erythro-he_~op~ranoji~~ (9). - (a) A solution 
of 6 (i0 g. 31.6 mmol) and sodium tide (6 g, 92 mmol) in N,Wdimethylformamide 
(i20 ml) was stirred at 80” for 21 h and then concentrated (I Torr), and the residue 
was partitioned betneen water (50 ml) and chloroform (3 x 100 ml). The extracts 
were ibashed airh water (3 x 50 ml), Jried, and concentrated, and the residue was 
distilled to give 9 (5.2 g, 82%), b.p. I IO-120”/0.1 Torr; [r];’ + 1 IS”, [z]$, + 157” 
(c I), R, 0.62 (ethyl acetate) and 0.46 (chlorofom~+zthanol, 15:l); ~7’2 3420 (OH), 
2099 @J3), 1262. 1200, 1189, 1146, I I 12. 1034, 983, 972.935, 895. 867, 853, 840, and 
527 cm- ‘. P.m.r. data: b 1.80 (m, 4 H, H-2,2’,3.3’), 2.23 (bs, 1 H, OH), 3.16 (s, 
3 H, OMe), 3.50 (m. 2 H, H-6,6’), 3.60 (m, 2 H, H-$5), and 4.70 (t, I H, H-l). 

Anal. Calc. for CTH,,N,O,: C, W.91; H, 7.00; N, 22.44. Found: C, 44.66; 
H, 7.05; N, 22.15. 

(6) A miiturc of 3 (1.62 g, 10 mmol), hesamerhylphosphoric triamide (1.78 g, 
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11 mmol), carbon tetrabromide (3.32 g, 10 mmol), and dry N,N-dimethylformamide 
(15 ml) was stirred at - 50” for 2 b. Sodium &de ( I .30 g, 20 mmol) was then added, 
and the mixture wzs stirred at 60’ for 12 b, concentrated (1 Torr), and diluted H itb 
water (30 ml). The solution was extracted with chloroform (3 x 30 ml), and the 
combined extrac& were washed with water (3 x 25 ml) and concentrated. Distillation 
of the syrupy residue gave 9 (1.5 g, 78%), b.p. I20”/@.1 Torr, [alLo + I 18” (c I). 
RF 0.62 (ethyl acetate) and 0.32 (chloroform). 

(c) A solution of 16 (1.45 g, 5 mmol) in methanol (20 ml) containing sodium 
methoxide (0.1 g) was stored overnight. After neutralization with Amberlite 
IR-120(Ht) resin, the mixture was filtered and concentrated. The residual syrup was 
repeatedly extracted with tight petroleum to remove methyl benzoate. The crude 
product (0.45 g, 48%). which was pure enough (RF 0.31, chloroform) to be used in 
the next step, when further purified by elution from silica gel with chloroform, gave a 
product which was identical k*ith that described in (a). 

6-~=ido-2,3,6-lrid~o.uJ’-D-erythro-hexose (19). - A solution of 9 (I .g) in 0 I M 

HCI (20 ml) was heated at 100” for 0.5 h, then cooled, neutralized with Amberlite 
IR-I!M(CO~-) resin, filtered. and concentrated. The syrupy residue (0.9 g. 979b) was 
eluted from silica gel with chloroform-ethanol mixtures to give 19, [IX]&, +56” 
(c 0.6. water); RF 0.06 (chloroform-ethanol, 93:7); I*::: 3360 (OH), 2092 (a,), 
1210, 1 I IS, 1060,970.900. 875, 865 and 815 cm-‘. 

Anal. Calc. for C6HI,N303: C, 41.61 ; H, 6.40; N, 24.26. Found: C, 41.75: 
I-I, 6.29; N, 24.35. 

The 2,Cdinitrophenylhydrazone of 19 had m.p. 142-143’ (from ethanol). 

[a];& I $13” (c 0.5, pyridine). 
Anal. Calc. for ClzH,gN-06: C, 40.79; H, 1.28; N, 27.75. Found: C, 40.97; 

H, 4.36; N. 27.70. 
Mefll_$ 6-acefanzido~-O-benzoyl-2,3,6-~rideo.r~-~~-~-crytbro-Irercop~~ranosrde (1‘7). 

- A solution of the azido derivative 16 (16.5 g) in methanol (100 ml) containing 
acetic anbydridz (25 ml) and 10% palladium-on-charcoal (1.5 g) was hydrogenated at 
I.5 atmos. for 4 h at room temperature. then filtered, and concentrated to yield 17 
(8.1 g), m.p. 173-175”. A second crop (2.3 g; total yield, 60%) was obtained upon 
concentration of tbe mother liquors. Recrystallization from methanol gave the purz 
product, m.p. 176-178”, [,I]$, +170” (C 0.5, methanol), R, 0.36 (chloroform- 
ethanol, 15:l); 112: 3260 (NH), 1715 (BzO), 1640 (Amide J), 1560 (Amide II), 1320, 
1270. 1260, 1222, 1203, 1179, 1130, II IO, 1070, 1050, 1027, 1010, 999, 955. 922. 398, 
880, 863, 845, 800, and 710 cm- ‘. P.m.r. data: 5 I.94 (s, 3 H, NAc), 1.95 (t, 3 H, 
H-2,2’,3,3’), 3.18 (m, 1 H, H-5), 3.24 (s, 3 h’, OMz), 3.82 (m. 2 H, H-6,6’), 4.69 
(t, 1 H, H-l), 4.80 (m, 1 H, H-4), 5.94 (bs, 1 H, NH), 7.40 (m, 3 H, aromatic), and 
8.00 (m. 2 H, aromatic). 

At&. Cak. for CzgHzINOs: C, 62.53; H, 6.88, N, 4.55. Found: 62.72; H, 6.67; 

N, 4.53. 
hfethyl 40-aceryf-6-amio- 2,3,6-trideoxy-a-D-qthro-hexopyranoside (10) and 

mefhyi 6-aceiartlido-2,3,6-frideux_~-;x-rp-erythro-he.ropyranoside (11). - (u) A solution 
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of I7 (3 g) in dry methanol (70 ml) containing sodium methoxide (0.1 g) was stored 
overnight. The mixture was neutralized with Amberlite IR-12O(H”) resin and 
concentrated. The residue crystallized on treatment with ether, and the product (3 gj, 
m.p. 115-l 17”, was recrystallized from chloroform-ether to give 11, m.p. 117-I 18”; 
v::: 3400 (OH), 3320 (NH), 16JO (Amide I), 1540 (Amide II), 1280 (Amide III), 1220, 
1305, 1165, 1135, 1105, !087, 1077, 1050, 1029, 1000, 983, 955, 900, 86+ 846, and 
S33 cm - ‘. P.m.r. data: b 1.77 tm. -1 H, H -3,2’,3,3’), 2.03 (s, 3 H, NAc), 3.04 (dq, 
2 H. J, t;, = 13, J5 s z 3.0, J, 6 ~3.5 Hz, H-6,6’), 3.29 (s, 3 H. OMe), 3.51 (dt, 1 H, 
J 4,5 ‘u 4.0 Hz, H-5j, 3.98 jdq, i H, JJ,4 = 3.0, J,.,, u 12 Hz, H-4), 4.19(bs, 1 H, OH), 
4.55 (I, 1 H, H-l), and 6.56 (bs. I H. NH). 

Anul. Calc. for CgH,,NO,: C, 53.18; H, 8.43; N, 6.89. Found: C, 53.08; 
H. 8.53: N. 6.73. 

(b) A solution of 8 (I g, 4.4 mmol) in dry methanol (100 ml) was hydrogenated 
over 10% palladium-on-charcoal (0.4 g) at 2.5 atmos. for 2 h at 20”, then filtered, and 
concentrated. The syrupy residue contained (t.1.c.; chloroform-methanol-ammooia, 

X:6:1) two products, RF 0.31 (IO) and O.S2 (II). lrituration of the syrup with ether 
gave 11 (0.53 g. 60?:,). m.p. 114-1 IS”. which was identical with the product prepared 
in (G). On concentration of the mother liquors to a small volume and storage at room 
temperature. the conversion IO --* 11 occurred, as rekealed by t.1.c. 

,\/etlt~~l 6-aceron~idoo3-O-acet~~/-~,3.6-tr~d~~o.~~-~-~~~~ro-~~er~p~nu~oside (12). 
-- (a) A solution of S (2 p. 8.8 mmol) in dry methanol (100 ml) containing acetic 
anh: dride (5 ml) was hydrogenated at 2.5 atmos. for 2 h at 20” over palladium-oo- 
charcoal (0.4 g), then lilrered, and concentrated. Crystallization of the residue from 
ethei-hesane at 0’ gab< 12 (I .73 g. SO%), m-p. 97-9S’, [z;l&, + 135’ (C 0.5), RF 0.50 
(eth!,l acetar+ethanol, 8:l) and 0.95 (chloroform-methanol-ammonia, 20:6:1); 
Y::; 3325 (NH), I725 and I715 (MO), 1640 (Amide I), 1550 (Amide II), 1291 

fAmide III). 1270, 1240 (AcO), 1219, 1194, 1169, 1125, 1097, 1047, 1030, 1009, 990, 
911. 920, 910, 873, and 837cm-‘. P.m.r. data: d I.52 (bm, 4 H, H-2,2’,3,3’). 1.96 
&nd 2.0-l (2 s, 6 H. NAc and kO), 3.32 (s, 3 H. OMe), 3.58 (bm, 3 H, H-5,6,6’), 

4.52 (m, I H, H-l), 4.61 f.t, 1 H, H-l), and 5.82(bs, 1 H, NH). 
Anal. Calc. for C, ,H,,NO,: C. 53.86; H, 7.81: N, 5.7;. Found: C, 54.05; 

H, 7.95; N, 5.52. 
(b) Acetylntion of II also gave 12, m.p. 97-98” (from ether-heuane), which 

~3s identical with the product described in (a). 
Methyl 6-aillir~o-_7,3.6-trideo.~~-r-o-erythro-hexop~ranoside llydrocljloride (13). 

- P. solution of 9 (1.5 g, S mmol) in dry methanol containing 10% palladium-on- 
charcoal (0.4 g) \vas hqdrogenafed at 2.5 atmos. for 5 h (20”), then filtered, and 
concentrated. A solution of the syrupy residue (I .2 g) in dry methanol was treated with 
ethereal hydrogen chloride unril precipitction was complete. The product (1.25 g, 
799C) was recrysta!lized from methanol~ther to $vc 13, m-p. 153-154” (dec.), 
[&f,, + 130’ (c 1, water), R, 0.65 (20:6: 1, chloroform-methanol-ammonia); 
ylrrUJoi 3110 (NH, OH). 1610 and 1580 (NH). 1210, 1120, 1070, 1050, 1015, 1015,935, m>i - 
790, and 660cm- ‘. P.m.r. data fD,O): 3 1.80 Im, 4 H, H-2.2’,3,3’), 3.10 (m, 2 H, 



AMINO SUGARS 297 

H-6,6’), 3.38 (s, 3 H, OMe), 3.5-3.9 (m, 2 H, H-4,5), and 4.SO (m. I H. H-l): 

(CDCI,): b 1.77, (m. 4 H. H-2,2’.3,3’). 2.97 (m, 2 H. H-6,6’), 3.33 (5, 3 H, OMe), 
3.47 (m, 2 H, H-4,32, and 4.63 (t, I H, H-l). 

Annf. Calc. for C7Ht8CIN03; C, 42.53; H, 8.15; N, 7.05; Cl, 17.93. Found: 
C, 42.70; H, 8.01; N, 7.25; Cl, 18.16. 

6-~cetamido-2,3,6-trideo.ry-D-e~thro-/re.uop~ranose (20) and Gacetamido-I,& 
an/l~dro-2,3.6-trideo.~~-~-D~~t~o-hexa~~fa/~ose (21). - A solution of 11 (0.3 g) in 

O.lhI HCI (6 ml) was heated at 100’ for 20 min. then neutrslised vvirh Amberlrte 
IR-4OO(CO~-) resin, and concentrated. The syrupy residue (0.3 g) contained (t.1.c.; 
ethyl acetate-ethanol, 8:l) two components of RF 0.2@ (major) and 0.13. Elution 
from silica gel (50 g), with ether-methanol or ethyl acetate+thanol mixtures, gave 20 
(0.12 g, 39.5%), [a]g:e, +SO” (c 0.5 water); +I,;“: 3309 (OH), 3100 sh (NH). 1610 

(Amide I), I515 (Amide II), 1290 (Amide III). 1209, 1059, 970. 916. and 860 cm- ‘. 

P.m.r. data (Me,SO-d,): d IS-l.8 (m, 4 H, H-2,2’,3,3’), I.81 (s, 3 H, NAc), 3.20 
(m, 3 H, H-5,6.6’), 4.60 (m, I H. H-4), 4.80 (m, I H, disappeared on deuterium 
exchangz, HOA), 5.02 and 5.32 (2 bm, I H, intenGty ratio 1:3, H-l of LWO anomeric 
isomers), 5.98 and 6.40 (m and d. I H, intensity ratio 4:3, signals disappeared on 
deuterium exchange, HO-i), and 7.80 (b. I H, NH). 

Anal. Calc. for C,H,jNO,: C. 50.78; H, 7.99; N, 7.30. Found: C, 50.83; 
H, 5.03; N, 6.94. 

Elutrd second was 21 (I6 mg, 6O&), m.p. 125-126”. [r1]&, -33’ (c 0.5. water); 
vUiSr 3410 (OHI. 1635 (Amide I), 1330, 131 I, 1282, 1253, 1210, 1192, 1176, 1165, 
I%?), 1050, 1070 sh, 1012, 1032, 1013,988, 94-4, 927, 571, U-l, and 834 cm- ‘. P.m.r. 
data: 6 1.82 (bm, 4 H, H-2,2’,3,3’). 2.tXl and 2.07 (2 s. 3 H. NAc of two rotational 

isomers), 2.91 (s, I H. disappeared on deuterium exchange. OH). 3.51 (m. 3 H. 
H-5,6,6’), 4.52 (m, I H, H-4), 5.4-t and 5.71 (2 bs, I H, intensity ratio 7:9, H-l of 

two rotational isomers): (pyridjne-d, at room temperature): 6 I.82 and 1.85 (2 s, 
3 H, NAc of two rotational isomers), 5.37 and 5.7-I (2 bs, 1 H, intensity ratio 4:3, 

H-l of two rotational isomers); (pyridine-d, at 70”): 5 1.83 (s, 3 H, NAc) and 5.65 

(bs, I H, H-l). 
Anal. Calc. for C&H, ,NOa. . C, 56.12: H. 7.65; N, 8.18. Found: C, 56.11; 

H, 7.92; N, 7.93. 
2,3-Dinitrophen~lhJ~drazone of 6-acetamido-2.3,6-trideo.yD-erythro-hexose. - 

(a) Methyl 6-ace~mido-2,3,6-tdeoxy-lr-D-ef~.t/~fo-hexop~ranoside (11, 0. I g) vcas 
heated with 2~ hydrochloric acid (2 ml) at 100” for 0.5 h, and then treated with a hot 
solution of 24-dinitrophenylhydrazine (140 mg) in 7~ hydrochloric acid (20 ml). 
The mixture was stored for 2 days. A few drops of acetone were added, and the 
product was collected, washed with water, and recrystallized from ethanol to give 
the title compound (0. I 1 g), m.p. 120-I 22’, [a]::6, - I I” (c 0.3, ppridine). 

Anal. CA. for CIaH,9Nj07: C, 45.53; H, 5.1s; N, 18.96. Found: C. 45.30; 
H, 4.95; N, 19.12. 

(b) A so!ution of 6-acetamido-1,6-anhydro- 2,3,6-trideoxy$-o-et-IVhro-hexo- 
pyranose (21, 0.1 g) in water (0.5 ml) was treated with 2.4-dinitrophen~lhydrazine 
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(0.13 8) in hot 2~ hydrochloric acid (20 ml). The product (0.14 g), when recrystallized 
from ethanol, had m.p. 120-l31”, and was identical with thz sample described in (a). 

6-~re~a~~ido~-O-acet~~-~,6-cn~~_~dro-~-D-eryrhro-~~e.uop~~rrmose (22). - A SOhJ- 

tion OF I1 (0.4 g) in acetic aohydride (5 ml) containing cont. sulphuric acid (0.05 ml) 
wac stored at room temperature for 2 days, then poured onto ice, ar?d neutralized to 
pH 6.5-7.0 with solid NsHCO,. The suspension was filtered, the solid was washed 
with chloroform, and the filtrate was extracted with ctiloroform (5x 5 ml). The 
combined organic liquors were washed with water, dried, and concentrated. The 

syrupy residue was thrice dissolved in ether. and the solution was concentrated. 
Recrystallization of the product (0. IS g, 12.6%) from ether :hen gave 22, m.p. 69-70”, 
[a]::,, -46” (~0.5)~ RF 0.26(ether-chloroform, 9-l); rzl 1720(AcO), 1633 (Amide I), 
1323, 1309, 1259, 1235, 1210, 1194, 1173, 1105, 1064, 1036, 1020, IOM, 965,9-l& 937, 
894, 879, US, 833, and 80s cm -‘. P.m.r. data: S l.S2 (m, 4 H, H-2,2’,3,3’), 2.01 and 
2.07 (2 s, 3 H, NAc of two rotational isomers), 2.1 I (s, 3 H, OAc), 3.52 (m, 2 H, 
H-6,6’), 4.63 (m, 2 H. H-4,5), 5.46 and 5.75 (2 bs, 1 H, intensity ratio 2:3, H-l of two 
rotational isomers). 

ha/. Calc. for C,OH,INO,: C, 56.32; H, 7.09; N, 6.57. Found: C, 56.60; 
H, 7.10; N, 6.69. 

Trcarment of 22 (1.8 g) with a solution of sodium metho.xide (0.1 g) in dry 
melhanol (75 ml) For 3 h was followed by neutralization with Amberlite IR-12O(H+) 
resin, filtration, and concentration. The syrupy product (0.94g) contained (t.1.c.; 
et&l acetate-ethanol, S:l) two components having RF 0.13 and 0.20. Elution From 
silica gel (20 g) with ether-rrethnnol (19: I) gave 6-acetamido-2,3,6-trideoxy-D- 
erj+‘hro-hesopyranose (20; I2 mg. l.l”/~), RF 0.20, which was identical with the 
product described abobs. 6-A~tamido-l,6-anhydro-2,3,6-tdeoxy-8-D-~f~f/~~o-hexo- 
pynose (21: RF 0.13, 0.33 p. ~O”/G) was also obtained: m.p. IX-1 26”. [a]::, t - 32” 
(c 0.5 water). which had the same characteristics as the product described above. 

\tien 1P was treated with acetic anhydride containing 0.5% of sulphuric acid, 
the product (43%) was methyl 6-acetamido-F-O-scetyl-2,3,6-tn’deoxy-;c-o-~~~f~fo- 
hexopyranoside (12). m.p. 93-9-l’ (see above). 

Altempted aceiolyses of glycoGdes 3 and 9. - Treatment of 3 with 1.8% 
sulpburic acid in acetic anhydride gave metbyl 4,6-di-O-awtyl-cr-D-erJY//ro-bexo- 
pyranoside (4, S716). Similar treatment of 9 with 0.15% sulphuric acid in acetic 
anhjdride gake methyl 4-0-acetyl-6-azido-_, 3 3,6-tridzoxy-r-o-evko-hexopyranoside 
(8, 75%). When the concentration of HISO was raised to 1.80/b, the products re- 
mained unchanged. 
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