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B . Hydrolysis with Whole Snake Venom (Phosphodiesterase 
and 5'-Nucleotidase) .-The reaction mixture cont,aining 30 mg. 
of substrate, 200 mmoles of glycine buffer (pH 8.6), 50 mmoles 
of magnesium chloride, and 1 ml. of enzyme solution (total 
volume 2 ml.) was incubated at 37' for 4 hr. Examination 
of reaction mixture by paper chromatography (solvent B) 
together with authentic adenosine ( R I  0.19) and a-adenosine 
( R I  0.12) showed no differentiation iRt 0.15) and no spot cor- 
responding to AMP was detected. 

Treatment of N-Benzoyl-9-(5'-diphenylphosphoryl)-~-ribofur- 
anosyladenine 2',3' Cyclic Carbonate with Sodium Methoxide.- 
The fully protected nucleotide I11 (90 mg.) was dissolved in 10 
ml. of anhydrous methanol, followed by the addition of 1.5 ml. 
of 1 N sodium methoxide. After refluxing the reaction mixture 
for 70 min., the pH was adjusted to 4.0-4.5 with IRC-50 (H+) 
resin. The resin was removed by filtration and the solvent 
was evaporated in vacuo. The traces of solvent were removed 
by codistillation with two 20-ml. portions of ethanol and three 
30-ml. portions of acetone. A brownish solid material was 
obtained: 48 mg.; A,":: 260 mp; paper chromatography, RI 
0.48 (solvent A, IO4- consuming); paper electrophoresis, RAMP 
0.68. This material was slightly contaminated with adenine 
(Rt 0.32, solvent A ) .  

Enzymatic Hydrolysis of 9-(5'-O-Monophenylphosphoryl)-~- 
ribofuranosy1adenine.-The brownish solid obtained above 
(30 mg.) was dissolved in a solution consisting of 200 mmoles 
of glycine-NaC1-NaOH buffer (pH 8.5), 60 mmoles of magnesium 

totally to  adenosine and inorganic phosphate. 
(16) Purified as in ref. 13 and tested for its activity to  hydrolyze AMP 

chloride, and 0.5 mg. of enzyme.'O The total volume of the 
reaction mixture was 2.5 ml. This was incubated a t  37" for 
30 min. and the reaction was quenched by heating at 100' for 
3 min. The whole solution was diluted with 20 ml. of water 
and one-third of the solution was applied to an ion-exchange 
column (Dowex 1x8,  chloride form, 0.8 X 10 em). Washing 
with water gave nucleoside (adenosine), TODZ~O m,, 22.9 (11 .9yo) ; 
elution with 0.006 N HC1 and 0.2 M LiCl gave AMP, TODzeo mp 
5.9 (3.1%), and a-AMP, TODZ~O m,, 54.3 (28.2%) (see Figure 
11). a-AMP fractions were collected and neutralized with 1 N 
LiOH solution and evaporated in vacuo to a small bulk below 25". 
Further elution of the column with 0.06 AT HC1 and 0.2 M LiCl 
gave monophenyl-AMP, TODzso m,, 54.3 (28.2%). To the sirupy 
sohition of a-AMP wm added 2 vol. of methanol and 30 vol. of 
acetone. The white precipitate, which appeared after storing 
the solution in a refrigerator a t  0-5" for 3 hr., was collected by 
centrifugation and washed with ethanol and ether. The dried 
(3 mm. over P206 for 5 hr.) material weighed 5.8 mg. The purity 
estimated photometrically on the weight basis (calculated as 
having e260mw 14,500) was 72.8%. The main contaminant 
was water of crystallization and lithium chloride: paper chro- 
matography, Rf 0.22 (solvent A ) ,  RAMP 0.92; paper electrophor- 
esis, Radenos,ne 1.5, RAMP 1.03. 

A n a l .  Calcd. for Cl,rHlzLiNa0~P~61120: P ,  6.63. Found: 
P, 6.91. 
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The stereoselective synthesis of the title compound utilizing the azide group as a potential amine function is 
Versatile intermediates such as methyl 2,3-anhydro-6-azido-6-deoxy-a-~-talopyranoside and 3,6- 

It is shown that the 3,6-diaminohexose gives a positive reaction 
A study of the opening of epox- 

described. 
diazido-3,6-dideoxy-~-idose were synthesized. 
in the Elson-Morgan color test and produces 10% the color of D-glucosamine. 
ides with azide ion in model compounds in the D-talose series is included. 

The discovery of several antibiotic and other biologi- 
cal substances possessing substantial therapeutic value 
has led to the unveiling of some unique types of amino 
sugars as their components.2 With the advent of 
modern techniques, the constitution and gross struc- 
tural elucidation of many of these new substances has 
become greatly facilitated. The proof of structure, 
stereochemistry, and mode of linkage of novel types of 
amino sugars found in such substances represents a 
challenge to the chemical investigator. 

The present synthesis of 3,6-diamino-3,6-dideoxy-~- 
idose was undertaken for two purposes: firstly, to 
initiate a synthetic program involving the synthesis of 
several nienibers of this novel class of diaminohexoses in 
anticipation of their eventual discovery in biological 
substances, and, secondly, to study the chemical prop- 
erties of this representative member of 3,g-diamino- 
3,6-dideoxyhexoses. The synthesis of a 3,6-diamino- 
3,6-dideoxyhexose derivative has been recently de- 
scribed.3 I t  is noteworthy to mention that the antibi- 
otic kanamycin contains 3-amino-3deoxy-~-glucose as 
(1) Preliminary communication, Abstracts of Papers, 148th National 

Meeting of the American Chemical Society, Chicago, Ill., Sept. 1964, p. 2D. 
(2) For a recent comprehensive review on this subject, see J .  D. Dutoher, 

"Advances in Carbohydrate Chemistry." Vol. 18, Academic Press, Inc., 
New York, N.  Y.,  1963, p. 259. 
(3) M. L. Wolfrom, D. Horton, and Y.-L. Hung, ref. 1. p. 3D. 

The D-altro stereochemistry has been assigned to  this diamino sugar deriva- 
tive by degradative studies (peraonal communication by  Dr. D. Horton). 

well as 6-amino-6-deoxy-~-glucose among its compo- 
n e n t ~ ~  and that the combinat'ion of amine functions in 
one molecule to produce a 3,6-diamino-3,6-dideoxy- 
hexose is biogenetically possible. Furthermore, 3- 
amino-3deoxyhexose derivatives are common constitu- 
tents of several antibioticsa2 

The only dianiinohexoses of biological origin are 
2 ,  6-diamino-2,6-dideoxy-~-glucose (neosamine C )  , 5--8 

2,6-diamino-2,6-dideoxy-~-idose (neosamine B, paro- 
m o ~ e ) , ~ - ~ ~  and a 2,4-diamin0-2,4,6-trideoxyhexose.~~ 
Owing to the unavailability of 2,6-diamino-2,6-dideoxy- 
hexoses other than the D-gluco a n a l ~ g , ~  considerable time 

(4) (a) M. J. Cron, 0. R. Fardig, D. L. Johnson, H .  Schmitz, D. F. 
Whitehead, I. R .  Hooper, and R. U. Lemieux. J .  Am.  Chem. Soc., 80, 2342 
(1958); (b) M. J. Cron. 0. n. Fardig, D. L. Johnson. D. F. Whitehead, 
I .  R .  Hooper, and R .  U. Lemieux, ibid., 80, 4115 (1958): (c) K. Maeda, M. 
Murase, H. Mawatari, and H.  Umeaawa, J .  Antibiotics (Tokyo), 1115, 73 
(1958); (d) H .  Ogawa. T .  I to ,  S. Inoue, and S. Kondo, i b i d . ,  l l A ,  166 
(1958). 
(5) H. Weidmann and H. K. Zimmerman. Jr . ,  Ann., 644, 127 (1961). 
(6) K. L. Rinehart. J r . ,  M. Hichens, K. Stiegler, K.  P. Rover, T. P. 

Culbertson, S. Tatsuoka, S. Horii, T. Yamaguchi, H. Hitomi, and A. Miyake. 
J .  Am. Chem. SOC.,  85, 2964 (1961). 
(7) W. Meyer zu Reckendorf, Ber., 96, 2017 (1963). 
(8) T.  I to ,  M. Nishio. and H.  Ogawa, J .  Antibiotics (Tokyo), 97, 189 

(1964). 
(9) T .  H.  Haskell and S. Hanessian, J .  Ow. Chem., 26, 2598 (1963). 
(10) W. Meyer zu Reckendorf, Anuew. Chem., 76, 573 (1963); Tetra- 

(11) K.  L. Rinehart, Jr., "The Neomycina and Related Antibiotics." 

(12) N. Sharon and R. W. Jeanloz, J .  B i d .  Chem., 286, 1 (1960). 

hedron, 19, 2033 (1963). 

John Wiley and Sons, Inc., New York, N.  Y., 1964, p. 36. 
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elapsed until suitable degradative methods were de- 
visedgs11r13 to eludicate their total stereochemistry. The 
need for model compounds of this and related classes of 
unusuaI amino sugars is thus appreciated. 

Reaction of methyl 2,6-di-0-p-tolylsulfonyl-a-~- 
galacto~ide '~ (I) with sodium azide in dimethyl sulfoxide 
or dimethylformaniide overnight a t  100' effected a 
selective displacement of the terminal tosyloxy function 
to give crystalline methyl 6-azido-6-deoxy-2-0-p-tolyl- 
sulfonyl-a-D-galactoside (11) in good yield. Treatment 
of the latter in refluxing ethanol with aqueous sodium 
hydroxide essentially according to a procedure employed 
by Charalambous and Percival'b gave crystalline 
methyl 2,3-anhydro-6-azido-6-deoxy-a-~-talopyrano- 
side (111). This substance was somewhat volatile as 
observed in samples kept in closed vials. Although its 
infrared and n.ni.r. spectra were compatible with the 
expected structure and the substance was homogeneous 
chromatographically, a satisfactory analysis could not 
be obtained. Variations in the solvent of crystalliza- 
tion did not improve the analytical data but rather pro- 
duced more ambiguous values. The crystalline product, 
however, was quite suitable for further use. 

The opening of epoxides by azide ion was first de- 
scribed by VanderWerf and co-workerslB who utilized 
aqueous dioxane as solvent. While our work was in 

(13) 9. Hanessian and T. H .  Haskell, J .  Ow. Chem., 98, 2604 (1963). 
(14) W. N .  Haworth. J. Jackson, and F. Smith, J .  Chem. Soc., 620 (1940); 

(15) G.  Charalambous and E. Percival, ibid.. 2443 (1954). 
(16) C.  A. VanderWerf, R. Y. Heisler, and W. E. McEwen. J .  Am. Chem. 

P .  A. Rao and F. Smith, ibid.. 229 (1944). 

Soc., 76,  1231 (1954). 

SCHEME I1 

IC 
CHzNs 

B 

progress, Guthrie and Murphyl7 reported on the first 
application of the opening of sugar epoxides with azide 
ion in Methyl Cellosolve containing ammonium chloride. 
In  the present investigat,ion, Methyl Cellosolve was 
found to be the most suitable solvent among several 
that were tried, including aqueous dioxane, with regards 
to product yield. The reaction of the epoxide I11 with 
sodium azide was done essentially according to the 
above workers, l7 Optimum conversion was attained 
after 3 . 5 4  hr. a t  reflux temperature whereby two 
components could be detected on thin layer chroniato- 
grams. Separation by silicic acid colunin chroniatog- 
raphy afforded methyl 3,6-diazido-3,6-dideoxy-a-~- 
idopyranoside (IV) (fast component) in approximately 
90% yield and presumably methyl 2,6-diazido-2,6- 
dideoxy-a-D-galactoside (slow Component) in less than 
5% yield which was not further investigated. Com- 
pound IV was obtained in the form of a colorless honio- 
geneous sirup that gave a sirupy diacetate but a crystal- 
line 2,4-di-p-nitrobenzoate derivative V (Scheme I). 
The specific optical rotation of V, [ Q ~ D  $70' (CHC13), 
offered the first evidence that the fast component was 
the idose rather than the galactose derivative and was 
compatible with values reported for methyl 3-amino- 
D- or -L-idoside derivatives. 18 The corresponding 
methyl 2-amino-2-deoxy-a-~-galactoside derivatives 
have considerably higher specific optical rotations. 
The n.m.r. spectrum of the diester V a t  60 5Ic. inte- 
grated for the correct number of hydrogens, the ano- 
meric proton being a singlet a t  7 5.05 (J1,2 < 2 c.P.s.) 
which indicates a possible C1 conformation or a half- 
chair-boat form. l9  A theoretical consideration of the 
reaction path (Scheme 11) indicates that the product of 
diaxial opening from the relatively less st'able epoxide 
conformation A (2 axial substituents) is the experimen- 
tally obtained ido isomer. The alternat,ive epoxide con- 
formation B (2 equatorial substituents) would give the 
ido isomer only by a diequatorial opening which is a 
hindered process. A 1C conformation has been sug- 
gested for a-L-idose pentaacetateZ0 on the basis of 
n.m.r. and optical rotatory dispersion studies. A 
detailed study on the conformation of methyl idopyrano- 

(17) R. D. Guthrie and D .  Murphy, Chem. I n d .  (London), 1473 (1962). 
(18) (a) R. W.  Jeanloz, Z. T. Glazer, and D .  Jeanloe, J .  O r g .  Chem., 

96, 532 (1961); (b) J. Jsry,  K. Capek, and J.  Kovar. Collection Czech. Chem. 
Commun., 98, 2171 (1963). 

(19) R. E. Reeves, "Advances in Carbohydrate Chemistry," Val. 6, 
Academic Press Inc., New York, N .  Y., 1951, p ,  107. 

(20) P .  Perchemlides, E. A. Davidson, and N. Aronson, Abstracts of 
Papers, 147th National Meeting of the American Chemical Society, Phila- 
delphia, Pa., March 1964, p. 1C; N. Pace, C .  Tanford, and E. A .  Davidson. 
J .  Am. Chem. Soc., 86, 3160 (1964). 
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Figure 1.-Elson-Morgan color reaction (Rondle and Morgan 

modificationa7) of VI11 (D), X (C), D-galactosamine hydro- 
chloride (B), and D-glucosamine hydrochloride (A).  

side derivatives is in progress in our laboratories, This 
involves the investigation of acetate esters of such de- 
rivatives by n.m.r. to assign axial and equatorial disposi- 
tions of the acetoxy thereby defining the 
particular conformation as 1C or C1. 

The diazido glycoside IV was hydrolyzed to 3,6-diazi- 
do-3,6dideoxy-~-idose (VI) using Amberlite IR-120 
(H+). Optimum conditions as indicated by thin layer 
Chromatography experiments were found to be 2 hr. 
a t  98'. Mineral acid hydrolysis caused some discolora- 
tion with t'he appearance of slower spots due to side 
products. The diazido hexose VI was obtained as a 
stable colorless sirup. It gave a crystalline benzyl- 
phenylhydrazone VII. A point of theoretical signifi- 
cance arose when the optical rotation of VI1 was meas- 
ured. The so-called hydrazone rule as discussed by 
Hudsonz5 and VotocekZ6 assigns the configuration of C-2 
of an aldose hydrazone depending on the sign of rotation. 
This rule agrees well with all published rotational data 
on sugar hydrazones and has been successfully used as 
a tool for the assignment of configuration at' C-2 in 
several instances.27 The hydrazone VI1 should have 
a positive rotation; the observed rotation, however, 
was [ a l ~  - 35' in methanol. The same discrepancy has 
been reported in an enantiomorphic idose hydrazone, 
namely, 3-0-benzyl-6-deoxy-~-idose benzylphenylhy- 
(21) R .  U. Lemieux. R. K. Kullnig, H.. J. Bernstein, and W. G. Schneider, 

(22) A. C. Richardson and K. A. McLaughlsn, J. Chem. soc.,  2499 (1962). 
(23) F. W. Lichtenthaler, Ber. ,  96, 2047 (1963). 
(24) S. Hanessian and T. H. Haskell. Tetrahedron Letters, No. 86, 2451 

(1964). 
(25) C. S. Hudson, Scientific Papers of the Bureau of Standards. No. 

533, 1926, p. 297. 
(26) E. Votocek, Collection Czech. Chem. Commun., 8 ,  250 (1931). 
(27) See, for example, E. Walton, J. 0. Rodin. C. H. Stammer. F. W. 

J .  A m .  Chem. soc., 80, 6098 (1958). 

Holly. and K .  Folkers, J .  A m .  Chem. Soc., 80, 5168 (1958). 

drazone by Wolfrom and ,Hanessianz8 which had a 
rotation of l a b  +44' in ethanol. The opposite sign 
but comparable magnitude in the rotation of these 
hydrazones corroborates the validity of the argument. 
It appears therefore that idose hydrazones having cer- 
tain subst'ituents a t  C-3 do not conform with the hydra- 
zone r ~ l e . ~ ~ v ~ ~  That the hydrazone VI1 was in an acy- 
clic form and not in a cyclic modification was ascertained 
from a study of its n.ni.r. spectra. The C-1 hydrogen 
appeared as a doublet centered a t  T 3.30 (J,,* = 3 c.P.s.) 
in agreement with the results of Wolfrom and co- 
w o r k e r ~ ~ ~  who recently studied the n.m.r. spectra of 
several hexose p-nitrophenylhydrazones. It is note- 
worthy that galactose methylphenylhydrazone tetraace- 
tate and glucose benzylphenylhydrazone used as model 
compounds in our work, both with a D-glycero configura- 
tion a t  C-2, showed the C-1 hydrogen at  T 3.50 and 
3.08, respectively, but with identical J values of 4.5 
C.P.S. In  addition to the conclusive evidence concern- 
ing the acyclic nature of the hydrazone VII, the present 
n.m.r. study afforded further evidence that in this 
hydrazone the C-1 hydrogen is in a different environ- 
ment from those in the model hydrazones. 

The diazido hexose VI was hydrogenated in aqueous 
methanol containing hydrochloric acid and 20y0 Pd-C. 
The resulting 3,6-diamino-3,6-dideoxy-~-idose dihydro- 
chloride (VIII) was obtained as a colorless crystalline 
solid. It was stable in the dry state, but acquired a 
yellow color when exposed to air, and eventually de- 
composed. I ts  homogeneity was confirmed by thin 
layer chromatography. A stable crystalline 3,6-di(2- 
hydroxynaphthylidenamino) derivative IX was ob- 
tained in the usual way. The optical rotational prop- 
erties, melting point, and other properties discussed 
below showed VI11 to be different from 2,6-diamino- 
2,6-dideoxy-~-galactose~~ (X) although both com- 
pounds gave similar mobilities in a t  least one solvent 
system. 

When subjected to the ninhydrin degradation,a' 
VI11 remained mostly unchanged while X was degraded 
to several components as evidenced by thin layer chro- 
matography. 

Although t'he Elson-Morgan color reaction3z has 
been widely used in the characterization of 2-amino 
sugars,3y its application to 3-amino sugars has been 
limited. In fact, 3-amino sugars were considered to 
be unreactive in the test since 3-amino-3-deoxy-~- 
altrose gave no Ogawa and co-workersa5 
claimed that i3-amino-3-deoxy-~-g~ucose isolated from 
kanamycin gave as much color as glucosamine when 
measured at  530 mp but that the color faded on stand- 
ing overnight. Very recently Baera6 dipcussed a brief 
study of the behavior of 3-amino sugars in the Elson- 
Morgan reaction. Only 3-amino-3-deoxy-~-talose was 
(28) M. L. Wolfrom and S. Hanesaian. J .  Org.  Chem., 17, 1800 (1962). 
(29) M. L. Wolfrom, G. Fraenkel, D. R. Lineback, and F. Komitsky, Jr.; 

(30) W. Meyer au Reckendorf, Ber., 96, 2019 (1963). 
(31) P. J. Stoffyn and R. W. Jeanloz, Arch. Biochem. Biophys., 69, 373 

(1954). 
(32) L. A. Elson and W. T. J. Morgan, Biochem. J.. 97, 1824 (1934). 
(33) A. B. Foster and D. Horton, "Advances in Carbohydrate Chem- 

(34) M. W. Whitehouse, P. W. Kent,  and C. A. Pasternak. J. Chem. Soc.. 

(35) H .  Ogawa, T. Ito. S. Kondo, and S. Inoue, Bull. Agr. Chem. Soc. 

(36) H. H. Baer, 5 th  Annual Medicinal Chemistry Symposium, Buffalo. 

ibid., 19, 457 (1964). 

istry," Vol. 14, Academic Press. Inc., New York, N.  Y., 1959, p. 264. 

2315 (1954). 

Japan, 48,289 (1959). 

N. Y . .  May 29, 1964. 
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found36 to give the same color production as glucosamine 
while 3-amino-3-deoxy-~-niannose, -D-galactose, and -D- 
glucose analogs gave only 10% color. The variation 
in results in the Elson-Morgan color reaction with dif- 
ferent modifications is discussed in the literature. 3 3  

It was of interest to compare the behavior of VI11 and 
X under the conditions of the Elson-Morgan reaction 
(Rondle and Morgan m~djfication~'). As depicted in 
Figure 1, VI11 showed a maximum at  530 mp in addi- 
tion to two humps at 493 and 580 mp and produced 
only about 10% the color of glucosamine hydrochloride. 
A normal curve with a diminished absorption (73a/, 
color production) was given by X.  

The Elson-Morgan reaction requires the presence of 
an a-aminoaldehyde or carbonyl function in the sugar 
portion, since the initial step is the condensation with 
2,4-pentanedione. In the case of VI11 (and other 3- 
amino sugars) where the requisite structural require- 
ments are absent a preliminary partial transformation 
to a 3,6-diamino-3,6-dideoxyketose (XI) under the 
influence of the strong alkaline conditions must take 
place (Scheme 111). The ketose derivative would 

SCHEME I11 
CHO CHZOH 
I I 

HOCH + C=O + 

HCNHz HCNHZ 
1 t- I - HOCHZ 

I I 

1 HOCH H O ~ H  
I 
I HoHzcQcH3 

HCOH 
I 
I 

CHzNHz 
vm XI H 

HCOH 

CHzNHZ 

then be capable of condensing with the reagent in the 
usual manner to give the possible intermediates shown 
in Scheme I11 which are presumably responsible for the 
color produced. 

In view of the apparent stereoselective ring opening of 
the 2,3-anhydro taloside derivative I11 with sodium 
azide, it was of interest to investigate the same reaction 
in a conformationally more rigid system such as meth- 
yl 2,3-anhydro-4,6-0-benzylidene-~-~-talopyranoside~* 
(XII). Reaction of XI1 with sodium azide in 95% 
Methyl Cellosolve containing ammonium chloride 
afforded a crystalline azido sugar (XIII) in 92y0 yield. 
Reduction of the azide function followed by N-acetyla- 
tion gave the known methyl 3-acetamido-4,6-0-benzyl- 
idene-3-deoxy-a-~-idopyranoside (XIV) 18a (Scheme IV) . 
The predominant attack a t  C-3 and the formation of the 
3-azido derivative by diaxial opening of the epoxide 
ring is not surprising since such fused-ring systems do 
not have the freedom of conformational changes as in 
the unsubstituted analogs. The initially formed 
product must assume a C1 or a half-chair conforma- 
tion. An examination of the n.1n.r. spectrum of XI11 
showed the anomeric hydrogen at  T 5.13 (JI .~ < 2 
c.P.s.) indicating a dihedral angle in the vicinity of 90" 
such as would be the situation in a diequatorial (3-14-2 
arrangement of hydrogens (C l  conformation) or in a 
quasi boat (half-chair) conformation with a staggered 
arrangement of hydrogens at  C-1 and C-2. 

(37) C. J .  M.  Rondle and W. T. J. Morgan, Blochem. J . ,  61, 586 (1954). 
(38) M. Gyr and T. Reichstein, Helu. Chzm. Acta. S8, 226 (1945) 

SCHEME IV 
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+ 
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H O O  

N3 b C H 3  NHAc 

X V , R = H  XIV 
XVI, R =  C O C ~ H I N O ~  

Selective acid hydrolysis of the benzylidene group in 
XI11 afforded sirupy methyl 3-azido-3-deoxy-a-~- 
idopyranoside (XV) which was converted to the 
crystalline tri-p-nitroberiaoate derivative (XVI). The 
n.m.r. spectrum of XVI also showed a very small 
coupling constant J1.2 < 2 C.P.S. for the anomeric 
hydrogen at  7 4.80 indicating a C1, half-chair, or a 
boat conformation that would satisfy both steric and 
geometrical requirements. These tentative arguments 
concerning the conformation of the various methyl 3- 
and 3,6-substituted idopyranosides must await further 
confirmation through the study of a larger number of 
derivatives by more detailed n.m.r. investigations 
and other physical methods. 

Experimental 
Melting points are uncorrected. The ion-exchange resins used 

were products of Rohm and Haas Co., Philadelphia, Pa. Silica 
gel for thin layer chromatography was type G obtained from 
Brinkman Instruments, New York, N. Y. MN-Cellulose 300G 
powder was used for thin lager chromatography, a product of 
Machery, Nagel and Co., Durem, Germany. Unless otherwise 
stated, components were detected with a spray containing 5% 
each of ammonium molybdate, sulfuric acid, and phosphoric 
acid after heating the plate for 5-10 min. a t  110" or 1% potas- 
sium permanganate in 0.1 .Y sulfuric acid. N.m.r. spectra were 
obtained from deuteriochloroform solutions except for glucose 
benzylphenylhydrazone where the solvent was ds-DMSO-CDC13 
(2:3) .  

Methyl 6-Azido-6-deoxy-2~-p-tolylsulfonyl-~-~-galactopyran- 
oside (II).-A solution containing 25 g. (0.05 mole) of methyl 
2,6-di-0-p-tolylsulfonyl-a-~-galactopyranoside~~ and 21.4 g. (0.33 
mole) of sodium azide in 288 ml. of dry dimethylformamide was 
heated a t  100' overnight. The cooled solution was diluted 
with a mixture of acetone and ether (1: 11, the salts were filtered, 
and the filtrate was evaporated to a mobile yellow liquid. This 
was dissolved in 100 ml. of ethanol and added dropwise with 
rapid stirring to 1500 ml. of ice-water when the product precipi- 
tated as a colorless crystalline solid. The product was washed 
with cold water and dried to give 13 g. (700/0) of colorless crystals, 
m.p. 12C-122'. Recrystallization from a mixture of acetone, 
ether, and petroleum ether (b.p. 30-60') afforded pure product: 
m.p. 124-125'; [ c Y ] * ~ D  90' (c  1, chloroform); infrared absorp- 
tion spectral data, A::: 2110 (azide), 1180, 1190 c m - l  (sulfon- 
ate). 

Anal. Calcd. for CI~HI,N,O,S: C, 45.03; H, 5.12; N, 
11.25; S, 8.58. Found: C, 44.87; H, 5.29; N, 11.61; S, 
8.93. 

Methyl 2,3-Anhydro-6-azido-6-deoxy-a-o-talopyranoside (111). 
-To a refluxing solution of I1 (4.5 9 . )  in 20 ml. of ethanol con- 
taining 1 drop of phenolphthalein was added 2 X NaOH dropwise 
until a permanent pink color was observed. The solution \\as 
refluxed a few more minutes after which time it was evaporated 
to dryness. The residue was extracted with ether, the salts were 
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removed, and the solution was evaporated to a sirup which 
crystallized. The crystals were triturated with a mixture of 
ether and pentane, filtered, and washed with the same mixture 
to give 1.2 g. of product, m.p. 61-63'; a further 265 mg. was 
obtained from the mother liquors. A sample was recrystallized 
from ether and pentane by allowing the solution to evaporate 
slowly to a small volume to give sticky crystals: m.p. 65-67'; 
infrared absorption spectra data, 2100 cm.-l (azide), no 
sulfonate absorption. A sample was homogeneous on silica gel 
plates in benzene-ethanol (10:2) and showed a single spot of 
medium velocity. The n.m.r. spectrum of I11 (dried an vacuo 
at  room temperature) in CDC13 integrated for the correct number 
of hydrogens and agreed with the structure. The product waa 
somewhat volatile as observed in stoppered glass vials. 

Methyl 3,6-Diazido-3,6-dideoxy-a-~-idopyranoside ( IV) .-A 
solution containing 450 mg. (2.25 mmoles) of 111, 240 mg. (2.5 
mmoles) of ammonium chloride, and 500 mg. (8 mmoles) of 
sodium azide in 10 ml. of Methyl Cellosolve containing 10% 
water was refluxed for 4 hr. The solution waa cooled and diluted 
with 150 ml. of acetone, the salts were filtered, and the filtrate 
was evaporated to a pale yellow sirup (0.5 g.). This product 
showed essentially two spots of medium mobility on silica gel 
plates in benzene-ethanol (10:3).  The sirup was fractionated 
on a silicic acid3@ column (2.5 X 30 cm.) using the same solvent 
to give the fast moving major component IV as a homogeneous 
sirup (477 mg.). A slower minor component was also obtained 
as a sirup (10 mg.) and was not investigated further. 

Methyl 3,6-Diazido-3,6-dideoxy-2,4-di-O-p-nitro benzoy1-a-D- 
idopyranoside (V).-A solution of IV (75 mg.) in 2 ml. of pyri- 
dine was treated a t  0" with180 mg. of p-nitrobenzoyl chloride in 
1 ml. of pyridine, and the resulting suspension was stirred over- 
night a t  room temperature. The mixture was poured into 70 ml. 
of ice-water, and the solid was washed with cold water and 
petroleum ether and dried to give 135 mg. of product. Recrys- 
tallization from a mixture of acetone, ether, and pentane gave 
pure material: m.p. 156-157'; [ . I z 4 ~  70' (c 0.94, chloroform); 
infrared absorption spectra data, 2200 (azide), 1740 (ester), 
1530, 1350 cm.-l (nitro). 

Anal. Calcd. for Cz1H18XaOlo: C, 46.50; H ,  3.34; N, 20.69. 
Found: C, 46.81; H, 3.48; N,  20.36. 

3,6-Diazido-3,6-dideoxy-~-idose (VI)  .-A solution of Tr (265 
mg.) in 10 ml. of water containing 5 ml. of Amberlite IR-120 
(H+) was refluxed with stirring for 2 hr. The filtered solution 
was evaporated to a pale yellow sirup which was contaminated 
with a trace of starting material as shown by thin layer chroma- 
tography (silica gel, benzene-methanol, 10: 1.5).  Purification 
by silicic acid column chromatography gave VI as a homogeneous, 
colorless, ether-soluble sirup (208 mg.). This material which 
failed to crystallize was stored a t  5".  

3,6-Diazido-3,6-dideoxy-~-idose Benzylphenylhydrazone (VII). 
-A solution of sirupy VI (46 mg.) in 6 ml. of ethanol con- 
taining 100 mg. of sodium acetate, 50 mg. of benzylphenylhydra- 
zine hydrochloride, and enough water to give a homogeneous soh- 
tion, was refluxed gently for 2 hr. The cooled solution waa evapo- 
rated to dryness, the residue was extracted with chloroform, and 
the extracts were washed with water and dried. Evaporation of 
the extracts gave a pale yellow sirup which crystallized from a mix- 
ture of ether and pentane at  5" to give 44 mg. of product. Re- 
crystallization was effected from the same mixture to give pure 
product: m.p. 96-97', [ a I z 4 ~  -35' (c 0.43, methanol). 

Anal. Calcd. for CI@HZ3N801: C, 55.60; H, 5.40; N, 27.30. 
Found: C, 56.05; H ,  5.25; N, 27.44. 

3,6-Diamino-3,6-dideoxy-j3-~-idose Dihydrochloride (Vm)  .-- 
To a solution containing 151 mg. of F'I and 50 mg. of 20% pal- 
ladium on carbon in a mixture of methanol and water (30 ml., 
6:  1 ) was added 3 ml. of methanol containing 50 mg. of hydrogen 
chloride, and the whole was hydrogenated through a medium- 
pored sparger for 1 hr. The filtered colorless solution was 
evaporated to dryness, the residue was dissolved in a small 
volume of water, and excess alcohol was added. A small 
amount of oily residue was separated, and the turbid supernatant 
was evaporated to a small volume whereby the product crystal- 
lized. Attempted filtration afforded a gummy residue. The 
cooled solution containing the crystalline product was transferred 
to a centrifuge tube, and the crystals were washed with ethanol 
by decantation and finally dried in a stream of nitrogen; yield 
20 mg. Addition of ether to the alcoholic supernatants gave a 

(30) Silicic acid, Grade 12, a product of Davison Chemical Co. ,  Baltimore 
3,  M d .  

further 55 mg. of crystalline product: total yield 75 mg. (45y0); 
m.p. 140' dec.; [ c Y ] * ~ D  12.85' -+ 16.5' (30 min.) + 18.4" (1.5 
hr.) -+ 16.5 ' (5  hr.) -+ 7.35" (16 hr.); X-ray powder diffraction 
pattern data,40 2.988 w, 2.655 m, 2.318 s, 2.19 w, 2.094 w, 2.071 
w, 2.029 w, 1.946 w, 1.887 w, 1.855 vw, 1.738 w br, 1.69 w br. 
The product waa homogeneous on cellulose thin layer plates (t- 
butyl alcohol-acetic acid-water, 2: 1 : 1 )  and showed a single spot 
of slow mobility. I t  could be detected with the ninhydrin, 
silver nitrate, and aniline hydrogen phthalate reagents. The 
crystals were hygroscopic, acquired a yellow color when exposed 
to air, and eventually decomposed. 

Solutions of TI11 (1 mg.), X ( 1  mg.), D-galactosamine hydro- 
chloride ( 1  mg.), and D-glucosamine hydrochloride ( 1  mg.) in a 
mixture of 0.96 ml. of water and 0.04 ml. of pyridine containing 
2% of ninhydrin were applied to cellulose thin layer plates. 
The plates were heated a t  100' for 80 min.41 The plates were 
then allowed to cool to room temperature and placed in the t-butyl 
alcohol-acetic acid-water (2:  2 :  1) solvent system. Only VI11 
remained mostly unchanged, whereas the other compounds were 
degraded. 

Solutions of VI11 (1.5 mg.), X (1.5 mg.), D-glucosamine 
hydrochloride (0.5 mg.), and D-galactosamine hydrochloride 
(0.5 mg.) were used in the Rondle and Morgan m~di f i ca t ion~~  
of the E l son-M~rgan~~  reaction (See Figure 1 ) .  

3,6-Di( 2-h ydroxynaphthylideneamino )-3,6-dideoxy-~-idose 
(IX).-To a solution of VI11 (20 mg.) in a mixture of 0.5 mi. 
of water and 5 ml. of methanol was added 25 mg. of sodium 
acetate and 76 mg. of 2-hydroxynaphthaldehyde. After stand- 
ing in the dark for 3.5 hr., the yellow solution was diluted with 
cold water, and the yellow solid was filtered and washed with cold 
water and then pentane, to give 40 mg. of crude product. 
The latter was purified by preparative thin layer chromatography 
(silica gel, benzene-methanol, 10:2) and a faster moving product 
was thus separated from a slower moving dark yellow-brown im- 
purity. The product zone was eluted with methanol and the 
solution wm evaporated to give the yellow crystals. Recrystal- 
lization from a mixture of methanol, ether, and pentane at 5' 
gave 8 mg. of pure product, m.p. 175-177" dec. 

Anal. Calcd. for Cz&6Nz06: N, 5.76. Found: N, 5.54. 
Methyl 3-Azido-4,6-O-benzylidene-3-deoxy-a-~-idopyranoside 

(XIII).-A solution containing 530 mg. of XII ,  107 mg. of am- 
monium chloride, and 1 g. of sodium azide in 50 ml. of Methyl 
Cellosolve waa refluxed 4 hr. The cooled solution was diluted 
with excess acetone, the salts were filtered, and the filtrate 
was evaporated to a crystalline residue. Recrystallization of 
the product from a mixture of acetone, ether, and pentane gave 
the pure product in two crops: 615 mg. (go%), m.p. 153-154', 
[ a ] " D  105" (C 0.94, chloroform). 

Anal. Calcd. for C~H17N306: C, 54.72; H, 5.58; N, 13.68. 
Found: C, 54.75; H ,  5.44; N, 13.57. 

Methyl 3-Acetamido-4,6-0-benzylidene-3-deoxy-a-~-idopyr- 
anoside (XIV).-To a refluxing ethereal suspension of lithium 
aluminum hydride (0.2 g.) was added XI11 (190 mg.) in 30 ml. 
of ether dropwise, and refluxing was continued for 2 hr. Excess 
reagent was decomposed with the addition of 2 ml. of ethanol, 
and the suspension waa evaporated to dryness. The residue waa 
extracted with methanol several times (50 ml.), and the extracts 
were treated with 3 ml. of 2 N acetic acid. The filtered clear 
solution was treated with 3 ml. of acetic anhydride, kept a t  room 
temperature overnight, and diluted with 5 ml. of water; the soh- 
tion was evaporated to a Crystalline mass. Trituration with 
cold water gave the crude product which was recrystallized from 
methanol to give 166 mg. of pure product: ~ . p .  224-225', 
[ a ] 2 4 ~  50" (c 1 ,  chloroform); lit.'*" m.p. 230-231 , [ a I a 4 D  51' (C 
0.5, chloroform). 

Methyl 3-Azido-3-deoxy-2,4,6-tri-O-p-nitrobenzoyl-a-~-ido- 
pyranoside (XVI).--A solution of XI11 (150 mg.) in a mixture of 
20 ml. of acetone and 5 ml. of water containing 10 ml. of Amber- 
lite IR-120 (H+) was refluxed for 1.5 hr. The turbid solution 
was filtered; the filtrate waa evaporated to a semicrystalline 
residue which was filtered from water to give 12 mg. of starting 
material. The residual solution which contained a slow moving 
impurity in addition to the product moving as a medium spot 

(40) Interplanar spacing, Cu K a  radiation. Relative intensity esti- 

(41) "Methods in Carbohydrate Chemistry," Academic Press, Inc. ,  New 
mated visually: 8, strong: m, medium; w, weak; v, very: br. broad. 
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was evaporated to a colorless sirup (125 mg.). The latter was 
fractionated on a silicic acid column (2 X 25 cm.) using benzene- 
methanol (10:3) to give 120 mg. of a product (XV) aa a homo- 
geneous sirup, which wm dissolved in 3.5 ml. of pyridine, cooled 
to 5O, and treated with 350 mg. of p-nitrobenzoyl chloride. 
The suspension was kept a t  room temperature overnight and 
poured into ice-water, and the solid waa washed with water, 
aqueous bicarbonate, and finally with water to give 150 mg. of 
crude product. Recrystallization from a mixture of acetone, 

ether, and pentane gave pure material: 
15' ( c  2, chloroform). 

Found: C, 50.79; H, 3.52; N, 12.01. 

m.p. 149-150°, [,]*'D 

Anal.  Calcd. for CZ~HBN~OM: C, 50.50; H, 3.34; N, 12.65. 
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Acid hydrolysis of septacidin ( 1 ) yielded a monoaminoheptose which wm subsequently converted to the 
monoaminohexose. Chemical proof demonstrated the aminohexose wm a 4-amino-4-deoxy-~glucose. N.m.r. 
study of the p anomer of the methyl glycoside tetraacetate derivative ( 2 )  of this aminohexose, utilizing pro- 
ton-proton spin decoupling at  60 Mc. and solvent effect studies a t  100 Mc., established the position of the 
acetamido group and the configuration of the ring protons. The 100-Me. spectra of methyl Pacetamido-4 
deoxy-2,3,6-tri-O-acetyl-~-~-gliicopyranoside (2 )  in deuteriochloroform and acetonitrile exhibited selective sol- 
vent-solute interactions. 

The cytotoxic and antifungal agent, septacidin 
( 1),2 contains a monoaminoheptose moiety, C7H15hTOa.3 
Periodate oxidation of a suitable derivative of this 

OH 

k I 
SEPTACIDIN 

aminoheptose cleaved off a terminal hydroxymethyl 
group, and subsequent reduction with sodium boro- 
hydridefollowed by acidic hydrolysis yielded a mono- 
aminohexose, CaH13NO6. The crystalline p anomer 
of the 'methyl glycoside tetraacetate derivative of this 
aminohexose was subjected to n.m.r. spin-decoupling 
studies. 

Prior to this work, chemical studies and n.m.r. 
spectra of derivatives of the aminohewose indicated 
that this sugar had an unbranched aldose structure 
with the.amino group a t  position 3 or 4 and suggested 
that it had a gluco or ido configuration. Thus, these 
proton decoupling studies sought (1) to establish the 
position of the amino group in the aminohexose and 
(2) to determine the configuration of this sugar. 

Simultaneously with this examination by n.m.r., 
a chemical proof of the structure and configuration of 
this aminohexose was obtained by a comparison of the 
physical properties of the a anomer of the methyl 

(1) (a) The Squibh Institute for Medical Research, New Brunswick, New 
Jersey. 

(2) J. D. Dutcher, M. H. von Saltza, and F. E .  Pansy, Antimicrobid 
Agents Chemotherapy, 8s (1963). 

(3) M. H. von Saltza, J. D. Dutcher, and J. Reid, Abstracts, 148th Na- 
tional Meeting of the American Chemical Society, Chicago, Ill., Sept. 1964, 
p. 15Q. The asymmetric center a t  C-6 in the aminoheptose moiety of 
septacidin has the L-configuration and is 4-amino-4-deoxy-~-glycero-~- 
glucobeptose. 

(b) Varian Associates, Palo Alto, Calif. 

glycoside tetraacetate derivative with those of methyl 
4-acetamido-4-deoxy-2,3,6-tri-O-acetyl-a-~-glucopyran- 
oside. These two compounds were identical (melting 
point, [ a ] ~ ,  infrared and n.m.r. spectra, and X-ray 
diffraction pattern) except for' the sign of r ~ t a t i o n . ~ b  
Thus, the aminohexose was shown to be 4-amino-4- 
deoxy-L-glucose. This conclusion agrees with that 
arrived a t  by the n.m.r. studies described below. 

Since previous n.m.r. ~ t u d i e s ~ - ' ~  have demonstrated 
the utility of this spectroscopic technique in carbo- 
hydrate chemistry, the configuration of the ring protons 
and the positions of the various substituents of the 
methyl glycoside tetraacetate derivative 2 of the amino- 
hexose were established by these methods, i .e.,  pro- 
ton-proton spin decoupling and the use of different 
solvents a t  60 Mc. and 100 Mc. The magnitude of 
the coupling c o n ~ t a n t ~ * ~ * ' ~  was the criterion for de- 
termining whether adjacent methine protons on carbons 
1 through 5 are coupled axial-axial or axial-equatorial. 
Although the possibility of the methyl glycoside tetra- 
acetate derivative 2 being a furanose structure does 
exist, the proton n.m.r. spectrum indicates the pyranose 

(4) (a) This sample was kindly provided by Dr. E. J. Reist, Stanford Re- 
search Institute, Menlo Park, Calif. The unequivocal synthesis of this 
compound haa been reported: E. J. Reiet, R. R. Spencer, B. R. Baker, and 
L. Goodman, Chem. Ind .  (London), 1794 (1962). (b) M. H. von Saltza, J. 
Reid, and J. D. Dutcher, in press. 

(5) R. U. Lemieux. R. K. Kullnig, H. J. Bernstein, and W.  G. Schneider, 
J. Am.  Chem. Soc., 79, 1005 (1957); 80, 6098 (1958). 

(6) M. Karplus, J. Chem. Phys. ,  80, 11 (1959); M. Karplus and D. H. 
Anderson, ibid., S O ,  6 (1959). 

(7) P. K. W. Woo, H. W. Dion, and L. F. Johnson, ibid. ,  SI, 1066 (1962). 
(8) L. D. Hell and L. Hough. Proc. Chem. Soc., 382 (1962). 
(9) 0. Ceder, G. Eriksson. J. M. Waisvisz, and M. B. Van der Hoeven, 

(10) A. C. Richardson and K. A. McLauchlan, J .  Chem. Soc., 2499 (1962). 
(11) R. J. Abraham, L. D. Hall, L. Hough, and K.  A. McLauchlan, ibid.. 

(12) V. W. Hofheinz and H. Grisebach, Z .  Naturforsch., 176, 355 (1962). 
(13) D. Horton, J .  Ow. Chem., 99, 1776 (1964). 
(14) B. Capon and B. E. Connett, Tetrahedron Letters, No. PI, 1391 (1964). 
(15) L. D. Hall and L. F. Johnson, Tetrahedron, PO, 883 (1964). 
(16) G. E.  Mecanland, S. Furuta,  L. F. Johnson. and J .  N. Shoolery; 

(17) H. Conroy, Aduan. Org. Chem., 9, 265 (1962). 
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