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duced pressure and the resultant sirup was precipitated 
from a small volume of methanol by the addition of abs. 
ether; yield 1.82 g. This amorphous product was crystal
lized from methanol-chloroform; yield 1.50 g., m.p. 132-
134°, [a]2'D -100° (c 1.9, water). 

Anal. Calcd. for ClsH23OioN2(CH3CO): C, 42.21; H, 
6.58; N, 7.03; CH3CO, 10.8. Found: C, 42.21; H, 6.91; 
N, 7.09; CH3CO, 11.0. 

Oxidation of 4-(N-Acetyl-2-amino-2-desoxy-D-galactopy-
ranosyl)-L-gulonamide to 2-(N-Acetyl-2-amino-2-desoxy-D-
galactopyranosyl)-D-erythruronamide (V).—An amount of 
0.9987 g. (2.51 millimoles) of crystalline 4-(N-acetyl-2-
amino-2-desoxy-D-galactopyranosyl)-L-gulonamide (IV) was 
oxidized at 12° in 100 ml. of solution with 5.28 millimoles of 
sodium metaperiodate. After 15 hr., titration of an aliquot 
showed that all of the periodate had been reduced. There
upon ionic material was removed by successive passage of 
the solution over Amberlite18 exchange resins (200 X 40 
mm., diam.) IR-4 and IR-100 and the sirup obtained on 
solvent removal was crystallized from methanol by the addi
tion of abs. ethanol. The crystals were dried under re
duced pressure at 78°; vield 0.313 g., m.p. 177-179°, [a]27D 
-77° (c 1.5, water). 

Anal. Calcd. tor CiOHi7O8N2(CH3CO): C, 42.86; H1 
5.99; N, 8.33; CH3CO, 12.8. Found: C, 42.87; H, 5.29; 
N, 8.08; CH8CO, 13.1. 

Periodate Oxidation of Sodium Chondroitinsulfate (Neu
tral Salt).—An amount of 2.01 g. (4.0 millimoles per disac-
charide unit of calcd. 503 mol. wt.) of neutral sodium chon
droitinsulfate (S, 6.01; [a]28D —24°, c 2 in water) was oxi
dized at 26° in 100 ml, of solution with 7.92 millimoles of 

Investigations of glycosylamines and amino-sugar 
reactions have increased in recent years because of 
results of research on nucleic acids, vitamins of the 
B-complex, coenzymes and intermediates in the 
non-enzymatic browning of foods. The lack of 
knowledge on the structural configuration of N-
substituted glycosylamines, and particularly on 
their transformations in solution, has recently been 
discussed.2a-3,4 Recent studies on the mutarota-
tions of glycosylamines have been reported by Is-
bell and Frush6 and by Pigman, Cleveland, Couch 
and Cleveland.6 We have new data to report on 
the optical rotations of tertiary glycosylamines. 

Kuhn and Birkofer,7 because of their observa
tions on the unexpected mutarotation of N-D-gluco-
sylpiperidine and N-D-glucosyldibenzylamine in py
ridine, formulated a theory of mutarotation,2b'7b in 

(1) One of the laboratories of the Bureau of Agricultural and Indus
trial Chemistry, Agricultural Research Administration. U. S. Depart
ment of Agriculture. Article not copyrighted. 

(2) W. W. Pigman and R. M. Goepp, Jr., "Chemistry of the Carbo
hydrates," Academic Press, Inc., New York, N. Y., 1948, (a) p. 376; 
(b) p. 386. 

(3) J. Honeyman and A. R. Tatchell, J. Chem. Soc, 967 (1950). 
(4) G. P. Ellis and J. Honeyman, Nature, 167, 239 (1951). 
(5) H. S. Isbell and H. L. Frush, J. Research Nail. Bur. Standards, 46, 

132 (1951). 
(6) W. Pigman, E. A. Cleveland, D. H. Couch and J. H. Cleveland, 

T H I S JOURNAL, 73, 1976 (1951). 

(7) R. Kuhn and L Birkofer, Ber., 71, (a) 621, (b) 1535 (1938). 

sodium metaperiodate. The initial pH was 5.5. Aliquots 
showed that slightly more than 1 mole (per disaccharide 
unit) of oxidant was consumed with the formation of small 
amounts {ca. 0.1 mole) of formic acid or 1.0 mole oxidant 
consumed at 60 hr. when corrected (decreased) for formic 
acid produced. At this point the excess periodate was de
stroyed by the addition of ethylene glycol, the solution was 
reduced in volume and treated with excess barium chloride. 
The precipitated barium iodate was removed by filtration 
and the organic material was precipitated in the filtrate by 
the successive addition of ethanol and ether. The filtered 
precipitate was dissolved in water and deionized by succes
sive passage through Amberlite18 IR-100 and IR-4 exchange 
resin columns (17.5 X 2.5 cm., diam.). The effluent was 
concentrated under reduced pressure to a sirup which was 
precipitated from a small amount of water by three volumes 
of ethanol. The precipitate was removed by filtration, 
washed with alcohol and ether and dried at room temperature 
in a vacuum desiccator. This product exhibited a negative 
Dische hexuronic acid color test22 and a positive hexosamine 
color test.28 It gave a negative sulfate test which became 
positive after acid hydrolysis. It is to be noted that iodate 
ion interferes with both of the color tests cited above by pro
ducing a green color in the Dische test when hexuronic acid 
is present and by preventing the formation of the pink color 
in the hexosamine test. 

(22) Z, Dische, J. Biol. Chem., 167, 189 (1947). 
(23) J. W. Palmer, Elizabeth M. Smyth and K. Meyer, ibid., 119, 

491 (1937). 
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which they postulated quaternary base or salt 
formation as a requisite for the assumed Schiff base 
intermediate between anomeric a- and /3-glycosidic 
forms. Our data show that N-D-glucosylpiperidine 
does not mutarotate in pyridine,8 and the compound 
considered as N-D-glucosyldibenzylamine7a is ac
tually a 1-desoxy-l-amino-D-fructose (isoglucosam-
ine) derivative. These results indicate that more 
information on the optical rotations of tertiary gly
cosylamines is'needed to confirm the theory. 

In dry pyridine, a pure glycosyl derivative of a 
secondary amine should not show mutarotation 
through a Schiff base form, because protons would 
not be available for formation of the necessary cat
ion. We have observed no mutarotation in dried 
pyridine for either N-D-glucosylpiperidine or N-
D-glucosyldiethanolamine. On the other hand, we 
found that N-D-mannosylpiperidine and N-D-galac-
tosylpiperidine do show mutarotation in dried pyri
dine. These mutarotations may not occur through 
the Schiff base form, however; they may occur by 
other intramolecular rearrangement. Evidence for 
a rearrangement of N-D-mannosylpiperidine in py
ridine was noted when we failed to obtain an acetyl 

(8) Two attempts to prepare Kuhn and Birkofer's mutarotating N-
D-g!ucosyIpiperidine of m.p. 115° resulted only in the initial formation 
of an impure product. After several recrystallizations the compound 
melted at 128-129° (dec.) and showed no mutarotation in pyridine. 
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derivative in pyridine-acetic anhydride at 0° under 
conditions which gave a nearly quantitative yield of 
N-(tetraacetyl-D-glucosyl)-piperidine from N-D-glu-
cosylpiperidine. In the case of the mutarotating 
mannose derivative, browning discoloration oc
curred on acetylation, whereas none was noted for 
non-mutarotating N-D-glucosylpiperidine. The 
same type of browning was obtained in attempts to 
acetylate 1-desoxy-l-piperidino-D-fructose,9 the 
Amadori rearrangement product of N-D-glucosylpi
peridine, in pyridine-acetic anhydride. 

In the preparation of glycosyl derivatives of 
highly basic amines, such as piperidine, ra-butylam-
ine and ethanolamine, we have found that no reac
tion medium or catalyst is necessary. Customar
ily, either an alcoholic medium7*-10'11 or an acid 
catalyst12'13 has been used with these amines.6 The 
yields and ease of isolation of the product were im
proved in some cases by our procedure. 

N-D-Glucosyldiethanolamine and its hexaacetate, 
N-l'-D-mannitylpiperidine and its pentaacetate, 1-
desoxy-1-dibenzylamino-D-fructose, and the hydro
chloride of N-D-glucosylpiperidine are reported here 
for the first time. The other glycosyl and glyci-
tylamines (N-D-glucosylpiperidine, N-l'-D-sorbityl-
piperidine and its pentaacetate, N-D-mannosylpi-
peridine, N-D-galactosylpiperidine and N-D-
glucosylethanolamine) were studied and are re
ported because of meager or conflicting data in the 
literature. 

Experimental14 

The mutarotations of N-D-glucosylpiperidine hydrochlo
ride, N-D-glucosylpiperidine, an equimolar mixture of D-
glucose and piperidine, and N-D-glucosylethanolamine in 
water are shown in Fig. 1. N-D-Glucosylpiperidine hydro
chloride (curve 1) gave only a rapid change in rotation to a 
constant value. Since the constant rotation reached is 
equal to that calculated from the D-glucose content of the 
solution, the mutarotation can be ascribed to hydrolysis. 
Crystalline N-D-glucosylpiperidine hydrochloride was hy-
drolyzed to D-glucose and piperidine hydrochloride on stand
ing in ordinary moist air (see below). 

With N-D-glucosylpiperidine, in contrast to the hydro
chloride, the solution was alkaline (^H > 11), and degrada
tion reactions occurred concurrently with hydrolysis. The 
specific rotation fell to 0 ± 1° (curve 2). After 12 hours, 
the mutarotation curve was identical with that of an equi
molar solution of D-glucose and piperidine (curve 3). The 
same type of mutarotation was shown by N-D-glucosyleth
anolamine at lower pH (curve 4). D-Glucose in 0.05 N so
dium hydroxide also showed mutarotation to approxi
mately zero specific rotation,16 (curve 6), although at a 
much slower rate than N-D-glucosylpiperidine. In equi
molar sodium hydroxide, however, the change in rotation 
of D-glucose was much faster, and the time required to reach 
zero rotation was about equal to that of N-D-glucosylpiperi
dine or of an equimolar mixture of D-glucose and piperidine 
(curve 5). Cavalieri and Wolfrom18 have shown the ab
sorption spectra of N-D-glucosyl-»-butylamine at equilib
rium in water (^H 11.6) to be essentially identical with that 
of D-glucose (0.5 M) in sodium hydroxide (0.5 N). 

N-D-Glucosylpiperidine.—Finely powdered anhydrous 
D-glucose, 18.0 g. (0.10 mole) and piperidine (b.p. 106-
107°), 17.0 g. (0.20 mole), were stirred together for a few 

(9) J. E. Hodge and C. B. Rist, T H I S JOURNAL, forthcoming publi
cation. 

(10) K. Hanaoka, J. Biochem., Japan, 31, 95 (1940). 
(11) A. Mohammad and H. S. Olcott, T H I S JOURNAL, 69, 969 (1947). 
(12) F. Weygand, Ber., 73, 1259 (1940). 
(13) E. Mitts and R. M. Hixon, T H I S JOURNAL, 66, 483 (1944). 
(14) All melting and boiling points are corrected. 
(15) H. Trey, Z. fihysik. Chew.., 22, 424 (1897). 
(16) L. F. Cavalieri and M. L. Wolfrom, THIS JOURNAL, 68, 2022 

(1946). 

TIME, DAYS. 

Fig. 1.—Mutarotations of aqueous solutions of (1) N-D-
glucosylpiperidine hydrochloride, pK 6, c 2.0; (2) N-D-
glucosylpiperidine, pK 11.5, c 4.0; (3) equimolar solution of 
D-glucose, c 2.3, and piperidine, pK 11.6; (4) N-D-glucosyl
ethanolamine, pH 9.5, c 1.0; (5) equimolar solution of D-
glucose, c 1.9, and sodium hydroxide, 0.1 N; (6) D-glucose, 
c 2.3, and sodium hydroxide, 0.05 N (data of H. Trey16). 

minutes until heat was evolved. The flask was then 
warmed on a steam-bath at intervals to keep the tempera
ture of the mixture in the range 70-80° until a clear, amber-
colored sirup was obtained (15 minutes). Absolute meth
anol (25 ml.) and acetone (25 ml.) were then added, and the 
solution was filtered. To the filtrate was added acetone 
(225 ml.). After cooling 2 days at 0°, the crystals which 
had formed were filtered, washed with 1:4 methanol-ace-
tone, and dried in vacuo over calcium chloride; yield 17.8 g.; 
m.p. 125-126° (dec). A second crop of crystals, 3.0 g., 
m.p. 124-125° (dec), was obtained from the mother liquor 
and washings. The total yield, 20.8 g. (84%), was re-
crystallized from 1:3 methanol-acetone (400 ml.), produc
ing 11.9 g. (48%) of pure white needles, m.p. 130° (dec.) 
(cf. Weygand12); [a] 21D +8.5° (c 5.0, dry pyridine) with 
no mutarotation observed from 1.5 minutes to 24 hours 
after solution; [a]25D +3° (c 2.0, absolute methanol). 
For the mutarotation in water, see Fig. 1. 

Anal. Calcd. for CnH21OsN: C, 53.4; H, 8.56; N, 5.66. 
Found: C, 53.5; H, 8.35; N, 5.64. 

In parallel experiments, a-D-glucose and /5-D-glucose were 
shaken with two molecular equivalents of piperidine at 30° 
for 3 days. The clear, yellow sirups were diluted with 
methanol and ether producing 70 and 83%, respectively, 
of the theoretical yields of N-D-glucosylpiperidine. Both 
products were identical with the preparation described 
above. 

N-D-Glucosylpiperidine reduced hot Fehling solution 
strongly. In 0.1 N sodium hydroxide at 25° there was no 
reduction of dichlorophenolindophenol solution. 

N-(2,3,4,6-Tetraacetyl-D-glucosyl)-piperidine.—N-D-GIU-
cosylpiperidine, 9.5 g., was acetylated in 2:1 pyridine-
acetic anhydride (75 ml.) at -17° (18 hours) and at 0° (3 
days). After concentration of the solution in vacuo the 
crystalline acetate was isolated with 1:1 ether-petroleum 
ether; yield 15.2 g. (95%), m.p. 123°; W26D -3.5° {c 
5.0, chloroform). 

Anal. Calcd. for CnH17O6N(COCHj)4: N, 3.37; COCH3, 
41.5. Found: N, 3.45; COCH3, 42.0. 

This compound was identical in melting point with that 
obtained by Kuhn and Birkofer7* from their mutarotating 
N-D-glucosylpiperidine by acetylation in pyridine-acetic 
anhydride, and also with that obtained by Baker" from the 
interaction of 2,3,4,6-tetraacetyl-a-D-glucosyl bromide and 
piperidine. The optical rotation has not been previously 
reported. We treated 2,3,4,6- tetraacetyl - a - D - glucosyl 
bromide with piperidine at 0° and obtained an acetate 
identical with N-(2,3,4,6-tetraacetyl-D-glucosyl)-piperidine 
in m.rj., mixed m.p., and specific rotation. Hence, barring 
the migration of acetyl groups, the ring form of N-D-gluco
sylpiperidine is pyranose (see following paragraph). Also, 
the anomeric form is probably beta. The high yield (95%) 
and purity (m.p. 123°) of the tetraacetate indicates that 

(17) J. W. Baker, / . Chem. Soc, 1205 (1929). 
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this N-D-glucosylpiperidine is not an equilibrium mixture 
of a and 0 forms, unless one form is present at equilibrium 
in concentration less than 5 % of the total. 

2,3,4,6-Tetraacetyl-0-D-glucose.—N-(2,3,4,6-Tetraacetyl-
D-glucosyl)-piperidine provides an easily prepared starting 
material for the preparation of tetraacetyl-/3-D-glucopyran-
ose. N-(2,3,4,6-Tetraacetyl-D-glucosyl)-piperidine, 4.15 g. 
(1.0 millimoles), was suspended in 98 ml. of 0.102 N HCl 
(10 millimoles), and the suspension was held at 25° for 3 
hours and at 80 for 1 hour until all the crystals dissolved; 
[a]25T> + 5 6 ° (constant). After concentration of the solu
tion in vacuo with the addition of acetone and ether, crys
tals of piperidine hydrochloride, 1.2 g. (98%), m.p. 245-
246°, were isolated. The colorless ethereal nitrate on dilu
tion with light petroleum ether and cooling at 0° gave 0.1 g. 
of colorless prismatic crystals, m.p. 130-137°, and 2.0 g. 
(52%), m.p. 109-112°. Recrystallization from ether gave 
2,3,4,6-tetraacetyl-/3-D-glucose, 1.2 g., m.p. 112-120°; 
[a]25D + 6 ° (7 min.) -* +83° (c 3.3, 99% ethanol, with a 
trace of ammonia added). 

Anal. Calcd. for C6H8O6(COCH3),: COCH3, 49.4. 
Found: COCH3, 49.2. 

N-D-Glucosylpiperidine Hydrochloride.—N-D-Glucosyl-
piperidine, 5.0 g., was dissolved in 20 ml. of anhydrous 
methanol, and 9 ml. of 2.25 Ar HCl (one molecular equiva
lent) in methanol was added. On adding 100 ml. of ace
tone, crystallization began immediately; yield 5.6 g. (98%); 
white needles, m.p. 144° (with gas evolution); [a]21D + 4 ° 
(3 min.) —> +33.5° (constant after 2 hours; c 2.0, water). 
The end rotation is equal to that calculated from the D-
glucose content of the solution, assuming complete hy
drolysis and [a]21D +52.7° for D-glucose (see Fig. 1). 

Anal. Calcd. for CnH22O6NCl: N, 4.94; Cl, 12.50. 
Found: N, 4.78; Cl (ionic), 12.34. 

A preparation of N-D-glucosylpiperidine hydrochloride 
of higher m.p. was obtained by deacetylating N-(2,3,4,6-
tetraacetyl-D-glucosyl)-piperidine, 4.0 g., in 1.1 N HCl in 
methanol (20 ml.). After the solution had stood at 25° for 
1 month, 1.5 g. (55%) of long needle crystals were obtained, 
m.p. 150-151° ( d e c ) ; W 1 D - 1 ° (3 min.) -> +33.0° 
(constant from 2.5 to 24 hours; c 2 .1 , water). Found: 
Cl (ionic), 12.50. 

After 6 months standing in a screw-capped vial, the crys
tals of N-D-glucosylpiperidine hydrochloride had coalesced 
to a colorless, partially crystalline sirup. Extraction of 2.6 
g. of the sirup with absolute ethanol gave 1.6 g. (85%) of 
«-D-glucose, [<S]26D +109° - • +52.7° (c 5, water), and piper
idine hydrochloride, m.p. 245°. 

N-D-Mannosylpiperidine.—By the procedure described 
for N-D-glucosylpiperidine, 72% of the theoretical amount 
of N-D-manuosylpiperidine, m.p. 115-116° (dec ) , was ob
tained as fine, white needles, [a]24D —21.6° (3 min.) —• 
+ 13.5° (constant from 1 to 3 days; c 1.0, methanol) (c/. 
Hanaoka10). In dry pyridine, mutarotation was observed; 
Ia]24D - 2 7 . 7 ° (2 min.) -> +24.2° (constant from 1 to 3 
days; c 2.0). The compound in 0.1 N sodium hydroxide 
did not reduce dichlorophenolindophenol solution. 

Anal. Calcd. for CnH21O6N: C, 53.4; H, 8.56; N, 
5.66. Found: C, 53.3; H, 8.41; N, 5.69. 

N-D-Galactosylpiperidine.—By the procedure described 
for N-D-glucosylpiperidine, 7 6 % of the theoretical amount 
of N-D-galactosylpiperidine, m.p. 128-129° ( d e c ) , was ob
tained as glittering platelets; Ia]25D + 14.4° (3 min.) —» 
— 3.6° (minimum, 1.5 through 4 hours) —» 0.0° (26 hours; 
c 1.0, methanol). The compound is identical with that ob
tained by Hanaoka10; however, the optical rotation in pyri
dine has not been reported. We found mutarotation in 
dried pyridine: Ia]25D - 1 0 . 2 ° (4 min.) -* - 2 0 . 7 ° (con
stant after 18 hours; c 2.0). The compound in 0.1 JV so
dium hydroxide at 25° did not reduce dichlorophenolindo
phenol solution. 

N-D-Glucosyldiethanolamine.—Finely ground anhydrous 
D-glucose, 36 g. (0.20 mole), was stirred with diethanol-
amine (m.p. 25-26°), 34 g. (0.32 mole). After the mixture 
was warmed on the steam-bath for 10 minutes, absolute 
ethanol (50 ml.) was added and heating was continued for 
40 minutes at 70-80°. The clear, yellow solution was di
luted with 50 ml. of ethanol and filtered. Ether (50 ml.) 
was then added and, after seeding, the product crystallized 
slowly on standing at 0° for 24 hours. The crystals were 
tiltered off, washed with ethanol, and dried in vacuo over 

calcium chloride; yield 31.5 g. (58%), dense prismatic 
needles, m.p. 123-124°. Recrystallization from 150 ml. 
of absolute methanol gave 22 g., m.p. 128°; [a]!6D - 2 2 . 5 ° , 
without mutarotation in 7 hours (c 4.0, pyridine). 

Anal. Calcd. for Ci0H2IO7N: C, 44.9; H, 7.92; N, 5.24. 
Found: C, 45.0; H, 7.99; N, 5.34. 

Without the use of ethanol as a solvent, the yield was 68%, 
m.p. 121°. The product was generally insoluble in cold 
organic solvents, except pyridine. I t was but slightly 
soluble in methanol at 25°, only slightly soluble in hot di-
oxane, and moderately soluble in hot alcohols. In 0.1 N 
sodium hydroxide at 25° it did not reduce dichlorophenol
indophenol solution; it did reduce hot Fehling solution. 
This compound was more stable toward deterioration with 
browning in moist air than N-D-glucosylpiperidine. 

Hexaacetyl-N-D-glucosyldiethanolarnine.—N-D-Glucosyl-
diethanolamine, 0.90 g., in 20 ml. of pyridine was cooled to 
0°, and 3 ml. of acetic anhydride was added. The clear 
solution was kept at 0° for 16 hours and at 25° for 6 hours. 
After several concentrations with the addition of ethanol, 
the crystalline product was isolated; yield 0.75 g. (43%), 
m.p. 71°. Recrystallization from ethanol gave 0.50 g., 
white needles, m.p. 71.5°; [a] 25D - 4 8 ° (c 2.0, chloroform). 

Anal. Calcd. for C22H33Oi3N: N, 2.70; COCH,, 49.7. 
Found: N, 2.71; COCH3, 49.7. 

N-D-Glucosylethanolarnine.—This compound was pre
pared by Mohammad and Olcott11 using ethanol as a reac
tion medium. Their yield was not stated and the product 
was difficult to isolate. In two experiments, without the use 
of a reaction medium (see N-D-glucosylpiperidine), we have 
obtained N-D-glucosylethanolamine in 83 and 9 1 % yields; 
m.p. 114-116° ( d e c ) ; recrystallized from 1:1 methanol-
acetone, m.p. 116° (dec ) . The optical rotation has not 
been previously reported; Ia]26D —25.3° (12 to 25 min.) 
—• +3 .5° (constant from 3 to 5 days after dissolving; c 
1.0, pyridine). The mutarotation in water is given in Fig. 1. 

N-D-Glucosyl-n-butylamine.—To determine whether a 
catalyst is necessary in the preparation of glucosyl deriva
tives of strongly basic amines, the experiment of Mitts and 
Hixon13 with w-butylamine was repeated without adding 
hydrochloric acid. The yield, 10.2 g., m.p. 88-89°, was 
virtually the same as that of Mitts and Hixon who obtained 
11 g., m.p. 86-87°; hence, an acid catalyst is not necessary 
in this preparation. 

N-l'-D-Mannitylpiperidine.—D-Mannose, 18.0 g. (0.1 
mole), and piperidine, 1.2.9 g. (0.15 mole), were warmed in 
25 ml. of methanol until all the sugar dissolved (5 min.). 
Methanol (75 ml.) was added, then the solution was filtered 
and poured into a steel hydrogenation bomb. Raney 
nickel catalyst (6 g.) was added and hydrogen was admitted 
to 1900 lb./sq. in. The bomb was heated at 70-80° for 4 
hours with continuous rocking. The pale yellow solution 
obtained was filtered to remove the nickel and was then 
concentrated in vacuo to a crystalline residue. The product 
was recrystallized from absolute ethanol yielding 14.5 g. 
(58%) of cubic prisms, m.p. 143-144°. A second recrys
tallization gave the pure compound, m.p. 145°; Ia]26D 
- 3 2 . 7 ° (c 4.0, pyridine). 

Anal. Calcd. for CnH23O6N: C, 53.0; H, 9.30. Found: 
C, 53.1; H, 9.32. 

N-l'-D-Mannitylpiperidine crystallized in two different 
forms. The higher melting form, m.p. 145°, consisted of 
dense, nearly cubic prisms; whereas the lower melting form, 
m.p. 120-122° (with resolidification and final melting at 
144°), consisted of thin, elongated flakes. Both forms 
showed the same specific rotation in pyridine, [a] 26D —32.7° 
(c 4.0), and the same carbon and hydrogen analysis. They 
also gave the same pentaacetyl derivative on acetylation in 
pyridine-acetic anhydride. N-l'-D-Mannitylpiperidine did 
not reduce hot Fehling solution. 

Pentaacetyl-N-l'-D-mannitylpiperidine.—Dry pyridine (7 
ml.) and acetic anhydride (3 ml.) were mixed, and N-I'-D-
mannitylpiperidine, 1.0 g., was added. After standing at 
25° for 18 hours the colorless solution was concentrated in 
vacuo to a clear, viscous sirup. On seeding with the penta
acetyl derivative [m.p. 54°, Ia]25D + 3 9 ° (c 3.5, chloroform)] 
of the lower melting form of N-l'-D-mannitylpiperidine, the 
sirup crystallized and 1.9 g. of crude product was obtained. 
Recrystallized twice from petroleum ether, the yield was 1.4 
g., m.p. 54-55°. Later, two recrystallizations from ether-
petroleum ether gave the pure compound as large, elongated 
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prisms melting sharply at 77°; Ia]25D +38° (c 0.5, chloro
form). 

Anal. Calcd. for CnH18O6N(COCH,),: N, 3.05; CO-
CH3, 46.8. Found: N, 3.20; COCH1, 46.3. 

N-l'-D-Sorbitylpiperidine.—To identify our N-D-gluco-
sylpiperidine further with that of Kuhn and Birkofer," we 
hydrogenated crystalline N-D-glucosylpiperidine (18.0 g.) 
under the conditions given for N-l'-D-mannitylpiperidine. 
The crude, crystalline product (17.7 g.) was recrystallized 
from 1:1 ethanol-ethyl acetate (50 ml.) yielding 15.1 g. 
(83%) of the glucamine derivative as white needles, m.p. 
118-119°; Ia]28D -16.5° (c 4.0, pyridine). Kuhn and 
Birkofer7b reported m.p. 115-116°, Ia]26D -22° (c 0.55, 
pyridine). In water our preparation gave a pK 10.5 and 
a specific rotation of —17.7° at 25° (c 5.00). In water plus 
one equivalent of hydrochloric acid, the specific rotation was 
-31° at 25° (pH. 6.0, c 1.00). In 20% acetic acid, Ia]25D 
-29.5° (c 12), unchanged on heating at 100° for 3 hours. 
The compound did not reduce hot Fehling solution. 

Anal. Calcd. for C11H23O6N: C, 53.0; H, 9.30; N, 
5.62. Found: C, 52.9; H, 9.21; N, 5.70. 

Pentaacetyl-N-1 '-D-sorbitylpiperidine.—N-I '-D-Sorbityl-
piperidine, 4.0 g., in a mixture of pyridine (18 ml.) and ace
tic-anhydride (10 ml.) was held at 0° for 3 hours and at 25° 
for 3 days. After repeated concentrations in vacuo with 
the addition of pyridine and ethanol, the yellow sirupy 
product was dried to constant weight, yield 6.9 g. (94%), 
b.p. 175-180° (0.5 mm.) (cf. Kuhn and Birkofer'*); re
covery after distillation 6.8 g. (92%). The distillate was a 
colorless, viscous sirup, Ia]25D +19 (c 3.2, chloroform), 
which did not crystallize on long standing at 0° and 25°. 

Anal. Calcd. for C11H18O6N(COCHs)6: COCH,, 46.8. 
Found: COCH,, 46.6. 

The Reaction of Dibenzylamine and D-Glucose; 1-De-
soxy-1-dibenzylamino-D-fructose.—(a) Finely pulverized 
anhydrous D-glucose, 20 g., was mixed with absolute. eth
anol (50 ml.) and dibenzylamine, 30 g. (1.4 moles per mole 
D-glucose). The mixture was heated on the steam pot 
under reflux for 4 hours. After the first hour of heating, no 
color had developed and very little D-glucose had dissolved. 
Ammonium chloride, I g . , was then added. The mixture 
became very dark on continued heating, yet the D-glucose 
did not dissolve completely. Finally, the mixture was 
filtered, removing unreached D-glucose (4 g.). The crystals 
which formed in the filtrate were filtered, washed until white 
with ethanol, and dried; yield 6.5 g., white needles, m.p. 
162° (dec). From the mother liquor 2.2 g. more of the 
product was obtained; total yield 8.7 g. (27%, based on D-
glucose dissolved). Recrystallization of the product from 
60 parts ethanol gave no higher melting point; Ia]26D 
-89° (25 min.) -> -35° (after 4 days; c 1.0, dry pyridine). 
Kuhn and Birkofer" gave m.p. 159-160°, Ia]21D -88° (6 
min.) -+ —40° (53.5 hours; c 0.55, pyridine). 

Anal. Calcd. for C20H26O6N: N, 3.90. Found: N, 3.85. 
(b) Repeating the experiment (a), but without the addi

tion of ammonium chloride and with heating for 1.5 hours 
only, 18% of the theoretical yield was obtained (based on 
D-glucose, 75%, dissolved). The product was identical to 
that described above. 

The product was virtually insoluble in 0.1 N and 0.5 JV 
sodium hydroxide at 25°; hence, the usual test for reducing 

power toward dichlorophenolindophenol7" was inconclusive. 
However, the product was sufficiently soluble in 0.1 N po
tassium hydroxide in methanol. In this alcoholic medium, 
dichlorophenolindophenol solution was decolorized at 25° 
in the manner of a 1-desoxy-l-aminofructose derivative. 
A parallel test with N-D-glucosylpiperidine in alcoholic po
tassium hydroxide gave no reduction of the dye. Other 
facts that indicated the product to be 1-desoxy-l-dibenzyl-
amino - D - fructose, (CeH6CH2)2N-CH2-CO-(CHOH),-CH2-
OH, rather than a glucosylamine derivative, follow: (1) 
The crystals stood for several months in humid atmosphere 
without turning brown. (2) When subjected to conditions' 
known to produce the Amadori rearrangement in tertiary 
glucosylamines, there was no reaction; the crystals were re
covered unchanged. (3) The crystals were dissolved in an 
excess of 1 N sulfuric acid and allowed to stand at 25° for 
3 days. On neutralization with sodium hydroxide, the crys
tals were recovered unchanged. In another experiment the 
crystals were dissolved in one equivalent of hydrochloric 
acid, and the solution was heated at 85-90° for 2 hours. 
After the addition of sodium hydroxide equivalent to the 
acid added, 82% of the initial crystalline compound was 
recovered. (4) A compound identical with that described 
above was obtained by treating D-mannose with dibenzyl
amine under the new conditions9 that produce the Amadori 
rearrangement. 

l-Desoxy-l-dibenzylamino-D-fructose from D-Mannose.— 
D-Mannose, 2.25 g., and dibenzylamine, 4.1 g. (1.5 moles 
per mole of D-mannose), were warmed together on a steam-
pot for 15 minutes. No reaction was apparent. A 1:1 
solution of ethanol-ethyl malonate (10 ml.) was then added, 
and heating was continued for 30 minutes. The D-mannose 
dissolved after heating in the mixed solvent for 15 minutes, 
and the solution became progressively yellow, amber, then 
orange-colored. Crystallization occurred on cooling the 
mixture: yield 1.85 g. (60%); m.p. 161-162° (dec). A 
mixed m.p. with the reaction product from D-glucose and 
dibenzylamine (m.p. 162°) was not depressed. The crys
tals in 0.1 N potassium hydroxide in methanol at 25° re
duced dichlorophenolindophenol solution, Ia]24D —89° (15 
min.) -» -35° (after 7.5 days; c 0.76, pyridine). 

Anal. Calcd. for C20H26O6N: C, 66.8; H, 7.01; N, 3.90. 
Found: C, 66.7; H, 7.18; N, 3.88. 

Hence, the compound known heretofore as dibenzyla-
mine-N-glucoside7 is doubtless 1-desoxy-l-dibenzylamino-
D-fructose (N-dibenzyl-D-isoglucosamine). This is the first 
example of a non-aryl 1-desoxy-l-aminofructose derivative 
to be isolated and reported. 2^1 s Another example we have 
found is l-desoxy-l-piperidino-D-fructose.' However, 5-
trityl-1-desoxy-l-piperidino-D-xyloketose has been re
ported.18 Two attempts to prepare true N-D-glucosyldi-
benzylamine were unsuccessful; only D-glucose and 1-
desoxy-1-dibenzylamino-D-fructose were recovered. 
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