
Aug. 5, 1956 EFFECT OF AQUEOUS SULFURIC ACID ON SUGARS 3731 

to rapid crystallization as needles, and after further crys- 
tallization overnight a t  O", a yield of 0.8 g. of hydrochloride 
was obtained. An additional 0.2 g. was obtained from the 
mother liquor. The pure compound dec. a t  (gas) 192" 
(preheated to 175" j. 

Anal. Calcd. for ClaH2oNOECl: N, 4.58; C1, 11.60. 
Found: N, 4.60; C1, 11.6. 

Specific rotation was [ ( Y ] ~ ~ D  f78.5" (0) -+ +66.6 (2 
hours) in 0.1 N hydrochloric acid ( I  2, c 0.9). 

The variation in initial extrapolated values for the specific 
rotation was within 1' for samples crystallized rapidly or 
slowly and for samples obtained as second crops from the 
mother liquor. This narrow range suggests that the com- 
pound is a pure a-form. 

2-Benzylamino-2-deoxy-~-glucose Pentabenzoate.-2- 
Benzylamino-2-deoxy-~-~-glucose, 1.3 g., was suspended in 
70 ml. of pyridine, previously cooled to 0". The suspen- 
sion then was cooled rapidly in an acetone-Dry Ice bath, 10 
g. of benzoyl chloride was added, and the mixture was kept 
a t  -20" for 4 days. The deep red mush was then poured 
into a mixture of 1500 g. of chopped ice and 25 g. of sodium 
bicarbonate and allowed to stand overnight. The pale 
yellow, partially granular product was filtered and washed 
repeatedly with saturated sodium bicarbonate solution 
followed by distilled water. Yield after drying in vacuo was 
4 g. The compound was crystallized by adding 125 cc. of 
ethanol to a solution of the compound in 50 cc. of hot ethyl 
acetate and concentrating by boiling to 75 cc. The penta- 
benzoate rapidly crystallized on cooling to yield 1.49 g. 
(39y0) of fine white prisms, m.p. 238-239.5'. 

Anal. Calcd. for CasHsgNOlo: C, 72.99; H, 4.98; Nd 
1.77. Found: c, 72.8; H, 5.03; N, 1.76; [ ( Y ] ~ ~ D  +70.0 
(in chloroform, 1 2 ,  c 1.02). 
2-Benzy~amino-2-deoxy-~-gluconic Acid.-A suspension 

of 1.3 g. of 2-benzylamino-2-deoxy-~-glucose and 6.5 g. of 
red mercuric oxide in 150 ml. of water was heated in a boil- 
ing water-bath for 30 minutes and refluxed for 5 minutes. 
The amino sugar dissolved without formation of color and 
with no observable precipitation of mercury. The sus- 
pension was filtered hot. The filtrate was treated with 
hydrogen sulfide and a heavy precipitate of mercuric sulfide 
formed. After aeration and filtration with carbon, the 
clear colorless filtrate was concentrated in vacuo to 15 ml. 
with slight crystallization. The aqueous solution was 
heated to dissolve the precipitate, an equal volume of eth- 
anol was added, and the solution was allowed to crystallize 
a t  0" for 3 days. -4 yield of 545 mg. (39%) was obtained. 

Recrystallization from 50Y0 ethanol yielded the pure acid 
as needles, dec. (gas) 221" (preheated to 200') 

Anal. Calcd. for ClaHlsNOe: C, 54.73; H, 6.71; N, 4.91. 
Found: C, 54.7; H, 6.61; N,4.90. 

Specific rotation was [CY]*% +50° in 0.1 iV sodium hy- 
droxide ( I  2, c 1.03). Twenty ml. of this solution was 
diluted with 5 ml. of 1.0 N hydrochloric acid, [ C Y ] * ~ D  +14.4' 
(7.5 min.) -+ +16.7" (94 hr.). 

Hydrogenol ysis of 2-Benzylamino-2-deoxyglucose .--A 
solution of 1.1 g. of benzylaminoglucose in 50 cc. of absolute 
methanol containing 735 mg. of palladium-on-carbon (5% j 
was shaken with hydrogen a t  atmospheric pressure and 27" 
for 4 hours, about 90% of the absorption occurring during 
the first 2 hours. A net total of 118 cc. (S.T.P.) of hydro- 
gen was absorbed equivalent to 1.29 moles Hz per mole of 
compound. After filtration, 3 cc. of 5 N hydrochloric acid 
was added dropwise to the solution. After storage for sev- 
eral hours a t  O", 470 mg. of D-glucosamine hydrochloride was 
obtained. An additional 100 mg. was obtained from the 
mother liquor to give a combined yield of 65%. The iden- 
tity of the compound as a-D-glucosamine hydrochloride was 
established by comparison of X-ray powder diagrams" with . .  
authentic material.. 

Reaction of 2-Alkvlamino-2-deoxvhexoses with Phenvl 
1sothiocyanate.-In a typical procedure, 1.0 g. of 2% 
butylamino-2-deoxyglucose was dissolved in 25 cc. of water 
to which was added 3.0 g. of phenyl isothiocyanate, followed 
by 100 cc. of acetone. The clear colorless solution turned 
a pale green in a few minutes but gradually faded to its 
original color. After standing for 40 hours a t  room tem- 
perature, the solution was concentrated in vacuo to a white 
solid which was extracted once with 25 cc. of chloroform and 
washed 4 times with 20-cc. portions of benzene. Crystalli- 
zation of the residue from ethanol yielded 925 mg. (66%) of 
5-( ~-arabo-tetrahydroxybutyl)-3-phenyl-l-n- butyl - 2 - imida- 
zolidinethione as white fibrous crystals. The corresponding 
ethyl, isopropyl and n-propyl derivatives were recrystallized 
from ethyl acetate, and the benzyl derivative was recrys- 
tallized by addition of petroleum ether (60-70") to an ethyl 
acetate solution. 

Acknowledgment.-I am grateful to Miss Geral- 
dine Secor and L. M. White for elemental analyses. 

Yields were generally 50-6070. 

(11) I am indebted to K. J. Palmer of this Laboratory for X-ray 
measurements. 
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When a number of reducing hexoses were each heated under the same conditions with aqueous sulfuric acid, the ultra- 
violet absorption spectrum which developed was the same for each of the hexoses studied. However, the rate a t  which the 
ultraviolet spectrum developed and the steady state, as measured by the ultraviolet absorption spectra, were characteristic 
of the individual hexose. The hexoses were found to react a t  100' in 4 N sulfuric acid in the following order: D-gulose > D- 
talose > D-galactose > D-altrose > D-mannose > D-glucose. In 20 N sulfuric acid a t  room temperature, however, the order 
was D-talose > D-mannose > D-galactose > D-glucose > D-altrOSe. The pentoses under the same conditions in 20 N 
sulfuric acid reacted in the order: D-Xylose > D-ribose > D-1yXOSe > D-arabinose. The formation of the ultraviolet spec- 
trum was found to be primarily due to  the production of compounds which could be extracted from aqueous sulfuric acid 
by means of ether. These compounds were separated by the chromatography of their 2,4-dinitrophenylhydrazones on 
silicic acid and identified as acetaldehyde, propionaldehyde, formaldehyde and 5-( hydroxymethyl)-2-furaldehyde. An- 
other compound as yet unidentified also was isolated. 

In  previous studies on the effect of aqueous sul- the spectrum developed and the final steady state, 
furic acid on the aldopentoses,2 i t  was found that however, were found to be characteristic of the in- 
each of the aldopentosea developed the same ultra- dividual pentose. The apparent differences in the 
violet spectrum under all the conditions of tempera- ultraviolet spectrum of individual  pentose^,^^^ 
ture and concentrations studied. The rate a t  which when examined after identical treatment for a speci- 

(1) Published with permission of the Bureau of Ordnance, Navy 
The opinions and conclusions are those of the authors. 

(2) F. A. H. Rice and L. Fishbein, THIS JOURNAL, 78,  1005 (1956). 

(3) R. M. Love, Biochem. J., 66, 120 (1963). 
(4) Miyoshi Ikawa and C. Niemann, Arch. Biochem a n d  H t o p h y s . ,  

31, 62 (1951); J .  B i d .  Chem.,  180, 923 (1949). 
Department. 
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TABLE I 
RATIOS OF THE ABSORPTION MAXIMA OF SOME D-ALDOHEXOSES IN ACID SOLUTION 

Temp., 'C., 
and concn. ODrm/ODwe 

of acid Time o-Gulose o-Talose n-Galactose D-Altrose o-hlannose ~ - G l u c o s ?  

looo 90 min. 0.519 0.500 0.519 0.498 0. j:)8 0 , 5 0 0  
(4 N H,S03 140 min. .520 ,490 ,500 0,510 .499 0 .  500 
23 ' 21 hr. .522 .443 .700 1 . 5 5  ,301 1 .00 
(20 N HzSO,) 25 hr. ,524 .448 ,698 1 . 5 5  ,312 1 . 00 

fied interval of time, are attributable to this differ- 
ence in the rate of formation of the substances re- 
sponsible for the ultraviolet spectrum and the final 
steady state and not to the formation of compounds 
peculiar to the particular pentose. To account for 
the observed ultraviolet spectrum of a pentose in 
acid solution, formation of more than one product 
has been ~uggested.~J We have found that2 the 
compounds primarily responsible for the develop- 
ment of the ultraviolet spectrum can be extracted 
from aqueous acid by means of ether. These 
ether-soluble compounds were separated by the 
chromatography of their 2,4-dinitrophenylhydra- 
zones on silicic acid and identified as 2-furaldehyde, 
crotonaldehyde, acetaldehyde and formaldehyde. 
Formaldehyde shows no ultraviolet absorption6 and 
hence would probably not contribute to the char- 
acteristic ultraviolet spectrum. 

It was considered of interest to investigate in the 
same manner the action of aqueous sulfuric acid on 
the reducing hexoses and attempt to isolate and 
identify the compounds responsible for the develop- 
ment of their ultraviolet spectrum. 

Results and Discussion 
When aldohexoses were heated in aqueous sul- 

furic acid, the shape of the ultraviolet spectrum 
which developed did not appear to depend on the 
configuration of the hexose. The shapes of the 
curves of a series of ultraviolet spectra of any one 
aldohexose, taken over a period of time, were es- 
sentially the same as the shapes of the curves ob- 
tained from any other aldohexose. The rate of de- 
velopment of the ultraviolet spectra depended on 
the configuration of the hexose. Figure 1 shows the 
relationship between the optical density or absorb- 
ance (O.D.) a t  290 mp and the time of heating. 
The aldohexoses were dissolved in 4 iV sulfuric acid 
and heated a t  the temperature of the boiling water- 
bath. The concentration of each hexose was the 
same. Completely analogous series of curves were 
obtained a t  other concentrations of either hexose or 
acid. However, the O.D. observed, on reaching a 
steady state could be increased by raising either 
the concentrations of the sugar or the acid. The 
development of the ultraviolet absorption followed 
essentially the same pattern found in the pentose 
series,2 and hence the curves will not be repro- 
duced here. 

In 20 N sulfuric acid a t  room temperature, the 
hexoses developed ultraviolet absorption spectra 
a t  a rate characteristic of the individual hexose and 
in general showed the same characteristics that were 
shown by the hexose when heated in less concen- 
trated aqueous acid solution (Fig. 1). On the 
other hand, the order of reactivity, as measured by 

(5)  F. Bandow, Biockem. Z., 294, 121 (1937). 
( 6 )  J.  E. Purvis, J. Ckem.  S o c ,  127, 9 (1925). 

the absorbance a t  the steady state, changed. I t  
was found that, in 20 N acid a t  room temperature, 
the final steady state was such that :  talose > mati- 
nose > galactose > glucose > altrose. 

Since a similar change had not been noticed i n  
our studies on the aldopentoses, the four D-aldo- 
pentoses were run under the same conditions as the 
hexoses in 20 N acid a t  room temperature. The or- 
der of activity, as measured by the absorbance a t  
the steady state, changed from: lyxose > ribose > 
xylose > arabinose to:  xylose > ribose > lyxose > 
arabinose. 

The ultraviolet spectrum of any one hexose (in 
20 N acid a t  room temperature), after the elapse of 
a given time, was not superimposable, until the 
steady state had been reached, on the spectrum ob- 
tained after a longer interval of time, Table I 
shows the ratio of the two absorption maxima a t  
237 and 290 mp for a series of hexoses after they had 
reached a steady state in 4 N sulfuric acid a t  100'. 
The corresponding ratios in 20 N acid a t  room tem- 
perature also are given. It will be observed that, 
although the ratios in hot 4 N acid are the same 
within the limit of our experimental error, the ratios 
found after treatment with 20 iV acid a t  room tem- 
perature depend upon the configuration of the hex- 
ose. 

After the aqueous acid solution of the hexose was 
extracted with ether, the aqueous phase showed es- 
sentially no ultraviolet absorption. The ether 
extract, on the other hand, showed the ultraviolet 
absorption characteristics of the solution obtained 
by dissolving the hexose in aquecus acid, with ab- 
sorption maxima a t  237 and 290 mp. The ratio of 
the O.D. a t  237 and 290 mp was greater in  ether 
than in aqueous acid solution. This may be attrib- 
uted to the effect of the solvent.' n'hen the solu- 
tion obtained by dissolving a hexose ( e . g . ,  D-glU- 
cose) in aqueous acid was continuously extracted 
with ether a t  room temperature and comparisons 
were made between that of the ether extract and 
the ultraviolet absorption of an aqueous acid solu- 
tion of the same hexose under the same cond:t' I ions 
(except for the absence of ether), no differences in 
the development of the ultraviolet absorption spec- 
tra could be found, apart from the ratio of the ul- 
traviolet absorption maxima ( O D ~ / O D W ~ ,  which 
was higher for the ether extract). Figure 2 slloivs 
no change in the ratio of the absorption maxima in 
the ether phase during the continuous ether e-itrnc- 
tion of the hexose in aqueous acid solution. This is 
to be compared with the change in the ratio of the 
absorption maxima of the hexose in aqueous acid of 
the same concentration and tempcratures. The 
two curves are superimposable, as would be ex- 

(7) R. B.  Woodward, THIS J O T I R N A L ,  63, 1123 (1911); .4 Biirawwv. 
J .  C h e m .  Soc., 1177 (1939); FC. C .  C. I3ali,  Pl:i /  . l / a g . ,  s . 6 ,  27.  W'2 
(1914). 
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D-GLUCOSE IN 2 0 N  ACID 

0 

TIME (HOURS). 

FROM D-GLUCOSE IN 2 0 N  
ACID 

IN 20N ACID 

Fig. 1.-Development of the steady state of a number of 
aldohexoses in 4 N sulfuric acid, a t  100'; initial concentra- 
tion of aldohexoses, 40 mg. per 100 ml. of solution. 

pected if the observed difference in the ratio of the 
absorption maxima is due to the effect of solvent on 
the absorption maxima. -4dditional weight is given 
to this explanation by the observation that extrac- 
tion of the hexose in aqueous acid with ether a t  any 
particular time reduces the ultraviolet absorption 
of the aqueous phase to a negligible value while the 
characteristic ultraviolet absorption is found in the 
ether extract. 

5 n O 5 '  ~\ 
I 

U - GLUCOSE 
O I  /IN 2 0 N  ACID 

0 51 , i , 
0 5 IO 15 20 

TIME (HOURS). 

Fig. 2.-Change in the ratio of the absorption maxima 
(237 mp/290 mp) found in the ether phase, as D-glucose 
(dissolved in aqueous sulfuric acid) is continuously ex- 
tracted with ether, compared, over a period of time, with 
the corresponding ratios of the absorption maxima of the 
unextracted aqueous acid solution of D-glucose. D-Arabi- 
nose in aqueous acid solution is shown for comparison: 
concentration of D-glucose, 40 mg. per 100 ml. of solution; 
initial concentration of D-arabinose, 40 mg. per 100 ml. of 
solution; concentration of sulfuric acid, 20 N ;  temperature 
23". 

When a solution of a hexose in aqueous sulfuric 
acid was continuously extracted with ether, the con- 
centration of ether-extractable compounds, as 
shown by the O.D. a t  the ultraviolet maxima, in- 
creased in the ether phase, even after the point a t  
which a steady state would have been reached by 
the hexose in aqueous acid solution. Figure 3 

shows the increase in O.D. a t  290 mp of the ether 
extract plotted as a function of time. The corre- 
sponding development of the ultraviolet maxima of 
the sugar in aqueous acid is given for comparison. 
The O.D. does not reach a steady state, in contrast 
to the O.D. of the unextracted aqueous acid solution 
of the hexose. The probable reason for this is that 
the equilibrium in the aqueous phase is continually 
shifted by extraction of the aldehydes. 

EXTRACTABLE WITH ETHER I 
FROM D-GLUCOSE IN 2 0 N  ACID 

U $ 4 1  0. 
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TABLE I1 
PROPERTIES OF THE CHROMATOGRAPHICALLY SEPARATED 2,4-DINITROPHENYLHYDRAZONES FORMED O N  TREATMENT OF 

D-GL~COSE 

Zone mg h l p ,  ‘C 

A (formaldehyde) 55 162-164 
B (propionadehyde) 60 154-156 
C (acetaldehyde) 45 164-166 
D (5-(hydroxymethyl) -2-fur,tldehyde) 255 198 

Weight 

E (CisHisX~Os) 10 130-131 

methyl)-2-furaldehyde and one compound which 
has not yet been identified. Table I1 shows the 
characteristics of the several 2,4-dinitrophenylhy- 
drazones isolated. D-Glucose, D-mannose and D- 
galactose gave the same results. 

Experimental 
The ultraviolet absorption spectra were measured at room 

temperature by means of a Beckman DU quartz spectro- 
photometer rvith matched 1-cm. cells. 

A sufficient quantity of the hexose to give the desired 
concentration was weighed out and dissolved in 100 ml. of 
aqueous sulfuric acid, previously standardized t o  the desired 
concentration. n’hen samples were heated, the volume was 
kept constant by the addition from time to time of small 
amounts of water. At intervals, aliquots were withdrawn 
and cooled a t  once to 0” in an ice-salt-bath. The appro- 
priate dilutions were made in volumetric flasks with acid of 
the same concentration and the absorption spectra were re- 
corded a t  room temperature. 

Reaction of D-Glucose with 20 N Sulfuric Acid.-Twenty- 
five grams of D-glUCOSe was dissolved in 50 ml. of 20 N sul- 
furic acid. The solution was immediately extracted with 
approximately 500 ml. of ether in a continuous liquid- 
liquid extraction apparatus. At  intervals, over a period of 
2 4  hr., aliquots of 2.5 ml. of the ether solution were with- 
drawn, made up to  10 mi. in a volumetric flask and the 
ultraviolet absorption of the solution was determined. At 
the end of 26 hr., the unused ether extract was cooled and 
shaken with Brady reagent8 (0.3 g., of 2,4-dinitrophenyl- 
hydrazine in 100 ml. of 2 N hydrochloric acid) for 10 min- 
utes. The ether was removed at room temperature under 
an air jet, and the insoluble 2,4-dinitrophenylhydrazones 
were removed by filtration on a fritted-glass filter, yield 500 
mg. 

Chromatography of the Mixed 2,4-Dinitrophenylhydra- 
zones. Method 1 .-The mixture of 2,4-dinitrophenylhy- 
drazones (500 mg.) was extracted at room temperature with 
40 mi. of benzene. Some 250 mg. of the mixture was in- 
soluble and was removed by filtration on a fritted-glass 
filter. The material which was soluble in benzene was 
chromatographed on a 3 :1  (by weight) mixture of silicic 
acidg-Celite10 on a 43 mm. X 260 mm. column. The method 
of Roberts and Green” with certain modifications was used. 
The column was first washed with 1 liter of benzene and then 
developed with 1500 ml. of benzene containing 0.5 ml. of f- 
butyl alcohol per 100 ml. Three zones were observed: 
A, light yellow in color, approximately 1 cm. in width a t  the 
top of the column; B, orange in color, approximately 1 cm. 
in width at a distance of approximately 3 cm. from the top 
of the column; C, orange-brown in color, approximately 1 
cm. in width, a t  a distance of 6 cm. from the top of the 
column. The zones were cut arid their contents eluted with 
ethanol. The alcoholic solutions, on concentration, yielded 
crystalline products which were identified as the 2,4-dinitro- 
phenylhydrazones of formaldehyde (A) ,  propionaldehyde 
(B)  and acetaldehyde (C) (Table 11). 

The fraction of the mixed hydrazones which was insoluble 
in benzene (approximately 250 mg.) was dissolved with the 

(11) J. D. Roberts and  Charlotte Green, I n d  En?. Chrm , i l n o l .  E d . ,  
18, 33.5 (1940) .  

LVITH ACID 
Carbon, % Hydrogen, % Nitrogen, yo 

Found Calcd. Found Calcd. Found Calcd. 

40.37 40.0 3 .15  2.89 26.70 26.5 
45.53 45.37 4.40 4.20 23.50 23.53 
42.88 42.85 3 .53  3.56 21.72 25.00 
47.06 47.55 3.26 3.00 18.30 18.00 
4 5 1 6  45.6 3 .36  3 .23  22.08 22 .4  

aid of heat in 1 ml. of t-butyl alcohol, and 200 ml. of ben- 
zene was added. No precipitation occurred and the clear 
solution was chromatographed as above on a silicic acitl- 
Celite column. The column was developed with 1500 ml. of 
benzene containing 1 ml. of t-butyl alcohol per 100 ml. of 
benzene. Two zones were observed: D, orange-red in 
color, approximately 2 cm. in width a t  the top of the column; 
E, light orange-yellow in color, approximately 1 cm. in 
width at a distance of approximately 7 cm. from the top of 
the column. The zones were cut and eluted with ethanol. 
On concentration of the ethanolic solutions, crystalline prod- 
ucts were obtained which were identified as the 2,4-dinitro- 
phenylhpdrazones of 5-(hydroxq7methyl)-2-furaldehyde (D) 
and E which has not so far been identified. The analyses 
on the material recovered from zone E indicated a compound 
of molecular formula ClyH1~N809 (Table 11). The com- 
pound gave a blue color when an ethanolic solution was 
treated with dilute aqueous sodium hydroxide. 

Method 2 .-The mixed 2,4-dinitrophenylhydrazones were 
not extracted with benzene but dissolved a t  once in I ml. of 
t-butyl alcohol which was then diluted to 300 ml. with ben- 
zene. N o  precipitation took place. The solution was chro- 
matographed as in method 1, using 1500 ml. of benzene con- 
taining 0.5 ml. of t-butyl alcohol per 100 ml. to develop the 
column. Three zones were observed. These were cut out 
and eluted with ethanol in the usual manner. The zone a t  
the top of the column, orange-red in color and approximately 
2 cm. in width, did not yield a crystalline product; the zone 
approximately 9 cm. from the top of the column, approxi- 
mately 1 cm. in width, was found to contain material which 
was identical with the material from E above; the zone 15 
cm. from the top of the column, orange-yellow in color and 
approximately 1 cm. in width, was found to contain mate- 
rial which was identical with that obtained from B above. 

The material eluted from the zone found at the top of 
column was dissolved in 1 ml. of t-butyl alcohol, and the 
solution was then diluted to 300 ml. with benzene. This 
solution was rechromatographed on silicic acid-Celite, using 
1500 ml. of benzene containing 1 ml. of t-butyl alcohol per 
100 ml. of benzene to develop the column. Three zones 
were observed. These were cut out and eluted with ethanol 
in the usual manner. The contents of one zone at the top o f  
the column, orange-red in color and approximately 2 cm. 
in width, crystallized on concentration of the ethanol solu- 
tion and was found to be identical with that obtained from 
D. The zone, light-yellow in color, approximately 1 cm. 
in width and approximately 4 cm. from the top of the 
column, yielded material which crystallized on concentra- 
tion of the ethanol solution and was found to be identical 
with that obtained from zone A. The zone, orange-yellow 
in color, approximately 1 cm. in width and approximately ,S 
cm. from the top of the column, yielded material which 
crystallized on concentration of the ethanol solution a i i d  

was found to be identical with that obtained from zone C. 
The same compounds were isolated both from D-ITl~llno~e 

and D-galactose when they were treated as above. 
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