
color test.3 That the impurity is formaldehyde was 
shown by the procedure below. 

,4lthough it is not surprising that formaldehyde 
can occur in  reagent glacial acetic acid, apparently 
its occurrence is not generally knowi~ .~  However, 
this small amount is extremely important in caus- 
ing white onion juice to redden, and it is felt that 
i t  might be responsible for other chemical changes 
observed by other investigators where an odd 
specificity for acetic acid is noted. 

EXPERIMEIiTAL 

Five 1. of glacial acetic acid (Baker and Adamson rea- 
gent grade, code 1019) --ere steam distilled in 750-ml. lots. 
The f i s t  150 ml. of each distillate were collected, combined, 
and again steam distilled giving 500 ml. of strongly chromo- 
tropic acid-positive distillate containing @yo acetic acid. 
This was redistilled directly in an all-glass still using a 20-in. 
air condenser filled with Raschig rings as a fractionating 
column. The first 100 ml. of distillate, containing most of 
the chromotropic acid-positive substance, were mixed with 
an excess of dry calcium carbonate and allowed to stand 
overnight a t  room temperature. The mixture was then dis- 
tilled, giving about 50 ml. of distillate containing the im- 
purity in water solution free from acetic acid. The following 
tests were made: 

A modified Schiff’s reagents was prepared containing 0.2 
g. of rosaniline hydrochloride, 2 g. of anhydrous sodium bi- 
sulfite, and 2 ml. of concentrated HC1 in 200 ml. of soh- 
tion. Spot tested at room temperature, the color formed was 
stable for more than 6 hr.-a positive indication of formalde- 
hyde in the presence of other aliphatic aldehydes.6 

Alkaline resorcinol? reacted with the unknown yielding a 
yellow color which changed to  red, giving an indication of 
formaldehyde. 

The albumin-nitrite reagents caused a color change from 
red to violet. 

The unknown solution was compared polarographically 
with a standard formaldehyde solution. As in the procedure 
of Boyd and Bambach,Q the reduction was carried out in 
0.05N LiOH and both solutions exhibited similar waves a t  
about -1.6 volts. 

S o  other waves appeared in either sample. This, in con- 
junction with the chemical evidence above, demonstrated 
that the impurity in glacial acetic acid was formaldehyde. 

A standard curve for quantitative formaldehyde deter- 
mination by the chromotropic acid procedure was prepared. 
Using this method, one can easily, quickly, and accurately 
determine the formaldehyde content of acetic acid. Analysis 
of about 15 different lots of Baker and Adamson reagent 
glacial acetic acid showed a concentration range of 1 to 3 
p.p.m. formaldehyde present. 

DEPARTMENT OF FOOD TECHNOLOGY 
UNIVERSITY OF CALIFORNIA 
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( 3 )  C. E. Bricker and IT. A. Vail, Anal. Chem., 22, 720 
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Ninhydrin Degradation of Hexosamines and 
Periodic Acid Oxidation of Hexoses1 

P. J. STOFFYN~ 

Received March IS, 1.959 

Oxidative degradation with ninhydrin of hexos- 
amines into the corresponding pentoses seems to 
proceed, for each pair of Cs epimers, through an 
intermediate compound. These rather unstable 
substances are detectable with ammoniacal silver 
reagent or aniline hydrogen phthalate on paper 
chromatograms of the reaction mixtures as long as 
the presence of unchanged hexosamine indicates 
that the degradation is not complete. Their Rf 
values are higher than those of the corresponding 
pentoses and depend on the nature of the original 
hexosamine. Consequently, i t  was suggested that 
these “faster moving compounds” are carbohydrate 
derivatives, intermediates in the degradation proc- 
ess, which are ultimately transformed into the 
pentoses. The final formation of pentoses shows 
clearly that deamination and oxidative cleavage of 
the bond between C1 and Cf are essential steps of 
the degradation of hexosamines with ninhydrin. 
On the assumption that hexosamines react iii 
their more stable pyranose form, this degradation 
process could result in the formation of 4-0- 
formyl esters of the corresponding pentoses which 
are further hydrolyzed into formic acid and the 
free pentoses. The observed properties of the in- 
termediates are in agreement with such a structure. 
Further evidence supporting this proposition is 
presented here. 

Formyl esters of pentoses having been postulated, 
and in some cases characterized, as alkali-sensitive 
intermediates in the oxidation of hexoses with 
glycol splitting reagents14 we have compared the 
products of periodic acid oxidation of hexoses with 
the products of ninhydrin degradation of the 
corresponding hexosamines. Thus, glucose, man- 
nose, and galactose were oxidized with periodic acid, 
0.5 mole of oxidant being used per mole of sugar in 
order to stop the reaction in its early stages. On 
the other hand, glucosamine and galactosamine 
were reacted for a short time with ninhydrin in 
neutral aqueous alcoholic solution in order to retain 
the unstable intermediate compounds. The dif- 
ferent reaction mixtures were then analyzed in 

(1) This is publication No. 255 of the Robert W. Lovett 
Memorial Unit for the Study of Crippling Disease, Depart- 
ment of Medicine, Harvard Medical School. Address: Massa- 
chusetts General Hospital, Fruit Street, Boston 14, Mass. 
This work has been done partly during the tenure of a Re- 
search Fellowship of the American Heart Association. 

(2)  Research Fellow of the American Heart Association. 
Present address: Massachusetts General Hospital, Boston 
14, Mass. 

(3) P. J. Stoffyn and R. W. Jeanloz, L4rch. Biochem. Bio- 
phys., 52,373 (1954). 
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parallel runs by paper chromatography. Under 
these conditions glucose or mannose were partially 
transformed into two compounds migrating re- 
spectively a t  the same rates as the two compounds 
derived from glucosamine, namely arabinose (R, 
0.19) and the corresponding faster moving inter- 
mediate (R, 0.32). Similarly, galactose gave 2 
compounds having R, values identical to those 
of lyxose (R, 0.25) and of the corresponding 
faster moving intermediate derived from galactos- 
amine (R, 0.4'2). When the chromatograms were 
sprayed with hydroxylamine-ferric chloride rea- 
gent,j all the faster moving substances gave iden- 
tical purple spots. When sodium metaperiodate 
was used instead of periodic acid, only the inter- 
mediate compounds could be detected after 3 hours, 
the pentoses appearing much later in appreciable 
quantity. On the other hand, after a long time of 
reaction with periodic acid, the intermediates had 
completely vanished and the pentoses were the 
sole detectable reaction products. This is obviously 
attributable to a faster rate of hydrolysis of the 
intermediates a t  a lower pH. 

Further comparison was made by submitting 
each of the above described reaction mixtures to a 
two-dimensional chromatographic procedure. The 
intermediate faster compounds were separated 
during the first run from unchanged hexosamine 
or hexose, and from the pentose already formed. 
Then, they were reacted with ammonia, either by 
allowing the dried paper to hang for a few hours in 
a closed vessel containing concentrated ammonia 
solution a t  the bottom, or by spraying with a small 
amount of a methanolic ammonia solution and 
drying at  room temperature. After the second 
run, ammoniacal silver reagent revealed that the 
intermediates had been transfornied in all four cases 
into the corresponding pentoses. 

The similarity of chromatographic behavior, 
and the conversion into pentoses of the faster mov- 
ing compounds observed in the course of ninhydrin 

(4)  T. G. Halsall, E. L. Hirst, and J. K. N. Jones, J .  
Chem. SOC., 1427 (1947); G. Hughes and T. P. Nevell, Trans. 
Faraday SOC., 44, 941 (1948); K. H. Meyer and P. Rathgeb, 
Helu. Chim. ilcta, 31, 1540, 1545 (1948); 32, 1102 (1949); 
F. Brown, L. Hough, and J. K. S. Jones, J .  Chem. SOC., 
1125 (1950); G. D. Greville and D. H. Northcote, J .  Chem. 
Soc., 1945 (1952); G. R. Barker and D. C. C. Smith, Chem. 
& Ind. (London), 1035 (1952); J. W. Pratt, N. K. Richtmyer, 
and C. S. Hudson, J .  Am. Chem. Soc., 74, 2200 (1952); 
J .  Fried and D. E. Walz, J .  Am. Chem. SOC., 74, 5468 
(1952); R. U. Lemieux and H. F. Bauer, Can. J .  Chem., 31, 
814 (1953); M. Morrison, A. C .  Kuyper, and J. M. Orten, 
J .  Am. Chem. Soc., 75, 1502 (1953); F. S. H. Head and G. 
Hughes, J .  Chem. Soc., 603 (1954); A. S. Perlin, J .  Am. 
Chem. SOC., 76, 2595 (1954); A. S. Perlin and C. Brice, 
Can. J .  Chem., 33, 1216 (1955); 34, 541 (1956); L. Hough, 
T. J .  Taylor, G. H. S. Thomas, and B. M. Woods, J .  Chem. 
SOC., 1212 (1958). 

(5)  M. Abdel-Akher and F. Smith, J .  Am. Chem. SOC., 
73,5859 (1951). 

degradation of hexosamines as well as of periodic 
acid oxidation of corresponding hexoses, have shown 
that these substances are identical intermediates 
in both degradation processes. The formation of 
pentoses by oxidation of hexoses with limited 
amounts of periodic acid proves that the splitting 
of the carbon chain occurs preferentially between 
C1 and C2.6 By analogy .c.c.ith known cases of oxi- 
dation of hexoses and their deriyatives with 
glycol splitting reagents, the alkali labile inter- 
mediates detected here are formyl esters of pen- 
toses. This view was further supported by the 
identification of formic acid as the one carbon 
fragment appearing with the pentoses in the deg- 
radation of hexosamines with ninhydrin, and by 
the purple color developed when the faster moving 
compounds were t8reated with hydroxylamine- 
ferric chloride reagent. The location of the formyl 
group in position 4 on the pentose is assumed on 
the basis of the pyranose form of the starting 
material. 

EXPERIMEKTAL 

Paper chromatographic evidence. Four yo solutions of glu- 
cose, mannose, or galact'ose were mixed with equal volumes 
of a 2% solution of periodic acid-about 0.5 mole of oxi- 
dizing agent per mole of sugar-and the mistures were left 
at room temperature for 3 hr. Glucosamine or galactosamine, 
also in 47, solutions, were mised with equal volumes of an 
87 ,  solution of ninhydrin in a 5070 mixture of ethanol and 
water, and the mixtures were heated a t  100' for 20 min. 

The different reaction mixtures were then analyzed in 
parallel runs by chromatography on Whatman No. 1 paper. 
The chromatograms, developed with a 4:  1:1, 1-butyl 
alcohol, ethanol, water mixture containing 0.5y0 of acetic 
acid, were revealed after drying, witsh ammoniacal silver 
reagent,.3 

Identification of formic acid after ninhydrin degradation of 
hexosamines. A solution containing 107.5 mg. of glucosamine 
hydrochloride, or of galactosamine hydrochloride, in 20 ml. 
of a 2% aqueous solution of ninhydrin containing 4Yo of 
pyridine, was heated for 2 hr. a t  100" in a sealed tube. After 
cooling, 6 ml. of a saturated solution of potassium hydrogen 
sulfate was added to the purple-black mixture, which was 
then frozen and lyophilized. The presence of formic acid 
in the lyophilizat,e was first shoam by the intense purple 
color obtained with chromotropic acid after reduction of an 
aliquot to formaldehyde with magnesium and hydrochloric 
acid.' The remainder of the lyophilizat,e was neutralized 
with dilute sodium hydroxide, concentrated to a volume of 
2 ml. and heated in sealed tube a t  100' for 1 hr. with 70 
mg. of p-bromophenacyl bromide in 2 ml. of ethanol. After 
cooling, part of the alcohol was evaporated under a stream 
of nitrogen, and the crystalline precipitate was collected 
and recrystallized from dilute ethanol. The melting point, 
137-140", was unchanged in admixture with an anthentir 
sample of t,he p-bromophenacyl formate. 

(6)  C. Schopf and H. Wild, Ber., 87, 1571 (1954); G. W. 
Huffman, B. A. Lewis, F. Smith, and D. R. Spriesterbach, 
J .  Am. Chem. SOC., 77, 4346 (1955); S. A. Warsi and W. J. 
Whelan, Chem. & Ind. (London), 71 (1958); F. S. H. Head, 
Chem. & Ind. (London), 360 (1958); P. W. D. Mitchell, 
Proc. Roy. Irish Acad., 59B, 43 (1948). 

(7) W. Morton Grant, Anal. Chem., 20, 267 (1948). 
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Anal.: Calcd. for C8H7OJBr: C 44.47; H 2.90. Found: C 
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The C-H Stretching Bands of Aliphatic 
Amines 

WILLIAM B. WRIGHT, JR. 
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The C--H stretching bands of saturated ali- 
phatic hydrocarbons generally observed between 
3.38 p and 3.51 p.l  When the alkyl group is attached, 

Recently, Hill and Meakins4 and Braunholtz 
et aL5 have shown that the infrared spectra of com- 
pounds containing the NMe or " L e z  group in- 
cludes absorption bands of medium to strong in- 
tensity between 3.55 p and 3.62 p.  Absorption is 
near 3.55-3.57 p when the group is attached di- 
rectly to an aromatic system. When the NMe group 
in in an aliphatic or nonaromatic heterocyclic 
system the band occurs in the 3.56-3.60 p range, 
while the NMez group so attached has two specific 
bands, one a t  3.54-3.56 p and the other a t  3.60- 
3.62 p.  

We would like to point out that not only methyl 
and dimethylamines but also a high percentage of 
other tertiary aliphatic amines and many secondary 
aliphatic amines have absorption bands in this range 
when examined as the free bases. For example, 
an intense band centered around 3.6 p was observed 
in the spectra of a series of 2-alkyl derivatives of 
meriminej6 2,3-dihydro-lH-pyrrolo[3,4-c]pyridine 
(Fig. 1). This band was absent in merimine deriva- 

100 7 

Fig. 1. The C-H stretching bands of 7-substituted-2-alkyl-6methylmerimines. Spectra were recorded on the Perkin- 
Elmer Model 21 spectrophotometer. The second sample was a smear. All others were potassium bromide pellets 

to  oxygen, bands are also found a t  3.54-3.55 p 
for compounds containing the methoxyl group2 
and a t  3.55 p and 3.68 1 for aldehydes.a 

(1) This subject has been reviewed by L. J. Bellamy 
The Infra-red Spectra of Complez Molecules, John Wiley & 
Sons, Inc., New York, N. Y., 1958. 
(2) H. B. Henbest, G. D. Meakins, B. Nicholls, and A. A. 

Wagland, J. C h a .  SOC., 1462 (1957). 
(3) A. Pozefsky and N. D. Coggeshall, Anal. Chem., 23, 

1611 (1951),, 

tives substituted in the 2-position by hydrogen, 
acetyl, benzoyl, carbethoxy, carbamoyl, or di- 
methylsulfamoyl. 

These observations prompted us to examine the 
infrared spectra of over one hundred other amines. 

(4) R. D. Hill and G. D. Meakins, J .  Chem. Soc., 760 
(1958). 
(5) J. T. Braunholtz, E. A. V. Ebsworth, F. G. Mann, 

and N. Sheppard, J. Chem. SOC., 2780 (1958). 
(6) (a) W. B. Wright, Jr., J. S. Webb, and J. M. Smith, 

Jr., J. Am. Chem. Soc., 79, 2199 (1957). (0) W. B. Wright, 
Jr., J. Org. Cha. ,  24, 1016 (1959). 


