
19 Ui TREAT B. JOHNSON AND WERNER BERGMANN Vol. 60 

140° (20 mm.). On redistillation the first fraction gave 
10 g. of material of b . p. 70-75° (20 ram.). The crude 
semicarbazone of this fraction melted at 150-160°. After 
recrystallization it melted at 163-167 ° as did a mixture of 
it and the semicarbazone of 3-metJiyI-3,2-heptenone ob­
tained by the dehydration of t he ketol. 

The sodium hydroxide extracts were combined and ex­
tracted with ether. The aqueous portion was acidified 
with dilute sulfuric acid and extracted with ether. The 
ether solution was dried, the ether removed, and the resi­
due distilled. The acid boiled at 136-137" (20 mm.); 
neat, equiv., 145. The neutral equivalent of a-ethyl-a-
hexenoic acid is 142. 

The Direct Condensation of »-Butyraldehyde with 
Acetone.—This was carried out according' to the directions 
of Eccott and !instead.3 The crude product was frac­
tionated, yielding the following fractions: up to 90° (21 
mm.), 62 g.; 90-130° (21 mm.), 17 g.; 130-180° (18 
mm.), 43 g.; residue 30 g. The first fraction was carefully 
redistilled through a Podbielniak column, yielding 3 frac­
tions.10 The semicarbazones and 2,4-dinitrophenylhy­
drazones of each fraction were prepared and their melting 
points are given in Table I. 

TABLE I 
M. p. (0C.) of crude 

B. p., 0C. 2,4-dinitro-
(19 mm.) Wt., g. semicarbazone phenylhydrazone 

1 -65 3 110-120 95-100 
2 65-69 29 123-133 99-110 
3 69-71 11 143-148 120-122 

By repeated crystallization of the crude derivative in 
each case, we were able to isolate a semicarbazone melting 
at 152°, identical with that of a-ethyl-a-hexenal. Frac­
tion 3 was apparently almost entirely a-ethyl-a-hexenal. 

(10) Podbielniak, Intl. Eng. Chem., Anal. Ed.. 3, 179 (1931). 

The authors desire to report in this paper new 
data resulting from some special experiments ap­
plied in their researches on nitrogenous gluco­
sides, which do not find their proper place in other 
papers to be published on this subject. The first 
contribution of importance from this Laboratory 
was made in 1930 when Hilbert and Johnson1 

synthesized successfully 3-glucosidouracil by inter­
action of 2,6-dimethoxypyrimidine with tetra-
acetylbromoglucose. The resulting acetyl deriva­
tive gave the desired nucleoside on hydrolysis. 
Later Hilbert2 applied a similar reaction using 

(1) Hilbert and Johnson, THIS JOURNAL, 52, 4489 (1930). 
(2) Hilbert, ibid., 58, 190 (1834). 

In order to identify the other component of fractions 1 and 
2, the crude 2,4-dinitrophenylhydrazones were dissolved in 
alcohol, and the solution cooled, when crystals of the 2,4-
dinitrophenylhydrazone of a-ethyl-a-hexenal separated. 
The mother liquor was evaporated to dryness and the 
residue dissolved in warm gasoline. When the solution 
was cooled a further crop of the 2,4-dinitropbenylhy-
drazone of a-ethyl-a-hexenal was obtained. The mother 
liquor was evaporated to dryness and the residue recrystal-
lized from alcohol. This substance melted at 125-126° 
but was not identical with the 2,4-dinitrophenylhydrazone 
of a-ethyl-a-hexenal, m. p. 124-125°, as a mixture of the 
two melted at 100-110°. 

A sample of 3,2-heptenone was prepared by dehydrating 
the ketol with oxalic acid, according to the method of 
Eccott and Linstead, and converted into the 2,4-dinitro­
phenylhydrazone. This substance melted at 125-126 ° and 
was identical with that obtained above. 

Anal. Calccl. for C13H16O1N3: N, 19.2. Found: N, 
18.9, 19.0. 

Summary 

1. An unsuccessful attempt was made to pre­
pare cis and trans forms of 3-methyl-3,2-hepte-
none. An unsuccessful attempt was also made to 
prepare the cis and trans forms of 3,2-heptenone 
as described by Eccott and Linstead. 

2. The 2,4-dinitrophenylhydrazones of a-ethyl-
oi-hexenal, 3,2-heptenone, and 3-methyl-3,2-hep-
tenone were prepared. 

3. The ^-toluidide of a-methyl-«-hexenoic 
acid was prepared. 
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2-methoxy-6-aminopyrimidine and tetraacetyl-
bromoglucose in order to obtain the corresponding 
glucoside of cytosine, but without success. It is 
of interest to note here that E. Fischer also failed 
in his attempts to prepare glucosides of both 
uracil and cytosine by the action of tetraacetyl-
bromoglucose on the silver salts of these two 
pyrimidines.3 Recognizing the limitations of 
this method of approach to practical methods of 
synthesizing nitrogenous glucosides, we next 
turned our attention to the study of techniques 
based on the use of sugar isocyanates and corre­
sponding ureas as starting points. The only 

(3) E. Fischer, Ber., 47, 1377 (1914). 
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sugar isocyanate derivatives recorded in. the 
literature previous to our work were tetraacetylglu-
cose isocyanate CuHi9O9NCO and the correspond­
ing isothiocyanate Ci4Hi9O9NCS described by E. 
Fischer in 1914.3 This work of Fischer has been 
repeated in this Laboratory by different workers 
and several attempts have been made to utilize 
such simple sugar constructions for the prepara­
tion of nitrogenous glucosides in the hydantoin 
and pyrimidine series. Haring and Johnson4 

prepared Fischer's glucose isothiocyanate and 
showed that it adds as expected to a-amino acids 
or their esters, giving hydantoic acid derivatives 
which can be condensed smoothly to hydantoins. 
They prepared the first known glucoside deriva­
tives of 2-thiohydantoin and hydantoin. John­
son and Bergmann5 reexamined Fischer's work 
on the preparation of tetraacetylglucose isocyanate 
C H H I 9 O 9 N C O and its urea derivative, but failed 
in their attempts to synthesize pyrimidine glu­
cosides from these simple sugar combinations. 

In the experimental part of this paper is 
recorded the history of some interesting deriva­
tives which have resulted from other types of 
reactions applied by the authors for the synthesis 
of new nitrogenous glucoside derivatives. 

Experimental Part 
Extension of Fischer's Isocyanate Work to Other 

Sugars.—We have found that as a rule the isocyanates of 
sugars are difficult to obtain in a pure form.6 In most 
cases examined only amorphous products have been ob­
tained in our researches. That these amorphous products 
sometimes contain considerable amounts of the desired 
isocyanate derivative can be demonstrated easily by their 
conversion into the corresponding ureas by the action of 
strong ammonia solution. The yields, however, are 
generally too low for service in practical synthesis. 

1-Arabinose-isocyanate —*• 1-Arabinose-urea.—Tri-
acetobromoarabinose was refluxed in dry xylene with 
twice the theoretical amount of anhydrous silver cyanate 
for several hours. After filtration and dilution of the 
xylene with petroleum ether an oil separated which solidi­
fied to a resin-like substance and from which no crystalline 
material could be obtained. The crude reaction product 
finally was suspended in concentrated ammonia solution 
when it dissolved immediately. The acetyl groups of the 
glucoside were removed by this treatment, and by applica­
tion of a method of purification described in our previous 
paper we succeeded in isolating a beautiful crystalline urea 
derivative of 1-arabinose melting at 192°. It showed an 
optical rotation of aaD +51.9° (0.1197 g. in 3.0686 g. 
of water gave d + 2.02°). This substance proved to be 
identical with 1-arabinose urea which has been described 
previously by Helferich.6 

(4) Haring and Johnson, THIS JOURNAL, 55, 395 (1933). 
(5) Johnson and Bergmann, ibid., 84, 236») (1932). 
(6) Helferich, Ber., «9, 69(1926). 

Xylose-isocyanate — > sym-Dixylose-urea.—Triaceto-
bromoxylose was refluxed as usual with silver cyanate in 
xylene for several hours. The amorphous reaction product 
which was obtained after filtration and addition of pe­
troleum ether was treated with concentrated aqueous am­
monia in the usual way. From the reaction mixture we 
separated a substance which crystallized in fine needles. 
It showed no sharp melting point, turning brown at 230° 
and charring at 250°. It gave an optical rotation of aMD 
-20.5° (0.112 g. in 3.07 g. water gave d - 748°). The 
substance was identified as sym-dixyloseurea previously 
described by Helferich.6 

Anal. Calcd. for CnH20O9N2: C, 40.73; H, 6.22. 
Found: C, 40.91; H, 6.39. 

Heptaacetyllactose-isothiocyanate, CI2HI4O3(OCOCHS)7-
NCS.—As a rule it has been the authors' experience that 
the isothiocyanate derivatives of sugars are easier to obtain 
in a pure crystalline condition than the corresponding 
isocyanates. Seven grams of heptaacetylbromolactose 
was refluxed with 5 g. of silver thiocyanate in xylene for ten 
minutes. After addition of petroleum ether to the filtered 
solution crystals of the isothiocyanate began to separate. 
After purification by crystallization from chloroform and 
petroleum ether the isothiocyanate was obtained in the 
form of large prismatic crystals. It melted at 169-170°. 

Anal. Calcd. for C27H36Oi7NS: C, 47.82; H, 5.20. 
Found: C, 47.89; H, 5.39. 

Heptaacetyllactose-ethylthiourethan, C29H41OiJNS.— 
This was prepared by refluxing the above isothiocyanate 
derivative in absolute ethyl alcohol. It crystallizes from 
hot alcohol in the form of needles melting at 119°. Like 
many other thiourethans it contains water of crystalliza­
tion. 

Anal. Calcd. for C2SH«Oi8NS: C, 46.94; H, 5.85. 
Found: C, 47.30; H, 5.81. 

Heptaacetyllactosethioureido-ethyl acetate, C31H44-
Oi9N2S.—One one-hundredth mole of the above isothio­
cyanate and 0.015 mole of ethyl glycine hydrochloride were 
refluxed in chloroform, containing a few drops of pyridine, 
for two hours. The excess of solvent was then expelled in 
vacuo, water added to the residue and the condensation 
product extracted with ether. After drying the ether 
solution, petroleum ether was added, when crystals of the 
reaction product separated. It deposited in the form of 
octahedra melting at 100 °. 

Anal. Calcd. for C3iH440i9N2S: C, 47.68; H, 5.68. 
Found: C, 47.61; H, 5.73. 

Attempts to Prepare Pyrimidine Glucosides in the Bar­
bituric Acid Series.—The following proposed synthesis of a 
glucosido-uracil was studied: 

A. Tetraacetylglucose-urea + cyanacetic acid 
N H - C O 
] I condensation 

CO CH2 > 
I i 

C14Hi9O8NH CN 
I 

N H - C O N H - C O 
CO CH or reduction CO CH 
I I! w i t h H 2 I ]] 

C14Hi9O9N CNH2 (catalytically) C14H19O9N CH 
II HI 
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Four grams of tetraacetylglucose-urea, 1 g. of cyano-
acetic acid and 2 cc. of acetic anhydride were heated at 100° 
for ten minutes. On adding water to the cooled solution a 
crystalline substance separated. After crystallizing several 
times from dilute alcohol it melted constant at 135°. 

Anal. Calcd. for Ci8H23Oi1N3: C, 47.15; H, 5.27; N, 
9.17. Found: C, 47.10; H, 5.24; N , 9,12. 

Theoretically this substance could be either an acyclic or 
a cyclic compound (I or I I ) . In order to determine its 
constitution molecular proportions of the compound and 
sodium nitrite were warmed in water for several minutes. 
The solution became yellow in color and on acidifying with 
acetic acid prismatic, plate-like crystals separated. After 
recrystallization from boiling water they melted at 179-
180°. That we are dealing here with a nitroso derivative 
of the acyclic compound I as represented by formula IV is 
supported by the yellow color, and, furthermore, by the 
fact that cyanoacetic acid itself and sodium nitrite interact 
in a similar manner. 

Anal. Calcd. for CsH22O12N4: C, 44.34; H, 4.75; N, 
11.50. Found: C, 44.42; H, 4.74; N , 11.18. 

N H - C O N H - C O 

CO C = N O H 

C4H16OsNH CN 
IV 

CO C = N O H 

C4H19O9N C = N H 
V 

If the reaction product resulting from condensation with 
cyanoacetic acid is to be represented by the cyclic structure 
II , it should react with ammonia with removal of the 
acetyl groups and with formation of the stable cyclic 
glucoside. We found, however, that such treatment 
yielded smoothly glucose urea, leading to the conclusion 
that formula I and not I I represents the correct constitu­
tion of the original condensation product. 

Anal. Calcd. for glucose urea: C, 37.82; H, 6.35. For 
C10H16O7N3 (from II) : C, 41.53; H, 5.22. Found: C, 
37.93; H, 6.40; N , 12.36. 

Under no conditions did we succeed in converting the 
ureide I into the pyrimidine I I by the action of alkali. 

We also attempted to effect ring closure of the ureide I by 
means of catalytic hydrogenation as previously applied 
successfully by Rupe,' and later by Johnson and Berg-
mann8 for the preparation of uracil and thymine, respec­
tively. We obtained no evidence of the formation of a 
uracil-glucoside derivative. An attempt finally was made 
to condense tetraacetylglucose-urea with malonic acid to 
obtain a barbituric acid glucoside derivative. Twelve 
grams of acetic anhydride, 10 g. of acetylglucose-urea and 
2.7 g. of malonic acid were heated at 100° for thirty min­
utes. We obtained a deep orange colored solution. Dilu­
tion with water led to the precipitation of a crystalline 
substance from which we succeeded in separating a product 
that crystallized from methyl alcohol without coloration 
after treatment with norite. I t melted at 206-207 °. The 
results of analysis indicated that we were not dealing with a 
barbituric acid derivative, but with the acyclic compound 
di-(tetraacelylglucose)-ureide of malonic acid, CuH19O9NH-
CONH C O C H S C O N H C O N H C H H I 9 O , . 

Anal. Calcd. for C33H41O22N4: C, 46.68; H, 5.23; N, 
6.60. Found: C, 46.51; H, 5.34; N, 6.86. 

When this diureide was allowed to interact with alco­
holic ammonia at ordinary temperature, glucose urea was 
formed. 

Summary 

1. Methods have been described for pre­
paring 1-arabinose-urea,. sym-dixylose-urea and 
heptaacetyllactose isothiocyanate and deriva­
tives. 

2. Condensation of cyanoacetic acid with 
tetraacetylglucose-urea leads to the formation 
of the ureide Ci4Hi»09NHCONHCOCH2CN. 
Attempts to condense this to a pyrimidine con­
struction were unsuccessful. 

(7) Rupe, HeIv. CMm. Ada, S, 850 (1925). 
(8) Johnson and Bergmann, T H I S JOURNAL, 56, 1733 (1933). 

N E W HAVEN, CONN. RECEIVED APRIL 4, 1938 

[CONTRIBUTION FROM THE BUREAU OF CHEMISTRY AND SOILS, U. S. DEPARTMENT OF AGRICULTURE] 

Fixation of Active Nitrogen by Organic Compounds 

By Lou i s B . H O W A R D 1 AND G U I D O E. H I L B E R T 

The most promising of various possible methods 

for directly introducing some form of elementary 

nitrogen into organic substances is the one uti­

lizing active nitrogen2 which consists essentially of 

atomic nitrogen. General experience has shown 

tha t molecular nitrogen is inert toward organic 

c o m p o u n d s a n d n o c a t a l y s t h a s y e t b e e n d i s ­

ci) Now in the Bureau of Entomology and Plant Quarantine, 

Whittier. California. 
(2) For a recent review see Spoaer, "Molekulspektren und ihre 

anweadung auf chemische Frobleme," II Text, Verlag von Julius 
Springer, Berlin, 1936, p. 458, and also Kneser, Ergeb. exakt. Naturiu., 
8, 229 (1929). 

covered which will activate nitrogen to the extent 

tha t it will interact with organic materials. In 

this connection, it is noteworthy tha t practically 

all of many assumed reactions between nitrogen 

and organic molecules proceed with an increase 

in free energy.3 In contrast to the ordinary form 

of nitrogen, atomic nitrogen, in view of its high 

reactivity, trivalent-like structure, f N^- J , and 

relatively long life, would be expected to interact 

(3) We are grateful to Dr. K. Wiebe and Dr. R. T. Mitner for hav­
ing made many of these calculations. 


