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fractive indices: a, 1.537; /3,1.565; y, 1.571, all * 0.002, 
agree well with values reported in the literature for na
tural sucrose.20 

Rate of Hydrolysis of Synthetic Sucrose.—The hy
drolysis of a 2% solution of the synthetic sucrose in 1 JV 
hydrochloric acid was followed by observing the change 
of rotation at 23.5°. The rate of hydrolysis was com
pared with that of a similar solution of natural sucrose 
under the same conditions. The course of hydrolysis of 
both sugars is represented by a logarithmic curve, indicat
ing a first order reaction, Fig. 2. The velocity constant 
K, under these conditions, is 0.0105. It is evident from 
Fig. 2 that the rate of hydrolysis of the synthetic product 
is identical with that of natural sucrose. 

Sucrose Octaacetate.—A 0.5-g. sample of the synthetic 
sucrose was treated with 3.5 ml. of pyridine and 2.3 ml. of 
acetic anhydride at 0°. The mixture was kept at 3° 
for three days with frequent shaking until the sugar dis
solved. The solution was then filtered and poured into 
12.5 ml. of ice-water with stirring. The amorphous pre
cipitate which separated out was removed by filtration 
and dissolved in chloroform. The chloroform solution was 
washed first with sodium bicarbonate solution and then 
with water. The chloroform phase was evaporated to a 
sirup, petroleum ether added, and the mixture stirred. 
Upon standing, the product crystallized out. The crystals 
were filtered and dried at 30 ° in vacuo. The yield of the 
acetylated product was 0.65 g. 

Anal. Calcd. for CI2HUO11(CHSCO)S: CH3CO, 50.7. 
Found: CH3CO, 50.1. Specific rotation: [<*]D +60° 

(20) H. E. Merwin, "Int . Crit. Tables," 7, 30 (1930). 

The Flavin-Adenine Dinucleotide Content of 
Firefly Lanterns 

BY ERIC G. BALL1 AND PAULINE A. RAMSDELL 

The recent note by Johnson and Eyring2 sug
gesting t h a t a flavoprotein plays a role in the 
process of luminescence by living organisms 
prompts us to publish the following da ta on the 
•flavin-adenine dinucleotide content of firefly 
lanterns. T h e da ta were obtained by us during 
June, 1940, a t which t ime the authors were work
ing in the Depar tment of Physiological Chemistry 
a t the Johns Hopkins Medical School. 

The lanterns of forty-five fireflies (species un
identified) caught the night before were severed 
from the insects' bodies and immediately dropped 
into 50 cc. of acetone and ground with a mortar 
and pestle. The suspension was centrifuged, the 
residue washed twice with two 10-cc. portions of 
acetone and then air dried. A total of 133 mg. of 
fine white powder was thus obtained which was 
stored over calcium chloride in the cold. The 
following day, 10 mg. of this powder was added in 
the dark to 1.0 cc .of water. Light was emitted 
immediately upon addition of the water to the 
powder and rapidly faded out. The suspension 

(1) Present address: Department of Biological Chemistry, Har
vard Medical School. 

(2) Johnson and Eyring, T H I S JOURNAL, 66, 848 (1944). 

(in chloroform, c 2). Melting point, 69-70°. The specific 
rotation for sucrose octaacetate given in the literature is 
[a ]D +59.6» and the melting point is 69 °.n Irvine, et al. ,* 
found the specific rotation for iso-suerose octaacetate to be 
[a]D +20.3° and the melting point to be 131-132°. 

The authors are indebted to Professor W. H. Dore for 
making the X-ray diffraction patterns of the synthetic 
and natural sucroses, and to Professor T. E. Rawlins for 
assistance in determining the optical properties of crystal
line sucrose. 

Summary 
Synthetic crystalline sucrose has been obtained 

from glucose-1-phosphate and fructose through the 
action of sucrose phosphorylase from Pseudomonas 
saccharophila. 

Data presented show tha t the chemical con
stitution of the synthetic product is identical with 
tha t of natural sucrose. 

The de-phosphorolytic condensation of a-
glucose-1-phosphate and fructose, resulting in the 
formation of sucrose, supports the conclusion 
t ha t glucose exists in the sucrose molecule in the 
a-form. 

(21) C. S. Hudson and J. M. Johnson, THIS JOURNAL, 37, 2748 
(1915). 

(22) S. V. Shah and Y. M. Chakradeo, Current Set., 1, 652 (1936). 
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was then heated a t 80° for ten minutes, cooled 
in running water, and centrifuged. An aliquot of 
the clear supernatant was then analyzed for fiavin-
adenine dinucleotide by means of its ability to 
restore oxygen consumption to a coenzyme-free 
d-amino acid oxidase system in the manner de
scribed by Warburg and Christian.3 A flavin-
adenine dinucleotide content of 70 y per gram of 
dry material was found. A pure sample of flavin-
adenine dinucleotide obtained from Professor War
burg served to standardize the enzyme preparation. 

The lanterns were severed from another batch of 
ten fireflies. T h e total lantern material, which 
weighed 109 mg., was immediately ground with 
water in a mortar and then heated a t 80° for ten 
minutes. The suspension was cooled and centri
fuged. The remaining portions of the insects, 
which weighed 454 mg., were treated in a similar 
manner. Aliquots of both supernatants were then 
analyzed for their flavin-adenine dinucleotide con
tent. The lantern portion was found to contain 
9.1 7 of the coenzyme per gram of wet material. 
Since the lanterns contain about 7 5 % water, this 
equals about 36 y per gram of dry material. The 
flavin-adenine dinucleotide concentration in the 
rest of the insects' bodies was found to be not more 
than 15% of the lantern value. 

There thus appears to be a much higher con-
(3) Warburg and Christian. Biochrm. /... 198, 15(1 (1938). 

NOTES 



1420 NOTES Vol. GG 

centration of flavin-adenine dinucleotide in the 
lantern than in the rest of the firefly's tissues. 
Also the concentration of this flavin coenzyme 
in the lantern, 36-70 y per gram of dry weight, 
is one-fourth to one-half that found in liver, which 
is one of the tissues richest in flavin-adenine dinu
cleotide in the mammalian organism. It is, there
fore, not unreasonable to suspect that flavin-
adenine dinucleotide may play some role in the 
luminescent mechanisms of the firefly. 
DEPARTMENT OF BIOLOGICAL CHEMISTRY 
HARVARD UNIVERSITY MEDICAL SCHOOL 
BOSTON, MASS. - RECEIVED MAY 25, 1944 

Synthesis of Oxindole 
B Y FREDERICK J. D I CARLO 

The catalytic hydrogenation of o-nitrophenyl-
acetic acid with Adams catalyst has been found 
to give oxindole in good yield. The starting 
acid was prepared by a modification of the method 
of Mayer and Balle.1 It has been shown that 
ethyl o-nitrophenylpyruvate, which is formed by 
the condensation of ethyl oxalate with o-nitro
toluene, distills with steam. Consequently it was 
necessary to hydrolyze this ester completely be
fore steam-distilling the excess o-nitrotoluene. 
This led to an increase of about 50% in the yield 
of o-nitrophenylpyruvic acid. 

The oxidation of o-nitrophenylpyruvic acid to 
yield o-nitrophenylacetic acid has been reported.1'2 

Best results were obtained by the oxidation of a 
neutral solution with 3% hydrogen peroxide. 

When the hydrogenation of o-nitrophenylacetic 
ac id w a s c a r r i e d o u t s lowly in t h e p re sence of a 
s m a l l q u a n t i t y of c a t a l y s t , a n a p p r e c i a b l e a m o u n t 
of 1,2-dioxindole w a s i so l a t ed . T h e h y d r o g e n a 
t ion of 1,2-dioxindole u n d e r s imi la r c o n d i t i o n s w a s 
ineffect ive . T,his s u g g e s t s t h e f o r m a t i o n of a h y -
d r o x y l a m i n e i n t e r m e d i a t e c a p a b l e of c o n c u r r e n t 
s low r i n g closure- to 1,2-dioxindole a n d r a p i d h y d r o 
g e n a t i o n (fol lowed b y ring c losure) t o ox indo le . 

0-Nitrophenylpyruvic Acid.—A mixture of 43.8 g. (0.3 
mole) of ethyl oxalate and 41.1 g. (0.3 mole) of o-nitro
toluene was poured into a cooled solution of 0.9 g. of sodium 
in 80 cc. of absolute alcohol. The mixture was refluxed for 
ten minutes. The volume was doubled by adding water 

(1) Mayer and Balle, Ann., 403, 188-189 (1914). 
(2) Reissert, Ber., SO, 1043 (1897); 41, 3924 (1908). 

and refiuxing was continued for one and one-half hours in 
order to hydrolyze the ethyl o-nitrophenylpyruvate. Un-
reacted o-nitrotoluene was then recovered by steam distil
lation. The residue was cooled, acidified with hydro
chloric acid and vigorously shaken in order to cause crystal
lization of the oil which separated. The o-nitrophenyl
pyruvic acid was filtered off, washed with water and dried; 
yield, 44 to 51 g. of crude product, m, p. ca. 115°. After 
treatment with charcoal and crystallization from water, 
the acid melted at 119-120°. 

Oxindole.—A solution of 18.1 g. (0.1 mole) of o-nitro
phenylacetic acid in 180 cc. of glacial acetic acid was sub
jected to hydrogenation at an initial pressure of 50 lb. 
per sq. in. in the presence of 0.2 g. of platinum oxide. 
When the reduction was complete (twenty minutes), the 
catalyst was removed by filtration and washed with a small 
portion of glacial acetic acid. After distillation of the 
solvent under diminished pressure, the residue was tritu
rated with a solution of sodiutn carbonate, filtered and 
washed with water. The product was crystallized from 
water and 11.3 g. (88%) of oxindole was obtained as white 
needles, m. p. 127-129°. 

Anal. Calcd. for C8H7NO: N, 10.52. Found: N, 10.60. 
1,2-Dioxindole.—The hydrogenation of a solution of 18.1 

g. of o-nitrophenylacetic acid in 180 cc. of glacial acetic 
acid in the presence of 0.05 g. of platinum oxide required 
several hours and a poorer yield of oxindole was obtained 
(75% ). Acidification of the sodium carbonate washings 
with hydrochloric acid caused the precipitation of a mix
ture of o-nitrophenylacetic acid and 1,2-dioxindole. The 
former was removed with dilute sodium bicarbonate solu
tion; 0.9 g. (m. p. 143.5°) separated upon addition of 
hydrochloric acid. The 1,2-dioxindole was treated with 
charcoal and twice recrystallized from water; 1.0 g, was 
obtained in the form of glistening plates, m. p. 198-199° 
A mixed melting point with the product prepared by the 
method of Reissert2 showed no depression. 1,2-Dioxindole 
reduced Fehling solution on heating. 

Anal. Calcd. for CH 7O 2N: N, 9.39. Found: N, 9.30. 
When 0.1 g. of platinum oxide was employed, the hydro

genation required forty-five minutes. The 
yield of oxindole was 85% and 0.2 g. of pure 
dioxindole was isolated. Use of 0 02 g. 
of platinum oxide caused but little reduc
tion within twenty-four hours and 80% of 
the o-nitrophenylacetic acid was recovered 

Brucine Salt of 1,2-Dioxindole.—1.8 g. 
of brucine was added to a warm solution of 
0.75 g. of 1,2-dioxindole in methyl alcohol. 
The salt separated and was crystallized 
from ethyl alcohol; cubic crystals, m. p . 
223°. Its aqueous solution became in-' 
tensely blue upon the addition of a drop 
of ferric chloride solution. 

Anal. Calcd. for C3IH33O6N8: N, 7,73. 
Found: N, 7.77. 

A solution of 2.5 g. of 1,2-dioxindole in 
250 cc. of glacial acetic acid was subjected to hydrogenation 
for six hours in the presence of 0.O5 g. of platinum oxide at 
an initial pressure of 50 lb. per sq. in. The solvent was 
distilled under reduced pressure and the residue was dis
solved in a warm solution of sodium carbonate. Acidifica
tion of the carbonate solution resulted in the separation of 
2.3 g. of pure 1,2-dioxindole. 

DEPARTMENT OF CHEMISTRY 
N E W YORK UNIVERSITY 
NEW YORK, N. Y. RECEIVED APRIL 2(5, 1944 

Esterincation of Fatty and Amino Acids with 
1,2-Epoxides in Aqueous Solution 

B Y H E I N Z FRAENKEL-CONRAT AND HAROLD S. OLCOTT 

It has recently been shown1 that 1,2-epoxides 
(1) Fraenkel-Conrat, J. Biol. Chem.. 154, 227 (1944). 
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react readily with proteins in neutral aqueous 
solution at room temperature. Esterification of 
the carboxyl groups appeared to be the predom
inating reaction. Since little attention had pre
viously been given to the use of epoxides as esteri-
fying agents,2'8 model experiments were performed 
in which fatty'acids and amino acids were treated 
with ethylene oxide, 1,2-propylene oxide, or epi-
chlorohydrin in aqueous solution or suspension at 
room temperature. 

In agreement with Bronsted,2 dissociation of the 
acids was found to favor the reaction. Thus in 
four days acetic acid alone (0.06 M) was only 3 % 
esterified by a 30-fold excess of propylene oxide, 
while, in the presence of a small amount of alkali 
metal ions, esterification of the acid approached 
completion. This catalytic action was produced 
not only by hydroxides directly but also by 
neutral salts, most readily by halides, which yield 
hydroxyl ions with the excess reagent according 
to the equation 
C H 3 - C H - C H R + X - + H2O — > • 

N/ 
CH3CHOH-CHRX + OH" 

Possibly because simple synthetic methods have 
not been available, many monoesters of lower 
fatty acids with 1,2-diglycols are not known. As 
examples of the possible preparative use of the 
reaction of epoxides with fatty acids, ethylene 
glycol monovalerate and propylene glycol-1-
monobutyrate were synthesized as follows: 

The fatty acid (0.1) mole was treated in water solution 
or suspension with 0.01 mole NaOH and 1 to 2 moles of the 
epoxide. After standing four to six days at room tempera
ture (with occasional shaking if the system was biphasic), 
the solution had become neutral through esterification of 
the free acid. The ester was then extracted with ether, 
washed with potassium carbonate, dried and distilled. 

Both esters boiled at 56 to 57° (0.5 to 1 mm.). They 
were isolated in 58 to 6 3 % yield. The refractive index at 
25° was 1.4300 for ethylene glycol monovalerate and 
1.4246 for propylene glycol-1-monobutyrate. Anal. 
Calcd. for CTHHO 3 : C, 57.5; H, 9.6; saponification num
ber, 384. Found for ethylene glycol monovalerate: C, 
57.2; H, 9.6; saponification number, 387. Found for 
propylene glycol 1-monobutyrate: C, 57.0; H, 9.7; 
saponification number, 386. 

In order to demonstrate that the addition of acids to un-
symmetrical epoxides, e. g., propylene oxide, occurred on 
carbon atom 1 in aqueous solution as it is known to do in 
anhydrous media, propylene glycol 1-monobutyrate was 
also prepared by refluxiug an alcoholic solution of 1-
chloro-2-propanol and sodium butyrate. The product, 
obtained in poor yield, boiled at 57° (1 mm.) and showed 
a refractive index of 1.4245. 

Titrations and pH measurements demonstrated that 
amino acids or acylated amino acids were also readily 
esterified by epoxides. Thus, the interaction of propylene 
oxide with benzoyW.J-alanine, in the presence of one-
tenth of the equivalent amount of sodium hydroxide, led to 
the disappearance of the undissolved material within one 
day. After three days the pH of the mixture had risen 
from 3.5 to 7. 

In contrast to the carboxyl groups, the amino groups, de
termined by the Van Slyke manometric method,1 appeared 

(2) BrSnsted, Kilpatrick and Kilpatrick, THIS JOURNAL, 61, 428 
(1929). 

(3) Bauer and Mauthe, U. S. Patent 1,979,601 (1934). 
(4) Van Slyke, J. Biol. Chtm., SS1 425 (1929). 

to react much more readily in the uncharged state, i. e., 
in alkaline solution or only after all acids originally present 
had been "neutralized" by combination with the epoxide. 
Complete disappearance of the primary amino groups of 
0.08 M solutions of monosodium glutamate or of alanine in 
the presence of sodium acetate (0.08 M) occurred within 
two days of treatment with excess propylene oxide (3 M). 
Surprisingly, the dipolar ion did not react as readily in the 
absence as in the presence of other electrolytes. 

Attempts to isolate the epoxide derivatives of amino 
acids in pure form were unsuccessful since neither they nor 
a number of their derivatives could be made to crystallize. 
The products were very soluble in water and alcohol and 
could not be distilled without decomposition or molecular 
rearrangement. 

WESTERN REGIONAL RESEARCH LABORATORY 
BUREAU OF AGRICULTURAL AND INDUSTRIAL CHEMISTRY 
AGRICULTURAL RESEARCH ADMINISTRATION 
U. S. DEPARTMENT OP AGRICULTURE 
ALBANY 6, CALIFORNIA RECEIVED M A Y 12, 1944 

A Method of Synthesis for Aromatic Amino-
aldehydes and Aminoketones 

B Y W U HAO-TSING 

It has been found that the reaction of hydrogen 
cyanide or nitriles, hydrogen chloride and phenols,l 

which has always been considered to be specific 
for aromatic hydroxy compounds, can be extended 
to the aromatic amine, aniline. Preliminary 
studies have demonstrated that £-aminobenzalde-
hyde and £-aminoacetophenone can be prepared 
by this method, and it seems likely that the reac
tion can be extended. Further work on the im
provement of the yield and on the synthesis of re
lated compounds is now in progress. 

I t is believed that an addition compound (I) is 
first produced and this on heating rearranges to 
the carbon substitution product (II) which on 
hydrolysis gives the carbonyl derivative (III). 

HCl R - C = N H heat 
RCN" + C6H5NH2 *• I >• 

Dry H - N - C H 5 
ether 

I 
R - C = N H H2O R - C = O 

I > I 
C6H4NH2 C H 4 N H , 

II I I I 
" In the two experiments reported R has been hydrogen 

and a methyl group. I t is thought other alkyl groups or 
possibly aryl groups can be used. 

Experimental 
(1) Preparation of ^-Aminobenzaldehyde.—Ten grams 

of dry hydrogen cyanide and 9.3 g. of aniline were added 
to 70 cc. of ether which had been previously saturated with 
dry hydrogen chloride. When the mixture thus obtained 
was enclosed in a bottle and gently heated for several 
hours, an oily liquid, brown in color, was precipitated. 
This oily liquid was then transferred into a sealed tube, 
and heated at 250-300° for one hour. The contents of the 
sealed tube were afterward put into a solution of potas
sium hydroxide, boiled for a few minutes, extracted with 
ether and recrystallized from water in the form of leaf
lets. These melted at 70-72° (percentage of nitrogen deter
mined, 11.60; calculated, 11.57). 

(2) Preparation of ^-Aminoacetophenone.—p-Amino-
acetophenone was prepared by the reaction of aniline 

(1) Hoesch, Ber., 48, 1122 (1915). 
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upon acetonitrile in the same manner as the experiment 
just described. I t melted at 106-107° (percentage of 
nitrogen determined, 10.39; calculated, 10.37). 

It is absolutely essential that all materials used in these 
experiments be anhydrous and that care be taken to pre-

COMMUNICATIONS 

RESYNTHESIS OF DESTHIOBIOTIN FROM 
DIAMINOPELARGONIC ACID1 

Sir; 
Work in this Laboratory has demonstrated2 

that desthiobiotin, derived from biotin by hydro-
genolysis of the sulfide linkage,3 is equally as effec
tive as biotin in promoting the growth of yeast. 
Desthiobiotin has been shown to be 4-methyl-o-
imidazolidone-2-caproic acid, and is converted by 
acid or alkaline hydrolysis to f,i7-diaminopelar-
gonic acid.3 

In view of the high yeast-growth-promoting 
activity of desthiobiotin, it became of interest 
particularly from the standpoint of possible syn
thetic approaches to desthiobiotin, to investigate 
the effect of phosgene on the diaminopelargonic 
acid derived from desthiobiotin, since it has been 
shown4 that nearly quantitative yields of biotin 
can be obtained by treatment with phosgene of 
the sulfur-containing diamino acid derived from 
biotin. 

Diaminopelargonic acid was prepared in good 
yield from pure desthiobiotin2 by hydrolysis with 
barium hydroxide. * The product was isolated as 
the sulfate, which crystallized in small diamond-
shaped plates, micro in. p. 245-246°. 

For the treatment with phosgene, 15 mg. of the 
diaminopelargonic acid sulfate was dissolved in 2 
cc. of aqueous 10% sodium carbonate and phos
gene gas was passed into the solution until the 
solution became acid to con go red. The clear 
solution was concentrated in vacuo to a volume of 
approximately 0.5 cc. Crystalline material sepa
rated from the solution and was removed and 
washed with a few drops of water. The com
bined washings and mother liquors were extracted 
continuously with ether for two hours; a small 
amount of crystalline material separated in the 
ether extract. The crystalline fractions were 
combined, dissolved in methanol and filtered, and 
the filtrate was concentrated to dryness. The 
residue was crystallized from a few drops of hot 
water, washed with water, and dried. The yield 

(1) The desthiobiotin used in this investigation was prepared 
from natural biotin generously supplied by Merck and Company, 
Inc. Appreciation is also expressed to Dr. Karl Dittmer and Mrs. 
Glenn Ellis for carrying out the microbiological assays. 

(2) Melville, Dittmer, Brown and du Vigneaud, Science, »8, 497 
(1943). 

(3) Du Vigneaud, Melville, Folkers, Wolf, Mozingo, Keresztesy 
and Hurris, J. Biol. Chrm.. 146, 47S (1942). 

(Il Mcli-ilU', ITnfmanu and ilu Vignenud. Srirnrr 94, 3(1« (1941) 

vent the introduction of moisture in transferring the addi
tion compounds to the sealed tubes, in order to have suc
cess with this reaction. 

NATIONAL UNIVERSITY OF CHKKING 
CHINA RECEIVED JANUARY 3, 1944 

TO T H E EDITOR 

of product in the form of long, colorless needles, 
micro m. p. 156-158°, was 7.4 mg. (66% of the 
theoretical yield). 

The reaction product possessed the same crys
talline form, solubility, and melting point as des
thiobiotin. A mixture of the reaction product 
with a sample of pure desthiobiotin, micro m. p. 
156-158°, showed no depression of the melting 
point. Furthermore, the resynthesized material 
possessed the same yeast-growth-promoting activ
ity as desthiobiotin. The diaminopelargonic acid 
from which it was synthesized, on the other hand, 
exhibited approximately 10% of the activity of 
desthiobiotin under the same conditions of assay 
and at levels which produced half-maximum 
growth. 

It is concluded from these data that the chief 
product formed by the action of phosgene on the 
diaminopelargonic acid is desthiobiotin. The 
yield obtained suggests the use of this reaction as a 
step in the total synthesis of desthiobiotin. 
DEPARTMENT OP BIOCHEMISTRY 
CORNELL UNIVERSITY MEDICAL COLLEGE 
N E W YORK 21, N. Y. DONALD B. MELVILLE 

RECEIVED JULY 17, 1944 

THE MECHANISM OF THE ALKYLATION OF 
PARAFFINS WITH OLEFINS IN THE 

PRESENCE OF ALUMINUM CHLORIDE 

Sir: 
The previously proposed mechanisms1 for the 

catalytic alkylation of paraffins are unsatisfactory 
either in explaining how the reaction occurs or 
accounting for the structure of the products ob
tained. An investigation of the reaction of alkyl 
chlorides with olefins and of isoparafnns with 
chloroolefins has now led to the conclusion that 
the alkylation of isoparaffins with olefins in the 
presence'of aluminum chloride proceeds via the 
conversion of the paraffin to an alkyl chloride. 
The mechanism is outlined below for the reaction 
of isobutane with ethylene. Similar reactions 
occur with other paraffins and olefins. 

The £-butyl chloride formed in Eq. 3 starts a 
new cycle by reacting with ethylene as in Eq. 2. 
Ethane is produced only in the initiating step and 
the amount formed will therefore be small. 

(1) (a) lpatieff and Grosse. T H I S JOURNAL, »7, 1616 (1935); 
(b) Birch and Dunstan, Trans. Faraday Soc, 3», 1013 (1339); 
(c) Caesar and Francis, lnd. Eng. Chetn., 8», 1426 (1941); (d) Mr 
Alliitir, Anderson, R.illard and Rois, J. Org. Chrm., 6, 647 (1941). 


