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Several 2,2-disubstituted glycines were prepared by the hydrolysis of the intermediate hydantoin in either sulfuric acid or 
barium hydroxide solution. Acid hydrolysis was satisfactory for the preparation of the dialkyl glycines but led to decomposi- 
tion during the hydrolysis of the aryl substituted glycines. This route to the synthesis of these amino acids is considered 
superior to that of the Strecker method. 

Preliminary anticancer screening of these amino acids containing no alpha hydrogen atom has shown them to be inactive, 
and therefore, unlike their structural analogue, l-aminocyclopentanecarboxylic acid. 

The present paper is concerned with the synthesis 
of disubstituted glycines of the type RR’C(NH2)- 
COOH. Compounds of this type were expected to 
be metabolic antagonists of value in the chemo- 
therapy of cancer. 
d number of compounds belonging to this class 

have already been prepared and shown to possess 
biological activity. In  vitro and in vivo studies of 
disubstituted glycine have revealed wide differences 
between these compounds and the corresponding 
natural amino acids. 2-Rlethylalanine appears 
incapable of being n~etabolized.~ 2 - 5 l e t h y L ~ ~ -  
tryptophan is an antagonist of tryptophan and 
has shown activity against staphylococcic infec- 
tions.5 3-(3,4-Dihydroxyphenyl) -2-methyL~~- 
alanine (a-methyl-DOPA) is a potent inhibitor 
of mammalian DOPA decarboxylase in vitro but 
is inac tive in 2-Rlethyl-~~-glutamic acid 
inhibits the decarboxylation of glutamic acid by 
glutamic decarboxylase.7 2-lLlethyl-~~-rnethionine 
is a potent antagonist of methionine and also blocks 
the action of D-amino acid oxidase on phenylal- 
anine;? it is also reported to be active against 
Nemas tle virus disease.* 2-Methylalanine, 2- 
methyl-DL-serine and 2-hydroxymethyl-~~-serine 
are accumulated in the rat liver after intraperito- 
neal injection, but they are not degraded.g The 
alpha h,ydrogen of serine appears to be necessary 
for the reaction with pyridoxal and its subsequent 
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conversion to g l y ~ i n e . ~  N-Carbamoyl-2-methyl- 
DL-glutamic acid did not catalyze the conversion 
of ornithine to citrulline as did N-carbamoyl- 
DL-glutamic acid.’O 2-Methyl-DL-serine does not 
undergo oxidative deamination in the presence of 
L- or D-amino oxidase.” 2->lethyl-~~-valine 
inhibits penicillin synthesis from lactose, but this 
inhibition is reversed by valine.12 

Compounds which inhibit specific metabolic 
reactions can also be expected to possess selective 
toxicity and therefore are obvious candidates for 
trial in cancer chemotherapy. A few members of 
this group have been screened for their effects upon 
experimental tumors. 2-Amino-2-methylbutyric 
acid did not inhibit the growth of mouse Sarcoma- 
180, Carcinoma-755, or Leukernia-1210.13 On the 
other hand, 2-methylalanine, l-amino-cyclohexane- 
carboxylic acid, and l-amino-cyclopentanecarbox- 
ylic acid inhibited the development of the Xovikoff 
hepatoma in the rat.I4 The latter compound has 
also been found to be active on a t  least one of the 
mouse tumors mentioned above.’* l-Aminocyclo- 
hexanecarboxylic acid, l-amino-l,2,3,4-tetrahydro- 
l-naphthoic acid, and 2-amino-1,2,3,4-tetrahydro- 
2-naphthoic acid were inactive in inhibiting the 
growth of transplanted Walker rat carcinoma; 
however, 1-aminocyclopentanecarboxylic acid as 
well as its N- and C-terminal peptides with glycine 
were very effective in retarding growth in this 
same spstem.’j 

Two general methods were considered for the 
preparation of the disubstituted glycines: the 
Strecker reaction, i.e., the reaction of a ketone with 
an alkali cyanide and ammonium chloride to give 
the amino nitrile followed by hydrolysis to the 
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amino acid; and the synthesis of an amino acid by 
the hydrolytic cleavage of a hydantoin. From 
preliminary experiments it was seen that for the 
preparation of the dialkyl substituted amino acids, 
either the Strecker method or the hydantoin method 
gave comparable yields of the amino acid. The 
hydantoin method was selected as the preferred 
route for several reasons. The reactions, in the case 
of the hydantoin method, proceeded with less de- 
composition. Even where the reactions were in- 
complete, the unchanged starting material was 
easily recovered from the reaction mixture. Fur- 
thermore, the hydantoins are readily purified and 
relatively stable, while the amino nitriles are 
neither stable nor easily purified. Finally, it was 
found easier to apply forcing conditions to the 
prepar:ttion and hydrolysis of the hydantoins of 
hindered ketones, e.g., 4-methylbenzophenone, 
rather than to use the Strecker reaction. 

The hydantoins (Table I) were prepared from 
the appropriate ketones by the Bucherer-Berg 
reaction, a method that has been adequately re- 
viewed by Warel6 and refined by Henxe17 in the 
last few years. The hydrolysis of the dialkyl hy- 
dantoiris in 60% sulfuric acid gave good yields of 
the amino acids. The hydrolyses of the aryl sub- 
stituted hydantoins were much less successful 
in acid due to their low solubility in the reaction 
solutions and the large amount of decomposition 
which accompanied the reaction. As a result, the 
the use of barium hydroxide under autoclave con- 
ditions was instituted. This method proved satis- 
factory for the hydrolysis of both the aryl substi- 
tuted hydantoins and the unsaturated alkyl 
substituted hydantoins. The preferred reaction 
sequence is illustrated below and the disubstituted 
glycines are shown in Table 11, where R and R' = 
alkyl and aryl. Reaction conditions are more fully 
described in the experimental section. 

0 R' 
I 

R-(2-R' + R-A-CO + 
I I  

The compounds described in Tables I and I1 
have been submitted to the Cancer Chemotherapy 
National Service Center for screening.'sb Prelimi- 
nary results indicate that these compounds are 
neither capable of producing significant inhibition 
of the growth of Sarcoma-180 or Carcinoma-755 
nor do they increase the survival time of mice 
bearing Leukemia L-1210. Detailed screening results 
of these compounds will be published by the Na- 
tional Institutes of Health at a later time. 
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EXPERIMENTAL** 

Preparation of hydantoins. The hydantoins were syn- 
thesized from commercially available ketones according to 
methods described by Henze and co-workers." In cases 
where the ketones were not available, they were prepared 
as noted in Table I, The three methods used for the prepara- 
tion of the hydantoins are illustrated as follows: 

Method A.17~ 6-Ethyld-p-$uorophenylhydantoin. In a 
three-necked flask equipped with a mercury-seal stirrer, 
a dropping funnel, and reflux condenser were placed 46 g. 
(0.33 mole) of 4'-fluoropropiophenone, 100 g. of reagent 
grade ammonium carbonate, and 550 ml. of 60% ethanol. 
The mixture was stirred and warmed to  50", at which time 
17 g. (0.35 mole) of sodium cyanide dissolved in 50 ml. of 
water was added over a period of 5 min. The reaction mix- 
ture was then stirred for 3 hr. at temperatures between 56' 
and 60". The reflux condenser was then replaced by an air 
condenser and the temperature raised to 85" for 1 hr. to 
remove the excess ammonium carbonate. The reaction 
solution was cooled, acidified to pH 6, and chilled to 0" for 
24 hr. The precipitate was collected and washed with several 
portions of cold water. The product was then purified by 
dissolving it in 300 ml. of 5% aqueous sodium hydroxide 
solution, the solution filtered, and the filtrate washed with 
three 50-ml. portions of ether to remove unchanged ketone. 
The aqueous layer was then cooled and acidified to pH 6 
and the precipitate collected and recrystallized from 95% 
ethanol; yield, 44 g., m.p., 209-210.5". 

Anal. Calcd. for C11H11FN20n: C, 59.45; H, 4.99; N, 12.61. 
Found: C, 59.32; H, 5.02; ru', 12.44. 

Method B.19 Spiro[imidazolidine-4,1 '-indan]-2,bdime. 
Forty-four grams (0.33 mole) of 1-indanone was mixed 
with 33 g. (0.5 mole) of potassium cyanide and 114 g. of 
reagent grade ammonium carbonate. The solids and 350 
ml. of 70% ethanol were placed in a stainless steel reaction 
vessel, sealed, and heated to 110" for 24 hr. The bomb was 
cooled, the contents removed, filtered and diluted with 100 
ml. of water. The reaction solution was then heated to boil- 
ing for 15 min. to remove the excess ammonium carbonate, 
cooled, and acidified to  pH 6. The resulting precipitate was 
filtered and recrystallized from 95% ethanol; yield, 46 g., 
m.p., 239-240". 

Anal. Calcd. for Cl1HtoN202: C, 65.33; H, 4.98; N, 13.86. 
Found: C, 65.09; H, 4.96; N, 13.68. 

Method C.  lTb 6-(p-Chlorobenzyl)-6-phenylhydantoin. 
Twenty-three grams (0.10 mole) of Z(p-chloropheny1)- 
acetophenone, 7 g. (0.11 mole) of potassium cyanide, 34 g. 
of reagent grade ammonium carbonate and 250 g. of fused 
acetamide were intimately mixed and then placed in a 
stainless steel reaction vessel which wm sealed and heated 
to 110" for 24 hr. After cooling, the contents were removed 
by washing with 500 ml. of boiling water in several portions. 
The reaction product was then filtered and washed several 
times with cold water. The crude hydantoin was decolorized 
with activated charcoal in hot 95% ethanol, precipitated 
by cooling, and recrystallized a second time from ethanol; 
yield, 22 g., m.p., 212-213". 

Anal. Calcd. for C16H13C1N2O2: C, 63.89; H, 4.36; N, 
9.32. Found: C, 63.70; H, 4.57; N, 9.33. 

Preparation of amino acids. The hydrolysis of the hy- 
dantoins listed in Table I was carried out in both acid and 
basic solution. Conditions for the preparation and isolation 
of the amino acids (Table 11) are illustrated by the following 
examples: 

Method A. Acid hydro1ysis.m 2-Amino-2-methylnonanoic 

(IS) All melting points are uncorrected; analyses were 
performed by Galbraith Microanalytical Laboratories and 
Micro-Tech Laboratories. 
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acid. In a three-necked flask fitted with a reflux condenser 
and nitrogen inlet tube were placed 45 g. (0.02 mole) of 5- 
heptyl-5-methylhydantoin and 104 g. (0.6 mole) of 60% 
sulfuric acid. The mixture was then heated at 130" for 72 
hr. under a nitrogen atmosphere. The clear, straw-colored 
solution was then cooled and a precipitate, consisting of 
amino acid sulfate and unchanged hydantoin, was filtered. 
The precipitate was dissolved in 300 ml. of hot water, de- 
colorized with activated charcoal, and filtered. The filtrate 
was cooled and adjusted to p H  6 with 10% aqueous am- 
monia, which precipitated the free amino acid. The mother 
liquor from the reaction mixture was diluted with 200 ml. 
of water, decolorized with charcoal, filtered, and the free 
amino acid precipitated by the addition of 10% aqueous 
ammonia to pH 6. Both crops of amino acid were combined 
and recrystallized, first, from 5oy0 ethanol and then from 
acetic acid-water. Finally the product was dried for 24 hr. 
in vacuo a t  50'; yield, 23 g., m.p., 296-300' (sealed tube). 

Anal.  Calcd. for Cl~H21N02: N, 7.48. Found: N, 7.33. 
Method B .  Base hydrolysis.21 %Amino-bmethyl-5-hexenoic 

acid. In a stainless steel reaction vessel were placed 30.2 
g. (0.18 mole) of 5-(3-butenyl)-5-methylhydantoin, 85 g. 
(0.27 mole) of barium hydroxide and 485 ml. of water. 
The bomb was flushed with nitrogen, sealed, and heated 
to 165' for 30 min. After cooling to room temperature, the 
alkaline reaction mixture was diluted with 300 ml. of water, 
then aerated and heated to drive off the ammonia formed 

(21) J .  E. Livak, E. C. Britton, J. C. VanderWede, and 
A I .  F. Murray, J .  Am.. Chem. Soc., 67, 2218 (1945). 

in the reaction. The solution was then acidified with concd. 
sulfuric acid to pH 1-2, the barium sulfate filtered, and the 
pH readjusted to  6 with lead carbonate. The solution was 
filtered free of lead sulfate and then treated with hydrogen 
sulfide to remove the excess lead ion. The aqueous solution 
was next heated to boiling, decolorized with charcoal, fil- 
tered, and the filtrate concentrated to give three crops of the 
free amino acid; total yield 22.5 g., m.p., 312-314'. A sample 
for analysis was recrystallized from 70% ethanol. 

Anal. Calcd. for C7HI3NO2: C, 58.72; H, 9.15; N, 9.78. 
Found: C, 58.91; H, 8.97; K, 9.86. 

Several of the amino acids hydrolyzed by this method 
were insoluble enough in water to be isolated by concentrat- 
ing the acidic solution to  half volume after removing the 
precipitated barium sulfate and adjusting the pH to 6 with 
concd. ammonium hydroxide. The amino acid was then 
filtered and washed with several portions of distilled water. 

Method C. Base hydrolysis. %Phenyl-6p-tolylglycine. A 
stainless steel reaction vessel containing 22.6 g. (0.085 mole) 
of 5-phenyl-5-p-tolylhydantoin and 370 ml. of a 20% sodium 
hydroxide solution was flushed with nitrogen, sealed, and 
heated to 165' for 24 hr. The cooled reaction mixture was 
diluted with 1 1. of water and the pH adjusted to <I  with 
concd. hydrochloric acid. The solution was then treated 
with charcoal, filtered, and the p H  readjusted to 6 with am- 
monium hydroxide; yield, 15 g., m.p., 244.5-245" (sealed 
tube). 

.4naZ. Calcd. for CI5HljN02: C, 74.66; H, 6.27; N, 5.81. 
Found: C, 74.70; H, 6.32; N, 5.75. 

KANSAS CrTY 10, hT0. 
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3-Aminoquinoline and 3-hydrazinoquinoline have been found to undergo reactions with hippuric acid, carbobenzoxy- 
glycine, :tnd carbobenzoxy-L-alanine in the formation of amide-like products. Also, they both effectively resolve carbo- 
benzoxy-DL-alanine and benzoyl-Dbalanine under papain catalysis. When benzoyl->alanine is used alone, however, neither 
of the amino-containing bases undergoeri a papain-catalyzed reaction with this single antipode. A number of aminopyridines, 
aminoquinolines, 4aminoisoquinoline, and 2-hydrazinoquinoline failed to  react, under papain catalysis, with this same 
selected group of N-acylamino acids. 

Papain catalysis of the formation of peptide-like 
linkages from N-acyl amino acids and aniline or 
phenylhydrazine was demonstrated in the original 
research of Max Bergmann and Heinz Fraenkel- 
Conrat.3 Groundwork was thereby laid for a diver- 
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