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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, 1-aminocyelopentanecarboxylic acid.

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

A 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-Methylalanine appears
incapable of being metabolized.* 2-Methyl-pL-
tryptophan is an antagonist of tryptophan and
has shown activity against staphylococcic infec-
tions.® 3-(3,4-Dihydroxyphenyl)-2-methyl-pL-
alanine (a-methyl-DOPA) is a potent inhibitor
of mammalian DOPA decarboxylase in vitro but
is inactive n vivo.® 2-Methyl-pL-glutamie acid
inhibits the decarboxylation of glutamic acid by
glutamic decarboxylase.” 2-Methyl-pDL-methionine
is a potent antagonist of methionine and also blocks
the action of p-amino acid oxidase on phenylal-
anine;? it is also reported to be active against
Newecastle virus disease.! 2-Methylalanine, 2-
methyl-prL-serine and 2-hydroxymethyl-pL-serine
are accumulated in the rat liver after intraperito-
neal injection, but they are not degraded.® The
alpha hydrogen of serine appears to be necessary
for the reaction with pyridoxal and its subsequent
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conversion to glycine.! N-Carbamoyl-2-methyl-
pi-glutamic acid did not catalyze the conversion
of ornithine to ecitrulline as did N-carbamoyl-
pr-glutamic acid.® 2-Methyl-pr-serine does not
undergo oxidative deamination in the presence of
L- or p-amino oxidase.!'! 2-Methyl-pL-valine
inhibits penicillin synthesis from lactose, but this
inhibition is reversed by valine.!?

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 Leukemia-1210.1% On the
other hand, 2-methylalanine, 1-amino-cyclohexane-
carboxylic acid, and 1-amino-cyclopentanecarbox-
vlic acid inhibited the development of the Novikoff
hepatoma in the rat.'* The latter compound has
also been found to be active on at least one of the
mouse tumors mentioned above.'* 1-Aminocyclo-
hexanecarboxylic acid, 1-amino-1,2,3,4-tetrahydro-
1-naphthoie acid, and 2-amino-1,2,3,4-tetrahydro-
2-naphthoic acid were inactive in inhibiting the
growth of transplanted Walker rat carcinoma;
however, l-aminocyclopentanecarboxylic acid as
well as its N- and C-terminal peptides with glycine
were very effective in retarding growth in this
same system.1®

Two general methods were considered for the
preparation of the disubstituted glycines: the
Strecker reaction, <.e., the reaction of a ketone with
an alkali eyanide and ammonium chloride to give
the amino nitrile followed by hydrolysis to the
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1921

POTENTIAL GROWTH ANTAGONISTS

MBER 1960

NOVE

(LG6T) 969¢ ‘8L 908 “way) Wy [ TBYSIE
pus Ypoqpernd) 1) 4 "UOI3BOIUNTIULOD oyraLId ‘s10UUO)) Y I, PU¥ SSOY T )M w (TF6T) 9661 ‘g <009 WAy WY [
r) pus ‘yostuyog " BMOIS H M/ (JG61) TS1Y ‘oL “o0g "Wy Wy [ ‘Weasy " 'V pus ozudl W M .
‘urrT OBE-ONY| "UOALT SBM ssA[RUE Ou 10ADMOY taqeuRAD WnS¥Iod pue PR ouluwlE U Wodj poxedaid s
quy - Spporndg f [ (ZE61) LOVEG ‘PS 208 WA W - ‘uosuyop ‘¢f "L Pu® WAOH W U s "o T81-081 d-g I
AY) 09 FUIPIOIOB poaedord sew QU0 Ayrow [AxaqoP£o ‘ouooy AL 5 (P6T) $3€ ‘50 “oog “way) Wy - T ‘aosdwoyy, q L PUv
6R¢ “o0g “wayy " p ‘uosurqoy U PUr 168104 "Nl &I11-211 -d-w poyrodar L FTT-EIT -d-wr ouozrqaeorog “[(
-p100oe poredord s QUO-Z-oudRopop-T1 QU0 94, o GFP LPOT 0UDL] “WIYD 008 NN tp 72 ‘neoudyL], ‘I ¢ (Z¥61) €38 VO

1(8¥61) § ‘1
M 2aNoNI)s pertodod

‘Guorf "N T pu®
‘puy;) owYUd,J, puv g ¢
sy jo punoduod
9F61) 820G ‘80 008 WYy WY f
fpoodg p oy ‘uort TN
> fuossy) Cr] uose)) Jo poyy
» (roodg oy puw 0200 U "H o

G¥61) 8LOT ‘80 ooy wayyy Wy [
“o0Q WY WY Cf

N L o (9G61) 189 ‘9 “yasaog-pPnie
ozuol Y T 4 "(¥E61) 6281 ‘gL
Sueny] Fues]-GvA puw
V oy (896T) GITT ‘04 008 WRY)
» qrosey) f] uosw)) J0 poyjeu
) ozual T H e (GE61)
our ot} 0 But

auzay ‘wyoy "0
oy “BISALG
‘7 Suer]

18 € v 20156615 ¢ 916§ 91¢ OPNPTHED %Hv 12
"HO
671 €°6 999 0€ 699 L9 28 8 v C Vo118 FOFNPTHD — 03
\ 4
6L € v 2892 892-29¢  COPNTHYD g 61
Ler 96'F 169 66l 86°F €99 69 Ve a 205 OVZ6£2 WENCTHTD 81
pouiquesy Y pu® Yy
001 86¢ €@L 666 GLG 8T 8L £ v 7508 15¢-02€ FOENPTHMO HOMHYD)  FHOTHD AL
¥L gI v 4108 261-G61 OFNCTHED HHOHDHD W) 91
g6 8CV L€ 86 9EF 689 €L ¥Z o) e15-21e  *ONIOVH'D THO'HYD—1D4 HD ¢1
o8 8 v (15012 115015 SENCTHE'D HOHY) HYD 1
28 YT 0 1082672 9%5-S5G SOPNTTHO HYD—FHOd | €1
vzl 20¢ €65 9Tl 66°F G066 L9 4 v 01Z-60¢  *OPNA"H"D 44 HY 21
501 €'8 V9 §9T 628 999 9% e v «HT1-GTT G91-€91 WOPNTTHEO YHED-0S HO 1T
09 ¥Z € s0F1-G 8ET 8¢1-¢ 981 SFONPH'D 1Auorq g ‘HO 01
¢c'el €V GLe  GEr 98V LA ag € v «205-908 90%-50% OPNAPHD YHEO—d-d HO 6
8 € v s081-6L1 LL1-9L1 FONTTHTD HO—HO'HD HO 8
¥8 4 v »p8°G12-9 %18 112012 OPNTHYD UHED OPRAD *HO L
e 1 111 8L g v 68-88 SOPNFHD SCCHOIHO="HD ‘HD 9
191 o8l 6.6 L9T 6T°L T8 29 € v G 0%1-G 611 611811 CORNFHED CHO—"HO—HD="HD tHD) §
26 € v «STT Z11-011 SOPNTHED ST % HD ¥
82l g} 9y € v Z01-101 FOPNTHTD PO O ¢
26 ¢ v »801-G" 20T 6" 801901 OPNPTHD SO H) &
711 6 91 8 ¢ v 2§ 801~ 20T FII-E11 FOSNTTHO SH'O% HO 1
% ‘N _%‘H %O % ‘N % H %D %Pex iy, PoYPW I AW BINULIO] A u oN
I mc:o i POIED w0108y poytodayy IB[NOJOIN
0O
{
0
7N
HN NH
| | SNIOINVAAH] aELALILSEASI([-GG T WIAV.IL
00——0—4



1922

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
preparation 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 Ware!® and refined by Henze in the
last few years. The hydrolysis of the dialkyl hy-
dantoins in 609, sulfuric acid gave good yields of
the amino acids. The hydrolyses of the aryl sub-
stituted hydantoins were much less sueccessful
in acid due to their low solubility in the reaction
solutions and the large amount of decomposition
which acecompanied 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 II, where R and R’ =
alkyl and aryl. Reaction conditions are more fully
described in the experimental section.

) R’ R
R—(—R' —> R0 —> R—¢—COOm
my tm Ym,
o6

The compounds deseribed in Tables I and II
have been submitted to the Cancer Chemotherapy
National Service Center for screening.!s® Prelimi-
nary results indicate that these compounds are
neither capable of producing significant inhibition
of the growth of Sarcoma-180 or Carcinoms-755
nor do they increase the survival time of mice
bearing Leukemia 1-1210. Detailed screening results
of these compounds will be published by the Na-
tional Institutes of Health at a later time.

(16) E. Ware, Chem. Revs., 46, 403 (1950).

(17)a) H. R. Henze and R. J. Speer, J. Am. Chem, Soc.,
64, 522 (1942). (b) H. R. Henze and A. F. Isbell, J. Am.
Chem. Soc., 76, 4152 (1954).
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EXPERIMENTAL!S

Preparation of hydantoins. The hydantoins were syn-
thesized from commercially available ketones according to
methods deseribed 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.Us  5-Ethyl-5-p-fluorophenylhydanioin. 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 609, 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, Caled. for C;;H;;FN;0,: C, 59.45; H, 4.99; N, 12.61,
Found: C, 59.32; H, 5.02; N, 12.44.

Method B.1* Spiro[imidazolidine-4,1'~indan]-2,6-dione.
Forty-four grams (0.33 mole) of I-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 709, ethanol were placed in & 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 8. The resulting precipitate was
filtered and recrystallized from 95%, ethanol; yield, 46 g.,
m.p., 239-240°,

Anal. Caled. for C;;H;oN,0,: C, 65.33; H, 4.98; N, 13.86.
Found: C, 65.09; H, 4.96; N, 13.68.

Method C.b 5-(p-Chlorobenzyl)-5-phenylhydantoin.
Twenty-three grams (0.10 mole) of 2-(p-chlorophenyl)-
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 was 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 959, ethanol, precipitated
by cooling, and recrystallized a second time from ethanol;
yield, 22 g., m.p., 212-213°,

Anal. Caled. for C;Hyi:CIN,O,: 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
basie solution. Conditions for the preparation and isolation
of the amino acids (Table IT) are illustrated by the following
examples:

Method A. Acid hydrolysis.® 2-Amino-2-methylnonanoic

(18) All melting points are uncorrected; analyses were
performed by Galbraith Microanalytical Laboratories and
Micro-Tech Laboratories.

(19) BE. Campaigne and H. L. Thomas, J. Am. Chem,
Soc., 77, 5365 (1955).

(20) H. T. Bucherer and W. T. Steiner, J. prakt. Chem.,
140, 201 (1934).
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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 609,
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 pH 6 with 109, 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 109, agqueous
ammonia to pH 6. Both crops of amino acid were combined
and recrystallized, first, from 509, ethanol and then from
acetic acid-water. Finally the product was dried for 24 hr.
in vacuo at 50°; yield, 23 g., m.p., 296-300° (sealed tube).
Anal. Caled. for C;oHx;NO;: N, 7.48. Found: N, 7.33.
Method B. Base hydrolysis.®t 2-Amino-2-methyl-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. VanderWeele, and
M. F. Murray, J. Am. Chem. Soc., 67, 2218 (1945).
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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 709, ethanol.

Anal. Caled. for C;HiNO,: C, 58.72; H, 9.15; N, 9.78.
Found: C, 58.91; H, 8.97; N, 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
coned. ammonium hydroxide. The amino acid was then
filtered and washed with several portions of distilled water.

Method C. Base hydrolysis. 2-Phenyl-2-p-tolylglycine. A
stainless steel reaction vessel containing 22.6 g. (0.085 mole)
of 5-phenyl-5-p-tolylhydantoin and 370 ml. of & 209, 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 <1 with
coned. hydrochloric acid. The solution was then treated
with charcoal, filtered, and the pH readjusted to 6 with am-
monium hydroxide; vield, 15 g., m.p., 244.5-245° (sealed
tube).

Anal. Caled. for C;;HisNOs: C, 74.66; H, 6.27; N, 5.81.
Found: C, 74.70; H, 6.32; N, 5.75.

Kansas Crry 10, Mo.
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DErPARTMENT, LoNG BEAcH COLLEGE]

Behavior of Certain Pyridines, Quinolines, and Isoquinolines with Amino or
Hydrazino Substituents Toward N-Acylamino Acids Under the Influence

of Papain Catalysis
JOHN LEO ABERNETHY! axo WARREN KILDAY?
Received October 12, 1959

3-Aminoquinoline and 3-hydrazinoquinoline have been found to undergo reactions with hippuric acid, carbobenzoxy-
glycine, and carbobenzoxy-L-alanine in the formation of amide-like products. Also, they both effectively resolve carbo-
benzoxy-pi-alanine and benzoyl-pr-alanine under papain catalysis. When benzoyl-t-alanine is used alone, however, neither
of the amino-containing bases undergoes a papain-catalyzed reaction with this single antipode. A number of aminopyridines,
aminoquinolines, 4-aminoisoquinoline, 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.? Groundwork was thereby laid for a diver-

(1) To whom correspondence should be directed relative
to this paper at the Department of Nuclear Medicine and
Biophysics of The Medical Center, University of California
at Los Angeles.

(2) California Heart Association Undergraduate Research
Fellow, Summer, 1958; the principal contents of this paper
were presented upon invitation and won first prize and a
scroll in the Fresno State College Sigma Xi Club under-
graduate research contest, May, 1959; present address,
Graduate School, Washington State University, Pullman,
Washington.

sity of studiest which brought forth much informa-

(3) M. Bergmann and H. Fraenkel-Conrat, J. Biol. Chem.,
119, 707 (1937).

(4) E. L. Bennett and C. Niemann, J. Am. Chem. Soc.,
70, 2610 (1948); J. Am. Chem. Soc., 72, 1798 (1950); J.
Am. Chem. Soc., 72, 1800 (1950); E. Waldschmidt-Leitz
and XK. Kuhn, Z. physiol. Chem., 285, 23 (1950); D. G.
Doherty and E. A. Popenoe, Jr., J. Biol. Chem., 189, 447
(1951); H. B. Milne and C. M. Stevens, J. Biol. Chem., 74,
3269 (1952); 8. W. Fox, M. Winitz, and C. W. Pettinga, J.
Am. Chem. Soc., 75, 5539 (1953); J. P. Greenstein, Resolu~
tions of Racemic Alpha-Amino Acids, Chapter IX in “Ad-
vances in Protein Chemistry,’”’ Academic Press, New York
(1954); J. L. Abernethy, J. Nakamura, and Bro. Myron
Collins, J. Org. Chem., 23, 586 (1958); J. L. Abernethy, M.
Kientz, R. Johnson, and R. Johnson, J. Am. Chem. Soc., 81,
3944 (1959).



