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a more detailed pharmacological and toxicological 
studv. 
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The introduction of the enzyme L-asparaginase (L-
asparagine amidohydrolase) into clinical trials has been 
the most dramatic development in the treatment of 
leukemia in recent years. The ultimate usefulness of 
this enzyme has yet to be determined but the initial 
results are encouraging. In human as in animal lym
phomas the effectiveness of the enzyme is correlated 
with a metabolic deficiency of the cancer cells, namely 
an inability to synthesize asparagine.2 

Since asparaginase is relatively scarce and problems 
such as allergic response and development of resistance 
in susceptible leukemias have been encountered in 
asparaginase therapy,3 we have initiated experiments 
designed to provide a chemotherapeutic approach to 
the treatment of those tumors for which L-asparagine is 
an essential amino acid, to be used, initially at least, 
with the enzyme. What we would hope for is a degree 
of synergism which would minimize the therapeutic 
dose of the enzyme, reduce its untoward effects and 
prevent the development of resistance and the reap
pearance of the disease. It is not known if a resistant 
form of the disease develops through a process of selec
tion or by transformation of sensitive cells during as
paraginase therapy. This question presents an intrigu
ing theoretical as well as a practical problem of some 
significance but in either case some form of combination 
therapy should increase the likelihood of a complete 
cure. 

Utilization of L-asparagine by the cell could be limited 
either by inhibition of the entry of asparagine into the 
cell or by interference with its essential role in cell 
metabolism. It is along the latter path that our efforts 
have been directed. The only vital function known 
for asparagine in mammalian cells is in protein synthesis, 
and so the problem defines itself as an attempt to limit 
the availability of asparagine in this process through 
specific inhibitors of L-asparaginyl-tRNA lygase. Evi
dence was recently obtained which indicates that such 
an approach might be possible.4 
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Experimental Section 

,. Chemistry.—Melting points were taken with a Thomas-Hoover 
capillary apparatus and are corrected. Elemental analyses were 

f carried out by Mr. V. Rauschel and his associates in the analytical 
1 department of Abbott Laboratories. Where analyses are indi

cated by symbols of the elements, analytical results obtained for 
I those elements were within ± 0 . 4 % of the theoretical values. 

Ir and nmr spectra of all compounds listed here and in Table I 
were consistent with the structures given. 

/3-Aminoamide Hydrochlorides (la, 2-8, 10, 11).—A solution 
3 of ethyl chloroformate (10.9 g, 0.1 mole) in dry PhMe (50 ml) 
:, was added over 30 min to a stirred solution of the appropriate 

a,/3-unsaturated acid6 (0.1 mole) and Et3N (10.1 g, 0.1 mole) in 
dry PhMe (50 ml) maintained at 0°. The mixture was stirred 

3 at 0° for an additional 2 hr and then filtered. Excess NH3 was 
) added to the filtrate and PhMe removed at reduced pressure. 
s The residue was dissolved in EtOH (100 ml), liquid NH3 (50 ml) 

added, and the solution heated at 100° for 24 hr in a 270-ml 
' Hastelloy autoclave. The reaction mixture was cooled, filtered, 
5 and coned under reduced pressure. The residue was dissolved 
C in i-PrOH (100 ml) and the solution concentrated again. The 
1 residue was then dissolved in i-PrOH (50 ml) and a solution of 

HC1 in i-PrOH (2.9 N) carefully added until pH 7 was reached. 
, The white crystals of the (3-aminoamide • HC1 that deposited 

were filtered, washed with cold i-PrOH (3 portions of 20 ml), and 
recrystd from z'-PrOH. 

3-Amino-4,4,4-trifluorobutyramideHCl (9), 3-Amino-4-hy-
droxyvaleramide-HCl (13), and 3-Amino-4-ethylphosphono-
butyramide (15).—Compounds 9, 13, and 15 were prepared by 
addition of NH 3 to ethyl-4,4,4-trifluorocrotonate,6 a-angelica-

1 lactone,7 and triethyl-4-phosphonocrotonate,7 respectively. The 
e same reaction conditions (EtOH, 100°, 24 hr) as described above 

were employed. Compounds 9 and 13 were isolated as their 
-J HC1 salts in the usual manner. Compound 15 was obtained as a 

white crystalline solid on addition of {-PrOH to the residue ob
tained upon concentration of the reaction mixture, and was 

H recrystd from EtOH-i-PrOH. 
s 3-Amino-5-methylsulfonylvaleramideHCl (12).—The methyl-
n thio derivative 11 (2.0 g, 0.01 mole) was suspended in AcOH 

(20 ml) and 80% w-chloroperbenzoic acid (4.3 g, 0.02 mole-
' equiv) added. A clear solution was obtained. The solution was 

t allowed to remain at 20° for 20 hr and then EtOAc (100 ml) 
h. added. The product 12 was obtained as a white hygroscopic 
l- precipitate and was purified by dissolving in EtOH (50 ml) and 
u reprecipitating with EtOAc (100 ml). 

(5) The a,^-unsaturated acids were, with the exception of crotonic acid 
and cinnamic acid which were commercially available, prepared in 70-90% 
yield by reaction of the appropriate aldehyde with malonic acid in pyridine 
solution, as described by K. V. Auwers, Justus Liebigs Ann. Chem., 432, 58 
(1923). No attempt to separate geometric isomers was made. 

(6) Prepared as described by H. M. Walborsky and M. Schwarz, / . Amer. 
Chem. Soc, 75, 3241 (1953). 

(7) Purchased from Aldrich Chem. Co., Milwaukee, Wis. 
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"From ethyl-4,4,4-trifluorocrotorate. ' 'From the thioelher 11. ' F r o m «-angelicalactone. d From j.-3-/</'/-buloxycarboxamido-4-
hydroxybutyramide. ' From triet hyl-4-phosphorocrotonate. -f Because of the extremely hygroscopic nature of this material a satis
factory elemental analysis could not be obtained. 

L ( — )-fe(7-Butoxycarboxamido-4-hydroxybutyramide.—A -
terf-Butoxycarbonyl-L-asparagine p-nitrophenyl ester (7.2 g, 0.02 
mole) was added over 1 hr in small portions to a stirred mixture 
of NaBH4 (15.2 g, 0.4 mole) and EtOH (300 ml) maintained at 
0°. The mixture was stirred at 0° for an additional 3 hr and 
then neutralized with a solution of citric acid (2S.0 g, 0.133 mole) 
in H 2 0 (200 ml). The EtOH was removed at reduced pressure 
and the aq solution remaining was extracted with CHCI3 (5 
portions of 300 ml). The CHCI3 extracts were dried (Na2S04) 
and coned under reduced pressure to an oil which on trituration 
with a mixture of EtOAc (25 ml), and E t 2 0 (25 ml) yielded a 
white solid. The solid was dissolved in /-PrOH (25 ml) and 
filtered and E t 2 0 (200 ml) added. A flocculent white ppt was 
obtained. The product (4.02 g, 92% yield) had mp 121-123°, 
k]26D 11.3° (c 2.0 in H 2 0) . Anal. (C8HjSN204) C, H, N. 

L ( — ) -3-Amino-4-hydroxybutyramide Trifluoroacetate (14 ) .— 
L(— )-3-iert-Butoxycarboxamido-4-hydroxybutyramide (0.5 g) 
was dissolved in CF3COOH (2 ml). An immediate evolution of 
gas was observed. After 5 mi 11 at 20° the CF3COOH was re
moved at 1 mm and a hygroscopic oil obtained (0.8 g). In the 
nmr spectrum (60 MHz, D 20) of this oil, the resonance due to the 
i-Bu grouping present in the spectrum of the starting material as a 
sharp singlet at 5 147 ppm, was completely absent. Tie on silica 
gel indicated that the product was homogeneous. The optical 
activity of the product was determined by measurement of the 
rotation of a weighed sample of the icrt-butoxycarbonyl derivative 
in CFjCOOH and correcting for the molecular weight difference: 
[«pD 25.8° (c 2.7 in CF3COOH). 

Resolut ion of DL-3-Aminobutyramide. -DD-3-Aminobu ty r -
amide-HCl ( la) (13.9 g, 0.1 mole) was dissolved in MeOH (200 
ml) and a solution of NaOMe (5.4 g, 0.1 mole) in MeOH (50 
ml) added. The resulting solution was coned under reduced 
pressure and the residue extracted with CHC13 (200 ml), NaCl 
was removed by filtration and washed with CHCI3 (3 portions of 
25 ml). The combined CHCI3 solutions were added to a solution 
of n(—)-mandelic acid (15.2 g, 0.1 mole; [a]25D 156.1° 
(c 1.0 in H 20) in MeOH (100 ml). The solution was filtered and 

on cooling white crystals of l.l — )-3-aminobutyramide IH — )-
mandelate (10.8 g), mp 150-168°, separated. After 3 recryslal-
lizations from /-PrOH the salt melted at 174-176°; lal25t> 
78.1° (c 1.0 in H20). Anal. (C,2H15X204) C, H, X. 

L(—)-3-Aminobutyramide IM — )-mandelate (8.8 g) was dis
solved in H ,0 (120"ml) and Na2CO, (2.0 g) added. The clear 
solution was coned under reduced pressure and the residue ex
tracted with boiling /-PrOH (200 ml). The /-PrOH solution was 
filtered and coned under reduced pressure to yield an oil (3.5 g). 
The oil was redissolved in /-PrOH (100 ml), filtered, and carefully 
ajusted lo pH 7 wilh a solution of HCl in /-PrOH (2.9 A'). O11 
concentration of the solution to about half vol and cooling, 
white crystals (2.7 g) were obtained. Reerystallization from 
/-PrOH afforded pure u' — i-3-aminobutvramide- HCl (lb), mp 
133-134°; H26i> 23.1 ° (c 1.0 in H 2 0) . 

n(+)-3-Aminobutyramide t.(+)-mandelate, mp 174-171)°, 
M 2 6 D , + 78.1° (c l.'o in H20), was obtained from la and L(+ }-
mandelic acid and converted into D ( + )-3-aminobutvramide-HCl 
(lc) mp 133-134°; la]25i> 4- 23.1° (r 1.0 in H20!, by an identical 
procedure. 

3-Methylaminobutyramide• HCl (16).—Crotonainide (s.5 g, 
0.1 mole) was dissolved in a 36% aq solution of MeX"II2 (1 mole) 
and the solution allowed to remain at 20° for 3 days and then 
coned under reduced pressure. The oil remaining was dissolved 
in i-PrOH (100 ml) and the solution coned under reduced pres
sure. This process was repeated twice. The oil was dissolved 
in /-PrOH (50 ml) and a solution of HCl in i-PrOH (2.9 N) care
fully added until pH 7 was reached. The white crystals that 
deposited were filtered, washed with cold /-PrOH (3 portions of 
20 ml), and recrystd from /-PrOH to give pure lb, mp 116-118° 
(hygroscopic, melting point determination carried out in sealed 
tube), 96.7% yield. Anal. (C,H I2N20-HC1) C, H, XT, CI. 

5-Methyl-3-pyrazolidinone• HCl (17).—Crotonamide (8.5 g, 
0.1 mole), hydrazine hydrate (5,0 g, 0.1 mole), and MeOH (50 
ml) were warmed until a clear solution was obtained. The solu
tion was allowed to remain at 20° for 3 days and worked up in 
the same manner as described above for the preparation of 16. 
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The product 17 was obtained as a white crystalline solid, mp 
177-179° (lit.8 172-173°), 68.6% yield. Anal. (C4H8N20-HC1) 
C, H, N, CI. 

3-Aminobutyrohydrazide • 2HC1 (18).—DL-3-Aminobutyramide 
(2.0 g, 0.02 mole, liberated from the hydrochloride l a with 
NaOMe in MeOH) and a solution of hydrazine hydrate (1.0 g, 
0.02 mole) in H 2 0 (3 ml) were heated at reflux temperature for 
16 hr. The solution was cooled, filtered, and coned under reduced 
pressure. This process was repeated, the remaining oil was 
dissolved in EtOH (25 ml), and a solution of HC1 in EtOAc 
(0.9 A") was added until the solution was neutral. The white 
solid which pptd was filtered, dried, and recrystd from EtOH to 
give 18, mp 184-186°, 63 .1% yield. Anal. (C4H4X80-2HC1) 
C, H, N, CI. 

Enzyme Assays.9—The si00 fraction from E. coli was used as the 
enzyme source. The assay medium (total volume 1 ml) con
tained buffer (0.1 it/ Tris, pH 7.2), KC1 (10 m i l ) , mercaptoeth-
anol (10 m l ) , L-aspartic acid (1 mil/), ATP (2 mil/), sRNA 
(1 mg/ml), and L-[14C]asparagine (0.001 mil/, 0.1 MCi). Test 
compds were dissolved in buffer and the pH adjusted with KOH 
(1 M) if necessary. After addition of the enzyme the reaction 
was allowed to proceed for 10 min at 37° and then stopped with 
ice-cold 5% CCUCOOH (3 ml). The incubation mixture was 
centrifuged at lOOOg and the precipitate was then washed once 
in CCLCOOH (3 ml), once in EtOH (3 ml), and once in E t O H -
Et 2 0 (3 ml, 3:1). Finally the residue was dried at 100° and 
dissolved in HCOOH (0.5 ml) and the radioactivity measured 
with a Packard Model 314E scintillation spectrometer. 

Results and Discussion 

Evidence has been presented that COOH is not es
sential for the binding of amino acids to their aminoacyl-
tRNA lygases.4'10 Consequently, substitution on the 
a-C could lead to specific inhibitors of these enzymes. 
Cassio, et al.,w prepared a number of amino alcohol 
adenylates and found them to be potent inhibitors of 
the aminoacyl-tRNA lygases specific for the correspond
ing amino acids. The amino alcohols themselves were 
weak competitive inhibitors with Ki's comparable to 
the Km's of the parent amino acids. Here we report on 
the competitive inhibition of L-asparaginyl-tRNA 
lygase from E. coli by a series of /3-aminoamides. 

The compounds which were accessible by the syn
thetic routes described in this communication were not 
expected to provide inhibitors with a potency to merit 
clinical trial. The purpose of this study was primarily 
to gain information about the nature of asparaginyl-
tRXA lygases while the synthesis of more complex and 
potentially more potent inhibitors (e.g., asparaginol 
adenylate) was in progress. A similar study is planned 
with the mammalian enzymes. 

With the exception of 12 and 14, the /3-aminoamides 
(Table I) were synthesized by addition of NH3 either to 
a,/3-unstaurated esters (9, 13, 15), or to a,/3-unsaturated 
amides, prepared in situ from a,/?-unsaturated acids by 
the chloroformate procedure11 (la, 2-8, 10, 11). Com
pounds la, 2-11, and 13 were isolated as stable water-
soluble, crystalline HC1 salts. The phosphono deriva
tive 15 was obtained as a neutral internal salt. The 
sulfone 12 was prepared by oxidation of the methylthio 
derivative 11. Reduction of 2V-fe?*<-butoxycarbonyl-L-
asparagine p-nitrophenyl ester with a large excess of 
NaBRY2 afforded L-3-teri-butoxycarboxamido-4-hy-

(8) N. P. Zapevalova and T. A. Sokolove, Izv. Akad. Nauk SSSR, Ser. 
Khim., 865 (1966). 

(9) K. H. Muench and P. Berg, Procedures Nucleic Acid Res., 375 (1966). 
(10) D. Cassio, F. Lemoine, J. P. Waller, E. Sandrin, and R. A. Boisson-

nas, Biochemistry, 6, 827, 1967. 
(11) H. P. Fischer and C. A. Grob, Helv. Chim. Acta, 47, 564 (1964). 
(12) (a) M. S. Brown and H. Rapoport, J. Org. Chem., 28, 3261 (1963); 

(b) II. Sski, K. Koga, H. Matsuo, S. Ohki, I. Matsuo, and S. Yamada, 
Chem. Phurm. Bull., IS, 995 (1965). 

droxybutyramide in high yield. Attempts at removal 
of the fert-butoxycarbonyl grouping with HC1 in t'-PrOH 
and in EtOAc invariably resulted in intramolecular 
alcoholysis of the primary amido function.13 Upon 
treatment of the teri-butoxycarbonyl derivative with 
CF3COOH at 20°, however, the £en!-butoxycarbonyl 
grouping was rapidly removed and the desired /3-amino-
amide salt 14 was obtained. 

In Table II the activation of L-[14C]asparagine in the 

Compd 
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10 
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TABLE II 

Concentration (M), enzyme 
activity (% control) 
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io-2 

io-2 

io-2 

IO"2 
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io-2 

IO"2 

IO"2 

IO"2 

io-2 

IO"2 

IO"2 

10-2
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10 

35 
25 
25 
86 
17 
98 
102 
102 

10" 
10" 
10" 
10-
10" 

72 
73 
82 
97 
70 

60; 
61; 

63; 10 "3, 69 
36; IO-3, 82 

IO"3, 93 
IO"3, 79 

0; IO"3, 29; 
78; 10-3 , 85 
100 
108 
33; 
23; 
78; 
84; 

1 0 - ' 73 

10" 
10-
10-
10-

87 
67 
85 

0; IO"3, 8; 10"6, 42 

3-Aminopropionamide • HC1° 
Ar-CBZ-L-Asparaginei> 

D-Asparagine6 

L-Aspartic acid diamidec 

° See ref 14 for preparation. b Purchased from Sigma Chemical 
Co., St. Louis, Mo. c Purchased from Cyclo Chemical Corp., 
Los Angeles, Calif. 

presence of the given concentrations of the /3-amino-
amides is expressed as a percentage of the activity ob
served in the absence of test compounds. 

Prior to its resolution (see below), the most active 
compound synthesized was 3-aminobutyramide (la). 
Figure 1 shows a double reciprocal plot of enzyme ac
tivity vs. substrate concentration in the presence and 
absence of la. As would be expected, the inhibition is 
seen to be fully competitive. From the graph we cal
culate the apparent Km and Kt to be 3 X 10 ~6 M and 
4 X 10_s M, respectively. Resolution of la was 
achieved by separation of the mixture of diastereomeric 
salts obtained with optically pure mandelic acid iso
mers. The I isomer lb inhibited the binding of L-
asparagine to the enzyme at much lower concentrations 
than did the d isomer lc. lb is therefore assigned the 
L and lc the L> configuration, la (10~2 M) did not 
inhibit the activation of alanine, aspartic acid, gluta-
mine, or leucine (substrates at 10~6 M). 

The L-AIe compound, lb, like L-aspartic acid diamide, 
inhibited the activation of asparagine much more 
strongly than did its decarboxylation product—3-

(13) T. C. Bruice and F. H. Marquardt, J. Amer. Chem. Soc, 84, 365 
(1962). 
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® CONTROL 

x DL-3-AMINOBUTYRAMIDE 1 * 10_4M 

Figure 1.—Lineweaver-Bnrk plol showing the effect of Di.-H-
aminobutvramide (la) on the incorporation of i.-[14C]asparagine 
(ASPN) into t l iXA. See Experimental Section for assay con
ditions. 

aminopropionamide (/3-aianineamide).14 This may in
dicate tha t in solution the lat ter assumes a conformation 
which is not favorable to binding on the lygase.1 ' ' The 
C 0 2 H could play an " indirect" role in the binding of 
asparagine to the enzyme prior to activation. 

Compounds possessing C3 substi tuents bulkier than 
Me (2-8, 10-15), including some of the more hydro-
philic substituents, invariably had reduced activity. 
The inactivity of the CF;j compound 9 may be a conse
quence of the greatly reduced basicity of the amino 
function. Replacement of a-Me of amphetamine with 
CF3 has been reported to reduce the basicity of the 
amino function by almost o pK a units.16 The L-
hydroxymethyl compound 14 showed relatively good 
activity, as would be expected from the work of Cassio, 
et al.sn However, the apparent activity is diminished 
as a consequence of the fact tha t hydrolysis of the amido 
function is greatly facilitated in this cmopound (14) as a 
result of anchimeric assistance from the OH g r o u p . u 

The rapid formation of asparticol was readily apparent 
in tic on silica gel or cellulose. Even fresh solutions of 
14. therefore, also inhibited L-aspartyl-tRXA lygase 
under conditions similar to those described for the acti-

(14) P repa red Fy ca ta ly t i c reduc t ion of e y a n o a c e t a m i d e accord ing t o F . 
Fusier, Ann. Chim. ( / 'nr i») , S, 882 (1950. A mil. ' C j H . N . O • HC1) C, 11, \ \ 
CI; m p 1 4 7 - 1 4 0 ° ; 4 5 . 6 % yield. 

(15) I ) . K. Kosli land, J r . and K. K. Nee t , J I M . Iter. Bior.he.m., 37, Ms) 
i1UH8). 

(l(i) It . M. Pin. ler , R. \V. Br imldecoml.e , and I ) . .M. Green, ./. MKI. 
Chem.. 12, :W2 (19MI). 
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viition of asparagine (notation as in Table I I : 10"- ;1/ , 
O; 10~:i .V. 112; 10~4 .1 / , 107). 

It should be noted that several of the 0-aminoamidos 
(1, 3 5, 7, 11, 13, 14,18) each represent the decarboxyla
tion product of one other natural amino acid, substi
tuted on a-C. besides asparagine. Thus l b is seen as 
F-alanine in which COTI has been replaced by CIL-
CONH, . We tested the following (10 '• M) against the 
appropriate aminoacvl-tRXA lygase (substrates at 
10 -''• .1/): l a (alanine), 3 (valine). 4 (leucine), 5 (iso-
leucine), and 7 (phenylalanine). The results were neg
ative. As a further point of interest, one might note 
that the hydrolysis of the /3-aminoamides would yield 
carboxylic acids from which could be made the /3-amino 
acid adenylates. These homologs may be worth)' of 
consideration as potentially useful biochemical tools. 

We have also investigated the inhibition of i,-a>-
paraginyl- tRXA lygase by several closely related com
pounds in order to gain further insight into the degree of 
structural specificity demanded for binding to the en
zyme. H-Methylaminobutyraniide and o-methyl-;!-
pyrazolidinono were prepared by addition of M e X I F 
and ( ITXh , respectively, to crotonamide, and were iso
lated as their HCI salts (16, 17). :,-Aminobutyrohy-
drazide was prepared by heating l a with aq (H .N) ; and 
was isolated as its dihydrochloride (18). Compound 
18 was considerably less potent than the corresponding 
amide. The methylamino compound 16 and the cyclic 
hydrazide 17 were completely inactive. AT-carbobenz-
oxy-L-asparagine, which has been reported to inhibit the 
growth of an L-asparaginase-sensitive lymphoma.17 ex
hibited only marginal activity. 

In conclusion, further work along these lines will be 
required in order to see if our approach will prove 
fruitful. Future studies should be aided by the finding 
tha t K. coli tR X A can serve as acceptor to mammalian 
asparaginyl- t l lXA lygase.^ At tempts to prepare as-
paraginol adenylate as a model compound have, so far, 
failed. The recent discovery of a strict serine require
ment in leukemic cells19 makes it desirable to extend the 
search to inhibitors of serinyl-tRXA lygase as well. 
Also to be considered is the possible utility of such in
hibitors in immunosupression2" and microbial diseases. 
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