
:1 more detailed pharmacological arid toxicological Dr. G. Sekules for performing microanalyses, 111.. E 
htudy. Zugria for assistance in preparing the compounds, l l iss  

L. Tomasi and Miss A. Franchi for carrying out the 
pharmacological tests, arid Nrs.  C. Ciani-Bonardi arid 

AcknowIedgments.-Thc authors I\ ish to thank 1Ir. E. Pavesi for help in biological investigation. 

Specific Competitive Inhibition of L-Asparaginyl 
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Rcceioed B p r i l  6,  19YO 

A series of paminoamides arid closely related derivatives have been syiithesized. The structural and stereo- 
chemical requirements for specific competitive inhibition of L-asparagiriyl-t,I~NA lygase by these compounds 
have been invest,igated. 

The introduction of the enzyme L-asparaginase (L- 
:~sparagine 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 
ivith a metabolic deficiency of the cancer cells, namely 
an inability to spthesize 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 t h e r a ~ y , ~  we have initiated experiments 
designed to provide a chenio therapeutic approach to 
the treatment of those tumors for which L-asparagine is 
an essential amino acid, to be used, initially a t  least, 
\\-ith 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 knolvn 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 
citlier by inhibition of the entry of asparagine into the 
ccil or by interference Ivith its essential role in cell 
metabolism. It is along the latter path that our effort,s 
have been directed. The only vital function known 
for asparagine in mammalian cells is in protein synthesis, 
:md so the problem defines itself as an attempt to limit 
t'he availability of asparagine in this process t'hrough 
spccific inhibitors of L-asparaginyl-tRNA lygase. Evi- 
dence was recently obtained which indicates that  such 
an approach might be p ~ s s i b l e . ~  

(1) T o  whom inquiries should be directed. 
(2)  .J. D. Broome. Trans. ,V. Y .  Acad. Sci., SO, 690 (1968). 
(3) (a) C. hl. Haskell, G .  P. Cannel1 os, B .  G .  Levental, P. P. Carbone, 

.I. .\. Serpick, and H.  H. Hansen. Cancer Res. 29, 974 (1969); (b) J. M.  
Hill, E. Loeb, A. hlaclel lan,  A .  Khan, J. Roberts, W. F. Shields, and X. 0. 
Ilill, ibid., 29, 1574 (1969). 

(4) T .  0. Yellin, Bioclrem. U i ~ p l i y a .  l i e s .  Commun., 32, 307 (1'368). 

Experimental Section 
Chemistry.-hIelting points were taken with a Thoinas-Hoover 

capillary apparat 11s and are corrected. Elemental analyses were 
carried out' by blr. 5'. Rauschel and his associates in the analytical 
department, of Abbott, Laboratories. Where aiialyses are indi- 
cated by symbols of the elements, analytical results obtained for 
those elements were within f 0 . 4 7 ,  of the theoretical values. 
I r  and iimr spectra of all compounds listed here and in Table I 
were consistent with the structures given. 

p-Aminoamide Hydrochlorides ( la ,  2-8, 10, ll).-A soliltion 
of ethyl chloroformat,e (10.9 g, 0.1 mole) in dry PhMe (50 ml) 
was added over 30 min to  a stirred solution of the appropriate 
a,?-unsaturated acid6 (0.1 mole) and Et3N (10.1 g, 0.1 mole) in 
dry PhAIe (50 ml) maintained at  0". The mixture was stirred 
a t  0" for an additional 2 hr and t'hen filtered. Excess KH3 was 
added to the filtrat'e and Phhle removed at  reduced pressure. 
The residue was dissolved in EtOH (100 ml), liquid NHI (50 ml) 
added, and the solution heated a t  100" for 24 hr in a 270-ml 
Hastelloy autoclave. The reaction mixture was cooled, filt.ered, 
and concd under reduced pressure. The residue was dissolved 
in i-PrOH (100 ml) and t,he solution concentrated again. The 
residue was then dissolved in i-PrOH (50 ml) and a solution of 
HCl in i-PrOH (2.9 -V) carefully added until pH 7 was reached. 
The white crystals of the 0-aminoamide.HC1 that deposited 
were filt'ered, washed with cold i-PrOH (3 portions of 20 ml), and 
recrystd from i-PrOH. 
3-Amino-4,4,4-trifluorobutyramide~HCI (S), 3-Amino-4-hy- 

droxyvaleramide.HC1 (13), and 3-Amino-4-ethylphosphono- 
butyramide (15).-Compounds 9, 13, and 15 were prepared by 
addition of SHa to ethyl-4,4,4-trifluorocrotonate,~ cr-angelica- 
lactone,' and triethyl-4-phosphonocrotonate,7 respectively. The 
same reaction conditions (EtOH, loo", 24 hr) as described above 
were employed. Compounds 9 and 13 were isolated as their 
HCl salts in the usual manner. Compound 15 was obtained as a 
white cryst'allirie solid on addition of i-PrOH to the residue ob- 
tained upon concentration of the reaction mixture, arid was 
recrystd from EtOH-i-PrOH. 
3-Amino-5-methylsulfonylvaleramide~ HCI (12).-The methyl- 

thio derivative 11 (2.0 g, 0.01 mole) was suspended in AcOH 
(20 ml) arid 80yc vi-chloroperbenzoic acid (1.3 g, 0.02 mole- 
equiv) added. h clear solution was obtained. The soliition was 
allowed to  remain at 20" for 20 hr and t'heii EtOAc (100 ml) 
added. The product 12 was obtained as a white hygroscopic 
precipitate and was purified by dissolving in EtOH (30 ml) and 
reprecipit'at'iiig with EtOAc (100 ml). 

(5) T h e  a$-unsaturated acids were, with the  exception of crotonic acid 
and cinnamic acid which mere commercially available, prepared in  7C-90% 
yield by reaction of the  appropriate aldehyde with malonic acid in  pyridine 
solution, as described b y  K. V. Auwers, Justus Liebigs Ann. Chem., 482, 58 
(1923). No a t t empt  t o  separate geometric isomers mas made. 

( 6 )  Prepared a s  described b y  H. >I. Walborsky and hl. Schwarc, J .  Amer. 
Chem. SOC., 76, 3241 (1953). 

( i)  Purchased from Aldricli Cliem. Go.,  blilwaukec, \ \ k ,  
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I,( - j-le~l-Butoxycarboxamido-4-hydroxybutyramide.--.\- 
krl-Butoxycarboiiyl-L-asparagine p-nitrophenyl ester (7.3 g, 0.02 
mole) was added over 1 hr in small portions to a stirred mixtrire 
of IVaBH4 (15.2 g, 0.4 mole) and EtOH (300 ml) maintained at 
0". The mixture waz stirred at  0" for an additional 3 hr and 
then neutralized a-ith a d i i i i o n  of citric- arid (28.0 g, 0.133 mole) 
iii IIZO (200 ml). The EtOH was removed at reduced presslire 
a i d  the aq solution reniairiing was extracted with CHCls i 5  
portions of 300 nil). The CRClr extracts were dried (Na2S04) 
and concd under rediiced presslire t o  aii oil which on t,rituratioii 
wit,h a mixtrire of EtOhc (25  ml), arid EtyO (2R ml) yielded a 
white solid. T h e  solid was dissolved iii i-PrOH 125 ml) and 
filtered and Zt2O (200 ml) added. X flocciilent white ppt was 
obtained. The product (4.02 g, '32'; yield) had mp 121-123'. 
[ u ] ~ ~ D  11.3' (c  2.0 in H20) .  And .  (CaH,&,Ol) C, H, N. 

I*( - )-3-Amino-4-hydroxybutyramide Trifluoroacetate (14).--- 
L( - )-:l-tert-Biitoxycarboxamido-4-hydroxyb~ityramide (0.5 g j 
\?-as dissolved in CRCOOH (2 ml). .in immediate evolution of 
gas was ol)served. Aftei. 5 iniii a i  20" the CFsCOOH was re- 
nioved ai 1 mrri and a hygroscopic oil ohtaitied (0.8 g). I11 thr  
nrnr spectriim (60 AIHe, D2O) of thih oil, the resonance due to the 
t-Bu grouping preseiit in the spectruni of the  starting material as a 
?harp singlet a t  6 147 ppm, was completely absent. Tlc on silica 
gel iridicafed that the prodiict x-:i,~ homogeneoiis. The optical 
activity of the proctuc.t was determiiied by measurement of the 
n1t:tl ion of a weighed minple of the te,f-butoxycarbongl derivative 
in CT:ICOOH a112 rorrecting for 1 he molecufar weight difference; 
[u]*% 25.8' (c 2.7 in CFoCOOH). 

Resolution of DL-3-Aminobutyramide. -nL-%Aminobutyr- 
amide.HCI ( l a )  (13.9 g, 0.1 mole) was dissolved in MeOH (200 
nil) and a solution of Sa03Ie (5.4 g, 0.1 mole) in hleOH (50 
nil) added. The resulting soliitioii was concd under reduced 
pressure and the residue extracted with CHCl, (200 ml), NaCl 
was removed by filtration and washed with CHCL ( 3  portions of 
2,; ml). The combiried CHCL d u t i o n s  were added to a solutioii 
of I D \ -  )-maiidel:c, acid (15.2 g, 0 1 mole: [ a I z 5 ~  156.1" 
(c 1.0 in HAO) in A\leO€l flO0 ml). The ~IJlUtion R L ~ Z  filtered aiid 

on  criuling white r ii.- oi' 1.i - ~ - ~ ~ - : ~ i i i i ~ i ~ ~ ~ ~ i i t ~ i ~ a i i i i ~ ~ ~  

mandelate (10.8 gi, l.i0-16S3, separated. After ;3 rti( 
lizatioris fi.iJni i-PrOH the -:%It melted at 174--17ti0; a I )  

78.1" ic, 1.0 i i i  H20i .  . I n d .  ( C l ~ H j J 2 0 4 j  (', 11, S .  
I,( - )-:3-hniiiiolJiityi.airiide I]( - )-in:iiidelate (h.K g i W:IC dia- 

wived i i i  IIyO ( 120 nil ) :iiid Xa,COI (2.0 g )  added. 'I'lii~ cslr:ir 
solution w;i> cciiictl ruider rediired pre.-siu~e and t h e  i,c+idiie (1s- 
tracted wi th  hiliiiy i-PrOH 1200 nil 1. The i'-€'rOII h o l i i t , i o i i  \V:IP 

filtered and coiicd iiiitier reduced pi 'esri i i~ I O  yield :ii i  oil i;$.5 g!. 
The oil was i.etlissolveci i n  i-I'rOII (100 nil), filtered, i i i i t l  (~ : i~~ : f r i I l y  
ajiisted l o  pII 7 wi lh  :I Coliiiioii 11f l Ic '1  i i i  i-PrOH (2.!)  ~ \ ) .  0 1 1  

concei i tr&i, t ioi i  i ~ f  the s i i l i i t i ~ ~ i i  I,C) :,hoiir h:df vol i i i i t l  c,r,oliiig, 
11s ( 2 . 7  I$) were obtained. 1:errgstalliz:itic)ii f i .o r i i  

rded piire I,( - j-:j-aminohiityrariiitle. I C ' 1  ( l b  ), r i i l ~  
a]% 23.1' ( c  1.0 i u  H&). 

ui\+ )-3-Amiiiob~it?.r:iriiide I.( $- )-mmidelatr, nip 174--lT(i", 
[a]%, + 78.1' ( c  1.0 in H&)! was obtained from l a  aii(1 I < ( +  ;- 
mandelic acid and ronverted i n i o  ui + )-::-amiriobiityrnmide.H(:l 
( IC)  nip lX-I:34': [ e ] %  + 22.1" I C  1.0 i i i  HLOi .  l iy a11 idt~iitic~:il 
~Jroc~edlire~. 
3-Methylaminobutyramide~HCI ~16) . - - -~Cr1~t1~11~i in i~Ie  (x..i g, 

0.1 mole) was dissolved iii a 367; aq soliitioii of LIeNIl2 ( I  mole) 
a i d  the solutioii :rllo\\ed t.u remain at 20" for 3 days niid theii 
cor1c.d iiridei, redircwf presswe. The oil i,emaiiiiiig wits disiolvetl 
iii i-PrOH (I00 nil) and the sililiioii coiictl under rediiced pres- 
siire. This procens was repeated twice. The oil was dis.wlved 
in  i-PrOH ( 3 0  ml) and a sohitioil of HC1 in i-PrOH (2.9 &Y) cnre- 
fully added until pH 7 was reached. The white crystal:, that 

red, mshed  with cold I-PrOH ( 3  portions of 
(1 friini i-PrOH t o  give pure lb,  mp IIG-IIXO 

(hygroscopic, melting l~oiiit determination carried out in se:tled 
tube), 96.7': yield. 

5-Methyl-3-pyrazolidinone. HCl (17).---Croionamide (5.5 g, 
0.1 mole), hydrazine hydrate (3.0 g, 0.1 mole), and XIeOII (,XI 
ni l )  were \?-armed iiiitil a clear soliition was obtained. The sohi- 
tioii was allowed to i,einaiii at 20' for 9 day.- atid worked lip i i i  

the same manner as described above fo r  i he preparatioii of 16. 

A n a l .  (C,EI,,NzO~HC1) C, €1, ?.it <ii. 
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The product 17 was obt'ained as a white crystalline solid, mp 
177-179" (lit.* 172-173'), 68.6% yield. Anal. (C4HsN20.HCl) 
C, H, N, Cl. 

3-Aminobutyrohydrazide . 2HCI ( 18).-~~3-Aminobutyramide 
(2.0 g, 0.02 mole, liberated from the hydrochloride la  wit,h 
NaOMe in MeOH) and a solution of hydrazine hydrate (1.0 g, 
0.02 mole) in HZO (3  ml) were heated a t  reflux temperature for 
16 hr. The solution was cooled, filtered, and concd under reduced 
pressure. This process was repeated, the remaining oil was 
dissolved in EtOH ( 2 3  nil), and a solution of HC1 in EtOAc 
(0.9 S )  was added until the solution was neutral. The white 
solid which pptd was filtered, dried, and recryst,d from EtOH to 
give 18, mp 184-186", 63.1y0 yield. Anal. (C4H4S30.2HCl) 
C, H, N, C1. 

Enzyme Assay~.~-The sloe fraction from E.  coli was used as the 
enzyme source. The assay medium (total volume 1 mlj con- 
tained buffer (0.1 111 Tris, pH 7.2j, KC1 (10 mM), mercaptoeth- 
anol (10 mMj, baspartic acid ( I  mM), ATP ( 2  mM), sRXA 
(1 mg/mlj, and ~-['4C]asparagine (0.001 mM, 0.1 FCi). Test 
compds were dissolved in buffer and the pH adjusted with KOH 
(1 M j  if necessary. After addition of the enzyme the reaction 
was allowed to proceed for 10 min a t  37' and then stopped with 
ice-cold 5% CC13COOH (3 ml). The incubation mixture nras 
centrifuged a t  l O O O g  and the precipitate was then washed once 
in CC13COOH (3 ml), once in EtOH (3 mlj, and once in EtOH- 
Et20 (3  ml, 3 : l ) .  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 l y g a s e ~ . ~ ~ ' ~  Consequently, substitution on the 
a-C could lead to specific inhibitors of these enzymes. 
Cassio, et U Z . , ' ~  prepared a number of amino alcohol 
adenylates and found them to be potent inhibitors of 
the aminoacyl-tRXA4 lygases specific for the correspond- 
ing amino acids. The amino alcohols themselves were 
weak competitive inhibitors with K i ' s  comparable to 
the K,'s of the parent amino acids. Here we report on 
the competitive inhibition of L-asparaginyl-tRXA 
lygase from E .  coli by a series of @-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- 
tRSA 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 p-aminoamides 
(Table I) were synthesized by addition of XH3 either to 
a,@-unstaurated esters (9, 13, 15), or to a,@-unsaturated 
amides, prepared in situ from a,p-unsaturated acids by 
the chloroformate procedure" ( 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 obt8ained as a neutral internal salt. The 
sulfone 12 was prepared by oxidation of the methylthio 
derivative 11. Reduction of N-tert-butoxycarbonyl-L- 
asparagine p-nitrophenyl ester with a large excess of 
SaBH4'2 afforded L-3-tert-butoxycarboxamido-4-hy- 

(8) N.  P. Zapevalova a n d  T. -$. Sokolove. Izv. Akad.  Nauk SSSR,  Ser. 

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

(11) H. P. Fisoher and  C .  A. Grob, Helu.  C h i n .  Acta, 47, 564 (1964). 
(12) (a) hf.  S. Brown and  H. Rapoport ,  J .  Org. Chem., 28, 3261 (1963); 

fh) TI, S-ki. K .  Koga, H. Matsuo. S. Ohki, I. hlatsuo, a n d  S. Ysmada, 
Chem. P'hurrn. B J l . ,  18, 995 (1965). 

Khim., 865 (1966). 

nas, Biochemistry, 6 ,  82i, 1967. 

droxybutyramide in high yield. Attempts a t  removal 
of the tert-butoxycarbonyl grouping xvith HC1 in i-PrOH 
and in EtOAc invariably resulted in intramolecular 
alcoholysis of the primary amido f ~ n c t i 0 n . l ~  Upon 
treatment of' the tert-butoxycarbonyl derivative with 
CF3COOH at  20°, however, the tert-butoxycarbonyl 
grouping was rapidly removed arid the desired p-amino- 
amide salt 14 was obtained. 

In Table I1 the activation of L- ['4C]asparagine in the 

TABLE I1 
Concentration (M), enzyme 

Compd activity (7* control) 

l a  10-2, 0 ;  10-3, 11; 10-4, 76 
b 10-2, 0; 10-3, 5 ;  10-4, 36; 

C 1 0 - 2 ,  35; 10-3, 7 2  

3 1 0 - 2 ,  23;  10-3, 82 

5 10-2,  17; 10-3, i o  
6 1 0 - 2 ,  98 
7 10-2, 102 
8 10-2, 102 
9 10-2, 99 

12 1 0 - 2 ,  60; 10-3, 93 
13 10-2, 61; 10-3, 79 
14 io-2,o;  10-3, 29; 10-4, 73 
1 *i 10-2, 78; 10-3, 85 
16 10-2, 100 
17 108 
18 10-2 ,  33; 10-3, 87 

N-CBZ-L-Asparagine* 1 0 - 2 ,  7s; 10-3, 85 

L-Aspartic acid diamidec io-2,o; 10-3, 8; 10-6, 42 

;i x 10-5, 80 

2 lo-*, 23;  10-3, 73 

4 86; 97 

10 lo+, 63; 69 
11 36; 82 

3-Aminopropionamide.HCla lo+, 23; 67 

D-Asparagine* 84; 9,j 

a See ref 14 for preparation. * Purchased from Sigma Chemical 
cPurchased from Cyclo Chemical Corp., Co., St. Louis, 110. 

Los Angeles, Calif. 

presence of the given concentrations of the p-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 us. 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 K i  to be 3 X AI and 
4 X M, respectively. Resolution of l a  was 
achieved by separation of the mixture of diastereomeric 
salts obtained with optically pure mandelic acid iso- 
mers. The 1 isomer l b  inhibited the binding of L- 
asparagine to the enzyme at  much lower concentrations 
than did the d isomer IC. l b  is therefore assigned the 
L and IC the L, configuration. l a  (lop2 d l )  did not 
inhibit the activation of alanine, aspartic acid, gluta- 
mine, or leucine (substrates at 

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

M). 

(13) T. C. Bruice and  F. €1. hlarquardt,  J .  Amer. Chem. Sac.. 84 ,  366 
(1962). 
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