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the compounds were not convulsants. After determining 
neurological fitness of the animals,9 they were challenged 
with increasing doses of the compounds until subjective ev
idence (changing or difficulty in breathing patterns or un
steady gait) of toxicity was noted. Subsequent analysis* of 
these data demonstrated no significant difference between 
the compounds but did reveal significant difference be
tween the eventual EDr,o range (21-122 mg/kg) and the 
TD.-,(, range (202-402 mg/kg). 

Further increases in doses finally resulted in death of the 
test animals. Death, which usually occurred within 5 min of 
injection, was preceded by tonic convulsive seizures associ
ated with respiratory problems and ultimate collapse. Sig
nificant differences were noted between the lethal range 
(1.02-2.83 g/kg) and the toxicity range, although no signifi
cant difference between the compounds at either the ED;-,(i, 
TD.-,i>, or LD-,0 was identified. 

At the ED-,0 dose, the test animals did not demonstrate 
salivation, lacrimation, or excessive urination nor were any 
tremors, twitches, or convulsions noted prior to pentylene-
tetrazole. Subtle nonquantifiable subjective behavioral 
changes were noted after dosage with the test compounds 
which were not observed in the control animals. The me-
thoxy derivatives appeared to enhance alertness, whereas 
the halogen derivatives rendered the animals more passive. 

The seizures induced in control animals were character
ized by initial loss of righting followed by rigid tonic exten
sion of the hind legs lasting for 2-3 min. More than one sei
zure occurred during the 30-min observation period. Three 
of the control animals died of respiratory failure within 5 
min of pentylenetetrazol challenge. The vehicle alone pro
vided no seizure protection. 

Duration of Anticonvulsant Action (Table V). The 
unsubstituted compound did not provide satisfactory pro
tection against pentylenetetrazole-induced convulsions. 
Maximum activity resulted in only two of five animals 
being protected. That compound showed the weakest in 
vitro carbonic anhydrase activity (/-,0 = 7.1 X 10~H) and is 
the only one subject to metabolic para hydroxylation. 

The enzyme L-asparaginase has been shown to be an ef
fective antitumor agent in both murine and human neo
plasms,'- the mechanism being the depletion of exogenous 
stores of L-asparagine.2 It has also been shown that resis-

'Taken in part from the M.S. dissertation of B.S.P., University of Pitts
burgh, July 1971. Presented in part at the 163rd National Meeting of the 
American Chemical Society, Boston, Mass., April 1972, MEDI 26. 

Although there was no difference between the time of 
onset of activity with halogen or methoxy substitution, the 
methoxy derivatives, particularly the 2,4,5 isomer, persist
ed for a longer duration. The greater contribution to lipid 
solubility by a single halogen atom vs. three methoxy 
groups would afford the halogen derivative's more rapid 
passive transport and subsequent removal from the area of 
activity. In addition, the electron-rich trimethoxy aromatic 
rings would more readily form charge-transfer complexes 
retarding removal. 

At the time of peak activity, the animals were sacrificed 
and their brains assayed for test compound. Presence of 
unsubstituted compound could not be determined after 
two separate attempts. The low order of carbonic anhyd
rase inhibition which is the basis of the analytical proce
dure demonstrated by this compound would indicate that 
the failure of identification was due to a lack of test sensi
tivity. 

The test animals were maintained for 90 days of observa
tion without the appearance of toxic effects. 
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tance to L-asparaginase therapy in certain murine tumors3 

and human neoplastic tissues4 is related to the synthesis of 
endogenous L-asparagine via the enzyme L-asparagine syn
thetase (ASase). Mammalian ASase synthesizes L-aspara
gine from L-aspartic acid, utilizing L-glutamine as the pri
mary source of nitrogen plus certain other cofactors.5 We 
have thus embarked on a program aimed at the develop
ment of amino acid analogs related to aspartic acid and 
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Several derivatives of ery(/iro-/3-hydroxy-DL-aspartic acid (1) were prepared as potential inhibitors of L-asparagine 
synthetase (ASase) from rat Novikoff hepatoma. Benzylation of 1 gave the dibenzyl ester 2 which upon coupling with 
carbobenzoxyglycine afforded the blocked dipeptide 3. Deblocking of 3 gave glycyl-er>Yriro-/i-hydroxyl-DL-aspartic 
acid (4) which could not be diazotized. The dimethyl ester of 1 was coupled with carbobenzoxyglycine to give the 
blocked dipeptide 7a which was deblocked to give dimethyl glycyl-erythro-fi-hydroxy-DL-aspartate hydrochloride 
(8). Diazotization of 8 gave impure diazo compound 9 which on reaction with HC1 gave the chloro compound 10. The 
methods of isolation, assay, and inhibition of ASase are described. At 10 mM concentrations 10, 1, and its D and L en-
antiomers inhibit ASase by 45, 47, 36 and 66%, respectively. 
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glutamine which could irreversibly inhibit ASase and per
haps be of use in those malignancies that are refractory to 
L-asparaginase therapy. 

The present report describes a study of the synthesis and 
biological activity of (8-hydroxyaspartic acid and some of its 
derivatives. The latter amino acid has been shown to be a 
competitive antimetabolite of aspartic acid6 in several en-
zymic systems and, further, that it is the erythro form7 (1) 
which is the biologically active diastereoisomer. Since L-
aspartic acid is a substrate of ASase5 it was thought that 
selected derivatives of 1 might inhibit this enzyme irrevers
ibly, thus blocking the biosynthesis of L-asparagine. The 
presence of the hydroxyl group in 1 should enable one to 
use this "handle" to incorporate enzyme alkylating groups, 
thus leaving free all of the functional groups normally pres
ent in aspartic acid to interact with the enzyme in its usual 
fashion. In view of the use of the diazocarbonyl group in 
the design of irreversible enzyme inhibitors,8 we attempted 
to synthesize the O-diazoacetyl derivative of 1. However, 
under the reaction conditions utilized, an unexpected /3-
elimination occurred, affording a fumarate derivative, the 
details of which have been published.1 This elimination 
precluded our initial plan and thus we attempted the syn
thesis of the iV-diazoacetyl derivative of 1. However, the 
latter compound could not be prepared, only its dimethyl 
N-chloroacetyl derivative 10. The assumption was that al
though the nitrogen would be blocked, the hydroxyl, as an 
isostere,9 could substitute for nitrogen thus allowing the 
amino acid to approach the active site of ASase. Further
more, we wanted to selectively block certain of the func
tional groups of 1 in an attempt to elucidate which groups 
are necessary for binding to ASase. 

Chemistry. Esterification of DL-1 was accomplished 
with benzyl alcohol and p-toluenesulfonic acid, affording 
the dibenzyl ester 2. The ester 2 was converted to the pro
tected dipeptide 3a using iV-carbobenzoxyglycine and the 
mixed carbonic anhydride method of Anderson, et a/.10 

The free dipeptide 4a was readily obtained by catalytic hy-
drogenolysis of 3a (Scheme I). Several attempts at diazotiz-
ing 4a, by procedures successfully used in similar sys
tems,8 1 1 proved unfruitful. 
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In order to obtain a diazoacetyl derivative of 1, it was felt 
that the carboxyls would have to be blocked as the corre
sponding esters. Initially 2 was coupled with (ert-butoxy-
carbonylglycine by the mixed carbonic anhydride meth-
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od,10 affording the blocked dipeptide 3b. Selective deblock
ing of the (ert-butoxycarbonyl group with trifluoroacetic 
acid followed by neutralization did not give the desired 
amine 4b, but instead the cyclized 2,5-piperazinedione de
rivative 5 (Scheme I). The structure of 5 was assigned on 
the basis of physical data (see Experimental Section). Cy-
clizations such as this are well known12 in the literature but 
generally do not occur as rapidly and under such mild con
ditions (no heat) as we observed. 

Similarly, 1 was converted to its dimethyl ester hydro
chloride 6 by the method of Stammer, et a/.13 Coupling of 
the ester 6 with iV-carbobenzoxyglycine was best accom
plished uia the N-hydroxysuccinimide method,14 and the 
resulting protected dipeptide 7a was hydrogenolyzed to the 
amine hydrochloride 8. If the coupling of 6 with N-car-
bobenzoxyglycine was carried out by the mixed carbonic 
anhydride method10 the results were variable, and, in addi
tion to obtaining 7a, a second component was formed and 
identified as the tetra-blocked amino acid 7b. Diazotization 
of 8, using isoamylnitrite,15 readily gave the diazo ester 9 
(Scheme II). Although the physical data [ir 4.72 n; uv max 
250 nm U 10,400)] substantiated the structure of 9 we were 
unable to confirm this by elemental analysis. It was felt 
that 9 was contaminated with small amounts of the chloro 
derivative 10, since it was later observed that these two 
compounds had identical Ri values in our tic system. How
ever, treatment of 9 with anhydrous hydrogen chloride16 

gave compound 10, which was identical with 10 prepared 
by coupling 6 with chloroacetic acid by the N- hydroxysuc
cinimide method.14 

Biological Results. Rats infected with Novikoff hepato
mas (asparaginase-resistant)5d> ' were utilized as the source 
of ASase. The enzyme as isolated58 had a specific activity 
of 0.11 nmol of asparagine synthesized per mg of protein in 
30 min. L-Asparagine-14C synthesized was isolated and the 

'The initial strain of Novikoff hepatoma was kindly supplied by Dr. Man-
ford K. Patterson, Jr., The Samuel Roberts Noble Foundation, liu-.. Ard-
more.Okla. 73401. 
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Table I . Inhibition of Asparagine Synthetase" CO,H 

Compound* 
vaM cl inhi-

concn bitionc 

threo-tf- Hydroxy- DL-aspartic acid 
cry thro-ft-Hydroxy-L-aspartic acide 

erxthro-ji-Hydroxy- D- aspartic acid6 

4 a 
6 
;3-Methyl erylhro-fi-hydroxy-CL-

aspartate^ 
10 
oy thro- jl- Hydroxy- DL- asparagine'' 
L-Asparagine 

10 
10 
10 
10 
10 
11 
11 

10 
10 
2 

41" 
0 

66/ 

36d 

9 
9 
16 

45 
14 
63* 

"ASase was purified from Novikoff hepatomas by a modification 
(see the Experimental Section) of previously reported procedures 
(ref 5a). 6The compounds were preincubated with ASase, then sub
strate aspartic acid was added, and the formation of L-asparagine 
was determined as described in the Experimental Section. cEach 
assay was run in duplicate. dThe mean result of two assays. ePre-
pared by the method of Okai, et al.17 'The mean result of three 
assays. ^Prepared by the method of Liwschitz and Singerman.19 

A Prepared by the method of Singerman and Liwschitz.18 

radioactivity determined as described in the Experimental 
Section. 

The ability of various /J-hydroxyaspartic acid derivatives 
to inhibit the in vitro biosynthesis of L-asparagine is shown 
in Table I. None of the tested compounds had an inhibitory 
effect on ASase greater than that of its product L-aspara 
gine, which at one-fifth the concentration inhibited ASase 
somewhat better than 1. 

Horowitz and Meister,5c working with ASase isolated 
from an asparaginase-resistant mouse leukemia (RADA1), 
have shown that (/ireo-jS-hydroxy-DL-aspartic acid at a 20 
mM concentration had no inhibitory activity, while the 
erythro isomer at this same concentration only inhibited 
the ASase by 27%. At a 10 mM concentration, we also 
found that the threo isomer did not inhibit ASase from No
vikoff hepatoma, but at this concentration we observed sig
nificant inhibition with 1. Resolution17 of 1 into its enan-
tiomers has surprisingly shown that both D- and L-l can in
hibit ASase. To prove that we were not getting racemiza-
tion under the conditions used for the inhibition studies, 
we determined the optical rotations of both enantiomers in 
the same solution used for the incubation, except for the 
absence of ASase. There was no appreciable change ob
served in the rotations of D- or L-l after 45 min at 37°. In 
fact, the observed inhibition (47%) by DL-1 is almost the 
average inhibition by the enantiomers D-l (36%) and L-l 
(66%). 

Since D-aspartic acid cannot serve as a substrate for 
ASase, nor D-asparagine50 as an inhibitor of ASase, it is 
tempting to postulate that the reason D-l inhibits the en
zyme is due to the jS-hydroxy group acting as an isostere of 
nitrogen.9 Neither of the threo- /9-hydroxyaspartic acid en
antiomers can assume a conformation analogous to L-as-
partic acid (see below). However, this postulation does not 
fit the results observed with the dipeptide 4a. If the /3-hy-
droxyl of 4a could substitute for nitrogen as depicted for 
D-erythro below, one might expect some inhibition by 4a, 
unless the steric bulk of the amide group interferes. It is in
teresting to note that L-malic acid, a hydroxy isostere of L-
aspartic acid, only inhibited ASase from RADA1 by 14% at 
10mAf.5c 

It has previously been shown5 that mammalian ASase 
undergoes product inhibition by L-asparagine and further 

Mukotoff, Bagagliu. I'anki 
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that it was noncompetitive with respect to L-aspartate but 
competitive with L-glutamine. We have prepared erythro-
/3-hydroxy-DL-asparagine by ammonolysis18 of /i-methyl 
eryt/iro-^-hydroxy-DL-aspartate19 but found that this ana
log of asparagine does not appreciably inhibit ASase. 

Whereas the dimethyl eseter 6 was inactive as a revers
ible inhibitor of ASase, we observed some inhibitory activi
ty with compound 10. It was felt that this inhibition by 10 
was probably not site specific and that the low order of ac
tivity did not warrant more extensive studies. 

t/ireo-^-Hydroxy-DL-aspartic acid and erythro-DL-l 
were screened for antitumor activity by the National Can
cer Institute (NCI) in mice infected with L1210 lymphoid 
leukemia, but both compounds proved to be inactive.'' The 
enantiomers D-l and L-l were also submitted to NCI but 
were not entered into the primary screen but instead test-
ed& as potential inhibitors of the ASase from L5178Y-AR 
(Greenberg) lymphoma. Neither enantiomer inhibited the 
enzyme. It should be pointed out that both of the above 
tumor systems are L-asparaginase-resistant strains and 
therefore have elevated levels of ASase. It therefore ap
pears as if 1 or its derivatives would be of no use in those 
malignancies that are refractory to L-asparaginase therapy. 

Exper imenta l Section 

Melting points were taken on a Fisher-Johns apparatus and are 
not corrected. Infrared absorption spectra were recorded on either 
a Perkin-Elmer Infracord or a Beckman IR-8 spectrophotometer. 
Nmr spectra were recorded on a Varian A-60 or A-60D spectrome
ter in CDCI3 with tetramethylsilane as internal standard. Thin-
layer chromatography and preparative tic (1.0 mm) were carried 
out with silica gel GF (Analtech, Inc.) and spots were located with 
either uv light or by spraying with 3% eerie sulfate in 3 A' H2SO4 
and then heating. Microanalyses were performed by Spang Mi-
croanalytical Laboratory, Ann Arbor, Mich. The petroleum ether 
used had a boiling point range of 30-60°. All concentrations were 
done under reduced pressure after first drying the organic layers 
with anhydrous Na2S04. Mass spectra were determined on an 
LKB Model 9000 spectrometer at 70 eV. Radioactivity was deter
mined on a Packard Model 3310 Tri-Carb scintillation spectrome 
ter. 

Dibenzyl eryt/iro-0-Hydroxy-DL-aspartate (2). A mixture of 
erythro-DL-ll (1.00 g, 6.7 mmol), p-toluenesulfonic acid (1.30 g, 
6.8 mmol), and benzyl alcohol (18.0 ml) in benzene (10 ml) was re-
fluxed for 24 hr and the resultant water removed by way of a 
Dean-Stark trap. After cooling to 25°, the solution was poured into 
150 ml of anhydrous ether. The resultant p- toluenesulfonate salt 
was dissolved in H20 and made basic with a dilute NaOH solution, 
and the free amine extracted into CHCI3. The organic layer was 
washed with H20, dried, and concentrated to a yellow oil. The oil 

^Private communication from Dr. Harry B. Wood, Jr., Drug Development 
Branch, N.C.I., Bethesda, Md. 20014. 

&Tested by Dr. David A. Cooney, Laboratory of Toxicology, N.C.I., Be 
thesda, Md. 20014. 
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was crystallized from benzene-petroleum ether to give 1.11 g (50%) 
of 2: mp 83-84°; ir (CHC13) 5.75 n (ester carbonyl); nmr b 2.75 (s, 3 
H, NH2 , OH, exchangeable with D 20), 3.98 (d, J = 3 Hz, H„), 4.58 
(d, J = 3 Hz, H„), 5.02 (s, 4 H, benzylic CH2), 7.27 (s, 10 H, phe
nyl). Anal. (Ci8Hi9N05) C, H, N. 

Dibenzyl N-(Carbobenzoxyglycyl)-ery£/iro-0-hydroxy-DL-
aspa r t a t e (3a). An ice-cold solution of carbobenzoxyglycine20 

(0.121 g, 0.58 mmol) and triethylamine (0.059 g, 0.58 mmol) in 2.0 
ml of dioxane was treated with isobutyl chloroformate (Eastman, 
0.079 g, 0.58 mmol). After 10 min a solution of 2 (0.200 g, 0.61 
mmol) in 2.0 ml of dioxane was added and stirred for 2.5 hr, while 
allowing it to come to room temperature. The mixture was poured 
into 25 ml of cold H 2 0 . After extracting with 50 ml of CHCI3 the 
organic layer was washed twice with 10% HC1 solution, twice with 
saturated NaHCOs solution, and once with H 2 0 and dried. The 
solvent was concentrated and the resulting oily product crystal
lized from benzene-petroleum ether, affording 0.178 g (59%) of 3a, 
mp 129-130°. Recrystallization gave an analytical sample of 3a: 
mp 129.5-130.5°; ir (KBr) 5.78 (ester and carbamate carbonyl) and 
6.02 M (amide carbonyl); nmr & 3.87 (d, J = 6 Hz, CH2NH,"singlet 
after D 2 0 exchange), 4.55 (m, Hd), 4.98, 5.02, 5.08 (singlets, 6 H, 
benzylic CH2), 5.22 (m, H„), 7.28 (m, 15 H, aromatic). Anal. 
(C28H28N208) C, H, N. 

Glycyl-eryr/iro-/5-hydroxy-DL-aspartic Acid (4a). The 
blocked dipeptide 3a (0.178 g, 0.34 mmol) was dissolved in dioxane 
(5 ml) and 0.1 N HC1 solution (3.4 ml) and then palladium black 
(Englehard, 0.125 g) was added. The mixture was hydrogenated at 
room temperature and atmospheric pressure and after 2 hr the 
theoretical amount of H2 gas was consumed. Water (15 ml) was 
added and the catalyst removed by filtration. Concentration of the 
filtrate and crystallization from H20-ethanol gave, in two crops, 
0.057 g (81%) of 4a, mp 227-230° dec. Analysis showed 4a to be the 
free dipeptide and not the HC1 salt. Anal. (C6H10N2O6) C, H, N. 

Dibenzyl N-(tert -Butoxycarbonylglycyl)-erychro-p ,-hy-
droxy-DL-aspartate (3b). A solution of 2 (0.20 g, 0.60 mmol) and 
l-cyclohexyl-3-(2-morpholinoethyl)carbodiimide metho-p-tolu-
enesulfonate (Aldrich, 0.25 g, 0.060 mmol) in acetonitrile (8 ml) 
was treated dropwise with a solution of terf-butoxycarbonylgly-
cine (Sigma, 0.105 g, 0.60 mmol) in acetonitrile (5 ml). After 24 hr 
of stirring, the mixture was concentrated to an oily residue and 
treated with 10 ml of H 2 0 . The product was extracted into CHCI3 
and then washed successively with 10% HC1 solution, saturated 
NaHCOs solution, and H 2 0 and dried. Concentration of the sol
vent afforded 3d as yellow oil, 0.27 g (crude 93%), which migrated 
as a single spot on tic (5% CH3OH-CHCI3) but resisted attempts 
at crystallization; nmr 6 1.42 (s, rerr-butyl), 3.80 (m, 3 H, CH2N, 
OH), 4.58 (d, J = 2.5 Hz, H„), 5.00, 5.05 (singlets, 4 H, benzylic 
CH2), 5.2 (m, H„), 7.27, 7.28 (singlets, 10 H, aromatic). This mate
rial was suitable for the next step. 

0-Benzyl Glycyl-eryr/iro-0-hydroxy-DL-aspartate Diketopi-
perazine (5). The blocked dipeptide 3b (0.27 g, 0.55 mmol) was 
dissolved in trifluoroacetic acid (4.0 ml) and stirred at 10-15° for 
15 min. After concentrating, the resulting oil was treated with 2.5% 
NaOH solution (20 ml) and then extracted three times with CHCI3 
(20 ml each). The combined organic layers were washed with H 2 0 , 
dried, and concentrated to give a semisolid product, a portion of 
which no longer was soluble in CHCI3. The CHCI3 insoluble mate
rial, 0.021 g, was collected by filtration and the filtrate again con
centrated, affording another 0.020 g of insoluble material. A tic ex
amination of the CHCI3 soluble material indicated the presence of 
several other components, from which no other identifiable prod
ucts were obtained. The combined solids were crystallized from 
H20-ethanol to give 0.032 g (21%) of 5: mp 253-256° dec; ir 
(Nujol) 5.71 (ester carbonyl), 5.85, 5.97 11 (amide carbonyl); mass 
spectrum m/e (rel intensity) 278 (22, M+ ) , 260 (6), 171 (14), 143 
(49) 114 (47), 91 (100). Anal. (Ci3Hi4N205) C, H, N. 

Dimethyl N-(Carbobenzoxyglycyl)-erythro-/J-hydroxy-DL-
aspa r t a t e (7a) and Dimethyl N,0-(Dicarbobenzoxyglycyl)-
erW/jro-/3-hydroxy-DL-aspartate (7b). (a) A solution of car
bobenzoxyglycine20 (0.915 g, 4.38 mmol) and Af-hydroxysuccinim-
ide (Sigma, 0.500 g, 4.35 mmol) in dioxane (30 ml) was treated at 
room temperature with a solution of dicyclohexylcarbodiimide 
(0.906 g, 4.40 mmol) in dioxane (15 ml). After stirring for 30 min, 
the dicyclohexylurea was removed by filtration and the filtrate 
treated with a mixture of 613 (0.92 g, 4.31 mmol) and triethylamine 
(0.44 g, 4.35 mmol) in dioxane (30 ml). After 3.5 hr, the mixture 
was filtered, the filtrate concentrated to dryness, and the residue 
dissolved in CH2C12 and successively washed with 5% HC1 solu
tion, 10% Na2C03 solution, and saturated NaCl solution and then 
dried. Evaporation of the solvent afforded a crude oil which was 

again dissolved in CH2C12 and filtered free of insoluble dicyclohex
ylurea. Evaporation of the solvent gave 7a as a gum (1.58 g, crude 
95%), which could not be induced to crystallize but which ap
peared as a homogeneous product on tic (10% CH3OH-CHCI3); ir 
(CHCI3) 5.74 (ester and carbamate carbonyls), 5.93 ti (amide car
bonyl); nmr h 3.68, 3.78 (singlets, 6 H, OCH3), 3.95 (d, J = 6 Hz, 
CW2NH), 4.50 (m, H„), 5.10 (s, benzylic CH2), 5.18 (m, H„), 5.78 
(m, 1 H, NH), 7.28 (s, 5 H, aromatic). 

(b) Carbobenzoxyglycine20 (0.482 g, 2.31 mmol) was dissolved in 
THF (6 ml), cooled in ice, and then treated successively with tri
ethylamine (0.47 g, 4.65 mmol) and dropwise with a solution of iso
butyl chloroformate (Eastman, 0.32 g, 2.34 mmol) in THF (14 ml). 
After 15 min, compound 613 (0.492 g, 2.30 mmol) was added and 
the mixture stirred at room temperature for 4 hr. The mixture was 
concentrated to dryness and the residue suspended in H 2 0 (10 ml) 
and then extracted with CHCI3 (25 ml). The organic layer was suc
cessively washed with H 2 0 , 2.5% HC1 solution, saturated NaHCOs 
solution, and H 2 0 and then dried. Evaporation of the solvent gave 
a yellow oil (crude 0.84 g), which appeared on tic (4% CH3OH-
CHCI3) as a two-component mixture. A portion (0.15 g) of this oil 
was purified on two preparative tic plates (5% MeOH-CHCls). The 
lower flf band (0.11 g) corresponded to 7a while the upper R; band 
(0.025 g) was identified as 7b. Two recrystallizations of 7b from 
ethyl acetate-petroleum ether gave the analytical sample, mp 
134-135°. Anal. (C2 6H2 9N30ii) C, H, N. 

Dimethyl Glycyl-erythro-0-hydroxy-DL-aspartate Hydro
chloride (8). A mixture of 7a (0.28 g, 0.76 mmol), palladium black 
(Englehard, 0.20 g) in CH3OH (7.5 ml), and 0.09 N HC1 (9.0 ml, 
0.81 mmol) was hydrogenated at 25° and 1 atm. After 30 min the 
theoretical amount of H2 was consumed and the catalyst was re
moved by filtration and washed with H 2 0 . The combined filtrates 
were concentrated to dryness and the residue crystallized from 
CHsOH-ether giving 0.12 g (58%) of 8, mp 95-98°. A portion of 8 
was recrystallized twice to give the analytical sample: mp 109-
113°; ir (KBr) 5.78 (ester carbonyl), 5.88 M (amide carbonyl); nmr 
(D20) <5 3.78, 3.83 (singlets, 6 H, OCH3), 3.93 (s, COCH2), 5.21 (d, J 
= 3 Hz, H„), Hs obscured by DOH peak. Anal. (C8Hi5N206Cl) C, 
H ,N. 

Dimethyl N-(Diazoacetyl)-ery£/iro-/J-hydroxy-DL-aspartate 
(9). A suspension of 8 (0.052 g, 0.19 mmol) in CHCI3 (5 ml) was 
treated with a 0.10-ml solution of triethylamine (0.022 g, 0.22 
mmol) in CHCI3 (0.30 ml of Et3N, 0.70 ml of CHC13) and stirred 
for 30 min. To this suspension was then added a 0.10-ml solution 
of isoamyl nitrite (Aldrich, 0.028 g, 0.24 mmol) in CHCI3 (0.32 ml 
of isoamyl nitrite, 0.68 ml of CHCI3), followed by a 0.10-ml solu
tion of acetic acid (3.6 mg, 0.060 mmol) in CHCI3 (0.36 ml of acetic 
acid, 0.64 ml of CHCI3), and then the mixture was refluxed for 3 
hr. The insolubles were removed by filtration and the filtrate was 
concentrated to dryness. A tic (10% MeOH-CHCl3) of the result
ing yellow oil showed a strong quenching spot under uv plus sever
al other minor spots. Preparative tic (10% MeOH-CHCl ; i) of the 
oil afforded 12-18 mg of 9, which appeared to be homogeneous 
(tic): ir (CHCI3) 4.72 (diazo), 5.73 (ester carbonyl), 5.96 (shoulder, 
amide carbonyl of impurity), 6.09 n (amide carbonyl conjugated 
with diazo). 

Dimethyl N-(Chloroacetyl)-eryfhro-/3-hydroxy-DL-aspar-
ta te (10). (a) A solution of N-hydroxysuccinimide (0.051 g, 0.44 
mmol) and chloroacetic acid (0.042 g, 0.44 mmol) in dioxane (5 ml) 
was treated with a solution of dicyclohexylcarbodiimide in dioxane 
(2 ml). After 45 min the precipitated dicyclohexylurea was re
moved by filtration and the filtrate added to a stirred mixture of G 
(0.10 g, 0.47 mmol), triethylamine (0.045 g, 0.45 mmol), and diox
ane (3 ml). After 1 hr, the insolubles were removed by filtration 
and the filtrate was concentrated to dryness. The residue was dis
solved in CH2C12 and again filtered free of dicyclohexylurea and 
concentrated to give 0.084 g of a gum. Crystallization of the gum 
from ether-petroleum ether afforded 0.047 g (39%) of 10, mp 65-
68°. Two recrystallizations gave the analytical sample: mp 68-70°; 
ir (CHCI3) 5.73 (ester carbonyl), 5.95 M (amide carbonyl); nmr b 
3.77, 3.85 (singlets, 6 H, OCH3), 4.13 (s, COCH2), 4.55 (d, J = 3 Hz, 
Htf), 5.18 (m, H„). Anal. (C8Hi2N06Cl) C, H, N, Cl. 

(b) A solution of 9 (0.012 g) in CHCI3 (3 ml) was treated drop-
wise with a CHCI3 solution saturated with dry HC1 until the pH 
was distinctly acidic. The solvent was evaporated and the residue 
purified on one 20 X 20 cm tic plate (250 v thick, 10% MeOH-
CHCI3). The major band was isolated and gave 4 mg of 10, identi
cal in the ir with 10 prepared as above. 

eryf/tro-jS-Hydroxy-L-aspartic Acid and erWtoro-0-Hydroxy-
D-aspartic Acid. Both of these were prepared by the method of 
Okai, et al.11 The L enantiomer had |«]25D +46!o° (c 1.0, H20) 
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[lit.17 [«]20D +47.0° (c 1.0, H 20)] . The D enantiomer had [ a p D 
-42.8° (c 1.0, H20) {lit.17 [«]20D -46.8° (c 1.0, H 2 0) j . 

P repa ra t ion of ASase. The Novikoff hepatoma strain was 
maintained by transferring it weekly into two female Holtzman 
rats (180-200 g, Holtzman Co., Madison, Wis.) according to the 
general method of McCoy and Neuman.21 When the enzyme was to 
be isolated, 14 Holtzman 1-yr-old retired breeder rats were infect
ed intraperitoneally with the hepatoma suspension and the tumor 
masses harvested after 6 days. The resultant tissue (100 g wet wt) 
was then homogenized and ASase isolated as previously describ
ed.5" The medium B as reported5" was modified** so as to contain 
100 mM Tris-HCl buffer, pH 8.0; EDTA, 2.1 g; glycerin, 10% by 
weight; dithiothreitol (Sigma), 5 mAf in a total volume of 1 1. The 
enzyme fraction used in this work was obtained from the precipi
tate after the third (NH4)2S04 addition.50 This was dissolved in 9 
ml of medium B and kept frozen. Initial experiments with this 
fraction required several thawings and refreezings whereupon the 
initial activity (0.16 Mmol of asparagine synthesized per mg protein 
per 30 min, see below for details) decreased to about 25% of the 
original activity. This fraction was concentrated to about 3 ml by 
use of an Amicon Model 50 ultrafiltration cell using a UM-20E fil
ter. The concentrated fraction was then purified by chromatogra
phy on a column of Sephadex G-100 (2.5 X 24 cm), equilibrated 
and eluted with medium B. Fractions were collected immediately 
after the void volume (determined with Pharmacia Blue Dextran) 
and those containing the highest specific activity were pooled (9 
ml). The pooled solution was concentrated to 3 ml using the Ami-
con ultrafiltration unit described above. Protein on this fraction 
(9.4 mg/ml) was determined by an adaptation22 of the method of 
Lowry. Crystalline bovine serum albumin was used to construct a 
standard curve. This repurified ASase (specific activity of 0.11 
Mmol of asparagine synthesized per mg protein per 30 min) was di
vided into 0.2-ml portions and kept frozen at —60°. The repurified 
enzyme lost little or no activity after 1 year at this temperature. 

ASase Assay and Inhibition. Two stock solutions were pre
pared. Solution "A" contained, in each 0.5 ml, disodium ATP 
(Sigma, 8.0 Mmol), MgCl2 • 6 H 2 0 (Fisher, 8.0 Mmol), and Tris buff
er (100 Mmol) adjusted to pH 8.0. Solution " B " contained, in each 
0.2 ml, L-glutamine (Sigma, 20.0 Mmol), L-aspartic acid (Sigma, 2.0 
"Mmol), and L-aspartic acid-14C (Schwarz-Mann, further purified 
by the method of Patterson, et al.P 1 X 106 dpm per Mmol). The 
incubation mixture contained 20 X of the enzyme, 0.5 ml of "A," 
0.2 ml of "B , " and 0.3 ml of H 2 0 . After incubation for 30 min at 
37°, the reaction was terminated by the addition of 1.0 ml of 0.8 M 
HC104 and the mixture neutralized to a pH of ca. 6 with a, 5 .V 
KOH solution.3b After centrifugation, the asparagine-14C was sep
arated from aspartic acid-14C as previously described,23 and 1.5 ml 
of the eluate was counted in 15 ml of counting fluid.3d A control 
without enzyme was used. 

The inhibition studies were performed in duplicate in the fol
lowing manner. A solution of the inhibitor dissolved in Tris solu
tion (0.3 ml, 1.0 Mmol of Tris), 0.5 ml of "A," and 20 X of enzyme 
was preincubated for 15 min at 37°. Solution " B " (0.2 ml) was 
added and the mixture incubated for another 30 min and worked 
up as described above. The per cent inhibition is then the ratio of 
asparagine-14C synthesized in the presence of inhibitor to that in 
t he absence of inhibitor. 

A c k n o w l e d g m e n t s . T h e a u t h o r s wish to t h a n k Mr . 
J o h n Nawora l , Univers i ty of P i t t s b u r g h , for t h e m a s s spec
tral d e t e r m i n a t i o n s , per formed u n d e r G r a n t RR-00273 
from the Na t iona l In s t i t u t e s of H e a l t h . T h i s work was sup 
por t ed by G r a n t s M-28 from t h e H e a l t h Resea rch a n d Ser
vices F o u n d a t i o n , P i t t s b u r g h , Pa . , a n d CA-11714 from the 
Na t iona l Cancer I n s t i t u t e , N I H , Be thesda , M d . 

••Private communication from Dr. M. K. Patterson, Jr., The Samuel 
Roberts Noble Foundation, Inc., Ardmore, Okla. 73401. 
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