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Fig. 1.—Radioactivity (CPM) of blood, urine aud feces of rat
treated intraperitoneally with 8%-DCVC.

essentially the same iun both rats. In contrast, the
total urinary excretion of S% by the orally treated rat
was, during the first 24 and 72-hour iutervals, only 409,
of that excreted by the parenterally treated animal.
The radioactive components i the urine included in-
organic sulfate, DCVC and its N-acetyl derivative as
reported elsewhere.’® The fact that in spite of a high
rate of clearance of DCVC through the kidueys, excre-
tion of the S isotope continued for a loug period in-
dicates that DCVC or a sulfur compound derived from
it combined with components of tissues and thus es-
caped the initial rapid clearance froni the blood stream.

Experimertal

S#-Benzyl Mercaptan (I).—The procedure of Tarver aud
Schmidt!! was adapted for use of BaS3 (30 mec.)!? and scaled
down to obtain preparations of high specific activity. The reac-
tions were carried out under a slow stream of nitrogen in a closed
system from which emerging gas passed thiough a solution of
ethanolic 297 HgCl,.

S3_Benzyl-L-cysteine (III).—\fethyl 2-amino-3-chloro-L-pro-
pionate was prepared according to Fischer and Raske!® except
that diethyl ether was substituted for petroleuin ether to wash
the product. This ester (800 mg.) was hydiolyzed with 135 ml,
of 5.8 N HC! and the solution concentrated to dryness in vacuo.
The residue of 2-amino-3-chloro-L-propionic acid hydrochloride
(IT) was dissolved in 5 ml. of absolute ethanol and injected with a
long needle and syringe through the vented stopper into the
flask containing S%-benzyl mercaptan (I)."* The mixture was
stirred by a continuous flow of nitrogen which escaped through
the vent into a 29 ethanolic solution of HgCl,. Sodium ethoxide
(0.5 g. of Na/10 ml. of absolute ethanol) was added dropwise
until the thymolphthalein indicator turned blue and 0.4 ml
more was added. The flask was then heated at 72° for 2 hr. and
more sodium ethoxide and/or ethanol added as needed. After
cooling, the precipitates of NaCl and KCl were centrifuged, the
supernatant removed, and the precipitate washed 3 times with
absoluteethanol. The supernatant and washings were evaporated

(10) Foridentification of the riajor S3.coutaining compounds as inorganic
sulfate, DCVC and N-acetyl DCVC, paper chrommatography, paper electro-
phoresis and dilution analysis of tlie eluter] fractions were used. In addition,
inorganic sulfate was identified throngh precipitation as barium sulfate and
henzidine sulfate. The 2,4-dinitrophenyl derivative of DCVC-83% from urine
was identical with an authentic specimen (m.11. 160°). Authentic specimens
of N-acetyl DCVC (m.p. 108-109°) and its m-toluidide (m.p. 150-151°)
serven] to ldentify N-acetyl-IDDCVC-83 from urine. Details of the methods
nsed are described elsewhere (R. . Derr, Ph.DD. Thesis, University of Min-
nesota, 1960; R. F. Derr and M. O. Schultze, Biocehem. Pharmacol., in press).

(11) H, Tarver and C. L. A, Schmidt, J. Biol. Chem., 180, 67 (1939).

(12) Purchased from Union CarbideNuclear Company, Oak Ridge, Tenn.,
nnder AEC Lirense 22-187-13.

113) E. Fisclier and K. Raske, Ber., 40, 3717 11907).

(14) J. L. Wood and L. Van Middlesworth, J. Biol. Chem.. 179, 529 (1949,
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to dryness uuder a streain of nitrogen while warming the finsk
to 40°. The vapors were passed through an ethanolic HgCl.
trap. The residue was dissolved in 30 ml. of distilled water and
allowed to stand overnight at rooni temperature. The aqueons
solution was extracted 5 times with a total of 40 ml. of cther 16
remove dibenzyl sulfide and disulfide which were present s
solids or oils.  The ether extracts were combined and extracted 3
tiles with water, the first washing being done with water con-
taining a drop of N NaOH. The aqueous extracts swere corubined
with the extracted aqueous solution, ndjusted to pH 5.5 with H(']
(pH paper) and concentrated by drawing air across the surace
with slight wariing. The conceutrated solution was cooled in u
refrigerator to obtain erystalline T1I. It was filtered, washied
with cold 5097 cthanol, ethanol, ether, and dried 7 2ecuo aver
P,005. T'he supernatant and washings were coneentrated to yvield
1 second erop of erystals,  S%-Benzyl-L-eysteine (111 was isa-
lated in erystalline form, m.p. 209--211° dee. (corr.) from four
different preparations in vields from 35 to 504,

Chrowmatography in 1-butanol:acetic acid:water (12:3:5 v, vy
was done on Whatinan No. 1 paper, descending, and detection
of the compound through the iodoplatinate, or ninhydrin reae-
tions or through scauning for radiouetivity. (Quantitative
measuremertt of the radioactivity of 1 em. segiments of the
chromatograms revealed that more than 997 of the activity was
localized in one spot.  The Ry and nip. were identicul with those
of 1 non-radioactive specimen prepared from disodinmn cysteinate
and benzyl eldoride in liquid ammonia.

Ss.(Dichlorovinylj-L-cysteine (IVi.——Far synthesis of this
campornd iy a modifieation of earlier procedures,»¢ {IT was
dissalved in abont 10 ml. of lignid annnanda in a 100 i eylindri-
enl centrifuge tuhe which was cooled in a bath of trichlaro-
ethylene -solid earban dioxide. Tt was reduced to dibenzyl and
disodium 8%-1,-cysteinate by the addition, with stiriing, of small
amounts of sodimn until a blue color remained for at least 2 min.
Trichloroethylene £0.35 ml.) was added, all at onee, and the reae-
tion mixture stirred for 45 min.  The cooling bath was removed,
and the contents of the tube were cvaporated to dryness under
slight vacui.  The residue was dissolved in 5 ml. of hot water,
and transferred to a 25 wl, erlenmeyer flask.  The pH was nd-
justed to 5.1 with HCl (pH paper) and the vohmue reduced by
heating slightly oun a hot plate while drawing air neross the sur-
faecc.  An equal volume of absolute cthanol was added and the
solution was eooled to —5° to induee ervstallization.  The prod-
uet was filtered, washed with 5047 cthauol, ethanol, and ether:
it was dissolved in water, treated with a small amount of Darco
Gi60, filtered and recrystallized from 507 ethanol.  Conecentra-
tion of the filtrates afforded a second erop of erystals.

The radioactive DCVC was obtained in vields up to 374,
based on 2.07 mM KOH used in reaction (2) above.  The produet
of cach of 4 dilferent preparations had m.p. 160% dee. {earr.) and
moved as a single compobent in chromatography nsing the
procedures referred to above. No radioactive impurities eald
be deteeted.  The speeifie activities for 4 preparations ranged
from 7.44 to 58.8 X 108 DPM/ing. as measured with a Nuelear-
Chicago 1)-47 detector fitted with a micromil window and having
1 counting efficiency of 30.89.

1) Voo Vigueaws, Lo 1 Andrieth, and 11, 8, Loring, J. Lee Chen, Sae.
82, 4500 19301,
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Of a group of N-(pheuylalkyl)glutamines which werc
recently prepared and examined for antimicrobial
activity, N-benzyl-L-glutamine was an effective anutag-
onist of tlie natural amiuno acid.? In addition, other

i1) Predoctoral Fellow (CI'-10,027) Nutional Cuaneer Institute, Unitel
States Public Health Service.
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v-glutamyl derivatives have been isolated either from
natural sources®:* or prepared synthetically and found
to inhibit the growth of microdrganisms.5¢ In an effort
to study the effect of the presence of moderately reactive
groupings in augmenting the toxicity of this type of
metabolite analog, a series of N-phenyl derivatives of
glutamine were prepared which contain an o-, m- and
p-carboxyl group on the aromatic nucleus. In addition,
because of the presence of the naturally occurring o-
and p-aminobenzoic acid moieties in the corresponding
glutamine condensation products, these two analogs
were also examined as potential intermediary metabo-
lites in & number of assay systems. This was further
suggested by the fact that glutamine contributes a
nitrogen in the biosynthesis of both anthranilic acid and
p-aminobenzoic acid from shikimic acid.”

As indicated in the equations, the syntheses of the
N-(y-L-glutamyl)aminobenzoic acids were accomplished
through a series of reactions involving the initial con-
densation of N-carbobenzoxy-L-glutamic anhydride
with the appropriate methyl aminobenzoate to give the
corresponding methyl ester of N-carbobenzoxy-v-L-
glutamylaminobenzoic acid. In order to obtain an
acceptable yield of the meta derivative, it was necessary
to extend the reaction time for this isomer approxi-
mately eight-fold over that required for the ortho and
para analogs. Hydrogenolysis of the condensation
products yielded the corresponding y-L-glutamylamino-
benzoic acid methyl esters which were then hydrolyzed
with barium hydroxide to form the desired products.
Using an ascending paper chromatographic technique,
and developing the chromatograms with ninhydrin
reagent, each of the products was demonstrated to be
chromatographically pure in two different solvent
systems.

Since the interaction of N-carbobenzoxyglutamic
anhydride with the various aminobenzoic acids could
vield the amide linkage through either of the two car-
boxyl groupings in the glutamyl moiety, the chemical
structures of these analogs were subsequently demon-
strated through the formation of hydantoin derivatives.
Using the general procedure of Ware,® each of the glu-

/CO———CH2
p-HzXCsH4002CH3 + O CHQ
N /
CO———(I]H
NHCbz —
CH302005H4NHCO(CH2>2CHCO‘2H 1. H:(Pt)
NHCbz 2. Ba(OH):
CsHsNCO

HO,COH:NHCO(CH: ,CH(NH)O0H ————

HOQCCEH4NHCO(CHQ)2(]]H— co
HN  NCeH,
AN
C

6

(2) J. Edelson, C. G. Skinner, and W. Shive, J. Med. Pharm. Chem., 1,
165 (1959).

(3) Y. Sakato, J. Agrie. Chem. Soc. Japan, 28, 262 (1950);
Chem. Abstr., 48, 3528 (1951).

(4) E. D. Schilling and F. M. Strong, J. Am. Chem. Soc., 77, 2843 (1955).

(5) N. Lichtenstein, 7bid., 64, 1021 (1942).

(8) N. Lichtenstein and N. Grossowicz, J. Biol. Chem., 1T1, 387 (1947).

(7) P. R. Srinivasan, J. Am. Chem. Soc., 81, 1772 (1959).

(8) E. Ware, ibid., 60, 2653 (1938),
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tamylaminobenzoic acids interacted with phenyl isocy-
anate, and in each case a hydantoin was formed, indicat-
ing the presence of a free a-amino group adjacent to a
carboxyl moiety.

The biological activities of the glutamylaminobenzoic
acids were uniformly disappointing. In contrast to the
inhibitory activity of N-benzylglutamine,? none of the
three analogs was toxic to growth of Streptococcus lactis,
Lactobacillus arabinosus or Escherichia coli, at their
limits of solubility in the assay media (about 500 ug./
ml.). Because of the presence of the naturally occurring
anthranilic and p-aminobenzoic acid moieties in the
condensation products, the compounds were also ex-
amined for growth promoting activity. A number of
studies were carried out using L. arabinosus in an at-
tempt to replace a tryptophan response in this organ-
ism by N-(v-glutamyl)-o-aminobenzoic acid; however,
no growth-promoting effects were observed. Sub-
sequently, using an E. colt mutant which requires the
aromatic amino acids plus p-aminobenzoic acid, uu-
successful attempts were made to replace the trypto-
phan and p-aminobenzoic acid requirement by N-(y-
L-glutamyl)-o-aminobenzoic and N-(y-L-glutamyl)-p-
aminobenzoic acids, respectively. The inhibitory and
growth-promoting effects of these derivatives were also
examined in some botanical systems, e.g., using floating
sections of both apical and subapical segments of Avena
sativa 1..° The o- and p-(y-L-glutamyl)aminobenzoic
acids were relatively ineffective; however, the N-(y-L-
glutamyl)-m-aminobenzoic acid was somewhat inhibi-
tory at about 0.1 mg./ml.

The lack of any significant biological activity of
these compounds may be due to their inability to pene-
trate the cell wall; or, if they are structurally compa-
rable to a natural intermediate, the normal biosynthetic
route must involve a more complex derivative of the
condensation produect.

Experimentall0

Since these derivatives were synthesized through essentially
identical experimental procedures, specific details will be given
for only one isomer; data on the other analogs will be pre-
sented in Table I. In each case, the N+«(y-glutamyl)aminoben-
zoic acid methyl esters as well as the free acids were demon-
strated to be homogeneous by the ascending paper chromato-
graphic technique in two solvent systems using ninhydrin reagent
to develop the chromatograms.

o-(N-Carbobenzoxy-v-L-glutamyl)aminobernzoic Acid Methy!
Ester,—A solution of 11.8 g. (0.045 mole) of N-carbobenzoxy-L-
glutamic anhydride!! and 8.1 g. (0.054 mole) of methyl anthrani-
late in 80 ml. of ethyl acetate was heated under reflux using
anhydrous conditions for 6 hr. After eooling to room temperature,
the reaction mixture was extracted with 59 sodium hydroxide
solution. The resulting alkaline aqueous phase was acidified to
pH 3 with conced. hydrochloric acid and then extracted with ether.
After drying with anhydrous sodium sulfate, the ether was evapo-
rated in wvacuo, and the viscous residue was crystallized from
ethanol and water. The product was filtered, washed with water
and dried, yielding 16.8 g. (769), m.p. 118-120°,

0-(y-L-Glutamyl)aminobenzoic Acid Methyl Ester.—o-(N-
Carbobenzoxy-y-L-glutamyl)aminobenzoic acid methyl ester
(6.5 g.) was dissolved in 200 ml. of ethyl alcohol, and hydrogen
was passed through the solution for 3 hr. at room temperature and

(9) A. R. Shrank, Plant Physiol., 85, 735 (1960).

(10) All melting points are ¢nrrected and were determined by the capillary
technique using a well-stirred liquid bath. The authors are indebted to R.
Johle and J. D. Glass for the elemental analyses, and to Dr. J. M, Ravel,
Mrs. Jean Humphries, and Mrs, Paula Ables for data on the microbial and
enzymatic assays, and to Professor A. R, Shrank for examining the botanical
activity of these analogs.

(11) M. Bergmann and L. Zervas, Ber., 65, 1192 (1932),
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0-, =, AND p-(y-1-(ILUTAMYL)AMINOBENZOL1C ACIDS AND DDERIVATIVES
Yield, Empirical Calenlated, v, o, 4
Componnd M., 20, Yo fornmla o 11 N [ I N
(N-Carbobenzoxy-y-L-glutamylaminobenzaic Acid Methy] Uster
0- 118120 767 CyHus N0 6086 5.35 65.76 60.%9 H.hd 678
"= 106-107 Pk Co HuosN 0 60 . %4 IR 1) 6.76 06089 5.2l G
- 155150 N3 Cl 60 . RG 5.35 (.70 (0. 72 519 GG
Cy-1-GlutamyDaminebenzaie Acid Methyl Fster
- 155156 S0 CuHANLO; 5H.70 HTh 10,00 5H 65 5 6N 0.84
- 169-170 N1 CrH N O, 55 .70 DO 10.00 55 .40 5,068 10.01
»- 208200 S0 CaHNO; H5.70 HTH 1000 Hh 41 5.75 1015
{y-t~Glntamyvl uninobenzole Acid
0- 258250 (dec.} T4 C:H, N0, 513 10.52 5412 5H.50 10.3%
- 162-163 62 C.H, N0, o413 ; 10 52 54.03 5.04 10,61
- 207-300 (dec.) 53 CHHBNLO:; H4.13 5 .30 10.52 D3 UNT 533 10.38
3-Phenylhydantain of (y-1-ClutamyDanunohenzaic Acid
0- 104-105 (dee)) %) CryH-NWO- - H.0 59 .21 4.97 10.90 59,06 1.07 10,80
= 201202 91 CLHGN 0L HaO 5921 +07 10 90 505 11.05
- 200-201 52 CHNGOL - H.O H 21 107 10.00 5. 34 10,82

@ Reflux time, 6 hr. 2 Reflux time, 48 hr.

at atimospheric pressure in the preseice of 0.5 g. of palladium black
catalvst. The reaction mixture was filtered to remove the cut-
alyst, the filtrate was evaporated to dryuess, and the residue was
crystallized froin ethanol and water. There was obtained 3.5 g.
(809%,) of product, m.p. 155-156°.

0-(y-L-Glutamyl)aminebenzoic Acid.—A solution of 1.0 g. of
o-(y-L-glutamyl)anminobenzoic acid methyv! ester in 100 ml. of
water was adjusted to pH 12 with saturated barium hydroxide
solution, and heated on a steam bath for about 1 hr. The reaction
nmixture was kept at pH 12 by the addition of more bariuin hy-
droxide as required. After the pH of the reaction mixture becaine
constant, it was cooled to room temperature, and carbon dioxide
was passed through the solution uutil it became acid to litmus
paper. Precipitation of the remuaining barium ious wuas com-
pleted by the addition of 1067 sulfuric acid. The resulting mix-
ture was adjusted to pH 8 with 10 sodiunr hydroxide solution
and filtered through a Celite mat. The filtrate wuas acidified ta
pH 5 with sulfuric acid, cooled, and the erystallized produect
which foried was filtered aud dried over phosphorus pentaxide
to give 0.7 g. (749]) of material which was recrystallized from
water, m.p. 258-250° dec.

N-(2,4-Dioxo-3-phenyl-5-imidazolidine-L-propanoyl)-o-amino-
benzoic Acid [3-Phenylhydantoin of o-(y-L-Glutamyl)amino-
benzoic Acid].—According to the general procedure of Wares for
the preparation of hydantoins, 148 mg. (109, molar excess) of
phenyl isocyanate was added dropwise to a hot stirred solution of
300 mg. of o-(y-L-glutamyl)aminobenzoic acid and 120 mg. of
sadium carbonate in 15 ml. of dioxane and water (1:1). The
reaction mixture was heated o1 a steam bath for 30 min. and kept
at about pH 8 through the addition of sodium carbonate. Suffi-
cient coned. hydrochloric acid was added to the cooled reaction
mixture to give a solution of about pH 1, and this was then heated
on a steam bath for an additional 15 min.  After cooling in an ice
bath, the precipitated product was filtered, washed with water
and dried. The resulting material was recrystallized from
ethanol and water to give 240 mg. of product, m.p. 194-195°
dec., which gave a negative reaction to ninhydrin reageut.

Microbial Assays.—Previously reported procedures!®!® were
used for general toxicity studies with S. {actis 8039 and L.
arabinosus 17-56. The assays with E. coli 9723 were carried out
using an inorganic salts-glucose medium'* and a previously re-
ported assay technique.’® In addition to the inhibition studies,
the ability of o-( y-L-glutamylaniinobenzoic acid to replace an-
thranilic acid or tryptophan for L. arabinosus 17-5 was examined
in a medium'? which was modified by amitting tryptophan and

(12) 1. M. Ravel, [.. Woodds, B. IFelsing.
206, 391 (19534).

(13) J. M. Ravel, T\
283, 159 (1958).

(14) E. H. Anderson, Veoe. Natl., Aead. Sei., 82, 120 (1940).

(13) F. W. Dunu. J. M. Ravel, and W. Shive, J/J. Biol. Chem., 219, 804
(1940).

aned W. Shive, J. Biol. (‘hent..

J. MeCord, ', G, Skinner, anll W, Shive, hid.,

which had a tatal glitamie aeid concentration of 20 gg./ml. In
camparable studies with the K. cofi mutant 83-1,'¢ the basal
medium was supplemented with 10 pg./ml. each of L-phenyi-
alanine, L-tyrosine aud L-tryptophan, and various coucentration
levels of p-(y-L-glutaimyl)aminobenzoic acid were udded in an
effort ta induce growth. Alternately, L-pheuylalanine, 1.-tyrosiue
and p-aminobenzoic acid (0.01 pg./ml.) were added ta be basal
nmediunm, and the effect of iucreasing coucentration levels of
o-( y-L-glutaiyl)aminobenzoic acid (which could potentially gerve
us a precursor of tryptophan) was deterinined.

{16) B. B. Davis, 1id., 191, 315 11941,

Agents Affecting Lipid Metabolism. II.
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Since the discovery that mevalonie acid is one of the
key intermediates in the biosynthesis of cholesterol.
many attempts have been made to find antimetabolites
of this compound.?~!* With the exception of the work
of Daeniker and Druey,” none of these potential anti-
metabolites has involved modification of the functional

i1) Partl:
11, 755 (1962),

12) J. M. Stewart and D, W, Waoolley, J. dm. Chem. Soc., 81, 4951 (195H4).

(3) 8, Tamara, G, Tamura, M. Takai, 8, Nakamura, and '1'. Rhiro, Bull.
AgeicChem. Soc. Japan, 22, 202 (1958); Chem. Absir., B2, 9960 (1458).

(4) R. Tscheselie and H. NMaehleidt, Anu. Chem., 631, 61 (1960).

(1) F. M. Singer, J. Jannszka, awl A, Barman, Preoe. See. Krp. Bid.
Med., 102, 370 (1959).

(6) G. Schmide awed 1, Jabiy, Awr. Chera., 644, 13 11961),

17) K. Kirschiner, U, Henning, and I'. Lynen, /bid., 644, 48 (1961).

(8) H. U. Daeniker uuel J. Druey, Helv. Chim. Acta., 48, 983 (1960).

(9) K. . Bergmann and 8. Clohen, Tetrahedron Letters, 8, 20 (1960).

110) H. Weiss, 1. Schiffinann, and L. Titus, J. Lipid Res., 2, 258 (1961).

{11) L. Canonica, L. Ctaudenzi, (i. Joummi, and U. Valeavi, Gazz. Ckim.
ftal., 91, 1400 (1961).

(12) K. Polkers, C. H. S8hunk, B. Q. Linu, ¥, M. Robinson, P, E. Wit-
reiel, J. W, Huft, J. L. Gilfillan, and 1I. R. Skeggs, in "Ciba Foundation
Syiposinm ou the Biosyutliesis of Terpenes and Sterols,” G. ¥, W, Wolsten-
Lioline aand ML O'Conner, 1L, 10 AL Clineeliill Ll London, 1959, 1. 20,

L. (o, Hiaber, M. Krawl, and J, Dubue, Biochem. Pkarmare!.,



