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Fig. 1.—Radioactivity (CPM) of blood, urine and feces of rat 
treated intraperitoneally with S36-DCVC. 

essentially the same in both rats. In contrast, the 
total urinary excretion of S36 by the orally treated rat 
was, during the first 24 and 72-hour intervals, only 40% 
of that excreted by the parenterally treated animal. 
The radioactive components in the urine included in
organic sulfate, DCVC and its X-acetyl derivative as 
reported elsewhere.10 The fact that in spite of a high 
rate of clearance of DCVC through the kidneys, excre
tion of the S35 isotope continued for a long 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 from the blood stream. 

Experimental 

S35-Benzyl Mercaptan (I).—The procedure of Tarver and 
Schmidt11 was adapted for use of BaS35 (30 mc.)12 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 
svstem from which emerging gas passed thiough a solution of 
ethanolic 2 % HgCl2. 

S35-Benzyl-L-cysteine (III).—Methyl 2-amino-3-chloro-L-pro-
pionate was prepared according to Fischer and Raske13 except 
that diethyl ether was substituted for petroleum ether to wash 
the product. This ester (800 mg.) was hydrolyzed with 135 ml. 
of 5.8 N HC1 and the solution concentrated to dryness in vacuo. 
The residue of 2-amino-3-chloro-L-propionic acid hydrochloride 
(II) was dissolved in 5 ml. of absolute ethanol and injected with a 
long needle and syringe through the vented stopper into the 
flask containing S35-benzyl mercaptan (I).14 The mixture was 
stirred by a continuous flow of nitrogen which escaped through 
the vent into a 2%ethanolic solution of HgCl3. 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 KC1 were centrifuged, the 
supernatant removed, and the precipitate washed 3 times with 
absolute ethanol. The supernatant and washings were evaporated 

(10) For identification of the major S3,-eontaining compounds as inorganic 
sulfate, DCVC and N-acetyl DCVC, paper chromatography, paper electro
phoresis and dilution analysis of the eluted fractions were used. In addition, 
inorganic sulfate was identified through precipitation as barium sulfate and 
benzidine sulfate. The 2,4-dinitrophenyl derivative of DCVC-S35 from urine 
was identical with an authentic specimen (m.p. 160°). Authentic specimens 
of N-acetyl DCVC (m.p. 108-109°) and its m-toluidide (m.p. 150-151°) 
served to identify N-acetyl-DCVC-S35 from urine. Details of the methods 
used are described elsewhere (R. F. Derr, Ph.D. Thesis, University of Min
nesota, 1960; R. F. Derr and M. O, Schultze, Biochem. Pharmacol., in press). 

(11) H, Tarver and C. L. A. Schmidt. J. Biol. Chem., 130, 67 (1939). 
(12) Purchased from Union Carbide.Nuclear Company, Oak Ridge, Term., 

under AEC License 22-187-13. 
(V.i) E. Fischer and K. Raske, Be,., 40, 3717 (1907). 
(14) J. L. Wood and L. Van Middlesworth, J. Biol. Chem., 1T9, 529 (1949). 

to dryness under a stream of nitrogen while wanning the flask 
to 40°. The vapors were passed through an ethanolic HgCb 
trap. The residue was dissolved in 30 ml. of distilled water and 
allowed to stand overnight at room temperature. The aqueous 
solution was extracted 5 times with a total of 40 ml. of ether to 
remove dibenzyl sulfide and disulfide which were present as 
solids or oils. The ether extracts were combined and extracted 3 
times with water, the first washing being done with water con
taining a drop of -V NaOH. The aqueous extracts were combined 
with the extracted aqueous solution, adjusted to pH 5.5 with IK '1 
(pH paper) and concentrated by drawing air across the surface 
with slight wanning. The concentrated solution was cooled in a 
refrigerator to obtain crystalline I I I . It was filtered, washed 
with cold 5 0 ' c ethanol, ethanol, ether, and dried in va.nio fiver 
P>( >s. The supernatant and washings were concentrated to yield 
a second crop of crystals. S35-Benzyl-L-cysteine ( I I I ; was iso
lated in crystalline form, m.p. 209-211° dec. (corr. 1 from four 
different preparations in yields from 35 to 50' , . 

Chromatography in l-butanol: acetic aeid:water (12:3:5 v. v.; 
was done on Whatman No. 1 paper, descending, ami detection 
of the compound through the iodoplatinate, or ninhydriii r< ac
tions or through scanning for radioactivity. Quantitative 
measurement of the radioactivity of 1 cm. segments of the 
chromatograms revealed that more than !)9 r; of the activity was 
localized in one spot. The Ri and m.p. were identical with those 
of a non-radioactive specimen prepared from disodium cysteinate 
and benzyl chloride in liquid ammonia.15 

S3i-(Dichlorovinyl)-L-cysteine (IV). — For synthesis of this 
eumpound by a modification of earlier procedures,5'6 III was 
dissolved in about 10 ml. of liquid ammonia in a 100 ml. cylindri
cal centrifuge tube which was cooled in a bath of trichloro-
ethylene-solid carbon dioxide. It was reduced to dibenzyl and 
disodium S35-i,-cystcinate by the addition, with Stirling, of small 
amounts of sodium until a blue color remained for at least 2 min. 
Trichloroethyleno (0.35 ml.) was added, all at once, and the reac
tion mixture stirred for 45 min. The cooling bath was removed, 
and the contents of the tube were evaporated to dryness under 
slight vacuum. The residue was dissolved in 5 nil. of hot water, 
and transferred to a 25 ml, erlenmeyer flask. The pH was ad
justed to 5.-1 with H O (pH paper) and the volume reduced by 
heating slightly on a hot plate while drawing air across the sur
face. An equal volume of absolute ethanol was added and the 
solution was cooled to —5° to induce crystallization. The prod
uct was filtered, washed with 50r< ethanol, ethanol, and ether: 
it was dissolved in water, treated with a small amount of Darco 
G60, filtered and reciystallized from 50',o ethanol. Concentra
tion of the filtrates afforded a second crop of crystals. 

The radioactive DCVC was obtained in yields up to 37 .4 ' , , 
based on 2.07 mM KOH used in reaction (2) above. The product 
of each of 4 different preparations had m.p. 100° dec. (corr.) and 
moved as a single component in chromatography using the 
procedures referred to above. No radioactive impurities could 
be detected. The specific activities for 4 preparations ranged 
from 7.44 to 58.8 X 10s DPM/mg. as measured with a Nuclear-
Chicago D-47 detector fitted with a micromil window and having 
a counting efficiency of 30.Hc/[. 

il.V) V. du Vigneami. I.. !•'. Audrietli, and H. S. Luring. ./. . ! » . Chan. So, ., 
52, 4500 IIHSO). 
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Of a group of N-(phenylalkyl)glutamines which were 
recently prepared and examined for antimicrobial 
activity, X-benzyl-L-glutamine was an effective antag
onist of the natural amino acid.- In addition, other 
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7-glutamyl derivatives have been isolated either from 
natural sources3,4 or prepared synthetically and found 
to inhibit the growth of microorganisms.5'6 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 X-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 a 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.7 

As indicated in the equations, the syntheses of the 
N-(7-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-7-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 7-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 
yield 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,8 each of the glu-
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(2) J. Edelson, C. G. Skinner, and W. Shive, J. Med. Pharm. Chem., 1, 
165 (1959). 

(3) Y. Sakato, J. Agric. Chem. Soc. Japan, 23, 262 (1950); through 
Chem. Abstr.. 45, 3528 (1951). 

(4) E. D. Schilling and F. M. Strong, J. Am. Chem. Soc, 77, 2S43 (1955). 
(5) N. Lichtenstein, ibid., 64, 1021 (1942). 
(6) N. Lichtenstein and N. Grossowicz, J. Biol. Chem., 171, 387 (1947). 
(7) P. R. Srinivasan, J. Am. Chem. Soc, 81, 1772 (1959). 
(8) E. Ware, ibid., 60, 2653 (1938). 

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,2 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 Mg-/ 
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-(7-glutamyl)-o-aminobenzoic acid; however, 
no growth-promoting effects were observed. Sub
sequently, using an E. coli mutant which requires the 
aromatic amino acids plus p-aminobenzoic acid, un
successful attempts were made to replace the trypto
phan and p-aminobenzoic acid requirement by N-(7-
L-glutamyl)-o-aminobenzoic and N-(7-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 L.9 The o- and p-(7-L-glutamyl)aminobenzoic 
acids were relatively ineffective; however, the N - ( 7 - L -
glutamyl)-w-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 product. 

Experimental10 

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*(7-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-7-L-glutamyl)aminobenzoic Acid Methyl 
Ester.—A solution of 11.8 g. (0.045 mole) of N-carbobenzoxy-L-
glutamic anhydride11 and 8.1 g. (0.0S4 mole) of methyl anthrani-
late in 80 ml. of ethyl acetate was heated under reflux using 
anhydrous conditions for 6 hr. After cooling to room temperature, 
the reaction mixture was extracted with 5 % sodium hydroxide 
solution. The resulting alkaline aqueous phase was acidified to 
pH 3 with coned, hydrochloric acid and then extracted with ether. 
After drying with anhydrous sodium sulfate, the ether was evapo
rated in vacuo, and the viscous residue was crystallized from 
ethanol and water. The product was filtered, washed with water 
and dried, yielding 16.8 g. (76%), m.p. 118-120°. 

o-(7-L-Glutamyl)aminobenzoic Acid Methyl Ester.—o-(N-
Carbobenzoxy-7-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., 35, 735 (1960). 
(10) All melting points are corrected 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 Abies 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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Com pound 
Yield, E m p i r i c a l -

fo rmula 
-Caleu l , l isted 

II 

118-120 
10(5-107 
155-15(1 

155-15(1 
l(i()-17(l 
20S-200 

258-259 (dec) 
162-163 
297-300 (dec.) 

104-195 (dec.) 
201-202 
200-201 

(N-Carbobenzoxy-7-i.-glutamyl)aminobenzoi<' Acid Mel 

76" C ^ H H N . O T 60. SO 5.35 

77" C21H2,N,()7 00. SO 5.35 
S3" 02ITT,N,O7 00. so 5.35 

( 7-i.-( HutainyDaniiniibenzoic Acid Methyl Kste 

50 (\:iH-N\<).-, 55,70 5 75 
51 ('i:,Hif,N2();, 55.70 5.75 
SO C l 3H l 6 \ . ( ) - 55.70 5.75 

(7-[,-(ilutamyl)uniinobenzoic Acid 

74 Cr:HJ4Xo()., 54 13 5.30 
62 C.-JHUXJO:, 54.13 5.30 

53 C J H U X J O , - 54,13 5.30 

3-Phenylhydant.oin of (7-L-(!lutamyl!aminobenzoic 

55 CHrXjO-.-H-jO 59.21 -1,07 
91 (.'...HUXDO.-.-H-.O 59.21 4 97 

52 C,.,H,,-X.!0„-H4) 50 21 4 07 

hvl Bster 

0.76 
6.76 
6 76 

i' 

10.00 
10.00 
10.00 

10.52 
10,52 
10.52 

Acid 
10.00 
10 00 
10 90 

60. S9 
60. S9 
00. 72 

55.65 
55.40 
55 41 

54. 12 
54.03 
53. S7 

59.06 
50,24 
50.24 

- F o u n d , 
IT 

5.21 
5. 10 

5 OS 
5, (is 

5.56 
5.04 
5 33 

4.97 
5.05 
5.34 

6 7S 
(i. 74 
0.0(1 

0.S4 
10.01 
10. 15 

10.3S 
10.01 
10. 3S 

10 SO 
1 1.05 
I0.S2 

" Reflux time, 0 hr, " Reflux time, 48 hr. 

at atmospheric pressure in the presence of 0.5 g. of palladium black-
catalyst. The reaction mixture was filtered to remove the cat
alyst, the filtrate was evaporated to dryness, and the residue was 
crystallized from ethanol and water. There was obtained 3.5 g. 
(80%) of product, m.p. 155-156°. 

o-(7-L-Glutamyl)aminobenzoic Acid.—A solution of 1.0 g. of 
o-(7-L-glutamyl)aminobenzoic acid methyl 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 
mixture was kept at pH 12 by the addition of more barium hy
droxide as required. After the pH of the reaction mixture became 
constant, it was cooled to room temperature, and carbon dioxide 
was passed through the solution until it became acid to litmus 
paper. Precipitation of the remaining barium ions was com
pleted by the addition of W,"c sulfuric acid. The resulting mix
ture was adjusted to pH 8 with 10';'< sodium hydroxide solution 
and filtered through a Celite mat. The filtrate was acidified to 
pH 5 with sulfuric acid, cooled, and the crystallized product 
which formed was filtered and dried over phosphorus pentoxide 
to give 0.7 g. (74%) of material which was recrystallized from 
water, m.p. 258-259° dec. 

N-(2,4-Dioxo-3-phenyI-5-imidazolidine-L-propanoyl)-o-amino-
benzoic Acid [3-Phenylhydantoin of o-(7-L-Glutamyl)amino-
benzoic Acid].—According to the general procedure of Ware8 for 
the preparation of hydantoins, 148 mg. (10% molar excess) of 
phenyl isocyanate was added dropwise to a hot stirred solution of 
300 mg. of o-(7-L-glutamyl)aminobenzoic acid and 120 mg. of 
sodium carbonate in 15 ml. of dioxane and water (1:1). The 
reaction mixture was heated on 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 reagent. 

Microbial Assays.—Previously reported procedures12-13 were 
used for general toxicity studies with S. lactis 8039 and L. 
arabinosus 17-5. The assays with E. coli 9723 were carried out 
using an inorganic salts-glucose medium14 and a previously re
ported assay technique.15 In addition to the inhibition studies, 
the ability of o-( 7-L-glutamyl)aminobenzoic acid to replace an-
thranilic acid or tryptophan for L. arabinosus 17-5 was examined 
in a medium12 which was modified by omitting tryptophan and 

(12) .1. YI. Ravel , L. Woods , B. Felsing. and W. Shive, ./. Biol, ('hem., 
206, 391 (19.54). 

(13) J. M . Ravel . T. J. .McCord. ( ' . G. Skinner , a n d \V. Shive, ibid.. 
232, 159 (1958). 

(14) E. H. Anderson , I'ruc. Xatl. Arad. Sri.. 32, 120 (1946). 
(15) F . W. D u n n . .1. M. Ravel , and W. Shive. ,/. Biol. Chen., 219, 809 

(1956). 

which had a total glutamic acid concentration of 20 ^g./inl. In 
comparable studies with the E. coli mutant 83-1,16 the basal 
medium was supplemented with 10 jug./ml. each of [.-phenyl
alanine, L-tyrosine and L-tryptophan, and various concentration 
levels of p-(7-i.-glutamyl)aminobenzoic acid were added in an 
effort to induce growth. Alternately, L-phenylalanine, L-tyrosine 
and p-aminobenzoic acid (0.01 ^g./ml.) were added to be basal 
medium, and the effect of increasing concentration levels of 
o-( 7-i.-glutamyl)aminobenzoic acid (which could potentially serve 
as a precursor of tryptophan) was determined. 

116) B. B, Davis , ibid., 191, HI;") (1951). 
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Since the discovery that mevalonic acid is one of the 
key intermediates in the biosynthesis of cholesterol, 
many attempts have been made to find antimetabolites 
of this compound.2^12 With the exception of the work 
of Daeniker and Druey,s none of these potential anti
metabolites has involved modification of the functional 

Hn iber, M. Kraml , a n d J . D u b u e , Biochem. Vharrnaci i l ) P a r t i : 1.. (i 
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(2) J, M. Stewart, a n d 1). \V. Woolley, ./. Am. Chem. Soc, 8 1 , 4951 (1959) . 
(3) S. T a m u r a . G. Ta inu ra , M. T a k a i , S. N a k a m u r a , a n d T. Sliiro, Bull. 

AgricChem. Soc. Japan. 22, 202 (1958); Chem. Abstr.. 52, 9960 (1958). 
(4) R. Tschesche and H. Mach le id t , Ann. Chem., 631, 61 (1960). 
(5) F. M . Singer, .1. J a n u s z k a , and A. Borman . ['roc. Sor. h'xp. Biol. 
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(9) K. D. B e r g m a n n and S. Cohen, Tetrahedron Letters, 8, 20 (1960). 
(10) H . Weiss , K. Schiffmann, and E . T i t u s , J. Lipid Res., 2, 258 (1961). 
(11) L. Canonica , L. Gaudenz i , G. J o m m i , and II . Valcavi , Gazz. Chim. 

Ital., 91 , 1400 (1961). 
(12) K. Folkers , C. H. Shunk , B. O. Linn, F. M . Robinson, P . E . Wi t -

treioh, J . W. Huff, .1. I., Gilfillan, a n d H. R. Skeggs, in " C i b a F o u n d a t i o n 
Sympos ium on the Biosynthes i s of T e r penes a n d S te ro l s , " G. F,. W, Wolsten-
holme and M. O 'Connor . lid., .1. A. Churchi l l L td . , London, 1959, p. 20. 


