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ployed, 1.5 ml of supernatant was utilized. Concentrations of all
cofactors remained the same and the final volume was similarly
made up to 4.0 ml with 0.1 M phosphate buffer. After 1 hr of
incubation in air with slow shaking at 37° the reaction was
stopped by adding 3.0 ml of 159, KOH in 509, EtOH followed by
heating at 65-70° in a water bath for 10 min. The partially
saponified reaction mixture was transferred to a 20-ml glass-
stoppered centrifuge tube and the flask was rinsed with 3.0 ml of
the alcoholic KOH solution which was added to the contents of the
centrifuge tube. Saponification was completed by heating the
tightly stoppered tube in a water bath (75-80°) for 1 hr.

The saponified mixtures were extracted three times with 5.0-ml
portions of petroleum ether (bp 60-80°). The combined extracts
were diluted to 25.0 ml and dried (Na,S0,). Five milliliters of
the dried petroleum ether extract was diluted with 10.0 ml of
PPO (2,5-diphenyloxazole) solution (0.49, PPO in PhMe-959,
EtOH, 70:30 v/v) in standard counting vials, The radioactivity
was determined with a Packard Tri-Carb liquid scintillation
counter. A sufficient number of counts was taken to reduce the
statistical error of counting to less than 5%. In each run, as a
further check on the extraction procedure (and as a measure of
possible contamination), the contents of one incubation flask
was treated with KOH solution prior to incubation; the radio-
activity in the petroleum ether extract derived from these alkali
pretreated incubations was always found to be negligible.

Gas-liquid partition chromatography® of the nonsaponifiable
material was accomplished as follows. The petroleum ether
extract of nonsaponifiable material (15 ml) was concentrated to
dryness (water bath, 50°) under N,. The residue was dissolved
in 0.5 ml of petroleum ether and gas chromatographed on 109,
silicone gum rubber (SE-30) on Chromosorb W (800-100 mesh),
4 ft X 0.25 in. glass column with the column temperature 240°,
detector temperature 285°, injection port temperature 355°, inlet
pressure of 2.8 kg/cm? and carrier gas (He) flow rate 50 ml/min;
this gave a retention time for squalene of 13.0 min and for
cholesterol, 24.4 min.

Separation of the nonsaponifiable extract into squalene and
cholesterol was accomplished by the method of Langdon and
Bloch.!t  The petroleum ether extract (15 ml) was concentrated
to dryness in a water bath (50°) under N,. The residue was
chromatographed on acid-washed aluminal!? using petroleum
ether (60-70°). The squalene fraction was checked for purity by
glpe. Sterols were then eluted with Me,CO-Et.0 (1:1 v/v).
The cholesterol fraction was similarly checked for purity using
glpe. Squalene- and cholesterol-containing eluates were con-
centrated to dryness in a water bath (50°) under N in standard
counting vials. PPO solution (10 ml) was added and the radio-
activity was determined with a Packard Tri-Carb liquid scintilla-
tion counter.
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played by the free constituent amino acids.? Interpre-
tation of the results of such studies is complicated by
the hydrolysis of the peptides to form free amiio acids
as often occurs i1 biological systems. In an attempt to
produce a peptide analog whose study would 1ot be
complicated by hydrolysis, 2-benzyl-53-aminolevulinic
acid was synthesized. 2-Benzyl-5-aminolevulinic acid
(I) can be viewed as an analog of glyeylphenylalanine
wherein the labile CONH group of the peptide has been
replaced by the nonlabile COCH, group.

All compounds used in biological testing were of the
racemic form. 2-Benzyl-53-aminolevulinic acid was
tested for its effect upon the growth of Escherichia coli
9723 and Leuconostoc mesenteroides P-60. Growth of
E. coli was not inhibited by I when tested in the basal
salts—glucose medium. However, as shown in Table I,

TasLe I

Errect vrpoNn GrowtH oF E. coli 9723 BY
2-BENZYL-5-aMINOLEVULINIC Acip (BALA) ¥ Mebpra
CoNTAINING B-2-THIENYL-DL-ALANINE (TA),
(GLYCYL-B-2-THIENYL-DL-ALANINE (GTA),
(GLYCYLGYLCYL-3-2-THIENYL-DL-ALANINE (G2TA),
AND GYLCYL-DL-PRHENYLALANINE (GPA)

mg of dry wt of cells/ml of culture

Supplements

BALA, TA. GTA,
mpmoles /ml TAP GTA® G.TA¢ GPA®
0 0 0 0 0.13
20 0.12
60 0.01 0.10
200 0 0.08 0 0.06
600 0 0.20 0 0.01

@ Incubated 15 hr at 37°. ? Medium contained 2 mumoles of
TA/ml. ¢ Medium contained 6 mumoles of GTA/ml. ¢ Medium
contained 6 mumoles of G:TA/ml. ¢ Medium contained 200
mpumoles of TA, 200 mumoles of GTA, and 20 mumoles of GPA /ml.

I may either stimulate or inhibit the growth of E. coli
depending upon the way the medium is supplemented
with peptides of g-2-thienylalanine or phenylalanine.

CO.Et
+
Cl” H,NCH,COCH,CHCOOH

CH,CH; CO,Et

I 11, R =OCH,CH;
IiI, R=0H

,CO.
v, -cnx, [ )
Cco

If growth was inhibited by glycyl-8-2-thienylalaniie,
reversal of inhibition occurred when I was added to the
medium. When growth was inhibited by the tripeptide
glycylglycyl-8-2-thienylalanine, I was ineffective as a
growth stimulant. When the E. coli medium was sup-

CH;CH,CCH,COR

(2) (a) F. W, Dunn, J. Biol. Chem., 234, 802 (1959): (b) 8. Shankman,
V. Gold, S. High, and R. Squires, Biochem. Biophys. Res. Commun., 9, 25 (1962);
{¢) W. Shive and C. G. Skinner in "Metabolie Inhibitors," Vol. I. R. M.
Hochster and J. H. Quastel, Ed.. Academic Press Inc., New York, N. Y., 1963,
Chapter 1, pp 37-39.
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plemented by a mixture of g-2-thienylalanine, glycyl-
B-2-thienylalanine, and glyeylphenylalanine at such
levels as to permit growth, increasing concentrations
of T caused growth mhibition.

It is possible that I exerts its effects on the growth of
. coli by interfering with the uptake of dipeptides hy
. coli. The uptake of amino acids and peptides by
I¢. coli lias been reported to oceur by separate routes.?
Other sites of mterference may exist. The failure of I to
reverse the mmhibition of growth produced by glyeyl-
glyeyl-g-2-thienylalanine, while reversing the inhibition
aused by glyeyvl-g-2-thienylalanine, could mdicate
separate routes of uptake and utilization for the dipep-
tide and the tripeptide in L. col/.

Leuconostoc mesenteroides responded  differently.
Growth of L. mesenteroides P-60 was inhibited by 1
when phenylalanine was supplied either as the free
amino acid or as the dipeptide glyeylphenylalanine. In
eitlier cuse. approxinuately 309, inhibition of growth
occurred at a concentration of 2000 mu-moles of I1nl in
the presence of 20 mumoles of either plienylalanine or
glyeylphenylalanine ml.

Substitution of 2 methylene unit for the NH group of
glyeylphenylalanine has produced an analog which
shows soie properties of a dipeptide. 7.e., it is simi-
ar to glyeylphenylalanine in stimulating growth of
I, colv in the presence of inhibitory levels of glyeyl-g-2-
thicnylalaniie. These results demonstrate the availa-
bility of « unique type of peptide analog which is not
capable of hydrolysis to formi free amino acids.

Experimental Section*

Benzyl 4-Phenyl-3-dicarbethoxybutyrate (1I).- “To u solution
of 61 g (0.244 mole) of diethyl benzylmalonate® in 150 mi of
DAF was added (in ten portions) 5.88 g (0.245 mole) of NaH.
After the evolution of H, ceased, the solution was filtered through
Celite, and the Celite was washed with an additional 50 ml of
DMF. Benzyl chloroaceiate (45 g, 0.244 mole) was added to the
combined DMF solutions, and an immediate exothermic reaction
took place. The solution was stirred at 90° for 18 hr, and the
DA was removed under vacuum. CHCl; (150 ml) was added
to the residue, the solution was extracted twice with 50 ml of H.O,
and 1the CHCl; was removed under reduced pressure. The
resulting ester mixture was distilled; 1he fraction distilling a
190-1958° (0.5 nun) weighed 62.35 ¢ (64.1%). A portion was
redistilled for annlvsis: bp 194-1967 (0.5 mun). A aal. (CuHaOs)
H: C: caled, 69.33; (ound, 6%.65.

4-Plenyl-3-dicarbethoxybutyric Acid (II1).---Benzy] 4-phenyl-
J-diearbethaxybutyrate (17.77 g) in 200 ml of 95¢; EtOH was
hiydrogenated at 2.8 kg/em?in the presence of 0.5 g of PdO.-aH.0
for 18 hr. The Pd was removed by filtration through Celite.
The LtOH was removed in vacuo, and the last traces of H;O were
removed azeotropically with CeHe. The remaining oil solidified.
Afver drying in vacno, the material hid 1 neutralization equivalem
of 311 (theoretical 508y and mp 73-817; It was used withom
fnrther purifieation.

An analytieal saumple was prepared by dissolving 1.0 g in a

(37 () . R, Lewel aad B E, Srell, J. Biol. Chem., 235, 3528 (1960);
(1) 1. R. Leach and E. E. Snell, Biochim. Biophys. Acta, 34, 292 (1959).

¢4) All melting points were determined on a Fisher-Johns melting poiut
appuritus and are uncorrected. Reduced-pressure evaporations were per-
formed at water aspirator pressures using a rotary evaporator. The paper
cheomatogriams were prepared by the ascending technique using the solvents
tudicated, and the spots were developed with ainhydrin reagent. The elemental
wadyses weee pecforioed 1os Gallreaitle Labneotodes, Kioxville, Tent, Wleye
woadyses wre Dalicated only by the syudols of the elemeats, analyticad resudis
nhtamed for those elements wece within £0.49; of the theoreticul valaes.

(3 C. 8, Marvel, “Ocguide Syntheses," Coll. Vol, IT1, Jolm Wiley aod Sows,
Ine., New York, N, Y., 1965, » 705,
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stiurated KHCO; solution, extracting twice with EGO, acidilyving
the KHCO; solution, and extracting the oil which separaied into
0. The ethereal solution was coneentrated (o an il and
seeded to initwe erystallization,  The ervstalline material wos
dried 20 vocuo; mup 76-797. laal. (CisllaeQy) C, 11,
Ethyl 2-Benzyl-5-phithalimido-2-carbethoxylevulinate (1V .

A 13.5-g (0.044 mole) portion of 4-phenyl-3-dicarbethoxyvimuyvrie
aetd was heated wt 707 for 2 hr with 6.25 g (0.0328 molet of SOCl..
After standing overnight at room temperature, the excess SOCI.
was removed foocoeno. Auhydrons Celdg (30 ml) was added and
vemoved du e, This erude materiad hod the expected ir
spectrum for 4-phenvl-s-diearbethoxvhutyryl ehdoride. ond was
nszed without further purification.

Approxinuely 0.022 mole of 4-phenyl-3-dicarbethoxybutyryl
chloride, dissolved in 125 ml of anhvdrous 190, was added (o
approximately 3 g of CIHaNy in 200 ml of LIOH-ree 190 at 07,
The solution was allowed to stand 1 hr at 07 and 4 Iir o room
temperature.  The excess CHoNa was removed under rednecd
pressure.  The oil which reamained was dissolved i 150 ml of
anhvdrous 190, ond dry FICT was hubbled into the 12120 sohition
unttil Nuevolution ceased. A vellow oil remained niver the 110
and HCL were removed /i vacno. AMtempts 1o redistil this mate-
rial resulted in decomposition: there(ore, the ernde ethyl 2-benzyl-
S-phthalimido-2-carbethoxvlevalinate was nsed without pirifiea-
tion.

Approximtely 0.02 mole o etlhivl 2-benzyl-5-chloro-2-carls-
ethoxylevilinaie was andded to 2,96 g (0.016 mole) of potassium
plnhalimide in 30 ml of DMY, and @ mild exothermie reaction
oceurred.  After the misture was stirred for 2 e ar 85°, 70 ml of
CHCI; was added and the CHCl; solution was exiracted (wice
with 40 ml of [1.0). The CHCl; was removed mnder reduced
pressure, and a dark brown viscous ol remained.  The ol was
dissolved o smadl volime of 1940, and perroleum ether was
added vo precipiiate the oil. The oil ervstallized after about 10 hr.
The crude material weighed 7.1 g (987 hased on 0.016 mole of
potassimm phithalimider. Five recrystadlizations from 195120
petrolemn ¢ther (bp 37-60 77 gave white microervsials, mp 100
1017 luel. (CuHauNO:) Ho N C: caled, 66.51; fonnd, 65.96.

2-Benzyl-5-aminolevulinic Acid Hydrechloride (I3 12thyvl
2-henzyl-5-phthalimido-2-carbethoxvlevulinate (2.4 g: was dis-
solved in 30 ml of glacial HOAe. Concentrated HCL was added
to the HOAe nmil o faine permanent precipitate was obtained.
The solution was allowed (o reflux Tor 12 Iir and was then con-
cemrated (o opproxinmately 20 ml under redneed  pressare.
H.O (20 ml} was added and the volume was reduced agnin. The
addition of H.O and subsequent reduetion of volume was repented
five (imes, and then the plhithalie acid which sepurted was
removed.  The filtrte was coneentrated toan oil inder redneed
pressire. Tocthis «dl 10 ml of dioxane was added followed hy a
Large volume of anbyvdrons 16O, Alter 1 hir, a flufly mass ol
ervstals hiad formed in the dioxane and 120 solution and was
separafed (rom the oil whicli remained.  After deving, the white
platciets weighed 0.86 g mp 57-657.  The remaining oil was
covered with anhyvdrons 1.0 and ervstallization oeemred alter
several hours,  The slightly vellow ervstals weighed 0,16 g,
mp 1551647 dee. The toral vield was 1.02 g (75.5¢ 1 The
first erop tha was colleeted, atter (ritnration with hot dioxane,
gnve the analytical sample, mp 163-169° dee. The 1 speetrim
wis consistent with the assigned struetire. With ninhvdrin,
2obenzyvl-5-aminolevulinie weid hvdroehloride gave avelloaw color
which slowly chianged 10 pirple. 2y values were 0.24 in »-BnO1}
suturaned with ILO and 0.75 i pyridine-1{:0 (63:55). Lnal.
'C[_\I{IUCIN(),) C H. N

Microbiological Assays. —l7or /<. cufi, a previonsly describeds
morgnic salts-ghicose medinn was used, and the organism was
meubsated at 377 far (5 hr. L. peesenteroides was grown i o
medinm which has heen veported elsewhere ®

In all assays growth was measnured with o tirbidimeter
which distilled water rend 0 and an opaque object read 100, For
the data in Table T dry weight ol cells was determined by reler-
enee (o o standard enrve in which the weight of dry eells per
milliliter was plotied ngainsC turbidimeter readings.

i) FLW, Dac, 1AL Ruvel wad W Sdve, S Biol. Cirenc, 219, 809 (1486
T B Steele, H. 1L Siaderticle AL S Reyvrolds, o O AL Bt
ibid., 177, 513 (1944,



