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w/v were prepared and the surface tensions measured at 22 +
1 °C. Fourfold analyses were made for each concentration and
the mean was taken. The surface tensions plus or minus the
standard deviation of 0.1% aqueous solutions are reported in
Table L

Critical Micelle Concentration Determinations. The
critical micelle concentrations of the N’-(pyridinioacetyl) fatty
acid hydrazides have been determined by a surface-tension me-
thod.® The results were plotted as surface tension against log
surfactant concentration. The ¢cmc was interpreted from the
intercept of two straight lines (Figure 1).

Antimicrobial Assays. In vitro antimicrobial activity was
determined using the autotitration method.” The bacteria were

inoculated into tryptose phosphate broth (Difco) and incubated
at 37 °C for 18-20 h. The fungi were inoculated into proteose
peptone no. 3 maltose and incubated at 23 °C for 3-5 days.
Absence of growth (turbidity) was indicative of the activity of
the drug being evaluated. The lowest level of drug which com-
pletely inhibited the development of growth is considered the MIC.
Results are summarized in Table II.
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The (&) title compound was prepared to evaluate prior observations that certain v-aminobutyric acid (yAbu) congeners
in the transoid disposition demonstrate yAbu receptor binding activity. It was prepared by a multistep sequence
from (&)-methyl trans-2-(hydroxymethyl)cyclobutanecarboxylate. In a sodium-independent binding assay, the specific
binding of (£)-1 to synaptic membranes prepared from rat brain tissue was !/,4500 that of YAbu.

The conformational requirements necessary for biolog-
ical activity of y-aminobutyric acid (yAbu) have become
the topic of several research studies. Although the con-
formational requirements of yAbu-ergic compounds have
been inferred by physical analysis and theoretical calcu-
lations,'™ the preparation and subsequent pharmacological
testing of structurally rigid molecules containing a segment
of the yAbu molecule®® have become the most useful ap-
proaches to investigations of this type. These latter studies
with the rigid analogues have led to the suggestion that
an extended conformation of yAbu is preferred for binding
at the receptor and is required for pharmacological ac-
tivity.> In order to further test this hypothesis, we have
prepared (£)-2-(aminomethyl)cyclobutanecarboxylic acid
hydrochloride (1), a molecule conformationally restricted
to resemble the extended form of yAbu. We have tested
this agent for its ability to compete with yAbu for sodi-
um-independent synaptic membrane binding sites pre-
pared from rat brain tissue.

Results and Discussion

Synthesis of (£)-1 from (£)-methyl hydrogen-trans-cy-
clobutane-1,2-dicarboxylate (2) is outlined in Scheme I.
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Table I. Sodium-Independent vy Abu Receptor Binding
in Rat Brain Tissue

IC,, of

[*H]yAbu

binding,® relative
mol/L affinity

3.20(£0.12) 6.3
x 107°b

yAbu 2.00(+0.03) 1
X 10782

3.80 (£0.27) 1hs0
x 1076 b

(%)-trans-2-(aminomethyl)cyclo- 2.90 (£0.14) 1/14500
butanecarboxylic acid X 1074%

¢ Mean (x SEM) of four to six experiments performed
in triplicate. ® p = 0.05 as compared to y Abu.

Reduction of 2 with diborane gave the acid alcohol 3, which
was readily converted to the tosylate 4. Displacement of
the tosylate with sodium azide resulted in the azido ester
5, which due to its explosive nature was not purified.
Reduction of 5 yielded the amino ester 6, which was sub-
sequently hydrolyzed with hydrochloric acid to the amino
acid 1.

The potency of (+)-1, relative to other yAbu agonists
and antagonists, in displacing [*H]yAbu from sodium-in-
dependent yAbu binding sites was examined in crude sy-

agent tested

muscimol

bicuculline
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Notes

naptic membrane-rich fractions of rat brain as described
by Enna and Snyder.!® Sodium-independent binding sites
for [*H]yAbu possess the chemical specificity required of
the physiological postsynaptic yAbu receptor!®'? and,
therefore, represent a useful model for determining the
structural requirements for the agonist and antagonist that
will interact at these sites. The results of the testing are
summarized in Table I. Muscimol was the most potent
of the agents tested, with a sixfold higher affinity for
[*H]yAbu binding sites than yAbu itself. On the other
hand, bicuculline, an antagonist at the postsynaptic yAbu
receptor, was about two orders of magnitude less potent
than yAbu. Both of these findings are consistent with
previous reports in the literature.®!14

(£)-1 was also effective in displacing [*(HlyAbu from the
sodium-independent binding sites; however, its relative
affinity for these sites was particularly low. The low af-
finity of (£)-1 for sodium-independent yAbu binding sites
illustrates the delicate balance between the role of elec-
tronic and steric effects in determining the biological ac-
tivity of yAbu analogues. Incorporation of a 2- or a 3-
methyl group into the yAbu molecule reduces the relative
affinity of these agents, with respect to yAbu, by three
orders of magnitude.!* In addition, restricted rotation, by
incorporation of the yAbu molecule into the trans- and
cis-3-aminocyclopentanecarboxylic acid, reduces the af-
finity for yAbu binding sites by two and three orders of
magnitude, respectively.'®

Enhanced affinity for sodium-independent binding sites
has been observed for both muscimol and trans-4-amino-
crotonic acid (TACA),® both of which are six- and twofold
more potent than yAbu, respectively, and are extended
planar analogues of yAbu but differ in electronic nature.
Recently,'® (&)-trans-2-(aminomethyl)cyclopropane-
carboxylic acid was found to closely approximate yAbu at
its sodium-independent binding sites. It is of interest to
note that the nonplanar nature of the extended substituted
cyclopropane moiety appears to be unfavorable for yAbu
binding compared to muscimol and TACA. However, the
additional sp? nature of the cyclopropane moiety appears
to compensate for the nonplanar methylene interaction.

If an explanation for the lack of yAbu-binding activity
of (£)-1is attempted on the basis of structural comparison,
it is found that the overall molecular dispositions of
muscimol, TACA, and/or yAbu in the extended confor-
mation approach planarity. However, in its extended
conformation, (£)-1 has the 3,4-methylene bridge of the
cyclobutane ring system residing orthogonal to the plane
of the yAbu molecule. This additional protrusion and the
lack of sp? character of the cyclobutane ring system may,
in fact, account for the lack of effective drug-receptor
interaction in this binding assay. These data are consistent
with the proposal that a planar transoid disposition of the
vAbu molecule is significant in interactions with the yAbu
receptor.
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Experimental Section

All melting points and boiling points are uncorrected. Melting
points were determined in open glass capillaries using a Thom-
as-Hoover Uni-melt apparatus. IR spectra were recorded with
a Beckmann IR-18 spectrophotometer, and NMR spectra were
recorded with Varian Associates T-60 and EM-360 spectrometers
using tetramethylsilane as an internal standard. Elemental
analysis were performed by Galbraith Laboratories, Inc., Knoxville,
Tenn. Where analyses are indicated by symbols of the elements,
the analytical results were within £0.4% of theoretical values.

(£)-Methyl trans-2-(Hydroxymethyl)cyclobutane-
carboxylate (3). Following an analogous method of Schroff et
al.,V” diborane gas, generated by the dropwise addition of a diglyme
solution of sodium borohydride (4.26 g, 0.113 mol) to a stirred
mixture of boron trifluoride etherate (58.1 g, 0.2 mol) and diglyme
(20 mL), was swept by a slow stream of N, into a solution of 8.0
g (0.05 mol) of (£)-methyl hydrogen-trans-cyclobutane-1,2-di-
carboxylate in 50 mL of Et,0O at room temperature. Generation
of BH; gas was continued until a dense turbidity appeared, and
the material precipitated out giving a clear solution (1 h). The
solution was stirred at room temperature for an hour, followed
by methanolysis and the removal of volatiles at 45-50 °C in vacuo.
The residue was taken up in Et,0 and extracted with 5% NaCOs;.
The ethereal layer was separated, dried (A,SO,), and concentrated
in vacuo to an oil, which was distilled through a Vigruex column
to give 5.4 g (75%) of a colorless liquid: bp 78-80 °C (0.35 mmHg)
[lit.*s bp 81-82 °C (1.0 mmHg)].

(£)-trans-2-(Carbomethoxy)cyclobutanemethyl p-
Toluenesulfonate (4). To a stirred solution of 5.0 g (0.035 mol)
of 3 in 35 mL of pyridine at 0 °C was added 13.34 g (0.07 mol)
of p-toluenesulfonyl chloride over 20 min. The solution was
permitted to stand (10 °C) with occasional swirling for 72 h. The
resultant solution was poured over 40 mL of ice-water to give an
oily precipitate. The mixture was extracted with Et,0, and the
combined extracts were washed with cold 5% HCI and H,0 and
dried (K,CO3-Na,SO,). The volatiles were removed under re-
duced pressure to leave a liquid residue, which was crystallized
from petroleum ether and acetone. The white solid was collected
and dried in vacuo at room temperature to yield 8.54 g (83%)
of tosylate, mp 44-45 °C. Anal. (C;,H,30;S) C, H, N.

(£)-Methyl trans-2-(Azidomethyl)cyclobutanecarboxylate
(5). To compound 4 (2.0 g, 0.067 mol) in 20 mL of 60% (v/v)
acetone—water was added 0.91 g (0.014 mol) of sodium azide. The
mixture was heated on reflux on a steam bath for 18 h. The
acetone was removed at reduced pressure and the cooled aqueous
solution was extracted with CHCl;. The combined extracts were
dried (MgSO,) and concentrated in vacuo to leave a clear liquid
residue: IR (neat) 2100 cm™ (N=N), 1740 cm™ (C=0); NMR
(CDCl,) 6 1.6-2.4 (m, 4 H), 2.5-8.1 (m, 2 H), 3.4 (d, 2 H), 3.73
(s, 3 H).

(£)-Methyl trans-2-(Aminomethyl)ecyclobutane-
carboxylate (6). Compound 5 (4.8 g, 0.028 mol) in 200 mL of
10% (v/v) chloroform-methanol was hydrogenated with 0.15 g
of 10% Pd/C in a Parr shaker at an initial pressure of 30 psig.
The hydrogenation flask was swept out intermittently with fresh
hydrogen. After 20 h, the reaction mixture was filtered and the
volatiles were removed under reduced pressure. The residue was
taken up in 100 mL of methanol and refluxed with 2.7 g of H,SO,
(concentrated) for 12 h. The cooled reaction mixture was con-
centrated in vacuo to about 15 mL, taken up in 25 mL of 1% HCI,
and extracted with CHCl;. The aqueous acid solution was then
adjusted to pH 10 with 5% Na,CO; and extracted with CHCl,.
Combined CHCl; extracts were dried (MgSO,) and concentrated
in vacuo to leave an oil, which was distilled to give 1.76 g (44%)
of a colorless liquid, bp 49-50 °C (0.15 mmHg). Anal. (C;H;3sNO,)
C,H,N.

(£)-trans-2-(Aminomethyl)cyclobutanecarboxylic Acid
Hydrochloride (1). Compound 6 (1.75 g, 0.012 mol) was refluxed
with 1 N HCI (20 mL) for 2 h. The volatiles were removed under
reduced pressure to leave a white solid residue, which was re-
crystallized from Me,CO-H;0 to yield 1.45 g (72%) of the product,
mp 144-146 °C. Anal. (CgH;3)NO,C]) C, H, N.
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Sodium-Independent [*H]yAbu Binding Assay. The Na-
independent binding of [*H]yAbu was determined in crude sy-
naptic membrane-rich fractions of rat brain as described by Enna
and Snyder!® with only minor modifications. Briefly, whole rat
brain was homogenized in 15 volumes of ice-cold 0.32 M sucrose
using a Teflon—glass homogenizer. By differential centrifugation,'®
the homogenate was fractionated into a crude synaptic membrane
pellet that was frozen at —20 °C for at least 18 h prior to use.

The frozen synaptic membrane pellet was resuspended (1 mg/1
mL) in 0.06 M Tris—citrate buffer (pH 7.1) containing 0.05%
Triton X-100."* The suspension was incubated at 37 °C for 30
min and then centrifuged at 48000z for 10 min (4 °C). The 48000g
pellet was resuspended in 0.05 M Tris—citrate buffer (pH 7.1),
and aliquots of the suspension were incubated with 8.0 nM
[*H]vAbu (36.1 Ci/mmol) for 5 min at 4 °C in the presence and
absence of various concentrations (concentration range of each
agent tested was 1 nM to 1 mM) of known yAbu receptor agonists,
antagonists, or (£)-1. Following incubation, the suspension was
centrifuged at 48000g for 15 min. The resulting pellets were
dissolved in Soluene-350 (Packard Instrument Co.), and the ra-
dioactivity was assayed in Dimilume-30 (Packard Instrument Co.)

with a Packard liquid scintillation spectrometer equipped with
automatic standardization.

Nonspecific Na-independent binding was determined in the
presence of excess unlabeled yAbu (5 X 10% M). Total specific
Na-independent yAbu binding was obtained by reducing the total
bound radioactivity by an amount equal to that not displaced by
excess unlabeled yAbu. The IC;, value for each agonist, antag-
onist, or (+)-1 was obtained by plotting the total specific Na-
independent binding (as a percentage of control) at each con-
centration of agonist, antagonist, or (£)-1.1% All experiments were
performed in triplicate. Total protein in the synaptic membrane
fraction was determined by the biuret method.!® Statistical
significance (p = 0.05) was determined by Student’s ¢ test.
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Representatives of three types of congocidine (1) analogues were synthesized. These were tested for cytotoxicity,
inhibition of herpes simplex virus (HSV) replication in cultured cells, and effects on the synthesis of HSV DNA
in isolated nuclei in vitro, as well as on DNA synthesis by purified HSV DNA polymerase. All synthesized tripyrrole
derivatives of congocidine were less cytotoxic and more active than the parent drug in all the three antiviral tests.

Congocidine (1) is a basic oligopeptide isolated from the
fermentation medium of Streptomyces chromagens and
Streptomyces umbifaciens.2® The chemical structure of
1 was established by a series of degradations and a total

H

HC(HZNCNHCHZCONH
CONH——{CH7 )5 —c ~HCI
2

congocidine (1

synthesis.*® An antibiotic named netropsin was isolated
from a fermentation medium of Streptomyces netropsis®
and different chemical structures were assigned to it.”*
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In 1964, the correct chemical structure of netropsin was
established by proving its identity to congocidine.’® Still,
there are several cases (e.g., ref 11) where a wrong chemical
structure is given for congocidine (or netropsin).!!
Congocidine has very interesting biological activities,
such as antibacterial,'? antiparasitic,>*'% and antiviral. As
an antiviral drug, congocidine inhibits the multiplication
of DNA viruses, such as vaccinia virus,>® HSV,* and
SFV,!® and reteroviruses, such as RSV,'® RuLV,'” and
FeLV.1® Congocidine and distainycin A'® (2) are the major
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