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I view of these findings it is surpriging that yohim-
hine and corynanthine (34, 35), which have the opposite
configuration of reserpine at position 3 and have o
trans-D-E ring junction, caused significant release of
cardiae norepinephrine-*H.  The depletion of norepi-
nephrine stores i brain by yohimbine has been re-
ported.”

As in the reserpine series, the ability to release car-
diae norepinephrine was lost on epimerization of posi-
tion 3 (pseudoyohimbine, 37). Quaternization of the
basic nitrogen resulted in loss of activity® as ix the
case with reserpine.  Releasing activity was also ob-
scrved with 17-8-hydroxyyohimbane (43). Study of
mwolecular models did not reveal any obvious spatial
correlations between reserpine and yohimbine. In
addition, pretreatment with bretylium or cocaine
cffected drug-induced release (¢f. Iigure 7 i ref 11)
differently for reserpine and yohimbine (Tuble TIT).

TasLe I1L
BrrEeT 01 COoCAINE AND BRETYLIUM 1N NOREPINEPHRINE
ARLEASE INDIICED BY RESERPINE AND YOHIMBINE®
Norepinephrine-#11
in heart,
77 of contrpl

Ploeking agenl Releaging agenl

N . 1)
Bretylium . a4
Coeaine L. a5

c Heserpine 2|
Bretylinm Reserpine a3
Coeaine Reserpine 23

. Yohimbine t5t)
Bretyliam Yohimbine 155
Cneaine Yohimbine )

¢ Cocaine or bretylium (20 mg/kg) administered subcutaneonsly
30 min after prelabeling mouse heart by the intravenous adminis-
tration of 5 uCi of norepinephrine-*H. Reserpine (1 mg/kg) or
voliimbine (5 mg/kg) were administered subentaneously at 60
min,  Mice were sacrificed at 180 min and norepinephrine-2H in
heart was determined as deseribed previonsly .

Bretylium partially blocked reserpine-induced release
but did not significantly alter the release ecaused hy
yohimbine. Coeaine had uno effect on reserpine-in-
duced release, but markedly potentiated the release
induced by yohimbine. The yohimbine-cocaine com-
bination produced severe sympathomimetic effects in
mice including piloerection, =salivation, and hyper-
activity. A similar lnerease in the toxieity of yohim-
bine is elicited by other drugs, such as imipramine,
which interferc with neuronal uptake of norepi-
nephrine.  These observations suggest o different
mode of action for reserpine and yohimbine. Cou-
tinuing studies in this laboratory indicate that the
abilities of reserpine and yohimbine to release cardiac
norepinephrine are not additive, but rather are partially
ecompetitive.!?
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The antibacterial action of l-aininocyclopentanecar-
boxylic acid (ACPC)'=* and the toxic action i1 mam-
mals have been reported.! This note deseribes three
homologs of ACPC. namely 1l-aniino-2,5-dimethyl-
cyclopentanecarboxylic aeid (I), 1-amino-2-methyl-
eyclopentanecarboxylic  aeid (II), and 1-amino-3-
methyleyclopentanecarboxylic acid (III), and their
toxic action on bacteria and niunmals.

It was found that IIT is about 1000 times more toxic
to Escherichia coli 9723 than ACPC. Compound II
12 much less toxie than ACPC and I showed no toxieity
at all.  Of 18 natural amino acids investigated, it was
found that isoleucine, leucine, and valine were more
powerful reversal agents for III than the others. In
cach case, elevated concentrations of the natural
amino acids caused greater toxicity reversal (see Table
I). Smaller differences in concentration gave incon-
sistent results ag the difference i reversal potential
was too small.

Conecerning toxicity to mice, it was observed that
with ACPC (see Tigure 1), n remarkable decrease in
weight occurred with subsequent death of the animals
i 9 days.  With III, the animals showed only a minor
decrease 1 weight, with an abrupt weight increase
beginning the 4th day after the end of the injections.
The other compounds examined were similar to the
galine controls.

Experimental Section

Syntheses.-—The amino acids were synthesized from the
corresponding ketones ¢ia the hydantoins by a procednre pre-
viously described.® Compound 1I was prepared in this manner
(nmp 295-300°) by L. Nicole.s The data of the synthesis of the
other compounds appear in Table IT.

Bacterial Studies-—A ztock enlture of Escherichia coli 9723
was employed. The salts-glncose medium described by Anderson?
wax modified as described previonsly? before nse.  The inocula-
tion and incubation methods employed were as deseribed pre-
viously.? The compounds to be tested were weighed into sterile
test tnbes and dissolved in sterile water. The solutions were
adjusted to pH 7 and added aseptically to the assay tnbes.
A dilute microbial cell <uspension with log-phase cells was utilized
for inoculation of the assay; one drop was added to each tube.
The ineubation was at 37° for I8 hr. The amonnt of growth was
determined tnrbidimetvically by menns of a nephelometer.
Utilizing the concemration scale shown in Table ITI, the roxieity
levels for the compownds are indicated. Compound T was not
toxie at the highest concentration that solability would allow
in this technique.

Attempts were made {0 reverse the toxicity of IIT by 18 natmral
amino acids: r-alanine, L-urgiuine, L-aspartic acid, r-cysteine,
r-glutamic acid, glycine, v-histidine, v-isolencine, r-leucine,
L-lysine, L-methioniue, t-phenylalanine, r-proline, L-serine, 1.-
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TasLe I
ErrecT oF VARYING AMOUNTS OF THREE NATURAL AMINO Acips oN REVERsaL oF Tox1ciTY oF
1-AMINO-3-METHYLCYCLOPENTANECARBOXYLIC Acip (11T)®

Nepbelometer reading,

599

Conen of amino acid, ug

111, Control 10-¢ 10-5 10-4 10-3 10-2 1071 1 10 102 103
mg/5 ml a b e a b ¢ a b ¢ a b e a b e a b e a b ¢ a b e a b ¢ a b ¢ a b ¢
0.000 74 60 68 78 62 87 83 61 88 79 60 88 78 63 Y6 79 64 99 80 62 Y3 73 58 93 78 55 88 76 5Y Y9 72 60 88
0.001
0.002 81
0.005 29 58 70 78 60 82 80 63 81 87
0.01 20 26 39 73 41 40 76 47 79 60 79 78 60 79 73 60 83
0.02 [o] [o] [o] [o][2] [o] 64 []48 75 46 49 70 25 72 52 40 76
0.05 0 Blropm Bl [BLBlI13 [ [0]s1
0.1 0 0 0 0 0 o [0]
0.2
0.5
1
2
5
10
¢a = L-valine, b = L-isoleucine, ¢ = r-leucine.
TaBLe II
CYCLOPENTYLAMINO AcIDs AND HYDANTOINS
B;
(pyridine—
Yield, H.0,
Compd Mp, °C % Formula¢ 70:30)
ACPC > 3000 97 CeHuNO, 0.77
Hydantoin of
ACPC 204-206¢ 83 C:H,N;0,
I 320-322 80 CsHisNO, 0.83
Hydantoin of I 188-190 74 CyH14N:0»
111 299-3004 97 C:Hi:NO, 0.82
Hydantoin of 111 224-225¢ 99 CsH(:N20»

¢ All compounds were analyzed for N and were within £0.49;
of the theoretical values. ® T, A. Connors and W. C. J. Ross, J.
Chem. Soc., 2119 (1960), reported mp 328-329°. ¢ H. R. Henze
and R. J. Speer, J. Am. Chem. Soc., 64, 523 (1942), reported
mp 204-205°. 4 N. Zelinsky and G. Stadnikoff, Ber., 39, 1722
(1906), reported mp 299-300°. ¢ M. Tiffeneau, B. Tchoubar,

7% weight change.

Saislambert, and LeTellier-Dupré, Bull. Soc. Chim. France, 445 24
(1947), reported mp 226°. o8 +
32 r \aA
Tasre III
36
mg/5 ml mg/5 ml
0.001 0.5 ’ e
0.002 1 1 2 3 4 5 6 7 & 9 10 11 12 13 14
0.005 < III 2 Days.
0.01 5 < ACPC Figure 1.—Weight changes in mice following injections of com-
0.02 10 pounds indicated: A = ACPC, B = compound II, C = com-
0.05 20 pound III, and D = compound I.
0.1 50
0.2 100 < 1I

threonine, L-tryptophan, L-tyrosine, and rL-valine. At 1 mg/3
ml, almost all of these substances caused a toxicity reversal.
An investigation was thus carried out at 100 ug/5 ml to determine
which substances at lower concentrations would reverse the
toxicity. It was found that isoleucine, leucine, and valine were
much more powerful reversal agents than the others and were
examined further. Table I shows the results where tenfold con-
centration differences in these particular componnds were em-
ployed.

Work with Mice.—The comparative toxicity of the substances
in Robidoux albino male mice (20 g) was examined in the follow-
ing imanner. FEach of the four compounds was injected at 500
mg/kg; 0.2 ml of a saline solution of the compound at pH 7
was injected intraperitoneally in an aseptic manner once daily
for 6 consecutive days; a minimum of six mice were employed
for each compound. The animals were then allowed to rest for
8 days, following which they were sacrificed and a brief autopsy
was performed. Figure 1 shows the results of the weight changes
observed.

Some Arylalkylamino Analogs
of Acyclic Analgetics
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Replacement of N-methyl by N-phenethyl in
analgetics where the nitrogen atom forms part of an
alicyclic system (e.g., morphine, and morphinan,
benzomorphan, and 4-phenylpiperidine derivatives)
invariably produces a compound of enhanced potency.!
Data pertaining to the same structural modification
in acyclic analgetics are sparse, however, the basic
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