Notes
employed by dissolving 1-3 in 10 mM aqueous NaOH solution.
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There is evidence that, in its receptor-binding conformation, the N and C terminus of LH-RH may be in close proximity
and two cyclic analogues of the hormone were synthesized to test the hypothesis. Cyclic [8-Ala!,n-Ala%,Gly!°]- and
[6-aminohexanoic acid!,p-Ala?,Gly!?]-LH-RH were prepared by treatment of their linear precursor peptides with
dicyclohexylcarbodiimide in the presence of 1-hydroxybenzotriazole in dilute dimethylformamide solution. Although
the linear peptides possessed no detectable LH-releasing activity in ovariectomized rats, the cyclic 8-Ala analogue
had 1.2% the activity of LH-RH, whereas the longer chain cyclic 6-aminchexanoic acid analogue had 0.65% activity.
These results support the concept of an important interaction between the ends of the LH-RH molecule possibly
involving hydrogen-bond formation between the pyrrolidone carbonyl group of pyroglutamic acid and the glycinamide

group.

It is now reasonably well established by analogue studies
and free-energy analysis®® that the active conformation of
LH-RH contains a type II 8 bend hinged around glycine
in position 6. A notable consequence of this is that the
substitution of D-amino acids,* particularly those with
bulky side chains,® results in large increases in gonado-
tropin-releasing activity presumably due to the stabili-
zation of the 8 bend. With this configuration at the center
of the chain, the LH-RH molecule assumes a “U” shape
in which the <Glu residue in position 1 and glycinamide
in position 10 are in quite close proximity.

Structure-activity studies® on <Glu strongly suggest that
the pyrrolidone carbonyl group contributes to full bio-
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logical activity by taking part in hydrogen-bond formation
either with a complimentary group on the receptor or with
some part of the LH-RH chain itself. Slight alterations
to Momany'’s CC conformer?® for LH-RH, which was de-
rived from computer minimum free-energy calculations
and a consideration of analogue activities, readily enable
<Glu and glycinamide to approach close enough for hy-
drogen-bond formation between the vy-carbonyl group and
the glycine NH, group.

If there is such an interaction between the termini of
LH-RH, then it should be possible to covalently link the
ends of the peptide chain and at least retain appreciable
biological activity. At best, if the optimum stereochemical
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requirements for such a linkage were determined, it might
be possible to obtain analogues with increased biological
activity due to irreversible stabilization of the active
conformation. In this study, two cyclic analogues were
synthesized with linking groups of different lengths. They
were formed by the cyclization of linear peptides with free
amino and carboxyl terminals since LH-RH is blocked at
both ends. Both peptides contained D-alanine in position
6 as a possible conformational aid in the cyclization re-
actions.

Experimental Section

Unless otherwise stated, amino acids were of the L configuration.
Amino acid derivatives were purchased from Bachem, Inc.,
Torrance, Calif.

All amino acids were protected at their a-amino groups by
tert-butyloxycarbonylation. Reactive side chains were protected
as follows: Arg, tosyl; Ser, benzyl; Tyr, 2-bromocarbobenzoxy;
His, tosyl. The protected amino acids (3 mmol) were coupled in
a Beckman Model 990 automatic peptide synthesizer to a 1%
cross-linked, divinylbenzene—polystyrene Merrifield glycyl resin
{1 mmol, 0.5 mmol of amino acid per gram of resin) in the presence
of dicyclohexylcarbodimide (3 mmol), and tert-butyloxycarbonyl
protection was removed at each step by treatment with 33% TFA
in CH,Cl,. The details of the synthetic cycle have been previously
described.”

The completed peptides were cleaved from the resin and
deprotected simultaneously in hydrogen fluoride containing 10%
anisole (45 min, 0 °C) and purified as described below. The
homogeneity of final products was demonstrated by TLC on 8iO,
plates in the following solvent systems: (A) 1-BuOH-AcOH-H,0
(4:1:5, upper phase); (B) 2-PrOH-1 M AcOH (2:1); (C) 1-
BuOH-AcOH-H,0-EtOAc (1:1:1:1); (D) EtOAc-pyridine-
AcOH-H,0 (5:5:1:3). Solvent fronts were allowed to travel 10-12
cm and spots were visualized with ninhydrin (cyclic peptides
negative) followed by Cl-starch—-KI reagents. Amino acid analyses
were carried out on samples which were hydrolyzed (110 °C, 18
h) in 4 M methanesulfonic acid containing 0.2% 3-(2-amino-
ethyl)indole® using a Beckman 119 amino acid analyzer.

3-Ala-His-Trp-Ser-Tyr-D-Ala-Leu-Arg-Pro-Gly-HCI (I).
After its solid-phase synthesis and HF cleavage, the crude peptide
was purified on a column (2.5 X 95 cm) of Sephadex G-25 (fine)
by elution with 0.2 M AcOH followed by partition
chromatography® on a column (2.5 X 95 cm) of Sephadex G-25
(fine) using 1-BuOH-1-PrOH-AcOH-H,0 (7:1:2:10) as the bi-
phasic medium. The major peak obtained from elution volumes
530-770 mL yielded pure peptide acetate salt. This material was
converted to its hydrochloride by stirring with Dowex IRA 400
resin (Cl form) to give peptide I in 24% yield: R/(A) 0.1, R/(B)
0.3, RAC) 0.25, R(D) 0.4; [a]p -7.5° (¢ 0.53 in 0.2 M AcOH; T,
26 °C). Amino acid analysis gave Ser, 0.92; Pro, 1.04; Gly, 1.00;
Ala, 1.01; Leu, 1.01; Tyr, 1.00; 3-Ala, 0.98; His, 0.93; Trp, 0.97;
peptide content, 87%.

cyclo-(8-Ala-His-Trp-Ser-Tyr-D-Ala-Leu-Arg-Pro-Gly) (II).
A solution of peptide I (120 mg, 0.1 mmol) in 50 mL of DMF was
dropped into a stirred solution of DCC (20 mg, 0.1 mmol) and
1-hydroxybenzotriazole (31 mg, 0.2 mmol) in 50 mL of DMF at
room temperature over a period of 12 h. Two days later, the
solvent was removed and the crude residue was purified by gel
filtration on a column (2.5 X 95 cm) of Sephadex G-25 (fine) by
elution with 0.2 M AcOH followed by partition chromatography
on a column (2.5 X 95 cm) of Sephadex G-25 (fine) in the solvent
system 1-BuOH-1-PrOH-AcOH-H,0 (7:1:2:10). The major peak
obtained from elution volumes 180-300 mL resulted in 20 mg of
pure peptide Il: R/{(A) 0.2, R(B) 0.45, R{C) 0.5, R¢(D) 0.7; [a]p
—-25°C (¢ 0.7 in 0.2 M AcOH; T, 26 °C). Amino acid analysis gave
Ser, 0.92; Pro, 1.05; Gly, 1.00; Ala, 1.00; Leu, 1.02; 3-Ala, 1.01; His,
0.94; Trp, 0.89; Arg, 0.97; peptide content, 71%.

6-Aminohexanoyl-His-Trp-Ser-Tyr-pD-Leu-Arg-Pro-
Gly-HCI (III). The crude peptide was purified in a similar
manner to peptide I. A major peak from elution volumes 400560
mL off the partition column yielded peptide acetate which was
converted to peptide III in 23% overall yield: R{(A) 0.12, R{(B)
0.25, Rf(C) 0.25, R,—(D) 0.47; [a]lp -26 °C (¢ 0.77 in 0.2 M AcOH;
T, 26 °C). Amino acid analysis gave Ser, 0.90; Pro, 1.00; Gly, 1.00;

Notes

Table I. LH-Releasing Activities of LH-RH Analogues in
Steroid-Treated, Ovariectomized Rats®

% act. with 95%

serum LH levels, confidence
peptide dose, ng ng/mL + SE limits
saline 64.80 £ 7.21
LH-RH 2.5 481.12+ 21.61
10 831.31 + 83.28 100
peptide T 250 80.74 + 6.48
1000 65.69 £ 5.31 <0.01
peptide III 250 80.64 + 7.79
1000 74.24 + 4.65 <0.01
saline 51.72 + 3.50
LH-RH 2.5 206.80 « 7.98
10 332.39 + 22,67 100
peptide II 250 206.67 + 13.51
1000 364.59 + 7.07 1.20 (0.92-1.56)
peptide IV 250 151.02 + 9.83
1000  315.81 = 17.83 0.65 (0.48-0.89)

¢ Six per group.

Ala, 1.00; Leu, 0.87; Tyr, 1.00; His, 0.96; Trp, 0.87; Arg, 1.00;
peptide content, 84%.

cyclo-(6-Aminohexanoyl-His-Trp-Ser-Tyr-D-Ala-Leu-
Arg-Pro-Gly) (IV). A solution of peptide III (88 mg 75 umol)
in dimethylformamide (50 mL) was dropped into a stirred solution
of DCC (17 mg, 82 umol) and 1-hydroxybenzotriazole (25 mg, 160
umol) in dimethylformamide (80 mL) over a period of 10h at room
temperature. Two days later, the solvent was removed and the
residue purified in a similar manner to peptide II. The major
peak from elution volumes 200-270 mL gave pure peptide IV in
20% yield: R/(A) 0.25, R{B) 0.5, R/(C) 0.5, R{D) 0.T; [a]p —5.7°
(c 0.7 in 0.2 M AcOH; T, 26 °C). Amino acid analysis gave Ser,
0.96; Pro, 1.02; Gly, 1.00; Ala, 1.00; Leu, 0.95; Tyr, 0.99; 6-
aminohexanoic acid, 1.01; His, 1.03; Trp, 0.89; Arg, 1.00; peptide
content, 70%.

Evidence of Cyclic Nature of Peptides IT and IV, It was
considered necessary to prove that the purified products of the
cyclization reactions were indeed cyclic. Linear precursors and
cyclic products were, therefore, digested with gastricsin enzyme!®
which was found to have some specificity for the Trp-Ser peptide
bond in LH-RH. The cleavage products were subjected to TLC
(system C) and N-terminal amino acid determinations by the
dansyl Edman procedure.!’ After digestion, both of the linear
peptides gave predominantly two ninhydrin-positive spots by TLC.
The N-terminal amino acids of these fragments were found to
be 3-Ala and Ser for peptide I and 6-aminohexanoic acid and Ser
for peptide I1I. The cyclic analogues gave only one ninhy-
drin-positive spot and, in both instances, only N-terminal Ser was
detected as expected. An indication of the correct molecular size
of the cyclics was obtained during gel filtration on Sephadex G-25.
Both peptides eluted slightly later than their linear precursor
peptides, suggesting that polymeric materials were not present.

Bioassays. The LH-releasing activities of the peptides (Table
) were determined by the stimulation of LH release at two dose
levels in ovariectomized rats pretreated!*!® with estrogen and
progesterone, followed by radioimmunoassay** for LH. Serum
LH levels were compared with responses elicited by administration
of saline alone and 2.5- and 10-ng doses of synthetic LH-RH.

Results and Discussion

Cyclization yields (in the region of 20%) from the re-
actions of the linear peptides with DCC in dilute DMF
solutions were generally improved by the addition of 1-
hydroxybenzotriazole!® to the reaction mixture. Con-
version of the linear peptides to their HCI salts prior to
their cyclization also had favorable effects possibly due to
the prevention of acetylation reactions caused by the
presence of acetic acid.

Since <Glu and GlyNH, are very critical residues for
the biological activity of LH-RH, the extremely low
LH-releasing activities (<0.01%, Table I) of the two linear
compounds, peptides I and III (Chart I), in which these
amino acids are replaced, were to be expected. Upon
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Chart I. Amino Acid Sequences of LH-RH and the
Cyclic Analogues
< Glu-His-Trp-Ser-Tyr-Gly-Leu-Arg-Pro-Gly-NH,
1 2 3 4 5 6 7 8 9 10
LH—RH

[ |
NH(CH,),CO-His-Trp-Ser-Tyr-D-Ala-Leu-Arg-Pro-Gly
cyclic [g-Ala',D-Ala®,Gly'°}LH-RH

I |
NH(CH,),CO-His-Trp-Ser-Tyr-D-Ala-Leu-Arg-Pro-Gly
cyclic [6-aminohexanoic acid!,D-Ala®,Gly'°}LH-RH

cyclization, however, their activities increased enormously
and the cyclic analogues II and IV (Chart I) were found
to have 1.2 and 0.65% the LH-releasing activity of the
standard LH-RH preparation, respectively. The best
explanation for this is, we believe, that a close proximity
exists between the ends of the LH-RH decapeptide chain
in its receptor binding conformation, particularly since the
shorter chain cyclic peptide was the most potent. It is
possible that such an interaction, when worked out in
detail, might explain many of the biological properties of
some LH-RH agonists and antagonists, many of the more
interesting of which contain critical modifications in their
N- and C-terminal regions.
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A series of 2-substituted primaquine analogues has been synthesized and evaluated against Plasmodium berghei
in the mouse and Leishmania donovani in the hamster. Three members (3a,d,e) of the series were evaluated against
Plasmodium cynomolgi in the rhesus monkey. One analogue (3d) was evaluated against Trypanosoma rhodesiense
in the mouse, and two (3b,e) were evaluated against Schistosoma mansoni in the mouse. Several analogues possessed
significant activity against P. berghei (3e,f) and L. donovani (3a,e).

Although quite toxic,! primaquine (1) is an important

Ol
N
HNCH(CH3) (CH2)3NH2

CH30

1,R
2,R
3,R

y

H
OCH,C,H,

= OCH,;, NH,, N(CH,),, Cl,
C,H,, CH=CH,, NHCOCH,

radical curative and causal prophylactic antimalarial agent.
Our earlier studies® had indicated that 2-benzyloxy ana-
logues, 2, were less toxic than primaquine, as measured in
the Rane mouse screen,® and this suggested the possibility
that 2-substituted 8-aminoquinolines may offer a lead in
the search for more effective and less toxic agents. We
have now synthesized and evaluated a number of variously
2-substituted analogues, 3. Selection of moieties for the
2 position was patterned after those which have shown
interest when present at the 4 or 5 position.*
Chemistry. Compounds 5a-¢ (Scheme I) were pre-
pared by direct nucleophilic displacement of the halogen
in 2-chloro-6-methoxy-8-nitroquinoline (4)® by an ap-
propriate reagent (e.g., sodium methoxide, phenol-
ammonia, or dimethylamine). The 2-amino analogue 5b
was converted to the 2-acetamido derivative 5g, and the
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8-nitro group of 5g and 5¢ was reduced with iron—acetic
acid® to yield 6g and 6c. Compound 5f (Scheme II) was
prepared from 6-methoxy-2-methyl-8-nitroquinoline (8),’
via the quaternary salt (10) of the Mannich base (9).8
Reduction of 5f with stannous chloride-hydrochloric acid
gave 6f, whereas reduction with Raney nickel-hydrazine
hydrate® gave 6e. Compounds 6a and 6d!° (prepared
directly from 4) were also obtained by Raney nickel-
hydrazine hydrate reduction. Alkylation of the amines 6
with 4-bromo-1-phthalimidopentane,!! utilizing the tri-
ethylamine procedure,!? gave the intermediate
phthalimidoalkylaminoquinoline derivatives 7. These were
subjected directly to hydrazinolysis, and the resulting
amines 3 were characterized as maleate or fumarate salts.
(During hydrazinolysis, the acetamido group present in 7g
and unreacted 6g was cleaved to give the desired 3b and
amine 6b.13) Pertinent physical and analytical data for all
new compounds are summarized in Tables I and IL
Biological Results. The antimalarial test results were
provided by the Walter Reed Army Institute of Research.
The suppressive activity was assessed against Plasmodium
berghei in mice by the method of Rane and co-workers.31
As noted in Table I, several 3 analogues were “‘active”, but
primaquine-like toxicity, as observed in the Rane test, was
still present, except for 3e. (No mouse data were available
for 3b.) Compounds 3a,d,e were also tested for radical
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