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The synthesis of Tyrocidine A (TA), an antibiotic cyclic decapeptide, was achieved by a revised conventional

method.

the contribution of L-phenylalanine® and p-phenylalanine’ residues in TA to its antibacterial activity.

Two analogs of TA, 6-glycine-TA and 7-glycine-TA, were synthesized by a similar method to investigate

The

properties of synthetic TA were identical to natural TA. The antibacterial activities of the two analogs were weaker
when compared with TA; the activity of 6-glycine-TA being weaker than 7-glycine-TA. The three cyclic
peptides synthesized were subjected to droplet countercurrent chromatography (DCCC) and optical rotatory disper-
sion (ORD), and the elucidation of the difference in the activities between the two analogs was followed with DCCC

and ORD.

Tyrocidine A (TA) is an antibiotic cyclic peptide
isolated from Bacillus brevis and its structure has been
proposed to be that of 18a (Fig. 1). It is of interest to
note that the pentapeptide sequence, r-Val-L-Orn-L-
Leu-p-Phe-1-Pro, is found in gramicidin S (GS). In
1966, Ohno et al. synthesized a cyclic peptide corres-
ponding to the sequence of TA by a conventional
solution-phase method, and showed the synthetic
peptide to be identical to natural TA.?» Recently, we
synthesized TA and its analogs by a solid-phase
method.® As has been generally recognized for a solid-
phase method, we observed that the procedure to
synthesize the cyclic peptides, including TA, was easier
compared with a solution-phase method; however the
purity of the TA synthesized was inferior to that syn-
thesized by the solution-phase method.® In the present
study, therefore, we selected the solution-phase method
for peptide synthesis.
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I—-_—)L-Val—L-Orn—L-Leu—D-Phe—L—Pro—
L-Tyr—L-Gln—1..-Asn——Y—-—X<——|
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TA (18a) L-Phe  Dp-Phe
[Gly*]-TA (18b) Gly p-Phe
[Gly"]-TA (18¢c) 1-Phe  Gly

Fig. 1. Structure of TA and its analogs.

First we intended to synthesize pure TA through a
revised route in a solution-phase method. In the
previous paper,? Ohno et al. cyclized a decapeptide
active intermediate, H-Phe®~p-Phe-Asn-GIn-Tyr-Val-

Orn(Z)-Leu-p-Phe-Pro>-ONp,* as the key step. Re-
cently, we carried out the cyclization reaction of a
pentapeptide wviz several active intermediates and
observed that the azide and N-hydroxysuccinimide
intermediates were excellent ones in regards to high
yield, experimental simplicity and absence of racemiza-
tion.¥» By applying a mechanism of biosynthetic
cyclization, Tanaka et al.®) and Abe et al.)) indicated that
GS and its analogs could be obtained in excellent yields
by the cyclization reaction of linear peptides. In B.
brevis, TA is biosynthesized with the cyclization of a
linear decapeptide (H-D-Phe?*-Pro—Phe—p-Phe-Asn-
Gln-Tyr-Val-Orn-Leu?-OI1).” Considering the facts
previously mentioned, a route of TA synthesis was chosen
which would place a r-Leu?® residue at the C-terminal
and which would activate the carboxyl as an azide as
shown in Fig. 2. As described later, the route was
effective, giving pure TA in good yield.

Second, we intended to clarify the contribution of
L-Phe® and p-Phe” residues in the TA molecule to its
biological activity. For this purpose, we designed the
following syntheses of two analogs, [Gly®]-TA and
[Gly"]-TA (Fig. 1). The route for syntheses of these
analogs was similar to that of TA synthesis shown in
Fig. 2. The present paper reports the syntheses, and
physicochemical and antibacterial properties of TA and
its analogs.

For the syntheses of the three cyclic peptides (18a—c),
a hexapeptide ester (13) was prepared by stepwise
elongation from the carboxyl toward the amino end,
and this same component (13) was used throughout
the syntheses (Fig. 2). Boc-tetrapeptide-hydrazides

TABLE 1. ANTIBACTERIAL ACTIVITY OF CYCLIC PEPTIDES (Minimum inhibitory concentration, p.g/ml®)

Escherichia Staphylcoccus Bacillus Mpycobacterium
Compound coli vt subtilis 7 Takeo
GS 50 (>>50) 5 (10) 5( 5) >50 (>>50)
Natural TA >50(>>50) 20 (50) 10(10) >50(>>50)
Synthetic TA (18a) >50 (>>50) 20 (20) 10(10) >50 (>>50)
[Gly#]-TA (18b) >50(>>50) >50(>>50) 50(50) >50(>>50)
[Gly"]-TA (18¢) >50(>>50) 50 (50) 20(20) >50(>>50)

a) The assays were carried out with a bouillon agar medium. Numbers in parentheses
represent the concentration with a synthetic agar medium.

* Present address: Laboratory of Molecular Biophysics, University of Alabama, Birmingham, Alabama, U. S. A.
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Fig. 2. Synthesis of TA and its analogs.

(6a—c) were also prepared by stepwise elongation.
Boc—decapeptide ester (14a—c) was prepared by the
coupling of 13 and each azide derived from 6a—c; and
a protected cyclic decapeptide (17a—c) was prepared
by the cyclization reaction of each decapeptide azide
derived from 16a—c. '
For the syntheses of TA (18a) and its analogs (18b—
¢), 17a—c were subjected to hydrogenolysis, and the
cyclic peptides were obtained as crystalline hydro-
chlorides (18a—c-HCl). In a previous paper,® we
indicated that droplet countercurrent chromatography
(DCCC) was very effective in the isolation of a desired
peptide in a mixture of compounds of similar structures.
Here, we applied DCCC for the detection of possible
impurities in synthetic TA and the analogs. As shown
in Fig. 3, each cyclic peptide (18a—c) gave a single
peak without any additional peaks due to impurities.?
The synthetic TA gave a single peak at the same
position as natural TA. It is of interest to note that 18¢c
eluted faster than 18b because 18c is more hydrophobic

a, —Phe®-p-Phe’-; b, —~Gly-p-Phe’-; ¢, —~Phe®-Gly’-.

in the organic phase in DCCC in spite of the fact that
18b or 18c is an analog which replaced only one Phe
residue (position 6 or 7) with a Gly residue. The
homogeneity of 18a—c was further ascertained by paper
and thin-layer chromatographies, paper electrophoresis,
and elemental and amino acid analyses.

The antibacterial activities of 18a—e toward several
microorganisms were tested, the results shown in Table
1. It was proved that the specific activity of synthetic TA
was identical to that of natural TA. Both analogs

. (18b—c) exhibited weak activity against S. aureus and

B. subtilis; the results indicating that the aromatic side
chain of Phe residue at position 6 and 7 was important
for full activity, but not quite essential. At the beginning
of this study, we expected that [Gly”]-TA (18¢) which
the D-Phe’ residue is replaced might possess weaker
activity than [Gly®]-TA (18b) which the r-Phef is
replaced because we assumed that the p-configuration
at position 7 was more meaningful than L at position 6.
Contrary to our expectation, the activity of 18c was
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Fig. 3. Droplet countercurrent chromatography of the
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Fig. 4. ORD curves of the cyclic peptides. Solvent:
I, 50% EtOH; II, 6 M urea in 50%, EtOH. X
nTA and sTA; ——-, [Gly®]-TA (18b); ------ , [Gly™]-

TA (18c); -+-+-, GS.

slightly greater than 18b (Table 1). We can give no
definite explanation for the difference of specific activities
between 18b and 18c from the standpoint of molecular
structure, but we can show by the DCCC results that
hydrophobicity of 18c is greater than 18b and is clos
to TA (Fig. 3). '
The ORD curves of the peptides in 509, ethanol are
shown in Fig. 4-I. The curve of synthetic TA was
identical with that of natural TA. The negative troughs
of the two analogs were shallower than that of TA, but
the position at 233 nm was similar to TA and GS.
In a solution of 6 M urea, causing denaturation of some
polypeptides, the position of the troughs of the two
analogs shifted slightly to 229 nm while that of TA and
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GS remained constant. We showed that conformations
of the analogs are different (Fig. 4-1) from TA and more
flexible (Fig. 4-1I) than TA, and consequently the
biological activities of the two analogs are lower than
TA.

Experimental

Melting points were uncorrected. TLC was performed on
Merck silica gel G with the following solvent systems: R,
BuOH-AcOH-pyridine-H,O (15: 3: 10: 12, v/v); R, CH-
Cl-MeOH (5:1, v/v); R?, BuOH-AcOH-H,O (4:1:5,
v/v). Paper chromatography was performed on Toyo Roshi
No. 52 with the following solvent systems: R4, same solvent
as that used for R'; RS, BuOH-formic acid-H,O (15:3:2,
v/v). Optical rotations were determined with a Union high
sensitivity polarimeter PM-71.

Boc—Phe-p-Phe-OEt (1a). To a chilled solution of
Boc-Phe-OH (3.98 g, 15 mmol) and Et;,N (2.1 ml, 15 mmol)
in THF (22 ml) was added isobutyl chloroformate (1.97 ml,
15 mmol) at —5°C. After 10 min, a chilled solution of
H-p-Phe-OEt-HCI (3.45g, 15 mmol) and Et;N (2.1 ml,
15 mmol) in CHCI; (22 ml) was added. The mixture was
left to stand at room temperature overnight, evaporated in
vacuo, and the oily residue was dissolved in AcOEt. The
solution was washed successively with 4%, NaHCO,, 10%
citric acid and water, dried (Na,SO,), and evaporated. The
resulting solid was recrystallized from EtOH-ether-petroleum
ether; yield, 4.82 g (73%); mp 91—93 °C; [«]% +1.6° (¢ 1,
MeOH); R 0.98, R;? 0.90.

Found: C, 68.34; H, 7.35; N, 6.359,.
N,: G, 68.16; H, 7.32; N, 6.36%,.

Boc-Gly-p-Phe—OEt (1b). This was prepared from
Boc-Gly-OH (3.50 g) and H-p-Phe-OEt-HCl (4.59g) as
described for the preparation of 1a; yield of oil, 6.42 g (92%);
R 0.89, R 0.69.

Boc-Phe-Gly-OEt (Ic). This was prepared from
Boc-Phe-OH (3.90g) and H-Gly-OEt.-HCl (2.05g) as
described for the preparation of la; yield, 3.64g (71%);
mp 100—101 °C (lit, mp 89.5—90 °C,1» 88—89.5 °C1v);
[2]% —5.0° (¢ 2, EtOH) (lit, [«]% —4.3°,19 —4.2°1)); R
0.86, R;? 0.62.

H-Phe-p-Phe-OEt- HCl (2a-HCI). Compound 1la
(4.41 g, 10 mmol) was dissolved in 0.1 M hydrogen chloride
in formic acid (120 ml). After being left to stand at room
temperature for 20 min, the solution was evaporated to dryness,
and the resulting solid was collected by filtration with the
aid of ether-petroleum ether. The product was recrystallized
from EtOH-ether—petroleum ether; yield, 3.56 g (94%); mp
103—106 °C; [«]% +14.0° (¢ 0.5, MeOH) ; R, 0.87, R.? 0.86.

Found: C, 63.40; H, 6.72; N, 7.37%,. Calcd for CyH,;-
O;N,Cl: C, 63.74; H, 6.69; N, 7.43%.

H-Gly-p-Phe-OFE¢-HCl (2b-HCI).

Calcd for CysH,,04-

Compound 1b

. (3.68 g, 10.5 mmol) was treated with 0.1 M hydrogen chloride

in formic acid (126 ml) as described for the preparation of
2a-HCI; yield, 2.60 g (86%); mp 131—134 °C; [«]5 —11.2°
(¢ 1, MeOH); R,* 0.72, R;? 0.24.

Found: G, 54.25; H, 6.71; N, 9.62%.
O,N,Cl: C, 54.45; H, 6.68; N, 9.77%,.

H-Phe-Gly-OFEt-HCI (2¢-HCI). This was prepared
from 1c (3.50 g) as described for the preparation of 2a.HCI;
yield of oil, 2.80 g (98%); R,* 0.75, R 0.25.

Boc—Pro—Phe—p-Phe-OFEt (3a). Boc-Pro-OH (1.94 g,
9 mmol) and 2a-HCI (3.39 g, 9 mmol) were coupled by the
mixed anhydride method as described for the preparation of
la. The product was recrystallized from AcOEt-ether-petro-

Calcd for C,;H,,-
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leum ether; yield, 2.95g (61%); mp 103—105 °C; [«]%
—48.0° (¢ 1, MeOH): R 0.96, R:? 0.81.

Found: C, 66.83; H, 7.40; N, 7.86%.
OgN,: C, 67.02; H, 7.31; N, 7.829%,.

Boc—Pro-Gly-p-Phe-OEt (3b). This was prepared
from Boc-Pro-OH (1.72 g) and 2b-HCI (2.29 g) as described
above; yield, 2.81 g (78%); mp 117—119 °C; [«]® —45.0°
(¢ 1, MeOH); R;* 0.88, R:20.76.

Found: C, 62.12; H, 7.43; N, 9.429%,.
OgN,: G, 61.72; H, 7.43; N, 9.39%,.

Boc—Pro-Phe-Gly—-OEt (3c). This was prepared from
Boc-Pro-OH (2.0g) and 2¢-HCl (2.66g); yield, 2.88¢g
(69%); mp 109—111 °C; [a]3 —54.4° (¢ 0.25, MeOH); R
0.82, R:2 0.50.

Found: C, 61.42; H, 7.22; N, 9.329%,.
Og¢Nj: G, 61.72; H, 7.43; N, 9.39%.

H-Pro—Phe—p-Phe-OEt- HCI (4a-HCI). Compound 3a
(2.16 g, 4.02 mmol) was dissolved in 3.5 M hydrogen chloride
in dioxane (34.3 ml). After being left to stand at room tem-
perature for 2 h, the solution was evaporated, and the resulting
hygroscopic solid was collected by filtration with the aid of
ether—petroleum ether. The product was recrystallized from
EtOH-ether—petroleum ether; yield, 1.37 g (72%) ; mp 93 °C;
[«]% —23.0° (¢ 0.5, MeOH); R* 0.72, R;? 0.52.

Found: C, 63.74; H, 7.07; N, 8.56%,. Calcd for C,;H,,-
O,N,ClI: G, 63.35; H, 6.81; N, 8.87%,.

H-Pro-Gly-p-Phe-OEt. HCI (4b-HCl). Compound 3b
(2.51 g, 5.6 mmol) was treated with 3.5 M hydrogen chloride in
dioxane (48.0 ml) as described above; yield of oil, 2.0 g (93%);
R 0.78, R.2 0.30.

H-Pro—Phe-Gly-OEt- HCl (4c-HCI). This was pre-
pared from 3c (2.73 g) as described above; yield of oil, 1.96 g
(84%); Rt 0.79, R 0.52.

Boc—p-Phe—Pro—Phe—p-Phe-OEt  (5a). Boc-p-Phe—
OH (0.76 g, 2.86 mmol) and 4a-HCI (1.36 g, 2.86 mmol) were
coupled by the mixed anhydride method as described for the
preparation of 1a; yield of oil, 1.81 g (92%) ; R;* 0.94, R2 0.70.

Boc—p-Phe—Pro-Gly-p-Phe—OEt (5b). This was pre-
pared from Boc-p-Phe-OH (1.38 g) and 4b.HCI (2.0 g) as
described above. The product was recrystallized from
AcOEt—ether-petroleum ether; yield, 2.08g (67%); mp
128—130 °C; [a]3 —36.2° (¢ 1, MeOH); R 0.82, R:? 0.53.

Found: C, 63.86; H, 7.02; N, 9.39%. Calcd for C3,H,,-
O;N,-1/2 H,0O: C, 63.66; H, 7.18; N, 9.28%,.

Boc—p-Phe-Pro—Phe-Gly-OFEt (5¢). This was prepared
from Boc-p-Phe—OH (1.35 g) and 4c-HCI (1.96 g) as described
above; yield, 2.28 g (75%,) ; mp 139—141 °C; [a]% —72.6° (¢ 1,
MeOH); R 0.86, R, 0.66.

Found: C, 63.29; H, 7.29; N, 9.35%. Calcd for CsH,,-
O, N,-1/2H,0: C, 63.66; H, 7.18; N, 9.28%,.

Boc—0-Phe—Pro—Phe-p-Phe-NHNH, (6a). A solution
of 5a (0.685g, 1 mmol) and hydrazine hydrate (2.9 ml,
60 mmol) in MeOH (12 ml) was allowed to stand at 36 °C
for 12 h. The solution was evaporated, water was added,
and the resulting solid was collected. The product was
recrystallized from MeOH-water; yield, 0.302 g (45%); mp
117—120 °C; [«]% —67.0° (¢ 0.2, MeOH); R, 0.89, R;2 0.83.

Found: C, 64.20; H, 6.85; N, 11.93%. Calcd for C,,H,e-
O¢Ng-H,O: C, 64.51; H, 7.02; N, 12.20%,.

Boc—D-Phe—Pro—Gly-p-Phe-NHNH, (6b). Compound
5b (0.357 g) was treated with hydrazine hydrate (0.58 ml) in
MeOH (5 ml) as described above. The solution was eva-
porated, and the residue was dissolved in AcOEt. The
solution was washed with a small volume of water, dried
(Na,SO,), and evaporated. The residual oil was crystallized
by the addition of ether-petroleum ether; yield, 0.264 g
(76%); mp 100—102 °C; [o]% —6.0° (¢ 1, MeOH); R, 0.87,

Calcd for CgyHg,-

Calcd for C,3H,,-

Calcd for Cy3H,5-
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Rz 0.74,

Found: C, 60.39; H, 6.97; N, 14.32%,.
O¢Ng-H,O: C, 60.18; H, 7.07; N, 14.04%,.

Boc-p-Phe—Pro—Phe-Gly-NHNH, (6¢c). This was pre-
pared from 5¢ (0.357 g) and hydrazine hydrate (0.58 ml) as
described above; yield, 0.284 g (829%,); mp 110—113 °C; [«]}
—73.0° (¢ 1, MeOH); R 0.94, R 0.69.

Found: C, 60.01; H, 6.92; N, 13.899,.
O¢Ng-H,0: C, 60.18; H, 7.07; N, 14.04%,.

H-Tyr(Bzl)-OEt-HC! (7.-HCI). To a solution of
H-Tyr(Bzl)-OH!» (2.71 g, 10 mmol) in EtOH (20 ml) was
added SOCI, (0.872 ml, 12 mmol). The reaction mixture was
stirred at 40 °C for 0.5 h and at room temperature overnight,
and evaporated. The resulting oil was crystallized by the
addition of ether-petroleum ether; yield, 2.34 g (70%); mp
190—192 °C; [a]% +7.1° (¢ 1, MeOH) ; R, 0.75, R% 0.74.

Found: G, 63.95; H, 6.68; N, 4.17%. Calcd for C;;H,,-
O,NCI: C, 64.37; H, 6.60; N, 4.17%,.

Bo¢c-Gin-Tyr(Bzl)-OEt (8). To a solution of 7-HCI
(2.02 g, 6 mmol) and Et;N (0.924 ml, 6.6 mmol) in DMF (70
ml) were added Boc-GIn-ONp (2.20g, 6 mmol) and 1-
hydroxybenzotriazole (0.081 g, 0.6 mmol). After being left
to stand at room temperature for 12 h, several drops of 1-(2-
aminoethyl)piperazine!® were added. The solution was
diluted with water (2 1), and the resulting solid was collected,
washed with 109, citric acid, 4% NaHCO;, and water;
yield, 2.82 g (89%,) ; mp 138—141 °C; [«]; —3.9° (¢ 1, DMF);
R 0.96, R 0.80.

Found: C, 63.56; H, 7.16; N, 7.85%.
O,N;: C, 63.74; H, 7.07; N, 7.97%,.

H-GIn-Tyr(Bzl)-OFEt-TFA (9.-TFA). A solution of
8 (1.58 g, 3 mmol) in TFA (30 ml) was allowed to stand at
room temperature for 10 min and evaporated. The resulting
oil was solidified by the addition of ether—petroleum ether.
The product was recrystallized from EtOH-ether-petroleum
ether; yield, 1.48g (91%); mp 112—116 °C; [o]}y +14.6°
(¢ 1, MeOH), R;! 0.80, R2 0.57.

Found: C, 55.37; H, 5.75; N, 7.52%,.
O,N,F;: C, 55.45; H, 5.58; N, 7.76%,.

Boc—-Asn—Gin-Tyr(Bzl)-OEt (10). Boc-Asn-ONp
(0.897 g) was coupled with 9. TFA (1.38 g), Et;N (0.391 ml),
and l-hydroxybenzotriazole (0.034g) as described for the
preparation of 8. The product was recrystallized fromDMF-
ether; yield, 1.31g (80%); mp 240—241°C (dec); [«]}
—22.0° (¢ 0.6, DMF); R;1 0.91, R,20.72.

Found: C, 59.70; H, 6.88; N, 10.919%,.
O,N;: C, 59.89; H, 6.75; N, 10.919%,.

Boc-Asn—Gin—Tyr(Bzl)-NHNH, (11). A solution of
10 (1.28 g, 3 mmol) and hydrazine hydrate (1.94 ml, 40 mmol)
in DMF (40 ml) was allowed to stand at room temperature
overnight. The solution was evaporated, water (1000 ml)
was added, and the resulting solid was collected; yield, 1.09 g
(87%); mp 215—216 °C (dec); [«]3 —41.0° (¢ 1, DMF); R
0.72, R.? 0.16.

Found: C, 56.54; H, 6.70; N, 15.35%,. Calcd for C3Hy,-
O,N,-1/2H,0: C, 56.59; H, 6.65; N, 15.40%,.

Boc-Asn—Gin-Tyr(Bzl)-Val-Orn(Z)-Leu-OEt (12).

To a solution of 11 (1.06 g, 1.69 mmol) in DMF (15 ml) was
added 3.5 M hydrogen chloride in dioxane (1.49 ml) and iso-
pentyl nitrite!® (0.262 ml, 1.86 mmol) at —50 °C. After
being left to stand at —20 °C for 10 min, the solution was
cooled to —60 °C and neutralized with Et;N (0.731 ml, 5.22
mmol). To this solution was added a chilled solution of
H-Val-Orn(Z)-Leu-OEt-HCl (1.10g, 2.02 mmol)» and
Et;N (0.283 ml, 2.02 mmol) in DMF (8 ml). The reaction
mixture was allowed to stir at 0 °C for 3 days and evaporated.
After the addition of 0.02 M citric acid (300 ml), the solid was

Caled for CyoH,g

Calcd for CzoH,o-

Calcd for CygHg,-

Calcd for CysHyo-

Calcd for CgH,s-
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collected and washed with water; yield, 1.59g (85%); mp
279—281 °C (dec); [o]3 —41.0° (¢ 0.2, DMF); R! 0.84,
R 0.67.

Found: C, 60.37; H, 7.30; N, 11.289%,. Calcd for CggH,q-
0,,N,-1/2H,0: G, 60.52; H, 7.26; N, 11.349%,.

H-Asn—Gin-Tyr(Bzl)—Val- Orn(Z)— Leu- OEt - HCl (13-
HCI). Compound 12 (1.70 g, 1.54 mmol) was treated
with 0.1 M hydrogen chloride in formic acid (23 ml) as
described for the preparation of 2a-HCI; yield, 1.48 g (92%);
mp 265—267 °C (dec); [«]y —29.0° (¢ 0.2, DMF); R, 0.81,
R:20.34.

Found: G, 58.01; H, 6.95; N, 11.78%,. Calcd for C;;H;,-
0,,N,Cl.-H,0: C, 57.97; H, 7.06; N, 11.93%,.

Boc—p-Phe—Pro-Phe—p-Phe—Asn-Gin—Tyr(Bzl)-Val-Om(Z)~
Leu-OEt (14a). Compound 6a (0.257 g, 0.383 mmol)
and 13.HCI1 (0.437 g, 0.421 mmol) were coupled by the
azide method as described for the preparation of 12; yield,
0.522 g (83%); mp 243—245 °C (dec); [a]3 —29.0° (¢ 0.5,
AcOH); R 0.98, R:2 0.58.

Found: C, 61.33; H, 6.80; N, 10.54%,. Calcd for CgH,,;5-
O,5Ny;3-4H,0: C, 61.70; H, 7.12; N, 10.63%,.

Boc-p-Phe-Pro—Gly—p-Phe—Asn—Gin—Tyr(Bzl)~Val-Orn(Z)-
Leu-OEt (14b). This was prepared from 6b (0.222 g)
and 13.-HCI (0.418 g) as described above; yield, 0.482 g
(81%); mp 253—255 °C (dec); [«]y —27.0° (¢ 1, AcOH);
R 0.98, R.2 0.63.

Found: G, 60.26; H, 6.92; N, 11.36%,. Calcd for Cg;H, ;-
0,4N3;3+-3H,0: C, 60.62; H, 7.10; N, 11.35%,.

Boc—D-Phe—Pro—Phe—Gly—Asn—Gin—Tyr (Bzl) —Val- O (Z)-
Leu-OEt (14c). This was prepared from 6¢ (0.222 g)
and 13.HCI (0.418 g) ; vield, 0.505 g (85%); mp 252—254 °C
(dec); [a]3 —43.0° (¢ 0.5, AcOH); Rt 0.98, R.2 0.64.

Found: C, 61.26; H, 7.01; N, 11.51%,. Calcd for CgH,4,-
O,sNy3+-2H,0: G, 61.31; H, 7.05; N, 11.479%,.

Boc—D-Phe—Pro—Phe-p-Phe—Asn—Gin—Tyr(Bzl)~Val-Orm(Z)-
Leuw-NHNH, (15a). Compound 14a (0.523 g, 0.319
mmol) was treated with hydrazine hydrate (1.55 ml, 31.9
mmol) as described for the preparation of 11; yield, 0.42 g
(81%); mp 252—254 °C (dec); [a]y —28.0° (¢ 0.5, AcOH);
R1 091, R 0.41.

Found: C, 60.51; H, 6.81; N, 12.229%,. Calcd for CygH,,,-
0,,;N,;-4H,0: G, 60.79; H, 7.06; N, 12.37%,.

Boc—p-Phe—Pro-Gly—p-Phe—Asn—Gin—Tyr(Bzl)-Val-Orn(Z) -
Leu-NHNH, (15b). This was prepared from 14b
(0.183 g) and hydrazine hydrate (0.572 ml) as described above;
yield, 0.162 g (90%); mp 254—255 °C (dec); [«]% —27.0°
(¢ 1, AcOH); R, 0.90, R:? 0.30.

Found: C, 59.41; H, 6.93; N, 13.55%,. Calcd for C,gH, g5
0,;N;5-3H,0: G, 59.65; H, 7.03; N, 13.219%,.

Boc—p-Phe—Pro— Phe—Gly—-Asn—Gin—Tyr(Bzl)-Val-Orm (Z)-
Leu-NHNH, (15¢). This was prepared from 14c
(0.476 g) and hydrazine hydrate (1.49 ml); yield, 0.437 g
(93%); mp 254—256 °C (dec); [a]3 —29.0° (¢ 0.5, AcOH);
R10.92, R?2 0.36.

Found: C, 60.02; H, 6.86; N, 13.38%,. Calcd for C,,H, ;-
0,,N;;-2H,0: C, 60.33; H, 6.99; N, 13.36%,.

H-p-Phe—Pro—Phe—p-Phe—Asn—Gin—Tyr (Bzl)-Val-Orn(Z)~
Leu-NHNH,-2HC! (16a-2HCI). Compound 15a (0.163
g, 0.1 mmol) was treated with 0.1 M hydrogen chloride in
formic acid (1.5 ml) as desctibed for the preparation of 2a.
HCI; yield, 0.147 g (92%); mp 235—237 °C (dec); [«]%
—35.0° (¢ 0.5, AcOH); R;* 0.85, R;2 0.38.

Found: C, 59.81; H, 6.75; N, 12.83%,. Calcd for Cg;H, g5~
0,;N,;Cl,-H,0: C, 60.14; H, 6.67; N, 12.999,.

H-p-Phe-Pro—Gly—p-Phe— Asn—Gin—Tyr (Bzl)-Val-Ormn (Z)-
Leu-NHNH, - 2HC! (16b-2HCI). This was prepared
from 15b (0.141 g) as described above; yield, 0.129 g (93%);
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mp 237—240 °C (dec); [«]3 —15.0° (¢ 0.2, AcOH); R,* 0.83,
Rz 0.38.

Found: C, 57.99; H, 6.72; N, 13.37%,. Calcd for C;;Hy,-
O4;N,;Cl,-H,O: C, 58.18; H, 6.66; N, 13.759%,.

H-D-Phe—Pro—Phe-Gly—Asn—Gln—Tyr(Bzl)-Val-Orn (Z)—Leu—
NHNH,.2HC! (16¢+2HCI). This was prepared from
15¢ (0.17 g) as described above; yield, 0.148 g (889%); mp
238—241 °C (dec); [«]%3 —63.0° (¢ 0.5, AcOH); R;* 0.87,
R:20.44.

Found: C, 58.12; H, 6.65; N, 13.409%,. Calcd for C,;,;Hy,-
0O,;N,;Cl,-H,0: C, 58.18; H, 6.66; N, 13.75%,.

¢yclo(—D-Phe— Pro— Phe—p- Phe— Asn - Gin—Tyr( Bzl)-Val— Orn-
(Z)-Leu—) (17a). Compound 16a.2HC] (146 mg, 0.091
mmol) was dissolved in a mixture of DMF (4 ml), AcOH (0.2
ml) and 1 M HCI (0.19 ml). To the solution at —10 °C was
added 1 M NaNO, (0.096 ml). After being left to stand at
—10°C for 15 min, the solution was added into pyridine
(100 ml) at —5 °C. The solution was allowed tostir at —5 °C
for 3 h and at 0 °C for 45 h, and evaporated. The residue was
dissolved in a mixture (100 ml) of MeOH-dioxane-water
(5:3: 1), an insoluble material being removed by filtration.
The filtrate was passed successively through columns (1.5x 12
cm) of Amberlite IRC-50 (H* form) and Amberlite IR-45
(OH- form). The effluent (250 ml) was evaporated, and the
resulting solid was collected by filtration with the aid of water;
yield, 68 mg (509%); mp 245—248 °C (dec); [x]; —95°
(¢ 0.1, DMF); R 0.98, R2 0.70, R 0.74.

Found: C, 62.57; H, 6.78; N, 12.01%; mol wt, 1493.1®
Calcd for Cg;HgyOy5N,5+-3H,0: C, 62.81; H, 6.83; N, 11.769% ;
mol wt, 1549.

¢yclo(—D-Phe—Pro—Gly—p- Phe— Asn—Gin—Tyr (Bzl) -Val—-Orn-
(Z)-Leu—) (17b). This was prepared from 16b.2HCI
(133 mg) as described above; yield, 65 mg (52%); mp 236—
239 °C (dec); [«]% —83° (¢ 0.1, DMF); R 0.95, R;? 0.64,
R:30.74.

Found: C, 60.90; H, 6.92; N, 12.329%; mol wt, 1475.
Calcd for C,,Hy;0,;N;;3-3H,0: C, 60.93; H, 6.84; N, 12.489%,;
mol wt, 1459.

cyclo(—D-Phe-Pro—Phe-Gly—Asn-Gin—Tyr(Bzl)-Val-Om—(Z)-
Leu—) (17¢c). This was prepared from 16¢.2HCI (156
mg); yield, 83 mg (57%); mp 232—235°C (dec); [«]}
—85° (¢ 0.1, DMF); R:! 0.98, R.2 0.64, R 0.79.

Found: C, 61.23; H, 6.69; N, 12.509%, ; mol wt, 1445. Calcd
for C,;Hy3Oy;N;5-3H,0: C, 60.93; H, 6.84; N, 12.489%;
mol wt, 1459.

cyclo(—D-Phe—Pro—Phe—p-Phe—Asn—Gln—Tyr—Val— Orn—Leu—) «
HCl (18a-HCI). A solution of 17a (60 mg, 0.04
mmol) in 0.43 M hydrogen chloride (0.14 ml) in MeOH
was hydrogenated in the presence of Pd black. After 20 h,
the filtrate was evaporated, and the resulting crystals were
collected by filtration with the aid of ether; yield of air-dried
product (18a.HCI.7H,0), 48 mg (92%); mp 240—243 °C
(dec); [2]3 —111° (¢ 0.14, 509, EtOH) (lit. [«]} —111°,1®
—112°®); R 0.78, R;2 0.03, R,* 0.98, R;® 0.87. Amino acid
ratios in acid hydrolysate; Asp 1.02, Glu 1.00, Pro 0.93, Val
0.99, Leu 1.02, Tyr 0.92, Phe 3.19, Orn 0.96.

Found: C, 55.78; H, 6.79; N, 12.25%,. Calcd for CgsHg;-
0,;N,;-HCI.7H,0: C, 55.32; H, 7.17; N, 12.71%,.

cyclo(—D-Phe—Pro—Gly—p-Phe—Asn—Gln—Tyr—Val-Orn—Leu~) -
HC! (18b-HCI). This was prepared from 17b (56 mg)
as described above; yield of air-dried product (18b-HCI.
8H,0), 46 mg (94%); mp 232—234°C (dec); [a]y —95°
(¢ 0.17, 50% EtOH); R 0.77, R 0.03, R 0.96, R 0.85.
Amino acid ratios in acid hydrolysate; Asp 1.00, Glu 1.00,
Pro 0.97, Gly 1.03, Val 1.05, Leu 1.04, Tyr 1.04, Phe 1.93,
Orn 1.02.

Found: C, 51.74; H, 6.96; N, 13.74%. Calcd for CyyHg-
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O,3N,3-HCI1.8H,0: C, 52.07; H, 7.26; N, 13.389%,.

cyclo(—p-Phe—Pro~Phe~Gly—Asn—~Gin—Tyr-Val-Orn—Leu—) « HCI
(18c-HCI). This was prepared from 17¢ (70 mg); yield
of air-dried product (18c.HCI1.7H,0), 56 mg (929%); mp
230—232 °C (dec); [a]3 —98° (¢ 0.14, 509% EtOH); R}
0.97, RZ 0.03, Rt 0.97, R 0.85. Amino acid ratios in
acid hydrolysate; Asp 1.03, Glu 1.00, Pro 1.06, Gly 1.06,
Val 1.11, Leu 1.09, Tyr 1.00, Phe 1.93, Orn 1.06.

Found: C, 52.31; H, 6.93; N, 13.95%,. Calcd for C;,H,,-
O,5N,;3-HCL-7H,0: G, 52.76; H, 7.21; N, 13.56%,.

Droplet  Countercurrent Chromatography. An apparatus
made by Seikagaku Kogyo Co., Tokyo, was used. It consists
of 300 columns of glass tubing (0.24 X 60 cm) connected by
teflon tubing (I. D., 0.05 cm). The solvent used was CHCl,—
MeOH-0.1 M HCI (19: 19: 12, v/v).1» The upper phase of
the solvent was loaded into 150 glass columns as the stationary
phase. The 5 mg samples each of 18a—c and natural TA
were dissolved in the lower phase (1 ml) and placed at the top
of first column. The lower phase, as the moving phase, was
pumped with nitrogen pressure through the top of the first
column at a flow rate of 15 ml/h. Fractions (4 g) from the
last column were collected and their absorbances were
determined at 280 nm. The results are shown in Fig. 3.

Paper Electrophoresis. This was carried out with Toyo
Roshi No. 52 and a solvent system of formic acid-ACOH-
MeOH-water (1:3:6: 10, v/v; pH 1.8) for 2.5h at 500 v/30 cm.
Fig. 5. showed that each of 18a—c revealed a single spot.

GS * L
nTA X [ 4
STA x [
18b x [ J
18¢ x @
® < 0 5 10 >©
Distance (cm)

Fig. 5. Paper electrophoresis of the cyclic peptides.

Microbiological Assays,® ORD  Measurements. These
were carried out as described in a previous paper,! the results
being shown in Table 1 and Fig. 4.

The authors wish to express their thanks to Dr. T. Kato,
Dr. M. Ohno, Dr. M. Waki, and Mr. K. Sato of this laboratory
for their helpful discussions and assistances.
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