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Kassinin, a dodecapeptide amide isolated by Erspamer ef al. from the skin of Kassina
senegalensis, was synthesized by deprotection of Z(OMe)—~Asp(OBzl)-Val-Pro-Lys(Z)-
Ser—Asp(OBzl)-Gln—Phe~Val-Gly-Leu-Met(0)-NH, with methanesulphonic acid, followed
by reduction of the Met(O) residue to Met with 2-mercaptoethanol. The contractile
activity of synthetic kassinin in isolated guinea-pig ileum was 0.4 of that of synthetic
substance P.

Keywords kassinin, a frog skin peptide; tachykinin peptide; deprotection by
methanesulphonic acid; sodium perborate oxidation of Met; trichloroethyloxycarbonyl-
hydrazine; smooth muscle contractile activity

Erspamer and Anastasi ef al.?) elucidated recently the amino acid sequence of a new frog
skin peptide named kassinin (I) from African amphibian (Kassina senegalensis). This peptide
was classified as one of the tachykinin peptides in a respect of having the characteristic C-ter-
minal tripeptide end, Gly-Leu-Met-NH,.

We have synthesized the dodecapeptide amide corresponding to the entire amino acid
sequence of kassinin as an example for the synthesis of peptides containing Met by the
methanesulphonic acid (MSA) procedure.” Considering to prevent alkylation at the sulphur
atom of Met at the final deprotection step in the MSA-anisole system,® Z(OMe)-Met-OH was
converted, as a starting material, to the protected form, Z(OMe)-Met(O)-OH, by oxidation
with sodiumperborate.”? Four peptide fragments were first prepared as building blocks; 7.e.,
A (position 11—12), B (8—10), C (4—5) and D (1—3).

For the synthesis of A, Z(OMe)-Leu-Met(O)-NH,, the above mentioned sulphoxide was
first converted to the corresponding amide, Z(OMe)-Met(O)-NH,, via the mixed anhydride
method,® which after treatment with TFA,” was condensed with Z(OMe)-Leu-OH by the
NP method.?® The fragment B, Z(OMe)-Phe-Val-Gly-NHNH,, was prepared by the azide
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condensation” of the known dipeptide hydrazide, Z(OMe)-Phe-Val-NHNH,,'? with Gly, fol-
lowed by the esterification and hydrazinolysis. The fragment C, Z(OMe)-Lys(Z)-Ser-NHNH,,
was prepared by the hydrazine treatment of the known dipeptide ester, Z(OMe)-Lys(Z)-
Ser-OMe.12

The amide bond formation between Val and Pro by the usual DCC condensation!® was
found difficult to establish, because of the steric hindrance of these two amino acids.'¥ Thus,
synthesis of the N-terminal tripeptide unit D, Z(OMe)-Asp(OBzl)-Val-Pro-OH, was prepared
by the azide coupling of Z(OMe)-Asp(OBzl)-Val-NHNH, with Pro. The former hydrazide
was prepared by condensation of Z(OMe)-Asp(OBzI1)-OH and H-Val-NHNH-Troc!? followed
by removal of the Troc group from the resulting Z(OMe)-Asp(OBzl)-Val-NHNH-Troc with
Zn®

Z(OMe)—-Asp(OBzl)-OH—
l— OBzl
H-Val-NHNH-Troc—' | Z(OMe)~Asp——Va1—Pro—OH (D)
H-Pro-OH
zZ

Z(OMe)-Lys(Z)~OH—— , —
——— Z(OMe)-Lys-Ser-NHNH, (C) |

H-Ser-OMe
Z(OMe)—-Asp(OBzl)-OH—————— Z(OMe)-Asp(OBzl)-ONP T

Z(OMe)~GIn-OH Z(OMe)~Gln~ONP
Z(OMe)-Phe-OH— '

H-Val-OMe—! |, 7(0OMe)-Phe-Val-Gly-NHNH, (B)—
H-Gly-OH—

Z(OMe)~Leu—~OH
Z(OMe)-Met(O)-NH,

| Z(OMe)-Leu-Met(0)-NH, (A)——

OBzl Z (I)le 0

i ] '
Z(OMe)—Asp-Val-Pro-Lys—Ser—-Asp—Glin-Phe—Val-Gly-Leu-Met-NH,,

l MSA o

i
H-Asp-Val-Pro-Lys-Ser—Asp—Gln-Phe-Val-Gly-Leu-Met-NH,
l 2-mercaptoethanol
H-Asp—-Val-Pro-Lys—Ser—-Asp-Gln—Phe-Val-Gly-Leu-Met-NH,
Kassinin (I)

Fig. 1. Synthetic Route to Kassinin

Construction of the entire amino acid sequence of kassinin was then carried out according
to the scheme illustrated in Fig. 1. The Z(OMe) group from intermediates was removed by
the usual TFA treatment. As the condensation tools, the azide procedure was applied for
the fragments B and C, the NP method for Gln and Asp(OBzl) at positions 7 and 6 and the
pentachlorophenyl trichloroacetate procedure'® for the fragment D. All intermediates and
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the protected dodecapeptide amide were purified by batchwise washing with 59, citric acid
and water followed by repeated precipitation from DMF or DMSO with appropriate solvents,
such as methanol and the purity of these protected peptides was assessed by three criteria;
thin layer chromatography, elemental analysis and acid hydrolysis. Through this synthesis,
it was noted that the solubility of protected peptides in DMF, though they are relatively small
peptides, was so poor that coupling reactions, in some instances, had to be performed with
an aid of NMP or HMPA.

For deprotection, the above protected dodecapeptide amide was exposed to MSA in the
presence of anisole in an ice-bath for 80 minutes and at room temperature for 30 minutes.
The deprotected peptide, after precipitation with ether, was converted to the corresponding
acetate by Amberlite CG-4B and subsequently treated with dilute ammonia for 30 minutes.
This treatment was performed by the reason that the reversible conversion of the N—O shift,
if any, could be achieved, as mentioned in the hydrogen fluoride treatment of peptides
containing Ser and Thr.'” Finally, the product, [12-Met(O)]-kassinin, was incubated with
2-mercaptoethanol to reduce the Met(O) residue to Met according to Iselin.!® Progress of
the reduction was monitored by the positive Met test on thin layer chromatography and the
desired peptide could be isolated in a homogeneous form by precipitation from 509, acetic
acid with ethanol.

When contractile activity in isolated guinea-pig ileum was examined, the relative poten-
cy of synthetic kassinin was 0.41+0.01 of that of synthetic substance P.1

Experimental

General experimental methods employed are essentially the same as those described in the Part LXII.1?
Thin-layer chromatography was performed on silica gel (Kieselgel G, Merck). Rf values refer to the following
solvent systems: Rf; CHCli-MeOH-H,O (8:3:1), Rf, CHCl~-MeOH-AcOH (9:1:0.5), Rf; (#n-BuOH-
pyridine-AcOH-H,O (1:1:1: 1), Rf, »-BuOH-pyridine~AcOH~H,0 (30: 20: 6: 24).

Z(OMe)~-Met(0)-NH,; A mixed anhydride (prepared from 5.20 g of Z(OMe)-Met(O)-OH with 2.45 ml
of Et,N and 2.50 ml of isobutylchloroformate) in THF (50 ml) was added to an ice-chilled solution of 28%,
NH,OH (10 ml) and the mixture was stirred in an ice-bath for 3 hr. The resulting powder was collected by
filtration, washed batchwisely with 3% NH,OH and H,O and then recrystallized from MeOH and ether;
yield 4.55 g (87%), mp 194—196°, [«]7 +93.8° (¢==0.2, MeOH), Rf, 0.81. A#nal. Calcd. for C,;,H,,N,0.S: C,
51.20; H, 6.14; N, 8.53. Found: C, 51.00; H, 6.21; N, 8.54.

Z(OMe)-Leu-Met(0)-NH, Z(OMe)-Met(O)-NH, (4.55 g) was treated with TFA-anisole (10—>5 ml)
in an ice-bath for 60 min and dry ether was added. The resulting powder was dried over KOH pellets iz
vacuo for 3 hr and then dissolved in DMF (40 ml), to which Et;N (3.9 ml) and Z(OMe)-Leu-ONP (5.79 g)
were added. The mixture after stirring at room temperature for 48 hr, was condensed and the residue was
treated with 5% citric acid and ether. The resulting powder was washed batchwisely with 59, citric acid,
5% Na,CO,3 and H,0 and then precipitated from DMF with AcOEt; yield 4.99 g (82%). mp 161—163°, [«]¥
—6.5° (¢=1.2, DMF). Rf; 0.72. Amnal. Calcd. for C, H4N3;OS-1/2H,O0: C, 53.31; H, 7.16; N, 9.33.
Found: C, 53.31; H, 7.02; N, 9.37.

Z(0Me)-Phe-Val-Gly-OH——The azide (prepared from 6.64 g of Z(OMe)-Phe-Val-NHNH, with 5.87
ml of 5.96 v HCI-DMF, 2.28 ml of isoamylnitrite and 7.25 ml of Et;N) in DMF (40 ml) was added to an ice-
chilled solution of H~-Gly-OH (1.35 g) and Et,N (2.5 ml) in H,O (20 ml). The mixture was stirred at 4° for
48 hr, the solvent was evaporated and the residue was treated with 59, citric acid and AcOEt. The resulting
powder was washed batchwisely with 109, citric acid and H,O and then precipitated from DMF with AcOEt;
yield 6.22 g (859%), mp 179—182°, [«]F —9.1° (¢=1.1, DMF), Rf; 0.48. Azal. Calcd. for CyH,N,0,: C,
61.84; H, 6.44; N, 8.66. Found: C, 61.60; H, 6.31; N, 8.64.

Z(OMe)-Phe-Val-Gly-OMe An ethereal solution of diazomethane was added to an ice-chilled solution
of Z(OMe)—-Phe—~Val-Gly-OH (5.80 g) in DMF (25 ml) and the yellow color was persisted for 30 min. After
addition of a few drops of AcOH, the solvent was evaporated and the residue was treated with MeOH. The
resulting powder was then precipitated from DMF with MeOH ; yield 5.14 g (87%), mp 189—193°, [«]¥ —13.3°
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(¢=0.8; DMF). Rf, 0.86. Anal. Calcd. for CyH,4,N,0,: C, 62.51; H, 6.66; N, 8.41. Found: C, 62.54;
H, 6.45; N, 8.39.

Z(OMe)~Phe-Val-Gly-NHNH, To a solution of Z(OMe)-Phe-Val-Gly-OMe (5.14 g) in DMF-MeOH
(25—5 ml), 809% hydrazine hydrate (5.2 ml) was added. After standing overnight, the solution was
condensed and the residue was treated with MeOH. The resulting mass was recrystallized from MeOH;
vield 4.88 g (95%), mp 195—196°, [«]¥ —0.9° (¢=1.2, DMF), Rf; 0.61, Rf, 0.46. Amino acid ratios in 6N
HCI hydrolysate: Phe 1.01, Val 1.03, Gly 1.00 (recovery 93%). Aunal. Caled. for C,H,,N,O,: C, 60.10; H,
6.66; N, 14.02. TFound: C, 60.09; H, 6.67; N, 14.00.

Z(OMe)-Phe-Val-Gly-Leu-Met(0)-NH, Z(OMe)-Leu-Met(O)-NH, (3.98 g) was treated with TFA-
anisole (8—3 ml) in the usual manner and dry ether was added. The resulting powder was dried over
KOH pellets ¢n vacuo for 3 hr and then dissolved in DMF (30 ml) containing Et,N (2.7 ml). To this ice-
chilled solution, the azide (prepared from 4.50 g of Z(OMe)-Phe-Val-Gly-NHNH, with 6.06 ml of 3.27 N
HCI-DMF, 1.32 ml of isoamylnitrite and 2.73 ml of Et,N) in DMF (4 ml) was added. The mixture was
stirred at 4° for 24 hr, the solvent was evaporated and the residue was treated with ether and 59, citric acid.
The resulting powder was washed batchwisely with 5%, citric acid and H,O and then precipitated from DMSO
with MeOH; yield 4.97 g (74%), mp 235—239°, [«]% —8.4° (c=1.0, DMSO), Rf, 0.61. Amino acid ratios
in 65 HCI hydrolysate: Phe 1.02, Val 1.03, Gly 1.03, Leu 1.00, Met-Met(O) 0.66 (average recovery 96%).
Anal. Caled. for CyHy,NoOS: C, 58.04; H, 7.04; N, 11.28. Found: C, 58.34; H, 7.00; N, 11.39.

Z(0Me)-GIn-Phe-Val-Gly-Leu-Met(0)-NH,, The above protected pentapeptide amide (4.97 g) was
treated with TFA-anisole (15—4 ml) in the usual manner and dry ether was added. The resulting powder
isolated as stated above was then dissolved in DMSO-DMF (30—20 ml), to which Et,N (2.03 ml), HOBT
(0.30 g) and Z(OMe)~GIn-ONP (3.45 g) were added. After stirring at room temperature for 24 hr, the solution
was condensed and the residue was treated ether and 5% citric acid. The resulting powder was washed
batchwisely with 59, citric acid, 5%, Na,CO; and H,O and then precipitated from DMSO with MeOH ; yield
5.03 g (86%), mp 244—247°, [«]¥ —18.4°, (c=1.3, DMSO). Rf, 0.55, Rf, 0.12. Amino acid ratios in 6 v HCl
hydrolysate: Glu 1.01, Phe 1.05, Val 0.88, Gly 1.00, Leu 1.06, Met+Met(O) 0.68 (recovery 93%). Anal.
Caled. for Cy;HgNgO,S-H,0O: C, 55.26; H, 7.01; N, 12.58. Found: C, 55.33; H, 6.91; N, 12.55.

Z(OMe)-Asp(OBzl)-Gln-Phe-Val-Gly-Leu-Met(0)-NH, The above protected hexapeptide amide
(5.03 g) was treated with TFA-anisole (20—5 ml) and the deprotected peptide isolated as stated above was
dissolved in DMSO-NMP (20—15 ml), to which Et;N (1.8 ml), Z(OMe)-Asp(OBzl)-ONP (3.81 g) and
HOBT (0.3 g) were added. The mixture, after stirring at room temperature for 24 hr, was condensed and
the residue was treated with 59, citric acid and ether. The resulting powder was purified by batchwise
washing as stated above followed by precipitation from DMSO with MeOH; yield 5.21 g (849%,), mp 222—
227°, [2]5 —16.5° (¢c=1.1, DMSO), Rf; 0.57, Rf, 0.86. Amino acid ratios in 6 N HCl hydrolysate: Asp 1.01,
Glu 1.03, Phe 1.00, Val 1.01, Gly 1.02, Leu 1.00, Met-+Met(O) 0.84 (average recovery 93%). Anal. Calcd.
for CypH, NyO,S: C, 57.92; H, 6.64; N, 11.69. Found: C, 57.66; H, 6.62; N, 11.57.

Z(0OMe)-Lys(Z)-Ser-NHNH,, To a solution of Z(OMe)-Lys(Z)-Ser-OMe (6.51 g) in MeOH (60 ml),
80% hydrazine hydrate (7.3 ml) was added. The solid mass formed on standing overnight, was collected
by filtration and recrystallized from dioxane and MeOH; yield 5.98 g (92%,), mp 189—191°, [a]f —9.2°
(¢=1.0, DMF), Rf; 0.59. Anal. Calcd. for CyHyN,O4-1/4H,0: C, 56.77; H, 6.51; N, 12.73. Found: C,
56.80; H, 6.61; N, 12.63.

Z(OMe)-Lys(Z)-Ser-Asp(0Bzl)-Gln-Phe-Val-Gly-Leu-Met(0)-NH, Z (OMe)—Asp(OBzl)-Gln-Phe-Val-
Gly-Leu-Met(0)-NH, (5.21 g) was treated with TFA-anisole (20—5 ml) in the usual manner and the
deprotected peptide isolated as stated above was dissolved in HMPA (10 ml). To this ice-chilled solution,
Et;N (0.88 ml) and the azide (prepared from 3.16 g of Z(OMe)-Lys(Z)~Ser~-NHNH, with 3.9 ml of 3.27~
HCI-DMF, 0.85 ml of isoamylnitrite and 1.76 ml of Et,N) in DMF (20 ml) were added. The mixture was stirred
at 4° for 48 hr, the most of the solvent was evaporated in vacuo at 45° and the residue was treated with 5%
citric acid and ether. The precipitated powder was washed batchwisely as stated above and then precipitat-
ed from DMSO with MeOH; yield 5.71 g (83%), mp 238—240°, [a]} —8.4° (¢==1.0, DMSO), Rf;0.76. Amino
acid ratios in 6 N HCI hydrolysate: Lys 0.98, Ser 0.77, Asp 1.04, Glu 1.03, Phe 1.00, Val 1.04, Gly 1.03, Leu
1.06, Met+Met(O) 0.74 (average recovery 849%). Anal. Calcd. for CooHgyN 1,0, 2.5H,0: C, 56.27; H,
6.78; N, 11.41. TFound: C, 56.38; H, 6.78, N, 11.58.

Z(0Me)-Asp(0Bzl)-Val-NHNH-Troc Z(OMe)-Val-NHNH-Troc (3.82g) was treated with TFA-
anisole (5 ml-3 ml) as usual and dry ether was added. An oily precipitate was dried over KOH pellets
in vacuo for 3 hr and then dissolved in DMF (20 ml), to which Et,N (1.7 ml), HOBT (1.24 g) and Z(OMe)-
Asp(OBzl)-ONP (4.54 g) were added. The mixture was stirred at room temperature for 24 hr and the
solvent was evaporated. The residue was dissolved in AcOEt, which was washed with 109, citric acid, 5%,
NaHCO; and H,0, dried over Na,SO, and then evaporated. The residue was triturated with ether and
recrystallized from AcOEt and ether; yield 3.67 g (67%), mp 128—130°, [«]¥ —34.5° (c=1.5, MeOH), Rf,
0.87. Amnal. Caled. for CogHgyClN,0y: C, 49.75; H, 4.92; N, 8.29. Found: C, 50.18; H, 4.94; N, 8.26.

Z(0Me)-Asp(OBzl)-Val-NHNH,, Zn dust (approximately 5g) was added to a solution of Z(OMe)-
Asp(OBzl)~Val-NHNH-Troc (3.25 g) in AcOH-DMF (15—20 ml) and the mixture, after stirring at room
temperature for 3 hr, was filtered, the filtrate was condensed iz vacuo and the residue was treated with 109,
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EDTA. The gelatinous mass formed on standing in a refrigerator overnight was collected by filtration,
washed with 59 NaHCO, and H,O and then recrystallized from MeOH ; yield 1.78 g (74%). mp 210—212°,
[«]3 —36.5° (¢=0.5, DMF), Rf; 0.63. Anal. Calcd. for C,sH,,N,0,: C, 59.99; H, 6.44; N, 11.19. TFound:
C, 59.83; H, 6.39; N, 11.10.

Z(OMe)-Asp(0Bzl)-Val-Pro-OH——The azide (prepared from 1.18 g of Z(OMe)-Asp(OBzl)-Val-NHNH,
with 0.84 ml of 5.96 N HCI-DMF, 0.35 ml of isoamylnitrite and 1.05 ml of Et,N) in DMF (10 ml) was added
to an ice-chilled solution of H-Pro—~OH (0.54 g) and Et,N (0.66 ml) in H,O (5 ml) and the mixture was stirred
at 4° for 48 hr. The solvent, after addition of a few drops of AcOH, was evaporated and the residue was
dissolved in AcOEt, which was washed with 109, citric acid and H,O, dried over Na,SO, and then evaporated.
The residue was triturated with n-hexane and recrystallized from ether and #-hexane; yield 1.12 g (81%)
mp 61—64°, [¢]T —50.7° (¢=0.7, MeOH), Rf; 0.57. Anal. Calcd. for C4oH,,N,0,-1/2H,0: C, 60.80; H,
6.46; N, 7.09. Found: C, 60.89; H, 6.56; N, 7.10.

Z(OMe)-Asp(0Bzl)-Val-Pro-Lys(Z)-Ser-Asp(0Bzl)-Gln-Phe-Val-Gly-Leu-Met(0)~-NH, The above pro-
tected nonapeptide amide (1.41 g) was treated with TFA (5.0 ml)-anisole (1.5 ml) as usual and dry ether
was added. The resulting powder was then dissolved in NMP (2.5 m1)-~DMSO (5.0 ml), to which Et,N (0.14
ml), HOBT (0.15g) and the PCP ester (prepared from 0.81 g of Z(OMe)-Asp(OBzl)~Val-Pro~OH with
0.74 g of PCP-O-TCA and 0.23 ml of Et,N according to Fujino ¢t 41.19) in DMF (8 ml) were successively
added. The mixture was stirred at room temperature for 48 hr, the solvent was evaporated and the residue
was treated with 59, citric acid and ether. The resulting powder was washed batchwisely as stated above
and then precipitated from DMF with MeOH; yield 1.10 g (61%), mp 246—248°, [«]% —23.2° (¢=0.6, DMF).
Amino acid ratios in an acid hydrolysate: Asp 1.82, Val 1.81, Pro 0.91, Lys 1.05, Ser 0.71, Glu 0.96, Phe 1.00,
Gly 1.01, Leu 1.07, Met 0.51--some Met(O) (recovery 87%). 4nal. Calcd. for CeoH;pN;50,,5-2.5H,0:
C, 57.68; H, 6.78; N, 11.21. Found: C, 57.62; H, 6.65; N, 11.35.

H-Asp-Val-Pro-Lys-Ser-Asp-Gln-Phe-Val-Gly-Leu-Met-NH, The above protected dodecapeptide
amide (0.55 g) was treated with MSA (3.0 ml) in the presence of anisole (1.0 ml) in an ice-bath for 30 min
and then at room temperature for 30 min and dry ether was added. The resulting oily precipitate was
dissolved in H,O (30 ml), which was treated with Amberlite CG-4B (acetate form, approximately 3 g) for
30 min and then filtered. The filtrate was lyophilized. The resulting powder was dissolved in H,O (45 ml)
and 2N NH,OH (15 ml) was added under cooling with ice. After 30 min, the solution was again lyophilized.
The product was dissolved in 509, AcOH and the solution, after addition of 2-mercaptoethanol (0.3 ml),
was incubated at 45° for 3 days and finally at 80° for 3 hr. A last trace of the starting material was reduced
completely by the final tréatment. The solvent was evaporated and the residue was precipitated twice
from 50% AcOH with EtOH; yield 135 mg (74%), [«]3 —61.5° (¢=0.3, 509, AcOH), Rf, 0.65 (ninhydrin
and Met positive spot).  Amino acid ratios in an acid hydrolysate: Asp 1.67, Val 2.03, Pro 1.03, Lys 0.85,
Ser 0.68, Glu 0.99, Phe 1.10, Gly 1.05, Leu 1.00 Met 0.82 (average recovery 79%). Anal. Calcd. for CyyHg,-
N,50445-2CH;COOH-6H,0: C, 48.42; H, 7.42, N, 13.45. Found: C, 48.42; H, 7.09; N, 13.75.
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