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A fully protected amino-terminal decapeptide /b with the sequence of human calcitonin, in which
the S—S bridge was replaced by the S—CH, group (a so-called 7-carba-analogue), was syntheti-
zed mainly by the stepwise method. The cyclization of the linear decapeptide was performed
by means of active ester.

The way in which the biological activities were influenced by substituting the indi-
vidual sulfur atoms by methylene groups was studied in the case of oxytocin'~¢,
vasopressin’ ~!!, vasotocin®, insulin!?, somatostatin’3-!'* and calcitonin from eel’®
and salmon'®!7. Recently, an analogue of human calcitonin was described'® that
had the disulfide bond replaced by an ethylene group (a so-called dicarba analogue).
In the case of neurohypophyseal hormones, this type of modification was found
to decrease biological activities considerably, whereas the substitution of the di-
sulfide bond by a thioether group (the so-called mono-carba-analogue) led to an in-
crease of activities. The activity of the dicarba-analogue of eel calcitonin was de-
creased by only 20 as compared with the parent hormone, and the corresponding
analogue of human calcitonin even had higher activity than its natural prototype.

We were therefore interested in investigating how the biological activities of hu-
man calcitonin are influenced by the replacement of only one sulfur atom, resulting
in a mono-carba-analogue.

This paper describes the synthesis** of the amino-terminal decapeptide (I1b) of human
calcitonin, in which the disulfide bridge is replaced by a —S—CH,— group (the
so-called 7-monocarba analogue). We chose the classical method for peptide synthe-
sis in solution and the main part of the peptide chain was prepared by the stepwise

* Part CLXII in the series Amino Acids and Peptides; Part CLXI This Journal 45, 1109
(1980).
** The amino acids used in this work were of L-configuration. The nomenclature and symbols

of amino acids and peptides were based on the published suggestions'g. For the nomenclature
and symbols of cystathionine peptides, see ref.20.
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method. The fragments were connected by means of azide synthesis. The protecting
groups we used (o-nitrobenzenesulphenyl and triphenylmethyl) were easily removed
by acidolytic cleavage; the side chains (the N*-amino group of cystathionine, the
hydroxyl groups of serine and threonine) were also protected by groups which
were easily split off acidolytically (tert-butyloxycarbonyl and O-tert-butyl).

As the key intermediary product, a suitably substituted cystathionine derivative?*
II was used, which was subjected to azide condensation with pentapeptide VIb,
giving heptapeptide VIla. The pentapeptide hydrazide VIb was prepared from the
corresponding pentapeptide ester VIa, which was synthetized by the stepwise method
from dipeptide II1a or I11b.

The protected dipeptide I11a was prepared by means of dicyclohexylcarbodiimide
from the dicyclohexylammonium salt of N-o-nitrobenzenesulphenyl-O-tert-butyl-
serine?? and O-tert-butylthreonine methyl ester hydrochloride obtained from N-ben-
zyloxycarbonyl-O-tert-butylthreonine methyl ester?®. After the o-nitrobenzene-
sulphenyl protecting group had been split off by 1 equivalent of hydrogen chloride
in methanol?*, the product was condensed with the dicyclohexylammonium salt
of o-nitrobenzenesulphenylleucine?® by means of the carbodiimide method, resulting
in the formation of tripeptide I'V. Similarly, the protected tripeptide IV was prepared
via the intermediary product I11b, which was prepared like dipeptide I1Ia but using
the dicyclohexylammonium salt of N-benzyloxycarbonyl-O-tert-butylserine?. Di-
peptide I11b was obtained in the form of an oil-like product; it was then subjected
to hydrogenolytic cleavage of the benzyloxycarbonyl group and transformed into
dipeptide hydrochloride from which the above-mentioned tripeptide IV was prepared
by carbodiimide synthesis with the dicyclohexylammonium salt of o-nitrobenzene-
sulphenylleucine?®. Further elongation of the chain was performed always after the
removal of the o-nitrobenzenesulphenyl protecting group by means of 1 equivalent
of hydrogen chloride in methanol?#, using o-nitrobenzenesulphenylasparagine
2,4,5-trichlorophenyl ester for obtaining the tetrapeptide ¥V and triphenylmethyl-
glycine p-nitrophenyl ester for obtaining pentapeptide Via.

Heptapeptide VIla was transformed into an active ester by means of bis-(p-nitro-
phenyl) sulfite?”. After the removal of the triphenylmethyl amino-protecting group
by 80% acetic acid, cyclization was performed in pyridine solution. The monomeric
cyclopeptide VIII was isolated by gel filtration on Sephadex LH-20 in methanol and
by chromatography on a silica gel column in 90% aqueous 2-butanol. The cyclic
heptapeptide ester VIII could not be used for further synthesis because during its
hydrazinolysis to the corresponding hydrazide or during attempts at alkaline hydro-
lysis products were formed that had a considerably lower content of glycine and, in so-
me cases, of asparagine, as determined by amino-acid analysis.

For this reason, the linear heptapeptide VIla was transformed into the corres-
ponding hydrazide VIIb and subjected to azide copulation with tripeptide IXa (after
removing the tert-butyloxycarbonyl group by trifluoroacetic acid), thus producing
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the protected decapeptide X. For the cyclization of linear decapeptide X, it was
more suitable to transform it into the active ester by means of bis-(2,4,5—!richloro-
phenyl) sulfite’" than by using bis-(p-nitrophenyl) sulfite. Afterwards, the same
procedure as in the case of heptapeptide VIIa was employed. After purification
by gel filtration on Sephadex LH-20 in dimethylformamide, the cyclic decapeptide

ester Ia was transformed by alkaline hydrolysis into the final product Ib.
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EXPERIMENTAL

Melting points (uncorrected) were taken on a Kofler block. Samples for elemental analysis were
dried for 24 h at room temperature and 150 Pa. Thin-layer chromatography was performed
on silica gel sheets (Silufol, Kavalier) in the following solvent systems: 2-butanol-98% formic
acid-water (75:13'5:11-5) (S1), 2-butanol-25% aqueous ammonia-water (85:7'5:7'5) (S2),
2%, ethanol in benzene (S3), n-heptane-pyridine-tert-butanol (5:1:1) (S4), 1-butanol-acetic
acid-water (4 : 1 : 1) (S5), 1-butanol-pyridine-acetic acid-water (15:10: 3 : 6) (S6), 2-butanol-
-water (9:1) (S7).

Paper electrophoresis was performed in a moist chamber on paper Whatman 3 MM in Im
acetic acid (pH 2+4) and pyridine—acetate buffer (pH 5-7) at 20 V/cm for 60 min. Spots were
detected by means of the ninhydrin reaction or by the chlorination method. Samples for amino-
-acid analyses were hydrolysed for 20 h at 105°C in 6M-HCI (in ampoules sealed at 150 Pa).
The analyses were carried out on an automatic analyzer (Development Workshops, Czechoslovak
Academy of Sciences, Prague, type 6020). Reaction mixtures were evaporated on a rotatory
evaporator at a bath temperature of 30—40°C under reduced pressure (water pump). The di-
methylformamide-containing mixtures were evaporated at 150 Pa. In the course of chromato-
graphy, peptide material was continuously detected by a differential refractometer or UV spectro-
photometer. In some cases the optical activity at various wavelengths was measured by the Jasco-
-UV-ORD-5 apparatus.

N-o-Nitrobenzenesulphenyl-O-tert-butylseryl-O-tert-butylthreonine Methyl Ester (///a)

N-Benzyloxycarbonyl-O-tert-butylthreonine methyl ester?3 (14 g) was dissolved in methanol
(100 ml) and acetic acid (20 ml) and hydrogenated in the presence of Pd-black (from 4 g of PdCl,).
The catalyst was removed by filtration and the filtrate was evaporated to dryness. The residue
was dissolved in a small amount of ether, 2-03M-HCI in ether (22-6 ml) was added and the solu-
tion was diluted with light petroleum. The precipitated oily product was repeatedly triturdted
with light petroleum, then recrystallized from ether and light petroleum, filtered off, washed
with light petroleum and dried. The yield was 8-6 g (88%) of product, Ry 0-50 (S1), 0-48 (S2).

O-Tert-butylthreonine methyl ester hydrochloride (1:4 g) and the dicyclohexylammonium
salt of N-o-nitrobenzenesulphenyl-O-tert-butylserine?? (3-2g) were dissolved in dichloro-
methane (20 ml), the solution was cooled to —20°C and dicyclohexylcarbodiimide (1-4 g) was
added. The mixture was stirred for | h at —15°C and after 12 h of standing at 0°, the precipitated
dicyclohexylurea was removed by filtration and the filtrate was evaporated to dryness. The resi-
due was dissolved in ethyl acetate and the solution was sequentially extracted with 0-Im-H,SO,,
water, 0-5M-NaHCOj3 and water, dried with sodium sulfate and evaporated. The residue was
crystallized from methanol and water. The yield was 2-4 g (79%) of product, m.p. 74—76°C
[a] ~+6:0° (¢ 0-5, dimethylformamide). Ry 0-30 (S3), 0-58 (S4), eleclrophorcsns after removing
the o-nitrobenzenesulphenyl protecting group by HCI in methanol: Es 0-83, EH‘s 0-66. For
C,,H;35N30,S (485:6) calculated: 54-419% C, 7-27% H, 8:65% N; found: 54-72%; C, 7219,
8-829; N.

o-Nitrobenzenesulphenylleucyl-O-tert-butylseryl-O-tert-butylthreonine Methyl Ester (/1)

A. To the solution of protected dipeptide I/7a (9-9 g) in methanol (50 ml), 0-364m-HCl in me-
thanol (565 ml) was added and the solution was stirred for 25 min at room temperature. Methanol
was evaporated, the remnant was evacuated, dissolved in dichloromethane (100 ml), the dicyclo-
hexylammonium salt of o—nj(robe:nzenesulphenyllr:ucine:25 (9-7 g) was added to the solution
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and after cooling to —20°C dicyclohexylcarbodiimide (4:7 g) was added. The reaction mixture
was stirred for 1 h at —10°C and then left at 0°C for 12 h; precipitated dicyclohexylurea was
removed by filtration and the filtrate was evaporated to dryness. The remnant was dissolved
in ethyl acetate and the solution was sequentially extracted with 0-2M-H,SO,, water, 0-5m-
-NaHCO,, water, dried with sodium sulfate and evaporated. The residue was dissolved in a small
amount of methanol, ether and light petroleum were then added to the solution and the mixture
was cooled to 0°C. After filtration and washing with light petroleum, the yield was 9:6 g (79%)
of product, m.p. 147--149°C. The sample for analysis was recrystallized in the same way; the
m.p. did not change; ES' 0-83, E¥3 0-67 (after removing the o-nitrobenzencsulphenyl protecting
group by HCl in methanol); Ry 0-66 (S1), 0-70 (S2), 0-62 (S5); [az]é5 +-8:3° (¢ 0-5, dimethyl-
formamide). For C,gH,4N,OgS (598:7) calculated: 56:17% C, 7-75% H, 9-36%; N: found: 55-97% C,
7-78% H, 993% N.

B. The solution of the dicyclohexylammonium salt of N-benzyloxycarbonyl-O-tert-butyl-
serine2® (13:1 g) and O-tert-butyl-threonine methyl ester hydrochloride (6-1 g — preparation
described under compound ///a) in dichloromethane (110 ml) was cooled to —20°C and dicyclo-
hexylcarbodiimide (6-6 g) was added. The reaction mixture was stirred for 12 h at 0°C, the
precipitated dicyclohexylurea was removed by filtration and the filtrate was evaporated. The
remnant was dissolved in ethyl acetate and the solution was sequentially extracted with 0-2m-
H,S0,, water, 0-5M-NaHCO,, water, dried with sodium sulfate and evaporated. ES! 1-26,
E?.'—f 0-81 (after removing the protecting groups by 35% HBr in acetic acid).

The residue of N-benzyloxycarbonyl-O-tert-butylseryl-O-tert-butylthreonine methyl ester
(111b) was dissolved in methanol (200 ml) and water (4 ml) and was hydrogenated in the presence
of Pd-black (from 2 g of PdCl,). In the course of hydrogenation, the pH value of the reaction
mixture was maintained at 5:0 by the addition ol IM-HC] (approximately 26 ml; pH-stat). The
catalyst was removed, the filtrate was taken to dryness and azeotropically dried. The remnant
was dissolved in dichloromethane (150 ml), the dicyclohexylammonium salt of o-nitrobenzenc-
sulphenylleucine?® (12-7 g) was added, the mixture was cooled to —20°C and dicyclohexyl-
carbodiimide (6:2 g) was then added. The reaction mixture was stirred for 1 h at —10°C and
after 12 h at 0°C treated as sub A). The yield was 11-8 g (73% on the dicyclohexylammonium
salt of benzyloxycarbonyl-O-tert-butylserine) of product with m.p. 143—146°C, undepressed
on admixture with the sample prepared sub 4.

o-Nitrobenzenesulphenylasparaginyl-leucyl-O-tert-butylseryl-O-tert-butylthreonine  Methyl
Ester (V)

To the solution of protected tripeptide 1% (135 g) in methanol (55 ml), 0-364mM-HCI in methanol
was added (63-2 ml), the mixture was left for 20 min at room temperature, methanol was then
evaporated and the remnant evacuated. The remnant was dissolved in dimethylformamide
(30 ml) and dichloromethane (80 ml); N-ethylpiperidine (3-2ml) and o-nitrobenzenesulphenyl-
asparagine 2,4,5-trichlorophenyl ester (11-0 g) were then added. After 24 h of stirring at room
temperature, further portions of N-ethylpiperidine (1-6 ml) and active ester (4-0 g) were added
and after 24 h the mixture was taken to dryness. The remnant was dissolved in ethyl acetate and
the solution was sequentially extracted with 0-2M-H,SO,, water, 0-5M-NaHCO,, water, dried
with sodium sulfate and evaporated. The residue was crystallized from nitromethane and ether.
The yield was 10-0 g (65%) of product, m.p. 180—182°C. [at]lz)s 10-2° (¢ 0-5, dimethylformamide);
Re 0:25 (S4); ESY 0-81, E¥'S 0-61 (after removing the o-nitrobenzenesulphenyl group by HCI
in methanol). For C3,H5,NgOS. 0-5 H,O (721-8) calculated: 53-:24% C, 7-40% H, 11-65% N;
found: 53-24%; C, 7-05% H, 11:73% N.
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Triphenylmethylglycine p-Nitcopheny! Ester

To the solution of lriphenylmclhylglycine28 (25'4 g) in pyridine (80 ml), bis-(p-nitrophenyl)
sulfite?? (285 g) was added. The reaction was performed under nitrogen. After 3 h of stirring
at room temperature, the reaction mixture was evaporated, the residue was dissolved in ethyl
acetate and sequentially extracted with a saturated solution of Na,SO,, dried with sodium sul-
fate and evaporated. The residue was crystallized from ethanol. The yield was 264 g (74%)
of product, m.p. 155—157°C. Data published earlier give m.p. 150— 155°C (ref.2%), 152—155°C
(ref.*%) and 153— 154°C (ref.2%).

Triphenylmethylglycyl-asparaginyl-leucyl-O-tert-butylseryl-O-tert-butylthreonine Methyl Ester
(Vla)

Protected tetrapeptide ¥ (10-8 g) was dissolved in methanol (60 ml), 0-:332mM-HCI in methanol
(46:0 m]) was then added, and after 20 min at room temperature, methanol was evaporated.
The remnant was dissolved in dichloromethane (100 ml); N-ethylpiperidine (2:15 ml) and tri-
phenylmethylglycine p-nitrophenyl ester (7-0 g) were then added to the solution. After 24 h
of stirring at room temperature, further portions of N-ethylpiperidine (1-0 ml) and active ester
(3:0 g) werc added to the reaction mixture; alter 24 h the mixture was evaporated. The residue
was dissolved in ethyl acetate and thoroughly extracted with 0-54-NaHCOj,, water, dried with
sodium sulfate and evaporated. The residue was crystallized under a mixture of ether and light
petroleum, the product filtered off and washed on the filter with ether. The yield was 12:8 g
(98%) of product, m.p. 188—190°C. [«]3% +14:3° (c 0-S, dimethylformamide); Ry 0-25 (S4);
ESY 072, E}$ 0-49 (after removing the triphenylmethyl group by 80% acetic acid). For C4;Hgg.
.NgO5.0:5H,0 (868:0) calculated: 65-03%, C, 7-78% H, 9-68% N; found; 65:17%; C, 7-57% H,
9979 N. Amino-acid analysis: Asp 1-01, Gly 1-00, Leu [-02, Ser 0-97, Thr 0-99.

Triphenylmethylglycyl-asparaginyl-leucyl-O-tert-butylseryl-O-tert-butylthreonine Hydrazide
(VIb)

To the solution of protected pentapeptide ester VIa (12-8 g) in methanol, hydrazine hydrate
(12-5 ml) was added. After 4 days at room temperature, the reaction mixture was diluted with
water, stored for 6 h at 5°C and the precipitate was then filtered off and washed with water. After
crystallization from methanol and water, 12-:0 g of product were obtained, m.p. 176—178°C.
[az],z)5 +8:0 (¢ 0'S, dimethylformamide), —9-2° (¢ 0-5, methanol). For C4sHgsNgOg.0-5 H,O
(868-0) calculated: 63-65% C, 7-78% H, 12:91% N, 3-58% N,Hj: found: 63:60% C, 7-57% H,
13-20% N, 3:81% N, H;.

N*'-(Triphenylmethylglycyl-asparaginyl-leucyl-O-tert-butylseryl-O-tert-butylthreonyl)-
-N“tert-butyloxycarbonylcystathionine a’-Methyl Ester (V1la)

Protected pentapeptide hydrazide VIb (11-0 g) was dissolved in dimethylformamide (150 ml),
the mixture was cooled to —50°C, and 5:7M-HCl in tetrahydrofuran (14-0 ml) and n-butyl nitrite
(17 ml) were then added. The solution was warmed to —20°C in the course of 5 min, the tempera-
ture was maintained at this level for 10 min and then decreased to —40°C in 5 min. N*tert-
-butyloxycarbonylcystathionine o’-methyl ester?* 11 (4:3 g) dissolved in dimethylformamide
(100 ml) and N-ethylpiperidine (2-:5 ml) was added to the solution. The pH value of the mixture
was adjusted to 8:5—9-0 (moist pH paper) with N-ethylpiperidine. The reaction mixture was
kept for 1 h at —20 to —30°C, for 16 h at —20°C, for further 24 h at 0°C and then evaporated
to dryness. The product was triturated with water, cooled, filtered off and washed with water.
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After crystallization from methanol and ether, [1-5g (80°%) of product was obtained, m.p.
156—159°C. [2}35 —12:8° (¢ 0-22, methanol): ESY 0-43 (after removing the triphenylmethyl
group by 809; acetic acid). For C5qHgqNgOy4S (1163-4) calculated: 60-859% C, 7-46% H, 9649, N:
found: 60-70%; C. 7-54% H, 9-65% N. Amino-acid analysis: Asp 1-00, Cyth 0-99, Gly 1-00, Lcu
1-01, Ser 0-93, Thr 1-00.

N?'-(Triphenylmethylglycyl-asparaginyl-leucyl-O-tert-butylseryl-O-ter(-butylthrconyl)-
-N?tert-butyloxycarbonylcystathionine a’-Hydrazide ( V/Ib)

To the solution of protected peptide ¥/la (3-8 g) in methanol (40 ml), hydrazine hydrate (7-2 ml)
was added and after 3 days at room temperature the mixture was diluted with cther, stored for
several hours at 0°C and the precipitated product was then filtered off, washed with ether, dried
and reprecipitated from methanol and ether. The yield was 3-58 g (94%) of product, m.p. 142 to
145°C. [:x],z)s --1-8° (¢ 0-5, dimethylformamide), -4-0° (¢ 0-2, methanol). The sample for analysis
was reprecipitated from methanol and water, m.p. 145—147°C. For C53HygN,,0,3S (1163:4)
calculated: 59-90% C, 7-45% H, 12-04% N; found: 59-99% C, 7-56% H, 12:63% N.

N Tert-Butyloxycarbonyl-a-hemicystathionyl-glycyl-asparaginyl-leucyl-O-tert-butylseryl-
-O-tert-butylthreonyl-a’-hemicystathionine o’-Methyl Ester (V/11)

The preparation of the active ester and cyclization were performed under nitrogen. To the solu-
tion of protected peptide ¥//a (6:0 g) in 2 mixture of pyridine (100 ml) and dimethylformamide
(100 ml), bis-(p-nitrophenyl) sulfite?? (10 g) was added. The reaction mixturc was stirred for
8 h at room temperature, diluted with pyridine (50 ml), a further portion (10 g) of reagent was
added, stirred for 12 h, a further portion (5 g) of reagent was added, and after 5 h the mixture
was evaporated to dryness, the residue was triturated with cther, filtered off, washed with cther,
water and dried in a desiccator. This yiclded 5-2 g of chromatographically (benzene) pure product.

The active ester (5-2 g) was dissolved in 80% acetic acid (240 ml) and left for I h at room
temperature. The mixture was then diluted with water (1200 ml) and freeze-dried. The lyophilisate
was triturated with ether (150 ml) and 2mM-HCI in ether (4:3 ml); after 10 min at room tempera-
ture the product was filtered off, washed with cther and dried in a desiccator (NaOH). The
product was dissolved in dimethylformamide (120 m!) and the solution was added in the course
of 12 h to a mixture of pyridine (1200 ml) and N-ethylpiperidine (I-1 ml) while stirring and
heating to S0°C. After 12 h the reaction mixture was evaporated to dryness, the residuc was
dissolved in methyl acetate and the solution was sequentially extracted with 0-2M-H,S80,, 0-5m-
NaHCOj, water, dried with sodium sulfate and evaporated. The yield was 3-3 g (87%) of product.
The product was subjected to gel filtration on Sephadex LH-20 in methanol (the column measured
2 % 120cm, 17 g of product was dissolved in 4 ml of methanol, the flow rate was 65 m! per h,
peptide material was detected by means of a UV spectrophotometer at 220 nm and simultane-
ously by ORD at 240 nm. Fractions from 230 to 310 ml of the eluted volume were isolated;
after evaporation the yield was 185 g (49%). The product was then purified by chromatography
on a silica gel column in 90% aqueous 2-butanol (silica gel 60— 120 p; 2-5 X 140 cm column;
900 mg of product was applied in 5 ml of 90% aqueous 2-butanol; flow rate 33 ml per h; detection
by UV spectroscopy at 220 nm). Fractions from 430 —550 ml of the eluted volume were isolated
after evaporation, 1-15 g (30%) of chromatographically pure product was obtained. The sample
for analysis was reprecipitated from methanol and water; m.p. 134—136°C, [az]é5 —34:0° (¢ 0-2,
methanol); Ry 0-75 (S1), 0:76 (S2), 0-75 (S6), 0-62 (S7); ESY 076, EY5 0-42 (after removing the
protecting groups by trifluoroacetic acid). For C4oH;oNgO3S (903:1) calculated: 53-15% C,
7-81% H, 12:40% N; found: 52:99% C, 7-711% H, 12:12% N. Amino-acid analysis: Asp 1-03,
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Cyth 093, Gly 1-02, Leu 1-00, Ser 0-94, Thr 1-00. The number of amino groups in the molecule
was determined by partial substitution and by means of electrophoretic amalysis3 1.32

Tert-Butyloxycarbonylmethionyl-leucyl-glycine Ethyl Ester (/Xa)

A solution of HBr in acetic acid (35%, 10 ml) was added to the ethyl ester of benzyloxycarbonyl-
Ieucyl»glycinc”_35 (7-0 g). After 20 min at room temperature, the reaction mixture was diluted
with ether (200 ml) and the precipitated dipeptide hydrobromide was filtered off, dried in a des-
iccator and dissolved in dimethylformamide (40 ml). N-Ethylpiperidine (pH 6, moist pH paper),
dicyclohexylammonium salt of lerl—bulyloxycarbonylmethionine“’ (8:6 g) and 1-hydroxybenzo-
triazole®” (2:7 g) were added to the solution. The mixture was cooled to —20°C, its pH value was
adjusted to 7-5 to 8-0 (moist pH paper) and dicyclohexylcarbodiimide (4:6 g) was added. The
solution was stirred for 1 h at —10°C and for 12 h at 0°C. The precipitated dicyclohexylurea was
removed by filtration, the filtrates were evaporated and the remnant was dissolved in ether.
The solution thus obtained was sequentially extracted with 0-2mM-H,SO,, water, 0-5M-NaHCO;,
water, dried with sodium sulfate, evaporated and crystallized from ether and light petroleum.
The yield was 6:0 g (68%) of product, m.p. 118—120°C. The sample for analysis was recrystallized
in the same way without change in the m.p. [«]3% —46:7° (¢ 0-52, ethanol). ESY 0-92, E}'s 0-48
(after removing the protecting group by trifluoroacetic acid). For C,oH;3;N3;04S (447:6) cal-
culated: 53-66% C, 8:33% H, 9-39% N; found: 54-05% C, 8:45% H, 9-40% N.

Methionyl-leucyl-glycine (1Xb)

To the protected tripeptide /Xa (2-4 g), trifluoroacetic acid (8 ml) was added and after 1 h at room
temperature, the reaction mixture was diluted with toluene (10 ml) and evaporated to dryness.
The residue was dissolved in ethanol (40 ml), IM-NaOH (20 ml) was added and after 1 h at room
temperature ethanol was evaporated and the aqueous solution was applied onto a column of Do-
wex 50 (H*-cycle, 100 ml). The column was washed through with water and the product.was
eluted by 10% aqueous pyridine. The eluate was evaporated to dryness and crystallized from
water and ethanol. The yield was 0-9 g (53%) of product, m.p. 215—217°C; ES!Y 0-94, E¥i5 0-00;
[az][z,5 —38:8° (¢ 0-2, pyridine), —2-4° (¢ 0'5, IM-HCI). For C,3H;3N3;0,S. 0-5 H,0 (328:4)
calculated: 47-65% C, 7-98% H, 12:81% N; found: 47-96% C, 7-61% H, 12:97% N.

N*'-(Triphenylmethylglycyl-asparaginyl-leucyl-O-tert-butylseryl-O-tert-butylthreonyl)-
-N%tert-butyloxycarbonylcystathionyl-a’-methionyl-leucyl-glycine Ethyl Ester (X)

To the protected tripeptide /.Xa (1-4 g, 3-1 mm), trifluoroacetic acid (5 ml) was added and after
1 h at room temperature, the reaction mixture was diluted with toluene (5 ml) and evaporated
to dryness. The remnant was dissolved in dimethylformamide (10 ml) and N-ethylpiperidine
(2 ml) was added to the solution.

To the solution of protected peptide hydrazide VIIb (1-8 g, 1:55 mm) in dimethylformamide
(15 ml), cooled to —40°C, 8-0M-HCI in tetrahydrofuran (11 ml) and n-butyl nitrite (0-25 ml)
were added. The solution was warmed to — 20°C in the course of 5 min, kept at this temperature
for 10 min and then cooled to —40°C in 5 min. To the reaction mixture the previously prepared
solution of methionyl-leucyl-glycine ethyl ester was added and the pH was adjusted to 8:5 (moist
pH paper). The reaction mixture was kept for 1 h at —20 to —30°C, overnight at —20°C and
for 72 h at 0°C; it was then evaporated. The product was triturated with water, stored for several
hours at 0°C, filtered off and washed with water (2:05 g, 90%). The crude product was recrystal-
lized from methanol, filtered off and washed with methanol and ether. The yield was 1-00 g
(45%) of product, m.p. 228—233°C. [a]3® —7-9° (¢ 0-2, dimethyiformamide); EGY 0-57 (after
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Amino-terminal Decapeptide 1313

removing all protecting groups by HBr in acetic acid). For C;3H;;{N,,0,,5,.2 H,0 (1514:9)
calculated: 57-80% C, 7-65% H, 10-18% N; found: 57-52% C, 7-47% H, 10-50%; N. Amino-acid
analysis: Asp 1-04, Gly 199, Cyth 1-03, Leu 2-00, Met 1-00, Ser 0-95, Thr [-03.

N-Tert-butyloxycarbonyl-a-hemicystathionyl-glycyl-asparaginyl-leucyl-O-tert-butylseryl-
-O-tert-butylthreonyl-o’-hemicystathionyl-methionyl-leucyl-glycine Ethyl Ester (/@)

The preparation of the active ester and cyclization were performed under nitrogen. To the solu-
tion of protected peptide X (1:0 g) in a mixture of pyridine (30 ml) and dimethylformamide
(30 ml), bis-(2,4,5-trichlorophenyl) sulfite (2:0 g) was added. The reaction mixture was stirred
for 8 h at room temperature and diluted with pyridine (20 ml). Then, a lurther portion (2:0 g)
of the reagent was added, the mixture was stirred for 12 h, 1-0 g more of reagent was added,
after 5 h the reaction mixture was evaporated to dryness, the residue was triturated with ether,
water and dried. The product obtained was chromatographically pure (benzene).

The active ester was dissolved in 80% acetic acid (40 ml), after 1 h the reaction mixture was
diluted with water and freeze-dried. To the remnant (950 mg) ether (50 ml) and 2mM-HCl in ether
(0-5 ml) were added, and after 10 min at room temperature, the product was filtered off, washed
with ether and dried in a desiccator (NaOH). The product was dissolved in dimethylformamide
(100 ml) and this solution was added in the course of 12 h to a mixture of pyridine (1300 ml)
and N-ethylpiperidine (0-15 ml) while stirring and heating to 50°C. After 12 h, the reaction mix-
ture was evaporated to dryness, triturated with ether, filtered off, washed with cther and water.
After drying, 720 mg of crude product were obtained. The product was purified by gel filtration
on Sephadex LH-20 in dimethylformamide (I X 200 cm column; 60—90 mg portions were
applied in 1-0 ml of dimethylformamide; flow rate 12 ml per h; peptide matcrial was detected
by means of a differential refractometer and/or ORD at 310 nm). Fractions from approximately
770 to 84-0 m! of the eluted volume were isolated. (A second peak appeared at approximately
67-0 ml of the eluted volume.) After evaporation and trituration with ether, 368 mg (44%) of pro-
duct were obtained, [cz]f,Z —12:7° (¢ 0-2, dimethylformamide); EZG.'Z 062, E?_%‘ 0-31 (after removing
the protecting groups by trifluoroacetic acid). For C54HgsN;;0,S,.2:5 H,0 (1263:6) calculated:
51-33% C, 7-98% H, 12:19% N; found: 51-23% C, 7-62% H, 12-15% N. Amino-acid analysis:
Asp 0-98, Thr 1-02, Ser 1-02, Gly 1-93, Met 0-98, Cyth 107, Leu 2:00.

N%Tert-butyloxycarbonyl-a-hemicystathionyl-glycyl-asparaginyl-leucyl-O-tert-butylsery|-
-O-tert-butylthreonyl-a’-hemicystathionyl-methionyl-leucyl-glycine (1b)

The protected decapeptide ester Ja (320 mg) was dissolved in dimethylformamide (1'5 ml) and
methanol (10 ml); IM-NaOH (2-:0 ml) was then added to the solution. After | h at room tempera-
ture, the pH value of the solution was adjusted to 4-0—5-0 by 20% citric acid and the solution
was diluted with water to 100 ml. The mixture was left at 0°C for I h, the product was then
isolated by centrifugation, washed with water and dried. The yield was 180 mg (57%) of product
with m.p. above 270°C (decomposition). The test for sulfoxides was negative®®. [2]35 —9-0°
(¢ 0-2, dimethylformamide), ESY 0-62, E§ 0-00 (after removing the protecting groups by tri-
fluoroacetic acid); Rg 0-61 (S6), 0:00 (S4). For C53HgoN{;O5S, (1189-5) calculated: 52:50% C,
7-62% H, 12:95% N; found: 52:50% C, 7-49% H, 12:62% N. Amino-acid analysis: Asp 099,
Thr 0-96, Ser 1-00, Gly 2:00, Met 1-01, Cyth 1-01, Leu 2:00.

We wish to thank Mrs H. FarkaSovd for performing the amino-acid analyses and Mrs Z. Ledvi-
novd for measurements of optical rotations. Elemental analyses were carried out at the analytical

department of this Institute (head Dr J. Hordcek).
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