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Synthesis of a Peptide Lactone, N-(3-Hydroxypicolinyl)-threonyl-p-
leucyl-prolylsarcpsyl-leucyl-alanyl-alanine Threonine Lactone

Hideki KiNnosHiTAa and Hiroshi KoTAkE
Department of Chemistry, Faculty of Science, Kanazawa University, Kanazawa 920
(Received September 3, 1976)

The synthesis of a peptide lactone, N-(3-hydroxypicolinyl)-threonyl-p-leucyl-prolylsarcosyl-leucyl-alanyl-
alanine Threonine Lactone (21) is described. The t-butoxycarbonyl group of t-butyl O-(t-butoxycarbonyl-alanyl)-
N-benzyloxycarbonyl-threonyl-p-leucyl-prolylsarcosinate (12) was deblocked selectively with formic acid in good
yield. The coupling of 12 with the azide derived from ¢-butoxycarbonyl-leucyl-alanine hydrazide (15) with
isopentyl nitrite gave a heptapeptide ester 17. Deblocking, cyclization, and hydrogenation gave a heptapeptide lac-
tone 20 which was coupled with 3-hydroxypicolinic acid yielding 21.

In a previous paper,!) it was reported that the ¢-but-
oxycarbonyl group was cleaved selectively in the pres-
ence of the f-butyl ester group using 859, formic acid
and the application of this selective deprotection method
for the synthesis of peptides.

In this paper, the usefulness of this method for the
synthesis of the peptide lactone? is reported.

In the past several years, the structures of a number of
new antibiotics have been reported in the literature with
the common feature of a lactone that is formed from the
carboxyl function of an amino acid with the hydroxyl
group of an amino acid. Moreover, in most of the cases,
the amino function of the latter is acylated by a hetero-
cyclic acid.3-% Examples of this class of compounds are
the antibiotic actinomycin,” etamycin,® echinomycin,®
etc. Synthetic approaches in this field of naturally
occurring peptide lactone antibiotics have been limited
only to actinomycin®-'V and etamycin.!®

Because of the difficulties of synthesis, the authors are
interested in finding a new method of synthesizing this
class of peptides in the utility of the selective deblocking
method) described previously. For this purpose an
attempt was made to synthesize a peptide lactone 21 as
a model (Fig. 1).
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In the synthesis of a peptide lactone, it is usual to pre-
pare initially the ester bond followed by cyclization by
the formation of an amide bond. For example, in the
case of 6-proline-staphylomycin S'» and etamycin,!?)
initially the linear peptide ester containing a 3-hydroxy-
picolinic acid moiety was prepared and then cyclization

was provided by the amide bond formation. However
a new route was designed in which the formation of pep-
tide lactone 19 is obtained by cyclization of the linear
peptide ester 18 and finally a 3-hydroxypicolinic acid
moiety is introduced into the amino group of threonine,
as illustrated in Scheme 2. This synthetic approach has
not been reported in the literature to date as far as the
present authors are aware, because it is necessary to use
various protecting groups in this case.

The amide bond between sarcosine and leucine was
selected for the cyclization step because of the stability of
sarcosine toward racemization. For this approach, it
was necessary to synthesize a chain that would include
the desired ester bond between alanine and threonine
(Scheme 2).

The preparation of the deprotected tripeptide (¢-butyl
p-leucyl-prolylsarcosinate (10)) was attempted in two
different ways. Catalytic hydrogenation of #butyl
benzyloxycarbonyl-p-leucyl-prolylsarcosinate (3) derived
from the coupling of benzyloxycarbonyl-p-leucyl-pro-
line (2) with #-butyl sarcosinate, gave a tripeptide ester
10, but p-leucyl-proline anhydride (4) was always pro-
duced as a by-product (Scheme 1). Therefore, it was
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thought that the selective deblocking method? may be
superior for this purpose. The cleavage of the #-butoxy-
carbonyl group of the protected dipeptide ester 7 by
formic acid gave a dipeptide ester 8 in a 909, yield,
which was condensed with #-butoxycarbonyl-p-leucine
to give the desired protected tripeptide ester 9 in a 969%,
yield. Alternatively, compound 9 was obtained only in
the low yield of 599, by coupling of t-butoxycarbonyl-p-
leucyl-proline (6) with ¢-butyl sarcosinate. The cleav-
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age of the ¢-butoxycarbonyl group of the protected tri-
peptide ester 9 by formic acid gave a tripeptide ester 10
in an 869, yield with no by-products such as anhydride.

The formation of the ester bond between alanine and
threonine was mediated by the mixed anhydride meth-
od. The product was separated from the reaction mix-
ture by gel filtration on Sephadex LH-20 to give the
desired ester 11 in a 649, yield, which was isolated as
dicyclohexylammonium salt. The coupling of the pep-
tide 11 with the tripeptide ¢-butyl ester 10 using the
mixed anhydride method gave the pentapeptide ester 12
in an 809, yield.

The selective cleavage of compound 12 by formic acid,
a key step in the elongation of the peptide bond to the
N-terminus, was realized successfully to give the desired
deprotected pentapeptide ester 13 in good yield of
879%,, which was condensed with the azide 16 derived
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from ¢-butoxycarbonyl-leucyl-alanine hydrazide (15)
with isopentyl nitrite!¥) to give a 919, yield of the desired
heptapeptide ester 17. A short treatment of the linear
heptapeptide ester 17 with anhydrous trifluoroacetic
acid is sufficient to remove both of the amino- and the
carboxyl-protecting groups to give a trifluoroacetate 18
in a 939, yield. After neutralization with triethylamine,
cyclization of the deprotected peptide ester was achieved
in a highly dilute solution using five times excess amounts
of EDCI and N-hydroxysuccinimide,' followed by
separation of the reaction mixture by preparative TLC
to give the desired peptide lactone 19 in good yield
(45%). A mass spectrum of compound 19 showed the
expected molecular weight. Debenzyloxycarbonyla-
tion of the heptapeptide lactone 19 was carried out in an
acidic medium containing hydrogen chloride to avoid
intramolecular acylation, the so-called O—N acyl
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migration.16-18)

The introduction of a 3-hydroxypicolinic acid moiety
to the N-terminus was at first carried out by the reaction
of the deprotected cyclic peptide 20 with the 3-benzyl-
oxypicolinic acid p-nitrophenyl ester'® with slow neu-
tralization, followed by catalytic hydrogenation giving
only a poor yield of the desired acylated peptide lactone
(209%). Alternatively, condensation of the heptapep-
tide lactone 20 with the active ester, derived from
3-benzyloxypicolinic acid'® and HOBt using dicyclo-
hexylcarbodiimide under the same reaction conditions
(as described above) gave the desired cyclic octapeptide
ester 21 in good yield (689,). The presence of 3-hy-
droxypicolinic acid was confirmed by spectroscopical-
ly'»13) and by the color reaction?? of the hydrolysate
with an aqueous ferric chloride solution.

As mentioned above, the selective deblocking method
has proved useful for the synthesis of a peptide lactone.

Experimental

All melting points are uncorrected. The NMR, IR, and
UV spectra were recorded on a JEOL JNH-60, a JASCO
IRA-1 spectrometer and a Union Giken SM-401 spectrometer,
respectively. The optical rotation values were measured with
a JASCO DIP-SL polarimeter.

Z-p-Leu-Pro-OFEt (1). To a solution of benzyloxy-
carbonyl-p-leucine (13.3 g, 0.05mol) and ethyl prolinate
hydrochloride (7.57 g, 0.05 mol) in chloroform (80 ml), tri-
ethylamine (5.5 g, 0.055 mol) was added at 0 °C, followed,
after 1 h, by dicyclohexylcarbodiimide (10.3 g, 0.05 mol). The
reaction mixture was stirred for 3 h below 0 °C and allowed to
stand overnight at room temperature. After a precipitate of
dicyclohexylurea was filtered off, the filtrate was concentrated
to dryness under reduced pressure. The residue was dissolved in
ethyl acetate and the organic layer was washed with 1M-hydro-
chloric acid, 109, sodium hydrogencarbonate and water, and
dried over anhydrous sodium sulfate. The solvent was removed
in vacuo to give an oily product. Yield, 16.3 g (83.6%,).

Z-p-Leu-Pro-OH (2). To a solution of 1 (16.3 g,
41.8 mmol) in EtOH (50 ml), 46 ml of 1M-aqueous sodium
hydroxide was added with stirring at 0 °C for 3 h, followed by
standing overnight at room temperature. The EtOH was
removed in vacuo and water was added to the reaction mixture.
The aqueous residue was extracted with ethyl acetate, and the
alkaline aqueous layer was adjusted to pH 3 to afford a crude
crystalline product (12.9 g, 81.29%,) with a melting point of
98—102 °C, which was recrystallized from ethyl acetate—
hexane. Yield, 10.81 g (68%); mp 103—104 °C; [a]F —21.3°
(1.05, abs EtOH). Found: G, 60.03; H, 7.38; N, 7.21%.
Calcd for C,gH,;O;N,-H,0: C, 59.98; H, 7.38; N, 7.36%.

Z-p-Leu—Pro-Sar-OBu* (3). To a solution of 2(7.24 g,
0.02 mol) in dry tetrahydrofuran (40 ml) was added triethyl-
amine (2.02 g, 0.02 mol), followed, after 2 min, by isobutyl
chloroformate (2.73 g, 0.02 mol) at — 15 °C with stirring. A
solution of #-butyl sarcosinate (2.90 g, 0.02 mol) in dry tetra-
hydrofuran (20 ml) was added. The solution was stirred for
2 h below 0 °C and allowed to stand overnight. The solvent
was evaporated under reduced pressure and the residual oil
was partitioned between ethyl acetate and water. The organic
layer was washed with 1M-hydrochloric acid, 109, sodium hy-
drogencarbonate and water, and dried over anhydrous sodium
sulfate. The ethyl acetate was evaporated in vacuo to give an
oily product. Yield, 8.30 g (84.9%,). M 489.

Boc-p-Leu—Pro-OEt (5). t-Butoxycarbonyl-p-leucine
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monohydrate (8.34 g, 33.5 mmol) was dissolved in ethyl ace-
tate (30 ml) and dry tetrahydrofuran (15 ml), and then to this
solution was added dicyclohexylcarbodiimide (6.89 g, 33.5
mmol) at 0°C. After 20 min, a solution of ethyl prolinate
(4.97 g, 33.5 mmol) in ethyl acetate (10 ml) was added for a
period of 20 min and the reaction mixture was stirred for 2 h
at 0 °C and allowed to stand overnight at room temperature.
After dicyclohexylurea was filtered off, the filtrate was con-
centrated to dryness in vacuo and the residue was dissolved in
ethyl acetate. The organic layer was washed with 1M-hydro-
chloric acid, 109, sodium hydrogencarbonate and water, and
dried over anhydrous sodium sulfate. The solvent was removed
in vacuo to give an oily product. Yield, 10.8 g (90.69%,).

Boc-p-Leu—Pro-OH (6). To a solution of 5 (10.8 g,
30.3 mmol) in EtOH (31 ml) was added 32 ml of 1M-aqueous
sodium hydroxide (32 mmol) for a period of 40 min with stirr-
ing at —2 °C. The solution was stirred for 2.5 h below 0 °C
and allowed to stand overnight. The EtOH was removed
in vacuo and water was added to the reaction mixture. The
aqueous residue was treated with ethyl acetate, and the alka-
line aqueous layer was adjusted to pH 3 to afford an oily
product, which was extracted with ethyl acetate. The ethyl
acetate was removed in vacuo to give an oily product in quanti-
tative yield, which was isolated in the form of a crystalline
substance, dicyclohexylammonium salt, from ethyl acetate-
hexane; 12.58 g (81.6%); mp 168.0—170.5 °C. Recrystalli-
zation from ethyl acetate gave a pure crystalline product with
a melting point of 172—173 °C; vyield, 11.98 g (77.7%);
[e]y —23.0° (1.02, abs EtOH). Found: C, 65.91; H, 9.92;
N, 8.17%. Caled for C,sH;,O3N;: G, 65.97; H, 9.92; N,
8.249,.

For the conversion to the free acid, the dicyclohexylammo-
nium salt 3.50 g (6.87 mmol) was dissolved in a mixture of
water and ethyl acetate. After the acidification with 1M-hy-
drochloric acid (8 ml) the precipitate of dicyclohexylammo-
nium hydrochloride was filtered off. The ethyl acetate extract
was dried over anhydrous sodium sulfate and concentrated to
dryness in vacuo. Yield, 2.24 g (99.6%,).

Boc—Pro-Sar-OBu* (7). To a solution of ¢-butoxycar-
bonyl proline (1.29 g, 6 mmol) in dry tetrahydrofuran (5 ml)
and ethyl acetate (10 ml) were added ¢t-butyl sarcosinate (870
mg, 6 mmol) and dicyclohexylcarbodiimide (1.24 g, 6 mmol)
with stirring at 0 °C. The reaction mixture was allowed to
stand overnight at room temperature. The dicyclohexylurea

precipitate was filtered off and the filtrate was concentrated to
dryness in vacuo. The residue was dissolved in ethyl acetate

and the organic layer was washed with IM-hydrochloric acid,
109% sodium hydrogencarbonate and water. After drying
over anhydrous sodium sulfate, the solvent was removed in
vacuo. A crude crystalline substance (1.66 g, 809,) with a
melting point of 70—75 °C was obtained, which was recrystal-
lized from heptane. Yield, 1.48 g (72.7%); mp 73—75 °C.
The second crop was obtained from the main solution, 60 mg;
mp 72—73 °C. Total yield, 1.54g (76.8%); [a]% —52.1°
(1.06, abs EtOH) ; NMR (CCl,): ¢ 1.37 (s, 9H), 1.44 (s, 9H).
Found: C, 59.63; H, 9.02; N, 8.089,. Calcd for C,,;H;,0O;N,:
G, 59.62; H, 8.83; N, 8.18%,.

H-Pro-Sal-OBu* (8). Compound 7 (300 mg, 0.877
mmol) was dissolved in 7 ml of 859, formic acid, and after the
solution had been maintained for 4.5 h at 19 °C, the solvent
was removed in vacuo. The residual oil was dissolved in chloro-
form and ammonia was passed through the solution. The
precipitate of ammonium formate was filtered off and the
filtrate was concentrated to dryness in vacuo. The residue was
dissolved in ethyl acetate and an insoluble material was
filtered off. The organic layer was dried over anhydrous
sodium sulfate and removed in vacuo to give an oily product.
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Yield, 190 mg (89.6%) ; NMR (CCl,): 6 1.45 (s, 9H).

Boc—p-Leu—Pro-Sar-OBu® (9). Method A: To a solu-
tion of 6 (2.24 g, 6.84 mmol) in. dry tetrahydrofuran (15 ml)
was added triethylamine (690 mg, 6.84 mmol) and the mixture
was cooled to —15 °C. To the solution, isobutyl chloroformate
(934 mg, 6.84 mmol) was added followed, after 5 min, by a
solution of ¢-butyl sarcosinate (1.00 g, 6.89 mmol) in dry tetra-
hydrofuran (1 ml). The reaction mixture was stirred for 2 h
at 0 °C and allowed to stand overnight at room temperature.
The solvent was removed in vacuo and the residue was partition-
ed between ethyl acetate and water, the organic layer was
washed with 1 M-hydrochloric acid, 109, sodium hydrogencar-
bonate and water, and then dried over anhydrous sodium
sulfate. The ethyl acetate was removed ¢n vacuo to give a crude
oil, which was subjected to column chromatography on silica
gel using hexane-ethyl acetate (2:1v/v). Yield, 1.83 g
(58.8%). NMR (CCl,): 6 1.38 (s, 9H), 1.43 (s, 9H) ; M+ 455.

Method B: To a stirred solution of ¢-butoxycarbonyl-p-
leucine monohydrate (195 mg, 0.783 mmol) in dry tetrahydro-
furan (2 ml) at —10°C, was added triethylamine (79 mg,
0.783 mmol) followed by isobutyl chloroformate (107 mg,
0.783 mmol). After 5 min a solution of 8 (190 mg, 0.783
mmol) in dry tetrahydrofuran (1 ml) was stirred for 3.5 h
below 0 °C and allowed to stand overnight at room tempera-
ture. The solvent was evaporated in vacuo and the residue was
partitioned between ethyl acetate and water. The ethyl ace-
tate layer was washed with 1 M-hydrochloric acid, 109, sodium
hydrogencarbonate and water. After drying over anhydrous
sodium sulfate, the ethyl acetate was removed in vacuo to give a
pure oil. Yield, 340 mg (95.7%). The physical properties
of this oil were similar to those of the product obtained accord-
ing to method A.

H-p-Leu—Pro-Sar-OBu® (10). Catalvtic Hydrogenation
Method: Catalytic hydrogenation of 3 (1.00 g, 2.04 mmol)
with palladium (50 mg) in EtOH (25 ml) afforded the desired
tripeptide (10) contaminated with a ninhydrin-negative com-
pound. It was found that this compound was bD-leucyl-
proline anhydride (4), which was confirmed by its IR spectrum
and elemental analysis. mp 148—149 °C; [«]3 —105.5° (0.50,
abs EtOH). Found: C, 62.67; H, 8.44; N, 13.04%,. Calcd
for C,,H,,O,N,: C, 62.83; H, 8.63; N, 13.329,.

Selective Cleavage Method: Compound 9 (3.36 g, 7.41 mmol)
was dissolved in 100 ml of 859, formic acid, and after the solu-
tion had been maintained for 3.5 h at 18 °C, the solvent was
removed in vacuo. The residual oil was dissolved in chloro-
form, and ammonia was passed through it. After a short
cooling, the precipitate was filtered off and the filtrate was
evaporated in vacuo. The residual oil was dissolved in ethyl
acetate and an insoluble material was filtered off. The organic
layer was dried over anhydrous sodium sulfate. The solvent
was removed in vacuo to give an oily product. Yield, 2.24 g
(85.9%). NMR (CCl,): ¢ 1.44 (s, 9H); M+ 355.

Boc-Ala—

Z-Thr-OH (11). t-Butoxycarbonyl-alanine (7.56
g, 40 mmol) and triethylamine (4.04 g, 40 mmol) were dis-
solved in dry tetrahydrofuran (12 ml), and the solution was
cooled to —5 °C. Isobutyl chloroformate (5.44 g, 40 mmol)
was added, followed, after 5 min of stirring in the cold bath, by
a solution of benzyloxycarbonyl threonine (20.24 g, 80 mmol)
and triethylamine (12.12 g, 120 mmol) in dry tetrahydrofuran
(80 ml). The reaction mixture was allowed to stand with
stirring at room temperature. The salt was filtered off and
washed well with ethyl acetate. The filtrate was concentrated
to dryness, and the residual oil was partitioned between ethyl
acetate and water. The ethyl acetate layer was washed with
1 M-hydrochloric acid and water and dried over anhydrous
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sodium sulfate. The ethyl acetate was evaporated in vacuo to
afford an oily product. The crude reaction mixture so obtain-
ed was separated by gel filtration on Sephadex LH-20, using
chloroform as the elution solvent to give the desired product
(16 g), which was isolated in the form of a crystalline product,
dicyclohexylammonium salt, from ethyl acetate. Yield, 15.45
g (63.8%) with a melting point of 165—166 °C; [o]s —10.5°
(1.04, abs EtOH). Found: C, 63.15; H, 8.62; N, 6.83%,.
Calcd for Cy,H;,OgN,: C, 63.45; H, 8.49; N, 6.93%,.
Boc-Ala—,

Z-Thr-p-Leu~Pro—Sar-OBu* (12). Triethylamine
(674 mg, 6.67 mmol) and 11 (2.83 g, 6.67 mmol) were dis-
solved in dry tetrahydrofuran (30 ml) and the solution was
cooled to —15 °C with stirring. Isobutyl chloroformate (911
mg, 6.67 mmol) was added, followed, after 5 min of stirring in
the cold bath, by a solution of 10 (2.24 g, 6.36 mmol) in dry
tetrahydrofuran (20 ml). The reaction mixture was kept at
—10°C for 1h, then at 0°C for 1.5h and allowed to stand
overnight at room temperature. The residual oil was parti-
tioned between ethyl acetate and water. The ethyl acetate
layer was washed with 1 M-hydrochloric acid, 109, sodium
hydrogencarbonate and water and dried over anhydrous
sodium sulfate. Evaporation afforded a crude oily product
(4.51 g) and this oil was subjected to column chromatography
on silica gel using ethyl acetate-hexane (2:1 v/v) to give an
809, yield of the desired product (3.88 g); [«]% —36.4° (1.20,
abs EtOH) ; NMR (CCl,): 6 1.37 (s, 9H), 1.47 (s, 9H) ; M+ 761.
Found: C, 59.60; H, 7.91; N, 8.95%,. Calcd for C3;H;¢0,,-
N;-1/2H,0: C, 59.20; H, 7.84; N, 9.06%,. Amino acid analy-
sis showed the presence of threonine, sarcosine, proline, leucine
and alanine in ratios of 0.8: 1.2: 1.3: 0.8: 1.0.

Boc-Leu-Ala-OMe (14). Methyl alaninate hydro-
chloride (3.14 g, 25 mmol) was suspended in chloroform (30
ml), followed by the addition of triethylamine (2.78 g, 27.5
mmol) at 0°C. To the solution, dicyclohexylcarbodiimide
(5.15 g, 25 mmol) were added. After cooling in a cold bath
for 2 h, the reaction mixture was allowed to stand overnight.
Dicyclohexylurea was filtered off and the organic layer was
washed with 1 M-hydrochloric acid, 109, sodium hydrogencar-
bonate and water and dried over anhydrous sodium sulfate.
The solvent was removed in vacuo to give a crystalline sub-
stance, (6.80 g, 869,) with a melting point of 113—115 °C,
which was recrystallized from benzene-hexane. Yield, 6.36 g
(80.5%); mp 113—115 °C; [«]3 —48.3° (1.20, abs MeOH).
Found: C, 57.10; H, 8.84; N, 8.67%. Calcd for C;;H,;0;N,:
G, 56.94; H, 8.92; N, 8.859%,.

Boc—Leu—-Ala—-N,H; (15). To a solution of 14 (3.9 g,
12.3 mmol), was added hydrazine monohydrate (2.4 g, 48
mmol) in MeOH (10 ml), and the solution was allowed to
stand overnight at room temperature. Evaporation in vacuo
afforded the crude product (3.77 g, 96.7%,) with a melting
point of 175—177 °C, which was recrystallized from ethyl
acetate. Yield, 3.46g (88.7%); mp 178—179°C; [«]¥
—51.9° (0.94, abs MeOH). Found: C, 52.90; H, 8.89; N,
17.37%. Caled for C,,H,;O,N,: C, 53.14; H, 8.92; N,
17.74%,.

H—Ald—l

Z-Thr-p-Leu—Pro—~Sar-OBu* (13). Compound 12
(1.20 g, 1.58 mmol) was dissolved in 60 ml of 859, formic
acid and then the solution was maintained for 2h at 18—
19°C. The solvent was removed in vacuo and the residual
oil was partitioned between ethyl acetate and water. Sodium
hydrogencarbonate was added to the aqueous layer producing
alkaline solution, and the isolated oil was extracted with ethyl
acetate. After drying the solvent was removed in vacuo to give
the desired product. Yield, 900 mg (86.5%); NMR (CCl,):
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d 1.47 (s, 9H); M+ 661.
Boc—Leu-Ala—Ala—

Z—Thr-p-Leu—Pro-Sar-OBu® (17). Toa
solution of 15 (1.062 g, 3.36 mmol) in dry N,N-dimethyl-
formamide (18 ml) was added 2.18 ml of 4.62 M-HCI in
dioxane (10.08 mmol) at —50 °C, followed by isopentyl nitrite
(0.47 ml, 3.36 mmol). After the temperature had been raised
to —20 °C and kept there for 30 min, the solution was again
cooled to —50 °C, and triethylamine (1.01 g, 10.08 mmol) was
added. A solution of 13 (2.22 g, 3.36 mmol) in dry N,N-di-
methylformamide (10 ml) was added dropwise at —20 °C.
After stirring at 0 °C for 70 h, the solvent was removed in vacuo
and the residual oil was partitioned between ethyl acetate and
water. The ethyl acetate layer was washed with 1M-hydro-
chloric acid, 10%, sodium hydrogencarbonate and water. The
solvent was evaporated to dryness under reduced pressure to
give a crude product. The crude oil was subjected to column
chromatography on silica gel using benzene-MeOH (20: 1
v/v) to afford a 90.5%, yield of the desired pure product (2.88
g); [«]® —37.5° (1.04, abs EtOH); NMR (CCl,): 6 1.38 (s,
9H), 1.44 (s, 9H). Found: C, 59.05; H, 8.03; N, 10.53%,.
Caled for C.;H,;0p;3N,-1/2H,O: C, 59.09; H, 7.92; N,
10.27%. Amino acid analysis showed the presence of threo-
nine, sarcosine, proline, alanine and leucine in ratios of 0.8:
0.7:1.0: 2.0: 1.5.

Z-Thr—p-Leu—Pro—Sar
L Ala-Ala—Leu (19). Compound 17 (1.10 g,

1.16 mmol) was dissolved in 15 ml of trifluoroacetic acid and
allowed to stand for 1 h at room temperature. Excess tri-
fluoroacetic acid was removed in vacuo and the residue was tri-
turated with dry ether to give a salt (18) in a 92.39, yield
(975 mg). The salt (600 mg, 0.664 mmol) was suspended in
dry dichloromethane (10 ml) and triethylamine (133 mg,1.32
mmol) was added with ice cooling, after 50 min, followed by
evaporation and drying under reduced pressure. The residue
was taken up in 1.2 1 of dry dichloromethane and cooled to 0°C.
N-Hydroxysuccinimide (381 mg, 3.32 mmol) was added and
after a short delay, a solution of EDCI (515 mg, 3.32 mmol) in
dry dichloromethane (10 ml) was added. The reaction mix-
ture was stirred for 30 h at 0 °C and then the stirring was con-
tinued for 60 h at 5 °C. The solution was evaporated in vacuo
and the residue was partitioned with ethyl acetate and water.
The organic layer was washed with 0.1 M hydrochloric acid,
109 sodium hydrogencarbonate and water, dried over an-
hydrous sodium sulfate, and evaporated. The product was
subjected to preparative TLC first using ethyl acetate-EtOH
(6: 1 v/v) and once more using benzene-EtOH (5: 2 v/v). The
desired product was obtained in a 44.5%, yield (233 mg) which
was recrystallized from ethyl acetate~hexane to give a crystal-
line product with a melting point of 176—178 °C. Yield,
224 mg; [«]% +59.7° (1.17, abs EtOH); M+ 771. Found:
G, 58.01; H, 7.60; N, 12.41%,. Calcd for CygH;,0,N,-H,O:
C, 57.78; H, 7.27; N, 12.41%,.
Hypic— Thr—p-Leu—Pro-Sar

L Ate-tle—Lew (21).
(70 mg, 0.09 mmol) was dissolved in abs EtOH (15 ml) con-
taining 0.04 ml of 4.62 M-HCI in dioxane and hydrogenated
for 1 h over 109, palladium on charcoal (30 mg). The catalyst
was filtered off and the solution was evaporated in vacuo to give
a salt (20). 3-Benzyloxypicolinic acid sesquihydrate hydro-
chloride!® (30 mg, 0.1 mmol) was suspended in 2 ml of di-
chloromethane followed by the addition of triethylamine (40
mg) with ice cooling. After 1 h the solution was evaporated

Compound 19
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in vacuo and dried. The residue was taken up in 1 ml of dry
tetrahydrofuran followed by the addition of HOBt (13.5 mg,
0.1 mmol) and dicyclohexylcarbodiimide (20.6 mg, 0.1 mmol)
and stirring for 1 h at 0 °C. To the solution prepared above
was added a solution of 20 in tetrahydrofuran (1 ml) and a
solution of triethylamine (9.1 mg, 0.09 mmol) in dry tetrahy-
drofuran (5 ml) was added dropwise over a 2.5 h period. The
reaction mixture was stirred for 5 h at room temperature and
evaporated. The residue was subjected to preparative TLC
using benzene-EtOH (100: 35 v/v) to give the protected
product in a 68.19%, yield (52 mg), which was hydrogenated for
1 h over 109, palladium on charcoal (40 mg). After filtration
of the catalyst the solvent was evaporated in vacuo to give the
desired product in a 64.5%, yield (44 mg); [«]¥ +40.8° (0.98,
CH,CL,); IR (KBr): 1740, 1630, 1520 cm~1; Ap,, 304 nm
(log & 3.77).1%»13) Found: C, 54.87; H, 7.12; N, 14.449%,.
Calcd for CggH;,0,,Ng-3/2H,0: C, 55.01; H, 7.31; N, 14.259%,.
The product showed a single spot using various solvents with
TLC. Amino acid analysis showed the presence of threonine,
sarcosine, proline, leucine, and alanine in ratios of 0.9: 1.0:
1.0: 1.9: 2.0.
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