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The synthesis is described of four quinoxaline-2-carbonyl (Qxc) tetradepsipeptide derivatives, Qxc-p-Ser[Z-

MeCys(Bzl)-MeVal]-Ala-OH, Qxc-p-Ser[Bpoc-MeCys(Bzl)-MeVal]-Ala-OBu* (2),
Ala-MeCys(Bzl)-OH, and Qxc-p-Ser(Bpoc-MecVal)-Ala—MeCys(Bzl)-OBu?, corresponding to the
The Qxc group was introduced at the dipeptide or tripeptide
Qxc-p-Ser—Ala-OBu! and Qxc-p-Ser—Ala—MeCys(Bzl)-OBu’ were

structure of a quinoxaline antibiotic, triostin A.
stage with Qxc-ONp as acylating agent.

Qxc-p-Ser(Z-MeVal)-
partial

acylated with Z-MeVal-OH by using p-toluencsulfonyl chloride as activating agent to give the desired depsipeptides
in excellent yields, whereas the acylation with Bpoc-MeVal-OH by the same procedure was unsuccessful. The
latter could be achieved by the N,N’-carbonyldiimidazole method, though the yields were relatively low. The
treatment of compound 2 with an aqueous acetic acid-formic acid mixture for removal of the Bpoc group brought
about concomitant formation of ¢yclo[-MeCys(Bzl)-MeVal-].

The quinoxaline antibioticsV are produced by
various species of streptomycetes including S. aureus
and reported active against gram-positive bacteria,
certain tumors and to inhibit DNA-dependent RNA
synthesis. The triostins, a family of the quinoxaline
antibiotics, were isolated by Shoji et al. and their
structure was determined by Otsuka and Shoji® to
be a quinoxaline-2-carbonyl(Qxc)-peptide lactone
with a bridged disulfide linkage (Fig. 1). As a result
of the recent NMR and MS studies, the structure
of echinomycin® (quinomycin A%), which is also a
member of the quinoxaline antibiotics, has been re-
vised,® while that of triostin A has rather been con-
firmed.”? Some synthetic studies on these antibiotics
have appeared, in which the Qxc derivatives of some
amino acids,® peptides,”? and related compounds!?)
were prepared. Very recently Ciardelli and Olsen'

Ser Ala MeCys MeVal
(D) (L) (L) (L)
N.
X GHa ?Hs ?Hs CH
P CONH-C':H-CONH-C[l-CON-CIH-CON-Cllﬁ-CH: :
N cH,Q cH, o Cil,
A S
cu, 0 ci, CH, N
/CH-CH-IEXCO-CH-I;ICO-(':H-NHCO-CH-NHCO “
CHj CH,  CH, CH, N
MeVal MeCys Ala Ser
(L) (L) (L) (D)
Fig. 1. Structure of triostin A.»

*  Abbreviations used in this communication are those
recommended by the IUPAC-IUB Commission on Biochem-
ical Nomenclature [Biochemistry, 5, 2585 (1966); ibid., 6,
362 (1967); ibid., 11, 1726 (1972)] and include MeCys:
N-methyl-L-cysteine, MeVal: N-methyl-L-valine, Qxc: qui-
noxaline-2-carbonyl, Z: benzyloxycarbonyl, Boc: t-butoxycar-
bonyl, Bpoc: 2-(4-biphenylyl)-2-propoxycarbonyl, Bzl: ben-
zyl, OBu’: ¢-butoxy, ONp: p-nitrophenoxy, DCC: dicyclo-
hexylcarbodiimide, CDI: N,N’-carbonyldiimidazole, CDMI:
2,2’-dimethyl-1,1’-carbonyldiimidazole, Tos-Cl: p-toluenesul-
fonyl chloride, TFA: trifluoroacetic acid, TEA: triethylamine,
DCHA: dicyclohexylamine, DMF: N,N-dimethylformamide,
and THF: tetrahydrofuran.

have reported the synthesis of des-N-tetramethyl-
triostin A, an analogue differing from the natural
compound by lack of the N-methyl groups on the cys-
teine and valine residues. This desmethyl analogue
had no activity toward Staphylococcus aureus, however.!)
We wish now to report the synthesis of tetradepsipep-
tide derivatives, Qxc—p-Ser[Z-MeCys(Bzl)-MeVal]-
Ala-OH (1), Qxc-bp-Ser[Bpoc-MeCys(Bzl)-MeVal]-
Ala—OBu* (2), Qxc—bp-Ser(Z-MeVal)-Ala—MeCys(Bzl)-
OH (3), and Qxc-p-Ser(Bpoc-MeVal)-Ala—MeCys-
(Bzl)-OBu* (4), which has been performed as a step
toward the total synthesis of triostin A.

As is seen in Fig. 1, the structure of triostin A has
the point of symmetry and can be split into two equal
portions, each containing one Qxc group and four
different amino acid residues, D-Ser, Ala, MeCys,
and MeVal. Thus, the formation of the desired octa-
depsipeptide ring may be accomplished by combin-
ing a selected pair of the two halves, and a key to
the total synthesis may be the choice of the position at
which the ring is closed. The ring-closure by the
lactonization between the MeVal and the p-Ser resi-
dues seems to be inadequate, because the low reac-
tivity of the hydroxyl group of serine would require the
carboxyl component highly activated,!? and this could
be a cause for some side reactions and racemization.
The cyclization should, therefore, be carried out at
a peptide bond. The synthesis of compounds 1, 2,
3, and 4 was performed along this line.

Quinoxaline-2-carboxylic acid (Qxc-OH) as a
starting material was synthesized by the method of
Keller-Schierlein and Prelog! from 2-methylquino-
xaline wvia  2-styrylquinoxaline as intermediate.
N-Methyl-L-valine was prepared according to the
procedure of Quitt ¢t al.'® and N-methyl-S-benzyl-L-
cysteine was derived from vL-thiazolidine-4-carboxylic
acid as described by Yamashiro ¢t al.l¥ As a reagent
for introducing the Qxc group quinoxaline-2-carboxylic
acid p-nitrophenyl ester (Qxc—ONp) was prepared by
the treatment of Qxc-OH with p-nitrophenyl trifluoro-
acetate!® in pyridine. Qxc-ONp was also prepared
from Qxc-OH and p-nitrophenol by the mixed acid
anhydride method using benzenesulfonyl chloride.
This crystalline compound is stable, but readily reacts
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with amines to give their Qxc derivatives. In view
of the general trend that a p-nitrophenyl ester is less
reactive toward alcohols than the corresponding acid
chloride, Qxc-ONp may be more suitable than Qxc—
CI'9 for the preferential N-acylation in the presence
of the hydroxyl group of serine residue.

Synthesis of compounds 1 and 2 was performed as
illustrated in Fig. 2. Compound 5 was hydrogenolyzed
to remove the Z group and the product was acylated
with an equimolar amount of Qxc—ONp to give a crys-
talline Qxc-dipeptide (6) in a moderate yield. Com-
pound 6 was also synthesized by Gerchakov and
Schultz® from Qxc-p-Ser-OH and H-Ala-OBu,
but the mp and [«], values reported are significantly
lower than those of our product. This might be an
indication of some racemization which could occur

H~Ala-OBu?
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in the coupling reaction with a Qxc-amino acid
as carboxyl component. The subsequent acylation
of 6 with Bpoc-MeVal-OH at the hydroxyl group of
serine residue could be achieved by the CDIS or
CDMI' method to give compound 7, though the
yield was relatively low. This contrasts with the
finding by Chen et 4l.1® that the CDI (and the mixed
anhydride) methods are unsuccessful in such depsi-
peptide bond formation. When the MeVal was intro-
duced by using Z-MeVal-OH' and Tos-Cl in some
excess, the desired depsipeptide,Qxc—p-Ser(Z-MeVal)-
Ala—OBu’, was obtained in an excellent yield. How-
ever, the same method failed to give componud 7,
probably because the symmetrical anhydride, which
could be formed from Bpoc-MeVal-OH by means of
Tos—Cl1,29 was sterically hindered by the bulky Bpoc

lZ-D-Ser-OH, DCC

Z-D-Ser-Ala-OBu® (5)

lnz/pd

H-D-Ser-Ala-0OBu®
JQxc-ONp

Qxc-p-Ser-Ala-OBut (@)
Bpoc-MeVal-OH, CDI or CDMI

Bpoc-MeVal—]

Qxc-p-Ser-Ala-oBul (7)
0.1M TFA/CH,Cl, or 80% AcOH

H-MeVal:

Qxc-p~Ser-Ala~OBu®
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Z-MeCys (Bzl) -MeVal-
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Synthesis of tetradepsipeptide derivatives related to triostin A (part 1).

AcOH-HCOOH—Hzo (7:1:2)

Fig. 2.
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H-D-Ser-Ala-MeCys (Bzl) ~OBut
1 Qxc-ONp
Z-MeVal-OH, Tos-Cl
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Qxc-D-Ser-Ala-MeCys (Bz1)-0But (12)
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Fig. 3.

QOxc-Dp-Ser-Ala-MeCys (Bz1)-oBub (11)
r inoc—MeVal-OH, CDI
Bpoc-MeVal—-I

Oxc-D-Ser-Ala-MeCys (Bz1)-0Bu® (4)

Synthesis of tetradepsipeptide derivatives related to triostin A (part 2).
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groups. Compound 7 was then treated with 0.1 M
TFA in dichloromethane at room temperature or
with 809, acetic acid at 70 °C to remove the Bpoc
group. The resulting compound was coupled with
Z-MeCys(Bzl)-OH) by the DCC or mixed anhydride
method and with Bpoc—MeCys(Bzl)-OH by the DCC
method to give 8 and 2, respectively, in moderate
yields. The treatment of 8 with TFA yielded 1 as
desired, but the treatment of 2 with an aqueous acetic
acid—formic acid mixture??) yielded not the desired
Qxc-p-Ser[H-MeCys(Bzl)-MeVal]-Ala—-OBu’ but two
major products, which were isolated and identified as
¢yclo[-MeCys(Bzl)-MeVal-] and 6, respectively. The
data of MS supported the structure of the cyclic
compound. In view of this easy formation of the
cyclic dipeptide by intramolecular aminolysis, com-
pound 2 does not seem to be useful as intermediate
for the total synthesis of triostin A. We next tried,
therefore, to synthesize 3 and 4 according to the
procedure illustrated in Fig. 3.

Bpoc-Ala-OH?*? and H-MeCys(Bzl)-OBu® pre-
pared according to Roeske®?) were coupled with DCC
to give a dipeptide (9). The treatment of 9 with an
acetic acid-formic acid-water mixture??) vyielded the
Ne-free compound, which was coupled with Bpoc-
p-Ser-OH by the DCC method. The crystalline tri-
peptide derivative (10) thus obtained was treated
with acid as above, followed by acylation with Qxc—
ONp to produce compound 11. In the subsequent
step Z-MeVal-OH was introduced by the use of
Tos—-Cl and Bpoc-MeVal-OH by the CDI method
to the hydroxyl group of D-Ser residue of 11 to
give 12 and 4, respectively. As in the synthesis of
7, Bpoc-MeVal-OH could not be introduced by
the Tos-Cl method. The treatment of 12 with TFA
gave 3 in a moderate yield. In the synthesis of 1,
2, 3, and 4, most of the intermediates as well as the final
products resisted at crystallization, probably because
of the presence of N-methylamino acid(s) in their
molecules. These amorphous products were purified
extensively by means of silica gel column chromato-
graphy. The tetradepsipeptide derivatives thus ob-
tained, 3 and 4 in particular, would serve as inter-
mediates for the production of triostin A. The final
steps toward this goal are now in progress.

Experimental

Thin-layer chromatography (TLC) was performed on sil-
lica gel plates (Kieselgel GFy54 or precoated Kieselgel 60F,;,’
Merck) with the following solvent systems (ratios by volume):
A, ethyl acetate; B, benzene—cthyl acetate (1 : 1); G, benzene-
ethyl acetate (7 : 3); D, benzene-ethyl acetate-acetic acid
(70 : 30 : 3); E, dichloromecthane-ethyl- acetate (9 : 1); F,
dichloromethane-cthyl acetate (8 : 2); G, cyclohexane—ethyl
acetate (2 : 8); H, chloroform-methanol (95 : 5); I, chloro-
form-methanol (8 : 2); J, chloroform-methanol-acetic acid
(95:5:3); K, chloroform-methanol-acetic acid (90 : 10 :
3); L, l-butanol-acetic acid-water (4:1:2). For column
chromatography Kieselgel 60 (Merck) was used throughout
unless otherwise specified.

p-Serine was purchased from Fluka AG, Buchs, Switzerland
and 2-methylquinoxaline from Aldrich Chemical Co., Inc.,
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Milwaukee, Wisconsin, U.S.A. N-Methyl-L-valine ([«]%
+32.5 +0.8° (¢ 1.0, 6M HCI); lit,"”» [«]F +33.1° (¢ 1,
6M HCI)), N-methyl-S-benzyl-L-cysteine (mp 202—203 °C
dec, [«]F°® +67.2 *1.2° (¢ 1.0, IM HCI); lit.'"» mp
205—206 °C  dec, [«]p +67.5° (¢ 1, 1M HCI)), and
quinoxaline-2-carboxylic acid (mp 228—229 °C; lit,*» mp
211—212 °C) were synthesized according to the literature.

p-Nitrophenyl  Quinoxaline-2-carboxylate (Qxc-ONp). a)
With p-Nitrophenyl Trifluoroacetate: To a solution of qui-
noxaline-2-carboxylic acid (13.93 g,” 80 mmol)*®) in anhy-
drous pyridine (80 ml) was added p-nitrophenyl trifluoro-
acetate (20.69 g, 88 mmol)!®» and the mixture was stirred
at 25 °C for 3.5 h. The desired product was precipitated
by the addition of cold water (400 ml). Recrystallization
from ethyl acetate gave needles; yield 21.57 g (919%), mp
198—199 °C. Found: G, 61.14; H, 3.13; N, 14.32%,. Calcd
for G;;H,N;O,: G, 61.02; H, 3.07; N, 14.239%,.

b) With Benzenesulfonyl Chloride and p-Nitrophenol:
Quinoxaline-2-carboxylic 'acid (0.52 g, 3 mmol) in anhy-
drous pyridine (20 ml) was allowed to react with benzene-
sulfonyl chloride (0.77 ml, 6 mmol) at 0 °C for 5 min and to
this was added p-nitrophenol (0.42 g, 3 mmol). The mixture
was stirred at 0 °C for 60 min and then ice-cold water (100 ml)
was introduced. The precipitate collected was recrystal-
lized from ethyl acetate; yield 0.42 g (47%,), mp 197—198 °C.
Found: C, 60.80; H, 3.14; N, 14.35%.

Bpoc—MeVal-OH. N-Methyl-L-valine (3.94 g, 30 m-
mol)'® was dissolved in 409% benzyltrimethylammonium
hydroxide in methanol (Triton B, 13.7 ml) and the solution
was evaporated in vacuo. The residue was, after evaporation
from DMTF, dissolved in DMF (15 ml) together with Bpoc~
N; (11.25 g, 40 mmol)?Y) and TEA (11.2 ml), and the mixture
was stirred at 40 °C for 60 min. Some water (60 ml) was
added and the mixture was washed with ether. The aqueous
solution was then acidified with ice-cold M citric acid at
0°C. The oily precipitate which separated was extracted
with ether. The organic extracts were combined, dried
(Na,SO,) and evaporated to give the desired product, which
was crystallized from ethyl acetate-petroleum ether; yield
4.33 g (34%), mp 138.5—139 °C, [«]}* —60.1x 1.0° (¢ 1.0,
methanol). TLC: homogeneous (H,SO,) in system D.
Found: C, 71.66; H, 7.40; N, 4.20%. Calcd for CyH,,-
NO,: G, 71.52; H, 7.37; N, 3.79%. '

Bpoc—MeCys(Bzl)-OH- DCHA. N-Methyl-S-benzyl-L-
cysteine (9.01g, 40 mmol)!® was acylated with Bpoc-N,
(13.99 g, 50 mmol) in the same manner as described above for
Bpoc-MeVal-OH. The oily product was dissolved in ether
(20 ml) and DCHA (4.53 g, 25 mmol) was added. The crys-
talline precipitate which formed was filtered off and recrys-
tallized from methanol-ether; yield 13.55 g (53%), mp
146—148 °C, [«]f —53.9 +£1.0° (¢ 1.0, methanol). TLC:
homogeneous (H,SO,) in systems D and J. Found: GC,
72.72; H, 8.20; N, 4.51; S, 4.94%. Calcd for CyH;,N,-
0O,S: C, 72.63; H, 8.13; N, 4.34; S, 4.979%.

Bpoc—p-Ser—OH - H,0. This compound was prepared
in the same manner as for Bpoc-MeVal-OH. Crystallization
from chloroform-petroleum ether gave the desired product
in a 73.59%, yield; mp 76—77 °C, [«]% +7.6 +=0.5° (¢ 1.0,
methanol). TLGC: homogeneous (H,SO,) in system M.
Found: C, 63.25; H, 6.91; N, 4.129%,. Calcd for C;yH,,-
NO,-H,O: G, 63.15; H, 6.42; N, 3.889%.

The DCHA salt prepared in the usual manner showed
mp 152—154°C, [«]§ —4.3 =£0.5° (¢ 1.0, methanol).

H-MeCys(Bzl)-OBut- HCL. N -Methyl-S-benzyl-1-
cysteine (2.25g, 10 mmol)!® was treated with 2-methyl-
propene in dioxane (15 ml) in the presence of sulfuric acid
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(1.5 ml) according to Roeske®) to give the corresponding
t-butyl ester, which was isolated as the hydrochloride and
recrystallized from dichloromethane-ethyl acetate; yield
1.81g (57%), mp 153—153.5°C, [«]3® —11.9 +0.6° (c
1.0, methanol). TLC: homogeneous (H,SO,) in system
L. Found: C, 56.53; H, 7.62; N, 4.38; S, 10.03; Cl, 11.25%,
Calcd for C;3H,,NO,S: C, 56.68; H, 7.61; N, 4.41; S, 10.09;
Cl, 11.15%,.

Z-p-Ser—Ala—OBu* (5). Z-p-Ser-OH (4.78 g, 20 m-
mol)?» and H-Ala-OBu! (2.90 g, 20 mmol) were coupled
with DGC (4.13 g, 20 mmol) in ethyl acetate-dichloromethane
(2:5, 70ml) at 5°C for 20 h. After the dicyclohexylurea
which had separated was filtered off, the filtrate was evap-
orated in vacuo. The residue was dissolved in ethyl acetate
and the solution was washed with ice-cold M hydrochloric
acid and M sodium hydrogencarbonate, dried (Na,SO,),
and evaporated in vacuo to give the desired product, which
was recrystallized from ethyl acetate—petroleum ether;
yield 5.12g (70%), mp 89—90°C, [«]f —14.4 +0.5°
(¢ 1.1, methanol). TLG: homogeneous (ninhydrin, after
pretreatment with HBr) in systems A and I. Found: G,
59.32; H, 7.08; N, 7.68%,. Calcd for C;sH,(N,Oq: C, 59.00;
H, 7.15; N, 7.64%,.

Qxc—p-Ser—Ala—OBu® (6). Compound 5 (7.33g, 20
mmol) was hydrogenolyzed over palladium in methanol
for 2h to give H-p-Ser-Ala-OBu¢ as an oil. This was
then allowed to react with Qxc-ONp (5.91g, 20 mmol)
in ethyl acetate (100 ml) at 25°C for 20h. The product
was purified on a silica gel column with chloroform-methanol
(9:1) as solvent. The fractions containing the desired ma-
terial as a single component, as examined by TLG, were
combined and evaporated in vacuo to give a crystalline residue.
This was recrystallized from benzene-hexane; yield 5.90
g (76%,), mp 99—100 °C, [o]¥ —114.2 #=2.9° (¢ 0.5, metha-
nol), —100.4 +1.7° (¢ 0.9, DMF). AM" 243 nm (¢ 43
700), 320 nm (¢ 7 450), 325 nm (¢ 7 440). TLG: homo-
geneous (H,SO,) in system A. Lit: mp 94—96 °C, [«]7
—79.2° (¢ 5, DMF).» Found: C, 58.94; H, 6.18; N, 14.47%,.
Caled for C,,H,,N,O;: C, 58.75; H, 6.23; N, 14.429%,.

Qxc-p-Ser(Z-MeVal)-Ala—OBut. a) Carbonyldiimida-
zole Method: To a solution of Z-MeVal-OH (0.29¢g,
1.1 mmol)!® in anhydrous THF (4 ml) was added CDMI
(0.21 g, 1.1 mmol) and the mixture was stirred at 25 °G
for 25 min. To this was added compound 6 (0.43 g, 1 mmol)
with some THF as solvent. After the reaction mixture
had been kept at 25 °C for 2 days, the product was precip-
itated by the addition of water and extracted with ethyl
acetate. The organic solution was dried (Na,SO,) and
evaporated in vacuo to give a residue, which was purified
on a silica gel column with benzene-ethyl acetate (1:1) as
solvent; yield 0.19 g (30%), [«]3 —93.7 £2.9° (¢ 0.5, metha-
nol). TLC: homogeneous (H,SO,) in systems A and B.
Found: 62.36; H, 6.45; N, 10.87%. Calcd for CjHy,-
N;Oq: G, 62.35; H, 6.50; N, 11.02%.

b)  p- Toluenesulfonyl ~ Chloride Method: Z-MeVal-OH
(2.65g, 10 mmol) was allowed to react with Tos-Cl (1.43
g, 7.5 mmol) in dry pyridine (10 ml) at 0°C for 15 min.
To this was added 6 (2.01 g, 5 mmol) and the mixture was
stirred at 0 °C for 3 h. The product was precipitated by the
addition of water and purified as described above in a);
yield 2.88g (91%), [«]3 —91.5 £2.6° (¢ 0.5 methanol).
TLC: homogeneous (H,SO,) in systems A and B. Found:
C, 62.38; H, 6.21; N, 10.899%.

Qxc—p-Ser (Bpoc—MeVal)-Ala—OBut (7). Bpoc-MeVal-
OH (3.70g, 10mmol) was allowed to react with CDI
(1.78 g, 11mmol) in anhydrous THF at 0°C. When
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effervescence ceased compound 6 (3.88g, 10 mmol) was
added. The mixture was stirred at 25°C for 5h, after
which the product was precipitated with water. Purifi-
cation on a silica gel column with dichloromethane-ethyl
acetate (8 : 2) as solvent afforded 7 as glassy material; yield
2.93g (40%), [«]4® —62.2 £2.1° (¢ 0.5, methanol).
TLGC: homogeneous (H,SO,) in systems D and F. Found:
C, 66.34; H, 6.80; N, 9.85%. Calcd for C;HyN;O4:
G, 66.55; H, 6.75; N, 9.61%,.

Compound 7 was also synthesized under the same condi-
tions except for the use of CDMI in place of CDI; yield
28%, [«]¥ —60.9 =+2.1° (¢ 0.5, methanol).

Qxc—p-Ser[ Z-MeCys(Bzl)-MeVal]-Ala—OBu*  (8). a)
Mixed Anhydride Method: Compound 7 (0.44 g, 0.6 mmol)
was treated with 0.1M TFA in dichloromethane (60 ml)
at 25 °C for 60 min to give Qxc-p-Ser(H-MeVal)-Ala-OBut.
The mixture was neutralized with TEA (0.75 ml, 5.4 mmol)
and concentrated to ca. 5 ml. Z-MeCys(Bzl)-OH, derived
from the DCHA salt (0.49 g, 0.9 mmol)!® by the treatment
with Dowex 50W x 8 (H* form) in 509, ethanol, and TEA
(0.13 ml, 0.9 mmol) were dissolved in dichloromethane
(5 ml) and ethyl chloroformate (0.09 ml, 0.9 mmol) was added
at —10°C. The resulting solution of the anhydride was
mixed with a solution of the Ne-free tridepsipeptide obtained
above and TEA (0.83 ml) was added. The reaction mixture
was kept at 5 °C for 16 h. The product precipitated by the
addition of water was chromatographed repeatedly on
silica gel columns with chloroform-methanol (99 : 1) as
solvent; yield 0.26g (51%), [«]F —146.5 *3.7° (¢ 0.4,
methanol). TLC: homogeneous (H,SO,) in system K.
Found: G, 62.58; H, 6.34; N, 9.98; S, 4.09%,. Calcd for
Cy H; NgO,S: G, 62.69; H, 6.46; N, 9.97; S, 3.80%,.

b) DCC Method: Compound 7 (1.48 g, 2 mmol) was de-
blocked with 809, acetic acid (50 ml) at 70 °C for 60 min.
The solvent was evaporated in vacuo and the residue was
precipitated from ether-petroleum ether. The oily pre-
cipitate separated by decantation was lyophilized from 0.05M
hydrochloric acid to give the Ne-free depsitripeptide hydro-
chloride. This was then coupled with Z-MeCys(Bzl)-OH,
derived from the DCHA salt (1.08 g, 2 mmol), by means
of DCC (0.41 g, 2 mmol) in dichloromethane in the presence
of TEA (0.28 ml, 2 mmol) at 5 °C overnight. The reaction
mixture was worked up in the usual manner and the result-
ing product was purified on a silica gel column with benzene
and benzene-cthyl acetate systems (7:3 and 1:1) as solvent.
The fractions of the last solvent systcm were combined and
evaporated in vacuo to give 8 in pure form; yield 1.19 g (71%),
[«]3 —137.7 £3.6° (¢ 0.5, methanol). TLGC: homogeneous
(H,SO,) in systems B and C. Found: C, 62.56; H, 6.28;
N, 9.74; S, 4.02%.

Qxc—p-Ser[ Z-MeCys(Bzl)-MeVal]-Ala-OH (1). Com-
pound 8 (0.84 g) was treated with anhydrous TFA (10 ml)
at 25 °C for 60 min. After removal of TFA by evaporation
in vacuo the residue was dissolved in ethyl acetate and the
solution was washed with water, dried (Na,SO,) and evapo-
rated in vacuo to give glassy material; yield 0.77 g (979%),
[e]®® —142.7 3.6° (¢ 0.5, methanol). TLGC: homogeneous
(H,SO,) in systems B and J. Found: C, 60.81; H, 5.94;
N, 10.41; S, 4.52%. Calcd for C,H,NgO,S: C, 61.05;
H, 5.89; N, 10.68; S, 4.07%.

Qxc—p-Ser[ Bpoc—MeCys( Bzl)—-MeVal]-Ala—OBu* (2).
Compound 7 (0.74g, 1 mmol) was deblocked with 809,
acetic acid to give the No-free tridepsipeptide, which was
converted into the hydrochloride as in the synthesis of 8.
This was then coupled with Bpoc-MeCys(Bzl)-OH, derived
from the DCHA salt (0.65 g, 1 mmol) by shaking with M
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citric acid in the presence of dichloromethane, by the DCC
method as described above for compound 8. The product
was chromatographed on a silica gel column with benzene-
ethyl acetate (7:3) as solvent; yield 0.57 g (60%), [«]%
—121.5 #+3.6° (¢ 0.5, methanol). TLC: homogeneous (H,-
SO,) in systems B and D. Found: C, 65.72; H, 6.61; N,
8.78; S, 3.76%,. Calcd for C5,Hg,NgO,S: C, 65.94; H, 6.60;
N, 8.87; S, 3.389,.

Treatment of 2 with Aqueous Acetic Acid-Formic Acid Mixture.
Formation of Cyclo[-MeCys(Bzl)-MeVal-]. Compound
2 (0.38g, 0.4 mmol) was treated with acctic acid-formic
acid-water (7:1:2, 4 ml)?) at 25°C for 2h. The solvent
was evaporated in vacuo and the oily residue was precipitated
from ethyl acetate-petroleum ether. The resulting material
was subjected to a column of silica gel (26 g) and eluted with
benzene-ethyl acetate (7:3, 200 ml) and then with ethyl
acetate (150 ml). The ethyl acetate fractions were combined
and evaporated in vacuo. The residue (0.22 g) was rechro-
matographed on a silica gel column (25g, Kieselgel H,
Merck) with chloroform-methanol (95:5) as solvent. Tubes
15—17 (5 g/tube) were combined and evaporated in vacuo
to give an oil (72 mg, 56% as ¢yclo[-MeCys(Bzl)-MeVal-]);
[¢]® —43.5 +1.7° (¢ 0.5, methanol). Found: C, 63.00; H,
7.59; N, 8.42; S, 9.619,. Calcd for C;;H,N,0,S: C, 63.72;
H, 7.55; N, 8.74; S, 10.00%. MS, m/e 320 (M), 229, 197,
183, 155, and 91.%)

From tubes 19—24 (5 g/tube) was obtained a crystalline
material, which was recrystallized from benzene-hexanc
(118 mg, 769, as compound 6); mp 96—98 °C, [«]5 —109.0
+0.7° (¢ 0.5, methanol). IR, identical with that of an
authentic sample of 6.

Bpoc—Ala—MeCys(Bzl)-OBut (9). H-MeCys(Bzl)—
OBu¢-HCI (6.36 g, 20 mmol) was treated with 509, potas-
sium carbonate at 0 °C in the presence of ether and the organic
phase was dried (Na,SO,) and evaporated in vacuo to give
the corresponding free base. This was then coupled with
Bpoc-Ala-OH (6.55 g, 20 mmol)?? by means of DCC (4.13 g,
20 mmol) in ethyl acetate (10 ml). The reaction mixture
was worked up in the usual manner to give an oily product,
which was chromatographed on a silica gel column with
benzene—ethyl acetate (8:2) as solvent to give 9 in pure form;
yield 11.19g (95%), [«]5 —106.9 £=1.5° (¢ 1.0, methanol).
TLC: homogeneous (H,SO,) in systems G and E. Found:
C, 69.25; H, 7.24; N, 4.59; S, 5.369,. Calcd for C;,H;,N,O;S:
C, 69.12; H, 7.17; N, 4.74; S, 5.43%.

Bpoc—p-Ser—Ala—MeCys(Bzl)-OBu* (10). Compound
9 (10.63 g, 18 mmol) was treated with a mixture of acetic
acid-formic acid-water (7:1:2; 100 ml) at 25°C for 2 h.
The solvent was evaporated in vacuo and the residue was
treated with saturated potassium carbonate in the presence
of ethyl acetate. The organic solution was washed with
saturated sodium chloride, dried (Na,SO,) and evaporated
in vacuo to give H-Ala—MeCys(Bzl)-OBu’ as an oil. This
was then coupled with Bpoc-p-Ser-OH (6.18 g, 18 mmol)
by the DCC method in dichloromethane in the usual manner.
The product was chromatographed on a silica gel column
(Kieselgel H, Merck) with ethyl acetate-cyclohexane (8:2)
as solvent and crystallized from ethyl acetate-petroleum ether
to give fine needles; yield 8.80 g (76%), mp 128—129 °C,
[¢]® —42.6+1.6° (¢ 0.5, methanol). TLGC: homogeneous
(ninhydrin, after pretreatment with HCI) in system D.
Found: C, 65.39; H, 6.95; N, 6.47; S, 4.74%,. Calcd for
C,;H,;;N,0,S: C, 65.66; H, 6.99; N, 6.20; S, 4.739%,.

Qxc—-p-Ser—Ala—MeCys(Bzl)-OBut  (11). Compound
10 (6.78 g, 10 mmol) was treated with acetic acid—formic
acid-water (7:1:2) at 25 °C for 2 h to give the N*-free tripep-
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tide and this was allowed to react with Qxc-ONp (3.25 g,
11 mmol) in ethyl acetate in the presence of TEA (1.54 ml)
for 20 h. The product was purified on a silica gel column
with chloroform-methanol (9:1) as solvent; yield 3.90g (65%,),
mp 60—70 °C, [«]% —153.643.8° (¢ 0.5, methanol). TLC:
homogeneous (H,SO,) in systems A and H. Found: G,
59.99; H, 6.32; N, 11.86; S, 5.29%,. Calcd for C3H;;N;O,S:
C, 60.49; H, 6.26; N, 11.76; S, 5.389,.

Qxc—p-Ser( Z-MeVal)-Ala—MeCys(Bzl)-OBut (12).
Z-MeVal-OH (0.42 g, 1.6 mmol)'®» was coupled with 11
(0.48 g, 0.8 mmol) by means of Tos-Cl (0.23 g, 1.2 mmol)
in pyridine, as in the synthesis of Qxc-D-Ser(Z-MeVal)-
Ala-OBu’. The crude product was purified by repeated
chromatography on silica gel columns with chloroform-meth-
anol (95:5) and ethyl acetate-cyclohexane (8:2) as solvent;
yield 0.48 g (72%), [«]3 —129.8%3.4° (¢ 0.5, methanol).
TLC: homogeneous (H,SO,) in systems G and H. Found:
G, 62.47; H, 6.28; N, 9.77; S, 4.03%. GCalcd for Gy Hy,Ng-
0O,S: G, 62.69; H, 6.46; N, 9.97; S, 3.80%.

Qxc—D-Ser(Z-MeVal)-Ala—MeCys(Bzl)-OH (3). Com-
pound 12 (0.42 g, 0.5 mmol) was treated with TFA (5 ml)
at 25 °C for 30 min. After removal of TFA by evaporation
in vacuo the residue was dissolved in ethyl acetate and the
solution was washed with water, dried (Na,SO,) and evapo-
rated in vacuo to give a glassy material, which was purified by
chromatography on a silica gel column (Kieselgel H, Merck)
with chloroform—methanol-acetic acid (90:10:3) as solvent;
yield 0.37 g (94%), [«]3® —126.1+3.3° (¢ 0.5, methanol).
TLC: homogeneous (H,SO,) in system K. Found: C, 60.35;
H, 5.81; N, 10.42; S, 4.34%. Calcd for CyH;NgOgS: C,
61.05; H, 5.89; N, 10.68; S, 4.079%,.

Qxc—p-Ser( Bpoc—MeVal)—Ala—MeCys(Bzl)-OBut (4).
Bpoc-MeVal-OH (0.55 g, 1.5 mmol) was allowed to react
with CDI (0.29 g, 1.8 mmol) in anhydrous THF at 25 °C
for 30 min. To this was added a solution of 11 (0.60 g,
1.0 mmol) in THF. The mixture was stirred at 25 °C for
22 h and evaporated in vacuo. The residue was, after being
washed with water, purified on a silica gel column (Kieselgel
H, Merck) with chloroform—methanol (98:2) as solvent;
yield 0.20g (21%), [«¢]3® —99.6+£2.6° (¢ 0.5, methanol).
TLC: homogeneous (H,SO,) in systems C, G, and J. Found:
C, 65.62; H, 6.58; N, 8.63; S, 3.62%,. Calcd for CsHg,Ng-
0,S: C, 65.94; H, 6.60; N, 8.87; S, 3.38%.
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