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First Total Synthesis of Hormaomycin, a Naturally Occurring Depsipeptide
with Interesting Biological Activities
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Abstract: Some unique features were
disclosed during the structure elucida-
tion of the cyclic depsipeptide hormao-
mycin (1), first isolated in 1989 from a
Streptomyces griseoflavus strain and
found to have quite an interesting spec-
trum of biological activities. Besides
one residue of the proteinogenic amino
acid isoleucine [(S)-Ile], it contains two
units of 3-methylphenylalanine

[a-Thr] as well as two moieties of 3-
(trans-2-nitrocyclopropyl)alanine  [(3-
Ncp)Ala] and one of 4-(Z)-propenyl-
proline [(4-PE)Pro]. The latter two
have never been found in any natural
product before. The side chain of 1 is
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terminated with the residue of 5-
chloro-1-hydroxypyrrole-2-carboxylic

acid [Chpca]. This first synthetic access
to hormaomycin 1 will make it possible
to prepare structural analogues of this
interesting natural depsipeptide in

order to elucidate structure—activity re-
lationships and the biologically active
minimal unit.

[(BMe)Phe], one of (2R)-allo-threonine

Introduction

The structure elucidation of the cyclic depsipeptide hormao-
mycin (1), first isolated in 1989 from a Streptomyces griseo-
flavus strain'¥ and found to have quite an interesting spec-
trum of biological activities,'™ disclosed some unique fea-
tures.'* Besides one residue of the proteinogenic amino
acid isoleucine [(S)-Ile], it contains two units of 3-methyl-
phenylalanine [(fMe)Phe], one of (2R)-allo-threonine [a-
Thr] as well as two moieties of 3-(trans-2-nitrocyclopropyl)a-
lanine [(3-Ncp)Ala] and one of 4-(Z)-propenylproline [(4-
PE)Pro]. The latter two have never been found in any natu-
ral product before. The side chain of 1 is terminated with
the residue of 5-chloro-1-hydroxypyrrole-2-carboxylic acid
[Chpca]. These challenging structural features and the inter-
esting biological properties prompted us to embark on a
total synthesis of 1 (Figure 1).
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Figure 1. Structure and absolute configuration of hormaomycin (1). I (5)-
Ile; II (25,3R)-(BMe)Phe; I (R)-a-Thr; IV (1'R2'R)-(3-Ncp)Ala; V
(28,4R)-4-(Z)-(4-PE)Pro; VI Chpca.

Results and Discussion

Once the absolute configuration of hormaomycin1 had
been established® and productive syntheses of (25,1'S,2'R)-
and  (2R,1'S.2'R)-3-(trans-2-nitrocyclopropyl)alanine®  as
well as N-Boc-protected (25,4R)-4-(Z)-propenylproline!!
had been developed, the assembly of the hexapeptolide seg-
ment of 1 was initiated.

All four peptide couplings towards the acyclic precursor
16a were performed with the combination of N'-(3-dimethyl-
aminopropyl)-N-ethylcarbodiimide hydrochloride (EDC)
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and 7-aza-1-hydroxybenzotriazole (HOA1).F! Having in
mind to ring-close an acyclic precursor already containing
the ester bond between the (4-PE)Pro and the a-Thr resi-
dues by forming the peptide bond between the Ile and (4-
PE)Pro moieties, the methoxymethyl or dicyclopropylmeth-
yl ester™ of Ile, 3a or 3b, were condensed with N-Z-protect-
ed (PMe)Phe-OH 2 (see Scheme 1). The latter was obtained
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Scheme 1. Synthesis of the acyclic precursor 16a to the hexapeptolide
fragment of hormaomycin 1. a) EDC, HOAt, DIEA, 24,6-collidine,
CH,Cl,, 0—-20°C, 14h; b) H,, Pd/C, EtOAc, 20°C, 40 min; c)50%
Et,NH/MeCN, 20°C, 1h; d) EDC, 4-pyrrolidinopyridine, CH,Cl,, 0—
20°C, 24h; e) EDC, HOAt, 24,6-collidine, DMF, 0—-20°C, 14h;
f) [Pd(PPh;),], N-methylaniline, DME, 20°C, 1h; g) HATU, HOAt,
DIEA, 24.6-collidine, CH,Cl,, 0—20°C, 24 h. DCPM =dicyclopropyl-
methyl, All=allyl, Fmoc=9-fluorenylmethyloxycarbonyl, DIEA = N,N-
diisopropylethylamine, EDC = N'-(3-dimethylaminopropyl)-N-ethylcarbo-
diimide hydrochloride, HATU = O-(7-azabenzotriazole-1-yl)-N,N,N',N'-
tetramethyluronium hexafluorophosphate, HOAt=7-aza-1-hydroxyben-
zotriazole, MeZ = p-methylbenzyloxycarbonyl, MOM =methoxymethyl;
X=MOM (or DCPM).

by acylation of the corresponding amino acid with benzyl N-
succinimidyl carbonate (ZOSu) in 85 % yield. The alkylation
of Z-Ile-OH with MOM iodide (generated in situ) gave the
N-protected MOM ester of Ile-OH in 76 % yield, which,
after removal of the Z group (100 % ), was immediately used
in the coupling step. The DCPM ester 3b was obtained just
before the next step by removal of the Fmoc group from the
N-terminus of Fmoc-Ile-ODCPM (100%), which was in
turn prepared by esterification of the intermediate acid
chloride Fmoc-Ile-Cl with dicyclopropylmethanol in the
presence of pyridine in 57 % yield.

After removal of the Z group from the N-terminus of the
resulting dipeptides, 4a (66%) and 4b (84 %), by catalytic
hydrogenation to give 6a (54%) and 6b (100%), the
latter were coupled with N-Fmoc-protected (2R,1'S,2'R)-(3-
Ncp)Ala-OH 5 to yield tripeptides 7a (80%) and 7b
(79%). The latter, after removal of the Fmoc-group (100 %
yield), were coupled with N-Fmoc-protected (fMe)Phe-OH
10 to give tetrapeptides 13a (78 %) and 13b (85%)."

The 4-pyrrolidinopyridine-catalyzed condensation of the
N-Boc-protected (4-PE)Pro-OH 8 and N,C-protected a-Thr
9, prepared by alkylation of N-MeZ protected p-allo-threo-
nine, which in turn was obtained by reaction between H-a-
Thr-OH and 4-methylbenzyl N-succinimidyl carbonate
(MeZOSu), with allyl bromide in the presence of K,CO; in
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MeCN (76 % over two steps), gave the ester 12 (83 %). The
latter, after palladium-promoted removal of the allyl group,
was coupled with the tetrapeptide 11a using the O-(7-aza-
benzotriazole-1-yl)-N,N,N',N'-tetramethyluronium hexafluor-
ophosphate (HATU)® to give the hexadepsipeptide 16a in
79 % yield.

4-Methylbenzyloxycarbonyl N-protecting group (MeZ)!"!
had to be applied in the course of this synthesis, since all
other convenient N-protective groups orthogonal to the Boc
group turned out to be incompatible with the restrictions
imposed on the deprotection conditions due to the nitro
group on the (3-Ncp)Ala moiety, the double bond in the (4-
PE)Pro residue as well as the base-sensitive ester bond be-
tween the (4-PE)Pro and a-Thr fragments."'*" The MeZ
group was found to be stable towards 2N HCI/EtOAc at am-
bient temperature for at least 90 min,''! whereas under
these conditions the Boc group was cleaved off within
2 min."" On the other hand, the MeZ group can be re-
moved smoothly by treatment with 10% anisole in trifluoro-
acetic acid for 1 h.[te1

The MOM and Boc groups were removed from the termi-
ni of the depsihexapeptide 16a (the ESI-mass spectrum
showed that the MeZ group stayed intact), and the cyclizing
peptide condensation succeeded under high dilution condi-
tions,"?! using the HATU reagent. The cyclodepsipeptide 17
was obtained after HPLC purification in 53% yield over
two steps (Scheme 2).
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Scheme 2. The final stages in the preparation of hormaomycin 1. a) 2N
HCIEtOAc, 20°C, 45min; b) HATU, DIEA, 24.6-collidine, CH,Cl,,
0.1 mm, 0—20°C, 16 h, 53 % after HPLC purification (2 steps); c) anisole,
TFA, 20°C, 2h; d) Teoc-(25,1'R,2'R)-(3-Ncp)AlaOH, HATU, HOAL,
DIEA, 24.6-collidine, CH,Cl,, 20°C, 6h; e) TFA, 20°C, 1h; f)18,
HATU, HOAt, DIEA, 2.4,6-collidine, CH,Cl,, 20°C, 4 h; g) MgBr,-Et,0,
EtSH, CH,Cl,, 20°C, 3.5 h, 67 % (5 steps). Teoc = (2-trimethylsilylethyl)-
oxycarbonyl.
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To complete the assembly of 1, the N-MeZ-protected
cyclic intermediate was deprotected and first coupled with
N-Teoc-protected (2S,1'R,2'R)-(3-Ncp)Ala-OH. After re-
moval of the Teoc group, the intermediate in turn was cou-
pled with the O-MOM-protected 5-chloro-1-hydroxypyrrole-
2-carboxylic acid 18.*!%

Finally, the MOM group was removed by treatment with
MgBr,-Et,O and EtSH in dichloromethane!"* to give a com-
pound which was expected to be identical with the native
hormaomycin 1. It did indeed disclose the expected [M—H*
+2Na'], [M+Na*] and [M—H*] peaks in its positive- and
negative-mode ESI-mass spectra, had the same optical rota-
tion, identical CD trace, at least in the wavelength region
above 210 nm where no impurity interference is expect-
ed,!™ identical UV spectrum, a very similar *C NMR spec-
trum and identical HPLC retention time as an authentic
sample of the natural material. The synthetic product also
showed the same capability to inhibit the growth of coryne-
form bacteria as native hormaomycin (1).'*®! However,
there were some differences in their 'H NMR spectra in
CDCl; (Figure 2). These discrepancies were initially inter-
preted to indicate that a diastereomer of the natural product
had been synthesized. Yet, this possibility was excluded by
the results of LC/MS experiments according to the advanced
Marfey method,'® which rigorously proved that the MePhe,
Ile, Ncpa and (R)-a-Thr residues were not epimerized in any
of the peptide coupling and deprotection steps.'”! Because
of this inconsistency, the last steps of the synthesis of hor-
maomycin (1), starting from the cyclodepsipeptide 17, were
repeated on a slightly larger scale. This made it possible to
use simple recrystallizations instead of preparative TLC sep-
arations for the purification of intermediates. The thus ob-
tained second sample of synthetic hormaomycin had a
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'H NMR spectrum which did not differ any more from that
of an authentic sample of natural hormaomycin than two
spectra taken of different samples of the natural material
(see Figure 2).

This first synthetic access to hormaomycin (1) will make it
possible to prepare structural analogues of this interesting
natural depsipeptide in order to elucidate structure—activity
relationships and the biologically active minimal unit.

Experimental Section

General aspects: 'H NMR spectra: Bruker AM 250 (250 MHz), Varian
Inova 600 (600 MHz). 'H chemical shifts are reported in ppm relative to
residual peaks of deuterated solvent or tetramethylsilane. Higher order
NMR spectra were approximately interpreted as first-order spectra, if
possible. The observed signal multiplicities are characterized as follows:
s=singlet, d=doublet, t=triplet, q=quartet, quin=quintet, m=multi-
plet, as well as br=broad, Ar-H=aryl-H. "C NMR spectra [additional
DEPT (Distortionless Enhancement by Polarization Transfer) or APT
(Attached Proton Test)]: Bruker AM 250 (62.9 MHz), Varian Inova 600
(125.7 MHz) instruments. “C chemical shifts are reported relative to
peak of solvent or tetramethylsilane. The following abbreviations were
applied: DEPT: +=primary or tertiary (positive signal in DEPT), —=
secondary (negative signal in DEPT), C,,=quaternary (no signal in
DEPT); APT: +=primary or tertiary (positive signal in APT), —=sec-
ondary or quaternary (negative signal in APT); whenever it was necessa-
ry and possible HMBS (Heteronuclear Multiple Bond Connectivity) and/
or HMQS (Heteronuclear Multiple Quantum Coherence) spectra were
also measured. IR spectra: Bruker IFS 66 (FT-IR) spectrometer, samples
measured as KBr pellets or oils between KBr plates. MS: EI-MS: Finni-
gan MAT 95, 70 eV, high resolution EI-MS spectra with perfluorokero-
sene as reference substance; ESI-MS: Finnigan LCQ. HPLC: pump:
Kontron 322 system, detector: Kontron DAD 440, mixer: Kontron HPLC
360, data system: Kontron Kromasystem 200, columns: Knauer Nucleo-
sil-100 C18 (analytical, 5 um, 3 mm x 250 mm), Knauer Nucleosil-100 C18
(preparative, 5 pm, 8 mm x 250 mm). Optical rotations: Perkin-Elmer 241
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Figure 2. Comparison of "H NMR spectra (600 MHz, CDCl,) of different samples of synthetic [traces 2 (second run) and 4 (first run)] and natural (traces
1 and 3) hormaomycin 1. All samples were purified by HPLC before measurements. All measurements were carried out at ambient temperature and

with the same spectrometer.
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digital polarimeter, 1-dm cell; optical rotation values are given in
107" degem®g™'; concentrations (c) are given in g per 100 mL. Circular di-
chroism: Jasco J 500A. Molar ellipticities (@) are given in gradem?107" -
mol'. M.p.: Biichi 510 capillary melting point apparatus, uncorrected
values. TLC: Macherey-Nagel precoated sheets, 0.25 mm Sil G/UV,,.
The chromatograms were viewed under UV light and/or by treatment
with phosphomolybdic acid (10 % in ethanol), or ninhydrin (0.2% in eth-
anol), or Ehrlich’s reagent (freshly prepared solution of 1 g of 4-dimethyl-
amino-benzaldehyde in 25mL of 36% HCI and 75 mL methanol).
Column chromatography: Merck silica gel, grade 60, 230-400 mesh and
Baker silica gel, 40-140 mesh. Preparative TLC: Macherey-Nagel, silica
gel SIL G/UV,s, layer thickness 0.25mm (100x200 mm or 200x
200 mm). Elemental analyses: Mikroanalytisches Laboratorium des Insti-
tuts fiir Organische und Biomolekulare Chemie der Universitidt Gottin-
gen. Starting materials: Anhydrous solvents were prepared according to
standard methods by distillation over drying agents and were stored
under argon. All other solvents were distilled before use. All reactions
were carried out with magnetic stirring and, if air or moisture sensitive,
in flame-dried glassware under argon or nitrogen. Organic extracts were
dried with anhydrous MgSO,. (R)-allo-Threonine,'® 1-hydroxy-7-aza-
benzotriazol,"®!  2-(trimethylsilyl)ethyl ~N-succinimidyl —carbonate,””
(25,3R)-B-methylphenylalanine,?!! (2R,1'R,2'R)-3-(2"-nitrocyclopropyl)ala-
nine,*  (28,4R)-(N-tert-butyloxycarbonyl)-4-(Z)-propenylproline ~ (8),
(28,3R)-(N-9-fluorenylmethyloxycarbonyl)-f-methylphenylalanine
(10),”? 5-chloro-1-methoxymethoxypyrrole-2-carboxylic acid (18), were
prepared as described elsewhere. (25,1'R,2'R)-3-(2'-Nitrocyclopropyl)ala-
nine was kindly provided by Oleg V. Larionov (G6ttingen).

Deprotection of N-Fmoc-protected peptides 7a, 7b, 13a, 13b—General
procedure (GP 1): The protected peptides (1 mmol) were taken up with
acetonitrile or THF (2 mL); diethylamine (2 mL) was added, and the re-
sulting mixture left at ambient temperature for 30 min. All volatiles were
evaporated under reduced pressure, the residue was taken up with tolu-
ene (2x5 mL), which was evaporated under reduced pressure to remove
the last traces of diethylamine. The obtained crude N-deprotected pepti-
des were directly used in the next condensation step.

Peptide condensation step for the preparation of peptides 4a, 4b, 7a, 7b,
13a, 13b—General procedure (GP2): EDC (1.03 mmol) and HOAt
(1.05 mmol) were added to a cooled (4°C) solution of the respective N-
protected amino acid (1 mmol) in anhydrous CH,Cl, (3mL). After
10 min, the solution of the appropriate crude N-deprotected peptide
(0.97 mmol) and TMP (3 mmol) in anhydrous CH,Cl, (1 mL) was added
at the same temperature. The temperature was allowed to reach 20°C,
and stirring was continued for 15 h. Then the reaction mixture was dilut-
ed with Et,0 or EtOAc (30 mL) and washed with 1M KHSO, (3x5 mL),
water (2x5mL), 3% aq. solution of NaHCO; (3x5mL), water (3x
SmL), brine (2x5 mL), dried and concentrated under reduced pressure.
The residue was purified by column chromatography or recrystallization.
N-Z-3-(28,3R)-f-Methylphenylalanine (2): A solution of ZOSu (0.396 g,
1.59 mmol) in acetone (5 mL) was added to a vigorously stirred solution
of 3-(28,3R)-methylphenylalanine hydrochloride (0.35 g, 1.62 mmol) and
NaHCO; (0.409 g, 4.87 mmol) in water (5 mL); stirring was continued for
2 h (if an emulsion formed, acetone and/or water were added to obtain a
homogeneous solution). Acetone was then removed under reduced pres-
sure, the residual fraction was diluted with water (25 mL) and washed
with Et,O (3x10 mL). The organic fraction was back-extracted with 5%
aqueous NaHCO; (3x10mL), the pH of the combined water fractions
was adjusted to 1 with 1M HCI and the resulting emulsion was extracted
with Et,O (2x50 mL). The organic layer was washed with 1M HCI (2x
10 mL), water (10x 10 mL), brine (2x 10 mL), dried, filtered and concen-
trated under reduced pressure. The residual oil was dissolved in Et,O
(3mL) and dicyclohexylamine (0.277 g, 1.53 mmol) was added followed
by hexane (20 mL) and the resulting precipitate was filtered and crystal-
lized twice from EtOAc/hexane to give the dicyclohexylammonium salt
of 2 (0.67 g, 85%) as a white solid. To obtain an analytical sample of 2, a
small quantity of the dicyclohexylammonium salt dissolved in EtOAc
and washed twice with 1M HCI, three times with water, twice with brine
to give, after prolonged drying at 0.02 Torr and 60°C, 2 as a colorless
solid. M.p. 76.5-79°C; [a]¥=17.3 (¢=0.76, CHCl;); '"H NMR (250 MHz,
CDClLy): 0=1.31, 1.36 (2xd, J=7.0Hz, 3H, 4-H), 3.33 (dq, J=7.0,
7.0 Hz, 1H, 3-H), 4.43-4.55 (m, 0.25H, 2-H), 4.60 (dd, J=5.5Hz, 9 Hz,
0.75H, 2-H), 4.78 (d, J=12.5Hz, 0.25H, Bzl-H), 4.96-5.20 (m, 1.75H,
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BzI-H), 5.30 (d, /=9 Hz, 0.75H, NH), 6.25 (d, /=8.8 Hz, 0.25H, NH),
7.03-7.35 (m, 10H, Ar-H), 7.30-7.90 (br, 1H, CO,H); "“CNMR
(62.9 MHz, CDClL;): 0=14.3,15.8 (+, C-4), 41.5, 41.8 (+, C-3), 59.1, 59.8
(+, C-2), 67.0, 67.4 (-, BzI-C), 127.0 (+, Ar-C), 127.5 (+, Ar-C), 127.6
(+, Ar-C), 1279 (+, Ar-C), 1280 (+, Ar-C), 1283, 1283 (+, Ar-CO),
135.2, 135.9 (Cyuarr Ar-C), 1409, 141.4 (Cyyy Ar-C), 156.0, 157.1 (Cypas
NCO,), 175.1, 1754 (Cyua» C-1); IR (KBr): #=3750-2250, 1718, 1518,
1497, 1454, 1416, 1347, 1217 cm™'; MS (EL, 70 eV): m/z (%): 313 (1) [M *],
209 (4) [M *—CgHg], 162 (10), 105 (100) [CsHo*], 91 (48) [C;H;*], 65 (7)
[CsHs*]; HRMS (EI): caled for C;sH(NO,: 313.1314; found 313.1314;
elemental analysis caled (%) for C;gH;(NO, (313.4): C 69.00, H 6.11, N
4.47; found C 69.16, H 6.00, N 4.45.

N-Z-Isoleucine methoxymethyl ester: Lil (0.783 g, 5.85 mmol) was added
to an ice-cold solution of MOM-CI (0.43 mL, 5.65 mmol) in acetonitrile
(7 mL). The mixture was stirred at the same temperature for 20 min, and
a solution of Z-Ile-OH (0.75g, 2.83 mmol), and DIEA (0.731 g,
5.65 mmol) in acetonitrile (5 mL) was then added dropwise within 5 min.
The reaction mixture was allowed to warm to 20°C, stirred for an addi-
tional 2 h and then diluted with Et,O (50 mL). After the usual aqueous
work-up (GP 2), the organic layer was dried, and concentrated under re-
duced pressure to give an oily residue which was purified by column
chromatography (2x; R;=0.21, EtOAc/hexane 1:6) to give the title com-
pound (0.665¢g, 76%) as a colorless oil. [a]d=3.9 (c=1.90, CHCL);
"H NMR (250 MHz, CDCl;): 6 =0.93 (t, /J=6.9 Hz, 3H, 5-H), 0.97 (d, J=
6.8 Hz, 3H, 1'-H), 1.06-1.32 (m, 1H, 4-H,), 1.35-1.54 (m, 1H, 4-H,),
1.81-2.03 (m, 1H, 3-H), 3.47 (s, 3H, OMe), 4.38 (dd, /=9, 4.5 Hz, 1H, 2-
H), 5.11 (s, 2H, Bzl-H), 5.22 (d, J=5.8 Hz, 1H, H,, OCH,0), 528 (d, J=
6.0 Hz, 1H, NH), 5.35 (d, /=5.8 Hz, 1H, H,, OCH,0), 7.28-7.42 (m, 5H,
Ar-H); "CNMR (62.9 MHz, CDCL,): 6=11.2 (+, C-5), 15.1 (+, C-1),
245 (—, C4), 374 (+, C-3), 57.3 (+, OMe), 58.1 (+, C-2), 66.5 (—, Bzl-
C), 90.6 (—, OCH,0), 127.7, 127.7, 128.1 (+, Ar-C), 136.0 (Cyyo» Ar-C),
155.9 (Cquas NCO,), 171.4 (Cyyoe C-1); IR (film): 7=3390, 3066, 3034,
2965, 2937, 2878, 2832, 1724, 1525, 1455, 1412, 1337, 1220, 1087,
1041 cm™.

N-Fmoc-Isoleucine dicyclopropylmethyl ester: To a stirred ice-cold solu-
tion of N-Fmoc-protected isoleucine (1.0 g, 2.83 mmol) in anhydrous
CH,C], (10mL) were added oxalyl chloride (0.898 g, 7.07 mmol) and
then DMF (5 drops), and stirring was continued at the same temperature
for 2 h. The mixture was then allowed to warm to 20°C and stirred for an
additional 1 h. The solvent was blown out with a nitrogen stream and the
crude acyl chloride was dried at 0.01 Torr for 2 h and used without fur-
ther purification. It was dissolved in anhydrous CH,Cl, (10 mL) and a
mixture of pyridine/dicyclopropylmethanol 1:1 (1.5 mL) was added. After
40 min, DMAP (0.02 g) was added to the mixture and stirring was contin-
ued for an additional 3 h. The reaction mixture was then diluted with
Et,0 (50 mL), washed (according to GP 2), dried, filtered and concen-
trated under reduced pressure. The residue was purified by column chro-
matography [R;=0.24, EtOAc/hexane 1:10 (0.5% Et;N)]. The appropri-
ate fractions were combined, concentrated under reduced pressure, taken
up with Et,O/hexane 1:1 (100 mL), washed with water (3x20 mL), 3%
aqueous NaHCO; (3x20mL), water (3x20mL), brine (2x10mL),
dried, filtered and concentrated under reduced pressure to give the title
compound (0.72 g, 57%) as a turbid oil. [a]y=-3.8 (c=0.26, CHCL);
"H NMR (250 MHz, CDCl;): §=0.16-0.38 (m, 4H, 2-H,, DCPM), 0.38-
0.51 (m, 2H, 2"-H,, DCPM), 0.51-0.64 (m, 2H, 2'-H.,, DCPM), 0.94 (t, /=
7.5 Hz, 3H, 5-H, Ile), 0.96 (d, J=7.5 Hz, 3H, 1'-H, Ile), 1.02-1.16 (m, 2H,
1-H, DCPM), 1.17-1.34 (m, 1H, 4-H,, Ile), 1.39-1.47 (m, 1H, 4-H,, lle),
1.86-2.09 (m, 1H, 3-H, Ile), 3.90 (t, /=8.8 Hz, 1H, 1-H, DCPM), 423
(dd, /=73, 7.3 Hz, 1H, 2-H, lle), 434-4.44 (m, 3H, 1-H, 9'-H, Fmoc),
536 (d, J=9.8Hz, 1H, NH), 7.23-7.46 (m, 4H, Ar-H), 7.61 (d, J=
7.5Hz, 2H, Ar-H), 7.76 (d, J=83 Hz, 2H, Ar-H); *C NMR (62.9 MHz,
CDCLy): =24, 2.6, 29 (-, C-2', DCPM), 11.6 (+, C-5, Ile), 14.5, 153
(+, C-1", DCPM), 14.6 (+, C-1', Ile), 24.9 (—, C-4, Ile), 38.1 (4, C-3, Ile),
47.1 (+, C-9, Fmoc), 58.3 (+, C-2, lle), 66.8 (—, C-1, Fmoc), 83.4 (+, C-
1, DCPM), 119.8, 125.0, 126.9, 127.5 (4, Ar-C), 141.1 (Cqua» Ar-C), 1437,
143.8 (Cquars A1-C), 156.0 (Cyuar» NCO,), 171.5 (Cyuarr C-1, Ile); IR (film):
7=3400, 3068, 3009, 2964, 2935, 2876, 2832, 1805, 1717, 1508, 1451, 1331,
1209, 1220, 1091, 1030 cm™".

Z-(fMe)Phe-Ile-OMOM (4a): Z-Ile-OMOM (0.415 g, 1.34 mmol) was
hydrogenated over 10% Pd on charcoal (0.150 g) under hydrogen at am-
bient pressure in EtOAc (10 mL) with AcOH (0.080 g, 1.34 mmol) for
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1 h. The mixture was then filtered, concentrated under reduced pressure,
taken up with Et,0 (40 mL), washed with saturated aqueous NaHCO;
(3x10 mL), brine (2x10 mL), dried, filtered and concentrated under re-
duced pressure to give the deprotected ester of isoleucine 3a as a free
base which was directly used for the condensation with N-Z-protected f3-
methylphenylalanine (2; 0.400 g, 1.28 mmol) employing EDC (0.257 g,
1.34 mmol), HOAt (0.173 g, 1.28 mmol) and TMP (0.500 mL, 3.78 mmol)
in CH,Cl, (5 mL) according to GP 2. After 2 h, the reaction mixture was
subjected to the usual aqueous work-up and the resulting crude product
was purified by crystallization from EtOAc/hexane to give the dipeptide
4a (0.40 g, 66 %) as a colorless solid. R;=0.17 (EtOAc/hexane 1:6); R;=
0.35 (EtOAc/hexane 1:4); m.p. 111-112°C; [a]¥ =—-8.5 (¢=0.30, CHCL);
'"HNMR (250 MHz, CDCL,): 6=0.81 (d, J=6.8 Hz, 3H, 1"-H, Ile), 0.87
(t, J=6.8 Hz, 3H, 5-H, lle), 0.94-1.17 (m, 1H, 4-H,, Ile), 1.24-1.45 (m,
1H, 4-H,, Ile), 135 [d, J=7.3 Hz, 3H, 4-H, (BMe)Phe], 1.68-1.87 (m,
1H, 3-H, Ile), 3.17 [dq, /=73 Hz, 1H, 3-H, (PMe)Phe], 3.42 (s, 3H,
OMe), 4.27-4.41 (m, 2H, 2x2-H), 5.09 (s, 2H, BzIl-H), 5.13 (d, J=6.0 Hz,
1H, H,, OCH,0), 5.21 (d, /=5.8 Hz, 1H, H,, OCH,0), 5.43 (d, J=9 Hz,
1H, NH), 5.98 (d, /=7.8 Hz, 1H, NH), 7.15-7.30 (m, 6H, Ar-H), 7.30-
7.42 (m, 4H, Ar-H); ®C NMR (62.9 MHz, CDCl;): 6=11.2 (+, C-5, Ile),
14.9 (+, C-1, lle), 16.9 [+, C-4, (BMe)Phe], 24.8 (—, C-4, Ile), 37.5 (+,
C-3, Ile), 422 [+, C-3, (BMe)Phe], 56.1 (+, C-2, Ile), 57.5 (+, OMe),
60.2 [+, C-2, (BMe)Phe], 66.5 (—, Bzl-C), 90.6 (—, OCH,0), 126.6, 127.5,
127.5, 1277, 128.17 (x2) (4, Ar-C), 136.2, 141.9 (Cy, Ar-C), 156.2
(Cqua» NCO,), 170.4, 170.6 (Cquor C-1); IR (KBr): #=3330, 3275, 3065,
3033, 2965, 2928, 2874, 2832, 1741, 1689, 1654, 1536, 1293, 1275, 1253,
1242, 1155, 1071, 1012 cm™'; MS (EI, 70 eV): m/z (%): 470 (4) [M *], 366
(11) [M*—CgHg], 319 (18) [M *—CsH,NO,], 289 (15), 268 (8), 224 (20),
199 (6), 105 (10) [CgHy*], 91 (100) [C;H;*], 86 (10), 45 (12) [CHO,*];
HRMS (EI): caled for C,sH3,N,O4: 470.2417; found 470.2417; elemental
analysis calcd (%) for C,H3yN,Oq (470.6): C 66.36, H 7.28, N 5.95; found
C66.58, H7.19, N 6.10.

Z-(fMe)Phe-lle-ODCPM (4b): Fmoc-Ile-ODCPM (0.540 g, 1.21 mmol)
was N-deprotected according to GP 1, and the resulting amino ester 3a
was coupled with N-Z-protected (p-methylphenylalanine) 2 (0.36 g,
1.15 mmol) employing EDC (0.227 g, 1.18 mmol), HOAt (0.160 g,
1.18 mmol) and TMP (0.418 g, 3.45 mmol) in CH,Cl, (5§ mL) according to
GP 2. After 6 h, the reaction mixture was subjected to the usual aqueous
work-up, and the resulting crude product was triturated with pentane and
then purified by crystallization from hexane to give the dipeptide 4b
(0.50 g, 84%) as a colorless solid. R;=0.17 [EtOAc/hexane 1:6 (0.5%
EtN)]; m.p 105-106°C; [a]3=9.0 (¢=0.31, CHCl;); '"H NMR (250 MHz,
CDCLy): 6=0.23-0.41 (m, 4H, 2"-H,, DCPM), 0.41-0.53 (m, 2H, 2"-H,,
DCPM), 0.53-0.64 (m, 2H, 2-H., DCPM), 0.81 (d, J=6.8 Hz, 3H, 1"-H,
Ile), 0.89 (t, J=7.3 Hz, 3H, 5-H, Ile), 0.95-1.21 (m, 3H, 4-H,, Ile, 1'-H,
DCPM), 1.35 [d, J=7.3 Hz, 3H, (BMe)Phe], 1.37-1.48 (m, 1H, 4-H,,, Ile),
1.71-1.90 (m, 1H, 3-H, Ile), 3.19 [dq, J=7.3 Hz, 1H, (BMe)Phe], 3.90 (t,
J=85Hz, 1H, 1-H, DCPM), 426-4.42 (m, 2H, 2x2-H), 5.09 (s, 2H,
BzI-H), 5.42 (d, J=9.0 Hz, 1H, NH), 6.06 (d, /=7.5Hz, 1H, NH), 7.15-
730 (m, 6H, Ar-H), 7.30-7.40 (m, 4H, Ar-H); "CNMR (62.9 MHz,
CDCL): 6=24,2.7 (-, C-2', DCPM), 11.4 (+, C-5, Ile), 14.3, 14.5 (+, C-
1, DCPM), 14.8 (+, C-1', Ile), 16.7 [+, C-4, (BMe)Phe], 24.9 (—, C-4,
lle), 379 (+, C-3, Ile), 42.2 [+, C-3, (BMe)Phe], 56.1 (+, C-2, Ile), 60.1
[+, C-2, (BMe)Phe], 66.5 (—, Bzl-C), 82.9 (+, C-1, DCPM), 126.5, 127.4,
127.5,127.6, 128.1 (x2) (+, Ar-C), 136.2, 141.9 (Cyys Ar-C), 156.1 (Cypas
NCO,), 170.2, 170.5 (Cyua» C-1, Ile); IR (KBr): 7=3300, 3270, 3010, 2965,
2875, 1732, 1690, 1655, 1535, 1454, 1379, 1334, 1292, 1275, 1255, 1240,
1196, 1137, 1013 em™'; MS (EI, 70 eV): m/z (%): 520 (8) [M *], 416 (7)
[M*—CgHy], 381 (8) [M*—C,H,NO,], 296 (20), 268 (11), 224 (20), 176
(6), 105 (7) [CsHo™], 95 (100), 86 (17), 67 (10); HRMS (EI): caled for
CyHN,O5: 520.2937; found 520.2937; elemental analysis calcd (%) for
C;3HyN,O5 (520.7): C 71.51, H 7.74, N 5.38; found C 71.51, H 742, N
5.40.

N-Fmoc-3-(2R,1'R,2'R)-(trans-2'-Nitrocyclopropyl)alanine (5): A solu-
tion of Fmoc-OSu (0.416 g, 1.36 mmol) in acetone (7 mL) was added to a
vigorously stirred solution of 3-(2R,1'R,2'R)-(trans-2'-nitrocyclopropyl)-
alanine (0.20 g, 1.15 mmol) and NaHCO; (0.202 g, 2.40 mmol) in water
(5mL) (if a precipitate formed, acetone and/or water was added to
obtain a homogeneous solution) and stirring continued for an additional
3 h. Acetone was then removed under reduced pressure, and the pH of
the residual water solution was adjusted to 1 with 3m HCI. The resulting
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emulsion was extracted with Et,0 (30 mL) and the ethereal layer was
back-extracted with 3% aqueous NaHCO; (5x10 mL, TLC control for
the completeness of extraction was necessary). The combined aqueous
fractions were washed with Et,O (2x10 mL), acidified to pH 2 with 3m
HCI, and the resulting emulsion was extracted with Et,0 (40 mL). The
organic phase was washed with 3m HCl (2x10 mL), water (3x10 mL),
brine (2x5 mL), dried, filtered and concentrated under reduced pressure.
The residue was triturated with cold pentane and filtered. The resulting
semisolid was dried at 0.02 Torr for prolonged time to give 5 (0.423 g,
93%) as a colorless foam. R;=0.08 (EtOAc/hexane 1:1); m.p. (softening)
50-57°C; [a]®=-56.7 (¢=0.36, CHCl;); 'HNMR (250 MHz, CDCl,):
0=0.71-0.82 (m, 0.4H, 3-H,), 1.11 (ddd /=6.2, 6.2, 6.2 Hz, 0.6 H, 3'-H,),
1.17-1.51 (m, 1H, 3'-H,), 1.75-2.13 (m, 2H, 3-H), 3.61-3.76, 3.76-3.89
(2xm, 1H, 1"-H), 3.99-4.12 (m, 0.5H, 2-H), 4.12-4.27 (m, 1.5H, 9""-H, 2-
H), 427-4.56 (m, 2H, 1"-H), 4.56-4.69, 4.71-4.87 (2xm, 1H, 2-H), 5.48
(d, J=7.0 Hz, 0.6H, NH), 7.01-7.13 (m, 0.4H, NH), 7.23-7.42 (m, 4H,
Ar-H), 7.42-7.61 (m, 2H, Ar-H), 7.75 (d, J=7.5Hz, 2H, Ar-H), 7.90-
10.50 (br, 1H, CO,H); P*C NMR (62.9 MHz, CDCl;): 6=17.3, 17.6 (-, C-
3),21.4,22.0 (+, C-1), 32.8,33.2 (—, C-3), 46.8 (+, C-9"), 53.0 (+, C-2),
59.0 (4, C-2'), 66.7, 67.0 (—, C-1"), 119.8 (+, Ar-C), 124.2, 1244 (+, Ar-
C), 1248 (+, Ar-C), 126.9, 127.6 (+, Ar-C), 141.1 (Cqyy, Ar-C), 143.0,
143.3 (Cquars AT-C), 143.3, 143.5 (Cqpay Ar-C), 155.9, 156.8 (Cyuary NCO,),
173.8, 174.6 (Cyua» C-1); IR (KBr): 7=3331, 2965, 2934, 1736, 1689, 1653,
1525, 1455, 1391, 1367, 1251, 1176 cm™'; MS (EL, 70 eV): m/z (%): 396
(1) [M*], 196 (36) [C,;H,O*], 178 (51) [C\4H o], 165 (100), 139 (6);
HRMS (EI): caled for CyH,N,O4: 396.1321; found 396.1321; elemental
analysis caled (%) for C,;H,)N,Oq (396.4): C 63.63, H 5.09, N 7.07; found
C 63.56, H 5.21, N 7.00.

Fmoc-(2R)-(3-Ncp)Ala-(Me)Phe-Ile-OMOM (7a): The compound 4a
(0.370 g, 0.786 mmol) was hydrogenated over 10% Pd on charcoal
(0.100 g) under hydrogen at ambient pressure in EtOAc (10 mL) with
AcOH (0.048 g, 0.800 mmol) for 1 h. The mixture was then filtered, con-
centrated under reduced pressure, taken up with Et,0 (40 mL), washed
with saturated aqueous NaHCO; (3x 10 mL), brine (2x 10 mL), dried, fil-
tered and concentrated under reduced pressure to give the deprotected
dipeptide 6a as a free base together with cyclo-[(3Me)Phe-Ile]. This mix-
ture was directly used for the condensation with the N-Fmoc-protected
amino acid 5 (0.320g, 0.807 mmol) employing EDC (0.160 g,
0.835 mmol), HOAt (0.111g, 0.816 mmol) and TMP (0.430 mL,
3.254 mmol) in CH,Cl, (5 mL) according to GP 2. After 15 h, the reac-
tion mixture was subjected to the usual aqueous work-up, and the result-
ing crude product was first crystallized from CH,Cl,/hexane and then pu-
rified by column chromatography [R;=0.28, CHCl;/MeOH 60:1 (1%
EtOH)] to give tripeptide 7a (0.220 g, 39 % over two steps) as a colorless
solid. [a]¥=-15.3 (¢=0.40, CHCL;); 'HNMR (250 MHz, CDCly): 6=
0.82 (q, /=73 Hz, 6H, 5-H, 1'-H, Ile), 0.93-1.17 [m, 2H, 4-H,, Ile, 3'-H,,
(3-Ncp)Ala], 1.26-1.43 (m, 1H, 4-H,, Ile), 1.32 [d, J=6.5Hz, 3H, 4-H,
(BMe)Phe], 1.48-1.70 [m, 1H, 3'-H,, (3-Ncp)Ala], 1.70-1.84 [m, 2H, 3-H,
Ile, 1'-H, (3-Ncp)Ala], 1.84-1.99 [m, 2H, 3-H, (3-Ncp)Ala], 322 [dq, J=
7.4 Hz, 1H, 3-H, (BMe)Phe], 3.40 (s, 3H, OMe), 4.00-4.10 (m, 1H, 2-H),
420 (dd, J=6.5, 6.5 Hz, 1H, 2-H), 4.26-4.44 [m, 3H, 1-H,, 9-H,, Fmoc,
2'-H, (3-Ncp)Ala], 4.49 (dd, J=10.6, 6.9 Hz, 1H, 1-H,, Fmoc), 4.62 (dd,
J=8.5, 85Hz, 1H, 2-H), 5.09 (d, /=59 Hz, 1H, H,, OCH,0), 5.20 (d,
J=59Hz, 1H, H,, OCH,0), 5.63 (d, J=8.0Hz, 1H, NH), 6.17 (d, /=
8.0 Hz, 1H, NH), 6.95 (d, /J=8.5 Hz, 1H, NH), 7.14-7.31 (m, 7H, Ar-H),
7.40 (dd, J=17.5, 7.5 Hz, 2H, Ar-H), 7.58 (dd, /=73, 5.0 Hz, 2H, Ar-H),
7.77 (d, J=7Hz, 2H, Ar-H); "C NMR (62.9 MHz, CDCLy): 6=11.4 (+,
C-5, lle), 15.0 (4, C-1, lle), 17.1 [+, C-4, (BMe)Phe], 179 [—, C-3, (3-
Nep)Ala), 22.1 [+, C-1', (3-Ncp)Ala], 24.9 (-, C-4, Ile), 34.0 [—, C-3, (3-
Nep)Ala), 317 (+, C-3, lle), 41.9 [+, C-3, (BMe)Phe], 46.9 (+, C-9',
Fmoc), 54.0 [+, C-2, (BMe)Phe], 56.3 [+, C-2, Ile], 57.7 (+, OMe), 58.7
[+, C-2, (3-Ncp)Ala], 59.0 [+, C-2, (3-Ncp)Ala], 67.1 (—, C-1, Fmoc),
90.9 (-, OCH,0), 119.9, 124.9, 126.9, 127.0, 127.6, 127.7, 128.4 (4, Ar-
C), 141.1, 141.2 (Cyyu» Ar-C, Fmoc), 141.6 [Cyyy, Ar-C, (BMe)Phe], 143.5,
143.7 (Cquarr Ar-C, Fmoc), 156.0 (Cyyry NCO,), 170.2, 170.6, 171.2 (Cyuar,
C-1); IR (KBr): 7=3330, 3275, 3067, 2966, 1718, 1643, 1542, 1451, 1368,
1227, 1163, 1139, 1091 cm™*; MS (EIL, 70 eV): m/z (%): 715 (0.04) [M *],
518 (3), 429 (13), 321 (5), 196 (20), 178 (100), 165 (54), 134 (16), 86 (23),
45 (20) [CHO,*]; MS (ESI): positive mode: m/z (%): 737 (30) [M+Nat];
negative mode: m/z (%): 749 (40) [M+Cl7].
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Fmoc-(2R)-(3-Ncp)Ala-(Me)Phe-Ile-ODCPM (7b): The dipeptide 4b
(0.35 g, 0.67 mmol) was taken up with EtOAc (10 mL) and hydrogenated
over 10% Pd/C (0.15 g) under hydrogen at ambient pressure for 2 h. The
reaction mixture was filtered through a pad of Celite and concentrated
under reduced pressure to give the deprotected dipeptide 6b, which was
directly used for the coupling with 5 (274 mg, 0.69 mmol), using EDC
(137 mg, 0.72 mmol), HOAt (96 mg, 0.71 mmol) and TMP (0.25mL,
2.02 mmol) according to GP 2 to give compound 7b (405 mg, 79%) as a
colorless solid after two recrystallizations from THF/hexane 1:1. R;=0.52
(EtOAc/hexane 2:3); m.p 151-155°C; [a]y=-3.8 (¢=0.26, CHCL);
'"H NMR (250 MHz, CDCl;): §=0.20-0.38 (m, 4H, 2"-H, DCPM), 0.37-
0.49 (m, 2H, 2'-H, DCPM), 0.49-0.62 (m, 2H, 2'-H, DCPM), 0.80 (d, J=
7.0 Hz, 3H, 1'-H, Ile), 0.86 (t, J=7.5 Hz, 3H, 5-H, Ile), 0.94-1.20 [m, 4H,
4-H,, Ille, 3-H,, 3-(Ncp)Ala, 1-H, DCPM], 1.33-1.49 [m, 1H, 3'-H,, 3-
(Ncp)Ala], 1.34 [d, J=7.0 Hz, 3H, 4-H, (-Me)Phe], 1.50-1.68 (m, 1H, 4-
H,, lle), 1.71-1.85 [m, 2 H, 3-H, Ile, 1"-H, 3-(Ncp)Ala], 1.85-2.05 [m, 2H,
3-H, 3-(Ncp)Ala], 3.22 [dq, J=7.0 Hz, 1H, 3-H, (B-Me)Phe], 3.79 (t, J=
8.6 Hz, 1H, 1-H, DCPM), 4.01-4.09 (m, 1H, 2-H), 4.21 (dd, J=6.5 Hz,
1H, 2-H), 4264.43 [m, 3H, 2"-H, 3-(Ncp)Ala, 1-H,, 9-H,, Fmoc], 4.49
(dd, /=103, 7.0 Hz, 1H, 1-H,, Fmoc), 4.61 (dd, J=5.5Hz, 1H, 2-H),
5.58 (d, /=83 Hz, 1H, NH), 6.14 (d, /=78 Hz, 1H, NH), 6.84 (d, /=
8.0 Hz, 1H, NH), 7.12-7.31 (m, 5H, Ar-H), 7.33 (d, /=7.8 Hz, 2H, Ar-
H), 7.40 (dd, /=173, 7.3 Hz, 2H, Ar-H), 7.58 (d, /=7.0 Hz, 2H, Ar-H),
7.77 (d, J=7.3 Hz, 2H, Ar-H); *C NMR (62.9 MHz, CDCL): 6=2.4, 2.7
(=, C2', DCPM), 114 (+, C-5, lle), 14.1, 144 (+, C-1', DCPM), 14.8 (+,
C-1, Ile), 16.7 [+, C-4, (B-Me)Phe], 17.7 [—, C-3', 3-(Ncp)Ala], 21.97 [+,
C-1, 3-(Ncp)Ala], 24.9 (—, C-4, lle), 33.9 [—, C-3, 3-(Ncp)Ala], 38.1 (+,
C-3, Ile), 41.7 [+, C-3, (B-Me)Phe], 46.8 (+, C-9, Fmoc), 53.8 (+, C-2),
56.2 (+, C-2), 58.5 (+, C-2), 58.8 [+, C-2, 3-(Ncp)Ala], 67.0 (—, C-1,
Fmoc), 83.1 (+, C-1, DCPM), 119.7, 124.8, 126.6, 127.4 (x 2) (+, Ar-C),
128.2 (x 2) (+, Ar-C), 140.96, 141.49 (Cyuo» Ar-C, Fmoc), 141.5 [Cyuas
Ar-C, (B-Me)Phe], 143.5, 143.6 (Cyyu» Ar-C, Fmoc), 155.9 (Cyyy NCOy),
169.8, 170.5, 171.0 (Cyuar» C-1); IR (KBr): 7=3490, 2966, 1717, 1645, 1543,
1451, 1368, 1147 cm™'; MS (ESI): positive mode: m/z (%): 787 (70)
[M+Na*]; negative mode: m/z (%): 799 (38) [M+Cl"]; elemental analy-
sis caled (%) for Cu,Hs,N,Og (764.9): C 69.09, H 6.85, N 7.32; found C
69.06, H 6.79, N 7.19.

MeZ-a-Thr-OH: NaHCO; (0.360 g, 4.29 mmol) and then a solution of
MeZOSu (0.486 g, 1.85 mmol) in dioxane (7 mL) were added to a vigo-
rously stirred solution of allo-p-threonine (0.200 g, 1.68 mmol) in water
(7mL), and stirring was continued for 3 h (if a precipitate formed, diox-
ane and/or water was added to obtain a homogeneous solution). The mix-
ture was then concentrated under reduced pressure, diluted with water
(40 mL) and washed with CH,Cl, (4x10 mL). The pH of the water frac-
tion was adjusted to ca. 1-2 with solid NaHSO,, and the resulting emul-
sion was extracted with EtOAc (2x40mL). The organic layer was
washed with water (4 x20 mL), brine 2x 10 mL), dried and concentrated
under reduced pressure. The residue was recrystallized from Et,O/hexane
and then from CH,Cl,/hexane to give the title compound (0.175 g, 39%)
as a colorless solid. The mother liquor from the second crystallization
was concentrated, and the residue was recrystallized again from Et,0/
hexane to give a second crop of the title compound (0.23 g, 90 % overall
yield). R;=0.13 (EtOAc/hexane 1:3 (2% AcOH); threefold development
was applied); m.p. 78-80°C; [a]y=-24.6 (¢=0.32, CHCL); 'HNMR
(250 MHz, CDCly): 6=1.27 (d, J=6.5 Hz, 3H, 4-H), 2.34 (s, 3H, 1'-H),
3.704.40 (br, 2H, OH, CO,H), 4.054.27 (m, 1H, 3-H), 4.33-4.44 (m,
1H, 2-H), 5.07 (s, 2H, BzIl-H), 5.77 (d, J=7.5Hz, 1H, NH), 7.15 (d, J=
8.0 Hz, 2H, Ar-H), 7.24 (d, J=8.0 Hz, 2H, Ar-H); *C NMR (62.9 MHz,
CDCL): 0=18.7 (+, C-4), 21.1 (+, C-1'), 59.3 (+, C-2), 67.4 (—, BzI-C),
69.0 (+, C-3), 1283, 129.2 (4, Ar-C), 132.7, 138.1 (Cyyur Ar-C), 156.9
(Cquar NCOy), 173.3 (Cyuy» C-1); IR (KBr): 7=3400, 3213, 2988, 2931,
2889, 1723, 1678, 1537, 1422, 1275, 1225, 1210 cm™'; MS (EI, 70 eV): m/z
(%): 267 (3) [M*], 223 (5) [M*—CO,], 162 (8) [M*—CH,], 105 (100)
[CeHo*], 77 (6) [CHsT], 45 (5) [CHO,*]; HRMS (EI): caled for
C3H;NOs: 267.1107; found 267.1107; elemental analysis caled (%) for
C3H;NOs (267.3): caled. C 58.42, H 6.41, N 5.24; found C 58.59, H 6.13,
N 5.08.

MeZ-a-Thr-OAll (9): A suspension of dried K,COj; (0.034 g, 0.247 mmol)
in a solution of the N-MeZ-protected allo-p-threonine (0.12 g,
0.449 mmol) and allyl bromide (0.08 mL, 0.946 mmol) in anhydrous
MeCN (4 mL) was vigorously stirred in a sealed tube at 85°C for 2 h.
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The mixture was then allowed to cool to 60°C, and stirring was continued
for an additional 16 h. The reaction mixture was cooled to 20°C, Et,O
(50 mL) and water (20 mL) were then added. The organic layer was
washed with water (4x10 mL), saturated aqueous NaHCO; (2x10 mL),
brine (2x5 mL), dried, filtered and concentrated under reduced pressure.
The residual oil was triturated with Et,O/pentane 1:2 to give a colorless
solid. Then more pentane was added to complete the precipitation, 9 was
filtered off and dried under reduced pressure (0.116 g, 84%). R;=0.16
(EtOAc/hexane 1:3); m.p. 47-48°C; [a]¥=-20.4 (c¢=0.30, CHCL);
'HNMR (250 MHz, CDCL;): 6=1.20 (d, J=6.5Hz, 3H, 4-H), 2.35 (s,
3H, 1'-H), 2.74 (d, /=63 Hz, 1H, OH), 4.09-4.26 (m, 1H, 3-H), 4.47
(dd, /=175, 3.8 Hz, 1H, 2-H), 4.67 (d, J=5.3 Hz, 2H, 1-H, All), 5.08 (s,
2H, Bzl-H), 5.27 (ddt, /=10.3, 1.0, 1.0 Hz, 1H, trans-3-H, All), 5.34 (ddt,
J=17.3, 1.0, 1.0 Hz, 1H, cis-3-H, All), 5.66 (d, J=7.3 Hz, 1H, NH), 5.90
(ddt, J=17.3, 10.3, 5.8 Hz, 1H, 2-H, All), 7.17 (d, J=8.0 Hz, 2H, Ar-H),
7.26 (d, J=8.0 Hz, 2H, Ar-H); >C NMR (62.9 MHz, CDCl,): 6 =18.7 (+,
C-4), 209 (+, C-1), 59.3 (+, C-2), 659 (-, C-1, All), 674 (-, Bzl-C),
68.4 (+, C-3), 118.7 (—, C-3, All), 128.0, 128.9 (+, Ar-C), 132.8 (+, C-2,
All), 132.8, 137.7 (Cyya, Ar-C), 156.4 (Cypay NCO,), 169.9 (Cypr, C-1); IR
(KBr): 7=3409, 3327, 3056, 2972, 2941, 2889, 1744, 1690, 1536, 1463,
1382, 1338, 1284, 1233, 1183 cm™'; MS (EL, 70eV): m/z (%): 307 (2)
[M*], 263 (4) [M *—C,H,0], 202 (8) [M *—CgH,], 105 (100) [CsHo*], 77
(5) [CHs™], 41 (5) [C;Hs*]; HRMS (EI): caled for CiH,,NOs: 307.1420;
found 307.1420; elemental analysis caled (%) for C,(H,NOs (307.5):
C 62.53, H 6.89, N 4.56; found C 62.80, H 6.84, N 4.41.

MeZ-a-Thr[(4-PE)Pro]-OAll (12): EDC (0.324 g, 1.69 mmol) was added
to a cooled (4°C) solution of the N-Boc-protected (25,4R)-4-(Z)-prope-
nylproline (8; 0.340 g, 1.33 mmol), the N,C-protected amino acid 9
(0.400 g, 1.30 mmol) and 4-pyrrolidinopyridine (0.250 g, 1.69 mmol) in an-
hydrous CH,Cl, (3 mL). The temperature was allowed to reach 20°C,
and stirring was continued for 15 h. Then the reaction mixture was dilut-
ed with Et,0 (30 mL) and washed with 1M KHSO, (3x5 mL), water (2x
SmL), 3% aqueous solution of NaHCO; (3x5 mL), water (3x5mL),
brine (2x5mL), dried and concentrated under reduced pressure. The
residue was purified by column chromatography (EtOAc/hexane 1:6) to
give 12 (0.588 g, 83%) as a turbid oil. R;=0.43 (EtOAc/hexane 1:3);
[a]¥=-35.4 (c=0.28, CHCL); 'HNMR (250 MHz, CDCL): 6=1.32,
1.34 (2xd, J=6.5Hz, 3H, 4-H, a-Thr), 1.36, 1.39 [2xs, 9H, C(CHa);],
1.64, 1.65 [2xdd, J=1.5, 7.0 Hz, 3H, 3'-H, (4-PE)Pro], 1.63-1.81 [m, 1H,
3-H,, (4-PE)Pro], 2.21-2.46 [m, 1H, 3-H,, (4-PE)Pro], 2.33, 2.35 (2xs,
3H, 1-H, MeZ), 2.93-3.19 [m, 2H, 4-H, 5-H,, (4-PE)Pro], 3.51-3.67,
3.69-3.83 [2xm, 1H, 5-H,, (4-PE)Pro], 410-427 [m, 1H, 2-H, (4-
PE)Pro], 448-4.65 (m, 1H, 2-H, a-Thr), 4.68 (d, /J=52Hz, 2H, 1-H,
All), 4.97-5.13 (m, 2H, Bzl-H, MeZ), 5.17-5.43 [m, 4H, 3-H, All, 3-H, a-
Thr, 1-H, (4-PE)Pro), 5.54 [dq, /=102, 7.0 Hz, 1H, 2"-H, (4-PE)Pro],
5.80-6.01 (m, 1H, 2-H, All), 6.42 (d, /=92 Hz, 1H, NH), 7.13, 7.17 (2x
d, J=79Hz, 2H, Ar-H), 7.23, 725 (d, J=7.9 Hz, 2H, Ar-H); *C NMR
(62.9 MHz, CDCly): 6=12.8 [+, C-3', (4-PE)Pro], 158, 16.3 (+, C-4, a-
Thr), 20.8 (+, C-1', MeZ), 279 [+, C(CH;);], 353, 36.1 [+, C-4, (4
PE)Pro], 358, 369 [—, C-3, (4-PE)Pro], 51.1, 51.3 [—, C-5, (4-PE)Pro],
57.0, 57.4 [+, C-2, (4-PE)Pro], 59.0, 59.1 (4, C-2, a-Thr), 65.5, 66.0 (—,
C-1, All), 66.4, 67.0 (-, Bzl-C), 70.8, 70.8 (4, C-3), 79.6, 79.7 [Cyuarr
C(CHa);], 1182, 118.9 (—, C-3, All), 126.3, 126.3 (4, Ar-C), 1279 (+,
Ar-C), 1287, 1288 [+, C-2', (4-PE)Pro], 129.0, 129.1 [+, C-1, (4-
PE)Pro], 130.9, 131.2 (4, C-2, All), 132.7, 133.1 (Cyyu» Ar-C), 137.2,
137.6 (Cguat, Ar-C), 153.0, 153.5 (Cyuay NCO,, Boc), 155.4, 155.9 (Cyuars
NCO,, MeZ), 168.4, 168.4 (Cquar» C-1, a-Thr), 171.6, 171.9 [Cyys C-1, (4-
PE)Pro]; IR (KBr): #=3330, 3009, 2977, 2932, 2871, 1747, 1703, 1520,
1478, 1453, 1399, 1367, 1253, 1161 cm™'; MS (EI, 70 eV): m/z (%): 544
(2) [M™], 488 (6) [M*—CHy], 444 (5) [M*—CsHO,], 339 (26), 210
(11), 154 (100) [CgH,,NO,*], 110 (83) [C;H,,N*], 105 (100) [CeHy*], 57
(49) [CH,™], 41 (15) [CiHs*]; HRMS (EI): caled for CyHyN,Of:
544.2785; found 544.2785; elemental analysis calcd (%) for C,)HyN,Og
(544.7): C 63.95, H 7.40, N 5.14; found C 63.99, H 7.32, N 4.99.

Fmoc-(fMe)Phe-(2R)-(3-Ncp)Ala-(fMe)Phe-Ile-OMOM (13a): The tri-
peptide 7a (205 mg, 0.29 mmol) was deprotected according to GP 1 and
then directly coupled with the N-Fmoc-protected f-methylphenylalanine
(10)?Y (126 mg, 0.31 mmol) according to GP2 using EDC (60 mg,
0.31 mmol), HOAt (42 mg, 0.31 mmol) and TMP (106 mg, 0.88 mmol) in
CH,Cl,/MeCN 2:1 (3mL) to give 13a (195 mg, 78 %) as a colorless solid
after recrystallization from CHCly/hexane. R;=0.27 [CHCly/MeOH 70:1
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(1% EtOH)]; m.p. 209-212°C (decomp.); [a]3=-40.2 (c=0.3, THF);
'H NMR (250 MHz, [Dg|THF): 6=0.78 (d, J=7.0 Hz, 3H, 1"-H, Ile), 0.80
(t, J=7.0Hz, 3H, 5-H, Ile), 0.94-1.17 [m, 2H, 4-H,, Ile, 3-H,, (3-
Ncp)Ala], 120 [d, J=6.8 Hz, 3H, 4-H, (3-Me)Phe], 1.33 [d, J=7.0 Hz,
3H, 4-H, (B-Me)Phe], 1.34-1.54 [m, 4H, 3-H, 4-H,, Ille, 1-H, 3-H,, (3-
Ncp)Ala], 1.59-1.87 [m, 2H, 3-H, (3-Ncp)Ala], 3.10 [dq, J=10.3, 7.1 Hz,
1H, 3-H, (8-Me)Phe], 3.21 [dq, J=7.5, 7.5 Hz, 1H, 3-H, ($-Me)Phe], 3.31
(s, 3H, OMe), 3.95 [ddd, J=6.8, 3.3, 3.3 Hz, 1H, 2"-H, (3-Ncp)Ala], 4.13—
4.40 (m, 5H, 2x2-H, 1-H, 9'-H, Fmoc), 4.46 [ddd, J=3.3,3.3,3.3 Hz, 1H,
2-H, (3-Ncp)Ala], 4.55 (dd, /=8.6, 8.6 Hz, 1H, 2-H), 5.03 (d, J=5.6 Hz,
1H, H,, OCH,0), 5.11 (d, /J=5.6 Hz, 1H, H,, OCH,0), 6.97-7.46 (m,
16H, 4xNH, 12x Ar-H), 7.54 (dd, J=10.9, 8.9 Hz, 2H, Ar-H), 7.66 (dd,
J=99, 7.6 Hz, 2H, Ar-H), 7.77 (d, J=75Hz, 2H, Ar-H); "C NMR
(62.9 MHz, [Dg]THF): 6=11.9 (+, C-5, Ile), 15.9 (+, C-1, Ile), 17.9 [+,
C-4, (B-Me)Phe], 18.6 [+, C-4, (B-Me)Phe], 18.8 [—, C-3', (3-Ncp)Ala],
23.1 [+, C-1', (3-Ncp)Ala), 26.0 (—, C-4, Ile), 34.7 [—, C-3, (3-Ncp)Ala],
38.6 (+, C-3, Ile), 42.7 [+, C-3, (B-Me)Phe], 44.0 [+, C-3, (B-Me)Phe],
484 (+, C-9, Fmoc), 52.7 (+, C-2), 57.3 (+, C-2), 57.9 (+, OMe), 59.6
(+, C-2), 60.1 [+, C-2, (3-Ncp)Ala], 62.1 (+, C-2), 67.6 (—, C-1, Fmoc),
914 (-, OCH,0), 126.3, 126.3, 127.4, 127.7, 128.0, 128.5, 128.9, 129.1,
129.2, 129.3 (+, Ar-C), 142.4, 142.4 (Cyyay Ar-C, Fmoc), 143.9 [Cyy, AT-
C, (B-Me)Phe], 144.2 [Cyuu, Ar-C, (B-Me)Phe], 145.3, 145.5 (Cyyy» Ar-C,
Fmoc), 157.7 (Cgar NCO,), 171.3, 171.4, 171.6, 172.1 (Cyuer C-1); IR
(KBr): #=3300, 2967, 1708, 1668, 1637, 1543, 1370, 1247 cm™'; MS (ESI):
positive mode: m/z (%): 898 (100) [M+Na*]; elemental analysis calcd
(%) for CyuHs;N5O,, (876.0): C 67.18, H 6.56, N 7.99; found C 67.15, H
6.46, N 8.06.

Fmoc-(fMe)Phe-(2R)-(3-Ncp)Ala-(fMe)Phe-Ile-ODCPM  (13b): The
tripeptide 7b (0.420 g, 0.549 mmol) was deprotected according to GP 1,
and the resulting product 11b was then directly coupled with 10 (0.242 g,
0.603 mmol) according to GP 2 using EDC (0.114 g, 0.595 mmol), HOAt
(0.080 g, 0.588 mmol) and TMP (0.200 g, 1.650 mmol) in CH,Cl, (3 mL).
After 1h, a precipitate formed in the reaction mixture, and anhydrous
DMF (2 mL) was added to obtain a homogeneous solution. After 15 h,
the reaction mixture was concentrated under reduced pressure. The re-
sulting solid was washed with water (100 mL), 3% aqueous NaHCO;
(100 mL), water (100 mL), Et,0 (100 mL), pentane (50 mL), dried at
0.5 Torr and then crystallized twice from THF/hexane to give 13b
(0.430 g, 85%) as an off-white solid. R;=0.29 (CHCly/MeOH 70:1); m.p
210-215°C (decomp.); [a]&=-26.3 (¢=0.32, THF); '"H NMR (250 MHz,
[Dg]THF): 6=0.22-0.57 (m, 7H, 2’-H, DCPM), 0.67-0.90 (m, 2H, 1'-H,
2'-H, DCPM), 0.78-0.86 (m, 1H, 1'-H, DCPM), 0.81 (d, J=6.5Hz, 3H,
1-H, Ile), 0.83 (t, J=7.3 Hz, 3H, 5-H, Ile), 0.92-1.19 [m, 4H, 4-H, Ile, 3'-
H, (3-Ncp)Ala], 1.20 [d, /=73 Hz, 3H, 4-H, (BMe)Phe], 1.32 [d, J=
7.0 Hz, 3H, 4-H, (BMe)Phe], 1.30-1.50 [m, 4H, 3-H, Ile, 1'-H, 3-H, (3-
Ncp)Ala], 311 [dq, J=9.6, 7.2 Hz, 1H, 3-H, (BMe)Phe], 3.24 [dq, J=7.4,
7.4 Hz, 1H, 3-H, (BMe)Phe], 3.81 (t, J=8.5Hz, 1H, 1-H, DCPM), 3.94
[ddd, /=68, 3.3, 3.3 Hz, 1H, 2'-H, (3-Ncp)Ala], 4.13-4.41 (m, 5H, 2x2-
H, 1-H, 9-H, Fmoc), 4.41-4.51 (m, 1H, 2-H), 4.61 (dd, J=8.5, 7.8 Hz,
1H, 2-H), 6.97-7.40 (m, 16H, 2xNH, 14 x Ar-H), 7.48 (d, J=8.5Hz, 1H,
NH), 7.58 (d, /=83 Hz, 1H, NH), 7.66 (dd, J=8.1 Hz, 2H, Ar-H), 7.77
(d, J=7.8 Hz, 2H, Ar-H); ®CNMR (62.9 MHz, [Dy|]THF): 6=323, 3.5,
3.6,3.7 (-, C-2', DCPM), 12.2 (+, C-5, Ile), 15.6, 159 (+, C-1', DCPM),
16.1 (+, C-1, Ile), 17.7 [+, C-4, (BMe)Phe], 18.7 [+, C-4, (BMe)Phe],
18.9 [—, C-3, (3-Ncp)Ala], 23.2 [+, C-1, (3-Ncp)Ala], 26.2 (—, C-4, Ile),
35.0 [, C-3, (3-Ncp)Ala], 39.1 (+, C-3, Ile), 42.8 [+, C-3, (BMe)Phe],
44.1 [+, C-3, (BMe)Phe], 48.5 (+, C-9', Fmoc), 52.8 (4, C-2), 57.4 (+,
C-2),593 (+, C-2),60.2 [+, C-2, (3-Ncp)Ala], 62.1 (+, C-2), 67.8 (—, C-
1, Fmoc), 83.4 (+, C-1, DCPM), 126.4 (x 2), 127.5, 127.7, 128.1, 128.6,
129.1, 129.1, 129.3, 1294 (+, Ar-C), 1425 (Cy Ar-C, Fmoc), 144.1
[Cquar AT-C, (BMe)Phe], 144.4 [Cy,, Ar-C, (BMe)Phe], 1454, 145.6
(Cquas Ar-C, Fmoc), 157.8 (Cyuar NCO,), 171.1, 171.5, 171.9, 172.1 (Cypas
C-1); IR (KBr): 7=3250, 3065, 2967, 2933, 1709, 1665, 1636, 1542, 1451,
1369, 1246 cm™'; MS (ESI): positive mode: m/z (% ): 948 (100) [M+Na™*];
elemental analysis calcd (%) for CssHgNsOq (926.1): C 70.03, H 6.86, N
7.56; found C 69.94, H 6.68, N 7.32.

MeZ-a-Thr[(4-PE)Pro]-OH (14): [Pd(PPh;),] (0.034 g, 29.4 umol) was
added to a vigorously stirred solution of the ester 12 (0.145g,
0.266 mmol) and N-methylaniline (0.1 mL, 0.923 mmol) in DME
(4.0 mL) and the resulting suspension was carefully heated with a heat-
gun to obtain a homogeneous solution. The mixture was left to stir at
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20°C for 45 min, was then again carefully heated with heat-gun until the
catalyst had dissolved and stirred for another 15 min. The reaction mix-
ture was then diluted with Et,0 (40 mL), washed with 1M NaHSO, (3x
10 mL), water (10x 10 mL), brine (2x10 mL), dried, filtered and concen-
trated under reduced pressure. The residue was taken up with Et,O/
hexane 1:2, filtered, concentrated and purified by column chromatogra-
phy [R;=0.34 (EtOAc/hexane 1:2 (1.5% AcOH)] to give 14 (0.121 g,
90%) as a yellow oil. [a]d=—71.7 (¢=0.32, CHCl;); 'H NMR (250 MHz,
CDCl;): 6=1.35, 1.40 [2xs, 9H, C(CH;);], 1.41, 1.43 (2xd, J=5.7 Hz,
3H, 4-H, a-Thr), 1.63, 1.65 [2xdd, J=1.5, 6.7Hz, 3H, 3'-H, (4-PE)Pro],
1.67-1.86 [m, 1H, 3-H,, (4-PE)Pro], 2.24-2.49 [m, 1H, 3-H,, (4-PE)Pro],
2.33, 234 (2xs, 3H, 1-H, MeZ), 291-3.20 [m, 2H, 4-H, 5-H,, (4-
PE)Pro], 3.40-4.30 (br, 1H, CO,H), 3.61, 3.73 [2xddd, J=2.7 Hz, 1H, 5-
H,, (4-PE)Pro], 4.11-429 [m, 1H, 2-H, (4-PE)Pro], 4.51 (dd, J=8.6,
3.5Hz, 1H, 2-H, a-Thr), 5.05 (s, 2H, Bzl-H, MeZ), 5.15-5.31 [m, 1H, 1"-
H, (4-PE)Pro], 5.31-5.44 (m, 1H, 3-H, a-Thr), 5.45-5.60 [m, 1H, 2"-H,
(4-PE)Pro], 5.63 (d, J=7.6Hz, 0.4H, NH), 6.46 (d, J=92Hz, 0.6H,
NH), 7.13,7.17 2xd, J=7.9 Hz, 2H, Ar-H), 7.21,7.22 (d, J=7.9 Hz, 2H,
Ar-H); "C NMR (62.9 MHz, CDCLy): =13.0 [+, C-3, (4-PE)Pro], 15.8,
16.3 (+, C-4, a-Thr), 21.0 (+, C-1', MeZ), 28.1 [+, C(CH,);], 35.5, 36.2
[+, C-4, (4-PE)Pro], 36.0, 37.0 [—, C-3, (4-PE)Pro], 51.3, 51.6 [—, C-5,
(4-PE)Pro], 57.0, 57.5 [+, C-2, (4-PE)Pro], 59.1, 59.3 (+, C-2, a-Thr),
66.8, 67.0 (-, Bzl-C), 712, 714 (4, C-3, a-Thr), 80.5, 80.6 [Cyu
C(CH,);], 126.5, 126.6 (+, Ar-C), 128.1, 1282 [+, C-2', (4-PE)Pro],
128.9, 129.0 [+, C-1', (4-PE)Pro], 129.10, 129.13 (+, Ar-C), 132.8, 133.0
(Cquarr Ar-C), 137.6, 137.9 (Cyua, Ar-C), 153.7, 154.2 (Cyuar» NCO,, Boc),
155.8, 156.4 (Cyua NCO,, MeZ), 171.2, 171.7 (Cyyo, C-1), 172.0, 1722
(Cquarr C-1); IR (KBr): 7#=3700-2750, 2979, 1729, 1520, 1404, 1369, 1257,
1162, 1061 cm™'; MS (EL 70 eV): m/z (%): 504 (2) [M™], 448 (7) [M*
—CHg], 404 (27) [M*-CsHgO,], 299 (21), 210 (14), 154 (100)
[CH,NO,* ], 110 (92) [CH,oN*], 105 (100) [CeH,*], 57 (50) [CHy*,
41 (16) [C3Hs*]; HRMS (EI): caled for C,gH3N,Og: 504.2472; found
504.2472.
MeZ-a-Thr[Boc-(4-PE)Pro]-(Me)Phe-(2R)-(3-Ncp)Ala-(fMe) Phe-Ile-
OMOM (16a): The tetrapeptide 13a (180 mg, 0.21 mmol) was deprotect-
ed according to GP 1 in MeCN (2 mL), taken up with anhydrous CH,Cl,
(5mL), the dipeptide acid 14 (0.114 g, 0.23 mmol), HATU (96 mg,
0.25 mmol) and HOAt (31 mg, 0.23 mmol) were added, and the reaction
mixture was cooled to 4°C. After this, a solution of DIEA (29 mg,
0.22 mmol) and TMP (75 mg, 0.62 mmol) in CH,Cl, (2 mL) was added at
the same temperature within 5 min. The temperature was allowed to
reach 20°C, and stirring was continued for an additional 15h. After
aqueous work-up according to GP2 and two recrystallizations from
EtOAc/hexane 1:2, the depsipeptide 16a (185 mg, 79 %) was obtained as
a colorless powder. R;=0.46 (EtOAc/hexane 1:1); m.p. 125-127°C;
[a]¥=0 (c=021, CHCL); [a]¥=-29.0 (c=02, THF); 'HNMR
(250 MHz, CDCL): 6=0.76 (d, J=6.8Hz, 3H, 1-H, Ile), 0.89 (t, J=
7.3 Hz, 3H, 5-H, Ile), 0.95-1.11 [m, 2H, 4-H,, Ille, 3-H,, (3-Ncp)Ala],
1.11-1.60 [m, 5H, 3-H, 4-H,, Ile, 3-H,, 1'-H, 3'-H,, (3-Ncp)Ala], 1.24 [d,
J=75Hz, 3H, 4-H, (B-Me)Phe], 127 [d, J=7.5Hz, 3H, 4-H, (-
Me)Phe], 1.36 [s, 9H, C(CHa),], 1.43 (d, J=6.5 Hz, 3H, 4-H, a-Thr), 1.68
[dd, J=6.6, 1.6 Hz, 3H, 3'-H, (4-PE)Pro], 1.76 [dd, J=11.6, 11.6 Hz, 1H,
3-H,, (4-PE)Pro], 1.87-2.02 [m, 1H, 3-H,, (3-Ncp)Ala], 2.32 (s, 3H, I"-H,
MeZ), 2.43 [ddd, J=12.3, 6.5, 6.5Hz, 1H, 3-H,, (4-PE)Pro], 2.99-3.20
[m, 1H, 4-H, (4-PE)Pro], 3.11 [dd, J=9.8, 9.8 Hz, 1 H, 5-H,, (4-PE)Pro],
3.21-3.38 [m, 2H, 3-H, (-Me)Phe, 5-H,, (4-PE)Pro], 3.49 (s, 3H, OMe),
3.70 (dd, /=9.8, 7.0 Hz, 1H, 2-H), 3.86 [dq, /=3.9, 6.5 Hz, 1H, 3-H, (B-
Me)Phe], 4.14 (dd, J=11.1, 6.3 Hz, 1H, 2-H), 4.34-4.55 [m, 3H, 2-H, 2'-
H, (3-Ncp)Ala], 459 (dd, /=99, 51Hz, 1H, 2-H), 4.67 (dd, /=104,
10.4 Hz, 1H, 2-H), 5.03 (dd, J=2.9, 2.9 Hz, 2H, Bzl-H), 5.27 [ddq, J=
10.5, 10.5, 1.6 Hz, 1H, 1"-H, (4-PE)Pro], 5.46-5.60 [m, 2H, 3-H, a-Thr, 2'-
H, (4-PE)Pro], 5.61 (d, J=6.3 Hz, 1H, H,, OCH,0), 6.57 (d, J=8.3 Hz,
1H, NH), 6.99 (d, /=6.0Hz, 1H, NH), 7.02 (d, /=6.0 Hz, 1H, NH),
7.07-7.38 (m, 14H, Ar-H), 7.57 (d, J=10.0Hz, 1H, NH), 7.95 (d, /=
5.8Hz, 1H, NH); The peak of Bzl-H masked absorption for H, of
OCH,0; ®CNMR (62.9 MHz, CDCL): 6=11.5 (+, C-5, Ile), 13.0 [+, C-
3, (4-PE)Pro], 15.6 (+, C-1', Ile), 175 [+, C-4, (B-Me)Phe], 182 [—, C-
3, (3-Ncp)Ala], 18.4 [+, C-4, (B-Me)Phe], 19.2 (+, C-4, a-Thr), 20.9 (+,
C-1', MeZ), 21.7 [+, C-1', (3-Ncp)Ala], 249 (—, C-4, lle), 28.1 [+,
C(CH,);], 31.5 [, C-3, (3-Ncp)Ala], 36.1 [—, C-3, (4-PE)Pro], 36.1 [+,
C-4, (4-PE)Pro], 369 (+, C-3, Ile), 40.4 [+, C-3, (B-Me)Phe], 41.8 [+,
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C-3, (B-Me)Phe], 50.8 (+, C-2), 51.9 [—, C-5, (4-PE)Pro], 56.1 (+, C-2),
57.5 (+, OMe), 59.1 (+, C-2), 59.3 (+, C-2), 60.7 (+, C-2), 61.2 (+, C-
2), 61.6 [+, C-2', (3-Nep)Ala], 66.7 (-, BzI-C), 70.4 (+, C-3, a-Thr), 80.7
[Cquar C(CH3)3], 90.9 (—, OCH,0), 1263, 126.7, 127.5, 127.7, 128.2, 128 3,
128.4, 128.5, 128.7, 128.8 [+, Ar-C and C-1', C-2', (4-PE)Pro], 133.0,
137.6, 141.6, 1418 (Cyy Ar-C), 1545, 154.6 (Cyr NCO,), 170.31,
17033, 170.8, 171.1, 173.0, 173.8 (Cyu, C-1); IR (KBr): #=3308, 3062,
2972, 2934, 1729, 1648, 1543, 1454, 1368, 1254, 1162, 1091 cm™'; MS
(ESI): positive mode: m/z (%): 1163 (100) [M+Na*]; negative mode: m/
z (%): 1138 (50) [M—H*], 1175 (50) [M+Cl"]; elemental analysis calcd
(%) for CeHgN,O,5 (1140.4): C 63.20, H 7.16, N 8.60; found C 63.09, H
7.27, N 8.46.

N-MeZ-protected cyclohexadepsipeptide (17): 2m HCl in EtOAc (2 mL)
was added to the hexadepsipeptide 16a (0.188 g, 0.165 mmol). The reac-
tion mixture was stirred at 20°C for 45 min in a dark place and was then
concentrated under reduced pressure at 20°C. The residue was triturated
with anhydrous Et,0 to give the hydrochloride of the deprotected mate-
rial as a colorless solid (0.160 g, 0.157 mmol). MS (ESI): positive mode:
milz (%): 1019 (5) [M+Na*], 997 (100) [M+H™*]; negative mode: m/z
(%): 995 (50) [M—HT]. It was taken up with anhydrous CH,Cl, (1.5L).
The solution was cooled to 4°C (internal temperature), HATU (73 mg,
0.192 mmol) and HOAt (22 mg, 0.163 mmol) were added, and then a sol-
ution of DIEA (62 mg, 0.480 mmol) in CH,Cl, (50 mL) was added over
30 min. The cooling bath was removed and stirring continued for an addi-
tional 2 h at ambient temperature. Then the reaction mixture was cooled
again to 4°C, and a second portion of each, HATU (73 mg, 0.192 mmol)
and HOAt (22 mg, 0.163 mmol), was added, and then a solution of
DIEA (62 mg, 0.480 mmol) in CH,Cl, (50 mL) was added within 30 min.
The temperature was allowed to reach 20°C and stirring was continued
for 15 h. After this, the solvent was removed under reduced pressure, the
residue was taken up with Et,0, and after the usual aqueous work-up
(GP 2) and concentration under reduced pressure, the crude product was
purified first by column chromatography (R;=0.17, acetone/hexane 1:3)
and then by recrystallization (Et,O/pentane) to give a crude product
(120 mg), which was finally purified by preparative HPLC to give cyclo-
depsipeptide 17 (86 mg, 53 % over two steps) as a colorless solid. Prepa-
rative HPLC: isocratic, 75% MeCN in H,O (0.1% TFA); analytical
HPLC: isocratic, 50 % MeCN in H,O (0.1 % TFA) for 20 min, then gradi-
ent 50% — 99% MeCN (0.1% TFA) for 15 min, then isocratic, 99 %
MeCN in H,0 (0.1% TFA) for 10 min, flow rate=0.5 mLmin~', tr=
3493 min, purity >98%; [a]d=-15.5 (¢=0.20, CHCL); 'HNMR
(600 MHz, CDCL): 6=0.64 [ddd, J=14.4, 7.2, 72 Hz, 1H, 3-H,, (3-
Ncp)Ala), 0.72 (d, J=6.6 Hz, 3H, 1'-H, Ile), 0.74 [ddd, J=6.6, 6.6, 6.6 Hz,
1H, 3'-H,, (3-Ncp)Ala], 0.79 (t, J=7.2 Hz, 3H, 5-H, Ile), 1.04-1.12 (m,
1H, 4-H,, lle), 1.23 [d, J=6.6 Hz, 3H, 4-H, (B-Me)Phe], 1.27-1.34 [m,
1H, 1-H, (3-Ncp)Ala], 1.37 [d, J=6.6 Hz, 3H, 4-H, (B-Me)Phe], 1.37-
1.43 [m, 1H, 3-H,, (3-Ncp)Ala], 1.45-1.54 (m, 1H, 4-H,, Ile), 1.54-1.57
[m, 1H, 3'-H,, (3-Ncp)Ala], 1.57 (d, J=6.6 Hz, 3H, 4-H, a-Thr), 1.65 [dd,
J=6.6, 1.5 Hz, 3H, 3'-H, (4-PE)-Pro], 1.66-1.76 [m, 2H, 3-H, Ile, 3-H,,
(4-PE)Pro], 2.23 [ddd, J=12.0, 5.4, 5.4 Hz, 1H, 3-H,, (4-PE)-Pro], 2.35
(s, 3H, 1'-H, MeZ), 3.05 [dq, J=6.6, 6.6 Hz, 1H, 3-H, (B-Me)Phe], 3.15-
3.28 [m, 2H, 4-H, 5-H,, (4-PE)-Pro], 3.54 [dq, J=7.2, 6.6 Hz, 1H, 3-H,
(B-Me)Phe], 3.71 (dd, J=6.0, 5.4 Hz, 1H, 2-H), 3.76 [ddd, J=6.6, 3.3,
3.3 Hz, 1H, 2'-H, (3-Ncp)Ala], 3.98 (dd, J=10.5, 6.3 Hz, 1H, 2-H), 4.01-
4.08 [m, 1H, 5-H,, (4-PE)-Pro], 4.46-4.54 (m, 2H, 2-H), 4.54 (dd, J=9.6,
9.6 Hz, 1H, 2-H), 4.69 (dd, /=8.4 Hz, 1H, 2-H), 5.03 (d, J=12.0 Hz, 1H,
Bzl-H,), 5.15 (d, J=12.0 Hz, 1H, Bzl-H,), 5.19-5.25 [m, 1H, 1"-H, (4-
PE)-Pro], 539 (dq, /=18, 6.6 Hz, 1H, 3-H, a-Thr), 5.56 [dq, /=10.8,
6.6 Hz, 1H, 2"-H, (4-PE)-Pro], 6.21-6.37 (br, 2H, NH), 6.44 (d, J=
8.4 Hz, 1H, NH), 6.48 (d, /=9.6 Hz, 1 H, NH), 7.06-7.18 (m, 4H, Ar-H),
7.19-727 (m, 8H, Ar-H), 7.26-7.34 (m, 2H, Ar-H), 7.48 (d, /J=8.4 Hz,
1H, NH); "C NMR (150.8 MHz, CDCl,): §=10.3 (+, C-5, lle), 133 [+,
C-3', (4-PE)-Pro], 14.6 [+, C-1', Ile, C-4, (B-Me)Phe], 17.3 [—, C-3', (3-
Ncp)Ala), 17.7 [+, C-4, (B-Me)Phe], 18.4 (4, C-4, a-Thr), 212 (+, C-1/,
MeZ), 213 [+, C-1', (3-Ncp)Ala], 24.7 (—, C-4, Ile), 32.0 [, C-3, (3-
Ncp)Ala), 35.4 [—, C-3, (4-PE)-Pro], 36.6 [+, C-3, Ile, C-4, (4-PE)-Pro],
39.4 [+, C-3, (B-Me)Phe], 44.5 [+, C-3, (B-Me)Phe], 52.5 [—, C-5, (4-
PE)-Pro], 53.3 (+, C-2), 54.6 (+, C-2), 58.6 (+, C-2), 59.0 [+, C-2, (3-
Ncp)Ala], 594 (+, C-2), 60.1 (+, C-2), 60.7 (+, C-2), 67.2 (—, Bzl-C),
72.6 (+, C-3, a-Thr), 127.1, 127.2, 127.5, 127.6, 128.3, 128.6, 128.8, 129.2
(+, Ar-C), 1278 [+, C-1', (4-PE)-Pro], 1280 [+, C-2', (4-PE)-Pro],
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1332, 137.9, 140.9, 142.6 (Cyyy» Ar-C), 156.3 (Cyuur NCO,), 169.0, 170.3,
170.6, 171.1, 171.4, 173.1 (Cya» C-1); IR (KBr): 7=3340, 2969, 2936,
2878, 1730, 1637, 1541, 1515, 1452, 1370, 1179 cm™'; MS (ESI): positive
mode: m/z (%): 1001 (100) [M+Na*]; negative mode: m/z (%): 977
(100) [M—H*]; HRMS (ESI): calcd for [Cs;HgN;0,;Na*]: 1000.4792;
found 1000.4792.
N-Teoc-3-(28,1'S,2'R)-(trans-2'-Nitrocyclopropyl)alanine: A solution of
TeocOSu (0.358 g, 1.38 mmol) in acetone (5mL) was added to a vigo-
rously stirred solution of 3-(2S,1'R,2'R)-(trans-2"-nitrocyclopropyl)alanine
(0.200 g, 1.15 mmol) and NaHCO; (0.202 g, 2.40 mmol) in water (7 mL)
(if an emulsion formed, acetone and/or water was added to obtain a ho-
mogeneous solution), and stirring was continued for another 2 h. N,N-Di-
methylaminopropylamine (0.055 mL, 0.44 mmol) was then added. After
an additional 10 min acetone was removed under reduced pressure and
the pH of the residual water solution was adjusted to 2-3 with 1m
NaHSO,. The resulting emulsion was extracted with Et,0 (50 mL), and
the ethereal layer was washed with 1M NaHSO, (2x10 mL), water (10x
10 mL), brine (2x5 mL), dried, filtered and concentrated under reduced
pressure. The residual oil (0.300 g) was dissolved in Et,O (5 mL), and cy-
clohexylamine (0.094 g, 0.95 mmol) was added. The mixture was concen-
trated under reduced pressure and treated with boiling hexane. The re-
sulting precipitate was filtered off and washed with Et,O/pentane 1:4 to
give the cyclohexylammonium salt of the title compound (0.386 g, 81 %)
as a colorless solid. R;=0.24 [EtOAc/hexane 1:3 (2% AcOH)]; [a]y=
22.80 (¢c=0.46, CHCl,;) for CHA salt; 'H NMR (250 MHz, CDCl;): 6=
0.04 [s, 9H, Si(CH,);], 1.00 (dd, J=9.5, 7.3 Hz, 2H, 2-H, Teoc), 1.14
(ddd, J=6.0, 6.0, 6.0 Hz, 1H, 3'-H,), 1.60-1.95 (m, 2H, 1-H, 3'-H,), 1.98-
2.19 (m, 2H, 3-H), 4.18 (dd, /=84, 8.4 Hz, 2H, 1-H, Teoc), 4.33-4.46,
4.46-4.59 (2xm, 1H, 2-H), 5.33-5.46 (m, 1H, NH), 7.08-7.25 (br, 1H,
CO,H); the signal of 2'-H is masked by the absorption of 1-H, Teoc;
BCNMR (62.9 MHz, CDCLy): 0=-1.9 [+, Si(CH;)], 17.3 (-, C-3' and
C-2, Teoc), 22.0 (+, C-1), 33.1, 33.3 (—, C-3), 52.7, 53.2 (+, C-2), 59.0 (+,
C-2), 63.7, 64.8 (-, C-1, Teoc), 156.4, 157.4 (Cya, NCO,), 174.5, 174.8
(Cquar C-1); IR (KBr; for CHA salt): 7=3419, 3250-2600, 2952, 2863,
1722, 1632, 1541, 1492, 1406, 1368, 1248, 1206, 1163, 1053 cm™'; MS
(ESI): positive mode: m/z (%): 363 (28) [M—H*+2Na*], 341 (26)
[M+Na*]; negative mode (%): m/z: 657 (100) [2M—-2H*+Nat], 317
(28) [M—H"].

Hormaomycin 1: An ethereal solution (50 mL) of the CHA salt of N-
Teoc-protected (28,1'R,2'R)-(3-nitrocyclopropyl)alanine (23.2 mg,
55.61 umol) was washed with 1M H,SO, (3x5mL), 1m KHSO, (2x
5SmL), water (3x5 mL), brine (2x5 mL), dried, filtered and concentrated
under reduced pressure. The resulting N-protected amino acid was dried
at 0.02 Torr for 2h and then coupled with the depsipeptide, obtained
after deprotection of the N-MeZ-protected cyclodepsipeptide 17
(17.0 mg, 17.4 umol) with 10% anisole in TFA (1.1 mL) in the dark at
ambient temperature for 2 h, using HATU (19.8 mg, 52.1 umol), HOAt
(7.1 mg, 52.2 umol), DIEA (2.3mg, 17.8 pmol) and TMP (19.0 mg,
156.8 umol) in CH,Cl, (1.5 mL) at ambient temperature for 15 h. The re-
action mixture was then diluted with Et,O (30 mL) and the crude prod-
uct obtained after the usual aqueous work-up (GP 2) was purified by
crystallization from CH,Cly/pentane to give Teoc-(S)-(3-Ncp)Ala-cyclo-
hexadepsipeptide (19.7 mg, 100 %; R;=0.43, acetone/hexane 1:2) as a col-
orless solid, which was used for the next step without any characteriza-
tion. The Teoc group was cleaved off from this substance (19.7 mg, max.
17.4 pmol) with TFA (1.0mL) for 1h. The mixture was concentrated
under reduced pressure at 20°C and then taken up with toluene (3x
15 mL) which was distilled off to remove the last traces of TFA. The re-
sulting deprotected depsipeptide was coupled with 18 (10.0 mg,
48.7 umol) using HATU (17.8 mg, 46.7 umol), DIEA (2.6 mg, 20.1 umol)
and TMP (17.7 mg, 146.1 umol) in CH,Cl, (1.5 mL) at ambient tempera-
ture for 2.5 h. The mixture was then taken up with Et,0O (30 mL), and
the crude product obtained after the usual aqueous work-up (GP 2) was
purified by recrystallization from CH,Cly/pentane to give the O-MOM
protected 1 (20.5 mg, 100%; R;=0.36 acetone/hexane 1:2) as a colorless
solid which was used for the next step without any characterization. The
O-MOM protected hormaomycin (20.5 mg, max. 17.4 umol) was depro-
tected using MgBr, Et,0 (120 mg, 0.464 mmol) and EtSH (30 pL,
0.405 mmol) in CH,Cl, (10 mL) at ambient temperature for 3 h. The mix-
ture was taken up with Et,0 (40 mL) and washed with 1~ KHSO, (3x
10 mL), water (4x10 mL), brine (2x5 mL), dried, filtered and concen-
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trated under reduced pressure. The residue was crystallized from CH,Cl,/
pentane to give the crude hormaomycin 1 (17.5 mg, 90% purity accord-
ing to HPLC), which was further purified by preparative HPLC. The
fraction containing the desired product was collected, and its pH value
was carefully adjusted to 6.9 (pH meter) with diluted aqueous ammonia,
and then it was lyophilized. The residue was dissolved in EtOAc and fil-
tered through cotton wool to give, after removal of the solvent under re-
duced pressure, the pure synthetic hormaomycin 1 (13.2 mg, 67 % over fi-
ve steps from 17) as a colorless glass. R;=0.24 (acetone/hexane 3:7);
preparative HPLC: column: JASCO Nucleosil C18 (250 x 8 mm); isocrat-
ic, 62% MeCN in 0.07 % aqueous TFA; flow rate =2.5 mLmin"'; analyti-
cal HPLC: the same column; the same conditions; the same flow rate;
tr=14.54 min, purity >99%; [a]iy = 20.0 (c=0.1, MeOH); 'HNMR
(600 MHz, CDCl;): 6=-0.68 [ddd, /=6.7, 6.7, 6.7Hz, 1H, 3-H,, (3-
Ncp)Ala), —0.15 [dddd, J=14.2, 9.8, 3.5, 3.5 Hz, 1H, 3-H,, (3-Ncp)Ala],
0.23-0.33 [m, 1H, 1-H, (3-Ncp)Ala], 0.58 [ddd, /=142, 4.3, 43 Hz, 1H,
3-H,, (3-Ncp)Ala], 0.90 (t, J=7.2 Hz, 3H, 5-H, Ile), 0.98-1.04 [m, 1H, 3'-
H,, (3-Ncp)Ala], 1.02 [ddd, /=64, 6.4, 6.4Hz, 1H, 3'-H,, (3-Ncp)Ala],
1.04 (d, J=6.8Hz, 3H, 1'-H, Ile), 1.27-1.35 (m, 1H, 4-H,, Ile), 1.33 [d,
J=72Hz, 3H, 4-H, (B-Me)Phe], 141 [d, J=72Hz, 3H, 4-H, (-
Me)Phe], 1.54 (d, J=6.7 Hz, 3H, 4-H, a-Thr), 1.54-1.63 [m, 2H, 3-H,, (3-
Ncp)Ala, 4-H,, 1le], 1.69 [dd, J=6.6, 1.8 Hz, 3H, 3'-H, (4-PE)Pro], 1.75-
1.99 [m, 4H, 3-H,, 1'-H, 3'-H,, (3-Ncp)Ala, 3-H, Ile], 1.82 [ddd, /=114,
11.4, 11.4 Hz, 1H, 3-H,, (4-PE)Pro], 2.39 [ddd, J=11.4, 6.0, 5.4 Hz, 1H,
3-H,, (4-PE)Pro], 2.90 [ddd, /=6.7, 3.5 Hz, 1H, 2"-H, (3-Ncp)Ala], 3.03
[dq, /J=11.1, 7.2 Hz, 1H, 3-H, (3-Me)Phe], 3.22-3.34 [m, 2H, 4-H, 5-H,,
(4-PE)Pro], 3.43-3.52 [m, 1H, 2-H, (3-Ncp)Ala], 3.68 [dq, J=4.5, 7.2 Hz,
1H, 3-H, (B-Me)Phe], 3.94-4.02 [m, 1H, 5-H,, (4-PE)Pro], 4.05 [ddd, J=
6.5, 3.8, 3.8 Hz, 1H, 2’-H, (3-Ncp)Ala], 428 [dd, J=11.8, 6.2 Hz, 1H, 2-
H, (4-PE)Pro], 438 [dd, /=102, 102 Hz, 1H, 2-H, ($-Me)Phe], 4.47
[dd, J=9.5, 4.5 Hz, 1H, 2-H, (B-Me)Phe], 4.59 (dd, J=9.8, 2.5 Hz, 1H, 2-
H, a-Thr), 4.67 (dd, J=9.0, 9.0 Hz, 1H, 2-H, Ile), 5.13 [ddd, J=17.5, 7.5,
7.5Hz, 1H, 2-H, (3-Ncp)Ala], 5.24-5.31 [m, 1H, 1'-H, (4-PE)Pro], 5.41
(dgq, J=6.6, 2.5 Hz, 1H, 3-H, a-Thr), 5.64 [dq, J=10.2, 6.6 Hz, 1H, 2"-H,
(4-PE)Pro], 6.15 (d, J=4.9 Hz, 1H, 4-H, Chpca), 6.47 (d, J=6.0 Hz, 1H,
NH), 6.80 (d, /=84 Hz, 1H, NH), 6.82 (d, /=9.6 Hz, 1H, NH), 6.84 (d,
J=4.9Hz, 1H, 3-H, Chpca), 7.00-7.06 (m, 1H, Ar-H), 7.11-7.16 (m, 4H,
Ar-H), 7.15-7.19 (m, 1H, Ar-H), 7.21-7.25 (m, 4H, Ar-H), 727 (d, /=
9.5Hz, 1H, NH), 8.06 (d, /=9.4 Hz, 1H, NH), 9.08 (d, /=9.8 Hz, 1H,
NH), 10.60-11.25 (br, 1H, OH, Chpca); “C NMR (150.8 MHz, CDCl,):
0=10.6 (+, C-5, Ile), 13.3 [+, C-3, (4-PE)Pro], 133 [+, C-4, (-
Me)Phe], 150 (+, C-1', Ile), 17.0 (+, C-4, a-Thr), 174 [—, 2xC-3', (3-
Ncp)Ala], 18.0 [+, C4, (B-Me)Phe], 20.5 [+, C-1, (3-Ncp)Ala], 21.8 [+,
C-1', (3-Ncp)Ala], 24.9 (—, C-4, Ile), 33.4 [—, C-3, (3-Ncp)Ala], 35.3 [—,
C-3, (3-Ncp)Ala], 35.6 [—, C-3, (4-PE)Pro], 36.7 [+, C-4, (4-PE)Pro],
38.1 (+, C-3, Ile), 39.3 [+, C-3, (B-Me)Phe], 41.9 [+, C-3, (B-Me)Phe],
50.7 [+, C-2, (3-Nep)Ala], 52.0 [+, C-2, (3-Ncp)Ala], 52.8 [, C-5, (4-
PE)Pro], 547 (4, C-2, Ile), 552 (+, C-2, a-Thr), 582 [+, C-2, (3-
Ncp)Ala], 59.3 [+, C-2', (3-Ncp)Ala], 59.9 [+, C-2, (B-Me)Phe], 60.2 [+,
C-2, (B-Me)Phe], 614 [+, C-2, (4-PE)Pro], 69.2 (+, C-3, a-Thr), 103.2
(+, C4, Chpca), 109.3 (+, C-3, Chpca), 119.5 (Cyyo» C-2, Chpca), 121.4
(Cquas C-5, Chpca), 1269, 127.2, 127.5, 127.6, 1285, 1287 (4, Ar-C),
127.5 [+, C-1, (4-PE)Pro], 1284 [+, C-2', (4-PE)Pro], 141.6, 1422
(Cquas AT-C), 159.6 (Cyua» C-1, Chpca), 168.7, 168.9, 169.8, 170.9, 171.3,
171.5, 1721 (Cqua C-1); UV (MeOH): A, (6)=204 (5x10%), 275 nm
(9.6x10%); CD (MeOH): A, [©]=279 (6.01x10%), 224.2 nm (—6.500 x
10%) (c=1.754x10"*m); MS (ESI): positive mode: m/z (%): 1174 (100)
[M—H*+2Na*], 1151 (80) [M+Na*]; negative mode: m/z (%): 1127
(100) [M—H™].
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