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A Highly Stereoselective Synthesis of the Functionalized (E)-Alkene
Dipeptide Isostere of Trp-Val via Organocyanocopper-Lewis Acid

Mediated Reaction
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A stereocontrolled synthesis of the (E)-alkene dipeptide isostere of Trp-Val is described. The stereospecific
a-alkylation of the J-amino-y-mesyloxy-a,f-unsaturated ester via the organocyanocopper-Lewis acid mediated
reaction, based on 1,3-transfer of chirality, was successfully applied for the key step in the synthetic sequence.
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The replacement of a peptide amide bond by a irans
olefin closely resembles the three-dimensional shape of the
parent peptides.” It is postulated in this concept that it
might be possible to modify one or more amide bonds in
peptides such that conformation and binding ability to
recepters are maintained, but enzymatic hydrolysis is
prevented. Thus, increasing use of this concept in the
designing of peptide analogues to probe structure-activity
relationships has been reported.? We have approached
the development of selective endothelin-converting en-
zyme (ECE) inhibitors by replacement of the Trp-Val
cleavage site with a noncleavable trans olefin dipeptide
isostere and incorporation into the substrate analogues
of big endothelin-1.

An efficient synthetic route to such dipeptide mimics
has been reported using a 1,3-chirality transfer reaction
of y-mesyloxy-a,-enoates via RCu(CN)Li-BF;-mediated
reaction with high optical purity.® The reaction is highly
controlled to maintain the double bond geometry at the
B,y-position and the stereochemistry of the chiral carbon
center at the a-position. The y-mesyloxy-a,S-enoates, the
precursor of dipeptide mimics, are prepared from the
homochiral substrate via steps containing ozone oxidation.
However, tryptophan as a chiral starting material is easily
oxidized with ozone to N-formyl kynurenine.* In fact, it
gave unsatisfactory results because of the ring opening
reaction of the indole moiety.”> We now report the
preparation of the functionalized (FE)-alkene dipeptide
isostere of Trp—Val using mild oxidizing reagents in
combination with N-indole protection.

Boc-Trp-OH (1) was reacted with O,N-dimethylhy-
droxylamine hydrochloride salt in the presence of DCC/
DMAP to yield Boc-Trp-N(OCH;)CH, (2).® Compound
2 was converted to Boc-Trp(Mts)-N(OCH,)CH, (3) by
treatment with 2-mesitylenesulfonyl chloride (Mts-Cl) in
the presence of NaH.” Compound 3 was reduced with
diisobutylaluminum hydride (DIBAL) at —78°C to
yield the corresponding aldehyde, which was immediately
reacted with vinylmagnesium chloride® at 0°C to afford,
after separation by silica gel column chromatography,
(35.,45)-5-3'-[ N-mesitylene-2-sulfonyl(Mts) Jindolyl-4-
tert-butoxycarbonylamino(N-Boc)-3-hydroxy-1-pentene
(4a) and (3R,4S)-5-3'-N-(Mts)indolyl-4-N-Boc-3-hy-
droxy-1-pentene (4b) in 42% and 29% yields (3S:3R=

# To whom correspondence should be addressed.

1.45:1), respectively. To assign the absolute stereo-
chemistry of the diastersomers, 4a and 4b,% the oxazo-
lidinones 6a and 6b!® were prepared by cyclization of
the free amino alcohols, obtained by removal of the
Boc group of 4a and 4b, with triphosgen.!? The as-
signment of the stereochemistry for 6a and 6b was
designated as the trans and cis isomers, based on the
"H-NMR chemical shifts of 5-H and the vicinal coupling
constant J, 5 between protons on the fourth and fifth
carbons of 6a (64.70, J, s=6.0Hz, H-5) and 6b (55.18,
J4 s=7.8 Hz, H-5), respectively (Chart 1).

The treatment of 4a with 3,4-dihydro-2 H-pyran (DHP)
in the presence of p-toluenesulfonic acid (PTS) gave
(35,45)-5-3'-(N-Mts)indoyl-4-N-Boc-3-tetrahydropy-
ranyloxy-1-pentene (5a), which was led to (35,4S5)-5-3'-
(N-Mts)indoyl-4-N-Boc-3-tetrahydropyranyloxy-1,2-di-
hydroxypentane (7a), in 83% yield, by oxidation with
tert-butylhydroxyperoxide (TBHP) in the presence of a
catalytic amount of OsQ,.'# Similarly, 4b was converted
to (3R,4S5)-5-3-(N-Mts)indolyl-4-N-Boc-3-tetrahydropy-
ranyloxy-1-pentene (5b) with DHP-PTS. The compound
Sb was oxidized with TBHP-OsO, to give (3R45S)- 5-3'-
(N-Mts)indolyl-4- N-Boc-3-tetrahydropyranyloxy-1,2-di-
hydroxypentane (7b) in 76% yield. Oxidation of 7a with
sodium periodate® at 0 “C afforded (25,35)-4-3'-(N-Mts)-
indolyl-3-N-Boc-2-tetrahydropyranyloxybutyl aldehyde.
Without purification, the aldehyde was subsequently
treated with Wittig reagent, methoxycarbonylmethylene-
triphenylphosphorane,'* to give a mixture of methyl
(E,45,55)-6-3'-(N-Mts)indolyl-4-tetrahydropyranyloxy-
5-N-Boc-2-hexenoate (8a) and methyl (Z,4S,55)-6-3"-
(N-Mts)indolyl-4-tetrahydropyranyloxy-5-N-Boc-2-hexe-
noate (9), (E:Z=1.1:1) in 76% yield. The mixture of E
and Z forms of 8a and 9 could be separated into two
mixtures of the F and Z forms of the two diastereomers,
arising from a chiral carbon of tetrahydropyranyl moiety,
by silica gel column chromatography. The deprotection
of the tetrahydropyranyloxy group of 8a and 9 with
AcOH-THF-H,0O (3:1:1) easily afforded methyl (E.-
45,58)-6-3'-(N-Mts)indolyl-5-N-Boc-4-hydroxy-2-hex-
enoate (10a) and the ring cyclized product, (45,55)-6-3'-
(N-Mts)indolyl-5-N-Boc-2-hexene-4-olide (11) in 33% and
42% yields, respectively. In a similar manner, after
conversion of 7b to the aldehyde by sodium periodate
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Chart 2

oxidation, the treatment of the aldehyde with a sub-
sequent Wittig reaction gave the diastereomers of methyl
(E,4R,58)-6-3'-(N-Mts)indolyl-5- N-Boc-4-tetrahydropy-
ranyloxy-2-hexenoate (8b) in 84% yield. In this case, none
of the Z form of y-tetrahydropyranyloxy-a,f-enoate was
obtained. The treatment of 8b with AcOH-THF-H,O
(3:1:1) afforded methyl (E,4R,55)-6-3'-(N-Mts)indolyl-
5-N-Boc-4-hydroxy-2-hexenoate (10b). The a,f-enoates

(10a and 10b) were converted to the Mosher’s esters with
optically active MTP-C1.*» The 'H-NMR spectra of these
esters showed only a single set of signals, indicating that
no racemization had occurred during these manipulations.
The requisite y-mesyloxy-(E)-a,$-enoates (12a and 12b)
for the present isosteric dipeptide were prepared by the
treatment of 10a and 10b with methanesulfonyl chlo-
ride. The reaction of the mesylates (12a and 12b) with
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Fig. 1. CD Spectra of 13a and 13b
isopropyl Cu(CN)MgBr-BF; in tetrahydrofuran (THF)  was stirred at —30——20°C for 2h and at room temperature for 16h.

at —78°C for 30min gave the regio-, (E)-stereo- and
diastereoselective 1,3-chirality transfer products 13a and
13b in 72% and 75% yields, respectively. The structures
of 13a and 13b were characterized on the basis of their
spectral data, particularly "H-NMR spectral comparison
with the already reported (E)-alkene dipeptide isostere!®
(Chart 2).

The absolute configuration at the a-position of a-
alkylated B,y-unsaturated esters can be determined by
circular dichroism (CD) measurement. (25)-Compounds
showed a positive n—n* Cotton effect, whereas (2R)-
compounds exhibit a negative n—n* Cotton effect around
220nm.'® The CD spectra of 13a in isooctane solution
showed a positive Cotton effect; de,,,: +3.83 (nm: 212),
whereas that of 13b showed a negative Cotton effect;
Aép,y: —5.00 (nm: 225) as shown in Fig 1. Therefore, the
configurations of 13a and 13b are confirmed as (25)
and (2R), respectively. Application of these structurally
well-defined (E)-alkene dipeptide isosteres of Trp—Val to
the structure-activity relationships (SAR) study of bio-
logically active peptides is under investigation.

Experimental

All melting points were measured on a Yanagimoto melting point
apparatus and are uncorrected. IR spectra were determined with a Hitachi
660-30 spectrometer and mass spectra (MS) were measured with a JEOL
JMC-OISG-2 instrument. 'H-NMR spectra were recorded on JEOL
FX-200 (200MHz) and Bruker A-300 (300 MHz) spectrometers.
Chemical shifts are reported as J values relative to tetramethylsilane as
an internal standard. All exchangeable protons were confirmed by
addition of D,0. Optical rotations were measured with a JASCO
DIP-360 digital polarimeter. CD spectra were recorded with JASCO
J-720 spectropolarimeter. Kieselgel 60 Merck (70—230mesh or
230—400 mesh for flash) was used for column chromatography. All
reactions were carried out under a nitrogen or an argon atmosphere.
The following abbreviations are used: DIEA, N,N-diisopropylethyl-
amine; DCC, N,N-dicyclohexylcarbodiimide; DMAP, 4-dimethylamino-
pyridine; DMF, N,N-dimethylformamide; DHP, 3,4-dihydro-2 H-pyran;
PTS, p-toluenesulfonic acid.

(tert-Butyloxycarbonyl)-L-tryptophan-/V,0-Dimethylhydroxamate (2)
Boc—L-Trp—OH (10.08 g, 33 mmol) was dissolved in CH,Cl, (300ml)
containing N,0-dimethylhydroxylamine hydrochloride (3.552g, 36
mmol), DMAP (0.324 g, 2.7mmol ) and DCC (7.43 g, 36 mmol). To the
mixture was added DIEA (6.34ml, 36 mmol) at —30°C. The mixture

The precipitate was filtered off, and the filtrate was evaporated in
vacuo. The residue was chromatographed over silica gel (300 g) with
hexane-AcOEt (1: 1—1:2)asan eluent to give 2 (10.88 g, 95%), colorless
needles, mp 137—138°C (hexane-AcOEt). [«]3° —12.0° (¢=0.828,
MeOH). Anal. Caled for C,gH,sN;0,: C, 62.23; H, 7.25; N, 12.10.
Found: C, 62.12; H, 7.39; N, 12.24. IR (CHCl;) cm™!: 1665, 1705,
3470, 3520.
N-Mesitylene-2-sulfonyl-(zert-butyloxylcarbonyl)-L-tryptophan-N,O-
dimethyl hydroxamate (3) To a DMF (80ml) solution of 2 (15.17g,
43.7 mmol) was added NaH (60% in mineral oil, 1.89g, 47.25 mmol)
at 0°C for 2 h. To this mixture was added 2-mesitylenesulfonyl chloride
(11.46¢g, 52.45mmol). The mixture was stirred at 0°C for 3h, and at
room temperature for 15h, then poured into ice and water. The water
layer was extracted with AcOEt. The solution was washed with brine,
dried over anhydrous MgSO, and evaporated to give the crude product.
The crude product was chromatographed over silica gel (300 g) eluting
with AcOEt-hexane (1:1) to give 3 (19.84 g, 85%); colorless prisms, mp
129—130 °C (AcOEt-hexane), [¢]3' —22.5° (c=1.09, MeOH). '"H-NMR
(CDCly) §: 1.41 (9H, s, tert-Bu), 2.28 (3H, s, CH3), 2.53 (6H, s, 2 x CH3),
3.11 (3H, s, N-CH;), 3.01—3.23 (2H, m, CH,), 3.65 (3H, s, OCH;),
4.94—5.05 (1H, m, CH), 5.26 (1H, brd, J=8Hz, NH), 6.94 (2H, s,
Ar-H), 7.18—7.38 (3H, m, indole-H), 7.41 (1H, s, indole 2-H), 7.21—7.58
(1H, m, indole 7-H). IR (CHCl;) em~!: 1603, 1653, 1703, 3460.
(35,4.5)-4-tert-Butyloxycarbonylamino-3-hydroxy-5-3’-(/V-mesitylene-
2-sulfonyl)indolyl-1-pentene (4a) and (3R,4.5)-4-tert-Butyloxycarbonyl-
amino-3-hydroxy-5-3’-(N-mesitylene-2-sulfonyl)indolyl-1-pentene (4b) A
I m solution of DIBAL in toluene (75ml, 75mmol) was added to a
solution of 3 (13.225g, 25mmol) in THF (40ml) at —78°C under an
argon atmosphere, and the mixture was stirred at —78°C for 1.5h.
AcOEt (9ml) and MeOH (9 ml) were added successively to the reaction
mixture and the whole mixture was stirred at —78 °C for 30 min. Water
(70 ml) was added , and the mixture was stirred at 0 °C for 20 min, then
filtered through a sintered glass funnel by use of Celite. The precipitate
was washed with ether. The filtrate was separated, and the water layer
was extracted with ether. The combined solution was washed with brine,
dried over anhydrous MgSO, and evaporated to give the aldehyde. To
a THF (150 ml) solution of the aldehyde was added 2.2 M vinyl magnesium
chloride (39.8 mi, 87.5mmol) at 0°C under an argon atmosphere. The
reaction mixture was stirred at 0 °C for 20 h, and quenched with saturated
NaHCO; solution (50ml). AcOEt was added to the mixture and the
organic layer was separated. The water layer was extracted with AcOEt.
The combined solution was washed with brine, dried over anhydrous
MgSO,, and evaporated to give the crude product, which was chroma-
tographed on silica gel (500g) with AcOEt-hexane (1:3-1:1)
as an eluent to give 4a (5.244 g, 42%) and 4b (3.61 g, 29%). Physical
data for 4a: mp 5758 °C, amorphous powder, [¢]3' —26.8° (¢=0.97,
MeOH). '"H-NMR (CDCl;) §: 1.41 (9H, s, tert-Bu), 2.28 (3H, s, CH,),
2.52 (6H, s, 2x CH;), 2.96—3.09 (2H, m, CH,), 3.87—3.96 (IH, m,
4-H), 4.16—4.21 (IH, m, 3-H), 491 (1H, brd, J=8Hz, NH), 5.19
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(1H, dd, J=10.6, 1.2Hz, H:C:Cig), 5.27 (1H, dd, J=17.8, 1.2 Hz,

H:czc:g), 5.90 (1 H, dd, J:=17.8, 10.6 Hz, 2-H), 6.94 (2H, s, Ar-H),

7.14—7.45 (3H, m, indole-H), 7.47 (1H, s, indole 2-H), 7.15—7.70 (1H,
m, indole 7-H). MS m/z: 49 (M*). High-resolution MS Calcd for
C,,H3,N,0,S: 498.2188. Found: 498.2194. IR (CHCl;) cm™': 1608,
1711, 3460. Physical data for 4b: mp 55—57°C, amorphous powder.
[«]3" —19.4° (¢=0.964, MeCOH). 'H-NMR (CDCl;) 4: 1.38 (9H, s,
tert-Bu), 2.28 (3H, s, CH,), 2.52 (6H, s, 2 x CH;), 2.85-3.02 (2H, m,
CH,), 4.01—4.07 (1H, m, 4-H), 4.26—4.28 (1H, m, 3-H), 4.66 (1H, brd,

J=8Hz, NH), 5.19 (1H, dd, /=10.6, 1.2Hz, H

dd, J=17.8, 1.2Hz, H:czc:g), 5.90 (1H, ddd, J=17.8, 10.6, 5.4 Hz,

2-H), 6.94 (2H, s, Ar-H), 7.17—7.35 (3H, m, indole-H), 7.45 (1H,
s, indole 2-H), 7.54—7.58 (1H, m, indole 7-H). MS m/z: 498 (M ™),
High-resolution MS Caled for C,,H;,N,0,S: 498.2188. Found:
498.2200. IR (CHCl;) ecm™': 1603, 1704, 3460.
(45,55)-3'-(N-Mesitylene-2-sulfonyl)indolylmethyl-5-vinyl-2-oxazol-
idinone (6a) To a solution of 4a (0.12 g, 0.24 mmol) in CH,Cl, (4ml)
was added CF;COOH (1 ml). The reaction mixture was stirred at room
temperature for 1 h. The solution was evaporated and the residue was
dissolved in AcOEt. The solution was washed with 5% NaHCO; and
brine, dried over anhydrous MgSO,, and evaporated to give a solid. To
a THF (3ml) solution of the solid was added triethylamine (0.049 g,
0.49 mmol) and triphosgene ((.024 g, 0.08 mmol) at 0°C. The reaction
mixture was stirred at room temperature for 1h. The precipitate was
filtered off. The filtrate was dried over anhydrous MgSO, and evaporated
to give the crude product, which was purified by silica gel column
chromatography with AcOEt-hexane (1:3—1:2) as an eluant to give
6a (0.048 g, 48%). mp 166—167°C (cther-hexane). 'H-NMR (CDCly)
6:2.30 (3H, s, CH3), 2.53 (6H, 5,2 x CH3), 2.96 (1H, dd, J=7.7, 14.5Hz,
CH,), 3.03 (1H, dd, J=5.6, 14.5Hz, CH,), 3.86 (1H, ddd, /=7.7, 5.6,
6.0Hz, 4-H), 4.70 (1H, dd, J=6.7, 6.0Hz, 5-H), 5.19 (1H, brs, NH),

530 (1H, dt, /=10.4, 0.9 Hz, H:C:C:g), 537 (IH, dt, J=17, 0.9 Hz,

HIC:C:;I), 5.86 (1H, ddd, J=6.7, 10.4, 17Hz, H:C=Cig), 6.97
(2H, s, Ar-H), 7.22—7.26 (2H, m, indole-H), 7.36—7.40 (1H, m, indole
4-H), 7.45 (1H, s, indole 2-H), 7.47—7.50 (1H, m, indole 7-H). MS m/z:
424 (M™). High-resolution MS Caled for C,3H,,N,0,S: 424.1457.
Found: 424.1474.
(5R,45)-3'-(N-Mesitylene-2-sulfonyl)indolylmethyl-5-vinyl-2-oxazol-
idinone (6b) To a solution of 4b (0.1g, 0.2mmol) in CH,Cl, (4ml)
was added CF;COOH (1 ml). The reaction mixture was stirred at room
temperature for 2 h. Work-up as described for the cleavage of Boc group
of 4a gave the crude product. To a THF (3ml) solution of the crude
product was added triethylamine (0.04g, 0.4 mmol) and triphosgene
(0.02 g, 0.067 mmol) at 0°C, and then the reaction mixture was stirred
at room temperature for 1 h. Work-up as described for the preparation
of 6a afforded 6b (0.042 g, 50%), mp 90—92 °C (ether—hexane). 'H-NMR
(CDCly) o: 2.30 (3H, s, CH;), 2.53 (6H, s, 2xCHj;), 2.78 (1H, dd,
J=10.4, 144Hz, CH,), 2.91 (1H, dd, /=39, 1.] Hz, H:C:C:g, 5.58
(H, dt, =177, L1Hz, "se=cdd) 601 an, add, 7=67. 105,

17.2Hz, Bc =c:g), 6.97 (2H, s, Ar-H), 7.22—7.26 (2H, m, indole-H),

7.36-7.41 (1H, m, indole 4-H), 7.42 (1H, s, indole 2-H), 7.47—7.50 (1H,
m, indole 7-H). MS mj/z: 424 (M*). High-resolution MS Calcd for
C,3H,,N,0,S: 424.145. Found: 424.1474.
(38,4S5)-4-tert-Butyloxycarbonylamino-3-tetrahydropyranyloxy-5-3'-
(N-mesitylene-2-sulfonyl)indolyl-1-pentene (5a) To a solution of 4a
(5.18 g, 10.4 mmole) and DHP (4.37 g, 52 mmol) in CH,Cl, (60 ml) was
added PTS (0.1 g, 0.52mmol) at 0°C. The mixture was stirred at room
temperature for 16h. The mixture was diluted with CH,Cl,, washed
with brine, dried over anhydrous MgSO, and evaporated to give the
crude product, which was purified by silica gel column chromatography
with AcOEt-hexane (1:5) as an eluant to give 5a (4.89g, 84%),
amorphous powder [a]2! —25.7° (c=1.05, MeOH). 'H-NMR (CDCl,)
d: 1.41 and 1.42 (9H, s, 3 x CH3, tert-Bu), 1.30—1.96 (6H, m, 3 x CH,),
2.28 (3H, s, CH,), 2.25 (6H, s, 2 x CH,), 2.80—3.16 (2H, m, 5-CH,),
3.40—3.62 (2H, m, -OCH,-), 3.86—4.24 and 4.52—4.66 (3H, m, 3-H,

|
4-H, ~-OCHO-), 4.81—5.00 (1H, m, NH), 5.11--527 H, m, 1-H),

e H
3C=Capy), 527 (1K,
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5.70—5.94 (1H, m, 2-H), 6.94 (IH, s, Ar-H), 7.11—7.41 (3H, m,
indole-H), 7.42 and 7.57 (1H, s, indole 2-H), 7.56—7.77 (1H, m, indole
7-H). MS m/z: 582 (M ™). High-resolution MS Caled for C5,H,,N,OS:
582.2763. Found: 582.2778. IR (CHCl,) cm™': 1605, 1703, 3480.
(3R,4S5)-4-tert-Butyloxycarbonylamino-3-tetrahydropyranyloxy-5-3'-
(N-mesitylene-2-sulfonyl)indolyl-1-pentene (5b) To a solution of 4b
(4.275g, 8.58 mmol) and DHP (3.61 g, 42.9mmol) in CH,Cl, (50 ml)
was added PTS (0.082 g, 0.43mmol) at 0 °C. The mixture was stirred at
room temperature for 2h. Work-up as descrived for the preparation of
5a gave the crude product, which was chromatographed on silica gel
with AcOEt-hexane (1:5—1:3) as an eluent to give 5b (3.99 g, 85%),
mp 38—42°C, amorphous powder, [a]3" —35.7° (¢=0.85, MeOH).
'H-NMR (CDCly) §: 1.35 (9H, brs, tert-Bu), 1.17—1.90 (6H, m,
3xCH,), 2.27 (3H, s, CH;), 2.52 (6H, s, 2 x CHj;), 2.84—3.15 (2H, m,
5-H), 3.35—5.55 (1H, m, -OCH,-), 3.80—4.15 (2H, m, 4-H, -OCH,-),

|
4.21—4.32 (1H, m, 3-H), 4.55—4.72 (1H, m, -OCHO-), 4.80—4.92
(IH, m, NH), 5.29 and 5.30 (1H, d, /J=10.2Hz, H:C:C:E), 5.40 and

541 (1 H, d, J=17Hz, H:Csc:g), 5.78 and 5.97 (1H, ddd, J=6.0,

102, 17Hz, ﬂ:czc:g). 6.93 (IH, s, Ar-H), 7.11—7.38 3H, m,

indole-H), 7.45 and 7.51 (1H, s, indole 2-H), 7.47—7.62 (1H, m, indole
7-H). [al3! —35.7° (¢=0.85, MeOH). MS m/z: 582 (M*). High-
resolution MS Caled for C;,H,,N,0,S: 582.276. Found: 582.275. IR
(CHCly) em ™! 1605, 1705, 3475.
(35,4.5)-4-tert-Butyloxycarbonylamino-1,2-dihydroxy-3-tetrahydro-
pyranyloxy-5-3'-(N-mesitylene-2-sulfonyl)indolylpentane (7a) A mixture
of tetracthylammonium chloride (0.227 g, 1.37 mmol) and sodium acetate
(0.224 g, 2.74 mmol) in acetone (30 ml) was stirred at room temperature
for 1 h. To the mixture was added a solution of 5a (3.184 g, 5.47 mmol)
in acetone (40 ml) and 70% TBHP in water (3.75ml, 27.35 mmol) under
an argon atmosphere. The mixture was allowed to cool to 0 °C, and then
a solution of OsO, in ftert-BuOH (Smg/ml of zert-BuOH, 2.08 ml,
0.041 mmol) was added. The whole mixture was stirred at 0°C for 2h,
and at room temperature for 4d. The solvent was evaporated and the
residue was dissolved in water. The water layer was extracted with AcOEt.
The solution was washed with brine, dried over anhydrous MgSO,, and
evaporated to give the crude product, which was purified by silica gel
column chromatography with AcOEt-hexane (1:3-2:1) as an eluent
to give 7a (2.80 g, 83%), mp 62—64 °C, amorphous powder, [a]3° —13.9°
(¢=1.57, MeOH). '"H-NMR (CDCl;) §: 1.39 and 1.41 (9H, s, tert-Bu),
1.40—1.94 (6H, m, 3 x CH,), 2.28 (3H, s, CHj;), 2.51 (6H, s, 2 x CHj;),
2.90—3.20 (2H, m, 5-H), 3.40--4.10 (7H, m, 1-H, 2-H, 3-H, 4-H,

OCH ,-), 4.28—4.55 (1H, m, ~OéHO—), 4.85—4.90 (1H, m, NH), 6.93
and 6.94 (2H, s, Ar-H), 7.15--7.35 (3H, m, indole-H), 7.44 and 7.49
(IH, s, indole 2-H), 7.15—7.63 (1H, m, indole 7-H). MS m/z: 616 (M *).
High-resolution MS Caled for C;,H,,N,04S: 616.2818. Found:
616.2827. IR (CHCly) ecm™?: 1603, 1693, 1703, 3475, 3595.

(3R,45)-4-tert-Butyloxycarhonylamino-1,2-dihydroxy-3-tetrahydro-
pyranyloxy-5-3'-(N-mesitylene-2-sulfonyl)indolylpentene (7b) A mixture
of tetraethylammonium chloride (0.235 g, 1.42 mmol) and sodium acetate
(0.233 g, 2.84 mmol) in acetone (30 ml) was stirred at room temperature
for 1h. To this mixture was added a solution of 5b (3.3 g, 5.67 mmol)
in acetone (40 ml) and 70% TEHP in water (3.88 ml, 28.35 mmol) under
an argon atmosphere. The reaction mixture was allowed to cool to 0°C,
and then a solution of OsO, in rert-BuOH (I mg/ml of tert-BuOH,
2.16 ml, 0.085 mmole) was added. The whole mixture was stirred at 0°C
for 2h, and at room temperature for 5d. Work-up as described for the
preparation of 7a gave 7b (2.663 g, 76%), mp 72—74 °C, amorphous
powder, [o]3' —17.4° (¢=0.784, MeOH). 'H-NMR (CDCl,) §: 1.33
and 1.35 (9H, s, tert-Bu), 1.40-—1.93 (6H, m, CH,), 2.26 and 2.28 (3H,
s, CH;), 2.52 (6H, s, 2 x CH};), 2.57—3.20 (4H, m, 2 x CH,), 3.43—3.60
(2H‘, m, CH,), 3.60—4.19 (3H, m, 2-H, 3-H, 4-H), 4.43—4.51 (1H, m,

~OCHO-), 4.60 and 5.81 (IH, brd, J=8Hz, NH), 6.91 and 6.93 (2H,
s, Ar-H), 7.29—7.35 (3H, m, indole-H), 7.45 and 7.51 (1H, s, indole
2-H),7.52—7.68 (1H, m, indole 7-H). MS m/z: 616 (M *). High-resolution
MS Calcd for C;,H 4N,04S: 616.2818. Found: 616.2805. IR (CHCl,)
cm™ 1 16.08, 1708, 1728, 3470. 3595.

Oxidation of 7a and 7b with NalO, and Subsequent Wittig Reaction with
Methoxycarbonylmethylenetriphenylphosphorane a) A water (50 ml) so-
lution of NalO, (1.78 g, 8.22mmol) was added to a solution of 7a
(4.27 g,6.93 mmol) in MeOH (500 ml)-water (200 ml) at 0 °C. The mixture
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was stirred at 0 °C for 5 h, evaporated to ca. 200 mi, and then the solution
was extracted with CH,Cl,. The solution was washed with brine, dried
over anhydrous MgSO, and evaporated to give the crude aldehyde. To
a CH,Cl, (20ml) solution of the aldehyde was added methoxycar-
bonylmethylenetriphenylphosphorane (6.95g, 20.79 mmol) at 0°C,
and the reaction mixture was stirred at 0°C for 3h, and at room
temperature for 16 h. The solvent was evaporated, and the residue was
chromatographed on silica gel with AcOEt-hexane (1:5—1:1) as an
eluent to give a mixture of 8a and 9 (3.38g, 76%), E:Z=1.1:1,
amorphous powder, [a]3! 19.64° (¢=0.84, MeOH). The mixture of 8a
and 9 (0.147 g) was chromatographed on silica gel with AcOEt-hexane
(1:4) as an eluent to give mixtures of E and Z form of the two
diastereomers; 8a and 9 (0.052 g), and 8a’ and 9’ (0.047 g). Physical data
for 8a and 9: amorphous powder. 'H-NMR (CDCl;) §: 1.39 and 1.42
(%H, s, tert-Bu), 1.40—1.98 (6H, m, 3 x CH,), 2.27 (3H, s, CHj;), 2.51
and 2.54 (6 H, 2 x CH3), 2.27 (3H, s, CH;), 2.51 and 2.54 (6H, 2 x CH,),

2.92—3.16 (2H, m, 6-H), 3.1 (9/19x 3H, s, H:c:ocooME), 3.71

“H
, N ¢ - - -
(0/19x3H, 5. | 5C=Clrg ), 341354 (IH, m, OCH,-),

3.94—4.22 (2H, m, 4-H, 5-H), 4.43—4.56 (1H, m, ~OCH,-), 4.96—5.05
|

(1H, m, NH), 5.33 (1H, d, J=8.4Hz, -OCHO-), 5.93 (10/19x IH, d,

_ ~c_c-H / - “C—

J=16Hz, | 5C=Clogon ). 584 (9/19x IH, d, J=12Hz, | >C=

C,COOMJ COOMe
“H

), 6.17 (9/19 x 1H, dd, /=12, 8 Hz, :C=C:H ), 6.77

H
, _ e H ]
(10/19x 1H, dd, J=5.2, 16Hz. | >C=CZl000 ), 693 (2H, s, Ar-H),

7.12—7.34 (3H, m, indole-H), 7.57 and 7.62 (1H, s, indole 2-H),
7.63—7.78 (1H, m, indole 7-H). trans (8a): cis(9)=10:9, MS m/z: 640
(M ™). High resotution MS Caled for C5,H,,N,04S: 640.2818, Found:
640.2829. IR (CHCI;) em™': 1605, 1715, 1720, 3475. Physical data for
8a’ and 9”: amorphous powder. *H-NMR (CDCl;) 6: 1.38 and 1.41 (9H,
s, fert-Bu), 1.45—1.96 (6H, m, 3 x CH,), 2.28 (3H, s, CH;), 2.52 and
2.54 (6H, s, 2xCH;), 2.94—-3.07 (2H, m, 6-H), 3.32 (0.4x3H, s,

H:C:C:ﬁ:c—l——le), 3.39—3.52 (2H, m, -OCH,-), 3.72 (0.6 x 3H, s,
H
>C=CZ —3.98 - 29— -
H,C ("COOMG)’ 3.80—3.96 (1H, m, 5-H), 4.29—4.67 (1H, m, 4-H),

|
4.96—5.07 (I1H, m, NH), 5.15 (1H, d, J=84Hz, -OCHO-), 5.75

(02 1H,d, J=11.8Hz, ,>C =C:ﬁOOMe), 6.05 (0.3 x 1H, dd, J=16,
wc_cH - <
L2z, 2C=Codloqy). 638 (02X IH, dd, J=12, §Hz, | 5C—

C:g’OOMe), 694 (2H, s, Ar-H) 695 (IH, dd, J=16, 52Hz,

H .
>C=CH - Al . H,
H,C C\COOMe)’ 7.14—7.39 (3H, m, indole-H), 7.41 and 7.48 (1

s, indole 2-H), 7.57—7.69 (1H, m, indole 7-H). trans (8a’): cis (9b')=3:2,
MS m/z: 640 (M*). High-resolution MS Caled for C;,H,,N,O,S:
640.2818, Found: 640.2848. IR (CHCl,) ecm™1: 1608, 1716, 1723, 3475.

b) An aqueous (50 ml) solution of NalO, (1.07g, 4.99 mmol) was
added to a solution of 7b (2.56 g, 4.16 mmol), in MeOH (250 ml)-water
(150 ml) at 0°C. The reaction mixture was stirred at 0°C for 5h, and
evaporated in vacuo to ca. 200ml. The solution was extracted with
CH,Cl,. The extract was washed with brine, dried over anhydrous
MgSO, and evaporated to give the crude aldehyde. Methoxycar-
bonylmethylenetriphenylphosphorane (4.17 g, 12.48 mmol) was added to
a solution of the aldehyde in CH,Cl, (20 ml) at 0 °C. The reaction mixture
was stirred at 0°C for 3h, and then at room temperature for 16 h. The
solvent was evaporated, and the residue was chromatographed on silica
gel with AcOEt-hexane (1:4—1:3) to give 8b (2.25g, 84%). mp
60—62°C, amorphous powder, [a]3' —32.1° (¢=0.606, MeOH).
'H-NMR (CDCl,) 8: 1.36 (9H, s, teri-Bu), 1.49—1.86 (6H, m, 3 x CH,),
2.27 (3H, s, CH;), 2.51 and 2.52 (6H, s, 2x CH3), 2.89—2.98 (2H, m,
6-H), 3.47—3.71 (IH, m, -OCH,~), 3.73 and 3.75 (3H, s, OCH,),

3.80—4.17 (2H, m, -OCH,—, 5-H), 4.52—4.73 (2H, m, ——OéHO~, 4-H),
6.04 (0.5H, dd, J=15.8, 1.6Hz, 3-H), 6.21 (0.5H, dd, /=158, 1.6 Hz,
3-H), 6.93 (2H, s, Ar-H), 6.87 (0.5H, dd, J=15.8, 5.6 Hz, 2-H), 7.04
(0.5H, dd, J=135.8, 5.4 Hz, 2-H), 7.15—7.35 (3H, m, indole-H), 7.45 and
7.50 (1H, s, indole 2-H), 7.48—7.53 (1H, m, indole 7-H). MS m/z: 640
(M ™*). High-resolution MS Caled for C3,H,N,0,S: 640.2818. Found:
640.2824. Anal. Caled for C3,H,4,N,04S: C, 63.73; H, 6.92; N, 4.37,
Found: C, 63.72; H, 7.20; N, 4.15. IR (CHCl3) em ™ ': 1603, 1710, 1720,
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3460.

Methyl (E,4S,5S5)-5-tert-Butyloxycarbonylamino-4-hydroxy-6-3'-(/V-
mesitylene-2-sulfonyl)indolyl-2-hexenoate (10a) and (4S,55)-5-tert-
Butyloxycarbonylamino-6-3'-(N-mesitylene-2-sulfonyl)indolyl-2-hexene-
4-olide (11) A solution of the mixture of 8a and 9 (3.23 g, Smmol) in
AcOH-THF-H,0 [(3:1:1), 60 ml] was stirred at room temperature for
3d under an N, atmosphere. The solvent was evaporated, the residue
was dissolved in toluene, and the solution was evaporated to dryness.
(This procedure was repeated three times). The residue was
chromatographed on silica gel with hexane-AcOEt (3:1-2:1) as an
eluent to give 10a (0.91 g, 33%) and 11 (1.11 g, 42%). Physical data for
10a: mp 73—77°C, amorphous powder, (pentane-ether), [a]3! —41.5°
(¢=0.678, MecOH). Anal. Caled for C,,H;¢N,0,S: C, 6.52; H, 62.57;
N, 5.23, Found: C, 6.70; H, 62.64; N, 5.23. MS m/z: 556 (M *). 'H-NMR
(CDCl,) 6: 1.40 (9H, s, rert-Bu), 2.28 (3H, s, CH,), 2.52 (6H, s, 2 x CH,),
3.07 (2H, d, /=7.4Hz, CH,), 3.72 (3H, s, CH;), 3.80—4.12 (1H, m,
5-H),4.39(1H, brs, 4-H), 4.91—4.95 (1H, m, NH), 6.09 (2H, dd, /=15.8,
2.0Hz, 3-H), 6.93 (1H, dd, /=158, 4.2Hz, 2-H), 6.94 (IH, s, Ar-H),
7.18—7.36 (3H, m, indole-H), 7.47 (1H, s, indole 2-H), 7.61—7.65 (1H,
m, indole 7-H). IR (CHCl;) cm~': 1603, 1705, 1755 (sh), 3460. Physical
data for 11: mp 82—83 °C (hexane-ether), colorless needles. Anal. Caled
for C,gH;,04N,S: C, 64.10; H, 6.15; N, 5.34, Found: C, 64.30; H, 6.43;
N, 5.09. [0]3! —106.7° (c=1.044, MeOH). MS m/z: 542 (M "), "H-NMR
(CDCl;) 6:1.37 (9H, s, tert-Bu), 2.28 (3H, s, CH,), 2.52 (6H, s, 2 x CH3;),
3.09 2H, d, J=8.2Hz, CH,), 4.33 (1H, dd, J=8.2, 9.6 Hz, 5-H), 4.58
'(1H, d, /=9.6 Hz, 4-H), 5.03 (1H, s, NH), 6.03 (1H, d, /=3.8 Hz, 3-H),
6.95(2H, s, Ar-H), 7.21—7.44 (4H, m, indole-H, 2-H), 7.51 (1H, s, indole
2-H), 7.62—7.66 (1H, m, indole 7-H). IR (CHCl;) em™': 1605, 1710,
1755, 1790 (sh), 3460.

Methyl (E,4R,5S)-5-tert-Butyloxycarbonylamino-4-hydroxy-6-3'-(N-
mesitylene-2-sulfonyl)indolyl-2-hexenoate (10b) A solution of 8b
(2.215g, 3.46 mmol) in AcOH-THF-H,0 [(3:1:1) 70ml] was stirred
at room temperature for 3d under an N, atmosphere. Work-up as
descrived for the preparation of 10a gave the crude product, which was
purified by silica gel column chromatography with hexane-AcOEt
(3:1-1:1) as an eluent to give 10b (1.637g, 85%), mp 58—60°C,
amorphous powder (n-pentane-Ether). [a]3! 2.1° (¢=0.79, MeOH).
Anal. Caled for C,gH3,N,0,S: C, 62.57; H, 6.52; N, 5.23, Found: C,
62.41; H, 6.62; N, 5.03. '"H-NMR (CDCl;) §: 1.39 (9H, s, fert-Bu), 2.23
(3H, s, CH;) 2.52 (6H, s, 2xCHj;), 2.92 (2H, d, /=7Hz, CH,), 3.76
(3H, s, OCH,), 4.06—4.18 (1H, m, 5-H), 4.52 (1H, brs, 4-H), 4.68 (1H,
brd, /=8.0Hz, NH), 6.21 (IH, dd, J=15.6, 1.8 Hz, 3-H), 6.95 (2H, s,
Ar-H),7.03(1H, dd, J=15.6,4.4 Hz, 2-H), 7.18—7.36 (3H, m, indole-H),
7.45 (1H, s, indole 2-H), 7.50--7.55 (1H, m, indole 7-H). MS m/z: 556
(M*). IR (CHCly) em ™' 1608, 1713, 1763 (sh), 3460.

Methyl (E,4S,5S)-5-tert-Butyloxycarbonylamino-4-mesyloxy-6-3'-( V-
mesitylene-2-sulfonyl)indolyl-2-hexenoate (12a) To a solution of 10a
(0.839¢, 1.5mmol) and triethylamine (1.06g, 10.5mmol) in CH,CI,
(10 ml) was added methanesulfonyl chloride (0.605 g, 5.28 mmol) at 0°C.
The reaction mixture was stirred at 0°C for 3h, and then water was
added. The CH,Cl, solution was separated, dried over anhydrous
MgSO,, and evaporated to give the crude product, which was purified
by silica gel column chromatography with AcOEt-hexane (1:3) as an
cluent to give 12a (0.671g, 71%), amorphous powder, [a]3! 32.7°
(¢=0.76, MeOH). "H-NMR (CDCl,) é: 1.39 (9H, s, ters-Bu), 2.28 (3H,
s, CH3), 2.52 (6H, s, 2x CH3), 2.94—3.13 (2H, m, CH,), 3.07 3H, s,
CH,;), 3.74 (3H, s, OCH;), 4.17—4.31 (1H, m, 5-H), 4.75 (1H, d, /=8 Hz,
NH), 5.31 (1H, brd, J=4.8 Hz, 4-H), 6.11 (1H, d, /=16 Hz, 3-H), 6.90
(1H, dd, J=16, 5.8 Hz, 2-H), 6.94 (2H, s, Ar-H), 7.19—7.39 (3H, m,
indole-H), 7.53 (1H, s, indole 2-H), 7.62—7.65 (1H, m, indole 7-H). MS
m/z:482(M* —SO;CHj, —teri-Bu). IR (CHCl,) em ™ ': 1608, 1713, 1723,
1758 (sh), 3470.

Methyl (E4R,5S5)-5-tert-butyloxycarbonylamino-4-mesyloxy-6-3'-(N-
mesitylene-2-sulfonyl)indolyl-2-hexenoate (12b) To a solution of 10b
(1.537 g, 2.76 mmol) and triethylamine (1.674 g, 16.56 mmol) in CH,Cl,
(15 ml) was added methanesulfonyl chloride (0.948 g, 8.23 mmol) at 0 °C.
The reaction mixture was stirred at 0°C for 2h. Work-up as descrived
for the preparation of 12a gave the crude product, which was purified
by silica gel column chromatography with AcOEt-hexane (1:3) as an
eluent to give 12b (1.497g, 86%), amorphous powder, [2]3! —22.2°
(¢=1.052, MeOH). 'H-NMR (CDCl,) 6: 1.37 (9H, s, tert-Bu), 2.28 (3H,
s, CH;), 2.52 (6H, s, 2 x CHj), 2.88--3.05 (2H, m, CH,), 3.07 (3H, s,
CH;), 3.77 (3H, s, OCH,), 4.18—4.24 (1H, m, 5-H), 4.73 (IH, d,
J=8.0Hz, NH), 5.53—5.54 (1H, brs, 4-H), 6.21 (1H, dd, J=15.8, 1.6 Hz,
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3-H), 6.95 (2H, s, Ar-H), 6.95 (1H, dd, J=15.8, 5.4 Hz, 2-H), 7.18—7.46
(3H, m, indole-H), 7.47 (1H, s, indole 2-H), 7.41—7.52 (1H, m, indole
7-H). MS m/z: 482 M+ —SO,CH,;, — terz-Bu), IR (CHCl,) em ™ *: 1602,
1720, 1770 (sh), 3480.

Boe-(N-Mts)Trpys(E-CH = CH)-D-valine Methyl Ester (13a) To a
slurry of CuCN (0.382 g, 4.24 mmol) in dry THF (10 ml) was added 1.0mM
THF solution of isopropylmagnesium bromide (4.24 ml, 4.24 mmol) at
—78°C under an argon atmosphere. The mixture was allowed to warm
to 0°C and stirred for 20min. BF,~Et,O (0.522ml, 4.24 mmol) was
added at —78°C, and the mixture was stirred for 10 min. A solution of
12a (0.67 g, 1.06 mmol) in THF (10 ml) was added to the reaction mixture
at —78°C with stirring. The mixture was stirred for 30 min, and then
quenched by addition of 28% NH,OH (5ml) and saturated NH,ClI
(5 ml). The mixture was extracted with CH,Cl,—ether (1 :4). The solution
was dried over anhydrous MgSO,, and evaporated to give the crude
product, which was chromatographed on silica gel with AcOEt-hexane
(1:3) as an eluent to give 13a (0.443 g, 72%), mp 49—51 °C, amorphous
powder. Anal. Caled for C5,H,,N,04S: C, 65.95;H,7.26; N, 4.81. Found:
C, 65.95; H, 7.56, N, 4.83. [a]3' 3.98° (c=1.046, McOH). 'H-NMR
(CDCl,y) 4: 0.75 (3H, d, J=6.9Hz, CH3;), 0.84 (3H, d, /=6.9 Hz, CH};),
1.42 (9H, s, tert-Bu), 2.28 (3H, s, CH;), 1.89 (1H, dq, /=6.6 Hz, CH;CH),
2.52(6H,s,2x CHjy), 2.63 (1H, t, J=8.4Hz, 2-H), 2.90 (1H, dd, /=14.2,
6.6 Hz, 6-H), 3.00 (1H, dd, J=14.2, 49 Hz, 6-H), 3.63 (3H, s, OCH,;),
4.51 (2H, brs, NH and 5-H), 5.51 (1H, ddd, J=15.5, 5.0, 2.9 Hz, 4-H),
5.58 (1H,dd,J=15.5,8.4Hz,3-H), 6.94 2H, s, Ar-H), 7.16—7.21 2H, m,
indole-H), 7.31—7.34 (1H, m. indole 4-H), 7.40 (1H, s, indole 2-H),
7.55—7.57 (1H, m, indole 7-H). MS mjz: 582 (M*). IR (CHCl3) cm™:
1613, 1718, 1733, 3470.

Boc-(/N-Mts) Trpyr(E-CH = CH)-valine Methyl Ester (13b) To a slurry
of CuCN (0.792 g, 8.8 mmole) in dry THF (15ml) was added 1.0M THF
solution of isopropylmagnesium bromide (8.8 ml, 8.8 mmol) at —78°C
under an argon atmosphere. The mixture was allowed to warm to 0°C,
and stirred for 20 min. BF;-Et,O (1.08 ml, 8.8 mmol) was added at
—78°C, and then the reaction mixture was stirred for 10 min. A solution
of 12b (1.4 g, 2.2 mmol) in THF (20 ml) was added to the reaction mixture
at —78°C with stirring. The reaction mixture was stirred at —78 °C for
30 min, and quenched with NH,OH (10 ml) and saturated NH,C1 (10 ml).
Work-up as descrived for the preparation of 13a gave the crude product,
which was purified by silica gel column chromatography with AcOEt-
hexane (1:5) as an eluent to give 13b (0.954g, 75%), mp 38—40°C,
amorphous powder, [«]3! —32.9° (¢=1.172, MeOH). Anal. Caled for
C;,H,,N,O0S: C, 6595, H, 7.26; N, 4.81. Found: C, 65.65;
H, 7.38; N, 4.59. tH-NMR (CDCl,) §: 0.79 (3H, d, /=6.6Hz, CH,),
0.86 (3H, d, J=6.6 Hz, CH,), 1.42 (9H, s, tert-Bu), 2.28 (3H, s, CH,;),
2.51 (3H, s, 2 x CH,), 2.96 (2H, d, J=5.4Hz, 6-H), 3.62 (3H, s, OCH3),
4.50 (2H, brs, NH, 5-H), 5.48 (1H, dd, J=4.8, 15.4Hz, 3-H), 5.61 (1H,
dd, J=8.8, 15.4Hz, 4-H), 6.94 (2H, s, Ar-H), 7.13—7.24 (3H, m,
indole-H), 7.26 (1H, s, indole 2-H), 7.29—7.57 (1H, m, indole 7-H). MS
mfz: 582 (M™*). IR (CHCl;) em™': 1613, 1715, 1730, 3470.
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