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General Methods. Melting points were determined
with a hot-stage apparatus and are uncorrectedcdDpt
rotations were measured at the sodium line at arhbie
temperature (26C) in CHCL solutions. NMR spectra
were determined at 500 MHz fdH and 125.7 or 100
MHz for **C in the presence of TMS as internal standard,
unless otherwise stated. Mass spectra were detinain
70 eV. Merck silica gel 60 Bk and 60 (0.063—0.2 mm)
were used for preparative thin layer chromatograguiny
column chromatography, respectively. All reactions
involving air- or moisture-sensitive materials weeeried
out under a nitrogen atmosphere. The reagent fa€ TL
analysis was KMn@in NaOH/K,CO; aqueous solution
and the TLC was heated until development of color.

Preparation of Substrates4, 5and 17.

Scheme 1. Preparation of substratésand5
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N-(O-Benzyl-N-benzoyl-L-seryl)-L-serine M ethyl
Ester (4). To a solution of Boc-Ser(OBn)-OR2Q) (2.96
g, 10 mmol) and and H-Ser-OMesHCQ11) (1.56 g, 10
mmol) in dry CHCIl, (100 mL) at 0°C, was added
diisopropylethylamine (3.4 mL, 2.59 g, 20 mmol), 1-
hydroxybenzotriazol hydrate (HOBt) (1.49 g, 11 mol
and N-(3-dimethylaminopropyl)-N-ethylcarbodiimide
hydrochloride (EDC, 2.1 g, 11 mmol). The reaction
mixture was stirred for 2 h at 0 °C, then was afldwo
reach room temperature (26) and stirred for 18 h. Then
it was poured into saturated aqueous NaklGihd
extracted with CHCl,. The organic layer was dried on
sodium sulfate, filtered and evaporated under wvaccu
The residue was dissolved in 1:1 TFA:AH (25 mL)
and the solution was stirred at 26 for 1.5 h. Then the
solvent was removed under vaccum and the residge wa
dissolved in THF (15 mL). Then saturated agueous
NaHCQ; (15 mL) was added, the mixture was cooled to 0
°C, and benzoyl! chloride was added dropwise (1.51 mL
1.83 g, 13 mmol). After stirring for 16 h, the mir¢ was
poured into 5% aqueous HCI at@and extracted with
EtOAc. The residue was purified by column
chromatography (hexanes/EtOAc, 30:70), to give
compound4 (2.68 g, 67%) as a syrup]p +51 € 0.34,
CHCL); IR (CHCk) Vo 3418, 1747, 1679, 1660, 1512
cm™ 'H NMR (500 MHz, CDCJ): &y 3.05 (1H, brb),



3.70 (1H, ddJ = 6.9, 9.5 Hz), 3.75 (3H, s), 3.98.98
(2H, m), 3.99 (1H, ddj = 4.4, 9.2 Hz), 4.60 (2H, s), 4.66
(1H, ddd,J = 3.8, 3.8, 7.3 Hz), 4.84 (1H, ddd,= 4.7,
6.6, 6.9 Hz), 7.17 (1H, brdl = 6.6 Hz), 7.28 (1H, m),
7.31-7.35 (4H, m), 7.42 (2H, dd} = 7.3, 7.9 Hz), 7.51
(1H, dd,J = 7.8, 7.9 Hz), 7.53 (1H, dl = 7.6 Hz), 7.77
(2H, d,J = 7.3 Hz);**C NMR (100.6 MHz, CDG): 3¢
52.7 (CH), 53.2 (CH), 55.1 (CH), 62.8 (CH 69.5
(CHy), 73.6 (CH), 127.2 (2x CH), 127.9 (2 CH), 128.0
(CH), 128.5 (2x CH), 128.6 (2« CH), 131.9 (CH), 133.5
(C), 137.3 (C), 167.6 (C), 170.3 (C), 170.5 (C); MR
caled for GoH2N,Os (M* + H -OMe), 370.1529; found,
370.1513. Anal. calcd for gH,N,Og C 62.99, H 6.04, N
7.00; found C 62.73, H 6.13, N 7.10.

N-(O-Benzyl-N-benzoyl-L-seryl)-L-threonine M ethyl
Ester (5). Obtained from commercial Boc-Ser(OBn)-OH
(20) (2.95 g, 10 mmol) and H-Thr-OMesHQY) (1.70 g,
10 mmol) as described before for the synthesis of
dipeptided. After purification by column chromatography
(hexanes/EtOAc, 30:70), dipeptievas isolated (3.31 g,
80%) as a syrup;alp +34 (€ 0.23, CHC)); IR (CHCk)
Vinax 3419, 1747, 1680, 1660, 1653, 1511 trH NMR
(500 MHz, CDC}): 8y 1.19 (3H, dJ = 6.3 Hz), 3.70 (1H,
m), 3.72 (3H, s), 3.99 (1H, dd= 4.4, 9.1 Hz), 4.34 (1H,
m), 4.59-4.62 (3H, m), 4.91 (1H, m), 7.22 (1H, brbp8
(AH, m), 7.29-7.38 (4H, m), 7.41 (2H, dd= 7.6, 7.9
Hz), 7.48 (1H, brb), 7.50 (1H, dd,= 7.3, 7.6 Hz), 7.79
(2H, d,J = 6.9 Hz);**C NMR (125.7 MHz, CDG): 3¢
19.9 (CH), 52.5 (CH), 53.0 (CH), 57.7 (CH), 67.9 (CH),
69.6 (CH), 73.5 (CH), 127.1 (2x CH), 127.9 (3x CH),
128.4 (2x CH), 128.6 (2x CH), 131.9 (CH), 133.5 (C),
137.3 (C), 167.5 (C), 170.7 (C), 171.0 (C); HRM%:da
for CyH,N,0Os (M* -HOMe), 382.1529; found,
382.1512. Anal. calcd for gH,6N,Og C 63.76, H 6.32, N
6.76; found C 63.67, H 6.27, N 6.73.

Scheme 2. Preparation of substrald

0
HZN\E)kOMe o W o
~oH - Cbz/N\i)LH N\i)kOMe

o i
22 ~SOH

+
17

Cbz-Leu-Leu-OH
23

N-(N-Benzyloxycar bonyl-L-leucyl-L-leucyl)-L-
threonine M ethyl Ester (17). Obtained from commercial
H-Thr-OMe*HCI @2) (1.70 g, 10 mmol) and Cbz-Leu-
Leu-OH @3) (3.78 g, 10 mmol) as described before for
the synthesis of dipeptide After purification by column
chromatography (hexanes/EtOAc, 40:60), tripeptide
was isolated (3.95 g, 80%) as a syrupp[-48 (€ 0.23,
CHCly); IR (CHCE) vpnay 3425, 1731, 1673, 1508 cin
'H NMR (500 MHz, CDCJ): & 0.89-0.93 (12H, m),

1.17 (3H, dJ = 6.3 Hz), 1.491.75 (6H, m), 3.75 (3H, s),
4.19 (1H, m), 4.29 (1H, m), 4.52 (1H, ddHz= 6.3, 7.9,
8.2 Hz), 4.58 (1H, br d] = 7.5 Hz), 5.06 (1H, d] = 13.0
Hz), 5.11 (1H, dJ = 12.0 Hz), 5.46 (1H, d] = 6.6 Hz),
6.59 (1H, br b), 7.13 (1H, br b), 7.30.40 (5H, m);**C
NMR (125.7 MHz, CDGJ): 8¢ 19.7 (CH), 22.0 (CH),
22.3 (CH), 22.5 (CH), 22.8 (CH), 24.5 (CH), 24.6
(CH), 40.7 (CH), 41.1 (CH), 52.2 (CH), 52.5 (CH),
53.5 (CH), 57.6 (CH), 67.0 (Gh 68.3 (CH); 128.0 (x
CH), 128.1 (CH), 128.5 ( CH), 136.1 (C), 156.4 (C),
171.2 (C), 172.4 (C), 173.0 (C); HRMS calcd for
CyoH31N30; (M+ -H- CHMez), 449.2162; found,
449.2173. Anal. calcd for £HsgNs0; C 60.83, H 7.96, N
8.51; found C 60.74, H 7.75, N 8.61.

Study of the scission—oxidation reaction.

Scheme 3. Preparation of the-methoxyglycine derivativé
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Procedure for the Radical Scisson—-Oxidation
—Addition of O-Nucleophiles Process. Synthesis of N-
(O-Benzyl-N-benzoyl-L -seryl)-2-(methoxy)glycine
Methyl Ester (6). To a solution of Bz-Ser(Bn)-Ser-OMe
(4) (80 mg, 0.2 mmol) or Bz-Ser(Bn)-Thr-OM&)((83
mg, 0.2 mmol) in dry dichloromethane (8 mL) was edid
iodine (51 mg, 0.2 mmol) and lead tetraacetate (LT78
mg, 0.4 mmol). The reaction mixture was stirredXdr at
room temperature (28C) under irradiation with visible
light (80-W tungsten-filament lamp). Then the réact
mixture was poured into 10% aqueous,3}&®; and
extracted with CHCl,. The organic layer was dried over
sodium sulfate, filtered, and the solvent was resdov
under vacuum. The residue was dissolved in dry ameth
(8 mL), and camphorsulfonic acid (CSA) was adde2b(1
mg, 0.6 mmol). The mixture was stirred for 1 h eftux
temperature; then was cooled to @5 poured into water
and extracted with dichloromethane. The organieday
was dried and filtered as before. The solvent wasoved
under vacuum and the residue was purified by
chromatography on silica gel (hexanes/EtOAc 60:4®),
afford product6 (50 mg, 63% from substrate 59 mg,
74% from substratd) as a 1:1 diastereomer mixture.
Syrup; IR (CHC)) vmax 3420, 1753, 1691, 1660, 1508,
1482 cm% 'H NMR (500 MHz, CDC)): &, 3.41/3.42
(3H, s/s), 3.65/3.71 (1H, m), 3.75 (3H, s), 4.0244(1H,
[dd,J=4.1, 6.3 Hz/ ddJ) = 4.1, 6.3 Hz]), 4.57/4.59 (1H,
[d,J=12 Hz/ d,J = 11.3 Hz]), 4.62/4.64 (1H, [d = 12
Hz/ d,J=11.9 Hz]), 4.89 (1H, m), 5.57/5.59 (1H, [
5.7 Hz/ d,J = 5.9 Hz]), 7.15 (1H, dJ = 6.6 Hz), 7.28



(1H, m), 7.36-7.35 (4H, m), 7.42 (2H, dd] = 7.3, 7.9
Hz), 7.51 (1H, ddJ = 7.3, 7.6 Hz), 7.58/7.70 (1H, [d~
9.1 Hz/ d,J = 8.8 Hz]), 7.79 (2H, dJ = 8.0 Hz);*C
NMR (125.7 MHz, CDG)): 3c 52.8 (CH), 52.96/53.03
(CH), 56.4/56.5 (Ch), 69.16/69.21 (Ch), 73.6 (CH),
78.3/78.4 (CH), 127.1 (& CH), 127.8 (2x CH), 128.0
(CH), 128.5 (2x CH), 128.6 (2 CH), 131.9 (CH), 133.4
(C), 137.08/137.12 (C), 167.3 (C), 167.8 (C), 171/2.0
(C); HRMS (EI) calcd for GH»4N,Os (M*) 400.1634;
found, 400.1622. Anal. calcd for{E1,/N,Og C 62.99, H
6.04, N 7.00; found C 62.64, H 6.06, N 6.92.

Scheme 4. Preparation ofi-methoxyglycine Derivativél
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N-(N-Benzyloxycar bonyl-L -leucyl)-2-(methoxy)
glycine Methyl Ester (11). Obtained from commercial
Cbz-Leu-Ser-OMe 10) (73 mg, 0.2 mmol) as described
for thea-methoxyglycine derivativé. Usual work-up and
purification by column chromatography (hexanes-EtoA
60:40) gave the methoxy derivatité (57 mg, 78%) as a
10:7 diastereomer mixture. White solid; m.p. 109-3@
(EtOAc/hexane). IR (CHG) vmax 3423, 1751, 1719,
1697, 1504 cit; 'H NMR (500 MHz, CDCY)): &y 0.92
(3H, d,J = 6.3 Hz), 0.93 (3H, d) = 6.4 Hz), 1.53 (1H,
m), 1.66-1.74 (2H, m), 3.38/3.40 (3H, s/s), 3.76/3.77
(3H, s/s), 4.31 (1H, m), 5.08 (1H, 8= 14 Hz), 5.12 (1H,
d,J = 14.5 Hz), 5.44/5.47 (1H, [d,= 7.9 Hz /dJ = 8.2
Hz]), 5.52/5.53 (1H, [dJ = 8.8 Hz/ d,J = 9.1 Hz]),
7.26-7.32 (6H, m);"*C NMR (125.7 MHz, CDG): 3¢
21.7/21.8 (CH), 22.8/22.9 (CH), 24.6/24.7 (CH),
41.3/41.4 (CH), 52.8 (CH), 53.7 (CH), 56.4/56.5 (C§i
67.1 (CH), 78.3 (CH), 128.0 (2« CH), 128.1 (CH),
128.5 (2x CH), 136.1 (C), 156.2 (C), 168.2 (C), 173.2
(C). HRMS (EI) caled for @H,3N,O, (M™ — CO,Me)
307.1664; found, 307.1658. Anal. calcd fagkhsN,Og C
59.00, H 7.15, N 7.65; found C 58.71, H 7.07, N67.8

Study of the Phosphorylation Reaction.

Scheme 5. Synthesis of the phosphorylation product
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General Procedure for the Phosphorylation
Reaction. To a solution of the methoxyderivative (0.2

mmol) in CHCl, (8 mL) at 0 °C was added
triethylphosphite (174L, 166 mg, 1 mmol) and TMSOTf
(109 pL, 133 mg, 0.6 mmol). The reaction mixture was
stirred for 3 h, then it was poured into satursgdeous
NaHCGQ; and extracted with C}El,. The organic layer
was dried and evaporated as usual, and the residae

purified by  chromatography on silica gel
(hexanes/EtOAc), to afford tleaminophosphonate
derivatives.

N-(N-Benzoyl-O-benzyl-L -seryl)-2-
(diethoxyphosphoryl)glycine  Methyl Ester (7).
Obtained from compoun@d (80 mg, 0.2 mmol) according
to the General Procedure for the phosphorylatiaotien.
After  purification by rotatory = chromatography
(hexanes/EtOAc 50:50), compourfdwas isolated as a
1:1 diastereomer mixture (74 mg, 73%): Syrup; IR
(CHCL) Vmax 3419, 1748, 1684, 1660, 1508 ¢m'H
NMR (500 MHz, CDC}, 26 °C): &y 1.20-1.35 (6H, m),
3.64/3.68 (1H, ddJ = 7.9, 9.5 Hz/dd) = 7.3, 9.8 Hz),
3.79/3.80 (3H, s/s), 4.04/4.05 (1H, dds 4.0, 9.3 Hz/dd,
J=4.0, 9.5 Hz), 4.08-4.20 (4H, m), 4.60 (1HJd& 11.9
Hz), 4.65 (1H, dJ = 11.9 Hz), 4.88 (1H, m), 5.16/5.20
(1H, dd,J= 8.0, 21.8 Hz/ dd) = 7.3, 20.5 Hz), 7.14/7.15
(AH,d,J=7.0, 7.3 Hz), 7.367.40 (5H, m), 7.42 (2H, dd,
J=7.6,7.9 Hz), 7.51 (1H, dd,= 7.6, 7.9 Hz), 7.63/7.64
(1H, d,J = 8.8 Hz/d,J = 8.9 Hz), 7.80/7.81 (2H, brd,=
8.0 Hz/brd,J = 8.5 Hz);*C NMR (125.7 MHz, CDGJ,
26 °C): &c 16.2 (2x CHs, d, Jcp = 5.7 Hz), 50.95/51.00
(CH, d, Jcp = 147.2 Hz), 52.5/52.8 (CH), 53.2 (gH
63.8 (C"k, d,JC'p: 7.4 HZ), 63.9 (CH d,JC'p: 7.4 HZ),
69.2 (CH), 73.5/73.6 (ChH), 127.1 (2x CH), 127.8 (CH),
127.9 (2x CH), 128.5 (2x CH), 128.6 (2x CH), 131.9
(CH), 133.5 (C), 137.1/137.2 (C), 166.8 (C), 16¥674.3
(C), 169.8/170.2 (C, dlcp = 6.4 Hz); HRMS calcd for
C,4H31N,OgP [M7], 506.1818; found, 506.1831.

Scheme 6. Synthesis of the phosphorylation prodli2t
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N-(N-Benzyloxycar bonyl-L -leucyl)-2-
(diethoxyphosphoryl)glycine Methyl Ester  (20).

Obtained from compoundll (73 mg, 0.2 mmol)
according to the General Procedure for the
phosphorylation reaction. After purification by attry
chromatography (hexanes/EtOAc 50:50), compodgd
(68 mg, 72%) was isolated as a 1:1 diastereometursix
Syrup; IR (CHC)) v 3429, 1746, 1719, 1688, 1507
m4*H NMR (500 MHz, CDCJ, 26°C): &, 0.92 (6H, d,
J=6.3 Hz), 1.251.32 (6H, m), 1.51 (1H, m), 1.6Q.73
(2H, m), 3.77 (3H, s), 4.658.20 (4H, m), 4.34 (1H, m),



5.09 (2H, s), 5.15/5.17 (1H, [dd,= 8.8 Hz,Jyp = 22.4
Hz/ dd,J = 8.9 Hz,Jyp = 22.3 Hz]), 5.47 (1H, br b), 7.20
(1H, br d,J = 7.9 Hz), 7.287.35 (5H, m).}*C NMR
(100.6 MHz, CDCJ, 26 °C): 8¢ 16.2 (2% CH,, d, Jcp =
5.7 Hz), 21.8 (CH), 22.8 (CH), 24.6 (CH), 41.5 (CH),
50.6 (CH, d,Jcp = 147.9 Hz), 52.97/53.03 (GH
53.44/53.51 (CH), 63.7 (GHd, Jcp = 7.0 Hz), 63.9
(CH,, d,Jcp = 5.2 Hz), 67.0 (Ch), 127.9 (CH), 128.1 (2
x CH), 128.5 (2x CH), 136.2 (C), 156.0 (C), 166.9 (C),
172.1 (C); HRMS calcd for GH3sN,OgP [M*], 472.1975;
found, 472.1978.

Scheme 7. Simplified procedure for thpreparation of the
scission-phosphorylation produt2
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General Procedure for the Simplified Scission

—Phosphorylation Process. To a solution of the starting
material (0.2 mmol) in dry dichloromethane (8 mLasv
added iodine (51 mg, 0.2 mmol) and lead tetraaeetat
(LTA, 178 mg, 0.4 mmol). The reaction mixture was
stirred for 1 h at room temperature (2€) under
irradiation with visible light (80-W tungsten-filaant
lamp). Then the reaction mixture was poured int€610
aqueous N#&,0; and extracted with Ci€l,, and the
solvent was dried and evaporated as usual. Therifiedu
residue was dissolved in dry GEl, (8 mL), the solution
was cooled to OC and triethylphosphite (174L, 166
mg, 1 mmol) and TMSOTf (10QL, 133 mg, 0.6 mmol)
were added. The reaction mixture was stirred for hen

it was poured into saturated aqueous NaklCGihd
extracted with ChLCl,. After usual solvent drying and
evaporation, the residue was purified by chromatplgy
on silica gel (hexanes/EtOAc), to afford the-
aminophosphonate derivatives.

N-(N-Benzyloxycar bonyl-L -leucyl)-2-(diethoxy
phosphoryl)glycine Methyl Ester (12). Obtained from
Cbz-Leu-Ser-OMe 10) (73 mg, 0.2 mmol) according to
the General Procedure for the scission-phospharylat
reaction. After purification by rotatory chromataghy
(hexanes/EtOAc 50:50), compoutd (67 mg, 71%) was
isolated as a 1:1 diastereomer mixture.

Scheme 8. Synthesis of the scissiophosphorylatiori8
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N-(N-Benzyloxycar bonyl-L-leucyl-L-leucyl)-2-
(diethoxy phosphoryl)glycine Methyl Ester (18).
Obtained from compoundl7 (80 mg, 0.2 mmol)
according to the Simplified ScissieRhosphorylation
Procedure. After purification by rotatory chromaimghy
(hexanes/EtOAc 40:60), compou8@ was isolated as a
1:1 diastereomer mixture (71 mg, 61%): Syrup; IR
(CHCly) Vinax 3426, 3318, 1747, 1712, 1678, 1506 tm
'H NMR (500 MHz, CDC}, 26 °C): 3, 0.85-0.92 (12H,
m), 1.241.35 (6H, m), 1.561.70 (6H, m), 3.75/3.77
(3H, s/s), 4.134.25 (5H, m), 4.61/4.69 (1H, m/m), 5.09
(2H, s), 5.13/5.16 (1H, m/m), 5.49/5.68 (1H, Jd= 7.9
Hz/ d,J = 7.9 Hz]), 6.66/6.76 (1H, [dl = 8.2 Hz/ dJ =
7.6 Hz], 7.26-7.35 (5H, m), 7.34/7.56 (1H, [m/X 8.5
Hz]); **C NMR (125.7 MHz, CDGJ 26°C): ¢ 16.2 (2%
CHs, d, Jcp = 5.8 Hz), 21.8 (Ch), 22.0/22.1 (CH),
22.7/22.8 (CH), 22.9 (CH), 24.5 (CH), 24.6 (CH), 41.1
(CHyp), 41.2 (CH), 50.5/50.6 (CH, [dJcp = 146 Hz/ d,
Jep = 147.2 Hz), 51.4/51.5 (CH), 53.0/53.1 (gH
53.4/53.5 (CH), 63.6 (CKld, Jcp= 7.4 Hz), 63.9 (CH
d, Jcp = 6.4 Hz), 67.0 (Ch), 128.0 (2x CH), 128.1
(CH), 128.4 (2x CH), 136.2 (C), 156.3 (C), 166.8/166.9
(C), 171.8 (C), 172.3/272.5 (C); HRMS calcd for
Cy7H4N30P [M7], 585.2815; found, 585.2804.

Preparation of Dehydroamino Acids.

Scheme 9. Preparation of the HWE produgt
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General Procedures for the Horner-Wadsworth-
Emmons Reaction. Method A. To a solution of thex-
phosphonate (0.2 mmol) in dry GEl, (2 mL) was added
a solution of DBU (151 pL, 76 mg, 0.5 mmol) in dry
CH.CI, (1 mL). The reaction mixture was stirred for 10
min, and then was added the aldehyde (0.4 mmadyyn
CH.CI, (1 mL). After stirring for 16 h, the solution was
poured into saturated aqueous NaHCanhd extracted
with CH,Cl,. The organic layer was dried over sodium
sulfate, filtered and evaporated under vacuum. The
residue was purified by chromatography on silica ge
(hexanes/EtOAc) affording the dehydroamino acid
derivatives.

Method B. To a solution of the amino phosphonate
(0.2 mmol) in dry acetone (4 mL) was added DBU (302
pL, 152 mg, 1.0 mmol). The reaction mixture wasreti
for 24 h, followed by work-up and purification as
described for Method A, giving the dehydroaminodaci
derivatives.

(2)-(N-Benzoyl-O-benzyl-L -seryl)-a,B-dehydr o-5-
(phenyl)norvaline Methyl Ester (8). Obtained from the
amino phosphonate7 (101 mg, 0.2 mmol) and
hydrocinnamaldehyde (53 puL, 54 mg, 0.4 mmol),
according to the General HWE Procedure, Method A.
After  purification by column  chromatography
(hexanes/EtOAc 65:35), compouBd(81 mg, 83%) was
isolated as a syrup;a]p = +12 € 0.52, CHC)); IR
(CHCL) Vmax 3409, 1722, 1695, 1659, 1506 ¢m'H
NMR (500 MHz, CDC}, 26 °C): &, 2.39 (2H, dddJ =
6.6, 7.6, 7.6 Hz), 2.69 (2H, dd= 7.6, 7.6 Hz), 3.63 (1H,
dd,J = 7.6, 9.1 Hz), 3.66 (3H, s), 4.00 (1H, dds 4.1,
9.2 Hz), 4.54 (1H, dJ = 11.7 Hz), 4.58 (1H, d] = 11.8
Hz), 4.83 (1H, m), 6.67 (1H, dd,= 7.3, 7.6 Hz), 7.09
(1H, br b), 7.10 (2H, dd]1 = 7.8, 7.9 Hz), 7.11 (1H, dd,
=7.4, 78 Hz), 7.19 (2H, dd,= 7.6, 7.8 Hz), 7.24 (1H,
m), 7.257.28 (4H, m), 7.37 (2H, dd] = 7.8, 7.9 Hz),
7.46 (1H, ddJ= 7.6, 7.8 Hz), 7.74 (2H, d,= 7.5 Hz),
7.88 (1H, br b)*C NMR (125.7 MHz, CDG| 26°C): 5¢
30.3 (CH), 34.1 (CH), 52.3 (CH), 52.9 (CH), 69.3
(CHp), 73.6 (CH), 125.2 (C), 126.1 (CH), 127.1 (2
CH), 127.9 (2x CH), 128.0 (CH), 128.3 (2 CH), 128.4
(2 x CH), 128.5 (2x CH), 128.6 (2x CH), 131.9 (CH),
133.5 (C), 137.2 (C), 137.8 (CH), 140.8 (C), 16433,
167.3 (C), 168.7 (C); HRMS calcd fobdEl3N,Os [M 1],
486.2155; found, 486.2147.

Scheme 10. Preparation of the HWE produ@t
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(2)-(N-Benzoyl-O-benzyl-L-seryl)-a,B-dehydro
valine Methyl Ester (9). Obtained from the amino
phosphonate7 (101 mg, 0.2 mmol), according to the
General HWE Procedure, Method B. After purificatipn
column chromatography (hexanes/EtOAc  60:40),
compoundd (47 mg, 57%) was isolated as a syrugp[=
+16 (€ 0.56, CHC)); IR (CHCL) vyax 3414, 1723, 1687,
1658, 1507 cit; *H NMR (500 MHz, CDCJ, 26 °C): 34
1.78 (3H, s), 2.15 (3H, s), 3.68 (1H, m), 3.69 (3H,
4.08 (1H, ddJ = 4.4, 9.5 Hz), 4.61 (1H, d,= 11.7 Hz),
4.68 (1H, dJ = 11.8 Hz), 4.87 (1H, m), 7.19 (1H, d=
6.0 Hz), 7.32 (1H, m), 7.33.36 (4H, m), 7.44 (2H, dd,
=7.6,7.8 Hz), 7.52 (1H, dd,= 7.0, 7.8 Hz), 7.81 (2H, d,
J = 7.9 Hz), 7.86 (1H, brb)’*C NMR (125.7 MHz,
CDCl;, 26 °C): dc 21.2 (CH), 22.3 (CH), 51.7 (CH),
52.6 (CH), 69.3 (Ch), 73.7 (CH), 120.7 (C), 127.1 (2
CH), 127.9 (2x CH), 128.1 (CH), 128.5 (2 CH), 128.6
(2 x CH), 131.9 (CH), 133.6 (C), 137.2 (C), 145.9 (C),
164.9 (C), 167.3 (C), 168.9 (C); HRMS calcd for
CogH26N205 [M™] 410.1842, found 410.1829.

Scheme 11. Preparation of the HWE produt3
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(2)-(N-Benzyloxycar bonyl-L -leucyl)-a,B-
dehydrophenylalanine Methyl Ester (13).' Obtained
from the amino phosphonaf® (94 mg, 0.2 mmol) and
benzaldehyde (41 pL, 42 mg, 0.4mmol) accordinthéo
General HWE Procedure, Method A. After purification
rotatory chromatography (hexanes/EtOAc  80:20),
compoundl3 (71 mg, 84%) was isolated as a syrudp[
= -11 ( 0.30, CHC)); IR (CHCk) vnyax 3430, 1716,
1705, 1504 cit; *H NMR (500 MHz, CDCJ, 26 °C): &y
0.94 (3H, d,J = 7.3 Hz), 0.95 (3H, d) = 6.3 Hz), 1.54
(1H, m), 1.76:1.78 (2H, m), 3.80 (3H, s), 4.35 (1H, m),
5.09 (1H, dJ=12.6 Hz), 5.13 (1H, dl = 12.0 Hz), 5.26
(1H, d,J= 8.2 Hz), 7.297.34 (8H, m), 7.41 (1H, s), 7.45
(2H, m), 7.74 (1H, br b)**C NMR (125.7 MHz, CDGJ,
26°C): ¢ 22.0 (CH), 22.8 (CH), 24.6 (CH), 40.6 (Ch),
52.6 (CH), 53.7 (CH), 67.2 (C}}, 123.8 (C), 128.0 (2
CH), 128.2 (2x CH), 128.5 (4x CH), 129.5 (CH), 129.7
(CH), 132.9 (CH), 133.5 (C), 136.0 (C), 156.4 (1¥5.4
(C), 170.8 (C); HRMS calcd for £HygN,Os [M7],
424.1998; found, 424.1982.

1 Buck, R. T.; Clarke, P. A.; Coe, D. M.; Drysdalé, J.; Ferris, L.;
Haigh, D.; Moody, C. J.; Pearson, N. D.; Swann,(Bem. Eur. J.
2000, 6, 21606-2167.



Scheme 12. Preparation of the HWE produt4
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(Z)-(N-Benzyloxycar bonyl-L -leucyl)-a,B-dehydro
leucine Methyl Ester (14). Obtained from the amino
phosphonatd2 (94 mg, 0.2 mmol) and isobutyraldehyde
(387 pL, 29 mg, 0.4 mmol), according to the GenkENIE
Procedure, Method A. After purification by column
chromatography (hexanes/EtOAc 85:15), compodfd
(62 mg, 79%) was isolated as a syrugp[=—25 (€ 0.19,
CHCly); IR (CHCE) vimay 3430, 1717, 1701, 1508 cin
'H NMR (500 MHz, CDC}, 26 °C): &, 0.95 (6H, d,J =
6.3 Hz), 1.00 (3H, dJ = 6.6 Hz), 1.02 (3H, dJ = 6.3
Hz), 1.56 (1H, m), 1.691.78 (2H, m), 2.54 (1H, m), 3.72
(3H, s), 4.34 (1H, m), 5.11 (2H, s), 5.38 (1HJ&5 7.3
Hz), 6.51 (1H, dJ = 10.4 Hz), 7.287.37 (5H, m), 7.51
(1H, br b).**C NMR (100.6 MHz, CDG|, 26°C): 3¢ 21.5
(CHg), 21.6 (CH), 21.9 (CH), 22.9 (CH), 24.7 (CH),
27.9 (CH), 41.1 (Ch), 52.2 (CH), 53.6 (CH), 67.1
(CHyp), 122.9 (C), 127.9 (& CH), 128.1 (CH), 128.5 (2
CH), 136.1 (C), 146.0 (CH), 156.3 (C), 165.0 (CJ12
(C); HRMS calcd for GHsoN,O5 [M*], 390.2155; found,
390.2163.

Scheme 13. Preparation of the HWE produth
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(2)-(N-Benzyloxycar bonyl-L -leucyl)-a,3-

dehydrovaline Methyl Ester (15). Obtained from the
amino phosphonat&2 (94 mg, 0.2 mmol), according to
the General HWE Procedure, Method B. After
purification by column chromatography (hexanes/EtOA
75:25), compoundl5 (49 mg, 65%) was isolated as a
syrup; p]o =-39 (€ 0.13, CHC)); IR (CHCk) Vyax 3428,
1718, 1507 cit; *H NMR (500 MHz, CDCJ, 26°C): 34
0.93 (3H, d,J = 6.0 Hz), 0.94 (3H, dJ = 6.3 Hz), 1.54
(AH, m), 1.6#1.73 (2H, m), 1.76 (3H, s), 2.12 (3H, s),
3.67 (3H, s), 4.30 (1H, m), 5.09 (2H, brs), 5.38l,(brb),
7.26-7.38 (5H, m), 7.50 (1H, brb)**C NMR (125.7
MHz, CDCk, 26 °C): &: 21.2 (CH), 22.1 (CH), 22.4
(CHs), 22.8 (CH), 24.7 (CH), 40.9 (Ch), 51.6 (CH),
53.5 (CH), 67.1 (Ch, 120.7 (C), 128.0 (% CH), 128.2

12

(CH), 128.5 (2x CH), 136.1 (C), 146.3 (C), 156.3 (C),
164.9 (C), 170.9 (C); HRMS calcd fokdEl,gN,0s [M 1],
376.1998; found, 376.2004.

Scheme 14. Preparation of the HWE produbé
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(2)-(N-Benzyloxycar bonyl-L -leucyl)-a,B-dehydr o-5-
(phenyl)norvaline Methyl Ester (16). Obtained from the
amino phosphonatel2 (94 mg, 0.2 mmol) and
hydrocinnamaldehyde (53 pL, 54 mg, 0.4mmol),
according to the General HWE Procedure, Method A.
After  purification by column  chromatography
(hexanes/EtOAc 75:25), compoufl (67 mg, 74%) was
isolated as a syrup;a]p = -27 (€ 0.24, CHC)); IR
(CHCL) vimax 3420, 1716, 1703, 1504 cin*H NMR (500
MHz, CDCk, 26 °C): &y 0.95 (6H, d,J = 6.6 Hz), 1.53
(1H, m), 1.651.75 (2H, m), 2.45 (2H, m), 2.77 (2H, dd,
J=7.2,7.6 Hz), 3.73 (3H, s), 4.25 (1H, m), 5.08i(4,J
= 12.6 Hz), 5.12 (1H, d) = 12.0 Hz), 5.17 (1H, br b),
6.72 (1H, ddJ = 7.6, 7.6 Hz), 7.177.21 (4H, m), 7.28
(2H, dd,J = 7.3, 7.3 Hz), 7.337.40 (5H, m);"*C NMR
(100.6 MHz, CD{, 26 °C): 8¢. 21.9 (CH), 22.9 (CH),
24.7 (CH), 30.3 (Ch, 34.1 (CH), 41.2 (CH), 52.3
(CHg), 53.7 (CH), 67.1 (Ch), 125.2 (C), 126.1 (CH),
128.0 (2x CH), 128.2 (CH), 128.4 (& CH), 128.44 (X
CH), 128.49 (2x CH), 136.1 (C), 137.8 (CH), 140.9 (C),
156.2 (C), 164.6 (C), 170.8 (C); HRMS calcd for
CagH3N,05 [M™], 452.2311; found, 452.2297.

Scheme 15. Preparation of the HWE produt®
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(2)-(N-Benzyloxycar bonyl-L-leucyl-L -leucyl)-a,B-
dehydro-5-(phenyl)norvaline Methyl Ester (19).
Obtained from the amino phosphond& (117 mg, 0.2
mmol) and hydrocinnamaldehyde (53 pL, 54 mg, 0.4
mmol), according to the General HWE Procedure,
Method A. After purification by column chromatogtgp
(hexanes/EtOAc 40:60), compouf (76 mg, 67%) was
isolated as a syrup;a]p = =50 (c 0.26, CHC)); IR
(CHCL) Vmax 3422, 1716, 1504 cth 'H NMR (500
MHz, CDCk, 26 °C): &4 0.81-0.87 (12H, m), 1.381.71
(6H, m), 2.352.40 (2H, m), 2.652.72 (2H, m), 3.64
(3H, s), 4.13 (1H, m), 4.45 (1H, ddd,= 6.0, 8.2, 8.2

Hz), 4.98 (1H, dJ = 11 Hz), 5.03 (1H, dJ = 12.0 Hz),
5.24 (1H, br dJ = 7.6 Hz), 6.58 (1H, br d] = 8.2 Hz),
6.62 (1H, dd,J = 7.3, 7.3 Hz), 7.167.14 (3H, m),
7.19-7.30 (7H, m), 7.50 (1H, br b)*C NMR (125.7
MHz, CDCk, 26 °C): 8¢ 21.8 (CH), 22.0 (CH), 22.8
(CHs), 22.9 (CH), 24.7 (2x CH), 30.2 (CH), 34.1
(CH,), 40.6 (CH), 41.1 (CH),. 51.8 (CH), 52.3 (C¥),
53.6 (CH), 67.2 (CH), 125.3 (C), 126.1 (CH), 128.1
CH), 128.2 (CH), 128.4 (2 CH), 128.5 (4x CH), 136.0
(C), 137.8 (CH), 140.9 (C), 156.4 (C), 164.6 (CJ01
(C), 172.5 (C); HRMS calcd for HiNsOg [MT],
565.3152; found, 565.3165.
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