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unit from the solid-support, which was not realized in the
previous system based on the 4-position anchoring,

2.5. Recycling of the Wang resin-supported auxiliary 23

The recycling of the expensive auxiliary is one of the key
points in the development of the polymer-supported chiral
auxiliary. However, the recycling of the polymer-supported
Evans’ oxazolidinone has been reported in only one case of
solid-phase 1,3-dipo]zu'—c:ycloaddition,14h with a consider-
able reduction of regio- and stereo-selectivity depending on
the cycle number up to three, although the reason was
unclear.

Hence, the ability of recycling of the Wang resin-supported
chiral auxiliary 23 was studied in the solid-phase asym-
metric allylation, mentioned above, to obtain w-allylated
carboxylic acid 26c (Fig. 4). After the first cycle of
allylation, the recovered chiral auxiliary resin 23 was
washed and dried, then N-acylation with 3-phenylpropionic
acid gave the corresponding carboximide resin 25a again.
After the continuous second to fourth solid-phase asym-
metric allylation, the desired product 26¢ was obtained in
high enantioselectivity (96% ee each) (Table 2). Throughout
these cycles, the product’s stereoselectivity was maintained
successfully, although the yield gradually decreased about
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Figure 4. Recycling of the chiral auxiliary resin 23

Table 2. Recycling of the Wang resin-supported chiral oxazolidinone 23 in
Evans' asymmetric allylation

Cycle Yield® (%) ee® (%)
1 68 96
2 59 96
3 49 96
4 42 96

* Combined yield of 3 steps starting from oxazolidinone resin 23.
b Determined by chiral HPLC analysis after conversion to the correspond-
ing (S)-a-phenylethylamides.

8% in each cycle. After the fourth cycle, the resin was
cleaved by methanolysis to measure the amount of the
residual auxiliary. Methyl ester 24, which corresponds to the
chiral auxiliary on the resin, was obtained in 71% yield
along with the 22% of undesired N-allylated oxazolidinone
27.*% This indicated that the reduced yield obtained after
recycling was due to the formation of byproduct 27, in
which the substrate-loading site was completely blocked by
the allyl group (Fig. 4). It is thought that this unfavorable
side reaction was induced by the partial elimination of the
N-acyl moiety during enolate-alkylation steps. In fact, from
detailed analysis of our solution-phase model experiment,
6% of N-allylated byproduct formation was detected.
Therefore, the reaction conditions should be carefully
adjusted to minimize unfavorable N-alkylation of the
oxazolidinone resin.

3. Conclusion

In the development of an efficient tool to prepare versatile
chiral synthon, we designed and synthesized Wang resin-
supported Evans’ chiral oxazolidinone derivative based on
the novel polymer-anchoring strategy, which utilizes the
5-position of the oxazolidinone ring. Solid-phase asym-
metric Evans’ enolate-alkylation reaction on this auxiliary
resin proceeded successfully and a series of chiral
a-branched carboxylic acids was obtained in high stereo-
selectivities (up to 97% ee), which are parallel to those
obtained in the comparative classical solution-phase
experiments. Therefore, this is the first successful example
that Bvans’ asymmetric alkylation reaction proceeded
efficiently on a solid-support. Furthermore, recycling of
this polymer-bound chiral auxiliary was achieved by
maintaining stereoselectivity of the product. This newly
developed solid-support auxiliary provides a variety of
chiral a-branched carboxylic acid derivatives, which would
be valuable synthetic building blocks in Medicinal
Chemistry.* These results also suggest the significance of
the polymer-anchoring strategy of chiral auxiliary to
perform the satisfactory asymimetric induction in solid-
phase organic synthesis. Further application studies to other
solid-phase Evans’ asymmetric reactions are now in
progress.

4. Experimental
4.1. General

NMR spectra ('H and '*C) were recorded on a JEOL JNM-
AL300 ('H: 300 MHz; '*C:75.5 MHz) or a Varian UNITY
INOVA 400NB ('H: 400 MHz; '*C: 100 MHz) spec-
trometer and the chemical shift values were expressed in
parts per million downfield from tetramethylsilane (TMS)
as an internal standard. All coupling constants (J values)
were reported in Hertz (Hz). Infrared (IR) spectra were
recorded using a Shimadzu FT-IR-8300 Fourier Transform
Infrared Spectrophotometer. Melting points were taken on a
micro hot-stage apparatus (Yanagimoto) and were uncor-
rected. Mass spectra (MS) were obtained by electron impact
(ED) ionization methods on JEOL GCmate MS-BU20.
Elemental analyses were done on a Perkin-Elmer Series



T. Kotake et al. / Tetrahedron 61 (2005) 3819-3833 3825

CHNS/Q Analyzer 2400. Specific rotations were recorded
on a Horiba High-speed Accurate Polarimeter SEPA-300
with a sodium lamp and are reported as follows: [al}
(¢ g/100 mL, solvent). The enantiomeric excess was
determined by chiral HPLC analysis with JASCO HPLC
systems consisting of the following: pump, 880-PU;
detector, 875-UV, measured at 230 nm; column, Chiralcel®
OD normal phase column (4.6 X250 mm; Daice] Chemical
Ind., Ltd, Tokyo, Japan); mobile phase, n-hexane/EtOH;
flow rate, 1.0 mL/min. Solvents used for HPLC analysis
were of HPLC grade. Organic extracts were dried over
sodium sulfate (Na,SQy), filtered, and concentrated using a
rotary evaporator at <40 °C bath temperature. Solids and
involatile oils were vacuum dried at <2 mmHg. Solution-
and solid-phase asymmetric alkylation reactions were
carried out under Ar atmosphere, using anhydrous THF in
flame-dried glassware. In the case of solid-phase asym-
metric alkylation reactions, immobilized substrates were
agitated by a slow stirring under Ar atmosphere.

4.2. Materials

Commercially available chemicals were obtained from
Wako Pure Chemical Industries, Ltd (Osaka, Japan),
Nacalai Tesque, Inc. (Kyoto, Japan), Aldrich Chemical
Co., Inc. (Milwaukee, WI) and Tokyo Kasei Kogyo Co., Ltd
(Tokyo, Japan), and used without further purification.
Exceptionally, triethylamine was distilled from CaH,
under Ar atmosphere and stored over KOH (pellet).
Dehydrated MeOH and THF were purchased from Kanto
Chemical Co., Inc. (Tokyo, Japan) and stored over pre-
activated pellet-type molecular sieves 3A and 4A,
respectively. Wang resin (0.80 mmol/g, styrene~1%DVB,
200-400 mesh) was purchased from Watanabe Chem. Ind.,
Ltd (Hiroshima, Japan). Boc-Apns-OH and H-Pns-OH were
purchased from Nippon Kayakn (Tokyo, Japan). Boc- and
Fmoc-Pns-OH were prepared from H-Pns-OH by the
standard procedure. NaHMDS was used as supplied
(Aldrich) as a solution in THF (1.0 M). Column chroma-
tography was carried on Merck 107734 silica gel 60
(70-230 mesh). Analytical thin layer chromatography
(TLC) was performed using Merck 105715 silica gel 60
F)s4 precoated plates (0.25 mm thickness) and compounds
were visualized by UV illumination (254 nm) and by
heating after dipping in 10% ethanolic solution of
phosphomolybdic acid or after spraying ca. 0.7% ethanolic
solution of ninhydrin. Preparative TLC was done with
Merck 105717 silica gel 60 Fas4 plate (2.0 mm thickness).

4.3. Synthesis of cis-configured oxazolidinone 9 and N-3-
phenylpropionylated carboximide 10

4.3.1. Benzyl N-{{25,35)-3-[(tert-butoxycarbonyl)-
amino]-2-hydroxy-4-phenylbutanoyl}piperidine-4-car-
boxylate 8. To a solution of Boc-Apns-OH 6 (4.0g,
13.5 mmol), benzyl piperidine-4-carboxylate HCl 7 (4.1 g,
16.2 mmol) and HOBt-H,0 (7.7 g, 16.2 mmol) in DMF
(68 mL) was added EDC-HCI (3.1 g, 16.2 mmol) in parts at
0°C. After stirring for 0.5 h at the same temperature, Et;N
(7.0 mL,, 16.2 mmol) was added dropwise, then the reaction
mixture was stirred overnight at room temperature. The
solution was diluted with AcOEt and washed consecutively
with 5% citric acid aq, 5% NaHCO; aq, water (X2) and

brine. After the organic layer was dried over Na;SO,, the
solvent was removed under reduced pressure. The resulting
white powder 8 (5.5 g, 82%) was used for the next reaction
without any purification. Ry=0.44 (n-hexane/AcOEt=1:1);
mp 37-39°C; '"H NMR (400 MHz, CDCl;) 6 7.41-7.14
(m, 10H), 5.16, 5.13 (2d, 0.5X2H, J=12.3 Hz), 5.12 (s,
0.5 X 2H), 5.06 (br d, 0.5H, J=8.4 Hz), 5.02 (br d, 0.5H,
J=9.0Hz), 4.58 (d, 0.5H, J=2.2 Hz), 4.55 (d, 0.5H, J=
2.2 Hz), 4.22-3.92 (m, 4H), 3.14, 3.06 (2ddd, 0.5 X2H, J=
13.7, 11.2, 3.1 Hz), 2.88, 2.54 (2ddd, 0.5X2H, /=134,
11.2, 3.1 Hz, partially overlapping with the next signal),
2.71-2.51 (m, 3H), 2.08-1.21 (m, 4H), 1.38 (s, 0.5X9H),
1.37 (s, 0.5X9H); '*C NMR (75.5 MHz, CDCly) 6 173.5,
173.5, 169.9, 169.6, 155.6, 137.8, 1357, 129.2, 129.1,
128.6, 128.4, 128.3, 128.2, 128.1, 126.5, 126.4, 79.6, 77.2,
69.9, 69.8, 66.5, 54.1, 53.4, 44.1, 42.0, 42.0, 40.7, 344,
34.2, 283, 27.6; [a)¥=+163 (c 0.64, CHCl3); FT-IR
(CHCIs) v,0, 3690, 3441, 3038, 1728, 1699, 1639, 1497,
1367, 1238, 1169, 698 cm™'; HRMS (EI): found M™
496.2576, CagHzN,Og requires M T 496.2573. Anal. Caled
for CagHigN,0g: C, 67.72; H, 7.31; N, 5.64; found: C,
67.69; H, 7.46; N, 5.58.

4.3.2. Benzyl N-[(4S,55)-4-benzyl-1,3-oxazolidin-2-one-
5-carbonyl]piperidine-4-carboxylate 9. Compound 8
(5.4 g, 10.9 mmol) was treated with 4 M HCl/dioxane
(45.0 mL) at 0 °C, and the reaction mixture was stirred at
room temperature for 2.5 h. After the solvent was removed
under reduced pressure, the obtained colorless oil was
dissolved in anhydrous THF (110 mL). To this solution was
added Et;N (2.3 mL, 16.4 mmol) dropwise at 0 °C, followed
by CDI (2.7 g, 16.4 mmol). The cloudy reaction mixture
was stirred overnight at room temperature, diluted with
AcQEt, and washed consecutively with 5% citric acid aq,
5% NaHCO; ag, water and brine. After the organic layer
was dried over Na,SQy, the solvent was removed under
reduced pressure and the residue was applied to silica-gel
column chromatography (n-hexane/AcOEt=1:10) to yield
9 as a white powder (4.0 g, 86% for 2 steps). Ry=0.27
(n-hexane/AcOBt=1:10); mp 136-137°C; 'H NMR
(400 MHz, CDCl3) § 7.40-7.14 (m, 10H), 5.41 (d, 0.5H,
J=17.9 Hz), 5.39 (d, 0.5H, J=8.1 Hz), 5.15 (s, 0.5X2H),
5.14 (s, 0.5X2H), 4.98 (brs, 0.5H), 4.92 (br s, 0.5H), 4.46,
4.23 (2dtd, 0.5X2H, J=13.6, 4.0,1.5 Hz, partially over-
lapping with the next signal), 4.28-4.18 (m, 1H), 3.76 (m,
0.5X2H), 3.25, 3.11 (2ddd, 0.5X2H, J=13.6,
10.3,3.3 Hz), 2.92-2.53 (m, 3H), 2.87-2.71 (m, 0.5 X2H,
partially overlapping with the next signal), 2.05-1.93 (m,
2H), 1.80-1.62 (m, 2H); *C NMR (75.5 MHz, CDCls) &
1734, 173.4, 163.8, 163.7, 1574, 157.3, 135.8, 135.6,
129.2, 129.1, 129.1, 128.9, 128.6, 128.4, 128.1, 127.3,
127.2, 75.1, 74.9, 66.5, 55.5, 55.4, 44.1, 43.9, 41.5, 41.2,
40.8, 400, 37.4, 37.3, 28.1, 28.1, 27.6, 27.4; [a)F = — 58.4
(c 1.01, CHCly); FT-IR (CHCl3) v,.x 3030, 3020, 1774,
1730, 1666, 1231, 1207, 800, 791, 768, 714, 675cm ™ ';
HRMS (BD): found M™ 422.1843, Co,H,6N,05 requires
M™ 422.1841. Anal. Caled for CoaHagN2Os: C, 68.23; H,
6.20; N, 6.63; found: C, 68.14; H, 6.28; N, 6.49.

4.3.3. Benzyl N-[(45,55)-4-benzyl-(3-phenylpropionyl)-
1,3-oxazolidin-2-one-5-carbonyl]piperidine-4-carboxyl-
ate 10. To a solution of 3-phenylpropionic acid (1.8 g,
11.7 mmol) in anhydrous THF (30 mL) was added Et;N
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(3.1 mL, 22.5 mmol) and trimethylacetylchloride (1.3 mL,
10.8 mmol) dropwise at — 18 °C. The reaction mixture was
stirred at the same temperature for 0.5 h, then anhydrous
LiCl (420 mg, 9.9 mmol) was added, followed by the slow
addition of a solution of oxazolidinone 9 (3.8 g, 9.0 mmol)
in anhydrous THF (20 mL). After the addition was
completed, the reaction mixture was stirred overnight at
room temperature. The solution was poured into ice-cold
satd NaHCO5 ag and the organic phase was extracted with
AcOEt, washed with water and brine, and dried over
Na,S0,. The solvent was removed under reduced pressure,
and the resulting oil was applied to silica-gel column
chromatography (#-hexane/AcOEt=4:1) to yield the
desired compound 10 as a white solid (4.7 g, 95%). Rs=
0.48 (1-hexane/AcOEt=1:1); mp 153-155°C; 'H NMR
(400 MHz, CDCly). Major isomer 6 7.41-7.04 (m, 15H),
5.11-5.09 (m, 1H), 5.07 (s, 2H), 4.92-4.87 (m, 1H), 4.36-
4.33 (m, 1H), 3.36-3.26 (m, 2H), 3.11-2.93 (m, 6H), 2.22
(tt, 1H, J=11.2, 3.7 Hz), 2.10 (td, 1H, J=12.6, 3.1 Hz),
1.89-1.85 (m, 1H), 1.63-1.38 (m, 3H); minor isomer 1)
7.41-7.04 (m, 15H), 5.11-5.09 (m, 3H), 4.92-4.87 (m, 1H),
3.59 (ddd, 1H, J=13.6, 6.4, 4.0 Hz), 3.36-3.20 (m, 2H),
3.11-2.93 (m, 4H), 3.14, 2.87 (2ddd, 2H, J=134, 8.3,
3.7 Hz, partially overlapping with the next signal), 2.71-
2.64 (m, 1H), 2.47-2.41 (m, 1H), 1.77-1.70 (m, 1H), 1.63-
1.38 (m, 2H), 0.98-0.89 (m, 1H); >C NMR (75.5 MHz,
CDCl,) 6 173.2, 172.9, 171.9, 171.9, 162.0, 161.9, 151.7,
151.6, 140.2, 1357, 135.6, 135.5, 129.6, 129.5, 128.7,
128.6, 128.6, 128.5, 128.4, 1284, 128.1, 127.2, 127.],
126.3, 73.3, 66.5, 66.4, 57.6, 57.5, 43.3, 43.1, 41.1, 40.8,
40.4, 39.0, 36.9, 34.2, 34.2, 30:1, 27.5, 27.2, 26.8, 26.1;
[a)E = —25.2 (¢ 1.16, CHCl3); FT-IR (CHCl3) 7inax 1790,
1730, 1701, 1670, 1454, 1375, 1173, 718, 696 em™
HRMS (EI): found Mt 5542410, CasH34N,O¢ requires
M 554.2416. Anal. Calcd for C3sH3sN20¢: C, 71.46; H,
6.18; N, 5.05; found: C, 71.51; H, 6.40; N, 4.84.

4.3.4. Deuterium labeling study of the carboximide 10.
Under Ar atmosphere, the solution of the carboximide 10
(146.5 mg, 0.264 mmol) in anhydrous THF (2.6 mL) was
cooled to —78 °C (MeOH-dry ice bath), and LDA (1.8 M
solution in heptane/THF/ethylbenzene, 0.18 mL,
0.32 mmol) was added dropwise. After stirring for 0.5 h at
the same temperature, acetic acid-d (99at.% D) (0.31 mL,
5.28 mmol) was added slowly and the reaction mixture was
stirred for 1 h at room temperature. The solution was poured
into ice-cold satd NH,Cl aq and the organic phase was
extracted with AcOFEt, washed with 5% NaHCOj3-ag, water
and brine, and dried over Na,SO,. The solvent was removed
under reduced pressure, and the resulting oil was subjected
to preparative TLC (n-hexane/AcOEt=3:2, 2 times
development) to yield the products as a white powder
(124.7 mg, 85%). The content of deuterium-incorporated 12
was detected by NMR. Ry=0.53 (n-hexane/AcOEt=1:1);
mp 40—41°C; 'H NMR (400 MHz, CDCl3) ¢ 7.42~7.18
(m, 15H), 5.14, 5.10 (2d, 0.5X2H, J=123 Hz), 5.09 (s,
0.5X2H), 4.88 (d, 0.16H, J=4.6 Hz), 4.87 (4, 0.16H, J=
4.4Hz), 4.71-4.64 (m, 1H), 4.19 (d, 0.5H, J=13.6,
42 Hz), 4.13 (d, 0.5H, J=13.4, 4.2 Hz), 3.45-3.18 (m,
2.88H), 3.08-2.94 (m, 2H), 2.87-2.32 (m, 5H), 1.91-1.86
(m, TH), 1.65-1.38 (m, 2H and 0.5H), 1.18-1.10 (m, 0.5H);
13C NMR (100 MHz, CDCly) 8 173.3, 173.3, 172.1, 1721,
164.8, 164.7, 152.5, 152.4, 140.3, 140.3, 135.7, 135.6,

1352, 129.6, 129.5, 129.3, 129.3, 128.6, 128.6, 128.5,
128.4, 128.4,128.2, 128.1, 128.1, 127.7, 1262, 71.8, 71.6,
71.5 (t, J=24.1 Hz), 66.5, 66.5, 59.2, 59.1, 58.9, 58.8, 43.5,
43.3, 41.7, 41.6, 404, 40.3, 37.8, 37.7, 37.1, 37.0, 30.2,
282, 28.0, 27.4, 21.3; [a)¥=—15.1 (c 1.55, CHCl);
FT-IR (CHCl3) vpmax 1796, 1732, 1703, 1661, 1454, 1379,
1198, 1173, 772, 756, 727, 700, 679, 667 cm™'; HRMS
(ED: found M™¥ 555.2478, Cs3H33DNoOg requires MY
555.2479. Anal. Calcd for C33H33DN2062 C, 71.33; H+D,

6.35; N, 5.04; found: C, 71.26; H+D, 6.06; N, 4.99. ‘

4.4. Synthesis of trans-conﬁgufed oxazolidinone 14 and
N-3-phenylpropionylated carboximide 16

4.4.1. Benzyl N-[(4S,5R)-4-benzyl-1,3-oxazolidin-2-one-
5-carbonyllpiperidine-4-carboxylate 14. To a solution of
Boc-Pns-OH 13 (12.4 g, 42.0 mimol), benzyl piperidine-4-
carboxylate -HCl 7 (12.9 g, 50.4 mmol) and HOBt-H,0
(7.7 g, 50.4 mmol) in DMF (210 mL) was added EDC-HCI
(9.7 g, 50.4 mimol) in parts at 0 °C. After stirring for 0.5 h at
the same temperature, Bt;N (7.0 mL, 50.4 mmol}) was added
dropwise, then the reaction mixture was stirred overnight at
room temperature. The solution was diluted with AcOEt and
washed consecutively with 5% citric acid aq, 5% NaHCO;
aq, water (X2) and brine. After the organic layer was dried
over Na,SOy, the solvent was removed under reduced
pressure. The resulting white powder (20.0 g, 96%) was
used for the next reaction without any purification. Rg=0.52
(n-hexane/AcOEt=1:1); mp 34-36°C; 'H NMR
(400 MHz, CDCly) 6 7.38-7.21 (m, 10H), 5.17, 5.12 (24,
0.5X2H, J=12.5 Hz), 5.10 (s, 0.5 X 2H), 4.87 (br d, 0.5H,
J=10.8 Hz), 471 (br 4, 0.5H, J=10.3 Hz), 4.28-4.01 (m,
4H), 3.13-2.68 (m, 5H), 2.62-2.47 (m, 1H), 2.08-1.33 (m,
4H), 1.39 (s, 0.5%X9H), 1.38 (s, 0.5XSH); 3C NMR
(75.5 MHz, CDCls) 6 173.6, 173.3, 170.3, 155.3, 155.2,
137.9, 137.7, 135.8, 135.6, 129.3, 128.6, 128.5, 128.2,
128.1, 128.0, 126.7, 79.4, 66.9, 66.6, 66.3, 53.8, 53.1, 43.7,
433, 42.1, 41.7, 41.0, 40.2, 38.8, 38.6, 28.2, 27.5, 27.2,
27.1, 26.7; [¢]% = —20.0 (¢ 0.47, CHCls); FT-IR (CHCl;)
Ymax 3439, 3005, 1717, 1701, 1639, 1499, 1454, 1393, 1367,
1240, 1169, 700 cm™'; HRMS (EI): found M™ 496.2568,
CagH3gN2Og requires M* 496.2573. Anal. Caled for
CasH3eN20g: C, 67.72; H, 7.31; N, 5.64; found: C, 67.65;
H, 7.31; N, 5.90.

Obtained dipeptide (20.0 g, 40.3 mmol) was treated with
4 M HCl/dioxane (140 mL) at 0 °C, and the reaction mixture
was stirred at room temperature for 2.5 h. After the solvent
was removed under reduced pressure, the colorless oil
obtained was dissolved in anhydrous THF (400 mL). To this
solution was added Et;N (8.4 mL, 60.5 mmol) dropwise at
0 °C, followed by the addition of CDI (9.8 g, 60.5 mmol).
The cloudy reaction mixture was stirred overnight at room
temperature, diluted with AcOEt, and washed consecutively
with 5% citric acid aq, 5% NaHCO; aq, water and brine.
After the organic layer was dried over Na;SOy, the solvent
was removed under reduced pressure and the residue was
applied to silica-gel column chromatography (n-hexane/
AcOFEt=1:2) to yield 14 as a white powder (15.0 g, 88% for
2 steps). Ry=0.55 (n-hexane/AcOEt=1:5); mp 91-93 °C;
'H NMR (400 MHz, CDCl3)  7.40-7.20 (m, 10H), 5.28 (br
s, 0.5H,), 5.25 (brs, 0.5H), 5.14 (s, 0.5 2H), 5.12 (5, 0.5 X
2H), 4.80 (4, 0.5H, J=>5.3 H2), 4.79 (d, 0.5H, J=5.1 Hz),
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4.69-4.64 (m, 1H), 4.40-4.37 (m, 0.5H), 4.19 (dt, 0.5H, J=
13.6, 42 Hz), 3.89-3.86 (m, 0.5H), 3.74-3.71 (m, 0.5H),
3.23,3.0 (2br t, 0.5X2H, J=11.2 Hz, partially overlapping
with the next signal), 3.06~2.77 (m, 3H), 2.67-2.55 (m, 1H),
1.99-1.59 (m, 4H); *C NMR (75.5 MHz, CDCl3) 6 173.7,
173.4, 164.4, 1643, 156.9, 135.8, 135.8, 135.7, 129.1,
129.0, 128.6, 128.3, 128.3, 128.1, 127.3, 76.8, 76.6, 66.5,
55.3, 44.8, 44.5, 42.0, 41.8, 41.0, 41.0, 40.9, 40.3, 28.4,
28.2, 27.5, 27.5; [a]d'=—91.2 (¢ 1.28, CHCl3); FT-IR
(CHCl3) vmax 3452, 3036, 3007, 1771, 1730, 1653, 1456,
1387, 1313, 1271, 1238, 1209, 1173; 1038, 1011, 756, 737,
698, 667cm™!; HRMS (EI): found M™ 422.1845,
CasHaeN,O5 requires M™ 422.1842. Anal. Caled for
Ca4Ha¢N,05: C, 68.23: H, 6.20; N, 6.63; found: C, 67.99;
H, 6.20; N, 6.55.

4.4,2. N-{N-[(4S,5R)-4-benzyl-1,3-oxazolidin-2-one-5-
carbonyl]piperidine-4-carboxyl}-(R)-1-phenethyl amide
15. To a solution of oxazolidinone 14 (141.1 mg,
0.334 mmol) in MeOH (3.0 mL) and water (0.35 mL) was
added 5% Pd-C (15.2 mg), and the reaction mixture was
stirred for 3 h under H, atomosphere. The reaction mixture
was purged with Ar, then filtered through a pad of Celite®
with MeOH. After evaporation, the resulting oil was diluted
with AcOEt, and washed consecutively with water and
brine. After the organic layer was dried over Na;SQOy, the
solvent was removed under reduced pressure. To a solution
of this carboxylic acid in DMF (4.0 mL) was added
HOBt-H,O (61.3mg, 0.401 mmol) and EDC-HCI
(61.3mg, 0.401 mmol) at 0°C. After the mixture was
stirred for 0.5h at the same temperature, (R)-o-methyl-
benzylamine (51.6 pL, 0.401 mmol) was added dropwise.
The reaction mixture was stirred for ovemight at room
temperature, then diluted with AcOEt and washed with 5%
citric acid aq, 5% NaHCO; ag, water and brine, and dried
over Na,SQO4. The solvent was removed under reduced
pressure and the resulting crude product was purified by
preparative TLC (CHCl3/MeOH=10:1, 2 times develop-
ment) to yield amide 15 as a white powder (133.7 mg, 92%
for 2 steps). Recrystalization of the obtained white
powder from CHCl; afforded the white needles, which
was analyzed by X-ray crystallography. Ry=0.34 (CHCls/
MeOH=10:1); mp 190-191°C; 'H NMR (400 MHz,
CDCls) 6 7.37-7.20 (m, 10H), 5.75 (br d, 0.5H, J=
8.1 Hz), 5.72 (br d, 0.5H, J=8.4 Hz), 5.13 (q, 0.5H, J=
6.8 Hz), 5.11 (g, 0.5H, J=7.0 Hz), 5.06 (s, 0.5H), 5.05 (s,
0.5H), 4.81 (4, 0.5H,J=5.5 Hz), 4.79 (4, 0.5H, J=5.7 Hz),
4.69-4.64 (m, 1H), 4.56-4.52 (m, 0.5H), 4.45-4.3%9 (m,
0.5H), 3.95-3.99 (m, 0.5H), 3.87--3.82 (m, 0.5H), 3.16, 2.87
(2ddd, 0.5X2H, J=14.3, 11.5, 2.9 Hz, partially over-
lapping with the next signal), 3.01-2.67 (m, 3H), 2.39-
2.29 (m, 1H), 1.94-1.54 (m, 4H), 1.50 (d, 0.5X3H, J=
7.0 Hz), 1.48 (d, 0.5X3H, J=6.8 Hz); C NMR
(75.5 MHz, DMSO-d¢) ¢ 172.8, 165.6, 165.5, 1574,
145.0, 144.8, 136.3, 136.2, 129.6, 129.5, 128.6, 128.3,
126.8, 126.6, 125.8, 74.3, 74.1, 55.8, 55.5, 47.6, 44.0, 41 4,
41.3,28.9, 28.1, 27.7, 22.5; [a]y = +9.4 (c 1.05, MeOH);
HRMS (EI): found M™% 435.2157, CasHpoN3Oy requires
M™ 435.2158.

4.4.3. Crystallography of amide 15. Diffraction data for 15
were collected on a Rigaku AFC7R diffractometer with
graphite monochromated Cu Ko radiation (A=1.54178 A)

and a rotaling anode generator. All calculations were
performed using the teXsan crystallographic software
package of Molecular Structure Corporation. Formula
CasHqoN3O4, formula weight=435.52, orthorhombic,
space group P2,2,2, (#19), a=17.986(2), b=23.841(2),
c=5.269(3) A, V=2259(1) A®, Z=4, Dcyc=1.280 g/cm?,
Fooo=928.00, u(CuKa)=7.10cm™". Total of 1554
unique reflections (complete for 26 <110°) was used in
the solution and refinement of structure. The structure was
solved by direct methods using SAPI91,* and expanded
using Fourier techniques with DIRDIF94 program.46 The
final refinement was done by the full-matrix least-squares
method with anisotropic thermal parameters for all non-
hydrogen atoms, and hydrogen atoms were included but not
refined. The final R value was 0.238 (R,,=0.087).

4.4.4. Benzyl N-[(4S,5R)-4-benzyl-(3-phenylpropionyl)-
1,3-oxazolidin-2-one-5-carbonyl]piperidine-4-carboxyl-
ate 16. To a solution of 3-phenylpropionic acid (6.8 g,
45.2 mmol) in anhydrous THF (100 mL) was added Et;N
(12.2 mL, 87.0 mmol) and trimethylacetylchloride (5.2 mL,
41.8 mmol) dropwise at -18 °C. The reaction mixture was
stirred at the same temperature for 0.5 h, then anhydrous
LiCl (1.6 g, 38.3 mmol) was added, followed by the slow
addition of a solution of oxazolidinone 14 (14.7 g,
34.8 mmol) in anhydrous THF (75 mL). After the addition
was completed, the reaction mixture was stirred overnight at
room temperature. The solution was poured into ice-cold
satd NaHCOj3 aq and the organic phase was extracted with
AcOEt, washed with water and brine, and dried over
Na,S0O,. The solvent was removed under reduced pressure,
and the resulting oil was applied to silica-gel column
chromatography (n-hexane/AcOEt=4:1) to yield the
desired compound 16 as a white solid (18.5 g, 96%). Ry=
0.52 (n-hexane/AcOEt=1:1); mp 39-41°C; 'H NMR
(400 MHz, CDCl;) ¢ 7.40-7.18 (m, 15H), 5.14, 5.10 (24,
0.5X2H, J=12.3 Hz), 5.09 (s,0.5X 2H), 4.88 (d, 0.5H, J=
4.4 Hz), 4.87 (d, 0.5H, J=4.4 Hz), 4.71-4.65 (m, 1H), 4.19
(dt, 0.5H,7=13.7,4.0 Hz), 4.13 (dt, 0.5H,J=13.4, 4.2 Hz),
3.45-3.18 (m, 3H), 3.08-2.94 (m, 2H), 2.83-2.33 (m, 5H),
1.92-1.86 (m, 1H), 1.65-1.39 (mm, 2H and 0.5H), 1.19-1.09
(m, 0.5H); >C NMR (75.5 MHz, CDCl3) 6 173.1, 171.9,
164.7, 164.5, 152.4, 152.3, 1402, 135.6, 135.5, 135.0,
129.4, 1293, 129.2, 129.1, 1284, 128.3, 1283, 128.2,
128.2, 127.9, 127.9, 127.5, 126.0, 71.7, 71.5, 66.3, 59.2,
58.8, 43.3, 43.1, 41.5, 414, 40.2, 40.1, 37.6, 37.5, 36.9,
36.9, 30.0, 28.0, 27.9, 27.2; [a)¥ = — 16.7 (¢ 2.09, CHCl3);
FT-IR (CHCl3) vy 3040, 3007, 1794, 1728, 1701, 1659,
1497, 1454, 1379, 1310, 1292, 1263, 1244, 1171, 1103,
1078, 1030, 694 cm ™ ’; HRMS (EI): found M* 554.2410,
Ca3HasN20g requires M™ 554.2416. Anal. Calcd for
Ca3HayNoOg: C, 71.46; H, 6.18; N, 5.05; found: C, 71.28;
H, 5.99; N, 5.34.

4.4.5. Deuterium labeling study of the carboximide 16.
Under Ar atmosphere, the solution of the carboximide 16
(142.4 mg, 0.257 mmol) in anhydrous THF (2.6 mL) was
cooled to —78 °C (MeOH-dry ice bath), and LDA (1.8 M
solution in heptane / THF / ethylbenzene, 0.17 mL,
0.31 mmol) was added dropwise. After stirring for 0.5 h at
the same temperature, acetic acid-d (99at.% D) (0.30 mL,
5.14 mmol) was added slowly, then cooling bath was
removed and the reaction mixture was stirred for 1 h at room
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temperature. The solution was poured into ice-cold satd
NH,CI aq and the organic phase was extracted with AcOE,
washed with 5% NaHCOj; ag, water and brine, and dried
over Na,SO4 The solvent was removed under reduced
pressure, and the resulting oil was subjected to preparative
TLC (n-hexane/AcOEt=1:1) to yield the products as a
white powder (125.7 mg, 88%). The content of deuterium-
incorporated 17 was detected by NMR. Ry= 0.53 (n-hexane/
AcOEt=1:1); mp 39-40 °C; 'H NMR (400 MHz, CDCl3) 6
7.40-7.18 (m, 15H), 5.14,5.10 (2d, 0.5X2H, J=12.3 Hz),
5.09 (s, 0.5 % 2H), 4.88 (4, 0.5H, J=4.6 Hz), 4.87 (d, 0.5H,
J=4.6Hz), 4.71-4.64 (m, 1H), 4.19 (dt, 0.5H, J=13.6,
4.0 Hz), 4.13 (dt, 0.5H, J=13.2, 40 Hz), 3.44-3.18 (m,
2.24H), 3.06-2.94 (m, 2H), 2.83-2.33 (m, 5H), 1.91-1.86
(m, 1H), 1.64-1.38 (m, 2H and 0.5H), 1.18-1 .08 (m, 0.5H);
2 NMR (400 MHz, CHCl3) 6 3.32 (s, 0.76D); '°C NMR
(75.5 MHz, CDCl3) 6 173.3,172.1,164.8, 164.6, 152.5,152.4,
1403, 135.7, 135.6,135.2,129.5,129.5, 129.3, 129.3, 128.6,
128.5,128.4,128.4,128.1,127.7,126.2,71.8,71.6,66.5,59.2,
58.9,43.5,43.3,41.7,41.6,40.3,37.8,37.7,37.1, 37.0,36.7@,
J=19.9 Hz), 30.1, 30.1, 282, 28.0, 27.3; [a)p = —14.8 (¢
1.69, CHCl3); FT-IR (CHCl3) vmux 1792, 1732, 1703, 1661,
1454,1371, 1236, 1196, 1186, 1173,797,725,700,673 em™ Y
HRMS (EID): found M 555.2482, C33H33DN,O4 requires
M™ 555.2479. Anal, Calcd for C33H33DN,Og: C, 71.33;
H+D, 6.35; N, 5.04; found: C, 71.17; H+D, 6.29; N, 5.01.

4.5, Preparation of the Wang resin-supported
oxazolidinone 23 by Fmoc-based solid-phase synthesis

Wang resin (0.80 mmol/g resin) (5.0 g, 4.0 mmol) in a
cap-fitted reaction vessel was washed with CH,Cl, (20 mL,
X5), then Fmoc-piperidine-4-carboxylic acid 20 (4.2 g,
12.0 mmol) and CH,Cl, (30 mL) were charged. DIPCDI
(1.9 mL, 12.0 mmol) was added, followed by the addition of
DMAP (48.7 mg, 0.4 mmol). The heterogeneous reaction
mixture was vigorously shaken for 2 h at room temperature,
then filtered and washed with DMF (20 mL, X5). The
obtained white resin 21 was then washed with piperidine in
DMF (20%, v/v) (20 mL, X 5) and treated with piperidine in
DMF (20%, v/v) (30 mL) for 0.5 h at room temperature. The
solvent and reagent were drained and the resin was washed
with DMF (20 mL), CHCl; (20 mL), DMF (20 mL) (X5,
sequentially). Next, Fmoc-Pns-OH (5.0 g, 12.0 mmol),
HOBt-H,0 (1.8 g, 12.0 mmol), DMF (30 mL) and DIPCDI
(1.9 mL, 12.0 mmol) were added, and the heterogenious
reaction mixture was vigorously shaken for 2h at
room temperature, then filtered and washed with DMF
(20 mL, X5). The aliquot of the resultant resin 22 was
applied to the Kaiser-Test*’ to check the reaction progress.
Starting secondary amine resin was positive (pale orange),
whereas the dipeptide-bound resin 22 was negative (color-
less). The obtained resin 22 was washed with piperidine in
DMF (20%, v/v} (20 mL, X 5) and treated with piperidine in
DMEF (20%, v/v) (30 mL) for 0.5 h at room temperature. The
solvent and reagent were drained and the resin was washed
with DMF (20 mL), CHCl; (20 mL), DMF (20 mL) (X3,
sequentially). The obtained amino alcohol resin was washed
with THF (20 mL, X5), then CDI (1.9 g, 12.0 mmol) and
anhydrous THF (30 mL) were added. The heterogenious
reaction mixture was vigorously shaken for 3h at
room temperature, then filtered and washed with THF
(20 mL, X5). Kaiser-Test of the starting primary amine

resin was positive (blue), whereas the oxazolidinone resin
23 was negative (colorless). The obtained resin was washed
with CHCl; (20 mL) and MeOH (20 mL) (X5, sequen-
tially), then overnight drying in vacuo afforded the desired
pale yellowish oxazolidinone resin 23 (6.3 g) with Joading
rate of 0.61 mmol/g.

4.5.1, O-Wang resin-supported N-[(9H-9-fluorenyl-
methoxy)carbonyl]piperidine-4-carboxylic acid 21.
FT-IR (KB) ¥jnax 1736, 1719 cm ™.

4.5.2. O-Wang resin-supported N-((2R,38)-3~{[(9H-9-
ﬂuorenylmethoxy)carbonyl]amino}-?.-hydroxy-4-
phenylbutanoyl)piperidine-4-carb0xylic acid 22. FT-IR
(KBr) vpmas 3398, 1733, 1718, 1638 cm™ .

4.5.3. 0-Wang resin-supported N-{(48,5R)-4-benzyl-1,3-
oxazolidin-2-one-3-carbonylipiperidine-4-carboxylic
acid 23. FT-IR (KBr) vpax 1763, 1740, 1655 cm™ 5

4.5.4. Methanolysis of the oxazolidinone resin 23 to
afford the methyl N-[(4S,5R)-4-benzyl-1,3-0xazolidin-2-
one-5-carbonyllpiperidine-4-carboxylate 24. Oxazolidi-
none-loaded resin 23 (129.9 mg, 0.083 mmol) was swollen
in anhydrous THF (0.85mL) and anhydrous MeOH
(0.85mL), then potassium carbonate (22.9 mg,
0.166 mmol) was added in one portion at O°C. The
heterogeneous reaction mixture was gently stirred for 2h
at room temperature. The reaction was quenched by the
addition of satd NH,Cl ag, and the resultant resin was
removed by filtration, The filtrate was extracted with
ACcOEt, and washed with water and brine, then dried over
Na,SO,. After solvent removal, the remaining crude oil was
purified by preparative TLC (n-hexane/AcOEt= 1:10) to
yield the oxazolidinone methyl ester 24 as a white solid
(27.4 mg, 95% in 6 steps from Wang resin). Ry=0.30
(n-hexane/AcOEt=1:5); mp 39-40°C; 'H NMR
(400 MHz, CDCl3) 6 7.36-7.21 (m, 5H), 5.73 (br s, 1H),
4.82 (4, 0.5H, J=5.5 Hz), 4.80 (d, 0.5H, /=35.5 Hz), 4.67-
4.62 (m, 1H), 4.39—4.34 (m, 0.5H), 4.19 (dt, 0.5H, J=13.6,
4.0 Hz), 3.83-3.79 (m, 0.5H), 3.70-3.65 (m, 0.5H, partially
overlapping with the next signal), 3.70 (s, 0.5 X 3H), 3.68 (s,
0.5%3H), 3.20, 3.00 (2ddd, 0.5X2H, J=14.1, 10.6, 3.1 Hz,
partially overlapping with the next signal), 2.99-2.78 (m,
3H), 2.61-2.50 (m, 1H), 1.96-1.54 (m, 4H); 13C NMR
(75.5 MHz, CDCl3) 6 174.3, 174.1, 164.5, 164.4, 157.1,
135.8, 135.7, 129.1, 128.8, 127.1, 76.4, 76.3, 55.4, 55.3,
51.8, 44.7, 44.4, 41.9, 41.7, 40.8, 40.7, 40.6, 40.1, 28.3,
28.1,27.4; ()% = — 104.4 (c 0.55, CHCl5); FT-IR (CHCl5)
Vomax 3454, 3007, 2955, 1771, 1732, 1655, 1456, 1437, 1383,
1317, 1269, 1240, 1194, 1177, 1040, 1015, 760, 745 em™
HRMS (EI): found M™* 346.1526, CisH22N,05 requires
Mt 346.1528. Anal, Caled for C,gH,2N,05-0.25H,0: C,
61.61: H, 6.46; N, 7.98; found: C, 61.99; H, 6.26; N, 7.96.

4.6. General procedure for N-acylation of the Wang
resin-supported oxazolidinone resin 23, solid-phase
asymmetric alkylation, lithiom hydroperoxide-mediated
hydrolysis, and the derivatization to the (S)-phenyl-
ethylamide for enantiomeric excess determination

Oxazolidinone-loaded resin 23 in a polystyrene reactor was
washed with CH,Cl, (X35), then the corresponding
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carboxylic acid (3.0 equiv), 2-chloro-1-methylpyridinium
iodide (3.0 equiv) and anhydrous CH,Cl; (0.08 mmol resin/
mL) were added. The mixture was shaken for 10 min,
followed by the addition of EtsN (5.0 equiv) and DMAP
(0.3 equiv). The reaction mixture was shaken for 2h at
room temperature ang filtered, then the resultant resin was
washed with CH,Cl, (X 5). The reaction was repeated once
again, and the obtained resin was washed with DMF, CHCl,
and MeOH (X5, sequentially), then overnight drying in
vacuo afforded the desired carboximide resin 25. Under Ar
atmosphere, carboximide resin 25 in a glass reaction vessel
was swollen in THF (20 mL/mmol resin) for 10 min at room
temperature, and the heterogeneous mixture was cooled to
—78 °C (MeOH-dry ice bath), followed by the dropwise
addition of 1.0 M THF solution of NaHMDS (3.0 equiv).
After continuously stirring for 1 h at the same temperature,
the corresponding alkyl halide (10.0 equiv) was added. The
temperature of the reaction mixture was gradually increased
up to 0 °C over 12 h with gentle stirring, then quenched by
the addition of satd NH,Cl ag, and tri-phase reaction
mixture was stirred for additional 15 min. at 0°C. The
resultant resin was separated from the reaction mixture by
filtration, followed by washing with THF-H,0 (1:1), THF
and MeOH (X35, sequentially). Then, the resin was dried
well in the desiccator under reduced pressure for 3 h. THF-
H,O (3:1, v/v) (0.05 mmol resin/mL) was added to the
a-alkylated carboximide resin, and the resin was swollen for
10 min. at 0 °C. Next, 30% aqueous H,0, (6.0 equiv) and
LiOH-H,0 (3.0 equiv) were added. After gentle stirring for
2 h at the same temperature, the reaction was quenched by
the addition of 1.5 N NaHSO; aq, and the deacylated resin
was filtered off. The filtrate was acidified to pH 2 with 1 N
HCI aq, and extracted with AcOEt. The extract was washed
with brine, and dried over Na,SO,. After removal of the
solvent under reduced pressure, the residue was purified by
preparative TLC to yield the desired a-alkylated carboxylic
acids 26. The recovered oxazolidinone resin 23 was washed
with THF, CHCl3 and MeOH (X 5, sequentially), then dried
in the desiccator under reduced pressure, Determination of
the enantiomeric excess of the obtained carboxylic acids 26
was carried out by derivatization to the corresponding (S)-
phenylethyl amides and chiral HPL.C analysis. To 2 0.05 M
solution of the acids 26 in DMF was added HOBt-H,0
(1.2 equiv) and EDC-HCI (1.2 equiv) at 0 °C. The mixture
was stirred for 0.5h at the same temperature, and (S)-
phenylethylamine (1.2 equiv) was added dropwise. The
reaction mixture was stirred overnight at room temperature,
then diluted with AcOEt and washed with 5% citric acid agq,
5% NaHCOj ag, water and brine, and dried over Na;SO,.
The solvent was removed under reduced pressure, and the
resulting amide was subjected to the HPLC analysis without
any purification. Enantiomeric excess was calculated from
the peak areas of the corresponding two diastereomers.

4.6.1. (S)-2-Benzylpropanoic acid 26a. The title com-
pound 26a was obtained according to the general procedure
using the oxazolidinone resin 23 (277.5 mg, 0.169 mmol).
Purification by preparative TLC (n-hexane/AcOEt=1:1)
gave 26a as a colorless oil (16.8 mg, 61% yield in 3 steps
from oxazolidinone resin 23). R;=0.63 (n-hexane/AcOEt=
1:1); "H NMR (300 MBz, CDCl3) 6 7.32-7.17 (m, 5H), 3.08
(dd, 1H, J=13.0, 6.1 Hz), 2.83-2.71 (mn, 1H), 2.67 (dd, 1H,
J=13.0, 7.9Hz), 1.18 (d, 3H, J=6.8Hz); '*C NMR

(75.5 MHz, CDCl3)  181.7, 139.0, 129.0, 128.4, 126.4,
41.1, 393, 16.5; [} =420.6 (¢ 0.87, CHClL,): Iit.,*
[alp=+25.5 (¢ 1.00, CHCI3); FT-IR (CHCl3) v,,.x 3038,
2980, 1709, 1454, 1238, 719, 698, 675 cm ™}, HRMS (EI):
found M7 164.0838, CyoH;,0, requires M™ 164.0837.
Anal. Caled for C,gH,,0,: C, 73.15; H, 7.37; found: C,
73.25; H, 7.47. Enantiomeric excess was 85% ee determined
by chiral HPLC analysis of the corresponding (S)-o-
methylbenzylamine-derived amide with Chiraleel® OD
normal phase column (n-hexane/EtOH=30/1, 1.0 mL/
min, 230 nm), major isomer=13.1 min, minor isomer=
16.8 min.

4.6.2. (5)-2-Benzylbutanoic acid 26b. The title compound
26b was obtained according to the general procedure using
the oxazolidinone resin 23 (193.8 mg, 0.118 mmol). Puri-
fication by preparative TLC (CHCly/MeOH=10:1) gave
26b as a colorless oil (10.6 mg, 50% yield in 3 steps from
oxazolidinone resin 23). Ry=0.53 (CHCI3/MeOH=10:1);
"H NMR (300 MHz, CDCl3) 6 7.30-7.16 (i, 5H), 2.98 (dd,
1H, J=13.6, 7.7 Hz), 2.75 (dd, 1H, J=13.6, 6.8 Hz), 2.66~
2.57 (m, 1H), 1.72-1.54 (m, 2H), 0.96 (t, 3H, J=7.3 Hz);
3C NMR (75.5 MHz, CDCl3) 6 181.3, 139.1, 128.9, 128.4,
126.4, 48.8, 377, 247, 11.6; [a)5=+30.7 (¢ 0.86,
benzene): lit.,* [a)& = +34.7 (¢ 8.45, benzene); FT-IR
(CHCI3) vy0x 1707, 1462, 1383, 1096, 899, 696, 652 cm ™ ;
HRMS (EI): found M™ 178.0999, C,,H,40, requires M*
178.0994. Anal. Calcd for C,;H,404+: C, 74.13; H, 7.92;
found: C, 73.99; H, 7.99. Enantiomeric excess was 88% ee
determined by chiral HPLC analysis of the corresponding
(S)-o-methylbenzylamine-derived amide with Chiralcel®
OD normal phase column (n-hexane/EtOH=30/1, 1.0 mL/
min, 230 nm), major isomer=11.3 min, minor isomer=
16.1 min.

4.6.3. (5)-2-Benzyl-4-pentenoic acid 26¢. The title com-
pound 26¢ was obtained according to the general procedure
using the oxazolidinone resin 23 (302.1 mg, 0.184 mmol).
Purification by preparative TLC (CHCl3/MeOH=10:1)
gave 26¢ as a colorless oil (23.8 mg, 68% yield in 3 steps
from oxazolidinone resin 23). Ry=0.50 (CHCl;/MeOH=
10:1); 'H NMR (300 MHz, CDCl3) § 7.31-7.16 (m, 5H),
5.78 (ddt, 1H, J=17.1, 10.3,7.0 Hz), 5.12-5.05 (m, 2H),
3,03-2.94 (m, 1H), 2.82-2.72 (m, 2H), 2.44-2.25 (m, 2H);
3C NMR (75.5 MHz, CDCl) 6 180.7, 138.8, 134.7, 128.9,
128.5,126.5, 117.5,46.9, 37.3, 35.6; [a]F = +24.0 (¢ 1.27,
CHCl): 1it,* [a)F=+19.2 (¢ 12.2, CHCly); FT-IR
(CHCl3) vmax 3084, 3067, 3038, 1709, 922, 802, 775, 764,
746, 739, 729,721,700, 675, 667 cm ™ '; HRMS (EI): found
M7 190.0989, C;,H,,0, requires MY 190.0994. Anal.
Caled for Cy,H,40,: C, 75.76; H, 7.42; found: C, 75.50; H,
7.50. Enantiomeric excess was 96% ee determined by chiral
HPLC analysis of the corresponding (S)-o-methylbenzyl-
amine-derived amide with Chiralce]l® OD normal phase
column (n-hexane/EtOH=30/1, 1.0 mL/min, 230 nm),
major isomer=11.6 min, minor isomer=15.2 min.

4.6.4. (S)-2-Benzyl-4-pentynoic acid 26d. The title com-
pound 26d was obtained according to the general procedure
using the oxazolidinone resin 23 (206.9 mg, 0.126 mmol).
Purification by preparative TLC (CHCly/MeOH = 10:1) gave
264 as a colorless oil (14.7 mg, 62% yield in 3 steps from
oxazolidinone resin 23). Ry=0.44 (CHCls/MeOH=10:1); 'B
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NMR (300 MHz, CDCl3) 6 7.31-7.20 (m, 5H), 3.09 (dd, 1H,
J=13.4, 6.6 Hz), 2.99-2.85 (m, 2H), 2.44 (dd, ZH, J=64,
2.6 Hz), 2.06 (t, 1H, J=2.6Hz); °C NMR (75.5 MHz,
CDCls) 6 179.5, 138.1, 129.0, 128.5, 126.7, 80.9, 70.6, 45.9,
36.3, 20.0; @)= —10.9 (¢ 1.24, CHCly); FT-IR (CHCly)
v 3308, 1719, 1217, 1200, 770, 700, 671 cm™'; HRMS
(EI): found M 188.0835, C;2H;20, requires M 188.0837.
Anal. Caled for Cy5H1205-0.25H,0: C, 7478 H, 6.54; found:
C, 75.14; H, 6.57. Enantiomeric excess was 96% ee
determined by chira] HPLC analysis of the corresponding
(S)-a-methylbenzylamine-derived amide with Chiralcel® OD
normal phase column (n-hexane/BtOH=30/1, 1.0 mL/min,
230 nm), major isomer= 16.4 min, minor isomer=18.6 min.

4.6.5. (R)-2-Benzyl-4-ethoxy-4—oxobutanoic acid 26e. The
title compound 26e was obtained according to the general
procedure using the oxazolidinone resin 23 (259.8 mg,
0.158 mmo}). Purification by preparative TLC (CHCIsf
MeOH=10:1) gave 26e as a colorless oil (23.1 mg, 62%
yield in 3 steps from oxazolidinone resin 23). Ry=0.41
(CHCl;/MeOH=10:1); 'H NMR (300 MHz, CDCl3) 6
7.32-7.17 (m, 5H), 4.11 (g, 2H, J=17.2 Hz), 3.21-3.10 (m,
2H), 2.83-2.74 (m, 1H), 2.64 (dd, 1H, J=17.0, 8.9 Hz),
241 (dd, 1H, J=17.0, 4.6 Hz), 1.22 (¢, 34, J=17.2Hz); *C
NMR (75.5 MHz, CDCl3) & 179.5, 171.7, 137.9, 129.1,
128.6, 126.8, 60.8, 42.8, 37.4, 34.8, 14.1; [a]®=+10.6 (c
1.15, CHCly): 1it.,”® [a]®= +10.0 (¢ 2.9, CHCl3); FT-IR
(CHCl3) ¥max 1732, 1717,910,777, 754, 739, 721, 700, 679,
652 cm~'; HRMS (ED): found M* 236.1051, C;3H;604
requires M+ 236.1048. Anal. Caled for Cy3H1604: C, 66.09;
H, 6.83; found: C, 65.93; H, 6.81. Enantiomeric excess was
92% ee determined by chiral HPLC analysis of the
corresponding (S)-a-methylbenzylamine-derived amide
with Chiralcel® OD normal phase column (n-hexane/
EtOH=130/1, 1.0 mL/min, 230 nm), major isomer=
15.7 min, minor isomer = 16.6 min.

4.6.6. (R)-2-Benzylpropanoic acid 26f. The title compound
26f was obtained according to the general procedure using
the oxazolidinone resin 23 (236.5 mg, 0.144 mmol). Puri-
fication by preparative TLC (n-hexane/AcOEt= 1:1) gave
26f as a colorless oil (16.6 mg, 70% yield in 3 steps from
oxazolidinone resin 23). Ry=0.63 (n-hexane/AcOEt=1:1);
TH NMR (300 MHz, CDCl3) 8 7.31-7.17 (m, 5H), 3.08 (dd,
1H, J=13.0, 6.1 Hz), 2.80-2.70 (m, 1H), 2.67 (dd. 1H,J=
13.0, 7.9 Hz), 1.18 (d, 3H, J=6.8 Hz); C NMR
(75.5 MHz, CDCl3) 6 182.3, 139.0, 129.0, 128.4, 1264,
41.2, 39.3, 16.5; [a)5=—30.7 (¢ 1.04, CHCl,): lit.,>!
[a]#=—30.1 (¢ 1.00, CHCly); FT-IR (CHCl3) #iax 1707,
1464, 1381, 1231, 893, 800, 694, 648 cm™'; HRMS (EI):
found M* 164.0830, C,oH;20, requires M* 164.0837.
Anal. Caled for C;oH:204: C, 73.15; H, 7.37; found: C,
72.94; H, 7.31, Enantiomeric excess was 97% ee determined
by chiral HPLC analysis of the corresponding ($)-a-
methylbenzylamine-derived amide with Chiralcel® OD
normal phase column (n-hexane/EtOH=130/1, 1.0 mL/
min, 230 nm), major isomer = 16.8 min, minor isomer=
13.1 min.

4.6.7. (R)-3-(4-Bromophenyl)-2-methylpropanoic acid
26g. The title compound 26g was obtained according to
the general procedure using the oxazolidinone resin 23
(185.5 mg, 0.113 mmol). Purification by preparative TLC

(CHCl3/MeOH=10:1) gave 26g as a white powder
(18.6 mg, 68% yield in 3 steps from oxazolidinone resin
23). Ry=0.55 (CHClyMeOH=10:1); mp 60-62 °Cc; 'H
NMR (300 MHz, CDCl3) 6 7.41 (d, 2H, /=8.4 Hz), 7.06 (d,
2H, J=8.4 Hz), 3.01 (dd, 1H, J=13.0, 6.4 Hz), 2.77-2.68
(m, 1H), 2.64 (dd, 1H, J=13.0, 7.5 Hz), 1.18 (d, 3H, /=
6.8 Hz); '*C NMR (75.5 MHz, CDCly) 6 181.1, 138.0,
131.5,130.7, 120.3, 40.9, 38.7, 16.6; [a]p = —26.4 (¢ 1.02,
CHCl,); FT-IR (CHCIl3) vpex 3030, 1711, 1466, 1381, 1231,
1215, 1097, 893, 800, 787, 750, 733, 725, 696, 677,
654 cm ™', HRMS (EI): found M7 241.9949, C;oH;;Br0O;
requires M+ 241.9942. Anal. Caled for CyoHy;BrO2: C,
49.41; H, 4.56; found: C, 49.56; H, 4.66. Enantiomeric
excess was 97% ee determined by chiral HPLC analysis of
the corresponding (S)-a~-methylbenzylamine-derived amide
with Chiralce]l® OD normal phase column (n-hexane/
EtOH=50/1, 1.0 mL/min, 230 nm), major isomer=
30.8 min, minor isomer=27.5 min.

4.6.8. (R)-3-(4-Nitrophenyl)-2-methylpropanoic acid
26h. The title compound 26h was obtained according to
the general procedure using the oxazolidinone resin 23
(256.2 mg, 0.156 mmol). Purification by preparative TLC
(CHCl3/MeOH = 10:1) gave 26h as a pale yellowish powder
(21.2 mg, 65% yield in 3 steps from oxazolidinone resin 23).
Ry=0.44 (CHCl3/MeOH =10:1); mp 101-103 °C; "H NMR
(300 MHz, CDCls) 6 8.16 (d, 2H, J=8.8 Hz), 7.36 (d, 2H,
J=8.8 Hz), 3.15 (dd, 1H, J=16.5, 9.9 Hz), 2.86-2.77 (m,
2H), 1.23 (4, 3H, J=6.6 Hz); 13C NMR (75.5 MHz, CDCl3)
5 181.0, 146.9, 146.7, 129.8, 123.7, 40.8, 39.0, 16.8;
[)® = —36.9 (c 1.14, CHCl); FT-IR (CHCl3) max 1713,
1607, 1522, 1464, 1381, 1348, 1231, 1097, 895, 733, 694,
648 cm™'; HRMS (EI): found M* 209.0683, C;oH;;NO,
requires M for 209.0688. Anal. Caicd for C;gH;;NO4: C,
57.41; H, 5.30; N, 6.70; found: C, 57.58; H, 5.39; N, 6.72.
Enantiomeric excess was 97% ee determined by chiral
HPLC analysis of the corresponding (S)-a-methylbenzyl-
amine-derived amide with Chiralcel® OD normal phase
column (n-hexane/EtOH=20/1, 1.0 mL/min, 230 nm),
major isomer=33.2 min, minor isomer=237.5 min,

4.6.9. (R)-3-(2,4-Dichlorophenyl)-2-methylpropanoic
acid 26i. The title compound 26i was obtained according
to the general procedure using the oxazolidinone resin 23
(251.2 mg, 0.153 mimoel). Purification by preparative TLC
(CHCl3/MeOH=10:1) gave 26i as a pale yellowish oil
(25.3 mg, 71% yield in 3 steps from oxazolidinone resin 23).
Ry=0.56 (CHCl3/MeOH=10:1); '"H NMR (300 MHz,
CDCly) 6 7.37 (m, 1H), 7.16-7.15 (m, 2H), 3.12 (dd, 1H,
J=12.8, 6.6 Hz), 2.90-2.82 (m, 1H), 2.79 (dd, 1H, J=12.8,
72Hz), 1.22 (d, 3H, J=6.8 Hz); '°C NMR (75.5 MHz,
CDCly) & 181.9, 1354, 134.9, 133.0, 132.0, 1294, 127.0,
39.3, 36.3, 16.8; [a]y =—44.9 (c 1.00, CHCl3); FT-IR
(CHCl3) vimax 1709, 1474, 1383, 1103, 901, 870, 802, 725,
712, 677, 652 cm™"; HRMS (EI): found M* 232.0055,
C;oH,0C1,0, requires M7 232.0058. Anal. Caled for
CyoH;0C1204: C, 51.53; H, 4.32; found: C, 51.68; H, 4.44.
Enantiomeric excess was 97% ee determined by chiral
HPLC analysis of the corresponding (S)-a-methylbenzyl-
amine-derived amide with Chiralcel® OD normal phase
column (n-hexane/EtOH=70/1, 1.0 mL/min, 230 nimn),
major isomer=24.2 min, minor isomer=21.7 min.
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4.6.10. (R)-2-Phenoxy-4-pentenocic acid 26j. The title
compound 26j was obtained according to the general
procedure using the oxazolidinone resin 23 (284.0 mg,
0.173 mmol). Purification by preparative TLC (CHCl4/
MeQOH=10:1) gave 26j as a white solid (16.7 mg, 50%
yield in 3 steps from oxazolidinone resin 23). Ry=0.48
(CHCl13/MeOH = 10:1); mp 30-31 °C; "H NMR (400 MHz,
CDCl3) 6 9.19 (br s, 1H), 7.31-7.25 (m, 2H), 7.02-6.98 (m,
1H), 6.90 (dd, 2H, J=8.8, 1.1 Hz), 5.91 (ddt, 1H, J=17.0,
10.3, 7.0 Hz), 5.21 (dd, 1H, J=17.0, 1.6 Hz), 5.16 (dd, 1H,
J=10.3, 1.6 Hz), 472 (t, 1H, J=6.2 Hz), 2.72-2.76 (m,
2H); >C NMR (75.5 MHz, CDCl3)? 6 176.5, 157.4, 131.9,
129.6,122.1,119.0, 115.3,75.9, 36.8; [a]5 = +7.9 (¢ 1.96,
CHCl3); FT-IR (CHCl3) vax 1732, 1599, 1495, 1238, 771,
750, 735, 691 cm™!; HRMS (EI): found M* 192.0782,
Ci1H;203 requires M™* 192.0786. Anal. Calcd for
C;1H;204: C, 68.74; H, 6.29; found: C, 68.49; H, 6.34.
Enantiomeric excess was 96% ee determined by chiral
HPLC analysis of the corresponding (S)-a-methylbenzyl-
amine-derived amide ‘with Chiralcel® OD normal phase
column (n-hexane/EtOH =50/1, 1.0 mL/min, 230 nm),
major isomer= 8.3 min, minor isomer=9.8 min.

4.6.11. (5)-3-(2,4-Dichlorophenyl)-2-methylpropanoic
acid 26k. The title compound 26k was obtained according
to the general procedure using the oxazolidinone resin 23
(208.5 mg, 0.127 mmol). Purification by preparative TLC
(CHC13/MeOH = 10:1) gave 26k as a colorless oil (17.4 mg,
59% yield in 3 steps from oxazolidinone resin 23). Ry=0.52
(CHCly/MeOH = 10:1); *H NMR (300 MHz, CDCl,) 6 7.37
(m, 1H), 7.17-7.16 (m, 2H), 3.12 (dd, 1H, J=12.8, 6.6 Hz),
2.90-2.80 (m, 1H), 2.79 (dd, 1H, J=12.8, 7.3 Hz), 1.22 (d,
3H, J=6.8 Hz); '*C NMR (75.5MHz, CDCl3) 6 181.8,
135.4, 134.9, 133.0, 132.1, 1294, 127.0, 39.2, 36.3, 16.8;
[a)E = +34.7 (¢ 0.95, CHCl3); FT-IR (CHCl3) #pmax 1711,
1474, 901, 733, 698, 675, 667, 652cm™'; HRMS (EI):
found M¥ 232.0054, C;0H,0C1,0, requires M ™ 232.0058.
Anal. Calcd for C;oH;¢Cl202: C, 51.53; H, 4.32; found: C,
51.93; H, 4.62. Enantiomeric excess was 85% ee determined
by chiral HPLC analysis of the cormresponding (S)-a-
methylbenzylamine-derived amide with Chiralcel® OD
normal phase column (n-hexane/EtOH=70/1, 1.0 mL/
min, 230 nm), major isomer=21.7 min, minor isomer=
24.2 min. :

4.6.12. Reuse of the oxazolidinone resin 23 in solid-phase
Evans’ asymmetric allylation, and methanolysis of the
oxazolidinone resin recovered after three-times
recycling. Starting from the oxazolidinone resin 23
(298.9 mg, 0.182 mmol), reaction sequence (N-acylation
with 3-phenylpropionic acid, asymmetric allylation, and
LiOOH-mediated hydrolysis) was repeated three times
according to the procedure for synthesizing carboxylic
acid 26¢. Then, oxazolidinone-loaded resin 23 recovered
after three-times recycling was subjected to the methan-
olysis condition following the same procedure for synthe-
sizing ester 24, After the reaction, the resuitant crude oil was
purified by preparative TLC (n-hexane/AcOEt=1:5) to
yield the methyl ester 24 (45.3 mg, 72% calcuiated from the
loading rate of the starting oxazolidinone resin 23) and
N-allylated oxazolidinone methyl ester 27 as a pale
yellowish viscous oil (16.1 mg, 23% calculated by the
loading rate of the starting oxazolidinone resin 23). Ry=

0.47 (n-hexane/AcOEt=1:5); "H NMR (400 MHz, CDCl3)
6 7.35-7.17 (m, 5H), 5.78 (dddd, 1H, J=17.2, 10.3, 7.3,
4.8 Hz), 5.26-5.19 (m, 2H), 4.70 (d, 0.5H, J=4.4 Hz), 4.69
(d, 0.5H, J=4.6 Hz), 4.66-4.60 (m, 1H), 4.30 (dtd, 0.5H,
J=3.4, 4.0, 1.5 Hz), 4.24-4.21 (m, 0.5H), 4.20-4.17 (m,
0.5H), 4.15-4.10 (m, 0.5H), 3.68-3.51 (m, 2H), 3.69 (s,
0.5X3H), 3.67 (s, 0.5X3H, partially overlapping with the
next signal), 3.15-2.71 (m, 4H), 2.56-2.45 (m, 1H), 1.91-
1.38 (m, 4H); "*C NMR (75.5 MHz, CDCl3) 6 174.3, 174.0,
164.5, 164.4, 156.0, 155.9, 135.3, 1352, 131.6, 129.2,
128.9, 1289, 127.3, 127.2, 118.9, 118.8, 73.5, 73.3, 57.0,
56.9, 51.8, 45.2, 44.7, 44.4, 41.9, 41.7, 40.7, 40.2, 38.1,
37.9, 28.4, 28.1, 27.5, 27.4; [a]® = —85.9 (¢ 1.19, CHCl);
FT-IR (CHCls) vmax 1753, 1746, 1655, 1456, 1437, 1175,
895, 648 cm~!; HRMS (EI): found M™ 386.1846,
C5HaN,05 requires M* 386.1841. Anal. Caled for
C21Ho6N,05: C, 65.27; H, 6.78; N, 7.25; found: C, 64.99;
H, 6.49; N, 7.47.
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Organic Chemistry and Medicinal Chemistry Based on a-Hydroxy-[3-

Yoshio Hayashi* and Yoshiaki Kiso

a-Hydroxy-f-amino acids are well known as inhibitory machinery for the development of pro-
tease inhibitors. In our ongoing efforts to develop effective aspartic protease inhibitors such as
HIV-1 protease, malaria plasmepsin and human f-secretase inhibitors, the o-hydroxy-f-amino
acids are also the critical core structures. In addition, the unique structure of these amino acids, in
which three different functional groups, i.e. amino, hydroxyl and carboxyl groups, are located on
the two adjacent asymmetric carbon atoms, also has interesting features to create new functional
molecules useful in both organic chemistry and medicinal chemistry. In this article, organic and
medicinal chemical applications based on the chemistry of o~hydroxy-pB-amino acids will be pre-
sented, including 1) byproduction of homobislactone during the carboxyl group activation of
N-protected-a-hydroxy-f~amino acids, 2) development of a-hydroxy-S-amino acid derived new
solid-supported Evans’ chiral auxiliary for asymmetric synthesis, 3) development of a novel and
efficient method for the synthesis of difficult sequence-containing peptides, and 4) O—N
intramolecular acyl migration of o-hydroxy-B-amino acids for the development of water-soluble

prodrugs of taxoids (isotaxoids).

Key words: a-hydroxy-f-amino acids, HIV-1 protease inhibitors, homobislactone, Evans’ chiral

auxiliary, asymmetric atkylation, solid

~phase synthesis, difficult sequence, AB1-42,

O—N intramolecular acyl migration, water-soluble prodrugs, paclitaxel

LI

o-b Km*y-p-7 3 /B3, 7u7T7—EEEHD
BREATFELTICALNEEETI/BTH 5, FRS
CEET A FOMAFENZF & LTI, 3-amino-2-
hydroxy-4-phenylbutanoic acid (AHPBA) % 3-amino-2-
hydroxy-5-methylhexanoic acid (AHMHA) T LN
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27 3 FESTBREIEOMRATY, £oF 4R M LR
Ry = — iiﬂ’“f: | Evans INEMBIZOBAREY, 6220
BE7 Bk EFNE LI O-NSFRT ¥ IVEIEN
&m%haT&thib,A?%kﬂi_bwfém
D3t L & 2EgEE T B difficult sequence EF T
F FOFBEREO-T YV A VRTF FIE" ORMEY
T b, FIEELEFTTIE, O-NAHFAT Vv
EMREEHBEL, o~k FOFv--7 3V BERETD
FRICAET AEKBENEERTHL HIV-1 o7 T —E
EROKBETT NS v 7%, /871) 9 XL LOKE
HTOFSy 74V A " ORETHHY, &K
WBERXTHE, TNOREEESHERL LRIV
TR LIz,

1. o~ ROXI-B-PI/EBETIRDET S
7 I TR RSO BT

a-t FOFL-g-7 3 /8, Jusr7—HYHEER
RRIMTHRLBSTE LT, BEEOMESCIERY
Do fEoT, FOMMLEREFIIEETHY), TTICH
D o-v FoF-p-7 3/ BOFRE SRR, RE
EhTwa?, —F, ZnXH %ok FOF -7 3

JEEEOCRTFFIAF 4 BT UT T - ERERD

ARTIE, KBHRCENEy a2 FoXx &k
FRERTIS, TOTI/BEBESLTALT I NES
TR E N L, L IBN, DEFEWT I VRS L
DHESTRARFRALAPEERT SR ON, 2ORERHEE
ERTwidor,

1.1 Boc-Apns~OH OiFEM1LICZE 1 S homobislac-
tone NE K

~e Fux L -B-T I/ BeETAHHIV-1 7ET T —
YRREFIIERBRE SN TV ANY, YFESTHES
NiiwAhn HIV-1 7o 77— ¥HEH KNI-764
(JE-2147, AG-1776, SM-319777, B0 2)*®14, i&EHREIIC
A28 7 hydroxymethylcarbonyl (HMC)### & LT a-t
Ko -p-7 3 /BED—HTH % allophenylnorstatine
[Apns, (2S,3S8)-AHPBA], BIUP»EFEN, I/ BD
(R) -5, 5-dimethyl-1, 3-thiazolidine-4-carboxylic acid
[Dmtlpb 75 Apns-Dmt #E% P1 B LU P
WHETBH, COFEEREET S50 Boc-Apns-0OH 1
¢ H-Dmt-R2 DA DINMBERTHIRIB—HITH -
Too EELI, 1[1#1&']70)%“& LT, MRS 1 OiE
LEEPSIZEB Lz, 2L T, Boc—Apns-Dmt—R 3nE
BEEFNE L, JUE 1&"!‘0)?[! P IRET L7,

{REE~NTF N 3OAREICE, LSS
WEHBRBOERPED b, FOLFEEET IR L
& A, ZHF® Boc-Apns-0OH 1 205 %2 A homo-
hislactone 4 TH 2 I L Db dh ol TOHTFHERT
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Fig. 2 Structure of HIV-1 protease inhibitor KNI-764.

0
HCI-HN ~"“U\R
(o

!
BOC\N —_— BOC\N ‘-“‘J\

Scheme 1
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&4 DFFEEMHET TORE % HPLC 2 v T L 72,

0]
Boc.
u o H Boc.
N
© Boc H
]
homobislactone 4 haif-ester dimer 5

Fig. 3 Structure of homobislactone and its half-ester dimer.

Table T Homobislactone 4 formation under various
coupling conditions.

Coupling  Additives Et;N DIEA  Formation of 4°

Agents (eq) (eq) (%)°
EDC - - - 0
EDC - 1.0 - 0
EDC HOAtL - - 6.0x0.4
EDC HOAt 1.0 - 476 1.2
EDC HOAt - 1.0 48.7 1.1
EDC HOBt - - 6.0x+0.2
EDC HOBt 1.0 - 424 1.2
EDC HOBt - 1.0 412202
EDC HODhbt - - <1.0
EDC HODhbt 1.0 - 33.3+2.1
EDC HOSu - - 0
EDC HOSu 1.0 3.3+04
EDC DMAP - - 31+0.2
EDC DMAP 1.0 - <1.0
BOP HOBt 2.0 - 545 3.6
PyBOP HOBt 2.0 - 58.9+1.6
HBTU - 2.0 - 24.1+2.8

IYields were calculated by HPLC analysis. Values are

* the mean & SEM of three independent experiments.
Reaction conditions: 1 (1 eq), coupling agent (1.0 or
1.2 eq), additive (1 eq), Etz;N or DIEA, rt. for 2 h.
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Fig. 4 Effect of base concentration on the
byproduct formation.
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Fig. 5 Proposed mechanism of formation of homobislactone and half-ester of dimer.
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60 —o— EDC-HODhbt
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o
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*
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Fig. 6 Effect of base concentration on the yield
of Boc-Apns-Dmt-0OBzl 6.

2. o~ENOFT-B-FI/BABRETEHEFRY
~ —EFE Evans AEHEEHE ORISR

BIBETRERNDTE2BRT AL EREOET L EHE
EZERTINREEEARET P LETTRTHY, &
2T T D) TEEORRICH - T, HESH
MrfEhafi<, TRt RECARTE5AEEGHT
(f@ﬁﬁ”‘?)‘)é%é: %, Evans’ oxazolidinone!® 3, %
B REEEARETORLCLERYORE L LRI
HanhTBY, ERWNLTAFEAREL LTLEms
NTWoE, fE->T, EHEERICERETaE, EBRE
Rz FI B L R#EEESIFLEWI 4 75 ) —0ig
RO, BWRFEREFRETELEELOND,
BN, FAFWHBEYBBERISER L 23mEi
BHEL VT, 2L T, REWRREED 12T b
Evans RET7 NV F VML TIR, THEREFBEESTH
90% ee BE (N UML) LBV &™) F 70 Big~
DEZEIIZBV TRINICATEIHE N TN, ARFHE
ARBEOREDOH IR O BB AR T+ 5E X
NTVRV, TORED1DE LT, i1&AE&OHREH
WZBWT, EEREZH# T 2 oxazolidinone B 4 L
B EE S (chiral discriminating group) 25#tBg~ D @&
FLIZFIH ENTVE I EFBETONE (B IA), 20
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KRB LB, I TEL LI, Evans FEHEE
EofFil-nBELEE LT, AEFLEHThRE(E
BLAVwERDNRS oxazolidinone 52 FIA+ 2 =
EEEZ, -k FOF Y-5-7 3/ phenylnorstatine
(Pns) (23 HE L7 (F 7B),
21 FHMA) Y —-BETE Evans FEEHEOSH
Pusl3ZDT7 I /728 /= Nk AR LTl
WETHIELLY, SHIHIVEF O LETET 2
oxazolidinone %3 121\’\ EBEBIRMTRETH L, 2L
T, SOANVEYBTEHIRLEELTs2 5%,
BUIIRY & ) 2 iR ) ~ — BT L oxazolidinone 7 ¥
T L, R W AEERMHRICIE, AERSCHET
% THF 7% &0 % WA B U< RIF 400N 4R
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Fig. 7 Solid-supported Evans-type chiral auxiliaries.
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Fig. 8 New so 1d—supported Evans-type chiral auxiliary.

Y Wang BB 2 BIR L, WEEEEIESTFEED S
BEEE% =D X 912, piperidine-4- -carboxilic acid 1) v
A=E LTHEATAEI LI,

£ LT, 9% oxazolidinone 58K B4k KIE it
RFEDOREETNVERTRIET 27012, XF—L42
IZ7R$ & 912, Boc-Pns-OH 8 2L L 7= trans BLE
I¥ oxazolidinone FEE 11 # BV, -7z Fo v

YBHEBVETOEF VBTN-TI ML, afiF
BT VF VRS2 R L2 A, RESHRIEY 5
KETAI N Dho72(FR2) SO LD, oxazo
lidinone 3R 5 (L DIEHIE, TEBEEEICEE L 22 &
WRBE SN 72, RETAFNALBEOT L&
Evans AEHBIZILBVTI BV IS LIOOH)O)
X BMAMRERIET, oxazolidinone BOBIEE X Uy
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1 ‘7‘/1:?{5117 Ohrn5lEkaMdeay, sy
PR ITTHIE D bh ok, Apns LW EBE s
oxazolidinone &, 4 BLU S NOBIRED cis LB & &
D, LHRMEAREILRDLOEEIONL, 0k,
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AF—L3IZHRTLIIE, K T—EZEE Evans K
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Vi ANVEYEE 16 PRIFZBENETRLNLLELD
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BT B TRNE LRV TH o7, TOFFRIL, Evans
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HBEEITVE, ¥, ITNHLERERIE, HROE
# Evans AERICOMFBEIREZ BOH T TR,
sSEOBEELIEL, BIE~AHEMBEET I T
THMBOBRERFMITRLTEY, BRIBRRHRE
DFHLVEARILMAZS5 25D EBbN DL, BE, B
WETORTEFMWEEOHESR I LD, BiEL FJ
T4k, 7 v ELR EOEEERAFTERIEA~DEH
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Scheme 3 Solid-phase Evans’ asymmetric alkylation
of the carboximide resin 14.

Table 2 Solid-phase Evans' asymmetric alkylations.

Entry 14 R2X 16 Yield (%)  Ee (%)°¢
1 14a Mel 16a 48 (62) 85 (86)
14a Et) 16b 50 (64) 88 (89)

142 _~_! 16c  54(66) 96°(96)

4 1a e 16d 51(64) 94 (95)
5 14a B _COE! 16e 47 (60) 92 (90)
6 14b o~ 16f 38 (48) 96 (96)

7 14¢c BnBr 16g 40 (57) 97 (98)

2 Combined yield of 3 steps from 7, based on the initial
loading rate of Wang resin. ® Determined by HPLC analy-
sis after conversion to the corresponding (S)-a-methyl-
benzylamine-derived amides, € Value in the parenthesis is
the result of the solution-phase model experiment.

3. O—NSFRT7 YIVEELRICEF AL diffi-
cult sequence EENTF FOFIREMRERRE

a-t Fo¥o-p-7 3T, B LCRERFL

J*tLbD:\’-/Jiﬁ{JT.‘LLLb\Zat . —HI
3 )lz%‘ﬁ.dl‘{-'ﬁ{"@“%l%’a(i 5 & ,\,'?\';’1‘%'11"”&’&1@5)11 LT
N—0O/ O—=N SFF T+ W R UG % 2 & 4 T pE DS

F L g SRk



0 . 0
H acid H
R1TN\:)LN_H2 —*——*——)—_(_____ R1 N\_)LQ—RZ

o H base HO O/:

HO

acid
e HZWLN )
————— i 2

base )\O

Fig. 9 N-O or O—N intramolecular acyl migration
in peptides.
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Fig. 10 p-Sheet formation of peptides in

the solid phase peptide synthesis.
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benzyl (Hmb) # & LT a®, T i b 0Eks v
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Fig. 11 B-Sheet breakers for the synthesis of
difficult sequence-containing peptides.
FEOLVERLIEHBEREO-T VAV RTF ¥
L, BI2IRT L), TR T S R
EETHO-TY VA VRTF K BIIETER,
HPLCH#HR L7:%, pH74 DY VEEHHRSTO-N
DFAT O NVEEMETIZL ) B~ T F Fioming
B2bDTHAB,

HZNYU\(Xaa-}OH
= R n
H (OFH 1
H—(Xaa’)’N\;/gO Xaa : amino acid

O-acyl isopeplides

pH 7.4
O-N intramolecular
acyl migration

Ra H e}
H{Xaai\ﬁ)\g/N\é/lL(XaatOH
Ho S

difficult sequence-containing peptides

Fig. 12 "O-acyl isopeptide method” for the synthesis
of difficult sequence~containing peptides.

30 - NAXFI--7 I VBB T 5 difficult
sequence BB NTF NDARE
BEELONMEETHESNTVIRTF PO a-v
FOXY-B-7 I /VBEFTOTF 7 — ¥HRER 213,
difficult sequence ¥ HT 2 b D0 H 1, BEDEFAL
BRIEBOTEMPYPBLNZWI D HDB, 22T,
O-NZFAT v VEEM RSN EER a-k Fo ¥
Y=B-T I /BT A difficult sequence 4 T F LA
TFFOEBEIZE N O-T S N4 Vv RTF 1" DA%
TEBRIELAL, TFVLRXTF FELT
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Ac-Val-Val-Pns-Val-Val-NH, (17) ##R L, &%
Fmoc BE#EEHES L U0-T /w4/«7%bﬁw>
HBARE % E5i Lo 8% O Fmoc BARERIETIHE, B
By & B4 8 0 Fmoc-Val-Val-Pns-Val-Val-NH; 18 3
X UF H-Val-Val-Pns-Val-Val-NH, 19 #5814 L 7: (&
13A), TN, Fmoc ZDBREB LU D » 7)) ¥ IHAR

FTEThohlDIERLEbDEERZLND, TR
3WRT &Yz, XTF K17 0 HPLC #EUE, Bvig

i li@tbl?ﬁé “Hh, WEFT7%TH- f:o -7,
O-T Y NAVRTF FE(RF—L4) T, Post I
U % ¥ #EAD Fmoc-Val-OH OEABFIZ 3.2% D 7 € 3
LA BE NS, DEOEMBEBBRIIBVT, Kx
AFVIESORBEIIEBE SN P07, £LTO-T Y
WA VRTFR2IDTEFRPE LTHRRIBONL
(F13B)o ZD#ERIE, NT7F FRIZBEASNIIET
AT VEEEDS, BB LT o difficult sequence IZHEE T
LEEDLHERL, Ay T vy - FBEWMEGEEL D

H LS L EERRL TV, S50, 23 KBLU

Ay —=Nizx LRIFRBERBELTRLAZIEND
HPLC 2 L AHIFESHTH Y, BWILEG 8%)T%‘
N7(FT3)e TLTEBI, HRLLO-TILIYN
7F ¥ 23% pH 7.4 ) YEEH(PBS)IBHFESES
&, EEE<lmin EVHIBWO-NSFAT v VERR
MEEICEY, BBORYIRTFFT I F17 DR
Mk LCHEE R < (HRINER 54% )18 b7 (1 14) 109,

a, b
-0 i :
Fmoc-N a,c¢
H
B> vakva-N-()
. . < H :
Rink-amide-AM resin OH
20
0 b 0
Boc\ H
BOC‘M ~“Val-val- N-@ valvari-()
0 X
Fmoc-Val” Ac-Val-Val
21 22
o}
1 TFA a.h

——— HpN’ Val-Val-NH, — Ac-Val-Val-Pns-Val-Val-NH,

Ac-Val-val’
23 17

a) 20% Piperidine/DMF, 20 min; b) Fmoc-Val-OH, DIPCDI,
HOBt, DMF, 2 h; ¢) Boc-Pns-OH, DIPCDI, HOBt, DMF, 2 h;
d) Fmoc-Val-OH, DIPCDI, DMAP, CH:Cls, 16 h X 2; e) Ac:0,
TEA, DMF, 2 h; 1) TFA-m-cresol-thioanisole-H,0 (92.5: 2.5 .
2.5 2.5), 90 min; g) preparative HPLC (a linear gradient of
CH4CN in 0% aqueous TFA), h) PBS, pH 7.4, 25 C.

Scheme 4

646

17 B

Fmoc-V-V-Pns-V-V-NH,
18 23

HV-V-Pris-VV-NH,
19N

nnnnnnnnnn

Fig. 13 HPLC profiles of crude deprotected pep-
tides; (A) conventional solid phase peptide
synthesis, (B) O-acyl isopeptide method.

Table 3 Solubility and yield of 17 and 23.

H,0-solubility MeOH-solubility Yield

Compd mg/mL® Ratio® mg/mL?  Ratio® (%)
17 0.008= 0.001 1 0.065 = 0.019 1 7
23 59.4 +13.6 7500 277 + 84 4300 58

3Values are means = SD of three experiments. ” Ratio=solu-
bility of O-acyl isopeptide/solubility of parent peptide.
IDEI, O-TINMAVRTF FEILS5HED
T X Eh 6 7 A difficult sequence EEETFNRTF
FOEMIZBWT, BEELNERET LLLAZED
5, difficult sequence EF R T F FOFBHEHEK
FEIIRN D BT EDBTRBEEI NI,

100
g —a— 17
5 50 -9 23
£
© f1/2 < 1 min

¢}
¢} 1 2 3 4 5
time (min)

Fig. 14 Migration of O-acyl isopeptide 23
to 17 in PBS (pH 7.4, 25 C).
3.2 O—NGFRZVIEGHARSICEZT7 01
RN —=EZRTF K (AB1-42 DERK
O-T I NAURTF FEIZLYESFO - F 1
F-B-7 I /% Et, difficult sequence §HF T F
FOERMPRIBLAZ EDL, RIZESHF difficult
sequence BEA T F F@/E?BNJJLE’—X L7z 1B diffi-
cult sequence ®HXRTF FE LT, ZOSHOHL &
PEBENTVAET ITA FLRTF F(AB)1-42%
[TEB L7 ARTF FET7I04 FEBRIZBEVWTERE
LREREL, TLIONAT—HOKREE L Bﬂfiﬁ
DI LEARL ABL-42 OREEMHIT, ABL-42 L3t
WMORRERFMBETLLT, BEEARSI VT
HbhHo L LA s, RARTF FITIEHIC M/J\U_O);—Jb\
RTFRTHY, Wh OBFEP TRBEEOEHEEMEE TN
ThHIE, —HH % EARES R TIIRES - M (33O T
K, SHICHPLC IZ X 8w ﬁhl’\@ﬂhﬁ fif i &

FTRE LS B



70— FRBER0OI B+ ED 5,

AP1-4213 25, 26 L IZ Gly-Ser BEZ AT A/, =
DEHTO-TIMEETHE, XTF F17 OEKT,
MBESNLTLIMOMETERTES, 2ITL VU
TF K 26-0-T LAV ABL-42" Q) DER Y, Zh
KL O=-NSFRTVVEENELFAB L
AP1-42 ~DEEHET L7 (K 15),

O

BUBIZ & ) BRID ABI-42 N & FRIIALELR S N1
(16)o IRMLBGOEREIL 26 5 L EHIZAL—XT
Holzo T2, pH 4.9 TIXLHIA 3B, pH 2.0 T’
TRPBRI T, BHO2ICTHRIE pH KB TH o720
S50, 24 O TFAE(BRE) 134 COBRBFEIIBVWTESE
THolz AP1-4213, DMSO %2 K DIRTEBIHETE 2
bREBICREREIRERTAI LS, 20k Ry
7% AB1-42 T FEB Lo SR geic it K SRIRE 2 B

i L BB, Larl, O-7 ¥4 ik 24 R BT IUSARE
20N NKGAIIGLMVGGVVIA . e . . .
( ) BLUZOREMOMBEBRTE, EWFMHRIC 24
073 VS ZET. 1 it TA L 7 -
DAEFRHDSGYEVHHQKLWFM:W—H\/&O EERMTHELT, insitu TA 23y b Ap1-42 €
TORIZEESED I ENTRICRBEELOND, fEo
26-0O-acyl isoAB1-42 24 T, ThIyNAT—RHOWEIIBNT, 26-0-7 04
Y APL-4220) 13 FH AR Y — V1% B L S
O-N intramolecular 1 pH7.4 p 10a,b)
acyl migration 25 °C % °
ty2 = 2.6 min incubation time (30 sec) (3 min) (5 min)
H (¢]
DAEFRHDSGYEVHHQKLWFAEDV—M/\[]/ N\E/U\NKGAIIGIMVGGVVIA 26-O-acy£ LsoAB1-42 —
o/
HO

AB1-42
Fig. 15 Synthesis of AB1-42 via the O—N intramolecular
acyl migration reaction of 26-O-acyl isoAB1-42.

O-T A V241, b)FVEIEEE V2 Fmoc
BEREREICT, BB EFVLO-TY VL VRS
FF2EEAHEDHETER L. BONLRES v~
7F F#BE I, TFA-m-cresol-thioanisole-H,0 12 & %
B3, NHyI-dimethylsulfide Il X 28T 4T,
HPLCIZ X D#F# L 7o, MEM 24 © HPLC H¥iH 5,
BHROBRRIZBWT, AB26-42(SNKGAIIGLMVGGVVIA)
DEIE(1.6%) BETFRD SN rzh, 5B HPLC T
i3, ABl-2 RO 7O — FRBRTER L, S x—F
Y= ELTERENLD, BHIERTLI LN
T&, WRIBOWDERIFRINET O-T L4 Y1k 24
WELNZ, BB, BED Fmoc HEMAKETD
AB1-42 DINEIL 7.2% Th o7z, $HEH L7 24(TFA 15)
DIKEHEL 15 mg mL? T, AP1-42(0.14 mg mL ™)zt
NI ESEZR L, BREVEIE, 42BE0
ABl-42 X7 F FEEHIZ, DT 1 IFO4 VT F K
&L BT A LT, difficult sequence DEZB %
T TUEEARM L L UE R B TA
TETHB, TNIEEREMOTXE 2 2HE% 2 Riks
B, O-TINWAVRTF FEEDEAIIL YR SR
W ol EZSNL, TEELL, “O-T N
A7 F PN, HIRESF O difficult sequence
BHARTF FOMEWEREIZSEATRTH S Z LA
WENTze =, O-T Y N4 VRTF k24 130)

v

TR (DH 7.4) BIZBWT, O—NHFHT & 0 s
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Fig. 16 HPLC profiles of the conversion of 26-O-acyl
is0AP1-42 (24) to AB1-42 via O—N intramole-
cular acyl migration in PBS (pH 7.4, 25 C).

4. BRSBTS - FOXY-B-7IVE%EHE
WS RE

Taxoid i3, BU/NEIER LABE %08+ 2 =
ETHIEER 2R TS, T3 paclitaxel 25(Taxol®) £
& U docetaxel (Taxotere®) i3, 1LEmERIE L @ik
BICBRLEMELTHAY, L, Bl b o
AN 2 HAMEIEBGOLIAITIBLE 2 oTEY, &
0% taxoid RAEEROREIEATOA TS, —
75, BILEEETHL ¥ 4 BB BAREITE - 4
WIZ, taxoid FIT— MR IR IABEH ATV, HI 212,
BEEHRTH 25, WO THAKEH (0.00025
mg mL7) Dicd, EBWEE L LT RIEE MR
Cremophor EL iV iid, LA L, Zo#EBhAlC I
BIRERC R TENER B MON T3, fEo T,
taxoid RILEW DBIFHLE X QOL DAL S b B2
BV ZD728, T2 20 B L D 0 paclitaxel 7k
BHTORT v S PRES N TVAY, ERLIZIESE-
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Twnawd ) ThsT T, C-2' L F i C-TAIK
Bl B RS AT A Z L ThBE e EL T
WBAS, WIYANOEEIIR L THBESS 2B £ B
YhAIEhh, BIZMBEIIHTIEWEREBRET S
VENDH 5L,

s 3, AEEFICESY TERFNTIEEDNS
WATF ORI % B1¢ “chemical pharmaceutics” D58
BEL LT, BIfTHE~L, O-NSFAT ¥ VAL
FIGIEB LT, KESHEELFRBLZVH LV A
TOKBUTONT v T2ERLTVD, @17 KRY
Xy, TTI, o~k FOFU-B-7T I VEEETET
2 HIV-1 7077 —tHEHO "0-NHFNT ¥ V&
BRI AT O K S v S RRELTVAICE, i
513, BILEWD O-TY VA VIETHY, BEHRTHE
BT IJENEETLOIKERERETE L, fix
1¥, HIV-1 7u 77— EREH KNI-727(F17) DT
sl Apns BEET, MBYTEO-TYVATOFT Y
F o6 B E, KA KNI-727 & ) 8,600 & L& T
BEEBI, EENEGT TRESCRIRIGZ LI
KNI-727 L s 2V, —F, BHE&HETTREE
-, i (EE) & LTEMRETETH -

Q % O,

0 \—NH 0 0 N\—NH

HCl E H
HoN N — H/U\N N
%0 LS pH 7.4 (PBS) " on LS
R .
o)
A= 2,6-diMePhOCH,— (26) R= 2,6-diMePhOCH~ (KNI-727)

R= Ph- (28) R= Ph— (KNI-565)

Water-soluble prodrug Parent drug

Fig. 17 Water soluble prodrug of HIV-1 protease inhibitors
based on O—N intramolecular acyl migration.

RO, To7u Ty JEEY, Sl a-tb
FoFy-p-7 2 BEGANLCHFRCET HED
taxoid BT, HKBHOMBE* PENICBRTE LD
TEWhEE L, TPb taxoid D 2'-0-acyl iso-
form # &R TIUL, KBEETE FI v e LTHRD
WERET A O TIE B W & E &, paclitaxel 25D
2’-0O-benzoy! isoform T& 5% isotaxel 27 # 7% 1 » L
72(F18)e LA L, AR VA VEEEETS
KNI-565(E117)?» 70 K5 v & 28 SR v 3 N
(30 ) &R LA Ep b1, isotaxel 27 DERIZIEIL
b, 43 VBEBSE YOS VRICERLL2Y
DEFMALAWE AR L, EMASGT CORFRME R
FLEIA, HTHoT, TN, O—N 2.2
JER RIS B 5 5 BESBERIRET, BRI OLF
MM ARREE DK E % cis & 72 B 281N, 27 DE
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FUALEWTIL, SHRBEEINE G trans BB 57
9, BARKEHL DR CEITLELDEZELLNS, 5
SRR, BIRAER, RBRERS»ICHILEY
A TELRETHol b, FERICAF—LS
[RTIV— T, 27 DA ETo7,

Water soluble prodrug (isotaxel 27)

O-N intramolecular pH74
acyl migration 37 °C

paclitaxel (25)

Fig. 18 New water soluble prodrug of paclitaxel.

Thbb, HERO (2R, 3S)-phenylisoserine- HC 2
#6588 L 72 NP-Troc-phenylisoserine methyl ester 3
% PPTS fili# F iZ 4-methoxybenzaldehyde dimethy
acetal & KIS &4 1, 3-oxazolidine 5:Ek 31 & L, RV
TAFVIAT NV EIMKGRE, 1§00 VECEBE
$#{% 32 % DCC-DMAP #: T 7-Troc-baccatin 111 & #4
B, TOTRAFVLIIIZEBEENILEAL, F7
C-2fnT 3L BESh o7z, BoHN 4
%) 33 @ oxazolidine e % PTS THMEMAIZ, 2°-k Ko+
TEIIRBEE Y EDC-DMAPETEAL, 25612,
20 Troc #% Zn-AcOH Th*: L, 12 mM HCl 25!
W&+ A HPLC #5582 T, BRI® isotaxel JEERIR 27 ¢
BN ER 58% TR 7o

27 13ILAY 25 I H~UKEEAT 1,800 (0,45 m
mL Y ERTAHE LB, EBWBGET(pH 74,37 T
KBWTEIRIGEED) 2 &4, ESLICREDIIETIR
N/ (E19), F/o, TOFERFBIAE pH 74 12B VT
BTHY, IR T T VERIGEWET, IR

¥, R pBIREMTHY, pH4.9 T 2524
pH 2.0 TRIEMIGE S bhd o7/ (K 20), F72, &
RE L THEEKETIE, SRTOREBEESTIET
Bo Shiz, WIRIXSTHER 0.035% 7 & R &
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Troc.
HCI-NHp O w1 O

y OH a, b o~ c
= —— i Emm—
OH OH
29 30
O 6]
Troc. ; d Troc. e
0 — FRe) —
©/O>LO/ : o; :OH
31 32
O.—_
f
R
h

——> 27 HCI

34,R=H
e L—,. 35,R=Bz
a) Succinimidyl-2, 2, 2-trichloroethylcarbonate, NaOH,
NaHCOs, dioxane, rt, 1 h; b) SOCly, MeOH, 0 C to rt, 14 h,
97% over two steps; ¢) 4~methoxybenzaldehyde dimethyl
acetal, PPTS, toluene, distillation 30 min., 92%; d) KOH,
MeOH, rt, 30 min. 99%; e) 7-Troc-baccatin III, DCC, DMAP,
toluene : CHyCl; 211, rt, 3 h, 98%; f) PTS, MeOH, rt, 24 h,
94%; g) benzoic acid, EDC-HCI, DMAP, CH,Cly, rt, 2 h, 92%;
h) Zn (dust), MeOH : AcOH 1: 1, 1t, 4 h, then HCl, 77%.

Scheme 5

K (pH 4.0)¥Tl3, ZRIBMNOA > Fan—2arT
b, BILBW B DERIZIBUT ThHo/I thb,
isotaxel 27 1243, FEHENH D BN s, —F, EfE
ROBRE S L2 5KEEHBEFFLEVI EDG, #
LWoATDIZVALFTORS v 5 (495X 4 F)
ELTHBENLTREE S5,

EHOE, SHERKBETORS v S FEO—fxH
TR T HOI, BE, 0y x4 FHE K
canadensol @ O—=N23FH7 ¥ VEIRA T RS 7o
NIyl T, RIFAHESB WL,
72, taxoid TIL, docetaxel @& 12, T3 /0
FiBEE LT, ANNA— b EFTLLONH L, b
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incubation time:
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Fig. 19 HPLC profile of O—N benzoy!
migration of isotaxel 27 in
PBS (pH 74, 37 C).

~(O— pH 7.4 PBS
—/A— pH4.9PBS
—{}- pH 2.0 glycine-HCI bufier

isotaxel concentration (nM)
[~]

o L , o .
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Fig. 20 Migration of isotaxel 27 in different pH
conditions (PBS, pH 7.4, 37 C).

DFEFOKBETT FS v FKIE, BB AT Vs
HL, O-NGFR7>O0F Ly EBEMRIETHEILAY
WEBRSNBUENDH D, BEDBRE T Boc 5%

§ % docetaxel T, —ER7 2 U F 3 H OIS iFHS1E
ZBY, FNLUNADOH NN — PEIFEETIZ, O—N
DFATOF EERNRISICLY, BEZELHIBT,
Bl LICBRILEMIIERSNAIEXRIBLTY
B ZNG OHFEAEORITE, R OMIEER &
L THIRF S 415 paclitaxel IS 123 L CHRI 24L&
odh, 6%, AKEUETOFS vy (4 sxy g
F)DEBYRITRAPIE 2 D 5,

EbHi)

EELIE, o~ FOXFL-B-T 3 ) BOSTFHER
B9aZLT, HRLE BB IETOHRALERN
TRELTE 2, B2, o~ FOF L -B-7 3 /WD
HD1DTHD O-NBFAT ¥ IV SEIEHL FUS 2 B
5L T, difficult sequence EHRTF FOH L g
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