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Few o-hydroxy-B-amino acids were synthesized via various nucleophilic addition of the epoxide and followed by
stereoselective nucleophilic substitution reaction and eliminative cleavage of the acetal selectively in diacetal
compound. One of the synthesized a-hydroxy-p-amino acid reacted with L-leucine methylester to give correspond-

ing dipeptide in good vields.
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Introduction

Amino alcohols especially vicinal svr- and anfi-hydroxy
amino units are an important class of compounds. Because of
these units are constituents of many natural products such as
paclitaxel (taxol). KRI 1230 and KRI 1314, In recent vears,
svn-g-hydroxy-B-amino acids like cyclohexyInorstatine 1 have
received considerable interest from a pharmaceutical point of
view.' Because of cvclohexylnorstatine is the C-terminal resi-
due of KRI 1314 2. a tripeptide with potent rennin inhibitory
activity (Fig. 1).”

Many methods have already been develoPed for the syn-
thesis of these a-hvdroxy-B-amino acid units.” Most of the ear-
lv studies used chiral natural products as starting materials
were limited in their flexibility of stictural modification. In
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Figure 1. Cvclohexylnorstatine 1 is one of the part of the KRI 1314
wluch 1s potent rennm mhibitor.
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Figure 2. Regioselective epoxide ring opening reaction for synthesis
of diverse a-hvdroxv-p-amine acids.

connection with these points. we noticed that a nucleophilic
addition of epoxide is very useful methodology for synthesis
of various o-hydroxy-p-amino acids.”

In this paper. we wish to report synthetic routes for o-hy-
droxy-f-amino acid derivatives vig the varous nucleophilic
addition of epoxide and followed by regio- and stereoselective
nucleophilic substitution reaction and eliminative cleavage of
the acetal selectively in diacetal compounds (Fig. 2).
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Scheme 1. Reagents and conditions; aj 2.2-Dimethoxypropate,
MeOH, Acetone, TsOH, HyO, rt, 97%. b) MsCl, Et:N, CH:Cl, 0°C,
11, 98%. ¢) NaBH,, THF, 0 °C, 93%. d) NaOMe, MeOH, rt, 87%. ¢)
RMgX, Cul, THE, -10 °C to 1t, 80%.
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Results and Discussion

The compound 1 prepared easily by the usual method” from
D-glucono-d-lactone. After mesylation and ester reduction of
1. treated with NaOMe to afford epoxide 4 in quantitative vield
(Scheme 1).

To open epoxide ring of 4, we reacted various nucleophiles
such as alkyllithiums, Grignard reagents and Gilman reagents.
Treatment of epoxide 4 with alkyl lithium reagents (methy]
lithium. isopropy1 lithinm and cyclohexyl lithium) gave many
undesired product as mixture of stereoselectively and re-
gioselectively uncontroled product. On the other hand. treat-
ment of 4 with Grignard reagents (methy]. isopropyl and cy-
clohexyl Grignard reagents) gave unexpected the halogen at-
tacked compound (6. X = C1) as major product instead of de-
sired 3a-¢c. After several unsuccessful trials, the ring opening
reaction of epoxide 4 using Grignard reagents in presence of
copper(I) iodide gave alcohol 5 as major product (Table 1).
According to these results, we thought the copper(I) iodide is
useful for the regioselective ring opening of 4. Under the these
consideration, we reacted 4 with cuprates (Gilman reagent) to
give desired product Sa-¢ in reasonable vield.’
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through simultaneous elimination reaction. Allylic alcohol 1§
was protected with benzyl bromide and followed by dihydrox-
vlation of alkene with OsQy4 to give corresponding diol." The
obtained diol compound oxidizied with NalO. to give alde-
hvde and followed by oxidation with KMnO; resulted to de-
sired o-hydroxy-B-anino carboxvlic acid 17 in good yield.
The 17a has different stereochemistry with cyclohexylnorsta-
tine (1) but it has the same skeleton and functional groups and
17b has the same skeleton and functional groups with (2.5,
3R)-3-amino-2-hydroxy-3-methylhexanoic acid which is the
N-termunal amino acid of amastatin'' that a tripeptide which
has been found to inhibit leucine aminopeptidase and amino-
peptidase A

Among of 17a, 17b and 17¢. compound 17a reacted with
L-leucine methylester under the presence of DCC. HOBT and
Et:N in THF to give desired dipeptide 18 in good yield.
Hydrolysis of 18 by LiOH in mixed solvent (THF : H-O0 =12 :

Table 1. Ring Opening Reaction of Epoxide 4 by Various Nucleo-
philes.

The alcohol § was converted to azido compound 8 through o\)\/\vo cl
mesylation and Si2 intramolecular displacement by sodium
azide. The azido compound 8 was hydrogenated with Hx in the i P
presence of 10% Pd/C followed by protection of amino group
with 9-phenyl-9-fluorenyl (Pf) bromide to give 10 in good R X A Pmduft_
vield (Scheme 2)." At this stage. we introduced the Pf group as Cl RMgX Sa6=35:3
a protection of amino group because there are remains many Cyclohexyl Cl RMgX. Cul SAG S5
steps should be proceed under the strong acid conditions. RL1, Cul oA

The selective cleavage of terminal isopropylidene group of Cl RMgX Sh6 =64
10 was proceed in 70% acetic acid condition to give 11 in good Isopropyl Cl RMgX, Cul 5b:6 =7:3
vield.” The diol 11 was converted to alcohol 12 by using NalOx RL1. Cul Sb
and NaBH.. The alcohol 12 was mesylated and followed by Cl RMgX 6
substitution with lithium iodide to give 14. The isopropylidene Methyl Cl RMgX, Cul Sc:6=8:2
iodide 14 was treated with #-BuLi to give allvlic alcohol 15 RL1, Cul ¢
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Scheme 2. Reagents and conditions; a) Ms-Cl, E::N, CH:Clz, 0°C, 98%. b)NaNs DMF, 84°C, 87%. ¢) 10% Pd/C, Hz, MeOH, 1t, 95%. d) P{-Br,
PB(NO: )., CH- ClA rt, 87%. e)?t}%ALetlu Acid, CHCla, 1, 90%. ') NalQy, NaBH,, HyO/EtOH(1/2), 1t, 95%. g) Ms-Cl, Et:N, CHCls, 11, 98%.
) Lil, DMF, 80 °C. 80%. 1) #-BuLi, IHF. -40 °C. 90%. 1) NaH, Benzylbromide, 1HF, 1t, 90%. k) 60% NMO, 0sQ,, Acetone, NalO,,

EtOH/H:0(1/1), K2COx, KMnO,, THF/HO( /1), 1t, 75%.
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Scheme 3. Reagents and conditions, a) TsOH, L-lew-OCH;, HOBT, DCC, Et:N, THEF, 0°C, 73 %. b) LiOH, THE/H:0(2/1). 0°C. ¢) 10%

P/C, Ha, MeOH, 70-80°C, 83%.

1) to give acid 19 in quantitative vield. The obtained 19 was
deprotected with H--Pd/C in MeOH at 70-80 °C to give desired
peptide 20 with 83% vield (Scheme 3).

In conclusion. we reported the result of regioselective re-
action of epoxide ring opening by nucleophiles attack. Accor-
ding to survey. regioselective ring opening of epoxide was
completed more easily under the conditions of Gilman rea-
gents than Grignard reagents. And also, we synthesized dipep-
tide 20 which expecting as a protease inhibitor.

Experiments

Genenal, All solvents were purified before use with standard
drving procedures, unless otherwise specified. Reactions were
monitored by TLC using Merck silica gel 60 F-254 plates with
UV indicator or/and visualiced with phosphomolvbdic acid
(10% solution in EtOH). All the organic layers were dried over
Na:SO, before concentration in vacuo. Column chromatog-
raphy was carried out using 230-400 mesh silica gel. Elemental
analysis or C. H and N are in agreement with the theoretical da-
ta. except for compounds containing halogens. where combus-
tion analysis could not be performed. Melting points were
measured on Thomas-Hoover melting point apparatus but the
temperatures were not corrected. 'H- and "C-NMR experi-
ments were conducted on Bruker AW-500 spectrometer.
Optical rotation were measured on a Jasco DIP-1000 polari-
meter and [¢]p values are given in units of 10" degcm’g’l_

Preparation of methyl 3,4;3,6-di-O-isopropylidene-2-O-me-
thanesulfonyl-D-gluconate (1) and methy] 3,4;5,6-di-O-iso-
popylidene-2-0O-methanesulfonyl-D-gluconate (2) were pre-
pared according to ref. " and physical and spectral dates were
correlated well with previously reported.

Methyl 3,4;5,6-di-O-isopropylidene-2-O-methanesulfonyl-
D-ghueitol (3). To a solution of compound 2 (2.22 g. 6.03
mmol) in MeOH (30 mL) was added portionwise NaBH. (0.68
g. 18.1 mmol) at 0 °C for 3 min and stirred for 11 h and then
quenched with water (53 mL). The reaction mixtire was ex-
tracted with EtOAc (3x30 mL) and the orgamic lavers were
evaporated in vacuo. The combined organic extracts were
dried with Na-SOs and evaporated under vacuo. The crude
mixnire was purified by flash column chromatography (hex-
ane/EtOAc, 9:1. v/v) to afford pure 3 (2.03 g, 98%) as an oil.
[a]p = «6.3 (¢ 2.20, CHCl3): IR (KRS-3) 3490, 2980, 2970.
2900. 1370. 1360. 1300, 1290. 1280. 1100. 990 cm™: "H NMR
(300 MHz, CDCl3) 6 1.35 (s, 3H), 1.39 (s. 3H). 1.41 (s, 3H).
144 (s. 3H). 2.64-2.67 (1. -OH. J = 6.7 Hz). 3.14 (5. 3H).
3.92-3.97 (m, 4H), 4.04-4.07 (m. 1H). 4.18-4.24 (m, 2H), 4.82
(q. 1H. J = 4.4 Hz). “C NMR (125 MHz. CDCly) § 110.6.
110.3,81.9.79.9. 77.8.76.8.68.1.63.0.38.9.30.9,272.26.6.

26.3. 25.2. Anal. Caled for C)3H=40:S;: C, 43.87; H, 7.11.
Found : C. 45 86 H. 7.10.

1,2-Anhydro-1,2-epoxy-3,4:5,6-O-diisopropylidene-
D-glucose (4). To a stirred solution of compound 3 (4.4 g. 12.9
mmiol) in MeOH (50 mL) was added portiomwvise Na metal
(0.45 g. 19.4 mmol) at 0 °C. After stirring 2 h at 1t., water (10
ml) was slowly added and extracted with EtQA¢ (3x40 mL).
The combined organic extracts were washed with water and
brine and dried over anhydrous MgSQO, and evaporated under
vacuo. The crude mixture was purified by flash column chro-
matography (hexane/EtOAc. 5:1.v/v) to afford pure 3(2.76 g.
87%) as an oil. [a]n= -4.3 (¢ 2.00. CHCL): IR (KRS-5) 2980.
2970.2970, 2350. 1370. 1310, 1290. 1100, 920 cm™: 'H NMR
(500 MHz. CDCl3) & 1.37 (s. 3H). 1.42 (s. 3H). 1.43 (s. 3H).
1.45(s. 3H), 2.84-2.85 (m. 2H). 3.22 (dd, 1H../= 3.5, 6.8 Hz).
385t 1H. J =729 Hz). 398 (dd. IH. J =439, 81 H2).
4.07-4.16 (m, 3H). °C NMR (125 MHz. CDCl3) § 1104,
110.1,79.2.79.1,77.1.67.8,52.3.44.6.31.3,274.27.1, 27 0.
25.6. Anal. Caled for C2H~Os: C. 59.00: H. 8.25. Found: C.
58.98; H. 8.24.

General preparation of epoxy 5a, 5b and 5S¢ : Repiesentative
procedure for the preparation of 1-deoxy-1-cyclohexyl-3,4:5,6-
O-diisopropylidene-D-mannose (5a). To a solution of dried
Cul (1.37 g. 7.2 mmol. 99.99%) in ether (20 mL) was slowly
added dropwise for 3 min cyclohexylmagnesium chloride (4 mL,
8.0 mmol) at -20 “C. After stirring for 5 min. compound 4
(0.488 g. 2.00 mmol) dissolved in ether (10 mL) added for 5
min viag cannula and stirred for 30 min. To the reaction mixture
added saturated NH,Cl1 solution (3 mL) and stirred additional
20 min. The reaction quenched with water (30 mL) and ex-
tracted with EtOAc (30 mLx3). The organic laver washed with
water (30 mL x2) and brine and dried with anhydrous MgSO.,
Filtration and removal of the solvent gave a dark yellow oil
which was further purified by flash column chromatography
(hexane/EtQAc. 10/1. vAv) to afford pure Sa(1.67 g. 70%) as
white solid.

mp 42-44 °C. [a)p = -3.6 (¢ 3.00, CHCls): IR (KBr) 3470,
2980, 2950, 2920, 2890, 2850, 1440, 1350, 1240, 1220, 1140,
1070. 60 cm™; 'H NMR (500MHz, CDCls) & 0.85-0.88 (m,
1H). 0.98-1.03 (m. 1H). 1.14-1.19 {m. 1H). 1.23-1.30 (m. 1H).
1.36 (s. 6H), 1.37 (s, 3H). 1.39-1.42 (m, 1H). 1.44 (s. 3H),
1.50-1.39 (m. 2H). 1.63-1.71 (m, 3H). 1.84-1.89 (m, 1H), 3.11
{(s. -OH). 3.71-3.76 (m. 3H). 3.98 (dd. |H. /= 5.7. 844 Hz).
4.14-3.07 (m. 1H), 4.20 (dd, 1H,.J = 5.92. 8.7 Hz). °C NMR
(125MHz. CDCl2) § 110.2.109.1.84.1, 80.8, 77.3.76.7. 69.7.
68.1.34.7.33.6,32.5.269,270.26.7.26.5,26.5.26.2,25.2.
Anal. Caled for CgH3-Os: C.65.82: H. 9.82. Found: C. 65.80:
H. 981

1-Deoxy-1-isopropyl-3,4:3,6-0-diisopropylidene-D-man-
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nose (3b). According to the general procedure with isopro-
pylmagnesium chloride (9 mL. 18.1 mmol) and compound +4
(2.95 g. 12.1 mmol) in THF afforded pure compound 5b (2.81
g 80%) as a colorless oil. [a]p = -3.0 (¢ 3.00, CHCly); IR
(KRS-5) 3470, 2980, 2950, 2930, 2900. 2870, 1450, 1370.
1240. 1210, 1150, 1070, 830 cm™: '"H NMR (500 MHz. CDCl3)
6094 (dd. 6H. J=6.6. 152 Hz). 1.34 (5. 3H). 1.36 (s. 3H).
1.38 (s. 3H). 1.41 (s. 3H), 1.42-1.47 (m. 2H). 1.81-1.90 (m. 1H).
3.16 (5. -OH). 3.71-3.75 (m. 3H). 3.97-4.00 (dd. IH. /= 3.6.
8.5 Hz). 4.05-4.06 (m. 1H). 4.19 (dd. IH.J=6.1.8.5 Hz). °C
NMR (125 MHz, CDCls) 6 110.5, 109.5, 84.4. 81.1, 77.0.
706.684.430.273.272.268.256.245.243.219. Anal
Caled for CisHasOs: C, 62,47, H. 9.79. Found: C, 62.43; H. 9.78.

1-Deoxy-1-methyl-3,4;5,6-O-diisopropylidene-D-man-
nose (3¢). According to the general procedure with methyl-
magnesium bromide (3.18 mL. 13.3 mmol) and compound 4
(2.53 g. 10.4 mmol) in Et-O afforded pure compound S¢ (2.95
g. 80%) as a colorless oil. [¢]p = -2.23 (¢ 2.00. CHCL;): IR
(KRS-5) 3480. 2980, 2930. 2880. 1370, 1240. 1210. 1150.
1060. 840 cm™; "H NMR (500 MHz. CDCls) 8 1.02 t, 3H,.J
=73 Hz) 123 (s.3H). L.24(s. 3H). 1.24 (5. 3H). 1.25 (s. 3H).
1.51-1.69 (m. 2H). 1.73-180 (m. LH). 3.39 (m. -OH).
3.54-3.38 (m, 1H), 3.70-3.74 (m, 2H), 4.01 (dd, IH, J = 3.0.
5.5Hz). 4.05-4.09 (m. 1H). 4.20 (dd. 1H.J=6.0.8.5 Hz). °C
NMR (123 MHz, CDCls) & 110.20, 109.12. 83.12. 8L.11,
76.58. 73.35. 68.07. 26 .91. 26.80. 26 .44, 26 40_25.18. 9.41.
Anal. Caled for C;H~4Ox: C. 39.98; H. 9.29. Found: C. 39.99;
H.9.28.

General preparation of 7a, 7b and 7¢: Representative proce-
dure for the preparation of 1-cyclohexyl-1-deoxy-3,4:5,6-
O-diisopropylidene-2-0-methansulfonyl-D-mannose (7a). To
asolutionof 5a(2.0 g. 6.09 mmol) in CH-Cl (20 mL) was add-
ed dropwise Et;N (0.2 g 1.83 mmol) for 5 min at 0 °C. After stir-
ring for 5 min. MsCl1(0.76 g. 6.70 mmol) was slowly added to
the mixture. The reaction mixture stirred for 30 min at rt. and
then was quenched with saturated aqueous NaHCO: (20 mL).
The reaction mixture extracted with EtOAc (3=30 mL) and the
organic lavers were evaporated in vacuo. The combined
organic extracts were dried with Na-SO, and evaporated under
vacuo. The crude mixture was purified by flash column chro-
matography (hexane/EtOAc. 10:1. v/v) to afford pure 7a(2.43
g 98%) as an oil. 7a [¢]p = -3.69 (¢ 3.00, CHCl;): IR (KRS-3)
2980, 2930 2880. 1450, 1340. 1210. 1160. 1060. 910, 840
em’: "H NMR (300MHz, CDCls) 8 0.81-0.88 (m, 1H), 0.97-
1.04 (m. LH). 1.12-1.32 (m. 4H). 1.34 (s. 3H). 1.37 (s. 3H).
L1341 (s. 3H). 1.41 {s. 3H). 1.45-1.56 {m, 2H). 1.64-1.87 (m.
6H), 3.06 (s. 3H), 3.74-3.80 (m. 1H). 3.93 (dd. 1H,J=3.6,8.6
Hz). 4.03-4.07 (m. |H). 4.14-3.30 (m. 1H). 4.33-3.38 (m. 1H).
5.01-5.04 (m, 1H): °C NMR (125MHz, CDCly) & 110.0.
109.9.81.7.795.78.0.77.1,680.38.8.37.3.33.8.33.3. 32 4.
27.1, 23,0, 26.7. 26.4. 26,1, 25.9. 25.2. Anal. Calcd for
C1:H140:S; C. 36.13; H. 8.43. Found: C. 536.12; H, 8.43.

7b: Yield : 99 % [a]p=+13 62 (¢ 4.00. CHCl;): IR (KRS-5)
2980. 2870, 1360, 1460, 1210, 1170, 1070. 980. 920 cm’; 'H
NMR (500 MHz, CDCls) 6 0.96 (dd. 6H. J=6.4. 11.8 Hz).
1.35 (s. 3H), 1.38 (5, 3H). 1.42 (5. 3H), 1.42 (s. 3H), 1.14-1.49
(m. I1H). 1.80-1.85 (m. 2H). 3.08 {(s. 3H). 3.76-3.78 (dd. |H.J
=73.85Hz2).395(dd. 1H. /=54 8.6 Hz). 4.04-1.08 (1.
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1H). 4.17(dd, IH, /=6.2. 86 Hz). 4.25(dd. 1H,J=24.7.2
Hz). 4.99-5.03 (m. 1H): “C NMR (125 MHz. CDCl3) § 110.0.
110.0,81.7.80.1,78.0. 77.1,68.0. 38.8. 38.8, 27.0. 27.0, 26 7.
25.2,24.0,232.21.6. Anal. Caled for C1¢H0-S: C. 52,44 H.
8.25 Found: C. 5245, H.8.26.

7¢: Yield : 98 % [¢]p=-3.65 (¢ 2.00. CHCl3); IR (KRS-5)
2990, 2940, 2890, 1460, 1360, 1240, 1220, 1180, 1070. 930,
850 cm’: 'H NMR (500 MHz, CDCl3) & 1.02 (t. 3H.J = 7.8
Hz). .31 (s. 3H). L.34 (5. 3H). 1.38 (s. 6H). 1.75-1 89 (m. 3H).
3.04 (s. 3H). 3.83 (dd. 1H.J=7.0. 8.0 Hz). 3.91 (dd. IH.J =
5.5,85Hz). 4.02-4.06 (m. 1H), 4.11 (dd. 1H,J=6.0. 8.5 Hz),
4.17 (dd. IH. J = 3.5. 7.0 Hz). 3.76~4.79 (m. 1H): "C NMR
(125MHz. CDCl5). 6 110.4.110.2. 84.0.81.1. 78.6, 77.4, 68.0.
390, 275, 275, 269, 256, 237. 10.1. Anal Caled for
CsH0-S: C, 49.69. H. 7.74. Found: C, 48.70; H. 7.76.

General preparation of 82, 8b and 8¢ : Representative proce-
dme forthe prepaation of 2-azido-1-cyclohexyl-1,2-dideoxy-
3,4;3,6-O-diisopropylidene-D-glucose (8a). To a solution of
7a (2.0 g. 6.39 mmol) in ¥, A<limethyl formamide (20 mL)
was added NaN; (3.20 g. 32 mmol, 3 times excess) at 1t. The
reaction mixture stirred for 10 h at 80 °C and then cooled down
rt. and quenched with water (30 mL). The reaction mixture ex-
tracted with EtOAc (3x30 mL) and the organic layers were
evaporated in vacuo. The combined organic extracts were
dried with Na-SO; and evaporated under vacuo. The crude
mixture was purified by flash column chromatography (hex-
ane/EtOAc, 10:1, v/v) to afford pure 8a (1.97 g. 87%) as an oil.
[a)p=-6.69 (¢ 2.00. CHCl3). IR (KRS-3) 2990. 2920, 2850,
2360, 2110 cm™: '"H NMR {500 MHz. CDCl2) 3 0.89-0.92 (n.
1H). 0.97-1.00 (m. 1H). 1.13-1.20 (nv. 1H). 1.23-1.31 (m. 2H).
1.32 (s. 3H). 1.37 (5. 3H). 1.39 (s. 3H). 1.47 (s. 3H). 1 .48-1.52
(m, 2H). 1.66-1.85 (m, 6H). 3.28-3.32 (m, 1H), 3.91-4.03 (m,
4H). 3.13 (dd. 1H.J = 5.64. 8.33 Hz): “C NMR (125MHz.
CDCl3) 5 110.1. 109.8,83.3.78.0. 77.4.67.9, 58 2.38.5. 34 5.
338.325.272.26.7.26.5.263.26.1.25.3. Anal. Caled for
CisHayN:Q4g: C.61.17: H. 8.84. Found: C.61.18: H. 8 .85.

8b: Yield : 88 % [¢]p=-23.49 (¢ 4.00, CHCl;): [R (KRS-3)
2990, 2960, 2940.2870.2110, 1470_ 1370, 1250, 1220. 1070,
850 cm™: '"H NMR (500MHz. CDCl3) 6 0.96 (d. 3H. J = 6.3
Hz), 0.99 (d, 3H,J=6.44 Hz), 1.32 (s. 3H). 1.37 (s. 3H). 1.39
(s. 3H) 147 (s. 3H). 1.47-1.49 (m. 1H). 1.82-1.87 (m. 2H).
3.28-3.28 (m. 4H). 4.13 (dd. 1H, J = 5.5, 8.2 Hz): "C NMR
(500MHz. CDCl2) 5 110.1. 109.8.83.1, 78.0, 77.5.68.0. 58.9,
398.272.26.7.26.7.253.251.230. 21.8. Anal. Caled for
CisH~-N3Qy: C. 57.4: H. 8.68 Found: C. 57.48: H. 8.67.

8c: Yield : 85 %: [o]p=-11.34 (¢ 3.00. CHCl.): IR (KRS-5)
2990. 2930, 2880. 2100. 1380, 1250. 1220, 1070. 850 cm™; 'H
NMR (500MHz. CDCl3) & 1.09 (t. 3H.J = 7.4 Hz). 1.33 (s.
3H), 1.37 (s. 3H). 1.40 (s. 3H), 1.46 (s, 3H), 1.74-1.79 (m, 1H),
1.86-1.92 (m, 1H). 3.13-3.14 (m. lH). 3.95-4.12 (m. 4H).
4.13-4.15 (dd, IH, J = 5.7. 83 Hz); "C NMR (125MHz,
CDCls) 6 110.0. 109.8. 82.5,82.0. 79.0, 78.0. 77.4,68.0. 67.6,
656,626.275,272.268.267,. 265,253, 244,233, 111,
11.0. Anal. Caled for C3H-:N104: C, 54.72; H, 8.12. Found: C,
54.73.H. 8.13.

General preparation of 9a, 9b and 9¢ : Representative proce-
dute for the preparation of 2-amino-1,2-dideoxy-1-cyclohexyl-
3,4;5,6-O-diiso-propylidene-D-glucose (9a). To a solution of
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8a (1.4 g 4.25 mmol) in MeOH (20 mL) was added catalvtic
amount of 10% Pd/C and the reaction mixture stirred for 30 h
at rt. Reaction mixture filtered by glass funnel which was pad-
ded with celite. The solvent was evaporated in vacuo. The
crude mixture was purified by flash column chromatography
(hexane/EtOAc, 1:2, v/v) to afford pure 9a(1.32 g. 95%) asan
oil. 9a: [¢]p=-13.26 (¢ 2.00. CHCls). IR (KRS-5) 3390. 3330.
2990, 2920. 2850, 1370, 1240. 1210. 1070, 830 cm™'; "H NMR
(500MHz. CDCl;) 6 0.83-0.86 (m. 1H). 0.95-0.97 (. 1H)
1.14-1.19 (m. 1H). 1.23-1.29 {m. 5H). 1.34-1.40 (m. LH). 1 34
(s. 3H), 1.36 (s. 3H). 1.40 (s, 3H). 1.41 (s. 3H). 1.46-1.52 (m,
LH). 1.64-1.71 (m. 4H). 1.77-1.89 (m. LH). 2.90-2.94 (m. 1H).
3.80 (dd. 1H. /= 3.85,6.79 Hz). 3.85 (dd, 1H. /=6.8. 8.0 Hz),
3.96(dd. IH./=5.1.8 4Hz), 4.03-4.07 {(m. LH).4.13 (dd. 1H.
J = 6.16. 8.38 Hz); *C NMR (125MHz. CDCl3) & 109.6.
109.2.84.4. 784, 77.4.678.49.3,43.2. 34 4,34.2,32.6.27.3,
27.4.26.7.26.7.26.4.26.2. 25 3. Anal. Calcd for CisH3::NOy :
C. 66.03; H. 10.09: N. 4.28. Found: C, 66.04; H. 10.07: N.
425

9b: [a)p = =19.4 (¢ 2.00, CHCls); IR (KRS-3) 3480, 3400,
3060, 2960, 2930, 2850, 2340, 1710. 1610. 1450, 1300. 920.
730 ¢m’’: 'H NMR (500MHz. CDCls) § 0.90 (d. 3H. J = 6.54
Hz),0.94(d, 3H,./=6.62 Hz), 1.29-1.40 (m, 3H), 1.34 (s, 3H),
1.36 (s. 3H). 140 {s. 6H). 1.77-1.83 {m. LH). 2.88-2 91 (m.
1H), 3.82 (dd. 1H,./=3.5,6.9 Hz). 3.88 (dd. 1H,./=6.9. 7.9
Hz). 3.96 (dd. I1H. J=5.05.84 Hz), 4.03-4.07 (m. |H). .13
(dd. 1H./=6.1,8.4 Hz); *C NMR (125MHz. CDCl3) 3 109.6,
109.2.84.1. 783, 77.4.678.499,44.8.27 4,273, 26.7. 253,
24.7.23.5. 218 Anal Caled for CisH=NO, - C. 6272 H.
10.10; N, 4.87. Found: C. 62.71; H, 10.08: N, 4.85.

9¢: [¢]p = +8.28 (¢ 2.00. CHCl:): IR (KRS-5) 3380. 3390,
2980. 2930. 2880. 2360. 1460. 1380. 1230. 1220. 1160, 1070,
850 cm™: "H NMR (500MHz. CDCl3)  1.00 (t. 3H.J = 7.4
Hz). 1.27 (s. 2H). 1.34 (s. 3H). 1.36 (s. 3H). 1.40 (s. 3H).
1.34-1.39 (m, LH). 1.38-1.63 (m. 1H). 2.70-2.73 (m. 1H),
3.85-3.91(m. 2H).3.96 (dd. lLH./ =520, 8.35Hz). 4.03-4.07
(m, 1H). 4.13 (dd. 1H. J=6.2, 8.3 Hz): “C NMR (125MHz
CDCl:) 8 110.0, 109.4.839.78.6.68.1.53.7.31.2.287.27 7.
27.6,27.0,25.7,11.2. Amal. Caled for C,5H=:NO, : C, 60.23:
H. 9.65; N, 3.41. Found: C. 60.22; H, 9.66; N. 5.44,

Genenal preparation of 10a, 10b and 10¢ : Representative
procedure for the preparation of 1-cyclobexyl-1,2-dideoxy-
3,4:5,6-O-diisopropylidene-2-[(9-pbenylfluoren-9-y¥1)amino)-
D-glucose (10a). To a solution of 9a (0.9 g, 3.03 mmol) in
CH-Cl (10 mL) was added Pb(NO1)- (0.94 g. 4.58 mmol).
9-bromo-9-phenylfluorene (1.47 g. 4.58 mmol) and Et:N
(0.93 g. 9.16 mmol) at rt. The reaction mixture stirred for 30
min at 1t. and quenched with water (30 mL). The reaction mix-
ture extracted with CH-Cl» (3 x 20 mL) and the orgamic layvers
were evaporated in vacuo. The combined organic extracts
were dried with Na-SOy4 and evaporated under vacuo. The
crude mixture was purified by flash column chromatography
(hexane/EtOAc. 10:1. v/A') to afford pure 10a(1.51 g. 87%) as
an oil.

10a: [a]p = +7.44 (¢ 2.00. CHCl3): IR (KRS-5) 3430, 3330,
3060. 2990. 2920. 2830, 1720, 1430, 1370, 1230, 1210, 1060,
850 ¢cm”: '"H NMR (500 MHz. CDCl3) $ 0.28-0.33 (m. 1H).
0.39-0.45 (m. LH). 0.88-1.17 {(m, 7H). 1.19-1.24 (m. 5H). 1.25
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(s, 3H), 1.13 (s. 3H). 1.14-1.44 (m. 4H). 1.50-1.35 (m. 3H).
2.34-245¢(m, 1H). 2.63(d. |H./=8.7Hz). 3.64-3.69 (m. 2H).
3.90-4.03 (m. 3H). 7.07-7.21 (m. 53H), 7.28-7.39 (m, 4H),
743-745 (m. 2H). 767 (d. 2H. J = 7.5 Hz); "C NMR
(125MHz. CDCl3) 8 151.0. 150.5, 1459, 140.6. 140.5, 128.1.
128.1, 127.7.127.5, 126.9, 126.5. 126.3, 126.1, 125.9. 125 .8,
120.0, 119.8. 109.3, 1084, 80.9.77.3, 76.8. 72.4.67.5. 49 3.
41.5.33.7.33.3,328.309,273.268,26.6,264.26.2,26.1.
25.3. 13.8. Anal. Caled for C3sHsNO, - C. 77.80: H. 8.16: N,
2.52. Found: C. 77.83: H. 8.13: N. 2.55.

10b: Yield : 85%: [¢)p=+3.84 (¢ 2.00, CHCls). IR (KRS-35)
3330, 3060, 2980, 2930, 2870, 1740, 1450, 1380, 1250, 1210,
1160, 1070. 850, 740 cm™ ; 'H NMR (500MHz, CDCl3) 6 0.38
(d.3H.J=6.5Hz).045(d. 3H.J=6.5Hz).0.83-0.87 (m. 1H).
1.17-1.24 (m. 1H), 1.22 (s, 3H). 1.26 (s, 3H). 1.30 (s. 3H),
1.34-1.44 (m. 1H), 1.46 (s, 3H). 2.32 (s, 1H). 2.36 (s. 1H),
3.67-3.71 (m. 1H). 3.88-3.92 (m, 1H). 401-4.03 (m. 1H).
7.16-7.35(m. 9H). 745 (d, 2H../= 7.0 Hz). 7.66 (d. 2H../ =74
Hz). °C NMR (125MHz. CDCl3) § 151.2. 150.4. 146.0. 140.6.
140.5, 128.5.128.2, 128.1, 127.7.127.6, 1269, 126.3. 125.9,
1254, 120.1. 119.9. 119.8.109.3, 108.5,80.9, 77.5.77.0. 72 4.
67.5.502,43.1.27.3.268. 264,253, 244,229, 21.7 Anal.
Caled for Cs;HaNO, : C. 76.86; H. 8.01: N, 2.72 . Found: C,
76.83:H. 8.03. N, 2.75.

10c¢: Yield : 89%; [¢]p=+8.32 (¢ 2.00. CHCl;); IR (KRS-3)
3420, 3330, 3040, 2987, 2920, 2850, 1715, 1440, 1350, 1250,
1210. 1060, 870 cm”; 'H NMR (300MHz, CDCl1) & 0.64 (t,
3H.J=74Hz), 1.03-1.07 (n, 1H). 1.14-1.17 (m, 1H). 1.19 (s.
3H). 1.27 (s. 3H). 1.32 (s. 3H). 1.39 (s. 3H). 2.25 (s. 1H). 2.27
(s. IH). 3.68(dd. 1H.J=2.7,74Hz).3.75(dd. IH,./=6.9,8.1
Hz). 3.89-3.93 (m. 1H). 3.95-3.98 (. 1H). 4.01-4.04 (m. 1H):
“C NMR (125MHz. CDCly) 8 148.5. 148.4, 143.3, 141.6,
1402, 1290, 1289, 1288 128 1, 1280, 127.6. 1262, 1259,
1253, 1205, 120.2, 107.7, 81.5, 76.1. 73.0, 72.0, 63 4. 54 1.
26.8,26.3,23.3, 11.5. Anal. Calced for CyH3=-NO, : C, 76.36 H.
7.65:N.2.87 Found: C. 76.37: H. 7.63: N, 2.87.

General preparation of 11a, 11b and 11¢ : Representative
procedure for the preparation of 1-cyclohexyl-1,2-dideoxy-
3,4-0-isopropylidene-2-[(9-phenyIfluoren-9-¥l)amino]-
D-l¥xitol (11a). To a solution of 10a (1.17 g. 2.11 mmol) in
CH-Cl> (5 mL) was added acetic acid (70%. 35 mL) at 1. The
reaction mixture stirred for 24 hat rt. and then added water (30
mL). The reaction mixture extracted with CH>Cl> (3 x 30 mL).
The combined organic extracts were dred with Na:SO; and
evaporated under vacuo. The crude mixture was purified by
flash column chromatography (hexane/EtOAc. 10:1. v/v) to
afford pure 11a (0.98 g, 90%) as an oil.

11a: [¢]n=+29.26 (¢ 2.00. CHCl3): IR (KRS-5) 3440. 3290.
3060. 2980, 2930, 28350, 1720. 1450. 1370. 1250, 1070. 740
cm’: '"H NMR (500 MHz. CDCly) & 0.38-0.41 (m. LH).
0.75-0.78 (m, 1H), 0.88-0.92 (m, 1H), 0.94 (s, 3H), 0.97-1.03
(m, 2H), 1.04-1.16 (m, 3H), 1.21 (s. 3H). 1.24-1.27 (m, 1H),
1.36-1.40 (m. 1H). 1.42-1.46 (m. 2H). 1 .55-1.63 {(m. 2H). 2.03
(s. 1H), 2.54-2.57 (m. 1H). 3.12 (dd, 1H, /= 3.2, 11.7 Hz),
3.47-3.50 {(m. 1H). 3.67-3.74 (m. 2H). 3.35(dd. lH. J=4.0.
11.2 Hz), 7.19- 7.30 (m, 7H), 7.31-7.36 (m, 2H), 7.39-7 42 (m.
1H). 7.46 (d. 1H. J = 7.5 Hz). 7.74 (d. 1H. J = 7.6 Hz). °C
NMR (125 MHz, CDCl3) § 148.6, 148.5, 143.2, 141.6. 1401,
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129.0. 128.9. 128.8, 128.2. 128.1, 127.6, 126.3. 125.9. 124.9,
1205, 1202, 107.7. 814, 76.0. 73.1. 72.2, 64.8, 604, 491,
389.34.5.33.1.322.268.26.4.26.3.259, 14.2. Anal. Caled
for C5:HaNQy : C. 76.86 H. 8.01; N. 2.72. Found: C. 76.84: H.
8.00; N.2.70.

11b: Yield : 91%: [¢]p= +24.532 (¢ 2.00. CHCl): IR (KRS-3)
3410, 3290, 3060, 2980, 2950_.2930_2870.2780.2250. 1450.
1370. 1240, 1070. 910, 740 em”: 'H NMR (3500 MHz, CDCl3)
6033(d. lH.J=63Hz).0.73(d. lLH.J=6.5Hz).0.96 (s. 3H).
1.09-1.19 (m. 2H). 1.23-1.27 {m. 4H). 1.33-1.39 (m. 1H).
1.46-1.49 (m. 1H), 2.03 (s, 1H). 2.50-2.53 (m. 1H), 3.18 (dd.
IH. J=3.2. 85 Hz). 348-3.52 (m. 1H). 3.70-3.75 (m. 1H).
3.85(dd, 1H,J=4.0, 11.2 Hz). 7.11-7.31 (m. 8H), 7.34-7.36
(m.2H). 7.39-7.42 (m. 1H). 7.45-7 49 (m. 1H). 7.70-7.74 (m.
2H): C NMR (125 MHz, CDCls) 8 148.7. 1485, 143.2,
141.6. 140.2. 129.0, 128.9. 128.7, 128.3, 128.0. 127.6. 126.4,
125.9,125.0, 120.5. 1202 107.7. 81.5.76.0.73.0, 72.3. 61 8.
30.0, 40.6, 26.8. 26.3. 24.0, 23.7. 21.6. Anal. Calcd for
Cs:H3s:NOy : C. 75.76: H. 7.84: N, 2.94. Found: C. 75.73: H.
7.83:N, 2.95,

11c: Yield : 89%: [o]n= +25.22 (¢ 2.00. CHCl;). IR (KRS-5)
3430. 3310. 3060, 2980. 2930, 2870, 1730, 1600. 1450, 1380.
1250. 1070 cm™; "H NMR (300 MHz. CDCls) 8 0.73 t, 3H, J
=7.5Hz). 0.96 (s. 3H). 1.21-1.27 (m. 2H). 1.22 (5. 3H). 1.66
-1.71 (m. 1H), 2.03 ¢s. 1H). 2.37 - 2.40 (m, 1H), 3.13 (dd, 1H,
J =33, 8.6 Hz), 3.48-3.50 (m. 1H). 3.69-3.73 {m. 2H). 3.85
(dd. 1H. J=3.9, 11.1 Hz). 7.19- 7.31 {m. 7H). 7.33-7.36 (m,
1H), 7.39-7.42 (m, 1H). 7.47 (d, 1H. /= 7.6 Hz). 7.71 (dd. 2H,
J=75.17.5Hz). "C NMR (125 MHz. CDCl5) § 148 5. 148 4,
143.3. 141.6, 140.2, 129.0. 128.9. 128.8, 128.1, 128.0, 127.6,
1262, 1259, 1253, 120.3. 1202, 107.7. 81.5. 76.1. 73.0.
720, 64.4. 34,1, 268, 26.3. 23.3, 11.5. Anal. Caled for
C-xHausNO,y - C. 75.14: H. 743 N. 3.13. Found: C. 75.12: H.
741 N.3.10.

General preparation of 12a, 12b and 12¢ : Representative
procedure for the preparation of 1-cyclohexyl-1,2-dideoxy-
3,4-0-isopropylidene-2-[(9-phenylfluoren-2-¥1)amino]-
D-xylitol (12a). To a solution of 11a (0.79 g. 1.53 mmol) in
H-O/EtOH = (1:2, 30 mL) was added NalO, (0.49g, 2.27
mmol) at rt. The reaction mixture stirred for 2 hat rt. and then
added NaBH, (7.45mg. 1.97 mmol) and stirred for 15
min. EtOH in the reaction bottle was evaporated and the
reaction mixture extracted with CH-Cl-~ (3 x 30 mL). The
combined organic extracts were dried with Na:SO,; and
evaporated under vacuo. The crude mixture was purified by
flash column chromatography (hexane/EtOAc. 3:1. v/+) to af-
ford pure 12a (0.67 g. 90%) as an oil.

12a: [o]p=+18.51 (¢ 2.00. CHCls): IR (KRS-5) 3440. 3060.
3030. 2990, 2980. 2830, 1590, 1370, 1220. 1150. 1030, 930,
740 ¢cm™: 'H NMR (500 MHz. CDCls) 5 0.38-0.45 (m. 1H).
0.60-.68 (m. 1H). 0.79-0.90 (m, 2H), 0.96-1.03 (m. 2H) 1.04
(s, 3H). 1.00-1.12 (m, 3H), 1.24-1.29 (m, 1H), 1.28 (s, 3H).
1.30-1.58 (m. 2H). 1.55-1.61 (m. LH). 2.30 (s. 1H). 2.46-2.48
(m, 1H), 3.15 (dd, IH. J=3.1. 8.6 Hz). 3.48 (dd. 1H,J=8.3.
10.7Hz).3.71-3.74 (m. 1H). 3.94-3.98 {(m. 1H). 7.22-7 48 (m.
11H). 7.68-7.73 (m, 2H); °C NMR (125 MHz, CDCl;) &
1493, 1489, 1438, 141.5, 140.1. 1288 1287, 128.6, 128.1.
1279, 127.5. 1263, 126.0, 125.1. 1204, 1202  107.6. 8L.5.
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75.7.73.0.63.0,49.0.39.5,34.0.33.3.32.6,27.0. 26.3, 26 4.
26.3.25.9. Anal. Caled for CaxHNOa : C. 79.14 H. 8.09 N.
2.88. Found: C, 79.12 H, 8.07 N. 2.85.

12b: Yield : 79%. [a]p= +20.32 (¢ 2.00, CHCI;); IR (KRS-3)
3460, 3290, 3060, 2980, 2950, 2870, 1450, 1370, 1240, 1170,
1070. 910, 730 em™: "H NMR (500 MHz, CDCl3) & 0.43 (d,
3H./=6.1Hz). 062 (d. 3H. /=63 Hz). 1.07-1.11 (m. 1H).
1.17 (s. 3H). 1.37 (s, 3H), 1.39-1.49 (m. 2H). 2.42 -2.45 (m,
1H). 329(dd. IH./=29,86Hz).3.54(dd. IH./=76.109
Hz). 3.70 (dd. 1H. J = 4.2, 109 Hz). 404409 (m. 1H).
7.23-7.45 (m. 11H). 7.72-7.77 (m, 2H); °C NMR (125 MHz,
CDCl3) & 1495, 1489, 1440, 1414, 1402, 1288, 1287,
128.5,128.1.127.8, 1274, 126.2. 126.0, 125.2, 120.3. 120.1,
107.6.81.0.75.9,72.9.628.496,41.3,270.266.24.1, 229,
22.1. Anal. Caled for C-gH3sNOs @ C, 78.17 H. 7.92 N. 3.14.
Found: C. 78.13 H. 793 N, 3.15.

12¢: Yield : 78%: [a]p= +35.28 (¢ 2.00. CHCl3): R (KRS-5)
3460. 3340. 3230. 3060, 2980. 2930. 2870. 1740. 1450. 1370.
1240, 1170. 1050 cm’': '"H NMR {500 MHz, CDCla) 6 0.66 (1.
3H.J=735Hz), 1.11 (s. 3H). 1.12-1.16 (m, 1H). 1.32 (s, 3H),
1.44-1.50 (. 1H). 2.26-2.28 (m. 1H). 2.29 (s. 1H). 3.29 (dd.
IH. J=3.38.858Hz). 351 (dd. 1H./=7.14, 110 Hz). 3.63
(dd, 1H, J= 4.2, 10.9 Hz). 3.97-4.01 (m. 1H), 7.17-7.25 (m,
6H). 7.30-7.37 (m. 5H). 7.66-7.70 (m. 2H): °C NMR (125
MHz. CDCl;) 6 149.5, 149.0. 144.2. 141.1. 140.2, 128.7,
1286, 1285, 127.8.127.4.126.1, 1260, 1254, 120.2, 1201,
107.7.80.8.76.3.72.9.62.7.53.9.27.0. 26.6. 24.3. 10.9. Anal.
Caled for C::H3yNOs : C. 77.67 H. 748 N. 3.35. Found: C,
77.63:H. 749N, 3.35.

General preparation of 13a, 13b and 13¢ : Representative
procedure for the preparation of 1-cyclohexyl-1,2-dideoxy-
3,4-0O-isopropylidene-35-O-mesyl-2-[(9-phenylfluoren-
9-yl)amine]-D-xylitol (13a). To a solution of 12a(0.73 g. 1.51
mmol) in CH>Cl> (30 mL) was added EtaN (0.32 mL. 2.27
nunol) at 0 °C. The reaction mixture stirred for 20 nun and add-
ed MsC1(0.15 mL., 1.97 mmol) and stirred for 30 min. The re-
action quenched by addition of NaHCO; solution (10%, 10
mL) and the reaction mixture extracted with CH-Cl- (3 x 30
mL). The combined organic extracts were dried with anhy-
drous MgSO. and evaporated under vacuo. The crude mixture
was purified by flash column chromatography (CH-Cl-) to af-
ford pure 13a (0.84 g, 99%) as an oil.

13a [o]p=+11.15 (¢ 2.00. CHCl;): IR (KRS-5) 3350. 2990,
2920. 2850, 1740. 1430, 1360. 1250, 1250. 1180. 750 cm™; 'H
NMR (500 MHz, CDCl3) 6 0.22-0.26 (m. 1H). 0.43-0.47 (m.
LH). 0.82-0.88 (m. 2H). 0.93-0.98 (m. 3H). 0.99-1.05 (m. 1H).
1.13-1.15 (m. 1H). 1.22-1.27 (m. 5H), 1.42-1.49 (m. 5H). 1.99
(s. 1H). 2.22 (s. IH). 3.50 (dd. |H.J=2.3,. 8.4 Hz). 401 (dd.
IH.J=6.3.11.1 Hz), 435 (dd. 1H. J=2.7. 11.1 Hz). 4.42 -
4.46 (m, 1H). 7.18-7.32 (m. 8H).7.37-7.42 (m. 3H). 7.66-7.71
(m, 2H); °C NMR (125 MHz, CDCl3) 6 150.8, 149.1, 145.0,
141.1, 140.2, 128.6, 128.4. 127.9. 127.7, 127.2, 126 2. 125.7,
1255, 120.2.119.9. 1090, 78 4. 74.6, 72.6. 69.8 483, 41 .0,
37.7.338.336.325.273.268.264.260.259.14.2. Anal.
Caled for Cs:HgNQO:S : C. 7031 H. 7.33 N, 2.48. Found: C.
70.33.H. 7.35 N, 2.45.

13b: Yield : 98%: [o]p= +14.27 (¢ 2.00. CHCl,): IR (KRS-5)
3330, 3060, 2980, 2950, 2870, 1450, 1360, 1180, 960, 740
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em’: "H NMR(300 MHz, CDCls) 8 0.27 (d, 3H, J = 6.5 Hz).
047 (d.3H.J=6.5Hz). 0.74-0.80 (m. LH). 1.18-1.33 {m. 3H).
1.30 (s, 3H), 1.30 (s. 3H). 2.02 (s, 1H), 2.15 (s, 1H), 3.01 (s.
3H), 3.535(dd, 1H,/=2.1.835Hz). 394 (dd. IH../=39.11.2
Hz). 428 (dd. 1H. J = 2.8, 112 Hz). 446449 (m. 1H).
7.19-7.31 (m. 8H). 7.36-7.42 (m, 3H). 7.66-7.71 (m. 2H); °C
NMR (125 MHz. CDCl;3) 6 150.8. 149.1, 145.1. 141.0, 1403,
128.6. 1284, 127.8, 127.2. 126.1. 123.7, 125.6, 120.1. 119.9.
109.0,782.745.726.694.49.1.426,.37.7.274.268.24 4.
23.2.21.3. Anal. Caled for C5:H3-NOsS : C. 68 81: H. 7.21: N.
7.12. Found: C, 68.83: H. 7.25: N, 7.15.

13¢: Yield : 95%. [o]p = +48.88 (¢ 2.00. CHCl). IR
(KRS-3) 3340, 2980. 2940, 1730, 1450. 1360, 1230, 1180,
970. 740 cm™: 'H NMR (500 MHz. CDCl3) $ 0.54 (1. 3H. J =
7.4 Hz), 1.14-1.16 (m, 1H). 1.12-1.18 (m, 1H), 1.30 (s. 3H).
1.47 (s. 3H). 2.03 (m. 1H). 2.21 (s, 1H). 3.02 (s, 3H). 3.61 (dd.,
IH.J=2184 842 Hz). 396 (dd. 1H. /=585 11.2 Hz). 429
(dd. 1H.J= 2.6, 11.3 Hz), 4.37-4.41 (m, 1H). 7.19-7.27 (m,
7H). 7.30-7.33 (m. LH). 7.35-7.38 (m. 1H). 7.41-7.42 (m. 2H).
7.68 (dd. 2H. J=7.7. 8.2 Hz); "C NMR (125 MHz. CDCl3) &
151.0, 149.1. 14531406, 140.3. 1285, 128.4. 1278, 127.7.
1272, 126.1. 1256, 1254, 120.1. 1199, 109.1.78.3. 75.0.
72.5,69.3.33.0,37.7,27.3. 26 8,26.1, 14.2. 10.3. Anal. Caled
for CxsHasNOsS - C. 67.85:H. 6.71: N, 2.83. Found: C. 67 83
H.6.75. N, 2.83.

General preparation of 14a, 14b and 14¢ : Representative
prcedure for the preparation of 1-cyclohexyl-1,2,S-tridide-
0xy-3,4-0-isopropylidene-5-iodo-2-[(9-phenyIfluoren-
9-yl)amino]- D-lyxose (14a). To asolutionof 13a(L.2 g. 2.13
mmol) in DMF (20 mL) was added Lil (0.31g, 2.33 mmol) at
1. The reaction mixture stirred for 36 h at 75 °C and cooled
down to 1t with cold water. To the reaction mixture added satu-
rated NaHCO; solution (10 mL) and stirred for 5 min and ex-
tracted with CH-Cl: (3 x 30 mL). The combined organic ex-
tracts were dried with anhyvdrous MgSO; and evaporated un-
der vacuo. The crude mixture was purified by flash column
chromatography (hexane/EtOAc, 3:1. v/v) to afford pure 14a
(L.01 g. 80%) as an oil.

14a; [u]p = +14.36 (¢ 2.00. CHCls): IR (KRS-3) 3330. 3040,
2930. 2850. 1450, 980. 870, 760 cn’'; '"H NMR (500 MHz.
CDCl:) & 1.40-1.66 (m. L0H). 1.33 (s. 3H). 1.39 (s. 3H).
1.42-1.47 (m. 1H). 1.82-1.87 (m. 2H). 2.22-2.43 (bs. NH),
292-301 {m, IH). 3.23 {(dd. 2H. J =28 Hz). 3.31-3.34 (m.
1H). 3.38-3.41 (m. 1H). 7.16-7.30 (m, 8H). 7.35-7.40 (m, 3H).
7.63-7.69 (m, 2H). *C NMR (125 MHz. CDCl3) § 150 5. 148
7. 1444, 1420, 1411, 1277 1273, 126.6. 126.3. 126.0.
1254, 124.8. 124.3.119.5. 118.7, 1074, 81.4,74.7. 71.4,539.3.
482 345, 266.26.1.22.5.223.22.1.220. 15.1.6.0.

14b: Yield : 83%: [¢)p = +21.34 (¢ 2.00. CHCl): IR (KRS-3)
3330, 3060, 2950, 2870, 1450, 1370, 1240_ 1170, 1120. 1040.
890, 740 cm'; 'H NMR (500 MHz, CDCl5) 6 0.21 (d. 3H. J =
6.3Hz).0.51 (d. 3H../=6.3Hz). 0.67-0.72 (m, 1H). 0.86-0.90
(m. [H). 1.39(s. 3H). 1.55 (s. 3H). 2.06 (s. |H). 2.16 (s. LH).
2.88 (dd. 1H../=3.9. 10.6 Hz). 3.08 (dd. 1H../ = 4.5, 10.6 Hz),
349(dd. IH./=15.78Hz). 417421 (m. 1H). 7.18-729(m.
8H). 7.30-7.31 (m, LH), 7.36-7.40 (m, LH), 7.42-7.44 (m, 2H).
7.66-7.71 (m. 2H): “C NMR(125 MHz. CDCly) & 151.3.
1493, 1454, 141.0. 140.3. 1285, 1283, 1279, 127.7. 127 2.
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126.2.125.8.125.7. 120.0. 119.9, 108.5,82.5,75.5,72.5, 60 4.
494, 432.276.274.246,236.210,142.68.

14¢: Yield : 81%: [¢)p = +11.56 (¢ 2.00, CHCl5); IR (KRS-3)
3430. 3060, 2980, 2930, 2870. 1450. 1370, 1240, 1030. 730
cm’: "H NMR (500 MHz. CDCl:) § 0.53 (1. 3H.J = 7.4 Hz).
0.92-0.97 (m, 1H), 1.03-1.11 (m, 1H), 1.39 (s. 3H). L.51 (s,
3H).2.02(s. IH).2.25¢s. |H).2.92(dd. lH.J=6.0, 10.6 Hz).
3.12(dd. IH./=4.0, 10.6 Hz). 3.53 (dd. IH../= 2.4, 78 Hz),
4.08-1.11 (m. 1H). 7.16-7.25 (m. 5H). 7.27-7.30 (m. 2H).
7.30-32 (m. 1H). 7.35-7.38 (m. 1H). 7.42-744 (m. 2H).
7.67-7.70 (m, 2H); "C NMR (125 MHz, CDCl:) & 151.4,
1492 1455 1405, 1403, 1284, 128.3. 1280, 127.9, 127.7.
127.1.126.2, 125.7, 1254, 120.0. 119.9. 119.6, 108.6. 82.6,
76.0.724.530,276.274.267.10.2.69.

General preparation of 15a, 13b and 15¢ : Representative
procedure forthe preparation of (35,4.5)-4-(9-phenyl-9H-fluo-
ren-9-¥lamino)-5-cyclohexylpent-1-en-3-ol (15a). To a solu-
tion of 14a (1.36 g. 4.11 mmol) in THF (13 mL) was added
7#-BuLi(1.6 Min hexane. 7.69 mL. 12.3 mmol) at 0 °C. The re-
action mixture stirred for 20 min and quenched by addition of
saturated NH,C1 solution (10 mL) and the reaction mixture ex-
tracted with EtQAc (3 x 30 mL). The combined organic ex-
tracts were dried with anhydrous MgSQO, and evaporated un-
der vacuo. The crude mixture was purified by flash column
chromatography (hexane/EtOAc. 7:1. v/¥) to afford pure 135a
(1.57 g. 90%) as an oil.

15a; IR (KRS-3) 3450, 3390, 3310. 3060, 2920, 2850, 1430,
1070. 930. 740 em™; 'H NMR (500 MHz, CDCls) §0.27-0.29
(m. 1H). 0.46-0.5] (m. 1H). 0.82-0.90 (m. 6H). 1.15-0.31 (m.
2H). 1.42-1.530 (m. 3H), 2.13-2.17 (m. 1H), 2.58 (s, 2H),
3.62-3.64 (m. 1H). 4.99-5.01 (m. LH). 5.12-5.16 (m. LH).
5.48-5.55 (m. 1H), 7.17-740 (m, 11H), 7.65-7.71 (m. 2H); °C
NMR (125 MHz. CDCl3) 8 1504, 1490, 1453, 141.0, 140.2.
1396, 1284, 128312781272, 1264, 126.1. 1254, 1200,
119.9, 1154, 74.1. 72.6, 54.2, 41.6. 34.0, 33.6. 32.8, 264,
262,261 14.1.

15b: IR (KRS-3) 3570, 3420, 3310, 3060, 2930, 2870, 1430,
1280. 1030, 920, 740 ¢ 'H NMR (500 MHz, CDCl3) 5 0.31
(d, 3H../=6.2Hz). 0.51 (d. 3H,./=6.2 Hz) 0.80-0.90 (n, 2H),
1.20-1.36 (m, 2H), 2.09-2.12 (m, 1H), 2.40 (s, 1H), 3.63-3.65
{(m. 1H). 498 (d. |1H.J=10.5Hz). 5.12 (d. 1H. J=17.2 H2).
5.46-5.51 (m, [H), 7.19-7.40 (m, 11H), 7.66-7.71 (m. 2H). °C
NMR (125 MHz. CDCl:) 6 148.0, 1400, 128 4, 127.8.127.7.
127.2, 126.4, 126.0. 125.5, 120.0. 119.8, 1153, 74.0, 54 8,
432,245 23 1. 21 6.

15¢: IR (KRS-5) 3600, 3410, 3340, 3060, 2960, 2930, 2870.
1450. 1380. 1280 em™ 'H NMR (500 MHz. CDCls) &
0.56-0.59 (t.3H.J=7.4 Hz). 0.84-0.96 (m. 2H). 0.99-1.09 (m.
1H), 1.25 (s, 1H), 2.01-2.12 (m, 1H), 3.71-3.73 (m, 1H), 53.01-5.03
(m. I1H). 5.14-5.18 (m. 1H). 5.43-5.50 {m, |H). 7. 18- 7.6 (m.
11H), 7.68 (dd, 2H, J= 7.5. 13.9 Hz) ); "C NMR (125 MHz,
CDCls) 6 143.0, 141.5, 140.6. 136.9. 1294, 128.6, 1282,
127.7.126.3. 1258, 118.2, 79.1. 67.8. 56.3. 24.6, 9.6.

General preparation of 16a, 16b and 16¢ : Representative
procedure for the prepaation of (35,45)-3-benzyloxy-5-cy-
clohexyl-4-(9-phenyl-9H-fluoren-9-ylamino)-1-penten (17a).
To a solution of 15a(1.20 g. 3.54 mmol) in THF (15 mL) was
added slowly NaH (0.15 g. 6.37 mmol) at 0 “C. The reaction
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mixture stirred for 10 min. and added benzylbromide (0.72 g,
4.253mmpol) and stirred for 30 h at rt. The reaction quenched by
addition of saturated NaHCOs solution (13 mL) and the re-
action mixture extracted with EtOAc (3 x 30 mL). The com-
bined organic extracts were dried with anhydrous MgSO, and
evaporated under vacuo. The crude mixture was purified by
flash column chromatography (hexane/EtOAc. 10:1. v/v) to
afford pure 16a (1.64 g. 90%) as an oil.

16a: [R (KRS-5) 3330, 3060. 3030.2920. 2850.2360. 1450,
1110. 1070, 740. 700 cm™: 'H NMR (500 MHz. CDCls) 6
0.40-0.43 (m, 1H). 0.54-0.39 (m. 1H). 0.83-0.88 (m. 2H),
0.99-1.08 (m, 3H). [.25 - [.30 (m. 3H). 1 43-1.45 {(m. 1H).
1.51-1.33 {m. 2H), 1.98 (s. LH), 2.39-2.44 (m. 1H). 3.28-3.29
(m. [H). 3.90(d. IH./ =123 Hz). 404 (d. |H.J= 123 Hz).
5.13-3.23 (m, 2H). 3.90-3.97 (m. 1H). 7.03-7.07 (m. 2H),
7.13-7.28 (m. 11H). 7.32-7.35 (m 1H), 7.43-7.45 (m, 2H).
7.57-7.59 (m. 1H). 7.67 (d. 1H.J = 7.5 Hz): '°C NMR (125
MHz. CDCly) 8 130.4, 150.3, 1435.8. 140.8. 139.1. 136.1,
1284, 1282, 128.1. 1280, 12781274 1272, 127.1. 1263
126.2. 125.6, 120.0, 119.7, 81.9. 72.8. 70.1. 32.0. 39.8. 34.0,
33.5.32.9.266.26.4, 262

16b: IR (KRS-5) 3330, 3060, 3030. 3000, 2870, 1450, 1360,
1110, 1070. 1030. 740, 700 cm™ ; 'H NMR (300 MHz, CDCl)
6040 (d. 3H./=6.5Hz). 0.54 (d. 3H. /=6.5Hz).0.79-0 93
(m, 1H). 1.20- 1.30 (m, 2H). 1.41-1.48 (m. 1H), 2.38-2.41 (m,
1H).3.30-3.32 (m. 1H). 3.91 (d. I|H. /=12 3 Hz). 4.06 (d. 1H.
J=12.3Hz), 3.13-3.22 (m, 2H). 5.89-3.96 (m. 1H), 6.98-7.07
(m, 2H), 7.19-7.27 (m, 8H), 7.34-7.36 (m, 4H), 7.43-7.43 (m.
2H). 7.58-7.67 {m., 2H). C NMR (125 MHz. CDCls) 6 150.3.
139.1. 136.1. 128.4, 128.2. 128.1, 128.0, 127.8. 127.7. 127.6,
127.4. 1272, 1271, 127.0. 1263, 126.1. 1257, 1198. 119.7.
117.1.82.1,72.8. 72.2,70.2,53.0. 41,4, 24.1. 23.0, 22.2.

16¢: [R (KRS-5) 3330, 3060. 3030, 2960, 2930.2870. 1490,
1450, 1230. 1070. 930 cm™™: '"H NMR (500 MHz. CDCls) 6
0.62 (t, 3H..J =74 Hz). 0.90-0.99 (m, 1H). 1.14-1.22 (m. LH),
2.28-2.32 {m, 2H). 3.39-3.41 (m. 1H). 403 {d. IH. /=122
Hz), 4.27 (d, 1H, J = 12.2 Hz), 53.14-3.24 (m. 2H). 3.73-3.80
(m. IH). 7.04-7.36 (m. 14H). 7.41-7 46 {m. 2H). 7.61-7.66 {(m.
2H). C NMR (125 MHz. CDCl3) § 150 3, 150.3. 146.1.
140.5. 140.2, 138.9, 136.0. 128.4, 128.2, 128.1. 128.0, 127.8,
127.7.127.5. 127 4. 1273, 127.2.127.0. 1262, 126.0, 125 8.
119.7, 118.0,82.3. 72.9,72.2. 70.2, 37.0. 23.8, 10.0.

General preparation of 17a, 17b and 17¢ : Representative
procedure for the preparation of (2R,3R)-2-benzyloxy-4-cy-
clohexyl-3-(9-phenyl-9H-fluoren-9-ylamino)-1-pentanoic
acid (17a). To asolution of 16a (1.00 g. 1.95 mmol) in acetone
(20 mL) was added NMO (0.66 g. 6.23 mmol) and catalytic
amount of OsOy at 0 °C. The reaction mixture stirred for 12 h.
and added water (30 mL) and stirred for 10 min at rt. The re-
action mixture extracted with EtOAc¢ (3 x 30 mL). The com-
bined organic extracts were dried with anhvdrous MgSO, and
evaporated under vacuo. The crude product dissolved in
EtOH/H~O (1:1. 20 mL) and added NalOQ, (0.54 g. 2.53 mmol)
at rt. and stirred for Lh. The solvent was evaporated under va-
cuo and the crude mixture dissolved in THF/H-O (1:1. 20 mL)
and added K-CO; (0.534 g 0.39 mmol) and stirred for 3h. at rt.
The reaction mixture extracted with EtOA¢ (3 % 30 mL) and
combined organic extracts were dried with anhydrous MgSOy

Sang Hun Jang et al.

and evaporated under vacuo. The crude mixture was purified
by flash column chromatography (hexane/EtOAc. 1:2. vAv) to
afford pure 17a(0.78 g. 75 %) as an oil.

17a; IR (KRS-3) 3380, 3030, 2950. 2920. 2840. 1710. 1640.
1430. 1270, 1210.710. 670 cm™": '"H NMR (500 MHz. CDCl3)
6 1.34-1.36 (m, 2H). 1.40-1 44 (m, 11H). 2.01-2.10 (bs. NH),
3.25-3.34 (m. 1H). 3.94 (d. 1H. J = 124 Hz). 7.06-7.07 (m.
3H). 7.14-7.19 (m. 3H). 7.34-7.55 (m, 2H). 7.60-7.89 (m. 8H).
11.0 (s. LH): "*C NMR (125 MHz. CDCly) § 177.2. 143.2.
14251419 140.3. 137.5.137.2, 1364, 1362, 129.0, 1292,
1289, 128.7.128.4, 128.1, 127.9.127.6, 127.5,127.3. 126.5,
126.3.896.73.9.67.0.451.354,320,31.4.28.1.27.5, 251,
24.6.

17b: IR (KRS-5) 3390_ 3060_2960_2920.2850. 1720. 1650,
1450. 1270. 1110. 740, 700 em™; 'H NMR (500 MHz, CDCls)
6035 (d,3H. J=6.4Hz). 0,68 (d. 3H,.J = 6.4 Hz), 0.96-1.01
(m. 1H). 1.24- .27 (m. I1H). 1.33-1.40 (m. 1H). [ 42-1 48 (in.
1H). 2.54-2.59 (n, 1H). 3.15 (d. 1H,/=4.2 Hz), 4 01 (d, 1H,J
=124 Hz). 445 (d. |H. J = 124 Hz). 6.98-7.05 (m. 2H).
7.12-7.16 (m, 1H), 7.22- 7.37 (m. 12H), 7.44-7.35 (m, 2H),
7.73-7.76 (m. 1H): C NMR (125 MHz. CDCl3) 172 0.
1479 147.0, 1426, 1412, 139.7, 137.5. 1294, 1292, 128 9,
128.5,128.4.128.3, 128.0, 127.6.127.4,125.7, 125.6. 124.8,
120.5, 120.3. 725,724, 520,393, 239,232, 21 6.

17¢: IR (KRS-3) 3330, 3060, 2960. 2930. 2870. 1730. 1600.
1450, 1210, 1120 cm’': '"H NMR {500 MHz, CDCla) 6 0.70 (1.
3H. J = 7.4 Hz). 1.08-1.17 (m, 1H), 1.24-1.27 (m. 1H),
1.63-1.71 (m. 1H). 2.39-2.43 (m, 1H), 3.17 (d, lH. /= 4.3 Hz).
400(d.1H.J=123Hz). 4501 (d. 1H.J=123Hz). 701-7.04
(m, 2H). 7.08-7.16 (m, 1H). 7.21-7.29 (m, 5H), 7.31-7.36 (m,
2H). 7.44-7.47 (m. IH). 7.553(d. IH.J=75H2z). 7.72 (d. LH.
J =173 Hz), "C NMR (125 MHz. CDCls) & 172.1. 147.6,
147.0, 1427, 141.3, 1396, 137.5, 129.4.129.3, 129.0, 128 4.
128 3. 128.0, 1276, 1275, 1257, 1254, 1249, 120.5, 1203,
72.8.72.5,557.22.8,10.5.

Methyl M-[(25,35)-2-benzyloxy-4-cyclohexyl-3-(9-phenyl-
9H-fluoren-9-ylamino )butanovl-L-leucinate (18). To a mixed
solution of 17 (0.57 g. 1.08 mmol). L-leu-OCHa(0.41 g. 3.24
mniol) and HOBT in THF (10 mL) with catalytic amount of
p-TsOH was added dropwise DCC (0.16 g, 1.19 mmol) in THF
(4 mL)at 0 °C. The reaction mixture stirred for 5 min and added
Et;N (0.22 mL. 1.60 mmol) and stirred for 3 h at rt. The
reaction mixture filtered with celite sintered glass filter. The
organic layer treated with saturated NaHCOs and extracted
with EtOAc (3 * 30 mL). The combined organic extracts were
dried with anhydrous MgSQ;4 and evaporated under vacuo.
The crude mixture was purified by flash column clhromatog-
raphy (hexane/EtQAc. 5:1. v/v) to afford pure 18 (0.53 g. 75
%) as an oil.

IR (KRS-5) 3480, 3310. 3060. 2960, 2870. 2120. 1740,
1660. 1450, 1210, 730 em™; '"H NMR (500 MHz, CDCls) &
0.79(t,3H.J=74Hz). 088 (d,6H.J=6.4 Hz). 1.06-1.11 (m.
1H). 1.25-1.29 (m. 1H). 1.35-1.38 (. 1H). 1.40-1.49 (m. 2H).
1.57-1.61 (m, 1H) 2.29-2.34 (m. 1H). 2.31-2.32 (m. 1H). 3.25
(d. IH.J=95Hz).342(d. IH./=35Hz). 3.70(s. 3H). 3 .81
(d. 1H,J=11.9Hz). 3.92 (d. 1H, J= 11.9 Hz). 4.51-4.56 (m,
1H). 6.96-6.99 (m. 3H). 7.13-7.18 (. 3H). 7.19-7.25 (m. 3H).
7.29-7.33 (m. 3H). 7.41-7.44 (m. 3H). 7.64-7.67 (. 2H): '*C
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NMR (123 MHz, CDCl3) 6 173.0, 171.7. 1514, 130.1. 143.7,
140.5, 1402 137.6. 1286, 12841283 1282, 128.1. 1279,
127.8. 1275, 126.9. 126.3, 126.2, 119.7, 119.6. 80.2, 72.7,
72.4,356.0.358.52.2,50.0. 41.4, 35.0. 25.5. 249, 24 8. 24.7,
242228220 114

N-[(285,38)-3-Amino-2-hydroxy-4-cyclohexylbutanoyl]-
L-leucine (20). To a solution of 18 (0.80 g. 1.22 mmol) in
THF/H-O (2:1, 20 mL) was LiOH (0.035 mg, 2.4 munol) at 0 °C.
The reaction mixture stirred for 3 hat rt. and added 3% HCI (15
mL). The reaction mixture extracted with /-PrOH/CH-Cl> (1:3.
40 mL) and the combined organic extracts were dried with an-
hydrous MgSOy and evaporated under vacuo to give cnude
product 19. The crude product 19 was hvdrogenated with 10%
Pd/C (0.09 g) in MeOH (15 mL) at 70 °C for 10 h. The reaction
mixture was filtered through celite and evaporated under va-
cuo to give crude solid product. The filterate and solid were
subjected to ion-exchange chromatography (Dowex 50W-X8.
eluting 3 N NH;in H~O) to afford pure 20 (0.32 g. 83 %) asa
solid. mp 201-203 °C: [alp = -13.6 (¢ 1.50. IN HCI): IR
(KRS-3) 3400, 3360. 3350. 2970. 2820, 1720. 1670. 1470,
1200. 670 ¢m’: 'H NMR (500 MHz. D~0)  0.90 (d. 6H.J =
6.4 Hz). 1.25-1.47 (m. 13H). 1.74(m. 2H). 1.85(m. 1H). 2.90
(m, 1H), 4.39(d. IH,/=8.9Hz), 442 (d. IH,/=13.5Hz) °C
NMR (125 MHz, CDClz) § 1749, 172.7. 73.1. 53.5. 524,
41.2, 35.9.33.5.33.2.31.4.29.6.28.9. 25.8. 23.6. 23.3, 22 1.
Anal. Caled for C1.5H3|:N:O4'. C. 61.12; H. 962 N. 89].
Found: C.61.15: H, 9.65; N. 8.89.
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