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Abstract

The asymmetric synthesis of protected (2R,3S)- and (2R,3R)-3-substitutedahB8no acids is reported. The
key step in the synthesis of these compounds is the diastereoselective addition of Grignard reagamisnio
nitrones derived from.-serine. Total stereocontrol of the addition step is achieved by changing the protecting
groups in the starting material. The predominant selectivity in each case can be reasonably interpreted in terms of
steric effects of the substituents. © 1998 Elsevier Science Ltd. All rights reserved.

1. Introduction

Optically activex,f-diamino acidsl-5 are an important class of compounds due to their presence in
a variety of antibiotics and other natural products of importanbeparticular, 2,3-diaminopropanoic
acid 1 occurs in nature both in its free form and as a constituent of cyclic peptides such as viomycin,
capreomycins and tuberactinomycins with antibiotic act®i§imilarly, 2,3-diaminobutanoic acidza
and3acan be found in a variety of peptide antibiotics such as antrimycins, lavendomycin, amphomycin,
aspartocin and glumamycii:° (2S,3R)-2,3-Diamino-4-phenylbutanoic aeit is the non-leucine part
of the aminodeoxybestatin, an AP-M inhibitor equipotent to the known bestafiore recently, 2,3-
diamino-3-phenylpropanoic ac2c has been revealed as an alternative to the side chain of Taxol for
improving the water solubility of that anticancer drtig.
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Because of the biological importance of tigl-diamino acids, much effort has been directed toward
their stereoselective synthesis. Specifically, synthetic approaches have been reported for preparing 2,3-
diaminopropanoitand 2,3-diaminobutandié-6 acids as well as other 2,3-diaminoalkanoic aé®i24"
However, among these synthetic procedures it is difficult to find an approach of general applicability.
This problem was pointed out by Rapoport and co-wofkeasid prompted them to develop a general
methodology for the stereoselective synthesis of 3-substituted 2,3-diamino acids via alkylation of an
aspartic acid derivative. The Rapoport-type aspartate alkylation consisted of the incorporation of the C-3
substituent as a positive synthon (a halide was used as a suitable synthetic equivalent). We wish to report
now? a complementary route to 3-substituted 2,3-diamino acids in which the incorporation of the C-3
substituent is made from a negative synthon, a Grignard derivative being the corresponding synthetic

equivalent (Scheme 1).
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Scheme 1.

As a source of the amino acid unit we chasserine6. Garner and Park had described theerine
derived aminoaldehydg as an equivalent of penaldic adid’he use of7 as a suitable starting material
in the construction of complex amino acids by applying that equivalence has been well-demonstrated by

several authors (Scheme%3°
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Scheme 2.

The introduction of the second nitrogen atom is made by using differentially N-protectadino
nitrones, obtained from-serine6, as key intermediates. We have experimented with the use of nitrones
as electrophiles in nucleophilic additions in which a total stereocontrol of the process can bélraised;
moreover, in the particular case afamino nitrones derived from-serine, recent results obtained in
our laborator§1? indicated a tunable diastereofacial selectivity depending on the protecting groups
arrangement of the starting nitrone. So, in addition to a general applicability, our approach allows the
control of the stereochemical course of the reaction thus having access to both (2R,3S)- and (2R,3R)-3-
substitutedx, 3-diamino acids. Also, since-serine is available commercially the methodology described
herein constitutes a formal synthesis of (2S,3R)- and (2S3&)diamino acids.
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2. Results and discussion

«-Amino aldehydes? and 8 were prepared from-serine as describéd. The carbonyl functional-
ity was changed to nitrone by a condensation reaction with N-benzylhydroxyl&hfioléowing our
previously reported procedute Nitrones8 and9 were crystalline stable compounds and showed a Z-
configuration as demonstrated by NOE experiments which established that the azomethine proton and
the benzyl group were on the same side of the nitrone function.

The reaction between an excess (3.0 equivalents) of Grignard reagent and iitemsstook place
smoothly at—50°C in THF as a solvent to give the corresponding hydroxylamirie43 (Scheme 3),
which could be isolated by column chromatography. The results of these experiments are collected in

Table 1.
BocN)( BocN)( BocN)(
H\ﬂ/,\/o vi H\(k/o vii R\l/'\/)
i-iv - N(OH)Bn
l/r 0 Bn":J‘O (OH)
NH, 11a R=CH3
oH 7 9 12a R=Ph
HOLC 13a R=Bn
6 \ NHBoc . NHBoc NHBoc
i,ii,v,iv H% Vi Wslphzsut vi R\/l\/oslpthut
| —
OSiPhyBU! - N(OH)B
0] 2 Bn’T\O (OH)Bn
8 10 11b R=CHjs
12b R=Ph
13b R=Bn

Reagents and conditions: i, Boc,0, dioxane, NaOH, 0 °C to r.t. ii, Mel, DMF, K»>COg, 0 °C to
r.t. iii, DMP, p-TosOH, CgHs, reflux. iv, DIBALH, CH,Cl,, -78 °C. v, 'BuPh,SiCl, DMF, imidazole,
r.t. vi, PhACHoNHOH, MgSQy4, CH,Cly, r.t. vii, RMgX (3.0 equiv.), THF, -50 °C.

Scheme 3.

Extremely high syn selectivity was observed for the addition to the N,N-diprotected nfr@mtries
1-3). On the other hand, the diastereoselectivity changed to anti when the addition was carried out to
the N-monoprotected-amino nitronelO (entries 4-6). In all cases the chemical yields of the obtained
N-benzylhydroxylaminesl1-13 were excellent. Neither the presence of Lewis dfidsr changing
the solvent affected the stereochemical course of the reaction. This behaviour was not surprising since
the same effect had already been observed by us upon the addition of metalated heterocycles such as

Table 1
Stereoselective addition of Grignard reagents to nitr@easd 10?7

entry | nitrone R-MgBrb hydroxylamine | syn : anti¢ | yieldd (%)
1 9 MeMgBr 11a 295 :5 88
2 9 PhMgBr 12a 295 :5 91
3 9 BnMgBr 13a 295 : 5 88
4 10 MeMgBr 11b 9 :91 90
5 10 PhMgBr 12b 11 : 89 87
6 10 BnMgBr 13b 8 :92 91

a All reactions were carried out in THF at -50 °C. b 3.0 equiv. were added. € Measured from the
intensities of 'H NMR signals. 4 determined on isolated mixture
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2-lithiothiazolé2? and 2-lithiofurant” Thus, the stereodivergency achieved by means of the different
N-protection ofc-amino nitrone® and10 seems to become now a general applicabffity.

The absolute configuration of the newly formed stereogenic carbons was not determined immediately.
However, that a complete reversal of the selectivity had occurred was promptly confirmed by deprotecting
hydroxylamines11-13 to the corresponding primary alcoholg-16 (Scheme 4). The physical and
spectroscopic properties of compourdds-—16awere clearly different to those of their epimérb-16b.

; i NHBoc
BocN)( i NHBoc NHBoc i
R\l/k/o - R\|)\/OH F‘\/'\/OSiPh?But _— R\)\/OH
N(OH)Bn N(OH)Bn N(OH)Bn N(OH)Bn
11a R=CHs 14a R=CHs 11b R=CHg 14b R =CHj
12a R=Ph 15a R=Ph 12b R=Ph 15b R =Ph
13a R=Bn 16a R=Bn 13b R=Bn 16b R =Bn

Reagents and conditions: i, p-TosOH, MeOH, reflux. i, BugNF, THF, r.t.

Scheme 4.

The absolute configuration of hydroxylamink2aand12bwas determined by chiroptical methot¥s.

For that purpose the CD spectra of compoutfia and 15b were recorded (Fig. 1). According to the
Smith’s sector rule for the benzene chromophSréhe observed positive Cotton effect in the range
250-270 nm forl5a (Fig. 1) is consistent with the (S)-configuration in the asymmetric center bearing
the phenyl group. As expected, the epimeric compalbtshowed a negative Cotton effect in the same
range of wavelength corresponding to an (R)-configuration.

These results are in excellent agreement with those reported by us for other phenylmethyl
hydroxylamines,® thus confirming the validity of the circular dichroic method for the stereochemical
assignment of N-benzyl hydroxylaminesphenyl substituted®

The configurational assignments of hydroxylamifiésand13 was made on the basis of our previous
observations about the conformational preferences-@ért-butoxycarbonylamino) hydroxylamin&s.
According to these observations, an intramolecular hydrogen bond interaction between the hydrogen
atom of the hydroxylamino group and the carbonyl oxygen of the tert-butoxycarbonylamino group fixes
the two nitrogenated functionalities to be in a gauche conformafigks a consequence, the relative
syn—anti stereochemistry can be determined by the chemical sAfi€aif the carbon atom in thp-
position of the hydroxylamino functionality, ttéeof the syn isomer always being lower than the anti one.
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Fig. 1. CD spectra of compound$aand15b
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Table 2
Selected NMR data of hydroxylamines

syn adducts? (BCB)b anti adducts? (SCB)b
11a  R'=Me; R%,R% = CMe,
11 8.4 9-6 Bn,\-OH 1b R = Me R2 = H; F°= TBDPS
13 29.6 36.0 R,WORG 132 R'=Ph: F2,R% = CMe,
o 13b R'=Ph; R?=H; R® = TBDPS
14 8.5 10.0 P NS 14ab R'=Me; R2=R3=H
16 29.7 35.7 R® Boc  qgap R'=PhRR=R’=H

2syn and anti compounds are referred by a and b series,
respectively. P data in ppm.

The same relationship was found in the corresponding deprotected comdglamttl 6 thus confirming
the above-mentioned empirical rule (Table 2).
Moreover, definitive stereochemical assignments to the obtained hydroxylafriiaesd 11b were
made on the basis of characteristic spectroscopic data and comparisons of further derivatives reported
earlier (see below).

2.1. Mechanistic considerations

The asymmetric induction exerted by the N,N-diprotection in the nucleophilic additions of Grignard
reagents to the nitrongcan be assumed to proceed by a model similar to the one proposed b$*Houk
for the nucleophilic additions to double bonds. In fact, the corresponding conformer that leads to such a
model has been proved to be the more stable in the case of other N,N-disubstitaeitho nitrones?
Accordingly, the addition process takes place preferentially on the less-hinsides# of the nitrone as
illustrated in modeA (Fig. 2).

Si attack

Fig. 2. Models of addition for nitroné

Further support for this model arises from considering nucleophilic additions to nitrones to proceed
via a product-like transition state. In this context, the X-ray structural analyses of several hydroxylamines
having a tert-butoxycarbonylamino group in thigposition have shown that conformati@én(Fig. 2) is
involved in all cases studied. Coordination either by the reagent or by a Lewis acid would not change
the general picture as can be inferred by the presence of an intramolecular hydrogen Boridhan
interaction illustrates the possibility of a chelation between the nitrogen oxygen and the carbonyl group
of the carbamaté? Conformational studies of botA and B have also been carried out by using the
MOPAC (AM1) program® and they showed those conformations to be minima of energy. Nevertheless,
the relative energies between conformers are quite close and no precise conclusions can be%xtracted.

More intriguing appears to be the facial diastereoselectivity on varying the nature of the O-protecting
group. However, some consideration concerning the tert-butyldiphenylsiloxy group allows rationalization
of the anti selectivity observed with the N-monoprotected nitr®ngince it is not easy, for nitron®,
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to decide which is the group (NHBoc or GBSiPh!'Bu) that can be considered as the larger one, two
conformersC and D (Fig. 3) are considered, in principle, as possible transition state models for the
reaction.

Hz0SiPhy'B JQF\ \
2osihz B Bog /M\/ H Si'BuPhy
H«é

s o N .
N:‘O t HH N O Bn"'N/ H
BooN""H Bn Bu, NBn O H H
H “Si_ H.,
H (@) N NHBoc

H H Re attack
Re attack

Fig. 3. Models for addition to nitron&

In the absence of any chelating agent, it is possible to assume @Gakelve have proposed for the
addition of lithiated heterocyclég? However, modeD becomes a more plausible explanation if we
consider the possibility of chelation with the Grignard reagent in a similar way to that proposed by us for
other N-monoprotectead-amino nitrones? In such a case it becomes necessary to consider the relative
position of the tert-butyldiphenylsiloxy group, too. In this respect, semiempirical calculations (AM1)
for model D showed the alternative conformation depicted in Fig. 3 (m&jehs the most stabfe.
According to this result, the tert-butyldiphenylsiloxy group is placed in such a way thai thee is
completely hindered (Fig. 8)) and, as a consequenceagattack remains the only possibility for model
D.

2.2. Synthesis of 2,3-diamino acids

Having a stereodivergent route to syn- and anti-N-benzylhydroxylamines in hand we set out to explore
the necessary functional and protecting group transformations in order to prepare the targeted 2,3-
diamino acids. Starting from hydroxylaming$a-13aonly two transformations were required to provide
diaminesl7a-19a (i) reduction of the hydroxylamine functionality, and (ii) N-benzyloxycarbonylation

(Scheme 5).
BocN)( i BocN)( NHBoc i NHBoc

i i
R — R —_— _—
\|J\/3 \IJ\/O R\l/l\/OH R\'/Lcone

N(OH)Bn NHCbz NHCbz NHCbz
11a R=CHj 17a R=CHs 20a R=CHj 23a R =CHj
12a R=Ph 18a R=Ph 21a R=Ph 24a R=Ph
13a R=Bn 19a R=Bn 22a R=Bn 25a R=Bn

Reagents and conditions: i, Hy, Pd(OH),-C, 70 psi, r.t. then CbzCl, NaHCO3 (aq), THF, r.t. ii,
p-TOSOH (cat.), MeOH, reflux. iii, RUC|3, NaIO4, CchN, CC|4, HQO, r.t. then CHZNZ.' Etgo, 0°C

Scheme 5.

Concomitant deoxygenation and debenzylation was achieved by catalytic hydrogenation at 75 psi,
using Pd(OH) on charcoal as a catalyst and methanol as a solvent. The complete reduction to the
corresponding primary amines was shown to be slow and three days were required to obtain a quantitative
reaction. The resulting primary amines were then protected as the N-benzyloxycarbonyl derivatives
17a-19ain a high overall yield froml1a-13a respectively.

The terminal carboxyl group was unmasked in a sequence requiring two steps. Initial cleavage of
the acetonide ii7a-19awas accomplished with catalytic p-toluenesulfonic acid in refluxing methanol,
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the corresponding aminoalcoha®a-22a being obtained in excellent yields. For compouz@h the
physical and spectroscopic properties of the obtained compound were compared with those described
in the literaturé® (see Experimental) thus supporting the stereochemical assignment. Further oxidation
of 20a-22a to the corresponding carboxylic acids was accomplished with ruthenium trichloride with
acetonitrile—carbon tetrachloride—water as cosolvents and added sodium periodate as a reoxidant. Ester-
ification of the carboxylic acids with excess diazomethane provided the methyl esters in good overall
yields from1lla-13a

In a similar way, hydroxylaminesl1b-13b were transformed into the corresponding N-
(benzyloxycarbonyl) derivativesl7b-19b (Scheme 6). Deprotection of these compounds with
tetrabutylammonium fluoride in anhydrous tetrahydrofuran gave anti aminoalca@ibi®22b which
were oxidized as their epimers (see above) to afford the corresponding anti-2,3-diaminoacids. Also in the
case of the methyl derivativeOb the physical and spectroscopic properties of the obtained compound
were compared with those described in the literdfu¢eee Experimental). Esterification of the obtained
®,B-amino acids with excess diazomethane afforded the corresponding methyP&stetSb.

NHBoc . NHBoc - NHBoc NHBoc
) t i . 4 i i
R\:)\/OSIPthu L H\E)\/OSIPthu . R \:)\/OH M H\E)\cone
N(OH)Bn NHCbz NHCbz NHCbz
11b R =CHjg 17b R=CHj 20b R = CHg 23b R =CHg
12b R=Ph 18b R=Ph 21b R=Ph 24b R=Ph
13b R=Bn 19b R=Bn 22b R=Bn 25b R=Bn
Reagents and conditions: i, Hy, Pd(OH),-C, 70 psi, r.t. then CbzCl, NaHCO; (aq), THF, r.t. ii,
BugNF, THF, r.t. iii, RuClz, NalO4, CH3CN, CCly, H20, r.t. then CHoNp, Et20, 0 °C
Scheme 6.

3. Conclusions

An assessment was made of the tunable selectivity by means of protecting groups of the nucleophilic
additions to nitrones derived from serine. Whereas the N,N-diprotextachino nitrone expressed a
high syn selectivity, the N-monoprotectad-amino nitrone showed an anti selectivity. The present
reaction was successfully applied to the synthesis of (2S,3R)- and (2S,3S)-2,3-diaminobutanoic acids and
(2S,3R)- and (2S,3S)-2,3-diamino-3-phenylpropanoic acids. The use of commercially available serine
(both inD- andL- forms) for asymmetric induction provides a practical, useful method for the synthesis
of optically active 3-substituted 2,3-diamino acids.

4. Experimental
4.1. General methods

All moisture-sensitive reactions were performed under an argon atmosphere using oven-dried glass-
ware. Solvents were dried over standard drying agemtsd were freshly distilled prior to use. Melting
points are uncorrectedH and 13C NMR spectra were recorded on a 300 Varian Unity spectrome-
ter in CDCk at room temperature unless otherwise specified. Chemical shifts are given in parts per
million downfield from tetramethylsilane. Optical rotations were measured using a Perkin—-Elmer 214
polarimeter with a thermally jacketed 10 cm cell at 25°C (concentration C given as g/100 mL) and
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CD spectra on a Jasco J-710 spectrometer. IR spectra were recorded in chloroform and measured in
cm~1, using a Perkin—Elmer 1600 FT-IR infrared spectrophotometer; only representative bands are given.
Elemental analyses were performed on a 1106 Microanalyzer Carlo Erba. All reactions were monitored
by TLC on silica gel plates (Merck Kiesel gel 60 F254) and visualized by spraying with either 1 M
agueous KMn@ or a solution of 2,4-dinitrophenylhydrazine in methanolic sulfuric acid and heated.
Flash column chromatography was performed on silica gel 60 F2BEethylmagnesium bromide and
phenylmagnesium bromide were used in THF from 1.0 M commercial solutions. Benzylmagnesium
bromide was prepared from benzyl bromide as descibédtBoc-L-Serinal acetonidg and N-Boc-
O-(tert-butyldiphenylsilyl): -serinal8 were prepared as describEd.

4.2. (2)-N-[(4R)-3-(tert-Butoxycarbonyl)-2,2-dimethyl-1,3-oxazolidin-4-ylidene]benzylamine N%xide

To a well-stirred solution of N-Boe-serinal acetonid& (4.59 g, 20 mmol) in dichloromethane (200
ml), anhydrous magnesium sulfate (3.61 g, 30 mmol) and N-benzylhydroxyl&h({@é6 g, 20 mmol)
were added sequentially and the resulting mixture was stirred at 20°C for 4 h. The reaction mixture
was filtered and the filtrate rotatory evaporated to yield the crude product which was purified by column
chromatography on silica gel (hexane:diethyl ether=9:1) to yield the pure nir¢(d&2 g, 84%) as a
white solid: mp 57-59°C;{], —46.6 (c 1.8, CHG); IR v 1599 cnt?!; 1H NMR (55°C) § 1.38 (s, 9H),
1.42 (s, 3H), 1.51 (s, 3H), 4.01 (dd, 1H, J=2.5, 9.5 Hz), 4.18 (dd, 1H, J=6.6, 9.5 Hz), 4.81 (s, 2H), 4.92
(ddd, 1H, J=2.5, 4.7, 6.6 Hz), 6.88 (d, 1H, J=4.7 Hz), 7.28-7.36 (m, BI@®)NMR (55°C)& 23.1, 26.4,
28.3, 55.0, 66.4, 69.0, 80.4, 94.4, 128.9, 129.1, 129.2, 132.4, 140.2, 151.5. Anal. calggHasNGO4:
C, 64.65; H, 7.84; N, 8.38. Found: C, 64.53; H, 8.02; N, 9.09.

4.3. (2)-N-[(2R)-2-(tert-Butoxycarbonyl)-3-(tert-butyldiphenylsiloxy)propylidene]benzylamine N-oxide
10

The x-amino aldehyde (8.55 g, 20 mmol) was treated as described above for the preparatibn of
Column chromatography (hexane:diethyl ether=1:4) of the crude product gave 8.52 g (80@@0&
white solid: mp 110-112°C;of], +2.5 (¢ 1.70, CHG); IR v 1603:1H NMR § 1.02 (s, 9H), 1.39 (s,
9H), 3.93 (dd, 1H, J=5.4, 9.9 Hz), 4.00 (dd, 1H, J=4.7, 9.9 Hz), 4.72 (dddd, 1H, J=4.7, 5.4, 5.8, 8.0 Hz),
4.82 (s, 2H), 5.61 (d, 1H, J=8.0 Hz), 6.74 (d, 1H, J=5.8 Hz), 7.32—7.45 (m, 11H), 7.69-7.82 (M3@H);
NMR 6 19.3, 26.9, 28.4, 50.7, 62.8, 69.8, 79.7, 127.8 (2C), 129.0 (2C), 129.4, 129.9, 132.7, 133.2, 133.3,
135.5 (2C), 135.6, 136.7, 155.3. Anal. calcd far1B840N2SiO4: C, 69.89; H, 7.57; N, 5.26. Found: C,
69.72; H, 7.70; N, 5.30.

4.4, Addition of Grignard reagents to nitrones. General procedure

To a cold solution £50°C) of the corresponding nitrone (5 mmol) in THF (30 ml), a solution of
Grignard reagent (15 mmol, 15 ml of a 1.0 M solution in THF) was added under Ar atmosphere. The
rate of the addition was adjusted so as to keep the temperature of the mixturet&#06@. The reaction
mixture was stirred at50°C for 2 h, then saturated aqueous ammonium chloride (30 ml) was added, and
the mixture was allowed to warm to ambient temperature. The layers were separated, and the aqueous
layer was extracted with diethyl etherX{25 ml). The combined organic extracts were dried (MgpO
and concentrated. Chromatography of the residue on silica gel gave pure hydroxylafihdgeluent
is given in brackets for each compound).
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4.5. 1,1-Dimethylethyl-(R)-4-[(S)-1-(N-benzylhydroxyamino)ethyl]-2,2-dimethyl-3-oxazolidine-
carboxylatella

1.54 g, 88%; oil; (hexane:diethyl ether=80:20x]f=—5.9 (c 0.47, CHG); 'H NMR (55°C) § 1.12
(d, 3H, J=6.2 Hz), 1.41 (s, 3H), 1.49 (s, 3H), 1.51 (s, 9H), 2.73 (dq, 1H, J=3.5, 6.2 Hz), 3.70 (d, 1H,
J=13.7 Hz), 3.76 (dt, 1H, J=3.5, 8.3 Hz), 3.91 (m, 2H), 4.00 (d, 1H, J=13.7 Hz), 6.9 (bs, 1H), 7.10-7.38
(m, 5H);13C NMR (55°C)6 8.4, 24.8, 27.3, 28.5, 60.0, 60.5, 61.1, 65.7, 80.7, 93.5, 126.8, 128.0, 128.6,
139.1, 154.4. Anal. calcd for {gH30N2O4: C, 65.12; H, 8.63; N, 7.99. Found: C, 65.24; H, 8.54; N, 7.71.

4.6. (2R,3R)-3-(N-Benzylhydroxyamino)-2-(tert-butoxycarbonylamino)-1-O-(tert-butyldiphenylsilyl)-1-
butanol11b

2.25 g, 82%; oil; (hexane:diethyl ether=90:10x]§=—1.1 (c 0.41, CHGJ); *H NMR § 1.07 (s, 9H),
1.13 (d, 3H, J=6.6 Hz), 1.45 (s, 9H), 3.0 (dq, 1H, J=6.0, 6.6 Hz), 3.70 (d, 1H, J=13.5 Hz), 3.75 (dd, 1H,
J=5.1, 10.3 Hz), 3.89 (dd, 1H, 4.1, 10.3 Hz), 4.00 (ddd, 1H, J=4.1, 5.1, 6.0 Hz), 4.02 (d, 1H, J=13.6 Hz),
4.87 (d, 1H, J=9.0 Hz), 5.60 (bs, 1H), 7.23-7.50 (m, 11H), 7.67-7.79 (m,¥8)NMR § 9.6, 19.3,
27.0, 28.5, 54.3, 60.5, 62.2, 63.8, 79.3, 126.9, 127.7, 127.8, 128.2, 128.9, 129.8, 133.3, 133.4, 135.6,
135.7 (2C), 138.8, 156.2. Anal. calcd fogfE144N204Si: C, 70.03; H, 8.08; N, 5.10. Found: C, 70.36;
H, 7.86; N, 5.23.

4.7. 1,1-Dimethylethyl-(R)-4-[(S)-(N-benzylhydroxyamino)phenylmethyl]-2,2-dimethyl-3-
oxazolidinecarboxylaté2a

1.88 g, 91%: oil; (hexane:diethyl ether=80:20%]f=+10.2 (c 0.62, CHG); H NMR (55°C) & 1.54
(s, 6H), 1.60 (s, 9H), 3.44 (d, 1H, J=9.1 Hz), 3.61 (dd, 1H, J=1.5, 10.6 Hz), 3.64 (d, 1H, J=13.8 Hz), 3.69
(d, 1H, J=13.8 Hz), 3.77 (ddd, 1H, J=1.5, 5.3, 9.1 Hz), 4.60 (dd, 1H, J=5.3, 10.6 Hz), 7.50~7.13 (m, 9H),
7.60—7.70 (m, 2H)!3C NMR (55°C)& 16.4, 24.7, 27.6, 58.6, 60.4, 65.7, 70.7, 81.0, 94.1, 126.8, 127.24,
127.9, 128.7, 129.6, 130.7, 135.9, 138.7, 154.6. Anal. calcd g £N,04: C, 69.88; H, 7.82; N, 6.79.
Found: C, 69.74; H, 7.89; N, 6.54.

4.8. (2R,3R)-3-(N-Benzylhydroxyamino)-2-(tert-butoxycarbonylamino)-1-O-(tert-butyldiphenylsilyl)-3-
phenyl-1-propanoll2b

2.35 g, 77%; oil; (hexane:diethyl ether=85:15x]{=-8.7 (c 0.31, CHG); 'H NMR § 1.00 (s, 9H),
1.58 (s, 9H), 3.41 (dd, 1H, J=2.2, 10.4 Hz), 3.68 (dd, 1H, J=2.6, 10.4 Hz), 3.70 (s, 2H), 3.83 (d, 1H,
J=10.5 Hz), 4.23 (it, 1H, J=2.4, 10.1 Hz), 5.19 (d, 1H, J=9.7 Hz), 6.8 (s, 1H), 7.26—7.49 (m, 16H),
7.70-7.77 (m, 4H):3C NMR 6 19.3, 26.9, 28.4, 53.3, 60.4, 63.6, 70.2, 80.0, 127.3, 127.6, 127.8, 127.9,
128.1, 128.5, 129.7, 129.9, 132.7, 132.9, 135.4, 135.5, 135.6, 135.6, 138.8 (2C), 158.2. Anal. calcd for
C37H46N204Si: C, 72.75; H, 7.59; N, 4.59. Found: C, 72.84; H, 7.75; N, 4.43.

4.9. 1,1-Dimethylethyl-(R)-4-[(S)-1-(N-benzylhydroxyamino)-2-phenylethyl]-2,2-dimethyl-3-
oxazolidinecarboxylaté3a

1.88 g, 88%; oil; (hexane:diethyl ether=80:20x]f=—44.6 (c 1.94, CHG); 1H NMR (55°C) § 1.45
(s, 3H), 1.49 (s, 3H), 1.51 (s, 9H), 2.60-2.71 (m, 1H), 3.06—-3.12 (m, 1H), 3.60-3.64 (m, 1H), 3.70 (d,
1H, J=13.6 Hz), 3.78-3.88 (m, 2H), 3.99 (d, 1H, J=13.6 Hz), 4.12 (dd, 1H, J=5.8, 9.5 Hz), 6.95 (bs, 1H),
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7.28-7.36 (m, 10H)!3C NMR (55°C) 6 24.8, 27.3, 28.5, 29.6, 60.4, 61.2, 65.7, 67.4, 80.8, 93.6, 126.0,
126.4, 127.9, 128.7, 128.8, 129.2, 139.9, 140.1, 154.8. Anal. calcth#btz¢N.O4: C, 70.39; H, 8.03;
N, 6.57. Found: C, 70.50; H, 7.89; N, 7.94.

4.10. (2R,3R)-3-(N-Benzylhydroxyamino)-2-(tert-butoxycarbonylamino)-1-O-(tert-butyldiphenylsilyl)-
4-phenyl-1-butanol3b

2.62 g, 84%; oil; (hexane:diethyl ether=90:10x]§=-35.6 (c 0.26, CHG)); 'H NMR (55°C) § 1.04
(s, 9H), 1.50 (s, 9H), 2.72-2.82 (m, 1H), 3.02-3.11 (m, 1H), 3.49-3.53 (m, 1H), 3.70-3.91 (m, 4H),
4.09 (d, 1H, J=13.5 Hz), 5.20 (bs, 1H), 6.50 (d, 1H, J=9.0 Hz), 7.18-7.39 (m, 16H), 7.46—7.58 (m,
4H); 13C NMR (55°C) 8 19.2, 26.9, 28.5, 36.0, 54.8, 61.6, 63.6, 65.4, 79.3, 127.7 (2C), 128.2, 128.3,
128.4, 128.6, 128.9 (2C), 129.2, 129.7, 130.0, 130.4, 133.3, 135.3, 135.5, 135.6, 156.80. Anal. calcd for
CsgH4gN204Si: C, 73.04; H, 7.74; N, 4.48. Found: C, 73.35; H, 7.66; N, 4.59.

4.11. (2R,3S)-3-(N-Benzylhydroxyamino)-2-(tert-butoxycarbonylamino)-1-butdaol

A solution of hydroxylaminella (0.2 g, 0.57 mmol) in MeOH (15 mL) at room temperature was
treated with catalytic p-TosOH (4.1 mg, 2% w/w). The resulting solution was warmed to reflux where
it was maintained until all starting material disappeared (TLC, 1 h). The mixture was allowed to cool to
room temperature, at which time the solvent was removed under reduced pressure. The crude product
was then partitioned between @El, (15 mL) and saturated aqueous NaH{I®5 mL), the layers were
separated, and the aqueous layer extracted with additional portions,@fl££3x10 mL). The organic
extracts were combined, dried (Mg@@and concentrated under reduced pressure. Chromatography of
the crude product on silica gel (hexane:ethyl acetate=80:20) gave 0.168 g (95%) of diaminoideohol
as a white solid: mp 126-128°Cx[p=—9.2 (c 1.23, CHG); 'H NMR (CDCl3+D,0) & 1.20 (d, 3H,
J=6.5 Hz), 1.44 (s, 9H), 2.98 (m, 1H), 3.59 (m, 1H), 3.69 (dd, 1H, J=3.4, 11.3 Hz), 3.71 (d, 1H, J=13.3
Hz), 3.75 (dd, 1H, J=3.6, 11.2 Hz), 3.98 (d, 1H, J=13.3 Hz), 5.40 (d, 1H, J=5.9 Hz), 7.31-7.42 (m, 5H);
13C NMR (CDCk+D;0) 6 8.5, 28.4, 55.1, 60.8, 61.1, 64.0, 79.7, 127.2, 128.3, 128.9, 138.0, 157.4. Anal.
calcd for GeH26N204: C, 61.91; H, 8.44; N, 9.03. Found: C, 61.64; H, 8.17; N, 9.00.

4.12. (2R,3S)-3-(N-Benzylhydroxyamino)-2-(tert-butoxycarbonylamino)-3-phenyl-1-pralizaol

The hydroxylaminel2a (0.2 g, 0.48 mmol) was treated as described above for the preparatigia of
Column chromatography on silica gel (hexane:ethyl acetate=80:20) of the crude product gave 0.172 g
(96%) of15aas a sticky foam:&]»,=-9.6 (¢ 1.8, CHQX); 'H NMR (CDCl+D,0) & 1.50 (s, 9H), 3.30
(dd, 1H, J=3.5, 10.9 Hz), 3.58 (dd, 1H, J=3.2, 10.9 Hz), 3.59 (d, 1H, J=13.4 Hz), 3.61 (d, 1H, J=13.4 HZ),
3.65 (d, 1H, J=10.3 Hz), 4.21 (dddd, 1H, J=3.2, 3.5, 9.3, 10.3 Hz), 5.29 (d, 1H, J=9.3 Hz), 7.28-7.36 (M,
10H); 13C NMR (CDCkL+D,0) § 28.5, 53.4, 60.6, 62.5, 70.8, 80.14, 126.8, 127.9, 128.0, 128.3, 128.5,
130.1, 135.9, 138.6, 158.1. Anal. calcd fornBH28N204: C, 67.72; H, 7.58; N, 7.52. Found: C, 67.49; H,
7.52; N, 7.41.

4.13. (2R,3S)-3-(N-Benzylhydroxyamino)-2-(tert-butoxycarbonylamino)-4-phenyl-1-ba&anol
The hydroxylaminel3a(0.2 g, 0.47 mmol) was treated as described above for the preparatigia of

Column chromatography on silica gel (hexane:ethyl acetate=85:15) of the crude product gave 0.171 g
(94%) of 16aas an oil: X]p —24.9 (¢ 0.50, CHG); IH NMR (CDCls+D,0) & 1.45 (s, 9H), 2.90 (dd,
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1H, J=9.5, 13.8 Hz), 3.11 (dd, 1H, J=4.0, 13.8 Hz), 3.29 (m, 1H), 3.50 (m, 2H), 3.71 (m, 1H), 3.95
(d, 1H, J=12.8 Hz), 4.12 (d, 1H, J=12.8 Hz), 5.84 (d, 1H, J=7.5 Hz), 7.19-7.35 (m, 1EINMR
(CDClI3+D»0) 6 28.4, 29.7, 52.3, 62.0, 65.0, 67.5, 79.4, 126.3, 127.7, 128.6, 128.7, 129.1, 129.2, 136.8,
139.4, 156.5. Anal. calcd for£GH39N204: C, 68.37; H, 7.82; N, 7.25. Found: C, 68.26; H, 7.90; N, 7.41.

4.14. (2R,3R)-3-(N-Benzylhydroxyamino)-2-(tert-butoxycarbonylamino)-1-buiatol

A solution of hydroxylaminellb (0.3 g, 0.55 mmol) in THF (20 mL) at ambient temperature was
treated with 0.7 mL (0.7 mmol) of a 1.0 M solution of BWF in anhydrous THF. After 2 h the reaction
was quenched by the addition of saturated NaHCGIDd the resulting mixture partitioned betweep®t
(20 mL) and BO (30 mL). The layers were separated, and the aqueous solution was extracted with
Et,O (3x20 mL). The organic extracts were combined, washed with brine, dried (Mg8@red and
evaporated under reduced pressure. The resulting oil was chromatographed on silica gel (hexane:ethyl
acetate=80:20) to afford diamino alcolalb (0.154 g, 90%) as a sticky oilof] ,=—49.8 (c 0.36, CHQ);
1H NMR (CDCl+D,0) & 1.40 (s, 9H), 1.55 (d, 3H, J=6.9 Hz), 3.70 (m, 3H), 4.18 (d, 1H, J=11.9
Hz), 4.66 (m, 1H), 5.25 (d, 1H, J=11.9 Hz), 5.56 (d, 1H, J=6.8 Hz), 7.45-7.53 (m,88)NMR
(CDCI3+D20) & 10.0, 28.3, 54.8, 56.8, 60.7, 62.4, 79.5, 127.3, 128.2, 128.9, 137.6, 155.0. Anal. calcd
for C16H26N204: C, 61.91; H, 8.44; N, 9.03. Found: C, 61.96; H, 8.64; N, 9.27.

4.15. (2R,3R)-3-(N-Benzylhydroxyamino)-2-(tert-butoxycarbonylamino)-3-phenyl-1-propaimol

The hydroxylaminel2b (0.3 g, 0.49 mmol) was treated as described above for the preparatigi.of
Column chromatography on silica gel (hexane:ethyl acetate=80:20) of the crude product gave 0.157 g
(86%) of 15b as an oil: x]p=—14.3 (¢ 0.67, CHG)); 'H NMR (CDCl3+D,0) § 1.42 (s, 9H), 3.54 (dd,
1H, J=5.8, 10.8 Hz), 3.75 (s, 2H), 3.90 (dd, 1H, J=1.8, 10.8 Hz), 4.32 (dddd, 1H, J=1.8, 5.8, 6.6, 8.1 Hz),
5.51 (d, 1H, J=6.6 Hz), 6.08 (d, 1H, J=8.1 Hz), 7.30-7.41 (m, 18fQ;NMR (CDCk+D,0) & 28.2,
54.7,55.4,58.9, 62.7, 80.0, 127.3, 127.6, 128.5, 128.7, 129.0, 129.5, 130.0, 139.9, 156.5. Anal. calcd for
Co1H28N204: C, 67.72; H, 7.58; N, 7.52. Found: C, 67.70; H, 7.35; N, 7.32.

4.16. (2R,3R)-3-(N-Benzylhydroxyamino)-2-(tert-butoxycarbonylamino)-4-phenyl-1-bu@imol

The hydroxylaminel3b (0.3 g, 0.48 mmol) was treated as described above for the preparatigi.of
Column chromatography on silica gel (hexane:ethyl acetate=85:15) of the crude product gave 0.163 g
(88%) of16b as an oil: [x]p —48.5 (¢ 0.50, CHG); 'H NMR (CDCl+D,0) § 1.44 (s, 9H), 3.10 (dd,
1H, J=4.6, 13.8 Hz), 3.61 (dd, 1H, J=6.3, 10.9 Hz), 3.74 (m, 2H), 3.81 (m, 1H), 3.88 (d, 1H, J=12.9 Hz),
4.10 (d, 1H, J=12.9 Hz), 6.00 (d, 1H, J=7.0 Hz), 7.29-7.36 (m, 1&tQ;NMR (CDCk+D,0) & 28.3,

35.7, 54.1, 62.5, 69.3, 75.5, 79.7, 126.9, 128.4, 128.9, 129.2, 129.6, 130.7, 136.9, 138.8, 156.4. Anal.
calcd for GoH3gN204: C, 68.37; H, 7.82; N, 7.25. Found: C, 68.39; H, 8.03; N, 7.19.

4.17. 1,1-Dimethylethyl-(R)-4-[(S)-1-(benzyloxycarbonylamino)ethyl]-2,2-dimethyl-3-oxazolidine-
carboxylatel7a

A mixture of the hydroxylamind.1a(0.175 g, 0.5 mmol) and 20% palladium hydroxide on activated
charcoal (Pearlman’s catalyst) (10 mg) in MeOH (8 mL) was degassed under vacuum and saturated
with hydrogen three times. The resulting suspension was stirred in a Parr hydrogenation apparatus at
ambient temperature for 3 days under 70 psi, then filtered through a plug of Celite, and concentrated.
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The residue containing the crude primary amine was taken up in 1,4-dioxane (8 mL) and treated with
7% aqueous sodium bicarbonate (3 mL). The resulting solution was stirred at 0°C for 10 min and then
treated with benzyl chloroformate (0.1 mL, 0.70 mmol). After the reaction had been stirred at 0°C for 20
min, water (10 mL) was added and the mixture was extracted withGIH3x10 mL). The combined
organic extracts were dried (Mg3Pand the solvent evaporated under reduced pressure to give the
crude product, which was purified by column chromatography on silica gel (hexane:diethyl ether=70:30)
to afford 0.159 g (84%) of purg7aas a colourless oil:f],=—4.3 (¢ 0.72, MeOH)*H NMR (55°C) §

1.10 (d, 3H, J=6.3 Hz), 1.45 (s, 3H), 1.46 (s, 9H), 1.52 (s, 3H), 3.60-3.72 (m, 1H), 3.81-4.02 (m, 3H),
5.03 (d, 1H, J=12.4 Hz), 5.07 (d, 1H, J=12.4 Hz), 5.80 (bs, 1H), 7.22-7.31 (M1ZEINMR (55°C)&

18.9, 24.0, 27.1, 28.0, 50.6, 60.7, 66.0, 66.4, 80.7, 93.7, 126.7, 127.1, 128.2, 136.6, 154.1, 156.1. Anal.
calcd for GgH3oN20s: C, 63.47; H, 7.99; N, 7.40. Found: C, 63.51; H, 7.89; N, 7.73.

4.18. 1,1-Dimethylethyl-(R)-4-[(S)-(benzyloxycarbonylamino)phenylmethyl]-2,2-dimethyl-3-
oxazolidinecarboxylaté8a

The hydroxylaminel2a (0.2 g, 0.48 mmol) was treated as described above for the preparatiotaof
Column chromatography on silica gel (hexane:diethyl ether=75:25) of the crude product gave 0.182 g
(86%) of 18aas a yellowish oil: {x]p=+32.7 (c 1.89, CHG); *H NMR (55°C) § 1.43 (s, 3H), 1.51 (s,
9H), 1.54 (s, 3H), 3.62-3.79 (m, 2H), 4.28 (dd, 1H, J=5.3, 10.7 Hz), 4.74 (dd, 1H, J=7.7, 10.7 Hz), 4.90
(d, 1H, J=12.5 Hz), 5.09 (d, 1H, J=12.5 Hz), 6.80 (d, 1H, J=8.4 Hz), 7.25-7.35 (m, 1BEINMR
(55°C) 6 24.2, 27.6, 28.2, 60.1, 60.6, 65.1, 66.2, 81.3, 94.4, 127.5, 127.7, 127.8, 127.9, 128.3, 128.8,
136.9, 140.7, 154.9, 156.2. Anal. calcd fofs832N20s: C, 68.16; H, 7.32; N, 6.36. Found: C, 67.89; H,
7.60; N, 6.04.

4.19. 1,1-Dimethylethyl-(R)-4-[(S)-1-(benzyloxycarbonylamino)-2-phenylethyl]-2,2-dimethyl-3-
oxazolidinecarboxylatd9a

The hydroxylaminel3a (0.19 g, 0.45 mmol) was treated as described above for the preparation of
17a Column chromatography on silica gel (hexane:diethyl ether=70:30) of the crude product gave 0.168
g (82%) of19aas an oil: [x]p=—16.6 (c 1.12, CHG)); TH NMR (55°C) 6 1.44 (s, 3H), 1.46 (s, 9H),

1.48 (s, 3H), 2.72 (dd, 1H, J=6.2, 14.6 Hz), 2.91 (dd, 1H, J=4.4, 14.6 Hz), 3.62-3.73 (m, 1H), 3.80 (dd,
1H, J=7.0, 8.6 Hz), 3.94 (dd, 1H, J=5.5, 8.6 Hz), 4.10-4.21 (m, 1H), 5.00 (s, 2H), 7.01 (d, 1H, J=7.9 Hz),
7.29-7.46 (m, 10H)}3C NMR (55°C)6 27.8, 28.1, 28.2, 38.8, 65.3, 65.7, 66.3, 66.4, 80.7, 94.3, 127.6,
128.3, 128.7, 128.8, 129.2, 129.4, 137.2, 137.4, 156.1, 156.8. Anal. calcdsfas8l,0s: C, 68.70; H,

7.54; N, 6.16. Found: C, 68.92; H, 7.45; N, 6.29.

4.20. (2R,3S)-3-(Benzyloxycarbonylamino)-2-(tert-butoxycarbonylamino)-1-bw2@aol

The compoundL7a (0.15 g, 0.4 mmol) was treated as described above for the preparatibfaof
Column chromatography on silica gel (hexane:diethyl ether=60:40) of the crude product gave 0.118
g (88%) of20aas a white solid: mp 110-112°Cx],=—26.8 (c 1.32, MeOH) [litP [«]p=—25.4 (c
1.60, MeOH)];*H NMR & 1.35 (d, 3H, J=7.1 Hz), 1.40 (s, 9H), 1.84 (bs, 1H), 3.48-3.50 (m, 1H),
3.51-3.54 (m, 2H), 3.90—4.02 (m, 1H), 4.90 (bs, 1H), 5.10 (s, 2H), 5.71 (bs, 1H), 7.20-7.40 (FEGH);
NMR & 18.5, 28.3, 47.6, 56.6, 62.6, 67.1, 79.9, 127.6, 128.2, 128.5, 136.4, 156.5, 157.2. Anal. calcd for
C17H26N20s: C, 60.34; H, 7.74; N, 8.28. Found: C, 60.20; H, 7.59; N, 8.37.
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4.21. (2R,3S)-3-(Benzyloxycarbonylamino)-2-(tert-butoxycarbonylamino)-3-phenyl-1-pr&ianol

The compoundl8a (0.16 g, 0.36 mmol) was treated as described above for the preparatizfaof
Column chromatography on silica gel (hexane:diethyl ether=65:35) of the crude product gave 0.123 g
(85%) of21aas a white solid: mp 132-134°Cx],=+17.2 (c 1.85, CHG); *H NMR (55°C) § 1.41 (s,
9H), 2.88 (bs, 1H), 3.35-3.50 (m, 2H), 3.82—-3.99 (m, 1H), 4.82—4.86 (m, 1H), 5.00 (d, 1H, J=12.5 Hz),
5.10 (d, 1H, J=12.5 Hz), 5.41 (d, 1H, J=8.1 Hz), 6.06 (d, 1H, J=7.8 Hz), 7.23-7.40 (m, F@HNMR
(55°C) & 28.3, 56.0, 57.3, 61.7, 66.8, 80.0, 127.2, 128.0, 128.4 (2C), 128.8 (2C), 136.3, 139.8, 156.7,
157.2. Anal. calcd for &H»gN,>Os: C, 65.98; H, 7.05; N, 7.00. Found: C, 65.90; H, 7.12; N, 7.15.

4.22. (2R,3S)-3-(Benzyloxycarbonylamino)-2-(tert-butoxycarbonylamino)-4-phenyl-1-b@gmol

The compoundl9a(0.14 g, 0.31 mmol) was treated as described above for the preparatibtaof
Column chromatography on silica gel (hexane:diethyl ether=60:40) of the crude product gave 0.110 g
(86%) of22aas a yellow oil: [x]p=—41.3 (c 0.75, CHG)); *H NMR (55°C) § 1.44 (s, 9H), 2.60 (bs,
1H), 2.75 (dd, 1H, J=5.7, 16.2 Hz), 2.96 (dd, 1H, J=4.8, 16.2 Hz), 3.40-3.51 (m, 1H), 3.60 (dd, 1H, J=3.9,
8.1 Hz), 3.71-3.80 (m, 1H), 4.11-4.19 (m, 1H), 4.90 (bs, 1H), 5.00 (s, 2H), 5.61 (bs, 1H), 7.19-7.30 (m,
10H); 13C NMR (55°C) & 28.3, 38.6, 54.8, 62.2, 62.8, 67.0, 79.9, 126.7, 127.8, 128.1, 128.4, 128.6,
129.0, 136.2, 136.4, 156.1, 157.3. Anal. calcd fogk3oN2Os: C, 66.65; H, 7.30; N, 6.76. Found: C,
66.60; H, 7.42; N, 6.70.

4.23. Methyl (2R,3S)-3-(benzyloxycarbonylamino)-2-(tert-butoxycarbonylamino) bute2fmate

To a well-stirred mixture of CHICN (1.3 mL), CC} (1.3 mL) and HO (2 mL) were added Nalp
(0.265 g, 1.24 mmol) and RugH20 (9.7 mg, 0.043 mmol) sequentially. The resulting yellowish
mixture was allowed to stir for 30 min, at which time it was poured into a flask containing 20&e
(0.254 g, 0.75 mmol). The resulting mixture turned black and additional N€IQ33 mg, 0.62 mmol)
was added. After 5 min the reaction mixture was partitioned between ethyl acetate (25 mL) and water
(25 mL), the layers were separated, and the aqueous layer was extracted with additional portions of ethyl
acetate (%10 mL). The organic extracts were combined, dried (Mg@nd filtered through a short
plug of Florisil, and the filtrate was concentrated under reduced pressure to give the crude carboxylic
acid. This crude material was dissolved in@tand treated with an ethereal solution of diazomethane
to give, after purification by column chromatography on silica gel (hexane:diethyl ether=80:20) the ester
23a(0.220 g, 80%) as a colourless oitt],=—26.3 (¢ 0.56, CHG)); TH NMR & 1.9 (d, 3H, J=6.6 Hz),
1.42 (s, 9H), 3.72 (s, 3H), 4.19 (ddq, 1H, J=4.1, 6.6, 9.1 Hz), 4.30 (dd, 1H, J=4.1, 8.4 Hz), 4.81 (d, 1H,
J=8.4 Hz), 5.06 (s, 2H), 5.20 (d, 1H, J=9.1 Hz), 7.30-7.40 (m, $#Q;NMR & 18.4, 28.2, 49.5, 52.2,
57.5,67.0,81.4,128.1, 128.2, 128.5, 136.8, 155.7, 156.3, 172.1. Anal. calcgsftysN,0g: C, 59.00;
H, 7.15; N, 7.65. Found: C, 58.83; H, 7.29; N, 7.46.

4.24. Methyl (2R,3S)-3-(benzyloxycarbonylamino)-2-(tert-butoxycarbonylamino)-3-phenyl propanoate
24a

The compoundla (0.3 g, 0.75 mmol) was treated as described above for the preparati®®aof
Column chromatography on silica gel (hexane:diethyl ether=80:20) of the crude product gave 0.260 g
(81%) of24aas a white solid: mp 94-96°Cx],=—40.1 (c 1.50, CHG)); 1H NMR § 1.40 (s, 9H), 3.57
(s, 3H), 3.62—3.69 (m, 1H), 4.73-4.86 (m, 1H), 5.10 (s, 2H), 5.25 (bs, 1H), 5.90 (bs, 1H), 7.26-7.30 (m,
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10H); 13C NMR § 28.2, 52.5, 57.5, 58.0, 67.0, 80.4, 126.7, 128.12 (2C), 128.5, 128.7 (2C), 136.2, 137.9,
155.4, 155.8, 170.6. Anal. calcd forfH,gN206: C, 64.47; H, 6.59; N, 6.54. Found: C, 64.42; H, 6.88;
N, 6.30.

4.25. Methyl (2R,3S)-3-(benzyloxycarbonylamino)-2-(tert-butoxycarbonylamino)-4-phenyl butanoate
25a

The compound?2a (0.3 g, 0.72 mmol) was treated as described above for the preparati®®aof
Column chromatography on silica gel (hexane:diethyl ether=80:20) of the crude product gave 0.252 g
(79%) of 25aas an oil: [x]p=—49.7 (c 0.55, CHG)); 'H NMR & 1.44 (s, 9H), 2.78 (dd, 1H, J=8.4, 15.7
Hz), 2.95 (dd, 1H, J=5.7, 15.7 Hz), 3.68 (s, 3H), 4.35 (dddd, 1H, J=3.8, 5.7, 8.4, 8.8 Hz), 4.45 (dd, 1H,
J=3.8, 8.4 Hz), 4.80 (d, 1H, J=8.4 Hz), 4.96 (s, 2H), 5.28 (d, 1H, J=8.8 Hz), 7.26—7.39 (m,*BaH);

NMR 6 28.2, 31.8, 52.3, 54.9, 56.6, 66.8, 80.3, 127.9, 128.0, 128.3, 128.4, 128.5, 128.6, 136.4, 137.0,
155.7, 155.8, 171.1. Anal. calcd forg3oN2Og: C, 65.14; H, 6.83; N, 6.33. Found: C, 65.07; H, 6.99;
N, 6.14.

4.26. (2R,3R)-3-(Benzyloxycarbonylamino)-2-(tert-butoxycarbonylamino)-1-O-(tert-butyldiphenylsilyl)-
1-butanol17b

The hydroxylaminellb (0.34 g, 0.62 mmol) was treated as described above for the preparation of
17a Column chromatography on silica gel (hexane:diethyl ether=90:10) of the crude product gave 0.272
g (76%) of17bas an oil: [x]p=—24.0 (c 0.11, CHG); IH NMR § 1.02 (d, 3H, J=6.6 Hz), 1.07 (s, 9H),

1.42 (s, 9H), 3.57-3.61 (m, 2H), 3.97-4.03 (m, 2H), 4.24 (d, 1H, J=12.1 Hz), 4.56 (d, 1H, J=12.1 Hz),
4.70 (bs, 1H), 5.11 (bs, 1H), 7.18-7.40 (m, 11H), 7.57-7.61 (m, HHNMR & 9.5, 19.3, 27.1, 28.4,
49.5,54.8, 63.8, 67.3, 79.3, 126.9, 127.0, 127.6, 127.8, 127.9, 128.1, 128.4, 128.5, 129.8, 135.7, 136.8,
138.9, 155.8, 156.0. Anal. calcd fog€H44N20sSi: C, 68.72; H, 7.69; N, 4.86. Found: C, 68.92; H, 7.93;

N, 4.82.

4.27. (2R,3R)-3-(Benzyloxycarbonylamino)-2-(tert-butoxycarbonylamino)-1-O-(tert-butyldiphenylsilyl)-
3-phenyl-1-propanol8b

The hydroxylaminel2b (0.38 g, 0.62 mmol) was treated as described above for the preparation of
17a Column chromatography on silica gel (hexane:diethyl ether=85:15) of the crude product gave 0.314
g (79%) of18bas an oil: [x]p=+6.4 (¢ 1.59, CHG); 'H NMR § 1.11 (s, 9H), 1.45 (s, 9H), 3.40 (dd, 1H,
J=3.3, 10.6 Hz), 3.61 (dd, 1H, J=3.8, 10.6 Hz), 3.96 (dddd, 1H, J=3.3, 3.7, 7.4, 9.3 Hz), 4.92 (dd, 1H,
J=8.7, 9.3 Hz), 5.01 (d, 1H, J=12.5 Hz), 5.12 (d, 1H, J=12.5 Hz), 5.48 (d, 1H, J=8.7 Hz), 6.00 (d, 1H,
J=7.4 Hz), 7.24-7.40 (m, 16H), 7.55-7.62 (m, 4C NMR & 19.3, 27.0, 28.3, 56.2, 57.8, 63.2, 66.6,
79.9,126.9, 127.3, 127.5, 127.7, 127.8, 128.3 (2C), 128.4 (2C), 128.6, 129.8, 129.9, 132.9, 133.0, 135.5
(2C), 156.2, 156.6. Anal. calcd forsgH4sN2O5Si: C, 71.44; H, 7.26; N, 4.38. Found: C, 71.72; H, 7.18;

N, 4.27.

4.28. (2R,3R)-3-(Benzyloxycarbonylamino)-2-(tert-butoxycarbonylamino)-1-O-(tert-butyldiphenylsilyl)-
4-phenyl-1-butanol9b

The hydroxylaminel3b (0.36 g, 0.58 mmol) was treated as described above for the preparafi@a. of
Column chromatography on silica gel (hexane:diethyl ether=90:10) of the crude product gave 0.289g
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(76%) of 19b as an oil: {]p=—11.5 (c 1.3, CHGJ); TH NMR § 1.03 (s, 9H), 1.41 (s, 9H), 2.66 (dd,

1H, J=6.6, 15.8 Hz), 2.86 (dd, 1H, J=4.7, 15.8 Hz), 3.70-3.83 (m, 2H), 3.93-3.97 (m, 1H), 4.15-4.21
(m, 1H), 4.88 (bs, 1H), 5.01 (s, 2H), 5.21 (bs, 1H), 7.11~7.39 (m, 16H), 7.61—7.70 (ML3GHNMR

§19.2, 27.3, 28.3, 38.3, 53.3, 54.7, 64.0, 66.5, 79.5, 126.5, 127.5, 127.6, 127.8, 127.9 (2C), 128.4 (2C),
129.3, 129.8, 133.0, 134.7, 135.6 (2C), 136.6, 137.6, 156.1, 156.4. Anal. calcegfdss8,0sSi: C,

71.74; H, 7.41; N, 4.29. Found: C, 71.80; H, 7.65; N, 4.33.

4.29. (2R,3R)-3-(Benzyloxycarbonylamino)-2-(tert-butoxycarbonylamino)-1-buzahol

The compoundL7b (0.26 g, 0.45 mmol) was treated as described above for the preparatiigtb.of
Column chromatography on silica gel (hexane:diethyl ether=60:40) of the crude product gave 0.117 g
(77%) of 20b as a sticky foam: &],=+9.8 (c 0.60, MeOH) [LitP [«]p,=+10.1 (c 0.50, MeOH)]*H
NMR & 1.36 (d, 3H, J=6.7 Hz), 1.40 (s, 9H), 1.76 (bs, 1H), 3.33 (dq, 1H, J=3.2, 6.7 Hz), 3.41-3.56 (m,
2H), 4.22-4.30 (m, 1H), 4.82 (bs, 1H), 5.14 (s, 2H), 5.22 (bs, 1H), 7.19-7.33 (MXHNMR & 15.5,
28.3,46.4,54.1, 61.8, 68.0, 79.4, 127.1, 128.2, 128.5, 136.0, 155.8, 158.1. Anal. calggHeyNGOs:

C, 60.34; H, 7.74; N, 8.28. Found: C, 60.11; H, 7.65; N, 8.48.

4.30. (2R,3R)-3-(Benzyloxycarbonylamino)-2-(tert-butoxycarbonylamino)-3-phenyl-1-praiiHmol

The compoundL8b (0.27 g, 0.42 mmol) was treated as described above for the preparaticth.of
Column chromatography on silica gel (hexane:diethyl ether=60:40) of the crude product gave 0.129 g
(76%) of 21b as a white solid: mp 125-127°Cx[,=—4.6 (¢ 1.41, CHGJ); 1H NMR (55°C) & 1.40 (s,
9H), 2.60 (bs, 1H), 3.44 (dd, 1H, J=3.8, 11.2 Hz), 3.51 (dd, 1H, J=4.4, 11.2 Hz), 3.94 (dddd, 1H, J=3.8,
4.4, 7.6, 8.7 Hz), 4.86 (dd, 1H, J=8.7, 9.1 Hz), 5.01 (d, 1H, J=12.4 Hz), 5.10 (d, 1H, J=12.4 Hz), 5.21
(d, 1H, J=9.1 Hz), 5.90 (d, 1H, J=7.6 Hz), 7.20-7.30 (m, 10¥§ NMR (55°C) & 28.2, 56.0, 57.3,

61.8, 66.9, 80.1, 128.0, 128.2, 128.4, 128.5, 128.7, 128.8, 136.3, 137.8, 156.7, 157.1. Anal. calcd for
Co2oH28N20s: C, 65.98; H, 7.05; N, 7.00. Found: C, 66.18; H, 7.14; N, 6.86.

4.31. (2R,3R)-3-(Benzyloxycarbonylamino)-2-(tert-butoxycarbonylamino)-4-phenyl-1-b@éimol

The compoundl9b (0.27 g, 0.41 mmol) was treated as described above for the preparaticth.of
Column chromatography on silica gel (hexane:diethyl ether=60:40) of the crude product gave 0.137 g
(80%) of 22b as an oil: x]p=—62.5 (¢ 0.85, CHG)); *H NMR (55°C) § 1.43 (s, 9H), 1.60 (bs, 1H),

2.80 (dd, 1H, J=8.6, 14.3 Hz), 2.93 (dd, 1H, J=6.1, 14.3 Hz), 3.49 (dd, 1H, J=7.0, 10.6 Hz), 3.61 (dd, 1H,
J=5.1, 10.6 Hz), 3.65-3.80 (m, 1H), 4.10-4.29 (m, 1H), 4.90 (bs, 2H), 5.02 (s, 2H), 7.11-7.40 (m, 10H);
13C NMR (55°C) 6 28.4, 38.8, 53.1, 55.1, 63.0, 67.2, 80.1, 126.7, 127.9, 128.2, 128.6, 128.7, 129.2,
136.5, 137.6, 156.4, 157.4. Anal. calcd forsH30N20s: C, 66.65; H, 7.30; N, 6.76. Found: C, 66.80; H,
7.21; N, 6.59.

4.32. Methyl (2R,3R)-3-(benzyloxycarbonylamino)-2-(tert-butoxycarbonylamino) buta2@iate

The compoun@®0b (0.254 g, 0.75 mmol) was treated as described above for the preparat@®a of
Column chromatography on silica gel (hexane:diethyl ether=80:20) of the crude product gave 0.228 g
(83%) of23b as an oil: x]p=—19.8 (c 0.28, CHG)); 'H NMR & 1.22 (d, 3H, J=6.8 Hz), 1.43 (s, 9H),

3.68 (s, 3H), 4.19-4.21 (m, 1H), 4.25-4.32 (m, 1H), 4.88 (bs, 1H), 5.08 (s, 2H), 5.51 (d, 1H, J=8.6 Hz),
7.31-7.42 (m, 5H)*3C NMR § 18.6, 28.2, 49.2, 53.1, 55.6, 67.0, 80.2, 127.7, 128.1, 128.5, 136.3, 155.8,
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156.0, 172.6. Anal. calcd forgH26N206: C, 59.00; H, 7.15; N, 7.65. Found: C, 58.83; H, 7.29; N, 7.46.

4.33. Methyl (2R,3R)-3-(benzyloxycarbonylamino)-2-(tert-butoxycarbonylamino)-3-phenyl propanoate
24b

The compound®1b (0.3 g, 0.75 mmol) was treated as described above for the preparati®Baof
Column chromatography on silica gel (hexane:diethyl ether=80:20) of the crude product gave 0.264 g
(82%) of 24b as an oil: [x]p=—48.8 (c 0.96, CHG)); 'H NMR & 1.39 (s, 9H), 3.60 (s, 3H), 3.62-3.64
(m, 1H), 4.60—4.64 (m, 1H), 4.99 (d, 1H, J=12.3 Hz), 5.09 (d, 1H, J=12.3 Hz), 5.30 (bs, 1H), 5.84 (bs,
1H), 7.28-7.36 (m, 10H):3C NMR § 28.2, 52.4, 56.2, 57.9, 67.0, 80.6, 126.7 (2C), 128.2, 128.5, 128.7,
129.2, 136.7 (2C), 155.8, 156.0, 170.3. Anal. calcd festGsN2Oeg: C, 64.47; H, 6.59; N, 6.54. Found:

C, 64.42; H, 6.88; N, 6.30.

4.34. Methyl (2R,3R)-3-(benzyloxycarbonylamino)-2-(tert-butoxycarbonylamino)-4-phenyl butanoate
25b

The compound22b (0.3 g, 0.72 mmol) was treated as described above for the preparati@saof
Column chromatography on silica gel (hexane:diethyl ether=80:20) of the crude product gave 0.255 g
(80%) of25b as an oil: [x]p=—34.5 (c 0.80, CHG); 'H NMR § 1.44 (s, 9H), 2.75 (dd, 1H, J=8.5, 14.3
Hz), 2.95 (dd, 1H, J=5.9, 14.3 Hz), 3.61 (s, 3H), 3.63-3.66 (m, 1H), 4.38-4.41 (m, 1H), 4.85 (d, 1H,
J=9.5 Hz), 4.97 (s, 2H), 5.32 (d, 1H, J=8.7 Hz), 7.11-7.40 (m, 1&%);NMR § 28.3, 38.6, 52.5, 54.8,

56.7, 66.9, 80.4, 126.8, 127.9, 128.0, 128.5, 128.6, 129.3, 136.5, 137.1, 155.7, 155.9, 177.2. Anal. calcd
for Co4H30N206: C, 65.14; H, 6.83; N, 6.33. Found: C, 65.23; H, 6.88; N, 6.19.
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