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Abstract

The addition of organolithium reagents to the=l@ bond of several erythrulose-derived chir&d){ and
(2)-ketoxime ethers has been shown to be highly diastereoselective in the case Bj-itber(ers. Chelated
and nonchelated transition states have been proposed to rationalize these results, with additional support of
computational methods. © 1998 Elsevier Science Ltd. All rights reserved.

1. Introduction

The addition of carbon nucleophiles te=6l bond$ is a synthetically important method of prepar-
ing many types of nitrogen-containing compounds of biological importance. Among these, the non-
proteinaceous amino acids are particularly worth mentioning. This class of amino acids, which are used,
for example, for the synthesis of modified peptidesmprises a variety of structural types, one of them
being thex,x-disubstitutedx-amino carboxylic acid3.The latter are characterized by a quaternary
carbon atom, to which the carboxyl function, the amino group and two alkyl/aryl residues are bonded.
There are few methods for preparing such compounds in enantiopure form. Most of them rely on the
alkylation of amino acid enolate anion equivalehfBhis fact places some limits on their applicability,
as certainx-amino acids such as those withtert-alkyl or o-aryl substituents cannot be easily, if at
all, prepared in this way. In contrast, there are fewer alternative synthetic methods basexdeophilic
alkylation of amino acid enolate cation equivalents. Indeed, reports on diastereoselective nucleophilic
additions to the &N bond of chiralketonemino derivatives are not frequent in the literature and usually
involve reduction processédiastereoselective additions of carbon nucleophiles have been investigated
in a limited number of cases’
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We have previously reported on the diastereoselective addition of organometallic reagentst@the C
bond of O-protected L-erythrulose derivativéa-d.® Through reaction with O-benzyl hydroxylamine,
these four ketones have now been converted E mixtures of the corresponding ketoxime ethers
2a-d (Eqg. 1), which were then separated into pure geometric isomers by column chromatography.
These oximes were at least 98% enantiomerically pure, as confirmed by NMR analysis of their Mosher
derivatives? The configurational assignments of the-l8 bond were based ofH and'3C NMR data®
and supported by NOE measurements.
We now report that additions of organolithium reagents to thél®ond of chiral ketoxime ether&}-
and ¢)-2a-d often take place with high stereocontrol to yield the differentially protected, stereocisomeric
amino polyols3/4 (Egs 2 and 3}12The results are presented in Tables 1 and 2. As shown in the following
article11P these amino alcohols can be subsequently converted into enantieprrgisubstitutedox-
amino acids, including those not easily available by previous methodologies.

R, _NHOBn R. _NHOBn

(E)- or (2)-2al2c AL 0/\):\/0'% + O/Y</OR3 )
%——o %—o

3a/3c daldc
R, .NHOBn R, ,NHOBn
RLi 3 OR3

(E)- or (2)-2bl2d —> Bno/\‘)voH /Y</ 3)
3b/3d ab/4d

2. Results and discussion

In our initial report!*2we used oximeg&a/2b, which bear a-butyldiphenylsilyl (TPS) group bonded
to the hydroxyl at C-1. In search of an alternative and less expensive protecting group, we have also tested
the reactivity of the structurally analogous oxingef2d, in which a trityl moiety replaces the TPS group.

As shown by Tables 1 and 2, the trityl group provides essentially the same results as the similarly bulky
TPS group, with the added advantage of its introduction requiring a cheaper réayémthave also
investigated oximes with a 1-Gbutyldimethylsilyl (TBS) group but its results were inferior to those of

the other protecting groups (lower stereoselectivity) and are thus not reported here.

Nucleophilic additions to &N bonds face some difficulties when compared with additions to the
related G=O bond. The less polar imino group has a comparatively low reactivity and it often happens
that side reactions, such as deprotonation or reduction, take precedence over the desired nucleophilic
addition® In fact, ketoximes2a—d were not very reactive, a circumstance most likely due to steric
hindrance to the approach of nucleophiles to the imino carbon atom. Many types of organometallic
reagents were essayed on the compounds under study and found to be unreactive. Only organolithium
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Table 1
Stereoisomer distribution in additions of organolithium reagents to ox2a@H?

Entry | Oxime | RLi | T° | Yield®| 3/4°
1 (E)-2a | MeLi 0 91 93:7
2 | @®-2b|MeLi| 0 71 [>95:5
3 (Z)-2a | MeLi 0 62 25:75
4 (Z)-2b | MeLi 0 41 23:77
5 (E)-2a | nBuLi | —78 73 |>95:5
6 (E)-2b | nBuLi | —78 95 [>95:5
7 | @-2a | nBuLi| 0 42 | 30:70
8 | (Z)-2b | nBuLi 0 Dec.’

9 (E)-2a | BuLi | —78 60 [>95:5
10 | (B)-2b | BuLi | —78 | Dec.

11 | (Z)-2a | BuLi 0 Dec.’

12 | (Z)-2b | fBuLi 0 Dec.’

13 | (E)-2a | PhLi | —78 70 [>95:5
14 | (E)-2b | PhLi | —78 85 |>95:5
15 | (Z)-2a | PhLi 0 68 75:25
16 | (Z)-2b | PhLi 0 70 68 :32
17 | (B)-2a |allylLi| —78 | 73 | 80:20
18 | (E)-2b | allylLi | —78 50 |>95:5
19 | (Z)-2a | allylLi | —78 61 33:67
20 | (Z)-2b | allylLi | —78 50 13:87

?All reactions were performed in Et,0. Reaction time was 1
hour in all cases, although some of the reactions, mostly those
of the (E) isomers, were complete in a much shorter time (see
text). bIn degrees (°C). “Overall yield (%) of both
stereoisomers. Determined by 'H/'3C NMR.  °At lower
temperatures, a partial recovery of the starting material was
the sole result.

derivatives eventually met with success. In almost all cases where these reagents were used, an addition
took place with subsequent formation oftBi-alkyl O-benzyl hydroxyl amine8/4. The main exceptions

were reactions involvingrbutyllithium (entries 9—12 in both tables), which usually led to decomposition.

It is not known whether this lack of success is due to steric hindrance to the approach of the reagent
to the C=N bond, to competitive deprotonation of the oxime by the highly basic reagent or to some
type of retroaldol-like process. Only oxime)(2a and E)-2c (entry 9 in both Tables) reacted with the
aforementioned reagent with a fair yield and an excellent diastereoisomeric ratio (d.r.). In any case, this
represents an interesting result, as these reactions give rise to the appendage otertoalkyl group

to a crowded tertiary position. The reactions involving phenyllithium (entries 13—-16) are also interesting
as they open the possibility of synthesizing enantiopwra&ryl-o-alkyl-oc-amino acids.
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Table 2
Stereoisomer distribution in additions of organolithium reagents to oxaa@s?

Entry| Oxime | RLi | T° | Yield®| 3/4°
1 | (E)2¢c | MeLi | 0 80 | 90:10
2 (E)-2d | MeLi 0 70 |>95:5
3 (Z)-2¢ | MeLi 0 61 31:69
4 (Z)-2d | MeLi 0 60 30:70
5 (E)-2¢ | nBuLi | —78 81 >95:5
6 (E)-2d | nBuLi | —78 85 [>95:5
7 (Z)-2¢ | nBuLi 0 75 20:80
8 | (Z)-2d | nBuLi 0 Dec.®
9 (E)-2¢ | tBuLi | —78 75 |>95:5
10 | (E)-2d | BuLi | —78 | Dec.

11 | @-2c|MBuLi| 0 | Dect

12 | (Z)-2d | 1BuLi 0 Dec.®

13 | (E)-2¢ | PhLi | —78 67 |>95:5

14 | (E)-2d | PhLi | —78 82 |>95:5

15 | @-2¢| PuLi | 0 72 | 84:16
16 | (Z)-2d | PhLi 0 68 66 : 34
17 | (E)-2¢c | allylLi | —78 73 75:25
18 | (E)-2d | allylLi | —78 62 91:9

19 | @)-2¢ |aylLi| —78 | 70 | 50:50
20 | (Z)-2d | allylLi | —78 62 13:87

?All reactions were performed in Et,0. Reaction time was 1
hour in all cases, although some of the reactions, mostly those
of the (E) isomers, were complete in a much shorter time (see
text). bIn degrees (°C). “Overall yield (%) of both
stereoisomers.  “Determined by 'H/C NMR. °At lower
temperatures, a partial recovery of the starting material was
the sole result.

In addition to these positive results, we have observed some negative findings which are also worth
mentioning. For instance, aside from the aforementioned organolithium reagents we have essayed
chloromethyllithium, generated from chloroiodomethane mubdityllithium.1® No reaction was observed
with this reagent, even at 0°C. The same result was observed after treating the oximes in toluene at
—20°C with methyl- om-butyllithium in the presence of BEThis and other Lewis acids such as ZpnCl
or TiCls were not able to promote the addition of Grignard reagents, even at room temperature. Either
methyllithium in the presence of Tigbr preformed* MeTiClz caused only decomposition at 0°C, with
no reaction being observed at lower temperatures. These facts show the relatively low reactivity of the
C=N bond in the compounds under study.

The configuration of the new stereogenic centre in stereoisoBaetswas established with the series
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of reactions illustrated below. Compounda were desilylated to amino alcohof which were then
converted as indicated into oxazolidinones of general forrBfR’ and R’=Tr, TPS or TBS, according

to ease of preparation). In each of these oxazolidinones, a characteristic NOE (7-10%) was observed
between H-5 (heterocycle numbering) and the proximal protons of the R group at C4pfGtdns

for R=nBu and allyl, CH protons for R=Me andBu, ortho protons of the aromatic ring for R=Ph).

The observation of this NOE unequivocally settled the configuration at C-4 as depicted. In the case of
3a (R=Ph), the aromatic hydrogen signals of the protecting groups TPS and OBn interfered with the
measurement of the NOE. For this reason, TBS was selected as the protecting group and the benzyl
group was eliminated by hydrogenolysis.

¥\ NOE (7-10%)

Hs B

Ry _NHOBn R\ .NHOBn

J_OTPS a OH bcd R'OWOR” e
Q — Q —_— OYN\OP — 6 (P=H)
- ; © 3a - ; © 5 (o) 6 (P=Bn)

Reaction conditions. a) TBAF, THF, RT. b) pyridinium p-toluenesulphonate (PPTS), aqg MeOH, A
. ¢) Tritylation or silylation. d) triphosgene, Et;N, CH,Cl,, RT. e) H,, Pd/C, MeOH (only for R =
Ph).
Configurational assignments for compouri@gts were made by desilylation t@ and subsequent
conversion into the perbenzylated derivati@ealso obtained frond as indicated below. Configurational
assignments iBc and3d were established by detritylation to yiebcand7, respectively.

3b_a R, _NHOBn R, _NHOBn R, _NHOBn
N {_OH b __OBn cb {_OH d
BnO — BnO -— O <«—— 3¢
3 d/‘; OBn 7 OBn g %70 5

Reaction conditions. a) TBAF, THF, RT. b) NaH, THF, BnBr. c) PPTS, aq MeOH, A. d) TFAA,
TFA, Et:N, CH,Cl,.

As shown by the data in Tables 1 and 2, the reactions ofEpésomers were markedly faster than
those of their Z)-counterparts. As a matter of fact, most additions to theNCbond of E)-oximes
take place at-78°C, whereas those involving thg)oximes had to be conducted at 0°C (except for
allyllithium, entries 19 and 20). For the sake of comparison of the relative reactivity of both isomeric
oximes, the reaction of)-2awith 1.1 equiv. of MeLi is complete in less than 5 min at 0°C. The obtained
addition product displays the same diastereoisomeric composition as that obtained after 1 h at the same
temperature. In contrast, the reaction @)-@a with the same reagent is still incomplete after 15 min.

The difference was still more evident in the case of the reactioi)p2& with nBuLi (1.1 equiv.), which

was complete in less than 5 min-a¥8°C, while g)-2arequired almost 1 h at 0°C. A further interesting
feature is that the highest diastereoselectivities are observed in the reactionsEftxéfes, whereby
stereoisomeB is always predominantly or exclusively formed (exclusive formation means that the minor
diastereoisomer was not detectable by high-field NMR spectroscopy; this has been indicated in the last
column of Tables 1 and 2 with d.r. >95:5).

The aforementioned compounds can also be prepared with the enantiomeric configuration by using D-
erythrulose precursors as the starting matefiglss a matter of fact, reaction @nt1af€with O-benzyl
hydroxylamine afforded a mixture of the stereoisomeric oxiemggE)-2a andent(Z)-2a. As expected,
these oximes reacted with organolithium reagents with the same yield and diastereoselectivity as their
enantiomers.



1684 J. A. Marco et al./ TetrahedrorAsymmetry9 (1998) 16791701
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Diastereoselective additions of carbon nucleophiles to chiral aldoximes have been often inveStigated.
In contrast, related studies on ketoximes are sciré¢e.some cases, the stereochemical outcome of
nucleophilic additions has been shown to be dependent on the configuration ctMdédhd. When
oxygen atoms are present in the vicinity of thelbond, a differential chelation ability of either isomer
has been claimed to be at the origin of the diverging stereochemical beh&Adarthe present case,
we believe that the higher reactivignd stereoselectivity of thel)-oximes are due to the formation of
a five-memberedx-chelate involving the lithium, nitrogen and oxygen atoms of h®R group (see
the following scheme}d:>17 This allows the prediction of a preferred approach from the less hindered
Si face of the GN bond and the predominant formation of amino poly8#sd, in good agreement
with observations. Moreover, the participation of the nitrogen atom in a chelate is expected to increase
the electrophilicity of the imino carbon atom of the oxime, with a concomitant increase in the reactivity
of the G=N bond1® In the previous paragraph, we have commented on the fact that the reactions of
the [E)-oximes are complete in a very short time, even if only 1.1 equiv. of the organolithium reagent
is added. This suggests that a chelate betweenBexime and the organolithium reagent is rapidly
formed, followed by an internal magnesium-to-carbon 1,3-transfer within the ch&ft&ost likely,
the )-isomers react through a non-chelated transition state of the Felkin—Anh%yg8ywhich should
lead predominantly to sterecisoméia-d.

R1O ; . R 98n
N CH,OR!
oXH () — 3 R20 . . TT4add
i H R
Fl{ J OBn CH,OR3
Cram’s cyclic (chelation) | Felkin-Anh mechanism in (Z)-2a-2d ’

mechanism in (E)-2a-2d

Although many quantum-mechanical calculations on nucleophilic additions to carbonyl groups have
been published, there are few theoretical investigations on additions=h dnds?! We have thus
performed computational studies with the aim of providing the aforementioned mechanistic models with
a more firm basis. We will show here only preliminary results centred on a reaction with the synthetically
more useful E)-isomer. In order to reduce the calculation time, we have studied the simplified @adel
which the O-benzyl group has been replaced by an O-methyl group and the two acetonide methyl groups
have been replaced by hydrogen atoms. Furthermore, a methyl group substitutes for the b@RYySH
group, a simplification justified on the basis that theORIPS fragment may be assumed to play the
role of an inert spectator which does not participate in the chelation prétéssthyllithium was the
model reagent (N0 new stereogenic centre is created in the addition of M@butiothis does not affect
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the calculation of transition state energies). With the assumption of the alternative Cram'’s chelation and
Felkin—Anh models, four different transition stat@sSt1to TS-4, represented below) may be proposed
according to whether the organolithium reagent approaches the imino carbon atom frieeothieom

the Si face. Attack from theRe face leads to stereoisoméd, which corresponds to stereoisomers
4al4d in the actual reaction. These may be formed through either Cragy2 or Felkin—Anh’'s TS-

4. Correspondingly, attack from ti&i face leads to stereoisom#®, which is the model equivalent of
stereoisomer8a/3d. The latter may arise through either CrarmS-1 or Felkin~Anh’sTS-3;

OMe
(|)'\/1e OMe |
LN = # N~ , # NLi
3 Cram’s TS-2 MeLi MeLi| Cram’s TS-1 E
Q * or Q v L o] .
\ 0 Felkin-Anh’s TS-4| Re \ o Si | Felkin-Anh’s TS-3 \ 5
11 (=4a/4d) 9 10 (=3a/3d)

With the aid ofab initio methods*2 it has been shown that CranT$-1, which explains the formation
of the major sterecisomeB#3d) in the reactions of theH)-oximes, is in fact the most favourable
transition state, its energy contents being well below that of the alternative ones.

TS-1 TS-2
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As a matter of fact, Cram'’s transition stal&-2, which leads to the minor sterecisomdiaidd) in the
reaction of the E)-oximes, is around 3.33 kcal/mol higher th@81. In accordance with this energy
difference, a very high d.r10:11>99:1) is expected®

Felkin—Anh transition state$S-3 and TS-4 lie 9.54 and 6.74 kcal/mol, respectively, aboi8-1.
This shows once again that chelation is able to decrease to an important extent the energy contents of
transition state8%17.18Moreover, TS-4 has a markedly lower energy content (2.8 kcal/mol) thi&a3,
which means that the predicted dle¥11 (i.e. 3/4) would be about 1:983 in clear disagreement with
experimental data. Therefore, we are able to conclude that the proposed preference for Cram’s chelation
mechanism is also well founded from the theoretical point of view.

Inspection of the data contained in Tables 1 and 2 clearly reveals that onliE)Huxi(nes display
a good synthetic utility. For this reason, we have investigated ways of converting the less desirable
(2)-oximes into their E)-isomers. One practical procedure for achieving this purpose has turned out
to be a photochemical methd8iBy UV irradiation of the Z)-oximes, a photostationary equilibrium was
reached in which a ca. 1:1 mixture of both isomers was present. Through chromatographic separation,
additional amounts of the more useftd){isomers were secured.

BnO OBn
Y h N
OR3 ___ v . ORS3
R1 o/ﬁ)k/ -~ Ri1 O/YU\/
OR2 OR2
(2)-2 (E)-2

The methodology we have described in this communication may be very useful for the preparation
of chiral, nitrogen-containing compounds in general, ana-disubstitutedx-amino acids in particular.
Examples of the practical application of this methodology are presented in the following Hicle.

3. Experimental

NMR spectra were measured in CRGblution at 22°C with a Varian Unity 400 NMR spectrometer
(400 and 100 MHz resonance frequenciesdrand13C, respectively). Mass spectra were run either
by the electron impact mode (EIMS, 70 eV), by the chemical ionization mode (CIMS) GHby
the fast atom bombardment mode (FABMS) on a VG AutoSpec mass spectrometer. IR spectra were
recorded as films on NaCl plates (oils) or as KBr pellets (solids). Optical rotations were measured
at 22°C. Reactions which required an inert atmosphere were performed under argon with flame-dried
glassware. Commercial reagents (Aldrich or Fluka) were used as receiy&lwas freshly distilled
under argon from sodium-benzophenone ketyl. Dichloromethane was distilled f©OgnaRd stored
over 4 A molecular sieves (4 A MS). Triethylamine was distilled from g.aFityl chloride (TrCl) was
crystallized from isooctane prior to use. Unless detailed otherwise, ‘work-up’ means pouring the reaction
mixture into brine, extraction with the indicated solvent, additional washing with 5% aq NgHI€CO
acids had been utilized in the reaction) or with 5% aq HCI (if bases had been utilized), then again
with brine, drying over anhydrous N8O, or MgSQ, and elimination of the solvenin vacua The
obtained material was then chromatographed on a silica gel column (Stid-Chemie AG, §Q~v&Zigo
the indicated eluent.

3.1. E)- and @)-O-Benzyloximes of 1-®butyldiphenylsilyl-3,4-O-isopropylidene-L-erythrulose,
(E)- and 2)-(2a)

Erythrulose derivativelaf® (4.783 g, 12 mmol) was dissolved in MeOH (40 ml) and treated with
pyridine (1 ml) and O-benzyl hydroxylamine hydrochloride (1.95 g, 12.2 mmol). The reaction mixture
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was heated at reflux under Ar for 30 min. Work-up (&) and column chromatography (hex-
ane:EtOAc=19:1) affordedZ{j-2a (1.94 g, 32%) andK)-2a (2.57 g, 42%). The respective enantiomeric
oximesent(Z)-2aandent(E)-2a were prepared in the same way fremt-1a°¢ as the starting material.

(2)-2a: oil, []p —45.4 (CHC}, ¢3.1); IRvmaxcm 1: 3071, 3031, 1589 (EN); CIMS, m/z504.2561
(M+H™). Calcd for GoH3gNO4Si, M=504.25701H NMR: § 7.70-7.65 (4Hm, arom.), 7.40-7.30 (11H,
m, arom.), 5.11 (1Hdd, J=8, 7.5 Hz, H-3), 5.07 (2H5, NOCH,Ph), 4.44 (1Hd, J=13 Hz, H-1), 4.34
(1H, d, J=13 Hz, H-1), 4.32 (1H,dd, J=8, 7.5 Hz, H-4), 3.64 (1H, J=8 Hz, H-4), 1.32, 1.31 (X3H,
2xs, acetonide Me), 1.03 (9K, SitBu); 1°C NMR: § 158.1 (C-2), 137.7, 133.5, 133.2 (arom. C), 135.7,
135.6, 129.6, 128.4, 128.1, 127.9, 127.6 (arom. CH), 109.3 (acetonide C), 76CHN®), 71.7 (C-3),
67.9 (C-4), 61.6 (C-1), 26.7 (SNes3), 25.8, 25.3 (Xacetonide Me), 19.2 (8Me3). Anal. calcd for
C30H37NO4SI: C, 71.53; H, 7.40; N, 2.78. Found: C, 71.60; H, 7.49; N, 2.67.

(E)-2a oil, [®]p —6.7 (CHCE, ¢ 6.3); IR Vmaxcm1: 3071, 3031, 1589 (EN); CIMS, m/z504.2563
(M+H™). Calcd for GoHagNO4Si, M=504.25701H NMR: § 7.70-7.65 (4Hm, arom.), 7.40-7.20 (11H,
m, arom.), 5.03 (2Hs, NOCH,Ph), 5.00 (1Hdd, J=7, 6.5 Hz, H-3), 4.53 (2K, H-1, H-1)), 4.21 (1H,
dd, J=8.5, 7 Hz, H-4), 4.19 (1HJd, J=8.5, 6.5 Hz, H-9, 1.41, 1.39 (¥X3H, 2xs, acetonide Me), 1.03
(9H, s, SitBu); 13C NMR: § 156.9 (C-2), 137.5, 132.8, 132.5 (arom. C), 135.6, 135.5, 129.9, 129.8,
128.2, 128.1, 127.8, 127.7 (arom. CH), 109.8 (acetonide C), 76.L{Bh), 74.0 (C-3), 67.1 (C-4),
57.6 (C-1), 26.7 (SiMe3), 26.2, 25.7 (Xacetonide Me), 19.1 (8Mez). Anal. calcd for GoHz7NO4Si:
C,71.53; H, 7.40; N, 2.78. Found: C, 71.31; H, 7.61; N, 2.87.

3.2. B)- and )-O-Benzyloximes of 1-®butyldiphenylsilyl-3,4-O-isopropylidene-D-erythrulose,
ent(E)- andent(2)-(2a)

Prepared as above froent1a® ent(Z)-2a [«]p +45.5 (CHC}, ¢ 2.7); ent(E)-2a [x]p +6.4
(CHCIs, ¢ 5.9). Other physical properties identical to thoseZ)f @nd €)-2a.

3.3. B)- and £)-O-Benzyloximes of 1-®butyldiphenylsilyl-3,4-di-O-benzyl-L-erythruloses){ and
(2)-(2b)

Obtained as described above frdibf® using similar molar amounts. Work-up (G€l») and column
chromatography (hexane:EtOAc=19:1) provid&y2b (39%) and E)-2b (46%).

(2)-2b: oil, [&]p —20.1 (CHCE4, ¢ 8.2); IR vmax cm~1: 3087, 3067, 3031, 1589 (N); FABMS,
m/z644.3228 (M+H). Calcd for G1H4sNO4Si, M=644.3196;'H NMR: § 7.70-7.60 (4Hm, arom.),
7.40-7.20 (21Hm, arom.), 5.13 (1Hdd, J=8, 2.5 Hz, H-3), 5.08, 5.05 (2H, AB system, J=12 Hz,
NOCH,Ph), 4.53, 4.50 (2H, AB system, J=12 Hz, B&h), 4.46, 4.43 (2H, AB system, J=12 Hz,
OCH2Ph), 4.43 (1Hd, J=12 Hz, H-1), 4.14 (1H], J=12 Hz, H-1), 3.85 (1H,dd, J=11, 8 Hz, H-4), 3.62
(1H, dd, J=11, 2.5 Hz, H-3, 1.00 (9H,s, SitBu); 3*C NMR: § 157.7 (C-2), 138.4, 138.0, 137.8, 133.1
(arom. C), 135.7, 129.7, 129.6, 128.3, 128.2, 128.1, 127.8, 127.7, 127.6, 127.5, 127.4 (arom. CH), 76.2
(NOCH2Ph), 74.2 (C-3), 73.1, 72.5¥XOCH,Ph), 71.5 (C-4), 62.0 (C-1), 26.7 (Silxs3), 19.2 (SCMe3).

Anal. calcd for G1H4sNO4Si: C, 76.48; H, 7.04; N, 2.18. Found: C, 76.28; H, 7.30; N, 2.17.

(E)-2b: oil, [&x]p —23.7 (CHC}, ¢ 3.7); IR vmax cm~1: 3088, 3062, 1589 (EN); FABMS, m/z
644.3182 (M+H). Calcd for GiH46NO4Si, M=644.3196;'H NMR: § 7.65-7.60 (4H,m, arom.),
7.40-7.20 (21Hm, arom.), 5.04 (2Hs, NOCH2Ph), 4.62 (1Hdd, J=7.5, 4 Hz, H-3), 4.60-4.50 (4H,

m, 2x0OCH,Ph), 4.54 (1Hd, J=14.3 Hz, H-1), 4.40 (1H], J=14.3 Hz, H-1), 3.89 (1H,dd, J=10.5, 7.5
Hz, H-4), 3.82 (1Hdd, J=10.5, 4 Hz, H-3, 0.99 (9H,s, SitBu); 13C NMR: § 157.1 (C-2), 138.4, 138.3,
137.7,132.8, 132.7 (arom. C), 135.6, 129.7, 128.3, 128.2, 128.1, 128.0, 127.8, 127.7, 127.6, 127.4 (arom.
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CH), 77.2 (C-3), 76.2 (NGH,Ph), 73.3, 71.5 (ROCH,Ph), 71.9 (C-4), 57.3 (C-1), 26.7 (Sux3), 19.1
(SiCMe3). Anal. calcd for GiH45NO4SI: C, 76.48; H, 7.04; N, 2.18. Found: C, 76.34; H, 7.25; N, 2.10.

3.4. E)- and (£)-O-Benzyloximes of 1-O-trityl-3,4-O-isopropylidene-L-erythrulo&g; and (2)-c)

Obtained as described above frded using similar molar amounts. Work-up (G€l2) and column
chromatography (hexane:EtOAc=19:1) provid&gy2c (44%) and E)-2c (40%).

(Z2)-2¢: oil, [&x]p —45.3 (CHC}, ¢ 3.1); IR vmax cm~1: 3086, 3060, 3032, 1598 (&N); CIMS,
m/z 508.2479 (M+H). Calcd for GsH3sNO4, M=508.2488;'H NMR: § 7.70-7.60 (6Hm, arom.),
7.55-7.20 (14Hm, arom.), 5.35 (1Ht, J=7.5 Hz, H-3), 5.30 (2Hs, NOCH,Ph), 4.52 (1Hdd, J=8, 7.5
Hz, H-4), 4.05 (1Hd, J=11.7 Hz, H-1), 3.99 (1HJ, J=11.7 Hz, H-1), 3.96 (1H,t, J=8, 7.5 Hz, H-4),
1.44, 1.35 (%3H, 2xs, acetonide Me)*3C NMR: § 157.9 (C-2), 144.0, 137.8 (arom. C), 128.9, 128.6,
128.5,128.2,128.1, 128.0, 127.8, 127.2 (arom. CH), 109.6 (acetonide C)C®hg),(76.7 (NGCH2Ph),
71.7 (C-3), 68.3 (C-4), 62.0 (C-1), 26.0, 25.4@etonide Me). Anal. calcd for4gH33NO,: C, 78.08;

H, 6.55; N, 2.76. Found: C, 78.31; H, 6.27; N, 2.52.

(E)-2c. oil, [x]p —18.5 (CHC}, ¢ 6.8); IR vmax cm~1: 3086, 3060, 3031, 1598 (&N); FABMS,
m/z 508.2492 (M+H). Calcd for GaH3sNO4, M=508.2488;'H NMR: § 7.50-7.40 (6Hm, arom.),
7.40-7.20 (14Hm, arom.), 5.11, 5.08 (2H, AB system, J=12 Hz, NB£Ph), 4.90 (1Hdd, J=7, 6.5
Hz, H-3), 4.20 (1Hd, J=12.5 Hz, H-1), 4.16 (1H]d, J=8.5, 6.5 Hz, H-4), 4.05 (1Hid, J=8.5, 7 Hz,
H-4'), 3.86 (1H,d, J=12.5 Hz, H-1), 1.40, 1.25 (X3H, 2xs, acetonide Me)+3C NMR: § 155.2 (C-2),
143.4, 137.4 (arom. C), 128.97, 128.3, 128.2, 127.9, 127.8, 127.2 (arom. CH), 109.8 (acetonide C), 87.5
(CPhg), 76.4 (NOCH,Ph), 74.8 (C-3), 66.8 (C-4), 56.6 (C-1), 26.1, 25.%xé2etonide Me). Anal. calcd
for Ca3H33NO4: C, 78.08; H, 6.55; N, 2.76. Found: C, 78.22; H, 6.38; N, 2.62.

3.5. E)- and )-O-Benzyloximes of 1-O-trityl-3,4-di-O-benzyl-L-erythruloge)- @nd &)-(2d)

Obtained as described above frdmf? using similar molar amounts. Work-up (GEl») and column
chromatography (hexane:EtOAc=19:1) provid&y2d (30%) and E)-2d (42%).

(2)-2d: oil, [&]p —33.4 (CHC}, ¢ 1.8); IR vmax cm™1: 3062, 3030, 1597 (EN); FABMS, m/z
648.3093 (M+H). Calcd for G4H4oNO4, M=648.3114;'H NMR: § 7.45-7.40 (6H,m, arom.),
7.40-7.20 (24Hm, arom.), 5.15 (1Hdd, J=8, 2.5 Hz, H-3), 5.15, 5.13 (2H, AB system, J=12.4 Hz,
NOCH2Ph), 4.54, 4.50 (2H, AB system, J=12 Hz, B&Ph), 4.41 (2Hs, OCH»Ph), 3.91 (1Hdd, J=11,

8 Hz, H-4), 3.85 (1Hd, J=11 Hz, H-1), 3.70 (1HJd, J=11, 2.5 Hz, H-%, 3.69 (1H,d, J=11 Hz, H-1);

13C NMR: § 157.0 (C-2), 143.7, 138.3, 137.9, 137.7 (arom. C), 128.8, 128.7, 128.3, 128.2, 128.0, 127.9,
127.8, 127.7, 127.6, 127.5, 127.4, 127.3, 127.2, 127.0 (arom. CH),BPIB)( 76.3 (NGCH,Ph), 74.0

(C-3), 73.1, 72.5 (ROCH,Ph), 71.2 (C-4), 62.0 (C-1). Anal. calcd foufE41NO4: C, 81.58; H, 6.38;

N, 2.16. Found: C, 81.66; H, 6.40; N, 2.23.

(E)-2d: oil, [®]p —15.5 (CHC}, ¢ 2.4); IR vmax cm™1: 3062, 3033, 1597 (EN); FABMS, m/z
648.3116 (M+H). Calcd for G4H4oNOs, M=644.3114;'H NMR: § 7.45-7.40 (6H,m, arom.),
7.40-7.20 (24Hm, arom.), 5.11, 5.09 (2H, AB system, J=12 Hz, NB®4{Ph), 4.57 (1H,dd, J=7.2,
4.4 Hz, H-3), 4.57, 4.50 (2H, AB system, J=12 Hz, B@4Ph), 4.52, 4.48 (2H, AB system, J=12 Hz,
OCH,Ph), 4.06 (1Hd, J=12.6 Hz, H-1), 3.89 (1HJ, J=12.6 Hz, H-1), 3.77 (1H,dd, J=10.5, 7.5 Hz, H-
4), 3.71 (1Hdd, J=10.5, 4.5 Hz, H/3; 13C NMR: § 155.7 (C-2), 143.4, 138.3, 138.2, 137.7 (arom. C),
128.7,128.3, 128.2, 128.0, 127.8, 127.7, 127.6, 127.4, 127.0 (arom. CH)h4),(77.5 (C-3), 76.1
(NOCH2Ph), 73.2, 71.4 (OCH,Ph), 71.5 (C-4), 56.8 (C-1). Anal. calcd fopH41NO4: C, 81.58; H,
6.38; N, 2.16. Found: C, 81.75; H, 6.44; N, 2.28.
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3.6. General experimental procedure for organolithium additions to oxi2aed

Substrate, temperature, reaction time and yield are indicated in Tables 1 and 2. Careful exclusion
of oxygen and moisture is assumed in all cases. Allyllithium was generated according to a described
proceduré® and used immediately in situ.

A solution of the appropriate oxime (1 mmol) in dryEX (5 ml) was cooled to the indicated
temperature. The required organolithium reagent (2 mmol) was then added dropwise, and the reaction
mixture was stirred for 1 h. Work-up (D) and column chromatography (hexane:EtOAc=9:1) yielded
the expected addition product with the indicated yield and diastereocisomeric composition. In the case of
allyllithium, a solution of the oxime in dry O was added to a solution of the freshly generated reagent.

The mixtures of diastereocisomed&l formed in these reactions are practically inseparable with normal
chromatographic systems based on silica gel. For this reason, spectral data and optical rotations are given
below only for diastereoisomer3in such cases where a high stereoisomeric purity (>95% d.r.) was
achieved.

3.6.1. (R,3R)-1-O+-Butyldiphenylsilyl-3,4-O-isopropylidene-2-(N-benzyloxyamino)-2-methylbutane-
1,3,4-triol (3a, R=Me)

Oil, [&]p —6.2 (CHCE, ¢ 6.8); IR vmax cm~1: 3350 (br, NH); CIMS,m/z (% rel. int.): 520.2888
(M+H™). Calcd for G1H42NO4Si, M=520.2883'H NMR: § 7.75-7.70 (4Hm, arom.), 7.45-7.30 (11H,
m, arom.), 4.67 (2Hs, NOCH,Ph), 4.23 (1H}, J=6.9 Hz, H-3), 4.03 (1Hdd, J=8.5, 6.9 Hz, H-4),
3.96 (1H,dd, J=8.5, 6.9 Hz, H-), 3.83 (1H,d, J=9.7 Hz, H-1), 3.63 (1Hd, J=9.7 Hz, H-1), 1.40,
1.34 (2<3H, 2xacetonide Me), 1.06 (9H, SitBu), 1.05 (3H, sMeC,); 1°C NMR: § 137.8, 133.4, 134.3
(arom. C), 135.7, 135.6, 129.6, 129.5, 128.3, 128.2, 127.7, 127.6, 127.5 (arom. CH), 108.5 (acetonide C),
76.7 (NOCH2Ph), 76.1 (C-3), 65.4 (C-4), 64.8 (C-1), 62.2 (C-2), 26.8 (8&3), 26.3, 24.9 (Xacetonide
Me), 19.4 (SCMegz), 13.9 MeCy). Anal. calcd for GiH41NO4Si: C, 71.64; H, 7.95; N, 2.69. Found: C,
71.77; H, 8.05; N, 2.61.

3.6.2. (&,35)-1-O+-Butyldiphenylsilyl-3,4-O-isopropylidene-2-(N-benzyloxyamino)-2-methylbutane-
1,3,4-triol (ent3a, R=Me)

Oil, [x]p +6.0 (CHCE, ¢ 1.6). Other physical properties identical to thos&@a{R=Me). Anal. calcd
for C31H41NO4SI: C, 71.64; H, 7.95; N, 2.69. Found: C, 71.80; H, 7.90; N, 2.57.

3.6.3. (R,3R)-1-O+-Butyldiphenylsilyl-3,4-O-isopropylidene-2-(N-benzyloxyaminoHiitylbutane-
1,3,4-triol (3a, R=nBu)

Oil, [d]p —7.0 (CHCE, ¢ 1.2); IR vmaxcm~1: 3350 (br, NH), 3051; FABMSN/z562.3372 (M+H).
Calcd for G4H4gNO4Si, M=562.33521H NMR: § 7.75-7.65 (4Hm, arom.), 7.45-7.25 (11H, arom.),
4.64 (2H,s, NOCH2Ph), 4.32 (1Hdd, J=8.2, 7 Hz, H-3), 4.09 (1H, J=8.2 Hz, H-4), 3.95 (1Hd, J=8.2,
7.0 Hz, H-4), 3.77 (1H,d, J=10 Hz, H-1), 3.69 (1Hd, J=10 Hz, H-1), 1.60-1.50 (2Hm, CH»-C3H?7),
1.39, 1.35 (X3H, 2xacetonide Me), 1.35-1.20 (4i), CH,CH>Me), 1.04 (9H,s, SitBu), 0.88 (3H.t,
J=7 Hz, CHMe); 1°C NMR: § 137.8, 133.3, 133.1 (arom. C), 135.7, 135.6, 129.7, 129.6, 128.3, 128.2,
127.7,127.6, 127.5 (arom. CH), 107.9 (acetonide C), 77.5 (C-3), 76.CHPh), 65.6 (C-4), 63.9 (C-
1), 63.2 (C-2), 29.5CH,—C3H7), 26.8 (SitMe3), 26.3, 25.1 (Xacetonide Me), 25.4, 23.€H,CH2Me),
19.3 (SCMe3), 14.1 (CHMe). Anal. calcd for G4H47NO4Si: C, 72.69; H, 8.43; N, 2.49. Found: C,
72.77; H, 8.25; N, 2.60.
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3.6.4. (5,39)-1-0O+-Butyldiphenylsilyl-3,4-O-isopropylidene-2-(N-benzyloxyaminoHfitylbutane-
1,3,4-triol (ent3a, R=nBu)

Oll, [a]p +6.5 (CHCE, c 1.4). Other physical properties identical to thos@afR=nBu). Anal. calcd
for C34H47NO4SI: C, 72.69; H, 8.43; N, 2.49. Found: C, 72.82; H, 8.35; N, 2.44.

3.6.5. (R,3R)-1-0O+-Butyldiphenylsilyl-3,4-O-isopropylidene-2-(N-benzyloxyamin®batylbutane-
1,3,4-triol (3a, R=tBu)

Oil, [&]p —8.8 (CHCE, ¢ 2.9); IR Vimax cm~1: 3400 (br, NH), 3071; FABMSn/z562.3343 (M+H).
Calcd for G4H4gNO4Si, M=562.33521H NMR: § 7.65-7.60 (4Hm, arom.), 7.50-7.10 (11H, arom.),
4.48 (1H,dd, J=8.5, 6.3 Hz, H-3), 4.42 (2k$, NOCH,Ph), 3.97 (1Hdd, J=8.5, 7.5 Hz, H-4), 3.96 (1H,
d, J=10.7 Hz, H-1), 3.62 (1H]d, J=7.5, 6.3 Hz, H-), 3.56 (1H,d, J=10.7 Hz, H-1), 1.32, 1.30 (X 3H,
2xacetonide Me), 1.12 (9Hs, tBu), 1.08 (9H,s, SitBu); 13C NMR: § 137.8, 133.0, 132.8 (arom. C),
136.0, 135.9, 129.8, 129.7, 128.4, 128.1, 127.7, 127.6, 127.5 (arom. CH), 107.7 (acetonide C), 77.6 (C-
3), 76.8 (NCCH,Ph), 66.2 (C-4), 64.7 (C-1), 64.5 (C-2), 37.6Me3), 28.1 (Me3), 27.1 (SilMey),
26.4, 25.5 (Xacetonide Me), 19.1 (8Mez). Anal. calcd for G4H47NO4Si: C, 72.69; H, 8.43; N, 2.49.
Found: C, 72.80; H, 8.30; N, 2.45.

3.6.6. (&,39)-1-0O+-Butyldiphenylsilyl-3,4-O-isopropylidene-2-(N-benzyloxyamindbtylbutane-
1,3,4-triol (ent3a, R=tBu)

Oll, [a]p +8.0 (CHCE, c 2). Other physical properties identical to those3af(R=tBu). Anal. calcd
for C34H47NO4SI: C, 72.69; H, 8.43; N, 2.49. Found: C, 72.77; H, 8.55; N, 2.61.

3.6.7. (R,3R)-1-O+-Butyldiphenylsilyl-3,4-O-isopropylidene-2-(N-benzyloxyamino)-2-phenylbutane-
1,3,4-triol (3a, R=Ph)

Oil, [&]p +1.1 (CHC}, ¢ 1.3); IR Vmax cm~1: 3400 (br, NH), 3054; FABMSiNn/z582.3036 (M+H).
Calcd for GgH44NO4Si, M=582.30401H NMR: § 7.75-7.50 (6Hm, arom.), 7.45—7.25 (14Hp, arom.),
6.50 (1H,br s, NH), 4.84 (2H,s, NOCH»Ph), 4.54 (1Hdd, J=8.2, 6.7 Hz, H-3), 4.35 (1H, J=9.6 Hz,
H-1), 4.04 (1Hd, J=9.6 Hz, H-1), 3.97 (1H,dd, J=8.2, 6.7 Hz, H-4), 3.67 (1H, J=8.2 Hz, H-4), 1.35,
1.13 (2x3H, 2xacetonide Me), 0.98 (9H, SitBu); 1°C NMR: § 137.7, 137.6, 133.3, 133.1 (arom. C),
135.7,135.6, 129.7, 129.6, 128.5, 128.4, 128.1, 127.9, 127.6, 127.5, 127.2 (arom. CH), 108.5 (acetonide
C), 76.1 (C-3, N@H,Ph), 67.6 (C-2), 66.1 (C-4), 63.7 (C-1), 26.7 (M&), 26.0, 25.2 (Xacetonide
Me), 19.3 (SCMe3z). Anal. calcd for GeH4sNO4Si: C, 74.06; H, 7.77; N, 2.40. Found: C, 73.97; H, 7.90;
N, 2.48.

3.6.8. (&5,39)-1-0O+-Butyldiphenylsilyl-3,4-O-isopropylidene-2-(N-benzyloxyamino)-2-phenylbutane-
1,3,4-triol (ent3a, R=Ph)

Oil, [¢]p —1.5 (CHCE, c 2.1). Other physical properties identical to thos&a{R=Ph). Anal. calcd
for C3sH4sNO4SI: C, 74.06; H, 7.77; N, 2.40. Found: C, 74.10; H, 7.88; N, 2.51.

3.6.9. (R,3R)-1-O+-Butyldiphenylsilyl-3,4-di-O-benzyl-2-(N-benzyloxyamino)-2-methylbutane-1,3,4-
triol (3b, R=Me)

Oil, [®]p —4.2 (CHCB, ¢ 2.6); IR Vmax cm~1: 3400 (br, NH), 3058, 3031; FABMSn/z660.3521
(M+H*). Calcd for GHsoNO4Si, M=660.3509;H NMR: § 7.70-7.60 (4Hm, arom.), 7.40-7.15 (21H,
m, arom.), 4.90, 4.52 (2H, AB system, J=11.5 Hz, l@Ph), 4.68, 4.62 (2H, AB system, J=11.5 Hz,
NOCH2Ph), 4.58 (2Hs, OCH,Ph), 4.09 (1Hdd, J=10, 1.5 Hz, H-4), 3.84 (1Hid, J=7.5, 1.5 Hz, H-3),
3.77 (1H,d, J=9.5 Hz, H-1), 3.75 (1Hd, J=10, 7.5 Hz, H-%, 3.70 (1H,d, J=9.5 Hz, H-1), 1.05 (9H,s,
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SitBu), 1.03 (3H, sMeC,); 13C NMR: § 139.0, 138.7, 138.1, 133.3, 133.2 (arom. C), 135.7, 135.6, 129.6,
129.5, 128.4, 128.3, 128.2, 128.1, 127.6, 127.5, 127.4, 127.2 (arom. CH), 79.4 (C-3), 7T€H{RI0),
74.0, 73.3 (XOCH,Ph), 72.9 (C-4), 64.0 (C-1), 63.6 (C-2), 26.9 (8&;), 19.3 (SCMe3z), 15.0 MeCy).
Anal. calcd for GoH49gNO4SI: C, 76.44; H, 7.48; N, 2.12. Found: C, 76.80; H, 7.31; N, 2.15.

3.6.10. (R,3R)-1-O+-Butyldiphenylsilyl-3,4-di-O-benzyl-2-(N-benzyloxyamina)-Bdtylbutane-
1,3,4-triol (3b, R=nBu)

Oil, [&]p +5.1 (CHCE, ¢ 1.3); IR vmax cm™1: 3350 (br, NH), 3067, 3031; CIMSn/z(% rel. int.):
702.3960 (M+H). Calcd for GsHseNO4Si, M=702.3978;'H NMR: § 7.70-7.60 (4H,m, arom.),
7.40-7.20 (21Hm, arom.), 4.95, 4.55 (2H, AB system, J=11.5 Hz,i@h), 4.66, 4.59 (2H, AB system,
J=11.5 Hz, NOEi,Ph), 4.56 (2Hs, OCH,Ph), 4.06 (1Hdd, J=10, 1 Hz, H-4), 3.93 (1H], J=7.5, 1 Hz,
H-3), 3.84 (1H,dd, J=10, 7.5 Hz, H-3, 3.75 (1H,d, J=10 Hz, H-1), 3.66 (1Hd, J=10 Hz, H-1), 1.50
(2H, m, CH2CgH7), 1.45-1.20 (4Hm, CH2CH>Me), 1.04 (9H,s, SitBu), 0.89 (3Ht, J=7 Hz, CHMe);
13C NMR: § 139.3, 138.6, 138.0, 133.3, 133.2 (arom. C), 135.7, 129.6, 129.5, 128.3, 128.2, 128.1, 127.7,
127.6, 127.5, 127.4, 127.1 (arom. CH), 80.4 (C-3), 76.3QNPh), 74.1, 73.5 (ROCH,Ph), 73.3 (C-
4), 65.3 (C-2), 62.4 (C-1), 29.9CH,C3H7), 26.9 (SitMe3), 25.8, 23.8 CH2CH>Me), 19.3 (SCMey),
14.1 (CHMe). Anal. calcd for GsHssNO4Si: C, 76.99; H, 7.90; N, 2.00. Found: C, 76.88; H, 7.71; N,
2.10.

3.6.11. (R,3R)-1-0O4-Butyldiphenylsilyl-3,4-di-O-benzyl-2-(N-benzyloxyamino)-2-phenylbutane-
1,3,4-triol (3b, R=Ph)

Oil, [&]p —8.5 (CHC}, ¢ 3.1); IR vmax cm™1: 3350 (br, NH), 3065, 3031; CIMSn/z (% rel.
int.): 722.3667 (M+H). Calcd for G7H5,NO4Si, M=722.36651H NMR: § 7.60-7.45 (6Hm, arom.),
7.40-7.15 (24Hm, arom.), 4.90, 4.57 (2H, AB system, J=11.5 Hz, i@fh), 4.76 (2Hs, NOCH,Ph),
4.44, 4.41 (2H, AB system, J=12 Hz, GIgPh), 4.30 (1Hd, J=10 Hz, H-1), 4.19 (1Hd, J=10 Hz,
H-1"), 4.18 (1H,dd, J=7.5, 1.5 Hz, H-3), 4.02 (1Hid, J=10.5, 1.5 Hz, H-4), 3.24 (1Hld, J=10.5, 7.5
Hz, H-4), 0.92 (9H,s, SitBu); 13C NMR: § 139.0, 138.7, 138.6, 137.8, 133.4, 133.1 (arom. C), 135.8,
135.6, 129.5, 128.5, 128.4, 128.1, 127.7, 127.6, 127.5, 127.4, 127.2, 127.1, 126.9 (arom. CH), 79.7 (C-
3), 76.4 (NCCH2Ph), 74.2, 74.0 (ROCH,Ph), 73.2 (C-4), 68.1 (C-2), 63.2 (C-1), 26.8 (8&3), 19.3
(SICMes). Anal. calcd for G7Hs51NO4Si: C, 78.19; H, 7.12; N, 1.94. Found: C, 78.00; H, 7.31; N, 2.00.

3.6.12. (R,3R)-1-0O+-Butyldiphenylsilyl-3,4-di-O-benzyl-2-(N-benzyloxyamino)-2-allylbutane-
1,3,4-triol (3b, R=allyl)

Oil, [&]p +7.0 (CHC}, ¢ 2.9); IR Vmaxcm™1: 3350 (br, NH), 3067; FABMSN/z686.3674 (M+H).
Calcd for G4Hs,NO4Si, M=686.36651H NMR: § 7.65—7.60 (4Hm, arom.), 7.40—7.20 (21Hp, arom.),
5.94 (1H,ddt, J=17.3, 10.2, 7.5 Hz,I@=CH>), 5.02 (1H,br dd, J=17.3, 2 Hz, CH-CH>), 4.99 (1H,br
dd, J=10.2, 2 Hz, CH-CH)), 4.92, 4.52 (2H, AB system, J=11.5 Hz, @&Ph), 4.63, 4.59 (2H, AB
system, J=11.5 Hz, NO&€,Ph), 4.51 (2Hs, OCH»Ph), 4.00 (1Hdd, J=10, 1 Hz, H-4), 3.90 (1Hid,
J=8, 1 Hz, H-3), 3.83 (1Hdd, J=10, 8 Hz, H-%), 3.72 (1H,d, J=10 Hz, H-1), 3.62 (1Hd, J=10 Hz,
H-1'), 2.35 (2H,br d, J=7.5 Hz, CHC=C), 1.01 (9H s, SitBu); 3C NMR: § 139.2, 138.6, 137.8, 133.2,
133.1 (arom. C), 134.60H=CHy), 135.7, 129.5, 128.3, 128.2, 128.1, 127.6, 127.5, 127.4, 127.1 (arom.
CH), 117.0 (CH=CH>), 80.2 (C-3), 76.3 (N@H2Ph), 74.1, 73.2 (ROCH,Ph), 73.1 (C-4), 65.5 (C-2),
62.7 (C-1), 34.9CH>C=C), 26.9 (Si®Me3), 19.2 (SCMe3). Anal. calcd for G4Hs1NO4Si: C, 77.04; H,
7.49; N, 2.04. Found: C, 77.00; H, 7.32; N, 1.92.
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3.6.13. (R,3R)-1-O-Trityl-3,4-O-isopropylidene-2-(N-benzyloxyamino)-2-methylbutane-1,3,4-triol
(3c, R=Me)

Oil, [&]p —4.7 (CHCE, ¢ 7.2); IR vmax cm~L: 3400 (br, NH), 3060, 3030; CIMSn/z(% rel. int.):
524.2807 (M+H). Calcd for G4H3gNO4, M=524.2800;'H NMR (200 MHz): § 7.60-7.50 (6Hm,
arom.), 7.50-7.20 (14Hm, arom.), 6.10 (1Hbr s, NH), 4.70 (2H,s, NOCH2Ph), 4.34 (1H}, J=7 Hz,
H-3), 4.10-3.90 (2Hm, H-4, H-4), 3.45 (1H,d, J=8.8 Hz, H-1), 3.18 (1Hd, J=8.8 Hz, H-1), 1.40
(6H, 2xacetonide Me), 1.17 (3H, $/eCy); 13C NMR: § 144.1, 137.9 (arom. C), 129.2, 129.1, 129.0,
128.4,128.3, 128.0, 127.9, 127.4, 127.1 (arom. CH), 108.6 (acetonide C)C##§,(77.3 (C-3), 76.8
(NOCH2Ph), 65.4 (C-4), 64.3 (C-1), 61.7 (C-2), 26.4, 25.X éZetonide Me), 15.8(eCy). Anal. calcd
for C34H37NO4: C, 77.98; H, 7.12; N, 2.67. Found: C, 78.11; H, 7.30; N, 2.42.

3.6.14. (R,3R)-1-O-Trityl-3,4-O-isopropylidene-2-(N-benzyloxyamino-Butylbutane-1,3,4-triol
(3¢, R=nBu)

Oil, [®]p —9.6 (CHCE, ¢ 2.2); IR Vimax cm™1: 3300 (br, NH), 3061, 3031; FABMSn/z566.3257
(M+H™). Calcd for G7H44NO4, M=566.3270;'H NMR: § 7.50-7.40 (6Hm, arom.), 7.40-7.20 (14H,
m, arom.), 4.57 (2Hs, NOCH,Ph), 4.30 (1Hdd, J=8.2, 6.8 Hz, H-3), 3.98 (1H, J=8.2 Hz, H-4), 3.83
(1H,dd, J=8.2, 6.8 Hz, H-3, 3.33 (1H,d, J=9 Hz, H-1), 3.12 (1Hd, J=9 Hz, H-1), 1.60-1.50 (2Hm,
CH»C3H7), 1.33, 1.32 (X3H, 2xacetonide Me), 1.30-1.10 (4th, CH,CH,Me), 0.83 (3H.t, J=7 Hz,
CHyMe); 13C NMR: § 143.8, 137.8 (arom. C), 128.8, 128.3, 128.2, 128.0, 127.9, 127.7, 127.0 (arom.
CH), 108.0 (acetonide C), 86.CPhs), 78.2 (C-3), 76.7 (N@H,Ph), 65.5 (C-4), 63.0 (C-2), 62.8 (C-1),
30.9 CH,C3H7), 26.3, 25.2 (Xacetonide Me), 25.2, 23.TH>CH,Me), 14.1 (CHMe). Anal. calcd for
Ca7H43NO4: C, 78.55; H, 7.66; N, 2.48. Found: C, 78.43; H, 7.39; N, 2.41.

3.6.15. (R,3R)-1-O-Trityl-3,4-O-isopropylidene-2-(N-benzyloxyaminoHutylbutane-1,3,4-triol
(3¢, R=tBu)

Oil, [®]p —2.5 (CHCE, ¢ 1.7); IR Vmax cm™1: 3400 (br, NH), 3060, 3029; FABMSn/z566.3257
(M+H™). Calcd for G7H44NO4, M=566.3270;'"H NMR: § 7.50-7.40 (6Hm, arom.), 7.35-7.20 (14H,
m, arom.), 4.47 (2Hs, NOCH,Ph), 4.44 (1Hdd, J=8.2, 6.5 Hz, H-3), 3.93 (1H, J=8.2 Hz, H-4),
3.57 (1H,dd, J=8.2, 6.5 Hz, H-3, 3.46 (1H,d, J=10 Hz, H-1), 3.33 (1Hd, J=10 Hz, H-1), 1.31 (6H,
2xacetonide Me), 1.05 (9H;, tBu); 13C NMR: & 143.4, 137.9 (arom. C), 129.1, 128.7, 128.6, 128.3,
128.1, 127.9, 127.8, 127.7, 127.4, 127.2, 127.1, 126.8 (arom. CH), 107.6 (acetonide CLRB)3 (
77.9 (C-3), 76.7 (N@H,Ph), 66.3 (C-4), 64.9 (C-2), 63.5 (C-1), 37@Me3z), 27.9 (Me3), 26.4, 25.4
(2xacetonide Me). Anal. calcd for4zH43NOg4: C, 78.55; H, 7.66; N, 2.48. Found: C, 78.62; H, 7.49; N,
2.61.

3.6.16. (R,3R)-1-O-Trityl-3,4-O-isopropylidene-2-(N-benzyloxyamino)-2-phenylbutane-1,3,4-triol
(3c, R=Ph)

Oil, [@]p —16.0 (CHC}, ¢ 4.3); IR vmax cm~1: 3400 (br, NH), 3060, 3030; FABMS3n/z586.2960
(M+H™). Calcd for GgH40NO4, M=586.2957;1H NMR: § 7.40-7.20 (25Hm, arom.), 4.72 (2Hs,
NOCH»,Ph), 4.51 (1H{, J=7.2 Hz, H-3), 3.83 (1HdJd, J=8, 7.2 Hz, H-4), 3.82 (1H], J=8.8 Hz, H-1),

3.61 (1Ht, J=8 Hz, H-4), 3.49 (1H d, J=8.8 Hz, H-1), 1.26, 1.01 (X3H, 2xacetonide Me)!3C NMR:

0 143.7, 138.0, 137.6 (arom. C), 128.8, 128.3, 128.2, 127.9, 127.7, 127.6, 127.4, 127.1, 126.9 (arom.
CH), 108.5 (acetonide C), 86.EPhs), 76.7 (C-3), 76.1 (NQH2Ph), 66.9 (C-2), 65.8 (C-4), 62.9 (C-1),

25.8, 25.2 (Xacetonide Me). Anal. calcd for4gH3gNO4: C, 79.97; H, 6.71; N, 2.39. Found: C, 80.08;

H, 6.72; N, 2.63.
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3.6.17. (R,3R)-1-O-Trityl-3,4-di-O-benzyl-2-(N-benzyloxyamino)-2-methylbutane-1,3,4-triol
(3d, R=Me)

Oil, [@]p —10.6 (CHC}, ¢ 0.4); IR vmax cm~1: 3400 (br, NH), 3061, 3030; FABMSn/z664.3398
(M+H™). Calcd for GsH4eNO4, M=664.3426;'"H NMR: § 7.40-7.20 (30HmM, arom.), 4.79, 4.38 (2H,
AB system, J=11.5 Hz, Od,Ph), 4.63, 4.58 (2H, AB system, J=11.5 Hz, NB&Ph), 4.48 (2H,s,
OCH2Ph), 3.91 (1Hdd, J=10.2, 1.8 Hz, H-4), 3.82 (1Hld, J=7.7, 1.8 Hz, H-3), 3.61 (1Hid, J=10.2,
7.7 Hz, H-4), 3.27 (1H,d, J=8.8 Hz, H-1), 3.18 (1Hj, J=8.8 Hz, H-1), 1.02 (3H, sMeC,); 13C NMR:

0 144.0, 139.0, 138.6, 137.9 (arom. C), 129.8, 128.3, 128.2, 128.1, 128.0, 127.7, 127.6, 127.5, 127.4,
127.1, 126.8 (arom. CH), 86.£Phg), 80.1 (C-3), 76.6 (NQH2Ph), 74.0, 73.2 (ROCH,Ph), 72.5 (C-

4), 63.5 (C-1), 63.1 (C-2), 16.3/eC>). Anal. calcd for GsH4sNO4: C, 81.42; H, 6.83; N, 2.11. Found:
C,81.28; H,6.72; N, 2.23.

3.6.18. (R,3R)-1-O-Trityl-3,4-di-O-benzyl-2-(N-benzyloxyamino)xbutylbutane-1,3,4-triol
(3d, R=nBu)

Oil, [«]p —1.6 (CHC}, ¢ 3.8); IRVmaxcm~1: 3400 (br, NH), 3088, 3061, 3032; FABM®/z706.3878
(M+H™). Calcd for GgHsaNO4, M=706.3896;'H NMR: § 7.45-7.20 (30Hm, arom.), 4.90, 4.50 (2H,
AB system, J=11.5 Hz, O&,Ph), 4.68, 4.62 (2H, AB system, J=11.5 Hz, NB£Ph), 4.52 (2Hs,
OCH,Ph), 3.93 (2Hm, H-3, H-4), 3.73 (1Hdd, J=10.5, 8 Hz, H-9, 3.24 (2H,s, H-1, H-1), 1.50-1.40
(2H, m, CH,C3H7), 1.30-1.00 (4Hm, CH,CH,Me), 0.83 (3Ht, J=7 Hz, CHMe); 13C NMR: § 143.9,
139.3, 138.6, 138.0 (arom. C), 128.9, 128.8, 128.3, 128.2,128.1, 128.0, 127.7, 127.6, 127.5, 127.4, 127.3,
127.0, 126.8 (arom. CH), 86.€Phg), 80.8 (C-3), 76.4 (NQH,Ph), 74.2, 73.2 (ROCH,Ph), 73.1 (C-
4), 64.9 (C-2), 61.6 (C-1), 30.68CHC3H7), 25.5, 23.7 CH2CH,;Me), 14.0 (CHMe). Anal. calcd for
C48H51NO4: C, 81.67; H, 7.28; N, 1.98. Found: C, 81.48; H, 7.44; N, 2.13.

3.6.19. (R,3R)-1-O-Trityl-3,4-di-O-benzyl-2-(N-benzyloxyamino)-2-phenylbutane-1,3,4-triol
(3d, R=Ph)

Oil, [&]p —18.8 (CHCE4, ¢ 2.6); IR Vimax cm™1: 3350 (br, NH), 3060, 3030; FABMSn/z726.3617
(M+H™). Calcd for GoHsgNO4, M=726.3583;'H NMR: § 7.60-7.20 (35Hm, arom.), 6.70 (1Hpr
s, NH), 4.78, 4.42 (2H, AB system, J=11.5 Hz, €¢Ph), 4.69, 4.66 (2H, AB system, J=11.5 Hz,
NOCH2Ph), 4.37, 4.34 (2H, AB system, J=12 Hz, B¢Ph), 4.15 (1Hdd, J=7.7, 1.5 Hz, H-3), 3.88
(1H, br d, J=10.2 Hz, H-4), 3.74 (2K, H-1, H-1), 3.18 (1H,dd, J=10.2, 7.7 Hz, H-3; 3C NMR: §
143.7,138.9, 138.6, 137.8 (arom. C), 128.9, 128.3, 128.0, 127.6, 127.5, 127.4,127.3,127.1, 127.0, 126.8
(arom. CH), 86.5CPhs), 80.5 (C-3), 76.4 (NGH,Ph), 74.2, 73.1 (ROCH,Ph), 73.4 (C-4), 67.5 (C-2),
62.5 (C-1). Anal. calcd for §5H47NO4: C, 82.73; H, 6.53; N, 1.93. Found: C, 82.49; H, 6.44; N, 2.15.

3.7. General desilylation procedure

A solution of the substrate (1 mmol) in dry THF (15 ml) was treated with solid tetdoatylammonium
fluoride trihydrate (331 mg, 1.05 mmol) and stirred at room temperature for 2 h. After adding water (1
ml), the volatiles were totally eliminated at reduced pressure. Column chromatography of the residue
(hexane/EtOAc mixtures) provided the desilylation product with yields in the range 75-95%.

3.8. General benzylation procedure

An 80% suspension of NaH in mineral oil (45 mg, ca. 1.5 mmol of sodium hydride) was washed three
times under Ar with dry hexane. Dry THF (1 ml) was then added, followed by a solution of the substrate
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(2 mmol) in dry THF (3 ml). The solution was stirred at room temperature for 30 min. Benzyl bromide
(0.15 ml, 1.2 mmol) was then added dropwise, followechByisN*1~ (37 mg, 0.1 mmol). The reaction
mixture was then heated at reflux for 3 h. Work-up@tand column chromatography (hexane/EtOAc
mixtures) furnished the desired benzylation product. For compounds having three free hydroxyl groups,
the proportions of NaH and benzyl bromide were increased to 4.5 and 3.5 equiv., respectively. Yields
were usually about 80-85% in the monobenzylations and about 50-55% in the tribenzylations.

3.9. General acetonide hydrolysis procedure

The substrate (1 mmol) was dissolved in a MeOpOH?9:1) mixture (5 ml). After addition of PPTS
(25 mg, 0.1 mmol), the solution was heated at reflux for 12 h. After cooling the reaction mixture to room
temperature, solid N&Os (15 mg) was added. The reaction mixture was then filtered through Celite, the
reaction flask and the Celite were washed two times with EtOAc. The organic phases were evaporated
at reduced pressure and the oily residue was chromatographed on silica gel (hexane/EtOAc mixtures) to
afford the desired hydrolysis product with yields in the range 70-90%.

3.10. General detritylation procedui®

A 1.8 M solution of trifluoroacetic acid/trifluoroacetic anhydride was prepared by dissolving these
reagents in the appropriate amount of dry Cith. The substrate (1 mmol) was then dissolved under Ar
in dry CH,Cl, (2 ml) and treated dropwise at room temperature with the aforementioned solution (1.6
ml, ca. 7.5 equiv.). The reaction mixture turned yellow and was then cooled to 0°C, followed by addition
of triethylamine (1.25 ml, 9 mmol). After stirring for 5 min, the reaction mixture was poured into MeOH
(25 ml). Stirring was continued for 30 min at room temperature. After removal of all solvents at reduced
pressure, the residue was chromatographed (hexane/EtOAc mixtures) to yield the desired detritylation
product with yields in the range 70-80%.

3.11. Formation of oxazolidinonés

A solution of the appropriate amino alcohol (0.2 mmol) in dry £ (2 ml) was successively
treated under Ar with BN (80 ul, ca. 0.6 mmol) and triphosgene (60 mg, ca. 0.2 mmol). The reaction
mixture was then stirred at room temperature for 2 days. Work-upQ&iand column chromatography
(hexane/EtOAc mixtures) furnished oxazolidinoigasith yields in the range 40-50%.

3.11.1. (R,3R)-3,4-O-Isopropylidene-2-(N-benzyloxyamino)-2-methylbutane-1,3,4-Ei6t{Me)

Oil, [&]p —8.2 (CHCEB, ¢ 5); IR vmaxcm~1: 3450 (br, OH), 3088, 3064, 3031; FABM®/2282.1703
(M+H™). Calcd for GsH24NO4, M=282.1705;'"H NMR: & 7.40-7.30 (5Hm, arom.), 4.64 (2Hs,
NOCH2Ph), 4.18 (1H{t, J=6.8 Hz, H-3), 3.91 (1Hdd, J=8.5, 6.8 Hz, H-4), 3.89 (1Hid, J=8.5, 6.8
Hz, H-4), 3.65 (1H,d, J=11.5 Hz, H-1), 3.57 (1HJ, J=11.5 Hz, H-1), 1.40, 1.31 (X3H, 2xacetonide
Me), 0.99 (3H, sMeC,); 13C NMR: § 137.4 (arom. C), 128.6, 128.4, 128.0 (arom. CH), 108.9 (acetonide
C), 77.5 (C-3), 77.1 (NGH2Ph), 65.2, 65.1 (C-1, C-4), 61.4 (C-2), 26.2, 24.&§2etonide Me), 15.1
(MeC,). Anal. calcd for GsH23NOg4: C, 64.04; H, 8.24; N, 4.98. Found: C, 64.39; H, 8.44; N, 5.14.

3.11.2. (R,3R)-3,4-O-Isopropylidene-2-(N-benzyloxyaminop-butylbutane-1,3,4-triol§, R=nBu)
Oil, [&]p —16.0 (CHC}, ¢ 0.7); IR vinax cm~: 3450 (br, OH), 3088, 3064, 3031; CIM8Yz(% rel.
int.): 324.2168 (M+H). Calcd for GgHzoNO4, M=324.2174;'H NMR: § 7.40-7.30 (5Hm, arom.),
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6.00 (1H,br s, NH), 4.66 (2H,s, NOCH,Ph), 4.22 (1Hdd, J=7.7, 6.6 Hz, H-3), 3.93 (2Hn, H-4,
H-4), 3.62 (2H,br s, H-1, H-1), 2.50 (1H,br s, OH), 1.60-1.20 (6HmM, CH,CH,CH>), 1.40, 1.31
(2x3H, 2xacetonide Me), 0.90 (3H, J=7.5 Hz, Me)13C NMR: § 137.5 (arom. C), 128.5, 128.4, 127.9
(arom. CH), 108.5 (acetonide C), 78.3 (C-3), 76.7 G)Ph), 65.2 (C-4), 64.2 (C-1), 62.6 (C-2), 29.9
(CH2-C3gHy), 26.3, 24.9 (Xacetonide Me), 25.2, 23.2CH,CH,;Me), 14.1 (CHMe). Anal. calcd for
Ci18H29NO4: C, 66.84; H, 9.04; N, 4.33. Found: C, 66.55; H, 8.93; N, 4.13.

3.11.3. (R,3R)-3,4-O-lIsopropylidene-2-(N-benzyloxyamino}-utylbutane-1,3,4-triol§, R=tBu)

Oil, [x]p —40.0 (CHC}, ¢ 0.7); IR vmax cm™1: 3440 (br, OH), 3086, 3065, 3030; CIMB/z (% rel.
int.): 324.2177 (M+H). Calcd for GgH3gNO4, M=324.2174;'"H NMR: § 7.40-7.30 (5Hm, arom.),
4.71, 4.69 (2H, AB system, J=11.5 Hz, NBIgPh), 4.34 (1Hdd, J=9, 5.7 Hz, H-3), 4.09 (1Hid, J=8.5,
5.7 Hz, H-4), 4.00 (1Hdd, J=9, 8.5 Hz, H-4), 3.84 (1H,br d, J=12 Hz, H-1), 3.58 (1Hbr dd, J=12,
7 Hz, H-1), 2.20 (1H,br s, OH), 1.36, 1.33 (23H, 2xacetonide Me), 1.02 (9H5, tBu); 13C NMR:
0 137.3 (arom. C), 128.7, 128.5, 128.1 (arom. CH), 106.6 (acetonide C), 78.4 (C-3), 76CHURO),
66.8 (C-4), 65.6 (C-2), 63.2 (C-1), 37.@Nle3), 27.2 (Me3), 26.5, 25.7 (Xacetonide Me). Anal. calcd
for C1gH29NOy: C, 66.84; H, 9.04; N, 4.33. Found: C, 66.63; H, 9.15; N, 4.29.

3.11.4. (R,3R)-3,4-O-lsopropylidene-2-(N-benzyloxyamino)-2-phenylbutane-1,3,4-&i&£Ph)

Oil, [&]p —22.0 (CHCB, ¢ 2.9); IR Vmax cm™1: 3330 (br, OH), 3085, 3066, 3030; FABMS&)/z
344.1855 (M+H). Calcd for GoHoNO4, M=344.1862;'H NMR: § 7.55 (2H,m, arom.), 7.40-7.20
(8H, m, arom.), 6.50 (1Hbr s, NH), 4.66 (2H,s, NOCH»Ph), 4.38 (1H{, J=7.2 Hz, H-3), 4.28 (1Hyr
d, J=11.5 Hz, H-1), 4.14 (1Hyr d, J=11.5 Hz, H-1), 3.70-3.60 (2Hm, H-4, H-4), 2.50 (1H,br s, OH),
1.28, 1.27 (X3H, 2xacetonide Me)13C NMR: § 138.0, 137.4 (arom. C), 128.5, 128.4, 128.1, 127.9,
127.4 (arom. CH), 109.5 (acetonide C), 78.3 (C-3), 76.7 QloPh), 66.6 (C-2), 65.7 (C-4), 63.2 (C-1),
26.0, 24.8 (Xacetonide Me). Anal. calcd for4gH2sNO4: C, 69.95; H, 7.34; N, 4.08. Found: C, 69.65;
H, 7.53; N, 4.15.

3.11.5. (R,5R)-3-Benzyloxy-4-methyl-4,5-bis(trityloxymethyl)-1,3-oxazolidin-2-@n&£Me,
R'=R"’=Tr, P=Bn)

Colourless needles (from hexane/&E), mp 242-246°C (dec.)of]p +5.8 (CHCE, ¢ 0.4); IR Vimax
cm~1: 3059, 3031, 1787 (€0); EIMS, m/z(% rel. int.): 751 (M, 0.5), 478 (M —CH,OTr, 20), 243
(PheC*, 100). Calcd for G1H4sNOs, M=751;'H NMR: § 7.50-7.10 (35Hm, arom.), 5.24, 4.85 (2H,
AB system, J=10.2 Hz, NO&,Ph), 4.03 (1H,dd, J=8.7, 3.3 Hz, H-5), 3.52 (1Hdd, J=10.6, 8.7
Hz, G—CH,0Tr), 3.42 (1H,d, J=10.2 Hz, G—CH,OTr), 2.66 (1H,dd, J=10.6, 3.3 Hz, &-CH,OTr),
2.52 (1H,d, J=10.2 Hz, G-CH,0Tr), 0.82 (3H,s, Me-C4); 3C NMR: § 158.7 (G=0), 143.3, 142.8,
135.3 (arom. C), 129.8, 128.9, 128.7, 128.6, 128.4, 127.8, 127.7, 127.0, 126.8 (arom. CH), 87.7, 86.9
(2xCPhs), 80.3 (C-5), 79.1 (N@H2Ph), 64.6 (C-4), 61.7 (&CH»OTr), 60.3 (G—CH»OTr), 19.8
(Me—Cy). Anal. calcd for G1H4sNOs: C, 81.47; H, 6.03; N, 1.86. Found: C, 81.65; H, 6.20; N, 2.01.

3.11.6. (R,5R)-3-Benzyloxy-4+butyl-4,5-bis(trityloxymethyl)-1,3-oxazolidin-2-on& R=nBu,
R'=R"’=Tr, P=Bn)

Colourless needles (from hexanef@), mp 270-275°C (dec.),op +18.7 (CHC}, c 1.2); IR
Vmax cm~1: 3059, 3031, 2930, 1785 (); FABMS, m/z794.3881 (M+H). Calcd for G4Hs,NOs,
M=794.3846;'"H NMR: § 7.50-7.00 (35Hm, arom.), 5.30, 4.85 (2H, AB system, J=10 Hz, NB£Ph),
4.28 (1H,dd, J=8.6, 2 Hz, H-5), 3.58 (1Hdd, J=10.2, 8.6 Hz, &-CH,OTr), 3.42 (1H,d, J=10
Hz, C,—CH»O0Tr), 2.54 (1H,dd, J=10.2, 2 Hz, &-CH,OTr), 2.51 (1H,d, J=10 Hz, G-CH,OTr),
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1.30-1.10 (2Hm, CH»—CsHy), 1.00-0.75 (4Hm, CH2CH2Me), 0.69 (3H.t, J=7.4 Hz, CHMe); 13C

NMR: § 159.1 (G=0), 143.3, 142.7, 135.2 (arom. C), 129.7, 128.9, 128.7, 128.6, 128.5, 127.9, 127.7,
127.6, 126.9, 126.8 (arom. CH), 87.7, 86.&(@Phy), 78.7 (C-5), 78.6 (NGH,Ph), 67.1 (C-4), 615
(C4—CH.0Tr), 60.7 (G-CH,0Tr), 32.8 CHo—CsHy), 25.1, 22.9 CH,CH,oMe), 13.7 (CHMe). Anal.

calcd for G4Hs:1NOs: C, 81.69; H, 6.47; N, 1.76. Found: C, 81.61; H, 6.27; N, 1.63.

3.11.7. (R,5R)-3-Benzyloxy-4-butyl-4-¢-butyldiphenylsilyloxymethyl)-5-(trityloxymethyl)-1,3-
oxazolidin-2-one &, R=tBu, R=Tr, R"=TPS, P=Bn)

Colourless needles (from hexane/&Hb), mp 251-255°C (dec.),of]p +39.1 (CHC4, ¢ 2.5); IR
Vmax Cm~1: 3058, 2957, 2858, 1785 (I); CIMS, m/z (% rel. int.): 790.3938 (M+H). Calcd for
Cs1Hs56NOsSi, M=790.3928H NMR: § 7.50—-7.10 (30Hm, arom.), 5.46, 4.90 (2H, AB system, J=8.8
Hz, NOCH,Ph), 4.46 (1Hd, J=7.5 Hz, H-5), 4.00 (1Hd, J=11 Hz, ¢1,0OTPS), 3.96 (1Hdd, J=11,
7.5 Hz, H,0Tr), 3.01 (1H,d, J=11 Hz, G1,0TPS), 2.80 (1Hd, J=11 Hz, ®Gi,0Tr), 0.94 (9H,s,
SitBu), 0.66 (9H,s, C4-tBu); 13C NMR § 159.8 (G=0), 143.5, 135.0, 132.7, 131.7 (arom. C), 136.2,
135.8, 130.0, 129.6, 127.9, 127.8, 127.7, 127.3, 127.1, 127.0 (arom. CH),@8tp),(78.8 (C-5),
76.9 (NOCH»Ph), 72.6 (C-4), 63.5, 58.£H,0Tr, CH,OTPS), 34.8 (z—CMes), 26.8 (G—CMe3), 26.4
(SiCMe3), 18.7 (SCMe3). Anal. calcd for G1HssNOsSi: C, 77.53; H, 7.02; N, 1.77. Found: C, 77.66;
H, 7.24; N, 1.88.

3.11.8. (R,5R)-3-Benzyloxy-4-phenyl-4,5-bidfutyldimethylsilyloxymethyl)-1,3-oxazolidin-2-one
(6, R=Ph, R=R""=TBS, P=Bn)

Colourless needles (from hexane/g&Hp), mp 110-112°C, &]p +55.3 (CHC4, ¢ 0.9); IR Vmax
cm~1: 3065, 3034, 2950, 2928, 2887, 2856, 1788-(); FABMS, m/z558.3064 (M+H). Calcd for
C30H4gNOsSip, M=558.30711H NMR: § 7.50-7.20 (10Hm, arom.), 5.20, 4.74 (2H, AB system, J=10
Hz, NOCH,Ph), 4.49 (1H{t, J=6.3 Hz, H-5), 4.25, 4.23 (2H, AB system, J=10.5 Hz-CH,OTBS),
4.08 (2H,m, Cs—CH,OTBS), 0.89, 0.80 (9H, 2xs, 2xSitBu), 0.03, 0.01-0.01,—-0.03 (4<3H, 4xs,
SiMe); 13C NMR: § 158.9 (G=0), 138.2. 135.3 (arom. C), 129.0, 128.6, 128.4, 128.3, 128.1, 126.4
(arom. CH), 82.2 (C-5), 78.0 (NCH2Ph), 70.2 (C-4), 61.0, 60.6 ¥CH,OTBS), 25.7 (XSiCMe3),
18.2 (2xSiCMe3), —5.4,-5.6,—-5.7,—6.0 (4<SiMe). Anal. calcd for GoH47NOsSiz: C, 64.59; H, 8.49;
N, 2.51. Found: C, 64.64; H, 8.34; N, 2.80.

3.12. Hydrogenolysis @ (R=Ph, R=R”=TBS, P=Bn)

A 10% Pd/C hydrogenation catalyst (15 mg) was suspended in MeOH (1 ml) and stirred for 10 min
under an H atmosphere. The substrate (0.1 mmol) was dissolved in MeOH (2 ml) and added via syringe
to the catalyst suspension. The reaction mixture was then stirred for 48 h at room temperature. After this
time, the mixture was filtered through Celite, the reaction flask and the Celite were washed two times
with EtOAc, and the organic layers were concentrated at reduced pressure. Column chromatography of
the oily residue (hexane:EtOAc=4:1) furnished the hydrogenolysis prédéctPh, R=R""=TBS, P=H)
as an oil, X]p +20.4 (CHC4, ¢ 0.5); IR vmaxcm~1: 3220 (br, OH), 1764 (€0); FABMS, m/z468.2596
(M+H™). Calcd for GsH4oNOsSip, M=468.2601;'H NMR: 8 7.50-7.30 (5Hm, arom.), 4.40 (1Hdd,

J=6.5, 6 Hz, H-5), 4.26 (1H]d, J=11, 6 Hz, G-CH,OTBS), 4.20 (1Hd, J=10.8 Hz, G-CH,OTBS),
4.17 (1H,dd, J=11, 6.5 Hz, &CH,0OTBS), 4.12 (1Hd, J=10.8 Hz, G—CH>O0TBS), 0.90, 0.87 (9H,
2xs, 2xSitBu), 0.10, 0.08, 0.07, 0.05 ¥BH, 4xs, SiMe); 13C NMR: § 161.3 (G=0), 137.8 (arom. C),
128.9, 128.2, 125.9 (arom. CH), 82.3 (C-5), 71.4 (C-4), 61:2GR,0TBS), 25.8, 25.7 (RSiCMe3),
18.3, 18.1 (XSiCMe3), —5.4, -5.5, —5.6, —6.0 (4xSiMe). Anal. calcd for G3H41NOsSip: C, 59.06;
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H, 8.83; N, 2.99. Found: C, 58.88; H, 8.84; N, 3.11. The NOE measurements described in the text were
performed on this debenzylation product.

3.12.1. (R,5R)-3-Benzyloxy-4-allyl-4t(butyldiphenylsilyloxymethyl)-3-putyldimethylsilyloxymethyl)-
1,3-oxazolidin-2-onef R=allyl, R =TBS, R'=TPS, P=Bn)

Oil, IR vmax cm~1: 1791 (G=0); FABMS, m/z 588.2606 (M-tBu)*. Calcd for GzH42NOsSiy,
M=588.2601;'"H NMR: § 7.70-7.20 (15Hm, arom.), 5.76 (1Hdddd J=17.5, 10, 8.5, 6 Hz,I@=CH,),
5.26, 4.89 (2H, AB system, J=9.8 Hz, NBGIgPh), 5.14 (1Hpr d, J=10 Hz, CH=CH3), 5.06 (1H,br d,
J=17.5 Hz, CH-CH)), 4.34 (1H,t, J=6.5 Hz, H-5), 4.00-3.85 (3H, Cs—CH,0TBS, G—CH,O0TPS),
3.44 (1H,d, J=11 Hz, G1,0TPS), 2.28 (1Hdd, J=15, 6 Hz, CHC=C), 2.14 (1H,dd, J=15, 8.5
Hz, CH,C=C), 1.04 (9H,s, SitBu), 0.79 (9H,s, SitBu), —0.02, —0.11 (2<3H, 2xs, SiMe); 13C
NMR: § 158.8 (G=0), 135.0. 132.7, 131.9 (arom. C), 136.0, 135.7, 129.9, 129.6, 129.5, 128.6, 128.5,
127.8, 127.3 (arom. CH), 131.€H=CH), 119.8 (CH=CHy), 78.4 (NGCH2Ph), 77.3 (C-5), 68.1 (C-
4), 62.4 (G—CH20TPS), 60.9 (-CH,OTBS), 36.3 CH,C=C), 26.6, 25.8 (2SiCMe3), 18.8, 18.1
(2xSiCMe3), —5.6,—5.7 (2xSiMe). Anal. calcd for G7Hs1NOsSip: C, 68.80; H, 7.96; N, 2.17. Found:
C, 68.81; H, 7.89; N, 2.01.

3.12.2. (R,3R)-3,4-Di-O-benzyl-2-(N-benzyloxyamino)-2-methylbutane-1,3,4-tfidREMe)

Oil, [«]p +24.4 (CHCh, ¢ 1); IR Vimaxcm™L: 3400 (br, OH), 3088, 3063, 3031; FABM®/z422.2342
(M+H™). Calcd for GeH3aNO4, M=422.2331;'H NMR: § 7.40-7.20 (15Hm, arom.), 4.78, 4.57 (2H,
AB system, J=11.3 Hz, NO&,Ph), 4.66 (2H,br s, OCH,Ph), 4.53 (2H,s, OCH»Ph), 3.90 (1Hdd,
J=5.8, 4 Hz, H-3), 3.82 (1HJd, J=10.3, 4 Hz, H-4), 3.66 (1Hl, J=11 Hz, H-1), 3.64 (1H,dd, J=10.3,
5.8 Hz, H-4), 3.58 (1H,d, J=11 Hz, H-1), 1.02 (3H, sMeC,); 3C NMR: § 138.3, 137.8, 137.5 (arom.
C), 128.4, 128.3, 128.2, 128.1, 128.0, 127.8, 127.7, 127.6 (arom. CH), 79.6 (C-3), 770H(RO),
73.8, 73.5 (XOCH,Ph), 70.3 (C-4), 65.4 (C-1), 63.2 (C-2), 16€C>). Anal. calcd for GgH31NOy:
C, 74.08; H, 7.41; N, 3.32. Found: C, 73.96; H, 7.59; N, 3.16.

3.12.3. (R,3R)-3,4-Di-O-benzyl-2-(N-benzyloxyamino)asutylbutane-1,3,4-triol {, R=nBu)

Oil, [&]p +16.1 (CHC}, ¢ 2.1); IR Vmax cm~1: 3440 (br, OH), 3088, 3063, 3030; FABMS&)/z
464.2778 (M+H). Calcd for GgHagNO4, M=464.2800;'H NMR: § 7.40-7.25 (15Hm, arom.), 4.80,
4.56 (2H, AB system, J=11.3 Hz, ®{;Ph), 4.68, 4.65 (2H, AB system, J=11.5 Hz, N®4Ph), 4.57,
4.53 (2H, AB system, J=11.5 Hz, ®{zPh), 3.94 (1Hdd, J=5.5, 3.4 Hz, H-3), 3.84 (1Hid, J=10.5, 3.4
Hz, H-4), 3.68 (1Hdd, J=10.5, 5.5 Hz, H-3, 3.64 (2H,br s, H-1, H-1'), 3.00 (1H,br s, OH), 1.50-1.20
(6H, m, CH,CH>CH>), 0.89 (3H,t, J=7.5 Hz, Me)}3C NMR: § 138.4, 137.9, 137.8 (arom. C), 128.5,
128.4, 128.3, 127.8, 127.7, 127.6 (arom. CH), 80.3 (C-3), 76.5GN£Ph), 73.9, 73.5 (ROCH2Ph),
70.4 (C-4), 64.6 (C-2), 64.1 (C-1), 30.2K1,C3H7), 25.3, 23.5 CH>,CH>Me), 14.1 (Me). Anal. calcd for
Co9H37NO4: C, 75.13; H, 8.04; N, 3.02. Found: C, 74.99; H, 8.19; N, 3.11.

3.12.4. (R,3R)-3,4-Di-O-benzyl-2-(N-benzyloxyamino)-2-phenylbutane-1,3,4-tfidREPh)

Oil, [&]p —1.0 (CHCE, ¢0.7); IRvmaxcm~1: 3440 (br, OH), 3088, 3062, 3030; FABM®/2484.2493
(M+H™). Calcd for GiH34NO4, M=484.2487;'H NMR: § 7.50 (5H,m, arom.), 7.40-7.20 (15Hn,
arom.), 4.76, 4.55 (2H, AB system, J=11.3 Hz, 4Ph), 4.60 (2Hs, NOCH,Ph), 4.37, 4.34 (2H, AB
system, J=12 Hz, O&,Ph), 4.26 (1Hdd, J=11.3, 5 Hz, H-1), 4.15 (1Hid, J=11.3, 7 Hz, H-1), 4.05
(1H, dd, J=6, 3.8 Hz, H-3), 3.55 (1Hd, J=10.3, 3.8 Hz, H-4), 3.37 (1Hid, J=10.3, 6 Hz, H-9, 2.60
(1H, br t, J=6.5 Hz, 1-OH)*C NMR: § 139.0, 138.2, 137.8, 137.5 (arom. C), 128.4, 128.3, 128.2,
128.1, 128.0, 127.8, 127.7, 127.6, 127.5, 127.4, 127.2 (arom. CH), 81.0 (C-3), 7631gR0), 74.1,
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73.3 (2<OCH.Ph), 70.9 (C-4), 67.8 (C-2), 63.5 (C-1). Anal. calcd fes1833NO4: C, 76.99; H, 6.88; N,
2.90. Found: C, 77.10; H, 7.00; N, 2.77.

3.12.5. (R,3R)-3,4-0-Di-O-benzyl-2-(N-benzyloxyamino)-2-allylbutane-1,3,4-trfiplR=allyl)

Oil, [&]p +19.5 (CHC}, ¢ 1.6); IR Vmax cm~1: 3440 (br, OH), 3064, 3030; FABMSn/z448.2495
(M+H™). Calcd for GgH34NO4, M=448.2487;'H NMR: § 7.40-7.20 (15Hm, arom.), 5.94 (1Hddt,
J=17.5, 10, 7 Hz, 8=CH), 5.06 (1H,br d, J=10 Hz, CH-CH>), 5.03 (1H,br d, J=17.5 Hz, CH-CH>),
4.80, 4.56 (2H, AB system, J=11 Hz, ®GIgPh), 4.69, 4.65 (2H, AB system, J=11.5 Hz, NB4Ph),
4.54 (2H,s, OCH,Ph), 3.93 (2Hdd, J=5.5, 3.4 Hz, H-3), 3.86 (1HJd, J=10.5, 3.4 Hz, H-4), 3.67
(1H, dd, J=10.5, 5.5 Hz, H-3, 3.66 (2H,s, H-1, H-1), 2.80 (1H,br s, OH), 2.34 (1Hdd, J=14, 7 Hz,
CH,C=C), 2.20 (1H,dd, J=14, 7 Hz, CHC=C); 3*C NMR: & 138.3, 137.8, 137.6 (arom. C), 133.9
(CH=CHy), 128.5, 128.4, 128.3, 127.8, 127.7, 127.6 (arom. CH), 117.8{CHb), 80.0 (C-3), 76.6
(NOCH2Ph), 73.8, 73.5 (OCH,Ph), 70.2 (C-4), 64.7 (C-2), 64.2 (C-1), 35@H>C=C). Anal. calcd
for CogH33NOy: C, 75.14; H, 7.43; N, 3.13. Found: C, 75.10; H, 7.60; N, 3.22.

3.12.6. (R,3R)-1,3,4-Tri-O-benzyl-2-(N-benzyloxyamino)-2-methylbutane-1,3,4-8jdR£Me)

Oil, [&]p +7.3 (CHCE, ¢ 1.7); IR Vmax cm™1: 3320 (br, NH), 3063, 3030; FABMSn/z512.2794
(M+H™*). Calcd for GsHzgNO4, M=512.2801;'H NMR: § 7.40-7.20 (20Hm, arom.), 4.88, 4.55 (2H,
AB system, J=11.5 Hz, O&,Ph), 4.63, 4.60 (2H, AB system, J=11.5 Hz, N©£Ph), 4.53, 4.52 (2H,
AB system, J=12 Hz, OB,Ph), 4.50 (2Hs, OCH,Ph), 3.95 (1Hdd, J=10.5, 2 Hz, H-4), 3.80 (1Hd,
J=7.5, 2 Hz, H-3), 3.68 (1H]d, J=10.5, 7.5 Hz, H-3, 3.54, 3.50 (2H, AB system, J=9 Hz, H-1, H}1
1.04 (3H, sMeC,); 13C NMR: § 139.1, 138.5, 138.0 (arom. C), 128.4, 128.3, 128.2, 128.1, 127.6, 127.5,
127.4, 127.3 (arom. CH), 79.6 (C-3), 76.6 (8B,Ph), 74.1, 73.3, 73.2 (dOCH,Ph), 72.4 (C-4), 70.8
(C-1), 63.0 (C-2), 15.6NIeCy). Anal. calcd for GsH37/NO4: C, 77.47; H, 7.29; N, 2.74. Found: C, 77.30;
H, 7.41; N, 2.90.

3.12.7. (R,3R)-1,3,4-Tri-O-benzyl-2-(N-benzyloxyaminoyutylbutane-1,3,4-triol§, R=nBu)

Oil, [«]p +5.8 (CHCB, ¢ 0.8); IR vmax cm™1: 3350 (br, NH), 3063, 3030; FABMSn/z554.3276
(M+H). Calcd for GgHaaNO4, M=554.3270;'H NMR: & 7.40—7.25 (20Hm, arom.), 4.96, 4.60 (2H,
AB system, J=11.5 Hz, O&,Ph), 4.66, 4.63 (2H, AB system, J=11.5 Hz, NB&Ph), 4.58, 4.53 (2H,
AB system, J=12 Hz, OB,Ph), 4.49 (2Hs, OCH2Ph), 3.98 (1Hdd, J=10.2, 2 Hz, H-4), 3.91 (1Hid,
J=7.5, 2 Hz, H-3), 3.80 (1H{d, J=10.2, 7.5 Hz, H-3, 3.56, 3.51 (2H, AB system, J=8.8 Hz, H-1, Hx1
1.60-1.20 (6Hm, CH,CH>CH>), 0.91 (3H,t, J=7.5 Hz, Me)3C NMR: § 139.3, 138.7, 138.6, 138.1
(arom. C), 128.3,128.2,128.1, 127.6, 127.5, 127.4, 127.3 (arom. CH), 80.5 (C-3), 76_5gRB), 74.3
(C-1), 73.3, 73.2, 73.1 (30CH,Ph), 69.3 (C-4), 64.7 (C-2), 30.8H,—C3H7), 25.7, 23.6 CH,CH,Me),
14.1 (Me). Anal. calcd for ggH43NO4: C, 78.09; H, 7.83; N, 2.53. Found: C, 78.00; H, 7.91; N, 2.60.

3.12.8. (R,3R)-1,3,4-Tri-O-benzyl-2-(N-benzyloxyamino)-2-phenylbutane-1,3,4-8jdR€Ph)

Oil, [«]p —12.5 (CHCE, ¢ 2.2); IR Vmax cm~L: 3350 (br, NH), 3064, 3031; FABMSn/z574.2947
(M+H™). Calcd for GgH4oNO4, M=574.2957;'H NMR: § 7.50 (5H,m, arom.), 7.40—-7.20 (25Hn,
arom.), 4.87, 4.57 (2H, AB system, J=11.5 Hz, h), 4.67 (2Hs, NOCH,Ph), 4.55, 4.45 (2H, AB
system, J=12.0 Hz, O&,Ph), 4.40, 4.35 (2H, AB system, J=12.0 Hz, B&Ph), 4.15-3.95 (3Hn, H-1,
H-1', H-3), 3.85 (1H,dd, J=10.5, 2 Hz, H-4), 3.25 (1Hid, J=10.5, 7.7 Hz, H-3; 13C NMR: § 139.2,
139.0, 138.6, 138.4, 138.0 (arom. C), 128.3, 128.2, 128.1, 128.0, 127.9, 127.8, 127.7, 127.6, 127.5, 127.3,
127.2, 127.0 (arom. CH), 80.2 (C-3), 76.2 (8B.Ph), 74.4, 73.5, 73.3, 73.2 (C-1x®CH,Ph), 69.6
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(C-4), 67.7 (C-2). Anal. calcd for §gH39NO4: C, 79.55; H, 6.85; N, 2.44. Found: C, 79.76; H, 7.00; N,
2.50.

3.12.9. (R,3R)-1,3,4-Tri-O-benzyl-2-(N-benzyloxyamino)-2-allylbutane-1,3,4-t@R=allyl)

Oil, [a]p +2.0 (CHC}, ¢ 0.6); IR Vimax cm™1: 3350 (br, NH), 3064, 3031; FABMSy/z538.2963
(M+H*). Calcd for GsH4oNO4, M=538.2957;'H NMR: § 7.40-7.20 (20Hm, arom.), 5.95 (1Hddt,
J=17.5, 10, 7 Hz, 8=CH), 5.05 (1H,br d, J=10 Hz, CH-CH>), 5.03 (1H,br d, J=17.5 Hz, CH-CH>),
4.92,4.56 (2H, AB system, J=11 Hz, ®IgPh), 4.66, 4.62 (2H, AB system, J=11.5 Hz, N@4Ph), 4.51,
4.49 (2H, AB system, J=11 Hz, @GPh), 4.44 (2Hs, OCH,Ph), 3.95-3.85 (2Hn, H-3, H-4), 3.78 (1H,
dd, J=10.5, 7.5 Hz, H-9), 3.50 (2H, AB system, J=9 Hz, H-1, H} 2.35 (2H,d, J=7 Hz, CHC=C);
13C NMR: § 139.4, 138.7, 138.0 (arom. C), 134@H=CH,), 128.5, 128.4, 128.3, 127.7, 127.6, 127.5,
127.4 (arom. CH), 117.2 (CHCH,), 80.2 (C-3), 76.4 (N@H,Ph), 74.3, 73.2 (30CH,Ph), 72.8 (C-1),
69.6 (C-4), 64.9 (C-2), 35.40H2,C=C). Anal. calcd for GsH39NO4: C, 78.18; H, 7.31; N, 2.60. Found:
C, 78.05; H, 7.21; N, 2.48.

3.13. Photochemical conversion @){2a—d to (E)-2a—d

An ice-cooled solution of any of the oximeg)¢2 (1 mmol) in MeOH (30 ml) was irradiated for 6
h with a UV lamp. Solvent removah vacuoafforded an oil which was found by NMR to be a ca. 1:1
mixture of (E)- and ¢)-2. Column chromatography on silica gel (hexane:EtOAc=19:1) afforded both
isomeric oximes in almost 50% vyield each.
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