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Abstract: The utility of azodicarboxylae emsers as (+)NH; ad (+)NH-INH; synthons in highly disstereoselective
reactions with chiral carboximide-derived enolates has been demonstrated.  The lithium enolates derived from 4-substi-
tuted N-acyl 2-oxazolidinones were found 1 react with di-tert-butyl azodicarboxylate (DBAD) to sfford the derived 2-
hydrazido carboxylic acid derivatives in yields in excess of 90 %. The diastereoseiectivities of these reactions ranged
from 97% to greater than 99%. The subsequent tranxformation of these adducts to both a-hydrazino snd a-amino acids in

enantiomeric purities in excess of 99% is described.

Introduction

Although the exceptional electrophilic reactivity of
szodicarboxyiate esters has been widely recog-
nized,1:2:3.4.5 the application of this reagent 10 the elec-
trophilic amination of carbon nucleophiles has remained
largely undeveloped. This is somewhat surpriging since
the first documented example of this process, the reaction
of diethyl malonate with diethyl azodicarboxylate
(DEAD), appeared in 1924 (eq 1).6 The subsequent
applications of this reagent as an (+3NHq synthon has
been limited to & few repons conceming the reaction of
DEAD with electron-rich aromatics’ and enol ethers (eq
2)8 At the time that this study was initisted, the single
example illustrating the use of an orgmomeallic resgent ss
a carbon nucleophile in this context was the reaction of
tert-butylmagnesium chloride with di-tert-butyl
azodicarboxylate (DBAD).%-10
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The above precedents suggested that arzodicarboxylates
possegsed a degirabie combination of high reactivity to-
ward nocleophiles toupled with good shelf stability, Ac-
cordingly, the present investigation describes the reac-
tions of azodicarboxylsse esters with the illustrated chiral
enolate systom (eq 3.4) as a route to both a-hy-
drazino and a-amino acids.!!12 Currently available
methods for obtaiging o-hydrazino acids in enan-
tomerically pure form are limited either 1o classical reso-
tution,!3 or to multisiep procedures suning from the
requisite enantiomerically pure a-amino acid precur-
sors.}14.15.16 & convenient, general method for the

asymmetric synthesis of these compounds based on the
llustrated reaction of chiral carboximide enoiates with a
suitable azodicarboxylaue electrophile would have obvi-
ous value, and could greatly facilitate the development of
the biological potential offered by this class of com-

pounds. o
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In preliminary studies, the suitsbility of azodicar-
boxyistes as (+)NH; synthons toward carboximide eno-
lates was established. Our selection of Di-ters-butyl
szodicarboxylate (DBAD) (1) as the reagent of choice
was motivaied by several factors. First, it is a stable,
crystalline yellow solid (mp 90-92 °C) tha: is readily pre-
pared,? and is also commercially available.!” Second,
since the rerr-butoxycarbony! (Boc) group is widely used
as 3 protecting group in peptide chemistry, methods for
its removal under mild, nonracemizing conditions were
well established, snd sre complementary 1o known methods
for N-N bond cleavage. This offered the potential for
convenient access 1o either a-amino or a-hydrarino acids
from s common intermediate. Finally, preliminary data
suggested that this reagent possessed a unique com-
bination of high reactivity and high diastereoface selec-
tion in reaction with chiral imide enolates.

Results and Discussion

Electrophilic Aminstion of Chiral Imide
Enolates. The carboximide substrates 3a-h chosen for
this study were prepared as previously described via re-
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action of the lithisted oxazolidone 2 and either the de-
sired acid chloridel8 or the analogous mixed pivalic acid
snhydride, which was genersted in situ (eq 5). Initial elec-
trophilic amination studies were conducted on the
dihydrocinnamate derivative 3¢ (R=CH2Ph) which was
chosen as a representative substrate. The reaction of its
derived lithium enolate, generated with lithium diiso-
propylamide (LDA) (1.05 equiv) in THF a8 previously
described, 19 with DBAD (1.2 equiv) &t -78 °C was found
to be instantaneous, &3 evidenced by the immediate decol-
oration of the cooled (-78 °C) solution of DBAD in
CH2C13 upon its addition to the esolate solution by rapid
cannulation. Following an almost immediste quench (1 min)
with glacial acetlc acid (2:6 equiv) and conventional
isolation, the adduct 4c (R=CH3Ph) was obtained in ex-
cellent yneld (eq 6).
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The 'H NMR spectrum (CDCl3, 300 MHz) of 4c¢
obtained at 23 °C was largely uninterpretable due to hin-
dered rotation about the Boc groups; however, the cor-
respording spectrum obeained a1 57 °C was dramatically
simplified and readily analyzed. This analytical method
revealed only one product diastereomer; however, sig-
nificant broadening of the spectral lines even at this
temperature made it impossibie to verify the presence of
small but significant quantities of the minor diastereomeric
impurity. In order to accurately determine the
diastereoselectivity in these reactions, sn unambiguous
method for the production of both diastereomers was
developed. One such method which proved to be viable is
outlined in Scheme 1.

Scheme 1
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The lithium enolate of the corresponding benzyl ester S
was treated with DBAD in a similar fashion, to afford the
racemic a-hydrazido ester ¢ in 60% yield. Following
benzyl ester hydrogenolysis, formation of the mixed pi-
valic acid anhydride, and subsequent treatment with the
lithiated oxazolidone (2.1 equiv), the desired carbox-

imide 4¢ was obtained in 91% overall yield (from 6c)as a
1:1-mixture of C2 diastereomers. These compounds
proved to be reatily separable by both TLC as well as by
HPLC (a =1.66). The faster-eluting component of this
diastereomeric mixture was found to correspond to the
major diastereomer from the imide-DEAD reaction, and
was subsequently shown to possess the 2(S) coafiguration
by correiation with 1-phenylalanine (vide infra). HPLC
analysis of the unfractionated imide-derived sample of 4a
afforded a 2(5):2(R) ratic of 97:3, which was increased to
>200:1 (91% yield) on a ten-gram scale following a single
chromatographic purification on a standard grade of silica.

In order to facilitate the diastereomer analysis foc
other enolate-DBAD reactions, a more convenient method
for obtaining hydrazido imide samples enriched in the
minor diastereomer was developed. It was subsequemtly
discovered that base-catalyzed epimerization of 4 could
be achieved under the proper conditions. For example,
when & solution of the 2(S) diastercomer of hydrazido
imide 4¢c (0.09 M in THF) and 2 equiv of 1,1,3,3-
tetramethylguanidine was heated at reflux for 4.5 h, a
45:58 mixture of the 2(S) and 2(R) diastereomers respec-
tively was obtained in 63% yield. With appropriate ad-
justments for differing substrate epimerization rates, 20
this method was generally employed to independently
verify the identity of the minor 2(R) diastereomer in those
cases where sufficient quantities could not be isolated
directly from the amination reaction for spectral
characterization.

The results obtained for the reaction of DBAD with
the lithium enclates derived from imides 3¢-f under reac-
tion conditions similar t0 that employed sbove are listed

in Table 1 below.
Table 1. Selactive "Amination® of Carboximide Enolstes (eq 6).

a
Entry Wmide Substiuent (R) Kinetkc Ratio® o vielt?
%

2(S) : 2R}
A s Me o2 o ®
B Ib  CH,CHCH, 98:2 @w
C 3  CHFn 97:3 © 9
D 34 P 97:3 “ o
E S  CHue, ve:2 o 95
F = Che, »90:1 - %

* Ratios deternined by HPLC ansdyels. “Valuss reter to isolated

yiokis of pure adduct, 2(8) : 2(R)» 200:1. eolated yleld of the
dastersomer mixture.

Minor modifications of the above chromatographic pro-
cedure afforded diastercomerically pure hydrazides 4b-f
{2(S):2(X)>200:1] in 91-96% yields. The chiral suxiliary
proved to be not only m effective directing ligand in the
amination reaction, but & also performed as an efficient
chiral chromatographic resotving moiety as well. /n accord
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with previous studies, o stereoreguiar elution order was
observed wilk -the Hiuswazed series of hydrazides, with
the major 2(S) diastereomer exhibiting the greater
mobility (vide infra).

In addition to the cases summarized in the Table, the
direct amination of several less conventional substrates
was also examined (eq 7, 8). The glutaryl imide 3g was
selectively deprotonated with 1.0 equiv of LDA (-78 °C, S
min), and the resulting solution was tressed with a slight
excess of DBAD at -78 °C for 40 s prior to the usual acetic
acid quench. Following a conventional isolation and
chromatographic purification, the amination product 4g
was obtained in 51% yield (diastereomeric purity 295%)
along with a 16% recovery of the imide starting material
3g.2! This is the only case that we have encountered in
which the product diastereomers did not afford a baseline
separation on analytical HPLC. In this instance, the
reaction diastereoselection was conservatively estimated
10 be 295:5 from the 300 MHz 'H NMR (331 °K)

spectrum of the unfractionsted product.
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The lithium dienolate of the B,8-dimethylacryloyl
imide 3b was similarly treated with DBAD to afford a
51% of the 1,2-adduct 4k along with 42% of the 1.4-
addition product 7 as a 6:4 mixture of E:Z isomers (eq 8).
Again, the 1,2-adduct was formed with high stereose-
lectivity (98:2), and the major product could be isolated in
>200:1 diastereomeric purity (48% yield) on a multigram
scale after chromatographic purification.
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The amination reaction of these carboximide lithium
enolates with DBAD show striking similarities, as well as
significant differences, to analogous imide enolate-elec-
trophile reactions that have been investigated in these
laboratories. As in the analogous alkylation,24 acyla-
tion,22 hydroxylation, 2! halogenation,23 and azi-
dation?4 stodies, the sense of asymmetric induction ob-
served in this study is consistent with preferential attack
of DBAD on the least hindered diastereoface of the
chelated (Z) enolate.

Of all of the above imide enolate-electropbile re-
actions investigated, these amination reactions have si-
multaneously proven to be among the fastest, highest
yielding, and most uniformly stercoselective of any yet
encountered. The broad scope of this reaction is obvious
from the deta in Table 1, Unlike the analogous alkyiation
reactions, the reactivity of DBAD toward these enolates
was not perceptibly artenuated as the steric requirements

of the enolste substituent (R) are increased. In fact, not
only was a bigh level of reactivity maintained, but the
stereoselectivity was significantly improved. A striking
illustration of these facts is provided in Entry F, in which
the rers-butylacetyl derivative 4f was obtained in 96%
isolated yield, with >200:1 kinetic stereoselection, after a
3-min reaction time at -78 °C. In studies of the reactions
of these chiral imide enolates with other heteroatomic
clectrophiles, it has been generally obeerved that the ki-
netic stereoselectivity is amptified with increasing steric
requirements of the enolate R group. However this depen-
dence of the reaction stereoselection on the structure of the
imide enolme acyl residue is significantly attenuated in the
corresponding reactions with DBAD. These results are in
direct contrast to analogous l‘u]ogem.tion.23 hydrox-
ylation, 2} and azidation studies, 24 in which a significant
decrease in reaction stereoselection has been observed for
phenylacetate-derived imide substrases (e.g. 3, R = Ph) as
compared to the comresponding propionate (R = Me) and
butyrate (R = Et) derivatives.

Mechanistic Considerations. We speculate
that these highly exothermic reactions proceed through an
early reactant-like, but highly ordered, transition state.
Since DBAD can be considered a nitrogen analog of a
conventional a,B-unsaturated ester, e.g. di-ters-butyl fu-
marate, these reactions probably bear a stong mechanistic
relationship to the Michael addition reactions of enolates
to such esters, a reaction which is the focal point of some
current interest. Several models for this reaction have
recently been extended 10 explain the diastereoselectivity
observed in acyclic systems. Studies have recently ap-
peared in support of a pericyclic proocx.u in which the
enone carbonyl is coordinated to the enolate metal while an
altemative open transition structure, involving no metal
ion organization, has also been proposed.26  Akhough
much of the data that has been accumulated can be
rationalized with either model, cases have been reported
that are most readily explained in terms of a pericyclic
transition state. In accord with the above precedent, we
favor an analogous pericyclic transition state for the
reaction of DBAD with imide eaolates. Several possible
transition structures for this reaction are illustrated below.
It is evident that a high degree of organization can be
achieved through coordination of the lithium atom with
either the ester carbonyl (structure Ty) or the azo nitrogen
of DBAD (structures T2 and T3).

In the former case, an 8-centered pericyclic transition state
is thereby involved, while in the latter cases, 6-centered
pericyclic structures which are directly analogous to the
now commoaly accepted Zimmerman-Traxler sldol transi-
tion stae2” appear plausible. In these latter two cases, al-
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though DBAD could, in principle, sssume two possible
orientations as illustrated in T3 and T3, it appears that
the formes transition structure T2 might be favored on
steric grounds.

The chromatographic parameters for the G-bydrazido
carboximide diastercomers prepared during this study are
summarized in Table 2. As in the exampies cited above,
the major 2S) product disstereomer is seen to cluse first in
cach case. The separation factors () were found to be
large enough 30 that diastereomer resolution could be ef-
fected on silica gel with linle difficulty. The possibie
ground state conformations which may be employed to
rationalize the stereoregular chromatographic behavior
displayed by the diastereomeric a-hydrazido
carboximide adducts are illustrated below. It is suggested
that the major, faster-eluting diastereomer 2(S)-4 adopts
the illustrated conformation in which the lipophilic
moieties, R and Bn, "shield™ both faces of the molecule
from the polar adsorbant.

r Diastersomaer
faster stuting}
0

Minot Diastsrsomer
{slower eluting)

e
\ &

I is felt that the minor diastereomer 2(R)-4, on the other
hand, might adopt the corresponding coaformation in
which these substituents reside on the same moleculsr face.
Since the opposite, more polar face is exposed to the
adsorbant, this diastereomer is more strongly retained. In
esch case, conformational organization is achieved by a
combination of both intramolecular hydrogen boodin 8‘ and
the preferential opposition of the carbonyl dipoles. 2

Tudls 2. HPLC Resobution of a-Hydraxidoacyl Disstersomers 4.°

Imide S R K ’ K Sep. Factor®
2(S)-4 2(R}4 )

4 Me 238 327 1.39
45 CHCHeCH, 297 484 1.58
b CH,Ph s 837 168
& Ph 282 a7 17
4 CHMe; 296 453 154
o CMs, 265 a2 182
4 CMelCaCH, 302 414 137

T Xnalyses camied out on & Waters § micron Radw Pak colomn

sluting with CHeCle-haane-MeCN (70305). * HPLC capaclty

factor defined as (1 - ) A, ¢ HPLC seperation tactors for product
disstersomen defined as the ratio of the capecity factors.
¢ Ensing soivert: CHCl-hexane-MeCN (70:30°7.8).

This "adsorption™ model may also be applied to the a-hy-
droxy carboximides,2! and it also predicts the elution

order for other disssereomeric oxazolidooes as well.29

Imide Hydrolysis and Traasesterification.
With & general method for the preparation of enastio-
merically pure a-hydrazido carboximides in band,
attention was directed to the development of methods
appropriste to the mild hydrolysis and alcobolysis of the
hydraride adducts (eq 9). At the outset, it was unclear
how difficuk this would be to achieve for & broad range
of substrates. Ahhough the exocyclic imkie carbonyl is
electronically activated by the a-heterostom substituent,
in the present case that substituent is also sterically de-
manding. From previous studies in these Isboratories, it
~a3 known that the reactivity of the exocyclic imide car-
bonyl moiety toward nucleophilic sttack is suppressed
with increasing steric demands of the exocyclic acyl sub-
stituent. In such instances, competing attack of the nu-
cleophile af the endocyclic auxiliary carbonyl function can
dominate, resulting in the preferential formation of oxs-
zolidone ring cleavage products (eq 10).

In order 10 compare the effectiveness of several
reagents that had previously been used to effect car-
boximide hydrolysis or transesterification, four proto-
type hydrazido imides were studied. Hydrazide 4¢
(R=CH7Ph) was chosen to represent a conventional sub-
strate, while the isovalerate (4e, R=CHMe32) and rert-
butylacetate (4f, R=CMe3) derivatives were chosen to
test the steric limitations regarding the positional se-
lectivity of these reagerts. Finally, the phenylacetate
derivative (4d, R=Ph) provided a sensitive test of the
potential for racemization which might occur during these
processes.
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For this study, oaly enantiomerically pure (25:2R > 200:1)
imide samples were employed 30 that even minor amounts
of racemization could be detected with high precision by
subsequent capillasy gas chromatographic analysis of the
derived a-amino methyl ester (+)-MTA amides (vide
infra). The resuks of this study reveal several interesting
trends (Table 3). For the conventional substrate de
(Entries A-C), all three methods examined, hydrolysis,
methanolysis, and benzyl ester transesterification,!?
provided the acid (ester) derivative, 8¢, 9¢, and éc,
respectively, in good to excellent yield with no detectable
racemization, along with & corresponding recovery of the
chiral suxiliary. However, varying amounts of racemiza-
tion were observed for the phenylacetste derivative 4d
depending upoa the resgent employed (Entries D-F). The
preferred method for removing the chiral auxiiary in this



Synthesis of a-amuno and a-hydrazino acid denvatives

case proved to be LiOH hydrolysis, which provided the
corresponding acid in good yield (84%) with minimal
(S2%) rcemization. On the other hand, magnesium
methoxide methanolysis afforded the corresponding
methyl ester 8d in 93% ee, while the benzyl eser 6d Ob-
tained following trestment with LiOBn was aimost totally
racemic. A comparison of Batries G and H, and Entries 1
and J reveals the substantially improved exocyclic car-
bonyl positional selectivity displsyed by LiOBa as com-
pared to both LIOH and BrMgOMe for imide deacylstion
reactions wheon the steric interactioas in the substrate
become more severe. These results are in accord with
prior precedent established in this laboratory. Although
the yield of the isovalerate benzyl ester 6 obtained with
LiOBn was still very good (82%) (Entry H), the rert-
butylacetate derivative 4f (Entry J), suffers from an
elevation of the undesired mode of cleavage (eq 10)
resulting in significantly reduced yield (51%) of the
desired product 6. However, even in this extreme case,
excellent exocyclic carbomyl cleavage regioselectivity
could be restored with LIOOH, which afforded the desired
acid 8f in 91% yield (>99% ecc) along with 2 91%
recovered yield of the oxazolidone chiral auxiliary 2
(Entry K). kIt should be noted that in none of the trans-
esterification and hydrolysis experiments conducted on
the sterically hindered substrates 4e and 4f was any
racemization detected (Entries H-K).

Table 3. Hydralysle & T Acasion of Hydvazide Aducts (eq 9).
Evvy Compnd. Reagert  Condiions® Produst Yied, %" es. %'
A 4 RaBn  LOH 0<C:3n e’ 2 >

- BrigOMe 0C:05h  g¢ 0 >
C & UOoBn 0<:2h s % >00
D 4&d RPh  UOH 0<C:2h [ TLI 7 ]
E & BrMgOMe 0°C:1.6h  ¢d n ]
F & Uo8n 0C. 48N 4 ® 2
O 4eR--Pr BrgOMe 0°C: 221 o 12

H 4 uoBn 0 168h oo © > 90
| MRt+Bu UOH 0C.16N " 16 >
J 4« uoBn 0. 50h @ 61 >
K & UOOH 0%:32h &' 91 9

)

(subetrate cono. 0.17 M). Methanclysse were conducted with 2.0 equiv
ot MeObighr in MeOH (subsrate conc. 0.04 M). Benzy! ester Tane-
osteriications were conducted with 2.0 ecv of OBV 1.0 equiv of
HOBN In THF (substrate conc. 0.14 M). Percxide-mediesed hycrolyses
were performed with 2.0 equiv of LUOH/ 4.0 equiv of HOOM In 3:1 THF-
HOH (suberase conc. 0 06 k). * Yieide quoted ere for the overal
corversion 10 & © The e valuss were determined by capllery GLC of
the dervied MTPA amises. ¢ Carboxylic adde 8 wers characterized as
el methyl esters O,

The unparalleled reactivity and exocyclic carbonyl
regioselectivity displayed by LiOOH in carboximide hy-
drolysis (Entry K) has been found to be quite general, and
&S 2 consequence, it has proven to be the reagent of choice
for removal of these chiral suxiliaries from sterically de-
manding carboximide substrates. These results have been
discussed in some detail elsewhere.30

a-Amino Acid Syathesis and Optical

Purity Assay. Having established that these chiral
imide enolases could be employed in 2 general routs for the
preparation of enantiomericelly puse N-protectsd a-
hydrazino esters and ecids, a peactical protocol for the
conversion of these substrates to a-amino acid deriva-
tives was developed. [deally the preferrad mode of
degradation might involve the direct N-N bond cleavage
of the urethane-protected hydrazine to afford the N-Boc
a-smino acids (esters), since these products would be
convenjent and versatile, N-protected a-amino acid syn-
thoss. However, in carlier studies conducted in these
laboratories, attempts 10 effect this transformation on the
diacyl hydrazides via Ramey nickel hydrogenolysis, or
dissolving-metal reduction proved ansuccessfal 3! How-
ever, an altemstive method consisting of prior removal of
the Boc groups followed by hydrogenolysis of the re-
sulting hydrazino esters over Raney nickel did provide a
useful route 1o the desired a-amino products.32 The
ovenall process was combined with an acylation step with
(+) MTPA chloride33 (eq 11). Diastereomer analysis of
the resulting (+)-MTPA amide derivatives 10 by
cspillary GLC provided a sensirive assay of the stereo-
chemical fidelity of the entire sequence (vide infra). The
representative substrates were first converted to the
corresponding methyl esters 9. In the case of the benzyl
esters 6, this was achicved in quantitative yield via
hydrogenolysis over 5% Pd-C (1 atm H2, BtOAc, 25 °C)

foliowed by diazomethane treatment.
S
Hy!
—————’\')\o“. (11)
BookiNBec L &"AO NH{+JMTPA
¢ (R =« Bn) 1) W 1PEC 10
9 (R = Me 2) é‘ﬂn

The remaining steps in the sequence are illustrated by the
following representative example (Table 4, Entry A). Hy-
drazido ester ¢ (R=CH2Ph) was deprotected to the free
hydrazine and the resulting solution was directly hy-
drogenated over Raney nicke! camlyst (500 psi of Hp, 4 h,
25 °C).

Table 4. Recuction and Acyletion of a-Hydrazido Esters (eq 11).

Ety Hydrazide (R) ’ﬁ(h*)"'m““‘ Ratio*

% 28) . 2(R
A 6c  CHPH 4 10c ™ >200 : 1
8 od Ph 4 10d 89 1
c 6e CHMe, 18 100 [} »200: 1
o] [ ] CMe, 18 100 (1) >200 : 1

¥ Detarminad by capliary GLC of the product(+}-MTPA amides 10.

The unpurified a-amino ester, obtained after filtration
through Celite and solvent removal, was acylated with (+)-
MTPA chloride to afford the (+)-MTPA amide 10c¢ in
94% ovenall yield for the three steps. This material was
found to be identical t0 the (+)-MTPA amide derived
from suthentic L-phenylalanine, thereby establishing the
2(S) sbsolute configuration in the synthetic phenylalanine
intermediate. Analysis by capillary GLC revealed the ratio
of 2(5):2(R) diastereomers to be >200:1. The additional
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examples provided in Table 4 wore subjected to the
identical reaction sequence, differing only in the loager
Raney nickel hiydrogenotysis time (16 h) employed for the
hindered subsirates ée, and 6f (Enries C and D). From
the tabulated data, & is apperent that & wide variety of a-
mﬂnow&tsmbcobuhwdinthkfuhlmhgoodyud
with insignificant racemization, 34

In conclusion,  the electrophilic amination of chiral
imide enolates with DBAD provides an expedient ap-

proach to the asymmetric synthesis of both a-hydrazino
and a-amino acid derivatives. A wide range of target

yield. This includes clasees of a-amino and hydrszino
acid derivatives such as xryl and terr-alkyl glycines and
their N-amino congeners which are oot readily accessible
by complementary methods. This approach to the elec-
trophilic amination of carboxylic acid enolate synthons is
highly complementary, although not quite as efficient, as
the electrophilic azidation of these same énolste systems
recently reported from this iaboratory.24 I view of the
efficiency with which the aridation process may now be
carried out, the present methodology should be principally
exploited within the context of asymmetric a-hydrazino
acid synthesis.

structures of predictable absolute configurstion are ac-
cessible in high enantiomeric purity, and excellent overalt

Experimental Section

Gemeral. Di-tert-butyl azo-dicarboxylate (1) (DBAD) was purchased from Fluka AG snd used as received. The imides
3 were prepared as previously described from the corresponding acid chlorides or mixed pivalic acid anhydrides and
{45)-4-Phenylmethyl-2-oxazolidinone (2) (XpH). 35 Lishium diisopropylamide (LDA) was genorated in situ by treating
dry diisopropylamine (0.38 M in THF) with 0.92 equiv of a-butyllithium (1.6 M in bexane) &t -78 °C for 30 min. High
pressure Raney Ni hydrogenolyses were performed in a magnetically stirred, giass-lined, stainless-steel sutoclave. Flash
chromatography was performed on E. Merck silica gel 60 (230-400 mesh). Solvent gradients for medium preswure
preparative chromatography (MPLC) were construcied with a simple two-chamber 6 which supplied, by
gravity feed, a single high-capacity pump. Michel-Miller columns dry-packed with 230-400 mesh silica gel were used in
conjunction with this apparatus.

(45)-3-(1-oxo0-4-pentenyl)-4-(phenylmethyl)-2-oxazolidimone (3b, R = CH2CH=xCH32). Toa

mechanically stirred solution of 5.61 mL (5.61 g, 55.0 mmel, 1.1 equiv) of 4-penwencic acid and 9.21 mL (6.68 g, 66.7
mmol, l330qmv)oftnexhyhmine(ﬁutﬂydmilledhom€aﬂ2mderh&z)blwml.ofdry‘ﬂﬁ’ ooohdto~78°€mdet

(XpH) and 15 mofmphmyhmhme(miww)in%mLofdrymF snrredu-BO°Cto«65°CmderN2.vsueued
dropwise with a-butyllithium (2.48 M in hexane) until an orange color persisted (20.2 mL, 1.00 equiv required). The
resulting solution was cooled 10 -78 °C and then added, via rapid cannulation, to the above stirred mixture containing the
mixed anhydride. The residual metalated oxazolidone was rinsed in with two 10-mL portions of dry THF and the result-
ing mixture was stirred af -78 °C for 30 min. After warming to 0 °C, the mixture was partitioned between CHClhy and pH
7 phosphate buffer, The CH2Cly phase washed with 5% aqueous NaHCO3 followed by half-saturated agueous NaCl,
dried (MgSOy4), and evaporated in vacuo. The residusl oil was chromatographed on two size D Michel-Miller columns
(660 g of silica gel) eluting with 3: 1 hexane-EtOAc. Mixed fractions (~2 g) were rechromatographed as described above
10 give a baseline separation of 3b as a coloriess, viscous oil (11.5 g) that was homogeneous on TLC: R¢ 0.27 (silica, 3: 1
hexane-EtOAc). Kugelrohr distillation (150 °C/ 8 miilitorr) yiekded 11.4 g ( 87%) of pure material: IR (neaz) 3065, 3025,
2975, 2920, 1782, 1702, 1387, 1352, 1210 cm-}; 1H NMR (250 MHz, CDChy) § 7.37-7.19 (m, SH, CgHs), 5.884 (dd1,
Jeig = 10.3 Hz, Jyrang = 17.0 Ha, Japiy) = 6.5 Hz, 1H, HoC=CHCH?). 5.108 (dm, Jyrang = 17.0 Hz, 1H, HC=CHCH)),
5.032 (dm, Jcig = 103 Hz, 1H, H,C=CHCH}), 4.716-4.622 (sym m, 1H, CHCHN), 4.227-4.123 (m, 2H, CH0), 3288
(dd, J = 3.3, 13.4 Hz, 1H, CHHCgHs), 3.169-2.935 (AB quartet of triplees, v = 3.091, vg = 3.011, JAB =173 Hz, Jy =
7.4 Hz, 2H, CHHC=0), 2.762 (dd, J = 9.6, 13.4 Hz, 1H, CHHCgHs), 2.502-2.411 (mZH.HzC:CHC&z) 3CNMR (62.9
MHz, CDCl3) 8 172.44, 153.30, 136.69, 135.35, 129.31, 128.85, 127.24, 115.51, 66.19, 55.09, 38.02, 34.80, 28.21;
lalp2S +62.0° (c = 1.13, CHCH). Anal. Caled for CysHy9NO3: C, 69.48; H, 6.61. Found: C, 69.57; H, 6.59.

(45)-3-(1-0x0-3-phenyipropyl)-4-(phenylmethyl)-2-oxazolidinone (3c, R = CH3CgHgs). A solution
of 22.55 g (127.3 mmol, 1.00 equiv) of (45)-(phenylmethyl)-2-oxazolidone (2) (XpH) and 50 mg of triphenyimethane
(indicator) in 250 mL of dry THF, stirred at -78 °C under N2, was treated dropwise with a-butyllithium (1.55 M in
hexane) until an orange color persisted (82 mL, 1.00 equiv required); the solution being kept at -65 to -78 °C during the
addition. After recoolirig to -78 °, the solution was treated with 21.0 mL (23.8, 141 mmeol, 1.10 equiv) of dihydrocin-
namoy! chioride over a 2-min period. The resuking mixture was warmed 10 0 °C, treated with 100 mL of ssturasted aque-
ous NaHCO3, and stirred & 20 °C for 30 min. The mixture was extracted with three portions of CH2Cl2. The CH2Clz
extracts were combined and successively washed with 5% aqueous Na2CO3 and saturated aqueous NaCl, dried (MgSOy),
and evaporated in vacuo to afford mn off-white solid This material was recrystallized from 450 mL of 2: 1 hexane-EtOAc
1o yield 36.4 g (92%) of glistening white needles: TLC Rf 0.27 (silica, 3: 1 hexane-EtOAc); mp 109-109.5 °C; IR (CHCly)
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1780, 1695 cm"!; VH NMR (300 MHz, CDCl3) 8 7.35 (m. 10, aromatics), 4.700-4.622 (sym m, 1H, CHaCHN), 4.209-
4.126 (m, 2H, CH0), 3.383-3.187 (m, 3H. CH2C=0 ind 4-CHHCgHs), 3.102-2.952 (m, 2H, CHCH2C=0), 2.751 (44, J
= 9.5, 13.4 Hz, 1H, 4-CHHCgHS): 13C NMR (75.5 MHz, CDCl3) 5 172.41, 153.42, 140.73, 135.57, 129.57, 129.05,
128.77, 128.60, 127.43, 126.48, 66.19, 55.25, 38.05, 37.27, 30.60; [alpZS +78.6° (¢ = 1.00, CHyChy). Asal Caicd for
C19H19NO3: C, 73.75; H, 6.20. Found: C, 73.70; H, 6.21.

(45)-3-(phenylacetyl)-4-(pheayimethyl)-2-exaxolidinone (3d, R = CgHg). A solutiom of 12.4 g (70.0
mmol, 1.00 equiv) of (45)«(phenylmethyl)-2-oxazolidone (2) (XpH) and 25 mg of triphenylmethane (indicator) in 130 mL
of dry THF, stitred a -78 °C under N7, was treated dropwise with #-butyllithium (2.55 M in bexane) until an orange color
persisted (27.5 mL, 1.00 equiv required); the solution being kept at -65 to -78 °C during the addition. After recoeling to -
78 °C, the solution was treated with 10.0 mL (11.5 g, 74.1 mmol, 1.06 equiv) of phenylacetyl chloride (98%) over & 2-min
period. The resuiting mixture was warmed to 25 °C, treated with 106 ml of satursted aqueaus NaHCO3, and stirred at 25
°C for 30 min. The mixture was extracted with three portions of CH2C12. The CH2CI3 extracts were combined, washed
with 5% aqueous Na2CO3, washed with saturated aqueous NaCl, dried (MgSOg4), and evaporated in vacuo. The residual
yellow oil was triturated with three portions of Et20 to afford, after thorough air drying, 8.73 g (42%) of 3d as a cream-
colored solid found by TLC to contain a trace of XpH. The triturate liquors were combined and evaporated in wacwo. The
residual yellow oil (13.1 g) was chromatograpbed on two size D Michel-Miller columns (660 g of silica gel) eluting with
3: 1 hexane-EtOAc to yield an additional 7.05 (34%) of 3d, found by TLC (hexane-EtOAc (65: 35)) to contain a trace
faster moving impurity. The two lots were combined and recrystallized from Et20-hexane to afford 11.6 g of 3d (white
needles) that was homogeneous on TLC: Rg 0.54 (silica, 1: 1 hexane-EtOAc); mp 71.5-72.5 °C. IR (CHCl3) 3030, 1783,
1700, 1498, 1454, 1385, 1362, 1108 cm™!; !H NMR (300 MHz, CDCl3) 8 7.39-7.12 (m, 10H, aromatics), 4.719-4.641
(sym m, 1H, CH2CHN), 4.388-4.294 (AB quartet, vA = 4.343, vg = 4277, JAB = 15.7 Hz, 2H, CH2C=0), 4.21-4.15 (m,
2H, CH0), 3.275 (dd, ] = 3.2, 13.4 Hz, 1H, 4-CHHCgHs), 2.756 (dd, J = 9.5 13.4 Hz, 1H, 4-CHHCgHs): 13¢c NMR
(75.5 MHz, CDCly) 6 170.93, 153.19, 135.01, 133.47, 129.61, 129.24, 128.71, 128.37, 127.09, 127.03, 65.90. 55.02,
41.33, 37.48; [alp<- +72.4° (c = 1.02, CHCl3). Anal. Caled for C1gH17NO3: C, 73.20; H, 5.80. Found: C, 73.02; H,
s.72.

(45)-3-(3-methyl-1-oxobutyl)-4-(phenylmethyl)-2-oxazolidinome (3¢, R = CH(CH3)2). A solution
of 8.86 g (50.0 mmol, 1.00 equiv) of (45)-(pbenylmethyl)-2-oxazolidone (2) (XpH) and 15 mg of triphenylmethane
(indicator) in 90 mL of dry THF, stirred at -50 °C under N7, was treated dropwise with n-bueyllithium (~2.5 M in hexane)
until an orange color persisted (19.9 mL, 1.00 equiv required); the solution warming to -30 °C during the addition. After
recooling to -78 °C, the solution was treated with 6.71 mL (6.64 g, 55.0 mmol, 1.10 equiv) of redistilled isovaleryl chlo-
ride in one portion. The resulting solution was stirred at -78 °C for 15 min, warmed to 0 °C, and treated with 100 mL of
saturated aqueous NaHCO3. The mixture was stirred vigorously at 20 °C for 45 min, and was then pantitioned between
CH2Cl3 and H20 containing 15 mL of 10% agueous Na2CO3. The aqueous phase was extracted with three additional
portions of CH2Cly. Tbe CH2Cl; extracts were combined, washed with saturated aqueous NaCl, dried (MgSQOy), and
evaporated in vacuo to give 13.5 g of a pale-yellow oil. This material was crystallized from Et20-hexane to yield, in
three crops, 12.0 g (92%) of 3e as fine white needles: TLC Ry 0.40 (silica, 7: 3 hexane-EtOAc); mp 50.0-51.0 °C; IR
(CHCl3) 3030, 2962, 2870, 1782, 1698, 1390, 1385, 1352 cm™!; 1H NMR (300 MHz, CDCl3) 8 7.37-7.21 (m, SH,
CgHs), 4.725-4.646 (sym m, 1H, CH2CHN), 4.225-4.133 (m, 2H, CH20). 3.316 (dd, J = 3.3, 13.3 Hz, 1H, CHHC¢H5s),
2.936-2.738 (8-line AB portion of ABX system, vA =2.89), vg = 2.784, JAB = 162 Hz, JAX = 6.7 Hz, Jgx = 6.9 Hz,
CH2C=0) and 2.752 (dd, ] = 9.7 13.3 Hz, CHHCgHs) (3H total), 2.225 (sym 9-line m, J = 6.7 Hz, 1H, CH(CH3)2), 1.025
(d. ] = 6.7 Hz) and 1.009 (d, J = 6.7 Hz) (6H total); 13C NMR (75.5 MHz, CDCl3) § 172.52, 153.30, 135.34, 129.29,
128.81, 127.20, 66.01, 55.02, 43.87, 37.93, 24.96, 22.42, 22.31; [a),,25 +55.8° (¢ = 1.01, CHC13). Anal. Calcd for
CisH19NO3: C, 68.94; H, 7.33. Found: C, 68.87; H, 7.30.

(45)-3-(3,3-dimethyl-1-oxobuty))-4-(phenylmethyl)-2-oxazolidinone (3f, R = C(CH3)3). A solu-
tion of 6.44 g (36.3 mmol, 1.00 equiv) of (45)(phenylmethy!)-2-oxazolidooe (2) (XpH) in 70 mL of dry THF, stirred at -
78 °C under N2, was treated dropwise with 23.1mL (1.0 equiv) of a-butyllithium (1.56 M in hexane) over a 5-min period.
The solution was stirred a2 -78 °C for 15 min, and then treated dropwise with 5.50 mL (5.33 g, 39.6 mmol, 1.09 equiv) of
t-butylacetyl chloride. After stirring at -78 °C for 20 min, the solution was warmed to 25 °C over a 1-h period and treated
with 10 mL of saturated aqueous NH4Cl. The THF was evaporated in vacso. The aqueous residue was extracted with
three 80-mL portions of Et20. The Et20 extracts were combined, washed with 1 N NaOH, washed with saturated
aqueous NaCl, dried (N22S0O4), and evaporated in wacuo. The residual white solid was recrystallized from E120 to yield,
in two crops, 9.23 g (92%) of 3 as fine white needles: mp 112.5-113.5 °C; IR (CHCl3) 3020, 2960, 2870, 1780, 1690,
1385, 1362, 1353 cm*!; 1H NMR (300 MHz, CDCl3) § 7.37-7.22 (m, 5H, CgHs), 4.738-4.695 (sym m, iH, CH2CHN),
4.192-4.122 (m, 2H, CH,0), 3.350 (dd, J = 3.3, 13.3 Hz, 1H, CHHCgHs), 3.023-2.836 (AB quartet, vA = 2.994, vp =
2.866, JAB = 14.9 Hz, 2H, CHC=0), 2.713 (dd, J = 10.0, 13.3 Hz, 1H, CHHCgHs). 1.096 (s, 9H, C(CH3)3): 13¢c NMR
(75.5 MHz, CDCI3) § 171.79, 153.39, 135.43, 129.32, 128.84, 127.20, 65.73, 55.25, 46.08, 38.01, 31.32, 29.53;
(alp2? +42.5° (c = 1.02, CHC13). Anal. Calod for C1gH21NO3: C, 69.79; H, 7.69. Found: C, 69.98; H, 7.75.
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{45)-3-(1,5-diexo-S-methoxypentyl)-4-(phenylmethyl)-2-0xazolidisone (35, R = CH2CH2CO3.
Me). A solution of 8.86 g (50.0 mmol, 1.00 equiv) of (45){pbenylmethyl)-2-oxazolidone (2) (XpH) and 13 mg of k-
pheaylmethane (indicator) in 90 mL of dry THF, stirred at -S0 °C under N3, was treated dropwise with a-butyllithium
(~2.5 M in hexane) uncil an orange color persised (19.9 b, 1.00 equiv required); the solution warming to -30 °C during
the addition. After recooling to -78 °C, the solution was treated with 7.60 mL (.05, 55.0 mmol, 1.10 equiv) of methy!
4-(chloroformyl)butyrate in one portion. The resulting solution was sirred s -78 °C for 15 min, warmed to 0 °C, and
treated with 100 mL of saturated agueous NaHCO3. The mixture was stirred vigorously &t 20 °C for 45 min, and was thea
partitioned between CHCl2 and HyO containing 15 mL of 10% aqueous Na2CO3. The aqueous phase was extracted
with three additional portions of CH2Cl2. The CH2Cl) extracts were combined, washed with satursted aqueous NaCl,
dried (Mg80y4), and evaporated in vacmo to give 15.9 g of & pale-yellow ofl which solidified on standing. One
recrystallization from hexane-EtOAc yiekded 10.8 g (71%) of white solid (firm crop) that was homogeneous on TLC: Ry
0.23 (silics, CH. lrhexmeCH:;CN (70: 30: 5)); mp 72.5-74.0 °C; IR (CHCl3) 3030, 3020, 2955, 1782, 1732, 1700,
1385, 1355 em~}; 1H NMR (250 MHz, CDCl3) 8 7.38-7.19 (m, 5H, CgHs), 4.718-4.624 ( sym m, 1H, CH;CHN), 4.250-
4.142 (m, 2H, CH20), 3.690 (s, 3H, CO2CH3). 3.300 (dd, J = 3.3, 13.3 Hz, IH, CHHCgHs), 3.107-2.895 (sym m, 2H,
CHCHCON), 2771 (dd, ] = 9.6, 13.3 He, 1H, CHHCgHs), 2.443 (1, ] = 7.3 Hz, 2H, CH2C0,CH3, 2.094-1.640 (m, 2H,
CHzCﬂzCHz) 3c NMR (629MH1.CDCI3)8 173.07, 172.25, 153.22, 135.18, 129.21, 128.73, 127.13, 66.13, 54.92,
51.29, 37.79, 34.51, 32.91, 19.38; {alp®? +51.0° (¢ = 1.02, CHCl3). Amal. Cakd for CigH19NOg: C, 62.94; H, 6.27.
Found: C, 62.88; H, 6.36.

(45)-3-(3-methyl-1.0x0-2-butenyl)-4-(phenyimethyl)-2-oxazolidinone (3h). A soluton of 8.93 g (50.4
mmol, 1.00 equiv) of (45)-(phenylmethyl)-2-oxazolidone (2) (XpH) in 100 mL of dry THF, sirred at -78 °C under N3,
was trested dropwise with 20.9 mL (53.9 mmol, a-butyllithium (2.58 M in hexane) over a 5-min period. The solution was
stirred a2 -78 °C for an additional S min, and then trested with 6.00 mL (6.39 g, 53.9 mmol, 1.07 equiv) of 3,3-
dimethylacryloyl chloride (97%) in one portion. The resulting solution was stirred at -78 °C for $ min, warmed 0 25 °C,
and treated with 5 mi of sattrated aqueous NH4CL The THF was evaporated in vacuo , and the residue was partitioned
between 300 ml of 1:1 CH2Ch-hexane and 100 mL of satursted aqueous NaHCO3. The organic phase was washed with
sarurated aquecus NaCl, dried (Na2SO4), and evaporated in vacuo o yield 13.1 g of white solid. This material was
recrystallized from hexane-EtOAc to yield, in two crops, 11.5 g (88%) of 3k as fine white needles: TLC Ry 0.60 (silica, 1:
1 hexane-EtOAc); mp 79.5-80.5 °C: IR (CHCl3) 3020, 2920, 1772, 1677, 1630, 1385, 1360, 1350, 1257, 1184 cm!; 14
NMR (300 MHz, CDC13) 57 37~7.22 (m, SH, C6H5). 6.966-6.950 {m, 1H, C=CHC=0), 4.762-4.684 (sym m, 1H,

164.93, 159.24, 153.33, 13556 129.40, mu 127. 17 115.79, 65.84, 55.14, 38.01, 28.00, 2131 (a;oumv(c:
1.02, CHC13). Anal. Cacd for C)sH17NO3: C, 69.48; H, 6.61. Found: C, 69.56; H, 6.63.

General Procedwre for the Formation of the Carboximide (Z) Lithium Ewolates and Their Subse-
quent Reaction with Di-r-butyl Azodicarboxyiate. To a freshly prepared solution of 1.05 mmol of lithium
diisopropylamide in 3 mL of THF, stirred at -78 °C under N7, was added vis cannuls & precooled (-78 °C) solution of 1.00
mmol of the imide, 3, in 3 mL of THF. Residual 3 was rinsed in with two 1 mL portions of THF and stirring continued at
-78 °C for 30 min. A precooled (-78 °C) solution of 265 mg (1.15 mmol) of DBAD in 6 mL of dry CH2Cl2 was added via
cannuls to the above enolate solution and after an additional 30-180 sec the reaction was guenched with 2.6 mmo! of glacisl
acetic acid. The mixture was partitioned between CH2Cly and pH 7 phosphate buffer. The aqueous phase was washed
with three portions of CHCl2. The CH;Cly phases were combined, washed with saturaied aqueous NaHCO3, dried
(MgSO0y4), and evaporated ir vacso. Diastercomeric razios of the resulting unpurified product were obtained by HPLC
analysis on & Waters, 8mm x 10 cm $ micron silica gel MM-P:&Rwhnm(UV detection st 235 nm) eluting with either
CHClz-hexane-CHICN (70:30:5) (Solvent A) or CH2Cly-hexane-CH3CN (70:30:7.5) (Solvent B) (vide infro) ; 2
ml/min. The unpurified product was purified by medium pressure chromatography (MPLC) on Michel-Miller columns
(Ace Glass) packed with silica gel (Merck spectophotometer 230-400 mesh) with typical column loadings of 0.3 to 1 g of
material per 100 g of adsorbent (see below for solvent):

{3{25),45)-3-(2-(N ,N'-bis-(t-butoxycarbonyl)hydrazino)-1-oxopropyl)-4-(phenyimethyl)-2.
oxuoltdinou (4n, R = CH3) (Table 1, Eatry A). As described above, 233 mg (1.00 mmol) of 3a (R =
CH3) afforded 424 mg (92%) of 48 (R = CH3) ss 2 coloriess glass foam after purification by MPLC (50 g of sitica gel;
CHCip-hexane-CH3CN (70:30:7)). Recovery of 3a : 13.2 mg (6%). Diastereomer analysis of the unpurified product
(vide supra, solvent A) gave a AS) (t; = 4.89 min): 2(R ) (minor diastereomer, ty = 6.24 min) ratio of 98:2. The purified
product gave the same diastereomer ratio: IR (CHCl3) 3400, 1788, 1747, 1705 cm™!; 1H NMR (300 MHz, CDC13, 329
°K) 8 7.35-7.19 (m, SH, sromatics), 6.52 (br s, 1H, NH), 5.74 (br s, 1H, CHC=0), 4.63-4.56 (sym 8 line m, 1H, 4H), 4.22-
4.13 (m, 2H, OCHy), 3.339 (dd, Jyic = 2.8 Hz, Jgem = 13.4 Hz, 1H, CHHPY), 2.754 (dd, Jyic =99Hz.)8¢m = 13.4 Hz,
1H, CHHPB), 1.482 (s, OO(CH3)3), 1.466 (s, OC(CH3)3) and 1.453 (3, CHCHaX21H total); [a]p28 +37.7° (¢ = 1.05,
CHCh). Anmal. Cakd for Cy3H33N1307: C, 59.60; H, 7.18. Found: C, 59.54; H, 7.13.
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Preparstioa of the Minor Diastereomer (2(R)4a, R = CH3) Vis Epimerization. A solution of 0.400
8 (0.863 mamol) of 4a (R = CH3) and 0.23 mL (0.21g; 1.83 mmol; 2.1 equiv) of 1,1,3,3-ectsumethyigumnidine in 9 mL of
dry THF was refluxed under N3 for 4.5 h. The solution as partitioned between agueous pH 7 baffer sad CH2Cly. The
aqueous phasewas washed with CH2Cl (x 2), and the organic phases were combined, dried (MgSOy4), and evaporsted in
vacuo. The unpurified product was purified by flash chromatography (45 g of silica gel, hexane-EtOAc (1:1)) to give 330
mg (82% recovery) of a coloricss gisss, mssayed by HPLC (vide supra) 1o have a 2(S):2(K) ratio of 56:44. LH NMR (300
MHz, CDCl3, 329 °K) integration of the low fiekd diastereotopic benzylic protons afforded a 2(5):2(R) ratio of 54:46.
Distinctive 'H NMR signals attrfbuted 1o the minor disstereomer (2(R)-48) include the following: § 4.71-4.62 (m, 1H, 4-
H), 4.28-4.23 (low field half of AB m, OCHH), 3.223 dd, Jyic = 3.4 Hz, Jgem = 13.4 Hz, PRCHH), 2.788 (44, Jyic = 9.2
Hz, Jgem = 13.5 Hz, PhCHED.

(3(25),48)-3-(2-(N ,N'-bis-(s-butoxycarbonyl)hydrazino)-1-0xo-4-pentenyl)-4-(phenylmethyl)-
2-oxazolidinone (4b, R = CHCH=CH)) (Table I, Entry B). Pollowing an exact scale up of the general
procedure, 2.59 g (10.0 mmol) of 3b (R = CH2CH=CH?) gave 4.59 g (34%) of 4b (R = CH)CH=CH?3) as a coloriess
glass foam after purification by MPLC (630 g of silica gel; Solvent A). HPLC analysis (vide supra, Solvent A) of the un-
purified product gave & 2(5) (ty = 5.79 min): 2(R) (ty = 8.23 min) rasio of 98:2. HPLC analysis of the purified product
gave a 2(5):2(R) ratio of >300:1 : IR (CH2Chy) 3385, 1785, 1750, 1710 cn”!; 1H NMR (250 MHz, CDCI3,331°K) 8
7.36-7.19 (m, SH, aromatic), 6.52 (br s, 1H, NH), 5.932 (ddt, J¢is = 10.2 H, Jyrang = 17.1 Hz, Jallyl = 6.9 Hz, 1H,
C=CHCH}), 5.88-5.80 (br m, 1H, CHC=0), 5.127 (dm, J = 17.1 Hz, 1H, H.C=CHCH3), 5.058 (dm, J = 10.2 Hz, 1H,
HC=CHCH?2), 4.63-4.53 (sym m, 1H, 4-H), 4.154 (spparemt d, J = 5.2 Hz, 2H, OCH2), 3.335 (dd, Jyjc = 3.0 Hz, Jgem=
133 Hz, 1H, CHHCgHs), 2.79- 2.52 (m, 3H, CHHCgHs and C=CHCH2)). 1.480 (s) and 1.471 (s) (18H, OC(CH3)3);
[a)p26 +48.6° (c = 1.03, CHCl3). Anal. Calcd for C2sH3sN3O7: C, 61.33; H, 7.21. Found: C, 61.41; H, 7.26.

Later fractions gave 94 mg (1.9%) of the minor diastercomer 2(R)-4¢ (R = CH3CH=CH3) assayed by HPLC to have 2
2(R):2(S) ratio of 99:1 : IR (CHCly) 3385, 1785, 1755, 1710 em}; 1H NMR (250 MHz, CDCl3, 331 °K) &8 7.35-7.16
(m, 5H, aromatic), 6.520 (br s, 1H, NH), 5.962 (44, Jis = 10.] Hz, Jyygns = 17.1 Hz, Jally] = 6.94 Hz, 1H, C=CHCH)),
5.828 (apparent t, IH, J = 6.7 Hz, CHC=0), 5.198 (dm, J = 17.1 Hz, 1H, H.C=CHCH3), 5.086 (dm, J = 10.1 Hz, 1H,
HiC=CHCH3), 4.68-4.58 (sym m, 1H, 4-H), 4.23 (apparent t, J = 8.4 Hz, 1H, OCHH), 4.14 (dd, ] = 3.3, 9.0 Hz, 1H, OCHH),
3.273 (44, Jyjc = 3.4 Hz, Jgem = 13.5 Hz, 1H, CHHCgHs), 2.76 -2.55 (m, 3H, CHHCgHs and C=CHCHp). 1.474 (s) sd
1.451 (s) (18H, OC(CH3)3).

(3(25),48)-3-(2-(N ,N'-bis-(1-butoxycarbomnyl)hydrazino)-3-phenyl-1-oxopropyl)-4-(phenyl-
methyl)-2-oxaxolidinome (4c, R = CH2Ph) (Table 1, Eatry C). Following a modification of the general
procedure, 3 solution of 6.19 g (20.0 mmol) of 3¢ (R = CHyCgHs) in 60 mi. of THF was added via cannula over a 50 min
period 1o a stirred, precooled (-78 °C) solution of 21.0 mmol of LDA in 20 mL of THF and 10 mL of hexane. Residual 3¢
was rinsed in with two 5 mL portions of THF and enolization continued st -78 °C for 30 min. The above precooled (-78
°C} solution of lithium enclate was added via cannula to a stirred, precooled (-78 °C) sohstion of 5.30 g (23.0 mmol) of
DBAD in 120 mL of CHCl over 2 9 min period. Residual enolate was rinsed in with two 10 mL portions of THF, and
after an additional 60 sec the reaction was quenched with 3.0 mL (52 mmol) of glacial acetic acid. Following the standard
workup (vide supra) and purification by MPLC (900 g of silica gel, Solvent A) 9.83 g (91%) of 2 (R = CHyCgHs) was
obtained as a coloriess glass foam. HPLC analysis (vide supra, Solvent A) of the unpurified product gave & 2(S) (tr = 7.07
min): 2(R) (ty = 10.76) ratio of 97:3. HPLC analysis of the purified product gave a 2(5):2(R) ratio >400:1 : IR (CH2Clp)
3390, 1785, 1750, 1712 cm™!; 1H NMR (300 MHz, CDCl3, 330 °K) 3 7.330-7.136 (m, 10H, aromatics), 6.50 (bx s, 1H,
NH), 6.15 (br s, 1H, CHC=0), 4.45-4.37 (sym m, 1H, 4-H), 4.008 (dd, Jy;c = 2.8, Jgem = 8.9 Hz, 1H, OCHH), 3.832
(apparent ¢, J = 8.3 Hz, 1H, OCHH), 3.303 (dd, Jyjc = 3.0 Hz, Jgem = 13.6 Hz, 1H, NCHCHHPh) 3.25-3.15 (AB m, 2H,
PhCHZCHC=0), 2.685 (dd, Jyjc = 9.9 Hz, ’gem = 13.5 Hz, 1H, NCHCHHPY), 1.452 (s) and 1.444 (s) (18H, OC(CH3)3):
[alp® +84.4° (¢ = 1.01, CHCl3). Anal. Caled for C29H37N307: C, 64.55; H, 6.91. Found: C, 64.48; H, 6.90.

After several overlapping fractions (317 mg; 2.9%) there was obuained 254 mg (2.4%) of the minor diastereomer, 2(R)-4¢
(R = CHCgHs) which was found by HPLC (vide supra) to have a 2(R):2(S) ratio of 98:2 : IR (CH3Cl3) 3385, 1788,
1753, 1713 cm™!; 1H NMR (300 MHz, CDC13, 329 °K) § 7.34-7.08 (m, 10H, aromarics), 6.386 (bx s, 1H, NH), 6,165 (br
L1 = 6.8 Hz, 1H, CHC=0), 4.61-4.55 (m, 1H, 4-H), 4.205 (apparent t, J = 8.4 Hz, 1H, OCHH), 4.070 (dd, Jyic = 3.0 Hz,
Jgem = 8.9 Hz, 1H. OCHH), 3.28- 3.13 (m, 3H, PhCH2CHC=0 snd NCHCHHPh), 2.590 (34, Jyic = 9.5 Hz, Jgem = 13.5
Hz), 1.409 (s, 18H, OC(CHy)3).

(3(28),48)-3-(2-(N,N'-bu-(t-blloxycnrbonyl)hydruino)phelylacetyl)-4-(phelyl-e|lyl)-2-

oxazolidinone (4d, R = Ph) (Table 1, Eatry D). Foliowing the general procedure, 295 mg (1.00 mmol) of 3d
(R=Ph)lﬂmbdsmmg(%%)of‘d(ll:cs}{s)nloolm;lmfmmmﬂmbym(lmgofﬂia
gel. Solvent B). Disstereomer analysis of the unpurified product by HPLC (Solvent B, vide supra) gave 2 2(S) (4, = 5.66
min): 2(R) (t; = 8.71 min) ratio of 97:3. HPLC analysis of the purified product gave a 2(S):2(R) ratio of >400:1 : R
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(CH2Clp) 3400, 1788, 1750, 1700 cmL; 'H NMR (300 MHz, CDC13, 329 °K) 7.38-7.22 (m, 10H, aromatics), 7.06 (s,
1H), 6.49 (br s, 1H), 4.654.57 (sym m, 1H, 4-H), 4.124.01 (m, 2H, OCH2). 3.379 (br d, 1H, PhCHMH), 2.848 (dd, Jyic =
9.7 Ha, Jgem = 133 Hz, 1H, PRCHH) 1.500 (s, 9H, OC(CH3)3), 1191 (br 3, 9H, OC(CH3)3): lalp26 +216° (c = 1.04,
CHCH3). Anal Cakd for CagH3sN307: C. 63.98; H, 6.71. Found: C, 64.07; H, 6.62.

Later fractions afforded 13 mg (2.4%) of the minor diastereomer 2(R)-4d (R = CgHs), shown by HPLC analysis to have
2 2(R): S) raio of 97:3 : IR (CH2Cly) 3405, 1788, 1750, 1700 em!; TH NMR (300 MHz, CDCl3, 330 °K) § 7143-71.22
(m, 8H, mromatics), 7.09-7.05 (m, 3H, 2 aromatics and NH or CHC=0), 6.50 (bx s, 1H), 4.794.71 (sym m, 1H, 4-H), 4.190
(apparent 1, J = 8.6 Hz, 1H, OCHH), 4.052 (dd, Jyic = 3.5 Hz, Jgem = 9.1 Hz, 1H, OCHH), 3.320 (dd, Jyic = 3.2 Hz, Jgem
= 13.5 Hz, 1H, PhCHH), 2.590 (dd, Jyic = 9.7 He, ,gem = 13.2 Hz, 1H, PhCHH), 1.481 (s, 9H, OC(CH3)3), 1.194 (br s,
9H, OC(CH3)3).

(3(25),48)-3-(2-(N ,N'-bis-(s-butoxycarbonyl)hydrazino)-3-methyl-1-oxebutyl)-4-(phenyl-
methyl)-2-oxazolidinone (4e, R » {-Pr) (Table 1, Entry E). Following an exact scale up of the general
procedure, 2.61 g (10.0 mmol) of 3e (R = i-Pr) gave 4.65 g (95%) of 4e (R = i-Pr) a5 a coloriess glass foam after pu-
rification by MPLC (650 g of silica gel; Solvent A). HPLC analysis (vide supra, Solvent A) of the unpurified product
gave 2 2(S) (tp = 5.77 min): 2(R) (¢ = 8.08 min) ratio of 98:2. HPLC analysis of the purified product gave a 2(S): 2(R)
ratio >400: 1 : IR (CH2Clp) 3390, 1785, 1750, 1708 cm™!: IH NMR (250 MHz CDCl3; 331 °K) § 7.35-7.19 (m, SH,
aromatics), 6.48 (br s, 1H, NH), 5.79 (br d, J = 8.2 Hz, 1H, CHC=0, 4.685-4.588 (m, 1H, 4-H), 4.192- 4.115 (m, 2H,
OCH2), 3.363 (br dd, Jyic = 3 Hz, Jgem = 13.5Hz, 1H, CHHCgHs), 2.718 (4d, Jyic = 9.9 Hz, Jgem = 135 Hz, 1H,
CHHCgHs), 2.412-2.267 (m, 1H, CH(CH3)2), 1.478 (s) and 1.473 (s) (18H, OC(CH3)3), 1.099 (d, J = 6.7 Hz, 3H,
CHCH3), 1.000 (d, J = 6.9 Hz, 3H, CHCHa); [a)p26 +27.4° (c = 1.02, CHCl3). Anal. Calod for C25H37N307: C, 61.08;
H, 7.59. Found: C, 60.90; H, 7.51.

Preparation of the minor disstercomer (2(R)-4e, R = {-Pr) via Epimerizstion. The protocol for
carrying out the epimerization was the same as that described above for 4s, (R = Me). The reaction time was 19 b,

(3(25),45)-3-(2-(N ,N'-bis-(t-butoxycarbonyl)hydrazino)-3,3-dimethyl-1-oxobutyl)-4-(phenyl-

methyl)-2-oxazolidinone (4f, R = ¢-Bu) (Table 1, Entry F). Following a slightly modified (40 min eno-
lization time) scale up of the general procedure, 2.75 g (10.0 mmol) of 3 (R = ¢-Bu) gave 4.83 g (96%) of 4f (R = 1-Bu) as
2 colorless glass foam after purification by MPLC (vide supra, Solvent A). HPLC analysis ( vide supra, Solvent A) of the
unpurified product gave a 2(S) (ty = 5.33 min): 2R) (t¢ = 7.73 min) ratio of 99.7:0.3. HPLC analysis of the purified
product gave a 2(5):2(R) ratio >500:1 ; IR (CH2Cl) 3395, 1785, 1748, 1710 cm!; TH NMR (250 MHz, CDC13, 331
°K) § 7.34-7.20 (m, SH, sromatics), very broad singlets &t 6.45 and 6.07 (2H, NH and CHC=0), 4.71-4.61 (m, 1H, 4-H),
4.16-4.10 (m, 2H, OCHy), 3.45-3.35 (unresolved m, 1H, CHHCgHs), 2.696 (dd, Jy;fs: 10.2 Hz, Jgem = 13.4 Hz, 1H,

. L

(3(25),45)-3-(2-(N,N'-bis-(1-butoxycarbomnyi)hydrazino)-5-methoxy-1,5-dioxopentyl)-4-
{phenylmethyl)-2-oxazolidinone (4g, R = CHCH3CO0O2Me) A solution of 305 mg (1.00 mmeol, 1.00 equiv)
of 3g in 3 ml of dry THF, stirred at -78 °C under N2, was treated via rapid cannulation with a precooled (-78 °C) solution
of 1.01 mmol of LDA (prepared as described above from 0.64 mL (1.01 mmol, 1.01 equiv) of a-butyllithium (1.58 M in
hexane) and 0.15 mL (1.07 mmol) of diisopropy! amine in 3 mL of THF). Residual LDA was rinsed in with one 2-mL
portion of THF, and the resulting solution was stirred at -78 °C for 5 min. To the above was added, via rapid cannulation,
a precooled (-78 °C) solution of 265 mg (1.15 mmol, 1.15 equiv) of DBAD in 6 mL of CHCl3. After 40 sec the reaction
was quenched with 0.15 mL (157 mg, 2.6 mmol) of glacial HOAc. The unpurified product obtained following the standard
workup was purified by MPLC {106 g of silica gel; 2L linear gradient from Solvent A to CH2Cl3-hexane-CH3CN (70
30: 15)) to afford, in order of elution, 47.6 mg (16% recovery) of 3g followed by 267 mg (51% yield) of 4g =3 a color-
less glass foam: IR (CHCI3) 3385, 3060, 2973, 1785, 1750-1700 (br, max at 1735), 1480, 1393, 1369, 1353, 1235,
1197, 1173, 1182, 1110 cm’l; TH NMR (250 MHz, CDCl3, 331 °K) § 7.36-7.17 (m, SH, CgHg), 6.59 (br s, 1H, NH),
§.70 (br d, J = 8.6 Hz, 1H, CHC=0), 4.63-4.53 (sym m, 1H, CHyCHN), 4.24-4.13 (m, 2H, CH70), 3.638 (s, 3H, COCH3),
3.30 (br d, J ~ 13.6 Hz, 1H, CHHCgH3s), 2.88-2.73 (m, 2H, CHHCgHs and CHHCO2CH3), 2.54 (ddd, 1H,J = 6.3, 9.7,
16.5 Hz, 1H, CHHCO2CH3), 2.29-1.97 (m, 2H, CHaCH2CHN), 1.475 (s, 18H, OC(CH3)3); [alp?® +46.9° (c = 1.02,
CHCI3). Anal. Cakd for C26H37N309g: C, 58.31; H, 6.96. Found: C, 58.36; H. 7.09. This material was found to be homo-
geneous on HPLC: ty 13.85 min (Solvent A), ty 7.59 min (Solvent B). 14 NMR analysis indicates a minimum di-
astereomeric purity of >95: 5 (vide infra).

Preparation of the minor diastereomer (2(R)-4g, R = CH3CH2CO3CH3) via Epimerization. The
protoco! for carrying out the epimerization was the same as that described above for 4a, (R = Me); the reaction time was
Sh
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(3(25),45)-3-(2-(N N'-bis-(i-butoxycarboaylihydrazino)-3-methyl-1.0x0-3-buteayl)-4-(phenyl-
methyl)-2-oxanslidincne (4h, R = C(=CH2)Me and E- and Z-(45)-3-(4-(N N'-bis-(t-butexy-
carbomyl)hydrazine)-3-methyl-1-exe-2:butenyl)-d-(phenylmethyl)-2-oxazelidisone (7). Following
an exact scale up of the general procedure, 2.59 g (10.0 mmol) of 4k gave 2.25 g (47%) of 28 (R = C(CH3)=CHp) asa
coloriess glass foam after purification by MPLC (650 g of silica gel; 6 L of Solvent A, 2 L linesr gradient from Solvent A
to CH2Clz2-bexane-CH3CN (70: 30: 15), and finally 2 L. of CH2Cl2-hexane-CH3CN (70: 30: 15)). HPLC snalysis (vide
supra, Solvent A) of the unchromatographed product gave 8 2(5) {tr = 5.87 min): 2(R) (¢ =7.50 min) ratio of 98: 2. HPLC
analysis of the purified prodwct gave & 2(5): 2(R) ratio of >300 1: IR (CHCYy) 3408, 1785, 1748, 1695 em!; TH NMR
(300 MHz, CDCt3, 331 °K) 5 7.36-7.18 (m, SH, sromatics), 6.64 (very broad s, 1H, NH), 6.262 (s, 1H, CHC=0), 5.019 (s,
1H, HHC=C), 4.696 (s, 1H, HHC=C), 4.70-4.56 (sym m, I H, CHCHN), 4.20-4.13 (m 2H, OCHy), 3.298 (dd, Jyic = 3.0
Hz, lgem = 13.7 Hz, 1H, CHHCgHs), 2.827 (dd. Jyic = 9.3 Hz, Jgem = 13.6 Hz, 1H, CHHCgHs), 2.002 (s, 3H, CHy),
1.489 (3) and 1.445 (s) (18H, OC(CH3)3); (alpZ® +209° (c = 1.04, CHCl3). Anal. Cakcd for Cas5HisN307: C, 6133 H,
7.21. Found: C, 61.48; H, 7.13.

After several Iater fractions (149 mg, 3.0%) found by HPLC to be a 95: 5 mixture of 2(S) and 2(R) diastereomers,
respectively, there was obxained 52 mg (1.1%) found by HPLC to be & 29: 71 mixture of 2(5)4h and 2(R)-4k, respec-
tively. 'H NMR (250 MHz, CDClj, 331 °K) integration of this material gave & 2(S): 2(R) ratio of 30: 70. Distinctive
signals attributed 1o the minor diastereomer (2(R)-4) are: § 6.208 (br s, CHC=0), 5.091 (s, HHC=C), 4.758 (s, HHC=C),
3.416 (dd, Jyic = 3.4 Hz, Jgem = 13.2 Hz, CHHCgHs), 2.036 (s, CH3), 1.472 (s, OC(CH3)3).

Still later fractions yielded 2.24 g (42%) of the strongly UV absorbing 1.4-addition product 7 ss a colorless glass
foam. This material was found by HPLC and 'H NMR to be a 6: 4 mixture of geometrical (E.Z) isomers: HPLC (Solvent
B) 1y = 10.4, 11.8 min; TLC Ry 0.20 (silica, Solvent B); IR (CHCl3) 3395 (br), 3063, 2980, 2935, 1780, 1745, 1713,
1685, 1643, 1480, 1455, 1393, 1385, 1368, 1350, 1173, 1152 em™!; 'H NMR (300 MHz, CDCl3, 330 °K) § 7.34-7.17
{m, SH, CgHs), 6.978 (q. J = 1.3 Hz, 0.4H, C=CH in minor isomer), 6.908 (q, J = 1.3 Hz, 0.4H, C=CH in major isomer),
4.76-4.65 (m, 1.8H, C=CH in minor isomer and CHRCHN), 4.26-4.09 (m, 3.2H, CHaNCO, in major isomer and CH20),
3.356 (dd. J = 3.4, 13.4 Hz) and 3.319 (dd, J = 3.4, 13.4 Hz) (1H total, CHHCgHs), 2.780 (dd, J = 9.5, 13.4 Hz) and
2.772 (dd, J = 9.5, 13.4 Hz) (1H total, CHHCgHs), 2.150 (d, J = 1.0 Hz, 1.8H, CH3 in major isomer), 2.018 (d, J = 1.3 Hz,
1.2H, CH3 in minor isomer), 1.478 (s), 1.472 (s), and 1.464 (s) (18H total, OC(CH3)3). Anal. Calkd for Co5H3sN307:C,
61.33; H, 7.21. Found: C, 61.35; H, 7.34.

General Procedure for the Magmesism Methoxide Methanolysis of Carboximides 4 To 4.0 mL of
dry MeOH, cooled to 0 °C under N2, was added dropwise 1.00 mmol of MeMgBr (0.315 mL of a 3.2 M solution in
Et20). After stirring the above solution a1 0 °C for 5 min, a solution of 0.50 mmol of the imide, 2, in 4.0 mL in dry MeOH
was added via cannula, residual 2 being rinsed in with two 2 mL-portions of dry MeOH. The above solution was stirred
% 0 °C for an appropriate time (30-90 min, vide infra) and then quenched with 4 mL of pH 7 phosphate buffer. The mixture
was partitioned between half-saturated aqueous NaCYNH4Cl and CH2Ch. The aqueous phase was washed with CHCly
{x 3). The CH2C12 phases were combined, dried (MgSO4). and evaporated in vacuo. The residual unpurified product was
purified by MPLC.

General Procedwre for the Lithium Hydroxide Hydrolysis amd Diazomethane Esterification of
Carboximides 4. An ice cooled solution of 0.50 mmol of the imide, 2, in 2.0 mL of THF was treated in one portion
with a coid (0 °C) solution of 28 mg (1.2 mmol; 2.3 equiv) of LiOH in 1.0 mL of H20. The resuking two-phase mixture
was stirred 22 0 °C until the reaction was complete (vide infra) and was then worked up by one of the following methods:

Method A: The mixture was partitioned between CH2Cl12 (20 mL) and H20 (20-30 mL) containing sufficient NaCl to
break the emulsion. The aqueous phase was washed with CH2Cl2 (3 x 20 mL). The CH2Cly phases were combined, dried
(MgS0y4). and evaporated in vacuo. Purification of the residue by MPLC afforded the chiral suxiliary, XpH. The
aqueous phase was acidified with 1 N aqueous NaHSO4 and extracted with CH2Cly (4 x 30 mL). The CH2Cly extracts
were combined, dried (Na2504), and concentrated in wacno. A CHyCl3 solution of the residual unpurified acid was
treazed dropwise at 0 °C with ethereal diazomethane until & yellow color persisted. Following & standard workup (vide
infra), the methyl ester was purified by MPLC.

Method B: The mixture was partitioned besween | N aqueous NaHSO4 and CHoCly. The aqueous phase was extracted
with CH2C1 (x 3), and the organic phases were combined, dried (N22504), and evaporated in vacuo. A solution of the
residue in CHyClz (20 mL) was treated dropwise st 0 °C with ethereal CHaN 3 until a yellow color persisted. The
solution was decolorized with HOAc, washed with saurated aqueous NaHCO3, dried (MgSOy4) and evaporated in vacuo.
The product was purified by MPLC.

25-(N,N'-Bis-(1-butoxycarboayl)hydrazino)-3-phenyl-1-propancic Acid, Methyl Ester (9¢, R =
CH2Ph). Method A (Table 3, Entry A). Lithium Hydroxide hydrolysis (0 °C, 3 h; workup b) of 270 mg (0.500
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mmol of 4¢ (R = CHPh) afforded, after CHIN2 trestment, 161 mg (82%) of 9¢ (R = CH2Ph) after purification by flash
chromatography (10 g of silica gel; hexane-BrOAc (3:1)). The optical purity of this material was found by capillary gas
chromatographic analysis of its derived (+)-MTPA amide, 10¢ (R = CHaPh), to be >99% ce (vide infra). The chinal
suxilisry, XpH, was recovered in 85% yield by MPLC (50 g of silica gel; bexane-BrOAc (1:1)).

Method B (Table 3, Entry B). Magnesium methoxide methanolysis (0 °C, 30 min) of 270 mg (0.500 mmol) of 4¢
(R = CH Ph) afforded 176 mg (89%) of 9¢ (R = CH2Ph).as a colorless, viscous oil afier purification by MPLC (50 mg
of silica gei; 2L lincar gradient from bexane-EtOAc (9:1) to hexane-EtOAc (1:1)) : IR (CHCl3) 3395, 1743, 1713 cm’); 1H
NMR (300 MHz, CDC13, 330 °K) § 7.27-7.16 (m, SH. aromatics), 6.240 (be s, 1H, NH), 5.00-4.95 (unresolved broad m,
1H, CHC=0), 3.656 (3, 3H, OCH3), 3.169(d, J = 7.2 Hz, 2H, CHC=0), 1.434 (s) and 1.421 (3) (18 H, OC(CH3)3); {a]p22
-19.9° (¢ = 1.21, CHCly). Anal. Caicd for CagH30N20¢: C, 60.90; H, 7.67. Pound: C, 60.84; H, 7.76. The optical purity
of the above material was found by capillary gas chromatographic analysis of its derived (+)-MTPA amide, 16¢ (R, =
CH2Ph), to be >99% ee (vide infra). Later fractions afforded 176 mg (89% recovery) of the chiral auxiliary, XpH.

2S-(N ,N'-Bis-(t-butoxycsrboayl)hydrazino)pheaylacetic Acid, Methyl Ester (94, R = Pb)
Method A.(Table 3, Eatry D) Lithium hydroxide hydrolysis (0 °C, 120 min; workup b) of 263 mg (0.50 mmal) of
4d (R = Ph) afforded, after CHaN7 treatment, 160 mg (84%) of 9d (R = Ph) after purification by MPLC (S0 g of silica
gel; hexane-ErOAc (4:1)) : IR (CHCI3) 3410, 1748, 1707 cm’!: 1H NMR (250 MHz; CDCL3; 331 °K) § 7.306 (s, SH,
aromatics), 6.40 (very broad s, 1H, NH), 5.95 (br 3, 1H, CHC=0), 3.742 (s, 2H, OCH3), 1.478 (s, 9H, OC(CH3)3), 1.193
(br 3, 9H, OC(CH3); [a)p2? +151.6° (c = 1.96, CHCl3). Anal. Calcd for C)gH28N20¢: C. 59.89; H, 7.42. Found: C,
60.17: H, 7.51. The optical purity of this material was found by captilary GLC analysis of its derived (+)-MTPA-amide,
10d, t0 be 98% ee.

Method B (Table 3, Eatry E). Magnesium methoxide methanolysis (0 °C, 90 min) of 263 mg (0.50 mmot) of 4d (R
= Ph) afforded 140 mg (71%) of 9d (R = Ph) after purification by MPLC. The optical purity of this material was found
by capillary gas chromatographic analysis of its derived (+)-MPTA-amide, 16d (R = Ph), to be 93% ee (vide infra).

General Procedwre for the Lithium Benzyloxide Transesterificationl? of Carboximides 4. To a
cold (-78 °C) solution of 2.00 mmeol of LiOBn (prepared as previously described from 310 uL (324 mg; 3.00 mmol) of
redistilled benzyl alcohol and 2.00 mmol of n-butyl lithium (1.59 M in hexane)) in 6.0 mL of dry THF was added via can-
nula s precooled (-78 °C) solution of 1.00 mmol of the imide 2 in 4.0 mL of THF. Residual imide was rinsed in with two 2
mL-portions of THF, and the resukting solution stirred at -50 °C for 2.0-50 h (vide infra) prior 1o quenching with 6 mL of
aqueous pH 7 phosphate buffer. The mixture was pastitioned betweea H20 and CH2Cl2. The aqueous phase was ex-
tracted with three portions of CH2Cl2 and the organic phases were combined, dried (MgSO4) and evaporated in vacuo.
The unpurified product was purified by MPLC:

2S-(N ,N'-Bis-(t-butoxycarbonyl)hydrazino)-3-phenylpropancic Acid, Bemzyl Ester (6c, R =
CH2Ph) (Table 3, Entry C). As described above, lithium benzyloxide transesterification (-50 °C, 2.0 h) of 540 mg
(1.00 mmol) of 4c (R = CHPh) afforded 451 mg (96%) of 6¢ (R = CH2Ph) as a colorless glass after purification by
MPLC (50 g of silica gel; 0.5 L of hexane-EtOAc (9:1), 1.0 L linear gradient from hexane-EtOAc (9:1) to EtOAc, and fi-
nally EtOAc): IR (CHCl3) 3395, 1743, 1713 cm™l; 1H NMR (250 MHa, CDQY3, 331 °K) § 7.33-7.14 (m, 10H, sromatics),
6.226 (be 3, 1H, NH), 5.088 (s, 2ZH, CHCHgPh), 5.07-5.00 (unresolved m, 1H, CHC=0), 3.185 (d. J = 7.2 Hz, OCH2Ph),
1.420 (3) and 1.399 (s) (18H, OC(CH3)3); [a]p22 4.16° (¢ = 1.99, CHCl3). Anal. Cakd for C26H34N20¢: C, 66.36; H,
728. Found C, 66.41; H, 7.18. The optical purity of the this maserial was found to be >99% ee by capillary GLC analysis

i (+)- "A-amide. 10¢c (R = CHoPh) (vide infra). Later fractions afforded 171 me (96% recovery) of the

28-(N,N'-Bis-(s-butoxycarboayl)hydrazino)-3-methylbutanoic Acid, Benzyl Ester (6e, R = i-Pr)
(Tsble 3, Eatry H). In an exact scale up of the general lithium benzyloxide transesterification procedure (-S0 °C, 15.5
h), 1.97 g (4.00 mmol) of 4e (R = i-Pr) gave 1.38 g (82%) of 6e (R = i-Pr) as & viscous oil after purification by MPLC
(165 g of silica gel; 1 L of hexane-EtOAc (90:10), 1 L of hexane-EtOAc (75:25) and finally 1 L of EtOAc) : IR (Neat)
3335, 1742, 1713 cm'l; |H NMR (250 MHz, CDCl3, 331 °K) 8 7.35-7.27 (m, SH. aromatics), 6.354 (br s, 1H, NH),
5.152 (s. 2H, OCH2). 4.534 (br d, J = 6.6 Hz, 1H, CHC=0), 2.36-2.22 (sym 6 line m, IH, CH(CH3)2) 1.456 (s) and 1.431
(s) (18H, OC(CH3)3), 1.048 (d, J = 6.8, 3H, CHCH3). 1.023 (d, J = 6.8 Hz, 3H, CHCH3): [u]l, -7.03° (c = 1.89, CHCl3).
Anal. Calcd for C29H34N20g: C, 62.54; H, 8.11. Found: C, 62.70; H, 8.12. The optical purity of the above material was
found to be >99% ee by capillary gas chromatographic analysis of its derived (+)-MTPA-amide 10e (vide infra).

2(S$)-(N,N'-bis(s-butoxycarbonyl)hydrazino)-3,3-dimethylbutanocic acid, methyl ester (91, R = ¢
Bu). Method A.(Table 3, Eatry K). A solution of 253 mg (0.500 mmol) of 4f in 7.5 mL of THF and 2.3 mL of
H20, stirred at 0 °C under N2, was trested with 0.20 mL (2.0 mmol, 4.0 equiv) of 31% H207 followed by 24 mg (1.0
mmol, 2.0 equiv) of LiOH (anhydrous powder). The resulting mixture was stirred at 0 °C for 3.25 h, and was then treated
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with a solution of 280 mg (2.2 mmol) of N22SO3 in 1.5 mL of H20. Following the addition of 5 mL of 0.5 N aqueous
NaHCO3, the THP was evaparsied in wacwo. The aqueous residue was acidified with 1 N aqueous NaHSO4 and extracted
with four portions of CHCly. The CH2Ch extracts were combined, dried (NapSOy), and concentrated i vacwo. The
resulting solution (15 mL) was treased dropwise at 0 °C with ethereal diazomethane tmtil a yellow color persiseed. The
solution was decolorized with giacial HOAC, washed with ssturated aqueous NaHCO3, dried (MgSO4), and evaporated in
vacuo. The residuc was chromatographed on one size B Michel-Miller column (50 g of silica gel) eluting with 0.5 L of
hexane-ErOAc (85: 15) followed by a 1L linear gradient from hexane-BtOAc (60: 40) to EtOAc. Early fractions yielded
165 mg (91%) of the ester, 9f, as a white soHid: IR (CHCl3) 3385 (br), 1745, 1707 cm-!; 1H NMR (300 MHz, CDCl3,
331 °K) § 6.45 (br s, 1H, NH), 4.658 (s, 1H, CHC=0), 3.707 (s, 3H, OCH3), 1.468 (s) and 1.462 (s) (18H, OC(CH3)3).
1.124 (s, 9H, CHC(CH3)3); (&lp23 -15.4° (c = 1.03, CHCh); mp 76.5-77.5 °C. Anal. Cakd for C17H32N206: C, 56.65;
H, 8.95. Found: C, 56.68; H, 9.01. The optical purity of the above material was found to be >99% ee by capillary gas
chromatographic analysis of its derived (+)-MTPA-amide 10f (vide infra). Later fractions afforded 14.6 mg
(6.1%yield) of the B-hydroxyethyl amide ring opened product followed by 80.6 mg (91% recovery) of the chiral auxiliary,
2 (XpH).

Method B (Table 3, Entry I). This is a modification of the general LIOH hydrolysis procodure. A solution of 253
mg (0.500 mmol) of 4f in 7.5 mL of THF and 2.5 mL of HO, stirred &t 0 °C under N2, was treated with 24 mg (1.0 mmol,
2.0 equiv) of LIOH (anhydrous powder). The resulting mixture was stirred at 0 °C for 16 h. Following the addition of 3
mL of 0.5 N aqueous NaHCO3, the THF was evaporated in vacuo. The aqueous residuc was acidified with 1 N aqueous
NaHSOg4 and extracted with four portions of C2HC12. The CH2CY2 extracts were combined, dried (Na2SO4), and
concentrated in vacuo. The resulting solution (15 mL) was treated dropwise at 0 °C with ethereal diazomethane until a
yellow color persisied. The solution was decolorized with glacial HOAc, washed with samrated aqueous NaHCO3, dried
(MgSO04), and evaporated in vacuo. The residue was chromatographed (MPLC) on one size B Michel-Miller column (50
g of silica gel) eluting with 0.5 L of hexane-EtOAc (90: 10) followed by a 1L linear gradient from hexane-EtOAc (60: 40)
to EtOAc. Early fractions yielded 29.6 mg (16%) of the ester, 81, as a white solid. The optical purity of the above
material was found to be >99% ee¢ by capillary gas chromatographic analysis of its derived (+)-MTPA-amide 10f (vide
infra). Later fractions afforded 185.3 mg (76%yield) of the hydroxyethyl amide ring opened product,

2S-(N,N'-Bis-(¢-butoxycarbonyl)hydrazino)-3,3-dimethylbutanoic Acid, Benzyl Ester (6f, R =
t-Bu) (Table 3, Entry J). In an exact scale up of the general lithium benzyloxide transesterification procedure (-50
°C, 50 h), 2.75 g (5.44 mmol) of 4f (R = ¢-Bu) gave 1.21 g (51%) of 6f (R = ¢-Bu) as a viscous oil after purification by
MPLC (in two portions on 165 g of silica gel; hexane-EtOAc (93:7)) : IR (CHCI3) 3490, 1747, 1708 cm™!; 1H NMR
(250 MHz, CDCI3, 331 °K) & 7.35-7.28 (m, SH, aromatics), 6.39 (very br s, IH, NH), 5.160 (s, 2H, OCH2), 4.701 (br s, 1H,
CHC=0), 1.454 (s) and 1.434 (s) (18H, OC(CH3)3), 1.119 (s, 9H, CHC(CH3)3); [a)p2Z -8.97° (¢ = 2.75, CHCl3). Anal.
Calcd for C23H36N20g: C. 63.28; H, 8.31. Found: C, 63.38; H, 8.19. The optical purity of the this material was found to
be >99% ee by capillary gas chromatographic analysis of its derived (+) MTPA-amide, 18f (R = ¢-Bu) (vide infra).

General Procedure for the Deprotection, Hydrogemolysis and Acylation of the N ,N'-Bis(s-
butoxycarbonyl)-a-hydrazino Methyl Esters, 9: Assay for Optical Purity. A stirred solution of 0.100
mmol of the protected hydrazino ester 9 in 2.0 mL of CH2Cl was treated with 2.0 mL of trifluoroacetic acid (TFA) at 25
°C under N3. After 30 min, the Raney Nicke138 was added and the stirred mixture hydrogenated under 550 PSIG H3 for
4-16 h (vide infra). The mixture was purged with N2 and then filtered through Celite. The filter cake was washed with
MeOH (x 4) and the filtrate evaporated in vacuo, residual TFA and MeOH being removed by azeotroping with toluene (x
3). The glassy green residue cootaining the (t-amino ester was suspended in CH2Cl13 (3 mL/0.10 mmol) and acylated by
treatment with 2.0 equiv of (+) MTPAchloride 33 and 4.0 equiv of triethylamine at 25 °C. After stirring for 3 h at 25 °C,
2 mL of H20 was added and stirring was resumed for | h additional. The mixture was diluted with CH2Cl7 and washed
with 1 N HCL. The aqueous phase was back-extracted with CH2Cl2 (x 2). The CH2Cl phases were combined, washed
with saturated aqueous NaHCO3, dried (MgSOy4). and evaporated in vacuo. The residue was purified by careful flash
chromatography such that no fractionation of diastercomers was effected. The diastercomeric purity of the resulting
(+)-MTPA-amide, 10, was determined by capillary GLC analysis on a 0.25 mm x 30 m DB-1 fused silica column (vide
infra):

28-((+)-a-Methoxy-a-trifluoromethylphenylacetylamino)-3-phenylpropionic Acid, Methyl Ester,
10c (R = CH2Ph) (Table 4, Eatry A). A sample (47.9 mg: 0.100 mmol) of éc (R = CH2Ph), secured via LiOBn
transesterification (vide swpra), was converted to the corresponding methyl ester 9¢ (R = CH2Ph) by debenzylation (1
atm of H2, 7 mg of 5% PA/C, 1.5 mL of EtOAc, 3 h, 25 °C) and subsequent diazomethane treatment (CH2Cl2, 0 °C).
Without purification, 9¢ was subjected to the above deprotection, hydrogenolysis (4 h), and acylation ((+)-MTPA-
chloride) 33 sequence. Purification by flash chromatography (6 g of silica gel; hexane-EtOAc (4:1)) afforded 37.7 mg
(94%) of 10¢ (R = CH2Ph) as a white solid: IR (CHCI3) 3415, 1747, 1698 cm™!; 1H NMR (250 MHz, CDCl3) § 7.52-
7.13 (m, 11H, aromatics and NH), 4911 (ddd, J = 5.7, 6.7, 8.0 Hz, 1H, CHC=0), 3.734 (s, 3H, CO2CH3), 3.73-3.08 (AB m
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and q & 3.215 (Jp = 1.5 Hz), SH, CHoPh sod CP3COCH3); }3C NMR (62.5 MHz, CDCl3) 8 171.34, 165.96, 135.54,
132.09, 129.45, 129.15, 128.65, 128.45, 127.93, 127.24, 123.73 (q, JCR = 290.2 Hz), 84.12 (q, JCF = 26.1 Hz), 54.77,
$3.16, 52.29, 37.72. Capillary GLC analysis (190 °C, 15 PSI) gave & 2(S)-18¢ (ty = 7.04 min): 2(R)-10¢ (i = 6.64 min)
ratio of 230:1. The sbove solid was recrystallized from acetone-hexsne: mp 99.5-101 °C; [alp23 +6.77° (¢ = 1.00,
CHCl3). Anal Calod for CogHgF3NO4: C, 60.75; H, 5.0, Found: C, 60.82; H, 5.22.

A sample of L-phenylalanine methy! ester hydrochloride (10.8 mg; 0.050 mmol) in CHC12 (0.5 mL) was treated as de-
scribed above with (+)-MTPA-chioride 33 (14.5 L, 0.075 mmol, LS equiv) and E13N (21 pl., 0.15 mmol, 3.0 equiv) for
2h & 25 °C. Purification by flash chromatograpby afforded 18.6 mg (94%) of suthentic 10¢ (R = CHPh), found by 'H
NMR and capillary GLC coinjection to be identical to the major diastereomer in the imide derived sample.

Acylation of L-phenylalanine methyl ester hydrochloride with (-)-MTPA-chloride’3 gave, after purification by flash
chromotography, 19.0 mg (96%) of the (-)}-MTPA-amide (R = CH2Ph) as a colorless oil: 14 NMR (250 MHz; CDCl3) 8
7.40-7.13 (m, 8H, sromatics), 7.015 (br d, J = 83 Hz, 1H, NH), 6.91-6.87 (m, 2H, aromatics), 4.991 (ddd, J = 5.4,7.0, 8.4
Hz, 1H, CHC=0), 3.757 (s, 3H, COCH3), 3.431 (q, J4F = 1.6 Hz, 3H, CP3COCH3), 3.185-2.983 (8 line AB portion of
ABX system, JAR = 14.0 Hz, JoX = 7.0 Hz, JBX = 5.4 Hz, 2H, CH2Ph). This material was shown by coinjection to have
the same retention time on capillary GLC as the minor disstereomer, 2(R)-18¢ (R = CH2Ph), in the imide derived sample.

2S-((+)-a-Methoxy-a-trifilsoromethyiphenylacetylamino)phenylacetic Acid, Methyl Ester, 104
(R = Ph) (Table 4, Eatry B). A sample (38.4 mg; 0.10 mmol) of 94 (R = Ph), secured via LiOH-hydroly-
sis/CHyNj-esterification (vide supra), was subjected to the above deprotection, hydrogenolysis (4 h) sequence. The
unpurified amino ester was divided into two equal portions as a MeOH solution.  Following solvent removal (in vacuo,
toluene azeotrope) one portion was acylated as described above by treatment with 19.4 uL (0.10 mmol; 2.0 equiv) of (+)-
MTPA-chioride33 and 28 uL (0.20 mmol, 4.0 equiv) of triethylamine in 1.5 mL of CH2Cly. The unpurified product was
purified by flash chromatography (4 g of silica gel; hexane-EtOAc (85:15)) to afford 19.0 mg (99%) of 18d (R« Ph)asa
colorless, viscous oil : IR (CHCl3) 3415, 1748, 1700 cm'!; 1H NMR (250 MHz; CDCl3) § 7.771 (r d, J = 6.7 Hz. IH,
NH), 7.60-7.57 (m, 2H, aromatics), 7.45-7.34 (m, 8H, aromatics), $.584 (d, J = 7.2 Hz, 1H, CHC=0), 3.733 (s, 3H,
CO3CH3), 3.358 (g, JHF = 1.3 Hz, CF3COCH3); 13C NMR (62.5 MHz, CDCi3) § 170.68, 165.85, 135.68, 131.94,
129.54, 129.07, 128.77, 128.57, 128.03, 127.28, 123.76 (q, JCF = 290.3 Hz), 84.14 (q, JCF = 25.7 Hz), 56.60, 54.88,
52.78; [a)p2? +80.9° (c = 0.90, CHCl3); High Resohsion MS. Calcd for C1gH|gF3NOg: nve 381.11878. Found: m/e
381.11857. Capillary GLC disstereomer analysis (200 °C, S PSI) gave a 2(5)-10d (t¢ = 10.65 min): 2(R)-10d (t = 9.8
min) ratio of 99:1.

The second portion of unpurified amino ester (vide supra) was acylated exactly as described above with (-}-MTPA-
chloride33 10 afford 19.1 mg (99%) of the comesponding (-)-MTPA-amide (R = Ph) as a colorless glass: 'H NMR (250
MHz: CDCl3) 5 7.610 (br d, J = 6.5 Hz, 1H, NH), 7.41-7.25 (m, 10H, aromatics), 5.605 (d. J = 7.3 Hz, 1H, CHC=0), 3.753
(s. 1H, CO2CH3), 3.549 (g, JHF = 1.6 Hz, 3H, CF3COCH3). This material was shown by coinjection with the above
sample of 10d (R = Ph) to have the same retention time on capillary GLC as the minor diastereomer, 2(R)-104, in that
sample.

2§-((+)-a-Methoxy-a-trifluoromethylphenylacetylamino)-3-methylbutamoic Acid, Methyl Ester,
10¢ (R = i{-Pr) (Table 4, Entry C). A sample (135 mg; 0.319 mmol) of ée (R = i-Pr), secured via LiOBn
transesterification (vide supra) was coaverted w0 the corresponding methy! ester Se by debenzylation (1 atm of H, 17
mg of 5% Pd/C, S mL of EtOAc, 3 h, 25 °C) and subsequent diazomethane treatment (CH2Cly, 0 °C). Without purification,
9¢ was subjected to the above deprotection (4 mL of CHClz, 4 mL of TFA), hydrogenolysis (16 h), and acylation ((+)-
MTPA-chloride)33 sequence. Purification by flash chromatography (35 g of silica gel; hexane-EtOAc (85:15)) afforded
92.0 mg (83%) of 18e (R = i-Pr) as a pale yellow oil: IR (Neat) 3430, 3350 (sh), 1746, 1705 cm™}; 1H NMR (250 MHz,
CDC13) § 7.56-7.52 (m, 2H, aromatic), 7.46-7.37 (m, 4H, sromatic and NH), 4.597 (dd, ] = 4.7, 9.1 Hz, 1H, CHC=0), 3.743
(s. 3H, CO2CH3), 3.387 (q, JHF = 1.3 Hz, 3H, CF3COCH3). 2.281 (d of septets, J = 4.7, 6.9 Hz, 1H, CH(CH3)2), 0.994
(d. ] = 6.9 Hz, 3H, CH(CH3)), 0.947 (d, ] = 6.9 Hz, 3H, CH(CH3)); }3C NMR (62.5 MHz, CDCl3) § 171.70, 166.07,
131.97, 129.39, 128.46, 128.08, 123.85 (q. JCF = 290.2 Hz), 84.29 (q, JCp = 25.9 Hz), 57.25, 54.83, 52.01, 31.14,
18.90, 17.59; (a]ozs -23.8° (¢ = 0.92, CHCl3). High Resolution MS. Cakd for C1gH20F3NO4: m/e 347.13443. Found:
m/e 347.13369. Capillary GLC diastereomer ysis (150 °C, 7 PSI) gave a 2(5)-10e (ty = 13.59 min): 2(R)-10e iy =
13.03 min) ratio of >500:1.

A sample of L-valine methyl ester hydrochloride (16.8 mg, 0.10 mmol) in CH2Cl; (1.0 mL) was treated as described above
with (+)-MTPA-Chloride33 (29.1 plL, 37.9 mg, 0.15 mmol) and E13N (41.8 uL, 30.4 mg, 0.30 mmol) for 3 h & 25 °C.
Purification by flash chromatography afforded 34.9 mg (100%) of 19e (R = i-Pr) found by TH NMR and capillary GLC
coinjection 1o be identical to the major diastereomer in the imide derived sample.

Acylation of L-valine methyl ester hydrochloride with (--MTPA-chioride33 in an identical fashion gave, afier purifica-
tion by flash chromatography, 32.8 mg (95%) of the corresponding (-}-MTPA-amide (R = {-Pr) as a colorless oil: 14
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NMR (250 MHz, CDCl3) § 7.60-7.56 (m, 2H, somatic), 7.45-7.37 (m, 3H, aromatic), 7.051 (br d, J = 9.0 Hz, 1H, NH),
4.617(dd, J = 4.6, 9.1 Hz, 1H, CHC=0), 3.764 (3, 3H, CO2CH3), 3.553 (q. JHF = 1.7 Hz, 3H, CP3COCH3), 2.200 (d of
septets, J = 4.7, 6.9 Hz, 1H, CH(CH3)2). 0.871 (d. J = 6.9 Hz, 3H, CH(CH3)), 0.808 (d, J = 6.9 Hs, 3H, CH(CH3)). This
material was shown by coinjection to have the same retention time on capiilery GLC as the minor disstereomer, 2(R)-10¢
(R = i-Pr), in the imide derived sample.

2S-((+)-a-Methoxy-a-trifinoromethyiphenylacetylamino)-3,3-dimethyldutamoic Acid, Methyl
Ester, 16f (R = t-Bu) (Table 4, Estry D). A sample (43.6 mg; 0.100 mmol) of éf (R = 1-Bu), secured via LiOBn
transesterification (vide supra), was converted to the corresponding methyl ester 9¢ by debenrylation (1 sm of Hp, 7 mg
of 5% Pd/C, 1.5 mL of EtOAc, 3 h, 25 °C) and subsequent diazomethane trestment (CH2Cl, 0 °C). Without purification,
91 was subjected 10 the above deprotection, hydrogenolysis (16 h) sequence. The unpurified amino ester was divided
into two cgual nortions as 8 McOH solution. Following solvent removal (in vacuo, toluene azeotrope), one portion was

of silica gel; hexane-EtOAc (9:1)) to afford 16.0 mg (89%) of 18 (R = ¢-Bu) as a colozless viscous oil: IR (near) 3430,
1744, 1708 cm™!; |H NMR (300 MHz, CDCl3) 8 7.52-7.48 (m, 3H, sromatic and NH), 7.43-7.38 (m, 3H, aromatic), 4.463
(d. ] = 9.5 Hz, 1H, CHC=0), 3.727 (s, 3H, CO2CH3), 3.390 (q, JHF = 1.4 Hz, 3H, CF3COCH3), 1.025 (s, 9H. C(CH3)3);
13C NMR (62.5 MHz; CDCI3) 8 171.40, 165.86, 131.98, 129.45, 128.54, 128.05, 123.91 (g, JCF = 290.1 Hz) 84.32 (q.
ICF = 25.9 Hz), 60.39, 54.95, 51.77, 34.87, 26.64; [a]p2> -28.8° (¢ = 0.71, CHCI3). High Resolution MS. Calcd for
C17H22F3NO4: mve 361.15008. Found: m/e 361.14596. Capillery GLC analysis (150 °C, 6 PST) gave a 2(5)-10f (; =
17.00 min): 2(R)-10f (tr = 16.31 min) rato >500:1.

The second portion of unpurified amino ester (vide supra) was acylated exactly as described above with (-)-MTPA-
chloride.33 The unpurified product was purified as described above by flash chromatography to afford 15.2 mg (84%) of
the corresponding (-)-MTPA-amide (R = ¢-Bu) as a colorless viscous oil: 1H NMR (300 MHz, CDCl3) § 7.60-7.57 (m,
2H, aromatic), 7.43-7.38 (m, 3H, aromatic), 7.116 (br d, J = 9.7 Hz, 1H, NH), 4.483 (d, J = 9.7 Hz, 1H, CHC=0), 3.755 (s,
3H, CO2CH3). 0.903 (s, 9H, C(CH3)3). This material was shown by coinjection with 16 (R = 1-Bu) to have the same
retention time on capillary GLC as the minor diastereomer, 2(R)-10f (R = ¢-Bu), in that sample.
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The slightly lower diastereomeric purity in the phenyl glycine derivative 10d (Entry B, Table 3) is assumed to re-
flect the enantiomeric purity of the hydrazido ester precursor 94.
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Commercially available Raney Nickel (Aldrich # 22,167-8) (~300 mg damp weight in H20 / 0.10 mmole of 9 was
employed. The reagent was stored at S °C as supplied and washed immediately prior to use with H20 (3 x 2 mL),
MeOH (3 x 2 mL), and finally CH2Cl (3 x 2 mL).



