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ABSTRACT

The diastereoselective alkylation of chiral 2-oxazolidinone imide
enolates is described. The requisite chiral N-acyl 2-oxazolidinones are
prepared from readily available amino acid and amino alcohol precursors.
The 1ithium and sodium enolates, derived from these chiral imides, react
in a highly diastereoselective manner with a variety of electrophiles.
Furthermore, the diastereomers are often separable by 1iquid chroma-
tography affording products with a diastereomeric purity > 99:1,
Several methods are described for the non-destructive removal of the
chiral auxiliary to afford enantiomerically pure alcohols, aldehydes,
carboxylic acids, acid chlorides, esters, hydrazides, and ketones.
Through the use of chiral imides 16 and 20 either of the enantiomeric

products can be obtained.
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An approach to the enantioselective total synthesis of the poly-
ether ionophore antibiotic ferensimycin B (2) is described. The synthe-
sis employs the diastereoselective alkylation and aidol condensation of
chiral 2-oxazolidinone imide enolates to both construct the carbon
backbone and generate the necessary stereocenters. This research has

culminated in the preparation of the advanced intermediate 49.
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An enantioselective total synthesis of (R) and (S)-thiorphan EN-(1-
ox0-2-mercaptomethyl-3-phenylpropyl)glycine] via a six-step sequence is
reported. The key step, establishing the absolute stereochemistry, is
the diastereoselective alkylation of the enolate derived from chiral 2-
oxazolidinone imide 16 (R = PhCHy) or 20 (R = PhCHp) with benzyl bromo-
methyl sulfide. The level of alkylation diastereoselection is in excess

of 95:5,
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CHAPTER 1

DIASTEREOSELECTIVE ALKYLATION OF CHIRAL
2-0XAZOLIDINONE IMIDE ENOLATES



I. INTRODUCTION

Enantiomers can evoke diverse biological responses. (1)-Carvone
smells like spearmint, whereas (d)-carvone smells like anise. One
enantiomer of an insect pheromone can produce a hundred-fold greater
response than the other enantiomer.! Only the (S)-enantiomer of the
sedative thalidomide causes birth defects.? Investigations into the
enantiotropic behavior of chiral molecules require that both enantiomers
are available. The synthesis of chiral molecules is thus an important
aspect of organic chemistry.

The synthesis of both simple and complex chiral molecules hinges on
the ability to either acquire or create asymmetry. Chiral molecules can
be prepared in three ways: 1) resolving racemic mixtures to afford
enantiomers; 2) acquiring asymmetry from available chiral molecules;
and 3) preparing chirality by asymmetric synthesis. Each approach is
useful for preparing various types of chiral molecules.

The resolution of a racemic mixture is the classical method to
obtain an optically active substance. Many resolution techniques are
known.3 But most are not general, and some only resolve a single
racemic pair. Unless both enantiomers of a chiral molecule are needed,
the resolution of a racemate wastes at least half of the mixture. Only
if the racemic mixture is readily obtained and efficiently resolved, is
resolution a useful method to procure chirality.

Nature produces a wide variety of chiral molecules.d This "chiral
pool" is the origin of chirality for the preparation of numerous chiral
molecules.” Natural products are an economical source of enantiomer-

jcally pure chiral precursors. But nature only produces one enantiomer
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of most chiral precursors, thereby inhibiting the synthesis of both
enantiomers of a chiral molecule.

Asymmetric synthesis is a more flexible apprcach for preparing
chirality. Neither resolution techniques nor natural products that
contain the desired chirality are necessary. Asymmetric synthesis
creates new chirality under the influence exerted by existing chirality.
The asymmetry that directs the creation of new chirality can either
reside within the same molecule {intramolecular asymmetric induction) or
be part of another molecule {intermolecular asymmetric induction). The
methods of asymmetric synthesis have significantly improved over the
last 50 years.6 A better understanding of stereochemistry and reaction
mechanisms now permits asymmetric reactions to be designed on a more
rational basis.

Asymmetric synthesis embodies three modes of asymmetric induction:
1) the differential reaction of a chiral reagent with a prochiral sub-
strate (stoichiometric asymmetric induction); 2} the differential reac-
tion of an achiral reagent with a prochiral substrate under the influ-
ence exerted by a chiral catalyst (catalytic asymmetric induction); and
3) the differential reaction of an achiral reagent at a prochiral center
within a chiral molecule (relative asymmetric induction). Each of these
processes is kinetically controlled. Therefore, the extent of asym-
metric induction is related to the difference in the activation energy
(AAG ) between the two competing pathwa_ys.7

In a simple approximation, as the ratio of the reaction products
increases, the requisite difference in the activation energy of the
competing transition states, AAG increases in an exponential manner.

This relationship is illustrated in Figure 1. For example, a 98:2
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Figure 1 The Relationship Between Transition State Free Energies and
Product Ratios.
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product ratio at -78°C corresponds to a aAAG of 1.5 kcal/mol. The same
product ratio at 25°C requires a AAG of 2.5 kcal/mol. Although these
requirements seem small, when compared with the typical carbon-carbon
bond disassociation energy (2.5 kcal/mol vs 84 kcal/mol), they have
proven significant for designing asymmetric biases that differentially
control reactions occurring at prochiral reaction sites.

Macrolide and polyether ionophores often elicit significant anti-
bacterial and antitumor activities.8 This class of natural products,
isolated from a variety of microbial sources, contains numerous stereo-
centers and oxygenated 1igands on a carbon backbone. The architectural
complexity of macrolide and polyether ionophores is illustrated in
Figure 2.

The total synthesis of macrolide and polyether ionophores brovides
a critical method of evaluating the different approaches to asymmetric
synthesis. Most synthetic pathways to these natural products proceed
through acyclic intermediates containing numerous asymmetric centers.
Reactions based on both catalytic and stoichiometric asymmetric induc-
tion, however, are more suited for preparing simple chiral molecules.
Even relative asymmetric induction can become bogged down as the number
and variety of stereocenters increase. Despite these difficu]t{es,
Kishi has made some significant advances in the use of relative asym-
metric induction.’

We, however, sought a more general approach to synthesize these
complex natural products. Nature constructs the macrolide and polyether
ionophores in a linear fashion, similar to the biosynthesis of fatty

acids, from acetate, propanoate, and butanoate derived building bIocks.9
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Scheme 1 ilJustrates the proposed biosyntheﬁis of tylosin. A straight-
forward approach to their synthesis would be tomimic this process--a
method, whereby both the carbon backbone is constructed, and the new
stereocenters are set, independent of other stereochemistry in the
molecule. This would necessitate a set of asymmetric carbon-carbon bond
forming reactions based on chiral Cy, C3, and C4 precursors. An itera-
tive series of these reactions would enable the synthesis of the macro-
Tide and polyether icnophores, as well as related molecules not avail-
able from nature.

We envisioned using a chiral acyclic enolate synthon to mimic iono-
phore biosynthesis. A chirél enolate synthon is an enolate or an enol-
ate equivalent to which an asymmetric bias is apph‘ed.11 Attaching a
removable chiral auxiliary (X;) to an acyclic enolate precursor affords
a chiral acyclic enolate synthon. The chiral auxiliary differentiates
the prochiral w-faces of the enolate to the approaching electrophile,

and thus favors one diastereomeric product {(eq 1).

0 0 9]
,lL\/,Me bose Me /lL\/,Me
- +
Xc €l xélll\'/, X g ()
El El
(DI<< D2) or (DI>> D2) Dt D2
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Scheme 1
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I1. DESIGN OF A CHIRAL ACYCLIC ENOLATE SYNTHON

The enantioselective alkylation of a chiral acyclic enolate synthon
requires control over three individual steps. The overall process for
alkylation of a chiral propancate synthon is illustrated in Scheme 2.
The stereochemisty of the product is directly related to both the geom-
etry of the enolate and the chirality of the auxiliary. Therefore, both
the generation of a single enolate isomer (Step A) and the alkylation of
a single diastereoface of the enolate (Step B) is required to obtain a
specific diastereomer. In order to be synthetically useful, both steps
must be highly stereoselective. Finally, the chiral auxiliary must be
removable under conditions that minimize racemization of the newly

formed chiral center (Step C).

om o] Q
® " . © )
Xz H g - HO L

bass Me n-foce el £
(E)-unolnh\ / D1 E

.
ch'k/"‘ €l

f-foce

® K Jwe O

-1
bose H o-fote £1 El

[Z)-enplote D2 £2

A} Stereoseiective Enolization. B} Diasterwossiactive Alkylotion. C) Chira! Ruxiligry Ramoval

Scheme 2
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For a chiral acyclic enolate synthon to be useful in an iterative
sense, as would be required for the synthesis of the macrolide and
polyether ionophores, the entire process must be highly enantioselec-
tive. Six repetitions of a 95:5 process decrease the proportion of the
major sterecisomer below 75%. The attainment of an overall enantio-
selection of >95:5 for the alkylation of a chiral enolate synthon neces-
sitates an enolate stereoselection of >98:2, an alkylation diastereo-
selection of >98:2, and less than 1% product racemization during removal
of the chiral auxiliary. As previously indicated, a selectivity of 98:2
corresponds to a aaG of 1.5 kcal/mol at -78°C, or 2.5 kcal/mol at
25°C.

The first reaction step to address for the design of a chiral
acyclic enolate synthon is stereoselective enolization. Deprotonation
of an acyclic carbonyl derivative can afford two geometrically isomeric
enolates (eq 2). Although enolates play an important role in organic
chemistry, the process of enolization is not fully understood. A number
of the factors that control this transformation, however, are empir-

ically known.

oM OM
base
Me H
(E)-enolate (Z)}-enolate

The kinetic ratio (E:Z) of enolate stereoisomers obtained by the
deprotonation of various ester, ketone, and N,N-dialkylcarboxamides with

Yithium diisopropylamide {LDA) is summarized in Table 1. With ketone
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substrates {(Table 1 entries A-D), both the magnitude and the sense of
enolate stereoselection depends on the size of the R substituent. Enol-
ate stereoselection for esters (Table 1, entries E-F) and N,N-dialkyl-
carboxamides (Table 1, entries G-H), however, is independent of the R
substituent., Esters preferentially (E:Z = 95:5) form the (E) enolate
isomer, whereas N,N-dialkylcarboxamides exclusively (E:Z < 3:97) afford
the (Z) enolate isomer. The stereoselective generation of the (Z)-
enolate isomer by deprotonation of N,N-dialkylcarboxamides with LDA can
be rationalized on the basis of a developing A1,3-steric interaction
between the C-2 methyl and the nitrogen substituent R, in the transition

state leading to the (E) enolate isomer (Scheme 3).

Table 1. Enolization of Esters, Ketones and N,N-Dialkylcarboxamides
with Lithium Diisopropylamide (eq 2).

Entry R E:7 Ref.
A Et 70:30 12
B i-Pr 40:60 12
C t-Bu < 2:98 12
D Ph < 2:98 12
E Me0 95:58 12
F t-Bul 95:52 12
G EtoN < 3:97 13
H [{CHo)4IN < 3:97 13

a) For assignment of ester enolate configuration, the OLi group
arbitrarily is given a higher priority than the OR group.
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Since N,N-dialkylcarboxamides satisfy the first design requirement,
we elected to investigate chiral N,N-dialkylcarboxamides as potential
chiral acyclic enolate synthon candidates. The two nitrogen substit-
uents provide convenient locations to situate an asymmetric bias.
Placement of the resident chirality on one of the nitrogen substituents,
however, introduces the problem of amide rotational isomerization. The
U-form and the W-form of the unsymmetrically N,N-disubstituted (Z)-
carboxamide enolate favor opposite diastereofaces of the enolate to the
approaching electrophile, and thereby lead to diastereomeric products
{Scheme 4). Therefore, the level of alkylation diastereoselection will
also depend on the proportion of the two rotameric forms present during

alkylation.



Scheme 4

A chiral carboxamide enolate Tacking preference for either rota-
meric form will be non-diastereoselective. Indeed, alkylation of the
lithium enclate of N-[(R)-1-phenylethyl Jpropanamide with ethyl iodide
affords a 1:1 mixture of diastereomers (eq 3L14 Therefore, an addi-
tional design element is required to obtain a high tevel of alkylation
diastereoselection: the selection and immobilization of a single amide

rotational isomer.

Me O Me O Me ©O
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One method to selectively favor and immobilize one amide rotational
isomer involves chelation. A chelating ligand (Y) is located on one of
the nitrogen substituents. Only one of the amide rotational isomers
places the chelating ligand in proximity to the enolate oxygen. The
formation of a metal-centered chelate ring then immobilizes this amide

conformation (eq 4).

oM y-Mso
|
R\N/L§T,Me 0 R Me (4)
I i
YR H R H

Two different chiral N,N-disubstituted carboxamide systems employ
chelation to inhibit amide rotational isomerization. Alkylation of the
lithium enolate of (L)-ephedrine propanamide with ethyl iodide at -20°C
affords a 76:24 ratio of diastereomers (eq 5L15 The observed sense of
diastereoselection is rationalized by the electrophile approaching the
sterically less encumbered g-face of seven-membered chelated (Z) enolate
1. Alkylation of the corresponding magnesium enolate at 25°C improves
the diastereomer ratio to 95:5. Presumably, magnesium as the dication,
forms a tighter, more stable chelated structure, with Tess confor-

mational freedom.

Me O Me O Me O
£ | 2}EH ) -
Ph  Me Ph  Me Et Pn  Me Et
base = LDA 76 . 24

base = LDA-MgBr, 95 . 6
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Both Takacs in our laboratories,13,16 and sonnet!4 have investi-
gated the diastereoselective alkylation of carboxamides derived from
(S)-prolinol. Alkylation of the 1ithium enolate of (S)-prolinol propan-
amide with ethyl iodide affords a 92:8 ratio of diastereomers (eq 6).
In this case, the observed sense of diastereoselection is explained by
the electrophile approaching the sterically less encumbered a-face of

seven-membered chelated (Z) enolate 2.

HO HO HO
O 0 0
)J\/M }LDA JJ\/M )
e — 8 Me (6
N 2) Etl N ¥ . N (
Et Et

92 . 8

o—M. _M o~M. _M

Ph lu& 0 o~
) N)\\'/Me H e N)§|/Me
1 2

In both of these examples the resident chirality is located on the
nitrogen substituent corresponding to the W-rotameric isomer. An exami-
nation of the two rotameric forms shows that the U-rotameric isomer
places the resident chirality in closer proximity to the prochiral
reaction site (Figure 3). Therefore, alkylation of the U-rotameric
isomer should in principle be more diasterecselective than alkylation of
the W-rotameric isomer. In order to selectively favor and immobilize
the U-rotameric isomer, the chelating 1igand and the resident chirality

would have to be located on different nitrogen substituents (eq 7).
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oM “,_OM
N N
| | ~
R* H R H
u-form w-form

Figure 3 U- and W-Rotameric Forms of (Z) Carboxamide Enolates.

oM T"lM\O
3t
R\N/K\,/Me —_— R\N/k\rMe (7)
| * L
YR H R* H

Based on the previous discussion, we envisioned that chiral 4-
substituted 2-oxazolidinone imides 3 meet the design criteria for a
chiral acyclic enolate synthon. Enolization of 3 should stereoselec-
tively if not exclusively afford the metal-centered, six-membered che-
lated (Z) enolate 4 (eq 8). This conformationally rigid enolate struc-
ture places the oxazolidinone C-4 position in close proximity to the
prochiral enolate reaction site. Introducing chirality at the C-4 posi-
tion would be expected to differentially bias the two diastereofaces of
the enolate. The electrophile approaching the least hindered diastereo-

face of the enolate would favor a single diastereomer (Scheme b).
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In the following report, we discuss the synthesis and diastereo-
selective alkylation of chiral 4-substituted 2-oxazolidinone imides, as
well as the transformation of the resultant alkylated products into
useful chiral intermediates. The reported kinetic diastereoselection
for alkylation of other chiral esters and N,N-dialkylcarboxamides is

summarized in Appendix 1.



-18-

II1. RESULTS AND DISCUSSION

A. Preparation of the Chiral Auxiliary. Dyen has reviewed the
synthesis and chemistry of 2-oxazolidinones.l’” Of the many synthetic
approaches to this class of molecules, cyclization of chiral 2-substi-
tuted amino alcohols with carbonyl dication equivalents is especially
well suited for preparing a variety of chiral 4-substituted 2-oxazoli-
dinones (eq 9). The requisite chiral amino alcohols are commercially
available, or easily prepared, either by reducing the corresponding
amino acids with borane,18 or by reducing the amino acid ester salts

with sodium borohydride.19

Reduction of the amino acid (S)-valine with borane--dimethyl
sulfide/boron trifluoride--diethyl etherate, following the procedure of
Lane,}8 affords (25)-2-amino-3-methyl-1-butanol [(S)-valinol] in 45-55%
yield {eq 10). This procedure, however, also affords a considerable
quantity of 4-methylmercapto-l-butanol, which interferes with isolation
of the (S)-valinol. Brown has reported that the rate of amide reduc-
tion, with borane--dimethyl sulfide, is.increased by removing the
dimethyl sulfide from the reaction mixture.20 We applied this modifica-
tion to the reduction of (S)-valine. Thus, as borane--dimethyl sulfide
is added to the mixture of (S)-valine and boron trifluoride--diethyl

etherate in tetrahydrofuran (THF), both dimethy) sulfide and diethy!
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ether are removed by distillation. This both increases the rate of
reduction and decreases the amount of biproduct formed. The modified
reduction procedure, performed on large scale (1-8 mol), affords (S)-

valinol in 55-70% yield.

HO  NH, 1) BH, Me,S/BFEL,0, THF  HO  NH, ‘o)
OJ—-—H, 2) NaOH, H,0 ‘-——H/

(55-70%)

Alternately, chiral aminc alcohols can be prepared by reducing the
corresponding aﬁino acid ester salts with sodium borohydride.lg Al-
though this procedure requires the additional step of preparing the
amino acid ester salt, it uses the less expensive sodium borohydride as
the reductant. Reduction of ethyl (S)-phenylalanine hydrochloride with
sodium borohydride affords (2S)-2-amino-3-phenyl-1-butanol [(S)-phenyl-
alaninol] in 63% yield (eq 11).2!

Et0  NH;CI {} NaBH,, E1OH HO  NH,
- (1)
0
Ph Ph
(64%)

By examination of the 19¢ NMR spectrum of amides derived from these
chiral amino alcohols and Mosher's acid,22 Meyers has demonstrated that
Tess than 2% racemization occurs during either of these reduction pro-
cedures.23 We show that the amount of racemization is actually less
than 0.5%, based on the enantiomeric purity of chiral 2-oxazolidinones

prepared from these amino alcohols.
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Both (S)-phenylalaninol and (S)-valincl are derived from naturally
occurring amino acids. In order for the proposed chiral auxiliary to
induce either sense of asymmetry would require both C-4 configurations of
the 4-substituted 2-oxazolidinone. Therefore, a source of (2R)-amino
alcohols is necessary. Of the "unnatural" amino acids, as precursors to
(2R)-amino alcohols, only (R)-phenylglycine is commercially available at
reasonable cost. Fortunately, the amino alcohol (1S,2R)-2~amino-1-
phenyl-1-propanol [{15,2R)-norephedrine], resolved as its tartrate salt,
also is commercially available.

With both {2R)- and (2S)-amino alcohols at our disposal, we pre-
pared a variety of (4R5- and (45)-4-substituted 2-oxazolidinones. Three
different carbonyl dication equivalents were employed to cyclize the
amino alcohols: 1) diethyl carbonate (eq 12); 2) diphenyl carbonate
(eq 13); and 3) phosgene (eq 14). The cyclization results are summar-
jzed in Table 2.2% Other than (t)-4-methyl-2-oxazolidinone [{#)-
alaninol 2-oxazolidinone, 5], all of the 2-oxazolidinones are colorless

crystalline solids. The 2-oxazolidinones prepared for this investiga-

tion are illustrated in Figure 4.

0

HO  NH, (E10),C0, K,CO, JL
2 0" * °NH (12)

¥R 125°C . .

¥ R

0

HO  NH, (Ph0),CO, K,CO, /lL
, 07 * “NH (13)

R Hoec .
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Figure 4. 2-Oxazolidinones.

Homeyer has reported that amino alcohols react with dialkyl carbo-
nates in the presence of base to afford 2-oxazolidinones.2® This is the
basis for the first two cyclization procedures. The diethyl carbonate
procedure is operationally very simple. A neat mixture of the amino
alcohol, diethyl carbonate, and a catalytic amount of anhydrous potas-
sium carbonate is heated at 125°C until two equivalents of ethanol

distills from the reaction mixture. The product is separated from the



Table 2. Preparation of 2-Oxazolidinones.

Entry Oxazolidinone Method2

A (

Lo=)

C (4R,5S5)-6

D (4R,5S5)-6

F (45,55)-7

(100°C, 12 mm)

pJ

(4R,55)~-6 121-122°C

121-122°C

121-122°C

119-120°C

123.5-124.5°C

+177.2°
(¢ 2.21, CHC13)

+177.2°
(c 2.21, CHC13)

+177.2°
(c 2.21, CHC13)

+15,7°
1.83, EtOH)

-16.6°
5.81, EtOH)

-58.6°
(c 1.06, CHClp)

+5.1°¢
(c 0.76, EtOH)

G (45)-8

H

1 (4R)-9

J (45)-10
a) A =

diethyl carbonate (eq 12}; B = diphenyl carbonate (eq 13);
phosgene (eq 14).

potassium carbonate and purified by crystaliization or reduced-pressure

distillation.

The reaction can easily be performed on a large scale (1-

3 mol). Usually, the yield of 2-oxazoiidinone obtained by the diethyl

carbonate procedure (Table 2, entries F, G, 1, and J) is good to excel -

Tent (79-95%).

We attribute the poor yield (46%) of 2-oxazolidinone 5

(Table 2, entry A) to the water solubility of this product.
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The reaction of (1S,2R)-norephedrine with diethyl carbonate (Table
é, entry B) presents a more serious problem. Normally, the yield of
(4R,55)-4-methy] -5-phenyl-2-oxazolidinone [(4R,5S)-norephedrine 2-
oxazolidinone, 6] is very good (85-95%). Periodically, however, the
reaction fails, affording neither product nor starting material. When
this occurs, N-ethylnorephedrine 2-oxazolidinone and a polymer are
formed. (1S,2R)-Norephedrine often takes longer to cyclize than other
amino alcohols. The slower rate of cyclization for this amino alcohol
may be the result of the developing cis steric interaction between the
C-4 methyl and C-5 phenyl substituents in Z-oxazolidinone 6. Raising
the reaction temperature to 140-180°C in an attempt to accelerate the
rape of cyclization only increases the amount of byproducts formed.
Rather, we suggest that the reaction be maintained at 125°C, and that a
full equivalent of potassium carbonate is used to catalyze this cycliza-
tion.

Because of the inconsistent yield of 2-oxazolidinone 6, we investi-
gated two other cyclization procedures. The diphenyl carbonate proce-
dure for preparing 2-oxazolidinones is essentially the same as the
diethyl carbonate procedure.25 A neat mixture of amino alcohol and
diphenjl carbonate in the presence of anhydrous potassium carbonate at
110°C reacts to afford the 2-oxazolidinone. The two equivalents of
phenol formed during this reaction are removed from the product by
extraction with aqueous base. The product is purified by crystalliza-
tion. The reaction can be performed on a large scale (0.5-3 mol).
Cyclization of (1S,2R)-norephedrine with diphenyl carbonate (Tgb]e 2,
entry C) affords 2-oxazolidinone 6 in 82-93% yield. Despite the more

involved work-up procedure, this is the preferred synthesis of the 2-
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oxazolidinone derived from (15,2R)-norephedrine.

Phosgene also reacts with amino alcohols in the presence of base to
afford 2-oxazolidinones.2’ Although phosgene is a gas at room tempera-
ture (bp 8°C), it can be supplied as a solution in toluene. The amino
alcohol and triethylamine in toluene at 0°C react instantaneously with
phosgene to afford the 2-oxazolidinone and a voluminous white precipi-
tate of triethylamine hydrochloride. Unfortunately, the high reactivity
of phosgene can lead to the formation of two byproducts: N-chloroformyl-
2-oxazolidinone, and N,N-carbonyldi-2-oxazolidinone. Therefore, excess
phosgene must be avoided. Cyclization of (15,2R)-norephedrine with
phosgene {Table 2, entry D} affords 2-oxazolidinone 6 in 88% yield.
This is the method of choice for small scale cyclizations, when neat

procedures are impractical.

B. Determination of the Enantiomeric Purity of Chiral 2-Oxazoli-
dinones. The level of asymmetric induction exerted by a chiral auxil-
jary is directly proportional to the enantiomeric purity of the chiral
auxiliary. An asymmetric reaction, 100% stereoselective, but whose
directing chirality is only 75% enantiomerically pure, can only afford a
chiral product 75% enantiomerically pure. Therefore, the enantiomeric
purity of the chiral 2-oxazolidinone is of vital importance. The spe-
cific rotation of chiral 2-oxazolidinones is both solvent and concentra-
tion dependent. Thus, it is difficult to accurately relate the specific
rotation and enantiomeric purity of chiral 2-oxazolidinones.

An alternate method of determining the enantiomeric purity of a
chiral molecule involves preparation of a diasteromeric derivative. A

chiral molecule of known enantiomeric purity is coupled, under non-
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racemizing conditions, to the chiral molecule of unknown enantiomeric
purity. The ratio of diastereomers in the resultant product is directly
related to the enantiomeric purity of the two chiral molecules. To
accurately reflect the enantiomeric purity, the two chiral molecules
must completely react. Also, diastereomer resolution prior to analysis,
must be prevented. Cognizant of these factors, diastereomeric deriva-
tives are useful for determining, to a high degree of precision, the
enantiomeric purity of chiral molecules.

We successfully employed this technique to determine the enantio-
meric purity of chiral 2Z-oxazolidinones. Metalation of the chiral 2-
oxazolidinone with n-butyllithium at -78°C, and N-acylation of the
resultant anion with (2R)-2-methoxy-2-phenyl-3,3,3-trifluoropropanoyl
chloride [(R)-Mosher's acid chloride, 11]22 affords the diastereomers 12
and 13 (eq 15). The ratio of diastereomers (12:13) was measured by
capillary GC and independently confirmed by HPLC. A standard mixture of
diastereomers was prepared by coupling racemic 2-oxazolidinone to (R)-11
or chiral 2-oxazolidinone to (2)-11 in order to demonstrate that the
analytical technique separated the diastereomers. The results are sum-
marized in Table 3. In all cases, the diastereomer ratic (major:minor)
is > 200:1. Therefore, the enantiomeric purity of the chiral 2-oxazoli-

dinones and their precursor amino alcohols is > 99%.

o
J 1) n-BuLi, THF, -78°C CF, <
07 “NH ’u‘ ’U\ch ’u‘ ’LLjﬂnPn (15)
[+ ] 2) (R)- 14
R“% #“R

* mm R' * MS)

12 13

P pote,
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Table 3. Enantiomeric Purity of the 2-Oxazolidinones (eq 15).

First Diastereomer to Elutel

2-Oxazolidinone Ratiol &6C GC HPLC
Entry R R'" Chirality 12:13 Carbowax 20M DB-5 Silica gel
A 6 Me Ph  (4R,5S) > 200:1 {4S) -——- (4S}
B 7 Me Ph (45,55} £ 1:200 ——— (4R) (4S)
C 8 i-Pr H (4S) £ 1:200 (4S) -—— (4s)
D 9 Ph H (4R) > 200:1 - (4R) (45)
E 10 PhCH, H (45) < 1:200 -—--- (4R) (4S)

a) Diastereomer ratio determined by capillary GC analysis of the unfrac-
tionated product. b) Chromatographic conditions for each separation
are reported in the experimental section.

C. Preparation of N-Acyl 2-0Oxazolidinones. N-Acyl 2-oxazoli-
dinones are prepared in high yield from their respective "parent" 2~
oxazolidinones (eq 16). Metalation of the 2-oxazolidinone with n-butyi-
lithium at -78°C, followed by N-acylation of the resultant anion with
the desired acid chloride or anhydride affords the N-acyl 2-oxazoli-
dinone. The product is purified by reduced-pressure distillation,
1iquid chromatography on silica gel, or both, as indicated in the exper-
imental section. The N-acylation results are summarized in Table 4.
Most N-acyl 2-oxazolidinones are colorless crystalline solids. Figure 5
illustrates the structure of the N-acyl 2-oxazolidinones.

2-Oxazolidinones 6, 7, 9, and 10 contain benzylic protons. Metala-
tion of these 2-oxazolidinones with excess n-butyllithium results in
benzylic deprotonation. After one equivalent of base is added, a deep

burgundy color develops, indicating formation of the dianion. As the
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2) R'CH,COCI

(R'CH,C0),0

or

3#*

R

0O o0
) a-BuLi, THF, -78°C O,U\NJJ\/R' (16)
L1

Table 4. Preparation of N-Acyl 2-Oxazolidonones (eg 16).

Entry Imide R Yield mp (bp) (alggg (c)d
A l4c Et 66%  (75°C, 0.005 mm)  -=---
B 16a H 93% 65.5-66°C +47.6° (2.06)
C 16b Me 94%  (135°C, 0.008 mm)  +43.4° (3.61)
D 16¢ Et 87% 55.5-56°C +40.4° (4.90)
E 16d Me,CH 90% 52-53°C +38.5° {2.36)
F 16e  CHp=CHCHy 92% 59-60°C +34.6° (1.35)
G 16f Me3C 87% 79-80°C +36.3° (2.63)
H 169 Ph 90% 101-102°C +0.5° (0.97)
[ 16h PhCH, 88% 95-96°C +28.7° (0.45)
J 161 Me(CHo)7 89% 41-42°C +27.4° (3.03)
K 16j 1-Naphthyl  88% 103-104°C -40.1° (0.584)
L 16k Me0 80% 63-64°C +30.4° (1.07)
M 161 BnO 87% 99-100°C +16.2° (2.47}
N 18c Et 95%  (140°C, 0.01 mm) +21.8° {2.95)
0 20b Me 93% {100°C, 0.01 mm) +91.9° (0.377)
PL 20c Et 93%  (150°C, 0.005 mm)  +89.9° (3.80)
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Table 4. Continued

Entry Imide R’ Yield mp (bp) [alggg (c)2
Q 20h PhCH, 91% 63-64°C +71.0° (4.61)
R 20i  Me(CHp); 56%  (160°C, 0.008 mm) +63.7° (2.07)
S 22b Me 85% 76-77°C -84.1° (1.44)
T 22¢ Et 84% 50-51°C -79.5° (2.21)
U 24b Me 99% 44.5-45.5°C +80.7° (1.00)
v 24c Et 95% (140°C, 0.01 mm) +74.8° (1.34)

a) Specific rotation determined in dichloromethane (¢ = g/100 mL).
b) We thank Dr. M. D. Ennis for this result, ref. 29.
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Figure 5. N-Acyl 2-Oxazolidinones.
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dianion, 2-oxazolidinone 9 can racemize, and 2-oxazolidinones 6, and 7
can epimerize. Dianion formation at -78°C is much s)ower than at 0°C.
Therefore, at -78°C, a small excess of base can be tolerated. The color
change can even be used as a titration indicator, ﬁrovided the anion is

immediately treated with the acylating agent.

D. Diastereoselective Alkylation of Chiral 2-Oxazolidinone Imide
Enolates. Based on the discussion in section II, we expected that
enolization of N-acyl 2-oxazolidinones would predominantly, if not
exclusively, afford the six-membered chelated (Z) enolate isomer. Sub-
stitution at the C-4 position of the 2-oxazolidinone ring was anticipated
to provide the enolate with a diastereofacial bias, and thereby direct
the electrophile to approach the least hindered diastereoface. There-
fore, it was our expectation that the (4R)- and (4S)-4-substituted 2-
oxazolidinone imide enolates would lead to the opposite sense of chiral-
ity at the newly formed asymmetric center. The stereoselective enoliza-
tion and diastereoselective alkylation of chiral N-acyl 2-oxazolidinones
is illustrated in Scheme 6.

With a variety of enantiomerically pure N-acyl 2-oxazolidinones
readily available, we investigated their use as chiral acyclic enolate
synthons.28 At the onset, we imposed three criteria with which to
evaluate the alkylation results: 1) high tevels of diastereoselection
(> 95:5); 2) synthetically useful rates of alkylation; and 3) the facile
non-destructive removal of the chiral auxiliaries under non-racemizing
conditions.

Alkylation results (diastereomer ratio and percent reaction) were

determined by GC analysis of the unfractionated reaction mixture on
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Scheme 6

commercially available fused-silica capillary cotumns (see Experimental
~ Section). A standard mixture of diastereomers was prepared by N-acyla-
tion of the chiral 2-oxazolidinone with racemic acid chloride. In
almost all instances, capillary GC provides baseline separation of the
diastereomers. Under routine conditions, diastereomer ratios of >200:1
can be determined. This is significantly better precision than can be
obtained by integration of NMR spectra.

Deprotonation of imide 20b with LDA (1.1 equiv) in THF for 0.5 h at
-78°C cleanlty affords the 1ithium enolate. Treatment of the 1ithium
enolate with benzyl bromide (3 equiv) for 2-4 h at 0°C affords alkylated
imide 21g [(2R)-21¢:(25)-21g = 120:1] in 97% yield (eq 17).2% Although
the magnitude of alkylation diastereoselection is lower with other
electrophiles, this ratio places a Tower 1imit on enolization stereo-
selection. Therefore, we are confident that we are dealing essentially

with a single enolate isomer.
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o} 0

0 o 0
ofu\u)‘l\/”‘* IILDA, THF, -76°C oJ'LNJJ\/Me O,LLN ve (17)
2) BnBr, 0°C .
Ph Ph

120 © 1
200 (2R)-21g (25)-21g

o

Transesterification (Li0Bn, THF, 0°C, 0.5 h) of alkylated imide
(2R)-21g followed by hydrogenolysis (Hp, 5% Pd on C, EtOH) of the resul-
tant benzyl ester affords (2R)-2-methyl-3-phenylpropanoic acid 269
(Lalggg = -25.1° (neat)) in 68% yield (eq 18).29 The specific rotation
corresponds in both magnitude and sign to the highest reported litera-
ture rotation for (2R)-acid 269 ([a]sgg = -25.4° (neat)).30 The sense
of diastereoselection is consistent with our proposed model--wherein the
electrophile approaches the 1east hindered face of the six-membered
chelated (Z) imide enﬁ]ate (see Scheme 6). Therefore, the hypothesis
upon which this project was undertaken is shown to be internally consis-

tent.

0

o o
i0Bn, THF, 0°C
o/U\NJ'k_/”’ ) LiOBn, TH Ho’l'k_/“e 8)
: 2) H,, Pd/C, E10H
“Pn ~Pn
(2R)-21g (2R)- 264

(4], ~25.1° (neat)

Lit? {0],,,7 -25.4° (neat)
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E. Analysis of Alkylation Reaction Parameters. The impressive
level of diastereoselection in the previous example prompted us to
delineate the full range of capabilities and limitations of this asym-
metric alkylation reaction. Deprotonation (LDA, THF, -78°C, 0.5 n) of
imide 16c followed by alkylation with methyl iodide (3 equiv) at 0°C for
2 h affords alkylated imide 17h [(2R)-17h:{25)-17h = 87:13] in 75% yield
(eq 19). The level of alkylation diastereoselection for this methyla-
tion reaction is lower than the previously described benzylation. Many
natural products contain chiral methyl centers. Therefore, we were
interested in improving the level of diastereoselection for the intro-

duction of methyl centers.

o] 0
O/LLN/u\/Ef DA o O/U\NJJ\'/E' OJJ\N Et (19)
I l 2) Mel | l ¥
“'L—J.“ Me Ph‘. J.‘Me Me
Ph 'ﬁMe Ph Me

t6c (2R)-17h (25)-17h

e

Several reaction parameters may influence the alkylation results.
Base, solvent, and temperature are expected to affect the rate and
stereoselectivity of enolization. We already have presented evidence
that LDA in THF at -78°C cleanly deprotonates N-acyl 2-oxazolidinones to
afford the six-membered chelated (Z) imide enolate. The relative sta-
bility of the chelate could influence both the nucleophilicity and the
diastereoselectivity of the enolate. Chelate stability depends on the
nature of the counterion, solvent, and temperature. The size of the C-4
substituent on the 2-oxazolidinone was anticipated to affect the magni-
tude of diastereoselection. Also, the nature of the electrophile and

its leaving group could affect both the rate of alkylation and the level
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of diastereoselection. We investigated each of these reaction param-
eters in order to optimize both the yield and the diastereomeric purity
of the alkylated product.

Alkylation of the enolate derived from imide 16c with methyl iodide
was chosen as the model reaction (eq 19). As previously noted, alkyla-
tion of the 1ithium enolate of 16¢c with methyl iodide at 0°C affords an
87:13 ratio of diastereomers. This ratio corresponds to a AAG¥ of ca.
1.0 kcal/mol (see Figure 2). Thus, the same reaction performed at -78°C
should improve the level of diastereoselection to ca. 93:7. Therefore,
we investigated the effect of reaction temperature on alkylation dia-
stereoselection and product yield. Imide 16c was deprotonated with LDA
(THF, -78°C, 0.5 h) and the resultant lithium enolate treated with
methyl jodide (3 equiv) at a variety of temperatures (eq 19). The

results are summarized in Table 5.

G 0
/U\N,U\/E: hees /U\ /UYE* JK/E' (19)
h“ ‘M

2) Me| H
Me

Ph “Me Ph ”Me

t6c (2R)-17h (25)-17h

As expected, the level of kinetic diastereoselection increases by
decreasing the reaction temperature. For example, alkylation of the
lTithium enolate derived from imide 16c¢ with methyl iodide at -20°C
affords an 88:12 ratio of diastereomers (Table 5, entry (), whereas the
same reaction performed at -78°C affords a 92:8 ratio of diastereomers.
The rate of alkylation, however, significantly decreases at temperatures
below -20°C. Only 5% of the enolate reacts after 2 h at -78°C. 1In

terms of reaction rate and alkylation diastereoselection, the best
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0 0
D
2) Mel H
Ph “Me ""Me Me
16¢ (2R}-17h (zajgm

{ab]e %. Effect of Temperature on Alkylation Diastereoselection
eq. 19).

Alkylation Ratiod
Entry Conditions 2R:2S Yieldd
A -78°C, 2 h 92:8 {5%)
B -50°C, 2 h 89:11 (57%)
€ -20°C, 2 h 88:12 (96%)
D 0°C, 1 h 87:13 (97%)

a) Diastereomer ratio determined by capillary GC analysis of the
unfractionated product. b) Percentage of enolate alkylated as deter-
mined by capillary GC.

temperature for the alkylation of the lithium enolate derived from imide
16c lies between -20°C and 0°C.

The Tithium enolate derived from N-acyl 2-oxazolidinones is ther-
mally unstable. At temperatures above 0°C, the 1ithium enolate decom-
poses at rates competitive with alkylation. Decomposition of the 2-
oxazolidinone imide enolate affords the "parent" 2-oxazolidinone and a
ketene derivative. The ketene in turn acylates the remaining enolate
(Scheme 7).28¢  Thus, for each enolate molecule that decomposes, two are
lost. Therefore, the enolate should be alkylated at the lowest tempera-

ture providing a useful yield of product.
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The solvent can play an important role in any chelation controlled
reaction. It also may influence the state of enolate aggregation.3l A
decrease in solvent polarity should increase the relative stability of
the chelate. This could, by decreasing the conformatfonal mobility of
the chelated imide enolate, increase the level of diastereoselection.
But, a more stable chelate could also decrease the nucleophilicity of
the enolate. With this in mind, we investigated the effect of reaction
media on both alkylation diastereoselection and product yield. Imide
16c, in a variety of solvents, was deprotonated (LDA, -78°C, 0.5 h) and
the resultant lithium enolate treated with methyl iodide (3 equiv). The
alkylation results are summarized in Table 6.

Decreasing the solvent polarity from THF, to diethyl ether, to
toluene slightly increases the level of diastereoselection (Table 6,
entries A, C, and D). The rate of alkylation, however, decreases dras-
tically. Adding hexamethylphosphoric triamide (HMPT) to a solution of

the preformed lithium enolate in THF slightly decreases the level of
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M e e ,ura M,a

2) Me| H
Ph “Me "'Me Me
i6¢c (2R)'1_7_ll (25) “17h

Table 6. Effect of Solvent on Alkyiation Diastereoselection
(eq. 19}.

Alkylation ratiod
Entry Solvent Conditions 2R:2S Yield2
A THF 0°C, 2 h 87:13 (97%)
B THF, HMPTC 0°C, 2 h 83:17 (75%)
C Eto0 0°C, 2 h 88:12 (15%)
D toluene 0°C, 2 h 90:10 (10%)

a) Diastereomer ratio determined by capillary GC analysis of
unfractionated product. b) Percentage of enolate alkylated
as determined by capillary GC. «c¢) 3 equiv of HMPT (hexamethyl-
phosphoric triamide) added to the preformed 1ithium enolate

prior to alkylation.

diastereoselection (Table 6, entry B). That the strongly coordinating
HMPT barely decreases the level of diastereoselection demonstrates the
high stability of the chelated imide enolate. From these data it is
apparent that THF is the solvent of choice for the alkylation of 2-
oxazolidinone imide enolates.

A major factor influencing chelate stability is the nature of the
counterion. As previously noted, the stability of the chelate may
affect both the nucleophilicity and the diastereoselectivity of the

chelated imide enolate. By decreasing the stability of the chelate, the
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nucleophilicity of the enolate should increase. Simultaneously, how-
e&er, the conformational rigidity of the chelated intermediate may
decrease, and thus reduce the the level of diastereoselection. There-
fore, a compromise must be achieved between rate of alkylation and the
level of diastereoselection. We examined a variety of alkali metal and
alkaline earth cations in order to determine their effect on alkylation
rate and product diastereoselection.

Imides 16¢, 20c, and 22c were deprotonated with 1ithium diiso-
propylamide (LDA), sodium hexamethyldisilylamide (NaHMDS), or potassium
hexamethyldisilylamide (KHMDS) to afford their respective lithium,
sodium, and potassium enolates. The magnesium enolate of imide 16¢C was
prepared by adding anhydrous magnesium bromide to the preformed 1ithium
enolate. The various metal enolates were treated with 3 equiv of methyl

jodide (eq 20). The alkylation results are summarized in Table 7.
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Table 7. Effect of Cation on Alkylation Diastereoselection (egq. 20).

Alkylation Ratial

Entry Imide  Basel Conditions 2R:25S Yields
A 16¢c LDA 0°C, 2 h 87:13  75% (97%)
B 16c NaHMDS -78°C, 2 h 93:7 82% (93%)
C 16c KHMDS -78°C, 2 h 81:19 (95%)
D 16c LDA, Mg8r,d 0°C, 2 h 94:6 (76%)
E 20c LDA 0°C, 2 h 10:90  86% (99%)&
F 20c NaHMDS -78°C, 2 h 9:91  79% (99%)e
G 20c KHMDS -78°C, 2 h 14:86 (99%)
H 22 LDA 0°C, 1 h 81:19 (85%)
I 22¢ NaHMDS -78°C, 1 h 87:13 (97%)
J 22¢ KHMD'S -78°C, 1 h 76:24 (96%)

a) Enolization conditions: -78°C for 0.5 h with the indicated base
(LDA = lithium diisopropylamide, NaHMDS = sodium hexamethyldisilyl-
amide, KHMDS = potassium hexamethyldisilylamide. b) Diastereomer
ratio determined by capillary GC analysis of the unfrationated prod-
uct. c) Isolated yield of the major diastereomer. Yield in parenthe-
ses refers to the percentage of substrate alkylated. d) 1.1 equiv of
anhydrous magnesium bromide was added to the preformed lithium encl-
ate prior to alkylation. e) We thank Dr. M. D. Ennis for these
results, ref. 29,

1]
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Both the sodium and potassium imide enolates react with methyl
jodide at -78°C to afford the alkylated imide in good to excellent
yield. Compared with the 1ithium enolate, not only is the sodium enol-
ate more reactive, but it is also more diastereoselective. For example,
treatment of the 1ithium enolate derived from imide 16c with methyl
iodide at 0°C affords an 87:13 ratio of diastereomers (Table 7, entry
A), whereas the corresponding sodium enolate reacts with methyl iodide
at -78°C to afford a 93:7 ratio of diastereomers (Table 7, entry B).
With the valinol-derived imide 20¢, the percent increase in diastereo-
selectivity going from the lithium to the sodium enolate is not as
dramatic as the norephedrine-derived imide 16¢ (Table 7, compare entries
A and B with E and F).

Potassium as the counterion, although more reactive than lithium,
is significantly less diastereoselective than either lithium or sodium.
Thus, alkylation of the potassium enolate derived from imide 16c with
methyl iodide at -78°C affords an 81:19 ratio of diastereomers {(Table 7,
entry C). Presumably, the potassium is less capable of forming a con-
formationally rigid chelated enolate, and thus is less diastereo-
selective. The sodium and potassium enolates are less thermally stable
than the corresponding 1ithium enolate. At temperatures above -20°C,
the sodium and potassium enolates decompose more rapidly than they react
with methyl iodide.

The counterion affording the highest level of diastereoselection is
magnesjum. Alkylation of the magnesium enolate derived from imide 1l6¢
with methyl jodide affords a 94:6 ratio of diastereomers (Table 7, entry
D). The magnesium enolate, however, is less reactive than even the

Tithium enolate. Only 76% of the magnesium enolate is alkylated in 2 h
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at 0°C. Presumably, magnesium as the dication forms a more stable
chelate than alkali metal cations, and as such is less nucleophilic.
The relative stability of the magnesium enolate also manifests itself by
decreasing the rate of enolate decomposition. Despite the higher dia-
stereoselectivity of the magnesium enolate, the lithium enolate at 0°C
or the sodium enolate at -78° are better suited in terms of reaction
rate, product yield, and alkylation diastereoselection,

The nature of the C-4 substituent on the 2-oxazolidinone ring was
envisioned to play a major role in determining both the sense and the
magnitude of alkylation diastereoselection. Since the -4 position of
the 2-oxazolidinone ring is in closer proximity to the prochiral reac-
tion site than the C-5 position, substitution at the C-4 position was
expected to have a greater influence over alkylation diastereoselection.
In order to investigate the effect of the C-4 substituent, imide enol-
ates derived from a variety of 2-oxazolidinones were alkylated with 3

equiv of methyl iodide {eq 20). The results are summarized in Table 8.

/'i”j\,sr ! base . JJ\ )H,Ef /LL Jk/E' (20)
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Effect of 2-Oxazolidinone Structure on Alkylation Diastereo-
(eq 20).

2-0xazolidinone

Alkylation® RatioS

Entry Imide R R' Chirality Based Conditions 2R:2S Yieldd
A l4c  Me H () LDA 0°C, 2 h 86:14 (99%)
B l4c Me H (%) NaHMDS -78°C, 2 h  92:8 (92%)
c 16c  Me  Ph  (4R,5S) "LDA 0°C, 2 h 87:13 75% (97%)
D 16c  Me  Ph  (4R,55) NaHMDS -78°C, 2 h  93:7  82% (93%)
E 18 Me  Ph  (45,55) LDA 0°C, 2 h  14:86 (98%)
F&  20c i-Pr H (45) LDA 0°C, 2 h 10:90 86% (99%)
G&  20c i-Pr H (45) NaHMDS -78°C, 2 h  9:91 79% (99%)
H 22c  Ph H (4R) LDA 0°C, 2 h  81:19 (85%)
I 22c  PhH (4R) NaHMDS -78°C, 2 h  87:13 (97%)
Jf  2ac  pncHp H (45) LDA -30°C, 2 h  6:94

a) Enolization conditions: -78°C for 0.5 h with the indicated base (LDA =

Tithium diisopropylamide, NaHMDS = sodium hexamethyldisilylamide).

Alkylation with 3 equiv of methyl iodide.
by capillary GC analysis of the unfractionated product.
of mzjor diastereomer; yield in paraentheses refers to the percentage of

substrate alkylated.

29.

b)

c) Diastereomer ratio determined

d) Isolated yield

e) We thank Dr. M. D. Ennis for these results, ref.
f) We thank Mr. K. T. Chapman for this result, ref. 32.
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The first observation to be made is that (4R}- and (4S)-4-substi-
tuted 2-oxazolidinones induce the opposite sense of asymmetry, thereby
confirming one of the hypotheses of this project. The size of the C-4
substituent influences the level of diastereoselection, The magnitude
of the difference, however, is not very large. For example, imide 1l4c
with a Tone C-4 methyl substituent affords an 86:14 ratio of diastereo-
mers (Table 8, entry A), whereas imide 20c with a C-4 isopropyl substi-
tuent affords a 90:10 ratio of diastereomers (Table 8, entry F).

Interestingly, imide 22c¢c with a C-4 phenyl substituent affords an
81:19 ratio of diastereomers (Table 8, entry H). Thus, a phepy] sub-
stituent presents a smaller diastereofacial bias than a methyl substi-
tuent. Presumably, the planer phenyl ring adopts a conformation less
sterically demanding than the three-dimensional methyl or isopropyl
substituents.

Substitution at the C-5 position of the 2-oxazolidinone ring has
little effect on the level of atkylation diastereoselection. For
example, alkylation of the lithium enolate derived from imide l4c (with
a C-4 methyl substituent) affords an 86:14 ratio of diastereomers (Table
8, entry A), whereas alkylation of the 1ithium enolate derived from
jmide 16c (with a C-4 methyl substituent and a cis C-5 phenyl substi-
tuent) affords an 87:13 ratio of diastereomers (Table 8, entry C), or
alkylation of the Tithiumenolate derived from imide 18c (with a C-4
methyl substituent and a trans C-5 phenyl substituent) affords an 86:14
ratio of diastereomers (Table 8, entry E).

In summary, the C-4 substituent is the most important factor con-
trolling the level of alkylation diastereoselection. Indeed, a methy]

group in this position is sufficient to provide a high level of dia-
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stereoselection. Imides derived from (4R,5S)-norephedrine 2-oxazoli-
dinone 6 and (4S)-valinol 2-oxazolidinone 8 exhibit the best level of
diastereoselection for their respective chiralities.

Finally, we treated the 2-oxazolidinone imide enolates with a
vafiety of electrophiles in order to determine the effect electrophile
structure plays on the rate of alkylation and the level of diastereo-
selection. The results obtained for alkylating enolates derived from
imide 16 (eq 21} are summarized in Table 9. The corresponding results
for alkylating enolates derived from imide 20 (eq 22) are summarized in
Table 10.

Methyl iodide affords the lowest level of alkylation diastereo-
selection. Alkylation of these Tithium imide enolates with methyl
iodide affords a diastereoselection (D1:D2) of ca. 9:1. As previously
noted, the corresponding sodium enolate exhibits a slightly higher level
of diastereoselection with this electrophile. For example, alkylation
of the lithium enolate derived from imide 16¢ affords an 87:13 ratio of
diastereomers {Table 9, entry K), whereas alkylation of the correspond-
ing sodium enolate affords a 93:7 ratic of diastereomers (Table 9, entry
L). The magnitude of improvement is not as great with the valinol-
derived imides. Thus, alkylation of the Tithium enolate derived from
imide 20i affords a 91:9 ratic of diastereomers {Table 10, entry J),
whereas alkylation of the corresponding sodium enolate affords a 93:/
ratio of diastereomers (Table 10, entry K).

Alkyl halides other than methyl iodide are significantly less
reactive with these enolates. For example, alkylation of the Tithium

enolate derived from imide 16b (R = methyl) with ethyl iodide (3-10
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Table 9. Diastereoselective Alkylation of lmide Enolates Derived from 16 (eq 21).

0o 0 o 0o
J S S
Ph"'L__J Me E! Ph-"l_—""

Man

Alkylation Ratio2
Entry lmide R Based Electrophile (equiv) Conditions D1:D2 Product Yield:
A 16b Me LDA Etl (3) 0°C, 2h  91:9 17a 28%
8 16b Me NaHMDS Et! (4) -20°C, 2 h  94:6 17a 53%
c 1éb Me LDA CH2=CHCH28r (3} 0°C, 2 h 98:2 17b 75%
) 16b Me NaHMDS CH2=CHCH21 {2) -78°%, 3 h  97:3 17b B3z
Ed 16b Me  LDA  CHp=C{CH3)CH,Br (3)  0°C, 2 h 97:3 17c 624
F& 16b Me  LDA  CHp=C(CHg)CHpl (2)  -78°C, 1 h, 97:3 17c 733
-35°C, 2 h
G 16b Me LDA BnOCH,Br (2) -45°C, 4 b 9B:2 17e 2%
K 16b Me LDA €105CCHBr (3} 0°C, 2h 53:7 17f 51%
I 16b Me LDA Bnr (1.1) 0°C, 2 h  98:2 17g 73%
J 16b Me NaHMDS Bnr (1.1) -78°C, 3 n  98:2 11g 19%
K 16¢ Et LDA Mel (3} 0°C, 2 h 87:13 17h 75%
L 16¢ £t NaHMDS Mel (5) -718°C, 3 h 937 17n 82%
M 16d i-Pr LDA Mel (3) '-10°C. 2h 87:13 17 54%
N 16f t-Bu LDA Mel (3) -10°C, 2 h  94:6 17j 56%
0 16h PhCHy  LDA BnSCH8r {1.1) -25°C, 2 h, 98:2 17k 761E
g°¢, 2n
P 16i  n-CgHy; LDA Mel (4) 0°C, 2h  89:11 n 70%
Q  16f  n-CgHyy NaHMDS Mel (4) -78°C, 2 h 946 2 -1

a) Enolization conditions:
propylamide, NaHMDS = sodium hexamethyldisilylamide).
capillary GC analysis of the unfractionated product.

diastereomer (D1:D2 > 99:1 unless otherwise noted).
results. e} D1:D2 = 98:2.

-78°C for 0.9 h with the indicated base (LDA

Yithium diiso-

b) Diastereumer ratio determined by

c) lsolated yield of the major
d) We thank Dr. M. 0. Ennis for these

(21)
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Table 10. Diastercoselective Alkylation of Imide Enolates Derived from 20 (eq 21).

Alkylation  Ratio=

tntry Imide K Base? Electropnile (equiv) Conditions 01:02 Product YieldS
Al a2m Me LDA Etl {10) g°C, 2 h  94:6 21a 362
B 20b Me LDA CHp=CHCH b {3) -10°C, 2 b 98:2 21b 75%
¢ 2o Me  LDA CHp=C{CHg)CHpbr (3)  0°C, 2 h 98:2 21c 623
pE 200 Me LDA PRCH=CHCH Br (1.5}  -80°C, 1 h, 99:] 21d 843
0°C, 2 h
£ 20b Me LDA BnOCH,br {2) -45°C, 4h 98:2 2le b2-74%
F 20b Me LDA ELU,CCH b (2] -20°C, 2 95:5 21f 51%
0°C, 2 h
¢4 20b Me LDA Babr (3 0°C, 2 b »99:1 21g 974
o z0c £t LDA Mel (3) 0°C, 2 b 90:10 21h 86%
! 20n  PrCh, LDA BnSChybr (1.1)  -20°C, 2 n 97:3 a3l
J 20i  n-CgHy; LDA Mei (3) 0°C, 2 0 91:9 211 83%
4 201 Q-C8H17 Nanmis Mel (3) -78%C, 2 h 3.7 211 174

a) Encltzatien cungitions: -78°C for 0.5 h with the indicated base (LDA
sodium hexdinethyldisilylamide).
Capillary GU analysis of the unfractionated pruduct.
diastereomer (D1:D2 > 99:1 unless otherwise noted).
results. e} We thank Mr. K, L. Dow for this result, ref, 34.

propytanide, NaHMib

Tithium diiso-

b) Diastereoner ratio determinea by
¢) lsalated yield of the major
d} We thank Dr. M. D, Enmis for these
f) D1:D2 = 98:2.
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equiv) affords the alkylated product in 28% isolated yield (Table 9,
entry A). Even with the more reactive sodium enolate, at -20°C, only
53% of the alkylated product is isolated (Table 9, entry B). Attempts
to alkylate 2-oxazolidinone imide enolates Qith either n-butyl ijodide or
isobutyl iodide fail; only recovered starting materials and/or enolate
decomposition products are isolated.

ATlylic halides and benzyl bromide reacts with 2-oxazolidinone
imide enolates to afford the alkylated products in moderate to excellent
yields (62-97%). The level of alkylation diastereoselection (D1:D2) is
consistently >95:5. With these more reactive é]ectrophi]es, both the
1ithium and the sodium enolates provide about the same level of dia-
stereoselection. Alkylation of the sodium enclate, however, often im-
proves the product yield. |

Other reactive electrophiles that react with 2-oxazolidinone imide
enclates include benzyl bromomethyl ether (Table 9, entry G; Table 10,
entry E) and benzyl bromomethyl sulfide (Table 9, entry K; Table 10,
entry I). Inboth cases, the lTevel of alkylation diastereoselection
(D1:D2) is > 97:3. Alkylation of propanoate imides with benzyl bromo-
methyl ether affords chiral derivatives of 2-methyl-3-benzyloxypropanoic
acid, a useful chiral precursor previously obtained by the microbial
hydroxylation of 2-methylpropanoic acid.33 We have employed (2S)-2-
methyl-3-benzyloxy-1-propanol, derived from a diastereoselective imide
alkylation, in the total synthesis of ionomycin.34 Alkylation of 3-
phenylpropancate imides with benzyl bromomethyl sulfide affords chiral
derivatives of 2-benzylthiomethyl-3-phenylpropanoic acid, which we have
employed as precursors for the synthesis of both enantiomers of thior-

phan (see Appendix 4L35
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The diastereomeric imide alkylation products are easily separated
by 1iquid chromatography on silica gel. This permits the major dia-
stereomer to be isolated in a state of high diastereomeric purity (D1:D2
> 99:1). The capacity factor k' (defined as (t] - tg)/tg where ty 5
the retention time of diastereomer 1 and ty is the retention time of an
unretained compound) and the separation factor o (defined as k'p/k'
where k'y; and k'p are the capacity factors for diastereomers 1 and 2
respectively) for several pairs of diastereomers are recorded in Table
11. From the data in Table 11 several interesting trends are observed.
The amount of separation depends on the difference in size between R and
R'. Even when R = methyl and R' = ethyl, a reasonable diastereomer
separation can be obtained. Also, the order of elution is regular.
With alkylated (4R,5S)-norephedrine 2-oxazolidinone imides the (2R)-dia-
stereomer elutes first. This information permits the minor diastereomer
to be removed, in a pred}ctab1e manner, by discarding or recycling the
head or the tail of the chromatographic peak. Generally, we observed
that diastereomers with an a >1.3 are readily separable by either
"flash" chromatography or by MPLC (see Experimental Section).

Recently, Pirkle has reported that chiral 2-oxazolidinones can be
used to resolve racemic primary amines via diastereomeric allophanate
derivatives (27 and 28).30 The diastereomers are separated by Tiquid
chromatography on silica gel. Diastereomer 27 elutes before diastereo-
mer 28. The observed order of elution is rationalized in the following
manner. The two diastereomers adopt the conformations shown in Figure
7. Dipole-dipole repulsion causes the two carbonyls to choose an anti-
periplaner arrangement.37 Hydrogen bonding between the NH and the 2-

oxazolidinone carbonyl provides additional stabjlization for this con-
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Me O | Me O
“\RL ‘Q‘R'
N -R, N ~-. R,
/& H /E H
Ph 0 0 Ph 0 0

(2R)-17 (28)-17
Figure 6. Alkylated N-Acyl 2-Oxazolidinone Diastereomers.

Table 11. HPLC Separation of Alkylated N-Acyl 2-Oxazolidinone
Diastereomers (Figure 6).2

Entry Rs RL k' 2R k' 25 «
A Me Et 1.04 1.39 1.34
B Me PhCH2 1.34 2.11 1.57
C Me CHp=CHCHp 0.96 1.53 1.59
D Me i-Pr 0.81 1.34 1.65
E Me 1-Bu 0.53 1.05 1.94
F Me n-CgHy7 0.39 1.05 2.69

a) HPLC conditions: 88:12 isooctane/ethyl acetate, 2.0 mL/min, 10 cm x
8mm, Waters Associates Radial Pak 5 ym silica gel column.

formation. Tnis arrangement places the R and Ri substituents of dia-
stereomer 27 on opposite faces of themolecule, and thus 27 is better
able to "fend off" polar associations with silica gel than 28. There-

fore, diastereomer 27 is the first to elute.
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Figure 7. Diastereomeric Allophanate Derivatives

A similar argument can be used to explain the order of elution for
alkylated N-acyl 2-oxazolidinones. The two diastereomers adopt the
conformation shown in Figure 6. Dipole-dipole repulsion maiqtains the
two carbonyls in an anti-periplaner arrangement.37 The (2R)-diastereo-
mer places the Ry substituent anti to the resident chirality on the 2-
oxazolidinone ring. Therefore, the (2R)-diastereomer, less able to
associate with silica gel, elutes first.

In summary, N-acyl 2-oxazolidinones are cleanly deprotonated with
LDA or NaHMDS in THF at -78°C to afford the 1ithium or sodium enolate.
Chiral 2-oxazolidinone imide enolates react with methyl iodide, allylic
halides, benzyl bromide, and other reactive electrophiles in a highly
diastereoselective manner. The (-4 substituent of the 2-oxazolidinone
ring provides the asymmetric bias. A methyl group in this position is
sufficient to provide a high level of diastereoselection. Either sense
of asymmetric induction can be achieved by use of chiral 2-oxazoli-
dinones derived from (1S,2R)-norephedrine or (2S)-valinol. The sodium
enolate is more reactive, and when alkylated with methyl iodide more
diastereoselective, than the corresponding Tithium enolate. The resul-

tant diastereomeric products can, in a predictable manner, be purified
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to a high degree of diastereomeric purity by 1iquid chromatography on
silica gel.

F. Removal of the Chiral Auxiliary. We have demonstrated that
chiral N-acyl 2-oxazolidinones are alkylated in a highly diastereoselec-
tive fashion, and that the resultant products can be obtained in a
diastereomerically pure state. The remaining criterion to be demon-
strated is the selective removal of the chiral auxitiary from the alkyl-
ated product in a manner preserving the newly formed stereocenter. In
terms of chiral economy, it also is useful if the chiral auxiliary can
be recovered and recycled.

We have developed several convenient procedures for the non-
destructive cleavage of the chiral auxiliary from alkylated N-acyl 2-
oxazolidinones. The chiral product can be obtained in high yield in
several different oxidation states. The amount of racemization is
minimal. The various transformations for removing the chiral auxiliary
are illustrated in Scheme 8.

The removal of 2-oxazolidinones from alkylated imides requires
nucleophilic attack at the eXocyc]ic imide carbonyl (Scheme 9, path A).
Nucleophilic attack at the endocyclic 2-oxazolidinone carbonyl affords
the ring opened product (Scheme 9, path B). Path A must be favored to
obtain a high yield of the chiral product. Increasing the size of R!
and RZ, however, can hinder nucleophilic attack at the exocyclic car-
bonyl, and thereby favor ring opening. Therefore, removal of the chiral
auxiliary from the alkylated product is system dependent. We have found
by careful choice of reaction conditions that ring opening can be mini-
mized. The various methods of chiral auxiliary removal are described

below.
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The first removal technique investigated was base-catalyzed hydrol-
ysis. Treatment of alkylated imide (2R}-21g with potassium hydroxide in
methanol /water at 0°C affords (2R)-2-methyl-3-phenylpropanoic acid 2649
in 71% yield (eq 23).29 The remainder of the product is the ring opened
valinol amide. The hydrolysis of other alkylated imides affords similar
mixtures. Only imides (2S}-17f and (2R)-21f are hydrolyzed to afford
the resultant chiral acids in >90% yield (eqs 24 and 25). Presumably,
the selectivity in this example is assisted by intramolecular formation
of a cyclic anhydride, which then opens to afford the chiral 2-methyl-

succinic acid 26f.

0 8] 0 ~ 0
KOH, MeOH/H,0 3
o’u‘n’lt\r’M° z Ho,u\r,Me Ho\,/*\Nzu\Y,Me(zs)
0°C, 0.5n ' o f
pn (71%) Ph “Sph
(2R)-219 (2R)-26g
i °
KOH, MeOH/H,0
o ’ 2
0 N’“\T’“\"’ Et ﬂo’u\'/”\n’OH (24)
0°C,0.5h

I'_'H/Me 0 Me O

(2R)-21f (2R)-26f (91%)

[4],,,7 - 15.0° (c 4.21,E1OH)
O 0 0
/ll\ KOH, MeOH/H 0 OH
S O&t - HO” (25)
L] & d 0°C,0.5h i o
PR “me "
(28)-17f (25)-26f (95%)

(4],,,7*15.7° (¢ 4.25,EtOH)
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Transesterification was investigated as an alternate method for
removing the chiral auxiliary from alkylated imides. The resultant
chiral ester also is in the carboxylic acid oxidation state. Methanol-
ysis of imide (2R}-21g (MeOH, NaOMe, 0°C) proceeds rapidly to afford
methyl (2R)-2-methyl-3-phenylpropanoate 30g in 60% yield (eq 26).29 Un-
fortunately, as with base-catalyzed hydrolysis, ring opening also com-
petes with this process. Similar mixtures are obtained with other
alkylated imides. Other bases (LiOMe, KOMe, Mg{OMe),) do not signif-

icantly improve the results.

0 o0 )
MeONa, MeOH
OJJ\NJJ\./M" ~ Meo)J\./Me (26)
g 0°C, 0.5hn H
pn “Ph
(2R)-21g ’ (2R)-30g (60%)

We found a transesterification reaction that consistently affords
chiral esters in >90% yield. Treatment of the alkylated imide {ca. 0.3
M in THF, 0°C) with 1.5 equiv of lithium benzyloxide cleanly affords the
corresponding benzyl ester (eq 27). The reaction conditions are rela-
tively specific, and the reaction is only successful for preparing
benzyl esters. But the process is successful withrmost alkylated imides
and it causes minimal racemization (vide infra). The transesterifica-
tion results for cleavage of various alkylated imides with lithium

benzyJoxide are summarized in Table 12.
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0 o
L_R? _ BOLi, THF,0°C,1-4n .
X¢ - Ba0” N (27)
R1 Rl
17 or 21 31

0 _ 0O 0
OJLN o R? O/U\N . .R?

NN [ ¥
Phs’ 4, Me R l_§ R'

17 24

Table lg. Transesterification of Alkylated 2-Oxazzolidinone Imides to Afford Benzyl Esters
(eq 27 )~

Entry Imide R} Ry 2R:2s2  Ester YieldS CONFIG [alogg {c, CHyClp)
A 17a Me £t <1:99  3la 90% s +12.8° 2.16
gl 21 Me £t <1:99  3a 9% S +12.5° 5.55
¢ 17h £t Me >99:1  3la 93% R -12.6° 2.85
pd  21a Et Me >99:1 3la 8% R -12.6° 6.38
E 17 Me CHp=CHCH,  ¢1:99  3lb  86% s +2.3° 14.7
1 Me  CHp=C(CH3)CHp  3:97  3lc  93% 5 -3.7° 6.33
4 21c Me  CHpsC(CHy)CH,  >99:1 31 93 R +3.9° 5.86
H 2le Me BnOCH, 599:1  3le 963 R -3.5° 4.78
I 179 Me PhCH, <a:99  3lg 923 5 +26.8° 5.93
M 219 Me PRCH, >99:1 g 92% R -26.8° 2.33
K 17k PhCH, BnSCH, 98:2 3k 83% R +36.2° 0.86
L 21k PnCHy BnSCHy 2:98 31k 82% S -34.6° 2.46

a) Transesterification reaction performed with 1.5 equiv of lithium benzyloxide in THF (ca. 0.3
M} at 0°C for 1 h. b) Diastereomer ratio of alkylated imide prior to transesterification. ¢}
Isolated yield of benzyl ester. d) We thank Dr. M. D. Ennis for these results, ref. 26.
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The specific rotation for enantiomeric benzyl esters derived from
alkylated imides is equal in magnitude and opposite in sign (Table 12).
Since we already have shown that both norephedrine and valinol-derived
chiral auxiliaries have equally high enantiomeric purities, the optical
rotation results suggest--but do not prove--that negligible racemization
occurs during transesterification.

An experiment was designed to assay the maximum amount of racemiza-
tion that occurs during transesterification. The experiment, outlined
in Scheme 10, consists of four separate reactions: 1) transesterifica-
tion (1.5 equiv of LiOBn: THF, 0°C, 1 h) of an alkylated imide of known
diastereomeric purity to afford the chiral benzyl ester {step A); 2)
hydrogenolysis {5% Pd on C, Hp, EtOH or THF) of the benzyl ester to
afford the chiral carboxylic acid (step B); 3) treatment of this acid
with ethyl chloroformate (THF, Et3N, -10°C, 0.5 h) or oxallyl chloride
(CHoC15, 0°C, 4 h) (step C); and finally 4) treatment of the resultant
carboethoxy mixed anhydride or acid chloride with the metalated (45)-
valinol 2-oxazolidinone (THF, -78°C, 0.5 h) to afford the starting
alkylated imide (step D). The results are summarized in Table 13.

Performing the racemization assay on imide (2R)-21g (R = PhCHj)
with an initial diastereomer ratio [(2R)-21g:(25)-219] of >99.9:0.1
affords the alkylated imide with a final diastereomer ratio of 99.8:0.2
(Table 13, entry A). Thus, with this imide, less than 0.2% racemization
occurs. This places an upper limit on the amount of racemization that
occurs during transesterification. The same assay repeated with imide
(2R)-21e (R = BnOCHp) [(2R)-21e:(25)-21e = 99.2:0.8] resulted in 1.8%
and 1.6% racemization (Table 13, entries B and C}. Thus, even with a

system more prone to racemization, less than 2% of the stereochemistry
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2le, R=CH,08n

21g, R=CHyPh

o

e

i)@or@

2) (0 v

A) LiOBn, THF, 0°C, 1h. B)H,,5%Pd/C, EtOH or THF.

C1) Et0,CCI, E,N, THF, -10°C. €2) (COCI),, CH,Cl,, O°C.

D) 8, n-Buli, THF, -78°C.

Scheme 10

Transesterification Racemization Assay (Scheme 10).

Table 13.
Diastereomer Ratiald
Inital Final Percent
Entry Imide R 2R:25 2R:2S Racemization
Ab 21  PhCHp 99.9:0.1  99.8:0.2 0.2%
B Zle BnOCH, 99.2:0.8 98.3:1.7 1.8%
ce 2le  BnOCHp  99.2:0.8 98.4:1.6d 1.6%

a) Diastereomer ratio determined by capillary GC analysis.

Dr. M. D. Ennis for this result, ref. 29.
d) Acylation of the chiral acid chloride.

for this result, ref. 38.

b) We thank
c) We thank Mr. J. R. Stille
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is eroded. Interestingly, the chiral acid chloride racemizes less than
the chiral carboethoxy mixed anhydride.38¢

The racemization assay also demonstrates a high-yield procedure for
obtaining chiral carboxylic acids from alkylated imides: transester-
ification of the alkylated imide to give the benzyl ester followed by
hydrogenolysis of the benzyl ester to afford the chiral carboxylic acid.
This two-step sequence avoids the problem of 2-oxazolidinone ring open-
ing encountered during base-catalyzed hydroiysis. The benzyl ester can
even be selectively removed in the presence of a benzyl ether. For
example, hydrogenolysis of benzyl (2R)-Z2-methyl-3-benzyloxypropanoate
31e with 5% palladium on carbon in THF cleanly affords (2R)-2-methyl 3-

benzyloxypropanoic acid 26e in 98% yield (eq 28).

0 )
H,, Pd/C, THF
BnO 0Bn —=  HO ogn (28)
Me Me
(2R)-3te (2R)-26e
(98%)

We were unable to remove the benzyl ester from benzyl (2R)- or
(25)-2-benzylthiomethyl-3-phenylpropanocate 31k by hydrogenolysis due to
catalyst poisoning. Benzyl esters, however, also can be removed under
acidic conditions. For example, Maclaren has reported that the benzyl
ester of (S)-S-benzylcysteine, benzyl ester is selectively removed by
treatment with anhydrous hydrogen bromide in glacial acetic acid (eq
29).41 Applying this technique to {2R)-benzyl ester 31k affords (2R)-2-
benzy]thiomethy]-3—pheny1propanofc acid 26k ([alggg = +54.1° (c 1.54,
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EtOH)) in 85% yield (eq 30). Likewise, (2S)-benzyl ester 31k affords
(2R)-acid 26k ([alggg = -50.6° (c 1.57, EtOH)) in 83% yield.

0 0
Jk/\ €M HBr in ,U\/\
Bn0” 7 8B ~  HO san  (29)
s HOAc¢ H
NH, NH,
3 0
% 6 M HBr in _
BnO $Bn = HO” y"Nsen (30)
HOA¢
Ph Ph
31k (2R)- 26k (83%)

[4),,,= +54.1° (¢ 1.54, E1OH)

(25)-26k (83%)

[0],,,: ~506° (c1.57, EtOH)

5ae

The 1ithium benzyloxide transesterification reaction is the only
intermolecular transesterification reaction that consistently affords
high yields of chiral esters. We, however, found that the intramolec-
ular variant of the transesterification reaction is quite successful.
The product from this reaction is the chiral 2-substituted Jactone.
Removal of the chiral auxiliary by intramolecular mediated transester-
ification requires the presence of a free hydroxyl in the substrate.
The precursors we used to demonstrate these cyclizations are the allyl-

ated imides (25)-17b and (2R)-21b.
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Ozonolysis of imide (2R)-21b [(2R}-21b:(25)-21b >99:1] in methanol
at -78°C with Sudan Red III as an indicator?! followed by dimethy]
sulfide workup42 gives a mixture of the aldehyde and the dimethy]
acetal. Subjecting this mixture to hydrochloric acid in aqueous THF
cleanly affords the aldehyde in 97% yield. Reduction of the resultant
aldehyde with sodium borohydride on alumina43 in diethyl ether gives the
hydroxy imide, which spontanecusly lactonizes upon distillation to give
(2R)-2-methylbutyrolactone 32 ([alsgg = +21.2° (¢ 8.56, ELOH)) in 70%
yield (eq 31). The specific rotation for (2R)-lactone 32 is in good
- agreement with the highest rotation reported in the literature for this

lactone ([a)ggg = +21.5° (¢ 5.5, EtOH)).30
0 o0 0
J_L t) O,, MeOH, -78°C M
07 SN = 07 N (31)
2) Me,S, then H®
L___k, Me
‘ 3) NuBH‘/AIZO, (700/°)

(2R)-21b 32

Hydroboration of imide (2S5)-17b [(2R)-17b:(25)-17b <1:99] with
disiamylborane (THF, 0°C for 1.5 h then 25°C for 0.5 h) followed by
oxidation of the resultant organcborane with triethylamine-N-oxide in
refluxing toluene gives a mixture of the hydroxy imide and the Tactone.
Refluxing this mixture in the presence of excess triethylamine affords
after chromatoéraphy (2S)-2-methylvalerolactone 33 ([alggg = +67.3° (¢
6.6, MeOH)) in 68% yield (eq 32).29 The specific rotation for (25)-
lactone 33 exceeds the highest rotation reported in the literature for

this lactone ([alsgg = +64.4° (c 4.4, MeOH)).3?
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0O 0 0
1) (Sia),BH, THF
. /[_LN /U\/\/ ) {Sia),BH, T . . Me
l | h'léle 2) Me,NO, toluene, 14 (32)
Ph*" “Me 3) Me,N, CHCl,, 1}
33

In addition to transesterification, the chiral product can be
removed from the alkylated imide by transamination. Treatment of alky-
lated imide {25)-179 [(2R)-174¢:(25)-17g <1:99] with anhydrous hydrazine
in ethanol at 25°C for 4 h affords (2S)-2-methyl-3-propanoic acid,
hydrazide 43g in 76% yield (eq 33). Chiral hydrazides are potentially
transformed via the acyl azide to chiral amides, amines, isocyanates,

and urethanes {Scheme 11). These transformations are known to be free

from racemization.44
0 0 0
/LL H,NNH,, EtOH "
07 N Me = H.NN & (33
25°C, 4h
Ph* “*Me SPn (76%) “Ph
(28)-17g 34

Cherpeck and Tannis, in our laboratories, have demonstrated that
boron aldolates derived from N-acyl 2-oxazolidinones react with methyl-
magnesium bromide to afford the corresponding methyl ketone (eq 34).45
We were interested in applying this transformation to the preparation of
chiral ketones from alkylated imides. Treatment of alkylated imide
(2S)-179 [(2R)-179:(25)-17g <1:99] with 1.1 equiv of methylmagnesium

bromide 1in dichloromethane at 0°C for 3 h affords the ring-opened
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0 R?
z
HZN:\-I'JJV,&/R H,N /.,-Lni
R'

0 0 R?
|
H R H

A) HONO. B) RNH,. C) A.D)H0. E) ROH

Scheme 11

norephedrine amide acetate 35 in 97% yield (eq 35). The structure of 35
was inferred by the presence of two carbonyl absorptions (1750 and 1685
cm-1) in the IR spectrum, and the presence of two phenyl rings ( 7.2
and 7.1 ppm) and a methyl singlet (2.1 ppm) in the lH NMR spectrum. The
same reaction repeated with excess methylmagnesium bromide in refluxing
dichloromethane affords the ring-opened norephedrine amide 36 in 99%
yield (eq 36). Presumably, the imide carbonyl is two hindered in the

case of alkylated imides for the methylmagnesium bromide.to approach the
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jmide carbonyl. Therefore, exclusive attack at the 2-oxazolidinone

carbonyl cleanly affords the ring-opened product.

Me

0 0

il

MeMgBr

MeMgBr (11 equiv)

Me
Phv “ Ph

Me
(28)-17¢g

O 0

MeCl,, 0°C

MeMgBr (5 equiv)

e ,U\(
Ph"J—L‘

Me Ph
(28)-17g

MeCl,, 1}

O OH
Meo’u\T/l\Pn (34)
Me
(65%)
Me 0
”“n/o\;J\?JL]:Me (35)
0 Pn H B
35 (97%)
Me O
“OE{J\T Me  (36)
Pn H Bh

36 (99%)

An alternate method is available tc prepare chiral methyl ketones

from the alkylated imides via an indirect route. Stille and Grubbs have

demonstrated that the titanocene methylidene complex reacts with acid

chlorides to afford methyl ketones (eq 37).38 We already have shown

that chiral acid chlorides can be prepared with less than 2% racemiza-

tion. Reaction of (2R)-2-methyl-3-benzyloxypropanoic acid chloride 37g

with the titanocene methylidene complex affords (3R})-3-methyl-4-benzyl-

oxy-2-butanone 38 with less than 0.5% additional racemization (eq 38).38
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)

0 (Cp,Ti=CH,]
L - (37)

Ci” R Me” R

o 0
[Cp,Ti=CH,] ]
cflL:/\oan — Ma’u\’g/\oan (38)

Me Me

(25)-37¢g {3S)- 389

(¢0.5% racemization)

Mukaiyama has shown that N-acy! thiazolidine-2-thiones undergo
reduction with diisobutylaluminum hydride (DIBAL) to afford the corres-
ponding aldehyde (eq 39).%6 Chelation serves to stabilize the tetra-
hedral intermediate, and thus prevent over-reduction to the alcohol. We
were interested in applying this transformation to the atkylated imides.
Unfortunately, treatment of the alkylated imides with 1.1 equiv of DIBAL
affords a mixture of starting material, aldehyde, and the over-reduced
alcohol. Presumably, the 2-oxazolidinone is insufficiently basic to

stabilize the tetrahedral intermediate.
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We have prepared chiral aldehydes from alkylated imides via a two-
step reduction-oxidation process {eq 40). Reduction of alkylated imides
with either lithium aluminum hydride (LAH) or 1ithium borohydride gives
the chiral alcohol (vide infra). Oxidation of the resultant alcohol by
the Parikh modification of the Moffet procedure (503--pyridine, DMSO,
Et3N),47 or the Swern procedure ((COC1),, DMSO, Et3N)48 affords the
chiral aldehyde. Although chiral 2-substituted aldehydes are relatively
prone to racemization, we have shown that these techniques usually 1imit

the amount of racemization to under‘(LS%.zg’ 34, 37a

0 0
R DLAH or LiBH,, THF
xS N - Ho R (40)
2) S0, pyridine, DMSO, Et,N,MeCi,
R, R,
or
17 or 21 (cocl),, DMSO, Et;N, MeCl, 40

The alkylated 1'1nidé5 are reduced with either LAH or lithium boro-
hydride in THF to give the corresponding chiral primary alcohol 39 (eq
41)., The reduction results are summarized in Table 14, The yield of
alcohol ranges from 76-90%. Small amounts of the under-reduced alde-
hyde 40 as well as the ring-opened methyl amine 41 are responsible for
the remainder of the product. Reduction at the Z-oxazolidinone carbony!
is minimized by maintaining the LAH reduction below 0°C, or the Tithium
borohydride reduction below 25°C. Other reductants such as borane,
excess DIBAL, Vithium triethylborohydride, or sodium borohydride do not

afford significant yields of the chiral alcohol.
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0
LAH or LiBH,, THF
X e R? ~  HO - R (41)
R‘ Rl
170r21 39
o 0 0o o
OJLN o R OJJ\N o R
l————lc 1 1
Ph “Mme R - ‘J\/ R

17 21

it ———

Table 14. Reduction of Alkylated 2-Oxazolidinone Imides {eq 41).

Ratiod
Entry Imide RI R2 2R:2S Reductant Conditions Alcohol CONFIG Yie1d5[0]589 (€, CHaCYHj

A 17e Me BnOCH; <1:99  LiBH,  0°C, 4 h 3% s 883 -4.2° 2.50
B 2le Me BnOCH; >99:1  LiAWH,  0°C, 4 h 3% R 63 45,374 2.2
C€ 21g Me PhCH, >99:1  LiBH,  25°C, 2h 39 R 788 +10.7°L  0.94
0€ 219 Me PRCH, >99:1  LiATHy  0°C, 0.5 h 39 R 863  +10.3° 1.15
EE 219 Me PhCH, >99:1  LiAlH, 25°C, 0.5 h  39g R B63  +11.0° 0.65
F 171 Me n-Cghy; »99:1  LiBH,  0°C, 4 391 R 843 +10.8° a.37
G 211 Me n-CgHyy <1:99  LiBH,  0°C, 4 b 391 s 908 -11.0°2 421

a) Diastereomer ratio of imide prior to reduction. b) One molar equiv, thus four hydride equivs.
c) Isolated yield of alcohol. d) Lit. rotation +4.97° (0.93), ref. 33b. e) We thank Dr. M. D.
Ennis for these results, ref, 29, f} Lit., rotation +11.8° (4.6), ref. 49. g} Lit. rotation -9.8°
(neat), ref. 50.

The specific rotations for the various chiral alcohols are similar
to the highest reported literature values (Table 13). The enantiomeric
purity of (2R)- and (2S)-2-methyl-3-benzyloxy-1-propanol 39e was con-
firmed by an alternate method. The Mosher ester of alcohol 39e was
prepared by the standard procedure (eq 42).22 Neither capillary GC nor
HPLC separates the diastereomers. The 500 MHz 14 NMR spectra of (2R)-42
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however, are sufficiently different to demonstrate that

is >95% enantiomerically pure.

I1lustrated in Figure 8 is an expansion of the spectra showing the C-1

protons.

)

','..

0
? SR

B0~ N N0 = Ph
Me OMe

25-42

. CF, pyridine
Bno/‘\T/“\OH . Ci Ph - (42)
Me

OMe

39e (R)-11

d e C-1 protons

]

(25)-42

Figure 8

0
SF,
Bno/\i/1\o ‘st Ph
Me OMe
2R-42

2€ CONTRINS RGL ILIBLE B T OR

1H

500 MHz lH NMR Spectra of (2R)- and (25)-42
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covered intact from each of these chiral auxiliary removal procedures.
Usually, the chiral auxiliary is separated from the chiral product by
1iquid chromatography on silica gel. Further elution of the column with
a more polar solvent removes the 2-oxazolidinone. Analysis of the
Mosher imide derived from the recovered 2-oxazolidinone indicates that
no racemization of the chiral auxiliary occurs during this process.
Therefore, the chiral auxiliary can be recycled, invoking a form of

chiral economy.
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IV. SUMMARY

We have demonstrated that N-acyl 2-oxazolidinones, derived from
readily available, enantiomerically pure, chiral amino alcohols, are
useful chiral acyclic enolate synthons. Enolization of the N-acyl 2-
oxazolidinone with either LDA or NaHMDS stereoselectively affords the
six-membered chelated (Z) imide enolate. Chiral substitution at the C-4
position of the 2-oxazolidinone ring directs methyl iodide, allylic
halides, benzyl bromide, or other reactive electrophiles to approach the
least hindered diastereoface of the enolate. The kinetic alkylation
diastereoselection is generally >95:5. The major diastereomer can, in a
predictable manner, be isolated by liquid chromatography on silica gel,
with a diastereomeric purity of > 99:1. Non-destructive methods are
available to remove the chiral auxiliary from the alkylated imide, and
either directly or via further transformations afford chiral alcohols,
aldehydes, amides, amines, carboxylic acids, carboxylic acid chlorides,
esters, hydrazides, ketones, lactones, or urethanes in a state of high
enantiomeric purity. In each case, the 2-oxazolidinone is recovered

intact, permitting the economical recycliing of the chiral auxiliary.
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V. EXPERIMENTAL SECTION

General. Melting points were determined with a Buchi SMP-20 melt-
ing point apparatus and are uncorrected. IR spectra were recorded on a
Beckman 4210 spectrophotometer and are reported in reciprocal centi-
meters (cm'l). Routine 1H NMR spectra were recorded on a Varian Asso-
ciates CFT-20 (80 MHz) or EM-390 (90 MHz) spectrometer. High field 1y
NMR spectra were recorded on a Varian Associates XL-200 (200 MHz), a
Bruker WM-300 (300 MHz), or a Bruker WM-500 (500 MHz)%! spectrometer.
Chemical shifts are reported in ppm from internal tetramethylsilane on
the § scale. Data are reported as follows: chemical shift, multiplicity
(s = singlet, d = doublet, t = triplet, q = quartet, gqn = quintet, m =
multiplet and br = broad), coupling constant (Hz), integration and
interpretation. 13¢c nNMR spectra were recorded on a JEOL FX-90Q (22.5
MHz) or a Varian Associates XL-200 (50 MHz) spectrometer and are report-
ed in ppm from internal tetramethylsilane on the & scale. Multiplic-
jties, when determined by off-resonance decoupling, are reported using
the above format.

Optical rotations were determined with a Jasco DIP-181 digital
polarimeter at 589, 577, 546, 435 and 365 nm, Data are reported as
follows: Lalggg, [alg77, [alsag, [alsys, [alizgs, concentration (¢
g/100 mL) and soivent. When chloroform was used as the solvent, it was
filtered through activity 1 alumina immediately prior to use.

Combustion analyses were performed by Galbraith Laboratories, Inc.
(Knoxville, Tennessee), Mr. Lawrence Henling at the California Institute
of Technology Microanalytical Laboratory, or Spang Microanalytical

Laboratory (Eagle Harbor, Michigan).



-70-

Analytical gas chromatography (GC) was carried out on a Hewlett
Packard 5880A gas chromatograph equipped with a split mode capillary
injector and a flame ionization detector. Unless otherwise noted,
hydrogen was used as the carrier gas. The followingwall coated open
tubular (WCOT) fused silica capillary columns were employed: 0.32
mm x 15 m and 0.32 mm x 30 m Carbowax 20M (J and W Associates), 0.32 mm
x 30 m DB-1 (J and W Associates), 0.32 mm x 30 m DB-5 (J and W Asso-
ciates), 0.31 mm x 25 m SE-54 (Hewlett Packard) and 0.21 mm x 25 m
methyl silicone (Hewlett Packard). Specific GC conditions are reported
in the following format: column, oven temperature, carrier gas flow
rate, and retention time. Unless otherwise indicated, the injector and
detector temperatures were 250°C.

Flash chromatography was performed according to the general proce-
dure of Sti]],sz employing EM Reagents Silica Gel 60 (40-63 um). Data
are reported as follows: column dimensions (d x 1), elutant composition
and order of elution. Medium pressure 1iquid chromatography (MPLC) was
carried out on an MPLC apparatus consisting of a Chromatronix SV8031
Sample Injection Valve, a Fluid Metering Inc. model RP-SY Lab Pump and
an 1SCO model UA-5 UV (254 nm) Detector using the following EM Reagents
prepacked LoBar LiChroprep Si 60 columns: column A (1.0 x 24 cm, 40-63
pym silica gel), column B {2.5 x 31 cm, 40-63 ym silica gel) and column C
(3.7 x 44 cm, 63-125 uym silica gel). Specific MPLC conditions are re-
ported as follows: column dimensions {d x 1), elutant composition, elu-
tant flow rate and order of elution. Analytical high performance liquid
chromatography (HPLC) was carried out on a Waters Associates ALC 202/401
HPLC equipped with a model 6000 high préssure solvent pump, a model U6K

injector and a differential UV detector (254 nm), using the following
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columns: Waters Associates Radial Pak (8 mm x 10 cm, 5 um silica gel) or
(8 mm x 10 cm, 10 ym silica gel), DuPont Zorbax (4.6 mm x 25 cm, 5 um
silica gel), and Regis (4.6 mm x 25 cm, Pirk1e53 phenylgiycine co-
valently bound to 5 um aminopropyl silica gel). Specific HPLC condi-
tions are reported as follows: column, elutant composition, elutant flow
rate and retention volume (k'})., Preparative HPLC was performed on a
Waters Associates PrepLC/System 500 liquid chromatograph, equipped with
a refractive index detector and using two PrepPak 500 silica gel car-
tridges (5 x 30 cm, 30um silica gel). Specific HPLC conditions are
reported using the above format. Unless otherwise noted, the substrate
was introduced onto the HPLC as a concentrated solution through the
solvent inlet port. Analytical thin Tayer chromatography (TLC) was
performed using EM Reagents 0.25 mm silica gel 60-F plates. Visualiza-
tion of the developed chromatogram was performed by UV absorbance,
iodine vapor, an aqueous cerium molybdate Spray,54 or an aqueous potas-
sium permanganate spray.

When necessary, solvents and reagents were dried prior to use.
Diethyl ether, dimethoxyethane (DME) and tetrahydrofuran (THF) were dis-
tilled from sodium-potassium alloy/benzophenone ketyl. Benzene and
toluene were distilled from sodium/benzophenone ketyl. Boron trifluoride
etherate, chlorotrimethylsilane, dichloromethane, diisopropylamine, di-
isopropylethylamine, hexamethyldisilylamine, and triethylamine were dis-
tilled from calcium hydride. Acetonitrile, dimethyl formamide (DMF),
dimethyl sulfoxide (DMSO) and hexamethylphosphoric triamide (HMPA) were
distilled from calcium hydride and stored over 4A molecular sieves.

Alkyl bromides and iodides were passed through a column of activity 1
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alumina immediately prior to use. n-Butyllithium (Aldrich Chemical Co.)
was standardized by double titration (total base - inorganic base =
organic base).

Unless otherwise noted, all non-aqueous reactions were performed
under an oxygen-free atmosphere of argon or nitrogen with rigid exclu-

sion of moisture from reagents and glassware.

(25)-2-Amino-3-methyl-1-butano} [(S)-Valino1].18 1Into an oven
dried, 5-L, three-necked, round-bottomed flask equipped with a mechan-
jcal stirrer, a distillation head/reflux condenser, and a 250 mL pres-
sure-equalizing addition funnel was introduced 234 g (2.00 mol) of (S)-
valine ([alggg = -27.4 (c 3.4, 6 N aqueous HC1), Aldrich Chemical Co.).
The apparatus was flushed with nitrogen and the flask charged with 1-L
of dry THF and 275 mL (318 g, 2.20 mol) of boron trifluoride diethyl
etherate. The mixture was heated at reflux until the valine dissolved
(0.5-1 h). Stirring was continued as 220 mL (10.0 M, 2.20 mol) of
borane dimethyl sulfide was added dropwise over a 4 h period. External
heating was adjusted to aliow dimethyl sulfide and diethyl ether to
distil from the reaction flask. Caution: a large quantity of hydrogen is
evolved during the addition. After the addition was complete, the flask
was charged with an additional 500 mL of dry THF. Distillation was
continued until the temperature of the distillate rose to 64-65°C, The
reaction mixture was then heated at reflux for 4 h. External heating
was continued as the reaction mixture was hydrolyzed by the cautious
dropwise addition of 250 mL of a 1:1 (v/v) mixture of THF and water over
a 0.5 h period, followed by the addition of 1.5 L of a 5 M aqueous solu-

tion of sodium hydroxide over a 0.5 h period. After the additions were
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complete, the two-phase reaction mixture was heated at reflux for an 8-h
period. The reaction mixture was cooled to room temperature. A small
amount of an amorphous solid was removed by filtration through a 2 cm
pad of celite. The reaction mixture was transferred to a 6-L separatory
funnel, and the two layers separated. The lower aqueous layer was
extracted with four 1-L portions of diethyl ether. The etheral extracts
were combined with the THF sclution (upper phase). The water that
separated at this point was combined with the aqueous phase. The organ-
ic solution was dried over anhydrous potassium carbonate, filtered, and
the solvent removed in vacuo. The residue was distilled under reduced
pressure to afford 82-113 g (40-55%) of (S)-valino)l as a colorless
liquid, bp 97-98°C (8 mm), [Lit.18 bp 55-57°C (2 mm)], which may solid-
ify upon standing, mp 27-29°C, [Lit.55 mp 31-32°C]. An additional 25-40
g {12-19%) of (S)-valinol was obtained by continuously extracting the
aqueous phase with dichloromethane for 4 days. IR (CHpC1p) 3600-3040,
1580, 1460, 1220 cm~1; IH NMR (CDC13/90 MHz) & 3.60 (d of d, J = 4.5,
11 Hz, 1H, €1-H), 3.26 (d of d, J = 9, 11 Hz, 1H, C1-H), 2.6-2.4 (m, 1H,
Co-H), 2.35-2.15 (br s, 3H, OH, Nﬁz), 1.85-1.3 (m, 1H, C2-CH), 1.90 {(d,
J = 6 Hz, 64, CH{CH3)2); Specific rotation: [alsgg = +17.2° (¢ 10.9,
EtOH), [Lit.56 [alggq = +18.5° (c 7.83, EtOH)].

General Procedure for the Preparation of 2-Oxazolidinones. A.
Diethyl Carbonate Method.Z5 A magnetically stirred mixture of the indi-
cated amino-alcohol (1.0 equiv), diethyl carbonate (1.1 equiv) and anhy-
drous potassium carbonate (0.1 equiv), in a flask equipped for distil-

lation through a 20-cm Vigreux column, is,heated in an oil bath (intern-
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al reaction temperature 125-126°C) until 2.0 equiv of ethanol is col-
lected. The Vigreux column is removed for distillation of the last
traces of ethancl. The reaction mixture is allowed to cool to room
temperature, the product dissolved in dichloromethane or diethyl ether,
and the solution filtered through a pad of celite. The filtrate is
concentrated in vacuo and the residue purified by distillation or re-
crystallization to afford the indicated Z2-oxazolidinones.

B. Diphenyl Carbonate Method.20 A mechanically stirred mixture of
the indicated amino-aicohol (1.0 equiv), diphenyl carbonate (1.1 equiv),
and anhydrous potassium carbonate (1.1 equiv) is heated at 110°C (in-
ternal reaction temperature) for a 4-6 h period. The resuitant mixture
is allowed to cool to < 60°C. Excess diphenyl carbonate is hydrolyzed
by addition of methanol (4-6 mL/mmol of initial diphenyl carbonate) and
heating the mixture at reflux for 0.5 h. Sufficient water (4-6 mL/mmol
of potassium carbonate) is added to dissolve the potassium carbonate and
methanol is removed in vacuo. The product and phenol are extracted into
dichloromethane (3 x 1 miL/mmol of expected 2-oxazolidinone). The com-
bined extracts are washed with 2 M aqueous sodium hydroxide {3 x 1
mL/mmol of initial diphenyl carbonate, to remove the phencl), 1 M aque-
ous hydrochtoric acid (1 x 0.5 mL/mmol of initial amino-alcohol), brine,

dried over anhydrous magnesium sulfate, and concentrated in vacuo. The

residue is purified by recrystallization to afford the indicated 2-
oxazolidinone.

C. Phosgene Method.2’ To a mechanically stirred, cooled (0°C)
solution of the indicated amino-alcohol (1.0 equiv) and triethylamine
{2.2 equiv) in toluene (1-2 mL/mmol of amino-alcohol) is added a toluene

solution of phosgene (1.0 equiv) dropwise. The thick white mixture is
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stirred at 0°C for 1 h. The mixture is filtered and the precipitate
washed with warm ethyl acetate (3x). The combined filtrate and washings
are concentrated in vacuc and the residue purified by recrystallization

to afford the indicated 2-oxazolidincne.

(+)-4-Methyl-2-oxazolidinone [(z)-Alaninol 2-0xazolidinone, (5,
Table 2, Entry A)]. Diethyl Carbonate Method. A magnetically stirred
mixture of 4.85 g (64.6 mmo!) of (£)-alaninol, 9.0 mL (8.8 g, 74 mmo1)
of diethyl carbonate, and 0.2 g (0.14 mmol) of anhydrous potassium
carbonate was heated at 125-126°C (internal reaction temperature) until
7.5 g (5.9 g, 130 mmol)} of ethanol distilled {(ca. 4 h). Isolation ac-
cording to the general diethyl carbonate cyclization procedure gave
3.5 g {54% mass balance) of a pale yellow liquid. Distillation (Kugel-
rohr, 100 C, 12 mm) afforded 3.0 g {46%) of (+)-alaninol 2-oxazclidinone
5 as a mobile colorless liquid: IR (neat) 3600-3100, 2980, 1745, 1410,
1245, 1030 cm~1; 14 NMR (CDC13/90 MHz) § 6.8 (br s, 1H, N-H), 4.6-4.3
(m, 1H, C4-H), 4.2-3.8 (m, 2H, Cg-H2}, 1.33 (d, J = 6 Hz, 3H, C4-CH3);
GC (30 m DB-5, 100 C, 94 cm/sec, t,. = 2.45 min); TLC (ethyl acetate, Rf
= 0.45).

(4R,55)-4-Methy1-5-phenyl-2-oxazolidinone [(4R,55)-Norephedrine 2-
Oxazolidinone, (6, Table 2, Entry B)]. Diethyl Carbonate Method. A
magnetically stirred mixture of 35.2 g (0.233 mol) of (15,2R)-nor-
ephedrine, 30 mL (30.3 g, 0.256 mol) of diethyl carbonate, and 5 g of
anhydrous potassium carbonate was heated at 125-126°C (internal reaction
temperature) until 30 mL of ethanol distilled (ca. 16 h). Isolation ac-

cording to the general diethyl carbonate cyclization procedure gave 41 g
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(99% mass balance) of a pale yellow solid. The product was recrystal-
lized from toluene to afford 35 g (87%) of 6 as a white crystalline
solid: mp 121-122°C (Lit.®7 117°C); IR (CHC13) 3460, 3400-3200, 3020,
2980, 1760, 1450, 1380, 1350, 1220, 1125, 1000, 960, 690 cm-1; 1H NMR
(CDC13/90 MHz) & 7.33 (s, 5H, aromatic H's), 6.3-6.0 {br s, 1H, N-H),
5.67 (d, J = 7.5 Hz, 1H, Cg-H), 4.17 (gn, J = 7.0 Hz, 1H, C4-H), 0.80
(d, = 7.0 Hz, 3H, Cgq-CH3); 13C NMR (CDC13/22.5 MHz) 8 159.9, 135.0,
128.4, 125.9, 81.0, 52.4, 17.4; Specific Rotation [alggg = +177.2°,
Lalg77 = +186.1°, [algag = +212.0°, [alags = +368.6°, [al3gs = +598.6°
(c 2.21, CHC13), [Lit.57 [oJggq = +158.4° (c 0.44, CHC13)]; GC (30 m DB-
1, 150°C, 81 cm/sec, t. = 4.31 min); TLC (ethyl acetate, Rf = 0.45),

Anal. Calcd. for CigH11NO2: C, 67.78; H, 6.62; N, 7.90. Found: C,
67.42; H, 6.19; N, 7.87.

(4R,55)-4-Methy1~5-phenyl-2-oxazolidinone [(4R,55)-Norephedrine 2-
Oxazolidinone, (6, Table 2, Entry C)]. Diphenyl Carbonate Method. A
mechanically stirred mixture of 151 g (1.00 mol) of (1S,2R)-norephedrine
([alsgg = +33.4° (c 7, water) as the hydrochloride salt, Aldrich Chem-
ical Co.), 236 g (1.10 mo1) of diphenyl carbonate, and 152 g (1.10 mo1)
of anhydrous potassium carbonate, treated according to the general
diphenyl carbonate cyclization procedure to give 195 g (110% mass bal-
ance) of a light-ye]]ow solid. Recrystallization from toluene (600 mL,
3 crops) afforded 145-165 g (82-93%) of norephedrine 2-oxazolidinone 6
as a white crystalline solid, identical in all respects to the previ-

ously prepared material.



-77-

(4R,55)-4-Methyl-5-phenyl-2-oxazol idinone [(4R,5S5)-Norephedrine 2-
Oxazolidinone, (6, Table 2, Entry D)]. Phosgene Method. A mechanically
stirred solution of 82.0 ¢ (0.542 mol) of (1S,2R)-norephedrine and 110 g
(1.08 mol) of triethylamine in 400 mL of toluesne was treated with 282 mL
(1.92 M in toluene, 0.542 mol) of phosgene according to the general
phosgene cyclization procedure to give 99.4 g (103% mass balance) of a
pale yellow solid. Recrystallization from chloroform/diethyl ether 6-
afforded 84.9 g (88%) of (4R,55)-norephedrine 2-oxazolidinone 6 as a
white crystalline solid, identical in all respects to the previously

prepared material.

(t)-cis-4-Methyl-5-phenyl-2-oxazolidinone [(t)-Norephedrine 2-
Oxazolidinone, (6, Table 2, Entry E)]. Phosgene Method. A magnetically
stirred solution of 1.51 g (10.0 mmol) of (¢)-norephedrine and 2.80 mL
(2.03 g, 20.1 mmotl) of triethylamine in 20 mt of toluene was treated
with 8.3 mL (1.2 M in toluene, 10.0 mmol) of phosgene according to the
general phosgene cyclization procedure to give 1.89 g (99% mass balance)
of a yellow solid. Purification by fiash chromatography (3 x 30 cm
column, diethyl ether) afforded 1.39 g (73%) of (t)-norephedrine 2-
oxazolidinone 6, as a white crystalline solid: mp 136°C, [Lit25 mp 142-
144°C]; IR (CHC13) 3460, 3030, 1765, 1230, 1210 cm~1; 1K NMR (CDC13/90
MHz) &7.30 (s, 5H, aromatic H's), 5.67 (d, J = 7.8 Hz, 1H, Cg-H), 4.17
(qn, J = 6.8 Hz, 1H, Ca-H), 0.82 (d, J = 6.8 Hz, 3H, C4-CH3); GC (30 m
DB-5, 150°C, 94 cm/sec, t,. = 5,86 min); TLC {ethyl acetate, Rf = 0.45).

Anal. calcd. for CygHyNOp: C, 67.78; H, 6.62. Found: C, 67.64; H,
6.40.
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(45,55)-4-Methy1-5-pheny1-2-oxazolidinone [(4S,55)-Norpseudoephed-
rine 2-Oxazolidinone, (7, Table 2, Entry F)]. Diethyl Carbonate Method.
A magnetically stirred mixture of 6.92 g (45.8 mmol} of (1R,2R)-nor-
pseudoephedrine ([alggg = -41.7° (c 7, water) as the hydrochloride salt,
Aldrich Chemical Co,), 6.2 m. (6.1 g, 51 mmol) of diethyl carbonate, and
0.70 g (5.1 mmol) of anhydrous potassium carbonate was heated at 125-
126°C (internal reaction temperature) until 5.4 mL (4.2 g, 91 mmol) of
ethanol distilled (ca. 8 h). Isolation according to the general diethyl
carbonate cyclization procedure gave 8.5 g (105% mass balance) of a pale
yellow solid. Recrystallization from toluene (two crops) afforded 7.2 g
(90% yield) of (4S5,5S)-norpseudoephedrine 2-oxazolidinone 7 as a white
crystalline sotid: mp 119-120°C; IR (CH2C12) 3460, 3320-3200, 3060,
2990, 1770, 1450, 1420, 1400, 1320 cm-1; 14 NMR (CDC13/80 MHz) & 7.35
(s, 5H, aromatic H's), 6.45-6.2 (br s, 1H, NH), 5.02 (d, J = 7.8 Hz, 1H,
Cg-H), 3.82 (gn, J = 7.2 Hz, 1H, Cg-H), 1.40 (d, J = 7.0 Hz, 3H, C4-
CH3);  Specific rotation [alggg = +15.7°, [alg77 = +17.1°, [alssg
= 419.0°, Laly3s = +32.4°, [al3g5 = +50.9° (c 1.83, EtOH); GC (30 m DB-
5, 175°C, 86 cm/sec, ty = 2,71 min); TLC (ethy] acetate, Ry = 0.52).

Anal. Calcd. for CygH;1NO2: C, 67.78; H, 6.26. Found: C, 67.86; H,
6.35.

(45)-4-(1-Methylethyl)-2-oxazolidinone [(S)-Valinol 2-Oxazolidin-
one, (8, Table 2, Entry G)]J. Diethyl Carbonate Method. A magnetically
stirred mixture of 103 g (1.00 mo1) of (S)-valinol, 133 mL (130 g, 1.10
mol) of diethyl carbonate, and 14 g (0.10 mo1) of anhydrous potassium
carbonate was heated at 125-126°C (internal reaction temperature} until

117 mL (92 g, 2.0 mo1) of ethanol distilled (ca. 4-6 h). The resultant
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mixture was cooled to room temperature, dissolved in diethyl ether (3
L), and the solution filtered through a 2 cm pad of celite to remove the
potassium carbonate. The etheral sclution was concentrated to a volume
of ca. 1 L, slowly cocled to 0°C, and the product allowed to crystal -
l1ize. Concentration of the mother Tiguors provided two additional crops
of crystals. The total yield of (S)-valinol 2-oxazolidinone 8, was 110-
123 g (85-95%), as a white needles: mp 69-70°C, [Lit.°8 mp 71.5°C]; IR
(CHoCio) 3480, 3340-3240, 3060, 2980, 1760, 1400, 1240 cm~l; IH NMR
(CDC13/90 MHz) 8 6.7 (br s, 1H, N-H), 4.42 (t, J = 8.6 Hz, 1H, Cg-H),
4.07 (d of d, J = 8.5, 6.5 Hz, 1H, Cg-H), 3.58 (d of t, J = 8.6, 6.5 Hz,
6.0 Hz,

1H, C4-H), 1.9-1.6 (m, 1H, Cg4-CH), 0.95 (overlapping d's, J
6H, CH(CH3)2); Specific rotation [al5gg = -16.6°, {alg77 = -17.3°%,
lalggg = -20.2°, [alg3s = -37.3°, [aligg = -63.7° (c 5.81, EtOH); GC
(30 m DB-5, 100°C, 94 cm/sec, t, = 5.55 min); TLC (6:4 hexanes/ethy]
acetate, R¢ = 0.19).

Anal, Calcd. for CgHyyNOp: ¢, 55.80; H, 8.58. Found: C, 55.63; H,
8.53.

(2)-4-(1-Methylethyl)-2-oxazolidinone [(£)-Valinol 2-Oxazolidinone,
(8, Table 2, Entry H)]J. Phosgene Method. A magnetically stirred solu-
tion of 1.03 g (10.0 mmol) of (#)-valinol and 2.80 mL (2.03 g, 20.1
mmol) of triethylamine in 20 ml of toluene was treated with 8.3 mL (1.2
M in toluene, 10.0 mmol) of phosgene according to the general phosgene
cyclization procedure to give 1.0 g (77% mass balance) of a yellow
solid. Purification by flash chromatography (2 x 20 cm column, diethyl

ether) afforded 0.75.g (58 %) of (t}-valinol oxazolidinone 8, as a white
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crystalline solid: mp 64-65 C; IR (CHC13) 3480, 3400-3200, 3020, 2970,
1755, 1405, 1230 cm-1; 1H NMR (CDC13/90 MHz) § 6.7 (br s, 1H, N-H), 4.42
(t, J = 8.6 Hz, 1H, Cg-H), 4.07 (d of d, J = 8.5, 6.5 Hz, 1H, Cg-H),
3.58 {(d of t, J = 8.6, 6.5 Hz, 1lH, Cq-H), 1.9-1.6 (m, 1H, C4-CH), 0.95
(overlapping d's, J = 6.0 Hz, 6H, CH(CH3)2); 6C (30 m DB-5, 100°C, 94
cm/sec, t. = 5,52 min); TLC (ethy]l acetate, Rf = 0.49).

Anal. Calcd. for CgH1INO2: C, 55.80; H, 8.58. Found: C, 55.61; H,

8.46.

(4R)-4-Pheny1-2-oxazolidinone [(4R)-Phenylglycinol 2-Oxazolidinone,
(9, Table 2, Entry I1)]. Diethyl Carbonate Method. A magnetically
stirred mixture of 20.0 g (0.143 mol) of (R)-phenylglycinol ([alggg =
-31.7° (¢ 0.76, 1 N aqueous HC1), Aldrich Chemical Co.), 17.4 mL (17.0
g, 0.144 mol) of diethyl carbonate, and 2.1 g (15 mmol) of anhydrous
potassium carbonate was heated at 125-126°C (internal reaction tempera-
ture) until 16 mL (13 g, 0.27 mol) of ethanol distilled (ca. 4h).
Isolation according to the general diethyl carbonate cyclization pro-
cedure gave 19.8 g (85% mass balance} of a pink solid. Recrystalliza-
tion from hexanes/chloroform afforded 18.5 g (79%) of (R)-phenylgiycinol
oxazolidinone 9 as a white crystalline solid: mp 123.5-124.5°C; IR
(CHC13) 3440, 3300-3180, 2990, 1750, 1390, 1210, 1135 cm-1; 1H NMR
(CDC13/90 MHz) & 7.33 (s, 5H, aromatic H's), 6.3 (br s, 1H, N-H), 4.92
(d of d, J = 6.9, 8.9 Hz, 1H, C4-H), 4.68 (t, J = 87 Hz, 1H, C5-H),
4.12 (d of d, J = 6.9, 8.3 Hz, 1H, Cg-}); 13C NMR (CDC13/22.5 MHz) §
160.1, 139.8, 129.1, 128.6, 126.0, 72.5, 56.3; Specific rotation [a]589
.= -58.6°, [algyy = -62.0°, [alsag = -70.7°, [ala3g = -121.6°, [al3gs =
-196.4° (c 1.06, CH2C1); GC (30 m DB-5, 150°C, 94 cm/sec, tp = 5.05
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min); TLC {ethyl acetate, R = 0.46). |
Anal. Calcd. for C9H9N02: C, 66.25; H, 5.56; N, 8.58. Found: C,
66.20; H, 5.55; N, 8.56.

(4S)-4-Phenylmethyl-2-oxazolidinone [(S)-Phenylalaninol 2-Oxazoli-
dinone, (10, Table 2, Entry J)]. Diethyl Carbonate Method. A magnet-
jcally stirred mixture of 2.05 g (13.6 mmol) of (S)-phenylalaninol, 1.80
mL (1.76 g, 14.9 mmo1) of diethyl carborate and 0.2 g (0.14 mmol) of
anhydrous potassium carbonate was heated in an 0il bath at 120-125°C
until no amino alcohol remained as detected by TLC (ethyl acetate, Ry
phenylalaninol = 0.01, R¢ 10 = 0.43). Isolation according to the gencral
diethyl carbonate cyclization procedure gave 2.3 g of a cloudy h‘qukid.
Purification by fiash chromatography (3 x 30 cm column, diethyl ether)
afforded 1.86 g (77 %) of (S)-phenylalaninol 2-oxazolidinone 10, as a
white crystalline solid: mp 82-83°C; IR (CHC13) 3460, 3020, 1760, 1400,
1220 cm=1; Iy NMR (CDC15/90 MHz) 8 7.4-7.1 (m, 5H, aromatic H's), 5.52
(br s, 1H, N-H), 4.6-4.3 (m, 1H, Cg-H), 4.2-3.9 (m, 2H, Cg-H, Cs-H),
2.88 (d, J = 6 Hz, 2H, Cq-CHp); Specific rotation [alggg = +5.1°, [al577
= +5,5°, [alg4g = +6.1°, [ala3s = +8.0°, [alzes = *9:1° (c 0.76, EtOH);
GC (30 m DB-1, 175°C, 100 cm/sec, 2.13 min).

Anal. Calcd. for C10H11N02 C, 67.78; H, 6.62. Found: C, 67.83; H,

General Procedure to Determine the Enantiomeric Purity of 4-Substi-
tuted-2-0Oxazolidinones. The indicated 2-oxazolidinone is acylated with

(R)-(-)-2-methoxy-2-phenyl-3,3,3-trifluoropropanoyl chloride 1122 ac-
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cording to the general acylation procedure (vide infra). The ratio of
imide diastereomers (12:13), which corresponds to the enantiomeric pur-
ity of the 2-oxazolidinone, is determined by GC and HPLC analysis of the
unfractionated product. An authentic mixture of diastereomers is pre-
pared from the indicated racemic 2-oxazolidinone and (R)-acid chloride

11 or from the indicated oxazolidinone and racemic acid chloride 11.

Enantiomeric Purity of (4R,55)-4-Methyl-5-phenyl-2-oxazolidinone
[(4R,55)-Norephedrine 2-Oxazolidinone, (6, Table 3, Entry A)]. A solu-
tion of 44.6 mg (0.252 mmo1) of (4R,5S)-norephedrine 2-oxazolidinone 6
([alggg = +172.2° (¢ 2.21, CHCT3)), (0.1 M in THF) was metalated with
0.16 mL (1.55 M in hexane, 0.248 mmo1) of n-butyllithium and acylated
with 0.053 mL (70 mg, 0.28 mmol) of (R)-acid chloride 11 according to
the general acylation procedure to give 105 mg (107% mass balance} of
unpurified product. Analysis by GC (30 m Carbowax 20M, 225°C, 94
cm/sec, ty 12 = 22.89 min) indicated the presence of only diastereo-
isomer 12 (1imits of detection > 200:1). HPLC analysis {8 mm x 10 cm
Radial Pak (10 pym silica gel), 88:12 isooctane/ethyl acetate, 2.0
mL/min, k' 12 = 2.59) also indicated the presence of only one diastereo-
isomer. A standard mixture of diastereomers was prepared from (&)-
norephedrine 2-oxazolidinone 6 and (R)-acid chloride 11 by the some pro-
cedure. Analysis by GC (same conditions as above: ty 13 = 21.97 min, ty
12 = 22.89 min). HPLC analysis (same conditi‘ons as above: k' 13 = 2.32,
k' 12 = 2,59, o = 1.12). TLC (8:2 hexanes/ethyl acetate R¢ 13 = 0.57,
Re 12 = 0.67).
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Enantiomeric Purity of (45,55)-4-Methyl-5-phenyl-2-oxazolidinone
[(4S,55)-Norpseudoephedrine 2-Oxazolidinone, (7, Table 3, Entry B)]. A
solution of 177 mg (1.00 mmol) of (45,55)-norpseudoephedrine 2-oxazol-
idinone ([alsgg = +15.7° (c 1.83, EtOH)), (0.2 M in THF) was metalated
with 0.45 mL (2.23 M in hexane, 1.00 mmo1) of n-butyllithium and acyl-
ated with 0.20 mL (0.27 g, 1.06 mmol) of (R)-acid chloride 11 according
to the general acylation procedure to give 0.40 g {101% mass balance) of
unpurified product. Analysis by GC (30 m DB-5, 200°C, 83 cm/sec, tp 13
= 8.23 min) indicated the presence of only diastereoisomer 13 {1imits of
detection > 200:1). HPLC analysis (8 mm x 10 cm Radial Pak (5 um silica
gel), 88:12 isooctane/ethyl acetate, 2.0 mL/min, k' 13 = 3.02) also
indicated the presence of only one diastereomer. A standard mixture of
diastereomers was prepared from (45,5S5)-norpseudoephedrine 2-oxazoli-
dinone 7 and (z}-acid chloride 11 by the same procedure. Analysis by GC
(same conditions as above: t. 12 = 7.59 min, ty 13 = 8.23 min). HPLC
analysis (same conditions as above: k' 13 = 3.02, k' 12 = 3.95, a =

1.38). TLC {8:2 hexanes/ethyl acetate, Ry 13 = 0.29, Rf 12 = 0.23).

Enantiomeric Purity of (4S5)-4-(1-Methylethyl)-2-oxazolidinone
[(4S)-Valinol 2-Oxazolidinone, (8, Table 3, Entry C)]. A solution of
42.9 mg (0.333 mmol) of (4S)-valinol 2-oxazolidinone 8 ([alsgg = -16.6°
(c 5.81, CHyCTp)), (0.1 M in THF) was metalated with 0.24 mL (1.55 M in
hexane, 0.37 mmol) of n-butyllithium and acylated with 0.069 mL (92 mg,
0.37 mmol) of (R)-acid chloride 11 according to the general acylation
procedure to give 120 mg (104% mass balance) of unpurified product.
Analysis by GC (30 m Carbowax 20M, 200°C, 96 cm/sec, t, 13 = 9.04 min)

indicated the presence of only diastereoisomer 13 (Timits of detection
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»>200:1). HPLC analysis (8 mm x 10 cm Radial Pak (10 um silica gel),
76:24 isooctane/ethyl acetate, 2.0 mL/min, k' 13 = 1.72) also indicated
the presence of only one diastereoisomer 13. A standard mixture of dia-
stereomers was prepared from (z)-valinol 2-oxazolidinone 8 and (R)-acid
chloride 11 by the same procedure. Analysis by GC (same conditions as
above: t,. 13 = 9.04 min, t 12 = 9.53 min). HPLC analysis (same condi-
tions as above: k' 13 = 1.72, k' 12 = 2.44, o = 1.42). TLC (8:2 hexanes/

ethyl acetate, R¢ 13 = 0.43, Rf 12 = 0.32).

Enantiomeric Purity of (4R)-4-Phenyl-2-Oxazolidinone [(4R)-Phenyl-
glycinol 2-Oxazolidinone, (9, Table 3, Entry D)). A solution of 163 mg
(1.00 mme1) of (4R)-phenylglycinol 2-oxazolidinone 9 ([alsgg = -58.6° (c
1.06, CHpC13)), (0.2 M in THF) was metalated with 0.45 mL (2.23 M in
hexane, 1.00 mmol) of n-butyllithium and acylated with 0.20 mL (0.27 g,
1.06 mmo1) of (R)-acid chloride 11 according to the general acylation
procedure to give 0.40 (105% mass balance) of unpurified product. Anal-
ysis by GC (30 m Carbowax 20M, 225°C, 93 cm/sec, t . 12 = 20.12 min; 30 m
DB-5, 200°C, 83 cm/sec, t, 12 = 7.03 min) indicated the presence of only
one diastereoisomer 12 (1imits of detection > 200:1). HPLC analysis (8
mm x 10 cm Radial Pak (10 um silica gel), 76:24 isooctane/ethyl acetate,
2.0 mL/min, k' 12 = 3.00) also indicated the presence of only dia-
stereoisomer 12. A standard mixture of diastereomers was prepared from
(4R)-phenylgiycinol 2-oxazolidinone 9 and racemic acid chloride 11 by
the same procedure. GC (same conditions as above: Carbowax 20M, ty 12 =
20,12 min, t. 13 = 21.18 min; DB-5, ty 12 = 7.03 min, ty 13 = 7.42 min),
HPLC (same conditions as above: k' 13 = 2.14, k' 12 = 3.00, o = 1.40).

TLC (8:2 hexanes/ethyl acetate Rs 13 = 0.32, R¢ 12 = 0.25).
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Enantiomeric Purity of (45)-4-Phenylmethyl-2-oxazolidinone [(4S)-
Phenylalaninol 2-Oxazolidinone, (10, Table 3, Entry E}]. A solution of
177 mg (1.00 mmol) of (4S)-phenylalaninol 2-oxazolidinone 10 ([alggg =
+5.1° (¢ 0.76, ethanol)), (0.2 M in THF) was metalated with 0.45 mi
(2.23 M in hexane, 1.00 mmo1) of n-butyllithium and acylated with 0.20
mL (0.27 g, 1.06 mmo1) of (R)-acid chloride 11 according to the general
acylation procedure to give 0.40 g (101% mass balance) of unpurified
product. Analysis by GC (30 m DB-5, 200°C, 83 cm/sec, t,. 13 = 10.78
min) indicated the presence of only one diastereoisomer 13. HPLC anal-
ysis (8 mm x 10 cm Radial Pak (10 um silica gel), 76:24 isooctane/ethy]
acetate, 2.0 mL/min, k' 13 = 1.31} also indicated the presence of only
one diasterecisomer. A standard mixture of diastereomers was prepared
from (4S)-phenylalaninol 2-oxazolidinone 10 and racemic acid chloride 11
by the same procedure. GC (same conditions as above: t, 12 = 10.52 min,

ty 13 = 10.78 min). HPLC (same conditions as above: k' 13 = 1.31, k' 12

1.78, @ = 1.36). TLC (8:2 hexanes/ethyl acetate, Ry 13 = 0.39, Rf 12

0.32).

General Procedure for the N-Acylation of 2-Oxazolidinones. To a
magneticaily or mechanically stirred, cooled {-78°C) solution of the
indicated 2-oxazolidinone, 0.1-1.0 M in THF, is added a hexane solution
of n-butyllithium (1.0-1.2 equiv) over a 10-20 min period. After stir-
ring for 0-20 min, the indicated acylating agent (acid chloride, anhy-
dride or mixed anhydride; 1.0-1.2 equiv) is added either neat or as a
THF solution. The reaction mixture is allowed to warm to room tempera-
ture and stirred for 0.5-1.0 h. Excess acylating agent is quenched by

addition of 1 M aqueous potassium bicarbonate and stirring the two-phase
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mixture for 0.5-1.0 h. The THF is removed in vacuo and the product
extracted into dichloromethane (3x). The combined organic extracts are
washed with brine, dried over anhydrous magnesium sul fate or sodium
sulfate, and concentrated in vacuo. The N-acyl 2-oxazolidinone imides
are purified by chromatography, molecular distillation or recrystalli-
zation.

Specific Information for the Acylation of (4R,5S5)-Norephedrine 2-
Oxazolidinone (6), (4S)~Phenylalaninol 2-0Oxazolidinone (10), or (4R)-
Phenylgliycinol 2-Oxazolidinone (9). n-Butyllithium is added to the
2-oxazolidinone solution until the orange-red color of the dianion just
persists. The acylating agent is added immediately to prevent epimer-
jzation at the benzylic carbon of norephedrine and phenylglycinoil 2-

oxazolidinones.

(+)-3-(1-Oxobutyl)-4-methyl-2-oxazolidinone (14c, Table 4, Entry
A). A solution of 0.841 g (8.32 mmol) of (&)-alaninol 2-oxazolidinone 5
(0.42 M in THF) was metalated with 5.8 mL (1.57 M in hexane, 9.11 mmo1)
of n-butyllithium and acylated with 1.50 mL (1.47 g, 9.17 mmol) of
butanoic anhydride according to the general acylation procedure to give
1.4 g (99% mass balance) of unpurified product. The title compound was
isolated by flash chromatography (3 x 30 cm column, 7:3 hexanes/ethyl
acetate) followed by molecular distillation (Kugelrohr, 75°C, 0.005 mm)
to afford 0.937 g (66%) of 14c as a colorless liquid: IR (CCl,) 2980,
2940, 2880, 1795, 1710, 1390, 1340, 1210, 1135 cn-1; 1y nmR (CDCT13/90
MHz) & 4.7-4.3 (m, 2H, Cg-H5), 4.1-3.9 (m, 1H, Cq-H), 2.87 (t, J = 7.5
Hz, 2H, Cpi-Hp), 1.9-1.5 (m, 2H, C31-Hp), 1.40 (d, J = 6.3 Hz, 3H, Cg-
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CH3), 1.00 (t, J = 7.0 Hz, 3H, Cq'-H3); GC (30 m SE-54, 100°C, 54
cm/sec, t,. = 8,97 min); TLC (7:3 hexanes/ethyl acetate, Rf = 0.29).

Anal. Calcd. for CgHi3NO3: C, 56.13; H, 7.65. Found: C, 56.18; H,
7.68.

(4R,55)-3-{1-0Oxoethy1)-4-methy1-5-phenyl-2-oxazolidinone (16a, Table
4, Entry B). A solution of 4.12 g {23.3 mmol) of (4R,5S)-norephedrine
2-oxazolidinone 6 (0.23 M in THF) was metalated with 14.0 mL (1.57 M in
hexane, 22.0 mmol) of n-butyllithium and acylated with 1.88 g (23.9
mmol} of acetyl chloride according to the general acylation procedure to
give 4.92 g (96% mass balance) of unpurified product. The title com-
pound was isolated by molecular distillation (Kugelrohr, 140°C, 0.006
mm) to afford 4.75 g (93%) of 16a as a white crystalline solid: mp 65.5-
66.0°C; IR (CCl4) 2095, 1800, 1715, 1380, 1370, 1350, 1200, 1165 cm™;
T NMR (CDC13/90 MHz) & 7.3 (s, SH, aromatic H's), 5.61 (d, J = 7.2 Hz,
1H, Cg-H), 4.70 {qn, J = 6.8 Kz, 1H, Cg-H), 2.48 (s, 3H, Cp'~H3), 0.88
(d, J = 6.8 Hz, 3H, C4-CH3); Specific rotation [alsgg = +47.6°, [alg77 =
+49.9°, [alssg = +57.0°, [alg3s = +101.3°, [al3es = +172.8° {c 2.06,
CHaC12)}; GC (30 m SE-54, 175°C, 49 cm/sec, ty = 4.40 min); HPLC (8 mm x
10 cm Radial Pak (5 ym silica gel}), 88:12 isooctane/ethyl acetate, 2.0
mL/min, k' = 5.13}; TLC (8:2 hexane/ethyl acetate, R¢ = 0,39).

Anal. Calcd. for CypH13NO3: C, 65.74; H, 5.98, Found: C, 65.80; H,
6.20.
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(4R,55)-3-(1-Oxopropyl)-4-methyl-5-phenyl-2-oxazolidinone (16b,
Table 4, Entry C). A mechanically stirred solution of 88.6 g (0.500
mol) of (4R,5S)}-norephedrine 2-oxazolidinone 6 (0.5 M in THF) was metal-
ated with 290 mL (1.74 M in hexane, 0.505 mol) of n-butyllithium and
acylated with 52 mL (55 g, 0.60 mol) of propanoyl chloride according to
the general acylation procedure to give 124 g (106% mass balance) of
unpurified product. The title compound was isclated by molecular distil-
lation (Kugelrohr, 135°C, 0.008 mm) to afford 110 g (94%) of 16b as a
colorless viscous liquid: IR (CHZC}Z) 2990, 1785, 1710, 1370, 1350,
1245, 1220, 1200, 1150, 1125 cm~1; 1H NMR (CDC13/90 MHz) § 7.33 (s, 5H,
aromatic H's), 5.63 (d, J = 7.2 Hz, 1H, C5-H), 4.73 (gn, J = 6.8 Hz, 1H,
C4-H), 2.93 (q, J = 7.5 Hz, 2H, Cp'-H2), 1.17 (t, J = 7.2 Hz, 3H, C3'-
H3), 0.88 (d, J = 6.8 Hz, 3H, C4-CH3); 13C NMR (CDC13/22.5 MHz) 8 173.7,
153.0, 133.5, 128.6, 125.6, 79.0, 54.7, 29.2, 14.5, 8.3; Specific rota-
tion [alggg = +43.4°, [al577 = +45.1°, [al5ge = +51.6°, [algas = +92.3°,
[al3gs = +159.8° (c 3.61, CHpC12); GC (30 m SE-54, 175°C, 49 cm/sec, tp
= 5.75 min); HPLC (8 mm x 10 cm Radial Pak (5 pm silica gel), 88:12
jsooctane/ethyl acetate, 2.0 mL/min, k' = 2.62).

Anal. Calcd. for Ci3H15N03: C, 66.94; H, 6.48. Found: C, 67.17; H,
6.64.

(4R,55)-3-(1-0Oxobuty] )-4-methyl-5-phenyl-2-oxazolidinone (16c, Table
4, Entry D). A mechanically stirred solution of 20.0 g (0.113 mo1) of
(4R,5S5)-norephedrine 2-oxazolidinone 6 (0.28 M in THF) was metalated
with 80 mL (1.55 M in hexane, 0.124 mol) of n-butyllithium and acylated
with 22.0 mL (21.3 g, 0.135 mo1) of butanoic anhydride according to the

general acylation procedure to give 30 g (108% mass balance) of unpuri-
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fied product. The title compound was isolated by recrystallization from
pentane/diethyl ether to afford 24.3 g (87%) of 16¢ as a white crystal-
line solid: mp 55.5-56°C; IR (CHpCl1p) 2970, 2940, 2880, 1785, 1705,
1385, 1370, 1350, 1235, 1220, 1200, 1125 cm~1; 1H NMR (CDC13/90 MHz) &
6.83 (s, 5H, aromatic H's), 5.62 (d, J = 7.2 Hz, 1H, Cg5-H), 4.73 {gn, J
= 6.8 Hz, 1H, Cy-H), 2.93 (t, J = 7.5 Hz, 1H, Ca'-H), 2.90 (t, J = 6.9
Hz, 1H, Coi-H), 1.68 (m, 2H, C3'-Hp), 0.98 (t, J = 7.0 Hz, 3H, C4'-H3)»
0.88 (d, J = 6.8 Hz, 3H, C4-CH3); 13C NMR (CDC13/22.5 MHz) & 172.9,
153.0, 133.5, 128.7, 125.7, 79.0, 54.7, 37.4, 17.8, 14.6, 13.6; Specific
rotation [alggg = +40.4°, [alg77 = +41.6°, [alggg = +47.8°, [alg3g =
+86.0°, [al3g5 = +149.3° (¢ 4.9, CHpClp); GC (30 m SE-54, 200°C, 47
cm/sec, t. = 5.06 min); HPLC (8 mm x 10 cm Radial Pak (5 ym silica gel),
88:12 isooctane/ethyl acetate, 2.0 mL/min, k' = 1.93); TLC (7:3 hexanes/
ethyl acetate, R¢ = 0.36).

Anal. Calcd. for Cy4Hy7N0O3: C, 68.00; H, 6.93. Found: C, 68.20; H,
7.12.

(4R,55)-3-(1-0x0-3-methylbutyl)-4-methyl-5-phenyl-2-oxazolidinone
(16d, Table 4, Entry E). A solution of 8.86 g {(50.0 mmol1) of (4R,5S)-
norephedrine 2-oxazolidinone 6 (0.20 M in THF) was metalated with 22.4
mL (2,23 M in hexane, 50.0 mmo}) of n-butyllithium and acylated with 6.6
g (54.7 mmol) of 3-methylbutanoyl chloride according to the general
acylation procedure to give 13.6 g (104% mass balance) of unpurified
product. The title compound was purified by recrystallization from
pentane/diethyl ether to afford 11.8 g (90%) of 16d as a white crystal-
line solid: mp 52-53°C; IR (CHoC1p) 3060, 2970, 1780, 1700, 1370,
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1350, 1305, 1215, 1200, 1160 cm~1; 1H NMR (CDC13/90 MHz) § 7.4 (s, 5H,
aromatic H's), 5.70 (d, J = 7.2 Hz, 1H, Cg-H), 4.80 (qn, J = 6.8 Hz, 1H,
Cq-H), 2.97 (d of d, J = 16.5, 7.5 Hz, 1H, Cpi-H), 2.73 (d of d, J =
16.5, 7.5 Hz, 1H, Cpi-H), 2.5-1.9 (m, 1H, C3'-H), 1.02 (d, J = 7.2 Hz,
6H, C31-CH3, C4'-H3), 0.92 (d, J = 6.8 Hz, 3H, C4-CH3); Specific rota-
tion [alggg = +38.5°, [alg77 = +40.9°, [algsg = +47.0°, [algas = +84.0°,
Lalggg = +145.1° (c 2.36, CHpC12); GC (30 m DB-1, 175°C, 78 cm/sec, t, =
4.45 min); HPLC (8 mm x 10 cm Radial Pak (5 um silica gel), 88:12

isooctane/ethyl acetate, 2.0 mL/min, k' = 1.50); TLC (8:2 hexanes/ethy]l

acetate, Ry = 0.69).

Anal. Calcd. for C15H19N03: C, 68.94; H, 7.33. Found: C, 69.06; H,
7.30.

(4R,55)-3-(1-0x0-4-pentenyl )-4-methy1-5-phenyl-2-oxazol idinone
(16e, Table 4, Entry F). A solution of 7.21 g (40.7 mmol) of (4R,5S)-
norephedrine 2-oxazolidinone & (0.14 M in THF) was metalated with 25.0
mL (1.55 M in hexane, 38.8 mmol) of n-butyllithium and acylated with 5.4
g (455 mmol)} of 4-pentenoyl chloride according to the general acylation
procedure to give 10.8 g {107% mass balance) of unpurified product. The
title compound was isolated by flash chromatography (4 x 30 cm column,
7:3 hexanes/diethyl ether) to afford 9.26 g (92%) of 16e as a white
crystalline solid : mp 59-60°C; IR (CHpC1,) 3060, 2990, 1780, 1700,
1370, 1350, 1200 cm-1; 1H NMR (CDC13/90 MHz) & 7.35 (s, 5H, aromatic
H's), 6.1-5.7 (m, 1H, C4*-H), 5.60 (d, J = 7.2 Hz, 1H, Cg-H), 5.2-4.9
(m, 2H, Cgi-Hp), 4.73 (gn, J = 6.8 Hz, 1H, C4-H), 3.2-3.0 (m, 2H, Cp'-
Hp), 2.6-2.3 (m, 2H, C31-Hp), 0.90 {d, J = 6.8 Hz, 3H, C4-H3); Specific

rotation [alggg = +34.6°, [alg77 = +36.4°, [alggg = +41.8°, [aly3s =
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+74.9°, [al3gs = +129.8° (c 1.35, CHpClp); GC (30 m DB-5, 175°C, 85
cm/sec, t. = 6.08 min); HPLC (8 mm x 10 cm Radial Pak (5 um silica gel),
88:12 isooctane/ethyl acetate, 2.0 mL/min, k' = 1.99); TLC (8:2 hexanes/
ethyl acetate, R¢ = 0.53).

Anal. Calcd. for CygHyyNO3: C, 69.48; H, 6.61. Found: C, 69.54; H,
6.51.

(4R,55)-3-(1-0x0-3,3-dimethylbuty) )-4-methyl-5-phenyl-2-oxazolidi-
none (16f, Table 4, Entry G). A solution of 8.86 g (50.0 mmol) of
(4R,5S)-norephedrine 2-oxazolidinone 6 (0.2 M in THF) was metalated with
22.4 mL (2.23 M in hexane, 50.0 mmol) of n-butyllithium and acylated
with 7.4 g (55.0 mmol) of 3,3-dimethylbutanoyl chloride according to the
general acylation procedure to give 15.2 g (110% mass balance) of crude
product. The title compound was purified by recrystallization from
hexanes/ethyl acetate to afford 12.0 g (87%) of 16f as a white crystal-
line solid: mp 79-80°C; IR (CHpC1-) 3060, 2970, 1785, 1700, 1370, 1350,
1250, 1190, 1170, 1120 cm~l; 1H NMR (CDC13/90 MHz) § 7.30 (s, 5H,
aromatic H's), 5.60 (d, J = 7.2 Hz, 1H, Cg-H), 4.77 (qn, J = 6.8 Hz, 1lH,
Cq-H), 3.07 (d, J = 15 Hz, 1H, Cp'-H), 2.82 (d, J = 15 Hz, 1H, Cp'-H),
1.1 (s, 9H, C3'-(CH3}3), 0.90 (d, J = 6.8 Hz, 3H, C4-CH3); Specific
rotation [alggg = +36.3°, [al577 = +38.8°, [alggp = +44.3°, [alg3s =
+78.4°, [al3gs = +133.5° (c 2.63, CHpCiz); GC (30 m DB-1, 175°C, 78
cm/sec, t,. = 5,14 min); HPLC (8 mm x 10 cm Radial Pak (5 ym silica gel),
1.13); TLC (8:2 hexanes/

U]

88:12 isooctane/ethyl acetate, 2.0 mL/min, k'
ethyl acetate, Ry = 0.63).

Anal. Calcd. for CygHpNO3: C, 69.79; H, 7.69. Found: C, 69.83;
7.57.
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(4R,55)-3-(1-0x0-2-phenylethyl)-4-methyl-5-phenyl-2-oxazolidinone
{(16g, Table 4, Entry H). A magnetically stirred solution of 8.86 g
(50.0 mmol) of (4R,5S)-norephedrine 2-oxazolidinone 6 (0.2 M in THF) was
metalated with 22.4 mL (2.23 M in hexane, 50.0 mmo1) of n-butyllithium
and acylated with 8.5 g (55 mmol) of phenylacetyl chloride according to
the general acylation procedure to give 15.1 g (105% mass balance) of
crude product. The title compound was purified by recrystallization
from hexanes/ethyl acetate to afford 13.4 g (90%) of 169 as a white
crystalline solid: mp 101-102°C; IR (CHsC12) 3060, 2990, 1780, 1710,
1355 cm=1; 1H NMR (CDC13/80 MHz) & 7.3 (m, 10H, aromatic H's), 5.65 (d,
J = 8 Hz, 1H, C5-H), 4.75 (gn, J = 7 Hz, 1H, C4-H), 4.3 (s, 2H, Cp1-Hp)s
0.90 (d, J =7 Hz, 3H, C4-CH3); Specific rotation [alsgg = +0.5°, [al577
+0.5°, [alsag = +0.5°, [alg3s = +0.6°, [al3zgs = *0.8° (c 0.97,

CH,C12); GC (30 m DB-5, 200°C, 83 cm/sec, t, = 9.35 min), HPLC (8 mm x
10 cm Radial Pak (6 umsilica gel), 88:12 isooctane/ethyl acetate, 2.0
ml/min, k' = 3.07); TLC (8:2 hexanes/ethyl acetate, Rf = 0.47).

Anal. Calcd. for CygHyyNO3: C, 73.20; H, 5.80. Found: C, 73.01; H,
5.77.

(4R,55)-3-(1-0x0-3-phenylpropyl )-4-methyl-5-phenyl-2-oxazolidinone
{16h, Table 4, Entry I). A mechanically stirred, solution of 44.3 g
(0.250 mol) of (4R,5S)-norephedrine 2-oxazolidinone 6 (0.5 M in THF) was
metalated with 147 mL (1.70 M in hexane, 0.250 mo1) of n-butyllithium
and acylated with 39.0 mL (44.3 g, 0.263 mol) of 3-phenylpropanoy]
chloride according to the general acylation procedure to give 83.2 g
(107% mass balance) of unpurified product. The title compound was

purified by recrystallization from 9:1 hexanes/ethyl acetate (2 crops)
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to afford 68.1 g (88%) of 16h as a white crystalline solid: mp 95-96°C;
IR (CHaCl;) 3060, 3000, 1785, 1700, 1370, 1350, 1250 cm~1; 1H NMR
(CDC13/500 MHz) & 7.44-7.19 (m, 10H, aromatic H's), 5.63 (d, J = 7.5 Hz,
1H, Cg-H), 4.75 {gn, J = 6.9 Hz, 1H, C4-H), 3.34 (m, 2H, Cp'-Hp), 3.06-
3.00 (m, 2H, C3i-H,), 0.89 (d, J = 6.8Hz, 3H, Cg-H3); 13C NMR
(CDC14/22.5 MHz) & 172.1, 152.9, 140.4, 133.4, 128.7, 126.2, 125.6,
79.0, 54.7, 37.2, 30.3, 14.5; Specific rotation [alggg = +28.7°, [als577
= +28.9°, [algqg = +32.9°, [alg3g = +60.1°, [al3gs = +106.7° (c 0.45,
CHpC12); GC (30 m DB-1, 200°C, 86 cm/sec, t, = 9.06 min); HPLC (8 mm x
10 cm Radial Pak (5 um silica gel), 88:12 isooctane/ethyl acetate, 2.0
mL/min, k' = 2.76); TLC (7:3 hexanes/ethyl acetate, R¢ = 0.42).

Anal. Calcd. for CigHigNO3: C, 73.77; H, 6.19. Found: C, 73.85; H,
6.28.

(4R,55)-3-(1-Oxodecy1)-4-methyl-5-phenyl-2-oxazolidinone (16i, Table
4, Entry J). A solution of 8.86 g (50.0 mmol) of (4R,5S)-norephedrine
2-oxazolidinone 6 (0.2 M in THF) was metalated with 32.3 mL (1.55 M in
hexane, 50.1 mmol1) of n-butyllithium and acylated with 9.80 mL (9.54 g,
50.0 mmol) of decanoyl chloride according to the general acylation
procedure to give 16.8 g (101% mass balance) of unpurified product. The
title compound was isolated by molecular distillation (Kugelrohr, 150°C,
0.006 mm) to afford 14.8 g (89%) of 161 as a coliorless liquid which
solidified on standing: mp 41-42°C; IR (CC14) 2940, 2870, 1790, 1705,
1380, 1370, 1345, 1220, 1200 cm-!; 1H NMR (CDC13/90 MHz) 8 7.3 (s, SH,
aromatic H's), 5.62 (d, J = 7.2 Hz, 1H, Cg-H), 4.73 (qn, J = 6.8 Hz, 1H,
Cg4-H), 2.95 (m, 2H, Cpr-Hp), 1.65 (m, 2H, C3z'-Hp), 1.3 (br s, 12H,
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aliphatic H's), 0.90 (m, 6H, Cq-H3, C1g'~H3); 13C NMR (CC14/22.5 MHz) §
171.8, 151.9, 133.9, 128.3, 125.6, 78.2, 54.1, 35.2, 31.7, 29.3, 29.1,
24.1, 22.5, 14.4, 14.0; Specific rotation [alggg = +27.4°, [algy7 =
+28.9°, [alsag = +33.0°, [alg3s = +59.5°, [alzgs = +103.4° (c 3.03,
CHaC12); GC (30 m DB-1, 200°C, 83 cm/sec, ty, = 10.38 min); HPLC (8 mm x
10 cm Radial Pak (5 ym silica gel), 88:12 isooctane/ethyl acetate, 2.0
mL/min, k' = 1.08); TLC (85:15 hexanes/ethyl acetate, R¢ = 0.36).

Anal. Calcd. for CogHpgNO3: C, 72.47; H, 8.82. Found: C, 72.75; H,
8.98.

(4R,5S)-3-(1-0xo0-2-(1-naphthyl)ethyl)-4-methyl-5-phenyl-2-oxazol-
jdinone (16j, Table 4, Entry K). A solution of 8.86 g (50.0 mmo1) of
(4R,5S)-norephedrine 2-oxazolidinone 6 (0.2 M in THF) was metalated with
27.0 mL (1.76 M in hexane, 50.0 mmol) of n-butylTlithium and acylated
with 11:3 g (55.2 mmol) of 2~(naphth-1-ylj}acetyl chloride according to
the general acylation procedure to give 17.6 g (102% mass balance) of
crude product. The title compound was purified by recrystallization
from hexanes/ethyl acetate to afford 15.3 g (88%) of 16j as a white
crystalline solid: mp 103-104°C; IR (CHZCIZ) 3060, 2990, 1780, 1705,
1420, 1350 cm~1; 1H NMR (CDC13/90 MHz) & 8.2-7.2 (m, 12H, aromatic H's},
5.45 (d, J = 7.2 Hz, 1H, Cg-H), 4.9-4.7 (m, 3H, C4-H, Co1-Hp)s 0.90 (d,
J =7 Hz, 3K, C4-CH3); Specific rotation [alggg = -40.1°, [alg77 =
-42.1°, [algag = -48.9°, [algzs = -93.3°, [alzgs = -174.7° (c 0.584,
CHpoC12); GC {30 m DB-5, 250°C, (injector, detector = 275°C), 78 cm/sec,
8.01 min); HPLC (8 mm x 10 cm Radial Pak (5 um silica gel), 88:12
isooctane/ethyl acetate, 2.0 mL/min, k' = 3.88); TLC (8:2 hexanes/ethyl

acetate, R¢ = 0.40).



~95-

Anal. Calcd. for ConH1gNO3: C, 76.50; H, 5.54; N, 4.06. Found: C,
76.28; H, 5.59; N, 3.97.

(4R,5S5)-3-(1-0x0-2-methyoxyethyl)-4-methyl-5-phenyl-2-oxazolidinone
(16k, Table 4, Entry L). A solution of 8.86 g (50.0 mmo}) of (4R,5S)-
norephedrine 2-oxazolidinone 6 (0.2 M in THF) was metalated with 22.4 mL
(2.23 M in hexane, 50.0 mmol) of n-butyllithium and acylated with 5.0 mL
(5.9 g, 55 mmol} of methoxyacetyl chloride according to the general
acylation procedure to give 12.0 g (96% mass balance) of unpurified
product. The title compound was isolated by molecular distillation
(Kugelrohr, 150°C, 0.02 mm) followed by recrystallization from pentane/
diethyl ether to afford 10.0 g (80%) of 16k as a white crystalline
solid: mp 63-64°C; IR (CHZC]Z) 3060, 2990, 2940, 2830, 1780, 1720, 1450,
1405, 1380, 1370, 1350, 1215, 1200, 1150, 1130, 1120 cm-; 1H NMR
(CDC13/80 MHz) & 7.35 (m, 5H, aromatic H's), 5.75 (d, J = 7.5 Hz, 1H,
C5-H), 4.80 (gn, J = 7.2 Hz, 1H, C4-H), 4.65 (s, 2H, Cpe-Hp), 3.50 (s,

n

3H, OCH3), 0.95 (d, J = 7.1 Hz, 3H, C4-CH3); Specific rotation [alsgg
+30.4°, [alg77 = +31.6°, [alggg = +36.2°, [alg3s = +66.0°, [al3es5
+116.8° (c 1.07, CHpC15); GC (30 m DB-5, 175°C, 85 cm/sec, t, = 5.50
min); HPLC (8 mm x 10 cm Radial Pak (5 um silica gel), 64:36 isooctane/
ethyl acetate, 2.0 mL/min, k' = 3.11); TLC (8:2 hexanes/ethyl acetate,
Rf = 0.19).

Anal. Calcd. for Ci3HgNO4: C, 62.64; H, 6.07. Found: C, 62.84; H,
6.08.
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{4R,55)-3-(1-0x0-2-phenylmethoxyethyl )-4-methyl-5-phenyl-2-oxazol-
idinone (161, Table 4, Entry M). A solution of 2.90 g (16.4 mmol) of
(4R,5S)-norephedrine 2-oxazolidinone 6 (0.25 M in THF) was metalated
with 10.5 mL (1.57 M in hexane, 16.5 mmo1) of n-butyllithium and acyl-
ated with 3.00 g (16.2 mmol) of phenylmethoxyacetyl chloride according
to the general acylation procedure to give 5.72 g (109% mass balance) of
crude product. The title compound was isolated by flash chromatography
{3 x 30 cm column, 8:2 hexanes/ethyl acetate) to afford 4.61 g (87%) of
161 as a white crystalline solid: mp 99-100°C; IR (CDC13) 3040, 3000,
2930, 1785, 1725, 1380, 1350, 1260, 1220, 12‘05, 1150, 1125 em-1; 1H NMR
(CDC13/90 MHz) § 7.33 (s, 10H, aromatic H's), 5.68 (d, J = 7.2 Hz, 1H,
C5-H), 4.75 (gn, J = 6.8 Hz, 1H, C4-H), 4.71 (s, 2H, C2'-Hp), 4.66 (s,
2H, OCH,ph), 0.93 (d, J = 6.8 Hz, 3H, Cq-H3); 13C NMR (CDC13/22.5 MHz) §
169.8, 152.9, 137.2, 133.0, 128.8, 128.7, 128.4, 128.0, 125.6, 79.9,
73.4, 69.7, 54.4, 14.5; Specific rotation [alggg = +16.2°, [alg77 =
+17.0°, [als4e = +19.7°, [ala3s = +35.8°, [alzgs = *64.8° (c 2.47,
CHaC12); GC (30 m SE-54, 240°C, (injector, detector = 275°C), 71 cm/sec,
ty = 5.58 min); HPLC (8 mm x 10 c¢m Radial Pak (10 um silica gel), 64:36
isooctane/ethyl acetate, 2.0 mL/min, k' = 0.95); TLC (8:2 hexanes/ethyl
acetate, R = 0.29).

Anal. Calcd. for CygHygNOg: C, 70.14; H, 5.89. Found: C, 70.06; H,
5.97.

(45,5S)-3-(1-0Oxobutyl)-4-methyl-5-phenyl-2-oxazolidinone (18c, Table
4, Entry N). A solution of 1,77 g (10.0 mmol) of (4S,5S)-norpseudo-
ephedrine 2-oxazolidinone 7 (0.2 M in THF) was metalated with 4.5 mL

(2.23 M in hexane, 10.0 mmol) of p-butyllithium and acylated with 1.2 mL
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(1.2g9, 12 mmo1) of butanoy! chloride according to the general acylation
procedure to give 2.5 g (100% mass balance) of unpurified product. The
title compound was isolated by distillation (Kugelrohr, 140°C, 0.01 mm)
to afford 2.35 g (95%) of 18c as a colorless liquid: IR (neat) 2970,
2880, 1785, 1705, 1460, 1370, 1325, 1220, 1200 cm~1; 1K NMR (CDC13/80
MHz) & 7.35 (m, EH, aromatic H's), 5.07 (d, J = 4.5 Hz, 1H, Cg-H)}, 4.42
(d of q, J = 4.5 Hz, 6.8 Hz, 1H, C4-H), 2.93 (t, J = 7.8 Hz, 2H, Cp'-
Ho), 1.95-1.5 {m, 2H, C3'-Hp), 1.60 (d, J = 6.8 Hz, 3H, C4-CH3), 1.00
(t, J = 7.5 Hz, 3H, C4'-H3); Specific rotation [alggg = +21.8°, [als77 =
+23.1°, [u]545 = +27.3°, [alg3s = +56.3°, fal3zgs = +112.2° (¢ 2.95,
CHpC1p); GC (30 m DB-5, 175°C, 86 cm/sec, t, = 3.61 min); HPLC (8 mm x
10 c¢m Radial Pak (5 ym silica gel, 88:12 isooctane/ethyl acetate, 2.0
mL/min, k' = 1.51); TLC (8:2 hexanes/ethyl acetate, Rf = 0.37).

Anal. Calcd. for Cy4Hy7NO3: C, 68.00; H, 6.93. Found: C, 68.23; H,
6.81.

(45)-3-(1-Oxopropy1)-4-(1-methylethyl)-2-oxazolidinone (20b, Table
4, Entry 0); A mechanically stirred solution of 115 g (0.891 mo1) of
(§)-valinol 2-oxazolidinone 8 (0.9 M in THF) was metalated with 550 mL
(1.76 M in hexane, 0.968 mol} of n-butyllithium and acylated with 100 mL
(107 g, 1.18 mol) of propanoyl chloride according to the general acyla-
tion procedure to give 180 g {109% mass balance) of unpurified product.
The title compound was isolated by molecular distillation (Kugelrohr,
100°C, 0.01 mm) to afford 153 g (93%) of 20b as a colorless 1iguid: IR
(neat) 2970, 2880, 1785, 1705, 1385, 1370, 1245, 1210, 1070 cm~l; 1H NMR
(CDC13/90 MHz) & 4.6-4.1 {(m, 3H, C4-H, Cg-Hp), 2.95 (g, J = 7.6 Hz, 2H,
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Cpt-Hp), 2.57-2.22 (m, 1H, C4-CH), 1.18 (t, J = 7.6 Hz, 3H, C3'-H3)»
0.92 (overlapping d's, 6H, CH(CH3)s); Specific rotation [alggg = +91.9°,
[alg77 = +96.0°, [als4g = +109.5°, [ala3s = +186.2°, [al3es = +293.9° (c
= 0.377, CHyC15); GC (30 m DB-5, 100°C, 94 cm/sec, t,. = 7.16 min); TLC
(8:2 hexanes/ethyl acetate, Rf = 0.49).

Anal. Caicd. for CgHi5NO3: C, 58.36; H, 8.16. Found: C, 58.38; H,
8.30.

(45)-3-(1-0x0-3-phenylpropyl )-4-(1-methylethyl )-2-oxazolidinone
(20h, Table 4, Entry Q). A mechanically stirred solution of 20.0 ¢
(0.155 mol) of (S)-valinol 2-oxazolidinone 8 (0.31 M in THF) was metal-
ated with 95.0 mL (1.70 M in hexane, 0.162 mol) of n-butyllithium and
acylated with 25.0 mL (28.4 g, 0.168 mol) of 3-phenylipropanoyl chloride
according to the general acylation procedure to give 41.5 g {102% mass
balance) of unpurified product. The title compound was purified by
recrystallization from hexanes (750 mL, 2 crops) to afford 37.0 g (91%)
of 20h as a white crystalline solid: mp 63-64°C; IR (CHaCip) 3060, 2970,
1780, 1700, 1385, 1210 cm~1; 1H NMR (CDC13/500 MHz) § 7.3-7.17 (m, 5H,
aromatic H's), 4.41 (d of d of d, J = 8.5, 4.0, 3.2 Hz, 1H, C4-H), 4.24
(d of d, J = 9.3, 8.4 Hz, 1H, Cg-H), 4.19 (d of d, J = 9.3, 3.2 Hz, 1H,
Cg-H), 3.30 (d of d of d, J = 17.5, 8.7, 6.9 Hz, 1H, Cp:-H), 3.22 (d of
d of d, J = 17.5, 8.5, 7.2 Hz, 1H, Coi-{}, 3.1-2.9 (m, 2H, C3'-Hp), 2.4-
2.3 (m, 1H, C4-CH), 0.90 (d, J = 7.4 Hz, 3H, CH(CH3)), 0.84 {d, J = 7.4
Hz, 3H, CH(CH3)); 13C NMR (CDC15/22.5 MHz) § 172.3, 154.0, 140.5, 128.5,
126.1, 63.4, 58.4, 37.0, 30.4, 28.4, 17.9, 14.6; Specific rotation
[alggg = +71.0°, [als77 = +74.1°, [alsag = +84.2°, [algzs = +143.4°,
[al3gs = +225.3° (c 4.61, CHpCl2); GC (30 m DB-1, 175°C, 83 cm/sec, ty =
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4.75 min); HPLC (8 mm x 10 cm Radial Pak (5 um silica gel), 88:12
isooctane/ethyl acetate, 2.0 mL/min, k' = 4.86); TLC (8:2 hexanes/ethyl
acetate, Rf = 0.47).

Anal. Calcd. for CygHigNO3: C, 68.94; H, 7.33. Found: C, 69.17; H,
7.42.

(45)-3-(1-0Oxodecy1)-4-(1-methylethyl)-2-oxazolidinone (20i, Table
4, Entry R). A mechanically stirred solution of 3.10 g (24.0 mmo1) of
(S)-valinol 2-oxazolidinone 8 (0.33 M in THF) was metalated with 15.5 mL
(1.61 M in hexane, 25.0 mmol) of n-butyllithium and acylated with 5.00 g
(26.2 mmol) of decanoyl chloride according to the general acylation
procedure to give 8.3 g (122% mass balance) of unpurified product. The
title compound was isolated by flash chromatography (3 x 30 cm column,
7:3 hexanes/diethyl ether) followed by molecular distillation (Kugel-
rohr, 160°C, 0.008 mm) to afford 3.83 g (56%) of 201 as a colorless
liquid: IR (CHpCl») 3070, 2980, 2940, 2880, 1785, 1705, 1390, 1210 cm~1;
1H NMR (CC14/90 MHz) 8 4.4-4.1 (m, 3H, Cz-H, C5-Hp), 3.0-2.8 (m, 2H,
Cpt-Hp), 2.6-2.3 (m, 1H, C4-CH), 1.6 (m, 2H, C3'-Hz)» 1.30 (br s, 12H,
aliphatic H's), 0.91’(m, 9H, CH(CH3)2, Cyg'-H3); Specific rotation

[}

[alggg = +63.7°, [alg77 = +66.7°, [alsag = +75.7°, [alg3s = +128.8°,

+202.8° (c 2.07, CHpClp); BC (25 m Carbowax 20M, 175°C, 50

Lalzgs
cm/sec, ty = 13.09 min); TLC (7:3 hexanes/diethyl ether, R¢ = 0.17).

Anal. Calcd. for CygHpgNO3: C, 67.81; H, 10.31. Found: C, 68.06;
H’ lOl35O
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(4R)-3-(1-Oxopropy1)-4-phenyl-2-oxazolidinone (22b, Table 4, Entry
S). A solution of 2.00 g (12.3 mmo1) of (R)-phenylglycinol 2-oxazol-
idinone 9 (0.25 M in THF) was metalated with 8.0 mL (1.53 M in hexane,
12.2 mmol) of n-butyllithium and acylated with 1.1 mL (1.2 g, 12.6 mmo]l)
of propanoyl chloride according to the general acylation procedure to
give 2.7 g {100% mass balance) of unpurified product. The title com-
pound was isolated by molecular distillation {Kugelrohr, 155°C, 0.01 mm)
to afford 2.30 g {85%) of 22b as a colorless 1iquid which crystallized
on standing: mp 76-77°C; IR {CC14) 1795, 1720, 1380, 1200 cm~1; 1H NMR
(CDC13/90 MHz) 8 7.3 (s, 5H, aromatic H's), 5.38 (d of d, J = 9.0, 4.2
Hz, 1H, Cg4-H), 4.62 {t, J = 9.0 Hz, 1H, Cg-H), 4.22 (d of d, J = 9.0,
3.7 Hz, 1H, Cg-H), 2.92 (g, J = 7.5 Hz, 2H, Cp'-Hp), 1.10 (t, J = 7.5
Hz, 3H, C3'-H3); Specific rotation [als8g = -84.1°, [alg77 = -89.1°,
Lalggg = -102.3°, [alg35 = -185.87, [al3gs = -316.8°, (c 1.44, CHaC13);
GC (30 m DB-1, 175°C, 104 cm/sec, ty = 1.63 min); HPLC (8 mm x 10 cm
Radial Pak (5 um silica gel), 88:12 isooctane/ethyl acetate, 2.0 mL/min,
k'=6.99); TLC (8:2 hexanes/ethyl acetate, Rf = 0.29).

Anal. Calcd. for Cy5H;3NO3: C, 65.74; H, 5.98; N, 6.39. Found: C,
65.83; H, 6.03; N, 6.33.

(4R)-3-(1-0xobutyl)-4-phenyl-2-oxazolidinone (22c, Tabte 4, Entry
T). A sclution of 5.00 g (30.7 mmol) of (R)-phenylglycinol 2-oxazoligi-
none 9 (0.3 M in THF) was metalated with 20.0 mL (1.60 M in hexane, 32.0
mmo1) of n-butyllithium and acylated with 5.2 mL (5.0 g, 32 mmol) of
butanoic anhydride according to the general acylation procedure to give
6.7 g (94% mass balance) of unpurified product. The title compound was

isolated by molecular distillation (Xugelrohr, 150°C, 0.005 mm) to
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afford 6.0 g (84%) of 22c as a colorless liquid which crystallized upon
standing: mp 50-51°C; IR {CH,C1,) 3050, 2970, 1780, 1705, 1380, 1330,
1200 cm=1; 1H NMR (CC14/90 MHz) 8 7.28 (s, SH, aromatic H's), 5.28 (d of
d, J = 9.0, 4.0 Hz, 1H, Cq-H), 4.57 (t, J = 9.0 Hz, 1H C5-H), 4.15 (d of
d, J = 9.0, 3.9 Hz, 1H, Cg-H), 2.82 (t, J = 7.5 Hz, 2H, Cp'-Hp), 1.60
(m, 2H, €3'-Hp), 0.90 (t, J = 7.5 Hz, 3H, Cg'-H3); Specific rotation
Lalggg = -79.5°, [alg77 = -83.6°, [alssp = -87.0°, [elg3s = -173.6°,
[al3gs = -296.8° (c 2.21, CHaClp); GC (30 m DB-1, 175°C, 104 cm/sec, tp
= 2,12 min); HPLC (8 mm x 10 cm Radial Pak {5 um silica gel), 88:12
isooctane/ethyl acetate, 2.0 mL/min, k' = 5.57); TLC (8:2 hexanes/ethy]
acetate, R¢ = 0.35).

Anal. Calcd. for Cy3Hy15NO3: C, 66.94; H, 6.48. Found: C, 67.19; H,
6.56.

(4S)~3-(1-0Oxopropy1)-4-phenylmethyl-2-oxazolidinone (24b, Table 4,
Entry U). A solution of 17.7 g (100 mmol1) of (4S)-phenylalaninol 2Z-
oxazolidinone 10 (0.2 M in THF) was metalated with 65 mL (1.69 M in
hexane, 110 mmol) of n-butyllithium and acylated with 9.6 mL (10.2 g,
110 mmol) of propanoyl chloride according to the general acylation
procedure to give 23.5 g {101% mass balance) of unpurified product. The
title compound was isolated by molecular distillation (Kugelrohr, 140°C,
0.008 mm) to afford 23.0 g (99%) of 24b as a colorless liquid which
crystallized on standing: mp 44.5-45.5°C; IR (CHpC1,) 3050, 2980, 1780,
1700, 1385, 1375, 1240, 1210, 1080 cm-l; W NMR (CDC13790 MHz) & 7.2 (m,
5H, aromatic H's), 4.8-4.5 (m, 1H, Cg-H), 4.13 (d, J = 6.8 Hz, 2H, (4~
CHoPh), 3.27 {(d of d, J = 14.1, 3.7 Hz, 1H, Cg-H), 2.93 (q, J = 7.8 Hz,
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2H, Cp1-H2), 2.77 (d of d, J = 13.9, 9.9 Hz, 1H, Cg-H), 1.18 (d, J = 3H,
C31-H3); 13C NMR (CDC13/22.5 MHz) § 173.9, 153.4, 135.4, 129.4, 128.9,
127.2, 66.2, 55.0, 37.8, 29.1, 8.3; Specific rotation [alggg = +80.7°,
Lalgy7 = +84.4°, [algag = +95.6°, [alg35 = +162.2°, [al3gs = +254.3° (c
1.00, CHpC1p); 6C (30 m DB-1, 175°C, 100 cm/sec, ty = 2.44 min); HPLC (8
mm x 10 cm Radial Pak (S_um silica gel), 88:12 isooctane/ethyl acetate,
2.0 mL/min, k' = 4.85); TLC (8:2 hexanes/ethyl acetate, Rf = 0.37).

Anal. Calcd. for Cy3Hy5N03: C, 66.94; H, 6.48. Found: C, 66.73; H,
6.51.

(45)-3-(1-0xobutyT)-4-phenylmethyl1-2-oxazolidinone (24c, Table 4,
Entry V). A solution of 1,77 g (10.0 mmol) of (4S)-phenylalaninol
2-oxazolidinone 10 (0.2 M in THF) was metalated with 4.5 mL (2.23 M in
hexane, 10.0 mmol) of n-butyllithium and acylated with 1.2 mL (1.2 g, 12
mmo1) of butanoyl chloride according to the general acylation procedure
to give 2.5 g (100% mass balance) of unpurified product. The title
compound was isolated by distillation (Kugelrohr, 140°C, 0.01 mm) to
afford 2.35 g {95%) of 24c as a colorless liquid; IR (neat) 2980, 2950,
2890, 1790, 1705, 1455, 1390, 1365, 1215, 1090 cm~1; 1H NMR (CDC13/80
MHz) & 7.30 {m, 5H, aromatic H's), 4.65 (m, 1H, C4-H), 4.18 (d, J = 6.0
13.2, 4 Hz, 1H, Cg-H), 2.92 (t, J = 8

Mz, 2H, C4-CHp), 3.32 (d of d, J

Hz, 2H, Coi-Hp), 2.77 (d of d, J = 13.2, 9.0 Hz, 1H, Cg-H), 1.75 (m, 2H,
C3'-Hp), 1.05 {t, J = 8z, 3H, C4'-H3); Specific rotation [alsgg =
+74.8%, [algy7 = +78.1°, [alsag = +88.8°, [al43s = +150.7°, [al3es =
+235.7° (¢ 1.34, CHpC1p); GC (30 m DB-5, 175°C, 86 cm/sec, tp = 4.95
min); HPLC (8 mm x 10 cm Radial Pak (b um silica gel), 88:12 isooctane/

ethyl acetate, 2.0 mL/min, k' = 3,79); TLC (8:2 hexanes/ethyl acetate,
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Rf = 0-29).
Anal. Calcd. for Ci4Hy7NO3: C, 68.00; H, 6.93. Found: C, 68.13; H,
7.03.

(4R,55)-3-((2E)-1-0x0-2-butenyl }-4-methyl-5-phenyl-2-oxazol idinone
(16m). A solution of 1.00g (5.64 mmol) of (4R,5S)-norephedrine 2-
oxazolidinone 6 (0.38 M in THF) was metalated with 3.4 mL (1.61 M in
hexane, 5.47 mmol) of n-butyllithium and acylated with 0.58 mL (0.63 g,
6.0 mmol) of crotonyl chloride according to the general acylation pro-
cedure to give 1.41 g (101% mass balance) of unpurified product. The
title compound was isolated by flash chromatography (3 x 30 cm column,
7:3 hexanes/diethyl ether) to afford 1.21 g (87%) of 16m as a white
crystalline solid: mp 65-66°C; IR (CCl4) 2990, 1790, 1690, 1645, 1350,
1240, 1195, 1150, 1125, 1045 em~1; 14 NMR (CDC13/500 MHz) & 7.45-7.30
(m, 5H, aromatic H's), 7.28 (d of q, J = 15.5, 1.7 Hz, 1H, Cp*-H}, 7.17
15.5, 6.8 Hz, 1H, C3i-H), 5.68 (d, J = 7.2 Hz, 1H C5-H),

(d of q, J
4.81 (qn, J = 6.8 Hz, 1H Cq-H), 1.96 (d of d, J = 6.9, 1.7 Hz, 3H, C4'-
H3), 0.92 (d, J = 6.8 Hz, 3H, C4-CH3); 13C NMR (CDC13/22.5 MHz) 8 164.6,
153.0, 146.5, 133.5, 128.6, 125.7, 122.0, 79.0, 54.8, 18.5, 14.6; Spe-
cific rotation [alggg = +32.4°, [al577 = +33.3%, [alsag = +37.9°, [alg3s
= +64.7°, [al3g5 = +110.4° (c 1.63, CHpC1); GC (30 m DB-1, 175°C, 104
cm/sec, t. = 3.55min); HPLC (8 mm x 10 cm Radial Pak (5 um silica gel),
88:12 isooctane/ethyl acetate, 2.0 mL/min, k' = 3.08); TLC (8:2 hexanes/
diethyl ether, R¢ = 0.26).

Anal. Calcd. for Cl4H15N03: C, 68.56; H, 6.16. Found: C, 68.82; H,
6.14.



-104-

(4R,55)-3-((2R)-1~0x0-2-bromopropyl)-4-methyl-5-phenyl-2-oxazol-
idinone (16n) and (4R,55)-3-((2S)-1-0xo0-2-bromopropyl)-4-methyl-5-
phenyl-2-oxazolidinone (160). A solution of 8.86 g {50.0 mmol) of
(4R,5S)-norephedrine 2-oxazolidinone 6 (0.2 M in THF) was metalated with
27 mL {1.76 M in hexane, 50.0 mmol) of n-butyllithium and acylated with
9.4 g (55 mmol) of (#)-2-bromopropanoyl chloride according to the gen-
eral acylation procedure to give 17.2 g (110% mass balance) of the
unpurified products. The two diastereomers were separated by flash
chromatography {6 x 30 cm column, 9:1 hexanes/ethyl acetate, 16n elutes
first) to afford 6.6 g (85%) of 16n as a white crystalline solid and 7.0
(90%) of 160 as a white crystalline solid.

16n: mp 88-89°C; IR (CHpC1p) 3060, 2995, 1785, 1710, 1420, 1370
cm-1; 14 NMR (CDC13/80 MHz) § 7.35 (m, 5H, aromatic H's), 6.9-6.65 (m,
2H, Cg-H, Cpi-H), 4.78 (qn, J = 7 Hz, 1H, C4-H), 1.87 (d, J = 7.2 Hz,

H

3H, Cq1-H3), 0.95 (d, J = 7 Hz, 3H, Cq-CH3); Specific rotation [alggg
+9.3°, [alg77 = +10.0°, [alggg = +11.2°, {algzs = +19.8°, [al3es =
+36.6° (¢ 0.485, CHpCl19); GC (The diastereomers epimerize under the
conditions required for GC analysis); HPLC (8 mm x 10 cm Radial Pak (5
um silica gel), 88:12 isooctane/ethyl acetate, 2.0 mL/min, k' = 0.96);
TLC (8:2 hexanes/ethyl acetate, R¢ = 0.73).

160: mp 99-100°C; IR (CHyCc1,) 3060, 2990, 1785, 1710, 1420, 1370
cm-1; 1H NMR (CDC13/80 MHz) & 7.35 (m, 5H, aromatic H's), 5.9-5.6 (m,
2H, Cg-H, Cpt-H), 4.83 (qn, J = 7 Hz, 1H, Cy-H), 1.85 (d, J = 6.8 Hz,
3H, Cq:-H3), 0.91 (d, J = 7 Hz, 3H, C4-CH3); Specific rotation [alsgg =
+8.8°, [alsy7 = +9.0%, [alsgg = +10.1°, [ala3s = +18.0°, [al3gs = +34.3°
(c 0.714, CHpCl,); GC (The diastereomers epimerize under the conditions

required for GC analysis); HPLC (8 mm x 10 cm Radial Pak (5 um silica
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gel), 88:12 isooctane/ethyl acetate, 2.0 mL/min, k' = 4.52); TLC (8:2

hexanes/ethyl acetate, R = 0.46).

{4R,55)-3-(1-0x0-2-(2,5-dimethylpyrrol-1-yl)ethyl)-4-methyl-5-phen-
yl-2-oxazolidinone (16p). To a mechanically stirred, cooled {-5°C)
solution of 3.28 g (21.4 mmol) of {2,5-dimethylpyrrol-1-y1)acetic acid
(0.5 M in THF) was added 3.00 mL (2.18 g, 21.5 mmol) of triethylamine
and 2.05 mL (2.33 g, 21.4 mmol) of ethyl chloroformate. The thick-white
mixture was stirred at -5°C for 0.5 h followed by the addition via
cannula of a solution of the metalated 2-oxazolidinone, prepared pre-
viously from 3.79 g (21.4 mmol) of (4R,55)-norephedrine 2-oxazolidinone
6 (0.5 M in THF) and 12.7 mL (1.69 M in hexane, 21.5 mmol) of n-butyl-
lithium. The reaction mixture was stirred at 0°C for 4 h, then worked-
up according to the general acylation procedure (under an atmosphere of
nitrogen) to give 7.2 g (108% mass balance) of unpurified product con-
taminated with (4R,55)-3-(1-ethoxy-l-oxomethyl)-4-methyl-5-phenyl-2-
oxazolidinone. The title compound was isolated by flash chromatography
(5 x 20 cm column, 75:25 hexanes/ethy! acetate) to afford 2.51 g (38%)
of 16p as a white crystalline solid: mp 154-155°C; IR (CHpC1p) 3060,
2990, 1785, 1770, 1410, 1370, 1345, 1200 cm™!; 1H NMR (CDC13/90 MHz) §
7.33 (m, 5H, aromatic H's), 5.73 (s, 2H, aromatic H's), 5.68 (d, J = 7.2
Hz, 1H, Cg-H), 5.06 (d, J = 2 Hz, 2H, Co'-Hp), 4.72 (qn, J = 6.8 Hz, 1H,
C4-H), 2.28 (s, 6H, Cpu-CH3, Cgu-CH3), 0.92 (d, J = 6.8 Hz, 3H, C4-CH3);
Specific rotation [alggg = -24.8°, [alg77 = -26.2°, [alggg = -30.2°,
[alg3s = -54.8°, [al3gs = -92.0° (c 1.36, CHpC1p); 6C {30 m DB-1,-250°C,
(injector, detector = 275°C), 89 cm/sec, t,. = 1.93 min); HPLC (8 mm x 10
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cm Radial Pak (5 um silica gel), 88:12 isooctane/ethyl acetate, 2.0
mL/min, k' = 4.47); TLC (7:3 hexanes/ethyl acetate, Rs = 0.43).

Anal. Calcd. for CigHpgN203: C, 69.21; H, 6.45. Found: C, 69.39;
H, 6.58.

Sodium Hexamethyldisilylamide.?9 The following reaction and subse-
quent manipulations of the product were performed with careful exclusion
of moisture and oxygen. A magnetically stirred mixture of 25 g (1.04
mol) of 0il free sodium hydride and 211 mL (161 g, 1.00 mol1) of hexa-
methyldisilylamine in 800 mL of dry toluene was heated at reflux for 18
h. The hot, dark mixture was filtered through a 2 cm pad of celite. The
pale yellow filtrate was concentrated in vacuoc to afford 145-170 g (79-
93%) of the title compound as a white crystalline solid. The product

was transferred and stored in a dry box

Potassium Hexamethyldisilylamide.”9 The following reaction and
subsequent manipulations of the product were performed with careful
exclusion of moisture and oxygen. A magnetically stirred mixture of
1.77 g (44.0 mmol) of oil free potassium hydride and 7.11 g (44.0 mmo1)
of hexamethyldisilylamine in 50 mL of dry toluene was heated at reflux
for 8 h. The hot, dark mixture was filtered through a 1 cm pad of
celite. The pale yellow solution was concentrated in vacuo to afford
7.81 g (88%) of the title .compound as a white crystalline solid. The
product was stored in a dry box. Stock solutions were prepared in THF,

benzene or toluene and titrated prior to use.
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Benzyl Bromomethyl Ether (45). The title compound was prepared by
an adaptation of the procedure of Conner et al.,80 substituting anhy-
drous hydrogen bromide for anhydrous chloride. The product was dis-
tilled under reduced pressure through a 20-cm vacuum-jacketed Vigreux
column. The forerun (bp 80-85°C, 0.6 mm), constituting ca. 40-50% of the
crude product, was shown to bemainly benzyl bromide. The product 45
(40-50%), was then collected as a colorless 1liquid {bp 80-85°C, 0.01
mm). Benzyl bromomethyl ether, which fumes in air, was stored at -10°C
under an atmosphere of argon. 45: 1y NMR (CDC13/90 MHz) §7.40 (s, 5H,
aromatic H's), 5.70 (s, 2R, -OCH9Br), 4.70 (s, 2H, PhCH0-)-

Benzyl Chloromethyl Sulfide (46a). Anhydrous hydrogen chloride was
bubbled through a magnetically stirred,cooled (-10°C) solution of 25.0 g
(0.278 mo1) of s-trioxane in 100 g (0.805 mol1) of Benzyl thiol until
saturated {ca. lh). After an additional period of 12 h at room tempera-
ture, the reaction mixture was dried over anhydrous calcium chloride.
The product was decanted from the calcium chloride and distilled through
a 5-cm vigreux column to afford 101 g (73%) of 46a as a colorless
liquid: bp 74-76°C, 0.01 mm, {Lit.5) bp 102°C, 2 mm); 1y NMR (CC14/90
MHz) & 7.2 (s, 5H, aromatic H's), 4.40 (s, 2H, SCH»C1), 3.80 (s, 2H,

PhCH»S) -

Benzyl Bromomethyl Sulfide (46b). The title compound was prepared
following the procedure of Hollowood et. al.62 The product was purified
by molecular distillation (Kugelrohr, 140°C, 0.01 mm) to afford 46b
(92%) as a colorless liquid, which solidified below -10°C: 14 NMR
{CC14/90 MHz) & 7.27 (s, 5H, aromatic H's), 4.33 (s, 2H, SCHpBr), 3.82

{s, 2H, PhCHoS)-
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General Procedure for the Alkylation of 2-Oxazolidinone Imide Enol-
ates. Alkylation reactions are performed on scales ranging from 1 mmol
to 0.5 mol at enolate concentrations of 0.1-1.0 M in THF. Electrophiles
are either freshly distilled or passed through a column of neutral
activity 1 alumina immediately prior to use.

Enolate Generation. A. Lithium Enolate. To a magnetically stirred,
cooled (-5°C) solution of diisopropylamine (1.1 equiv, 0.5-1.0 M in THF)
is added a hexane solution of n-butyllithium (1.1 equiv). The colorless
solution of lithium diisopropylamide (LDA) is stirred at -5°C for 0.5 h
then cooled to -78°C. The indicated N-acyl 2-oxazolidinone (1.0 equiv,
1-5 M in THF)'is added dropwise. After stirring at -78°C for 0.5 h, the
desired lithium enolate is ready for alkylation.

Enolate Generation. B. Sodium Enolate. To a magnetically stirred,
cooled (~-78°C) sotution of sodium hexamethyldisilylamide (1.1 equiv,
weighed and transferred in a dry box, 0.5 M in THF) is added the indi-
cated N-acyl 2-oxazolidinone imide (1.0 equiv, 1-5 M in THF) dropwise.
After stirring at -78°C for 0.5 h the desired sodium enolate is ready
for alkylation.

Enolate Generation. C. Potassium Enolate. To a magnetically
stirred, cooled (~-78°C) solution of the indicated 3-acyl 2-oxazolidincne
imide (1.0 equiv, 0.5-1 M in THF) is added a solution of potassium
hexamethyldisilylamide (1.1 equiv, 0.5-1 M in benzene, THF or toluene)
dropwise. After stirring at -78°C for 0.5 h the potassium enotate is
ready for alkylation.

Enolate Generation. D. Magnesium Enolate. To a solution of the
Tithium enolate (prepared as described above)} is added a salution of

anhydrous magnesium bromide (1.1 equiv, 1.0 M in 1:1 benzene/diethy]
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ether). After stirring at -78°C for 0.5 h the desired magnesium enolate
is ready for alkylation.

Enolate Alkylation. To the magnetically stirred, cooled (-78°C)
solution of the metal enolate, prepared as described above, is added the
indicated electrophile (1-10 equiv, neat or 2-5 M in THF) dropwise.
Electrophile quantity, as well as reaction temperature and time, are
variables specific to each experiment. The reaction is quenched by the
addition of 3 M aqueous ammonium chloride. Volatiles are removed in
vacuo and the product extracted into dichloromethane (3x). The combined
organic layers are successively washed with 1 M aqueous sodium bisulfate
or hydrochloric acid (2x), 1 M aqueous potassium bicarbonate (2x), and
brine (1x), dried over anhydrous magnesium sul fate or sodium sulfate,
and concentrated in vacuo. Alkylation diastereoselection, as well as
the extent of reaction, is determined by GC analysis of the unfraction-
ated product. The product is purified by chromatography, molecular

distillation or recrystallization as indicated in the following

examples.

(4R,55)~-3-((2S)-1-0x0-2-methylbutyl)-4-methyl-5-phenyl-2-oxazol-
idinone (17a, Table 9, Entry A). Lithium Enolate Alkylation. A mag-
netically stirred, cooled (-78°C) solution of LDA [prepared from 1.55 mL
(1.12 g, 11.1 mmol) of diisopropylamine and 6.8 mL (1.61 M in hexane,
10.9 mmo1) of n-butyllithium] (0.2 M in THF) was used to enolize 2.34 g
(10.0 mmo1) of 16b. The resultant 1ithium enolate was alkylated with
2.4 mL (4.7 g, 30 mmol) of ethyl iodide according Fo the general alkyla-

tion procedure for 2 h at 0°C to give 2.39 g (92% mass balance) of
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unpurified product. Analysis by GC (30 m DB-1, 175°C, 91 cm/sec) af-
forded a 9:91 ratio of {2R)-17a (t,. = 4.44 min) to (2S)-17a (t, = 4.69
min), and indicated the presence of both 6 (t, = 2.59 min, ca. 34%) and
unreacted 16b (t,. = 3.74 min, ca. 10%). The title compound was isolated
by MPLC (column C, 8:2 hexanes/diethyl ether, 10 mL/min, (25)-17a elutes
second) to afford 734 mg (28%) of (2S)-17a as a white crystalline solid
[(2R)-17a:(2S)-17a < 1:99]: mp 71-72°C; IR (CHpC1,) 3060, 2980, 2950,
1785, 1700, 1390, 1370, 1350, 1240, 1200 em~1; 1H NMR (CC14/90 MHz) §
7.3 (s, 5H, aromatic H's), 5.53 (d, J = 7.2 Hz, 1H, Cg-H), 4.67 (gn, J =
6.8 Hz, 1H, C4-H), 3.60 (q, J = 6.8 Hz, 1H, C2'-H), 2.1-1.3 (m, 2H, C3'-
Hp), 1.13 (d, J = 7.5 Hz, 3H, Cp'-CH3), 0.93 (t, J = 7.5 Hz, 3H, Cq'~
H3), 0.85 (d, J = 6.8 Hz, 3H, C4-CH3); 13C NMR (CC1,4/22.5 MHz) § 175.5,
151.4, 133.8, 128.2, 125.4, 77.9, 54.1, 38.4, 26.6, 16.2, 14.4, 11.2;
Specific rotation [alggg = +54.7°, [alg77 = +58.9°, [algsg = +67.2°,
[alg3s = +117.9°, [al3gs = 197.7° (c 1.38, CHpClp); HPLC (8 mm x 10 cm
Radial Pak (5 umsilicagel), 88:12, 2.0 mL/min, k' (2R}-17a = 1.05, k'
(25)-17a = 1.41, o = 1.34).

Anatl. Calcd. for CigH1gNO3: C, 68.94; H, 7.33. Found: C, 69.09; H,
7.36.

(4R,55)-3~((25)-1-0x0-2-methylbutyl)-4-methyl-5-phenyl-2-oxazol -
idinone (17a, Table 9, Entry B). Sodium Enolate Alkylation. A magneti-
cally stirred, cooled (-78°C) solution of 0.243 g (1.33 mmol) of sodium
hexamethyldisilylamide (0.25 M in THF) was used to enolize 0.261 g (1.12
mmol) of 16b. The resultant sodium enolate was alkylated with 0.40 mL
(0.78 g, 5.0 mmol) of ethyl iodide according to the general alkylation

procedure for 2 h at -20°C to give 0.272 g (76% mass balance) of unpuri-
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fied product. Analysis by GC (30 m SE-54, 200°C, 48 cm/sec) afforded a
6:94 ratio of (2R)-17a (t, = 8.31 min) to (2S)-17a (t, = 8.66 min), and
indicated the presence of unreacted 16b {t, = 5.75 min, ca. 20%). The
title compound was isolated by flash chromatography (2 x 30 cm column,
9:1 hexanes/ethyl acetate, (25)-17a elutes second) to afford 194 mg
(53%) of (2S)-17a [(2R)-17a:{2S5)-17a = 2:98] as a white crystalline

solid.

(4R,55)~3-((25)-1-0x0-2-methyl-4-pentenyl )-4-methyl-5-phenyl-2-
oxazolidinone (17b, Table 9, Entry C). Lithium Enolate Alkylation. A
magnetically stirred, cooled (-78°C) solution of LDA [prepared from 3.10
mL (2.24 g, 22.1 mmol) of diisopropylamine and 14,2 mL (1.55 M in
hexane, 22.0 mmol) of n-butyllithium] {0.66 M in THF) was used to enol-
ize 4.60 g {19.7 mmol) of 16b. The resultant lithium enolate was alkyl-
ated with 5.1 mL (7.1 g, 59 mmol) of allyl bromide according to the
general alkylation procedure for 3 h at 0°C to give 5.28 g {98% mass
balance) of unpurified product. Analysis by GC (30 m DB-1, 175°C, 79
cm/sec) afforded a 2:98 ratio of (2R)~17b (t, = 5.04 min) to (25)-17b
(t,. = 5.45 min), and indicated the presence of both 6 (ty = 2.18 min,
ca. 11%) and unreacted 16b (t, = 4.42 min, ca. 2%). The title compound
was isolated by MPLC (column C, 85:15 hexanes/ethyl acetate, 10 mL/min,
{25)-17b elutes second) to afford 4.06 g (75%) of (25)-17b as a white
crystalline solid [(2R)-17b:(2S)-17b < 200:13: mp 69-70°C; IR (CCly)
3000, 2950, 1795, 1705, 1385, 1370, 1345, 1245, 1200, 1125 cm-1; 14 NMR
(CDC]3/90 MHz) & 7.3 (m, 5H, aromatic H's), 6.0-5.7 (m, 1H, Cq'-H), 5.55
(d, J = 7.6 Hz, 1H, Cg-H), 5.2-4.8 (m, 2H, Cg'-Hp), 4.67 (gn, J = 6.8
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Hz, 1H, C4-H), 3.73 (septet, J = 6.7 Hz, 1H, Cp'-H), 2.6-1.9 (m, 2H,
C31-Hp), 1.15 (d, J = 7.2 Hz, 3H, Cp'-CH3), 0.83 (d, J = 6.8 Hz, 3H, Cg-
CHy); 13C NMR (CDCl3/22.5 MHz) & 174.8, 151.4, 135.1, 133.7, 128.2,
125.4, 116.7, 77.9, 54.2, 37.8, 36.7, 16.3, 14.4; Specific rotation
falgge = +47.0°, [alg77 = +48.2°, [algge = +55.1°, [alg3g = +96.7°,
[al36s = +162.3° (C 2.36, CHpC1p); HPLC (8 mm x 10 cm Radial Pak (5 um
silica gel), 88:12 isooctane/ethyl acetate, 2.0 mL/min, k' (2R)-17b =
0.97, k' {25)-17b = 1.55, a = 1.60).

Anal. Calcd. for Ci1gH19N03: C, 70.31; H, 7.01. Found: C, 70.55; H,
7.16.

(4R,55)-3-((2S)-1-0x0~2-methyl-4-pentenyl )-4-methyl-5-phenyl-2-
oxazolidinone (17b, Table 9, Entry D). Sodium Enolate Alkylation. A
magnetfcally stirred, cooled {-78°C) solution of 12.3 g {67.1 mmol) of
sodium hexamethyldisilylamide (0.93 M in THF) was used to enolize 14.1 g
(60.6 mmol) of 16b. The resultant sodium enclate was alkylated with
11.0 mL (20.3 g, 121 mmol) of allyl iodide according to the general
alkylation procedure for 3 h at -78°C to give 17.2 g (104% mass balance)
of unpurified product. Analysis by GC (25 m SE-54, 175°C, 37 cm/sec)
afforded a 7:93 ratio of (2R)-17b (t,. = 7.97 min) to (25)-17b (t, = 8.66
min). The title compound was purified by recrystallization from pentane
(3x) to afford 13.7 g (83%) of (25)-17b as a white crystalline solid
[(2R)-17b:(25)-17b < 1:2003, identical in all respects to the previously

prepared material.
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(4R,55)-3-((25)-1-0x0-2-methyl-3-phenylmethoxypropyl)-4-methyl-5-
phenyl-2-oxazolidinone (17e, Table 9, Entry G). Lithium Enolate Alkyla-
tion. A magnetically stirred, cooled (-78°C) solution of LDA [prepared
from 2.1 mL (1.52 g, 15.0 mmo1) of diisopropylamine and 9.3 mL (1.61 M
in hexane, 15.0 mmol) of n-butyllithium] (0.5 M in THF) was used to
enolize 3.15 g (13.5 mmo1) of 16b. The resultant 1ithium enolate was
alkylated with 3.8 mL (5.4 g, 27 mmol) of benzyl bromomethyl ether 45
according to the general alkylation procedure for 2 h at -20°C to give
6.1 g (124% mass balance) of unpurified product. Analysis by GC (30 m
DB-1, 150°C for 10 min, 20°C/min to 225°C, 83 cm/sec) afforded a 4:96
ratio of (2R)-17e {(t, = 18.31 min) to (2S)-17e (t, = 19.08 min), and
indicated the presence of unreacted 16b (t,. = 5.99 min, ca. 5%). The
title compound was isolated by MPLC (column C, 8:1:1 hexanes/diethyl
ether/dichloromethane to afford 3.42 g (72%) of (2S)-17e as a colorless
0il [(2R)-17e:(2S)-17e = 1:99]: IR (CC14) 2990, 2940, 2870, 1790, 1700,
1385, 1370, 1340, 1235, 1200, 1120, 1090 cm~l; 1H NMR (CC1,4/90 MHz) &
7.13 (m, 10H, aromatic H's), 5.45 (d, J = 7.2 Hz, 1H, Cg-H), 4.63 (an, J
= 6.9 Hz, 1H, C4-H), 4.40 (s, 2H, OCHoPh), 4.07 (m, 1H, Cpr~H), 3.67 (d
of d, J = 9.0, 7.5 Hz, 1H, C3'-H), 3.45 (d of d, J = 9.0, 6.0 Hz, IH,
Cyi-H), 1.12 (d, J = 6.9 Hz, 3H, Cp'=CH3), 0.92 (d, J = 6.9 Hz, 3H, Cg-
CH3); 13C NMR (CC14/22.5 MHz) & 174.1, 151.9, 138.2, 133.7, 128.2,
127.9, 127.1, 125.6, 78.0, 72.6, 72.1, 54.1, 38.0, 14.4, 13.7; Specific
rotation [aJggq = +37.0°, [alg77 = +37.3°, [algsg = +42.6°, [algas =
+73.6°, [al3gs = +119.4° (c 2.07, CHpC1p).

Anal. Calcd. for CppHp3NOg: C, 70.36; H, 6.79. Found: C, 70.62; H,
6.78.
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(4R,5S)-3-((25)-1,4-Dioxo-2-methyl-4-ethoxy)-4-methyl-5-phenyl-2-
oxazolidinone {(17f, Table 9, Entry H). Lithium Enolate Alkylation. A
magnetically stirred, cooled (~78°C) solution of LDA [prepared from 2.3
mL (1.6 g, 16 mmol) of diisopropylamine and 10 wL (1.61 M in hexane,
16.1 mmol) of n-butyllithium] (0,37 M in THF) was used to enolize 3.43 g
{14.7 mmol) of 16b. The resultant lithium enolate was alkylated with
4.9 mL (7.4 g, 44 mmol) of ethyl 2-bromoacetate according to the general
alkylation procedure for 2 h at 0°C to give 3.95 g (B4% mass balance) of
unpurified product. Analysis by GC (30 m DB-1, 200°C, 88 cm/sec) af-
forded a 7:93 ratio of (2R)-17f (t, = 5.75 min) to (25)-17f (t, = 6.28
min), and indicated the presence of both unreacted 16b (t,. = 1,70 min,
ca. 8%) and an unidentified material (t, = 3.42 min, ca. 17%). The
title compound was isolated by MPLC (column C, 8:2 hexanes/diethyl
ether, 10 mL/min) to afford 2.40 g (51%) of (2S)-17Ff as a colorless
Tiquid [(2R)-17F:(2S)-17f = 1:99]: IR (CC14) 2990, 1795, 1740, 1705,
1370, 1345, 1250, 1190, 1120, 1030 cm-}; H NMR (CC1,/90 MHz) § 7.28 (s,
5H, aromatic H's), 5.57 (d, J = 7.2 Hz, 1H, Cg-H), 4.63 (qn, J = 6.8 Hz,
14, C4-H), 4.2-3.9 (m, 3H, Cp'-H, OCHoCH3), 2.80 (d of d, J = 18, 10 Hz,
1H, C3'-H), 2.30 (d of d, J = 18, 5 Hz, 1H, C3--ﬂ_), 1.23 (t, J = 7.2 Hz,
3H, OCH,CH3), 0.98 (d, J = 7.0 Hz, 3H, Cp'-CH3) 0.87 (dy, J = 6.8 Hz, 3H,
C4-CH3); 23C NMR (CC1,4/22.5 MHz) 8 174.8, 170.4, 152.9, 133.8, 128.2,
125.5, 78.0, 59.6, 54.3, 37.4, 33.9, 17.0, 14.1, 13.9; Specific rotation
Lalggg = +35.7°, [alg7y = +36.8°, [algge = +41.9°, [algzg = +70.3°,
[al3gg = +110.7° (c 1.78, CHpCl2).

Anal. Calcd. for Cy7Hy(NOg: C, 63.94; H, 6.63. Found: C, 64.03; H,
6.63.
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(4R,55)-3-((25S)~1-0x0-2-methyl-3-phenylpropyl)-4-methyl-5-phenyl-2-
oxazolidinone (179, Table 9, Emtry I). Lithium Enolate Alkylation. A
magnetically stirred, cooled {-78°C) solution of LDA [prepared from 1.9
mt (1.4 g, 14 mmol) of diisopropylamine and 8.6 mL (1.57 M in hexane,
13.5 mmo1) of n-butyllithium] (0.11 M in THF) was used to enolize 2.91 g
(12.5 mmol) of imide 16b., The resultant lithium enolate was alkylated
with 1.6 mL (2.3 g, 13.5 mmol) of benzyl bromide according to the
general alkylation procedure for 2 h at 0°C to give 4.07 g (101% mass
balance) of unpurified product. Analysis by GC (30 m DB-1, 225°C, 77
cm/sec) afforded a 2:98 ratio of (2R}-17g (t,. = 4.33 min) to (2S)-17¢
(t, = 4.99 min). The title compound was isolated by flash chromatogra-
phy (3 x 30 cm column, 85:15 hexanes/ethyl acetate, (25)-17g eluted
second) to afford 2.93 g (73%) of (2S)-17g as a viscous colorless oil
[(2R)-~17g:(25)-17g < 1:99]1: IR (CCl4) 1790, 1705, 1340, 1190 em~1; 1H
NMR (CC1,4/90 MHz) § 7.2 (s, 5H, aromatic H's), 6.7 (s, 5H, aromatic
H's), 5.47 (d, J = 7.2 Hz, 1H, Cg-H), 4.63 (gn, J = 6.8 Hz, 1H, C4-H),
4.0 (m, 1H, Cpr-H), 3.05 (d of d, J = 13.5, 6.4 Hz, 1H, C3'-H), 2.58 (d
of d, J = 13.5, 8.1 H}., 1H, C3-H}, 1.08 (d, J = 6.9 Hz, 3H, Cp-CH3)s
0.65 {d, J = 6.8 Hz, 3H, (4z-CH3); 13¢ NMR (CC14/22.5 MHz) & 175.2,
151.8, 138.9, 133.7, 129.0, 128.3, 128.0, 125.9, 125.5, 78.1, 54.1,
39.7, 39.1, 16.1, 14.2; Specific rotation [alggg = +78.5° (c 1.68,
CHzC1p); HPLC (8 mm x 10 cm Radial Pak (10 ym silica gel), 88:12 iso-
octane/ethyl acetate, 2.0 mL/min, k' (2R)-17g = 1.27, k' (2S)-17g =
2,02, a = 1.59}.

Anal. Calcd. for CygHp1NO3: C, 74.28; H, 6.55. Found: C, 74.50; H,
6.55.
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{4R,55)-3-((25)~1-0x0-2-methyl-3-phenylpropyl )-4-methyl-5-phenyl-2-
oxazolidinone (17g, Table 9, Entry J). Sodium Enolate Alkylation. A
magnetically stirred, cooled (-78°C) solution of 10.5 g (57.3 mmol) of
sodium hexamethyldisilylamide (0.85 M in THF) was used to enolize 12.0 g
(51.4 mmol) of imide 16b. The resultant sodium enolate was alkylated
with 7.4 mL (10.6 g, 62.2 mmol) of benzyl bromide according to the
general alkylation procedure for 3 h at -78°C to give 17.9 g (108% mass
balance) of unpurified product. Analysis by GC (30 m DB-1, 225°C, 77
cm/sec) afforded a 2:98 ratio of (2R)-17g (t, = 4.33 min) to (25)-17g¢
(t, = 4.99 min). The title compound was isolated by MPLC (columnC, 7:3
hexanes/diethyl ether, 10 mL/min, (25)-17¢ eluted second) in two por-
tions to afford 13.1 g (79%) of (25)-179g as a viscous colorless liquid
[(2R)=17g:(25)-17g < 1:99], identical in all respects to the previously

prepared material.

(4R,55)-3-({2R)-1-0x0-2-methylbutyl)-4-methyl-5-phenyl-2-oxazol-
idinone (17h, Table 9, Entry K). Lithium Enolate Alkylation. A mag-
netically stirred, cooled (-78°C) solution of LDA [prepared from 2.00 mL
(1.44 g, 14.3 mmol) of diisopropylamine and 8.8 mL (1.61 M in hexane,
14.2 mmol) of n-butyl1ithium] (0.43 M in THF) was used to enolize 3.19 g
(12.9 mmol) of imide 16c. The resultant lithium enolate was alkylated
with 2.4 mL (5.5 g, 39 mmol) of methy) iodide according to the general
alkylation procedure for 2 h at 0°C to give 3.25 g (96% mass balance) of
unpurified product. Analysis by GC (30 m DB-1, 175°C, 93 ¢m/sec) af-
forded an 87:13 ratio of (2R)-17h (t, = 4.54 min) to (25)-17h (t, = 4.67
min). The title compound was isolated by MPLC {column C, 85:15 hexanes/

diethyl ether, 11 mL/min, {2R)-17h eluted first) to afford 2.51 g (75%)
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of (2R)-17h as a white crystaliine solid [{2R)-17h:(25)-17h >99:1]: mp
65-66°C; IR (CHyC1y) 2980, 2950, 2880, 1780, 1700, 1385, 1370, 1345,
1235, 1200, 1125 cm=1; 14 NMR (CC14/90 MHz) 7.3 (s, .5H, aromatic H's),
5.55 {d, J = 7.2 Hz, 1H, Cg-H), 4.66 (gn, J = 6.8 Hz, 1H, Cg-H), 3.56
(septet, J = 6.9 Hz, 1H, Coi- H), 2.0-1.2 (m, 2H, C3'-Hp), 1.13 (d, J =
7.5 Hz, 3H, Cp'-CH3), 0.90 (t, J = 7.5 Hz, 3H, C4'-H3), 0.85 (d, J = 6.8
Hz, 3H, Cg4-CH3); 13C NMR (CDC13/22.5 MHz) § 176.0, 152.0, 133.1, 128.0,
125.2, 78.1, 54.1, 38.6, 25.9, 16.0, 13.8, 11.0; Specific rotation
Lalggg = +6.1°, [algy7 = +7.3°, [alyge = +8.2°, [algzs = +18.1°, [al3es
= +42.6° (c 1.72, CHpCl1p).

Anal. Calcd. for Ci15H1gNO3: C, 68.94; H, 7.33. Found: C, 69.11; H,
7.24.

(4R ,55)-3-((2R)-1-0x0-2-methylbutyl)-4-methyl-5-phenyl-2-oxazol-
jdinone (17h, Table 9, Entry L). Sodium Enolate Alkylation. A magneti-
cally stirred, cooled (-78°C) solution of 11.0 g (60.0 mmol) of sodium
hexamethyidisilylamide (0.64 M in THF) was used to enolize 1.1 g (45.0
mmol) of imide 16c. The resultant sodium enolate was alkylated with 16
mL (36 g, 260 mmol) of methyl iodide according to the general alkylation
procedure for 3 h at -78°C to give 11.5 g (97% mass balance) of unpuri-
fied product. Analysis by GC (30 m DB-1, 175°C, 106 cm/sec) afforded a
94:6 ratio of (2R)-17h (t, = 3,98 min) to (25)-17h (t,. = 4.07 min). The
title compound was isolated by MPLC {column C, 95:5 hexanes/THF, 10
mL/min, (2R)-17h eluted first) in three portions to afford 9.7 g (82%)
of (2R)-17h as a white crystalline solid [(2R)-17h:{2S)-17h > 99:1],

jdentical in all respects to the previously prepared material.
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(4R,55)-3-((2R)~1-0x0-2-methylbutyl)-4-methyl-5-phenyl-2-oxazoli-
dinone (17h, Table 7, Entry C). Potassium Enolate Alkylation. A mag-
netically stirred, cooled (-78°C) solution of 0.207 g (0.838 mmo1) of
imide 16c (0.1 M in THF) was enolized with 2.0 mL (0.50 M in THF, 1.0
mmol) of potassium hexamethyldisilylamide and alkylated with 0.24 mL
(0.55 g, 3.9 mmol) of methyl iodide according toc the general alkylation
procedure for 2 h at ~78°C to give 0.20 g (91% mass balance) of unpuri-

fied product. Analysis by GC (30 m DB-1, 175°C, 93 cm/sec) afforded an

81:19 ratio of {2R)-17h (t, = 4.54 min) to (2S)-17h (t, = 4.67 min).

(4R,55)-3-((2R)-1-0x0-2~methylbutyl )-4-methyl-5-phenyl-2-oxazoli-
dinone (17h, Table 7, Entry D). Magnesium Enolate Alkylation. A mag-
netically stirred, cooled (-78°C) solution of LDA [prepared from 0.15 mL
(0.112 g, 1.10 mmo1) of diisopropylamine and 0.72 mL (1.53 M in hexane,
1.11 mmo1l) of n-butyllithium]} (0.2 M in THF) was used to enolize 0.250 g
(1.00 mmo1) of imide 16¢c. After 0.5 h at -78°C a solution of anhydrous
magnesium bromide (ca. 210 mg, 1.14 mmol) in 5 mL of 1:1 benzene/diethyl
ether was added. The resultant magnesium enolate was alkylated with 0.2
mL (0.57 g, 4 mmol) of methyl iodide according to the general alkylation
procedure for 2 h at 0°C to give 0.21 g {78% mass balance) of unpurified
product. Analysis by GC (30 m SE-54, 175°C, 48 cm/sec) afforded a 94:6
ratio of (2R)-17h {t, = 8.31 min) to (2S)~17h (t, = 8.66 min} and
indicated the presence of unreacted 16¢ (t,. = 5.75 min). No enolate

decomposition products were observed.



-119-

(4R,55)-3-{(2R)-1-0x0-2,3-dimethylbutyl )-4-methy]-5-phenyl-2-oxazol-
idinone (171, Table 9, Entry M). Lithium Enolate Alkylation. A mag-
netically stirred, cooled (-78°C) solution cof LDA [prepared from 0.175
mL (0.126 g, 1.25 mmol) of diisopropylamine and 0.77 mL (1.61 M in
hexane, 1.24 mmol) of n-butyllithium] (0.1 M in THF) was used to enolize
0.297 g (1.14 mmol) of imide 16d. The resultant lithium enolate was
alkylated with 0.21 mL (0.48 g, 3.37 mmol) of methyl iodide according to
the general alkylation procedure for 2 h at -10°C to give 0.33 g (105%
mass balance) of unpurified product. Analysis by GC (30 m DB-1, 175°C,
83 cm/sec) afforded a 87:13 ratio of (2R)-171 (t, = 4.98 min) to (2S)-
177 (t, = 5.30 min), and indicated the presence of both 6 (t, = 2.15
min, ca. 6%) and unreacted imide 16d (t,. = 4.33 min, ca. 11%). The
title compound was isolated by MPLC (column B, 9:1 hexanes/ethyl ace-
tate, 5 mL/min, (2R)-17i eluted first) to afford 0.173 g (54%) of 17i as
a colorless oil [(2R)-171:(2S)}-17i > 991): IR (CHpC1,) 3060, 2995, 1780,
1700, 1420, 1380, 1270, 890 cm~1; 1H NMR (CDC13/90 MHz) & 7.33 (m, SH,
aromatic H's), 5.62 (d, J = 7.2 Hz, 1H, Cg-H), 4.73 (gn, J = 6.8 Hz, 1lH,
Cq4-H), 3.60 (gn, J = 7.0 Hz, 1H, Cpi-H), 2.2-1.7 (m, 1H, C3-H), 1.13
(d, J = 7.2 Hz, 3H, Cp1-CH3), 1.0-0.8 (m, 9H, C4-CH3, C31-CH3, Cq'-H3)s
13¢ NMR (CDC14/22.5 MHz) & 176.7, 152.7, 133.4, 128.6, 125.6, 78.7,
55.0, 43.7, 30.7, 21.2, 18.6, 14.3, 13.6; Specific rotation [alggg =
-8.3°, [alg77 = -8.4°%, [alggg = -8.9°, [algys = -13.7°, [al3gg = 14.5°
(c 2.42, CHpClp); HPLC (8 mm x 10 cm Radial Pak (5 ymsilica gel), 88:12
isooctane/ethyl acetate, 2.0 mL/min, k' (2R)-171 = 0.82, k' (25)-171 =
1.53, o = 1.84).
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(4R,55)-3-((2R)-1-0x0-2,3,3-trimethylbutyl}-4-methyl-5-phenyl-2-
oxazolidinone (17j, Table 9, Entry N). Lithium Enolate Alkylation. A
magnetically stirred, cooled {-78°C) solution of LDA [prepared from
0.165 mL (0.119 g, 1.18 mmo1) of diisopropylamine and 0.73 mL (1.61 M in
hexane, 1.18 mmol) of n-butyllithium] (0.1 M in THF) was used to enolize
0.295 g (1.07 mmo1) of imide 16f. The resultant 1ithium enolate was
alkylated with 0.20 mL (0.46 g, 3.2 mmol) of methyl iodide according to
the general alkylation procedure for 2 h at -10°C to give 0.307 g (101%
mass balance) of unpurified product. Analysis by GC (30 m DB-1, 175°C,
83 cm/sec cm/sec) afforded a 94:6 ratio of (2R)-17J (t,. = 5.76 min) to
(25)-17j (t, = 6.33 min), and indicated the presence of 6 (t, = 2.15
min, ca. 4%). The title compound was isolated by MPLC (column B, 85:15
hexanes/diethyl ether,5 mL/min, (2R)-17j eluted first) to afford 0.172 g
(56%) of (2R)-17j as a white crystalline sotid [(2R)-173:(2S)-17j >
99:1]: mp 82-83°C; IR (CH»pC12) 3050, 2980, 1775, 1695, 1380, 1365, 1340,
1240, 1190 cm~1; IH NMR (CDC13/90 MHz) & 7.5 (s, 5H, aromatic H's), 5.60
(d, J = 7.2 Hz, 1H, Cg-H), 4.75 (qn, J = 6.8 Hz, 1H, Cq-H), 3.68 (g, J =
7.0 Hz, 1H, Cye-H), 1.13 (d, 4 = 7.5 Hz, 3H, Cp*-CH3), 1.03 (s, 9H, C3'-
(CH3)3), 0.90 (d, J = 7.5 Hz, 3H, C4-CH3); 13¢ NMR (CDC13/22.5 MHzZ) §
176.4, 153.0, 133.4, 128.7, 125.6, 78.5, 55.1, 44.9, 33.5, 27.4, 14.3,
12.9;  Specific rotation [alggg = -13.1°, [alg77 = -13.3°, [alssag =
-15.0°, [alg3g = -25.8°, [al3ps = =36.0° (c 3.60, CHpC1p); HPLC (8 mm x
10 cm Radial Pak (5 um silicagel), 88:12 isooctane/ethyl acetate,
2.0 mL/min, k' {2R)-17j = 0.55, k' (25)-17j = 1.06, a = 1.93).
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(8R,55)-3-({2R)-1-0x0-2-phenylmethylthiomethyl-3-phenylpropyl)-4-
methyl-5-phenyl-~2-oxazolidinone (17k, Table 9, Entry 0). Lithium Enol-
ate Alkylation. A magnetically stirred, cooled (-78°C) solution of LDA
[prepared from 9.5 mt (6.9 g, 67.8 mmol1) of diisopropylamine and 40 mL
(1.69 M in hexane, 67.6 mmol) of n-butyllithium] (0.5 M in THF) was used
to enolijze 20.0 ¢ {64.6 mmol) of imide 16h. The resultant Tithium
enotate was alkylated with 10.6 mL (15.5 g, 71.3 mmol) of benzyl bromo-
methyl sulfide 46b according to the general alkylation procedure for 2 h
at -25°C and 2 h at 0°C to give 31.3 ¢ (108% mass balance) of unpurified
product. Analysis by GC (30 m DB-1, 200°C for 10 min, 25°C/min to
275°C, (injector and detector = 300°C), 90 cm/sec) afforded a 98:2 ratio
of (2R)-17k (t,. = 17.92 min) to (25)-17k (t, = 18.12 min), and indicated
the presence of both 6 (t,. = 1.19 min, ca. 5%) and unreacted 16h (t, =
8.60 min, ca. 8%). The title compound was isolated by chromatography
(Waters Prep-500, two 5 x 30 cm columns, hexanes/ethyl acetate (adjusted
to TLC R¢ = 0.09), 250 mL/min) in three portions to afford 21.8 g (76%)
of (2R)-17k as a colorless, viscous oil [(2R)}-17k:(2S)-17k = 98:2]: IR
(neat) 3030, 2920, 1780, 1700, 1490, 1450, 1380, 1340, 1190, 1120 cm"l;
1 MR {CDC13/500 MHz) § 7.42-7.20 (m, 15H, aromatic H's), 5.18 {d, J =
7.0 Hz, 1H, Cg-H), 4.61-4.52 (m, 2H, Cq-H, Cpr-H), 3.77 (d, J = 13.5 Hz,
1H, SCH(H)Ph), 3.72 (d, J = 13.5 Hz, 1H, SCH(H)Ph), 2.91 (d of d, J =
13.0, 8.8 Hz, 1H, C3'-H), 2.86 (d of d, J = 13.0, 7.3 Hz, 1H, C3'-H),
2.83 (d of d, J = 13.8, 9.9 Hz, 1H, Cpi-CH(H)S), 2.53 (d of d, J = 13.7,
5.0 Hz, 1H, C2'-CH(H)S), 0.89 (d, J = 6.5 Hz, 3H, Ca-CH3); 13C NMR
(CDC13/22.5 MHz) ® 174.5, 152.6, 138.2, 138.0, 133.1, 129.1, 128.9,
128.6, 128.4, 126.9, :26.6, 125.5, 78.7, 55.0, 44.6, 39.0, 35.9, 32.2,

14.4; Specific rotation [0‘.]589 = +70.6°, [03577 = +74.2°, [(‘]546 =
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+84.5°, [al435 = +150.0°, [al3gs = +253.1° (c 1.42, CHpC1p); HPLC (8 mm
x 10 cm Radial Pak (b um silica gel), 88:12 isooctane/ethyl acetate, 2.0
mL/min, k' (2R}-17k = 1.98, k' (25)-17k = 1.69, a = 1.17); TLC (7:3
hexanes/ethyl acetate, Ry = 0.44).

Anal. Caled. for Co7Hp9NO3S: C, 72.78; H, 6.11. Found: C, 73.03;

H, 6.07.

{4R,55)-3-((2R)-1-0x0-2-methyldecyl)-4-methyl-5-phenyl-2-oxazoli-
dinone (171, Table 9, Entry P). Lithium Enolate Alkylation. A magneti-
cally stirred, cooled {-78°C) solution of LDA [prepared from 1.60 mL
(1.16 g, 11.4 mmol) of diisopropylamine and 7.0 mL (1.61 M in hexane,
11.3 mmo1) of n-butyl1ithium] (0.2 M in THF) was used to enolize 3.39 g
(10.2 mmol1) of imide 16i. The resultant lithium enolate was alkylated
with 2.6 mL (5.9 g, 42 mmol) of methyl icdide according to the general
alkylation procedure for 2 h at 0°C to give 3.67 g (104% mass balance)
of unpurified product. Analysis by GC (30 m SE-54, 200°C, 75 cm/sec)
afforded a 89:11 ratio of (2R)-171 (t, = 14.19 min) to (25)-171 (t, =
14.55 min). The title compound was isolated by MPLC (column C, 7:3
hexanes/diethyl ether,10 mL/min, (2R)-171 eluted first) to afford 2.45 g
(70%) of (2R)~171 as a white crystalline solid [(2R)-171:(2S5)-171 >
200:1]: mp 42-43°C; IR (CHpClp) 3060, 2990, 2940, 2860, 1780, 1700,
1340, 1200 cm=1; 1H NMR (CC1,/90 MHz) § 7.3 (s, 5H, aromatic H's), 5.53
(d, J = 7.2 Hz, 1H, C5-H), 4.63 (qn, J = 6.9 Hz, 1K, C4-H), 3.60 (g, J =
7.0 Hz, 1H, Cpi-H), 1.27 (br s, 14H, aliphatic H's), 1.13 (d, J = 7.0
Hz, 3H, Cp'-CH3), 0.87 (m, 6H, C4-CH3, Cyg'-H3); Specific rotation
Lalgag = -1.4°, [alg77 = -0.4°, [algag = -0.6°, [alg3s = +1.9°, [alags =
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+13.6° (c 1.6, CHpC1p); HPLC (8 mm x 10 cm Radial Pak (5 ym silica gel),
88:12, 2.0 mL/min, k' (2R)-171 = 0.40, k' (25)-171 = 1.06, a = 2.65).
Anal. Calcd. for C21H31NO3: C, 73.01; H, 9.04. Found: C, 73.18; H,
9.25. '
(4R,55)-3-((2R)-1-0x0-2-methyldecyl)-4-methyl-5-phenyl-2-oxazol-
idinone (171, Table 9, Entry Q). Sodium Enolate Alkylation. A magneti-
cally stirred, cooled (-78°C) solution of 0.25 g (1.37 mmo1) of sodium
hexamethyldisilylamide (0.1 M in THF) was used to enolize 0.406 g (1.23
mmol) of imide 16i. The resultant sodium enolate was alkylated with
0.31 mL (0.71 g, 5.0 mmol) of methyl iodide according to the general
alkylation procedure for 2 h at -78°C to give 0.421 g (99% mass balance)
of unpurified product. Analysis by GC (30 m SE-54, 200°C, 75 cm/sec)
afforded a 94:6 ratio of (2R)-171 (t,. = 14,17 min) to (25)-171 (t, =
14.53 min). The title compound was isolated by flash chromatography (2
x 30 cm column, 85:15 hexanes/ethyl acetate, (2R)-171 eluted first) to
afford 0.361 g (85%) of (2R)-171 as a white crystalline solid [(2R)-
171:(25)-171 > 200:1], identical in all respects to the previously

prepared material.

(45)~3~((2R)-1-0x0-2-methyl-4-pentenyl)-4-(2-methylethyl)-2-oxazol-
idinone (21b, Table 10, Entry B). Lithium Enolate Alkylation. A mag-
netically stirred, cooled (-78°C) solution of LDA [prepared from 4.4 mL
(3.2 g, 31 mmo1) of diisopropylamine and 20.0 mL (1.55 M in hexane, 31.0
mmol) of n-butyllithium] (1.0 M in THF) was used to enolize 5.21 g (28.1
mmol) of imide 20b. The resultant lithium enolate was alkylated with
7.3 mL (10 g, 84 mmol) of allyl bromide according to the general alkyla-

tion procedure for 2 h at -10°C to give 6.04 g (95% mass balance) of
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unpurified product. Analysis by GC (30 m DB-1, 125°C, 85 cm/sec) af-
forded a 98:2 ratio of (2R)-21b (t,. = 5,71 min) to (2S)-21b (t, = 5.12
min).  The title compound was isolated by MPLC (column C, 9:1 hexanes/
diethyl ether, 10 mL/min, (2R)-21b eluted second) to afford 4.52 g (75%)
of (2R)-21b as a colorless liquid [(2R)-21b:(25)-21b > 99:1]: IR
(CHoC1,) 3060, 2970, 2940, 2880, 1780, 1700, 1385, 1300, 1240, 1220,
1210 cm~1; 14 NMR (CDC13/90 MHz) § 6.0-5.5 (m, 1H, Cgq'-H), 5.2-4.9 (m,
2H, Cg'-Hp), 4.5-4,1 (m, 3H, C4-H, Cg-H2), 3.85 (m, J = 7.0 Hz, 1H, Cp'-
H), 2.7-2.0 (m, 3H, Cs_CH, C3'-H2), 1.13 (d, J = 7.0 Hz, 3H, C2'-CH3),
0.95 (d, J = 6.8 Hz, 3H, CH{CH3), 0.89 (d, J = 6.8 Hz, 3H, CH(CH3); 13C
NMR (CDClg/22.5 MHz) & 176.2, 153.7, 135.3, 117.0, 63.2, 58.4, 38.3,
37.2, 28.5, 17.9, 16.2, 14.7; Specific rotation [alsg9 = +62.9°, [al577
= +65.2°, [algqg = +73.9°, [alg3s = +126.3°, [al3gs = +199.1° {c 3.48,
CH2C]2)- '

Anal. Calcd. for CioH1gNO3: C, 63.98; H, 8.50. Found: C, 64.17; H,
8.60.

(45)-3-((2R)-1-0Ox0-2-methyl1-3-phenylmethoxypropyl)-4-{2-methyl-
ethyl)-2-oxazolidinone (2le, Table 10, Entry E). Lithium Enolate Alky-
lation. A magnetically stirred, cooled (-78°C) solution of LDA [pre-
pared from 15.4 mL (11.1 g, 110 mmol) of diisopropylamine and 65 mL
(1.70 M in hexane, 110 mmol) of n-butyl1ithium] (1 M in THF) was used to
enolize 18.5 g (100 mmo1) of 20b. The resultant 1ithium enolate was
alkylated with 28 mL (40 g, 200 mmo1) of benzyl bromomethyl ether 45
according to the general alkylation procedure for 4 h at -45°C, then 1 h

at 0°C. To the reaction mixture was added 24 mL {24 g, 300 mmol) of dry
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pyridine and 19 mL (20.5 g, 200 mmo1) of acetic anhydride. The mixture
was stirred for 4 h at room temperature. The mixture was transferred to
a l-L flask, cautiously diluted with 250 mL of 2 M aqueous potassium
bicarbonate, and stirred at room temperature until the evolution of
carbon dioxide ceased (ca. 2 h). The mixture was concentrated in vacuo
and the product extracted into dichloromethane (3 x 200 mL). The com-
bined organic extracts were washed with water (2x), 1 M aqueous hydro-
chloric acid (2x), 1 M aqueous potassium bicarbonate, and brine, dried
over anhydrous magnesium sulfate and concentrated in vacuo. Analysis by
GC (30 m DB-1, 100°C for 2 min, 20°C/min to 200°C, 88 cm/sec) afforded a
98:2 ratio of (2R)-2le (t, = 9.85 min) to (25)-21le (t, = 9.63 min). The
title compound was isolated in two portions by flash chromatography (7 x
70 cm column, 95:5 hexanes/tetrahydrofuran) to afford 18.9-22.6 g (62-
74%) of. 2le as a colorless oil [(2R)-21e:(2S)-21e = 99:1]: IR (CHyC1yp)
3060, 2980, 1780, 1705, 1390, 1235, 1210 cm’l; TH NMR (CDC13/90 MHz) &
7.2 {s, 5H, aromatic H's), 4.45 (s, 2H, OCH,Ph), 4.5-4.0 {m, 4H, Cyq-H,
Cg-Hp, Cp'-H), 3.70 (d of d, J = 8.4, 7.5 Hz, 1H, C3'-H), 3.50 (d of d,
J = 8.4, 5.7 Hz, 1H, C3:-H), 2.32 (m, 1H, C4-CH), 1.13 (d, J = 6.8 Hz,
3H, Cpi-CH3), 0.87 (d, J = 6.5 Hz, 3H, CH(CH3), 0.82 (d, J = 6.9 Kz, 3H,
CH(CHg)); 13C NMR (CDC1g/22.5 MHz) 8 175.3, 153.8, 138.2, 128.2, 127.5,
73.0, 72.7, 63.2, 58.4, 38.3, 28.3, 17.8, 14.6, 13.7; Specific rotation
[alggg = +35.4°, [algy; = +36.6°, [alggg = +41.9°, [algzg = +73.0°,
(alggy = +120.7° (c 2.88, CHpClp); TLC (7:3 hexanes/ethyl acetate, Rf =
0.33).

Anal. Calcd. for Cy4Hy3NO4: C, 66.86; H, 7.59. Found: C, 66.72; H,
7.64.
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(4S)-3-((2R)~1,4-Dioxo-2-methyl-4-ethoxybutyl)-4-(2-methylethyl)-2-
oxazolidinone (21f, Table 10, Entry F). Lithium Enolate Alkylation. A
magnetically stirred, cooled (-78°C) solution of LDA [prepared from 2.3
mL (1.7 g, 16 mmol) of diisopropylamine and 10.1 mL (1.61 M in hexane,
16.3 mmo1) of n-butyllithium] (0.3 M in THF) was used to enolize 2.67 g
(14.5 mmol) of imide 20b. The resultant 1ithium enolate was alkylated
with 3.4 mL (6.2 g, 29 mmo1) of ethyl 2-iodoacetate accarding to the
general alkylation procedure for 2 h at -20°C then 2 h at 0°C to give
4.42 g (112% mass balance) of unpurified product. Analysis by GC (30 m
DB-1, 175°C, 78 cm/sec) afforded a 95:5 ratio of (2R)-21f (tr = 2.81
min) to (25)-21f (t, = 2.69 min). The title compound was isolated by
MPLC (column €, 7:3 hexanes/diethyl ether, 10 mL/min, (2R)-21f eluted
second) to afford 2.0 g (51%) of (2R)-21f as a colorless Yiquid [(2R)-
21f:(2S)-21f > 100:1]: IR (CC14) 2980, 1795, 1735, 1700, 1380, 1255,
1190 cm=1; 1H NMR (CDC15/90 MHz) § 4.45 (d of d of d, J = 9.0, 4.0, 3.0
Hz, 1H, C4-H), 4.28 (d of d, J = 9.8, 9.5 Hz, 1H, Cg-H), 4.24 (d of d, J
= 9.8, 3.0 Hz, 1H, Cg-H), 4.16 (d of d of q, J = 10.0, 4.7, 7.0 Hz,. 1H,
Cpi-H), 4.10 (q, J = 6.9 Hz, 2H, OCH,CH3), 2.89 (d of d, J = 17, 10 Hz,
1H, C3i-H), 2.42 (d of d, J = 17.0, 4.7 Hz, 1H, Cyi-H), 2.38 (m, 1H, C4-
CH), 1.23 (t, J = 6.9 Hz, 3H, OCHpCH3), 1.18 (d, J = 7.0 Hz, 3H, Cp'-
CH3), 0.94 (d, J = 7.0 Hz, 3H, CH(CH3)), 0.91 (d, J = 7.0 Hz, 3H,
CH(C_ij3)); 13¢ NMR (CDC13/22.5 MHz) & 175.9, 171.6, 153.6, 63.2, 60.4,
58.6, 37.8, 34.4, 28.2, 17.9, 17.1, 14.5, 14.2; Specific rotation [alsgg
= +48.7°, [algy7 = +51.2°, [alggg = +59.3°, [algzs = +102.2°, [al3gs =
+169.3° (¢ 1.64, CHpC15).

Anal. Calcd. for Cy3HpNO5: C, 57.55; H, 7.80. Found: C, 57.67; H,

7.93.
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(45)-3-((25)-1-0x0-2-phenyimethylthiomethyl-3-phenylpropyl)-4-(2-
methylethyl)-2-oxazolidinone (2lk, Table 10, Entry I). Lithium Enolate
Alkylation. A magnetically stirred, cooled (-78°C) solution of LDA
[prepared from 15.4 mL (11.1 g, 110 mmol) of diisopropylamine and 65 mL
(1.69 M in hexane, 110 mmol)} of n-butyllithium] (0.75 M in THF) was used
to enolize 26.1 g (100 mmol) of imide 20b. The resultant 1ithium enol-
ate was alkylated with 23.9 g (110 mmol) of benzyl bromomethyl sulfide
46b according to the general alkylation procedure for 2 h at -20°C to
give 53.0 g (133% mass balance) of unpurified product. Analysis by GC
(30 m DB-1, 175°C for 5 min, 20°C/min to 250°C, 60 cm/sec) afforded a
3:97 ratio of (2R)-21k (t, = 11.74 min) to (25)-21k (t, = 11.53 min),
and indicated the presence of unreacted 20b (t. = 4.17 min, ca. 10%).
The title compound was isolated by chromatography (Waters Prep-500, two
5 x 30 c¢m silica gel columns, 87:13 hexanes/ethyl acetate, 250 mL/min)
in two portions to afford 33.1 g (83%) of (2S)-21k as a viscous color-
less liquid [(2R}-21k:(2S)-21k = 2:98]: IR (neat) 3040, 2980, 2940,
1780, 1700, 1495, 1455, 1390, 1300, 1250, 1200, 1100, 760, 700 cm-1; 1K
NMR (CDC14/500 MHz) § 7.30-7.16 (m, 10H, aromatic H's), 4.60 (m, 1H,
Cpi-H), 4.27 (d of d of d, J = 8.5, 3.8, 2.5, 1H, C4-H), 4.09 (d of d, J
= 9.3, 2.7 Hz, 1H, Cg-H), 3.92 (d of d, J = 9.3, 8.7 Hz, 1H, Cg-H), 3.76
(d, J = 14,0 Hz, 1H, SCH(H)Ph), 3.70 (d, J = 14.0 Hz, 1H, SCH(H)Ph),
2,90 (d of d, J = 13.0, 8.0 Hz, 1H, C5'-H), 2.80 (d of d, J = 13.5, 10.0
Kz, 1H, Cp'-CH(H)S), 2.78 (d of d, J = 13.0, 7.5 Hz, 1H, C3'-H), 2.50 (d
of d, J = 13.5, 4.5 Hz, 1H, C,«-CH(H)S), 2.37 (d of septet, J = 3.8, 7.1
Hz, 1H, C4-CH(CH3)2)}, 0.91 (d, J = 7.1 Hz, 3H, CH(CH3)), 0.89 (d, J =
7.1 Hz, 3H, CH(CH3)); 13¢ NMR (CDC13/22,5 MHz) & 174.6, 153.7, 138.2,
138.0, 129.1, 128.9, 128.4, 126.8, 126.5, 63.2, 58.7, 44.4, 38.7, 35.7,
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32.3, 28.5, 17.9, 14.8; Specific rotation [alsgg = -29.1° {c 2.34,
CHoClp); HPLC (8 mm x 10 cm Radial Pak (5 um silica gel), 88:12 iso-
octane/ethyl acetate, 2.0 mlL/min, k' (2S)-21k = 3.26; TLC (7:3 hexanes/
ethyl acetate, R = 0.54).

Anal. Calcd. for C,3Hp7N03S: €, 69.49; H, 6.85. Found: C, 69.62;

H, 6.85.

(4S)-3-{(25)-1-0x0-2-methyldecyl )-4-(2-methylethyl)-2-oxazolidinone
(211, Table 10, Entry J). Lithium Enolate Alkylation. A magnetically
stirred, cooled (-78°C) soluticn of LDA [prepared from 0.16 mL (0.116.9,
1.14 mmol) of diisopropylamine and 0.71 mL (1.61 M in hexane, 1.14 mmol)
of n-butyllithium] (0.1 M in THF) was used to enolize 0.289 g (1.02
mmoi) of imide 20i. The resultant Tithium enolate was alkylated with
0.25 mL (0.57 g, 4.0 mmol) of methyl iodide according to the general
alkylation procedure for 2 h at 0°C to give 0.324 g (107% mass balance)
of unpurified product. Analysis by GC (20 m Carbowax 20M, 175°C, 40
cm/sec) afforded a 9:91 ratio of (2R)-211 (t, = 10.58 min) to (2§)-211
{t, = 10.26 min), and indicated the presence of unreacted 20i (t, =
13.09 min, ca. 4%). The title compound was isolated by flash chroma-
tography (3 x 30 cm column, B8:2 hexanes/diethyl ether) to afford 0.251 g
(83%) of (25)-211 as a colorless liquid [{2R)-211:(2S)-211 < 1:99]: IR
(CHaC1,) 3060, 2970, 2940, 2860, 1780, 1700, 1385, 1210 cm™!; 1H nmR
(CC14/90 MHz) B 4.4-4.1 (m, 3H, C4-H, Cg-Hp), 3.6-3.4 (m, 1H, Cp'-H),
2.5-2.3 (m, 1H, C4-CH), 1.3 (s, 14H, aliphatic H's), 1.12 (d, J = 7.0
Hz, 3H, Cp:-CH3), 0.90 (m, 9H, CH(CH3)2, Cig'-H3); Specific rotation
[alggg = +83.3°, Lalgy7 = +87.0°, [alggg = +98.6°, [aly3s = +166.2°,
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[alags = +258.1° (c 2.03, CHpCl1p).
Anal. Calcd. for CysHp NO3: C, 68.65; H, 10.51. Found: C, 68.67;

H, 10.37.

(45)-3-((2S)~1-0x0-2-methyldecyl)-4-(2-methylethyl)-2-oxazolidinone
(211, Table 10, Entry K). Sodium Enolate Alkylation. A magnetically
stirred, cooled (-78°C) solution of 2.0 g (11 mmol) of sodijum hexa-
methyldisilylamide (0.2 M in THF) was used to enolize 2.85 g {10.0 mmol)
of imide 20i. The resultant sodium enolate was alkylated with 2.5 mL
(5.7 g, 40 mmo1) of methyl iodide according to the general alkylation
procedure for 2 h at -78°C to give 2.64 g (88% mass balance) of unpuri-
fied product. Analysis by GC (20 m Carbowax 20M, 175°C, 40 cm/sec)
afforded a 7:93 ratio of (2R)-211 (t,. = 10.56 min) to (25)-211 (t, =
10.23 min}, and indicated the presence of unreacted 20i (t,. = 13.05 min,
ca. 2%). The title compound was isolated by fiash chromatoyraphy (4 x
30 cm column, 8:2 hexanes/diethyl ether) to afford 2.29 g (77%) of (2S)-
211 as a colorless liquid [{2R)-211:(25)-211 < 200:1], identical in all

respects to the previously prepared material.

(4R)-3-((2R)-1-0x0-2-methylbutyl)-4-phenyl-2-oxazolidinone (23h,
Table 8, Entry H). Lithium Enolate Alkylation. A magnetically stirred,
cooled (-78°C) solution of LDA [prepared from 0.13 mL (0.095 g, 0.94
mmol) of diisopropylamine and 0.62 mL (1.52 M in hexane, 0.94 mmo1) of
n-butyl Tithium] (0.1 M in THF) was used to enolize 0.199 g (0.908 mmo1l)
of imide 22c. The resultant lithium enolate was alkylated with 0.24 mL
(0.55 g, 3.9 mmoi) of methyl iodide according to the general alkylation

procedure for 2 h at 0°C to give 0.19 g (85% mass balance) of unpurified
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product. Analysis by GC (25 m Carbowax 20M, 200°C, 30 cm/sec Helium)
afforded an 81:19 ratio of (2R)-23h {ty = 9.42 min) to (25)-23h (tp =
9.58 m}in), and indicated the presence of unreacted 22c¢ (t, = 10.56 min,
ca. 14%), An analytical sample was purified by MPLC {column B, 7:3
hexanes/diethy! ether) to afford (2R)-23h as a white crystalline solid
[(2R)-23h:{25)-23h > 99:1]: mp 80-81°C; IR (CCl,) 2980, 2940, 1795,
1715, 1380, 1325, 1230, 1200, 1050 cm~l; 14 NMR (CDC13/90 MHz) & 7.3 (s,
5H, aromatic H's), 5.40 (d of d, J = 9.0, 4.0 Hz, 1H, Cg-H), 4.62 (t, J
= 9.0 Hz, 1H, Cg-H), 4.18 (d of d, J = 9.0, 4.0, 1H, C5-H), 3.65 (q, J =
6.9 Hz, 1H, Cp'~H), 1.9-1.2 {m, 2H, C3'-Hp), 1.12 (d, J = 7.1 Hz, 3H,
Coi-CH3), 0.90 (t, & = 7.5 Hz, 3H, Cgr-H3); 13C NMR (CDC13/22.5 MHz) §
176.4, 153.4, 139.4, 129.1, 128.6, 125.7, 69.8, 57.7, 39.3, 26.1, 16.8,
i1.6.

Anal. Calcd. for CyaHy7NO3: C, 68.00; H, 6.93. Found: C, 68.29; H,
6.97.

General Procedure for Transesterification (Benzyl Ester}). To a
magnetically stirred, cooled solution of benzyl alcohol (2.0 equiv,
distilled) in anhydrous THF {ca. 0.3 M) is added a hexane solution of n-
butyl1ithium (1.5 equiv). To this solution is added a solution of the
indicated imide (1.0 equiv, ca. 1 M in THF). The reaction mixture is
stirred at 0°C until no imide remains as detected by TLC {ca. 1-4 h).
The reaction is quenched by the addition of 3 M aqueous ammonium chlor-
ide. Volatiles are removed in vacuo and the product (along with benzyl
alcohol and the 2-oxazolidinone) extracted into dichloromethane. The

combined organic extracts are dried over anhydrous magnesium sulfate and
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concentrated in vacuo. The benzyl ester is isolated by 1iquid chroma-
" tography as indicated in the following examples. Further elution with a
more polar solvent (ethyl acetate or diethyl ether) allows recovery of

the 2-oxazolidinone.

Benzyl (2R)-2-Methylbutanoate (3la, Table 12, Entry C). To a
magnetically stirred, cooled (0°C) solution of lithium benzyloxide in 40
mL of THF [prepared from 0.65 mL (0.68 g, 6.3 mmo1) of benzyl alcohol
and 2.9 mL (1.61 M in hexane, 4.7 mmol) of n-butyllithium) was added
0.824 g (3.15 mmol1) of 17h [{2R)-17h:(2S)-17h > 99:1] in 10 mL of THF.
After stirring at 0°C for 2 h, the reaction products were isolated
according to the general transesterification procedure. The title com-
pound was isolated by MPLC (column B, 9:1 hexanes/diethyl ether, 5 mL/
min) to afford 0.561 g (93%) of (2R)-benzyl ester 31a as a colorless
liquid: IR (CHpC1p) 3070, 2990, 1730, 1420, 1265, 900 cm™}; 14 NMR
(CDC13/90 MHz) § 7.3 (s, 5H, aromatic H's), 5.0 (s, 2H, OCHpPh), 2.3
(sextet, J = 7 Hz, 1H, Cp-H), 1.9-1.3 (m, 2H, C3-Hp), 1.1 (d, J = 7 Hz,
3H, Co-CH3), 0.85 (t, J = 8 Hz, 3H, C4-H3); [alsgg = -12.6', [alg77 =
-13.0', [alggg = -15.1", [alazgs = -23.4"', [al3es = - 50.4' (c 2.85,

CHaC12); TLC (8:2 hexanes/ethyl acetate, Rf = 0.65).
Anal. calcd. for CipH1g02: €, 74.97; H, 8.39. Found: C, 74.78; H,

8.23.

Benzyl (2S)-2-Methylbutanoate (3la, Table 12, Entry A). To a
magnetically stirred, cooled (0°C) solution of Tithium benzyloxide in 10
mL of THF [prepared from 0.21 mL (0.22 g, 2.0 mmol) of benzyl alcohol

and 0.93 mL {1.61 M in hexane, 1.5 mmol) of n-butyllithium) was added
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0.259 g (0.992 mmol) of 17a [(2R)-17a:(2S)-17a < 1:99] in 3 mL of THF.
After stirring for 2 h at 0°C, the reaction products were isolated
according to the general transesterification procedure. The title com-
pound was isolated by MPLC (column B, 9:1 hexanes/diethyl ether, 5
mL/min) to afford 0.171 g (90%) of (25)-benzyl ester 3la as a colorless
liquid: IR (CHaC1p) 3070, 2990, 1730, 1420, 1265, 900 cm™l; 1H NMR
(CDC13/90 MHz) § 7.3 (s, 5H, aromatic H's), 5.0 (s, 2H, OCHpPh), 2.3
(sextet, J = 7 Hz, 1H, Cp-H), 1.9-1.3 {(m, 2H, C3-Hp), 1.1 (d, J = 8 Hz,

3H, Cy-CH3), 0.85 (t, J =7 Hz, 3H, C4-H3); Specific rotation [alsgg
+12.8°, [alg77 = +13.2°, [algge = +15.1°, [alazs = +24.8°, [al3gs =
+40.4°, (c 2.16, CHpC12); TLC (8:2 hexanes/ethyl acetate, Rf = 0.61).

Anal. Calcd. for CypH1602: C, 74.87; H, 8.39., Found: C, 74.91; H,
8.32.

Benzyl (2R)-2-Methyl-3-benzyloxypropanoate (3le, Table 12, Entry
H). To a magnetically stirred, cooled (0°C) solution of lithium benzyl-
oxide in 780 mL of THF [prepared from 8.2 mL (8.6 g, 79 mmol) of benzyl
alcohol and 35 mL {1.70 M in hexane, 60 mmol} of n-butyllithium] was
added 12.2 g (39.7 mmo1) of 2le [(2R)-21e:{2S)-21e 99.2:0.8) in 20 mL of
THF. After stirring at 0°C for 1 h the reaction products were isolated
according to the general transesterification procedure. The title com-
pound was isolated by flash chromatography (5 x 45 cm column, 9:1 hex-
anes/THF) to afford 10.9 g (96%) of (2R)-benzyl ester 3le as a colorless
1iquid. Further elution of the column with diethyl ether afforded 4.3 g

(84%) of (4S)-valinol 2-oxazolidinone.

T
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(2R)-31e: IR (CC14) 2960, 1740, 1450, 1245, 1170 cm~!; 1H NMR
(CDC13/90 MHz) 7.31, 7.29 (2s, 10H, aromatic H's), 5.1 (s, 2H,
COCoH2Ph), 4.5 (s, 2H, CHpO0CH2Ph), 3.4 (m, 2H, C3-Hp), 2.8 {q, J = 7 Hz,
1H, Cp-H), 1.2 (d, J = 7 Hz, C»-CHa); Specific rotation [alggg = -3.46°,
[alg77 = -3.56°, [algsg = -4.06°, [alg3y = -6.51°, [alzgs = -8.67°, (¢
4,78, EtOH); GC (30 m DB-1, 200°C, 78 cm/sec, t, = 3.43 min); TLC (8:2

hexanes/ethyl acetate, Rf = 0.42).

(2R)-2-Methyl-3-benzyloxypropanoic acid (26e). A mixture of 9.48 g
(33.3 mmol) of (2R)-benzyl ester 3le and 200 mg of 5% Pd on carbon in 90
mL of THF at 25°C under an atmosphere of hydrogen was stirred until 750
mL (ca. 1 equiv) of hydrogen had been absorbed {(ca. 10 h). The solution
was filtered through a pad of celite, and the celite washed with diethyl
ether. The combined filtrates were concentrated in vacuo to afford
6.34 g (98%) of (2R)-acid 26e as a colorless liquid: IR (neat) 3400-
2400, 1715, 1450, 1100 cm~1; 1H NMR (CDCT3/90 MHz) § 10.3 (br s, 1H,
COpH), 7.3 (s, 5H, aromatic H's), 4.5 (s, 2H, OCHpPh), 3.6 (m, 2H, C3-
Ho), 2.8 (m, 1H, C5-H), 1.2 (d, J = 7 Hz, 3H, Cp-CH3); Specific rotation
[alggg = -10.5°, [algy7 = -11.5°, [alggg = -12.9°, [alq3s = -22.6°,
lal3gg = -35.7° (neat, d = 1.095 g/mL).

Determination of the Extent of Racemization During Transesterifica-
tion and Hydrogenolysis. Method 1. (2R)-Acid 26e was prepared in two
steps from imide 2le [(2R)-21e:(2S)-21e = 99.2:0.8) as described in the
previous two experiments. To a magnetically stirred solution of 89.9 mg

(0.463 mmol} of (2R)-acid 26e in 1.0 mL of dichloromethane was added
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0.20 mL (0.29 g, 2.3 mmo1} of oxallyl chloride. The mixture was stirred
at 25°C for 6 h, then concentrated in vacuo to afford 98.5 mg (100% mass
balance) of (2R)-acid chloride 37e as a colorless oil. The acid chlor-
ide was immediately used in the next part of the éxperiment.

To a magnetically stirred, cooled (-78°C) solution of 0.104 g
(0.789 mmo1) of (4S)-valinol 2-oxazolidinone B in 10 mL of THF was added
0.40 mL (1.70 M in hexane, 0.68 mmol) of n-butyllithium. The mixture
was stirred for 0.5 h followed by the addition of {(2R)-acid chloride
37e. The mixture was stirred for 0.5 h at -78°C then quenched by the
addition of 3 M aqueous ammonium chloride. The mixture was concentrated
in vacuo and the product extracted into dichloromethane. The combined
organic extracts were washed with aqueous potassium bicarbonate and
brine, dried over anhydrous magnesium sulfate, and concentrated _1_n vacuo
to afford 0.20 g of a colorless oil. Analysis of the unfractionated
reactjon mixture by capiltlary GC (30 m DB-1, 100°C for 2 min, 20°C/min
to 200°C, 89 cm/sec) afforded a 97.5:2.5 ratio of (2R)-21e (t,. = 9.87
min) to (2S)-21e (t, = 9.66 min).

In two separate exper1’men1‘.538 the acid chloride was prepared at 0°C
for 4 h and 5 h. The acid chloride was acylated as above to afford a

98.4:1.6 and 98.1:1.9 ratio of (2R)-2le to (25)}-2le, respectively.

Determination of the Extent of Racemization During Transesterifica-
tion and Hydrogenolysis. Method 2. (2R)-Acid 26e was prepared from
imide 21e [(2R)-21e:(25)-21e = 99.2:0.8) as described in the previous
experiments. To a magnetically stirred, cooled (0°C) solution of 0.101 g
(0.520 mmo1) of (2R)-acid 26e and 55 ulL (58 mg, 0.57 mmol) of tri-
ethylamine in 10 mL of THF was added 55 uL (62 mg, 0.58 mmo1) of ethy]
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chloroformate. A white precipitate immediately formed. The mixture was
stirred for 0.5 h at 0°C then cooled to -78°C,

In a separate flask, 0.59 mL (1.70 M in hexane, 1.00 mmol) of n-
butyl-Tithium was added to a magnetically stirred, cooled (-78°C)
solution of 0.130 g (1.00 mmoi) of (45)-valinol 2-oxazolidinone 8 in 10
mL of THF. After 0.5 h, the solution of the metalated 2-oxazolidinone
was added dropwise via cannula to the solution of the mixed anhydride.
The reaction mixture was stirred for 0.5 h at -78°C then allowed to warm
to 0°C over a 1-h period. The reaction was quenched by addition of
half-saturated aqueous ammonium chloride. The mixture was concentrated
in vacuo and the product extracted into dichloromethane. The combined
organic extracts were washed with aqueous sodium bisul fate, aqueous
potassium bicarbonate, and brine, dried over anhydrous magnesium sulfate
and concentrated in vacuo to.afford 0.25 g of a colorless oil. Analysis
of the unfractionated reaction mixture by capillary GC  (same condi-
tions as the previous experiment) afforded a 98.3:1.7 ratio of (2R)-21e

to (25)-2le.

(4S)-3-((2R)-1,4-Dioxo-2-methylbutyl)-4-(2-methylethyl)-2-oxazoli-
dinone (21m). Ozone was bubbled through a magnetically stirred, cooled
(-78°C) solution of 2.51 g (11.1 mmol) of imide 21b [(2R}-21b:(25)-21b =
99.8:0.2) and ca. 10 mg of Sudan Red II] in 50 mL of methanol until the
red color of the indicator changed to yellow. The solution was purged
with argon then quenched by the addition of 5 mL (4.3 g, 68 mmol,
excess) dimethyl sulfide. The mixture was allowed to warm to 25°C and
stirred overnight., The reaction mixture was concentrated in vacuo to

afford a mixture of the product and the corresponding dimethylacetal.
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The mixture was dissolved in 50 mL of THF and 20 mL of 1 M aqueous
hydrochloric acid. After 0.5 h the mixture was concentrated in vacuo
and the product distilled (Kugelrohr, 150°C, 0.005 mm) to afford 2.45 g
(97%) of imide 21lm as a coloriess ofl: IR (CDC13) 3170, 2980, 28490,
2740, 1780, 1725, 1700, 1390, 1300, 1250, 1205 cm~1; 1H NMR (CDCY3/90
MHz) § 9.72 (s, 1H, CHO), 4.6-4.0 (m, 4H, C4-H, C5-Hp, Cpr-H), 3.08 (d
of d, J = 18.0, 9.0 Hz, 1H, C3'-H), 2.55 (d of d, J = 18.0, 5.0 Hz, 1H,
C3i-H), 2.5-2.2 (m, 1H, C4-CH), 1.20 {d, J = 7.0 Hz, 3H, Cp'-CH3), 0.95,
0.90 (overlapping d's, J = 6.8 Hz, 6H, CH(CH3)2): 13¢ NmR (CDC14/22.5
MHz) & 199.9, 175.7, 153.6, 63.2, 58.6, 47.8, 32.3, 28.1, 17.9, 16.9,

14.4.

(2R)-2-Methyl-4-hydroxybutanoic acid, lactone (2-Methylbutyro-
lactone, 32). A mixture of 1.47 g (6.49 mmol) of imide 2lm and 6.5 g
(containing ca. 6.5 mmol of BH4') of sodium borohydride on atumina®3 in
40 mL of anhydrous diethyl ether was stirred at 25°C for 0.5 h. The
mixture was filtered, and the alumina washed with anhydrous diethy!
ether. The combined filtrate and washings were concentrated in vacuo to
afford 1.35 g of a pale yellow 0il. Distillation (Kugelrohr, 170°C, 60
mm) afforded 0.455 g (70%) of (2R)-lactone 32 as a colorless liguid: IR
(neat) 2980, 2950, 2920, 2890, 1780, 1455, 1380, 1370, 1170, 1025, 910
cm-i; IH NMR (CDC13/90 MHz) § 4.5-4.0 (m, 2H, C4-Hp), 2.8-2.3 (m, 2H,
Cy-H, C3-H), 2.2-1.8 (m, 1H, C3-H), 1.3 {d, J = 6 Hz, 3H, Cp-CH3)s
Specific rotation [alggg = +21.2° (c 8.5, ELOH), Lit.39 specific rota-
tion of (25)-32 [alggg = -21.5° {c 5.5, EtOH).

Anal. Calcd. for CgHgOp: C, 47.60; H, 6.55. Found: C, 47.44; H,
6.47.
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(2R)-2-Methylsuccinic acid (26f). To a magnetically stirred,
cooled (0°C) solution of 1.39 g (5.13 mmol) of imide 21f [(2R)-21f:(2S)-
21f > 99:1] in 50 mL of methanol was added 10 mL of 6 M aqueous potas-
sium hydroxide. After 2 h no imide 21f remained as detected by TLC.
The methanol was removed in vacuo and the aqueous solution washed with
dichloromethane. Concentration of the dichloromethane washings afforded
0.64 g (96%) of (4S)-valinol 2-oxazolidinone 8. The aqueous solution
was acidified with 6 M aqueous hydrochloric acid and the water remaved
in vacuo. The solid residue was washed with diethyl ether to dissolve
the product. Concentration of the diethyl ether solution afforded 0.62 g
(91%) of (2R)-acid 26f as a white crystalline solid: mp 112-113°C; IH
NMR {CDC14/90 MHz)} § 9.6-9.0 (br s, 2H, COpH), 3.1-2.4 (m, 3H, Cp-H, C3-
Hp), 1.3 (d, J = 7 Hz, 3H, Cp-H); Specific rotation [alsgg = +15.7° (c
4.25, EtOH).

Anal. Calcd. for CgHgO4: C, 45.46; H, 6.10. Found: C, 45.64; H,
6.19.

(2S)-2-Methylsuccinic acid (26f). To a magnetically stirred,
cooled (0°C) solution of 1.83 g (5.71 mmol) of imide 17f [(2R)-17f:(25)-
17f < 1:99] in 50 mL of methanol was added 10 mL of 6 M aqueous potas-
sium hydroxide. After 2 h no imide 17f remained as detected by TLC.
The methanol was removed in vacuo and the aqueous solution washed with
dichloromethane. Concentration of the dichloromethane washings afforded
0.95 g (94%) of (4R,55)-norephedrine 2-oxazolidinone 6. The aqueous
solution was acidified with 6 M aqueous hydrochloric acid and the water
removed in vacuo. The solid residue was washed with diethyl ether to

dissolve the product. Concentration of the diethyl ether solution
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afforded 0.72 g (95%) of (2S}-acid 26f as a white crystalline solid: mp
109-110°C; INMR (CDC13/90 MHz) § 9.6-9.0 (br s, 2H, CO2H), 3.1-2.4 (m,
3H, C2-H, C3-H2), 1.3 (d, J = 7 Hz, 3H, C2-H); Specific rotation [alsg9
= -15.0° (c 4.21, EtOH).

Anal. Calcd. for CgHgO4: C, 45.46; H, 6.10. Found: C, 45.64; H,
6.19.

(2R)-2-Methyl -3-benzyloxy-1-propanol (39e). Lithium Borohydride
Reduction. To a magnetically stirred, cooled {0°C) solution of 0.788 g
(2.23 mmol) of imide 17e [(2R}-17e:(2S5)-17e < 1:991 in 5 mL of THF was
added 2.3 mL (1 M in THF, 2.3 mmol) of 1ithium borohydride. After 2 h
no imide 17e remained as detected by TLC. The reaction was cautiously
quenched by the addition of 1 M aqueous hydrochloric acid. The mixture
was concentrated in vacuo and extracted with dichloromethane. The com-
bined organic extracts were washed with 1 M aqueous hydrochloric acid
and brine, dried over anhydrous magnesium sulfate, and concentrated in
vacuo to afford 0.73 g of a colorless oil. The title compound was
isotated by flash chromatography (3 x 30 cm column, 75:25 hexanes/ethyl
acetate) to afford 0.346 g (88%) of (2R}-alcohol 39e as a colorless
liquid: IR (CHyC1,) 3640, 3540, 3060, 2970, 1265, 1090 em~l; TH MR
(CC14/90 MHz) & 7.2 (s, 5H, aromatic H's), 4.4 (s, 2H, OCHyPh), 3.7-3.3
(m, 4H, C1-Hp, C3-Hp), 2.47 (br s, 1H, OH), 2.1 (m, 1H, Cp-H)}, 0.9 (d, J
= 8 Hz, 3H, C,-CH3); Specific rotation [alggg = -4.2° {c 2.5, EtOH); GC
(30 m DB-1, 120°C, 86 cm/sec, ty = 4.07 min); TLC (85:15 dichloro-
methane/diethyl ether, R¢ = 0.32).
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(25)-2-Methyl-3-benzyloxy-1-propanol (39e). Lithium Aluminum
Hydride Reduction. To a magnetically stirred, cooled (-78°C) solution
of 15.3 g (50.0 mmo1) of imide 21e [(2R)-21e:(25)-21e > 99:17] in 100 mlL
of THF was added 50 mL (1 M in THF, 50 mmol) of lithium aluminum hydride
dropwise over a 15-min period. After 0.5 h the mixture was allowed to
warm to 25°C then stirred for 2 h. The mixture was recooled to -78°C
then cautiously quenched with 1.9 mL of water, 1.9 mL of 2 M aqueous
sodium hydroxide, and 5.7 mL of water. The mixture was allowed to warm
to 25°C and stirred for 1 h. The mixture was filtered through a sin-
tered glass filter and the precipitate washed with diethyl ether. The
filtrate and washings were concentrated in vacuo. The product was
isolated by flash chromatography (7 x 70 c¢m column, 85:15 dichloro-
methane/diethyl ether) to afford after distillation (Kugelrohr, 90°C,
0.01 mm) 6.8 g (76%) of (2S)-alcohol 39e as a colorless liquid. Further
elution with diethyl ether afforded 4.8 g (74%) of (4S)-valinol 2-
oxazolidinone 8.

(25)-39e: IR (CHaClp) 3640, 3540, 3060, 2970, 1265, 1090 cm™!; 1K
NMR (CC1,/90 MHz) § 7.2 (s, 5H, aromatic H's), 4.4 (s, 2H, OCHpPh), 3.7-
3.3 (m, 4H, Cq-Hp, C3-Hp), 2.47 (br s, 1H, OH), 2.1 (m, 1H, Cp-H), 0.9
(d, J = 8 Hz, 3H, Co-CH3); Specific rotation [alggg = +5.3° (¢ 2.2,
ELOH), Lit.6% [aJogg = +4.97° (¢ 0.9, EtOH); GC (30 m DB-1, 120°C, 86
cm/sec, t,. = 4.07 min); TLC (85:15 dichloromethane/diethyl ether, Rf =
0.32).

Determination of the Enantiomeric Purity of (2R)}-2-Methyl-3-benzyl-
oxy-1-propanol (39e). To a magnetically stirred, cooled (0°C) solution

of 41 mg (0.228 mmol) of (2R)-alcohol 39e in 0.5 mL of pyridine was
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added 54 ylL (72 mg, 0.286 mmol) of (2R)-acid chloride 11. The mixture
was stirred at 25°C for 1 h. The reaction mixture was diluted with
water and the product extracted into dichloromethane. The combined
organic extracts were washed with 1 M aqueous hydrochloric acid, satur-
ated aqueous potassium bicarbonate, and brine, dried ocver anhydrous
magnesium sulfate, and concentrated in vacuo to afford 110 mg of a
colorless oil. Analysis of the unfractionated product by capillary GC
(DB-1, DB-5, or Carbowax 20M) did not separate the diastereomers. Anal-
ysis of the unfractionated product by 500 MHz 14 NMR indicated the
absence of the (2S) diastereomer [(2R)-39e:(25)-39e > §7:3) (Figure 8).

Determination of the Enantiomeric Purity of (25)-2-Methyl-3-benzyl-
oxy-1-propanol (39e). To a magnetically stirred, cooled (0°C) solution
of 58 mg (0.322 mmol) of (2S}-alcchol 39e in 0.5 mL of pyridine was
added 76 uL (102 mg, 0.403 mmol) of (2R}-acid chloride 11. The mixture
was stirred at 25°C for 1 h. The reaction mixture was diluted with
water and the product extracted into dichloromethane. The combined
organic extracts were washed with 1 M aqueous hydrochloric acid, satur-
ated aqueous potassium bicarbonate, and brine, dried over anhydrous
magnesium suifate, and concentrated in vacuo to afford 135 mg of a
colorless oil. Analysis of the unfractionated product by capillary GC
(DB-1, DB-5, or Carbowax 20M) did not separate the diastereomers. Anal-
ysis of the unfractionated product by 500 MHz 14 NMR indicated the

absence of the (2R) diastereomer [(2R)-39e:(25)-39e < 3:97) (Figure 8).
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(2R)-2-Methyl-1-decanol (391). Lithium Borohydride Reduction. To
a magnetically stirred, cooled (0°C) solution of 1.57 g (4.54 mmol) of
171 [(2R)-171:(2S)-171 > 99:1] in 20 mL of THF was added 0.12 g (5.5
mmol) of Tithium borohydride. After 3 h no imide 171 was detected by
TLC. The reaction was cautiously quenched by the addition of 1 M aque-
ous hydrochloric acid. The mixture was concentrated in vacuo then
extracted with dichloromethane. The combined organic extracts were
washed with saturated aqueous potassium bicarbonate and brine, dried
over anhydrous magnesium sulfate, and concentrated in vacuo to afford
1.56 g of a colorless oil. The product was isolated by flash chroma-
tography (3 x 30 cim column, 8:2 hexanes/diethyl ether) followed by
distillation (Kugelrohr, 160°C, 15 mm) to afford 0.653 g (84%) of (2R)-
alcohol 391 as a colorless liquid. Further elution of the column with
diethyl ether afforded 0.80 g (99%) of (4R,5S)-norephedrine 2-oxazoli-
dinone 6.

(2R)-391: IR (CHoC1,) 3630, 2960, 2940, 2860, 1465, 1030 cm™!; 1H
NMR (CDC13/90 MHz) & 3.5-3.3 (m, 2H, C1-H), 2.2 (br s, 1H, OH), 1.7-1.2
(br, 15H, aliphatic H's), 1.0-0.8 {m, 6H, Cp-CH3, Cig-Hz); Specific
rotation [alsgg = +10.8°, [alg577 = +11.4°, [alggg = +12.9°, [aJg3s =
+21.3°, [al3gp = +32.3° (c 4.37, CHpC1p); TLC (8:2 hexanes/ethyl ace-
tate, R¢ = 0.32).

Anal. Calcd. for CyHpy0: C, 76.74; H, 13.95. Found: C, 76.77; H,
14.08.

(25)-2-Methyl-1-decanol (391). Lithium Borohydride Reduction. To
a magnetically stirred, cooled (0°C) solution of 1.23 g (4.15 mmo1) of
211 [(2R)-211:(2S)-211 < 1:99] in 20 mL of THF was added G.12 g (5.5
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mmol) of Tithium borohydride. After 3 h no imide 211 was detected by
TLC. The reaction was cautiously quenched by the addition of 1 M aque-
ous hydrochloric acid. The mixture was concentrated in vacuo then
extracted with dichloromethane. The combined organic extracts were
washed with saturated aqueous potassium bicarbonate and brine, dried
over anhydrous magnesium sulfate, and concentrated in vacuo to afford
1.13 gof acolorless 0il. The product was isolated by flash chroma-
tography (3 x 30 cm column, 8:2 hexanes/diethyl ether) followed by
distillation (Kugelrohr, 160°C, 15 mm) to afferd 0.643 g (90%) of (2S)-
alcohol 391 as a colorless liquid. Further elution of the column with
diethyl ether afforded 0.72 g (85%) of {4S)-valinoi 2-oxazolidinone 8.

(2R)-391: IR (CHyC1,) 3630, 2960, 2940, 2860, 1465, 1030 cm™!; IH
NMR (CDC13/90 MHz) § 3.5-3.3 (m, 2H, Cq-H), 2.2 (br s, 1H, OH), 1.7-1.2
(br, 15H, aliphatic H's), 1.0-0.8 (m, 6H, Co-CH3, Cyg-H3); Specific
rotation [aelggg = -10.0°, [algyy = -11.1°, [algge = -12.6°, [aly3g =
-21.1°, [al3gg = -32.2° (c 4.21, CHpC1p); TLC (B:2 hexanes/ethyl ace-
tate, Rg = 0.32).

Anal. Calcd. for CyqHp40: C, 76.74; H, 13.95. Found: C, 76.67; H,
13.97.

(25)-2-Methy1-3-phenylpropanoic acid, hydrazide (34g). A magneti-
cally stirred solution of 1.92 g (5.94 mmol) of imide 17g [(2R}-
179:(2S)-179 < 1:99) and 0.5 mL (0.5 g, 15.6 mnol) of anhydrous hydra-
zine in 10 mb of anhydrous ethanol was stirred at 25°C for 4 h. The
mixture was concentrated in vacuo (30°C at 30 mm then 30°C at 0.1 mm)

and the residue dissolved in anhydrous diethyl ether. The solution was
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saturated with anhydrous hydrochloric acid. The mixture was filtered
and the precipitate washed with diethyl ether. (The combined filtrate
and washings were concentrated in vacuo to afford after recrystalliza-
tion from toluene 0.72 g (69%) of (4R,5S)-norephedrine 2-oxazolidinone
6). The precipitate was treated with saturated aqueous potassium bi-
carbonate then extracted with dichloromethane. The combined organic
extracts were washed with brine, dried over anhydrous magnesium sulfate
and concentrated in vacuo to afford 0.810 g (76%) of {2S)-hydrazide 34g
as a white solid: LH NMR (CDC13/500 MHz)8& 7.20 (m, 5H, aromatic H's),
6.60 (br s, 1H, HoNN(H)CO), 3.76 (br s, 2H, HpNN(H)CC), 2.95 (d of d, J
= 14, 8 Hz, 1H, C3-H), 2.70 (d of d, J = 14, 6 Hz, 1H, C3-H), 2.40 (m,
1H, Cp-H), 1.20 (d, J = 7 Hz, 3H, Cp-CH3); GC (30 m DB-1, 200°C for 10
min, 20°C/min to 275°C, 89 cm/sec, t,. = 18.51 min).

Anal. Calcd. for CygHygN20: C, 67.36;5 H, 7.86. Found: C, 67.31; H,
7.83.
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CHAPTER 2

EFFORTS DIRECTED TOWARD THE ENANTIOSELECTIVE TOTAL SYNTHESIS OF
FERENSIMYCIN B
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I. INTRODUCTION.

In 1982, Kusakabe and ceo-workers reported the isolation and char-
acterization of two new polyether ionophore antibiotics, ferensimycin A
(1) and ferensimycin B (2).1 Since 1951, more than 75 members of this
important family of natural products have been isolated.? Poiyether
ionophores are characterized as relatively large, stereochemically com-
plex carboxylic acids that possess muitiple ether linkages, usually as
tetrahydrofuran and tetrahydropyran rings (Figure 1L3 Especially noted
for their ability to extract inorganic cations into non-polar organic
solvents, polyether jonophores are important tools in the study of
cation transport.4 As antibiotics, polyether ionophores inhibit the
growth of Gram-positive bacteria, are effective in the treatment of
poultry coccidosis, and improve the utilization of feed among
ruminants.’ Ever since the structure of monensin was elucidated by X-
ray crystal 1ography,6 synthetic chemists have been intrigued by the
architectural complexity of polyether ionophores. Not only do polyether
ionophores present challenging targets for total synthesis,7 but they
alsc provide the incentive for developing new stereo-, regio-, and
chemoselective reactions. In conjunction with our interest in the
development of methodology for asymmetric synthesis,8 and the construc-
tion of both macrolide and polyether ionophore antibiotics,g we under-
took the enantioselective total synthesis of ferensimycin B (2).

The ferensimycins were isolated from the fermentation broth of

Streptomyces sp. No. 5057.1 Their relative structures {excluding C-2

and C-21 stereochemistry) were elucidated by mass,‘lH NMR, and 13¢c MR
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spectroscopy. Westley (unpublished) has established, by X-ray crystai-
lography, the stereochemistry of 1 at C-1 and C-21 to both be (S).10
Structurally, the ferensimycins are closely related to lysocellin (3), 2
differing from 3 only in the substitution at C-2. Both the relative
stereochemistry and the absolute configuration of 3 have been determined
by X-ray crysta1]ography.11 By analogy, ferensimycin B {2) is presumed
to possess the same absolute configuration as ferensimycin A (1) and
lysocellin (3). The stereochemistry of 2 at-C-Z is assigned as (S)
based on the nearly identical chemical shifts in the 13c NMR spectra of
1 and 2 for the carbon signals at and around C-2. Likewise, the stereo-
chemistry of 2 at C-21 is assigned as (S) by comparison of the 13C NMR
spectra of 2 and 3. The enantioselective total synthesis of feren-
simycin B would test the validity of these assignments.

The structural homoﬁogy of the ferensimycins and lysocellin sug-
gests that they arise via similar biochemical pathways. The carbon
framework of polyether ionophores is constructed from simple acetate,
propanoate, and butanoate building blocks.lZ For example, by feeding

Streptomyces cacaoi var. asoensis labeled R13C02H precursors, (Otake has

demonstrated that lysocellin is assembled from one acetate, eight pro-
panoate, and two butanoate units (Scheme 1L13 Less is known, however,
about how the stereochemistry is generated during polyether bio-
synthesis.

Westley has proposed a biochemical pathway that accounts for the
stereochemistry of the two ether rings in lasalocid A (4) and isolasa-
Tocid A (5).1% According to his hypothesis, 4 and 5 are both derived

from diene 6. As illustrated in Scheme 2, stereoselective diepoxidation
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of diene 6 followed by acid catalyzed cyclization can afford either 4 or
5. Support for this biochemical pathway is provided by Hutchinson, who,

by feeding double labeled R13C1802H precursors to Streptomyces lasa-

liensis, has shown that 180 is introduced into 4 at c-1, ¢-3, C-11, C-
13, and C-15, but not at C-19 and C-22.15 The absence of labeled oxygen
at C-19 and C-22 would be expected if diene 6 is an intermediate.
Presumably, the oxygen at these two positions is obtained from molecular
oxygen.16 The same diene--diepoxide or the analogous triene--triepoxide
pathway has been proposed by Cane et al. as the final step in the
biosynthesis of over 30 polyether 1'onophores.12C

We envisioned employing a similar diene--stereoselective epoxida-
tion--acid catalyzed cyclization route as a key reaction sequence to
construct the B and C rings of ferensimycin B (2). A retrosynthetic

analysis of 2, that reveals the requisite diene intermediate (7), is

illustrated in Scheme 3. Since this approach closely resembles the
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proposed biosynthetic pathway, diené 7 or related molecules could be
used to study the final stages of polyether biosynthesis.

The synthetic strategy we chose for the construction of ferensi-
mycin B (2) is sufficiently flexible to accommodate both ferensimycin A
(1) and Tysocellin (3). This chapter will describe our efforts directed
toward the enantioselective total synthesis of 2: 1} the preparation of
aC-11 to C-23 diene intermediate; 2) a study of the stereoselective
epoxidation of bishomealiylic alcohols; and 3) the preparation of the B
tetrahydrofuran ring of ferensimycin B via a stereoselective epoxida-

tion--acid catalyzed cyclization seguence.
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I1I. SYNTHETIC DESIGN.

An examination of the structure of ferensimycin B (Figure 1)
reveals that it possesses 16 chiral centers and three ether rings {two
of which are hemiketals)., Although little is known about the chemistry
of ferensimycins A and B, it presumably is similar to that of lysocellin
{3). Koenuma has reported that 3 is degraded by both acidic and
strongly basic conditions.l7 Under acidic conditions (cat. HUAc, MeOH),
the five-membered hemiketal € ring of 3 initially isomerizes to the
corresponding six-membered hemiketal 8 (Scheme 4). This is followed by
the gradual decarboxylation of C-1 and methylation of the (-3 hydroxyl

group to afford 8. Acetylation of the C-21 hydroxyl group of 3, how-

Me Me Me M
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g
L}
%

Scheme 4
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ever, prevents acid catalyzed isomerization. Therefore, in our synthe-
sis of ferensimycin B, we will need to either avoid acidic conditions,
or protect the C-21 hydroxy?! group when the five-membered hemiketal C
ring is present.

As the sodium or silver salt, however, lysccellin is stable. This
suggests that metal complexation imparts stability to lysocellin, as
well as to ferensimycins A and B. Shown in Figure 2 is the silver sait
of lysocellin. Six of the oxygen atoms are coordinated to the silver.
Presumably, coordination between ((8) and Ag as well as a hydrogen bond
between 0(1) and 0(9) prevent isomerization of the five-membered hemi-

ketal C ring.

Me

Figure 2. The Silver Salt of Lysocellin.
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The reversibility of the five- to six-membered hemiketal ringisom-
erization will be an important aspect of our synthetic plan. Presently,
we do not know whether the stability of the metal complex is sufficient
to reverse the equilibrium in favor of the five-membered hemiketal
(Scheme 5). We intend to examine this point with an authentic sample of
1ysocellin or ferensimycin B. Alternatively, we may be able to employ a
mixed thioketal, such as 11, and use silver ion compiexation to drive

the equilibrium to the desired five-membered hemiketal (Scheme 6).

+No® 7

Scheme 5

An initial retrosynthetic analysis of ferensimycin B reveals two
acyclic targets 14 (1eft-hand segment) and 16 (right-hand segment) of
similar stereochemical complexity (Scheme 7). The major C-9/C-10 bond

disconnection 1is predicated on the total synthesis of 1lasalocid A by
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2Ag ?

Scheme 6

both Irelandl® and Kishi.19 Unfortunately, the level of diastereoselec-
tion they observed for this mixed aldol condensation is far from
optimal. For example, condensation of the zinc enolate derived from
ketone 18 with aldehyde 17 affords a 61:20:11:7 mixture of the four
possible enantio-lasalocid A diastereomers 19a, 19b, 19c, and 19d
(Scheme 8%20 Currently, we are investigating methods to improve tne
diastereoselection for this crucial bond construction.2l

Shown in Scheme 9 is a retrosynthetic plan for the construction of
the left-hand segment of ferensimycin B.21  This target can be stereo-
selectively prepared by the application of two asymmetric aldol conden-
sations (Steps A and C), one asymmetric alkylation {Step D), and one
directed hydroboration {Step B). The chirality for the asymmetric aldol
condensations and the asymmetric alkylation will be derived from chiral

2-oxazolidinone imides 20a and 21la.
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The diastereoselective alkylation of chiral 2-oxazolidinone imide
enolates, described in Chapter 1, provides an efficient method of gener-
ating chiral 2-substituted carboxylic acid derivatives.8 We also have
developed a highly stereoregular aldol condensation using the same 2-
oxazolidinone chiral auxiliaries.8d8 [1lustrated in Scheme 10 are the
relevant aldol condensations required for the construction of the C-2/C-
3 and C-7/C-8 bonds in the left-hand segment of ferensimycin B. The
boron enolates derived from imides 20a and 21a (n-BupBOTF, Et3N, CHZSWQEBuLBOTn EN
react with aldehydes to afford one of the four possible diastereomers
with greater than 99% stereoselectivity. Depending on the chirality of
the C-4 2-oxazolidinone substituent, either erythro diastereomer can be
obtained. The proposed transition state leading to the observed major

diastereomer is illustrated in Figure 3 for chiral imide 20a.22b

0 0 0O 0 OH
J‘L JJ\/ 1) (n-Bu),BOTS, ENLN J.]\
0° SN Me 1) (n-Bu),BOTf, Et\N—— N R
2) RCHO i | .
Ph". I.‘Me 3) H;o; Ph o "'Me €
20a
0 o) 0 o OH
,lL\,,M 1) (p-Bu),BOTS, Et,N /u\ ,lL\,/i\
0~ N ¢ - 07 N7 TSR
2) RCHO g
Me
3} H,0,
2ia

Scheme 10
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Figure 3. Chiral 2-Oxazolidinone Imide Boron Aldol Transition State.

The stercochemisty at C-4 (Scheme 9, Step B) will be induced by &
directed hydroboration. Bartrolli, in our laboratories, has demon-
strated 1,3 asymmetric induction for the hydroboration of chiral termi-
nal olefins (Eq 1).22 The level of chirality transfer (ranging from
60:40 to 91:9) depends mainly on the steric difference between Ry and R
(R_ 1s larger than Ry)- A proposed transition state, Teading to the

major diastereomer, is illustrated in Scheme 11.8a

OH OH
M H ‘j
2)H,0 Me R
Me Ry 1 H,0; Me Ry M
Major minor

As previously noted, we envisioned employing a diastereoselective
epoxidation-~acid catalyzed cyclization sequence to establish the
stereochemisty of the B and C rings of ferensimycin B. This approach,
illustrated in Schene 12 for the synthesis of 13 from diene 16, involves
two directed epoxidations (Steps A and C),.two acid catalyzed cycliza-
tions (Steps-B and E), and one 2° alcohol to ketone oxidation (Step D).

The two directed epoxidations will be responsible for generating the
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stereochemistry at C-16, C-20, and C-21, and thus are crucial to the
outcome of this synthetic plan.

The right-hand segment of ferensimycin B, 13, has been obtained as
the neutral product from the basic (NaOH, dioxane/H»0) degradation of
Tysocellin (3) (Scheme 13).17 As previously noted for 3, the five-
membered hemiketal C ring of 13 undergoes acid catalyzed isomerization
to the six-membered hemiketal 26. Therefore, we will need to carefully
monitor the transformation from epoxy-ketone 25 to 13 (Scheme 12, Step
E) in order to prevent isomerization to 26. Otherwise, regeneration of
the five-membered hemiketal ring at a later stage would be necessary
(vide supra). Alternatively, the second epoxidation sequence (see
Scheme 12, Steps C, D, and E) could be postponed until after the right-
and left-hand segments are coupled. This would permit metal ion com-
plexation to protect the desired five-membered hemiketal ring as it is

formed.

Scheme 13
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Kishi23 has demonstrated that the Sharpless procedure (VO(acac)y,
t-BuOOH) for the directed epoxidation of allylic and homoallylic
alcohols24 can be extended to bishomoal 1ylic alcohols. Furthermore,
with chiral bishomeoallylic alcohols, he observed significant levels of
diastereoselection (Scheme 14). Treatment of the resultant epoxy-
alcohols with acetic acid exclusively affords the diasteréomeric tetra-
hydrofurans. Summarized in Table 1 are the data Kishi reported for the
epoxidation--acid catalyzed cyclization of various bishomoallylic
alcohols.23 The level of diastereoselection for the vanadium catalyzed
epoxidations ranges from 86:14 (Table 1, Entry ) to 95:5 (Table 1,
Entry D). The sense of diastereoselection, which depends on the chi-
rality of the directing hydroxyl group, is the same as that required for
the construction of the B and € rings of ferensimycin B (compare Schemes
12 and 14).

Kishi has applied the vanadium catalyzed epoxidation--acid cata-
lyzed cyclization sequence to stereoselectively prepare a tetrahydro-
furan ring in his synthesis of lasalocid A.19 The relevant reaction is
iJlustrated in Eq 2. In this exampie, he obtained an 89:11 ratijo of
tetrahydrofuran diastereomers from diene 30. Significantly, the iso-
lated olefin does not undergo epoxidation. The close similarity between
diene 16 and diene 30 gave us confidence that we would be able to
prepare the B and C rings of ferensimycin B, as i1lustrated in Scheme

12.
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Table 1. Epoxidation of Bishomoallylic Alcohols {Scheme 14).23

Ratio
Entry Substrate Rl RZ g3 {0] 28:29
A 27a i-Pr H H MCPBA 50:50
B 27a i-Pr H H VO{acac)y, t-BuOOH  90:10
C 27b i-Pr  Me H  VO(acac)p, t-BuOOH  86:14
D 27c i-Pr H Me VO(acac)y, t-BuOOH  95:5
E 27d  p-Me0Ph H H VO{acac)ps t-BuOOH  89:11

F 27e p-MeOPh  Me H VO(acac),, t-BuOOH  89:11
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1) VO(acoc),, t-BuOOH, NaoOAc

2) HOAc

MeQ

MeO

31 (75%) 891

Shown in Scheme 15 is @ retrosynthetic plan for the construction of
diene 16. This target can be stereoselectively prepared by the applica-
tion of one asymmetric aldol condensation (Step B), two asymmetric
alkylations (Steps C and E}), and one stereoselective Wittig condensation
{Step D). The chirality for the asymmetric aldol condensation and the
asymmetric alkylations will be derived from chiral 2-oxazolidinone
imides 20a, 20b, and 2la. The stereoselective generation of the A(l6-
17) (E)-trisubstituted olefin (Step D) is precedented by the work of
Kishi, who has demonstrated coenditions for preparing either olefin

isomer stereoselectively (Scheme 16).25

l — RO/\/\\I/CO’E’

e Me

=

] b
RO - Me

Me  CO,Et

{a) Ph,P=(Me)CO,Et, CH,. (b) (MeO),P(O)CHIMe)CO,Et, NaH, THF

Scheme 16
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111. RESULTS AND DISCUSSION.

A. Construction of Diene (32, see Scheme 15). The synthesis of
(E}-3-bromomethyl-3-hexene (36), the trisubstituted allylic bromide
needed for the first asymmetric alkylation, is shown in Scheme 17.26
The requisite allylic alcohol, (E})-3~hydroxymethyl-3-hexene (37), is
prepared by modification of the Zweifel hydroalumination procedure.2?
Thus, hydroalumination of 3-hexyne with diisobutylaluminum hydride
(DIBAL), metalation of the resultant cis-vinylalane with n-butyllithium,
and subsequent treatment of the vinylalanate complex with paraform-
aldehyde affords allylic alcohol 37 in 68% yield as a cclorless liquid.
Analysis of the product by capillary GC reveals a 99:1 ratio of (20E)-37
to (202)-37. Although the yield is only moderate, the reaction is
readily performed on a large scale (> 1 mol), the reagents are inexpen-

sive, and the reaction affords a product of high stereochemical purity.

1) i-Bu,AlH u
Et ———-F} =  HO =~ Et
2)n-Bul.i
3) (HCHO) Et
n 37  e8%
(20E.20Z7=99:1)
NBS, Me,S "
= Br 72 3 |
Et
36 B81%

Scheme 17
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Initially, we attempted to transform allylic alcohol 37 to allylic
bromide 36 by treatment with phosphorus tribromide in the presence of
calcium hydride (eq 3).28  Unfortunately, these conditions afford a 2:1
mixture of the desired allylic bromide to the isomeric Syp' derived
allylic bromide. Corey has reported that the complex obtained from N-
bromosuccinimide (NBS) and dimethyl sulfide cleanly transforms allylic
alcohols to their respective allylic bromides.29 Accordingly, treatment
of allylic alcohol 37 with the NBS--dimethyl sulfide complex affords,
after simple filtration through silica gel, allylic bromide 36 in 81%
yield as a colorless liquid. Analysis of the product by capillary GC
reveals less than 1% of the isomeric allylic bromide. Although rela-
tively stable at room temperature, allylic bromide 36 undergoes isomeri-

zation and decomposition upon distillation, even at reduced pressures.

Br

P8r,, CaH,
Ho/\lf\sf - Br/Y\Et . YNE (3

Et Et Et
2 1

The first of the two asymmetric alkylations constructs the C-18/C-
19 bond and establishes the C-18 stereochemistry (Scheme 18). Enoliza-
tion of imide 2la with lithium diisopropylamide (LDA, 1.1 equiv, -78°C,
0.5 h) and subsequent treatment of the resultant 1ithium enolate with
allylic bromide 36 (2 equiv, -35°C, 18 h) affords atkylated imide (18R)-
35 along with a minor amount of (185)—35.53b Analysis of the unfraction-
ated product by capillary GC reveals a 98.5:1.5 ratio of (18R)-35 to
(185)-35. Product isolation by Tiquid chromatography (Waters Prep-500)
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Scheme 18

affords alkylated imide (18R)-35 in 68% yield as a colorless oil [{18R)-
35:(185)-35> 99:11.

Previous attempts to reduce alkylated imides to the aldehyde oxide-
tion state with DIBAL (1 equiv, CHClp, -78°C) have proven unsuc-
cessful.30 Therefore, we chose the two-step reauction—oxidation se-
guence to transform alkylated imide (18R)-35 to aldehyde 39.80  Reduc-
tive cleavage of the chiral auxiliary from alkylated imide (18R)-35 with
YJithium aluminum hydride (LAH, 4 hydride equiv, THF, 0°C, 3 h) affords,
after product isolation by liquid chromatography, alcohol 38 in 95%
yield as a colorless liquid. After evaluating several oxidation proce-
dures,22b, 30 we found that the modified Swern procedure is the method
best suited for preparing chiral aldehydes sensitive to racemization.3!
Thus, treatment of alcohol 38 with oxallyl chloride, dimethyl sulfoxide
(DMS0), and triethylamine (CHpCl2, -60°C to -30°C, 0.75 n) affords
aldehyde 39 in 94% yield as a colorless liquid.
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The second trisubstituted olefin [A{16,17)] is stereoselectively
constructed via a Wittig reaction as illustrated in Scheme 19. Carbo-
ethoxyethylidene triphenylphosphorane has been shown to react with
chiral 2-substituted aldehydes with a negligible amount of racemization
and with a high degree of stereoselectivity to afford (E)-trisubstituted
olefins.22b, 23, 32, 33 Accordingly, treatment of aldehyde 39 with the
stabilized phosphorane (1.2 equiv, CHyClp, 40°C, 12 h) affords ester
(16E£)-34 and a minor amount of the diastereomeric product (16Z)-34 in a
combined yield of 93% Analysis of the unfracticnated product by capil-
lary GC reveals a 97:3 ratio of {16£)-34 to (16Z)-34. The same reaction

performed in refluxing benzene (4 h) affords a 95:5 ratio of (16E)-34 to

O

PPh
0 ot g 0

Me
H’Jl"/"\Tﬁﬁ‘*Et - E107 N4 ZSEr

Me E? Me Me Et

39 34 93%
(16E:16Z=97:3)

DIBAL
Pn,P, CBr,
Br N 2 3 HO o NN
Me Me E! Me Me Et
4{a 94 % 40 99%

.

(<1% Snp'}

Scheme 19
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(162)-34. Although the diastereomers are separable by careful liquid
chromatography, we chose to remove the minor olefin isomer at a 1ater
stage (vide infra).

Reduction of ester 34 [(16E)-34:{16Z)-34 = 97:3]‘with DIBAL (2.2
equiv, CHpClp, -78°C to -20°C, 2 h) followed by an aqueous sodium potas-
sium tartrate workup affords allylic alcohol 40 in 99% yield as a color-
less liquid, Initially, we attempted to transform allylic alcohol 40 to
allylic bromide 4la by the previously described NBS--dimethyl sulfide
procedure.29 Unfortunately, with this allylic alcohol, these conditions
afford an intractable mixture of several isomeric allylic bromides.
After evaluating several other procedures, we found the triphenyl-
phosphine--carbon tetrabromide method to be well suited for this trans-
formation.3¢ Thus, treatment of allylic alcohol 40 with tripheny]phos;
phine and carbon tetrabromide in acetonitrile rapidly affords allylic
bromide 41a in 94% yield. Analysis of the product by capiilary GC
reveals less than 1% of the isomeric Sy;' derived allylic bromide.

The second asymmetric alkylation constructs the C-14/C-15 bond and
establishes the C-14 stereochemistry. Unfortunately, treatment of the
Tithium enolate derived from imide 20a with allylic bromide 41la (2
equiv, -78°C to 0°C, 4 h) affords alkylated imide 33 in a mere 6% yield
(eq 4). Even treatment of the more reactive sodium enolate, prepared
from 1imide 20a and sodium hexamethyldisilylamide (NaHMDS, 1.1 equiv,
-78°C to -40°C, 4 h) affords the desired product in only 28% yield.
Although the allylic bromide could be recovered and recycled, we desired
a more reactive electrophile, and therefore decided to prepare the

corresponding allylic iodide 41b.
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Rydon has reported that methyl triphenoxyphosphonium iodide trans-
forms alcohols, including allylic alcohols, to their respective
iodides.37 Although the original procedure called for the alcohol and
phosphonium iodide to be heated in refluxing benzene, Moffet has re-
ported that the reaction proceeds at room temperature if performed in
dimethylformamide (DMF).38 Accordingly, treatment of allylic alcohol 40
{(16E)~-40:(16Z)-40 = 97:31 with freshly prepared methyl triphenoxyphos-
phonium iodide33 (1.1 equiv, DMF, 20°C, 20 min) affords aliylic iodide
41b along with a minor amount of diphenyl methylphosphonate (112% mass
balance). Analysis of the product by 14 NMR spectroscopy reveals a 95:5
ratio of (16E)-41b to (16Z)-41b and ca. 10% of the phosphonate. While
the phosphonate can be removed by simple filtration of the mixture
through alumina, this results in a considerable amount (10-40%) of
olefin isomerization. Allylic iodide 41b undergoes facile acid, heat,
jodine, and light catalyzed isomerization. Therefore, it is imperative
to use the product immediately, without further purification.

Allylic iodide 41b functions admirably in the second asymmetric
alkylation (Scheme 20). Enolization of imide 20a with NaHMDS (1.1
equiv, ~-78°, 0.5 h) and subsequent treatment of the resultant sodium
enolate with allylic iodide 41b (0.33 equiv, -30°C, 4 h) affords alkyl-
ated imide (14S5,16£)-33 along with minor amounts of two diastereomeric

products., The large excess of enolate (3 equiv) relative to electro-
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phile is necessary to obtain a reasonable product yield. Analysis of
the unfractionated product by capillary GC reveals a 93:7 ratio cof the
major diastereomer (145,16E)-33 to the minor diastereomers (14R,16E)-33
and (145,16Z)-33. Product isolation by 1iquid chromatography (Waters
Prep-500) affords alkylated imide 33 in 78% yield (based on allylic
alcohol 40). The product, however, still contains the minor diastereo-
mers. These are removed at a later stage.

The two-step reduction-oxidation sequence is repeated to transform
alkylated imide 33 to aldehyde 43. Thus, reductive cleavage of the
chiral auxiliary from alkylated imide 33 with LAH (4 hydride equiv, THF,
0°C, 3 h) affords, after product isolation by 1iquid chromatography,
alcohol 42 in 94% yield as a colorless 1liquid. One of the minor dia-

stereomers, presumably (14R)-42 is removed during product isolation.
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Analysis of the resultant product by capillary GC reveals a 97:3 ratio
of diastereomers. Treatment of alcohol 42 with oxallyl chloride, DMSO,
and triethylamine (CH2C12» -60°C to -30°C, 0.5 h) affords aldehyde 43 in
98% yield. Analysis of the product by capillary GC reveals a 97:3 ratio

of diastereomers.39

An asymmetric aldol condensation constructs the C-12/C-13 bond and
establishes the stereochemistry at C-12 and ¢-13.82 Enolization of
imide 20b with di-p-butylboryl triflate and triethylamine (CHyC1,, -78°C
for 0.5 h then 0°C for 1 h) and subsequent treatment of the resultant
boron enclate with aldehyde 43 (-78°C to 0°C, 2.5 h) affords, after
oxidative workup, diene 32 along with minor amounts of several dia-
stereomers (eq 5). Analysis of the unfractionated product, as its
trimethylsilyl derivative (EtpNSiMe3, DMAP, CHpClp, 4 h), by capillary
GC reveals a 2.6:4.2:92.8:0.4 mixture of diastereomers., Product isola-
tion by liquid chromatography (MPLC) affords diene 32 in 82% yield as a
viscous colorless oil (0:4:96:0). The identity of the remaining minor

diastereomer is unknown.

0 0 OH

0
/U\ 1) (n-Bu),BOTY, EtN
0 N E' . x 12 1 / E (5)

.
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B. The Stereoselective Epoxidation of Bishomoallylic Alcohols: A
Model Study. We prepared bishomoallylic alcohol 44 as a model substrate
for the evaluation of the epoxidation--acid catalyzed cyclization se-
quence. Thus, enolization of imide 2la with di-n-butylboryl triflate
and triethylamine (CHpClp, -78°C for 0.5 h then 0°C for 1 h) and subse-
quent treatment of the resultant boron enolate m‘th aldehyde 39 (-78°C
to 0°C, 4 h) affords, after oxidative workup, bishomoallylic alcohol 44
in 88% yield (eq 6). Analysis of the trimethylsilylated derivative
(EtoNSiMes3, DMAP, CHpC1p, 4 h) reveals the presence of only one dia-
stereomer (1imits of detection > 100:1). Bishomoallylic alcohol 44
possesses the same relative (although opposite absolute) stereochemistry

as diene 32.

0 0 0 OH
OJ\NJJ\/Me 1) (n-Bu),BOTY, EtN JL;/W\ "
- X N Y= ~Et
L | 2) 39 Yo
- Me Me Et
2la 44 88%

Kishi has reported that m-chloroperbenzoic acid (MCPBA) exhibits
negligible diastereoselection for the epoxidation of chiral bishomo-
allylic alcohols (see Table 1, Entry A).25 Therefore, for identifica-
tion purposes, we employed MCPEA to prepare a standard mixture of tetra-
hydrofuran diastereomers 45 and 46 from bishomoallylic alcohol 44
(Scheme 21). Accordingly, treatment of bishomoallylic aicohol 44 with
MCPBA (1.2 equiv, CHyClp, -20°C to 25°C, 4 h) followed by acetic acid (3
equiv, 0.5 h) affords tetrahydrofurans 45 and 46. Analysis of the
unfractionated product by capillary GC reveals a 23:77 ratio of 45 to

46. The diastereomers are readily separable by liquid chromatography to
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afford 45 in 19% yield (45:46 > 99:1) and 46 in 72% yield (45:46 <
1:99). Presumably, the C-4 methyl group is responsible for the observed

diastereoselection in a manner analogous to the transition state shown

in Scheme 11.22b
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Scheme 21
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The identity of the two tetrahydrofuran diastereomers was deter-
mined by nuclear Overhauser enhancement(NOE)differencé spectroscopy.
Irradiation of the C-3 proton of tetrahydrofuran 45 affords a positive
enhancement of the signal for the C-7 proton. This indicates that these
two groups reside on the same side of the tetrahydrofuran ring. In the
case of tetrahydrofuran 46, irradiation of the C-3 proton does not
result in a signal enhancement for the C-7 proton. Therefore, tetra-
hydrofurans 45 and 46 are assigned the structures illustrated in Scheme
21.

In contrast to the above MCPBA epoxidation'resu1ts, the vanadium
catalyzed t-butylhydropercxide epoxidation--acid catalyzed cyclization
sequence favors tetrahydrofuran 45. For example, treatment of bishomo-
allylic alcohol 44 with anhydrous 1—buty1hydroperox1de40 (1;2 equiv) in
the presence of a catalytic amount of vanadyl acetylacetonate (0.1
equiv, 25°C, 2 h) followed by acetic acid (3 equiv) and dimethyl sulfide
(excess, to decompose the remaining peroxide) affords tetrahydrofurans
45 and 46. Analysis of the unfractionated product by capillary GC
reveals a 92:8 ratio of 45 to 46. Product isolation by liquid chroma-

tography affords tetrahydrofuran 45 in 74% yield (45:46 >99:1).

C. Stereoselective Preparation of the B Tetrahydrofuran Ring. The
first stereoselective epoxidation--acid catalyzed cyclization sequence
constructs what will become the B tetrahydrofuran ring of ferensimycin B
(Scheme 22). The presence of the a(20,21) double bond in diene 32
dictates that carefully controlled conditions be employed for this
transformation in order to prevent over-oxidation. Accordingly, treat-

ment of diene 32 with anhydrous t-butylhydroperoxide (1.1 equiv),



-182-

1) vQ{acac),, t-BuOOH, NaOAc
Xn " ¥ = T Ed -
f 2) MeSiCl, EI,N, DMAP

32
HOAC | (91%])
Q0 0SiMe, 0 0S\Me, o
X; - = NEt Y X S Ny
Et l\.Ae Me Me Et Et lqle Me Me Ei
47 {45%) 48 (45%)
HOAc | (85%)

Scheme 22

vanadyl acetylacetonate (0.1 equiv), and anhydrous sodium acetate (10
equiv) in benzene for 1.5 h at 25°C, followed by chlorotrimethylsilane
(10 equiv), triethylamine (10 equiv), and DMAP (1 equiv) for 0.5 h at
25°C affords, after isolation by liquid chromatography, trimethyl-
silylated diene 47 in 45% yield and trimethylsilylated epoxide 48 in 45%
yield. Treatment of trimethylsilylated epoxide 48 with acetic acid in
THF /water (1:5:3) for 4 h at 25°C affords tetrahydrofuran 49 in 85%
yield. Analysis of the product by capillary GC, HPLC, and high field
NMR spectroscopy reveals the presence of only one diastereomer. Presum-
ably, any minor diastereomers are remcved during 1iquid chromatographic

product isolation. Treatment of trimethylsilylated diene 47 with acetic
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acid in THF/water (1:5:3) for 4 h at 25°C affords diene 32 in 91% yield.
Therefore, based on recovered diene 32, tetrahydrofuran 49 is obtained
in an overall yield of 55% Attempts to improve the yield by increasing
the amount of either the t-butylhydroperoxide or the vanadium catalyst
have proven unsuccessful. Rather, several unidentified byproducts,
presumably a result of diepoxidation, are formed.

The stereochemistry of tetrahydrofuran 49 was investigated by KNOE
difference spectroscopy. Irradiation of the C-13 proton affords a
positive enhancement of the signal for the C-17 proton. In addition,
irradiation of the C-16 methyl protons affords a sma¥l positive enhance-
ment of the signal for the C-12 protons. These results are in agreement

with the structure proposed for tetrahydrofuran 49.

D. Construction of the Left-Hand Half of Ferensimycin B. Recently,
Polniaszek in our laboratories has constructed an intermediate (50)
corresponding to the left-half of ferensimycin B.21 The synthesis
basically follows the plan previously outlined in Scheme 9. The results

are shown in Scheme 23.
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IV. SUMMARY

Qur efforts, directed toward the enantioselective total synthesis
of ferensimycin B, have culminated in the preparation of two advanced
intermediates 49 and 50. The synthesis of both 49 and 50 demonstrates
the utility of chiral 2-oxazolidinones as synthons for the construction
of acyclic stereochemistry. Furthermoré, we have shown that the vanad-
ium catalyzed directed epoxidation--acid catalyzed cyclization sequence
is successful for the preparation of the B tetrahydrofuran ring. Inter-
mediate 49, corresponding to the right-hand half of ferensimycin B, is
prepared in ten steps in an overall yjeld of 18%. Likewiée, inter-
mediate 50, corresponding to the teft-hand half of ferensimycin B, is
prepared in ten steps in an overall yield of'S%.21 Efforts continue
toward the ultimate completion of this synthesis: 1) the stereoselective
preparation of the five-membered hemiketal C ring; 2) the preparation of
ethyl ketone 13; and 3) the stereoselective coupling of the ieft- and

right-hand segments.
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Y. EXPERIMENTAL SECTION

General. Melting points were determined with a Buchi SMP-20 melt-
ing point apparatus and are uncorrected. IR spectra were recorded on a
Beckman 4210 spectrophotometer and are reported in reciprocal centi-
meters (cm'l). Routine H NMR spectra were recorded on a Varian Asso-
ciates CFT-20 (80 MHz) or EM-390 (90 MHz) spectrometer. High field IH
NMR spectra were recorded on a Varian Associates XL-200 (200 MHz), a
Bruker WM-300 (300 MHz), or a Bruker WM-500 (500 MHz)41 spectrometer.
Chemical shifts are reported in ppm from internal tetramethylsilane on
the § scale. Data are reported as follows: chemical shift, multiplicity
(s = singlet, d = doublet, t = triplet, q = quartet, gn = quintet, m =

broad), coupling constant (Hz), integration and

multiplet and br
interpretation. 13C NMR spectra were recorded on a JEOL FX-90Q {22.5

MHz) or a Varian Associates XL-200 (50 MHz) spectrometer and are report-
ed in ppm from internal tetramethylsilane on the & scale. Multiplic-
ities, when determined by off-resonance decoupling, are reported using
the above format,

Optical rotations were determined with a Jasco DIP-181 digital
polarimeter at 589, 577, 546, 435 and 365 nm. Data are reported as
follows: [alggg, [al577, [alsag, [ala3s, [al3gs, concentration (¢ =
g/100 mL) and solvent. When chloroform was used as the solvent, it was
filtered through activity 1 alumina immediately prior to use,

Combustion analyses were performed by Galbraith Laboratories, Inc.,
(Knoxville, Tennessee) or Mr. Lawrence Henling at the California Insti-

tute of Technology Microanalytical Laboratory.
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Analytical gas chromatography (GC) was carried out on a Hewlett
Packard 5880A gas chromatograph equipped with a‘sp11t mode capiltlary
injector and @ flame ionization detector. Hydrogen was used as the
carrier gas. The following wall coated open tubular (WCOT) fused silica
capillary columns were employed: 0.32 mm x 15 m and 0.32 mm x 30 m
Carbowax 20M (J and W Associates), 0.32 mm x 30 m DB-1 (J and W Asso-
ciates), 0.32 mm x 30 mDB-5 (J and W Associates), 0.31 mm x 25 m SE-54
(Hewlett Packard) and 0.21 mm x 25 m methyl silicone (Hewlett Packard).
Specific GC conditions are reported in the following format: column,
oven temperature, carrier gas flow raté, and retention time. Unless
otherwise indicated, the injector and detector temperatures were 250°C.

Flash chromatography was performed according to the general proce-
dure of Stil1,%2 employing EM Reagents Silica Gel 60 (40-63 um). Data
are reported as follows: column dimensions (d x 1), elutant composition
and order of elution. Medium pressure 1liquid chromatography (MPLC) was
carried out on an MPLC apparatus consisting of a Chromatronix SV8031
Sample Injection valve, & Fluid Metering Inc. model RP-SY Lab Pump and
an ISCO model UA-5 UV (254 nm) detector using the following EM Reagents
prepacked LoBar LiChroprep Si 60 columns: column A (1.0 x 24 cm, 40-63
pym silica gel), column B (2.5 x 31 cm, 40-63 um silica gel) and column C
(3.7 x 44 cm, 63-125 um silica gel). Specific MPLC conditions are re-
ported as follows: column dimensions {d x 1), elutant composition, elu-
tant flow rate and order of elution. Analytical high performance liguid
chromatography (HPLC) was carried out on a Waters Associates ALC 202/401
HPLC equipped with a model 6000 high pressure solvent pump, a model U6K
injector and a differential UV detector (254 nm), using the fol lowing

columns: Waters Associates Radial Pak (8 mm x 10 c¢m, 5 pm silica gel) or
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(8 mm x 10 cm, 10 ym sitica gel) and DuPont Zorbax (4.6 mm x 25 cm, 5 um
silica gel). Specific HPLC conditions are reported as follows: column,
elutant composition, elutant flow rate and retention volume (k'}.
Preparative HPLC was performed on a Waters Associates PreplLC/System 500
liquid chromatograph, equipped with a refractive index detector and
using two PrepPak 500 silica gel cartridges (5 x 30 cm). Specific HPLC
conditions are reported using the above format. Unless otherwise noted,
the substrate was introduced onto the HPLC as a concentrated solution
through the solvent inlet port. Analytical thin layer chromatography
(TLC) was performed using EM Reagents 0.25 mm silica gel 60-F plates.
Visualization of the developed chromatogram was performed by UV absor-
bance, iodine vapor, an aqueous cerium molybdate spray, Oor an aqueous
potassium permanganate spray.

When necessary, solvents and reagents were dried prior to use.
Diethyl ether and tetrahydrofuran (THF) were distilled from sodium--
potassium alloy/benzophenone ketyl. Benzene and toluene were distilled
from sodium/benzophencne ketyl. Boron trifluoride--diethyl etherate,
chlorotrimethylsilane, dichloromethane, diisopropyiamine,rhexamethy1-
disilylamine, and triethylamine were distilled from calcium hydride.
Acetonitrile, dimethylformamide (DMF), and dimethyl sulfoxide (DMSuU)
were distilled from calcium hydride and stored over 4A molecular sieves.
Unless otherwise noted, alkyl bromides and iodides were passed tnrough a
column of activity 1 alumina immediately prior to use. n-Butyllithium
(Aldrich Chemical Co.) was standardized by double titration (total base

- inorganic base = organic base).
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Unless otherwise noted, all non-aqueous reactions were performed
under an oxygen-free atmosphere of argon or nitrogen with rigid exclu-

sion of moisture from reagents and glassware.

(3E)-3-Hydroxymethyl-3-hexene (37). A mechanically stirred solu-
tion of 182 mL (132 g, 1.60 mol) of 3-hexyne (Farchan Chemical) and 1;60
L (1.0 M in hexane, 1.60 mo1) of diisobutylaluminum hydride was heated
at 50-60°C for a 4 h period. The colorless solution was cooled to room
temperature, followed by the addition of 1.00 L (1.60 M in hexane, 1.60
mol) of n-butyllithium over a 40 min period (slightly exothermic,
temperaturerosetb30—35°c). The thick,pate yel Towmixturewas stirred
at room temperature for 0.5 h. The precipitate was dissolved by the
dropwise addition of 130 mL (ca. 1.6 mol) of THF (s1ightly exothermic,
temperature rose to 30-35°C). To the pale yellow solution was added 53 g
(1.76 mol) of paraformaldehyde (dried in vacuo over phosphorus pent-
oxide} in portions over a 2 h period (at a rate to maintain the tempera-
ture below 30°C)., Caution: Do not add all of the paraformaldehyde in
one portion; the reaction may become uncontrollable after an induction
period. The reaction mixture was stirred at room temperature for 16 h.
The mixture is cooled to 0°C and quenched by the cautious addition of
1.5 L of 6 N aqueous sulfuric acid ocver a 2 h period. During the
initial phase of the addition, a large quantity of gas is evolved. The
two phases were separated and the lower aqueous phase extracted with
three 500 mL portions of dichloromethane. The combined organic extracts
were dried over anhydrous sodium sulfate and concentrated in vacuo to
afford 250 g of a pale yellow 0il. Distillation through a 20-cm Vigreux

column afforded a 50 g forerun (bp 45-60°C, 10 mm) which consisted of 37
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(ca. 50%) contaminated with 3-methylbutanol and n-pentanol, followed by
125 g (68%) of the title compound as a colorless liquid (bp 63-64°C, 10
mm., Analysis by GC {30 m DB-5, 50°C, 32 cm/sec) afforded a 99:1 ratio
of (3£)-37 {t,. = 9.06 min) to (32)-37 (t, = 9.33 min).

(3£)-37: IR (neat) 3500-3100, 2960, 2940, 2880, 1460, 1360, 1075,
1030, 1005, 850 cm=1; 1H NMR (CD€13/90 MHZ) & 5.37 (br t, J = 7.2 Hz,
1H, C4-H), 4.00 (s, 2H, C3-CH20H), 2.2-1.9 (m, 5H, OH, Cp-Hz, C5-Hz)s
0.99, 0.97 (overlapping t's, J = 7.5, 7.5 Hz, 6H, Cy-H3, Cg-H3); 13C NMR

(CDC13/22.5 MHz) & 140.2, 128.0, 66.8, 21.1, 20.7, 14.4, 13.4.

(3E)-3-bromomethyl-3-hexene (36). To a mechanica]]j stirred,
cooled (0°C) suspension of 39.2 g (0.220 mol) of N-bromosuccinimide
(recrystallized from water, dried in vacuo over phosphorus pentoxide) in
500 mL of dichloromethane was added 16.2 mL (13.7 g, 0.221 mol) of
dimethyl sulfide dropwise over a 15 min period. The resultant yellow
precipitate was stirred at 0°C for 15 min, cooled to -30°C, and followed
by the addition of 22.8 g (0.200 mol1) of allylic alcohol 37 dropwise
over a 15 min period. After an additional 15 min at -30°C and 3 h at
0°C, the mixture was sequentially washed with cold water (3 x 300 mL)
and brine (300 mL), dried over anhydrous magnesium sulfate, and
concentrated in vacuo to afford 37 g of a yellow 0il. The unpurified
product was dituted with pentane, filtered through 40 g of silica gel,
and concentrated in vacuo to afford 28.7 g {81%) of 36 as a colorless
lTiquid. Analysis by GC (30 m DB-5, 75°C, 37 cm/sec) afforded a 99:1
ratio of (3E)-36 (t, = 4.61 min) to (32Z)-36 (t, = 4.81 min) and
indicated the presence of less than 1% of the Sy2' product (t, = 3.52

min).



-191-

(3E)-36: IR (neat) 2980, 2945, 2880, 1460, 1440, 1380, 1215, 1200
cm1; 1H NMR (CDC13/90 MHz) § 5.58 (br t, J = 7.2 Hz, 1H, C4-H), 3.96
(s, 2H, CHoBr), 2.4-1.9 (m, 4H, Cp-Hp, Cg-Ho), 1.03, 1.00 (overlapping
t's, J = 7.2, 7.8 Hz, 6H, C-H3, Cg-H3); 13C NMR (CDC13/22.5 MHz) §
137.1, 133.2, 39.3, 21.3, 21.3, 13.9, 13.0.

(45)-3-((2R,4E)-1-0x0-2-methyl1-4-ethylhept-4-enyl)-4-(1-methyl-
ethyl)-2-oxazolidinone (35). A magnetically stirred, cooled (-78°C)
solution of lithium diisopropylamide [LDA, prepared from 14,0 mL {10.1
g, 100 mmol) of diisopropylamine and 57 mL {1.76 M in hexane, 100 mmol)
of n-butyllithium] (0.5 M in THF) was used to enolize‘18.5 g (100 mmol)
of imide 21a. After stirring for 0.5 h at -78°C, the resultant 1ithium
enolate was treated with 35 g (198 mmol) of allylic bromide 36 for 18 h
at -35°C. The reaction was quenched by addition of half-saturated
aqueous ammonium chloride. Volatiles were removed in vacuo and the
product extracted into dichloromethane (3x). The combined organic ex-
tracts were succéssive]y washed with 1 M aqueous sodium bisulfate, 1 M
aqueous potassium bisulfate (2x), and brine, dried over anhydrous mag-
nesium sulfate, and concentrated in vacuo to give 55 g of a yellow 0il.
Analysis by GC {30 m DB-1, 150°C, 104 cm/sec) afforded a 98.5:1.5 ratio
of (2R)-35 (t,. = 6.80 min) to (25)-35 (t, = 5.98 min). The title
compound was isolated by liquid chromatography (Waters Prep-500, two 5 x
30 cm silica gel columns, 9:1 hexanes/ethyl acetate, 250 mL/min, minor
isomer eluted first) in two portions to afford 18.3 g (65%) of (2R)-35
as a colorless liquid [(2R)-35:(25)-35 > 99:11: IR (neat) 2970, 2940,
2880, 1780, 1700, 1455, 1385, 1300, 1240, 1200 cm™1; 14 NMR (CDC15/200
MHz) & 5.13 (br t, J = 7.2 Hz, 1H, Cge-H), 4.50-4.42 (m, 1H, C4-H),
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4.31-4.15 (m, 2H, Cg-Hp), 4.01 (septet, J = 7.0 Hz, Cpi-H), 2.53 (d of
d, J = 13.4, 7.1 Hz, 1H, C3i-H), 2.34-2.26 {m, 1H, C4-CH), 2.12~1.92 (m,
5H, C3'-H, C4'-CHp, Cg'-Hp), 1.10 (d, J = 6.7 Hz, 3H, Cp'-CH3), 1.00-
0.83 (m, 12H, CH(CH3)p, CHpCH3, C7-H3); 13C NMR (CDC13/22.5 MHz) §
177.1, 153.7, 137.6, 128.7, 63.1, 58.4, 40.8, 35.9, 28.5, 22.7, 20.9,
17.9, 16.6, 14.7, 14.5, 13.2; Specific rotation [“]589 = +60.8°, [alg77
= +63.4°, [alsag = +72.4°, [ala3s = +123.5°, [alags = +195.2°, (c 1.68,
CHaClp); HMPLC (8 mm x 10 cm Radial Pak (5 um silica gel), 9:1 isooctane/
ethyl acetate, 4.0 mL/min) k' = 2.48; TLC (8:2 hexanes/ethyl acetate) R¥
= 0.54.

Anal. Calcd. for CygHoyNO3: C, 68.28; H, 9.67; N, 5.00. Found: C,
68.37; H, 9.59; N, 4.99, |

Mixed fractions from the previous chromatography were purified by
MPLC (column B, 9:1 hexanes/ethyl acetate, 4 mL/min) to afford 150 mg
(0.5%) of (25)-35 as a colorless Tiquid [(2R)-35:(2S)-35 = 1:9973: Ik
(neat) 2970, 2940, 2880, 1780, 1700, 1460, 1385, 1300, 1240, 1205 cm-1;
T MR (CDCT43/90 MHz) § 5.1 {br t, J = 7.2 Hz, 1H, Cgi-H), 4.5-4.3 (m,
1H, Cq-H), 4.324.1 (m, 2H, C5-Hp), 3.95 (septet, J = 7.0 Hz, 1H, Cp'-H),
2.6-2.2 (m, 2H, Cg-CH, C32-H), 2.1-1.8 (m, 5H, C3'-H, Cq'-CHp, Cg'-Hp),
1.17 (d, J = 7.2 Hz, 3H, Cp'-CH3), 1.0-0.8 (m, 12H, CH(CH3)2, CHpCH3>
C71-H3); 13C NMR (CDC13/22.5 MHz) § 177.2, 153.7, 137.6, 128.5, 63.2,
58.5, 39.9, 35.9, 28.5, 22.9, 20.9, 17.9, 17.4, 14.6, 14.6, 13.3; Spe-
cific rotation [aj589 = +84.0°, [alg77 = +87.1°, [aloge = +99.4°, [alszs
= +169.0°, [al3g5 = +268.7°, (¢ 1.80, CHpC12)-

Anal. Calcd. for CigHpyNO3: C, 68.28; H, 9.67; N, 5.00. Found: C,
68.37; H, 9.59; N, 4.92.
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(2R,4E)-2-methyl-4-ethylhept-4-en-1-01 (38). To a magnetically
stirred, cooled (0°C) suspension of 1.90 g (60.1 mmo1) of 1ithium alumi-
num hydride in 60 mL of THF was added a solution of 12.3 g (43.7 mmol)
of alkylated imide (2R)--35 in 40 mL of THF dropwise over a 0.5 h period.
The mixture was stirred for 3 h at 0°C. Excess hydride was decomposed
by the cautious addition of 10 mlL of ethyl acetate. The aluminum salts
were dissolved in 100 mL of 6 M aqueous hydrochloric acid and the
product extracted into dichloromethane (3x). The combined organic
extracts were sequentially washed with 1 M aqueous hydrochloric acid and
brine, dried over anhydrous ﬁagnesium sulfate, and concentrated in vacuo
to give 16 g of a pale yellow 0il. Flash chromatography (6 x 25 cm
column, 85:15 hexanes/ethyl acetate) followed by distillation (Kugel-
rohr, 95°C, 3 mm) afforded 6.45 g (95%‘) of 38 as a colorless liquid.
Further elution of the column with ethyl acetate afforded 4.8 g (85%) of
(4S)-valinol derived 2-oxazolidinone,

38: IR (neat) 3500-3200, 2970, 2940, 2880, 1460, 1375, 1030 el
LH NMR (CC14/90 MHz) § 5.06 (br t, J = 7.2 Hz, 1H, Cg-H), 3.4 (br s, 2H,
C1-Hp, (with D0, d, ¢ = 6 Hz}), 2.2-1.5 (m, 8H, OH, Cp-H, C3-~Hp, Cg-
CHo, Cg-Hp), 1.1-0.8 (m, 9H, Cp-CH3, CHpCH3, C7-H3); 13C NMR (CDC13/22.5
MHz) & 138.9, 128.1, 68.6, 41.1, 33.9, 22.9, 20.9, 16.8, 14.8, 13.3;
Specific rotation [alggg = -1.22°, [alg77 = -1.65°, [alggg = -2.13°,
[alg3g = -4.81°, [al3gg = -8.90°, (neat, d = 0.84 g/mL); GC (30 m DB-5,
75°C, 33 cm/sec) ty = 15.69 min; TLC (8:2 hexanes/ethyl acetate) R¢ =
0.41.

Anal. Calcd. for CygHpp0: C, 76.86; H, 12.90. Found: C, 76.82; H,
12.77.
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(2R,4E)-2-Methyl-4-ethylhept-4-enal (39). To a magnetically
stirred, cooled (-60°C) solution of 3.0 mL (3.03 g, 38.8 mmol) of di-
methyl sulfoxide in 30 mL of dichloromethane was added 1.9 mb. (2.76 g,
21.8 mmol) of oxalyl chloride dropwise via syringe (exothermic, gas
evolved) followed after 5 min by 2.78 g {17.8 mmol) of alcohol 38. The
resultant white mixture was stirred for 15 min at -60°C followed by the
addition of 7.5 mL (5.45 g, 53.8 mmol) of triethylamine. The thick
white mixture was warmed to -30°C and stirred for 45 min. The reaction
mixture was partitioned between pentane and water. The pentane solution
was sequentially washed with 1 M aqueous sodium bisulfate (2x), water
{(2x), and brine, dried over anhydrous magnesium sulfate, and concen-
trated in vacuo to give 2.9 g of a colorless Tiquid. The title compound
was purified by flash chromatography (4 x 25 cm column, 98:2 hexanes/
ethyl acetate) followed by distillation {Kugelrohr, 110°C, 10 mm) to
affora 2.58 g (94%) of 39 as a colorless liquid: IR (neat) 2980, 2940,
2880, 2720, 1730, 1460, 1440, 1375, 785 cm-l; lH NMR (CC14/90 MHz) & 9.6
(d, J = 2 Hz, 1H, CHO), 5.13 (br t, J = 7.2 Hz, 1H, Cg-H), 2.6-2.3 (m,
2H, Co-H, C3-H), 2.2-1.8 (m, S5H, C3-H, C4CH2, Cg-H2), 1.2-0.8 (m, 9H,
Co-CH3, CHaCH3, C7-H3); 13c NMR (CDC13/22.5 MHz) § 204.9, 136.7, 129.1,

44.5, 37.8, 22.9, 21.0, 14.6, 13.4, 13.1; Specific rotation [alggg =

-16.2°,  [alg7y = -18.5°, [alggg = -22.5°, [alazg = -59.8°, [alsgs

1]

-190.9°, (neat, d = 0.84 g/mL}; GC {30 m DB-5, 75°C, 32 cm/sec) t,
10.72 min; TLC (98:2 hexanes/ethyl acetate) Ry = 0.18,

Ethyl 2-(Triphenylphosphoranylidene)propanoate (Carboethoxyethyl-
idene triphenylphosphorane). A magnetically stirred mixture of 65.6 g

(0,250 mo1) of triphenylphosphine and 32.5 mL (45.3 g, 0.250 mol) of
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ethyl 2-bromopropanoate was heated at 85°C for 20-30 min (until the
mixture began to turn dark red). After ccoling to room temperature, the
reaction mixture was dissolved in 500 mL of dichloromethane. The solu-
tion was sequentially washed with 2.5 M aqueous potassium hydroxide (3 x
100 mL) and water, dried over anhydrous magnesium sulfate, and concen-
trated in vacug. The residue was dissolved in 250 mL of hot ethyl
acetate, slowly cooled to room temperature and the product allowed to
crystallize, affording 66 g (73%) of the phosphorane as a yellow crys-
talline solid: IH NMR (CDC5/90 MHz) & 7.8-7.3 (m, 15H, aromatic H's),
3.8 {(br q, J = 7 Hz, 2H, OCHpCH3), 1.2 (d, J = 14 Hz, 3H, CCH3), 0.8-0.5
(br s, 3H, OCHsCHy).

Ethyl (2E,4R,6E)}-2,4-Dimethyl-6-ethylnon-2,6-diencate (34). A mag-
netically stirred solution of 30 g (83 mmol) of carboethoxyethylidene
triphenylphosphorane and 10.4 g (67.7 mmol) of aldehyde 39 in 50 mL of
dichloromethane was heated at 40°C for 12 h. The mixture was cooled to
room temperature and added directly to the top of a 6 x 25 c¢m column of
silica gel. The column was eluted with 95:5 hexanes/ethyl acetate to
afford 14.9 g (93% mass balance) of 34 as a colorless liquid. Analysis
by GC (30 m DB-5, 100°C for 5 min, 25°C/min to 200°C, 33 cm/sec) af-
forded a 97:3 ratio of (2E)-34 (t. = 9.78 min) to (22)-34 (t, = 9.14
min).

In a separate experiment, run in refluxing benzene, a 95:5 ratio of
(2E)-34 to (2Z)-34 was obtained. The two isomers were separated by MPLC
(1.55 g sample, column C, 98:2 hexanes/ethyl acetate, 10 mL/min, (2£)-34

elutes second) followed by distillation (Kugelrohr, 100°C, 0.008 mm) to
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afford 1.26 g (81%) of (2E)-34 as a colorless liquid [(2E)-34:(22)-34>
99:1] and 25 mg of {22)-34 as a colorless liquid [(2E)-34:(22)-34 =
2:987.

(2E)-34: IR (neat) 2970, 2940, 2880, 1715, 1650, 1460, 1365, 1270,
1250, 1210, 1125, 1105, 785 cm-1; 1H NMR (CDC13/200 MHz) & 6.54 (br d,
J = 9.9 Hz, 1H, C3-H), 5.07 (br t, J = 7.0 Hz, 1H, Cy-H), 4.22 (q, J =
7.1 Hz, 2H, OCHpCH3), 2.66 (d of q, J = 10, 7 Hz, 1H, C4-H), 2.06-1.92
(m, 6H, Cg-Hp, Cg-CHp, Cg-Hp), 1.82 {s, 3H, Cp-CH3z), 1.29 (t, J = 7.1
Hz, 3H, OCH,CH3), 0.99-0.88 (m, 9H, C4-CH3, Cg-CHaCHz, Cg-H3); 13C NMR
(CDC13/22.5 MHz) 8 168.3, 147.9, 137.8, 128.6, 126.1, 60.3, 43.6, 32.0,
23.0, 21.0, 19.6, 14.6, 14.4, 13.3, 12.5; S;ecific rotation [alggg =
-18.6°, [algy7 = -20.6°, [alsgg = -23.1°, [alg3s = -40.7°, [al3es
= -66.0°, {neat, d = 0.884 g/mL); TLC {95:5 hexanes/ethyl acetate) Rf =
0.29.

Anal. Calcd. for CygHpg0p: C, 75.58; H, 10.99. Found: C, 75.80; H,

10.92.

(22)-34: 14 NMR (CDC14/200 MHz) § 5.63 (br d, J = 9.6 Hz, 1H, (3-H),
5.03 {br t, J = 7.2 Hz, 1H, Cy-H), 4.17 (a, J = 7.0 Hz, 2H, OCHpCH3),
3.4-3.1 (m, 1H, C4-H), 2.1-1.9 (m, 6H, Cg-Hp, Cg-CHp, Cg-Hp), 1.85 (s,
3H, Cp-CH3), 1.28 (t, J = 7.0 Hz, OCHpCH3), 1.0-0.8 (m, 9H, C4-CH3, Cg-

CHaCH3, Co-Ha).

(2E,4R,6E)~2,4-Dimethyl -6-ethyinon-2,6-dien-1-01 (40). To a me-
chanically stirred, cooled (-78°C) solution of 11.8 g (49.5 mmol) of 34
[(2E)-34:(22)-34 =97:3] in 100 mL of dichloromethane was added 110 mL

(1.0 M in hexane, 110 mmol) of diisobutylaluminum hydride dropwise over
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alhperiod. After 0.5 h at -78°C and 1 h at -20°C the reaction was
quenched by the cautious addition of 20 mL of methanol followed by 240
mL of 0.5 M aqueous sodium potassium tartrate. The resultant thick
white mixture was stirred at room temperature until two clear homogen-
eous phases were obtained {ca. 6 h)., The layers were separated, and the
aqueous phase ex@racted with dichloromethane. The combined organic
extracts were washed with brine, dried over anhydrous magnesium sulfate,
and concentrated in vacuo to give 9.9 g {102% mass balance) of a color-
less liquid. Molecular distillation (Kugelrohr, 110°C, 0.08 mm) af-
forded 9.6 ¢ (99%) of allylic alcohol 40. Analysis by GC (30 m DB-5,
150°C, 31 cm/sec) afforded a 97:3 ratio of (2E)-40 (t, = 4.29 min) to

(22)-40 (t,. = 3.92 min). An analytical sample was obtained after

purification by MPLC {column B, 3:1 hexanes/ethyl acetate, 3 mL/min,
(22)-40 eluted first) to afford (2E)-40 as colorless liquid [(2E)-
40:{22)-40 > 99:11: IR (neat) 3500-3200, 2980, 2880, 1460, 1375, 1070,
1010 cm=1; 1H NHR (CDC13/90 MHz) § 5.17 (br d, J = 9 Hz, 1H, C3-H), 5.03
(br t, J = 7 Hz, 1H, Cy7-H), 3.93 (br d, J = 5 Hz, 2H, Cp-Hp), 2.52 (d of
q, J = 10, 7 Hz, 1H, C4q-H), 2.2-1.8 (m, 7H, OH, Cg-Hp, Cg-CHp, Cg-Hp),
1.63 (s, 3H, Cp-CH3), 1.1-0.8 (m, 9H, C4-CH3, Cg-CHpCHz, Cg-H3)s 13C NMK
(CDC13/50 Mhz) & 138.53 (s, Cp), 133.03 (s, Cg), 132.98 (d, Cg), 127.96
(d, C3), 60.03 (t, C1), 44.36 (t, Cg), 30.51 (d, Cgq), 22.9 (t, Cg-CHp)s
20.9 (t, Cg), 20.4 (q, Cp-CH3), 14.7, 13.8, 13.3 (4, q, q, C4-CH3, Cg-
CHpCH3, Cg); Specific rotation [alsgg = +4.61°, [elg77 = +4.73°, [alssg
= +5.52°, [alg3g = +14.0°, [al3gs = +32.0°, (neat, d = 0.841 g/mL); TLC
(8:2 hexanes/ethyl acetate) Ry = 0.46.

Anal. Calcd. for Cy3Hp40: C, 79.53; H, 12.32. Found: C, 79.68; H,

12.30.
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(2E,4R,6E)-1-Bromo-2,4-dimethy1-6-ethylnon-2,6-diene (4la). To a
magnetically stirred mixture of 1.96 g (10.0 mmol) of allylic alcohol 40
[(2E)-40:(2Z)-40 = 97:3] and 5.25 g (20.0 mmol) of triphenylphosphine in
20 mlL of acetonitrile was added 6.63 g {20.0 mmol) of carbon tetrabrom-
ide {sublimed prior to use). The triphenylphosphine dissolved and the
mixture turned orange in an exothermic reaction. After 15 min the
reaction was quenched by addition of 1 mL of methanol. The mixture was
stirred for 0.5 h then partitioned between pentane and water. The
agueous phase was extracted with pentane (3x). The combined organic
extracts were sequentially washed with water and brine, filtered through
15 g of silica gel, and concentrated in vacuo (< 1 mm, 30°C, until no
bromoform is detected by GC or IH NMR) to afford 2.32 g (90%) of allylic
bromide 41a as a colorless Tiquid: IH NMR (CDC13/90 MHz) 8 5.35 (br d, J
= 9 Hz, lH, C3-H), 5.02 (br t, J = 7.2 Hz, 1H, Cy-H), 3.92 (s, 2H, Cp-
Ho), 2.47 (d of q, J = 10, 7 Hz, 1H, C4-H), 2.2-1.8 (m, 6H, Cg-Hp, Cg-
CHp, Cg-H2), 1.72 (s, 3H, Cp-CH3), 1.0-0.8 (m, SH, Cg-CH3, Cg-CHpCH3:
Cg-H3); GC (30 m DB-1, 150°C, 35 cm/sec) t, = 4.47 min; TLC (9:1

hexanes/ethyl acetate) R¢ = 0.80.

Methyltriphenoxyphosphonium iodide.3® A magnetically stirred mix-
ture of 9.2 mL (21.0 g, 148 mmol) of methyl iodide and 26 mL {30.8 g,
99.3 mmol)} of triphenyl phosphite was heated at reflux in an o0i}l bath at
120°C. The pot temperature rose from 65 to 115°C over a 24 h period.
After cooling to room temperature, 100 mL of diethyl ether was added and
the two-phase mixture stirred until the Tower phase solidified. The
etheral solution was discarded and the solid exhaustively washed with

hot, anhydrous ethyl acetate. Excess ethyl acetate was removed in vacuo
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to afford 34 g (75%) of the title compound as a yellow crystalline
solid: 14 NMR (Dry CDC13/90 MHz) & 7.45 (s, 10H, aromatic H's), 3.15 (d,
J = 17 Hz, 3H, CH3). The product was handled and stored with rigorous
protection from moisture and 1ight in a dry box. If prior to use, the
phosphonium iodide turned brown or 14 NMR analysis indicated the pres-
ence of (PhO),P(0)CH3 [® 1.8 (d, J = 18 Hz)], it was washed with hot,

anhydrous ethyl acetate.

(2E,4R,6E)~-1-10d0-2,4-dimethyl-6~ethytnon-2,6-diene (41b). To a
magnetically stirred, cooled {20°C) solution of 18.4 g (40.7 mmo1l)of
methyltriphenoxyphosphonium jodide in 40 mL of dimethylformamide was
added 8.00 g (40.7 mmol) of allylic alcohol 40 [(2E)-40:(2Z)-40 = 97:3]
dropwise over a 5 min period. After 20 min at room temperature the
mixture was partitioned between pentane (100 mL) and cold 1 M aqueous
sodium hydroxide (100 mL). The aqueous layér was extracted with two
portions of pentane. The combined organic extracts were sequentially
washed with coid 1 M aqueous sodium hydroxide (1 x 100 mL), cold water
{1 x 100 mL), and brine, dried over anhydrous sodium sulfate, and con-
centrated in vacuo to afford 14.0 g (112% mass balance) of a pale yellow
liquid. 1y NMR analysis afforded a 95:5 ratio of {2E)-41b to {2Z)-41b
and indicated the presence of ca. 10% of (PnO),P(0)CHy. IH NMR
(CDC13/90 MHz) & 5.43 (br d, J = 9 Hz, 1H, C3-H), 5.03 {(br t, J = 7.2
Hz, 1H, C7-H), 3.89 (s, 2H, Cp-Ho}, 2.47 (d of g, J =10, 7 Hz, 1H, Cyg-
H), 2.2-1.8 {m, 6H, Cg-Hp, Cg-CHp, Cg-Ho), 1.72 (s, 3H, Cp-CH3), 1.0-0.8
(m, 9H, C4-CH3, Cg-CHpCH3, Cg-H3)+ In a separate experiment it was
observed that the (Ph0),P(0)CHy could be removed from the allylic alco-
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hol by passing a pentane solution of the mixture through a silica gel
column. However, between 5 and 40% olefin isomerization occurred. The
unpurified product is therefore used immediately in the next experiment,
without further purification, in order to avoid excessive olefin isom-

erization.

(4R,5S)-3-((25,4E,6R,8E)-1-0x0-2,4,6-trimethyl-8-ethylundec-4,8-
dienyl)-4-methyl-5-phenyl-2-oxazolidinone (33). A magnetica]]y‘stirred,
cooled (-78°C) solution of 22.4 g {122 mmol1) of sodium hexamethyldi-
silylamide (0.75 M in THF) was used to enolize 28.5 g (122 mmol) of
imide 20a. After stirring for 0.5 h at -78°C, the resultant sodium
enolate was alkylated with ca. 12.5 g (40.7 mmol) of allylic iodide 4la
for 0.5 h at -78°C then 4 h at -30°C., The reaction was quenched by the
addition of half-saturated aqueous ammoﬁium chloride. Volatiles were
removed in vacuo and the product extracted into dichloromethane (3x).
The combined organic extracts were sequentially washed with 1 M aqueous
sodium bisulfate, 1 M aqueous potassium bicarbonate and brine, dried
over anhydrous magnesium sulfate, and concentrated in vacuo to give 41 g
of a yellow 0il. This material was prepurified by flash chromatography
(8 x 25 cm silica gel column, 9:1 hexanes/ethyl acetate) to afford 28 g
of a colorless 0il. The title compound was isolated by chromatography
~ (Waters Prep-500, two 5 x 30 cm silica gel columns, 95:5 hexanes/ethyl
acetate, 250 mL/min) in two portions to afford 26 g (78% based on
allylic alcohol 40) of a colorless liquid. Analysis by GC (30 m DB-5,
250°C, 78 cm/sec) indicated the product to be ca. 93% alkylated imide 33
(ty = 5.69 min), and contain ca. 7% of two unidentified minor isomers

(t, = 4,90 min, 5.45 min). An analytical sample was prepared by MPLC
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(column C, 95:5 hexanes/ethyl acetate, 10 mL/min, minor isomers elute
first) to afford alkylated imide 33 as a colorless liquid (>99% 33): IR
(CHpC1p) 3060, 2979, 2940, 2880, 1780, 1700, 1450, 1385, 1370, 1340,
1240, 1200, 1120 cm~1; 1H NMR (CDC13/500 MHz) § 7.4-7.2 (m, 5H, aromatic
H's), 5.658 (d, J = 7.2 Hz, 1H, C5-H), 5.034 (br t, J = 7.2 Hz, 1H, Cg'-
H), 4.952 (br d, J = 9.4 Hz, 1H, Cgi-H}, 4.779 (gn, J = 6.8 Hz, 1H, (g~
H), 3.98-3.91 (m, 1H, Cpr-H), 2.53-2.45 (m, 1lH, Cgr-H), 2.03-1.85 (m,
8H, C31-Hp, Cyt-Hp, Cgi-CHp, C1g'-Hp), 1.656 (d, J = 1.5 Hz, 3H, Cg'-
CH3), 1.092 (d, J = 6.8 Hz, Cp'-CH3), 0.942, 0.926 (overlapping t's, J =
8.0, 8.2 Hz, 6H, Lg/-CTHpCH3, C1y'-H3), 0.865, 0.856 {overlapping d's, J
= 6.8, 7.0 Hz, C4-CH3, Cg-CH3); 13C NMR (CDC13/22.5 MHz) & 176.9,
152.7, 138.7, 134.6, 133.7, 130.1, 128.7, 127.7, 125.8, 78.7, 54.8,
44.7, 43.9, 35.9, 30.9, 22.9, 20.9, 16.2, 15.7, 14.8, 13.3; Specific
rotation [alggg = +22.9°, [algy7 = +23.8°, [alggg = +27.6°, [aly3s =
+50.9°, [u]365 = +92.1°, (c 5.77, CHpC1p); HPLC (& mm x 10 cm Radial Pak
{5 msilica gel), 96:4 isooctane/ethy) acetate, 2.0 mL/min) k' = 5.01,
note: k' minor isomers = 2.28, 4.48; TLC (8:2 hexanes/ethyl acetate) R¢
= 0.64.

Anal. Calcd. for C26H37NO3: C, 75.87; H, 9.06; N, 3.40. Found: C,
75.80; H, 8.91; N, 3.40.

(25,4£,6R,8E)-2,4,6-Trimethyl-8-ethylundec-4,8-dienyl-1-01 (42).
To a magnetically stirred, cooled {-30°C) solution of 76 mL (1.0 M in
THF, 75 mmol1) of 1ithium aluminum hydride was added a solution of 21.5 g
(52.4 mmol) of alkylated imide 33 (93% by GC) in 50 mL of THF dropwise

over a 0.5 h period. The reaction mixture was allowed to warm to room
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temperature over a 2 h period. After recooling to -10°C, the excess
Tithium aluminum hydride was quenched by the cautious dropwise addition
of 10 mL of ethyl acetate followed by 150 mL of 2 M aqueous hydrochloric
acid. The product was extracted into dichloromethane. The combined
organic extracts were sequentially washed with 1 M aqueous hydrochloric
acid and brine, dried over anhydrous sodium sulfate, and concentrated in
vacuo to give 23.0 g of a mixture of norephedrine oxazolidinone and the
product as a white solid and a colorless liquid. The 1iquid was puri-
fied by flash chromatography (6 x 25 c¢cm silica gel column, 9:1 hexanes/
ethy! acetate) followed by molecular distillation (Kugelrohr, 110°C,
0.01 mm) to afford) 11.8 g (94%3 ¢f alcohol 42 as a colorless liquid.
Analysis by GC (30 m DB-5, 150°C, 30 cm/sec) indicated the product to be
ca. 974 42 (t, = 10.34 min) and contain ca. 3% of an unidentified minor
isomer., The solid, when combined with material obtained by elutingthe
column with diethyl ether, afforded 7.4 g (80%) of norephedrinederived
2-oxazolidinone. An analytical sample of 42 was obtained after puri-
fication by MPLC (column B, 9:1 hexanes/ethyl acetate, 4 mL/min) fol-
lowed by molecular distillation (Kugelrohr, 110°C, 0.01 mm) to afford a
coloriess tiquid (>99% major isomer by GC): IR {neat) 3500-3200, 2970,
2940, 2880, 1450, 1380, 1040 cm~1; 1H NMR (CDC13/90 MHz) & 5.03 (br t, J
= 7.2 Hz, 1H, Cg-H), 4.92 (d, J = 9.2 Hz, 1H, Cg-H), 3.5 (br s, 2H, C1-
Ho), 2.5 (d of g, J = 10, 7 Hz, 1H Cg-H), 2.2-1.7 (m, 10H, OH, C2-H, C3-
Ho, Cy-Hp, Cg-CHp, C1p-H2), 1.58 (s, 3H, C4-CH3), 1.1-0.8 (m, 12H, Cp-
CHy, Cg-CHz, Cg-CHaCH3, C11—ﬂ3);135 NMR (CDCV3/50 MHz) 138.77 (s),
133.45 (d), 131.60 (s), 127.63 (d), 68.68 (t), 44.90 (t), 44.60 (t),
33.60 (d), 30.73 (d), 22.82 (t), 20.84 (q, t), 16.59 (q}, 16.04 (q),

14.72 (q), 13.26 (q); Specific rotation [alggg = +13.6°, [alg77 =
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+15.2°, [algag = +17.4°, [algs = +37.3°, [al3gs = +75.0°, (neat, d =
0.847 g/mL); TLC (8:2 hexanes/ethyl acetate) Ry = 0.47.

Anal. Caled. for CygH3zg0: C, 80.61; H, 12.68. Found: C, 80.52; H,
12.60.

(25,4E,6R,8E)-2,4,6-Trimethyl-8-ethylundec-4,8-dien-1-al (43). To
a magnetically stirred, cooled (-60°C) solution of 0.86 mL (0.95 g, 12.1
mmol1) of dimethyl sulfoxide in 12 mL of dichloromethane was added 0.53
mL (0.77 g, 6.1 mmol)} of oxalyl chloride dropwise via syringe (exo-
thermic, gas evolved) followed after 5 mL by 1.31 mlL of alcohocl 42. The
resultant white mixture was stirred for 15 min at -60°C followed by the
addition of 2.3 mL (1.65 g, 16.5 mmol) of triethylamine. The thick
white mixture was warmed to -30°C and stirred for 0.5 h. The reaction
mixture was partitioned between pentane and water. The pentane solution
was sequentially washed with 1 M agueous sodium bisulfate (2x), water
(2x), and brine, dried over anhydrous sodium sulfate, and concentrated
in vacuo to afford 1.28 g (98%) of aldehyde 43 as a colorless Tiquid.
Analysis by GC (30 m DB-5, 150°C, 30 cm/sec) indicated the product to be
ca. 97% 43 (t, = 8.09 min) and contained ca. 3% of an unidentified minor
isomer (t,. = 7.17 min). Tnhe aldehyde was used immediately without
purification to avoid epimerization. K NMR {(CDC13/90 MHz) & 9.53 (d, J
= 2 Hz, 1H, CHO), 4.97 (br t, J = 7.2 Hz, 1H, Cg-H), 4.87 (d, J = 9.2
Hz, 1H, Cg-H), 2.6-2.2 (m, 2H, Cp-H, Cg-H}, 2.1-1.7 (m, 8H, C3-Hy, Cy-
Ho, Cg-CHz, Cyg-H2), 1.57 (s, 3H, C4-CH3), 1.1-0.8 (m, 12H, Cp-CH3, Cg-

CH3, Cg~CHpCH3, Cy1-H3).
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(4R,5S)-3-((2rR,35,45,6E,8R,10E)-1-0x0-2,10-diethyl-3-hydroxy-4,6,8-
trimethyltridec-8,10-dienyl)-4-methyl-5-phenyl-2-oxazolidinone (32). To
a magnetically stirred, cooled (-78°C) solution of 2.55 g (10.3 mmol) of
imide 20b (0.8 M in dichloromethane) was added 2.86 mL (3.12 g, 11.4
mmol} of di-n-butylboryl triflate dropwise over a 5 min period. After 5
min, 1.72 mL (1.25 g, 12.3 mmol) of triethylamine was added. The mix-
ture was stirred at 0°C for 1 h then recooled to -78°C. To the boryl
enolate solution was added 1.95 g (8.25 mmol) of aldehyde 43 (97:3 ratio
by GC) dropwise over a 5 min period. After 0.5 h at -78°C and 2 h at
0°C the reaction was quenched by the addition of 10 mL of aqueous pH 7
phosphate buffer in 30 mL of methanol followed by 10 mL of 30% aqueous
hydrogen peroxide in 30 mL of methanol. The mixture was stirred at 0°C
for 2 h. The mixture was concentrated in vacuo and the product extracted
into dichloromethane. The combined organics were sequentially washed
with 1 M aqueocus potassium bicarbonate and brine, dried over anhydrous
sodium sulfate, and concentrated in vacuo to afford 4.95 g (124% mass
balance) of a colorless viscous oil. Analysis by GC (trimethylsilylated
sample (EtyNSiMes, DMAP, CHpClso, 4 h), 30 m DB-5, 250°C, 71 cm/sec,
{injector, detector = 275°C})) afforded a 2.6:4.2:92.9:0.4 mixture of
diastereomers (t, = 10.94, 12.47, 12.86, 15.93 min respectively) and
indicated the presence of ca. 25% of imide 20b (t, = 1.04 min). Analysis
by HPLL (8 min x 10 ¢m Waters Radial Pak (5 uym silica gel), 85:15 iso-
octane/ethyl acetate, 1.0 mL/min) afforded the following crder of elu-

tion: k' 20b 1.20, k' minor isomer = 1.53, k' minor isomer = 2.06, k'

n

minor isomer = 2.33, k' 32 = 2.76. MPLC separation of the crude mixture
(column C, 85:15 hexanes/ethyl acetate, 10 mi/min) afforded 0.19 g

(9.7%) of recovered aldehyde 43 (mixture of diastereomers at Cp, GC (30
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m DB-5, 150°C, 31 cm/sec, t, (2R)-43 = 7.87 min, ca. 39%; t, (25)-43 =
8.00 min, ca. 61%)), 0.85 g of a mixture of imide 20b and the minor
isomers, and 3.27 g (82%) of 32 as acolorless oil (GC, same conditions
as above, 4:96 ratio of t. = 12,47 min to t, = 12.86 min): IR (CHpC13p)
3540 (br), 3060, 2980, 2940, 2880, 1785, 1690, 1460, 1385, 1370, 1340,
1235, 1200 cm~1; In NMR (CDC13 /500 MHz) & 7.4-7.2 (m, 54, aromatic
H's), 5.658 (d, J = 7.2 Hz, 1H, Cg-H), 5.074 (br t, J = 7.1 Hz, 1H,
Ci1-H), 4.950 (br d, J = 9.0 Hz, C7'-H), 4.779 {(qn, J = 7.1 Hz, 1H, C4-
H), 3.98-3.91 (m, 1H, Cp'-H), 2.52-2.45 (m, 2H, C3'-H, Cg'-H), 2.03-1.85
(m, 12H, OH, €p:-CHz, C4'-H, C5'-Hp, Cg'-Hz, C10'-CHp, Cyp'-Hz), 1.660
(s, 3H, Cg'-CH3), 1.090 (d, J = 7.1 Hz, 3H, C4-CH3), 0.95-0.84 (m, 15H,
Cp1-CHaCH3, C4'-CHa, Cg'-CH3, C1p'-CH2CH3, Cy3'-H3); 13C NMR {CDC15/50
MHz) & 176.65 (s), 152.72 (s), 138.82 (s}, 133.91 {d), 133.15 (s),
131.59 (s), 128.84 {d), 128.77 {d), 127.59 (d), 125.64 (d), 78.74 (d),
76.74 (d), 55.08 (d), 46.44 (d), 43.53 (t), 34.36 (d), 30.78 (d), 22.83
(t), 20.92 (q), 20.87 (t), 19.14 (t), 15.94 (q), 15.33 (q), 14.75 (q),
14.50 (q), 13.27 (q), 11.73 (q); Specific rotation [alggg = +3.33°,
[alg77 = +3.49°, [alggg = +4.33°, [alg3s = +9.67°, [al3es = +21.9° (¢
3.90, CHxC12);  TLC (7:3 hexanes/ethyl acetate) Rf = (.59.

Ar_aa]. Calcd. for C3qgHggNOg: C, 74.50; H, 9.38; N, 2.90. Found: C,
74.30; H, 9.13; N, 2.86.

(45)-3-((2S,3R,4R,6E)-1-0x0-2 ,4-dimethyl-3-hydroxy-6-ethyl non-6-
enyl)-4-(1-methylethyl)-2-oxazolidinone (44). To a magnetically stirr-
ed, cooled (-78°C) solution of 0.932 g (5.03 mmol} of imide 21a in 10 mL

of dichloromethane was added 1.30 mL (1.42 g, 5.17 mmoel) of di-n-
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butylboryl triflate. After 10 min, 0.84 mL (0.61 g, 6.0 mmol) of
triethylamine was added and the mixture warmed to 0°C. The solution was
stirred for 0.5 h and cooled to -78°C, followed by the addition of 0.92 g
(6.0 mmol) of aldehyde 39. After 0.5 h at -78°C and 1.5 h at 0°C the
reaction was quenched by the addition of 5 mL of pH 7 aqueous phasphate
buffer in 15 mL of methanol followed by 5 mL of 30% aqueous hydrogen
peroxide in 15 mL of methanol. The mixture was stirred for 2 h at 0°C,
concentrated in vacuo and the producf extracted into dichloromethane.
The combined organic extracts were sequentially washed with 1 M aqueous
potassium bicarbonate and brine, dried over anhydrous magnesium sul fate,
and concentrated in vacuo to give 1.85 g (108% mass balance)} of a white
solid. Analysis of the unfractionated product by GC (trimethylsilyl
derivative (EtoNSiMe3, DMAP, CHpC1p), 30 m DB-5, 175°C, 83 cm/sec)
indicated the présence of only one diastereoisomer (t,. = 17.57 min, >
99%). Recrystallization from pentane/ethyl acetate (3 crops) afforded
1.51 g (B8%)} of 44 as a white crystalline solid: 14 NMR (CDC13/90 MHz) B
5.10 (br t, J = 7.0 Hz, 1H, C7'-H), 4.5-4.1 (m, 3H, C4-H, Cg-Hp), 3.9 (d
of q, J = 2.5, 7.0 Hz, 1H, Cp:-H), 3.5 (m, 1H, C3:-H}, 3.0 (d, J = 3 Hz,
1H, OH), 2.5-1.4 (m, 8H, C4-CHo, C4'~H, C5'-Hp, Cg-CHp, Cg'-Ho)» 1.1 (d,
J = 7.0 Hz, 3H, Cyi-CH3), 1.1-0.8 (m, 12H, CH(CH3)2, Cg'-CHpCH3, Cq'-
Ha); 13C NMR (CDC13/22.5 MHz) § 177.9, 153.6, 139.1, 128.2, 75.7, 63.4,
58.4, 40.3, 39.9, 34.0, 28.5, 22.9, 21.0, 17.9, 15.3, 14.8, 13.4; TLC
(7:3 hexanes/ethyl acetate) R¢ = 0.55.

Anal. Caled. for CygH33N04: C, 67.21; H, 9.80; N, 4.14. Found: C,
67.28; H, 9.70; N, 4.02.
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(25)-3-((25)-1-0x0-2-methyl1-2-( (3R,5R)-3-methyl-5-ethyl-5-((1S)-1-
hydroxypropyl)tetrahydrofuran-2-yl)-4-{1-methylethyl)-2-oxazolidinone
(45) and (25)-3-((2S)-1-0xo0-2-methyl1-2-{(3R,55)-3-methyl-5-ethyl-5-
((1R)-1~hydroxypropyl)tetrahydrofuran-2-y1)-4-(1-methylethyl)-2-oxazol-
idinone (46). Vanadyl acetylacetonate--t-butylhydroperoxide epoxida-
tion. To a magnetically stirred solution of 260 mg (0.766 mmo1) of 44
and 20 mg (0.075 mmol1) of vanadyl acetylacetonate (recrystallized, Alfa)
in 5 mL of benzene was added 0.22 mL (4.5 M in benzene, 0.99 mmo1) of t-
butylhydroperoxide. The blue-green solution turned dark red, then slow-
ly faded to yellow-orange. After 2 h the reaction was quenched by the
addition of 0.1 mL of acetic acid and 0.05 mL of dimethyl sulfide. The
mixture was stirred at room temperature for 0.5 h. The product was
extracted into dichloromethane, sequentially washed with 1 M aqueous
hydrochloric acid, 1 M aqueous potassium bicarbonate, and brine, dried
over anhydrous magnesium sulfate and concentrated in vacuo to give
0.21 g (80%) mass balance of a colorless cil. Analysis of the un-
fractionated product by GC (30 m DB-5, 200°C, 82 cm/sec) afforded a 92:8
ratio of 45 (t. = 6.88 min) to 46 (t, = 6.44 min). The product was
ijsolated by flash chromatography (2 x 25 c¢cm column, 7:3 hexanes/ethyl
acetate) to afford 0.194 g {74%) of 45 as a colortess liquid (45:46 >
99:1): lH NMR (CDC13/90 MHz) & 4.6-4.2 (m, 3H, Cyq-H, Cg-Hp), 4.0 (d of
g, J = 2.5, 7.0 Hz, 1M, Cp'~H), 3.8-3.6 (m, 2H, Cgz'-H, Cy'-H), 2.6-1.3
(m, 94, €4-CH, C4'-H, Cg'-Hp, Cg'-CHp, C71-0H, Cgr-Ho), 1.2 (d, J = 7.0
Hz, 3H, Cg'-CH3), 1.1-0.8 (m, 12H, CH(CH3)p, Cgr-CHpCH3, Cgr-H3); TLC
(7:3 hexanes/ethyl acetate) Ry = 0.22,
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{25)-3-((2S)~1-0x0-2-methyl-2-{(3R,5R)-3-methyl-5-ethyt-5-((1S)-
1-hydroxypropyl)tetrahydrofuran-2-yl)-4-(1-methylethyl)-2-oxazolidinone
(45) and (2S5)-3-((2S)-1-Oxo0-2-methyl1-2-((3R,55)-3-methyl-5-ethyi-5-
({1R)-1-hydroxypropyl)tetrahydrofuran-2-y1)-4-(1-methylethyl)-2-oxazol-
idinone (46). m-Chloroperbenzoic Acid Epoxidation. To a magnetically
stirred, cooled (-20°C) solution of 252 mg (0.741 mmol) of 44 was added
200 mg (ca. 80%, 0.93 mmol) of m-chloroperbenzoic acid in 4 portions
over a 0.5 h period. The reaction mixture was stirred at -20°C for 0.5
h then allowed to warm to room temperature. After 4 h, the resultant
mixture of epoxides were converted to the corresponding tetrahydrofurans
by addition of 0.1 mL of acetic acid and stirring the mixture for 0.5 h.
The solution was diluted with dichloromethane, washed with 1 M aqueous
potassium carbonate to remove the excess acid, washed with brine, dried
over anhydrous magnesium sulfate, and concentrated in vacuo to afford
0.24 g of a colorless liquid. Analysis of the unfractionated product by
GC (30 m DB-5, 200°C, 82 cm/sec) afforded a 23:77 ratio of 45 (t,. = 6.88
min) to 46 (t, = 6.44 min). The product was isolated by flash chroma-
tography (2 x 25 cm column, 7:3 hexanes/ethyl acetate) to afford 0.192 g
(72%) of 46 as a colorltess 1iquid (45:46 < 1:99) and 0.051 g (19%) of 45
as a coloriess liquid (45:46 > 99:1).

46: 1H NMR (CDC13/90 MHz) & 4.6-4.2 (m, 3H, C4-H, C5-H2), 4.1 (d
of g, J = 2.5, 7.0 Hz, 1H, C2'-H), 3.8-3.4 (m, 2H, C3'-H, Cy'-H), 2.5-
2.1 (m, 5H, Cy4-CH, C4*-H, Cg'-Hp, C7'-0H), 1.8-1.1 (m, 7H, Cp'~CH3, Cg'~
CH2, Cg'-H2), 1.0-0.8 (m, 12H, CH(CH3)2, Cg'-CHpCH3, Cgi-H3); TLC (7:3
hexanes/ethyl acetate) Ry = 0.31.
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(4R,55)-3-((2R)-1-0x0-2-ethyl-2-((2R,35,55)-3,5-dimethyl-5-( (1R,
2R,4f)-1-hydroxy-2-methyl-4-ethyl-hept-4-enyl)tetrahydrofuran-2-y1)-4-
methy1-5-phenyl-2-oxazolidinone (49). Vanady! acetylacetonate--t-butyl-
hydroperoxide epoxidation. To a magnetically stirred mixture of 0.520 g
(1.08 mmol) of gt, 28.5 mg (0.108 mmo1) of vanadyl acetylacetonate and
0.25 ¢ of anhydrous sodijum acetate in 5 mL of anhydrous benzene at 25°C
was added 0.27 mL (4.5 M in benzene, 1.22 mmol) of anhydrous t-butyl-
hydroperoxide. The mixture turned dark red. After 1 h (pale yellow),
the reaction was quenched by the addition of 2 mL of a 1:1 mixture of
triethylamine and chlorotrimethylsilane. The mixture was stirred for 18
h at 25°C, diluted with dichloromethane, washed with cold water and
brine, dried over anhydrous sodium sulfate and concentrated in vacuo to
afford 0.77 g of a yellow oil. This material was purified by flash
chromatography (3 x 25 cm, 9%:5 hexanes/ethyl acetate) to afford 0.26 g
(45%) of trimethylsilylated diene 47 [treatment with 5:3:1 THF/water/
acetic acid afforded 0.21% g (91%) of 32] followed by 0.26 g (45%) of
trimethylsilylated epoxide 48 [treatment with 5:3:1 THF/water/acetic
acid afforded 0.208 g (85%) of 49 as a colorless o0ill.

49: 14 NMR (CDC13 + D20/500 MHz) § 7.3-7.5 (m, 5H, aromatic H's),
5.61 (d, J = 7.2 Hz, 1H, Cg-H), 5.11 {t, J = 7.2 Hz, 1H, Cgin-H), 4.79
(an, J = 7.0 Hz, C4-H), 4.17 (m, 1H, Cp'-H), 3.66 (d of d, J = 9.5, 6.0
Hz, 1H, Cpu=H), 3.39 (br d, J = 4 Hz, 1H, Cyrv-H), 2.4-1.3 (m, 1ZH,
Cpi-CHp, C3u-H, Cqn-Hp, Cpini=H, C3ii-Hp, Cqr=CHp, Cgi-Hp), 1.19
(s, 3H, Cg-CH3), 1.05 (d, J = 6.2 Hz, 3H, C3n-CH3), 0.97-0.89 (m,
15H, C4-CH3, Cp'-CHpCHa, Cg''~CH3, Cqrii-CHaCHg, Cyni-H3); 13C NMR
(CDC14/50 MHz) § 174.37 (s), 152.89 (s), 138.95 (s), 133.26 (s), 128.72
(d), 128.17 (d), 125.64 (d), 86.11 (d), 85.17 (s), 80.99 (d), 78.61 (d),
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55.22 (d), 48.37 (d), 41.88 (t), 38.73 (t), 36.98 (d), 32.73 (d), 24.79
(q), 22.59 (t), 22.06 (t), 20.89 (t), 17.89 (q), 17.03 (q), 14.73 (q),
14.52 (q), 13.37 (q), 11.82 (g); TLC (8:2 hexanes/ethyl acetate) Rf =
0.30.

Anal. calcd. for CagHasNO4: C, 72.115 H, 9.08; N, 2.80. Found: C,
72.12; H, 8.99; N, 2.78.
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APPENDIX 1

THE DIASTEREOSELECTIVE ALKYLATION Of CHIRAL ESTER AND CARBOXAMIDE
ENOLATES. A TABULATION OF LITERATURE EXAMPLES.?
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Me 0 I\_fle X 0 l!ie 0 ‘
YO\]K/i\N,lL\//R 1) base, THF . Yo\‘/)L\N,LL\/,R ' YO\]/)i\N,u\T/,R
} - L g ' .
Bn  Me 2IR'X, HMPA Fh Me R Ph Me R
Dt D2

Table 1. Diastereoselective Alkylation of (-)-Ephedrine Amide Enclates.

Alkylation Ratiod

Entry Y R Base R'X Conditions D1:D2 VYield Ref.
A H Me LDA Et]  10°C, 2 h  76:24  95% 1
B Me Me LDA Et] -40°C, 2 h  65:35  98% 1
C H Me LDA, MgBr,  Etl  25°C, 12 h 90:10  75% 1
D H Me LDA i-hex] 10°C, 2 h  80:202 - 1
E H Me LDA, MgBrp i-hexl 26°C, 12 h 88:122 903z 1
F H Me  LDA, MgBr, n-Bul  25°C, 12 h >95:5 95% 1
G H Et  LDA, MgBrp n-Bul  25°C, 12 h »>90:10  93% 1
H H Et  LDA, MgBr,  BnCl 25°C, 12 h >99:1 95% 1
1 H n-CgHyy t-Buli Mel -100°C, 0.5 h 81:19¢ -—- 2
J  Me n-CgHyy  t-Buli Mel -100°C, 0.5 h 16:84% --- 2

a) Unless otherwise noted, the diastereomer ratio (D1:D2) was determined
by 13¢ NMR. b) The diastereomer ratio was inferred fromthe specific
rotation of the chiral acid obtained by hydrolysis of the alkylated
amide. c¢) The diastereodimer ratio was determined by capillary GC analysis
of the alkylated amide.
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Table 2. Diastercoselective Alkylation of (S)-Prolinol Amide Enolates.

Alkylation Ratiod

Entry Y R Base R'X Conditions D1:D2 Yield Ref.
pH Me LDA Et] 25°C  92:8  98% 3
B H Me LDA n-Bul 25°C  94:6  99% 3
C H Me t-Buli  n-CgHyy!  -100°C 83:17  --- 2
D H Me LDA, KH n-CgHjz1  -78°C2  94:6  78% 3
EH Me LDA i-Bul -100°cE  97:3 89 3
Fod Me LDA  CHp=CHCHpBr -100°CR  96:4  98% 3
G H Me LDA Bnbr -100°C  88:12 75% 3
H o H Me LDA 1 -100°c®  97:3 598 3
1 H Me LDA, KH 2 -78°c  9g:2 783 3
J H Me LDA, KH 3 -78°Cb  97.3 sy 3
K H Me LDA, KH 4 -78°Ct  g99:1  83% 4
L H Et LDA Mel -100°c2  94:6  98% 3

MoH n-Cghy; t-Buli  Mel -120°C 90:10  --- 2
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Table 2. Continued
Alkylation Ratio?

Entry Y R Base R*X Conditions D1:D2 Yield Ref.
N o OH n-CgHy7  t-BuLi Et] -100°C  84:16  --- 2
0 H n-CgHy7  t-BuLi  n-Bul -100°C  76:24 --- 2
P H CHp=CH(CHp)7;  LDA Et] -100°c2  90:10  --- 5
QM Me LDA EtI -78°C  22:78  --- 3
R Et Me LDA Et] -78°C  19:81  --- 3
5 TBSS Me LDA EtI -78°C  23:77  --- 3
T T8 Me LDA CHp=CHCHpBr -78°C  38:62 --- 3
v memd Me LDA Et] -78°C  22:78  --- 3
v MEMd Me LDA CHp=CHCHpBr  -78°C  29:71 --- 3
W MEML  CHy=CH(CHp); LDA Etl -78°CE  13:87 - 5
X MEMS  CHp=CH(CH,); LDA Me -78°k  21:79 --- 5

a) Diastereomer ratio (D1:D2) determined by capillary
equiv) added to the preformed enolate prior to addition

phile.

c) TBS = t-Bu(Me),Si.

d) MEM =

MEOCH2CH20CH2.

GC.

b) HMPA (2

of the electro-
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0 0
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Table 3. Diastereoselective Alkylation of Substituted Pyrrolidine Amide
tnolates.

Alkylation Ratiol
Entry  Amide Y R R'X Conditions D1:D2 Ref.

A 5 H  Me Etl 25°C 89:11 3
B 5  TBSE  Me  EtI -78°C 8:92 3
C 6 H Me Etl 25°C 95:5 3
D 6 TBS2 Me Etl -78°C 39:61 3
E 7 H Me Etl 25°C 76:24 3
F 7 TBSE  Me Etl -78°C 1:99 3
6 8 ---  Me Et] -78°C 95:5¢ 6
H 8 _—- Et  Mel -78°C 88:125 ¢

a) Unless otherwise noted, the diastereomer ratio (D1:D2) was determined
by capil H%ry GC. b) TBS = t-Bu(Me)pSi. «¢) Diastereomer ratio deter-
mined by +°C NMR. !
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Table 4. Diastereoselective Alkylation of (2R,5R)-Disubstituted
Pyrrolidine Amide Enolates.

Alkylation Ratiod

Entry K R'X Conditions  DP1:D2 Yield Ref.
A Me el -78°C >95:5 87% 6
B Me n-Bul -78°C >95:5 81% 6
C Me CHy=CHCHpBr -78°C >95:5 81% 6
D Me BnBr -78°C >95:5 80% 6
E Me BnOCH,C1 -78°C >95:5 74% 6
F Me  TBSO(CHp)sBrR  -78°C >95:5  78% 6
G Et Mel -78°C >95:5 91% 6
H n-Bu Mel -78°C >95:5 8% 6
I PhCH, Mel -78°C »95:5 76% 6
J  n-CygHas Mel -78°C >95:5 61% 6

a) Diastereomer ratio determined by 13¢ wmR. b) TBS = t-Bu(Me)pSi.
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Table 5. Diastereoselective Alkylation of {25,55)-Disubstituted
Pyrrolidine Amide Enclates.

Alkylation Ratiod

Entry R R'X Conditions D1:D2 Yield Ref.
A Me Etl -78°C >99:1 79% 6
B Me n-Bul -78°C >99:1 79% 6
C Me n-Cghy71 -20°C >99:1 75% 6
D Me BnBr -78°C 98:2 87% 6
E Et Mel -78°C >99:1 77% 6
F n-Bu Mel -78°C 99:1 70% 6
G n-CgHpy Mel -78°C >99:1 73% 6
H PhCH» Mel -78°C 99:1 83% 6

a) Diastereomer ratio determined by 13¢c NMR,
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LDA, THF

l l 2)Mel

Table 6. Diastereoselective Alkuylation of Chiral

2-0xazolidinone Imide Enolates.

D1

0 0 0 0
/U\ Et JL /Lk/ Et
0 N’U\I/' + 07N x
L—_L"‘R Me l——-J P:!e

ey, R
D2

4-Substituted

Alkylation Ratio
Entry R Conditions D1:D2 Ref,
A Me -30°C, 12 h 88:12 7
B £t -30°C, 12 h 90:10 7
C i-Pr -30°C, 12 h 91:9 7
D Ph -30°C, 12 h 81:19 /
E c-hex -30°C, 12 h 86:14 7
F PhCHo -30°C, 12 h 94:6 7
G p-MeOPhCH,  -30°C, 12 h  94:6 7
H p-C1PhCH, -30°C, 12 h 94:6 7
I c-hexCH, -30°C, 12 h 95:5 7

(a) Diastereomer ratio (D1:D2) determined by capillary GC.
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Table 7. Diastereoselective Alkylation of Chiral Ester Enolates.

Alkylationd Ratiol

Entry Ester R R'X Conditions D1:D2  Ref.
A 9a Me n-CygH3al A 93:7 8b
B 9a Me i-Bul A 93:7 8b
C 9a Me i-Bul B 28:72 8b
D 9a Me  CHy=CHCHpBr A 93:7  8b
E 9a Me BnBr A 94:6C 8b
F 9a Me BnBr B 30:705 8b
G 9a n-Bu BnBr A 93:7 8b
H 9a n-CigHas Mel A 80:10 8a
I 9a CHp=CHCH» Mel A 90:10 8b
J 9a CHp=CHCHp BnBr A G3:7 8b
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Alkylationd Ratio2

Entry Ester R R'X Conditions D1:D2 Ref.
K 9a PhCHo Me A >985:5 8b
L 9a PhCH, n-Bul A 89:11 8b
M 9a PhCH2 n-Bul B 15:85 8b
N 9a PnCHs  CHp=CHCHpBr A 93:7 8b
9b Me Nn-Cy4Hogl A >98:2 8a

P 9b Me n-C14Hpg1 B 4:96  8b
Q 9b Me Enbr A 98:2 8d
R 9b Me BnBr B 24:76 8d
S gb BnO Et] A 12:88 8e
T Sb BnO Etl B 7:93 8e
U 9c Me BnBr A 90:10 8d
) 9c Me BnBr B 19:81 8d
W 10a  Me n-CygH33l A 6:94  8b
X 10a Me BnBr A 14:865  8b
Y 10a n-CygH33 Me A 17:83 8b
z 10a  PhCH, Me A 19:81%  8b
AR 11b Me n-Cyg4Hz9]l A €3:97 8b
BB 11b Me N-CygHpgl B 98:2 8b
cC 11b Me 16 A 2:98 8¢
DD 11b Me 16 B 94:6 8c
EE 11b Me 17 A 3:97 8c
FF 11b Me BnBr A 3:97 8d
GG 11b Me BnBr B 95:5 8d
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Table 7. Continued.
Alkylation? Ratio2

Entry Ester R R'X Conditions D1:D2 Ref.
HH 11b Bn0 Mel A 88:12 8e
11 11b Bn0 Mel B 91:9 Be
Jd 11b BnQ Etl A 88:12 8e
KK 11b BnO Etl B 95:5 Be
LL 11b B0  n-CygHzg A 91:9 8e
MM 11b BnD D_-Clonl B 93:7 8e

{(a) A = The 1ithium enolate was generated in THF with 1ithium
isopropylcyclohexylamide (LICA) for 0.5 h at -78°C; To the
Tithium enclate solution was added 2.2 equiv of HMPA and the
electrophile; enolate alkylation was allowed to proceed at -78°C
to -40°C. B = The lithium enolate was generated in 4:1 THF/HMPA
with LICA for 0.5 h at -78°C, then alkylated as above. (b)
Unless otherwise noted, the diastereomer ratio (D1:D2) was deter-
mined by HPLC. {c¢) Diastereomer ratio determined by 1y nMR.
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Table 8. Diastereoselective Alkylation of Chiral Ester Enolates.

Alkylation? Ratiol

Entry Ester R R'X Conditions D1:D2  Ref.
A 12 Me BnBr A 16:84 8d

B 12 Me BnBr B 70:30 8d

C 13 Me Bnbr A 81:19 8d

D 13 Me BnBr B 43:57 8d
14 Me BnBr A 35:65 8d

F 14 Me BnBr B 58:42 8d

G 15 Me BnBr A 14:86 8d

H 15 Me BnBr B 69:31 8d

(a) A = The 1ithium enolate was generated in THF with Tithium
isopropylcyclohexylamide (LICA) for 0.5 h at -78°C; To the -
1ithium enolate solution was added 2.2 equiv of HMPA and the
electrophile; enolate alkylation was allowed to proceed at -78°C
to -40°C. B = The lithium enclate was generated in 4:1 THF/HMPA
with tICA for 0.5 h at -78°C, then alkylated as above. (b)
The diastereomer ratio (D1:D2) was determined by HPLC.
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APPENDIX II

THE ENANTIOSELECTIVE SYNTHESIS OF (R) AND (S)-THIORPHAN,
AN ENKEPHALINASE INHIBITOR..
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ABSTRACT.

The enantioselective synthesis of (R) and (S)-thiorphan (1) via a
six-step sequence is reported. The key step, establishing the absolute
stereochemistry in the target molecule, is the diastereoselective alky-
lation of the chiral 2-oxazolidinone imide enolates 6 and 7 with benzyl
bromomethyl sulfide (5b). The level of diasterecselection is in excess
of 95:5. Full experimental details are provided for the preparation of

the 2-oxazolidinone chiral auxiliaries 3a and 4a.
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INTRODUCTION.

The endogenous opioid pentapeptides, leucine and methionine-
enkephalin are neurotransmitters involved with the induction of
ana]gesia.2 Hydrolysis of the enkephalin G1y3-—Phe4 bond by a membrane-
bound metalloendopeptidases, "enkephalinase,” located near the enkepha-
1in and opioid receptors, has been postulated to mediate enkephalin-
induced ana]gesia.3 Thiorphan [(t)-N-{1-ox0~2-mercaptomethyl-3-phenyl~
propyl)glycine] (1) is reported to inhibit enkephalinase,4 extend the
duration of analgesia induced by enkephalin analogs or noxious stimu]1,5
and induce analgesia itself.b Several related zinc-containing metallo-
peptidases, including angiotensin converting enzyme (ACE), also are
reported to be inhibited by (2)-1.6:7 Both enantiomers of thiorphan
were required to evaluate the absolute stereochemical requirements of
thiorphan mediated--enkephalin and ACE--inhibition, as well as thiorphan
induced ana]gesia.8 Therefore, we developed a practical, enantioselec-
tive synthesis of both (R) and {S)-thiorphan, that enjoys sufficient
flexibility to be directly applicable for the construction of chiral
thiorphan homologs.

By inspection, the enantioselective synthesis of thiorphan reduces
to the construction of a suitably protected form of (R) and (S)-2-
mercaptomethyl-3-phenylpropanoic acid {2) {eq 1). This 2-substituted
carboxylic acid was envisioned as being directly accessible via the
chiral enclate methodology developed in our laboratories.? The chiral
2-oxazolidinone imide enolates 6 and 7, illustrated in Scheme 1, would

serve as practical precursors to (R) and {S)-thiorphan, respectively.
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RESULTS AND DISCUSSION.

The requisite chiral 2-oxazolidinones 3a and 4a are prepared from
their respective amino alcohols and a carbonyl dication equivalentjo
(15,2R)-Norephedrine, commercially available as the hydrochloride
sa1t,11 can be transformed into 2-oxazolidinone 3a by treatment with
phosgene,12 diethyl carbonate,13 or diphenyl carbonate. After evalua-
ting several carbonyl dication equivalents, we found that the diphenyl
carbonate procedure described herein, is the most reliable method for
preparing 3a on a laboratory scale (up to 3 mol). Norephedrine-derived
2-oxazolidinone 3a produced via this procedure, and purified by simple
crystallization [mp 121-122°C (Lit.12 mp 117°C)] is afforded in 82-95%
yield. (S)-Valinol,14 on the other hand, is most conveniently trans-
formed into 2-oxazolidinone 4a with diethyl carbonate. This procedure
affords valinol-derived 2-oxazolidinone 4a, after purification by simple
crystallization [mp 69-70°C {Lit.!®> mp 71.5°C)], in 85-95% yield. The
enantiomeric purity of the chiral 2-oxazolidinones, prepared by the
above procedures, was shown to be >99%.16

The chiral 2-oxazolidinones 3a and d4a are conveniently metalated
with n-butyllithium and N-acylated with 3-phenylpropanoyl chloride to
afford the crystalline imides 3a (mp 95-96°C) and 4a (mp 63-64°C) in 89%
anddl% yie]ds,respective]y.17 Initial attempts to alkylate lithjum
enolate 6 with benzyl chloromethyl sulfide (5a)18 were unsuccessful
(Scheme 1). Only recovered starting material and enolate decomposition

products were detected.19 We found that the more reactive benzyl bromo-

methyl sulfide (5b),20 however, functions admirably.
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Enolization of imide 3b with 1ithium diisopropylamide (LDA) and
subsequent treatment of the resultant Tithium enolate 6 with 1.1 equiv
of alkyl bromide 5b (2 h at -25°C, 2 h at 0°C) affords alkylated imide
8a along with a minor amount of the diasteromeric alkylation product 9a.
Analysis of the unfractionated product by capillary GC indicated a 98:2
ratio of 8a to 9a. In addition to the product, both imide 3b (ca. 8%)
and 2-oxazolidinone 3a (ca. 5%) were also detected. Product isolation
by liquid chromatography (Waters Prep-500) affords Ba in 76% yield as a
viscous colorless oil (8a:9a = 98:2). Although the use of excess elec-
trophile (2-5 equiv) improves the extent of enolate alkylation, the
remaining electrophile complicates product isolation. Alkylation of the
corresponding sodium enolate derived from imide 3b [NaN({SiMes3),]
decreases both the level of alkylation diastere65e1ection and the yield
of isolated product. The other diastereomeric imide 9b is obtained by
alkylation of lithium enolate 7. Thus, treatment of lithium enclate 7
with 1.1 equiv of alky! bromide 5b (2 h at -25°C) affords a 3:97 ratio
of 8b to 9b. Product isolation by liquid chromatography (Waters Prep-
500) affords 9b in 83% yield as a viscous colorless 0il (8b:9b = 2:98).

The completion of the synthesis of (R)-thiorphan is illustrated in
Scheme 2. Based on prior experience, we were not surprised that direct
hydrolysis (KOH, EtOH/H20, 0°C) of alkylated imide Ba to carboxylic
acid R-11 was unsuccessful. Only products resulting from attack at the
urethane (ring) carbonyl and base catalyzed retro-Michael elimination of
benzyl thiol were obtained. We have observed that the relative rates of
nucleophilic attack at either carbonyl function depend on a subtle
interplay of electronic and steric effects. For example, with two C-2

imide substituents with steric requirements greater or equal to methyl
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Scheme 2

groups, direct basic hydrolysis strongly prefers attack at the endo-
cyclic (ring) carbonyl. Fortunately, we have found that transesterifi-
cation of alkylated imides with lithium benzyloxide selectively removes
the alkylated product from the chiral auxiliary. This reaction exhibits
less substrate dependency, and is quite reliable.9¢ Accordingly, treat-

ment of alkyltated imide 8a with lithium benzyloxide (1.5 equiv, THF,
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-10°C to 0°C) affords, after purification by 1iquid chromatography,
benzyl ester R-10 ({alggg = +36.2° (c 0.86, CHpC12)) in 83% yield. The
accompanying norephedrine-derived 2-oxazolidinone 3a also can be re-
covered and recycled. Treatment of alkylated imide 9b with 1ithium
benzyloxide (1.5 equiv, THF, 0°C) affords, after purification by liquid
chromatography, the enantiomeric benzyl ester 5-10 ([alsgg = -34.6° (c
2.46, CHpC1p)) in 82% yield.

In direct analogy to the racemization-free debenzylesterification
of (S)-S-benzylcysteine benzyl ester,21 treatment of benzyl ester R-10
with anhydrous hydrogen bromide in glacial acetic acid affords carbox-
ylic acid R-11 ([alggg = 54.1° (¢ 1.54, abs. EtOH)) in 85% yield.
Similar treatment of benzyl ester $-10 affords the enantiomeric carbox-
ylic acid $-11 ([alsgg = -50.6° (c 1.57, abs. EtOH)) in 83% yield.
Diphenylphosphoryl azide was employed to affect the peptide bond con-
struction between R-11 and benzyl g]_ycinate.22 Thus, treatment of
carboxylic acid R-11, the p-toluenesul fonate salt of benzylglycinate,
and triethylamine in dimethylformamide (DMF) with diphenylphosphory]l
azide (4 h at -10°C and 18 h at 0°C) affords, after purification by
flash chromatography,23 the benzyl ester of (R)-S-benzyltthiorphan (R-12)
in 91% yield as a crystalline solid (mp 72-73°C, [alggg = +25.2° {c
1.61, abs. EtOH)}). Performing the same reaction with carboxylic acid S$-
11 affords the enantiomeric benzyl ester $-12 in 85% yield as a crystal-
line solid (mp 73.5-74°C, [alggg = -28.5° (c 1.82, abs. EtOH)).

Bis-debenzylation of R-12 under carefully controlled dissolving
metal conditions completes the s_ynthesis.24 Thus, R~12 in liquid ammo-

nia/THF {1:1) is treated with 5 equiv of sodium metal over a 15-min
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period. The heterogeneous blue solution is maintained at -33°C foran
additional 15 min, then is quenched by the addition of anhydrous ammo-
nium chloride. Product isolation affords {R)-thiorphan (R-1) in 91%
yield as a viscous colorless oil which slowly crystallized on standing
(mp 108-110°C, [alggg = -40.1° (c 2.25, abs. EtOH)). 1In a similar
manner, bis-debenzylation of S$S-12 affords (S)-thiorphan (S-1} in 96%
yield {(mp 110-111°C, Lalggg = +39.6° (c 2.78, EtOH)). During the opti-
mization of this reductive debenzylation, we noted that when less than 5
equiv of sodium metal are employed, a mixture of thiorphan and S-benzyl-
thiorphan is obtained. The use of a large excess of sodium metal,
however, results in a significant decrease in the isoaated yield of
thiorphan.

The complementary specific rotations (-40.1°, +39.6°) for (R) and
(S)-thiorphan are within experimental error. This demonstrates a good
degree of internal consistency in regard to the overall diastereoselec-
tion and racemization (or lack thereof) during the synthesis of each
enantiomer. Nonetheless, we desired an independent, unequivocal assess-
ment of enantiomeric purity. (#)-Thiorphan methyl ester reacts with
(R)-1-(1-naphthyl)ethyl isocyanate (13) to afford the diastereomeric
thiourethanes 14 and 15 (eq 2%25 Although the thiourethane diastereo-
mers are not separable by HPLC on conventional supports, they are re-
solved on a Pirkle covalent phenylgiycine column {a = L46L26 The same
derivativation process and HPLC analysis established a Tower limit of
ca. 95% enantiomeric purity for both R-1 and S-1. Peak broadening in

this analysis prevents a more accurate assessment of enantiomeric

purity.
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BIOLOGICAL STUDIES.

Although a detailed biochemical evaluation of (R) and (S)~thiorphan
will be reported elsewhere,8 the interesting conclusions drawn from this
study are noteworthy. First, synthetic (S)-thiorphan is approximately
twenty-four-fold more effective as an ACE inhibitor than{R)-thiorphan.
The Tow Tevels of ACE inhibition observed for (R)-thiorphan could
largely, if not exclusively, be the result of enantiomeric contamina-
tion. In contrast, both enantiomers of thiorphan exhibit similar levels
of inhibition of enkephalinase A. Finally, the analgesic properties
reported for (#£)-thiorphan,® are mainly associated with the (R)

enantiomer.
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EXPERTMENTAL SECTION

General. Melting points were determined with a Buchi SMP-20 mel-
ting point apparatus and are uncorrected. IR spectra were recorded on a
Beckman 4210 spectrometer and are reported in reciprocal centimeters.
14 NMR spectra were recorded on a Varian Associates EM-390 (90 MHz) or a
Bruker WM-500 (500 MHz) spectrometer.27 Chemical shifts are reported in

ppm from tetramethylsilane on the § scale. Data are reported as follows:

chemical shift, muitiplicity (s = singlet, d = doublet, t = triplet, q =

quartet, gn = quintet, m = multiplet, and b = broad), coupling constant
(Hz), integration and interpretation. 13¢ NMR were recorded on a JEOL
FX-90Q (22.5 MHz) spectrometer and are reported in ppm from tetramethyl-
silane on the § scale. Optical rotations were determined with a Jasco
DIP-181 digital polarimeter. Data are reported as follows: specific
rotation ([a]), concentration (c = g/100 mL), and solvent.

Combustion analyses were performed by Galbraith Laboratories. Inc.,
(Knoxville, Tennessee) or by Mr. Lawrence Henling at the California
Institute of Technology Microanalytical Laboratory.

Analytical gas chromatography (GC) was carried out on a Hewlett
Packard 5880A gas chromatograph equipped with a split mode capillary
injector and flame ionization detector. Hydrogen was used as the car-
rier gas. The following wall coated open tubular (WCOT) fused silica
capiilary columns were employed: 30 m x 0.32 mm DB-1 (J and W Associ-
ates) and 30 m x 0.32 mm DB-5 (J and W Associates). Specific GC condi-
tions are reported as follows: column, oven temperature, carrier gas

flow rate, and retention time. Unless otherwise noted, the injector and

detector temperatures were 250°C.
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Flash chromatography was performed according to the general proce-
dure of Stil1Z3 employing EM Reagents silica gel 60 (40-63 um). Analy-
tical high performance 1iquid chromatography (HPLC) was carried out on a
Waters Associates ALC 202/401 HPLC equipped with a model 6000 high pres-
sure solvent pump, a model UeK injector and a differential UV (254 nm)
detector, and using the following columns: Waters Radial Pak (& mm x 10
cm, 5 umsilica gel) or a Regis (4.6 mm x 25 cm, Pirkle phenylglycine
covalently bound to 5 pm aminopropyl silica ge]).26 Specific HPLC
conditions are reported as follows: column, elutant composition, elutant
flow rate, and retention volume (k'}. Preparative HPLC was performed on
a Waters Associates PrepLC/System 500 liquid chromatograph equipped with
a refractive index detector and using two PrepPak 500 silica gel car-
tridges (5 x 30 cm). Analytical thin layer chromatography (TLC) was
performed using EM Reagents 0.25 mm silica gel 60-F plates.

When necessary, solvents were dried prior to use. Tetrahydrofuran
{THF) and benzene were distilied from sodium/benzophenone ketyl. Boron
trifluoride--diethyl etherate and diisopropylamine were distilled from
calcium hydride. Dimethylformamide (DMF) was distilled from calcium
hydride and stored over 4A molecular sieves. n-Butyllithium was stan-
dardized by double titration (total base - "inorganic base = organic
base).

Unless otherwise noted, all non-aqueous reactions were performed
under an oxygen-free atmosphere of argon or nitrogen with rigid exclu-

siort of moisture.

(4R,55)-4-Methyl-5-phenyl-2-oxazolidinone (3a). A mechanically

stirred mixture of 151 g (1.00 mo1) of (1S,2R)-norephedrine (LoJggg =
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+33.4° (c 7, water) as the hydrochloride salt, Aldrich Chemical Co.),
236 g (1.10 mol1) of diphenyl carbonate, and 152 g (1.10 mol) of anhy-
drous potassium carbonate was heated at 110°C for 4-6 h. The resultant
mixture was cooled to < 60°C. Excess diphenyl carbonate was hydrolyzed
by addition of 600 mL of methanol and heating the mixture at reflux for
0.5 h. Sufficient water (400-600 mL) was added to dissolve the potas-
sium carbonate. Methanol was removed in vacuo. The product and phenol
were extracted into dichloromethane {3 x 1 L). The combined extracts
were washed with 2 M aqueous sodium hydroxide (3 x 1 L) to remove the
phencl, 1 M aqueous hydrochloric acid (1 x 1 L), and brine, driedover
anhydrous magnesium sulfate, and concentrated in vacuo to give 195 g
(110% mass balance) of a 1ight yellow solid. Recrystaliization from
toluene {600 mL, 3 crops) afforded 145-165 g (82-93%) of 2-oxazolidinone
3a as a white crystalline solid: mp 121-122°C (Lit.12 117°C); IR
(CHCT13) 3460, 3400-3200, 3020, 2980, 1760, 1450, 1380, 1350, 1220, 1125,
1000, 960, 690 cm=1; IH NMR (CDC13/90 MHz) § 7.33 (s, 5H, aromatic H's),
6.3-6.0 (br s, 1H, N-H), 5.67 (d, J = 7.5 Hz, lH, Cg-H), 4.17 (qn, J =
7.0 Hz, 1H, C4-H), 0.80 (d, J = 7.0 Hz, 3H, C4-CH3); 13C NMR (CDC13/22.5
MHz) & 159.9, 13%5.0, 128.4, 125.9, 81.0, 52.4, 17.4; Specific Rotation
[alggg = +177.2°, [alg77 = +186.1°, [alsag = +212.0°, [alg3s = +368.6°,
[al3g5 = +598.6° (c 2.21, CHC13), [Lit.12 [alggg = +158.4° (c 0.44,
CHC13)); GC {30 m DB-1, 150°C, 81 cm/sec) ty = 4.31 min; TLC (ethyl
acetate}, Rf = 0.45.

Anal. Calcd. for CygHy{NOp: C, 67.78; H, 6.62; N, 7.90. Found: C,
67.42; H, 6.19; N, 7.87.
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(45)-4-(1-Methylethyl)-2-oxazol idinone (4a). Into a 500-mL flask
equipped with a 20-cm Vigreux column was introduced 103 g (1.00 mol) of
(S)-valinol,14 133 mL (130 g, 1.10 mol) of diethy) carbonate, and 14 g
(0.10 mo1) of anhydrous potassium carbonate. The magnetically stirred
mixture was heated at 125-126°C {internal reaction temperature) until
117 mL (92 g, 2.0 mo1) of ethanol distilled {ca. 4-6 h).28 The resul-
tant mixture was cooled to room temperature, dissolved in diethyl ether
{3 L), and the solution filtered through a 2 cm pad of celite to remove
the potassium carbonate. The etheral solution was concentrated to a
volume of ca. 1 L, stowly cooled tg 0°C, and the product allowed to
crystallize. Concentration of the mother liquors provided two addi-
tional crops of crystals. The total yield of 2-oxazolidinone 4a, was
110-123 g (85-95%), as white needles: mp 69-70°C, [Lit.t% mp 71.5°CT; IR
(CHoC12) 3480, 3340-3240, 3060, 2980, 1760, 1400, 1240 em~1; 1H NMR
(CDC13/90 MHz) 8 6.7 (br s, 1H, N-H), 4.42 (t, J = 8.6 Hz, lH, Cg-H),
4.07 (d of d, J = 8.5, 6.5 Hz, 1H, C5-H), 3.58 (d of t, J = 8.6, 6.5 Hz,
1H, Cz-H), 1.9-1.6 {m, 1H, Cq-CH), 0.95 (overlapping d's, J = 6.0 Hz,
6H, CH(CH3)2); Specific rotation [alggg = -16.6°, [algyy = -17.3°,
Lalggg = -20.2°, [alg3g = -37.3°, [al3g5 = -63.7° (c 5.81, EtOH); GC (30
m DB-5, 100°C, 94 cm/sec) t, = 5.55 min; TLC (6:4 hexanes/ethyl acetate)
R¢ = 0.19.

Anal. Calcd. for CgHyyNOp: C, 55.80; H, 8.58. Found: C, 55.63; H,

8.53.

Benzyl Chloromethy! Sulfide (5a). Anhydrous hydrogen chloride was
bubbled through a magnetically stirred,cooled (-10°C) solution of 25.0 g

(0.278 mol} of s-trioxane 1in 100 g (0.805 mol) of benzyl thiol until
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saturated (ca. lh). After an additional period of 12 h at room tempera-
ture, the reaction mixture was dried over anhydrous calcium chloride.
The product was decanted from the calcium chloride and distilled through
a 5-cm Vigreux column to afford 101 g (73%) of 5a as a colorless liquid:
bp 74-76°C, 0.01 mm, {Lit.}® bp 102°C, 2 mm); IH NMR (CCl4/90 MHZ) 8§ 7.2

(s, 5H, aromatic H's), 4.40 (s, 2H, SCHpC1), 3.80 (s, 2H, PhCHpS)-

Benzyl Bromomethyl Sulfide (5b). The title compound was prepared
following the procedure of Hollowcod et al.?0  The product was purified
by molecular distillation (Kugelrohr, 140°C, 0.01 mn) to afford 5b (92%)
as acolorless 1iquid, which solidified beTow -10°C: 1H NMR (CC14/90
MHz) & 7.27 (s, 54, aromatic H's), 4.33 (s, 2H, SCHpBr), 3.82 (s, 2H,

PhCHRS) .

{4R,55)-3-(1-0xo0-3-phenylpropyl)-4-methyl-5-phenyl-2-oxazolidinone
(3b). A mechanically stirred, cooled (-78°C} solution of 44.3 g (250
mmo1) of 2-oxazolidinone 3a (0.5 M in THF), was metalated with 150 mL
(1.70 M in hexane, 255 mmol) of n-butyllithium (until the orange-red
color of the dianion just persisted) and acylated immediately with
39.0 mL (44.3 g, 263 mmol) of freshly distilled 3-phenylpropanoyl chlor-
ide. The reaction mixture was warmed to 0°C and stirred for 0.5 h.
Excess acid chloride was hydrolyzed by addition of 100 mL of 1 M aqgueous
potassjum carbonate and stirring the resultant two-phase mixture for
1 h at room temperature. Volatiles were removed in vacuo and the prod-
uct extracted into dichloromethane (3x). The combined organic extracts

were successively washed with water and brine, dried over anhydrous
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magnesium sulfate, and concentrated in vacuo to give 83.2 g of a yellow
solid. Recrystallization from hexanes/ethyl acetate (3 crops) afforded
69.1 g (89%) of 3b as a white crystalline solid: mp 95-96°C; IR (CHpClp)
3060, 3000, 1785, 1700, 1370, 1350, 1250 cm~1; 1H NMR (CDC14/500 MHz) §
7.44-7.19 (m, 10H, aromatic H's), 5.63 (d, J = 7.5 Hz, 1H, Cg-H), 4.75
(gn, J = 6.9 Hz, 1H, C4-H), 3.34 (m, 2K, Cp'-Hp), 3.06-3.00 {m, 2H, C3'-
Ho), 0.89 (d, J = 6.8 Hz, 3H, Cgq-H3); 13C NMR (CDC13/22.5 MHz) & 172.1,
152.9, 140.4, 133.4, 128.7, 126.2, 125.6, 79.0, 54.7, 37.2, 30.3, 14.5;
Specific rotation [alggg = +28.7°, [alg77 = +28.9°, [alggq = +32.9°,
[alg3s = +60.1°, [al3gs = +106.7 {c 0.45, CHaC15);5 6C (30 m DB-1, 200°C,
86 cm/sec) t,. = 9.06 min; HPLC (8 mm x 10 cm Radial Pak (5 ym silica
gel), €8:12 isooctane/ethyl acetate, 2.0 mL/min) k' = 2.76; TLC (7:3
hexanes/ethyl acetate) Re = 0.42.

Anal. Calcd. for C19HygNO3: €, 73.77; H, 6.19. Found: C, 73.85; H,

6.28.

(4S)-3—(1—0xo-3-pheny]propy])-4—(1—methy]ethyl)-2—oxazolidinone
(4b). A mechanically stirred, cooled (-78°C) solution of 20.0 g {155
mmol) of 2-oxazolidinone 42 (0.3 M in THF), was metalated with 95 mL
(1.70 M in hexane, 162 mmol) of n-butyllithium and acylated with 28.4 ¢
(168 mnol) of freshly distilled 3-phenylpropanoyl chloride. The reac-
tion mixture was warmed to 0°C and stirred for 0.5 h. Excess acid chlor-
ide was hydrolyzed by the addition of 100 mL of 1 M aqueous potassium
carbonate and stirring the resultant two-phase mixture for 1 h at room
temperature. Volatiles were removed In vacuo and the product extracted
into dichloromethane (3x). The combined organic extracts were succes-

sively washed with water and brine, dried over anhydrous magnesium sul-
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fate, and concentrated in vacuo to give 41.5 g of a pale-yellow solid.
Recrystallization from hexanes afforded 37.0 g (91%) of 4b as a white
crystalline solid: mp 63-64°C; IR (CHpC1,) 3060, 2970, 1780, 1700, 1385,
1210 cm~!; 1H NMR (CDC13/500 MHz) § 7.3-7.17 (m, 5H, aromatic H's), 4.41
(d of d of d, J = 8.5, 4.0, 3.2 Hz, 1H, Cg-H), 4.24 (d of d, J = 9.3,
8.4 Hz, 1H, Cg-H), 4.19 (d of d, J = 9.3, 3.2 Hz, 1H, Cg-H), 3.30 (d of
d of d, J = 17.5, 8.7, 6.9 Hz, 1H, Cpi-H), 3.22 (d of d of d, J = 17.5,
8.5, 7.2 Hz, 1H, Cor-H), 3.1-2.9 (m, 2H, C3'-Hp), 2.4-2.3 (m, 1H, C4z-
CH), 0.90 (d, J = 7.4 Hz, 3H, CH(CH3)), 0.84 (d, J = 7.4 Hz, 3H,
CH(CH3)); 13C NMR (CDC14/22.5 MHz) & 172.3, 154.0, 140.5, 128.5, 126.1,
63.4, 58.4, 37.0, 30.4, 28.4, 17.9, 14.6; Specific rotation [alggg =
+71.0°, [algy7 = +74.1°, [als4g = +84.2°, [alg3s = +143.4°, [al3ps =
+225.3° (¢ 4.61, CHpCl19); GC (30 m DB-1, 175°C, 83 cm/sec) ty = 4.75
min; HPLC {8 mm x 10 cm Radial Pak (5 uym silica gel), 88:12 isooctane/
ethyl acetate, 2.0 mL/min) k' = 4.86; TLC {8:2 hexanes/ethyl acetate) Ry
= 0.47.

Anal. Calcd. for CygHigNO3: C, 68.94; H, 7.33. Found: C, 69.17; H,
7.42.

{4R,55)-3-{(2R)-1-0x0-2-phenylmethylthiomethy}-3-phenylpropyl)-4-
methyl-5-phenyl-2-oxazolidinone (8a). A magnetically stirred, cocled
(-78°C) solution of lithium diisopropylamide {LDA, prepared from 9.5 mL
(6.9 g, 67.8 mmol) of diisopropylamine and 40 mL (1.69 M in hexane, 67.6
mmol) of n-butyllithium), (0.5 M in THF), was used to enolize 20.0 g
{64.6 mmol) of 3b. After stirring for 0.5 h at -78°C the resultant

lithium enolate was alkylated with 10.6 mL (15.5 g, 71.3 mnol) of benzy]l
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bromomethyl sulfide (5b) for 2 h at -25°C and 2 h at 0°C. The reaction
was quenched by addition of half-saturated agueous ammonium chloride.
Volatiles were removed in vacuo and the product extracted into dichioro-
methane (3x). The combined organic extracts were successively washed
with 1 M aqueous sodium bisuifate (2x), 1 M aqueous potassium bicarbo-
nate (2x), and brine, dricu over anhydrous magnesium sulfate, and con-
centrated in vacuo to give 31.3 g of a yellow oil. Analysis by GC (30 m
DB-1, 200°C for 10 min, 25°C/min to 275°C, (injector and detector =

300°C), 90 cm/sec) afforded a 98:2 ratio of 8a (t, = 17.92 min) to 9a

—
c+
|

= 18.12 min), and indicated the presence of both 2-oxazolidinone 3a

1.19 min, ca. 5%) and imide 3b (t, = 8.60 min, ca. 8%). HPLC

1]

(ty
analysis (8 mm x 10 cm Radial Pak (5 um silica gel), 88:12 isooctanc/

ethyl acetate, 2.0 mL/min) indicated k' 8a = 1.98, k' 9a = 1.69, a =
1.17. The title compound was isolated by liquid chromatograpny (Waters
Prep-500, two 5 x 30 cm silica gel columns, ca. 9:1 hexanes/ethyl ace-
tate (adjusted to TLC R¢ = 0.09), 250 mL/min} in three portions to
afford 21.8 g (76%) of 8a as a colorless oil (8a:9a = 92:2): IR (neat)
3030, 2920, 1780, 1700, 1490, 1450, 1380, 1340, 1190, 1120 cm-!; 1H NMR
(CDC143/500 MHz) 8 7.42-7.20 (m, 15H, aromatic H's), 5.18 (d, J = 7.0 Hz,
1H, Cg-H), 4.61-4.52 (m, 2H, Cg4-H, Cp'-H), 3.77 (d, J = 13.5 Hz, 1H,
SCH(H)Ph), 3.72 (d, J = 13.5 Hz, 1H, SCH(H)Ph), 2.91 (d of d, J = 13.0,
8.8 Hz, 1H, C3+-H), 2.86 (d of d, J = 13.0, 7.3 Hz, 1H, C3-H), 2.83 (d
of d, J = 13.8, 9.9 Hz, IH, Coi-CH(H)S), 2.53 (d of d, J = 13.7, 5.0 Hz,
1H, Cpt-CH(H)S), 0.89 (d, J = 6.5 Hz, 3H, C4-CH3); 13C NMR (CDC13/22.5
MHz) & 174.5, 152.6, 138.2, 138.0, 133.1, 129.1, 128.9, 128.6, 128.4,
126.9, 126.6, 125.5, 78.7, 55.0, 44.6, 39.0, 35.9, 32.2, 14.4; Specific

rotation [0‘:'589 = +70.6°, [algy7 = +74.2°, Lalgag = +84.5°, [alg3sy =
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+150.0°, [al3g5 = +253.1° (¢ 1.42, CHpClp); TLC (7:3 hexanes/ethyl
acetate) Ry = 0,44,

Anal. Calcd. for Cy7Ho9N03S: C, 72.78; H, 6.11. Found: C, 73.03;
H, 6.07.

(45)-3-((2S5)-1-0x0-2-phenylmethyl thiomethyl-3-phenylpropyl)-4-(1-
methylethyl)-2-oxazolidinones (9b). A magnetically stirred, cooled
(-78°C) solution of LDA (prepared from 15.4 mL (11.1 g, 110 mmol) of
diisopropylamine and 65 mL (1.69 M in hexane, 110 mmo1) of n-butyllith-
ium), (0.75 M in THF), was used to enolize 26.1 (100 mmol) of 4b. After
stirring for 0,5 h at -78°C the resultant lithium enolate was alkylated
with 23.9 g (110 mmol) of benzyl bromomethyl sulfide {8b) for 2 h at
-20°C. The reaction was quenched by addition of half-saturated aqueous
ammonium chloride. Volatiles were removed in vacuo and the product
extracted into dichloromethane (3x). The combined orgahic extracts were
successively washed with 1 M aqueous sodium bisulfate (2x), 1 M aqueous
potassium bicarbonate (2x), and brine, dried over anhydrous magnesium
sulfate, and concentrated in vacuo to give 53.0 g of a yellow 0il.
Analysis by GC (30 m DB-1, 175°C for 5 min, 20°C/min to 250°C,
60 cm/sec) afforded a 3:97 ratio of 8b (t. = 11.74 min) to 9b (t, =
11.53 min), and indicated the presence of imide 4b (t, = 4.17 min, ca.
10%}. The title compound was isolated by Tiquid chromatography (Waters
Prep~500, two 5 x 30 cm silica gel columns, 87:13 hexanes/ethyl acetate,
250 mL/min) in two portions to afford 33.1 g (83%) of 9b as a viscous
colorless liquid (8b:9b = 2:98): IR {neat) 3040, 2980, 2940, 1780, 1700,
1495, 1455, 1390, 1300, 1250, 1200, 1100, 700 cm~1; 1H NMR {CDC13/500
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MHz) 8 7.30-7.16 {m, 10H, aromatic H's), 4.60 (m, 1H, Cpi-H), 4.27 (d of
d of d, J = 8.5, 3.8, 2.5, 1H, C4-H), 4.09 (d of d, J = 9.3, 2.7 Hz, 1H,
C5-H), 3.92 (d of d, J = 9.3, 8.7 Hz, lH, Cg-H}, 3.76 (d, J = 14.0 Hz,
1H, SCH(H)Ph), 3.70 (d, J = 14.0 Hz, 1H, SCH(H)Ph), 2.90 (d of d, J =
13.0, 8.0 Hz, 1lH, Czi-H), 2.80 (d of d, J = 13.5, 10.0 Hz, 1K, Cp'-
CH(H)S), 2.78 (d of d, J = 13.0, 7.5 Hz, 1H, C3+-H), 2.50 (d of d, J =
13.5, 4.5 Hz, 1H, Coi1oCH(H)S), 2.37 (d of septet, J = 3.8, 7.1 Hz, 1lH,
C4-CH(CH3)2), 0.91 (d, J = 7.1 Hz, 3H, CH(CH3))» 0.89 {d, J = 7.1 Hz,
3H, CH{CH3)); 13C NMR (CDC13/22.5 WHz) § 174.6, 153.7, 138.2, 138.0,
129.1, 128.9, 128.4, 126.8, 126.5, 63.2, 58.7, 44.4, 38.7, 35.7, 32.3,
28.5, 17.9, 14.8;  Specific rotation [lalsgg = -29.1° (¢ 2.34,
CHpC1p); HPLC anaiysis (8 mm x 10 cm Radial Pak (5 um silica gel), 88:12
isooctane/ethyl acetate, 2.0 mL/min) k' 9b = 3.26; TLC (7:3 hexanes/
ethyl acetate) Rg = 0.54.

Anal. Calcd. for Cy3HpyNO3S: C, 69.49; H, 6.85. Found: C, 69.62;

H, 6.85.

Benzyl (2R)-2-Phenylmethylthiomethyl-3-phenylpropancate (R-10). To
a magnetically stirred, cooled (-10°C) solution of lithium benzyloxide
{prepared from 3.7 mL (3.87 g, 35.8 mmol) of benzyl alcohol and 15.6 mL
(1.69 M in hexane, 26.4 mmol) of n-butyllithium}, (0.5 M in THF) was
added a solution of 7.86 g (17.6 mmol) of 8a in 20 wmL of THF over a 0.5-
h period. The reaction mixture was warmed to 0°C, stirred for 1.5 h,
and then guenched by addition of half-saturated agueous ammonium chlor-
ide. Volatiles were removed in vacuo and the product extracted into
dichloromethane (3x). The combined organic extracts were successively

washed with water and brine, dried over anhydrous magnesium sulfate, and
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concentrated in vacuo to give 11.2 g of a yellow 0il. The title com-
pound was isolated by flash chromatography (5 x 30 cm silica gel column,
9:1 hexanes/ethyl acetate) to afford 5.5 g (83%) of benzyl ester R-10 as
a colorless Jiquid. Further elution of the column with ethyl acetate
afforded 2.3 g (75%) of 2-oxazolidinone 3a.

R-10: IR (neat) 3070, 3040, 1735, 1600, 1490, 1450, 1210, 1160, 650
cm-l; IH NMR (CDC14/90 MHz) 8 7.3-6.9 (m, 15H, aromatic H's), 5.0 (s,
2H, OCH,Ph), 3.6 {5, 2H, SCHyPh), 3.0-2.3 (m, 5H, Cp-H, Cp-CHpS, C3-Hp)s
Specific rotation lalggg = +36.2°, [algy7 = +39.0°, [algge = +43.7°,
[alg3s = +76.4°, [al3gs = +126.6° {c 0.856, CHpClp); GC (30 m DB-1,
200°C for 6 min, 25°C/min to 275°C, (injector, detector = 300°C),
63 cm/sec) t, = 10.80 min; HPLC (8 mm x 10 cm Radial Pak (5 um silica
gel), 88:12 isooctane/ethyl acetate, 2.0 mL/min) k' = 0.56; TLC (8:2
hexanes/ethyl acetate) Ry = 0.50.

Anal. Calcd. for CoqHpg025: C, 76.56; H, 6.42. Found: C, 76.52; H,
6.37.

Benzyl (2S)-2-Phenylmethylthiomethyl-3-phenylpropancate (5-10). To
a magnetically stirred, cooled (-10°C) solution of lithium benzyloxide
(prepared from 10.3 mL (10.8 g, 99.5 mmol) of benzyl alcohol and 44 mL
(1.69 M in hexane, 75.0 mmol) of n-butyllithium), (0.75 M in THF) was
added a solution of 19.8 g (49.7 mmol) of 9b in 50 mL of THF over a
0.% h period. The reaction mixture was warmed to 0°C and stirred for
3 h. The reaction was quenched by addition of half-saturated aqueous
ammonium chloride. Volatiles were removed in vacuo and the product

extracted into dichloromethane (3x). The combined organic extracts were
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successively washed with water and brine, dried over anhydrous magnesium
sulfate, and concentrated in vacuo to give 28.4 g of a yellow 0il. The
title compound was isolated by liquid chromatography (Waters Prep-500,
two 5 x 30 c¢m silica gel columns, 95:5 hexanes/ethyl acetate, 250
mL/min) to afford 15.3 g (82%) of benzyl ester S-10 as a colorless
Yiquid. Furtherelutionwith ethy) acetate afforded 4.8 g {75%) of 2-
oxézo] idinone 4a.

$-10: IR (neat) 3070, 3040, 2920, 1735, 1490, 1450, 1160, 695 cm-1;
T Nkik (CC14/90 MHz) & 7.4-6.9 (m, 15H, aromatic H's), 5.0 (s, 2H,
OCHoPh), 3.5 (s, 2H, SCHoPh), 2.9-2.2 (m, 5H, Cp-H, Cp-CHpS, C3-H3); 13C
NMR (CDC14/22.5 MHz) 173.7, 138.3, 138.0, 135.7, 128.9, 128.4, 128.1,
126.9, 126.5, 66.4, 47.6, 37.8, 36.3, 32.4; Specific rotation [alggg
= -34.6° (c 2.46, CHyC19); GC (30 m DB-1, 200°C for 6 min, 25 °C/min to
275°C, (injector, detector = 300°C), 94 cm/sec) t, = 9.66 min; HPLC
(8 mm x 10 cm Radial Pak (b um silica gel), 88:12 isooctane/ethyl ace-
tate, 2.0 mL/min) k' = 0.56; TLC (8:2 hexanes/ethyl acetate) R = 0.5C.

Anal. Calcd. for CopHpg0pS: C, 76.56; H, 6.42. Found: C, 76.82; H,
6.51. '

(2R}~2-Phenylmethylthiomethyl-3-phenylpropancic acid (R-11}. A
magnetically stirred solution of 2.01 g (5.35 mmol) of benzyl ester R-10
in 9 mL of 6 M anhydrous hydrogen bromide in glacial acetic acid was
stirred at 50°C for 15 min. The reaction mixture was diluted with 20 mL
of water and extracted with dichloromethane (4 x 20 mL). The combined
organic extracts were concentrated in vacuo. The residue was diluted
with toluene (50 mL) and concentrated in vacuo three times to remove

acetic acid. The residue was dissolved in 1 M aqueous potassium hydrox-
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ide, washed with dichloromethane, acidified to pH 1 with concentrated
aqueous hydrochloric acid, and extracted with dichloromethane. The com-
bined organic extracts were concentrated in vacuo afforded 1.31 g (85%)
of carboxylic acid R-11 as a colorless oil. An analytical sample was
purified by molecular distillation (Kugelrohr, 140°C, 0.01 mm): IR
(neat) 3400-2400, 1710, 1600, 1490, 1450, 1235, 690 cm-l; I NMR
{CC14/90 MHz) & 11.4 (br s, 1H, COpH), 7.1 (m, 10H, aromatic H's), 3.6
(s, 2H, SCH»PN), 3.0-2.3 (m, 5H, Co-H, Cp-CH»S, C3-Hp); Specific rota-
tion [alggg = +54.1°, [algy7 = +55.3°, {algge = +64.5°, [alg3g =
+113.2°, [al3gs = +189.6° (c 1.54, abs. EtOH).

Anal. Calcd. for Cy7Hyg025: C, 71.30; H, 6.34. Found: C, 71.58; H,
6.52.

(25)-2-Phenylmethylthiomethyl-3-phenylpropanoic acid (S5-11). A
magnetically stirred solution of 9.13 g (24.2 mmol) of benzyl ester S-10
in 35 mL of 6 M anhydrous hydrogen bromide in gldcial acetic acid was
stirred at 50°C for 20 min. The reaction mixture was diluted with 35 mL
of water and extracted with dichloromethane (3 x 50 mL). The combined
organic extracts were concentrated in vacuo. The residue was diluted
with toluene (100 mL) and concentrated in vacuo three times to remove
acetic acid. The residue was dissolved in 1 M aqueous potassium hydrox-
ide, washed with dichloromethane, acidified to pH 1 with concentrated
aqueous hydrochloric acid, and extracted with dichloromethane. The com-
'bined organic extracts were concentrated in vacuo afforded 5.77 g (83%)
of carboxylic acid S-11 as a pale-yellow 0il. An analytical sample was

purified by molecular distillation {(Kugelrohr, 140°C, 0.01 mm): IR
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(neat) 3500-2500, 1710, 1495, 1455, 1240, 700 cm~; 1H NMR (CC14/90 MHz)
$9.7-9.3 (br s, 1H, COpH), 7.2 (s, 10H, aromatic H's), 3.6 (s, 2H,
SCHpPh), 3.0-2.5 (m, 5H, Cp-H, C2-CHpS, C3-Hp)i 13C NMR (CDC13/22.5 MHz)
S 180.1, 138.0, 137.9, 128.8, 128.5, 127.0, 126.6, 47.4, 37.3, 36.5,
31.8; Specific rotation [algsgg = -50.6° (¢ 1.57, abs. EtOH).

Anal. Calcd. for Cj7H1g025: €, 71.30; H, 6.34. Found: C, 71.12; H,
6.29.

Benzy1 N-[ (2R)-2-phenylmethylthiomethyl-3-phenylpropanoyl)glycinate
[(2R)-S-Benzylthiorphan, benzyl ester, (R-12)]. To a magnetically
stirred, cooled {-30°C) solution of 1.66 g (5.79 mmol) of carboxylic
acid R-11 and 2.15 g (6.37 mmol1) of the p-toluenesul fonate salt of
benzyl é]ycinate in 15 mL of anhydrous dimethyl formamide was added
1.37 mL (1.75 g, 6.36 mmol) of diphenylphosphoryl azide followed by
1.77 mL (1.29 g, 12.7 mmol) of triethylamine. The reaction mixture was
stirred for 4 h at -10°C, then overnight at room temperature. The
resultant mixture was dituted with 1,1,!-trichloroethane (100 mL) and
successively washed with water (3x), 1 M aqueous potassium hydroxide
{3x), 1 M aqueous sodium bisulfate (2x), and brine, dried over anhydrous
magnesium sulfate, and concentrated in vacuo to give 3.5 g of a pale
yellow 0il. The title compound was isolated by flash chromatography (5
x 20 cm silica gel column, 7:3 hexanes/ethyl acetate) to afford 2.28 g
(91%) of benzyl ester R-12 as a white solid. An analytical sample was
recrystal 1ized from hexanes/ethyl acetate: mp 72-73°C; IR (CHpC12) 3440,
3050, 2990, 1750, 1680, 1270, 1250 cm~1; 1H NMR (CC14/90 MHz) § 7.3-6.9
(m, 15H, aromatic H's), 6.0 (br t, J = 6 Hz, 1H, N-H}, 5.0 (s, ZH,

OCHaPh), 3.8 (m, 2H, NCHpCO), 3.5 (s, 2H, SCHpPh), 2.9-2.2 (m, 5H, Cpi-
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H, Cpi-CHpS, C3'-Hp); 13C NMR (CDC13/22.5 MHz) & 173.6, 169.5, 138.9,
138.5, 135.1, 128.9, 128.5, 127.5, 126.4, 67.1, 49,7, 41.3, 38.3, 37.0,
33.3; Specific rotation [alggg = +25.2°, [algy7 = +26.7°, [alggg =
+30.6°, [ala3s = +53.6°, [alzgs = +89.8° (c 1.61, abs. EtOH); &C (30 m
DB-1, 275°C, (injector, detector = 300°C), 86 cm/sec) t. = 6.19 min;
HPLC (8 mm x 10 cm Radial Pak (5 wm silica gel), 64:36 isooctane/ethy]
acetate, 2.0 mL/min) k' = 0.77; TLC (7:3 hexanes/ethyl acetate) R¢ =
0.25.

Anal. Calcd. for CpgHp7NO3S: C, 72.03; H, 6.28. Found: C, 72.14;
H, 6.35.

Benzyl N-((2S)-2-phenylmethylthiomethyl-3-phenylpropanoyl)glycinate,
[(25)-S-Benzylthiorphan, benzyl ester, (S-12)]. To a magnetically
stirred, cooled (-30°C) solution of 5.70 g (19.9 mmol) of carboxylic
acid $-11 and 7.43 g (22.0 mmo.l) of the p-toluenesulfonate salt of
benzyl glycinate in 50 mL of anhydrous dimethylformamide was added
4.7 mL (6.0 g, 21.8 mmol) of diphenylphosphoryl azide followed by 6.1 mL
(4.4 g, 44 mmol) of triethylamine. The reaction was stirred for 4 h at
-10°C, then overnight at room temperature. The resultant mixture was
diluted with 1,1,1-trichloroethane (100 mL) and successively washed with
water (3x), 1 M aqueous potassium hydroxide (2x), 1 M aquecus sodium
bisulfate (2x), and brine, dried over anrhydrous magnesium sulfate, and
concentrated in vacuo to give 10.6 g of a yelTow 0il. The title com-
pound was isolated by liquid chromatography (Waters Prep-500, two
5 x 30 cm silica gel columns, 9:1 hexanes/ethyl acetate, 250 mL/min) to

afford 7.34 g (85%) of benzyl ester S-12 as a white solid. An analyt-
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3070, 3040, 2930, 1750, 1660, 1450, 1180, 700 cm~; lH NMR (CDC13/90 MHz)
S 7.5-7.0 {m, 15H, aromatic H's), 5.7 {br t, J = 6 Hz, 1H, N-H), 5.1 (s,
2H, OCHzPh), 3.9 (m, 2H, NHCH2CO0), 3.6 (s, 2H, SCHpPh), 2.9-2.1 {m, 5H,
Cor-H, Cp'-CHpS, C3'-Hp);  Specific rotation [alsgg = -24.5°, f[algy7
= <26.2°, f[algag = -29.6°, [als3s = -52.3°, [al3gs = -87.9° (c
1.82, abs. EtOH); GC (30 m DB-1, 275°C, (injector, detector = 300°C),
86 cm/sec) ty = 6.14 min; HPLC (& mm x 10 cm Radial Pak (5 ym silica
gel), 64:36 isooctane/ethyl acetate, 2.0 mL/min) k' = 0.77; TLC (7:3
hexanes/ethyl acetate) R = 0.25.

Anal. Calcd. for CpgHp7NO3S: €, 72.03; H, 6.28. Found: C, 72.23;
H,.6.35.

N-{(2R)-1-0Oxo-2-mercaptomethyl-3-phenylpropyl)glycine, [(2R)-Thior-
phan, (R-1)]. To a magnetically stirred, cooled (-33°C) solution of
0.462 g (1.07 mmol) of benzyl ester R=12 in 20 mL of THF and 30 mbL of
anhydrous ammonia (distilled from sodium) was added 0.13 g (5.8 mmol) of
sodium in six portions over a 0.5 h period. After the reaction mixture
had remained dark-blue for 10-15 min, the reaction was quenched by
addition of 0.37 g (6.9 mmol) of ammonium chloride. The ammonia was
evaporated under a stream of nitrogen, and the THF removed in vacuo.
The residue was dissolved in 5 mL of 1 M aqueous potassium hydroxide and
washed with diethyl ether to remove toluene and dibenzyl. The aqueous
solution was cooled to 0°C, acidified to pH 1 with concentrated aqueous
hydrochloric acid, and the product extracted into diethyl ether. The
etheral solution was dried over anhydrous magnesium sulfate, and concen-
trated in vacuo to afford 0.246 g (91%) of (2R)-thiorphan R-1 as a

colorless 0il which slowly solidified upon standing: mp 108-110°C; 1y
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NMR (CDC13/500 MHz) & 7.16-7.09 (m, 5K, aromatic H's), 6.72 (br s, 1H,
N-H), 4.05 (d of d, J = 15, 5 Hz, 1H, NCH(H)CO), 3.85 (d of d, J = 15, 5
Hz, 1H, NCH(H)CO), 2.95-2.50 (m, 5H, Cpr-H, Cpr~CH2S, C31-Hp), 1.67 (br
t, 3 = 7 Hz, 1H, S-H); 13¢ nMk (CDC13/22.5 MHz) & 147.7, 172.6, 138.2,
128.8, 128.5, 126.7, 52.8, 41.4, 38.0, 26.0; Specific rotation [alggg
= -40.1° (¢ 2.25, abs. EtOH); TLC (98:2 ethy] acetate/acetic acid) R¢ =
0.31.

Anal. Calcd. for CypH gNO3S: C, 56.90; H, 5.97; S, 12.66. Found:
C, 56.71; H, 6.19; S, 12.88.

N-((25)-1-0Oxo0-2-mercaptomethyl -3-phenylpropyi)glycine, [(2S)-Thior-
phan, (S-1)). To a magnetically stirred, cooled (-33°C) solution of
4.33 g (10.0 mmol1) of benzyl ester $-12 in 100 mL of THF and 100 mL of
anhydrous ammonia (distilled from sodium) was added 0.92 g (40 mmol) of
sodium in ca. six portions over a 0.5 h period. After the reaction
mixture had remained dark-blue for 10-15 min the reaction was quenched
by addition of 2.14 g9 (40 mmol) of ammonium chloride. The ammonia was
evaporated under a stream of nitrogen and the THF was removed in vacuo.
The residue was dissolved in20 mL of 1 M aqueous potassium hydroxide
and washed with diethyl ether to remove toluene and dibenzyl. The
aqueous solution was cooled to 0°C, acidified to pH 1 with concentrated
agueous hydrochloric acid, and the product extracted into diethyl ether.
The etheral solution was dried over anhydrous magnesium sulfate, and
concentrated in vacuo to afford 2.43 g (96%) of (2S)-thiorphan S-1 as a
colorless o0il, which slowly solidified: mp 110-111°C; IR (neat) 3500-

2500, 1740, 1650, 1540, 1210, 700 cm~1; 1H MR (CDC14/90 MHz) & 9.2 (br



-256-

s, 1H, COH), 7.2 (m, 5H, aromatic H's), 6.3 (br t, J = 6 Hz, 1H, N-H),
4,1 (d of d, J = 18, 6 Hz, 1H, NCH(H)CO), 3.8 (d of d, J =18, 6 Hz, 1H,
NCH(H)CO), 3.0-2.4 (m, 5H, Cp'-=H, Cp'-CHgS, C3t-Hp), 1.6 (br t, J = 9
Hz, S-H); Specific rotation [alggg = +39.6° (¢ 2.78, abs. EtOH); TLC
(98:2 ethyl acetate/acetic acid) Rf = 0.31.

Anal. Calcd. for CypHigNO3S: C, 56.90; H, 5.97; S, 12.66.
Found: C, 56.79; H, 6.00; S, 12.53.

Determination of the Enantiomeric Purity of (R) and (S)-Thiorphan.
A magnetically stirred solution of 89.5 mg (353 umol) of (#)-thiorphan,
44 L (51 my, 360 pmol) of boron trifluoride--diethyl etherate in 5 ml
of anhydrous methanol was heated at 50°C for 4 h (until no starting
material remained by TLC analysis). The mixture was diluted with di-
chloromethane, washed with 1 M aqueous potassium carbonate, water and
brine, dried over anhydrous magnesium sulfate, and concentrated in vecuc
to afford 102 mg (108% mass balance) of (x)-thiorphan, methyl ester as a
pale yellow oil.

A mixture of 27 mg (100 umol) of (#)-thiorphan, methyl ester, 20 my
(100 ymol) of (R)-1-(1-naphthyl)ethyl isocyanate (13),!1 and 10 mg of
anhydrous potassium carbonate in 2 miL of benzene was heated at 80°C for
4 h {until no starting material remained by TLC analysis). The mixture
was diluted witih dichloromethane, washed with water and brine. dried
over anhydrous magnesium sulfate, and concentrated in vacuo to afford 50
mg (106% mass balance) of a mixture of thiourethane diastereomers 14 and
15. The unfractionated product was analyzed by HPLC (Regis, 4.6 mm x 25
cm, Pirkle chiral phases covalently bound to 5 um aminopropy! silica

gel; 84:16 isooctane/isopropanol; 4.0 mL/min) k' 14 = 8.16, k' 15 =
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11.91; o = 1.46).

The reactions were repeated separately with (2R) and (2S)-thiorphan
1. HPLC analysis of the unfractionated product obtained from (2R)-
thiorphan (R-1), showed & > 95:5 ratio of 14 to 15. Llikewise, HPLC
analysis of the unfractionated product obtained from (S)-thiorphan (S-
1), showed a < 5:95 ratio of 14 to 15. Therefore, the enantiomeric

ratio of the synthetic (2R) and {2S)-thiorphan is > 95:5.
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APPENDIX II1

IR 1H NMR, AND 13C NMR SPECTRAL CATALOG FOR CHAPTER 1
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Compound 6 OJLNH
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Compound 6 continued.
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Compound 9
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Compound 9 continued.

R |

I

13¢ NMR (22.5 MHz/CDC13)

-272~



-273-

Compound 10

&A‘WJ&_ ‘]lx :
[ U |l hl

(r ll\ll‘ : ‘ 1’ 'r. | I."\ La ' "M .
| b | \ - 1
L \ Lo 18 Py "y, a
Do ' v [
L
1
i .
IR (CHC3)
]
!
i
A {
| :;
; ! I ;
‘ ' Vo i .
f | ﬁﬂ i ;
) | i
b, qth .
i

ol
~

P 10 g B

T4 iR (90 HHz/CDCT )



-274-

Compound l4c
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Compound 161 continued.
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Compound 161 continued.
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Compound 18¢
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Compound 20h continued.
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Compound 24c
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IR 1H NMR, AND 13C NMR SPECTRAL CATALOG FOR APPENDIX II
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PROPOSITIONS

PROPOSITION 1. The isolation and structural characterization of

bacteriocin JH1000, a small peptide antibiotic effective against

Streptococcus mutans strains responsible for human dental caries, is

proposed.

PROPOSITION 2. Two thiorphan analogs are proposed to investigate
thiorphan induced analgesia. 19r NMR topography is proposed to map the

in vivo distribution of both enantiomers of a fluorine containing

thiorphan derivative. A photoactivated analog of thiorphan, capable of
covalently binding to the receptors for analgesia is proposed to

determine if thiorphan binds to an opiate receptor.

PROPOSITION 3. The use of labeled metabolites is proposed to study the
biosynthesis of the brevetoxins, an unusual family of polyether marine

toxins isolated from the "red tide" dinoflagellate Ptychodiscus brevis

Davis.

PROPOSITION 4. The use of a labeled precursor is proposed to determine
whether the epoxidation of 5-hexen-2-one with potassium peroxymono-
sulfate is inter- or intramolecular. If the reaction is shown to be
intramolecular, experiments are proposed to investigate internal asym-
metric induction in the peroxymonosulfate epoxidation of chiral 1,5- and

1,6-enones.

PROPOSITION 5 Experiments are proposed to investigate the epoxidation

step in the biosynthesis of polyether ionophore antibiotics.
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PROPOSITION 1

ABSTRACT. The isolation and structural characterization of bacteriocin

JH1000, a small peptide antibiotic effective against Streptococcus

mutans strains responsible for human dental caries, is proposed.

hhkhkhkkkhhkhkhkhkhhkhkhkhkhkkhkhkkhkhkkkhkkhkhkhkhkkhkhkkhkhkhkkdkhkkkkkhkhkhkhkkkkkhkhkhkhkkikkkhkdhkhkkkd

Streptococcus mutans, a bacteria indigenous to the oral cavity, is

general 1y accepted as the principle etiological agent of dental caries
in humans.l 1In 1969, Kelstrup and Gibbons reported that some strains of
S. mutans, isolated from humans and rodents, produced an exocellular
bacteriocin effective against other S. mutans strains.2 Of 143 strains
of S. mutans investigated by Rogers, 70% produced one or more bac-
teriocins.3 Based on their size and the effect various proteases exert
on their antibacterial activity, the bacteriocins are assumed to be
proteins. Only a few of the S. mutans bacteriocins have been isolated
and purified, and none have had their structure elucidated.

Paul and Slade reported the isolation of a bacteriocin from S.
mutans strain E14 (serotype c) with a mw of 20,000 daltons.? Bac-
teriocin E14 is mainly active against S. mutans serotypes a, ¢, d, g, 1,
and o. Both trypsin and pronase inhibit its activity. Ikeda et al.
reported the isolation of a different bacteriocin from S. mutans strain
C3603 (serotype CLS Bacteriocin C3603 is a basic protein with a pl
value of 10 and a mw of 4800 daltons. It is mainly active against S.

mutans serotypes b, ¢, e, and f. Pronase, papian, phospholipase C,
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trypsin and a-amylase had no effect on its activity, whereas both a-
chymotrypsin and pancreatin partially inhibit its activity. These
workers also demonstrated that bacteriocin C3603 is an effective anti-
caries agent. Bacteriocin (3603 fed to rats previously infected with
S. mutans PS-14 had significantly fewer caries than those not treated
with the antibiotic. _

Recently, Hillman et al. have reported that S. mutans strain
JH1000 produces a bacteriocin with novel properties.6 Unlike the pre-~
vious two bacteriocins, this antibiotic is active against 124 of 125
strains of S. mutans tested, and also is active against a variety of
other Gram-positive bacteria. Both trypsin and pronaée inhibit the
antibacterial activity of a cell-free solution of bacteriocin JH1000,
whereas DNase, RNase, 1lipases, thermo]ysiﬁ, and lysozyme had no effect
on its activity. Surprisingly, experiments with dialysis membranes
indicate that the mw of the antibiotic is < 1000 dattons. Bacteriocin
JH1000, however, has not been isolated and purified.

The unusually small size of bacteriocin JH1000--probably less than
ten amino acids in length--indicates its potential for purification and
sequencing. 1 propose to isolate and identify the structure of bacteri-
ocin JH1000. With its structure known, bacteriocin JH1000 could be
prepared on a large scale in the laboratory, and its use as a direct
anticaries agent evaluated. Furthermore, its mode of antibacterial
activity could be investigated.

Before the structure of bacteriocin JH1000 can be determined, it
will be necessary to obtain the peptide antibiotic in a pure form. The
following isolation and purification sequence is based on the observed

properties of the bacteriocin. The efficiency of the sequence would be



-404-

evaluated by assaying for antibacterial activity. Initially, the small
size of the bacteriocin would be expioited to separate it from 1arger
proteins. Both dialysis and gel-filtration chromatography separate
molecules on the basis of size. As previously noted, bacteriocin JH1000
passes through a dialysis membrane. Therefore, dialysis would be the
first purification technique evaluated.

Trypsin inhibits the antibacterial activity of bacteriocin JH1000.
This indicates that the molecule contains lysine or arginine, and thus
possesses a basic side chain. Therefore, ion-exchange chromatography or
electrophoresis could be employed to further purify the bacteriocin. By
Judicious use of one or more of the separation technigues, it should be
possible to obtain a pure sample of the bacteriocin.

Once purified, the structure of the bacteriocin would be determined
by classical means, such as the Edman degradation procedure.7 Based on
its small size, bacteriocin JH1000 could be a cyclic peptide, similar to
the decapeptide antamanide® or the pentapeptide gramacidin 5.2 Both
antamanide and the gramacidins are peptide ionophores. Like bacteriocin
JH1000, gramacidin S is an antibiotic active against Gram-positive
bacteria. If bacteriocin JH1000 is a cyclic peptide, it would be neces-
sary to open the chain prior to sequencing. Presumably, trypsin could
be employed for this purpose. The small peptide antibiotics often
contain unnatural (D)-amino acids. Therefore, the absolute stereochem-
istry of the amino acids in bacteriocin JH1000 would also be determined.

Interestingly, the biosynthesis of ionophore peptide antibiotics is
independent of the usual protein biosynthetic pathway, involving ribo-

somal, messenger, and transfer-RNA. Rather, a multienzyme complex,
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utilizing a mechanism related to fatty acid biosynthesis is emp]oyed.10
Since bacteriocin JH1000 is a relatively small peptide, its biosynthesis
may also involve a similar nonribosomal mechanism.

Hillman et al. have shown that S. mutans JH1000 and a tetracycline
resistant strain JH1001 both possess plasmid DNA.63 By using the plas-
mids from S. mutans JH1001, they were able to induce tetracycline resis-
tance into S. mutans GS5 {previously tetracycline sensitive). Half of
the transformants also produced a bacteriocin with the same spectrum of
activity as bacteriocin JH1000. Presumably, the plasmid is responsible
for JH1000 bacteriocin. Therefore, depending on which method of protein
synthesis is employed for the construction of bacteriocin JH1000, the
plasmid would either contain a gene for the synthesis of the bacteri-
ocin, or a gene for the nonribosomal enzymes reéponsib1e for the synthe-
sis of the bacteriocin.

By knowing the structure of bacteriocin JH1000, it would be possi-
ble to construct a sequence of radiolabeled complementary DNA corres-
ponding to the bacteriocin. This sequence could then be employed to
detect if the bacteriocin gene is present in the JH1000 plasmid, and
thus indicate which method of protein synthesis is responsible for the
construction of the bacteriocin. Alternatively, S. mutans JH1000 could
be feed an antibiotic known to inhibit ribosomal protein synthesis, such
as chloramphenicol or puromycin. If bacteriocin JH1000 continues to be
produced, a nonribosomal enzyme system is probably responsible for its

synthesis. This information would be important if an i

PRy

vivo technique

were to be employed for the preparation of bacteriocin JH1000 on a large

scale.
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PROPOSITION 2

ABSTRACT. Two thiorphan analogs are proposed to investigate thiorphan

induced analgesia. 19F NMR topography is proposed to map the in vivo

distribution of both enantiomers of a fluorine containing thiorphan
derivative. A photoactivated analog of thiorphan, capable of cové1ent1y
binding to the receptors for analgesia is proposed to determine if

thiorphan binds to an opiate receptor.
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The endogenous opioid pentapeptides, leucine and methionine-
enkephalin are neurotransmitter candidates thought to be responsible for
the induction of analgesia.l 1In the absence of a specific uptake mecha-
nism, hydrolysis of the enkephalin G1y3-Phe4 bond by a membrane-bound
metalloendopeptidase, "enkephalinase," is postulated to mediate enkepha-
1in induced analgesia.2 Racemic thiorphan [(+)-1] is reported to in-
hibit enkephalinase,3 extend the duration of analgesia induced by en-
kephalin analogs or noxious stimuli,? and even induce analgesia itself.5
Recently, Scott et al. have reported that (S)-thiorphan is slightly more
effective (ca. three-fold) an inhibitor of purified enkephalinase A than
(R)-thiorphan.6 Surprisingly, (R)-thiorphan is significantly more po-
tent an analgesic in the hot plate test than (S)-thiorphan. Therefore,
a mechanism other than enkephalinase inhibition may be responsible for

the analgesic properties of thiorphan.
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Several explanations can be advanced for the apparent dissociation
of antinociception from enkephalinase inhibition. It is possible that

(R) and (S)-thiorphan are metabolized at different rates in vivo. Both

enantiomers of thiorphan, however, retain their ability to inhibit
purified enkephalinase A, even after prolonged preincubation with rat
brain homogenate.6 Alternatively, (R)-thiorphan coJ]d be a stereo-
specific agonist for one of the opiate receptors. Naloxone, an opiate
antagonist, mediates thiorphan induced ana]gesia.5 It is unclear, how-
ever, whether naloxone prevents thiorphan, the enkephalins, or both from
binding to an opiate receptor. The following two sets of experiments
are designed to determine if thiorphan induces analgesia by binding to
an opiate receptor.

Several opiate receptors have been proposed; however, only two--the
u and k-receptors--are thought to be directly involved with the induc-
tion of ana]gesia.7 The opiate receptors are highly stereospecific:
(-)-morphine induces analgesia, while (+)-morphine exhibits essentially
no antinociceptive activity. The stereospecificity of the opiate recep-
tors could explain why only (R)-thiorphan induces analgesia.

If (R)-thiorphan stereospecifically binds to an opiate receptor,

then its in vivo distribution should correspond to the distribution of

the opiate receptor. The distribution of (S)-thiorphan, on the other

hand, should more closely resemble the distribution of enkephalinase.
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In the CNS, the distribution of enkephalinase and the opiate receptors
are similar, both having their highest concentration in the striatum.B
This is not the case, however, in other regions of the body. High
levels of enkephalinase are found in the lung and thyroid with Tow
levels in the ileum, while high levels of opiate receptors are found in
the ileum.9» 10 By mapping the distributions of (R) and (S)-thiorphan,
and comparing this with the differential distributions of enkephalinase
and the opiate receptors, it should be possible to determine if the
distribution of (R)-thio;phan corresponds to that of the opiate recep-
tors, and the distribution of (S)-thiorphan corresponds to that of
enkephalinase.

1 propose to prepare both enantiomers of a fluorine containing
thiorphan analog (2), and to employ 19F NMR topography to map their

distributions in vivo. NMR topography can be employed to map the two-

and three-dimensional distribution of a drug within a living animal.ll
Fluorine is chosen to label the thiorphan because of the high sensitiv-
ity of 19F NMR (second only to 1y NMR), and the low natural abundance of
other fluorine-containing molecules within the body.12 19F NMR topogra-
phy could also be employed to map the distributions of enkephalinase and
the opiate receptors by using fluorine-containing analogs of the enkeph-
alins and the opiates, respectively.

Smith and Wilkinson have shown that the antinociceptive activity of
enkephalin analogs increases by placing an electron-withdrawing sub-
stituent on the Phe# phenyl ring (Figure 1).12 For example, a p-chloro
and p-nitro substituent increases the antinociceptive activity eight and

twenty-eight-fold, respectively, as compared to the parent unsubstituted
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Figure 1. Binding of Enkephalins and Thiorphan to Enkephalinase.

enkephalin. Therefore, an electron-withdrawing p-trifluromethyl sub-
stituent on the phenyl ring of thiorphan would be expected to increase
its antinociceptive activity.

A synthetic plan for the preparation of (R) and (S)-2 is shown in
Scheme 1. The synthesis closely resembles the method we employed to
construct both enantiomers of thiorphan.13 The major bond construction,
generating the chirality, is based on the diastereoselective alkylation
of chiral 2-oxazolidinone imide enolates.l4 Alkylation of the Tithium
enolate derived from imide 3a with bromomethyl p-nitrobenzyl sulfidel®
would afford alkylated imide 4a. Transbenzylesterification of 4a
(Li0Bn, THF)13 followed by acid-catalyzed hydrolysis of the resultant
benzyl ester (6 M HBr in HOAc)16 would afford acid (R)-5. Condensation
of (R)-5 with benzyl glycinate [(Ph0),P(0)N3, Et3N, DMF117 followed by
deprotection [Pd/C, Hp, 10 equiv 1 N HC1118 would afford (R)-2. The
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p-nitrobenzyl group is chosen to protect the sulfur since it can be re-
moved by catalytic hydrogenation under acidic conditions.18 The alter-
nate dissolving metal reduction conditions, employed for the construc-
tion of thiorphan, potentially would remove fluorine from the trifluoro-
methyl substituent. The enantiomeric (S)-2 could be prepared by sub-
stituting the norephedrine-derived 2-oxazolidinone (X,) shown in Scheme
1 with the (S)-valinol derived 2-oxazolidinone (Xy)»

The two enantiomers, (R) and (S)-2 would first be assayed for
enkephalinase inhibition and analgesia in the hot plate test on rats.
Assuming that the structure-activity relationship is similar to thior-
phan, {i.e., {R})-2 induces analgesia, while ($)-2 is mainly responsible

for enkephalinase inhibition) the in vivo distribution of (R) and (S)-2

in rats would be determined by 197 NMR topography. Since (R)-thiorphan
also 1inhibits angiotensin converting enzyme (ACE),6 it would be neces-
sary to‘pretreat the animal with captopril, a setective inhibitor of
AcE.la  19F NMR topography could also be employed to measure the rate
the drugs are distributed throughout the body. This information could
then be correlated with the onset of analgesia.

Presuming that the above set of experiments indicate that (R)-2
binds to an opiate receptor, the following set of experiments are
designed to identify and possibly isolate the receptor. Toward this
purpose, I propose to synthesize a 14¢ 1abeled, photoactivated19 thior-
phan analog [(R)-6] that is capable of covalently binding to the opiate
receptor.

A synthetic plan for the construction of (R)-6 is shown in Scheme
2. As before, the synthesis closely resembles the method we employed to

construct both enantiomers of thiorphan.13 Since both the nitro and
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azido substituents are labile to reduction, the protecting groups would

be removed under acidic conditions.

0 NO, o NO,
la

2)b

NO, NO,
d
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(8] H SR N, SH N,
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o) LDA,THF. b) RCH.SCH,Br. c}LiOBn, THF. d) 6M HBr inHOAc. &) K.CO,,
RBr. f) (PhO),P(O)N,, RO,CCH,NH, , E1,N, DMF. g)H*

Scheme 2
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The photjactivated analog (R)-6 would first be assayed for anal-
gesia in the hot plate test on rats. Those tissues, previously shown to
have a high affinity for (R)-2, would then be treated with (R)-6 and
exposed to 1ight. Fractionation of the tissue would allow the isolation
and identification of those components binding to the thiorphan analog.
A comparison could then be made with previously isolated opiate

receptors.’
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PROPOSITION 3
ABSTRACT. The use of labeled metabolites is proposed to study the bio-

synthesis of the brevetoxins, an unusual family of polyether marine

toxins isolated from the “red tide" dinoflagellate Ptychodiscus brevis

Davis.
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The marine phenomenon known as "red tide" is caused by the rapid
growth, or bloom, of unicellular dinoflagellate algae. Dinoflagellate

blooms by Ptychodiscus brevis Davis (Gymnodium brevis Davis), along the

Florida coast and in the Gulf of Mexico, are responsible for massive
fish kills, mollusk poisoning, human food poisoning, and human respi-
ratory ailments.l Several dinoflagellate toxins have been isolated,
including saxitoxin (1), gonyautoxin (2), and two phosphorus containing
molecules 3 and 4. Recently, three members of an entirely new family of
dinoflagellate toxins, the brevetoxins (5a-c), have been isolated from
fg_;ugggggz Unlike saxitoxin and gonyautoxin, which are water soluble
and block the sodium channels, the brevetoxins are lipid-soluble neuro-
toxins that activate the sodium channels.lb

The brevetoxins represent a unique class of’natura] products. The
structure of brevetoxin B {5b} was elucidated by X-ray crystallo-
graphy.28 Soon thereafter, the structures of brevetoxins A (5a) and C
(5¢) were determined by high field 14 and 13¢ NMR spectroscopy.2b, 2¢

Structurally, the brevetoxins are characterized by a long carbon chain
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locked into a rigid ladder-like skeleton, consisting of 11 contiguous
trans-fused ether rings. Other than their structure and acute toxicity,
1ittle is known about these molecules.

A plausible biosynthetic pathway that accounts for the stereo-
chemistry at the numerous oxygen centers in brevetoxin A (5a) is illus-
trated in Scheme 1. The ten di- and trisubstituted (E) olefins of
polyene 6a are stereoselectively epoxidized from the (si,si) face to
afford polyepoxide 7a, which then undergoes a chain of epoxide ring-
opening cyclizations to give 5a. Cane et al. have proposed a similar

scheme to account for the stereochemistry of most polyether ionophore
3

antibiotics.

Scheme 1
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The biosynthesis of the postulated polyene intermediate 6a, how-
ever, is not immediately obvious. One possibility is that the carbon
framework is constructed in a linear manner, analogous to the biosynthe-
sis of fatty acids, from simple acetate and propanoate building blocks
(Scheme 2, Path A). The carbon backbone of the polyether ionophore
antibiotics is constructed in this fashion.? This pathway, however,
does not account for the methyl substituents at C-3, C-13, and C-25, nor
the methylene substituent at C-41. Presumably, these C] Substituents
could be derived from methionine or malonyl CoA (vide infra). Alterna-

tively, polyene 6a could be constructed via an isoprene pathway (Scheme

cave s e v J
O AR - o

Y 0

.= HoJ'LCH, "\I = HOJH

Scheme 2
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2, Path B). This pathway, however, would require the incorporation of
three unusual Cg jsoprene homologs.5 A third possibility, related to
the first, is a 1inear polyketide synthesis from acetate, propanoate,

and 3-hydroxy-3-methylpentan-1,5-dicate 8 building blocks (Scheme 3,

Path C).

H\-\\-\wk-\.v\]kvjk/t\'*/./(.fl(«\r

O

0 K)\ 0 Me
e = HOJJ\MQ ‘\l = HOJ'H = HO%
Me COH

Scheme 3

I propose to use labeled metabolites to differentiate between the
three biosynthetic pathways leading to polyene 6a. Cultures of P.
ggggis would be grown in the presence of various 13¢ 1abeled precursors,
and the resultant brevetoxins isolated according to the reported pro-
cedure.2 The incorporation of the labeled precursors would then be

determined by 13C NMR spectroscopy.
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Initially, the incorporation of [1-13C]- and [2-13CJacetate would
be evaluated; The specific positions predicted to be enriched by incor-
vporation of various labeled precursors are shown in Table 1 (X = enrich-
ment, 0 = no enrichment, U = unknown)}. The transformation of labeled
acetate to isopentenyl pyrophosphate and 3-hydroxy-3-methylpentan-1,5-
dioate {8), required for Paths B and C, respectively, is illustrated in
Scheme 4. By examining the enrichment, or lack thereof, at C-20, C-23,
C-37, C-38, C-22(Me), and C-36(Me), by incorporation of [1-13c]- and [2-
13C]acetate, it would be possible to differentiate Paths A and C from
Path'B. Confirmation of Paths A and C would be provided by evaluating
the incorporation of [3-13cJpropanoate at C-8(Me), C-18(Me), C-22(Me),
and C-36(Me). Path B would be confirmed by evaluating the incorporation

of [5-13CImelvalonate at C-1, C-20, C-27, C-38, and C-39.

A, + - AT
Ma”' CoA NN oA HO ™~ coa

OH
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A distinction between Paths Al, A2, and C could be made by deter-
mining the source of the 1 substituents at C-3, C-13, C-25, and C-41.
In Paths Al and A2 they are introduced by methylation of the polyketide
chain, whereas in Path C they are incorporated as part of the polyketide
chain. The source of the methyl groups in Path Al is methionine. There-
fore, Path Al can be differentiated from Paths A2 and C by evaluating the
incorporation of [13CImethionine.

Recently, while investigating the biosynthesis of virginiamycin,
Kingston et al. uncovered a new polyketide methylation reaction.® As
illustrated in Scheme 5, the methyl group of acetate (via malonyl CoA)
provides the source of the new carbon atom. Unfortunately, the incor-
poration of [2-13CJacetate would not distinguish between Paths A2 and C.
The two pathways, however, could be differentiated by using [3-13c]ser-
ine as a delayed source of [2-13CJacetate. In Path A2, the C-3, C-13,
C-25, and C-41 substituents are introduced after the polyketide chain is
formed,and therefore, with a delayed source of [2-13C]acetate, would be
expected to be enriched to a greater extent than the polyketide chain.

In conclusion, it is necessary to comment about Path C. Rather
than only incorporating acetate and propanoate building blocks, 3-
hydroxy-3-methylpentan-1,5-dioate (8) (or an equivalent) is introduced
into the polyketide chain. This process is illustrated in Scheme 6.
The incorporation of fully labeled 8 as indicated in Table 1 would be

evaluated to confirm this possibility.
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PROPOSITION 4

ABSTRACT. The use of a labeled precursor is proposed to determine
whether the epoxidation of 5-hexen-2-one with potassium peroxymono-
sul fate is inter- or intramolecular. If the reaction is shown to be
intramolecular, experiments are proposed to investigate internal asym-
metric induction in the peroxymonosul fate epoxidation of chiral 1,5- and

1,6-enones.
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The stereoselective generation of carbon-oxygen bonds is an impor-
tant aspect in the construction of poly-hydroxylated natural products.
A variety of procedures to accomplish this goal have been reported.1
Significant among these are the stereoselective epoxidation of chiral
ally]ic,z homoa11y1ic,3 and bishomoallylic alcohols,? as well as the
asymmetric alkylation of prochiral allylic alcohols.> The overall util-
ity of these epoxidation procedures has been demonstrated by their use
in numerous synthetic projects.

Recently, potassium peroxymonosul fate (KHSOS), in the presence of
acetone and under neutral conditions, has been shown to epoxidize a wide
variety of olefins (Scheme 1).6 The peroxymonosul fate--acetone system
is both highly reactive and stereoselective. For example, (E)-cinnamic
acid, a substrate not epoxidized by either alkaline hydrogen peroxide or
m-chloroperbenzoic acid, reacts with potassium peroxymonosulfate in the

presence of acetone to afford the trans epoxide. The reaction condi-
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| tions are both mild (pH = 7-8, 2-10°C) and versatile. Water soluble
olefins are epoxidized in aqueous solution; non-aqueous soluble olefins
are epoxidized under biphasic conditions via phase transfer catalysis
(PTC). 1In the absence of a ketone, potassium peroxymonosulfate does not
react with olefins. Kinetic experiments suggest that dioxirane 1 is the
reactive intermediate responsible for peroxymonosulfate epoxidations,
and that the ketone merely acts to catalyze the process (Scheme 2).7

Thé epoxidation of 5-hexen-2-one with potassium peroxymonosulfate
does not require acetone (Eq 1L5 Presumably, the ketone present within
this substrate is sufficient to catalyze the reaction. It is not known,
however, whetﬁer the oxygen is transferred inter- or intramolecularally.
The use of an [180]-1abeled substrate is proposed to answer this ques-
tion. A study would then be undertaken to determine both the minimum
and the optimum number of connective atoms between ketone and olefin
necessary for intramoiecular oxygen transfer.8 If the reaction is shown
to be intramolecular, it would be interesting to investigate the poten-
tial for generating epoxide stereochemistry by relative asymmetric

induction.g
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Initially, an experiment would be performed to demonstrate that
acetone catalyzed peroxymonosulfate epoxidations proceed via a dioxirane
intermediate. Assuming a negligible isotope effect, either of the
oxygen atoms of dioxirane 1 could be incorporated into the olefin.
Therefore, treatment of l-hexene with potassium peroxymonosul fate in the
presence of [180]acetone should afford a 1:1 mixture of labeled to
unlabeled 1,2-epoxyhexane (Eq 2). Two alternate reactive intermediates,
the carbonyl oxide 2 or the methylene peroxide biradical 3, would give

only unlabeled epoxide.6

Mo’ﬁ\\/’"\i:>

|l0
‘ JL KHSO,
Me W + Me Me PTC - + (2)
||0
Mew
"0—0 :ﬁ:f- wo?"
Me Me Me Me Me/k Me
1 2 3

The epoxidation of [180]-5-hexen-2-one with potassium peroxymono-
sulfate, in the absence of acetone, would be investigated to determine
whether the oxygen is transferred inter or intramolecularally (Eq 3).
The intramolecular transfer of oxygen would afford a 1:1 mixture of 4a
to 4b. The intermolecular transfer of oxygen, in addition to 4a and 4b,
would afford 4c and 4d. The presence of 4c and 4d could readily be

determined by mass spectrometry.
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If the epoxidation of 5-hexen-2-one is shown to proceed via an
intramolecular oxygen transfer, it would be interesting to investigate
the potential for internal asymmetric induction. The epoxidation of
(3R)-3,5-dimethy1-5-hexen-2-one (5) with potassium peroxymonosulfate can
afford two diastereomeric epoxides 6a and 6b (Scheme 3). The transition
state leading to 6b would be destabilized in respect to the transition
state leading to 6a due to an unfavorable 1,3 diaxial methyl-methy]
interaction. Therefore, 6a is predicted to be the major epoxide dia-
stereomer.

Likewise, the epoxidation of (3R,55)-3,5-dimethyl-6-hepten-2-one
(7) with potassium peroxymonosulfate can afford two diastereomeric
epoxides 8a and 8b (Scheme 4). The transition state leading to 8b would
be destabilized with respect to the transition state leading to 8a due
tc an unfavorable 1,3 diaxial methyl-methyl interaction. Therefore, 8a

is predicted to be the major epoxide diastereomer.
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By analogy to the epoxidation of 7, the epoxidation of (4S,6R)-4,6-

dimethyl-7-octen-3-one {9) with potassium peroxymonosul fate should pref-

erentially afford epoxide 10 (Eq 4). Treatment of 10 with tin tetra-

chloride previously has been shown to afford a-multistriatin (11), a

component of the European elm bark beetle aggregation pheromone (Eq 5).

0
Me\)"\/\/\ KHSO M \J'l\/\/d
N - (4)
H H PTC H H
Me Me Me Me
2 10
0 0
MeM SnCl, Me
7 s - 0
H : Me Ve (5)
Me Me
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PROPOSITION 5

ABSTRACT. Experiments are proposed to investigate the epoxidation step

in the biosynthesis of polyether ionophore antibiotics.
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Most investigations into the biosynthesis of polyether ionophore
antibiotics have focused on establishing the identity and location of
precursor incorporation.1 This is routinely accomplished by feeding
antibiotic-producing cultures various labeled precursors and analyzing
the incorporation pattern in the resultant antibiotic.Z Numerous studies
of this type have shown that polyether ionophores are derived from
simple acetate, propancate, and butanoate building blocks. Therefore,
the biosynthesis of this family of natural products is thought to pro-
ceed via a polyketide pathway, in a manner analogous to fatty acid
biosynthesis. Less, however, is known about the steps involved in
transforming the polyketide intermediate to the polyether ionophore
antibiotic--especially those steps responsible for generating the num-
erous stereocenters.l®

Based on the isolation of lasalocid A (1) and isolasalocid (2) from
the same fermentation broth, Westley has proposed a biochemical pathway
whereby both molecules are derived from a common precursoru3 According
to his hypothesis, illustrated in Scheme 1, the polyketide backbone is
constructed and transforméd into diene 3.4 Stereoselective diepoxida-

tion followed by acid catalyzed cyclization then affords either 1 or 2.
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Support for this proposal is provided by Hutchinson, who, by

feeding double labeled R13C1802H precursors to Streptomyces lasaliensis,

has shown that 180 is introduced at C-1, C-3, C-11, C-13, and C-15, but
not at C-19 or C-22.5 The absence of labeled oxygen at C-19 and C-22 is
the result predicted assuming a diene--diepoxide pathway. Presumably,
the oxygen at these two positions is obtained from molecular oxygen.6
The same diene--diepoxide or an analogous triene--triepoxide pathway has
been proposed by Cane et al. as the final step in biosynthesis of over
30 polyether ionophore antibiotics.1d

One method of investigating the epoxidation step in polyether
jonophore biosynthesis is to feed the antibiotic-producing organism
labeled diene or triene precursor. The isolation of Tabeled antibiotic
would provide further conformation of this pathway.7 Alternatively, the
epoxidation of simple olefinic substrates by polyether ionophore-pro-
ducing organisms could be investigated.

An examination of the proposed diene and diepoxide intermediates,
illustrated in Scheme 2, indicates a high decree of stereochemical
homology.ld Other than the a(20-21) double bond in the intermediate
leading to ferensimycin A and lysocellin, all of the olefins are
epoxidized from the (re,re) face of the double bond. Presumably, the
same--or a very similar--epoxidase is responsible for these stereo-
selective epoxidations.8 It would be interesting to investigate whether
the bacteria responsible for the synthesis of these polyether ionophores

are capable of stereoselectively epoxidizing simple olefinic substrates.
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Initial experiments would involve feeding 14¢ 1abeted olefins, such
as 4 and 5, to a salinomycin producing culture, and assaying the
fermentation broth for labeled products. The resultant Tabeled products
would be analyzed to determine whether the substrate is epoxidized or
degraded. By using substrates lacking a hydroxyl substituent it may be
possible to isolate the resultant mono- or diepoxide. Information con-
cerning the recognition requirements of the epoxidase would be gained by

varying the chain length of 4 and 5.

HO” (CH.). Y~ ~Me HO™ (CH), Y7 7 “Me
Me Me

Contingent on the previous experiments being successful, a further
set of experiments would be conducted to investigate the reversal in
epoxidation stereochemistry in the case of ferensimycin A and lyso-
cellin. A comparison of the structures of the diene precursors in
Scheme 2 suggests that the C-18 methyl substituent may be responsible
for the reversal 1in epoxidation stereochemistry. 1If this is the case,
then feeding diene 5 and 6 to a 1ysocellin producing culture should

afford diastereomeric diepoxides (Scheme 3).
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If polyether ionophcore producing organisms are shown to stereo-
selectively epoxidize simple olefinic substrates, work would be directed
at isolating the epoxidase system.9 The stereoselective epoxidation of
simple di- and trisubstituted (E} olefins to give products of high
enantijomeric purity is generally difficult to accomph’sh.10 Therefore,
the isolation of an enantioselective epoxidase for di- and tri-

substituted (E) olefins could be synthetically useful.
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In related studies, both Cane and Ajaz have shown that labeled

molecular oxygen (180) is incorporated by Streptomyces cinn-

amonesis during the biosynthesis of monensin A at the positions
corresponding to a triene--triepoxide pathway: (a) Ref. 2c. (b)

Ajaz, A. A.; Robinson, J. A. J. Chem. Soc., Chem. Commun. 1983,

679-680.

An enantioselective total synthesis of the triene precursor to

monensin is currently in progress. The in vivo transformaticn of

—
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Proffassor David Cane: Evans, D. A.; DiMare, M. unpublished
results.
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