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ABSTRACT 

Asymmetric synthetic organic chemistry of amino acids is of fundamental 

importance for the study of peptide and protein molecular design and molecular 

recognition. The designed unusual amino acids can provide unique conformational and 

topographical properties that are crucial for molecular recognition processes between 

peptide ligands and specific receptors, receptor subtypes, and the related signal 

transduction processes. It is necessary to design and synthesize optically pure unusual 

amino acids to meet different stereochemical requirements for different receptors and the 

various active sites on receptors. 

The Evans-type auxiliary has played an important role in the asymmetric synthesis 

of optically pure amino acids in the past decade. However, a lot of theoretical and practical 

research aspects in this field which are related to sensitive chiral enolates, new 

methodologies and new synthetic procedures need to be investigated. This thesis will 

present some new tactics for peptide molecular design, for asymmetric synthesis of p

branched a.-amino acids and for the related mechanistic organic chemistry which include: a 

one-pot tandem Michael-like addition/electrophilic bromination reaction and its application 

to the total asymmetric synthesis of four individual four individual isomers of 2', P-di

methyl tyrosine; an efficient 1110110- and di -demethylation procedure for aryl-methyl ethers 

of unusual amino acids; I, 2-asymmetric cis electrophilic induction in ally lic-strained 

boron enolates and its potential application for the asymmetric synthesis of unusual amino 

acids; a new strategy for the total synthesis of the four individual isomers of P

methylphenylalanine by using 4-phenyl-oxazolidinone as a new chiral resolution reagent 
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and simultaneously as a chiral auxiliary which can provide complete stereoselectivities; a 

concise method to separate racemic Boc-amino acids, including Boc-unusual amino acids, 

and a new chiral resolution reagent for HPLC and NMR analysis; a mechanistic study of 

the asymmetric Michael-like addition reaction by using 4-phenyl-oxazolidinone as a 

chemical probe (and a potential probe to study biological processes in the future when this 

motif is incorporated into biologically active molecules). In the last part of the thesis, a 

new method for the synthesis of the peptide Biphalin, which is perhaps the most potent 

anti nociceptive molecule examined thus far, by solution phase procedures which greatly 

accelerates the synthetic process and the structure-activity relationships study of Biphalin 

from the new uses of ~-constrained unusual amino acids. Finally, some new strategies for 

peptide molecular design are dicussed. 

----_.-.---- --- --_._------_._---------_._.- ----
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GENERAL INTRODUCTION 

1. 1. Peptide Chemistry 
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Peptide chemistry has been enjoying a golden stage as an active interdisciplinary 

research area amongst chemistry, biochemistry, molecular biology and molecular 

pharmacology for more than one decade because of the fundamental roles of this science in 

understanding enzyme mechanisms, peptide and protein conformations, protein-nucleic 

acid interactions, hormone-receptor interactions and many other biological properties 

related to molecular recognition processes. 1-6 

Beside the academic importance of this research, many practical applications are 

anticipated from peptide drug design, and from related peptide mimetics in fighting serious 

diseases e.g. AIDS, Cancer, Diabetes, Alzheimer's and Parkinson's diseases .. ·etc .. 

Almost all of the pharmaceutical and biotechnology companies worldwide have a "peptide 

group" whose goal is to develop new lead structure for drugs and about 40% of 

bioorganic/medicinal chemists in industry are now engaged in the development of peptide 

or peptidomimetic drugs.7 

One of the most important areas in peptide chemistry is to develop efficient 

approaches to understand the relationship of structure, conformation and dynamics to 

biological activities by using modern techniques such as asymmetric synthesis, NMR 

(including NMR imaging) and computer-assisted modeling so as to design receptor type-

------------_ ... ---.. --
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selective and subtype-selective peptide and peptidomimetic ligands with specific 

conformational and topographical features. 1-4, 8·15 

1. 1. 1 Peptide Conformational and Topographical Features I 0, II 

Peptides consist of repeated amino acid residues linked together by amide bonds. 

The peptide backbone is composed of three elements: the amide nitrogen, the a-carbon and 

the amide carbonyl group: ( Figure 1. 1) 

H 0 
I II 

r - - - - - - - - - - - - - - - - - -, 

:/N,r--- __ f--. :A 
~ ..... ' ,"'-../: ""'N" '1..' ,., ' 

.L. - - - - -,. -:.- - - -,. - - - - r -I~ : '>: H Backbone 

Side-Chai~ R : , , ._-----

Figure 1. 1 Peptide side-chain and backbone 

The backbone conformation is defined by three dihedral angles: <», '" and ro. 

(Figure 1.2) 

i-I, i , i+ 1 
, H 0 ' 

:I~: , N 'f' ' ro 

~y:/ :' /'" 
, • III ,N 
, .: 'I' 'I 

o : = : H , R , 

Figure 1. 2 Dihedral angles of peptide backbone 
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The side chain conformations, which play the major role for recognition (binding) 

and transduction (biological activity), are defined by rotational angles: Xl> X2 ...... There 

are three major low energy conformations around the XI angle on a peptide side chain: 

gauche (+), XI= +600 ; gauche (-), XI= -600 and trans, XI= 1800 . (Figure 1. 3) 

H 

R 

g+ 
XI = +600 

H 

H 

H 
g-

XI = _600 

H 

R 

trans 
XI = ±180

0 

Figure 1. 3 Peptide side-chain rotational angles 

1. 1. 2. Peptide Conformational Constraints 

Most small peptides are highly flexible molecules whose conformational and 

topographical structures are strongly influenced by the interactions with solvents and other 

molecules of their envi.ronment. The populations of biologically active conformations 

which coexist with numerous nonactive conformations are therefore limited by the structure 

flexibility. These biologically nonactive conformations make more unfavorable entropy 

contributions to peptide-receptor interactions when they are reorganized closer to their 

active conformations during the molecular recognition processes. The design and 

modification of peptide secondary structure is therefore necessary to reduce the free energy 

of binding process. Considering the difficulties to determine the stereochemical 

requirements for peptide ligands from receptors and other host targets such as various 
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enzymes, antibodies, etc., successful design and modification should provide some new 

insights into the binding message and biological activity message so as to minimize the 

difference of peptide conformational constraints from bioactive conformations or to 

maximize populations of bioactive conformations which could be estimated from NMR 

spectroscopy analysis and computer modeling. 

Backbone Modification 

Backbone modifications are very powerful for controlling peptide secondary 

structure. This can be achieved by local and global modifications separately or 

simultaneously.8-11 Local modifications are based on modifications of the amide nitrogen, 

a-carbon, the amide carbonyl and/or amide bond by systematic series of replacements. 

Most of the local modifications were developed in linear peptide systems to improve 

biological selectivity and potency, to enhance the enzymatic stability and to produce 

prolonged activity. Usually the more powerful modifications might be global 

modifications. Major global approaches of conformational restriction can be achieved by 

cyclizations from side chain to peptide backbone, or from side chain to side chain, so as to 

greatly reduce conformational flexibility. This strategy is not limited to linear peptides, it 

also can be applied to cyclic peptides to give mUltiple cyclic peptide analogs (bicyJic, 

tricyclic, etc.). Several successful strategies have been achieved in the design of oxytocin 

antagonists.5.6 e.g.:[p-Mpa l , Glu4, Cys6, Lys8] OT; [p-Mpa l , Glu4, CYS(I, Lys8] OT ), 
I 

ll-opioid receptor antagonist from somatostatin related peptide ( e.g. D-Phe-Cys-Tyr-Lys-

~ I I 
Thr-Pen-Thr-NH2(CTP); D-TicLCys-Tyr-Lys-Thr-Pen-Thr-NH2 ) and some other 

analogs. S- IO 

------------ ----- -.-----.-- ... _._------_._---------_._.. ----
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Side-chain. modification 

As mentioned before, side-chain conformations as well as orientations of aromatic 

rings in peptides are critical for molecular recognition processes between peptide ligands 

and their specific receptors on the surface of cells as well as for the following signal 

transduction pathways. Even in highly backbone constrained cyclic peptides, there is still 

considerable conformational flexibility because the side chain moieties still have 

considerable conformational freedom by rotation about the Xl, X2 and other side chain 

torsional angles. Introducing certain constraints on side-chain group can control the 

conformational flexibility of peptide side-chain. 

In principle, one of the most efficient strategies to control side-chain conformations 

and orientation of aromatic rings on side-chain is to introduce an alkyl group on the ~ 

position of a-amino acid residue or simultaneously introduce one or two alkyl groups on 

the aromatic ring of amino acid. (Figure I. 4) 

H 0 

y"~~r/'\ 
Hi! = H H 

/Hh X21 ~~ 
...-------::.------.. H6...-::; r-

b
-";:· =---d -. --Ik-I--"" 

by introducing alkyl group y mtr? ucmg a 'y group 
on position Hi! or/andHh on pOSitIOn H2 or/and H6 

Figure 1.4 Side-chain modification of peptide molecular design 

------------_ .. _- --... - - ---
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After this modification, there will be four individual isomers, three major low 

energy confonnations for each of the isomers and a total of twelve major confonners in the 

designed ~-alkyl a-amino acid. (e.g. see ~-methylphenylalanine Figure I. S) 

All of the conformations in Figure I.S are important for different peptide analogs 

and for different stereochemical requirements. The populations of these conformers can be 

determined by modern NMR techniques (e.g. Z-filtered TOCSY experiment) by measuring 

homonuc1ear and heteronuc1ear coupling constants. 16•17 

(2S, 3S)-p-Me Phe 

CH3~~ph ph~H H~CH3 
-CO~NH •• CO~NH- -CO~NH. 

H c~ ph 

X.";60° 
gauche (-) 

X.",180° 
trans 

X.a+600 
gauche(+) 

(2R, 3R)-p..Me Phe 

CHl~H 
.NH~C(), 

ph 

X ... ·600 
gauche (-) 

H~ph JlhkCH, 

.NH~co. .NH~C()' 
cH, H 

X ... 1800 
trans 

X.-+60° 
gauche(+) 

Figure I.Sa. Newman Projection of (2S, 3S) and (2R, 3R)-~-Me-Phe 

---------------_. ---
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(25, 3R)-p..Ms Phs 

H H H 

H:$~ ~:$C~ C~*H 
-co NH- -co NH. -co NH-

CH3 H Ph 

X.-60° X.-180o X.-+60o 
gauche(-) trans gauche(+) 

I (2R, 35)-p..Me Phs 

H H H 

H*~ ~~~ ~*H 
'NH""" co- -NH co- ·NH co-

Ph H CH, 

X ... •6Oo X.-180o X.-+60o 
gauche (-) trans gsuche(+) 

Figure. I.Sb. Newmqn Projection of (2R, 3S) and (2S, 3R)-j3-Me-Phe 

For even further restriction, the use of I, 2, 3, 4-tetrahydroisoquinoline carboxylic 

acid (Tic) (Figure 1. 6) is particularly useful because Tic is a constrained analog of 

phenylalanine in which a methylene bridge is placed between the u-N and 2' C of the 

aromatic ring. 

A particular interesting application of this amino acid residue has been in the 

investigation of the topographical structure requirements for the Il-opioid receptor 

(TCT AP).12.18 Conformational analysis using NMR, molecular mechanics and molecular 

dynamics calculations have shown that the overall backbone 'conformation of the native 

peptide is not changed by the substitution of the D-Tic residue into I-position. On the other 

hand, the side chain group is exclusively in the gauche (-) conformation (>98%). 

------.. ----
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D-Tic g- g+ 

e ~ 
H 

HN 
'~ 

H COOH H 0 
R 

Figure 1. 6 The conformation of D-Tic residue 

There are many other common methods for the modification of peptide side-chain in 

which the backbone conformation (especially $, '" dihedral angles) also is affected. For 

example, a series of cyclopropyl amino acids can be useful candidates for peptide molecular 

design. e.g. CyclopropylphenylaJanine: 19.20 

~COOH 

H Ph 

H2N

SC
'" COOH 

" " )" 
" " 

Ph H 

Figure 1. 7a Two isomers of CyclopropyJphenyJaJanine 

._---_. __ ._._-- -_. --.--.- --------------



Cyclopropy Imethionine: 21.22 

SMe 

H2N;(, .. COOH 

.' " )" I, 

'. SMe 

H 

Figure 1. 7b Two isomers of Cyclopropylmethionine 

Cyc1opropylarginine:23 

Figure I. 7c Two isomers of Cyc1opropylarginine 
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Introducing a rigid double bond between the ex. and ~ position of amino acid residue 

(loss of chirality) can restrict the side-chain torsional angle X I. meanwhile the <I> and", 

dihedral angles of backbone are restricted for both cis and trans forms of the dehydro 

amino acids: (Figure I. 8) 

---_. __ . -- .. _-- --_ .. _-------------
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Both symmetric and asymmetric a, a-disubstituted amino acids and a, p-

disubstituted amino acids also can provide a certain degree of restriction for the side-

chain: 24•26 (Figure I. 9) 

Figure 1. 8 Double bond restrained side-chain 

Figure I. 9 a, a-substituted amino acid residue 

Some cyclizations between the p-position and the amine group or the aromatic ring 

are considered to be very valuable modification:26.28• 30 

------_._-_._-_ ... -- --.-- ---.---
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Figure 1. 10 Cyc1ization between amino acid amine group and side chain 

~-amino acids. especially aromatic ~-amino acids, have become increasingly more 

challenging in both peptide molecular design and synthetic organic chemistry recently.29-34 

e.g. 

NHBOC 

Seebach, 1993 Meyers, 1994 

Figure 1. 11 Two examples of cyclic ~-amino acids 

--_._---_._-------- -------._- ------------------
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1. 2. Some Modern Methods for Amino Acid Synthesis 

Asymmetric synthesis of optically pure amino acids have been studied extensively, 

and several excellent books and review articles have appeared in the past few years.33-38 

Some of the newly developed and most important methods in this field will be discussed 

here. Actually some synthetic work, such as the asymmetric synthesis of branched (alkyl 

and hydroxyl substituted) amino acids, have just begun to appear and much more work will 

need to be done in the future. 

1. 2. 1. Asymmetric Catalytic Hydrogenation 

Asymmetric hydrogenation still remains an active research area.39-49 Even though 

asymmetric hydrogenation of yarious N-acetamidoacrylate esters by using chiral catalysts 

has been extensively investigated for the synthesis of optically pure amino acids, especially 

for unnatural and nonproteinaceous a-amino acids, very few of the previous chiral 

catalysts can provide very high enantiomeric excess (ee>99%). Recently a Du Pont 

research group developed a kind of Rh catalyst with a chiral diphosphine as the ligand 

(Figure 1.12.) which provided complete stereoselectivity.45 

Asymmetric synthesis of more challenging amino acids is limited by the availability 

of multiple substituted a,p-unsaturated carboxylic acid derivatives and the application 

scope of specific chiral catalysts for different reaction substrates. The same situation exists 

for asymmetric oxidation reactions which can be used in the asymmetric synthesis of 

unusual amino acids.(see 1. 2. 2) 

------ -- --- -- ------------'----------



4~p 

H>=<COOH 

R NHAc 

R R 

R=Me; Et; Pr; Bn. 

DuPHOS 

Rh(Et-DuPHOS) .. 
H 

H'J--:(COOH 

R .:: NHAc 
H 

Figure 1. 12 Chiral diphosphine-Rh catalyzed hydrogenation 

1. 2. 2. Asymmetric Synthesis of Hydroxyl Branched Amino Acid 
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(X- and ~-hydroxyl branched amino acids are increasingly important in peptide and 

protein molecular design because these amino acids can not only restrict side-chains of 

these biological molecules, but also can control backbone conformations by modifying 

hydrogen bond patterns in peptide and protein secondary structure, and can control the 

topography of the whole molecule by acting as hydrogen bond donor and acceptor. In this 

regard, they are essentially structural components in many important biological and drug 

molecules such as Taxol,46,47 Vacomycin,48 Bleomycin,49 etc. 
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Many of the efficient synthetic methods have been established recently. Miller and 

coworkers applied the asymmetric aldol condensation reaction for the asymmetric synthesis 

of hydroxyl-branched amino acids under phase transfer catalytic conditions in the presence 

of the chiral catalyst N-benzylcinchoninium chloride(Figure 1. 13):50 

(a) 

~w 
if I ~ HO"·· 

Catalyst with 
chiralligand .. 

(b) 

H 

Figure 1. 13 Chiral phase transfer catalytic aldol condensation 

Corey and coworkers developed a chiral bromoborane promoter in a condensation 

reaction (Darzens reaction) between bromo acetate and aldehyde to obtain a-bromo p
hydroxyl ester which were transferred to P-hydroxyl, a-amino acids.41 The Evans 

auxiliary attached substrate has also previously used in the synthesis of a-bromo P

hydroxyl esters: 52 

._---- _. __ ....... _ ....... -. 
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Figure 1. 14 Chiral catalytic Darzens reaction 
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Seebach and coworkers applied (R)- and (S)-2-tert-butyl 5-oxo-oxazolidine-3-

caboxylate as a condensation s!Jbstrate for this synthesis:53 

~ . p-1'0", (M"SO,N~;~ . ?xO H "''''''. 
\\." ) (2) EtCHO \\. " Et 

N N 
I I HO 
Z Z 

NH + ~ 

-01!YEt 

o OH 

Figure 1. 15 Seebach P-hydroxyl a-amino acid synthesis 

------- ------- -- . __ ._- . __ . 
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Very recently, Davies reported a new method for such syntheses by using a 

Darzens-type reaction of the lithium enol ate of methyl bromo acetate with an 

enantiomerically pure sulfinimine:54 

/
• OMe 

Q. H . ...1 ;s, ~ + Br~OLi 
p-Tolyl N R 

THF 
R) 7\COOMe 

H \ H 
~ 

os .. 
Tolyl-p 

OH 

50% TFA A .COOMe 
Ph' \ 

NH2 

Figure 1. 16 Davis ~-hydroxyl a-amino acid synthesis (I) 

Another interesting synthesis of unusual amino acid from the same group is 

concerned with a double chiral induced oxidation reaction by using (+)-(camphorsulfonyl)-

oxaziridine:55 

BzHN 

~COOMe 
Ph 

LDA. LiCI .. 
NHBz 

... ~COOMe 
Ph ~ 

OH 

Figure I. 17 Davis ~-hydroxyl a-amino acid synthesis (II) 

.. _-- ----=-~-. -" ------:... --". -------
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Smith III, Koskinen and Sharpless himself have used the Sharpless asymmetric 

dihydroxylation and epoxidation reaction has also been utilized for the synthesis by 

transforming one of the two hydroxyl groups to an amine. 

Smith III:56 

~OH Asymmetric.. 1 . OH 
epoxidation /" ~ 

o 

Jones[O] 

~ ..... eOOH 

- h (I)KOH 
0y NBn -~(2~)-~-,-Pd-(0-H-h --

o 

Figure 1. 18 Smith III p-hydroxyl a-amino acid synthesis 

Koshinen:57 

0" IP 
s 

0' cr-<
HO OH 0/ '0 

- eOOMc Sharpless . (I) SOCI2 _ ~ b Reaction" - eOOMe (2)NaIQ .. j-( eOOMc 

~ b 0 

Nal'9 .. 

~H2 
~eOOMe 

V (m 

Figure 1. 19 Koshine P-hydroxyl a-amino acid synthesis 

.. _ .. ·._0- __ . __ _ 
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Sharpless:58 

- Shnrpless ~
COOMe 

~ Q reaction 

OH OH 

Na~ .. ~COOM_e---..,;p~d1~c.:....;.H~2-1.~ ~COOMe 
O~3 U~H2 

Figure I. 20 Sharpless ~-hydroxyl a-amino acid synthesis 

I, 2-Asymmetric induction also was proved to be useful in the asymmetric 

synthesis of ~-hydroxyl a-amino acids.59•6o 

H o H HO :: Me H 

~ 
MeMgBr ~ Deprotection HOyMe 

FmocHN .\\Hj)~ ;mocHN .\\Hj)~ .. ~H 
H2N COOH 

o Me 0 Me 

Figure 1. 21a 1,2- Induction for ~-hydroxyl a-amino acid synthesis (I) 
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OH 0 (I) MeZnBr OH 0 OH 0 

~ (2)LDA .. ~ reduction .. ~ 
OEt (3) BocN=NBoc =. Et ~ OEt 

(4) NH!CI BocNH-NHBoc NH2 

Figure 1. 21 b 1, 2- Induction for ~-hydroxyl a-amino acid synthesis (II) 

1. 2. 3. Alkyl Branched Amino Acid Synthesis 

As discussed in the first section of this chapter, p-alkyl a-amino acids are 

important to control peptide side-chain conformation and the orientation of aromatic ring in 

peptides. Usually this kind of modification does not change the backbone conformation 

greatly, and the modified side-chain conformation is close to the native conformation. 

~I Me. EtCu-BF3 LDA, Me3SiCI 

Ybj( I ---"~.. NBS' .. Yb 

o 

NuN3 

Yb 

Me 

(I) Ti(OBn)4 .. 
(2) Pd. H2 Yb 

o 0 

4: .. \\" S0
2NfC) h 

Yb - <p~ 

Me 

Me 

Figure 1. 22 Oppolzer p-alkyl a-amino acid synthesis 
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Actually much less work has been conducted for the asymmetric synthesis of ~

alkyl a-amino acids. Oppolzer and coworkers synthesized L-allo-isoleucine by using his 

camphorsulfonic chiral auxiliary in which EtCu·BF3 was used in 1, 4-conjugate addition to 

yield sHyl acetal followed by electrophilic bromination reaction to give the key precursor 

bromide:61 

Seebach and coworkers applied asymmetric Michael-like additions to a chiral 

thiazoline for synthesis of several ~-branched a-amino acids:62,63 

Figure I. 23 Seebach ~-alkyl a-amino acid synthesis 

Recently Hanessian and coworkers reported the synthesis of ~-methylaspartic acid 

via the stereocontrolled alkylation of a dianion formed from a chiral 4-carboxy-2-

azetidinone:64 

------- ----------------------- --'---
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Figure 1. 24 Hanessian p-alkyl a-amino acid synthesis 
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P-Alkylglutamic acid can be synthesized by using asymmetric Michael-like addition 

of lithium dialky1cuprate to chiral oxazolidine followed by lactonization (for purification 

purpose) and cleavage:65 •66 

o 
Boc Boc, CO Me c) 'CHO N - 2 N 0 

Willig (1) R2CuLi .. X j ""Iioo • X j' (2) To'",", ,,' 
o 0 reflux R 

NHBoc 

(I) MeOH. OH R R 

K2CO) .. L 1 C02Me (I) PDC .. Me02C" A .C0
2
Me 

(2) CH2N2 ~ V (2) CH2N2 'V' 'V'" 

NHBoc NHBoc 

R 

H02C~C02H .. 6N HCI 

NHBoc 

Figure 1. 25 Chiral oxazolidine for p-alkyl a-amino acid synthesis 

~.-- ~--... -----------------
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[2+2] Cyc1oaddition reactions of monoalkylketenes and glyoxalate derived imines 

was used for the asymmetric synthesis of several p-alkylaspartate derivatives, and 

photochemistry of N-phthaloyl a-amino acid esters also have been shown promising in the, 

synthesis of p-branched a-amino acids:67,68 

Figure 1. 26 [2+2] Cyc1oaddition reaction for p-alkyl a-amino acid synthesis 
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Chapter 2 

ASMMETRIC SYNTHESIS OF ~.ALKYL PHENYLALANINE AND 

TYROSINE DERIVATIVES 

2. 1. Chiral Auxiliary 

All of the chiral inductions and chiral transformations are conducted by use of 

chiral auxiliaries for the asymmetric synthesis in chemical systems ( surely the same 

principle apply in life processes ). The leading chemical chiral auxiliaries in the last 

decade are Evans' 4-benzyl-oxazolidinone69,70 and Oppolzer's camphor sulfanoyl 

auxiliary.71 

Evans Oppolzer 

Figure 2. I Evans and Oppolzer chiral auxiliary 

Some modifications have been made subsequently on Evans auxiliaries by 

changing the alkyl group, e.g. by using phenyl to replace benzyl or isopropyl to yield 4-
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phenyl-oxazolidinone, which was utilized throughout the research of this thesis, or to put 

one more alkyl group on the 5-position.72 These modifications can provide more 

efficient sterochemical control because of the reduced flexibility of phenyl group on the 

position 4 of oxazolidinone ring. The extended distance of phenyl group is important for 

the remote control of p-chiral centers for asymmetric Michael-type addition reactions. 

Both (R)- and (S)-4-phenyl-oxazolidinones are synthesized from optically pure R

or S-phenylglycine by reduction and cycIization reactions using a modified Evans 

procedure69-70. 73-74 (Figure 2.2) The reduction of R- or S-phenylglycine was conducted 

by Giannis's method74• 75 instead of Evans procedure from considering the potential vigor 

of exothermic reaction in the later method. The synthesis started from the reduction 

reaction of R- or S-phenylalanine using lithium borohydride in dried tetrahydrofuran 

under the protection of nitrogen gas. Methanol was used to quench the extra amount of 

reducting reagent in this reaction. The crude product of reduction was easily purified by 

recryStallization from ethyl aGe tate and hexane. 

The cyclization of R- or S-phenylglycinol was carried by using diethyl carbonate 

and potassium carbonate. The reaction also was driven by distilling out ethanol, one of 

the products, from the cyclization reaction mixture. A solid mass was formed after the 

mixture was cooled down. The mass was ground into power and spread into water and 

ethyl acetate mixture to separate the sodium salt. The crude oxazolidinone was easily 

recrystallized from ethyl acetate. 

---------------



o OH 

PhXNH2 

a 

THF 

b 

Figure 2. 2 Synthesis of Evans Auxiliary 
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c 

In the cyclization step, a preheated oil bath is necessary and ethanol has to be 

removed as much as possible. Otherwise the diethylcarbonate only reacts with the amino 

group to yield the noncyclic product. Further reaction has to be made for the complete 

cyclization: (Figure 2. 3) 

• 

(noncyclic product) 

Figure 2. 3 Cyclization of oxazolidinone ring 

Recently, a similar cyc1ization for oxozalidinone ring was achieved from amino 

alcohol and carbon dioxide under a mild condition by using phosphorus(III) reagent 

[(PhhP; (PhOhP] and halogenoalkykane(CCl4 and CCI3CCI3).66 
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RJ 

'n 
'RHN OH 

.. 

RJ 

'n 
'RN 0 

Y 
o 

Figure 2. 4 

Phosphorus(III)-halogenoalkane reagent in formation oxozalidinone ring 

4-Alkyl-oxozalidinone also has been synthesized from the cyclic addition reaction 

of optically pure glycidol and benzoylisocyanate in which the hydroxy group can be 

tranferred to alkyl by lithium dialkylcopperate(l) mediated alkylation of 4-

tosy loxymethy 1-2-oxazolidinone. 77-79 

o 
~OH I. PhCONCO 

2. K2C03 
I. KOH R,cuLi 

--::.:...;:;:;=::;;--... ~ - ... 
2.2MCI 

3. t-BuMc2SiCI 3. TsCI 

Figure 2. 5 Coper(l) alkylation of oxozalidinone synthesis 

o 

HNAO 

)-l 
R 

Several other heterocumulenes also have been used to undergo a cyclization 

reaction with N-substituted-2-aminomethyloxirane for the formation of five-member 

heterocyclic ring.8o 



51 

Ph 

~NAv' 
o H 

Figure 2. 6 Cyc1ization with heterocumulenes 

A mild intramolecular cyclization of trichloroacetylcarbamate under weakly basic 

condition (K2C03 in MeOH/CH2CI2) was reported recently for oxozalidinone five 

member ring formation stereoselectively and almost quantatively.81 

OH 

Ph02S~R 

K,CO:1 
- • 10 

Figure 2. 7 Intramolecular cyclization of trichloroacetylcarbamate 

---... -.-- '-- ._-------------
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The Boc protected allylic amine epoxide, which was obtained from the 

peroxidation of allylic amine by meta-chloroperbenzoic acid(MCPBA), also has been 

stereoselectively transferred to oxozalidinone by a Baeyer-Villiger-type rearrangement 

and followed by hydrolysis of iminoether.82 

~ --(OH 

"=/ r .'\ 
HN"{ 

o 

H ~ H ~ R'ifY MCPBA. ~\x{Y _-=-H=-+_.....,.~ ROy;yh 
6H 'ROC-O 6H 0 ..•• //\ 

OH 

Figure 2.8 

Baeyer-Villiger-type rearrangement in cyclization oxozalidinone ring 

Another interesting rearrangement of N<X.-Boc, 0 -tosyl derivative of 

phenylalaninol was used for the formation of oxozalidinone ring under basic elemination 

condition with the loss of both Boc and tosyl groups.83 

........... , ...... ----
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Figure 2. 9a 

Loss of Boc group in the formation of oxozalidinone ring 

Optically sulfilimines which was prepared readily also can be transferred to 

oxazolidinone chiral auxiliary by photocyclization reaction. 84 (Figure 2.9b) 

OMe 

n~--* 
~-Hl'O 

I * COCH,CHOH 
- I 

Me 

Figure 2. 9b Asymmetric photosynthesis of oxazolidinone 

Very recently, palladium compounds [PdCI2(PhCNh or Pd2(dba}J·CHCI3] have 

been used to catalyze the reaction of O-(2,3-butadienyl) N-tosyl-carbamates with allylic 

chlorides to selctively provide tralls-4,5-substituted oxozalidinone. This complicated 

reaction can go through different pathways under various reaction conditions. 85 
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Pd catalst 

R2) f3 
Rlyf)~~ 

Rs 
o HTs aIlylating agent 

o 

~ r-tL2 ~ j;HT> 
~ Pd 
CI...Pc.l.i. 

o NHT,lL ~ ~ 

-Et3NH+CI" o NHTs y y 
0 

0 0 

j PdCI,. 
-Et3NH+CI" 

r-tL2 Pd 
I 
~CI . CI 

• o NHTs y 
0 0 0 Fi 

gure 2.10 

Palladium-catalyzed allylamination in formation oxozalidinone ring 

Some efficient modifications have been made by considering advantages of both 

the Evans and Oppolzer auxiliaries to obtain chiral camphor-oxazolidinones.86-88 (Figure 

2. 11) The exo, exo-2-amino-3-borneol-derived oxazolidinone can provide complete 

stereoselectivities in all of the cases examined and it is probably the best chiral auxiliary 

in this system examined so far. 



(a) 

(c) 

, ,o~o 
~ N"""'--

_ iiH 
H 

(b) 

Figure 2,11 The second generation of Evans auxiliary 
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Another interesting modification based on oxazolidinone resulted in a bifunctional 

chiral auxiliary which can be used to dictate the asymmetric reactions on two sides 

simultaneously,89, 90 The synthetic method is usful for the asymetric synthesis of ex 

branched ~-amino acids by transferring ~-hydroxy to amine group(Figure 2, 12a & b) 



r+ NH_2 _(;.....;l)_O_C_S_. rY N~>=O 
~NH2 (2)~O+ ~ 

EtC(O)CI 

H H H 

(I) Bl!BOTf 
(2) N-Et-piperidine. 

(3) R-CHO 

(4) H202 

78%, d.e>96% 

Figure 2.12(a) Bifunctional chiral auxiliary I 
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• 

The similar auxiliary, chiral 2, 5-diacyl-l,2,5,-thiadiazolidine l,l-dioxide also has 

been used in the asymmetric double aldol condensation reaction which was promoted by 

titanium tertachloride in dichloromethane at -78 oc: 

91%,97:3 

Figure 2.12(b) Bifunctional chiral auxiliary II 

- . -. -
.--~---.------

_. - __ - ~ ___ • - ___ 0_. _ _ ________ _ 
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2. 2. Regioselective Synthesis of ex, ~·Unsaturated Propenoic Acid 

2£- and 2Z-cx, ~-unsaturated propenoic acids are very useful building blocks in 

synthetic organic chemistry. (2E)-ex, ~-Unsaturated N-acyl-4-phenyl-2-oxazolidinones 

are precursors for asymmetric Michael-like addition and electrophilic bromination 

reactions in this thesis. They can be synthesized from the coupling reaction between 

chiral auxiliary and ex, ~-unsaturated propenoic acids(see section 2.4). 

The Heck or Heck-type reaction is the most important method for the synthesis of 

ex, ~-unsaturated propenoic acids. The latest developments enable us to synthesize many 

multiple substituted ex, p-unsaturated propenoic acid derivatives which are very difficult 

to obtain by classic methods. These ex, p-unsaturated propenoic acids with specific 

configurations can be utilized in the synthesis of more challenging unusual amino acids 

or as building blocks for peptidornimetic studies. 

Recently, Murakami and coworkers reported a new method for regioselective 

synthesis of polysubstitued aromatic ex, p-unsaturated carboxylic acid derivatives by 

controlling stoichiometric amount of Pd(OAch in the coupling reaction system65 (Figure 

2.13). The selective formation of 4-bromodehydrotryptophan without affecting the 

carbon-bromine bond is synthetically useful, because the bromine atom on aromatic ring 

can be easily converted to functionalized carbon side chain by organotransition metal 

catalyst. The reaction of ex-stannyl ester enolates with carbonyl 



Br 

An+ V~A 
Ts I 

..----

_l.Oeqv.of 
~ Pd salt 

0.1 eqv. of 
Pd salt 

C02Et 

~ 
Ts 

Figure 2.13 

Br _ C02Et 

(:JcC 
N 
Ts 

Regioselective synthesis of polysubstitued a, ~-unsaturated carboxylic acid 

-~ a SnBu3 
I 1\' 

LDA, TH~ PhCHO... Ph-C-Ct...COOtBu 
~8~ ~ ~e 

9}SnBu3 

- Ph-C~--COOIBu 
I I 
H Me 

Figure 2.14 a-Stannyl ester in a, ~-unsaturated carboxylic acid synthesis 
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compounds has been used to synthesize 2£ a-substituted a,~-unsaturated carboxylic acid 

derivatives which provided a new application of a-stannyl ester in synthetic organic 

chemistry.92(Figure 2.14) 

--------------- -------------
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The Baylis-Hillman coupling reaction also can be used in the regioselective 

synthesis of both 2Z and 2E a-substituted a,~-unsaturated carboxylic acid derivatives. 

The reaction of methyl 3-acetoxy-2-methylenealkanoates with lithium aluminium hydride 

in ethanol provides (2E)-2-methylalk-2-en-I-ols, whereas, reaction of 3-acetoxy-2-

methylenealkanenitriles with the same reagent provides (2Z)-2-methylalk-2-enenitrile:93 

(Figure 2. 15) 

OH 

R~CN 
OAc 

M,COCI. R~CN 

Hydrolysis .. 

Figure 2.15 

LAH-EtOH 
R CN 

~9' 
Me 

Baylis-Hillman reaction for the synthesis a, ~-unsaturated carboxylic acid 

~,~-disubstituted ex,~-unsaturated carboxylic acids can be synthesized 

regioselectively from the reaction of 2, 2-difluorovinyllithium with carbonyl compounds 

followed by an allylic rearrangement94(Figure 2.16a): 

H 

Ph)= (I) CFz=CHLi OH PhyYOH 
o -----.. ~ Ph+ CH=CFz - ~ 0 

(2) ~IO+ 
Me Me Me 

Figure 2.16a ~,~-disubstituted ex, ~-unsaturated carboxylic acid synthesis 
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Both aromatic and nonaromatic 2Z-unsaturated esters can be regioselectively 

synthesized from Wittig reaction by using bis(2,2,2-trifluoroethyl) 

(methoxycarbonylmethyl)phosphonate in the present of 18-crown-6 in THF.95-98 The 

opposite p-inductions to 2E-a, p-unsaturated oxozalidinones with the same auxiliary 

should be obtained if starting from 2Z-unsaturated compounds. 

RCHO 
+ KN(TMSh IS-Crown-6 

THF. -7SOc 

Figure 2.16b A useful 2Z-unsaturated ester synthesis 

(2E) 3-(4'-methoxy-2'methylphenyl)propenoic acid, which is the precursor for the 

synthesis of 2', p-dimethyltyrosine for this dissertation research, was synthesized by a 

procedure developed in our laboratory which is shown in Figure 2.17. The synthesis 

started with bromination of 3-methylanisole with bromine in solution of carbon 

tetrachloride. The electroph~lic bromination took place on the para position of the 

aromatic ring almost quantitatively as determined by NMR spectroscopy. The purified 

bromide was easily converted to Grignard reagent in freshly dried and distilled 

tetrahydrofuran without any catalyst, even though it was reported that this preparation 

does not work without ,a catalyst such as ethylene bromide,99 The resulting Grignard 

reagent was treated with anhydrous dimethylformamide to yield an aldehyde as described 

by Kende. 108 The aldehyde was homologated by a Wittig reaction with the yJide 

generated from triethyl phospho acetate and potassium tert-butoxide to obtain the a, p

unsaturated ester(Figure 2, 17). After purification by fractional distillation, NMR showed 

that only the E- product was obtained. The synthesized ester was hydrolyzed by the 

addition of methanol, water and lithium hydroxide to the resulting mixture. After working 
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up and acidification, the a, ~-unsaturated acid was obtained as a white solid which was 

recrystallized from ethyl acetate and hexane. 

Br2. CCI4. ... I (l) Mg. THF .. I H3

C0'9 H3

C0'9 
-25°C :::::-.. Br (2) DMF :::::-.. CHO 

Me Me 

2.17a 2.17b 

H3CO~ 
( I) (EtO)_?P(O)CH~02Et I 

--'-:-'-:'-:~'---'-'-----=---=---.~ :::::-.. 0 
WUOO 0000 
(3)6N HCI Me 

2.17c 

Figure 2. 17 Synthesis of 2E 3-(4'-methoxy-2'-methylphenyl)propenoic acid 

Recently a mild and regioselective bromination was reported by using 

hexamethylene tetramine tribromide (HMT AHBr3) in methylene chloride and methanol 

at room temperature with high yield. I09 

90% 

HMTAHBr3 = 

Figure 2. 18 Regioselective bromination of 3-methylanisole with HMTAHBr3 

- - -- _ .. -~------.---
- .~.-.--------.--- -------_.-
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2. 3. Protection and Deprotection in Unusual Amino Acid Synthesis 

Protecting groups are necessary in the synthesis of peptides containing tyrosine, 

histidine and tryptophan derivatives because of the active functional groups in the reaction 

substrates. The hydroxyl group of tyrosine synthesis was O-methyl protected. Cleavage of 

this protecting group was achieved in a sealed system at 90-94 °C using 48% hydrogen 

bromide and sodium iodide without racemization 110 (Figure 2. 19, also see Section 2. 7). 

OH Mel, K2C03 OMe 

¢ ~ ¢ "----/ oJVVVV' oJVVVV' 
HBr-H20 (48%) 

Nal 

Figure 2. 19 Protection and deprotection for tyrosine synthesis 

Benzyl group can also be used to protect hydroxyl group in this synthesis. This 

strategy might accelerate the synthetic progress because three steps reactions: deprotection, 

reduction and Boc reaction might be carried out in a one-pot operation e.g.(Figure 2. 20). 

Bno

WI 

N3 (Boc),O, AcOH HOWl NHBoc 
~ ~--~~---.~ ~ 

.: COOH Pd/C, H2 .: COOH 

Me Me Me Me 

Figure 2. 20 A one-pot operation for three-steps reaction of 

deprotection, reduction and Boc reaction 
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The imidazole nitrogen of histidine precursor was protected by the bulky 

triphenylmethyl group which can be cleaved by hydrochloric acid in acetone 1 1 1 (Figure 2. 

21 ). 

~ 
Acetone 

Figure 2. 21 Protection and deprotection for histidine synthesis 

The free amino group of 3-indoleacrylic acid can be protected by forming the 

mesitylenesuifonamide for the synthesis of tryptophan derivatives. The related 

deprotection can be easily accomplished by 

CF3S03H1CF3COOH/thioanisoleI12(Figure 2.22). 

~\ V
N

) 
I 

H 

n-Bu-Li 

~ 

~ 
ffFAffhioanisole 

~\ V N) 
I 

Mes 

using 

Figure 2. 22 Protection and deprotection for tryptophan synthesis 

1M 
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2. 4. Coupling Reaction 

A series of 2E , ex, p-unsaturated N-acyl-4-phenyl-2-oxazolidinones were prepared 

from the coupling reactions between 4-phenyl-2-oxazolidinone and ex, p-unsaturated 

propenoic acids as described in literature procedures. 114, 137 All of the aromatic ex, p-. 

unsaturated acids were transferred to anhydrides by pivaloyl chloride and triethylamine 

followed by coupling with the lithium salt of 4-phenyl-oxazolidinone which was prepared 

.. __ ._----- ----

Ph, ~ h 
Ar~NyO 

o 0 

Me~Cl+ 
o 

Ph" 
Ph, f\ 
1\ __ TH_F--.. .. Me~NyO 

-78°C LiNyO -
o 0 

o 

Figure 2.23 

Coupling reaction for the synthesis of ex, p-unsaturated 

N-acyl-4-phenyl-2-oxazolidinone 

----_._ .. _- _._---_ ... _-------------
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by the reaction with n-butyl lithium in dry tetrahydrofuran. The nonaromatic ex, p

unsaturated N-acyl-oxazolidinones were synthesized from commercially available crotonyl 

chloride and n-butyllithium by known procedures(Figure 2. 23). 

The coupling with free oxozalidinone has been tried by using the similar reaction 

condition as that in peptide synthesis at room temperature, by using BOP or HBTU 

coupling reagent. The reaction was conducted in one week. I 13 (HBTU: [2-(lH

Benzotriazol-l-yl)-l, 1 ,3,3,-tetramethyluronium hexafluorophosphate])(Figure 2. 24). 

HBTU= 

HBTU 
DMF 

Figure 2. 24 Coupling reaction by using HBTU reagent 

- ---._-------------
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2. 5. Asymmetric Michael-Like Addition and Evans Asymmetric 

Electrophilic Bromination99, 134 

The bromides with two chiral centers (a- and ~-) are the key intermediates in the 

total synthesis of all four individual isomers. The stereochemistry at ~-position can be 

controlled by 1, 4-conjugate addition reaction99(Figure 2. 25). The asymmetric Michael

like addition reagent was prepared by addition of alkyl magnesium bromide to cuprous 

bromide dimethylsulfide complex in dry THF and dimethylsulfide. The above prepared 

reagent was reacted with a,~-unsaturated acyl-oxazolidinone. The reaction was finished 

when the temperature was increased from -40 °C to room temperature. Dilute hydrochloric 

acid was used as the quenching reagent. 

(I a); (2) 

(I a); (2) 

(Ib); (2) 

(I b); (2) 

CH30,(-",) 

(Ia): MeMgBr-CuBr-SMe2; (Ib): VMgBr, CuBrlSMe2 
(2): HCI (aq. dilute) CH3 

Figure 2. 25 Asymmetric Michael-like addition reaction 

--- ----_._--_.- --------
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Asymmetric 1 I 4-addition to a,p-unsaturated substrates can be achieved by various 

ways. Dialkylaluminium reagent has been used in the 1 A-addition to chiral a,P-

unsaturated oxazinone. 1 03 

Figure 2. 26 1 A-Addition of diaalkylalimunium chloride to a,p-unsaturated oxazinone 

Some diastereoselective conjugate additions of cuprates to chiral unsaturated imides 

bearing an imidazolidinyl group which can be obtained from ephedrine and urea were 

reported to show an impressive stereoselectivity.l04 

CH 3MgBr-SMez-CuX 

Me 0 0 

Ph~NAo 
LJ .. - ", 

Ph' Me 

Figure 2. 27a lA-Addition of cuprate to chiral imidazolidinyl a,p-unsaturated substrate 

The similar auxiliary has also been used in the copper-catalyzed conjugate addition 

to optically active carbamatoacrylates followed by asymmetric protonation reaction. The 

reaction products were easily transferred to optically pure a-amino acids,?2 

-----------------------
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o 

o ~. 

~
N 0 

BnO ~~ 
Pli Ph 

I. RMgXlCuI 

Figure 2. 27b 1 A-Addition of cuprate to chiral carbamatoacrylate 

A interesting result is that the same stereochemistry can be obtained without the 

carbonyl group on oxazolidinone ring which is usually neccessary for the chelated 

conformation in chiral induction. Good to excellent stereoselectivities have been obtained 

in the conjugate addition of cuprates to a., p-unsaturated amide derivatives of 2,2-

dimethy loxazolidine chiral auxiliary. 1 05 

Pb 0 
. i "MXe Me PhMgBr-SMe2-CuI • ~ 

--------~----~Me N 0 

Ph)-l 

Figure 2.28 

l,4-Addition of cuprate to chiral 2,2-dimethyloxazolidine a,p-unsaturated substrate 

Grignard reagent can be directly used for the 1,4-unsaturated addition to chiral 

cinnamamides which were synthesized from cinnamoyl chloride and N-alkyl derivatives of 

(R)-( -)-2-aminobutan-l-ol with high stereoselectivity.106 

Mc 
Ph ..,.;; I 

"#1(1"' 
o OBn 

McMgBr 
Me 

Ph "x'Tr) '1"" Et 

Me 0 l 
OBn 

Figure 2.29 

l,4-Addition of Grignard reagent to chiral a,p-unsaturated cinnamamide 

... - . .-
--_. __ ._------_._--- -_. ---.---
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The a, p-unsaturated ester of cyclic diol has also been used as chiral auxiliary in 

the asymmetric synthesis of optically pure p-branched carboxylic acid derivatives with the 

addition reagents of organocuprates(R2CuLi). The interesting thing is that modification on 

the auxiliary with the same chirality can result in opposite stereoselectivity. It is believed 

that the hydroxy group can direct the organocuprate addition. 107 

(y0H 

V .. ,.~ 
o Me 

OH 

;-r:", ~ V···'" 0 Me 

(Ph),CuLi - . 

(PhhCuLi • 

Figure 2.30 

a OH 

"~M o Me 

o:OH 0 
Ph 

""'\\'~Me 

I,4-Addition of organocuprate to chiral a,p-unsaturated esters 

The a-carbon can be set through Evans-Mukaiyama methodology.138-141 The 

original Mukaiyama condition employed di-n-butylboryl trifluoromethanesulfonate and 

tertiary amine for the formation of boron enolate which can be used for various organic 

reactions. 137-145 The ratio of reactants should be optimized for different reaction systems. 

In Evans ex, ~-unsaturated oxazolidinone system,137-140 the optimized conditions for the 

enolization of the carboximide were determined to be 1.05 equivalent of di(n-butyl)boron 

triflate, 1.2 equivalents of diisopropylethylamine with dichloromethane as the solvent. 

Employing these enolization conditions, Evans group screened a number of different 

electrophilic bromination agents and found that N-bromosuccinimide is the best 

---.-.--- ------------_. 



(I); (2) 

(I); (2) 

(I); (2) 

(I): n-BttBOTf, OlEA, DCM; 

(2): NBS, DCM, -7'ifC. 

Figure 2. 3 i Evans asymmetric bromination reaction 
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bromination agent in dry dichloromethane at -78°C. The reaction can be finished in two 

hours at this temperature. 

It is very interesting that the boron enol ate can take both Evans asymmetric aldol 

and "non-Evans" asymetric aldol reaction through both the closed transition state(non

chelated) and open transition state(chelated).143.146-147 The asymmetric aldol condensation 

products can be easily transferred to p-branched a-amino acids by using the Mitsunobu

type or the method which was dicussed in section I. 2. 2 reaction. 148-149 The transition 

states are determined by the amount of added dibutylboron trifiate. If there is excess 

amount of dibutylboron trifiate, activation of the carbonyl can be provided by this Lewis 

acid, and the reaction will occur through an open transition state. Since the enolate reacts in 

----------
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this case in its intramolecular chelated form, the aldol reaction occurs on the si face(Figure 

32), giving aldol with the R configuration at the methyl-bearing chiral center. In the 

absence of an external Lewis acid, the activation of aldol must be provided by the boron of 

enolate which must give up the oxazolidinone carbonyl. Therefore, the ensuing aldol 

reaction takes place through the closed transition state, and on the enol ate re face which 

leads to the syn aldol having the S configuration at the methyl-bearing stereocenter. The 

hydroxy group in the aldol reaction product can be transferred to amine to obtain (X

branched ~-amino acid. 

RCHO 

Me Bu 0_/ __ / 0 
R~~iS?f 

H H B~ 
N 

o-::lo . 

o 0 OH 

OANVR 

• ~ Me 

Figure 2. 32. Boron enolate for aldol reaction 
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2. 6. A One-Pot Tandem Asymmetric Michael-type AdditionlElectrophilic 

Bromination 

As discussed in the section 2.5, two separated steps (asymmetric Michael-type 

addition and Evans electrophilic bromination) are needed to build a- and ~-chiral centers 

for the synthesis of bromides, the key intermediates to the final amino acids. Recently, we 

found that the enolate derived from asymmetric Michael-like additions can be directly used 

to brominate the a-chiral center too. Both (X.- and ~-carbons are stereoselectively directed 

by the 4R- or 4S-phenyl-oxazolidinone in a one-pot tandem operation. 

2. 6. I. Asymmetric Synthesis of (2R, 3S) and (2S, 3R) Precursors 

(2R, 3S) and (2S, 3R) precursors of ~-methylhistidine, ~-methyltyrosine, ~

methylphenylalanine and ~-methyltryptophan have been synthesized by starting from 

aromatic a, ~-unsaturated N-acyl-oxazolidinones as the reaction substrates. A simple 

copper reagent was used as ~he addition ligand to facilitate asymmetric Michael-type 

additions and subsequent direct electrophilic bromination reactions. I 15. I 16 

The overall syn-addition of organocuprates, and the tandem NBS bromination for 

directing the two new chiral centers, is controlled by the chirality of position 4 of the 4-

phenyl-oxazolidinone resulting in higher stereoselectivities than those for nonaromatic a, 

~-unsaturated N-acyl-oxazolidinones(see the following section). The discussion of the 

reaction is demonstrated by the synthesis of 3(4R)-{3(2R,3S)-[4'-(l'

triphenylmethyl)imidazole]-2-bromo-I-oxobutyl} -4-phenyl-2-oxazolidinone (Figure 2. 33) 
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(for monitoring purposes) 

Figure 2. 33. The synthesis of 3(4R)-{ 3(2R,3S)-[4'-(1'-triphenylmethyl)imidazole]-

2-bromo-l-oxobutyl }-4-phenyl-2-oxazolidinone 

The synthetic procedure started from Michael-type addition reagent which was 

prepared from copper(I)bromide-dimethyl sulfide complex and methyl magnesium bromide 

under the protection of nitrogen atmosphere. Different ex, B-unsaturated N-acyl-

oxazolidinone have different solubilities in tetrahydrofuran at -78°C. The stmting materials 

have to be dissolved in solvent completely before the 1,4 unsaturated addition reaction was 

performed. The solubility of 3(2£), 4R 3- {3-[ 4'-( l'-triphenylmethyl)imidazole]-l-

oxobutyl}-4-phenyl-2-oxazolidinone in tetrahydrofuran at -78°C is low, however, very 

good solubility in dichloromethane at this temperature. Tetrahydrofuran has been working 

successfully in the asymmetric Michael-type reaction and direct electrophilic bromination 

reaction so far, is might not be wise to replace tetrahydrofuran by other solvents. Acturally 

it has been shown that the stereoselectivity of asymmetric bromination from Evans-

Makaiyama boron enol ate is effected by the solvent effect, the stereoselectivity dropped 
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down to 70:30 when tetrahydrofuran was used as the solvent comparing to 

dichloromethene as the solvent(95:5).137 The cosolvent consist of tetrahydrofuran and 

dichloromethene is needed for the homogenous solution. 3(2E), 4R 3- {3-[4'-(1'

triphenylmethyl)imidazole]-I-oxobutyl} -4-phenyl-2-oxazolidinone was dissolved in 

dichloromethene at -78°C then added by tetrahydrofuran at the same 

temperature[ dichloromethene(ml)/tetrahydrofuran(ml)=2.4/4]. The organocopper reagent 

for the 1, 4-unsaturated addition was prepared from copper(l)bromide-dimethyl sulfide 

complex and methyl magnesium bromide. The latest research results have shown that the 

prechelated complex is neccessary for the following Michael-type addition reaction.(Figure 

2.34) 

(The stable conformation) 

o 
~ r=N }, 

(c H ) c·N.J-.. ~ N 0 
653 ........ ""'-1(1( 

o 0 
\ , 

\ , 
M 

(M is metal ion) 

Figure 2. 34 The rotational complex before Michael-type addition reaction. 

The metal chelated complex of 3(2£), 4R 3-{3-[4'-( }'-triphenylmethyl)imidazole]-

l-oxobutyl}-4-phenyl-2-oxazolidinone in Figure 2. 34 is very active to organocopper 

reagent. The asymmetric Michael-type addition reaction on this substrate can be finished at 

-78°C in 30 minutes, it will take 30 to 45 more minutes at -10 °C for other substrates in 

Table 2.6.1 in these cases it is neccessary to re-cool the resulted enolates back to -78°C 

maximize the populations of chelated conformers for the best control before the 

electrophilic bromination reactionton. 

-------- - -- ----------------------
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The non chiral auxiliary-attached enol or enolate halogenation reactions have been 

well known in literature. I 17, 118 Only a few cases are concerned with the halogenation of 

chiral auxiliary-attached imide enolates. In 1986, Oppolzer and coworkers reported the 

electrophilic bromination reaction of representative camphor auxiliary-derived silyl ketene 

acetyl.61 

/SiMcJ 
EI 0 

MC~ 

Figure 2. 35 Halogenation of camphor-derived silyl keten 

As discussed before, Evans and coworkers studied the electrophilic reaction on 

boron enolate of hydrocinnamyl carboximide and found that helogenation reaction by N

bromosuccimide(NBS) in dichloromethene provided high yield and the best 

stereoselectivity among a serious of halogenation agents such as bromine, benzene sulfonyl 

bromide, carbon tetrabromide, N-bromoacetamide, bromoiosopropylsulfonium 

bromide, .. ·.137 

----_ •....... _ ...... _---_._-------------
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~NBS 

Figure 2. 36 Evans boron enolate for bromination reaction 

The magnesium enolate derived directly from the asymmetric Michael-type addition 

in tetrahydrofuran and its cosolvent can take the electrophilic bromination reaction with 

great efficiency. Other halogenation agents were not tried. This study provided the first 

example of electrophilic bromination reaction on magnesium enol ate of chiral auxiliary-

Figure 2. 37 Magnesium enolate for bromination reaction 

-------.... ----------- ------------------ ---- -
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based system. This magnesium enolate (not copper enolate) has been confirmed recently 

by the direct NMR study for this reaction process. I 29(also see chapter 4) 

TLC and 1 H-NMR (250 MHz) provided convenient methods to monitor the 

progress and determine the stereoselectivities for both the asymmetric addition and 

bromination processes. TLC conditions employed EtOAc:hexane:CH3CN = 2.7:6.3: 1 for 

reaction 2.38.g, and EtOAc:hexane=3:7 for reactions 2.38·a-->2.38-f respectively. The 

absolute stereochemistry was confirmed by the X-ray structure analysis of 2.38·2e and by 

~ 
R~....-NvO 

II II 
o 0 

2.38· la, -Ie & -Ie 

Q 
~ 

h 
R~ ,;NvO 

II II 
o 0 

2.38· lb, old, -If& -lg 

I; 2 

I; 2 

o 
~~ 

R ..... ~A ° 
I IT Y 
CH3 0 0 

2.38· 2a, ·2e & ·2e 

Q 
Br 'h 

RyYNyO 
CH3 0 0 

2.38· 2b, -2d, -2f & -2g 

I. CH3MgBr, CuBr-S(CH3); 2. NBS, -78(JC. 

Figure 2.38 

The one-pot asymmetric Michae-like additionlelectrophilic bromination 

converting 2.38·2a to (2R,3R) p-methylphenylalanine which was compared to an authentic 

sample obtained by alternative procedures. 1 14 The down field chemical shifts (5.90-6.47 

ppm) of a-protons of the bromides and several I H signals from the chiral auxiliary can be 
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used to evaluate the stereoselectivities following the bromination reactions. Only one 

isomer was observed for the reactions 2.38·a, 2.38·b, 2,38-f and 2.38.g (Table 2.6.1). 

The solid products obtained from 2.38·e and 2.38·f were easily crystallized. All other 

products remained as oils or glassy solids and failed most attempts at recrystallization. 

0 

b 

c 

d 

e 

f 

g 

Table 2.6.1: Analogs synthesized by the novel procedure 

crude' purified clural conhguration 
R OaH of 

d.e. % vield% d.c. '70 bromides auxilinrv 

0- 99.0 BI.4 >99.0 6.06 S (2S.3R) 

0- 99.0 77.5 >99.0 6.06 R (2R.3S)# 

CHJO-o- 7B.0 71.9 >?9.0 6.00 S (2S,3R) 

CH3O-o- BO.O B9.9 >99.0 6.00 R (2R,3S) 

CH30~ 90.3 74.0 >99.0 6.1B S (2S.3R) 

HJ 

CHJO~ 99.0 76.0 >99.0 6.IB R (2R.3S)1 

HJ 

r-N 99.0 BO.3 >99.0 5.92 R (2R.3S) N0 (C6HSlJC 

• Only two isomers were observed in cases of c. d and c; >99.0% indicates only one 
isomer was observed. 
# The bromide has been convened into the authentic p·methyl amino acid. 
t The X·ray structure has been determined. IJI 

------- ---- ----- ------ ._--------------- -~-~- -- ---. 

[o:J025 
(CHCh) 

+67.7 
(c=:!.Bl 

-6B.0 
(c=2.4l 

+149.0 
(c=1.5l 

-145,4 
(c=2.41 

+ 119.5 
(c=2.4) 

·120.0 
(c=2..l) 

·67.S 
(c=1.5) 
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2. 6. 2. Asymmetric Synthesis of (2R, 3R) and (2S, 3S). Precursors 

(2R, 3R) and (2S, 3S) p-methyl a-amino acids can be synthesized from the above 

(2S, 3R) and (2R, 3S) bromide precursors. However, (2S, 3R) and (2R, 3S) p-methyl a-

amino acids should be synthesized by different methods. There are several strategies for 

the asymmetric synthesis of (2S, 3R) and (2R, 3S) p-methyl a-amino acids. The 

electrophilic azidation reaction developed by Evans and coworkers through using the 

asymmetric Michael-type addition products (section 2.6.1) as enolate source can be 

o 
~. 
f\ 

Ar~NyO 
o 0 

Tris~ 0 
N ~ 

::::N 'h 
ArhNyO 

CH3 0 0 

TrisNJ .. . 

o 
N ~. 

3 1\ 
ArYlrNyO 

CH3 0 0 

Figure 2. 39 Evans asymmetric azidation reaction 
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employed for this purpose. In this method, the optically pure ~-brached N-

acyloxazolidinone was treated with potassium hexamethyldisilazide to yield the potassium 

enolate. The resulting potassium enol ate was then treated with 2, 4, 6-

triisopropylbenzenesulfonyl azide, and the intermediate sulfonyl triazene was decomposed 

through an acetic acid quench to give the <x-azido carboximide.116.126.137 This goal can 

also be achieved by the asymmetric electrophilic amination reactions through silyl ketene 

and lithium enolate(see section 2.6.3). 

The second strategy is concerned with the chiral auxiliary replacement. In this 

method, the chiral auxiliary is removed by hydrolysis after the asymmetric Michael-type 

o 
~ 

'h 
Ar~N'J(0 

o 0 

I. CH3MgBr 

CuBr-S(CH~), .. 

2. H30+ 

Figure 2.40 Auxiliary replacement strategy 

•• .:..:"..:,."-: __ 0 ••• _:... ____ • _____ .~ 
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addition reaction, and the resulting optically pure p-branched carboxylic acid is re-coupled 

with the opposite chiral auxiliary to get the opposite control for the ex-chiral center. 

The third strategy is concerned with nonaromatic ex, p-unsaturated N-acyl

oxazolidinone as the asymmetric 1,4-unsaturated addition substrate followed by 

electrophilic bromination.119.12o In this method, the aromatic copper reagent was used as 

the Michael addition agent which was prepared from aromatic Grignard reagent and copper 

(I) bromide-dimethyl sulfide complex. The third strategy can provide further information 

about the scope of the reaction and reaction efficiency of the newly developed one-pot 

asymmetric Michael-type addition/electrophilic bromination which has been discussed in 

section 2.6.1. The reaction process is demonstrated by the synthesis of 3( 4S)- {3(2S, 3S)

[2-bromo-3-4'-aryl)-I-oxobutyl} -4-phenyl-2-oxazolidinone(Figure 2. 41) The solubility 

of these nonaromatic N-crotonyl-4-phenyloxazolidinones in tetrahydrofuran at -78°C is 

high and dichloromethene is not necessary to be used. Higher stereoselectivities might be 

obtained by improving the solvent conditions until more repeated expariments are carried 

out. It is difficult to explain that the stereoselectivities of this tadem Michael-type 

addition/electrophilic bromination reaction of nonaromatic system which are generally 

lower than that of aromatic system. The aromatic Grinard reagent was prepared as classical 

precedure from aryl bromides most of which are commercially available. 4-Methoxy-2-

methylbenzylmagnesium bromide was synthesized from the bromination reaction of 3-

methyl ani sol. The aromatic organocopper reagents were obtained by mixing Grignard 

reagents and copper (I) bromide-dimethyl sulfide complex at -78 OC. The reaction 

precedure is similar to that described in section 2. 6. I. 

---------------
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~ RMHB, .. 
CH3 ~ 1(0 CuBr-S(CH3)2 

o 0 

i~ 
NBS,THF. CH~~N 0 

-78"C ... . ,"1 2' II I( 
RH 0 0 

2.41-2a-->2.41- 2e 
2.41-1 (M is metal ion) 

a 
h 

CH3~VO 
\"J n II 

RHO 0 

2.41- 3a-->2.41-3e 

Figure 2. 41 Asymmetric Synthesis of (2R, 3R) and (2S, 3S) Precursors 

The crude residue was evaluated by I H-NMR prior to and after silica gel 

chromatography (30% ethyl acetate in hexane) or recrystallization (ethyl acetate) to yield p-

branched bromide (52-80%) (Table 2. 6.2). 

IH-NMR (250 MHz) was convenient to monitor the reaction progress and the 

enantiomeric and diastereomeric selectivities for both the asymmetric Michael-type addition 

intermediates(2.41-3a-->2.21-3e)(see experimental for details) and the final a-bromides 

(2.41-2a-->2.41-2e) respecti vely. The absolute stereochemistry was established 

unequivocally by the X-ray structure determination of an ( 2R, 3S ) analog prepared by the 

same method,131 and by characterization of the optically pure azide from the displacement 

2.41-2a (optical rotation, NMR, mp) compared to an authentic sample prepared by a 

different method. 114 The Michael-type addition occurred only on the Ca si-face attack on 

the Sods conformer of the organocuprate complexes 2.41-1a-->2.41-1d with ee % over 99 

% and the indicated de % of crude products (2.41-2a-->2.41-2e) (Table 2. 6. 2). Similarly 

N-crotonyl-oxazolidinones of opposite chirality underwent Ca re-face 



Table 2. 6. 2 Synthetic Results for (2S, 3S) Bromides 

crude* nurilied 0a.H of 

R de% yield % de% bromides configuration entry 
(ppm) -

a 0- 67.0 89 >99.0 5.95 (2'S,3'S) 

- - ---

b Q- 79.0 71 >99.0 6.02 (2'S,3'S) 
CH3 - 0;.3 C 'I ~ 78.8 52 >99.0 6.47 (2'S,3'S) 

CH3 --

d CHp-Q- 83.3 55 >99.0 5.90 (2'S, 3'S) 

--

CHP-Q: 99.0 # 80 >99.0 5.98 (2'S, 3'S)@ 
C CH3 
* Only two isomers were observed in all of the cases. 

@ X-ray structure determined for ( 2'S, 3'S ) isomer prepared from the same method. 131 

# The best result among 20 repeated reactions 
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10.1D27 

(CHCI.1) 

+35.6 
(c=2.20) 

+28.9 
(c=2.4) 

+20.9 
(c=2.2) 

+16.6 
(c=2.2) 

+13.8 
(c=2.8) 

attack as a consequence of the directing effect of the C-4 phenyl group in the chiral 

auxiliary.131 It is interesting to note the overall syn-addition following the tandem NBS 

reaction where the facial selectivity is controlled by the auxiliary, but in similar cases 

where no chiral auxiliary is present overall anti-addition generally occurs and the 

electrophilic attack is directed by the I, 4-Michael adduct. 126.127 The downfield chemical 

shifts of the a-protons of the bromides(2.41-2d-->2.41.2c) (doublets) range from 5.9 to 

6.47 ppm, and these could be used to evaluate the stereoselectivities of the bromination 

reaction. The minor diastereoisomers were readily separated by silica gel chromatography 

and recrystallization. 

----.---- .. ---- . --- :--~:.-----......:.-=---- .--
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The developed one-pot tandem reaction has been proved to be a powerful method for 

large scale synthesis of p-methyltryptophan, 2', p-dimethylpheyalanine and 2', 6', p-

trimethylpheyalanine derivatives with great efficiency. It can also be used to synthesize 

other p-branched a-amino acids. 

2. 6. 3. Michael-type Addition I Indirect Bromination 129-130 

Asymmetric electrophilic amination on several active enolates has been studied for 

amino acid synthesis. In 1986, Gennari and coworkers reported TiCl4-mediated 

asymmetric electrophilic ami nation by using N-methylephedrine as chiral auxiliary. 123 Di

tert-butyl azodicarbxylate was used as electrophilic attacking reagent on silyl ketene 

derived from the corresponding ester.(Figure 2. 42) 

Boc-N=N-Boc 

Figure 2. 42 

Asymmetric electrophilic amination by using silyl ketene 

At the same time, Evans, Vederas and coworkers independently reported a similar 

synthesis by using a lithium enolate for the electrophilic reaction substrate. 124. 125(Figure 

2.43) 



Figure 2. 43 

Boc Bn 
, " 

.~ N 0 
BOcl-lN-Nx;, h 

R Y 
o 0 

Asymmetric electrophilic ami nation by using lithium enolate 
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Inspired by our one-pot tandem Michael-like addition/electrophilic bromination 

reaction, we wished to do a similar reaction by electrophilic amination on the magnesium 

enolate directly derived from the Michael-like addition to build the a-chiral center. 

The reaction was tried as the similar procedure as direct bromination reaction which 

was discussed before. The electrophilic cannot take place at -78 oC until the temperature 

was increased to -25°C. However, the no amination product was obtained, the products 

are exact the same as that of Michael-like additionlelectrophilic bromination reaction. Since 

there is no electrophilic bromine source in the reaction system, the only bromine source 

[Br-] is from Grinard reagent and copper bromide. There must be a organic oxidation 

reaction in the process. The di-tert-butyl azodicarboxylate can oxidize the bromine anion to 

electrophilic bromine which will take the reation with the magnesium enolate intermediate 

derived from Michael-like addition reaction. The reaction mechanism can be proposed as 

followings(Figure 2. 44). 



MgBr+ 
o ( 0 
II II 

RO-C-N=N-C-OR 

MgBr 

01 0 
II II 

• RO-C-N-N-C-OR 

( I 

B'~~ 
Ar~l(0 

'R O'M"'O 

+ 

MgBr 

~ l?r 
RO-C-N-N-C-OR 

Figure 2. 44 

The proposed DBAD oxidation mechanism for the indirect bromination reaction 
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This unexpected reaction provided us with a new one-pot tandem Michael-like 

addition/indirect electrophilic bromination reaction. In this reaction, 

RMgBr·CuBr·S(CH3)2 was used for a Michael-like addition reagent and simultaneously 

for electrophilic halogenation from the oxidation reaction between DTBAD(di-tert-butyl 

azodicarboxylate) and the Michael addition reagent at -25 oC. This new reaction is expected 

to be more convenient for the large-scale synthesis of p-branched a-amino acids because 

the reaction mixture remains homogeneous throughout, even though the reaction conditions 

still need to be modified so that the yield can be improved. 

The overall syn-addition of organocuprates and the indirect bromination for 

directing the two new chiral centers is controlled by the improved Evans auxiliary as 
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discussed before. The reaction is demonstrated by the synthesis of 3(4R)-{ 3(2R.3S)-aryl]-

2-bromo-l-oxobutyl} -4-phenyl-2-oxazolidinone(Figure 2. 45). 

p~ p~ 
'h Ar no 

Ar ..... ~VO_...;R;.:;,M~g::.::B:-r _-! .. ~I ~f( 
~ II II CuBr-S(C~n Ro..O 

o 0 M' 

(M is metal ion) 

R = CH:lt C 2H5: 

[Bf] 

+ 
Boc-N=N-Boc. 

THF. -25°C 

-r-N 0-
Ar = (C H ) C. N~ f _ ' 

6 5 3 • 
H3Co-Q-. 

Figure 2.45 

Indirect one-pot tandem Michael-like additionlelectrophilic bromination reaction 

The synthetic procedure is similar to that of direct bromination reaction which has 

been described before. The results of this indirect tandem Michael-like 

addition/electrophilic bromination reaction were listed in Table 2.6.3. For details of the 

procedure see synthetic experimental(Chapter 3). 



q, 
R~'l(0 

o 0 
2.46·10, ·111 & 2.46·lg 

Q 
}-, 

R~'l(0 
o 0 

2A6·lc, ·Id, ·le,·1 f & 2.24·1h. 

I: 2 

() 
~~ 

R .... ~....-N 0 
~ IT ')( 
R' 0 0 

2.46.2a, ·211 & 2.46·2g 

I. R'MgBr, CuBr·S(CH3)2: 2. Boc·N=N·Boc. -25 'C. 
Figure 2. 46. Synthesis of (S, R) and (R, S) bromides 

Table 2.6.3 Synthetic Results of Michael AdditionlIndirect Bromination 

chiral crude* purified 
R R' auxiliary de% yield % --

n 0- CH3- S 96 44 

h 0- CH3CH2- S 99 53 

£ 0- CH3- R 96 42 

rl 0- CH3CH2- R 94 66 

g MeO-o- CH3- R 96 51 

r Meo-o- CH3CH2- R 96 66 

I: 
Meo-o- CH3- S 99 59 

t=N 
Ph C·N~ CH3- R ** 46 

h 3 
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configuration 
of products 

(2S,3R) 

(2S, 3R) 

(2R,3S) 

(2R, 3S) 

(2R,3S) 

(2R, 3S) 

(2S,3R) 

(2R,3S) 

*Estimated from NMR: ** Difficult to estimate from the NMR spectrum of the crude product. 
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2.6.4. Total Synthesis of Four Isomers of D· and L·O·Methyl·2', ~.di. 

Methyltyrosines 131,132 

Retrosynthesis of All Isomers of p.di.Methyltyrosines 

The procedure of strategy 1 which is shown in Figure 2. 47 and 2. 48 is among the 

first strategy for the total synthesis of four individual isomers of D- and L-O-Methyl-2', ~-

di-Methyltyrosines in our group. This is also the strategy which was employed in this 

dissertation study. In this procedure, four individual a, ~-unsaturated N-acyl-4-

phenyloxazolidinone derivatives(two aromatic substrates and two nonaromatic substrates) 

are needed for the four corresponding targets. The pivaloyl chloride is commercially 

available, (2E)-3-( 4'-methoxy-2'-methylphenyl)-2-propenoic acid need to be synthesized 

from four steps-reaction which has been described in Section 2. 2. 

As discussed in secti.on 2.5, originally the asymmetric Michael-type addition 

reaction was used to synthesize four isomers of [3-( 4'-methoxy-2'methylphenyl)-I

oxobutyl]-4-phenyl-2-oxazolidinone. The four individual isomers of 3-[2-bromo-3-(4'

methoxy-2'methylphenyl)-1-oxobutyl]-4-phenyl-2-oxazolidinone were synthesized by 

using electrophilic bromination reaction on Evans boron enolate. The newly developed 

one-pot tandem asymmetric Michael-type addition/electrophilic bromination reaction can 

save four steps and operations with great stereoselectivity and high yield. 

All of other operations (SN2 displacement, lithium peroxide hydrolysis, Pd/C 

catalyzed hydrogenation) can be carried out by known procedures from literature especially 

contributed from Evans at Harvard University. These known reactions in our new systems 

were performed very well. 



Schemes of Strategy 1 

CH)o~ CH'O~ , _ 2 
::::... ' 20H ::::... ~ OH 

CH3CH30 CH3 CH30 

n n 
CH'0'Q-A CH'O~ 

::::...' ... OH ::::... , 3 OH 

CH3CH30 CH3 CH30 

n n 
CH)oM" CH'O~h , _3 ~ 

::::... , N 0 ::::... =. - NyO 
Y CH3CH30 0 CH3CH30 0 

n n 
CH'O~h. CH'O~h 

::::...' N~ , ~ N 0 
=. y ::::... y 

CH3CH30 0 CH3CH30 0 

n n 
Ph~ Ph

h "r, 
CH3~NyO CH3~N 0 . Y 

o 0 o 0 

Figure 2. 47 Retrosynthesis of (2S, 3R) and (2R, 3S) isomers 

of amino acid derivatives 

- - -- --- -- -----------------
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Figure 2. 48 Retrosynthesis of (2S, 3S) and (2R, 3R) isomers 

of amino acid derivatives 

9 1 
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The second strategy shown in Figure 2. 49 and 2. 50 is concerned with the 

combination of Evans asymmetric bromination reaction of boron enolate and the tandem 

one-pot asymmetric Michael-type additionlelectrophilic bromination reaction. In the second 

strategy, only pivaloyl chloride is needed for the synthesis of four individual isomers of ex, 

p-unsaturated N-acyl-oxazolidinone derivatives, there is no need to synthesize (2E)-3-(4'-

methoxy-2'-methylphenyl)-2-propenoic acid. The major difference of this strategy from 

the first one is that the auxiliary has to be hydrolyzed after asymmetric Michael-type 

addition and coupled with the corresponding opposite one. The 3(2R, 3S) and 3(2S, 3R) 

3-[2-bromo-3-( 4'-methoxy-2'methy lpheny l)-l-oxobuty 1]-4-phenyl-2-oxazolidinone 

derivatives can be obtained from this "auxiliary exchange" method, and the (2S, 3S) and 

Ph40• 

~ 
CH3~N 0 

. II I( 
o 0 

Figure 2. 49 Retrosynthesis of (2R, 3S) and (2S, 3R) bromides 
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3(2R, 3R) 3-[2-bromo-3-( 4'-methoxy-2'methylphenyl)-I-oxobutyl]-4-phenyl-2-

oxazolidinones obtained from the direct bromination procedure as described in strategy 1. 

Figure 2.50 Retrosynthesis of (2R, 3R) and (2S, 3S) bromides 

The third strategy is concerned with the combination of Evans asymmetric azidation 

reaction and the one-pot tandem asymmetric Michael-type addition/electrophilic 

bromination l'eaction.(Figure 2. 51 & 2. 52) In the synthesis of 3(2S, 3S) and 3(2R, 3R) 

3-[2-azido-3-( 4'-methox y-2'methy I phenyl )-I-oxobuty 1]-4-pheny 1-2-oxazolidinone 

derivatives there is no need to carry Ollt the SN2 displacement on 3(2R, 3S) and 3(2S, 3R) 

3-[2-bromo-3-( 4'-methoxy-2'methy Ipheny I )-I-oxobuty I ]-4-pheny 1-2-oxazolidinones 

respectively. The Evans electrophilic azidation reaction can be carried out by using 

potassium enolate derived from potassium hexamethyldisilazide.(see section 2.6.2) 

Actuarially this strategy has been used in the total synthesis of four isomers of ~-methyl-

tryptophan derivatives. 1 16 

-----------_._-_._-------------------
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Figure 2. 51 Retrosynthesis of 3(2S, 3S) and 3(2R, 3R) azide 

Figure 2. 52 Retrosynthesis of 3(2R, 3S) and 3(2S, 3R) azide 

--. __ .. _-- -.-... -------------
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Several other strategies can also be considered for the total synthesis of the four 

isomers of of D- and L-O-Methyl-2', p-di-Methyltyrosine as well as other p-branhed {1.-

amino acid derivatives. The chiral separation method by using 4-phenyl-oxazolidinoe has 

been proved to a successful one.173.174 (also see Feng-Di T. Lung Ph.D. thesis, 

Univeristy of Arizona, 1995). The (2Z)-3-(4'-methoxy-2'-methylphenyl)-2-propenoic acid 

or Z crotonic acid can be used to obtain the opposite P- chiral center to the E- isomers as 

discussed before.(Figure 2. 53) 

Ph~. 
1\ 

CH3~NyO 
o 0 

Figure 2. 53 The Combinational strategy of Z- and E- {1.,p-unsaturated isomers 

-----_. __ ._.-•.... _- .. _._. __ ._-------------
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The total synthesis and dicussion 

The demonstration of the total synthesis of optically pure D- and L-O-methyl-2', p-

di-methyltyrosines will begin from coupling reactions for the synthesis of the four 

individual isomers of (X, p-unsaturated N-acyl oxazolidinones as described in 2.4.. The 

equations and the compounds numbers are shown in Figure 2.54. 

(X, p-unsaturated (2Z)-3-(4'-methoxy-2'-methylphenyl)-2-propenoic acid, crotonic 

acid, crotonic anhydride and the corresponding chloride derivative(crotonyl chloride) can 

be coupled with the 4R and 4S 4-phenyl-oxazolidinone auxiliary as described in section 

2.4. The coupling reaction of the Evans-type auxiliary with pivoloyl chloride can go much 

easier and more convenient than that with carboxylic acid because there is no need to 

activate the carboxylic group by using pivaloyl chloride for the formation of anhydride. 

Ph~ 
h 

Li,N v O CH 0 Ph 

8 • 3~~7a 
CH3 0 0 

2.540 

.. - _._------- ----.-- .-- --.-- -_._-------------
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Figure 2.54 

The Synthesis of Four Isomers of !X, p-unsaturated oxazolidinones 

The one-pot asymmetric Michael-like addition/electrophilic bromination reaction on 

both aromatic (2.548 and 2.54b) and nonaromatic (2.54c and 2.54d) 2E!X, p-unsaturated 

N-acyl-oxazolidinones can yield four individual isomers of 3-[2-bromo-3-(4'-methoxy-

2'methylphenyl)-I-oxobutyl]-4-phenyl-2-oxazolidinone derivatives.(Figure 2. 55) This 

new method has not been tried in 22 !X, p-unsaturated N-acyl-oxazolidinones system in 

our group. 

This one-pot tandem Michael-like additionleletrophilic bromination procedure has 

been successfully used in the synthesis of many other key intermediates of p-branched 

tyrosine, phenyalanine, histidine and tryptophan derivativesI15-120(Sections 2.6.1-2.6.3). 

--------------- ------ -- .. - -----.--- . -... - .. -.-.. ----~:-~~:-- .. - ---------
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The Michael-like addition/eletrophilic bromination results of this key step for this total 

synthesis are summarized in Table 2.6.4. 

-- - ----------

Ph~ 
,(, 

CHJ~N 0 
. II ')( 

o 0 

(I b); (2) 

(Ib);(2) 

CH10

0 . I 
(lu): MeMgBr-CuBr-SMe,; (lb): ... MgBr, CuBrlSMe2 

- CHJ 
(2) NBS, THF. -78'C . 

Figure 2.55 

3-[2-bromo-3-(4'-methoxy-2'methylphenyl)-1-oxobutyl] 

-4-phenyl-2-oxazolidinone 

-----------.--- - -- ------------------ -------



Table 2.6.4 The Synthetic Results of Four Isomers of Bromides 

chlrnl crudell purified 
[al~7 entry Rt R2 

de% conng. 
auxiliary yield% de% (CHCh' --- ----- --

CH30-Q- CH3- >99 (2R.35)·· -120.0 
2.5So R >99.0' 76 (.:=2.6) 

CH3 

CH30-Q-
CH3- >99 (25.3R) +119.5 

2.SSb CH) 5 90.3 74 (.:=2.4) 

------- --
CH3- CH30Q 

>99 (2R.3R) -13.2 
2.SSc CH) R 92.7 SO (c=3.2) --- --

CH)- CH30Q I >99 (25.35) +13.S 
2.SSd CH.1 5 92.5 RO (c=2.S) 

# Only two isomers were observed for b. c and d. 
* >99% means no detection for the minor products which is the best result among 20 repeated reactions 
** X-ray structure provided 

09 

Figure 2.56 

X-ray of 3(2R,3S), 4R 3-[2-bromo-3-(4'methoxy-2'-methylphenyl)-1-

oxopropy 1-4-pheny 1-2-oxazolidinone(2.55a) 

99 

._-----_._-_ .. _- ._--._-_._---------------- -- ~ • -._-- ----_______ .0_ .. ___ . _____ _ 
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It should be interesting to study the noncoordinational bromination on chiral 

boron enolatethe and the one-pot tandem chelated and non-chelated asymmetric Michael

like addition/electrophilic bromination reaction. Actually many examples for this similar 

electrophilic noncoordination reaction have been reported(section 2.5). Schreiber and 

Fuentes groups have also observed the nonchelated boryl enolate in the asymmetric aldol 

condensation reaction. 121 ,122 (Figure 2.57a) But so far no such asymmetric rotional 

opposite control has been reported for electrophilic bromination reaction on boron 

enolate.{Figure 2.57b) 

o 

.. 
R11 •• )lxc 

'Rj"""OH 

Figure 2.57a 

An opposite control of aldol condensation reaction 

NBS 
? .. 

Bn 

~N~R 
o~ Br 

o 

Figure 2.57b 

A possible opposite control of electrophilic bromination reaction 

----------.---.--- ---.---------~ ...... -..... ~---.-.-.. ''"'~=-._;c=,=._'_'_' ._ ... _. __ .. __ ._._ 
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The similar strategy of opposite control should be studied for the electrophilic 

bromination reaction on the magnesium enol ate from the asymmetric Michael-like addition. 

The mechanistic study has shown that the coordination bond between magnesium 

oxazolidinone carbonyl of the resulting magnesium enolate is strong. the free energy of the 

equilibrium between the chelated and nonchelated magnesium enolate is 15.0 Kcallmole. 

The chelated confromation is the major one below 253 K and the nonchelated magnesium 

enolate became the major one above 293 K. 

RMgBr 
Ph 

-:"7\ 
Ar~yO 

o 0 

<253 K >293 K 

j1 

NBS 
°t-O 

Aryy~ 
R 0 Ph 

.. 
\ 
,g"""Ligand 

Br 

-78°C 
Figure 2.58 

A proposed chelated and nonchelated control in asymmetric Michael-tYpe 

additionlelectrophilic bromination 
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Two possible strategies can be employed to get the nonchelated enolate. The first 

method is 0 find a suitable Lewis base to capture the magnesium of the opened enolate and 

to release the oxazolinoe carbonyl group. The second strategy is to find a suitable 

condition for transferring the magnesium enolate to silyl enolate which has the week ability 

to coordinate the carbonyl group of oxazolidinone ring. 

Tetramethylguanidinium azide(TMGA)135 was used as the source of nucleophilic 

azide anion for the chirality reversed SN2 displacement reaction. Tetramethylguanidinium 

azide was prepared from hydrazoic acid and tetramethylguanidine (I1I=mollmol) described 

as following. The hydrazoic acid was prepared by addition of concentrated hydrochloric 

acid into the cold water solution of sodium azide. The ethyl ether was used to extract the 

resulting aqueous mixture. The obtained hydrazoic acid ether solution was slowly added to 

a solution of tetramethylguanidine in large amount of ethyl ether while maintaining the 

temperature at 0 °C. After complete addition, the mixture was allowed to stand at ambient 

temperature for 12 hours, the. ether was filtered out to yield the TMGA as a white solid 

which was purified by recrystallization from chloroform-ether (80% yield). 

He) + NaN3 

! 
.. 

Figure 2.59 

The preparation of tetramethylguandinium azide 

-.--.--.- -------------
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To avoid the occasional explosion,136 non halogenated solvents such as 

acetonitrile, DMF et al. must be used for all azide nucleophilic displacement reactions. No 

racemization was observed in this step. Another safe method is to use Amberlite IRA-400 

azide resin as nucleophilic source and acetonitrile as the solvent. The reaction mixture. in 

which the ratio of Amerlite IRA-400 azide resin to bromides is 4.9 meq/l.O mol.. was 

stirred gently for 7 days at room temperature. The resin was filtered out and washed with 

tet'rahydrofuran four times. The solution was worked up as usual. By this method. the 

reaction can be conducted almost quantitatively. 

3. 
CH 0 Ph 
3~~1 lIn ::::,.., I . N 0 

=. ')( 
CH3 CH3 0 0 

2.60d 

3.: TMGA in acetonitrile. r.t.. 

Figure 2.60 

The synthesis of four isomers of p-methyl a-azido-N-acyl-oxazolidinones 

----- ---------- - --------
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It is believed that the explosion could be caused by the formation of diazidomethane 

generated from the nucleophilic reaction between tetramethylguanidinium azide or 

Amberlite IRA-400 azide resin and the solvent dichloromethane.99 The triazidomethane is 

also explosive for the similar reason. 

Removal and recycling of the chiral auxiliary was achieved by using 1.6 to 2.0 

equivalent of lithium hydroxide monohydrate in presence of 4 to 8 equivalents of hydrogen 

peroxide. The p-methyl-a-azido-N-acyl-oxazolidinone was dissolved the mixed solvent of 

tetrahydrofuran and water, added by hydrogen peroxide and followed by dropwise addition 

CHPYil ~3 
__ 4.:..:..._ ... ~ WnOH 

CH3 CH3 0 
2.618 

CH30Yil ~3 
__ 4_. __ .... ~OH 

4.: LiOH·H20, H202. 

CH3 CH3 0 
2.61b 

Figure 2. 61. Removal of chiral auxiliary 

-------_. __ ._----- -_. __ ._- ----- ------------~ 
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of lithium hydroxide at 0 oC. The reaction was completed in half an hour. The chiral 

auxiliary was extracted four times by dichloromethane or ethyl acetate from the above basic 

solution. The resulting basic solution was acidified, extracted by dichloromethane or ethyl 

acetate four times and dried over magnesium sulfate. The azido acids were obtained after 

evaporation. 

No racemization was observed for the hydrolysis of the four isomers of 3-[2-azido-

3-( 4'-methoxy-2'methylphenyl)-1-oxobutyl]-4-phenyl-2-oxazolidinones. It is easy to 

determine the racemization by observing the doublet of a-proton NMR signals of 

diastereoisomers because it is impossible to racemise the ~ chiral center in this reactio 

condition. 

If ester product is needed, the titanium(IV) alkoxide catalyzed transesterification 

method, which was developed by Seebach and coworkers in ETH-Zurich, can be 

used. IOO Evans group studied this method in the cleavage of 4-benzyl-oxazolidinone 

auxiliary successfully. 

Ti(DBn), N~ ~ 
--------" R /' If OB, 

o 

Figure 2.62 The titanium(IV) alkoxide catalyzed transesterification 

In the Evans method. hydrogen peroxide is crucial for the exocyclic opening of the 

optically pure azido sublrate. The endocyclic opening will happen without adding 

hydrogen peroxide. The endocyclic opening oxazolidinone ring is also very useful for 

.-~---.. ----------- .. --.-.- .. -.---
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different purposes. Recently Meyers and coworker used the similar ring opening reaction 

condition (ethanolic lithium hydroxide) in the stereoselective synthesis of C2- and meso-

aminodiols. 

LiOH, ~~\ 
OH HO 

.. 
EtOH 

Figure 2. 63 Ethanolic lithium hydroxide endocyclic ring opening 

The endocyclic oxazolidinone ring opening can be accomplished by catalytic 

amount of cesium carbonate(CsC03) in di-tert-butyl dicarbonate or in ethanol originally 

developed by Ishizuka and Kunieda. IO I,I02 

Csco). EtOH .. 

Figure 2. 64 Cesium carbonate catalized ring opening 
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Reduction of azido group was conducted by catalytic hydrogenation with palladium 

on active carbon (10%) in acetic acid solution for one to two days depending on the 

reaction scale. The resulting salt was purified by ion exchange (IR-120-plus exchange 

resin) chromatography with diluted ammonium hydroxide (114 to 112 volume) as the 

moving phase, the yield was greatly increased as compared with previous results:99(Table 

2.6.5) 

A more convenient hydrogenation reduction for a-azido carboxylic acid has been 

developed with great efficiency.ISO The reduction conditions employ 0.4 M solution of 

hydrogen chloride as the solvent and 10% PdJC at room pressure. The reaction is very fast 

and no side products and no racemization observed. The procedure is very easily to follow 

because the starting materials are insoluble in the solvent, howerer, the products (amino 

acids) are soluble in the solution. 

CHPY'n tlH2 
5;6.. ~OH 

5: 6 . • 

CH3 CH30 
2.65a 

. I NH2 CH30Qh 
:::".. OH 

CH3 CH3 0 
2.65c 

5; 6. CHPY'n tlH2 
----<.~ ~OH 

CH3 CH3 0 
2.65d 

Figure 2. 65 The reductions on azido groups 

---------- -----------
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Table 2.6.5 The results of azido group reduction 

product crude# 
purified purified 

[(Xl~7 entry 
dc% de% yield% 

(McOH) 

CH~O~ 
2.31n .... 1 -; OH 

99 >99 97 -28.0 

CH~CHJO (c= 1.8) 

CH'O~ +32.8 2.31b .... 1 OH >99 87 99 (c=3.0) 
CH,CH,o 

CH,O~ +19.8 2.31c .... 1 OH >99 80 99 (c=1.2) 
CHJ CH,O 

2.31d CHJO~ -20.0 
.... I ~ OH 99 >99 89 

CH., CHJ 0 
(c=1.6) 

As mentioned in section 2.3, three-steps reactions: deprotection, 

hydrogenation and BOC procedure could be carried out by a one-pot operation. Actually, 

two-step reaction: hydrogenation and NCl_BOC protection has been done by a one-pot 

operation in which stirring mixture palladium on charcoal (10%) in ethyl acetate was added 

by Cl-azido acid and di-tert-butyl dicarbonate in ethyl acetate, the resulting mixture was 

stirred under H2 at room temperature for 2 hours153.154 e.g. 

00' N 
:- 3 (BOC20 , AcOH 

~. .. 
COOCH3 PdlC/ H2. 98% 

HO 
00, ~HBoc 
~ . 

COOCH3 
HO 

Figure 2. 66 The one-pot operation for both reduction and NCl_Boc protection 

--------_ .. _- . __ . __ ._-- ... "-:..:.-_---:c.:.:.,;:;...;..:.:.--:-~-;;+~:..:..:..:.;:..;:".=..::..: ___ •. __________ _ 
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The hydrogenation reation (Pd/C, H2) in hydrogen chloride solution can also 

reduce azdio group in oxazolidinone coupled carboxylic acid derivatives without effecting 

the five member heterocyclic ring. 137 The reduction product can take the acylation reaction 

or intramolecular cyclization. 

o 0 

R0NA O 

~H W 
O-::lRI Bl 

Figure 2. 67 Hydrogenation on oxazolidinone-coupled azido group 

Several other reduction conditions can be used in transferring the azido group to 

amine depending upon the reaction substrates, e.g. triphenylphosphine and 2N HCI in 

tetrahydrofuran solvent at room temperature; 151 BU3SuH/AIBN, benzene/(DMAC).152 

SnCl2 MeOH, 0 °C.137 

• _____ 0 ____ o ____ o _____________ ~~ 
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2. 7. An Efficient Demethylation Procedure for Aryl.Methyl Ether of Unusual 

Amino Acids 

Ethers are among the most used protecting groups in synthetic organic 

chemistry.112 Methylation of a hydroxyl moiety is regarded as one of the most effective 

protections due to its very high stability under numerous reaction conditions. However, it 

is this fact that makes it difficult to cleave the methoxy group under many normal milder 

conditions, 155 especially when there exists an acidic active hydrogen in the chiral center of 

optically pure substrates. Some reagents developed for the demethylation of aromatic 

methyl ethers include Lewis acids, mixed mineral acids, oxidants, reductants as well as 

silicon and aluminum compounds. 156-158 Very few methods are suitable for demethylation 

for aromatic amino acids for considering the solubility of amino acids and racemization 

problems encountered with the active hydrogens in the IX position. 

The methylated phenolic hydroxy moieties which were used as the protecting group 

(section 2. 6) during the synthesis of the four optically pure isomers of D- and L-O-methyl

p-methyl tyrosine, D- and L-O-methyl-2', p-dimethyltyrosine 131 and a series of their 

precursors. Obviously, the efficient/selective demethylation of the p-methyl tyrosine 

derivatives became crucial with respect to maintenance of optical purity in order to obtain 

the unusual Boc-amino acids for peptide molecular design. 

The complex of 48% hydrobromic acid and acetic acid 159 (v/v=511, retlux for 4 

hours) has been tried in our laboratories resulting in successful demethylation but with 

some observed racemization (about 30%) in optically pure special amino acids. It is for 

this reason that we did not try other HX-HOAc (X= Cl, I) reagents, even though they have 

been used for the demethylation of 3, 5 di-iodo-p-methoxyl-phenoxy-N-acetyl-L

phenylalanine 



CH,O~ HO 
8; 9. ~ ~ I OH ~ OH 

CH~ CH~ 0 CH~ CH~ 0 
2.680 

CH,o~ 
HO 

8; 9. ~ ~ I ~ OH .. ~ . OH 

CH~CH30 CH~ CH3 0 
2.68b 

CH'0Q-A HO 
8; 9. ~ ~ I - OH .. ~ OH 

CH~ CH3 0 CH3 CH3 0 
2.68c 

CH'O~ 
HO 

8; 9. 

~ ~ I ~ OH .. 
~ . OH 

CH3CH30 CH3 CH3 0 
2.68d 

CH,o~ 
HO 

8; 9. ~ ~ I . - OH • ~ OH 

CH30 CH3 0 
2.68c 

8.: aqueous HBr(48%), NaI(l.leq), 90-94oC; 

9.: ion-exchange resin. 

Figure 2. 68 Demethylation of methyl tyrosine derivatives 
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ethyl ester (reflux 4-18 hrs).160 Here we report a successful procedure in an acetic acid 

free aqueous phase for the demethylation of five O-methyl-~-methyltyrosine derivatives 

(Figure 2. 68) with the corresponding results listed in Table 2.7.1. The reactions are 

demonstrated by the demethylation of (2R,3R)-2-amino-3-( 4'-methoxy-2'-methylphenyl) 

butanoic acid. A possible concerted bond formation and demethylation of a protonated 
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substrate could be attributed to the mild de methylation conditions employed in the sealed 

reaction system (Figure 2. 69). 

The synthetic procedure is illustrated by the synthesis of (2R,3R)-2-amino-3-(2'

methyl-4'-hydroxylphenyl) butanoic acid. Into the mixture of 1.1 equivalent of sodium 

iodide and excess amount of hydrobromic acid (48%) was added D- or L-O-Methyl-2', p-

di-methyltyrosines in one portion. The reaction system was sealed tightly with a septum 

fastened by rubber rings, before being immersed into a 90-94°C water bath. The reaction 

was completed after two hours at this temperature. The flask was removed from the water 

Table 2.7.1 Results of demethylation of the methyl tyrosine derivatives examined 

substrates purified resultant O-OCH3 of o-H's of 2.33a·e (ppm) 

as\-

b 

c 

d 

e 

Substrates 
yields % chirality (%) * (ppm) a (d) p (m) 

90.2 >99 3.62 3.54 3.15 

82.0 >99 3.62 3.54 3.15 

90.7 >99 3.59 3.60 3.51 

96.0 >99 3.59 3.60 3.51 

95.8 >99 3.60 3.51 3.01 

* > 99% indicates no minor isomer observed 
liP 

# the X-ray structure has been determined for the key precursor' 

[a]n25 of 
2.33a·e 

(CH30H) 

+30.4 (c=2.3 

-31.0 (c=1.5 ) 

+21.0 (c=3.0 ) 

-22.4 (c=3.0) 

+40.8 (c=1.3j 

bath and cooled down to room temperature before being opened, (while the flask was still 

hot a syringe needle was inserted through the septum to equilibrate the pressure on the 
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inside of the flask prior to being opened). The resulting mixture was evaporated in vacuo 

to yield a crude yellow solid which was evaluated by IH-NMR. The crude product was 

used directly as the bromide salt to form the N<x-Boc derivative. 

A small scale demethylation reaction was performed in order to determine the yields 

of the free amino acids, utilizing ion-exchange chromatography Amberlite (lR-120-plus 

exchange resin) with diluted ammonium hydroxide (1/4 to 112 volume) as the washing 

phase to obtain the free amino acids. The yield ranges from 82-96%. (Table 2.7.1) 

---------_ ...... 

excess HBr (48%). Nal (1.1 eq), 

OH 
900 C-94°C, sealed system, 2 h 

OH 

. ...............• 

HO 

ion·exchange resin 

, , , , , , , , , , , 

• 

Figure 2. 69 Demethylation utilizing acetic acid free aqueous phase 

and mild sealed reaction conditions 

I H-NMR (250 MHz) was used to monitor the reaction process and evaluate the 

resulting chirality. The disappearance of the methoxyl group signal from starting material 
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(as the bromide salt - sampled from the continuing reaction) or the upfield shift of hydrogen 

signals on the aromatic ring as the reaction proceeded, indicated the progress of the 

demethylation reaction. The chemical shifts of the a and P hydrogens of the diastereomeric 

isomers of the bromide salts being considerably different, makes them convenient for the 

determination of the resulting chirality. 

This newly established method provides a convenient and efficient demethylation 

for aromatic methyl ethers of optically pure special amino acids, and this method has been 

applied to polydemethylation for other aromatic methyl ethers which will be very useful in 

future if we need specialized tyrosines with multiple methoxy groups on the phenyl ring. 

In these cases, we still have the same problems of racemization and solubilities if some 

known methods for multiple demethylation are consideredI56.161-162(Figure 2. 70). In this 

procedure, if the protected phenyl derivatives are insoluble in hydrobromic acid, a small 

amount of acetic acid can be used to dissolve the starting materials. 

H3C0Yl(0CH3 

Y 
OCH3 

HBr (aq. 48%l,:. 
Nal (2.2 eq.) 
90-94uC,2h 

HBr (aq. 48%); .. 
Nul (3.3 eq.) 
90-94°C,2h 

~I HOy 
~ 

OH 

~I 
HOyOH 

~ 

OH 
Figure 2. 70 Didemethylation and tridemethylation 
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2. 8. 1, 2·Asymmetric cis Induction Reaction and Its Applications I 7 I ,172 

Boron enolates of the type derived using the method of Mukaiyama and 

colleagues 163 have shown great success in their application to asymmetric synthesis, 

especially in asymmetric aldol reactions. 164 However, only a few cases have been reported 

that are specifically related to the asymmetric synthesis of amino acids. Evans and 

coworkers were the first to apply chiral boron enolates to the asymmetric synthesis of a

amino acids 166 in which an oxazolidinone auxiliary was used to control the stereochemistry 

of the a chiral center with excellent efficiency. 

Figure 2. 71 Evans chiral boron enol ate 

The magnesium or copper enolate which was derived from a one-pot tandem 

Michael-like addition can be used for an electrophilic bromination, in high optical purity 

and yield, leading to trans precursors to p-branched a-amino acids when used in 

conjunction with a modified Evans auxiliary I 19,120 (Figure 2. 72). In this reaction, we 

sought to obtain some information about the stereochemical effects from p-chiral centers on 

a-positions. 



~ B 
I. ArMgBr. ~ 

H C ~ N 0 CuBr-S(CH 3>t,i 
3 ~ 'J( -780~ _100C 

o 0 

Figure 2. 72 Direct bromination controlled by Evans-type auxiliary 
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ArMo I. BU2BOTf ... 

ROO DIEA. DCM 
AryyVo 2. NBS. Arh

Br 

Ny ~ I ---!.~ (2) 
-78°C ROO R O. ,,0 

~B. 
Bu Bu 

2.73-10-->2.73-lf 2.73-20-->2.73-2f 

Figure 2. 73 Asymmetric bromination controlled by p-carbon 

In conjunction with our efforts to develop highly systematic approaches to the 

asymmetric synthesis of a series of unusual amino acids, we found a new successful 

approach to the synthesis of cis precursors of a-amino acids in which the chirality of the 

a-carbon center is induced through the chirality of a p-carbon substituent by using boron 

enolates (Figure 2. 73. corresponding results listed in Table 2.8.1). 

The bromination reactions were performed via a procedure similar to that used 

previously. The boron enolate was formed by the deprotonation reaction of p-branched N

acyl-oxazolidinone with diisopropylethylamine and dibutylboron triflate derivative (1 eqv.) 

in dry dichloromethane at -78 oC under the protection of nitrogen. The electrophilic 



a 

b 

c 

d 

e 

f 
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bromination was conducted using N-bromosuccinimide in dichloromethane at the same 

temperature. 

Table 2.8.1. The results of 1, 2-asymmetric cis induction (a-t) 

Chirality Ratio Purified Config. [alff 

Ar R p-carbon cis/trans yield % d.e. % b bromides (CHCI3) 
(clUde) (2a-2f) 

(la-If) 

0-
CH3- S 7.2: 1 82 >99.0 2S,3R -6.0 

(c=3.5) 

0-
CH3- R 7.3: 1 67 >99.0 2R,3S +5.8 

(c=1.8) 

CH30-o-
CH3- S 3.8: 1 70 >99.0 2S,3R +19.4 

(c=1.7) 

CH30-o-
CH3- R 4.0: 1 66 >99.0 2R,3Sb -19.1 

(c=1.8) 

0-
CH3CH2- S 3.0: \ 50 >99.0 2S,3R -\0.6 

(c=2.2) 

0-
CH3CH2- S 2.3 : I 5\ >99.0 2R,3S +9.8 

(c=2.6) 

a >99.0% indicates that only one isomer was observed 

b a single crystal X-ray structure was obtained 

The sodium bisulfate solution(0.5 N) was used as the quenching reagent. The 

stereoselectivities of crude residue were evaluated by I H-NMR prior to column 

chromatography to yield bromide(50-82%). 
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The progress of the reaction was monitored by TLC and IH-NMR (250 MHz) The 

TLC conditions employed were EtOAc:Hexane:CH3CN (2.7:6.3: 1) for reactions 2.73-c 

and 2.73-d, and EtOAc:Hexane (3:7) for reactions 2.73-0, 2.73-b, 2.73-e and 2.73-f. The 

minor diastereoisomeric compounds were readily separated by silica gel chromatography 

[E. Merck silica gel 60 (230-400A)]. Solid products were obtained for 2.73-C and 2.73-d 

which could be easily crystallized for X-ray structure analysis, but all other products in this 

series remained as viscous pale yellow oils. The down field chemical shifts of the 

a-carbon protons of the bromides (2.73-2a-->2.73-2f) (doublets, ranging from 5.94 to 

6.09 ppm) were used to evaluate the ratios of cis / trans product formation, by virtue of 

integral summation. The stereochemistry of the asymmetric cis induction was 

unequivocally confirmed by single crystal X-ray structure analysis of one of the 

bromination products(Figure 2. 74). 

It is particularly interesting to note that it is difficult to define precisely the 

configurational orientation of the allylic system for the P chiral centers in the enolate 

intermediates that we have studied so far. However, based on the resulting stereochemistry 

it is reasonable to predict the possible existence of allylic strain effects 167, 168 in these 

enolates. It is easy to understand the origin of the resulting chirality from the following 

model of allylic stain effects (Figure 2. 75). We believe that this is the first documentation 

of such effects boron enolate from oxazolidinone derivatives and the first application of an 

enolate with a strain effect for the asymmetric synthesis of unusual amino acids. 
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Figure 2. 74 The X-ray structure of 3(2R, 3S),-[2-bromo-3-(4'-methoxy-2'

methylphenyl)-1-oxopropyl-2-oxazolidinone(2.73.d) 

unfavourable 
I 
I 
I 
I 
I 

Ar~ , ["0 
H3C~"y" ~ Y 

0,- ,0 "' ,\'" 
/B, 

favourable Bu Bu 

Figure 2. 75 Stereochemistry of boron enolate with allylic strain effect 

Recently Hoffmann and coworker reported a phenyl-assisted asymmetric 

iodolactonisation reaction. 169 They selected the allylic strained alcohol for the study in 

which the chiral seed for the induction is the same as ours (with phenyl, methyl and proton 

in the chiral center). The X-ray analysis has shown that they got an phenyl-assisted chiral 

induction result(Figure 2. 76) . 

. -_ .. _. _._._-------- -_._ .. _.. -- .. - --- --.-- -------~--.-------. ----. - - ------------------ --- ----------
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The asymmetric iodolactonisation reaction 
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Many examples, in which iodine or bromine were used as electrophilic reagents, 

have also shown that electrophilic attack is from the same side of the phenyl ring not methyl 

group 170 e.g.(Figure 2. 77). 

Figure 2. 77 Electrophilic bromination on the same side of phenyl group 

The electrophilic reagent is N-bromosuccinimide (NBS) in our reaction system 

instead of bromine or iodine. Hoffmann reasonably explained that the difference in the 

sense of asymmetric induction with iodine or bromine on the same side of phenyl ring and 

with NBS on the other side could be attributed to a precomplexation of iodine or bromine to 

the aromatic phenyl group and the absence of such precomplexation between the aromatic 

groups and NBS in our cases because of the lower polarizeability of NBS compared to that 

of iodine and bromine. 

--------- ---- ---------------
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An interesting side evidence to support his explanation is that in one of the key 

steps in a total synthesis of antibiotics, they tried to do a similar induction by non aromatic 

group and failed: 169 (Figure 2. 78) 

!'h-Me-p f? 

~ 'OAO 

!'h-Me-p 

g~o 

S\( "\ .... 
o CH 3 

Figure 2. 78 Asymmetric iodolactonisatiol1 cannot happen 

without phenyl-assistance 

The optically pure p-branched carboxylic acids for I, 2-asymmetric cis induction in 

our study were synthesized by asymmetric Michael-like addition reactions by using a, p-

unsaturated N-acyl-oxazolidinones as substrates as described in section 2.5, or by a newly 

developed method in which 4-phenyl-oxazolidinone was used as the chiral resolution 

reagent. 173 
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Recently the total synthesis of four optically pure isomers of p-methylphenyalanine 

have been achieved in our laboratory by using this new strategy. The (2S, 3S) and (2R, 

3R) bromide precursors(2.80-3c and 2.80-4c) were synthesized by a tandem 

asymmetric Michael-like addition/electrophilic bromination in which both (X.- and p-chiral 

centers were directed by a 4-phenyl-oxazolidinone. The synthesis of the (2R, 3S) and (2S, 

3R) bromide intermediates (2.80-1c and 2.80-2c) was achieved by 1, 2-asymmetric cis 

induction through the boron enolate with aIIylic strain effect(Fiugre 2. 79) . 

.. 

ii ~I ~r " -----I ... ~ . N 0 ~.:. )( 
CH30 0 

i. n-Bu2BOTf, OlEA, dichloromethane (DCM), -78 {) C -- 0 OC; 

ii. NBS. DCM, -78 "C. 

Figure 2. 79 1, 2-Asymmetric cis induction 



(2R. 3R). P-Mc-Phc 

~I n· ~Br f\ ~N3 f\ ~ N O~ ~ I N oJii... ~ I .' N 0 
'J( 2. lIa 'J( 'J( 

CH30 0 CHP 0 CHP 0 
2.80· 23 . 2.80- 2b 2.80· 2c 

lY....~OH~ 06bH 
CH30 2. VI CH3D 

2.80- 2c 

2.80· 2d (25. 35). P-Mc-Phc 

(ia) BU2BOTf. DIEA. DCM. -?SoC; (iia) NBS. DCM. -78oC; (iii)TMGA. CH3CN; 

(iv) LiOH·H202. OOC; (v) Pd-C. H2; (vi) ion-exchange resin. 

Figure 2. 80a Application of 1, 2-asymmetric 

cis induction to amino acid synthesis 
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o a 0 
"I' l'b ~Br 'n ~I N3 "n CH~N O~:::.-I N olii-:::.- ~. N 0 

. ~ II 'J( 2. JJb ,'J( ,'J( 
o 0 CHP 0 CH30 0 

2.80- 3a 2.80- 3b 2.80- 3c 

. ~I N3 ~NH2 ..!Y.-:::.- ~ O~ :::.- I , OH 2 80 3 
• ~2' A • - e 
CH30 . VI CH'lO 

2.80- 3d (2S. 3R), p.Mc.Phc 

~ ~ K-, ~ " ~ " ~ " . P Br P N3 CH~N o~0 ~r- N OJiL...0 N}~N 0 
. - n 'J( 2.lIb ~ 'J( ~ 'J( 

o 0 CHP 0 CH30 0 
2.80- 4a 2.80- 4b 2.80- 4c 

2.80- 4e 

(2R, 3S), p.Mc.Phc 

(ib) PhMgBr, CuBr'SMe2; THF, -78 °C 10 -10 oC; (iib) NBS, -78 oC; (iii) TMGA, CH3CN; (iv) 

LiOH'H20, H202, DoC; (v) Pd-C, H2; (vi) ion-exchange resin. 

Figure 2. 80b Application of asymmetric Michael-like addition/electrophilic 

bromination to amino acid synthesis 

This novel use of allylic strain effect in boron enolates in the asymmetric synthesis 

of individual isomers of unusual amino acids is quite facile. 171 All of the final optically 

--- .. --.. -.-.-.-.---.----------~ 
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pure products were identical to authentic samples, which provided further and unequivocal 

evidence to confirm the assignments of stereochemistry of the new asymmetric synthetic 

methods developed from our laboratory. In the meanwhile, this new method, combined 

with the one-pot tandem Michael-like additionJelectrophilic bromination, provided us with a 

new strategy for the total synthesis of p-branched unusual amino acids(Figure 2.80a & 

2.80b). 

The stereoselectivities of the bromination reactions were determined by using IH

NMR (250 MHz) through the integration of the down-field doublets of (X-protons of 

bromides (2.80-1b-->2.80.4b, ranging from 5.95 to 6.00). The crude products were 

readily purified by silica gel chromatography. The purified bromides were transferred to 

the corresponding azides (2.80.1c-->2.80.4c) by SN2 displacement with 

tetramethylguanidinium azide at 0 oC for 15 min and at room temperature for 3-4 h. The 

oxazolidinones chiral auxiliaries were removed by hydrolysis with LiOH in the present of 

hydrogen peroxide to yield azido acids (2.80.1d-->2.80.4d). The azido acids were subject 

to catalytic hydrogenation (10% Pd/C) at 34-38 psi for 24 h, the resulting crude products 

were purified by plus ion-exchange resin (Amberlite IR 120). The four final amino acids 

are identical to the authentic samples. 

Further studies of the improvement of the reaction conditions for this new 

methodology should be carried out in order to established a more efficient 1, 2-ds 

induction resulting in both high optical purity and yield. Also the direct conformational 

study of enolates by NMR techniques should be interesting in the future. 
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Table 2.8.2. The synthetic results of bromides and amino acids from the new strategy 

Contents ,\\r ~n 11, 

~'n ~ 'N 0 ~ (NI(0 ~" ~, 'j( ~ ! NyO ~ 'N 0 
I( ai, 0 0 ai, 0 0 ai, 0 ° Ib 2b 3b 4b 

Bromination Yield 82 67 79 89 

Crude d.c% of 76 76 64 67 
Bromination 

Purified d.e% >99 >99 >99 >99 

[ex]25 D -6.0 (c=3.5) +5.8 (c=1.8) -30.0 (c=1.5) +34.6 (c=2.0) 

o of a-H's (ppm) 6.00 6.00 5.95 5.95 

Coupling COlIst.(Hz) 10.6 10.6 10.7 10.7 

Final Product (2R, 3R)-P-Mc-Phe (2S, 3S)-p-Me-Phc (2S, 3R)-p-Me-Phc (2R. 3S)-p-Me-Phe 

Yield of Amino 69 54 57 65 
Acids from 2.S0-

In-->-4n 

.. -. ---------
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2. 9. 4.Phenyl Oxazolldinone····a New Chiral Resolution Reagentl73.174 

2. 9. 1. Background 

One of previous methods from our laboratory for the asymmetric synthesis of ~

branched N-acyl-oxazolidinones, the precursors to four individual isomers to ~

methyltyrosine and ~-methylphenylalanine, was achieved by using a classical separation 

technique. 1 14. 133 In this procedure, the racemic mixture of 3-phenylbutyric acid was 

transformed to its diastereomeric salt with both S( -) and R( + )-methylbenzylamine. Over 

four times of fractional crystallizations were used to obtain optically pure isomers of S( -)

methylbenzylamine/S( + )-3-phenylbutyric acid salt which was acidified to yield S( + )-3-

phenylbutyric acid. Then to the partially enriched mother liquor was added R( +)

methyl benzyl amine to form R( + )-methylbenzylaminelR( -)-3-phenylbutyric acid salt, and 

after fractional crystallizations followed by acidification, optically pure R( -)-3-

phenylbutyric acid was obtained(Figure 2.81). 

The four individual isomers of ~-branched N-acyl-oxazolidinones can be synthesized by 

coupling reactions between the resulting two optically pure 3-phenylbutyric acids with 4R

or 4S-benzyloxazolidinones through forming mixed anhydrides with pivaloyl acid(Figure 

2. 82). 

---- .. -"- -- ..... _ .. -- .. ---- ----------
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o Ph 

HO~;H3 
.--__ 1 __ --, 

j J 

Figure 2. 81 

The classical separation of 3-phenylbutyric acid 
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rl
Bn o Ph Bn 0 Ph 

+ HO~C:3 rl~H 
0yNH ~ 

0y CH3 

0 0 

rl
Bn o Ph Bn 0 Ph 

~IH rl/VIH 0yNH + HO CH3 ~ o CH] 

0 
Y . 

0 
_,Bn 

o Ph ,Bn 0 Ph 
1\ 

Jy~C~' 0yNH 
+ HO~C:3 .. 

0 
0 

,Bn Ph 
Bn 0 Ph 

t\ 0 
i\jVIH + AvA:'H 0yNH ~ o CH] 

HO CH3 Y . 
0 0 

Figure 2.82 

The four coupling reactions for the synthesis of four isomers 

of N-acyl-4-benzyl-oxazolidinone 

2.9.2. Application to the Asymmetric Synthesis of Unusual Amino Acids 

From Figures 2. 81 and 2. 82, we can see that there are ten steps and many tedious 

separational operations in the classical procedure for the synthesis of all four individual 

isomers of N-acyl-4-benzyl-oxazolidinones in which both R( +) and S( -) 

methylbenzylamine have to be used for forming diastereomeric salts. Obviously further 

exploration of practical and convenient large-scale asymmetric syntheses of these kinds of 

specialized amino acids should be made with respect to synthetic methodologies and 

procedures. Recently, we established a new convenient method for these syntheses in 

which (4R)-, and (4S)-4-phenyl-oxazolidinones were used as novel chiral resolution 

._----- -- .•. _.- ------
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reagents and simultaneously as the chiral auxiliary that provides complete 

stereoselectivities.173.174 

In this new method, optically pure (4R)- and (4S)- 4-phenyloxazolidinone were 

coupled to racemic 3-phenyl butyric acid (commercially available) (2.83-1, Figure 2. 83a & 

2. 83b), via the formation of the mixed anhydride with pivaloyl chloride, to yield either the 

(4R)- or (4S)-4-phenyl-3-(3-phenylbutanyl)-2-oxazolidinone (2.83-28 and 2.83-2b, 

respectively). The resulting diastereoisomeric mixtures were resolved into their optically 

pure isomers by classical crystallization which is described in detail in the experimental 

section. 

Oyy0H, 
CHJ 0 

2.83-1 

~I 9° 2.83-28 

CHJ 10 0 

~Qo 
CHJ 0 0 

2.83-3b 

Figure 2.83a 

Chiral separation for the synthesis of (4R, 3S) and (4R, 3R) isomers 



2.83·1 

Lh 
OyyQ ~ I 0 

CH3 1 0 0 

2.83·2b 

() I. Ph.h Jyyyo 
CHJ 0 0 

2.83·3c 

() . I Ph.h 0yyyo 
CH3 0 0 

2.83·3d 

Figure 2. 83b 

Chiral separation for the synthesis of (4S, 3S) and (4S, 3R) isomers 
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The bromination procedure utilized was similar to that described by Evans and 

coworkers. 137 (Figure 2. 84) Thin layer chromatography proved to be a convenient 

method 

--------- --- ---- --------
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~. Ph 

:::...1 N~ (I); (2) W;~. .. :::...1 N~ .= y 
CH3 0 0 

.= y 
CH3 0 0 

2.84a 

~h. Ph 

:::... 1 N"o ~4. (I); (2) :::... I N"o Y .. 
CH3 0 0 Y 

CH3 0 0 

2.84b 

~h CV:;h :::... I N 0 (I); (2) :::... I . N 0 
.= y .. 

.= y 
CH3 0 0 CH30 0 

2.84c 

~h (I); (2) ~h :::... I N 0 I . N 0 
Y :::... y 

CH3 0 0 CH30 0 
2.84d 

I. OlEA, CH2CI2, n-Bu2BOTf; 2. NBS, -78 oC, DCM. 

Figure 2.84 

Asymmetric synthesis of ~-methyl, a-bromo-N-acyl-oxazolidinone derivatives 

to monitor the reaction employing EtOAc:Hexane (3:7). 1 H-NMR (250MHz) was used to 

determine the stereoselectivities of crude products by observation of the sharp a-protons 

doublets for 2.84a to 2.84d. 

---- ------ ._- ._-- --. 



Table 2. 9. 1 Synthesis results of p-methyl, a-bromo-N-acyl-oxazolidinone 
derivatives 

product crudell purified purified 
[algs 

entry 
de% de% yield% 

(CHCI~) 

~I~ 
2.84a :,.,.1 Nb 

99 >99 88 -76.4 .:. 'If' 
CH30 0 (c=l.l) 

Ph 

~~ 2.84b :,.,. 1 N'"'o >99 99 
-30.0 

lr 99 (c= 1.6) 
CH30 0 

Ph 

2.84c ~" +80.0 :,.,. 1 . N 0 99 >99 94 
.:. 'If' (c=0.9) 
CH30 0 

Ph 
2.84d OAr" -33.0 ",I . N 0 99 >99 91 

'If' (c=1.9) 
CH30 0 

133 

The absolute stereoselectivity of the bromination reaction and the consequent 

efficiency of induction can be attributed to the stereochemically hindered phenyl moiety of 

the auxiliary which provide with greater stereoselectivity as compared with our initial 

investigations using the original Evans auxiliary .114 Recently, during the total synthesis of 

2',6', p-trimethyl phenyalalanin, all of the four electrophilic bromination reactions on the 

boron enolate also provided the complete stereochemistry control, these results provided 

the further support for obtained conclusion. 1 74(Figure 2. 85) Even though p chiral center 

can effect the seteroselectivity on the a chiral inductionon which has been proved,171,172 

the stereochemistry is dominantly directed by chiral center on oxazolidinone ring. 

---_. __ .. _. __ .. _- --._ ...... _-------------



HNyD 
o 

Flexible away from 
active site 

Figure 2.85 Comparison of Evans and Evans-type Auxiliary 

~IM'~ ~ N 0 

Y 
Me Mc 0 0 

yy;Me () 

I ~r '" ------ ~ . N 0 

Y 
Me Me 0 0 

1.; 2. 

~IM'~ ~ N 0 :. y 
Mc Mc. 0 0 

~ M. ~ 
__ 1._: 2_. _ .... ()MC ~r ~ N 0 

~y 
Mc 0 0 

I. DIEA. CH2CI2. n-Bu2BOTf; 2. NBS. -78 °C. DCM. 

Figure 2.86 Two futher examples of complete control 
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The conversion of 2.84 to the amino acids 2.89 is demonstrated in the following 

Figures 2.87-2.89. The bromides 2.84a-->2.84d were subjected to an SN2 azide 

displacement reaction using tetramethylguanidium azide (TMGA) (prepared following a 

literature procedure, see section 2.6.4) in acetonitrile solution; the reaction required 6-10 h 

- - - ----.-*------------ -- ---------
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at room temperature. TLC, employing EtOAc:Hexane:CH3CN (3:9.5: 1), was used to 

monitor the progress of the reaction. The solid product appeared as the reactions 

approached completeness. No racemization was observed in all cases examined in this 

procedure. 

Ph o;t;hh ~~. 3. 
~ I N"o .. ~ I . N 0 

.=. 'l( .=. 'l( 
CH30 0 CH3 0 0 

2.87a 

Ph ~lllh 0):;4 ~ I N"o 3. ~ I . N 0 
'l( .. 'l( 

CH30 0 CH3 0 0 
2.87b 

~h 3. Cl);hh I ~ N 0 ~ I N 0 ~.=. 'l( .. 
.=. ('l( 

CH30 0 CH30 0 
2.87c 

~h o;(h I ~ N 0 3. .. ~ I N 0 
~ 'l( 'l( 

CH30 0 CH30 0 
2.87d 

3. TMGA in CH3CN, r.t. 24-48h 
Figure 2. 87 SN2 displacement reactions 

The removal and recovery of the chiral auxiliary from 2.87a-->2.87-d to yield 2.88a

->2.88-d was achieved as described before by using UOH in the presence of hydrogen 

peroxide at DoC without any observed racemization. 

------_.---._ .. -- -- ---~~----------,--.-.-- _ .. _"----- ---------------
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~k ClAr I _3 h 4. ~ I .: '" OH ~ .: - NyO .. 
CH30 0 CH3 0 

2.88a 

~h~ ~ I _ 3 r---\ 
4. ~ I ",' OH 

~ - NyO • 
CH3 0 0 CH3 0 

2.88b 

Ph 

~ OAh 4. 
~ .: NyO ~ OH • 

CH3 0 0 CH3 0 
2.88c 

~'h ~ ~ I N 0 4. • 
~ I . OH 

Y CH3 0 CH3 0 0 
2.88d 

Figure 2. 88 Hydrolysis of ~-methyl a-azido-N-acyl-oxazolidinone 

The resulting azido acids 2.88a-->2.88d were subjected to hydrogenation (10% Pd

C) at 34-38 psi for 24-48 h. The crude amino acids 2.89a-->2.89d were purified by ion

exchange chromatographyon Amberlite IR-120 plus exchange resin. All physical 

properties were consistent with those of authentic products synthesized by alternative 

procedures. 114 

--------------- ._--- --------------
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~ 5; 6. ~ 2.890 :::... - OH ~ :::... . OH 

CH30 CH30 

~ ~ :::... ... OH 5; 6 ... :::... . OH 2.89b 

CH30 CH30 

~ 5; 6. ~ :::... OH • :::... OH 2.89c 

CH30 CH30 

~ 5; 6. ~ :::... OH :::... OH 2.89d 
~ 

CH30 CH30 

5.: H2, Pd-C(lO%), CH3C02H; 6: Ion-exchange resin. 

Figure 2. 89 Hydrogenation reaction of p-methyl a-azido acids 

Table 2.9.2 Results o( hydrogenation reaction of p-methyl a-azido acids 

product crude# 
purificd purificd 

[<Xl~5 entry 
de% dc% yield% 

(ell.lom 

2.890 
oJH

2 
"" 1 _ • )(OH 

99 >99 84 ·14.0 

CHJO (c= 1.0) 

~' 7 -- -70.0 2.89h "" 1 :- OH >99 R4 99 (c=l.l) 
CH1

0 

~h +75.0 2.89c "" I ~H >99 96 99 (c=0.5) 
CHJ o 

2.89d ~12 ·16.4 
"" 1 OB 99 >99 91 

(c=0.5) 
CHJO 

---- _ .. -." .- ,,- .-.... " 
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This new method provides an efficient ( actually it is the most convergent method 

examined so far) and probably general method for the large-scale asymmetric synthesis of 

unnatural ~-branched a-amino acids. The application of this method to the synthesis of 

other unusual amino acids has been shown successful for the total synthesis of ~-methyl, 

2', 6'-dimethylphenylalnine, including the complete stereochemical selectivity in the 

asymmetric electrophilic bromination reaction as mentioned before. 174 (Figure 2. 90) 

! 

(/(MC 

yYyOH 
Mc CH3 0 

! 
fu

MC Ph,,! 

~ I N"a 
Y 

Mc CH 0 0 3 

l 
~

MC Ph .... 

~ I ['0 
y 

Me CH3 0 0 

Figure 2.90 

Chiral separation of ~-methyl 2'6' -dimethyl N-acyl-oxazolidinone derivatives 

(2S, 3R)- and (2S, 3S)-2', 6' -~-trimethylphenyalanine isomers have also been 

synthesized by using 4R-phenyl-oxazolidinone as the resolution reagent and as the 

auxiliary. 

------_.- --- _ .. -.- ._- -.-.~'.-



2. 9. 3. A new chiral resolution for <X- and ~- Boc-Amino Acids 

and Branched Carboxylic Acids 
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From the experience with chiraI4-phenyloxazolidinones, we found that 4R- or 4S-

4-phenyl-oxazolidinones can be used in the chiral separation, NMR and HPLC resolution 

for BOC 0.- and p-amino acids as well as for branched carboxylic acid derivatives. Perhaps 

this is a general chiral resolution reagent that will make it very easy to analyze and 

synthesize optically pure both N<X-BOC D- and L- amino acids as well as branched 

carboxylic acid derivatives including <X, ~ cyclic derivatives. 175 In the meanwhile, 4-

phenyloxazolidinones conceivably also can be used as chiral probes in mechanistic studies 

because of the sharp 1 H-NMR signals obtained from the hydrogens of the oxazolidinones 

ring making identification very clear(see chapter 4). In this section, some preliminary 

results from representative examples will be described. 

HPLC resolution 

The following exmaples in HPLC spectra clearly demonstate that a series of racemic 

isomers can be analyzed through forming diasteromeric isomers from coupling reactions 

with 4R or 4S 4-phenyl-oxazolidinone. 

N<X-Boc-Phenylalanine: (HPLC: Figure 2.91a) 

ri1 ~HBOC 

~OH 
I. tBuCOCI 

o 

o ri1 ~HBoc 'l- 0 

~Ny 
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+ 

o ri1 ~HBoc 'l- 0 

~Ny 
o Ph 



NlX-Boc-para-Bromophenylalanine:(HPLC: Figure 2.91b) 

BrYll rHBoC 

~OH 
o 

J. tBueoel 

2. o~o 
Li~N~ 

Ph~ 

BrY) ~HBoc o~o 
~N~ 

.. o Ph~ 

+ 

BrYn ~HBOC ,"-0 

~N~ 
o Ph~ 

NlX_Boc-O-Methyl-ortho-tyrosine: (HPLC: Figure 2.9Ic) 
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McO~OH 
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Ph~ 

OMc 0 
~ ~HBoc ~O 

~IN~ 
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+ 
OMc 0 
~ ~HBoc ~O 

~N~ 
o Ph" 

NlX-Boc-meta-Phenylphenylalanine: (HPLC: Figure 2.91d) 

o 

~
~HBOC~O 

",,:::,..1 . N~ 

~
NHBOC I b + 0 Ph" 

..- I. tBueoel 
........ :::,.. 1 OH -------" 0 
" 2. 0LO ~NHBOC '"--- 0 

1.& ° 1- :::,..1 r/-\ 
Li~N~ I ~ 'v-"" 

Ph" b 0 PI~ 
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HPLC: Figure 2.11 a 
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HPLC: Figure 2.91 b 
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The three groups of sharp 1 H-NMR signals from the hydrogens on the 

oxazolidinone five membered ring make it easy to determine the ratio of diastereomeric 

isomers. Among them at least one group of signals can be completed resolved in all of the 

cases examined so far. In the meanwhile, it makes it convenient to identify the absolute 

structures of unusual amino acids by comparing with the NMR spectra of derivatives from 

the coupling reactions with known compounds. The Evans-type auxiliary itself can be 

potentially used to determine the absolute structure of Boc-amino acids because the shapes 

of proton signals of one of the three H's (down-field) on the oxazolidinone ring are totally 

different. The more examples need to be done to support this hypothesis. 

It should be mentioned that some of the above racemic mixtures, e.g. 3-

phenylbutyric acid (section 2.9.2); 3-(2',6'-dimethylphenyl)butyric acid; 174 N<x'-Boc

phenylalanine; N<x'-Boc-para-hromophenylalanine; N<x'-Boc-cyano-bromophenylalalnine 

and 2-phenylbutyric acid, have been separated by fractional crystalization from mixed 

solvent or by silica column chromatography.175b Futher purification and separation for all 

of other analogs are currently in progress. 

The racemic Boc biphenylalanine was prepared from the Suzuki-Miyaura cross

coupling reaction. 176·178 The reaction was started from N<x'-Boc phenylalanine derivatives 

which was transferred to tyrosine triflate with triflate anhydride in dichloromethene and 

pyridine. The resulting tyrosine triflate was then coupled with boronic acid derivative to 

yield the the racemic N<x'-Boc biphenylalanines.(Figure 2. 92) 

-----_ ...........• - .. _ ... - ..•.. ---
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Figure 2. 92a Suzuki-Miyaura cross-coupling reaction 
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Several other very useful methods can be used for this cross-coupling reaction. 

Recently Pd-catalyzed cross-coupling reaction beween o-bromo-, m-bromo, p

bromophenylalanine and a variety of boronic acid derivatives has been used in synthesis of 

many important aromatic (X-amino acids. 179 

Ac 
I 

05y\ HN Pd(OAch/2P(o-tolylh • 

_/... OMc Ar-B(OHh 
DME, Na,CO] 

Br 0 - . 

Ac 

f'\\Hr\ 
\.::/~OMC 
Ar 0 

Figure 2. 92b Cross-coupling with bromo derivatives 
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Chapter 3 

Mechanism Study of Asymmetric Michael-Like Addition Reaction by Using 

4-PhenylOxazolidinone as a New Chiral Probe129.130 

The asymmetric 1 A-addition of organocupric and several other organometallic 

reagents with ex, ~-unsaturated carbonyl compounds has proven to be an extremely valuble 

reaction for creating the carbon-carbon bond in synthetic organic chemistry. Among them 

the asymmetric I A-addition of an organocupric and magnisium complex reagent to ex, ~

unsaturated N-acyl-4-phenyl-2-oxazolidinone derivatives has been successfully used in the 

stereoselective synthesis of optically pure individual isomers of ~-branched carboxylic 

acids and unusual amino acids,99.1 80(see 2.5-2.6) The resulting ~-branched amino acids 

have provided valuable information and new insights into the molecular design of 

biologically active peptides with improved potency and receptor selectivity, and in the study 

of molecular recognition process between peptide ligands and specific receptors and 

receptor sUbtypes. 1-4. 8-12 The detailed understanding of this reaction process is 

theoretically and practically important for improving reaction conditions so as to obtain high 

stereoselectivities and yields for this ldnd of asymmetric synthetic organic chemistry. 

Studies of the mechanism of Michael type reactions with organocuprates have been 

made, but no definitive mechanism has been generally accepted.181-186 Recent NMR 

spectroscopy investigations of the mechanism for the 1, 4-addition of lithium 

organocuprates to enones and enolates have led to the suggestion that a 1t-complex of the 
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cuprate at the carbon-carbon double bond with a lithium-carbonyl interaction is formed. 1S7-

190 (Figure 4.1) 

Fiugre 4.1 
7t-Complex for 1,4 unsaturated addition reaction 

• n ElzAICI 

(c) 

~!\~~ 
<_8_) ____ (H_I-l _) v L __ (_H_lIl ____ _ 

Ii , Ii" , iii" i Ii Ii I ' " , I Ii Ii I' iii iii" I .. " I Ii Ii I i Ii i i Ii Ii 
84 e 2 80 78 7.6 74 7.2 7.0 68 66 64 

Figure 4.2. HS and H6 chemical shifts of N-acyloxazolidinone 4.1a as a 
function of Et2AICI stoichiometry at -SOoC. (a) 4.1a and 1.0 equiv of Et2AICI; 

(b) 4.1a and 1.5 equiv of Et2AICI; (c) 4.1a and 2.0 equiv of Et2AICI. 



150 

Although optically pure a,B-unsaturated N-acyl 4-alkyloxazolidinone is a very 

important system in asymmetric synthetic organic chemistry, especially in asymmetric 

Michael-like addition, asymmetric tandem 1,4-addition/electrophilic reaction and Lewis 

acid promoted Diels-Alder reactions, very few cases were reported about the direct 

observing of these reaction processes and no report appeared by using Evans-type auxiliary 

as a probe for the direct observing chemical reactions so far. Recently, Castellino and 

coworkers reported the direct NMR study of Et2AlCI complex with N-acyloxazolidinone 

by a "titration" technique. 195 In this method, a,B protons of the chiral N-acyl-

oxazolidinone were used to probe the reaction process. (Figure 4. 2) 

The complexation process in Figure 4. 2 can be demonstrated by the equation in 

Figure 4.3. 

Figure 4.3 
The complexation process of Lewis acid and N-acyloxazolidinone 
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The mechanism study provided an important direction for asymmetric promoted 

Diels-Alder reaction in which 2.0 equiv of Et2AICI is needed for the high stereoselectivity. 

Unfortunately, it cannot provide any information about Michael-type addition reaction 

intermediate which is regarded as a side reaction in the report. Especially the 

conformational information of the p-carbon of the enolate. The p-carbon of the enolate 

derived from RMgBr-CuBr·S(Meh has been employed in asymmetric synthesis of 0.

amino acid. IOI 

.Organocopper(l) reagents, although well known and often used for organic 

synthesis,107 have not been studied extensively mechanistically. Organocopper(I) 

reagents, which are very reactive species, are produced from GrignaI'd reagents and 

equimolar amounts of copper(I) bromide in ether or THF. They generally provide highly 

regioselective compounds in good yield in organic synthesis,192-194 however, the 

mechanism of asymmetric Michael-like additions with copper(l) reagents and oxazolidinone 

derivatives have not been examined thus far and much more information needs to be 

obtained about this important asymmetric reaction. Knowledge about the mechanism and 

the structure of intermediates in this reaction will be helpful for the design of highly 

stereoselective synthesis. Since the methods used in these advanced syntheses are difficult, 

and the short-lived intermediates along the reaction path make structural determination very 

challenging, it is important to establish good approximate descriptions of the structures for 

the transition states. This is the objective of this study. 

NMR spectroscopy provides the single most useful tool for characterization of 

compounds and for studying their behavior in solution. In addition, dynamic NMR 

spectroscopy also provides a powerful method for the elucidation of mechanism and of 
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. conformational interchange. In the present study, we have investigated the structures of 

intermediates from conjugate addition of the organocopper(l) reagents, such as RMgBr

CuBr'S(Meh with (4R)-4-phenyl-3-[phenyl-2(E)-propenoyl]-2-oxazolidinone (and others) 

by I Hand 13C NMR spectroscopy in the temperature range from 213 K to 318 K. By 

using the chiral 4-phenyl-oxazolidinone as a mechanism probe, three intermediates have 

been observed during the reaction process, which provide critical insights into the 

mechanism of the reaction. 

Experimental Section 

Materials and Methods. All the samples were prepared in vessels sealed with 

an air-tight rubber septum and the reactions were performed under the protection of positive 

N2 pressure. A representative procedure is described as follows. A mixture containing 

copper (I) bromide-dimethyl sulfide complex (0.23 g, 1.1 mmol, 1.1 eq), dimethylsulfide 

(1.3 mL) and THF-dR (2.2 mL), was cooled to -78°C to form an opaque mixture. Then a 

3M solution of methyl magnesium bromide in ethyl ether (0.49 mL, 1.4 mmol, 1.4 eq) was 

added to the solution to yield a yellow slurry that was stirred at -78°C for 10 min, at 0 °C 

for another 10 min and then re-cooled to -78°C. This yellow mixture was transferred via a 

Teflon cannula to a pre-cooled (-78°C) slurry of (4R)-4-phenyl-3-[phenyl-2(E)

propenoyl]-2-oxazolidinone (0.29 g, 1.0 mmol ) in THF-dR (4.6 mL, an additional 1.0 mL 

was used for washing). The reaction mixture was stirred at -78°C for 30 min. About 0.5 

mL of the resulting solution was transferred by a precooled syringe to a NMR tube which 

was filled with nitrogen, sealed with a rubber septum and immersed in a cooling bath at -78 

---- ---~-- ._. -~ --- _._._-------------_. 
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dc. The whole reaction process was monitored inside the NMR probe in the temperature 

range from 213 K to 318 K. 

The rest of the mixture was brought to -10°C and stirred for 45 min, then at 0 °C 

for additional 1 hour to complete the Michael-type addition (the color of the reaction 

changed from brown/yellow to green during this period). The reaction was quenched by 

adding 1 N HCl (15 mL) slowly at 0 °C and the two layers were separated. The inorganic 

phase was extracted three time with ethyl acetate. The combined organic layer was washed 

with distilled water, saturated solutions of NH4Cl and NaHC03, dried over MgS04, and 

concentrated in vacuo. The residue was evaluated by IH-NMR prior to and after silica gel 

chromatography with ethyl acetate and hexane (3:7). 

NMR Spectroscopy. Variable temperature IH and 13C NMR spectra were 

performed on a Brucker AM 500 MHz (125.76 MHz for 13C) spectrometer. The 

temperature was controlled by a Brucker BVT-IOOO Temperature Control Unit in I K 

steps. Regulation above room temperature required dry compressed air (or N2). The air 

flow rate can be adjusted and held constant by means of a flow rate valve. Lower 

temperatures were achieved with a flow of cold nitrogen gas obtained by heating liquid 

nitrogen inside a Dewar. The temperature range for the 5 mm probe arm which is lIsed in 

this experiment was -150°C to + 180°C, and the temperature control at the sample was 

iO.5 dc. Each measurement was performed after 20 min for temperature equilibrium, 

followed by Z and Z2 shim refinement, and then 160 scans for 1 Hand 1000 scans for \3C 

spectrum were obtained. In these experiments, the first measurement was made at the 

lowest temperature, and then the temperature was increased in 10K increments. Proton 

NMR spectra were taken before and after \3C NMR spectra to make sure that the system 

didn't change while the 13C NMR spectra were acquired. All chemical shifts were 

-- ----------
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referenced to the signal for residual THF solvent peak, which was assumed to be 3.58 ppm 

for IH NMR and 67.4 ppm for I3C NMR at all temperatures. 

Results 

Assignment of 1 H NMR: Figure 4.4 shows the temperature dynamic I H NMR 

spectra for (4R)-4-phenyl-3-[phenyl-2(E)-propenoyl]-2-oxazolidinone (starting material A 

in Figure 4.6), its solution with RMgBr-CuBr·S(Meh [Figure 4.4(b) to (k)], and the final 

product B (Figure 4.6). Some important chemical shifts and coupling constants in the I H 

NMR data, which correspond to different intermediates, Iml, 1m2, and 1m3 (Figure 

4.6), are summarized in Table4-I. In these spectra, most of the signals at high field « 3.5 

ppm) could not be evaluated due to overlap with the signals from the solvent (THF, ethyl 

ether). Fortunately, the chemical shifts of the three protons on the chiral 4-phenyl

oxazolidinone, H(2a), H(2b), and H(3), are found between 3.5 and 6.0 ppm which is an 

otherwise clean area, and provided sufficient information to investigate the structural 

properties of intennediates during the temperature change. 

By comparison with A in Figure 4.4(a) and B in Figure 4.4(1), the I H NMR 

spectrum at 223 K in Figure 4.4(b) demonstrates that no Michael addition reaction has 

occurred at this temperature. Only a small amount of A is left, and one major component, 

1011 (Figure 4.6), has been formed. Four significant changes were observed for the 

process A--->Iml (Figure 4.6): (i) A large chemical shift for the olefinic hydrogens was 

observed. H(5) and H(6) began in A as 08.01 and 7.72 ppm [Figure 4.4(a)], and were 

shifted to 0 4.03 and 3.79 ppm [Figure 4.4(b)] for lOll, respectively. These hydrogens 

appeared as doublets, and their coupling constants, 3JH(5)H(6), decreased from 15.8 Hz for 

A to 11.4 Hz for 1011. (ii) The signals assigned to H(2a) and H(2b) were shifted 

downfield from 04.2 and 4.7 ppm [Figure 4.4(a)], respectively. to 04.4 and 5.0 ppm 

---:::.:--.:~:"':::::;':.~:":":':':":.""::.:-.-.- --- --~--.-.- ----
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[Figure 4.4(b»), but H(3) was shifted slightly upfield from 0 6.56 ppm to 0 5.61 ppm. (iii) 

The phenyl protons in the oxazolidinone ring, which overlapped with the phenyl protons in 

C(6) [Figure 4.4(a»), were shifted upfield, and therefore, the two groups of aromatic 

protons were separated [Figure 4.4(b»). (iv) Two sharp signals at 0 -0.8 and -0.4 ppm in 

Figure 4.4(b), were observed and assigned to be the two cuprate methyl groups in 1m!, 

while no signal was found in this region for (Me2Cu)MgBr itself under the same 

conditions. 

As the temperature was increased, the three proton signals of 4-phenyl

oxazolidinone were changed dramatically. The signals at 04.4,5.0 and 5.6 ppm for 1m! 

(Figure 4.6) began to broaden at 233 K [Figure 4.4(c»), the intensities began to decrease at 

243 K [Figure 4.4(d») and disappeared at 253 K [Figure 4.4(e»), while those at 0 4.1, 4.7 

and 5.3 ppm for enol ate 1m2 (Figure 4.6) started to grow. This was accompanied by the 

disappearance of the signals from the cuprate methyls at 0 -0.8 and -0.4 ppm and H(5) and 

H(6) at 04.0 and 3.8 ppm, and the appearance of a new doublet signal at 0 6.6 ppm with a 

coupling constant of 6.5 Hz for 1m2 H(5). These changes indicated that the Michael 

addition reaction was complete at 253 K, and that the enolate 1m2 from conjugate addition 

of the organocopper(I) reagent had been formed. 

As the temperature was further increased [Figure 4.4(O-(h»), the other set of signals 

for 4-phenyl-oxazolidinone at 04.2, 4.9 and 5.5 ppm started to grow as expected for the 

nonchelated enol ate 1m3 (Figure 4.6). The relative signal intensities of 1m2 (at 0 4.4, 5.0 

and 5.6 ppm) and of 1m3 (at 0 4.2, 4.9 and 5.5 ppm) depended on the change in 

temperature. 1m2 and 1m3 are reversibly temperature dependent, and 1m2 is the major 

component at 253 K [Figure 4.4(e»), while 1m3 becomes dominant at 283 K [Figure 

4.4(h»). When the temperature reach as 293 K, two sets of signals began to broaden 

_ ... _- -.---- ---
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significantly as the chelate became dynamically unstable. The signals for H(3) at 0 5.32 

and 5.47 ppm, and H(2a) at 0 4.13 and 4.22 ppm in 1m2 and 1m3 coalesce with each 

other at 30S K [Figure 4.4(k)]. When the temperature was decreased back to 253 K, 1m2 

predominated again. This dynamic process also was observed in the region of the aromatic 

ring (0 6.S to 7.2 ppm). In 4-phenyl-oxazolidinone ring, the exchange rate between 1m2 

and 1m3 observed in phenyl protons is consistent with that in H(2a), H(2b) and H(3), and 

seems faster than the other phenyl ring on C(6). 

Assignment of l3e NMR: The l3C NMR spectra are shown in Figure 4.5 and 

the important chemical shifts are summarized in Table 4-II. The I3C NMR data are 

consistent with the 1 H NMR and fully support the observation that at least three 

intermediates were formed during the Michael addition process. 

The 13C NMR spectrum for starting material A is showed in Figure 4.5(a), and 

could be characterized by signals with chemical shifts of 0 154.9, 164.S, IIS.5, 135.9, 

70.9 and 5S.6 ppm for the carbonyl C( I) and C(4), olefinic carbon C(5) and C(6), and 

oxazolidinone carbons C(2) and C(3), respectively. By comparison with A in Figure 

4.5(a), the l3C NMR spectrum at 223 K [Figure 4.5(b)] clearly demonstrated the existence 

of the intermediate, Iml. The corresponding signals for Iml in Figure 4.5(b) were at () 

159.7, 161.4, 61.6, 63.0, 72.7 and 60.1 ppm for the carbonyl C(l) and C(4), olefinic 

carbon C(5) and C(6), and oxazolidinone carbons C(2) and C(3), respectively. The 

olefinic carbons C(5) and C(6) shifted up field remarkably [L\() = 56.9 ppm for C(5) and L\() 

= 72.9 ppm for C(6)] while C(I) and C(4) remained more or less the same. In addition, 

the two signals at () 2.2 and -3.0 ppm from the cuprate methyl groups of the Iml complex 

began to broaden at 233 K [Figure 4.5(c)] and were hardly observable at 243 K [Figure 

4.5(d)] when the Michael addition had started. 

-.------_ .. _--- --------------
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When the temperature was increased [Figure 4.5(c) to (e)], the intensities of the 13C 

signals from the enolate 1m2 were enhanced, but those from Iml were decreased. At 253 

K [Figure 4.S(e)], 1m2 was characterized by signals at l> 151.7, 159.0, 85.8, 36.5, 70.9 

and 60.9 ppm, for carbonyl C( 1), C(4), olefinic carbons C(5), C(6), and oxazolidinone 

carbons C(2) and C(3), respectively. The large chemical shift of C(6) (ill> = 26.5 ppm) for 

1m2 (at 36.S ppm), by comparison with Iml (at 63.0 ppm), was caused by the addition of 

a methyl group to C(6) to change the hybridization from sp2 to sp3, and thus the chemical 

shift was shifted upfield to 36.5 ppm. The chemical shift of C(5) was shifted downfield to 

85.8 ppm, implying that C(S) has partial double bond character. Four new peaks at 72.9, 

63.4, 96.0 and 35.1 ppm, corresponding to C(2), C(3), C(5) and C(6), were observed, 

indicating the appearance of 1m3 [Figure 4.5(g)-(i)]. These observations arc in good 

agreement with the I H NMR spectra, in that 1m2 is the major component at lower 

temperatures (-253 K) and 1m3 is the dominating intermediate at higher temperatures 

(-293 K). 

Discussion 

OleJill-Copper(l) Complex (Iml): Based on the NMR spectra, it is clear that 

(Me2Cu)MgBr does not add its methyl group to (4R)-4-phenyl-3-[phenyl-2(E)-propenoyl]-

2-oxazolidinone (A, Figure 4.6) in THF-dg at 213 K. Instead, it forms a rather stable 1£

complex, which is characterized by a bond between the copper(I) moiety and the l£-system 

of the double bond, and an interaction of the magnesium with the carbonyl oxygen atom. 

The chemical shifts at l> 61.5 [C(S)1 and 63.0 ppm [C(6)] in the I3C NMR spectrum are 

within the range for olefin carbons of 50-70 ppm. 183 The large upfield shifts of C(5) [ill> 

= 56.9] and C(6) [ill> = 72.9] of the l£-complex (Iml, Figure 4.6) as compared with that 

---- --------- --- --- -------
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of A, are consistent with the Dewar-Chatt-Duncanson Model for olefin-transition metal1t

complexes. 196 The back-donation of electrons offilled copper d-orbital to an olefin 1t*

orbital results in a strong shielding of the olefinic carbons. Furthermore, since much larger 

perturbations are observed for the olefinic C(5) and C(6) rather than for the carbonyl 

carbon C( I) and C( 4) or the aromatic carbons, it is reasonable to suggest that the cuprate 

ion interacts with the carbon-carbon double bond by coordination of the copper to the olefin 

1t-bond of Im1 (see Figure 4.6). 

For the 1 H NMR spectra, the chemical shifts of H(5) and H(6) in Figure 4.4(a) for 

A (Figure 4.6) are observed at the quite low field of 0 8.01 and 7.72 ppm, respectively, 

whereas normally they are observed in the range of 0 4.5 to 7.5 ppm for olefinic 

protons. 197 These unusual low chemical shifts for H(5) and H(6) are due to deshielding 

from carbonyl groups at C( 1) and C(4). However, after the two carbonyl groups at C( 1) 

and C(4) rotate from fran to cis in Im1 (Figure 4.6), the deshielding effect for H(5) from 

the 4-phenyl carbonyl group C(l) disappears. In addition, the electron withdrawing effect 

of the copper, further shifted the H(5) upfield to 04.03 ppm [Figure 4.4(b)]. A similar 

change for the a-H chemical shifts has been observed in AlMe2CI and TiCl4 with chiral 

imide derivatives. 198 The upfield shift of H(6) in Figure 4.4(b) was mainly induced by 

copper coordination which interfered with the deshielding from the carbonyl group C(4). 

The structure of Im1 in Figure 4.6 is fully supported as well by the NMR signals 

for the cuprate methyl groups. It has been shown that in THF, (Me2Cu)MgBr exists as the 

monomeric species over a wide range of concentrations. 199 Both the 1 Hand 13C NMR 

spectra [Figure 4.4(b) and 4.5(b)] show only two methyl signals for (Me2Cu)MgBr in 

Im1, and they are obviously non-equivalent, reflecting differences in environment. The 

proton signal at the higher field of -0.8 ppm is assigned to be Me(b) (Figure 4.6, Im1). 

The larger electronic inductive effect in Me(b) than Me(a) due to two electropositive metals, 

.-.------ ---------------



159 

Mg and Cu, induces the resonance peak of Me(b) to a shift to higher field. In addition, the 

more rapid decrease of the intensity of the Me(a) when the temperature was increased 

implies that it is Me(a) that adds to C(6). This fits perfectly with the Iml structure 

proposed in Figure 4.6. 

As compared to organolithium Grignard reagents which preferentially add to the 

carbonyl function (1,2-addition), organocuprates preferentially add to a,p-unsaturated 

carbonyl compounds almost exclusively by I ,4-addition.20 1-204 The structure of the 

olefin-copper(l)-complex suggests that the function of cuprous halide is to facilitate 1,4-

addition and to inhibit 1,2-addition. The NMR data have confirmed that the Michael-like 

asymmetric 1,4-conjugate addition reaction of organocopper(l) reagents, (Me2Cu)MgBr, to 

3(2E)-( l-oxoprop-2-eneyl-3-phenyl)-2-oxazolidinone goes though an olefin-copper(l) 

complex. 

Magnesium eno/ales (1m2 and 1m3): Above 253 K, the enolate resulting 

from conjugate addition of organocupper(l) reagent is formed. Both 1 Hand 13C NMR 

spectra are best interpreted in terms of two enolates (1m2 & 1m3 in Figure 4.6), with the 

relative populations oJ these two enolate conformers depending significantly on 

temperature. From the NMR studies, it is difficult to determine with certainty the structures 

of the two enolates. However, based on many earlier studies of 1,4-addition of GrignaI'd 

reagents to conjugated carbonyl systems, and a strong tendency for magnesium to form 

three- or four-center electron pair bonds through bridging,205 the Michael-like addition in 

the studied system should produce a magnesium enol ate that contains a Mg-O bound and a 

Mg···O chelation (sec Figure 4.6, 1m2). At higher temperature, the weak bridging ability 

of Mg· .. O is dissociated and provides the thermodynamically stable intermediate, 1m3 

---- ---------- ----------- -------------------
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(Figure 4.6). The interexchange between 1m2 and 1m3 is slow and can be monitored by 

1 H NMR spectroscopy. 1m2 has high facial selectivity and predominates at temperature 

253 K, whereas 1m3 has low facial selective and becomes dominant at 283 K. Therefore, 

a "low temperature" is a necessary requirement for high stereoselectivity in the electrophilic 

bromination of the resulting enolate to build an a-chiral center. 1 15-116. 119-120. 

Couplillg COllstallts: The coupling constant for 3JH(5)H(6) is 15.8 Hz in A, 

which is typical for a trailS three-bond 1 H-I H coupling constant in a substituted olefin. 

When Im1 was formed, the 3JH(5)H(6) decrease to be 11.4 Hz which is close to a typical 

cis three-bond 1 H _I H coupling constant in C=C (12.3 Hz)206. Nevertheless, by 

considering the sterically crowded environment, the coupling constant decrease can be 

explained in terms of changes in the 1t-electron density at the carbons due to metal-olefin 

coordination. Based on the Karplus relationship for vicinal 3JHH coupling constants 

through the C-C bond as a function of dihedral angle, the dihedral angle between H(5) and 

H(6) for 1m2 can be established as 150° or 25°. According to the allyJic steric effect, the 

150° angle will be the favorable one, which is supported by the asymmetric synthesis 

results.171-172 This angle provides useful information for the study of the stereochemical 

effects of the ~ position on the chirality of the a center. I 15-1 16, 129-130, 171-174 

DYllamical Processes: Without the existence of an organometal [e.g. 

(Me2Cu)MgBr], no rotation of the C-N bond for both A and B is observed on the 1 H 

NMR time scale at room temperature, because of the double-bond character in the C-N 117a 

[see Figure 4.4(a) and (1)). On the contrary, with addition of the organometallic to the 

solution, the 1 H NMR spectrum in Figure 4.4(i) shows two sets of signals in 4-phenyl-
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oxazolidinone [H(2a), H(2b) and H(3)] which is consistent with the two intermediates 1m2 

and 1m3 in solution. As the temperature increases, these signals progress to coalesce with 

each other at 308 K. The free energy of activation (.1G*) and rate constant (kc) of the 

exchange processes at the coalescence temperature, 308 K, were calculated according to 

eqn (2) and eqn (3),207-208 

ke=p/2t1n (s-l) (2) 

IJG+=4.57Tcf9.97+log(Te/t1n)} (eal/mole) (3) 

where .1n is the difference of chemical shifts of two sites in the absence of exchange (here 

it is approximated by the difference of chemical shift at 273 K). The .1G* for the rotation 

of C(4)-N in the exchange between 1m2 and 1m3 is -15.0 Kcal/mole and the kc is 

1.4xl02 s-l. 

Conclusions 

1. ChiraI4-phenyl-oxazolidinones are important probes for the mechanism studies of 

Asymmetric Michael-like addition reactions, and probably can be extended for 

studies of other important asymmetric reactions: e.g. the aldol condensation 

reaction. 

2. Both R, and S, 4-phenyl-oxazolidinone are being used in peptide molecular design 

to mimic phenylalanine( many other amino acids can be rnimiced by modifying the 

aromatic ing on oxazolidinone), It can potentially be used to probe biological 

processes (e.g. binding process). 

-"'------ ---------------------- ------------ ------ --. 



162 

3. The Michael-like addition reaction goes through a fully chelated complex, and that 

only two methyl groups are asymmetrically attached to the copper(I) 7t-complex. 

4. More than 1.2 eq. of Michael-like addition reagent are needed for efficient chiral 

induction. 

5 • The dihedral angle of the (l- and ~-protons of the metallo enol ate was 

measured as 1500 which provided valuable information for examining the 

stereochemical effects of the ~ position on the chirality of the (l center. 

6. Enolates 1m2 and 1m3 are reversibly temperature dependent. 1m2 is the major 

component at 253 K, while 1m3 becomes the major component at 293 K. The free 

energy of activation (.1G:j:) and rate constant (ke) of the equilibrium were 

measured as 15.0 Kcallmole and I.4X102s- 1, respectively. 
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Figure Captions 

Figure 1. 1 H NMR (500 MHz) spectra (-1 ppm to 8.5 ppm vs solvent peak of THF at 3.58 ppm) 

of (4R)-4-phenyl-3-[phenyl-2(E)-propenoyl]-2-oxazolidinone (starting material A) (a). 

temperature dynamic IH NMR spectra for its solution with (Me2Cu)MgBr at (b) T = 223 K. (c) 

T = 233 K. (d) T = 243 K. (e) T = 253K. (f) T = 263 K. (g) T = 273 K. (h) T = 283 K. (i) T = 293 

K. U) T= 303 K. (k) T=308K. and (I) the final product B. Three intermediates are observed. The 

spectrum obtained at T = 223 K is assigned to the olefin-copper(I) complex (Iml). Enolate 1m2 

is formed after the Michael addition is completed at T = 253 K. and the other enol ate. 1m3. 

becomes the major component at T = 293 K. Some important chemical shifts and coupling 

constants of the 1 H NMR data. which correspond tot he different intermediates. Iml. 1m2. 1m3. 

the starting material A and the final product B are summarized in Table I. See text for details. 

Figure 2. IH-decoupled I3C NMR (125.67 MHz) spectra (-10 ppm to 175 ppm) of (4R)-4-

phenyl-3-[phenyl-2(E)-propenoyl]-2-oxazolidinone (starting material A) (a). temperature 

dynamic l3C NMR spectra for its solution with (Me2Cu)MgBr at (b) T = 223 K. (c) T = 233 K. 

(d) T = 243 K. (e) T = 253K. (f) T = 263 K. (g) T = 273 K. (h) T = 283 K. (i) T = 293 K. and U) 

the final product B. Three intermediates of this studied system also are observed in the 13C 

NMR spectra which are consistant with the I H NMR spectra. The important I3C NMR chemical 

shifts. which correspond to the different intermediates. Iml. 1m2. 1m3. the starting material A 

and the final product B. are summarized in Table II. See text for details. 

--------- ----------------------
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TABLE II 

. 13C Chemical Shifts (ppm) for A: Starting Material, B: Final Product, 1m!: 

Copper(l) Complex, 1m2 and 1m3: Magnesium Enolates [5]. 

Position A 1m! 1m2 1m3 B 

C! 154.9 159.7 149.5 149.7 154.5 

C2 70.9 72.7 70.9 72.9 70.8 

C3 58.6 60.1 60.9 63.4 58.3 

C4 164.8 161.4 151.7 N/A 171.6 

C5 118.5 61.6 85.8 96.0 36.6 

C6 135.9 63.0 36.5 35.1 44.1 

C7 145.8 142.2 142.1 N/A 147.2 

C8 141.3 140.6 140.0 N/A 141.3 

•.... _.- - _. --"-.- -----------.- ."- -------_.-
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TABLE I 

IH NMR Chemical Shifts (ppm) and Coupling Constants (Hz) for 

A: Starting Material, B: Final Product, 1m!: Copper(l) Complex, 

1m2 and 1m3: Magnesium Enolates. 

Position A 1m! 1m2 1m3 B 

H(2a) 4.24(q) 4.44(q) 4.13(q) 4.22 4.15(q) 

(3.8,8.7) (3.3,9.0) (2.5,8.2) (8.2,5.5) (3.7, 8.9) 

H(2b) 4.73(t) 4.99(t) 4.74(t) 4.96(b) 4.58(t) 

(8.5) (3.3,9.0) (6.6,9.0) (8.8) 

H(3) 5.61(q) 5.56(q) 5.32(q) 5.47(b) 5.35(q) 

(3.8, 8.7) (3.3, 9.0) (3.0,6.0) (3.9,9.2) 

H(S) 8.01(d) 4.03(d) 6.64(d) 3.29(m) 

(15.8) (11.4) (6.5) 

H(6) 7.72(d) 3.79(d) 3.l5(m) 

(15.8) (11.4 ) (9.7) 

(q= quartet, t=triplet, d=doublet, b=broad, m=multiple) 

_ .. _-_._- --- -.--.-.---.----------
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Chapter 4 

SYNTHETIC EXPERIMENTAL OF UNUSUAL AMINO ACIDS AND 

THEIR DERIVATIVES 

General 

I. Typical Reagents: Almost all of reagents in this desertation research were purchased 

from Aldrich Chemical Co. (otherwise it will be noted in the procedure). Dichloromethane 

was dried and distilled from calcium hyride (CaH2). Tetrahydrofuran was dried by 

refluxing over sodium-benzophenone ketyl for a while and distilled under the protection of 

nitrogen atmosphere. Triethylamine, diisopropylethylamine and pivaloyl chloride were 

used without further purification. Butyllithium (1.6 M in hexane), dibutylborontriflate (l 

M solution in dichloromethan~) and, methylmagnesium bromide (3 M in ethyl ether) were 

stored in refrigerator after each use. N-bromosuccinimide was recrystallized from water 

and dried in vacuum over phosphorus pentoxide for 24 hours. 

2. Instrumental measument: Melting points were measured on a Thomas Hoover capillary 

point apparatus (Arthur H. Thomas Co., Philadelohia, PA). Nuclear magnetic resonance 

spectra were recorded on a Brucker WM 250 and AM 250 MHz Ff spectrometer, for 

proton at 250 MHz, for 13C at 93.65 MHz (WM 250) and 62.9 MHz respectively. 

Chemical shifts were reported on the 8 scale in ppm with tetramethylsilane as an internal 

reference unless noted. Optical rotations were recorded on an Autopol III polarimeter 

(Rudolph Research, Fairfield, N.J.). Mass spectra were recorded on an HP 5988A mass 

spectrometer . 

. ---.. -- .. _-----------------
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3. Others: Column chromatography was performed by using flash silica gel (60 A, 230-

400 mesh) and normal silica gel (60A, 70-230 mesh). Thin layer chromatography was 

performed on Merck silica gel 60 F254 and Uniplate™ silica gel glass backed plates. 

Detection was made by ultraviolet light. 

Synthesis of Starting Materials 

(S)-Phenylglycinol (2.2b) 

To a dried and nitrogen protected flask added by lithium borohydride (2 M in THF, 

331 ml, 0.66 mol.) via a syringe and cooled to O°C. Trimethylsilyl chloride (168 ml, 1.33 

mol) was placed by another syringe to the resulting stirring mixture in about five minutes. 

The resulting white suspension was stirred for 15 minutes and 2R phenylglycine (50g, 

0.33 mol) added by a plastic bag over five minutes. Remove the cooling bath and let the 

mixture to be stirred at room temperature for 16 hours. Quench the reaction by slowly 

addition of methanol (200 ml) over 2 hours. Volatiles were removed by rotary 

evaporation, the residual white paste was cooled to 0 oC and treated with cooled 300 ml of 

20% aqueous potassium hydroxide. The resulting aqueous phase was extracted with 

dichloromethane (4x 150 ml). The combined extracts were dried over anhydrous 

magnesium sulfate, filtrated and concentrated by rotary evaporation. The crude product 

was recrystallized from ethyl acetate/hexane(8/2) to yield pure product as colorless 

crystals(35 g, 76%). Mp 75-77 oC (Lit: 69 76.5-78.5 oc). [a]o25 = +31.3" (c 0.6, IN 

HC!) (Lit: 69 [a]o22 +32.1 0
, c 1.14, 1 N HCI). 
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( 4S)-Phenyl-2-oxazolidinone(2.2c) 

To a preheated 250 mL round bottom flask which is equipped with a Claisen head 

and distillation condenser and a stirring bar was added dried (S)-Phenylglycinol (2.2b, 

34.3g, 0.25 mol), potasium carbonate and diethyl carbonate (60 mL, 0.50 mol). The 

resulting suspension was stirred vigorously. The ethanol from the reaction began to be 

distilled off after a few minutes. When the temperature on the Claisen head droped to 75 

oC(about 40 mL ethanol collected), remove the heating bath from the reaction. A solid 

mass was formed after the reaction mixture cooled down. The powered solid was 

dissolved in ehtyl acetate and filtered potasium carbonate was dissolved in water and 

extracted with ethyl acetate three times. The combined organic phase was washed with a 

saturated sodium bicarbonate solution twice and brine once, then dried over magnesium 

sulfate. The drying agent was filtered off, the solvent removed by rotary evaporation. The 

crude product was crystalized from ethyl acetate/hexane to yield (4S)-Phenyl-2-

oxazolidinone (34 g, 83%). Spectral data were identical to those described in Iiterature.69 

Mp 127-129 °C (Lit: 69 128-130 OC). [a]D2S = +56.80 (c 0.8, CHCI3) (Lit: 69 [a]D22 

+58.00
, c 1.0, CHCI3). 

4-Bromo-2-methylanisole(2.17a). 

To a round bottom flask was placed 3-methylanisole (50.0 mL, 397 mmol) and 

carbon tetrachloride (640 mL). The well stirring mixture was cooled down to -25 oc. A 

bromine(47.5 mL, 436 mmol) solution in carbon tetrachloride(l40 mL) was added through 

a syringe in eight hours. The resulting mixture was then stirred for 10 hours while 

warming to room temperature. 250 mL water was added to the reaction mixture and stirred 

for 1.5 hour. The aqueous and organic phases were separated, the aqueous solution was 

extracted with ethyl ether(3x 150 mL). The combined organic phases were dried over 

------ _.---- .- .. --- .. _._-------------
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anhydrous manesium sulfate, filtered, solvents removed by rotary evaporation. The 

residual oil was distilled in vacuum to yield 4-bromo-2-methylanisole as a colorless liquid( 

57 g, 59%). Bp 100 oC at 2.4 torr (lit69 104 oC at 2.4 torr). 

4-Methoxy-2-methyl benzaldehyde(2.17b). 

Into a clean, nitrogen protected dry round bottom flask, which was equipped with 

mechanical stirrer, a reflux condenser and pressure equalizing addition funnel (400 mL of 

freshly distilled tetrahydrofuran in the funnel), was placed freshly distilled 

tetrahydrfuran(200 mL), 4-bromo-2-methylanisole(2.17a, 50 g, 248 mmol) and dry 

magnesium turnings (6.8 g, 280 mmol). The reaction mixture was stirred and gently 

heated to start the reaction. The THF in the pressure equalizing addition funnel was added 

to the reaction while the vigorous reflux started, in the meanwhile remove the heater from 

the reaction. The resulting blackish suspension was reheated to reflux for about 4 hour 

until almost all of the magnesium turnings disappered. The reaction was cooled to 0 "C 

before a solution of anhydrous dimethylformamide (21.2 mL, 273 mmol) in freshly 

distilled tetrahydrofuran (20 mL) was added from the additional funnel dropwise over 5 

minutes. The grey suspesion was stirred 0 nC for 15 minutes, then warmed to room 

temperature and stirred for one hour. The reaction was quenched by decanting the reaction 

mixture into a well stirred solution of saturated ammonium chloride (600 mL). Additional 

tetrahydrofuran (2x 15 mL) was used to wash the flask and decanted to above solution of 

saturated ammonium chloride. The aqueous and organic phases were separated, the 

aqueous was extracted with ethyl ether(3x 100 mL). The combined organic phases were 

dried over anhydrous magnesium sulfate, the drying agent was filtered, the volatiles were 

removed by rotary evaporation. The residual a light lime-green oil was distilled in vacuum 

to yield 4-methoxy-2-methylbenzaldehyde(29.3 g, 80%). Bp 77 oC at 2.2 torr (lit69 74 °C 

at 2.1 torr). The I H-NMR(TMS, solvent CHCl3) data are indentical to known sample: 8 

---------- -" ----
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10.1(s, 1 H Ar-CHO), 7.7 (d, J = 9.0 Hz, 6'-proton), 6.8 (dd, J = 9.0 Hz, 3H, aromatic 

5'-proton), 6.7 (d, J = 3.0 Hz, aromatic 3'-proton), 3.82 (s, 3 H, Ar-OCH3). 

2E 3-(4'-Methoxy-2' -methylphenyl).2-propenoic acid(2.17c). 

To a clean, nitrogen protected dried round bottom flask which was equipped with 

mechanical stirrer was added freshly distilled tetrahydrofuran (750 mL), potassium ter!

butoxide(26 g, 220mmol) and triethylphosphonoacetate( 45.8 mL, 231 mmol). The 

reaction mixture was stirred at room temperature for 20 minutes. The solution of 4-

methoxy-2-methylbenzaldehyde(29.1 g, 193.7mmol) in tetrahydrofuran (30 mL) was 

added to the resulting pale green reaction mixture. A few minutes later, the reaction 

mixture turned to be a thick sludge which was stirred at room temperature for two hours. 

The solution of lithium monohydroxide (LiOH·H20, 50 g, 533 mmol) in 300 mL water 

and 250 mL of methanol were added to the above mixture which was stirred for four 

hours. The volatiles were then removed by rotary evaporation. The remained aqueous 

basic phase was washed by chloroform(3x 150) and acidified by 6N hydrochloric acid to 

PH = 3. The appeared solid from the acidified solution was filtered, washed with 

water(2x 150 mL) and dried ill vacuo to yield NMR pure product (32.5 g, 88%). A small 

amount of the product was further purified by crystallization from ethyl acetate/hexane. Mp 

185-186.5 °C (lit69 185-186 oc). The NMR data are indentical to known sample: I H-NMR 

(TMS, solvent CHCh): 08.03 (d, J = 15.8 Hz, 1H, Ar-CH = CH-), 7.58 (d, J = 8.5 Hz, 

I H, aromatic 6' hydrogen), 6.78-6.73 (m, 2 H, aromatic 3', 5' hydrogens), 6.29 (d, J = 
15.8 Hz, 1 H, -CH = CH-COOI-I), 3.83 (s, 3 1-1, Ar-OCI-I3), 2.45 (s, 3 H, Ar-CH3)' 13C_ 

NMR 0 169.2, 160.6, 141.7, 139.3, 127.8, 125.8, 116.8, 115.5, 111.8,55.0, 19.8. 

-------------- - -- -- -- - ---
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Coupling Reactions 

3(2E), 4R 3-[3-( 4'-Methoxy-2'-methylphenyl)-1-oxopropenyl]-4-phenyl-2-

oxazolidinone(2.S4a) 

(2E)-3-(4'-methoxy-2'-methylphenyl)-2-propenoic acid(16.0 g, 83.3 mmol, 1.27 

equiv) is added to a dry I L flask equipped with magnetic stirring bar. The flask is flushed 

with nitrogen and freshly distilled tetrahydrofuran(372 mL). The resulting clear solution is 

cooled to -78°C. Freshly distilled triethylamine (12.8 mL, 65.8 mmol, 1.0 equiv) and 

pivaloyl chloride (11 mL, 89 mmol, 1.35 equiv) is added through a syringe. The resulting 

suspension is stirred at -78°C for 30 minutes, at 0 oC 1.5 hour then recooled to -78 oC, 

then was rapidly transferred via a Teflon cannula to a stirring slurry of the lithiated acyl 

oxazolidinone which is prepared in advance at -78°C by addition of n-butylithium( 1.6 M in 

hexane, 46.7 mL, 75 mmol, Ll4 equiv) to a solution of the 4R 4-phenyl-oxazolidinone 

(12.2 g, 75 mmol, 1.14 equiv) in dried tetrahydrofuran(320 mL) under the protection of 

nitrogen. The resulting suspension is stirred at -78 "C for 30 minutes and at room 

temperature one and half hour, quenched by the addition of of saturated aqueous sodium 

bicarbonate(l60 mL). Part of volatiles were removed by rotary evaporation and the residual 

solution extracted three times by ethyl acetate, and the combined organic layers are washed 

with dilute aqueous sodium bicarbonate and brine solution once, dried over anhydrous 

magnesium sulfate, filtered and concentrated in vacuo. The crude product is recrystallized 

from ethyl acetate to yield 3(2E), 4R 3-[3-( 4'-methoxy-2'-methylphenyl)-I-oxopropenyl]-

4-phenyl-2-oxazolidinone ( 22 g, 87%). Mp 135.5-136.4 °C (Lit:69 136-137 oc). [a]D25 

= +17.0 o(c 0.5, CHCI3) (Lit:69 [a]022 +20.0°, c l.l, CHCI3). IH NMR(TMS, solvent 

CHCI3): B 8.05 (d, J = 15.7 Hz, I H, Ar-CH = CH-); 7.76 (d, J = 15.7 Hz I H, Ar-CH 

---------.-- . -.-.- --- .. ~.- ----'-:--------=----- ._- ---------
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= CH-); 7.67(d, J = 8.6 Hz, 1 H aromatic 6'-hydrogen), 7.40-7.34 (m, 5 H, aromatic 

hydrogens from chiral auxiliary), 6.69-6.73 (m) (2H, aromatic 3', 5'-hydrogens); 5.55 

(dd, J = 4.0 Hz, 8.7 Hz, 1 H, Ar-CH- of oxazolidinone); 4.73 (t, J = 8.8 Hz, IH, -CH

/pro R of oxazolidinone); 4.30 (dd, J = 4.0 Hz, 8.8 Hz, 1 H, -CH-/pro S of 

oxazolodinone); 3.81 (s,3 H, Ar-OCH); 2.37 (s, 3 H, Ar-CH3). I3C NMR 165.0, 161.3, 

153.8, 143.6, 140.4, 139.2, 129.0, 128.6, 128.5, 127.0, 125.8, 115.8, 114.7, 112.0, 

69.8,57.8,55.1, 19.9. IR (KBr, em-I) 1770, 1680, 1600, 1340, 1200, 1050,700. 

3(2E), 4S 3.[3·( 4'-Methoxy.2'.methylphenyl)-1.oxopropenyl]-4-phenyl.2. 

oxazolidinone(2.54b) 

The title compound was prepared in an analogous manner to 2.54a. Started from 

(2E)-3-(4'-methoxy-2'-methylphenyl)-2-propenoic acid(l2 g, 62.5 mmol) to yield 3(2E), 

4S 3-[3-( 4'-methoxy-2'-methylphenyl)-l-oxopropenyl]-4-phenyl-2-oxazolidinone (16 g, 

84%). Mp 135.0-136.5 nC (Lit:69 136.0-137.0 oC). [a]D25 = -18.l n (c 0.6, CHCI3) 

(Lit: 69 [a]D22 -20.00
, c 1.10, CHCI3). I H NMR(TMS, solvent CI-ICI3): 8 8.05 (d, J = 

15.7 Hz, I H, Ar-CH = CH-); 7.76 (d, J = 15.7 Hz I H, Ar-CH = CH-); 7.67(d, J = 8.6 

Hz, I H aromatic 6'-hydrogen), 7.40-7.34 (m, 5 H, aromatic hydrogens from chiral 

auxiliary), 6.69-6.73 (m) (2H, aromatic 3', 5'-hydrogens); 5.55 (dd, J = 4.0 Hz, 8.7 Hz, 

I H, Ar-CH- of oxazolidinone); 4.73 (t, J = 8.8 Hz, IH, -CH-/pro S of oxazolidinone); 

4.30 (dd, J = 4.0 Hz, 8.8 Hz, I H, -CH-/pro R of oxazolodinone); 3.81 (s, 3 H, Ar

OCH3); 2.37 (s, 3 H, Ar-CH3)' I3C NMR 165.0" 161.3, 153.8, 143.6, 140.4, 139.2, 

129.0, 128.6, 128.5, 127.0, 125.8, 115.8, 114.7, 112.0, 69.8, 57.8, 55.1, 19.9. IR 

(KBr, em-I) 1770, 1680, 1600, 1340, 1200, 1050,700 . 

. _--- _._--_ .. -- .. _ .. _-_._------------
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3(2E), 4S 3-(2-butenoyl)-4-phenyl-2-oxazolidinone (2.54c) 

To a dry round bottom flask was added optically pure (4S)-4-phenyl-2-

oxazolidinone (12.6 g, 77.3 mmol, 1 equiv) and dry tetrahydrofuran (378 mL). The 

solution was cooled to -78oC, and n-butylithium(1.6 M in hexane, 48.7 mL, 77.3 mmol, 

1.0 equiv) was added. The resulting mixture was stirred until a slurry was formed and was 

then added by freshly distilled (2E)-butenoyl chloride (8.8 g, 8.1 mL, 84.3 mmol, 

l.lequiv). Th resulting reaction mixture was stirred for 45 minute at -78°C and 1.5 hour 

at 0 0c. The reaction was quenched by the addition of of saturated aqueous sodium 

bicarbonate(l20 mL). Volatiles were removed by rotary evaporation and the residual 

solution extracted three times by ethyl acetate, and the combined organic layers are washed 

with dilute aqueous sodium bicarbonate and brine solution once, dried over anhydrous 

magnesium sulfate, filtered and concentrated in vacuo. The crude product is recrystallized 

from ethyl acetate to yield 3(2E), 4S 3-(2-butenoyl)-4-phenyl-2-oxazolidinone( 22 g, 

95%). Mp 78.1-80.0 nC (qt:69 77-79 oC). [ex]o25 = +120.0 0 (c 0.8, CHCI3) (Lit: 69 

[ex]025 +1 18.0 0, c 1.08, CHCI3). IH NMR o(TMS, solvent CHCI3): 7.42-7.24 (m, 6 H); 

7.16-7.00 (m, 1 H), the above 7 H's are from aromatic H's on the auxiliary and Ar-CH = 
CH- ; 5.48 (dd, J = 3.9, 8.8 Hz, I H); 4.70 (t, J = 8.9 Hz, 1 H); 4.27 (dd, J = 3.9, 8.9 

Hz, I H); 1.93 (d, J = ~.7 Hz, 3 H). 13C 0 (CHCI3 solvent): 164.3, 153.6, 147.1, 139.0, 

129.0, 128.6, 125.7, 121.6,69.8,57.5, 18.4. IR (KBr, em-I) 2990, 1785, 1690, 1640, 

1340,1190,715. 

3(2E), 4R 3-(2-butenoyl)-4-phenyl-2-oxazolidinone (2.54d) 

The title compound was prepared in an analogous manner to 2.54c. The reaction 

started from the same scale as that of preparation of 2.54c to yield 3(2E), 4R 3-(2-

butenoyl)-4-phenyl-2-oxazolidinone( 16.0 g, 89%). Mp 77.0-80.0 °C. [ex]o25 = -118.0 ° 
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(c 1.0, CHCl). IH NMR i) (TMS, solvent CHCl): 7.42-7.24 (m, 6 H ); 7.16-7.00 (m, I 

H), the above 7 H'S are from aromatic H'S on the auxiliary and Ar-CH = CH- ; 5.48 (dd, J 

= 3.9, 8.8 Hz, 1 H); 4.70 (t, J = 8.9 Hz, 1 H); 4.27 (dd, J = 3.9, 8.9 Hz, 1 H); 1.93 (d, 

J = 6.7 Hz, 3 H). 13C 0 (CHCI3 solvent): 164.3, 153.6, 147.1, 139.0, 129.0, 128.6, 

125.7, 121.6,69.8,57.5, 18.4. IR (KBr, cm· l ) 2990, 1785, 1690, 1640, 1340, 1190, 

715. 

3(2E), 48 3-[ (3-Phenyl)-1-oxopropenyl]-4-phenyl-2-oxazolidinone(2.38-1a 

= 2.46-1a) 

The title compound was prepared in an analogous manner to 2.54a. Started from 

(2E)-3-phenyl-2-propenoie acid (12 g) to yield 3(2E), 4S 3-(3-phenyl)-I-oxopropenyl]-4-

phenyl-2-oxazolidinone (20.6 g, 86.5 %). Mp 168-170 °C. [a]D25 = +6.2 0 (e 1.3, 

CHCI3). IH NMR(TMS, solvent CHCh): 07.94 (d, J = 15.7 Hz, 1 H, Ar-CR = CH-); 

7.78 (d, J = 15.7 Hz I H, Ar-CH = CR-); 7.61-7.57(m, 2H), 7.39-7.34 (m, 3 H), [ 

aromatic hydrogens from ehiral auxiliary]; 5.55 (dd, J = 3.8 Hz, 8.7 Hz, I H, Ar-CH- of 

oxazolidinone); 4.73 (t, J = 8.7 Hz, IH, -CH-/pro S of oxazolidinone); 4.31 (dd, J = 3.8 

Hz, 8.7 Hz, 1 H, -CH-/pro R of oxazolodinone). 13C NMR 164.6" 153.7, 146.5, 

138.9, 134.3, 130.6, 129.0, 128.9, 128.7, 128.5, 125.8, 116.7, 69.8, 57.7. IR (KBr, 

em· l ) 1775, 1680, 1625, 1330, 1210,760,710. 

3(2E), 4R 3-[(3-Phenyl)-1-oxopropenyl]-4-phenyl-2-oxazolidinone(2.38-

1b = 2.46-1c) 

The title compound was prepared in an analogous manner to 2.25a. Started from 

(2E)-3-phenyl-2-propenoic acid to yield 3(2E), 4S 3-(3-phenyl)-I-oxopropenyl]-4-phenyl-
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2-oxazolidinone (19.0 g, 80 %). Mp 169-171 °C. [a]D25 = -6.6 0 (c 1.5, CHC13). IH 

NMR(TMS, solvent CHCI3): 07.94 (d, J = 15.7 Hz, 1 H, Ar-CH = CH-); 7.78 (d, J = 

15.7 Hz 1 H, Ar-CH = CH-); 7.61-7.57(m, 2H), 7.39-7.34 (m, 3 H), [aromatic 

hydrogens from chiral auxiliary]; 5.55 (dd, J = 3.8 Hz, 8.7 Hz, 1 H, Ar-CH- of 

oxazolidinone); 4.73 (t, J = 8.7 Hz, IH, -CH-/pro R of oxazolidinone); 4.31 (dd, J = 3.8 

Hz, 8.7 Hz, 1 H, -CH-/pro S of oxazolodinone). 13C NMR 164.6, 153.7, 146.5, 138.9, 

134.3, 130.6, 129.0, 128.9, 128.7, 128.5, 125.8, 116.7, 69.8, 57.7. IR (KBr, em-I) 

1775, 1680, 1625, 1330, 1210,760,710. 

3 (2E), 4S 3- [3-( 4'-Methoxyphenyl)-1-oxopropenyl] -4-phenyl-2-

oxazolidinone(2.38-1c = 2.46-1g) 

The title compound was prepared in an analogous manner to 2.54a. Started from 

(2E)-3-(4'-methoxyphenyl)-2-propenoic acid to yield 3(2E), 4S 3-[3-(4'-methoxyphenyl)

l-oxopropenyl]-4-phenyl-2-oxazolidinone (17 g, 91 %). Mp 162-163 oC, [a]n25 = -40.00 

(c 1.5, CHCI3). IH NMR(TMS, solvent CHCI3): 07.83 (d, J = 15.7 Hz, I H, Ar-CH = 

CH-); 7.73 (d, J = 15.7 Hz 1 H, Ar-CH = CH-); 7.54(d, J = 8.8 Hz, 2 H aromatic 3', 5'

hydrogen), 7.40-7.30 (m, 5 H, aromatic hydrogens from chiral auxiliary), 6.89 (d, 2H, 

aromatic 2', 6'-hydrogens); 5.55 (dd, J = 3.9 Hz, 8.8 Hz, I H, Ar-CH- of oxazolidinone); 

4.70 (t, J = 8.8 Hz, I H, -CH-/pro S of oxazolidinone); 4.27 (dd, J = 3.9 Hz, 8.8 Hz, I 

H, -CH-/pro R of oxazolodinone); 3.81 (s, 3 H, Ar-OCH3)' 13C NMR 164.8, 161.7, 

153.8, 143.6, 139.2, 130.3, 129.0, 128.5, 127.1, 125.8, 114.2,69.8,57.7,55.2. IR 

(KBr, em-I) 2960,1775,1680, 1605, 1515, 1290, 1230, 1180. 

---- .-........•... _._- .... _------------ . -.:.~ :..:----::.------.-- .. -
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3 (2E), 4R 3-[3-( 4'-Methoxyphenyl)-1-oxopropenyl] -4-phenyl-2-

oxazolidinone(2.38-1d = 2.46-lf) 

The title compound was prepared in an analogous manner to 2.54a. Started from 

(2E)-3-( 4'-methoxyphenyl)-2-propenoic acid to yield 3(2E), 4S 3-[3-( 4'-methoxyphenyl)

l-oxopropenyl]-4-phenyl-2-oxazolidinone (18 g, 82 %). Mp 162-163 oC, [a.]1)25 = +43.40 

(c 1.5, CHCI3). IH NMR(TMS, solvent CHCI3): D 7.83 (d, J = 15.7 Hz, 1 H, Ar-CH = 

CH-); 7.73 (d, J = 15.7 Hz 1 H, Ar-CH = CH-); 7.54(d, J = 8.8 Hz, 2 H aromatic 3', 5'

hydrogen), 7.40-7.30 (m, 5 H, aromatic hydrogens from chiral auxiliary), 6.89 (d, 2H, 

aromatic 2', 6'-hydrogens); 5.55 (dd, J = 3.9 Hz, 8.8 Hz, 1 H, Ar-CH- of oxazolidinone); 

4.70 (t, J = 8.8 Hz, IH, -CH-/pro S of oxazolidinone); 4.27 (dd, J = 3.9 Hz, 8.8 Hz, 1 

H, -CH-/pro R of oxazolodinone); 3.81 (s, 3 H, Ar-OCH3)' 13C NMR 164.8, 161.7, 

153.8, 143.6, 139.2, 130.3, 129.0, 128.5, 127.1, 125.8, 114.2, 69.8, 57.7, 55.2. IR 

(KBr, em-I) 2960, 1775, 1680, 1605, 1515, 1290, 1230, 1180. 

(4R)-3-(3' S )-3' -(pheny Ibutanoy 1)-4-phenyl-2-oxazolidinone(2.83-3a) 

and (4R)-3-(3' R)-3'-(phenylbutanoyl)-4-phenyl-2-oxazolidinone(2.83-3b) 

To a -78 uC solution of racemic 3-phenyl butyric acid (20.6 g, 0.125 mol) in 560 

ml of freshly distilled THF was added triethylamine (18.4 ml, 0.133 mol) and pivaloyl 

chloride (16.4 ml, 0.133 mol), and the mixture was stirred for 30 min at -78 uC and 90 min 

at 0 oC, recooled to -78 oC and transferred to a slurry of the Iithiated 4R, 4-phenyl

oxazolidinone prepared from n-butyl lithium (70.4 ml, 1.60 M in hexane) and (4R), 4-

phenyl-oxazolidillone (16.4 g in 480 ml of THF) at -78°C. The resulting mixture was 

stirred for 30 min at -78 oC and for another 30 min at room temperature, quenched with 

. --_.- .. - .......... _.- · ... _------------



182 

300 ml of saturated NaHC03, and worked up by a known procedure75 to give the 

diastereomeric mixture(31.0 g). The mixture was crystalized from EtOAc : Hexane (v/v = 

9: 1) with the 2.83-3b appearing as the first crystals which was filtered and washed by 

ethyl ether, whilst 2.83-3a remained in solution and after evaporation yielded a microfine 

mass with a small amount of crystals of 2.83-3b. The microfine mass was dispersed in 

600 ml of ethyl ether with crystals precipitating to the bottom of the vessel. These were 

filtered off and washed by ethyl ether. The combined crystals yielded 2.83-3b( 11.3 g). 

The microfine mass was crystallized from ethyl ether and the remaining mass was further 

purified through silica gel chromatography (elute with 30% EtOAc in hexane) to give 

2.83-3a(17.4 g). The combined yield of 2.83-3b and 2.83-3a is 93% from 2.83-1. 

2.83-3a: Mp 113-115 oc. [a]D25 = -42.8 o(c 0.3, CHCI3). IH NMR 8 (TMS, solvent 

CHCI3) : 7.29-7.10 (m, 8H), 7.07-7.03 (m, 2H), the above 10 H's are from two aromatic 

phenyl ring H's), 5.36 (dd, J = 4.0, 8.8 Hz; IH, oxazolidinone Ar-CH-), 4.58 (dd, J = 
8.8, 13.3 Hz, I H, oxazolidinone -CH-/pro R), 4.13 (dd, J = 4.0, 8.8 Hz, 1 H, 

oxazolidinone -CH-/pro S), 3.47 (dd, J = 6.5, 15.6 Hz, 1 H), 3.39-3.24 (m, 1 H), 3.03 

(dd, J = 7.7, 15.6 Hz, IH), the above 3 H'S are a and ~ hydrogens, 1.24 (d, J = 6.9 Hz, 

3H, ~-methyl). 13C 8 (CHCI3 solvent): 171.3, 153.5, 145.3, 138.6, 128.9, 128.3, 

126.7, 126.1, 125.4,69.63,57.28,42.93,35.76,21.58. lR (KBr, cm- I): 2960, 1770, 

1760, 1710, 1385, 1315, 1220, 1210,700. MS: mle (relative intensity) 309 (M, 12), 

118(100), 105(94),91(51),77(73). ClMS calcd for CI9HI9N03 309.3683 (M·). Found: 

mle 327. 169 I (M·+NH4+). 

2.83-3b: Mp 145.2-147.5 0c. [a]D 25 = -93.3 o(c 1.0, CHCI3). IH NMR 8 (TMS, 

solvent CHCI3) : 7.37-7.10 (m, 1OH, two aromatic phenyl ring H's), 5.24 (dd, J = 3.5, 

8.8 Hz, IH, oxazolidinone Ar-CH-), 4.47 (dd, J = 8.8, 8.8 Hz, IH, oxazolidinone -CH-

.- --- ----_._--_ .. _-------_ ... __ . _._._-------------
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/pro R), 4.15 Hz (dd, J = 3.5, 8.8 Hz, IH, oxazolidinone -CH-/pro S), 3.39-3.24 (m, 

2H, 3.12 (dd, J = 5.0, 14.9 Hz, IH), the above 3 H's are ex. and ~ hydrogens, 1.24 (d, J 

= 6.8 Hz, 3 H, ~-methyl). 13C 0 (CHCI3 solvent); 171.1, 145.5, 139.0, 129.0, 128.5, 

128.3 126.9, 126.2, 125.8,69.74,57.36,43.13,35.71,21.12. IR (KBr, cm· I): 2950, 

1765, 1700, 1380, 1370, 1230, 1200,700. MS: rnIe (relative intensity) 309 (M, 6), 

118(99), 105(100). CIMS calcd for CI9HI9N03 309.3683 (M+). Found: m/e 

327. 1696(M++NH4+). 

(48) -3- (3' 8 )-3' -(pheny I bu tanoyl )-4-pheny 1-2-oxazolidin one(2. 83-3c) 

and (48)-3-(3' R)-3' -(phenylbutanoyl)-4-phenyl-2-oxazolidinone(2.83-3d) 

To a -78 oC solution of racemic 3-pheny1 butyric acid (20.6 g, 0.125 mol) in 560 

m1 of freshly distilled THF was added triethylamine (18.4 m1, 0.133 mol) and pivaloy1 

chloride (16.4 ml, 0.133 mol), and the mixture was stirred for 30 min at -78 "C and 90 min 

at 0 oC, recoo1ed to -78 oC and transferred to a slurry of the lithiated 4R, 4-Phenyl

oxazolidinone prepared from n-butyllithium (70.4 ml, 1.60 M in hexane) and (4R), 4-

phenyl-oxazolidinone (16.4 g in 480 ml of THF) at -78°C. The resulting mixture was 

stirred for 30 min at -78 "C and for another 30 min at room temperature, quenched with 

300 ml of saturated NaHCO, and worked up by a known procedure75 to give 31.0 g of the 

diastereomeric mixture. The mixture was crystalized from EtOAc : Hexane (v/v = 9: 1) with 

the 2.83-3c appearing as the first crystals which was filtered and washed by ethyl ether, 

whilst 2.83-3d remained in solution and after evaporation yielded a microfine mass with a 

small amount of crystals of 2.83-3c. The microfine mass was dispersed in 600 m1 of ethyl 

ether with crystals precipitating to the bottom of the vessel. These were filtered off and 

washed by ethyl ether. The combined crystals yielded 2.83·3c (11.3 g). The microfine 



184 

mass was crystallized from ethyl ether and the remaining mass was further purified through 

silica gel chromatography (elute with 30% EtOAc in hexane) to give 17.4 g of 2.83·3d. 

The combined yield of 2.83-3c and 2.83·3d is 93% from 2.83·1. 

2.83·3c: Mp 145.0-147.0 "c. [a]D25 =+91.3 o(c 1.1, CHCI3)' IH NMR 8 (TMS, 

solvent CHCI3) : 7.37-7.10 (m, IOH, two aromatic phenyl ring H's), 5.24 (dd, J = 3.5, 

8.S Hz, IH, oxazolidinone Ar-CH-), 4.47 (dd, J = 8.8, 8.8 Hz, IH, oxazolidinone -CH

Ipro R), 4.15 Hz (dd, J = 3.5, 8.8 Hz, IH, oxazolidinone -CH-/pro S), 3.39-3.24 (m, 

2H, 3.12 (dd, J = 5.0, 14.9 Hz, IH), the above 3 H's are a and p hydrogens, 1.24 (d, J 

= 6.8 Hz, 3 H, p-methyl). 13C 8 (CHCI3 solvent): 171.1, 145.5, 139.0, 129.0, 128.5, 

128.3 126.9, 126.2, 125.8,69.74,57.36,43.13,35.71,21.12. IR (KBr, em-I): 2950, 

1765, 1700, 1380, 1370, 1230, 1200,700. MS: mle (relative intensity) 309 (M, 6), 

118(99), 105(100). CIMS caIcd for CI9H 19N03 309.3683 (M+). Found: m/e 

327. 1697(M++NH4+). 

2.83·3d: Mp 114-115.8 "c. [a]D25 = +40.4 0 (c 0.6, CHCI3). I H NMR 8 (TMS, 

solvent CHCI3) : 7.29-7.10 (m, SH), 7.07-7.03 (m, 2H), the above 10 H's are from two 

aromatic phenyl ring Ii's), 5.36 (dd, J = 4.0, 8.8 Hz; IH, oxazolidinone Ar-CH-), 4.58 

(dd, J = S.8, 13.3 Hz, IH, oxazolidinone -CH-/pro R), 4.13 (dd, J = 4.0,8.8 Hz, IH, 

oxazolidinone -CH-/pro S), 3.47 (dd, J = 6.5, 15.6 Hz, IH), 3.39-3.24 (m, IH), 3.03 

(dd, J = 7.7, 15.6 Hz, IH), the above 3 H's are a and p hydrogens, 1.24 (d, J = 6.9 Hz, 

3H, p-methyl). DC 8 (CHCI3 solvent): 171.3, 153.5, 145.3, 138.6, 128.9, 128.3, 

126.7, 126.1, 125.4,69.63,57.28,42.93,35.76,21.58. IR (KBr, em-I): 2960, 1770, 

1760, 1710, 1385, 1315, 1220, 1210,700. MS: mle (relative intensity) 309 (M, 12), 

------------ ------------
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118(100), 105(94),91(51), 77(73). CIMS calcd for CI9HI9N03 309.3683 (M+). Found: 

mle 327. 1697(M++NH4+). 

Asymmetric Michael-type addition/direct brominaton reaction 

3(2R, 3S), 4R 3-[2-Bromo-3-( 4'-methoxy-2'-methylphenyl)-1-oxobutyl]-4-

phenyl-2-oxazolidinone (2.55a) 

A clean dry flask equipped with a magnetic stirring bar is charged with Cu(I)Br

Me2S complex (3.0 g, 14.3 mmol, 1.1 equiv), freshly distilled tetrahydrofuran(28 ml) and 

anhydrous dimethyl sulfide(l7 mI). The resulting slurry of complex is cooled to -10 oC. 

Methylmagnesium bromide (6.3 ml, 3 M in Et20, 19.0 mmol, 1.46 equiv) is tranferred to 

above slurry by syringe and stirred for 10 minutes at this temperature and for another 10 

minutes at 0 oC, then recooled to -78 oC to get grey mixture. The precooled 3(2E), 4R 3-

[3-( 4'-methoxyl-2'-methylphenyl)-I-oxopropenyl]-4-phenyl-2-oxazolodinone (4.4 g, 13.0 

mmol in 40 ml of dry THF) is transferred through Teflon cannula from another flask to 

above grey mixture with the color changing to brown (sometime light yellow). The 

resulting brown slurry is stirred at -78 oC for 30 minutes and at -10 oC for 45 minutes with 

the color changing to green (sometime grey). After Michael-type reaction is completed, the 

green slurry is recooled to -78 °C and is stirred at this temperature for 15 minutes, then 

tranferred to the precooled solution of N-bromosuccinimide( 1.05 g, 5.9 mmol, 4.5 equiv) 

in in THF (200 mL) in another flask fitted with a stirring bar. The resulting mixture is 

stirred at -78 oC for 2 hour and at 0 oC for another 1 hour). The reaction is quenched by 
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1.3 M of sodium bisulfate(250 mL). The aqueous and organic phases were separated, 

aqueous solution was extracted with with ethyl acetate or chloroform three times, the 

combined organic phases are washed with diluted aqueous sodium sulfate and brine, dried 

over anhydrous magnesium sulfate and concentrated in vacuo. Only two isomers were 

detected in the crude product by NMR analysis. The crude product was purified column 

chromatography (ethyl acetate: hexanes, v/v = 3:7) or recrytalization from ethyl acetate to 

yield 3(2R, 3S), 4R 3-[2-bromo-3-( 4'-methoxy-2'-methylphenyl)- 1 -oxobutyIJ-4-phenyl-2-

oxazolidinone(4.2 g, 76%). Mp. 135.0-136 oC, [aJo2s=-115.0 o(c 0.5, CHCI3), IH 

NMR (TMS, solvent CHCI3): 7.40-7.22 (m, 5 H, aromatic H's on chiral auxiliary); 7.14-

7.07 (m, I H) and 6.72-6.67 (m, 2 H) (the three H's are from aromatic 3', 5', 6'-H's); 

6.18 (d, J = 11.1 Hz, I H, -CHBr-); 5.12 (dd, J = 4.2 Hz, 8.8 Hz, I H,oxazolidinone 

Ar-CH-); 4.46 (t, J = 8.8 Hz, 1 H, oxazolidinone -CH2-/Pro R), 4.12 (dd, J = 4.1 Hz, 8.7 

Hz, 1 H oxazlidinone -CHz-/pro S); 3.76 (s, 3 H CH30-Ar); 3.65-3.55 (m, 1 H, -CHP-)' 

2.31 (s, 3 H, Ar-CH3); 1.40 (d, J = 7.0 Hz, 3 H, CH3-CH). 13C NMR 0 (solvent 

CHCI3): 167.8, 158.0, 152.8, 137.7, 133.2, 129.1, 128.8, 126.1, 125.6, 116.3, 111.4, 

69.7, 57.4, 55.1,49.0, 37.0, 20.8, 20.0. IR(KBr), em-I): 2980, 1790, 1700, 1580, 

1390,1320, 1210, 1100,710; ElMS caIcd for C21H22N04Br 432.01109(M++I). Found: 

mle (relative intensity) 432.05 (M++I, 20), 352.15(40),149.15(100). 

3(2S, 3R), 4S 3-[2-Bromo-3(4' -methoxy-2'-methylphenyl)-1-oxobutyl]-4-

phenyl-2-oxazolidinone (2.55b) 

The title compound was prepared in an analogous manner to 2.55a. Started from 

3(2E), 4S 3-[3-( 4'-methoxyl-2'-methylphenyl)- 1 -oxopropenyIJ-4-phenyl-2-oxazolodinone 

(4.4 g, 1.30mmol) to yield 3(2S, 3R), 4S 3-[2-bromo-3-(4'-methoxy-2'-methylphenyl)-I-

-~ ~.- -- ... ----------------.- ---
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oxobutyl]-4-phenyl-2-oxazolidinone(4.0 g, 74%). Mp 135.5-137.0 oC, [ex]D25 = +116.50 

(c 0.6, CHC13), IH NMR 0 (TMS, solvent CHC13): 7.40-7.22 (m, 5 H), 7.07-7.14 (m, I 

H), 6.72-6.67 (m, 2 H), 6.18 (d, J = 11.1 Hz, 1 H), 5.12 (dd, J = 4.2 Hz, 8.8 Hz, 1 H), 

4.46 (t, J = 8.8 Hz, 1 H), 4.12 (dd, J = 4.1 Hz, 8.7 Hz, 1 H), 3.76 (s, 3 H), 3.65-3.55 

(m, 1 H), 2.31 (s, 3 H), 1.40 (d, J = 7.0, 3 H). 13C 0 (solvent CHCI3): 167.8, 158.0, 

152.8,137.7,133.2,129.1,128.8,126.1,125.6,116.3, 11104,69.7,5704,55.1,49.0, 

37.0,20.8,20.0. IR(KBr), cm- I): 2980, 1790, 1700, 1580, 1390, 1320, 1210, 1100, 

710; ElMS caIcd for C2IH22N04Br 432.01109(M++1). Found: mle (relative intensity) 

432.05 (M++l, 20), 352.15(40),149.15(100). 

3(28, 38), 48 3·[2·Bromo·3·( 4' .methoxy·2' ·methylphenyl)·t-oxobutyl] ·4· 

phenyl.2.oxazolidinone (2.SSc) 

Into a clean dry two necks of round bottom flask with a stirring bar was placed with 

bromo-3-methoxylanisole(half of 21.97 g, 109 mmol was added at the first), dried 

magnesium turnings(2.78 g, 114.0 mmol, without preactivated) and freshly distilled 

tetrahydrofuran(20 mL). The content of the flask were stirred and gently heated to reflux 

under the protection of nitrogen gas untill the reaction was initiated. Then another half of 

bromo-3-methoxylanisole in dry tetrahydrofuran(30 mL) was added dropwise to the 

initiated reaction mixture. The reaction was heated to reflux for four hours after addition. 

Filtered out remained magnesium turnings (0.13 g) and 22 mL of dry tetrahydrofuran was 

added to dilute the resulting solution to yield 1.52 M of GrignaI'd reagent which is ready to 

be used in the following steps. 

Another dry flask equipped with a magnetic stirring bar was charged with Cu(l)Br

Me2S complex (3.0 g, 14.3 mmol, 1.1 equiv), freshly distilled tetrahydrofuran(28 ml) and 

- .. _- -- .. _-------------
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anhydrous dimethyl sulfide(l7 mI). The resulting slurry of complex is cooled to -10 oc. 

The above prepared Grignard reagent, 4'-methoxyl-2'-methylphenylmagnesium bromide 

(12.5 mL, 1.52 M in Eta, 19.0 mmol, 1.46 equiv) is tranferred to above slurry by syringe 

and stirred for 10 minutes at this temperature and for another 10 minutes at 0 °C, then 

recooled to -78 oC to get grey mixture. The precooled 3(2E), 4S 3-(2-butenoyl)-4-phenyl-

2-oxazolidinone(3.0 g, 13.0mmol in 40 ml of dry THF) is transferred through Teflon 

cannula from another flask to above grey mixture with the color changing to brown 

(sometime light yellow). The resulting brown slurry is stirred at -78 oC for 30 minutes and 

at -10 oC for 45 minutes with the color changing to green (sometime grey). After Michael

type reaction is completed, the green slurry is recooled to -78 oC and is stirred at this 

temperature for 15 minutes, then tranferred to the precooled solution of N

bromosuccinimide( 1.05 g, 5.9 mmol, 4.5 equiv) in in THF (200 mL) in another flask fitted 

with a stirring bar. The resulting mixture is stirred at -78 oC for 2 hour and at 0 "C for 

another 1 hour). The reaction is quenched by 1.3 M of sodium bisulfate(250 mL). The 

aqueous and organic phases were separated, aqueous solution was extracted with with 

ethyl acetate or chloroform three times, the combined organic phases are washed with 

diluted aqueous sodium sulfate and brine, dried over anhydrous magnesium sulfate and 

concentrated in vacuo. Only two isomers were detected in the crude product by NMR 

analysis. The crude product was purified column chromatography (ethyl acetate: hexanes, 

v/v = 3:7) or recrytalization from ethyl acetate to yield 3(2S, 3S), 4S 3-[2-bromo-3-(4'

methoxy-2'-methylphenyl)-I-oxobutyl]-4-phenyl-2-oxazolidinone(4,4 g, 80%). Mp 

183.0-185.0 "C, [a]D25 = + 13.8 o(c 0.8, CHCI3), 'H NMR () (TMS, solvent CHCI3): 

7.45-7.32 (m, 5 H), 7.16 (d, J = 8.5 Hz, 1 H), 6.78 (dd, J = 2.7 Hz, 8.5 Hz 1 H), 6.7 

(d,J = 2.7 Hz, I H), 5.98 (d, J = 10.8 Hz, 1 H, -CHBr-), 5.50 (dd, J = 4.8 Hz, 8.9 Hz, I 

H), 4.73 (t, J = 8.9 Hz, I H), 4.28 (dd, J = 4.8 Hz, 8.9 Hz, 1 H), 3.78 (s, 3 H), 3.71-

3.79 (m, 1 H), 2.31 (s, 3 H), 1.27 (d, J = 6.9 Hz, 3 H), I3C () (solvent CHCb): 168.4, 
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158.0, 152.9, 137.5, 133.1, 129.2, 128.9, 126.8, 125.8, 115.7, 111.7, 69.9, 57.9, 

55.1,48.3, 37.0,20.0, 19.6. IR(KBr), em-I): 2980, 1780, 1700, 1610, 1510, 1390, 

1200, 1040, 760; ElMS caicd for C21 H22N 04Br 432.0 1109(M++ 1). Found: mle 

432.0773(M++ 1). 

3(2R, 3R), 4R 3-[2-Bromo-3-(4'-methoxy-2'-methylphenyl)-4-phenyl-2-

oxazolidinone (2.55d) 

The title compound was prepared in an analogous manner to 2.55c. Started from 

3(2£), 4R 3-(2-butenoyl)-4-phenyl-2-oxazolidinone (3.0 g, 13.0 mmol) to yield 3(2R, 

3R), 4R 3-[2-bromo-3-( 4'-methoxy-2'-methylphenyl)-l-oxobutyl]-4-phenyl-2-

oxazolidinone(4.4 g, 80%). Mp 182.6-184.4 nC, [ex]D25 = -13.2 (c 1.0, CHCI3), IH 

NMR (5 (TMS, solvent CHCI3): 7.45-7.32 (m, 5 H, aromatic H's from chiral auxiliary); 

7.16 (d, J = 8.5 Hz, I H), 6.78 (dd, J = 2.7 Hz, 8.5 Hz 1 H), 6.7 (d, J = 2.7 Hz, I H) 

(the three H's are of 3', 5', 6'-aromatic H's); 5.98 (d, J = 10.8 Hz, I H, -CHBr-); 5.50 

(dd, J = 4.8 Hz, 8.9 Hz, 1 H, Ar-CH- of oxazolidinone); 4.73 (t, J = 8.9 Hz, 1 H, -CH

Ipro R on oxazolidinone); 4.28 (dd, J = 4.8 Hz, 8.9 Hz, 1 H, -CH-/pro S on 

oxazolidinone); 3.78 (s, 3 H, Ar-OCH3); 3.71-3.79 (m, I H, -CHP-); 2.31 (s, 3 H, Ar-

CH3); 1.27 (d, J = 6.9 Hz, 3 H, -CH-CH3)' i3C (5 (solvent CHCI3): 168.4, 158.0, 152.9, 

137.5, 133.1, 129.2, 128.9, 126.8, 125.8, 115.7, 111.7,69.9,57.9, 55.1,48.3, 37.0, 

20.0, 19.6. IR(KBr), em-I): 2980, 1780, 1700, 1610, 1510, 1390, 1200, 1040, 760; 

ElMS calcd for C21H22N04Br 432.01109(M++I). Found: mle 432.0773(M++I). 

----_. __ ....... _- .. --- .. _._------------



190 

3( 4R)-{ 3(2R,3S)-[ 4'-( l'-triphenylmethyl)imidazole] -2-bromo-l-oxobutyl}-

4-phenyl-2-oxazolidinone(2.38-2g) 

Into a clean dry round bottom flask with a stirring bar was placed 

copper(I)bromide-dimethyl sulfide complex (0.23 g, 1.10 mmol, 1.1 eq), dimethyl sulfide 

(1.31 ml) and dry THF (2.2 ml). The reaction system was protected by nitrogen gas. The 

resultant solution was cooled to -78 DC to form a opaque mixture. Methyl magnesium 

bromide (0.49 ml of a 3M solution in ethyl ether, 1.47 mmol, 1.47 eq) was added to the 

solution under a nitrogen atmosphere to yield a yellow slurry which was stirred at -78 DC 

for 10 min, 0 DC for another 10 min and re-cooled to -78DC before being transferred via a 

Teflon cannula to a pre-cooled (-78 DC) slurry of 3(2E), 4R 3-{3-[4'-(l'

triphenylmethyl)imidazolee]-I-oxopropenyl }-4-phenyl-2-oxazolidinone(0.53 g, 1.0 mmol) 

in THF (4 m!) and dicholoromethene (2.4 ml). The resulting mixture was stirred at ,·78 DC 

for 30 min, - 10 DC for 15 min, (the color of the reaction changing from brown/yellow to 

green during this period). Following re-cooling to -78 DC, the solution was transferred to a 

-78 DC solution of NBS (2.3 g) in THF (65 ml). The resultant mixture was stirred at -78DC 

for 45 min quenched with sodium sulfite (1.3M), and washed with water (100 ml) and 

brine (100 ml). Organic extracts were dried over magnesium sulfate and concentrated in 

vaCllO. The crude re,sidue was evaluated by 1 H-NMR and purified by column 

chromatography to yield 3( 4R)- {3(2R,3S)-[4'-( 1 '-triphenylmethyl)imidazole]-2-bromo-l

oxobutyl }-4-phenyl-2-oxazolidinone as a glassy solid (0.50g, 80%). [<X]D25 = -67.5 (c 

1.5, CHCI3), IH NMR 8 (TMS, solvent CHCI3): 7.41-7.03(m, 22 Hs, four phenyl rings 

of protection group and auxiliary(20 Hs), imidazole(2 Hs»), 5.94(d, I H, <x-proton), 

5.36(dd, 4.2, 8.6 Hz, IH, oxazolidinone Ar-CH-), 4.61(t, 8.9 Hz, IH, oxazolidinone 

-CH2-/Pro R), 4.22(dd, 4.4, 8.8 Hz, IH, oxazlidinone -CH2-/Pro S), 3.54(m, IH, ~

proton), 1.48(d, 2H, ~-Me). 13C 8 (solvent CHCI3): 139.5, 137.5, 129.6, 129.1, 128.6, 

--- -_ ... _ .... _- --_. __ ._-------------
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128.2, 128.1, 125.7, 118.9, 69.8, 57.8, 48.7, 35.4, 18.3. CIMS ca1cd for 

C35H3003N3Br 602.15665 (M+). Found: mJe 620.1527(M++1). 

3(2S, 3R), 4S 3-(2-Bromo-3-phenyl-l-oxobutyl)-4-phenyl-2-

oxazolidinone(2.38-2a) 

The title compound was prepared in an analogous manner to 2.55a. Started from 3(2£), 

4S 3-(3-phenyl-l-oxopropenyl)-4-phenyl-2-oxazolodinone (0.39 g. 1.33 mmol) to yield 

3(2S. 3R). 4S 3-(2-bromo-3-phenyl-l-oxobutyl)-4-phenyl-2-oxazolidinone(0.42 g. 

81.4%). Physical data are identical to that of 2.46-2a.(see the following indirect 

bromination section). 

3(2R, 3S), 4R 3 7(2-Bromo-3-phenyl-t-oxobutyl)-4-phenyl-2-

oxazolidinone(2.38-2b) 

The title compound was prepared in an analogous manner to 2.55a. Started from 3(2E), 

4R 3-(3-phenyl- I -oxopropenyl)-4-phenyl-2-oxazolodinone (0.39 g. 1.33mmol) to yield 

3(2R. 3S). 4R 3-(2-bromo-3-phenyl-l-oxobutyl)-4-phenyl-2-oxazolidinone(0.40 g. 

77.5%). Physical data are identical to that of 2.46-2c.(see the following indirect 

bromination section) 

----_._---_._------------------------
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3(2S, 3R), 4S 3-[2-Bromo-3( 4' -methoxy-phenyl)-1-oxobutyl]-4-phenyl-2-

oxazolidinone (2.38c) 

The title compound was prepared in an analogous manner to 2.55a. Started from 3(2E), 

4S 3-(3-( 4'-methoxy-phenyl)-I-oxopropenyl)-4-phenyl-2-oxazolodinone (0.43 g, 

1.33mmol) to yield 3(2S, 3R), 4S 3-(2-bromo-3-( 4'-methoxy-phenyl)-I-oxobutyl)-4-

phenyl-2-oxazolidinone(0040 g, 71.9%). Physical data are identical to that of 2.46-

2g.(see the following indirect bromination section). 

3(2R, 3S), 4R 3-[2-Bromo-3(4'-methoxy-phenyl)-1-oxobutyl]-4-phenyl-2-

oxazolidinone (2.38d) 

The title compound was prepared in an analogous manner to 2.55a. Started from 

3(2E), 4R 3-(3-( 4'-methoxy-phenyl)-I-oxopropenyl)-4-phenyl-2-oxazolodinone (0043 g, 

1.33mmol) to yield 3(2R, 3S), 4R 3-(2-bromo-3-(4'-methoxy-phenyl)-I-oxobutyl)-4-

phenyl-2-oxazolidinone(0.50 g, 89.9%). Physical data are identical to that of 2.46-

2e.(see the following indirect bromination section) 

3(2S, 3S),4S 3 - (2 - B romo-3- ph eny I-l-oxobu tyl) -4 - pheny 1- 2-

oxazolidinone(2.41-2a) 

Phenylmagnesium bromide (1. 78 M) was prepared as the similar procedure to that 

of 2.55c which was used for the Michael-type reaction. The synthesis starting from 

3(2E), 4S 3-(2-butenoyl)-4-phenyl-2-oxazolidinone (0.3 g, 1.3 mmol) to yield 3(2S, 

3S),4S 3-(3-bromo-3-phenyl-I-oxobutyl)-4-phenyl-2-oxazolidinone(004 g, 79%). [a]D25 
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= +35.6 (c 2.2, CHCl]), IH NMR B (TMS, solvent CHCI3): 7.45-7.20 (m, 10 H, 

aromatic phenyl H's); 5.95 (d, J = 10.7 Hz, 1 H), 5.51 (dd, J = 4.8 Hz, 8.8 Hz 1 H, Ar

CH- of oxazolidinone); 4.74 (t, J = 9.0 Hz, 1 H, -CH-/pro S on oxazolidinone); 4.29 (dd, 

J = 4.9 Hz, 8.9 Hz, 1 H, -CH2-/pro R on oxazolidinone); 3.43-3.52(m, 1 H, -CH~-); 1.35 

(d, J = 6.9 Hz, 3 H, P-CH3). 

3(2S, 3S), 4S 3.[2.Bromo.3.(2'.methylphenyl).1.oxobutyl].4-phenyl-2. 

oxazolidinone(2.41.2b) 

2'-Methylphenylmagnesium bromide (1.68 M) was prepared as the similar 

procedure to that of 2.55c which was used for the Michael-type reaction. The synthesis 

starting from 3(2E), 4S 3-(2-butenoyl)-4-phenyl-2-oxazolidinone (0.3 g, 1.3 mmol) to 

yield 3(2S, 3S), 4S 3-(3-bromo-3(2'-methylphenyl-I-oxobutyl)-4-phenyl-2-

oxazolidinone(0.37 g, 70.5%). [a]D25 = +28.9 (c 2.4, CHCI3). (see Appendix). CIMS 

ca1cd for C2oH2oBrN03 402.2964 (M+). Found: mle 419.09503(M++NH4+). 

3(2S, 3S), 4S 3.[2.Bromo.3-(2', 6'.dimethylphenyl)-1·oxobutyl]-4-

phenyl.2.oxazolidinone(2.41-2c) 

2', 4'-Dimethylphenylmagnesium bromide (1.47 M) was prepared as the similar 

procedure to that of 2.55c which was used for the Michael-type reaction. The synthesis 

starting from 3(2E), 4S 3-(2-butenoyl)-4-phenyl-2-oxazolidinone (0.3 g, 1.3 mmol) to 

yield 3(2S, 3S), 4S 3-(3-bromo-3-(2', 6'-dimethylphenyl)-I-oxobutyl)-4-phenyl-2-

oxazolidinone(0.28 g, 52%). [a]D25 = +20.9 (c 2.2, CHCI3), IH NMR B (TMS, solvent 
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CHCI3): 7.40-7.35 (m, 3 H, aromatic phenyl 3',4',5'-H's); 6.48(d, J = 4.3 Hz, 1 H, a

proton), 5.54 (dd, J = 5.0 Hz, 9.0 Hz 1 H, Ar-CH- of oxazolidinone); 4.77 (t, J = 8.8 Hz, 

1 H, -CH-/pro S on oxazolidinone); 4.29 (dd, J = 4.9 Hz, 8.6 Hz, 1 H, -CH-/pro R on 

oxazolidinone); 4.1O-4.17(m, 1 H, -CHp-); 2.50, (s, 3H, Ar-CH3), 2.33(s, 3H, Ar

CH3), 1.33 (d, J = 7.2 Hz, 3H, ~-CH3). CIMS calcd for C2oH20BrN04 416.3235 (M+). 

Found: m/e 433.1 132(M++NH4+). 

3(2S, 3S), 4S 3-[2-Bromo-3-(4 '-methoxylphenyl)-1-oxobutyl]-4-phenyl-2-

oxazolidinone(2.41-2d) 

4'-Methoxylphenylmagnesium bromide (1.44 M) was prepared as the similar 

procedure to that of 2.SSc which was used for the Michael-type reaction. The synthesis 

starting from 3(2E), 4S 3-(2-butenoyl)-4-phenyl-2-oxazolidinone (0.3 g, 1.3 mmol) to 

yield 3(2S, 3S), 4S 3-[3-bromo-3-(4'-methoxylphenyl)-I-oxobutyl]-4-phenyl-2-

oxazolidinone ( 0.30 g, 55%). [a]J)25 = +16.6 (c 2.2, CHCI3), CIMS calcd for 

C2oH20BrN04 418.2958 (M+). Found: m/e 435.0938(M++NH4+). 

~----~----.-- ... --. ---- --_._------------



195 

Asymmetric Michael-type additionlIndirect brominaton reactin 

3(2S, 3R), 4S 3-(2-Bromo-3-phenyl-l-oxobu tyl)-4-pheny 1-2-, 

oxazolidinone(2.46-2a) 

To a copper(I)bromide-dimethyl sulfide complex (0.30 g, 1.43 mmol, 1.1 eq) was 

added dimethyl sufide (1. 70 ml) and dry THF (2.8 ml). The resultant solution was cooled 

to -78 DC to form a opaque mixture. Methylmagnesium bromide (0.63 ml of 3M solution in 

ethyl ether, 1.90 mmol, 1.42 eq) was added to the solution under a nitrogen atmosphere to 

yield a yellow slurry which was stirred at -78 DC for 10 min, 0 DC for another 10 min and 

re-cooled to -78DC before being transferred via a Teflon cannula to a pre-cooled (-78 DC) 

slurry of 3(2E), 4S 3-(3-phenyl- I -oxopropenyl)-4-phenyl-2-oxazolodinone (0.39 g, 1.33 

mmoI) in THF (4.8 ml). The resulting mixture was stirred at -78 DC for 30 min, 0 DC for 30 

min (the color of the reaction.changing from brown/yellow to green during this period). 

Following being re-cooled to -78 DC, the solution was transferred to a -25 DC solution of 

Boc-N=N-Boc (0.54 g, 2.3 mmol, 1.73 eq) in THF (7 ml). The resultant mixture was 

stirred at -25 DC for I hour, quenched by sodium sulfite (1.3 M), washed with water (100 

ml) and brine (100 1111). Organic extracts were dried over magnesium sulfate and 

concentrated ill vacuo. The crude residue was evaluated by I H-NMR and purified by 

column chromatography to yield 3(2S, 3R), 4S 3-(2-bromo-3-phenyl- I -oxobutyl)-4-

phenyl-2-oxazolidinone as a colorless solid (0.20 g, 44%). I H NMR 0 (TMS, solvent 

CHCI3): 7.38-7. 19 (m, 10 H, aromatic H's from two phenyl groups); 6.06 (d, J = I I Hz, 

I H); 5.07 (dd, J = 4.2 Hz, 8.8 Hz, I H, Ar-CH- of oxazolidinone); 4.36 (t, J = 8.8 Hz, I 

H, -CH-/pro S on oxazolidinone); 4.10 (dd, J = 4.2 Hz, 8.8 Hz, 1 H, -CH-/pro R on 

oxazolidinone); 3.42 (m, 1 H, -CHp-); 1.50 (d, J = 9.0 Hz, 3 H, -CH-CH3). 13C 0 

----------_ ... _--_._._._-_.----------
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(solvent CHCI3): 167.8, 152.8, 142.0, 129.1, 128.8, 127.7, 127.3, 125.8, 69.8, 57.5, 

49.1, 42.9, 28.2, 20.8. 

3(2S, 3R), 4S 3.(2.Bromo-3-phenyl.l-oxopentyl).4-phenyl.2. 

oxazolidinone(2.46-2b) 

To a copper(l)bromide-dimethyl sulfide complex (0.30 g, 1.43 mmol, 1.1 eq) was 

added dimethyl sufide (1.70 ml) and dry THF (2.8 mil. The resultant solution was cooled 

to -78°C to form a opaque mixture. The ethylmagnesium bromide (0.63 ml of 3M solution 

in ethyl ether, 1.90 mmol, 1.42 eq) was added to the solution under a nitrogen atmosphere 

to yield a yellow slurry which was stirred at -78°C for 10 min, 0 °C for another 10 min and 

re-cooled to -78°C before being transferred via a Teflon cannula to a pre-cooled (-78°C) 

slurry of 3(2E), 4S 3-(3-phenyl-I-oxopropenyl)-4-phenyl-2-oxazolodinone (0.39 g, 1.33 

mmol) in THF (4.8 mI). The resulting mixture was stirred at -78°C for 30 min, 0 °C for 30 

min (the color of the reaction changing from brown/yellow to green during this period). 

Following being re-cooled to -78°C, the solution was transferred to a -25°C solution of 

Boc-N=N-Boc (0.54 g, 2.3 mmol, 1.73 eq) in THF (7 mI). The resultant mixture was 

stirred at -25°C for I hour, quenched by sodium sulfite (1.3 M), washed with water ( 100 

ml) and brine (100 mI). Organic extracts were dried over magnesium sulfate and 

concentrated ill vacuo. The crude residue was evaluated by I H-NMR and purified by 

column chromatography to yield 3(2S, 3R), 4S 3-(2-bromo-3-phenyl-I-oxopenty1)-4-

phenyl-2-oxazolidinone as a colorless solid (0.25 g, 44%). I H NMR 8 (TMS, solvent 

CHCI3): 7.37-7.15 (m, 10 H, aromatic H's from two phenyl groups); 6.12 (d, J = 11.2 

Hz, 1 H); 5.04 (dd, J = 4.1 Hz, 8.7 Hz, 1 H, Ar-CH- of oxazolidinone); 4.34 (t, J = 8.8 

Hz, I H, -CH-/pro S on oxazolidinone); 4.09 (dd, J = 4.2 Hz, 8.9 Hz, I H, -CH-/pro R 
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on oxazolidinone); 3.15 (td, J = 3.2 Hz, 11 Hz, 1 H, -CHp-); 2.16-2.31 (m, 1 H) and 1.56-

1.69 (m, 1 H) (-CH2CH3); 0.71 (t, 3 H, -CH2-CH3). 13C 0 (solvent CHCI3): 167.6, 

152.8, 140.0, 137.7, 129.1, 128.8, 127.7, 127.5, 127.3, 125.8,69.7,57.5,49.9,48.1, 

26.8, 11.4. 

3(2R, 38), 4R 3· (2· Bromo· 3· p heny 1·1· oxo bu ty I). 4.p heny I· 2· 

oxazolidinone(2.46·2c) 

To a copper(l)bromide-dimethyl sulfide complex (0.30 g, 1.43 mmol, 1.1 eq) was 

added dimethyl sufide (1.70 ml) and dry THF (2.8 mI). The resultant solution was cooled 

to -78°C to form a opaque mixture. Methylmagnesium bromide (0.63 ml of3M solution in 

ethyl ether, 1.90 mmol, 1.42 eq) was added to the solution under a nitrogen atmosphere to 

yield a yellow slurry which was stirred at -78°C for 10 min, 0 °C for another 10 min and 

re-cooled to -78°C before being transferred via a Teflon cannula to a pre-cooled (-78°C) 

slurry of 3(2E), 4R 3-(3-phenyl-l-oxopropenyl)-4-phenyl-2-oxazolodinone (0.39 g, 1.33 

mmol) in THF (4.8 ml). The resulting mixture was stirred at -78°C for 30 min, 0 °C for 30 

min. Following being re-cooled to _78°C, the solution was transferred to a -25°C solution 

of Boc-N=N-Boc (0.54 'g. 2.3 mmol, 1.73 eq) in THF (7 ml). The resultant mixture was 

stirred at -25°C for 1 hour, quenched by sodium sulfite (1.3 M), washed with water (100 

ml) and brine (lOa ml). Organic extracts were dried over magnesium sulfate and 

concentrated ill vacuo. The crude residue was evaluated by IH-NMR and purified by 

column chromatography to yield 3(2R, 3S), 4S 3-(2-bromo-3-phenyl-l-oxobutyl)-4-

phenyl-2-oxazolidinone as a colorless solid (0.19 g, 42%). I H NMR 0 (TMS, solvent 

CHCI3): 7.38-7.19 (m, 10 H, aromatic H's from two phenyl groups); 6.06 (d, J = 11 Hz, 

1 H); 5.07 (dd, J = 4.2 Hz, 8.8 Hz, 1 H, Ar-CH- of oxazolidinone); 4.36 (t, J = 8.8 Hz, 1 

_._----_ .. " ---_._-----------
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H, -CH-/pro R on oxazolidinone); 4.10 (dd, J = 4.2 Hz, 8.8 Hz, 1 H, -CH-/pro S on 

oxazolidinone); 3.42 (m, 1 H, -CHp-); 1.50 (d, J = 9.0 Hz, 3 H, -CH-CH3). 13C 0 

(solvent CHCI3): 167.8, 152.8, 142.0, 129.1, 128.8, 127.7, 127.3, 125.8, 69.8, 57.5, 

49.1,42.9, 28.2, 20.8. 

3(2R, 3S), 4R 3-(2-Bromo-3-phenyl-t-oxopentyl)-4-phenyl-2-

oxazolidinone(2.46-2d) 

To a copper(I)bromide-dimethyl sulfide complex (0.30 g, 1.43 mmol, 1.1 eq) was 

added dimethyl sufide (1.70 ml) and dry THF (2.8 ml). The resultant solution was cooled 

to -78°C to form a opaque mixture. Ethylmagnesium bromide (0.63 ml of 3M solution in 

ethyl ether, 1.90 mmol, 1.42 eq) was added to the solution under a nitrogen atmosphere to 

yield a yellow slurry which was stirred at -78°C for 10 min, 0 °C for another 10 min and 

re-cooled to -78°C before being transferred via a Teflon cannula to a pre-cooled (-78°C) 

slurry of 3(2£), 4R 3-(3-phenyl-I-oxopropenyl)-4-phenyl-2-oxazolodinone (0.39 g, 1.33 

mmol) in THF (4.8 ml). The resulting mixture was stirred at -78°C for 30 min, 0 °C for 30 

min. Following being re-cooled to -78°C, the solution was transferred to a -25°C solution 

of Boc-N=N-Boc (0.54 g, 2.3 mmol, 1.73 eq) in THF (7 ml). The resultant mixture was 

stirred at -25°C for I hour, quenched by sodium sulfite (1.3 M), washed with watcr (100 

ml) and brine (100 ml). Organic extracts werc dried over magnesium sulfate and 

concentrated in vacuo. The crude residue was evaluated by 1 H-NMR and purified by 

column chromatography to yield 3(2R, 3S), 4S 3-(2-bromo-3-phenyl-l-oxopentyl)-4-

phenyl-2-oxazolidinone as a colorless solid (0.31 g, 66%). IH NMR 0 (TMS, solvent 

CHCI3): 7.37-7.15 (m, 10 H, aromatic H's from two phenyl groups); 6.12 (d, J = 11.2 

Hz, 1 H); 5.04 (dd, J = 4.1 Hz, 8.7 Hz, 1 H, Ar-CH- of oxazolidinone); 4.34 (t, J = 8.8 

Hz, 1 H, -CH-/pro S on oxazolidinone); 4.09 (dd, J = 4.2 Hz, 8.9 Hz, I H, -CH-/pro R 

on oxazolidinone); 3.15 (td, J = 3.2 Hz, 11 Hz, 1 H, -CHp-); 2.16-2.31(m, IH) and 1.56-
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1.69 (m, 1 H) (-CH2CH3); 0.71 (t, J = 7.3,3 H, -CH2-CH3). 13C 0 (solvent CHCh): 

167.6, 152.8, 140.0, 137.7, 129.1, 128.8, 127.7, 127.5, 127.3, 125.8, 69.7, 57.5, 

49.9, 48.1, 26.8, 11.4. 

3(2R, 3S), 4R 3-[2-Bromo-3-(4' -methoxylphenyl)-1-oxobutyIJ-4-phenyl-2-

oxazolidinone(2.46-2e) 

To a copper(I)bromide-dimethyl sulfide complex (0.30 g, 1.43 mmol, 1.1 eq) was 

added dimethyl sufide (1.70 ml) and dry THF (2.8 ml). The resultant solution was cooled 

to -78 DC to form a opaque mixture. Methylmagnesium bromide (0.63 ml of 3M solution in 

ethyl ether, 1.90 mmol, 1.42 eq) was added to the solution under a nitrogen atmosphere to 

yield a yellow slurry which was stirred at -78 DC for 10 min, 0 DC for another 10 min and 

re-cooled to -78DC before being transferred via a Teflon cannula to a pre-cooled (-78 DC) 

slurry of 3(2E), 4R 3-[3-( 4'-methoxylphenyl)-I-oxopropenyl]-4-phenyl-2-oxazolodinone 

(0.43 g, 1.33 mmol) in THF (4.8 ml). The resulting mixture was stirred at -78 DC for 30 

min,O DC for 30 min. Following being re-cooled to -78DC, the solution was transferred to 

a -25 DC solution of Boc-N=N-Boc (0.54 g, 2.3 mmol, 1.73 eq) in THF (7 ml). The 

resultant mixture was stirred at -25 DC for I hour, quenched by sodium sulfite (1.3 M), 

washed with water (100 1111) and brine (100 ml). Organic extracts were dried over 

magnesium sulfate and concentrated ill vaCllO. The crude residue was evaluated by I H

NMR and purified by column chromatography to yield to yield 3(2R, 3S), 4R 3-[2-bromo-

3-( 4'-methoxylphenyl)-I-oxobutyl]-4-phenyl-2-oxazolidinone(0.25 g, 51 %). I H NMR 0 

(TMS, solvent CHCI3): 7.38-7.25 (m, 5 H, phenyl ring of oxazolidinone); 7.15(d, J = 

8.6 Hz, 2 H, 3',5'-protons), 6.83 (dd, J = 8.7 Hz, 2H, 2',6' protons), 6.00(d, J = II Hz, 

I H, a-proton), 5.14 (dd, J = 4.2, 8.8Hz, I H, Ar-CH- of oxazolidinone); 4.44 (t, J = 8.8 

Hz, I H, -CH-/pro R on oxazolidinone); 4.14 (dd, J = 4.3, 8.6 Hz, I H, -CH-/pro S on 

-- -- - .. -- ---- ---.- -._-----_ .. _---.-- --- ----------. 
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oxazolidinone); 3.79(s, 3H, -OMe), 3.35-3.37(m, 1 H, -CH~-), 1.48 (d, J = 5.5 Hz, 3H, 

P-CH3). 13C 8 (solvent CHCI3): 167.6, 152.6, 137.7, 131.6, 129.5, 129.0, 128.7, 

125.7,113.9,125.8,69.7,57.5,55.1,48.9,48.1,27.9, 26.6,11.4. 

3(2R, 3S), 4R 3-[2-Bromo-3-(4'-methoxylphenyl)-t-oxopentyl]-4-phenyl-

2-oxazolidinone(2.46-2f) 

To a copper(I)bromide-dimethyl sulfide complex (0.30 g, 1.43 mmol, 1.1 eq) was 

added dimethyl sufide (1.70 ml) and dry THF (2.8 ml). The resultant solution was cooled 

to -78°C to form a opaque mixture. The ethylmagnesium bromide (0.63 ml of 3M solution 

in ethyl ether, 1.90 mmol, 1.42 eq) was added to the solution under a nitrogen atmosphere 

to yield a yellow slurry which was stirred at -78°C for 10 min, 0 °C for another 10 min and 

re-cooled to -78°C before being transferred via a Teflon cannula to a pre-cooled (-78°C) 

slurry of 3(2£), 4R 3-[3-( 4'-methoxylphenyl)-I-oxopropenyl]-4-phenyl-2-oxazolodinone 

(0.43 g, 1.33 mmol) in THF (4.8 ml). The resulting mixture was stirred at -78°C for 30 

min, 0 °C for 30 min. Following being re-cooled to -78°C, the solution was transferred to 

a -25°C solution of Boc-N=N-Boc (0.54 g, 2.3 mmol, 1.73 eq) in THF (7 ml). The 

resultant mixture was stirred at -25°C for I hour, quenched by sodium sulfite (1.3 M), 

washed with water (100 ml) and brine (100 ml). Organic extracts were dried over 

magnesium sulfate and concentrated in vacuo. The crude residue was evaluated by I H

NMR and purified by column chromatography to yield 3(2R, 3S), 4R 3-[2-bromo-3-(4'

methoxylphenyl)-I-oxopentyl]-4-phenyl-2-oxazolidinone(0.34 g, 66%). I H NMR 8 

(TMS, solvent CHCI3): 7.39-7.23 (m, 5 H, phenyl ring of oxazolidinone); 7.09(d, J = 

8.6 Hz, 2 H, 3',5'-protons), 6.83 (dd, J = 8.7 Hz, 2H, 2',6' protons), 6.07(d, J = II Hz, 

1 H, a-proton), 5.10 (dd, J = 4.1, 8.7 Hz, I H, Ar-CH- of oxazolidinone); 4.4 (t, J = 8.8 

Hz, I H, -CH-/pro S on oxazolidinone); 4.13 (dd, J = 4.2, 8.8 Hz, I H, -CH-/pro R on 
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oxazolidinone); 3.79(s, 3H, -OMe), 3.10(td, J = 3.1, 11.3 Hz, 1 H, -CHp-), 2.21-

2.31(m, IH) and 1.59-1.64 (m, 1 H) (-CH2CH3); 0.73 (t, J = 7.3, 3 H, -CH2-CH3). 

13C 0 (solvent CHCI3): 158.6, 137.6, 133.7, 129.1, 128.8, 125.7, 114.0, 69.7, 57.5, 

55.21,49.0,41.9,28.1, 20.6. 

3(28, 3R), 48 3-[2-Bromo-3-(4'-methoxylphenyl)-1-oxobutyl]-4-phenyl-2-

oxazolidinone(2.46-2g) 

To a copper(l)bromide-dimethyl sulfide complex (0.30 g, 1.43 mmol, 1.1 eq) was 

added dimethyl sufide (1.70 ml) and dry THF (2.8 ml). The resultant solution was cooled 

to -78 DC to form a opaque mixture. The ethylmagnesium bromide (0.63 ml of 3M solution 

in ethyl ether, 1.90 mmol, 1.42 eq) was added to the solution under a nitrogen atmosphere 

to yield a yellow slurry which was stirred at -78 DC for 10 min, 0 DC for another 10 min and 

re-cooled to -78DC before being transferred via a Teflon cannula to a pre-cooled (-78 DC) 

slurry of 3(2£), 4S 3-[3-( 4'-methoxylphenyl)-I-oxopropenyl]-4-phenyl-2-oxazolodinone 

(0.43 g, 1.33 mmol) in THF (4.8 ml). The resulting mixture was stirred at -78 DC for 30 

min, 0 DC for 30 min (the color of the reaction changing from brown/yellow to green during 

this period). Following being re-cooled to -78 DC, the solution was transferred to a -25 DC 

solution of Boc-N=N-Boc (0.54 g, 2.3 mmol, 1.73 eq) in THF (7 mI). The resultant 

mixture was stirred at -25 DC fo[, I hour, quenched by sodium sulfite ( 1.3 M), washed with 

water (100 ml) and brine (100 ml). Organic extracts were dried over magnesium sulfate 

and concentrated in vacilo. The crude residue was evaluated by IH-NMR and purified by 

column chromatography to yield 3(2S, 3R), 4S 3-[2-bromo-3-(4'-methoxylphenyl)-I

oxobutyl]-4-phenyl-2-oxazolidinone(0.29 g, 59%). IH NMR 0 (TMS, solvent CHCI3): 

7.38-7.25 (m, 5 H, phenyl ring of oxazolidinone); 7.15(d, J = 8.6 Hz, 2 H, 3',5'

protons), 6.83 (dd, J = 8.7 Hz, 2H, 2',6' protons), 6.00(d, J = II Hz, I H, a-proton), 

5.14 (dd, J = 4.2, 8.8Hz, 1 H, Ar-CH- of oxazolidinone); 4.44 (t, J = 8.8 Hz, 1 H, -CH-

._----- -----.. --... _--_ .•. _---------------
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/pro S on oxazolidinone); 4.14 (dd, J = 4.3, 8.6 HZ,l H, -CH-/pro R on oxazolidinone); 

3.79(s, 3H, -OMe), 3.35-3.37(m, 1 H, -CHp-), 1.48 (d, J = 5.5 Hz, 3H, P-CH3). 13C 8 

(solvent CHCI3): 167.6, 152.6, 137.7, 131.6, 129.5, 129.0, 128.7, 125.7, 113.9, 125.8, 

69.7,57.5,55.1,48.9,48.1,27.9,26.6,11.4. 

3( 4R)-{ 3(2R,3S)-[ 4'-(l'-triphenylmethyl)imidazole]-2-bromo-l-oxobutyl}-

4-phenyl-2-oxazolidinone(2.46h = 2.38-2g) 

Into a clean dry round bottom flask with a stirring bar was placed 

copper(I)bromide-dimethyl sulfide complex (0.13 g, 0.62 mmol, 1.1 eq), dimethyl sulfide 

(0.74 ml) and dry THF (1.4 ml). The reaction system was protected by nitrogen gas. The 

resultant solution was cooled to -78 DC to form a opaque mixture. Methyl magnesium 

bromide (0.28 ml of a 3M solution in ethyl ether, 0.83 mmol, 1.47 eq) was added to the 

solution under a nitrogen atmosphere to yield a yellow slurry which was stirred at -78 DC 

for 10 min, 0 DC for another 10 min and re-cooled to -78DC before being transferred via a 

Teflon cannula to a pre-cooled (-78 DC) slurry of 3(2£), 4R 3-{3-[4'-(l'

triphenylmethyl)imidazole]- I -oxopropenyl J-4-phenyl-2-oxazoIidinone(0.3 g, 0.57 mmol) 

in THF (2.3 ml) and dicholoromethene (1.4 ml). The resulting mixture was stirred at -78 

DC for 30 min, -10 DC for 15 min. Following re-cooling to -78 DC, the solution was 

transferred to a -78 DC solution of Boc-N=N-Boc (0.23 g, 0.98 mmol, 1.7 eq) in THF (3 

ml). The resultant mixture was stirred at -78 DC for 45 min quenched with sodium sulfite 

(1.3M), worked up as the symthesis of 2.38-2g. The crude residue was evaluated by 

I H-NMR and purified by column chromatography to yield 3(4R)-{ 3(2R,3S)-[4'-(1'

triphenylmethyl)imidazole]-2-bromo-I-oxobutyl J-4-phenyl-2-oxazolidinone as a glassy 

solid (0.15g, 46%). [a]D25 = -67.5 (c 1.5, CHCI3), IH NMR 8 (TMS, solvent CHCI3): 
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7.41-7.03(m, 22 Hs, four phenyl rings of protection group and auxiliary(20 Hs), 

imidazole(2 Hs)], 5.94(d, IH, a-proton), 5.36(dd, 4.2, 8.6 Hz, 1H, oxazolidinone Ar-

CH-), 4.61(t, 8.9 Hz, IH, oxazolidinone -CH2-/pro R), 4.22(dd, 4.4, 8.8 Hz, IH, 

oxazlidinone -CH2-/Pro S), 3.54(m, IH, p-proton), 1.48(d, 2H, p-Me). 13C 8 (solvent 

CHCI3): 139.5, 137.5, 129.6, 129.1, 128.6, 128.2, 128.1, 125.7, 118.9,69.8,57.8, 

48.7, 35.4, 18.3. 

1, 2-Asymmetric cis Induction and Evans Asymmeh'ic 

Electrophilic Bromination Reaction 

3(2R, 3R), 4R 3-(2-Bromo-3-phenyl-l-oxobutyl)-4-phenyl-2-oxazolidinone 

(2.84a) 

Into a clean dried flask with a magnetic stirring bar is added (4R)-3-(3'S)-3'

(phenylbutanoyl)-4-phenyl-2-oxazolidinone(2.83-3a) (14.5 g, 46.9 mmol, I equiv), 

purged with nitrogen and cooled to -78 0c. The freshly distilled diisopropylethylamine (9.4 

mL, 54.8 mmol, 1.1 equiv) and dibutylborontriflate (54.8 mL, 1.0 M in methylene 

chloride, 1.1 equiv) were added to the stirring solution via syringe. The resulting clear 

yellow solution is stirred at -78°C for 15 minutes at 0 °C I hour and recooled back to -78 

°C to form the chelated boron enol ate solution. To another dried flask flushed with nitrogen 

and equipped with a magnetic stirring bar is added N-bromosuccinimide (9.7 g, 54.8 

mmol, 1.1 equiv) and freshly distilled CH2Cl2 (115 mL). The resulting slurry is cooled to 

-78°C. The precooled boron enolate solution is added rapidly through Teflon cannula to 

the NBS slurry. The resulting brown solution is stirred for 75 minutes (warmed to -4 °C 

------------- ----
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and stirred at this temperature for 30 minutes if needed shown by TLC). The reaction is 

quenched by 0.5 N aqueous sodium bisulfate. The aqueous solution is extracted with ethyl 

acetate, washed by 0.5 N sodium sulfate and brine, and dried over magnesium sulfate. The 

crude product is obtained as a white solid, dried in vacuo and purified by chromatography 

on silica gel using 3 : 7 ethyl: hexane (v/v) as the eluant to yield 3(2R, 3R), 4R 3-(2-

bromo-3-phenyl-l-oxobutyl)-4-phenyl-2-oxazolidinone(16 g, 88%). [<X]025 = -30.0 0 (c 

1.6, CHCI3). IH NMR 0 (TMS, solvent CHCI3): 7.45-7.20 (m, 10 H, aromatic phenyl 

H's); 5.95 (d, J = 10.7 Hz, I H, <x-proton), 5.51 (dd, J = 4.8 Hz, 8.8 Hz I H, Ar-CH- of 

oxazolidinone); 4.74 (t, J = 9.0 Hz, I H, -CH-/pro S on oxazolidinone); 4.29 (dd, J = 4.9 

Hz, 8.9 Hz, 1 H, -CH2-/pro R on oxazolidinone); 3.43-3.52(m, I H, -CHp-); 1.35 (d, J = 
6.9 Hz, 3 H, P-CH3). 

3(2R, 38),4R 3 -(2-B romo-3- pheny I-l-oxo b u ty I) -4 -phen y 1-2-

oxazolidinone(2.84b = 2.46-2c) 

The title compound was prepared in the similar procedure as 2.84a starting from 

(4R)-3-(3'S)-3'-(phenylbutanoyl)-4-phenyl-2-oxazolidinone (13.3 g, 43.0 mmol) to yield 

3(2R, 3S), 4R 3-(2-bromo-3-phenyl-l-oxobutyl)-4-phenyl-2-oxazolidinone(15 g, 90%). 

The analytical data are identical to that of 2.46-2c. 

3(28, 3R), 48 3 - (2 -B ro mo-3 -p h en y I-l-oxo bu ty I) -4 -pheny 1- 2-

oxazolidinone(2.84c = 2.46-2a) 

The title compound was prepared in the similar procedure as 2.84a starting from 

(4S)-3-(3'S)-3'-(phenylblltanoyl)-4-(phenylmethyl)-2-oxazolidinone (1.3 g, 4.3 mmol) to 

yield 3(2S, 3R), 4S 3-(2-bromo-3-phenyl-I-oxoblltyl)-4-phenyl-2-oxazolidinone(1.4 g, 

84%). The analytical data are identical to that of 2.46-2a. 



205 

3(28, 38),48 3· (2·B romo·3· phen y 1·1·oxo bu ty 1).4· pheny 1·2· 

oxazolidinone(2.84d = 2.41·2a) 

The title compound was prepared in the similar procedure as 2.84a starting from 

(4S)-3-(3'S)-3'-(phenylbutanoyl)-4-phenyl-2-oxazolidinone (1.3 g, 4.3 mmol) to yield 

3(2S, 3R), 4S 3-(2-bromo-3-phenyl-l-oxobutyl)-4-phenyl-2-oxazolidinone(1.5 g, 90%). 

The analytical data are identical to that of 2.41·2a. 

3(28, 3R), 3·(2.Bromo.3·phenyl.1.oxobutyl)·2-oxazolidinone(2. 73-2a) 

A precooled solution of 3-(3'S)-3'-phenylbutanoyl-2-oxazolidinone(0.60 g, 2.57 

mmol) in dry dichloromethane(5.80 ml) was added by diisopropylethylamine (0.630 ml, 

3.60 mmol, 1.40 eqv) and dibutylboron triflate (1.0 M solution in dichloromethane, 3.60 

ml, 1.40 eqv) at -78°C under nitrogen. The resulting light yellow solution was stirred at 

-78 °C for 20 min, 0 °C for 1 hand recooled to -78 °C before being transferred through a 

Teflon cannula to a slurry solution of N-bromosuccinimide (0.66 g, 3.70 mmol, 1.40 eqv) 

in dichloromethane (8.10 ml) at -78 oc. The resulting brown mixture was stirred at -78 °C 

for 2 h. TLC was used to monitor the reaction process with EtOAc:Hexane (3:7). The 

reaction was quenched by pouring into 0.5 N aqueous sodium bisulfate after it was 

complete shown by TLC. The mixture was separated and the aqueous phase was extracted 

three times with ethyl acetate. The combined organic solution was washed twice with 0.5 N 

aqueous sodium thiosulfate and once with brine, dried over anhydrous magnesium sulfate, 

and concentrated ill vaclio. The crude residue was evaluated by I H-NMR to depermined 

enantiomeric excess (see Table 2.8.1) prior to column chromatography to yield a pale 

yellow oil of product 3(2S, 3R), 3-(2-bromo-3-phenyl-l-oxobutyl)-2-oxazolidinone (0.66 

g,82%). [a]D25 = -6 ° (c 3.5, CHCI3). IH NMR 0 (TMS, solvent CHC13r 7.18-7.38 

--------- ---. -.--
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(m, 5 H, aromatic phenyl H's); 6.00 (d, J = 10.6 Hz, 1 H, a-proton); 4.27-4.37 (m, 1 

H), 4.11-4.21 (m, 1 H) [N-CH- of oxazolidinone]; 3.96-3.85 (m,1 H), 3.71-3.60(m,1 

H), [O-CH2 of oxazolidinone]; 3.54-3.47 (m, 1 H, p-proton); 1.53 (d, J = 6.9 Hz, 3 H, 

P-CH3). 

3(2R, 3S), 3-(2-Bromo-3-phenyl-l-oxobutyl)-2-oxazolidinone(2. 73-2b) 

The title compound was prepared in the similar procedure as 2.73-2a starting from 

(3.0 g, 12.8 mmol) 3-(3'R)-3'-phenylbutanoyl-2-oxazolidinone to yield 3(2R, 3S), 3-(2-

Bromo-3-phenyl-l-oxobutyl)-2-oxazolidinone (2.7 g, 67%). (enantiomeric excess see 

Table 2.8.1) [a]o25 = +5.8 0 (c 1.8, CHCI3)' IH NMR 8 (TMS, solvent CHCI3): 7.18-

7.3R (m, 5 H, aromatic phenyl H's); 6.00 (d, J = 10.6 Hz, I H, a-proton); 4.27-4.37 (m, 

I H), 4.11-4.21 (m, I H) [N-CH- ofoxazolidinone]; 3.96-3.85 (m,l H), 3.71-3.60(m,1 

H), [O-CH2 of oxazolidinone]; 3.54-3.47 (m, 1 H, p-proton); 1.53 (d, J = 6.9 Hz, 3 H, 

P-CH3). 

3(2S, 3R),3-[2-B romo-3-( 4' -methoxyphenyl)-l-oxobutyl] -2-oxazolidinone 

(2.73-2c) 

The title compound was prepared in the similar procedure as 2.73-2a starting from 

(0.5 g, 1.92 mmol) 3-(3'S)-3'-[(4'-methoxylphenyl)butanoyl]-2-oxazolidinone to yield 

3(2S, 3R), 3-[2-bromo-3-(4'-methoxylphenyl)-I-oxobutyl]-2-oxazolidinone (0.46 g, 

70.4%). (enantiomeric excess see Table 2.8.1) [a]o25 = +19.4 0 (c 1.7, CHCI3). IH 

NMR 8 (TMS, solvent CHCI3): 7.15(d, 2 H, J = 8.7 Hz, aromatic phenyl 3', 5's); 

6.80(d, 2 H, J = 8.7 Hz, aromatic phenyl 2', 6's); 5.95(d, J = 10.7 Hz, 1 H, a-proton); 

4.38-4.28 (m, I H), 4.24-4.14 (m, I H) [N-CH- of oxazolidinone]; 3.97-3.80 (m,1 H), 

-------------- ---.- ._--------------- .-.-.--~.:..:---~.-----.. __ ._.-- -- ----------
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3.74-3.63(m, I H), [O-CH2 of oxazolidinone]; 3.77(s, O-CH3); 3.50-3.40 (m, I H, ~

proton); 1.51 (d, J = 7.0 Hz, 3 H, ~-CH3). 

3(2R, 3S ), 3 - [2-D romo-3-( 4' -methoxypheny I) -l-oxobu tyl] -2-

oxazolidinone(2.73-2d) 

The title compound was prepared in the similar procedure as 2.73-2a starting from 

(0.5 g, 1.92 mmol) 3-(3'S)-3'-[(4'-methoxylphenyl)butanoyl]-2-oxazolidinone to yield 

3(2R, 3S), 3-[2-bromo-3-(4'-methoxylphenyl)-l-oxobutyl]-2-oxazolidinone (0.43 g, 

66.0%). (enantiomeric excess see Table 2.8.1) [a]D25 = -19.1 0 (c 1.8, CHCi). I H NMR 

o (TMS, solvent CHCI3): 7.15(d, 2 H, J = 8.7 Hz, aromatic phenyl 3', 5's); 6.80(d,2 H, 

J = 8.7 Hz, aromatic phenyl 2', 6's); 5.95(d, J = 10.7 Hz, I H, a-proton); 4.38-4.28 

(m, 1 H), 4.24-4.14 (m, 1 H) [N-CH- of oxazolidinone]; 3.97-3.80 (m, I H), 3.74-

3.63(m, 1 H), [O-CH2 of oxazolidinone]; 3.77(s, O-CH3); 3.50-3.40 (m, 1 H, ~-proton); 

1.51 (d, J = 7.0 Hz, 3 H, ~-CH3). 

3(2S, 3R), 3-(2-Dromo-3-phenyl-l-oxopentyl)-2-oxazolidinone(2. 73-2e) 

The title compound was prepared in the similar procedure as 2.73-2a starting from 

3-(3'S)-3'-phenylpentanoyl-2-oxazolidinone (0.5 g, 2.02 mmol) to yield 3-(2-bromo-3-

phenyl-I-oxopentyl)-2-oxazolidinone ( 0.33 g, 51 %). (enantiomeric excess see Table 

2.8.1.) [a]D25 = -10.6 () (c 2.2, CHCI3). IH NMR 8 (TMS, solvent CHCI3): 7.31-7.16 

(m, 5 H, aromatic phenyl H's); 6.06 (d, J = 11.2 Hz, I H, a-proton); 4.39-4.26 (m, I 

H), 4.18-4.04 (m, 1 H) [N-CH- of oxazolidinone]; 3.93-3.82 (m,1 H), 3.65-3.54(m,1 

_____ ._· __ --~-~c,=··. 
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H), [O-CH2 of oxazolidinone]; 3.26-3.17 (td, 1 H, J = 3.2 Hz, 11.2Hz, p-proton); 2.40-

2.26(m, IH), 1.72-1.59(m, IH), [CH-CH]; 0.75 (t, J = 7.4 Hz, 3 H, -CH-CH). 

3(2R, 38), 3-(2-Bromo-3-phenyl-l-oxopentyl)-2-oxazolidinone(2. 73-2f) 

The title compound was prepared in the similar procedure as 2.73-2a starting from 

3-(3'S)-3'-phenylpentanoyl-2-oxazolidinone (0.5 g, 2.02 mmol) to yield 3-(2-bromo-3-

phenyl-l-oxopentyl)-2-oxazolidinone (0.30 g, 50%). (enantiomeric excess see Table 

2.8.1.) [a]D 25 = +9.8 0 (c 2.6, CHCI3)' IH NMR 0 (TMS, solvent CHCI3): 7.31-7.16 

(m, 5 H, aromatic phenyl H's); 6.06 (d, J = 11.2 Hz, 1 H, a-proton); 4.39-4.26 (m, 1 

H), 4.18-4.04 (m, 1 H) [N-CH- of oxazolidinone]; 3.93-3.82 (m,1 H), 3.65-3.54(m,1 

H), [O-CH2 of oxazolidinone]; 3.26-3.17 (td, 1 H, J = 3.2 Hz, 11.2Hz, p-proton); 2.40-

2.26(m, IH), 1.72-1.59(m, IH), [CH2-CH3]; 0.75 (t, J = 7.4 Hz, 3 H, -CH2-CH3' 

Displacement by azide 

3(28, 38), 4R 3-[2-Azido-3-( 4' -methoxy-2' -methylphenyl)-1-oxobutyl]-4-

phenyl-2-oxazolidinone(2.60a) 

Into a clean and dried flask with a magnetic stirring bar and flushed with nitrogen 

was placed acetonitrile (55 ml) and 3(2R, 3S), 4R 3-[2-bromo-3(4'-methoxy-2'

methylphenyl)-I-oxobutyl]-4-phenyl-2-oxazolidinone (13.5 g, 32.3 mmol). The resulting 

mixture is cooled to 0 nc. The solution of 15.3 g tetramethylguanidinium azide (TMGA) ( 

-~ .. -.- - .. ---



209 

96.9 mmol, 3 equiv) in acetonitrile (50 ml) is transferred to above flask. The resulting 

mixture is stirred at 0 °C for 1 hour, at room temperature for 4.5 hours. As the reaction 

going, the solid product appeared from the solution. TLC (2.4 : 5.6 : 1 , ethyl acetate: 

hexane: acetonitrile, v/v/v) was used to monitor the reaction. The reaction is quenched by 

addition of saturated aqueous sodium bicarbonate. Aqueous phase is extracted by 

dichloromethane. The combined organic phases are washed with brine and dried over 

anhydrous magnesium sulfate. The solid product is obtained by concentration in vacuo. 

No isomerization is observed by NMR. The crude product is purified by silica gel 

chromatography eluted by ethyl acetate: dichloromethane (9 : 1, v/v) to get 3(2S, 3S), 4R 

3-[2-Azido-3-( 4'-methoxy-2'-methylphenyl)-l-oxobutyl]-4-phenyl-2-oxazolidinone (11.3 

g,95%). Mp. 154-156 °C; [a]D25 = -55.4 (c 2.6, CHC13), IH NMR 0 (TMS, solvent 

CHCI3): 7.42-7.23 (m, 5H, chiral auxiliary aromatic hydrogens); 6.75-6.69 (m 3 H) 

(aromatic 3', 5', 6'-hydrogens); 5.51 (dd, J = 8.7 Hz, 3.6 Hz, IH, oxazolidinone, Ar

CH-); 5.43 (d, J = 10.3 Hz, IH, -CH-N-); 4.78 (t, J = 8.7 Hz, 1 H, oxazolidinone 

CH/pro R); 4.40 (dd, J = 8.7 Hz, 3.6 Hz, 1 H, oxazolidinone CH/pro S); 3.78 (s, 3 H, 

Ar-OCH3); 3.51-3.39 (m, 1 H, CH-CH3); 2.28 (s, 3 H, Ar-CH3); 0.99 (d, J = 6.9 Hz, 3 

H, CH3-CH). 13C 0 (solvent CHCI3): 170.4, 158.1, 153.4, 138.1, 137.5, 132.2, 129.2, 

129.1,127.2,126.4, 116.0,111.8,70.1,63.3,58.0,55.1,37.0,19.8,18.5; IR (KB!', 

c m- I): 2980, 2110, 1770, 1720, 1610, 1500, 1330, 1200, 860; CIMS ca1cd. for 

C21HZ2N404 367.l6577 (M++I-N). Found: mle (relative intensity) 367.2(38), 352.2(21), 

150.1(11), 149.1(100). 

---------- ---------- .-.. -.. --
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3(2R, 3R), 48 3.[2-Azido-3-( 4'·methoxy.2'·methylphenyl)·t·oxobutyl]-4. 

phenyl-2.oxazolidinolle (2.60b) 

The title compound was prepared in the similar procedure as 2.60a starting from 

3(2S, 3R), 4S 3-[2-bromo-3-(4'-methoxy-2'-methylphenyl)-I-oxobutyl]-4-phenyl-2-

oxazolidinone (2.86 g, 6.6 mmol) to yield 3(2R, 3R), 4S 3-[2-Azido-3-(4'-methoxy-2'

methylphenyl)-I-oxobutyl]-4-phenyl-2-oxazolidinone (2.1 g, 89%). Mp: 153.5-155.0°C. 

[a]D25 = +55.0 (c 3.0, CHCI3). IH NMR 0 (TMS, solvent CHCI3): 7.42-7.23 (m, 5H, 

chiral auxiliary aromatic hydrogens); 6.75-6.69 (m 3 H) (aromatic 3', 5', 6'-hydrogens); 

5.51 (dd, J = 8.7 Hz, 3.6 Hz, IH, oxazolidinone, Ar-CH-); 5.43 (d, J = 10.3 Hz, IH, 

-CH-N-); 4.78 (t, J = 8.7 Hz, 1 H. oxazolidinone CH/pro R); 4.40 (dd, J = 8.7 Hz, 3.6 

Hz, 1 H, oxazolidinone CH/pro S); 3.78 (s, 3 H, Ar-OCH3); 3.51-3.39 (m, 1 H, CH

CH3); 2.28 (s, 3 H, Ar-CH3); 0.99 (d, J = 6.9 Hz, 3 H, CH3-CH). 13C 0 (solvent 

CHCI3): 170.4, 158.1, 153.4. 138.1, 137.5, 132.2, 129.2, 129.1, 127.2, 126.4, 116.0, 

111.8, 70.1, 63.3, 58.0, 55.1, 37.0, 19.8, 18.5; IR (KBr, cm- I): 2980, 2110, 1770, 

1720,1610,1500,1330,1200,860; CIMS ca1cd. for C21H22N404 367.16577 (M++I-N). 

Found: mle (relative intensity) 367.2(38). 352.2(21), 150.1 (11), 149.1 (100). 

3(2R, 3S), 48 3-[2-Azido-3-( 4'.methoxy.2'.methylphenyl).t.oxobutyl).4. 

phenyl-2-oxazolidinone (2.60c) 

The title compound was prepared in the similar procedure as 2.60a starting from 

3(2S, 3S), 4S 3-[2-bromo-3-(4'-methoxy-2'-methylphenyl)-I-oxobutyl]-4-phenyl-2-

oxazolidinone (1.45 g. 3.36 mmol) to yield 3(2S, 3S), 4S 3-[2-Azido-3-(4'-methoxy-2'

methylphenyl}-l-oxobutyl]-4-phenyl-2-oxazolidinone (1.26 g, 95%). Mp: 162.5-164.0 

oc, [a]D25 = +6.4 0 (c 0.3, CHCI3), IH NMR 0 (TMS, solvent CHCI3): 7.28-7.11 (m,4 
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H, aromatic H'S); 6.75 (dd, J = 2.9 Hz, 8.6 Hz), 6.60-6.56 (m) and 6.45 (m) [ 4H of 

aromatic H'S]; 5.43 (d, J = 10.6 Hz, 1 H, CH-N3); 5.34 (dd, J = 4.3 Hz, 8.8 Hz, 1 H, 

Ar-CH- of oxazolidinone ring), 4.62 (t, J = 8.8 Hz, 1 H, pro-Sf Ar-CH- of oxazolidinone 

ring), and 4.09 (dd, J = 4.4 Hz, 9.0 Hz, 1 H, pro-RlAr-CH- of oxazolidinone ring); 3.82 

(s, 3 H, Ar-OCH3), 3.55-3.44 (m, 1 H, -CHp-), 1.95 (s, 3 H, Ar-CH3), 1.33 (d, 3 H, 

CH3-CH-). J3C 8 (solvent CHCI3): 169.8, 158.0, 152.9, 137.5, 137.4, 131.0, 128.9, 

128.2, 127.8, 125.3, 116.6, 111.0, 69.8, 62.3, 57.5, 55.0, 35.7, 19.4, 19.3. IR (KBr, 

c m -I): 2980, 2110, 1770, 1720, 1610, 1500, 1330, 1200, 860; CIMS caJcd. for 

C21H22N404 394.16409 (M+). Found: m/e 394.1586. 

3(2S, 3R), 4R 3-[2-Azido-3-( 4' -methoxy-2' -methylphenyl)-l-oxobutyl] -4-

phenyl-2-oxazolidinone (2.60d) 

The title compound was prepared in the similar procedure as 2.60a starting from 

3(2R, 3R), 4R 3-[2-bromo-3-(41-methoxy-2'-methylphenyl)-I-oxobutyl]-4-phenyl-2-

oxazolidinone( 1.10 g, 2.63 mmol) to yield 3(2S, 3R), 4R 3-[2-Azido-3-(41-methoxy-2'-

methylphenyl)-1-oxobutyl]-4-phenyl-2-oxazolidinone( 1.02 g, 98%). Mp: 161-163.4 DC, 

[a]D25 = -6.8 0 (c 0.5, CHCb), 1 H NMR 8 (TMS, solvent CHCI3): 7.28-7.11 (m,4 H, 

aromatic H'S); 6.75 (dd, J = 2.9 Hz, 8.6 Hz), 6.60-6.56 (m) and 6.45 (m) [ 4H of 

aromatic H'S]; 5.43 (d, J = 10.6 Hz, 1 H, CH-N3); 5.34 (dd, J = 4.3 Hz, 8.8 Hz, 1 H, 

Ar-CH- of oxazolidinone ring), 4.62 (t, J = 8.8 Hz, 1 H, pro-S/Ar-CH- of oxazolidinone 

ring), and 4.09 (dd, J = 4.4 Hz, 9.0 Hz, 1 H, pro-R/Ar-CH- of oxazolidinone ring); 3.82 

(s, 3 H, Ar-OCH3), 3.55-3.44 (m, 1 H, -CHp-), 1.95 (s, 3 H, Ar-CH3), 1.33 (d, 3 H, 

CH3-CH-). DC 8 (solvent CHCI3): 169.8, 158.0, 152.9, 137.5, 137.4, 131.0, 128.9, 

128.2,127.8,125.3,116.6,111.0,69.8,62.3,57.5, 55.0, 35.7,19.4,19.3. IR (KBr, 

.... _ .•.... _._-
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em-I): 2980, 2110, 1770, 1720, 1610, 1500, 1330, 1200, 860; CIMS calcd. for 

C21H22N404 394.16409 (M·). Found: mle 394.1701. 

3(2S, 3R), 4R 3-(2-Azido-3-phenyl-t-oxobutyl)-4-phenyl-2-oxazolidinone 

(2.87a) 

Into a clean and dried flask with a magnetic stirring bar was placed 3(2R, 3R), 4R 

3-(2-bromo-3-phenyl-l-oxobutyl)-4-phenyl-2-oxazolidinone (20 g, 51.5 mmol) and 

acetonitrile (l00 ml). The reaction was cooled to OoC. Tetramethylguanidinium azide 

(TMGA) (38 g, 154 mmol, 3 equiv) is added to above mixture in one portion. The flask 

was sealt by a septum and protected by nitrogen gas. The resulting mixture is stirred at DOC 

for 1 hour, at room temperature for 4.5 hours. As the reaction going, the solid product 

appeared from the solution. TLC (7.6 : 2.4 : 0.8 , ethyl acetate: hexane: acetonitrile, v/v/v) 

was used to monitor the reaction. The reaction is quenched by addition of saturated 

aqueous sodium bicarbonate. Aqueous phase is extracted by dichloromethane. The 

combined organic phases are washed with brine and dried over anhydrous magnesium 

sulfate. The solid product is obtained by concentration ill vaCIlO. No isomerization is 

observed by NMR. The crude product is purified by silica gel chromatography eluted by 

ethyl acetate: dichloromethane (9 : 1, v/v) to yield 3(2S, 3R), 4R 3-(2-Azido-3-phenyl-l

oxobutyl)-4-phenyl-2-oxazolidinone(l7 g, 93%). [a]n25 = +64.4 0 (c 0.9, CHC13). I H 

NMR 0 (TMS, solvent CHC13): 7.26-7.21 (m, 8 H, aromatic H's of oxazolidinone); 6.78-

6.80(m, 3 H, aromatic H's of oxazolidinone); 5.42 (d, J = 8.3 Hz, 1 H, CH-N3); 5.40 

(dd, J = 4.0 Hz, 8.5 Hz, I H, Ar-CH- of oxazolidinone ring), 4.68 (t, J = 9.1 Hz, 1 H, 

pro-RiAr-CH- of oxazolidinone ring), and 4.17 (dd, J = 5.5 Hz, 9.0 Hz, 1 H,pro-S/Ar-

------_. __ . __ ._-------------
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CH2- of oxazolidinone ring); 3.40-3.27(m, 1 H, -CHp-), 1.28 (d, J = 7.1, 3 H, CH-CH-). 

CIMS calcd for Cl9H1SN403 350.3804 (M+). Found: mle 368. 1736(M++NH4+). 

3(2S, 3S), 4R 3-(2-Azido-3-phenyl-l-oxobutyl)-4-phenyl-2-oxazolidinone 

(2.87b) 

The title compound was prepared in the similar procedure as 2.87a starting from 

3(2R, 3S), 4R 3-(2-bromo-3-phenyl-l-oxobutyl)-4-phenyl-2-oxazolidinone(22. 7 g, 58.5 

mmol) to yield 3(2S, 3S), 4R 3-(2-azido-3-phenyl-I-oxobutyl)-4-phenyl-2-

oxazolidinone(19 g, 93%). [a]D25 = -35 0 (c 1.4, CHCh). lH NMR 0 (TMS, solvent 

CHCI3): 7.37-7.43 (m, 5 H, aromatic H's ofoxazolidinone); 7.26-7.10 (m, 5 H, aromatic 

H's of ~-position); 5.51 (dd, J = 3.6 Hz, 8.7 Hz, I H, Ar-CH- of oxazolidinone ring), 

5.29 (d, J = 8.8 Hz, 1 H, CH-N3); 4.78 (t, J = 9.0 Hz, H, pro-R/Ar-CH2- of 

oxazolidinone ring), and 4.44 (dd, J = 3.6 Hz, 9.1 Hz, H, pro-S/Ar-CH2- of 

oxazolidinone ring); 3.26-3.23(m, 1 H, -CHp-), 1.16 (d, J = 7.0, 3 H, CH3-CH-). CIMS 

calcd for Cl9H1SN403 350.3804 (M+). Found: mle 368.1714(M++NH4+). 

3(2R, 3R), 4S 3-(2.Azido-3-phenyl-l-oxobutyl)-4-phenyl-2-oxazolidinone 

(2.87c) 

The title compound was prepared in the similar procedure as 2.87a starting from 

3(2R, 3S), 4R 3-(2-bromo-3-phenyl-l-oxobutyl)-4-phenyl-2-oxazolidinone(2.3 g, 5.9 

mmol) to yield 3(2S, 3S), 4R 3-(2-azido-3-phenyl-l-oxobutyl)-4-phenyl-2-

oxazolidinone(1.7 g, 84%). [a]D25 = +25 0 (c 0.6, CHCI)). lH NMR 0 (TMS, solvent 

CHCI3): 7.37-7.43 (m, 5 H, aromatic H's ofoxazolidinone); 7.26-7.10 (m, 5 H, aromatic 

H's of ~-position); 5.51 (dd, J = 3.6 Hz, 8.7 Hz, 1 H, Ar-CH- of oxazolidinone ring), 

--------------------------------------
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5.29 (d, J = 8.8 Hz, 1 H, CH-N3); 4.78 (t, J = 9.0 Hz, 1 H, pro-R/Ar-CH2- of 

oxazolidinone ring), and 4.44 (dd, J = 3.6 Hz, 9.1 Hz, 1 H, pro-S/Ar-CH- of 

oxazolidinone ring); 3.26-3.23(m, 1 H, -CHp-), 1.16 (d, J = 7.0,3 H, CH3CH-). CIMS 

calcd for CI9HISN403 350.3804 (M+). Found: m/e 368. 1 714(M++NH4+). 

3(2R, 3S), 4S 3-(2-Azido-3-phenyl-l-oxobutyl)-4-phenyl-2-oxazolidinone 

(2.87d) 

The title compound was prepared in the similar procedure as 2.87a starting from 

3(2S, 3S), 4S 3-(2-bromo-3-phenyl-I-oxobutyl)-4-phenyl-2-oxazolidinone(2 g, 5.2 

mmol) to yield 3(2R, 3S), 4S 3-(2-azido-3-phenyl-l-oxobutyl)-4-phenyl-2-

oxazolidinone(1.66 g, 92%). [a]D25 = -70.0 0 (c 1.3, CHCI3). IH NMR 0 (TMS, 

solvent CHCI): 7.26-7.21 (m, 8 H, aromatic H's); 6.78-6.80(m, 3 H, aromatic H's); 5.42 

(d, J = 8.3 Hz, 1 H, CH-N3); 5.40 (dd, J = 4.0 Hz, 8.5 Hz, 1 H, Ar-CH- of 

oxazolidinone ring), 4.68 (t, J = 9.1 Hz, I H, pro-RlAr-CH- of oxazolidinone ring), and 

4.17 (dd, J = 5.5 Hz, 9.0 Hz, I H, pro-S/Ar-CH- of oxazolidinone ring); 3.40-3.27(m, 1 

H, -CHp-), 1.28 (d, J = 7.1, 3 H, CH 3CH-). CIMS calcd for C 19H IsN 403 350.3804 

(M+). Found: mJe 368. 1 736(M++NH4+). 

Removal of Chiral Auxiliary 

2S, 3S 2-Azido-3-(4'-methoxy-2'-methylphenyl) butanoic acid (2.61a) 

A solution of 3(2S,3S), 4R 3-[2-azido-3-(4 1-methoxy-2 '-methylphenyl-l

oxobutyl]-4-phenyl-2-oxazolidinoneof (5.0 g. l3.1 mmol) in 200 ml of tetrahydrofuran 

and 66 ml of water is cooled to 0 oc, added by the addition of 8.7 ml 30% of hydrogen 

peroxide, followed by dropwise addition of the solution of 1.25 g of lithium hydroxide 

--------- -------------------
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monohydrate (29.7 mmol) in 12.0 ml of water. The resulting cloudy white solution is 

stirred at OOC for two hours. The reaction is quenched by 1.3 M of sodium sulfite (70 ml) 

and stirred at room temperature for 30 minutes. The aqueous phase is extracted by 

dichloromethane to remove the chiral auxiliary. The extracts are dried over anhydrous 

sodium sulfate and concentrated to yield a white solid identical to the authentic chiral 

auxiliary. The remaining aqueous phase is cooled to 0 °C and acidified with 4N 

hydrochloric acid to approximately PH = 1 indicated by universal PH indicator paper. The 

cloudy solution is extracted with dichloromethane until the cloudy solution became nearly 

clear. The combined extracts were dried by anhydrous sodium sulfate and concentrated ill 

vacuo to yield 2S, 3S 2-Azido-3-(4'-methoxy-2'-methylphenyl) butanoic acid as a tinted oil 

(3.1 g, 94%). I H NMR showed that the crude product is pure. [a]D25 = -38.3 0 (c 2.8, 

CHCI3), IH NMR 0 (TMS, solvent CHCI3): 7.19 (d, 1 H, aromatic-H), 6.79-6.70 (m, 

2H, aromatic-H's), 4.04 (d, 1 H, -CH-N3), 3.79 (s, 3 H, Ar-OCH3), 3.52-3.46 (m, I H, 

CH~), 2.36 (s, 3 H, Ar-CH3), 1,.29 (d, 3 H, J = 7.0 Hz, CH3CH); IJC 0 (solvent 

CHCI3): 175.5,158.1,137.5,131.6,127.0,116.1,111.7,67.6, 55.1, 36.1,19.9,19.0. 

IR (KBr, em-I): 2950,2100, 1740, 1610, 1250,810,. HR-CIMS calcd. for CI2HISN303 

250.11916 (M++ I). Found: m/e(relative intensity) 250.2031 (M++ 1, 18), 234.2(7), 

178.2(100), 149.1(58). 

2R, 3R 2-Azido-3-(4'-methoxy-2'-methylphenyl) butanoic acid (2.61b) 

The title compound was prepared in the similar procedure as 2.61a starting from 

3(2R,3R), 4S 3-[2-azido-3-(4'-methoxy-2'-methylphenyl-l-oxobutyl]-4-phenyl-2-

oxazolidinone(5.0 g, 13.1 mmol) to yield 2R, 3R 2-azido-3-(4'-methoxy-2'

methylphenyl) butanoic acid(2.97 g, 90%). [a]D25 = +38.3 0 (c 2.6, CHCI3). IH NMR 0 

(TMS, solvent CHCI3): 7.19 (d, 1 H, aromatic-H), 6.79-6.70 (m, 2H, aromatic-H's), 

4.04 (d, I H, -CH-N3), 3.79 (s, 3 H, Ar-OCH3), 3.52-3.46 (m, 1 H, CH~), 2.36 (s, 3 
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H, Ar-CH3), 1,.29 (d, 3 H, J = 7.0 Hz, CH3CH); 13C 0 (solvent CHCI3): 175.5, 158.1, 

137.5,131.6,127.0,116.1,111.7,67.6,55.1,36.1,19.9, 19.0. IR (KBr, cm- 1r2950, 

2100, 1740, 1610, 1250,810,. HR-CIMS ca1cd. for Cl2HlSN303 250.11916 (M++l). 

Found: m/e(relative intensity) 250.2031(M++ 1, 18), 234.2(7), 178.2( 100), 149.1 (58). 

2R, 3S 2-Azido-3-(4'-methoxy-2'-methylphenyl) butanoic acid (2.61c) 

The title compound was prepared in the similar procedure as 2.61a starting from 

3(2R, 3S), 4S 3-[2-azido-3-(4'-methoxy-2'-methylphenyl-l-oxobutyl]-4-phenyl-2-

oxazolidinone( 1.18 g, 3.1 mmol) to yield 2R, 3R 2-azido-3-( 4'-methoxy-2'

methylphenyl) butanoic acid(0.70 g, 91 %). [a]D25 = -10 0 (c 0.8, CHCI3). Mp 115-117 

°C. IH NMR 0 (TMS, solvent CHCb): 7.19 (d, J = 8.4 Hz, I H, aromatic 6' proton), 

6.72-6.78 (m, 2 H, aromatic 3', 5' protons), 4.04 (d, J = 5.9 Hz, 1 H, -CH-N3), 3.79 (s, 

3 H, Ar-OCH3), 3.55-3.64 (m, I H, -CHp), 2.34 (s, 3 H, Ar-CH3), 1.32 (d, J = 7.0, 3 

H, CH3-CH). DC 0 (solvent CHCI3): 175.7, 158.2, 136.9, 131.5, 127.8, 116.1, 111.3, 

66.8,55.1,35.9, 19.5. 16.1. IR (KBr, cm-1r 2950, 2110, 1730, 1610. 1600, 1250, 

810,. HR-CIMS ca1cd. for Cl2HlSN303 250.11916 (M++I). Found: m/e(relative 

intensity) 250.2031 (M++ I). 

2S, 3R 2-Azido-3-(4'-methoxy-2'-methylphenyl) butanoic acid (2.61d) 

The title compound was prepared in the similar procedure as 2.61a starting from 

3(2S. 3R), 4R 3-[2-azido-3-( 4'-methoxy-2'-methylphenyl-l-oxobutyl]-4-phenyl-2-

oxazolidinone(0.83 g. 2.18 mmol) to yield 2S, 3R 2-azido-3-( 4'-methoxy-2'

methylphenyl) butanoic acid(0.51 g. 94%). [a]D25 = +8.0 0 (c 0.8. CHCI3). Mp 116.0-

117.6 OC. IH NMR 0 (TMS, solvent CHCI3): 7.19 (d, J = 8.4 Hz, 1 H, aromatic 6' 

proton), 6.72-6.78 (m, 2 H, aromatic 3', 5' protons), 4.04 (d, J = 5.9 Hz, 1 H, -CH-N3), 

------------------ ._-_.-_._----------- --_. ---
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3.79 (s, 3 H, Ar-OCH3), 3.55-3.64 (m, 1 H, -CHp), 2.34 (s, 3 H, Ar-CH3), 1.32 (d, J = 

7.0,3 H, CH3-CH). I3C 8 (solvent CHCI3): 175.7, 158.2, 136.9, 131.5, 127.8, 116.1, 

111.3,66.8,55.1,35.9, 19.5, 16.1. IR (KBr, cm-Ir 2950, 2110, 1730, 1610, 1600, 

1250,810,. HR-CIMS caIcd. for CI2HISN303 250.11916 (M++l). Found: m1e(relative 

intensity) 250.2031 (M++ 1). 

2S, 3R 2-Azido-3-phenylbutanoic acid (2.88a) 

A solution of 3(2S, 3R), 4R 3-(2-azido-3-phenyl-l-oxobutyl)-4-phenyl-2-

oxazolidinone(8.6 g, 24.6 mmol) in 330 ml of tetrahydrofuran and 178 ml of water is 

cooled to 0 DC, added by the addition of 9.0 ml 30% of hydrogen peroxide, followed by 

dropwise addition of the solution of 2.0 g of lithium hydroxide monohydrate (47.5 mmol) 

in 22 ml of water. The resulting cloudy white solution is stirred at 0 DC for two hours. The 

reaction is quenched by 1.3 M of sodium sulfite (130 ml) and stirred at room temperature 

for 30 minutes. The aqueous phase is extracted by dichloromethane to remove the chiral 

auxiliary. The extracts are dried over anhydrous sodium sulfate and concentrated to yield a 

white solid identical to the authentic chiral auxiliary. The remaining aqueous phase is 

cooled to OOC and acidified with 4N hydrochloric acid to approximately PH = I indicated 

by universal PH indicator paper. The cloudy solution is extracted with dichloromethane 

until the cloudy solution became nearly clear. The combined extracts were dried by 

anhydrous sodium sulfate and concentrated ill vacuo to yield 2S, 3R 2-Azido-3-phenyl 

butanoic acid as an oil(4.8 g, 95%). IH NMR showed that the crude product is pure. 

[a.]D25 = -11 0 (c 1.1, CHCI3), IH NMR 8 (TMS, solvent CHCI3): 9.01(s, IH, -COOH), 

7.37-7.26 (m, 5 H, aromatic-H's), 4.06 (d, 1 H, -CH-N3), 3.43-3.32 (m, I H, P-H), 

1.38 (d, 3 H, J = 7.1 Hz, CH3CH). IR (KBr, em-I): 3400-2600(broad, -OH), 2113 (s, 

--------- -- ----- ------
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N), 1712(s, C = 0). CIMS calcd for CIOHII N30 2 205.21807 (M+). Found: mle 223.1196 

(M++NH4+)· 

2S, 3S 2.Azido-3-phenylbutanoic acid (2.88b) 

The title compound was prepared in the similar procedure as 2.88a starting from 

3(2S, 3S), 4R 3-(2-azido-3-phenyl-l-oxobuty1)-4-phenyl-2-oxazolidinone(12 g, 34.3 

mmol) to yield 2S, 3S 2-azido-3-phenylbutanoic acid ( 6.5 g, 92%). IH NMR showed 

that the crude product is pure. [a]D25 = -72 0 (c 1.8, CHCI3). IH NMR 8 (TMS, solvent 

CHCI3): 8.6 (broad, lH, -COOH), 7.38-7.24 (m, 5 H, aromatic-H's), 4.02 (d, 1 H, -CH

N 3), 3.39-3.30 (m, 1 H, ~-H), 1.38 (d, 3 H, J = 7.l Hz, CH3CH). IR (KBr, cm- I): 

3400-2600(broad, -OH), 2113 (s, N), 1712(s, C = 0). CIMS calcd for CIOHIIN302 

205.21807 (M·). Found: mle 223.1196 (M++NH4+)' 

2R, 3R 2-Azido-3·phenylbutanoic acid (2.88c) 

The title compound was prepared in the similar procedure as 2.88a starting from 

3(2R, 3R), 4S 3-(2-azido-3-phenyl-l-oxobutyl)-4-phenyl-2-oxazolidinone( 1.2 g, 3.43 

mmol) to yield 2R, 3R 2-azido-3-phenylbutanoic acid (0.68 g, 94%). I H NMR showed 

that the crude product is pure. [a]D25 = +700 (c 1.0, CHCI3)' IH NMR 8 (TMS, solvent 

CHCI3): 8.6 (broad, IH, -COOH), 7.38-7.24 (m, 5 H, aromatic-H's), 4.02 (d, 1 H, -CH

N3), 3.39-3.30 (m, I H, ~-H), 1.38 (d, 3 H, J = 7.1 Hz, CH3CH). IR (KBr, cm- I): 

3400-2600(broad, -OH), 2113 (s, N), 1712(s, C = 0). CIMS calcd for CIOH II N 302 

205.21807 (M+). Found: mle 223.1190 (M++NH4+)' 

2R, 3S 2-Azido-3-phenylbutanoic acid (2.88d) 

The title compound was prepared in the similar procedure as 2.88a starting from 

3(2R, 3S), 4S 3-(2-azido-3-phenyl-l-oxobutyl)-4-phenyl-2-oxazolidinone(0.86 g, 2.46 
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mmol) to yield 2R, 3S 2-azido-3-phenylbutanoie acid (0.49 g, 96%). [a.]D2S = +120 (e 

0.8, CHCI3), IH NMR B (TMS, solvent CHCI3): 9.01(s, IH, -COOH), 7.37-7.26 (m, 5 

H, aromatic-H's), 4.06 (d, 1 H, -CH-N3), 3.43-3.32 (m, 1 H, p-H), 1.38 (d, 3 H, J = 

7.1 Hz, CHCH). IR (KBr, em· I): 3400-2600(broad, -OH), 2113 (s, N), 1712 (s, C=O), 

CIMS ealed for CIOHIIN302 205.21807 (M+). Found: mJe 223.1196 (M++NH4+). 

Hydrogenation of azido acids 

2S, 3S 2-Amino-3-(4'-methoxy-2'-methylphenyl) butanoic acid, 
Erythro-L-O-methyl-2', p-dimethyltyrosine (2.65a). 

Into a hydrogenation vassel (500 mL) was placed 2S, 3S 2-azido-3-(4'-methoxy-

2'-methylphenyl) butanoic acid (4.6 g, 18.4 mmol), 280 ml of glacial acetic acid and 60 

ml of water. The solution is bubbled with nitrogen for 5 minutes and 10% palladium on 

activated carbon catalyst (3.0 g) added. The mixture is hydrogenated at 34-38 psi H for 48 

hoursCif the reaction is imcomplete, replace the catalyst one more time and do the 

hydrogenation for 24 hours). The catalyst is filtered through a Celite cake and solvent is 

removed by rotary evaporation. The crude product is purified by ion-exchange 

chromatography on Amberlite, IR-120, plus exchange resin with the elution of deionized 

water at the first followed by 10-40% of ammonium hydroxide. The pure product is 

obtained(3.9 g, 96.7%). Mp: 180.0-183.0 OC. [a.]D25 = -31.5 (c 0.4, MeOH), IH NMR B 

(solvent D20): 7.07 (m, I H, aromatic-H), 6.73-6.63 (m, 2 H, aromatic-H's), 3.50-3.64 

(m, 4 H, -CHa and Ar-OCH3), 3.27-3.16 (m, 1 H, -CHp), 2.14 (s, 3 H, Ar-CH3), 1.1 
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(d, J = 7.0 Hz, CH3-CH). 13C 0 (solvent 020): 177.4, 173.8, 167.6, 138.5, 131.6, 

127.5, 116.2, 112.1,60.255.2,35.6,20.8, to.8, 18.1. 

2R, 3R 2-Amino-3-(4'-methoxy-2'-methylphenyl) butanoic acid, 
Erythro-D-O-methyl-2', ~-dimethyltyrosine (2.65b). 

The title compound was prepared in the similar procedure as 2.65a starting from 

2R, 3R 2-azido-3-(4'-methoxy-2'-methylphenyl) butanoic acid (4.8 g, 19.2 mmol) to yield 

2R, 3R 2-amino-3-(4'-methoxy-2'-methylphenyl) butanoic acid (4.0 g, 97%). Mp: 180.5-

184.0 oC, [a]o25 = +32.8 (c 3.0, MeOH), IH NMR 0 (solvent 020): 7.07 (m, I H, 

aromatic-H), 6.73-6.63 (m, 2 H, aromatic-H's), 3.50-3.64 (m, 4 H, -CHa and Ar

OCH3), 3.27-3.16 (m, 1 H, -CHp), 2.14 (s, 3 H, Ar-CH3), 1.1 (d, J = 7.0 Hz, CH3-

CH). 13C 0 (solvent D20): 177.4,173.8,167.6,138.5,131.6,127.5,116.2,112.1,60.2 

55.2, 35.6, 20.8, to.8, 18.1. 

2R, 3S 2-Amino-3-(4'-methoxy-2'-methylphenyl) butanoic acid, 
Threo-D-O-methyl-2', ~-dimethyltyrosine (2.65c). 

The title compound was prepared in the similar procedure as 2.65a starting from 

2R, 3S 2-azido-3-(4'-methoxy-2'-methylphenyl) butanoic acid(0.55 g, 2.2 mmol) to yield 

2R, 3S 2-amino-3-(4'-methoxy-2'-methylphenyl) butanoic acid (0.47 g, 95%). Mp: 

177.0-181.0 oC, [a]D25 = +20.8 (c 3.2, MeOH), IH NMR 0 (solvent 020): 7.04-7.01 

(m, I H, aromatic-H), 6.68-6.64 (m. 2 H. aromatic-H's), 3.63-3.49 (m, 4 H, -CHa and 

Ar-OCH3), 2.14 (s, 3 H. Ar-CH3), 1.07 (d, 3 H, J = 7.0, CH-CH3). 

2S, 3R 2-Amino-3-(4'-methoxy-2'-methylphenyl) butanoic acid, 
Threo-L-O-methyl-2', ~-dimethyltyrosine (2.65d). 

---------- - ---- ----------------
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The title compound was prepared in the similar procedure as 2.65a starting from 

2S, 3R 2-azido-3-(4'-methoxy-2'-methylphenyl) butanoic acid(0.46 g, 1.84 mmol) to yield 

2S, 3R 2-amino-3-( 4'-methoxy-2'-methylphenyl) butanoic acid (0.38 g, 93%). Mp: 176.0-

180.5 DC, [a]o25 = -21.0 (c 3.0, MeOH). IH NMR B (solvent D20): 7.04-7.01 (m, I H, 

aromatic-H), 6.68-6.64 (m, 2 H, aromatic-H's), 3.63-3.49 (m, 4 H, -CHa and Ar-OCHJ 

),2.14 (s, 3 H, Ar-CH3), 1.07 (d, 3 H, J = 7.0, CH-CH3). 

(See appendix for NMR spectra of demethylation products from 2.65a-2.65d). 

Erythro-L-(2S, 3S)-~-methylphenylalanine (2.89a). 

To a solution of 2S, 3S 2-azido-3-phenylbutanoic acid (4.0 g, 19.5 mmol) in 164 

mL of glacial acetic acid was added 44 ml of water. The solution is bubbled with nitrogen 

for 5 minutes and 10% palladium on activated carbon catalyst (3.7 g) added. The mixture 

is hydrogenated at 34 psi H for 48 hours(if the reaction is imcomplete, replace the catalyst 

one more time and do the hydrogenation for 24 hours). The catalyst is filtered through a 

Celite cake. 150 mL of water and 30 mL oh 6N hydrochloric acid were added. The solvent 

is removed by rotary evaporation. The crude product is purified by ion-exchange 

chromatography on Amberlite, IR-120, plus exchange resin with the elution of deionized 

water at the first followed by 10-40% of ammonium hydroxide. The pure erythro-L-(2S, 

3S)-~-methylphenylalanine was obtained(3.8 g, 94%). Mp: 182-183 0C. [a]D25 = -26.0 ° 
(c 1.0, H20), IH NMR B (solvent D20): 7.26-7.13 (m, 5 H, aromatic-H's), 3.50 (d, 1 H, 

-CHa ), 3.00-3.06 (m, I H. -CHp), 1.25 (d, J = 7.2 Hz, CHJCH). CIMS caIcd for 

CIOHI302 180.22061(M++l). Found: mle 180.1016(M++H+). 

Erythro-D-(2R, 3R)-~-methylphenylalanine (2.89b). 

-------------------------------
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The title compound was prepared in the similar procedure as 2.89a starting from 

2R, 3R 2-azido-3-phenylbutanoic acid (2 g, 24.4 mmol) to yield pure erythro-L-(2R, 3R)

p-methylphenylalanine (2.2 g, 86%). Mp: 182-183 oC. [a]D25 = +2604 0 (c I A. H20). 

IH NMR 0 (solvent 020): 7.26-7.13 (m, 5 H, aromatic-H's), 3.50 (d, 1 H, -CHa), 3.00-

3.06 (m, 1 H, -CHp), 1.25 (d, J = 7.2 Hz, CH3-CH). ClMS calcd for CloH 1302 

180.22061(M++I). Found: mle 180.1027(M++l). 

Threo-D-(2R, 3S)-p-methylphenylalanine (2.89c). 

The title compound was prepared in the similar procedure as 2.89a starting from 

2R, 3S 2-azido-3-phenylbutanoic acid (4.0 g, 2404 mmol) to yield pure threo-L-(2R, 3S)

p-methylphenylalanine(3A g, 84%). Mp: 191-192 dc. [a]o25 = +7.0 O(c lA, H20), IH 

NMR 0 (solvent 020): 7.27-7.16 (m, 5 H, aromatic-H's), 3.73 (d, I H, -CHa). 3.34 (m. 

I H. -CHp), 1.19 (d, J = 7.2 Hz, CH3CH). CIMS calcd for ClOHI302 180.22061(M++I). 

Found: mle 180. I027(M++H+). 

Threo-L-(2S, 3R)-p-methylphenylalanine (2.89d). 

The title compound was prepared in the similar procedure as 2.89a starting from 

2S, 3R 2-azido-3-phenylbutanoic acid (4.0 g, 2404 mmol) to yield pure erythro-L-(2S, 

3R)-p-methylphenylalanine (3.6 g. 89%). Mp: 190-192 DC. [a]()25 = -604 O(c 1.0, H20). 

1 H NMR 8 (solvent 020): 7.27-7.16 (m. 5 H, aromatic-H's), 3.73 (d, I H. -CHa), 3.34 

(m, I H, -CHp), 1.19 (d, J = 7.2 Hz, CH3-CH). ClMS calcd for CloH 1302 

180.22061 (M++ I). Found: mle 180.10 I O(M++H+). 

------. __ ._.-
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Chapter 5 

STRCTURE-ACTIVITY RELATIONSHIP AND SYNTHETIC STUDY OF 
BIPHALIN 

5. 1. Introduction 

5.2. Biphalin Structure Studies by X-ray, NMR and Computer 

Modeling 

5. 3. Peptide Molecular Design Based on Biphalin 

5. 3. 1. Symmetric Modifications on 4, 4' Positions 

5. 3. 2. Symmetric Modifications on 1, l' Positions 

5. 3. 3. Further Discussion 

5. 3. 4. Future Directions for BiphaJin Research 

5. 4. Solution Synthesis of Biphalin 

5. 4. 1. The Original Procedure for Biphalin Synthesis 

5.4. 2. An Improved Synthesis of Bridge Dimer Hydrazide 

5. 4. 3. Experimental and Synthetic Results of Biphalin Derivatives 

5. 4. 4. Experimental and Synthetic Results for Tripeptide Biphalin 
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s. 1. Introduction 

The endogenous opioid peptide ligands interact with different classes of opioid 

receptors (Il, 0 and K)209.217 as well as their subtypes (Il). 1l2"', 01.02"', KI, K2''') 118 

which mediate different biological responses. Most of the peptide ligands prepared to 

date in the peptide research area are structurally derived from enkephalins which have 

been discovered by Kosterlitz and his coworkers about twenty years ago. 219 Since the 

natural enkephalins (H-Tyr-Gly-Gly-Phe-Met-OH and H-Tyr-Gly-Gly-Phe-Leu-OH) are 

rapidly degraded by various peptidases, the substitution of D-alanine in the 2-position of 

the peptide sequence was made to make peptide molecules (H-Tyr-D-Ala-Gly-Phe-Met

OH and H-Tyr-D-Ala-Gly-Phe-Leu-OH) more enzymatic resistant. 

The first generation of opioid peptide dimers--biphalin was derived from the 

modified enkephalin, Tyr-D-Ala-Gly-Phe-NH- (CH2)n-NH-Phe-Gly-D-Ala-Tyr in which 

n=O_12.220-222 (about the non-peptide bivalent concept see references223-226) The 

original purpose for designing biphalin was to explore that if different kinds of receptors 

are clustered in a small portion of the plasma membrane, a dimeric ligand may be able to 

bind two receptor molecules simultaneously which is very useful to study the topography 

details of active sites on receptors so as to design peptide molecules to meet these specific 

requirements. Theoretically. biphalin could exhibit higher affinity than a corresponding 

monovalent ligand due to the two pharmacophores and the favorable binding entropic 

factors. By selecting specific wings (e.g. Tyr-D-Ala-Gly-Phe- for Il and Tyr-D-Ala-Gly

Phe-Met- for 0) and varying the spacer length (n), it should be possible to estimate the 

average distance between two active sites for a certain receptor, or the average distance of 

two receptors CO-Il. 0-0, /1-/1, '''). The average distance between two Il receptor-binding 

sites might be different from that between two 0 receptor-binding sites and, therefore, 

variation of the spacer length might result in 0- or Il-selective biphalin ligands. 

---------- --. . .. -
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One of the biphalins ( n=O ), Tyr-D-Ala-Gly-Phe-NH-NH-Phe-Gly-D-Ala-Tyr (in 

the following part of this chapter, biphaIin is presented by this analogue, n=O) is a strong 

agonist toward both 8 and ~ opioid receptors and also active at lC opioid receptor (lC~o 

-20). In the meanwhile, biphalin is a super anti nociceptive peptide which is 257-fold 

more potent than morphine and 6.7-fold more potent than etorphine resepetively. 

Although biphalin has been known for more than one decade, very little progress has 

been made thus far in this research field because of its unknown conformational structure 

(actually no study has been reported on this) and unknown antinociceptive mechanism, as 

well its tedious multiple-step solution syntheses. The following aspects will be discussed 

in this chapter: biphalin structure study by using X-ray, NMR and computer modeling 

technique; a convenient one-pot synthesis of the key precursor of biphalin that can be 

used for other dimeric peptide synthesis; the modification of biphalin structure to 

improve its selectivity, biological activities and other properties such as permeability and 

stability. 

5.2. Biphalin Structure Studies by X-Ray, NMR 

and Computer Modeling 

X-ray structure for the bridge dimer precursor of the biphalin (Phe-NH-NH-Phe) 

which is the key part of biphalin structure has been obtained. 227 It turns out that the 

backbone conformation of the bridge dimer forms a symmetric planar motif as shown in 

Figure 5.1. 
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Figure 5. 1. X-ray structure of Phe-NH-NH-Phe 

The trans-like secondary structure is stabilized by two hydrogen bonds between 

the carbonyl oxygen and the hydrogen of the neighbor hydrazide. The solution 

conformational details of the H-Tyr-D-Ala-Gly-Phe- scaffold in biphalin are not so clear. 

However, previous biophysical studies for enkephalin derivatives indicated that the motif 

of H-Tyr-D-Ala-Gly-Phe- is able to form a p-turn structure.228. 229 The following NMR 

structure analysis has confirmed that there is a possible p-turn in the biphalin molecule. 

The proton NMR spectrum of biphalin (Tyr-D-Ala-Gly-Phe-NHh is shown in 

Figure 5. 4. and chemical shift assignments and the vicinal coupling constants of JNH-aH 

and Jap are summarized in Table 5. 1. Only one set of data were observed for the four 

amino acid residues in biphalin. This means that the environment of the four amino acid 

residues in both wings of biphalin are arranged symmetrically. This set of NMR data 

---------- --- ---
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directly supported that biphalin should hold a symmetric structure around the hydrazide 

bridge. 

RESIDUI 

Tyr1 

D·Ala2 

Gly3 

Phe4 

Table 5. 1.: IH-NMR ASSIGNMENTS OF BIPHALIN 
(Tyr-D-Ala-Gly-Phe-NH}2 

NH ex·H ~.H 

N/A 3.98 2.87 

Jex~=6.4 

JexW=6.8 J~W=I1.7 

8.50 4.32 1.04 

JNex=7.4 Jex~=6.7 

8.12 3.73 

JNex=5.4 3.59 

JNex'=5.6 Jaa'=16.6 

8.10 4.59 3.03 
JNa=8.3 Jex~=3.3 2.79 

Jexp'=I0.4 JpP'=13.3 

-.-... _ ... __ ...... _--

OTHER 

2.6H 7.01 

3,5H 6.7C 

2.6H 7.2< 
3,5H 7.2l 
4H 7.1( 
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Table 5. 2. shows the vincinal coupling constants 3JNH-aH and the corresponding 

cp angles in biphalin structure in deuterated DMSO solution. From the data in Table 5. 2. 

it is reasonable to propose that a possible type II' ~-turn exist in both sides of biphalin 

bridge in which the D-amino acid (D-Alanine) is at position i+ I and Glycine at position 

i+2. 

Table 5. 2: Vincinal Coupling Constants, 3JNH-aH, and Allowed cP Angles for Biphalin 
in DMSO-d6 Solution 

Residues JNHaH, (Hz) <j>, (deg) 

Tyr1 

D.Ala2 7.4 -60--35, -60--85 
75-95, 165-145 

.' 

Gly3 5.4 60-85 
5.6 -85--60 

Phe4 8.3 60-80, 60-40 
-155--135, -80--100 

Table 5. 3 shows the side-chain rotamer populations (%) about the Ca-C~ bond 

(X I) and temperature dependence of amide proton chemical shifts of biphalin structure. 

The side-chain of 4- and 4'-Phe prefer g (-) structure which is similar to most of 

enkephalin analogs in the rotamer populations determinations. It is difficult to establish a 
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direct correspondence between do/dT values and other quantitative parameters of peptide 

conformations. The amide proton which is probably involved in an intramolecular 

hydrogen bond possesses a do/dT value near to zero, and is shielded by the solvent 

signals in NMR spectrum. From the temperature coefficient in this determinations, no 

intramolecular hydrogen bonding was directly observed. 

Table 5.3: Side-chain Rotamer Populations (%) about the Cex-Cp bond (X}) and d6 
Temperature Dependence of Amide Proton Chemical Shifts for Biphalin in 

DMSO-d6. 

Residues JaH~H Rotamer Temperature 
(Hz) Populations Gradient 

g (-) t g (+) -d8/dT (ppb/K) 

Tyr1 6.4 38% 35% 27% 
6.8 

D.Ala2 5.4 

Gly3 5.3 

Phe4 3.3 71% 6% 23% 7.4 
10.4 

The NOE from ROESY spectrum are summarized in Table 5. 4. Usually NOE 

effects can be determined if proton-proton distances are smaller than 5 A. Thus for 

sequencing, the NOE effects between amide proton and ex proton of the preceding amino 
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acid residue were considered. In this study, it is very interesting to find that an NOE was 

observed between the protons of the tyrosine and phenylalanine aromatic rings. This 

phenomenon has never been observed in any other enkephalin-derived analogs including 

cyclic enkephalin peptidomimetics such as DPDPE. The symmetric aromatic ring 

interactions should be from 1-Tyr and 4'-Phe or from 1 '-Tyr and 4-Phe phenyl rings. This 

evidence directly supported the S-shape biphalin model which is showed in Figure 5. 3. 

The important thing is that this kind of S-shape turn is controlled by the aromatic 

Table 5. 4: NOE data for Biphalin 

RESIDUE NH 
~H 

Other 
aH cp (2,6) 

Tyr1 ~-Tyr(s) 
cp (3,5) (s) 
a-Tyr em) 
~-Tyr(s) 

Me-D-Ala (w) 
<I>-OH (m) 

<I> (2.3.5.6 )Phe 
(w) 

D.Ala2 a-D-Ala (w) Me-D-Ala (s) NH-Gly (s) 
a-Tyr(s) or 
~-Tyr (w) NH-Phe (s) 

Me-D-Ala (m) 

Gly3 a-D-Ala (s) NH-Phe (5) 
~-D-Ala (w) Glya-o: , 

Phe4 a-Phe (m) ~-Phe (5) ~, po Phe (5) 
Glya.a' (m) po-Phe (w) <I> (2.3.4.6)Phe 
po Phe (m) ¢ (2.3.5.6 )Phe (m) 

(s) 
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interactions rather than by hydrogen bonds. Even though the hydrogen bond is not the 

only factor for peptide turn formation, this aromatic interaction in biphalin structure is 

invaluable for future studies. Previously, the aromatic ring interaction between 1, 1 '

tyrosine and 4, 4'-phenylalanine of biphaline molecule has been postulated based upon 

thermodynamics of water-to-membrane transfer of biphalin and modified biphalins.239o 

240. 242 The enthalpy driven process(LlH = -0.62 kcal/mol) accompanied by small and 

unfavorable entropy changes( -T LlS = +0.1 kcal/mol) suggests that biphalin may assume 

more folded conformation that facilitates transfer across the phospholipid bilayer. 

Despite the functional implications of such conformation, this compact folding is 

stabilized by some type of intramolecular interactions(possibly hydrogen boding or 

aromatic ring interactions) and is characterized by en tropically unfavorable reduced 

flexibility of its conformation. PhenylalaninePara-substituted analogs of biphalin have 

been analyzed to assess a possible significance of aromatic ring interactions in forming 

such folded structure. The permeability coefficient increases in the following order of 

substitutions: p-N02< H < p-CI. Substitutions holding the opposite electron affinities, 

therefore inducing different electron density distributions, will accordingly affect the 

energy of aromatic pair interaction of Tyr (or Tyr') and Phe (or Phe'). This interaction 

between positively charged edge of one aromatic ring and the negatively charged face the 

other, may lower the enthalpy of the aromatic pair by about 1-2 kcallmoJ.243 The 

correlation between observed permeability and propensity of aromatic pair interaction led 

to conclusion that aromatic ring interactions indeed stabilizes the compact folding of 

biphalin molecule and its analogs which is necessary for the transmembrane passage of 

these peptides. The further details of these interactions such as the relative positions and 

dihedral angles of the two aromatic rings are being studied,244 

--------- -._-_ ... _._--------------
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NMR measurements and Conclusions 

The high-resolution ID and 2D NMR spectra were recorded at 303K on a Brucker 

AM-SOO spectrometer interfaced to an ASPECT 3000 computer. All 2D NMR are 

carried out with a S mm inverse probe head. The sample was dissolved in deuterated 

dimethyl sulfoxide (DMSO) at a concentration of -10 mM. All of chemical shifts were 

referenced to internal DMSO-d6 (the proton chemical shift for residue CD3S0CD2H is at 

2.490 ppm). 

Two NMR techniques, 2D homonuclear total correlation spectroscopy ( z-filtered 

TOCSY) and rotating frame Overhauser enhancement spectroscopy (ROESY), were used 

for determination of the assignments of all proton chemical shifts. NOE cross-peaks were 

classified according to their intensities as strong (s), medium (m), and weak (w) 

corresponding to distances of 2.2S±0.2S A, 2.S±0.S A, and 3.S±1.0 A. The 

conformationally important homonuclear vicinal coupling constants were determined by 

highly digitized (32K) 1 D traces of z-filtered TOCSY spectrum and I D spectrum. The 

homonuclear coupling constants 3JNa were used to estimate the <I> angles 252 for the 

corresponding amino acid residues. The 3Ja p coupling constants in combination with the 

observed intraresidue ROE patterns were used for stereospecific assignments of Hp

protons and determination of preferred side-chain conformations: 

Japo=PtJap + (l-Pt)Jsc 

----- ------- - -
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PH = 

where PI, PH and Pili are rota mer populations corresponding to the three staggered 

conformers(Figure 5. 2); Jap = 13.6 Hz, Jsc = 2.6 Hz. An error of 5% for rotamer 

populations can be estimated from the inaccuracy of coupling constants. 

Pro-S CO Pro-R 

HPB
HP

" 

Ha~../'NH 
cy 

g-

XI=-60" 

Pro-S NH Pro-R 

HPB
HP 

OCyHa 

c; 

trans 

XI= ±1800 

Pro-S H Pro-R 

HPB
HP 

HNyCO 

c; 

Figure 5.2. Three Staggered Conformers 

The Z-filtered TOCSY spectrum (Figure 5. 5) was recorded using a repetition 

delay of 2s. Data sets of 2K data points in 32 scans for each 512 free induction decays 

(FID) of the increment in step of 100 /ls. The spectrum was carried out in the phase-

sensitive mode using time-proportional phase incrementation (TPPI). Z-filtered delay of 

15 ms was randomly varied to obtain pure absorption phase data. The data were apodized 

.. " .. ' .. - --.. ---
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in both dimensions by a nonshifted cosine squared function prior to Fourier 

transformation. 

ROESY experiment (Figure 5. 6) was carried out in reverse configuration using 

the decoupler for proton pulsing. Decoupler power was attenuated to give a 90 pulse of 

75 f.ls (spin-lock field strength of 3333 Hz). The duration of the CW spin-lock pulse was 

200 ms. A total of 512 FIDs with 32 scans was carried out. A relaxation delay of 2 s was 

allowed between the subsequent transients. The data also were apodized in both 

dimensions by a non shifted cosine squared function prior to Fourier transformation. 

Five ID spectra were recorded at different temperatures with 5K intervals, starting at 

298K, to establish the NH temperature coefficients dBldT (Figure 5. 7 and Table 5. 4). 

From the NMR structure analysis, the following conclusions can be obtained: 

1. Biphalin is symmetric structure in which the two wings are arranged 

symmetrically on the two side of the bridge. 

2. The NMR data of the two symmetric turns in biphalin structure can match a 

typical type II' p-turn. 

3. Four aromatic rings are all arranged on the same side of biphalin S-shape 

backbone. There aromatic interactions in biphalin structure. 

4. In DMSO solution, there is no direct evidence to support the existence of two 

hydrogen bonds in the bipalin bridge. 

Based on the information from bridge X-ray structure analysis and NMR analysis 

for biphalin, the solution structure can be proposed as shown in Figure 5. 3: 



HO 

H--
I 
N ..... 

I ~ 
0- ---H 

OH 

Figure 5. 3. The possible solution structure of stabilized biphalin 
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Figure 5. 7. Dynamic NMR study of biphalin 
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The preliminary computer modeling study for the biphalin structure has been 

carried out using the following steps: 1. energy minimization starting from some initial 

structures of biphalin to find the lowest energy conformation; 2. molecular dynamics 

simulation on the conformations from step 1; 3. repeat the energy minimization on the 

"best" result from step 2. The modeling results is shown in Figure 5. 7). 

Energy minimization and molecular dynamics were performed with the AMBER 

force field by using Macromolecule BatchMin 4.0. Visual inspections and modeling 

were carried out on a Iris Silicon Graphics workstation using the interactive Macromodel 

program (version 4.0). 

Preliminary molecular dynamics stimulatio~ were aimed at the initial evaluation 

of different structural models and were performed with distance dielectric E = 4.0r. 

Molecular dynamics stimulation was carried out at a constant temperature T = 300K and 

then started with 50 ps equilibration. No solvent effects were included, except for the 

constant dielectric E = 4.0r which was used in the calculations for biphali'n molecule in 

order to account for the dimethyl sulfoxide (DMSO) solvent. 

BatchMin is the batch-mode molecular modeling facility for the use with 

Macromodel. It is designed to minimize the energy for a certain structure and to 

eliminate duplicate conformations. In the meantime, BatchMin also has been designed for 

conformational searches and for molecular dynamics simulations. In order to run 

BathchMin, a command file and a Macromodel molecular structure file was required. 

The list for all of the commands are contained in COM file. The input structure file 

contains the molecular structure of molecules to be processed. After the operation 

procedures are completed, BatchMin will create a output file which can provide the 

molecular structure following energy minimization. 
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Recently, the X-ray structure of this linear eight amino acid residues peptide has _ 

been obtained.223(Figure 5. 8-5. 11) It is interesting to note that the biphalin structure in 

solid state is asymmetric structure. Two wings are asymmetrically arranged on the two 

sides of the bridge of N, N'-diphenyalanine hydride. The preliminary information has 

also shown that the backbone conformation of biphalin is very unique, especially the 'P, 

ro dihedral angles of D-alanine resdues. On one wing, the distances of tyrosine amine 

group and center of phenyl ring to center of phenyalanin~ ring are 7.177 A and 8.572 A 

respectively, however, on the other wing, these distences are 6.672 A and 5.647 A. The 

futher X-ray structure analysis is still ongoing. 

The X-ray structure data will provide the invaluble infromation for biphalin 

molecular design to improve its properties such as potency, affinity, selectivity, 

permeability and stability. The information of both backbone and side-chain 

conformations can also provide a useful tool for the other peptides secondary structure 

analysis because the common similar sequence of Tyr-D-Ala-Gly-Phe- appears in many 

peptide analogs. 

--- ---- ------------------
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Figure 5. 8. Biphalin X-ray structure 
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5. 3. Peptide Molecular Design Based on Biphalin 

As mentioned in section 1.1.2, peptide side-chain conformations, especially the 

aromatic side-chain residues, play an important role in the molecular recognition 

processes between peptide ligands and their corresponding receptors. The modifications 

on peptide side-chain can result in biological activity changes and many other property 

changes. ~-alkyl constrained a-amino acids have been applied for peptide molecular 

design, and have resulted in some important results in peptide research in recent 

years.232-237 Figure 5. 8. shows that there are four aromatic residues in biphalin structure 

(two tyrosine rings and two phenylalanine rings). The modifications on these four 

aromatic side-chains should be useful to improve biological activities such as selectivity, 

permeability et al.. 

Residue) r------------------, , , , , , , , , 
:HO : 
: : H 1.;...... I r··· ..... "" :yN c 

, ". - ,"'" +H N' ) 11'\ H3 I ............ ...... ~ I .t· : ~, ..... "" ........ , .... :..... :0 
Residue 4' l ~ ",., h :.... 0 NH 

: : H"'"""'O H ) 
l~ ____________ l~, Yy'N-< 
( In\ I ~ •. -.-.---.--~., 

QIIIIIIIIIH : : H , , 

HNZO r..... l ~ ,/ ~ ! Residue 4 

o : ......... :: ........ .:-.... ~ : 
~

' NH + '. ,'". I H C\\\I" I 3 ~,,,,,:,,,,,, I :\ N: i'':-'''~ ....... 
I _,' , 

H: .~. OH' 
: ~ 'II : 
I I 
I , 
I , 

~------------------~ 
Residue )' 

Figure 5. 14 Biphalin Structure for Retional Design 
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A lot of possibilities of mono- and multiple-modifications on these four residues 

both symmetrically and asymmetrically by using natural and unusual amino acids 

modifications. Previously, some symmetric and asymmetric modifications have been 

made on 3, 3', and 4, 4' positions of biphalin by using natural a-amino acids and para

substituted phenylalanine derivatives (P-N02, -el, -F, -I, NH2).238 In this thesis research, 

only symmetric replacements by unusual amino acids were employed. 

5. 3. 1. Symmetric Modifications on 4, 4' Positions 

Residue 4 and 4' have been symmetrically modified by using (2S, 3R) p

methylphenylalanine, (2S, 3S) p-methylphenylalanine, pentafluorophenylalanine, 1-

naphthylalanine and 2-naphthylalanine. The results in Table 5. 5 have shown that all of 

these modifications can result in higher selectivity toward the Il-opioid receptor, and in 

addition, the binding affinity can be improved (and/or remained constant). Among them 

the (2S, 3R) p-methylphenylalanine provided very good binding selectivity, actually this 

is among the most Il-receptor selective biphalins examined thus far. This result suggested 

that (2S, 3R) threo-L stereochemistry in the 4 and 4' phenylalanine position can meet the 

specific stereochemical requirments of Il-opioid receptor in a better approach than those 

of 8-opioid receptor in binding process .. (2S, 3R) p-Methylphenylalanine substitution is 

probably the direction we should go in future in biphalin research even though the other 

two D-isomers, (2R, 3S) and (2R, 3R) p-methylphenylalanine, have not been used in 

biphalin modification. The systematic studies should be carried out by using a series of 

alkyl groups (such as ethyl, propyl, isopropyl, butyl, ... ) to replace methyl group on the p

position of 4 and 4' phenylalanine. After the "best" alkyl substitution are found for the 

(2S, 3R) isomer, other systematic modifications on the aromatic ring should be 

considered (e.g. p-alkyl I-naphthylalanine; p-alkyl pentafluorophenylalanine). 
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Table 5, 5, The Binding Affinities of 4,4'-position modified Biphalins 

Binding Affinity 

Peptides 
ICso 

JlIB 

I BD Jlh 

(Tyr-D-Ala-Gly-Phe-NHh 5.2±O.3 2.8±O.4 0.54 

(Tyr-D-Ala-Gly-p-CI-Phe-NHhc 1.08±O.1 4.88±1.77 4.52 

(Tyr-D-Ala-Gly-(2S,3R) j}-Me-Phe-NHh 109±13.12 1.32±0.190 0.012 

(Tyr-D-Ala-Gly-(2S,3S) j}-Me-Phe-NHh 11.1±1.73 2.97±1.02 0.27 

(Tyr-D-Ala-Gly-I'-Nal-NHh 6.36±2.56 0.79±O.16( 0.12 

(Tyr-D-Ala-Gly-2'-Nal-NHh 7.39±1.95 1.68±O.S20 0.23 

(Tyr-D-Ala-Gly-FsPhe-NHh 7.76 0.91 0.12 

a: versus [3H][p-CI-Phe4 jDPDPE; b: versus [~jCTOP; c: published 

The NMR structure analysis for (Tyr-D-Ala-Gly-(2S, 3R) ~-Me-Phe-NHh and the 

determination of its intramolecular distances by steady-state tluorescence measurement 

are currently undergway. The direct NMR and fluorescence measurement data 

comparison between (Tyr-D-Ala-GIy- (2S, 3R) ~-Me-Phe-NHh and (Tyr-D-Ala-GIy-

Phe-NHh will provide important information especially about their topographical and 

topochemical differences of these two peptide ligands with great different Jl-receptor 

selectivity. At present. the poor selectivity of the original biphalin might be explained as 

follows. One of the imtramolecular distances between Tyr and Phe aromatic rings is 

close to that of both B-selective peptide[e.g. DPDPE, 13.9 A. (fluorescence 

---- ---- --- ---_._---------------
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measurement)239 and 15 A (X-ray analysis)240] and Il-selective peptide (e.g. Tyr

cyclic[D-Dab-Gly-Phe-Leu], _9 A).240 The ~-methyl substituion might force the phenyl 

ring of phenylalanine residue closer to that of tyrosine ring. The resulting closer 

distances between tyrosine and phenylalanine rings in 4,4'- (2S, 3R) ~-Me-Phe biphalin 

to that of Il-selective peptide should be responsible for the greater Il-receptor selectivity. 

The replacement of glycine on the 3, 3'-positions with the more bulky 

phenylalanine residue resulted in improved Il-receptor selectivity by about 10 fold. 238 

Other bulky residues should be used in future so as to control the topography of aromatic 

ring, especially the phenylalanine ring, to fit the pocket of the Il-receptor. The 

combination of 3, 3'- and 4, 4' modifications should be considered to find more Il-receptor 

selective biphalins. In this combinational design, para-substitutions on the 

phenylalanine ring do not look so promising for Il-selective biphalin design because all of 

these substitutions by using both electron-withdrawing and electron-donating groups 

resulted in preferred <>-receptor selective biphalins.238 Since para electron-withdrawing 

and electron-donating substitutions provided the same trend to <>-receptor, only stereo 

efffects can be used to explain this result, i.e. the bulky substitutions could be favorable 

for <>-receptor selective biphalin. Based on these results, a systematic series of studies 

using different para-substituted bulky groups (e.g. para-methyl, -ethyl, -propyl, -butyl .. ·; 

para-O-methyl, -O-ethyl, -O-propyl, -O-butyl .. ·; para-NH-methyl, -NH-ethyl, -NH

propyl, -NH-butyl .. ·; et. al.) might be promising for the design of <>-receptor selective 

biphalin. 

Other 4, 4'-substitutions[ (2S, 3S) ~-Me-Phe, i'-Nal-, 2'-Nal, and FsPhe-] resulted 

in similar selectivity as well as binding affinity. It should be suggested that they have the 
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similar topography, and these results further support that the polarity of 4, 4'

phenylalanine rings play little role on biphalin selectivity and binding affinity. 

Table 5.6. Some Available Bioassay Results of 4,4'-Modified Biphalins 

Bioassay data IC50(nM)±SEM Selectivity( WO) 
Peptides 

GPI(~) MVD(o) GPIIMVD 

(Tyr-D-Ala-Gly-Phe-NH}2 8.S±O.3* 27±1.5* 0.33 

(Tyr-D-Ala-Gly-(2S.3R)p-Me-Phe-NHh 21.11±7.74 ISI.5±78.4 0.1 

(Tyr-D-Ala-Gly-(2S.3S)p-Me-Phe-NHh 40.S7±16.79 116±73.5 0.3 

* estimated from Ki values 

Recently, a thermodynamic study (also see 5.2 discussions) showed that biphalin 

can cross phospholipid bilayer membrane with higher partition coefficient (1.15x 104) 

than that of DPDPE (3.65x 103).241 This result indirectly supported the proposed biphalin 

structure in that the polar residue of biphalin bridge forms a double hydrogen-bonded 

plane which was immersed inside the biphalin molecule. Furthermore, 4, 4'- (2S, 3R) ~

Me-Phe biphalin has been measured to have a higher partition coefficient (about three 

times)239 than original biphalin itself. The calorimetric analysis reveals that the 

transportation process of biphalin is mostly driven by enthalpy. It was suggested that the 

interaction of biphalin with the bilayer membrane involves conformational changes that 

allow formation of intramolecular hydrogen bonds and aromatic ring pair interaction l31 

which also has been observed in the recent NMR analysis in dimethyl sulfoxide 

solution. 244 (2S, 3R) ~-Me-Phe substitution can provide a favorable conformational 

constrained secondary structure for the delivery mechanism. The improved 
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hydrophobicity from introducing an extra methyl group on P-position of phenylalanine 

side-chain should be important for the enhanced partition coefficient as compared to the 

original biphalin. After this modification, biphalin stability was also increased in mouse 

serum bioassay and remained in mouse brain homogenate bioassay. (Figure 5. 16a-f) 

5. 3. 2. Symmetric Modifications on 1,1' Positions 

It was believed that the amino-terminal tyrosine residue is essential for enkephalin 

biological activity, so it is not effective to modify this position extensively,247 The 

replacement of I, 1 '-tyrosine with (2S, 3S) 2', p-dimethyltyrosine resulted in about eight 

fold more selectivity for the ll-receptor type, but a strong decrease of both II and B 

affinity. 

Table 5. 7. The Binding Affinities of l,l'-Modified and Shortened Biphalins 

Binding Affinity 

Peptides 
ICso 

j..L!B 
Ba llb 

(Tyr-D-Ala-Gly-Phe-NHn 5.2±O.3 2.8±O.4 0.54 

(2S.3S)~,2'-di-Me-Tyr-D-Ala-G1y-Phe-NHh 35.76 4.088 0.11 

(2R.3R)~ ,2'-di-Me-Tyr-D-Ala-G Iy-Phe-NHh 1831 132 0.07 

(Trp-D-Ala-G1y-Phe-NHn 818.1 59.91±22.7 0.07 

(Trp-D-Ala-Gly-p-CI-Phe-NHh 1177±192.5 352.8± 162.1 0.30 

(Tyr-D-Ala-Phe-NHn 879.5±90.C 596±45.0 0.68 

(Trp-D-Ala-Phe-NHh 21780 3990±48S.0 0.18 
±580S.0 

a: versus [~][p-CI-Phe4)DPDPE; b: versus [3H)CTOP; c: published 

---- ----_._-- _. __ . __ ._------------- --- .. _-------_.-.- -- -----------
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The interesting observation is that the replacement of 1, 1'-tyrosine with erythro-D (2R, 

3R) 2', ~-dimethyltyrosine also resulted in more selectivity to Il-receptor type. 

The purpose of using tryptophan to replace 1, 1 '-tyrosine in biphalin (and in the 

shortened biphalin) is to mimic CCK peptides. There are four important fragments in 

CCK-B peptide (30-33, Trp, Met, Asp and Phe). Two aromatic amino acids, tryptophan 

and phenylalanine, were found to play the most important role for CCK-B receptor. 245. 

246 The biological studies of CCK-B peptidomimetics (all of the biphalin derivatives 

with Trp) are ongoing. The opioid bioassay showed that I, I'-tryptophan modified 

biphalins have very poor opioid biological acitivities. These results further suggest that 

the amino-terminal tyrosine residue is essential for enkephalin biological activity and 

should not be modified extensively. 

The interdisciplinary design of opioid peptides and CCK peptides will result in 

new ideas in peptide research. This idea can be extended for many other peptides for 

molecular design. For example, the melanotropin (MSH) peptide analogs and opioid 

peptide analogs can be conducted by this interdisciplinary design based on the same 

principle of topochcmical properties, for example, l-trptophan-modified DPDPE could be 

biological active with melanotropin receptor. The interdisciplinary designed peptide 

should have multiple biological functions to different receptors in different biological 

systems. 

It is interesting that shortened biphalin derivatives can good potency to 0 opioid 

receptor. (Table 5. 7. and 5. 8.) However, if 3, 3'-Phe in the shortened biphalinis 

replaced by Gly, the selectivity was shifted to the Il opioid receptor.248 One of the 

tyrosine residues in (Tyr-D-Ala-Gly-NHh might play the role of phenylalanine in the 

biological activity to Il opioid receptor. 
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Table 5. 8. Some available Bioassay Data of Biphalin Derivatives 

Bioassay data ICso(nM)±SEM Selectivity(j.1lo) 
Peptides GPI(Il) MVD(o) GPIIMVD 

(Trp-D-Ala-Phe-NHh 17374±1749 6392±1487 2.2 

(Tyr-D-Ala-Phe-NHh 686.2±199.7 44.1±28.18 14.6 

5. 3. 3. Further discussions 

The biofunctional properties of biphalin derivatives are different from those of the 

tetrapeptide precursors (monovalent ligand). The Il-receptor binding affinity of Tyr-D

Ala-Gly-Phe-NH2209,210 is almost the same as (Tyr-D-Ala-Gly-Phe-NHh.238 However, 

the binding selectivity of Tyr-D-Ala-Gly-Phe-NH2 is 5.4 fold that of biphalin itself. A 

dermorphin-enkephalin hybrid monovalent ligand Tyr-D-Ala-Phe-Phe-NH2 showed 

excellent Il receptor affinity and selectivity (Ki=1.53, ICsoIl/ICSoO:O.0024),2S0 however 

the corresponding biphalin (Tyr-D-Ala .. Phe-Phe-NHh showed both less Il receptor 

affinity and selectivity (Ki=6.5, ICsoIlIICsoO::O.1).238 The tripeptide Tyr-D-Ala··Gly-NH2 

showed very week potent and moderate Il-selectivity, whereas, its dimer (Tyr-D-Ala-Gly

NH-CH2h showed very high Il receptor affinity and high Il selectivity.249 These results 

suggest that there are some imtramolecular interactions between the two wings of 

biphalin which will change each other's secondary structure. Even though no direct 

evidence was obtained for these interactions in DMSO by NMR. The only observed 
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interaction is from phenylalanine and tyrosine aromatic rings as discussed in section 5.2. 

Dynamic NMR as well as the use of solvent changes will help to obtain more information 

of biphalin secondary structure. 

Biphalin can provide a valuable tool to probe the proximal distances in different· 

receptor as well as their binding sites as mentioned before. It is necessary to minimize 

the intramolecular interactions between the two wing segments. To achieve this goal two 

useful strategies should be considered. First of all, the linker should be fixed by using 

olefins or aromatic scaffold as bridge, or partially rigid scaffold to maintain some 

flexibility by using olefins or aromatic scaffold as parts of the bridge. The second, cyclic 

wing segments should be chosen to limit the flexibility of the wings. In the meanwhile, 

the cyclic wing segments should be strong selective and active peptide ligands such as 

DPDPE (a super 0 receptor selective ligand) or Tyr-cyclic[D-Dab-Gly-Phe-Leu] (a strong 

Il receptor selective ligand). 

5. 3.4. Future Directions for Biphalin Research 

It is important to understand the roles of four aromatic rings in biphalin molecule. 

It will be useful to replace one of the residues 1-4 in Figure 5. 8. with D- orland L-alanine 

. This replacement will be helpful to know the possible intramolecular interactions 

between these aromatic residues, and at the same time, to minimize the backbone 

conformational changes. The affinity, selectivity and potency of biphalin might be 

improved by this modifications because of the great changes of topography of biphalin 

molecule. Figure 5.17-5.20 show some modified biphalin derivatives from these 

strategies. 

-_. __ . __ ......... _. ,,- '-' .. ,._-------------
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Following peptides lead structures should be interesting to study which are based on 

biphalin. 

1. Shortened Biphalin: 

(Tyr-D-Pen-Phe-NH)z; (Tyr-L-Cys-Phe-NH)z;'" 

2. Cyclic Biphalin:251 

Tyr-L-Cys-Gly-Phe-NH 

I I 
Tyr-D-Pen-Phe-NH 

I I 
Tyr-L-Cys-Gly-Phe-NH Tyr-D-Pen-Phe-NH. et. al. , 

3. Shortened asymmetric "biphalin": 

Tyr-D-Ala-Gly-Phe-NH-NH-Phe; 

Tyr-D-Ala-Gly-Phe-NH-NH-Tyr; 

Tyr-D-Ala-Gly-Phe-NH-NH-Phe-Tyr; 

Tyr-D-Ala-Gly-Phe-NH-NH-Tyr-Phe; 

4. CCK Peptide mimetic: 

e.g. Trp-Met-Asp-Phe-NH (CH2)n-NH-Phe-Asp-Met-Trp, 

n=O,I,2 .. · 

This CCK biphalin mimetic should be useful to probe the active regional details 

of CCK receptor which is clustered on the surface of the cell. 

5. Evans-type auxiliary as a new scaffold for Peptide design 

e.g.: 



7"IIIIU /;Ar 
o N, A 

INN 

(\ Oll"""'~ }-O 

HN'{O 0 

o + 

He""" ~H~ ~ N 
H -

~ # OH 

Ar· 

NH,-Tyr-D-Pen-Gly-Phe-D-Pen-N!J 
I I yO 

o 

Ar= Ph; Bn; ... 

Figure 5.21 Evans auxiliary attached peptide design 

266 

The Evans-type auxiliary 4-phenyl-oxazolidinone has been applied to probe the 1, 

4-unsaturated addition reaction in the mechanism study (see chapter 4). It is possible to 

use this kind of derivative to study the biological processes, for example, to probe the 

molecular recognition process of peptide ligand and specific receptor if the 

peptidomimetics are successful by using this motif. The dipole-dipole interaction 

between the carbonyl group and its neighbor carbonyl group in peptide residue can 

control the conformation with some degree of flexibility which is necessary for 

peptidomimetic design. In the binding process, the dipole-dipole angle could be changed 

to achieve the best fitting to receptor and specific active sites. 

Since 4-phenyl-oxazolidinone or 4-benzyl-oxazolidinone can be used as the 

mimic motif for phenylalnine, this strategy can be extended for the modifications or 
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mimetics of aromatic amino acids such as tyrosine, trptophan and histidine which are 

very important for biological activites, also for nonaromatic amino acid residues. The 

synthetic procedure should be similar to that of 4-phenyl-oxazolidinone or 4-benzyl

oxazolidinone. The synthesis can start from different amino acids for the reduction 

reaction(or protected amino acids) and then cyclization. 

6. Peptoid-like peptide: 

/~0~;Y~+ 
R( o· R3 

Peptide 

o R2 0 

/".N~~~NA 
I II \ 

R( 0 R3 

Peptoid 

"Peptite" 

Figure 5. 22 Peptoid-type peptide molecular design 

Peptoids are a new class of peptidomimetic oligomers which have been studied as 

a highly variable set of molecules that could serve as a lead structure for drug 

........ - ... ----
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discovery.254-257 It is not necessary to have chiral centers in this N-substituted glycines 

constituted peptoid which makes their syntheses much easier. It has been shown that the 

N-substituted peptoids are resistant to enzymatic degradation, enhancing their potential 

for use as drugs. However, the disadvantage of peptoids is that the hydrogen bond donors 

are destroyed which may be necessary for some important secondary structures (e.g. p-

sheets). 

5. 4. Solution Synthesis of Biphalin 

5. 4. I. The Original Procedure for Biphalin Synthesis 

Biphalin is among a few peptides which has to be synthesized through solution 

phase technique, even though it is possible to obtain its intermediate by solid phase 

synthesis. The original biphalin synthesis220 was started from Z-protected phenylalanine 

4-nitrophenyl ester (Z=benzyloxycarbonyl group) and hydrazine monohydrate to yield Z

Phe-NH-NH2 The first product was coupled with one equivalent of Z-protected 

phenylalanine 4-nitrophenyl ester in presence of HOBt (l-hydroxybenzotriazole) to 

obtain diacyl hydrazide bridge intermediate (Z-Phe-NH-NH-Phe-Z). The de protection 

was carried out by using acetic acid solution of hydrogen bromide (5N) to yield 

(HBr·Phe-NHh. (Scheme 5. 1) 

Z-Phe-ONp + NH2NH2 

(HBr·Phe-NHh 
5N HBr in • 

Scheme 5. 1. 

-_._- -.- ._----------------

Z-Phe-NHNH2 

lZ-Phe-oNP 
HOBt 

(Z-Phe-NHh 
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The wing precursor was synthesized by solution techniques on a large scale which 

is difficult to achieve by solid phase synthesis method. The synthesis was started from 

glycine ethyl ester which was coupled with Z protected D-alanine. Deprotection was 

conducted by using HBr in acetic acid. Repeat the above step by usingNCX-Boc-Tyr 

Gly-OCH2CH3 + Z-D-Ala 

1 
HOBt, 
DCC, TEA. 

Z-D-Ala-Gly-OCH 2CH3 

lSN HBr in Acetic acic 

HBr·D-Ala-Gly-OCH2CH3 

1 
Boc-Tyr, 
HOBt, 
DCC, TEA. 

Boc-Tyr-D-Ala-Gly-OCH2CH3 

J 2NKOH 

Boc-Tyr-D-Ala-Gly-OH 

Scheme 5. 2. 

(Boc=tert-butyloxycarbonyl) instead of Z-D-Ala followed by KOH hydrolysis reaction 

to finish the wing precursor synthesis(Scheme 5. 2). Finally, the coupling reaction 

between Ncx-Boc-Tyr-D-Ala-Gly-OH and (HBr·Phe-NHh was carried out in 

dimethylformamide in the presence of DCC (dicycIohexyIcarbodiimide) and HOBt, 
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deprotected by 4N HCI in acetic acid and followed by purification of HPLC (high 

pressure liquid chromatography) to form biphalin trifluoroacetic acid salt(Scheme 5. 3). 

2 x Boc-Tyr-D-Ala-Gly-OH + (HBr·Phe-NHh 

j 
DMF,DCC, 
HOBt 

(Boc-Tyr-D-Ala-Gly-Phe-NHh ! 4N HCI in Acetic acid 

(HCI· Tyr-D-Ala-Gly-Phe-NH) 2 

! HPLC, 1 % TF A buffer 

(TFA· Tyr-D-Ala-Gly-Phe-NHh 

Scheme 5.3. 

5. 4. 2. An Improved Synthesis of Bridge Dimer Hydrazide 

From the above discussion, it turns out that it takes a long time to synthesize a 

biphalin peptide through the solution phase method. It is necessary to modify the tedious 

biphalin synthetic procedure. The cross-linking of NH2-(CH2)-NH2 (n=2-12) with 

corresponding amino acid segments by using EDC-HOBt have been successful for the 

dimeric peptide synthesis.220.221 It was reported that the acylation of free amino group of 

the hydrazide(RCO-NHNH2) might occur and whether or not this happens depends on 

the nature of the reacting residues, the activating groups and the reaction conditions of the 
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acylation.231 Based on these information, a one-pot of coupling reaction between NH2-

NH2 and two equivalents of N<X-Boc phenylalanine and a series of other aromatic N<X-

Boc amino acids by using BOP or HBTU reagent in presence of diisopropylethylamine in 

dimethylformamide solution was tried and succeeded with excellent yields without any 

observed racemization during the coupling process {BOP = Benzotriazol-I-yloxy-tris 

(dimethyl-amino )phosphonium hexafluorophophate; HBTU = [2- (l H-benzotriazol-l

yl)-l, 1, 3, 3-tetramethyluronium hexafluorophophate). The coupling reaction is 

demonstrated by the synthesis of ~-methylphenylalanine hydrazide dimer. (Scheme 5. 4) 

I ~HBoc OJ: ~ . + NH,NH, BOP/HOBtlDIEA .. 
~ CO~H - - DMF 

H3C 

NHBoc 
I ~ :- NH BOPIHOBtlDIEA ~ CQ,H + ~NH2 .. 

- .' DMF 
H3C 

Scheme 5. 4. The synthesis of bridge dimer 

A solution of N<X-Boc-(2S, 3R)-p-methylphenylalanine (1.0 g, 3.58 mmol) in 

dimethylformamide (20 mL) was cooled to 0 °C and added by BOP reagent (1.6 g, 3.58 

mmol, 1.0 equiv), followed by adding anhydrous hydrazine (98%, 0.06g, 1.78 mmol, 0.5 

equiv), HOBt (0.48 g, 3.58 mmol, 1.0 equiv) and diisopropylethylamine (1.39 g, 10.7 

mmol, 3.0 equiv) at the same temperature. The reaction mixture was stirred at 0 °C for 4 

hours (usually this reaction can be completed in 3-4 hours by this method) and at room 

temperature overnight, The reaction process can be monitored by TLC employing 

MeOH/CHC13 (v/v = 114). After the reaction was finished, most of the 

dimethylformamide ws distilled off, and 40 mL of ethyl acetate was added to the residue 
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to yield homogeneous solution which was washed by saturated sodium bicarbonate twice 

(30 mLx2), sodium chloride once (30 mL), 10% citric acid twice (30 mLx2), water (30 

mL)once and sodium chloride one more time (30 mL). The organic phase was dried over 

anhydrous magnesium sulfate, and the drying reagent was filtered out. The filtrate was 

evaporated in vacuo and dried in desiccator to yield 0.98 g of NMR pure product 

(100%). The results of this one-pot cross coupling reaction for other analogs are listed in 

Table 5. 9. 

Table 5. 9. The Synthetic Results of Bridge Dimers 

Starting Materials Produts TLC Yield 
(%) 

~moc OJ:BOC CH~H(\)I 
( I ~ .' NH), 100 • CO,H CHCI3(4) 

H)C • ~ 0 ~ 

H)C 

OytHBOC O;:;B~C CH~H(\)I 
~ .. 

CHCIJ(4) 84 

H)C 
co:!, 

( H~ 0 ~2 
~HIIOC ClJ:BOC CHJOH(O.5)1 

(I ~ .,. orm)2 CHJC~Et(8)1 95 CO~H 
CHCIJ(1.5) 

CIOJHUOC CI~BOC CHJOH(O.5)1 I ~ .. 
( I ~ .. 0 N~2 CHJC02Et(8)1 co:!, 66 

CHCIJ(I.5) 

lC}J:HBOC (~~~1 
CHJOH(O.5)1 

Y.: COJ-l CHJC02Et(8)1 6H Fs . F; 0- CHCIJ(1.5) 

OCl.J:HUOC (CClJ;BOC~ CHJOH(O.5)1 
~ ~ h ~ NH CH JC02Et(8)1 73 CO~H 

o 2 CHCIJ(\.5) 

CQ) ( CQJ:BOC~ I ~ .& ~Hlloc CHJOH(O.5)1 

C0 2H 
h .& • NH CHJC0 2Et(8)1 75 , 

o - CHCl3(1.5) 
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Another coupling method was also tried by forming NccBoc amino acid 

anhydride in the presence of DCC in anhydrous tetrahydrafuran. The resulting anhydride 

can be coupled with 1 equivalent of anhydrous hydrazine (Scheme 5. 5). The reaction 

procedure is demonstrated by the synthesis ofNa-Boc phenylalanine hydrazide dimer. 

o ~HBoc 
~C~H DCC,THF,O·C. (~~ +DCUj 

o 

Scheme 5.5. Coupling Reaction through Anhydride 

Into a 100 mL of dried and clean flask was added NCl_Boc-phenylalanine (2.6 g, 

10.0 mmol) and freshly distilled tetrahydrafuran (25 mL), the resulting solution was 

cooled to 0 oC and added by the solution of DCC (1.0 g, 5.0 mmol) in anhydrous THF at 

the same temperature. The reaction mixture was stirred at 0 oC for 2.5 h while the 

precipitate of DCU appeared (DCU = N, N'-dicyclohexylurea). The DCU precipitate was 

filtered out and washed by anhydrous THF (2xlO mL). The anhydrous hydrazine (98%, 

50 mg, 1.53 mmol) was added to the combined organic solution. The resulting solution 

was stirred at room temperature overnight [actually this reaction can be finished in about 

3 hours monitored by TLC employed CH30H/CHCl3 (v/v=1I4)]. Ethyl acetate (20 mL) 

was added into the reaction mixture and followed by the addition of saturated sodium 

carbonate solution. The two phase mixture was separated and inorganic phase extracted 

with ethyl acetate three times (3x30 mL). The combined organic phase was dried over 
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anhydrous magnesium sulfate. The drying reagent was filtered out, the filtrate was 

evaporated to yield NMR pure product (0.78 g, 97%). 

The deprotection was carried out by using hydrogen chloride (5.7 M in acetic 

acid) which was prepared by bubbling anhydrous hydrogen chloride gas through acetic 

acid. The procedure is demonstrated by the deprotection of Na-Boc-(2S, 3R)-P-

methylphenylalanine hydrazide dimer with the results listed in Table 5. to. 

Table 5. to. The Results of Deprotection Reaction 

Starting Materials Produts Yield(%) 

~BOC ~3"C1. 
~ • NH) ~ • NH) . , 

~ 0 - .:: 0 2 
H3C H3C 

92 

~BOC ~tc~ ~ W" NH) I ~ W" NH 

H C O2 HC 0 2 3 3 

94 

~BOC " ~3"C1. 
I ~ -: NH), ~ • NH) 

o - o 2 
93 

CI~BO~ CI~3+C1 I ~ W" NH I ~ W" NH 
o 2 o - 97 

~BO) ~l+CI. 
/~ • NH /~ -: 'NH), 

F5 0 ~ F5 0-
93 

~BO~ ~'l"C~ .& ~ NH .& ~ NH 
o 2 o 2 

88 

(OOABOC) 00A3+
C

} .& ~ .. NH ( .& ~ .. NH 
o 2 o -

96 
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Into a clean flask was added NCX-Boc-(2S. 3R)~-methylphenylalanine hydrazide 

dimer (1.02 g. 1.84 mmol) and cooled to 0 oC. The cold solution of hydrogen chloride 

(5.0 mL. 5.7 M in acetic acid which was always kept in refrigerator) was added into the 

resulting mixture at 0 °C and stirred the same temperature for 10 minutes then at room 

temperature for 15 minutes. TLC [CH30HlCHCI3 (v/v=1/4)] was used to monitor the 

reaction process. The resulting mixture was evaporated by water pump and membrane 

pump with the bubbling filtration of 0 oC KOH solution to protect the oil pump which 

was used with the filtration apparatus of 0 oC KOH solution. After most of hydrogen 

chloride gas was evaporated off. the solution was solidified at -78 "C and put on 

lyophilizer to evaporate off the acetic acid. Hydrochloride salt of (2S. 3R) ~

methyl phenylalanine hydrazide dimer (0.72 g) was obtained as a colorless solid(92%). 

5. 4. 3. Experimental and synthetic results of biphalin derivatives 

Since there are many steps in the synthesis of each of biphalin derivatives. a 

convergent strategy should be applied in these syntheses. The tripeptide precursors were 

synthesized starting from glycine benzyl ester or ethyl ester (Scheme 5. 6). The 

procedure is demonstrated by the synthesis of Ncx-Boc-Trp-D-Ala-Gly-OH. Into a 

solution of Ncx-Boc-D-alanine (6.0 g g. 31.7 mmol. 1.1 equiv) in dimethylformamide 

(160 mL) was added BOP reagent (12.8 g. 31.7 mmol. 1.1 equiv). followed by adding 

hydrochloric salt of glycine benzyl ester (5.8 g. 28.8 mmol. 1.0 equiv). HOBt (4.28 g. 

31.7 mmol. 1.1 equiv) and diisopropylethylamine (12.3 g. 96 mmol. 3.0 equiv) at room 

temperature. The reaction mixture was stirred overnight at room temperature. The 

reaction process can be monitored by TLC employing EtOAc/MeOH/CHCI3 

(v/v/v=8/0.5/1.5). Then distill out most of dimethylformamide and add 200 mL of ethyl 

----- .----. ---- ---_._-- .--.. _--- .. _._------------
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acetate into the distilled residue to yield a homogeneous solution which was washed by 

saturated sodium bicarbonate twice (80 mLx2), sodium chloride once (80 mL), 10% citric 

acid twice (80 mLx2). water (80 mL)once and sodium chloride one more time (80 mL). 

The organic phase was dried over anhydrous magnesium sulfate and the drying reagent 

filtered off.. The filtrate was evaporated ill vacuo and dried in a desiccator to yield 9.2 g 

of NMR pure product. N<X-Boc-D-Ala-Gly-OBn, (86%). 

Into a clean flask was added N<X-Boc-D-Ala-Gly-OBn (4.6 g. 13.7 mmol) The 

mixture was cooled to 0 OCt and cold solution of hydrogen chloride solution (23 mL, 5.7 

M in acetic acid, this solution was hold in refrigerator) was added into the resulting 

mixture at 0 °C and stirred the same temperature for 10 minutes then at room temperature 

for 15 minutes. TLC [CH30HlCHCI3 (v/v=1I4)] was used to monitor the reaction 

process. The resulting mixture was evaporated by water pump and membrane pump with 

the bubbling filtration of KOH solution which was kept in cooling bath to protect oil 

pump which was used while most of hydrogen chloride gas was evaporated off, and 

finally solidified at -78 oC and put on lyophilizer to evaporate off the acetic acid. The 

hydrochloric salt of HCl·D-Ala-Gly-O-Bn was obtained as a colorless solid (3.5 g. 94%). 

The procedure for coupling HCl·D-Ala-Gly-O-Bn with N<X-Boc-Trp is similar to 

the reaction of HCl·Gly-O-Bn with N<X-Boc-D-Ala which was described before. The 

reaction was started from 1.5 g of HCl·D-Ala-Gly-O-Bn to yield NMR pure N<X-Boc-Trp

D-Ala-Gly-O-Bn (2.0 g. 86%). (84% yield was obtained for synthesis of N<X-Boc-Tyr-D

Ala-Gly-O-Bn). 

The hydrolysis of esters were conducted by potassium hydroxide in methanol. . 

N<X-Boc-Tyr-D-Ala-Gly-O-Bn (1.1 g, 2.11 mmol) was dissolved in methanol (6.4 mL) 

and cooled to 0 oC. Potassium hydroxide (2.1 N, 2.1 mL) was added to the resulting 

---- ---.----- ._-- --.---
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mixture at the .same temperature. The reaction mixture was stirred at this temperature for 

one hour and quenched by concentrated citric acid saturated with sodium chloride. The 

methanol was evaporated off and ethyl acetate (30 mL) was added to the mixture. 

Organic phase was separated. and inorganic phase was extracted by ethyl acetate three 

time. The combined organic solution was washed by saturated aqueous sodium chloride 

and water and dried over anhydrous magnesium sulfate. The filtrate was evaporated to 

yield a colorless solid product (1.0 g. 88%). The yield of hydrolysis for Na-Boc-Tyr-D

Ala-Gly-OH is 89%. 

Gly-OCH2Ph+ Boc-D-Ala 

j HOBt, 
BOP, OlEA. 

Boc-D-Ala-G1y-OCH2Ph 

jSN HCH. ,,";c ,,;d 

Boc-Tyr. 
HOBt. 
BOP. TEA. 

Boc-Tyr-D-Ala-GI y-OCH:!Ph 

j2N KOH 

Boc-Tyr-D-Ala-Gly-OH 

Scheme 5.6. 

1 
Boc-Trp, 
HOBt. 
BOP, TEA. 

Boc-Trp-D-Ala-Gly-OCH2Ph 

j2N KOH 

Boc-Trp-D-Ala-Gly-OH 

The synthesis of TyrL and Trp I-containing precursor tripetides 



Boc-(2S,3Sll3, 2'-di-Me-Tyr. 

HOBt, 
BOP, TEA. 

Boc-(2R,3R)~, 2'-di-Me-Tyr, 

HOBt, 
BOP, TEA. 

Boc-(2S,3S)~, 2'-di-Me-Tyr-D-Ala-Gly-OBn 

Boc-(2R,3R)P,2'-di-Me-Tyr-D-Ala-Gly-OBn j PdlC-H, 

j Pd/C-H2 

Boc-(2S,3S)P, 2'-di-Me-Tyr-D-Ala-Gly-OH 

Boc-(2R,3R)P, 2'-di-Me-Tyr-D-Ala-Gly-OH 

Scheme 5.7. 

The synthesis of 2', p-di-Me-Tyr1-containing precursor tripetides 
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The benzyl ester can oe transformed to its free acid by hydrogenation, a reaction 

which generally is among the cleanest methods. These tripeptide precursors with unusual 

amino acids, two optically pure isomers of 2' p-di-methyltyrosine which were synthesized 

by asymmetric synthesis described in chapter 2, were therefore transferred to the carbonyl 

termined by this method. The reaction is demonstrated by the hydrogenation reaction of 

Ncx-Boc (2S,3S)P, 2'-di-Me-Tyr-D-Ala-Gly-OBn. A solution of Ncx-Boc (2S,3S)P, 2'-di

Me-Tyr-D-Ala-Gly-OBn (1.18 g, 2.24 mmol) in glacial acetic acid (25 mL) was degassed 

by nitrogen bubbling for 5 minutes. The catalyst, 10% palladium on carbon (1.0 g), was 

added to the degassed solution. The mixture bottle was put on the hydrogenation 

apparatus and further degassed by in vacuum. Hydrogen gas was introduced into the 

bottle at 38 psi and shaken for 1.5 hours. The resulting mixture was solidified and 

~----- ----_.- ---- ________ _ _____ 0 __ • __ - --------- --- ~--~ - --
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lyophilized to yield Na_(2S,3S)~, 2'-di-Me-Tyr-D-Ala-Gly-OH (0.92 g, 94%). The yield 

for Na_(2R,3R)~, 2'-di-Me-Tyr-D-Ala-Gly-OH is 100%. 

In total, ten biphalin derivatives were synthesized using seven bridge dimers and 

four tertapeptide precursors as described in Scheme 5. 8, and the results listed in Table 5: 

11. All of the final products have been purified by HPLC and conformed by M.S. 

determinations The procedure is demonstrated by the synthesis of (Tyr-D-Ala-Gly-(2S, 

3R) ~-Me-Phe-NHh. 

2 x Boc-Tyr-D-Ala-G1y-OH + (HBr·(2S, 3R) ~-Me-Phe-NHh 

j 
DMF, DCC, 
HOBt 

(Boc-Tyr-D-Ala-Gly-(2S, 3R) !>-Me-Phe-NH)2 

14N HCIl, A,oti"dd 

(HCI·Tyr-D-Ala-Gly-(2S, 3R) f3-Mc-Phe-NHh 

J HPLC, 1% TFA b"ff" 

([FA, Tyr-D-Ala-Gly-(2S, 3R) f3-Me-Phc-NHh 

Scheme 5.8. 
The synthesis of ~-Me-Phe biphalin 

To a solution of Na-Boc-Tyr-D-Ala-Gly-OH (0.85 g, 2.1 mmol, 1.0 equiv) in 

dimethylformamide (9.4 mL) was added BOP reagent (1.1 g, 2.5 mmol, 1.2 equiv), 

followed by the hydrochloric salt of (2S, 3R) ~-methylphenylalanine hydrazide dimer 

(0.4 g, 0.94 mmol, 0.45 equiv), HOBt (0.34 g, 2.5 mmol, 1.2 equiv) and 
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diisopropylethylamine (1.88 g, 14.5 mmol, 6.9 equiv) at room temperature. The reaction 

mixture was stirred overnight at room temperature. The reaction process can be 

monitored by TLC employing EtOAclMeOH/CHCI3 (v/v/v=8/0.5/1.5). Most of the 

dimethylformamide was distilled off and 30 mL of ethyl acetate was added to the distilled 

residue to yield a homogeneous solution which was washed by saturated sodium 

bicarbonate twice (20 mLx2), sodium chloride once (20 mL), 10% citric acid twice (20 

mLx2), water (20 mL)once and sodium chloride one more time (20 mL). The organic 

Table 5. II. The synthetic results of ten biphalin derivatives 

Bridge Dimer Boc-Biphalin Yield 

(HCI·Phe-NHh (Tyr-D-Ala-Gly-Phe-NHh 77 

(2S,3R) p-Me-Phe-NH) (Tyr-D-Ala-Gly-(2S,3R) ~-Me-Phe-NHh 56 
HCI. 2 

(2S,3S) p-Me-Phe-NH) (Tyr-D-Ala-Gly-(2S,3S) ~-Me-Phe-NHh 66 
HCI. 2 

(HCI· 1'-Nal-NHh (Tyr-D-Ala-Gly-I'-Nal-NHh 90 

(HCI·2'-Nal-NHh (Tyr-D-Ala-Gly-2'-Nal-NHh 94 

(HCI·F5Phe-NHh (Tyr-D-Ala-Gly-F5Phe-NHh 70 

(HCI·Phe-NHh «2S.3S)~.2·-di-Me-Tyr-D-Ala-Gly-Phe-NHh 26 

(HCI· Phe-NHh «2R,3R)~,2'-di-Me-Tyr-D-Ala-Gly-Phe-NH) 37 

(HCI·Phe-NHh (Trp-D-Ala-G1y-Phe-NHh 36 

(HCI·p-CI-Phe-NHh (Trp-D-Ala-Gly-p-CI-Phe-NHh 90 

_. ---- --- ---. 
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phase was dried over anhydrous magnesium sulfate and filtrated. The filtrate was 

evaporated in vacuo and dried in desiccator to yield 0.6 g of NMR pure product as a 

colorless solid (56%). 

The deprotection was conducted using hydrogen chloride solution in acetic acid 

with the results listed in Table 5. 12. The procedure is demonstrated by the synthesis of 

(Tyr-D-Ala-Gly- (2S,3R)~-Phe-NHh. Into a clean flask was added (N<x'-Boc-Tyr-D-Ala

Gly- (2S,3R)~-Phe-NHh (0.58 g, 0.51 mmol) and glacial acetic acid (4 mL). The flask 

system was protected by nitrogen gas and cooled to 0 dc. The cold solution of hydrogen 

Table 5. 12. The deprotection results for the ten biphalin derivatives 

Deprotection Product Yield 
(%) 

(HCI·Tyr-D-Ala-G1y-Phe-NHh 79 

(HCI·Tyr-D-Ala-Gly-(2S.3R) ~-Me-Phe-NH}z 80 

(HCI·Tyr-D-Ala-Gly-(2S,3S) ~-Me-Phe-NHh 95 

(HCI·Tyr-D-Ala-Gly-I'-Nal-NH}z 89 

(HCI·Tyr-D-Ala-G1y-2'-Nal-NHh 84 

(HCI·Tyr-D-Ala-Gly-F5Phe-NHb 98 

(HCI·(2S.3S)P,2'-di-Me-Tyr-D-AIa-G ly-Phe-NH)2 78 

(HCI.(2R.3R)~,2'-di-Me-Tyr-D-Ala-Gly-Phe-NH)2 78 

(HCI· Trp-D-Ala-Gly-Phe-NHb 36 

(HCI· Trp-D-Ala-Gly-p-CI-Phe-NHn 90 

------------- -------- -- ._- _._----
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chloride solution (6 mL, 5.7 M in acetic acid) was transferred to the resulting mixture by 

a syringe. The mixture was stirred the same temperature for 10 minutes then at room 

temperature for 20 minutes with white precipitate appeared from the reaction solution. 

TLC [CH30HlCHCI3 (v/v=1/4)] was used to monitor the reaction process. The resulting 

mixture was evaporated by water pump and membrane pump with the bubbling filtration 

from 0 oC of KOH solution. After most of hydrogen chloride gas was evaporated off, the 

oil pump was used for further evaporation with the bubbling filtration of KOH solution 

which is kept in a cooling bath. Finally, the left residue was solidified at -78 °C and put 

on lyophilizer to evaporate off the acetic acid. The hydrochloride salt of (HCI·Tyr-D

Ala-Gly- (2S,3R)~-Phe-NHh was obtained (0.41 g, 80%). 

-- --- .. ---- ----

Gly-OCH2CH3 + Boe-Cys(pMb) 

1 
HOBt, 
DCC, TEA. 

Boc-Cys(pMb )-Gly-OCH2CH3 ! 4N Hel in Acetic acid 

HCl·Cys(pMb)-Gly-OCH2CH3 

1 
Boc-Tyr, 
HOBt, 
DCC, TEA. 

Boe-Tyr-Cys(pMb )-Gly-OCH 2CH3 

t 2N KOH 

Boc-Tyr-Cys(pMb)-Gly-OH 

Scheme 5.9a. 
The synthesis of Cys-biphalin wing 



2 x Boc-Tyr-Cys(pMb)-Gly-OH + (HBr·Phe-NHh 

j 
DMF,DCC, 
HOBt 

(Boc-Tyr-Cys(pMb )-Gly-Phe-NHh ! 4N Hel in Acetic acid 

(HCI·Tyr-Cys(pMb)-Gly-Phe-NHh 

(TF A· Tyr-Cys-Gly-Phe-NHh 

1 
.' 

TFA· Tyr-Cys-Gly-Phe-NH 

I I 
TFATyr-Cys-Gly-Phe-NH 

Scheme 5. 9a. The synthesis of Cys-biphalin 

283 

The 2, 2'-cysteine linear biphalin (Na_Tyr-Cys (pMb)-Gly-Phe-NHh has been 

prepared to be cyclized for a new peptide analog.251 The bioassay study for the 

monocyclic biphalin and its linear precursor biphalin is currently in progress. (Scheme 5. 

9a, b) 

________ ._ .... __ ._. ________________ ··_._·-=~·=--~··-.--_~=~=_=_o==-o=-c=,-.· .. _. _______ ._ 
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5. 4. 4. Experimentals and Synthetic Results for Tripeptide Biphalin 

A convergent strategy should always be considered in the solution phase synthesis 

of biphalin derivatives. However, the tripeptide biphalin can be synthesized by the 

normal linear procedure because of their short sequences. Two shortened biphalin were 

designed and synthesized (one for opioid, another for CCK mimetic). The bridge linker 

was synthesized as described in section 5.4.2. Other amino acids residues were added to 

its two sides simultenously step by step as demonstrated as following. 

2 x Boc-D-Ala-OH + (HCl·Phe-NH}z 

j DMF, BOP, 
HOBt 

(Boc-D-Ala-Phe-NH)2 

j 4N He! in A,,,i,,dd 

(HCI·D-Ala-Phe-NHh 

Scheme 5. 10. 

The synthesis of tripeptide precursor 

The coupling reaction was accomplished by the synthesis of (HCl·D-Ala-Phe

NHh. Into a solution of NU-D-alanine (1.04 g, 5.5 mmol) in dimethylformamide (26 

mL) was added by HBTU reagent (2.1 g. 5.5 mmol, 1.0 equiv), followed by adding the 

hydrochloric salt of phenylalanine hydrazine dimer (1.0 g. 2.25 mmol, 0.5 equiv), HOBt 

------- -------- ._- ._- -- --
. ~-~- ---_._--' ----- .-- --- ---_._-_.-
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(0.74 g. 5.5 mrnol. 1.0 equiv) and diisopropylethylamine (2.2 g. 16.5 mmol. 3.0 equiv) at 

room temperature. The reaction mixture was stirred overnight at room temperature 

(HCl·D-Ala-Phe-NHh + Boc-Tyr ~&Ei BOP ... (Boc-Tyr-D-Ala-Phe-NHh 

4NHCI 
in Acetic ucid .. (HCI·Tyr-D-Ala-Phe-NHh I HPLe 

(TFA·Tyr-D-Ala-Phe-NHh 

(HCI.D-Ala-Phe-NHh + Boc-Trp ~~;~ BOP ... (Boc-Trp-D-Ala-Phe-NHh 

4NHCI 
in Acetic acid .. (HCI·Trp-D-Ala-Phe-NH)z I HPLe 

(TFA·Trp-D-Ala-Phe-NHh 

Scheme 5. 11 The synthesis of tripeptide biphalin 

(sometime the reaction can be finished completely in about 3 hours). The reaction 

process can be monitored by TLC employing EtOAc/MeOHlCHCI3 (v/v/v=8/0.5/l.5). 

Most of the dimethylformamide was distilled off and 60 mL of ethyl acetate was added 

to the distilled residue to yield a homogeneous solution which was washed with saturated 

sodium bicarbonate twice (30 mLx2), sodium chloride once (30 mL), 10% citric acid 

twice (30 mLx2). water (50 mL)once and sodium chloride one more time (50 mL). The 

organic phase was dried over anhydrous magnesium sulfate which was filtrated out after 

drying.. The filtrate was evaporated in vacuum and dried in a desiccator to yield NMR 

pure product. (Boc-D-Ala-Phe-NH)z (1.5 g. 89%). 

----- ---.... --.---.--.-----------~~ 
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Into a clean flask was added (NCX-D-Ala-Phe-NHh 1.3 g (1.95 mmol) and this 

was cooled to 0 °C. A cold solution of hydrogen chloride solution (5.0 mL, 5.7 M in 

acetic acid, this solution is kept in the refrigerator) was added to the resulting mixture at 

o oC and stirred at the same temperature for 10 minutes, then at room temperature for 15 

minutes. TLC [CH30HJCHCI3 (v/v=1/4)] was used to monitor the reaction process. The 

resulting mixture was evaporated as discribed before. 

Table 5. 13. The coupling results for tripeptide biphalin 

Reactant 1 Reactant 2 Product Yield(%) 

Boc-D-Ala-OH (HCI·Phe-NHh (Boc-D-Ala-Phe-NHh 89 

Boc-Tyr (HCI·D-Ala-Phe-NHh (Boc-Tyr-D-Ala-Phe-NHh 73 

Boc-Trp (HCI·D-Ala-Phe-NHh (Boc-Trp-D-Ala-Phe-NHh 84 

.. 

Table 5. 14. The deprotection results for tripeptide biphalin 

Reactant Product Yield(%) 

(Boc-D-Ala-Phe-NHl2 (HCI·D-Ala-Phe-NHl2 80 

(Boc-Tyr-D-Ala-Phe-NHl2 (HCI·Tyr-D-Ala-Phe-NH)2 80 

(Boc-Tyr-D-Ala-Phe-NH)2 (HCI·Trp-D-Ala-Phe-NH)2 84 

.. _---_._----- ._-----------_. ---
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Hydrochloride salt of (HCl·D-Ala-Phe-NHh was obtained ( 0.84 g, 80%). The results of 

coupling reactions and hydrochloric acid deprotections in the tripeptide biphalin synthesis 

are listed in Table 5. 13 and Table 5. 14. 

Table 5.15. Analytical Data of Biphalin Derivatives 

TLC I FABMA 
Peptide [a]25 ( c ) R/ Icalcd found D 

I. (TFA·Tyr-D-Ala-G1y-(2S,3R) Il-Me-Phe-NHh / +56.6(0.15) / 0.84/ 938 936.3 

2. (TFA·Tyr-D-Ala-Gly-(2S,3S) Il-Me-Phe-NHh I +42.7(0.13) I 0.80 I 938 I 936.3 

3. (TFA·Tyr-D-Ala-Gly-I'-Nal-NH12 / +62.7(0.10) / 0.90/ 1010 
/ 

1009 

4. (TFA·Tyr-D-Ala-Gly-2·-Nal-NH12 I + 110(0.14) I 0.92 I 1010 I 1009 

5. (TFA·Tyr-D-Ala-Gly-F~Phe-NHh 1 +54.1 (0.20) 1 0.821 1090 
1 

1089 

6. (TFA·(2S,3S)P,2'-di-Me-Tyr-D-Ala-Gly-Phc-NHh / +44.4 (0.16) / 0.98/ 966 
/ 

965 

7. (TFA·(2R.3R)P,2'-di-Me-Tyr-D-Ala-Gly-Phe-NHh 1-8.8(0.12) 
1 

0.91 
1 

966 
1 

965 

8. (TFA·Trp-D-Ala-Gly-Phc-NHh I +73.8(0.14) I 1.10 I 956.4 I 955 

9. (TFA·Trp-D-Ala-Gly-p-CI-Phe-NHh I +80.0(0.11) I 1.12 I 1023 I 1023 

10. (TFA·Tyr-D-Ala-Phc-NHh 1 +47.1(0.15) 1 0.78 
1 796.31 795 

II. (TFA·Trp-D-Ala-Phe-NH)~ I +108(0.16) 1 0.89 I 840.41 840.6 

*TLC conditions: n-butanollacetic acid/ethyl acetate/water = 1/1/1/1. 
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Amino Acid Analysis 

of compounds 1-11 in table 5.15: 

1. Tyr 0.75, D-Ala 1.00, Gly 1.06, (S,R)Phe(no report). 

2. Tyr 0.84, D-Ala 1.00, Gly 1.04, (S,S)Phe 0.97. 

3. Tyr 0.70, D-Ala 1.00, Gly 1.05, I-Na1(no report). 

4. Tyr 0.80, D-Ala 1.00, Gly 1.07, 2-Na1(no report). 

5. Tyr 0.90, D-Ala 1.00, Gly 1.04, FsPhe(no report). 

7. (R, R)Tyr 1.20, D-Ala 1.00, Gly 1.12, Phe 0.90. 

8. Trp (destroyed), Gly 1.05, D-Ala 1.00, Phe 1.03. 

9. Trp (destroyed), Gly 1.23, D-Ala 1.00, p-CI-Phe (no report). 

10. Tyr 0.88, D-Ala 1.00, Phe 0.97. 

II. Trp(destroyed), D-Ala 1.00, (S, S)p-Me-Phe(no report). 
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APPENDIX A 

Mass Spectroscopy of Biphalin Derivatives 

__ . _ .. _______ c __ ···_~ __ ·. ________ ~ ___ _ 
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APPENDIX B 

HPLC Purity Determination for Biphalin Derivatives 
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APPENDIX C 

NMR Spectra of Four Isomers of D- and L-O-Methyl-2', P-di-

Methyltyrosine 
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APPENDIX D 

NMR Spectra of Four Isomers of 2', ~-di-Methyltyrosine 
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APPENDIX E 

NMR Spectra of Four Isomers of p-Methylphenylalanine 
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APPENDIX F 

NMR Spectra of Representative Key Precursors to 2', p-di-Methyltyrosine 
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APPENDIX G 

NMR Spectra of Representative Key Precursors to ~-Methylphenylalanine 
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APPENDIX H 

NMR Spectra of Some Important Bromides 
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APPENDIX I 

NMR Spectra of Key Precursors of 1, 2-cis-Induction 
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