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ABSTRACf 

One of the central goals of peptide and protein chemistry is the development of peptides with 

specific biological, chemical. and physical properties. An important method directed towards 

attaining this goal is the use of confonllationally restricted amino acids. 

The confomlationally restricted amino L-isomers of 2'-methyltyrosine, 2',6'-dimethyltyrosine, 

erythro- and threo-2'.I3-dimethyltyrosine, and erythro- and threo-2'.6',~-trimethyltyrosine were 

asymmetrically synthesized in good yields and high optical purities. The synthesis of these 

compounds was baseo on the chiral boron imidate methodology. Acid precursors were 

prepared from either S-methyl-2-nitrophenol. 3-methylanisole. or 3.S-dimethylansole and 

coupled to optically active 4-phenyl-2-oxazolidinone. Unsaturated coupled products were 

subjected to 1.4 conjugate additions to set the stereochemistry at the ~-carbon with superior 

stereoselcctivity (88-99% de). The Michael adducts and other acyloxazolidinones were 

asymetrically brominated to set the chirality at the a-carbon also with excellent 

stereoselectivity (80-98% de). The bromides were displaced with azide ion to afford the a

azidoacyloxazolinones without any detectable racemization. The chiral auxiliary was 

hydrolyzed and recovered. The azido acids were reduced and methyl ether hyrolyzed to yield 

the tyrosine derivatives with high optical purity. The absolute stereochemistry of three of the 

bromide intenllediates was dctennined by X-ray crystallography providing evidence for the 

selective reactions. The superiority of 4-phenyl-2-oxazolidinone over 4-phenylmethyl-2-

oxazolidinone for asymmetric induction was also demonstrated. 
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To examine the sensitivity of the 2' position of tyrosine in oxytocin, [D,L-2'-

methylT~]oxytocin was synthesized using the standard techniques of solid phase synthesis. 

Racemic ~'-methyltyrosine was prepared via the classical malonate synthesis. Computer 

models suggest that the [L-2' -methyITyr2]oxytocin should be a weak agonist. 



Chapter 1 

INTRODUCTION 

Conformationally restricted amino acids 

15 

It is becoming increasingly difficult to fmd peptide hormone analogues which do not contain 

one or more non-proteinogenic a-amino acids. Even the incorporation of naturally occurring 

amino acids is no longer sufficient for the advanced study of peptide hormone structure

function relationships. The need for subtle topological changes in peptides has brought the 

design and synthesis of unusual amino acids to the forefront of organic chemistry. 

One current goal of peptide and protein research is the development of logical approaches to 

the design of peptide and protein ligands with specific chemical. physical and biological 

properties (Hruby et al .• 1990). One such approach uses the idea of conformational constraints. 

The peptide conformation usually refers to the 3-dimensional structure of the peptide backbone. 

These constraints have the effect of reducing the conformational space available to the peptide 

backbone. A complementary and relatively new approach uses the idea of topological 

constraints. The topology usually refers to the 3-dimensional surface provided by the side 

chain groups of a peptide. These constraints in theory would allow the peptide to maintain its 

backbone conformations while limiting the available topologies. 
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Recent evidence suggests that in some cases the peptide backbone merely acts as a template 

allowing the amino acid side chain groups to fold into the appropriate topology for receptor 

interactions (Kazmierski et al., 1991; Kazmierski et al., 1988). It would thus seem that amino 

acids which would be capable of maintaining peptide conformation while altering its topology 

would be of great interest. 

Figure 1 shows the angles commonly used in the description of peptide confonnation. They 

include the backbone angles ~, 'If, co. The side chain angle are Xl' X2' etc. Any amino acid 

which could bias the Xl and X2 angles would be useful. For example, replacing pro R or pro 

S hydrogens on an achiral ~-carbon with a methyl group would add steric interactions and 

affect the stability of certain rotamer populations around the Xl angle. 

There are a number of cases where it has been demonstrated that the aromatic amino acids 

phenylalanine and tyrosine are essential for specific biological activity. This is exemplified 

in the case of [D-Pen2• D-Pen51enkephalin (DPDPE) which generally requires a tyrosine in 

position I for B-receptor selectivity (Hruby and Gehrig, 1989). The tyrosine residue has also 

been shown to be crucial for the agonist activity of oxytocin analogues (Hruby and Smith. 

1987). Newer studies of these peptides. among others, have shown that the incorporation of 

confomlationally restricted aromatic amino acids that modify local peptide topologies can have 

a profound effect on the biological activity of the analogue (Gehrig et ai., 1991; Hill, 1986; 

Chow, 1990). 
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i-I i+I 

Figure 1. DefInition of peptide dihedral ang!es <p, 'II, CO, Xl' and X2 
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There are a number of ways to introduce confonnational and/or topological constraints into a 

peptide by the modification of a single amino acid. While these general types of changes can 

be suggested for almost any amino acid, the focus of this investigation and of the following 

discussion will be tyrosine and phenylalanine derivatives. Modified aromatic amino acids can 

be roughly grouped into four classes: 1) Fused bicyclic amino acids; 2) non-fused bicyclic 

amino acids; 3) ~-alkyl amino acids; and 4) ring-alkyl amino acids. Certainly one cannot 

ignore the possibility of amino acids fitting into two of these classifications. However, the 

purpose here is to discuss the effect that each particular class of compounds would have on 

peptide confomlation and/or topology. 

The fused bicyclic amino acids can be subdivided into two classes, those that are proline-like, 

where the side chain is cyclized back to the amine. and spiro anlino acids. which are 0..0.

disubstituted. The proline-like derivatives restrict rotation about both the Xl and X2 angles. 

This is exemplified by the case of Tic (1). in which the rotation is fixed by placement of a 

methylene bridge between the 2' -position of the aromatic ring and the a-amino group. Both 

the L- and D-amino acids are only capable of existing in either gauche (+) or gauche (-) 

conformations (Figure 2). It has been demonstrated that the aromatic ring of L-Tic exists in 

exclusively the gauche (+) conformation while D-Tic prefers the gauche (-) conformation when 

incorporated into somatostatin analogues (Kazmierski. 1988). Extensive spectroscopic studies 

have shown that when incorporated into oxytocin, analogues containing L-Tic and D-Tic adopt 

different backbone conformations (Lebl et al .• 1990). Cyclization from the aromatic ring back 

to the a-carbon leads to spiro amino acids such as Ate (2; Landis, 1989) and Aic (3; Hsieh et 
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co-

g(.) D·Tie 
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Figure 2. Possible staggered confonnations of D· and L·Tic (1) 
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al .• 1979) shown in Figure 3. The L fonn of 2 is only capable of existing in either gauche (-) 

or trans configuration with its six membered ring. The five membered ring of 3 has no 

chirality at the alpha camon. is quite rigid. and probably exists with a Xl near ±9Q-. 

H 

2 3 
Xl =-600 Xl =±9()0 

Figure 3. Structures of gauche (-) L-Atc (2) and Aic (3) 

The spiro non-fused bicyclic amino acids are highly restricted around the Xl angle while 

allowing free rotation of the aromatic ring around the X2 angle. The most studied amino acid 

of this type is cyclopropylphenylalanine (4; Figure 4). The synthesis of racemic 4 (King et al., 

1982) and several other aromatic cyclopropylamino acids have been reported, and were 

reviewed by Stammer (1990). In 4 the Xl angIe is fIXed at either 0 or 120- for the E and Z 

isomers respectively. It has been suggested that peptides containing spiro amino acids may be 

more stable to biodegradation because the quaternary a-carbon inhibits nucleophilic attack 

(Stewart, 1981). Computer modeling of 4 has indicated that cyclopropylamino acids tend to 

lead to helical and/or p-tum conformations in peptides (Nagaraj et al .• 1981). 
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H 

4-E 4-Z 

Figure 4. E and Z fonns of cyc1opropylphenylalanine (4) 

Many examples of (3-alkyl aromatic anlino acids have already been published. Some of the 

(3-alkylphenylalanines reported include ~-methyl (Katoka et al .• 1976). ethyl, isopropyl, n-butyl. 

benzyl, phenylethyl, p-chlorobenzyl. and p-methoxyphenyl (Horner et al., 1955). These amino 

acids reduce the conformational space about the Xl angle while still maintaining the possibility 

of a full 360· of rotation. Replacement of either the pro R or pro S hydrogens on Cj3 also 

leads to a second chiral center and 4 stereoisomeric amino acids. These amino acids have no 

restriction around the X2 angle. In analogues of the peptide hormones oxytocin and DPDPE 

containing aromatic ~-methylphenylalanine (~-MePhe) and (3-methyltyrosine «(3-MeTyr), very 

interesting biological propreties were observed (Gehrig. 1990; Gehrig et al., 1991; Chow, 

1990). The analogues demonstrated that the simple change from R to S configuration at the 

(3-carbon can have profound implications on a peptide's biological activity. 

The effect of the (3-alkyl group is to change the rotamer populations at the (3-carbon. Figure 

5 illustrates the three staggered rotamers of erythro-L-~-MePhe. The most stable of the three 
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is the gauche (-) confonnation which minimizes the steric interactions between the substituents 

on the cx- and l3-carbons. The case is different for Phe. where the molecule would be more 

stable in either the gauche (-) or trans conformation. Literature on l3-alkyltyrosines is sparse 

since it appears that they cannot be readily prepared by conventional means (Landis. 1989). 

H 

gauche (-) 

Xl = -600 

H 

gauche (+) 

Xl =+600 

Figure 5. Rotamers of erythro-L-I3-methylphenylalanine 

trans 

Xl = 1800 

The last class of amino acids are the ring-substituted amino acids. The literature on these 

compounds is extensive. Derivatives of both Phe and Tyr have been prepared. Not only do 

they include alkylation on the ring. but several examples of ring halogenated or otherwise 

functionalized derivatives. Amino acids that contain substitution at the 2' or 2' and 6' positions 

should provide some restriction of rotation around the X2 angle. while allowing full rotation 

about Xl. Appropriate ring substitution may not only add asymmetry to the aromatic ring but 

also may increase the steric bulk of the amino acid which in tum might affect the ability of 

the aromatic ring to fit into a receptor pocket. 
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Of the ring-alkylated tyrosine derivatives, several racemic syntheses of have been reported. 

Those of interest to this work include 2',6'-dimethyl-D.ktyrosine which was prepared to srudy 

the steric effects on a-chymotrypsin-catalyzed reactions (Abrash et al., 1963), and 3'-methyl

and 3',S'-dimethyl-D,ktyrosine which were prepared to study their potential as anticancer 

agents (Jorgensen et al., 1963). 

Asymmetric synthesis of amino acids 

It is necessary to realize the importance of asymmetric synthesis of a-amino acids in 

relationship to their ultimate incorporation into peptide honnones. There exist numerous 

examples where the biological activity of diastereomeric peptides differ in potency by a factor 

of 100 or more, or where partial agonist or antagonist activity is observed for only one isomer. 

On occasion racemic mixtures of amino acids can be incorporated into peptides and the 

diastereomeric peptides chromatographically separated. It is also possible in some cases to 

resolve racemic mixtures of a-anlino acids by either fractional recrystallization or enzymatic 

hydrolysis of appropriately functionalized amino acids. These methods are summarized in 

books by Greenstein and Winitz (1961) and Barrett (1985). 

Because of the problems of resolution and requirement of stereochemically pure peptides, in 

recent years a great push for general asymmetric synthe~es for a number of a-amino acids has 

been made. Several good reviews (O'Donnell, 1988; Drauz et al .• 1982, Izumi et al .• 1978) 

and books (Williams. 1989; Coppola et al., 1987) have already been written on the subject, and 
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the number in certain to increase. 

The only asymmetric synthesis of ring-substituted tyrosine derivatives was reported in a patent 

from the Monsanto Corporation (Getman et al., 1989). Their process for the synthesis of 2',6'-

dimethyltyrosine is shown in Figure 6. Anisole 5 was coupled to N-acetyldehydroalanine 

methyl ester (6) with lead tetraacetate and tri(o-tolyl)phosphine in triethylamine and to afford 

Z-acrylate 7 in 60% yield. This product was asymmetrically reduced in the presence of 

Rb(COD)R,R-DIPAMP to yield after hydrolysis a 65:11 ratio of R and S amino acids (9), a 

71% ee. 

+ 

6 

Rh(COD)R,R-DlP AMP 
MeOH .. 

Pb(OAC)4' El3N 
tri(o-tolyl)phosphine 

OH 

CH3 
C02H 

NH2 

9 
71% ee R:S 

.. 

Figure 6. Reported asymmetric synthesis of 2',6'-dimethyltyrosine (9) 
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Focus of investigation 

The purpose of this investigation is to develop an efficient asymmetric synthesis for a number 

of unusual amino acids with specific topological properties. These amino acids can be 

incorporated into various peptide honnones for structure-function studies. A racemic synthesis 

was also worked out for the synthesis of 2' -methyltyrosi,ne. and this amino acid was 

incorporated into oxytocin to test the sterlc effect of the 2' -methyl group on the activity of the 

honnone. 
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Chapter 2 

SYNTHESIS OF ACID PRECURSORS 

Synthetic strategy 

It is the goal of this dissertation to describe general methods which can be used to prepare a 

number of aromatic ring- and/or ~-alkyl (X-amino acids in optically active form and would be 

applicable to large scale synthesis. 

There are many methods available for the asymmetric synthesis of (X-amino acids. The recent 

book by Williams (1990) reviews the major current approaches. Of the methods available, the 

one that seemed best suited to our needs was the chiral boron imidate methodology developed 

by Evans (1987, 1990). 

Figure 7 shows the general strategy for the asymmetric induction at the (X-carbon used in 

preparation of (X-amino acids by this approach. This is the simplest case since there is only 

one chiral center in the target molecule. First, the desired acid is coupled to the chiral 

auxiliary, typically 4-benzyl-2-oxazolidinone (R'=CH2Ph). However, in this study, 4-phenyl-2-

oxazolidinone (R'=Ph) was primarily used for reasons that are discussed in Chapter 3. Next, 

the boron enolate is formed and asymmetric bromination takes place from the less hindered 

face of the enolate. The bromide then undergoes SN2 displacement with azide ion which is 
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Figure 7. Asymmetric amino acid synthesis via electrophilic 
addition to the alpha carbon 
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followed by oxidative cleavage of the chiral auxiliary from the azido acid. The chiral auxiliary 

is recycled, and the azido acid is reduced to yield the optically enriched or pure amino acid. 

This general methodology was modified and employed to prepare various ring-methylated 

tyrosine derivatives, including the ,k-isomers of 2' -methyltyrosine (8) and 2' ,6' -dimethyltyrosine 

(9). The methodology was also further extended to prepare the L-threo and L-erythro isomers 

of 2',(3-dimethyltyrosine (10, 11) and 2',6',(3-trimethyltyrosine (12, 13; Figure 8). 

The synthesis of these compounds can be broken roughly into two parts. First is the synthesis 

of the appropriate acid precursors, and second is the asymmetric induction as the result of 

attachment of the necessary chiral auxiliary. For the preparation of the (3-methyl amino acids 

an Cl,(3-unsaturated acid was coupled to the chiral auxiliary so the stereochemistry at the (3-

carbon could be set by asynlmetric Michael addition. Bromination and subsequent steps 

proceeded as depicted in Figure 7. 

Retrosynthesis of acid precursors. 

In organic synthesis when trying to prepare multiple similar target molecules it is always 

desirable to do divergent synthesis as far down the synthetic pathway as possible. This 

generally leads to higher overall yields and a more efficient synthesis. With one of the goals 

of this work being the synthesis of both ring-substituted tyrosine and ring-substituted-(3-methyl

tyrosine analogues, a divergent retrosynthesis which could afford both products would seem 
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Figure 8. Amino acids prepared in this study 
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in order. 

Another major consideration in the retrosynthetic scheme is the fact that the reactions will have 

to be of the type that can be typically carried out on large scales with easy isolation of the 

products. In many syntheses it may only be necessary to isolate a few milligrams of the target 

molecule after many synthetic steps. If this is so. it is possible to have a single low yield step 

or steps where chromatography must be employed to separate out small amounts of the desired 

products. In this case it would be preferable to prepare the precursors for the target amino 

acids in substantial quantities so that when the total synthesis of the amino acids is complete 

there is enough for incorporation into a large number of peptides. 

The overall retrosynthesis requires the synthesis of the appropriate ring-substituted 3-

phenylpropanoic acid or optically active ring-substituted 3-phenylbutanoic acid. The 

intemlediate which could in principle be prepared to afford both of these compounds would 

be a ring-substituted cinnamic acid. This compound could undergo some form of conjugate 

addition (preferably asymmetric), or be reduced to provide either prerequisite acid. 

Two possible retrosynthetic routes were considered for the preparation of the 3-(4' -methoxy-2'

methylphenyl)propanoic acid (14). In the first route 14 is prepared from the reduction of the 

corresponding ring-alkylated cinnamic acid derivative (15; Figure 9). The a,~-unsaturated 

carboxylic acid could be prepared from Wittig reaction of functionalized benzaldehyde 16 

which would ultimately be made from the commercially available 3-methylanisole (17). Since 
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one of the overall goals was also the synthesis of ~-substituted am.ino acids via asymmetric 

Michael addition this was clearly the route of choice. 

14 

CH30J('J 

Y'CHO 
CH3 

16 

15 

Figure 9. Retrosynthesis of 3-(4'-methoxy-2'-methylphenyl)propanoic acid 
(14) via 4-methoxy-2-methylbenzaldehyde (16) 

Alternatively. propanoic acid 14 could be prepared from hydrolysis and saponification of 

sunbstiuted diethyl malonate 18. which in turn could be derived from condensation of diethyl 

malonate with the appropriate benzyl halide (19; Figure 10). Benzyl halide 19 could also be 

prepared from commercially available anisole 17. Obviously. this route has the drawback that 

it would not be possible to prepare the corresponding 3-phenylbutenoic using any intermediate 

along this path. 



14 

CH30~ 

~CH2X 
CH3 

19 

18 

CH30~ 

=> y 
CH3 

17 

Figure 10. Retrosynthesis of 3-(4' -methoxy-2' -methylphenyl)propanoic acid 
(14) via a 4-methoxy-2-methylbenzyl halide (19). 

Synthesis of 3.(4'.methoxy.2'.methylphenyl)propanoic acid (14) 
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Even though this would not be the best route from preceding discussion. the success of the 

synthesis of racemic 2'-methyltyrosine through preparation of 4-methoxy-2-methylbenzyl 

chloride (20) prompted the synthesis first through this intermediate (see Chapter 5). This route 

was fraught with problems (Figure II). Benzyl halide 20 was prepared by the reaction of 17 

with fomlalin solution and concentrated hydrochloric acid which forms intermediates of the 

type 21 and 22. After the addition of the anion of diethyl malonate to the distillate containing 

chloromethylation product 20 it was not possible to isolate any 14 after saponification and 

decarboxylation. Thin layer chromatography indicated that 20 did react as in the preparation 

of the racemic 2'-methyltyrosine (see Chapler 5). The reason no product was isolated was 

probably due in part to the polymerization that goes on with intermediate benzyl cations 22 
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I.CH2(C02~t)2 
CH30'Q-.-

NaO~tl ~t0H. ~ C02H 
2. NaOH,!:!. CH3 

14 

+ polymers 
+ other isomers 

Figure 11. Attempted synthesis of 3-(4'-methoxy-2'-methylphenyl)propanoic acid 
(14) via 4-methoxy-2-methylbenzyl chloride (20) 
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as well as isomeric products and multiple additions. Many side products were present in the 

distillate even after vacuum fractional distillation by tIc. 

Unfortunately. original efforts also were not able to produce the 4-methoxy-2-

methyl benzaldehyde (16) required for the Wittig reaction. All attempts to prepare the Grignard 

reagent from commercially available 4-chloro-3-methylanisole (23) failed. as 23 was inert to 

magnesium insertion. Not only did iodine fail to catalyze the reaction. but also sonication and 

SOdium-mercury amalgam. It was also not possible to generate aldehyde 16 from the 

aryllithium. Treatment of 23 with n-butyllithium resulted in the abstraction of one aromatic 

hydrogen inste~d of the desired metal-halogen exchange. The aldehyde produced after 

treatment of the intermediate aryllithium with dimethylformamide was 5-chloro-2-methoxy-4-

methylbcnzaldehyde (24). This was determined from the runr spectrum which showed the 

presence of one aldehyde proton and two uncoupled aromatic protons which must be located 

para to each other on the aromatic ring. 

23 

1. n-BuLi 
2. DMF • 

CHO 

CH30~ 

~Cl 
CH3 

24 

The second approach to 16 was the direct synthesis from 17. To carry out this transformation 

a.a-dichloromethyl methyl ether and titanium (IV) chloride were used. This reaction yielded 
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a 12:5:3 mixture of isomeric products 16, 25, and 26 respectively, as determined by product 

mass and IH runr. Thinking that O-carboethoxy-3-methylphenol (27) might give better 

regioselectivity and that the protecting group might be exchanged in a high yield one-pot 

procedure, formylation was carried out using the same conditions as for 17. The reaction led 

to a 2: 1 ratio of the desired product 18 and isomer 29. While the regioselectivity was slightly 

improved. the reaction did not go to completion and was thus not suitable for large scale 

preparation of the aldehyde. 

RO~ 

Y 
CH3 

R=CH3; 17 
R=C02Et; 27 

R0Y'l 
OHC~ 

CH3 

2S 
29 

RO~O 
+~ 

CH3 

26 
30 

Once it was clear that acceptable yields of the isomerically pure aldehyde 16 could not be 

prepared directly. new starting materials needed to be found. The problem was largely the lack 

of regioselectivity in the electrophilic aromatic substitution. In many cases where the directing 

effects of groups present on the aromatic ring do not yield the· preferred products. nitro groups 

are used to redirect substitution to the appropriate position. The nitro group can later be 

removed by reduction to an aniline which is subsequently diazotized with in situ reductive 

elimination of nitrogen. In the proposed synthetic route the reduction of a carbon-carbon 

double bond is already required to get from a cinnamic acid derivative to a propanoic acid. 

Reduction of the nitro group can be carried out simultaneously, thus adding only one extra step 
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to the total synthesis. With this in mind, S-methyl-2-nitroanisole (31) and 3-methyl-2-

nitroanisole (32) were appealing as starting materials. Both compounds are commercially 

available (Aldrich Chemical Co., Milwaukee, WI), and each has two positions on the aromatic 

ring meta to the nitro group for substitution (Figure 12). It was felt that it would be more 

difficult for addition to occur between the methyl and methoxy groups of 31 than at the desired 

position. However, the positions ortho to the methyl and methoxy groups seem equally 

accessible in 32 and it was thought that this might lead to a decrease in selectivity. Based on 

these assumptions, it was decided that 31 would be a better starting material. 

N02 

CH30~ 
/y, 

CH3 

31 32 

Figure 12. Favored sites of electrophilic substitution of 5-methyl-2-nitroanisole 
(31) and 3-methyl-2-nitroanisole (32) 

After early success with the fomlylation of 31. it also seemed economically sound to prepare 

31 from commercially available. and less expensive. 5-methyl-2-nitrophenol (33). 

Figure 13 shows the original route employed in the synthesis of 3-(4' -methoxy-2'-

mcthylphcnyl)propanoic acid (14). The protection of 33 was carried out on 100 g scales by 

refluxing it in acetone with 1.2 equivalents potassium carbonate and methyl iodide. The 

reaction wcnt quantitatively. 
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CH3 

34 

MeOH 
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Figure 13. Synthesis of 3-(4'-methoxy-2'-methylphenyl)propanoic acid (14) 
from 5-methyl--2-nitrophenol (33) 
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Table 1. Fonnylation of 5-methyl-2-ilitroanisole (31) with Ti04 and CH3OCH02• 

I 
% Yield 

eq Ti04 Temp, ·C time 34 3S 36 

1. 2.1 reflux 4hr 89 0 0 

2. 0.95 reflux 4hr +a + + 

3. 2.0 room temp 2 hr 22 0 0 

4. 1.9 room temp 20 hr 64 4 0 

5. 2.1 reflux 16 hr 71 8 0 

a: three 2,4-DNP (+) products were observed by tlc. The reaction mixture was not analyzed 
by IH nrnr. 

N02 

CH30~ 
OHC~ 

CH3 

35 

N02 

CH30ACHO +y 
CH3 

36 

The optimization of the fonnylation of the 31 with Cl,Cl-dichloromethyl methyl ether and 

titanium (IV) chloride required numerous experiments, delineated in Table 1. The best 

conditions were obtained by refluxing 31 for 4 hours in dichloromethane with 1.1 equivalents 

Cl,Cl-dichloromethyl methyl ether and 2.1 equivalents titanium (IV) chloride (entry I). Under 

these conditions no other isomers of 34 were detected. It appears that the number of isomeric 

aldehydes was related to the amount of titanium (IV) chloride uscd and the reaction time. If 

less than one equivalcnt of titanium (IV) chloride was used then a mixture of all three possible 

isomers was the result (entry 2). If one to two equivalents titanium (IV) chloride was used 
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with shortened reaction times, then only one isomeric side product was observed (entry 3). 

Interestingly, this side product was 3-methoxy-5-methyl-2-nitrobenzaldehyde (35), placing the 

aldehyde moiety ortho to the nitro group and meta to both activating groups on the aromatic 

ring. This observation is supported by IH nmr. Using greater than two equivalents titanium 

(IV) chloride produces exclusively the desired isomer under shorter reaction times and milder 

temperatures (entry 3). However, a marked decrease in yield was noted. Under longer 

reaction times (entries 4 and 5) the presence of 35 was again observed. 

While in none of the cases did the reaction go to completion, a significant amount of starting 

material was recovered and recycled. The overall yield for the optimized reaction conditions 

was 71 % after chromatography. However, when the recovered starting material was taken in 

to account the yield increased to 89%. It was not necessary to purify 34 after this step since 

the side products and starting material could be removed later. This reaction was done on 

scales as large as 120 g. 

The next step in the synthesis was the two carbon homologation of the aldehyde by a Wittig 

type reaction. 3-(4' -Methoxy-2' -methyl-5'-nitrophenyl)propenoic acid (38) was first prepared 

by reaction of 34 with carbomethoxymethyl triphenylphosphonium bromide and n-butyl

lithium. While the reaction was successful, it was not encouraging. The workup and 

purification were quite laborious, and the yield was not satisfactory, 24% after hydrolysis to 

the acid. 
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N02 

1. n-BuLi CH30~ 
2. LiOH I • 

A much better method employed triethyl phosphonoacetate and potassium· tert-butoxide to 

generate the ylide (Wadsworth. 1961). The workup for this reaction was straight forward, as 

was the isolation of pure 37 in 86% yield after chromatography. 1bis reaction was routinely 

carried out on SO - 100 g scales. Ultimately. it was shown that crude 37 ~uld be used without 

further purification. 

For the synthesis of target acid 14 from 37 three steps still remained. hydrolysis of the ester, 

simultaneous reduction of the carbon-carbon double bond and the nitro group. and removal of 

the resulting amine. Efforts were made to do the these reactions in two orders. First was by 

reduction and removal of the amino group, and then hydrolysis of the ester. and the second by 

removal of the ester followed by reduction and elimination of the amine. 
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In the first route the simultaneous reduction of the nitro group and double bond of 37 was 

carried out in either ethyl acetate or methanol using hydrogen and 10% palladium on activated 

carbon catalyst to afford 39. As expected, the nitro group was quickly reduced. However, the 

reduction of the carbon-carbon double bond was faidy slow. going to only 50% completion 

after eight hours. Adding a trace of acetic acid as a second catalyst brought the reaction to 

completion after an additional two hours. The catalysis of the second reduction is presumably 

by protonation of the aromatic amine fonned through reduction of the nitro group. This makes 

the remaining double bond more electrophilic. and hence more succeptible to reduction. It is 

also possible that the acetic acid competes with the catalyst for the lone pair of the amine. 

When protonated. the lone pair is no longer able to interact with sites on the catalyst, thus 

freeing them for further reactions. 

H2,Pd/C - .. 

On a small scale this reaction seemed to work well, but on scale-up it was often difficult to 

get the reaction to go to completion or would lead to unidentifiable side products. This 

problem seemed to be somewhat solvent related since better results were often obtained when 

methanol was used in the place of ethyl acetate. Although a change from the polar aprotic 

solvent (ethyl acetate) to the polar protic solvent (methanol) did seem to help it was still 

necessary to use acetic acid for the best results. 
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Many methods exist for the replacement of amines on an aromatic ring by hydrogen. Two 

were explored for removal of the amino group from the aromatic ring. One technique used 

with good success has employed alkyl nitrites in dimethylfonnamide. This one pot method 

has been shown to be comparable to the traditional diazotization and treatment with 

hypophosphorous acid (Doyle et 01 •• 1917; Cadogan et 01 •• 1973). The only problem noted for 

the alkyl nitrite reactions has been indole fonnation from the presence of methyl groups in a 

positions ortho to the amine on the aromatic ring. No reports have been given concerning the 

effects of alkoxy substituents onho to the amine. 

As a model study 31 was reduced to 2-methoxy-4-methylaniline (41). The amino group was 

removed by the procedure described by Doyle (1977). using ten-butyl nitrite in 

dimethylfonnamide. Under these conditions no remaining starting material or compounds 

containing free amines were detected by tIc (ninhydrin visualization). There was also no 

indication of 17 when compared by tIc to authentic 3-methylanisole. With the failure of this 

method on the model compound the reaction was not attempted on the aminoester 39. 

Diazotization of model amine 41 followed by treatment with hypophosphorous acid using the 

procedure reported by Adams (Adams et 01 .• 1941) led to 17 as the sole product by tIc. 
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Diazotization of 39 and subsequent removal of nitrogen via hypophosphorous acid proceeded 

smoothly in all cases with partial hydrolysis of ester 40 also taking place. Complete hydrolysis 

of 40 with lithium hydroxide and acidification gave yields near 80% for the target acid 14 

from nitro-ester 37. The overall yield for the preparation of 14 was 48% for the five steps 

from anisole 31. 

39 

Since the first route only met marginal success, due to the problems encountered during 

reduction, reversing the order of the hydrolysis and hydrogenation was attempted. Ultimately, 

this allowed the target acid to be prepared from 5-methyl-2-nitrophenol (33) with only 

extractive purification (see Figure 13). Once the Wittig reaction was complete by tic the ethyl 

ester of 37 was removed in situ by adding enough methanol and water to make a 3:1:1 

THF:MeOH:water solution, followed by addition of 4 equivalents of lithium hydroxide 

monohydrate. The hydrolysis was complete after 5 hours stirring at room temperature. Since 

the product of the reaction was the partially water soluble lithium salt of 38, after removal of 

volatiles. the unreacted 5-methyl-2-nitroanisole (31) and side products were removed by 

extraction with either dichloromethane or chlorofonn. The remaining aqueous sluny was then 

acidified and washed with water to yield 38 which was clean by IH nmr. The large coupling 



44 

constant for the vinylic protons (J=15.8Hz) being indicative of the E olefin. with no Z oleim 

being observed. The yield for 38 was 87% from aldehyde 34. 

Reduction of the carbon-carbon double and the nitro group was very facile for free acid 38 

yielding the stable zwitterion 42. and what certainly may be considered an unusual amino acid. 

The reaction proceeded smoothly with 0.1 equivalent (w/w) 10% palladium on carbon catalyst 

in methanol and was typically done on a 30 g scale. Due to its poor sulubility nitro ester 38 

was reduced as a slurry. The reaction went to completion in a matter of hours with a usual 

yield of 95%. 

When the diazotization and reductive elimination of nitrogen was repeated on 42 the results 

were similar to those for ethyl ester 39. During removal of the amine. experiments showed 

that the temperature used in the diazotization reaction and the amount of 30% 

hypophosphorous acid used could greatly affect the amount of 14 recovered. If during the 

formation of the diazonium salt the mixture of amine 42 and hydrochloric acid was not heated. 

the yield of 14 decreased significantly. This was probably due to the hydrochloride salt of 42 

not being completely dissolved when the sodium nitrite was added. When less than 4.75 m1 

30% hypophosphorous acid per mmol of 42 was used the yield of the reaction would drop as 

much as 10-15%. Under optimum conditions target acid 14 was recovered in 88% yields from 

42. Acid 14 was isolated by suction filtration from the reaction mixture and could be used 

without further purification. Using this route the yield of 14 was 53% in 5 steps from 5-

methyl-2-nitroanisole (31). 
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Synthesis of 2E 3-(4' -methoxy-2' -methylphenyl)propenoic acid (43) 

Since it was not originally possible to prepare 4-methoxy-2-methylbenzaldehyde (16) in high 

yield and in pure fOIm. an alternate route had to be found to prepare a.~-unsaturated acid 43 

for the preparation of 2'.~-dimethyl amino acids 10 and 11. The key to the synthesis was 

selective reduction of the nitro group in the presence of other functionalities. namely. the 

carbon-carbon double bond or the aldehyde. 

The first route attempted was based strongly on the divergent synthesis strategy. which 

suggested the use of the latest possible precursors in the synthesis of 14 that still contain the 

desired substitutions. i.e. nitrophenylpropenoic acid (38) or its ethyl ester (37). It has been 

shown that tin (II) chloride in the presence of strong acids have the ability to selectively reduce 

an aromatic nitro group in the presence of an aromatic aldehyde (Buck and Ide, 1943). It was 

thought that this might work equally well in the presence of the carbon-carbon double bonds 

of 37 or 38. 

The reduction of both 37 and 38 was attempted in the presence of tin (II) chloride and 

concentrated hydrochloric acid. The reaction worked in both cases, furnishing, after in situ 

diazotization and treatment with hypophosphorous acid. target acid 43 in the case of 37 in 52% 

yield after hydrolysis of the ester. When acid 38 was used as the starting material no product 

was obtained. presumably due to solubility problems. While this route is particularly 

appealing. it unfortunately would be difficult to use on large scales. The lack of solubility 
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makes this reaction very difficult to do even on modest scales. The reaction conditions require 

a very small amount of solvent, and much deviation from that amount did not bode well in 

other trials. As a result alternative routes were examined. 

These other routes for synthesis of 43 involved removal of the nitro group earlier in the 

synthetic pathway. before the Wittig reaction. This could be done with either selective 

reduction with tin (II) chloride or by protection of the aldehyde so that it would not be affected 

by catalytic hydrogenation. 

When nitrobenzaldehyde 34 was selectively reduced with tin (II) chloride and concentrated 

hydrochloric acid. the intennediate amino aldehyde was directly diazotized and treated with 

hypohposphorous acid. Crude aldehyde 16. after workup. was a red oil which had to be used 

directly in the Wittig reaction. After the reaction was complete the ester was hydrolyzed with 

lithium hydroxide and acidified to isolate free acid 43 in 30% yield from 34. 
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34 

The reaction sequence that was found to be synthetically useful is shown in Figure 14. The 

synthesis began with the protection of 34 as its ethylene glycol acetal (44). The protection was 

carried out as described by Daignault and Eliel (1973) by refluxing 34 with ethylene glycol 

in benzene with a catalytic amount of p-toluenesulfonic acid an~ a Dean-Stark trap to collect 

the water azeotropically. The yields for the protection were typically greater than 90%. 

Crude acetal 44 was reduced in methanol to afford unstable amino-acetal 45. Perbaps 

intermolecular reaction of the free amino group with the acetal group or oxidation of the amine 

was the cause of the instability. The material was immediately diazotized with sodium nitrite 

in 2N hydrochloric acid, simultaneously forming the diazo compound and removing the acetal. 

The aqueous solution minimizes Schiff base formation between the transient amine and the 

unprotected aldehyde. Treatment of the diazonium salt with hypophosphorous acid yielded 

benzaldehyde 16 in 53% yield after workup. This material still contained some impurities as 

evidenced by tlc and IH nmr. The overall yield for the synthesis was 36% from 34. Again, 

if desired, crude 34 could be used and extractive workup was enough to isoll,lte 43 suitably 

pure for further reactions. 
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Figure 14. Synthesis of 2E 3-(4'-methoxy-2'-methylphenyl)propanoic acid (43) 
from 4-methoxy-2-methyl-5-nitrobenzaldehyde (34) 
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Alternate route to the synthesis of 3-(4' -methoxy-2' -methylphenyl)propanoic 

acid (14) and 2E 3-(4' -methoxy-2' -methylphenyl)propenoic acid (43). 

Synthesis of 2E 3-(4' -methoxy-2',6' -dimetbylphenyl)propenoic acid (54) and 

3-(4' -methoxy-2',6' -dimethylpbenyl)propanoic acid (50). 

A method was later found in which 2E 3-(4'-methoxy-2'-methylphenyl)propenoic acid (43) was 

prepared from 3-methylanisole (17; Pearson et al., 1983). In a separate paper the synthesis of 

methyl 3-(4' -methoxy-2',6' -dimethyl)propanoate (49), a precursor for 2',6'-dimethyltyrosine 

derivatives. from 4-bromo-3.5-dimethylanisole (47) was reported (Kende et al., 1988). These 

procedures were modified and improved upon for the preparation of the a.!3-unsaturated acids 

43 and 54. and their reduced derivatives 14 and 50. 

The described procedure for the synthesis of 43 begins with the preparation of bromoanisole 

46 from 17 using bromine in carbon tetrachloride with iron filings to catalyze the reaction. 

The literature reports a yield of 88%. The next step was the preparation of the Grignard 

reagent and reaction of the reagent with dimethylformamide to afford benzaldehyde 16. In the 

procedure three equivalents of magnesium metal and two equivalents of bromoethane were 

used to catalyze formation of the Grignard reagent in dry ether. The reported yield was 93%. 

Finally. acid 43 was prepared from 16 by using malonic acid in pyridine with a catalytic 

anl0unt of piperidine with a yield of 91 %. The overall yield was 75% for the three synthetic 

steps. 
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Acid SO was prepared by Kende from substituted methyl propanoate 49, which was used as 

an intennediate in the study intramolecular radical cyclization of phenolic enolates. Kende flJ'St 

prepared aldehyde 48 by the addition of n-butyllithium to 47 to effect metal-halogen exchange. 

The aryllithium was then reacted with anhydrous dimethylfonnamide to obtain 48 in 53% after 

distillation. Aldehyde 48 was reacted with the ylide from (carbomethoxymethyl)-

triphenylphosphonium bromide and lithium methoxide in a mixblre of anhydrous 

dimethylfonnamide and methanol to prepare 49 in 78% yield. The reaction took three days 

and after workup was purified by flash chromatography. The intennediate a,~unsaturated 

ester was reduced with 5% palladium on carbon catalyst, and the product saponified with 3N 

sodium hydroxide in I: 1 aqueous methanol. After acidification SO was isolated in 50% yield 

from 48. The overall yield for the literature procedure was 21 % from 47. 



CH30

10
CH3 

I~ 
Br 

CH3 

47 

49 

1. n-BuLi. 
TIIF 

2.DMF • 

48 

1. H2, 5% PdlC 
CH30H 

2.3NNaOH 
CH30H:H20 

3.1NHCl 

51 

so 
In the present study the synthesis of 3-(4' -methoxy-2' -methylphenyl)propanoic acid (14), 3-(4'-

methoxy-2',6'-dimethylphenyl)propanoic acid (SO), and their a,~-unsaturated precursors (43 and 

S4 respectively) were carried out in a similar fashion by modification of the two procedures 

(Figure 15). The syntheses begin with the bromination of anisoles 17 and 51. The results of 

these reactions are summarized in Table 2. When the literature conditions for the preparation 

of bromoanisole 46 was repeated (entries 2,3), the reported results were not obtained. The 

majority of conditions led to a mixture of products of three isomeric products. Only when the 

iron filings were omitted, the temperature of the reaction lowered, and the addition of bromine 

done very slowly, were satisfactory results obtained (entries 4·6). Even Wlderthose conditions 

the best yields obtained were 71% and 83% for 46 and 47 respectively. 
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Figure 15. Synthesis of acid precursors for the amino acids prepared in this study 
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Table 2. Effect of iron catalyst, temperature. and addition time on the bromination of 3-methyl 
anisole (17) and 3.S-dimethyl anisole (51). 

Anisole Temp. PeO addition time % yield8 

l. 17 O"C yes 90min b 

2. 17 O"C yes 9hr b 

3. 17 -6"C yes 9hr b 

4. 17 O"C no 10hr 71 

5. 17 -20"C no 8hr 50 

6. 17 -25"C no 14hr 49 

7. 51 -25"C no 9hr 83 

8. 51 -25"C no 3hr 80 

9. 51 -25"C no 3hr 87 
a: Yields are of Isolated products aner dlsullauon. b: iH nmr and tIc showed 30:40% of ilie 
other two isomers. 

Purified bromides 46 and 47 were converted to their Grignard reagents in freshly distilled 

tetrahydrofuran using ethyl bromide as a catalyst based on the procedure of Pearson et al. 

(1983). The Grignard reagent was treated with anhydrous dimethylformamide. the reaction 

quenched with a half-saturated ammonium chloride solution, and the product isolated by 

vacuum distillation. All Grignard reactions used in the preparation of 46 and 47 in this study 

of the general fonn shown below are summarized in Table 3. 

1. Mg, cat. .. 
2.DMF 

CH30I('(R 

Y'CHO 
CH3 

16. R=H 
48. R=CH3 
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Table 3. Effects of catalysts on the preparation of 4-methoxybenzaldehydes 16 and 48. 

Product X Catalyst Eq. Catalysfl % yieldb•c 

1. 16 Cl Hg amalgam 0 

2. 16 Cl sonication 0 

3. 16 Br None 0 

4. 16 Br 12 0.05 0 

5. 16 Br CH)CH2Br 1.0 73 

6. 16 Br CH)CH2Br 0.1 81 

7. 48 Br CH)CH2Br 2.0 38d 

8. 48 Br CH3CH2Br 2.0 28d 

9. 48 Br CH3CH2Br 1.0 87 

10. 48 Br CH3CH2Br 0.25 80 

11. 48 Br CH3CH2Br 0.1 79 

a: eq. catalyst relative to amount of aryl halide. b: after isolation of the product by distillation 
or recrystallization. c: magnesium metal was not pretreated. 

Attempts to prepare the Grignard reagents in the absence of catalyst failed (entry 4). It was 

also discovered that the reaction does not work well unless the magnesium metal is pre-

activated by washing with dilute hydrochloric acid. water. ethanol, and anhydrous ethyl ether. 

The reaction was run on several occasions using activated magnesium and decreasing amounts 

of catalyst. As is shown in Table 3. as little as 0.1 equivalents of catalyst is required with 

little or no decrease in yield. The minimum amount of catalyst required for the reaction was 

not examined. It was not possible to isolate 16 in yields comparable to the 93% reported. 

Under optimum conditions the yield was 73%. The yield for 48 was 79% after workup and 

distillation and/or recrystallization from cold hexanes. Aldehyde 48 was somewhat unstable, 



55 

becoming colored upon standing. and had to be used quickly. 

Aldehydes 16 and 48 were homologated by Witting reaction with the ylide generated from 

triethyl phosphonoacetate and potassium tert-butoxide. In the case of 16 only 1.2 equivalents 

of the ylide were required to bring the reaction to completion in one hour. For 48. a more 

hindered aldehyde. the reaction did not go to completion even after 12 hours with the same 

amount of the ylide. When 1.8 equivalents of the ylide were used the reaction time was again 

only one hour. After the reaction was complete by tIc. esters 52 and 53 were hydrolyzed in 

situ by the addition of methanol. water and lithium hydroxide to the crude reaction mixture. 

After workup and acidification. a..~-unsaturated acids 43 and 54 were isolated as a white solids 

in 90-100% yields. 

Unstaurated acids 43 and 54 were either used directly for the synthesis of the ring-methyJ.-~

methyl amino acids or reduced for ring substituted (X-amino acids. Reduction of the carbon

carbon double bond with 10% palladium on carbon catalyst was quantitative for both 

substituted cinnamic acids 43 and 54. affording acids 14 and 50 in overall yields of 56% and 

71 % from anisoles 17 and 51 respectively. 

Comparison the methods examined to prepare unsaturated acid 43 would seem to indicate that 

the route of choice to be via bromoanisole 46. The synthesis beginning from nitrobezaldehyde 

34 (refer to Figure 14) is clearly the worst choice with starting materials being more expensive. 

the procedure more time consuming, and the overall yield (48%) the lowest of the three routes. 
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While the method of Pearson (1983) has merit it was not possible to do the bromination or the 

Grignard reaction to prepare 16 in the reported yields. The modified literature procedure has 

the advantage that the final homologation from 16 to 43 is quantitative. This route also 

demonstrated that the 2-fold excess of ethyl bromide catalyst in the generation of the Grignard 

reagent was not required; 0.1 equivalent works equally well. The overall yield for this route 

is 56%. again in three synthetic steps from 17. 

When compared to the method of Kende (1981), the route developed here for the synthesis of 

54 has many advantages. The overall yield from this study was 71 %, compared to Kende's 

21 %. The entire synthesis requires less time to perform as well, the Wittig reaction having 

been shortened from 3 days to less than one hour. While the literature procedure might be 

applicable to large scale, the chromatography required would not be convenient. The present 

synthesis requires no Chromatography, and all reactions were done on scales of at least 40 -

50 g. 
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Chapter 3 

ASYMMETRIC SYNTHESIS OF UNUSUAL AMINO ACIDS 

Choice of chiral auxiliary 

When selecting the appropriate chiral auxiliary for the asymmetric synthesis of ring-alkylated 

tyrosines and ring-alkylated-l3-methyltyrosines many factors had to be considered. Among 

those factors were suitability of the chiral auxiliary for lA-conjugate additions, capability of 

the auxiliary for additions at the a-carbon, the stability of the chiral auxiliary to other synthetic 

transformations, their ease of preparation and ability to be recovered. Certainly this list is not 

exhaustive but it does include a number of items important to the ultimate selection of 4-

phenyl-2-oxazolidinone (58) for the preparation of the target amino acids. 

Some of the chiral auxiliaries considered for the synthesis of the tyrosine analogues are shown 

in Figure 16 and include 4R,5S 1,5-dimethyl-4-phenyl-2-imidazolidinone (55), R 

trityloxymethyl-y-butyrolactam (56), 2R,lOS bornane-1O,2-sultam (57), and R 4-phenyl-, R 4-

benzyl-, and 4R,5S 4-methyl-5-phenyl-2-oxazolidinones (58, 59, and 60). These auxiliaries 

would likely lead to only one set of optically active products. The enantiomeric products 

would be prepared from the antipodal auxiliaries. 
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Figure 16. Chiral auxiliaries examined for potential use in the 

asymmetric synthesis of l3-alkyl a-amino acids 
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Table 4. Some chiral auxiliaries examined for the synthesis of tyrosine derivatives. 

Chiral starting material 1,4 add'n % 
Auxiliary % yielda % dea recovery a.-additions ref 

55 ephedrine 50,80b 81-95b e d h 

56 glutamic acid 67-94c 67-97c yesf d 

57 camphor 
sulfanoyl 60-67c 66-82c >90 g j 
chloride 

58 phenylglycine d d e d k 

59 phenylalanine d d >95 >95%de 1 

60 nor-ephedrine 40,45b 75,6Qb e d h 

a. Yields and de are based on the purified mixture of diasteriomers.; b. Only two experiments 
were performed with this chiral auxiliary.; c. The value is a range over a nwnber of 
experiments.; d. not reported.; e. Not reported, but recovery should be possible in good yields.; 
f. The acidic conditions for removal of this auxiliary also removed the trityl group.; g. Not 
reported. The N,N-dicyclohexyl-sulfonamin-isobornoyl chiral auxiliary showed good yields (75-
85%) and excellent stereoselectivity (>95%) for ex-halogenation (Oppolzer et a1., 1986). It is 
assumed that the 1O,2-suitam will work similarly.; h. Porcelet et al., 1987.; i. Tomioka et a1., 
1986.; j. Oppolozer et al., 1989.; k. Evans et al., 1986a.; 1. Evans et a1., 1986b. 

Table 4 shows some comparisons between the various chiral auxiliaries. Compounds 55-60 

may all be prepared in good yields from inexpensive starting materials which can be purchased 

in either enantiomeric form. Auxiliaries 55-57 and 60 have all been shown to undergo 

conjugate 1,4 addition with varying yields and degrees of stereoselectivity. Of these, the best 

yields are for 56. The largest diastereoselectivities for 1,4 additions to N-(ex,~-unsaturated-

acyl) chiral auxiliaries were found in the cases using 55 or 56. The use of oxazolidinones 58 

and 59 for this purpose has not been reported. All of ihe chiral auxilaries are, or should be 

recoverable. Unfortunately for 56, the acidic conditions reported for its removal also remove 
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the trityl group which then must be regenerated. The only reported yields for the recovered 

chiral auxiliaries are for 57 and 59, and only for these compounds was the possibility of 

subsequent a-electrophilic additions mentioned. For 57 the possibility is implied based on the 

success of similar sultams (see footnote g). 

Previously this laboratory reported the use of phenylalanine based oxazolidinone 59 for use in 

the synthesis of the diastereomers of !3-methylphenylalanine (Dharanipragada, et al., 1989) and 

!3-methyltyrosine (Nicolas et al., 1989) from the optically pure butyric acids purified by 

fractional recrystallization. Based on these works it and the interest in extension of the already 

diversified use of 59, it seemed worthwhile to attempt conjugate additions with this clural 

auxiliary. Also, from the work or Pourcelot, who used auxiliary 60, it also seemed reasonable 

that 58 might be suitable for this purpose. Compounds 55 and 60 and their stereoselectivities 

show how the phenyl group at position 4 of the oxazolidinone ring is better able to direct 

preferential addition to one face than a methyl group at the same position. This of course 

assumes that the influence of the N-methyl group in the imidazolidinone ring and the oxygen 

in the oxazolidinone ring play the same role in the stereodifferentiation during asymmetric 

reactions. 

In this study two chiral auxiliaries were examined for their potential use in the asymmetric 

synthesis of ring-alkylated tyrosines and ring-alkylated-p-methyl tyrosines. These chiral 

auxiliaries were the optically active 4-phenyl-2-oxazolidinone (58) and 4-benzyl-2-

oxazolidinone (59). The use of 59 for control of asymmetric induction of electrophiles to the 
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a-carbon of 3-acyl-4-benzyl-2-oxazolidinones has been well documented in cases of azidation 

(Evans et al., 1988), amination (Evans et al., 1986c), bromination (Evans et aI., 1987a), 

hydroxylation (Evans et al., 1985), aldol additions (Evans et al., 1987c), and alkylation (Evans 

et al., 1982). 

Synthesis of the chiral auxiliaries 

Optically pure 4-phenyl- and benzyl-2-oxazolidinones (58 and 59) have been reported prepared 

in large quantities and high yields from phenylglycine and phenylalanine by a number of 

methods. All of these methods use the same two-step plan. First, the carboxylate of amino 

acid 60 or 61 is reduced to afford optically active amino alcohols 62 and 63 which are then 

cyclized with an alkylfonnate. 

60; R=Ph 
61; R=CH2Ph 

(;2,63 

R 
~ .n ----I .. ~ H-N 0 

Y o 
58,58 

Optically active S9 was originally prepared as described by Evans (1986a). The amino group 

of readily available D-phenyla1anine (61) was complexed with boron trifluoride etherate and 

carboxylate reduced with borane-dimethylsulfide complex to yield amino alcohol 63. 

Recrystallized 63 was cyclized using diethyl carbonate with the loss of ethanol to yield 59 .. 
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This same procedure was also employed by Evans in the preparation of 58 from phenylglycine 

(60; Evans et ai., 1986b). The reduction step had several undesirable points. Not only was 

the setup extensive and the workup rather laborious, but the stench of the dimethyl sulfide was 

rather unpleasant. Further, Gaze and Evans (1989) noted that, "the potential vigor of the 

exotherm cannot be overemphasized." These factors encouraged us to seek an alternative route 

to these compounds. In this work the borane-dimethyl sulfide reduction was used to prepare 

optically active phenylalinol (63). After cyclization oxazolidinone 59 was obtained. The yield 

was 52% for the two synthetic steps. 

A single-pot synthesis of optically active 58 and 59 has been reported (pridgen, et ai., 1989). 

The reduction was carried out using the previously mentioned borane-dimethyl sulfide 

complex. The crude amino alcohols were then basified and cyclized with trichloromethyl 

chloroform ate. This procedure has two definite advantages. The reported synthesis was 

carried out on a 2.65 mol (400 g) scale and no purification of the intermediate amino alcohol 

was necessary. The disadvantages are those inherent with the reduction and the excessive 

expense of cyc1izing reagent. 

For the present study a modified method of Giannis and Sandhoff (1989), who were able to 

reduce a large number of a.-amino acids to (X-amino alcohols without racemization, was utilized 

for the synthesis of 58. The procedure employed ill situ generation of borane from treatment 

of lithium borohydride in tetrahydrofuran with trimethylsilyl chloride at O·C and then adding 

the amino acid powder to the resulting slurry, warming to room temperature and stining for 
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24 hours. The reaction was quenched by the cautious addition of methanol and any unreacted 

amino acid removed by treatment with 20% potassium hydroxide. Extraction of 62 with 

chloroform or dichloromethane typically yielded 90-100% of the crude product which had to 

be recrystallized, generally with ethyl acetate and hexanes, before cyclization. The yield of 

recrystallized 62 was normally 75-85%. The reduction was easily done on scales of 100 g or 

more. The cyclization of recrystallized 62 was carried out with diethyl carbonate and 

potassium carbonate in a preheated oil bath with concomitant loss of ethanol. 1be yield for 

the cyclization was usually 90-100% and the product could be used with out further 

purification with optical rotations comparable to the authentic material. 
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Three key factors had to be maintained during this synthesis. While quenching the excess 

borane at the end of the reaction, it was very important that the addition of methanol be done 

slowly. The evolution of hydrogen gas was extremely vigorous and the reaction highly 
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exothermic. During the cyclization it was necessary to use recrystallized 62 and to preheat 

the oil bath to a temperature of at least 13S·C before the reaction flask was lowered into it. 

When the reaction was originally perfOl1lled, spurious results were encountered when the oil 

bath was not preheated. The outcome was a large number of products, presumably from 

intel1llolecular reactions between the of intel1llediate carbamate 64. When using a preheated 

oil bath the reaction was virtually quantitative on scales of up to 80 g. 

Nomenclature of acyl-oxazloidinones 

The nomenclature for the acyl-oxazolidinones used in this study is exemplified with 

3(2S.3S),4R 3-[3-(4' -methoxy-2' -methylphenyl)-I-oxopropyl]-4-phenyl-2-oxazolidinone (91). 

The numbering system begins within the oxazolidinone ring with the oxygen given the highest 

(1) priority and nitrogen priority (3). The N-acyl group is named as butane- or propane-derived 

sidechain of the oxazoIidinone. Positions on the aromatic ring are designated with a "prime," 

('). The 2 and 3 positions on the sidechain group may be referred to as a and ~ respectively 

when discussing synthetic transfol1llations or the poSition of groups relative to the carbonyl of 
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the acyl sidechain (e.g. a-azido, p-methyl). The absolute stereochemistry is defmed by the 

Cahn-Ingold-Prelog system (Calm et al., 1966). 

Coupling of the chiral auxiliaries 

There are several possible methods for the coupling of acids to the clural auxiliary in order to 

prepare acyl-oxazolidinones. Two methods were investigated in this study, mixed anhydrides 

and acid chlorides. Table 5 summarizes those results. The reaction schemes are shown in 

Figure 17. 

Table 5. Coupling reactions to the chiral auxiliary 

Chiral 
Acid Auxiliary method % yield 

1. 14 (R)-CH2Ph A 86 
2. (R)-Ph A 91 
3. (R)-Ph B 76 

4. 50 (R)-Ph A 85 

5. 43 (R)-Ph A 82 
6. (R)-Ph B 66 

7. 54 (R)-Ph A 54 

8. Crotonyl (R)-Ph B 94 
chloride 

A: Coupling via the pivaloyl mixed anhydride; B: 
Coupling via the acid chloride; a: Crotonyl chloride was 
purchased from Aldrich Chemical Co. 'and contained 
4% of the Z-isomer by IH nmr. 
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Figure 17. Chiral auxiliary coupling reactions 
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Mixed anhydrides were prepared by treating 1.0 eq of acid precursolS 14, SO, 43, and 54 with 

1.2 eq triethylamine and 1.1 eq pivaloyl chloride. The intermediate (e.g. 69) was reacted with 

the 0.9 eq of the lithium salt of the oxazolidinone prepared from 58 and n-butyllithium. Attack 

of the anion preferentially comes at the less hindered site to afford the desired product which 

was generally isolated in 70-80% yield after recrystallization. This procedure worked slightly 

. less well on the a,p-unsaturated acid derivatives required for the synthesis of p-methyl amino 

acids. 

A second method used acid chlorides. Carboxylic acids 14 and 43 were converted to their 

respective acid chlorides by refluxing with thionyl chloride and distilling off the residual 

thionyl chloride. The crude acid chlorides were then coupled to the lithiated oxazilidinones as 

before. The obvious advantage of this method is that there is the possibility of only one 

product from nucleophilic attack of the lithiated chiral auxiliary (e.g. acid chloride 70). One 

major disadvantage to the use thionyl chloride is that if any remains after treating the acid then 

it might react with the lithiated oxazlidinone. Another advantage is that the acid chlorides can 

often be purified by vacuum distillation. Unfortunately, the boiling points, even under vacuum, 
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were quite high. Coupling of acid chlorides is quite convenient in the cases of cinnamoyl and 

crotonyl chlorides which are commercially available. 

70 

Of the two methods the mixed anhydride was generally the method of choice. The acid 

chloride route would most likely be the desired route when either using hindered acids or when 

they are commercially available. as in the case of crotonyl chloride (Aldrich). The mixed 

anhydride method showed higher yields than when the acid chlorides were prepared from the 

sa.."1le substrate (acids 14 and 43. Table 5). However. crotonyl chloride coupled exceptionally 

well. This might be do to the purity of the acid chlorides used. The acid chlorides generated 

from thionyl chloride were used directly while the crotonyl chloride was distilled. It should 

also be noted that the yields for the coupling of the unsaturated acids 43 and S4 were 

somewhat lower than for their saturated counterparts (entries 2 vs. 5 or 4 vs. 7). TIle reason 

for this is not clear. It may be in part due to the possible third site of attack for the reactive 

oxazolidinone. the ~-position of the a.~-unsaturated activated acid. The extremely high yield 

of the crotonyl chloride in the coupling (entry 8) might suggest that the more reactive acid 

chloride should be used in the future for the preparation of the a.p-unsaturated acyl-

oxazolidinones. 
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Michael additions 

The preparation of ring-substituted-p-methyltyrosine analogues requires the generation of two 

stereochemical centers starting from a,p-unsaturated acids 43 and 54. The stereochemistry at 

the p-carbon may be set by asymmetric l,4-conjugate addition to 65 and 66 and the 

stereochemistry at the a-carbon set using the standard Evans' type methodologies. Based on 

the previously cited literature examples (Table 4, Chapter 2) it was reasoned that the use of 

4-phenyl- or 4-benzyl-2-oxazolidinones might be suitable for both the asymmetric Michael 

addition and the induction at the a-carbon. 

Conjugate additions were performed by addition of 3 equivalents of the methyl or aryl 

magnesium bromide to 1.5 equivalents of cuprous bromide dimethylsulfide complex in a -40°C 

solution of freshly distilled tetrahydrofuran and anhydrous dimethylsulfide. The green, yellow 

(methyl cuprate) or grey (aryl cuprate) solution was warmed to _lOoe and a solution of the 

acyl-oxazolidinone was added over several minutes. The reactions were warmed to room 

temperature, stirred for two hours, and quenched by the addition of dilute hydrochloric acid. 

After extractive workup the crude products were directly chromatographed on silica gel to 

obtain the purified mixture of diastereomers. 

Table 6 summarizes the results of the conjugate additions examined in this investigation 

(Figure 18). The first entry of table 6 shows the unsuitability of the 4-benzyl-2-oxazolidinone 

(59) for the asymmetric 1,4 additions. This test case, using the crotonyl oxazolidinone and p-
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methoxyphenyl cuprate, only showed a 10% de for adduct 71, unacceptable for the asymmetric 

synthesis. Experiments with the 4-phenyl-2-oxazolidinone (49) lead to much better results (72-

77). Two test cases were surveyed to explore the usefulness of this clural auxiliary for the 

asymmetric Michael addition. In the first case, addition of cinnarnoyl oxazolidinone to methyl 

cuprate (75) showed only 30% greater stereoselectivity than that USing benzyl-oxazolidinone 

71. However, the addition of 3-crotonyl-4-phenyl-2-oxazolidinone to phenylcuprate (72) lead 

to impressive results. The stereoselectivities with the 4-phenyl-2-oxazolidinone were better 

than those generally reported in Table 4 with the exception of 75. The additions necessary for 

the synthesis of the tyrosine analogues prepared in this study (adducts 73, 74, 76. and 77) 

ranged from 88 - 99% de. with the addition of aryl cuprates to crotonyl oxazolidinone (73 and 

74) consistently giving better results. 

Table 6. Michael additions to 4R 3-(c:x.I3-unsaturated-acyl)-4-substituted-2-oxazolidinones. 

Induced 
chirality at 

Rl R2 R3 C~ % dea % Yield 

71 CH2Phb•c CH3 p-MeOPh R 10 85 

72 Phb CH3 Ph R >99d 90 

73 Ph CH3 i (46) S >99d 84 

74 Ph CH3 ii (47) s >99d•e 43d 

75 Phb Ph CH3 S 40 90 

76 Ph i (65) CH3 R 96 96 

77 Ph ii (66) CH3 R 88 91 

a. Detennined by proton runr.; b. The chiral auxiliary in this experiment was of the S 
configuration; c. Nicolas et al .• 1991.; d. Accounts for the 4% of the (Z)-acyl-oxazolidinone; 
e. When repeated on large scale the same reaction had an 80% de and 78% yield. 
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The enhanced stereoselectivity of conjugate additions using oxazolidinone 58 over 59 can most 

likely be attributed to the difference in rotation about the oxazolidinone side chains (Figure 

19). The aromatic ring of the benzyl sidechain has free rotation above the plane of the 

reactive double bond because of the presence of the methylene group. nus rotation effectively 

makes the group sometimes only the size of a methyl group. It can be seen by the differences 

in stereoselectivities exhibited by chiral auxiliaries 55 and 60 (refer to Table 4) that a methyl 

group is not as good as a phenyl group at directing the chirality to the ~carbon. 'This is 

probably the consequence of the methylene hydrogens being too far from the p-carbon to 

'greatly effect the stereochemical outcome. 'This is bo.me out by construction of simple models . 

.. 

Figure 19. Mechanism for decreased stereoselectivity towards 1,4 conjugate 
additions with the 4-benzyl-2-oxazolidinone. 

In all cases the stereoselectivity of the reaction was improved when the aromatic moiety was 

added to the crotonyl oxazolidinone (72-74) instead of the methylcuprate to the derivatized 

cinnamoyl oxazolidinone (75-77). There are several possible explanations for the observed 

differences. The first is the possibility that the aromatic ring, in conjugation with the double 

bond, makes the molecule more reactive to nucleophilic addition and hence less selective. This 
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is supported by the fact that electron donating groups on the aromatic ring. which would 

augment the electron density to the reactive double bond. increased the diastereoselective 

excess from 40% (75) to 96% (76). It is also possible that the methyl group is small enough 

to "get around" the chiral auxiliary for attack to the more hindered face. Yet another 

explanation is that in cases of 76 and 77 the aromatic ring is not able to lay planar with the 

rest of the conjugated system because of Va.'l der Waals interactions between the ring methyl 

groups and the hydrogen at the position of addition. This can be compensated for in the case 

of 76. where the 2' methyl group can lay on the side away from the ~-hydrogen and the 

aromatic ring can remain in conjugation. In the case of 77 this steric interaction is always 

present if the aromatic ring is to lie in the same plane as the double bond. The rotation might 

also provide the 2' and 6' methyl groups with the ability to partially shield the si face from 

attack. 

The stereochemical course of the reaction has been prooven by two methods. The first 

experiment was perfonned by Dr. Ernesto Nicolru;. who obtained the opticailly active 3-

phenylbutanoic acids (the hydrolysis products of 72 and 75) and showed that their optical 

rotations were the same as the literature value (prelog and Sherrer. 1959; Weider and 

Bergson. 1964). In a second experiment the X-ray structure for 3(2R.3R),4R 3-[3-(4'methoxy-

2' .6' -dimethylphenyl)-I-oxopropyl]-4-phenyl-2-oxazolidinone (Figure 20. the bromination 

product of 74). was deternlined demonstrating addition occurred from the less hindered si face. 

as proposed. The possiblity of the X-ray structure being the enantiomer of the compound 

exanlined was eleminated since the chirality of the oxazolidinone was known. 
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Figure 20. Stereo view ORTEP of 3(2R,3R),4R 3-[3-(4'methoxy-2',6' -dimethyJphenyJ)-l-oxopropyl]-4-phenyl-2-oxazolidinone (85) 
detennined by X-ray crystallography 

-oJ 
~ 
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Michael adducts 73, 74 and 76 were isolated in optically pure fonn by either fractional 

recrystallization and/or column chromatography. The diastereomeric pair 73 and 76 were 

easily differentiated by 250 MHz proton nmr. The 2'-methyl group can be seen at a 2.20 for 

the 3(3S).4S isomer (73) and at 8 2.31 for the 3(3R).4S isomer (76). Compounds 74 and 77 

have nearly identical proton nmr spectra, the difference between the 2' and 6' methyl groups 

being obscured by the broadness of the peaks. Their diastereoselectivities had to be 

detennined by 500MHz nmr. The isolation of optically pure 77 was not possible by either 

fractional recrystallization or column chromatography. However, the bromides of 77 could be 

purified. 

These experiments indicated that the 4-stereoisomers of the various substituted p-methyl amino 

acids could be prepared, provided the oxazolidinone was stable to bromination. If acyl-4-

phenyl-2-oxazolidinones 73, 74,76, and 77 had not been stable to bromination the auxiliary 

could have been hydrolyzed, and the chiral acid recoupled to the benzyl-oxazolidinone S9 in 

order to complete the synthesis of amino acids. The p-methyl amino acid stereoisomers are 

the D,L-erythro (2R.3R; 2S.3S) and D,L-threo (2R,3S; 2S,3R) pairs. 

The chirality required for L-erythro amino acids can be generated in the straightforward 

manner illustrated in Figure 21. Michael addition of methyl cuprate to the less hindered face 

of the acyl-oxazolidinones 6S and 66 sets the stereochemistry at the p-carbon. For the R chiral 

auxiliary this would be the R cOnfiguration. Bromination of Michael adducts 76 and 77, again 

to the less hindered face, followed by SN2 displacement with azide ion sets the chirality for 
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the 2S,3S compounds, as is shown in intermediates 91 and 93. Note that the introduction of 

a substituent at the a-carbon (e.g. Br, N3) leads to an inversion of assigmnent of the absolute 

stereochemistry at Cp. This is because the a-carbon now become~ higher priority than the 

aromatic ring on Cp. After the necessary additional steps the isolated products would be 

eryihro-L amino acids 11 and 13. The erythro-D amino acids (2R,3R) can be prepared by 

beginning with the S chiral auxiliary. 

CHaO~R Ph" CH30~R N Ph~ HO~ I T\ I -=-a h I ~ ~H2 
~ ~ N 0 .---~ ~ N O·---~ ~ • OH 'J( 'J( 

HaC 0 0 HaC CHa 0 0 . HaC CHa 0 

65; R=H 91; R=H erythro·L 
66; R=CH3 93; R=CH3 11; R=H 

13; R=CH3 

Figure 21. Strategy for the synthesis of erythro-L amino acids 11 and 13 

Two routes exist for the synthesis of the threo ~-methyl amino acids. Originally, it was 

believed that this would have to be done by setting chirality of the ~arbon via an asymmetric 

Michael addition of the type described in Figure 21, except with the S clural auxiliary 

producing intennediates 78 and 79 (Figure 22). The S chiral auxiliary can then be hydrolyzed 

replaced with its R fonn so that intennediates 73 and 74 could be obtained. Afterbromination 

and azide displacement the compounds would have the 2S,3R configuration, ultimately 

furniShing threo-L amino acids 10 and 12. 
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-------

HO~' RNH _ 2 

------- : ':' OH 

H3C CH3 0 

L-threo 
10; R=H 
12; R=CH3 

Figure 22. Strategy for the synthesis of L-threo amino acids 10 and 12 using 
methylcuprate 1.4 additions 

The previously described route for the threo isomers was to be used because of the initial 

difficulties encountered in generating the Grignard reagents of 4-bromo-3-methylanisole (46) 

and 4-bromo-3,5-dimethylanisole (47). One additional problem that was very important to this 

area was the minimization of the amount of bromoethane catalyst used in the preparation of 

the aryl Grignards (refer to Table 3, Chapter 2), Since ethyl magnesium bromide can also 

form Michael adducts it was necessary to decrease or eliminate its use to minimize side 

products. Once this problem was overcome the route to the threo isomers could be performed 

setting the chirality at the ~-carbon with the asymmetric Michael addition of the aryl Grignard 

to the crotonyl oxazolidinone (Figure 23). Bromination and azide displacement results in 

2S.3R compounds 90 and 92. TIlis route saves two synthetic steps since it does not require 

the removal and recoupling of chiral auxiliaries. 



-----~~~OH 
H3C CH3 0 

L-threo 
10; R=H 
12; R=CH3 

Figure 23. Strategy for the synthesis of L-threo amino acids 10 and 12 using 
arylcuprate 1,4 additions 
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Michael adducts 74 and 77 show interesting proton nmr properties. The spectrum of 74 is 

shown in Figure 24. The 2' and 6' methyl groups appear as broad singlets at S 2.44 and 2.22 

with an integration of 3 protons each. In 77 these peaks come at 2.43 and 2.32 ppm. This 

implies that there is hindered rotation between C~ and the aromatic ring. The difference in 

chemical shifts can be attributed to the anisotropy between the methyl groups, and their 

broadness is probably due to the slow rotation of the aromatic ring. Temperature dependent 

runr studies are currently underway to detennine the magnitude of these rotational barriers. 
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Figure 24. 500MHz IH nmr spectrum of 3(3S).4R 3-[3-(4'-methoxy-2'.6'-dimethylphenyl)-l-oxobutyl]-4-phenyl-2-oxazolidinone (74) 
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Bromination of 3-acyl-4-substituted-2-oxazolidinones 

For this study, the procedure for the bromination reactions was the. same as that described by 

Evans (1990). The reactions require 1.1 eq diisopropylethylamine and 1.05 eq di(n-butyl)boron 

triflate at -78°C in dry dichloromethane and wanning to O'C to trap and complex the more 

stable E-enolate of the acyl-oxazolidinones. After recooling the enol ate was transferred to a 

-7SoC slurry of 1.3 eq N-bromosuccinimide in dry dichloromethane. The reaction was then 

stirred at that temperature for 2 hours before quenching. This causes attack of the enolate ion 

on the electrophile from the less hindered, re face, producing the product whose chirality is 

of the same designation as the chiral auxiliary. The results for these experiments are delineated 

in Table 7 and the reactions shown in Figure 25. The proton runr spectra of purified bromides 

81 - 86 are shown in Appendix A. 

Two quenching protocols for the reaction were examined. The first protocol used was that 

where the reaction was quenched by the addition of pH 7.0 phosphate buffer followed by 

treatment with methanol and hydrogen peroxide. While this method seemed to work fine it 

was quite cumbersome since the addition of reagents had to be done so slowly (sometimes 

hours), and the removal of solvents by rotary evaporation had to be done at a modest 30·C. 

This workup does have the advantage that the boron byproducts are removed as water-soluble 

boron salts. 
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1. DIEA, CH Cl.z CH 0 R R1~. 
n-BuzBOTf, Z_7!S°C 3 ~3Br 1\ 

~ I ,&:: NyO 
2. NBS 

CH3 R2 0 0 

67,68,73 
74,76,77 General form of brominations 80-86 

Ph.,. 

CH30'QJyBr }-\ 
I,&:: N 0 

Y 
CH3 0 0 

81 

Ph.,. 

CH30'Q}yBr "h 
I,&:: N 0 

=. Y 
CHa CHa 0 0 

83 

Ph.,. 

CH30'Q-)ysr h 
I~ N 0 

Y 
CHa CHa 0 0 

Ph.,. 
CH30~CH~r "h 

I,&:: N 0 
=. Y 

CHa CHa 0 0 

84 8S 
Ph 

CH 0Y)yCHa ""i---\ 3 ~ Br I \ 

I~ N 0 
V 

CHa CHa 0 0 

86 

Figure 25. Structures of bromides prepared in this study 
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Table 7. Stereoselectivity of brominations with dliral 3-acyl-4-substituted-2-oxazolidinones. 

Product Rl R2 R3 Workup8 % Yield %de 

80 CH2Ph H H A 98b 86d 

81 Ph H H A 70 >98e 

75 92 

82 Ph H CH3 B 82 78 

83 Ph R-CH3 H B 88 >98e 

84 Ph S-CH3 H B 20 >98e 

8S Ph R-CH3 CH3 B 38c 80 

86 Ph S-CH3 CH3 B 77 88f 

a. A: Reaction quenched with hydrogen peroxide/methanol in pH 7.0 phosphate buffer. B: 
Reaction quenched with sodium bisulfate; b. Crude yield. The purified product was not 
isolated; c. 38% of the pure product was isolated, the remainder was used as a mixture of 
isomers; d. the chiral auxiliary and bromide are of the S configuration; e. The other isomer 
was not detectable by IH nmr, f. 4% of starting material was recovered from the reaction. 

A second. and much simpler method employs addition of 0.5 M sodium bisulfate solution and 

warming to room temperature for 30 minutes. On occasion the crude product only showed one 

spot by tIc before quenching. and after workup there was a second, higher R f spot. Proton runr 

suggested that this high Rf material might contain bromination products that remained 

complexed to the di(n-butyl)boron. Since the yield of these products was typically only a few 

percent. attempts to further characterize them were abandoned. It is possible this problem 

could be avoided in the future if the quenching times were longer. No investigation into the 

optimum quenching time was made. 

The stereoselectivity for the bromination reaction ranged from 86 to 100% de by proton runr, 

depending on the substrate and the batch. The stereoselectivity was much better for the phenyl 
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oxazolidinone than the benzyl oxazolidinone as demonstrated by 80 and 81. The 

stereoselectivity in these reactions did not seem to be affected by the presence of a second 

chiral center in the molecule as reported with the benzyl oxazolidinone (Dharanipragada et al., 

1991). In those cases 3(3R),4R 3-(3-phenyl-l-oxopropyl)-4-benzyl-2-oxazolidinone was shown 

to brominate with 98% de and the 3(3S),4R isomer with 88% de. The same results were 

observed with the enantiomers. In this investigation, no such trend was found with isomers 

83 and 84, both products showing equal selectivity to that of 81, which does not contain a 

methyl group at the ~-carbon. 

The results reported by Dharanipragada et al. can be explained by construction of simple 

models (Figure 26). These models suggest that the aromatic ring plays a larger role in 

directing the chirality from C~ than does the methyl group. Rotation of the methylene group 

present on the chiral auxiliary allows the aromatic ring to adopt a nearly parallel position 

directly above Ca of the enolate. This interaction is probably stabilized by x-x interactions 

with the sterically less demanding E enolate. In this conformation, rotation around the Ca-C~ 

bond leads to steric interactions between the chiral auxiliary's aromatic ring and either the 

methyl group or the aromatic ring on C~. Only the hydrogen on C~ does not come close 

enough to disrupt the position of the chiral auxiliary. If it is assumed that when the hydrogen 

points towands the aromatic ring of the chiral auxiliary, it is the most stable conformation for 

C~. then the results are easy to explain. If the chirality of C~ is S then the aromatic ring will 

be forced into a position near to the enolate oxygen (left). In the case of the R chirality at C~ 

this steric interaction is mininlized and the hence the greater stereoselectivity (right). 
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Figure 26. Newman projection from Cp of enolates derived from 3(3S).4R 
and 3(3R).4R 3-(3-phenyl-l-oxopropyl)-4-benzyl-2-oxazolidinone 
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The results found in this study can be explained using a similar model. The phenyl 

oxazolidinone. with the absence of the methylene group. does not have the freedom of rotation 

possible with the benzyl oxazolidinone. Without the methylene group the chiral auxiliary also 

does not have quite the same "reach." This allows freer rotation arOlmd Cp without the 

possibility of sterlc interactions with the crural auxiliary. pennitting the greater stereoselectivity 

observed in 83 and 84. 

In the cases of 85 and 86 the results do not correlate with those of Dharanipragada et al. 

(1991). This seems to suggest the effect may be due to the extra steric bulk of the 2' and 6' 

methyl groups. Aromatic rings containing both 2' and 6' methyl groups (82. 85. and 86) 

showed a drastic decease in stereoselectivity relative to their 2'-methyl counterparts (81.83. 

and 84). illustrating the importance of the second methyl group. Rotation about the CIl-Cp 

bond can bring these methyl groups into close proximity with the position ofbromination and 

even partially runder the face opposite the crural auxiliary when properly oriented. As 
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discussed previously, this problem is somewhat overcome in the 2'-metbyl cases by the ability 

of the ring to rotate such that the methyl group is away from the reactive site. 

The ability of the phenyl substituent of oxazolidinone 58 to direct bromine addition with the 

proper stereochemistry was supported by the X-ray structure of 85 (shown in the previous 

section; Figure 20). An X-ray structure was also solved for bromides 81 (Figure 27) and 84 

(not shown). The structures all show that if both carbonyl groups are rotated so that they are 

in the same plane. as they should be when complexed by di(n-butyl)boron, the bromine has 

added from the face opposite the phenyl group on the oxazolidinone. These are the first 

known X-ray structures solved showing the basis for the selectivity with 4-phenyl-2-

oxazolidinone (58) as a chiral auxiliary. 

It is interesting to note that a net retention of stereochemistry probably takes place around this 

carbon during the bromination reaction. The less hindered pro R proton is more likely 

removed and replaced by bromide. This could be easily supported by experiments where the 

pro R and S hydrogens were selectively replaced by deuterium and bromination reactions 

repeated. 
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Figure 27. Stereo view ORTEP of 4R 3-[3-(4'-methoxy-2'-methylphenyl)-l-oxopropyl]-4-phenyl-2-oxazolidinone (81) as detennined 
by X-ray crystallography 

00 
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Examination of diastereomeric bromides by proton nmr 

The stereoselectivity of the brominations was examined by IH runr typically by integration of 

the 2' -methyl or 2' and 6' methyl groups present in the diastereomeric mixture after 

chromatography. Epimeric bromides were prepared by refluxing the purified products 80-86 

with lithium bromide in tetrahydrofuran. The reaction causes SN2 displacement of bromide 

by bromide leading to net racemization at the <x-carbon. Where possible the isomers were 

isolated and characterized. Table 8 shows the sensitivity of the 2' and 6' methyl groups to the 

chiral nature of the compounds. 

Table 8. Proton runr data for epimeric bromides. 

Chemical shift of 2' and 6' methyl 
Chirality groups, 0 

Bromide at Cp Chirality of bromide 

R Sa 

67 None 2.37 2.36 

68 None 2.33 2.22 

69 None 2.36 2.08 

70 S 2.31 2.29 

71 R 2.20 2.03 

72 S 2.42,2.36 2.47,2.32 

73 R 2.48,2.31 2.48,2.11 

a. alI eplmers are of the S configuration. 
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Of interest are 2',6',I3-trimethyl compounds 8S and 86. These bromides and their epimers show 

the 2' and 6' methyl groups as a pair of sharp singlets with as varying from 0.06 ppm for S-8S 

to 0.37 ppm for R-86. Again, these effects are the result of different degrees of anisotropy and 

hindered rotation around the CIl-aromatic ring bond. These compounds are also being further 

investigated to determine the magnitude of these effects. 

Preparation of 3-(2-azido)-4-phenyl-2-oxazolidinones 

Once optically active bromides were obtained the next step was the incorporation of nitrogen 

into the molecule which ultimately becomes the a-amino group of the amino acid. This was 

accomplished through the use of azide ion via a 100% SN2 process. In the original procedure 

3 equivalents of tetramethylguanidinium azide was added to a 0.2-0.5M solution of crude 

bromide in dichloromethane at O'C for times from 2 to 10 hours (Evans et at., 1985). Using 

this method no epimerization was reported. In this study two other reagents also were 

investigated for this purpose, tetra(n-butyl)ammonium azide (Brandstrl5m et al., 1974), and an 

azide ion exchange resin (Hassner et ai., 1986). The results for the displacement of bromide 

with these azides in various solvents are summarized in Table 9 and the structures of the 

products shown in Figure 28. 

What one would ideally like to have for this reaction is an organic soluble azide with a very 

simple synthesis that leads to no epimerization during the displacement. 

Tetramethylguanidinium azide falls into this class, but the synthesis requires potentially 
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Table 9. Effects of solvents and various nucleophilic azides towards SN2 reaction with 
optically active 3-(2-bromo-3-phenylacyl)-4-substituted-2-oxazolidinones in various solvents. 

Reaction 
Product Rl R2 R3 Azide Solvent time. % Yield 

1. 87 CH2Ph H H TBAA CH2Cl2 Sma 58b 

2. 88 Ph H H TMGA CH2Cl2 90 mina c 

3. TBAA CH2Cl2 90 mina c 

4. TBAA CH2Cl2 120 mind 97 

5. TBAA CH2Cl2 120 mind 54 

6. TBAA CH2Cl2 8 hrd 65 

7. Resin CH3CN 8 h(l c 

8. Resin CH3CN 8 hrd 99 

9. 89 Ph H CH3 Resin CH3C~ 9 daysa 100 

10. Resin THF 7 daysf f 

11.90 Ph R-CH3 H TBAA CH3CN 4h(l 93 

12.91 Ph S-CH3 H TBAA CH3CN 10hf 80 

13.92 Ph R-CH3 CH3 Resin CHCl3 14 daysg g 

14. TBAA CHa3 48 h(l 87 

15. TBAA CH3CN 6h(l 97 

16.93 Ph S-CH3 H TMGA CH3CN 12 hf 100 

17. Resin CH3CN 6 daysa 85 

TBAA: tetra(n-butyl)ammonium azide; TMGA: tetramethylguanidinium azide; Resin: IR-400 
quaternary ammonium azide exchange resin; a. Reaction monitored by tIc and/or IH nmr and 
was complete within the given time; b. Crude bromide used. Yield reflects isolated product; 
c. Microscale. Products not isolated; d. Total reaction time. Reaction not interminantly 
checked for completion; e. The bromide was only sparingly soluble in acetonitrile; f. No 
reaction observed by tic or 1 H rum after this time; g. Only a trace of product was observed by 
tic after this time. 
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Figure 28. Structures of azides prepared in this study 
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dangerous hydrazoic acid. The synthesis of this azide was described by Papa (1966). In the 

synthesis hydrazoic acid was generated from hydrochloric acid and sodium azide in water at 

O·C. The acid was extracted into ether and added to cold tetramethylguanidine to fonn the 

azide salt. Although this reagent has clearly been successful it would be better to use a reagent 

prepared from less potentially hazardous materials. 

Tetra(n-butyl)ammonium azide is also soluble in organic solvents. According to the literature 

this compound may be prepared by mixing together an aqueous solution of sodium azide with 

tetrabutylammonium hydroxide manufactured from tetrabutylammonium hydrogen sulphate and 

sodium hydroxide. The product can then be extracted into dichloromethane. The first 

extraction of the bulk of the product with dichloromethane has the unusual trait of being in the 

~ organic phase. All subsequent extractions are as expected, with dichloromethane as the 

lower phase. The procedure was simplified by the use of commercially available 

tetrabutylammonium hydroxide (Aldrich Chemical Co., Wilwaukee, WI). When repeated the 

yield for the reaction was 97% on a 0.75 mol scale. In an isolated case during the preparation 

of the azide an explosion occurred in a cold trap while vacuum drying the product. Two other 

explosions happened to co-workers while working with the azide during different stages of the 

synthesis before the problem was finally isolated. Shortly after these incidents the preparation 

of di- and triazidomethane and their hazardous nature was reported (Hassner et al., 1990). In 

this report it was demonstrated that diazidomethane could be generated from the reaction of 

azide ion exchange resin with dichloromethane. At concentrations of greater than 73% this 

compound was found so unstable that explosions were noted during transfer with a pipet. 
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The third azide examined was the azide exchange resin reported by Hassner. This resin was 

prepared by treating thoroughly cleaned Amberlite IR-400 quaternary ammonium resin with 

a 20% aqueous solution of sodium azide. The resin was then simply stirred with the substrate 

to effect the desired substitution. This resin has several advantages. Its preparation is 

obviously simple. isolation of products only requires filtration and removal of solvents. and the 

resin is recyclable. One disadvantage to the resin is that it tends to fragment when stirred with 

a stir bar. The reaction conditions described require 12.5 equivalents of azide ion (approx. 

3.8 meq/g; commercially from Aldrich) mixed with a O.25M solution of the bromide. In this 

study 3-4 equivalents of resin was used for direct comparison with the other azides. 

All three azide reagents worked extremely well in dichloromethane. The reaction times for ~

methyl bromides and those bromides without methyl groups at the ~-carbon were the same. 

on the order of a few hours. When dichloromethane was originally used as the solvent. the 

azide resin was clearly the azide reagent of choice. This was demonstrated by Dr. 

Dharanipragada in our labs who effected substitution of various 3-(2-bromo-3-phenyl-l

oxobutyl)-4-benzyl-2-oxazolidinones. This was mostly because of the ease of workup. After 

the reaction was complete the resin was removed by filtration and washed with additional 

solvent to quantitatively yield the azides without any detectable racemization by proton nmr. 

After the explosions and the report of Hassner (1990). other solvents were investigated for 
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these reactions. In the 1986 paper several solvents were examined, some of which are 

tabulated in Table 10. The best were dimethylfonnamide and acetonitrile with the azide 

exchange resin. Since it is generally easier to remove. acetonitrile was chosen to look at the 

azide displacement reactions. Also after the mishaps. the possibility of using tetra(n

butyl)ammonium azide was eliminated on the basis that during its preparation it was extracted 

into dichloromethane. 

Table 10. Relative rates of conversion ofn-hexyl bromide to n-hexy1 azide using azide resin.a 

Solvent % Conversionb Solvent % Conversion 

toluene 23 ethyl ether 54 

chlorofonn 26 acetone 82 

methanol 32 acetonitrile >95 

tetrahydrofuran 38 dimethylformamide >95 

pentane 52 

a. Hassner et al .• 1986; b. measured by GC after 4 hour reaction time. 

When acetonitrile was used as the solvent several problems were encountered. The first 

problem was some rather curious solubilities. All of the compounds were freely soluble in 

dichloromethane. In acetonitrile however, the typical reaction conditions of a 0.25M solution 

of the bromide pushed the limits of solubility in some cases. Another drawback was at these 

concentrations there was hardly enough solvent to efficiently cover the resin. During Hassner's 

experiments with the reactivity of the azide resin on various substrates only liquids were 

examined. In the synthesis of 89. bromide 82 was not even soluble at 0.065M and the reaction 
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with azide resin was carried out as a slurry (entry 9, Table 9). However, 82 was found to be 

freely soluble in tetrahydrofuran. But after three weeks there was no sign of reaction when 

the azide resin was used in tetrahydrofuran as detennined by proton nmr (entry 10). 

While the reaction with azide resin was quite facile in dichloromethane, it was more sluggish 

in acetonitrile. For 89 the reaction took nine days to go to completion, probably due in part 

to the poor solubility. Still, in the case of bromide 85, which was freely soluble in acetonitrile, 

the reaction took 6 days to go to completion (entry 13). This problem may be the result of 

poor solvation of the resin which makes. it difficult for the bulky bromide molecules to get 

close enough to the azide anion for reaction. 

With the time constraints imposed by the resin, the utility of tetramethylguanidinium azide in 

acetonitrile was investigated. While slightly slower than the same reaction in dichloromethane, 

the reaction went to completion in less than six hours in acetonitrile, as demonstrated by 92 

(entry 15). 

Finally, the preparation of tetra(n-butyl)ammonium azide was re-examined. Preparation of this 

azide as previously described was repeated with water-miscible acetonitrile in hopes of taking 

advantage of the peculiar solubility properties observed during the first extraction of the 

product. When the product was extracted with acetonitrile two phases were noted. Again, the 

upper phase was the organic phase. After saturation of that aqueous phase with sodium 

chloride, upper organic phases were obtained throughout the extractive procedure. Following 
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removal of solvents, a solid in solution was obtained in low yield with no resemblance to the 

authentic material isolated from dichloromethane. 

The procedure was repeated a final time using chlorofonn to extract the product Although 

it might appear irrational at first, Hassner et aJ. (1990) stated that chlorofonn was unreactive 

toward reaction with azide exchange resin. Only 50% conversion of bromoform to 

triazidomethane was noted after 22 days. Chloride ion, being a poorer leaving group than 

bromide, would thus make the reaction considerably slower. Extraction of the product with 

chloroform led to lower organic phases for all extractions. After drying the extracts and 

careful removal of solvents, tetra(n-butyl)ammonium azide was recovered in quantitative yield. 

The use of this reagent was examined in both chlorofonn and acetonitrile in the preparation 

of 92 (entries 14 and 15). Identical samples of 85 were treated with tetra(n-butyl)ammonium 

azide in either acetonitrile or chloroform, and the reaction was monitored by tic. The reaction 

in acetonitrile showed significant progress after 1.5 hours, while little progress was noted in 

chloroform as judged by relative intensities of starting materials and products. As determined 

by tlc and nmr, the reaction in acetonitrile was complete in 6 hours, while the reaction took 

something less than 48 hours in chlorofonn. 

Finally, the reactivity of azide exchange resin in chloroform was also examined (entry 13). 

As a test compound 8S was dissolved in chlorofonn and azide exchange resin added. There 

was no trace of azide 92 even after two weeks. 
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In summary, of the three reagents used, it appears that the reagent of choice is tetra(n-

butyl)amrnonium azide. This reagent has the advantage of having a simple, safe synthesis with 

a reasonable reaction time. The other two reagents, while useful, are either sluggish in their 

conversion of bromide to azide or are hazardous to prepare. The solvent of choice is 

acetonitrile. This is due to its 6 hour reaction time. Even with its somewhat slower reaction 

time (48 hours), chlorofonn was also a good solvent because it can be more easily removed. 

Preparation of a-azido acids and recovery of the chiral auxiliary 

The peroxide-mediated hydrolysis of the chiral auxiliary proceeded quantitatively in all cases 

(Figure 29). In general the reaction requires 2 equivalents of lithium hydroxide and 4 to 8 

equivalents hydrogen peroxide (Evans et al., 1990) in a THF-water mixture. The two products 

were separated by extractive workup. First, the organic soluble chiral auxiliary was separated 

from the water soluble lithium salt of the azido acid. The acid is the removed by extraction 

into organic solvent after acidification of the aqueous layer. 

Two parameters had to be closely maintained during the reaction. The first was the addition 

of hydrogen peroxide to the reaction flask before the addition of lithium hydroxide. This 

causes formation of peroxide anion which leads to the oxidative exocyclic cleavage of the 

oxazolidinone, providing the lithium salt of azido acid and the chiral auxiliary. 

There are two carbonyl sites where a nucleophilic species might attack. Studies have indicated 
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that when the R-group is primary, attack of hydroxyl anion is preferentially on the exocyclic 

carbonyl. However, when the R-group is secondary or tertiary, the tendency is for the ring to 

undergo endocyclic cleavage leading to the amide derivative instead of the free acid and the 

chiral auxiliary (Evans et a/., 1987b). This could potentially lead to problems when dealing 

with the R-groups required for the synthesis of the ~-methyl amino acids. 

In the proposed mechanism, which leads to the ability of peroxide mediated hydrolysis to yield 

exclusively exocyclic cleavage, the nucleophilic attack of the peroxide anion is reversible. This 

means that the oxazolidinone is a better leaving group than the alcohol under the reaction 

conditions. 

Reduction of azido acids and hydrolysis of the methyl ethers 

The reduction of the azido acids and hydrolysis to prepare tyrosine derivatives 8 - 13 is shown 

in Figure 30. Reduction of azido acids 94 - 99 was facile in all cases. Hydrogenation with 

palladium on carbon in acetic acid and water yielded the acetate salts 100 - 105 in nearly 

quantitative yields. In the cases of 2',6',~-trimethyl compounds 104 and 105, some side 

products were noted in the nmr spectra. It is not clear what these side products are since they 

show the presence of typical ~-methyl doublets, but lack the presence of the corresponding a 

and ~ hydrogen peaks. It does seem certain, however, that the 104 and 105 are not racemizing 

at the a-carbon. Acetate salts 100 - lOS were either directly hydrolyzed or converted to their 

hydrochloride salts. 
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For analytical purposes, the salts were purified by ion exchange chromatography on strongly 

acidic resin. Recovery from the resin was accomplished with dilute ammonium hydroxide. 

After lyophilization the free amino acids were obtained. While treatment of the salts yielded 

highly purified amino acids, the recovery form the column was only about 50%. Since highly 

purified azido acids were generally used, the poor recovery from the resin must have been due 

to non-specific adsorption. 

Removal of the methyl ether was attempted using a couple of different routes. Reports have 

noted the utility of trimethylsilyl iodide in acetonitrile as a mild method for the cleavage of 

aryl ethers, yielding a phenol and an alkyl iodide (Olah et al., 1979; Morita et al., 1978). This 

reaction was attempted unsuccessfully. When this failed, "brute force" acid hydrolysis with 

HBr and acetic acid was employed using conditions as described by Doxsee et al. (1987). After 

removal of solvents amino acids 8 - 13 were obtained as their hydrobromide salts. The amino 

acids are suitable for protected or the can be further purified by ion exchange chromatography. 

The anlino acids were examined by chiral tic according to the method of Toth et al. (1990). 

Each amino acid synthesized was a single homogeneous spot, supporting the chiral purity of 

each isomer. The proton nmr spectra of amino acids 8 - 13 are shown in Appendix B. 

Conclusions and future directions 

While it has previously been demonstrated that some chiral auxiliaries can be used for the 
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synthesis of ~-methyl-a-amino acids and a-amino acids, this is the first time that an acyl-

oxazolidinone has been successfully employed for this purpose. The number of amino acids 

which might be synthesized by this methodology is only limited by the ability to synthesize 

the a,~-unsaturated acids which are stable to the conditions of the Michael addition and 

bromination reactions. Certainly there is still much worlc. to do in the tyrosine and 

phenylalanine series. Tyrosine and phenylalanine derivatives containing larger ~-alkyl groups 

and varying substitutions on the aromatic ring with simultaneous substitutions at the ~-carbon 

would be of interest These results are the first known reported cases of amino acids 

containing ring alkylations in conjugation with ~-alkylations. The nrnr ~ata of these amino 

acids clearly shows that in the cases of 12 and 13, there is conformational restriction in the 

amino acids. While the rotational barriers are obvious in the cases of 12 and 13, the possibility 

of hindered rotation still exists with the remaining four amino acids synthesized. It is hoped 

that these amino acids, especially 12 and 13 would have similar conformational restrictions, 

and perhaps greater, once they are incorporated into peptide analogues. 

The next logical step is the actual incorporation of these, and other amino acids, into the 

various peptide hormones. This worlc. is currently under way in our laboratory. Other amino 

acids in the aromatic series that would be of interest to make include derivatives of Trp and 

His. 

Further worlc. with this chiral auxiliary should also be examined in the asymmetric synthesis 

of cyclopropyl amino acids and in the synthesis of ~-methylaspartic acid and 'Y-methylglutamic 
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acid through coupling of the chiral auxiliary to the y and 0 carboxylates respectively. Finally, 

it would be interesting to develop a method to couple this clural auxiliary to racemic amino 

acid mixtures to see if the mixture becomes optically enriched after deprotonation and 

repotonation. It seems clear that the potential uses of the 4-phenyl-2-oxazolidinone (58) are 

only in their infancy. 
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EXPERIMENTAL METHODS IN ASYMMETRIC 

AMINO ACID SYNTHESIS 
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General. All reagents, unless otherwise noted, were purchased from Aldrich Chemical Co. 

(Milwaukee, WI) and used without further purification. Tetrahydrofuran was distilled from 

sodium-benzophenone ketyl under argon in a recycling still and stored over sodium under 

argon. Triethylamine and diisopropylethylamine were distilled and stored over calcium hydride 

under an argon aUllosphere. Pivaloyl chloride was distilled and stored under argon. N

Bromosuccinimide was recrystallized from water. Melting points were determined on a 

Thomas Hoover capillary melting point apparatus (Arthur H. Thomas Co., Philadelphia, PA) 

and are uncorrected. Nuclear magnetic resonance (nmr) spectra were run in C003 on a 

Bruker WM250 Fr instrument (Bruker Instruments, Inc., BelIerica, MA) at 250 MHz for 

proton and 93.65 MHz for 13C unless otherwise stated. Spectra at 500 MHz were recorded 

on a Bruker AM500 spectrometer. Chemical shifts are reported on the 0 scale in ppm with 

tetramethylsilane as an internal reference unless otherwise noted. Optical rotations were taken 

on an Autopol III polarimeter (Rudolph Research, Fairfield, NJ). Mass spectra were recorded 

on an HP5988A mass spectrometer. Column chromatography was performed using normal 

phase silica gel (60A, 70-230 mesh). Thin layer chromatography (tIc) was performed using 

Merck silica gel 60 F254 glass backed plates. Detection was done using either 12, ninhydrin, 

or ultraviolet light. Elemental analyses were performed by Desert Analytics (Tucson, AZ). 
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Acid Precursors 

5-Methyl-2-nitroanisole (31). AlL round bottom flask fitted with magnetic stirbar was 

charged with 5-methyl-2-nitrophenol (33, 100 g, 634 mmol), acetone (500 mL), potassium 

carbonate (150 g, 1.06 mol), and methyl iodide (49 mL, 790 mmol). The reaction mixture was 

heated to reflux and monitored by tIc (1:9, EtOAc:Hex, v/v) until no starting material was 

visible. Volatiles were removed by rotary evaporation, and the orange solid stirred in 10% 

aqueous sodium hydroxide (500 mL). The solid was filtered, washed with water (1.5 L). 

dissolved in dichloromethane (600 mL). filtered through a Celite cake, dried over anhydrous 

magnesium sulfate, filtered, and rotary evaporated to dryness. The pale yellow solid (106 g, 

100%) was identical to the commercially available material. Mp 56.0-57.0·C (Aldrich 58-

60'C); IH nmr 0 7.79 (d. J=8.3 Hz. 1 H. Ar-3H). 6.88 (s, 1 H. Ar-5H).6.81 (d. J=8.1 Hz. 1 

H. Ar-4H). 3.94 (s. 3 H. -OCH3). 2.42 (s. 1 H. -CH3). 

4-Methoxy-2-methyl-5-nitrobenzaldehyde (34). Into a 2 L three neck round bottom flask 

fitted with pressure equalizing addition funnel. gas inlet. and equipped with magnetic stirrer 

was added 5-methyl-2-nitroanisole (31. 50.0 g. 299 mmol) and dry dichloromethane (180 mL). 

The third neck of the flask was fitted with a glass stopper and the system purged with argon. 

Titanium (IV) chloride (1 M in dichloromethane. 645 mL) was transferred to the addition 

fwmel via cannula and added dropwise to the stirring anisole solution over about one hour. 

After addition was complete the dark solution was stirred for 15 minutes. The addition funnel 

was charged with a.a-dichloromethyl methyl ether (29.9 mL. 330 mrnol) which was added 
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dropwise over 5 minutes. The addition funnel was exchanged for a reflux condenser, and the 

solution refluxed for four hours then cooled to near room temperature. The reaction was 

quenched by carefully pouring the solution onto 1 L crushed ice and stirring overnight. The 

organic layer was separated and set aside. The aqueous layer was extracted with 

dichloromethane (3 X 100 mL). Organic extracts were combined with the original organic 

phase, washed with water (2 X 200 mL), saturated sodium bicarbonate solution (1 X 200 mL), 

dried over anhydrous magnesium sulfate, filtered, and solvents removed by rotary evaporation. 

The light brown solid was dried ill vacuo to yield 56.0 g of the crude title compound. Proton 

nmr showed the material was ca. 68% product, 7% side products, and 25% starting material. 

A small amount of the product was purified by column chromatography for analysis and the 

remainder of the crude product was used without further purification. Mp 138-140·e; IH runr 

o 10.12 (s, 1 H, -eRO), 8.36 (s, 1 H, 6-H), 6.94 (s, I H, 3-H), 4.05 (s, 3 H, -OCR3), 2.75 (s, 

3 H, -CR3); l3e runr 0189.2, 156.2, 148.2, 137.4, 130.1, 126.7, 116.1,56.9,20.2; IR (KBr, 

cm· I) 1700. 1560, 1510. 1310, 1270; elMS Calcd for C9H9N04 195.05315, found (m/e, 

relative intensity) 196.15 (M++l, 100); tlc Rf = 0.12 (7:3, Hex:EtOAc, v/v), 2,4-DNP (+); 

Anal. calcd for ~H9N04: e, 55.39; H, 4.65; N, 7.18. Found e, 55.39; H, 4.64; N 7.15. 

2E Ethyl 3-( 4' -methoxy-2' -methyl-5' -nitrophenyl)-2-propenoate (37). Into a clean, dry three 

neck 3 L round bottom flask fitted with mechanical stirrer and gas inlet was added freshly 

distilled tetrahydrofuran (2.0 L) and triethyl phosphonoacetate (49.6 ml, 240 mmol). Stirring 

was initiated and the solution cooled in an icebath. Potassium tert-butoxide (28.4 g, 

240 010101) was added in one batch, and the system purged and maintained under an argon 

atmosphere. The solution was stirred for 20 minutes and became tinted faintly green. 4-
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Methoxy-2-methyl-5-nitrobenzaldehyde (21. 56 g. ca. 200 mmol; crude material from previous 

reaction) was added over 5 minutes. The solution quickly turned orange and thickened. The 

reaction was stirred vigorously for 1 hour. A small amount of the crude ester was purified for 

analysis by column chromatography. Mp 136-138·C; 1H nmr B 8.11 (s, I H. 6' hydrogen). 

7.81 (d. J=15.8 Hz. I H, Ar-CH=CH-). 6.89 (s. 1 H. 3' hydrogen). 6.34 (d. J=15.8 Hz. 1 H. 

Ar-CH=CH-). 4.26 (q. J=3.7 Hz. 2 H. -CH2-). 3.97 (s. 3 H. -OCH3). 2.49 (s. 3 H. Ar-CH3). 

1.33 (t. J=3.7 Hz, 3 H, CH3-CH20); l3C runr B 166.5, 153.5, 144.9, 139.2. 125.9. 123.9. 119.8, 

115.2,60.6,56.5,20.3. 14.1; IR (KBr, em-I) 1710, 1620. 1520, 1350,1280, 1180, 1070,980, 

860; ElMS calcd for C13H1SNOS 265.09501. Found: m/e (relative intensity) 265.20 (~+ I, 

100); tlc Rf = 0.17 (7:3, Hex:EtOAc, v/v); Anal. calcd for C13H1SNOs: C, 58.42; H, 5.70; N, 

5.28. Found: C 58.47, H 5.68, N 4.98. 

2E 3-(4' -Methoxy-2' -methyl-5' -nitrophenyl)-2-propenoic acid (38). The slurry containing 

crude ester 37 was concentrated to a volume of about 600 mL under reduced pressure and was 

diluted with methanol (200 mL) and water (200 mL). Lithium hydroxide monohydrate (32 g, 

762 mmol) was added in one portion and the mixture was stirred overnight at room 

temperature. Volatiles were removed by rotary evaporation. The remaining aqueous slurry 

was diluted to a volume of 1.5 L with water and washed with dichloromethane (5 X 250 mL). 

The mixture was acidified to pH 1 (universal pH indicator paper) with 6 N hydrochloric acid 

and stirred for an additional 30 min. The brown solid was suction filtered and oven dried, 

yielding 41.8 g (59%) of the title compound (from 34; 79% based on recovered starting 

material). A small amount of the material was recrystallized from ethyl acetate and hexanes 

for analysis. Mp 209-21OoC: IH nmr (C003 + d60MSO) 0 8.11 (s. 1 H. 6' hydrogen). 7.80 
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(d, 1 H, J=15.9Hz, Ar-CH=CH-), 6.93 (s, 1 H, 3' hydrogen), 6.34 (d, J=15.8 Hz, 1 H, Ar-

CH=CH-), 3.99 (s, 3 H, Ar-OCH3), 2.50 (s, 3 H, Ar-CH3); 13C nmr (CDCI3 + d6DMSO) 

o 166.9, 152.4, 144.1, 138.1, 136.5, 124.9, 122.6, 119.5, 114.5,55.6, 19.2; IR (KBr, em-I) 

2970, 1710. 1560, 1540. 1500. 1260, 1000,830,710; EIMS eaIed for CllHl1NOS 237.06371. 

Found: mle (relative intensity) 237.1 ~, 50), 220.1 (100), 15.1 (47); tIe RFO.42 

(CHCI3:MeOH:AcOH, 90:8:2, v/v/v); Anal. calcd for CllHllNOs: C. 55.69; H, 4.67; N, 5.90. 

Found C. 55.58; H 4.61; N 5.76. 

3-(S'-Amino-4'-methoxy-2'-methylphenyl)propanoic acid (42). A clean. dry 500 mL 

hydrogenation vessel was charged with 2E 3-(4' -methoxy-2' -methyl-5' -nitrophenyl)-2-propenoic 

acid (38, 18.9 g, 79.7 mmol) and methanol (250 mL). Argon was bubbled through the 

suspension for five minutes and 10% palladium on activated carbon catalyst (1.85 g) cautiously 

added over about 2 minutes. The vessel was placed on the Parr apparatus. and filled and 

emptied with hydrogen 5 times. The pressure was set at 48psi and the vessel shaken. The 

reaction was monitored every fifteen minutes by tic and vessel refilled with hydrogen until the 

pressure remained constant for 1 hour. The catalyst was filtered through a Celite cake and 

washed with additional portions of methanol. Solvents were removed by rotary evaporation 

and the solid dried ill vacuo to yield 15.7 g (94%) of the title compound. A small amount of 

the material was recrystallized from methanol and water for analysis. Mp l33.5-134.0·C; IH 

nmr (NaOO. 0 20) 0 6.62 (d. 1 H, aromatic hydrogen). 6.47 (d. IH, aromatic hydrogen). 3.56 

(s. 3 H. Ar-OCH3). 2.52 (t. 2 H. 1=7.3 Hz. Ar-CH2-CH2-). 2.17 (t, 2H. J=7.3 Hz, -CH2-CH2-

C02H). 1.98 (s. 3 H. Ar-CH3); 13C nmr (NaOD. D20) 0 182.3. 152.5, 146.0. 132.8, 127.2. 

117.2.113.8.56.0.38.4.28.9.17.8; IR (KBr. em-I) 2950. 2840. 2620,2160. 1630. 1510.1460, 
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1380, 1330, 1100, 1020, 840; ElMS calcd for CllH16N03 210.11301 (W+l). Found: m/e 

(relative intensity) 210.05 (M++l, 100); tIc RFO.33 (90:8:2, CH03:MeOH:AcOH, v/v/v), 

nin (+); Anal. calcd for CllH1SN03: C, 63.14; H, 7.23; N, 6.69. Found: C, 63.06; H, 7.22; 

N,6.76. 

3-( 4' -Methoxy-2' -methylphenyl)propanoic acid (14). In a 250 mL Erlenmeyer flask with 

magnetic stirbar was placed 3-(5' -amino-4' -methoxy-2' -methylphenyl)propanoic acid (42, 26.9 

g, 129 mmol), water (160 mL) and concentrated hydrochloric acid (30 mL). The mixture was 

stirred and heated to near reflux, until all solids solubilized. The solution was cooled to 55°C 

and sodium nitrite (10.21 g. 148 mmol; in 40 mL water) was added cautiously over one 

minute. The resulting solution was stirred at room temperature for 30 minutes and filtered 

directly into a solution of ice-cold 30% hypophosphorous acid (640 mL). The clear orange

brown solution was stirred at 10°C overnight. The brown solid was suction filtered, washed 

with water (1 L). and dried ill vacuo. yielding 2l.9 g (87.7%) of the title compound. The 

crude product was clean by tic and IH nmr. A small amount of the crude product was purified 

by column chromatography and recrystallized from ethyl acetate and hexanes for analysis. Mp 

94.0-96.0°C: IH ruur 0 7.06 (d. 1=8.1 Hz. 1 H, aromatic 6' hydrogen), 6.72-6.66 (m, 2 H, 

aromatic 3',5' hydrogens), 3.77 (s, 3 H, Ar-OCH3), 2.89-2.85 (m, 2 H, Ar-CH2-), 2.63-2.59 (m, 

2 H, -CH2-C02H). 2.29 (s. 3 H. Ar-CH3); l3C nmr 0 179.4, 158.0, 137.3, 134.0, 129.4. 116.0, 

11l.2. 55.0, 34.7. 27.2, 19.5; ElMS calcd for CllH140 3 194.09429. Found: mle (relative 

intensity) 194.1 (W, 20.0), 135.1 (100); tlc Rf = 0.15 (EtOAc:Hex:AcOH. 70:30:1. v/V/v); 

Anal. calcd for CllHI40 3: C. 68.02; H. 7.26. Found: C, 68.00; H. 7.29. 
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4-Methoxy-2-methyl-5-nitrobenzaldehyde ethylene glycol acetal (44). Crude 4-methoxy-2-

methyl-5-nitrobenzaldehyde (34, 43.56 g) was placed in a 500 mL round bottom flask with a 

magnetic stirbar. Benzene (220 mL), p-toluenesulfonic acid (2.0 g), and ethylene glycol 

(30 mL, 540 mmol) were added. The flask was fitted with a benzene filled Dean-Stark trap 

and spiral reflux condenser. The mixture was stirred and heated to reflux for two days. The 

presence of water was noted in the trap almost immediately after condensation began. The 

reaction was cooled to room temperature and the light brown solution washed with 1.5 N 

sodium hydroxide (2 X 150 mL) and water (3 X 150 mL). The organic phase was dried over 

anhydrous magnesium sulfate, and the drying agent filtered. The filtrate was evaporated to 

dryness by rotary evaporation and further dried in vacuo. The crude acetal (45 g; 90% 

conversion by proton nmr) was used without further purification. A small amount of the 

product was purified by column chromatography for analytical purposes. Mp 88.5-90.0·C; 

IH nmr 08.11 (s, 1 H, Ar-6H), 6.87 (s, 1 H, Ar-3H), 5.90 (s, 1 H, acetal-CH), 4.14-4.03 (m, 

4 H, acetal -CH2-CH2-), 3.96 (s, 3 H, -OCH3), 2.47 (s, 3 H, -CH3); l3C runr 0 189.2, 189.1, 

156.1, 148.1, 130.0, 126.6, 116.0,56.8, 20.0, 19.8; ElMS calcd for CllHl3NOS 195.05315 

(-~H40). Found: m/e (relative intensity) 196.05 (100); tic RFO.12 (3:7, EtOAc:Hex, v/v); 

Ana1. calcd for CUH13NOS: C, 55.23; H, 5.48; N, 5.85. Found: C, 54.97; H, 5.39; N, 5.67. 

5-Amino-4-methoxy-2-methylbenzaldehyde ethylene glycol acetal (45). Crude acetal 44 (25 

g) was dissolved in ethyl acetate (250 mL) in a 500 mL hydrogenation vesse1. The vessel was 

purged with argon and 10% palladium on activated carbon catalyst (2.0 g) added. The reaction 

was placed under hydrogen and shaken until the uptake of hydrogen ceased. The catalyst was 

filtered through a Celite cake and washed with additional ethyl acetate. The filtrate and 
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washings were concentrated by rotary evaporation to yield a red-brown oil which was 

immediately used without further purification. 

4-Methoxy-2-methyJbenzaJdehyde (16). Method A. Crude aminoacetal 45 (estimated to 

contain 133 mmol -NH2) was stirred in 2 N hydrochloric acid (200 mL) and sodium nitrite 

(10.1 g, 146 mmol) in water (40 mL) added over about two minutes. The resultant yellow 

solution was stirred at room temperature for 30 minutes and suction filtered directly into an 

ice cold solution of aqueous 30% hypophosphorous acid (630 mL). Bubble formation due to 

the evolution of nitrogen was noted almost immediately. The solution was stirred at lOoe for 

15-20 hours. The cloudy solution was extracted with ethyl ether (5 X 100 mL). The 

combined organic extracts were dried over anhydrous magnesium sulfate, filtered and 

evaporated to dryness. The dark red oil (14.55 g) was shown to be mostly the title compound 

by proton rum and was used without further purification. 

2E 3-(4'-Methoxy-2'-methyJphenyl)-2-propenoic acid (43). Crude aldehyde 16 (estimated 

to be 68 mmol) was added to a mechanically stirred room temperature solution of the ylide 

formed from potassium tert-butoxide (9.61 g, 81 mmol) and triethyl phosphonoacetate 

(16.8 mL, 81 mmol) in freshly distilled tetrahydrofuran (350 mL). The reaction mixture 

thickened and darkened considerably after a few minutes. It was stirred for one hour and 

concentrated to a volume of approximately 300 mL by rotary evaporation. Methanol 

(l00 mL), water (100 mL), and lithium hydroxide monohydrate (15 g, 160 mmol) were added 

to the solution and it was stirred overnight. Volatiles were then removed by rotary evaporation 

and water (l00 mL) added to the aqueous slurry. The solution was then washed with 
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chlorofonn (3 X 150 mL) to remove any organic side products. The aqueous solution was 

acidified to pH 1 (universal pH indicator paper) with 6 N hydrochloric acid, filtered, and solid 

dried in vacuo. The product was an off-white solid weighing 10.65 g (32% from 34). When 

using aldehyde 16 (prepared by method B) the yield was 95% for the two steps. A small 

amount of the product was purified by column chromatography and recrystallized from ethyl 

acetate and hexanes for analysis, and the remainder used without further purification. Mp 

185.0-186.0·C (lit 187·C; Pearson et al., 1983); IH nmr a 8.03 (d, J=15.8 Hz, I H, Ar

CH=CH-). 7.58 (d. J=8.5 Hz. 1 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-C02H), 3.83 (s, 3 H, Ar-OCH3), 2.45 (s, 3 H, 

Ar-CH3); I3C nmr B 169.2, 160.6, 141.7, 139.3, 127.8, 125.8, 116.8, 115.5, 111.8,55.0, 19.8; 

ElMS calcd for CllH120 3 193.08646 (~+1). Found: mle (relative intensity) 193.05 (W+l, 

100); tIc RFO.18 (70:30:1 Hex:EtOAc:AcOH, v/v/v); Anal. calcd for CllH120 3: C, 68.74; 

H. 6.29. Found: C, 68.57; H, 6.21. 

4-Bromo-3,S-dimethylanisole (47). Into a 2 L three neck round bottom flask with magnetic 

stirbar was placed 3,S-dimethylanisole (51, 87.5 mL, 619 mmol) and carbon tetrachloride 

(1.0 L). The flask was fitted with pressure equalizing addition funnel, low temperature 

thermometer, and the third neck covered with a rubber septum. The addition funnel was 

charged with a solution of bromine (35.0 mL, 679 mmol) in carbon tetrachloride (200 mL). 

The internal temperature was lowered to -2S·C and the bromine solution added dropwise over 

eight hours. until the anisole solution was no longer able to decolorize it. The solution was 

then stirred for nine hours while wanning to room temperature. The solution was poured into 

water (1.0 L) and stirred for 1.5 hours. The aqueous and organic phases were separated and 
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organic phase extracted with ethyl ether (3 X 200 mL). The combined organic phases were 

dried over anhydrous magnesium sulfate. filtered. solvents removed by rotary evaporation. and 

the residual oil vacuum distilled to yield 110 g (83%) of the product as a clear colorless liquid. 

Bp 64°C, 2.1 torr; IH runr 0 6.60 (s, 2 H, aromatic hydrogens), 3.71 (s,3 H, -OCH3), 2.35 (s, 

6 H, CH3); 13C nmr 0 157.9. 138.8, 118.0, 113.6,55.0,23.9; CIMS calcd for <;HllOBr 

215.00720 (W+l). Found: mle (relative intensity) 215.00, (W+l, 100); tIc RrO.41 (9:1, 

Hex:EtOAc, v/v); Anal. calcd for <;HllOBr: C, 50.26; H, 5.15; Br, 37.15. Found: C,49.95; 

H, 5.11; Br 37.15. 

4-Bromo-2-methylanisole (46). The title compound was prepared in an analogous fashion to 

47 with 3-rnethylanisole (17, 50.0 mL, 478 mmol) and the addition of bromine (74.9 mL, 

523 mmol) over 14 hours at -25°C. After workup and vacuum distillation 47.6 g (49%) of the 

title compound was isolated as a clear colorless'Qil. Bp 104°C at 2.4 torr (lit. noc at 1.2 torr; 

Pearson et al .• 1983). 

4-Methoxy-2,6-dimethylbenzaldehyde (48). Into a clean, dry 2 L 3 neck round bottom flask 

fitted with mechanical stirrer and reflux condenser was placed 4-bromo-3,5-dimethylanisole 

(47. 68.0 g. 316 mmo1), pre-activated magnesium turnings (9.0 g, 158 mmol), bromoethane 

(2.4 mL. 32.2 mmol. 0.1 eq) and freshly distilled tetrahydrofuran (1.0 L). The third neck was 

fitted with a pressure equalizing addition funnel and stirring initiated. The solution was gently 

heated to start the reaction. Then heat was then removed until the reaction ceased to reflux. 

The blackish colloidal suspension was reheated to reflux for four hours and then cooled to O°C 

before a solution of anhydrous dimethylformamide (28.7 mL, 371 mmol) in freshly distilled 
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tetrahydrofuran (30 mL) was added from the addition funnel dropwise over 20 minutes. The 

grey suspension was wanned to room temperature and stirred for one hour. The reaction was 

quenched by decanting the reaction solution into a stirring solution of saturated ammonium 

chloride (l L). The reaction flask was washed with additional tetrahydrofuran (2 X 20 mL) 

which was decanted into the aforementioned ammonium chloride solution. The aqueous and 

organic solutions were separated and organic solution set aside. The aqueous solution was 

extracted with ethyl ether (3 X 200 mL) and combined with the original organic solution and 

dried over anhydrous magnesium sulfate. The drying agent was filtered, volatiles removed by 

rotary evaporation and residual yellow oil further dried ill vacuo, becoming a yellow solid. 

The crude product (96%) was recrystallized from hexanes at -20·C to yield the product as long 

yellow crystalline shards (41.4 g, 79%). The product was of satisfactory purity for use in the 

next reaction. A sanlple of pure material was obtained by distillation of the crude product (bp 

104·C, 5 torr) and recrystallization from hexanes at -20·C. Mp 44.0-45SC (lit. 40-41·C; 

Kende et al., 1988); IH nmr 0 10.47 (s, I H, -CHO), 6.58 (s, 2 H, aromatic hydrogens), 3.48 

(s, 3 H, -OCH3), 2.60 (s, 6 H, -CH3); 13C nmr 0 191.5, 162.6, 144.4, 125.9, 114.8,55.2,21.0; 

ClMS calcd for C1olil202 165.09155 (W+l). Found: mle (relative intensity) 165.00 (M++l, 

100); tlc RFO.24 (9:1, EtOAc:Hex, v/v), 2,4-DNP(+); Anal. calcd for ClOH120 2: C,73.15; 

H, 7.37. Found C, 73.0 I; H, 7.52. 

4-Methoxy-2-methylbenzaldehyde (16). Metllod B. The title compound was prepared in an 

analogous fashion to 48. The reaction was carried out on 100 g (496 mmol) of bromide 46. 

After workup the crude product was purified by vacuum distillation. The product was isolated 

as a clear light lime-green oil weighing 60.6 g (81%). Bp 74·C at 2.1 torr (lit. 106·C at 1.2 
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torr. Pearson et al., 1983). IH nmr () 10.1 (s, 1 H, Ar-CHO), 7.7 (d, J=9.0 Hz, aromatic 6' 

hydrogen), 6.8 (dd, J= 9.0 Hz, 3 H, aromatic 5' hydrogen), 6.7 (d, J= 3.0 Hz, aromatic 3' 

hydrogen), 3.82 (s, 3 H, Ar-OCH3). 

2E Ethyl 3-(4'-methoxy-2',6'-dimethylphenyl)-2-propenoate (53). A clean, dry 3 L three 

neck round bottom flask fitted with overhead mechanical stirrer was charged with freshly 

di'stilled tetrahydrofuran (1.2 L), potassium tert-butoxide (53.1 g, 450 mmol), and triethyl 

phosphonoacetate (93 mL, 450 mmo1). The system was purged with argon and the solution 

stirred at room temperature for 15 minutes. 4-Methoxy-2,6-dimethylbenzaldehyde (48,41.4 g, 

252 mmo1;) was added in one portion. The solution thickened considerably after a few 

minutes and the reaction was stirred at room temperature for two hours. A small amount of this 

material was removed from the reaction mixture and purified by column chromatography for 

characterization. Mp 68.0-69.0·C; IH runr 0 7.83. (d. 1 H. J=16.3 Hz. Ar-CH=CH-), 6.60 (s. 

2 H. aromatic 3',5' hydrogens). 6.02 (d, 1 H. J=16.3 Hz. Ar-CH=CH-), 4.26 (q. 2 H. 1=7.1 Hz. 

-OCH2-CH3), 3.77 (s. 3 H. -OCH3), 2.35 (s. 3 H. Ar-CH3). 1.34 (t. 3 H, J=7.1 Hz, OCH2-

CH3); l3C runr 0167.1. 159.2, 142.5. 138.9. 126.1, 121.9, 113.7,60.2.54.9.21.5, 14.2; CIMS 

calc for C14H1S03 235.13341 (W+l). Found: m/e (relative intensity) 235.05 (~+l. 100); 

tic RFO.27 (9:1. Hex:EtOAc, v/v); Anal. calcd for C14H1S03: C. 71.77; H. 7.74; Found: 

C, 71.76; H. 7.93. 

2E 3-( 4'-Methoxy-2',6'-dimethylpheny1)-2-propenoic acid (54). To the slurry containing 

crude ester 53 was added methanol (400 mL) and water (400 mL). Lithium hydroxide 

monohydrate (75 g. 1.8 mol. 4 eq) was added and the reaction stirred overnight Volatiles 
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were removed by rotary evaporation and the aqueous layer, now containing a white precipitate, 

was diluted to I.S L with water and gently heated to get the solids to dissolve. The warm 

solution was washed with chloroform (3 X 200 mL) and acidified to pH 1 (universal pH 

indicator paper) with 6N hydrochloric acid. The white solid was suction filtered, washed with 

water (1 L), and oven dried. The off-white solid weighed 47.0 g (90%). A small amount of 

the solid was recrystallized from ethyl acetate and hexanes for analysis. Mp 174.5-17S.SoC; 

IH nmr 0 7.98 (d. 1 H. J=16.3 Hz. Ar-CH=CH-). 6.63 (s, 2 H. aromatic 3',S' hydrogens), 6.08 

(d, 1 H, J=16.4 Hz, -CH=CH-C02H), 3.80 (s, 3 H, -OCH3), 2.40 (s, 6 H, -CH3); 13C nmr 

o 172.5, 159.6, 145.0. 139.4, 125.7, 120.7. 113.9. 55.1, 21.7; CIMS calcd for C12H1403 

207.lO211 (W+l). Found: mle (relative intensity) 207.20 (W+l, 100), 189.05 (26.5); tlc 

RFO.22 (70:30:1, Hex:EtOAc:Hex, v/v/v); Anal. calcd for C12H1403: C, 69.89; H, 6.84. 

Found: C, 70.18; H, 6.78. 

3-( 4' -Methoxy-2' ,6' -dirnethylphenyl)propanoic acid (50). 2E 3-(4' -Methoxy-2',6'

dimethylphenyl)-2-propenoic acid (54. 20.0 g, 97.0 mmol) was dissolved in tetrahydrofuran 

(250 mL) in a 500 mL hydrogenation vessel and purged with argon. 10% Palladium on carbon 

catalyst (2.0 g) was added and the reaction suspension shaken under hydrogen gas until the 

uptake of hydrogen ceased. After the reaction was complete. as monitored by the absence of 

vinylic protons in the proton nmr, the catalyst was flltered through a Celite cake and washed 

with additional tetrahydrofuran. Solvents were removed by rotary evaporation and residual 

white solid stored ill vacuo. The title compound (20.2 g, 100%) was used without further 

purification. An analytically pure sample was obtained by recrystallization from ethyl acetate 

and hexancs. Mp 95.0-96.0·C (lit. 85-87°C; Kende et al .• 1988); IH nmr 0 6.60 (s, 2 H, 
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aromatic 3'.5' hydrogens). 3.78 (s. 3 H, Ar-OCH3). 2.98-2.91 (m, 2 H, Ar-CH2-CH2-), 2.52-

2.46 (m. 2 H. -CH2-CH2-C02H), 2.33 (s, 6 H. Ar-CH3); 13C nmr 0 195.5. 157.4, 137.3. 

128.9, 113.5.55.0.33.5.24.1, 19.9; ElMS calcd for C12H1603 209.11776 ~ +1). Found: m/e 

(relative intensity) 209.20 (W+l. 1(0). 149.05 (65); tIc RF 0.29 (70:30:1 EtOAc:Hex:AcOH, 

v/v/v); Anal. calcd for C12H1603: C, 69.21; H, 7.74. Found C. 69.31; H, 7.66. 

Chiral Auxiliaries 

2R Phenylglycinol (62). A clean. dry three neck round bottom flask was fitted with pressure 

equalizing addition funnel. magnetic stirbar. argon inlet. and rubber septa. The flask was 

purged with argon and lithium borohydride (662 mL. 1.32 mol, 2.0 M in THF) transferred into 

the flask via cannula and cooled to O·C. Trimethylsilyl chloride (336 mL. 2.65 mol) was 

placed in the addition funnel and added dropwise into the lithium borohydride solution over 

five minutes with stirring. The resulting white suspension was stirred for 15 minutes and solid 

R phenyl glycine (60. 100 g. 662 mmol) added over five minutes while keeping a constant flow 

of argon through the flask. The mixture was allowed to warm to room temperature and stir 

for 16 hours. The reaction was quenched by the cautious addition of methanol (400 mL) over 

2.5 hours. Volatiles were removed by rotary evaporation and the residual thick white paste 

treated with ice-cold 20% aqueous potassium hydroxide (600 mL). The resulting solution was 

extracted with dichloromethane (1 X 400 mL. 3 X 200 mL). The combined extracts were 

dried over anhydrous sodium sulfate. filtered. and concentrated to dryness by rotary 

evaporation. The crude product (93%) was stored ill vacuo and recrystallized from ethyl 
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acetate and hexanes to yield 66.9 g (73%) of the pure product as long thick colorless crystals. 

Mp 76.5-78.5"C; IH nmr ~ 7.33-7.22 (m, 5 H, aromatic hydrogens), 3.96 (dd, J=8.2 Hz, 

4.2 Hz, 1 H), 3.66 (dd, J=1O.8 Hz, 4.0 Hz), 3.48 (dd, J=10.9 Hz, 8.3 Hz, 1 H), 2.92 (broad s, 

3 H, NH2 and OH); l3e nmr ~ 142.1, 128.2, 127.1, 126.3, 67.4,57.1; IR (KBr, em-I) 3330, 

3275, 3100, 1610, 1500, 1455, 1080, 1050, 760, 705; CIMS calcd for CgHllNO 138.09188 

(W+l). Found: m/e (relative intensity) 138.05 (~+l, 100), 120.95 (14), 106.95, (13); Anal. 

calcd for CgHuNO: C, 70.04; H, 8.08; N, 10.21. Found: C, 69.93; H, 8.18; N, 10.17; 

[0.]52 -32.10 (c 1.14, 1M HCI; lit. -31.7°, Aldrich Chemical Co.). 

4R 4-phenyl-2-oxazolidinone (58). 2R Phenylglycinol (62, 68.6 g, 497 nunol) and potassium 

carbonate (10.3 g, 74.6 mmol) were powdered and stored ill vacuo for 12 hours prior to use. 

The phenylglycinol, potassium carbonate, and diethyl carbonate (120 mL, 990 mmol) were 

placed in a 500 mL round bottom flask containing a magnetic stir bar. The flask was fitted 

with a Oaisen head and distillation condenser and lowered into a 135°C preheated oil bath. 

Stirring was initiated and after a few minutes ethanol began to distill off. The reaction 

removed from heat when the temperature of the distillate dropped below 75°C (88 mL distillate 

was collected). As the contents of the flask cooled a solid mass formed. The light yellow 

mass was broken up while still warm and partitioned between ethyl acetate (700 mL) and water 

(400 mL). The organic phase was set aside and aqueous phase extracted with ethyl acetate 

(3 X 100 mL). The extracts were combined with the original organic phase and washed with 

saturated aqueous sodium bicarbonate solution (2 X 250 mL) and brine (250 mL), then dried 

over anhydrous magnesium sulfate. The drying agent was filtered, solvents removed by rotary 

evaporation, and solid product dried ill vacuo to yield 72.5 g (89%) of the title compound. 
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Mp 128.0-130.0·C; IH nmr 5 7.42-7.31 (m. 5 H. aromatic hydrogens), 6.00 (broad s. 1 H. 

H-N), 4.96 (m, 1 H. Ar-CH-), 4.74 (t. 1 H, J=7.9Hz, -CH2- I pro R), 4.19 (dd, J=7.2 Hz. 

8.5 Hz. 1 H. -CH2-1 pro S); 13C nmr 5 160.0, 139.4. 128.9. 128.5, 125.8, 72.3,56.2; IR (KBr, 

em-I) 3260.1745.1710.1490.1240,1100.930,700; CIMS caled for ~H9N02 164.07115 

(~+l). Found: m/e (relative intensity) 164.00 (M++l, 1(0); Anal. calcd for ~~02: 

C. 66.24; H. 5.56; N, 8.58. Found: C. 66.18; H. 5.50; N 8.58; [a.]~2 = -58.1· (e 2.11, CH03) 

lit. -57.7· (c 0.9. CH03; Prigdon and Prol, 1989). 

Coupling Reactions 

Method A: Mixed anhydride coupling. The general procedure for the coupling of the precursor 

acids to the ehiral auxiliaries using mixed anhydrydes is exemplified below. 

4R 3-[3-(4' -Methoxy-2' -methylphenyl)-1-oxopropyI1-4-phenyl-2-oxazolidinone (67). Into 

a clean, dry 500 mL round bottom flask with magnetic stirbar was placed 3-(4'-melhoxy-2'

methylphenyl)propanoic acid (14, 10.00 g. 51.5 mmol) and freshly distilled tetrahydrofuran 

(250 mL). The flask was fitted with a rubber septum. and stirring initiated. The system was 

purged with argon and cooled to -7S·C. Triethylanline (7.80 mL. 56.6 mmol, 1.1 eq) was 

added via syringe. followed by pivaloyl chloride (7.00 mL. 56.6 mmot, 1.2 eq). The 

suspension was stirred for 15 minutes at -78·C. O·C for 45 minutes. and recooled to -78·C. 

The suspension was then transferred via cannula to a stirring slurry of the lithiated 4R 4-

phenyl-2-oxazolidinone at -78°C (prepared 10 minutes in advance at -78°C by the addition of 

n-butyllithium (28.9 mL. 1.6 M in hexanes. 46.3 mmol) to a solution of the oxazolidinone (58. 
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7.56 g, 46.3 mmol) in freshly distilled tetrahydrofuran (100 mL) under argon). The resulting 

suspension was stirred at -78'C for 15 minutes and at room temperature for 2 hours. The 

reaction was quenched by the addition of saturated sodium bicarbonate solution (100 mL). 

Volatiles were removed by rotary evaporation and the residual aqueous slurry extracted with 

chloroform (3 X 100 mL). The combined extracts were washed with dilute aqueous sodium 

bicarbonate (200 mL) and dilute aqueous sodium chloride solution (200 mL), dried over 

anhydrous magnesium sulfate, filtered, rotary evaporated to dryness and stored ill vacuo. The 

crude product was chromatographed on 300g silica gel (7.5 cm X 11.5 em column) using a 20 

- 80% ethyl acetate:hexanes (v/v) gradient (Vo=450mL). The product weighed 14.3 g (91%) 

and was an off-white solid. A small sample was recrystallized from ethyl acetate and hexanes 

for analysis. Mp 126.0-127SC; IH ruur B 7.40-7.25 (m, 5 H, chiral auxiliary aromatic 

hydrogens), 7.03 (d, 1=8.3 Hz, 1 H, aromatic 6' hydrogen), 6.62-6.69 (m, 2 H, aromatic 3',5' 

hydrogens), 5.42 (dd, J=3.6 Hz, 8.7 Hz, 1 H, chiral auxiliary Ar-CH), 4.67 (t, J=8.7 Hz, 1 H, 

chiral auxiliary CH2 I pro R), 4.27 (dd, J=3.6 Hz, 8.8Hz, I H, clural auxiliary CH2 I pro S), 

3.77 (s, 3 H, Ar-OCH3), 3.19 (m, 2 H, Ar-CHr ), 2.85 (m. 2 H,-CH2-C02H), 2.27 (s, 3H, 

Ar-CH3); I3C nmr B 172.0, 157.9, 153.6, 139.0, 137.3. 130.5, 129.4, 129.1, 128.6, 125.8, 

115.7, 111.0,69.9,57.4,55.0,35.9,26.7, 19.4; IR (KBr, em-I) 1780, 1700, 1610, 1510, 1390, 

1310, 1190, 1040, 770; ElMS calcd for ~oH2I04N 339.14705. Found: m/e (relative intensity) 

339.2 (W, 35). 148.1 (37). 135.1 (100); tIc: RFO.35 (3:7, EtOAc:Hex, v/v); Anal. calcd for 

C;OH210 4N: C, 70.78; H, 6.24; N. 4.13. Found: C. 70.74; H. 6.25; N, 4.10; [a]fi2 -36.7 

(c 1.07. CHCl3). 
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Method B: Acid chloride coupling. The general procedure for the coupling of the precursor 

acids to the chiral auxiliaries via their acid chlorides is exemplified below. 

3(2E),4R 3-[3-(4'-Methoxy-2'-methylphenyl)-l-oxopropenyl]-4-phenyl-2-oxazolidinone (65). 

Into a clean, dry 50 mL round bottom flask with magnetic stirbar was placed 2E 3-(4'

methoxy-2'-methylphenyl)-2-propenoic acid (43; 1.50 g, 7.S mmol) and freshly distilled thionyl 

chloride (10 mL). The flask was fitted with a reflux condenser and the dark red solution 

heated to reflux for 2 hours. Excess thionyl chloride was removed by distillation, and the 

product cooled to room temperature. Benzene (10 mL) was added to the flask, and was 

removed by rotary evaporation. Another 10 mL benzene was added and removed. The 

reaction flask was then covered with a rubber septwn and purged with argon. Freshly distilled 

tetrahydrofuran (25 mL) was added, and the contents of the flask cooled to -7SoC. In a 

100 mL round bottom flask with a magnetic stirbar, 4R 4-phenyl-2-oxazolidinone (58, 1.15 g, 

7.0 mmol) was dissolved in freshly distilled tetrahydrofuran (30 mL) and was cooled to -7SoC. 

To 58 was added n-butyllithium (4.4 mL. 1.6 M in hexanes, 11.3 mmol) via syringe. The 

mixture was stirred for 10 minutes and the acid chloride was then transferred to the lithiated 

oxazolidinone via cannula. The resulting solution was stirred for 15 minutes at -7SoC and one 

hour at room temperature before quenching the reaction by the addition of saturated sodium 

bicarbonate solution (15 mL). Volatiles were removed by rotary evaporation. The resulting 

aqueous slurry was diluted with water (50 mL) and extracted with ethyl acetate (3 X 40 mL). 

The combined organic layers were washed with saturated sodiwn bicarbonate solution (60 mL) 

and brine (60 mL). dried over anhydrous magnesium sulfate, filtered, and concentrated to 

dryness by rotary evaporation. The crude product was purified by column chromatography 

using 30% ethyl acetate:hexanes (v/v) as the eluant. The title compound was isolated as a pale 



122 

green solid weighing 1.58 g (66%). Method A yield 82%. Mp 136.0-137.0·C; IH nmr a 8.03 

(d. J=15.5 Hz. 1 H. Ar-CH=CH-). 7.76 (d. J=15.5 Hz. 1 H. Ar-CH=CH-). 7.67 (d. J=8.6 Hz. 

I H. aromatic 6' hydrogen), 7.41-7.31 (m. 5 H. chiral auxiliary aromatic hydrogens). 6.76-6.69 

(m. 2 H. aromatic 3'.5' hydrogens). 5.53 (dd. J=4.0 Hz. 8.7 Hz. 1 H. oxazolidinone Ar-CH-). 

4.70 (1, 1=8.8 Hz. 1 H. oxazolidinone -CHr/pro R). 4.27 (dd. J=4.0 Hz. 8.8 Hz. 1 H. 

oxazolidinone -CHr/pro S). 3.79 (s. 3 H. Ar-OCH3). 2.37 (s. 3 H. Ar-CH3); 13C runr a 165.0. 

161.3. 153.8. 143.7. 140.4. 139.2. 129.1. 128.7. 128.5, 125.8. 115.8. 114.8. 112.0,69.8.57.8. 

55.2. 20.0; IR (KBr. cm-l) 1770. 1680. 1600. 1340. 1200. 1050. 700; ElMS calcd for 

~OH19N04 338.13922 (W+l). Found: m/e (relative intensity) 338.15 (W+l. 100). 163.15 

(36); tIc Rr=0.30 (3:7. EtOAc:Hex. v/v); Anal. calcd for ~oH19N04: C. 71.20; H. 5.68; 

N. 4.15. Found: C. 71.22; H. 5.60; N. 4.19; [a]fi2 +20.0 (c 1.10. CHC13). 

4R 3-[3-(4' -Methoxy-2' -methylphenyl)-1-oxopropyl]-4-benzyl-2-oxazolidinone. Method A. 

Yield 75%. Mp 99.5-100.0·C; IH nmr a 7.30 (m. 5 H. chiral auxiliary aromatic hydrogens). 

7.17 (d. J=8.2 Hz. 1 H. aromatic 6' hydrogen). 6.67 (m. 2 H. aromatic 3'.5' hydrogens). 4.66 

(m. 1 H. cahiral auxiliary CH-N) 4.16 (m. 2 H. chiral auxiliary). 3.78 (3 H. Ar-OCH3). 3.31 

(m.3 H. cahiral auxiliary and CH2a), 3.18 (m. 2 H. CH2!y, 2.76 (dd. 1=13.3 Hz. 9.6 Hz. 1 H. 

chiral auxiliary hydrogen). 2.31 (s. 3 H, Ar-CH3); 13C nrnr a 172.5. 157.9. 153.3. 137.3. 135.1. 

130.5. 129.8. 127.2. 115.8. 111.0. 66.0. 55.0. 37.2. 35.9. 26.8. 19.5; ElMS calcd for 

~lH23N04 353.16270 (M+). Found: mle (relative intensity) 353 (~, 100); tIc Rr=0.33 (3:7. 

EtOAc:Hex. v/v); Anal. calcd for ~lH23N04: C. 71.37; H. 6.56; N. 3.96. Found: C. 71.66; 

H. 6.71: N. 3.76: [a]fi2 -138.4 (c 1.05 CHCI3). 
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3(2E),4R3-[3-(4'-Methoxy-2',6'-dimethylphenyl)-1-oxopropenyl]-4-phenyl-2-oxazolidinone 

(66). Method A. Yield 54%. Mp 158.5-160.0·C; IH runr a 8.00 (d, J=16.0 Hz, 1 H, 

Ar-CH=CH-) 7.56 (d, J=16.0 Hz, I H, -CH=CH-CO-), 7.44-7.31 (m, 5 H, oxazolidinone 

aromatic hydrogens), 6.61 (s,2 H, aromatic 3',5' hydrogens), 5.55 (dd, J=8.7 Hz, 3.9 Hz, 1 H, 

oxazolidinone Ar-CH-), 4.73 (t, J=8.6 Hz, 1 H, oxazolidinone -CH2-/pro R), 4.32 (dd, 

J=8.7 Hz, 3.9 Hz, 1 H, oxazolidinone -CH2-/pro S), 3.79 (s, 3 H, Ar-OCH3), 2.40 (s, 6 H, 

Ar-CH3); 13C runr a 161.5, 159.6, 153.8, 144.0, 140.1, 139.2, 129.1, 128.6, 126.0, 125.9, 

119.7, 114.1,69.9,57.9,55.0,22.0; IR (KBr, em-I) 2910, 1761, 1670, 1600, 1570, 1480, 1390, 

1300, 1150, 980, 850, 760; CIMS calcd for ~IH21N04 352.15487 (~+1). Found: mle 

(relative intensity) 352.05 (~+I. 100), 189.05 (14); tlcRFO.29 (3:7, EtOAc:Hex, v/V); Anal. 

calcd for ~IH21N04: C, 71.78; H, 6.02; N, 3.99. Found: C, 72.03; H, 6.06; N,4.oo; [a]f,2 

-26.1° (c 1.05, CH03). 

4R 3-[3-(4' -Methoxy-2' ,6' -dimethylphenyl)-t-oxopropyl]-4-phenyl-2-oxazolidinone (68). 

Method A. Yield 85%. Mp 164.0-164SC; IH nmr a 7.41-7.25 (m, 5 H, chiral auxiliary 

aromatic hydrogens), 6.55 (s, 2 H, 3',5' aromatic hydrogens), 5.44 (dd, J=8.7 Hz, 3.6 Hz, 1 H, 

oxazolidinone Ar-CH-), 4.70 (t, J=8.6 Hz, 1 H, oxazolidinone -CH2-/pro R), 4.29 (dd, 

J=8.6 Hz. 3.6 Hz. 1 H. oxazolidinone -CH2-/pro S), 3.75 (s, 3 H, Ar-OCH3), 3.08-3.01 (m. 

2 H. a-CH2). 2.89-2.82 (m. 2 H. ~-CH2)' 2.27 (s. 6 H, Ar-CH3); l3e nmr a 172.2. 157.4. 

153.6. 139.0. 137.6. 129.1. 128.7, 125.9, 113.4, 69.9,57.6.55.0. 34.8. 33.7,20.0; IR (KBr, 

em-I) 2920. 1770. 1700. 1610. 1480. 1330. 1220; CIMS calcd for ~IH23N04 354.17052 

(~+1). Found: mle (relative intensity) 354.05 (M++l. 100). 149.05 (20); tic RFO.29 (3:7. 

EtOAc:Hex, v/v); Anal. calcd for ~IH23N04: C. 71.3; H. 6.5; N. 3.9. Found: C. 71.6; H. 6.6; 
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N,4.25; [a]fi2 -12.9 (c 1.08, CHa3). 

3(2E),4R 3-(1-Oxo-2-butenyl)-4-phenyl-2-oxazolidinone. The title compound was prepared 

in an analogous fashion to 65 (Method B) from commercially available crotonyl chloride (96% 

E-isomer). The yield for the reaction was 94% and contained a 96:4 ratio of E:Z isomers by 

proton nmr. It was not possible to purify this mixture by either column chromatography or 

fractional recrystallization. In a single case a bottle of the pure E acid chloride was purchased. 

The physical data are for the pure title compound prepared from the isomericall pure olefin. 

Mp 77-79°C; IH NMR 0 7.40-7.25 (m, 6 H), 7.15-6.90 (m, 1 H), 5.47 (dd, J=3.9 Hz, 8.8 Hz, 

1 H) 4.67 (t, J= 8.81 Hz, 1 H), 4.24 (dd, J=3.9 Hz, 8.8 Hz, 1 H), 1.92 (d, 1=6.7 Hz, 3 H); 

IR (KBr, em-I) 2990, 1785, 1690, 1640, 1340, 1190, 715; ElMS ealcd for CI3H13N03 

231.08954 (W). Found: m/e (relative intensity) 69 (100), 231 (5); Anal. calcd for C13HI3N03: 

C, 67.52; H, 5.67; N, 6.06. Found: C, 67.25; H, 5.67; N, 6.13; [a.]fi2 +111.8° (c 1.08, CHa3). 

Conjugate additions 

3(3R),4S 3-(3-phenyl-l-oxobulyl)-4-phenyl-2-oxazolidinone (72). The title compound was 

prepared in an analogous manner to 74 (vide infra) starting from 4-bromoanisole and 3(2E),4R 

3-(l-oxo-2-butenyl)-4-phenyl-2-oxazolidinone. Yield: 90%. Mp 114-116°C; IH nmr 0 7.29-

7.10 (m, 8 H), 7.07-7.03 (m, 2 H), 5.36 (dd, J=4.0 Hz, 8.8 Hz, 1 H), 4.58 (dd, J= 8.8 Hz, 

13.3 Hz. 1 H), 4.13 (dd, J=4.0 Hz. 8.8 Hz. 1 H), 3.47 (dd, J=6.5 Hz. 15.6 Hz, 1 H), 3.39-3.24 

(m. 1 H). 3.03 (dd, J=7.7 Hz, 15.6 Hz, 1 H), 1.24 (d, J=6.9 Hz, 3 H); IR (KBr, em-I) 2960, 
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1770.1760. 1710. 1385.1315. 1220. 1210.700; ElMS calcd for C19H1gN03 309.13648 (~). 

Found: m/e (relative intensity) 77 (73).91 (51). 105 (94). 118 (100). 309 (12); Anal. calcd for 

C19H19N03: C. 73.76; H. 6.19; N. 4.53. Found: C. 73.58; H. 6.14; N. 4.47; [a]fi2 +40· 

(c 1.09. CHa3). 

3(3S),4R 3-[3-(4' -Methoxy-2' -methylphenyl)-1-oxobutyl)-4-phenyl-2-oxazol.idinone (73). 

The title compound was prepared in an analogous manner to 74 (vide infra) from 4-bromo-3-

methyl anisole (46). Yield: 84%. Mp 102.5-103.5·C. IH nmr 3 7.29-7.26 (m. 3 H. dural 

auxiliary aromatic hydrogens). 7.18 (d. J=8.5 Hz. 1 H. aromatic 6' hydrogen). 7.06-7.03 (m. 

2 H. chiral auxiliary aromatic hydrogens). 6.73 (dd. J=8.5 Hz. 2.8 Hz. 1 H. aromatic 5' 

hydrogen), 6.62 (d, J=2.8 Hz. 1 H. aromatic 3' hydrogen). 5.40 (dd. J=8.8 Hz. 4.0 Hz. 1 H. 

oxazolidinone Ar-CH-). 4.64 (dd. J=8.8 Hz. 1 H. oxazolidinone -CH2-/pro R). 4.19 (dd. 

J=8.8 Hz. 4.0 Hz, 1 H. oxazolidinone -CHr/Pro S). 3.78 (s. 3 H. Ar-OCH3). 3.54 (m. 2 H. 

CHa and CH~). 3.12-3.01 (ru. 1 H. -CHa')' 2.20 (s, 3 H. Ar-CH3). 1.19 (d. J=6.3 Hz. 3 H. 

CH3-CH); 13C rum 3 171.7. 157.4. 153.6. 138.6. 136.6. 135.8. 128.9. 128.3. 126.4. 125.4. 

115.8. 111.2.69.7.57.4.55.0,42.1.30.5.21.7. 19.5; IR (KBr. em-I) 2970. 1780. 1700. 1500. 

1380. 1300, 1190, 760, 710; CIMS calcd for C:21H23N04 354.17052 (M++l). Found: m/e 

(relative intensity) 354.2 (W+1. 100). 353.2 (M+. 26). 149.1 (28); Anal. calcd for 

C:z 1H23N04: C. 71.37; H. 6.56; N. 3.96. Found: C. 71.20; H. 6.45; N.4.33; [a]fi2 -33.9" 

(c 1.11. eHa3). 

3(3S),4R 3-[3-(4' -Methoxy-2' ,6' -dimethylphenyl)-1-oxobutyl]-4-phenyl-2-oxazolidinone (74). 

A clean dry 3 neck 100 mL round bottom flask with magnetic stirbar was charged with 4-
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bromo-3.5-dimethylanisole (47.23.5 g. 109 mmol). pre-activated magnesium turnings (2.78 g. 

114 mmol). bromoethane (0.80 mL. II mrnol). and freshly distilled tetrahydrofuran (50 mL). 

The end necks of the flask were covered with rubber septa and center neck fitted with a 

septum covered reflux condenser with argon inlet. The contents of the flask were stirred and 

heated to reflux for four hours and then cooled to room temperature. The Grignard reagent 

was transferred via cannula to a -40°C stirring slurry of copper (I) bromide-dimethyl sulfide 

complex (11.23 g. 53.8 mmol) in freshly distilled tetrahydrofuran (130 mL) and anhydrous 

dimethyl sulfide (65 mL). The grey mixture was warmed to _lOoe and a solution of 3(2E),4R 

3-(1-oxo-2-butenyl)-4-phenyl-2-oxazolidinone (8.5 g. 36.8 mmol) in freshly distilled 

tetrahydrofuran (65 mL) was added dropwise over 20 minutes. The suspension was slowly 

wamled to room temperature over one hour and stirred at that temperature for one additional 

hour. The reaction was quenched by the slow addition of 4 N hydrochloric acid (30 mL) and 

stirring overnight. The organic and aqueous phases were separated and organic phase set aside. 

The aqueous phase was extracted with ethyl ether (2 X 100 mL). The combined organic 

phases were dried over anhydrous magnesium sulfate. The drying agent was fIltered and silica 

gel (13 g) added to the fIltrate. Solvents were removed by rotary evaporation and the resulting 

solid chromatographed on additional silica gel (400 g) using first 1:9 ethyl acetate:hexanes 

(v/v) to remove the anisole byproducts and then 3:7 ethyl acetate:hexanes (v/v). Fractions 

containing the product were combined and rotary evaporated to dryness to yield 10.2 g (84%) 

of a white solid. which was shown to be a 96:4 mixture of the title product and 3(3R) 

diastereomer. The material was recrystallized from ethyl acetate and hexanes to obtain 74 as 

a single isomer. Mp 133.0-134.0·C. IH nmr (500 MHz) ~ 7.30 (m. 3 H. chiral auxiliary 

aromatic hydrogens), 7.12 (Ill. 2 H. chiral auxiliary aromatic hydrogens), 6.49 (s broad. 2 H. 
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aromatic 3',5' hydrogens}, 5.41, (dd, J=8.7 Hz, 3.9 Hz, 1 H, oxazolidinone Ar-CH-), 4.66 (t, 

J=8.7 Hz, 1 H, oxazolidinone -CH2-/pro R), 4.22 (dd, J=8.7 Hz, 3.9 Hz. 1 H,oxazolidinone 

-CHr/pro S), 3.82 (m, 1 H, CHIl), 3.75 (s, 3 H, Ar-OCH3). 3.41 (dd, J=16.2 Hz, 6.2 Hz, 1 H. 

CHa)' 3.36 (dd. J=16.2 Hz, 8.6 Hz. 1 H, CHa,), 2.44 (s broad, 3 H, Ar-CH3), 2.22 (s broad, 

3 H, Ar-CH3'), 1.28 (d, J=7.3 Hz, 3 H, CHrCH); IR (KBr, em-I) 2290, 1790, 1700. 1600, 

1450. 1310, 1200, 1070,760.1; CIMS calcd for <;2H2SN04 368.18617 ~+1). Found: m/e 

(relative intensity) 368.05 (W+l, 100),232.05 (31).162.95 (78); Anal. calcd for <;2H2SN04: 

C, 71.91; H. 6.86; N. 3.81. Found: C, 71.90; H, 7.00; N, 3.90; [a]fi2 -15.6° (c 1.20, CHCI3). 

3(3S),4S 3-(3-phenyl-l-oxobutyl)-4-phenyl-2-oxazolidinone (75). The title compound was 

prepared in an analogous fashion to 76 starting from 3(2E),4S 3-(3-phenyl-1-oxopropenyl)-4-

phenyl-2-oxazolidinone and methylmagnesium bromide. Mp 146-148°C. IH nmr 0 7.37-7.10 

(m. 10 H). 5.24 (dd, J=3.5 Hz. 8.8 Hz. I H), 4.47 (t, J=8.8 Hz. 1 H). 4.15 (dd, J=3.5 Hz, 

8.8 Hz. I H). 3.39-3.24 (m. 2 H), 3.12 (dd, J=5.0 Hz, 14.9 Hz, 1 H), 1.24 (d, J=6.8 Hz, 3 H); 

IR (KBr. em-I) 2950. 1785. 1700, 1380, 1370, 1230. 1200. 700; CIMS calcd for CI!III9N03 

309.13648 (W+l). Found: m/e (relative intensity) 105 (100), 118 (99), 309 (6); Anal. calcd 

for C19H19N03: C. 73.76; H. 6.19; N. 4.53. Found: C, 73.08; H. 5.67; N,4.45; [a.]l? +91.9° 

(c 1.02, CHQ3). 

3(3R},4R 3-[3-(4' -Methoxy-2' -methylphenyl)-1-oxobutyl]-4-phenyl-2-oxazolidinone (76). 

Into a clean dry 250 mL round bottom flask with stirbar was placed copper (I) bromide

dimethyl sulfide complex (4.58 g, 22.0 mmmol). The flask was fitted with a pressure 

equalizing addition funnel and covered with rubber septa. The system was purged with argon 
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and freshly distilled tetrahydrofuran (50 mL) and anhydrous dimethyl sulfide (20 mL) were 

added. The mixture was cooled to O·C and methylmagnesium bromide (3.0 M in ethyl ether; 

7.5 mL. 22.5 mmol) added via syringe. The resulting yellow slurry was stirred for 10 minutes. 

The addition funnel was charged with 3(2E).4R 3-[3-(4'-methoxy-2'-methylphenyl)-I

oxopropenyl]-4-phenyl-2-oxazolidinone (5.00 g. 14.8 mmol; in freshly distilled tetrahydrofuran 

(25 mL» which was added dropwise over 15 minutes. The color of the solution slowly turned 

from yellow to green. The mixture was stirred for 45 minutes at O·C and 90 minutes at room 

temperature. The reaction was quenched by the slow addition of 1 N hydrochloric acid 

(25 mL) and stirring for 15 minutes. The phases were separated and aqueous phase extracted 

with ethyl ether (2 X 50 mL). The combined ether layers were dried over anhydrous 

magnesium sulfate. The drying agent was filtered and silica gel (5 g) added to the filtrate. 

Solvents were removed under reduced pressure and the residual solid chromatographed on 

additional silica gel (150 g) using 3:7 EtOAc:Hex (v/V) as the eluant. After rotary evaporation 

of the solvents. the title compound was recovered as a white solid weighing 5.04 g (96%) and 

was a 9:1 mixture of diastereomers by IH nmr. The same reaction gave a 93:7 ratio of 

diastereomers on a 1.0 g scale. Mp 94.5-96.0·C. IH nmr (500 MHz) 37.36-7.22 (m. 5 H. 

chiral auxiliary aromatic hydrogens). 7.12 (d. J=8.5 Hz. 1 H. aromatic 6' hydrogen). 6.69 (dd. 

1=8.5 Hz. 2.8 Hz. 1 H. aromatic 5' hydrogen). 6.66 (d. 1=2.8 Hz. 1 H. aromatic 3' hydrogen). 

5.31 (dd. 1=8.6 Hz. 3.6 Hz. 1 H. oxazolidinone Ar-CH-). 4.56 (t. 1=8.6 Hz. 1 H. oxazolidinone 

-CH2-/pro R). 4.20 (dd. J=8.6 Hz. 3.6 Hz. 1 H. oxazolidinone -CH2-/pro S). 3.78 (s. 3 H. 

Ar-OCH3), 3.55-3.49 (01. 1 H. -CH-CH3). 3.38 (dd. 1=16.7 Hz. 7.6 Hz. Ha). 3.14 (dd, 1=16.7. 

Hz. 7.1 Hz, Ha,). 2.31 (s. 3H. Ar-CH3). 1.15 (d. J=7.0 Hz. 3 H. CH3-CH); l3C nmr 3 171.4, 

157.3. 153.9. 138.9, 136.7. 136.0. 129.0. 128.5. 126.1. 125.7. 115.7. 111.2. 69.7,57.4. 55.0. 
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42.4.30.0.21.8. 19.6; IR (KBr. em-I) 2830.1780.1700.1500.1380.1340.1250.1200; ElMS 

calcd for C;IH23N04 354.17052 (~+1). Found: m/e (relative intensity) 354.20 ~+1. 1(0). 

149.05 (69); tIc R.=0.23 (7:3. Hex:EtOAc. v/v); Anal. calcd for C;IH23N04: C, 71.37; H. 6.56; 

N. 3.96. Found: C. 71.40; H. 6.53; N. 3.97; [(XJfi2 -76.9 (c 1.09 CHCI3). 

3(3R),4R3-[3-(4'.Methoxy-2',6'-dimethylphenyl)-1-oxobutyl]-4-phenyl-2-oxazolidinone(77). 

Into a clean dry 250 mL 3-neck round bottom flask with stirbar was placed copper (I) bromide

dimethyl sulfide complex (4.58 g. 22.0010101). The flask was fined with a pressure equalizing 

addition funnel and covered with rubber septa. The system was purged with argon and freshly 

distilled tetrahydrofuran (SO mL) and anhydrous dimethyl sulfide (20 mL) added. The mixture 

was cooled to O·C and methylmagnesium bromide (3.0 M in ethyl ether; 7.5 mL. 22.5 mmol) 

added via syringe. The resulting yellow slurry was stirred for 10 minutes. The addition funnel 

was charged with 3(2E).4R 3-[3-( 4~-methoxy-2',6' -dimethylphenyl)-I-oxopropenyIJ-4-phenyl-2-

oxazolidinone (66. 5.20 g. 14.8 010101; in freshly distilled tetrahydrofuran (25 mL» which was 

added dropwise over 15 minutes. with the color of the solution slowly turning from yellow to 

green. The mixture was stirred for 15 minutes at O'C and 60 minutes at room temperature. 

The reaction was quenched by the slow addition of 1 N hydrochlOriC acid (25 mL) and stirring 

for 15 minutes. The phases were separated and organic phase set aside and aqueous phase 

extracted with ethyl ether (2 X 50 mL). The combined organic phases were dried over 

anhydrous magnesium sulfate. The drying agent was filtered and silica gel (5 g) added to the 

filtrate. Solvents were removed under reduced pressure and the residual solid chromatographed 

on additional silica gel (ISO g) using 3:7 EtOAc:Hex (v/v) as the eluant. The white solid 

weighed 5.01 g (91 %) and was a 9: 1 mixture of diastereomers by proton nmr. Mp 99.5-
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101.0·C; IH nmr 0 7.33 (m. 3 H. chiral auxiliary aromatic hydrogens). 7.24 (m. 2 H. chiral 

auxiliary aromatic hydrogens). 6.52 (s. 2 H. aromatic 3',5' hydrogens), 5.36 (dd, J=8.7 Hz. 

3.7 Hz. 1 H. oxazolidinone Ar-CH-). 4.60 (t. 1=8.6 Hz. 1 H. oxazolidinone -CH2-/pro R). 4.23 

(dd. 1=8.7 Hz. 3.9 Hz. 1 H. oxazolidinone -CH2-/pro S). 3.86 (m. 1 H. CHIl). 3.74 (s. 3 H. 

Ar-OCH3). 2.43 (s broad. 3 H. Ar-CH3). 2.32 (s broad. 3 H. Ar-CH3,). 1.25 (d. 1=7.3 Hz. 

CH3-CH); IR (KBr. em-I) 2970. 1770. 1700. 1600. 1460. 1360. 1180. 1140. 850; CIMS m/e 

calcd for C22H2SN04 368.18617 (~+1). Found: (relative intensity) 368.20 (M++l. 100). 

367.20 (28) 232.05 (28). 163.05 (40); Anal. calcd for Cz2H2SN04: C. 71.91; H. 6.86; N. 3.81. 

Found: C. 71.95; H. 6.80; N. 3.86; [0:]52 -88.5 (c 1.07. CHCl3). 

Brominations 

3(2R),4R 3-[2-Bromo-3-(4'.methoxy-2'-methylphenyl)-I-oxopropyl]-4-benzyl-2-

oxazolidinone (SO). The title compound was prepared from 4S 3-[3-(4'-methoxy-2'

methylphenyl)-I-oxopropyl]-4-benzyl-2-oxazolidinone in a manner analogous to the preparation 

of SI (vide infra). The title compound was not isolated in pure fonn. but used in the azide 

reaction without purification. 

3(2R),4R 3-[2-Bromo-3-( 4' -methoxy-2' ·methylphenyl)-I-oxopropyl].4-phenyl-2-

oxazolidinone (SI). Into a clean. dry 250 mL round bottom flask with magnetic stirbar was 

placed 4R 3-[3-(4' -methoxy-2' -methylphenyl}-I-oxopropyl]-4-phenyl-2-oxazolidinone (67. 

9.85 g. 29.0 mmol) and dry methylene chloride (100 mL). The flask was covered with a 
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rubber septum. purged with argon. and cooled to -78·C. Diisopropylethylamine (6.10 mL. 

34.9 mmol. 1.20 eq) and dibutylboron triflate (30.5 mL. 1.0 M in methylene chloride. 1.05 eq) 

were added to the stirring solution via syringe and cannula respectively. The clear light yellow 

solution was stirred at -78·C for 15 minutes. at O·C for 1 hour and recooled to -78·C before 

being transferred via cannula to a stirring slurry of N-bromosuccinimide (5.68 g. 32.0 mmol. 

1.10 eq) in dichloromethane (50 mL) at -78·C. The resulting brown solution was stirred for 

75 minutes. warmed to -4·C and then quenched by the addition of pH 7.0 phosphate buffer 

(40 mL). Methanol (100 mL) was added followed by the cautious addition of a 2:1 solution 

of methanol and 30% hydrogen peroxide (100 mL. v/v) at such a rate that the internal 

temperature of the flask never exceeded -1·C. After addition was complete the solution was 

stirred at -4°C for 2 hours. Volatiles were removed by rotary evaporation. The aqueous 

suspension was extracted with ethyl acetate (3 X 100 mL). The combined extracts were 

washed sequentially with 0.5 N sodium thiosulfate (2 X 100 mL). 0.5 N sodium bicarbonate 

(2 X 100mL). and saturated aqueous sodium chloride solution (100 mL). The organic solution 

was dried over anhydrous magnesium sulfate. The drying agent was filtered. solvents removed 

by rotary evaporation, and the crude product was further dried ill vacuo. Proton nmr showed 

the stereoselectivity to be greater than 99: 1. The product was chromatographed on silica gel 

(300 g, 15 em X 7.0 em column) using 3:7 ethyl acetate:hexanes (v/v) as the eluant. A small 

sanlple was recrystallized from ethyl acetate and hexanes for analysis. Mp 134.0-135SC; IH 

nmr 0 7.25 (m, 5 H, chiral auxiliary aromatic hydrogens), 7.08 (d, J=8.2 Hz, 1 H. aromatic 6' 

hydrogen), 6.71-6.64 (m, 2 H. aromatic 3'.5' hydrogens). 5.97 (dd. J=6.0 Hz. 9.4 Hz. IH, 

-CHBr-), 5.35 (dd, J=4.7 Hz, 8.9 Hz. I H. chiral auxiliary Ar-CH). 4.58 (t, J=8.9 Hz. I H. 

chiral auxiliary CH2 / pro R), 4.20 (dd, J=4.6 Hz, 8.9 Hz. I H. chiral auxiliary CH2 / P"ro S), 
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3.77 (s, 3 H, Ar-OCH3), 3.44 (dd, J=9.4 Hz, 14.3 Hz, 1 H, -CHBr-CH2- / pro S), 3.20 (dd, 

J=6.0 Hz, 14.3H z, 1 H, -CHBr-CH2- / pro R), 2.33 (s,3 H, Ar-CH3); 13C runr 0 167.S, 15S.5, 

152.6, 13S.2, 137.6, 131.3, 129.1, 128.7, 127.1, 125.6, 115.9, 111.1,69.7,57.5, 55.0,41.8, 

36.1,19.6; IR (KBr, em-I) 17S0, 1700, 1610, 1510, 1390, 1200, 1040,770,710; ElMS eaIed 

for C:zoH20N04Br 41S.06544 (W+I). Found: rn/e (relative intensity) 418.2 (W+l, 0.10), 

33S.2 (20), 175.1 (100), 135.1 (35); tIc RFO.39 (3:7, EtOAe:Hex, v/v); Anal. caled for 

C:zoH20N04Br: C, 57.43; H, 4.82; N, 3.35. Found: C, 57.30; H, 4.76; N, 3.29; [cxlfi2 -101.6 

(c 1.00, CH03). 

3(2R),4R 3-[2-Bromo-3-( 4' -methoxy-2' ,6' -dimethylpbenyl)-1-oxopropyI1-4-pbenyl-2-

oxazolidinone (82). Into a clean, dry 250 mL round bottom flask with stirbar was placed 4R 

3-[ 3-(4' -methoxy-2' ,6' -dimethylphenyl)-I-oxopropyI1-4-phenyl-2-oxazolidinone (68, 6.55 g, 

18.5 mmol) and dry methylene chloride (100 mL). The flask was covered with a rubber 

septum, purged with argon, and cooled to -78°C. Diisopropylethylamine (3.90 mL, 22.3 mmol, 

1.20 eq) and dibutylboron triflate (19.5 mL, 1.0 M in methylene chloride, 1.05 eq) were added 

to the stirring solution via syringe and cannula respectively. The clear light yellow solution 

was stirred at -7SoC for 15 minutes, O"C for 1 hour and recooled to -78°C before being 

transferred via cannula to a stirring slurry of N·bromosuccinimide (3.63 g, 20.3 mmol, 1.10 eq) 

in dichloromethane (50 mL) at -78"C. The resulting brown solution was stirred for 2 bours 

and quenched by the addition of 0.5 N sodium bisulfate (70 mL) and warming to room 

temperature and stirring for one hour. The aqueous and organic solutions were separated and 

the organic layer was washed with 0.5 N sodium thiosulfate (100 mL) and water (100 mL). 

The organic solution was dried over anhydrous sodium sulfate. The drying agent was filtered, 
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solvents removed by rotary evaporation. and the crude orange solid further dried in vacuo. 

Proton rum showed the stereoseleetivity to be greater than 99:1. The product was 

ehromatographed on silica gel (300 g. 15 em X 7.0 em colwnn) using 3:7 ethyl acetate:hexanes 

(v/v) as the eluant. A small sample was recrystallized from ethyl acetate and hexanes for 

analysis. Mp 193.5-195.0·C; IH ornr () 7.43-7.22 (m. 5 H. chiral auxiliary aromatic 

hydrogens), 6.58 (s, 2 H, aromatic 3'.5' hydrogens). 6.10-6.04 (m. 1 H, CHa>. 5.38 (dd, 

1=8.9 Hz, 4.4 Hz, 1 H, oxazolidinone Ar-CH-), 4.70 (t, 1=8.9 Hz, 1 H. oxazolidinone -CH2-

Ipro R), 4.29 (dd, 1=8.9 Hz, 4.4 Hz, 1 H, oxazolidinone -CH2-/pro S), 3.76 (s. 3 H, Ar-OCH3), 

3.46 (dd, 1=14.9 Hz, 7.9 Hz, 1 H CHp), 3.29 (dd, 1=14.9 Hz. 7.3 Hz, 1 H CHW)' 2.36 (s, 6 H. 

Ar-CH3); l3C nmr B 168.4. 158.0. 152.7. 138.9.137.6,129.1,128.8,125.9.125.7,113.8,69.8. 

57.7,55.0,41.8.32.7.20.6; IR (KBr, em-I) 2970, 1770, 1700, 1600. 1390, 1210, 1060.700; 

CIMS ealcd for ~IH22N04Br 432.08109 (~+l). Found: mle (relative intensity) 432.05 

(W+l.100), 434.05 (97), 354.05 (53), 149.05 (32); Anal. calcd for ~IH22N04Br: C. 58.34; 

H. 5.13; N. 3.24. Found: C, 58.52: H, 5.09; N, 3.21; [<x]fi2 -54.8 (e 1.04. CHC13). 

3(2R,3R),4R 3-[2-Bromo-3-( 4' -methoxy-2' -methylphenyl)-1-oxobutyI1-4-phenyl-2-

oxazolidinone (83). The title compound was prepared from 3(3S).4R 3-[3-(4'-methoxy-2'

methylphenyl)-I-oxobutyl]-4-phenyl-2-oxazolidinone (73) in 88% yield using the same 

procedure used in the synthesis of 82. Mp 181.5-183SC; IH runr B7.41-7.34 (m, 5 H, chiral 

auxiliary aromatic hydrogens), 7.16 (d, 1=8.5 Hz, I H. aromatic 6' hydrogen). 6.78 (dd, 

1=8.5 Hz, 2.7 Hz, 1 H, aromatic 5' hydrogen), 6.70 (d, 2.7 Hz, 1 H, aromatic 3' hydrogen), 

5.98 (d, J=10.8 Hz, 1 H, -CHBr-), 5.50 (dd, 1=8.9 Hz, 4.8 Hz, 1 H, oxazolidinone Ar-CH-), 

4.73 (t, 1=8.9 Hz, I H, oxazolidinone -CH2-/pro R), 4.27 (dd, J=8.9 Hz, 4.8 Hz, 1 H. 
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oxazolidinone -CH2-/pro S). 3.78 (s. 3 H. Ar-OCH3). 3.77 (m. 1 H. -CHpJ. 2.31 (s. 3 H. 

Ar-CH3). 1.27 (d. J=6.9 Hz. 3 H. CH-CH3); 13C runr S 164.8. 158.0. 152.9. 137.5. 133.2. 

129.2. 128.9. 126.9. 125.8. 115.7. 111.7.69.9.57.9. 55.1.48.2. 37.1.20.0. 19.7; IR (KBr. 

em-I) 2980. 1780. 1700. 1610. 1510. 1390. 1200. 1040.760; CIMS calcd for ~IH22N04Br 

432.01109 (W+l). Found: m/e (relative intensity) 432.05 (~+1. 100); Anal. calcd for 

<;lH22N04Br: C. 58.74; H. 5.13; N. 3.24. Found: C. 58.60; H. 5.00; N. 3.03; [(X]fi2 -13.3° (c 

1.09. CRC3). 

3(2R,3S),4R 3-[2-Bromo-3-( 4' -methoxy-2' -methylphenyl)-t-oxobutyl]-4-phenyl-2-

oxazolidinone (84). The title compound was prepared from 3(3R),4R 3-[3-(4'-methoxy-2'

methylphenyl)-I-oxobutyI1-4-phenyl-2-oxazolidinone (76) in 20% yield using the same 

procedure used in the synthesis of 82. Mp 137.5-138SC; IH nmr B 7.38-7.22 (m. 5 H. chiral 

auxiliary aromatic hydrogens). 7.14 (m. I H. aromatic 6' hydrogen). 6.71-6.67 (m. 2 H. 

aromatic 3'.5' hydrogens). 6.18 (d. J=I1.2 Hz. 1 H. -CHBr-). 5.10 (dd. J=8.7 Hz. 4.2H z. 1 H. 

oxazolidinonc Ar-CH-). 4.44 (t. J=8.7 Hz. 1 H. oxazolidinone -CH2-/pro R). 4.11 (dd. 

J=8.7 Hz. 4.2 Hz. I H. oxazolidinone -CH2-/pro S). 3.74 (s. 3 H. Ar-OCH3). 3.70-3.55 (m. 

1 H. -CHpJ. 2.31 (s.3 H. Ar-CH3). 1.40 (d. J=6.9 Hz. 3 H. CH3-CH); l3C nmr B 167.8. 158.0. 

152.8. 137.7. 133.2. 129.1. 128.7. 126.1. 125.5. 116.3.111.4.69.7,57.4.55.0.48.9.37.0.20.7. 

19.9; IR (KBr. em-I) 2980. 1790. 1700. 1580. 1390. 1320. 1210. 1100.710; ElMS calcd for 

~IH22N04Br 432.01109 (M++l). Found: m/e (relative intensity) 432.05 (M++l, 20). 352.15 

(40). 149.15 (100); Anal. calcd for <;IH22N04Br: C. 58.74; H, 5.13; N. 3.24. Found: C. 

58.56; H. 5.04; N. 3.24: [(Xlfi2 -114.6 (c 1.002. CHCI3). 
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3(2R,3R),4R 3-[2-Bromo-3-( 4' -methoxy-2' ,6' -dimethylphenyl)-1-oxobutyl)-4-phenyl-2-

oxazolidinone (85). The title compound was prepared from 3(3S).4R 3-[3-(4'-methoxy-2',6'

dimethylphenyl)-I-oxobutyl]-4-phenyl-2-oxazolidinone (74) in 38% yield using the same 

procedure used in the synthesis of 82. Mp 186.0-187SC; IH runr 0 7.45-7.29 (m, 5 H, chiral 

auxiliary aromatic hydrogens), 6.56 (s, 2 H, aromatic 3',5' hydrogens), 6.44 (d, 1=11.9 Hz, I H, 

-CHBr-), 5.54 (dd, 1=8.9 Hz, 5.0 Hz, I H, oxazolidinone Ar-CH-), 4.77 (t, 1=8.9 Hz, I H, 

oxazolidinone -CH2-/pro R), 4.29 (dd, 1=8.9 Hz, 5.0 Hz, 1 H, oxazolidinone -CH2-/pro S). 

4.12-3.98 (m. I H, CH/l)' 3.76 (s. 3 H. Ar-OCH3). 2.47 (s. 3 H. Ar-CH3), 2.31 (s. 3 H, Ar

CH3'). 1.31 (d. 1=7.2 Hz. 3 H. CHrCH); l3C nmr 0168.8. 157.5, 153.0. 138.6. 137.6, 137.4. 

131.2. 129.2. 128.9.125.8. 115.4. 113.6.69.8.57.9.54.9.46.2.36.2.21.9.21.3.16.8; IR (KBr. 

em-I) 2970. 1780. 1710. 1600. 1480. l370, 1300. 1200. 1060. 700; CIMS calcd for 

~2H24N04Br446.09673 (W+I). Found: m/e (relative intensity) 448.00 (100), 446.00 (100), 

366.05 (30). 163.05 (60); Anal. calcd for ~2H24N04Br: C. 59.20; H. 5.42; N. 3.14. Found: 

C. 59.23; H. 5.52; N. 3.01; [a]fi2 -1.5 (c 1.03. CHCI3). 

3(2R,3S),4R 3-[2-Bromo-3-( 4' -methoxy-2' ,6' -dimelhylphenyl)-1-oxobutyl]-4-phenyl-2-

oxazolidinone (86). The title compound was prepared from 3(3R).4R 3-[3-(4'-methoxy-2'.6'

dimethylphenyl)-I-oxobutyl]-4-phenyl-2-oxazolidinone (77) in 77% yield using the same 

procedure used in the synthesis of 82. Mp 172 .. 0-173.S·C; IH runr 0 7.38-7.23 (m. 5 H, chiral 

auxiliary aromatic hydrogens). 6.53 (m. 3 H. aromatic 3'.5' hydrogens and -CHBr-). 5.13 (dd. 

1=8.7 Hz. 3.6 Hz. I H. oxazolidinone Ar-CH-). 4.46 (t. 1=8.7 Hz. I H. oxazolidinone -CH2-

/pro R). 4.10 (dd. 1=8.7 Hz. 3.6 Hz. 1 H. oxazolidinone -CH2-/pro S). 3.92-3.84 (m. I H. 

CH/l)' 3.71 (s. 3 H. Ar-OCH3), 2.41 (s. 3 H, Ar-CH3). 2.35 (s. 3 H. Ar-CH3'). 1.51 (d. 
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J=7.3 Hz, 3H, CHrCH); 13C runr 3 167.4, 157.5, 152.7, 139.3, 137.8, 137.0, 130.3, 129.0, 

128.7, 125.5. 115.3. 114.1,69.8.57.4,54.8.47.8,36.9,21.8,26.1, 17.3; IR (KBr, cm-I) 2980, 

1790, 1700, 1600, 1480, 1310. 1070, 160, 700; CIMS calcd for C:22H24N04Br 446.09673 

(~+1). Found: 448.00 (~+3. 100), 446.00 (~+1, 100), 366.05 (30), 163.05 (60); tic 

RFO.21 (1:4, EtOAc:Hex, v/v); Anal. calcd for c;2H24N04Br: C, 59.20; H, 5.42; N, 3.14; Br, 

17.90. Found C, 58.87; H, 5.34; N, 3.10; Br, 17.82; [lXlfi2 -94.0· (c 1.01. CHCl3). 

Epimerization of bromides 

Epimeric bromides were prepared by refluxing 100-200 mg of the pure bromide of interest in 

freshly distilled tetrahydrofuran (ca. 5 mL) with an equal mass of anhydrous lithium bromide 

for 2 to 10 hours. Where possible the epimeric bromides were isolated by column 

chromatography. Some physical data for those isolated are below. 

3(2S),4R 3-[2-Brorno-3-( 4' -rnethoxy-2' ,6' -dimethyJphenyl)-1-oxopropyJl-4-phenyJ-2-

oxazolidinone (epi-82). IH runr 0 7.19 (m. 3 H, chiral auxiliary aromatic hydrogens), 6.85 (m. 

2 H. chiral auxiliary aromatic hydrogens), 6.39 (s, 2 H, aromatic 3',5' hydrogens), 6.06 (dd, 

J=6.6 Hz. 5.9 Hz. 1 H, CHa). 5.33 (dd. J=8.8 Hz, 3.6 Hz, 1 H. oxazolidinone Ar-CH-), 4.61 

(t. J=8.8 Hz. 1 H, oxazolidinone -CH2-/pro R), 4.11 (dd, J=8.8 Hz, 3.6 Hz, 1 H.oxazolidinone 

-CH2-/pro S). 3.71 (s. 3 H. Ar-OCH3). 3.43 (dd. J=14.3 Hz, 9.8 Hz, 1 H CH~), 3.29 (dd, 

J=14.3 Hz. 6.6 Hz. 1 H CHW)' 2.08 (s. 6 H. Ar-CH3). 
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3(2R,3S),4R 3-[2-Bromo-3-( 4' -methoxy-2',6' -dimethylphenyl)-1-oxobutyI1-4-phenyl-2-

oxazolidinone (epi-85). Mp 144.0-145.0·C; 1H runr 8 7.18-7.05 (m. 3 H). 6.57-6.46 (m. 4 H). 

6.77 (m. 1 H). 5.35 (dd. J=8.8 Hz. 4.2 Hz. 1 H. oxazolidinone Ar-CH-). 4.65 (t. J=8.8 Hz. 1 H. 

oxazolidinone -CH2-/pro R). 4.11 (dd. J=8.8 Hz. 4.2 Hz. 1 H. oxazolidinone -CH2-/pro S). 

3.92-3.85 (m. 1 H. CHIJ). 3.77 (s. 3 H. Ar-OCH3). 2.48 (s. 3 H. Ar-CH3). 2.10 (s. 3 H. 

Ar-CH3'). 1.54 (d. J=7.3 Hz. 3 H. CH3-CH). 

3(2S,3S),4R 3-[2-Bromo-3-( 4' -methoxy-2' ,6' -dimethylphenyl)-1-oxobutyl]-4-phenyl-2-

oxazolidinone (epi-86). Mp 180.5-182.0·C; CIMS calcd for c;2H24NO 4Br 446.09673 (W + 1). 

Found: 448.00 (M++3. 100).446.00 (M++l. 100). 368.20 (11). 163.05 (47); Anal. calcd for 

c;2H24N04Br: C. 59.20; H. 5.42; N. 3.14. Found: C. 59.15; H. 5.30; N. 3.20. 

Azid e synthesis 

Tetrabutylammonium azide. Method A. Sodium azide (98.6 g. 1.5 mol) was dissolved in 

water (500 mL) and added to tetra(n-butyl)ammonium hydroxide (500 mL. 0.77 mol) in a 

2.0 L round bottom flask and stirred vigorously for 10 minutes. Tetra(n-butyl)ammonium 

azide was extracted with dichloromethane (400 mL; the upper phase). The remaining aqueous 

phase was again extracted with additional dichloromethane (5 Xloo mL). The combined 

dichloromethane phases were dried over anhydrous s?dium sulfate. filtered. and volatiles 

removed by rotary evaporation. Toluene (200 mL) was added and removed by rotary 

evaporation. The resulting colorless oil solidified upon standing ill vacuo to yield 205 g of the 
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title compound (97%). Mp 79.0-80.0· (lit. 80·C dec.; Brlindstli:im et al .• 1974). 

Method B. Tetra(n-butyl)ammonium hydroxide (100 mL) was added to a well-stirred solution 

of sodium azide (16.1 g. 250 mmol) in water (100 mL). After ten minutes. chlorofonn (65 m1) 

was added and the mixture stirred for an additional 5 minutes. The aqueous and organic 

phases were separated and remaining aqueous phase was extracted with additional chlorofonn 

(4 X 20 mL). The combined chlorofonn phases were dried over anhydrous sodium sulfate. 

ftltered. and volatiles removed by rotary evaporation. Toluene (50 mL) was added and 

removed by rotary evaporation. The resulting colorless oil was heated to ca. 80·C under 

vacuum for one hour. The title compound solidified upon cooling leaving 43.9 g (100%) of 

the hygroscopic semicrystalline solid. Mp 79.0-80.0· (lit. 80·C dec.; Brandstrom et al .• 1974). 

3(2S),4R3-[2-Azido-3-(4'-rnethoxy-2'-rnethylphenyl)-1-oxopropyl]-4-benzyl-2-oxazolidinone 

(87). Crude 3(2R),4S 3-[2-Bromo-3-(4' -methoxy-2' -methylphenyl)-I-oxopropyIJ-4-benzyl-2-

oxazolidinone (80. ca. 2.2 mmol) was dissolved in dry dichloromethane (5 mL). Tetra(n

butyl)anunonium azide (2.2 g. 10 mmol) was added and stirred for 8 hours at room 

temperature. The solution was diluted with dichloromethane (10 mL) and washed with water 

(3 X 10 mL). The solution was dried over anhydrous magnesium sulfate. ftltered. and rotary 

evaporated to dryness. Purification of the product was carried out by column chromatography. 

The title compound was isolated in 58% yield as a pale yellow solid. This compound was not 

characterized. 
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3(2S),4R 3-[2-Azido-3-( 4' -methoxy-2' -methylphenyl)-I-oxopropyl]-4-phenyl-2-oxazolidinone 

(88). Method A. In a 250 ml round bottom flask with magnetic stirbar was placed 3(2R),4R 

3-[2-bromo-3-( 4' -methoxy-2' -methylphenyl)-I-oxopropyl]-4-phenyl-2-oxazolidinone (81. ca. 

32.9 mmol). Tetra(n-butyl)ammonium azide (90,mL. 1.5 M in dichloromethane. 145 mmol) 

was added and the solution stirred for 10 hours. The solution was then washed with water (4 

X 100 mL). dried over anhydrous magnesium sulfate, filtered. and rotary evaporated to 

dryness. The solid was chromatographed on silica gel (400g. 7.5 cm X 15.5 cm column) using 

3:7 ethyl acetate:hexanes (v/v) as the eluant. Like fractions containing the product were 

combined. solvents removed by rotary evaporation. and residual solid further dried ill vacuo 

to yield 9.62 g of the title compound (77% from 4R 3-[3-(4'-methoxy-2'-methylphenyl)-I

oxopropyl]-4-phenyl-2-oxazolidinone. 67). A small sample was recrystallized from ethyl 

acetate and hexanes for analysis. 

Method B. In a 10 ml round bottom flask with magnetic stirbar was placed 3(2R),4R 3-[2-

bromo-3-( 4' -methoxy-2' -methylphenyl)-I-oxopropyl]-4-phenyl-2-oxazolidinone (81. 1.00 g. 

2.1 mmol) and acetonitrile (4 mL). Amberlite IRA-400 azide exchange resin (3 g. 3.8 meq/g; 

Aldrich) was added and the reaction stirred overnight at room temperature. The resin was 

filtered and washed with ethyl acetate (4 X 10 mL). The filtrate was concentrated to an off 

white solid by rotary evaporation. The title compound weighed 900 mg (99%) and was used 

without further purification. Mp 126-128°C; IH nmr a 7.38-7.33 (m. 3 H. chiral auxiliary 

aromatic hydrogens). 7.17-7.13 (m. 2 H. chiral auxiliary aromatic hydrogens). 6.98 (d. 

J=8.4 Hz. I H. aromatic 6' hydrogen). 6.67 (d. J=2.7 Hz. I H. aromatic 3' hydrogen). 6.57 (dd. 

J=2.7 Hz. 8.4 Hz. I H. aromatic 5' hydrogen). 5.46 (dd. J=3.7 Hz. 8.8 Hz. I H. chiral auxiliary 



140 

Ar-CH), 5.34 (dd, J=6.7 Hz, 8.3 Hz, 1 H, -CHN3-), 4.73 (t, J=8.8 Hz, 1 H, chiral auxiliary 

CH2 / pro R), 4.29 (dd, J=3.3 Hz, 8.8 Hz, 1 H, clural auxiliary CH2 / pro S), 3.98 (s, 3 H, 

Ar-OCH3), 3.14 (dd, J=5.6 Hz, 13.8 Hz, 1 H, -CHN3-CHz- / pro S), 2.90 (dd, J=8.4 Hz, 

13.8 Hz, 1 H, -CHN3-CH2/pro R), 2.17 (s, 3H, Ar-CH3); l3C nmr a 170.1, 158.5, 153.0, 138.3, 

131.1, 129.2, 128.8, 125.9, 125.3, 115.9, 111.3,70.3,59.6,57.6,55.0,33.7,19.6; IR (KBr, cm-

1) 2590, 2110, 1770, 1720, 1600, 1500, 1400, 1050,850,710; elMS calcd for ~oHzoN404 

380.14844 (~). Found: m/e (relative intensity) 380.00 (~, 23), 340.05 (9), 164.05 (58); tic 

RF0.37 (3:7, EtOAc:Hex, v/v); Anal. calcd for CzoHZON404: C, 63.14; H, 5.30; N, 14.70. 

Found: e, 63.32; H, 5.16; N, 14.73; [alfiz -41.2 (c 1.04, CHCl3). 

3(2S),4R 3-[2-Azido-3-( 4' -methoxy-2' ;6' -dimethylphenyl)-1-oxopropyIJ-4-phenyl-2-

oxazolidinone (89). The title compound was prepared in a manner similar to that used to 

prepare 88 (Method B). 3(2R),4R 3-[2-Bromo-3-(4'-methoxy-2',6'-dimethylphenyl)-I

oxopropyI1-4-phenyl-2-oxazolidinone (82. 2.75 g, 6.36 mmol), acetonitrile (100 mL), and 

Amberlite IRA-4oo azide exchange resin (8.25 g. 3.8 meq/g; Aldrich) were stirred together for 

9 days at room temperature. The resin was filtered and washed with tetrahydrofuran (4 X 

50 mL). Removal of solvents by rotary evaporation yielded 2.52 g (100%) of the title 

compound as an runr pure off-white solid that became salmon tinted upon standing. A small 

amount of the product was recrystallized from ethyl acetate and hexanes for analysis. Mp 

133.5-134.0'C; IH nmr 0 7.34 (m, 3 H, chiral auxiliary hydrogens), 7.09 (m, 2 H, chiral 

auxiliary hydrogens), 6.49 (2 H, aromatic 3',5' hydrogens), 5.48 (t, 1=5.8 Hz, 1 H, CHa), 5.41 

(dd. J=8.8 Hz. 4.0 Hz, 1 H. oxazolidinone Ar-CH-), 4.66 (t, 1=8.8 Hz, 1 H, oxazolidinone 

CH2/pro R). 4.21 (dd. 1=8.8 Hz. 4.0 Hz. 1 H, oxazolidinone eH2/pro S), 3.76 (s, 3 H, 
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Ar-OCH3), 3.20 (dd, J=13.9 Hz, 8.2 Hz, 1 H CHp), 2.98 (dd, J=13.9 Hz, 7.7 Hz, 1 H, CHW)' 

2.14 (s, 6 H, Ar-CH3); 13C nmr a 170.3, 158.0, 152.9, 139.0, 138.1, 129.1, 128.7, 126.0, 

123.4, 113.7,70.1,57.6,57.5,54.8,30.8,20.2; IR (KBr, cm-1) 2940, 2090, 1780, 1720, 1600, 

1490, 1390, 1320, 1150, 1070, 710; ElMS calcd for C;IH22N404 367.16577 (-N2+1). Found: 

m/e (relative intensity) 367.05 (6), 352.05 (9), 148.95 (100); Anal. calcd for C;IH22N404: 

C, 63.95; H, 5.62; N, 14.20. Found: C, 63.85; H, 5.57; N, 14.14; [alfi2 -5.7 (c 1.16, CHCl3). 

3(2S,3R),4R 3-[2-Azido-3-( 4' -methoxy-2' -methylphenyl)-l-oxobutyl 1-4-phenyl-2-

oxazolidinone (90). The product was prepared in an analogous fashion to 88 (Method A). 

3(2R,3R),4R 3-[2-Bromo-3-(4'-methoxy-2'-methylphenyl)-I-oxobutyI1-4-phenyl-2-oxazolidinone 

(83) was dissolved in acetonitrile and stirred with tetra(n-butyl)ammonium azide for 8 hours. 

After workup the product was isolated as an off-white solid. Mp 165.0-166SC; IH nrnr 

87.20 (m, 3 H. chiral auxiliary aromatic hydrogens). 6.75 (m, 1 H. aromatic hydrogen), 6.58 

(m. 2 H. aromatic hydrogens). 6.45 (s. 1 H. aromatic hydrogen), 5.43 (d, J=16.0 Hz, 1 H, 

CHN3). 5.32 (dd. 1=8.6 Hz, 4.3 Hz. I H, oxazolidinone Ar-CH-), 5.10 (t. 1=8.6 Hz, 1 H, 

oxazolidinone CH2/pro R). 4.07 (dd. 1=8.6 Hz, 4.3 Hz, 1 H. oxazolidinone CH2/pro S), 3.81 

(s, 3 H. Ar-OCH3), 3.48 (m. 1 H. CHp). 1.95 (s, 6 H. Ar-CH3). 1.33 (d, 1=6.8 Hz, CH3-CH); 

BC nmr 0 169.8. 158.0. 137.5. 137.4. 131.0. 128.8. 128.1, 127.8. 125.3, 116.6, 111.0,62.2, 

57.4. 55.0. 35.7. 19.33. 19.27; IR (KBr, cm-I) 2980. 2110. 1770, 1720, 1610, 1500, 1330, 

1200. 860; CIMS calcd for ~IH22N404 394.16409 (M+). Found: mle (relative intensity); 

Anal. calcd for C;IH22N404: C. 63.95; H. 5.62; N. 14.20. Found: C. 69.05; H, 5.45; N, 13.93; 

[alfi2 -5.9 (c 0.98. CHCl3). 
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3(2S,3S),4R 3-[2-Azido-3-( 4' -methoxy-2' -methylphenyl)-I-oxobutyI1-4-phenyl-2-

oxazolidinone (91). The title compound was prepared in an analogous fashion to 88 

(Method A). 3(2R,3S).4R 3-[2-Bromo-3-(4'-methoxy-2' -methylphenyl)-I-oxobutyl]-4-phenyl-2-

oxazolidinone (84) was dissolved in acetonitrile and stirred with tetra(n-butyl)ammonium azide 

for 10 hours. After workup the product was isolated as an off-white solid in 97% yield. Mp 

153.0-154.0·C; IH nmr 0 7.45-7.28 (m. 5 H, chiral auxiliary aromatic hydrogens). 7.23 (d, 1 H. 

J=8.5 Hz. aromatic 6' hydrogen), 6.75 (dd. J=2.7 Hz. 8.5 Hz. 1 H, aromatic 5' hydrogen), 6.69 

(d, J=2.7 Hz. 1 H. aromatic 3' hydrogen), 5.51 (dd, J=8.7 Hz. 3.6 Hz. 1 H, oxazolidinone 

Ar-CH-). 5.43 (d. J=IO.3 Hz, 1 H. -CHN3-). 4.78 (t, J=8.7 Hz, 1 H. oxazolidinone CH-jpro R). 

4.40 (dd. J=8.7 Hz. 3.6 Hz, 1 H, oxazolidinone CH2/pro S), 3.78 (s, 3 H. Ar-OCH3), 3.51-3.39 

(m. 1 H. CHp), 2.28 (s, 3 H, Ar-CH3), 0.99 (d, J=6.9 Hz, 3 H, CH3-CH); 13C nrnr a 170.3, 

158.0. 153.3. 138.1, 137.4. 132.1. 129.2, 129.0. 127.2, 126.3. 115.9, 111.8, 70.1. 63.3, 58.0. 

55.0.36.9. 19.7. 18.4; 1R (KBr. em-I) 2980. 2110. 1770. 1720. 1610. 1500. 1330. 1200.860; 

ClMS calcd for~lH22N404 367.16577 (M++I-N2). Found: m/e (relative intensity) 367.2 (38). 

352.2 (21).150.1 (11), 149.1 (l00); Anal. calcd for ~lH22N404: C. 63.95; H. 5.62; N. 14.20. 

Found: C. 63.64; H. 5.48; N. 13.99; [0.]52 -53.5" (c 1.08. CH03). 

3(2S,3R),4R 3-[2-Azido-3-( 4' -methoxy-2' ,6' -dimethylphenyl)-l-oxobutyl ]-4-phenyl-2-

oxazolidinone (92). The product was prepared in an analogous fashion to 88 (Method A). 

3(2R.3R),4R 3-[2-Bromo-3-( 4'-methoxy-2'.6' -dimethylphenyl)-I-oxobutyl]-4-phenyl-2-

oxazolidinone (85) was dissolved in acetonitrile and stirred with tetra(n-biltyl)ammonium azide 

for 12 hours. After workup the product was isolated as an off-white solid in 80% yield. Mp 

102.5-103SC; IH nmr 0 7.22-7.10 (m. 3 H. chiral auxiliary aromatic hydrogens). 6.61-6.58 
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(m, 2 H, chiral auxiliary aromatic hydrogens), 6.52 (s broad, 1 H, aromatic 3' hydrogen), 6.25 

(s broad, 1 H, aromatic 5' hydrogen), 5.73 (d, 1=11.6 Hz, 1 H, -CHN3), 5.34 (dd, 1=8.9 Hz, 

4.9 Hz, 1 H, oxazolidinone Ar-CH-), 4.72 (t, 1=8.9 Hz, 1 H, oxazolidinone CH2/pro R), 4.61 

(dd, 1=8.9 Hz, 4.3 Hz, 1 H, oxazolidinone CH2/pro S), 3.78 (s, 3 H, Ar-OCH3), 3.77 (m, 1 H, 

CHrJ), 2.49 (s, 3 H, Ar-CH3), 1.93 (s, 3 H, Ar-CH3'), 1.48 (d, 1=7.3 Hz, 3 H, CH3-CH); 13C 

nmr () 168.9, 156.5, 138.1, 137.3, 136.3, 127.9, 127.3, 127.1, 124.3, 114.0, 113.6,68.8,59.0, 

56.4,53.8, 34.6,20.9,20.2, 18.0; 1R (KBr, cm-I ) 2965, 2100, 1790, 1690, 1600, 1450, 1310, 

1200, 710; CIMS calc for <;2H24N404 409.18756 (~+1). Found: m/e (relative intensity) 

409.2 (M++l, 15), 366.2 (40), 163.1 (l00); Anal. calcd for <;2H24N404: C, 64.69; H, 5.92; 

N. 13.72. Found: C. 64.93; H. 5.83; N, 13.50; [a)fi2 -41.9° (c 1.01, CHCl3). 

3(2S,3S),4R 3-[2-Azido-3-( 4' -methoxy-2' ,6' -dimethylphenyl)-1-oxobutyl]-4-phenyl-2-

oxazolidinone (93). The product was prepared in an analogous fashion to 88 (Method A). 

3(2R.3S),4R 3-[2-Bromo-3-( 4' -methoxy-2'.6' -dimethylphenyl)-I-oxobutyl)-4-phenyl-2-

oxazolidinone (86) was dissolved in acetonitrile and stirred with tetranlethylguanidiniwn azide 

for 12 hours. After workup the product was quantitatively isolated as an off-white solid. 

The title compound was also synthesized using the same procedure as that described for 88 

(Method B). The reaction in acetonitrile took 6 days and yielded 85% of the title compound 

after workup. Mp. 121.0-121SC; IH runr () 7.44-7.36 (m, 5 H. chiral auxiliary aromatic 

hydrogens). 6.57 (m. 2 H. aromatic 3'.5' hydrogens), 5.82 (d, 1=11.6 Hz, 1 H, -CHN3), 5.52 

(dd. 1=8.6 Hz. 3.5 Hz. 1 H. oxazolidinone Ar-CH-). 4.72 (t. 1=8.6 Hz. 1 H, oxazolidinone 

CH2/pro R). 4.38 (dd. 1=8.6 Hz, 3.5 Hz, I H. oxazolidinone CH2/pro S), 3.76 (s, 3 H, 

Ar-OCH3). 3.76-3.66 (m. 1 H. CHIl). 2.49 (s. 3 H, Ar-CH3). 2.31 (s, 3 H, Ar-CH3'). 1.05 (d, 
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1=7.2 Hz. 3 H. CH3-CH); I3C nmr B 171.0. 157.7. 153.4. 138.8. 138.4, 137.8. 129.6, 129.3, 

129.0, 126.1. 115.6, 114.1,70.1,60.2,58.0,54.9,37.1,21.8,21.5, 15.6; IR (KBr, em-I) 2970, 

2090, 1790, 1700, 1600, 1450, 1200; CIMS calcd for c;2H24N404 409.18756 ~+1). Found: 

m/e (relative intensity) 409.20 (~+1, 1), 381.2 (9), 366.05 (6), 190.05 (15), 163.05 (100); 

Anal. calcd for c;2H24N404: C, 64.69; H, 5.92; N, 13.72. Found: C. 64.57; H, 5.91; N, 13.53; 

[(Xlfi2 -48.7° (c 1.24, CHCl3). 

Hydrolysis of 3-(a-azidoacyl)-4-phenyl-2-oxazolidinones 

Hydrolysis of all the azido oxazolidinones was carried out in a similar manner. exemplified by 

the following case. 

2S 2-Azido-3-(4'-methoxy-2'-methylphenyl)propanoic acid (94). Into a clean, dry 500 mL 

three neck round bottom flask with magnetic stirbar was placed 4R.3(2S) 3-[2-azido-3·(4'

methoxy-2'-methylphenyl)-I-oxopropyl]-4-phenyl-2-oxazolidinone (5.02 g, 13.2 mmol). The 

azidoacyl-oxazolidinone was dissolved in tetrahydrofuran (190 l11L) and water (60 mL). The 

flask was fitted with a pressure equalizing addition funnel, thermometer for measuring the 

internal temperature. and stopper. The solution was cooled to O·C and 30% hydrogen peroxide 

(8.0 mL. 78 mmol) was added dropwise over five minutes, followed by dropwise addition of 

lithium hydroxide monohydrate (1.15 g. 27.5 mmol) in water (5 mL) over five minutes. The 

cloudy white solution was stirred at O·C for two hours. The reaction was quenched by the 

addition of 1.3 M sodium sulfite (65 mL) and warming to room temperature for 30 minutes. 

Volatiles were removed by rotary evaporation. and the aqueous phase extracted with 



145 

dichloromethane (3 X 100 mL) to remove the chiral auxiliary. The extracts were dried over 

anhydrous sodium sulfate. The drying agent was filtered and solvents removed by rotary 

evaporation to yield a white solid (100%) identical to the authentic chiral auxiliary. The 

remaining aqueous phase was cooled to O·C and acidified to approximately pH 1 (universal 

pH indicator paper) with 4 N hydrochloric acid. The cloudy solution was extracted with 

dichloromethane (3 X 100 mL). The extracts were dried over anhydrous sodium sulfate. The 

drying agent was filtered and solvents removed by rotary evaporation to yield a pale green

tinted solid (3.15 g, 100%) which was pure by IH nmr. A small sample was recrystallized 

from hexanes at -20·C for analysis. Mp 73.0-73SC; IH nmr 0 9.15 (s broad, 1 H, -C02H), 

7.12 (d, 1=8.0 Hz, 1 H, aromatic 6' hydrogen), 6.74-6.70 (m, 2 H, aromatic 3',5' hydrogens), 

4.13 (dd, 1=9.4 Hz, 5.0 Hz, 1 H, CHa), 3.81 (s, 3 H, Ar-OCH3), 3.22 (dd, 1=14.3 Hz, 5.0 Hz, 

1 H, CHpfPro S), 2.96 (dd, 1=14.3 Hz, 9.4 Hz, 1 H, CHW/Pro R), 2.35 (s, 3 H, Ar-CH3); I3C 

nmr 0 175.3, 158.1, 137.4, 130.4. 125.7. 115.7. 110.8. 61.4.54.4. 33.5. 18.9; 1R (KBr. cm-I) 

3220.2110. 1740. 1720. 1500. 1400. 1050.910.810; CIMS calcd for CllH13N30 3 236.0357: 

m/e (relative intensity) 236.05 (M++l. 9). 193.05 (9). 164.05 (48). 135.15 (100); Anal. calcd 

for CllHl3N30 3: C. 56.16; H. 5.57; N. 17.86. Found: C. 56.44; H, 5.46; N. 17.76; [a]fi2 

-48.0· (c 1.09. CH03). 

2S 2-Azido-3-(4'-methoxy-2',6'-dimethylphenyl)propanoic acid (95). Mp 68.0-70.0·C; IH 

nmr 0 9.99 (broad s. 1 H. -C02H). 6.61 (s. 2 H. aromatic 3'.5' hydrogens). 4.14 (dd. 

J=1O.0 Hz. 4.3 Hz. 1 H, CHa ). 3.76 (s. 3 H. Ar-OCH3), 3.20 (dd, J=14.5 Hz, 4.3 Hz. 1 H, 

CH~). 3.03 (dd. J=14.5 Hz. 10.0 Hz. 1 H, CHW)' 2.36 (s. 6 H. Ar-CH3); l3C nmr 0 176.0. 

158.1. 128.5.125.1, 113.8.62.4.55.0.31.2.20.4; IR (KBr. em-I) 3240,2130,1730.1710. 
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1500, 1400, 1050, 910, 810; CIMS calcd for C12HlSN303 250.11916 (W+l). Found: m/e 

(relative intensity) 250.1 (W+l, 10), 234.2 (7), 178.2 (100), 149.1 (65); Anal. calcd for 

C12HlSN303: C, 57.82; H, 6.07; N, 16.86. Found: C, 57.70; H, 5.93; N, 16.92; [a]fi2 -45.9° 

(c 0.96, CH03). 

2S,3R 2-Azido-3-( 4' -methoxy-2' -methylphenyl)butanoic acid (96). Mp 115.0-117.0°C; 

IH nmr () 7.20 (d, 1=8.4 Hz, 1 H, aromatic 6' hydrogen) 6.75 (01, 2 H, aromatic 3',5' 

hydrogens), 4.04 (d, 1=6.1 Hz, 1 H, -CHN3), 3.79 (s, 3 H, Ar-OCH3), 3.59 (01, 1 H, CHIl), 

2.34 (s, 3 H, Ar-CH3), l.32 (d, 1=7.0 Hz, CH3-CH); 13C nmr (5 175.7, 158.3, 136.9, 131.5, 

127.8,116.2, 11l.3, 66.9, 55.1,35.9,16.9,16.1; IR (KBr, em-I) 2950, 2110, 1730,1610, 1600, 

1250,810; MS calc for 250.11916 (M++l). Found: m/e (relative intensity) 250.1 (W+1, 12), 

234.2 (5), 178.2 (100), 149.1 (58): [ajfi2 +7.5" (c 0.91 CHCI3) 

2S,3S 2-Azido-3-(4'-methoxy-2'-methylphenyl)butanoic acid (97). Oil; IH runr (5 7.21 (01, 

IH, aromatic 6' hydrogen), 6.74 (01, 2 H, aromatic 3',5' hydrogens), 4.04 (m, 1 H, -CHN3), 

3.76 (s, 3 H, Ar-OCH3), 3.47 (111, 1 H, CHIl), 2.35 (s, 3 H, Ar-CH3), 1.28 (d, 3 H, 1=6.5 Hz, 

CH3-CH); BC rum 8 175.1, 158.0, 137.5, 132.0, 127.1, 115.9, 11l.6, 68.6,55.0,36.3, 19.8, 

18.9; IR (KBr, em-I) 2950, 2100,1740, 1610, 1250,810; CIMS c1acd for 250.11916 (M++l). 

Found: m/e (relative intensity) 250.2 (W+l, 18), 234.2 (7), 178.2 (100), 149.1 (58); 

[a]fi2 -37.4° (c 1.10, CHCl3). 

2S,3R 2-Azido-3-(4' -methoxy-2',6'-dimethylphenyl)butanoic acid (98). Oil; IH runr (5 9.83 

(s. 1 H, -C02H). 6.53 (s, 2 H, aromatic 3',5' hydrogens), 4.14 (d, 1=10.4 Hz, 1 H, -CHN3), 



147 

3.75 (s, 3 H. Ar-OCH3). 3.65 (m, 1 H, CH~), 2.38 (s broad, 3 H. Ar-CH3). 2.29 (s broad, 3 H, 

Ar-CH3'). 1.44 (d. J=7.0 Hz. 3 H, CH3-CH); 13C nmr S 175.4, 157.6. 138.3, 138.2, 128.8, 

115.2.114.7.65.0.54.8,36.5.21.7.21.6. 15.8; IR (KBr. em-I) 2970. 2100. 1720.1600. 1490. 

1307. 1150. 1070. 840; HR-CIMS calcd for C12HI7N303 264.13480 (M++l). Found: m/e 

264.1330; [cxlfi2 +84.8" (c 1.66, CHCl3) 

(2S,3S) 2-Azido-3-(4'-methoxy-2',6'-dimethylphenyl)butanoic acid (99). Mp 55.0-57.0·C; 

IH nmr 06.61 (s broad. aromatic 3' hydrogen). 5.57 (s broad. aromatic 5' hydrogen). 4.27 (d. 

J=I1.5 Hz. 1 H, CHN3). 3.78 (s. 3 H. Ar-OCH3). 3.75 (m. 1 H. CH~). 2.42 (s. 3H. Ar-CH3), 

2.40 (s. 3 H. Ar-CH3'). 1.38 (d. J=7.2 Hz. CH3-CH); 13C runr S 176.6. 157.8. 138.8. 137.4, 

129.3. 115.7. 114.1. 65.2. 54.9. 36.7. 21.8. 21.6. 16.5; IR (KBr. em-I) 2970. 2100,1720. 1600, 

1490.1307, 1150, 1070.840; HR-CIMS calcd for C12H17N303 264.13480 (M++l). Found: m/e 

264.1328: tic RFO.26 (20:80:1. EtOAc:Hex:AcOH. v/V/V); [cxlfi2 -17.0 (c 0.82. CHCl3) 

Reduction of azido acids 

The reduction of the azido acids were all perfonned using a procedure similar to that described 

below. 

2S 2-Amino-3-( 4' -methoxy-2' -methylphenyl)propanoic acid; L-O-Methyl-2' .methyltyrosine 

(100). Into a 250 mL hydrogenation bottle was placed 2S 2-azido-3-(4' -methoxy-2'

methylpheny1)propanoic acid (93. 3.20 g. 13.6mmo\), glacial acetic acid (50 rnL). and water 

(30 mL). The solution was bubbled with argon tU1d 10% palladium on activated carbon 
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catalyst added. The mixture was shaken under 50 psi H2 overnight. The catalyst was fIltered 

through a Celite cake and solvents removed by rotary evaporation. To the residue was added 

6 N hydrochloric acid (20 mL) and the product rotary evaporated to dryness. The product 

weighed 3.15 g (100%). A small sample was purified by ion-exchange chromatography on 

Amberlite IR-120 plus exchange resin. Mp 141-143"C; IH nmr (D20) a 6.96 (d, J=8.4 Hz, 

1 H, aromatic 6' hydrogen), 6.69 (d, J=2.6 Hz, 1 H, aromatic 3' hydrogen), 6.62 (dd, J=8.4 Hz, 

2.6 Hz. aromatic 5' hydrogen). 3.92 (dd. J=8.5 Hz. 5.8 Hz. CHa). 3.59 (s. 3 H. Ar-OCH3). 

3.14 (dd. J=14.7 Hz. 8.5 Hz. CHp). 2.86 (dd. J=14.7 Hz. 5.8 Hz. CHW)' 2.11 (s.3 H. Ar-CH3); 

IR (KBr. em-I) 3050.2960. 1730. 1650. 1610. 1590. 1500. 1410. 1310. 1260.1050; HR-CIMS 

calcd for CllH1S0 3N 210.11310 (W+l). Found: mle 210.1109 (W+l); tIc RFO.62 

(acetonitrile:methanol:water. 4: 1: 1, v/v/v; RP chiral plates); [all,2 +2.7 (c 1.00. 1 N HCI) 

2S 2-Amino-3-( 4' -methoxy-2',6' -dimethylphenyl)propanoic acid; L-O-Methyl-2',6'

dimethyltyrosine (101). The title product was prepared as exemplified with 100 using 2S 2-

azido-3-(4' -methoxy-2' .6' -dimethyJphenyl)propanoic acid (94) as the starting material. Mp 138-

140"C; IH runr (D20) 0 6.57 (s. 2 H. aromatic 3'.5' hydrogens), 3.84 (t. J=8.0 Hz. CHa)' 3.56 

(s. 3 H. Ar-OCH3). 3.07 (dd. J=14.9 Hz. 5.8 Hz. 1 H. Cp), 2.81 (dd. J=14.9 Hz, 5.8 Hz. 1 H. 

Cp'). 2.04 (s. 6 H. Ar-CH3); IR (KBr. cm-I) 3140. 1620. 1400. 1090; HR-CIMS calcd for 

CI2H170 3N 224.1287 (M++l). Found: mle 224.1262 (W+1); tIc RFO.60 

(acetonitrile:methano1:water. 4:1:1. v/v/v; RP chiral plates); [alfi2 +192.3" (e 0.11. 1 N HCl). 

2S,3R 2-Amino-3-( 4' -methoxy-2' -methylphenyl)butanoic acid; Threo-L-O-methyl-2',~

dimethyltyrosine (102). The title product was prepared as exemplified with 100 using 2S,3R 
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2-azido-3-(4' -rnethoxy-2' -methylphenyl)butanoic acid (95) as the starting material. Mp 110.0-

112.0·C; IH nmr (020) S 7.00 (m. I H, aromatic 6' hydrogen), 6.65 (m, 2 H, aromatic 3'5' 

hydrogens), 3.62 (m. 1 H. CHa). 3.58 (s. 3 H, Ar-OCH3). 3.52 (m. I H. CHp). 2.13 (s. 3 H. 

Ar-CH3). 1.08 (d. J= 6.9 Hz. 3 H. CH3-CH); IR (KEr, em·l ) 2960. 1610, 1500. 1250, 1060; 

HR-CIMS ealcd for CI2H170 3N 224.1287 (M+ +1). Found:; tic RFO.60 

(acetonitrile:methanol:water. 4:1:1. v/v!v; RP chiral plates); [a]fi2 -21.3· (c 0.57. MeOH). 

2S,3S 2-Amino-3-( 4' -methoxy-2' -methylphenyl)butanoie acid; Erythro-L-O-methyl-2',~

dimethyltyrosine (103). The titIe product was prepared as exemplified with 100 using 2S.3S 

2-azido-3-(4' -methoxy-2'-methylphenyl)butanoic acid (96) as the starting material. Mp 115.0-

117.0·C; IH nmr (°20) S 7.07 (m. 1 H. aromatic 6' hydrogen). 6.63 (m. 2 H. aromatic 3'.5' 

hydrogens). 3.49 (m. 1 H. CHcx)' 3.49 (s. 3 H. Ar-OCH3). 3.16 (m, I H. CHp). 2.08 (s, 3 H, 

Ar-CH3). 1.04 (d. J=7.0 Hz. CH3-CH). 13C nmr (020) SI77.4, 173.8, 167.6, 138.5, 131.6. 

127.5. 116.2. 112.1,60.2.55.2.35.6.20.8, 10.8. 18.1; IR (KBr. em-I) 2970.1690. 1610, 1500. 

1410. 1250; HR-CIMS calcd for CI2H170 3N 224.1287 (M++l). Found:; tic RFO.66 

(acetonitrile:methanol:water, 4:1:1. v/v/v; RP chiral plates); [a]fi2 -16.9 (c 0.52, MeOH) 

2S,3R 2-Amino-3-( 4' -methoxy-2',6' -dimethylphenyl)butanoie acid; Threo-L-O-methyl-

2',6',~-trimethyltyrosine (104). The title product was prepared as exemplified with 100 using 

2S,3R 2-azido-3-(4'-methoxy-2',6'-methylphenyl)butanoic acid (97) as the starting material. 

Mp; IH runr (020) 06.44 (s. 2 H. aromatic 3',5' hydrogens). 3.85 (d, J=I1.0 Hz, 1 H, CHa), 

3.51 (s. 3 H. Ar-OCH3). 3.44 (m. 1 H. CHp), 2.12 (s broad, 6 H, Ar-CH3). 1.19 (d, J=7.3 Hz, 

3 H. CH3-CH); l3C rum 0180.5, 163.5, 145.5, 121.8. 120.6,74.2,73.2,61.7,42.5,27.6.21.7; 
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IR (KBr. cm-I) 3450.2970. 1603. 1400. 1310. 1150. 1070; HR-CIMS calcd for C13H1903N 

238.14431 (W+l). Found:; tIc RFO.51 (acetonitrile:methanol:water. 4:1:1. v/v/v; RP chiral 

plates): [all, 2 +41.0 (c 0.51. MeOH). 

2S,3S 2-Amino-3-( 4' -methoxy-2' ,6' -dimethylphenyl)butanoic acid; Erythro-L-O-methyl-

2'.6',~-trimethyltyrosine (105). The title product was prepared as exemplified with 100 using 

2S.3S 2-azido-3-(4'-methoxy-2'.6'-methylphenyl)butanoic acid (98) as the starting material. 

Mp 109.5-111 .soC; IH nmr 0 6.52 (m. 2 H. aromatic 3'.5' hydrogens). 3.91 (d. J=I1.5 Hz. 1 H. 

CH(,(). 3.57 (s. 3 H. Ar-OCH3). 3.28 (m. I H. CH!3)' 2.21 (s. 3 H. Ar-CH3). 2.13 (s. 3 H. 

Ar-CH3,). 1.16 (d. J=7.3 Hz. 1 H. CH:;-CH): lR (KBr. cm- I) 2970. 1600. 1490. 1310; 

HR-CIMS ca1cd for C13HI903N 238.14431 (M++I). Found:: tIc RFO.63 

(acetonitrile:methanol:water. 4: I: 1. v/v/v: RP chiral plates): [alB 2 -31.9 (c 0.63. MeOH). 

Hydrolysis of methyl ethers 

The quantative removal of the protecting methyl ether was perfonned in a manner similar to 

that described below. 

2S 2-Amino-3-(2'-methyl-4'-h~'droxyphenynpropanoic acid hydrobromide; L-2'

methyltyrosine hydrobromide (8). Into a clean and dry 100 mL round bottom flask was 

placed the acetate salt of 2S 2-amino-3-(4'-methoxy-2'-methylphcnyl)propanoic acid (100. 

1.0 g). The starting material was dissolved in glacial acetic acid (8 mL) and was heated to 

rcl1ux. To the retluxing solution was added 48% aqueous hydrobromic acid (40 mL). 
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Refluxing was maintained for 4 hours and the reaction cooled to room temperature. Solvents 

were removed by rotary evaporation. Water (20 mL) was added to the solid residue and was 

removed by rotary evaporation. The residual light brown solid was dried in vacuo. In some 

cases a small amount of the product was purified by ion exchange chromatography for 

characterization. Mp 233-236°C (free amine); IH runr (500 MHz. 020) B 7.09 (d, J=8.3 Hz. 

1 H. aromatic 6' hydrogen). 6.78 (d. J=2.7 Hz. I H. aromatic 3' hydrogen). 6.71 (dd, J=8.1 Hz. 

2.7 Hz. 1 H. aromatic 5' hydrogen). 3.86 (dd. J=9.3 Hz.. 5.6 Hz. 1 H. Ha). 3.28 (dd. 

J=14.8 Hz. 5.6 Hz. I H. H~). 2.94 (dd. J=14.8 Hz. 9.3 Hz. H~'). 2.29 (s. 3 H. Ar-CH3): 

BC nmr (020) B 169.9. 154.9. 138.8. 131.5. 124.0. 117.4. 113.1, 53.1. 29.5. 19.4; IR (KBr. 

cm- I) 2940. 1590. 1460. 1380: HR-CIMS ca1cd for C lOH I30 3N 196.0974 (M++l): Found: 

196.0965 (M+ + 1); tIc RFO.60 (acctonitrile:mcthanol:watcr. 4: 1: 1. v/v/v; RP chiral plates); 

[all/ + 17.6° (c 1.36. MeOH). 

2S 2-Amino-3-(2',6'-dimethyl-4' -h)'d.'uxyphenyl)propanoic acid hydrobromide; L-2',6'

dimethyltyrosine hydrobromide (9). Mp 190-193°C (free amine): IH nmr (020) B 6.41 (s. 

2 H. aromatic 3'.5' hydrogens). 3.86 (t. J=8.1 Hz. I H. CHa ). 3.08 (dd. J=14.2 Hz. 7.9 Hz. 

I H. C~). 2.92 (dd. J= 14.2 Hz.. 7.9 Hz. 1 H. Cp'). 2.05 (s. 6 H. Ar-CH3); 13C nmr (020) 8 

171.8. 154.2. 139.3. 123.3. 115.0.52.5.29.6. 19.2; IR (KBr. cm,l) 3130. 1590. 1470. 1310. 

1140; HR-CIMS calcd for CIIH l!;O;;N 210.1130 (M++1). Found: 210.1098 (M++I); tlc 

Rf=0.68 (acetonitrile:met11anol:water. 4: I: 1. v/v/v; RP chiral plates); [all? +41.1 ° (c 0.52. 

MeOH). 

2S,3R 2-Amino-3-(2'-methyl-4' -h~'droxyplu~nyl )butanoic acid h~'drobromide; L-Threo-2',~-
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dimethyltyrosine hydrobromide (10). IH nmr (020) 86.96 (d. J=8.0 Hz. 1 H. aromatic 6' 

hydrogen). 6.53 (m. 2 H. aromatic 3'.5' hydrogens). 3.84 (d. J=6.2 Hz. 1 H. CHa). 3.54 (m, 

1 H. CHp). 2.08 (s. 1 H. Ar-CH3). 1.11 (d. J=7.2 Hz. CH3-CH); 13C runr (020) () 172.1. 

154.2, 144.5. 127.5, 117.3. 115.6. 113.7.56.4.35.8; IR (KBr. em· l ) 2930. 1730. 1620, 1510, 

1210; HR-CIMS calcd for C llH IS0 3N 210.1130 (M++I). Found:; tic RFO.66 

(acetonitrile:methanol:water. 4:1:1. v/v/v; RP chiral plates); [cxlfi2 +7.10° (c 0.45. MeOH). 

2S,3S 2-Amino-3-(2'-methyl-4'-hydroxyphenyl)butanoic acid hydrobromide; L-Erythro-

2',~-dimethyltyrosine hydrobromide (II). IH nmr (D20) 0 6.99 (m. 1 H. aromatic 6' 

hydrogen). 6.57 (m. 2 H. aromatic 3'.5' hydrogens). 3.53 (m. 1 H. CHa). 3.19 (m. 1 H. CHp). 

2.08 (s. 3 H. Ar-CH3). 1.06 (d. J=7.0 Hz. 3 H. CH3-CH); l3C runr (020) 8 175.1, 157.3. 

137.5.132.1. 127.1. 115.9. 111.6. 55.n. 36.2.19.7.18.9; IR (KBr. em-I) 2970.2104. 1609. 

1504. 1400; HR-CIMS calcd for CIIHIS03N 210.1130 (M++l). Found:; tIc RFO.73 

(acetonitrile:mcthanol:watcr. 4: I: 1. v/v/v: RP chiral plates); [0:152 +6.22° (c 0.45. MeOH). 

2S,3R 2-Amino-3-(2',6' -dimeth)'I-4'-h)'c1rox)'phenyI)butanoic acid hydro bromide; L-threo-

2',6',~-trimethyltyrosine hydrobromide (12). IH I1mr (D20) () 6.36 (s. 2 H. aromatic 3',5' 

hydrogens). 4.11 (d. J=I1.3 Hz. CHa ). 3.50 (m. 1 H. CH p). 2.15 (5 broad. 3 H. Ar-CH3), 2.02 

(5 broad. 3 H. Ar-CH3'). 1.23 (d. J=7.2 Hz. 3 H. CH3-CH); 13C rum (020) () 171.4, 153.9, 

138.9.128.7.116.7.115.1. 56.1. 35.S. 20.S. 20.6,15.2: IR (KBr. em-I) 3430.3030.1740. 

1600. 1520. 1300. 1150; HR-CIMS calcd for CI2H170 3N 224.12866 (M++l). Found:; tic 

Rr=0.O.65 (acctonitrilc:methanol:watcr. 4: I: I. v/v/v; RP chiral plates): [CXjfi2 +46.6° (c 0.79, 

MeOH). 
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2S,3S 2-Amino-3-(2',6'-dimethyl-4'-hydroxyphenyl)butanoie acid hydrobromide; L

er~thro-2',6',~-trimethyltyrosine hydrobromide (13). IH ruur (D20) 8 6.41 (s, 2 H, aromatic 

3'5' hydrogens), 4.17 (d, J=I1.0 Hz. 1 H. CHa ). 3.36 (111. 1 H. CHp). 2.16 (s. 3 H. Ar-CH3), 

2.08 (s. 3 H. Ar-CH3'). 1.14 (d. J=7.4 Hz. 3 H. CHrCH); I3C rum (D20) 8 171.4. 154.5, 

143.9. 138.4. 131.3. 127.9. 117.5. 113.2.57.4.34.4. 18.4. 14.6: IR (KBr. em-I) 2980. 1730. 

1610. 1490. 1300. 1210: HR-CIMS calcd for C12H170 3N 224.12866 (M++l). Found:; tic 

Rf=0.0.69 (acetonitrile:methanol:water. 4: I: I. v/v/V: RP chiral plates); [0:][/ -9.7" (c 0.43. 

MeOH). 
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Chapter 5 

SYNTHESIS OF OXYTOCIN ANALOGUES 

Introduction 

Oxytocin. whose native sttucture is shown in Figure 31. is one of a number of 

neurohypophyseal honnones found in mammals (Table 9). Oxytocin is synthesized along with 

its transport protein neurophysin I in the neuroendocrine transducer cells of the hypothalamus. 

After being sequestered in neurosecretory granules. it is transported via axion processes to the 

posterior lobe of the pituitary gland and stored there until it is released into the circulation. 

This hormone has been shown to possess a wide range of biological functions including the 

uterine contractions responsible for labor and milk ejection (Soloff and Pearlmutter. 1979). 

sexual. maternal. and grooming behavior (pederson and Prange. 1979; Pederson et al .• 1982). 

effects on glucose and insulin metabolism (Altszuler and Hampshire. 1981) •. and a role in 

memory and learning (Bnnik. 1986; Greidanus et al .• 1908). 

s S 
I I 

H2N-Cys-Tyr-nc-Gln-Asn-Cys-Pro-Leu-Oly-NH2 

Figure 31. Primary sequence of oxytocin 
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Structurally, oxytocin is similar to the other naturally occurring neurohypophyseal honnones 

of vertebrate pituitary origin. As can be seen from the structures in Table 9, each is a 

nonapeptide containing a 20-membered disulfide ring. All of these honnones also have Cysl, 

Asn5, Cys6, and Glycinamide9 in common. In general, these peptides are grouped into two 

classes, those which are oxytocin-like (capable of inducing uterine contraction and milk 

ejection) and vasopressin-like (exhibiting anti-diuretic and pressor activity). Because of the 

structural similarities among all of the peptides it is not surprising that the oxytocin-like 

peptides have some vasopressin-like activity and vice versa. However, the differences in 

potencies are significant. 

Five classical bioassays have been extensively used in the studies of neurohypophyseal 

honnones. They are: (a) rat uterine contraction; (b) avian depressor activity; (c) milk ejecting 

response; (d) rat antidiuretic activity; and (e) rat pressor response. The most widely used 

bioassay for the examination of oxytocin-like response, both ill vitro and ill vivo, has been the 

rat uterine model. 

Cooperative vs. dynamic models for oxytocin bioactivity 

The cooperative model proposed by Walter et al. (1971, 1977) suggests that certain 

confonnational properties of specific residues are required for specific events. Specifically, 

Ile3, Gln4, Pro7, and Leu8 are all at the comers of turns and affect the potency of the honnone. 

Also, the aromatic ring of Ty? is located in such a marmer that it sits above the 20-membered 



Table II. Structure and biological activities of naturally occurring neurohypophyseal hormones 

Biological Activities 

Name Structure Rat Avain Milk Anti- Ref. 
Uterus Vasodepressor Ejecting diuretic Pressor 

OxytOCin C~s-Tyr-I1c-Gln-Asn-Cys-Pro-Lcu-Gly-NH2 546 507 410 2.7 3.1 a,b 
I 

Arginine Cys-Tyr-I1e-Gln-Asn-Cys-Pro-Arg-GIY-NH2 127 493 210 231 160 c,d 
Vasotocin 

Mcsotocin Cys-Tyr-I1e-Gln-Asn-Cys-Pro-I1e-GIY-NH2 289 498 328 1.1 6.3 e 

Valitocin Cys-Tyr -I1c-Gln-Asn-CYs-Pro-Val-Gly-NH2 199 278 308 0.8 9 e 

Aspartocin C~s-Tyr-I1e-Asn-Asn-C~s-Pro-Val-Gly-NH2 158 201 382 0.17 0.12 f,g 

Glimitocin ch-Tyr -I1e-Ser-Asn-Cys-Pro-Gln-GIY-NH2 10 53 0.41 0.35 h 

ISOlocin Cys-Tyr-I1e-Ser-Asn-CJs-Pro-I1e-Gly-NH2 145 382 375 0.75 0.05 h,i 

Arginine Cys-Tyr-Phe-GIn-Asn-Cys-Pro-Arg-Gly-NH2 12 100 30-120 503 487 j 
I Vasoprcssin 

Lysine CYs-Phe-Phe-GIn-Asn-Cts-Pro-Lys-Gly-NH2 4.8 48 3_1 203 243 k 
Vasopressin 

Phenylpressin CYs-Phe-Phe-GIn-Asn-CYs-Pro-Arg-Gly-NHz 0.2 <I 3 350 122 I 

a Chao and Kelly. 1967. b Chan and do Vigncaud. 1962. c Manning €I 01 .• 1973. d Benle el aI .• 1962. e Jaquenoud and Boissnnnas, 1961. 
f Toran el aI •• 1977. g Berde and Boissonnas, 1968. h Sawyer €I aI .• 1969. i Rudinger e1 aI .• 1969. j Meinenhofer el aI •• 1970. t 
Kimbrough el 01 .• 1963. Huguenin and Boissonnas. 1962. 

..... 
VI 
0\ 
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ring so the phenolic OH is capable of hydrogen bonding with the side chain of Asns. These 

two residues being essential for full effica~y. 

According to the dynamic model (Meraldi et aT .• 1977; Hruby. 1981a.b) the honnone binds to 

the receptor following the "zipper model" (Burgen et al.. 1975) and then undergoes a 

conformational change to bring about transduction. This model provides a simple explanation 

for antagonism. Since the binding and transduction states of the honnone are different. those 

analogues capable of binding with the receptor which are confonnationally restricted from 

adopting the transduction state should be antagonists. 

Oxytocin analogues substituted in position 2 

Since it was the first peptide whose total synthesis was reported (du Vineaud et al .• 1953). it 

not suprizing that hundreds of analogues have now been reported. From structure-activity 

studies of oxytocin analogues substituted in position 2. the importance of Ty~ is evident. 

Table 12 lists the biological activities of a number of oxytocin analogues substituted only in 

position two. Since biological data for the vast majority of oxytocin analogues is only 

available for the uterine receptor. it is the assay from which all comparisons will be made in 

this study. 

Virtually every substitution at the 2 position of oxytocin resulted in a marked decrease in 

biological activity. Only the substitution of erythro-L-~-methyITyr was equipotent. actually 
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Table 12. Analogues of oxytocin substituted only in position 2. 

In Vivo 
Analogue Amino Acid in Activity Reference 

Position 2 U/mg 

1. Oxytocin Tyr 450 du Vineaud et al., 1959 

2. [D-Ty~]OXT D-Tyr 6.6 Drabarek et al., 1965 

3. [Gly2]OXT Gly 0 Brabarek, 1964 

4. [Ser2]OXT Ser <0.01 Guttmann et al., 1960 

5. [Val2]OXT Val 2.1 Hruby et al., 1969 

6. [Cle2]OXT Cle 4.9 Hruby et al., 1983 

7. [Leu2]OXT Leu 0.44 Jost et al., 1963 

8. [D-Leu2]OXT D-Leu pA2=5.23 Kaurov et al., 1978 

9. [Ile2]OXT Ile 20 Branda et al., 1967 

10. [Aad2]OXT Aad 0.3 Mndzhozan et al .• 1964 

11. [Bch2]OXT Bch inact. Chow, 1990 

12. [Phe2]OXT Phe 32 Bodanszky et al., 1959 

13. [D-Phe2]OXT D-Phe pA2=6.00 Kaurov et al., 1978 

14. [Gly(Ph)2]OXT Gly(Ph) 0.01 Kaurov et al., 1972 

15. [Trp2]OXT Trp 0.24 Kaurov et al., 1972 

16. [D-Trp2]OXT D-Trp pA2=6.87 Kaurov et aI., 1978 

17. [Phe(4-NH2)2]OXT Phe(4-NH2) 31 Rudinger et al., 1965 

18. [Phe(4-N02)2]OXT Phe(4-N02) 0.66 Auna et al., 1971 

19. [TYr(3-0H)2]OXT Tyr(3-0H) 26 Ferrier et al., 1976 

20. [Tyr(Me)2]OXT Tyr(Me) pA2=7.8 Rudinger et al., 1973 

21. [Tyr(Et)2]OXT Tyr(Et) 0.15 Zhuze et al., 1964 
pA2=7.5 Rudinger et al., 1972 
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Table 12 continued. 

In Vivo 
Analogue Amino Acid in Activity Reference 

Position 2 U/mg 

22. [Tyr(Et)2]OXT Tyr(Et) 0.15 Zhuze et al., 1964 
pAz=7.5 Rudinger et al., 1972 

23. [D-Tyr(EtilOXT D-Tyr(Et) 2.6 Kaurov et al., 1979 

24. [Phe(Me)2]OXT Phe(Me) 19 Zhuze et al., 1964 
pA2=8.0 Rudinger et al., 1972 

2S. [Phe(4-Et)2jOXT Phe(Et) 6.S Zhuze et al., 1964 
pA2=7.7 Rudinger, 1972 

26. [D-Phe(4-Et)210XT D-Phe(Et) pA2=8.1S Lebl et al., 1983 

27. [Tic21OXT Tic pAz=S.46 Lebl et 01., 1990 

28. [D-Tic21OXT D-Tic pA2=6.S0 Lebl et 01., 1990 

29. [e-L-~MePhe210XT (2S.3S)~-MePhe 127 Hill, 1986 

30. [t-L-~MePhe210XT (2S,3R)~-MePhe 8.7 Hill, 1986 

31. [e-L-~MeTyr2jOXT (2S.3S)~-MeTyr 618 Chow, 1990 

32. [t-L-~MeTyr210XT (2S.3R)~-MeTyr 0.2 Chow, 1990 

33. [e-D-~MeTyr2jOXT (2R,3R)~-MeTyr 128 Chow. 1990 

34. [L-2'MeTY~lOXT 2'-MeTyr N.A. 

35. [D-2'MeTY~lOXT D-2'-MeTyr N.A. 
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superpotent. showing 1.3 times the activity of oxytocin (entry 32) at the uterine receptor. 

Substitution of erythro-L-~-methyIPhe and erythro-D-~-methylTyr led to analogues which were 

only slightly less potent (29 and 33). All other substitutions led to a greater than 10-fold 

decrease in potency. 

Cases where the aromatic ring was replaced with aliphatic side chains resulted in analogues 

that were weakly potent. The importance of the phenolic hydroxide is also evident. 

Substitutions where the hydroxyl group is removed or replaced led to a decrease in activity or 

antagonism. [Phe2)Oxytocin has about 1/15 the potency of oxytocin as does [Phe(4-

NHz)2)oxytocin. These analogues demonstrate the specificity for the hydroxyl group for 

activity. When the phenol was converted to an ether or replaced by an alkyl group the result 

was antagonism. However. these compounds (entries 20-26) seem to indicate some form of 

mixed agonist and antagonist properties since different labs have reported both types of actions 

for many of the analogues. 

Replacement of L-Tyr with D-anlino acids also usually leads to antagonism at the uteronic 

receptor. the notable exceptions being D-Tyr. D-Tyr(Et). and erythro-D-~-methyITyr. The 

reason that the substitutions of D-amino acids into position 2 are thought to bring about 

antagonism is presumably the change in backbone confonllation. The explanation given in the 

case of D-Tyr(Et) was the increase of hydrophobicity of the analogue. which displayed an 

increased distribution constant in countercurrent distribution (Kaurov et al .• 1979). 
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Computer models of 2-substituted oxytocin analogues 

As part of her Ph.D. work Min-Shine Chow (1990) did a great deal of molecular modelling 

calculations on 2-substituted oxytocin analogues using the CHARMM software package. She 

based her work. on the X-ray structure of deamino analogue [Mpa1]oxytocin. Chow 

investigated a number of (3-alkyITyr and (3-alkylPhe (methyl-. ethyl-. isopropyl-) derivatives 

in the 2 position of [Mpa1 ]oxytocin. She conjectured that the (3-alkyITyr and Phe derivatives 

of erythro configuration would be more active than their threo counterparts because of the (3-

alkyl groups' ability to stabilize the gauche (+) confomlation and optimizing the hydrogen 

bonding interaction between position 2 and Asn5• In subsequent unpublished work. she also 

examined ring-alkylated amino acids. The calculations showed that the alkylation at either the 

2' or the 2' and 6' position would move the aromatic ring in such a way that the hydrogen 

bonding in the molecule was decreased. Based on her model the incorporation of these types 

of amino acid would lead to weaker agonist activity than the native honnone. To test this 

hypothesis racemic 2'-methylTyr was prepared and incorporated into oxytocin. 

Solid Phase Peptide Synthesis of [2' -MeTyr2]Oxytocin 

The synthesis of peptides in solution has several drawbacks which have brought solid phase 

peptide synthesis (SPPS) to the forefront of peptide chemistry. Solution phase synthesis can 

make even the synthesis of even small peptides an arduous task. Intennediates must be 

precipitated or recrystallized. and steps involving coupling and deprotection require multiple 
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washings of the reaction solution. Numerous transfers and filtrations are also required when 

doing the synthesis entirely in solution. These problems are all minimized by the use of SPPS. 

In general, the principle behind SPPS is simple. The idea is that the growing peptide chain 

is built upon a durable solid support. This allows all reagents to be easily removed after 

various synthetic steps by mtration. Peptides are built from C-terminus to N-terminus by this 

method. Individually, each amino acid is coupled to the peptide chain growing from the 

support. Amino acids are usually protected with either NIX-Boc of NIX-Fmoc to eliminate the 

possibility of polymerization. The protecting group is then cleaved and the next residue 

coupled. The deprotection and coupling procedures are repeated until the entire peptide chain 

is complete. The peptide is then removed from the resin where additional modifications to the 

peptide, such as cyclizatioI:1, can take place. Finally, the peptide can be purified and isolated 

by a variety of procedures. 

The polymeric supports commonly used for the SPPS of oxytocin analogues are the Merrifield 

and benzhydrylamine (BHA) resins (Figure 32). The Merrifield resin is chloromethylated 

polystyrene crosslinked with 1 % divinylbenzene. Using the Merrifield resin, the growing 

peptide is attached to the polymeric support through an ester linkage. To obtain the 

carboxamide tenninal peptide the peptide resin is cleaved via ammonolysis (Meinhofter et al., 

1970). The growing peptide is attached to BHA resin through an amide linkage. Oeavage 

of the peptide from the resin is accomplished with either anhydrous HF or trifluoromethane

sulfonic acid (TFMSA). In this study p-methylMBA (MBHA) resin and HF cleavage were 
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used. 

The linear peptide was prepared using the tert-butyloxycarbonyl (Boc) strategy, where the 

amino acids were protected as their NIX-Boc derivatives. After coupling, the Boc protecting 

group was cleaved by treatment with 50% TFA in DCM. Orthogonal protection (TFA stable) 

is traditionally used for sensitive side chain functionalities. In this synthesis only the cysteine 

residues required protection. and were protected as their S-p-methylbenzyl (S-pMB) derivatives. 

The phenolic group on tyrosine generally requires protection too. although it has been 

demonstrated in the case of oxytocin and DPDPE that protection of the phenolic OH is not 

necessary since it is incorporated into the peptide near the end of the synthesis. Because of 

this. the phenolic OH of 2' -methylTyr was not protected for synthesis. 

The coupling of NIX-Boc amino acids was perfonned by activating the carboxyl group with 

diisopropylcarbodiimide (DIC. Figure 33). Three equivalents of each amino acid DIC were 

used. Until recently dicyc1ohexy1carbodiimide (DCCI) was used for coupling. After 

activation. this material is converted to the DCM insoluble dicyclohexylurea (DCU; Sheehan 

and Hess. 1955). Often in the past. the amino acid was activated in a separate reaction vessel 

so that the DCU could be filtered off. This is avoided with DIC since its end product. 

diisopropylurea is DCM soluble. Glutamine and asparagine were coupled in the presence of 

both DIC and I-hydroxybenzotriazole (HOBT). These amino acids have been shown to 

undergo dehydration to fonn the corresponding nit riles in the presence of carbodiimides alone 

(Gish et al .. 1956; Katsoyannis et al .• 1957). This can be avoided by the inclusion of a 
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secondary nuc1eophile such as HOBT which limits the lifetime of the O-acylurea intennediate. 

Couplings were monitored using the bromophenol blue method of detection (Krchnak. et al., 

1988) and confirmed by the ninhydrin test (Kaiser et al., 1970). Proline was the exception, 

being monitored by bromophenol blue and the chloranil test Bromophenol blue was used as 

a 1 % solution in N-methyl pyrrolidone (NMP). The indicator was added directly to the 

coupling mixture, a blue color indicating the presence of free amines, and yellow indicating 

complete coupling. After the blue to yellow transition the reaction was checked by the 

ninhydrin test. 

The ninhydrin, or Kaiser test requires three solutions and a small «lOmg) sample of resin 

removed from the reaction vessel. Solutions of ninhydrin in ethanol, phenol in ethanol, and 

potassiwn cyanide in pyridine (one drop each) are added to the washed sample and heated at 

110°C for several minutes. Again, a yellow color indicates the coupling is complete, and a 

blue color the presence of free primary amines. Typical couplings ranged from 30 minutes to 

2 hours. The exception was 2'-methylTyr where only one equivalent of the amino acid was 

used to ensure a 1: 1 coupling ratio of the D and 1. isomers. When after 12 hours the coupling 

was not complete and additional 0.5 equivalents were added and the coupling was complete 

within one hour. 

The completed linear peptide was liberated from the resin with 90% anhydrous HF (Sakakibara 

and Shimonishi. 1965). and sulfur protecting groups were simultaneously removed. As a 
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scavenger of the 4-methylbenzyl cations produced from Cys deprotection. p-thiocresol was 

used. These cations are reactive with a number of amino acid side chains. including tyrosine. 

cysteine. methionine and tryptophan. Of course 2' -melhyltyrosine would also be succeptible 

to the reactive cleavage byproduct. Approximately 1 g of scavenger was used per gram of 

peptide-resin. 

Several methods exist for the oxidation of the free sulfhydryl groups to fonn the cyclic 

disulfide. Oxygen (du Vigneaud et 01 .• 1953), iodine in methanol (Fluoret et 01 .• 1979). and 

potassium ferricyanide (du Vigneaud et 01 .• 1960) have all been shown to be effective for this 

purpose. For the synthesis of [Q.1-2'-methylTY~10xytocin. K3[Fe(CN)61 was chosen for the 

cyclization. The reaction was carried out at high dilution (0.4 mM) to maximize the amount 

of intra- to intennolecular disulfide fomlation. After cyclization excess ferri- and ferrocyanide 

were removed by ion exchange. After concentration of the peptide solution and lyophilization. 

the crude peptide must be purified to remove salts. polymers and various peptide fragments. 

Many methods exist for the purification of crude peptides. Gel filtration (also referred to as 

gel penneation or size exclusion) is often first employed to separate polymers and salts from 

the product. This method separates the molecules on the basis of molecular weight. or more 

precisely. their size and shape in solution. Large molecules such as polymers travel quickly 

down the column. while small molecules like salts are able to investigate more space within 

the stationary phase. Intemlediate sized molecules. such as peptides of interest. elute at 

intennediate volumes. This method has the disadvantage that diastereomeric peptides and some 
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other peptides fragments quite similar in size may not be separable, making further purification 

necessary. 

Another popular method for the purification of oxytocin analogues is partition chromatography 

(Yamashiro. 1964; Yamashiro et al .• 1966). This method has several advantages and was used 

in this study. Since the gel used (Sephadex) is the same as that used for gel filtration the 

technique also separates the salts and polymers from the peptide(s) of interest. The method 

is a fonn of liquid-liquid chromatography. The gel was equilibrated with the lower phase of 

a 1:1 solution of butanol and water containing 1.5% pyridine and 3.5% acetic acid. This 

solvent system was chosen because of the success reported in the separation of the two 

diastereomers of [Q . .b)3~ Tyr2]oxytocin (Viswanatha and Hruby, 1979). The upper phase was 

then loaded on the column and the column run to displace the excess lower phase. As a result, 

the highly polar stationary support was coated with a thin layer of aqueous buffer. As the 

molecules traversed the column they were partitioned between the two phases. Fractions were 

collected and tested by either the Folin-Lowry method (Lowry et al .• 1951) or by measuring 

the absorbance of the fractions (A,=280). 

For the synthesis of the oxytocin analogue prepared in this study, the unusual amino acid 2'

methyltyrosine was prepared as a racemate in a fashion similar to that reported for the 

synthesis of racemic 2',6'-dimethylTyr (Abrash et al., 1963). 

The synthesis is described in Figure 34. The key to the synthesis was the chloromethylation 
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of the appropriately protected 3-methylphenol (106). Commercially available m-cresol was 

protected as ethylcarbonate 107 in 76% yield after distillation. Chloromethylation was 

performed using formalin solution. concentrated hydrochlOric acid. and bubbling through 

hydrogen chloride gas for 16 hours. After workup. the crude product 108 was quickly distilled 

(37% yield). and immediately reacted with diethyl acetamidomalonate in ethanolic sodium 

ethoxide to furnish substituted malonate 109 in 69% yield with loss of the carbonate. 

Malonate 109 was saponified and decarboxylated in refluxing aqueous sodium hydroxide to 

afford 94% of the crude N-acetylamino acid. Thin layer chromatography indicated a small 

amount of impurity. presumably N-acetylglycine from diethyl acetamidomalonate. The crude 

N-acetylamino acid was refluxed in 6 N hydrochloric acid and neutralized with ammonium 

hydroxide leaving the free racemic amino acid. 2-methy1-D.1.-tyrosine (rac-8). 

An alternate synthesis began with 3-methylanisole (17) undergoing chloromethylation to 4-

chloromethyl-3-methylanisole (20). Anisole 17 was much more reactive than carbonate 107 

towards chloromethylation. and hence required milder reaction conditions. The 

chloromethylation was complete within 4 hours and required only concentrated hydrochloric 

acid and fomlalin: no hydrogen chloride gas was needed. After workup the product was 

quickly distilled (15.2% yield) and immediately used because it readily polymerized upon 

exposure to air. Reaction of 20 with diethyl acetamidomalonate in ethanolic sodium ethoxide 

afforded 46% of substituted malonate (110) after purification. Compound 110 was converted 

to the amino acid by treatment with 48% hydrogen bromide. and subsequent neutralization with 

ammonium hydroxide. 
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Experimental for synthesis of racemic 2'-methyltyrosine (rac-8) 

O-Carboethoxy-3-methylphenol (107). To a well stirred solution of m-cresol (17, 17.3 g, 

160 mmol) and pyridine (13 mL) in toluene (120 mL) was added ethyl chlorofonnate (20 g, 

184 mmol) dropwise over 20 minutes. The solution was stirred for 1 hour after addition was 

complete. Pyridinium hydrochloride was filtered and washed with toluene. Filtrates were 

combined, dried over anhydrous magnesium sulfate, and filtered. Toluene was removed by 

rotary evaporation and the residual oil vacuum distilled. The product, a clear colorless oil, 

weighed 21.4 g (74%). Bp 54·C. 1 torr. IH runr S 7.2 (m, 1 H. aromatic hydrogen), 7.0 (m, 

3 H, aromatic hydrogens). 4.28 (q. 2 H, OCH2-CH3), 2.34 (s. 3 H, Ar-CH3), 1.36 (t, 3 H, 

CH3-CH2): 13C nmr S 153.1, 150.7, 139.0, 128.6, 126.1. 12l.l, 117.5,63.9,20.5, 13.5; ElMS 

calcd for ClOH 120 3 180.07864 (M+). Found: m/e (relative intensity) 180.1 (M+), 108.0 (100); 

tlc RFO.54 (1:4, EtOAc:Hex, v/v); Anal. calcd for C lOH120 3: C, 66.65; H. 6.71. Found: C, 

66.76; H. 6.77. 

O-Carboethoxy-4-chloromethyl-3-methylphenol (108). A 250 mL round bottomed flask was 

charged with O-carboethoxy-3-methylphenol (107, 10 g, 55 mmol) and 37% aqueous 

f0n11aldehyde solution (110 mL). The biphasic mixture was vigorously stirred, cooled to 2·C 

in an ice bath, and concentrated hydrochloric acid added dropwise over 15 minutes. Hydrogen 

chloride gas was bubbled through the mixture for 22 hours as it was allowed to wann to room 

temperature. The reaction mixture was poured on 50 mL crushed ice, aqueous and organic 

phases separated. and the aqueous solution extracted with chlorofonn (2 X 25 mL). Organic 
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extracts were combined with the original organic phase and sequentially washed with distilled 

water (2 X 125 mL), saturated aqueous sodium bicarbonate (2 X 125 mL), and distilled water 

(2 X 125 mL). The organic layer was dried over anhydrous magnesium sulfate, filtered, and 

solvents removed by rotary evaporation. The pale green oil was vacuum distilled. The clear 

colorless distillate was isolated in 37% yield (4.67 g) and used immediately in the next 

reaction. IH nmr 0 7.3 (m, 1 H), 06.9 (m, 2 H), 4.56 (s, 2 H), 4.31 (q,2 H), 2.40 (s, 3 H), 

1.36 (t, 3 H). 

4-Chloromethyl-3-methylanisole (20). To a vigorously stirred ice-cold mixture of 3-

methylanisole (17,41.55 g, 340 mlllol) and 37% aqueous fomlaldehyde (26 mL, 346 mmol), 

concentrated hydrochloric acid (210 mL) was added dropwise over 2 hours, after which time 

the solution was poured into a mixture of 300 mL crushed ice and 200 mL chloroform. 

Organic and aqueous layers were separated. The organic phase was washed sequentially with 

distilled water (2 X 200 mL) and saturated aqueous sodium bicarbonate (2 X 200 mL). The 

organic solution was dried over anhydrous magnesium sulfate, filtered, and solvents removed 

by rotary evaporation, leaving a slightly cloudy oil which was vacuum distilled. The product 

(8.90 g, 15.2%) was recovered as a clear colorless oil which readily polymerized on exposure 

to the atmosphere. The material was used directly without further purification or 

characterization. Bp 90·C, 1 torr. 

Diethyl acetamido-(4-hydroxy-2-methylbenzyl)malonate (109). Sodium metal (0.52 g, 

22.6 mmol) was dissolved in absolute ethanol (50 mL) and stirred for 10 minutes. Diethyl 



173 

acetamidomalonate (4.43 g, 20.4 mmol) was added to the solution and stirred for 10 minutes 

after the malonate had completely dissolved. O-Carboethoxy-4-chloromethyl-3-methylphenol 

(107) (4.67g. 20.4 mmol) was added dropwise to the stirring murky solution over 10 minutes. 

The reaction was monitored by tic (chloroform:methanol 95:5) and was complete within 2 

hours. The reaction mixture was filtered, the precipitate washed with absolute ethanol, filtrates 

combined and evaporated to dryness by rotary evaporation. The white solid was recrystallized 

from ethanol/water (3 crops) to yield 4.73g (69%) of a fine white solid. Mp 161.0-162.0"C; 

IH nmr 0 6.79 (d. J=8.3 Hz. 1 H, aromatic 6' hydrogen), 6.63 (m. 2 H, aromatic 3' hydrogen 

and NH), 6.56 (dd. J=8.3 Hz. 2.8 Hz, 1 H. aromatic 5' hydrogen), 5.65 (s, 1 H, phenolic 

hydrogen), 4.33-4.18 (m. 4 H. -OCH2CH3). 3.61 (s.2 H. Ar-CH2-), 2.16 (s, 3 H. Ar-CH3). 

2.10 (s. 3 H. CO-CH3). 1.28 (t. J=7.1 Hz. 6 H. -OCH2CH3); 13C nmr 0 170.0. 167.8. 155.3. 

138.8. 131.4. 124.3. 117.3. 112.8. 67.1. 62.6. 33.9. 22.8. 19.3. 13.8: CIMS calcd for 

C17H23N06 338.16035 (M++l). Found: 338.15 «M++l. 100).278.15 (8), 121.00 (6); Anal. 

calcd for C17H23N06: C. 60.52: H. 6.87; N, 4.15. Found: C. 60.69; H. 6.82; N. 4.41. 

Diethyl acetamido-(4-methoxy-2-methylbenzyl)malonate (110). Sodium metal (1.16 g. 

0.52 mmol) was dissolved in absolute ethanol (50 mL) and stirred for 10 minutes. Diethyl 

acetamidomalonate (11.26 g. 52 mmol) was added to the solution and stirred for 10 minutes 

after the malonate had completely dissolved. 4-Chloromethyl-3-methylanisole (20, 8.87 g, 

52 mmol) in absolute ethanol (5 mL) was added dropwise to the stirring murky solution over 

15 minutes. and reaction mixture stirred at room temperature for an additional 4 hours. Solids 

were filtered. and filtrate concentrated to a colorless oil which was stored at 4"C for 7 days. 
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The resulting solid mass was recrystallized from ethanol and water yielding 8.36 g (46%) of 

the title compound. Mp 108.0-109.0°; IH runr 8 6.81-6.57 (m, 4 H, aromatic hydrogens and 

NH), 5.82 (s, 2 H. Ar-CH2-), 4.28 (m, 4 H. -CH2-CH3), 2.16 (s, 3 H,), 2.01 (s, 3 H). 1.28 (t, 

6 H); I3C runr 8 169.1. 161.8, 138.8, 131.3, 125.4. 115.7. 111.0. 62.4.55.0, 33.9,22.9, 19.5. 

13.8; IR (KBr. cm-I) 3260,2990,2940, 1750, 1700, 1610, 1370, 1030,840,710; ElMS calcd 

for CIsH2SN06 351.16817 (W+l). Found: mte (relative intensity) 351.3 (M+, 0.5), 292.2 (17), 

135.1 (100); tIc Rr=0.41 (1:1, EtOAc:Hex, v/v); Anal. calcd forCISH2SN06: C, 61.52; H, 7.17; 

N. 3.98. Found: C, 61.52: H, 7.17; N, 4.06. 

N-Aeetyl-2'-methyl-,!1L-tyrosine. Diethyl acetamido-(4-hydroxy-2-methylbenzyl)malonate 

(109: 3.61 g. 10.7 mmol) was added to a stirring solution of 10% aqueous sodium hydroxide 

(20 mL) and brought to reflux for 30 minutes. The solution was acidified to pH I (universal 

pH indicator paper) with 3 M hydrochloric acid. The colorless solution was cooled to 4°C 

overnight. The crystalline solid was filtered. washed with ice-cold water, and dried ill vacuo. 

It was not possible to recrystallize this material. The product was not characterized and used 

as an oil in the next step without further purification. 

2'-Methyl-.!1L-tyrosine (rae-8). A well stirred mixture of crude N-acetyl-2-methyl-D,1.

tyrosine and 3 M hydrochloric acid (IS mL) was brought to reflux for 3 hours. The solution 

was cooled to room temperature and evaporated to dryness under reduced pressure. The 

resulting oil was taken into water (10 mL) and neutralized with concentrated ammonium 

hydroxide. This solution was evaporated to dryness, the white solid isolated, washed with cold 
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water, and dried ill vacuo. Yield: 300 mg, 14% from 107; mp 232-236"C; tIc RP chiral 

plates. Rt®=0.52, Rt<!J=O.60 using acetonitrile:methanol:water (4:1:1) as the eluant 

Configuration detennined by L-amino acid oxidase (performed by Dr .. Geza Toth, experimental 

following); IH nmr (500 MHz, D20) B 7.09 (d, J=8.3 Hz, I H. aromatic 6' hydrogen), 6.78 

(d, J=2.7 Hz, I H, aromatic 3' hydrogen), 6.71 (dd, 1=8.1 Hz, 2.7 Hz, 1 H, aromatic 5' 

hydrogen), 3.86 (dd. J=9.3 Hz, 5.6 Hz, 1 H. Ha). 3.28 (dd. J=14.8 Hz, 5.6 HZ,1 H. H~), 2.94 

(dd. J=14.8 Hz. 9.3 Hz. HW)' 2.29 (s. 3 H. Ar-CH3). 

Assignment of chirality of D and L isomers of 2'-Methyltyrosine (rac-8) with L-amino 

acid oxidase. A sample of ca. 0.1 mg 2'-Methyltyrosine (rae-8) was dissolved in 100 pL 

water and 10 ilL Tris buffer added to bring the solution to pH 7.2. L-Amino acid oxidase 

(5 mg. 2.25 units; Sigma. St. Louis. MO) was added and the mixture was incubated for 24 

hours at 37°C. An additional 2.25 mg of enzyme was added. and the incubation continued for 

another 24 hours. After this time the reaction was examined by chiral tic. The tIc plate was 

spotted with the racemic mixture and the enzymatically treated sample. The plate was run in 

acetonitrile:methanol:water (4: 1: 1). The racemic mixture showed two spots RFO.52 and 

RFO.60. The enzymatically treated sample showed only the RFO.52 (D) spot. demonstrating 

that the high Rf material must be the L-amino acid. 
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Experimental for peptide synthesis 

General. All amino acids were of the 1. configuration unless otherwise noted. Peptides were 

prepared using standard manual techniques of solid phase peptide synthesis (Stewart and 

Young; 1984). Protected amino acid derivatives were either purchased from Bachem 

(Torrence, CA) or prepared according to literature. The p-methylbenzhydrylamine resin was 

also purchased from Bachell1 (Torrence. CA). The purity of each Boc-amino acid was checked 

by ninhydrin. Il1p. and tlc prior to use. All UV and Vis measurements were taken on a Perkin 

Elmer 552 Spectrophotometer. 

N-Boc-lIe-Gln-Asn-Cys(S-pMB)-Pro-Leu-Gly-resin. To ll1ethylbenzhydrylanline (MBHA) 

resin hydrochloride (3.1 g. ca. 1.5 ml1101 NH2) were coupled in the following order Boc-Gly, 

Boc-Leu. Boc-Pro. Boc-Cys(S-pMB). Boc-Asn. Boc-Gln. and Boc-lle. Each amino acid 

(3.0 nll11ol; except 4.0 11111101 Asn) was added coupled to the growing peptide chain as 

described in Table 13. After the coupling of Boc-Ile was complete the resin was washed with 

DCM (5 X 1 min) and ethyl ether (3 X 1 min) and dried ill vacuo to yield 4.3 g of the title 

peptide resin. The resin was broken into smaller batches for the remainder of the peptide 

synthesis. 

s S 
H 2N-Cys-D,L-2'MeTyr-Boc-I1e-Gln-Asn-Cys-Pro-Leu-Gly-NH2. Boc-2'-MeTyr and Boc-

Cys(S-pMB) were coupled to N-Boc-Ile-Gln-Asn-CysCS-pMB)-Pro-Leu-Gly-resin (450 mg. 
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Table 13. Protocol for coupling cycle used in this study 

Step Description Reagent/solvent Time rep 
(min) 

1. Deprotection of 50% TFA. 2% anisole. OCM 2 I 
amino group 20 I 

2. Washinga DCM 3 

3. Neutralization 10% OlEA in OCM 10 2 

4. Washing DCM 4 I 

5. Test for free ninhydrin or chloranil and 
amino groups bromophenol blue 

6. Coupling NIX-Boc-AA 
DIC in NMPb or 

30-60 I 

DIC and HOBT in NMP 

7. Coupling ninhydrin or chloranil and 
analysisC bromophenol blue 

8. Washing DCM I 6 

a. Also used to swell the resin for the first coupling. The actual synthesis begins at this point 
since the resin is purchased as its hydrochloride salt; b. Used in coupling of all residues 
except Asn and GIn; c. In the case of Boc-2'-MeTyr. steps 4-7 were repeated. 
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ca. 0.2 mmol) in the same manner as for the protected peptide resin above. After the coupling 

of Boc-Cys(S-pMB) was complete the resin was deprotected and neutralized (steps 1-4, Table 

13), washed with ethyl ether (3 X 1 min), and dried in vacuo to yield 420 mg peptide resin. 

The peptide was transferred to a Teflon vessel and treated with anhydrous HF (5 mL), with 

p-thiocresol (400 mg) as a radical scavenger, at DoC for 1 hour to simultaneously remove the 

side chain protecting groups and cleave the peptide from the resin. After evaporation of the 

HF. the resin was washed with ethyl ether (2 X 50 mL) to remove the p-thiocresol and any 

organic byproducts. The peptide was liberated from the resin by placing the resin in an 

Erlenmeyer flask with 25 mL 5% acetic acid and stirring as argon was bubbled through for 15 

minutes. The resin was filtered and washed with an additional 25 mL 5% acetic acid. The 

filtrates were combined and lyophilized. The linear peptide was dissolved in 0.1 % degassed 

acetic acid (500 mL), and pH 8.5 with conc. ammonium hydroxide. The peptide was cyclized 

by the addition of 0.01 M potassium ferricyanide until the solution remained yellow for one 

hour. The solution was adjusted to pH 5.5 with glacial acetic acid, and Amberlite IRA-68 ion 

exchange resin (hydrochloride fonn, 20 mL settled volume) was added and the solution stirred 

for one hour. The solution was filtered, concentrated, and lyophilized leaving 700 mg of the 

crude title compound. The crude peptide was broken into two batches for purification. 

Partition chromatography was used to purify 350 mg of the product. The column was 

equilibrated with the lower phase the solvent system (n-BuOH: water (3.5% pyr, 1.5% AcOH), 

I: I. v/v) and excess lower phase displaced witll the upper phase. The peptide was dissolved 

in about 5 mL of the upper phase. loaded on the column. and eluted with the same phase. 

Fractions containing the major peaks were pooled and lyophilized to leave ca. 5 mg of each 
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isomer. The peaks containing the pure peptide (>95% purity) were confinned by HPLC. Part 

of the remaining 350 rng crude peptide was purified by RP-HPLC using 18% acetonitrile: 

0.1 % aqueous TFA over 40; k'=1.35 (isomer 1); k'=1.27 (isomer 2; see Figure 31). For the 

peptides run in a 20% isocratic elution k'=1.92 (isomer 1); k'=1.80 (isomer 2). The two major 

peaks were isolated and characterized by mass spectrometry. Isomer 1: F ABMS m/e calcd 

1020.45; found 1021.3 (Wi). Isomer 2: FABMS m/e calcd 1020.45; found 1021.3 (WI). TIc 

n-BuOH:AcOH:H20 (4:1:1, v/v/v) RF0.34 (isomer I), RFO.34 (isomer 2); n-BuOH:NH3:H20 

(3:1:1. v/v/v) RFO.60 (isomer 1), RFO.62 (isomer 2); n-BuOH:AcOH:EtOAc:H20 (1;1:1:1, 

v/v/v/v) RFO.64 (isomer 1), RFO.64 (isomer 2). Amino acid analysis was performed on a 

sample of the peptide (1.0mL 1:1 6M constant boiling hydrochloric acid:propanoic acid at 

110°C for 22 hours). Isomer 1: 2' -MeTyr (0.88), lie (0.93), Glu (0.97), Asp (0.99), Pro (0.95), 

Leu (1.00). Gly (1.00); Isomer 2: 2'-MeTyr (0.86), Be (0.91). Glu (0.99). Asp (1.00), Pro 

(0.98). Leu (0.97), Gly (0.99) 
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APPENDIX A 

Proton nmr spectra of bromides 81-86 
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APPENDIX B 

Proton nmr spectra of amino acids 8-13 



I"" 
189 

U") 

0 
~ ... 

U") 

c 
I-

C\J 

-
tr 

I-
C\J 

I-~ 
~ (T') 

-= 1..'1 
1-. 

(T') 

C~ 
.0. . 

~u.. 

tr 

~ 

C 

U1 

tr 

U1 

I 
C 

lO 
as 0 

(') 0 :r: 
211' 

I..~ 

QO lO 

~ c 

M 

f , J: 
0 

- "-
0 
:r: U-' 

f-
"-

L.. 



190 



o 
J: 

J: 
o 

Q 

CO) -J: 
(,) 

191 

co 



192 

I ... 0 
CD 

M 0 I 
211' --

0 
I 

r' • 'l 

'J 



:c 
.... 0 
~ 0 
I 

CO) ZII' 
I M 

() -
o 
:c 

M 
:c 
() 

193 

00 



194 



195 

REFERENCES 

Abrash. H.I. and Niemann. C. (1963). Biochemistry, 2, 947. 

Adanls. R., and Kornblum, N. (1941). J. Am. Chem. Soc., 63. 188-200. 

Altszuler, N., and Hampshire. J. (1981). Diabetes. 30. 112-114. 

Auna, Z., Kaurov, O.A .• Martynov. V.F .• and Morozov. V.B. (1971). Zh. Obshch. Khim .• 41. 
674. 

Barret. G. (1985). In "Chemistry and Biochemistry of the Amino Acids," (G.C. Barrett. ed.). 
Chapman and Hall publishers, London. 

Berde, B., and Boissonnas. R.A. (1968). In "Handbook of Experimental Pharnlacology. Vol. 
23," B. Berde, ed., Springcr-Verlag. NY, 803-870. 

Berde. B., Huguenin, R., and Strumcr. E. (1962). Experientia, 18, 444-445. 

Bernabe, M .• Cuevas. 0., and Fernandcz-Alvarez, E. (1979). Eur. J. Med. Chem., 14. 33-45. 

Bodanszky, M., and du Vigneaud, V. (1959). J. Am. Chem. Soc., 81. 1258. 

Branda, L.A .• Hruby. V.J., and du Vigncaud. V. (1967). Mol. Phamlacol., 3, 248. 

Brandstrom, A., Lamm. B., and Palmcrtz, I. (1974). Acta Chelll. Scand. B, 28, 699-701. 

Brtnik. F. (1986). In "Handbook of Neurohypophyseal Honnone Analogs. Volume II: Part 2" 
K. Jost. M. Lcbl. and F. Brtnik, eds., CRC Press Inc. Boca Raton, FL. 1-26. 

Buck, J.S .. and Ide. W.S. (1943). In "Organic Syntheses. Collective Volume II." A.H. Blatt. 
ed .• John Wiley & Sons. New York, 130-133. 

Burgen. A.S.V., Roberts, G.C.R., and Frceny, J. (1975). Nature, 253, 753-755. 

Cadogan. J.I.G., and Molina. G.A. (1973). 1. Chcl11. Soc. Perkin Trans. I, 541 - 542. 

Calm R.S., Ingold, C.K., and Prclog. V. (1966). Am!cw. Chcm. Int. Ed. En!!., 5, 385-415. 

Chan, W.Y., and Kelly. N. (1967). J. Phanll. Exp. Thr., 156. 150-158. 

Chan, W.Y .. and du Vigneaud, V. (1962). Endocrinology, 72, 977-982. 



196 

Chow. M-S. (1990). Design and Synthesis of Oxytocin Antagonists Based on Molecular 
Mechanics and Computer Modeling, Ph.D. Thesis. University of Arizona. Tucson. 

Coppola. G.M .• and Schuster. H.F. (1987). In "Asymmetric Synthesis: Construction of Chiral 
Molecules Using Amino Acids." Jolm Wiley & Sons, New York. 

Daignault. RA .• and Eliel. E.L. (1973). In "Organic Syntheses. Collective Volume V." H.E. 
Baumgarten. ed .• Jonh Wiley and Sons. New York. 303-306. 

Dharanipragada. RM .• Van Hulle. K.. Bannister. A .• Bear. S. Kennedy. L.. and Hruby. V.I. 
Tetrahedron (In Press 1992) 

Dharanipargada. RM .• Nicolas. E .• Toth. G .. and Hruby. V.J. (1989). Tetrahedron Letters. 30. 
6841-6844. 

Doxsee. K.D .• Fiegel. M .• Stewart. K.D .• Canary. J.W .• Knobler. C.B .• and Cram. DJ. (1987). 
J. Am. Chem. Soc .• 109.3098-3107. 

Doyle. M.P .. Dellaria. J.F.. Siegfricd B .. and Bishop. S.W. (1977). J. Org. Chem .• 42. 3494-
3498. 

Drabarek, S .• and du Vigneaud, V. (1965). J. Am. Chem. Soc .• 87.3974. 

Drabarek, S. (1964). J. Am. Chem. Soc .. 86.4477. 

Drauz. K., Klceman, A .. and Martcns, J. (1982). Amrcw. Chem. In!. Ed. En!! .• 21. 548. 

du Vigneaud. V .• Winestock. G .• Murti. V.V .. Hopc. D.B .. and Kimbrough. R.D. (1960). 1.:. 
BioI. Chem .. 235. PC64-66. 

du Vigncaud. V .• Ressler. C. Swan. J.M .• Roberts. C.W .• Katsoyannis. RG .• and Gorson. S. 
(1953). J. Am. Chem. Soc .. 75. 4879-4880. 

Evans. D.A.. Brillon. T.C .• Ellman. J.A .• and Dorow. R.L. (1990). J. Am. Chem. Soc .• 112. 
4011-4030. 

Evans, D.A.. and Gage. J.R. (1989). Om. Svn .. 68. 77-82. 

Evans. D.A.. Britton. T.C.. Dorrow. R.L.. and Dellaria. J.F. (1988). Tetrahedron. 44.5525-
5540. 

Evans. D.A.. Ellman. J.A.. and Dorow. R.L. (1987a). Tetrahcdron Letters. 28. 1123-1126. 

Evans. D.A.. Britton. T.C.. and Ellman. J.A. (1987b). Tetrahedron Letters. 28. 6141-6144. 



197 

Evans, D.A.. and Sjogren. E.B .• Weber, A.E .• and Conn RE. (1987e). Tetrahedron Letters. 
28.39-42. 

Evans. D.A.. and Weber. A.E. (1986a). lAm. Chem. Soc .• 108. 6757-6761. 

Evans, D.A.. Britton, T.C .• Dorrow. RL.. and Dellaria. J.F. (1986c). J. Am. Chern. Soc .• 108. 
6395-6397. 

Evans. D.A.. and Sjogren. E.B .• (1986b). Tetrahedron Letters. 26. 3783-3786. 

Evans. D.A.. Morrissey. M.M .. and Dorrow. R.L. (1985). J. Am. Chem. Soc .• 107.4346-4348. 

Evans. D.A .• Ennis. M.D .• and Mathre. D.J. (1982). J.Am. Chem. Soc .. 104. 1737-1739. 

Ferrier. RM .• and Branda. L.A. (1976). Can. J. Biochem .• 54. 507. 

Fluoret. G .• Terada, S .• Kato. T .• Gualticri. R .. and Lipkowski. A. (1979). Int. J. Peptide 
Protein Res .• 13, 137-141. 

Gainnis. A.. and Sandhoff. K. (1989). An2:cw. Chem. Int. Ed. Ene:l.. 28. 218-219. 

Gehrig. C.A. (1990). Desi1!11 and Synthesis of Delta-Opioid Recptor Selective Enkephalin 
Analoe:ues. Ph.D. Thesis. University of Arizona. Tucson. 

Geunan. D.P .• Periana. R.A.. and Riley. D.P. (1989). US patent #4.879.398. 

Gish. D.T .• Katsoyannis. P.G .. Hess. G.P .• and Stedman. R.I. (1955). J. Am. Chem. Soc .• 78. 
5954. 

Greenstein. J.P .• and Winitz. M. (1961). In "Chemistry of the Amino Acids". Vol I, II, and 
III. John Wiley Publishers, New York. Now published by R.E. Krieger Publishing Co., 
Malabu. FL. 

Greidanus. T.B .. van Ree. J.M .. and Versteeg. D.H.G. (1980). In "Neuropeptides and Neural 
Transmission" C.A. Marsan and W.Z. Traczyk. cds .. Raven Press. NY, 293-300. 

Guttmann. S .• and Boissonnas. R.A. (1960). Helv. Chcm. Acta. 43. 200. 

Hassner. A .. and Stem. M. (1986). An!!ew. Chem. Int. Ed. En!!l. .25.478-479. 

Hassner. A .. Stem. M .. and Gottlieb. H.E. (1990). J. Or!!. Chem .. 55. 2304-2306. 

Hiesh. K.-H .• Jorgensen, E.C .. and Lee, T.C. (1979). J. Med. Chem .• 22. 1038-1044. 



198 

Hill, P.S. (1986). Confomlationally Constrained Analmrues of the Neurohypophyseal Honnone 
Oxytocin. Ph.D. Thesis. University of Arizona. Tucson. 

Hruby, V.J .• AI-Obeidi. F.. and Kazmierski. W. (1990). Biochemistry. 268.249-262. 

Hruby V.J .• and Gehrig. C.A. (1989). Medicinal Res. Rev .• 9,343-401. 

Hruby, V.J. and Smith, C. (1987). In "The Peptides: Analysis. Synthesis and Biology, Volume 
8" C.W. Smith, ed., Academic Press. New York. 77-207. 

Hruby. V.J .• Rockway. T.W .• Viswanatha. V. and Chan. W.Y. (1983). Int. J. Pept. Protein 
Res .• 21.24. 

Hruby. V.J. (198Ia). In "Perspectives in Peptide Chcmistry" A. Eberle. R. Geiger. and T. 
Wieland. eds .• pp 202-207. S. Karger. Basel. 

Hruby. V.J. (l98Ib). In "Topics in Molecular Phannacology" A.S.V. Burgen and G.C.K. 
Roberts. eds .• pp 99-126. ElsevierINorth-Holland. Amsterdam. 

Hruby. V.J .• and du Vugneaud. V. (1969). J. Med. Chem .. 12.731. 

Huguenin. R.L.. and Boissonnas. R.A. (1962). Helv. Chcm. Acta. 45. 1629-1643. 

Izumi. Y .• Chibata. I.. and 1I0h. T. (1978). AmIew. Chem. Int. Ed. En!!1. 17. 176 

Jaqucnoud. P.A .• and Boissonnas. R.A. (1961). Helv. Chcm. Acta. 44. 113-122. 

Jorgenscn, E.C.. and Wiley. R.A. (1963). J. Phann.Sci. 52. 122. 

Jost. K.. Rudingcr. J .• and Sonn. F. (1963). Collect. Czech. Chem. COllllllun .• 28. 1706. 

Katoka. Y .. Yasuhiko. S .. Yamamoto. M .• Yamada. T .• Kuwala. S .• and Watanabe, H. (1976). 
Bull. Chem. Soc. Japan. 49. 1084. 

Katsoyannis. P.G .. Gish. D.T .. and du Vigncaud. V. (1957). J. Am. Chem. Soc., 79. 4516. 

Kaurov, O.A .. Mikhailov. Y.D .. and Smimova. M.P. (1978). Bioon!. Khim .. 4. 619. 

Kaurov. O.A .. Martynov. V.F .. Mikhailov. Y.D .. and Auna. Z.P. (1972). Zh. Obshch. Khim .. 
42. 1654. 

Kazmierski. W .• Wirc. W.S .• Lui. G.K.. Knapp. R.K.. Shook. J.E .. Burks. T.F.. Yamamura. 
H.I .. and Hruby. V.J. (1988). J. Mcd. Chcm .. 31. 2170-2177. 



199 

Kazmierski, W., Yamamura, H.1., and Hruby, V.J. (1991). J. Am. Chem.Soc., 113,2275-2283. 

Kende, A.S., Koch, K., and Smith, C.A. (\988). J. Am. Chem. Soc., 110,2210-2218. 

Kieser, E .• Colescott, R.L .• Bassinger. C.O., and Cook. P.I. (1970). Anal. Biochem .• 34. 595-
598. 

Kimbrough, R.D., Cash, W.O., Branada. L.A., Chan, W.Y., and du Vigneaud, V. (1963). L. 
BioI. Chern., 238. 1411-1414. 

King. S.W .• Riordan, J.M .• Holt. E.M .• and Stammer C.H. (1982). J. Ore:. Chern .• 47,3270-
3273. 

Krchnnk. V., Vagner, J .• Safar. P .. and Lebl, M. (1988). Call. Czech. Chern. Cornrn., 53,2542-
2548. 

Landis, G. (1989). Synthesis and Biolo!!ical Activities of Tachykinin and Opioid-Related 
Compounds. Synthesis of Unusual Amino Acids and Investi!!ations into the Smooth Muscle 
Phannaco]o!!y of Tachykinins. Ph.D. Thesis, University of Arizona. Tucson. 

Lebl, M .• Barth. T .• Servitovs. L .. Salinova. J .. and Jost, K. (1983). In "Peptides 1982'," K. 
Blaha and P. Malon. eds., de Gruyter. Berlin. 456-460. 

Lebl. M .. Hill. P .. Kazmierski. W .• Karaszova. L.. Slaniova, J .• Firc. I.. and Hruby. V.I. (1990). 
Int. J. Peptide Protein Res .• 36. 321-330. 

Lowry, D.H .• Rosebrough. N.H .. and Farr A.L. (1951). J. BioI. Chem .. 193.265. 

Manning. M .• Coy. EJ., Sawyer. W.H .. and Acosta. M. (1973). J. Med. Chem .• 16.463-466. 

Meinhofer. J .• Trzeciak. A .• Havr,m. R.T .• and W,l1ter. R. (1970). J. Am. Chem. Soc .• 92, 7199-
7202. 

Mndzhoyan. O.L.. Jost. K.. and Rudingcr. J. (1987). In "Handbook of Neurohypophyseal 
Honnonc Analogues. Volume II: Part 2" K. Jost. M. Lebl. and F. Brtink. eds., CRC Press, 
Boca Raton. FL. 155-167. 

Morita. T .. Okamoto. Y .• and Sakurai. H. (1978). J. Chem. Soc. Chem. Comm .• 874-875. 

Nagaraj. R .. and Ba]aram. P. (1981). Acc. Chem. Res .. 14. 356-352. 

Nicolas. E.. Dharanipargada. R.M .. TOlh. G .. and Hruby. V.I. (1989). Tetrahedron Letters. 30, 
6845-6848. 



200 

O'Donnell, MJ. (1988). Tetrahedron. 44, 5253-5614. 

Olah. G.A .• Narang. S.C .• Gupta. B.G.B .• and Malhorta. R (1979). J. Org. Chern., 44, 1247-
1251. 

Oppolzer, W., Kingma. A.J .. and Polio G. (1989). Tetrahedron. 45. 479-488. 

Oppolzer. W .• Pedrosa. R .• and Moretti. R (1986). Tetrahedron Letters. 27. 831. 

Oppolzer, W .• Chapuis. C .. Bemardinelli. G. (1984). Helv. Chelll. Acta. 67. 1937 

Papa. A.J. (1966). J. On!. Chem .• 31. 1426-1430. 

Pederson. C.A. and Prange. ;\J .• Jr. (1979). Proc. Natl. Acad. Sci. U.S.A .• 76. 6661-6665. 

Pederson. C.A. Ascher. J.A.. Monroe. Y.L.. and Prange. AJ .• Jr. (1982). Science. 216. 648-
649. 

Pourcelot. G .. Aubouet. J. Casper. A. and Cresson. P. (1987). J. Onmnomet. Chem .• 328. 

Prelog. V .• and Sherrer. H. (1959). Hclv. Chclll. Acta. 42.2227-2232. 

Pridgen. L.N .• and Prol Jr .• J. (1989). J. Or!!. Chelll .. 54.3231-3233. 

Rudinger. J .• Pliska. V .• and Krejci. 1. (1972). Rec. Pro!!. Honnone Res .• 28. 131. 

Rudinger. 1.. Kesarev:O.V .• Poduska. K .• Pickering. B.T .• Dyball. REJ .• Ferguson. D.R.. and 
Ward. W.R (1969). Expcricntia. 25. 680-682. 

Rudinger. J. (1965). Proc. 2nd lnt. Con!!r. Endocrinol. London Excerpta Medica. Amsterdanl. 

Sakakibara. S .. and Shimonishi. Y. (1965). Bull. Chcm. Soc. Japan. 38. 1412. 

Sawyer. W.H .• Wuu. T.C .• Baxter. J.W.M .. and Manning. M. (1969). Endocrino1o!!y. 85. 385-
388. 

Sheehan. J.C .• and Hess. G.P. (1955). J. Am. Chelll. Soc .• 77. 1067-1068. 

Soloff. M.S .• and Pearlmutter. A.F. (1979). In "Biochemical Actions of Honnones" G. Litwack 
ed .• Academic Press. NY. 265-333. 

Stammer. C.H. (1990). Tetrahedron. 46. 2231-2254. 

Stewan. F.H.C. (1981). Aust. J. Chcm .. 34. 2431-2438. 



201 

Stewart. J.M .• and Young. J.D. (1984). In "Solid Phase Peptide Synthesis. 2nd ed." Pierce 
Chemical Co .• Rockford. n. 

Tomioka. K .• Suenaga. T .. and Koga. K. (1986). Tetrahedron Letters. 27. 369-372. 

Toth, G .• Lebl M., and Hruby. V.J. (1990). Journal of Chromatography, 504, 450-455. 

Turan, A .• Manning, M .• Haldar, J .• and Sawyer. W.H. (1977). J. Med. Chern .• 20.1169-1172. 

Viswanatha. V .• and Hruby, V.J. (1979). J. Ore:. Chem .• 44. 2892-2896. 

Wadsworth. W.S. Jr .. and Emmons. W.D. (1961). J. Am. Chem. Soc .• 80. 1733-1738. 

Walter. R. (1971). In "Structure-Activity Relationships of Protein and Polypeptide Honnones" 
M. Margoulies and F.e. Greenwood. cds. Excerpta Medica. Amsterdam. 

Walter. R. (1977). Fed. Proe .. 36. 1872-1878. 

Weidler. A-M .. and Bergson. G. (1964). Acta Chim. Scand .• 18. 1483-1486. 

Williams. R.M. (1989). In "Synthesis of Optically Active a-Amino Acids." Baldwin and 
Mangus. eds .• Pen11agon Press Publishers. New York. 

Yamashiro. D .• Gillessen. D .• and du Vigneaud. V. (1966). J. Am. Chem. Soc .• 88,1310-1313. 

Yamashiro. D. (1964). Nature. 201. 76-77. 

Zauze. A.L.. Jost. K.. Kasalirek. E .. and Rudinger. J. (1964). Call. Czech. Chem. Commun .• 
29.2648. 


