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ABSTRACT 

This work involved synthetic approaches to the anti

tumor agents bouvardin and deoxybouvardin. A new route to 

symmetrical diphenyl ethers via a benzyne mechanism was . 

developed. Application of this synthesis to diphenyl 

sulfides showed earlier workers to have missed the extra 

products obtained from the benzyne intermediates, and to be 

using a transition metal catalyst which actually played no 

part in the reaction. A new compound, chromium tricarbonyl 

ortho-fluoroanisole, was synthesized in an unsuccessful 

effort to make diphenyl ethers under milder conditions. 

Numerous reactions were explored in an attempt to 

build an amino acid from an aromatic aldehyde under mild 

conditions. Using a "stabase," phenylalanine was 

synthesized under conditions which would avoid racemization 

and allow amino acid protecting groups to remain intact. 

viii 



INTRODUCTION 

Bouvardin(l) and deoxyfaouvardin (2) are equally 

potent antitumor agents isolated from Bouvardia ternifolia 

by Dr. Jack Cole's group in the University of Arizona 

Pharmacy College and characterized in a collaborative effort 

with the Chemistry Department [1]. It would be useful to 

develop a synthesis of these compounds to make them more 

readily available (very small amounts are present in the 

plant) and to permit the synthesis of variants which could 

show greater activity. The major goal of the current study 

was to make as much progress as possible toward a synthesis 

o f  d e o x y f a o u v a r d i n ( 2 ) .  

The initial approach to the synthesis, taken by 

George Kriek [2] and others, was to prepare cyclic hexa-

peptide (3) and oxidize it to (2). Although (3) was 

obtained, many attempts to oxidize it to (2) failed. The 

goal then was a cyclic dipeptide of type (4), which could 

be combined with the tetrapeptide (5) used in the synthesis 

of (3). 

Several efforts to make a cyclic dipeptide of type 

(4) from tyrosyltyrosine derivatives (6) (i.e., making the 

diphenyl ether linkage last) failed, and it was then 

decided to'try routes involving making the diphenyl ether 

linkage first and the peptide bond last (i.e., via (7)). 

1 
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There is precedent for this approach to a 14-membered ring 

lactam in the work of Lagarias, Houghton, and Rapoport [3]. 

Kriek made a compound of type (7) but without protecting 

groups suitable for continuing the synthesis and under such 

vigorous conditions that the' compound was probably at least 

partially racemized. Clearly, a better diphenyl ether 

synthesis was needed. 

There are several methods by which diaryl ether 

linkages have been formed but yields are usually poor and 

reaction temperatures are such that they would most likely 

racemize amino acids. The cuprous oxide catalyzed reaction 

of iodobenzenes with phenoxides used by Kriek gives 40-70% 

yield of diphenyl ethers [4] but requires refluxing in 

dimethylacetamide C170°C) for 24 hours and would almost 

certainly racemize amino acids. Methods involving the S p vi 
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(6). C7). 

process have been used to make diaryl sulfides (Eq. l) but 

have failed completely when a phenoxide is tried [5]. 

Hv" — 

ArX + Ar'S |g->ArSAr' + X (Eq. 1) 

In an effort to find mild conditions for the reac

tion of an aryl iodide with a phenoxide (Eq. 2) , we wished 

to try as a catalyst tetrakis(triphenylphosphine)palladium(0) 

[6], which is known to break the C-I bond in aryl iodides at 

25°C via oxidative addition to give complexes (8) [7] . It 

was not known if complex (j3). would react with a phenoxide to 

produce a diphenyl ether. 

Arl + Ar'0~ -? ArOAr1 + I~ (Eq. 2) 
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P03 

P03' 

( 8 )  

Chromium tricarbonyl complexes like (9) are known to 

react like nitrohalobenzenes in nucleophilic aromatic 

substitutions [8, 9]. Brown and Raju [8] reacted (9) with 

methoxide to make aryl methyl ethers in 85% yield, and 

Semmelhack [9] reported without experimental details that 

(9) reacted with phenoxide to give diphenyl ether in 70% 

yield (Eq. 31. The reaction seemed worth trying since it 

could provide a mild condition route to a diphenyl ether 

which could be used to make deoxybouvardin ("2) . 

Cr('CO)3ArF + Ar'o" -# -> ArOAr1 (Eq. 3) 

(9) 

Another approach, being explored by Gary Linz in our 

research group, involved reaction of a diaryliodonium salt 

with phenoxide (Eq. 4). Attempts by Linz to make a 

diaryliodonium salt from a tyrosine derivative failed, but 

he was able to make the diaryliodonium salt from anis-

aldehyde and couple it with a phenoxide to give diaryl 

ether (10). 

Ar 

I 
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Ar2I+ + Ar'cf -» ArOAr' + Arl (Eq. 4) 

MeOOC 
>oc 

CHO 

Me 

CIO) 

The problem now, whose solution is part of this 

thesis, was to make a carboxyl-protected tyrosine grouping 

from the aldehyde portion of (10). There have been a 

number of successful syntheses of tyrosine from anis-

aldehyde or hydroxybenzaldehyde-, but most would racemize 

(10) or remove the BOC grouping. For example, Boyd and 

Robson [10J effected the aldol condensation of p-

hydroxybenzaldehyde with hydantoin (Eq. 5) in the presence 

of diethylamine or piperidine as a catalyst. Reduction of 

p-hydroxybenzalhydantoin with ammonium sulfide, followed by 

alkaline hydrolysis of the p-hydroxybenzylhydantoin so 

derived, led to racemic tyrosine with an overall yield of 

55%. 

Though this synthesis gave a respectable yield, the 

first step requires refluxing at 160°C for 3.5 hours, which 

the BOC group of (10) could not withstand. 
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Other aldol routes which we wanted to explore 

involved using ethyl nitroacetate (Eq. 6) and ethyl 

nitromalonate (Eq. 7) [11]. 

CHO 

o + CHJCHJOOCCHJNOJ 

OCH, 

O 
COOEt 

(Eq. 6) 

OCH, 

CHO 

Q 
*l°2 

+ C HjC H2OCCHCOC H2C H, 

OCH-, 

o 
[ (Eq. 7) 

(COOCH2CH3) 
2 

OCH, 

Another aldol route with milder conditions (100°C, 

30 min) was based on the synthesis of azlactone (11) (Ec. 8] 

[12]. Hydrogenation/hydrogenolysis of the azlactone was 



expected to give the amino acid, in this case phenyl

alanine. 

0CHO + 0(CO)NHCH2COOH -+ 0CH=^\> 0CH2CH (NH2) COOH (Eq. 8) 

0 

(.11) 

Another promising aldol route was pioneered by 

Magnus, who aldol-condensed benzaldehyde with silyl 

derivative (12) at -78°C (Eq. 9) [13]. This might then be 

converted to phenylalanine or a phenylalanine ester through 

hydrogenolysis and hydrolysis. y ^ 

NH ^Si 1) LOA | | 2 
0CHO + [ ^NCH-COOR > 0CHCHCOOR -> 0CH-CHCOOR 

Si^ 2) TMSC1 lTMS 

(12) R=Et (Eq. 9) 

Stephen and Weizmann [13] synthesized tyrosine in 35% yield 

via an initial alkylation of potassium diethyl phthalimido-

malonate with p-methoxybenzyl bromide (Eq. 9). 

COOEt ^ COOEt, 

^OCH, H,Br + 

I 
Tyrosine 
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This route has its drawbacks in that it requires a 

temperature of 145°C for 4 hours in xylene [14]. 

Magnus alkylated the anion from (12) with allyl 

bromide at 25°C, which suggests that a benzyl halide might 

react similarly and Eq. 10 would provide a good route to the 

carboxyl-protected aromatic amino acid. It would require 

aldehyde (10) to be reduced to the alcohol which would then 

be converted into a better leaving group (e.g., halogen) in 

order for the alkylation to proceed. 

(12) 
(1) LDA 

(2) 0CH2X 
» 0CH,CHCOOR 0TCH.,CHCOOR (Eq. 10) 



/ 

RESULTS AND DISCUSSION 

Syntheses of Diaryl Ethers 

The simplest model system, i.e., Ar=Ar'=phenvl, was 

used in trying to determine whether tetraJcis (triphenvlphos-

phine) palladium (0) would serve as a catalyst for the reaction 

of an aryl iodide with a phenoxide (Eq. 2). This system was 

chosen because the starting materials are readily available 

and the product could be readily identified. No reaction 

was observed on refluxing in THF for 9 hours or in diglyme 

at 130°C overnight. In DMSO at 25°C with UV irradiation, 

some reaction occurred but no diphenyl ether was found. 

At this time it was felt a literature search was 

necessary to see if any work had been done in forming 

diphenyl ethers via an oxidative addition-reductive 

elimination process. None was found, but a paper by 

Kosugi et al. [15], in which diaryl sulfides were reported 

to be formed by an analogous reaction using iodides or 

bromides, was found (Eq. 11). A typical reaction which 

Pd (P0O, 
Arx + 0S~ ArS0 + X (Eq. 11) 

they performed consisted of the following: 

Aryl halides react easily, with thiolate anions in 
dimethyl sulfoxide (DMSO) to give aryl sulfides in 
satisfactory yields. Reactions were carried out 
as follows; a mixture of 2 mmole of iodobenzene 
and 0.08 mmole of palladium(0) complex in 5 ml DMSO 

10 
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was stirred and heated at 100°C for 1 hour under 
a nitrogen atmosphere, and then a solution of 2 
mmole of thiophenol and of 4 mmole of sodium 
t-butoxide in 20 ml of DMSO was added dropwise. 
After 18 hours, the products were analyzed by GLC 
and identified by comparing their spectroscopic 
data with those of authentic samples [15, p. 1385]. 

Their results are summarized in Table 1 [15]. From this we 

felt by substituting phenol for thiophenol we might get 

comparable results, and indeed, obtained an 80% yield of 

diphenyl ether even at 90°C. 

Table 1. Summarization of Kosugi et al.'s Results 

ArX Pd(Ph3)4 ' Yield 

Phi .08 75 

Phi — 22 

p-CH3CgH4I .08 78 

p-CH3C6H4I — 0 

m-CH3CgH4I .08 78 

m-CH3CgH4I — 0 

To look at the scope of this reaction, some other 

readily available iodides were tried under the same condi

tions. o-Nitroiodobenzene gave nitrobenzene rather than a 

diphenyl ether. o-Iodobenzoic acid was recovered unchanged, 

and its ethyl ester was hydrolyzed to o-iodobenzoic acid but 

gave no ether. The reaction cf o-iodotoluene with phenoxide 
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gave a surprising result CEq, 12).. Not only was the ortho 

ether obtained, but also the meta ether, suggesting that a 

benzyne intermediate might be involved. 

+ Cj)OH—^ @@+00^ U1 

Zh ?  chT° 

Next, we tried p-iodotoluene, and obtained a mixture 

of meta and para ethers, strongly supporting a benzyne 

mechanism (Eq. 13). Since the palladium catalyst did not 

CH, 

<t>» ->c"®m * l" 

seem necessary for a benzyne process, these two reactions 

were repeated without the palladium "catalyst," and we 

obtained the same products in comparable yields. From this 

we deduced that these reactions were proceeding via benzyne 

mechanisms, e.g., Eq. 14. The twofold excess of potassium 

t-butoxide specified in Kosugi et. al.'s procedure was not 

only removing the proton from the phenol but also generating 

the aryne. 

At this point we decided to try thiophenol 

reactants, which Kosugi et al. used, to see if we would get 
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©L. 
CH, 

CEq. 14) 

benzyne-type products. Table 2 lists the reactions which 

we tried. These reactions show conclusively that a benzyne 

mechanism is operative under these conditions and not an 

oxidative addition-reductive elimination mechanism as 

stated [15]. The products obtained are analogous to those 

from the phenols except that the yields are better, which 

is what might be expected since thiophenoxide is a better 

nucleophile than phenoxide. The benzyne mechanism was 

probably missed by Kosugi et al. due to the similarity in 

GC retention times and ^"H NMR methyl absorptions of m-, p-, 

and o-methyldiphenyl sulfides (Fig. 1). 

Though these reactions forming diphenyl ethers 

proceed in high yield, they are unsuitable for the synthesis 

of deoxybouvardin(2) due to racemization and orientation 

problems. The first two reactions in Table 2, which we 

used to make authentic ether samples, show the utility of 

these reactions when a symmetrical benzyne is involved. 

In an attempt to form the 14-membered ring we tried 

Eq. 15 using (13) prepared by Kriek [2], but obtained no 

evidence of the formation of the 14-membered ring. 
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Table 2. Reactions of Substituted and Unsubstituted 
Phenols and Thiols with lodobenzenes 

Reactants Products Cyields) 

CH, 

o 
OH 

CH, 

CH, 

OH 

CH, 

OLIO 

O Ol lO 

O 
SH 

.0. 
:h, ch, 

H, 



...X. ...la .ill A .1. 
i 
0 

1 
Fig. 1. II NMR Spectrum of PhSU + o*-MePhI Reaction Products 

M 
cn 
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COOMe N-BOC OOC 

BOC 
V CEq. 15) 

We reacted o-iodotoluene with potassium t-butoxide 

in DMSO at 90°C for 24 hours to see if the benzyne could be 

trapped by alkoxide in good yield. No Ar-0+ was obtained, 

but instead the products appeared to be biphenyls and 

biphenylenes obtained from the benzyne intermediate. Half 

of the iodotoluene was recovered unchanged. 

Synthesis of Chromium Tricarbonyl ortho-Fluoroanisol 
and its Reaction with Phenoxides 

The first step in seeing if Eq. 3 could be used for 

our purposes was to make the chromium complex C15).. 

Nicholls and Whiting [16] made a number of chromium 

complexes by refluxing a solution of chromium hexacarbonyl 

and the aromatic compound in diethylene glycol under a 

nitrogen atmosphere for 4 hours, and then filtering off the 

yellow product. We tried this technique a number of times 

without any success. We then tried a procedure involving 

the trisacetonitrile trischromium tricarbonyl complex (14) 

as an intermediate (Eq. 16) [17]. This worked whereas using 

the chromium hexacarbonyl directly did not because the 
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acetonitrile ligands are much more labile than the carbonyl 

ligands. 

Cr (CO) g CH3CN > Cr(CO)3(CH CN)3 > J^,^e(Eq* 16) 
6 reflux 3 3 i dioxane rrT* V "CO CO 

24hr (14) reflux CO 
24hr 

The chromium tricarbonyl ortho-fluoroanisole complex 

(15) (Fig. 2) was then reacted with phenoxide under varying 

conditions (Eq. 17-20). 

(15) 
KO0(16) 0°c 

THF 25 c I9/ether 
4hr * 

o o 
(Eq. 17) 

(15) 
(16) 

DMF 25 c 
48hr 

(17) + (18) (Eq. 18) 

(16) 
(15) > > d7) (18) (Eq. 19) 

DMF 65°c 
24hr 



\k 

k a a .  11 

. I. 
8 .1, 

4 
. I . 
0 

1 
Fig. 2. H NMR Spectrum of Chromium Tricarbonyl ortho-Fluoroanisol (15) 

oa 



(15) 
(16) 

18-crown-6 
DMSO 55°c 

48 hr 

19 

(Ecr. 20) 

vG0® 
(20) (21) 

Only the last reaction gave ethers, but none of the 

three ethers obtained (.19-21) was the desired one. These 

products are analogous to products obtained by Semmelhack 

and Hall [18] and can be explained as in Scheme CD. 

<c <c 
CO'T^CO 

\\ 

c C 

CO V 

'2 

(20) 

(21) 

(19) 

Scheme 1: Proposed intermediates for the formation of 
compounds (.19-21) . 



2n 

What is unexpected is that after Semmelhack's [9, 

p. 173] work with fluorobenzene complexes, he states: "In 

general, highly stabilized anions (malonate, phenoxide) and 

reactive tertiary carbanions give smooth substitution for 

halogen, producing the corresponding substituted arene 

complexes. " 

In our reaction this was not the case; a partial 

rationale for this is that the methoxyl group is somehow 

changing the reaction course. 

intermediate in the deoxybouvardin synthesis. Our strategy 

was to build up an amino acid from the aldehyde, and due to 

the limited supply of (10), we wished to work the procedure 

out on a model aldehyde such as benzaldehyde or anisaldehyde. 

Aldol Reactions in Amino Acid Synthesis 

As stated in the Introduction, we decided to use the 

ether aldehyde (10) synthesized by Gary Linz as a key 

The first reaction we tried was an aldol condensation between 

anisaldehyde and ethyl nitroacetate (Eq. 20). 

NO2 
COOEt 

CHO 

Et00CCH2N02 

(23) 
EtOOC L COOEt 

OJ (25) 

OMe 

(Eq. 20) 
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We had hoped to obtain compound (24) but got instead 

the Michael addition product (25). Dornow and Withler [19] 

obtained a similar result with p-chlorobenzaldehyde. 

Another attempt to make tyrosine was based on a 

patent by Weinblat and Lyttle [11] (Eq. 8). We attempted 

the aldol condensation in Eq. 8 under a variety of condi

tions without any success: 

1. neat/25°C/1 hour 

2. piperdine/25°C/2 hours 

3. piperdine/105°C/l hour 

4. KO-t-Bu/THF/reflux/24 hours 

Our next attempt involved the aldol condensation of 

anisaldehyde with hlppuric acid, giving th^ azlactone (27, 

in 60% yield (Eq. 21). 

O 
II 

(22) + ®CNHCH2COOH > 

(26) 

(27) 

However, attempts to hydrogenate/hydrogenolyze this 

azlactone to 0-methyltyrosine and toluene gave mainly (28) 

(Eq. 22). A possible route to (28) is shown in Scheme 2. 

We next envisioned (.32) — (33) as part of an 

azlactone route to the 14-membered ring (Eq. 23). We 

prepared compound (32) via Scheme 3 from ether (29) furnished 

by Gary Linz. 

o (Eq. 21) 



Scheme 2: Possible mechanism of formation of compound (28) 
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(27) 
Pd/C 

3 atm H„ 
Acetic Acid 

(Eq. 22) 

(Eq. 23) 

HOCCHjN oc —BOC 
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NaOH 
MeOH 

CH-OOCCH.NH 
3 2 2 

DCC 

(33)4^ (32)^°" A«2O MeOH 

0 O J! ° 
MeOCCH,N-C 

H 

Scheme 3; Synthesis of compound (32) 

Attempts to proceed from (32) to the 14-membered 

ring intermediate (33) failed, presumably due to strain in 

the 14-membered ring. 

Aldol Reactions Using a Stabase 

As a model system for this route we decided to 

synthesize O-methyltyrosine using the "stabase" (12), 
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developed by Djuric, Venit, and Magnus [13] CEq. 24). NMR 

spectra indicated that (34) was formed in about 80% yield. 

NH2CH2COOEt >(12) 

1) LDA 

3)TMSCI 

TMS 

CHO 

2) (Eq. 24) 

OMe 

o 

This was subjected to 3 atmospheres of Hj/Pd in an attempt 

to remove the trimethylsilyoxy group (Eq. 25). 

(34) Pd /C 
H, o 

COOEt (Eq. 25) 

OMe 
Unfortunately, there was no reaction under these conditions, 

and on hydrolysis (35) was obtained rather than O-methyl-
i ~~ 

tyrosine. Though (35) is not useful for the synthesis of 

deoxybouvardin(2), it could be useful in the synthesis of 

bouvardin(l) since the silyloxyl group can easily be con

verted to a hydroxy1 group (Eq. 26) [20]. 



26 

TMSO 
COOH 

(35) 

(n-Bu)4N+f" 
^ o 

OOH 

OMe 

(Eq. 26) 

A product obtained from distillation of (34) (Fig. 

3) which may be useful in the synthesis of deoxybouvardin 

(.2) is (36) (Eq. 27) . Compound (36) was hydrogenated 

V 

distil 
(34) (34) 

65% 

O 
COOEt 

OMe 

(36) 

15% 

(Eq. 27) 

(Fig. 4), and the protecting groups removed, giving some 

O-methyltyrosine, but in disappointingly low yield. 
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1900 1800 1600 cm 

Fig. 4. IR Spectrum of (36) Kydrogenated 
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Synthesis of Phenylalanine by Alkvlation 
of the Stabase with Benzyl Halides 

Djuric et al. [13] showed that the reaction in Eq. 

28 went in 91% vield. 

(12) LDA 
COOEt 

(Eq. 28) 

We tried the analogous reaction using benzyl bromide and 

chloride (Eq. 29). 

(12) + o 
OOEt (Ea. 29) 

The bromide gave (37) in 70% yield while the 

chloride gave only a 50% yield. Hydrolysis of (37) gave 

dl-phenylalanine in 35% yield, with N-benzyl-dl-

phenylalanine as the major byproduct; this byproduct 

results from reaction of free amino groups with excess 

benzyl bromide, and was later avoided by decomposing the 

excess benzyl bromide with triethylamine. 

A procedure similar to that in Eq. 29 will be tried 

for the conversion of aldehyde (10) to a tyrosyltyrosine 

derivative (7) which can be converted into deoxvbouvardin 

( 2 )  .  



EXPERIMENTAL 

Nuclear magnetic resonance (NMR) spectra were 

recorded on a Varian T-60, Varian EM-360L, or Bruker WM-250 

spectrometer. Chemical shifts are reported in parts per 

million downfield from tetramethysilane (TMS). Mass spectra 

were run on a Varian MAT 311A spectrometer. Infrared (IR) 

spectra were run on a Perkin-Elmer 983 infrared 

spectrophotometer. 

Volatile products were isolated and purified by gas 

chromatography with a Varian Aerograph model 700 equipped 

with a 6 ft x 0.25 in column packed with SE-30 silicone oil. 

Diaryl Ethers and Sulfides 

Me2SO (16 ml) was dried over 4A molecular sieves and 

degassed with argon. The phenol or thiophenol (3 mmol) 

was added and stirred until totally dissolved. Potassium 

t-butoxide (6 mmol) was added, and the mixture was stirred 

under argon for 20 min. Iodobenzene (2 mmol) was added and 

the solution was heated at 90°C overnight. The solution was 

added to 50 ml of water and extracted 3 times with 100 ml 

of 5% NaOH and 5 times with 100 ml of water. The ether 

solution was dried over MgSO^ and filtered, and the ether 

was evaporated under reduced pressure. The residual diaryl 

ether or sulifide was evaporatively distilled CKugelrohr) 
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at 100-180°C (Q.l mm), giving yields as listed for each 

ether or sulfide. 

PhOH + Phi 

PhOPh was obtained in 80% yield and identified by 

^"H NMR, GC, and MS comparisons with an authentic sample? 

XH NMR (CDC13) : <5 7.00 (dd, J*=8.7, 1.1 Hz, 4H) , 7.09 (tt, 

J=7.4, 1.1 Hz, 4H), 7.33 (~t, J=8.0 Hz, 4H). 

PhOH + o-MePhl 

This reaction gave a mixture of o-MePhOPh and m-

MePhOPh in 25% and 35% yield respectively. They were 

identified by GC, MS, and 1H NMR (Figs. 5, 6) (CDC13):. 

o-MePhOPh: 6 2.24 (s, 3H), 6.90 (dd, J=8.7, 1.1 Hz, 2H), 

7.06 (~t, J=7.4 Hz, 1H), 7.08 Cdd, J=7.2, 1.5 Hz, 1H), 

7.16 (td, J=7.4, 1.5 Hz, 1H), 7.25 (d, J=7.4, 1H), 7.30 

(~t, J=7.4 Hz, 1H) , 7.3 (.,t/ J=8.2 Hz, 2H) . m-MePhOPh: 

6 2.3 3 Cs, 3H)", 6.81 Cdd, J=8.5, 1.9 Hz, 1HJ , 6.83 (~s, 

1H), 6.91 C-d, J=7.4 Hz, 1H), 7.00 (dd, J-8.6, 1.1 Hz, 2H) 

7.09 (tt, J=7.4, 1.1 Hz, 1H), 7.21 (-t, J=7.7 Hz, 1H), 7.3 

(~t, J=8.0, 2HJ. 

PhOH + p-MePhl 

This reaction gave a mixture of £-MePhOPh and 

m-MePhOPh in 40% and 20% yield respectively. They were 

identified by GC, MS and 1H NMR (CDC13): p-MePhOPh: 

o 2.33 (s, 3H), 6.91 (d, J=8.6 Hz, 2H), 6.91 (dd, J=8.6, 
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1.1 Hz, 2H) , 7.06 (tt, J=7.4, 1.1 Hz, lh), 7.13 (d, J=8.6 

Hz, 2h), 7.31 (dd, J=8.6, 7.4 Hz, 2H) (Fig. 7). 

m-MePhOh + Phi 

This reaction gave cleanly p-MePhOPh in 80% yield, 

identified through GC, MS and 1H NMR (CDC13): 5 2.33 (s, 

3H) , 6 ."81 (dd, J=8.5, 1.9 Hz, 1H) , 6.83 Us, 1H) , 6.91 (~d, 

J=7.4 Hz, 1H), 7.00 (dd, J=8.6, 1.1 Hz, 2H), 7.09 (tt, 

J=7.4, 1.1 Hz, 1H), 7.21 C~t, J=7.7, Hz, 1H), 7.33 (~t, 

J=8. 0, ,2H) . 

PhSH + Phi 

This reaction gave a quantitative yield (100%) of 

diphenyl sulfide, identified by comparing its ^"H NMR 

spectrum with that in the Sadtler index. "*"H NMR (CDC^) : 

Many lines in the 3 7.1-7.4 range. 

PhSH + o-MePhl 

This reaction gave a mixture of o-MePhSPh and 

m-MePhSPh, both in 50% yield. They were identified by 

analogy of their GC retention times and methyl group ^"H NMR 

chemical shifts (.<$ 2.29 and 2.37, respectively) v/ith those 

for the corresponding ethers. Again the sulfide aromatic 

proton absorptions in the NMR, unlike those of the ethers, 

are not essentially first order at 250 MHz and consist of 

many lines in the o 7.1-7.4 range. 
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Chromium Tricarbonvl o-Fluoroanisole 

Chromium hexacarbonyl (4.5) was refluxed in 60 ml 

of acetonitrile overnight. The excess acetonitrile was 

removed under vacuum, leaving a yellow crystalline solid. 

Thirty ml of p-dioxane was added, followed by 6.0 mmol of 

o-fluoroanisole. After refluxing overnight, the solvent 

was removed under vacuum, leaving a yellow oil. The oil 

was eluted from a medium pressure alumina LC column with 

benzene and the yellow band was collected. Evaporation 

in vacuo gave 1.18 g (80% yield) of a yellow crystalline 

solid, XH NMR CCDC13) : <5 3 .85 (s, 3H) , 5.00 (multiplet, 1H) , 

5.05 (multiplet, 1H), 5.27 (multiplet, 1H), 5.60 (td, 

J=6.0, 6.0, 1.4 Hz, 1H). 

Michael Addition Product of Anisaldehyde 
and Ethyl Nltroacetate 

A solution of anisaldehyde C2.5 mmol), 20 ml 

piperdine, and ethyl nitroacetate (2.5 mmol) was heated 

at 50°C for 3 H. Ether (25 ml) was added, and the solution 

was washed with 4 x 25 ml ^0, dried over MgSO^ and 

rotovaped leaving the Michael addition product (25) in 45% 

yield, XH (CDCl3).: o 7.15 (~d, J=8 Hz, 1H) , 6.85 (~d, 

J=8 Hz, 1H), 4.6 fm, 1H), 4.1 (q, J=7.0 Hz, 2H), 3.75 

(s, 3H), 3.3 Cm, 1H), 1.1 (t, J=7.0 Hz, 3H). 



Azlactone (27) 

In a 25 ml round bottom flask a mixture of 6.25 mmol 

of anisaldehyde, 5.5 mmol of hippuric acid, 30 ml of fused 

sodium acetate, and 3 ml of acetic anhydride was heated for 

15 min in a boiling water bath. The readtion turned yellow 

after 5 min,- and upon cooling large yellow needles formed. 

One recrystallization from glacial acetic acid gave 

0.997 g (65% yield) of the azlactone (mp 153-154"C), 

1H NMR (Fig. 8) (CDCl-j) : 5 8.18 Ud, J=8.7 Hz, 2H) , 8.15 

Ut, J=6.0 Hz, 2H), 7.59 Ut, J=7.0 Hz, 2H), 7.52 Ut, 

J=7.4 Hz, 1H), 7.21 (s, 1H), 6.98 Ud, J=8.9 Hz, 2H), 3.89 

(s, 3H). 

(28), Hydrogenatlon Product of Azlactone (27) 

Azlactone (27) (5.0 mmol) was dissolved in 50 ml 

glacial acetic acid, 500 mg of Pd/C (10%) was added, and the 

mixture was reacted with 3 atm Hj on a Parr shaker for 5 h. 

Filtration and evaporation- in vacuo gave 0.6427 g (42.0% 

yield) of (28) , identified by high resolution Ms: Mca]_c<j 

285.144 for C17HigN03, M 285.140; NMR (Fig. 9) (CDC13): 

5 7.66 („t, J=8.4 Hz, 2H), 7.47 Ut, J=7.3 Hz, 1H), 7.36 

Ut, J=7.3 Hz, 2H) , 7.17 Ud, J=8.7 Hz, 2H) , 6.83 Ud, 

J=8.7 Hz, 2HJ, 6.57 Ud, J=7.5 Hz, 1H), 4.3 (m, 1H), 3.76 

(dd, J=ll.6, 3.8 Hz, 1HJ, 3.66 (dd, J=11.6, 5.0 Hz, 1H), 

3.3 (s, vb, 1H), 2.91 (d, J=7.1 Hz, 2H). 
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Saponification of Ester (29) 

A mixture of diphenyl ether (29) (100 mg, 0.175 

mmol), 5 ml of methanol, and 5 ml of 2 M NaOH was stirred 

for 2 h, 1 M HC1 was added to pH 5, and the solution 

(which contained some precipitated (30)) was extracted 

3 x 30 ml ethyl acetate. Evaporation in vacuo gave 94.4 mg 

(96.7% yield) of (30) as a yellowish solid, NMR (CDCl^): 

<S 9.81 (s, 1H, COH) , 7.70 (d, 1H, ArH) , 7.68 (dd, J=8.4 Hz, 

1H, ArH), 7.34 (d, 1H, ArH), 7.30 (d, 1H, ArH), 7.12 (d, 

J=8.4 Hz, 1H, ArH), 7.15 (dd, J-8.3 Hz, 1H, ArH), 7.15 

( d d ,  J - 8 . 3  H z ,  1 H ,  A r H ) ,  7 . 0 6  ( d d ,  J = 8 . 3  H z ,  1 H ,  A r H ) ,  6 . 6 7  

(d, J=8.3 Hz, 1H, ArH), 6.71 (d, J=8.3 Hz, 1H, ArH), 4.82 

(dd, J=10.4, 4.9 Hz, 1H, CH), 4.54 (dd, J=10.4, 4.9, 1H, 

CH), 3.94 (s, 3H, 0CH3), 3.25 (dd, J=14.1, 4.9 Hz, 1H, 

CH2), 3.00 (dd, J-14.1, 10.4 Hz, 1H, CH2), 2.96 (dd, J=14.1, 

10.4, 1H, CH2), 2.74 (s, 3H, N-Me), 2.73 (s, 3H, N-Me), 

1.42 (s, 9H, BOC-CH3), 1.39 (s, 9H, BOC-CH3). 

Aldehyde Ester (31) 

NH^ was bubbled into a solution of 1 g of glycine 

ethyl ester hydrochloride in 10 ml C^Cl^ for 2 min and the 

NH^Cl was filtered off. Evaporation in vacuo gave glycine 

ethyl ester. A solution of 94.4 mg (0.170 mmol) of acid 

(30), 21 mg (0.167 mmol) of glycine ethyl ester, and 25 ml 

CH2CI2 was cooled to 0°C and 35 mg (0.170 mmol) of DCC was 

added. After stirring overnight at 25°C the solution was 



washed 2 x 25 ml 1% HCl and the organic layer dried with 

MgS04« Preparative TLC on silica gel using a 6:4 EtOAc: 

hexane mixture gave 48.1 mg (43.8% yield) of (31), ^"H NMR 

(CDC13). : 5 9.81 (s, lh, COH) , 7.70 (d, 1H, ArH) , 7.68 (dd, 

J=8.4 Hz, 1H, ArH), 7.34 (d, 1H, ArH), 7.30 (d, 1H, ArH), 

7.12 (d, J=8.4 Hz, 1H, ArH), 7.15 (dd, J=8.3 Hz, 1H, ArH), 

7.06 (dd, J=8.3 Hz, 1H, ArH), 6.67 (d, J=8.3 Hz, 1H, ArH), 

6.71 (d, J=8.3 Hz, 1H, ArH), 4.82 (dd, J-10.4, 4.9 Hz, 

1H, CH), 4.54 (dd, J-10.4, 4.9, 1H, CH), 3.94 fs, 3H, OCH3) 

3.87 (m, 2H, NH-CH2), 3.75 (s, 3H, COOMe), 3.25 (dd, 

J=14.1, 4.9 Hz, 1H, CH2), 3.00 Cdd, J-14.1, 10.4 Hz, 1H, 

CH2), 2.96 (dd, J=14.1, 10.4, 1H, CH2), 2.74 (s, 3H, N-Me), 

2.73 (s, 3H, N-Me), 1.42 (s, 9H, BOC-CH3), 1.39 (s, 9H, 

BOC-CH3). 

Acid (32) 

A mixture of aldehyde ester (31) (48.1 mg), 2 nl 

MeOH, and 1 ml NaOH 2 M was stirred for 2.5 h, acidified 

with 1 N HCl to pH 5 (yellow precipitate), extracted with 

3 x 30 ml EtOAc, and the EtOAc solutions evaporated in 

vacuo to give 45.1 mg (96% yield) of 032) ^h NMR (CDCl^): 

6 9.82 (s, 1H, COH), 7.70 (d, 1H, ArH), 7.68 (dd, J-8.4 Hz, 

1H, ArH), 7.34 (d, 1H, ArH), 7.30 (d, 1H, ArH), 7.12 (d, 

J=8.4 Hz, 1H, ArH), 7.15 (dd, J=8.3 Hz, 1H, ArH), 7.06 

(dd, J=8.3 Hz, 1H, ArH), 6.67 (d,. J-8.3 Hz, 1H, ArH), 6.71 

(d, J=3.3 Hz, IK, ArH), 4.3 2 (dd, J=10.4, 4.9 Hz, IE, CH), 



4.54 (dd, J-10.4, 4.9, 1H, CH) , 3.94 (s, 3H, OCH-j), 3.87 

(m, 2H, NH-CH2), 3.25 (dd, J-14.1, 4.9 Hz, 1H, CH2), 3.00 

(dd, J=14.1, 10.4 Hz, 1H, CH2I, 2.96 (dd, j=14.1, 10.4, 

1H, CH2), 2.74 (s, 3H, N-Me), 2.73 (s, 3H, N-Me), 1.42 (s, 

9H, BOC-CH3), 1.39 Cs, 9H, BOC-CH3). 

Stabase (12) 

To 8 mmol of freshly prepared glycine ethyl ester 

and 2.4 ml EtjN in 7 ml CH2C12 in a 3-necked 25 ml round 

bottom flask under argon was added dropwise with stirring 

8 mmol of l,l,4,4-tetramethyl-l,4-dichlorodisilylethane in 

4 ml CH2C12. After stirring 2 h the Et2NH+Cl~ was filtered 

off and the solvent evaporated in vacuo. The residue was 

taken up into petroleum ether (15), refiltered and the 

solvent removed to afford almost pure stabase adduct, 

1.86 g, 92% yield, b.p. 80-82°C; IR 1725, 1250, 800 cm"1; 

NMR (CDCI3) : 6 4.0 Cq, J=7.2 Hz, 2H) , 3.4 (s, 2H) , 1.2 (t, 

J=7.2 Hz, 3H), 0.7 (s, 4H) , 0.0 (s, 12H) . 

Aldol Condensation of Anisaldehyde with 
Stabase to (34) 

Dry diisopropylamine (0.20 ml) was added at 0°C to 

a solution of 1.55 M BuLi CO.90 ml) in THF (3 ml). After 

stirring at 0°C for 30 min and cooling to -73°C, a solution 

of the glycinate stabase adduct (490 mg) in THF (3 ml) was 

added. The mixture was stirred at -78°C for 30 min and 

anisaldehyde (0.19 g) in 3 ml THF was added. The mixture 



was warmed to 25°C for 1 h and ClSiMe3 (0.18 ml) was added. 

After stirring for 1 h, 3 ml of water and 15 ml of ether 

were added, and the organic layer was separated and dried 

over MgS04- Evaporation in vacuo gave (34), 716 mg, 80% 

"yield, 1H NMR (CDCl-j) : 5 7.30 (d, J=S. 5 Hz, 2H) , 6.87 (d, 

J=8.7, 2H), 4.81 (d, J=9.7 Hz, 1H), 4.19 (q, J=7.2 Hz, 2H), 

3.83 (s, 3H), 3.57 (d, J=9.7 Hz, 1H), 1.37 (t, J=7.2 Hz, 

3H) , 0.31 (s, 4H) , 0.05 (s, 9H). , 0.0 (s, 12H) . 

Elimination Product (36) from 
Distillation of (34) 

Distillation of the aldol product in a Kugelrohr 

apparatus at 0-190°C (0.1 mm) gave (36) in 15% yield, 

IR 1736, 1646, 1607, 1579; LH NMR (CDCl3): 6 8.26 (s, 1H), 

7.65 (d, J=8.8 Hz, 2H), 6.96 (d, J=8.8 Hz, 2H), 4.19 (q, 

J=7.2 Hz, 2H), 3.8 9 (s, 3H), 1.37 (t, J=7.2 Hz, 3H), .31 

(s, 4H), 0.0 (S, 12H). 

Alkylatjon of Benzyl Bromide with 
Stabase Forming (37) 

To 3 ml THF in a 25 ml round bottom flask cooled to 

0°C was added 1.3 0 ml (1.7 M) BuLi followed by 0.31 ml 

diisopropylamine. After stirring for 30 min, the solution 

was cooled to -78 °C and a solution of the stabase (500 mg) 

in 3 ml THF was added. After stirring for 30 min, 0.26 ml 

of benzyl bromide in 3 ml THF was added. The solution was 

warmed to 25°C and stirred for 4 h. Water (3 ml) and 15 ml 

ether were added, the layers separated, and the organic 
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layer dried over MgS04 and evaporated in vacuo to give (37), 

70% yield, XH NMR (CDCI3) s <S 7.05 Us, 5H) , 4.1 (q, J=7.2 

Hz, 2H) , 3.75 (dd, J=10.2, 4.8 Hz, 1H), 3.21 (dd, J=13.0, 

10.2 Hz, 1H) , 2.72 (dd, J=13.0, 4.8 Hz, 1H), 1.1 (t, J= 

7.2 Hz, 3H), 0.61 (s, 4H), Q.2 (s, 6H), 0.0 (s, 6H). 

dl-Phenylalanine 

A mixture of 400 mg (37) 5 ml methanol and 15 ml 

10% KOH was refluxed for 24 h. The methanol was rotovaped 

off and the solution was washed with ether, acidified to 

pH 2, washed again with ether, brought to pH 6, and the 

water removed in vacuo. The addition of water left a 

white ppt of dl-phenylalanine (241 mg, 35% yield from (12)) 

which was filtered off and compared with authentic dl-

phenylalanine fay 250 MHz NMR. 
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