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Abstract 

This work details the synthesis of some useful organic molecules: 

!. 9-IVtethylfluorene was tested as an indicator in the titration of commonly used 

organometailfc reagents. This indicator is readily prepared in three steps from fluorenone. in THF 

solution the deprotonated indicator is red and exhibits a sharp endpoint. The highly basic 

reagents sec-butyflithium and fe/f-butytlithium can be titrated in ether solution, where the color of 

the deprotonated indicator is yellow. 

11. A branched, polyethylene glycol based linker for peptide ligands was designed and 

synthesized. The linker needed to be water soluble, to be stable under both acidic and basic 

conditions, to have amine and carboxyl termini for use in solid phase peptide synthesis, and to 

have an attachment site for a fluorescent marker. The polyethylene glycol linker was designed 

with a carboxyl terminus and two amine termini that can be differentially protected to facilitate 

selective deprotection and reaction with three peptides or two peptides and a fluorescent tag. 

ill. A molecule containing a linear polyethylene glycol linker with a p-alkoxyamide moiety 

was synthesized and its pH stability determined using an HPLC method. Stability was assayed in 

5 mM buffers at pH 4, 7, and 9 over 24 hours. No decomposition in these solutions was detected. 

The linker was then subjected to 10 mM acid or base solution and analyzed over 24 hours. 

Again, no decomposition was observed. 
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Chapter 1 : Use of 9-Methyifluorene as an indicator for Organometallic Tiirations 

1. Introduction; 

Organometaliic reagents containing group lA and group IIA metals play important roies in 

organic chemistry. Often their use requires accurate knowledge of the concentration of the 

organometaffic reagent in a solution. Many methods and indicators have been employed for the 

titrimetric determination of organometallic reagent concentrations. Some examples of these 

methods are as foliows. 

One of the first methods for the titration of an organometaftic solution was introduced by 

Gilman and Haubein in 1944 (Scheme 1)."' This method used deionized water to quench the 

organometallic, then titrating the resulting hydroxide as a standard add/base titration using 

phenolphthalein as the indicator. This titration gives the total alkali concentration. A second 

titration, after reaction of the organometallic with an excess of benzyl chloride, would then be 

HpO 
n-C4H9Li UGH + butane = Total base concentration 

^ C8Hi8 + Ph-CH2CH2-Ph + Ph-CH2-C4H9 SS Starting aikaii concentration 
PnCn2d 

Scheme 1 : Gilman's double titration scheme 

performed. Gilman also proposed several other halides that could be used where benzyl chloride 

failed or when magnesium reagents were being titrated.^ The organic halide reacts with the 

organometallic but does not react with any alkali bases. Again the reaction was then treated with 

water and titrated in the same manner to obtain the starting aikaii content. The concentration of 

the organometallic is then calculated by the difference between the total aikaii content and the 

starting alkali content, "Gilman's double titration" scheme is labor intensive and prone to 

difficulties. It requires 5-10 mL of the organometallic per titration; therefore for three replicate 
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titrations, 30-90 mL of organometallic would be consumed. The process of dropping a reactive 

organometallic into water often results in a very vigorous reaction, which can be dangerous. This 

method has generally been replaced by simpler methods, which use an indicator to directly detect 

the organometallic. 

The method that was used in the Mash lab prior to this work was using diphenytacetic 

acid (1) as both the reactant and indicator (Scheme 2). Diphenyiacetic acid was introduced as an 

organometaliic IfKlicator by Kofron in 1976.̂  This method utilizes the ability of organometallics for 

carbon iithiation to produce a colored endpoint. Diphenyiacetic acid (1} is weighed into a flask and 

tetrahydrofuran is added to dissolve the add. The organometallic is then added dropwis© until a 

yellow color is visible. The organometallic first removes the acid proton to give the colorless 

mono-anion (2). When the carboxylic acid proton has been removed, the organometallic will then 

abstract the benzylic proton. This produces a yellow color (3), which is the endpoint for the 

titration. The concentration of the organometallic can then be caicufated from the known volume 

of organometallic added and the amount of diphenyiacetic acid used. This method has 

•O" Li^ 

(1) (2) (3) 

Yellow 

Scheme 2 : Diphenyiacetic acid indicator 

two serious shortcomings. One is the use of an acid for the reactant, which allows for errors due 

to any alkoxide impurities present. Alkoxide bases can remove the acid proton; its removal does 

not require a strong organometallic base. Second, yellow is not an ideal color for an indicator. A 

pale yeifow color in a clear water solution is difficult to see. It is very easy to overshoot such an 
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endpoint. Additionally, discolored organometaiiic solutions make the endpoint evert more difficult 

to distinguish. 

Another example of an organometaiiic indicator is 1,10-phenanthroline (4).̂  This is a taie 

indicator, as it Is not destroyed by the titration and can, in theory, be recycled. This indicator 

produces a colored rompiex upon the addition of an organometaiiic. The color is dependent on 

the metal being used; with magnesium the complex is violet, and with lithium the complex is 

yellow-green. The organometaiiic is then titrated with a standard solution of sec-butanol In 

xylenes. The color change is reported to be sharp and clear. This type of metal compiexation to 

induce a color change generally gives slightly higher results than other methods,® This is 

attributed to needing a slight excess of the organometaiiic in order to form the complex, and 

therefore the visible color change.® Another problem with this indicator is its reactivity. It is 

reported that the reagent will react with ethers in the presence of lithium.'̂  Titrations are therefore 

run using either benzene or xylene as solvent. While this is a fairly minor problem, the Mash lab 

no longer routineiy distills benzene, due to the health hazard associated with benzene and its 

limited use in our lab. On a larger scale, the ojst of disposing of carcinogenic compounds like 

benzene and xylene can be prohibitive. 

The last indicator f will discuss is N-phenyi-1-naphthylamine (5). This indicator was 

introduced by Bergbeiter in 1980.̂  This indicator directly detects the organometaiiic, and is 

titrated in the same manner as 1,10-phenanthroline (4), The color change in this case, however, 

is due to deprotonation of the amine with the organometallfc, which yields a yellow-orange 

1,10-Phenanthroline (4) 
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a 

IV-Pheny!-1-naphthyiamine (6) 

solution. This is then titrated with a standard sec-butarK>! solution in xylenes. Again, the yellow 

cx)!or of the indicator is not idea!, but it is an improvement over the diphenylacetic acid method. 

The endpoint is a change from yellow to clear, which is easier to detect, than the clear to pale 

yellow endpoint of diphenylacetic acid. However, the endpoint can be especially difficult to 

distinguish when organometallic solutions are colored. Also, this indicator cannot be used to 

titrate alkynyl magnesium or lithium reagents due to the pKa of the alkynyl group. 

The properties of an ideal indicator are as follows: it should have a single removable 

proton with a pKg lower than that of the conjugate acid of the titrand and higher than that of the 

conjugate acids of hydroxide or alkoxide impurities that contribute to the total base concentration. 

The rate of transfer of proton from the indicator to the titrand must be greater than the rate of 

transfer from titrant to deprotonated indicator. The indicator should be colorless in its protonated 

state and intensely colored when deprotonated in solution. It should also be readily available, 

stable in storage, recyclable, and nontoxic. 

II. Materials and Methods; 

In the continuing work on chiral auxiliaries in the Mash lab, Dr. B, R. Aavula observed 

that while making 9-methytfluoren-9-yltithium to incorporate the fluorenyl derivative in the chiral 

auxiliary, there was a vivid color change when the organometallic base was added.® It was 

thought that 9-methylfluorene could be used as an indicator for organometallic reagents. We then 

began to examine the utility of 9-methylfluorene (8) as an indicator in titrimetric determinations of 

the concentration of several group lA and IIA organometallic reagents. 
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The first step was to synthesize 9-meihylffuorene for study, as it was not commercially 

available. The literature syntheses were for smaii amounts, 1 g or less, so the procedures were 

scaled up to produce multigram quantities of 9-methylfluorene {8). The synthetic route (Scheme 

3) started with 9-fluoreneone (6), which was alkylated with methyimagnesium iodide to yield 9-

methylfluorenol (7) in 89% ĵ eid.̂ '® This afcohol was then dehydrated in reffuxing acetic acid and 

CH 
1. AcOH, reflux 

2. Pd/C. H: 

HO 
.CH 

MeMgl 

(7) (6) 

9-Fluorenone 9-Methyifluoreno! 9-Methyffluorene 

Scheme 3 ; Synthesis of 9-methylfluorene 

the resulting alkene was cata!yttca!!y hydrogenated with palladium on carbon to yield crude 9-

methyifluorene (8)7'® Purification on a large scale was achieved by passing the yellow oil through 

a plug of silica eluted with pentanes to obtain pure white crystals (mp 41-42 °C) in 80% yield. !f 

the crystals stifl contained impurities, recrystaliization from methanol was then used. 

ill. Results and Discussion; 

With significant amounts of 9-methylfIuorene in hand, it was determined whether or not 

our hypothesis was true. In our studies, N-phenyl-l -naphthylamine was used as a control to 

check the utility of 9-methylfiuorene as an indicator for organometallic titration. 

Tetrahydrofuran (THF) was commonly used as the solvent in titrations employing 9-

methylfluorene as an indicator. Diethyl ether was used as the solvent only when titrating very 

basic organometallics, such as sec- and ferf-butyllithium. An aliquot of the organometallic solution 

was added to solvent containing the indicator, and in most cases a color change was observed 

immediately (vide infra). THF solutions of deprotonated 9-methylfluorene were a bright cherry 

red,® while diethyl ether solutions were a bright yellow. These colored solutions were then titrated 
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with a standard solution of sec-butyl alcohol in THF. In both THF and ether, visible endpoints 

were observed as a sharp change from colored to colorless or cloudy white solutions. In cases 

where the solution remained coforless, additional titrations were performed in the same vessel by 

injecting another aliquot of the titrand and retitrating. Results obtained over several runs were 

consistent, and where comparable, in dose agreement with parallel titrations using N-phenyl-1-

naphthylamine (5) as the indicator. N-Phenyf-1-naphthylamine gave a yellow to clear endpoint in 

THF or ether which was often more difficult to distinguish than the endpoint of 9-methylfluorene. 

Indicator 8 was more generally useful than 5 for the group lA orgartomelafllcs tested. It worked 

well for determination of the concentrations of alkyllithium reagents, including sec- and teii-

butyllithium (Table 1, entries 1-7); of the amide bases lithium diisopropyfamide, sodium 

hexamethyldisilazane, and potassium hexamethyldisilazane (entries 12-14): and of dimsylsodium 

and lithiated methyl phenyl sulfone (entries 15-16). In contrast, indicator 5 was more useful than 8 

for the IIA organometailics tested (entries 8-11). Neither 8 nor 5 was useful for the determination 

of the concentration of lithium hexamethyldisilazane, lithiated phenylacetylene, or the lithium 

enolate of cyclohexanone. The last two failures can be attributed to the comparable 

thermodynamic acidities of phenylacetylene, cyclohexanone, and the indicators.'"'"''̂  The apparent 

failure most of the Grignard reagents and lithium hexamethyldisilazane to deprotonate 8 is more 

difficult to rationalize. A significant kinetic barrier to deprotonation of 8 must exist and may be 

attributable to differences in ion-pairing and organometallic aggregation for these reagents.''̂  

Compound 5 was an adequate indicator for the less basic organofithiums, for LDA, and for three 

of the four Grignard reagents tested. However, its yellow endpoint was often obscured by residual 

colorization of the solution. 



Table 1. Titrations of Organometallic Solutions" 

titrated concentration, M 

entry organometallic solvent concentration, 9-methylfluorene N-phenyl-1 -naphthylamine 

1 BuLi hexanes 1.6 (N) 1.5610.05" 1.56 ±0.04' 
2 BuLi hexanes 1.6 (O.S) 1.29 ±0.04® 1.31 ± 0.03' 
3 BuLi hexanes 1.6(0) 1.65 ±0.04' 1.65 ±0.04® 
4 sec-BuLi cyclohexane 1.3(0) 1.06±0.11' 0.99 ± 0.08' 
5 tert-BuU pentane 1.7 (0) 1.64 ±0,13® no result®'" 
6 MeLi ether 1.6 (N) 1.59 ±0.06' 1.66 ±0.09' 
7 PhLi cyclohexane/ether 1.8 (N) 1.6310.05" 1.63 ±0.07" 
8 MeMgCI THF 3.0 (0) no result' 1.65 ±0.29"^ 
9 fe/t-BuMgCI THF 1.0 (N) no result' no result' 
10 phenyl MgBr ether 3.0 (N) no result' 3.07 ±0.11" 
11 vinyl MgBr THF 1.0(0) 1.08 ±0.08' 1.01 ±0.02' 
12 LDA heptane/THF 2.0 (N) 2.04 ± 0 06' 1 93 ±0.10' 
13 NaNCSiMej)? THF 1.0 (N) 0.97 ± 0.05® no result" 
14 KN(SiMe3)2 toluene 0.5 (N) 0.78 ± 0 06' no result® 
16 NaCH2S(0)CH3 THF -0.5' 0.35 ± 0.08" no result® 
16 LiCH,SO,Ph THF -0.25'" 0.17 ±0.02" no result® 

® Titrations were performed using THF as solvent except for sec-BuLi and tert-BuU, which were performed in ether." 
Original molarity according to label. ® N = new bottle, 0 = previously opened bottle, S = sediment present. ''Average of 4 
titrations. ® Average of 5 titrations. 'Average of 6 titrations. ® Addition of organometallic to indicator in THF gave a yellow 
solution that never exhibited an endpoint. Ref 5 reports the titration of terf-BuLi using sec-BuOH in xylenes. 'Addition of 
organometallic gave no color change. •' Endpoint difficult to distinguish. * Addition of organometallic gave a black solution.' 
Anticipated concentration; prepared by reaction of NaH with an excess of dry DMSO.Anticipated concentration; prepared by 
reaction of BuLi with an excess of methyl phenyl sulfone in dry THF. 
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VI. Summary: 

9-Methylfluorene offers some advantages over othsr indicators used in organometallic 

titrations, it has a single removable proton, with a pKg. of 22,® which is lower than those of the 

conjugate acids of organometaiiic species normally titrated and higher than those of the 

conjugate acids of hydroxide or alkoxide impurities that contribute to the total base concentration. 

This was demorrstrated by adding potassium ferf-butoxide to a solution of 9-methy!fluorene in 

THF. No color change was observed over 48 hours. II is cotorfess in its protonated state and 

intensely colored when deprotonated in THF or ether solutions. The titration endpoint is easily 

discernable. 9-fy!ethy!fiuorene is expected to be stable in storage and recyclable when warranted. 

Although it Is presently commerciaily unavailable,''̂  It is readily prepared in three steps from 

inexpensive fluorene.̂  

Because of the lack of availability of 9-methytfluorene from commerciaf sources, it was 

thought that perhaps fluorene would be a comparable indicator. However, attempts at using 

fluorene as an indicator failed to produce any colored solutions. This was also noted by Watson 

and Eastham.'* Carbazole was also tested, but to no avail. 
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Chapter 2: Synthesis of a Branched Polyethylene Glycol Linker for Peptide Ligands 

f. Introduction: 

There are many forms of cancer. Even in a single organ there can be many different sub

classes of cancer. It has been estabiished that there are a number of discernaWe differences 

between a cancer ceil and a healthy cefl. These differences can come in the form of 

overexpression of certain receptors on the surface of the cell. It was hypothesized that a 

combination of these overexpressed proteins could identify and uniquely distinguish between a 

cancer cell and a non-cancerous cell.''®"''' The specific combination of these cell surface proteins 

could even distinguish between different sub-types of cancer. Therefore, if one could develop 

reagents that could specifically bind to the eel! based on these ovefexpressed receptors, one 

could identify and possibly even treat the cancer cells. This would make detection and treatment 

more effective and easier on the patient. 

in collaboration with Dr. Gillies' and Dr. Hruby's groups, we undertook a project 

developing and building linkers for peptide ligands and fluorescent tags. The basic concept that 

was developed by Dr. Giliies and Dr. Hruby was that by linking several different ligands together, 

one could take advantage of the cooperative affinities of these ligands to bind a molecule 

selectively to a cancer cell. This could be achieved by linking several different ligands together; 

then as one iigand is bound to the cell surface, the local concentration of the other ligands is 

increased. This results in a molecule that is more tightly bound to the cell surface than the 

monomer.''®'̂ ® A simple analogy of this would be a fly on flypaper. If a fly landed on a piece of 

flypaper and only a single foot got stuck, the fly might get away. However, if the fly landed and 

more than one foot got stuck, the fly is more tightly adhered to the surface, and has less diance 

to fly away. If it managed gat one foot free, it is still stuck to the flypaper by other feet. Because 

peptide linkers can be designed with branches, the linker could be used to attach a fluorophore 

for imaging or a theraputic agent for treatment. 
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For preliminary evidence, one can look to work by Verrechio et a!. Verrechio designed 

small peptide sequences that exhibit high affinities for heparin.® The peptide sequence AKKARA 

was synthesized and studied as a simplified peptide segment Ttiis sequence was ollgomerized 

to increase the number of basic moieties, and therefore increase the binding affinity of the 

molecule. For each oligomer the dissociation constant, Kd, was determined by affinity co-

electrophoresis. This technique uses radiolabied heparin and Ku was calculated based on the 

known concentrations and the mobility of the heparin and heparin-peptide complex. 

The results (Table 2) show an increase in binding affinity as the number of message units 

Ligand M.W. (Da) Kd ± S.D. (nM) 
(AKKARA) 644 Undetectable 
CAKKARAIa 1270 40,000 ± 18,000 
(AKKARA)3 1895 1,900 ±210 
(AKKARA)4 2520 174 ±19 
fAKKARA)s 3146 94 ±41 
(AKKARAk 3770 104 ±32 

Table 2: Binding affinity for heparin® 

increases. The monomer showed no detectable binding. The dimer, however, showed a weak but 

detectable binding. The binding affinity then increased by about an order of magnitude for each 

increase in monomer unit up to the pentamer. At this point the binding affinity tended to plateau. 

This plateau is thought to be due to the limited area of the tending pocket of heparin. 

Additionally, one can look to work done by Dr. Hruby et al (Scheme 4). This research 

used a polyvinyl alcohol as a backbone to attach the fluorophore, specicaliy fluorescein 

isothiocyanate, and peptide 1 igands, specifically MSH, dynorphin, or substance P.^ In this case 

multiple copies of both the fluorophore and iigand were attached via the hydroxy! groups of the 

polymer baclAone. it was again observed that an ino-eased number of ligartds ino-eased the 

binding affinity of the moleoile to the receptor. One probieni thai arose in this woA was that the 

number of igands and fluorophores was limited because the molecules became insoluble in 

aqueous solutions at physiological pH.^ For this reason, on a PVA backbone of average 
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molecular weight 110,000, only 10-16 ligands and about the same number of fluorescent tags 

could be attached while stiif maintaining solubility. Another problem was that there was no control 

over the addition of the ligands and fluorophores. The exact number and pfacement of ligands 

and fluorescent tags was unknown. Each ligand was attached through an alcohol of the PVA 

linker, but the PVA linker had approximately 2500 hydroxy! groups.̂  Therefore all this work was 

done using statistical distributions, adding approximately 10 ligands per PVA linker. 

"s' 

o 
PVA~-i 

L OH 

Polyvinyl aicohol 
[PVA] 

:)]n 

Fluorescein isothiocyanate 
[FITC] 

PVA-

[F!TCL~PVA"-f-
/ / '  

[F!TCL~PVA~-H 11 

HS-Ligand 

[F(TCI^~PVA~ + 
O 

-LI 
^S 'S "Ligand [FITCL ~ PVA -

HS-Ligand is; HS-(CH2)rCO-pie^,D-Phe^]-a-MSH. 

[LysfW'CCO-CHzCHa-SH^^^l-Dynorphini.is-NHz, 

HS-(CH2)2-CO-{Nte • '}-Substance-P. and 

HS-CH2-CH2-OH 

Scheme 4 : Hruby's PVA molecule synthesis' 

Q 
/="\ z'--

o 

" '"1 In -N 
"S-Ligand 

,22 
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This work demonstrated that by using several peptide ligands together one could 

increase the binding affinity to a cell membrane. However, both Verrechio's and Hruby's work 

consisted of only homo oligomers. Our research wil! make use of several different peptide 

ligands. Verrichio's work also made oligomers solely of peptide chains. Our research will make 

use of polyethylene glycol linkers to attach the iigarKiis. 

11. Design of a polyethylene glycol based linker 

The design of this linker was meant to incorporate certain properties that were thought to 

be desirable. The first and simplest of these was to have carboxylic and amine termini for the 

attachment of the peptide ligands by solid phase peptide synthesis. The monomer should also 

allow for the attachment of a chromophore or fluorescent tag for detection purposes. This could 

later be the attachment site for a drug to treat the specific cancer. Based on Hruby's results, the 

linker must be water soluble because it would eventually be used in biological systems, and 

therefore must be soluble in aqueous media. The optimal length of the linker has yet to be 

determined; therefore the synthesis should be general enough to allow for small adjustments in 

the length of the linker chain. Along these same lines, the optimal number of ligands is also 

unknown; therefore the molecule should allow for oligomerization to form longer chains to allow 

for more ligands to be attached. The last consideration was the use of varying protecting groups 

to facilitate decoration of the linker with different peptides. With these parameters in mind the 

linker 9 was designed and targeted for synthesis. 
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.0 hN-

Branched polyethylene glycol linker (9) 

This linker would be soluble in aqueous media. The chosen structure has three 

attachment sites, all of which are amine or carboxyl acid moieties, for the attachment of two 

peptide ligands and a third molecule. This could be a chromophore, fluonophore, an additional 

ligand, or even a drug for treatment. In this depiction the three sites have been differentially 

protected as an FMOC, Boc, and methyl ester. The synthesis can be adapted to allow for small 

adjustments in the length of the linker arms, by the addition or elimination of ethylene glycol units 

in the starting material. The linker can also be oligomerized which would give more substantial 

differences in the distance between peptide ligands, but also allow for attachment of additional 

ligands or fluorescent tags. The final consideration was the use of a butyric acid chain for the add 

terminus of the molecule that eliminates the possibility of p-eiimination of the acid, which was a 

concern in the propanoic derivatives that have appeared in the literature.̂  

III. Synthesis 

The first goal of this research was to link two peptide ligands together, or Hnk a peptide 

ligand and a fluorescent tag together without hindering the binding of the ligand to the receptor. 

Thus the initial linker that was synthesized (13, Scheme 6) was a linear linker aliowing for the 

attachment of two peptides or a single peptide and a fluorescent tag. This linear linker was meant 

to begin the determination of the unknown factors in the linker design, for example the length 



23 

10 

BOC. 

28% yield 

-BOC 

BOC2O 
CH2CI2 

H2N' 
.0  ̂

"O ^ 

11 

54% yield 

H 
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Scheme 5 : Amine portion of linker 

of linker needed to attach the ligands together without hindering either peptide's binding. 

This linear linker's synthesis began with the amine chain. As outlined in Scheme 5, the 

mono-BOC protected diamine (11) was prepared by reaction of commercially availabfe 

tetraethyieneglycol diamine (10) with di-ferf-butyl dicarbonate. '̂* This yielded a statistical 

distribution of unprotected (10), mono- (11), and bis-protected (12) materiats. Since these amines 

are basic, the three molecules were separated by extraction. The reaction mixture was v/ashed 

with a 10% acetic acid solution to remove the diamine 10 and the mono-BOC amine 11. The 

aqueous solution was then neutralized with sodium bicarbonate and washed with methylene 

chloride to obtain the mono-BOC amine 11. The completion of the linear linker involved reaction 

of the mono-BOC amine 11 with succinic anhydride (Scheme 6). This gave final product 13 with a 

protected amine terminus and an acid terminus. This product was submitted to the Hruby group 

for continued study. 
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O 

13 

Scheme 6: Linear linker completion 

The branched linker synthesis began with the mono-BOC protected diamine 11 from 

Scheme 5. This amine was reacted with acrylonitrife to complete the amine portion (Scheme 7).^ 

The amine terminus was left protected as the nitrite until the final steps, which allowed the 

addition of the add segment to the internal amine. 

H2N'' "o 

11 
H 

.BOC 
MeOH 

Scheme 7 : Amine segment 

"o 

14 

,BOC 

The Qfiginai design of the acid segment involved simple transformations (Scheme 8). 

Tetraethylene glycol (15) was converted into the monotosylate 16. This reaction produced a 

statistical distribution of starting material, mono-, and ditosyated product. After purification, the 

monotosylate (16) would then be reacted v/ith dimethyl malonate and base, displacing the 

tosylate and leading to the desired butyric acid derivative 17 after hydrolysis, decartsoxytation and 

esterific^tlon. Unfortunately, when this reaction was attempted the result was only a 

transesterified product. Other bases and nudeophiSes were tried to no avai!. Therefore a new 
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method of obtaining the acid segment was developed (Scheme 9). 

o o 
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H [ H 
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O 
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'^OMe 

^O  ̂

15 

TsCI 

Pyridine 

Dimethy! malonate 
NaH, THF 

16 

50% yield 

8: Original acid segment 

The butyric add moiety was synthesized by a method deveioped by E. J. Corey et al. to 

give the bridged ortho ester protected acid 24.^® The acid portion began with y-butyrolactone (18). 

This was opened by trimethylsilyl iodide generated in situ to give 4-iodobutyric add (19). The add 

19 was converted to the acid chloride 20 by using thionyi chloride. 3-Methyl-3-oxetane methanol 

(21), made by the dehydration of 1,1,1-tris(hydroxymethyl)ethane (22), was reacted with the acid 

chloride 20 to give the ester 23. This was rearranged with boron triffuoride etherate to the bridged 

ortho ester protected iodide 24. WhIie the bridged ortho ester is a very acid sensitive protecting 

group, it was convenient for the completion of the acid portion of the linker. 
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Scheme 9 : Formation of protected iodobutyric acid 

The ortho ester 24 was then combined with the anion of triethyteneglyco! (25) to give the 

alcohol 26 in 65% yield (Scheme 10). Then, to combine the acid and amine segments, the 

alcohol 26 was oxidized using Swern oxidation conditions, at iow temperature (-78 °C), to obtain 

the aldehyde 27.^ '̂̂  Conditions were optimized so that purification, while possibie, was 

unnecessary. The bridged ortho ester was left intact to avoid the byproducts observed by TLC 

when the methyt ester was oxidized. The aldehyde 27 was combined with the amine 14 using 

reductive aminatton conditions (Scheme 11).^®'' The resulting branched compound 28 contained 

the backbone of ths desired linker, and required only maniputation and removal of the protecting 

groups. 
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Scheme 10 : Acid arm of branched linker 

The ortho ester protecting group was opened and transesterified to the methyl ester 29. 

Purification of the methyl ester 29 was found to be easier than purification of the OBO ester 28, 

so crude 28 was converted to the methyl ester 29 which was purified, giving 54% yield from the 

nitrile 14. The nitrite 29 was reduced to the amine 30 by hydrogenation using platinum oxide in 

acetic acid.'̂  Less vigorous conditions (methanol-acetic acid mixtures and other catalysts) were 

attempted, but no reduction was observed. This amine was also used in its crude form because 

its water solubility and basicity made it very difficult to purify. This problem was solved (Scheme 

12) by reacting the crude amine 30 with di-ferf-butyl dicarbonate (BOC2O) to give 33, A/-(9-

fluorenylmethoxycarbonyloxy)succinimide (FMOC-Osu) to give 31, or 4-chloro-7-nitrobenzo-2-

oxa-1.3-diazole (NBD-Cl) to give 32. The protected amines were far easier to purify, and included 

a linker with a fluorescent tag, NBD. 

These branched polyethylene glycol linkers were delivered to the Hruby group for 

decoration with the peptide ligands and subsequent testing. 
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Scheme 11 Joining the two segments 
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FMOC-OSu 
MeOH, Dioxane 
K2CO3 

25% yield 

31 

BOC2O 
CHjCij 60% yield 

32 

50% 

33 

Scheme 12 ; The final branched polyethylene glycol linkers 
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Chapter 3: Synthesis of a Linker for Peptide Ligands and a Study of its pH Sensitivity 

1. Introduction: 

in the deveiopment of the branched pofyethylene glycol linker, a butyric add was used for 

the acid terminus. This was based on our suspicion that a propionic acid, which had been used 

23 extensively, would undergo p-eiimination under basic conditions, and to a lesser degree under 

acidic conditions. To investigate the p-efimination of the propionic derivative, a molecule 

incorporating a propionyf polyethylene glycol linker was synthesized and its decomposition at 

various pH values studied by HPLC. 

I!. Synthesis: 

Mono-tosyl tetraethylene gtycoi (16) was made as previously described (Scheme 8). The 

propionic acid terminus was then attached (Scheme 13) by reaction of 16 with mercuric acetate 

and methyl acrylate at room temperature for 6-8 days, followed by reduction of the 

organomercurial with sodium borohydride to yield propionic acid methyl ester 34 in 82% yield.^ 

Dispfacemait of the tosyfate was achieved (Scheme 13) by reffuxing in drmethyfformamide with 

potassium phihalimlde. Attempts were made to reverse the order of addition, displacing the tosyl 

with phthalimide and then attaching the acid terminus. However, the oxymercuration reaction 

failed. Attempts were also made to convert the phthalimide to the amine and then prote^ with 

benzoyl chloride, but the yield of the oxymercuration was diminished and longer reaction times 

were needed. Additionally, it was found that during the displacement of the tosyfate when the 

reaction was allowed to reflux overnight in DMF, the product obtained had eliminated the 

propionic acid terminus. 
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^OTs 
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Scheme 13 ; Synthesis of propionyl backbone. 

The phthalimide 35 was then cleaved by reaction with hydrazine in methanol at reflux. 

The crude 35 was reacted with benzoyl chloride in triethylamine and methylene chloride to give 

the benzamide 36. The methyl ester was then saponified, and the resulting add was coupled, 

without purification, with L-phenylalanine ethyl ester hydrochloride to give 37 in 55% yield. 

Phenylalanine was used so that both segments, the amine and the acid termini, were decorated 

with a chromophore. This allowed for observation of the fragments from decomposition via HPLC 
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with UV detection. The ethy! ester was removed by saponification to increase tie soiubility of the 

mofecule in water and simplify the available segments for elimination, and a final purification of 

the acid was completed by HPLC giving 38 in 50% yield. 

O O 

MeO 

1. NaOH, water 
2. Phenylalanine ethyl ester hydrochloride 
BOP, TEA 

OEt 

37 

NaOH, water 

Scheme 14 : Completion C3f the propyl linker 

ill. pH Dependent Decomposition Experiments 

The decomposition of 38 was studied as follows: the acid 38 (111.9 mg) was placed in a 

10 mL volumetric flask and dissolved in 10 mL of methanol. One milliliter of this stock solution 

was then pieced in a 25 mL volumetric flask and diluted to the mark with a 5 mM buffer solution 

that had been adjusted to the desired pH with 0.1 M acetic add or sodium hydroxide. The buffer 

solutions used were; tris buffer adjusted to pH 9, sodium phosphate adjusted to pH 7. and 

potassium hydrogen phthalate adjusted to pH 4. The end result of this dilution v/as a 0.8679 mM 

solution of the acid 38. Once the solution was mixed, it was placed in a water bath at 37 "C. An 

aliquot of the solution was removed at timed intervals and analyzed by HPLC calibrated with a 
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standard containing known concentrations of add 38 (0.8679 mM) and alcohol 39 (1.247 mM). 

The solutions were then monitored at various pH's over time. 

O 

38 

Scheme 15 ; Contents of standards 

. Since a radial compression column was used for this study, there was a small shift in 

the retention time of the acid 38 is due to changes in pressure in the radial compression column 

chamber over time. Therefore, every day that analysts was run, the HPLC was calibrated with 

acid 38 and alcohol 39 standards. 

111!. Results and Discussion: 

Chromatograms from time = 0, 2, 4,6, and 29 hours for pH 4 are shown in Figure 1. 

Previous to running the time = 0 sample, the HPLC was calibrated with a standard solution of 

acid 38 and alcohot 39, and a blank containing buffer solution without acid 38 was run to estabiish 

a baseline. These chromatograms show no decomposition over the 29 hours. 
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Figure 1: Time dependent decomposition of acid 38 in pH 4 buffer solution; 

Acid 38 diluted with 5 mM hydrogen phthalate buffer adjusted to 

pH 4. Aliquots were removed and analyzed at time = 0, 2,4,6, 

and 29 hours. Absorbanc» at 3.2 mfn was background from 

buffer. Acid 38 had retention time 4.8 min. 

Chromatograms from time = 0,2, 4, and 24 hours for pH 7 are shown in Figure 2. The 

change in retention time from T=0 to T=2 was due to a change in the etuent. The solvent 

conditions were adjusted from 40% water/methanoi to 50% water/methanoi after the sample was 

run to increase the retention volume and move the peak of interest away from the void volume. 

The updated conditions were then used for ail other samples, and the HPLC was recalibrated for 

the new sofvent conditions. Aliquots were removed at timed intervals and analyzed. These 

diromatograms also stow no decomposition over the 24 hour period. 
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Figure 2; Time dependent decomposition of acid 38 in pH 7 buffer solution 

Acid 38 diluted with 5 mM sodium phosphate buffer 

adjusted to pH 7. Aliquols were removed and analyzed at time = 

0, 2, 4, and 24 hours. Absorbance at 3.5 min for T=0 and 4.6 min 

for T = 2, 4, and 24 (column pressure and solvent were adjusted 

t)etween T=0 and 2) is from the acid 38. 

Chromatograms from time 0, 2, 4, and 27 hours for pH 9 are shown in Figure 3. These 

chromatograms show no decom^sition over time. 
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Figure 3: Time dependent decomposition of add 38 in pH 9 buffer solution 

Add 38 dissolved in 5 mM Tris buffer adjusted to pH 9. 

Aliquots were removed and analyzed at time = 0, 2,  4, and 27 

hours. Absorbance at 4.2 min 1=0,2, and 4 and absoffeance 3.0 

min T=27 is from the add 38. 

Since no decomposition in the biifer solutions was obser¥ed, the add 3S was then 

dissolved in 10 mM hydrochioric add (pH = 2) and sodium hydroxide (pH = 11.8) solutions. The 

results from the 10 mM HCI solution from aliquots taken at time = 0,2, 4, and 24 are shown in 

Figure 4. These chromatograms show no decomposition over the 24 hour period. 
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Figure 4: Time dependent decomposition of acid 38 in 10 mM HCI solution 

Acid 38 dissolved in 10 mM hydrochloric acid solution. 

Aliquots were removed and analyzed at time = 0, 2, 4, and 24 

hours. Absorbance at 5.8 min is from the acid 38. 

Results from the 10 mM sodium hydroxide solution for aliquots taken at time = 0, 2, 4, 

and 24 hours are shown in Figure 5. These chromatograms show no decomposition over time. 
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Figure 6; Time dependent decomposition of acid 38 in 10 mM NaOH solution 

Acid 38 dissolved in 10 mM sodium hydroxide solution. 

Aliquots were analyzed at time = 0, 2,4, and 26 hours, 

Absorbance at 3.5 min is from the add 38. 

When no decomposition was observed from pH 2-11.8, the original pH 4 and 9 samples 

were spiked with the alcohol 39 to prove that tiers had been no absorbance due to the alcxihoi 39 

in these samples. These chromatograms are shown in Figures 6 and 7. In Figure 6, the 

chromatograms show the samples run at time 0 and 29 hours for reference and the spiked 

sample. In Figure 7 the chromatograms show the pH 9 samples that were run at time = 0 and 27 

hours and the sample spiked with alcohol 39. Again, the changes In the retention time were due 



39 

to changes in compression of the column. Each day that samples were analyzed the HPLC was 

calibrated with the acid 38 and the alcohol 39 prior to running samples. 
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Figure 6; Add 38 decomposition sample spiked with alcohol 39 in pH 4 buffer solution 

Acid 38 dissolved in 5 mM hydrogen phthalate buffer. 

Aliquots were removed and analyzed at time = 0 and 29 hours. 

0.5 mL of the stock solution of alcohol 39 and an aliquot was 

removed and analyzed. Acid 38 had a retention time of 4.8 min 

for T=0,4.4 min for T=29, and 3.2 min for the spiked sample. 

The alcohol 39 had a retention time of 5 min in the spiked 

sample. 
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Figure 7; Add 38 decomposition sample spiked with alcohol 39 at pH 9 buffer solution 

Acid 38 was dissolved in 5 mM tris buffer. Aliquots were 

removed and analyzed at time = 0 and 27 hours. Solution was 

then spiked with 0.5 mL of stock solution of alcohol 39 and 

analyzed. Add 38 has a retention time of 4.2 min for T=0, 3.0 

min for T=27, and 3.6 min for the spiked sample. The alcohol 39 

has a retention time of 5 min in the spiked sample. 

VI. Conclusion; 

Links' 38 was synthesized and its pH stability was studied. The linker 38 was studied at 

pH 2-11.8. No decomposition was found over 24 hours, it should be noted, however, that 

decomposition was observed during the synthesis in organic solvents at higher temperatures. 
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Chapter 4: Experimenta! 

Tetrahydrofuran and diethyi ether were distiHed from sodium meta! and benzophenone 

prior to use. sec-Buty! alcohol was distilled from calcium hydride and stored over 3 A sieves. A 

standard solution was prepared by weighing dry sec-butyl alcohol (4-5 g) into a 1CK3 mL class A 

volumetric flask that had been dried in an oven for several days and diluting to the mark with 

freshly distilled THF. NMRs were taken on a Varian Unity 3Q0 MHz NMR. High resolution mass 

spectra were obtained on a JEOL-HX110, as a solution in m-nitrobenzyl alcohol, with FAB+ 

ionization. 

HPLC experiments were carried out on a Waters radial compression system with a 

Waters 600E pump and a 2487 UV detector (254 nm). For analytical work an 8 x 10 mm C18 

column was used, and for semi-preparative work a 25 x 100 mm C18 column was used. HPLC 

method: Isocratic method of 1 mL/min flow rate of 50% water/methanol. Injection volume was 20 

uL. Run time was 10 min. 

Titration Procedure; A flame-dried 25 mL three neck round-bottom flask under argon 

was charged with indicator (ca. 15 mg) and dry, freshly distilled tetrahydrofuran or diethyl ether (5 

mL). The flask was fitted with two rubber septa and a class A 10 mL buret that had been dried in 

an oven and inserted through a third rubber septum. The buret was filled with a standard solution 

of sec-butyl alcohol solution in tetrahydrofuran. The organometallic solution to be titrated (1.00 

mL) was then added via syringe. The organometallic solutions containing indicator normally 

turned red (THF) or yellow (ether) for 9-methylfluorene (1) and yellow for N-phenyl-1-

naphthylamine (2). The standard solution of sec-butyl alcohol in tetrahydrofuran was added 

dropwise until the color just disappeared. The concentration of organometalic was then calculated 

from the volume of the standard solution dispensed. If the organometallic was not colored to 

begin with, another aliquot of organometallic could be added, and the titration repeated (often 

several times) in the same flask, if the organometallic was colored, or for highly basic 
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organometailics, such as sec- and terf-butyllithlum, multiple titrations were performed in separate 

flasks to facilitate observation of the endpoint. 

9-M@thflfluoren-9-o! |7|:^ 9-F!uorenone (15 g, 83 mmol) was dissolved tn dry 

diethyl ether (120 mL) and the solution was stirred and cooled to 0 °C. Methylmagnesium iodide 

(3.0 M solution in ether, 45 mL, 135 mmol) was added dropwise. The cold bath was removed, the 

solution was allowed to attain room temperature, and then heated to reflux for two hours. The 

solution was allowed to cool to room temperature and the reaction was quenched by the addition 

of saturated aqueous ammonium chloride solution. The mixture was extracted with diethyl ether, 

the organic extracts were washed with water and brine, dried over magnesium sulfate, and 

volatiles were removed in vacuo. The resulting yellow solid was recrystaliized from benzene to 

give 7 (14.4 g, 79 mmol, 89% yield) as a white solid with mp 174-175 °C (lit. 174-175°C) 

9-Methyifiuorene (8):^ 9-Hydroxy-9-methylfiuorene (4) (5 g, 25 mmol) was 

placed in a vessel with glacial acetic acid (200 mL) and was heated with stirring to reflux for one 

and a half hours. When elimination was complete by TLC, the reaction was cooled to room 

temperature, poured into a Parr hydrogenation vessel, and 10% Pd/C (150 mg) was added. The 

reaction was shaken under 40 psi hydrogen gas overnight. The reaction was quenched with 

water and the mixture extracted with methylene chloride. The organic extracts were washed with 

saturated aqueous sodium bicarbonate solution, brine, dried over magnesium sulfate, and the 

volatiles were removed in vacuo. The resulting yellow oil was purified on silica (70-230 mesh, 150 

g) with pentanes as eluent to yield 9-methylfluorene (8, 3.6 g, 20 mmol, 80% yield) as a white 

solid with mp 41-42 °C (lit. 45-46 °C). This solid could also be recrystaliized from methanol. 

NMR = 57.73 (dd, J=6.8, 1.2 Hz, 2H), 7.50 (dd, J=7.0, 0.8 Hz, 2H). 7.31 (m, 4H), 3.94 

(q, J=7.4 Hz, 1H), 1.52 (d, J=7.6 Hz, 3H) 

NMR = §148.96, 140.49, 126.89, 123.98, 119.81, 42.41, 18.17 
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Mass Spectrometry Data : Expected [Mf: C14H12 = 180.0939 m/z 

Observed = 180.0952 m/z +7.4 ppm 

{2-{2-[2-{2-Amino-ethoxy)-ethoxy]-ethoxy}-ethyl)-carbamlc acid tert-butyl ester f11):To a 

500 mL 3-neck round bottom flask equipped with an addition funne! was charged tetraethylene 

glycol diamine (13 g, 0,069 mol) and 50 mL dichloromethane. The flask was cooled to 0 °C and 

di-tert-butyl dicarbonate (10 g, 0.046 moi) in 200 mL dichloromethane was added dropwise. The 

reaction was allowed to warm to room temperature overnight and washed with 10% acetic acid to 

remove the diamine and the mono-BOC diamine. The fractions were monitored by TLC (1:1:1:1 

water/ ethyi acetate/ iso-propy! alcohol/ acetic acid, ninhydrin stain, Rf 11 = 0.67, Rf bis-BOC 

amine = 1, and diamine = 0.3). The aqueous layers were combined and neutralized with sodium 

bicarbonate. Aqueous layers were then extracted with dichloromethane to remove mono-BOC 

diamine (11). Yield of 11, 7.2 g (54%, 25 mmol), and bis-BOC diamine 12, 5.1 g (28%, 13 mmol). 

Mono-BOC diamine 11 

NMR : 63.79 (br, s, 2H), 3.62 - 3.58 (m, 8H), 3.51 (t, J=5,1 Hz, 2H), 3,49 (t, 

J=5.1 Hz. 2H). 3 27 (q, J=5,1 Hz , 2H), 3.08 (br. s, 2H), 1.41 (s, 9H) 

"C NMR : 5155.94, 73.36, 70.53, 70.50, 70.25. 70.21, 41.70, 40,33, 28.39 

Mass Spectrometry Data : Expected [M+Hf : C13H29N2O5 = 293.2076 m/z 

Observed = 293.2076 m/z -0.2 ppm 

Bis-BOC diamine 12 

"H NMR ; 65.05 (br. s, 2H), 3.61 (s, 8H), 3.52 (t, J=5.1 Hz, 4H), 3.28 (q. J=5.1 Hz. 

4H), 1.42 (s, 18H) 

"C NMR : 6155.96; 70.48; 70 22; 40,33; 28.40 

Mass Spectrometry data : Expected [M+H]'': Ci8H37N207= 393.2601 rn/z 

Observed = 393.2607 m/z +1.6 ppm 
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N-{2-{2-[2-(2-tert-Butoxycarbonylamino-ethoxy)-ethoxy]-ethoxy}-ethyl)-8uccinafnic acid 

{13|: Mono-BOC diamine 11 (1 g, 3.4 mmol) was charged to a flame dried 10 mL RB flask with 

2 mL dry tetrahydrofuran. This was cooled to 0 °C and an additional 2 mL methylene chloride was 

added. Succinic anhydride (0.69 g, 6.8 mmol) was added in one portion. After stirring for an hour 

at 0 °C, the cold bath was removed and the reaction was allowed to stir overnight at room 

temperature. The reaction was quenched with 1 % acetic acid and extracted with methylene 

chtoride (10x10 mL). The organic layers were combined and dried over magnesium sulfate, 

filtered, and the solvent was removed in vacuo. The resulting oil was purified on 50 g 70-230 

mesh silica with 5% methanol/methylene chloride, yielding 13 (800 mg, 2.04 mmol, 60%) of 13. 

NMR : §6.61 (br. s, 1H), 5.14 (br, s, 1H). 3.61-3.58 (m, 8H), 3.53-3,50 (m. 4H), 3.41 (t, 

J=5.0 Hz, 2H), 3.28 (m, 2H), 2.62 (t, J=6.8 Hz, 2H), 2.48 (t, J=6.5 Hz, 2H). 1,40 (s, 9H) 

UMR : 5175,40, 172.28, 155.99, 70.22, 70.15, 69.94, 69,42, 40.07, 39.20. 29.61, 

28 69, 28.21 

Mass Spectrometry Data : Expected [M+Hf : C17H33N2O8 = 393.2237 m/z 

Observed = 393 m/z low resolution 

[2-(2-{2-[2-(2-Cyano-ethylamino)-ethoxy]-ethoxy}-ethoxy)-ethyl]-carbamic acid tert-butyl 

ester (14): To a 25 mL round bottom flask was charged amine 11 (5 g, 18 mmol) and 10 mL 

methanol. Acrylonitrile (1.13 g, 21,2 mmol) was added dropwise via syringe and the reaction was 

stirred at room temperature overnight. Solvent was removed in vacuo and the resulting brown oil 

was purified on 100 g 70-230 mesh silica with 10% methanol/ ethyl acetate. Yield of 14, 5 g (14,4 

mmol, 80%). 

'H NMR : 85.25 (br. s, 1H), 3.57 - 3,53 (m. 10H), 3,49 (t, J=4,6 Hz. 2H), 3,24 (q, J =4,9 

Hz, 2H), 2,90 (t, J=6,7 Hz, 2H), 2,78 (t, J=4 6 Hz. 2H), 2,48 (m, 3H), 1,42 (s, 9H) 

NMR : 6155,90, 118.53, 70.37, 70.24, 70,08, 48.42, 44.89, 40.23, 28.31, 18,43 

Mass Spectrometry Data : Expected [M+Hf : C16H32N3O5 = 346.2342 m/z 
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Observed = 346.2330 m/z -3.5ppm 

p-Toluene-4-sulfonyl-{2-[2-{2-hydroxy-ethoxy)-ethoxy}-ethoxy}-ethyl ester (16): 

A flame dried 100 mL round bottom flask was charged with drs/ pyridine (20 mL) and 

tetraethyiene glycol (1S,15 g, 77 mmoi). This was cooled to 0 °C and p-toluenesulfonyl chloride 

(10 g, 52 mmol) in pyridine was added. The reaction was quenched with water and extracted with 

methylene chforide. The organic layers were combined and washed with saturated aqueous 

copper (It) sulfate to remove pyridine, and then washed with water. The organic layer was dried 

over magnesium sulfate, filtered, and the solvent was removed in vacuo. The resulting oil was 

purified on 150 g 70-230 mesh silica with 50% ethyl acetate/hexanes until ail the bis tosyl, 

nonpolar product had been eluted, then the solvent was changed to ethyl acetate to elate 

product. Yielding 10 g (55%, 28.9 mmoi) of mono-tosyl tetraethyiene glycol (16). 

mn ; 57.77 (d, J=8 Hz, 2H), 7.32 (d, J=8 Hz, 2H), 4.14 (t. J=4.6 Hz, 2H), 3.56-3.70 

(m, 15H), 2,42 (s, 3H) 

"C NMR ; 5144.78, 132.86, 129.78, 127.96, 72.42, 70,66, 70.58, 70.38, 70.24, 69.19, 

68.63, 61.65, 21.59 

Mass Spectrometry Data : Expected [M+Hf : C15H24O7S = 349.1321 m/z 

Observed = 349.1322 m/z +0.2 ppm 

4-iodoi3utfrlc acid Sodium Iodide (20 g, 0.134 mol) was dissolved in 125 mL 

acetonitrile. To this was added y-butyrolactone (9.3 g, 0,108 mol), and subsequently trimethyisilyl 

chloride (14,5 g, 0.134 mol). The reaction was heated to reflux for 1.5 hours, cooled to room 

temperature, quenched with 200 mL Dl water, and extracted with diethyl ether. The organic layers 

were combined and washed with 5% sodium sulfite, water, and brine. The organic layer was dried 

over magnesium sulfate, filtered, and the solvent removed in vacuo giving 20,6 g (9.6 mmoi, 

89%) of 19 as a dark yellow oil. This material was used without further purification. 
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4-lodobutyric acid chloride (20):^ A 100 mL 3-neck fiask was charged with thionyl chloride 

(13.9 g, 0.117 mol) and lowered into an oil bath at 50 °C, 4-lodobutyric acid {20.6 g, 96 mmoi) 

was added through the condenser. The reaction boiled vigorously and turned red. The reaction 

was kept at 50 °C for 15 min, and then the temperature was increased to 80 °C. After 20 min, 

heat and condenser were removed and nitrogen was bubbled through the solution to remove 

excess thionyl chloride A short path condenser was attached and the solution was distilled under 

reduced pressure (~3 mmHg), giving 20 as a light brown oil, bp 67-68 °C (57%, 12.59 g. 54 

mmol). 

3-Methyl-3-oxetane methanol (22):^® 1,1,1-Tris{hydroxymethyl)ethane (120 g, 1.0 mol) and 

diethyl carbonate (118 g, 10 mol) were charged to a 250 mL round bottom flask. Potassium 

hydroxide (1 g) was added and the fiask was heated to 100 °C. The ethanol was then removed by 

distillation. After the ethanol was removed, vacuum was applied (~5 mmHg), and product was 

distilled from 70-85 °C. Product was redistilled under vacuum to give 22 in (30%, 32 g, 0.31 mol. 

lit. bp 80 °C at 40 mmHg^). 

4-lodobutyric acid 3-methyloxetan-3-yl methyl ester (23):^ 3-Methyl-3-oxetane methanol 

(22, 17 56 g, 0.172 mol) was charged to a flame dried 500 mL flask containing pyridine (14.9 g, 

0.19 mo!) and 100 mL dry dichloromethane. This was cooled to 0 °C in an ice bath and acid 

chloride 20 (40 g, 0.172 mol) in 50 mL dry dichloromethane was added dropwise after stirring for 

45 min at 0 °C, the reaction was quenched with 100 mL 1 % hydrochloric acid, then washed with 

100 mL saturated aqueous sodium bicarbonate solution, 100 mL water, and 100 mL brine. The 

organic layer was dried over magnesium sulfate, filtered, and solvent was removed in vacuo. The 

resulting oil was purified on 70-230 mesh silica with dichloromethane containing 5% triethyiamine, 

yielding 52 g (100%, 0.172 mol) of 23. This material was used without further purification. 



47 

1-(3-lodopropyl)-4-methyl-2,6,7-trioxabicycfo{2.2.2]octane (24):^® lodooxetane 23 (5 g, 

16.8 mmoi) in 40 mL dry dichforomethane was chiiied to -15 °C in an ethylene glycol/diy ice bath. 

Boron trifluoride etherale (0.79 g, 5.6 mmol) was added dropwise via syringe. The reaction was 

kept at "15 °C for one hour and moved to a -22 °C freezer overnight. The reaction was quenched 

with triethylamine (1.7 g, 16.8 mmo!), warmed to room temperature and diluted with 250 mL of 

diethyl ether, The solution was filtered, solvent removed under vacuum, and the resulting yellow 

oi! was purified on 100 g 70-230 mesh silica eluting with 10% ethyl acetate/hexanes containing 

5% triethylamine to give 3.1 g of 24 (10.42 mmoi, 62% yield; the starting material was crude, and 

the yield varied from 60-80%) 

2-(2-{2-[3-(4-Methyl-2,6,7-trioxabicyclo[2.2.2]oct-1-yl)-propoxy]-ethoxy}-ethoxy)-ethanoI 

f26|: To a flame dried 50 mL, 3-neck round bottom flask was charged sodium hydride (0.5 g, 

21 mmoi). Triethyleneglycol (4.7 g, 31.5 mmol) was added dropwise via an addition funnel as a 

solution in 20 mL dry tetrahydrofuran. After stirring for half an hour, the OBO ester S (3.1 g, 10.42 

mmol) in 10 mL dry tetrahydrofuran was added dropwise. The reaction was heated to reflux, 

monitored by TLC, and quenched with water after 2 hours when all of the OBO ester 5 had 

disappeared (TLC; 10% methanol/ethyl acetate, anisaldehyde stain, Rf S/M: 0.72, Rf product; 

0.48). The solution was extracted with dichtoromethane (5 x 20 mL). The organic layers were 

combined and dried over magnesium sulfate, filtered, and solvent removed in vacuo. The 

resulting yellow oil was purified on 70-230 mesh silica (~75 g) eluted ¥/ith 70% ethyl 

actetate/hexanes containing 5% triethylamine, yielding 2.18 g (6.8 mmol, 65% yield) of 26 as a 

pale yellow oil. 

NMR ; 83.84 (s, 6H). 3.68-3.51 (m, 12H), 3.43 (br. s. 2H). 2.57 (br. s, 1H), 1.69 (m, 

4H), 0.76 (s, 3H) 

•®C NMR ; 5108.96, 72.50, 72.46, 70.88, 70.64, 70.56, 70.36, 69.84, 61.72, 33.15, 30.18, 

23.35, 14.50 
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Mass Spectrometry Data; Expected |M+Hf : Ci5H2907 = 321.1913 m/z 

Obsen/ed = 321.1907 m/z -1.8 ppm 

(2-{2-p-(4-Methyl-2,6,7-trioxabicyclo[2.2.2]oct-1-yJ)-propoxy]-ethoxy}-€thoxy)-acetaldehyde 

(27): To a flame dried 100 mL round bottom flask was charged oxalyl chloride (1.3 g, 10.3 

mmoi) in 30 mL dry dichioromethane. This was cooled to -78 °C and a solution of 

dimethylsulfoxide (1.6 g, 20.7 mmol) in 5 mL dry dichioromethane was added dropwise. After 

stirring briefly, alcohol 26 (3 g, 9.4 mmo!) in 5 mL dry dichioromethane was added. The reaclion 

was stirred for 15 minutes. Triethylamine (4.7 g, 47 mmol) was added, and the reaction was 

stirred at -78 °C. The reaction was monitored by TLC (25% MeOH/EtOAc, anisaldehyde stain, Rf 

28 = 0.41, Rf 27 = 0.53). When starting alcohol 2S had been consumed (30 min), the reaction was 

allowed to warm to -15 °C (ethylene glycol/ dry ice bath). The reaction was removed from the 

cold bath, quenched with water and extracted with dichioromethane (3x15 mL). The organic 

layers were combined and dried over magnesium sulfate, filtered, and solvent was removed in 

vacuo. 

The crude product was generally carried, but could be purified on 50 g of 70-230 mesh 

silica with ethyl actetate containing 5% triethylamine to give 2.65 g of 27 (8.4 mmol, 89% yield). 

NMR : 69.65 (s, 1H), 4.10 (s, 2H), 3.80 (s, 6H), 3.38-3.80 (m, 10H), 1.65 (m, 4H), 0.72 

(s, 3H) 

"C NMR ; 6204, 108.81, 76.57, 72,37, 71.04, 70.73, 70.64, 70.53, 69.71, 33.06, 30.07, 

23.28, 14.39 

Mass Spectrometry Data: Expected |M+Hf: 319.1757 m/z 

Obsen/ed = 319.1769 m/z +3.8 ppm 

(2-{2-[2-{2-{(2-Cyanoethyl)-[2-{2-{2-[3-<4-methyl-2,6,7-trioxabicyclo[2.2.23oct-1-yl)-propoxy]-

ethoxy}-ethoxy)-ethyl3-amino}-ethoxy)-ethoxy]-ethoxy}-ethyl)-carbamic acid tert-butyl ester 
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f28|: To a 50 mL round bottom fiask was charged 27 (552 mg, 1.6 mmo!), and 14 (560 mg, 

1.76 mmoi) with 20 mL dichloroethane. This was stirred at room temperature for 30 min. and then 

cooled to 0 °C and sodium triacetoxyborohydride (475 mg, 2.24 mmo!) was added. After stirring 

for 1 hour at 0 °C, the reaction was quenched with water and extracted with dichioromethane (4 x 

15 ml). The organic layers were combined and dried over magnesium sulfate, filtered, and the 

solvent was removed under vacuum. Without further purification this crude oil 28 was carried on 

to the next step. 

4-[2-{2-{2-[(2-{2-{2-{2-tert-ButoxycarbonylaminoHBthoxy)-ethoxy]-ethoxy}-ethyl)-(2-cyano-

ethyl)-aminol-ethoxy}-ethoxy)-ethoxy]-butyric acid methyl ester (29); The crude 28 

was dissolved in 20 ml methanol, a spatula tip of p-toluenesulfonic acid was added, and the 

reaction was stirred at room temperature for 1 hour. Excess potassium carbonate was added and 

the reaction was stirred for 2 hours, quenched with water and extracted with ethyl acetate (4 x 20 

mL). The organic layers were combined, dried over magnesium sulfate, and the solvent was 

removed in vacuo. The residual oil was purified on 75 g of 70-230 mesh silica with 5% methanol/ 

ethyl acetate, yielding 500 mg (0 87 mmol) 29 (54% yield from the aldehyde 27). 

NMR ; 55.03 (br. s, 1H), 3.84-3.44 (m. 27H), 3.28 (q, J=5.1 Hz, 2H), 2.94 (t, J=7.0 Hz, 

2H), 2.75 (t, J=5 7 Hz, 4H), 2.47 (t, J=7.0 Hz, 2H), 2.37 (t, J=7.4 Hz, 2H), 1.87 (pentet, J=6.8 Hz, 

2H), 1.41 (s. 9H) 

NMR ; 8173.89, 155.94, 119.32, 70,56, 70.48, 70.41, 70.17, 70 07, 70.03, 69.99, 

53.99, 51.50. 50.96, 30.68, 28.39, 24.87, 16.38 

Mass Spectrometry Data : Expected [M+H]^: C27H52N3O10 = 578,3653 m/z 

Observed = 578.3660 m/z +1,3 ppm 

4-[2-(2-{2-[(3-Aniinopropyl)-{2-{2-[2-(2-tert-butoxycarbonylaminoethoxy)-ethoxy]-ethoxy}-

ethyl)-amino]-ethoxy}-ethoxy)-ethoxy]-butyric acid methyl ester (30): Starting 
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materia! 29 (500 mg, 0.87 mmol) was taken up in 5 mL gfacial acetic acid, and 10 mg platinum 

oxide (-"20 mo!%) was added. The mixture was shaken on a Parr hydrogenator under 45 psi 

hydrogen gas overnight. (Additional Pt02 was added because reaction was incompiete. Total 

time 48 hours). The mixture was diluted with water and placed on a lyophilizer to remove water 

and acetic acid. The resulting crude 30 was used in the next reaction. 

4-{2-[2-{2-{(2-{2-[2-(2-tert-Butoxycarbonylamlnoethoxy)-6thoxy]-ethoxy}-ethyi)-[3-(9H-

fluoren-9-yimethoxycarbonylamino)-propyl]-amino}-ethoxy)-ethoxy]-ethoxy}-butyric acid 

methyl ester (31): Crude 30 was dissolved in methanoi and potassium carbonate was 

added. After stirring for two hours, 9H-fiuoren-9-yimethoxycarbonylamino succinate (351 mg, 

1.04 mmoi) in dioxane was added to reaction mixture. After stirring for 4-5 hours, the reaction was 

quenched with water, extracted with ethyl acetate, dried over magnesium sulfate, and the solvent 

was removed in vacuo. The residual oil was then purified on 100 g 70-230 mesh silica with 5% 

methanol/ethyl acetate, yielding 160 mg (0.20 mmoi) 31 in 25% yield. 

NMR : 57.73 (d, J=7.3 Hz, 2H), 7.59 (d, J=7.1 Hz, 2H), 7.36 (t, 7.2 Hz, 2H), 7.27 (t, 

J=7.4 Hz, 2H), 6.14 (br. s, 1H). 5.01 (br. s, 1H), 4.38 (d, J=6.8 Hz, 2H), 4.19 (t, J=6.5 Hz, 1H}, 

3.41-3.63 (m, 27H), 3.23-3.26 (m, 4H), 2.66 (t, J=5.9 Hz, 4H), 2.57 (t, J=6.2 Hz, 2H), 2.35 (t, 

J=7.3 Hz, 2H), 1.85 {quin, J=6.8 Hz, 2H), 1.60-1.58 (m, 2H), 1.41 (s, 9H) 

NMR : 6173.70, 156.38, 155.80, 143.96, 141.12, 127.40, 126.80, 124.90, 119.71, 

70.40, 70.32, 70.27, 70.13, 70.00, 69.89, 69.48, 65.85, 53.83, 52.97, 51.32, 47.22, 40.16, 39.87, 

30.51, 28.26, 26.29, 24.74 

Mass Spectrometry Data: Expected [M+Hf ; C42H66N3O12 = 804.4647 m/z 

Observed = 804.4644 m/z -0.3 ppm 

4-{2-[2-(2-{(2-{2-[2-(2-tert-Butoxycarbonyiam»no-ethoxy)-ethoxyl-ethoxy}-ethyl)-[3-{7-nitro-

benzo[1,2,5|oxadiazo!-4-ylamino)-propyl|-aminQ}-ethoxy|-etlioxy]-ethoxy}-butyric acid 
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methyl ester |32|: Crude 30 (100 mg) was dissolved in methanol and potassium carbonate 

was added until pH = 8. NBD-Cl (40 mg, 0.19 mmol) was added, and the reaction was stirred at 

room temperature overnight. The reaction was quenched with water and extracted with ethyl 

acetate (3 x 35 mL). The organic layers were combined and dried over magnesium sulfate, 

filtered, and the solvent was removed in vacuo. The residual oil was purified on 100 g 70-230 

mesh silica with 20% methanol/ethyt acetate, giving 32 (72 mg, 0.1 mmoi, 60%). 

NMR : 69.68 (br. s, 1H), 8.42 (d, J=8.6 Hz, 1H), 6,02 (d, J=8.8 Hz, 1H). 4.96 (br. s, 

1H), 3.44-3.67 (m, 27H), 3.41 (t, J=6.2 Hz, 2H), 3.24 (q, J=5.1 Hz, 2H), 2.86 (t, J=4.9 Hz, 4H), 

2.78 (t, J=5.4 Hz, 2H), 2.33 (t, J=7.3 Hz, 2H), 1.89 (m, 2H), 1.83 (q, J=6.8 Hz, 2H), 1.39 (s. 9H) 

Mass Spectrometry Data ; Expected [M+H]''; CaaHs/NsOia = 745.3984 m/z 

Observed = 745.3990 m/z +0.8 ppm 

4-[2-{2-{2-[(2-{2-[2-{2-tert-Butoxycarbonylaminoethoxy)-ethoxy]-ethoxy}-ethyl)-{3-tert-

butoxycarbonyiamino-propyl)-amino]-ethoxy}-ethoxy)-ethoxy}-butyiic acid methyl ester 

(33): Crude 30 (280 mg) was dissolved in methylene chloride, and di-fert-butyl dicarbonate 

(160 mg, 0 72 mmol) and potassium carbonate (spatula tip) were added. The reaction was stirred 

overnight, quenched with water, and extracted with methylene chloride (4 x 20 mL). The organic 

layers were combined and dried over magnesium sulfate. The solution was filtered and the 

solvent removed in vacuo. The resulting oil was purified on 75 g 70-230 mesh silica with 20% 

methanol/ethyl acetate, yielding the bis-BOC protected methyl ester 33 (160 mg, 0.23 mmoi, 50% 

yield). 

'H NMR ; 55.53 (br. s, 1H), 5.03 (br. s, 1H). 3.57-3.41 (m, 27H). 3,24 (q, J=5.4 Hz, 2H), 

3.11 (q, J=5.4 Hz, 2H), 2.63 (t, J=5.9 Hz, 4H), 2,53 (t, J=6,4 Hz, 2H), 2,34 (t, J=7.3 Hz, 2H), 1.84 

(q, J=6 8 Hz, 2H), 1.55 (q. J=6.4 Hz, 2H), 1,38 (s, 9H), 1,38 (s, 9H) 

"C NMR : 5173.80, 156.00, 70.53, 70.49, 70,44, 70.30, 70.13, 70,02, 69,72, 53,97, 

53 95, 53.33, 51.42, 40 28, 39.43, 30,63, 28,44, 28,35, 26,81, 24,84 
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Mass Spectrometry Data : Expected [M+l-l]'*': C32H64N3O12 = 682.4490 miz 

Obsen/ed = 682.4485 m/z -0.7 ppm 

3-[2-(2-{2-(2-(Toluene-4-sulfonyloxy)-ethoxy]-ethoxy}-ethoxy)-ethoxy]-propionic acid 

methyl ester (34): In a 100 mL round bottomed flask, monotosyl tetraethylene glycol (16) (5 

g, 14 mmol) was dissolved in 20 mL tetrahydrofuran. Perchloric acid (0.5 mL, 7 mmol) was 

added, followed by mercuric acetate (8.6 g, 28 mmol) and a wash of tetrahydrofuran. Methyl 

acrylate (3.6 g, 42 mmol) was added, and the reaction was stirred at room temperature for 7 

days. The reaction was quenched with water and extracted with methylene chloride. The organic 

layers were combined and dried over magnesium sulfate, filtered, and the solvent removed in 

vacuo. The resulting oil was dissolved in tetrahydrofuran and 3 M sodium hydroxide was added to 

make the solution basic. The reaction was cooled to 0 °C and sodium borohydride (0.64 g, 17 

mmol) was added in portions. After stirring for 30 minutes, the reaction was filtered through celite 

to remove metallic mercury. The filtrate was dried over magnesium sulfate, filtered and the 

solvent was removed under vacuum. The resulting oil was then purified on 150 g 70-230 mesh 

silica with ethyl acetate yielding 5 g (11.5 mmol, 82%) of proprionic acid methyl ester 34. 

NMR : 67.77 (d, J=8.3 Hz, 2H), 7.32 (d, J=8.8 Hz, 2H), 4 13 (t, J=4.9 Hz, 2H), 3.73 (t, 

J=6.6 Hz, 2H), 3.56 - 3.68 (m, 17H), 2,57 (t, J=6.6 Hz, 2H), 2.42 (s,3H) 

"C NMR ; 5172.99, 144.75, 132.97, 129.78, 127.94. 70.70, 70.56, 70.53, 70.48, 70.43, 

70.36, 69.19, 68.63, 66,52, 51.62, 34,81, 21.59 

Mass Spectrometry Data : Expected [M+Hf : C19H31O9S = 435,1689 m/z 

Observed = 435,1680 m/z -2,0 ppm 

3-[2-<2-{2-l2-(1,3-Dioxo-1,3-dihydro-isoindol-2-yl)-ethoxyl-€thoxy}-ethoxy)-ethoxy]-

propionic acid methyl ester (35): The starting tosyiate 34 (4,3 g, 10 mmol) was dissolved 

in 40 mL of a 1:1 mixture of methanol and dimethylformamide. Potassium phthalimide (2 2g, 12 
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mmo!) was added and the reaction was heated to reflux for 1.5 hours. The reaction was cooled 

and quenched with water. The aqueous layer was washed with diethyl ether. The organic layers 

were combined and dried over magnesium sulfate. The solution was filtered and the solvent 

removed in vacuo. The resulting solid was purified on 1CX) g 70-230 mesh silica with 50% ethyl 

acetate/hexanes. When the p-toluenesuifonrc ester (nonpolar rnateria!) had been eluted, the 

solvent was changed to 75% ethyl acetate/hexanes, yielding 2.1 g (5.1 mmoi, 52%) phthafimide 

35. 

NMR ; 57.82 (m, 2H}, 7.68 (m, 2H), 3.87 (t, J=5.9 Hz. 2H), 3.54-3.74 (m, 19H), 2.57 

(t, J=6.6 Hz, 2H) 

NMR ; §171.98, 168.18, 133.86, 132.09, 123.17, 70.56, 70.50, 70.40, 70.34, 70.04, 

67.85, 66.52, 51.61. 37.21, 34.81 

Mass Spectrometry Data : Expected ; C20H28NO8 = 410.1815 m/z 

Observed = 410.1812 m/z -0,6 ppm 

3-{2-{2-[2-<2-Benzamidoethoxy)-ethoxyl-ethoxy}-ethoxy)-propionic acid methyl ester (36): 

Phthaiimlde 35 (3.2 g. 7.7 mmo!) was dissolved in 50 mL methanol in a 100 mL 

round bottomed flask equipped with a condenser, and heated to reflux. Hydrazine (0.32 g. 10 

mmoi) was then added dropwise through the condenser, and the reaction was refluxed for 1 hour. 

The solvent was removed under vacuum, and the resulting solid and oil was dissolved in 

methylene chloride, dried over magnesium sulfate, filtered and the solvent removed in vacuo. 15 

mL methylene chloride and 10 mL triethylamine were added to the resulting oil and benzoyl 

chloride (3.25 g, 23.1 mmo!) was then added. The reaction was stirred at room temperature for 30 

min, quenched with water and extracted ¥/ith methylene chloride. The organic layers were 

combined and dried over magnesium sulfate, filte.red, and the solvent was removed in vacuo. The 

resulting oil was purified on ICQ g 70-230 mesh silica with 70% ethyl acetate/hexanes. Once the 
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non-polar impurities had been eluted, the solvent was changed to ethyi acetate, yielding benzyl 

amide 36 (2 g, 5.3 mmol, 70% yield). 

NMR ; 57.78 (m, 2H), 7.46-7.37 {m, 3H), 6.84 {br. s, 1H), 3.72-3.55 (m. 21H), 2.55 (t, 

J=6.4 Hz, 2H) 

"C NMR; 5171.95, 165.43, 134.61, 131.29, 128.41, 127.02, 70.54, 70.42, 70.34. 70.24, 

69.80, 66.53, 51.63, 39.74, 34.79 

Mass Spectrometry Data ; Expected p+Hf ; C19H30NO7 = 384.2022 m/z 

Observed = 384.2012 m/z -2.7 ppm 

L-Phenylalanine ethyl ester hydrochloride; L- Phenylalanine (3 g) was dissolved in 

ethanol, and 5 mL concentrated hydrochloric acid was added. The reaction was heated to reflux 

overnight. Solvent was removed in vacuo leaving a white solid. This was dissolved in methylene 

chloride, dried over magnesium sulfate, filtered, and the solvent was removed in vacuo. The 

product was recrystallized from methylene chloride/diethyl ether to give 2.9 g of a white solid 

(70% yield) with a melting point of 154-155 °C (lit. 155-156 °Cfi 

2-[3-<2-{2-{2-<2-'Benzamidoethoxy)-ethoxy]>ethoxy}-ethoxy)-propionylamino]-3-pheny!-

propionic acid ethyl ester (37): Benzamide 36 (700 mg, 1.9 mmol) was dissolved in 5 

mL 5% sodium hydroxide solution. This was stirred at room temperature for 20 min. 10 mL of 

water was added and the aqueous layer was extracted with 2 x 5 mL methylene chloride to 

remove impurities. The aqueous layer was acidified with concentrated hydrochloric, and extracted 

with ethyl acetate. The organic layers were combined and dried over magnesium sulfate, filtered 

and the solvent was removed in vacuo. This crude oil was dissolved in methylene chloride and 

phenylalanine ethyl ester hydrochloride (430 mg, 1.9 mmol), triethylamine (580 mg, 5.7 mmol), 

and BOP (1 g. 2.47 mmol) were added. After stirring at room temperature for 1 hour, the reaction 

was quenched with water and extracted with methylene chloride. The organic layers were 
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combined and dried over magnesium sulfate, filtered and solvent removed under vacuum. The 

resulting oil was purified on 150 g 230-300 mesh siiica with 5% methanoi/ethy! acetate yielding 37 

(550 mg, 1.04 mmol, 55% yield). 

NMR : 87.79 - 7.82 (m, 2H). 7.39 - 7.49 (m. 3H), 7.21 - 7.29 (m, 3H), 7.11-7.14 (m, 

2H), 6.86 (br. s, 1H). 6.78 (d, J=7.3 Hz, 1H), 4.84 (dt, J=7.8 Hz, 5.9 Hz, IN), 4.15 (q, J=7.3 Hz, 

2H), 3.49-3.67 {m,18H), 3.11 (t. J=6.4 Hz, 2H), 2.45 (t, J=5.9 Hz. 2H). 1.23 (t, J=7.3 Hz, 3H) 

NMR : 5171.51, 171.17, 167.63, 136.05, 134.46, 131.35, 129.30, 128.43, 128.41, 

127.05, 126.96, 70.36, 70.26, 70.12, 70.08, 67.00, 61.38, 53.11, 39.72, 37.79, 36.61, 14.09 

Mass Spectrometry Data ; Expected [M+Hf; C29H4tN208 = 545.2863 m/z 

Observed = low resolution ; 545 m/z 

2-[3-(2-{2-[2-<2-BenzoylamirToethoxy)-ethoxyl-ethoxy}-ethoxy)-propionylamino3-3-phenyl-

propionic acid (38): The ethyl ester 37 (550 mg) was dissolved in a small amount of acetone. 

5% Sodium hydroxide solution was added and the reaction was stirred at room temperature for 

15 min. The aqueous solution was extracted with 2 x 10 mL methylene chloride. The aqueous 

solution was acidified with concentrated hydrochloric acid and extracted with methylene chloride. 

Solvent was evaporated and purification by HPLC gave 38 (270 mg 50% yield). 

^H NMR: 87.78 - 7.81 (m, 2H), 7.59(br, s, 1H), 7.36-7.57 (m, 3H), 7.08-7.25(m, 5H), 

6.98 (br. s, 1H), 4.80 (q, J=6.4 Hz. 1H). 3 35-3.63 (m. 16 H), 3.02-3.21 (m, 2H). 2.41 (br. s, 

2H) 

"C NMR ; 5173.10, 171.69, 167.91, 136.38, 134.13, 131.38, 129.38, 128.35, 128.22, 

127.09, 126.70, 70.36, 70.26, 70.18, 70.06, 69.97, 69.67, 66.86, 53.32, 39.70. 37.23, 36.39 

Mass Spectrometry Data : Expected [M+H]*^: C27H37N2O3 = 517.2550 m/z 

Observed = 517.2552 m/z +0.4 ppm 
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N-{2-{2-[2-(2-Hydroxyethoxy)-ethoxyl-ethoxy}-©thyl}-benzamide (39): Monotosylate 

16 (5 g, 14 mmol) was dissolved in 80 mL of a mixture of a 50;50 mixture of dimethylformamide 

and ethanol. Potassium phthaiimide (3.2 g, 17 mmoi) was added and the reaction was heated to 

reflux overnight. The reaction was cooled to room temperature and quenched with water. The 

aqueous layer was extracted with methylene chloride. The organic layers were combined, dried 

over magnesium sulfate, filtered, and solvent was removed in vacuo. The resulting oil was 

purified on 100 g 70-230 mesh sitica with ethyl acetate, yielding phthalimido tetraethylene glycol 

(3.3 g, 10.2 mmol. 75% yield). 

NMR : 87.82 - 7.84 (m, 2H), 7.68 - §7.72 (m, 2H), 3.88 (t. J=5.6 Hz, 2H). 3.53-3.74 

(m, 14H), 2.93 (br. s, 1H) 

"C NMR : 6168.26, 133.88, 132.11, 123.21, 72.43, 70.63, 70.51, 70.32, 70.08. 67.94, 

61.74, 37.25 

Mass Spectrometry Data ; Expected [M+Hf : C15H22NO6 = 324.1447 m/z 

Observed = 324.1443 m/z -1.3 ppm 

Phthalimido tetraethylene glycol (2 g, 6.2 mmol) was dissolved in 60 mL ethanol and 

hydrazine (0.25 mL, 8.04 mmol) was added. The reaction was heated to reflux for two hours, 

cooled to room temperature, filtered, and the solvent was removed under vacuum. The resulting 

oil was dissolved in triethylamine (10 mL) and methylene chloride (10 mL), and benzoyl chloride 

(2 g, 13.4 mmol) was added. The reaction was stirred at room temperature for 20 min, quenched 

with water and extracted with methylene chloride. The organic layers were combined and dried 

over magnesium sulfate, filtered, and solvent was removed in vacuo. The resulting oil was 

purified on 50 g ethyl acetate/ hexanes. After non-polar impurities were removed, the solvent was 

changed to ethyl acetate, yielding (benzamido)(benzyl ester) tetraethylene glycol. (1.6 g, 3.9 

mmol, 64%) This dibenzyl compound was dissolved in methanol and 2 equivalents of sodium 

methoxide was added. After stirring at room temperature for 1 hour, the reaction was quenched 
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with water and extracted with methylene chloride. The organic layers were combined and dried 

over magnesium sulfate, fiitered, and the solvent removed under vacuum. The resulting oil was 

purified on 50 g 70-230 mesh silica with ethyl acetate. When nonpofar material had been efuied, 

the solvent was changed to 10% methanol/etiTyf acetate to give benzamide 39 (1.1 g, 3.7 mmot, 

90%). 

NMR: 57.81 -7.84(m, 2H), 7.65 (brs, 1H), 7.34 - 7.45 (m, 3H). 3.50-3.66 (m, 18H), 

2.10 (br. s, 1H) 

NMR ; 5167.72, 134.80, 131,08, 128.22, 127.24, 111.31, 72.41, 70.49, 70.41, 70.37, 

70.00, 69.79, 61.31, 39.78 

Mass Spectrometry Data : Expected [M+Hf : C15H24NO5 = 298.1654 m/z 

Observed = 298.1648 mz -2.2 ppm 
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