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Abstract

A simple, high yielding procedure has been developed for the preparation of the novel 5-

trifluoromethanesulfonyluridine 7 and 5-trifluoromethanesulfonyl-2'-deoxyuridine 8. The

application of these nucleoside triflates to palladium assisted coupling methodologies has been

explored. In particular, the coupling of organostannane and copper derivatives has allowed for

the inüoduction of structurally and functionally diverse hydrocarbons to the C5 centre.

A number of potentially biologically interesting 5-phenylalkynyl-2'-deoxyuridines have been

prepared and considerable attention has been given to the effects of the aryl substituents on the

preparation and potential activity of these nucleoside analogues. Approaches to a number of

sugar modifred C5-trifloxyl uridine derivatives have been explored, with particular emphasis

given to those sugar modification that endow antiviral or anticancer activity upon the

nucleoside.

Postulates for the hitherto undiscerned mechanism(s) of transmetallation and of some

unexpected coupling products have been developed.
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Ghapter 1l

Introduction

The uncontrolled and unmitigated replication of viri and cancerous cells

is the cause of many debilitating and often fatal diseases in humans. As the

monomeric units of RNA and DNA.nucleotides play a key role in the replicative

processes of biological systems. Appropriate modification of nucleotides and

their nucleoside precursors has proved fruitful of recent in the development of

effective antiviral and anticancer chemotherapies. These therapies are usually

directed at the selective inhibition of viral and cancer cell replication.l-3 Interest

in this field has been intensified in view of the successful application of

nucleoside analogues in the treatment of the Acquired Immune Deficiency

Syndrome (AIDS).l

Despite this most recent interest in nucleoside analogues, from a

more historical perspective, this area of chemistry has received considerably less

attention in comparison to other classes of biological compounds such as

alkaloids, carbohydrates, amino acids, steroids, terpenoids etc..

A large number of unnatural nucleoside derivatives have been shown to

be active as inhibitors of the human immune deficiency viri (HIV) 1 & 2, the

putative causative agents of AIDS.1 The removal or substitution of the 2' and 3'

hydroxyt groups appears to be of primary importance in deriving nucleosides

that will be active against HIV. A broad spectrum of modified purine and

pyrimidine based nucleosides have been prepared and tested, many show

significant activity against HIV 1 &.z,t,+,s (Fig. 1). Whilst a large number of a and

þ-2' and/or 3' substituents have been tested, few have been shown to

significantly increase the anti-HIV nature of the 2',3'-dideoxynucleosides. Two

that have emerged as particularly effective are the 3'o-azido,t'2'+'s and the 3'cr-

fluoro groups.3
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ddT,2',3'-d¡deoxythymidine; AZT, 3'-o"-azido-Z',3'-dideoxythymidine; FddT,3'-cr{louro-2',3'-
dideoxythymidine; C4T, 2',3'-didehydro-2',3'-dideoxythymidine; ddC, 2',3'-dideoxycytidine;
MC,3'-c¡-azido-2',3'-dideoxycytidine; FddC, 3'-cr{luoro-2',3'-dideoxycytidine; C4C,2',3'-

dide hydro-2',3'-dideoxycytdine.

The replacement of the 2' and 3' hydroxyl groups with an endo cyclic

double bond also endows some nucleosides with significant activity.4,s It is

important to note, however, that the relationship between 2' or 3' substitution or

dehydrogenation and activity is not always commutable from one nucleosicle

type to another, that is, the presence of a 3'cr-azido or fluoro group, or the

introduction of a 2',3' double bond only increases activity in specific compounds.

Ho

ddc uc
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For instance, the introduction of any of the aforementioned functional groups

onto the moderately active anti-HIV agent, ddT, to give AZT, FddT or D4T leads

to a marked increase in activity in each case (Fig. 1). Flowever, analogous

substitutions in the case of the already highly potent 2',3'-dideoxycytidine (ddC)

fails to give rise to any increase in activity. In fact a dramatic decrease in activity

is observed for AZC and FddC, though C4C expresses comparable activity to

ddc.4,s (Fig. 1).

The proposed mode of action of these dideoxynucleosides is as inhibitors

of viral reverse transcriptase.l,5-7 The function of viral reverse transcriptase is

summarized in Scheme 1. After sequential phosphorylation by cellular kinases

to give, ultimately, the dideoxynucleoside 5'-triphosphates, that is the

dideoxynucleotides, these nucleotide analogues are able to compete with the

natural nucleotides as substrates for viral reverse transcriptase. In fact some 2',3'-

dideoxynucleotides have a greater affinity for this enzyme than do the natural

nucleotides.S Also, the incorporation of these 2',3'-dideoxynucleotides into the

viral DNA chain by the reverse transcriptase leads to termination of the DNA

chain, since the absence of a 3'-hydroxyl means that a subsequent 3',5'-

phosphodiester linkage cannot be formed.

Scheme 1

Funtions of viral reverse transcriptase*

a.

*Reverse'

fanscriptase
actrvrty

Circularase

*RNase H
actlvrty

*DNA polymerase

activitv4

il. c.

ll" ll.o Inægrase ++ Newviri

a. vi¡al RNA; b. v' al RNA/DNA complex; c. single st¡anded viral DNA;
d. double st¡anded viral DNA; e. viraVcellula¡ DNA product.
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The selectivity of the 2',3'-dideoxynucleotides in inhibiting viral

DNA synthesis and not cellular DNA synthesis is assumed to arise from two

factors. Cellular DNA polymerase is much more substrate specific than is viral

reverse transcriptase and is less likely to incorporate a modified nucleotide. Also,

the host cell may have a greater capacity to repair the inclusion of a false

nucleotide than does the virus.s

Other sugar modifications have been shown to be beneficial in the

development of anti-HIV nucleoside analogues. The use of acyclic sugar mimics

such as a 4-hydroxy-1,,2-butadienyl group confers significant anti-HIV activity

upon certain nucleoside analogues, for example, adenallene (Fig. 2).

o Act ve

Figure 2

O Moderately act¡ve o Act ve

H\
N

HOCH2-C:C:CH

Adenallene N3 cF^Zr êD4G

Adenallene, 9-(4'-hydroxy- 1',2'-butadienyl) adenine; C F -AZf , carbofluorocyclic-3'a-azido-2'-deoxythymidine;
C -D4G, car bocycl ic -2',3'-dideoxydidehydroguanosine (Carbovir).

An alternative stategy for modifying the sugar ring is to prepare

nucleosides containing a carbocyclic sugar mimic.1,9-12 Replacement of the ring

oxygen with a methylene (CHz) or fluoromethylene (CFH) group has given rise

to nucleoside analogues which are metabolically more stable than the ribose

equivalents which undergo cleavage of the glycosidic linkage by the

phosphorylase enzymes.l3 These analogues have somewhat different potency

compared to their ribose equivalents, either increased or decreased depending on

the system. For example the carbocyclic analogue of AZT, CF-AZT,14 is only a

moderate inhibitor of HIV (Fig. 2).. By contrast the carbocylic-2',3'-didehydro-

* 
The abbreviation for the carbocyclic analogue is the same as that for the original nucleoside

N

)
N

I

"-*
CHs H\

H

)
N

H

preceeded by a C-. The C- term is italicized so as to avoid confusion with the use of the C-
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2',3'-dideoxyguanosine, C-D4G1,10 is quite potent against HIV whereas the ribose

equivalent,2',3'-didehydro-2',3'-dideoxyguanosine (D4G, not shown), is almost

completely inactive.4,lO This is another example of how two relatively similar

structural variations can have decidedly different effects on two different systems

with regards to HIV inhibition.

An area of investigation that has, up until recently, received

considerably less attention than has perhaps been justified has been the anti-HIV

activity of nucleosides modified at both the sugar and base moieties. The

nucleosides of this type that have been prepared and tested have included only

rather simple base ring modifications such as the 5-chloro-3'-fluoro-2', 3'-

dideoxyuridine, Fclddu4,ls-7 (Fig. 3). This compound has been one of the few

that has emerged as significant, in that whilst its potency against HIV was slightly

decreased (slightly higher EDso), its selectivity was dramatically enhanced (much

higher CDso) as compared to the parent 3'-fluoro-2',3'-dideoxyuridine, FddU,4,18

giving a much higher selectivity index (SI) (Fig. 3). The selectivity index is the

most common measure of the effectiveness of antiviral agents in aítro.

Undoubtedly the most interesting development as regards combined sugar

and base ring modification has been the emergence of HEPT and related

compounds HEPTa-c (Fig. a). Most recently, Tanaka ¿f s¡te-22 have described the

preparation and anti-HIV activity of over one hundred HEPT related

compounds. Those compounds, illustrated as HEPTa-c, represent some of the

most potent and selective HEPT analogues tested (in aitro), some expressing

more potency and selectivity than does AZT.

nucleoside which is applied to analogues in which the sugar moiety is joined to a carbon atom in
the heterocyclic ring.1 1
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Figure 3
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HEPTb, 6-[(3,5-dichlorophenyl)thio]-5-ethyl-l-[(2-hydroxyethoxy)methyl]uracil;
HEPTc,6-[(3,S-dimethylphenyl)thio]-5-ethyl-1-[(2-hydroxyethoxy)methyl]-2-thiouracil.
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It should be noted that the discovery of AZT as a highly effective inhibitor

of HIV infectivity and replication was rather serendipitous and predates the

preparation and application of many other nucleoside analogues mentioned

above to this field. Virtually all of the other nucleoside analogues mentioned

above and many more that show activity against HIV have resulted from the

preparation of a much larger body of compounds and a concerted analysis of their

structure activity relationships.

For sometime now nucleoside analogues have been successfully applied as

antiherpetics and as anticancer agents. Examples of some nucleoside analogues

active against herpes are given in Fig. 5. Important modifications of the

nucleosides appear to be substitution at the C5 position of the pyrimidine base

rings with electron-withdrawing groups, the introduction oÍ a 2'-þ fluoride and

the use of acyclic and carbocyclic sugar mimics, amongst others.

The C5 substitution of 2'-deoxyuridine has been exploited for some time

now in the development of antiviral and anticancer agents. E-5-(2-Bromovinyl)-

2'-deoxyuridine (BVDU)23'24and 5-iodo-2'-deoxyuridine (IDU)25 are two potent

antiherpetics that have found clinical applications. Flowever many more C5

substituted 2'-deoxyuridines express significant antiviral/anticancer activity.26-s

Structure activity relationship studies seem to indicate that the types of C5

substituents likely to confer activíty are those which are electron-withdrawing, in

conjugation with the base ring, lipophilic and not too sterically demanding (< 4

bond5).27
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Figure 5
Antiherpetic and anticancer nucleoside derivatives:
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BVDU, E-5-(2-bromovinyl)-2'-deoxyuridine; IDU, 5-iodo-2'-deoxyuridine;
EDU, 5-ethynyl-2'deoxyuridine; FDU, 5-fluoro-2'-deoxyuridine; FMAU, 2'-fluoro5-methyl-
a¡abinofuranosyl uracil; C-FMAU, carbocyclic-FMAU; FEAU, 2'-fluoro-5-ethyl-arabinofurznosyl
uracil;EthDU, 5-ethyl-2'-deoxyuridine; FAG, 9-(2'-fluoroarabinofuranosyl) guanine; C-FAG,
carbocyclic-FAG; ACV, 9-[(2-hydroxethoxy)methyl] guanine; HPG, 9-(3-hydroxypropoxy) guanine.

HPG
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The introduction of a 2'þ-fluoride has proved fruitful in conferring or

enhancing antiherpetic activity in the case of many nucleoside analogues.3o-l

FMAU and FEAU are good examples of this (Fig. 5). The 2'p-fluoro analogue of

thymidine, FMAU, is quite a potent antiherpetic, whilst obviously thymidine

itself is not active. 5-Ethyl-2'-deoxyuridine (EthDU) is a potent inhibitor of the

herpes symplex virus (HSV-I Ex 2), this potency is retained in its 2'p-fluoro

analogue and its selectivity is increased.

Nucleoside analogues bearing acyclic sugar mimics such as ACV,aa,al ut O

its more recently developed isomer 9-(3-hydroxypropoxy)guanine, HPG,35 (Fig. 5)

show selective antiherpetic activity.

An interesting parallel between the structure activity relationship of

carbocyclic nucleoside analogues expressing antiherpetic activity and those

expressing anti-HIV activity is apparen¡.9,10 FMAU, as mentioned above, is a

potent, selective inhibitor of HSV 7 &.2, however carbocyclic-FMAU (C-FMAU)

is a thousand times less active. On the other hand 9-(2'þ -

fluoroarabinofuranosyl)guanine (FAG) is almost inactive as an antiherpetic

whereas its carbocyclic analogue, C-FAG, is a thousand times more active (Fig 5).

This increased antiherpetic activity C-FMAU-+FMAU and FAG+C-FAG parallels

that observed in the anti-HIV case for similar purine and pyrimidine based

nucleosides, where increases in activity were observed in going from C -

AZT-+AZT and D4G+C-D4G. In both cases the carbocyclic pyrimidine is much

more active than the ribose equivalent but the carbocyclic purine is much less

active than the ribose equivalent. No explanation is offered for this parallel,

which may well be coincidentai.

In general the mode of action of nucleoside analogues, such as those

mentioned above, in their inhibition of the herpes simplex viri (HSV) 1 & 2 has

been related to the fact that both these viri induce viral thymidine kinase (the
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enzyme responsible for monophosphorylation of thymidine).e'zø HSV

thymidine kinase has a similar affinity for the aforementioned nucleoside

analogues as it does for the natural nucleoside substrates, whereas the cellular

kinases are significantly more selective for the natural substrates.36 Thus

selective phosphorylation of nucleoside analogues is achieved in infected cells

over uninfected cells (Scheme 2). After monophosphorylation subsequent

phosphorylation can be achieved by cellular and viral kinases to give, ultimately,

the nucleoside triphosphates, that is, the nucleotide analogues.

Scheme 2
Proposed mode of action for anti-HSV 1 & 2 nucleoside analogues:

HSV-1&2
Thymidine kinase

H
R

@-

Cellular kinase
(Slow for BVDIÐ

HSV-1
Thymidylaæ kinase
(fast for BVDTI)

R Cellula¡ kinase@- @

DNA polymerase

viraVcellular DNA

These nucleotide analogues show similar affinity towards viral DNA

polymerase as do the natural nucleotides but, again, are selected against by the

cellular DNA polymerase.3s-4o Hence the selectivity for the incorporation of

nucleoside analogues into viral and not cellular DNA is two tiered. The

modified nucleotide may act as either substrate3s,3e or inhibitor38,40 of the viral

DNA polymerase.

The inclusion of some of these modified nucleotides into the viral DNA

chain may lead to "mistakes" in transcription and thus nonviable viral

products.4l In the case of nucleotide analogues such as ACV triphosphate where
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no 3'-hydroxyl group exists the DNA chain is terminated upon its incorporation

since, as seen previously, no new phosphodiester linkage can be formed.

Furthermore, the viral DNA polymerase becomes irreversibly bound to the

fraudulent nucleotide it has just incorporated.e

It should also be added that in the case of BVDU, the monophosphate is

only effectively phosphorytated by viral thymidylate kinase to give the BVDU

diphosphate (Scheme 2). HSV-2 does not induce viral thymidylate kinase. Thus

BVDU is most effective against HSV-1 which does induce this enzyme.4z

Another important enzyme that has been targeted in the development of

antiviral and anticancer therapies has been thymidylate synthase.43'44 This

enzyme catalyses the conversion of 2'-deoxyuridine-monophosphate (2'-

deoxyuridylate, dUMP) to thymidine-monophosphate (thymidylate). Cells that

are iapidly dividing or cells in which a DNA virus is rapidly multiplying require

an abundant supply of thymidylate. Thymidylate synthase has been identified as

a primary site of action of 5-substituted-2'-deoxyuridine compounds in the

inhibition of murine leukemia (Ll210) cell growth.as

Two important examples of 5-substituted-2'-deoxyuridines of this class are

5-fluoro-2'-deoxyuridine, FDU,+a,aa and 5-ethynyl-2'-deoxyuridine, EDU, (Fig.

5).23'4s-6 5-Fluoro-2'-deoxyuridine can be generated in aiao by glycosylation of 5-

fluorouracil, this prodrug has been in clinical use for years. FDU undergoes

monophosphorylation in the cell via cellular and viral thymidine kinases to

give 5-fluoro-2'-deoxyuridylate (FDUMP). EDU only undergoes

monophosphorylation with viral thymidine kinase (as with ACV and BVDU), so

that EDUMP will only form in virally infected cells or virally induced cancer

cells, that induce viral thymidine kinase (i.e. are 11ç+¡.47 Both these nucleoside

monophosphate analogues have been shown to be mechanism-based inhibitors

of thymidylate synthase (Scheme 3).43'47-s0
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Scheme 3
Mechanism based inhibition of thymidylate synthase:
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As with the usual substrate of thymidylate synthase (DUMP) the analogues

undergo the usual cysteine thiol Michael addition of the enzyme to the C6

position. The enolate thus generated is then thought to add to the electrophilic

cofactor ¡5,510-methylenetetrahydrofolate. Normally the C5 proton and the

thiol enzyme would be eliminated and subsequent hydride transfer from the

folate to the methylene group would give thymidylate 1 and folate. However in

the case of FDUMP and EDUMP no C5 proton is present and the enzyme

rernains irreversibly bound to the substrate analogue to form a covaient complex.

In the case of EDUMP some evidence for an alternative mechanism also

exists (Scheme 3).42,+o In this mechanism the initially formed enolate leads to the

formation of a transient allene 2. This highly reactive species would readily
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undergo nucleophilic attack from some other site within the enzyme to give a

different complex with the enzyme and substrate analogue covalently bound.

This alternative mechanism for EDUMP is consistent with other p,y-acetylenic

carbonyl suicide substrates .48'49's7

Other enzymes which require nucleosides or their S'-mono, di or

triphosphate equivalents as substrates and which are necessary for t}ire de nouo

biosynthesis of DNA, such as ribonucleoside diphosphate reductase (RDPR),

have been targeted in the development of anticancer chemotherapiesss but they

are not discussed here.

Clearly sugar and base derivatized nucleosides have, and will continue to

have, an important role to play in the development of antiviral and anticancer

agents. Many of the sugar ring modifications mentioned above have only

somewhat limited general applicability, except for perhaps the removal of the 2'

& 3' hydroxyl groups in the development of anti-HIV agents, making it virtually

impossible to predict the effect of a certain structural change upon the activity.

C5 substitution of pyrimidine base nucleosides has proved extremely fruitful in

the development of biologically active compounds and certain generalization

have been made about the nature of substituents likely to endow a nucleoside

analogue with antiherpetic or anticaricer activity.2T Flowever, the structural and

functional group diversity of substituents tested to date have been somewhat ,

limited by the chemistry employed in their introduction to the C5 centre. Also,

only relatively few studies of antiviral/anticancer activity of nucleoside

analogues modified in both the sugar and base moiety have been reported.

In view of these limitations it would appear advantageous to develop

methods that would allow for the facile elaboration of a base ring, in particular

C5 substitution of a pyrimidine base. It would also be of particular advantage if

the precursor to C5 substitution was stable to the conditions of sugar ring
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modification and that the method of C5 substitution be tolerant to a large range

of functionality in order not to limit the type of modifications that can be applied

to the sugar moiety.

The development of transition metal catalysts for organic synthesis has

been a prominent feature of synthetic chemistry over the last fifteen years. Many

of the techniques developed could potentially revolutionize more conventional

strategies for the preparation of carbon frameworks. In particular, palladium-

catalysed carbon-carbon bond formation has emerged as an extremely facile

technique, tolerant of a large range of functional groups. A number of

palladium-catalysed coupling techniques have been utilized in the modification

of the purine and pyrimidine bases of nucleosi¿gs.31-3,53-61

Much of the early work in the development of palladium-catalysis for

organic synthesis was initiated by Richard F. Heck.62-4 The Heck reaction has

become a popular synthetic tool in research laboratories as well as finding

increasing application in the preparation of industrial and pharmaceutical

compounds.64

The Heck reaction results from palladium's rather fortuitous combination

of three important carbon-metal interactions, as shown in Scheme 4.63 Firstly,

oxidative addition, in this step zero valent palladium displaces the leaving group

(iodide) with concomitant oxidation of the palladium to give a divalent o-

palladium complex 3. This complex is capable of undergoíng syn-addition to an

activated double bond to give a different o-palladium(Il) complex 4. Syn-

elimination of the palladium and a p-hydride occurs readily to give the

substituted olefin stereoselectively (trans isomer only) as a æ-palladium(Il)

complex 5. Displacement of the olefin by another ligand and reductive

elimination of HX from the palladium by base gives the product olefin 6 and

regenerates the zero valent catalyst.
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aR-X + R.PdrrL2-x +
3tE

Scheme 4

HPdllXL2
5

4

EHH

Pd"12
R PdllL2

E

PdllL2

pdllx

E
HRE

4

þ

4

Base

-

+ c.

H
6(E)

+ Pd"Ir+ XHBase

a. Oxidative addition; b. Syn-addition; c. þhydride elimination
R = ayl or alkenyl
X = halide (I or Br)
E = electron-withdrawing group

Tlne trøns only stereochemistry of 6 arises from the lowest energy

conformation of 4 for the all eclipsed transition state of syn-elimination (Fig. 6).

Figure 6

H R H H

R-
E

Pdllx
H

Lowest energy rotamer

ë
H 4

:-. HPdllX :-z HPdllX

R

6(E) E 6(z)

Bergstrom utilized the Heck reaction as a convenient approach to E-2-

substituted S-alkenyl-pyrimidine nucleosides.ss This approach has been

subsequently applied to the synthesis of BVDU and reiated compounds (Scheme

5).se,eo The process involves initiai substitution of the iodo group with an

R

(
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activated olefin followed by basic hydrolysis, decarboxylation and bromination to

give the E-2-bromovinyl products.

Scheme 5

o o COzMe
CO2Me

-J
H-.H-..

I

R

H-..H-.

Et3N
(PhrP)zPd(OAc)z 53Vo

I

R

oH-

o Br COzH

++
Decarboxylaúon
and bromination

R = 2'-deoxyuridine, BVDU

A more recently developed palladium-catalysed coupling involves the

coupling of organohalides or trifluoromethanesulfonates (triflates) with

organometallics. A detailed mechanistic discussion is given in Chapter 3,

however.the process can be summarízed by three major steps as outlined in
/

Scheme 6. The intial step, as with the Heck reaction, is oxidative addition of an

organohalide (or triflate) to the palladium(0) species to give an

organopalladium(Il) halide or triflate. Transmetallation with an organic

nucleophile effects the formation of the required diorganopalladium(Il) complex.

Reductive elimination of the two organic units gives the coupled product and

regenerates the palladium(0) catalyst.

o

I

R
I

R

)



77

Scheme 6
PdoL4

I

f.- h
Pdo12

R_R' R-X
c. a

R-PdllLz-R' R-PdllLz-x

M-X M_R'

a. Oxidative addition; b. Transmetallation; c. Reductive elimination.

X = hatide (I or Br) or trifluoromethanesulfonate (riflate)'

V/here catalyst is tOilCt2t2 prior activation of the catâlyst is achieved

as follows:

r,dIICI,L, PdllR'rL, Pd"I2

2xMR' 2xMCI R'_R'

Numerous organometallics can function as the source of organic

nucleophiles in the palladium-catalysed coupling processes (e.9. M8, Cu, B, Zn,

Sn, Al, Zr, etc.).65 Each organometallic reagent has its own individual advantages

and disadvantages in terms of the ease of preparation, relative stability, reactivity,

stereocontrol and functional group tolerance.65 Perhaps one of the most

important applications of this technique to nucleosides has, uP until recently,

been the coupling of copper acetylides with S-iodopyrimidine nucleosides

introduced by Robins and Bvy¡.66-7 This procedure provides an expeditious route

to S-alkynyl nucleosides, including the familiar EDU (Scheme 7). In this process

the organometallic is generated in situ from the terminal alkyne uPon reaction

with the triethylamine and copper(I)iodide to give the copper acetylide. Only a

catalytic amount of copper(I)iodide is necessary as it is continually regenerated

upon transmetallation.
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o

Scheme 7

o SiMe3 o H

\\\
Me3Si+H

-

Pdo(car.) T

Cul(cat.)

Et3N

MeOH

KOH(cat.)

TolO TolO HO EDU

One of the most significant advances in the palladium-catalysed coupling

of organometallics has been the introduction of organostannanes to this

process.6s The palladium-catalysed coupling of organostannanes to

organohalides or triflates (The Stille reaction)* is tolerant to a large range of

functional groups, frequently gives high yields of product and usually proceeds

with complete stereochemical retention.65 Organostannanes are, on the whole,

quite stable to atmospheric air and moisture. Also, a rich and divergent array of

synthetic methods are available for the preparation of organostannanes, allowing

for the incorporation of organosubunits of virtually unlimited complexity.es,6a

The versatility of this process is exemplified by the increasing application of this

process to the synthesis of highly functionalized natural products (eg. eq. 1el).

TMSO TMSO
H H

(1)
PdI-4, room temp OH

o
CO2R CO2R

677o

In terms of the type of chemistry that would allow for the facile

substitution of the base ring, palladium assisted coupling of nucleoside and

substituent would appear quite attractive. Only most recently has the Stille

* 
Alttrough the first report of palladium-catalysed coupling of aryl halides with allyl stannanes
was by Kosugi et a1.79 in 7977, the enormous contribution of Stille and coworkers in the
development and application of this process has lead to his name being recurrently associated
*¡1¡ ¡¡,57,80 in view of this precedent and for brevity sake this term is adopted here. Though it
should be recognized that a number of groups have been involved in the development of this
process.Sl

H H

OH

orf
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reaction been applied to the elaboration of nucleoside base rings.32'53-7,70 T}.e

substrate of the Stille reaction, in its application to C5 substitution of pyrimidine

based nucleosides, has invariably been the S-iodopyrimidine derivative.S

However an important development in the investigations of Stille and co-

workers has been the emergence of alkenyl and aryl triflates as suitable substrates

for oxidative additionTl-3 to palladium and hence are subject to the same types of

palladium chemistry as are the corresponding halides (usually Br and I).

Whilst the S-iodouracil nucleosides undergo the Stille reaction quite

efficiently and can be used to generate a divergent array of coupled products in

moderate to excellent yields this precursor may have some limitations. Firstly,

an iodo group on the base ring may limit the chemistry that can be performed on

the sugar unit (e.g. radical reactions). Also, certain sugar modifications may not

be stable to iodonation of the base (e.g. olefins).

For these reasons it was considered that routes to the preparation of 5-

trifluoromethanesulfonyl pyrimidine nucleosides and their effectiveness in

palladium-catalysed coupling reactions should be investigated. It was considered

that the C5 triflate of pyrimidine nucleosides may be more stable than the

corresponding iodides to a number of reaction conditions. Moreover, it was

hoped that either the C5 triflates could be prepared from the various sugar

modified pyrimidine nucleosides or perhaps more importa4tly that 5-

trifluoromethanesulfonyluridine 7 and the 2'-deoxyuridine equivalent 8,Fig.7,

may be considered as precursors suitable to both sugar and base ring

modification.

S Othe. than the reports produced in connection with this work, refs 53& 54
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Figure 7
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Ghapter 2

The Synthesis of S-Trifluoromethanesulfonyluridine (7) and 5-

Trifl uoromethanesulf onyl-2'-d eoryuridine (8).

2.1 Introduction

In order that 5-trifluoromethanesulfonyluridine 7 and S-trifluoro-

methanesulfonyl-2'-deoxyuridine 8, Fig. 7 (previous page), be considered as

viable precursors in the further elaboration of the base ring, it was necessary to

develop short, efficient routes to their preparation.

Triflate moieties are most usually introduced by treatment of an alcohol or

an enolizable ketone with a triflating agent in the presence of a base (eq. Z.¡.2+

Thus in order to introduce a triflate moiety to the C5 centre of uridine in the

manner described in eq. 2 intial hydroxylation of uridine to give 5-

hydroxyuridine 9 was necessary.

R-OH Base

o
ll

X-S-CF3
tl
o

o
il

R-O-S-CF3
tl
o

BaseHX (2)

x = cr, oTf, \
O.

N

,CFs
S.to

ö

or

2.2 Results and Discussion

2.2J1. S-Trifluoromethanesulfonyluridine (7)

S-Hydroxyuridine 9 was prepared using a modification of the method

originally described by Ueda.zs According to Ueda's preparation an aqueous

solution of uridine was treated intially with bron'rine (1 equivalent) to give a

presumed bromohydrin intermediate,T5-6 *¡i.¡ on subsequent treatment with

pyridine (3.5 equivalents) and heating for 10 hours on a water bath gave the
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desired S-hydroxyuridine 9 in 407o yield (Scheme 8). The proposed pathway for

this reaction involves the substitution of the bromide of the bromohydroxy

intermediate to give a diol (possibly via an epoxide) with subsequent elimination

of water to give 9 (40Vo).7s

Scheme 8

BrvlH2O

oo

BrH\

\

"L

-

-oH

J
Pyridine OH

H

HOR HOR

R = OH, uridine
H, 2'-deoxyuridine

o o

OH

HOR HOR

Visser has reported that by decreasing the reaction temperature to 37'C

(reducing the amount of decomposition) that 9 could be obtained in a higher

yield (60.57").77

In their preparation of the less stable 5-hydroxy-2'-deoxyuridine 10 from 2'-

deoxyuridine Podrebarac and ChengTs were able to obtain a moderate yield (47Vo)

of product by performing reactions at room temperature in the presence of a

much larger excess of pyridine. In view of these results, S-hydroxyuridine was

prepared at an even lower temperature and larger excess of base than that used by

Visser. At room temperature (30'C) and with 8 equivalents of pyridine Uedas

method gives 9 in a 77% isolated yield.

o

OHH-.OH

.LHzo

9
10

oH,
H,

R
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In order that the preparation of the C5 triflate of uridine be as short and

simple as possible it was preferable to find conditions that would allow for the

selective triflation of the enolic C5-hydroxyl group in the presence of the primary

and secondary hydroxyl groups of the sugar moiety and the imidyl group of the

base ring, so as to avoid the labourious process of selective protection and

deprotection.83

Whilst there did not appear to be a literature precedent for a selective

reaction of this type, the mild triflating agent, N-phenyltriflimide [PhN(SOzCFg)z]

had been shown previously to be capable of triflating a phenol in methanol in

the presence of a mild base, potassium carbonate.s2 This suggested the possibility

of triflating the more reactive enol in the presence of the primary and secondary

hydroxyl groups of S-hydroxyuridine.

In order to test this, S-hydroxyuridine was reacted under similar

conditions to those outlined previously for a phenol, with 1.5 equivalents of

potassium carbonate and 1.3 equivalents of N-phenyltriflimide in methanol at

room temperature (Scheme 9). Monitoring of this reaction mixture by t.l.c.

revealed that two products were forming at the same time. Consumption of the

S-hydroxyuridine was complete after five hours. Chromatographic separation of

the two products was most readily achieved after acetylation of the sugar

hydroxyl groups.
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o

OH OH

9

Scheme 9
1'K2co3 l.leq.,

oH PhN(so2cF3)z L.z - 1.5eq.,
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o '' Pyr., Ac2o 6eq
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il

O-S-CFg
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o

H\H-..

H

AcO OAc

YieId (Vo) in different solvent systems.

R Methanol 1,4- Dioxane/ Water l:1

^c 
(12) 60 97

tvte (11) 30 0

The less polar component was determined, spectroscopically, to be the

2',3'-di-O-acetyl-5'-methyl ether 11 (n = Me) and the more polar component, the

desired, 2',3',5'-tri-O-acetyl-5-trifluoromethanesulfonyluridine 12 (R = Ac). The

1H NMR spectrum of the methyl ether 11 was similar to that of 12 except for the

apPearance of a singlet at3.34 ppm and the absence of an acetate resonance at -2.0

pPm. In addition A small upfield chemical shift in the resonance of the 5' carbon

was observed in the 13C NMR spectrum of 11, (59.0ppm) compared to 12

(62.9ppm). Also the FAB mass spectrum showed a molecular ion (ffi++H) for 11.

The methyl ether 11 may have formed by initial triflation of the 5'-

hydroxyl which is either displaced by methanol directly, or is initially attacked by

an internal nucleophile to form an anhydro species of the type 13 which then

undergoes addition of methanol to give LL (2',3'-free hydroxl) (Scheme 10). The

formation of methyl triflate (MeOTf) followed by nucleophilic attack of the 5'-

hydroxl, as an alternative was dimissed as both 11, (2'þ'-free hydroxl) and 7 were

observed by t.l.c. to be forming at the same time, yet no S'-methyl was observed.

Also any MeOTf formed would quickly form dimethylether.
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Scheme 10

o

OTf K2CO3 H\ OTf KzCO¡

Tf2NPh MeOH

HO OH HO OH HO oH ll (2'3'-free
hydroxyl)

7 K2CO3 K2CO3

MeOH
o
il

OTf = -S-CF3
il
o

HO OH 13

The formation of the S'-methylether LL was readily overcome by

replacement of methanol with a mixture l,4-dioxane and water. The ratio of 7,4-

dioxane to water (3:1) was chosen in order to maximise the solubility of the

hydrophilic potassium enolate of 7 and the hydrophobic N-phenyltriflimide.

The product from this reactiort, 7, could be isolated at this point or the crude

product could be acetylated directly to the give 1-2. In either case, the product

isolated after chromatography was obtained in excellent yield (gt &. 977o

respectively) as a stable, white solid.

The presence of the triflate group in L1,7 and 72 was evidenced by the

appearance of a quartet at -118 ppm (ICp - 320 FIz, CF3) in the 13C NMR spectrum.

Regiospecific C5 triflation was evidenced by the down field shift of the C6 proton

in the 1H NMR in7 (8.2ppm) compared to S-hydroxyuridine 9 (7.zppm).

o

H\ orf

Mo

o
orf
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2.2.2 S-Trifluoromethanesulfonyl-2'-deoxyuridine (8)

Many biologically active C5 substituted uracil nucleoside analogues have a

2'-deoxyribose unit, consequently it would be advantageous to have a high

yielding preparation of 5-trifluoromethanesulfonyl-2'-deoxyuridine 8.

2'-Deoxyuridine is a relatively expensive, therefore it was considered

important to maximise the yield of the C5 triflate 8 relative to this precursor.

The preparation and isolation of 5-hydroxy-2'-deoxyuridine 10 [Scheme 8 or step

(a) Scheme 111 gives only a 47% yield of the desired product.Ts Subsequent

triflation of the isolated C5-hydroxyl compound 10 [step (b)l gives 8 in a virtually

quantitative yield (98Vo, isolated) as does acetylation [step(c)] of 8 to give14 (700To,

isolated).

Scheme 11

oo
oTf

H R

HO RO

2'-deoxyuridine

a. Brvftí2O, pyridine; b. K2CO3, Tf2NPh (HzO/1,4-dioxane); c. AczO/pyridine.

R R' Yield%o
Step a. isolate H OH 10 41

Step a.+b. isolate H OTf 8 58

Step a.+b.+c. isolate Ac OTf 14 56

When the reaction sequence (a),(b) or (a),(b),(c) (Scheme 9) was carried out

as a single pot, two step or three step process, compounds 8 and L4 were isolated

in 58 and 56% overall yield respectively. However, in these cases, minor

amounts of 5-bromo-2'-deoxyuridine, carried over as a by product from step (a),

could be detected in the product after intial purification by flash chromatography.

This was removed upon a second purification by flash chromatography, or in the

case of 8, by a single recrystallization from isopropanol to give a highly pure,

H\H\
b.a.
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crystalline product in an overall 52% yield from 2'-deoxyuridine. The single pot,

multi-step process represents the most convenient, highest yielding approach to

8 or 14 from the expensive precursor 2'-deoxyuridine.

Convenient methods for the preparation of 8 and 14 from uridine are

discussed in Chaptery'

n
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Ghapter 3

Palladium-Catalysed Couplin g of 2',3',S'-Tri-O-acetyl-S-

trifluoromethanesulfonyluridine (12) with Organostannanes

(The Stille Reaction).

3.L Introduction

The transition metal-catalysed coupling of organic halides with

organometallics has proved to be a very effective means of carbon-carbon bond

formation.66'81'84 In particular, the application of organostannanes to this process

(the Stille reaction)66,81,84 and the emergence of trifluoromethanesulfona¡s57l-3

(in place of halides) as premier coupling partners has been of enormous

importance, for reasons cited earlier (Chapter 1)."

It has been shown that the Stille reaction is able to provide a general

procedure for the C5 substitution of pyrimidine nucleosides.32,s3-7'70,87 The

earliest reports of this application came from our labor¿¡s¡iss.32,53-5 However, it

has since become apparent that a number of research groups have been working

in this area simultaneously.s6-7,70'87 Other than the work detailed here all other

reports on the application of the Stille reaction to the C5 elaboration of

pyrimidine nucleosides have utilized the 5-iodo32,54-7,70 or S-bromosTnucleoside

as the substrate.

It has been demonstrated that palladium assisted coupling of protected 5-

iodo-2'-deoxyuridine with variously functionalized alkenylstannanes gives

coupled products in high yields ("q. 3).32 However , aryl groups transfer

somewhat slower than alkenyl groups65 and as a result only moderate yields (40-

* 
Diazonium saltsSs and phosphates86 have also been utilized in place of aryl and alkenyl halides

but to a much lesser extent.
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60Vo) of aryl coupled products were obtained using the S-iodouridines as a

substrate.s4-s's7 It has been reported that the harsher conditions and/or longer

reaction times required in order to drive these reactions to completion has

resulted in the competitive decomposition of the iodonucleoside, often

reduction of the iodo group was observed.s7,70 This reduction may result from a

direct interaction of tin radicals with the iodonucleoside, or alternatively

reduction of the nucleoside from a o-palladium complex is possible but appears

less likely because it is not observed for the corresponding triflates where similar

palladium intermediates would be involved.

oo

R'3Sn-R

(3)

Pd(PPh3)4 R

R"O R"O

R = alkenyl 70-90Vo, aryl40407o
R' = n-Bu or Me
R" - protecting group

It was considered that the uridine triflate 1,2 may be more stable to the

harsher reaction conditions required to transfer aryl groups, certainly direct

reduction of the triflate with tin radicals was not likely to be a problem.

Subsequent to the work presented here Wigernick et a1.70 improved the

yields obtained for the palladium-catalysed coupling of iodouridine to some

heteroaryl stannanes by appropriate choice of catalyst and solvent obtaining

yields of 85-90Vo. Wigernick proposed that either a coordinatively unsaturated

catalyst [PdClz(PPh3)2] should be used in a coordinating solvent (tetrahydrofuran

or l,4-dioxane) or a coordinatively saturated catalyst [Pd(PPhg)+] should be used in

a non-coordinating solvent (toluene).70 Identical reaction conditions as those

used by Wigerinck et al. were deduced independently by Yamamoto et a1.87 for a

R

o



single arylstannane bearing a boronic ester group in the pøra position to a 5-

bromo pyrimidine nucleoside [i.e. Pd(PPhg)¿, toluene].

3.1.1 Background to the Stille Reaction

The Stille reaction involves the substitution of halides or triflates of

organic substrates for one of the organic groups of a tetrasubstituted

organostannane in the presence of a catalytic amount of zero valent palladium

(eq. a).

PdI-a (cat.)

30

RX + R"SnR'3 RR" + XSnR'3 (4)

X = halide or triflaæ

The rate at which the various groups are transferred from the tin is

usually in the order R" = alkynyl > alkenyl > aryl > allyl - benzyl > alkyl.63

Therefore a stannane bearing three alkyl groups (e.g. R' = methll or n-butyl) and

one of the more labile groups (e.g. R" = alkenyl) will substitute the more labile

group exclusively. It is organostannanes of this type that are most often used in

the Stille reaction.

The catalytic cycle devised for the Stille reaction is that depicted in Scheme

72.63

Scheme 12

PdoL4

F
PdoL2

R-R" R-X
c. a

R- PdllLz- R" b R-PdllL2-X

R'3Sn- X R'3Sn- R"

a. Oxidaúve addition: b. Transmetallation; c. Reductive eliminaûon.
X = halide (I or Br) or trifluoromethanesullonate (riflate).

L2



Although this cycle is yet to be established, conclusively, the three key

steps oxidative addition, transmetallation and reductive elimination are all

processes in which palladium is known to partake.Ss-e3 The three steps are

considered in detail below, where each process was studied (by others) in

isolation using stoichiometric amounts of palladium.

Oxidatiae addition:

The oxidative addition of an organic halide or triflate to palladium(O)

gives a square-planar o-palladium(Il) complex. The mechanism of oxidative

addition varies depending on the nature of the organic substrate.

Where the organic substrate is an aryl halide the order of rates of oxidative

addition is invariably X - I > Br >> Cl >> F and electron-withdrawing groups on

the aromatic ring promote addition. Two possible mechanisms for oxidative

addition are consistent with the availabls cl¿¡¿90,e+-6 (eq's. 5 & 6). In each case the

reactive species is the bis-ligated palladium(O) complex (Pd"Lz).

o.o.Pd:L,
[Ar-X. PdlL2]

- 
¡ai. eorxr-r¡ ArPdlrxl2 (5)

o
Pdll L2

ArX

PdIIXL,

31

(6)

PdI4
k1 k2

Ph.X
k_ X

/

(D

A single electron transfer process is one proposed pathway ("q. 5),

however, no products arising from the presence of free radicals (such as

hydrogen abstraction or homocoupling) are observed, at least not in reactions

where the ratio of ArX:Pd'L4 is 1:1. This would imply that the formation and
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collapse of radical ions to give addition products must occur almost exclusively

within the solvent cage.eo,ls-e

An alternative mechanism, similar to nucleophilic aromatic substitution,

has also been postulated (eq. 6).e0'sz If the palladium(O) nucleophile were

undergoing a classical nucleophilic aromatic substitution, in which the first step

(kr/k-r) is rate determining, the order of reactivity of the aryl halide would be X =

F > Ct > Br > I. If the second step (kz) were the rate determining step then the

order of reactivity would be reversed, namely X = I > Br > Cl > F. Thus in order

for a mechanism of oxidative addition to be akin to nucleophilic aromatic

substitution k2 must be rate determining.

Perhaps another possibility is that a concerted process is operating. Where

nucleophilic addition of the palladium proceeds with simultaneous transfer of

the halide from the aryl group to the palladium via transition state (I). In such a

concerted process the transfer of electron density from the palladium to the aryl

group may occur slightly ahead of halide departure and thus would be promoted

in the presence of electron-withdrawing groups. The order of reactivity X = I > Br

>> Cl >> F may result from a combination of the relative leaving group

potentials and a more favourable interaction between the palladium and the

more electron diffuse halides I and Br.

Of the three mechanisms discussed above the second seems more

applicable to aryl triflates, though a completely different mechanism may be

operating. Although triflates are very powerful leaving groups the nucleophilic

addition of a palladium(0) species to a transient aryl cation or direct attack of the

aryl triflate C-O bond is not likely as aryl triflates are very stable.es In the case of

a mechanism similar to nucleophilic aromatic substitution the C-OTf bond

breaking step can not be rate determining as the order for the rates of oxidative

addition of ArX to Pd" is X = I > Br > OTf >> Cl, yet the triflate group is a much



more powerful leaving group than either I or Br. The observed rate order is

perhaps consistent with the classical two step aromatic nucleophilic substitution

mechanism where the first step is rate determining for the aryltriflate and the

second step is rate determining, or a concerted mechanism is operating for the

arylhalides.

In the case of alkenyl triflates there is strong evidence to suggest that

oxidative addition of platinum(O) phosphine complexes proceeds via a

metallacycle (15, X = OT0ee ("q. 7). It is considered, by analogy, that this could also

be the case for palladium.ee The mechanism is consistent with the

stereochemical retention observed for these processes.Tl

H
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(7)

X

R

X = OTf fast
CI slow

(:""'

X
@

X = Cl only

R15 H

The rate of oxidative addition of alkenyl halides to platinum is also the

reverse of that observed for nucleophilic substitutions and follows the order I >

Br > Cl (no reaction for F).eO For alkenyl chlorides an intermediate similar to that

proposed for the alkenyl triflates (L5, X = CI) is thought to be occurring, though

the overall rate of addition to the platinium is somewhat slower (eg. 7).e0,100 In

the case of alkenyl bromides and iodides there is evidence for mechanisms

involving favourablq interaction between the platinum and leaving group in the

transition states (II) & (ru) (eq. 8 ).e0 Again by analogy similar processes are

thought to be occurring for palladium.e0 The transition state (III) is similar to

that postulated here for oxidative addition of aryl bromides and iodides to Pd"L2

((I), eq. 6)
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(e)

(8)

X= lor Br

(r)

Pt L2

X

(rr)

For oxidative addition of sp3 centres to Pd'L2 the mechanism is analogous

to S¡2 nucleophilic substitution ("q. 9).e0 The addition process goes with

inversion of stereochemistry and the rate is in the order X = I> Br > Cl ) F, R =

benzyl=allyl>alkyl.

X

R
H

R

+
I
,
,
a

R

f

l- R l+

["'';.-(;J

R

Tr ønsmetøllation:

The transfer of the most labile organic substituent from the

organostannane to the o-palladium(Il) complex in exchange for a halide (or

triflate) is the next majo, ,iup in the catalytic cycle (Scheme 12). The mechanism

of transmetallation is probably the least understood process of the catalytic cycle,

though in most cases this step is considered to be rate determining.80'lo

Eaborn and co-ws¡þg¡s1Ol have carried out a series of transmetallations of

aryltrimethylstannanes to platinum(Il)dichloro complexes bearing the chelating

diene cyclo-octa-1,5-diene (cod) [i.e. PtClz (cod)]. Two possible mechanisms for

this process were proposed,1O1 both of which are akin to electrophilic aromatic

substitution (eq. 10).



35

SnMe3 :
PtllL2cl

cl- PtllL2Ct (10)

+ PtllL2cl2

Lz = diene

SnMe3

\
Wheland inærmediaæ, (IV)

etilr-zcrl +
',cro- 

|

Snirre3 J

/

X

(v)

It was considered that the transfer may go by the Wheland intermediate

(IV), or through a concerted transition state such as (V), where a substantial

amount of positive charge lies on the aromatic ring. These mechanisms were

supported by the following observations:

-electron donors on the aromatic ring increased the rate of substitution

(stabilizing the positive charge) whilst, in general, electron-acceptors

çlgs¡s¿ssd i¡.101

-strong donor ligands (e.g. PR3) inhibited the reaction by reducing the

electrophilicity of the platinu¡n.102

-monoarylation is, in general, faster than diarylation [i.e. PtClz(cod) is more

electrophilic than PtCIR(cod)1.101

-electrophilic substitution of aryl stannanes has been shown to occur with

other electrophiles.lol

Two inexplicable ur,o.r,uii"s appea Firstly, that the

exceedingly electron deficient chromium trica stannane [qe-Cr(CO)s-p-

MeC6HaSnMegl transmetallated quite readily to give only the diaryl complex.

This complex does not normally undergo electrophilic substitution.lOl Also, it

appeared from the results (although not explicitly stated) that other aryl

stannanes that bore electron-withdrawing groups reacted slowly, to give

preferably diaryl complexes even when the ratio of PtLzCl2: ArSnMe3 > 1 ' 2.1'01

This appears to suggest that stannanes bearing electron-withdrawing groups react

fastest with the least electrophilic platinium [i.e. faster with PtCIR(cod) than
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PtClz(cod)1. The same observation was made by Deacon et a1.703 in their

preparation of similar platinium complexes using electron deficient

perfluoroaryltrimethylstannanes, where significant quantities and in some cases

exclusively diaryl complexes were formed despite the ratio of PtLzCl2: ArSnMe3

> 7 :2. The order of reactivity for the transfer of aryl groups was observed to be

C6F5SnMe3 > p-MeOC6FaSnMe3 > p-HC6FaSnMe3. In order to account for this

order of reactivity Deacov¡ s¡ s1.103 proposed a different transition state (VI).

+FF

FF

,l.eil-rcr'.:a .lcr
'SnMe3

(VD
L2 = diene

In this case significant negative charge is transferred to the aryl ring via the

o-framework. Stabiiization through the o and not the æ-system was proposed in

order to account for the reactivity order p-MeOC5,FaSnMe3 > p-HC5F4SnMe3,

where the methoxy group is a o-acceptor and a r-donor. The mechanism of

transmetallation, as it pertains to the Stille reaction, is further considered below

in connection with the results obtained in this work ("Results and Discussion",

this chapter).

In many Stille couplings involving organo triflates as substrates the

addition of lithium chloride is necessaiy in order to achieve coupling,TT-3,86,704 ir.

others it slightly retards the rate of coupling.l0s-6 Sdlle has shown that in the

presence of lithium chloride the product of oxidative addition to aryl or alkenyl

triflates is the trans-L2PdllRcl complex.T2 In the absence of lithium chloride an

ion pair 1p¿II¡r+ -OTf) complex is likely, especially where the ratio of L:Pd is

equal to or greater than 3:1.ee,107 The role of lithium chloride in promoting some

coupling reactions but retarding others seems a mystery. Although it seems

likely that the process of transmetallation is affected.T2'86'104



In a recent study by Farina and Krishmanl0s it was demonstrated that

transmetallation is likely to be preceeded by ligand dissociation from the o-

palladium(Il) complex, followed by n-complexation of the organostannane via a

dissociative mechanism. Since the rate of coupling varied significantly for

ligands with different rates of dissociation it was therefore anticipated to be, to

some extent, rate determining for the process.

Reductiae Elimination:

The likely mechanisms of reductive elimination have been extensively

studied both for palladium and platinium complexes.e0'e7'108

In order for reductive elimination of two organic groups to occur from a

palladium(Il) complex the two groups need to be adjacent to each e¡þs¡.90,108

There are a number of ways in which two organic groups on a úrøns-PdRR'L2

complex can become adjacent to each other so that reductive elimination take

place: (i) distortion of a trøns-square planar complex to a tetrahedral one L6 (eq.

11);eo,toa

Pd"L2L
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(1 1)

R-R' 02)

Teatt-a'
square planar

L

I

Pd
\

L
I

P

R

lt
,,, 

L
R'

R_R'

terahedral, 16

(ii) addition of a ligand to give a pentacoordinate trigonal bipyrimidal complex 17

(eq. 12);eo,tos

L ¡,1
t.-'
Pdll\'R'

+L

? d- R
-L (

lrans-square planar square pyrimid trigonal bipyrimid, 17

(iii) pseudorotation of a highly fluxional pentacoordinate complex which

undergoes ligand dissociation to give a cis-square planar complex (associative

rearrangement, Scheme 13);90,109,110
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Scheme 13
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19

L .R'
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È :
+L ,/

square pyrimid

I'..fR',

(iv) ligand dissociation to give three coordinate T and/or Y complexes L8T

and/or 18Y followed by addition of a ligand to give a crs-square planar complex 19

(dissociative rearrangement, Scheme 14);90,toa

Scheme 14

fast
fi-p6tt-p,

LR\ráí

L
I

R Pdll-R'
I

L

z:
\

1[,'"*

I

R'

18Y
\

%

L
I

Pd
I

R'

187

R'R\rl
I

L

fast

I

R'

20"120Y

R-R'

(v) direct rearrangement of 18T and/or 18Y to 20"ï and/or 20Y (a high energy

process, Scheme 14) is possible, though reductive elimination can only occur

from 20Y as R & R' are too far apart in 18T & L8Y and the process is symmetry

forbidden for 20T ;eo'llt -z

(vi) oxidative addition of an organic halide (RX) to tj¡re trøns complex to give a

palladium(Iv) complex 21 which gives a RPdllXL2 upon reductive elimination

(eq. t3¡.ro
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porhxL,

_)RX
R-R' (13)

trans-square planar

The method by which the two organic groups become adjacent prior to

reductive elimination depends on the nature of R, R' and L and the reaction

conditions, such as the ratio of Pd:L, the presence of RX and the solvent type (i.e.

polarity and ability to coordinate to the metal). No matter what the coordination

number around the palladium (3-6) or its oxidation state (II or IV) reductive

elimination takes place from a three membered ring transition state (XII) and is

promoted for organic groups bearing elecfron-donating groups and is resisted by

those bearing electron-withdrawing groups.eO

+

+
R
¡
I
I

I
I
I

R

PúII

(VD
n = 1-6

In the case where R and R' are both sp3 hybridized prior departure of a

ligand from the palladium complex is required in order for reductive

elimination to occur as trans donor ligands inhibit reductive elimination.90,1O8

The presence of a coordinating solvent often promotes reductive elimination in

such cases, either by aiding the removal of a llgand through solvation or by

occupation of the vacant coordination site in the T shaped complex to give a four

coordinate complex from which reductive elimination is symmetry allowed.

When one of the organic groups being eliminated is sp2 hybridized the

energy of activation for the reductive elimination process is significantly

reduced.eo,108 In these cases reductive elimination is likely to be a lower energy

process then dissociative ligand departure from the square planar complex cís-

R2PdL2. Thus, reductive elimination is likely to occur from a four coordinate
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complex. This occurs because the product of reductive elimination is able to r¡-

coordinate with the palladium to give a more stable product and is evidence for a

late, product like, transition state.90

Reductive elimination from a palladium(IV) complex to return a

palladium(Il) organohalide complex (eq. 13) is very futt (Pdtv+PdII is faster than

p¿II-ep¿o¡.ro In the Stille reaction the resulting palladium(Il) organohalide

complex can undergo transmetallation and so the catalytic cycle takes on a

slightly different path (PdIVç¡p¿II as opposed to PdII<-+Pd"). Such an alternative

mechanism is only likely where the energy of activation for reductive

elimination lfdll-+Pd') is greater than the energy for oxidative addition

(ndII--+PdIV). This is likely to be the exception rather than the rule but it may

explain the presence of homocoupled products in some reactions.9O This

alternate pathway may be most likely for systems involving electron-deficient

groups for which the energy requirement for reductive elimination is quite high.

3.2

3.2.1

Results and Discussion

Pall adium-Catalyse d Coup I ing o f Alkenyltrialkylstannanes with 2',3',5' -

Tri-O-acetyl-S-trifluoromethanesulf onyluridine (L2)

In order to determine the scope and limitations of the Stille reaction of C5-

triflated uridines, compound 1,2 was chosen for an intial methodology study.

A systematic study of the conditions necessary for coupling was

undertaken using tri-n-butylethenylstannane (R' = n-butyl, R = {FI=CHZ, eq.74),

the tetrakis(triphenylphosphine)palladium(0) catalyst [Pd(PPhe)¿] and L2. The

reaction proceeded slowly (15hrs, as monitored by t.l.c.) in the presence of LiCl in

THF at reflux (b.p. 67"C) and the desired product 22a was isolated in a moderate

yield (63%). No reaction was observed in the absence of LiCl (1,4-dioxane, reflux).

A higher yield of 22a (75Vo) was obtained over a shorter reaction time (4hrs)
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when the reaction was carried out in 1,4-dioxane at reflux (b.p. 101'C). The

optimum yield, however, was obtained when a small amount of radical inhibitor

(2,5-di-f-butyl-p-cresol) was added to give 22a in high yield (87Vo)-

o o

R'3Sn-R 1.1- l.5eq. (14)

Pd(PPh3)4 57o

LiCl >Zeq.

2,5-di-t-butyl-p-cresol - I mg
lf-Dioxane reflux.
R'= n-Bu or Me

H\oTf\ R

o

AcO OAc

L2

AcO OAc

R = alkenyl,22a-g
aryl, 23a-1

All subsequent reactions were carried out using the conditions derived of

the simple alkenyl stannane (eq. 1 ). Reactions were allowed to proceed until

analytical t.l.c. indicated complete consumption of L2, subsequent washings and

the purification by flash chromatography gave the desired products as shown in

Table 1. The progress of each reaction was monitored by analytical t.l.c. and was

"worked up" when consumption of 12 appeared complete. Also reaction

mixtures usually remained more or less clear whilst the nucleoside triflate was

still present but went very dark upon its complete consumption, presumably as a

result of "palladium black" formation.
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Table L: Stille Coupling of 12 With Alkenylstannanes.

Entrv Stannane R'3SnR a Producl22 Reaction Tjme (hrs) Yield %

1 R=F

2 R= -'n ,SiMes

3b R = ,\zPh

4

5b R=

o

a

o

o

o

d

o cH3

e

o

o

4 87

b

c

f

o

f

SiMe3

Ph

4

8

5

6

73

75

R= ècHro+1<

CHs

\

*,o$,1(

COzEt

CO2Et

15 46

42

92

86

926 R= \./co2Et 1

7 R= (a)

(b)

+
o

" R'= n-butyl unless otherwise stated. b R'= Methyl

Retention of trans stereochemistry for the products 22b-f was confirmed by

the coupling constant 3IHn -76H2 in each case.
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We have shown that other organometallics are capable of leading to cine

(i.e. C6) substitution of the triflate moiety of a protected C5-trifloxyl uracil, in the

absence of a palladium catalyst (see Chapter 7). That only ipso (CS) substitution

was obtained in the palladium assisted coupling of organostannanes with L2 was

confirmed by the appearance of a singlet at ô -8ppm in the 1H NMR which

corresponds to the chemical shift of the C6 proton of similar C5 substituted

uridine derivatives, the chemical shift of the C5 proton in the 1H NMR is õ 5.0-

6.0ppm.

The rapid consumption of starting material 12 in the formation of 22L

(entry 6) reflects an increase in the rate of transmetallation with increasing

electron deficiency of the alkenyl group.113,114 That this is not reflected in the

formation of 22c (entry 3) may be due to the fact that after 6-7 hrs t.I.c analysis of

the reaction mixture indicated that considerable amounts of L2 and that further

addition of palladium catalyst and styrenylstannane led to the rapid

consumption of the remaining starting material 12. The reaction conditions for

this particular reaction were not optimized.

In the case of entry 7 two regioisomers were formed, one from direct

transmetallation (ipso substitution) and the other from a Heck type reaction (cine

substitution). Similar regioisomeric scrambling has been observed for a-

styrenylstannanes by Kikukawa et al.,7ts for a stannylnorbornene by Stork and

Richardll6 and for a y-stannyl allylglycine by Crisp and Glink.117

A mechanism similar to that proposed by Kikukawa et øl.\"ts for t}rre cine

substitution of c-styrenylstannanes with arenediazonium salts (ArNzBF¿) under

the influcncc bis(dibcnzylideneacetone)palladium(0) as a catalyst is thought to

have been operating (Scheme 15).
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Scheme 15

R-OTÍ (12) + PdoL2 + LiCl

+

I
L

I

R-Pd LCI
I

L

CO2Et\t-

¿H HR

ErO2
R'sS

PdoL2

H
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pollRcll-z
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H
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.R
RH

H eolbtL2 Pd H

R = uridine trisacetate
R'= n-butyl
L = triphenylphosphine

R'sS

Oxidative addition of the uridine triflate \2 to Pd(PPha)4, addition of a

chloride to the [RPdll(PPha)"]+ complex and substitution of a ligand to give n-

complexed alkenyl stannane would occur as for the direct transmetallation

process.T2,tos Hence at this point the alkenyl group can either transmetallate or

undergo syn addition as in the Heck reaction.' B-Elimination of the palladium-

rbtL,

co,Et .R/\......

/-nn','H
åo'!c L2

+^- For a discussion on the mechanism of the Heck reaction see Chapter 1



hydride from the most favoured eclipsed conformer (nucleoside and tri-n-

butylstannane moieties as far from each other as possible) gives the Heck-type

product. Intramolecular readdition of the PdHCIL in the opposite sense gives a o-

complex capable of reductive elimination of the palladium and tin via a five

membered cyclic transition state to give the substituted nucleoside with the

observed stereochemistry.

By contrast with tlne cine substitution observed here and in the case of the

allylglycine derivative,llz 
"'Oukawa 

et øL71s observed predominantly Z-

configuration in cine substituted products. In this latter case anti-elimination of

the tin and the palladium was proposed (Scheme 16). This is probably due to the

halide source (Bf4-¡ being independent of the palladium and hence antí-

elimination is prefered.

Scheme 16

Ph¡ lr'

45

(1s)

Ph
\_
t-

R3Sn

o
,rr_{

RsSPdoLa

o
BFa+ N2 

L

) t@
: Ar-Pdll-L

I

L

Ph .H n Ar
RsS HH

Ar

+

ArN28Fa
o

Pdll LgPdll
@

L3

Pd'L2 + BF3
+ R3SnF

,-\
Ph Ar

It is also possible in the case of entry 7, that elimination of the palladium

and tin is analogous to B-hydride elimination and that subsequent reductive

elimination of the tin and chloride from the palladium occurs (eq. 15).

R'3Sn-Cl
L

I

R'3Sn-pdlLCt
I

L

PdoL2

R'3Sn a eolbtL2

Hallberg ¿f q1.778 preferred this latter sequence of events in explaining their

observation of a competitive p-silyl, p-hydride elimination upon addition of an

R

H
R
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organopalladium halide complex to E-7,2-bis(trimethylsilyl)ethylene (Scheme

77). Although the possibility of a five-membered cyclic transition state was

discussed it was tentatively considered less likely than the four-membered ring

transition state because the use of different halides did not give rise to different

Me3SiPdX/HPdX ratios. Flowever, this has not been tested for in the case of

stannane equivalents. This reaction does appear to require the presence of a

halide.117

Scheme 17

Mess¡,.._

I
R-P6ll-¡

I

L

SiMe3 SiMe3 H
ê3

-.o.>-
SiMe3

J (R Pdllxlz Me3s¡ PdllxL2

HH
SM

PdoL2

H,Ha. t'

nnsiruegL
I

Me.Si-Pdll-X
I

LMe3S¡X

3.2.2 Palladium-Catalysed Coupling of Aryltrimethylstannanes with 2',3',S'-Tri-

O-acetyl-S-trifluorome thanesulf onyluridine (L2).

The conditions chosen for the coupling of uridine triflate 12 to a series of

arylstannanes were identical to those used in the alkenyl series (eq. 14) and

similar to those used by Crisp and Macolinos4-s in coupling arylstannanes to 5-

iodouridine. In these cases a coordinatively saturated catalyst Pd(PPhg)¿ was used

in conjunction with a coordinating solvent (l,4-dioxane or tetrahydrofuran),

such conditions only gave very low yields or no product at all in Wigernick's70

and yamamoto's8z work. This may explain the low yields (40-607") obtained by

Crisp and Macolino in their reactions.

The coupling of the uridine triflate 12 to a series of aryltrimethylstannanes

possessing both electron-donating and electron-withdrawing groups is
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summarized in Table 2. On the basis of the subsequent work of WigernickTO low

yields of product would have been expected for couplings under these conditions,

however, moderate to high yields were achieved for these couplings, often

requiring only a short reaction period.

As expected, in no reaction was any reduced product detected. The

reaction times and yields reflect an increase in the rate of coupling with an

increasing electron-deficiency of the aryl group as indicated by the o-Hammett

values. The necessity for lithium chloride in these couplings was only tested for

in the case of entry 4, where no coupling was observed in its absence.

In contrast to the observations of Eaborn ¿¡ 61.101 for the transmetallation of

the majority of their aryltrimethylstannanes to platinium(tt¡ .o-Olexes, in the

case of the Stille reactions conducted in this work it was observed that electron-

donors on the aryl group, including æ-electron-donors such as the methoxy

group, retard coupling and that electron-acceptors promote coupling.* Since

transmetallation is most likely to be rate determining these electronic effects

should be expressed here. This observation and the anomalies apparent in

Eaborn's work (see Transmetøllation) could be explained if the concerted

transition state put forward by Eaborn (V) had essentially the reverse polarity

(Vttt) (i.e. the same polarity as the the transition state (VI) proposed by Deacon ef

ø11ß (VI)) Fig. 8.

* 
Beletskaya t¡ o¡.719,120 have also used a number of aryltrimethylstannanes bearing both electron-
withdrawing and donating groups, however, in these cases either all reactions proceeded with
such facility that no trends with regards to reactivity and substituent effect were apparent and/or
that transmetallation was no longer the rate determining step.
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Table 2: Stitle Coupling of 12 With Trimethylarylstannanes

Entry Stannane MesSnR oa Product 23 Reaction llme (hrs) Yield %

1

Me

F

CFg

0.00

-0.27

+0.06

+0.54

+0.68

+0.86

o

o

a

b

c

F

OMe

20 64

55

89

3 91

81

4 85

282

B3

F Fo

cFs o
4

5

d

F

o 5

F

e

cF3

o
6

CFs

f

I o-Hammetl values were oblained from ref 541



49

Figure I

ô,-etllt-rct
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+f

etrrr-2crl +
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SnMe3
F F

L2 = diene

This type of transition state would be further favoured in the Stille

reaction as the electron donating triphenylphosphine ligands would reduce the

electrophilicity of the catalyst and help stabilize the positive charge developing

upon it as the chloride leaves.

It is important to consider the orbital interactions associated with these

transition states. It is not possible for the chloride of the palladium to attack the

o* orbital of the Ar-Sn bond as this would require an Ar-Sn-Cl angle of

approximately 1.80". The halide may attack the vacant 3d orbital of the tin which

is at 90o to the Ar-Sn bond.

By combining the the transition state proposed here (VIII) with the

mechanistic arguments devised by Stille et a1.72 and by Farina and Krishmanl0s

(see Transmetalløtion this chapter) the following scenario could be anticipated.

The complex resulting from oxidative addition would be of the trans

configura¡isr(Z,eo 24 in Scheme 18. Loss of a ligand from this complex followed

by æ-complexation as suggested by Farina and Krishmanlos to the arylstannane

gives an intermediate 25 geometrically predisposed to form the transition state

(VIII) (path A).. In the early stage of this transition state the halide begins to

attack the vacant 3d orbital of the tin. The 3d orbital may overlap rc-orbitals of the

aromatic ring so that electron-acceptors would promote this process and electron-

donors would retard it. As the tin takes on the halide it begins to rehybridize,

transfering the o-electrons of the Sn-Ar bond into the æ-system of the aryl ring,

* 
Whilst only alkenyl and allylstannanes were represented in Farina's work,l05 it is anticipated

here that aryl stannanes will act in a similar manner.

(Ð t-2 = diene (VÐ
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which is stabilized by electron-acceptors on the ring (path A). At the same time

the aryl carbon is rehybridizing and transferring accumulated electron density

into the newly forming Ar-Pd o-bond.

Scheme 18

| 
*$rn"*

R_Þ¿tt_X : p-pdll_X
ll

R'

SnMe3
:
Pd -XR-

L24 L L2s

R' 1t+

---- SnMe3
I A

R o
SnMe.
@

n-å¿r'-- i<

lôt
L

R'

R-Pd ll-s

R-P

L

ll*""
SnXMe3

t@ (IX)

orc,

R' o

Pd _L

S=L

----SnXMe3

L = triphenylphosphine
X = halide (Cl, Br or I)

(x)

Alternatively, formation of a distinct pentacoordinate stannate

intermediate (IX) could occur (path B), which may be promoted by associative

ligand exchange of the halide for a ligand (L). Associative exchange of a halide

for phosphine ligand is a known process.eT In this case transmetallation would be

completed via transition state (X).

The involvement of either an insipient or distinct pentacoordinate

stannate (path A or B respectively) is perhaps supported by the presumed

formation of analogous pentacoordinate silicates in the recently introduced cross

I

L

L

I

n-þorr-
lô*
L

L
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coupling of organosilicates in the presence of a fluoride source727-4 and the

necessity of a halide source in the coupling of aryl and acetylenic copper

compounds, where it is expected that the halide gives nucleophilic assistance to

the transmetallation process i.e. gives rise to the formation of a (RCuIX)- species

(R: aryl or alkynyl, X = halide).81,t2s

A process such as the one just described above could also be used to

account for the anomalous transfer of aryl stannanes bearing electron-

withdrawing groups in Eaborn's s¡udissl01 (see Transmetallation above) A

preference for diarylation of PtCl.2L2is also consistent with the mechanism

presented here, as exchange of a halide for an organic group (PCl2L2-+PtCtRLz)

results in a less electron deficient platinium centre, which is therefore less

resistant to the development of a positive charge at this centre. This mechanism

would also account for the necessity of lithium chloride in Stille couplings where

aryl and alkenyl triflates are substrates of oxidative addition,Tl-3 i.e. as with the

organosilyl and copper compounds organostannanes require, under certain

conditions, the nucleophilic assistance of a halide in order to transmetallate.

Couplings of aryl or alkenyl triflates that are promoted in the absence of a

halide source80,106 (see Transmetalløtion above) may involve a transmetallation

step similar to electrophilic substitution. The absence of a halide on the

palladium gives a positively charged palladium(Il) speciesee,707 of increased

electrophilicity which may give rise to a Wheland intermediate similar to that

described for platinium(Il) complexes (VI) Fig. 7.107 The removal of the

stannonium ion to give the RArPdllLz complex may take place either by

solvation or nucleophilic displacement by a phosphine ligand. The formation of

a Wheland intermediate would place opposite electronic demands on the

aromatic ring than have been observed here for the Stille reaction. In view of

the limited precedent for these couplings and the fact that lithium chloride is

often added to reactions involving aryl and alkenyl triflates as a matter of
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protocol it is difficult to assess the way in which electronic effects influence

reactions that proceed in the absence of a halide. It would appear, however, that

the discreet addition of lithium chloride to such reactions may help distinguish

between the different mechanisms.

Stille and Scott observed small rate enhancements for the different

lithium salts LiX in the order (X = I > Br > Cl).72 This would appear to support the

formation of transition state (VIII), path A. In path B rehybridization of the tin

and the aryl carbon via transition state (X) would be expected to be rate

determining and is thus not likely to depend on the halide type.

Geometrically, transition states (V) and (VIII) are identical, varying only in

polarity and it would appear from the rationalization presented here that

depending on the electrophilicity of the transition metal and on whether the aryl

group is electron-withdrawing or donating, either could exist.

This mechanism can be easily extended to alkenyl systems where a similar

observations with respect to substituent effects and halogen requirement have

been made. Alkenyl stannanes transfer with complete retention of

stereochemistr/, this is accounted for on the basis of the mechanism presented

here (eq. 16). The order of reactivity atkenyl > aryl would arise from the higher

energy required in order to achieve rehybridization in the aromatic ring which

leads to a breakdown in aromaticity, i.e. transition state (VIII) is of higher energy

than transition state (XI).

+ R'

I

L

R

R-Pdrr.- i
lò*
L

(xr)

q
- - - -SnMe3

+

f 
= solvent or L

X-SnMe3

(16)
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Allyl stannanes are not as geometrically predisposed to halogen transfer.

None-the-less transfer of the allyl group via transition state (XII) or formation of

a transient pentacoordinate stannate and subsequent transfer of the allyl group

with the allylic rearrangement usually observedl26 are both conceivable (eq.77).

= solvent or L
R'

R'

R 'Pdll--- i R-Pd ll-s (17)
I

L

(XD

+
X-SnMe3

FSnMe3

poll-s
l@
L

+

SnM 93

I

L

\
o

SnXMe3 z
+

lô*

In applying the aforementioned mechanistic considerations to benzyl

stannanes the formation of a discrete stannate is necessary in order for the

observed inversion of configuration ¡e ss6u¡.127 Flence a transition state of the

type (XIII) may occur eq. 18. $¡illst27 has already postulated a very similar

transition state (XIV).

õ
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+
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+
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Stille127 showed that the rate of transfer increases with increasing electron-

withdrawing abitity of the aromatic ring, a linear correlation of reaction rate and

o-Flammett values was observed. This data alone may not distinguish between

the two transition states (XII) and (XIV) although it would seem more consistent

with (XIII) where the transfer of a unit of negative charge through the benzylic

carbon is likely to be stabilized in the presence of electron-withdrawing groups.

Whilst transition state (XIV) would operate just as, if not more, effectively in the

absence of a halide, in (XIII) it would be beneficial. There does not appear to have

been a systematic study of the influence of lithium chloride upon the transfer of

benzyl groups. In the reports of couplings involving aryl or alkenyl triflates and

benzyl stannanes lithium chloride has been added as a matter of protocol.T2

Hence the absolute requirement of lithium chloride in the coupling of either aryl

or alkenyl triflates to benzyl stanannes has not been tested.

Alkyl groups may transfer in a similar manner to benzyl groups although

prior n-complexation is not possible (eq. 19). Tin transfer from hexamethylditin

may occur via a transition state such as (XV), where both 3d orbitals are involved

(eq.20).
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LrRPdll-X-)

z-
_ l+ôI

snxMel['-*'^**J
+

M

R

L2RPd
,lz
Y

R

^
Me3Sn ----.SnMe3

ll

(XV)

Xt_LRPd

+

(1e)

(20)

On the basis of the above discussion two basic mechanisms appear likely

for transmetallation, (i) electrophilic substitution or (ii) halide transfer from the

Pd or Pt complex to give a pentacoordinate stannate followed transfer of the most

Iabile group from the stannane to the Pd or Pt complex. Synchronous processes

appear possible in most cases depending on the group to be transferred.

Conceivably anticipation of the likely mechanism could be based on the

substituents born by the group to be transfered from the organostannane,

decisions on the choice of catalyst, solvent and the presence of a halide source

could be made on the,basis of whether they are consistent with the anticipated

mechanism. To date the choice of reaction conditions has, in most cases, been

based on a trial and error approach, no general set of conditions has been shown

to be ideat under all circum5¡¿nçss.73,97

The fact that Wigerinck et ø1.70 and Yamamoto et a1.87 observed large rate

accelerations using conditions that minimized coordination around the

palladium and that high yields over short reaction times were obtained in this

work where extensive coordination around the pailadium is likely to occur can
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perhaps be explained in terms of the mechanistic consideration proposed above.

Wigerinck used heteroaryl stannanes of the type shown in Fig. 9,26.

Figure 9

Me3S B XMe3S X=O,S

26 27

Such furyl and thienyl stannanes would be expected to under undergo

electrophilic substitution quite readily in view of the potential of such species to

stabilize the presumed Wheland type intermediate or transition state (VI), via

lone pair donation from the heteroatom. In Eaborn's work stannanes of this type

were the fastest to transfer to the electrophitic platinium complex Pt(cod)Cl2.tot

Yamamoto et ø1.87 used a phenyltrimethylstannane bearing a boronic ester group

in the parø position 27, possibly a mechanism akin to electrophilic substitution

operates here also. Reducing the level of coordination of electron-donating

ligands around the palladium increases its electrophilicity and hence promotes

transmetallation via a mechanism akin to electrophilic substitution. The same

variation in conditions may aid coupling in the case of 23a and perhaps 23b

(Table 2, entries L and 2), but not those bearing electron-withdrawing groups

which may involve an insipient pentacoordinate stannate where the ease of

transfer of electron density onto the aryl ring and not the removal of it

determines the rate.

Interestingly, by contrast with what has been observed here for

aryltrimethylstannanes, Crisp and Macolinos4-s were able to couple aryl boronic

acids bearing powerful electron-donors to sugar protected 5-iodo-2'-uridine, albeit

in moderate yield, but were unable to couple those bearing electron-withdrawing

groups. This is consistent with a mechanism akin to electrophilic substitution in

the case of the aryl boronic acids. The electrophilic substitutions of aryl boronic

acids is well precedented.l2s
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Not all aryl stannanes attempted coupled to the S-trifloxyl uridine 12.

Pentafluorophenyltrimethylstannane (CoFsSnMeg) did not couple with 12 under

the conditions described above. Even after 30hrs only starting material was

recovered (737o, the other 27% has presumably decomposed to unknown

compounds at the baseline of t.l.c.). The inability to couple this

pentafluorophenyl group may result from the formation of a stable

nucleoside/pentafluorophenylpalladium(Il) intermediate. As cited earlier (see

Reductiae Eliminatíon, this chapter) electron-donating groups promote

reductive elimination whilst electron-withdrawing groups retard it. The

powerfully electron-withdrawing pentafluorophenyl group may resist reductive

elimination entirely in this case. Beleskaya s¡ sl.1'1e'720 have also observed this

pentafluoroaryltrimethylstannane to be significantly less reactive than other

aryltrimethylstannanes in similar coupling reactions, though some coupled

products were obtained. Usón et al.72e have isolated cis-Pd(C¿HaO)z(CeFs)z

(C¿HgO = tetrahydrofuran) and cis-Pd(CO)z(CoFs)z which are quite stable at

ambient temperatures.

oo
H-..

ooH

HO OH

syn
HO OH

anti

The biological activity of some pyrimidine nucleosides has been shown to

be dependent upon the conformational preference of the base ring with respect to

the sugar qni¡.130 Both uridine and 2'-deoxyuridine show a preference for the

ønti rather than the syn conformation. This presumably arises from a steric

interaction between the C2-carbonyl and the S'-alcohol functionalities in the syn

conforma¡isn.131,132 Substitution at the C6-position of the pyrimidine base can
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lead to a predominance of the syn conforma¡ien.l32 Previous NMR methods

used to establish the syn or anti conformational preference of pyrimidine

nucleosides have included (i) tne 3-bond proton-carbon coupling constant, 3|cz-

Hl"130 (ii) the chemical shift difference between }{2'u. and H2'p in 2'-deoxyribose

nucleosides;132 and (iii) the chemical difference between C2' and C3' in ribose

nucleosides in the 13C NMR spectrum.131

For all nucleosides 23a-f. a significant upfield shift of one of the acetate

methyl groups was observed in the 1H NMR spectrum (see Experimental). This

could be explained where the nucleoside adopts, predominantly, an anti

conformation. The C5-aromatic substituent would then reside over the C5'-

acetate with the methyl group in the shielding region of the aromatic ring, giving

rise to the observed upfield shift. It maybe, however, that a positive æ-rc* stacking

interaction exists between the phenyl ring and the acetate groups, aiding

conformational preference. F{ence, this observation may not reflect the situation

in the deacetylated nucleosides.

3.2.3 The Attempted Palladium-Catalysed Coupling of Alkylorganostannanes

With 2',3',5' -T ri- O-Ace tyl-S-trif luo rome thanesulf onylurid ine (12)

Allyl, benzyl and alkyl substituents are known to transfer from an

organostannane to the palladium com.plex much more slowly than do the

corresponding alkenyl and aryl subunits.65 No coupling was observed when allyl

and benzyl tri-z-butylstannane and tetramethylstannane were reacted with 12

under the conditions already described (eq. 14).

Interestingly, an attempted coupling of allyltri-n-butylstannane with L2 in

the absence of radical inhibitor lead to the formation of the N3-allylated C5

reduced product 28 in moderate yield (577") (Scheme 19) . The only other product



59

isolated from the reaction mixture was a trace amount of monodeacetylated

product (<57o).

In devising a possible mechanism to account for this reaction a number of

factors were taken into consideration.

-No reaction was observed in the absence of palladium.

-Only starting material was returned when benzyltri-r-butylstannane was

reacted under the same conditions.

-Allylation at the N3 centre appeared to be concomitant with reduction of

the C5 centre, i.e. no N3-allyl C5-trifloxyl product or any simple reduction

product was isolated, only 12,28 and only monodeacetylated 28 were

observed by t.l.c. during the progress of the reaction. Furthermore, direct

reduction of the C5-trifloxyl centre under the coupling conditions (with or

without radical inhibitor) has not been observed in this study.

-This reaction is completely inhibited by the addition of a few crystals of

radical inhibitor.

Consequently a unique palladium assisted radical chain process has been

postulated (Scheme 19). This mechanism allows for concomitant reduction of

the C5 centre and allylation of the N3 centre.

Oxidative addition and triflate/chloride exchange should occur as usual.

Since no coupling was observed in the presence of radical inhibitor it is unlikely

that transmetallation occurs as reductive elimination would be expected to

proceed quite readily for this system. Initial n-complexation of the allyl stannane

may occur however, perhaps by dissociative ligand exchange as suggested by

Farina and Krishmanl0s to givc 29. Radical abstraction of a hydrogen from the

the imidyl group by an unknown initiator (probably a tin radical, n-Bu3Sn') gives

an imidyl radical 30.
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L = triphenylphosphine
S = solvent or L

Similar formation of an imidyl radical may occur in the absence of C5-

palladium(Il) group but is of insufficient energy to add to the terminal end of an
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allyl stannane to give 31 (eq. 69), or the elimination of an imidyl radical from 31

is very much faster than elimination of a stannyl radical.

Bus

B o
oTf oTf

Qr)

31

The species 30 bears a r-complexed allyl group, such complexation may

reduce the energy requirement for addition of an O-centered nucleophilic radical

to the terminal end of the electrophilic allyl group, which gives rise to what is

perhaps a lower energy palladium(Ill) radical 32. Departure of a chlorine radical

from 32 returns a palladium(Il) species 33. Attack of the stannane by the chlorine

radical promotes elimination to give a palladium(I) radic al 34. A synchronous

two electron process similar to that postulated for the formation of 22f (Scheme

15) could also be evoked for the net reductive elimination of n-Bu3SnCl (32 to

34). The palladium(I) radical 34 can abstract a hydrogen from the tin hydride,

produced in the formation of 30, to give the palladium(Il) hydride species 35

from which reductive elimination can occur to give the C5-reduced product 36

and regenerating the catalyst (Pd"Lz). O to N transfer of the allyl group can occur

via a thermal polyhetero-Claisen rearrangement or by the palladium-catalysed

version of the same to give the observed produc¡29.133,62

The propagating step in this reaction would presumably involve the tin

radical resulting from the formation of 35, which is capable of abstraction of a

hydrogen from the imidyl group 29-+30.

Though only speculative this reaction mechanism accounts for all of the

observations made in connection with this reaction including, notably, the non-

participance of the benzylstannane in this process, where the presumed allylic

rearrangement would be much less likely. This process also appears consistent

Sn

o

Å/

o
oTf

r/\r\r1 /\rvt a
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with the principle of higher energy to lower energy radical formation for radical

chain processes, except perhaps for the hydrogen abstraction step 34 to 35 where

the equilibrium may lie to the left, however, the subsequent rapid reductive

elimination to give 36 becomes the driving force for the process. The patladium

assisted reduction of alkenyl and aryl triflates with tri-n-butyltin hydride is well

precedented but may not involve a single electron process.13s,136
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Ghapter 4I

Palladium-Catalysed Coupling of Terminal Alkynes to 5-

Trifl uoromethane sulf onylurid in es.

4.1 Introduction

Pyrimidine nucleosides containing a C5 alkynyl group have been shown to

express significant anticancer and/or antiviral properties.2s'r37-9 This has been, in

part, attributed to their ability to act as mechanism based inhibitors of

thymidylate synthase.* AIso the C5 alkynyl group has been extensively employed

as a linker arm for the attachment of fluorescent labels on 2',3'-

dideoxynucleotides which are used in modern DNA sequencing techniques.l40-l

The first reports on the preparation of alkynyl nucleosides involved initial

construction of the substituted heterocycle, followed by coupling to the sugar

moiety and separation of the resultant anomeric ¡¡i¡¡u¡s.46,143 Heck developed a

technique whereby terminal alkynes could be coupled to simple alkenyl or aryl

halides.144 Bergstrom subsequently reported that attempts to couple

phenylacetylene with S-chloromercurio or S-iodouridine in the manner

described by Heck returned only starting material or complex ¡ni¡¡u¡ss.145{

Sonogashíra et a1.747 described a modification of Heck's original method in

which a co-catalyst, copper(I)iodidc, was addcd in addition to palladium for the

coupling of terminal alkynes to aryl and alkenyl iodides. This modification

substantially facilitated the coupling process giving good yields of product under

milder reaction conditions. The likely catalytic cycle for this process is depicted in

Scheme 20. As discussed in Chapter 1 Robins and Barr successfully applied this

* 
For a discussion on mechanism based inhibition of thymidylate synthase see Chapter 1.
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procedure to S-iodouridine to obtain S-alkynyluridines in high yieltr.60-z This

allowed for ready access 5-alkynyl-2'-deoxyuridines, several expressed appreciable

antiviral activity and the corresponding S'-monophosphates were shown to be

mechanism based inhibitors of thymidylate synthase (see Chapter 1).

Scheme 20

R'--R R_X
c. a

R'-rPdllLr-n' ¡¡-p¿ll ¡r-¡

Gr-X R'-:-CuL

\)

L2

PdoL4

þ
Pd"h

R'---H BHX(
Base

a. Oxidative addition; b. Transmetallation; c. Reductive elimination
X = halide (I or Br) or trifluoromethanesulfonate (triflate).
L = halide.81

The 5-alkynyl-2'-deoxyuridines prepared by Robins and Barr bore only

simple alkyl chains or an unsubstituted phenyl ring.a7,ta7 A subsequent structure

activity relationship study on 5-alkenyl-2'-deoxuridines revealed that electron-

withdrawing, lipophilic groups in the E-2 position of the alkenyl substituent

enhanced antiviral activity.2T The effects of lipophilic electron-withdrawing

groups on an acetylenic linkage with regards to antiviral activity have not been

formally investigated.

In view of the importance of C5 alkynyl uracil nucleosides and nucleotides

the coupling of terminal alkynes to the C5-trifloxyl uridines was considered

worthy of investigation. For inclusion in this study a series of fluorinated and

trifluoromethylated phenylacetylenes (PAs) were prepared (Chapter 5), so that
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their 2'-deoxyuridine adducts could be investigated

antiviral/anticancer agents.

as potential

The acetylated uridine triflate 12 was coupled with a range of

functionalized terminal alkynes as described in eq. 22. The results of the

coupling reactions have been summarized in Table 3.

R

o R

oTf

HH, 1.5 eqiv. (22)

4.2

4.2.1

Results and Discussion

Coupling of Terminal Alkynes to 2',3',5'-Tri-O-acetyl-5-

trifluorome thanesulf onyluridine (L2.)

5Vo

l07o
1.5 equiv
solvent.

AcO OAc AcO OAc

12 37a-e

Table 3: Coupling of Terminal Alkynes With 12 (eq.22).

o

H\\
+

Pd(PPh3)4,
CuI,
Et3N,
DMF

AcO OAc

37b'-d'

Entry Yield 7o a

a Isolated

Reactions were monitored by t.l.c. and were "worked up" when it was

apparent that all of the C5-trifloxyl uridine had been consumed. In all cases the

coupled product, 37 was obtained in high yield. In most cases coupling was

1

2

3

4

5

85

90

3
90

2

93
5

97

a

b
b'
c

ct

d
d'
e

50

55

90

45

550.5

2.0

6.0

2.5

0.5

Me3Si-
HOMe2C-

CH¡(CHz)g

Ph

4-MeOPh

Product
(sz)

Reaction Conditions

Temp ('C)Time (hr)

R
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observed at room temperature but it was often very slow, slight elevations in the

reaction temperature led to a dramatic increase in the rate of coupling and was,

in general, much more convenient. In the case of 37c, however, no coupling was

observed by t.l.c. until the reaction mixture was heated to 90oC.

Whilst reactions, generally, proceeded cleanly by t.l.c. in a few cases a

fluorescent spot of lower R¡ appeared. This by-product was readily separated

from the desired product and was shown in each case to be the rearranged

product 37'. In all cases the formation of 37' was evidenced by an absence of the

NH resonance (ô = 9-11ppm) in the 1H NMR spectrum and the appearance of a

vinylic resonance (õ -- 6-7ppm) relative to 37. The formation of this by-product in

the coupling of terminal alkynes to S-iodouridine is well precedented.66-7 Robins

¿¡ d.la3 recently reported that the use of dimethylformamide (DMF) as a solvent

reduces the amount of cyclized product obtained and it is for this reason that

DMF was used in all couplings. It has been demonstrated that the product

cyclization is catalysed by copper(I)iodide.67

4.2.2 Coupling of Fluorinated and Trifluoromethylated Phenylacetylenes to

3',5'-D i-O-acetyl-S-trifl uoromethanesulf onyl-2'-deoxyuridine (14)

Hiyama ¿¡ sl.1'21-3 recently reported that trimethytsilylalkynes can be cross

coupled with alkenyl and aryl halides (Br or I) or triflates as illustrated by eq.23

and eq. 24. Since the immediate precursor of the substituted phenylacetylenes

(PAs) was the corresponding phenyltrimethylsilylacetylene (PSA) direct coupling

of PSA derivatives with the protected 2'-deoxyuridine triflate 74 under the

conditions described by Hiyama et al, was attempted as described in eq. 25.
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(cH2)5cH3
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(23)"'

(24)'u

(2s)

HOCH2--SiMe3

CH3(CH2)3--SiMe3

XPh--5¡Yst

Conditions A:

TASF, 1.1 equiv.

1r¡3-cru5ro¡ z @at.)

THF

Condidons B:
TBAF, l.l equiv
Pd@Ph3)4 (cat.)

THF

14 or I-Ph
XP H

TBAF or CsF, 1.1 equiv.

Pd(PPh3)4 or 1r¡ 
3-C3H5PdCl)2 (cat.)

THF

X = 4-F or 3,5-F2

Unfortunately no coupling was observed, only the desilylated

phenylacetylene and '/..4 could be detected after Z4lrrrs by gas-liquid-

chromatography (g.l.c.) and t.l.c. respectively under either Conditions A or B (eq.s

23 EL 24 respectively) (eq. 25). Reactions were then attempted under a variety of

conditions with respect to the rates and order of addition of the various reagents

but to no avail. The replacement of either the nucleoside triflate with

iodobenzene or of the tetrabutylammonium fluoride with anhydrous cesium

fluoride did not alter the outcome eq. 25.

Hiyama s¡ sl.72a proposed that transfer of an organic group onto the

palladium occurs from a pentacoordinate silicate. It may be that where

desilylation is facilitated by the presence of electron-withdrawing groups no, or

only a very transient, pentacoordinate silicate is obtained and desilylation occurs

rapidly. The resultant acetylide may not then react with the organohalide-

palladium complex.
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Since in our hands, the PSAs could not be coupled directly, they were

desilylated to give the corresponding PAs in high yield (Chapter 5, Table 9).

Coupling of terminal alkynes to the protected C5-trifloxy-2'-deoxyuridine

L4 were initially carried out under the conditions described previously in eq.22

(i.e. conditions A eq. 26). The results of these couplings are summafized in Table

4 entries 1-5.

As expected the trimethylsilylacetylene coupled as effectively to the

protected C5-trifloxy-2'-deoxyuridine 14 as it did to the equivalent uridine 12

(compare entries 1 Table 3 and 4). The coupling of the PAs containing fluoro

substituents entries 2-5 Table 4 were carried out at room temperature, although

the consumption of the starting material 14 (as monitored by t.l.c.) was much

slower than anticipated for such activated systems. Also, unlike previous

couplings, the further addition of alkyne and in some cases catalyst was necessary

in order to ensure the complete consumption of the starting material L4. In the

case entries 2-4 considerable amounts of cyclized product 38' was obtained. This

was attributed to the longer reaction times which, allow for more product to

cyclize and the presence of electron withdrawing groups which appear to

promote cyclization. A high Rf (t.l.c.) component of the reaction mixtures was

also isolated for entries 3 and 4 and determined to be homocoupled alkyne, 39.

The mass balance of homocoupled alkyne plus the expected cross coupled

product accounted for all of the terminal alkyne added to the reaction mixture. A

similar high R¡ component was detected by t.l.c. for entries 2 and 5 (as an intense

and faint spot respectively) but in these cases the component was not isolated.
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PhX

o PhX

Tf

AorB

AcO AcO AcO

14 38a-f 38b'-e'

A: PhX--H, 1.5 equiv.; PdePh3)4, 57o; CuI,l07o; Et¡N, 1.5 equiv.; DMF, solvent.

B: PhX-I\2.0-2.5 equiv.; Pd@Ph3)a, L07o: CuI,207o;EttN,l.2 equiv.; DMF, solvent.

Table 4:

o
H\\

(26)+oL A

Enlry

Coupling of Trimethysilylacetylene (TMSA) and Substitituted
Phenylacetylenes (PA's) With 14 Under Conditions A & B (eq. 26).

Isolated yields, except for * - material detected by t.l.c. but not isolated.
'l'rimethylsilylacetylene used in reaction (eq. 26) not a substituted phenylacetylene.
Further addition of PA and catalyst was required in order to achieve complete
consumpbion of 14.

Yield 7o a
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4-F

3,5-CF3

3,5-F

4-CF3

4-F

F5

(38)
Product

Temp. ("C)Time (hr)

Reaction Conditions

Reagents

X

39
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The homocoupling of the alkyne was studied in detail (Chapter 6) so that

conditions could be adjusted to minimize this competing reaction. It was found

that both catalytic amounts of copper(I), palladium(0) and base were all required

in order to achieve homocoupling of terminal alkynes. Flomocoupling was

promoted in the Presence of electron-withdrawing groups on the phenyl ring of

PAs. Evidently the process of homocoupling competes with cross coupling not

only in the consumption of terminal alkyne but also with regards to access to the

catalyst. This may account for the longer reaction times than anticipated in cases

where considerable homocoupling was observed.

In order to increase the overall rate of cross-coupling and so decrease the

reaction time and therefore the amount of cyclized product formation, the

amounts of both catalysts were increased. An increased amount of terminal

alkyne was also used so as to avoid any interruption in the cross-coupling

reaction due to premature depletion of PA through homocoupting (conditions B,

eq.26). Only in the case of 38b did these alterations prove significantly effective

(entry 6, Table 4). When the amount of catalyst and PA was doubled in the cases

38c-e only a minor benefit was achieved (these results are not shown). Flowever,

when the reactions were carried out under these new conditions at slightly

higher temperatures a much better result was obtained. Apparently the process

of cross-coupling is much more sensitive to minor temperature changes then are

either homocoupling or product cyclization. Again, all excess terminal alkyne

could be accounted for as homocoupled product for entries 6-8. Formation of 39

also appeared to be occurring in the case of entries 6 and 9 (as observed by t.l.c.)

but again this product was not isolated.

Minimizing the reaction time appeared important in achieving a high

ratio of couplecl procluct to cyclized product, the major cause of the extended

reaction time has been attributed to a competition for the palladium(0) between

the nucleoside triflate and the terminal alkyne. Increasing the competitiveness
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of the nucleoside substrate for the palladium(O) should increase the rate of

reaction and consequently the yield of desired product. As discussed previously

in Chapter 3 (Oxidøtiae Addition), aryl iodides undergo oxidative addition to

palladium(0) faster than do aryl triflates (Chapter 5). If this were also true of the

C5 iodo and trifloxyl uridine than the iodo nucleoside should be a more effective

substrate in the coupling of these activated PAs.

In order to test this possibility 3',5'-di-O-acetyl-5-iodouridine 40 was reacted

with 3,5-difluoro-PA, as this acetylene, even under the best possible conditions

described, entry 7 Table 4, gave only a relatively moderate yietd of cross coupled

product when reacted with L4. The reaction was carried out under the same

conditions as described for the triflate 14 (entryT,Table 4) as depicted ineq.27.

The reaction was complete within L0 minutes compared with thr for 14 (entry 7,

Table 14), no cyclized product and only a very small amount of homocoupled

product could be detected by t.l.c. The desired product, 38c, was isolated in a 98Vo

yield.

F

o
F

H

2.0 equiv

Pd(PPh3)4, l0%
CuI, 207o

Et3N, 1.2 equiv
DMF,38'C, lOmin.

o
HH_ -N

o

(27)

AcO

40

AcO

38c 987o

The coupling of the pentafluoro-PA was not attempted till the reaction

conditions of the other substituted phenylacetylenes had been optimized, as it

was anticipated that the powerfully electron-withdrawing perfluoroaryl group

would hypersensitize the alkyne towards homocoupling and the cross coupled

product to cyclization. Surprisingly these concerns were quite unfounded, only a

small amount of homocoupled material and no cyclized product could be

detected in these reactions (t.l.c.). Furthermore, the pentafluoro-PA was the least
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reactive of all the aryl acetylenes, requiring a longer reaction time at the same

temperature than even the p-methoxy-PA in order to couple. None-the-less due

to the lack of by-product formation the reaction proceeded smoothly at elevated

temperatures to give 38f in high yield (87Vo, entry 10, Table 4). In short, the

pentafluoro-PA showed opposite reactivity in all processes (cross-coupling,

homocoupling and cyclization) for which electron-deficient PAs are activated.

The reduced rate of reaction of the pentafluoro-PA in both homocoupling

and cross coupling in comparison to other aryl acetylenes may result from a

reduced rate of reductive elimination. As indicated earlier (Chapter 3, Reductiae

Eliminatiorz) electron-withdrawing groups inhibit reductive elimination. This is

consistent with the observation that pentafluorophenyltrimethyltin did not

couple at all with the Cs-trifloxyl uridine 12 (Chapter 3). In the case of the

pentafluoro-PA, however, the inhibiting effect of the five fluoro groups during

the reductive elimination step of the catalytic cycle is, presumably, not as

pronounced when it is commuted through an acetylenic linkage.

Possible explanations for why the 38f resists cyclization are considered in

Chapter 5 in connection with the relevant substituent effects.

4.2.3 Coupling in the Absence of Sugar Protecting Groups.

S-Trifluoromethanesulfonyl-2'-deoxyuridine 8 and other S-substituted 2'-

deoxyuridines containing the free hydroxyl sugar groups are readily soluble in

polar organic solvents and can be chromatographed readily using silica gel. This

is in contrast to unprotected S-trifluoromethanesulfonyluridine 7 which can only

be chromatographed using very polar organic solvent systems in normal phase

chromatography, which does not allow for cffcctivc scparation of the various

compounds that may result from coupling reactions.
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Robins and Barr66 reported that an attempt to couple 5-iodo-2'-

deoxyuridine in the absence of sugar ring protecting groups with l-hexyne did

not proceed and that attempts under more strenuous conditions gave mixtures

of products.

Whilst the coupling of l-hexyne to 8 was not attempted, coupling of other

alkynes was readily achieved (eq. 28) and the results have been summarized in

Table 5. The unprotected nucleoside 8 appeared only slightly less reactive than

the protected nucleoside. Slightly higher reaction temperatures and/or longer

reaction times were required in order to achieve coupling in equivalent reactions

(compare Table 5 entries 1-6 with Table 4 entries 1&6-10 and compare Table 5

entries 7&8 with Table 3 entries 4&5).

The slight reduction in reactivity of the unprotected nucleoside triflate I
was sufficient in cases sensitive to homocoupling to have this become the

favoured Process. Consequently only small amounts of cross coupled material

could be observed in these cases (entries Z-4,Tabl,e S).

R

o R

+
AorB

HO HO HO

I 41a_h 41b'-e'&g'

A: HH, 1.5 equiv.; Pd(PPh3)4, 5Vo; Cut,107o; Et3N, 1.5 equiv.; DMF, sotvenr.

B: HH,2.0-2.5 equiv.; Pd(PPh3)4, t\Vo: Cut,20Vo;84N,1.2 equiv.; DMF, solvenr.

o

H\Tf

(28)
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Table 5:

a

Coupling of Trimethysilylacetylene (TMSA) and Substitituted
Phenylacetylenes (PA's) With 8 (eq. 28).

E^tty Yield % a

1

2

3

4

5

6
7

8

88
+

*
r+

+

,l

*

76
¡t

89

88
,+

95

b

Isolated except, * - small amounts of product or cyclized product observed by t.l.c., in these
cases mostly starting material and homocoupled alkyne and 8 were observed (except for entry
7).
For reagents A and B see eq. 28.

The direct coupling of unprotected C5-trifloxy-2'-deoxyuridine 8 with

fluoaromatic alkynes gave directly some compounds which could be sent for

testing as anticancer or antivirial agents. Nucleosides which were not accessible

from direct coupling of the corresponding PA with the unprotected nucleoside 8,

were readily obtained by deacetylation of the corresponding bisacetate, in

particular 41b-d. This deprotection was readily achieved by treatment of

compounds 4Lb-d with methanolic ammonia to give the free hydroxyl products

41b-d in high yield (80-997o, see Experimental).

4.2.4 Reverse Coupling: The Coupling of 5-Ethynyl-2'-deoxyuridine to Aryl

Bromides

An alternative to the coupling of terminal acetylenes to C5 iodo or trifloxyl

uridine would be to couple the S-ethynyl uridine to either an aryl or alkenyl

triflate or halide. This would avoid prior elaboration of the aryl or alkenyl

halides or triflates to alkynes in order to achieve coupling to the iodo or trifloxyl

a
b
b'
c

ct
d
d'
e

et
Í
8
g'
h

50
30

38

38

40

80

50

65

5.0

5.0

4.0

3.0
2.0

2.0

2.0
5.0

A
B

B

B

B

B

A

A

Me3 Si-C=C-
3,5-CF3

3,5-F

4-CF3

4-F

4-MeO

F5

H

f'roduct
(47)

Temp ("C)Time (hr)

Reaction Conditions

Reagentsb

X
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nucleosides. It may also avoid some of the difficulties associated with
homocoupling experienced in this work.

5-Ethynyl-2'-deoxyuridine (EDU) is a known compound which exhibits

significant antiherpetic activity (Chapter 1). If this terminal alkyne could be

coupled to the fluorinated aryl bromides used in the preparation of the

corresponding PAs, then the modified nucleosides outlined in Table 5 would be

conveniently obtained.

EDU was readily prepared by desilylation of the corresponding

trimethylsilyl compound 4La. The best yield was achieved by treatment of the

crude product resulting from the coupling of trimethylsilylacetylene with the

unprotected nucleoside triflate g (entry 1, Table 5) with tetrabutylammonium

fluoride, giving the desired producr (EDU) in high yield (9lro, eq.29).

o

)5-
Ho

H-.oTf

1' (2e)

Ho8 Ho EDIJ, gLvo

1. frb3S-:-fl 1.5 equiv.; Pd(pph3)4, SVo; CuI, t07o; Er3N, 1.5 equiv.; DMF, sotvenr.
2. TBAF l equiv., MeOH

The coupling of EDU with a series of aryl bromides was investigated,

reactions were carried out under the conditions depicted in eq. 30 and the results

are summarized in Table 6. Only those systems activated towards oxidative

addition coupled at all (entries l-3, Table 6). In the case of
bromopentafluorobenzene coupling, again, may have been inhibited by the slow

rate of reductive elinrination.
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o H

XPh-Br, l.l eqiv

o PhX

\\

Pd(PPh3)4,
CuI,
Et3N,
room temp
DMF

5Vo

10Vo

1.5 equiv

(30)

HO HO

Table 6:

Entry

solvent.
EDU 4tb-g

C_oupling of 5-Ethynyl-2'-deoxyuridine (EDU) to substiruted Aryl
Bromides (eq. 30).

Yield Vo a

49

76
55

0
0
0

1.

2.
3.
4.
5.

6.

a Isolated

It was apparent by t.l.c. that the EDU was undergoing competitive

decomposition since the U.V. active spot corresponding to EDU disappeared

after -6hrs under the reaction conditions when no coupling took place.

Homocoupling of EDU may have been occurring but no new U.V. active spot

was observed by t.l.c. (254 and 365nm).

The use of aryl iodides in place of the bromides and perhaps the presence

of acetate protecting groups on the the sugar ring of EDU may give more efficient

couplings, however, these reactions were not investigated.

b

c

d
e

Í
g

20

40
40

50
50

50

4

6
6
8
8

81,

3,5-CF3
3,5-F
4-CF3
4-F
F5

H

Product
(+t)

Reaction Conditions

Temp ("C)Time (hr)

X
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Chapter 5

Substituent Effects in the Preparatiorç Reactivity and Nuclear Magnetic
Resonance Spectra of Substituted Phenylacetylenes and Substituted 5-

Ph enylalkynyl-2'-d eoryurid ine s.

5.1 Introduction

The quantification of electronic influence upon a molecular framework

has lead to the development of a series of very useful, experimentally derived,

parameters termed substituent constants (o). Of particular interest has been the

effect of various substituents located at different positions on a benzene

derivative upon a probe site. The effect of a substituent upon the probe site is

normally given by the linear free energy relationship (eq. 31).74e-st

Substituent

probe site

f(oo,m,p) = P Ço,m,p(X)+ C (31)

Where / is the effect being measured at the probe site (e.g. reaction rate,

ionization energy, NMR chemical shift etc.); the value p (constant for a given /)
is the susceptibility factor of f to the substituent effects; ao,m,p is the effect of a

particular substitrrent (X) in a given position (ortho,meta or parø); and the

constant, C, is the measure of the effect, / when X = H since 6o,m,p (H) : 0.

When determining Ço,m,p values for the first time a- standard reaction

seríes was used by Hammett,152,153 namery the pKa values of a series of
substituted benzoic acids (i.e. the carboxylic acid was the probe site). In this case p

was arbitrarily placed at 1.0 and the co,m,p values determined. Other standard

reaction series have been develope d,75+-ø in order to avoid the problems



78

sometimes associated with solubility or hydrolysis in the case of some substituted

benzoic acids and slightly different o values have been obtained. Also statistical

values of o have also been determined based upon a number of different

experimental determinations of o values.l56 Ortho substituent constants are

usually neglected however, as they often reflect proximity effects in addition to

electronic influences (e.g. steric effects, hydrogen bnding).tsz

It has long been understood that substituent effects arise from several

different properties of the substituent. Considerable effort has been directed at

determining and quantifying these different properties and their relative

contributions to the overall value of o. Four basic properties have been generally

recognized as contributing to the substituent effect and in many cases a specific o

value has been assigned to this property for a given substitusn1.151,158

(i) the inductive effect, 1 (constant o2g) where the electronegativity of the

substituent leads to a through-sigma-bond charge transfer to the probe.

(ii) the field effect, F (or) where the substituent dipole induces a dipote upon

the probe via through space interactions.*

(iii) the resonance effect R (on) where the substituent transfers electron

density via conjugation, hyperconjugation, or through a lone pair

interaction with the probe.

(iv) the polarizability effect, P (od where a charge or dipole on the probe can

be stabilized by inducing a dipole upon the substituent.

By appropriate use of the parameters op, 02¿, op and oo substituent induced

changes at the probe can be analyzed by deriving a multiple linear regression

correlation of the form eq.32.

/(oÐ = Lpioi+ C (32)

* 
The field effect is also refered to as the inductive effect in the literature and the corresponding
parameter is often written as o¡ but this should not be confused with the electronegative induclive
effect 2¿.
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The relative value of p¡ reflects the contribution of a particul ar effect F, y,

R or P to the nett effect of the substituent. This valu ê, pi, is likely not only to
vary with the nature of the probe, but also the position of the substituent (o, m,

p).

Inductive (1) and polarizability (P) effects are very distance dependant and

fall off dramatically after only a couple of bonds.1s8{0 Whilst these effects may be

relevant for ortho substituted benzenes, for the much more studied meta and,

pørø substituted benzenes p1 and po are usually considered to be negligible.

Hence eq. 32 becomes eq.32a,

/(op,d = pF oF + pp og + C ßZa)

This use of two substituent parameters in deriving a correlation is termed

a dual substituent parameter (DSp) analysis.1sO The ratio of pr,pn (pn/pr = ),)

reflects the relative contribution of field and resonance effects experienced by the

probe.

Several elegant DSP correlation studies on p-svbstituted
phenyltrimethylsilylacetylenes (PSAs) and p-substituted phenylacetylenes (pAs)

have been rePorted.161-3 The substituent effects were measured. as a function of

the change in 1H, 2l5i and 13C NMR chemical shifts (^õ) of the alkynyl unit
(probe). Where changes arising anisotropic or solvent effects are absent or

negligible the difference in chemical shift (Aô) at infinite ditution gives a precise

measure of the change in electron-density (Âq) for systems bearing different

substituents.

The l" values obtained from DSP analysis of p-substituted phenyltrimethyl-

silylacetylenes and phenylacetylenes are summarized in Fig. 10, in each case this

value for R = H and Si is approximately the same, in particutar l,B - 0.80.161-3

These 1, values are significantly higher than those at equivalent sites in styrene
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and are reflective of an increased contribution from F (the field effect) and a

decreased contribution from R (the resonance effect) in p-substituted
phenylacetylenes and and phenyltrimethylsilylacetylenes relative to their styrene

equivalen¡5.162-3

Figure 10

4

23

([
R

56

R=Hn î'p = o'79

kr = 0.20

l,H = 0.84, 0.81c

(0.s3)b

(0.21)

(0.5s)

R = SiMe¡u ÀU = 0.83

Lct = o'24

f,si = o'75

" Unless otherwise stated values are from ref.162.
b Values in parenthsis are for styrene.

" Value from ref.161.
d Valuer from ref. 163.

The field effect of the substituent upon the acetylene moiety is represented

by 42, a through space polarization of the acetylene results from the dipole of the

C-X bond. This dipole will also polarize the t-system of the phenyl ring as

depicted by 43. The polarization of the phenyl r-system leads in turn to the

polarization of the acetylene n-system. This latter, second ary type, effect as

shown by a3 is termed n-polariza1i6n.162-3
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ô*

+
8-

ôô*ô-
R

polarization:t>ð >õö

+ t

44b

43

R

44c

42

+ + ++

44d

The resonance effect of the substituent upon the acetylene unit is

represented by the resonance contributors 44a-d. There is other theoreticall64 and

physioche^i."1165 evidence to suggest a reduced contribution from 44d in PAs

relative to the equivalent in styrene. Consequently, for phenylacetylenes, the

resonance contribution of the substituent is localized on the phenyl ring leading

to an increase in contribution from 44b and 44c relative to the styrene

equivalents. Contributor 44c may accentuate n-polarization of the alkynyl unit

(43) or decrease it depending on whether the values op and op have the same or

opposite sign.162 The major contributor to perturbation of electron density in the

acetylene unit of substituted PAs and PSAs is thought to be F induced æ-

polarization 43.162-3

These previous studies have concentrated primarily on p-substituted PAs

and PSAs, different î" values could be expected for z-substituted and o-

substituted PAs & PSAs and may involve other substituent effects, although

some of the same principles with regard to mechanisms of transmission of effects

may still apply, e.g. æ-polarization.

In the study presented here a limited number of variously substituted

phenyl bromides have been coupled to trimethylsilylacetylene (TMSA) and

desilylated, the terminal acetylenes were then coupled to nucleoside triflates as

described in Chapter 4. In view of the limited number of aryl bromides used and

44a
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the variation in substituent location (ortho, meta or para) a precise correlation

study was not anticipated. However, a qualitative comparison of substituent

parameters (o-Hammett), NMR chemical shifts and reactivity data may increase

our understanding of observed trends in reactivity.

In particular, it was considered that a correlation between substituent o-

Hammett values and Âõ t3ç$ (and therefore the Âq at the C6 centre) of 5-

phenylalkynyl-2'-deoxyuridines with various substituents on the phenyl ring

may be of use in developing mechanism based inhibitors of enzymes that utilize

the C6 centre of uracil based nucleosides in cysteine-thiol Michael additions.

Thymidylate synthase is an example of such an enzyme, its significance as a

target in anticancer and antiviral chemotherapy is discussed in Chapter 1.

5.2

5.2.1

Results and Discussion

The Coupling of Trimethylsilylacetylene to Arylbromides.

The fluoro-substituted aryl bromides were coupled to

trimethylsilylacetylene in the presence of a catalytic amount of

bis(triphenylphosphine)palladium dichloride [Pd(PPhg)zClù and copper(I)iodide

in diisopropylamine (eq. 33). Reactions mixtures were initially stirred at room

temperature and monitored by g.l.c.. If no, or only a small amount of, coupled

product was observed after 16hrs reaction mixtures were heated to reflux. The

the reaction conditions for these couplings are summarized in Table 7. Also

included in this table are the Hammett-6o,rt,p values for each substituents, where

more than one substituent is present the oo,m,p values have been added directly.

The change in chemical shift values were obtained from eq. 34.

Me3Si--H,2 eq

PdCl2@Ph3)2, 27o

CuI, 5Vo

HN(CHMe2)2, solvent

Br SiMe3 (33)
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(z+¡

1

2

3
4

5
6

^ôCn(X) 
= ôC"(X) - õC"(H)

Where 
^õ 

Cn (X) is the change in chemical shift (Âõ) for a particular carbon

centre (Cn) of a certain substituted PSA. The values ô Cr. (X) and ô C" (H) are the

chemical shifts (ô) at a particular carbon (CJ for the substituted and unsubstituted

PSAs respectivily.

Table 7: Mildest Reaction Conditions for the Coupling of Substituted Aryl
Bromides with Trimethysilylacetylene (TMSA) eq. 33.

Entry Âqn (x1

c1

-836
+20
+ 439
+2M
-271
-425

All values from reference 154.
All values obtained from reference 166, value for entries 1 & 2 were calculated
assuming additivity (see text).
The oe (F) value was obtained from reference 167.
Changes in chemical shift Âõ are relative to unsubstituted PSA for which ô C1 = 123.13ppm,
Cc¿ = 105.12ppm and Cp = 94.06ppm. Relative assignment of C., and Cp chemical shifts was
based on the appearance of a satelite doublet for Cs arsing Iro^ 295i713C coupling.
Isolated.
Considerable amounts of homocoupled TMSA was also isolated.

For entries 2-6 there was quite a good correlation between the o value and

the rate of coupling. As discussed earlier (Chapter 3) oxidative addition of an aryl

halide is promoted in the presence of electron-withdrawing groups.

Transmetallation of the copper(I)trimethylsilylacetylide with the RPdClL2

complex is not likely to be very sensitive to aryl substituent effects.* Reductive

elimination is inhibited by electron-deficient groups. Thus the correlation

between the rates of coupling and o values suggests that oxidative addition is rate

determining. The slow rate of coupling for entry 1 (Table 7) rnay once more be

* 
Fol-a description of the mechanism in the presence of a catalytic amount of copper(I)iodide and
PdII(PPh3)2C12 see Chapter 4 Scheme 20.

a

b

c

d

e

f

+1,6.1,4

+ 5.66
+ 3.64
+ 4.06
+ 0.80

- 3.93

-18.21
- 3.60

- 2.7r

- 7.69

- t.76
+ 0.02

-22.94
+ 2.28

+ 2.77
+ 3.88

- 6.63

- 7.97

g4,t

98

95

97

97
87

u
20

20
20

u
u1.5

5

16
16

1

1.51.90c
0.86
0.68
0.54
0.06

4.27

F5
3,5{F3
3,5-F
4{F3
4-F
4-OMe

^ô 
(PSA) d

Cpc1

Yield %eReaction Conditions

Temp ('C)Time (hr)

oax



u
exPlained in terms of a slow, rate determining, reductive elimination step of the

highly electron deficient pentafluorophenyl group.

A good correlation also exists between the o value and the values Âô 13Cq

& t'Cp. A positive o value gives a positive Aô l3cp and a negative 
^ô 

13Co,

reflecting a nett polarization of the electron density of the alkynyl unit towards

the ring, the reverse is true for negative o values. In the DSP analysis of p-

substituents it was shown that the effect was commuted primarily through the æ-

system of the aromatic ring in the form of a rc-polarization sffsç¡.162-3

The relative contribution of the n-polarization effect to the polarization of

electrons in the acetylene should be directly related to the charge density of the æ-

system a¡Ç1.762 For this reason the change in n charge densities at C1 (Âqæ C1, q =

l. = L unit of charge) are also given in Table 7. These values were obtained from

CNDO/2 molecular orbital calculations performed by Brownlee and Taft166 lor

mono and disubstituted benzenes. For entries 3{ these values were obtained

directly from the results reported for the individual molecular orbital

calculations. However in the case of entries 1 and 2 the values were determined

by assuming additivity of substituent effects upon the Âqæ C1, as the individual

calculations were not performed by Brownlee and Taft. This additivity was tested

by comparing the values obtained from eq. 35 where the appropriate values of

two monofluorobenzenes are added together to give a difluorobenz,ene. The

values obtained from the separate molecular orbital calculation of Brownlee and

Taft are given below those from eq. 35.

The values obtained from eq. 35 approximate very well those from the

separate CNDO/2 molecular orbital calculation with a largest deviation of only

7.67o. Presumably then the Aqæ and Âqo values for the pentafluorophenyl group

and the 3,5 CF3 phenyl group (which were not represented in Brownlee and Taft's

work) can be obtained using similar additions. The Aqæ Cl values only roughly
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correlate with 
^ô 

13C1 value because the Âqo C1 values have not been taken into

consideration, i.e. the change in chemical shift is going to reflect total (o + æ)

electron density changes.

F F
+222(+52)

-271(+r4t) -492(-19)

+1 992(+330)

F

-767(+60)

1444(+42)
c1

-770(+59)

+439(+42)

c1

+1982)

-992(-100)+

S eparate molecula¡ orbi al
calculation

F

(3s)
F

+543(+20o4)

-1004(-100)

F

Other than entry L, which is discussed below, the largest Âqæ C1 value

occurs for entry 3 (Table 7) indicating that in this case fi-polarization may be a

major contributor to polarization of the alkynyl group. In entry 4 a smaller Âqæ

C1 exists but the degree of total polarization of the alkyne is similar, perhaps

reflecting an increase in through space contribution from the field effect for this

PSA. The reduction in n-polarization and increase in through space contribution

appears even more pronounced in entry 2 (Table 7) where there is only a small

Âqæ C1 yet a large polarization of the alkyne. In the case of entries 5 and 6

positive F induced æ-polarization may occur but may be being countered by

resonance effects, to varying degrees in each case, as each has a negative op value

but a positive op value (X = OMel o¡¡ = -0.41.,oF = + 0.26. X= F: oR = - 0.35, oÈ = +

0.52¡.tso

Once more the pentafluorophenyl group, entry 1 (Tabte 7) proves to be the

anomaly. This time bearing an enormous æ-electron density at C1 yet

experiencing by far the greatest polarization of electron density towa¡ds the ring.

In order to resolve this anomaly both the Âqæ antl the Âqo of all the phenyl

carbons of the pentafluorophenyl group were calculated in a similar manner as
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C-a¡bon (C¡ Fs)

described for the 3,S-difluorophenyl group (eq. 35) and in each case the Âqrotal

determined (Table 8).

Table 8: Changes in Electron Density and 13C Chemical Shift at All Ca¡bons
of Pentafluorobenzene Relative to Benzene

^ô/^q

320.8
66.4
64.3
87.5

All values calculated from eq. 35 using Âqn and ô values from reference'1.66.

The large negative value for Aqtotal CI is consistent with the large upfield

chemical shift observed for this carbon in the 13C NMR spectrum of the

pentafluoro-PSA relative to the unsubstituted PSA, as are the large positive

values for Âqtota1C2-4 where 
^õ 

C2-4 of the pentafluoro-PSA are all large and

positive. It should be noted that the Àô/Âq value for a carbon on a benzene ring

should be constant and -200762'76&9 for where the carbon centre under attention is

remote (> 3 bonds) from the substituent. In the case of the pentafluoro-PA C1-4

are either 7 or 2 bonds from a fluoro group, consequently anisotropic effects a¡e

likely to be significant and may account for variations of Âõ/Àg from 200.

Whilst the Aqrotal Cl for the pentafluorophenyl group is quite large and

negative this is more then countered by the enormity of the positive Âqtotal

values for C2-4 resulting in an overall extremely electron deficient phenyl

group. Any æ-polarization between C1 of the phenyl group and the alkynyl

group which may give rise to polarization of the alkyne away from the ring is

more than compensated for by the through space field effects (F) of the other

positions on the phenyl group. Through-sigma inductive effect (I) are untikely

to be significant inview of the small negative Áqo CL value obtained.

c1
c2,6
c3,5
c4

- 28.13
+ 73.2
+ 7.7
+ 1,3.79

- 877
+ 1986
+7799
+7575

41,

+7997
+7920
+ 1810

- 836
5

-723
-235

Âô ppm

Total (r¡ + o)

lq (xt04)a

lt
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The excess electron density at C1 of the pentafluorophenyl group must be

held very tightly to the phenyl ring since this phenyl group is known to be

deactivated towards electrophilic attack. This ability to hold electron density at

this centre helps explain the order of reactivity observed by Deacon ,, o¡.t08 (see

Chapter 3) for the facile transmetallation of para substituted perfluorostannanes

(X = F > OMe > H) via transition state (VI). Thus, the formation of a negative

charge on the sp2 orbital of Cl is either stabilized via the through space effects of

the powerfully electron-withdrawing fluoro substituents.

+FF

FF

6]Rrrt-zct
,t

':{ .,cl
'SnMeg

(VI)

Presumably the methoxy group behaves in a similar manner as the fluoro

group but with reduced inductive and increased donor capacity. The donor

capacity of the fluoride and the methoxy groups increase the æ-electron density at

Cl but their inductive capacity immobilizes it to transfer to the platinium and is

also able to stabilize formation of negative charge in the o-system. The ability of

the pentafluorophenyl group to stabilize a negative charge on the sp2 orbital at Cl

has also been reflected in the addition of trimethylsilylpentafluorophenyl groups

to non-enolizable carbonyls in the presence of catalytic amounts of potassium

cyanide (eq.36tzo).

PhCOCH3 + KCN(cat.)

2VC

K+ + NCSiMe3

L2 = diene

/ PhcocH3 , -KCN

SiMe3 (36)

h

F
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5.2.2 Desilylation of Phenyltrime thylsilylacetylenes

The desilylation of all PSAs was readily achieved using a catalytic amount'.>'l i'' r,,,. I' ' of potassium hydroxide (0.05mol%o) in methanol (eq. 37). Though care had to be

taken in the isolation of these relatively volatile products (see Experimentat), al)

were isolated in high yield. All reactions were carried out at room temperatuíá

and monitored every 1.5 minutes by g.l.c. for the first hour and every half hour

thereafter. If no or very little reaction was observed after 2.5 hours the

concentration of base was increased (from 0.05 to 1mol7o). The rates of

desilylation are correlated, qualitatively, with substituent constants (o) the Âô of

the silyl group (2esi NMR) and of the acetylenic proton (lH NMR), Table 9.

As with oxidative addition, the rate of desilylation was reflected in the

corresponding o values and with the Aô 2eSi of the starting material and 
^õ 

1H

(acetylenic) of the product. In this case the pentafluoro-PSA (entry 1, Table 9)

shows the high rate of reaction anticipated for the PSA bearing the most electron-

withdrawing phenyl group.

SiMeg
KOH (cat) (37)H
MeOH

Table 9: Mildest Reaction Co ditions for the Desilyation of Substituted
PSAs (eq.37).

Entry Áõ ppm

2esi (ps¡,) 1H(acetylenic, PA)

1.

2.

3.
4.
5.
6.

+ 0.52
+ 0.27
+ 0.07
+ 0.12
- 0.05
- 0.08

a

b
See Table 7 notes a and d.
The Âô values are relative to X = H, the ô value for X = H are : 6 295¡ = -12.13ppm, õ 1H
(acetylenic) = 3.08ppm.

+ 2.35

+ 0.83

+ 0.19
+ 0.18
- 0.01
- 1.03

86

95
93
95
90
96

0.05

0.05
0.05
0.05
1.00
1.00

< 0.5

0.75
1.5
1.5
2

3

1.90c

0.86
0.68
0.54
0.06

-0.27

F5

3,5-CF3
3,5-F
4{F3
4-F
4-OMe

Yield VoReaction Conditions

KOH equiv.(mol%)Time (hr

oaX
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In order to obtain a better appreciation of the rate of desilylation for the

pentafluoro-PSA the number of base equivalent was reduced to 0.02mol7o and

the reaction monitored every 5 minutes. It was apparent, however, that the

reaction had terminated in less than 20 minutes at only ninety percent

completion. Further addition of a small amount of base allowed the reaction to

continue to completion. It was concluded from this observation that competing

with the desilylation reaction was the slower consumption of base by

nucleophilic substitution of an aryl fluoride. It has been recently reported that di-

pentafluorophenyl-butadiyne 45 readily undergoes nucleophilic substitution

with methoxide in methanot (eg. 38171).

KOH(cat)
(38)Me

F

MeOH

2

In view of this competing reaction an accurate determination of the rate of

desilylation for pentafluoro-PSA would not be possible. Certainly this must be a

very fast reaction in order to go to completion in such a relatively short time

when the base concentration is continually falling from an alread.y initial low

concentration.

5.2.3 13C NMR Data and Potential Activity of Substituted FPhenylethynyl-2'-

deoxyuridines.

The coupling of substituted PAs to 5-trifloxy-2'-deoxyuridine 8 & 14 was

discussed in Chapter 4. In general, an increase in rate was observed with

increasing electron-deficiency of the PAs, this was attributed to the rate

determining step of the reaction being the formation of the copper acetylide or

the rate of transmetallation. However, for the most electron-deficient PAs,

oxidative addition of the nucleoside triflate to the palladium(O) catalyst appears

to become, to some extent, the rate determining process, as demonstrated by the

F F
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difference in the rates of coupling of the S-trifloxyl and S-iodouridines with 3,5-

difluorophenylacetylene (Chapter 4).

Mertes ,¡ a1.772 have previously conducted a correlation study of S-phenyl-

2'-deoxyuridines 46 where the o values of the p-substituents (X) on the phenyl

ring were correlated with the change in chemical shift (^õ lH & Aõ 13C) for the

various centres on the 2,4-dioxopyrimidine base ring.

o

46
I

2'-deoxyribose

Significant changes in the chemical shift were only observed at the C5 &

C6 centres. The remote nature of the substituent (X) relative to C5 & C6 ensures

that primarily electronic effects are responsible for changes in chemical shifts and

the co-planarity of the two rings facilitates transmission of substituen¡ 
"6¡"s¡s.172

Consequently good correlations between Âô and o-Hammett values were

obtained. The effect of a positive o value was to give a positive 
^ô 

13C6 and a

negative 
^ô 

13C5 (a decrease and increase in electron density respectively) the

opposite was true of negative o values.

In view of the biological signifibance of 5-alkynyl-2'-deoxyu¡idines it was

considered of interest to investigate the effect of incorporating an alkynyl group

between the phenyl and Z,4-dioxopyrimidine rings and any correlation of the

change in 13C chemical shifts and o-Hammett values. For this purpose the Aô

13C1, Cs, Cp, C5, C6 of 4l have been correlated with the o values of the various

substituents (X) (Table 10). Again it was anticipated that Aõ reflects a change in

electron-density (Âq) via an inverse relationship.

X

H-..
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Table 10: The Changes in 13C Chemicat Shift of Substituted 5-
Phenylalkynyl-2'-deoxuridines 4L at C1, Cq, Cp, C5 and C6.

cc

4T

Entry
^ôc6,/ ^ôcp

0.14
0.34
0.54
0.43

See Table 8 notes a and d .

Actual chemical shift values are given.

The effect of an acetylene unit between the phenyl and 2,4-

dioxopyrimidine ring has been to effectively halve the substituent effect upon Âô

at the C6 centre, i.e. ÅolÂð 13C6 (46) = 3.1 and ¡olÂõ 13C6 (41) = 1..6. Since Aõ 13C6

is directly proportional to Âq C6 the effect of a substituent upon the electron

density C6 centre is also halved. Also the ô 13C6 (X = H) f.or 46 = 737.9 ppm where

as that for 419 ='1,42.7 PPm, this difference reflecting not only electronic effects but

also anisotropic Flowever, this last observatÌon does seem to indicate that the PA

series is perhaps on the whole more electron withdrawing than the phenyl

series. This is also supported by the larger o-Hammett value associated with a

phenylalkynyl group than a phenyl group (op = 0.16 and {.01 respectively).

As anticipated the pentafluorophenyl group of 471gly"r, 
Tiru, 

to the largest
t",

Aô 13C6 and hence the most electron deficient C6 centre, butrnot as large as may

have been expected. The communication of the ,rr¡rtitrr"nt effects from the

alkyne to the C5-C6 double bond for 41f does not appear to have been as efficient

o
q

c5

c6

1.

2.
3.
4.
5.
5.b
7.

a

b

+ 1.81

+ 7.32

+ 7.M
+ 1.28

+ 0.60
142.65
- 0.03

- 1.43

- 1.35
- 0.27
+ 0.25
+ 0.88
98.23

+ 1.04

+72.63
+ 3.13
+ 2.65
+ 2.97
- 0.02
80.80
- 7.42

-76.33

- 3.36
- 7.57
- 0.43

+ 0.02

91.33
+ 0.8

-22.86
+2.53
+ 3.40
+ 4.63
- 3.76

727.87
- 7.55

+1.80
+0.86
+0.68
+0.54
+0.06

0.00
-0.27

F5
3,5-CF3
3,5-F
4-CF3
4-F
H
4ÐMe

r
b
c
d
e

g
h

oaX

Ccrl.pl.rl..
Âô (ppm)

C1

4T
Compound
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as it has been in the other fluorinated compounds 41b-d. A measure of the

efficiency by which the substituent effect is communicated from the alkynyl bond

is given by Aõ 13C6/^ô trCp , the greater this ratio the more efficient the transfer of

the effect. This ratio has been calculated in the case of entries 1,-4. An

explanation of this difference in ability to transfer the substituent effects has been

developed from consideration of the way in which the electron density of the æ-

orbitals of the alkynyl bond are being perturbed. Although much consideration

has been given to the nett effect of different substituents upon an alkynyl

group,161-4,173 no discussion of the effects of different substituents upon the

individual n-systems of an alkyne has been attempted.

In the ground state the orthogonal rc-systems of an alkyne are considered

to overlap forming a single cylindrical cloud of electrons, which gives rise to a

ring current and a magnetic field along the length of the triple bond.174 It may be

tempting then to consider that polarization of the alkyne occurs as a single

homogeneous cloud of four electrons in the same direction, even when only one

of the æ-systems is being exposed to the effect, such as in æ-polarization of PAs.

We can perhaps consider an alkyne to be analogous to benzene, where again a

single circular cloud of electrons results from n-overlap of all æ-systems. In the

case of benzene exposure of one of the n-systems to a strong polarizing effect does

not lead to a general shift of the entire "fi-cloud" to one end of the benzene ring

as depictedby a7 but the polarization of alternate double bonds 48.762'766

Eô

X +
ô

+

+
ôô

45

X
+
õ

+
ô

+
6

ôõ

47
õô

48
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A similar scenario could be envisaged for triple bonds where in the case of

æ-polarization of a PA, polarization of the double bond in conjugation with the

phenyl ring may lead to a smaller polarization of the orthogonal double bond in

the opposite direction in an attempt to maintain overlap at each carbon 49.

Where only the field effect is operating both æ-systems should experience a

similar effect 50.

ô*
+

ô-ô*ô*t

Xôô Eô'

æ-polarization 49

ô* ô

X = electron-withdrawing group.
Forsamenettpolarization: T

4;

X

Through- space polarization 50

+

s0

The C5-C6 double bond of the Z,4-dioxopyrimidine ring can only overlap

with one æ-system of the alkyne at a time. In that the phenyl group prefers to be

co-planar, rather than orthogonal, to the uracil ring the C5-C6 double bond will
experience a larger effect from 49 than from 50 for the same effect on the alkyne.

The coplanar arrangement would be expected to be of lower energy than the

orthogonal one in view of the extended conjugation in the former.

The descending order for the relative contribution'from the n-potarization

effect for electron withdrawing groups has already been established (n-

polarization, X = 3,5-F2 > 4-CF3 > 3,5-CF3 >> Fs) (see above, this chapter), based on

the above hypothesis the relative contribution of 49 over 50 should follow the

same order, and so then should the efficiency of transfer of effects (Âô taç6 / Âô

t¡Cp). As can be seen from Table 10 the descend,ing order of Âõ 13C6 / Aô 13Cp does

match that for n-polarization (Âõ 13C6 / 
^õ 

13CB & X = 3þ-Fz > 4{F3 >3,5>CF3 >>

Fs).
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Thus, it has been demonstrated that an increase in n-polarization relative

to through space polarization leads to an increase in efficiency of transfer of

substituent effect Cp to C6. This has been explained by postulating 49 for æ-

polarization and 50 for through space polarization and assuming a preference for

co-planarity of the two rings. Flowever, this correlation between r-polaization

and the transfer of substituent effects Cp to C6 may be simply fortuitous. None-

the-less, the idea of using an alkene as a probe for detecting different effects in

each of the orthogonal æ-systems of substituted PAs is quite attractive. This could

perhaps be best achieved using rotationally rigid eneynephenyl derivatives as

outlined in Scheme21., where the attachment sites at the phenyl ring ortho to the

alkyne are as neutral, in terms of substituent effects, as possible whether bound

or unbounded to the olefin (e.g. -CH2- and -CFfe). By appropriate use of

substituents (X) significant æ-polarization of the aryl group and hence the alkyne

could be achieved. Differences in the 13C NMR chemical shift between the olefin

in 51 as compared to 52 couldbe used to investigate the postulate 49.

In Chapter 4 it was noted that the presence of electron-withdrawing groups

on the aromatic ring increased the level of cyclization of coupled product and

that donors reduced it. Yet in the case of the C5 pentafluorophenyl group

cyclization was completely inhibited even under the harsher reaction conditions

required in order to achieve coupling. These observations could possibly be

explained using the above descriptions of alkyne polarization'49 and 50.



Scheme 21

X

Co-planar Orthogonal

In the cyclization process the C4 carbonyl lone pair is correctly positioned

for attack upon the æ-system of the acetylene orthogonal to the plane of the 2,4-

dioxopyrimidine ring, where an angle of incidence of approximately L20o is

required 53.17s The cyclization process is catalysed in the presence of copper(I) so

that the æ-system undergoing attack is complexed to the copper(I) prior to attack.

95

PhX

dol

53; X = electron-withdrawing group

ôôt for æ-polarization,
(õt) for through space polarization.

The preference for co-planarity of the two rings may be increased as a

result of æ-complexation of the orthogonal n-system in view of the reduction in

æ-bond character complexation is likely to cause. A dominant contribution from

æ-polarization of the alkyne in 53 polarizes the æ-system under attack in the

X

Br

X

ôõ-

G') 'Cu*
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correct direction for cyclization, though the major contribution to the

electrophilicity of this double bond is likely to come from copper complexation.

The major influence that electron-withdrawing groups may have on the rate of

cyclization is in their polarization of the uncomplexed æ-system, leading to an

increase in electron-density at C6¿ which may stabilize the insipient positive

charge that develops on this carbon during the cyclization process.

The level of polarization of the alkyne in 41f is much greater than for any

of the other 5-phenylethynyl-2'-deoxuridines and is likely to have equal

contributions from each æ-system of the triple bond 50. Presumably the enormity

of electron density at Cs for the n-system under nucleophilic attack inhibits

cyclization even in the presence of copper(I) complexation. Steric factors are not

likely to be important since the angle of incidence of the oxygen is so large (-120")

and the fluorine atom is so small. In the case of 4LÍ it is the enormity of the

polarization, not just the fact that it operates on both æ-systems 50, that is likely

inhibit cyclization. Other alkynyl nucleosides may be polarized solely in the

manner described by 50 and still show promoted ryclization, so long as copper(I)

complexation is able to induce sufficient positive charge at Cs.

What is implicit in the above rationalization is that for the same level of

polarization of the triple bond the rate of cyc\zation should be increased with

increasing contribution from 49 relative to 50. Based on Aô r3Ccr & t3Gp values

(Table 10) 41b-d all have similar levels of nett polarization of the triple bond. An

increased contribution from 49 is expected with increase 7r-polarization, the

relative contribution from n-polarization for entries 2-4 )i.as been determined to

be X = 3,5-F2 > 4-CF3 > 3,5-CF3 it is perhaps then more than coincidence that the

amount of cyclized product isolated (Table 4 entries 2-4) is also in the order X =

3,5-Fz- > 4-CF3 > 3,5{F3.
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To date the nucleoside analogues 8 & 41b-f have been screened as potential

anti-HIV agents and anticancer agents, in each case the analogues were inactive

and on the whole non-toxic towards cells.* It still remains for these analogues to

be tested as antiherpetics, that is as anti-HSV 1 & 2 agents, for which they have

been most specifically designed.

The inactivity of these analogues as anti-HIV agents is not too surprising

in view of the proposed mechanism of inhibition of HIV by nucleoside

analogues as outlined previously (Chapter 1). The mode of action of most anti-

HIV nucleoside analogues involves phosphorylation of the S'-hydroxyl

group.15,r Nucleosides substituted with sizeable groups in the S-position of the

pyrimidine ring are unlikely to undergo phosphorylation by cellular kinases4T

and since HIV does not induce its own kinase, nucleoside derivatives 41b-f

would not be expected to be phosphorylated in the cell and therefore cannot

participate in the normal routes of inhibition of HIV. Phosphorylation must be

achieved within the cell as nucleoside S'-phosphates do not normally cross cell

membranes very effectively. Furthermore nucleoside analogues which show

significant activity against HIV invariably have a C3' centre modified by

substitution or deoxygenation.l,S

Uridine analogues substituted at the C5 position are often used as

anticancer agents, where it is considered that they may act as inhibitors of cellular

DNA polymerase or thymidylate synthase or via some other mechanism

(Chapter 1). In order for nucleoside analogues to act as inhibitors of either DNA

polymerase or thymidylate synthase they are required to undergo intial

phosphorylation of the S'-hydroxyl. Where the C5 substituent is small (e.g.

fluoro group) cellular kinases may phosphorylate the nucleoside, whereas in the

case of large C5 substituents monophosphorylation can be achieved by viral

thymidine kinase. A number of cancers have been shown to be virally induced

. 
See Appendix at the rear of thesis.



98

and some induce the manufacture of viral thymidine kinase within the cell (Tf+

cell lines). Some of the most relevant cancer cell lines such as murine leukemia

(L1,21.0), human B-cell lymphoblast (Raji) and T-cell lymphoblasts (Molt/aF)

which might be expected to display this type of behaviour were not used in the

standard NIH scree.i^g.

In order for a nucleoside analogue to act most effectively as an

antiviral/anticancer agent via mechanism based inhibition of thymidylate

synthase a number of criteria need to be met. These are listed below and in each

case the relevance of this criterion is defined and the nucleoside analogues 41b-f

that best meets this criterion is discussed:

(i) Lipophilicity; so that the nucleoside analogue can cross the cell membrane.

41f has the highest Rr by t.l.c., polyfluoro compounds are usually quite

lipophilic.

(ii) Selectivity; inhibits thymidylate synthase of infected cells only. All

nucleoside analogues 4Lb-f can only be phosphorylated in infected cells

where viral thymidine kinase is present (TK+ cells).42 Phosphorylation is a

prerequisite in thymidylate synthase inhibiti6n.43,44

(iii) Stability; antiviral agent is not readily metabolized. This factor remains to

be determined.

(iv) Enzyme affinity; propensity of the substrate to enter the enzymes active site.

Thymidylate synthase shows a high affinity towards C5 substituted 2'-

deoxyuridylates even when the substituent is quite large.tze A lipophilic

substituent may aid entry into the active site by virtue of a "greasy hole"

effect. Thus all analogues 41b-f meet this criterion 41f may have an

advantage as the substituent is relatively small and lipophilic.

(v) Enhanced electrophilicity; mechanism based inhibition of thymidylate

synthase requires initial cysteine thiol Michael addition to the C6 centre of

the nucleoside (Scheme 22) reducing electron density at this centre may
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increase rate of inhibition.4s'ß-s0 Analogue 41f is the most electron deficient

at the C6 centre.

(vi) Potential for the formation of a reactive intermediate; enzyme inhibition is

best effected il upon thiol addition, a reactive intermediate is formed that is

capable of giving a covalent, irreversibly bound, enzyme/substrate complex.

In the case of S-alkynyl-2'-deoxyuridylates it has been proposed that this

intermediate is a transient allene (Chapter 1) which undergoes a second

Michael addition by the enzyme with concomitant elimination of the C6

thiol, this process will leave the enzyme covalently bound to the C5-

substitue¡¡¡.47'4e The large positive o value of 41f suggests an ability to

stabilize the formation of a negative charge resulting from thiol addition 54

(Scheme 22), thus increasing the rate of addition (kr) and decreasing the rate

of elimination (k-r). Protonation Þf 54 gives the transient allene 55 which

undergoes the second Michael addition to give the covalently bound

enzyme substrate complex 56.

On the basis of the above criteria 411 appears to be the most likely

candidate to act as a mechanism based inhibitor of thymidylate synthase.

Fortunately this nucleoside analogue is also one of the most accessible as it can be

formed by direct coupling of the pentafluoro-PA to the C5-trifloxyl nucleoside

without prior protection of the sugar ring and without formation of cyclized by-

products.

Apart from testing the S-alkynyl pyrimidine nucleosides prepared here as

anti-HSV 1&2 agents in celI cultures, future work may also entail a study of the

corresponding monophosphates as inhibitors of pure thymidylate synthase in

the presence of the co-factor 5,1.O-methylene tetrahydrofolic acid, in a similar

manner as that previously described.aT
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Mertes et al.1'76 have described an attempt to observe an irreversible

Michael addition to the C6 centre of the 5-dimethylquinone-2'-deoxyuridine 57

using methyl thioglycolate (Scheme 23). This thiol has a similar pKa value (8.0)

to the active-site of thymidylate synthase. Instead of obtaining the C6 thiol

adduct 58 which could then aromatíze via intramolecular proton shift to give

the irreversibly bound enzyme/substrate complex 59 (pathway 1) they obtained

addition to the quinone followed by aromatization (pathway 2).

H
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Although the intermediacy of an allene has been proposed in the

inhibition of thymidylate synthase there is no evidence that an allene does form

or even that the enzyme binds to the C5-substituent of the nucleoside. Indirect

evidence for the possibility of such a mechanism could be obtained by

appropriate use of thiols in a similar manner to that described by Mertes e¡ q1.776

above. In this case the geminal dithiol 60 (Scheme 24) could be used, where the

pKa of the dithiol is determined by the nature of the group X. Initiat Michael

addition is followed by proton transfer from the other thiol to give the allene 61

which is then attacked by the thioxide anion to give the irreversibly bound

alkenylthiol-ether 62.

It is perhaps also worth considering the viability of the C5-trifloxy-2'-

deoxyuridine derivative 8 itsetf as an inhibitor of thymidylate synthase (Scheme

25). Cysteine thiol Michael addition to the C6 centre of 8 followed by either C5

protonation or addition to the co-factor (i.e. R' = FI+ or Ns,Nlo-methylene

tetrahydrofolic acid) gives an intermediate capable of eliminating triftic acid and
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leaving the enzyme, the nucleoside and perhaps the tetrahydrofolic acid bound

covalently as either a ternary or binary complex 63.

Scheme 24
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Chapter 6

The Palladium/Copper-Catalysed Homocoupling of Terminal Alkynes

6.1 Introduction

The head to head, oxidative coupling of terminal alkynes to give 1,3-

butadiynes or polynes is a very important synthetic procedu¡¿.777-e The method

reported blr Glasg¡tao and subsequently modified by others,17\-e involves the

bubbling of air or oxygen through a solution of alkyne and catalytic amounts of

copper(I) chloride and ammonium chloride, eq. 39.
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(3e)

(3ga)

(3eb)

R-C{H + 0.5 Oz + (CuCl + NFIaCI)c¿1. -) R(C{)zR + H2O

R{{H + Cutr _+ R(C{)zR + 2FI+ + 2 Cur

Cr-rl + 0.5 Oz + 2H+ -) Cutr + HzO

Copper(tr) is the actual oxidant in the homocoupling process, the oxygen

merely serves to regenerate the catalyst (eq. 39a and 39b respectively).tzz The

stoichiometric use of copper(Il) acetate allows for the coupling of alkynes in the

absence of oxygen.tz Since copper(Il) is such a mild oxidant the coupling can be

achieved in the presence of almost any functional group. Other methods,

although somewhat less direct, involving different organometallic derivatives

have also been reported.lz

In Chapter 4 the homocoupling of PAs bearing electron-withdrawing

groups proved quite a nuisance in that it competed with the cross-coupling of

these PAs to C5-trifloxy-2'-deoxuridines 8 and 14. A similar homocoupled by-

product was also observed during the coupling of pentafluorophenylbromide to

trimethyls ilylacetylene.
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In order to better understand the source of this homocoupled product it

was decided that this process should be studied in isolation. This study was not

undertaken with the aim of developing a new method for the oxidative coupling

of alkynes but merely to determine the requirements of this side reaction with

respect to the other reagents present in the cross-coupling reactions.

6.2 Results and Discussion

As with cross-coupling reactions all reactions studied here were carried out

under high purity nitrogen in deoxygenated solvent.* A series of reactions were

carried out in the same solvent and at the same temperature as used for the

cross-coupling of 3,5-difluoro-PA with 14 (entry 7, Tab 4), but with only the

terminal alkyne present and no 14. The results from this study are summarized

in Table lL entries 1-5.

As can be seen from Table 11 homocoupling of the PA was only readily

achieved when all three reagents namely palladium, copper and base \Mere

present. Although a trace amount of product was observed by t.l.c. for entry 3

only in the case of entry 4, where a deep red/brown solution was observed, was

homocoupling readily achieved. In cross-coupling reactions this intense

red/brown colour was only observed for reactions where homocoupling was

competitive, other reaction mixtures remained only slightly yellow. It should be

noted that most cross-coupling reactions turned black, after or near complete

consumption of the nucleoside triflate 8 or 14.

* 
N2(g), pretreated with "MnO' was bubbled through the solvent for 10 minutes.



e

1

2

3

4

5

6

7

8

Table 11: Flomocoupling of Terminal Alkynes

Enury Yleld Vo b,c

0

0
*

99

82

54h

9t
22

a Entries 16 were ca¡ried out in DMF.
b Isolated yields, except for * - small amount of product detected by t.l.c. only.
c For entries 5 and 6 reactions were not monitored by g.l.c.as solvent (DMF) peak

obscured the sarting material peak.
d Enry 7: pentafluorobromobenzene 80 molTo was also present.
e Reaction mixtu¡e was inirially heated at 50oC for 4 hours but no product could be

detected by t.l.c., temperature was increased to 84oC for 16 hours. Consumption
of TMSA could not be monitored.

f Same result was obtained using @Ph3þPdCDQmol7o).
g # - Diisopropylamine as solvent.
h Some terminal alkyne still detecøble by t.l.c..

The homocoupling reaction is not restricted to activated alkynes as shown

by entry 5, Table 11 which demonstrates that in the absence of the nucleoside

triflate unactivated PAs can also undergo homocoupling. Entry 6, Table 1L

demonstrates that whilst homocoupling can be achieved in the presence of only

a catalytic amount of base, the lower base concentration leads to a lower rate of

reaction (this reaction mixture was dark green in colour). Unlike the Glaser-type

couplings which involve stoichiometric amounts of oxidant, this homocoupling

process which is catalytic in all reagents other than the alkyne must involve the

formation of molecular hydrogen (eq. 40).
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(40)
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0
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#
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tl I I

[Pd@Ph3)a, CuI, Et¡N,] cat-

R-R +Hz(g)
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Nelson ¿f sltar reported in 1974 that pd(pphg)¿ reacts with terminal alkynes

to yield stable trans-bisacetylidepalladium(Il) complexes [(PPha)zPd(C{R)z]. No

reductive elimination of a homocoupled product was observed. A mechanism

for the formation of a (PPhg)zPd(C=CR)z complex was proposed as outlined in

(Scheme 26). The oxidative addition of terminal alkynes to PdoL2 is perhaps

favoured in the presence of electron-withdrawing groups as with aryl and

alkenyl halides (see Chapter 5, Oxidatíue Addition). Thus, in the case of entries 2

and 3 of Table 1.1 a bisacetylide complex should form, which is perhaps evidenced

by the formation of a trace amount of homocoupled product in the case of entry

3. Assuming that the bisacetylide complex does form in the absence of base, as in

Nelsons work, the formation of the trace amount of homocoupled material in

entry 3 but not 2 (Table 11) may be due to a promotion of reductive elimination

by the base.

Pd(PPh3)4

Scheme 26

-(PPh3)2
Pd(PPh3)2

R-H

R:-PdH(PPh3)2

\PPh.

-H2

It is known that to achieve reductive elimination from palladium

complexes that the two groups to be eliminated must be cis to each other (see

Chapter 3, Reductiae Elimination). Isomerization of the intially formed trans

complex 64 to the cis complex 65 (eq. 41) would be a disfavoured process as it

places the two large triphenylphosphine ligands c¡s to each other increasing steric

interactions.
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R

Associative rearr¿ngemen t
+PPh3, -PPh3

ÞH
+ Et3N

Ph3P
¡

707

(41)

The requirement for a cis arrangement would be met should the two

triphenylphosphine groups of the presumed bisacetylide complex be replaced

with two more acetylides to form the tetrakisacetylidepalladium(Il) anionic

complex 66. (eq. 42). Reductive elimination from this complex would give a

bisacetylidepalladium(O) anionic complex 67 (eq. 43). This complex may then

undergo oxidative addition of another terminal alkyne to give 68 (eq. 44), where

electron-donating groups (acetylide anions) on the palladium promote the

oxidative addition (see Chapter 5, Oxidatioe Addition).

R R

ilr

Pdl

'llR

tl 

-

PhsP- 3 'L* 2x HÌ.rEt3 Øz)

66
R

64

RR
)66

67

t
R-Pdo-+R

67

(43)

ñ:n

R

R+P6ll
È
_H (M)

68

or

2 x PPh3, HNE[3

67 Pd"(PPh3)z +2 xR-H
+ 2xNEt3

(45)

Alternatively it may undergo ligand substitutiotr to give Pd'(PPhg)2, in

either case the catalytic cycle is perpetuated. The proposed formation of the

R
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tetrakisacetylide complex is possible since the known tetrakisacetylideplatinium

anionic complex 69 has been isolated and characterized.ls2

PhX

Cu PhX

R 2xNBua

PhX

Cu PhX

PhX

M=Pd,70
Pt, 71

The role then of the copper(I)iodide in dramatically enhancing the rate of

homocoupling may be due to the formation of a slightly different complex such

as the hexanuclear cluster 70. Analogous platinium cluster 71 has recently been

isolated.le These platinium complexes were described as dark garnet crystals

which may explain the intense red/brown colouration of reaction mixtures

involving rapid homocoupling in this work.

The palladium/copper cluster 70 may be the catalyst involved in all steps.

It may assist in more than just easy access to cis substituted isomers, as electron

transfers between copper and palladium may provide for low energy pathways

between the different oxidation states. The homocoupling of arylcopper(I)

compounds to give a biaryls and free copper(0) has been related to the existence of

preformed arylcopper(I) clusters.r2s

The dependance of this process on the electron-deficiency of the alkyne

and the concentration of base are consistent with the involvement of a copper
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acetylide species whose formation is promoted in the presence of electron-

withdrawing groups and at higher base concentrations.

Similar formation of homocoupled alkynes has been observed upon

attempted palladium assisted cross couplings of organic halides with

stoichiometric amounts of preformed copper(I) acetylides. In the absence of

oxygen this would necessitate the nett reduction of CuI to Cuo. Conceivably this

process need not involve palladium, however, attempted cross coupling of MeI

and Ph-C=C-Cu in the presence a catalytic amount of Pd(PPhs)a gave (Ph-C=C)z

(54%) and Ph-C=C-Me (46Vo), whereas in the absence of palladium neither

product was obtained even under more strenuous conditions.81,l83 Abu Salah and

S¡usstse have described the preparation of platinium(Il) bisacetylide complexes 72

from a reaction of platinium(0) complexes with copper(I)acetylides (Scheme 27).

It was presumed that intial oxidative addition of the copper acetylide

platinium(O) complex occured to give an intermediate of the type 73. This is a

similar mechanism as proposed by Nelson et a1.181 for the formation of

bisacetylides of palladium from terminal acetylenes (see Scheme 26). Presumably

an analogous process could occur for palladium and copper(I)acetylides as that

described by Abu Salah and Bruce for platinium.

Scheme 27

Pr(PPh3)4
-2PPh3

Pt(PPh3)2

R--CuPPh3

h3

-20uo

]:|--CuPPh3

fl--çrrPP¡.

P--Pt(PPh3)2Cu(PPh3)

73

PhoP :
l:+Pt_CuPP

\een.

\een.
72
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In reactions where there is a competition between cross-coupling of the

nucleoside triflate 14 and homocoupling of some of the more electron-deficient

PAs there is, presumably, a competition between 14 and the PA for oxidative

addition to the palladium(0). The most electron-deficient PA is the pentafluoro-

PA, yet only a trace of homocoupling was observed for this PA in its cross-

coupling with 14 and 8, even under the harsher conditions employed (Chapter

4,entry 10, Table 4, entry 8 Table 5). If we assume that the formation of

(CeFsC=C)2PdII(PPhg)274 is very fast, in accordance with the electron-deficienry of

the system, then for some reason the formation of the cluster 70 (PhX = PhFs)

must be inhibited as the colour of the solution remains clear. Perhaps other

copper acetylide clusters of the type (Cu-C=C-CeFs)n form preferentially from

which homcoupling does not occur or occurs very slowly. The slow rate of cross-

coupling may then be explained in terms of the larger energy required for the

nucleoside triflate to oxidatively add to 74 to give a palladium(IV) species 75 from

which cross-coupling can be achieved (Scheme 28). Reductive elimination from

75 gives 76 which can transmetallate to return 74.

This is an alternative explanation to the one given in Chapter 4 where the

slow rate of cross coupling was explained in terms of a slow reductive

elimination of the highly electron-deficient alkyne from the palladium(Il)

complex of the usual catalytic cycle (Chapter 4 Scheme 20; R = 2'-deoxyuridine, R'

= PhFs, X = OT0. Though in order for the catalytic cycle in Scheme 20 to be

operative oxidative addition of the terminal alkyne (C6FsC=CH) has to be much

slower than for the nucleoside triflate. Based on what was observed for other

PAs this seems counter to the trend. However, if oxidative addition of

C6,F5C=CH to Pd(PPhg)¿ is in some way inhibited then the lack of homocoupling

could be explained. In terms of the slow rate of reductive elimination from the

Pdtr complex in Scheme 20.
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Ptrsl
I

FsPh--Pdrl+PhFs
Ph3P 7 4

F5Ph+GuL
\-t/\ hexanuclea¡ cluster

CUOTf or I

F5Ph+CuL fast

ROTf

Ph3P

I

fast
F5Ph+Pd

"'IR PPh3

oTfalv-Pþfu

75
R-PhFs

R = 2'deoxyuridine
L = PPhs or NEt3

For entry 7 (Table 1L) all the ingredients for a cross-coupling reaction were

present. At room temperature no reaction was observed, although after Shrs at

50oC a virtually quantitative yield (92V") of homocoupled trimethylsilylacetylene

was isolated. Yet, as was observed in Chapter 5 (entry 1., Table 7), heating this

solution directly to 84oC gives, after 4 hours, a high yield (84%) of cross-coupled

product as well as a considerable quantity of homo-coupled material.

As discussed previously (Chapter 5) oxidative addition of the

pentafluorobromobenzene to Pd(PPhg)z should occur quite readily, as should

transmetallation of a copper acetylide (Scheme 20) but reductive elimination of a

highly electron deficient group may be the cause of the slow rate of cross-

coupling. At temperatures above 50oC homocoupling of TMSA was observed.

Assuming that at this temperature the pentafluorophenyl group remains bound

to the palladium then homocoupling of TMSA from this complex may involve
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different oxidation states than that postulated in Scheme 20 for the PAs.

Evidence that the pentafluorophenyl group may remain bound to the catalyst

comes from the fact that there is a difference in the rate of homocoupling in its

presence (compare entries 7&8, Table 11). In what way the pentafluorophenyl

group on the palladium promotes homocoupling remains unclear, posibly it

promotes the formation of other polynuclear clusters. The use of colour as an

indicator of homocoupling was not possible as all solutions involving the

coupling to arylbromides to TMSA went black rapidly.

At 84'C cross-coupling occurs as the predominant process. Perhaps at this

temperature an energy threshold is surpassed that allows for direct reductive

elimination of the pentafluorophenyl group and the TMSA to form the

corresponding pentafluoro-PSA (eq. 46). Alternatively the energy threshold that

is surpassed may be for the oxidative addition of the pentafluorobromobenzene

to the palladium(tr) complexTT to give a palladium(IV) complex 78 as depicted in

eq. 47. If this latter mechanism were operating the use of the corresponding

pentafluoro-iodobenzene should allow for cross-coupling at lower temperatures.

In fact Wen et ø1.171 have reported that pentafluoroiodobenzene couples to TMSA

in Et3N in the presence of a catalytic amount of Pd(PPh¡)zCl2 and CuI at 35oC

(91Vo). No homocoupled material was reported.

tn'T

F5Ph-Pdrr--+SiMe3

Ph3P 7 7

g40c
F5Ph-SiMe3 (46)

(47)

PdoL2

FuPh-SiMe3
Phg? Phs? Br| -l 

.s
F5Ph-Pdll+SiMe3 + Fsph-p¿lv+SiMe3

| - 
"'lPh3P 77 FsPh' pph3 7g

Ph3P

I

F5Ph-Pdll-Br + etc'
I

Ph3P
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6.3 Surnmary

In summary then the following catalytic cycles for the various coupling

reactions have been proposed. For the cross coupling of the nucleoside triflates

12,14, and 8 with terminal alkynes, it seems reasonable that most of these

coupling would proceed via the rycle depicted in Scheme 20 (Chapter 4) where an

increase in reaction rate with increasing electron-deficiency of the alkyne is

consistent with copper acetylide formation or transmetallation being rate

determining. Although, in the case of PAs bearing electron-withdrawing groups

the rate of copper acetylide formation and/or transmetallation may be so fast that

oúdative addition of the nucleoside triflate may also become at least partially rate

determining. In the case of the highly electron-deficient pentafluoro-PA

reductive elimination maybe the rate determining step.

An alternative mechanism for the pentafluoro-PA has been postulated

based on the anticipated fast rate of bis(pentafluorophenylacetylide)palladium(tr)

complex 74 formation (Scheme 28). In this case the slow rate of overall reaction

was attributed to the slow formation of a palladium(IV) complex 75. The fact that

almost no homocoupling and no intense colouration of the reaction mixture

were observed suggests that the palladium/copper hexanuclear cluster 70 (PhX =

PhFs), thought to be responsible for both, was not formed. Flowever, a

satisfactory explanation for why such a clus[er does not form in this case, but does

for other electron-deficient PAs has not been derived. However, it is not

unusual for pentafluorophenyl derivatives to run counter to observed trends. It

may be that other clusters involving only copper form (Cu-C=C-CeFs)n or that the

bisacetylide palladium(Il) complex 74 does not form, in which case the absence of

homocoupling would be accounted for and the slow rate of cross-coupling with I
and t4 results from the slow rate of reductive elimination from the

diorganopalladium(Il) complex (Scheme 20).
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The cross-coupling of phenyl bromides with TMSA went smoothly in

nearly all cases (entries 2 to 6, Table 7, Chapter 5). It was likely to have proceeded

via the cycle depicted in Scheme 20 (Chapter 4) where oxidative addition was rate

determining as the reaction rate increased with increasing electron-deficiency of

the aryl halide. The pentafluorobromobenzene proved an exception as it only

proceeded at high temperature and with considerable TMSA homocoupled by-

product formation (entry 1, Table 7). In fact, under certain conditions, such as

entry 7, Table LL, only homocoupled TMSA was obtained. Flomocoupling

appeared to be promoted by the presence of the pentafluorobromobenzene and

the catalytic cycle for this process may again involve intermediates, such as

polynuclear clusters.
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ehapter V

Approaches to Sugar Modified F
Trifl uoromethanesulfonylpyrimidine nucleosid es.

7.1 Introduction

A number of sugar ring modifications have been identified as extremely

fruitful in the preparation of nucleoside analogues as highly potent and selective

antiviral/anticancer agents. The combination of both sugar and base elaboration

has sometimes lead to an amplification of either (or both) the selectivity and

potency of the nucleoside analogue, however, only a few studies of this type

have been reported.20'27'790-3 Thus identification of convenient routes to sugar

modified nucleosides activated towards base ring elaboration was considered

necessary in order to to provide ready access to a wide variety of compounds with

potential biological activity.

Having developed a simple, high yielding route to C5-trifloxyl uridine 7

and explored its potential as a convenient substrate for palladium assisted

substitution, it only remained to identify convenient routes to sugar modified

analogues of this triflate.

Four important sugar modified analogues of C5-trifloxyl uridine were

targeted, as shown in Fig. 11 (S to 81). Although 2'-deoxyuridine triflate 8 has

been prepared by C5 hydroxylation of 2'-deoxyuridine and subsequent triflation

as described in Chapter 2, an alternative to this procedure was sought in view of

the high cost of 2'-deoxyuridine. Uridine is considerably less expensive than 2'-

deoxyuridine and undergoes C5 hydroxylation in much higher yield.
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The 2',3'-dideoxy, the 2',3'-dideoxydidehydro and the 3'-azido'2',3'-

dideoxyuridine triflates (79,80 & 81 respectively) all represent important classes

of sugar modified uracil nucleosides activated towards C5 substitution. All three

of these sugar modifications have been shown to endow a number of pyrimidine

nucleoside analogues with significant anti-HIV activity. Furthermore it was

considered that approaches towards the acyclic uridine triflate analogue 82 from

uracil should be sought. There are only a few reports of the antiviral/anticancer

activity of the C5-substituted derivatives of these nucleoside analogues 79-

g2.7,20,teo-7 Yet significant anti-HIV and antiherpetic activity has been observed

for other base ring modified pyrimidine type nucleosidss.2O'leo

In principle the preparation of the uridine analogues bearing both a C5

triflate and a modified sugar moiety could be achieved in one of four ways:

1. Uridine -) sugar modification + hydroxylation + triflation

2. Uridine -r hydroxylation -) sugar modification -r triflation

3. Uridine -+ hydroxylation -+ triflation -) su8ar modification
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o' uridine (
sugar modification

hydroxylation triflation

i.e. Hydroxylation and/or triflation could be carried out on an

intermediate of the sugar modification.

Each of the possible routes, '1.-4, appeared to have its own merits. In the

case of (1) direct application of literature methods for sugar modification of

uridine could be applied or alternatively commercially available sugar modified

nucleosides could be utilized. Flowever, hydroxylation via the method described

in Chapter 2 involved the use of molecular bromine (Brz), the use of this reagent

might not be compatible with all sugar modifications (e.9. olefins). Also a

decrease in yield of C5-hydroxyl product was observed in going from uridine to

2'-deoxyurid,ine as a substrate, further sugar modification, in particular, further

deoxygenation may have an even greater effect on the yield' Hydroxylation of

uridine has been refined in this present work (Chapter 2) to give a good yield of

S-hydroxyuridine g (77Vo), thus it may be advantageous to perform sugar

modifications on this precursor using routes Q-4)-

The C5-triflate of uridine 7 has also been obtained in good yietd (75Vo, from

uridine). The triflate group may be stable to a variety of reaction conditions and

could prove to be a suitable substrate to sugar modification (route 3). The ability

of the C5 triflate grouP to survive typical reactions used to modify 
"-'gt' 

groups

would be of inherent interest, since only a limited number of reactions have

been reported on multifunctional molecules containing a alkenyl or aryltriflate.

Route (4) may act as a compromise between the other three'

(
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7.2 Results and Discussion

7 .2.1 2'-Deoxy-5-trifluoromethanesulfonyluridine (8) from Uridine.

Triflate 8 has been prepared from commercially available 2'-deoxyuridine

in 557o yield (Chapter 2). However, a convenient synthesis of 2'-deoxyuridine

from urid.ine has been reportedlg4 (Scheme 29). In this literature procedure

uridine was treated with acetyl bromide (3'3 equiv') and }lBr (30vo in acetic acid'

1.2 equiv.) at 55-60o in acetonitrile to give 3',5'-di-O -acetyl-2'-bromo-2'-

deoxyuridine 83 in excellent yield (> 957o).

Scheme 291s4
oo

\\

A AcBr, 3.3 equiv.
Ißr (307o in CH2CO2II), 1.2 equiv.

CH3CN 60'C

A
l-to ot-l

Uridine

AcO Br

83

\

,.Xo*

/

MeOH, NH31s"¡.¡

\

oo

C

AcOoo

-HOR

-
BrO

o

AcO H

767o

A
o

\

83
n-Bu3SnH 1.2 equiv

AIBN
Toluene Â

l-lo H

2'-deoxyuridine
(7I-6Vo from uridine)
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The regio and stereochemical control of the bromide addition results from

anchimeric assistance of the base ring, where "1.,5-cyclization is preferable to 1,6

and bromide addition occurs via an S¡2 displacement of the C2 oxygen.

Reductive dehalogenation using tri-n-butyltin hydride and deacetylation of the

crude product in methanolic ammonia gave 2'-deoxyuridine in a reported 7'l'-

76Vo yield. from uridine. This suggests that the preparation of 8 from uridine

could be achieved in an overall 39-41.Vo yield based on route L.

An attempt to prepare the 2'-deoxyuridine triflate 8 from C5-trifloxyl

uridine Z (i.e.route 3) was attempted. Treatment of 7 with acetyl bromide (5

equiv.) lfi{Br (307o in acetic acid,1..Zequiv.) 60"C in acetonitrile (eq.48) gaveonly

the trisacetate 12. Consequently the 2'-deoxy product I was not available via

route 3. The role of the C5-trifloxyl group in inhibiting the incorporation of a

bromide at the 2'-centre is a mystery.

o

\ \
(48)

AcBr 5.3 equiv.,

HBr (307o in acetic

acid) 1.2 equiv.,
CH3CN 60'C

AcO OAcl-to oll AcO Br

07o 12 -727o

An alternative procedure based, on route 2 was also investigated (eq. a9).

Treatment of S-hydroxyuridine with acetyl bromide (5.3 equiv.) and HBr (307o in

acetic acid, 1.2 equiv.) at 60oC in acetonitrile, gave the desired 3',5'-di-O-acetyl-Z'-

bromo-S-acetoxyuridine 84 (76Vo), some 2'B-bromo product 85 (SVo) and some 5-

bromo product 86 (16%) (Method A, eq. 49).

The S-bromo derivative 86 may result from initial l,4-addition of HBr to

the a,p-unsaturated carbonyt of the base ring, followed by protonation and

substitution of the acetoxy group with a bromide and subsequent elimination of

HBr (Scheme 30).

oo

\oTf

+

7
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\20

(4e)

oooo
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+HBr

Br

Method A or B
+ +

Br

Fto ol-l AcO Br

984
Method Ã:76Vo
Method B; -9U957o

Mettrod A: AcBr 5.3 equiv., HBr (307o in
acetic acid) 1.2 equiv.,CH3CN 60'C

Method B:AcBr. 8.0 equiv., CH3CN 60"C

Scheme 30
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Formation of 86 could be avoided, by use of a larger excess of acetyl bromide

(8.0 equiv.) and no HBr, to give 84 (90Vo) and a minor arnount of 85 (67o) (Method

B, eq.49).

Reductive dehalogenation of 84 with tri-n-butyltin hydride gave 3',5'-di-O-

acetyl-s-acetoxyuridine (87, 76Vo) (Scheme 31). L,4-Dioxane and not toluene was

used as the solvent in this reaction in view of the poor solubility of 84 in toluene'

-

r- ì



127

Deacetylation and triflation of 87 as a one pot two step process gave g in a 94Vo

yield (Scheme 31). In this way 8 was obtained from uridine in an overall 55Zo

yield. This is a similar yield to that obtained from the more expensive precursor

2'-deoxyuridine.

Scheme 31
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o
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n-Bu3SnH 1.2 equiv.

AIBN
l,4-Dioxane Â

l'M"oH, M¡G"¿),

PttNTf2, 1.2 equiv.

K2CO3, 2.0 equiv.

1,4-Dioxane/Fl2O.

a

FIO H

8,947o from 87
55Vo from uridine

7 .2.2 2',3'-Dideox¡Ftrifluoromethanesulf onyluri din e (7 g).

Initial attempts to prepare 79 were based on route 1 where sugar

modification preceeds C5 hydroxylation and triflation. 2',3'-Dideoxyuridine
(ddu) was Prepared from uridine in accordance with literature procedures.les

Again the 2'-bromo-di-O-acetyl product 83 was utilized. Elimination of the

bromo and acetate groups of 83 to give the olefin 88, deacetylation to give D4U

and palladium on charcoal reduction to yietd ddU atl proceeded without
difficulty (Scheme 50). In the case where intermediates were isolated, similar

yields to those,obtained in the literature were achieved. Confirmation of the

structure of the product was based on the similar physical and spectral data

obtained to that reported in the literature.
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Scheme 32
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DlU

ddu 78Vo

(lit.72%o)tes

Yield from uridine (1.0 x 0.51 x 0.91 x 0.78) x100 = 36Vo

from single pot four step process = 577o

The highest yields of ddu were obtained when the reaction was carried out

as a single pot, four step process. The increase in yield for the single pot process

was attributed, primarily, to an avoidance of a loss of product during

chromatography of the crude 88. The slightly acidic silica appears to have

promoted cleavage of the glycosidic linkage which is facilitated by the presence of

the double bond (eq. 50).1e6 Some uracil was isolated during chromatography but

was not detected by t.I.c. of the crude mixture of 88.

oo

@
Silica (s0)+

H

A number of attempts at C5-hydroxylation of ddU under the conditions

described for 2'-deoxyuridine and uridine were made at several different

\^,.Jl.\

/-N^"?ä' I

H

88
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temperatures (4, 20, 30, 37"C). Analysis of reaction mixtures (t.l.c.) indicated

complete decomposition of the ddU as no U.V. active material could be detected.

As anticipated, further sugar modification of uridine leads to an increased

tendency to decomposition under hydroxylation conditions.

It was considered that 2'-bromo'-3',5'-di-O-acetyl-5-acetoxyuridine 84 may

provide an alternative pathway (i.e. route 2) where hydroxylation of sugar

modified uridine is avoided. However treatment of 84 with zinc/copper couple

did not give the desired product (Scheme 33). Analysis of the reaction mixture by

t.l.c. revealed only a highly fluorescent base line spot (at 254nm) plus two very

faint spots of higher R¡ which did not correspond to starting material. The

reaction mixture was filtered and a U.V. spectrum of the filtrate was run. Two

maxima, one at 3L0nm and the other at 208nm, predominated. This

corresponded almost exactly with the U.V. spectrum of S-hydroxyuridine 9 with

excess potassium carbonate (310 & 206nm) ( 9 at neutral pH absorbs 278 & 207nm).

Presumably a zinc enolate 89 had formed during the elimination reaction. This

implies deacetylation of the C5 acetoxy group. Gonzalez et al.1e7 have reported the

selective deacetylation of phenyl acetates in the presence of other primary and

secondary acetates using caytalytic amounts of zinc/copper couple (-L0mol%) in

methanol.

In order to further investigate the nature of this proposed zinc enolate 87,

formic acid was added to the filtrate from the zinc/ copper couple reaction until

the solution was stightly acidic whereupon a white precipitate formed. Analysis

of the slightly acidic solution by t.l.c. revealed a large increase in intensity of the

previously faint spots and complete diappearance of the fluorescent base line

spot. The slurry was filtered and the filtrate concentrated and purged of all

formic acid.
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Scheme 33
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2. Ac2O,pyr.

3. Pd/C, H2
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To ensure the product would be amenable and stable to chromatography

the residue was acetylated (free hydroxy products, in particular the S-hydroxyl

nucleosides tend to bind very strongly to silica) and hydrogenated (to avoid

deglycosylation) (Scheme 33). After chromatography two products were isolated

the desired 5'-O-acety[-2' 3'-dideoxy-5-acetoxyuridine (90,17Vo) artd2'þ',S'-tri-O-

acetyl-S-acetoxyuridine (91, 55%). The structural determination of 90 was based

on the disappearance of the downfield resonances (in the lH NMR spectrum)

corresponding to the 2' and 3' hydrogens geminal to an hydroxyl function (4.48

and 4.89 ppm respectivety) anil the appearance of several upfield multiplets

(1..74-2.40 ppm) corresponding to the 2' and 3' methylene groups of 84. Also only

two acetate resonances (2.34 Ex2.04 ppm) were apparent in the 1H NMR. A M++H

peak for 84 in the FAB mass spectrum was obtained. In the case of 91 four acetate

methyl resonances were observed in the 1H NMR and the coupling for the L', 2'

and 3' protons were very similar to that of other 2'cr acetylated uridine

analogues, however, no definite stereochemistry has been assigned. A M++H

peak was also obtained in the FAB mass spectrum 9L. The source of this 2'-

acetoxy group is uncertain and was not investigated.

AcO
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The attempts to improve the yield of the elimination product 90 by

variations of the reaction conditions were not successful. Neither elimination

nor deacetylation was observed when alternative, aprotic solvents, such as THF

and l.,4-dioxane were used. The addition of 0.5 - 1.0 equiv. of formic acid to the

original reaction mixture (methanol as solvent) resulted in a much slower

reaction and the formation of many products as evidenced by t.l.c. (products were

not isolated).

The presumed C5 zinc enolate formation was studied in isolation using

the trisacetate obtained previously 87, resulting from reductive dehalogenation

of 89. Addition of zinc/ copper couple (5 equiv.) to a methanolic solution of 87

gave, after thr, complete enolate formation (by t.l.c.) (eq. 80). The mixture was

filtered to remove excess zinc/ copper couple and the filtrate acidified using

formic acid (5 equiv.), concentrated and diluted with ethyl acetate and filtered.

Evaporation of all the solvent and formic acid gave a solid foam. This residue

was pure 3',5'-di-O-acetyl-5-hydroxy-2'-deoxyuridine (92, 8"l.Vo) as shown by its lH

NMR spectrum.

\ OAc

I.ZnlCt couple,
(sl)

MeOH,

room temp.

2.Formic acid
AcO

87 92 8L7o

No such selective deacetylation could be observed (by t.l.c.) using catalytic

amounts of mild or strong base (KHCO¡, KzCOg, DBU, KOH) in methanol but

rather, just slow or fast (respectively) deacetylation at two or more centres

simultaneously.

oo

\

AcO
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Returning to the formation of the 2',3'-dideoxyuridine triflate 79, the2',8'-

bromoacetate 83 was abandoned as a precursor and a new approach sought. 2'-

Deoxygenation of the 2'-deoxyuridine triflate 8, readily available in a 55Vo overall

yield from uridine, via the Barton-McCombie method, seemed an attractive

alternative (route 4). Selective silylation of the S'-hydroxyl group of g was

achieved only in a moderate yield (65Vo) using thexyldimethylsilyl chloride

(Scheme 34),* more complex solvent /base systems involving imidazole and/or

dimethylaminopyridine (DMAP) in DMF177 gave lower yields.

Scheme 34

>l-i';î
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n-Bu3SnH

Toluene, Â. A
95 79Vo 94 7 4Vo

N

Treatment of 93 with L,1'-thiocarbonyldiimidazole gave the 3'-thiocarbonate 94

(74%). Radical deoxygenation of 94 with tri-n-butyltin hydride and 2,2'-azobis(2-

methylpropionitrile) (AIBN) in refluxing toluene gave 5'-O-[(dimethyl-2-(2,3-

dimethybutyl)silyl)l-2',3'-dideoxy-S-trifluoromethanesulfonyluridine 95 (797o).

* 
Kelrritt ,¡ s¡.742 have investigated the selective protection of nucleoside sugar moieties where,
under similar conditions, selective silylation of uridine was acheived in a 837o yield using f-
BuMe2SiCl.
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This represents an overall yield of 2'!.Vo for 95 from uridine over 7 steps. Whilst

95 was not desilylated it should be noted that desilylation of the over silylated by

product of 93 yielded I quantitatively.

7.2.3 2',3'-Dideorydidehydro-Ftrifluoromethanesulfonyluridine (80).

The most attractive precursor to the formation of 80 was considered to be

uridine triflate 7 (route 3) as a number of methods exist for the conversion of

vicinal diols to olefins.Tee-zÛs The application of the Corey-Winter reaction to

nucleosides has been shown to be a convenient method for olefin 1ot^"1ien.199

Application of this methodology to 7 involved initial silylation of the 5'-

hydroxyl to give 96 which was treated with 1.,1'-thiocarbonyldiimidazole to give

thiocarbonate 97 (Scheme 35). Thermolysis of 97 in trimethylphosphite to give

the olefin 98 is expected to proceed via a carbene intermediate 99. The low yield

of 98 (21'Vo) obtained was attributed to competitive decomposition of the C5-

trifloxyl pyrimidine base ring. Similar thermolysis of a thiocarbonate of uridine

in the absence of a triflate group has been reported to proceed in a 80Vo )neld.tss

In an attempt to reduce competitive decomposition the alternative

phosphorus reagent, L,3-dimethyl-2-phenyl-1,3-diazaphospholidine 100 was

utilized. Corey and Hopkit s204 had previously demonstrated that 100 leads to

fragmentation of thiocarbonates to olefins under considerably milder conditions

(20-40"C) than trimethylphosphite achieving olefin formation at much lower

temperatures. However treatment of 97 with 100 at room temperature lead to

decomposition of 97, no observable product formation was detected by t.l.c., in

fact only very little U.V active material was observed.
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Scheme 35
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An alternative approach was to introduce the 2',3'-olefinic group prior to

triflation of the C5-hydroxyl group of S-hydroxyuridine 9 (route 4). Selective

silylation of the 5 and S'-hydroxyl groups of 9 gave 101 in moderate yield (65Vo),

(Scheme 36). Again thiocarbonate formation proceeded efficiently in 7,2

dichloroethane giving 102 in good yield (74To).
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In an attempt to further improve the yield of this reaction

dimethylformamide (DMF) was used as a solvent. DMF has not been

demonstrated previously to be a superior solvent but has been used before for

some purine based nucleosides.lgs Different products were isolated from this

reaction mixture. It appears that in DMF the formation of t}:re 2,2'-anhydro-

nucleosides 103 and 104 were favoured (eq. 53). This was also found to be the case

for the uridine triflate 96. A similar scenario was also ,observed for the

oo

S
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5'-protected, C5-trifloxyl uridine 96 where in DMF the major product was 106

with smaller amounts 97 and 105 also being isolated.

The formation of 104 would appear to have resulted from initial

formation of 702, which then underwent base catalysed rearrangement to give

103 followed by hydrolysis upon work up, or direct loss of SCO, to give 104 as the

major product (eq. 5 ). Such a process would be promoted in polar solvents such

as DMF where ionic intermediates would be stabilized.

oB/
OROR\

c

oo

oo

-

o

o o
Y H+B

H2O:J n..B

þH 103,R=-þK
105, R = Tf

(s4)

I' I I

+HB
o l-to

104, R = -î,ß
106, R = Tf

S

102, R --
97,R=Tf

Nevertheless, having achieved a satisfactory yield of L02 (747") in 1.,2-

dichloroethane thermolysis of 102 in trimethylphosphite was attempted and

gave 107 in a good yield (73Vo) (Scheme 36). To date deprotection and selective

triflation of L07 have not been attempted. However, the efficient formation of

107 from thermolysis of 102 suggests that this may be a suitable route to2',3'-

dideoxydidehydro-S-trifluoromethanesulfonyluridine 80.

The formation of a Z',3'-olefin prior to triflation has the added advantage

of also providing a precursor to the 2',3'-saturated equivalent via palladium on

charcoal reduction, which can be utilized in the formation of 79.

Radical deoxygenation of 94 to give 95 demonstrated the stability of the

triflate moiety to radical processes. Radical deoxygenation of bis-xanthates has

been demonstrated by Barton et ø1.20s as providing a route to olefins (Scheme 37),
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Such an approach may be applicable to the 5'-O-protected trifloxyuridine 96 to

give 98, providing an alternative means of converting 7 into the dideoxy-

didehydrouridine triflate (route 3).

Scheme 37

NaII

CSzMeI

@

\:/
l-to ot{ oos-< Fg

MeS SMe

7.2.4 3'cr-Azido'2',3'-dideoxydidehydro-5-trifluoromethanesulfonyluridine

(81).

As with 2'-dideoxy nucleosides, 2',3'-substituted nucleosides are also of

great interest as potential antiviral/anticancer agents especially as anti-HIV

agents. Incorporation of an c¡-azido group at the 3'-centre has been shown to be

very effective in the development of anti-HfV agents (e.g. AZT).

Stereospecific substitution of a hydroxyl group of the sugar moiety in

uridine based nucleosides with an azide has been perhaps most efficiently

realized via an initial intramolecular Mitsunobu reaction to achieve 2,3'-

cyclization followed by an intermolecular S¡2 displacement with lithium azide

(Scheme 38).20e-s
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Treatment of 93 with triphenylphosphine and diethyl azodicarboxylate in

toluene gave the 2,3'-anhydro derivative 108 in an excellent yield (96V") (Scheme
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39). F{owever, despite numerous attempts under a range of conditions, including

the use of catalytic206 and stoichiometric amounts of mild acids (benzoic acid and

ammonium chloride), only decomposition of starting material 108 was observed

and no formation of an azido nucleoside was detected.

Scheme 39
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Again the triflate moiety appears to have activated the base ring towards

decomposition at high temperature in the presence of a nucleophile. An

alternative approach which could be utilized in the future maybe to again utilize

the S,S'-disilyl ether, this time of 2'-deoxy-5-hydroxyuridine, as the precursor to

sugar modification (route 2) (Scheme 40). The corresponding 2,3'-anhydride 109

is likely to be less prone to base ring decomposition.

In any case it would be of interest to investigate the palladium-catalysed

coupling of the 2,3'-anhydro derivative 108. A recent study on the anti-

HIV/anticancer activity of 2,5'-anhydrido pyrimidine nucleoside analogues

demonstated that whilst some of these derivatives were somewhat less potent

N3
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than their Parent, nonanhydro derivatives, the 2,S'-anhydro derivatives were

significantly less ¡6¡lç.20e No reports on the antiviral/anticancer activity of 2,3'-

anhydro nucleoside derivatives could be found.

7.2.5 1-l(2-Hydroxyethory)methyll-Ftrifluoromethansulf onyluridine (82).

Perhaps one of the most important discoveries of recent times, as regards

the development of antiviral nucleosides, has been the advent of HEPT and

related compounds as highly selective inhibitors of HIV-1 (see Chapter 1). These

agents are perhaps indicative of the potential benefits to be gained from

combined sugar and base ring modifications. Th"y are also illustrative of the fact

that not all significant sugar modifications are most readily derived from the

parent nucleoside. The formation of a glycosidic linkage between the base ring

and the sugar analogue is important in the development of both acyclic and

carbocyclic sugar mimics, amongst others.

The C5 substituted uracils are also of biological interes¡210-11þsmselves and

are often readily incorporated into DNA.212 Thus, preparation of 5-

trifluoromethanesulfonyluracil 110 would allow for the C5 substitution of uracil

and for access to other sugar modified nucleosides which are activated towards

base ring substitution.

Hirota ¿¡ s1.273 prepared 1.,2-dimethyl and 1-methyl-5-trifluoromethane-

sulfonyluracil from triflic anhydride and pyridine (eq. 55). They demonstrated

the ability of these N-protected C5-trifloxyl uracil derivatives to undergo C5

palladium assisted substitution with activated olefins (Heck reaction) and

terminal alkynes. Farina and Hauks7 have recently reported the application of

the Stille reaction to S-iodouracil.
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In view of the difficulties anticipated in trying to remove N-methyl

protecting groups it was considered that S-hydroxyuracil (isobarbituric acid)

should be triflated directly. Under identical conditions used for the preparation

of the corresponding uridine triflate the uracil triflate was only obtained in low

yietd (eq. 56). Some improvement in yield was realized in using pyridine instead

of potassium carbonate in a water/1.,4-dioxane mix to give 110 in moderate yield

(62Vo).
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The acyclic S-trifloxyuridine derivative 82 was prepared in a similar

manner as that previously described for other acyclic nucleoside analogues.lgl

Silylation of 1L0 to give 111 activates the base ring to in siúz coupling to the

acyclic sugar mimic (2-acetoxyethoxy)methyl bromide L12 to give 113 (Scheme

41). The product was isolated in good yield (73V") with nearly all the remaining

starting 110 material being returned (22To). Deacetylation of 113 gave the desired

product 1-[(2-hydroxyethoxy)methyl]-5-trifluoromethanesulfonyluracil 82 in an

897o yield.
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7.3 OtherPossibilities

Some of the results generated within this work have lead to the

formulation of possible new efficient strategies for base and sugar ring

modification. For instance, the highly selective deacetylation of the trisacetate 87

to give 92 could be utilized in a C4 substitution/C5 triflation process. Treabnent

of 92 with triflic anhydride (2 equiv.) in pyridine would be expected to give the

ditriflate 114. The 4-trifloxyl group should be labile to mild nucleophiles (e.g.

H2S + base, NEt3 etc.) and in this way give C4 substituted pyrimidine nucleosides

or the cytosine derivative 115 activated to C5 substitution can be accessed

(Scheme 42).

Scheme 42
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The accidental formation of the 2,2'-anhydrides 104 and L06 could be

utilized in the preparation of 2'd. substitution and 3'P substituted or

deoxygenated product (Scheme 43).

Scheme 43
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Higher yields of 104 and 106 are anticipated for reactions at higher

temperatures as its formation is likely to have resulted from the decomposition

of the other thiocarbonates isolated (eq. 5a).

In contrast with what was observed for the palladium assisted ípso (C5)

substituion of the uridrine triflates 8,72 and 14 with organo stannanes and

cuprates cine (C6) substitution of the uracil triflate 110 was observed when the

silyl protected derivative 111 was treated with z-butyllithium in THF at -78"C,

giving 6-n-butyLuracil L7G (65Vo. Scheme 44). Since starting material 110 still

persisted (30"/") it was concluded that competitive desilylation of l1-1- by n-

butyllithium was occurring. Cine substitution was evidenced by the presence of a

singlet at 5.14ppm, intergrating to t hydrogen, in the 1H NMR; a typical ô value
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for the Cs-H of uracil The C6-H resonance is usually between 7.5 EL 8.5ppm and

was not observed for 116.

Scheme 44
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The cíne substitution of the uracil triflate to give the C6-butyl product

presumably involves initial addition of n-butyllithium to the C6 centre to give a

resonance stabilized N-centered anion 117. Addition of a protic solvent uPon

workup allows for C5 protonation and elimination of the triflate to give 116

(Scheme 44). This mechanism is similar to other addition elimination sequences

of C5 or C6-halouracils and uridines,214-s such as that discussed previously for C5

hydroxylationTT (see Chapter 2, Scheme 8) and the proposed mechanism for the

possible inhibition of thymidylate synthase by a S-trifloxyl uridylate (Chapter 5,

Scheme 25).

Treatment of L17 with an electrophile rather than a proton source may

lead to addition at either a N or C centre, the ratio depending upon the nature of

the electrophile. Only in the event of C5 alkylation would the triflate be able to

eliminate, especially in the presence of acid scavengers (eq. 57).

o
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Where the electrophile is an activated double bond and undergoes

reversible addition to either the C5 or a N centre, only in the event of C5

alkylation is the resulting anion able to deprotonate and eliminate the triflate

group to give a stable product (eq. 58). The elimination of the triflate group

would then be both the driving force and the regiochemical directing force for

the process.
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Such a process could perhaps be extended to where both the nucleophilic

and electrophilic additions are reversible and the whole process is driven by the

elimination of the triflate to give a disubstituted uracil (e.g. 118, Scheme 45).

Finally treatment of 118 with 112 would give the acetate protected HEPT type

derivative 119. In this way N1, C5 and C6 substitution could be achieved in a

single step, providing perhaps an expeditious route to HEPT derivatives.*

' E*isting methods for the preparation of HEPT derivatives involves intial N1 alkylation
followed by the sequential lithation and electrophilic addition to both the C5 and C6

"s¡trgs.2o,21
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Scheme 45
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7.4 Conclusion.

Convenient routes to a number of sugar modified uridine triflates have

been identified. Of the routes intially proposed route 1 seems very limited as

sugar modification has a detrimental affect on the yield of C5-hydroxylation

consequently route 4 is also less viable. Routes 2&3 have proven most

successful, though some limitations of route 3 have been encountered. Route 2

may be the most general. Whilst not all nucleosides analogues targeted were

successfully prepared in good yields, likely routes to their preparation have been

identified.
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Chapter I

Summary

The preparation of C5-trifloxyl uridine derivatives 7 & 8 was achieved in

good yields by selective triflation of the corresponding S-hydroxyuridine

derivatives 9 & 10 (respectively). The sugar protected equivalents of 7 & 8, i.e. 12

& 14 (respectively) were employed in palladium assisted coupling processes with

aryl and alkenyl stannanes and terminal alkynes (copper(I)iodide co-catalyst)

giving coupled products in good to excellent yields. In the coupling of the

terminal alkynes with 8 it was demonstrated that the presence of free hydroxyl

groups only slightly reduces the rate of reaction.

In the coupling of 12 with aryl and alkenyl stannanes an increase in rate

was observed with an increase in electron-deficiency of the aryl or alkenyl group.

This order of reactivity has been explained in terms of the mechanism proposed

for the transmetallation step (Chapter 3). A similar order of reactivity was

observed for the coupling of terminal alkynes to1.2,14&.8, though in this case

the order of reactivify may also reflect the rate of copper acetylide formation.

In the coupling of L2 with ethyl 2-tri-n-butyl-stannylpropenoate (entry 7,

Table 1) a significant quantity of the product isolated was the cíne substitution

product 221 (-50Vo). The formation of this product was readily explained in terms

of the addition/destannylation process intially described by Kikukawa et al.77s

The fact that the opposite stereochemistry was obtained to that observed by

Kikukawa et ø1. has been explained by proposing a syn elimination process

involving an intramolecular halogen transfer from the palladium to the tin as

opposed to the anti elimination process proposed by Kikukawa et ø1. where the

halogen transfer occurs in a intermolecular fashion from borontetrafluoride to

the tin (Schemes 15 & 16, Chapter 3).
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A unique palladium assisted radical chain process has been devised in

order to explain the concomitant N-allylation C5-reduction process observed for

the attempted palladium assisted coupling of 12 & allyltri-n-butylstananne

(Scheme 19, Chapter 3). This process is of intrinsic interest as it appears to

involve the promotion of nucleophilic radicals to olefins by rc-complexation to

palladium(Il), which may increase the electrophilicity of the double bond and

stabilize an alkyl radical intermediate via a PdII 1o p¿III' transfer. The use

transition metals as catalysts in radical reactions is worthy of further

investigation.

Several 5-phenylethynyl-2'-deoxyuridine derivatives of potential

biological interest have been prepared 41b-1. The preparation, and potential

antiherpetic activity of these compounds has been discussed in terms of the

observed effects of the various phenyl substituents. Whilst these compounds

have proved to be inactive against the AIDS viri HIV 1, Er 2 and as anticancer

agents this can perhaps be explained by an inability of these compounds to be

phoshporylated within the cell (Chapter 5). It is hoped that the monophosphate

derivatives of 41b-f may act as inhibitors of thymidylate synthase. It is also

anticipated that such compounds ^"yþ" useful as mechanistic probes in
I

determining the likely mechanism of thymidylate synthase inhibition.

,. In the coupling of electron-deficient phenylacetylenes (PAs) to 14 & 8

considerable amounts of homocoupled PA was observed as a by-product. This

appears to involve the intial addition of two terminal alkynes to the Pd(PPhaX to

form a bisacetylidepalladium(Il) complex which may form a metal cluster 70,

with the copper acetylide present, from which reductive elimination is

promoted.

Modification of the nucleoside sugar ring has been of enormous

importance in the development of antiviral and anticancer nucleoside
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analogues. Expeditious routes to a number of sugar modified C5-trifloxyl uridine

derivatives have been identified. Also a number of important discoveries were

made in connection with these investigations which could be utilized in the

development of new approaches to the elaboration of the sugar and base ring of

pyrimidine nucleosides.

Thus, S-trifluoromethanesulfonyluridine 7 and S-trifluoromethane-

sulfonyl-2'-deoxyuridine I have been shown to be accessible and highly efficient

precursors to the palladium assisted C5-substitution of uridine derivatives.

These C5-trifloxyl derivatives and their C5-hydroxyl precursors have also proven

to be suitable substrates to a number of important sugar manipulations.
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Experimental

Melting points were recorded on a Reichhert hot stage apparatus and are

uncorrected. Proton and carbon NMR spectra were recorded on a Brüker CXP-

300, a Brüker ACP-300 or a Varian WP-80 spectrometer. CDCI3 was used as a

solvent unless otherwise stated. Electron Impact mass spectra were recorded on a

AEI-GEC MS 3074 machine at 70eV and Fast Atom Bombardment mass spectra

on a VG ZAB zF{F mass spectrometer. Optical rotations were measured on a

Perkin Elmer 141 polarimeter. Infrared spectra were recorded on a Flitachi 270-30

spectrophotometer. Ultraviolet spectra were recorded on a PYE UNICAM SP 8-

100 spectropotometer. Gas-liquid-chromatography was performed on a DANI

8510 Chromatograph.

l.,4-Dioxane was freshly distilled from potassium under nitrogen.

Tetrahydrofuran was freshly distilled from sodium under nitrogen.

Dimethylformamide (DMF) was distilled from calcium hydride (-80oC,

-20mmHg) and stored over 4Ã molecular sieves. Acetonitrile and

hexamethyldisilazane were refluxed over and then distilled from calcium

hydride under nitrogen and stored over 4Ä molecular sieves. Analytical thin-

layer-chromatograhy was carried out on Merck aluminium sheets precoated with

Kieselgel 60 F254 and visualized using a 254nm lamp. Column chromatography

was carried out using Kieselgel 60 (230-400 mesh).

The following compounds were synthesized according to literature

procedures: 5-hydroxy-2'-deoxyuridine,Ts tri-n -butylethenylstannane,2T6 E - 7 -

trimethyl-silyl-2-tri-n-butylstannylethene,zT7 E-tri-n-butyl(2-phenylethenyl)

stannane,t2T s¡þy[ E-3-tri-n-butylstannylpropeno ate,2t9 ethyl 2-tri-n-butyl-stannyl-

propenoate,Zls 2-trimethylstannylpropene,2le dimethyl-2,3-dimethytbutyll(3-tri-

n-butylstannyl)-2-propenyl)oxyl silane,l27 trimethylphenylstannane,220 4-

(trimethylstannyl) anisole,221 4-(trimethylstannyl)fluorobenzerte,z22 4-(trimethyl-
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stannyl)-cr,cr,cr-trifluoromethyl-benzene,223 5-(trimethylstannyl)-1,3-difluoro-

benzene,222 5-(trimethylstannyl)-1,3-bis (a,s.,s.-trifluoromethyl)bertzene,222

tetrakis(triphenytphosphine)palladivm,z24 dichlorobis(triphenylphosphine)-

palladium ,2ß ztnc/ copper couple,2 2 6 1,3-dimethyl-2-phenyl-L,3- diaza-

phospholidine (100),ts¿ S-hydroxy-2'- deoxyuridine (10),78,3'-dideoxydide-

hydrouridine (ddu),les (2-acetoxyethoxy)methyl bromide (112¡,trt ¡-
phenyltriflimide.lss

The following abbreviations have been used in defining peak shape for

the various spectra: lH & 13C NM& br = broad, d = doublet, m = multiplet, q =

quartet, s = singlet,t= triplet. IR &UV; br = broad, ût = In€dium, w = weak, s =

sharp, sh = shoulder, str = strong. Unless otherwise stated I = 3I for lH NMR and

1J for 13C Nl¿n.

Chapter 2:

S-Hydroxyuridine (9). 
t)

To a stirring solution of uridine (10g, 41.7mmol) in water (lsOmtlbromine

was added until an amber colour persisted. Excess bromine was removed by

bubbling nitrogen through the solution until it became completely clear.

Pyridine (20m1) was added to the solution and the reaction mixture stirred at

30oC overnight. The solution was concentrated to give a honey like syrup which

was azeotroped with ethanol (3 x 150m1) and triturated in boiling ethanol (50rnl)

to form a white precipitate. The suspension was allowed to cool to room

temperature and filtered and washed with cold ethanol (20m1) to give 9 (8.2g,

77Vo) as a white sotid m.p. = 236-238'C (lit.zz = 238-240oC, rapid heating).

S-Trifluoromethanesulf onyluridine (7).

N-phenyttriflimide (4.78g, l.3.38mmol) was added to a solution of 5-

hydroxyuridine 9 (2.90g,11.15mmo1) and K2CO3 (7.699,l2.26mmol) in water /7,4-

dioxane (1:4, 200m1). The intially cloudy solution became clear after stirring at
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room temperature overnight. Analytical t.l.c. (CHCI3/methanol 3:L) revealed

that all the S-hydroxyuridine had been consumed. The solution was evaporated

to dryness under vacuum at room temperature, giving a white foam. Silica

(-10g) and methanol (50m1) were added to the residue and the resulting slurry

evaporated under vacuum to give a free flowing powder which was subjected to

flash chromatography through a short column of t.l.c. silica (6.5cm wide, 3.5 cm

high). The column was eluted sequentially with hexanes/ethyl acetate 1.:1.

(200m1), ethyl acetate (200m1), ethyl acetate /methanol 9:1 (200m1), ethyl acetate

/methanol 8:2 (500m1). S-Trifluoromethanesulfonyluridine ,z (3.989,9'1.7o) was

obtained as a white solid; m.p. = 177-80 oC. 1H NMR (DMSOde) ô 11.02 (br s, 1 H,

NFÐ,8.20 (s, 1 H, H-6),5.32(d,l+-t,,2,= 3.8 ÍIz,'1. H, H-1'), 4.63 (d,I = 5.1 Hz,7}J,

C2' or 3'-OH), 4.53 (t, I = 4.4IJ2,7 H, CS,-OFÐ , 4.11. (d, I = 5.2H2, 1, H, C2' or 3'-OH),

3.55 (m,zIJ,F{-2',3'),3.47 (m, 1 H,H-4'),3.29-3.1.3 (ABMX, I¿.¡ = 12.2tlz,Ia¡ - 1

Hz, lsl.d - 2.5 Hz,I¡x = I¡x = 4.4IJ2,2 H, H-5'). 13C NÌrm (20.7 l|..f.}lz) õ 158.1 (C4),

1,49.5 (C2),135.2 (C6), 726.8 (C5), 89.5 (C1'), 85.1 (C4'), 74.8(C3'),69.4 (C2'),60.1 (C5').

FABMS m/z 393 (M++H, <SVo).IR (KBr) Vmax 3412 cm-7 (br str, OFÐ, 2952 (str, C-

H),1770 (br str, C=O).

2',3',5'-Tri-O-acetyl-5-trifl uoromethanesulfonyluridine (12).

5-Hydroxyuridine 9 (0.8389, 3.22mmol) was treated with N-

phenyltriflimide (1.389, 3.87mmol) and K2CO3 (0.4339,3.38mmo1) in a similar

manner as that described for the preparation of 7 above, except that, after

evaporation of the reaction mixture to give crude 7 as a white foam, pyridine

20ml and acetic anhydride 2.2mL (2.4 g,23.5mmol) were added and the clear pale

yellow solution was stirred at room temperature for 20hrs under nitrogen. The

solution was evaporated under vacuum at room temperature and the residue

taken up in ethyl acetate in (40m1), washed twice with 10% aqueous citric acid

(30m1) and saturated NaCl(aq.) 30m1, dried over MgSO4 and evaporated under

vacuum. The resultant honey like residue (2.8g) was chromatographed (5cm

flash column hexanes/ethyl acetate, 1:1) to give 12 as a white solid upon removal
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of all traces of solvent (1.639,97Vo), m.p. = 63-4"C. crD = -12.1,'t (CHC13, c: L.M). 1H

NMR õ7.76 (s,1. H, H-6),5.98 (d,I = 5.1 Hz,'l H, H-L'), 5.27 (dd,It2'=5flz,l2's'=

5.0 Í12,1 H, H-2') , 5.23 (dd, I¿'a' = 5.0llz,l2B' = 5.0 flz 1 II, H-3') , 4.39-4.23 (m, 3 H,

IJ4',5'),2.09,2.05 Ex2.O2 (3 x s, 9 H,3 x CH3CO,. 13C NMR (20J, l'.{rlz) õ 170.5 &

1,69.9 (3 x CHsqOz),156.9 (C+¡,1,49.2 (C2),133.6 (C6),127.2 (C5), 116.5 (+ Icr = 322

Hz, CFz),87.9 (C1'),83.0 (C4'),73.0 (C2'),69.8 (C3'), 62.9 (C5'),20.0 (3 x ÇH¡COz).

FABMS rn/z 519 (\d++H, <SVo).IR (CHCI3) vmax 3525 cm-1 (m, NFI), 3016 (m, CH),

1750 (str br, C=O), 1658 (w, C=O), 1.238 (m, SOg), 1136 (str, SOs). IJV (CHCle) X-at

265.5 nm (e 7,402). Anal found: C, 36.97; H, 4.37; N, 5.29. Calcd for

CreFIrzNzOrzSF¡: C,37.07; tI, 3.31; N,5.40.

2',3'-Tri-O-acetyl-5'-O-methyl-5-trifluoromethanesulfonyluridine (11) and

2',3',5' -T ri- O -acetyl-Þtrifl uorom e thane sulf onyluri dine (12 ).

S-Hydroxyuridine 9 (270mg,1.09mmo1) was treated in the same manner as

described for 12 above, except using methanol in place the 1,4-dioxane/water mix.

Two products were isolated after chromatography as solid foams (11, 160mg,30Vo;

12, 338mg , 60%) 11: 1H NMR õ 7.78 (s , 1 t1 H-6), 6.02 (d,I = 5.1 Hz,'L H, H-1'), 5.31

(m,2IJ,IJ-z',3'),4.36 (m,3}J.,}J-4',5'),3.34 (s,3H,OCHg),2.12E 2.09(2xs,2x3H,

2 x CH3CO,. 13ç NMR (20.7\\ftIz) õ rcg7 & 168.9 (3 x CHsgOz),157.4 (C4),1.49.1

(C2), 134.1 (C6), 126.9 (C5), 1'1'6.7 (q, Icr = 322}l2, CFz),88.1 (C1') , 83.2 (C4'), 73-5

(C2'¡,69.6 (C3'),59.0 (C5'), 3S.7 (OCH),20.0 (3 x gHgCOz). FABMS m/z 497

(M++H, <SVo).IR (CHCI3) Vmax 3527 cm-7 (m, NH), 3008 (m, CH), 1756 (stt bt,

C=O), 1650 (w, C=C), 1240 (m, SO3), 1136 (str, Ðg).

FTrifl uorome thanesulf onyl-2'-de ox¡rridine (8).

Method A (Step b, Scheme 11): Potassium carbonate (0.7g,5.0mmo1) was

added to a suspension of 5-hydroxy-2'-deoxyuridine 10 (1..129,4.6mmo1) in water

(12m1) to give a clear, orange solution. 1,4-Dioxane (26m1) followed by a solution

of N-phenyltriflimide (2.1,g,5.9mmo1) in 1.,4-dioxane (L0ml) were added and the

solution left to stir overnight. The reaction mixture was evaporated and the
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residue purified by flash chromatography hexanes 6OVo : ethyt acetate 35% :

methanol SVo) to give 8 (7.79,98Vo) as a white solid.

Method B (Step a + b Scheme 11): Bromine was added slowly to a rapidly

stirring solution of 2'-deoxyuridine (4.5g, L9.7mmol) in water until a brown

colour just persists. Excess bromine was removed by bubbling nitrogen through

the solution until it was completely clear. Pyridine (100m1) was then added to

the solution and the resulting reaction mixture allowed to stand overnight. The

solution was evaporated to give a honey coloured syrup, after several azeotropes

with ethanol the residue solidified to give crude 5-hydroxy-2'-deoxyuridine 10 as

a tan solid.

Water (aOml) was added to the crude 10 to give a tan slurry, subsequent

addition of K2CO3 (69, 4%rnmol) gave a clear, dark red solution. 1.,4-Dioxane

(60m1) and a solution of N-phenyltriflimide (8.5g,23.7mmol) in 1,4-dioxane

(60m1) were added giving a white suspension in a dark red solution. After

stirring overnight the reaction mixture was light brown and clear.

The solution was neutralized by addition of citric acid and the solvent

removed. The resultant light brown foam was dissolved in methanol (80m1) and

filtered to remove insoluble salts. Silica (-3-5g) was added to the filtrate and the

slurry evaporated to dryness and subjected to flash chromatography [hexanes :

ethyl acetate : methanol 60 : 38:2 (500m1) & 60:35:5 (500m1), through a 4.5cm x

L6cm column of silica, flow rate of 15ml/minl all fractions containing 8 were

combined and evaporated to give only a slightly impure product (4.39,58% from

2'-deoxyuridine, containing some 5-bromo-2'-deoxyuridine, of higher Rr by t.l.c.).

Recrystalization from isopropanol (-10-15m1) gives 8 as a highly pure white

crystaline solid (3.8g, 527o from 2'-deoxyuridine).
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Method C (Chapter 7, Scheme 31): Saturated methanolic ammonia (20m1)

was added to 8z (2.7g,5.7mmo1) and the solution allowed to stand overnight.

The reaction mixture was then concentrated and treated in a similar manner as

that described for 10 in Method A (assuming 'I.,007o product formation in this

step). The product, 8, was obtained as a white solid after flash chromatography

(2.0g, 947o); m.p. = 185-6oC. cr,D = + 27.3 (MeOH, c = 0.48). 1g NMR

(CDCla/DMSOde)ô11'.47 (brs, l H,NFÐ,8.54(s,1Il,Il-{),6.10(t,I=6.10[fa,'l'}I,

H-1'), 4.69 (br d,I = 4|1,'L lf,z, 1 H, 3'-OH), 4.47(br t,I = 4.20 Hz, '1. H, s'-OFÐ , 4.26 (m,

L H, H-3'),3.80 (m, 1 H, H-4'), 3.62(m,2 H, H-5'),2.22 (m, 1 H,H-2'p),2.03 (m, 1 H,

H-?c,). FABMS m/z 377 (M++H, 57o),260 (20),777 (100). IR (nujoll mull) Vmax

3628 cm-1 (m, NH), 3456 (br, OH), 1728(str br, C=O), 1684 (str, C=O),1239 (m, SOr).

IJV (MeOH) Itr,a,.269.0 nm (e 1,100),207.5 (1,002). Found: C,31.85; H,2.f36;N,7.32.

Calcd for CreFIr rNzSOaFs : C, 37 .92; H, 2.95; N, 7 .M.

3', 5'-Di-O-acetyl-Ftrifluoromethanesulfonyl-2'-deox¡rridine (14).

Method A' (Step c, Scheme 11):

Acetic anhydride (4m1, 4Ommol) was added to a solution of 8 (2.39,

6.1mmol) in pyridine (20m1) and allowed to stand overnight. The solution was

concentrated and dissolved in ethyl acetate (30m1), washed with L07o citric acid

(aq., 30ml) and water (2 x 20ml) and dried over MgSO4. The solution was

evaporated onto silica (-2g) and subjected to flash chromatography

(hexanes/ethyl acetate 3:2) giving14Q.9g,'l,00Vo) as a solid foam.

Method B'(Step a+b+c, Scheme 11): 2'-Deoxyuridine (2.09,8.8m mol) was

treated as in the preparation of 8 Method B except that after filtration to remove

insoluble salts the filtrate was evaporated and treated as in Method A' assuming

'l,00To conversion in Method B. The product 14 (2.29,55Vo) was again obtained as

a solid foam; crD = + 4.17 (MeOH, c = 0.48). 1H NirrtR õ 10.13 (br s, 1 tI, NH), 7.84 (s ,

1 H, H-6), 6.77 (dd,Itr"ns = 8.10 ÍIz,lçis = 5.4ÍIz, L H, H-1'), 5.15 (m, 1 H,H-3'),4.40-

4.18 (m, 3 H, H-4' ,5'), 2.59 (m, 1 H, H-2'p), 2.11 (m, 'l.. H, }l-2'g.), 2.05 &. 2.04 (2 x s,



749

6IJ,2x CH3CO,. 13C NMR õ 170.3 (CHaCOÐ, 156.8 (C4), 148.8 (C2),733.2(C6),tZ6.B

(C5), 116.3 (q, Icr' = 322}{2, CFs),86.1 (C1'), 83.0 (C4'¡,74.0 (C3'), 63.6 (C5'), 38.1

(C2'),20.6 &.20.4 (2 x ÇH3CO). EIMS mlz 46], (M++ft, <57o),407 (3),201 (L00). IR

(CHClg) Vmax 3400 cm-1 (m, NH),3016 (m, CH), 1734 (str br, C=O), 166], (w, C=O),

1240 (m, SOg), 1198 (str, SOg). UV (CHClg) Irr,"* 268 nm (e7,785). HREIMS found:

461, .049 7 . C alcd f or C 1 4H 1 elrJzO r oSFg : t+61.M77 .

Chapter 3:

2',3',5' -T ri- O -Ac e tyl - 5-e the nyl u¡i d ine Q2al .

Tri-n-butylethenylstannane (73rng, 0.23mmol) and 2,5-di-t-butyl-p-cresol

(-lmg) were added to a solution of 2',3',5'-tri-O-acetyl-5-trifluoromethane-

sulfonyluridine L2 (702mg, 0.79 mmol), Pd(Phe)¿ (11mg, 0.01 mmol) and lithium

chloride (37mg,0.87mmol) in l,4-dioxane 4mI under nitrogen. The clear pale

orange solution was heated to reflux. After 4hrs the reaction mixture turned

black and analytical t.l.c. (hexanes/ethyl acetate, 1:1.) revealed that aLL L2 had been

consumed. The reaction mixture was filtered through celite and evaporated to

dryness under vacuum. The residue was taken up in dichloromethane 25ml and

washed with 30% aqueous potassium fluoride and water, dried over MgSO4 and

evaporated under vacuum. The residue was chromatographed (hexanes/ethyl

acetate, 4:3) and gave 2',3',5'-trl-O-acetyl-5-ethenyluridine 22a as a white foam

(67.6mg,877o). crD = - 2L.74 (CH2CI2, c = 0.68). 1H NVn ô 9.55 (br s, 1 H, NH) 7.39

(s , 1 11 tJó),6.34 (Xof AB)Ç Ix¿. = 17.6lIz,Ixs = 7'j..?ÍI2,1 H, CHX=CH4H3), 6.05

(d, I = 5.0 F{z, L H, H-1'), 5.88 (A of ABX, I¡.x =17.6 Í12, l¡s = 1.1. Hz, 1. H,

CH¡=ÇHqH¡), 5.30 (m, 2 H, H-2'&3'),5.20 (B of ABX,IBx = 7']-..3 ÍIz,Ir¡, = 1.."1. H2,1.

H, CH¡=QHaH¡), 4.31. (m, 3 H,H-4' ,5'),2.08,2.07 Ex 2.03 (3 x s, 9 FI, 3 x CHgCOz).

13c Ntr¿R (2o.rutrz) õ 170.3 &.L69.9 (3 x cHeÇo2),16't.9 (c4),t4gs (cz),19s.6 (c6),

127.7 ÇH=CH2),116.6 (CH=CHz),7"1.3.7 (C5),87.2 (Cl.'¡, 80.0 (C4'), 72.8 (C2'),70.2

(C3'),63.2 (C5'),20.6 & 20.3 (3 x ÇH3COz). FABMS m/z 397 (M++H, <57o). IR

(CHClj Vmax M00 cm-1 (m, NFÐ, 3012 (m, CH), 1750 (str br, C=O), 7704 (str, C=O).



150

UV (CHClg) Lma' 278 nrn (e 5,269),248.8 (5,475). HREIMS found: 368.0878. Calcd

for Cl5HlsIVzQ (M+{2FIa): 368.0856.

Compounds 22b-g and 23a-f were prepared in a similar manner as that

described for 22a above, varying only in the reaction time and temperature and

the product yield obtained as detailed in Tables 1 and 2 (Chapter 3).

2',3',5' -T ti- O -Acetyl- 5- [E-2 - ( trim e thyl silyl ) e the nyl] ur i dine Qzbl.

73Vo.m.p. = 48-50 oC.ao = -5'1..62(CH2C|2, c = 0.66). lftNW' õ9.21' þr s, 1'

H, NH) 7.49 (s,lH, H-6), 6.67 (d,I =16.23If2,1' H, CH=CHSiMe3¡, 6.52(d,l =16.2

flz,1. H, CH=CHSiMeg) 6j1'4 (d,l = 5.1 Hz,"l' It H-1'), 5.37 (m, 2Fl,H-2'Ex3'),4.39

(m, 3 H,IF'-A',5'), 2.1,5,2.74 ßx 2.11, (3 x s,9 H, 3 x CHgCO, , 0.12 (s,9 H, SiMq). 13ç

NMR (20.1 MHz) õ 170.0 & 169.5 (3 x CHeQOz),1,62.0 (C+), 149.7 (C2), 135.3 (C6),

1.33.6 (CH=CHSiMes) 1.31,.7 GH=CHSiMes), 7'1,4.3 (C5), 86.9 (C1'),79.9 (C4'),72.5

(C2'¡,70.0 (C3'),63.0 (C5'), 20.4 &.20.0 (3 x gHeCOz),'l'.72 (SiMe3). EIMS m/z 468

(M+, <SVo),459 (M+-CHs, 100). IR (CHClg) Vmax 3396 cm-1 (m, NH), 3028 (m, CH),

2956 (m, CH), 1750 (str br, C=O), 7774 (w, C=O). UV (CHClg) À-* 294nm (e9,026),

2M (11,919). HREIMS found: M8J563. Calcd for CzoHzsl.IzOsSi: M8-7584.

2' þ',5' -T ri- O- ac e tyl- 5- (E-Z-p he nyl e th enyl) uri d ine Q2cl .

75Vo. m.p. = 79-80 oC. crD = - 66.73 (CHzClz, c = 0.50). 1FI NVfR õ 9.47 (br s, 1

H, NH) 7.48 (s ,1H,}Í'-6),7.38-7.15 (m,6 H, ArH & C=CIIPh),6.73 (d,I = 'l'6.411z,,'l'

H, CH=CFIPh), 6.07 (d, | = 5.2 Hz, I H, H-1'), 5.33'5.29 (m, 2 H, H-2'&3'), 4.35'4.29

(m, 3 H, H-4',5'),2.07 &.2.04 (2 x s, 9}l,3 x CH3COÐ. EIMS m/z 472 (M+, <57o). IR

(CHClg) Vmax 3395 cm-1 (m, NH),3040 (m, ArH), 2952(w, CH), 1748 (str br, C=O),

1.7'1.4 (w, C=O), 1605 (w, C=C). UV (CHCla) Àln"* 314 nm (e 9,244), 259 (9,702).

HREIMS found: 472.1.480. Calcd for CyH24N2Oe: 472.7481'.
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2',3',5'-Tri-O-acetyl-5-{1-E-t3-(dimethyl-2"3-dimetylbutyl)silylorylpropenyDuridine

(22d1.

92Vo. ao = - 33.85 (CHzClz, c = 0.91). 1H Ntr¿R õ9.07 (br s, 1 H, NH) 7.25 (s ,l
FI, Hó), 6.52 (dt,Ia = 15.8 Hz,l¡= 4.4H2,1 H, CH=CHCIA2O)' 6.1'6 (bd,I = 15.8 lfz,'l'

H, CH=C!!CH2O), 5.98 (d, I = 5.4H2,1. H, H-1.'), 5.23 (m, 2FI,H-2'Ex3'), 4.23 (m, 3

H, H-4' ,5'), 4.02 (bs, 2 H, CH=CHCII2-O), 2.02,7.99 &.'l'.97 (3 x s, 9 H,3 x CHgCOz),

1,.52-0.75 (19 H, SMezCMe2CHMe2). IR (CHC13) vmax 3390 qn-l (m, NH), 3030 (m,

CH), 2960 (m, CH), 1748 (str br, C=O), 17'l'4 (w, C=O). UV (CHClg) f,n"' 290 nm (e

7.258),243 (8,270).

2',3',5' -Tri-O-acetyl'5{2-propenyl)uridine (22e).

86Vo. ao = - 33.70 (CHzClz, c = 0.61). 1H NVm õ 9.23 (br s, 1 H, NH) 7.M (s ,7

H,H-6),6.12(d,I=5.0 lfz,1'H,H-1.'),5.60(d,I=1.0ÍIz,l H,MeC=C!!),5.36(m,2

H, H-2'&3'),5.15 (d, I = 1..0ÍIz, L H, MeC=CÐ, 4.36 (m,3 H, H-4'5'),2-13,2.11' Ex

2.08 (3 x s, 9 H, 3 x CHgCOz) ,"!'.99 (s, 3 H, C!!C=CHz). EIMS m/ z 41'0 (M+ ,SVo), 350

(12),259 $n,97 (100). IR (CHC13) Vmax 3396 on-1 (m, NH),3020 (m, CH), 1750 (str

br, C=o), 1704^ (w, C=O). UV (CHClg) f,rrru* 273 nm (e 6,223),234 (4,407). HREIMS

found: 368.0878. Calcd for Cl5HleNzOg (M+-CzFI¿): 368.0856.

2',3',5' -T ri-O-acetyl-$(ethyl-1-E-ProPenoate)uridine Qzft.

92Vo. m.p. = 59-60 oC. ao = - 61.50 (CH2CI2, c = 0.61). 1U Ntrln õ 9.68 (br s, l

H, NFÐ 7.68 (s ,L}J, H-6), 7-20 (dI = 15.8 Hz,"l' H, CH=CHCO2Et),6'89 (d,I = 15'8

Í12,"!, H, CH=C!!CO2Et), 6.12 (d,I = 5.0 TIz,1' H, H-1'), 5.36-5.25 (m,2F{,rI-2'&3'),

4.39-4.27 (m, 3 FI, FI-4',5') , 4.14 (q, I = 7 .7 fIz,2IJI, COzCIIzCH3), 2.1'2,2.06 & 2.04 (3 x

s,9IJ.,3 x CH3COù,1..23 (t,I = 7|l'IHz,,3 H, CO2CHzCIIs).EIMS m/2468 (M+,SVo),

350 (12), 259 $n,97 (100). IR (CHClg) v-"* 3392 cm-1 (m, NH), 3028 (m, CH), 1750

(str br, C=O), 17"1.0 (w, C=O), 1464 (str, C=C). UV (CHCI3) Xmax 298 nm (e 7 ,M9),238

(5,273). HREIMS found: 468.1'395. Calcd for CzoFIzaN2Oll: 468.1380.
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2',3',5' -T r i- O - a c e tyl- 5- ( e thyl -2-p rop eno ate ) uri d in e Q2gl .

46Vo. oJe: - 33.08 (CH2CI2, c = 0.13). 1H NMn ô 8.35 (br s, 1 H, NH) 7.7'l' (s ,1'

H,IJ4),6.43 (d,I = 0.9 Hz,lH, EtO2CC=CII), 6.15 (d, I = 0.9 Ifz,'l' H, EtO2CC=CH),

6.M (d,I = 5.0 Hz,7 FI, H-L'), 5.30 (m, 2}l,H'-2'8 3'), 4.28 (m, 3 H,H-4'þ'), +.17 (q,,I

=7."!.Í12,2 H, COzCI!ztHs),2.07,2.M&.2.03 (3 x s,9 H,3 x CHaCOd,'l'.24(t,I =7.'l'

IJ,z, 3 H, CO2CH2CIIS). FABMS ml z M9 (M++H, <SVo), 259 (70). IR (CHCI3) vmax

3390 cm-l (m, NH), 3090 (m, CH), 1750 (str br, C=O), 7722 (w, C=O). UV (CHClg)

À*u,.277.0 nm (e 8,388).

221 (42Vo) was also isolated (see above for physical data).

2' þ',5' -T ri- O - acetyl-S-phenyluridine (2 3a).

64%. m.p. = 66-7 oC. cro = -80.82 (CH2C12, c = 0.48). 1H NtvtR õ 9.42 (br s, I H,

NH) 7.49 (s, I H, H{),7.45-7.36 (m,2H, ArH),7.34-7.28 (m,3 H, ArH),6.11 (d, J =

5.6H2,1 H,H-1'),5.35(da,¡ =2x5.6,'l.H,Il-2'),5.28(m,LH,H-3'),4.29 (brs,3H,

H-4',5'),2.06 &.2.M (2 x s, 6 H, CH3CO2C'2'&3'),'l'.62 (s,3 H, CH3CO2C-5'). 13ç

NMR (20.1 MHz) ô 170.0 EL 769.6 (3 x CHsÇO ù, "t61..9 (C+),150.9 (CZ¡, 136.4 (C6),

134.0 (ArC), 1,28.6 (ArC), 128.1, (ArC), 1,1,6.2 (C5),86.9 (C1'), 80.0 (C4'), 72.5 (C2'),70.0

(C3'), 629 (C5'),20.1' (3 x ÇH3CO2) EIMS m/z 4'46 (M+, <5%). IR (CHCle) vmax 3395

cm-1 (m, NH),3032 (m, ArH), 1750 (str br, C=O), 171'8 (str, C=O), 'l'694(w, C=O).IJV

(CHCts) I*u* 282.8nm (e 9,518),241,.9 (9,508). Anal found: C,56.1,6;H,5.17; N,5.99.

Calcd for C21H22N 2O9: C,56.50; H, 4.97 ; N, 6.27 .

2',3',5' -T ri-O-acetyl-5-(4-methoxlphenyl)uridine (23b).

55%. m.p. = 65-7 oC. crD = -66.66 (CH2CL2,c = 0.27).1FI NVtn ô 8.98 (br s, 1 H,

NH)7.42(s,l.H,H{),7.36(d,I=9ÍIz,2H,ArH),6.65(d,¡=9Hz,2H'ArFÐ,6.'l'"1'

(d,I= 5.7H2,1 H,H-L'),5.34(dd,J=2x5.8, 1'}]r,}l-2'),5.28 (m, 1H,H-3'),4.24(bts,

3 H, H-4'Æ'),3.75 (s,3 H, OCHg), 2.07 E 2.06 (2x s,6 H, CH3CO2C-2'&3'),1.86 (s,3

H, CH3CO2C-5'). EIMS m/z 476 (M+, <SVo). IR (CHC13) vmax 3405 cm-l (m, NH),

3040 (m, ArH), 2940 (m, CH) 1780 (str, C=O) ,1750 (str, C=O) ,77\0 (str, C=O) ,16\2
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(m, C=C). UV (CHzClz) I^u* 282.8 nm (e 9,5'1.8), 24't .9 (9,508). HREIMS found:

476.7417. Calcd for C22F{2¿NzOro: 476.1,430.

2' þ',5' -T ti-O-acetyl-5-(4-fluorophenyl)uridine (23c).

89Vo. m.p. -- 69-70 oC. crD = -56.98 (CHCI3, c = 0.70).lH Ntun E 9.49 (br s, 1 H,

NH) 7.53 (s,1 H, H{),7.47 (dd,l =8.6 & 5.4 Hz,2H, ArH),7.08 (dd,2xJ =8.6H2,2

H, ArH),6.L5 (d, | =5.6H2,'1, H, H-1.'), 5.42(dd,I =2x5.8H2,1. H, H-2'),5.33 (m, 1

H, H-3'), 4.37 (br s, 3 H, H-4'5'), 2.1.4 ß. 2.12 (2 x s, 6 H, CH3CO 2C-2'&3'), 'l'.92 (s, 3

H, CH3CO2C-5'). 1eF NtvlR (282.4 M,}lz, CDCIg) õ 36.42 (s, ArF). EIMS m / z 464 (M+ ,

<57o).IR (CHCI3) Vmax 3400 crn-1 (m, NFÐ, 3030 (m, ArH), 2950 (m, CH), 1750 (str,

C=O), 1720 (str, C=O), 1692(str, C=O), 1604 (m, C=C). UV (CHzClz) À^"* 279.0 nm (e

7,905),236.0 (7,360). HREIMS found: 464.1224. Calcd for CztHzrNzOgF: ß4.1231'.

2' þ',5' -Tti-O-acetyl-5-(3,5-difluorophenyl)uridine (23d).

8't%. m.p. = 7Ç5oC. crD = -58.35 (CHCI3, c = 0.67). 1H NIr,tR ô 9.34 (br s, I H,

NH) 7.57 (s, 1 H, H-6), 7.03 (dd,I = 8.9 &.2.2Í12,2 H, ArH), 6.73 (tt,I = 8.8 8L2.2ÍIz,

2If, ArFD ,6.07 (d, ¡ = 5.6Ifz, L H, H-1'), 5.34 (dd, | = 2x5.7 Í12,1 H, H-2'),5.27 (m, 1

H, H-3'), 4.39-4.26 (m, 3 H, }J-4',5'),2.07 & 2.05 (2 x s,6 H, CH3COzC-2'&3'), 'l'.94 (s,

3 H, CH3CO2C-5'). leF Nl¡R (282.4MÍrz, CDCIs) ô 32.55 (s, ArF). EIMS ml2482

(M+, <SVo). IR (CHCI3) v,,'ur 3392 on-l (m, NH),3012 (m, ArH), 2940 (m, CH), 1750

(str, C=O),1725 (str, C=O),'1,698 (str, C=O),'!'624 (m, C=C). UV (CHzClz) Xn"* 281'-3

nm (e '1."1.,123), 239.0 (9,980). HREIMS found: 482.1.123. Calcd for C21H2oN2O9F2:

482.1,136.

2',3',5'-Tti-O-acetyt-5-[4-(ø,cr,cr'trifluoromethyl)phenylluridine (23e).

91.Vo. m.p. = 84-5 oC. ao = -48.40 (CHC13, c = 0.58). lH trlMn ô 9.43 (br s, 1 H,

NH), 7.57 (s,4 H, ArH),7.56 (s,1 FI, }]^4),6.05 (d,I = 5.5 Hz,7 H, H-L'),5.36 (dd, J =

2 x 5.7 Hz, 1, H, }J-2'), 5.27 (m, 1 H, H-3'), 4.34-4.29 (m, 3 FI, FI-4',5'), 2.1'0 tx 2.07 (2 x

s,6IJ, CH3COzC-2'Ex3'),1..84 (s, 3 H, CH3CO2C-5'). 1eF NMR (282.4ll'lfl2, CDCte) õ

73.94 (s, ArCFs). FABMS m/z 575 (M++H, <SVo).IR (KBr disc) v¡n¿¡ 3440 on-1 (m,
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NH),3080 (m, ArH), 2960 (m, CH), 7752(str, C=O), 1726 (str, C=O), 1.698 (str, C=O),

1618 (w, C=C). UV (CHzClÐ Xrr,",.287.3 nm (e'11.,1.?3),?39.0 (9,980). Anal found: C,

57.47;H, 4.04; N, 5.44. Calcd Íor CzzHz1N2O9F3: C,51'.37;H,4-77; N, 5.45.

2',3',5'-Tri-O-acetyl-5-[3,5-bis(cr,cr,a-trifluoromethyl)phenylluridine (239) .

85%. m.p. = 137-9 oC. cro = -63.32 (CHC13, c = 0.69). 1H WVÍR õ 9.50 (br s, 1 H,

NH), 7.94(s,2 H, ArFÐ,7.78 (s, 1. H, ArH),7.64(s ,1H,tI'6),6.07 (d,I = 5.5[az,"l'H,

H-1'),5.34 (dd, I =2x5.7 Hz,7}l,H.'2'),5.27 (m,1 H, H-3'),4.342-4.22(m,3 H, H-

4',5'),2.08 & 2.05 (2x s,6 H, CH3COzC-2'&3'),1.88 (s,3 H, CH3COzC-S'). 19p NMR

(282.4 }.r/j]¡l¡z, CDCIg) õ 13.78 (s, ArCF3). FABMS m/z 523 (M+-CH2COz, <57r). IR

(KBr disc) Vmax 3,140 crn-1 (m, NH), 3080 (m, ArH), 2960 (m, CH), 7752 (str, C=O),

7726 (str, C=O), 1698 (str, C=O), 1618 (w, C=C),. UV (CHzClZ) î.max 278'9 nm (e

10,181), 247.0 (7,1.42). Anal found: C,47.33; H,3.59; N, 4.81'. Calcd for

Cz¡HzolJzOgF6: C, 47.33; H, 3.59; N, 4.76.

2',3',5' -T ri- O-acetyl-N3-allyluridine (2 8).

Tri-n-butylallytstannane (222rng,0.67mmol) was added to a solution of

2',3',5' -trL-O -acetyl-5-trif luoromethanesulfonyluridine 12 (77 4mg, 0.34 mmol),

pd(Phs)¿ (17mg,0.016 mmol) and lithium chlorids (30mg, 0.71mmol) in 1,4-

dioxane (amt) under N2. The clear pale orange solution was heated to reflux.

After 14hrs the reaction mixture turned black and analytical t.l.c. (hexanes/ethyl

acetate, L:L) revealed that 12 had been consumed. The reaction mixture was

filtered through celite and evaporated to dryness under vacuum. The residue

was taken up in dichloromethane (25m1) and washed wit}:. 307o aqueous

potassium fluoride and water, dried over MgSO4 and evaporated under vacuum.

The residue was chromatographed (hexanes/ethyl acetate, 4:3) and gave 2',3',5'-

tri-O-acetyl-N3-altyluridine 28 (65.6mg,47%) as a white foam. 1H NUn õ 7.31 (d, J

= 8.7 ÍI2,1 H,'H-6), 5.94 (d,l = 4.5 flz, 1' H, H-1.'), 5.fß-5.73 (m, 1 H, CH2CE!=CHz),

5.76 (d,I = 8.1 H2,1. H, H-5),5.32-5.05 (m,4 H,IH-z',3'& CH=CHz-),4.46 (m,2Il,

NCIÐCH=CHz), 4.29 (m,3 H, H-4'^5'),2.07,2.03 & 2.01' (3 x s, 9 FI, 3 x CH3CO2)' 13ç
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NMR (20.1. ¡y1¡g1z) õ 170.2 &.169.7 (3 x CH3ÇO z),1.64.5 (C4),150.6 (CZ¡, 137.4 (C6)'

131.3 ÇH=CH2), 118.1 (CH=CHz), "t02.8 (C5), 88.7 (C1') ' 79.7 (c[',)' 72.9 (C2')' 69'8

(C3'), 62.8 (C5') ,4g.0 (NCHzCH=CH2), 20'6 &' 20'3 (3 x gHgCOz)' EIMS rn/z 470

(M+, <SVo). IR (CHCls) vmax 30M crr-1 (m, CH), 2952 (m, CH), 1750 (str br, C=O),

1774 (str,C=O), '1,674 (str, C=O), 1458 (str, C=C), 1430 (str, C=O)' HREIMS found:

4101335. Calcd for C15H1el'üzOq: 4701343'

Another minor Product of lower R¡ was isolated that gave a lH NMR

consistant with monodeacetylated 28 (10mg, |Vo).IHNMR õ7-27 (d,I = 7'9Ífz,'l'

H, H-6), 5.90 (d, I = 4.3 H2,1. FI, H-1'), 5.g'l'-5.77 (m, 1 H, CHZCH=CHZ), 5'79 (d'l =

g.0 Hz, 1 H, H-5), 5.34-5.10 (m, 4 H, lH-2"3' & cFI=cH2), 4.51' (m,2 H,

NCII2CH=CH2), 4.32-3.91. (m,3 H, H-4',5') ,2.00 &,1,.99 (2xs'6H,zx CHgCOZ).

Chapter 4:

2',3',5' -T ri- O- ace tyl- 5-t2 -(trim e thyl s ilyl ) e thynyll uri d ine ß7 al'

A stream of nitrogen was passed through a solution of.2"3"5'-tri-o-acetyl-

S-trifluoromethanesulfonyluridine 12 (100mg,0.1.9mmo1) and Pd(PPhs)¿ (11mg,

O.0Lmmol) in dimethylformamide DMF (2.0m1) for 10 mins' To the resultant

orange solution triethylamine (56p1, 0.38mmol), trimethytsilytacetylene (37mg,

0.38mmol) and copper(I)iodide (3.30mg, 0.02mmol) were added' The solution

was heated to 4SoC and the progress of the reaction monitored by t'l'c' (65vo

hexane, 307o ethyl acetate, 4Vo methanol, 1'7o formic acid)' After 2'5hrs the

consumption of starting material was complete and tþe reaction mixture went

from d.ark orange to btack. The solvent was evaporated under vacuum to give a

black resin which was dissolved in dichloromethane and activated charcoal

added. After stirring for thr the suspension was filtered through celite and the

tan solution evaporated on to silica (-200mg) and chromatographed (65To

hexane, 357o ethyl acetate) . 2',3"5'-tri-o-acetyt-5-t-2-(trimethylsilyl)ethynyll-

uridine g7a(75mg,85Vo) was obtained as a clear sotid foam; m.p. = 192-5"C crD =

-69.SZ (CHC13,0.63). 1H NVn ô 9.53 (br s, 1 H, NIÐ,8.68 (s ,1'IJ, H-6),6'05 (d, J =

4.6 TIz,1 H, H-l') , 5.25 (m,2]H,:H-2' ,3'), 4.29 (m, 2 H, FI-4'^5'),2'\2,2'04,2'02 (3 x s' 3
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x 3 H,3 x COzCHg), 0.12 [s,9 H, Si(cHg)s]. EIMS mlz 408 (M+,8Vo) 451 (25)' 446

(27). IR (CHCI3) Vmax 3395 cm-l (m, NH), 2960 (m, CFI) , 7752 (str br, C=O), 1722 þr '

C=O), 1626 (m,C=C). HREIMS found: 46.1.422.Ca1cd for CZOHzeÀJZQt M61408.

Compounds 37b-e were prepared in a similar manner as that described for

37a above, varying only in the reaction time and temperature and the product

yield obtained as detailed in Table 13. In the cases of 37b'd a small amount of by-

product was also isolated (37b'-d', respectively)'

2,,3,,5, -Tri- O-acetyl-5-(2-hydroxy-2-methylpropynyl)uridine (37b ).

90vo. q.o = - 46J (MeOH,.c = 0.59). lH NMn õ9'66 (br s, 1 H, NH)' 7'65 (s 
'1

H,IJ-6\,6.02(d,I=4.60H2,LH,H-l''),5'30(m,2lF.,H-3',2')'4'30(m'3FI'FI-4''5')'

2."1,5,2.1'1.,2.05 (3 x s,9 H,3 x CHaCOz), 1.53 (s,6H,C(CIlg)zOH)' EIMS m/z 452

(M+, STo),259 (100). IR (CHCI3) Vmax 3392 cm-1 (m, NÐ, 3004 (m, CH), 1748 (str br,

c=o), 1730 (þr, c=o), 1630 (m, c=c). uv (MeOH) ?r^"' 285 nm (e 11,054) ' 227

(g,752),204 (8,679). HREIMS found: 452.7M2. Calcd for C2sH2¿NzOrO: 452'1'431"

G(1-Hydroxy-1-methylethyl) -g-(2,g,*tfi-o-acetyl'þv -erythro-pentofuranosyl)-

furano [2,.3-dl pyrimidin-2.one (37b' ).

37\.7HNMR õ g.10 (s , 1 H, H-6), 6.24 (s,1 H, -HC=CO(CHs)zOH), 6-17 (d'I =

5.5Hz, L H, H-1.'),5.35 (m, 1 H,:H-2'>,5.23 (m, L H, H-3'),4.42 (m,3 II'H-4"s',)'

2|1,5,2.05,2.04 (3x s, 9 H, 3 x CHgCOt, 1.54, 1.53 (2, x s, 2x3}J, c(c!Ia)ZOH)' EIMS

m/2452(M+,72Vo),25g (100). HREIMS found: 452.1438. Calcd for c29H24N2O1s:

452.1.431,

2'"3',5'-Tri-O-acetyl'5-hexynyluridine (37d).

9OVo. ao = - 45.4 (MeOH,. c = 0.50). 1H NMn õg'12 (br s, L H, NH)' 7'62(s '1

H, H-6), 6.07 (d,l = 4.60 Hz,'l' H, H-L'), 5'29 (m, 2]H,lH-3" 2')' 4'32 (m' 3 FI' H-4" 5')'

2.35 (t,I =7.0,2 H, C{CHz),2.17,2.1,3,2.09 (3 x s, 3 x 3 H, 3 x cHgcoZ), 1'5 (m' 2 H'

C{CHzCH2), L.38 (m,2H, CH2CHz),0.87 (t,I =7.3H2,3 H, CHg). EIMS m/2450



15:(M+' <s%),2s9 (100). IR (cHcr3) v^"* 3392 on-r (m, NH), 29s6 (m,cH), 1250 (strbr' c=o)' r7J0 (br, c=o), 1630 (m, C=CJ. UV (MeoH) rma* 2g2 nm (e.r.0,797),22g(9,t98),204 (9,450). HREIMS found: 450.1,662.Ca1cd for C2sH2,aN2O16: 4S0.t6Sg.

6-n'Butyr-3-(2,g,s-tti-o-acetyr 
-þ-o-erythro-pentofuranosyr)_furano[2,3_

dJpnimidin-2-one (57 c,l.

2To. 7H NMR õ 2.67 (s , 1 H, H_6), 6.04 (d, I = 4.6 Írz, lH, H_l ,¡, s.26 (m, 2 H,
'''3" 

2',)' 4'32 (m' 3 H, .'4" 
'',), 

2.32 (t, ¡ = 7.0, 2r{, c=CCHz ), 2.77,2.73, 2.09(3 x s, 3x 3 Ir' 3 x cH3C Oz), 1.52 (m, 2H, C=cCHzcrÐ), 1.36 (m, 2 H, ctI2C Hù, 0.gz (t, ¡ =7'3 Hz,3 H, CHg). EIMS m/z 4s0 (rur*, <svo),2s9(100). HREIM' found: 4s0.r66g.Calcd for CzoHzaN2Ole: 450.7659.

2',3',5' -T r i- O-a ce tyl- 5-[2 -phenyl e thynyl J uri dine (g7 d,, .
g3Vo' m'p' = 67 - 70 .,c' 0D = -g0.1 (MeOH,. c = 1.14). lu NMn ð g.g2 (br s, 1rr' NH)' 7'g5 (s , 1 H, H-6), 7.47 (m, 2 H, ArfÐ, 7.32(m, 3 H, ArH), 6.73 (d,I = 4.53tþ,'1. H, H-1'¡, 5.39 (m, 2.', H_g,,.2,), 4.gg(m, 3 H, H_4,, S,), 2.27 (s, 3 H, CH3CO/,2'72(s,6u,zx CH3cod. Erus m/2420 (rur+,gyo),259 (100). IR (cHclg) vmax 3400cm-l (m' NrÐ' 3020 (m br, ArFI), 1755 (str br, C=o), 7774 (br,C=o), 1615 (m, C=C).UV (CH:Clz) Ima* 307 nm (e tT,S'2), ZTg (1,2,746), 264 (74,Slg), zO7 (2j,gg4).HREIMS found: 4\0.1.g22.Calcd for C2sH2zNzOg: 470.tg25.

GPhenyl- 3'(2,g,'.tui-o-acetyr -p-o -erythro-pehtofuranosyl)-furanol2,3-
dJpyrimidin-2-one (32d,).

57o. m.p. = 
.1,37_g oc. lH NMR ô g.25 (s , 1 H, H_6), 7.77 (m,2 H, ArH) , 7.47(m, 3 H, ArH), 6.7'1, (s,lH, HC=COph), 6.27 (d,I = 3.6 fIz, 7H, H_1,), 5.47 (t,I = 4.5Írz,'1. H, H-2'),5.3¿ (dd, 13"2' = 4.6 Hz,I3"4' = 5.6 rr2,1 H, H_3,) , 4..1.6(br s, 3 H, u_4'þ'),4.39(m,J]H,H_4,,5,),2.20,2.17,2.14(3xs,3x3H,3xCH3C 

Oz).EIlvISm/z470 (l¡+,30%),297 (30),2sg (IXD).HREIMS found: 470.rg07.carcd for c23H22N2oe:470.7325.
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2',3',5' -T ri-O-ace tyl-Fl2-(4-methoxyphenyl)ethynyl]uridine (37e).

97Vo. ap = -94.4 (MeOH,. c = 0.45). 1H NMR õ 9.30 (br s, 1 FI, NH), Z.7S (s ,I
F{, H-6), 7.35 (d,I = 8.7 Hz, 2H, ArFÐ, (d, I = 8.7 Hz,2 tt ArH), 6.07 (d, ¡ = 3.4 Hz, 1

H, H-1'), 5.30 (m, 2FJ, H-3', 2'), 4.37 (m, 3 H, }J4', 5'), 3.75 (s, 3 H, CHe), 2.1-.9, 2.02,

2.05 (3 x s, 3 x 3 H, 3 x CH3COz). Efn¡S mlz 500 (M+,70Vo), 440 (28),259 (100). IR

(CHC13) Vmax MLO cm-l (m, NH), 3020 (m br, ArH), 1752 (str br, C=O), 17'1.0 (br,

C=O), 1610 (m, C=C). UV (CHzClz) l"max 318 nm (¿ ljd!.{),266 (1,6,4'1,1). HREIMS

found : 500.1. M2. Calcd f or Cz+Hz¿NzOr o: 500. 1 43 1 .

Attempted Coupling of 4-Fluorophenylhimethylsilylacetylene (Table 7, entry 5)

with 3',5'-Di-O-acetyl-Ftrifluoromethanesulfonyl-2'-deoxyuridine (14).

To a solution of 3',5'-di-O-acetyl-5-trifluoromethanesulfonyl-2'-deoxy-

uridine 14 (100m9, 0.22mmol) and Pd(PPhg)¿ (12.5mg, 0.01mmol) in THF (2.0m1)

4-f luorophenyltrimethylsilylacetylene (58mg,0.30mmol) and

tetrabutylammoniumfluoride TBAF (0.25mmo1, 250p1 of a LM solution) were

added. After stirring at room temperature for 24hrs only starting material 14 was

detected by t.l.c., analysis by g.l.c. revealed that all 4-fluorophenyl-2-

trimethylsilylacetylene had been desilylated to give 4-fluorophenylacetylene. A

similar result was obtained when iodobenzene was used in place of 14 or when

anhydrous CsF was used instead of TBAF or when (n3-CgHsPdCl)z was used in

place of Pd(PPhg)¿. As was the case when all these reagents were replaced

simultaneously.

3',5r-Di-O-acetyl-Fl2-(trimethylsilyl)ethynyl]-2'-deoxyuridine (38a).

Conditions A (eq. 26lz A stream of nitrogen was passed through a solution

of 3',5'-di-O-acetyl-5-trifluoromethanesulfonyl-2'-deoxyuridine 14 (10Omg,

0.22mmol) and Pd(PPhs)a (12.5mg,0.01mmol) in DMF (2.0m1) for 10 mins. To

the resultant orange solution triethylamine (47¡tI, 0.33mmol),

trimethylsilylacetylene (33mg, 0.33mmol) and copper(I)iodide (3.4mg,0.02mmol)

were added. The solution was heated to 50oC and the progress of the reaction
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monitored by t.l.c. (70Vo }irexane,26Vo ethyl acetate, 37o methanol,1,7o formic acid).

After 2.5hrs the consumption of starting material was complete and the reaction

mixture went from dark orange to black. The solvent was evaporated under

vacuum to give a black resin which was dissolved in dichloromethane (5ml).

Activated charcoal was added and the slurry stirred for Lhr the suspension was

filtered through celite and the tan solution evaporated on to silica (-200mg) and

chromatographed (hexane/ethyl acetate 7:3). 3',5'-Di-O-acetyl-5-[2-
(trimethylsilyl)ethynyll-2'-deoxyuridine 3Ba (78mg,87vo) was obtained as a clear

solid foam; m.p. = 181-2oC (lit.ez =178-9"C). 1H NtøR 89.70 (br s, 1 H, NH), 8.10 (s ,

7IJ,H-6),5.90 (d, I = 4.60fIz,7I{, H-L'),5.25 (m, 1 H, H-3'),4.33 (m,3 H,H-4',5'),

2.19,2.17 (2 x s, 6H,2 x CH3COù 0.22 [s,9 H, Si(CHg)g]. EIMS mlz 408 (M+,87o),

393 (<1), 279 (1,00). HREIMS found: 408.1337. Calcd for C26H2ðIzOq: 408.1321,.

Compounds 38b-e were prepared in a similar manner as that described for

38a above (i.e. Conditions A eq. 26), varying onty in the reaction time and

temperature and the product yield obtained as detailed in Table 4. In the cases

38b-e considerable amounts of by-product was also isolated (38b'-e', respectively).

In the cases of 38b & c 1,4-bis-(3,5-difluorophenyl)-1,3-butadiyne 39 (X = 3,5-Fz)

and 1.,4-bis-(4-c¿,c¡,cr-trifluoromethylphenyl)-1,3-butadiyne 39 (X = 4-CFs) were

isolated (respectively) in sufficient quantities as to account the mass balance of all

phenylacetylene intially added (see below for physical data).

3',5'-Di-O-acetyl-5-{2-[3,5-bis(cr,cr,a-trifluoromethyl)phenyllethynyl]-2'-

deox¡ridine (38b).

51%. m.p. = 179.0-1.80.0 oC. crD = -18.25 (MeOH,. c = 2.00). lH trlVfR ô 10.07

(br s, 1 H, NH) , 7.91. (s , 1 H, H-6) 7.88 (s, 2 H, ArH), 7.75 (s, L H, ArH), 6.25 (dd,

Ittu.,t = 7.35 ÍIz,lçis -- 6.72H2,'l' I{, H-1'), 5.21 (m, L H, H-3'), 4.35 (m, 3 H,H-4',5'),

2.57 (rn,1H, H-2'p),2.18 (m, 1 H, H-2'CI),2.10 & 2,07 (2xs,6}{,2xCH3CO/. EIMS

ml z 548 (M+, <SVo), 529 (<5) 348 (30) 81 (100). IR (CHCI3) v-"* 3388 cm-1 (m, NH),

3084 (m, ArH),2956 (m, CH), 2240 (w, C=C), 1720 (str br, C=O), 1632 (sh, C=C). IJV
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(MeOÐ I^u* 312 nm (e 23,358),24'1. (70,206). HREIMS found: 548.1059. Calcd for

CzgHrsNzOTF 5: 54tì. 1 059.

pentofuranosyl)-fu ranol2 þ- dlpyrimidin-2-one (3Bb').

27Vo.7HNMR õ 8.¡14 (s , 1 H, H-6), 7.28 (t,I = 3.4rlr2,2H, ArH),6.g5 (m, 1 tI,
ArfÐ, 6.83 (s, 1 H, C=CO Aù, 6.32 (dd, ¡ = 7.28ÍIz,I = 5.95 Hz,'!, H, H-L'), 5.26 (m,'1,

I{, H-3'), 4.38 (m, 3 H, H-4'Æ'), 2.99 (m, 1 H, H-2'p), 2.'1,"1. (m, L H, H-2'J , 2.'1,4 &. 2.oz

(2 x s, 6H,2x CH3CoÐ. EIMS m/2548 (M+, <57o). HREIMS found: s48jt0sz. Calcd

for C23H1 3N2O7F5,: 548. 1 059.

3',5'-Di-o-acetyl-5-[2-(3,Fdifluorophenyl)ethynyl]-2'-deox¡rridine (38c).

31.Vo. m.p. = 186.0-186.5 oC. crD = -21.0 (MeOFI,. c = 1..69).1H NMR ô 9.59 (br

s, L FI, NH), 7.85 (s ,'1.H, H-6), 6.94 (m,2 H, ArH),6.25 (m, 1 H, ArH), 6.25 (dd,

ftru.rr =7.50fI2,1ç¡ = 5.91. ÍIz, "1. H, H-1.'),5.18 (m, 1. H, H-3'),4.33 (m, 3 H,H-4',5'),

2.5L (m, 1,H,F{-2'p),2.17 (m, 1 H,}l-2'c.),2.10 & 2.06 (2x s,6 H,2xCHgCOr. EIMS

m/z M8 (M+, <5%),259 (7). IR (CHCI3) vmax 3388 crn-1 (m, NH), 3013 (m, ArH),

171.4 (str br, C=O), 1614 (sh, C=O), 1590 (sh, C=C). UV (MeOH) Àma* 302 nm (e

'l'4,729),277 (1'0,7M), 264 (70,696),207 (23,894). HREIMS found: M8.1,070. Calcd for

C21 H1 sN2 O 7F 2: M8.7082.

G(3,FDifluorophenylÞ3-(3,5-di-o-acetyl-2-deoxy-p-o-erythro-pentofuranosyl)-

furano[2,3-dlpyrimidin-2-one (38c').

507o. HREIMS found: 448.1080. Calcd for C2lIllsl.JzOzFz: M8.7082.

3',5'-Di-O-acetyl-5-{z-[4-(cr,cr,cr-trifluoromethyl)pheny|ethynyl]-2'-deox¡rridine

(38d).

43%. m.p. = 794.0-796.0 oC. crD = -23.26 (MeOH,. c = 7.M).1H trlVn ô 10.17

(br s, 1 H, NH), 7.94 (s ,7 H,}{4) 7.60 (s,4}l, ArH), 6.33 (t, I = 7.20 flz,"l, H, H-1'),

5.27 (m,1 H, H-3'),4.33 (m,3H, H-4',5'),2.61 (rn,1 H, H-2'p),2.29 (m, 1 H,IH-Z'c.),
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2.17 Ex2.1,3(2xs,6FI,2xCHsCot. EIMS ml2480(M+,<Svo),446 (<5) 280 (30) 81

(100). IR (CHC13) v^.* 3400 crn-1 (m, NFÐ,3010 (m, ArH), 2996 (rn, CH), 1730 (str

br, C=O), 1620 (sh, C=C). UV (MeOH) Àmax 310 nm (e 21,085), 241. (44,400).

HREIMS found: 480.1 159. Calcd for C22H1eN2O7F3: 480.71,M.

G[4-(a,cr,cr-hifluoromethyl)phenyll-3-(3,5-di-O-acetyl-2-deoxy-p-u-erythro-

pentofuranosyl)-furan oI2 þ- itlpyrimidin-2-one (38d').

337o. HREIMS found: 4tì0.1150. Calcd for C22HlgNzOzFg: 480J1,'tM.

3',5'-Di-o-acetyl-5-[2-(4-fluorophenyl)ethynyll-2'-deoxyuridine (38e).

50Vo. m.p. = 156.0-158.0 oC. crD = -26.20 (MeOH,. c = 1.00). lH Nlm õ 10.03

(br s, 1 H, NH) ,7.93 (s , L H, H-6), 7.50 (dd, IHH = 6.67 ÍIz,4l¡1p = 2.08 Hz,2}l,
ArH), 7.03 (t,IHg = 3IHr = 8.72,2H, ArH), 6.34 (dd,ft.u.,, =7.56IJz,Jss = 6.06H2,"!.

H, H-1'), 5.26 (m, L H, H-3') , 4.32 (m, 3H, H-4',5'), 2.60 (m,1 H, H-2'p),2.22 (m, 1 FI,

IJ-2'g"),2.1.6 &.2.12 (2 x s, 6 H,2x CHgCOt. 13C trllm õ 170.32 & 170.08 (CHeeOz),

1.62.46 (d, Icr = 250.0 I1z, ArC4),1.6't .37 (C4),1,49.31, (C2), 1,41,.35 (C6), 133.40 (d, 3lcr

= 8.53 ÍIz, ArC2), 118.30 (d, aICr = 3.47 FIz, ArCl) ,'t1.5.49 (d, 2ICr =22.MHz ArC3),

100.43 (C5), 92.38 (Cd, 85.38 (C1'¡, 82.38 (C4'), Z9.Bg (Cp), 73.85 (C3'), 62.66 (C5'),

37.93 (C2'),20.67 & 20.58 (eHgCOz). EIMS ml z 430 (M+,'tjVo). 230 (100). IR (CHCls)

Vmax 3392cm-1 (m, NH), 3010 (m, ArH), 7704 (str br, C=O), 1630 (sh, C=C). UV

(CHzClÐ Àr.,ut< 307 nm (e'1.4,878),278 (70,922),263 (12,5æ),249 ('1,0,9f16). HREIMS

found: 430. 1 181. Calcd for C21H19N2O7F: 430.1,77 6.

Conditions B eq. 54: Compounds 38b-e were also prepared in accordance

with Conditions B eq. 26 as was 38f, varying only in reaction time and

temperature and the product yield obtained (Table 4), as exemplified for the

preparation of 38f described below.
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3',5'-Di-O-acetyl-F[2{pentafluorophenyl)ethynyl]-2'-deoxyuridine (38f).

A stream of nitrogen was passed through a solution of 3',5'-di-O-acetyl-5-

trifluoromethanesulfonyl-2'-deoxyuridine 14 (100mg, 0.22mmol) and Pd(PPhg)¿

(25mg, 0.02mmol) in DMF (2.0m1) for 10 mins. To the resultant orange solution

triethylamine (34p1, 0.24mmol), pentafluorophenylacetylene (84.5mg, 0.44mmol)

and copper(I)iodide (7.7mg,0.05mmo1) were added. The reaction mixture was

intially stirred at room temperature for 2.0hrs, after which time no product could

be detected by t.l.c. (70Vo hexane, 26Vo ethyl acetate, 37o methanol,1.7o formic acid),

and then at 45oC for 3hrs after which time only a trace of product was detected.

The reaction mixture was then heated to 55oC and the consumtion of 14 was

complete after Shrs, at which time the orange solution turned black. The solvent

was evaporated under vacuum to give a black resin which was dissolved in

dichloromethane (5ml). Activated charcoal was added and the slurry stirred for

thr. The suspension was filtered through celite and the tan filtrate evaporated

on to silica (-200mg) and chromatographed (hexanes/ethyl acetate 7:3). 3',5'-Di-

O-acetyl-S- [ 2- (pentafluorophenyl) ethynyl] -2' -deoxyuridine 3 8f (95mg, 87 vo) w as

obtained as a white solid; m.p.= 209.0-21.0.0 oC. crD = -37.88 (MeOH,. c = 0.33). 1H

NMR ô 9.&1 (br s, L H, NH), 8.02 (s ,'!. H,H-6),6.33 (dd, ft."r,, = 7.61, Hz,lsie = 5.8L

tlz,1. H, H-1.'),5.26 (m, 1H, H-3'),4.35 (m,3H, H-4',5'),2.63 (m,1. H, H-2'p),2.30

(m, 1H, H-2'o),2.']..6 E 2.1,3 (2xs,6H',2 x CH3CO2). 13C NMR õ 170.40 Ex170.1,2

(CH39O2),160.54 (C4),1/9.72 (C2),1,42.88 (C6),99.33 (C5), 92.1.0 (Cp), 85.73 (C1'),

82.75 (C4'), 73.91, (C3'&Co), 63.67 (C5'), 38.32 (C2'),20.77 & 20.55 (ÇH3CO2). EIMS

m/z 502 (M+, 40Vo), 428 (28), 301 (100). IR (CHCI3) Vmax 3388 cm-1 (m, NH), 2250

(w, C=C), 1710 (str br, C=O), 1626 (sh, C=C). UV (MÐH) À^a* 305 nm (e 19,489),

217 (1'3,819). HREIMS found: 502.0818. Calcd for C21H1sÌ.IzOzFs: 502.0799.

For 38b-e only a small amount of by-product 38b'-e' was detected, no such

by-product was detected in the case of 38f. The yields for 38b-e under Conditions

B eq. 26 were 80,70, 82 &.87Vo respectively (see above for physical data).
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Compound 38c was also prepared from 3',5'-di-o-acetyl-5-iodo-2'-

deoxyuridine 40 (100mg, 0.23mmol) in a similar manner as that described for 3gf
(from 14) above, except that the reaction was worked up after only 10min. Work

up and purification was ca¡ried out as described for 38f above giving 38c (100mg,

98Vo) as a white solid.

5-[2-(Trimethylsilyl)ethynyll-2'-deox¡uidine (41a).

A stream of nitrogen was passed through a sorution of 5-

trifluoromethanesulfonyl-2'-deoxyuridine 8 (200mg, 0.53mol) and pd(pphs)¿

(30mg, 0.03mmol) in DMF (a.Oml) for 10 mins. To the resultant orange solution

triethylamine (1.15p1, 0.80mmol), trimethylsilylacetylene (78mg,0.80mmol) and

copper(I)iodide (8.0mg, 0.05mmol) were added. The solution was heated to 50oC

and the Progress of the reaction monitored by t.l.c. (607o hexane, 35Vo ethyl

acetate, 4Vo methanol, LTo formic acid). After 2.0hrs the consumption of starting

material was complete and the reaction mixture went from dark orange to black.

The solvent was evaporated under vacuum to give a black resin which was

dissolved in methanol (5ml). Activated charcoal was added and the slurry

stirred for thr the suspension was filtered through celite and the tan solution

evaporated on to silica (-400mg) and chromatographed (65To hexane, 35Zo ethyl

acetate). 5-l2-(Trimethylsilyl)ethynyt]-2'-deoxyuridine 41a (151m g, STVI) was

obtained as a white solid; m.p. = '1,62-5'C. crD = + 6.32 (MeOH,. c = 1.90). 1H NIr¿R ô

70.70 (br s, L H, NH), 8.15 (s ,"!. H,}{4),6.10 (t, | = 6.j6H2,7 H, H-1.'), 4.6+ (b, s, 1 H,

3'-OH), 4.39 (br s, 1 FI,s'-OFÐ,4.10 (m, L H, H-3'),9.G8 (m, 1 H,H-4'),3.57 (m,2lts..,

H-5'),2.'1,6 (m,1H, H-2'p),1.99 (m, 1 H,}j.-2',u),0.24Ís, g H, Si(CH¡)sl. EIMS m/z
324 (M+, <lVo). UV (MeOFÐ f,-u* 295 nm (e2,842),299.2 (2,619),209.6 (2,71.6).

An attemPt to prepare compounds 41b'h in a similar manner to that

described for 41a above was successful only for compounds 41e-h, variations in

the reaction conditions and the product yietds obtained are detailed in Table 5

and eq. 28. In the cases 41b-d only trace amounts of of product and by-product
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(41b'-d', resPectively) and considerable amounts of starting material I were

observed by t.l.c..

Fl2-(4-Fluorophenyl)ethynyl]-2'-deox¡rridine (41e).

76Vo. m.p. = 2'1,3-274oC. crD = -4."1, (MeOH,. c = 1.60). 1¡1 NMR
(CDClg/DMSode) ô 10.98 (br s,I H,NFÐ,8.33 (s ,7H,H-6),7.48 (dd,IsH = B.6BIHZ,

4IHr = 5.70Í12,2 H, ArH),7.03 (t,InH = 3IHF = 8.22,2 H, ArH) 6.29 (t,l = 6.27 flz,'!,

H, H-1'), 4.75 (br s, 1. FI, OH), 4.46 (br m,2}].., OH & H3'),3.98 (m, 1 H, H-4'),3.83

(m, 2 H, H-5'), 2.40 (m, 1}l.', H.-2'p), Z.ZS (m, l H, H-2'o¡. 1eç NMR
(CDCts/DMSOde) õ 162.11 (d, Icr = 250.0 ÍIz, A¡C ),76'1..82 (C4),1,49.29 (C2),1.43.25

(C6),733.20 (d, 3JCr = 8.53 Hz, ArC2),'1,'1,8.70 (d, alcr = 3.47 f1z, ArCl),'1,75.24 (d, 2ICr

= 2230 Hz, ArCS), 99.17 (C5), 91.35 (CJ, 87.97 (C1'), 85.38 (C4'¡,80.68 (Cp), 70.1,8

(C3'), 61,.27 (C5'), 40.78 (CZ'¡. FABMS m/z 347 (M++H, <SVo).IR (nujol mull) Vmax

3456 cm-1 (m, NH),3288 (br, OFD, 3024(ArH),1,696 (str, C=O). t-lV (MeOH) X*u*

301 nm (e'1.4,212),275 (12,983),262 (13,805), 219 (9,976),204 (13,650). Anat found: c,

58.7 5; H, 4.37 ; N, 8. 08. Calcd for C1 7H15lrJ2O5F: C, 58.94; H, 4.33; N, 8. 09.

F[2-(Pentafl uorophenyl) ethynyl]-2'-deoxyuridine (4lf).

89Vo. m.p. = 302-305oC. qD = -2.03 (MeOH,. c = 0.64). 11¡ NMR

(CDClg/DMSOdd ô 11.58 (br s, 1 H, NH), 8.56 (s,1 H,H{), 6.22 (t,I = G.2't Í12,1.H,

H-1'),5.09 (br s, 1 H, OH),4.83 (br m, 1. FI, OH), 4.44(m,1 H, H-3'),2.98 (m, 1H, H-

4'),3.78 (m,2 H, H-5'), 2.39 (m, 1, H, }l-2'þ),2.2'1, (m, 1 H, H-2'o). 13C NMR

(CDCls/DMSOd5,) õ 160.67 (C4),1,48.69 (C2),145.81 (dm, ¡çr = 256.6 }lz, ArC2),

7M.M (C6), 140.11 (dm, Icr' = 256.6 ÍIz, ArC4),136.49 (dm, ¡6r = 249.'!. ÍIz, AnCS),

99.01' (m, ArCl),96.80 (cs),93.43 (cp),87.11 (Cl'¡, 84.27 (c4'),zs.oO (cd, 69.42 (c3'),

60.89 (C5'), 40.43 (CZ'¡. FABMS m/z 419 (M++H, <SVo),302 (100), 117 (80). IR (nujol

mull) Vmax 3470 crn-l (m, NH), 3168 (br, OH), 2224 (C{), 1680 (br, C=O) (UV) }"ma,

303 nm (e"1,2,540), 280 (L1,890), 204 (23,408). Anal found: C, 4B.ST; H, 2.7'1.;N, 6.74.

Calcd for C17H11N2O5F5: C, 48.80; H, 2.63;N, 6.69.
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F0-Phenylethynyl)-2'-deoxyuridine (41d.

88%. m.p. = 775 - 777oC (lit.øz 174 - 176oC) 1rt NMR (CDCts/DMSodo) ô

11.08 (br s, 1 H, NfÐ, 8.02 (s ,1Il, H-6), 2.07 (m,3 H, ArH) , 6.92 (rn, Z H, ArH) 5.90

(t, I = 6.00Ír2,1. H, H-1.'),4.72 (d, I = 4:l,7frz, L H,3'-OH),4.55 (t,I =4.4'1,,'l-, H,5'-

OH),4.01 (m, 1. H, H-3'),3.55 (m, 1 H,H4'),3.40 (m,2 H, H-S'),'j-,.94 (m, 1 H, H-

2'p),7.78 (m, 1 H,H'-z'o.). 13C NMR (CDCI3/DMSOdd ô 161.13 (C+),748.70 (C2),

1'42.65 (C6),130.ß (ArC2), 1,27.40 (ArC4), 127.33 (ArC3) 121.87 (ArCl), 98.23 (C5),

9'1..33 (CJ,86.88 (C1'¡, U.37 (C4'¡,80.80 (Cp),79.49 (C3'), 60.36 (C5'), 40.20 (CZ'¡.

5-[2-(4-Methoxyphenyl)ethynyU-2'-deox¡uidine (41h).

9570. rn.p. = 175.0 - 176.0o,C.lH NVÍR (CDCls/DMSOda) õ 10.94 (br s, 1 H,

NH), 8.05 (s ,7 H,H-6),7.1.4 (d,I = 8.01 lfz,2 H, ArH), 7.03 (t,I = 8.00, 2 H, ArH)

6.00 (t, I = 5.90 Hz,'1, H, H-1'), 4.66 (br s, 1 FI, s'-OH), 4.44 (br s, L FI, 3'-OH), 4,1.6 hr
m, 1 FI,3'-H),3.68 (m, 1 H, H-4'),3.53 (m,2H, H-5'),2.12(m,'!.H,Il-2'p), 1.95 (m, 1

H, H-2'o). 13C NtvtR (CDCls/DMSOdd ô rOf.S4 (C4), t59.07 (ArC4), 1,49.2 (C2),

742.62 (C6),132.53 (ArC2), 1,1,4.32 (ArCl), t1.g.g4 (ArC3), 99.27 (C5), 92.19 (Cd, 82.22

(CL'¡, 84.92 (C4'¡, 79.38 (Cp), 70.02 (C3'),60.95 (C5'), 40.56 (CZ'¡. FABMS m/z 359

(M++H, <SVo).IR (nujol mull) Vmax 3400 cm-l (m br, NFÐ, 3248 (br, OH), 7696 (br

str, C=O), 1.604 (s, C=C).

Deacetylation:

F{2-[3,5-Bis(cr,c,cr-trifluoromethyl)phenyllethynyl]-2'-deoxyuridine (41b).

3',5'-Di-O-acetyl-5-(Z-[3,5-bis(cr,cr,cr-trifluoromethyl)phenyUethynyl]-2'-

deoxyuridine 38b (87mg, 0.16mmol) was added to a saturated solution of

methanolic ammonia (5ml). The resulting solution was stirred for 6hrs, at

which point t.l.c. analysis revealed the consumption of 38b to be complete. Silica

(-200m9) was added, the slurry evaporated to dryness and subjected to fash

chromatography (hexanes 70To : ethyl acetate 257o : methanol 57o) giving 41b as a

white solid (68mg, 90Vo). A larger stock of 4Lb (135mg) was recrystalized from

isopropanol (-0.5m1) to give 41b as a micro-crystaline solid (714mg, 847o
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recovery); m.p. = 247-250 oC. oo = -8.0 (MeoH,. c = 0.50). 1¡¡ NMR
(CDCla/DMSOdd õ 11.25 (br s, 1H, NH),8.32 (s ,'L}l,H-6),7.56 (s,2 H, ArH),2.40

(s, 1H, ArH),5.90 (t, I =7.56H2,7 H, H-1'), 4.70 (m,1 H, OH),4.55 (m,3H, OH),

4.M (m, L H, H-3'),3.59 (m, 1 H,H-4'),3.40 (m, 2 H, H-5') ,'!,.98 (m, 1 H,}l-2,p),1.76

(m, 1H, H-2'ü). 13c NMR (cDCtg/DMSodo) õ 160.80 (c4), 148.51 (c2),1,49.97 (c6),

130.39 (q, 2lcr = 34.2, ArC3), 130.22 (ArCz),124.46 (ArC1), 721,.9 (q, Icr = 272.S,CFa),

1,19.99 (ArC4), 96.88 (C5), 87.97 (Cd, 86.8T (C1'), g4.Zg (Cg),74.M (C4,'¡,69.20 (C '),

60.1.2 (C5'),40.15 (CZ'¡. FABMS m/z (M++H, <SVo).IR (nujol mull) Vmax 3440 cm-l

(m, NH), 321I (br, OH), 3050 (ArH),7730 (str , C=O),1656 (sh, C=C). UV (MeOH)

À-u* 312 nm (e24,274),203 (47,'1,75). Anal found: C,49.22; H, 3.18; N, 6.22. Calcd for

C19H1aN2O5F6: C,49.74; H, 3.03; N, 6.03.

Compounds 41c and 41d were prepared in a similar manner as that

described for 41b in yields of 99 &. MVo respectively. In each case the yield is for

the product isolated by chromatography. High purity samples were obtained

from recrystalization in isopranol/water (9:1) (-ggVo recovery).

5-[2-(3,5-Difl uorophenyl)ethynyU-2'-deox¡uidine (41c).

997o. m.p. = 799-200"C. crD = -7.2 (}r'f.eO}l, ( = 0.90). 1¡¡ NMR

(CDClg/DMSOde) ô 8.25 (s , 1 H, H-6),6.91 (m,2 H, ArH), 6.55 (m, 1 H, ArH) 6.07

(dd,Itrutrr =77.2fI2,lçis=6.72H2,1. H, H-1'), 4.7 (b, s, 1 [I, OH), 4.52(br s, 1 H, OH

), 4.21, (m, 1 H, H-3'), 3.75 (m, L H, H-4') , g.ST (m,2 H, H-5'), 2.'1,3 (m,1 H, H-2'p), .

1.98 (m, 1 H, H-2'J. 13C NvR (CDClg/DMSOdd ô 162.05 (dd, ¡çp = 24ï.8flz,3lçp =

13.3, ArCS), 161,.47 (C+), 1,49.08 (C2),7M.09 (C6), 125.27 (t, 3lcr = t¿.g ÍIz, ArCt),

773.87 (d, 2lcr = 26.56 flz, ArC3),1.03.79 (t, 2lcr = 25.43 flz, ArCA), gB.O2 (C5), Bg.T6

(CJ,87.U (C1'¡,85.12 (C4'),83.45 (Cp),69.88 (C3'), 60.fß (C5'), 40.U (C2'). FABMS

m/2365 (M++H, <STo).IR (nujol mull) vmax 3456 cm-1 (m, NH),3200 (br, OH),

3064 (ArFÐ, 1688 (str, C=O), 1588 (m, C=C). UV (MeoH) I*u,,307 nm (e25,02s),270

(77690),264 (1,4,706),204 (21,,973). Anal found: C, 39.92; H,3.20; N, 6.20. Calcd for

C17H1aN2O5F2: C, 40.1.7;H,3.87; N, 6.24.
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*{2-Í4-(a,cr,o-Trifl uoromethyl)phenyl )ethynyl}-2'-deox¡rridine (4L d).

84Vo. m.p. = 792.5-'1.95.0 oC. cD = -7.U (MeOH,. c : 1.30). 1H NMR

(CDCls/DMSOde) õ 10.96 (br s, 1 H, NFÐ,8.21 (s ,1H,H-6),7.39 (d,l =7.95[f2,2}j,
ArH),7.34(d,l =7.95H2,2 H, ArfÐ, 6.07 (t,I = 6,42ÍIz,'1. H, H-1'), 4.62(m,7}l,

OH), 4.35 (m, 1 H, OH), 4.25 (m,1 H, H-3') , 3.77 (m, 1 H, H-4'), 3.62 (m,2 H, H-5'),

2.17 (m,1. H, H-2'p),7.96 (m, 1H, H-2'd. 13C trltr¿R (CDClg/DMSOdo) õ167.64(C4),

1'49.19 (CZ),1,43.92(C6),131.40 (ArC2), 129.20 (q,2lcr =34.2, ArC4), 126.52 (ArCl),

124.75 (q, 3lcr = 3.5 ÍIz, AnCS),123.47 (q, Icr = 272.9, CFg), 98.48 (C5), 90.90 (Cd,

87.41. (C1'), 85.34 (C4'¡,83.77 (Cp), 70.05 (C3'), 61..07 (C5'), 40.87 (CZ'¡. FABMS m/z

397 (M++H, <SVo).IR (nujol mull) Vmax 3400-3150 cm-1 (v br str, NH & OH), 3050

(ArH), 1702 (str, C=O). UV (MeOH) À*a* 309 nm (e 36,234),222.0 (24,275),203

(29,2&). Anal found: C,54.47;H,3.87; N,6.99. Calcd for C13H15D.I2O5F3: C,54.55;H,

3.78;N,7.07.

FEthynyl-2'-deoxyuridine (EDU).

5-Trifluoromethanesulfonyl-2'-deoxyuridine I (2.19, 4.56mmol) was

converted to crude 5-l2-(trimethylsilyl)ethynyl]-2'-deoxyuridine 41a in the same

manner as that described above. Removal of the decolourizing charcoal by

filtration through celite gave crude 47a dissolved in methanol (15m1).

Tetrabutylammoniumfluoride (5ml of 1M solution, S.Ommol) was added, after

30min all of the crude 41a was consumed, as shown by t.l.c. (60Vo hexane, 35%

ethyl acetate, 4Vo methanol, 7Vo formic acid). Silica (-10g) was added to the

reaction mixture and the slurry evaporated to dryness and subjected to flash

chromatograhy (hexanes 657o: ethyl acetate 30%: methanol 5%) to give EDU as a

white solid (1.05g 91,7o) (recryst. ethyl acetate/hexanes); m.p. = 200-2oC (1it.143 =

197-9'C). crD = + 25.0 (MeOH,. c = 0.70). lFI NIr,tR ô 10.99 (br s, 1 H, NFÐ, 8.13 (s, 1

H,H-6),6.00(t, I=6.33H2,1. H,H-1'),4.64(d,I=4.30f12,7 H,3'-OH),4.39 (t,I=

4.76H2,1 H, s'-OH),4.17 (m, 1 H, H-3'), 3.7"1, (m,1 H, H-4'),3.il (m,2I{,H-5'),2.97
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(s, 1H, C=CH),2.13 (m, 1 H, H-2'p),'r..92 (m, 1 H,}l-2'iJt. uv (MeoH) Àma* zgz.g

nm (e 72,559), 2257 ('1,7,953), ZM.Z (8,0&).

Reverse Couplings:

F{2-[3,FBis(cr,c,cr-trifluoromethyl)phenyllethynyf-2'-deoxyuridine (41b).

CoPPer(I)iodide (6.5mg,0.04mmo1) was added to a solution of 3,5-bis(cr,o,cr-

trifluoromethyl)bromobenzene (140mg, 0.48mmol), 5-ethynyl-2'-deoxuridine

(EDU, 100mg, 0.40mmol), Pd(PPha)l (23mg, 0.02mmol) and triethylamine (44mg,

0.44mmol) in deoxygenated DMF (2ml). The solution went very dark within a

few minutes. After 30min stirring at room temperature the consumption of

EDU was complete. The reaction mixture was evaporated to dryness and the

residue dissolved in methanol (10m1). Decolourizing charcoal was added and

the slurry stirred for 15min, filtered through celite and evaporated. on to silica

(-200mg). The residue was subjected to flash chromatography (hexanes ZTVo :

ethyl acetate 25Vo : methanol 57o) giving 4!b as a white solid (67rng,49Vo). As

mentioned above larger stock of 41b (135mg) was recrystalized from isopropanol

(-0.5m1) to give 41b as a micro-crystaline solid (174mg,84Vo recoverf).

Compounds 41c and 41d were prepared in a similar manner as that

described for [Lb, variations in reaction times and yietds are recorded in Table 6.

In each case the yield is for the product isolated by chromatography. As

mentioned above high purity samples were obtained by recrystalization from

isopranol/water (9:1) (-667o r€cov€ry). See above for physical data on compounds

41b-d. Attempts to prepare compounds 41e-g by a similar route as that just

descibed for 41b-d were unsuccessful (see also Table 6, entries 4-6 for variations in

conditions). In each case the starting material, EDU, was consumed slowly as

observed by t.l.c., although no product was observed.
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Chapter 5:

4-Fluorophenyltrimethylsilylacegrlene (entry 5, Table 7).

A stream of nitrogen was passed through a suspension of Pd(PPhg)zClz

(50mg, 0.172mmot) in diisopropylamine (14m1). To this suspension 4-

bromofluorobenzene (1..5g, 8.6mmol), triphenylphosphine (225mg, 0.g6mmol)

and copper(I)iodide (70mg,0.43mmol) were added to give ¿ìn orange suspension.

Finally trimethylsilylacetylene (1.0g, 10.32mmol) was added over 30min, during

this addition the solution changed colour from orange to brown to black. The

reaction was monitored by g.l.c., after 1.6hrs at room temperature only a small

amount of product and mostly starting material could be observed. The reaction

mixture was heated to reflux for 3 hours after which time no starting material

and only product could be observed. The solution was evaporated under

vacuum at room temperature to give a black paste. This residue was suspended

in hexanes (-20m1) and filtered through celite to remove catalyst and inorganic

salts. The resultant tan solution was again evaporated at room temperature

under vacuum to give a tan oil which was distilled using a kugelrohr to give Ç
fluorophenyltrimethylsilylacetylene (1,.609, 97Vo) as a clear oil; b.p. = 80oC (0.1

mmHg, block). 1H Ntr¿R õ 7.48 (dd, ¡¡t" = B.T2Hz, 4lsp = S.Z3 flz, 2 H, ArH), 6.94

(t, IHH = 8.70,3lur = 8.70,2 H, ArFI), 0.241s,9 H, Si(CHa)sl. 13C NMR õ 1.6'l,.T9 (d,,

ICr = 2ß.6 Élz, C4), 132.95 (C2), 717.20 (d, 2Jcr = 22.2H2, C3),116.50 (d, alcr = 2.8

frz,C7),1.03.96 (Ccr), 93.83 (Cp), -0.10 [Si{ctlr¡r1. 2esi Nvrn E -t2.62 ppm. EIMS m/z

192 (M+,757o),177 (1,00).IR (film) Vmax 2960 cm-1 (m, CH),2160 (str sh, C{), 1600

(str sh, c=C). HREIMS found: 792.02262. Calcd for C11H13siF: 192.0270s2.

Other phenyltrimethylsilylacetylene (Table 7, entries 7-4 & 6) were

prepared in a similar manner as that described for 4-fluorophenyltrimethylsilyl-

acetylene above, varying only in the reaction time and temperature and the

product yield obtained as detailed in Table Z.
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Pentafluorophenyltrimethylsilylacetylene (entry 1, Table 7).

b.p. = 50 oC, 0.1 mmHg (block) (lit.tse = 97oC,13mmHg). lH NIr¿R ô 0.29 [s,

Si(CHg)sl. 13C NMF. õ 1,47.73 (d of m, Icr = 253.5 ÍIz, C2),742.07 (d of m, 3IcF =

261..4H2, C4),1,37.91, (d of m, ICr = 253.6 tlz, C3),1..09.29 (Cp), 100.19 (dt, 2ICr = 18.4

Hz,4lçp = 4.0H2,C7),fß92 (Ca), -0.83 tsi(CHe)gl.2esi Nl¿n ô -15.38 ppm. EIMS

m/z 21'0 (M+, 70Vo),249 (100). HREIMS found: 264.0397. Calcd for C11HeSiF5:

264.0393.

3,5-Bis-(cr,cr,cr-trifluoromethyl)phenyltrimethylsilylacetylene (entry 2,Table 71.

9870 m.p. = 48-90C. 1H Ntr¿R õ7.69 (s,2}l, ArFÐ, 7.5g (s,1 H, ArH),0.11 [s, g

H, Si(CHg)sl. 13C NMR ô 131.84 (CZ¡,131,.77 (q,,2lcr = 32.g0 Írz, C3), 125.4t (C1),

122.89 (ç Icr = 272.47 ÍIz, CFs),707.46 (CJ, 98.72 (Cp), -1.60 [Si(CH3)3]. 2esi NMR ô

-16.30 ppm. EIMS m/ z 370 (M+ , 1,00Vo), 295 (45). fR (film) Vmax 3025 cm-1 (str sh,

ArH), 2956 (m, CH), 2148 (str sh, C=C), 1616 (C=C). HREIMS found: 3'1.0.0792.

Calcd for C13H12SiF5,: 370.0797.

3,FDifluorophenyltrimethylsilylacetylene (entry 3, Table 7).

95vo. b.p. = 1.30 oC, 18 mmHg (block). 1H NNm. õ 7.26 (m, 2 H, ArrÐ, 6.94 (m,

1 H, ArH) ,0.27 [s, 9 H, Si(CH¡)e]. 13C Nw. õ 1.62.70 (dd, r¡ar = 249.0,3lcr = tg.3Hz,

C3),125.90 (t, 3JCr = 11..4H2, C1),114.81 (dd, a¡ar = 8.52,2ICr = 26.UHz, C2),1,M.61,

(t,2IcE =25Jl.Hz,C4),1,02.41(t,4Ic¡ = 3.55 Hz,Cò,96.70 (Cp), -0.35 tSi(CH3)31 .zesi

NMR õ -1.6.94 ppm.EIMS ml2270 (M+,18Vo). 195 (100). IR (fitm) v-a* 2960 cm-1

(m, CH), 2764 (str sh, C=C), 1616 (C=C), 1588 (str sh, C=C). HREIMS found:

21,0.06U. Calcd for C11H12SiF2: 21,0.0673.

4-(cr,cr,cr-trifluoromethyl)kimethylsilylphenylacetylene (entry 4,Table 71.

97%. b.p. = 150 oC, 20 mmHg (block). lH trlvtn õ 7.59 (s, 4IJ, ArH), 0.27 ls, 9

H, Si(CHa)el. t3c NMR õ 132.19 (C2), 130.20 (q,,2lcr, = 32.8 Hz, C4), 127.01 (C1),

7?5.1,6 (C3),123.93 (q,Icr =272.4LIz,CFs),103.43 (Co),97.1.2 (Cp), -0.28 [Si(CH3)3].
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2esi NMR õ -16.95 ppm. EIMS m/z 242 (M+,78Vo),227 (100). HREIMS found:

242.0740. Calcd for C12H13SiF3: 242.0738.

4-Me thor¡rhenyltrimethylsilylacetylene (entry 1, Table 7).

87Vo.b.p. = 130 oC,0.5 mmHg (block). 1gNl,m. ô 7.38 (d,I = 8.79,2H, ArH),

6.79 (s,I = 8.80, 2 H, ArH), 03.77 (s, 3H, CHs), .22 Ís,9 H, Si(CHe)sl. 13C Ntr¿R õ

159.67 (C4),133.43 (C2),175.17 (C1),173.75 (C3), 105.14 (Cd, 88.13 (Cp) tsi(CHg)gl.

2esi NtvtR ô -18.16 ppm. EIMS mlz 204 (M+, 27Vo), t89 (100). HREIMS found:

204.0978 Calcd for C12H15,SiO: 20Ø.0970. For comparable spectral data see ref. 163.

Desilylation:

4-Fluorophenylacetylene (entry, Table 9).

4-Fluorophenyltrimethylsilylacetylene (19, 8.3mmol) was added to a

siclution of KOH (0.23mg, 4.2x10-3mmol, 0.05 molVo) in methanol (10m1). The

reaction was monitored by g.l.c., no product formation was evident after 3hrs. A

further 4.5mg (0.97mol%o) of KOH methanol (1.1m1) was added to this solution.

After standing at room temperature for thr the consumption of starting material

and the formation of product was complete. The reaction mixture was diluted

with water (20m1) to give a milky emulsion which was extracted with ether (2x15

ml). The ether solution was dried over MgSOa and the ether removed by

distillation at ambient pressure, where the external temperature did not exceed

60oC. The resultant oil was distilled using a kugelrohr to give 4-

fluorophenylacetylene (896mg,90Vo) as a clear oil; b.p. = 62"C,28.0mmHg (block)

(lit.taz = 52oC, 30mmHg). 1H NNUI E 7 .48 (dd, J"" = 8.67 Hz, 4ly1p = 5.40 Hz, 2 H,

ArH), 6.94 (t,IHs = 8.69,3Jnr =8.69,2 H, ArH),3.03 (s, 1 H, C:CH). 13C NVR õ

1'62.88 (d, Icr' = 250.3 IIz, C4),734.75 (C2),778.29 (C1), 11,5.66 (d, 2lcr = 23.47 IJ,z, C3),

82.69 (Cd, 77.11, (Cp). EIMS m/z 120 (M+, 70Vo),75 (100). HREIMS found: 120.0375.

Calcd for C3H5F : 120.0375.
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Other phenylacetylenes (Table 9, entries 1-4 & 6) were prepared in a similar

manner as that described for 4-fluorophenylacetylene above, varying only in the

reaction time , KOH equivalents and the product yield obtained as detailed in

Table 9.

Pentafluorophenylacetylene (entry 1, Table 9).

b.p. = 80oC, 20mmHg (block) (lit.ta6 = 129-'1.3'1.'C). lH NMR 3.59 (s, 1 H,

C=CFÐ. 13C NvtR õ 747.94 (dm, ¡çr = 265.9 Hz, C2), 742.06 (dm, 3Ic¡ = ?53.6 Hz,

C4),737.91 (dm, ICr = 250.7 [fz, C3),98.89 (t,2lcr = 16.8 Hz, Cl),89.77 (Cp), 67.45

(C")'

3,FBis-(ct,cr,s-trifluoromethyl)phenylacetylene (entry 2, Table 9).

95vob.p. = 90oC,2OmmHg þlock) (lit.taz = 74"C,60mmHg). tH NMR õ 8.04

(s, 1 H, ArfI), 8.01 (s, 2 H, ArFÐ, 3.35 (s,2}l, C{H). EIMS rn/2238 (M+,'l.00Vo),219

(57),'1.69 (53). ß, (film) Vmax 3308 cm-l (str sh, C=C-H), 2996 (w, ArH), 2724 (w,

C{), 1616 (m, C=C). HREIMS found: 238.0225. Calcd for CroFI¿F5:238.0277.

4-(cr,c,cr-trifl uoromethyl)phenylacetylene (entry 4, Table 9).

95Vob.p. =70oC,20mmHg (block) (1it.ts6 = 56oC, 3lmmHg). tH NMR õ 7.59

(s,4IJ, ArH),3.20 (s,1 H, C{H). 13C Ntr¡R ô 132.35 (C2),129.07 (q,,2lcr =32.0tf2,

C4),126.01 (C1), 124.65 (C3), 1æ.89 (q, Icr'=271..3Ílz,CFs),82.71. (Cp),79.54 (CJ.

EIMS m/2170 (M+,1.00Vo). IR (film) vma* 3304 on-l (sff sh, C{-H),3010 (w, ArH),

'l..6'1.4 (m, C:C). HREIMS found: 770.0336. Calcd for CeH5Fs:770.3043.

3,S-Difluorophenylacetylene (enEy 3, Table 9).

937o b.p. = 80oC, 3QmmHg (block). 1ft Ntr,tR õ7.02 (dd, ¡ = 4.5&2.2ÍIz,2¡¿,

ArH),6.85 (tt, I =9.0&2.2H2,1 H, ArH),3.15 (s, 1 H, -C=CH). 13C NMR õ 1.62.62

(dd, ¡çr = 249.0,3lcp = 13.5 Hz, C3),725.21 (m, C1), 115.15 (dd, 4lcr = 8.45,21çp =

26.47 Hz, C2),105.13 (t, 2ICr' = 257 ÍIz, C4),79.25 (C¡¡&Cp). EIMS m/z 1.38 (M+,

7007o).IR (film) Vmax 3304cm-1 (str sh, C:C-H),3088 (w, ArH),'],678 (w,C=C),7620
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(str, C=C), 1588 (str sh, C=C). HREIMS found: 138.0276. Calcd for CsHaSiF2:

138.0281.

4-Methoryphenylacetylene (entry 6, Table 9).

96vo.b.p. = 90oC,4mmHg (btock) (lit.tez = 73-4"C,2mmHg). 1H Ntr¿R õ 7.43

(d,I = 8.83}lz,,2 H, ArH),6.83 (d ¡ = 8.79H2,2 H, ArH),3.78 (s, 3 H, CHs) 3.00 (s, 1

H, C=CH). tt Ntr¿R õ 159.80 (C4),733.47 (C2),774.02 (Ct¡, 113.80 (C3), 83.57 (Cd,

75.77 (Cp). EIMS ^/r 132 (M+, 1,007o). HREIMS found: 132.0581. Calcd for CeH3O:

132.0575.

Chapter 6:

1,4-B is-(3,S-difl uorophenyl)-1"3-butadiyne [39 (X = 3,*F zl, entries 2-4, T able lll.
3,S-Difluorophenylacetylene (100mg, 0.36mmol) was added to a solution of

Pd(PPhs) 4 (17mg,0.015mmo1) in deoxygenated DMF (lml). The yellow solution

was allowed to stir at 38oC for 2hrs, after which time no product formation could

be observed by t.l.c. (hexanes). Triethylamine (1L6pl, 0.80mmol) was added and a

slight colour change, yellow to orange was observed. After stirring at 38oC for

3hrs a small amount of product could be observed by t.l.c.. The addition of

copper(I)iodide (6m9, 0.037mmol) gave immediately a deep red/brown solution,

significant product formation was evident by t.l.c. after only 30min. The solution

was evaporated and the residue dissolved in hexanes (5ml) and the resulting

slurry filtered through celite. Silica (-200mg) was added to the filtrate, the slurry

evaporated and the residue subjected to flash chromatography (hexanes). The

product, 1,4-bis-(3Æ-difluorophenyl)-1,3-butadiyne 39 (X = 3,5 -Fil was obtained as

a colourless, highly crystaline solid (98mg, 997o). This product was unstable at

ambient temperature and turned brown overnight; m.p. : 152-3oC. 1g t ltr¿R ô

7.01 (m,4 H, ArFÐ,6.66 (m,2H, ArH). 13C NMR 81,62.3 (dd, ¡çu =249.9f12,31çp =

12.9Hz,CF),723.9 (t,3ICr =77.6H2, ArC),115.5 (m, ArC), 105.9 (t,2ICr =25.4H2,

ArC), 79.9 (rn, Ar-Ç=ÇJ, 74.9 (s, Ar-C=Ç-). EIMS m/ z 274 (M+, 1,00Vo), 255 (M+-F,
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70),1,37 (M+-CaHsFz, l5). IR (film) Vmax 3088cm-1 (str, ArH) , 7644 (C=C). HREIMS

found: 274.0398. Calcd for C15IfuFa:274.M05.

1,4-Bis-(4-o,o,cr-trifluoromethylphenylÞ1,3-butadiyne [39 (X - 4-CF¡), entry 6,

Table 111.

Copper(I)iodide (4.8mg, 0.03mmol) was added to a solution of 4-

trifluoromethylphenylacetylene (100mg, 0.59mmol), triethytamine (4.s¡tl,

0.03mmol) and Pd(PPhg)e (13.6mg, 0.01.2mmo1) in DMF (lml). Over a period of

-0.5hrs at room temperature the solution went from clear orange to very dark

green. The solution was allowed to stir at room temperature. After 2hrs some

product could be detected by t.l.c.. The solution was allowed to stand overnight.

The reaction mixture was worked up and the product purified in the sme

manner as outlined above (entry 2-4, Table 11). 7, -Bis-( -s,,u,s-

trifluoromethylphenyl)-1,3-butadiyne 39 fi = 4-CFs) was obtained as a colourless

highly crystaline product (54mg, 54Vo); m.p. = 764-5"C. 1H NtrrtR õ 7.62 (m, ArH).

13c NtvtR õ't32.7,125.4, g0.g (Ar-Ç{-),75.6 (Ar-C{-). EIMS m/233g (M+,100Vo),

319 (M+-F, 70),1,69 (M+-CgFIaFg, 1). IR (film) Vmax 2926cm-7 (str, ArH) ,']-.648 (C=C).

HREIMS found: 338.0524. Calcd for ClsHsFe: 338.0530.

t4-Diphenyl-1"3-butadiyne [39 fi = H), entry 5, Table lil
Copper(I)iodide (16mg, 0.10mmol) was added to a solution of

phenylacetylene (200mg, 1.96mmol), triethylamine (566¡tl, 3.92mmol) and

Pd(PPhg) 4 @5 mg, 0.04mmol) in THF (2ml). The initially orange solution went

red/brown after -Smins. The solution was allowed to stand at room temperature

over night. The reaction mixture was worked up and purified as outlined above

(entry 2-4, Table 77). l,4-Diphenylbutadiyne was obtained as a highly crystaline

solid (160mg, 82Vo); m.p.= 85-6 "C (lit.tss =86-7 "C). 1H NMR ô 7.58 (m,4 H, ArH),

7.29 (m,6 H, ArH). 13C NVR ô 132.5, 729.4,729.6,727.9 (ArC), g1.7 (Ar-g=C-),74.'t

(Ar-C{-).
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B is-1,4-( trim e thylsilyl )-1^3-butadiyne.

Method A (entry T,Table 1t): Copper(I)iodide (20rng,0.13mmol) was added

to a solution of pentafluorobromobenzene (600mg, 2.43mmol),

trimethylsilylacetylene (282mg, 3.Ommol) and pd(pphg)a (56mg, 0.05mmol) in

deoxygenated diisopropylamine (10m1) to give a very dark (black) solution. The

reaction mixture was stirred at 50oC for Shrs and worked up and purified as

outlined above (entry 2-4, Table 11). The isolated bis-l,4-(trimethylsilyt)-1,3-

butadiyne was further purified by sublimation (110oc, O.lmmHg) to give a

crystaline product (268mg, 9'l,Vo).

Method B (entry 8, Table 11): Copper(I)iodide (41.mg, 0.26 m mol) was

added to a solution of trimethylsilylacetylene (800mg, S.lmmol) and pd(pphs)¿

(115mg, 0.lOmmol) in deoxygenated diisopropylamine (10m1) to give a black

solution. The reaction mixture was stirred at 50oC for 4hrs, no product was

observed by t.l.c. (hexanes).

The reaction mixture was heated at reflux for 6hrs, worked up and the

product purified as outlined above (entry 2-4, Table 11). Pure bis-1,4-

(trimethysilyl)-1,3-butadiyne was obtained as a crystaline solid (110mg, 22Vo); m.p.

= 1.13-4oC (tit.ras = 113oC). 13C NMR õ 8S.0(Si_C=El,85.6 (Si€{_), _0.5 (_Si(CHa)s).

IR (CHClg) vr.,a*2960 (C-FÐ,2900 (m s, C-FI),2064 (str s, C{).

Chapter 7:

1-(2-Bromo-2-deoxy-3,Fdi- O-acetylribosyl)-5-acetoxyuracil (84).

Acetyl bromide (14.0m1, 189mmol) was added dropwise over 30min to a

suspension of S-hydroxyuridine 9 (6.29,23.6mmo1) in acetonitrile (150m1) at 60oC.

After the addition was complete the amber solution was allowed to cool and

concentrated under vacuum. The residue was dissolved in dichloromethane

(50m1), washed with water (3 x 50ml) and dried over Mgso4 . Toluene (50rnl)

was added, the slurry evaporated and subjected to high vacuum (0.001mmHg) for
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6 hrs to remove all traces of acetic acid giving 84 and its p-bromo 85 isomer as a

beige solid (10.589, 23.6mmol, 1,00Vo). Flash chromatography (hexane 7O7o : ethyl

acetate 38Vo : methanol 2Vo) of 600mg of this crude product gave 548mg of 84 and

38mg of its p-isomer 85 (i.e. -9a : 1p) as white solids; 84: m.p. = 184-5oC. 1g NMR

ô 1L.41 (br s, 1tI, NFÐ,7.38 (s, 1H, H-6),5.98 (d, IH-7',2,=5.1.ÍIz, L H, H-1'),4.89

(dd, IH-3',2' = 5.4 Hz, l¡1-g,¡' = 2.8 If,z, 7 H, H-3'), 4.48 (dd, IH-2, ,t' = IH-2, ,3, = 5.3 llz,
7IJ,IJ-z'),4.79 (m, 1 H,H-4'),4.15 (m,2 H, H-5'),2.05,'j.,.95,'1,.90 (3 x s,3 x 3 H,3 x

CHsCOr. FABMS m/ z M9Ex451 (d, M++H, <SVo). Anal found: C, 52.96; H, 3.72; N,

7.33. Calcd. for Cl5HrzNzOgBr:C,52.75; H,3.85; N,7.69.

85: lH NMR ô 11.54 (br s, 1 rI, NH), 2.4'!, (s,1 H, H-6) , 6.12 (d,Itt_t,,2, = 5.1

Hz,7 H, FI-L'), 4.9"1. (m,1 H, H-3'),4.30 (m, 1 H,FI-z'),4.27 (m,1 H, H-4'),4.75 (m,2

H, H-5'), 2.03,'1,.98,'l-..9"1. (3 x s,3 x 3 H,3 x CHsCOz). FABMS m/z 449Ex45'1. (d,

M++H, <SVo).

3',5'-Di-O-acetyl-Facetory-2'-deox¡rridine (87).

Tri-n-butyltinhydride (3.7g,30.0mmo1) was added to a solution of crude L-

(2-bromo-2-deoxy-3, 5-di-O-acetylribosyl)-5-acetoxyuracil 84 (9.0g,20.0mmo1) and

2,2'-azobis-(2-methylpropionitrile) (AIBN, 0.5g) in 1,4-dioxane (150m1) and the

solution heated to reflux. After 1.5hrs atl of the starting material 84 had been

consumed and a single new product obtained by t.l.c. (hexanes/ethyl acetate L:L).

The solution was allowed to cool and was evaporated under vacuum. The

residue was dissolved in ethyl acetate (50m1) and washed with 10% KF(aq.)

(2x50ml)" water (50m1) and dried over MgSOa. The organic phase was evaporated

and the residue purified by flash chomatography (hexane 50Vo : ethyl acetate 45Vo :

methanol 57o) giving 87 (5.629,76Vo) as a solid foam; m.p. = 64-5"C.1H Ntr¿R õ

10.13 (br s, L H, NH),7.39 (s,'l,H,H-6),6.07 (t,IH-7,,2,=7.0ÍI2,7 Ft H-1'),5.01 (br s,

L H, H-3'), 4.19-4.05 (br m, 3 FI, H-4'&5'), 2.32 (m,'1. H, H-z'p),2.06 (s, 3 H, C5-

OzCCHe), 2.05 (m, 1 H, H-2's),'1..90, "1..89 (2 x s, 2 x 3 H, 2 x CH3COÐ. FABMS m/ z

371 (¡4+aH, <57o).
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S'-O-Acetyl-5-acetoxy-2',3'-dideox¡rridine (90):

Zinc/ copper couple (3.5g, 53.4mmol) was added to a solution of 84 (3.0g,

6.68mmol) in methanol (25m1) and the slurry stirred at room temperature for

L.Shrs. After which time only a bright green baseline spot was detectable by t.l.c.

as well as two other faint spots of high Rf (hexane/ethyl acetate 1:1), all starting

material had been consumed. The reaction mixture was filtered and formic acid

was added until a pH of 4.5-5.5 was obtained and the solution stirred at room

temperature for 2.5hrs. The resulting slurry was concentrated to half its volume

and filtered to remove insoluble salts.

The filtrate was concentrated to give a solid foam. This residue was

dissolved in pyridine (10m1) and acetic anhydride (2mI) was added and the

solution allowed to stir overnight. Two intense spots were evident by t.l.c.

(hexanes/ethyl acetate 1:1). The reaction mixture was concentrated and the

residue dissolved in ethyl acetate (30m1) and washed with L07o citric acid (ag.,

30ml) and water (30m1). The organic phase was dried over MgSOa and

concentrated under vacuum to gice a foam.

The foam was dissolved in a water/ethanol mix (1:9), 5%o palladium on

charcoal (500mg) was added and the slurry stirred overnight under an

atmosphere of Hz(g). The reaction mixture was filtered through celite and

concentrated, to dryness. The residue was subjected to flash chromatography

(hexanes/ethyl acetate 3:2) to give 90 (0.2+g, '1,77o) and 2',3',5'-tri-O-acetyl-5-

acetoxyuridine 9l (1..529, 55%) as foams; 1H Ntr¡R ô 10.09 (br s, 1 H, NH), 7.67 (s, 1

H, I{-6), 5.96 (m, L H, H-L') , 4.?S (m, 3 H, H-4'&5'), 2.40 (m, 1 H, }I-2'g), 2.M (s, 3 H,

CS-OzCCHI), LM (s, 3 H, CS'-O2CCHI). 2.02 (m, 2 H, H-2'o&3'g), 1,.74 (m, 1 H, H-

3'J. FABMS m/z 313 (M+aF{, <57o).
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3',5'-D i-O-acetyl-5-hydroxy-2'-deoxyuridine (92):

Zinc/ copper couple (1.0g, 15.0mmol) was added to a solution of 87 (1..49,

3.78mmol.) in methanol (20m1) and the slurry stirred at room temperature for

Shrs. The reaction mixture filtered, formic acid (3ml) was added and the solution

stirred for 2hrs. The solution was concentrated to -Sml and diluted with ethyl

acetate (20m1). The filtrate was evaporated and purged of all formic acid under

high vacuum (0.001mmHg) to give 92 (1,.0g,87Vo) as a solid foam which was pure

by lH NMR; m.p. = 7'1,-4 "c.1H NW. ô 10.75 (br s, 1 H, NH), 7.2'l' (s, 1fI,fI4), 6.32

(m, 1 H, H-1'), S.18 (br s, 1 FI, H-3'), 4.28 - 4.18 (br m, 3 FI, H-4'&5'), 2.42 (m,1. H, H-

2'p),2.05 (m, 1 H, H-2'd),2.1.3,2.06 (2xs,2x 3 H,2 x CHgCOf. 13ç NMR ô 170.5

(CO', 161.1 (C4),1,49.1, (CZ¡,133.6 (C5), 118.4 (C6), &1.8 (C1'), 82.0 (C4'),74.1 (C3'¡,

63.8 (C5'), 37.03 (C2'),20.8,20.2 (2 x eHsCOz). FABMS m/ z 329 (M++H, <SVo).

5'-O-[[Dimethyl-2-(2,3-dimethylbutyl)lsily|-*triRuoromethanesulfonyl-z'-

deox¡uidine (93):

Dimethylthexylsilyl chloride (42'1.mg,2.35 m mol) was added dropwise

over Lhr to a solution of 8 (630mg, 1.68mmol) in pyridine 5ml and the reaction

mixture stirred at room temperature overnight. The solution was concentrated

and dissolved in dichloromethane (50mI,) washed with 10% citric acid (aq.,50ml),

water (2 x 50ml) and dried over MgSO4. Silica (-1g) was added to the organic

phase and the slurry evaporated to dryness and subjected to flash

chromatography (hexanes/ethyl acetate 7:3). The desired monosilylated product

93 (583mg, 67Vo) was isolated as a crystaline white solid and some disilylated by-

product (243mg,22Vo) as a solid foam; 93: m.p. ='1,55-7 
oC. 1H NMR ô 10.25 (br s, L

H, NH),8.49 (s, 1 H, H-6),6.78 (t,l+-t',2'= 5.8 Hz,'l' H, H-1''), 4.45 (m,1 H, H-3'),

3.97-3.75 (m, 3 H, H-4',5'),2.45 - 2.1'5 (m, 1 H, }l-2'), 1.65 - -0.04 [19 H,

si(cHs)zc(CHe)zcH(CH3¡r1. 13C Nrr¿R ô 156.8 (C4),748.6 (C2), 13s.0 (C6), 136.s (C5),

118.5 (q, Ic¡ = 321.0 flz, CFs), 87.6 (C1'), 86.5 (C4'¡, 70.57 (C3'), 64.0 (C5'), 33.2

(C2'3'¡,33.9 - -0.99 tSi(CHs)zC(CHg)zCH(CHe)zl. FABMS m/z 519 (M++H, <57o). IR

(CHCle) vmax 2960 cm-1 (m, C-H), 1710 (str br, C=O), 1136 (str, SOgCFg)
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5r-O-[[Dimethyl-2-(2,3-dimethylbutyl)lsilyl]-3'-O-(1-imidazolthiocarbonyl)-5-

trifl uoromethanesulf onyl-2'-deoxyuridine (94):

A solution of 93 (100mg, 0.19mmol) and 1.,L'-thiocarbonyldiimidazole

(69mg,0.38mmol) in dry l,2-dichloroethane (3mt) was stirred for Thrs at room

temperature. Sitica (- 200mg) was added to the solution, the solvent evaporated

and the residue subjected to flash chromatography (hexanes,/ethyl acetate 3:2).

The product 94 (102mg, 85Vo) was obtained as a solid foam; 1H NIMR õ 9.12 (br s, 1

H, NH), 8.43 (s, 1 H, N=CH-N), 7.95 (s,7}l,H-6),2.63 (br s, 1 FI, CH=CII-N-C=S),

7.06 (br s, L FI, CH=CH-N-C=S), 6.32 (dd,I+-7',2'ap = 8.9&5.2 Hz,'l' H, H-L'), 5.90 (d,

IH-3',2' = 5.7 fIz,l H, H-3') , 4.43 (br s, 1 ÉI, H-4') , 4.03 (Anlç IRn = 71'.4Hz,Ilx = 1.5

tIz, lgy = 0.9 Hz,2 H, H-5'), 2.83EL2.26 (2 x m, 2 xF{, FI-2'), 1.65 - -0.1,6 [19 H,

si(CHa)zc(CHs)zCH(CU3¡r1. 13C NNß. õ 182.8 (C=S), 1.57.2(C4),1,49.2 (C2), 136.8 (N-

CH=N), 1,32.9 (C6), 131.9 (C5), 130.8 (CH=ÇH-N-C=S), 118.5 (q, Icr =32.0ÍIz,CFs),

11g.4 (N-SH=CH-N-C=S),96.2 (C1'), fß5.4 (C4'), 94.2 (C3'), 63.56 (C5'), 38.8 (C2'),

33.82 - -4.45 [Si{Cgr¡rC(CHa)zCH(CHs)z]. FABMS m/z 629 (M++H, <5%). IR

(CHCI3) Vmax 3390 cm-1 (w, NH), 2960 (m, C-H), 1772(stt br, C=O), 1196 (stt, Ðd.

s-O-[tD imethyl-2-(2"3- dimethylbutyl)l silyl]-2'"3' -dideory-S-

trifluoromethanesulf onyluridine (95):

A solution of 94 (70mg, 0.LLmmol), 2,2'-azobis-(2-methylpropionitrile)

(AIBN, -lmg), and tri-n -butyltin hydride (47 mg,0.16mg) in toluene (Lml) was

refluxed for thr. The solution was evaporated and dissolved into

dichroromethane (10m1), washed with 10% Xf(aq.) (2 x 10mI) and water (10m1)

and dried over MgSO4. Silica (-200mg) was added to the organic phase which

was then concentrated and the residue subjected to flash chromatography

(hexane/ethyl acetate 9:1) giving 95 (44mg,79Vo) as a viscous resin;1H NtVtR ô

8.97 (br s, L FI, NH), 8.08 (s ,7 H, H-6),5.92 (m,1 H, H-1.'), 4.1'8 (m, 1 H,H-4'),

3.96&3.68 (2 x m, 2x1.H, H-5'), 2.43 (m,1 H, H-2'p),2.12 - 1.89 (m,3H, F{2's&.2x

H-3'), 1.65 - -0.04 [19 H, Si(CH¡)zC(CHe)zCH(CH3¡r1. 13C Ntr,tR õ 1.57.2 (C4),1,48.3
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(c2),134.3 (C6), 131.6 (C5), 87.6 (C1'¡, 82.5 (C4',),64.0 (C5'), 33.2 (C3',),25.0 (C3'), 33.9

- -0.99 [Si{C¡1t¡tC(CHs)zCH(CHs)z]. FABMS rn/z 503 (M++H, <SVo).IR (CHCtg)

Vmax 3380 on-l (w, NFI), 2952 (sb., C-H), 1706 (str br, C=O), 1430 (m, C=C).

5'-O-{[Dimethyl-2-(2"3-dimethylbutyl)lsilyl]-S-trinuoromethanesulfonyluridine

(e6):

Dimethylthexylsilyl chloride (1.89, 10.0mmol) was added dropwise over

2hrs to a solution of 7 (2.08, 5.1. m mol) in pyridine 20ml and the mixture stirred

for 50hrs at room temperature. The solution was concentrated, residue dissolved

in ethyl acetate (50m1), washed with 10% citric acid (aq., 50ml) and water (2 x

50ml) and dried over MgSO4. Silica (-3g) was added to the solution, the slurry

evaporated to dryness and subjected to flash chromatography (hexanes/ethyl

acetate 7:3). The desired monosilylated product 96 (2.29,9'l.Vo) was obtained as a

white solid; m.p.= 1.M-7 oC. lHNMR (CDCle/DMSOde) õ7.41. (s, 1H, H-6),5.32(d,

Il¡-t',2' = 3.3H2,1 tI, H-1'),4.62,4.U(2 x br s, 2xl}J, C2' & 3'ÐFÐ,3.50 (m,3 H, H-

2',9',4'),3.25 (ABX,2H, H-5'), 1.10 - -0.04 [18 H, Si(CHa)zC(CHg)zCH(Cff3¡t1. tag

NMR (CDCls/DMSOde) ô 156.6 (C4), 148.5 (C2), 1.32.7 (C6),125.7 (Cs), 88.3 (C1'),

U.4 (C4'),74.2 (C3'), 69.4 (C2'),61.8 (C5'), 329 - 4.41 [Si(CHg)zC(CHa)zCH(CHg)z].

FABMS m/2535 (M++H, <SVo).IR (CHClg) vma* 3412 cm-1 (br str, OH), 2952(str,C-

IÐ,17'1.0 (br str, C=O).

5'-O-[[Dimethyl-2-(2,3-dimethylbutyt)lsilyll-2',3'-O-thiocarbonyl-5-

trifluoromethanesulfonyluridine (97).

A solution of 96 (500mg, 0.94mmol) in ethyl acetate (1.5m1) was diluted

with 1,2-dichloroethane (12mI) and 1.,1.'-thiocarbonylimidazole (260mg,

1.5mmol) was added, the resulting solution was stirred at room temperature for

3hrs. Silica (-1.59) was added and the solvent removed. The residue was

purified by flash chromatography (hexanes/ethyl acetate 1:1) to gíve 97 (410mg,

76%) as a white solid; m.p. = 90-91, oc. 1H NMR õ 7.73 (s, L H, H-6),5.84 (d, IH-7,,2'

= 1..6 Hz,7 H, H-1.'), 5.61 (dd, IH-2'.1' = 7.7 Hz,l¡1-2',g, = 7.5 Í12,1. H, F{-2'),5.42 (dd,
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1114',2, = 7.4 Hz,l¡1-g,,4, - 2.9 Hz, '/., H, H-3'), 4.59 (dd, IH-g',4, = 3.7 tlz, lH_4,,5, = 4.0

Hz, 7 H, H-4'), 3.85 (d, I = 4.2 Hz, 2 H, H-5'), 1.58 - -0.08 [79 H, Si(CHS)z-

C(CHg)zCH(CHg)zl. 13C NIr,tR ô 189.3 (C=S), 757.4 (C4),748.6 (C2),1,94.9 (C6),126.7

(C5), 118.1 (q,Icr =327Hz,CFg),94.0 (C'1,'),88.3 (C4'), 87.6 (C2',3'),62.2 (C5'), 33.9 -

-3.7 [Si(CHg)zC(CHe)zCH(CH3)2]. FABMS ml z 577 (M++¡¡, <5%).IR (CHCI3) v-"*
2948 (str, C-FÐ, 1720 (str br, C=O&C=S).

F o-[[oime thyl-2-(2"3- dimethylbutyl)ls ilyl]-z'p'-¿ideoryd idehydro-S-

trifluoromethanesulfonyluridine (98).

A solution of 97 (200mg, 0.35mmol) in trimethylphosphite (1.5m1) was

refluxed for thr, after which time t.l.c. revealed complete consumption of 97.

The solution was evaporated at room temperature and dissolved in

dichloromethane. Silica (-500mg) was added to the solution, the slurry

evaporated and the residue subjected to flash chromatography (hexanes/ethyl

acetate 85:15) giving 98 (40mg, 23Vo) as a viscous resin; 1H IVMR E 7.96 (s, 1 H, H-

6),6.90 (m, 1 H, H-L'),6.33 (dm, IH-2,,3,= 5.0 Hz,l}l,H-2'),5.9 (br d,IH-2,,3, = 5.0

flz, 'J.. H, H-3'H), 4.90 (br s, '1, H, H-4'), 3.8 (m, 2 H, H-5'), 1,.60 - -0.0T 119 H,

si(cHs)zC(CHg)zCH(CH3¡r1. 13C Nl\{R. õ 1,57 .2 (C4), "r.49.7 (C2), 735.6 (C6), 132.1 (C5),

125.4 (C2',3'¡,118.5 (q, I = 327.0 Hz, CFs),91.8 (C1'), 87.9 (C4'¡,64.3 (C5'), 33.2

(C2',3'),33.9 - -3.7 [Si(CHg)zC(CHs)zCH(CHs)z]. FABMS mlz 501 (M++H, <57o). IR

(CHClg) Vmax 3410 cm-1 (br w, NH), 2952 (str, C-H), 2864 (m, C-H), \724 (m, C=O),

1,678 (str, C=C).

5'-O-[[Dim ethyl-2-(2"3-dime thylbutyl)l sil yl]-F[td imethyl-2-(2^3-

dimethylbutyl)l siloxyluridine (101).

Dimethylsilylthexyl chloride (4.1g, 23.Lmmol) was added dropwise over

2hrs to solution of S-hydroxyuridineg (2.0g,7.7mmo1) in pyridine (30m1) and the

reaction mixture allowed to stir at room temperature for 50hrs. The solution was

concentrated, dissolved in ethyl acetate (70m1), washed in 707o citric acid (aq.,

50mt) and water (2 x 50mI) and dried over MgSO4. Silcia (-3g) was added to the
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organic Phase and the slurry evaporated to dryness and purified by flash

chromatography (hexanes/ethyl acetate 7:3). The desired disilylated product 101

(2.2g,65%) was isolated as a solid foam; 1H NVÍR ô 7.0S (s, 1 H, H-6),5.g4 (t,IH_

t',2, = 4.3 ÍI2,1 H, H-1') ,5.2'1, (br s, 2}{,2 x OH), 4.08 (br s, 3 II, }{-2'p',4'),9.74 (ABX,

2 H, H-5'),'t.66 to -0.08 [38 H,2 x Si(CHg)zC(CHs)2CH(CH3)z]. 13C NMR ô 160.9 (C4),

150.3 (C2),132.3 (C6),124.5 (C5),99.3 (C1'¡,85.2 (C4'), 75.0 (C2'),70.5 (C3'), 62.9 (C5'),

33.9 - -3.62 [2 x Si(CHg)zC(CH¡)zCH(CHs)z]. IR (CHCI3) vmax 3400 cm-l (br str,

OH/NH), 2956 (str, C-H), 7632 (m, C=C). HREIMS Found: 51,6.2632. Calcd for

CzgFIasSizNzOz (M+{HgCHÐ : 516.2608

5t-9-[[Dim ethyl-2-(2,3-dimethylbutyl)lsily\-2'þ'-O-thiocarbonyl-5-{tdimethyl-2-

(2,3-dimethylbutyl)l silory)uridine (102)

A solution of 101 (1.5g, 2.8mmol) and 1.,1'-thiocarbonyldiimadazole

(997mg, 5.6mmol) in L,2-dichloromethane (20m1) was stirred at room

temperature for 4hrs. Silica (-2-3g) was added, the slurry concentrated and the

residue subjected to flash chromatography (hexanes/ethyl acetate 3:2). The

product L02 (1,.29,74Vo) was obtained as a white solid; m.p. = 776-7 oC. 1H NMR ô

10.63 (br s, 1 H, NH),6.82 (s, 'l.H,H-6),5.80 (d, lH-7,,2,=7.32fI2,'j-,II, H-1'),5.50 (br

s, L FI, ¡1-3'),5.43 (m, 1 II, H-2'),4,27 (m, 1 H,H4'),3.85 (m, 2 H, H-5'),'!..6j - -0.04

[38 H,2 x Si(CHe)zC(CHg)zCH(CHe)z]. t3C NMR ô 189.3 (C=S), 1,60.9 (C4),1.49.2(C2),

'1,31..7 (C5), 1,29.3 (C6), g4.g ,99.2,97.7, g5.g (cl'-4'),62.3 (C5,),36.3 - -3.g [2 x

Si(CHa)zC(CHs)zCH(CH3¡r1. FABMS mlz 587 (M++H, <5%).IR (CHCI3) v'n¿¡ 2960

cm-1 (str, C-H), 1706 (br str, C=O&C=S). IJV î.max 273.8 nm (e 9,872),233.2 (19,034).

Anal found: C,52.97; H, 8.10; N, 4.57. Calcd. for C25fIa5,Si2N2O7S: C, 53.21;H,7.89;

N,4.77.
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s-o-[[Dimethyl-2-(2"3-dimethylbutyl)lsilyl]-2,2r-anhydro-3'-O-thiocarboxy-5-

trifl uorome thanesulf onylurid ine ( 10 5) and F O-{[ D imethyl -2-(2,5-

dimethylbutyl)lsilyll-2,2'-anhydro-Ftrifluoromethanesulfonyluridine (106)

A solution of 96 (200mg, 0.37mmol) and 1,1'-thiocarbonyldiimadazole

(79mg,0.44mmol) in DMF (3ml) was stirred at room temperature for 40hrs. The

reaction mixture was concentrared and the residue dissolved in
dichloromethane (20m1). Silica (-1g) was added, the slurry concentrated and the

residue subjected to flash chromatography (hexanes/ethyl acetate 3:2). Three

products were isolated from the column (106, 1,07mg, ssvo; l}s, L5mg, 7vo;97,

20mg,8Vo) as a white solids: 106; m.p. =249-50"C. 1H lWtR õ7.96 (s, 1 H, H-6),6.92

(d,I1-1',z' = 5.8 Hz,'1. H, FI-l'), 5.51 (d, IH-2,.t, = 6.0 ÍI2,7 H,H-z'),5.22 (br s, 1 H,

OH), 4.58 (br s, 1 H, H-3'), 4.26 (m, L H, H-4'), 3.5S (m,2 H, H-S'), l.il - -0.03 t19 H,

Si(CH¡)zC(CHs)zCH(CH3¡r1. 13C NMR õ 165.3 (C4), 1s8.8 (Cz),1,99.2(Cs),12s.4(c6),

1'1,8.4 (q, Icp = 320.7 Hz, CFg),9'1..35,90.9,89.0,75.'j-, (C'1,'-4'), 62."!. (C5'), 33.9 - -3.7

lSi{Cgr¡rC(CHs)zCH(CHÐzl. IJV (MeOH) À-",. 256.5 nm (e 5,785),224.6 (7,402),

205.5 (5,765).

105; m.p. =?sÇS"C. 1H NtvtR õ 7.60 (s, 1 H, }l4), 6.4s (d, IH_t,,2, = S.9 Lfz, l H,

H-1'), 5.83 (br s, 1 H, 1¡-3'), 5.73 (d,IH-2,.t, = 5.9 Hz,'!. H,}l-2'), 4.56 (br s, 7 H, H-4'),

3.85-3.60 (m,2 FI, H-5'), 1.58 - -0.03 [19 H, Si(CHs)zC(CHs)zCH(CHg)z]. FABMS m/z

577 (M++H, <57o).IR (CHCI3) v^u* 2948 cm-l (sff, C-H),1720 (str br, C=O&C=S).

UV (MeOH) X^a* ?55.2 nm (e 2,803),224.4 (3,856), 2M.9 (4,992).

97: see above.

5-o-{[Dimethyl-2-(2^3-dimethylbutyl)lsilyll-2,2'-anhydro-3'-o-thiocarbory-5-

{[dimethyl -2-(2,3-dimethylbutyl)lsiloxy]uridine (103) and FO-ttDim etlrryl-z-(2þ-

dimethylbugl)l silyÛ -2,2' -anhy ro-S-{[dim ethyl-2-(2^3-dimethylbutyl)l siloxy]-

uridine (L04)

Compounds 103 and 104 were prepared from 101 (2.5g, 4.60mmol) in a

similar manner as that described for 105 and 106 above. Purification by

chromatography (hexanes/ethyl acetate 4:1) gave three products (104, 1.5g, 63Vo;

L03,297mg, 177o;102, 323mg, 72%) as white solids: 104; m.p. = 194-5oC. 1H Ntr¡R õ
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6.93 (s,1 H, H-6), 6.77 (d,lr+t,z'= 5.6ÍI2,1 H, H-1'), 6.05 (br s, 1 H, OH),5.41 (d,IH-

2' ,l' = 5.5 flz, 1 H, H-2') , 4.52 (br s, L H, H-3') , 4.?3 (m, 2 H, H-4'), 3.M (m, 2}J, H-5'),

1,.63 - -0.05 [38 H,2x Si(CHs)zC(CHa)zCH(CH3¡r1. 13C Nw. õ 1,67.0 (C+),156.6 (Cz),

138.3 (C5),'1.79.7 (C6),90.7,99.9,99.7 (C7"2"4',),74.9 (C3'), 62.2 (C5'),33.9 - -3.7 12 x

Si(CHs)zC(CHs)zCH(CH3¡r1. EIMS m/ z 5'].7 (M+-CH3, <57o).IR (CHC13) v¡¡¿* 3312

cm-1 (br m, OH), 2956 (str, C-H), 7632 (br str, C=O&C=S), "1,574 (str, C=N), 7494 (str,

C=C). UV Î.max 264.5 nm (e 6,003),206.8 (5,763). Anal found: C, 56.96; H, 9.07; N,

5.21. Calcd. for CzsFI¿eSizN2O5,: C,57.00; H,8.80; N,5.32.

103; m.p. =198-9 oC. 1H NMR ô 6.s6 (s, 1 H, H-6),6.22(d,l:H-r,,z,=S.9Hz,l

H, H-1'), 5.81 (s, L H, H-3') ,5.48 (d,12',7' = 5.9 ÍIz,'1, H,H-z'),4.45 (t,14,,s, = 5.4Í12,7

H,H-4'),3.53 (m, 2 H, H-5'),7.& - -0.01 [38 H, Si(CHg)zC(CHs)zCH(CH3¡21. taç

NMR ô 191,3 (C=S), 168.1 (C4),156.2 (C2), 138.8 (C5), 118.5 (C6),94.8,88.2,87.7,85.8

(C1',2',3',4'), 62.4 (C5'), U.0 - -6.5 [Si(CHs)zC(CHg)zCH(CHg)z]. FABMS m/ z 587

(M++H, <íVo).IR (CHC13) Vmax 2956 cm-l (str, C-H),1.636 (br str, C=O&C=S), 1582

(C=N). IJV Àmax 264.0 nm (e 6ß17),233.8 (6,56n. Anal found: C,53.3'1.; H,8.18; N,

4.7 8. Calcd. for CzeFI¿eSizN zOzS: C, 53.21, ; H, 7 .89 ; N, 4.77 .

102: see above.

5'-O-([Dimethyl-2-(2,3-dimethylbutyl)lsily[-2'^3'-dideoxdidehydro-S-[(dimethyl-2-

(2"3-dimethylbutyl))silyloryluridine (107).

A solution of 102 (450mg, 1.3mmol) in trimethylphosphite (2ml) was

refluxed for 3hrs at which time t.l.c. indicated very nearly.complete consumption

102. The solution was allowed to cool, the solvent evaporated and the residue

dissolved in dichloromethane (5ml). Silica (-1g) was added, the slurry

concentrated and the residue subjected to flash chromatography (hexanes/ethyl

acetate 9:1) giving707 (285mg, 73Vo) as a viscous resin; m.p. = 11.6-7 oC. lH NMR ô

8.54 (br s, 1 FI, NH), 6.96 (s, 'l-. H, H-6), 6.79 (s, L H, H-L') , 6.40 (d,IH-2',3, = 6.0 flz, 7

H, H-3'),5.78 (d, In-Z',2'=5.9flz,7H',H.-2'),4.80 (br s, 7H.,H-4'),3.80 - 3.51 (ABX,2

H, H-5'), 7.71, - -0.04 [38 H,2xSi(CHg)zC(CHe)zCH(CH3¡r1. 13C NtvtR õ 160.3 (C4),

749.5 (C2),735.7 (C5), 132.1 (C6),725.3 (C3'), 724.5 (C2'¡,90.3 (C1'), 86.70 (C4'),65.31
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(C5'), 34.1' - -8.5 [2 x Si(CHs)zC(CHg)zCH(CHs)z]. FABMS m/ z 5't7 (M++H, <5%). IR

(CHClg) Vmax2960 on-1 (m, C-FI), 7724(br str, C=O),1682 (str, C=O).

5-O- [n im ethyl-2-(2"3-dimethylbutyl)] silyD-2,3'-anhydro-F

trifluoromethanesulf onyl-2'-deoryuridine (108).

A slurry of 93 (430mg, 0.83mmol) in toluene (3ml) was heated to 90oC to

give a clear solution. Triphenylphosphine (230mg, 0.88mmol) was added and the

temperature maintained at 90oC during the dropwise addition of

diethylazodicarboxylate (DEAD, 160mg, 0.9Lmmol) over 2 minutes. After heating

for a further thr the solution was cooled and the solvent removed. The residue

was dissolved in ethyl acetate (10m1), silica (-1g) was added and the slurry

concentrated and subjected to flash chromatography (hexanes 68Vo : ethyl acetate

30Vo : methanol 27o). The product 108 (400mg, 96Vo) was isolated as a white solid;

m.p. = 192-3 0C. lHNMR ô 7.53 (s, 1 H, H-6),5.7g (m,1 H, FI-L'),5.20 (br s, 1H, H-

3'), 4.25 (m, 1 H, H-4'), 3.81.-3.62 (m, 2 H, H-5'), 2.W2.45 (m, 2 H, }j-2),1.S8 - -0.05

119 H, Si(CHa)zC(CHs)zCH(CH3¡21. 13C l\IVn E 1,64.06 (C+), 1,52.87 (C2), 133.05 (C6),

732.25 (C5), 71.8.42 (q, Icr = 320.6ÍIz, CFz),88.87 (C1'), 86.07 (C4'),77.66 (C3'), 60.67

(C5'), 34.05 (C2'), 33.34 - -3.67 [Si(CH¡)zC(CHs)zCH(CH3¡r1. EIMS m/z 500 (M+,

<íVo), 424 (80).IR (CFICI3) v^u' 2968 cm-l (m, CH), 1666 (str br, C=O), 1536 (str,

C=O), 1468 (m, C=C), 1430 (m, C-O), 1196 (str, SOe). UV (MeOH) Llnal< 256.2nm (e

6,'1.05), 256.2 (7,756), 206.0 (8,697). HREIMS found: 500.1.220. Calcd for

C 1 sH2TSiNzOzSFs : 500. 1 260.

S-Trifluoromethanesulf onyluracil (110).

N-Phenyltriflimide (251mg, 0.70m mol) was added to a solution of

isobarbituric acid 75mg, 0.59mmol) in pyridine (2ml) and allowed._,to stir

overnight. The reaction mixture was concentrated onto silica (-0.5g) and

subjected to flash chromatography (hexanes/ethyl acetate 1:1) giving 110 (95mg,

627o as a crystaline solid; ûr.p. = 268-70 oC. 1H NMR õ 11.g0 (br s, L H, NFÐ, 71, 47 (v

br s, 1 H, NFÐ, 7.97 (s,1 H, H-6). 13C NMR ô 157.3 (C+), 1,49.2 (CZ), 734.4 (C6), 725.2
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(CS),1.77.2 (q,Icr = 320.8 Hz, CFs). EIMS m/2260 (M+, <sVo),728 (M++H-SO2CF3,

700Vo). Anal found: C,22.43; tI, 1.05; N, 10.41. Calcd. for C5H3NzOsSFs: C,?3.07;H,

1.15; N, 1'0.77 (Unfortunately a more accurate value for C could not be obtained).

1-[(2-Acetoxyethory)methyll-5-hifluoromethanesulf onyluracil (113):

A suspension of 110 (200mg, 0.77mlrrol) and ammonium sulfate (-0.5mg)

in dry hexamethydisilazane (7ml) was heated to reflux under nitrogen until a

clear solution was obtained (-1hr). The solution was evaporated to dryness at

room temperature, with the careful exclusion of atmospheric moisture, to give

an amber oil. Freshly distilled, dry acetonitrile (10m1) was added to the oil and

the solution cooled to 0oC. A solution of (2-acetoxyethoxyl)methyl bromide (227

mg, 1.15 m mol) in the s¿une acetonitrile (8ml) was added dropwise over thr and

the reaction mixture left to stand at room temperature for 48hrs. The solution

was then evaporated onto silica and subjected to flash chromatography

(hexane/ethyl acetate 1:1). Both the product 113 (211mg,73Vo) and some starting

material 110 (44mg,22Vo) were isolated. The product 113 was isolated as a slightly

tan, viscous oil; 1FI NtvtR ô 10.29 (br s, 1H, NH),7.68 (s, 1H, H-6),5.18 (s, 1H,

OCHzN), 4.17 (m, 2H, CH2OAc), 3.76 (m,zFl, OCH2CHT),2.00 (s, 3 H, CHsCOÐ.

13c Nun õ 120.0 (co2¡, tsz.4(c4),1,49.2 (c2),196.8 (c6), 1,zg.s (cs), 118.1 (q,Icr =

320.6 tlz, CFs),77.0 (OCHzN), 67.9 (CHzOAc), 62.73 (OÇHzCHz),20.7 GHsCOt.

EIMS rn/2376 (M+, <íVo). IR (CHC13) v-",.3380 cm-1 (w, NH),3020 (m, C-H'),1718

(str, C=O),1'796 (str, SOg). HREIMS found: 376.0775. Calcd for Cl3H2zSiNzOzSFs:

376.0188.

1-[(Hydroxyethoxy) methyll-S-trifluoromethanesulfonyluracit (82).

A saturated methanolic ammonia solution (10m1) was added to 113

(150mg, 0.40mmol) and the solution left standing for 6hrs. Sitica (-200mg) was

added and the solution evaporated to dryness and subjected to flash

chromatography (hexanes 60Vo : ethyl acetate 38Vo : methanol 2Vo) giving 82

(116mg, 87Vo) as a white solid; 1H NMR õ 7.67 (s, 1 H, H-6),5.24 (s, L H, OCHzN),
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3.75 (rn,2}{, CHzOAc), j.76 (rn, 4 H, OCHzCH2),1.7 (br s, 1 H, OH). EIMS m/ z 335

(M+, <Svo). IR (CHCI3) v*",,33g0 cm-1 (w, Nþ, 2956 (m, C-H), 7707 (str,C:O), 11.9g

(str, SO3).

&Butyluracil (116):

A suspension of S-triflouromethanesulfonyluracil 110 (200mg, 0.77mmol)

in hexamethyldisilazane (7ml) was heated at reflux under nitrogen until all the

110 had dissolved (-fnr¡. The solution was allowed to cool and was evaporated

to dryness at room temperature with the careful exclusion of atmospheric

moisture. The residue was dissolved in dry tetrahydrofuran (smr) and cooled to

-78"c. A 2.5 M solution of n-butyllithium in hexane (0.28m1, 0.77mmol) was

added and the solutions allowed to warm to room temperature overnight. The

reaction mixture was quenched with methanol (Sml) and silica (0.Sg) was added

and the slurry evaporated to dryness. The residue was subjected to flash

chromatography (hexanes 60Vo : ethyt acetate 38Vo : methanol 2Vo) to give 116

(84m9, 65Vo) and the starting material 110 (60mg, jTVo); m.p. = >300 oC. 1H NMR

(CDClg/DMSOdo) ô 10.39 (v br s, 1 H, NlH) ,9.99 (br s, 1 H, N3H),5.'t4 (s, I H, H-5),

2.27 (t,I =7.74fI2,7Il, C6{Hzl, 1,.37 (p,I =7.2Hz,Z}l,C6-CH2-CII2I, 1.18 (h, J =

7.5Hz,2}J.,CH2-CHr), 0.74(t,I =7.5 Hz, CH3). 13C trltr¡R (CDCle/DVfSO¿d õ 161.1

(C4), 150.0 (C2),1.34.6 (C6),98.9 (C5),28.8 (C6{Hz-),26.9 (C6-CH2-ÇH2-),277 (CH3¡.

HREIMS found: 168.0888. Calcd for C3H12N2O2: 168.0898.
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Appendix

Results from the screening of compounds g and 4rb_r for anfi_HIV andanticancer activiÇ as performed by:

The National institutes of Health
National Cancer Institute

Bethesda, Maryland 20g932

U.S.A.

S-Trifluoromethanesulfonyl_2,_deoxyuridine 
(g)

5-{2-[e's-nis(c'c'ø-trifluoromethyl)phenyrJethynyl]-2,-deoxyuridine 
(41b)

5- (3,5- Difluorophenylethynyl)_2,_deoxyuridine 
(4f c)

5-[2- (4-q',a,s-Trifl uoromethylphenyl)ethynyl]_2,_deoxyuridine 
(41 d)

5- l2-(4-Fluorophenyl)ethynyl]-2,_deoxyuridine 
(41e)

S-l2-(Pentafl uorophenyl)ethynyU_2,_deoxyuridine 
(41f)



The NCI ln Vitro Anti-AIDS Drug Discovery Program

The /n Vitro Testing Results Form provided to you has three sections:

The Sample and Test ldentification Section specifies which of your compounds was

tested (NSC), our computer's code for you (Supplier Code), the identification number

you provided for the compound (COMI), the actual experiment number from which the

results were taken (Plato), which of our laboratories performed the experiment (Lab),

when the test was performed (Test Date), the date the report was printed (Report Date),

and which cell line was used in the test (Cell Line). The QNS (sample quantity sufficien-

cy) and Material Classification (MC) codes provide NCI staff with important administra-

tive information.

The Graphics Resutts Summary Section displays a plot of the loglo of your sample's

concentrations (as ug/ml or molar) against the measured test values expressed as a

percentage of the uninfected, untreated control values. The solid line connecting the di-

amond symbols depicts the percentage of surviving H|V-infected cells treated with your

sample (at the indicated concentration) relative to uninfected, untreated controls. This

tine expresses the in vitro anti-HtV activiÇ of your sample. The dashed line connecting

the triangular symbols depicts the percentage of surviving uninfected cells treated with

your sample relative to the same uninfected, untreated controls. This line expresses the

in vitro growth inhibitory properties of your sample. The viral cytopathlc effect in this

particular exper¡ment is indicated by a dotted reference line. This line shows the extent

of destruction of cells by the virus in the absence of treatment and is used as a quality

control parameter. Survival values of this parameter less then 50olo are considered ac-

ceptable in the current protocol. The percent of protection has been calculated from the

data and is presented on the right side of the graph.

The Tabular Dose Response Data and Status Section provides a listing of the numerical

data plotted in the graphics section. Approximate values tor 50o/o effective concentration

(ECso), 50olo inhibitory concentration (lOso), and Therapeutic lndex (Tl = lOso/EOso)

have been calculated for each test and are provided for your information. The NCI staff

determinatiOn of the activity of your compound is printed in the lower left-hand corner.



Anti-HlV Drug Testing System

The procedure* used in the National Cancer lnstitute's test for agents active against Hu-
man lmmunodeficiency Virus (HlV) is designed to detect agents acting at any stage of the
virus reproductive cycle. The assay basically involves the killing oÍ T4lymphocyt.ã Oy Htv.
Small amounts of HIV are added to cells, and a complete cycle of virus reproC.,:ction ¡s
necessary to obtain the required cell kilf ing. Agents that interact with virions, cells, or virus
gene-products to interfere with viral activities will protect cells from cytolysis. The system
is automated in several features to accommodate large numbers of candidate agenis and
is generally designed to detect antí-HfV activity. However, compounds that degenerate or
are rapidly metabolized in the culture conditions may not show activity in this screen. All
tests are compared with at least one positive (e.g., AZT-treated) control done at the same
time under identical conditions.

The Procedure:

1. Candidate agent is dissolved in dimethyl sulfoxide (unless otherwise instructed)
then diluted 1:100 in cell culture medium before preparing serial half-log1g dilu-
tions. T4 lymphocytes (CEM cell line) are added and after a bríef interval Xtv-l ¡s
added, resufting in a 1:200 final dilution of the compound. Uninfected cells with the
compound serve as a toxicity control, and infected and uninfected cells without the
compound serve as basic controls.

2- Cultures are incubated at 37" in a 5o/o carbon dioxide atmosphere for 6 days.3. The tetrazolium salt, XTT, is added to all wells, and cultures are incubated to allow
formazan color development by viable cells.

4. lndividual wells are analyzed spectrophotometrically to quantitate formazan pro-
duction, and in additíon are viewed microscopically for detection of viable cells and
confirmation of protective activity.

5. Drug-treated virus-infected cells are compared with drug-treated noninfected cells
and with other appropriate controls (untreated infected and untreated noninfected
cells, drug-containing wells without cells, etc.) on the same plate.

6. Data are reviewed in comparison with other tests done at the same time and a deter-
mination about activity is made.

' Weislow, O.W., Kiser, R., Fine, D., Bader, J., Shoemaker, R.H., Boyd, M.R.: New soluble.formazan assay
for HIV-1 cytopath¡c etfects: application to h¡gh-flux screening of synthetic and natural products for AIDS-
antiviral activity. J. Nail. Cancer lnst. 81:577-5g6, 19g9.

t
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National Cancer Institute
Developmental Therapeutics Program

In-Vitro Testing Results

Assay:

COMI:

Solveot:DMSO < -25%

IN VTTRO ANTI.HTV DRUG SCREENING RESIJLTS
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DOSESUMMARY INFECTED RESPONSE

Report Date: July 1, 1991 Cellljne CEM-fW

Test Date: June 14, 1991 SSPL: Vr9U

Lab:9NPlate:9316NSC: 64290t-Ol I
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fn-Vitro Testing Results
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Ássay: Primary Søeeo

COMI:

Solvent: DlvfSO < 25E
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In-Vitro Testing Results

Assay: Prima¡y Sc¡een

COMI:

Cellline: CEM-IW Solçent:DMSO < )57"
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In-Vitro Testing Results
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SCREENING DATA REPORT COMPONENTS

The Calculated Measurement of Effect: Percentage Growth (PG)

The measured effect of the compound on a cell line is currently calculated according to one or thc other of
the following two expressions:

lf (Mean OD,.., - Mean ODo.ro) ) 0. then

PG : 100 X (Mean OD,.., - Mean ODEcJ/(Mean OD.,r, - Mean OD'.J

lf (Mean OD,.., - Mean ODo.-) ( 0. then

PG : 100 X (Mean OD,.., - Mean ODo.-)/Meân ODo.ro

Where:

Mean OD.'.ro

Mean OD*,

Mean OD*,

The Data Sheet:

This page of the data package presents the experimental data collected against each cell line. The hrst wo
columns describe the subpanel (e.g.. leukemia) and cell line (e.g.. CCRF{EM) involved. The nexr rwo col-
umns list the Mean OD_o.* and Mean 9Dr,rt: the next five columns list the Mean OD,.r, for each of five dif-
ferenl concentrations. Eãðli concentration ìi expressed as rhe logl0 (molar or ¡rglml). iËi .te*r five columns
list the calculated PGs for each concentration. The response parå"mcters GI50. TGI. and LC50 are inrerpo-
lated values representing the concentrations at which the PG is +50. 0. and -50. respectively. Somerimes
these response parameters cannot be obtained by interpolation. If. for instance, all of the PGs in a given row
exceed *50. then none of the.three parameters can be obtained by interpolation. ln such a case. rhe value
given ûor each response parameter is the highest concentration rested and is preceded by a -)" sign. This
practice is cxtended similarly to the other possible siruations where a response parameter canno¡ be obtained
by interpolation.

Dose-Response Curves:

The dose-rcsPonse curve page of the data package is created by ploning the PGs against the log,o of the
corresponding concentration for every cell line. The cell line curves are grouped by subpanel. Hoäzonral
lines are provided at the PG values of +50,0. and -50. The concentrations corresponding to poinrs where the
curves cross these lines are the GI50. TGl. and LC50. respectively.

The Mean Graphs:

Mean graphs facilitate visual scanning of data for potential parrerns of selectivity for particular cell lines or
for particular subpanels with respcct 1o a sclected response parameter. Diffcrences in apparent selectiviry
patterns may occur for the same compound against the same cell lines when different parameters are com-
pared.The mean graphs page of the data package shows mean graphs at each of the principal response pa-
rametcrs: G150. TGl. and LC50. Bars extending to the right represent sensitivity of rhe cell line ¡o the resr
agent in excess of the average sensitivity of all tes¡ed cell Iines. Since the bar scale is logarithmic. a bar 2 unirs

= The average of optical density measurements of SRB-derived color just before exposure
of cells to the test compound.

= The average of optical density measurements of SRB-derived color after 48 hours'
exposure of cells to the test compound.

The average of optical density measurements of SRBderived color after43 hours with no
exposure of cells to the test compound.



Dose-Response Matrix Anaiysis

Dctsg' DtGl, DLC50, Dg, and MGDH

Measures of Subpanel Selectivity

The values of Dott. Dto,. and Dlcso displayed near the bonom of the dose-response matrix are measures
of subpanel selectiviry based on the response parameters G150. TGl. and LC50. These values ide ntify wheth-
er subpanel-selective effects occur at a high (LC50 or TGI) or moderare (Gt50) effecr level. Computer simula-
tions suggest that a value of Dclr. Dto,. or D¡-csoà50 is sratis¡ically signilicant. The concenrrarion a¡
which the maximum selective effect occurred is given in parentheses. ( ). next ro the corresponding Dctso.
Dror. or D¡-cso value.

To calculate DCtso. we f-trst calculate the percentage of cell lines that achieve Gl50 for each subpanel. We do
this separately for each concentration. We then calculate. separarely for each of the 5 concenrrations- 3 diffe r-
ences: (l) the highest subpanel percentage minus the percentage of the remaining cell lines. (2) the percen-
tage for the 2 highest subpanels. taken together. minus the percenrage for the remaining cell lines. and (3) the
average of the 3 highest subpanel percentages minus the percentage for the remaining cell lines. Do* is the
largest of these 15 differcnces. The values Dro, and Dlcso are rhe analogous maximum differencõ^Ëtating
to TGI and LC50.

The value of Dt at the bottom of the Dose-Response Matrix provides a more general measure of selective ef-
fect' The Dt value is given primarily as a means of assigning relative scores of selectiviry to the compounds.
and the practical signihcance of this value will be dctermined empirically. Howeveç computer simulations
suggest that values of D¡1à 75 are statistically signifìcant. and in rhis case. a dot is printed immediately to the
left of the disease label for the selectively sensitive subpanel(s). The concenrration at which the maximum se-
lcctive effect occurred is given in parentheses. ( ), next ro the corresponding D, value.

To catculate Dt. each cell line is ranked I to N (where N is the ¡oral number of cell line resrs which sarisfy
quality control criteria) from least to most sensitive. by PG vatue. This is donc separately for each
concentration. At each concentration. a mean rank is calculated for each subpanel by averaging the individ-
ual cell line ranks. and the subpanels are ordered by sensitiviry as measured by mean rank At each of rhe 5
concentrations. we calculate the 3 mean rank differcnces: the mean rank for the'k (where k = l. 2. 3) most
sensitive subpanels. taken together. minus the mean rank of the remaining cell lines. D" is the largest of
these 15 differences, multiplied by 200/N. so thar is range is G100.

Themaximum of Do,t. Drcl. and Daat is used rc determinewhether subpanel-selecrive cyroroxiciry is oc-
curring most markedly at the Gt50. thðfcl. or the LC50 level. and rhus ro determine which o[rhe three cor-
responding mean graphs to display. The MGD, value is a measure of subpanel selectiviry similar to D". but
relating to this chosen mean graph. Each cell liàc is ranked. from least to most sensitive. by rhe mean graptr
bar extension. MGD" is the maximum difference in mean rank between the most and least sensitive
subpanels. where we maximize over the choice of l. 2. or 3 subpanels to be .rhe mosr se nsitive. and multiply
by 200/N. just as in the calculation of D". The MG DH välue is given primarily as a means of assigning rela-
tive scores to the mean graphs of the còmpounds. Häwever, compurer simularions indicate thar values ex-
ceeding 75 are statistically signifìcant. and in these cases the mosr sensitive subpanels are marked wi¡h a dot
to the right of their names.



to the right implies the compound achieved the response parameter (e-g.. GI50) for the cell line at a

concentration one-hundredth the mean concentration required over all cell lines. and thus the cell line is

unusually sensitive to that compound- Bars extending to the left correspondingly imply sensitiviry less than
rhe mean. If. for a particular drug and cell line. it was not possible to determine the desired response parame-
ter by interpolarion. the bar length shown is either the highest concentration tesled (and the listed log,o of the
response paramete r will be preceded by a ">") or the lowest concentration tes¡ed (and the listed log,o will be

preceded by a "<l').

The values at either limit () or () are also calculated in the mean used for the meangraph. Therefore. the
mean used in the meangraph may not be the actual mean of the G150. for instance. For this reason. we shall
refer 1o this value as the MG--MID (for meangraph midpoint).

The Dose-Response Matrix:

The dose-response matrix combines some qualities of the dose-response curve with some qualities of rhe
mean graph. Selcctive effects at the cell line or subpanel levels are visualized as in the mean graph. however.
different levels of effect are also depicted simultaneously. as in dose response curves. Each column of the ma-
trix corresponds to the drug effect at one of the five concentration levels. and each row corresponds to the eÊ
'fect against each cell line. Thus, each block within a row depics the effect of a given concentration against a
given cell line. The shading given the block depends on the value of the PG for the given concentration
against the given ce ll line in comparison with the conesponding values for the G150. TGt. and LC50. lf the
PG > +50. the block is white. If the PG < -50. the block is black Two intermediate shades of gray are used
if+50>PG)0orifO>PG>-50.Blocksformissingvalueshaveaperiod(.)inthecenter.
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Dose Response Matrix Staln:
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4.99
4.62

-5.A1

4.87

-5.r9
4.78
-5.21
-5.01

4.81
-5.00
-5.t2
4.E5
-5.r8

_4.88

4.51
-5.06

> -400
-5 44
4.03

-5.U
> _400

-s ü6

t2
53
t8

r9
l1
t6
10

t1

4 +l +1 +l 0 .t .Z ,3 .l

SSPL: V19Ut,7992Rçort Date: Fcbruæ I

9, l99lTest Date: Novcmbcr I

NSC: 64598GR./l

557
5l('
.5ll
4 (Xl

5 0l

.1 ìi')
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t\ì < (ìts0
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Assay: Primary Screeo

COMI:

Solvent:DMSO < 25%

IN VTTRO ANTI-Hf.V DRUG SCREENING RESULTS
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45
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5

-5

100
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o
oo

.)O o
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c
o
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0

{ -5 4 -l

9i 55

iì9 9t;

O%,50% Rcfcrqæ Lircs

þS,o of Sample Conceau,aúon(Molar)

Viral Cltopathic Efføt Infærcd Tuæd C¡lorc

4- l0

Uninføæd Trcatc{ Cr lru rc

UNIN I.'EC'TED R ESPO NS I

Percent of Control

92 04

9 r.53

81.69

88 54

90 s9

\N ACT\\ [ 2l0 ¡ t() J

6 90 x t0'1

406

-0.11

Á-^ ¿.

L
- -- - 

^- 
- -- - -- - - --a------- ----4-

6.90 x t0-5

2.20 x I0'5

6.90 x t0 6Conclusion

2.20 x t0{TT5O (ICÆC)
6 90 x t0-l

EC50 (MoIa¡)
2.20 x L0-7

IC50 (lr4olar)
Percen( of Contml(N4olar)ConceotrationIndex

INFECTED RESPONSEDOSESTJMMARY

CeU Line: CEM-IW
\eport Date: February 3,1992

SSPL: VlgU
Test Date: Jànuary L7, lggz

Lab: 9NPlate:5390NSC: 64847GV1
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ctro

HO

Ho 47d
E4p. lD: 92OlNS53

Steín: PROTEIN_5t

SSPL: Vl9U

GT5O

H .N

É
NCI Dcvelopmcntål Thcrap

Dose Responsc M
cutics Program
atrix

P¡nd./Cetl Unc
LoBl¡ Cooccntration (Molar)

PG (-4-0 ) _4-O _s-o _6-0 _20 -s.0

89
95
85
75
74
85

87
4l
5I
88
23
88
78
56
8ó
88
88

73
89

100
90
89
85
100
t00
78
109
95

60
9-l
8l
90
42

t¿ukmi¡
CCRFCEM
Hr,6octB)
K_%2
MOLT-4
RPtvtr-8226
SR

NmSonll Ccll Lurg Gnær
A549lArcC
EK\rX
HOP-I8
HOP{2
HOP-92
NcI+r22i
NCI.H23
NCI.T322M
NCI-H,f60
NCI-H522
I.XFL529

SmaUCcI Llng C:rur
Dl¿s I t4
Dtrls 273

Colo<r Cae¡
cl)lo 205
DtÐ_l
HCC-29S
HCT-I t6
HCT-15
¡{T29
KMI2
Klv20L2
s'ü¡{20

CNSCsq
sF-268
sF-æ5
sF-539
SNB.I9
SNB.75
SNB-78
u25r
XF 498

Mdaoma
. I-OXIMVI

MALME.3M
Ml4
MI9-MEL
SK-MEL-2
SK.MEL-2ß
SK-MEL-5
uAcc-257
UACC{2

OvariæC¡rer
IGROVI
OVCAR-3
OVCAR-4
OVCAR.5
ovcAR-8
SKÐV-3

Rmal C¿nq
786{
4498
ACI{N
cA Kl-l
RXF l9l
RXF.63I
SN I2C
l-K l0
uo.l I

Logro G¡5O

> _4.00

> _4.00

> _4.00

> <_00
> <.00
> -4.m

> _4.00

4-2.A
> -4.m
> -4.00

4.62
> -4.00
> _4.00

> -4.00
> _4-00

> -4_00
> _4_00

-4.m
-4.00
-4.00
-4-00
-4.00
-4.00
-4.00
-4.00
<_00

> _4.00

> -4.00
> _4.00

> -4.00
42t

-4-00
-4.00
-4.00
-4.00
-4.00
<.00
-4.00
-4.m
-4.m

-4.00
-4_m
<.00
-4.00
-4,00
-4 00

<.00
-4.O0

94
l02

93
65
r05
87
84
70
tu2
9l
85

95
93
68
93
95
'17

100

eì

-4.00
-4.00

> -4_00

> -400
96
124
90
91
ll:l

> ¡00
> -400
> _4m
> _400

> -100

4 {3 +Z +t 0 .t _7 -f 4

l)c[0 - t?() (,.0) If(ì N{il) Gt50II

Report Date: April 15, 1992

Tcs( Da(c: Iuuary 6.1992

NSC: 6¿úOa{ -Jlt

t¡G > ct50
l\ì . ( ilslì i r)l



Date: lvfay 3O, 1992

6,1992Tcst Da(e:

NCI Developmentat Therapeutics program
Dose Response Matrix

I .N

()

NSC: 64847/ -Ylt Exp- ID: 92OlSR0t

Sbin: PROTEIN-5I

SSPL: Vl9U
I.ogro Conccotratioo (Molar)

PG ({-0 ) -4.0 -s-0 {-0 _20 {-0
P¡ncL/Cdl Une

l)(.tJo = l?0 (¡0)
l)1,, ,)0 (00 )

I-Ægro GI50

-4-OO
{-oo
-4-00
-4-00
-4.m
-4.00
-4-OO
4.m

{_oo
-4.00
-4-OO

-4.00
-4.00
-4_00
{.00
-4.00
-4.00

> -4-OO
> -4.m

4.59
> -4.00
> -4.00
> -400

ll4

llt
tt7
100
104

88
'12

63
86

19
84
86
gt
83
93

82
89

95
88
9l

90
103
95
91
r09

87
14
93
100
51
65
LOz
9f

98

89
69
83
r03
16
82
t6l

Ldkania
CCRFC,M
HL.6OCTB)
K-sÍ,z
MOLT4
RPMI.8226
SR

NmSmallCdl hng Gnær
.A549/ArcC
EKVX
HOP-r8
HOP{2
HOP-92
NCf-Ð26
NCX-HTì
NCI.ttI22M
NCI-H¿|60
NCI-II522
TXFL529

Saull CclI Lrmg Gnær
D¡{s lt4
Dtfs 273

Colq¡ Canær
OLOæ5
DLD.I
HCC-2998
HCT-rt6
HCI-I5
Hf29
KMI2
KNDil2
sw{20

CNSCqcs
sF-268-sF-æ5

SF-539
SNB.19
SI.{B-?5
SNB-?8
u25l
XF 498

Mdaom
tOXIlvtVI
M,A.LME-3M
Ml4
M19-MEL

lK-MEL-z
SK-MEL-28
SK.MEL-5
uAcc-257
uAcc42

Ovuian Cuær
IGROVI
ovcAR-3
ovcAR-4
ovc^R-5
ovcAR-8
sKov-3

Rcnal Canccr
786{
A498
ACI{N
CAKI.I
RX F,]9]
RXF.6] I

SNI2C
IX I0
t_:o I I

> -4_OO

-4-00
-4.00
-4.00
-4.00

-4-00
-4.00
-4.00
-4.0O

-4.0O
-4.00
-4-OO

-4-OO
{.00
'4-00

-4-00
-4-00

-4.0O
-4-00
-4-OO

-4-00
-4.00
-4-00
-4.00
-4-m

t48
74
32
93

107

100

r02
86

> -4.00

> ,400
> ,¡l 0O

400
4 tx)

[_ I I I

{ll

ì

\ì,(ì5
\5

Ir(ì \fì L) (;t50

lllr,

: (l:

4Ie

Gt50

I
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{CI. Develop mental Therapeutics Program
' 

Dose Response Matrix

ID:920ISROl

Stain: PROTETN-51

SSPL: vl9U

l,ogro Concotratioo (Molar)

PG(-4-0) -4-0 -s-0 -6-0 -7-0 -8.0

85

87
96
96
88

89
95
n
-r1

104
96
8l
95

90

't4
88

t0l
93
98
9l
90
100
88
102
140

83
1j
97
97
80

96
103

Irukei¡
CCRFGM
HL{0GB)
K-%2 \
MOLT-4
RPMI{226
SR

NøSmalI CcJl [.rmg Canær
A549/ArcC
EKVX
HOP.IE
HOP{2
HOP-g2
NCI-H226
NCt-H2!¡
NCI-tfrzÀ,{
NCI-H460
NCI-H522
txFL529

SmzllCcIl I'ung C:rer
DIvfS n4
Dtvfs 273

C,olmCanær
coto 205
DLDI
HCC-2998
HCT-T16

, HCT-15
HT29
KM12
Klv{20t2
sw{20

CNSC¡nq
sF-268
sF-æ5
sF-539
SNB.T9
SNB-75
sNB-78
UãI
XF 498

Melama
tOX llvwl
MALME.3M
Ml4
MI9-MEL
SK.MEL.2
SK.MEL-28
SK-MEL.5
UACC-257
UACC{2

Ovariu C¡nær
IGROVI
ovcAR-3
ovcAR-4
ovcÂ,R-5
OVCAR.S
sK-ov-3

Renal Cancer
786{
A498
ACHN
c^ Kt-l
RX t:,191
RXt: 6l I

SNI2C
lK r0
r () r I

P¡nel,/Ccll Llne L,ogto GI5O

> 4.00

-4.00
-4.00
-4.00
-4.00

-4.00
4.00

> -4-00

> -4.00
> {.00
> -4-00
> -4-00
> -5.00
> -4-00

> -4.00
> -4.00

> 4-00
> -4.00
> -4-00
> 4-00
> -4-00
> -4-00
> -4-00
> -4.00
> -4.00

T'iRÑÑ

4_00
-4-00
{.00
-4-00
-4.00

4_00
4-00

88
8t
84
80
92
99
77
't6
114

-4.00
4.00
4.00
-4-00
4-00
-4.00 .
¡.00
-4-00
-4.m

9l
94
68
ll0

9l

98

tü;
8/

-4.00
-4.00
-4.00
-4.00
-4m

> _400
> 400

> -4.00

91

r l_ l__
14 rl +2

t
I

Report Da(c: May 3O. 1992

Tcst Da(e: January 6, 1992

NSC: 648478 -Zl
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