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ABSTRACT

The methodology of lithiatioalogenation of purines have been previously studieoum
groupand otherg:*?

The present thesis is focused on the methodology of lithihadogenation of €hloro-9-
substituted purines andsuubstitutecadeninewia 8-purinyl aniong(Scheme A, step 2As an
extension of thiswork, lithiation-halogenation of7-allyl-6-chloro-7H-purine was also

investigated.

Various methods for the step prior to lithiatibalogenatia, N-alkylations were alsstudied
(Scheme A, step 1)

N~ N N~ N

R
NZ N step 1 7 N step 2 N7 N
Uy Uy s U v
N7 N
H R' R'

R =Cl or NH, R'=Me or Et or allyl X=ClorBr

Scheme AReaction route
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1. Aim of the project

The lithiationhalogenation methodology for the functionalization of puripgoSition has

been explored by our grotipand other§'? (Scheme 1

Cl Cl
N 1) LDA N
N~ 2) Electrophilli t N”
k\ | \> ) Electrophillic agen - k\ | \>—X
N~ N N~ N

la-cR' 2a-¢ R’

Successful = R’

R"O
a= “‘J\Cj b= _\Siz)z
RHO OR"
(THP)
o= ‘?1 N Y = EDQG, i.e. OCHj3, OBn, generally better conversion;
| /—Y Y = EWG, i.e. F, Cl, generally poorer conversion

Schemel. Overview of previous worklone®?

Studies have shown successful results in synthez®&ihglopurines2a-b from 6-chloro-9-
substitutel purines la-b by employing LDA as a base followed by trapping with an

electrophillic agengiving excellent yield§Scheme ) *

Also, dudies done on the-Benzylpurineslc have shown that excellent yield§ compound
2c can be obtained when the benzyl group carried an alkoxy or alkyl group artkiweor

paraposition(Scheme ) 2

In continuation with this, the present work is mainly aimed towards the igaget of the
scope and limitations of -8 functionalization of various-alkyl purines4. Additionally, N-
alkylation of purines3 under different conditions has also been studied in an attempt to

identify the most efficient method(s) for the synthesisaafh particular substrai@cheme?).



R R
N)jiN a N7 N
NN oL L,

3 H 4 R 5 R'

Scheme 2. Reagents and conditions: (a) Base, alkylhalide, r.t., 1.20hh; (b) LDA,

Electrophillic halogen source/8°C, various length of time.

2. Intro duction

2.1General

Purinesare heterocyclicaromaticcompound, consisting of gyrimidinering (7) fused to an
imidazolering (8) (Figure1).** The name purine originates from the Latin wptdum (pure)
anduricum (urine). The name of this heterocycle was giverElnyil Fischer as it was first
synthesized from uric acf.

6
2k \>8 k\/j ()

H
6 7 8

Figure 1. The purine ring §) and the accepted numbering system, pyrimidife ahd

imidazole @)

Owing to their large abundance in natural productstaocholeculesthe purine scaffold has
received an enormous interest among biologists and chemists. The most important purine

containing biomacromolecules are DNA and RNA.

2.2 Biological significance/ role / importance of naturally occurring purines
2.2.1Genetic material
Purines and pyrimidines are two of the building blocks of nucleic acids. Only two purines and

three pyrimidines occur widely in nucleic acid$ie purine bases consist of adenj@eand

10


http://en.wikipedia.org/wiki/Pyrimidine
http://en.wikipedia.org/wiki/Imidazole

guanine(10). The pyrimidine bases consist of cytes(11), thymine(12) and uracil(13).
(Figure2)

NH, NH, O
NH
kt ) fﬁ ﬁx J% Lo
12 }%3

Figure 2. Structure of purines and pyrimidines in DNA/RNA

Two nucleotideson opposite complementaryDNA or RNA strands that are connected
via hydrogen bondghashed bondsare called abase pair.The wavy bondsindicate the
attachment®on the nucla acid chain.ln DNA base pairingadeningA) forms a base pair
with thymine(T) andguaning(G) forms a base pair wittytosine(C). In RNA, thymineg(T) is
replaced byiracil (U) (Figure3).'®

Figure 3. A-T (14)and GC (15)base pairing®

2.2.2Hormones and Neurotransmitters

Cytokinines are a class oplant growth substance@lant hormone} that promotecell
division, or cytokinesis in plant roots and shootgeatin(16) was the first cytokinine isolated
from corn gea mayp(Figure4).*® Cytokinines are normally adenine derivatives substituted
on theNG6 position. Zeatin 16) has also been reported to have anti cancer propertiesnboth
vitro andin vivo. Additionally, it is alsoreported to have seralin vitro antiaging effects on

human skin fibroblast¥.
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Neurotransmitterareendogenoushemicalswhich transmit signals froraneuronto a target

cell acrossa synapseAdenosinel?7 (Figure 4)s an inhibitory neurotransntér, believed to

play a role in promoting sleep and suppressing arousal, with levels increasing with each hour
an organism is awak@denosineas anucleosidecomposed of anoleculeof adenineattached

to aribosesugar moleculeAdenosinealsoplays an important role ihiochemicalprocesses,

such as energy transeasadenosine triphospha(@TP) andadenosine diphosphataDP)

(Figure4)d as well as irsignal transductioascyclic adenosine monophosate cAMP 2

OH NH,
< S
l\
HN o, NN
NANN 0
LD
NT N OH OH
16 17

Figure 4. Structures of zatin (16) and adenosingl?)

2.2.3Energy transfer

ATP (18) is among the most importabiomolecules next to DNA/RNA. As far as known, all
organisms from the simplest bacteria to humans use (¢igeire 5)asits primary energy
currency. ATP also plays a rdical role in thetransportof macromolecules across cell
membranes, e.g@xocytosisandendocytosisATP consists olidenosineand thregphosphate
groups (triphosphatenergy is liberated from the ATiRolecule to do work in the cell by a
reaction that removes one of the phosploatggen groups, leaving adenosidphosphate
(ADP). When the ATRs hydrolyzedto ADP, the ATP is said to b&pent Then the ADP is
immediately recycled in the mitochondria evk it is recharged and comes out again as
ATP®
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NH, NH,

N7 N N7 N
o o o é/lD 0 o k\ﬁs
N~ N N~ N

Ho—i}—o—il')—o-l'}—o Ho—i5—o—1'|5—o
|
OH OH OH o OH oH o
18 OHOH 19 SHown

Figure 5. Structures of ATR18) and ADP(19)

This central bi ol ogi cal i mportance -ttmoget her
and antiviral (particularly antAIDS) agents has resulted in a rapid expansion of purine

chemistry in recentears.

2.3 Physicochemical propertie®f purines

2.3.1Tautomerism

Purine can exist in fouNH-tautomericforms depending on the site of attachment of the
proton at the ringnitrogens(Scheme3). ThelH- and3H-tautomers §a) and gEb) are much

less stald than the A- and H- tautomerg6c) and 6). Only the lattelare known to exisin

concentrated aqueosslution?®?* In the solid state, purines exist as fétautomer c).2%%*

H
CLy — ULy — ULy — UL
N~ N E N N~ N N E

6a 6b 6¢ 6

Scheme3. Purine tautomers
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2.3.2Acidity

The NH proton in purine is acidic and can easily be abstracted by a base, although this
property is useful ilN-alkylation of purines,tiis necessary to protect th®- or N7- positions

before other acidic protoresg.H-8 ard H-2 can be removed/abstrac{@theme 45

S]

N7 N H N?% N N Q N N

L <= T Lo — 00 — T — 10

N g N” N NN N~ N 1(})] N
6 6d 6e of 6h

Schemed. Purinyl anion

Electronwithdrawing groupsdecrese basicity while electredonating groupsincrease

basicityof purinest® Some pK values are shown ifiable1.232*

Table 1. pK, values of amineand chloresubstituted purines*

Purine PKa

Purine6-amine 2.39
Purine2,6-diamine 5.09
Purine2,6,8triamine 6.23
6-Chloropurine 0.45
2,6-Dichloropurine -1.16
2,6,8Trichloropurine -3.1

2.4 Purine Synthesis

Purine(6) itself does not ocaunaturally. The first synthesis of purine was demonstrated by

Emil Fischer in 1899 from uric acigchemeb). Uric acid 0) was reacted with PEgiving

14



2,6,8trichloropurine (21), which then was converted with HI and PHjiving 2,6
diiodopurine(22). The product was reduced to purii@ using zinc:*

O - Cl I

N -z N z N =z N
HN N N
)\)ifo — iﬁ Y- = A\EQ ==
07NN CI” NN © N g N B
20 21 22 6

Scheme5. Synthesis of purings) from uric acid(20). Reagentsand conditions(a) PC§ (b)
HI/PH,4l (c) Zn*

Since thenavariety of routes towardpurine6 have been published in the literat8cheme
6).2>?° Purine 6) can be formed in orstep by heatindormamide(23) for 28 hours this
gave a vyield of 719> Purine (6) can also be formed in twsteps via reductiomf the
hydrazine26 and27 that gave a vield of 95¢8chemeb).?

NH,
Br NH

N N
VY —2— YU
§ §
N” N N~ N

24H 26H

N
SIS i SR
NS
N
N6H

23
NH,
Cl N
N N
Uy —2— My
§ §
NN NN
H H
25 27

Scheme6. Synthesis of purineReagents and conditisn(a)heatedat 170-190 °Cfor 28 >;
(b) NHoNH,Ad,0, EtOH, reflux, 30 min; (c) NaOH, 4@, reflux, 12 H®

With the discovery of purine scaffolds in diverse biomoleculdsstantial efforts have been

made towards functionalization of purines and its analogs.

One of the most widely explored reactions of functionalization of purines i¢-#fleylation.

15



2.5N-alkylation of purines

N-alkylpurines are not only important fromet biological point of view, but they also offer an
additional advantage of masking or removing the acidi&l Mroton in the synthetic

sequences.

A variety of methods have been developed forNkekylation of purinesThe reactions are
strongly dependanin the substituent in the-€ position?’ the choice of bas? and the
concentration of the retion mixture™® The ratio ofN9- to N7-alkylation product increases
with the size of the substituent in the6(position?’ N3-alkylated products are formed under
neutral condition$® but N9- and N7-alkylated products are ebrved under basic
conditions®*?® As a result ofthe alkylation of purines, theN9-alkylated productsare
predominant in most of the cases.

2.5.1 Baseinduced coupling

Baseinduced coupling is the most known general method of the alkylation reactions. It
consist of generating a purinyl aniontive presence of a base such as alkali metal carbonates
(KoCOs, CsCOg), or hydride (NaH) in a polar solvent.

Zhang L.et alhave previously reported the alkylation reactiddshemer) in high yield (79
95%).

NH, NH,
R NN
LD - o LD
N~ N N~ N
H R

9
28a, R = CH,CH; 91%
28b, R = CH,CH,CH;_93%
280, R= CH2CH2CH2CH3, 95%
28d, R= CH,CH,CH,CH,CH; 91%
28e, R= CH2CH2PO(OCH2CH3)2, 79%
28f, R = CH,CH,0C(O)CH; 91%
28g, R = CH,CH,CH,0C(O)CH; 89%
28h, R = CH,CH,CH,CH,0C(O)CH;_88%
28i, R = CH,CH,CH,CH,CN, 89%

Scheme?. Baseinduced couplingeaction.Reactants and conditions: L££L©;, alkyl halide
rtor 50 .€C, 16h
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2.5.2Mitsunobu Reaction

A brief desciption of the Mitsunobu reaction is decribed here for the purpose of making a
comparison with the alkylaih method described in Section 2.5.3.

The Mitsunobu reactiofl is a versatile reactiorfor the functionalization of aange of
alcohols®*®® A general N-alkylation procedure for -8hloropurines have been developed
using various alcohols and diethylazodicarboxylate (DEABFheme8).3** The N9-
alkylated products are formed in high yields compared tdNhalkylated product. However,
this procedure is limited by the removal of triphenylphosphine oxiderbguct making it

unsuitablefor large scale synthesés.
Cl Cl Cl
N ~"SOH N N//
N*Z DEAD, Ph;P NZ N*Z
k\ﬁ ) - :j > k\ﬁ )
N II\{I THF N~ N N~ N
29 30 — 31

1.34

Scheme8. Mitsunobu reactiomgaveyields ofcompounds80 and3

2.5.3Phasetransfer catalysis

N-alkylation of 6substituted purines employing various types of pliemesfer catalyshas

proven to be @onwenientand efficient methodue to its short reaction time, simple work up

and high yields. These reactions are mainly run in agueous media and favor substitution in the
N9-position. Aliquat 336 and TBAF are quaternary ammonium salts typically employed in
phase transferatalyzed alylations>®

Previously, this kind of alkylation relied on methods done under Mitsunobu condition
(Scheme8) with a variety of alcohof§ or a strong basic condition (NaH,®0Os) with a

variety of alkyl ad benzyl halide4®*! These reactionsequire long reaction times (148 h),

low temperatures for Mitsunobu or elevated temperatures for basic conditions, and an inert
atmosphere due to tleensitivity of the reagents in orderdbtain higher yields and a better

N9 to N7-ratio of the productsThus, phase transfer catalysis offers several advantages over

Mitsunobu conditions in thE-alkylation of purines.
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A study has been done employing TBAF facilitagéklylation of purines and pyrimidinés
The reactions were conducted inhbur and gave excellent yields of 89%:? The N9-
methylation of adening) gave an excellent yield adbmpound2 95% (Scheme9)

NH, NH,

TBAF
N 1 e Sy o
\N II\{I THF \N 1\{
9 32

Scheme9. TBAF facilitated methylatiorf®

Another study was donendexamined the effect of TBAR the N9-purine scaffoldslt was
reported that TBAF atoom temperatureéemakably accelerates thil9-alkylation of the
purine ring with a variety of alkyl halidé3 An alkylation method thatomld run without dry

conditions vascrucialin this study for applicationsn microtiter plates (Figure6)

Figure 6. Microtiterplate(http://www.gtsci.com/)

2,6-dichloropurine 83a) was treated with TBAFollowed by addition of RX using THF as
the solveni{Schemel0). The ratio ofN9/N7 was determined by L®S, which showed that
the N9-isomer was the major isomer formed. The isolated yieldre excellent (9695%).
When 2amina6-chloropurine 83b) and bromodecaneTlfable 2 entry § was reacted under
the same conditions, a longer cersion time was needed. This reaction gave a lower yield

but good selectivity?

18
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Cl Cl cl R
N)j:N N7 N N7 N
[ - T e,

33a,R'=Cl 34 35
33b, R' = NH,

Schemel0. Reagents and condition§BAF (2 eq), RX (2 eq), THF, time give in Table 2
(entries 15).%

2-chloro-6-naphthylpurine 36) was treated with TBAF and addition of)R using THF as the
solvent (Table 2 entries 68). In entries 9 and 1(QTable 2 were heated

selectvity was excellent even though some of yields were Id®eheme 1).*

>
01/1\\1\1 N

H

36

Schemell TBAF (2 eq), RX (2 eq), THF, time given iffable 2%
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Table 2. TBAF assistedN9-alkylation of33a-b and36.*

entry | s.m.| R-X N9/N7ratio |t Yield (%)
1 33a @ Br 70/30 10min | 95
2 33a | CH;l 70/30 10min | 96
3 33a /YO\ 86/16 10min | 98
0]
4 33b @ Br 70/30 10min | 90
5 33b | CH;3(CH,)3-CH,-Br | 95/5 2h 85
6 36 ©NBr 98/2 10min | 97
7 36 Br 99/1 10min | 95
8 36 ggr 98/2 10min | 95
9 36 Oﬁ Br 98/2 3h 70
10 36 \rl 98/2 12h 50
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2.6 8-Halopurines

8-Halopurines and N9-substituted8-halopurines are versatile intermediates that provide
access to diversely substitutees@sbstituted purine derivativésSome of the interesting
bioactive 8susbtitutedourines synthesizely Zhanget al via 8-hdopurines are exemplified

in Schemel2.

Cl Cl
NH, Sj:j NH, O
dw S d 7

Cl Cl
NH, ? NH, jiNj N
k)i — kﬁ ST

41

e
ﬁ .

43 HN\q

Scheme 12. Bioactive purine 43) synthesized from -Balopurine 89).® Reagents and
conditions: (a)4BuOK, DMF, 130°C; (b) NkMeOH, r.t., overnight; (cMsClI, EgN, DMF,
0°C to r.t., 10 min; (d) Nkl MeOH, r.t., overnight.
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2.7 Synthetic utility of 8-halopurines

2.7.1Hydrolysis

8-Bromopurines can be hydrolyséato its oxeanalogs(Scheme 3). It was reported that

compound45was formed in 58%rom the hydrolysis of $alopurine44.*

CN CN
Y g
L DB L =0
N~ N N~ N
L ph b

44 45

Schemel3. Reagents and conditior:. 1M aq NaOH i ® THF (2 eq),

2.7.2 Coupling in the C-8 positionexamples

8-Halopurinesaregenerally suitable for undergoimgupling reactions, namely-8 and GC
coupling. Some examples are given be(@&ction 2.7.2.1 and section 2.7.2.2)

2.7.2.1Hsp90 inhibitors

Heat shock proteirD0 (Hsp90) maintains proper folding conformation of proteins. The
inhibition of Hsp90 results in misfolded proteitat arerapidly degraded by the proteasome.
In this manner, Hsp90 has potententially theraputic utility in treating a multitude of diseases

including cancef®

Compound47 is a general structure for the 2ifferently coupledanalogues synthesized
reported byZhangetal. in good yields, 686% (Scheme 4).2
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NH, NH,

<N

NﬁN LI
[ S - t >—s
k\N N k\N N
R R S

47

N
HS
=N J \
46 S </x
\ N

Schemel4. Hsp90 inhibitorg47)?®

2.7.2.2AA AR antagonists

Adenosine Ax Receptor (AAaR) is linked to the stimulation of the enzyme adenylyl cylase

““AA.,Rar e potential alternative appr®%ch for t

Scheme 4 illustrates the most interestifiA ;4R antagonists synthesizég Volpini et al>*
AA,AR  a nt a gfbinityi aad seléctivity may provide a new option suitable ifowvivo
studies in rat model s o49arB0wasiobtanedi®xselledti s e a s ¢

yields of 7780 %. Compound1 gave 13% yield (Scheme 15)
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N7 37a,R, = CH,
A \>—0 Ry 37b, R, = CH,CH;
N ) 37C Rl (CHz)zPh
49
NH, NH,
AN
LIy ﬁ o=
SN s
48 ) 50 )
NH,
—- kt >—cry
51

Schemel5. AA,AR antagonists synthesized from compodBd(a) HCOOH or NaOH, ROH
80°C, 3 h(b) (nBujSnfuran (PPR)PdACL, THF, reflux, 24 h(c)CRRCOONa NMP, 80°C, 2
h.51
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2.8 Synthesis of9-substituted 8-halopurines:

8-Halopurines can be synthesised in a variety of routes émmpound3. Two routes are
illustrated inScheme &.

R R
NN a . NN
LD R

N~ N N~ N

3 1 4 R

Y Y
R R
Z N Z N
N d N
:I H—x g :I >x
N g N~ N
52 s K

Scheme 16. Two general routes for synthesizingsubstituted &alopurines5 from

compound3

Route 1:(a) Base, RX in DMF or THF; (b) i. LDA in THF ii. Electrophilein THF or NBS or
NCS orBr; orl, in DMF

Route 2:(c) Br, in buffered aqguoeus media or NBS/Fg@ICHCL; (d) Base, RX in DMF

2.8.1Route 1, N-Alkylation followed by Lithiation/Halogenation

The first routg Scheme 16is a generalized route for the synthesis-tf8-N9-alkyl purines
from N9-alkylated purines EssentiallyN9-alkylated purines can be halogenated a8 C
position by trapping a purinyl anion (derived by a reaction with LDA) with an electrophilic
halogen sourcen excellentyields #**? Alternatively, N9-alkyl purines can be subjected to

halogenations usingromine orN-halosucanimides. The use of NBS as a bromine source for
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the bromination of compound often result in low and poorly reproducible yield of the

desired compoung.®?

2.8.2Route 2 The Bromination followed by N-Alkylation Reaction

The alkylationi halogenation sequence is reversethia route. TheN-unsubstituted purines
can be brominated using molecular bromine or NBS and resulting brof8id=n be
subjected taN-alkylation. The direct bromination of the-8 position of adenin€9) using Bp

is common, giving-bromoadenine5Qd) in a yieldof 70%(Scheme 175>

NH, NH,
N7 N aorb N7 N
B Ay o
N H N H
9 53

Schemel17. Reagnts and conditionga) Br, DMF, r.t., overnight® (b) Br,, DMF, 70 °C,2

h.54

The bromination of adenin€9) may be convienient however, theN-alkylation of 8
bromoadenind53) lead to the formation o3 and N9-alkylated productd*>® A reported
example ofthe alkylationof 8-bromoadenine 53) is shown below(Scheme 8&).>* The
reaction gave a 11.3 ratio of theN9 : N3-alkylated productsformed majorlyN3-alkylated

product.

NH, NH,

NH,
N7 N NZ N N X N
k)\/[ B k)I B bﬂ o
\N g \N N N N
® ( o
. F
54

Schemel8. Reagents and conditions: NaHfldorobenzyl bromide, DMF, 70°C, 2°A.

55

26



2.8.3The Project Route

Route 1employing LDA has been a method of choice for the synthesiN9edlkyl 8-
halopurines in our grougs the desiredroductsare theN9-alkylated analog§®

A variety of electrophiles were used. Hdibromol,1,2,2tetrachloroethane(56) and
cyanogenbromidg57) were employed aslectrophilic bromine sourcé® Perchloroethane

(58) was employed aslectrophilic chlorine source® (Figure7)

Cl Br Cl Cl
Cl%—éCl Br—=N Cl%—éCl
Br Cl Cl Cl

56 57 58

Figure 7. Electrophile sources
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3. Overview of Lithiation Reactions
3.1LDA

Lithium diisopropylamide, LDA §2) in THF is the mostfrequently used base for
deprotonating weakly acidic gions. LDAis a nonnucleophillic baseLDA is formed by
adding n-BuLi (59) dropwise to diisopropylamine6@) in THF at-78 e C wunder

conditions®(Scheme 9).

AL_,N PNON

THEF, -78°C °
Li®

59 60 61 62

Schemel9. Formation of LDA

LDA was used beacauseramonly usedstrong basesuch as hgroxidese.g. KOH, NaOH

will lead to nucleophillic substitutiorreactions instead odleprotonation. The OHof the
hydroxides are highly nucleophillic and will displace halides and other leaving groups giving
the hydrolysed compounén example of a repagtl reaction using NaOH as a base is shown
below Scheme20).%°

ij: P OFt )i i; 0° ®Na

Et Et

Scheme 20. Reagents and conditions: NaOH, dioxan@Heflux°

3.2LDA vs.Alkyllithiums

LDA act only by deprotonation. Alkyllithiumsuch as-butyllithium andt-butyllithium can
act as bases or take part in halogen exchange. When using alkyllithiums, exchange is favoured

over deprotonation by the use of lower temperat(Bekeme21).%*
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I I Li

LDA -BuLi
®7Li - @ t-BuLi . @
N THF, -78°C N THF, -100°C N

'SO,Ph 'SO,Ph 'SO,Ph

66 65 67

Scheme21. Lithiation employing LDA and-BulLi.**

3.3Electrophiles

A variety of electrophiles can be used to trapuBinyl anions.lt was demonstratetyy
Gudmundssoret al that compound8 can be isolated in moderate yields for the methylated

compound 9a) and excellent yields for the halogenated commls 69%-d)°? (Scteme 2).

NH, NH,

NZ N N7 N
k\)\l[ > k\)\l[ X
N~ N . N~ N
O\/OTBDMS C\/OTBDMS

68 69a-d

Scheme22. Reagents andonditions:i. LDA in THF, -7 8 ¢ 3D min ii. electrophile(See
Table 3, THF,-78 °C, 34 h>?
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Table 3. Electrophiles used and isolated yietds.

Entry | Electrophile, eq| X | Yield, %
1 CHsl, 2.5 CHs | 69a, 48
2 C.Clg, 3.0 Cl | 6%, 86
3 Bry, 2.6 Br | 69, 81
4 l2, 2.6 | 69d, 73

3.4Earlier Reports on Formation of Dimers and Aldehyde by-products

By-products may form in Iitiationbromination reactions such as symmetricél2),
assymetrical dimers4) (Figure8) and aldehydes7@) (Scheme 3)%.

Cl Cl Cl Cl
N)jiN N7 N N7 N N SN o
[y — ﬁ y ﬁ>—< | +
Y)\\N N YJ%N N YJ\\N N N N/J\Y lk
\\Ar \\Ar ) <

r

70 7 Mo 73
Y =H or Cl or NO,
R,
& R,
Rs
Ar group

Scheme23. Lithiation/Bromination of 8oromoN-benzylpurinesReactants and conditions: i.
LDA in THF, ii. Br,C,Cl,?
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Nﬁ }

O,N

OMe

Figure 8. Asymmetricaldimer?

It is unusual for dimers to form in using the metliggpictedin Scheme24 . Dimers have
been reported formed by employing Negishi crossping reaction with a PRdatalyst?
(Scheme 2).

1) Zn DMA, r.t.

kt N+,
76 Bn Cl‘%_<N
3) [Pdy(dba), tfp], =

cl
N N-<
T)IN\*I 45°C, THF _ y "Bn
SNTTN NN
Bn k\ | >
75 \
Bn
77

Scheme24. Dimerizationformed from6,8-dihalopurinesy Negishi crossoupling®?

3.4.1Mechanism for Purine Dimerization
Two mechanisms have been proposed for the formation of purine diButisme 243.
The lithiation ($ep g in Scheme 2is common for both routes of dim¢2) formation

In route 1, the lithiated speciesd reacts with the starting materialg) forming compound

80. The ionic speciesBQ) formed is oxidised into compad 82 during work up.
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In route 2, the lithiated speci€g9) is trapped with bromine electrophile forming the8C
brominated compoundl (Scheme 3). The untrapped lithiated specig@®) continues to react
with the formed compoun81, which now has a bettdeaving group in the @ position

forming a dimer.

Route 2 is proposed to be the most likpthway of the two routeer the dimerization as
when the bromine electrophile was added over luteinonly product was observed.

However when the bromine ettrophile was added over 10 mias, the ratio of compounds

82:78 observed were 5:1.
Cl
NN
N
%f/)\ 78
N™™N"Y
R

Cl Cl
- x\ﬁ I
Cl cl Y ONT N NNy
R R
NZ N a N7 N 80
Y  NTTN Y SN" N ¢
78 R 79 R
Cl Cl Cl
—_—
| | > |
N N/)\Y YJ\\N N N N/J
R 81 R R
82

Scheme25. Proposed mechanism péirinedimerization? Reagents and conditions: (a) LDA,

(b) Br,C,Cly, (c) oxidation or oxidation/protonation during work up.

3.4.2Mechanism for Aldehyde Formation

There are various possibilities of the formation of the aldehyeegrdguct88. In compound
78, the two aromatic rings which bond to the NGQalills the electron density away from the
carbon on this position causing this position to be eleaedicient enough for deprotonation
using strong base LDA. This forms the carbani88).(The carbanion83) can react with
oxygen forming the hydroxylated compou@d Alternatively, he carbanion§3) is trapped
with bromine electrophile forming compadi®6. The bromide isiaow a good leaving group
and may undergo nucleophillic substitution with wdtgming a hemiaminal84) that readily
oxidises into a ketone87). Finally, debenzylation of compoun87 or 84 giving the

debenzylated compoun@5) and atiehyde byproduct 89)? (Scheme 8).
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Scheme26. Proposed mechanism of the formation of the aldehyeerbgucts’

3.5 Formation of other by-products
3.5.1 Halogerexchange byproducts

Organolithiums can react by halogeretal exchange as mentionedsiection3.2°%. n-BulLi
cantherefore form a halogemetal complex40) from the desired compour@9, followed by

trapping with an electrophile {[Egiving by-product92 (Scheme 2).

Scheme27. Possiblemechanism for théormation of halogerfexchange compourp.
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