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Abstract - The metalation of diazines has been recently developed, below are

reported the main results in this area of research.
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INTRODUCTION

The high reactivity of diazines towards nucleophiles makes the metalation of these compounds more difficult
than most aromatic compounds which are less sensitive 1o nucleophilic addition. This type of addition is clearly
a consequence of the strong electron withdrawing effect of the two sp? nitrogen atoms that lowers the energy

leve] of their LUMO (Table 1).

benzene pyridine pyrazine pyridazine pyrimidine

+0.55 +0.14 -0.32 -0.29 -0.23

Table 1 : Energy level of LUMO (eV) as calculated by the AM1 method.
Therefore the metalation of diazines has only been investigated recently with the current use of lithium

alkylamides such as LDA or LTMP (lithium diisopropylamide or lithium 2,2,6,6- tetramethylpiperidylamide)
which are less prone to nucleophilic addition than alkyl- or aryllithium. A careful study'of the metalation
reactions have allowed the developement of the metalation of diazines in recent years.!2 Before 1990 there was
no publication dealing with the metalation of pyridazine. Since then a few studies have been publiéhed on the
metalation of pyrazine®* and little research has been done on pyrimidines.>1!

A classical methodology consisting in the introduction of substituents on the diazine rings would be worthless
as these compounds are difficult or impossible to functionalize by classical methods like halogenation, nitration
and the action of Grignard reagents. So, most of the syntheses of substituted diazines call for use a final
cyclisation reaction with the appropriate groups in the right places. Moreover there was no practical reaction to
prepare organometallics in the diazine series.

In this review we will only be taking into account the reaction of ortho directed metalation excluding metal

halogen exchange, addition of organometallics and side chain metalation.
2. METALATION OF PYRIDAZINES

The first publication'? described the metalation of 3,6-dichloropyridazine, this compound was easy to prepare

from the industrial used maleic hydrazide (Scheme 1).
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20-32 % E
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Scheme 1

Oxidation of secondary alcohols (3) with manganese 1V oxide afforded dichloropyridazinyl ketones in
moderate yields (68-84 %). A more straightforward access to ketone (§) was the reaction of the lithio derivative
(2) with N,N-dimethylbenzamide, yield remained however poor in this case (Scheme 1).

Metalation of some methoxydiazines was described.!? (Scheme 2) :

OMe OMe
E
NF 1) LTMP/-70°C/THF/15 min N7
> |
N o 2) Electrophile/~70°C #20°C/12 h Nao
27
6  OMe 8% OMe 7

E = SiMe;, Me, PhCH(OH)
Scheme 2
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The methodology em.ployed here was closer to the equilibrium shift technique. The electrophiles which were
used successfully reacted slowly with LTMP and allowed the metalation to take place even after the
introduction of the electrophiles. After 15 minutes of metalation a test with DCI as electrophile revealed that
there was only 15 % of the deuterated product.14

Recently, the metalation of various 3-substituted and 3,6-disubstituted pyridazines was published,15

The metalation of N-(6-chloro-3-pyridazinyl)pivalamide (8} is illustrated on Scheme 3:

NHCOtBu tBuCONH R tBuCONH
= N7 =
IT | 1) LTMP or LDA/THF/-70°C | | OH+ N
N 2) RCHO g Na N R
al Cl c1 OH
9 R = Me, Ph 10
Scheme 3

- The regioselectivity of the metalation was studied. With LTMP as metalating agent a mixture of the two
isomers (9,10) was obtained whereas with LDA there was metalation in ortho to the chlorine atom affording
only the isomer (10). The yields however were found to be lower with LDA (82-68 %) than with LTMP
(100-83 %). Authors report it was necessary to use 4 equivalents of metalating agent to obtain these good
yields.

The metalation of N-(3-pyridazinyl)pivalamide (11) and terf-butyl N-(3-pyridazinyl)carbamate (13) is

illustrated on Scheme 4 :

NHCO(Bu BUCONH g
NP ] DLTMPTHE/70°C 2 | ol
| 2) RCHO |
N ) Nx
52.62 % 2> R=Me,Ph
11 0
NHCOOtBu JJ\
: HN 0
NF 1) LTMP/THF/-70°C
| > N7 R
2) RCHO
N i !
13 36 % %‘

Scheme 4 14 R = Me, Ph
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In the case of carbamate (13), the initially formed alcohols cyclized during work up directly leading to

compound (14) (Scheme 4).

The metalation of 3-chloro-6-(2-methoxyethoxy)pyridazine (15} is illustrated on Scheme 5 :

MeOQ MeO
07OV ~"No R ~ "o
Z NP
NZ || LLLTMP or LDA/THE-70°C, T | oH 1 |
N 2) RCHO N N -
83-89 %
- Cl clI OH
1 16 R = Me, Ph 17
Scheme 5

As for compound (8) one equivalent of LTMP did not lead to the expected metalation and 2,2 equivalents were
necessary to obtain products in good yields. The regioselectivity was less contrasted than for (8): with LTMP
the main reaction took place ortho to the methoxyethoxy group leading to (16) whereas with LDA it was ortho

to the chlorine atom leading to (17).

This metalation becomes perfectly regioselective in case of 3-(2-methoxyethoxy)pyridazine (18) (Scheme 6) :

OMe MeO
o /\/ \/\ 0 OH

NF 1) LTMP/THF/-70°C ., N7 | R

| | 2) RCHO N o

N 12-26 %

X 19 R=Me, Ph
18
Scheme 6

3. METALATION OF PYRAZINES AND PYRAZINE 1-OXIDES

Metalation of pyrazines was first mentionned in 1971.3 The authors investigated the reaction of alkylpyrazines
with some alkyllithiums and when reacting 2,5-dimethylpyrazine with ethylithium they isolated in low yield

(< 5 %) a compound which could come from a ring metalation followed by oxidation. More importantly in
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1974*% the reaction of 2-ethyl-3-methylpyrazine (20) with methyllithium followed by quenching with D,0
highlighted up to 15 % of ring metalation. Ring metalation product (23) was obtained beside products (21) and

(22) coming from a metalation reaction on the side chains. (Scheme 7) :

St = Ef I

21 22 23

Scheme 7
3.1 Chloropyrazines

Metalation of 2-chloropyrazine (24) with LTMP has been subjected to several studies!®!8 and some

electrophiles were reacted. (Scheme 8) :

N N E
= | 1) LTMPITHEA70°CR250 [ |
S 2) Electrophile =~
N Cl

N Cl 25-90 %
24 , 25

E = D, R,CCH, CHO, COOH, PhCO, SnRs, 1.
Scheme 8

Except for CO, and I, the yields were greater than 50 %.

Metalation of 2,6-dichloropyrazine (26) was then studied (Scheme 9) and it was demonstrated that it was

possible to achieve a dimetalation under the proper conditions!71® (Scheme 10) :

N N E
= L) LTMP/THF/-70°C/2h =
~ | 2} Electrophile " -~ I
Ct N cl

Cl N Cl 44-64 %
26

Scheme 9 E : PhCO, CHO, RCHOH
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With an excess of metalating agent some compounds resulting from a dimetalation such as (28) were isolated

{Scheme 14} :
N N E E N E
/[/ ]\ 1) LTMP/THF/70°C/2h /E/ I . I \I
=~ 2) Electrophile = -
Cl N a 37-70 % Cl N a Cl N Cl
26 27 28

E : PhCHOH, SnMes, |
Scheme 10

3.2 Methoxy and thiomethylpyrazines

These were metalated in two different ways. Firstly by using a short metalation time and a long reaction time

for the electrophile!® (Scheme 11):

N ' Ny
N 1) 1.2 eq. LTMP/THF/15 min/-70°C I
| P 2) Electrophite 12 h/-70°C X 20°C p
X N OMe X

N OMe
X=H:29 X=H:31
X=0Me: 30 X=0Me:32
X E Yields

H, OMe | SiMe,, Me, PhCHOH 5795 %

Scheme 11
In another publication!? a study of the metalation conditions for (30) was performed with deuterated ethanol as

electrophile to afford compound (33) (Scheme 12). The deuteriation percentage was assessed from the nmr

spectrum (Table 2).
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N N D
= 1) n eq. LEMP/THF/0°CA, N
2) EtOD
MeO N OMe MeO N OMe
30 33
Scheme 12

neq LTMP| 1.2 1.2 1.2 2.2 2.2

t; min 15 30 60 15 30

yields of

33 32% | 44%| 48% 83% | 100%

Table 2
It can be seen that the yield of the reaction was dramatically affected by the ratio of LTMP and (30).

Furthermore this is a rare example of a metalation of a diazine that has not been performed at a very low

temperature.

Various electrophiles were tested under these experimental conditions (Scheme 13) :

N . N E
N 1} 2.2 eq. LTMP/THF/0C®/30 min _
2) Electrophile /[ I
=
MeQ N OMe 21-100 % MeO N/ OMe
32

30

E =D, R-CHOH, CHO, COPh, I, CONHtBu, COOMe
Scheme 13
The phenylketone was also obtained at -70°C with N-methoxy-N-methylbenzamide as the electrophile!? but

with a lower yield.

For 2-methoxypyrazine (29} the best results were obtained at a temperature of -70°C17:20 (Scheme 14) :
N . N_ _E
N 1) LTMP/THF/-70°C/1.5 h o 2
l 2) Electrophile I
= —
N OMe 39-63% N OMe
29 31 :

Scheme 14 E : RCHOH , COPh, I, CONHtBu

Compound (34) : 2-(thiomethy{)pyrazine was metalated at -70°C with a high yield!? (Scheme 15) :
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Y

N co
1) LTMP/THF/-70°C/20min %7
2) PhCON(OMe)Me .

76 % N SMe

35

Scheme 15
3.3. Aminopyrazines

Metalation of pivalamidopyrazine (36)%! was thoroughly investigated however poor results were obtained

(Scheme 16) :

OH
N N
Z 1)2.2 eq. LTMP/THFAC/1 h & Ph
™ 2) PhCHO Tl
N NHCO1Bu 25 a5 N NHCOUBu
J6 37

Scheme 16
More powerful metalating agents, such as n-butyllithium and mesithyllitium, were tested and found to lead to

intense nucleophilic addition.
3.4. Pyrazinamides

Metalation of N-t-butylpyrazinamide (38)*' with LTMP followed by deuteriolysis was first tested at -70°C and

an unexpected regioselectivity was observed. A temperature variation effect has been performed (Scheme 17),

{Table 3) :

N
™~ 1) 4 eq. LTMP/@

| P 2) DCI, EtOD/@
N CONHtBu

CONHtBu CONHtBu

40
Scheme 17
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o Yields of 39 Yields of 40
Ortho isomer Para isomer
0°C 75% 0%
-30°C 70 % 0%
-70°C 25% 40 %
-80°C 25% 45 %
Table 3

It was further demonstrated by metalation using the "equilibrium shift" technique

electrophile that the para isomer was the kinetic isomer.

with CISiMe; as the

Acetaldehyde and benzaldehyde were also used as electrophiles at 0°C and selectively afforded the

corresponding carbinols (41) (Scheme 18).

OH
N_ N
= | 1) LTMP/THF/0°C/1 § [* | Ph
. 2) RCHO/0°C S
N CONHiBu 454 N CONH1Bu
38 41 R=Me, Ph
Scheme 18

3.5. Pyrazine 1-oxides ;

Substituted pyrazines 1-oxides were metalated early with LDA,22 and the lithio derivative reacted with benzoyl

chloride and methyl benzoate (Scheme 19).

\

R’ N R R’ N R
I j/ 1) LDAST8C I \
‘ — 2) PhCOX =
R “l‘ + X = Cl, OEt R IT+
0 15-82 % 09 o
42 43
R = alkyl
R*=H,Cl

Scheme 19

Ph
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More tecently®® polyalkylpyrazines 1-oxides were metalated. The metalation conditions were tested with
various metalating agents on 2,5-di-sec-butylpyrazine l-oxide (44) and with methyl p-toluate as the

electrophile (Scheme 20) :

N N
=~ 3
1) Base/THF or DME/-78°C/20 min -~
S 2) MePhCOOM ~
ITL, ) © N7 C- PhMe
0-72 % } Il
0 . ’ o® o
44 45
Scheme 20

The best results were obtained with LTMP as the metalating agent, the addition of a chelating agent (HMPA or
TMEDA) enhancing only slightly the fina! yield.

A test with D,0 as the electrophile in the optimale conditions, afforded the 6-deuterioderivative with a 95 %
yield.

The site of deuteration was determined by X-Ray analysis and found to be at the 6 position as was done with
the other electrophiles.

Some other electrophiles were tested on polysubtituted pyrazines 1-oxides (46) (Scheme 21) :

R2 /N R3 R2 N R3
1) LTMP/THF/-78C°20 min 4 |
. 2) Electrophile " .
R f|"+ H 15-82 % R, N7 E
0® be
46 a7
Ry, Ry, Ry : alkyl, phenyl, H E : pMePhCO, EtCHOH, PhACHOH, CHO

Scheme 21
The N-oxide group in the pyrazine series is a good directing group as was also demonstrated with pyridines.!

Pyrazines 1-oxides are easy to obtain in good yields if alkyl groups or chlorine atoms are present on the ring.




2160 HETEROCYCLES, Vol. 37, No. 3, 1994

4. METALATION OF PYRIMIDINES

4.1. Nucleosides

The first mention of pyrimidine nuclei metalations was described (Scheme 22} for uridine, thymidine

derivatives?® and cytidine derivatives.2*
0 0 0
E HN
H//T\ || D18eqn BuLiTHE |
> +
2) Electrophile )\ )\ E
: 0]
™so 2 N 14-49 % ™so O TMSO N
0 0
TMSO QTMS TMSC OTMS TMSO OTMS
48 49 E=D, Me, I 50

- Scheme 22

With n-butyllithium as metalating agent no regioselectivity was observed with uridine derivatives (48)
(Scheme 22), and cytidine derivatives.? Later® it was found that the metalation of
2’,3’-O-isopropyIidcnc-S’-O-methoxynﬂethy]uridinc (51) with LDA took place mainly at the Cg4 position and
various types of 6-substituted uridines (53) were obtained (Scheme 23) after a deprotection reaction with

trifluoroacetic acid.

0 Q ©
HN
A\ | 1) 2.5 eq. LDA/THF/-70°C CEsCO0I N ‘
2) Electrophile g J\ J‘\
o N ) P 0 N E
MOMO 19-87%  MOMO HO
0o o 51 o o 52 OH OH 353

X

E = PhS, RCO, RCH(OH), CHO, COQEt, CH,CH,0H, R,C(OH)
Scheme 23
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A new class of antileukemic nucleosides was prepared by lithiation under the same experimental conditions

from S-substituted uridines and subsequent electrophilic reactions?® (Scheme 24).

o O

R
R HN

HN I ]
OJ\N 1) 2.5 eq. LDA/THF/-70°C - OJ\

N E

MOMO 2) Electrophile MOMO
R oy
o O o Q
E = SPh, I
R=F CI, B[, Me
54 55

Scheme 24
The research of new biologically active nucleosides led to a synthesis of 6-substituted 2’-deoxyuridines (58)

via lithiation of (56) with LDA.%’

This technigue provides a general, regiospecific route to various types of G-substituted 2’-deoxyuridines which

have been known to be difficult 1o prepare (Scheme 25).

0] O 0
R, R
HN HN ! Ry
l 1) 5 eq. LDA/THE | BuN,F/THF HN I
OJ\ 2) Electrophile g OJ\ room temperature A\
N N E 0 E
/‘.O 44-58 % O HO N
© 4 o 0
TIPS TIPS
\__° \__© OH
56 57 58
TIPS : 1,1,3,3-tetraisopropyl R, =H, E = SPh, CQOMe, CH(OH)Ph, CH,0H, I
disiloxane-1,3-diyl R,=F, E=SPh

Scheme 25

After the clinical efficiency of 3'-azido-3 -deoxythymidine (AZT) in the treatment of AIDS (acquired

immunodeficiency syndrome) was highlighted, a growing interest towards the metalation of uracils derivatives

has been developped.
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Metalation of 1,3-dialkyl-5-fluorcuracil (59) was performed with LDA and the reaction of the lithio derivative

with the iodine monochloride led to the 6-iodo derivative (60)28 (Scheme 26).

0 e
R < F R_ . F
J\ | 1) LDA/THF/-78°C -~ l
2) ICI " J\
0 0
17 34-44 % ff I
R R
59 R = Me, Et, Pr 60
Scheme 26

The 5-substituted uridines constitute a class of bielogically molecules important for their chemotherapeutic
activities. A general entry to these uridine derivatives was based on the regioselective lithiation at C-3,

controlled by the protecting group in the sugar moiety.2? Lithiation of {61) with sec-BuLi/TMEDA occurred at

C-5 with a high regioselectivity (Scheme 27).

0 O 0
HN E
HN , 1) s-BuL/TMEDA/-70°C TBAF/THF : I
J\ 2) Electrophile - A\ roomn tcmpemtureA\
© N g o N
TBDMSO 41-74 %  TBDMSO HO
0 0 s}
TBDMSO OTBDMS TBDMSO OTBDMS OH OH
61 62 63

E = SPh, Me, CH,Ph, t-BuCO, PhCO, SiMe;

Scheme 27

After the study of competitive C5/Cg metaiation of uridines?*-3! it was found that this ratio was governed by the
protecting group on the sugar moiety. The regioselectivity of 2’-deoxyuridine derivatives was also studied®?
and it was found that metalation with s-BuLi/TMEDA led to a high regioselective lithiation at Cs.

Another interesting problem of regioselectivity was studied with the LDA lithiation of an arabinofuranosyl

derivative of 4-ethoxy-2-pyrimidone (64).4
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It was observed that regioselectivity (Cg vs Cp) in the LDA. lithiation of (64) could be controlled by changing
the reaction conditions {temperature and amount of LDA), providing an alternative route to 5 or 6-substituted

derivatives (Scheme 28).

OEt
/ E
1) 4 eq. LDA/-80°C/S min . N |
/2) Electrophile J\
OEt 45-82 % OR O N H
0
N7 H
;\ I OR OR  E = Me, CHO, PhCO, CONE,
65
(0] N H
RO OEt
0 \
1) 1 eq. LDA/~40°C/5min H
OR OR )1eq . » N7
2) Electrophile |
64 45-52 %
9] N E
R = TBDMS RO
o}

OR OR E = Me, CHO, PhCO, SPh, I
66
Scheme 28

A number of 6-substituted uracil acylnucleosides have been synthetized to evaluate their anti-HIV virus
activity.3>37 In all the experiments, LDA was used as metalating agent with S-substituted uracil or thymine

acylnucleosides {(Scheme 29), (Table 4).

o} & 0

H. R H_ N R H. N R
N | 1} 2.5 eq. LDA/THF/-70°C | deprotection l
> —_—

J\ 2) Electrophile . J\ XJ\ £

TBDMSO _ % N TBDMSO _\ N E HO N

Lo Lol Lo

67 68

X=0,8 Scheme 29 69



2164 HETERQCYCLES, Vol. 37, No. 3, 1994

References X R E “overall yield
33 O {H,FCl Br, Me SPh, 1 26-94 %

34 o Me SR’ 39-79 %

Me COPI, 1, Br, C! 32-83 %

35 S Me, H SPh 64-79 %

36 0,S | H,Me, F, Cl, Br SePh 65-85 %

37 0,8 Me R’-Ph-S 16-87 %

Table 4

These compounds were tested for antiviral activity and compared to AZT, which is still one of the most
effective drugs for AIDS.
The metalation of the pyrimidine moiety of nucleosides was developped at the same time and therefore the

direct metalation of pyrimidine was also studied.

4.2, Pyrimidines

The first report of a pyrimidine metalation® was in 1974. The authors of this report studied a side-chain

metalation which showed also a ring metalation of 5-methylpyrimidine (Scheme 30):

. _Ph
i HO-C
~Ph
Me . Me
LDA/EtzO NZ (Ph),CO NF
o | —— |
1h/ 0-35°C S 399 ~
N ' N
70 71 72
Scheme 30

Bipyrimidine compounds have been synthesized?® resulting from a metalation side reaction during a

bromine-lithium exchange reaction with n-butyflithium.
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4.2.1. Chloropyrimidines

In 1979 T. J. Kress® reported the metalation of S-bromopyrimidine (73) with LDA, leading to the 4-lithio

derivative (74} which was reacted with arylcarbonyl compounds (Scheme 31).

HO AT R
Li
Ar
B A}
Br Br C:z0 Br
NZ | LDA/ELO/-100°C  N¥7 | R N |
> —
N N N
73 74 75
Ar R averall yield
p-CIPh o-CIPh 25 %
p-ClPh iPr 40 %
Ph H %
Scheme 31

More recently the metalation of polychloropyrimidines (76) was studied. 11238 When the LDA was used as the

metalating agent a regioselective metalation of polychioropyrimidines occurred at the C-5 position® (Scheme

32).

X, X,
= -~ E
N | 1) 1.1 eq. LDA/THF/-70°C N |
X, /]\\N cl 2) Electrophile X, /J\\N cl
76 6-84 % 77
Xy, X5 SiMe PhCH(OH)
H,Cl! 44 % 60 %
CLH- 6 % 38 %
CL Cl 67 % 84 %

Scheme 32
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Metalation of 4,6-dichloro and 2,4,6-trichtoropyrimidine has also been achieved with n-BuLi. Quenching with
benzaldehyde, yields to the corresponding carbinols in 27% and 90 % respectively.

A problem of regioselectivity was highlighted in the LTMP metalation of 2,4-dichlotopyrimidine (78).12
Quenching at -70°C in THF with electrophiles (DCl, CH;CHO or PhCHO) led to a 50:50 mixture of 5 and
G-substituted pyrimidines. The regioselectivity was shown to be dependent on both temperature and solvent. In
THF/ELO at -100°C metalation followed by acetaldehyde quenching afforded the S-substituted product,
whereas in THF/HMPA mixture at -70°C, a reaction with the same electrophile afforded the corresponding

6-substituted derivative, but the yields were low (Scheme 33) :

¢l oH
|
NF ! CH- Me
1) LTMP/THF/Et,0
cl” N
2) MeCHO E
7 N | 1) LTMP/THF-70°C¢ N7 . N7 |
1% /I% 2) Electrophile )\\ /L\
cl N 40-46 % cl N Cl N E
1) LTMP/-70°C 78 81 82
C' THFHMPA
= D, MeCH(OH),
o2 2) MeCHO E = D, MeCH(OH), PhCH(OH)
c” N CH-Me
|
OH
80
19 % Scheme 33

More recently an interesting problem of regioselectivity with 4-chloropyrimidines® was reported. Metalation
of 2,4-dichloropyrimidine (83) and 2-thiomethyl-4-chloropyrimidine (84) was performed in THF at -78°C with
LTMP or LDA as metalating agent. When lithiation of both 83 or 84 was performed with LDA the rﬁeta!ation
was highly regioselective at C-5 ortho to the chlorine atom and the expected 5-substituted compounds were
obtained as major products. By contrast metalation of 84 performed with LTMP followed by the reaction with
various eIectrophiJ;as led, beside the 5-derivatives, to the unexpected 6-substituted compounds which resulted

from a lithiation at the C-6 position ortho to the pyrimidine nitrogen (Scheme 34) :
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Cl Cl Cl
Z o~ " z
N l 1) Metalation/THF/-70°C N ] N I
o +
/l\ 2) Electraphile /K\ /’%

X N X N X N E
X=Cl 83 85 86
X=SMe 84 E = D, CH(OH)R, CH{OH)Ar

X Metalating agent Ratio 85 : 86 Yield (85 + 86)

Cl LTMP 121 40-45 %

83 LDA DEN| 38-40 %

SMe LTMP 1:2 50-60 %

84 LDA 19:1 38-45 %
Scheme 34

It can be seen that a complete and surprising regioselectivity at the Cg position was also observed with iodine

as the electrophile : the unexpected 2-thiomethyl-4-chloro-6-iodopyrimidine {87) was obtained with either

LDA or LTMP as metalating agent (Scheme 35} :

Cl Cl

N7 1) 2.3 eq. LDA or LTMP/THF/-70°C NF

AJ T N

55% MeS N I
87

MeS

84
Scheme 35

4.2.2. Chloromethoxypyrimidines

Metalation of 2,6-dimethoxy-4-chloropyrimidine (88) was performed firstly with n-BuLi in THF and the

reaction of the corresponding lithio derivative with trimethylsilyl chloride or trimethylstannyl chloride afforded

compound (89).40
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Metalation of the same product (88) was performed with LTMP affording compounds (90) in higher yields®!

(Scheme 36) :
OMe
1) 1.2 eq. BuLi/THF/-70°C_ NP MMe;,
2) MesMCl " ’
M =S, Sn . /‘%
OMe 20.56 % MeO” TN of
89
NZ~
)\ | OMe
N
MeO N Cl E
N
88 13 2.2 eq. LTMP/THF/-25°C /k I
. Ll \
2) Electrophiles MeO N cl
652-90 %
90

E = D, RCH(OH), [, CHO, SnMe,

Scheme 36

4.3.2. Methoxypyrimidines

Metaiation of 2,4-dimethoxypyrimidine (91) could be performed using LTMP affording the expected
S-substituted pyrimidines (92) in moderate yields. Very low yields were obtained using LDA, with recovery of

the starting materialt1#2 (Scheme 37)

OMe OMe

E
N7 | 1) 1.2 eq. LTMP/E,0/0°C NF |
/K\ 2) Electrophile - *\
MeQ N (6-65%) MeQ N
91 92

E = RCH(OH), COOH, CHO, COOE, SiMe,

Scheme 37
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Some polymethoxypyrimidines were lithiated with LTMP'* (Scheme 38) :

R, RD
= o E
N | 1) 1.2 eq. LTMP/THF/-78°C/15 min N |
)\ 2) Electrophile/-70°C A 20°C/12 h /l\\
R N R 6599 0% R N R
93 94
R, R?, R" : OMe, OMe, H E = TMS, Me, PhCH(OH), Ph,CO
H, OMe, OMe

OMe, OMe, OMe

Scheme 38

As was previously seen for pyridazines and pyrazines the metalation conditions used are closer to the
"equilibrium shift" technique.
Later the direct lithiation and functionalization of 2-chloro- 4-methoxypirimidine (95) was studied.®3 The

authors indicated that use of 2.3 equivalents of LTMP was necessary to achieve this reaction in high yields

(Scheme 39) :
OMe OMe
E
N7 | 1) 2.3 eq. LTMP/THF/-70°C/1 h N7 |
CIJ\\N 2) Electrophile Cl){\N
95 30-85 % 96

E =D, SiMe;, RCH(OH}, CHO

Scheme 39
A high yield of the unexpected 6-ioda derivative (97) was obtained with jodine as the electrophile (Scheme
40):
OMe

OMe
N e o N -
/]\ | 1) 2.3 eq. LTMP/THF/-70°C /l\ |
s s
Cl N Ol Cl N I

95 85 %

97
Scheme 40
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4.2.4. Pivaloylaminopyrimidine

When 4-pivaloylaminopyrimidine (98) was lithiated with LTMP, and TMSC! was used as the electrophile, the

ortho-substituted product was not detectable and a low yield of the 2-substituted product (99) was obtained??

(Scheme 41) :

NHCOtBu NHCOtBu

NF | 1) 1.2 eq. LTMP/ether/0°C N7~ |
~ 2) MeSiCl )\\
11 % Me,Si N
98 99
Scheme 41
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