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Abstract: The deproto-metalation reactions of pyrimidine an >y Com_b_lnlng soft organomt_atalllc compounc_js withaalk

; : . : ; - 1i additives such as LITMP (TMP = 2,2,6,6-
pyrazine were regioselectively carried out using lithiu Lo 3 B .8
tri(2,2,6,6-tetramethylpiperidino)cadmate in tetrahydrofuran detramethylpiperidino) or LIC_Zl, E)base (JZZ_n(TMP)L'
room temperature. This result was demonstrated by subsequéfd (TMP}Zn-2 MgC}-2 LIiCl'" respectively) have
trapping with iodine to afford 4-iodopyrimidine and iodopyrazindoeen prepared and used for the deproto-metalation of
in 71 and 63% yields, respectively. The same reaction performegnsitive aromaticsubstrates.

on pyridazine afforded a mixture of the 3- and 4-iodo deriestiv . . . -
(55 and 41% vyields, respectivelyjrom pyrazine, the access to Metalation of diazines is a difficult challenge due to very

the 2,5-diiodo derivative (40% on a 25 mmol scale) provedi-poggaCile nUCleOphi"C addition reactions in relation with the

ble using a larger amount of base (1 equiv instead of 1/3). low LUMO energy levels of these substrates. Recourse
Key words Metalations, Cadmium, Lithium, Heterocycles,t0 hindered dialkylamides such as lithium diisoprapyl
lodine. mide (LIDA) and lithium 2,2,6,6-tetramethylpiperidide
(LITMP) allowed numerous substituted diazines to be
Procedure 1 deprotonated. Without substituent, reactions are less

obvious. Metalation of pyrazine and pyridazine was

1)1 equiv CdCly TMEDA found possible with an excess of LiITMP and very short

+ 3 equiv LITMP

THF. 1t, 2 h reaction times at very low temperatures, while naetal
N 2) 1l Ino N tion of pyrimidine could only be accomplished using the
. . . . 0 . .
[ /j \[ /j\ in situ trapping techniqué&’ Kondo described in 2003 the
N 25 mmol scale NT I unprecedented regioselective functionalization ofi-pyr

40% yield dazine and pyrimidine at positions 4 and 5, respectively,

using hindered phosphazet®®u-P4 base and Zplas
additive in toluene, and in the presence of a carbonylated
The preparation of functionalized diazines is an impocompound as electrophité Knochel has reported since
tant synthetic goal because of the multiple applicatior)06 the use of mixed lithium-magnesium amides such
of these molecules. as (TMP)MgCI-LiCl for the deprotonation ofi-d

Deprotonative metalation has been widely used as@zines;”™” the method is powerful, but it still requires
powerful method for the regioselective metalation dP"W {emperatures, and has not been used for unsubst
aromatic rings, and various strong bases such asialkyilted substrates.

thiums and lithium dialkylamides have been employede recently observed that the metalation of all the un-
for this purposé.Even with the latter, either extremelysubstituted diazines could be performed at room tempe
low reaction temperatures om situ electrophilic tr@- ature or more in tetrahydrofuran (THF) using a mixture
ping are required for aromatics bearing reactivecfunof (TMP),Zn and LiTMP (0.5 equiv eachjn situ pre-
tions .g. ester or cyano groups) or sensitiveleficient pared from ZnGt TMEDA™ (0.5 equiv) and LiTMP (1.5
heterocycles due to the high reactivity of the correspondguiv), a result evidenced by trapping with iodine
ing (hetero)aryllithiums. (Scheme 1§¢

The use of additives for lithium compounds in order to |

Introduction

. . . " " . . X 5 iv TMEDA
modify their behavior ("synergy") is a challenging field. | g
Varous RMLi-type compounds have been prepared, NG 1a: 66%
such species exhibiting properties that cannot be attained 1) 0,5 equiv ZnCly TMEDA
by the homometallic compounds on their own. +1,5 equiv LITMP, THF, 2 h '

Well-known examples are the powerful mixtures of o @ conditions ﬁN to

ganolithiums and alkoxides (M = alkali metal) desedb = 2) 1, N/) 2:57%

by Schlosset,Lochmanii and Caubére

More recently, RMLi-type compounds (M = non-alkali AN "

metal) have been developed. These spepiesent in [ /j\ 3:59%
N |

stoichiometri€ or catalytié amount in reaction mixtures,
display a large panel of reactivities depending on bofigheme1
the metal M and the groups connected.to i



In order to seek out a more efficient reagent to deproto- 1)1 equlv Cdcl, THEDA

metalate diazines, we focused the reaction using theng THE 2 NN
corresponding mixture with cadmium instead of Ztc. f : \[ j\ 4: 58%°, 40%"
Indeed, Wittig and co-workers observed in 1951 that the'n” 2)1, N7 N

efficiency of deprotonation reactions of fluorene using

different PRMLi reagents was in relation with the size ofScheme 3?2 mmol scale” 25 mmol scale.

the central metal M. In particular, quenching with CO _ . _
and subsequent acidic work-up afforded diphengenel0 our knowledge, the synthesis of 2,5-diiodopyrazine
cetic acid in a low 16% yield after 10 days reaction timg# has never been reported by other methods. Similar
using PBZnLi as base whereas a satisfying 64% yielgompounds such as 2-bromo-5-iodopyraZinend 2,5-

was obtained aﬂer3days usinggeuu_le dibromopyraZinél have preViOUSIy been prepared by
diazotization of 5-bromopyrazinamine (41% and 66%

yield, respectively), the latter being accessible by rom
nation of pyrazinamine (75% yield).

Such compounds can find applications as substrates for
Scope and Limitations the synthesis of molecules endowed with biata§f or

L o _ photophysicdf* properties.
Attempts to metalate pyridazine, pyrimidine or pyrazine

indicated that the Cd-Li base was suitable for an efficieRkactions were performed under argon atmosphere. THF was

reaction in THF at room temperature. Indeed, subsequ@iied over sodium/benzophenone. Liquid chromatography
trapping with iodine after 2 h afforded substitute®t d geparations were achieved on silica gel Merck Geduran Si 60 (40
rivativesin s_ansfylng yields. Whereas 4—|0(_1Iop)_/r|m|d|ne63 um). Melting points were measured on a Kofler appardts.
(2) was regioselectively formed from pyrimiding €  ;,413c Nuclear Magnetic Resonance (NMR) spectra were decor
0.5), a mixture of 3- and 4-iodopyridazingaf) was eq at 200 and 50 MHz, respectivety a Bruker ARX-200 spe-
obtained from pyridazinex(= 1) in a 60/40 ratio ometer.!H chemical shifts & are given in ppm relative to the
(Scheme 2). solvent residual peak, artdC chemical shifts relative to therce
tral peak of the solvent sign&lIR spectra were taken on a Perkin
Elmer Spectrum 100 spectrometer. High resolution mass spectra

In contrast to the corresponding Zn-Li base, ithaitu
prepared mixture of CAGITMEDA' and LiTMP (3
equiv) seems to provide a lithium a@mpound®®

|

! N measurements and elemental analyses were performed at the

(\N( + |l ! CRMPO in Rennes (Centre Régional de Mesures Physiques de
N" NG I’Ouest) using a Micromass MS/MS ZABSpec TOF instrument in

1a: 55%2 1b: 41%° El mode and a Thermo-Finnigan Flash EA 1112 CHNS analyzer

1) x equiv CdCly- TMEDA | respectively.
+ 3x equiv LiTMP
h THF. it 2h f\N 2: 719%b Gram-Scale Synthesis of 2,5-Diiodopyr azine (4).
NG 21 Pz To a stirred, cooled (0 °C) solution of 2,2,6,6-

N tetramethylpiperidine (13 mL, 75 mmol) in THF (25 mL) were

AN successively added BuLi (1.6 M hexanes solution, 75 mmol) and
[ /j\ 3:63%° CdCL'TMEDA (7.5 g, 25 mmol). The mixture was stirred for 15

N ! min at 0 °C before introduction of pyrazine (2.0 g, 25 mmol).
Scheme2®x=1"x=0.5°x=0.33. After 2 h at room temperature, a solution p14 g, 75 mmol) in

THF (25 mL) was added. The mixture was stirred overnight b

lodopyrazine 8) was isolated in 63% yield using fore addition of an aqueous saturated solution gB)&; (40 mL)
CdChL- TMEDA (x = 0.33 equiv) and LiTMP = 1 and extraction with AcOEt (3 x 40 mL). The combined organic
equiv). If the amounts of CAETMEDA and LiTMP go layers were dried over MgSQfiltered and concentrated under
into 0.5 equiv and 1 -equiv, respectively, 2,5reduced pressure. Purification by flash chromatography on silica
diiodopyrazine 4) concomitantly forms (20% yield) to gel (eluent: heptane/GBI, 100/0 to 80/20) gave 3.3 g (40%) of
the detriment of iodopyrazin&)((59% vyield). 2,5-diiodopyrazine as a yellow powder.

The formati%gn of dimetalaé[éed species being describeh 141 °C.

using zincate’ or manganate type bases, the use of 1, _

equiv of CdC}- TMEDA and 3 equiv of LITMP was 1': NMR (CDCl): 98.63 (s, 2H).
attempted to deprotonate pyrazine. Under the sanse reaC NMR (CDCE): 6116.6 (G and ), 154.1 (Gand G).

tions conditions, the diiodioéwas isolated in 58% yield |R (ATR): v 3048, 1431, 1421, 1384, 1267, 1121, 1104, 1004 and
when the reaction was performed on a 2 mmol scale. Tg&s cni.

protocol could be successfully transposeé 25 mmol HRMS: calcd for GH,l,N,: 331.8307, found: 331.8297.

scale, albeit providing compourdin a lower yield of
40% (Scheme 3). Anal. Calcd for GH,I;:N,: C, 14.48; H, 0.61; N, 8.44. Found: C,

14.31; H, 0.69; N, 8.48%.
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[N\j dimetalation-diiodination I\[N\j\
N/ 25 mmol scale N/ I

40% yield

Short title:

Synthesis of 2,5-diiodopyrazine



