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Abstract: Facile and high yielding Suzuki and Stille cross-coupling reactions of 3-bromo-quinoxalin-2-
ylamines were developed to synthesize a variety of novel and diversely functinalized 3-aryl and 3-
heterocyclic quinoxalin-2-ylamines. The preparation of the substrates and the remarkable impact that
substituents have on the regiochemical outcome are discussed. © 1999 Elsevier Science Ltd. All rights reserved.
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Conventional syntheses' of 3-aryl and 3-heterocyclic quinoxalin-2-ylamines generally involve
phenylenediamines and appropriately substituted aryl o-ketoester analogs as the starting materials. This
approach is not only lengthy and tedious, but also is seriously restricted by the commercial availability of
aryl and heterocyclic a-ketoesters. Although Suzuki and Stille cross-coupling reactions on the benzene
ring of quinoxalines have been reported in the synthesis of novel herbicides,” there are few reported
palladium-catalyzed cross-coupling reactions on the pyrazine ring of quinoxalines. This is partially due to
the m-electron deficient nature of the pyrazine ring. One report® discussed a Stille cross-coupling reaction
between 2-butyl-3-chloroguinoxaline and benzyl stannane in 45% yield. Another publication* described a
Stille cross-coupling of 2-chloroquinoxaline with simple 4-tri-n-butylstannyl-1,3-dithiole-2-thione in 10
to 24% yield. Herein, we report the application of facile, high yielding Suzuki and Stille cross-coupling
reactions to synthesize a variety of novel and diversely functionalized 3-aryl and 3-heterocyclic
quinoxalin-2-ylamines using a common intermediate, 3-bromo-quinoxalin-2-ylamine (4). This method
provides quick access to many 3-aryl and 3-heterocyclic quinoxalin-2-ylamines from 4 in one step.
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Schemel. (@)X=Y=CLW=Z=H;(b)W=NO,X=Y=Z=H;(c)Y=NO,,W=X=2Z=H;
@DY=CF3, W=X=Z=H;(e)X=Y=F,W=Z=H.
3-Bromo-quinoxalin-2-ylamines (4) were easily prepared in 3 steps. Appropriately substituted
phenylenediamine 1 was heated under reflux with an excess of diethyl oxalate to furnish 1,4-
dihydroquinoxaline-2,3-dione (2).° Dibromide 3 then was obtained by heating 2 with molten phosphorus

pentabromide at 155 °C.° The SxAr on 3 with an equivalent of ammonia proceeded smoothly by either
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passing ammonia gas through a solution of 3 in DMF or by treating a THF solution of 3 with aqueous
ammonium hydroxide solution to give the desired 3-bromo-quinoxalin-2-ylamine (4).” No significant
amount of the diamine was detected within 30 min. when the first SyAr was completed. Substitution of
3b and 3¢ occurred predominantly (>95:5 ratio) at C(2) and C(3) to give 4b and 4c, respectively. The
former was confirmed by single crystal X-ray analysis of the Stille product 6g (Table 1). SNAr reaction of
3d produced a ~2:1 mixture of regioisomers of 4d (see 6i), in which the major isomer was inferred to be
the product from substitution at C(3) by analogy to literature precedents.”

C'IIN\IW ArB(OH),, PdCl,sdppfCH,Cl, CIKININ )
I
cl N°“NH,  Aq.NeOH, dioxane, refux  Cl N NH,
4a 5
In the presence of a strong base (NaOH, no reaction was observed when weaker bases were used),

the Suzuki reactions with 4a proceeded smoothly with some arylboronic acids (Equation 1) to give §,
where aryl is 2-naphthalenyl (92% yield, mp = 260-1 °C), phenyl (61%, 214-5 °C), 3-pyridyl (52%,% 265-
6 °C), or 3-nitrophenyl (75%, 244-5 °C). However, the requirement for strongly basic conditions to
ensure the transmetallation to occur via an “ate” complex was disadvantageous because none of the
heterocyclic boronic acids investigated survived the conditions, neither did substrates containing amide
and ester functional groups. When 4a was treated with 2,5-dichlorophenylboronic acid, additional
coupling products due to displacement of the chloride by another molecule of 2,5-dichlorophenylboronic
acid were observed. Moreover, in the presence of aliphatic amines, the debromination reaction occurred
along with the Suzuki coupling reaction.
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In contrast to the Suzuki reaction, the Stille reaction of 4 with various aryl and heterocyclic

stannanes proved to be more general (Equation 2). The stannanes were prepared via (a) palladium(0)-
catalyzed reaction between an aryl halide or a heterocyclic halide and hexaalkylditin [e.g. the stanannes in
entries 1, 5 and 11 from methyl 4-bromo-3-methoxythiophene-2-carboxylate, 2-bromothiophene-5-
carboxaldehyde, and 2-bromothiophene-5-(3-isoxazole), respe«:tive]y];9 (b) halogen/metal exchange of an
arylhalide followed by quenching with a stannyl electrophile [e.g. the stannane in entry 4 from 2-bromo-
5-chloro-3-methylbenzo(b)thiophene];'® or (c) direct metalation of a substrate followed by quenching
with a stannyl electrophile (e.g. the stannane in entry 12)."' The Stille reaction facilitated successful
preparation of a plethora of diversely functionalized 3-aryl and 3-heterocyclic quinoxalin-2-ylamines
from 4 in one step in high yields. Representative examples are shown in Table 1. When substrate 4 was
treated with various heterocyclic stannanes in the presence of 5% PdCl,*(PhsP), and 10% Cul'? in
refluxing THF, the Stille reactions were completed cleanly in 10 min. to 2.0 h to furnish the desired 3-
heterocyclic quinoxalin-2-ylamines (6)."> The reactions for stannanes without thiophenes (entries 2, 6, 7,
and 10) were completed in ~10-30 min, whereas the thiophene-containing stannanes required ~2 h,
presumably due to the poisoning effect of thiophenes to the palladium catalyst." The reaction tolerates
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Table 1. The Stille Cross-Coupling of 4 with Heterocyclic Stannanes

Entry Substrate Hetereocyclic Yield (%)
@) Het-SnBu, Quinoxaline (6) mp (°C)
x = Y = Cl Bu;Sn 00“3 | CO;CHg
1 W=Z=H l/’& G]@N\ /OCH 24754-6
4a s TC0LH g N” NH, 6a
X=Y=Cl
2 W=Z=H / \ SnBug I(> 237577
4a N N NH Gh -
X=Y=Cl N ’) 81
3 W=Z=H { X j\/"
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*Satisfactory IR, 'H and °C NMR spectra, and HRMS or Mlcroanalyses were obtajned
for all new intermediates and products.
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many functional groups as manifested by survival of the ester in 6a, the sulfonamide in 6f and 6j, the
isoxazole in 6k, and the ketal moiety in 6l. Although the Stille adduct from 4a and 2-tri-n-
butylstannylthiophene-5-carboxaldehyde (entry 5) was obtained in only 34% yield probably due to its
reaction with the primary amine group, the problem was easily solved by protecting the primary amine as
its corresponding trifluoroacetamide (4a’).” The limitations of this method reside in the failure of a few
heterocyclic stannanes. For instance, even though 2-pyridyl-tri-n-butylstannane reacted with 4a to give 3-
(2-pyridyl)-quinoxalin-2-ylamine in 75% yield, no reaction was detected when 4a was treated with 2-tri-
n-butylstannylpyrazine under the same reaction conditions. The Stille reactions with 2-tri-n-butylstanny}-
1-methylimidazole and 2-tri-n-butylstannylbenzothiazole also failed, although the Stille reaction of 2-tri-
n-butylstannylthiazole proceeded smoothly (entry 3).

In conclusion, a mild and efficient synthesis of 3-aryl and 3-heterocyclic quinoxalin-2-ylamines
(6) has been developed using the Suzuki or the Stille reactions from a common intermediate 4. A full
account of the scope and limitations of this method will be published in due course.
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