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Abstract: Oxazoles and pyrazines are fundamental heteregyitiat widely found in natural
products or drugs. In this work, a selective sgateor oxazoles and pyrazines synthesis using
a-bromo-1-phenylethanone and ammonium acetate atingtanaterials was reported. This
methodology features mild reaction conditions, igadccessible starting materials and good
chemoselectivity. Mechanistic study indicates tiég reaction involves a by-product-promoted
(BPP) process for the formation of oxazole, thathe in-situ formed hydrogen bromide (HBr)

during the reaction promotes the whole tandem pce

Key words: tandem reaction, heterocyclic compounds synthbgiproduct-promoted, reactivity,

hydrogen bromide, chemoselectivity

Introduction

Waste prevention or utilization is at the core okB& Chemistry. By-product-promoted (BPP)
strategy means a by-product generated in the @pstocess could facilitate the downstream
conversions, which has emerged as a new fieldficigft synthesizing organic molecular in a
tandem manner in terms of environmental and laheing considerationsHydrogen bromide
(HBr), which is widely generated as a by-produdpexially in nucleophillic substitution or
bromide involved C-C cross coupling reaction thatd«kghe good leaving ability of bromide.
However, in most scenarios, HBr is captured byrangt base aiming to complete the reaction,
whereas application of HBr as a by-product-prombias been rarely reportédereviously, we
dedicated ourselves into developing new tandemticgecby using simple starting material and

commercially available catalysts target to synttingi biological active heterocyclic compourfds.



In most cases, water is the sole by-product, wigieherally displays a limited impact on the
whole process. To explore new molecular diversidad reactivity, we were attracted by HBr
liberation tandem reactions. Herein, a successomécwas demonstrated in our study by using
a-bromo-1-phenylethanone as starting material.

Oxazole is a sort of fundamental nitrogen occurtieterocycles, which was widely found in
natural products, pharmaceuticals and agrochemigatpire 1). Conventional routes to the
oxazole motif include the cyclodehydration ofgcylamino) ketones under an acidic condition
(Robinson Gabriel SynthesisJcgheme 1, eq. 1) and the annulation of enamide by the ysitabf
transition metals Scheme 1, eq. 2 and 3). Condensation ofhalogenated ketones and
carboxamides, firstly reported by Bliimlein and lew the 1880s, is used as a more practical
method to oxazoles because a more accessiblengtariaterial was used compared with
intramolecular caseS¢heme 1, eq. 4) Recently, Wu et al. developed an iodine mediatethod
for constructing oxazole motif. The key of thisaségy is trapping the unstahbieketoaldehyde
intermediate which was presumably formaekitu during the reaction process in the presence of
iodine and DMSO systenS¢heme 1, eq. 5)> Though numerous strategies have gotten success in
forging oxazole motif, either the harsh reactiomditons (transition metals or strong acids) or
poor efficiency has limited their practical utiltzan. Considering the importance of oxazole
derivatives, a practical and economical methodolagyalso highly in demand. Herein, a
catalyst-free pathway was demonstrated by us toesacooxazole motif through using
a-bromo-1-phenylethanone and ammonium acetate amgtanaterials. Intriguingly, a pyrazine

derivative can be selectively obtained when by-pobdHBr was neutralized by NaOH.
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Figure 1. Some oxazole-containing biologically active compdsi
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Scheme 1. Previous work concerning oxazoles synthesis.

Results and discussion

Initially, a-bromo-1-phenylethanoria was treated with ammonium acetagein acetonitrile at
60 °C. No reaction was observed in the absence ofysat@ntry 1). Some Lewis acids were then
tested. AIC} cannot promote this conversion that only trace wamhmf target compound was
observed (entry 2). FeCand Sc(OTH exhibited better efficiency than Alglbut those are still
far from satisfactory (entries 3 and 4). LiBg®Hcannot work either in this reaction system (entry
5). Bronsted acid, HBr, did not work well for theaction that no desired product was examined
(entry 6). To our surprise, the yield 8& jumped to 18% when DMSO was used instead of
CHsCN (entry 7). Encouraged by this result, an elavatsaction temperature was then tested.
55% of desired product was obtained when reacémperature was increased to°80(entry 8).
However, the reaction yield did not show a linedationship with reaction temperature since 100
°C only led to a lightly yield increase accompanidconsuming the rest of starting materials
(entry 9). Further investigation demonstrated thatreaction proceeded smoothly without adding
any catalyst (entry 10). To our great delight, yiedd of desired product increased to 89% when

the reaction temperature rose to 18D (entry 11). DMF was not a suitable solvent fois th
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reaction as no reaction was examined under the samotion conditions (entry 12). The reaction
proceeded sluggishly in nitrogen atmosphere, winclicated molecular oxygen also plays an
important role in this conversion (entry 13). Frtma viewpoint of economical and practical issue,
the optimized reaction condition was finally detaved as follows: DMSO as solvent at 13D
under air. Additionally, the structure of desirerbguct 3a was unambiguously confirmed by
single X-ray crystal analysfs.

Table 1. Optimization of the reaction conditions for oxzeynthesi$.

o
Br | "{
+ NH,0Ac —>
o o
2a 3a

1a

entry catalyst solvent temperature®’C  yield of3a°/ %
1 -- CH,.CN 60 NR
2 AICl3 CHsCN 60 trace
3 FeC} CH:CN 60 2

4 Sc(OTf CH.CN 60 5

5 LiBrH,O CH:CN 60 NR
6 HBr CH,.CN 60 NR

7 Sc(OTf DMSO 60 18

8 Sc(OTf) DMSO 80 55

9 Sc(OTfy DMSO 100 58
10 -- DMSO 100 51
11 -- DMSO 130 89
12 -- DMF 130 NR
13 - DMSO 130 35

®Unless otherwise noted the reaction conditionslar¢0.2 mmol),2a (0.24 mmol), solvent (1
mL), 1 h, under aiﬁ’CataIyst loading: 10 mol %lsolated yield.dThe reaction was performed
under the protection of an argon balloon.

With the optimized reaction conditions in hand, Stdites with respect to phenylethanone were
then surveyed. Firstly, substrates bearing eleadmrating group gtara position were tested. As
shown inTable 2, 4-OMe substituted phenylethanone delivered tamggecular in an over 91%
yield (3b). Other aliphatic chain substituted derivativas;hrsas propyl, Amyl'Bu and'Bu, can

also participate in this reaction to produce thazoke derivatives uneventfullgg-3f), but bulky



group led to inferior yield compared with less hulubstituents3g and 3f). Thiomethyl and
trifluoromethyloxyl substituted phenylethanonesdibayielded their corresponding oxazole motif
in good yields, which opened a new way to constawdfur or trifluoro containing oxazole
derivatives 8g and3h). Further study revealed that electron withdrawgngup showed a negative
effect on this transformation as halide substitytbdnylethanones afforded their corresponding
products in moderate yield8i{3k). When basic Nk substituted phenylethanone used as starting
material, desired product did not form and onlyeaated starting material was recoverag. (
The reason might ascribe to the turbulence toirtk&tu generated HBr in the reaction system
which given by NH. Furthermore, 3,4-disubstituted phenylethanoneatsm work well to afford
the target compound in a good yieBin). Ortho-substituent substrate was also considerduis
reaction system that 2-Br substituted phenylethanoould afford its corresponding oxazole
derivative B80), but the yield was inferior to that lra-substituted substrates, we ascribe the
reason to the steric-hinderance.

Table 2. Optimization of the reaction conditions for oxEzeynthesi$.

2 R
0 7%
N —
N Br+ NH,0Ac —» o
RT 40A¢ X o %
R
Z
2a 3a

1a

entry R product isolated yield / %
1 4-H 3a 89
2 4-OMe 3b 91
3 4-propyl 3c 83
4 4°Amyl 3d 78
5 4'Bu 3e 72
6 4'Bu 3f 71
7 4-SMe 3g 89
8 4-OCR 3h 85
9 4-F 3i 55
10 4-Cl 3 45
11 4-Br 3k 49
12 4-NH, 3l 0
13 3,4-dimethoxy 3m 69
14 2-Br 30 36




®Reaction conditions: phenylethanate (0.2 mmol), ammonium aceta?a (0.24 mmol), DMSO

(1 mL), 130°C, 1 h.

To shed light on the mechanism behind this reaciome control experiments were conducted.
To our surprised, the desired oxazole product cabeodetected when NaOH was used to
neutralize the HBr, whereas a symmetrical pyrademvative was obtained selectively in a 78%
yield after careful structure analysiSchieme 2, eq. 1). Weaker base,8O; could also promote
the formation of pyrazine derivativia in a 41% yield along with 38% @&&a. y-Butyrolactone, a
neutral HBr scavenger, afforded only 8%4af along with 51% of 3a. It demonstrated that a
strong base is necessary to ensure the pyrazieetis#l, which indicated a rapid HBr adsorption
could reduce the impact of HBr on the downstreamvetsion, thus facilitate the formation of
pyrazine derivative.3a could be detected in a moderate yield even in thesgmce of
v-butyrolactone, it presumably due to its relativelpwer HBr neutralization speed compared
with inorganic bases, it also demonstrated thatlihsicity of scavenger plays a key role to
manipulate the selectivity. Air also plays an intpat role as the reaction is suppressed to some
degree when the reaction was protected by argoichwieveals a molecular oxygen promoted
aromatization to be involved irfs¢heme 2, eq. 2). However, still 35% @&a was formed even in
nitrogen atmosphere, we ascribe the reason to tofostly, it might come from the slight
contamination of molecular of oxygen in the reattagystem; secondly, the oxidation ability was
responsible for this phenomen?fnln order to know the exact role of by-product, egus HBr
and HOAc were adopted to examine the reaction.hsve in Scheme 2, eq. 3, desired product
was obtained readily in the presence of HBr, butAld@an not promote the conversion at all,
which indicated that HBr was the key to promote diog/nstream conversion rather than HOAc.
The yield of 3a dropped significantly, but still 38% of desiredoguct was obtained when
v-butyrolactone was used along with HBr, it mightedio the relatively slower neutralization
speed ofy-butyrolactone than that of inorganic base, whatdered the unreacted HBr acting as a
catalyst to promote the oxazole formati@a. was yielded in 65% when the other ammonium
source, agueous ammonia, was subjected to exaampathich further excluded the impact of
HOAc on this conversion Stheme 2, eq. 4). What's more, the oxidation product of

2-bromo-1-phenylethanone;ketoaldehyde can not afford the pyrazine produthé presence of



either stoichiometric amount of NaOH or NaBr (imer to create an identical reaction condition
system with that of model reaction) which indicatedt 1ab was not the intermediate of the
reaction towards pyrazine derivativecfieme 2, eq. 5). Based on these findings, a plausible
mechanism that was similar with Xue’s report fag tormation of oxazole product was proposed
(Scheme 3).>° Firstly, phenylglyoxallab was formed from 2-bromo-1-phenylethanone in the
presence of DMSO, then intermedidtavas generated frorhiab and NHOAc. Subsequently,
intermediatd reacted with the other moleculkab to afford intermediatél, which underwent an
intermolecular nucleophilic reaction to deliver émhediatelll, notably, according to Xue'’s
result> the intermolecular nucleophilic reaction step can occur in the absence of acidic
catalysts, which further proved the importance 8f lh this whole conversion. Finally, the final
product was obtainedia an intramolecular dehydration reaction. The memarfor pyrazine
formation was also proposed #theme 3 based on previous reports with regard to pyrazine
derivative synthesis by using 2-bromo-1-phenyletimen analogues as starting materfals.
Intermediatd V, which generated from an electrophilic substitutddér2-bromo-1-phenylethanone
to NH4OAc, underwent a nucleophilic addition to MPAc to form intermediat® in the presence

of ammonium acetate with the aid of externally atase. Subsequently, the intramolecular
nucleophilic addition and aerobic oxidation occdrte deliver the final pyrazine derivative. It
should be noted that mechanism responsible for aaand pyrazine synthesis and their
selectivity was quite complicated in the reactigrstem, owing to so many by-products and
considerable factors were involved in, we just pfed here the most reasonable mechanism as

we can.
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Scheme 2. Some control experiments.

Mechanism for the formation of oxazole derivatives

HBr
Jy-product HBr promoted proces!

o ou
N SN 1 Intramolecular N
| dehydration reactiol N“Non  |Slgctrophilic addition ZNo 2z
o -—as =
° H OH
3a

) ()

Mechanism for the formation of pyrazine derivatives

NaOH
mediated
o

Nucleophilic NH,OAc, NaOH
Br tuti -
©)|\/ + NHOAc _Substitution
|v
“ » ( ) “

Intramolecular

electrophilic addition
Aeroblcoxldallon /ellmlnatlon : J\ N /u\ :

vn (7]

Scheme 3. Plausible mechanism for the formation of oxazwid pyrazine derivatives.

Pyrazine is one of the fundamental nitrogen ocuogrieterocycles, which have attracted
intensive attention due to its promising applidapiln argo-chemistry, fragrancé® and metal
coordination chemistr{ Conventionally, pyrazine motif was constructedHuy self-condensation
of a-amino carbonyl compounds and the combinationo-afiketones with vicinal diamines

followed by dehydrogenatidh Recently, in order to forge pyrazine motif eféiotly, some



building blocks were described able to access pyeasuch as 2-hydroxy-1,2-diarylethandfe,
(2)-B-haloenol acetated, N-alkyl piperazines® and B-ketow-oximino estet* Besides these
methods, some alternatives were also reported. Hawenost of synthetic methods inevitably
suffer from the using of costly transition met&l$iarsh reaction conditiof,and poor selectivity
or vield!” Consequently, a more practical protocol for sysittieg pyrazine is still desirable.
During the study process of synthesizing oxazdleyds found that a pyrazine motif can be
selectively obtained when the reaction was conduict¢he presence of 1.0 equiv. of NaOH. This
result stimulated us to further study the reactiondition in terms of high efficiency and practical
issue. After a careful reaction condition optimiaat it was determined that the suitable condition
for synthesizing pyrazine was NaOH (1 eq.) as adgiDMSO/HO = 100/1 as solvent, at 110

for 1 hour. (Detail parameters screening can bedan TableS1)

To realize the compatibility of this pyrazine syedis protocol, various
a-bromo-1-phenylethanone were studied. As shownTable 3, a-bromo-1-phenylethanone
bearing electron donating groups participated érdaction readily produced the desired products
in excellent yields (entries 2 to 5). Notably, butkroups apara position displayed a weak impact
on this transformation, which might offer a chanceause this protocol into pyrazine containing
ligand and coordination material synthé&i\ hydroxyl-functionalized substrate can also work
well without damaging the product structud)( Electron withdrawing groups ghra position
were also tolerated in this transformation (ent8eand 9), but a strong electron withdrawing
group, S@QMe, was reluctant to participate into this transfation (entry 10). Further study
revealed that substrate possessing a substitufepasition exhibited inactivity towards this
reaction, which might be caused by a steric-hinckeawt substituent in the self-condensation step
(entry 11).

Table 3. Substrate scope of pyrazine synth@sis.

o] i N
Br .
P
R B + NH0Ac NaOH (1.0 equiv) AN N X
= DMSO/H,0 = 50/1,110°C,1h R _ | /—R

under air
1a 2a 4a

entry R product isolated yield / %

1 4-H 4a 93




2 4-Me 4b 93

3 4-OMe 4c 95
4 4'Bu 4d 92
5 ATAmyl de 90
6 4-OH 4f 85
7 4-Ph 4g 86
8 4-Br 4h 82
9 4-| 4 84
10 4-SQMe 4 0

11 2-Br 4K 0

®Reaction conditions: phenylethanaohee (0.2 mmol), ammonium aceta®a (0.24 mmol), NaOH

(0.2 mmol), DMSO/HO = 50/1 (1 mL), 116C, 1 h.

Conclusions

Oxazoles and pyrazines were selectively obtainedh fi-bromo-1-phenylethanone by tuning
the reaction conditions. This method exhibits ga@dficiency, selectivity and broad substrate
scope. Mechanism study revealed thatithgtu formed HBr plays a vital role in the formation of
oxazole. This work gives a new way to forge oxazaad pyrazines from the same starting
material. Moreover, it offered a supplement for BBPplication. Examination of further
challenging applications and developments of ox@aaold pyrazine derivatives and analogues is

underway in our laboratory.
Experimental Sections

General information

Chemical shifts were expressed in ppm relative ®3Win solvent. All chemicals used were of
reagent grade and were used as received withdbefysurification. All reactions were conducted

in a 10 mL of V-type flask equipped with trianglegmetic stirring.
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A typical reaction procedure for the synthesis of oxazole derivatives.

The reactions were conducted in a 10 mL of V-typskf equipped with triangle magnetic stirring.
In a typical reactionla (0.20 mmol) was mixed witlza (0.24 mmol) in dimethyl sulfoxide
(DMSO) (1.0 mL). The mixture was then stirred aD & for one hour. After reaction, the
reaction was quenched by water (5 mL), solution sudsequently extracted by ethyl acetate (3x5
mL). After extraction, organic phase was combinethoved solvent by rotate evaporation. The
final product was obtained by column chromatographgsts for substrate scope were all
performed with an analogous procedure.

A typical reaction procedurefor the synthesis of pyrazine derivatives.

The reactions were conducted in a 10 mL of V-typskf equipped with triangle magnetic stirring.
In a typical reactionla (0.20 mmol) was mixed witBa (0.24 mmol) and NaOH (0.2 mmol) in
DMSO (V) / H,O (V) = 50/1, . The mixture was then stirred at 3CCor one hour. After reaction,
the reaction was quenched by water (5 mL), solutias subsequently extracted by ethyl acetate
(3x5 mL). After extraction, organic phase was camhbi removed solvent by rotate evaporation.
The final product was obtained by column chromatphy. Tests for substrate scope were all
performed with an analogous procedure.

Characterization data of new compounds
(4-Propylphenyl)(5-(4-propylphenyl)oxazol-2-yl)matione 8c): white solid, melting point:
145-147°C, *H NMR (400 MHz, DMSO, 25C) ¢ = 8.32 (d,J = 8.2 Hz, 2H), 8.05 (s, 1H), 7.80 (d,
J=8.1Hz, 2H), 7.42 (d] = 8.2 Hz, 2H), 7.38 (d] = 8.1 Hz, 2H), 2.67 (] = 7.5 Hz, 2H), 2.62 (t,

J = 7.6 Hz, 2H), 1.70 — 1.55 (m, 4H), 0.91 ppm (d; 7.3, 4.2 Hz, 6H)**C NMR (101 MHz,
DMSO) ¢ = 177.5, 156.5, 153.5, 149.0, 144.5, 132.8, 13028,3, 128.6, 125.1, 124.4, 123.9,
37.3, 37.0, 23.8, 23.7, 13.6, 13.6 ppm. IR (KRrp925, 2853, 1659, 1615, 1499, 1451, 1279,
1250, 1224, 1022, 954, 803, 753, 694 'ctHRMS-ESI (m/z) calcd for SH,aNNaO,, [M+Na]*
356.1626, found 356.1621.

(4-Pentylphenyl)(5-(4-pentylphenyl)oxazol-2-yl)matione 8d): white solid, melting point:
178-180°C, *H NMR (400 MHz, DMSO, 25C) ¢ = 8.31 (dJ = 8.1 Hz, 2H), 8.05 (s, 1H), 7.79 (d,
J=8.0 Hz, 2H), 7.42 (d] = 8.1 Hz, 2H), 7.37 (d] = 8.0 Hz, 2H), 2.67 (] = 7.6 Hz, 2H), 2.62 (t,

J = 7.6 Hz, 2H), 1.68 — 1.53 (m, 4H), 1.29 (s, 88186 ppm (tJ = 6.6 Hz, 6H)*C NMR (101

MHz, DMSO, 25°C) § = 177.5, 156.4, 153.5, 149.2, 144.8, 132.7, 13028,2, 128.5, 125.1,
11



124.3, 123.9, 35.2, 34.9, 30.8, 30.3, 30.2, 2139 ppm. IR (KBr)v: 2923, 2868, 1678, 1615,
1491, 1279, 1250, 1224, 937, 803, 753, 725, 694 ¢ttRMS-ESI (m/z) calcd for £H3;:NNaO,,
[M+Na]" 412.2252, found 412.2254.
(4-1sobutylphenyl)(5-(4-isobutylphenyl)oxazol-24yigthanone J): white solid, melting point:
151-153°C, *H NMR (400 MHz, DMSO, 25C) ¢ = 8.32 (dJ = 8.1 Hz, 2H), 8.05 (s, 1H), 7.80 (d,
J=8.1Hz, 2H), 7.39 (d] = 8.2 Hz, 2H), 7.34 (d] = 8.1 Hz, 2H), 2.56 (d] = 7.1 Hz, 2H), 2.51
(d, J = 7.5 Hz, 2H), 1.89 (dq] = 20.6, 6.8 Hz, 2H), 0.88 ppm (dd= 6.4, 4.1 Hz, 12H)**C
NMR (101 MHz, DMSO, 25C) 6 = 177.5, 156.4, 153.5, 148.0, 143.5, 132.8, 13129,9, 129.1,
125.0, 124.4, 124.0, 44.5, 44.3, 29.6, 29.5, 22211 ppm. IR (KBr)v: 2928, 2871, 1690, 1621,
1491, 1287, 1252, 1222, 936, 753, 747, 725, 694 ¢tRMS-ESI (m/z) calcd for £H,7/NNaO,,
[M+Na]" 384.1939, found 384.1941.
(4-(Methylthio)phenyl)(5-(4-(methylthio)phenyl)oxalz2-yl)methanone3g): white solid, melting
point: 160-162C, 'H NMR (400 MHz, DMSO, 25C) ¢ = 8.35 (d,J = 8.5 Hz, 2H), 8.07 (s, 1H),
7.81 (d,J = 8.4 Hz, 2H) 7.43 (dd] = 11.9, 8.6 Hz, 4H), 2.57 (s, 3H), 2.54 ppm (s).3fC NMR
(101 MHz, DMSO, 25C) § = 176.6, 156.4, 153.1, 146.9, 141.2, 131.0, 13128,1, 125.5, 124.7,
124.4, 122.6, 14.2, 13.9 ppm. IR (KBr)2931, 2875, 1692, 1627, 1489, 1285, 1250, 122801
936, 753, 737, 725, 691 EmHRMS-ESI (m/z) calcd for GH1sNNaO,S,, [M+Na]" 364.0442,
found 364.0440.
(4-(Trifluoromethoxy)phenyl)(5-(4-(trifluorometho)yhenyl)oxazol-2-yl)methanone3k): white
solid, melting point: 172-172C, '"H NMR (400 MHz, DMSO, 28C) 6 = 9.08 (s, 1H), 8.58 (d,=
8.9 Hz, 2H), 8.04 (d] = 8.8 Hz, 2H), 7.62 (d] = 8.2 Hz, 2H), 7.51 ppm (d,= 8.1 Hz, 2H)*C
NMR (101 MHz, DMSO, 25C) 6 = 176.8, 157.0, 152.1, 148.4, 140.4, 139.2, 13188,2, 129.1,
127.5, 121.7, 121.3, 120.5, 118.8 ppi. NMR (377 MHz, DMSO, 25C) 6 = -56.5, -56.8 ppm.
IR (KBr) v: 2935, 2871, 1691, 1619, 1490, 1285, 1250, 120801753, 737, 725, 688 &m
HRMS-ESI (m/z) calcd for GHoFsNNaQs, [M+Na]" 440.0333, found 440.0336.
(2-Bromophenyl)(5-(2-bromophenyl)oxazol-2-yl)metbae @o) (0.07 mmol, 29.1 mg, 36 %hite
solid, melting point: 162-164C, 'H NMR (400 MHz, DMSQ 25°C) § = 8.38 (d,J = 7.6 Hz, 2H),
8.13 (s, 1H), 7.90 (d] = 7.1 Hz, 2H), 7.74 (t) = 7.4 Hz, 1H), 7.65 — 7.52 ppm (m, 3HJC NMR
(101 MHz, DMSQ 25°C) 6 = 178.1, 156. 6, 153.4, 135.0, 133. 9, 130.6, 13088,1, 129.4, 129.0,

128.7, 128.5, 126.3, 125.5, 125.1, 125.0 piRn(KBr) v: 2938, 2870, 1698, 1625, 1492, 1287, 1248,
12



1222, 1081, 729, 725, 681 SorHRMS-ESI (m/z) calcd for GHoBr,NNaQ,, [M+Na]" 427.8898,
found 427.8896.

2,6-Bis(4-pentylphenyl)pyrazind€): white solid, melting point: 189-19C, 'H NMR (400 MHz,
DMSO, 25°C) 6§ = 9.14 (s, 2H), 8.15 (d,= 8.1 Hz, 4H), 7.37 (d] = 8.1 Hz, 4H), 2.63 {1=7.6
Hz, 4H), 1.66 — 1.52 (m, 4H), 1.34 — 1.25 (m, 86185 ppm (tJ = 6.8 Hz, 6H)**C NMR (101
MHz, DMSO, 25°C) § = 150.4, 144.6, 139.7, 133.5, 129.0, 126.8, 33029, 30.5, 22.0, 13.9
ppm. IR (KBr)v: 2999, 2890, 1690, 1498, 1250, 1080, 748, 730, &84 HRMS-ESI (m/z)
calcd for GgHaNoNa, [M+Na] 395.2463, found 395.2461.
2,6-Di([1,1"-biphenyl]-4-yl)pyrazine4g): white solid, melting point: 178-18C, *H NMR (400
MHz, DMSO, 25°C) 6 = 9.29 (s, 2H), 8.39 (d,= 8.4 Hz, 4H), 7.90 (d] = 8.4 Hz, 4H), 7.78 (d]
= 7.4 Hz, 4H), 7.52 (t) = 7.6 Hz, 4H), 7.42 ppm (@,= 7.3 Hz, 2H)*C NMR (101 MHz, DMSO,
25°C) 6 = 150.0, 141.6, 140.2, 139.3, 134.9, 129.1, 12R0,4, 127.3, 126.8 ppm. IR (KBv)
3015, 2988, 1678, 1490, 1370, 1078, 735, 728, 698 EIRMS-ESI (m/z) calcd for &H,0N,Na,
[M+Na]" 407.1524, found 407.1525.

2,6-Bis(4-bromophenyl)pyrazinett): white solid, melting point: 156-15%, H NMR (400
MHz, DMSO, 25°C) § = 9.26 (s, 2H), 8.22 (d, = 8.0 Hz, 4H), 7.77 ppm (d,= 8.0 Hz, 4H)*C
NMR (101 MHz, DMSO, 25C) 6 = 149.3, 140.5, 134.9, 132.0, 128.9, 123.9 ppm(KRB) V:
2999, 2983, 1649, 1485, 1075, 899, 728, 697.dARMS-ESI (m/z) calcd for GH10BrN,Na,
[M+Na]* 410.9108, found 410.9110.

2,6-Bis(4-iodophenyl)pyrazineti): white solid, melting point: 165-16°C, 'H NMR (400 MHz,
DMSO, 25°C) 6 = 9.23 (s, 2H), 8.04 (dl = 8.1 Hz, 4H), 7.93 ppm (d,= 8.0 Hz, 4H)°*C NMR
(101 MHz, DMSO, 25°C) 6 = 149.5, 140.5, 137.9, 135.3, 128.8, 97.4 ppm.KRBr) v: 30009,
2987, 1656, 1487, 1078, 737, 724, 698'cHRMS-ESI (m/z) calcd for GH1ol,NoNa, [M+Na]

506.8831, found 506.8828.
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