Chinese Journal of Organic Chemistry

RN S

THEERS5SREAMUEYSENEFEEEHENRZ
XA OB FXE OKRRE KREE &K OF

(R SRR TR e W TR M 325035)

WE CRAEAM, 2R, AE RSN AT R AT 5230 R B %000 A1 5 1 ) v R0 1 P A
RN, 13 B AR 1. i Seie BoR, BEAERRAIIE R g2 B2 UL P s Ao L &), 25 4
A E D) RN BRI, BT AR R RN, SR B DL R e A S S BRI BE, M R 2 A
WA RERE AR R P RIAR ) D BB B SRR, A0 B4 S N A R IR R, AR D722 — By S
R EEASMEE G 7%, WIS Z AR RN BTN B EERS 51 R &) 5B R BK bR & 8
TERCE A,

KB I RN, FRERIMeEY); T eE; HERIMeEY

Transition Metal-Free Selective Aerobic Olefination of Methyl
N-Heteroarenes with Alcohols

Liu, Jie Han, Feng Li, Shuangyan Chen, Tianyu Chen, Jianhui Xu, Qing™
(College of Chemistry and Materials Engineering, Wenzhou University, Wenzhou, Zhejiang 325035)

Abstract By performing the reactions in the presence of adequate amount of air and a suitable base, selective olefination of
methyl N-heteroarenes with alcohols can be effectively achieved without using any external catalyst. Control experiments re-
vealed that, with adequate air, base can promote the aerobic oxidation of alcohols almost completely to carbonyl intermediates,
which then condense with the methyl N-heteroarenes to afford the alkenyl N-heteroarene products. As the reaction is performed
with adequate amount of air and a lower loading of the base at a lower temperature than that of the alkylation reaction, the
generated alkenyl N-heteroarenes cannot be transfer hydrogenated to the alkylated products by the remained small amount of
alcohol in the reaction mixture, which leads to a high selectivity of the olefination reaction. This method is thus a practical way
for preparation of the alkenyl N-heteroarenes, being a complementary method to previous transition metal-free C-alkylation
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reaction of methyl N-heteroarenes with alcohols in the presence of small amount of air.
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1 Introduction

Alcohols have been frequently utilized in organic syn-
thesis in recent years, as they are considered to be a class of
comparatively greener compounds having several ad-
vantages in comparison with other chemicals, especially the
corresponding organohalides and carbonyl compounds.l'4!
Therefore, they have been extensively used in nucleophilic
substitution reactions with various nucleophiles,’!! transi-
tion metal (TM)-catalyzed or TM-free dehydrative N- and
C-alkylation reactions,’>] TM-catalyzed anaerobic dehy-
drogenative or aerobic oxidative imination reactions,* TM-
catalyzed or TM-free anaerobic dehydrogenative or aerobic
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oxidative construction of heterocyclic skeletons,®! as well
as other types of transformations.

On the other hand, since N-heteroarene derivatives are
useful building blocks in synthesis and ligand preparation,
important structural motif in various natural products,
pharmaceutically and biologically active molecules, and
also key functionalities in materials, developing efficient
and green methods for functionalization of N-heteroarenes
is a hot topic in synthetic organic chemistry. In this domain,
functionalization of methyl N-heteroarenes with alcohols
has seldom been studied in comparison with the frequent-
ly-reported N- and C-alkylation and imination reactions of
alcohols.'¥l Only limited alkylation® and olefination”)
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reactions of methyl N-heteroarenes with alcohols were
reported so far (Scheme 1, A). Although these methods have
some advantages for using alcohols as the substrate, they
still have drawbacks such as requiring certain noble metal
catalysts/ligands, strict anaerobic conditions, potential
heavy metal residue contamination in products, limitation to
primary alcohols, etc. Therefore, developing more envi-
ronmentally friendly, simpler to operate, more practical,
and more economical functionalization methods for methyl
N-heteroarenes is still a highly desirable research in the
field.

In our previous studies, we accidentally found the
TM-catalyzed arobic dehydrative N- and C-alkylation re-
actions of alcohols.[®) During the studies, the crucial roles of
both base and air in the reactions were also observed. Thus,
as we gradually realized, many of the N- and C-alkylation
reactions in effect could proceed smoothly without using
any TM catalyst (Scheme 1, B),®! which were further ex-
tended to the reactions of alcohols, amines, thiols and
phosphites for TM-free green synthesis of ethers, secondary
and tertiary amines, thioethers, and several class of organ-
ophosphorus compounds. On the other hand, with ade-
quate amount of air, the transfer hydrogenation step of the
alkylation reaction could be interrupted and led to genera-
tion of unsaturated intermediates such as imines (Scheme 1,
C, left)*e4l rather than the alkylated products. Moreover,
without using any TM catalyst, base alone could readily

promote the aerobic oxidation of alcohols to carbonyl
compounds,33&3¢-55101 which could then lead to TM-free
construction of heterocycle compounds (Scheme 1, C,
right).5¢511 Recently, we developed a TM-free aerobic
C-alkylation reaction of methyl N-heteroarenes, which
could afford C-alkylated products in high selectivity in the
presence of small amount of air (Scheme 1, D, left).*8 Now
we find that, with adequate amount of air and a suitable
amount of base, selectivity of the reaction can be switched
completely to afford the olefinated products in high selec-
tivity, providing a TM-free, simple and low cost, green and
practical method for the synthesis of alkenyl N-heteroarene
compounds (Scheme 1, D, right).

2 Results and discussion

In our previous study, to achieve a good C-alkylation
method for the methyl N-heteroarene compounds,8! the
reaction of 2-methyl quinoxaline (1a) and benzyl alcohol
(2a) was initially heated with 0.5 equiv. of KOH at 120 'C
in toluene in a 20 mL tube directly sealed in air (Table 1,
Entry 1). However, in addition to the target alkylation
product 4a, the olefination product 3a could also be pro-
duced in a considerable selectivity of 36%. We thus realized
that a TM-free and green method may also be developed for
the olefination of methyl N-heteroarenes. During the alkyl-
ation studies,’®¥ more air, less base, and lower temper-

(A) TM-catalyzed anaerobic alkylation and olefination reactions of methyl N-heteroarenes

cat. Ir, Pt, Ru, Ni, T

Ref. [6]

+

inert conditions

Me
N R Co,Fe,orMn | cat. Mn, Fe, Ni, Ru SR
0 ligand/ibase Sy ligands/base _ *"°
Lo - inert conditions
> N

R OH

N

Ref. [7]

(B) Representive examples of our previous TM-free N- and C-alkylation reactions

o base only OH (o}
~ catalyst-free, autocatalyzed
R1 OH + RZJJ\ N HZO RZJ\/\R1 or R21J\/\R1
Ref. [3a] controllable and selective
R3NH, R*CH(OH)Me, base OH
R1«N,R3 cat. R'CHO, base  _ cat. R"CHO or R*COMe J\/\
H -H,0 -H,0 R4 R’
Ref. [3b] Ref. [3c]
(C) Our previous aerobic imination reactions and construction of heterocycles using alcohols
NH,
) R2NH, < N
1/%N/R cat. Pd, Cu, or Fe ™~ oH XH, TM-free < \>—R1
-H,O - H,O X
Refs. [4g ~ 4i] Refs. [5d ~ 5i] H

(D) Base- and air-effected TM-free aerobic oxidative alkylation and olefination reactions of methyl

N-heteroarenes

2
base only R +

R1
1
R trace air >—OH

This work

~ R!
adequate air [ N
base only Ca s R?

“H0 o Me - 2H,0
Ref. [3g] [ ©/
k“~ -

Q no inert atmosphere protection
Q no transition metal catalysts/ligands
Q no transition metal contaminant in products

Q controllable and selective
Q broad scope of the substrates
Q low-cost, green, efficient, and practical

Scheme 1 Background of the research
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Table 1 Condition optimization for TM-free aerobic olefination of methyl N-heteroarenes with alcohols”

N Me
= base
J +pPnOH
N 2a toluene, air
1a

e CLTTCLT

120 °C, t (E)-3a
Entry Base (dosage/equiv.) t/h Conv.?/% of 1a Ratio of 3a/4a® Yield*/% of 3a

14 KOH (0.5) 15 51 36/64 18
24 NaOH (0.5) 15 20 82/18 16
3¢ KOH (0.5) 24 59 92/8 54

4 KOH (0.5) 24 59 >99/1 59

5 KOH (0.3) 24 45 >99/1 45
o KOH (0.3) 18 84 92/8 77
7 KOH (0.4) 18 89 >99/1 89 (84)
8 KOH (0.5) 18 91 >99/1 91 (85)
9/ KOH (0.6) 18 96 >99/1 96 (87)
10/ LiOH (0.6) 18 — — Trace
1 NaOH (0.6) 18 55 87/13 48
12/ CsOH (0.6) 18 93 >99/1 97 (86)
13/ t-BuONa (0.6) 18 52 94/6 49
14/ -BuOK (0.6) 18 75 97/3 73

4 Unless otherwise noted, the mixture of 1a (0.5 mmol), 2a (1.0 mmol) and a base in toluene (1 mL) was sealed under air in a 100 mL Schlenk tube and then heated at
120 °C. ® Conversion of 1a and 3a/4a ratios are based on gas chromatography-mass spectrometry (GC-MS) analysis. ¢ GC yields (isolated yields in parenthesis)
based on 1a. The obtained 3a was confirmed to be the (E)-isomer with >99/1 selectivity as determined by '"H NMR analysis and by comparison with the literature

data. “In 20 mL tube. ¢In 50 mL tube./ 1.5 mmol of 2a was used.

ature were found to benefit the generation of olefination
product, other conditions were then investigated to enhance
the yield and selectivity of 3a. Firstly, other bases such as
NaOH were also screened, but only lower yields of the
product were obtained (Entry 2). KOH was then still used as
the best base for the reaction. Prolonging the reaction time
and performing the reaction in larger vessels containing
more amounts of air could greatly enhance the selectivity
for 3a (Entries 3, 4). Thus, in a 100 mL reaction tube con-
taining adequate amounts of air as the oxidant, 3a could be
obtained in >99% selectivity and moderate yield (Entry 4).
Then, reduced KOH loading was found to lead to a lower
yield of the product (Entry 5), whereas, increased 2a load-
ing could enhance the yield of 3a with a slight drop in its
selectivity (Entry 6). With these findings in mind, to ensure
the high selectivity of 3a and to enhance its yield simulta-
neously, higher loadings of KOH were investigated (Entries
7~9). The results showed that 0.6 equiv. of KOH could
ensure almost complete conversion of la to afford the
highest yield of 3a with a high selectivity of >99% (Entry
9). By comparison with the literature,”? the obtained 3a was
determined to be the (£)-isomer in >99/1 selectivity. Then,
various bases were also tested under the optimized condi-
tions. LiIOH was still not effective (Entry 10). NaOH,
t-BuONa and #-BuOK gave improved but still not satisfac-
tory results (Entries 11, 13, and 14). Only CsOH gave
comparable yield and selectivity of 3a with that of KOH
(Entry 12). It should also be pointed out that, as we have
proved in the previous alkylation reaction that it should be a
TM-free reaction (see the control reactions using highly
pure semiconductor grade KOH, with addition of TM cat-
alysts, etc.),[’# the present olefination reaction should also
be a TM-free method.
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With the best conditions in hand, the substrate scope of
this TM-free olefination method was investigated. KOH
was still chosen as the base for the reaction regarding its
effectiveness, availability and economy. Similar to the
above model reaction, la also reacted efficiently with
electron-rich and electron-deficient benzylic alcohols in-
cluding those with bulky substituents and sterically more
hindered ortho-substituted ones to afford the target (£)-2-
alkenyl quinoxalines with good to high yields (Table 2,
Entries 2~13). Both 1- and 2-naphthyl methanols afforded
good yields of the products (Entries 14, 15). The reactions
of heteroaryl methanols required prolonged reaction time to
give moderate to good yields of the products (Entries 16~
18).

Unlike the TM-catalyzed anaerobic a-olefination meth-
ods that limited to primary alcohols,” this TM-free aerobic
oxidative method could be extended to sterically more
bulky secondary alcohols such as benzohydrols (Entries 19,
20). The substituted benzohydrol gave a mixture of E/Z
isomers 3t/3t' due to the weak sterical difference between
the phenyl and tolyl groups (Entry 20). The less reactive
aliphatic alcohols such as 1-heptanol could also be used in
the method, affording a lower yield of the product (Entry
21). Most likely due to their sterical bulkiness and lower
reactivities, these alcohols require a higher temperature
(Entries 19, 21). In contrast, allylic alcohols such as allyl
and cinnamyl alcohols and propargylic alcohols such as
propargyl and 3-phenyl propargyl alcohols were not reac-
tive in the reaction, giving no target products under the
standard or modified conditions using either KOH or CsOH
as the base (Entries 22, 23). Other methyl N-heteroarenes,
such as 2-methyl quinoline, 2-methyl pyrazine, 2-methyl
pyrimidine and 2-methyl benzothiazole, all afforded target

http://sioc-journal.cn/ 575
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Table 2 Substrate scope for TM-free aerobic oxidative a-olefination of methyl N-heteroarenes with alcohols”

AN Me o~ R1
- ©/ . jj\H KOH (0.6 equiv.) o X
Sy - R" "R2  toluene, adequate air Sy R2
1 2 120°C, 18 h (E)-3
Entry Product Yield/% | Entry Product Yield/%

o ®
N\ N s
1 87 18 @[ D 53 (71,24 h)
3a: (>99/1 E-isomer)? N
3r
Nj/\/ Ph
60 19¢ N/ Ph 49

(>99/1 olefination sel.)?
64 | 200¢ @[ j/\s/© 34

3t/3t' (E/Z or Z/E: 54/46)

N N n-CeH13
N ©: j/V
@[ 73 21 7 27
3u

YWa W
g// é/
5 5

N™ 3¢

4
N/ Me
3d
t-Bu
N R
5 @NjNQ/ 25 2 ©iN/j/\/\/ _
N™ 3¢ R =H, Ph
OMe
I e AEE el -
NT R=H, Ph
N -Ph
N .
7 @EN\ OMe 66 24 w 19 (74, 88¢)
N/ 3g 3v
N Ph
N NS B
8 N 75 25 [ /j/\/ 43 (65, 24 h)°
N/ OMe N 3w
3h
O> (\/\/Ph
9 @[N\ N o 67 26 NN 87
N~
NT 3i 3x
Ny —Ph
N N N\
e L e :
N 3 3y
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Continued
Entry Product Yield/% Entry Product Yield/%
N X Ph
11 ©: j/\/@ cl 70 28¢ | \N Trace
N 3k
N X Ph
? @E jNQBr 51 29¢ S Trace
P N~
N 3l
CFs N Ph
AN : L
13 @[ 40 (80) 30 NN, 16
~ v
N 3m 3z
N ‘ N Ph N
YU e | OO e Ol
N Me N Me Me N Ph
3n . 3A + 3A" 39 (3A+3A"),
Me N\ . _Ph 7(3Avv)c,f
A T
15 @[ S 73 N Ph
N 3A
3o
= | R
o Ne A s oy [Nj&Ph -
P ~ R=Me, Et, Ph
N 3p N
N Ph
N AN I
17 S 38 (61,36 h)° | 33¢/ AN —
N [ =
3q N

4 Unless otherwise noted, 1a (0.5 mmol), 2a (1.5 mmol) and KOH (0.6 equiv.) in toluene (1 mL) were sealed under air in a 100 mL Schlenk tube and then heated at
120 ‘C for 18 h. Isolated yields based on 1a. ® E/Z selectivity determined by '"H NMR. Olefination selectivity determined by GC-MS. ¢ KOH (1.0 equiv.). 4 100 C,

36h.¢160 “C,24h./ 140 C, 24 h. £ CsOH (0.4 equiv.), xylene, 140 C, 12 h.

products with good to high yields under the standard or
modified conditions (Entries 24~27). However, no product
or only trace products could be observed in the reactions of
other methyl N-heteroarenes such as 2-methyl pyridine and
4-methyl pyridine under standard or modified conditions
using either KOH or CsOH as the base (Entries 28, 29),
most possibly due to their low reactivities in the reaction.
For substituted methyl N-heteroarenes, 2,3-dimethyl
quinoxaline did not give mono-olefinated product under the
standard conditions, but bis-olefinated 3z' in a low yield
(Entry 30). For 2,3,7-trimethyl quinoxaline, only trace
products were observed under the standard conditions,
whereas a mixture of the mono-olefinated products (39%)
and a bis-olefinated product (7%) could be obtained in low
yields under modified conditions (Entry 31). For N-hetero-
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arenes with longer alkyl chains such as 2-ethyl pyrazine,
2-propyl pyrazine, 2-benzyl pyrazine, and 5,6,7,8-tetra-
hydroquinoxaline, most likely due to similar steric and
electron-donating effect of the substituents, only trace
products could be observed under elevated conditions (En-
tries 32, 33). The above results revealed the relatively broad
substrate scope of the TM-free olefination method.

The reason why the above TM-free olefination reaction
could afford high selectivity of the alkenyl N-heteroarene
products was then studied. As shown in Eq. 1, in the pres-
ence of adequate amount of air and a catalytic amount of
KOH, almost a quantitative yield of diphenyl ketone 5s
could be produced from benzohydrol 2s under the standard
conditions. Similarly, a considerable yield of substituted
benzaldehyde Sb could also be generated under the same

http://sioc-journal.cn/ 577



BIKE

conditions from the corresponding alcohol 2b (Eq. 2).
Herein, in the absence of 1a, the relatively lower yield of Sb
should be due to 2b side reactions (such as Cannizzaro
reaction) in the presence of a strong base at heating, but the
conversion of 2b should also be high. These results consist
well with our previous findingsi®*3¢3¢-51 as well as the lit-
erature reports.l'”! It not only revealed the crucial role of
adequate air in generating the large amount of carbonyl
intermediates needed in the next condensation step, but also
explained the high conversions of the starting alcohols in
the reaction. Consequently, the small amount of alcohol
remained in the reaction mixture should be too few to re-
duce the unsaturated alkenyl N-heteroarenes. Besides, as the
alkylation of methyl N-heteroarenes generally requires a
higher temperature of 140 ‘C and a higher loading of base
(generally 1.0 equiv.) to ensure an efficient and complete
transfer hydrogenation step,*®! the lower temperature of
120 C and lower loading of KOH (0.6 equiv. only) under
the present conditions should be not enough for the alkyla-
tion to effectively occur to compete with the olefination
reaction. Therefore, under the present conditions, the al-
kylated N-heteroarenes should be generated in only a very
low selectivity and hence the olefination occurs as the major
reaction to afford high selectivity of the alkenyl N-hetero-
arenes as the major products.

OH KOH (0.2 quiv.) o
adequate air )k
Ph™ "Ph toluene, 120°C, 18 h Ph” ~Ph

M

2s 5s, 96%
OH KOH (0.2 equiv.) "
H adequate air H @)
toluene, 120 °C, 18 h
Me Me 5b

2b
45% (GC yield based on

0.5 mmol of 1a was used in
the olefination reaction)

Then the condensation step, a known method for pre-
paring alkenyl N-heteroarenes,!'’! was also investigated.
Under the optimized conditions (Table 2, Entry 19), the
reaction of 2-methyl quinoxaline 1a and ketone 5s smoothly
afforded the target 3s in a yield comparable to that of the
olefination reaction (Eq. 3), confirming the condensation
step. In contrast, the reaction of 1a and benzaldehyde Sa
only afforded a low yield of 3a (Eq. 4), which should be due
to the inevitable side-reactions of 5a such as the Cannizzaro
reaction under the strong basic and heating conditions.
Indeed, considerable amounts of PhCH>OH (2a), one of the
Cannizzaro products, was observed by GC-MS analysis of
the reaction mixture. Thus, most likely, the Cannizzaro
side-reaction and neutralization of KOH by in situ gener-
ated PhCOOH, the other Cannizzaro product, led to the
ineffective reaction and the low yield of 3a. This much
lower yield of 3a (15%, Eq. 4) than that of the model ole-
fination reaction (87%, Table 1, Entry 9) showed that the in
situ generated benzaldehyde could react with 1a in a much
more effective way than the added external benzaldehyde.
For one reason, obviously, the externally added benzalde-
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hyde is labile and prone to undergo side reactions under the
strong basic and heating conditions, which can greatly de-
crease the product yield. For the other reason, more im-
portantly, the in situ generated benzaldehyde should remain
in a relatively low concentration and be quickly reacted up
by the higher concentration methyl N-heteroarene to give
the product, through which the side reactions of the in situ
generated benzaldehyde can be inhibited. These results
further implied that alcohols should be the more preferable
substrates than the less stable aldehydes in the preparation
of the alkenyl N-heteroarene compounds.

Nj/CH3 i KOH (O 6 equiv.) j/\/
+
N/ Ph Ph toluene N,
160 °C, 24 h

1a 5s 3s, 63%

©:NTCH3 KOH (0.6 equiv.) @[ j/\/Ph
+ PhCHO —————
N/ toluene

1a 5a 120°C, 18 h 3a, 15%

Based on the above findings, a possible reaction path was
proposed for the present TM-free selective aerobic oxida-
tive a-olefination reaction of methyl N-heteroarenes and
alcohols. As shown in Scheme 2, with adequate amount of
air, catalytic amount of base alone can readily promote the
aerobic oxidation of alcohols 2 to carbonyl compounds 5 in
high conversions, with only a very small amount of unre-
acted alcohol remained in the reaction mixture. This step
should occur with base-mediated deprotonation of the al-
cohol to its alkoxide first, which is then oxidized by air to
5.119 The in situ gradually-generated 5 (in low concentra-
tion) may quickly be reacted up by substrate methyl
N-heteroarenes 1 (in higher concentration) to afford alkenyl
N-heteroarenes 3 via dehydrative condensation in the
presence of the base. As both the base loading/concentration
and reaction temperature are lower than those of the alkyl-
ation reaction,®® the generated alkenyl N-heteroarenes
cannot be effectively transfer hydrogenated by the remained
small amount of unreacted alcohol, so that the alkylated
byproducts 4 are usually produced in very low yields. As a
result, the target alkenyl N-heteroarene compounds 3 can be
obtained in high selectivity. On the contrary, in case the
reaction was performed with small amount of air, at a high
temperature with more base,’*# only small amount of the
alcohol 2 could be oxidized to carbonyl compounds 5 and
then transformed into alkenyl N-heteroarenes 3 with large
amounts of the alcohol remained unreacted in the reaction
mixture. Then the alkenyl N-heteroarenes 3 could be grad-
ually transfer hydrogenated into the alkylated products 4
most possibly via a six-membered TM-free Meerwein-
Pondorf-Verley-Oppenauer (MPV-O) transition states TS
(Scheme 2).5-121

3 Conclusions

In conclusion, by performing the reactions in the pres-
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R’ . R!
adequate air
OH—MmMm—
RZ—Z TM-free, base only [ >=O}

R2
- H,0 . 5 -
high conversion
more reactive

~ R1
Iz -
Cao R2

very low selectivity

2 Me
-~ —
. ]@/1 R?

R']

-
/

base only I 3

- Hzo \L':'.//
high selectivity

interrupted due to
alcohol 2 % lower temperature,

less basic conditions

TM-free MPV-O TS

Scheme 2 Proposed reaction path

ence of adequate amount of air and a suitable base, selective
olefination of methyl N-heteroarenes with alcohols can be
effectively achieved without using any external catalyst.
Control experiments revealed that, in the presence of ade-
quate amount of air, base alone can promote the aerobic
oxidation of alcohols to carbonyl intermediates almost
completely, which then effectively condense with the me-
thyl N-heteroarenes to afford the alkenyl N-heteroarene
products. As the reaction is performed with adequate
amount of air and a lower loading of the base at a lower
temperature than that of the alkylation reaction, the gener-
ated alkenyl N-heteroarenes cannot be transfer hydrogen-
ated to the alkylated products by the small amount of un-
reacted alcohol remained in the reaction mixture, which
consequently leads to a high selectivity of the olefination
reaction. This method has advantages of requiring no TM
catalysts/ligands and no inert atmosphere protection, broad
substrate scope, simple operation, low cost, no TM con-
taminant in the products, and thus can be an environmen-
tally benign and practical way for preparation of the alkenyl
N-heteroarene compounds.

4 Experimental section

4.1 General information

Unless otherwise noted, all chemicals including solvents
were purchased from Aladdin Biochemical, Energy
Chemical, Alfa Aesar, TCI, or other chemical companies
and used without further purification. Benzaldehyde (5a)
purified by vacuumn distillation was used in the condensa-
tion reactions. Unless otherwise specified, all reactions
were carried out in sealed Schlenk tubes (100 mL) under air
or N, atmosphere and monitored by thin-layer chromatog-
raphy (TLC) and/or GC-MS. The products were purified by
column chromatography on silica gel using petroleum ether
and ethyl acetate as the eluent. 'H NMR and *C NMR
spectra were measured on a Bruker Avance-III 500 in-
strument (500 MHz for '"H NMR and 125.4 MHz for *C
NMR spectroscopies) or a Zhongke-Niujin WNMR-1-400
instrument (400 MHz for 'H NMR) using CDCl; as the
solvent and Mes4Si (0 0) as internal standard. Mass spectra

Chin. J. Org. Chem. 2024, 44,573~583
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were measured on a Shimadzu GC-MS-QP2010 Plus spec-
trometer (EI). High Resolution Mass Spectra (HRMS) were
measured on a Bruker micrOTOF-Q II instrument (ESI) at
Wenzhou University. Melting points of the solid products
were measured on a WRS-1B apparatus (Shanghai Shen-
guang).

4.2 Typical procedure for TM-free aerobic oxidative
a-olefination of methyl N-heteroarenes with alcohols.

A methyl N-heteroarene compound 1 (0.5 mmol), an al-
cohol 2 (1.5 mmol), KOH (0.6 equiv.), and toluene (1 mL)
were added to a 100 mL Schlenk tube and the tube directly
sealed under air. The mixture was then heated at 120 “C for
18 h and monitored by TLC and/or GC-MS. After comple-
tion of the reaction, the reaction mixture was condensed by
rotary evaporation and the residue purified by flash column
chromatography to give the olefination product 3.

(E)-2-(2-Phenyl)vinyl quinoxaline (3a):!'*! Brown solid,
m.p. 100~103 C; '"H NMR (500 MHz, CDCls) J: 9.05 (s,
1H), 8.07 (d, J=7.5 Hz, 2H), 7.88 (d, J=16.5 Hz, 1H),
7.78~7.74 (m, 1H), 7.72~7.69 (m, 1H), 7.66 (d, J=7.5
Hz, 2H), 7.44~7.40 (m, 3H), 7.38~7.36 (m, 1H); 3C
NMR (125.4 MHz, CDCls) d: 150.7, 144.4, 142.5, 141.6,
136.5, 136.1, 130.3, 129.3, 129.23, 129.20, 129.18, 128.9,
127.5, 125.4; MS (EI) m/z (%): 232 (47), 231 (100), 209 (6),
208 (9), 207 (42), 204 (8), 115 (8), 102 (13), 96 (8), 77 (7),
76 (8), 73 (9).

(E)-2-(2-p-Tolyl)vinyl quinoxaline (3b):!'¥ Brown solid,
m.p. 196~198 ‘C; 'H NMR (500 MHz, CDCls) &: 9.04 (s,
1H), 8.07~8.05 (m, 2H), 7.85 (d, J/=16.5 Hz, 1H), 7.77~
7.74 (m, 1H), 7.71~7.68 (m, 1H), 7.56 (d, J/=8.0 Hz, 2H),
7.34(d, J=16.5 Hz, 1H), 7.26~7.23 (m, 2H), 2.40 (s, 3H);
3C NMR (125.4 MHz, CDCl3) 6: 150.7, 144.5, 142.5,
141.5, 139.5, 136.5, 133.3, 130.3, 129.7, 129.2, 127.5,
124.4, 21.4; MS (EI) m/z (%): 246 (30), 245 (51), 231 (18),
209 (13), 208 (21), 207 (100), 191 (14), 133 (14), 115 (11),
96 (16), 76 (7), 73 (22).

(E)-2-(2-m-Tolyl)vinyl quinoxaline (3¢): Brown solid,
m.p. 153~155 C; '"H NMR (500 MHz, CDCl;) 6: 9.04 (s,
1H), 8.07 (d, J=8.5 Hz, 2H), 7.84 (d, J=16.5 Hz, 1H),
7.77~7.72 (m, 1H), 7.72~7.67 (m, 1H), 7.46 (d, J=11.5
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Hz, 2H), 7.37 (d, J=16.5 Hz, 1H), 7.33~7.28 (m, 1H),
7.17 (d, J=17.5 Hz, 1H), 2.40 (s, 3H); 3*C NMR (125.4
MHz, CDCl;) d: 150.6, 144.4, 142.3, 141.5, 138.5, 136.8,
135.9, 1304, 130.2, 129.3, 129.1, 129.0, 128.8, 128.2,
125.0, 124.7, 21.4; MS (EI) m/z (%): 246 (13), 245 (23), 231
(12), 209 (13), 208 (18), 207 (100), 191 (13), 133 (14), 115
(9), 96 (15), 73 (17); HRMS calcd for Ci7H;sN, [M+H]"
247.1230, found 247.1221.

(E)-2-(2-0-Tolyl)vinyl quinoxaline (3d): White solid,
m.p. 126~128 C; "H NMR (500 MHz, CDCl) J: 9.04 (s,
1H), 8.15 (d, J/=16.1 Hz, 1H), 8.11~8.07 (m, 2H), 7.79~
7.67 (m, 3H), 7.31 (d, J=16.2 Hz, 1H), 7.28~7.21 (m,
3H), 2.54 (s, 3H); *C NMR (125.4 MHz, CDCl;) é: 150.7,
144.5, 142.2, 141.6, 137.1, 135.0, 134.4, 130.8, 130.4,
129.3, 129.14, 129.06, 126.4, 126.2, 125.9, 20.0; MS (EI)
m/z (%): 246 (66), 245 (100), 231 (85), 208 (9), 207 (44),
128 (17), 116 (16), 115 (45), 103 (11), 102 (11), 77 (10), 76
(15), 73 (9), 50 (9); HRMS Calcd for C7H;sN, [M+H]"
247.1230, found 247.1221.

(E)-2-(2-p-tert-Butylphenyl)vinyl — quinoxaline  (3e):
White solid, m.p. 123~124 “C; 'H NMR (500 MHz,
CDCl) 0: 9.05 (s, 1H), 8.07 (d, J/=12.0 Hz, 2H), 7.86 (d, J
=16.5 Hz, 1H), 7.74~7.72 (m, 1H), 7.72~7.65 (m, 1H),
7.60 (d, J=8.5 Hz, 2H), 7.45 (d, J=8.5 Hz, 2H), 7.36 (d,
J=16.5 Hz, 1H), 1.35 (s, 9H); 3C NMR (125.4 MHz,
CDCls) o: 152.8, 150.7, 144.4, 142.2, 141.5, 136.5, 133.2,
130.4, 129.2, 129.1, 129.0, 127.3, 125.9, 124.4, 34.9, 31.2;
MS (EI): m/z (%) 288 (71), 287 (83), 274 (12), 273 (65), 272
(10), 271 (9), 257 (11), 232 (28), 231 (100), 207 (13), 129
(1), 128 (13), 122 (18), 102 (12), 77 (11), 76 (15); HRMS
caled for CaoHa N> [M+H]" 289.1699, found 289.1694.

(E)-2-(2-p-Methoxyphenyl)vinyl quinoxaline (3f):l"¢
Brown solid, m.p. 123~124 C; 'H NMR (500 MHz,
CDCl) o: 9.02 (s, 1H), 8.07~8.03 (m, 2H), 7.83 (d, J=
16.0 Hz, 1H), 7.77~7.72 (m, 1H), 7.72~7.66 (m, 1H),
7.61 (d, J/=8.0 Hz, 2H), 7.25 (d, J/=16.0 Hz, 1H), 6.96 (d,
J=8.0 Hz, 2H), 3.86 (s, 3H); °*C NMR (125.4 MHz,
CDCls) d: 160.6, 151.0, 144.4, 142.5, 141.4, 136.1, 130.3,
129.13, 129.05, 128.99, 128.96, 128.8, 123.1, 114.4, 55.4;
MS (EI) m/z (%): 262 (60), 261 (70), 231 (11),219 (23), 218
(19), 209 (15), 208 (30), 207 (100), 191 (23), 116 (10), 103
(11),96 (17), 76 (14), 73 (22), 70 (14), 61 (14).

(E)-2-(2-m-Methoxyphenyl)vinyl quinoxaline (3g):['*
Brown solid, m.p. 44~46 ‘C; '"H NMR (500 MHz, CDCls)
0: 9.05 (s, 1H), 8.09~8.04 (m, 2H), 7.84 (d, /=16.0 Hz,
1H), 7.79~7.74 (m, 1H), 7.74~7.68 (m, 1H), 7.39~7.32
(m, 2H), 7.26 (d, J/=8.0 Hz, 1H), 7.19 (s, 1H), 6.93 (d, J=
8.0 Hz, 1H), 3.87 (s, 3H); '*C NMR (125.4 MHz, CDCI;) J:
160.0, 150.6, 144.4, 142.5, 141.6, 137.4, 136.3, 130.3,
129.9, 129.3, 129.2, 125.7, 120.3, 115.3, 112.3, 55.3; MS
(ED) m/z (%): 262 (15), 261 (25), 209 (20), 207 (100), 191
(12), 147 (6), 133 (12), 96 (15), 89 (5), 73 (21).

(E)-2-(2-0-Methoxyphenyl)vinyl ~quinoxaline (3h):["¢
Brown solid, m.p. 64~66 ‘C; '"H NMR (500 MHz, CDCls)
0: 9.09 (s, 1H), 8.19 (d, J=16.5 Hz, 1H), 8.11~8.03 (m,
2H), 7.76~7.71 (m, 1H), 7.71~7.65 (m, 2H), 7.45 (d, J=
16.5 Hz, 1H), 7.35~7.31 (m, 1H), 7.03~6.97 (m, 1H),
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6.94 (d, J=8.5 Hz, 1H), 3.93 (s, 3H); '3C NMR (125.4
MHz, CDCl) o: 157.8, 151.2, 144.4, 142.3, 141.4, 131.8,
130.5, 130.2, 129.09, 129.05, 127.7, 125.9, 125.0, 120.9,
111.1, 55.6; MS (EI) m/z (%): 262 (6), 265 (5), 232 (8), 231
(100), 207 (34), 131 (10).

(E)-2-(2-Benzo[d][1,3]dioxol-5-yl)vinyl quinoxaline
(3i): Brown solid, m.p. 135~137 “C; 'H NMR (500 MHz,
CDCl3) o: 9.06 (s, 1H), 8.14 (d, J/=8.0 Hz, 1H), 8.09 (d,
J=28.0 Hz, 1H), 7.86 (d, J/=16.0 Hz, 1H), 7.79~7.75 (m,
1H), 7.75~7.68 (m, 1H), 7.31~7.19 (m, 2H), 7.14 (d, J=
8.0 Hz, 1H), 6.87 (d,J=8.0 Hz, 1H), 6.03 (s, 2H); '*C NMR
(125.4 MHz, CDCls) d: 150.8, 148.8, 148.4, 144.4, 142.5,
141.5, 136.1, 130.6, 130.2, 129.14, 129.08, 129.0, 123.5,
123.3, 108.6, 106.1, 101.4; MS (EI) m/z (%): 276 (44), 275
(64), 253 (11), 209 (14), 208 (26), 207 (100), 191 (13), 96
(17), 73 (23), 58 (21), HRMS calcd for C7H13N,0, [M+
H]" 277.0972, found 277.0974.

(E)-2-(2-m-Fluoropheyl)vinyl ~ quinoxaline  (3j):l®
Brown solid, m.p. 94~96 ‘C; '"H NMR (500 MHz, CDCl;)
0: 9.03 (s, 1H), 8.09 (d, /=10.5 Hz, 2H), 7.84 (d, J=16.5
Hz, 1H), 7.80~7.75 (m, 1H), 7.75~7.70 (m, 1H), 7.42 (d,
J=1.5 Hz, 1H), 7.41~7.33 (m, 3H), 7.08~7.04 (m, 1H);
3C NMR (125.4 MHz, CDCl3) 6: 164.1, 162.2, 150.0,
144.4, 142.2, 141.6, 138.2 (d, J="7.7 Hz), 135.3, 130.6,
130.4 (d, /=8.3 Hz), 129.6, 129.1 (d, J/=11.1 Hz), 126.3,
1234, 116.1 (d, J=21.5 Hz), 113.8 (d, J=22.0 Hz); MS
(ED) m/z (%): 250 (28), 249 (56), 209 (13), 208 (20), 207
(100), 191 (11), 147 (7), 133 (15), 125 (6), 96 (19), 73 (20),
50 (6).

(E)-2-(2-m-Chlorophenyl)vinyl ~ quinoxaline  (3k):['”!
Brown solid, m.p. 104~106 C; 'H NMR (500 MHz,
CDCl3) o: 9.04 (s, 1H), 8.09 (d, /=8.0 Hz, 2H), 7.83 (d,
J=16.5 Hz, 1H), 7.80~7.72 (m, 2H), 7.65 (s, 1H), 7.53 (d,
J=17.0 Hz, 1H), 7.39 (d, J/=19.5 Hz, 1H), 7.36~7.32 (m,
2H); ¥C NMR (125.4 MHz, CDCl5) 6: 149.9, 144.4, 142.1,
141.7, 137.8, 135.1, 134.9, 130.1, 129.7, 129.2, 129.1,
127.3, 126.3, 125.7; MS (EI) m/z (%): 267 (18), 266 (15),
265 (32), 231 (7), 209 (11), 208 (19), 207 (100), 191 (12),
133 (13), 96 (15), 73 (24).

(E)-2-(2-m-Bromophenyl)vinyl  quinoxaline  (31):['®
Brown solid, m.p. 123~125 C; 'H NMR (500 MHz,
CDCls) d: 9.05 (s, 1H), 8.13~8.09 (m, 2H), 7.86~7.69 (m,
4H), 7.58 (d, J=17.5 Hz, 1H), 7.49 (d, J=7.5 Hz, 1H), 7.41
(d, J=16.5 Hz, 1H), 7.33~7.27 (m, 1H); 3C NMR (125.4
MHz, CDCls) o: 150.1, 144.4, 142.5, 141.8, 138.2, 134.7,
131.9, 130.438, 130.436, 130.2, 129.5, 129.3, 129.2, 126.6,
126.0, 123.1; MS (EI) m/z (%): 311 (33), 310 (23), 309 (33),
282 (11), 281 (43), 231 (20), 230 (11), 209 (12), 208 (22),
207 (100), 191 (11), 133 (14), 115 (18), 102 (12), 96 (12),
77 (11), 76 (13), 75 (9), 73 (24).

(E)-2-(2-p-Trifluoromethylphenyl)vinyl quinoxaline
(3m):[" Brown solid, m.p. 169~171 °C; 'H NMR (400
MHz, CDCls) 6: 9.07 (s, 1H), 8.12 (d, J/=7.5 Hz, 2H), 7.91
(dd,J=16.3,2.6 Hz, 1H), 7.82~7.76 (m, 4H), 7.70 (d, J=
7.5 Hz, 2H), 7.47 (dd, J=16.3, 2.8 Hz, 1H); '*C NMR
(125.4 MHz, CDCls) o: 149.8, 144.4, 142.4, 141.8, 139.3,
134.6, 130.8, 130.5, 129.7, 129.24, 129.19, 127.5, 125.8 (q,
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J=3.7 Hz), 125.1, 122.9; MS (EI) m/z (%): 300 (52), 299
(100), 231 (18), 102 (9), 76 (22).

(E)-2-(2-a-Naphthalenyl)vinyl ~ ginoxaline  (3m):['4
Brown solid, m.p. 105~107 C; 'H NMR (500 MHz,
CDCls) d: 9.08 (s, 1H), 8.71 (d, J=16.0 Hz, 1H), 8.33 (d,
J=28.5 Hz, 1H), 8.13~8.08 (m, 2H), 7.89 (dd, J=12.5, 6.5
Hz, 3H), 7.79~7.74 (m, 1H), 7.74~7.69 (m, 1H), 7.63~
7.58 (m, 1H), 7.55~7.51 (m, 2H), 7.43 (d, J=16.0 Hz,
1H); 3C NMR (125.4 MHz, CDCls) 6: 150.6, 144.7, 142.5,
141.7, 133.8, 133.5, 133.4, 131.5, 130.3, 129.6, 1294,
129.3, 129.2, 128.8, 127.9, 126.6, 126.1, 125.6, 124.4,
123.6; MS (EI) m/z (%): 282 (20), 281 (50), 209 (13), 208
(20), 207 (100), 191 (17), 147 (7), 96 (17), 73 (24), 70 (11),
61 (15).

(E)-2-(2-p-Naphthalenyl)vinyl quinoxaline (30): Brown
solid, m.p. 141~143 °C; 'H NMR (500 MHz, CDCls) 4:
9.08 (s, 1H), 8.08 (d, J=9.5 Hz, 2H), 8.06~8.01 (m, 2H),
7.90~7.82 (m, 4H), 7.79~7.75 (m, 1H), 7.77~7.71 (m,
1H), 7.56~7.45 (m, 3H); '3C NMR (125.4 MHz, CDCl5) ¢:
150.7, 144.5, 142.5, 141.6, 136.5, 133.8, 133.6, 133.5,
130.3, 129.3, 129.20, 129.17, 128.8, 128.7, 128.4, 127.8,
126.8, 126.6, 125.5, 123.4; MS (EI) m/z (%): 282 (10), 281
(17), 231 (30), 209 (14), 208 (27), 207 (100), 191 (11), 133
(14), 96 (16), 73 (16); HRMS calcd for CoH;sN, [M+H]"
283.1230, found 283.1229.

(E)-2-(2-Pyridin-2-yl)vinyl quinoxaline (3p): Yellow
solid, m.p. 118~120 ‘C; 'H NMR (500 MHz, CDCls) 4:
9.06 (s, 1H), 8.69 (d, J=4.5 Hz, 1H), 8.09 (dd, /=9.0, 3.0
Hz, 2H), 8.01~7.87 (m, 2H), 7.83~7.68 (m, 3H), 7.54 (d,
J=8.0 Hz, 1H), 7.36~7.17 (m, 1H); '3C NMR (1254
MHz, CDCl;) d: 154.3, 150.1, 150.0, 145.1, 142.5, 141.9,
136.8, 135.3, 130.3, 129.6, 1294, 129.2, 128.9, 123.5,
123.3; MS (EI) m/z (%): 233 (8), 232 (14), 209 (19), 208
(20), 207 (100), 191 (14), 133 (14), 96 (11), 73 (19); HRMS
caled for CisHi2N3 [M-+H]" 234.1026, found 234.1019.

(E)-2-(2-Pyridin-3-yl)vinyl quinoxaline (3q): Yellow
solid, m.p. 113~115 ‘C; 'H NMR (500 MHz, CDCls) 4:
9.04 (s, 1H), 8.88 (d, /=2.0 Hz, 1H), 8.59 (dd, J=5.0, 1.5
Hz, 1H), 8.18~8.05 (m, 2H), 7.97 (d, J=3.5 Hz, 1H), 7.88
(d, J=16.5 Hz, 1H), 7.83~7.69 (m, 2H), 7.44 (d, J=16.5
Hz, 1H), 7.37 (dd, J=8.0, 5.0 Hz, 1H); '*C NMR (125.4
MHz, CDCl3) 6: 149.76, 149.73, 149.2, 144.4,142.4, 141.8,
133.5, 132.4, 131.8, 130.5, 129.6, 129.24, 129.17, 127.2,
123.8; MS (EI) m/z (%): 233 (45), 232 (80), 209 (11), 208
(26), 207 (100), 205 (15), 191 (9), 177 (10), 133 (14), 103
(16), 96 (13), 78 (15), 77 (11), 76 (16), 73 (15), 70 (17), 61
(15), 51 (6); HRMS calced for C1sHi,N; [M-+H]" 234.1026,
found 234.1019.

(E)-2-(2-Thiophen-2-yl)vinyl quinoxaline (3r): Brown
solid, m.p. 97~99 C; '"H NMR (500 MHz, CDCl5) ¢: 8.94
(s, 1H), 8.10~7.95 (m, 3H), 7.78~7.72 (m, 1H), 7.70~
7.62 (m, 1H), 7.34~7.28 (m, 2H), 7.28 (d, J/=3.5 Hz, 1H),
7.16 (d,J=16.0 Hz, 1H), 7.07 (dd, J=5.0, 3.5 Hz, 1H); 1*C
NMR (125.4 MHz, CDCl;) d: 150.2, 144.5, 142.3, 141.6,
141.5, 130.4, 129.4, 129.23, 129.20, 129.1, 129.0, 128.1,
127.0,124.1; MS (EI) m/z (%): 238 (18), 237 (36), 209 (13),
208 (19), 207 (100), 191 (13), 133 (12), 96 (14), 73 (22);
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HRMS caled for Ci4HiN2S [M+H]" 239.0637, found
239.0636.

2-(2,2-Diphenyl)vinyl quinoxaline (3s): Brown solid,
m.p. 76~78 C; 'H NMR (400 MHz, CDCl;) &: 8.17 (s,
1H), 8.02 (dd, /=8.2, 1.2 Hz, 1H), 7.97 (dd, /=28.2, 1.2 Hz,
1H), 7.80~7.67 (m, 2H), 7.50~7.45 (m, 2H), 7.43~7.38
(m, 6H), 7.33 (s, 1H), 7.29 (dd, J=7.2, 1.8 Hz, 2H); 13C
NMR (125.4 MHz, CDCl3) 0: 152.5, 149.5, 145.9, 142.3,
141.7, 140.1, 139.3, 130.3, 129.9, 129.3, 129.1, 129.0,
129.0, 128.81, 128.79, 128.4, 128.1, 126.1; MS (EI) m/z
(%): 308 (100), 307 (13), 281 (15), 208 (8), 207 (37), 191
(5), 133 (4), 73 (8), 55 (17); HRMS calcd for CyH 7N,
[M-+H]" 309.1386, found 309.1392.

(E/Z)-2-(2-Phenyl-2-p-tolyl)vinyl quinoxaline (3t/3t',
E/Z or Z/E: 54/46): Brown oil. 'H NMR (500 MHz, CDCl;)
0: 8.17 or ¢ 8.11 (s, 1H), 8.01~7.89 (m, 2H), 7.67~7.65
(m, 2H), 7.46~7.29 (m, 5H), 7.26~7.25 (m, 2H), 7.18~
7.13 (m, 3H), 2.38 (s, 3H); *C NMR (125.4 MHz, CDCl;)
0:152.8 or 152.6, 149.7 or 149.5, 146.04 or 145.96, 142.4 or
142.3, 142.0, 140.0, 139.4, 139.0 or 138.9, 138.8, 136.2,
130.3 or 130.2, 129.90 or 129.88, 129.28 or 129.25, 129.2
or 129.1, 128.97 or 128.95, 128.92 or 128.90, 128.8 or
128.7,128.4,128.2,128.1, 125.9 or 125.3,21.4 or 21.3; MS
(EI) m/z (%): 322 (50), 321 (100), 307 (14), 245 (14), 209
(16), 208 (28), 207 (89), 191 (16), 178 (11), 167 (11), 153
(14), 152 (10), 133 (11), 119 (10), 96 (11), 78 (13), 77 (10),
73 (8); HRMS caled for CosHioNa [M+H]" 323.1543,
found 323.1547.

(E)-2-(2-n-Hexyl)vinyl quinoxaline (3u): Brown oil. 'H
NMR (500 MHz, CDCl;) ¢: 8.93 (s, 1H), 8.03 (dd, /J=14.5,
8.0 Hz, 2H), 7.76 ~7.70 (m, 1H), 7.70~7.65 (m, 1H),
7.07~7.00 (m, 1H), 6.71 (d, J=16.0 Hz, 1H), 2.37 (q, J=
7.0 Hz, 2H), 1.59~1.54 (m, 2H), 1.48~1.28 (m, 6H), 0.90
(t, J=6.0 Hz, 3H); *C NMR (125.4 MHz, CDCl5) §: 151.0,
143.9, 142.3, 141.4, 140.7, 130.1, 129.1, 128.9, 127.8, 33.3,
31.7,29.0, 28.7,22.6, 14.1; MS (EI): m/z (%): 240 (13), 209
(15), 208 (24), 207 (100), 191 (11), 183 (49), 169 (38), 157
(13), 156 (13), 144 (17), 96 (15), 77 (11), 61 (10); HRMS
caled for CigHa N> [M+H]" 241.1699, found 241.1698.

(E)-2-(2-Phenyl)vinyl quinoline (3v):[') White solid,
m.p. 96~98 °C; 'H NMR (500 MHz, CDCl;) 6: 8.12 (d,
J=28.5 Hz, 1H), 8.08 (d, J=8.5 Hz, 1H), 7.80 (d, J=28.0
Hz, 1H), 7.72~7.63 (m, 5H), 7.52~7.48 (m, 1H), 7.43~
7.39 (m, 3H), 7.35~7.29 (m, 1H); 3C NMR (125.4 MHz,
CDCl) d: 156.0, 148.3, 136.6, 136.3, 134.5, 129.7, 129.3,
129.1, 128.8, 128.6, 127.5, 127.4, 127.3, 126.2, 119.3; MS
(EI) m/z (%): 231 (43), 230 (100), 228 (8), 207 (38), 191 (6),
115 (12), 114 (10), 102 (12), 96 (7), 77 (7), 73 (9).

(E)-2-(2-Phenyl)vinyl pyrazine (3w):™ White solid,
m.p. 93~95 °C; 'H NMR (400 MHz, CDCl;) &: 8.69 (s,
1H), 8.58 (s, 1H), 8.45 (s, 1H), 7.79 (d, J=16.0 Hz, 1H),
7.63 (d, /=7.0 Hz, 2H), 7.46~7.41 (m, 2H), 7.40~7.35
(m, 1H), 7.20 (d, J=16.0 Hz, 1H); *C NMR (125.4 MHz,
CDCl3) 0: 151.3, 144.3, 143.7, 142.7, 136.0, 135.3, 129.0,
128.8, 127.3, 124.0; MS (EI) m/z (%): 182 (24), 181 (100),
154 (4), 129 (4), 128 (8), 127 (8), 102 (7), 78 (3), 77 (5), 70
4).
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(E)-4-(2-Phenyl)vinyl pyrimidine (3x):[® Brown solid,
m.p. 104~106 °C; 'H NMR (500 MHz, CDCL) 6: 9.17 (s,
1H), 8.67 (s, 1H), 7.90 (d, J=16.0 Hz, 1H), 7.60 (d, J=7.0
Hz, 2H), 7.42~7.32 (m, 4H), 7.05 (d, J=16.0 Hz, 1H); 13C
NMR (125.4 MHz, CDCls) ¢: 162.4, 158.6, 157.1, 137.8,
135.5, 129.6, 127.7, 125.4, 118.7; MS (EI) m/z (%): 182
(22), 181 (100), 154 (9), 128 (16), 127 (11), 96 (5), 91 (5),
77 (12), 73 (7).

(E)-2-(2-Phenyl)vinyl benzo[d]thiazole (3y):*") White
solid, m.p. 117~119 ‘C; 'H NMR (500 MHz, CDCls) ¢:
7.99 (d, J=8.1 Hz, 1H), 7.82 (d, J=7.9 Hz, 1H), 7.55 (d,
J=172 Hz, 2H), 7.50 (d, J=16.2 Hz, 1H), 7.45 (t, J=7.6
Hz, 1H), 7.42~7.30 (m, 5H); 3C NMR (125.4 MHz,
CDCl) o0: 167.0, 153.9, 137.7, 135.4, 134.4, 129.5, 129.0,
127.4, 126.4, 125.4, 123.0, 122.1, 121.5; MS (EI) m/z (%):
237 (15), 236 (43), 209 (13), 207 (100), 191 (13), 147 (7),
133 (13), 96 (17), 91 (7), 73 (23), 69 (6).

2,3-Di((E)-styryl)quinoxaline (3z"):?'! Brown solid, m.p.
195~197 C; '"HNMR (500 MHz, CDCl;) J: 8.0~7.95 (m,
4H), 7.66 (dd, J=17.3, 11.6 Hz, 8H), 7.43 (t, J=7.4 Hz,
4H), 7.36 (t, J=7.1 Hz, 2H); *C NMR (125.4 MHz,
CDCl) o: 149.1, 141.7, 137.9, 136.5, 129.5, 129.1, 128.9,
128.9, 127.6, 122.7; MS (EI) m/z (%): 234 (21), 233 (21),
281 (36), 257 (22), 231 (10), 209 (16), 208 (24), 207 (100),
204 (14), 191 (14), 177 (9), 167 (9), 165 (13), 133 (13), 110
(27), 102 (11, 96 (15), 78 (12), 77 (13), 73 (12).

(E)-3,6-Dimethyl-2-styrylquinoxaline and/or (E)-3,7-
dimethyl-2-styrylquinoxaline (3A + 3A'): Brown solid,
m.p. 131~133 °C; 'H NMR (500 MHz, CDCl3) &: 8.04~
7.70 (m, 3H), 7.66 (d, J=7.4 Hz, 2H), 7.54~7.38 (m, 4H),
7.35(t,J=6.8 Hz, 1H), 2.85 (s, 3H), 2.56 (s, 3H); 1’C NMR
(125.4 MHz, CDCl3) ¢: 152.4, 151.6, 149.6, 148.9, 141.5,
141.3, 139.9, 139.74, 139.68, 139.49, 131.48, 131.45,
129.02, 128.96, 128.8, 128.5, 127.84, 127.80, 127.58,
127.55, 127.3, 122.8, 23.1 (d, J=4.2 Hz), 23.0 (d, J=3.8
Hz), 21.9 (d, J=4.1 Hz), 21.8 (d, J=3.8 Hz); MS (EI) m/z
(%): 260 (78), 259 (100), 246 (13), 245 (66), 218 (17), 207
(45), 183 (31), 129 (10), 115 (15), 102 (20), 91 (12), 90
(17), 89 (48), 77 (13), 73 (12), 63 (15); HRMS calcd for
CisHi7N, [M+H]" 261.1386, found 261.1384.

6-Methyl-2,3-di((E)-styryl)quinoxaline (3A"):??! Brown
solid, m.p. 206~208 ‘C; '"H NMR (500 MHz, CDCIl;) ¢:
8.02~7.79 (m, 4H), 7.69 (d, J=7.6 Hz, 4H), 7.64 (s, 1H),
7.52 (d, J=8.2 Hz, 1H), 7.37 (ddd, J=53.1, 30.4, 16.1 Hz,
7H), 2.59 (s, 3H); 13C NMR (125.4 MHz, CDCL;) : 148.9,
148.3, 141.7, 140.2, 140.1, 137.6, 137.3, 136.63, 136.59,
132.0, 129.01, 128.95, 128.9, 128.61, 128.55, 128.4, 127.8,
127.59, 127.56, 122.8,21.9; MS (EI) m/z (%): 348 (71), 347
(77), 346 (6), 333 (4), 272 (11), 271 (44), 270 (13), 269 (7),
257 (13), 245 (11), 218 (10), 209 (11), 208 (18), 207 (100),
193 (7), 191 (7), 177 (6), 173 (6), 167 (10), 166 (7), 165 (7),
147 (6), 135 (5), 133 (8), 115 (7), 103 (6), 102 (7), 96 (4), 91
(7), 89 (7), 77 (10), 73 (4).

Supporting Information Details of the control reactions
and 'H NMR and '3C NMR spectra of the products. The
Supporting Information is available free of charge via the
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